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HACTABHO-HAYYHOM BERY
®AKYJTETA TEXHITYKHUX HAYKA Y KOCOBCKOJ MUTPOBHITA

Onnykom HacrasHo-Hayusor seha Pakynrera TexHHukHX Hayka y KocoBekoj Murposunu 6poj
483/3-8 on 24.06.2026. rogune, MMEHOBAaHM cMO 3a 4naHoee Komucuje 3a OLEHY Hay4dHe
3aCHOBAHOCTH TEME JTOKTOPCKe auceprauudje noj HaciosoM “HuTerpanuja 6aTepHjcKHX cHCTeMa
32 CKJAJHINTEIb€ €NeKTPHYHE eHeprHje y AHCTPpHOYTHBHE Mpexe ca 3HAYAJHHM YAe/IOM
qHCTPpHOYHpAHAX reHepaTopa ca 0GHOB/JLHBHM H3BOPHMA eHepruje” KaHIWJATKUie JoBaHe
Xusuh [Nepenuh, MacTep HHXEHBEpa ENIEKTPOTEXHUKE H PAYYHAPCTEA.

Kanauaakuma je NpuIokKuIa KOMIUIETHY JOKYMEHTALH|y 3a MPHjaBy TeMe JOKTOPCKe JUcepTauyje
Ha HaukH ¥ y Gopmu nponrcanux [IpaBHIHHKOM O JOKTOPCKHM cTyMjama DakyaTeTa TEXHUUKHMX
nayka y Kocoeckoj Mutpoeui. Komuchja je mperiaenana TOKyMEHTAIHjy, H Ha OCHOBY aHAJIM3¢
ucre, mogHocd HacragHo-HayuHoM Behy ®akyntera cnegehu

MN3BEHNITAJ

0 OLICHH HAYYHE 3AaCHOBAHOCTH TEME JOKTOPCKE nncep’raunje

1. BUOTPA®CKH ITOJAIIN KAHJIUJTATKHILE

Jopana JKupwh Ilepennh je pobhema 02.08.1994. romume y Ilpumrrarn. OCHOBHY MIKONY je
sappmiia y ['pasannny, a rumMuasujy Ipumrrna ca ceumteM y Jlansem Ceity 3aspimia je 2013.
roguHe. Mcre rojuHe ymmcaiga je OCHOBHE akajeMcke cTyiuje Ha EjeKkTpoHCKOM (QakyaTeTy y
Hunry, wa CTyIHMjcKoM Tporpamy EnexTpoTexHMKa M padyHapcTBO, MOIYN EnekTpoeHepreTHka.
YeTBOPOroUiiikhe¢ OCHOBHE aKkajieMcKke cTyAdje 3aspiunia je 2017. rogune ca yKYIHOM NPOCEYHOM
OLIEHOM V TOKy cryadja 8,89 arMme je cTekna 3Bame QUILIOMHPAHH HHIDKEHED €IIEKTPOTCXHHKE H
pauyHapcTBa 3a eJEKTPOCHEPreTHKY. MacTep akaJleMCKe CTyAujeé Ha CTYIMJCKOM IIporpamy
ENeKTpoTeXHHKa W paqyHapcTBO, Moayl EleKTpoeHepreTrka, IpH HCTOM (haKyNTeTy 3aBpiluia je
2019. roguHe ca YKYITHOM IIPOCEYHOM OLIEHOM Y TOKY cTyauja 9,56 unMe je cTekna 3Bame MacTep
HHKEHep eNeKTPOTEXHUKe W padyHapcTBa 3a ENEeKTpOeHepreTHKy. Macrep pajg Ha TeMy
Hoysoanocm enemenama ducmpubymusne mpedice opdpanmnia je ca oresoM 10. Jloktopeke cTyuje
ymucana je mkoncke 2020/2021. romune Ha @akynrtery TeXHMUKHX Hayka, y Kocosckoj
MHETpPOBHIIH, CTYJHjcKH nporpaM EJEeKTpOTeXHHYKO M pa1yHapCKO HHIKEHEPCTBO.

V nepuony ox 2017. go 2018. romuue pamuna je y Synergy Plus d.o.o. y Beorpagy xao Enexrpo
HIDKEH-EP TPOJEKTORAA ¥ y 00J1acTy eHepreTHKe, HaTHe MHYCTpHje M pyAapCTBa.

On 01.10.2021. roaume pag¥ Kao acucTeHT Ha Dakynrery TeXHHUKHX Hayka y Kocosckoj
MuTpoBHIM, 3a YKy Hayuny obnact Teopujcka enexmpomexnuka. AHraxosaHa je Ha crieaehum
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npeaMeTnMa: OCHOBH efeKTpoTexHuke 1, Teopuja €NCKTPHYHUX Kolla, Monenosate u CHMyHalHja
eNeKTPOMATrHETCKHX N0Jka, AHTEHE U- npocmpam‘f_: EM mossa, oronuka, MUKpoTanacHa TeXHHKa,
Ocrosu enextporexnuke 2, EieKTpoTexHuKa ca eleKTPOHHKOM, Enextpomarneruka, JIa6. BexGe
H3 OCHOBA SJICKTPOTEXHIKE.

AyTop u xoayrop je 5 HayuHHX pajoBa OGjaBIGCHHX Y wacomucHMa W KOHQepeHLHjaMa of
meljyHaponuor 3Havaja, u To-2 paja y gacormucema na CIH swucre Kateropuje M22, u 3 paga
CaommTeHa Ha MejyHapoIHUM Hay4HHM KoH(epeHuujama kaTeropuje M33.

IoBopn 1 muie ABa cTpaHa jesuKa: eHIIecky (HANPETHH HEBO) U PYCK# (Cpe/ilbM HHBO).

AKTHBHO KOPHCTH KOMIIjyTepCKe IPOrpaMe OMIITEr ¥ CTPYHHOT 3Ha4aja Kao mTo cy: Microsoft
Office, AutoCAD, Matlab, LabView.

2. OAOBHOCT KAHIWIATHILE

Kanpunatkama Joana JKusuh [eperih je monoxmna cee uenmre npezasuljeHe HACTABHHM III2aHOM
H NporpaMoM CIYAMCKOT mNporpama XOKTOPCKAX CTYAdja LIeKTPOTEXHHYKO H padyHapcKo
urxemepcTpo. Kao ayrop i koayrop ofjasiia je Buine HaydHHX pajosa H3 yxe Haydne oBNaCTH
3 Koje ce NpHjaBJbyje TeMa JOKTOpCKe ANUCEPTANH]E, H TO;

* JQRa pajay YacomicHMa Kareropuje M20,

" TpH pajay uacomHcuMa Kateropuje M30.

¥ HacTaBky je AaT crucak o6jaB/LeHEX paioBa KaHHAATKHILE;

PajoBH v yacongcuma ca CIIM aucre, M22

1. Jovana N. Zivié, Milo¥ J. Milovanovi¢, Jordan N. Radosavljevié, “4 Review of
Optimization Techniques for Optimal Integration of Battery Energy Storage Systems Into
Power  Grids,” Energy  Storage, Vol 8, no. 2, 2026: e70373,
https://doi.org/10.1002/est2.70373 ;

2. Jordan Radosavljevi¢, Aphrodite Ktena, Milena Gajié, Milo¥ Milovanovié, Jovana Zivié,
Dynamic Optimal Power Dispatch in Unbalanced Distribution Networks with Single-Phase
Solar PV Units and BESS, Energies, Vol. 16, No. 11: 4356, 2023, DOI:
10.3390/en16114356
hitps://doi.org/10.3390/en16114356

Panosn Ha Mehynapoanum xoudepennujama, M33

1. Jovama Zivié, Jordan Radosavljevi¢, Branko Gvozdié, Review on the Optimal Placement
and Sizing of Battery Energy Storage Systems, 11th International Conference on Electrical,
Electronics and Computer Engineering (IcETRAN), Ni$, 3-6 June 2024, DOI:
10.69994/111¢24009

https://doi.org/10.69994/11ic24009

2. Branko D. Gvozdi¢, Branimir S. Jaksi¢, Jelena M. Todorovié, Jovana N. Zivié, Vladimir D.
Maksimovi¢, Performance of Macrodiversity RF Communication System in Smart
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Agriculture, Proceedings of the 6th International Symposium on Agricultural Engineering -
ISAE 2023, 19th — 21st October 2023, Belgrade - Zemun, Serbia, pp. 166-175. ISBN: 978-
86-7834-427-5

http://isae.agrif bg.ac.rs/archive/Proceedings ISAE 2023 .pdf

3. Branko D. Gvozdié, Jelena M. Todorovié, Branimir S. Jak$i¢, Jovana N. Zivié, Vladimir D.
Maksimovié, Statistical Models for Describing Signal Propagation in FSO Systems in
Agriculture, Proceedings of the 6th International Symposium on Agricultural Engineering —
ISAE 2023, 19th — 21st October 2023, Belgrade - Zemun, Serbia, pp. 176-184. ISBN: 978~
86-7834-427-5

http://isae.agrif. bg.ac.rs/archive/Proceedings ISAE_2023.pdf

Ha ocroBy HOpeTxoqHO HapefeHMX 4wuiseHHna, KoMmmcHja KoHCTaTyje Ja je KaHIUNATKHILa
HCOYHHJIA YCIOBE 3a IpHjaBy TeMe JOKTOpPcKe MucepTandje nponucane IIpaBuiHHKOM O
JOKTOpCKHM cTyAujama akyntera, Ja HMa HAy4HO-CIPYUHY YCMEpeHOCT ka 06jacTH Kojoj
npuiaa NpeUIoKeHa TeMa, 1a IIoceayje cBe moTpebie Kamudukanuje xoje je unne Hoo6HOM Ja
MPHCTYIH U3pajd JOKTOPCKe JUCEPTAIIHje Ca NPeMIOKESHHM HACTIOBOM.

