Yuusepsurer y beorpany
MammHcku gakyJarer
BERY JOKTOPCKUX CTYAHUJA

IIpeamer: Pedepar o ypahenoj mokropckoj auceprauuju kanaugara Baagumupa P. 3apuha,
MacT. HHXX. MaIll.

Omnykom HacrtaBHO-HayuHor Beha MammHckor Qakynrera YHuBepsutera y beorpaay 0poj
129/7 on 14.07.2022. roauHe, MMEHOBaHM cMO 3a wiaHoBe Komucuje 3a oueHy u ondpany
JOKTOPCKE AucepTanuje kauauaata Binagumupa 3apuha, MacT. WHXK. Malll., IO HACJIOBOM

» Y CJIOBHA ONTUMH3AIHja TUCKPETHUX CHCTEMA AyTOMATCKOT YNPaB/bakhba NIPUMEHOM

MOTIyHE MPeHOCHe PyHKUMje*.

ITocne mpernena mocraBibene Jlucepramuje u apyrux mparehux martepujajia U pa3roBopa ca

Kannunarom, Komucuja je caunnuna cnenehu

PED®PEPAT

1. YBOJ

1.1 Xponosoruja ono0paBama U U3pajie IUCEPTALIUA]E

Kanaumar Bnagumup 3apuh je mkosncke 2014/2015. roqune ynucao npBy TOAUHY JOKTOPCKUX
cryavja Ha MamuHckoM dakynTety YHuBepsureta y beorpany. CBe ucnute npensuleHe niaHom
JOKTOPCKHUX CTYH]ja MOJIOXKHO je ca mpocedHoM orieHoM 9,93 (aeset u 93/100).

Kanmunar je 30.12.2021. rommne momHeo 3axTeB Opoj 2419/1 ma My ce omoOpu u3paaa
JIOKTOpPCKE aucepTranuje Ha MammHackoMm (akynTeTy YHuBep3utera y beorpany, a 3a MeHTOpa je
npeuioxkuo ap Pagumry Josanosuha, penosHor npogecopa MammHckor ¢akynTera Y HUBEp3UTeTa
y beorpagy. Ha ocnoBy carmacHoctu Karempe 3a ayromarcko ympaBibambe Opoj 129/1 on
24.01.2022. ronune, HacraBHo-HayyHo Behe MammHckor ¢akyntera YHuBep3utera y beorpany
10.02.2022. rogure moHocu Omiyky Opoj 129/2 o mmenoBawy Kommcuje 3a omeHy momoOHOCTH
TeMe U Kanaunaata Bragumupa 3apuha, cTyeHTa JOKTOPCKUX CTyauja Ha MammuHCKOM (hakynTeTy
y beorpany, 3a u3pamy HOKTOpCKe IucepTanyjeé M HaydyHe 3aCHOBAaHOCTHU TeMe: ,,YCJIOBHA
ONTUMH3AIMja JUCKPETHUX CHUCTEMa ayTOMAaTCKOT YMpaBjbamba MPUMEHOM MOTIYHE NPEHOCHE

byHKIIHMje* y cacTaBy:
e 1p Paguma JoBanosuh (MeHTOp), penoBHU npodecop, MammHCcku (akyaTeT, Y HUBEP3UTET
y beorpany,
e 1p Jparan Jlasuh, pegoBuu npodecop, MammHcku axkynarer, Y HuBep3urTeT y beorpany,

e 1p Munan PucranoBuh, pemoBHu mnpodecop, MamuHCku (akynTeT, YHHUBEP3UTET Y
beorpany,

e 1p Cphan Pubap, Banpennu npodecop, MammHcku gaxynrer, Y HuBep3ureT y beorpany,

e 1p Hparan Ilpmmh, Banpennu npodecop, Yausepsuter y KparyjeBny — Pakynrer 3a
MAaIIMHCTBO U rpaheBuHapcTBo y Kpasbeny.

Ha ocHoBy u3Bemraja HaBeneHe komucHje, HacraBHo-Hayuno Behe MammHCKOT dakynrera y
Bbeorpany 10.03.2022. rogune nonocu Omnyky 6poj 129/4 na ce mpuxBaTa Hay4Ha 3aCHOBAHOCT
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TeMe JOKTOPCKE MIHcepTaluje, KOHCTaTyje Ja KaHIUAaT HCIyHkhaBa CBE YCIOBE 3a H3paay
aucepTaiuje, a 3a MeHTopa ce umenyje np Pamuma JoBanoBuh, penoBHu mpodecop MammHCKOT
¢dakyntera. Behe Hayunux oOnacTu TeXHMUYKHMX Hayka YHuBep3uTera y beorpamy 12.04.2022.
ronuae gonocu Omiryky Opoj 61206-1158/2-22 kojom ce maje carylaCHOCT Ha MPEUIOr TEeMe
JOKTOpCKE aucepranyje kanaunata Bnaaumupa 3apuha, mox HacaoBoM: ,,YCIOBHA ONTHMHU3ALHM]a
IMCKPETHUX CHCTEMa ayTOMATCKOT yIIpaBJbamba MIPUMEHOM IOTIyHE MIPEeHOCHE (yHKIHje™ .

Ha ocHoBy o6aBemtema npod. ap Pagume JoanoBuha na je kanmaunar Bramumup 3apuh
3aBpIINO JOKTOPCKY AMCEPTALU]y MOJ HACIOBOM: ,,YCIOBHA ONTHUMM3allMja JUCKPETHUX CHUCTEMa
ayTOMAaTCKOT yIpaBJbamka NMPUMEHOM IOTIYHE NIpeHocHe ¢yHkuuje“, u mnpemiora Karenpe 3a
ayTOMaTcKo yrpasibame 0poj 129/6 ox 08.07.2022. rogune, HactaBHo-HayuHo Behe MammHckor
¢dakyntera y beorpany Ha cemnuum onpxkanoj 14.07.2022. rogune noHOocH omnyky Opoj 129/7
KOjJOM ce uMeHyjy wiaHoBu Komucuje 3a orieHy U o10paHy JTOKTOPCKE AUCEPTAIH]e Y CaCTaBYy:

e 1p Paguma JoBanosuh (MeHTOp), penoBHU npodecop, MammHCck (akyaTeT, Y HUBEP3UTET
y beorpany,

e 11p Jlparan Jla3zuh, peqoBau npodecop, Mammucku dakynreT, YHUBEp3UuTeT y beorpany,

e 1p Munan PucranoBuh, penoBHu mnpodecop, MamuHCku (akynTer, YHHUBEP3UTET Y
beorpany,

e 11p Cphan Pubap, Banpenuu npodecop, Mammucku dakyntet, YHUBEp3UTeT y beorpany,

e 1p Hparan Ilpmmh, Banpennu mnpodecop, Yuusepsuter y KparyjeBuy — Dakynrer 3a
MAaIIMHCTBO U rpaheBuHapcTBO y Kpasbeny.

