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OpabpaHa nornae/ba U3 €N1€KTPOMOTOPHMUX NOrOHA

KnacudumKaumja enekTpoMoOTOpHMX NoroHa npema 6pojy moTopa M npeTBapaya Yy MOroOHYy.
BuweEKBagpaHTHU pag M yTUUAj NpeTBapada Ha mpexy. [IpMMeHa aKTMBHMX WM MacMBHUX GUATpa.
EHepreTcka edpMKacCHOCT KOMMOHEHTU MoroHa. MeToge 3a aHa/iM3y W CUHTE3Y MOroHa Ca KPyTom M
enacTmMyHom Be3om. CumynaumMoHu mogenn. CUHXpOHM3aLMja paja BULWEMOTOPHOT MOTroHa - eNeKTPUYHa
OCOBMHA. BEKTOPCKO ynpaB/batbe MOrOHa Ca aCMHXPOHUM UM CMHXPOHMM MOTOPMMA ca M 6e3 adasaya
nonoskaja. Peanusauumja HanpeaHWX anroputama ynpaesbatba. AHa/nM3a OCET/bBMBOCTM Ha MNPOMEHY
napametapa. MaeHTudurKaumja n ectumaumja pesieBaHTHUX BEIMYMHA Y NOTOHY.

AnjarHocTMKa 1 MOHUTOPUHT e/1IeKTPUYHUX MALLMHA

JeiHaUMHe MalLMHa Y CTaLMOHAPHUM U YONLITEHUM CUCTEMMMA KoopauHaTa. Obpasa curHanay peasiHom
BpeMeHy. MeToze aHanM3e cnekTpa cTpyje ctatopa. MOHUTOPUHI CTaTOPCKUX U POTOPCKUX dryKcesa.
Mpahetbe 6p3nHe M Nonoxaja poTopa. NpuMeHa KOHBEHLMOHAMHUX TEXHUKA: EHKOAEPU, TaXOMETPH,
pusonsepu. EcTMmaumja Knusarwa u Op3vHE Ha OCHOBY e/IeKTPOMAarHeTHor MomeHTa. EcTumartopwm
MomeHTa U dnykca. Ectumaumja dpekseHumje M Bp3vHE Ha OCHOBY Mepera pacunHor ¢aykca.
Ectumaumja y moroHMmMa ca npeTBapayMma yyectaHocTu. EcTMmaumja momeHTa MHepuuje noroHa.
Ucnutuearba y CTakby MuUpoBakba. HeMHBa3uBHe meTofe. TEPMOBU3MjCKA UCMUTUBAHbA ENEKTPUUHUX
MaLKMHa. [lMjarHoCTUKa eKCLEHTPULUTETA M IOMA KaBe3a aCUHXPOHWX MOTopa. MOHUTOPUHT BUBpaLuja.
MpUMMeHa MaLIMHCKOT yyerba 33 UAeHTUdMKALMjy U NPOLEHY PaHMX CTakba MaLlMHa U NOroHa.

OncTpnbyTUBHM CUcTemMU
KOHLEeNTN eBPOMCKMX M amMepUYKUX OUCTPUBYTUBHUX MPEXkKa, Kao penpeseHTV CBUX TUMNOBa CBETCKUX
ANCTPUBYTUBHUX MpeXKa. HeypaBHOTEKEHOCT ANCTPUBYTUBHUX MPEXKa U HECMMETPUja HUXOBUX CTakba.



MpopayyHM TOKOBA CHAra M MPOPAYyHU PeEXMMa C KBAaPOBMMA YPaBHOTEXEHUX U HEYPaBHOTEKEHUX
ONCTPUBYTUBHUX Mperka. Perynaumja HanoHa AMCTPUOYTMBHMX MpexKa. HauuMHuM  ynpaB/bakba
ontepeherem M NOTPOLLHOM AUCTPUBYTUBHUX MperKa. NpopadyH TOKOBa CHara U HanmoHCKUX NPUANKA Y
YCTa/beHOM CTatby M aHaNIM3a KPATKUX CMOjeBa Y MpexKama ca MaMM reHepaTtopuma.

MnaHupare 1 eKcnnoaTaumja eNleKTPoeHepreTcKUX Mpexa

MnaHuparbe 1 ekcnnoaTaumja y pecTpyKTyMpaHoj enekTponpmepeam. TEXHUKE O4NyYMBatba Y
PeCTPYKTYMpPaHoj enektpnpuspean kopuwherem gpasu norvke. [LlyropoyHo 1 KpaTOKOPOUYHO
NnAaHMpake o4prKaBakba NPOU3BOAHMX jeaMHMLA. JyropoYyHO M KPaTOKOPOYHO NiaHUpare o4piKaBatba
mMmperka. KoopavHauuja namehy AyropoyHOr M KpaTKOPOYHOr MaHWparba. MnaHupare npolnpera
NPeHOCHe MpEXKe Yy YCN0BMMA AYropoYyHe HEeM3BEeCHOCTU. KpaTKOpPOUYHO NnaHupare LEeHa eNeKkTpuyHe
eHeprmje un yyewha reHepaTtopa Ha TPXUWTY. BanaHCHO TPXKULWTE eNeKTPUYHE eHepruje: - M3asoBu
pervoHanHe MHTerpauuje n obyxeaTarbe GNEKCMBUAHOCTM ycnes OBHOB/bLMBUX M3BOPA, YNpaB/batba
onTepeherem 1 cMCTEMA 33 CKAaAULLTEHE EHEPTH]E.

Y3embere 1 y3eM/bUBaYKU CUCTEMU

CTauMoHapHe U  KBasUCTAUMOHAPHE  KapaKTEPUCTUKE  Yy3eM/bMBa4Ykux cuctema. CTpyKkTypa
€NEeKTPOMArHeTHOr Mo/ba M NOTEHLUMjaIa Y OKOZIMHU Y3eM/bMBaYa Y IMHEAPHO]j, U3OTPOMHOj, XOMOTEHOj U
HEXOMOFEHOj CTPYKTYpu Tna. MpopayyH HenosHaTe pacnogene cTpyje, CTpyje oTULAkba U UHTErpanHux
KapaKTePUCTUKA Pa3/INYUTUX Y3EM/bUBAYKUX CTPYKTYpa: MMMeAaHce y3em/bMBaya, HarnoHa goaupa u
HamoHa Kopaka. Popmuparbe cuUcTema WHTErpasHUX jeaHadMHa 3a aHanusy EM Kapakrepuctuka
Y3eM/bUBAYKUX cucTeMa. MTPpUBAMIKHKM MeToauM 3a pellaBaktbe CUCTEMA MHTErpasiHUX jeaHaynHa: MmeTos,
MOMeHaTa, MeTo[ MoJellaBatba Y Tauykama, MeToj cpefrUX MNoTeHuMjana, MeTo[, €KBUMBaNeHTHe
€N1eKTPOoJEe. METOA, KOHAYHMX eflemMmeHaTa, MeTo, npoueHe. PpeKBEHTHE KapaKTEPUCTUKE Y3eM/bMBAUKUX
cuctema. HagzemHu 1 Kabo0BCKM BOAOBM Kao E/IEMEHTU CUCTEMA Y3EM/bEHA.

MeToge onTuMusaumje y enekTpoeHepreTuum

3Havyaj onTMmuM3auMoHux Mmetoga y EEC. [AdeduHuumja ontumumsaumoHor npobnema. JIMHeapHo
nporpammparse. CUMNAEKC U AyanHU cumnnekc. TpaHCNOpTHAU 3adaTtak. HeanHeapHo nporpamupatse.
lpagnjeHTHe meToZe. HbyTHOBa meToda. KBagpaTHo nporpamuparse. CAoXKeHM ONTUMMU3aLMOHN 33,43aUM.
[AVHaMMUKO, reOMETPUJCKO M BULLEKPUTEPUjYMCKO Nporpamuparse. XeypucTuuKe M MeTaxeypucTuuke
MmeToae onTUmMsaumje. TUNUYHU CTaTUYKM U AMHAMWYKM ONTMMM3aLMOHM 3agaum y EEC: onTumanHa
pacnogena cHara, oNTMMaaHW MAaHEPCKM 3a4auM, ONTUMANHO NAaHMPakbe MOroHa Ca aHraXkoBarbem
arperaTa, HanoOHCKO - PEaKTUBHM CTaTUUYKMN U AMHAMMWYKM ONTUMMU3aLMOHM 3a4aLM.

HanpegHe Teme U3 efleKTpOMarHeTHe KOMNAaTMGMAHOCTU

MpaKTUYHK NPOBHAEMM NMPUINKOM UCMIUTUBAHA eIEKTPOMarHeTHe KomnatnbunHoctn (EMC).
MogaenoBarbe MojaBe eNeKTPOCTAaTUYKOr NpaKherba, 33[0BO/baBakbe CTaHAApAa Y 0BOj obnactu wm
TexHuke EMC. Ucnutmnearbe EMC ca HanojHOM mpexom 1 mepe 3a nobosbllakbe KBaUTETA €/1EKTPUYHE
eHepruje. EnekTpomarHeTHe cmeTHE Kao nocieguua atmochepckux npaxkmwera (LEMP) n HykneapHux
ekcnnosunja (NEMP). OdeTekumja HEHaMepHUX eneKkTpomMarHeTHux curHana (TEMPEST) u u3asuBame
HamepHMX cmeTh K. MNMpumeHa TexHnka EMC npu npojektoBaky ypehaja u cuctema. CaBpemeHa onpema
nabopartopwuja 3a ucnutnsare EMC.

OpabpaHa nornaB/ba U3 eNEeKTPUYHUX MaLLMHA U TpaHcdopmaTopa

Onuc seher 6poja cneunduyHmnx npobsiema Koju ce jaB/bajy Y TOKY eKcnioataumje enekTpuYHMX MallmHa
n TpaHchopmaTopa y pasNnunTMM rpaHama npuspese. MNoctaBka npobaema m M360op NpuUcTyna 3a bUXoBo
pelwasatbe. ONTMManaH M3bop MepHE U UCMIUTHE OMNPeMe 3a BPLUEHE UCNUTMBAHA Y EKCMI0ATALUOHUM
ycnoBuma. M36op oNnTMUManHMX MaTeEMATUYKMX MOZena 3a gaTe cnydajeBe. KopucHu codpTeepu Koju mory
onaKwaTtu aHanumsy. Besa nsmehy teopmje n npakce. Npurmepun gobpe npakce y NpUMeHU jeJHOCTaBHUjUX
N CNOXKEHUjUX MOAENA, Y 3aBUCHOCTM 04, PaCNONOXUBUX NOAaTaKa U pe3yaTata U3BpLUEHUX UCMUTUBAHLA.
AHanusa pgobujeHux pesyntata. Mlocmatparbe eNeKTPUYHMX MalMHa U TpaHcdopmaTopa Kao "MepHUX



ypehaja" Ha ocHOBY uujer noHalawa ce mory Aobutn getasbHe MHPoOpmauuje M O pagy MnoroHa
(nocTpojera) y Kojuma osu ypehaju page.
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AurutanHmn cuctemu

OcHOBHE KapaKTepuCTMKe CaBpeMeHWUX OUIMTa/IHMX cucTema. HanpegHe TexHosormje y peanvsaumju
JNIOTUYKUX, KOMOUHALMOHUX N CEKBEHLUMjANHUX AUTUTANHUX KOMA. JUrMTasHA CUCTEMU HUCKOF HanoHa
Hanajakba M mMasie NOTPOLWHe. ACUHXPOHU AUTUTAIHW cucTemu. MeToa0/10rMje NPOjeKTOBakba C/IOXKEHMX
OUTNTANIHUX CUCTEMA HA Pas3/IMYUTMM HMBOMMA ancTpakuyumje: PT/1 npojeKkToBarbe M CUHTE3A BUCOKOT
HuBoa. CMHTe3a CTase MojaTaka M ynpas/bayke jeguHuue. TexHUKe 3a nobosbluiarbe nepdopmaHcu
OUTNTANHUX CUCTEMA: MPOTOYHE W MapanenHe apxutektype. lNpUMHUMNM XaphBepcKe peanusauuje
aputmeTmdkux ¢yHkumja n OCM anroputama. ApxuTekType NporpamabuiHUX [UTMTaNHUMX Kosa.
AurutanHm cuctemmn oTNOPHU Ha OTKase.

EHepreTcKa eNeKTpoHUKa

BpcTe nonynpoBoaHUUYKNX eHepreTckux npekuaaya. AC-DC npetsapauun. Ucnpassbaum y npeknaaykom
pexnmy paga. Ucnpassbaum 3a nonpasky GpakTopa cHare. BuweksaapaHTHU paa. DC-DC npetsapaumn. DC-
AC npetBapaun. Codt ctapTepu, ppeKBeHUMjcKM npeTBapaym. MpeTBapayn 3a cpesHe HanoHCKe HUBOE.
MeToae ynpassbatba. AupekTHn AC-AC npeTBapayn. JMmeH3noHMCabe KOMMNOHEHTU NpeTBapaya. YTULaj
npeTBapaya Ha MpexKy 1 notpowade. Kopmwhere HameHcKkux copTBepa 3a aHaM3y paga npeTeapaya.



HanpeaHe pauyHapcKe apxuTekType

Mpernen HanpeoHUX pPavyyHaApPCKUX apxXUTEKTypa: NPOTOYHW npouecopu, cynepckanapHu, VLIW,
BULLIEje3rapHe 1 BULLEHUTHE NPOLLECOPCKE apXUTEKTYpe, XeTeporeHe apxuTekType. Memopujckm cuctem
- MHTEpHA permMcTapcka nosba, scratch pad memopuja, Keww xujepapxuja, opraHmnsaumja rnaBHe Memopuje,
BUPTYeNIHA memopuja. KoxepeHumja, CUHXPOHM3ALMja U KOH3UCTEHTHOCT memopuje. OpraHmsaumja
ynasa-usnasa un mHtepodejcu. Mpouecopu cneunduryHe HameHe. BucokonepdopmaHCHU U eHepreTcku
edUKacHU npouecopun. ApXMTEKTYpE 3a NapasenHo U JOMEHCKM cneundryHO n3padyHasamwe (GPU, TPU,
NPU, Edge Al). PauyHapcKe apXUTEKType 3a BELUTAYKY UHTENUTEHLM]Y N BENUKY KONUYMHY noAaTaKa. RISC-
V moAaynapHoOCT 1 npolmnpemna. TexHuke nporpammparba. Cumynatopu padyyHapckux cuctema. MpoueHe
neppopmaHcu, NOTPOLLHE U MOBPLUMHE HA CUANLMjYMY.

OnTMMKU3aLMja U NPojeKTOBatbe aHa/IOrHUX Kona

MogenoBamwe TpaH3ucTopa. OnTMMM3auMja NapameTapa OCHOBHMX KOJla aHa/NOrHe eNneKTPOHWUKE:
nojayaBayku cTemneHW, OMnepauMoHM MojYaBayn, KOMNPaATopu, U3BOpPM pedepeHux HamoHa, Kosa 3a
nonapmsaumjy y CMOS un BiCMOS TexHonornju. TpaHCKOHAYKTAHCHU, YETBPT-KBagpaHTHM u PWAM
aHaNorHM MHoxauu. AHanorHe (PLL) n aurutanHe (DLL) ¢asHo cuHXpoHusoBaHe net/be. RC, SC u Sl
dunTpu. Ocumnatopu. OnTMMM3aumja nepPopmaHCK aHaNOTHUX eNIeKTPOHCKMX Koa (noTpolwtba, 6p3nHa
paga, Wwym).