3. OPENMET U b JUCEPTALTUJE

Bareprjcki CHCTEMH 33 CKIafUIITeRe EACKTPHIHe eHeprHje NPHBYKIH CY 3HAYAJHY NOKBY ¥
HOTAeNy NpyKaiha TOJPIIKe HHTerpauuju oOHoBpuBHX H3popa eHepriuje (OHME), ¢ of3upom na
Mory edHKkacHo peliapatH npobieme n3assane BapHjabunHomby nponssogse u3 OUE. Ipemrocty
GaTepHjCKAX CHCTEMa Y OFHOCY Ha octaje CHCTEME 33 CKIANMINTEEHE eISKTPHYHE €HEprHje Cy
¢nekcubunHoct, 6p2 oasuB U ckanabuimHocT. OBe NPEHOCTH YHHE HX MHOrofHUM 3a Gpojue
NpUMEHe y TUCTpUOYTHBHEM MpeXaMa Kao LITo ¢y peryaiiija HaloHa, peryianyja gpeKksenusje,
cMamber-e BpmiHor ontepehemna, ofesbeljuBaibe pesepBHOT Hamajamka, CMAkELE pacyTe eHeprije U3
OUE, cmameme TPOIIKOBA Y MpekH, M mobobliame KBATHTETA €IEKIPHYHE eHepruje.
HurerpanujomM GaTepujckux cHcTema Mmory ce noctuhu Opojoa moGoselama y Mpexu Y
TEXHHYKOM, CGKOHOMCKOM M eKoiomxoM moriexy. Meljyrum, kako OM ce MaxCEMH3Mpall
MO3UTHBHHA eeKTH HXOBE MATErpauije, HEONXOMHO je ONTHMAIHO MCINAHUPATH HBHXOBE CHAre,
Kanan#reTe B JIOKALHje NPHKIBYYehba, Ka0 ¥ ONTHMH3OBATH PEXUM paja.

Ilpenmer vcTpaKHBaka AOKTOPCKe mucepraudje Oasupalie ce Ha onpehuBarby ONTHMAIHUX CHAra,
KalanuTeTa M Jokaguja OaTepHjcKuX CHCTeMa 3a CKIafHINTEH€ CACKTPHYHE €HEpruje Y
IECTPHOYTHBHHM MpekaMma ca Bell NpHIUBYYSHHM IeHepaTopuMa ca OGHOBIPHBHM H3BOpHMA
eHeprije, Kao IITO CY BETPOENeKTpaile H (POTOHANOHCKH CHCTEMH, €4 LHJBEM 12 Ce OCTBApH 3alaTH
KPHTEPHjYM oanﬁsaque. OnruMuzanuonn mpobieM pemasahe cé NMPHMEHOM CTaHAAPAHMX
METaxCyPHCTHUKHX METOja ONTHMM3alHje y3 €KCHEDHMEHTAJHO MNOJElIaBamke napaMerapa H
OIIHja, TAKO Ja Ce TeKH A00Hjasy cTabuaHuX, robafHNX OITHMANHUX PEIIeba.

V npeoM geny ucTpaxkuparsa Oulie neTalbHO GopMyNHcal MaTeMaTHIKH MOJEN ONTHMH3ALHOHON
npobnema yieyuyjyhin pmedunucame NHILEBA ONTUMH3ALME, TEXHHYKMX H ONCPATHBHHX
orpanMuciba, Ka0 M MaTeMarudKkor mofena OaTepujckux cdcreMa. Y LMJBY INTO HpelH3HHjEr
MOJlefoBara 6ATePHjCKHX cHCTeMa ¥ TadHUje ecTHMalje TpoluKoBa pa3marpahe ce yTanaj 6poja
HUKIyca Myseiba U IpaxKibelha Ha Bek Tpajama Gatepija. Takolje, y oroMm feny Guhe Aeduuucany
TEHEPHHYKH JJHEBHH OMCPATHBHH MOJIEN PEXKHMA IYHeHa/TIPOKLemha OaTePHJCKUX CHCTEMa CXOAHO
BHX0BO] (YHKIMjU y AUCTPUOYTHBHO] MpexH. Y OKBHpDY HCTpaxupawma Oulie chpoBepeta
oprosapajyhia MeToponoryja 3a oppeljubare NPOrHOCTHYKHX MOJENa XHjarpamMa cHara Ha H3jasy
U3 BETpoeNeKTpaHa U (JOTOHAIOHCKIX CHMCTeMa, Kao M JujarpaM cHare onrepehema Ha OCHOBY
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HCTOPHJCKMX TOAATaKa ORHX BEIMUHHA Ha ofpelicHom moapydjy. Ha ocrosy VIIOpeNHE aHanmu3e
reHepUYKHX Aujarpama crare w3 OHE u nujarpaMa chare moTpommse Guhe HAeHTH(HUKOBaHK
MHTEPBAJH Y KOjUMa YKYNHa Npor3Bo/ba i3 OKE npemautyje ykymHy cHary ontepeliersa, Tako aa
Ce OJPE/H KONMUHA ENEKTPHTIHE enepruje xoja 6u ce pacyna. Tako AobujeHa KoMH9HHA pacyTe
CHeprHje, y3 YBRKaBale YCBOJEHOI KPHTEPHjyMa 32 MAKCHMAIHY TIOBDATHY CHary Kpos
TpaHcopmaTop, Kopuctalie ce Kao MOJa3Ha OCHOBA 32 onpefuBare MHHHMAIHOI KAlamuTeTa
Garepujckux cucTeMa 3a CKIAQJUINTEHse ENEKTPUYHE eHepruje. MAaKCHMANHH  KamamuTeT
Gatepujoxux cucrema Gnlie neuHHCAH Ha OCHOBY EKOHOMCKOT KPHTSPHjYMa, OIFIOCHO H3 yciioBa
Aa yKyIHY TPOMIKOBH MHTerpamije GaTepHjCkumX CHCTeMa MpeBasiia3’e OCTBAPEHE EKOHOMCKE
KOPHCTH, HMe C¢ BHXO0Ba Jiajba HHCTANANHja ToKasyje Kao HeucIiatiea. M3mely MrAuManHor u
MAKCHMAJHOT KamalHTeTa TPAXKH C¢ ONTHMANHO pemerse. ONTUMANHK KamauuTer GaTepHjcKHX
cacreMa Guhe ozxpelien Tako na ce ocTeape sajaTH LWEHEBH ONTHMH3AIMie NPH HeMy ce
ONTHMH3alKja CIPOBOMH HAa ofpeljeHOM BPEMECHCKOM XOPH3OHTY Y3 HOHITOBAMHE oxarosapajyhux
TEXHHYKHMX U OHEPATHBHUX OFpaHHYelba. 3a pemaBame ONTHMH3AIOHOL Ipobaema Kopuctulie ce
METaXCYPHCTHIKE METOJIe ONTHMH3AIH]E KAo IITO Cy reHeTCKH anroputam (GA) u ONTHMH3aAlLHja
pojem uectuita (PSO), ofHOCHO mHXOBe MOmH(UKOBaHe yHanpelene Bepauje M XMOpHAH, 360r
HBYUXOBS e(HKACHOCTH Y DEaBamy CIOXEHMX HeNHHeapHMX NpobieMa ca BETHKEM Gpojem
OpOMEHJBUBUX U OFpaHIEHhA,

JApyri feo uerpaxueama Ouhe yeMepen Ha (opmynanujy ¥ pemasatbe npoGiema oppehusama
ONITHMATHHX JIOKalKja MPUKIbyIerha GaTepHjCKuX CHCTEMa ca IPETXOAHO AS)HHHCAHUM CHAraMa |
KamauTeTHMa TaKo Aa CE OCTBape ONTHMAIHE TEXHHYKe NepdopmaHnce paja JUCTPHOYTHBHE
MpE3Ke MPe CBera Kpo3 MHHUMH3aLH]y ITyOHUTaKa y MPEKH H CMamkeHhe OICTYIIaka HANOHA Y OQHOCY
HAa J103BOJEEHE TPaHHUIe.

Hus oBOr MCTpaXuMBama je pa3sBoj UHOBATHBHE METOROJOTHje 32 ONTHMANHY HHTErpamujy
Garepujckux cHcTeMa y IUCTpUOYTHBHE Mpee, Tako Jia e y ONTHMH3ALMOHM OKBHp VEJbYde
(akTopH K20 WITO Cy HEeH3BECHOCTH Y NpoussomisE H3 OHME u noTpommH, FHHaMHYUKE
KapakTEPUCTHKe M Jierpajanuja OaTepujcKuX CHCTEMa, Kao M BaphjalMIHOCT TPKHINEHX LicHA
eNeKTpHIHe eHeprije. Ha oBaj Ha4uH MOCTIKE CE PEAINCTAYHO MOIENUPAm-e H CHMYJauija paxa
cHCTeMa, IITO AONpPHHOCH Aobujarey IpELM3HHUX pesynTara ONTUMH3aNHje

4. CTAILE HAVYHE OBJACTH

Jenanm ox H3aszoBa y MUCTPHOYTHBHHM MpEiKaMa ¢a HHTETPHCAHHM Te€HEpaTOPHMA 3aCHOBAHHM Ha
OHE (oToHanoHCKH CHCTEMH H BETPOCICKIPAHE) j¢ BapHjabMIIHOCT M HENPENBHAHBOCT ILUXOBE
IIPOU3BONILE YCHS 3aBHCHOCTH OF KIMMATCKUX yciona [1]. MuTerpanmjom Gatepujekux cucrema
Mory ce euKacHo yonaxuti npobieMu ycre) BapujabuiiHe IPOH3BOMILE KAO MITO ¢y (iIyKTaumje
Y HAamoHy # ()peKBeHHUjH, NBOCMEPHH TOKOBH CHara, mpeolrepehere, u mpobliemMu ca pafoM
penejue 3amteTe [2]. Ilpumenom OaTepHjckmx cucTeMa MoOxe ce NOGOBIIATH CTAaOHIHOCT H
Noy3/laHOCT cHeIeMa, ¥ Hoseliat ctemred murerpanuje OWE. HMaxko je mpumapmir MoTHB 3a
uHTerpanyjy Gatepujckux cucreMa OHO yOnaxapame (yKTalMja M3iasHe CHare TeHepartopa ca
OHME, caBpemenn GaTepujcke CHCTEMH HMajy 3HaTHO INAPH CHEKTAp NPHMEHA ¥ KOPUCTE ce 34
peIaRam-¢ HU3a ONEpaTHBHAX fpobiema y guctpubyrisuuM Mpexama [3]. ITpuMene osux ypebaja
o0yxsatajy noboJemame KBaNHTETA eNleKTpuuHe eHepruje [4-6], perynammjy Hawoma [7-10],
perynanijy ¢pexeenmuje [11-12], cMameme spisux outepehema [13-15], onTHMuzanujy Tokopa
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cHara, oGesGeljBambe pesepBHOr Hanajama [16], cMamemse ryGuTaka y Mpexd [17], nobommame
NOy3aHOCTH Hanajama [18-19] u ocTRapuBame eKoHOMCKe KopHetd [20-21]