1.2 HayyHa o0iact gucepraiuie

JlokTopcka nucepranyja KaHaugata Bmagumupa 3apuha  mom  HacioBoM L, Y CJIOBHA
ONTHUMH3AIHja TUCKPETHUX CHCTEMA ayTOMATCKOT YNPaB/bakhba NPUMEHOM MOTIYHE MPEHOCHE
pynknuje”, mpumaga o00JaCTH TEXHUYKUX HAyKa — MAaIIMHCTBY, YKO] Hay4dHO] oOjacTu
AyToMaTCcKO ynpasJbame, 3a Kojy je Mammncku (akynrer YHuBep3urera y beorpany maruuan.

N3panom mokTopcke nucepTanuje pykoBoano je aAp Paguma JoBanoBuh, pegoBHu mnpodecop Ha
Karenpu 3a ayromarcko ynpasibame MammHckor ¢akynrera YHuBep3utera y beorpany.

1.3 Buorpadcku momanm o KaHIUIaTy

Brnagumup 3apuh je pohern 05.06.1990. ronune y UBamuiu, Penybnuka Cp6uja. OCHOBHY
IIKOJTy 3aBpHINO je y VMBamuIM ca OJUIMYHUM YCIIEXOM IpH 4eMy je Harpahen aumiomom ,,Byk
Credanouh Kapapuh“. Ca onmuyHuM yCTIEXOM j€ 3aBPIIMO U CBa YETHPHU paspera MPUPOIHO-
MaTeMaTHYKor cmepa [ 'umHasuje y MBamurm.

Mamuuckn dakynrer YHuBepsutera y beorpamy ymucao je mkosncke 2009/2010. romuse.
OcHoBHe akageMcke ctyauje 3aBpiuo je 13.07.2012. rogune ca npoceyHoM orieHoM 9,51 (neBeT u
51/100). Mactep akameMmcke ctyamje MammHCKor dakyiaTeTa YHUBEp3uTeTa y beorpany ymucyje
mkosicke 2012/2013. roaune, npu yemy Oupa MOJIYN 32 ayTOMAaTCKO yIpaBJbame, U 3aBpllaBa MX
08.10.2014. romunre ca mpoceunom oneHoM 9,40 (meser m 40/100). Mactep pax u3 mpemMera
Pauynapcko ympaBibame, HACIOBJbEH ,,PauyHapCcKo ayTOMaTCKO YIpaBJbakbe TPAHCIATOPHOT
oOpHYyTOT KJIaTHA 00paHuo je ca MakcuMaiaHoM orieHoM 10. [ToxBane MammHCKOT dakyiTeTa, 3a
M3BaHpeJaH ycIlex TOKOM CTyAMja, To0uo je cBake roguHe y nepuoay ox 2010-2014. rogune. Kao
OJUIMYaH CTYAEHT OWO je cTuneHaucra onmrtuHe VBamuia u MuHHCTapcTBa MpPOCBETE, HAyKe U
TEXHOJIOWIKOT pa3Boja Pemybnuke Cpouje.
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VY toky 2013. rogune noxahao je kypc xkommnanuje Siemens noj HazusoM TIA-MICROI1. Ogaj
KypC C€ 3aCHMBA Ha HaJHOBHJUM IPOTrpaMaOWIHUM JIOTHYKUM KoHTposiepuMa S7-1200 cepuje u
HajHOBHU]O] Bep3uju codTBepa 3a mporpamupame SIMATIC kontponepa — Step 7 Professional/TIA
PORTAL. Tlo 3aBpmieTky Kypca crekao je 3sannunu Siemens SITRAIN ceptudukar o 3aBpIieHoj
o0y1IIH.

[Mxoncke 2014/2015. rogmne ymucyje JlokTOpcke akajaeMmMcke CTyadje Ha MammHCKOM
dakyntery YuuBepsurera y beorpamy (Opoj mnnmekca [12/2014) ca opujeHTanujoM Ha Jajbe
yCaBpIIaBamke¢ y OOJIACTH ayTOMATCKOT YIpPaBJbaka, a MPBEHCTBEHO Y 00JACTH pavdyHapCKOT
ylpaBJbarba, JAWTHTATHUX CUCTEMa M WHTEIUTEHTHHX CHUCTeMa ymnpaBibama. [lomoxkuo je cBe
HCIIATE ca ITpoceuHoM orieHoM 9,93 (meBet u 93/100).

[To3naje mporpamcke jesuke u makere C, MATLAB, Simulink, Wolfram Mathematica,
AutoCad, Solid Works, MS Office, TIA Portal, Latex, CoreIDRAW. AKTUBHO ce Ciyu (TOBOPH,
YHUTa, UIIIE) CHTTIECKUM j€3UKOM.

VYuyecnuk je Ha npojekty (TP35029) ¢punancupanor o ctpane MuHHCTapcTBa MPOCBETE, HAYKE
U TexHoJoumKor pas3Boja Pemybmuke CpOuje mo yroBopy eBuAeHUMOHH Opoj 451-03-68/2022-
14/200105 ox 04.02.2022. ronuHe.

Kannunar Brnagumup 3apuh je ayrop:
e jemHor pajga o00jaBJbEHOT y HAy4YHOM dacomucy MmehyHapomHor 3Hadaja ca SCI mumcre
Kareropuje M22,

e Tpu paga o0jaBjbeHAa y HaydyHUM uaconmucuma MehyHaponHor 3nHauaja ca SCI mucre
Kareropuje M23,

e cemaM pajoBa ca MehyHaponHUX KOH(DEpeHIrja MTaMIIaHuX y IEeJTUHU Kateropuje M33.

2.0IINC JUCEPTALIUJE

2.1 Canp:xaj auceprauuije

JlokTopcka nucepTanja kanguaata Bmamuvupa 3apwha, MacT. WMHXK. Malll., TOJ Ha3WBOM
,YCIIOBHA ONTUMH3aIlMja TUCKPETHUX CHUCTEMa ayTOMATCKOT YIpaBJbamba MPUMEHOM IOTIIYHE
npeHocHe (QyHKIMje HamuMcaHa jeé Ha CPIICKOM ]e3WKy, NUPWIMYHUM MHUCMOM U campxku: 116
crpana ¢opmara A4, 38 cnuka, 8 Tabena, 586 Hymepucanux uspaza u 110 Oubmmorpadckux
pedepenIy.