Mpouecupare AUrMTaNHUX CUTHaNa

Buwepesonyumjcka aHanusa curHana (ykawydyjyhu asnet TpaHchopmaumje), cnekTpanHa aHanmsa,
dunTpuparbe y peasiHoM BpeMEHY, afanTMBHO Npouecuparbe, obpaga cMrHana y npucycTay LWyma, Kao 1
obpafa MyATUOUMEHIUOHANHUX W OUOMEAMUMHCKMX curHana. [MocebHa naxkkwa nocsehyje ce
BPEMEHCKO-PPEKBEHTHUM  TeXHMKama, CTAaTUCTUHKMM U CTOXaCTUYKMM  MOAENIMMA, Kao MU
umMmnnemeHTaunju anroputama y MATLAB/Python okpyskery M Ha xapABepckum naatpopmama (Hnp. DSP
npouecopn mam FPGA). KpuTMuKa aHanM3a M MHOBATUBHE MNPUMEHEe TeXHWKA obpase curHana y
pas’nMUNTUM OOMEHMMA — Of, KOMYHWKAUMOHMX CUCTEMA W aygMo TexHOJIorMja A0 MeaMULMHCKe
OMjarHOCTUKE N UHTE/IMITEHTHUX CUCTEMA.

MpojeKkToBame eNeKTPOHCKUX Kosa U cucTema

VLSl TtexHonormnja. Crpyktypa VLS| cuctema. [lpojektoBatbe VLSl apxutektypa. CuHTE3a Kona.
MpojekToBatbe HanpeaHuUx cuctema Kopuwherem rotosux IP 6nokoBa. Kopuwhere, KoHPUrypaumja,
nporpamuparse HanpeaHux mukponpouecopa yrpaheHux y FPGA uumnose (Microblaze/Zyng CPU).
Ynotpeba HanpegHux GYHKUMOHANHOCTM Koje caBpemeHuM FPGA cuctemmn Hyge, Kao wto cy AXI
maructpane, DDR memopuja, SERDES KOMyHWKauMOHWM NWHKOBM wuTA. [MpeHoc nogaTaka usmehy
pPasnnMUUTUX purutanHux 6aokosa y FPGA kopuwherbem AXI maructpana. Kopuwhene yrpaheHmx
JIOTMYKMX aHaNM3aTopa, NPorpamabunHmx ynasa.

Cumynaumja u onTumm3saumja eNeKTPOHCKUX Koa U cuctema

Cvumynaumja  aHanoOrHUX  Kona: JlomeHM  ancTpakumje:  jeAHOCMEPHW,  MPOCTONEPUOLMUYHM,
BPEMEHCKMAOMEH. Anroputmu 3a cumynaumjy. KoHuentn dopmynauumje jegHaumHa 3a aHanausy
€NEeKTPOHCKUX KoNa. ANropuTMM 33 cumynaumjy. PpekBeHUNjckM 1 s gomeH. Cumynaumnja AMHeapHUX 1
HEeNIMHEeapHUX ,0TMOPHUX U PeakTMBHMX Kosa. Cumynaumja Kona ca pacnoge/beHMm napameTpuma.
MogenoBate eNeKTPOHCKMX KOMMOHEeHaTa. ANropuTMU Cumyaumje AUruTanHux Kona. Mogenoarbe
CUrHana u onepatopa. MogenoBare Kawrera. Cumynaumja Kona ca MELWOoBUTUM  CUTHaAUMa.
leHepucarbe CTpyje Hanajakba U METOAM 3a MPOLEHY CHare M Kalwrera. OnTuMmnsaLumja enekTpPoHCKNX
Kona. [locTtynum 3a onTMmM3aumjy 3acHOBaHM Ha HbyTHoOBOM anroputmy. CTaTUCTUUKM meToam
onTummsaumje. MNojam TonepaHumja M npuHoca. AHanmsa TosepaHumja. ONTUMM3AUMOHM NOCTYNUM Y
MaLUNHCKOM YYEH Y.

MpeHoc nogaTtaka n ympexkaBake
EBoAyUMja MPeXHUX apxuTeKTypa u mogena: ISO-OSI u TCP/IP moaenu, caBpemeHe MpeskHe napaaurme.
YBoa y 5G n 6G apxuteKktype. NpeHOCHM MeaujyMmn U TeXHUKE NpeHOCa: KapaKTepucTuke meamjyma,



MYATUMNNEKCUpPabe M KOMyTauMja, mogynaumja u Kogupare 3a 6exuyHe cucteme. MpUCTyn MpeXKu u
CUrHanu3aLumja: NPOTOKOAN 33 MPUCTYN MegujyMy, JIoKanHe BexuyHe mperke, MHAOYCTPUjCKE MpeXke.
MpexHu cnoj: agpecmparbe, pyTepckn NPOTOKOIN, NOAPLIKA 33 MYATUKACT, MPEXKHA BUPTyenumsaumja u
cermeHTaumja y 5G mpexama. TpaHCNOPTHM CNOj: NPOTOKOAM, KOHTPOAA 3aryluera U KBaJIMTeT CepBumCca.
AN/MKALMOHM CNOj:  KAWjeHT-cepBep W peer-to-peer apxMTEKType, anjiMKauMOHW MPOTOKOAMU,
MyATUMeAMjaIHa KOMYHMKauMja. CUTYPHOCT y payyHapCKMM MpeXKama: KPUMNTOrpadcKkM KOHLENnTU u
6e3begHoCcHM cepBucK. MobunHe 1 ad-hoc mpeke: ceH3opcke mperke, mpexe 3a loT.

Metoge anpoKkcumauuje

Mpobnemn anpokcumaumje. MeTogm anpoKCcMMalMje amMNAUTYACKE KapakTepuctuke. MaKcMmanHo
paBHA KapakTepuctMka. Mini-max Kapaktepuctuka. Cpegrbe KBagpaTHa anpokcumaumja. lMpenasHe
KapaKTepuctuke. Metogu anpokcumaumje dasHe KapakrtepucTmke. MaKcMmanHo pasHe @asHe
KapaKTEPUCTUKE M KapaKTepUCTUKe TFPymnHOr Kawmeha. Mini-max KapaktepucTuke dase u rpynHor
KalWHerba. MHTepnonaumoHa TeXHMKa y anpoKcumaumju ¢pase. CMyaTaHa anpoKcMmMaumja amnamTyae u
daze.DasHU M aMANUTYACKM KOpeKTOopU. [lpyrn meToam anpokcumaunje dase. Metoam anpokcumanmje y
BpemMeHCKoM gomMeHy. Mini-max anpokcumaumja. ANpoKCMMaLMja MUHUMU3MPabEM CPEHEKBAAPATHE
rpewke.MHTEPNOAALMOHA TEXHUKA. JIMHEAPHO NPOrpaMmnparbe 1 NPOjeKTOBabE AUMUTAHUX PunTapa.

BewTauka MHTeUTEeHLMja Y UHKEHEePCTBY

Mojam BelwTayke UHTENUreHUMje. BewTayka MHTeUTEHLM]ja 3aCHOBAHA Ha NPOAYKLUMOHUM NPaBUIMMa.
BewTayke HeypoHcke mpexe. [MpupoaHM HepBHU cuctem. HeypoH. CuHanca. Mopen HeypoHa.
ApXMTEKTYpE BELUTAaYKNX HEYPOHCKUX MpeXKa. Yuere. MNepuentpoH. MoryhHOCTH, anroputmMmu 3a yyere u
KanauuTeT nepuenTpoHa. BuwecnojHe HeypoHcke mperke. Backpropagation anroputam. PekypeHTHe
HeypoHCKe mpexke. TUNoBK, yyerbe U nNpobaemn npumeHe. JMHAMUYKM NOCTYNUM y4yerba. MeHEeTCKM
anropuTMu. Peanmsaumja BelTauKMX HEYPOHCKMX mpea. VLS| umnaemeHTaumja aHanOrHMX HEYyPOHCKUX
Mmpexa. AurntanHa peanusaumja HEYPOHCKUX mpeka. Boltzmann-osa mawwuHa. Neuro-fuzzy mpexke u
HUXO0Ba NPUMEHa.

P® uHTerpucaHa Kona

BiCMOS TexHonormnja 3a P® u aHanorHa Kona. [Au3ajH KWT, MHCTanauuja, npasBuia MPOjEKTOBAHA,
HajBa)KHMjM NapameTpu. bnubanoteke enemeHara, WEMATCKM cMmbonn, mogenu, nejayt. bubnmoteke
henunja. Kpenpare Hoee henuje. LipTarbe niejayta 1 cnojeBn. KoHTakTh 3a POUK, boHAMparbe, NakoBarbe
yuna. Bogosu Ha uMny, Kao efleMeHTU Mpedka 3a npunaroherbe U MUKpoCTpun GuaTpu. EnekTpomarHeTHa
cumynaumja nejayta. EKkBuBaneHTHM S (pednekcmoHu) napameTpu nejayta. Bepudukaumja ga nv nejoyt
ynna ogrosapa wemu (LVS). BepuduKaumja ga nu cy nowToBaHa npasBuna npojektoBarba (DRC).
Cvmynaumja gmsajHa. GDSII popmat. Pabpukaumja.



METPOZTOTNJA U MEPHA TEXHUKA
| rogmuHa

(ctypeHT 6upa 3 npegmerta ca aucre)

H H | ECN
WNGPA Hasus npeamera acTaBHMK/HaCTaBHMLM Ha n C
npeamerty 1P b
. Jenuh B. paraH

40EM1M01 | MeTponorunja enekTpu4yHMx BenmymHa Camb M. Muna 3 12
40EM1M02 | CeH30pM M MEPHU NpeTBapaym ﬁi:::ﬁiéﬁﬂaﬂ; 3 12
40EM1M03 | Cnuctemmn 3a mepere U KOHTPOoY OunHumh P. MunaH 3 12
40EM1M04 | MepHO aKBU3ULMOHU CUCTEMM z::::?vg’p:;aﬂ:’ar% 3 12
40EM1M05 | MpouecHa mepHa TEXHUKA JosaHoBuh P. JeneHa 3 12
40HNP1 Hay4yHo ucTparkmsayuku pag 1 11| 24

M - Npeaasarba, HUAP - HayuyHO ncTpaxkmeayvkm pag,
HacrasHu nporpamu

MeTtponoruja eNeKTpUYHUX BeJIMYnHa

Meperbe U meTponorunja. Passoj cuctema mepHux jeauHuua. PU3MUKe KOHCTaHTe. HauuoHanHe wm
MehyHapogHe METPOJIOWKE MHCTUTYuMje. Mepera U MepHe meToge. AHanusa M3BOpa rpellaka M
CMEeTHM Yy Mepetrby. MeTposiowKe KapaKTepUCTUKe cpeactaBa mepera. Kanmbpauuja n komnapaumja
€TasIoHa Mepa - cneansoct. Metoae obpage pesynTaTa mepera U yTBphMBatba MepPHE HECUTYPHOCTMW.
MprMeHa padYyHapCKMX KOMMOHEHTU Y MeTPO/IOrMjM 3a NPUKYN/barke, 0bpagy U npeseHTauujy mepHo-
MHGOPMALMOHMX NoaaTaka.

CeH30pu U MepHU NpeTBapayun

OcHoBHe peduHuumMje M 610K Wema mepHor npetsapada. CeH30p KAao OCHOBHU €/1eMeHT MepHOor
npeTsapaya. MHPopmaLMOHO-eHepreTCKM NapameTpu MepHOr npeTeBapaya. TpeHA0BM pa3Boja ceH3opa U
MEepPHUX npeTBapada. AKTMBHM W MACUBHM MEPHU nNpeTBapayu. AHANOTHU WU AUTUTASIHU MEPHU
npetBapayn. MHTerpucaHu, MHTENIUIEeHTU CEH30PU N MePHU MoZyan. MepHu npeTeapaym TemnepaType,
cune, NPUTUCKA, NPOTOKA, HMBOA, NOMepaja, BNAXKHOCTU. AHANONHA e/1IeKTPOHCKA KoMa 3a NoBe3MBake
CeHsopa.

Cuctemu 3a meperbe U KOHTpony

NHdopMmaLmoHa Teopmja MePHUX CUTHANA U TPeLLKe Meperba. MEepPHN M KOHTPOIHWU CUCTEMM.
MeTpO/IOLKK CUCTEM U MeTpOosIoWKa ypeheHocT. AHaNOTHN U AUTUTANHU CUCTEMM 33 MpoLEecMpakbe
MEpPHUX curHana. MpojekToBarbe ayTOMaTU30BaHMX MepPHMX cucTema. CaBpeMeHW MEPHU CUCTEMM.
PauyyHapcKu 3aCHOBaHM MEPHM cUCTEMU. MHTENUTEHTHA M BUPTYyeNHa MepPHa MHCTpymeHTaumja. MogepHe
CEH30pCKe TexHoNoruje - MHTerpucaHn 1 MEMC ceHsopu. MprMMeHa BEWTaYyKe MHTEUreHUMje Y MEPHUM
cuctemmma. MepHu cuctemn y U Hayctpmjm 4.0. Cuctemun 3a NpeamvKTUBHO oAprKaBarbe. MeHaymeHT
KBanuTeTa. bexxnyHn mepHu cuctemun n ceHsopcke mpeske. Pysuja ceHsopa.

MepHO aKBU3ULIMOHU CUCTEMU

MoBe3nBare CeH30pa, MEPHMUX MPeTBapaya M akTyaTopa. KoHAMLUMOHUpare curHana (AnMHeapusaumja,
nojayarbe, punTpupare). AKBM3ULMja MepHO-UHPOPMALMOHMX NogaTaka (MyaTunaekcuparse, S&H kola,
KoHBepTOopK). CaBpeMeHN aHaorHO-AUTUTAIHU KOHBEPTOPU, TECTMPAHEe KapaKTepucTuKka KOHBepTopa.
CraHZapaHv vHTepdejcu, U NPOTOKOAU. MHTENUTeHTHU MEepPHU npeTBapayn. EnekTpuyHa musonaumja y
MEPHUM CUCTEMUMA. BMPTyeNHa MHCTPYMeHTauMja U BUpTyenHe nabopatopuje. NMpumepn NpakTUYHUX



nmMmnaemeHTaumja. Pagy peanHom spemeHy. MNpojektoBare copTBepa. AyTOMATCKM TeCT cucTeMm Ha 6asu
DAQ v npumeHa.

MpouecHa mepHa TeXHUKa

NHAYCTPUjCKM CeH30pKM MONIOXKaja, NoOMepaja, yrna, Bubpauuja, ybpsara, cune, MOMEHTA, Hamnpesaa,
npuTucka, gudepeHumjasHOr NPUTUCKA, TemnepaType, MPOTOKa, HWMBOA; AHanM3a racoBa, Mepere
BNAXKHOCTM U XeMWjCKe aHanmse; AUrntanHu MepHU cuctemu; OAurnutanHm ceHsopu n obpaga cUrHang;
MHAYCTPUjCKM KOMYHUKALUWMOHM NPOTOKONN; BeXKnMUHe ceH30pcKe mpexKe y uHaycTpujmu; loT n UHaycTpuja
5.0 y vHAYCTPUjCKUM meperbuma; NMameTHU ceH30pM U ayTOMaTCKa KOHTpoAaa npoueca; loT ceH3opu y
nameTHUm ¢abpukama; MpumeHa Egde Al y npegMKTMBHOM ofpiKaBakby M ONTUMM3AUMjM NpoLeca;
WHTerpaymja loT nnatdopmm ca PLC n SCADA cucremmma; Kanmbpauumja u BepuduKaumja ceHsopa;
bexxnyHe KOMyHUKaumje y MHAYCTPUCKUM MEPHUM cuctemMmma; AHann3a HecurypHocTu mepema y
WMHAYCTPUjCKUM anaunKaumjama; MepHu cuctema y npouecHoj nHayctpujn; Ctyguje cnyyaja.