OnTaMHE3AIEjOM KanauTeTa 1 nokaruja GaTeprHjckux crucTeMa Mory ce nobospuiaty nepdopmance
mMcTpuCyTHBHOT cHcTeMa, nobeliaTd ekoHOMCKa A0OMT 1 MOBGOJMIATH eKONOLIKY acleKTH paja
cucreMa. IpernefioM peneBattHe NuTeparype yTBpheHo je na y Behuuu crydajesa JOMUHHpa
CKOHOMCKH KpUTEpHjyM ONTUME3anuje. EKOHOMCKA ONFAMH3ANH]a yCMEpeHa je Ha MHHHMU3ALH]y
VKYDHEX TpomkoBa [22-23], Maxkcummsauujy pobut [24], U onTHMH3AHmMjy E€KOHOMCKHX
napameTapa xao wro oy NPV (Net Present Value) [25-26], ROI (Return on Investment) [27], IRR
(Internal Rate of Return) [28], LCOE (Levelized Cost of Electricity) [29], u LCC (Life Cycle Cost)
[30]. TTopen eKOHOMCKMX acricKara, ¥ 3HadajHoOM Opojy cTyAuja yCBOjeH je TEXHHHIKM KPUTEpHjyM
KOjH NOApasyMeBa ONTHMH3AUMjy ca IWUBEM MHUHAMH3aLMje YKyNEux ryburaka cHare [31],
noGoskIame HAMOHCKOr npoduaa Mpeke {32], MunuMu3amija Guykrauuje cHare y Mpexu [33],
cMamerbe PpeKBeHIMjCKAX ofcTynama [34], kao u mosehare noysnanocTy pajxa cHereMa [35-36].
Hajmamu 6poj cryaHja noceelied je exoMOMKAM HILEBHMA ¥ Koje Cajajy MUHHMH3AlK]a EMUCH]e
IITETHHX. racoBa POU3BEAEHNX B3 I'eHepaTopa ca HeoOHOBJFHBHM H3BOpMMa eHeprije [37-38].

V onTUMH3aNVOHAM mpobieMuMa, MoAenu (aTepHjckuXx cucTeMa MNpeACTaBlbajy MaTeMaTHUIKH
ONHMC AMHAMHYKAX KApAaKTEpPHCTHKa GaTepHjCKHUX CHCTEMa Kao INTO CY HHKIYCH MYHSHa U
OpaXiLeH:a, NPOMeHa KafnanpTera, NpoMeHa HANOHAZ Ha NPUKBYMNUMA, INPOMEHA CTama
namymeHoctH (State of Charge - SOC) 6arepnje, wmu npomena SOH (State of Health) napamerpa.
V nureparypu je WpeIIOKESH BeIMKH OpoOj pasNHMHTHX MOJXeNd, KOjH CE FEHEpPalHO MOry
xiacHdHKOBATH KAao eNeKTPOXEeMHjCKH, eMImpHjcki [39-40] u Monenn eKBHBANEHTHOT CTPYjHOT
xona [41-42]. Hajzemhe ce GarepHjcku cUCcTeMU MOJEIYjy Ha OCHORY IpOMEHE eHEprHje y HatoM
TperyTKy [43-47] unu npomene SOC napamerpa [48-49]. V mmmy mro npenusayjer oapehupama
TPOIIKOBA BE3aHHX 3a OaTepHjcKe cHCTeMe, Y ONTAMM3AIMOHE MOZENE ¢ YeCTO YKIbY4yje
MOJENIOBaLe JXUBOTHOI Beka OatepHja. Y NHTepaTypH ¢y NPEJIOXKEHM PaslIHuYMTH NPHCTYLH 32
eCTHMAIUjy Aerpajalldje M IpOIEeHy HEGHOr yTHHAja Ha »uBOTHU Bek Oatepuja. Hajuemhe
xopumherne Metone o0yxearajy Mogfesne 3acHoBaHe Ha Opojy IHKIIyca NMyieha i npaxmberna [50],
MOJIENe KaneHJApCKOr ¢Tapeiba, Kao H KOMOHHOBaHe NPHCTYIIE KOjH HCTOBPEMEHO y3uMajy ¥ o03up
oba Tama perpapamuje [51-53]. IlocebGHy naxaby npueiage Meroxe 3acHosaHe Ha Rainflow
ANTOpHIMY, Koje oMoryhasajy jAeTalbHy anannsy AyGune npaxabema (Depth of Discharge - DOD)
Garepdje W yTHIIRja Ha HAerpagaundjy [54-56]. YV OKBHpY ONTHMH3AIMOHHX Mojena, edeKTH
Aerpajaliije ce YecTo HHTEIPULIY Kpo3 (YHKUWjy TpomkoBa ysoljeibeM T3B. TpOMIKOBA
Jerpajanije Mo LUKAYCY Nymhemha/Mpaxibema [57], MIH TPOIMKOBa 3aMeHe Oatephja TOKOM
excrioaranuonor mepuona [35]. HMerpananwgja ce Moxe MOJEHOBATH H KPo3 LOJaTHA OrpaHiyerha
Kao INTC Cy orpasmdema myOune npaxibewa (DOD) [58] umu SOC mapamerpa [59], wime ce
chpedaBa npekoMepHo xabame Oatepdje yclien IMOHOBIRGHHX IMIOTYCa IYH-EHa M IPOKILEIHE.
TMopex Tora, y HOBMjUM HCTpaKuBakMMa cBe dvelllie ce NpUMeRYjy CMIHPHjCKM M TONy-
EMIHPHjCKH MojienH Kao y ped. [60], rae je rybuTak KanmanuTera npescTaBibeH Y GyHkmuju SOC
TapaMeTpa H TeMIleparype.

Onramuzanuja GaTeprjcKHX cHCTeMa je KOMINEKCAH, HENHHEapaH M JAMHaMHYKM mpobneM ca
6pojHHAM OrpaHHYEH-HMA, KOjU Ce peliaBa PUMEHOM pasNMUUTHX ONTHMH3AIHOHAX MeTofa [61].
T'enepanto, OUTHMH3ANHOHE METOJE C€ MOTY KAaCH(HKOBATH Y WYETHPH OCHOBHE TIpyIe:
KOHBeHIpoRAMHe [62-72], MeTaxeypuctuuxe [73-92], xubpuaue mMetoxe [93-98] u MeToze Ha Gasu
RelITauKe BHTeMrennpje [99-107]. Mz6op MeTole 3aBUCH 0 KapakTepucTHKa npobnema Kao To
Cy CTEHEH HEHWHEAapHOCTM M NUMEH3HOHAIHOCTH, 3aXTeBH Yy NOrefy TauyHOCTH, GOpsune
KOHBepreHiyje M padyHapckux pecypca. KoHBeHIHOHanHe METO/E UMAjy OFpaHHYEHy NPHMEHY Y
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PCIIABAMY CIIOMCHHX, BUIICAHMMEH3NOHAIHUX ONTHMM3ALKMOHHX TpoGieMa 360r notpebe 3a
JIMHEAPH2ALMjOM MOZENE, Ka0 U 3aXTeBa y NOTACHY MeMopHje ¥ BpeMera mpopadyna [108-110].
Hacynpor Tome, Meraxeypucriaku WIrOPHTMH NOKasyjy Belly npuinaroismeoct, 6Gosbe
nepopmance u kpalie Bpeme mpopadyna, anm He TapaHTyjy TiobalHO ONTHMANHO pemerse H
OCeT/bMBH Cy Ha u30op mapametapa [61]. YV campemenum HCTpaKHBAIbUMa ce csBe yembhe
LPHMEIsYjy XUGPHAHK HPHUCTYIH, KOjH KOMGUHOBameM PasmUYHTHX anropuTama omoryhasajy
noforkImathe KOHBEPTeHIHje 1 euKacHuje IpeTpaKIBatLe NPOCTOPA pelleka. Taxobe, HoBu Tpeny
¥ MCTpXHBAILY NPE/CTaBIba HHICIPANMja TEXHHKA BEIITAYKE HETETUTreHIMje ¥ ONTHMH3AIHOHH
OKBMp Ca NUILEM Hpel|sHOr mpefBuljatba NPOM3BOAmE M3 reHeparopa ca OMUE, npenenhama
TIOTPOIUISE, ONTUMAIHOT YIIPABJEakha PanoM GaTeprjcKuX CHCTeMa, KA0 H RHMHAMKIYKO IONECHaBahe
napamMerapa MeTaxeyPUCTHIKHX aIrOpuTaMa.

5. OCHOBHE XHITIOTE3E

OcHoBHa xunoresa Ha Kojoj Ce 3acHHBa AOKTOpCKA IMCepTalMja je JHa2 ce IpHMEHOM
BUIIEKPUTEPHJYMCKe ONTAMH3ALMOHE METOAONIOTHjE Koja ofjenumyje HpOrHOCTHYKE Mogene
npoussoxme u3 OUE 1 notpomise, edexte Aerpananyje # JKHBOTHOF Beka OatepHja, Xao U JUHAMUYKE
KapakTepHCTHKE GatepHja, Mory XOOHTH IOY3aHH]a B €KOHOMCKY ONpaBianHja pelieiha 38 ONTHMANHE
CHAre, KamanuuteTe M JoKandje GaTepHjCKMX CHCTEMa y OfHOCY Ha KIACHYHE JETePMUHUCTHIKE
TIPHCTYHE.

