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1. YBOJ

1.1, Xpomosioruia ogo0papaiba U n3pajie juicepraije

Kanminar Mapxo baruh je yincao foxropeke akajgemeke cryjje EnexrpoTexnuke u pauyHapersa
26.12.2010. ropune, Ha smonyny CodTBEPCKO MHIKEHEPCTBO, Ha LIEKTPOTEXHHUKOM (PaKkyaTeTy
Vuusepsntera vy beorpamy. Y TOKy cTymmja, KanmuaaT Mapko bartuh je monoxuo cse ucnure
npeasuhiene CTYAMjCKEM TUTAHOM M mporpamMomM  mojynia 3a  Co(TBepeKo HHIKEmEPCTBO  ca
npocednom oneronm 10. Takohe, kKanauaar je xao npeaycnoB 3a rojiarame HCIHTa Ha 13a0paHoM
MOJIYJTY MOTOKHO 1 JIBa gonyrcka uermra (Onepartusiy cuctemn | 1 base mojaraxa 1),

Ha ocunoBy ommyke Hacrapuo-nayqsor sehia 6p. 6p. 3058/2 on 28.12.2010. romune, Crynujexn
nporpaM je sanodeo y mnponehnoM cemectpy ikoncke 2010/2011, na ce pok 3a 3aBpuieTax
JOKTOPCKHX CTyjMja padyHa oj NOYeTKa Tor cemectpa, carnacHo Crtaryty YHHBEp3HTETa y
Beorpagy n Craryry Enexrporexumukor daxynrera. o uereky 3aKOHCKOT poKa 3a 3aBprieTak
JOKTOPCKHX AKajeMCKHX CTy[uja, Ha 3axXTeB CTyAeHTa, OJ00peHo je MPOAYXKEHmE poka 3a
3aBpiLIeTAK CTYAMja 3a ABa cemectpa, carnacHo CratyTy Ywupepsutera y beorpaiy u Craryry
[ TeKTPOTEXHIIKOT (AKYIITETA, KA0 H JOJATHO MPOAYIKEH:E 3a TOAHMIY fana na octoBy Onyke 24-
06/03-2010/5035 o1 06.02.2018. rojune.

Kanmiaatr Mapxo bartuh je 23.6.2016. rojmne npujapro Temy 3a y 13pajy JT0KTOpCKe cepraiyje
oz, HacioBoM ,.Software system for multi-criteria planning and management of hybrid microgrids*
(.COTBEPCKH CHCTEM 33 BUIIE-KPUTEPHjYMCKO [UIAHHPAE M YIPaBIbabe XUOPHIHOM MUKPO-
MPEXOM ).




pasMarpaia Mpejior TemMe 3a u3paay HOKTOPCKE JMCEpTaLfje 1 [PEUIor O OleHH MOJA00HOCTH
Teme U KaHaujara yryruna Hacrasno-naydnoM Behy Ha ycpajarbe.

Ha cempmuy Kommucuje 3a crymmje tpeher cremena, oapxanoj 28.6.2016. ropune, KomucHja je

HacraBro-HaydHo Behe EjekrpoTeXHHIKOT (aKyITeTa je Ha CeHHIH 6p. 801, ompxanoj 5.7.2016.
ropune (Omryka 6p. 5035/10-1 ox 11.7.2016.romiHe), ©MEHOBAO Komucnjy 3a oueny ycrnosa u
NPEXBATambe TEME JOKTOPCKE JIUCEPTalnje ¥ CacTaBy:
o yip bomko Huxomuh, pegosun npodecop, EaekTpoTexHnyKy (axyirer YHuBEp3uTeTa Yy
beorpany
e jp Mnanen Cranojesuh, gouent, Pauynapcku daxynrer y beorpany
o ap Kemxo Pypuumh, rouent, Enextporexnuuky Gpaxyirer VYuupep3utera y beorpaiy

3a MeHTOpa je IIpeaIoKeHa:
o sp Cama Bpanem, peioBen npodecop, EneKTpoTeXHUIKH ¢axynrer YHuBepzuTera y
beorpany

JaBHa ycMmena otOpana IpeioiKeHe TeMe JJOKTOPCKE nucepTauuje obasibena je 2.9.2016. romine,
Ha ENexTpoTexXHIYKOM (GaKynTeTy, Ipejl HMEHOBaHOM Komucujom. Komucuja je 3aubydnia ja je
KaHTIAAT Ha jaBHOj YCMEHO] OIOpaHu NpEeioKeHe TeMe NOKTOPCKE Jucepraiuje 10010 OUeHy
,.3aI0BOJBHO .
Komicrja 3a cryumje tpeher creremna je pasmarpajia jesIHOTIacHo  TPUXBATHIA  H3BENITA]
Komucuje 3a olleHy ycioBa i HpuxBararba TeME JOKTOPCKe aucepraiije kanmujara Mapka
Batuha. Hacrasro-nayuno pehe Enexrporexumukor gaxynrera y beorpany yepojuiio  je VI3Bernaj
Komucuje 3a olileHy ycIoBa | IpHUXBaTarba TeMe JIOKTOPCKe jucepranuje kanjpaata Mapka baruha

oJuTyKkoM 6p. 5035/10-2 o 1.11.2016.rojtmune.

Behe nayunux ofnacri TeXapukuX Hayka YHMBEp3urera y Beorpany je Jfano carijacHoCT Ha
npeior Teme JokTopeke fpcepranpje Mapka bariha mon nacioBom JSoftware system for mulli-
criteria planning and managemeni of hybrid microgrids® (.Codrrepcku cucrem 3a BUlle-
KPUTEPHYMCKO TIIAHIPAILE U YIIPABIhAFE XUOPHIHOM MHKpO-Mpexom ) ojutykom 6p. 61206~
5813/2-16 o 21.11.2016.

Kanguaar Mapxo barih je 30.8.2018. rojune npenao ROKTOPCKY JEcepTaiuly MoJl HacHIOBOM
LSoftware system  for multi-criteria  planning —and management of hybrid microgrids*
(.,CodTBepcKH cHCTeM 32 BHIIE-KPHTEPH]YMCKO [INAHMPAIbE M YAPAB/babe XHOPUAHOM MHKPO-
MpeXoM ™) Ha TIperie] v OleHy.

Komucuja 3a cryimje tpeher cremena je na CBOjOj COTHHIH, onpxano] 4.9.2018. ropune,
TOTBPJIANIA MCITYIREHOCT MOTPEOHMX YCIIOBa 33 TMOJHOLIEHE Hpejjiora Hacraguo-naydnom Behy
FnexrpotexHuukor daxysirera 3a (Qopmupame Komucnje 3a mpersiefl i OLEHy AOKTOPCKe
nucepTaiije U jeJHOTIACHO NpUXBATHIA YTaHOBE Komucuje 3a mperiery v OLeHy JOKTOopcKe
JcepTaimje y cactaBy:
o ap Cama Bpaneni, peropiu ipogecop, EIEKTpOTeXHUUKH axynrer Yiupepzurera y
beorpany
o sp bomko Hukosuh, pegorau npodecop, ENeKTpoTEXHHIKY daxyyrrer Yuupepsurera y
beorpany
o np Huxona Tomaresuh, nayunu capajnik, MHCTHTYT Muxajsio [ynun y beorpany.

Ha ceyunuu Hactapno-payunor Beha, ojpxanoj 11.9.2018. roaguue, jpouera je omyka (6poj
outyke 5035/10-3 0,1 20.9.2018. rojne) o UMEHOBAILY Komucuje 3a nperiiefl ¥ oleHy JIOKTOPCKe
jmcepranpje kamuigara Mapka batuha 1o nacioBom .Software system for multi-criteria planning
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and management of hybrid microgrids® (,,CoprTBepckn CHCTEM 38 BUILIE-KPUTEPH]YMCKO
NTaHHPAEbE U YIIPaBIbarbe XHOPUIHOM MUKPO-MPEKOM ) Y IPOLIHPEHOM cacTaBy:
o 1p Camwa Bpameui, peJoBHH npodecop, Enexrporexmpuky pakynter YHHBEP3UTETA Y
beorpany
o gp Bomko Huxomuh, penosru npodecop, ENEKTPOTEXHIIKA (axynrer YHupepsurera y
beorpany
o ap Huxona Tomaiesuh, nayunu capagHuk, MHCTHTYT Muxajno Hynun y beorpany.
o ap Muno Tomamesuh, penoBuu mpodecop, EneKTpoTexHiuKi (axynrer YHuBeEp3uTeTa y
beorpany
e np Kemko Bypumnh, nouent, EIeKTpoTeXHHIKA daxynrer Yuusepsurera y beorpany

1.2. Hayuna o6JacT juicepTainje

JloxTopcka aucepraije kananjara Mapka Bartuha moj nacioBoM ,,Software system for multi-
criteria planning and management of hybrid microgrids® (,,CodTBepcku crcTEM 3a BHIIC-
KPUTEPHjyMCKO TUIAHUPAIbe M YNpaBibabe XHOpHuInoM MHKPO-MPEKOM) PHITAJa HayuHO]
obnactu Texnuuxux nayka - Enexmpomexnuxa u padyHapcmeo, a yxa HayuHa obusiact je
Pauynapexa mexuuka u ungpopymamurd, 3a Kojy je ETeKTpoTexHIKi daxynarer YHuBEp3ureTa y
beorpany matindaH.