HAHOTEXHOJ1IOT'MJE U MUKPOCUCTEMMU
| rogmuHa

(ctypeHT 6upa 3 npegmerta ca aucre)

WNGPA Hasus npeamera HacTaBHWK/HacTaBHULM Ha n H | ECN
npeamerty 1P b
40EH1N01 | dn3nyKa eneKTPOHUKa NoAYNpPOBOAHUKA Mpujuh M. AHeTa 3 12
41EH1MN02 | MuKpOeneKTpoHUKa Mpujuh O. 3opaH 3 12
40EH1N03 |HaHOTexHONOrMje 1 HAHOKOMMOHEHTE Anekcuh M. Cama 3 12
40EH1M04 | Hayka o maTepujanmma MayHosuh B. BecHa 3 12
40EH1M06 |MoaynpoBOAHUYKE KOMMNOHEHTE OaHkosuh M. [laHnjen 3 12
4EH3M03 | MNoy3gaHoCT KOMNoHeHaTa U muKkpocuctema | Aasugosuh C. BojkaH 3 12
40HNP1 Hay4yHOo ncTpaxmeaukm pag 1 11| 24

M - Npepasara, HAP - HayyHo nctpaxumsayvkm pag,
HacrasHu nporpamu

®duU3nyKa eNeKTPOHMKA NONYNPoOBOAHMUKA

KpucTanHa cTpyKTypa 1 Teopuja UBpCTOr Tena. KBaHTHA M cTaTUCTMYKA PU3MKa YBpCTOr Tena. boaumaHoBsa
KMHETMYKA jedHaymHa. [onynpoBOAHMK Yy TEPMWUYKOj pPaBHOTEKW. HaTKOHUEHTpauuje u TpaHcnopT
Hocunaua. MeHepauMoHO-PEKOMOUHAUMOHN MexaHu3mu. Chnoj meTan-nonynpoBogHuK u P-N cnoj.
HepaBHoTe)KHe nojaBe Ha P-N cnojy u TpaHcnopTHe jegHadnHe. Mogenu nokpet/wusoctn. MOS
CTPYKTYypa. Mogen cnojHor HaenekTpucarba M C-V 3aBucHocT. MOS TpaH3ucTtopu n edekTu KpaTKux
KaHana. MapasutHu edekTn, Bpyhu Hocnoum, TemnepaTypHu edpekTn. bunonapHe KomnoHeHte. SiGe,
HEMT u gpyre HanpaBe ca xeTepocnojesuma. ConapHe henwnje, otoaeTtektopu, LED n nacepcke gnoge.

MuKpoeneKTpoHuKa

AHa/fioOrHa MWMKPOENIEKTPOHCKA KONA Y MNPAKTUYHOj npumeHu: ONWTU NPUHLMNAM AM3ajHa aHaANOTHUX
MMKPOENEKTPOHCKMX Koa; Hanajarbe y MHTErpMcaHMm KoaiMma 1 akTMBHO onTepehere; [lM3ajH Kona ca
onepaumoHum nojayaBaymma (CMOS, 6unonapHn, BiCMOS, JFET); AudepeHuujanHu n BULIECTEMNEHU
nojayaBauu; MoBpaTHa cnpera u ctabunHocTt;, EPekTM HemaeanHocTn; AKTUBHU GUANTPU BULIEr peaa;
Ocumnatopn u reHepatopn ¢yHKumja; A/D KoHBepTOpW. [AuMruTtanHa MUKPOENEKTPOHCKa Kosa Y
NPaKTMYHO] npumeHn: AurntanHa kona y MOS TexHonorunju; CekBeHuumjasHa normdka kKosa; MOS
memopuje, SRAM, DRAM, Flash; KoHBepTopu nogataka. OnuymoHo: AurntanHa Kona y 6unonapHoj
TexHonornju. ECL n mogudukosaHa ECL kona. TTL kona. Jlornyka Kona ca LoTtkujeBum guopama.
OurntanHa kona y BiCMOS texHonormjw.

HaHoTexHoNOrMje 1 HAHOKOMMNOHEHTe

MaTepujanu 3a HaHOKOMMOHeHTe. [MeNeKkTpuuyHu U GepoenekTpuyHM maTepujanu (eneKkTpoHcKe
0COBUHE M KBAHTHU epeKTn), MarHeTHOENEKTPOHCKU MaTepujanu (MarHeTMsam M MarHeToTPaHCnopT y
C/I0jHUM CTPYKTypama), OpraHCKM MOJIEKYAN (€NEeKTPOHCKA CTPYKTYpa, 0COBUHE M peakumje), HeypoHu
(MonekynapHa CTpyKTypa u efekTpuyHa nobyaa). TeXHONOLWKM Npouecu n meTode aHanunse GUAMOBaA.
KapaKkTepusaumja HaHOCTYKTypa. [eomeTpujcka KapakTepusauuja. KapakTepusauuja cnojesa u
nospwuHa. PyHKUMOHANHA KapaKTepusauuja. HaHoceH3opu M HaHOakTyaTopu. HaHOKOMMOHeHTe.
KOHTaKTM M HaHOBe3e, KBaHTHE Tauyke, HaHOAMOAE, HAaHOTPA3UCTOPW, HaHONpPeKMaaun. HaHoonTuuKe
KOMMNOHeHTe. JIorMyke HaHOKOMNOHeHTe MU PAM memopuje. KOMMNOHEHTe 3a Memopucatbe MoaaTaka.
Xapa AMCKOBM, MarHeTO-ONTUYKM ANCKOBU. HaHOCMCTEMM M HbMXOBA NMPUMEHa.



Hayka o matepujanmma

Martepuja n matepumjanu. OCHOBHU NPUHUUNM HAyKe O maTepujannuma. Kopenaumja cuHTesa-cTpykTypa-
CBOjcTBa-npumeHa maTepujana. CTpyKTypHa cBojcTBa maTtepujana. Kpucranorpaduja. MogepHe metoae
KapaKtepusaumje matepujana (CEM, TEM, EOC, XPL, CMIM, nacepcka n HMP cnekTtpockonuja). EHepruja
n pedeKktn KpuctanHe pewetke. Mogenmpamwe U cumynaumja HoBMX maTepujana. ®asHu gmjarpamu m
OM3ajHMpatbe HOBUX MaTepujana ca 3aaTMm cBojcTBUMaA. Moaenn enekTpoHCKe CTPYKType matepujana.
EnektpuyHa npoBogHOCT y MmeTanmMma. MonynpoBOAHUYKM MaTepujann U HKxoBa cBojcTBa. OnTu4Ka
CBOjCTBa MO/yNpoBOAHMKA. CaBpemeHM eNeKTPOHCKN KepamuiKkM matepnjann. CaBpeMeHn OKCUAHWN U
HEeOKCUAHN MmaTepujanu. TeyHun Kpuctanu. Pepoenektpmuun. Peputn. HaHONpPaxoBKU, HAHOMATEpPUjaan m
HaHOTEXHOJ/IoTnje CMHTe3e matepujana.

MonynposoaHUYKE KOMMNOHEHTEe

EdeKTn jakor gonupara NonynpoBogHMKa. TpaHCNOPTHE jegHauyMHe M jegHauuMHe KOHTUHyuTeTa. |-h
npenasun. EdektmBHa 6p3MHa NOBPWMHCKE pekombuHaumje. Amoge. CuaANUMjymcKM BMNoONapHK
TpaH3uctopu. bunonapHM TpaH3McTopu Ha 6a3m xeTepocnojeBa. Mogenvpare 6unonapHmx
TpaH3uctopa. KomnoHeHTe Ha 6a3n KOHTAKTa MeTan-nosynpoBogHuK. LLoTKmjeBe Gapujepe m omMcku
KOHTaKTU. TpaH3ucTopu ca epeKkTom nosba Ha 6asm NoAynpoBOAHUYKMX jeanrberba. GaAs MESFET-oBu.
XeTepoCTPYKTYpHM TpaH3ucTopu ca epexktom nosba (HFET-oBu). MOSFET TpaH3auctopu. CMOS/BiCMOS.
SOl n 3D cTpyKType. HUCKOHANOHCKE M KOMMNOHEeHTe mane cHare. KomnoHeHTe cHare. bunonapHu
TpaH3ucTopu cHare. VDMOS TpaH3uctopwm cHare. IGBT. KomnoHeHTe Ha 6a3u SiC.

Moy3paHOCT KOMNOHEHaTa U MUKpOCUCTEMA

O6./1MK 0TKa3a, MexaHn3aM 1 y3pOoK 0TKa3a, GyHKLMja NOY34aHOCTU, MHTEH3UTET OTKA3a, KOpUTaCTa KPMBA,
Bpeme [0 OTKasa, Bpeme paga uamehy oTkasa, ¢oyHKumje pacnogene (exp, Weibull, Gauss, gamma).
OedekTn y cynctpaty, AedeKTn y oKemay, Npoboj AMeneKTPUKa, OTKAs3M Ha KOHTAKTUMa U MeTanusaumju,
KBanuTeT KyhuwTta M M3BOAa, OTKasW ycnes npeHanpesara (TemnepaTtypa, BAara, eNeKTpUYHO MoJbe,
joHusyjyhe 3pauverbe, ESD, mexaHMYKO Hanpesare u Bubpaumje). MoysgaHOCT WTaMnaHUX NJoua,
KOHAEeH3aTopa, KanemoBa, Li-joHcKux 6atepuja, npumonpedajHux moayna, MEMC KomnoHeHara,
COMapHUX Moayna. [ujarHocTMKa OTKasa, MMKPOCKOMWja U EeNeKTPUYHO TecTupare. Y6p3aHo
NCNUTUBAKE NOY3[4aHOCTU - TECTOBM M NabopaTopujcka onpema, mogenm 3a ¢aktop ybpsara . MIL-STD u
IEC cTaHzapam. AHan13a BpemeHa MCNPaBHOT paja U MoAeMpare Noy3aaHoCTy.



NMPUMEHEHA ®U3SUKA

| rogmuHa

(ctypeHT 6upa 3 npegmerta ca aucre)

WNGPA Hasus npeamera HacTaBHWK/HacTaBHULM Ha n H | ECN
npeamerty 1P b
4EDIN0L1 | DusunKa uBpCTOr CTaka Puctuh C. lopaH 3 12
4EDPIN02 | Du3nKa jOHM30BAHMUX FracoBa Puctuh C. TopaH 3 12
40ED1N03 | PoTOHMKA *usaHosuh H. Emunnja 3 12
4EDPIN04 | PagnjaumoHa dpusKKa Puctuh C. FopaH 3 12
. *usaHosuh H. EMunuja
40EPINO5 | EnektpmyHm npoboj racosa Mejosuth M. Muauh 3 12
40HNP1 Hay4yHo ncTpaxmsaudkm pag 1 11| 24

M - Npepasara, HUAP - HayyHo nctpaxumsayvkm pag,
HacrasHu nporpamu

®duU3KnKa YBPCTOr CTakba

Teopujcka HacTaBa he ce oaBujaTU KPO3 NpeaaBarba, Y okBupy ciegehux obnactu: Pmusmyke ocobumHe n
KnacuduKaumja YBpCTUX Tena, KpUcTanHe pelletke, meflyaTomcke Be3e, 30HCKa Teopuja UYBPCTUX Tena,
€/1EKTPOHCKA CTakba Y NepuoanyHOM KpUCTany, TOMJIOTHO KpeTake KPUCTaIHE PeLleTKe, TPAHCNOPTHE U
onTU4YKe 0cobuHe, ocobuHe anenekTpuKa. MonynpoBoAHUUM, ENEKTPOHCKM TPAHCMOPTHM MPOLECH,
ANdY3MOHU N pekomburHauMoHM npouecy. MarHetHe ocobuHe uBpcTux Tena. CynepnpoBoa/bUBOCT.

®dur3nKa joHM3oBaHUX racosa

dopmuparbe M HecTajakbe vectMua y cnabo joHusoBaHom racy. OpudT, eHepruja n audysuja
HaenekTpucaHux Yyectnua. Npoboj y racoBuma y nosbMma pasnmumnTor ppekseHTHor oncera. CtabunHa m
HecTabunHa TUHbaBa Npakkbehba. BapHWYHO, KOpOHa U NYYHO MpaKkbere. PellaBarbe KUHETUUKE
jeAiHaunHe y cnabo joHM30BaHOM racy y NpUCYCTBY e/IeKTPUYHOT Nosba. PU3NYKM MeXaHM3aM Koju AoBoAe
00 Npaxherba U Koju Cy NMPUCYTHU KOg, PasInunTUX BPCTa NpaxKHetrba.

®dOTOHMKA

Teopujcke NOCTaBKe YeCTUYHO-TanacHor ayanumsma. EnektpomarHeTHa npupoga csetnoctu. CnekTpw.
NHTepdepeHumja, andpakunja n nonapmsaumja. MHTepakumja ceetnoctu n matepuje. KopnyckynapHa
npupoa CBETNOCTM U APYIrUX eleKTPOMarHeTHMX 3paderba. MaKkcseiose jegHauyMHe U HbMX0BaA NPUMEHa.
doToenekTpnyHM 1 KomntoHoB edeKart. MNpuHLMN paga ONTUYKUX MHCTPYMEHTA. Henacepcka u nacepcka
CBET/IOCT U HbUXOBa NPUMEHA Y PA3INYMUTUM rpaHama Hayke. OCHOBM KBaHTHe pusuke.

PagujaunoHa pusmka

M3BopM M BpCTe 3payersa, Nogena 3payera. JoHusyjyhe 3payerse: YECTUYHO M eNeKTPOMArHeTHO,
O03VIMETPUjCKe BENIMUYUHE U jeaUHULE, MHTePEKaLMja 3payetba Ca MaTEPUjOM, AejCTBO 3payetba Ha KUBY
mMaTepujy, AeTeKumja 3padersa. MNMpUHUMN paga M ONUC PasMYUTMX TUMOBA A03MMeTapa joHusyjyher
3payerba. HejoHusyjyhe 3pauverbe (paano-GpeKBEHTHO U OMNTMYKO): 0COBUHE, BENUYUHE U jeauHULE,
MEpPEHE N MHCTPYMEHTU 33 MepeHbe MoJba 3padersa, OUOLWKN edeKTH.

EneKTpuyHu npoboj racosa

Y okBupy npeameta obpahueahe ce cnegehe HacTaBHe jeanHuue. EnekTpuuHM nNpoboj 1 npaxmere y
racosuma. lMpouecu y n1eMeHUTUM racoBMma, a3oTy M Ba3ayxy. lMpouecn Ha enekTpogama. BeposaTtHoha
npoboja. MpobojHn HanoH. Bpeme Kawmera enekTpuyHor npoboja. CTaTUCTUYKO Bpeme Kallkbehsa.
Bpeme dopmuparba npaxtera. AHasnza MeMopUjcKor edpeKTa y racoBMMa Ha OCHOBY MEMOPUjCKUX



KpuBUX. TEXHWKE U CMCTEMM 3a Mmeperbe NPo60jHOr HanoHa 1 BpemMeHa Kallkberba efiekKTpuyHor npoboja
y racosmma.