JIoKTOpCKa aucepTaimja ce cacToju of ciefaehux mornasipa:

1. VBog;

Krace o6jexarta 1 BEUXOBH MaTeMaTHYKU MO/JIEIH;

VYrpaBsbauku CUCTEMHU U BbBUXOBU MaTeMaTUYKU MOJIENH;

MatemMaTuuku MOJIET 3aTBOPEHOT CUCTEMa ayTOMATCKOT YIIPaBJbamba;

[Tornyna npeHocHa G yHKIHMja: HEHYJATH MTOYETHH YCIIOBH;

PenatuBHa cTaOMITHOCT, yCIIOBHA ONITUMU3AIIM]a U CHHTE3a YIIPaBIbAYKOT CUCTEMA: HEHYIITH
MIOYETHU YCJIOBH;

7. TlpuMeHa HOBE TE€OpHje YCIOBHE ONTHMH3AIHN]E HA TMHEAPHUM JUCKPETHUM CHCTEMUMA;

8. @a3m ynpaBbamkbe U MOJECIOBAE;

9. TlpumeHna HOBe TeOpHje YCIOBHE ONTHUMH3AIM]E HA HETMHEAPHUM JUCKPETHUM CHCTEMUMA;
10. 3akspyyak.

AN

OcuM HaBeJeHOT, TOKTOPCKA JUCepTallHja Caap»Ki HACIOBHY CTpaHy Ha CPIICKOM U €HIJIECKOM
Je3WKy, CTpaHy ca TojaliMa O MEHTOpY W wiaHoBuMa Kowmwmcuje, KpaTak pe3uMe JOKTOPCKE
JHcepTalyje Ha CPICKOM M EHIJIECKOM jEe3MKY, 3aXBAJHHUIE, Cajpikaj, CIUCAK CIIHMKA, CIUCAK
Tabena, TuTeparypy, ouorpadujy ayropa, M3jaBy o ayropctBy, M3jaBy 0 HCTOBETHOCTH IITaMIaHE
U eNIEKTPOHCKE Bep3uje TOKTOPCKOr pajaa u M3jaBy o kopuirhemy.
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2.2 Kparak npukas mojeIMHayYHNuX HOIJIaB/ba

VYBogHA TiaBa OBE JucepTalMje Ipyka OCHOBHE IIOCTaBKE IpobiieMa Koje aucepraiuja
pa3marpa. Ha moueTky je mat kpatak mpuKas3 I0jeIMHAYHUX MOTJaBsba. JlaTe Cy MpeTHOCTH U MaHe
MPUCTYIIA CUHTE3€ Y YIAa3HO-U3TIa3HOM IIPOCTOPY Y OJHOCY HA CUHTE3Y CUCTEMa Y MPOCTOPY CTamba.
Takohe, Ha Kpajy je AaT W CEJICKTUBAH W XPOHOJIONIKM TMPETJIeN JUTEepaType W I0CaJallbhX
pe3yiTara Ha MoJby M3y4yaBara YCIOBHE ONTUMH3AIM]e BPEMEHCKA KOHTHUHYATHUX M JTUCKPETHHX
JMHEAPHHUX CHCTEMa ayTOMATCKOT yIPaBJbhamba.

Jlpyra rnmaBa ce 0aBM pa3MaTpameM PA3IMUYUTUX Kilaca oOjekara ayTOMAaTCKOT YIpaBJbamba.
[Tocmatpajy ce ynaz-uzna3 (YUW) marematnuku mMojaenu oOjekara Kao W ynaz-crame-u3ia3 (YCU)
MaTeMaTHYKH MOJeNu o0jexTa. 3a o0e OBe Kiace Cy JaTh HUXOBU MOJIENH Y TOTATHUM
KOOpJMHATaMa, Y )KeJbEHOM PaTHOM PEXKHUMY Kao | 10 OJCTYyMambIMA.

VY 1pehoj rnaBu je mpukazan mnperien Moryhux ympasibaukux cuctema y YU u YCU oGnuky.
[Taxxmwa je mocBeheHa ympaBibaukKiuM CUCTEMHMa PA3IMYUTOT pejia MPONOPIHOHATHO-TU(EPEHITHO-
cymapuor (IIZIC) tuna ox Kojux Cy HEKM NMPUMEHEHM HAa KOHKPETHHUM INpUMEpUMa y KaCHUjUM
nornaBbuMa. IbUXOBM MaTeMaTW4YKH MOJAEIM Cy JaTH y TOTAIHUM KOOpAWHATama M IO
OJICTYHambHUMa.

UerBpra riaBa je mocBeheHa 3aTBOPEHOM CHCTEMY ayTOMAaTCKOT yIpaBjbama. Y O] CYy
00jeIMbeHN MaTeMaTH4KH MOoJieN 00jeKTa M MaTeMaTHYKH MOJIEN yIPaBJ/bauyKoI CHCTeMa Kako Ou
ce 100MO MaTeMaTHYKH MOJIEI IeJIOT CHCTeMa jep c€ Ha OCHOBY Iera yodaBa KapaKTepHUCTUYHHU
MOJTMHOM LIEJIOI CHCTEMa, KOjU je HEONmXOJaH M OJl KPYIHjaJHOI 3Hadyaja 3a pa3MaTpama y
HapeHUM MOTJIaB/bHMa.

[leta riaBa TOBOpM O MOTIIYHO] IPEHOCHO] PYHKLUJU Koja je o (hyHIAaMEHTAIHOT 3Hayaja 3a
oBy nucepraiujy. Jlara je mweHa ommTa AePUHHUIM]A W TOCTyNak oapehuBama Kao W IMOCTYIaK
onpehuBama 3a YU cucreM. HakoH Tora je mpeacraBjbeH 3Hauaj HeAEreHEpaTHBHE MaTpulle 3a
ckpahuBame jeTHaKNX HyJa U MMOJIOBa.