JIMEHOBAHI MEHTOp JIOKTOpCKe Juceprangie je mpod. ap Cama Bpaner, xoja je TeHepaiHu
aupexrop  Mneruryra Muxajno [Tymuu® ¥ peloBHK npodecop Ha KaTeapu 3a padyHapeKy
TeXHWKY 1 UHPOPMATHKY Ha EIeKTPOTEXHHUKOM daxysrery Yuuepsurtera y beorpany, akTuBHO
ce GaBy HCTP@KUBATLEM W3 HaBeJeHE Hayune obnacti. TpenyTHo je anra)xoBana # y HacTaBu Ha
npeavery ,,CopTBEpCKH CHCTEMH 33 pajly peaiiom spemeny” (13J1111CCP). Fben ncrpaxuBadru
pajl je ycMepeH Ha CHCTEME 3a NOAPIIKY OJUIyduBalby, Kao M CHCTEME Gazupane Ha 3HaLY #
ceManTHaKonM web-u 1 e Y nomenyTEM obnacTuma je o6jaBuia npexo 240 panosa, o Kojux je 50
y MeljyHapOIHUM Yacomicnma.

1.3, buorpadcky i1oJany ¢ KaipuaaTy

Mapro baruh je polierr 6. nopembpa 1985. rojune y Beorpany. Perybmixa Cpbuja, o ona
Uacnasa u majke Corbe. OcHOBHY HKOJY ., ByK Credanosuh Kapah je 2appiiio 2000, rojne y
Beorpajiy ca oJIMdHHM yCIeXom, kao hak renepaiije. MareMaTiHyKy THMaH31}y je 3aBpLiio 2004.
rOIMHE ca OJIUHIM yeriexoM. TOKOM OCHOBHOT H CpeAmer 00pasoBarba OCTBApHO je 3anaxene
pesysTaTe Ha TAKMHUYEIbAMA n3 00NACTH MATEMATHKE, (pu3HKe U CPIICKOT je3uKa.

EnextpoTexuiuk (akyrreT YHUBEp3UTETa y beorpaiy ynucao je HKoJICKe 2004/2005 roaune, a
auromupao je 2008. ropune, na Oncexy 3a TenekoMyHHKaiuje ¥ nHGOpMarone TEXHONOTH]E.
McTe rojaHe yImeao je JUmnIoMeKe akaieMcKke (Macrep) cryauie Ha ucTom (GaKyaTeTy y OKBHPY
Mojyna CHCTEMCKO WFIKEEepPCTBO M PafiHo KOMYHUKalH]e, KOje e TOTOM 3aBPLIHO MOUETKOM
2010. romupe. Kpajem wucre roamHe ynucyje JOKTOPCKE aKaleMcKe CTYJUjE HA MOLYIY

Co(TBEPCKO HHKEHEPCTBO, T10]i MEHTOPCTBOM npod. ap Came BpaHeti.

Y toky Tpajara JUINIOMCKHX aKaJleMCKHUX cryapja, kpajem 2009. ropmme, 3anocido ce Kao
MCTpaXKHBay MPHIpPaBHUK y WHCTHTYTY JMuxajio Tynun™, v onesbemny Fraunhofer-Pupin Joint
Project Office, 10]1 BOHCTBOM T'€HEPAIHOT AMPEKTOpA WHCTHTYTA mpodp. ap Came Bpaneni. Ha
NOBULNMIN UCTPAKWBAYA TIPUIPaBHIKa Y MHCTATYTY CTEKA0 je 3HauajHo pajHO HeKycTBO panehu na
npojexTy MuHICTapCeTBa [POCBETE, HAYKE H TEXHOIOWKOT pa3Boja Penybmake Cpbuje (TP-32010)
a1 Mel)yHApOIHIM MCTP@KIBAYKAM TIPOjEKTHMA (IHAHCHPAHUM O/ CTpaHe Epponcke Yuuje y
okBrpy CeaMor OKBUPHOP Tporpama # Xopu3oHTa 2020 y ofnactu lipuMene  HanmpeiHux
HGOPMAIOHNIX ¥ KOMYHHKALHOHNX rexponorpja (MKT) y noveny enepreTcke eduxacnocTy H

06IORLUBHX M3BOpa edepruje. € TrM y BEM, Paino je na pasROjy COQTREPCKOr OKPYXEHha 32




MOJIEITOBAIbE, CHMYJAIM]Yy 1 YIpaBibarbe OOHOB/BMBHM H3BOpUMA eneprije Kao Hu FbHXOBE
mHTErpanije y T3B. JaMeTHe Mpexe” (Fp7 Energy Warden, 6p. 246745), pa3Boj HHTENUT€HTHHAX
crctema 3a rmopehame enepreTcke e(pUKacHOCTH KOMIIEKCHUX o6jexara momyT aepoapoma (fp7
Cascade, 6p. 284920), pa3Boj ajropurama u VKT uadpacTpyKType 3a MHTEIHMIEHTHO yIPaB/batbe
EHEepreTCKUM pecypcimMa Ha HHBOY MOjeIMHAYHNX CHTHTETA Ka0 W FHHXOBOT yAPYXKUBAk:a y
xnacrepe (Fp7 Epic-hub, 6p. 600067). TpenyTHO je aHTaKOBaH Ha IPOjEKTHUMA H2020 InBetween
(6p. 768776) 1 H2020 Respond (6p. 768619) Ha pa3Bojy HAMpPEAHIX CHEPreTCKUX CEPBHCA HA 6a3u

cloud pemema u Internet of Things (IoT).

V 3Baibe HCTp@KUBAY capamHyK u3abpaH je na Hayunom Behy MucruryTa , Muxajro Ilymun™ y
Beorpany 28. maja 2015. ronune. Y TOKy J0Cafallmber HCTPaXHBadKor paja KanIuaaT Mapko
Baruh 610 je ayTop MM KOayTOp TPH paja y qacomucuMa ol meljynapoHor 31auaja (KaTeroprja
M21), 3aTuM ocamiaecT pajaoBa Ha xoHdepenimjama o Mel)yHapogHor 3Havaja (kareroprja M33),
YeTHPH pajia Ha KoH(epeHnujaMa 0/l HalkOHaIHOT snauaja (xkateropuja M63) xao n Beher 6poja

TEXHHUKMX pelleha y OKBHpY npojexara Munucrapersa Hayke H TEXHOJIOMIKOT  pa3Boja
(xareropuja M85).

CnyKp Kao PELEH3EHT PEeHOMHPAHHX meljynapognux uacomuca Energy Conversion and
Management, Energy and Buildings u Applied Energy. ¥ Toxy 2017. ronune 610 je aHTaXKOBaH Kao

cTioJpHM CTpyurbax EBporicke Komucuje 3a morpebe rnpoueca epajlyalipje npojekara y OKBHPY
rtosuBa H2020-LCE-01.

2. OIUC TACEPTAIAJE

2.1. Cajnpka qucepraiiie

Joxropcka jucepranmja MoJ  HaCioBOM JSoftware system for multi-criteria planning and
management of hybrid microgrids® (.,CodTBepckn cucTeM 3a BHIIE-KPUTEPU]YMCKO 1TAHUPAE 1
yIIpaBbamke XHOPUIHOM MAKpO-MpeXOM™) Harmcana je Ha 198 crpana KyHamor Texcra Ha

enrteckoM jesuky, ca 40 ciuka, 10 tabena 1 79 nymepucanux jeiaquna. Jlucepraipja 10 popMu
{4 CTPYKTYPH HOTIYHO OL4roBapa YyTcTBY 38 OBITHKOBALE JIOKTOPCKE jlcepTaiije Y HUBep3uTeTa
y Beorpany. Jlncepraumja cajpii HaCIOBHY CTPaHy Ha EHIICCKOM 1 CPIICKOM J€3UKY, CTpany ca

nHdopMALIHjaMa O MEHTOPY 1 IAHOBHMA KOMUCH]E, 3aXBATTHIE, ancTpakT pajia Ha eHIrJIeCKoM u
CPTICKOM je31Ky, cagpikaj, 7 roriapba i 2 npuiora. crpcak kopuirhene JuTeparype KOjH
obyxsata 163 Gubnnorpadekux pedepeHi, cTpany ca KpaTKom ouorpadujoM KaHanaaTa Kao u
NONYHEHe ¥ T1OTIHCaHe onpropapajyhe wusjase (M3jaBy o ayTopcrBy, M3jaBy © HCTOBETHOCTH