Ha ocroBy mpetxoaHo AeduHHCAHOT HPeAMETa M HUIEEBA HCTPAKABATLA MOI'Y C€ H3J{BOjHTH HEKOIMKO
noceOHHX XHHOTe3a;

* VYKIBYuyHBame NpPOrHO3upama mpousBomme us OUE m HOTPOIUE ¥ ONTHMU3AUMOHH Monen
AOTPHHOCH TI0Y3[2HH]eM IIAHHP2K:Y H YIPaBIhakby GaTepHjCKHX CHCTEMA;

¢ OnrTuManHo MOSHHHOHHpAme GaTepHjcKUX CHCTEMa y AHCTPHOYTHBHO] MpexH noGosbmasa
TeXHIIKe nepdopMance Mpexe, cMamyje ryGrTke u CTaGHITH3Yje HANOHCKE NPUNNKE Y MPEHKHU;

¢ Onammsandja ysumajyhn y o03Mp KHBOTHH BeK OaTepHja XOBOLH 1o EKOHOMCKH
OliDABIAHHUX pelieiha;

» Kombunanuja maseneHnx QaxTopa y jeMMHCTBEHH ONTHMU3AIHORY Mogeln oMoryliaBa Hajbosse
TEXHHIKE H CKOHOMCKE pesynTate y INIRHUpatsy CHATa H JIOKaIHja GaTepHjCKHX CHCTEMa, YHMe
ce ymanpefjyje umrerpamuja OUE y auctpubyrnene mpexe u moreHaBa CTENel MHXOBOT
HcKopHuiliera B yHanpelyjy TeXHHIKe H eKOHOMCKE nepjopManHce Mpesxke.

6. METOJE UCTPAXKHBAILA

3a noxasuBame NOCTABJLEHHX XMIIOTE3a M OCTBAPHBAIGE IIILERA JucepTanuje npumennbe ce
cnesehe HAyYHO-HCTPAKHBAYKE METORE:

* AHamMsa ¥ Iperfies peleBaHTHE HaydHe JuTepaType U3 00HacTH ONTHMHU3aLHje
bGaTepHjCKUX CHCTEMa Y €JIeKTPOEHEPreTcKUM Mpesama. TloceGna naxma Gutie nocseliena
HayqHUM DajioBUMA KOJH HMajy BHCOK CTENeH LUTHDAHOCTH W KOjH cy objaBmenn y
IIPECTHXKHUM MelyHapOIHUM HayTHHM 4acollHCHMA B KOH(epenujaMa.

L] Hpmueﬂa PAsSIHINTHX AHATHTHYKIX, EKCHCPHMCHTAIHUX H METOAAa CTOXACTHYKE
CHMYJTaIlHje ca HuibeM MOJEIOBAA Pajia ENEKTPOSHEPIeTCKOr CHETEMaA Ca HHTCTPHCAHAM
OHE n Garepmjcxkmm cHcremuma. IloceGan axmemar Gulie crammen Ha HpUMEHY
MOETAXCYPHCTHIXHX ONTAMH3ANMOHMX MCTOAA ¥ LMJBY ofpeljHBaima ONTAMAIHMX CHara,
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Kananurtera ® JIoKanpje GaTepHjcKux cHCTeMa y AMCTPHOYTHBHO] MPEXH, y3 yBaXKaBaihe
OTpaHHYer-a CUCTCMA H Ae(HHICAHHX ONITHMH3AIMOHNX [IbeBa.

TIpumena codreepckor nakera MATLAB 1 ofropapajylinx mporpaMcKaX anara y OKBHDY
OBOI IlaKeTa Y HHJbY mpenpubjama M3nashe chare u3 OWE w chare moTpolie, Kao #
Kpedpame OfroBapajylier IpPOrpaMCKOr MOZena 3a eCTUMALjy ONTHMANHHX CHAara,
KaNalUTeTa i JoKanuja GaTeprjcKuX cucTeMa npeMa 3ai{aTiM IHBEBAMa Ol THMH3ag]e.

IMpuMeHa paznIHTHX METOa CHMy IanHje.

TIpumena cTaTHCTHYKHX [OKa3aTelba 3 JOKA3HBALE PENCBAHTHOCTH pe3yiTaTa nobujeHux
HpPUMEHOM TIPEATOKEHHX ONTHMH3AIHOHNX TEXHHKA

Tectnpame ¥ BepudHKaNMja pesynTara CHMyJaldje ca LM/BEM TPOBEpE TAYHOCTH H
Toy3/aHoCTH A0GHjeHIX pemetsa NPHMEHOM CIIeLHjalH30BaHuX COPTBEPCKHX NaKeTa,

7. OUEKHBAHUW PE3VJITATH H JOIIPHHOC

HmMajylin y Bugy axryense usasoBe y unTerpauujn OHE u 3Hauaj onTHMaiHOr IUIAHHpAH-a
faTepHjCKIX CHCTEMa y HUCTPHOYTHBHHM MpEKaMa, odeKyje ce ocTBapuBame cnejehux pesynrara
H HAYYHUX JOIPHHOCA OBE JIHCEpTAlH]e:

Pa3poj MHOBaTHBHOT ONTHMH3ALMOHOT MoOJeNa 3a OfpehHBame ONTHMAAHHX CHAara H
Kanarmtera OaTepHjCcKMX CHCTeMa, Y KojeM ce (yHKm#ja uwmmba dopMmyiaHine Kao
KxoMOHHAIHja EKOHOMCKHX M TEXHHYKHMX KpPHTepHjyMa Koju of0yxmaTajy MHHEMU3ANH]Y
HHBECTHIHOHAX H ONEPATHBHHX TPOIIKOBA paja GaTepHjcKHX CHCTEMA, MAKCHMU3AIH]Y
nobuTH, MuHuMusaujy pacyte crare u3 OUE, y3 yksydnBame AofaTHHX (hakTopa Kao
WTO cy Jerpanandja Gatepuja 1 peneBaHTHA TCXHHYKA orpaHuuersd. [Ipeanoxenn mMoxen
HoJpasyMeBa HOBY KoMOuHanyjy HaBeJEHHX KPUTepHjyMa Y jeAHHCTBEHH ONTHMHU3ANHOHH
OKBHD.

Paspoj MeTozonoryje 32 ofpeluBame reHepHYKNX TOOUIIELNK aujarpama cHare u3 OHE u
TIOTPOIIELE [IPUMEHOM METOZa 3aCHORAHHX Ha BENITAYKO] HHTEINTCHIH{H.

VispyuuBame HemssecHocrd npomsBomee H3 OWE, notpomme ¥ TpPXKUIMIHHX I€HA
eJIEKTPUHE eHeprije Y ONMTHMH3AIHOHH MOJICH.

Heduunucame KpuTepHjyMa 3a MUHIMAIHYE M MaKCHMAaJIHH KanauuTeT GaTepHjCKHX cucTeMa
Ha OCHOBY renepidxnx apjarpama caare OHME W motpolnme, duMe ce cMamyje IpocTop
TIPETPare ONTUMAITHHX Pelleha.

Komnaparunia aHanu3a TEXHHYKHX NepHopMaHCH AUCTPUOYTHBHOr CHCTEMA Npe U HAKOH
NPHKIGYYCI>A ONTHMATHO TUMEH3HOHHC2HAX M MO3ANHOHMPAHMX OaTepHjcKUX CHCTEMa,
KojoM ce moKasyje Aa mpeanoxeHH Mogen obesOefjyje sHauajua moGojpliama y MOTHERY
CMarhemha TyOHTaKa y MpexH ¥ cTabHIA3a|ji HAOHCKOT podHia Mpexe,

Bepudukaumja u nopeheme npefaoxkeHor Mojena ca nocrojehinM MeroAama, xojoM ce
HOKasyje Aa IpeAloKeHH NpUCTYIl naje 6ojee pesyarare y IOMICAY CKOHOMCKHX M
TEXHHYKIX IOKa3aresba.
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8. OKBHPHH CHHHCAK JINTEPATYPE

Y HacTaBKy je JIaT OKBHpPHHM CIIHCAX AuTepaType Koju fie 6uTH xopumben pagy Ha AUCepTalHju.

IyGnuxauuje cy pediepammpane y oksupy tauxe 4 (CTAILE HAVUHE OBJIACTH).

[1]

2]

B3]

[4]

(5]

[6]

(71

[8]

(9]

[10]
[11]

[12]

{13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

M. 8. Alam, F. 8. Al-Tsmail, A. Salem, and M. A. Abido, , High-Level Penetration of Renewable Energy Sources
Into Grid Utility: Challenges and Solutions,* IEEE Access, 1. 8, p. 190277—190299, 2020.

J. P. Holguin, D, C. Rodriguez, and G, Ramos, ,Reverse Power Flow {RPF) Detection and Impact on Protection
Coordination of Distribution Systems,” IEEE Transactions on Industry Applications 56, 2020,

Prakash, Krishneel and Ali, Muhammad and Siddique, Md Nazrul Islam and Chand, Aneesh A. and Kumar,
Nallapaneni Manoj and Dong, Daoyi and Pota, Hemanshu R., ,,A review of battery energy storage systems for
ancillary services in distribution grids: Current status, challenges and fiture directions,” Frontiers in Energy
Research, . 10, 2022,

Om Prakash Mahela, Abdul Gafoor Shaik;, ,.,Power quality improvement in distribution network using
DSTATCOM with battery energy storage system,” International Journal of Electrical Power & Energy Systems,,
1. 83, pp. 229-240, 2016.

S.K. Yadav, K, B. Yadav, and A. Priyadarshi, , Performance analysis of three-phase solar PV, BESS, and Wind
integrated UPQC for power quality improvement,” Computers and Electrical Engineering, T. 116, p- 109203,
2024. .

F.R. Islam, A. Lally, K. A. Mamun, K. Prakash and N. K. Roy, ,,Power Quality Improvement of Distributicn
Network Using BESS and Capacitor Bank,” Journal of Modern Power Systems and Clean Energy, T. 9, 6p. 3, pp-
625-632, 2021. .

M. Zillmann, R. Yan and T. K. Saha, ,,Regulation of distribution network voltage using dispersed battery storage
systems: A case study of a rural network,” y 2011 IEEE Power and Energy Society General Meeting, Detroit, M,
USA, 2011.