NMPUMEHEHA MATEMATUKA
| rogmuHa

(ctypeHT 6upa 3 npegmerta ca aucre)

H H | ECN
WNGPA Hasus npeamera acTaBHMK/HaCTaBHMLM Ha n C
npeamerty 1P b
41EAINO01 | Teopwuja anpoKkcMmaumja LlyHuh C. JoBaHa 3 12
40EA1N02 | Hymepuuka nnHeapHa anrebpa LlyHuh C. JoBaHa 3 12
40EAIMO3 | CraTucTuKa Munowesuh M. Zlywian 3 12
LlyHuh C. JoBaHa
MapjaHosuh M. 3Be3gaH
40EA1NO04 |H 12
O, 0 yMepuyKa maTemaTmka Panuih 3. uavja 3
A[IEALMO5 [ONCKpeTHe CTPYKTYpe U KombunHaTopHa Martejuh M. MapjaH 3 12
MaTemaTuKa LlyHuh C. JoBaHa
. . MapwuHkosuh [I. CnahaHa
41EAINO06 |CneumjanHe PpyHKUMje Panunh 3. uaja 3 12
40HNP1 Hay4yHo nctparkmsayku pag 1 11| 24

M - Npeaasarba, HAP - HayuHO ncTpaxmeayvkm pag,
HacrasHu nporpamu

Teopuja anpokcumaumja

MonnHOMM N Hymepu4Ka aHanm3a. PenpeseHTaumje noamHoma. NMoaMHOMM jeaHE MPOMEH/BUBE: MPOCTOP
nosMHoma, anrebapcke W aHaAMTUYKe ocobuHe. Hymepuuko ogpehuBarbe Hysna MNOJMHOMA.
MHTepnonaunja 1 anpokcumaumja nonMHoMmuma. CnaajH MHTepnosaumja u anpokcumaumja. MNpmmere.
PaumoHanHe ¢pyHKumje. MIHTEepnonaumja, anpokcumaLmMja u npumeHe. tepaunja paumoHanHux GyHKUmja.
MapgeoBa W EpmuTOBa WHTepnonauuvja W anpokcumaumja. [lMoanHOMM BUlE MPOMEH/BUBMUX.
BMCOKOAMMEH3NOHE W peTKe MNOJIMHOMCKE anpokcumaunje. Hymepuuka daktopusaumja noavHoma.
CaBpeMeHW WCTPaXKMBAYKM MpPaBUM U OTBOPEHU MNpobaemMM Yy HYMEPMYKOj aHaNAM3U MOJMHOMA M
pauMoHanHux yHKLMja.

Hymepuuka nuHeapHa anrebpa

Teopwuja rpeluaka, BEKTOPCKE U MATpPUYHE HOpPMe, aHaiM3a nepTtypbaumja, ycaoB/bEHOCT U cTabuaHocT
anroputama. Pasmatpajy ce maTtpuuHe TpaHchopmaumje (QR, SVD, Schur) u HuxoBe npumeHe y
peayKUMju AMMEH3NOHANHOCTK, peLlaBatby Npobaema HajMarbMX KBa4paTa M anpoKcMmaLMjama HUCKOr
paHra. MeToze a)kypuparba pellerba y peasHOM BPEMEHY U MHKPEMEHTA/IHE TEXHUKE Y HYMEPWUYKO]
NIMHeapHoj anrebpu, Kao wTto cy matrix sketching n croxactMyke metoge 3a peayKkumjy gumeHsunje ca
KOHTpoAMcaHoM rpewikom. OCBpPT M Ha MeTode ca 3aWwTuTom oA rpelwwaka (fault-tolerant algorithms),
peneBaHTHe 3a MPUMEHY Y OKPYKertUMa BUCOKe nepdopMaHce.

Cratuctuka

CtaTucTMYKa meTogonoruja. JeckpuntueHa aHanusa. Cpehusarbe M NpuKas nogartaka. JeckpuntusHe
mepe. Mepe ueHTpasHe TeHAeHUMje N aucnepsuje. Pacnogene AUCKPETHUX U HENPEKUAHUX CyYajHUX
NPOMEH/bMBUX. Y30paK WM CTAaTUCTUKe y30pKa. CTaTUCTUYKO oueruBarbe. TecTupakbe CTaTUCTUYKMX
xunotesa. CTygeHToB T-TecT. AHanum3a BapujaHce. [MMPCOHOB xu-KBagpaT TecT. [lpocTa /vHeapHa
perpecvja u Kopenauuja. Buwectpyka perpecMoHa M KopenauuoHa aHanusa. PakTopcka aHanmsa.
TakcoHOMCKa aHanu3a. [UCKpMMWMHATMBHA aHanu3a. HemapameTapcku metoau. MHaekcHu 6pojesu.
AHanun3a BpeMeHCKux cepuja. Pag y nporpamckom nakety CMNCC.



Hymepuuka maremaTtuka

ApUTMETUKA KOHAUYHE AyXKMHE U HYMepUUKK npouecu. OnwTa Teopuja utepatuBHUX npoueca. NpumeHa
Ha onepaTopcKe jeAHauynHe. HenmHeapHe jeaHauYnMHE U CUCTEMU HEIMHEAPHMUX jeAHauYnHa. KBagpaTtypHu
npouecn 1 KoHBepreHumja. Kowmnjesm npobaemm n KOHTYpHM Npobnemu 3a obuuHe andepeHunjanHe
jeAHaunHe. MeTtoa mperka 3a napuujanHe audepeHumjanHe jegHaumHe. CMmboINYKa N3padyHaBaHba U
anroputmun. MmnnemeHTtaumja anropmutama nomohy naketra Mathematica.

[AncKpeTHe CTPYKType u KOM6MHaTOpHa MaTemaTuKa

CneumjanHm 6pojHn HM30BK. CTUpanHroBu 6pojesun. benosu 6pojesn. KatanaHosu bpojesn. Ojneposu
6pojesun. bepHynujesm 6pojesun. MprumeHe y KOMBUMHATOPHO] MaTeMaTULUN. EKCTpemManHN KOMOBUHATOPHM
3agaum. bnok weme. CneumjanHe Knace matpuua. buHapHe, Xagamapose, CTOXacTU4Ke, NnepmMmyTaumoHe
MaTpuue. KombUHaTOPHKU 334auUmM ca pasmelTakbem U npebpojaBarbeM. BpojHK cuctemun. PadyHaree y
pasAnunTUM HpojHMM cuctemuma. CnekTpanHa Teopuja matpuua u rpadosa. MHBapujaHTe rpadosa.
EHepruje matpuua u rpadosa. OpujeHTncaHn rpacdosu. MpojekToBarbe Ha NpaBy M paBaH yCMEpPEeHUX
KOOPANHATHMX rpadoBa.

CneumjanHe ¢pyHKuUMje

XunepreomeTpujcke  ¢dyHKUMje: peduHULMjA, peKypeHTHe W  TpaHchopmaumoHe  dopmyne,
andepeHumjanHa jeaHaunHa. PyHKumnje aedpuHUcaHe uHTerpanmma: rama PyHkuuja, beta dyHKUM]a,
dyHKUMja rpewke. becenose ¢yHKUMje. OpToroHanHoct y XunbeptoBom npoctopy. OpToroHanHu
NoOIMHOMMU: HyJle, AudepeHUmjanHa jeaHauYnHa, TPOYlaHa PEKYPEHTHA penaumja, dyHKUUja reHepaTpuca,
XuMnepreomeTpujcka penpeseHTaumja. KOHCTPYKLMja OPTOrOHAAHUX NOAMHOMA. KNnacnuyHM opTOroHanHu
noanMHomn. OpPTOroHasIHW MOJIMHOMM Ca HEKNACUYHUM TeKMHama. EnemeHTn dpaKuMoHOr payyHa.
®pakymoHn uHTerpan. dPpakumoHn ussog PumaH-/inysunosor u Kanytosor tmuna. Mwurtar-Jlepneposa

$yHKUMja.



PA4YYHAPCTBO K UHOOPMATUKA
| rogmuHa

(ctypeHT 6upa 3 npegmerta ca aucre)

H H | ECN
WNOPA Hasus npeamera acTaBHMK/HaCTaBHMLM Ha n C
npegmery npP b
MeToponoruje penpeseHtaumje u .
. MwuneHTtnjesuh 3. MBaH
40EP1MO01 peanm3au,vue 6yayhunx pauyHapckux Fvpuh M. Braaaminp 3 12
TEXHO/I0TWja
JaHkoswuh C. JparaH
40EP1M02 |C 12
il 0 WUFHaIN U CUCTEMU PazmaHoBith M. Mol 3
AMIEP11103 HanpegHe Teme y copTBEPCKOM Panuuh A. fejaH 3 12
UHXerepCcTBy Mwunocasmesuh Jb. AnekcaHgap
CrovmeHos B. JleoHng,
Crojkosuh P. CysaHa
ANEP1M04 HanpepgHe Teme y UHXerepcTBy NogaTaka U | CtaHumuposuh C..AneKcaH,u,ap 3 12
3Hakba ®pTyHUh Fnropujesuh b.
MwuneHa
borgaHosuh [. Munow
CrojaHosuh X. AparaH
HanpegHe Teme y gucTpnbynpaHnm CrojaHoBuh M. HaTtanuja
40EP1M05 3 12
cmcremmma Jankoswuh C. paraH
CraHumuposuh C. AnekcaHgap
471EP1M06 |HanpeaHu UHTepHeT cuctemu Towmh B. Munopaa 3 12
pea P Metkosuh M. MBaH
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M - Npeaasarba, HAP - HayuyHO ncTpaxmeayvkm pag,
HacrasHu nporpamu

MeToaonoruje penpeseHtaumje u peanusauuje 6yayhux pauyHapckmux TexHonoruja

MpaBuM pas3Boja y payyHapCTBY YCMEPEHW Ka MNpeBasuaXKeky OrpaHuWyerba M Kpajibux rpaHuua
noctojehux TexHonornja. OCHOBHE KapaKTepucTuke 6yayhmx payyHapCKMX TEXHOIOTMja U 3aXTeBU Npwu
npojekToBaky. HanpegHe padyHapcKe apxmuTekType. PenpeseHTauumje Koje y noTnyHocTn uckopuwhaeajy
moryhHOCTM HOoBMX TexHosorvja. MeTtoge dopmanHuMx NpeacTaB/barba Y HaNpeaHUM PayvyHaPCKUM
TexHonornjama (IOT, dew, fog, cloud). MeToae npojekToBakba. HoBM npuctynu Ka npobiemmnma
ontumm3aumje. DNA pavyHapcTBo. KBaHTHO payvyHapcTBO.

CurHanu u cuctemm

CurHanu, cuctemn u TpaHchopmalmje, o4 TEOPUJCKUX MaTEMATUUYKMX OCHOBA A0 NPaKTUYHe
peanusaumje eNeKTPOHCKUM KOAMMa M cOPTBEPCKM peanns3oBaHMm anroputmmma. Metoge aHanmse
CUrHana u cucTema ca npumeHama y ¢puatTpuparby, obpaam curHana, KOMyHMKaLmMjama U ayToOMaTCKOM
ynpassbakby. KoHBOAYLMja, cnekTpanHe TpaHcpopmaumje, anroputmMmmn 3a uspadvyHasarbe CNeKTpanHUX
TpaHchopmaumja, meToae ogabuparba, M AUCKpeTHe obpade curHana. lNpumeHe y PasAUUUTUM
obnactuma.

HanpegHe Teme y copTBEPCKOM UH}KEHepPCTBY

HanpeaHu KoHuenTM y Mogenvpaky M aHanusu codteepa. HanpegHu KoHuentu copTBepcKor
WHKeHepcTBa (CEepPBUCHO-OPUjEHTUCAHA APXUTEKTYpPa, apxuTeKkTypa BoheHa Moaesiom, aruaHu PasBoj
copTBepa). KomnoHeHTHW pas3Boj codTBepa. Beb cepsucu. [pojekToBakbe M pa3Boj open source
copTBEepa. UHKemepcTBO MynTMmeaujaHux UHbopmaumja. UHxKemwepctBo [UC  anamkaumja.



NHxerbepctBo KUC anamkaymja. UHxerepctBo Beb6 u auctpubympaHux anamkaumja. MHxKerepcTso
MOOMNHMX cepBUCa W cucTema. WMHTepakuMja 4YoBEK-payyHap W3 nepcnektnBe codTBepcKor
nHerepcTea. Oap:KaBatbe U eBonyumja copreepa.

HanpegHe Teme y MH}XekepCTBY NOoAaTaka U 3Hama

HanpeaHu KoHUEeNTM U MOLENW KOju ce OAHOCE Ha MHXKEeHEepCcTBO NoAaTaKa, YK/byuyjyhu npoctopHe,
BPEMEHCKe, MyATUMeAnjanHe, ancTpnubympare, n mobunHe 6ase nogataka. NoSQL 6a3e nogataka v HOBU
KOHLNETU Yy OpraHusaumju nopataka. Benvka KonuumHa nopataka, ocobMHE, HAUMHM MPUKYN/bakba,
CMeluTara 1 0bpage. CUCTeMM 3a aHANM3Y BEIMKE KOAUYMHE NoAaTaKa. [pyluTBEHE MpPeXe Kao U3BPOM
nogartaka. HanpegHun KOHUENTU M MOLENN KOjU Ce Of4HOCE Ha MHXKeHepCTBO 3Hakba. lpeTparkmBarbe
UHbopMaumja. MHTENUFEeHTHM areHTM 3a NpeTpaxkmnearbe nogataka Ha Web-y. 3Harbe, penpeseHTaumja
3Hakba, CEMaHTMKa U OHTO/OrMje. BennKe 6ase 3Hama. Mpouec oTKpMBakba 3Hakba: KO, NPOCTOPHUX 6asa
nogartaka, myntumeaujanHux, Web mining, oTKpuBare 3Hawa U3 TeKcTa. HoBe annuKauumje 3a 6ase
noaaTtaka M 6ase 3Hakba: AOKyMeHTaumoHe 6ase nogataka, Web u 6ase nogataKka, e-nocsoBame, e-
ynpaBa, e-yuyerbe, CKAaguwTa nogaTtaka, data mining. Ynora M mecto payvyHapckor Buga, obpage
NPUPOLHOT je3nKa, pO6OTUKE U APYIUX TPEHAOBA HA PA3BOj MHTEUIEHTHUX CUCTEMA.

HanpegHe Teme y gucTpnbymnpaHmm cuctemmma

ApXUTEKTYpe AMCTPUBYMpPaHUX padyHAPCKUX cucTema. Knactep payyHapCKM CUCTEMM M PayvyHapCTBO Y
06n1aky. Mporpamckm moaenn: MoLesn ca Ae/bMBOM MeMOpPUjom, MoZen 6asnpaH Ha cakby NOpYyKa, peer-
to-peer mogen, 6pokepckn mogen. OpenMP. MPI. ApxuTekType Kaactep cuctema. 3axTesu npwu
NpojekToBaky KaacTepa: neppopmaHce, jeAMHCTBEHA C/AMKA CUCTEMA, TOJIEPAHTHOCT Ha OTKase,
nporpamuparbe, 6GanaHcuparbe ontepehera, 6e36e4HOCT, CKNaauwTere nogataka. [pumepu
anavkaumja. Web cepBucM M cepBUCHO opujeHTUcaHe apxuTekType (REST, SOA, gRPC,GraphQl).
MuKpocepBUCH, W  MUKpPOCEPBUCHA apxuTekTypa. OpKecTpaumja MUKpocepBuca, Haarnegarbe U
afjanTaumja MMKpocepBUCHOT cucTema. PauyHapcTBo 6e3 cepepa (serverless computing), dyHKUM]ja Kao
cepsuc (FaaS). AnctpmnbympaHn cuctemm 3a obpagy U aHanM3y BeAMKOr obMMa M TOKOBA MogaTaka
(Apache Hadoop, Spark, Flink, Kafka). AuctpubypaHa cknagmwTta nogataka (Data lake, Lakehouse).
OnctpnbynpaHm cuctemu, naathopme n CEPBUCU Ha AUCTPUOYMpPaHOj MHOPACTYKTYpU: usmum (edge),
"marnn" (fog) n Ha o6bnaky (cloud). Ynpasmare pecypcma y OAUCTPUBYMpPaHUM CUCTEMMMA, Kao
nocTusare afanTUBHOCTM, €1aCTUYHOCTU, AYyTOHOMHOCTM OBWMX cUcTema. OUcTpubypaHu cucTemm
33aCHOBaHW Ha BELUTAYKOj UHTEINTEHLMN N MALLMHCKOM YYerby.