LITaMTIaHe ¥ eneKTpoHcKe Bep3Mje JIOKTOPCKOr paja # V3jaBy o xopumhemby). [Torytasiba
JucepTaiuje cy:
/. Introduction

2. Proposed system architecture and development methodology

3. Knowledge repository and semantic integration layer

4. Scheduling service for optimized operation of ‘hybrid microgrid

5. Planning service for multi-criteria desi en/reirofit of hybrid microgrid
6. Application of proposed solution and impact validation

7. Conclusions and future work

2.2, KpaTak npuKkas IojeAMHaYHKX orJiaBiba

[IpBO nornasibe ykasyje Ha siadaj npobsiema IaHnpama ¥ ynparbama y eIeKTpoeHepreTckim
crcTeMuMa ca ucTpubyrpanim i 00HOBBUBHM M3BOPHMA eHepruje y KOHTEKCTY ACPEryincanor
TPKUIITA W CIHODOHOT KpeTama enepruje. Hakou tora, nat je Kparak 0CBPT Ha MpeiMET, doxyc u
ITheBE HCTpaKUBama, y Kome ce enabopupa v norpeba 3a pasBojeM CodTBepeKor cucTema 3a
RUIIE-KPUTEPH]YMCKO  [IIAHKPAILE 1 YHPaBBALEe XUBPHAIOM E€HEPreTcKOM HH(PPAcTPYKTYPOM.

3arnm, fipe/icraBineh j@ aperiel KUPEHHBQMMX MCTPaOKUBAHKHX METOHA KAo ¥ HEeOxO AKX ajiatd 3a
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pazBoj pas3nqHuTeX CO(pTB@pCKMX KOMITOHEHTH CHCTEMA. Y macTaBKy je Iar npervicl OCTBApPEHNX
HayqIHHX pesynraTa, a TTOTOM ¥ CBEYKYITHM TIPEryICi jal opraum.aunja ,ZlHCfipTalLl/lj&

JIpyro TOTIaBibe YBOJM apXHTEKTYPY MPENIoKEHOr uGM codsepekor cucrema Kao YCBOJEHY
METOIONOTH]y 3a JeuHucathe mheHor ausajHa. Ha caMoM MoueTKy, AT je mperiex pedepeHTHHX
npojexata u KopHIheHuX apXWTeKTypa, a 3aTHM je emabopupaHa apXUTEKTYpa NPeIOKCHOT
CHCTEMA K0 1 FheroBe KbydHe KOMIIOHEHTE, Koje ¢y TPYIHCaHe y deTHPH IETHHE, OJHOCHO CJI0ja.
Ibux 9EHe CII0j CHEPIETCKUX PECYPCa, ClI0] SHEPreTCKuX galewdy-a OHOCHO arperaifyje mojaraa,
CITOj 3HAHbA, CHCTEMCKIX CepBHCa 1 mcTpubynparsa 1ojiaTaka 1, KOHauHO, arinKkaTHBHY cnoj. Oxn
MOMEHYTHX CJIOjeBa, CaMO CJ0j EHEPreTCKuX pecypea TpeacTaniba duznuky €JIo] Q0K OCTaH
TIpeJicTaBIbajy ancTPaKTHE, cotrepcke ciojese. Taxkohe, OBO MOTIABBE OTKPUBA 1 reHepaiHu
TPHCTYII y 1IPeBa3HIaNKetby npodiemMa MHTErpaiHje XETEPOTeHHX CHCTEMA 32 HaJ30P 1 YIPAB/bAhe

(pPBH‘-H(HM pecypcruMa Kao ¥ CEMaHTHYKC HHT@pOHGpafSI/IJTHOCTH Y CHCTEMY.

Y TpelieM MOTNaBby, MocebHO je enabopypan cioj 3Hama, KOJH CIIYXKH 33 peLiaBaibe npobiema
ceMaHTH4Ke MHTEpPOIepabHIHOCTH y CUCTEMY, ca jeiHe cTpaHe, Kao ¥ H3BOP KOHTEKCTYaIHHX
pHpopMaIHja 0 PUIHIKOM CHCTEMY koji omoryhasa Hanpe/He eHEpreTCcKe CepBHCe, ca ApYTe. C
THM y BE3W, MPEACTABILEH je MpErnen HajcaBpeMEHUjUX TIPUCTYIId MOJIENIOBarby 3HAMRA, Ca
roceGHIM OCBPTOM Ha IPHCTYIE 3aCHOBaHEe Ha xopriliery CeMaHTHUKOT web-a ¥ oHTONOTHjA. Y
HACTABKY j¢ apaiu3upaHa METOJI0JOTH]a pa3Boja MOJeNa CHEePreTcKe HH(pacTpykType y3 nomoh
OHTOJIOrH]a, KOjH ce ocnara Ha nocrojehe cTaHAap/e ¥ MOJENE Kao u yermafjeHoct ca FbHMa.
3aTHM, TIpeicTaBBbEnN Cy JeTalbi paszBoja OCHOBHOT MOJIENA, & TMOTOM esrabopupane 1peHocTH
kopuinhera oHTOJIOTH]E 3 notpefe wnTerpanuje. KonauHo, onucaHn cy JieTab coTBEpCKE

MMILTEMEHTALH]E KOjU Ce THHY Pa3Boja OHTONOIH]E H ayTOMaTCKe oIy TaL1j€e UHCTAHIN Y3 TToMOh

najcaRpeMenyjuX amara  3a  GKCTpaKimjy CHIHTETa, BUXOBO CEMaHTMUYKO IIOBE3WRABE U
Tpanc(opMucatbe Y oarosapajynu Jpopuat. [Ipencrap/ibeny cy W JeTaby pa3Boja anaMKaTUBHOT
rporpamMekor nuTepdejca (Application Program Interface) Koju omoryhapa JIOKQIHE 1 yJa/bCHN
npucTyll 6a3u 3Hamba Kao B CBE HEONXO/MIC oriepanuje Hajg HOM, TOMYT 4uTama, yuuea
PE30HOBAIbLA.

Hapej{Ho. 4eTBpTO 1OTJIABILE, GaBu ce paspojem uGAM cepBuca 3a ONTHMATHO yIipaBbarbe
XUGPHIHOM MUKPO-MpeKom. [loriaBsbe nounbe Mperieiom noctojehnx, pejepaniHix, IPHCTyIa

J HacTaB/ba MPEJHTOTOM HMHOBATHBHE METOAONOTHIE YIIPaBbamba MHKPO-MPEIKOM, Koja yBOJW
HHTErpasily ONTHMI3aIM]Y TOKOBA enepriije, y3umajyhu mpu Tom y 0631p JIOKAJHY NPOU3BOAILY 13
OGHOBIBIBUX M3BOPA, YBO3 1 H3BO3 EHEPTHE 13 I Y JMCTPHOYTHBHY MPEIY, HEHO CKIANUIITEHE 1,
KOHAUHO. TOKATHY TOTPONIEY. Y HACTABKY CY TPEACTABLCHI MATEMATHHIN MoJein XuOpHHe
eHepreTcke MHPPACTPYKTYpPe, OJHOCHO HEHE tomonoruje, nocrojehux enemenara 3a KOHBEP3HU]Y,
Kao M 10jeJUHIX OOHOBJ/BUBHX H3BOpA emeprije 1 CKIAJMIITA eHEPrije Koju ¢y HekopuinheHn 3a
pasBoj (GrexcuOnIHOT OKPYKErba 3a CHMYJAIIjy 1 ONTHMH3ALM]Y Paja XUOPUIHE MEKPO-MPEIKE.

Pa3BHj€HH HHTErpaiHi MOJE KapakTepHilc BUCOKA (I)IIQKCI/IﬁFUTHOCT KOja OMOFyhaBa A01aBamC

H3BOpa, KAaKo OOHOBIBHUBHX TAKO ¥ KOMBEHLMOHAIHHX, H CKNAfWiiTA EHepruje Koja HUCY
ofyxBahena OBMM HCTPROXUBAbEM. 3ATHM, MPEJCTaBILCHI CY JeTalbi UMITIEMeHTAn]e coTBepa
NOueBIHH Oj pasBoja (POTOTHIA (HMIIEMEHTHPAHOT Y Matlab-y) 1o pasBoja camor cepsprca

(yMreMenTiparor y Java-u). Konauno, Jat je ocBpT Ha WHTErpaLjy 1 HHCTANAU]y cepBuca y
okBupy pGM copTBEPCKOL CHCTEMA.