M. Zeraati, M. E. Hamedani Golshan and J. M. Guerrero, , Distributed Control of Battery Energy Storage
Systems for Voltage Regulation in Distribution Networks With High PV Penetration, IEEE Transactions on
Smart Grid, 1.9, 6p. 4, pp. 3582-3593, 2018,

Y. Wang, K.T. Tan, X. Peng, P.L. So, ,,Coordinated Control of Distributed Energy Storage Systems for Voltage
Regulation in Distribution Networks,” IEEE Transactions on Power Delivery, 1. 31, 6p. 10.1109/TPWRD.20 15.,
pp. 1132-1141, 2015.

J. Radosavljevi¢, ,,Voltage regulation in LV distribution networks with PV generation and battery storage,“
Journal of Electrical Engineering, 1. 72, pp. 356-365, 2021.

Bolun Xu, Alexandre Cudalov, Jan Poland, Andreas Ulbig, Géran Andersson, ,,BESS Control Strategies for
Participating in Grid Frequency Regulation, IF:4C Proceedings Volumes, 1. 47, pp, 4024-4029, 2014.

Y. Meng, X, Li, X. Lin, X. Cui, P. Xu and 8. L, ,,"A Control Strategy for Battery Energy Storage Systems
Participating in Primary Frequency Control Considering the Disturbance Type,* JEEE Access, T. 9, pp. 102004~
102018, 2021,

Ehsan Reihani, Mahdi Motalieb, Reza Ghorbani, Lyes Saad Saoud, ,Load peak shaving and power smoothing of
a distribution grid with high renewable energy penetration,* Renewable Energy, T. 86, pp. 1372-1379, 2016.
Nikolaos A. Efkarpidis, Stefano Imoscopi, Martin Geidl, Andrea Cini, Slobodan Lukovic, Cesare Alippi, Ingo
Herbst, ,,Peak shaving in distribution networks using stationary energy storage systems: A Swiss case study,*
Sustainable Energy, Grids and Networks, T, 34, p. 101018, 2023.

Md Masud Rana, Mohd Fakhizan Romlie, Mohd Faris Abduliah, Moslem Uddin, Md Rase] Sarkar, ,,A novel
peak load shaving algorithm for isolated microgrid using hybrid PV-BESS system,“ Energy, 1. 234, 2021.

M. Qin, K.W.Chan, C.Y. Chung, X. Luo, T. Wy, ,,Optimal planning and operation of energy storage systems in
radial networks for wind power integration with reserve support,“ IET Generation, Transmission & Distribution,
1. 10, 6p. 8, 2016,

8. Mikulski, A, Tomeczewski, ,,Use of Energy Storage to Reduce Transmission Losses in Meshed Power
Distribution Networks,* Energies, T. 14, 6p. 21, 2021.

Mohammad-Ali Hamidan, Farzaneh Borousan, ,,Optimal planning of distributed generation and battery energy
storage systems simultaneously in distribution networks for loss reduction and reliability improvement,* Journal
of Energy Storage, 7. 46, 2022. .

Hedayat Saboori, Reza Hemmati, Mehdi Ahmadi Jirdehi, »Reliability improvement in radial electrical
distribution network by optimal planning of energy storage systems,* Energy, T. 93, pp. 2299-2312, 2015.
Ponnaganti, P.; Bak-Jensen, B.; Weehrens, B.V.; Asmussen, J. , ,ssessment of Energy Arbitrage Using Energy
Storage Systems: A Wind Park’s Perspective,” Energies, T. 14, p. 4718, 2021.




e

[21]

[22]

[23]

[24]

[25]

[26]

[27]
[28]
[29]
[30]

B31]

[32]

[33]

[34]
[35]

[36]

371

[38]

[39]

[40]

[41]

[42]

Page 9 of 16

Pefiaranda, A.F.; Romero-Quete, D.; Cortés, C.A., ,,Grid-Scale Battery Energy Storage for Arbitrage Purposes: A
Colombian Case,” Baiferies, 1. 3, p. 7,2021.

Shi, Y.; Cheng, S.; Chen, C.; Luo, Y.; Zhao, J.; Ghiasi, ,Modified Biogeography Optimization Strategy for
Optimal Sizing and Performance of Battery Energy Storage System in Microgrid Considering Wind Energy
Penetration,” Batteries, T. 9, p. 254, 2023,

Gongalves, A.; Cavalcanti, G.O.; Feitosa, M.AF.; Dias Filho, R.F.; Pereira, A.C.; Jatobé, E.B.; de Melo Filho,
J.B.; Marinho, M.H.N.; Converti, A.; Gomez-Malagén, L.A_, ,, Optimal Sizing of a Photovoltaic/Battery Energy
Storage System to Supply Electric Substation Auxiliary Systems under Contingency,” Energies, T. 16, 6p. 13, p.
5165, 2023.

H. Saboori, and R. Hemmati, ,,Maximizing DISCO profit in active distribution networks by optimal planning of
energy storage systems and distributed generators,” Renewable and Sustainable Energy Reviews, 1. 71, pp. 365-
372,2017,

Tay Son Le, Tuan Ngoc Nguyen, Dac-Khuong Bui, Tuan Due Ngo, ,,Optimal sizing of renewable energy storage:
A techno-economic analysis of hydrogen, battery and hybrid systems considering degradation and seasonal
storage,” Applied Energy, T. 336, p. 120817, 2023,

Mohammad Rasol Jannesar, Alireza Sedighi, Mchdi Savaghebi, Josep M., Guerrero, ,,Optimal placement, sizing,
and daily charge/discharge of battery energy storage in low voltage distribution network with high photovoltaic
penetration,” Applied Energy, 1. 226, pp. 957-966, 2018,

U.G.K. Mulleriyawage, W.X. Shen, ,,Jmpact of demand side management on eptimal sizing of residential battery
energy storage system,” Renewable Energy, 1. 172, pp. 1250-1266, 2021.

C. -T. Tsai, E. M. Ocampo, T. M. Beza and C. -C. Kuo, ,,Techno-Economic and Sizing Analysis of Battery
Energy Storage System for Behind-the-Meter Application,” IEEE Access, T. 8, pp. 203734-203746, 2020,

Tarife, R.; Nakanishi, Y.; Chen, Y.; Zhou, Y.; Estoperez, N.; Tahud, A., ,,Optimization of Hybrid Renewable
Energy Microgrid for Rural Agricultural Area in Southern Philippines,* Energies, T. 6, p. 2251, 2022.

V. V. Thang, ,,Optimal sizing of distributed energy resources and battery energy storage system in planning of
islanded micro-grids based on life cycle cost,” Energy Systems, 1. 12, p. 637-656 , 2021.

Ling Ai Wong, Vigna K. Ramachandaramurthy, Sara L. Walker, Phil Taylor, Mohammad Javad Sanjari,
,Optimal placement and sizing of battery energy storage system for losses reduction using whale optimization
algorithm,” Journal of Energy Storage, 1. 26, p. 100892, 2019.

Mohammad Esmaeil Hassanzadeh, Majid Nayeripour, Saced Hasanvand, Reza Sepehrzad, ,Hierarchical optimal
allocation of BESS using APT-FPSO based on stochastic programming model considering voltage sensitivity and
eigenvalues analyses,” International Journal of Electrical Power & Energy Systems, 1. 153, p. 109291, 2023,

Zheng Zhao, Kuan Zheng, Yong Xing, Jinpu Yu, ,,Optimal planning of distributed generation and energy storage
systems in DC distribution networks with application of category-based multi-objective algorithm,” Energy
Reports, 1.9, pp. 529-534, 2023.

Chukwuemeka Emmanuel Okafor, Komla Agbenyo Folly, ,,Optimal placement of BESS in a power system
network for frequency support during contingency,” Energy Reports, T. 19, pp. 3681-3695, 2023.

M. Gholami, S. A. Mousavi, and S. M. Muyeen, ,.,Enhanced Microgrid Reliability Through Optimal Battery
Energy Storage System Type and Sizing,”“ IEEFE Access, 1. 11, pp. 62733-62743, 2023.

Alireza Kalantari and Hamid Lesani, ,,Operation Scheduling of Distribution Network with
Photovoltaic/Wind/Battery Multi-Microgrids and Reconfiguration considering Reliability and Self-Healing,*"
International Journal of Energy Research, T. 2024, 6p. 1, p. 5724653, 2024,

Tarife, R.; Nakanighi, Y.; Chen, Y.; Zhou, Y.; Estoperez, N.; Tahud, A., ,,Optimization of Hybrid Renewable
Energy Microgrid for Rural Agricultural Area in Southern Philippines,” Energies, 1. 15, Gp. 6, p. 2251, 2022,
Md. Shadman Abid, Hasan Jamil Apon, Salman Hossain, Ashik Ahmed, Razzaqul Ahshan, M.S. Hossain Lipu,
A novel multi-objective optimization based multi-agent deep reinforcement learning approach for microgrid
resources planning,“ Applied Energy, T. 353, p. 122029, 2023.

S. Avril, G. Arnaud, A, Florentin, M. Vinard, ,,Multi-objective optimization of batteries and hydrogen storage
technologies for remote photovoltaic systems,* Energy, 1. 35, 6p. 12, pp. 5300-5308, 2010.

Yang Zhang, Anders Lundblad, Pietro Elia Campana, F. Benavente, and Jinyue Yan, ,Battery sizing and rule-
based operation of grid-connected photovoltaic-battery system: A case study in Sweden,“ Energy Conversion and
Management, . 133, pp. 249-263, 2017.

Y. Yang, H. Li, A. Aichhorn, J. Zheng and M., ,.Sizing Strategy of Distributed Battery Storage System With High
Penetration of Photovoltaic for Voltage Regulation and Peak Load Shaving,” IEEE Transactions on Smart Grid,
1. 5, 6p. 2, pp. 982991, 2014.

Ye Liu, Yiwei Zhong, and Chaowei Tang , ,,Sizing Optimization of a Photovoltaic Hybrid Energy Storage
System Based on Long Time-Series Simulation Considering Battery Life,* Applied Sciences, 1. 13, 6p. 15, p.




f43]

[44]

[45]1
[46]

[47]

148]

[49]

[50]

[51]
[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]
[62]

[63]

[64]

Page 10 of 16

8693, 2023.