HanpeaHu UHTepHeT cuctemu

OnwTe KOHUeNTya/iHe NpeTnocTaBke HoBoOr MHTepHeTa: nperses CUCTEMCKE apXUTEKType, MpUHLMN
MpPEXKHE HEeyTPasIHOCTU, COLMO-eKOHOMCKM QacCMmeKTW, acnekT Mmpexke, 6e36efHOCT, ynpas/batbe
pecypcuma, KBanuteT cepsuca, MHOOPMaLMOHM 0B6jeKTM, MOCNOBHU acnekT. KOrHUTUBHU cUCTEMM.
CepBUCK KAO OCHOBHM TpaAMBHU OO0 HOBOr MHTepHeTa: CUCTEMCKa apXMTEeKTypa, p-2-p CepBUcH,
ynpas/batbe cepBuUcMMa. BupTyenusaumja. BuwecnojHe (overlay) mpexke. OHTONOMMje Kao rpagauBHU
e/IeMeHT HOBOI MHTepHeTa: 3aK/byunBakbe U MEeHaLIMEHT CUCTEMA, aHa/IUTUKA U Meperbe nepdopMaHcH,
eBMAEHUMja U ynpaB/bake pecypcuma. OcHoBe HOBOr MHTepHeTa: aTXUTEKType, MObUAHU UHTepHeT,
payyHapcTBO y 00/1aKy, UAEHTUTET U MOBEpPEHE, MPETPANKMBAE U MPOHANANKEHE, EKCMEePUMEHTH.
ApxuTekType HoBor MIHTepHeTa: padyHapcTBo y maram (Fog computing) u rpaHnyHo padyHapcTeo (Edge
computing). TexHonowkKkn acnektu: NHTepHeT objekata oko Hac (Internet of Things), mpexe, cagpaj,
cepBucK. AnavKauumje: NameTHM rpafoBM, MAaMETHO YNpaB/batbe€ EeHeprujom, nameTHO 34PaBCTBO,
NaMeTHW MOCNOBHU CUCTEMU, UTL. MHOPPACTPYKTypa U eKcrnepuMeHTasHW MPUCTYN pasBojy. PasBoj
anauKaumja 3a MHTerpucaHe mpexe (6G+ apxutektype). MmnaemeHTaumja npotoTUna.



TENNEKOMYHUKALUMUIE

| rogmuHa

(ctypeHT 6upa 3 npegmerta ca aucre)

WNGPA Hasus npeamera HacTaBHWK/HacTaBHULM Ha n H | ECN
npeamerty 1P b
AMET1MO01 Mogaenosare 1 NpojekToBake [Jonyos C. Hebojwa 3 12
MMKPOTANACHUX CKNI0NOBA U CUCTEMA MapwuHkosuh [. 3natmnua
40ET1N02 |HanpegHe TeXHMKe 3alWITUTHOI KOA4OBaka JoBaHoBuh XK. AnekcaHapa 3 12
MpoHuh-Panumh P. Onneepa
471ET1IN03 | MumKpOTasiacHa eNneKTPOHMKa Manew-Vauh M. Hatawa 3 12
Manew-Unuh M. HaTtawa
40ET1N04 | bexKnyHe KOMYHUMKaumje CraHnkosuh XK. 3opaH 3 12
Jokoswuh J. Jyrocnas
4ET1NO05 |CaBpemeHe TeXHMKe BUMLWECTPYKOr npuctyna | MaHajotosuh C. AnekcaHapa 3 12
. . hophesuh T. lopaH
A40ET1N06 |Teopuja TeneKoMyHMKaLMja Munosith M. laHnena 3 12
Mwunuh H. fejaH
A40ET1N07 | AnrutanHe moaynaumoHe TeEXHUKe MamajoTosuh C. AneKcarapa 3 12
Mepwuh X. 3opaH
40ET1N08 | AurntanHe TenekomyHuKaumje Hukonuh P. Jenena 3 12
JoBaHoBuh XK. AnekcaHapa
40ET1U09 |[AurutanHa obpaga curHana Mepuh X. 3opaH. 3 12
Jonuos C. Hebojwa
4ET1N10 |leHepucare m nepuenuuja 3ByKa Fupuh I. [ejaH 3 12
40ET1N11 |KomnpecnsHOo ogabuparse 1 npumeHe Hukonwuh P. JeneHa 3 12
ANETIN2 BelwTauka MHTEAUTEHLM]a U MALLMHCKO MapwuHkosuh [. 3natmua 3 12
yyere Y KOMyHUKALNMOHUM CUCTEMMMA CraHkoswuh XK. 3opaH
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M - Npegasara, HAP - HayyHo UcTpaxKmBayku pag,
HacraBHu nporpamu

MopgenoBame 1 NpojeKToBatkhe MUKPOTAZIACHUX CK/1I0M0BA U cMcTema

Teopuja enekTpomarHeTcKor nosba. BoheHn enekTpomarHeTcku Tanacu. NpumeHa metTosa Teopuje Kona
y RF n muKkpoTanacHom nogpyuyjy. Hymepuukn metogmn y npumerbeHoj enektpomarHetnum u full-wave
MO/ie/I0Batbe eneKkTpomarHeTckor nosba. Circuit/field mogenn n cumynaumja MMKpoTanacHMX CKIOMNOBa.
AHanmsa, npojeKTosaH:e 7] onmmmaau,mja NAaCNBHUX U aKTUBHUX MUKPOTAZIACHUX KOJ1a, CKAONOBa U
noacucrema. anMQHa BeLWTaYKNX HEYPOHCKUX MpeXKa Yy moe1oBakby U OFITMMVI33LI,VIjVI MUKPOTaaCHUX
cKnonoBa u cuctema. Mogaenosare 1 NPOjeKTOBakbe MUKPOTAZIaCHUX CUCTEMA Y PA3IMINTUM 0b6nacTMma
Te/IeKOMYHUKaumja. Bepudurkaumja cumynaumoHmnx mogena nopeherwem ca mepersuma, pepepeHTHUM
MoAenmMma Uan pesyntatuma us antepaTtype.

HanpeaHe TexHMKe 3alITUTHOT KOA40BaHa

KoaoBn 3a mucnpas/bare rpewwaka y CaBpeMeHMM KOMYHMKAUMOHMM CUCTEMMMA M CUCTEMMMA 3a
CKNaguwTere nogaTtaka. ANropuTMuM AeKogoBake Ko KOAO0Ba KOoju ce Mory npeactaBuUTh TPEAUCOM:
Butepbujes anroputam aekogosarba. SOVA anroputam aekogosama. BCIR anroputam gexkofoBarba.
UTepaTMBHM anroputmm AekogoBakba KoA KogoBa Ha rpady: Bit-flipping anroputam aekopoBsamsa.
Message passing KoHUenT 1 Typb6o npuHumn. Sum-product anroputam gekogosarba. Min-sum anroputam
AeKoaoBama. [anareposu anroputmm gekogosara A n B.



MuKpoTanacHa eneKTpoHuKa

CaBpeMeHU NPUCTYN NPOojeKToBaky MUKpoTanacHnx kona (CAD TexHWKe) - moaenoBsake, cumynaumja u
onTUMM3aLMja Yy MOCTYNKYy MNpojeKToBarba. MuKpoTanacHe nNOAYNPOBOAHUYKE  KOMMOHEHTE:
MUKpOTanacHe anoae v TpaHsuctopu. lNprumeHe MMKPOTaNacHUX NOAYNPOBOAHUYKMX KOMMOHeHaTa. RF
M MWKPOTaNacHW nojayasauu. lojayaBaun manux CUrHana M HeauMHeapHU nojavasayun. ManowymHu
nojayaBauu. LLlnpoKkonojacHn n 6anaHcHM nojayaBaun. Harmonic balance aHanusa. MojayaBauu cHare -
OCHOBHEe KapaKTepucTtuke M npumeHe. Knace nojavasaya cHare. RF u muKpoTanacHu ocuunatopw.
Melwaun. Oetektopn. Moaynatopu. MuKpoTanacHa KOHTPOAHA Kona (npekupauu, nomepadnm oase,
nmutepu, ocnabsbusaun). MuKpoTanacHa UHTerpucaHa Kosa. MMUKpoTanacHM npegajHuum m
npujeMHULM.

BeXXMyHe KOMyHUKauuje

Mpernes cuctema  BEXMYHUX KOMYHMKaUMja Yy MUKpOTasnacHom orncery. HanpeaHe 6eXunyHe
KOMYHUKaUMOHe TexHosoruje n cepsmucn. Moaenn npoctmpartba EM Tanaca y PO n mumkpotanacHom
dpekBeHumjckom oncery. OgabpaHa nornas/ba M3 061aCTU GUKCHUX U MOBUAHUX KOMYHUKALMOHUX
cucTema. ApxuTeKkType BeXXMYHUX KOMYHUKALMOHUX CUCTEMA M NPOjeKTOBatbe KOMMOHEHTM, CKNONOBA U
noacuctema 3a 6exmuyHe KomyHukauumje. MeTtoae 3a KapaKTepusauujy HMBOa HejoHusyjyher 3payersa
6eXUYHNX cMCTEMA M BHMonowKux edpekata PO M MUKPOTaNaCHOr 3payeHsa.

CaBpemeHe TeXHUKe BULLUECTPYKOr NpucTyna

KoHuent OMA (Orthogonal Multiple Access) Kao 6a3nyHe TexHMKe BUWECTPYKOr npuctyna. OcHoBHe OMA
TexHuke: FDMA (Frequency Division Miltiple Access), TDMA (Time Division Miltiple Access), CDMA (Code
Division Miltiple Access), OFDM (Orthogonal Frequency Division Miltiplexing) n weHe moauduKkaumje
(OFDMA, SOFDMA, SC-FDMA). MIMO (Multiple Inpit Multiple Output) TexHWKa 3a BULIECTPYKU NPUCTYN
6asnpaHa Ha NPOCTOPHUM AMBEP3UTMMA. BuwwekopmucHnukn n macusHn MIMO cuctemn. NOMA (Non-
orthogonal Multiple Access) TexHuKa BuwecTpyKor npuctyna: PD-NOMA (power-domain NOMA), CD-
NOMA (code-domain NOMA), CR-NOMA (Cooperative Relay NOMA), MIMO-NOMA, wuta. Octane
antepHaTnsHe TexHuke: IDMA (Interleave Division Mulitple Access), PDMA (Pattern Division Mulitple
Access), LDM (Layered Division Multiplexing), nta.

Teopuja TenekomyHuKaumja

CTaTMCTMYKA KapaKTepm3aumja KaHana y caBpeMeHnM pasmno-GpekBEHUM]CKUM U ONTUUYKUM BEXKUYHUM
cuctemuma. lMpoueHa BepoBaTHohe rpelwKke M KanauMteTa NPMMEHOM aHAIUTUYKOT U CMMYyNaunoHor
npuctyna. KoHTposvcaHa uHTecMmbosicka uHTepdepeHumja. OnNTMMmanHa geteKkumja y pasinuymntum
ycnosuma npoctupatba. KombruHOBaHa ekBanv3aumja M KofoBarbe. MPOCTOPHO-BPEMEHCKM KOA0BM.
MpoueHa nepdopmMaHCKM BULIEAHTEHCKUX OeXUYHUX cucTema. lNpoyyaBatbe npeHoca WHbopMaumja
nocpeactsom Buasbuee ceetnoctu (Visible Light Communications - VLC) ca craHoBuwTa Teopwuje
TeNeKoOMyHUKaLmja.

OvrutanHe mogynaumnoHe TeXHUKe

MSK (Minimum Shift Keying) moaynaumja. CPM (Continuous Phase Modulation) moaynauuja, Tj. GMSK.
QAM (Quadrature Amplitude Modulation) moaynauuja n tbeHn moganutetu . FTN (Faster Than Nyquist)
moaynauumja. OFDM (Ortogonal Frequency Division Multiplexing) moaynauuvja u HeHU MOOANUTETU.
CnekTpanHo edpuKacHe moaynaumje 6e3 KOHCTaHTHe aHBenone. MNeppopmaHce MoayNaLUMOHMX TEXHUKA
norogHux 3a Wi-Fi 6 u 7, 4G-LTE n 5G-NR.

OvrutanHe TenekomyHuKaumje

AganTMBHa CKanapHa KBaHTM3auuja. AJanTMBHA WMMMY/ACHO KogoBaHa MoAynauuja. AganTuBHa
andepeHumjanHO MMMyACHA KoAoBaHa moaynauuja. AgantuBHa Aenta mogynauumja. Kogosarke ca
04/10KEHUM oa/lyunBatbeM. [logonceskHO KogoBarbe. KanmauuteT KaHana M KogoBsakbe. KaHanHo
KogoBarbe. CKaflapHa U BEKTOPCKa KBaHTM3aumja. TpaHchOopMaLLMOHO Ko4oBakbe.

Komnpecwuja ayamo v rosopHor curHana. Komnpecuja suaeo curHana.



AvrutanHa obpaaa curHana

OVCKPeTHN curHanum u cuctemun. [OUCKpeTHa AMPEKTHA M MHBep3Ha Fourier-oBa TpaHchopmaumja.
ANropuTMn gupeKkTHe U uHBep3He 6p3e Fourier-ose TpaHchopmaumje. AMpeKkTHa M WHBep3Ha z-
TpaHcpopmaumja. PyHKUMje AUCKpeTHOr npeHoca. [AuckpetHe TpaHchopmauuje (DCT, DFT, DWT).
OnrutanHm pekyp3MBHU U HEPEKYP3UBHU GUATPU U HUXOBE peanusauunje. TanacHu gurutanHm Guatpu mn
peanusaunje. PpeKBeHUMjCKa M BpeMeHCKa aHanu3a. MNpumeHa gurutanHmux ¢untapa y KOHCTPYKUnju
JINHEeapHUX NpeauKkTopa PUKCHMX U aganTuBHKUX. MpoueHa NapameTapa AUCKPETHUX CUrHana. AurutanHa
obpasa curHana y ppekBeHumMjckom gomeHy. OcHoBe guruTanHe obpage curHana notpebHe 3a noa-
ONCeXHOo KogoBsarbe (OaHKke ¢unTapa). OurutanHM Npouecopu CUrHana 3a peanusauujy dunatapa.
MporpamcKku NakeT 3a gurutanHy obpaay curHana MATLAB.

FeHepucamwe n nepuenumja 3ByKa

leHepucare roOBOPHOT M My3UYKOT CUTHAMA, Kao U MePHUX aKyCTUYKMX curHana. Mpoctupame 3ByKa Ha
OTBOPEHOM W Yy 3aTBOpeHOM npoctopy. Mepuenunja 3ByKa. AKBM3MLMjA 3BYKa (aKYCTMUKKU CeH30pw).
KoHCTpyKLMja M aHann3a paga caBpemeHmnx ypehaja 3a cHMMare 1 penpoayKumjy. AKyCTMKa 3aTBOPEHMX
npocTtopa. O3By4yaBare. byKka Kao HexkesbeHM 3BYK M oarosapajyha sawTtuta. CTBapambe 3By4HMX edekaTa
ca yHanpeg, ePpuUHMUCAHUM KapaKkTepucTnukama. CTaHaapAn M HOpMe aKyCTUYKOr KBaauTeTa. AKyCTUYKe
MepHe TexHuKe. NpumeHa TexHonoruje 6asnpaHe Ha 3BYKY Y MHAYCTPUjU.