Passoj uGM cepBuca 3a ONTUMAIHO IUIAHHPALE A BHIIe-KPATEPH]YMCKH M38JH TOTIOJNIOTH]E

XUOPHAHE MHUKPO-MPEXKE je MPECTaBbEr y MHETOM [orIaBIby. Y OKBHMpPY OBOT IIOTJIaBjba, 34
rnotpebe ONTUMATHOT [UIaHHpaba, [PEACTaB/beH je ¥ WHOBATHBAH MPHCTYI 32 MOJCIOBAILE
norpontbe. CIHIHO TPETXOAHOM, M OBO NOTIABLE [OUARHE TIPEryieNoM 10CTOjeNHX HPHCTYNa 1
armara Koji ce 6aBe MOMEHYTHM po6IeMOM TITaHUpatba KA0 U KPaTKUM OCBPTOM Ha MOJIEJIOBaHE
notpouie. Y HACTABKY J€ ITPEICTaBILEHA METOOJIOTH]A 33 ONTHMAIHO TUIaHVpame 1 BUIle-
KPHTEPHjYMCKO TTPOjEKTOBAMBE MHKPO-MPENE, KAO 1 OTIHC TIPEJTOMKEHOT IPUCTYTIA 33 MOJICTIOBAE
norpouimke. Ilormasbe ce 3aK/bydyje JeTabUMa UMIUTEMEHTalMje caMor  CepBHca, Fherobe
WHTErpanuje y coPTBEPCKH CHCTEM, Kao M unTepdejca npemMa KpajibeM KOPUCHHUKY y BHIY Web
arTIKanmje.

Y HapemHOM, LIECTOM, IOT/IaBJby NPEACTABILEHH CY [[pEMepy NPUMEHE Pa3BHjeHIX PENictba Kao 1
BUXOBE Balpjalije y PpeajHOM OKPYXKCHbY. IMornas/be TOUHEbLe T[PHUMEPOM  CEMaHTHYKE
mHTerpauje nocrojehux BMS cucrema ca JI0aTHM MepadlMa M CEeH30pHMa, Kao A HalpeiHiM
AHAIMTHYKHM CEpBUCHMA, HA aepoapoMUMa Mayrenca (Munano) 1 @jymuhinHo (Pum), y OKBHPY
EU Fp7 npojexra CASCADE. C TiM y BE3H, IIPUKA3aHO je MHCTaHLMpParbe TCHEPHIKS OHTONIOTH]E,
npesicTaBbeHe y TpeheM Tornassby. 3a norpebe aepoxpoma. Tlopen MOIlyJIalHj€e caMme OHTONOTH]e,
IpeJcTaB/bed je H Pa3BHjEeHN NPOTPaMCKH nurepdejc (API) 3a NPUCTYN HHCTAHLAMA. Takobe,
npuKazagy cy TpruMepH KOH3epBalje eHEePrije Ha OCHOBY KOHTCKCTYaHOT 3HAmA Koje IOTHYE 01
IpEITOKEHe CEMAHTHHKE pHTerpannje cucremMa. ¥ HacTaBKy, rprkasaba je mpEMEHa PA3BHjEHOT
cepBrca 3a OTITHMATHO YIIPaB/barbe XUOPHTHOM MUKPO-MPEKOM Y Y PEATHOM OKPYIKEELY, ¥ OKBHPY
UiernryTa ,Muxajno [Mynmun®. VHCTHTYT TIpeicTaBiba OKpyEeHe ca BUILECTPYKHM H3BOPHMA
enepruje ronaehn oA AucTpuOyTUBHE MpPEIKe TTPEKo doToHaNOHCKE €NIEKTpaHe Ha KpOBYy 10
nokanHe Totuiane Ha mazyT. Iouesimn of toronoruje u peramba o nocrojeho] uH(PPacTpyKTypH,
[PE/ICTARIBEHO J€ MHCTaHIAPAbe TeHEPUHKOT MOACA npukasaHor y Tpehem rornaBmby, a 3aTHM

crene pezyirartu HYMEPUHKHUX cm«ynaumja Y OTITHMH3ALHC cHeTeMa na Hazu peaHnx rnojaraKa.

Kopauno, [PeACTaB/bEHO  HCTPAKIBAKE je 3aKibydeHo |y CeJIMOM  [10riaBiby JHCKYCH]OM
OCTBAPEHIX Pe3ynTaTa 1 KPaTKimM OCBPTOM Ha doxyc 6ymyher nerpakuBarba.

3. OLIEHA JUCEPTALMIE

8

3.1. CaBpemMEeHOCT 1 OPUIMHATTHOCT

["'obaTHi TPEHJOBH Y TOMEHY OAPKHBOCTH cnabieBarba EHEPTH]OM W 3aIUTHTE KUBOTHE cpeauane
CTAMYJIMLITY Pa3BOj U NPHMEHY HOBHX TEXHOJIOTH]a, TIOMYT OGHOBIBUBIX M3BOPA €HEpruje, aji u

WHOBATHBHYX NAPafuIMy 3a epuKacHuje ynpaBhabe nocrojehiom enepreTckom HHPPACTPYKTYPOM,
ka0 n TaHupame Oyayhe ca 3HauajHo pehrM y/erIoM HenpeiBHIHBHX OOHOBJLHBHX H3BOPA.
Konaunu 1ub je cmamberbe ydelha QocniHux ropusa CcHAG/IEBArLY EHeprijoM, kako 300t
OJIPXKUBOCTH CHAOJEBAA, TAKO H HHXOBOT HECTIOPHOT yTHLAja Ha JKHBOTHY CPEeAMHY, Kao H

1o00IbLIALE EHEPreTCKe 6(1)I'II(aCH()CTM YOTurTe.

Vmajyhu 1PeTXOo Yy BHAY, EHEPreTCKH CHCTEMH BynyhHOCTY, KaKo Ha HUBOY JeTpubyTHBHE
Mpeke, TaKko v Ha HABOY WHIYCTPH]CKUX, KOMEpIHjaHiX 1 qaKk i pE3UICHII]AHIX MHKDPO-

mpeska, he cBe BHIE KOMOMHOBATH KonTponabusiHe KOHBEHIMOHANHE H3BOPE eHEpIH]e ca
pPEJIATUBHO HENPEABHIMBAM OOHOBIBIBIM W3BOPHMA, ¥3 MOryRHOCT CIUTAJIMINTERA 1 OIOKEHOT
xopriithesa enepraje. [lianupae 1 ynpapbabe OBAKBUM, KOMIUIEKCHMM, CHCTeMUMa Ha

pajeuKacH Ui HAYMI, Y3 YECTO CYIPOTCTABILENe KpUTEpHjyMe, [0CTaje BeOMa Ak yelino MnTane
o cBe peher smawaja. VictoBpemeno. BeoMa je aKTyenno W IHTame rropeharba  eHepreTeke
euKacHOCTH, KOje CE€ TPAjHIMOHAIHO  PeHiand pellaTHBHO  BEIMKIM  HHDPACTPYKTYPHUM

ynaramuma y 11000JbIIaRke  eHePrerekix cBojetapa camux ofjekara, Kao W yjaraibumMa -y

oOHaABBAILE EHePIeTUKE Ui E}“ﬁac'if’?}"]('%“}'@@ ereMeHTUMA Ca BHIITM CTETCHOM KOPUCHOT JIE] CTBA.




[IpenMer ¥ b NpeIoKeHe  JOKTOPCKE  JIMCEPTALiMje  JecTe [pHMEHa  MHOBATHBHHX
HHGOPMALEOHMX 1 KOMYHHKALHOHMX TEXHOJOTHja 3a ToTpebe IuiaHmpama U ylpasbarba
noMenyTaM XuOpHEHMM cuctemuma. Kopuerehn xao ocHoBy rocrojehe cucreme 3a Haa3op u
yIIpaB/barbe, IPEeUTOKEHH CHcTeM OH Y3 MUHAMAJTHA yiiarama, Ipe CBETa y aXypuparse nocrojeher
coTBepa 3a ynpaBibame, KOMYHHKAIMOHY M CEMAHTHUKY WHTCrpaLijy JUCTPUOYHPAHUX,
HECTAaHJAP/AHEX, TOJICHCTEMA, @ 110 TTOTpeOH M JI0JIATHHX Mepada OJIHOCHO aKTyaropa, omoryhno
3HAYAJHO CMAbEHC ONMEPAaTHBHMX TPOLIKOBA BE3aHHX 3a TOTPOLILY EHEPrHje KPO3 THHAMHHKO
yIIpaB/bamhe TOKOBHMA EHEPrHje Ca BHIIECTPYKHX KOHBEHIHOHATHHX H OOHOBJLMBHMX M3BODA,
rocTojehux ckmagumira 1 (IEKCHOMIHOCTA Ha CTPaHH MOTPOLIE, Y KOHTEKCTY AWHAMIHKOr
Tapu(upama yBo3a OJHOCHO H3B03a €HEPrHj€ Ha JEPEryJHCaHO TPIKHIITE enepruje. I1iTaBuiue,
Mpe;IoIKeHa CEeMAHTHYKA MHTErpalHja CHCTeMa 3a HAu3op M YNpaBJbarme, HapoIHIo ¥
KOMIUIEKCHIM OGjeKkTHMa (HOMYT aepo;poma, cajMoBa, Myseja u cin.), oMoryhaBa crTBapame
jeHcTBene 6Gase 3Hama o 1octojeho] eHeprercko] MHPPACTPYKTYPH H Hpyka MHUPH KOHTCKCT
IPHIHKOM JIOHOIIERa OjiyKa (HIp. BE3aHO 3a YNPaB/bake BEHTUIALMOHMM CHCTCMHMA W
cHcTeMHMa 3a Tpejambe i x7aheme), Koje Mory jJoBecTH J0 3HauajHor nopeharba eHeprercke
e(hUKaCHOCTH.