!
Duong Quoc Hung and N, Mithulananthan and R.C. Bansal, »Integration of PV and BES units in commercial
distribution systems considering energy loss and voltage stability,“ dpplied Energy, t. 113, pp. 1162-1170, 2014,
Sumanth Pemmada, Nita R. Patne, Ashwini D. Manchalwar, Radharani Panigrahi, ,,A novel hybrid algorithm
based optimal planning of solar PV and battery energy storage systems,* Energy Reports, ToM. %1 og %29,
Supplement 10, pp. 380-387, 2023,
Juan P, Fossati, Ainhoa Galarza, Ander Martin-Villate, Luis Fontin, ,,A method for optimal sizing energy storage
systems for microgrids,” Renewable Energy, 1. 77, pp- 539-549, 2015,
Mohamed A. Elseify, Salah Kamel, Loai Nasrat, ,,An improved moth flame optimization for optimal DG and
battery energy storage allocation in distribution systems,” Cluster Computing, 1. 27, p. 1476714810, 2024.
Christopher Lange, Alexandra RueB, Andreas NuB, Richard Ochsner, Martin M#rz, »Dimensioning battery
enecrgy storage systems for peak shaving based on a reai-time control algorithm,” Applied Energy, 1. 280, p.
115993, 2020.
Y. Zhang, A. Anvari-Moghaddam, S. Peyghami, T. Dragi®evié, ,,Optimal sizing of behind-the-meter BESS for
providing stackable services,* y 2022 IEEE 13th International Symposium on Power Electronics for Distributed
Generation Systems (PEDG), Kiel, Germany, 2022,
Rayees Ahmad Thokar, Nikhil Gupta, K. R. Niazi, Anil Swamnkar, Nand K, Meena, Jin Yang, ,,Optimal
coordinated energy management in active distribution networks considering battery energy storage and price-
respensive demand,* IET Generation, Transmission & Distribution, t. 18, 6p. 9, pp. 1743-1756, 2024,
S. Khunkitti, P. Boonluk, and A. Siritaratiwat, »Optimal location and sizing of BESS for performance
improvement of distribution systems with hi gh DG penetration,* Infernational Transactions on Electrical Energy
Systems, 1. 2022, 6p. 1, p. 6361243, 2022.
Martins, R.; Hesse, HL.C.; Jungbauer, J.; Vorbuchner, T.; Musilek, ,,Optimal Component Sizing for Peak Shaving
in Battery Energy Storage System for Industrial Applications,” Energies, 1. 11, 6p. 8, p. 2048, 2018.
Md Sazzad Hosen, Joris Jaguemont, Joeri Van Mierlo, Maitane Berecibar, »Battery lifetime prediction and
performance assessment of different modeling approaches,* iScience, T. 24, 6p. 2, p. 102060, 2021,
Mohammead Amini, Amir Khorsandi, Behrooz Vahidi, Seyed Hossein Hosseinian, Ali Malakmahmoudi, ,,Optimal
sizing of battery energy storage in a microgrid considering capacity degradation and replacement year,* Electric
Power Systems Research,, 1. 195, p. 107170, 2021,
N. B. Arias, J. C. Lopez, S. Hashem, J. F. Franco and M. J. Rider,, ,,Multi-Objective Sizing of Battery Energy
Storage Systems for Stackable Grid Applications,* IEEE Transactions on Smart Grid, 1. 12, 6p. 3, pp. 2708~
2721, 2021,
Davide Fioriti, Luigi Pellegrino, Giovanni Lutzemberger, Enrica Micolano, Davide Poli, »Optimal sizing of
residential battery systems with multi-year dynamics and a novel reinflow-based model of storage degradation:
An extensive Italian case study,“ Electric Power Systems Research, 1. 203, p, 107675, 2022.
Pablo Ayuso, Hector Beltran, Jorge Segarra-Tamarit, Emilio Pérez, ,,Optimized profitability of LFP and NMC Li-
ion batteries in residential PV applications,” Mathematics and Computers in Simulation, T. 183, pp. 97-115, 2021,
M. Sufyan, N. Abd Rahim, C. Tan, M. A. Muhammad, and S. R, Sheikh Raihan, ,,Optimal sizing and energy
scheduling of isolated microgrid considering the battery lifetime degradation,” PloS one, . 14, 6p. 2, p.
€0211642, 2019.
Tianmeng Yuan, Yong Mu, Tao Wang, Ziming Liv, and Afshin Pirouzi, ,,Using firefly algorithm to optimally
size a hybrid renewable energy system constrained by battery degradation and considering uncertainties of power
sources and loads,” Heliyon, 1. 10, 6p. 7, p. e26961, 2024.
Juan M. Lujano-Rojas, Rodolfo Dufo-Lépez, Jestis Sergio Artal-Sevil, Eduardo Garcfa-Paricio, wDesign of small-
scale hybrid energy systems taking into account generation and demand uncertainties,“ Renewable Energy, 1.
227, p. 120540, 2024,
Mostafa Rezaeimozafar, Enda Barrett, Rory F.D. Monaghan, Maeve Duffy, ,,Optimal sizing of behind-the-meter
battery energy storage systems under optimal battery operation: A case study in Ireland,” Journal of Energy
Storage, T. 87, p, 111324, 2024.
J. Radosavljevié, Metaheuristic Optimization in Power Engineering, London; The Institution of Engineering and
Technology, 2018,
D. Q. Hung, N. Mithulananthan, and R.C. Bansal, »Integration of PV and BES units in commercial distribution
systems considering energy loss and voltage stability,* Applied Energy, 7. 113, pp. 1162-1170, 2014,
O. Khoubseresht, M. Rajabinezhad, and 8. Y. M. Mousavi, ,,An analytical optimum method for simultaneous
integration of PV, wind turbine and BESS to maximize technical benefits,” IET Generation, Transmission &
Distribution, T. 17, pp. 2207-2227, 2023,
Dariusz Borkowski, Piotr Oramus, Michat Brzezinka, ,Battery energy storage system for grid-connected

oy



nw

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

(751

[76]

[771
[78]

[79]

[80]

{81]

{82]

[83]

[84]

Page11lof 16

photovoltaic farm — Energy management strategy and sizing optimization algorithm,” Journal of Energy Storage,
Tom. %1 o %272, Part A, p. 108201, 2023.

K.B.J. Anuradha and U. Jayatunga and H.Y. Ranjit Perera, ,Loss-Voltage Sensitivity Analysis Based Battery
Energy Storage Systems Allocation and Distributed Generation Capacity Upgrade,* Journal of Energy Storage, T.
36, p. 102357, 2021.

Han Kun Ren, Masat Ashtine, Malcolm McCulloch, David Wallom, ,,An analytical method for sizing energy
storage in microgrid systems to maximize renewable consumption and minimize unused storage capacity,”
Journal of Energy Storage, T. 68, p. 107735, 2023.

Yi Li, Jinging Peng, He Jia, Bin Zou, Bin Hao, Tao Ma, Xiaoyang Wang, ,,Optimal battery schedule for grid-
connected photovoltaic-battery systems of office buildings based on a dynamic programming algorithm,* Journal
aof Energy Storage, 1. 50, p. 104557, 2022.

T. A. Nguyen, M. L. Crow and A. C. Elmore, ,,Optimal Sizing of a Vanadium Redox Battery System for
Microgrid Systems,* IEEE Transactions on Sustainable Energy, 1. 6, 6p. 3, pp. 729-737, 2015.

M. Cao, Q. Xu, ] Cai, and B, Yang, ,,Optimal sizing strategy for energy storage system considering correlated
forecast uncertainties of dispatchable resources,” Infernational Journal of Electrical Power & Energy Systems, T.
108, pp. 336-346, 2019.

Fadi Agha Kassab, Berk Celik, Fabrice Locment, Manuela Sechilariu, Sheroze Liaquat, Timothy M. Hansen,
,-Optimal sizing and energy management of a microgrid: A joint MILP approach for minimization of energy cost
and carbon emission,” Renewable Energy, 1. 224, p. 120186, 2024,

Chico Hermanu Brillianto Apribowae, Sasongko Pramono Hadi, Fransisco Danang Wijaya, Mokhammad Isnaeni
Bambang Setyonegoro, Sarjiya, ,,Optimal sizing and placement of batiery energy storage system for maximum
variable renewable energy penetration considering demand response flexibility: A case in Lombok power system,
Indonesia,” Energy Conversion and Management: X, 1. 23, p. 100620, 2024.

Adedoyin Inaolaji, Xuan Wu, Rajarshi Roychowdhury, Raiford Smith, ,,Optimal allocation of battery energy
storage systems for peak shaving and reliability enhancement in distribution systems,” Journal of Energy Storage,
1. 95, p. 112305, 2024.

Orhan Ekren, Banu Y. Ekren, ,,Size optimization of a PV/wind hybrid energy conversion system with battery
storage using simulated annealing,” 4pplied Energy, . 87, p. 592-598, 2010.

Alejandro Valencia, Ricardo A, Hincapie, Ramdn A. Gallego, ,,Optimal location, selection, and operation of
battery energy storage systems and renewable distributed generation in medium-low voltage distribution
networks,” Journal of Energy Storage, . 34, p. 102158, 2021.

Weiping Zhang, Akbar Maleki, Ali Komeili Birjandi, Mohammad Alhuyi Nazari, Omid Mohammadi, ,,.Discrete
optimization algorithm for optimal design of & solar/wind/battery hybrid energy conversion scheme,”
International Journal of Low-Carbon Technologies, T. 16, 6p. 2, p. 326340, 2021.

Y. Xu, S. Huang, Z. Wang, Y. Ren, Z. Xie, J. Guo, and Z, Zhu, ,,Optimization based on tabu search algorithm for
optimal sizing of hybrid PV/energy storage system: Effects of tabu search parameters,” Sustainable Energy
Technologies and Assessments, ToM. %1 on %253, part C, p. 102662, 2022.