KomnpecusHo ogabupare u npumeHe

CaBpemeHu NPUCTYNK Y aKBM3ULMjK NogaTaka. 3Hayaj KomnpecusHor ogabuparba aHaOrHUX CUTHana u
peTke penpeseHTauunje curHana. Matematuyka dopmynaumja KomnpecuBHor oaabuparba. MNoTpebHu
YC/0BM 32 KOMNPECUBHO ogabupatbe. NMpobaem KOHBEKCHE ONTUMM3ALMjE Y KOMNPECUBHOM 043abupatby.
MuHUMM3ALMja BEKTOPCKMX Hopmu 10, 11 v 2. leTepMUHUCTUYKM NPUCTYN Y KOMNPECMBHOM 04abupatby.
Mpo6abnMANCTUYKM NPUCTYN Y KOMMPECUMBHOM ogfabuparby. PeTKa penpeseHTauuje curHana 3a
PEKOHCTPYKUMjY MHPOpMauMja M3 HenoTnyHMX nojaTaka. PeTKo KogoBake curHana. KomnpecuBHo
opabuvpatbe 3a yHanpes AedpUHUCaHM pedYHUK. MoxnenHu anroputMm 3a PEKOHCTPYKLMjY curHana (Greedy
algorithms) n anroputmn ca penakcMpaHuMm YCNOBOM PETKOCTU. Anroputam 6asvpaH Ha Tpakery
noknanama y3 ycioB optoroHanHoctu (Orthogonal matching pursuit). Anroputam 6asmpaH Ha Tparkeky
noknanawa (Matching pursuit). Anroputam 6asmpaHn Ha Tpaxkerwby NPUBAMNKHOr noknanawa (Weak
matching pursuit). AHanu3a KBanuTeTa fob6ujeHNUX anpokcumaumja. Popmuparbe peyHuKa Ha OCHOBY
pacnonoXKMBMX cUrHana. NprumeHe anropmMTama 3a PEKOHCTPYKLM]Y KOMNPECUBHO 04abupaHor curHanay
A/ KoHBEp3MjM curHana, obpaagm MRI 1 npenosHasary AMUA.

BeluTauKa UHTeNUreHUMja U MALLMHCKO yYeke Y KOMYHUKALLMOHUM cucTeMrMma

OCHOBHM MPUHLMNKW BELTAaYKe WHTENUTeHLMje M MaLUMHCKOT y4yerba. Perpecuja, KnacuduKaumja u
Knactepusaumja. MeToay MalIMHCKOT yyerba. BeluTauke HeypoHcKe mperke. EBOAYLMOHM anroputmu.
MpuHUMNU 1 ¢das3e pasBoja MoAesna PasBUjeHUX MeToAama MALUMHCKOT ydyersa. MeTpuka. Mpumepw
NPMMeEHE MeTOZa BelTayKe WHTENUreHLMje M MALUMHCKOT y4Yerba Y KOMYHWKAUMOHMM CUCTEMMMA.
M3paga WHAMBMAYa/NHUX MpoOjeKaTa MNpPUMEHEe BELUTAaYKe WHTENUreHLMje M MALIMHCKOT y4yerba 3a
pellaBarbe KOHKPETHUX NPo6ema y KOMYHUKALMOHUM CUCTEMUMA.



TEOPWUICKA EJNNIEKTPOTEXHUKA
| rogmuHa

(ctypeHT 6upa 3 npegmerta ca aucre)

H H | ECN
WNGPA Hasus npeamera acTaBHMK/HaCTaBHMLM Ha n C
npeamerty 1P b
470EX1N01 | EnekTpOomarHeTuKa Panyesuh b. Hebojwa 3 12
40EX1IN02 | Teopuja enekTPUYHUX KOJIA Byukosuh H. AHa 3 12
AZEX11103 AHTEHe 1 NpoCcTUpare eNeKTPOMarHeTHUX Panyesuh B. H.e601ma 3 12
Tanaca MNepuh T. MupjaHa

LseTkoBuh H. HeHap,

40EX1M04 | EnekTpomarHeTHa KoMnaTMbuaHocT Mepuh T. MupjaHa 3 12
40EX1IN05 | CTaTUYKK enekTpuumTeT Panyesuh b. Hebojwa 3 12
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N - Npepasara, HAP - HayyHo nctpaxumsayvkm pag,
HacrasHu nporpamu

EnekTpomarHeTtuka

Enektpoctatvka. CTauMOHapHO M BPEMEHCKW MNPOMEH/bMBO efleKTpoMarHeTHo nosbe. Makceenose
jeAHaunHe y uHTerpasHom un audepeHumjanHom o6aMKy. MaKcBenoBe jeAHaYMHE Yy KOMMNIEKCHOM
AOoMeHy. EnekTpomarHeTHe ocobuHe cpeamHa. paHuMuHWM ycnosu. MoTeHUMjann enekTpomarHeTHor
nosba. MNouHTUHroBa Teopema. AHaNUTUUYKM MeToaM 3a npopadyyH EM noma — metopn paspBajama
NPOMEH/bUBUX, Kopulwherbe yHKUMja KOMMNEKCHE NpPOMeH/bMBE. HyMepuWUYKM MeToan - METOZ,
KOHAYHWUX pas/iMKa, MeToZ KOHayHMX efieMeHaTa. PaBaHCKM efNeKTpOMarHeTHU Tanacu (y BaKyymy,
ONEeNeKTPULMMA, HeCcaBpLIEHMM NPOBOAHUUMMA, depUTUMA U CNOjeBUTUM cpeamHama). Monapusaumja
nosba. Mpoctupare EM Tanaca. PperHenosu koeduuunjeHtn. TEM, TE 1 TM BoheHu Tanacu.

Teopuja eneKTpUYHUX KoNa

Teopujcka HacTaBa obyxBaTa CUCTEMATCKy M npoaybs/beHy aHanu3y caBpemMeHUX MeToda Teopwuje
€/1eKTPUYHUNX KOJ1a, YK/by4yjyhin TONOOLWKY aHanM3y, MaTpuuHe meToae, opmMmyncate jeAHauMHa Kona,
MOZEN0Bate Y BPEMEHCKOM W GPEKBEHUM]CKOM AOMEHY U MPUMEHY aHaNUTUYKUX U HYMEPUYKUX
noctynaka. Kpo3 HactaBy ce pasmatpajy npuHumMnu nsbopa u pa3Boja mateMaTUYKUX MOLENa, MeTose
npoBepe HUXOBE TAYHOCTM WM CTAOUAHOCTM, Kao W KpuTepujymn 3a nopeherbe c€a aHaUTUYKUM
pelerwnma, MTePaTyPHUM pe3ynTaTtuma U pepepeHTHUM moaenmma. MocebaH akueHaT cTaB/ba Ce Ha
KPUTUYKY aHa/M3y HAy4yHUX pes3ynaTaTta, npeno3HaBakbe orpaHuyera noctojehmnx npuctyna u passoj
KOMNEeTEHUMja 3a caMocTanHO dopMyncarbe UCTPaxKMBadykux npobnema, xmnotesa U MeTOL0/OLWKNX
OKBUMpa Yy 061acTU Teopuje eNeKTPUUYHUX Kona.

AHTEHe U npocTupare eleKTpoMarHeTHUX Tanaca

EnektpomarHeTHe ocobuHe cpeanHe. ChepHU, UMANHAPUYHU U PAaBAHCKU €/1eKTPOMArHeTHU Tanacu (y
cnoboaHOM NPOCTOpPY, ANENEKTPULMMA, U CI0JEBUTUM CpeauHama). NMonapusayuja Tanaca. MNpoctupare
EM Tanaca. ®peHenosn KoepuunjeHtn. TEM, TE n TM BoheHuM Tanacu. EneKTpomarHeTHO 3payere 1
aHTeHe. XepuoB AuMNoA. XaneHoBa MWHTerpanHa jegHaumHa. NOKAMHITOHOBA jeAHauMHa. PyHKuMja
3payema. lobuTak aHTeHe. OTNOPHOCT 3padersa. MNpeaajHa U npujemHa aHTeHa. OCHOBHM TUMOBW aHTEHA.
Pacnogena ctpyje y aHTeHW. AHTeHCKM cuctemu. 3padehe nospwu (/leBak aHTeHe, aHTeHe ca
pedbnekTopom, aHTEHE COYMBA, MNpopesHe aHTeHe, pam aHTeHe). [pocTuparbe pagmo Tanaca.
MoBpwKHCKM Tanac. MpocTopHU Tanac. YTuuaj atmocdepe Ha npocTMpare Tanaca. Audpakumja
e/IeKTPOMarHeTHMX Tanaca. YTuuaj joHochepe Ha NpocTMpare paguoTtanaca.



EneKTpomarHeTHa KOMNaTMGUAHOCT

MpUpPOAHN M BELUITAYKM N3BOPU EIEKTPOMArHETHUX CMETHU. [lednHnumje nojmosa EMC, EMI, EMD, EMS.
3axTeBu, NPOMNUCKU N CTAHAAPAN Y Pa3ANYUTMM obnacTuma. OrpaHuYeHa M NPeaHOCTU NPUMEHE 3axTeBa
eneKkTpomarHeTHe komnatnoumnHoctn (EMC). NMpojekToBakse Kona v ypehaja y cknaay ca 3axtesuma EMC.
MpeHowere cmeTHN enekKTPOMarHeTHUM Mo/bemM W MNPOBOAHMM nNyTeBMma. [PUHUMNIU U TEXHUKe
AunsajHuparba. M3bop KoHoUrypaumja M KomnoHeHaTa. Pasggajarbe, OKNOM/baBakbe, Y3eM/baBatbe,
dunTpupatrbe. Kabnosum, KOHEKTOPM, 3aLITUTA KOHTAKaTa. 3alITUTHE NPUTYLWHMLLE 33 OFpPaHUYaBakbe CTpyje
M MPUIyWHWLE 33 peayKuujy XapMOHMKa Yy LM/by Nobos/bluatba KBAaAUTETA eNeKTPUYHE eHepruje.
EnektpoctatMuyka npaxkwera (ESD) M NpakTMUHM HaAuMHM pellaBarba npobnema. CmeTwe y
eNeKTpoeHepreTckum cuctemmma n EMC 3axresu.

CTaTUUKKM eneKkTpuumTteT

MojaBa CTAaTUYKOr enekTpuuMTeTa Y TEXHOMOWKUM npouecuma. Teopuja nasberba 3ana/bMBUX CMeLLa.
Teopuja npaxkrerba CTaTUYKOT eNIeKTpULMTETA Ca NPOBOAHUX U ANENIEeKTPUYHUX NOBPLUMHA. TeHepucatbe
BMCOKOI HamnoHa. MogenoBarwe WHAYCTPUJCKUX W eNeKTPOCTaTUYKuX ¢untapa. OnacHocTn op,
€/IeKTPOCTaTUYKOT eNeKTpULMTETa KO NPEBO3a U YCKNaANLWTEHa 3ana/bUBUX M EKCMN03UBHUX MaTepuja.
TexHWKe Mmepera e/IeKTPOCTaTUUYKUX HaesleKTpucawa, nosba WM noTeHuujana. Mepe 3awTute u
e/IMMUHaUMje CTaTUYKOT eNeKTPULUTETA Y TEXHONOLWKMM NpoLecnma.



YMNMPAB/bAHKE CUCTEMUMA
| rogmuHa

(ctypeHT 6upa 3 npegmerta ca aucre)

H H | ECIN
WINDPA Hasus npeamera acTaBHMK/HaCTaBHMLM Ha n C
npeamerty 1P b
AnTuh C. OparaH
471EY1N01 |Teopwmja cuctema MwuTtuh b. Japko 3 12

MwunosaHosuh b. Mupocnas
40EY1N02 | NpeHTUdMKaLMja cucTema Hukoavh C. Cawa 3 12
OaHkosuh b. Hukona
Becenuh P. bobaH
40EY1N03 |PobycTHO ynpaB/batrbe MwuTuh B. lapko 3 12
JaHkosuh b. Hukona

JosaHoswuh [. 3opaH

40EY1N04 | PayyHapCKo ynpas/bakbe CUCTEMUMA Cnacuh 1. Muoapar 3 12
. Pakosuh M. Mupko
40EY1IN05 |PoboTuKa M ayToMaTM3aumja Hukomuh H. MunyTin 3 12
Mwunojkosuh T. Mapko
40EY1N06 |WNHTenureHTHO ynpas/bakbe MunosaHosuh b. Mipocnas 3 12
40EY1N07 |HanpegHa mexaTpoHMKa MNepwuh /b. CTaHMwa 3 12
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M - Npepasara, HUAP - HayuHo nctpaxumsayvkm pag,
HacrasHu nporpamu

Teopuja cuctema

JeduHuumja cuctema, npumepwu, UCTopmjat, 3Hayvaj M KnacuduKaumja cuctema ayTomaTcKor
ynpas/barba. OCHOBHU NPUHLUMNAN ynpaB/bakba. MaTemaTUyKmM onvc AMHAMUYKUX CUCTEMA.
YHuduumpanm npunas aHanamsm cuctema. [naBHe nepdopmaHce cuctema. AHanmsa CTabuaHocTu
cuctema. CneumduKaumja 3axTeBa M NPUHUMNKM MPOjEKTOBaka YnpaB/bayvkmx cuctema. EBanyaumja
nepdpopmaHcu. NHxerwepckn npobnemun. MATLAB nmnnemeHTaumje

UpeHTudUuKauymja cuctema

O6jekTn mnaeHTMdMKaumnje N wuUxoBa Knacudukaumja. Anroputmu maeHtudukaumnje. KoHsepreHuuja
anropytama wmpeHtudukaumnje. AKTMBHA uaeHTMdMKaumja. [pagujeHTHU meToan uaeHTUdMKaumje.
MeTon HenuHeapHe perpecuje. WTepatuBHM meToan wnaeHTuduKauumje. MeTogm nacusHe
naeHtnomKkaumje. MapameTtapcka penpeseHTaumja black-box mogzena cuctema. HenapameTtapcka
penpeseHTaumja black-box mogena cuctema. MeToam 3a oueHy KBanuTeTa uaeHTUdMKauuje.
MNpeno3HaBatbe AMHaMUKe cucTema nomohy BU3yesiHE aHa/M3e U MoJy-ayTOMaTCKe naeHTuduKaumje.
NaoeHTuduKaumja cuctema y3 nomoh AutoML anata 6e3 nporpamupama. NaoeHTuduKaumja cucrema
6a3vpaHa Ha nogaumMma. MaeHTudukaumja y ycnoBuMa OrpaHUYeHe KOIMYMHE U KBAJIMTETa noaaTaka.
CaspemeHe cloud 1 edge nnatdopme 3a MaeHTUUKALU]Y Y UHAYCTPUjN.

Po6ycTHO ynpaB/bake

HeoppeheHocTu n neptypbaLmje mogena IMHeapHUX AMHAMUYKMX CUCTEMA U HbUXOBA penpeseHTaumjay
BPEMEHCKOM U PppeKBeHLMjCKOM AoMeHY. H2 1 Hee npoctopu 1 Hopme. Cneumdukaumje neppopmaHcu 1
orpaHunyera. Pegykumja mogena objekta ynpassbarba. HeoapeheHoct mogena n pobycTHocT. PobycTHa
cTabunHocT M aHanusa nepdopmaHcu. JlMHeapHa dpakumoHa TpaHchopmaumja. CTpyKTympaHa
CUHrynapHa BpeaHocT. MapameTpusaumja KoHTposiepa. Anrebapcke PukaTujese jeaHaumHe. H2 n Heo
ynpas/batbe. Peaykumja peaa KoHTposepa. Hee loop-shaping.