Ca gpyre cTpaHe, MpeiodeHH CODTBEPCKH CHCTeM HMMa M (QYHKIM]Y CHCTEMa 3a HOAPIIKY
OJUTYUHBatbY TPHTHKOM TIAHUPAa KOMILIEKCHHX, XETEPOreHUX, EHEPreTCKIX HHPPacTPyKTypa,
rge ¢y ymorpebibeHH pPa3BHjEHH aJrOPUTMH 34 ONTHMAJIHO YIPaBBAmEe 3a MPEnopyKy
ozrosapajyhe romonoruje u AUMEH3Mja CHCTEMA y CKIagy ca HA30M TEXHHYKHX, EKOHOMCKHX H
EKOJIOLIKHX KPHTEPHjyMma.

Konautio, TeMa 1 IpeaMeT JJOKTOPCKe AucepTalimje ey, opeji BETMKOr TEOPHJCKOT 3Hauaja, JeIHaKo
MITEPECAHTHH W AKTYENHM U3 YTJIa MIDKCHEPCKe 1PAaKce, Jep NPeicTaBibajy joul jefuy npuMeHy
HHPOPMAIMOHNX W KOMYHUKALMOHUX TEXHOJIOIHja Yy JeAHOM OJl aKTyelTHHX npobiieMa Koju
3ay31Ma 3HAYAJHO MECTO y KPATKOPOUHHM H CPEJIbOPOUHHM CTpaterijama pasBoja TOTOBO CBHX

seMasba y EBpOMHA U CBETY.

3.2. Ocpr Ha pediepentiiy 1 Kopuheny jirepatypy

TokoM u3paje AOKTOpCKe jcepraiije KauJuiar je  JIeTabHO  HCTPaKIo rrajcaBpeMeH]y
JMTepatypy M KOPEKTHO HaBeo peleBaHTHe wu3Bope. Hapexera nureparypa obyxpara 163
Gubmuorpadieke  jepdHnne, Koje mopen Monorpaduja, axTyerHuX Cramjapia uo u3Bopa ca
HHTEpHETa, JIOMMHAHTHO YIJbYWY]y pajoBe M3 peHoMMpaHmx MehyHapomuux waconuca i
KoH(epennuja n3 obnacT jgokTopeke jucepraumje. thuma cy obyxsahenn n 00jaBJbeHH paloBK
KaHAMIaTa Y BE3W ca NPEAMETOM H TEMOM JOKTOpPCKe AucepTaiuje. Ha 0ocHOBY yBHIA ¥ TIPEAMETHY
JOKTOPCKY AMCEPTALlMjy U aHalIH3e HaBeJeHe NHuTeparype, CTHUe ce yTHCaK Ja Cy OpHIMHAIHH

HAYUHH ROMPHHOCH [0 KOJMX j€ KaHAHAAT J0MIA0 CTaBIbeHH y OiroBapajyhi KOHTEKCT.

3.3. Onne | aJIeKBaTHOCT IIPUMEHeHHX HayIHIX METOa

JIoKTOpCKa ucepTaiija cajipiki BHIIE HeIHHa y Kojuma ¢y KopuiihieHe pasiinunTe HHKehepeKe 1
HAYUHE METOJle Yy TIOTNIeAy DPa3Boja alropuTamMa 3a YIpaBibatbe KOMILIEKCHUM XHOPHTHIM
CHEPTeTCKAM CHCTEMMMA M IbAXOBE COPTBEPCKE HMILIEMENTALH]E Y OKBHpY nocrojehux
HHPOPMALFOHIX 1 KOMYHHKAIHOHHIX CHCTEMA 33 HA/I30P ¥ YIPABIhAIbe, 3aTHM Pa3BOja CHCTEMA 3a
MOPLUKY OJTy4HBaILY TPUIHKOM TIAHHPAESA 1 TMMEH3HOHNICAbA caMe HHPPACTPYKTYPE, Kao 1
pazBOja  CeMARTHUKOD nMojeia (Ha Ga3n  OHTOlOTHjE) KOju e kopuiled  xao  ocHoBa
pMIUIeMenTanije 6aze 3Hamba 1M CeMaHTHUKe MHTErpaiije XereporeHnx . HecTaHuap/iHinX Mol
cucrema.

3a norpebe pazBoja coPTBEPCKE KOMIOHEHTEe 32 ONTHMH3AIN]
BHIIECTPYKHM KOHBEHIMOHATHIM 1 OOHOBILHBIM H3BOPHMA €HEPIH]e PEBACXOIHO je xopuniheno

Muatlab OKPYXEILE Y (1)3'%% MOJIETTOBAMA 11 TECTHPAKkA 0JiIN0oBapaj hux ajropurasa, JIOK jC Kopa4dHa

Y yipapJbarba MHKPO-MPEXKOM ca
DrE

"

/




Bep3ija MPOTOTHIIA pa3BijeHa Kopuuihembem Java texHonoruje. 3a norpebe oNTHMHU3aIM]E TOKOBA
eHeprije, MPEBACcXOJIHO Cy KopuiIheHy anropuTMy THHEApHOT A 11e106pOjHOT TPOrpaMuparma, a y
ciydajy HeJEHeapHe [PHPO/E HEKHX OJ( YJa3HUX Tiapamerapa Kao M KpHTEpHjyMcKe (QyHKIH]E,
xopuimhen je ['eHeTckn AJjropuram (C'A). Tlompmxa cucrema 3a MYJITH-KPATEPH]YMCKO
omlydnBame omoryheHa je HMITEMEHTALjOM Promethee [I amroputma. Cama KOMIIOHEHTa
Ipe/cTaBba Ae0 aIlIMKaTHBHOT CIoja codTBepckor cucTema Koju ce 0asupa Ha CEPBUCHO
OpHjeHTHCAHO] apXUTeKTypH. Kao MHTerpaTHBHA KOMITOHEHTA (middleware) ynotpebibena je WSO2
umiiementannja ESB-a (Enterprise Service Bus), xoja omorylasa HHTErpaiyjy anyKangja u
cepBHca, JIOK Cy 38 KOMYHHKAIMOHE 110Tpede xopuwhenu Web ceppucu (WSDL 3a MOZENoBame, a
SOAP 3a caMy HMILIEMCHTALH]Y CEPBHCA). Wmajyhu y BHIYy BHCOKE 3axTeBe IO TIHTAbY
ONTHMM3AIIONYX TepdopMancy, kopruihen je u npodecHoHany anar 3a JIMHeapHy 1 ries1o0pojny
ontamusaunjy CPLEX (IBM-0oBo peiieme), 0K Cy 33 notpebe Tpes-IPOLECHpama, Koje
ropasyMeBa MaHHIy/HCambe MaTpiilaMa BeoMa BEIIMKUX JuMensuja (HEeKOJHKO CTOTHHA XHJbaZlad
penoa n kosnoHa), kopuiihene pobycne Java 6uboTeke 3a uHeapHy anre6py (unp. La4J, Coli,

Commons math v ip.).

PazBoj cicTema 3a MOPLIKY OJTyHHBaEby IPUIMKOM INIAHKpPaka H AMMEH3HORHCAbA XUOPHUIHHAX
MHKPO-Mpeda je WHUIH]JaTHO CHPOBEIEH Y OKBHpPY Matlab oxpyxema, 3a morpebe pa3ssoja
anTopuTaMa W MOJETOBAe CHCTeMa, JOK ¢y 3a KOHauHy umrieMenTaunjy Web amnukanje (1

front v backend-a) xopuuihexe open source texnonoruje nonyt Java, Java Server Faces, Java
Script, Ajax v qpyTux.

Kana je y muramy pazBoj ceMaHTHuKor Mojesna, xoprimheny ¢y, any ¥ 3Ha4ajHo NPOHUpPeHt 1
npunarofjenu, rocrojehu cranjap/y y OBOM JTOMEHYy CIM (Common Information Model — jeo [EC
61970), mocrojeha remepuuxa onronornja SUMO (Suggested Upper Merged Onfology). xao 1
nomencka outonoruja IFC (Industry Foundation Classes). 3a caM pa3Boj OHTOJIOTH]E H KJACHOT
aujarpama xopumiheny je open source ajnat Protégé, xao w xomepuujamun anar TopBraid , nox cy
3a rotpefe MHCTaHIpara OHTOJIOIH]e, KOje [O/IpasyMeBa EKCTPaKiH]y BENUKEe KOJIMHHHE
foJlaTaKa ToXpameHnx y narorekava n rabenama, xopuwihenn anatu OpenRefine, SPIN u SPARQL

Update.