[lecta rnaBa objammaBa moctynak oapehuBama obimacTu (paBHU) peNaTHBHE CTAOMIHOCTH
TaKo Ja 3aTBOPEH CHUCTEM ayTOMAaTCKOT yIpaBJbamha MMa yHANpe[ 3aXTEBAHU CTEIIEH NPHUTYIICHA.
VY 0BOj nucepranuju, nocrojeha Merona, Koja Baxu 3a J[Ba MOJCILbHUBA ITapaMeTpa, je MpOoIIupeHa
M YONIITeHa TakKo Ja je JaT TMOCTymak 3a ojapehuBame oOmacTu (MOBPIIMHE) pEaTHBHE
CTa0MJIHOCTU TIPH 4YeMy Cy HEMo3HaTa TpH NOJCUIJbMBA MapaMeTpa. 3aTUM j€ TMPENOKEeH H
NpUKa3aH HOBHU IOCTYINAK yCJIOBHE ONTHMHU3AIM]jE, IPU YEeMy T'PEIIKa M3JIa3HEe BEIWYMHE Y U3pasy
3a MHJEKC nepdopmaHce, y 0OJUKY MUHUMAIHE CyMe KBaJpara rpelraka, MICTOBPEMEHO y3UMa Y
003Up /1€jCTBO HEHYNITUX MOYETHHUX YCIOBA U CIIOJbALIHET yiasa.

VY cemmoj IiIlaBM je TpUKa3aHa MpUMEHa pa3BUjJEeHUX MeEToJa Yy OBOj JAHMCEpTaluju Ha
KOHKpPETHUM TpuMmepuma. Hajmpe je m3BpliieHa yclOBHAa ONTHMH3AIMja W oApeheHH ONTHMAalHA
napametpu [1JIC ynpaBspaukor cuctema MnpBor peia U JaTh Cy CUMYJIAIMOHU pe3ylTaTu rnopehema
KJIaCHYHE TE€OpHje KOja y3uMa y 003up HYJITE MOYETHE YCIOBE Ca HOBOM TEOPHjOM, KOja y3uMa y
003up HeHy/lTe TMoYeTHe YycioBe. ExcriepuMmeHTanHa Bepu(uKalyja MpeIoKeHe METole je
M3BpIICHA HA PEATHOM 00JEeKTYy - MOTOPY JeAHOCMEPHE CTpYje, IIPU YeMY je Hajupe oJpel)eH meron
JMHEApHU MaTeMaTH4KH Mojed. MeTooM YCIOBHE ONTHUMH3alMje Cy ojapeleHH omTuManHu
napametpu [IC ympaBspadkor cucteMa HYJATOT pefla W MPHUKA3aHO MOOOJbIIAmkEe Koje ce ao0uja
IPUMEHOM HOBE TEOpHje y OJHOCY Ha KiacuuHy. Ha kpajy, y mocienmeM mpuMmepy OBe IJIaBe,
pa3BHje€Ha METOJIOJIOTH]a YCIOBHE ONTUMH3AaIIMj€ CITPOBEICHA j€ HA HCTOM PEATHOM O0jEKTY, caMo
je OBOTr myTa MACHTU(UKOBAH JIMHEApHU Mojen U u3abpan I1J] ympaBipauku cucTeM MpBOT peaa.
CuMynanMoHH ¥ EKCIIEPUMEHTAIHU pPE3yJTaTH, Kao W y TMPETXOIHOM TMpPHUMEPY, MOKa3yjy
MPEJHOCTH HOBE TEOPUje Y OJHOCY Ha KJIACUYHY Y pEaIHOM CIIydajy Kaja 00jeKT KpeHe ca pagoM
U3 HEHYJITUX MTOYETHHUX YCIIOBA.
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Ocwma rnaBa o6palyyje nuckperne Takaru-Cyreno (TC) dhasu cucreme Koju mpeacTaBibajy Kiacy
HEIMHEApHUX JUCKPETHUX CHUCTEMa, M 4YHja jeé OCHOBHA KapaKTepUCTHKa Jla HEJIMHEapHO
MHTEPNOINPAjy TUHAMUKY HEKOJIMKO JIMHEApHUX WIIM JIMHEapu30BaHMUX cucTeMa. IIpojekToBaH je
noyetHn TC da3um momen y kome cy (yHKIMje TPHUITIAJHOCTH PABHOMEPHO pacropeheHne ca
[EHTPUMa y HOMHMHAJIHMM TaukaMa I10jeIMHAYHUX JMHEAPHUX MaTeMaTHMYKUX Mojena o0jexra
tepmoTyHena. [Toueran TC ¢a3zu momen 06jekTa je ONTUMH30BaH METaXCYPUCTHUKUM aJTOPUTMOM
CHBHMX BYKOBa Tako Jla MapaMmeTpu y mpeMucama a3y MpaBuiia UMajy ONTHMAaJIHE BPEIHOCTH Y
OJIHOCY Ha M3abpaHu MHIAEKC nepdopMance. 3aTuM je ypaheHa CHHTE3a HEeJTUHEAPHOT JUCKPETHOT
napajienaHo pacnojesbeHor ynpasibamba (PDC) koje kopucTu ucre QpyHKIHMje MPUMIATHOCTA Kao U
TC ¢da3u moxen objexta. Ha kpajy, u3BpiieHa cy nopehema oa31Ba 00jeKTa yIpaBibaHOT JIOKATHUM
mureapauM [1C xonTponepom u PDC konTponepom xoju kopuctu nouetnu TC da3u mozen, kao u
PDC xontponepa koju xopuctu ontumanaun TC ¢da3zm momen. OcuM Ha OJCKOYHOM OJI3HBY,
e(UKaCHOCT pa3BHjeHE METOJle je TecTHpaHa Ha IMpobiemy mnpahema MPOMEHJBHBE 3alaTe
BpPEIHOCTH M Ha Mpo0JieMy KOMITEH3aIije JejcTBa mopemehaja.