PauyHapcko ynpas/batbe cucTemmma

Mpobnemn ynpaB/batba CAOKEHUM TEXHONOLWKUM npouecuma. LleHTpannsoBaHo ynpaB/barbe.
OnctpubynpaHo ynpas/batbe. Xnjepapxujcko ynpassbatbe. M360p padvyHapa 3a ynpasB/batbe Y PeasiHoM
BpemeHy. YnasHo usnasHu ypehaju. Mporpamcka nogplika 3a ynpaB/bakbe CUCTEMMMA Y PeasHOM
BpemeHy. Cnpesatbe payyHapa ca TeEXHOJIOWKMM npouecrMma. NpumeHa MMKpopadyHapa y NPojeKToBakby
W peanusaumju ynpass/bavykux cuctema. MpumeHa PLC n SCADA cuctema y ynpas/bakby npouecuma.
MpurmeHa payyHapa y NPOLECcHOj MHAYCTPUjU, Y YNPpaB/batby ANCIOLMPAHUM 06jEKTUMA U Y yNpaB/batby
KOMYHa/IHUM CUCTEMMMA.

Po6oTuKa 1 ayromatusaumja

MpounssogHM cuctem. OcHoBHe npousBoAHe cTpatervje. [MpPoAyKTUBHOCT U GAEKCMBUNHOCT Yy
npoussogrn. HeypeheHocT cpeanHe Kao MOTUB npumeHe poboTtuke. Pobotn y npomssBogHUM U
HEeNpPou3BOAHUM cpegmMHama. OCHOBHM TUMOBW KOHCTPyKuMja poboTa. CeHsopu poboTa. 3aBpLuHM
ypehaju poboTa. Ynpas/bartbe KpeTakbem U nporpammpare pobota. Cuctemu 3a BM3Wjy U nepuenuumjy.
Mporpamuparse poboTa. Po60TCKA ayTOHOMMja U NNaHUparbe. TPAHCNOPTHU cucTemu. Mporpamabuanu
JNIOTNYKM KOHTponepu. UHaycTpujckn nutepoejcn. Popmunparse paekcnbunHe npomssogHe henvje.

MUHTenureHTHO ynpas/barbe

YBOA Y WHTENUreHTHO ynpas/batbe, [lopehere ca KOHBEHLMOHANHMM MNPUCTYNIMMA YrpaB/bakby,
Ynpas/barbe 6a3mpaHo Ha ¢pasu nornum, Ynpass/batbe 3aCHOBAHO Ha HEYPOHCKMM MpexKama, EBonyTusHe
M MeToge 3acHoBaHe Ha pojy, MogpKaHO yyere W afanTUBHU KPUTUYKM AU3ajHU, XMOpUAHM
WHTE/IMFEeHTHN CUCTEMM yNpaB/batba, IHTEIMIreHTHO yNpaB/batbe HeJIMHEAPHUM U C/IOXKEHMM CUCTEMUMA,
MmnnemeHTaumja n npumeHe y peanHom spemeHy, HajHoBuje TeHAeHUMje Y MHTENIUTEHTHOM yNnpaB/batby

HanpeaHa mexaTpoHuKa

HanpegHe TexHWKe MOAENNParba MEXAaTPOHMUKMX cucTema. XMBPWAHW U HelMHeapHW AMHAMMUYKM
cuctemn. Cumynaumja U MHTerpaumja copTBepckmx anaTa. YrpaheHu cuctemu u ynpaesbakbe y peasHom
BpemeHy. dy3snja nogaTaka M TonepaHuUMja Ha OTKase. MalWMHCKO yyere Yy mexaTpoHuuM. MojayaHo
yyere y ynpae/batby MEXaTPOHUUYKMM cucTemmma. MprUMeHa HEeYyPOHCKMX MpeXka Yy AujarHoCTMuM U
afanTaumju. Buwekputepurjymcka onTMmMmM3aLmja y NpojekToBakby cuctema. AuctpnbymnpaHm u ympekeHn
MEeXaTPOHNYKKN cnucTemn. KOMyHMKaLMOHM NPOTOKOAU U cajbep B6esbeaHocT. KonabopatneHu poboTtn m
MHTepaKuuMja YHoBeK—MallKnHa. NameTHM MaTepujann n akTyaTopu HOBe reHepauuje.



Il TOANHA

(ctypeHT 6upa 3 npegmerta ca nucre)

H H | ECN
WNGPA Hasus npeamera acTaBHMK/HaCTaBHMLM Ha n C
npegmery npP b
4EN1M01 EnekTpnyHe malimHe u eHepreTcka Crajuh . 3opaH 3 12
edumKacHocT
EnekTpuyHe malmHe 1 npeTsapayu 3a Metpormjesuh 1. Munytuw
4EN3102 P peTsap MuTposuh H. He6ojwa 3 12
06HOB/bMBE M3BOpPE eHEpPruje .
KocTtuh 3. BojkaH
AMEN31103 AurntanHo ynpas/bame npeTsapaynma m MNeTpoHujesuh M. anyTMH 3 12
noroHMma Mwutposuh H. Hebojwa
40EN3M04 | MpopadyH aTmochepcKmux NnpeHanoHa Jasop J1. BecHa 3 12
Tacuh C. OparaH
4EN3M05 | EnekToeHepreTcka KabioBCKa TEXHUKA Paunuesh b. He6ojuwa 3 12
AnEN3M0e | RBA/IMTET ENICKTPUHE eHeprujey KopyHosuh M. /iuamja 3 12
ANCTPUBYTUBHUM MpeKama
40EN3107 NHTEeNUreHTHN aaanTabuaHn cucTemm y Crajuih . 3opan 3 12
e/leKTpoeHepreTuum
40EN3M08 | AKTMBHE ANCTPUBYTUBHE U MUKPO MpeXKe MeTtpoHunjesuh M. MuaytmH 3 12
40EE3N01 | AurutanHa obpaga ayamo curHana CraHuumh 3. lopaH 3 12
4QEE3N02 |MpojeKkToBake AUrMTaNHUX Kona u cuctema | Muauh /b. MusbaHa 3 12
4EE3N03 | NpojekToBake embenes cuctema Hukonuh P. TaTjaHa 3 12
40EE3N04 | lMpojeKkTOBatbe CUCTEMA HA YMny Oumutpujesmh A. Mapko 3 12
40EE3N05 | ACI apXuTEeKType 1 anroputmm Hukonuh P. TaTjaHa 3 12
40EE3N06 | TecTnpare eNeKTPOHCKMX Kona Mwunuh Jb. MusbaHa 3 12
40EE3N07 | PekoHdurypabunHum cuctemm JoBaHosuh [l. Munuua 3 12
Hukonuh B. Cawa
41EE3M08 | CuHTe3a puntapa Craunh 3. Fopa 3 12
40EE3N09 | KomnjyTepcka BM3nja LUgetkosuh C. CteBuua 3 12
M h AO.
41EE3M10 |YnTpa3ByyHa TEXHUKA JOZ::ZBMQ'] ﬁ..p;:: 12
40EM3M01 | BupTyenHa MHCTpyMeHTaumja *usaHosuh b. lparaH 3 12
ANEM3102 NHAOYCTPUjCKM MEPHO - MHPOPMALIMOHM [Jenuh b. OparaH 3 12
cmucTemm JoBaHoBwuh P. JeneHa
40EM3U03 | MepHO-UHbOPMaLMOHE TeEXHOIOTHje Aenuh b. [lparan 3 12
P pMmat ) OunHumh P. MunaH
40EM3104 MeamumHcKa 1 6UoeNneKkTPOHCKa mepHa Comnth M. Munan 3 12
TEXHWKA
40EH1MN05 | OnTtoenekTpoHMKa MayHosuh B. BecHa 3 12
Manuh B. NBuua
40EH3M01 |K 12
JEH3M0 OMMOHEHTE M KONa CHare MapjaHosith 5. MunoL 3
Bpauap M. /bybomunp
40EH3102 |M 12
AEH3NO vikpocersopi MNejosuh M. Munuh 3
40EH3M04 | MporHo3a cBojcTaBa maTepujana MNayHosuh B. BecHa 3 12
4fEH3MOS | COPTBEPCKM MHXKErbepUHT Y MNantuh C. [paraH 3 12
MWKPOENEKTPOHU LM
A[EH3M06 ConapHu cuctemu, TEXHOIOTHjE U Makmih C. [paras 3 12
KOMMOHEHTe
A[EH3M07 TexHonorwje, I'I[I.)OJeKTOBaI-be 7 Mpujuh 11, 3opan 3 12
KapaKTepu3aumja MMKpocuctema
M MOC
40EH3M08 | OASTMParLE NoysAanocTv Navkosnth M. JaHujen 3 12

KOMMNOHeHaTa




YTULaj 3payerba Ha MUKPOENEKTPOHCKE

41EH3M09 Puctuh C. FopaH 12
KOMMOHEHTe
40E®3101 KomnoHeHTe BakyymcKe 1 racHe PucTith C. Fopa 12
€/1eKTPOHUKE
40EDP3N02 | MeanumHcKa dusmKa Puctuh C. FopaH 12
n
40ED3M03 | OYPOBOAHNMAKE KOMNOHEHTE 1 Mpwjuh M. Aeta 12
TexHonoruje
Bpauap M. Jby6omup
40E®3104 | CeH3opwm 1 npeTBapayun Mejosuth M. Muuh 12
4EDP3N05 | TexHONOLWKM NPOLLECH Y FACOBUMA M BaKyyM Puctuh C. Fopan 12
pouecuy YYMY | s usanosuh H. Emununja
. MapwuHkosuh [I. CnahaHa
40EA3M01 | MaTtemaTUyKku meToam onTummsaumje Panunh 3. uaja 12
41EA3M02 | AHanM3a HYMEepUYKMX airoputama l;/;r:s:c:;’f;g/lvijzsesaaH 12
. Martejuh M. MapjaH
40EA3U 12
JOEA3M03 | CnekTpanHa Teopwuja rpadosa LiyHuh C. JoBaHa
40EA3M04 | UTepaTUBHM METOAMN BUCOKE ePUKACHOCTHU Panuuh 3. lngunja 12
. . Mwunojkosuh T. MapKo
471EA3MO05 | Cumynaumja MHAYCTPUjCKUX cucTema Mepuh Jb. CTaruwa 12
. AHTuh C. AparaH
41EA3M06 | MaTemMaTU4KU MOgenu y MHAYCTpUjn Munojkoeuh T. Mapko 12
MaTemaTnyKke OCHOBE CTaTUCTUYKOT yyera u repuh X. Sopan
40EA3N07 ¥ Mwunowesuh M. dywaH 12
npumeHe
Hukonuh P. JeneHa
Moo
40EP3101 POJEKTOBARLE U aHanU3a napanennux MwunosaHosuh U. EMuHa 12
anroputama
Towwuh B. Munopag,
40EP3102 |B 12
AEP3NO vourbopmaTiia HejkoBuh M. BaneHTnHa
JaHkosuh C. OparaH
471EP3M03 | MeanumMHcKa MHPopmaTHKa Munenkosuh M. AnekcaHaap 12
Pajkosuh J. MeTap
ANEP3104 an.MeHe CreKTpasiHe IoruKke y . Crojkosuh P. CysaHa 12
NpojeKToBakby AUrUTaNHUX ypehaja PagmaHosuh M. Munow
AZEP3105 HanpegHe Teme y MobuaHom u CrojaHosuh X. iparaH 12
CBEMPUCYTHOM payyHapCTBy MNpeauh b. bpaTtncnas
Panuuh [. OejaH
471EP3M06 |HanpeaHe Teme y padyHapcKoj rpadpuum Mwunocaemesuh Jb. AnekcaHaap 12
Oumntpujesmh M. AnekcaHaap
CroumeHos B. /leoHuna,
Towwuh B. Munopag,
40EP3N07 HanpegHe Teme y UHTEIMTEHTHUM CraHumuposuh C..AneKcaH,u,ap 12
cMcTtemMmnma ®pTyHUh Fnropujesuh b.
MwuneHa
BborgaHosuh [. Munow
CrojaHoBuh X. [iparaH
JaHkosuh C. [paraH
HanpeaHe Teme y cneunjannsoBaHMm Panuuh [. AejaH
40EP3M08 12
MHOOPMALMOHUM CUCTEMMUMA Mpeauh b. BpaTncnas
Oumuntpujesmh M. AnekcaHaap
CraHumuposuh C. AnekcaHgap
471EP3M09 | MaTtemaTuyKa Teopuja urapa Byukosuh B. BnagaH 12
MwuneHnTnjesuh 3. UBaH
HanpegHe Teme y 06pa3oBHUM Croumerios B. /leonna
ANEP3N10 PeA yoop Panuuh [, eja 12

TEXHONI0rMjama

JaHkosuh C. [paraH
Hejkosuh M. BaneHTnHa




Crojkosuh P. Cy3saHa

471EP3111 |HanpeaHe Teme y obpagm NpMpogHMX jesnKa Boraatosuh [, MunoL 12
MpumeHa BellTauyke MHTeNUreHunje y
40EP3N12 | 06paau v aHann3n BUomeaNUNHCKUX Munenkosuh M. Anekcanaap 12
JaHkosuh C. JparaH
noaartaka
Fupuh M. Bnagmumup
40EP3N13 HanpegHe Teme 13 6e3begHocTn MwunosaHosuh WN. EMUHa 12
payvyHapCKMX mpexa u cuctema Byukosuh B. BnagaH
Pajkosuh J. MeTtap
40ET3N01 | Ayamo KomyHUKaumje Fupuh I. [ejaH 12
Jonuos C. Hebojwa
40ET3N02 |A 12
NET3N0 HTEHe U NpocTUpar-e CraKoBuh K. 3opa
AMET3V03 MpumeHa HeypOH.CKVIX Mperka y MapwuHkosuh [. 3natmua 12
TeNeKoMyHMUKaunjama CraHkosuh . 3opaH
MpoHuh-PaHunh P. Onueepa
40ET3N04 | CaTeANTCKM KOMYHUKALMOHU CUCTEMM 12
Jokosuh J. Jyrocnas
40ET3105 | P® 1 MMKpOTanacHM nojavyaBayu Manew-Unuh M. Hatawa 12
ANET3W06 EneKkTpomarHeTcka KomnaTubuaHoCT 1 Jonuos C. Hebojwa 12
WHTErpuTeT CUrHana Jokosuh J. Jyrocnas
. Mepwuh X. 3opaH
40ET3N07 12
NET310 JeTekunja cmrHana y wymy Munvh H. Jejan
A40ET3N08 | KOMYHUKALMOHWN aNropuTMn 1 NpMmeHa MaHajotoBuh C. AnekcaHapa 12
47ET3109 MOGMHHE'KOMYHMKaLI,VIJe neTe u wecre Munoweswh [, Heraa 12
reHepauuje
. . Mepuh X. 3opaH
40ET3U10 |Teopuja MHbOpMaLMja M M3BOPHO KOAOBAHE JoaHoBuh . Anekcarapa 12
40ET3N11 | CraTmucTmnyka obpasa curHana bophesuh T. NopaH 12
ANET3N1 | AMTMTANHE KOMYHUMKALM[E Y KaHany ¢ Munosuh M. faHuena 12
beanHrom
K
ANET3N13 OXEPEHTHU ONTUYKKN TENIEKOMYHUKALMOHMN Munvih H. fejan 12
cucTemm
401ET3N14 | Teopwuja n npumeHe codpTBEPCKOT paanja Mwunoweswuh [I. HeHap, 12
HanpepgHe TexHMKe mofaenoBara 3a PO Aoruos C. Hebojuwa
40ET3N15 pea . A MpoHuh-PaHuunh P. OnuBepa 12
anavkaumje
Jokoswuh J. Jyrocnas
40ET3N16 OnTMYKe TeNleKOMyHMKauuje y cnobogHom Mwunuh H. ejaH 12
npocropy Mwunosuh M. laHnena
A0ET3N17 BeluTauKe HEYpOHCKe mpese - ogabpaHa MNepwuh X. 3opaH 12
nornas/ba Hukonuh P. Jenena
MeToau 3a npopayyH CTaLMOHApPHUX Userkosuh H. Henaa
40EX21101 A 3a NpopariyH cratitonap Nepuh T. MupjaHa 12
€/1IeKTPOMarHeTHMX NoJsba
Byukosuh H. AHa
Panyesuh b. Hebojwa
40EX2102 | HBEP3HWM NpoBAEMU Y eNEKTPOMArHETULM Mepyh T. MupjaHa 12
ALIEX21103 MeTop, rpaHUYHUX eflemeHaTa y Panyesuh b. Hebojwa 12
enekTpomarHeTnum Byukosuh H. AHa
40EY3M01 | TexHWKe AUTUTANHOT yNpaB/bakba Becenuh P. bobaH 12
AHTuh C. OparaH
40EY31M02 | OnTMManHo ynpas/batbe Becenuh P. bobaH 12
Cnacuh [1. Muogpar
AHTunh C. OparaH
40EY3M03 | Cuctemmn NnpOMeH/bUBE CTPYKTYpE Mutuh b. Japko 12
Cnacuh [l. Muogpar
40EY3N04 | OncTpubymnpaHo padyHaApPCKO yrnpaB/bake Josarosuh [l 3opar 12
pubynp patyHap ynp Jankosuh B. HuKkona
40EY3M05 |MpeAnKTUBHO ynpas/bakbe MwuTtuh b. Japko 12