3.4, [TpuMerJbHBOCT OCTBAPEHUX pe3yiiiara

Pesynrary koje je kamjunar Mapko batuli 0CTBAPHO 1 1IPUKA3a0 Y JOKTOPCKO) ApcepTalyi uMajy

HEeociopad Hay4Hi y MpaKTHidy 3Haqaj.

Kagia je ped o yrpaBbarby KOMIIEKCHAM, XHOPHIHMM, MUKPO-MPeKama KOje Moceyjy pasiuduTe
KOHBEHIIHOHATHE H OOHOBJLMBE H3BOPE EHEPIHjE, OCHOBHH LHJb NPCJAMETHOT HCTPKIBALA ouo je

na ce ymanpezge rocrojelin cHCTeMH 3a yrpaB/barbe (monyr SCADA cucrema), Kpo3 pasBoj
WHORATHRHOT CO(TBEPCKOr €10ja KOjH O OMOTYRHO ONTHMANHO cHabaeBaibe eHepreHTMa am 1
EHXOBY MOTPONIRLY, y3uMajyhn y o63up BapujabuIiHe [EeHe eHeprenara, epuKkacHocT KOHBEp3Uje
NOjEMHUX elleMeHaTa CHepreTcke HHPPacTPYKTYPe, CTame y CKIaMITHMA eHeprije u Apyre.
3Hauaj OBOr WCTpaXHBamba OTJiefa ce y YIpaBo y [IUPOKO] TIPUMEHIBUBOCTH  TPEATIOKEHOT
peiiemba, jep Ce y3 PEeNaTHBHO CKpOMHA ynarama noctojehe ympaBipauke CUCTEME MOTY
OCTBAPHTH 3HAYAjHE YLITEAE Y OTEPATHBHIM TPOITKOBHMA TOMEHYTE EHEPTETCKE UH(GPaCTPKTYpE,

LITO j€ 1 TTPHKA3aHO Y caMoj JICepTaliiji.
PazBujeny cucTeM 3a TOJPLIKY OAIyHMBatby O ONTUMAJIHO]  TOTOJOTHIM  MUKPO-MPEXE 1
JMEHRHOHICAIbY TIOJE/IMHIX eleMEHaTa HMa 3a [MJb Jid HCKOPHCTH HHOBATHBHE ANropuUTME 34

yIIpaBhabhe MUKPO-MPEIKOM, KaKO Oy ce MUHIMK30BaNa HEONXo Ha f/lliB@CTl{L\Hjﬂ Y oOHOBILHRE

w3Bope, 1 ojropapajyhe kxanammrere 3a CKIAAMHITELE CHEPIUE, HHME 6u ce nocturia seha
HeneTpanija o6HORILEBIX H3BOPA 1 YBEhao IbITXOB YIIE0 Y dynatnoj norpotmsy. Mimajyhu y Brty

Ja je OBaj CHCTeM HMMILIeMEHTHPAH Kao Web anuwkannja, v noMol HajMOJAEPHHjUX opern source



HHTEPHET TeXHosoruja, o6e30ehen je MpakTHHIHO HEOrpPAHHUEH [PHCTYII KAKO PEe3AeHIIHjaTHIM
TAKO ¥ KOMEPIMjAIHIM 1 MHITYCTPH]CKAM KOPHCHUIIMMA.

KonauHo, na 6asy TapagurMe ceManTHukor Web-a pa3sBHjEH je CEMAHTHYKH MOJIEN KOMIUIEKCHHUX
HH(PACTPYKTYpa KOjH CITYIXKH 33 pa3Boj jeJUHCTBeHE Oa3e 3Haa M CII0ja METa-1ojlaTaka y OKBHpPY
TpajULMOHATHIX CHCTEMA 3a HAJ30p M yIIpaB/bambe KOju MMajy jBe ocHoBHe dynkumje. Ca jeane
cTpaHe, 0] MeTa-mojaraka oMoryhaBa ceMaHTHUKY MHTEPONEPAOUIHOCT XETepOreHHX W 9ecTo
HECTAH/IAPHUX KOMIOHEHTH CHCTEMA, a ca JpyTe, jeHHCTBeHA 6a3a 3Hama mpyka MOryhHOCT 3a
HANIPE/THO, KOHTEKCTYATHO, PE3OHOBAE HAJ MPUKYIJBEHHM TTOJIallEMa ca LuibeM yHanpeherba
cBeyKynHe eHeprercke edukacHoctn. OBO permeme nMa nocebHy TIPakTHIHY TPHMEHJBHBOCT Y
KOMIIIEKCHIM HH(PAcTpyKTypaMa MoilyT aepoapoMa, cajMoBa, My3eja UTA. 1ITO je U MPHKa3aHo y
camoj JicepTarmji.

3.5, OHCHa JAOCTUTHYTHUX criocoOHOCTH KaHaMIaTa 3a CaMOCTAIHK HAYYHH patl

TOKOM CBOI' HAYYHOMCTPAXKHBAYKOT pajia, KaHuJaT ce akTHBHO 6aBHO mpobiemMuma KojHu crajigjy
y Hajyx)y ob1acT ypaheHe JOKTOpCKe JHCEpTaLlje 1 OCTBAPHO je 3amaxeHe pesynrare. Kanpuaar
je TOKOM m3paje Te3e T0Ka3ao CIOCOBHOCT Ja aHATH30M JHTEPaType YTBPAM LiTa je TPEHyTHA
rpaHnia WCTpaXUBarba 1 OOJMKyje 3afaTy TeMy MCTpakuBama, Kao ¢ CaMOCTaHOCT H
OJrOBOPHOCT Jla U3BEJIC HCTPAKHBARE NTPEIU3HO U CUHCTEMATHIHO.

Kanjuzar je TOKOM [POTEKIMX JIEBET TOAMHA MHTEH3MBHO pajuo y obnactid IpuMeHe
MHPOPMALMOHNX U KOMYHHKAIMOHUX TEXHOJIOTH]a Y JOMEHy yrhpaBbaiba 1 IIJaHHpamba
XUOPHUIHUX MHKPO-MpEXKa U eHeprercke eQuKacHOCTH, IOYEB O paja y OKBUPY CTYIAH]CKOT
nmporpamMa  JIOKTOPCKHX — cryadja, MehyHapojnyuM #u  HaUUOHAIHAM  HAyYHOWCTPAKHBAYKHM
npojexTmMa, amy W kpo3 ydemhe Ha MelynapojHuM M PETHOHANHUM  HAyHHO-CTPYUHHM
KordepeHijaMa u3 moMenyre o0nacTu.

TTopesi MoMeHyTHX KoHepeHiija, Kaniuar je peyiarare ucrpaxupama objapuo u y Bojiehim
veljynapominyv  yacomucnma, Y caMoj Jceprannju, jacHo cy JeguHucand MpeMer U LD
neTpakuBama, Kopuinhetne neTpaxMBAIKe METoJE, JOK ¢y q0bujeny pesyntaTh na ojroapajyhi
HAYKMH TPEeJCTaB/beN, AHATMZHPAHNH K JIMCKYyTOBaHK. Ha OCHOBY cBera HaBeJCHOT ce MOXKe
2aK/bydnTH jga je Kanpiaar Mapko batih pocTHrao BHCOK HEBO OCHOCOO/BEHOCTH 33 Jalbh
caMocTanaH HayHHOUCTPaXKHBAUKH Pajl.

4. OCTBAPEHU HAYHYHM JONMPUHOC

4.1. Ilpukas ocTBapeHHUX HAYIHUX JOIPUHOCA

Hayunu gonpianocu gokropeke qucepraiije kanpaata Mapka batiha cy:

o Paseujen je uHoBaTHBHE co(TBep H yHanpeheHa METONONOTH]A 38 BHIIE-KPUTEPH]YMCKO
AHMpake XHOPHHE MUKPO-MPEXKE [1OBe3aHe Ha JIMCTPUOYTHBIY MPEXKY Koja CajpiKu
KaKo OOHOBJBMBE TAKO M KOHBEHIMOHAIHE W3BOPE eHeprije, ojropapajyhe enemente 3a
KOHBEP3Mjy Kao # KanmaluTeTe 3a CKiajuiirerse enepruje. [Ipeamoxkeny Meroponorujy
ONUTHKY|€ MHTErPaHI TPHCTYT KOJH CHUMYJITAHO Y3uMa ¥ 003MD KaKo eJeKTPUIHH TaKo H
TEpPMAJIHK JIOMEH, PazniynTe PEIKUME Paja MUKPO-MPEXe (OCTPBCKY paji WM HOBe3ai Ha