VY neBeToj TNaBU je TEOpHja YCIOBHE ONTHMHU3AIM]E MPH HEHYITUM MOYETHUM YCIOBHMA 3a
JMHEAapHE IHCKPETHE CUCTEME NpPUMEHhCHA W EKCICPUMEHTATHO Bepu(UKOBAHA Ha  MOTOPY
JeAHOCMepHE CTpyje Kao 00jeKTy yIlpaBibamba, MPHU YeMY j€ IMPOjeKTOBAH HEJIMHEApHU AUCKPETHU
PDC xoHTposnep kora umHe Tpu JokajHa JmHeapHa [IC ympaBibauka cuCTeEMa MPBOT pena.
3axBasbyjyhu Teopuju moOTHyHe MpeHOCHE (YHKIMje M3BpIIEHO je mopeheme paaa cucrema mpu
HEHYJITUM M HYJITAM TOYETHHUM YCJIOBHMA, NPH YEMY je OCTBApEH MamM MHIEKC nepdopMaHce y
cllyyajy mpuMeHe HoBe TeopHje. OcUM OBOT €KCIEPUMEHTAJIHOT, MPUKa3aH jeé U CUMYJAIMOHU
npumMep HenuHeapHor auckpetHor TC da3u mMonmena o0jekTa CIperHyTHX pe3epBoapa Kojuma ce
ymnpaBiba nomohy HenuHeapHor auckperHor PDC konTponepa, a Koju ce cacTtoju Oa Tpu
nojeIMHaYHa ONTHUMaJiHa JiokamHa JuHeapHa I[IC ympaBipauka cuctema HynTtor pema. Csu
pe3yaTaTu ykasyjy Ha TO J1a je MeTO/ia pa3BHjeHa y OBOj AUCEPTALMjH MOTIYHH]a O KJIAaCHYHE 3aTO
mMTO y3uMa y 0O03Up HEHYJTE MOYETHE yCIOBE M3 KOJUX OOjeKT 3amounmbe cBoj pan. Kmacwmuna
MeTOoAa Jaje mapaMmeTpe Koju Ou Tpebano na Oyny ONTHMAaIHHM 3a CBE IOYETHE YCIIOBE, IITO
OYHUTJICTHO HU]J€ UCITYH-EHO.

VY mocnenmoj TEMaTcKoj, JAECETO] TJIaBH, M3JI0KEHU Cy OCHOBHHM 3aKJbYYLld OBE JTOKTOPCKE
TucepTalmje.

3. OLIEHA JMCEPTALINJE

3.1 CaBpeMEeHOCT ¥ OPUTHHAIHOCT

HcTpaxuBama y 00JIACTH ONTHMHU3ALMjE JIMHEAPHUX M HEIMHEAPHUX IUCKPETHHX CHCTEMa
ayTOMAaTCKOT yIpaBJbakha W3PA3UTO CYy 3HAUajHA M aKTyellHa, IITO MOTBphyje BeIuku Opoj pamoBa
00jaBJbEHUX Y HAYYHO-CTPYUHO] JIUTEpaTypU TOKOM HOCIEImBUX roauHa. JlokTopcka aucepranuja
kanauaara Brmagumupa 3apuha 6aBu ce pa3BojeM HOBE METOJE YCJIOBHE ONTHMM3AIM]E 3aCHOBAHE
Ha KopulIhewy KapaKTepUCTUYHOT MOJIMHOMA MOTIYHE MPEHOCHE (yHKIIM]je, HeJeTeHEpaTUBHE 110
Bpcrama. [lormyHna mpeHocHa ¢yHKIMja omoryhaBa na ce A00Wjy TauHHM PE3yJTaTd y TOTJIEHAY
ckpahuBama jeJHAKUX HyJla U T0JIOBa, 0OWjama KapaKTEPHUCTUYHOT IOJIMHOMA U oapehuBama
HOTIYHOT O/13MBa CHCTEMa. Y3 TO, KOPHUCTU C€ M KOMIAKTHU padyH 0e3 Kora O mpuMeHa MOTITyHe
npeHocHe (QyHkuuje Owia Hemoryha. IlpemioskeHa MeTOJOJOTHja pa3BHjeHA 3a JIMHEApHE
JHMCKPETHE CHCTEME je Kpo3 NMPHMEHY MOJCPHHX HWHTEIMICHTHHX TeXHHKa ((ha3u MOIENOBamke U
yIpaBJbamkhe) MPOIIMPEHA U YCIEIIHO NMPUMEHEHA U 32 YIpaBJbalkbe HEIMHEAPHUX TUCKPETHHX
cucTeMa.

VY OKBUpY JOKTOpPCKE AMCepTaluje MPUMEHEHU Cy CaBpPEMEHH HCTPaKMBAYKH TOCTYIIH Y3
pa3Boj u Kopuimheme HaJHOBUjUX COPTBEPCKUX PeIIeHa 32 HyMEpUUYKE CUMYJIallje, ONTHUMH3AIN]Y
1 U3BOheme eKCIiepruMeHara.
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OpuruHaaHOCT JOOMjEHUX pe3ynaTara y OKBUPY JOKTOPCKE AMcepTaluje MOTBplyjy HaydHH
pPaZioBH KOjU Cy 00jaBJbEHHU Yy pEICBAaHTHUM Mel)yHapOJHUM YacomucHMMa M PaioBU M3JI0KCHH Ha
MehyHapoaHUM KOH(epeHIrjama.

3.2 OcBpt Ha pedepeHTHY U KOpUITNEeHY JIUTEPATYDY

Kanaunar je Tokom u3pajie TOKTOPCKE aucepTalje JeTabHO UCTPAKHO MocTojehy peneBaHTHY
JUTEpaTypy Koja MOKpHBA pa3MaTpaHy HaydyHy 00JacT, MITO je pe3yaTOBAJIO CHHCKOM O]l YKYITHO
110 6ubnmorpadckux pedepennu. OBe pedepeHiie cy MocayKujie He caMo Kao OCHOBA 3a MperJie]
J0ca/IallllbUX UCTpaKUBaba U MPUKa3 MocTojeher crama y pa3Marpanoj obaactu, Beh u ka0 oCHOBa
3a pa3BOj HOBHX MeToja. HajBaXHHMjM JTUTEpAaTypHH W3BOPU CY JETaJbHO aHalW3WpaHu. M3y3eB
JUTEeparype Koja je MMOHUpPCKa M (hyHIaMeHTalHa, y HajBeheM Opojy cilydajeBa HaBEJCHU HAy4YHU
pamoBH Cy HOBHjEr JAaTyMma INTO yKa3yje Ha CaBPEMEHOCT W aKTYeIHOCT HCTpaxkuBaHe Teme. Ha
OCHOBY 00MMa KopHIIheHe JIUTepaType MOXKe Ce 3aKJbYUUTH J1a je KaHAUIAT UMAo TeMeJbaH YBU Y
J0CaIalllkbe JOTMPUHOCE Yy OBOj M JPYrUM ONMCKMM HaydHUM oOnactuma. [IpumiioxkeHu crnmcak
kopuutheHe nuTeparype Takohe ykipydyje W myOnukanuje u3 vacomnuca melyHapoaHor 3Hayaja,
nyonukamnje Ha MehyHaponHuM KoH(pepeHIMjama, Ha KOjUMa je KaHAWAAT ayTop, a KOju Cy
JTUPEKTHO TPOUCTEKIIH U3 pajia Ha JOKTOPCKO] TUCEPTAIH]jH.