Riad Chedid, Ahmad Sawwas, ,,Optimal placement and sizing of photovoltaics and battery storage in distribution
networks,” Energy Storage, 1. 1, 0p. 4, p. €46, 2019,

B. Khaki, ,,Joint sizing and placement of battery energy storage systems and wind turbines considering reactive
power support of the system,” Journal of Energy Storage, 1. 35, p. 102264, 2021.

B. Azibek, N. Zhakiyev, A, Kushekkaliyev, A, Zhalgas, and B. Mukatov, ,,Optimal Allocation of Storage
Capacity in Distribution Network for Renewable Energy Expansion,” Electric Power Components and Systems, T.
52, Gp. 10, pp. 1749-1762, 2024.

Tianming Gu, Puyu Wang, Fangyu Liang, Guangen Xie, Ling Guo, Xiao-Ping Zhang, Fang Shi, ,,Placement and
capacity selection of battery energy storage system in the distributed generation integrated distribution network
based on improved NSGA-II optimization,” Journal of Energy Storage, ToM. %1 on %252, Part A, p. 104716,
2022,

S. Garip, and S. Ozdemir, ,,Optimization of PV and Battery Energy Storage Size in Grid-Connected Mictogrid,®
Applied Seiences, T. 12, p. 8247,2022,

Haifeng Wang, Yate Liao, Jiarui Zhang, Ziwen Cai, Yun Zhao, Weljun Wang, ,,Optimization of shared energy
storage configuration for village-level photovoltaic systems considering vehicle charging management,” Energy,
T.311, p. 133373, 2024.

W. Dong, Y. Li, and J. Xiang, ,,Optimal Sizing of a Stand-Alone Hybrid Power System Based on
Battery/Hydrogen with an Improved Ant Colony Optimization,” Energies, T. 9, p. 785, 2016,

Mohammadreza Ghelami, S.M. Muyeen, Soad Abokhamis Mousavi, ,,Optimal sizing of battery energy storage
systems and reliability analysis under diverse regulatory frameworks in microgrids, Energy Strategy Reviews, 1.




[85]

[86]

[87]

(88]

[89]

[90]

[91]

[92]

[53]

[94]

[95]

[96]

(971

98]

[99]

Paga12 of 16

51, p. 101255, 2024.

8. Sukumar, M. Marsadek, A. Ramasamy, and II. Mokhlis, ,,Grey Wolf Optimizer Based Battery Energy Storage
System Sizing for Economic Operation of Microgrid, y JEEE International Conference on Environment and
Electrical Engineering and 2018 IEEE Industrial and Commercial Power Systems Europe (EEEIC / I&CPS
Europe), Palermo, Italy, 2018,

Dong Zhang, GM Shafiullah, Choton Kanti Das, and Kok Wai Wong, ,,Optimal Allocation of Battery Energy
Storage Systems to Enhance System Performance and Reliability in Unbalanced Distribution Networks,
Energies, 1. 16, Op. 20, p. 7127, 2023,

Andre F. Ramos, Iftekhar Ahmad, Daryoush Habibi, Thair S. Mehmoud , ,,Placement and sizing of utility-size
battery energy storage systems to improve the stability of weak grids,” International Journal of Electrical Power
& Energy Systems, T, 144, p. 108427, 2023,

Dong Zhang, G.M. Shafiullah, Choton K. Das, Kok Wai Wong, ,,Optimal allocation of battery energy storage
systems to improve system reliability and voltage and frequency stability in weak grids,“ Applied Energy, Tom.
%] ox %2377, Part B, p. 124541, 2025,

Miguel Ramirez, Rafael Castellanos, Guillermo Calder6n, and Om Malik, , Placement and sizing of battery
energy storage for primary frequencycontrol in an isolated section of the Mexican power system,* Efectric Power
Systems Research, 1. 160, pp. 142-150, 2018.

Md. Shadman Abid, Hasan Jamil Apon, Imtiaz Mahmud Nafi, Ashik Ahmed, Razzaqul Ahshan, ,,Multi-objective
architecture for strategic integration of distributed energy resources and battery storage system in microgrids,*
Journal of Energy Storage, Tom, %1 ox %272, Part B, p. 108276, 2023,

Nasreddine Belbachit, Salah Kamel, Mohamed I1, Hassan, Mohamed Zellagui, ,,Optimizing energy management
of hybrid wind generation-battery energy storage units with long-term memory artificial hummingbird algorithm
under daily load-source uncertainties in electrical networks,” Journal of Energy Storage, . 78, p. 110288, 2024,

Chetan Gusain, Uma Nangia, Madan Mohan Tripathi, ,,Optimal sizing of standalone hybrid renewable energy
system based on reliability indicator: A case study,” Energy Conversion and Management, 1. 310, p, 118490,
2024,

»Hybrid Simulated Annealing-Tabu Search Method for Optimal Sizing of Autonomous Power Systems With
Renewables,” IEEE Transactions on Sustainable Energy, 1. 3, pp. 330-338, 2012.

J. M. Lujano-Rojas, J. M. Yusta, J. A. Dominguez-Navarro, G. J. Osdrio, M. Shafie-khah, F. Wang, and J. P. S.
Catalda,, ,,Combining Genetic and Gravitational Search Algoerithms for the Optimal Management of Battery
Energy Storage Systems in Real-Time Pricing Market,* y IEEE Industry Applications Society Anmual Meeting,
Detroit, MI, USA, 2020.

H. Mirtaheri, A. Bortoletto, M. Fantino, A. Mazza and M. Marzband, ,,Optimal Planning and Operation
Scheduling of Battery Storage Units in Distribution Systems,” y 2019 IEEE Milan PowerTech, Milan, Italy, 2019,

Choton K, Dasa, Octavian Bass, Thair §. Mahmoud, Ganesh Kothapalii, Mohammad A.S. Masoum, Navid
Mousavi, ,,An optimal allocation and sizing strategy of distributed energy storage systems to improve
performance of distribution networks,* Journal of Energy Storage, t. 26, p. 100847, 2019,

Saleh Ba-swaimi, Renuga Verayiah, Vigna K. Ramachandaramurthy, Ahmad K. ALAhmad, ,,Long-term optimal
planning of distributed generations and battery energy storage systems towards high integration of green energy
considering uncertainty and demand response program,” Journal of Energy Storage, Tom. %1 ox %2100, Part A,
p. 113562, 2024,

Manar A. Khalil, Tamer M. Elkhodragy, and Waleed A. A, Salem , ,,A novel hybrid algorithm based on optimal
size and location of photovoltaic with battery energy storage systems for voltage stability enhancement,®
Electrical Engineering, pp. 1-26, 2024,

Mohammad H. Shams, Haider Niaz, Jonggeol Na, Amjad Anvari-Moghaddam, J. Jay Liu, ,Machine learning-
based utilization of renewable power curtailments under uncertainty by planning of hydrogen systems and battery
storages,” Journal of Energy Storage, 1. 41, p. 103010, 2021,

[100] Yuging Yang, Stephen Bremner, Chris Menictas, Merlinde Kay, ,Jmpact of forecasting error characteristics on

battery sizing in hybrid power systems,* Journal of Energy Storage, 7. 39, p. 102567, 2021.

[101] J. Cao, D. Harrold, Z, Fan, T. Morstyn, D. Healey and K. Li, ,,Deep Reinforcement I.eamning-Based Energy

Storage Arbitrage With Accurate Lithium-Ion Battery Degradation Model,* IEEE Transactions on Smart Grid, 1.
11, 6p. 5, pp. 4513-4521, 2020,

[102] T. Kerdphol, R. N. Tripathi, T. Hanamoto, Khairudin, Y. Qudaih, and Y, Mitani, ,ANN based optimized battery

energy storage system size and loss analysis for distributed energy storage location in PV-microgid,* y 2015
IEEE Innovative Smart Grid Technologies - Asia (ISGT ASI4), Bangkok, Thailand, 2015.

[103] 8. M. Opalic, M. Goodwin, L. Jiao, H. K. Nielsen, and M, L, Kolhe, ,,Augmented Random Search with Artificial

Neunral Networks for energy cost optimization with battery control,” Journal of Cleaner Production, 1. 380, p.
134676, 2022.



Page 13 of 16

[104] Oladimeji Ibrahim, Mohd Junaidi Abdul Aziz, Razman Ayop, Ahmed Tijjani Dahirz, Wen Yao Low, Mohd
Herwan Sulaiman, Temitope Ibrahim Amosa, ,Fuzzy logic-based particle swarm optimization for integrated
energy management system considering battery storage degradation,“ Results in Engineering, 1. 24, p. 102816,
2024,

[105] Mohammad Ahmad A, Al-Ja’Afreh, Bilal Amjad, Kirkland Rowe, Geev Mokryani, Jorge L. Angarita Marquez,
,»Optimal planning and forecasting of active distribution networks using a multi-stage deep learning based
technique,” Energy Reports, T. 10, pp. 686-705, 2023.

[106] Hyuna Kang, Seunghoon Jung, Hakpyeong Kim, Jaewon Jeoung, Tachcon Hong,, ,,Reinforcement learning-based
optimal scheduling model of battery energy storage system at the building level, Renewable and Sustainable
Energy Reviews, ToM. %1 o %2190, Part A, p. 114054, 2024,

[107] Zhenlan Dou, Chunyan Zhang, Jungiang Li, Dezhi Li, Miao Wang, Lue Sun, Yong Wang, ,,Innovative encrgy
solutions: Evaluating reinforcement learning algorithms for battery storage optimization in residential settings,
Process Safety and Environmental Profection, Tom. %1 ox %2191, Part B, pp. 2203-2221, 2024,

{108] Yuging Yanga, Stephen Bremner, Chris Menictas, Merlinde Kay, ,,Battery energy storage system size
determination in renewable energy systems: A review,* Renewable and Sustainable Energy Reviews, pp. 109-
125,2018.

[109] A. Owosuhi, Y. Hamam, and J. Munda, ,Maximizing the Integration of a Battery Energy Storage System—
Photovoliaic Distributed Generation for Power System Harmonic Reduction: An Overview,* Energies, T. 16, p.
2549, 2023.