JUCTPIOYTHBHY MPEXKY), Kao 1 (GuekcubHIHOCT y npoduity [OTPOLike Kako Ou ce

npoxauna  onruMalida  TOMojdorija MHKPO-MPEKE  ajit W Kalaiurer nojeinnatHuX
KOMIIOHECHTH. KOHH‘H!{% ajiaT noApiKaBa u BVHHQ“K}“?HT(‘)E"JV{E}/’I‘\%CK’}’ aHanu3zy pasjiuduinx

TEXHHIUKHIX, EKOHOMCKHUX 1 CKOJIOUIKHX KpuTepujyMa.



e PasBujen je codrBepckr MOIyN ¥ yHaipeheHa MeTomonoruja 3a ONTHMATHO YIIPaBIbatbe
eHEepreTcKoM MHPPACTPYKTYPOM ca BHINECTPYKHM KOHBEHLMOHAIHHM H OOHOBJLMBHM
M3BOpHMA eHepruje, ojrosapajyhiuM  cKIapuiITHMa  eHepruje  u  (QIEeKCHOMIHOM
OTPOILILOM, KOjH oMoryhaBa 3HauajHe yiuTefe TpOIIKOBa ekcroarauuje. [Ipeoxena
METO/IONIOTHja ONTHMH3Yje TOKOBE eHepruje ysuMajyhum mpm ToM y oO3Hp JOKaIHy
MPOU3BOMILY U3 OOHOBIGHBHX H3BOpA, YBO? M M3BO3 €HEpruje M3 H y JUCTpUbYTHUBHY
MPEIKY, HEHO CIJIAJHINTERE H, KOHAYHO, YIIPaBbamke JOKaTHOM HoTpolmmoM (Demand
Side Management). TIpesnoxena MeToI0JIOTH]a y3uMa y 063up nojeaunaqne ypehaje dume
ce obesbeljyje na ce pe3ynTaTH ONTHMH3ALH]E€ MOTY JTUPEKTHO IIPUMEHHTH KPO3 KOHTPOJTHE

aKuuje.

e Pa3pujen je ceMaHTHYKM MOJE] KOMIUIEKCHHX HH(pacTpyKkTypa Ha 0a3su OHTONOIHja, ca
QokycoM Ha eHeprercke cucreme, 3a norpebe cmcrema 3a yHampeheme eHeprercke
eduxacHocTH CIOXKEHNX objekarta, nomyt aepogpoma. Kopumhemem ceMaHTHUYKHX
TeXHONOrHja n ocnamajyhn ce Ha mocrojehie Moxene u crampapie, pasBHJEH J€ MOJEN
KOMITJIeKcHe ~ MH(PacTpyKType Koju omoryhaBa CceMaHTHUYKy HMHTEPONEPabHIHOCT
PasHOBPCHHX  CO(QTBEPCKHX  KOMIIOHEHTH  CHCTEMa,  JEJHO3HA4HO  MalHparmbe
CHTHANA/IPOTOKOA KOje OHH KOPUCTE, Kao M JOJATHO PE30HOBAIbe Hal TMPHKYIBEHHM
roaaLnuma.

e Passujen je copTBepcKky MOAYJ ¥ MHOBaTHBHA METONOJOTH]A 34 MOJENOBAE MOTPOLIIHE
Kpajiber moTpoliada 3a rotpebe anarta 3a IulaHuparme # ympasbame Oyuyhe, onnocHo
3ajate, MuKpo-Mpexe. Ymecto rocrojehux mpuctyna na 6asu Qusuke came 3rpaje,
HpeMIoKEHH MOyl W MeTojonordja ce Gasupajy na uH(opmamujama o 1ocrojehoj
eHepreTcKo] HH(GPacTPyKTYPH 1 MOTPOLIAYIMA, KA0 ¥ HABUKaMa Kpajher KOPHCHHUKA.

4.72. Kpurnuka agaiisa pe3yiiTara UCcTpaKuBarka

Kaza je ped o BUMIE-KPUTEPH]YMCKOM [UIAHUPAIbY XUOPHAHE MHKPO-MPENKE, KOja Capimn Kako
OBHOBIBMBE TAKO 1 KOHBEHIMOHAIHE M3BOPE eHepruje, ojropapajyhie eleMente 3a KOHBEP3U]Y Kao
M KanaupTeTe 3a CKIANMINTEHE eHEepruje, IPeIokeHa MeToj0JIorHja U pa3BujeHy codrrep
KapakTepUIle HEKOIIKO CHMYIITano IpuMersennx yruampehema y onnocy na nocrojeha periersa. 3a
roYeTaK, TO j€ WHTEerpaiiu MPUCTYTT KOJ UCTOBPEMEHO MOCMATPa ENIEKTPHYHH 1 TePMaTTHKU JTOMEH,
HACYTIPOT TPAAMLHOHAIHOM MTPHCTYITY I/(€ Ce OBH JIOMEHU [10CMATpajy HE3aBUCHO, 1A CAMUM THM 1
BPIIM HE3aBHCHO TUIAHUpare ojrosapajyher nena cucrema. 3atuM, NPEANOKeHa METOA0JI0TH]a
HHje OrpaHHYeHa Ha H30JI0BaH (OCTPBCKH) pexuM pana, Beh mpyixa MoryAHOCT ¥ ONTHMATHOT
IIAHIPAIba CHCTEMA KOJH j€ MOBe3aH Ha AHCTPUOYTHBHY MPEXy B MMa MOryhHOCT KaKko yBo3a Tako
1 13B03a eHepruje. KoHauHo, K0 KIbYUHH JAOTPHHOC, TPEATIOKEHA METOJIONOTH]a y3uMa y 003Hp
(pIEXCHOMITHOCT HA CTAHH TOTPOITIE, OJHOCHO omoryhaBa npUMeHy MexaHHu3ama YNpaBibarba
MOTPOLLILOM, Kako 61 ce podGiiT MOTPONTHE MAKCUMAIHO TTPHUIIATOHO TOKATHO] MTPOU3BO/ILI Te
CMambIIIa HeOXoHa HHBECTHIIM]a ¥ OOHOBJBMBE U3BOpE 1 rtoBehana ucrnatupocT cucrema. [lopen
HPETXOJHO HABEJEHHX, METOJAOI0THja y3uMa y 003up OpojHE mapaMerpe nonyT reorpagceke
JoKanpje, 3axTeBanor Hpo(uia MOTPONIke, MPOCTOPHOT KammanuTera, npeasulienor Oyuera,
BapHjabHITHIX LieHa eHepreHara, cyOBeHLM]a ApIKaBe U APYyrux, T€ Hu3a TEXHHUKHX, EKOHOMCKUX i
EKONIOMIKHX KPUTEPHjyMa Koje je MOoTpeOHO CUMYyNTaHO NPOLEHHTH ¥ PEaTHBHO YIOPEINTH.
[Toceban acrekT pazBoja coTBepa 3a iUlaHHPake JTEKHA U Y Pa3Bo]y WHOBATHBHOI CHMYJaTopa
HOTPOLLILE EIEKTPUYHE eHeprije koju ce Oasupa Ha nozampMa o 1ocTojehum norpomadnma u
HABMKAMA KODUCHUKA, HACYNPOT voOuuajenuy OputynuMa Koju ce npumapno 6Gaszupajy na

Upribnviing,

MoOJIeNIoBarLY ¥ Gu3KIM caMux objexara.

[Tpepyiokena METOOIIONH]A 38 YIPaB/bAKE E€HEPIreTCKOM HH(pPACTPYKTYPOM €A BHIIECTPYKHM
KOHBEHLMOHAIHEM 1 OOHOBILUBHM H3BOpHMA enepruje, te ojaropapajyhum  cxiamimriva
eHepruje, onTHMKU3Yie ToKoBe emepruje yzumajyhu upm ToM y 003up noKainy HpoH3BO/UILY M3
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OBHOBILHBAX M3BOPA, YBO3 ¥ H3BO3 HEPIHje U3 U Y THCTPUOY THBHY MPEXKY, FBEHO CKIAAUIITERE 1,
KOHAYHO, YIPABbabe JIOKATHOM [OTPOImoM (Demand Side Management). Kao Kiby4IHO
yHanpeleme y omHocy Ha mocTojehe mpucTyne, Mpeaoxkena METOJOIOTHja y3uMa y 003Hp
nojequuaude ypehaje mMpHIHKOM IPOLEHe NMpoduia TOTPOLIbe U came ONTHMH3AIM]Ee, YAME CE
ob6e3behyje ma ce pe3yaraTu ONTHMU3ALHIE MOTY JUPEKTHO MPUMEHHTH KPO3 yTpaBibatKe axImje.
Kana je y muramy coTBepcka MMIUIEMEHTALMja MOMEHYTHX peLIeHa, OHH Cy pa3BHjeHH Kao
HE3aBHCHH CEPBUCH KOjH Cy HHTErpPHCAHH Y TIPEANTOKEHH cOPTBEPCKH CHCTEM Ha alTiKaTHBHOM
cIojy.