3.3 Omuc ¥ aIeKBaTHOCT IPUMERLEHUX HAVYHUX METOIA

VY Toky u3pajae TOKTOpCKe AucepTanuje kopuirhene cy cieache Hayune metone (Teopuje):

e Merone MaTeMaTHYKOI MOJEIOBama JAMHAMHUYKHUX CHCTEMa (BPEMEHCKU HENpPeKUIHHU U
BPEMEHCKHU AUCKPETHHU MOJIEIIN);

e Merone naeHTUHKAIM]E U eCTUMAlIM]je TTapaMeTapa JMHAMUYKHX CHCTEMA;

e Merosne aHanmM3e, CUHTE3€ M YCJIOBHE ONTHUMH3AIMje€ JMHEAPHUX CUCTEMa ayTOMAaTCKOT
yIpaBJbama;

e 3 Teopuje HenMHEapHUX cucTeMa KopuillheHe Cy MeTo/ie aHalln3e U cuHTe3e JbamyHoBckor
TUIIA;

e 13 Teopuje dazu cucrema KopuiiheHe Cy METOJIE MOJICIOBamka U YIPaBbakha JUHAMUIKAX
cuctema nmpumeHoM Takaru-CyreHo ¢a3u cucrema;

e Merone 3a pa3BOj HEOMXOXHOr co(TBEpa y MOJEPHUM CO(TBEPCKHM anaTHUMa KOjU
oMmoryhaBa na ce W3BpIIM cHMyJalHja pajga cucTeMa Ha LU(papcKOM padyHapy, Kao U
(dbu3MYKa peannsaiyja aJropuTMa yrpaBibama,;

e [lo3HaBame MaTeMaTHYKOT amapara OJMYECHOr Yy NMPUMEHU Teopuje MU(epeHIHjaTHUX U
nuQepeHIHNX jeTHaYNHA, KOMILJICKCHE aHallu3e, IMHeapHe anredpe u ¢a3u JIOTHUKE.

HaBenene Merone cy TOKOM HCTpaKMBama NMPUMEH-EHE Ha aJeKBaTaH HayWH, a pPe3yiTaTu
UCTPAXMBaba Cy €KCIIEPUMEHTAIIHO BEPHU(PUKOBAHU.

3.4 IIlpuMeEHIJEUBOCT OCTBAPEHUX PE3YIITATA

Pesynratu nctpakuBama KOju Cy OCTBApEHHU Y OKBUPY OBE JHCEpTalMje MMajy HAy4YHU alHd U
NPaKTUYHM 3Ha4ya] y pellaBamy 3ajaTaka YIpaBibama MIMPOKE Kilace JMHEAPHUX TUCKPETHHX
CHCTeMa OMHMCAaHUX Y YJIa3HO-U3JIa3HOM IPOCTOPY, Ka0 U KiIace HEIMHEAPHUX JUCKPETHUX CHCTEMa
y obmuky Takaru-CyreHo ¢a3u cucrema. lIpemiokeHa MmeTona yCIOBHE ONTHUMH3aIMje 3a
JWHEapHe IUCKpPETHE CHUCTEME MPHMEHOM KOHIENTa IOTIIyHE NPEHOCHE (YHKIMje MOXe Jaa
3aJ0BOJBH PA3IMYUTE 3aXTEBE KOJU CE MOCTaBJbajy TEXHHUUKAM O0jeKTHMA Y MOTJeay TUHAMUYKOT
MoHaIama, y3uMajyhu HUCTOBpeMEHO Yy OO03Mp W HEHYJITE IOYETHE YCJOBE, KOjU Cy IO CBOjO]
OpUPOM 4YecTo ciydajHe mpupone. Ca apyre crpaHe, moBehaHM 3aXTeBU IpHU TNPOjEKTOBAbY
eUKacHUX yIpaBjbauyKWX CHUCTeMa M ToBehaHa KOMIIEKCHOCT Mojena JTUHAMHYKHX CHCTeMa
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YCIIOBUJIM Cy €BOIYIIM]Y METOJIa YIIpaBJbakha Ka HOBUM TEXHHKaMa yIpaBibama. Da3u yrnpaBibame,
Kao jelHa Off HHUX, YCHENIHO je MCKOpHWIIheHa y OBOj JHMCEpTalldjh J1a C€ HOBOYBEACHA METO/a
YCIOBHE ONTHMM3allMje MpOIIMPH M Ha jJeAHy Kjacy HEJIMHEapHUX JUCKPETHUX CHUCTEMA,
npeAcTaB/beHux y o0mmky Takaro-CyreHo ¢asu cucrema. IlpemyiokeHa TEXHHKaA yrpaBibamba 3a
OBY KJIaCy CHCTeMa CaJpKH MPEIHOCTH M JEJHOT U JPYror KOHIIENTa, U CBAaKaKO Haja3u CBOjE
MECTO y NpaKkTHU4HO] mpuMeHH. llpakTuyHa, ekcrepuMeHTaaHa BepudUKalKja MNPEI0KEHUX
METOZa je M3BpILIEHA Ha TPU PA3IUUMTAa TEXHUYKA O0jeKTa, a MOXE ce NPUMEHHTH U Ha Jpyre
00jexTe yrpaBbama.

3.5 OueHa JOCTUTHYTHUX CIIOCOOHOCTH KaHIMIATa 34 CAMOCTAJIHN HAYYHU DAL

Kangunat Bragumup 3apuh je kpo3 peanusanujy oBe JOKTOPCKE JHCEPTaLHje y MOTIIYHOCTH
JI0Ka3a0 CIIOCOOHOCT 3a CaMOCTAJIHO CIPOBOhEHEe HAYyYHO-HCTPAKUBAUKOT, Al W MPAKTHYHOT
pama. OcuM CHCTEeMaTHYHOT IIperjie[la CaBpEMEHHMX HCTpPaKMBama, Je(UHHCAkA CONCTBEHHX
MaTeMaTUYKUX W HYMEPHUYKHMX MOJENA, Ka0 M METoJa ONTHUMH3alHje, CIpoBoherha HyMEPHUIKHX
UCIHUTHBAaKka, KaHIUAAT je peaqn30oBa0 M OpojHA EKCIEepUMEHTANHAa UCTPaKMBamba M H3BPIIMO
yHopeHe aHaliu3e pe3yJiTaTa OCTBAPECHUX MPUMEHOM pa3BHjeHHx W Beh mocrtojehmx meroma. Ce
OBE€ aKTUBHOCTH MOTBplEeHE Cy U HAyYHUM PaJOBUMA KOje je KaHAuIaT MyOJIMKOBAO y Yacomucuma
o1 Mel)yHapoaHOT 3Hauaja, Kao ¥ y pajoBuMa MyOJuKOBaHUM Ha MelyyHapoHUM KOH(EpeHIHjama.