{110] O. A. Ajeigbe, J. L. Munda, and Y. Hamam, ,,Towards maximising the integration of renewable energy hybrid
distributed generations for small signal stability enhancement; A review,* International journal of energy
research, T. 44, pp. 2379-2425, 2020.

9. OKBHPHH CAJIPYKAJ U CTPYKTYPA JANCEPTAIUIE

JokTopcka aucepraumja Gulie KoHIMNHMpaHa Kpo3 ocaM IOTHABJba, Koja oOyxBarajy YBOA, €T
TEMATCKMX LENHHA, 3aKJbY4aK 1 CIIMcaK KopHIhieHe JATepaType.

V ysopy nucepranuje Ouhie peduHHCaHH NpegMeT M NH/BEBH HCTPAKABAILA, (QOpMyIHCaHe
[ofia3He XWNOTe3e H JaT Hpernell KopumlieHHX MeTONoNOTHja M ajlaTa HCTpa)muBarka, Kao H
CTPYKTYpa H OpraHu3aliyja JucepTaumje.

V apyrom moryaessy Oulie mat nperney paznnauTex DareprjcKuX TEXHOAOTHja Koje ce Hajgemhe
TIPEMEEsYjy Y DUCTpHOYTHBHHM CHCTEMHMa, ca (OKycoM Ha FBHXOBE NPHHIMIE Paja, TeXHHYKE
KapakTepHCTHKE, IPEAHOCTH H orpanuderba. Takolje, y OKBHpY oBor moriaeiba Oulie mar npernieq
PasINYATHK NPAKTHIHAX NPUMeHa HaTepUjeKUX CHCTEMA Y THCTPAOYTHBHEM MpeXama.

V T1pehem nornasiby Guhie Aara ormra opMynanija npobneMa oxpeljupaba ONTHMATHAX CHATA,
KanaHUTeTa W JjioKanuja GaTepHjcKHX cucTeMa y AHCTPHOYTHBHUM MpexaMa Ca MHTerPHCAaHHM
OUE. V oksapy Tora Oulie pasMaTpaHd pasidduTH IHUJBCBM ONTHMHZaNuje, TEXHHYKa M
OllepaTHBHa OrpaHmduer-a. Takolje, Ouhe pasMaTpaHH pasAHYHTH MOAENHM OaTepHjCKHX CHCTEMAa,
YKILydyjyhu ¥ yTHngj Jerpajaluje Ha JKUBOTHH BeK OaTepHje, Kao H pasiyHYIMTH NPHCTYIH Y
MojieNoBaky (JOTOHAMOHCKAX CHCTEMA, BETPOEIEKTpaHa H IIOTPOMIFLE,

V uyerspromM moriasmy Oulie jar nperyief pasiIHIMTAX METOAA KOPHINNEHHX y PEACBaHTHO)
HAy4HOj JHTEpaTypH 3a pellasame npobiaeMa ojpelMBara ONTHMAIHUX CHAara M JOKamuja
Garepujckux cucrema. OGyxearulie ce Kako KIACHIHE ONTAMHA3AMOHE TEXHHKE, TAKO H CAaBPEMEHE
MeTaxeypHCTHUKE METOZe M MeTofie Ha 0a3sM BEINTAyKe MHTENHTEHLHE, Y3 KPUTHYKY aHamusy
WLHXOBUX MPEIHOCTH, OrpaHuuersa W NPHUMEHBHBOCTH Ha CJOXEHe, BHINeTHMEH3HOHAIHE
npobneme.
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Y merom nornaBiy Oufie npeCcTaBbeH pa3lBHjeHH ONTUMH3AUMOHH MOZEN 33 ONTHMAUIHO
JHMEH3HOHHCAbE GaTepHjCKuX cUcTeMa Y THCTPUOYTHBHE Mpexe. Y OKBHPY OBOT LOTfaBka Gulic
ACT/BHO ONHMCaHA TPCMJIOKECHE METONONOTHja, YIIbYdyjyhu Maremariaky thopMynangjy
npobnema, nebHHHLHE]Y 00jeKTHENE QyHKIHe H OrpaHHYersa, Kao ¥ MoJeNa GarepujcKeX cHCTEMA.
V okBupy onTHMM3aIMOHOr Mozena 6muhe AeTasHo OmHEcana OpeJUIoKEHA MeTORONOTHja 3a
NpPOrHO3y NOTPOWRke W Npoussofme B3 OME, kao H TpXUIHHX Ilena eNCeKTPHYHE eHeprHje y
3a7aTOM BPEMEHCKOM XOpH30HTY. Takolje, Guhie faTa mema 3a ynpaemame pamoM GaTepHjckax
cucrema. [loceGHa naxisa Oulie moceelieHa OmMCY NPHUMEREHOT aITOpHTMA 33 ONTHMH3ALH]Y,
IeroBe CTPYKTYpeE, MapaMerapcKor MOACMABAL2 M TOCTYIIKa MMIUieMeHTanuje. OBO TOTIAaBIbE
obyxeatulie i npobnem onpeljHBaba ONTHMAMHIX NOKALK]A HPHIUBYHERHa GaTepHjCKAX CHCTEMA y
AUCTPUCYTHBHE MpeXe ca LHJBEM OCTBAPHBAILA ONTHMAMHHX TEXHHYKHX nepdopMaHCH pana
AuCTpHOyTHBHE Mpeke. Ananmusupalie ce YIHUaj NOKauuja Ha HANOHCKE HpPUIIKE, ryburke y
MpExH N cTabHIHOCT Mpexe.

YV mecroM uornamby Gulic NpHkasaHu pesyiTaTH CHMyJalgije W aHalu3a nepopMancH
HpEeUIOKEHOT MOJiena Ha oarosapajylinm Tect cuctemuma, Pasmatpahie ce pasnuuuTH clieHapujn
pana ca IJbeM HpoleHe eQHKacHOCTH mnpepnoxeHor npucryna. Jobujenm pesyntat Gube
aHQIM3HPAHH Ca TEXHHYKOT H eKOHOMCKOT acileKkTa y3 mopelielbe ca pedepeHTHHM MeToAaMma u3

JHTepaType y NHIBY Beprdukamyje.

Y 3axupyuxy e GHTH cyMHpaHy HajBaXHUjH PE3YATATH HCTPAXHBAtba M HCTAKHYT IIABHH HAyJHH
mompuHoc. Takobe, y okeupy sawbyuka Gulie ykasano Ha Moryhe npasue AamuX HCTpPEKHBAMA y
JaToj o0GnacTH.

Hakon saxipyuka bulie gaT crcax kopuinfiene ureparype.

10. 3BAK/BYYAK

Ha ocHOBY aHanuse npujase 1 ofpazoxera Opeac:KeHe TeMe JOKTOPCKE JUCEpTaluje, Komucuja
3aKIpydyje cnenehe:

* IlpennoxeHa TeMa mpumaga yxoj HayuHoj obmactH Enextpoemepreruxa, cTymmjckor
nporpaMa EJIEKTpOTEXHHYKO M padyHapcKO HMHKEWEPCTBO YV TeXHHUKO-TEXHOIOLIKOM
NoJbY, H 3Ha4ajHa je 3a HayKy.

* Hapegenu mpejMeT HCTpaXHBama, LHBEBH MCTPaXHBalba, XHIOTE3R, METOZONOTHja H
OYCKHBAHM DPE3YJNTaTH CY NO6PO OCMHILBEHH M DEJERAaHTHH 33 H3pagy HOKTOPCKe
JUcepTarwje.

* IlomoeHM HCIMTH HA AOKTOPCKMM CTYJHjaMa M HOCANAIILM HAYIHO-HCTPAKUBAYKH
pesynaratd — objasibenu pagoeu y CHH wacomucMa u MeljyHapomHEM Hayd9HEM
xonepenujama kaumuaaTkume Josate M usuh Ilepennh, poxasyjy meHy nomoGHOCT 3a
H3pagy AOKTOPCKE HCEpTaIlje ca HABEASHOM TEMOM.

* Kanguparkimka HCIyHaBa CBE YCIOBe IpeABHieHe 3aKOHOM O BHCOKOM obpasoeamy PC,
Craryrom @TH-a u TpaBunHukoM O JOKTOpexuM cTyamjama ®TH-a y Kocosckoj
MutpoBHIy 3a U3pagy HOKFOPCKE AHCEPTanHje.
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IIpema Tome, Komucuja npemnaxe HacrasHo-Hayunom Behy @axynTeTeTa TEXHHUKHX HayKa y
KocoBckoj METpOBHIA [a IPHXBATH TEMY JOKTOPCKE AHCEpTalHje O] HACIOBOM:

“HuaTerpannja 6aTepHjCKNX CHCTEMA 32 CKJIAJHIITEHE eJIEKTPHYHE eHepruje y
AHCTPHOYTHBHE MpesKe ¢a 3HAYAJHUM Y eJ10M JHCTPHOYHPaHHX reHepaTopa ca 00HOB/LHBHM
H3BOpPHMaA eHepruje”

i oxobpm wm3pamy wucre Kauamparkumy JoBanu JKusuh Ilepenwh, Mactep uHIXemepy
CIICKTPOTEXHUKE U padyHapCTBa.

Kowmmucuja npemiaxke na ce 3a MeHTOpa WMeHyje Ap Jopman PagocaeiseBuh, penoBHH mpodecop
QaxyreTa TeXHHIKHX Hayka y KocoBckoj MUTpOBHITH.

V KocoBckoj MuTpoBHIH,
09.07.2026. rox.

Komucuja:
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@DakynTeT TeXHUUKHX Hayka y Yauky, YHusep3urter y Kparyjesily, npeace SHUK

Ip N Munosanosuh, BaHp. mpod.,
QakynrTeT TeXHUUKKX Hayka y Kocosckoj Mutpoeuiy, Yausepsutet y [IpHIiTHHHE ca NpHBpEMEHAM
cequmteM y KocoBckoj MuTpoBaim, 4iiad

~J
Jlp Jopuax Paxocasisesuh, pex. upod.,
@axynTeT TeXHAYKHX Hayka y KocoBckoj Murtposumm, YHuBep3uTeT y [IpHINTHHHA ca IPUBPEMEHUM
cequmTeM y KocoBckoj MUTpOBHLIA, YiIaH
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