Kaza je ped 0 ceManTHYKOM MO/IeJly KOMILTEKCHHX HH(PAcTPyKTypa, BETOB PasBoj ¢e 0CIamao Ha
roctojehe Mozene, cTanjapAe u npumepe 100pe npakce, HiTo 3a MOCHEAHLY UMa HbETOBY Behy
IPUMEHJBUBOCT, alli je jiajbe yHanmpelien Ha OCHOBY BENHMKE KOJIMYMHE PeaHuX nojaTaka ca /pa
meljyHaposHa eBporicka aepojipoMa. Kao pesyirar pasBoja 0BOT MOJENa, HacTala je CBeoOyXBaTHa
Gaza 3Hama, Kao M JeJMHCTBEHH CIlI0] Mera-nojaraka, Koju je omoryhmo ceMaHTHdKy
HHTEPONEPaBIIIHOCT PA3HOBPCHUX CO(TBEPCKHX KOMIOHEHTH CHCTEMA, jeIHO3HAYHO Malupame
CHUTHANA/ITPOTOKONA KOje OHH KOPHCTE, Kao U JOIATHO Pe30HOBambe HaJl TPUKYIJLEHHM MOJAInMA.
IllraBuiiie, NPUIMKOM MMIDIEMEHTALMje OBOT Mojena Kopuuihene Cy CaBPEMEHE CEMaHTHHKE
TexHosoruje (oHTONOTHjE) U oroBapajyhu anaTu.

4.3. Bepudukaiyja Hayquux JOIPHHoca

Hayasi JOTPHHOCH KOJH CY PE3yNTaT HCTPaXKiBaba y OKBHPY JOKTOPCKE MCEPTaliH]e KaaujaTa
Mapxa Baruha cy my6mukosany y Mel)yHapoAHIM HacOTICHMA F TIPE3EHTOBANN Ha MEhyHAPOTHNM
u jomahum KondepeniyjamMa 1 CTpyIHnM CKYTIOBUMA.

Kao jou jeina noTBp/ia pelieBaHTHOCTH CHPOBEJICHOT HCTPpaXKiBaba y OKBUPY paja Ha JIOKTOPCKO]
nucepraiyjn Kanpupara Mapka baruha tpebano Gu y3etn y 003up pocajanimby HHTHPAHOCT
WHzEKCHpaHux yGmKanija Koja u3HocH yKynHo 44 ipema n3Bopy SCOPUS, ojpuocno 76 npema
wiBopy Google Scholar.

Y HACTABKY je /IaT Hperiieil Pajona Koju ¢y y JIMPEKTHO] BE3N ¢a M3pa/ioM JIOKTOPCKe nucepTanije.
oracidiKoBanny Yy cxknagy ca pesesanTaum [IpaBuinikom Munucrapersa IpocBere, HayKke i
TeXHONOIIKOT pazBoja Penybimike Cpbuje.

Kareropuja M2 1:

[. Bati¢, M., Tomasevi¢, N., Beccuti, G., Demiray, T., Vranes, S.: Combined energy hub
optlmlsat}on and demand Sxde management fm buildings, Energy and Buildings, vol. 127, pp.
229-241, 2016 (IF 4.067) (ISSN 0378-7788)."

2. Tomasewg N., Bati¢, M., Blanes, L., Keane, M., Vrane§, 5. Ontology-based facility data
model for energy management, Advanced Engineering Informatics, vol. 29, no. 4, pp. 971-984,
2015 (IF 2.000) (ISSN 1474-0346).°

Kateropuja M22:

. Kouveletsou, M., Sakkas, N., Garvin, S., Batie, M., Reccardo, D., Sterling, R.: Simulating
energy use and energy pricing in buildings: The gase of electricity, !«ize;gy and Buildings, vol.
54, pp. 96-104, 2012 (IF 2.679) (ISSN 0378- 7788).°

Kateropuia M33:
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Society and Technology, Kopaonik, 2015, pp. 233-238 (ISBN: 978-86-85525-1 6-2).
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Hub and DSM, [CIST 2014, 4™ International Conference on Information Society and
Technology, Kopaonik, 2014, pp. 67-72 (ISBN: 978-86-85525-14-8).

Tomasevic, N., Batic, M., Vranes, S.: Genetic Algorithm Based Energy Demand-Side
Management, ICIST 2014, 4" International Conference on Information Society and Technology,
Kopaonik, 2014, pp. 61-66 (ISBN: 978-86-85525-14-8).

Batic, M., Tomasevic, N., Vranes, S.: Ontology API for web-enabled FDD system, /CIST 2013,
3rd International Conference on Information Society and Technology, Kopaonik, 2013, pp. 142-
147 (ISBN: 978-86-85525-12-4).

Tomasevic, N., Batic, M., Vranes, S.: Ontology-enabled airport energy management, ICIST
2013, 3rd International Conference on Information Society and Technology, Kopaonik, 2013,
pp. 112-117 (ISBN: 978-86-85525-2-4).

Paunovi¢, D., Bati¢, M., Vrane§, S.: Web Application For Residential Renewable Energy
System Feasibility Appraisal, /CIST 2013, 3rd International Conference on Information Society
and Technology, Kopaonik, 2013, pp. 118-123 (ISBN: 978-86-85525-12-4).

. Batié, M., Philimis, P., Sakkas, N., Giusti, A., Paunovic, D., Vranes, S.: Simulation of Hybrid

Renewable Energy System, WSEAS International Conference on Lnergy —and Environment
Technologies and Equipment (EEETE “12), Zlin, Czech Republic, 2012, pp. 15-20 (ISBN: 978-
1-61804-122-7).

|. Bati¢, M., Tomagevi¢, N., Paunovi¢, D., Vrane§, S.. A novel approach to microgrid data

modelling, /CIST 2012, 2nd International Conference on Information Sociely and Technology
Kopaonik, 2012, pp. 153-157.
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2. 5. BAKBYYHAK U IMPEIJIOI

Ha ocHoBy cBera nperxomHo HasezieHor, Kommcmja KoHcTaryje Ja JOKTOpPCKa AHCEpPTalija
kaugaugata Mapka Y. batuha, Mactep HHKemepa eIeKTPOTEXHHUKE U Pa4yHapCTBa, 10 HACTIOBOM
wSoftware system for multi-criteria planning and management of hybrid microgrids“
(,CodrBepekn cucreM 32 BHINE-KPUTEPHJYMCKO IIAHHpPake M YIPaB/bame XHOpPHAHOM
MHKPO-MpPEKOM®), HCIymaBa cse QopManHe M CYLITHHCKE YcioBe npeasuhene 3aKoHOM 0
BHCOKOM 00pasoBarby, Kao W mponucuMma YHuBep3ureTa y beorpagy u EnexrporexHuyxor
daxynrera.

HayuHe ¥ TpakTH4HE pe3yliTare, TPOUCTEKIIE W3 UCTPAKUBarha CIIPOBEIEHOT Y OKBUPY JIOKTOPCKE
AUCEpTaLje, KaHIUAAT j€ NPEACTABHO CTPYUHO] jaBHOCTH Ha MehyHapoJHMM KoH(epeHnnjamMa u
00]aBHO Y BPXYHCKHM 4acolHCHMa, TOTBPhyYjyhn THMe HUXOBY aKTyeqHOCT M OPUIHHAIHOCT. Ha
OCHOBY YBHJ@ Y IIPEAMETHY JOKTOPCKY AMHCEPTAIH]y U pajoBe KaHauaaTa, KOMHCH]a KOHCTaTyje J1a
JIcepTalija mpeacTaB/ba OpUrHHalaH, CaBpeMeH H MPaKTHIHO NPUMEHILUB HAYYHH JIOTPHHOC, TE
Ja je KaHAMJaT TOKOM H3paje Juicepraudje [oka3ao crocobHOCT 3a Jajbu  camocTanas

HAaYYHOUCTPAXKHBAYKH Pal.

Komucuja mpeiaxxe Hacrapro-nayunom Belly Jla ce JOKTOpCKa AHCEpTalMja 107 HACJIOBOM
wSoftware system  for multi-criteria  planning and management of hybrid microgrids*
(,CodrBepckH cucreM 3a BHINE-KPUTEPHJYMCKO MIAHHPAE M YHOPAB/bambe XHOPHIAHOM
mukpo-mpexom) kanpupara Mapka Y. baruba, macrep uRXKemepa €NEKTPOTEXHUKE U
pauyHapceTBa, NPUXBATH, W30 HA YBUJ JABHOCTH ¥ YIIYTH HAa KOHA4YHO ycBajarbe Behy nayunux
obracTy TEXHUUYKHX Hayka Y HUBep3uTera y beorpajny.

VY beorpany 26.10.2018.
HYAAHOBU KOMMCHJIE
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Vunsepsurer vy bgorpany — Enexrporexuudky Gpakynrer
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Yuupepsurer y Beorpany — Enextporexnndiu daxyirer