4. OCTBAPEHHU HAYYHH JOIIPHHOC

4.1 IIpuka3 ocTBapeHNX HAYUYHUX JONPHHOCA

OpurvHajJHM HAy4YHH JONPUHOC KaHaugata Bramgumupa 3apuha W HBEroBe JOKTOPCKE
IcepTanyje TOoJ HA3WBOM ,,YCJIOBHA ONTHMH3aIMja JUCKPETHUX CHCTEMAa ayTOMAaTCKOT
yIpaBJbamba MPUMEHOM TOTIYHE NMPEHOCHE (YHKIMje™ OrJie/ia ce y Pa3BOjy HOBE METOJIE YCIOBHE
ONITUMU3AIIH]j€ TUHCAPHHUX AUCKPETHUX CHCTEMa ayTOMATCKOT yIpaBJhakha 3aCHOBAHE HA KOHIIETTY
MOTIyHE TpeHOcHe (yHKIHMje, INTO je MPUKAa3aHO y MOrIaBjby 6 JOKTOPCKE AMCEpTalyje, Ha
ctpanama 37-45 u motnornariby 7.3 aucepranuje, Ha ctpaHama 63-71, u ob6jaBibeHo y pany [4]
kareropuje M23, 'y waconucy Technical Gazette, ¥oju je JOCTymaH Ha €-aApecH
https://doi.org/10.17559/TV-20191031145233 Ha KOME€ je KaHIWJAT TPBH ayTOp H JEIUHHU
JTOKTOPAHI.

Jleo opuWTMHAJIHOT HAY4YHOT JONMPUHOCA TpPHKa3aH je W Yy NOTHoriaBby 7.1 mOKTOpCKe
aucepranyje, Ha crpaHama 46-54, u BepuduxoBan y paay [2] kareropuje M23, y uacommcy
Transactions of FAMENA, noctrynmnom Ha e-aapecu https://doi.org/10.21278/TOF.453014220 na
KOMeE je KaHIUAAT JeJMHU JOKTOpaH/, Kao M y notnoriasiby 9.1 nuceprauuje, Ha crpanama 90-103
nuceptanyje U o0jaBjbeH y pany [1], xareropuje M22 y uacomucy Applied Sciences, koju je
JOCTymaH Ha e-aapecu https:// www.mdpi.com/2076-3417/12/15/7705 w Ha KOMe je KaHIuaaT
jenuHu moktopann. Takohe, 3HaUajaH JOMPHUHOC j€ M ONTHMHU3alMja HemrHeapHoT Takaru-CyreHo
MoJiesia IPUMEHOM METaxeypUCTUUKOT alnropuT™a u ¢popmupame oarosapajyher PDC ympasibama
IITO je MPUKA3aHO y MOTIOMIaBJbY 8.5 Aucepranuje, Ha ctpaHama 79-89 aucepranmje, 1 00jaBJLEHO
y pany [3] xareropuje M23, y wuacommcy Thermal Science, NOCTYmHOM Ha e-aapecu
https://doi.org/10.2298/TSCI210825324] Ha KOME je KaHAUAT JETUHU JOKTOPAHI.

4.2 KpuTrnyka aHajIn3a pe3yaTaTra HCTPaKUBambha

Ha ocHOBY cuctemaTuuHoOr nperjieaa npeaodeHe HaydHe JIMTeparype U nocrojehux pemema u3
obnacTu TOKTOpCKe nucepraiuje, Komucuja KoHCTaTyje Aa Cy OCTBapEHHU Pe3yNTaTH UCTPAXKUBAHA
kaHaumara Bnagumupa 3apuha HaydHO yTeMe/beHM M H3Yy3eTHO 3HaudajHu. CarjenaBameM
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MOCTaBJbEHUX IMJb€BA HCTPAKMBAa, IIOJIA3HUX IMPETIIOCTAaBKM W OCTBapeHUX pe3yirara
MPUKa3aHUX y TOKTOPCKOj AUCEPTAIH]H, KOHCTATYjeMO Ja je KaHAUAAT YCIEeITHO OJITOBOPUO Ha CBA
penieBaHTHA MHUTamka U3 MpodJIeMaTHKe KOjOM ce JTOKTOpcKa aucepranvja 0aBu. PasBujene meroze
UMajy MPUMEHUBOCT Yy O0JIACTH ONTHUMH3AIN]jE JTHHEAPHUX M HEJIMHEAPHHUX IUCKPETHHX CHCTEMa
ayTOMAaTCKOT yTpaBibama. lIpeanokeHn ajaropuTMH yIpaBibamba 3a JHMHEAPHE CHUCTEME KOPUCTE
0 MPBU YT KOHIIENT MOTITYHE MPEHOCHE YHKIMje Y MOCTYINKY YCIOBHE ONTHMHU3AIH]E, a Y IIHJBY
no0ujama JUHAMUAYKOT TIOHAIIamka ca yHanpea nAeuHUCaHuM Mokas3aresbuma. KonauHno, pasBujeHa
METOIOJIOTHja j€ KpO3 MHTETpalyjy ca TexXHHKama (a3u MOJE/IOBama M YIpaB/bakba YCIEITHO
NPOIIMPEHA U Ha KJacy HeJIMHeapHUX JUCKPETHHX CHCTeMa, a TOOWjeHH pe3ylTaTH Cy MOKa3alu
OTPABIAHOCT W 3Haua] Kopulthema MOTIyHe MPEeHOCHEe QYHKIIH]E.

4.3 Bepudukaiuja HaVYHHUX JOIPUHOCA

VY cnenehum HaydHMM pajioBUMa Cy BEpU(PHUKOBAHU HAYYHH JONPUHOCH MPEIMETHE TOKTOPCKE
TucepTarmje.

Kareropuja M22:

[1] Jovanovi¢, R., Zari¢, V., Bucevac, Z., Bugari¢, U., Discrete-Time System Conditional
Optimization Based on Takagi—Sugeno Fuzzy Model Using the Full Transfer Function, Applied
Sciences, vol. 12, no.15, pp. 1-19, 2022, IF=2,838. https://www.mdpi.com/2076-3417/12/15/7705

Kareropuja M23:

[2] Gruyitch, L., Bucevac, Z., Jovanovi¢, R., Zarié, V., Discrete-Time System Conditional
Optimisation in the Parameter Space via the Full Transfer Function Matrix, Transactions of
FAMENA, vol. 45, 3, pp. 45-62, 2021, IF=0,743. https://doi.org/10.21278/TOF.453014220

[3] Jovanovié, R., Zarié, V., Identification and control of a heat flow system based on the Takagi-
Sugeno fuzzy model using the grey wolf optimizer, Thermal Science, 2022, vol. 26, Issue 3, Part A,
pp. 2275-2286, 1F=1,625. https://doi.org/10.2298/TSCI210825324]

[4] Zarié, V., Bucevac, Z., Jovanovi¢, R., Discrete-Time System Conditional Optimization in the
Parameter Space with Nonzero Initial Conditions, Technical Gazette, vol. 29, no. 1, pp. 200-207,
2022, IF=0,783. https://doi.org/10.17559/TV-20191031145233

Kareropuja M33:

[5] Zarié, V., Bucevac, Z., Jovanovi¢, R., Conditional optimization of computer automatic control
system of an selected plant at arbitrary initial conditions, IX Triennial International Conference
Heavy Machinery HM 2017, C.7-C.12, June 28-July 1, 2017, Zlatibor, Serbia.

[6] Jovanovi¢, R.,Zarié, V.,Vesovi¢, M., Laban, L., Modeling and Control of a Liquid Level System
Based on the Takagi-Sugeno Fuzzy Model Using the Whale Optimization Algorithm, ICETRAN
2020 Conference, September 28-29 2020, Belgrade, Serbia.

[7] Vesovi¢, M., Jovanovi¢, R., Laban, L.,Zarié¢, V., Modeling and Control of a series Direct
Current (DC) Machines Using Feedback Linearization Approach, ICETRAN 2020 Conference,
September 28-29 2020, Belgrade, Serbia.

[8] Zari¢, V., Jovanovi¢, R., Laban, L., Vesovi¢, M., Identification of a Coupled-Tank Plant and
Takagi-Sugeno Model Optimization Using a Whale Optimizer, Masing 2020 Conference, December
09-10 2020, Nis, Serbia.

[9] Zari¢, V., Perisi¢, N., Jovanovié, R., Control of a Liquid Level System Based on Classical and
Fuzzy PID Like Controller Using The Grey Wolf Optimization Algorithm, X Triennial International
Conference Heavy Machinery HM 2021, C.23-C.30, June 23-25 2021, Vrnjacka Banja, Serbia.
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5. 3AK/bYYAK U ITPEJIOI’

Ha ocHOBY neraspHOr Ipersiefia M aHajau3e JOKTOpCcKe auceprauuje, Komucuja 3a mperien,
OLIEHY M 0JI0paHy JIOKTOPCKE JHcepTalije KOHCTAaTyje Aa je JOKTOpCKa JucepTalyja MoJ] Ha3UBOM
»YCJIOBHA ONTHMHM3AIMja [JMCKPETHMX CHCTEMa ayTOMAaTCKOI YNpaB/baka INPHMEHOM
NOTNYyHe NMpeHocHe yHKuUje* kanaunata Baammmupa 3apuha, mact. mmx. mam., ypahena
IIpeMa CBUM CTaHIapAMMa y Hay4YHO-UCTPaXKMBAYKOM paay, Kao M Ja HCIyHhaBa CBE YCIIOBE
npensuheHe 3aKOHOM O BUCOKOM 00pa3oBamy M Ja je y ckiany ca Craryrom u [IpaBHIHUKOM O
JTIOKTOPCKUM cTyaujamMa MammHckor (akynrera YHuUBep3urera y beorpany. Ha ocHoBy pe3ynrara
M 3aKJbydaka IpHKa3aHUX y JOKTOPCKOj auceprauuju, Kommucuja KoHCTaTyje Aa je KaHIUAAT
Baagumup 3apuh, Mact. WHX. Marl., YCHENIHO 3aBPIIMO JTOKTOPCKY AHMCEpPTalU]y y CKIamgy ca
npeaBUleHNM MPEIMETOM U MOCTAaBBEHUM [IUJBEBHMA UCTPAKUBAbA.

Komucwuja 3a mpersnies;, orieHy u o0paHy JOKTOPCKE IUCEpTaIlMje 3aKJbyqriia je 1a JOKTOpPCKa
aHcepTanyja IMoja Ha3sUBOM ,,YCJI0BHA ONTHMH3ALUja JAMCKPETHUX CHCTEMa ayTOMaTCKOT
ylnpaB/balkhba NPUMEHOM NOTIYHe NMPeHOCHe (PyHKumje“ mpencraBba OpUTHMHAIAH M BpeEIaH
HAy4YHU paJl ca Hay4YHUM JONMPUHOCHMA Yy O0JACTH MAIIMHCTBA, yXa HaydyHa o0iacT AyTOMAarcKo
ynpaBibambe. Mmajyhu y Bumy HaeaeHo, Komwmcwja mnpemnmake HacraBHo-nHayunom Behy
MammuHckor ¢akynrera y beorpany na Pedepar npuxsaTu, qucepraiujy cTaBi Ha yBUJ JaBHOCTH Y
CKJIaJy ca 3aKOHCKHM ojpendama u ynytu Pedepar Ha koHauHO ycBajame Behy Hayunux oGmactu
TEXHUUYKUX HayKa YHuBep3urera y beorpany, a na ce HakoH Tora kanauaatr Baapmmmup 3apuh,
MacT. MHX. Malll., T030BE¢ Ha jaBHY 0JI0paHy aucepTalyje.

V¥ Bbeorpany, 05.09.2022. ronune
YJIAHOBU KOMUCHUJE

np Pagumia JoBanosuh, penoBHu mpodecop, MEHTOP
VYuusep3utet y beorpany, Mammacku daxkynrer
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VYuusep3utet y beorpany, Mammacku daxynrer

np Cphan Pubap, Banpennu npodecop
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ap Hparan [Ipmuh, Banpeaau nmpogecop
Yuusep3utet y Kparyjesity,
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