Hukonuh C. Cawa
Cnacvh [l. Muopgpar

ANEY3U06 ALanNTUBHM CUCTEMUM ayTOMATCKOT Mepwuh Jb. CTaHMwa 3 12
ynpas/barba MwunosaHosuh b. Mupocnas
40HNP2 Hay4yHo ucTparkmsayku pag, 2 11| 24

M - Npeaasarba, HUAP - HayyHO ncTpaxmeayvkm pag,
HactasHu nporpamu

EneKkTpuyHe maluuHe u eHepreTcka epuKacHocT

PagHe KapaKTeEpPUCTUKE eNeKTPUYHUX MaluHa. MNpumMeHa eneKkTpUUYHUX MalMHA (NymnHe cTaHuue,
KOMMpPEecopcKka NOCTpojeHa, BEHTWIAaTOPK, CUCTEMM Tpejarba M xnahera, TPaHCMOPTHU CUCTEMM,
aNTepHaTUBHM M3BOPM eHepruje n ap). EQMKACHOCT eneKkTPpUUYHMX MaluMHA Yy TOKY KMBOTHOE LMKAyca.
EHepreTckn eduKacHe enekTpuyHe MalinHe. EBponcka noaMTMKa M nporpamum 3a yHanpehewe
eHepreTcke eQpUKaCHOCTM eNEeKTPOMOTOPHUX NOroHa. WHTepAUCUMNANMHAPHW MPUCTYN EHEPreTCKOj
edumKacHOCTU Yy UHAyCTpUju. Meperba ePUKAcHOCTM Ha MeCcTUMa Yyrpadrbe eNeKTPUYHMX MalluHa.
Mpenpeke nosehary eHepreTcke edpmKacHocTU. Teopujcke OCHOBE M METOAONOLWKM NpUCcTyn nosehaky
eHepreTcke e(dUKACHOCTU cMcTMeMa. Ynpas/bakbe eHepretckom edukacHowhy cuctema: Teopuja u
npumepwu obpe npakce.

EneKTpuyHe malivHe u npeTBapayu 3a 06HOB/bLUBE U3BOPE eHepruje

Tononorvje npeTBapaya 3a NpuK/byYere 06HOB/BUBMX M3BOPA eHepruje (OUE) Ha enekTpoeHepreTcky
MpeKy. BeTpoTypbuHe ca pUKCHOM U npomeHs/bMBOM Bp3nHoOM paga - DFIG, back-to-back eHepreTcku
npeTBapayn. PoToHaNoOHCKN M3Bopu. MNpeTBapayun jeaHoCMepHOr HanoHa. OnTumM3aLmMja pexuma pasa
npeTtsapaya. CTaUMOHAPHU M AMHAMUYKU pexxnmu paga. CMHXpPOHM3aLMja ca MpPEXKoMm, perynaumja
TOKOBa cHare. PerynaTopu MmpexHWX WHBepTopa. Pag WHBEpTOpa Yy W30/JI0BHUM MUKPOMpEXKama.
KoopauHauuja paga nHeepTopa. YTULUAj Hanajakba Ha pag, MHBEPTOPA: XapMOHMLM, NPONaan HamnoHa,
npeHanoHu, KpaTku cnojesun. UHTerpaumja OUE y AnNcTpubyTUBHE MpeXKe.

[AvrutanHo ynpas/batbe npeTBapayMma u noroHnma

Ynpas/bauko - perynauMoHa Kona 3a jeAHOCMEPHE M HauM3MeHUYHe MoroHe. TeXHUKe MMMYACHO-
LWUMpPUHCKe moaynaumje (PWM) - nopehere KapaktepucTuka, nsbop. Moagynaumja NpocTOpHOr BEKTOPA.
OntTMmuzaumja meToaa ynpas/bakba NpeTBapavymma. YTUUA] HEeCaBPLWIEHOCTM HaMajakba Ha pas
npeTsapaya U MoTopa. AKTUBHM MPEXKHMN UCMpaB/bayn. Pag npeTBapaya npyM HECMMETPUYHOM HamMajakby.
BeKTOpPCKO ynpaB/bakbe NOrOHNMMa Ca aCUHXPOHUM MOTOPUMa. AIUrnTanHu perynatopu ctTpyja (MomeHTa),
6p3nHe n nosuumje. CaBpemeHe mMeTofe ynpas/baktba CUHXPOHUM MOTOPOM Ca CTa/IHUM MArHeTuma.
ECTVIMaLI,VIja E€NEKTPUYHUX N HeeNeKTPUYHUX BeNnYNHa.

MpopauyH atmocPpepcKux npeHanoHa

MogenoBate EM nosba atmochepckor npaxterba. MoanduKkoBaHe jeaHaunHe

Tenerpaduyapa u ytuuaj cnosbawmer EM nosa. Taylor-Satterwhite-Harrison mogen. Agrawal-Price-
Gurbaxani mogen. Rachidi mogen. MogenoBare rybuTtaka M yTvuaja KOHauyHe MPOBOAHOCTU 3eMJbe.
Baum-Liu-Tesche jeaHauuHe. [lpocTuparbe MpeHanoHa Ha HaA3eMHMM M NOA3EMHMM BOAOBMMA.
EnektpogmMHaMnuKa KOpeKUuMja jefHauyMHa KnacuyHe Teopuje BogoBa. PewaBake jegHauuHa y
BPEMEHCKOM AOMEHY METOAO0M KOHA4YHMX pasfivKka. Pewasarbe jeaHaunHa npoctuparba EM Tanaca Ha
BOAOBMMA Y GPEKBEHTHOM AOMEHY. PauyHapcKu Nporpamm 3a cumynauunjy atmochepcknx npeHanoHa y
EEC.

EnekroeHepreTcka Kab10BCKa TeXHUKa

MeTog, KOHauyHWX enemeHata. MeTon, eKBMBafeHTHe efiekTpode. [PaHWYHM YCI0BM 3a MPOpayyH
eNeKTPUYHOr nosba. popayvyH eNeKTPUYHOr Mo/ba Y jeAHONKWIHUM U TPOXWAHMM KabnoBMMa,
CMOjHULAMa M 3aBpLUHMLAMA. FPaHMYHM YCNOBM 33 MPOPAYYH TEPMUYKOT Nosba. MpopadyH TepMUYKOr
no/ba y jeAHOXWIHUM U TPOXWAHMM KabsoBMMA, CMOjHULAMa WM 3aBpwHMLAma. MNpopayunH cTpyjHe



ONTePEeT/bMBOCTM KabsoBa Yy PasMUYUTUM eKCrnioaTaumoHum ycnosuma. Ctaperbe Kabnosa. lMpoueHa
MBOTHOT BeKa Kabna. MpopayyH CTpyjHe ONTepeT/bMBOCTU Y3 YBaKaBakbe NpoLeca cTapera Kabiosa.

KsanuteTt enekTpuyHe eHepruje y AUCTPUBYTMBHUM MpeKama

3Havaj KBa/sMTeTa eNekTpUYHe eHepruje 3a pag AUCTPUOYTUBHUX Mpeka. TepmuHu U peduHuumje,
BA*KHOCT W peneBaHTHOCT, HUBOW TosepaHumje. MeToge mepera U nNpaherwa MHAMKATOpPa KBa/MTeTa
HamnoHa - HanpeaHW MepHU cucTemu. Bapujaumje HanoHa y ycTa/beHOM CTakby U GAnKep - geduHuumje,
usBopu u nocneguue. Mponagy HanoHa - geduHUUMje, KapaKTepPUCTUKE, y3pouM, NPOCTUpare W
nocneguue. OcCeT/bMBOCT OMpeme Ha nponage M npoueHa ¢OUHAHCKMJCKMX rybuTaka. XapMOHUUM -
aeduHuumje, nsBopu 1 nocnegmue. Metoge 3a aHaNM3y BULIMX XapMOHMKa. MpocTMpatbe XapMOHMKa -
npopayYyH TOKOBa XapMOHWKa cTpyje. MeToze OTKNaratba BULWMX XapMOHUKA. NpojekToBake M NpopayyH
¢dunTapa. Mperneg noctojehmnx mehyHapoaHMX Nponuca 1 cTaHdapaa.

MHTenureHTHU aganTabuiHU CUCTEMM Y eNeKTPOEeHepPreTULMm

Mperneg WMHTEAMTEeHTHUX adantabunHux/agantueHux cuctema (MAC). Apxutektypa MAC. Data-driven
NpPUCTYN MoAenoBaky. TexHuKe XMbpuaHe aHanM3e U MoaesoBara. TexHWKe npenpolecuparba M
obpage nogartaka. Busyenmsauymja v youyaBarbe KapakTePUCTUUYHMX WabaoHa NoTpebHUX 33 NPOjeKToBakbe
MAC. Onuc Beher 6poja cneundunyHmx npobsiema Koju ce jaB/bajy Yy eKcnaoatauuju pasamyunuTux
WHAYCTPUJCKMX CUCTEMA Y Pa3NMUUTUM rpaHama npuepege. MoctaBka npobnema n nsbop npuctyna 3a
HUXOBO peLlaBarbe. M360p onTMManHux xmbpuaHux mogena 3a gate caydajese. KopucHu codpteepu Koju
MOTy O/JlaKWaTu aHanu3y. Besa namehy Teopuje n npakce. lNpojekToBartbe U peannsaumja HOBUX, UK
AofdatHux GyHKUMoHanHocTM Kog noctojehux MAC. MpoBepa pafda npojektoBaHux dyHKUMja u/mam
cucTema y npakcu. AHanm3a v npeseHTaumja octBapeHux edekara.

AKTUBHE AUCTPUBYTUBHE U MUKPO MpeKe

TunuuHe KoHdUrypaumje MpexKHO NOBE3aHUX U U3010BaHNX MUKPOMpeEKa. [NoBe3nsarbe U AMHAMUYKA
WHTEpaKUMja MUKPOMpPEXKe Ca jaBHOM AUCTPUOYTUBHOM MpeXoM. TeXHUYKe U eKOHOMCKe npeaHoCTU
MUKpoMpeKa. CneunduyHOCTU ynpaB/barba Y HOPMAJHUM PagHUM PeXMMMMA U TOKOM KBapoBa Yy
MpeXun. XujepapxujcKo ynpaB/batbe aKTUBHUM AUCTPUBYTUBHUM Mperkama. YnpaB/barbe akKTUBHOM WU
peakTMBHOM cHarom Auctpubymnpanux nssopa. SCADA n akTuBHe AMCTPUBYTUBHE Mperke. Ynpas/bare
MUKPOMPENKOM Yy OCTPBCKOM pay. YTuuaj AMcTpubymnpaHmx M3Bopa Ha KBaMTET Hanajakba U Noy34aHOoCT.
3alWTNTa Y OCTPBCKOM pagy mperke. YTULAj] MUKPOMpPEXKe Ha OcCTasie eHepreTcke pecypce. BuptyenHe
efekTpaHe. WMHTerpaumja cknaguwTa eHepruje. EKOHOMMja MUKpompexka M ydewhe Ha TPXUWTY
eNeKTPUYHe eHepruje

AurutanHa obpaga ayamo curHana

MpojektoBatbe aHanorHux epuatpa. JIMHKkBUL-Penn ¢puntap v aHanusa dase. CkpetHuue ao 24 dB/oct.
OcobuHe 3BY4YHMKa-gpajsepa M wu3bop rpaHuyHMX ¢pekBeHumja.KomneHsaumja ¢pekBeHLmMjcKe
KapaKTepuctuke. MpojekToBatbe KomnpecnoHmx, bac-pednekc n transmission line 38y4HUx Kytumja. 2.1
3By4yHe KyTuje. Hopmanusaumja. ®PpekBeHumjcke TpaHchopmaumje. Obpaga AUTUTANAHOT MY3UYKOT
curHana. Peanunsaumja exoa. Peanvsaumja pesepbepaHue pasHum aurutanHum uatpuma. Edekat xopa,
Tpenepera. Notch ¢puntpu y o6paau curHana. EkBunajsepu 3a 06pagy MyanUYKor curHana.

MpojeKToBarbe AUrUTANIHUX KONA M CUCTEMA

Teopujcka HacTaBa obyxBaTa HanpegHe KOHLEeNTe NPojekToBakba AUrMTaNHMX Kona: dopmanHe meTtoae
3a MmogenoBake, BeprduKaumjy U onTUMMU3aLLMjy Ha TOTUHKOM U CUCTEMCKOM HUBOY, NMPOjeKTOBakbe Kona
npMMeHOM caBpemeHunx VLS| TexHo/Mornja, Kao U apxuTekType cneunduunx AurntanHux 6aoKkosa u
cuctema. AHanM3upajy ce caBpeMeHUn NpojeKTaHTCKM TokoeMu (EDA anaTu), meTogonornje 3a CUHTE3y U
TecTMpae, Kao U NPUCTYNM NPOjEKTOBakbY NOY3AaHMX U eHEepPreTCKN ePpuKacHUX ANTUTANHNUX CUCTEMA.

MpojekToBake embenen cucrema
Embenen y ogHoCy Ha npoLecope onwTe HameHe. MeTof0n0rnje NpojekToBarba Xxapasepa u codpTeepa
embenen cuctema. ApXUTEKType HOBe TreHepauuje: BuwejesrapHuM npouecopu, RISC-V, MPSoC.



OrpaHuyerba U 1M3a30BU - BUCOKA MOY3[aHOCT, BUCOKe NepdOpMaHCe, HUCKA LEeHa, MUKPO NOTPOLHA.
Embenen Al u ML aKuenepaTtopu. AnamkaumoHo cneunduyHn npouecopu. lMpojektoBarbe SoC-oBa
Kopuwherem KoHPUrypabunHux jesrapa. CnpexHe mpexke. Memopujckmn cuctemun. Cpeacrtea 3a passoj
n TecTuparse. Xapasep/codpreep KoamusajH. Mporpamuparbe U onTMMM3aLmja Koga. Embeses onepaTMBHM
cuctemu. MnaHupare U3BpLLEHA 3aaTaka y peaniHom BpemeHy. M360p 1 KoHduryprcarbe onepaTMBHoOr
cuctema. Tectupare 1 Bepudukaumja. TunuyHe anaunkaumje.

MpojeKToBarbe cuctema Ha umny

MogenoBare U cneumduKaumja cuctema Ha BUCOKOM HMBOY ancTpakuuje. AHanmsa nepdopmaHcu
cucTema y paHoj ¢asm npoueca npojekToBarba. AHa/IM3a 04HOCA XapABEPCKe U COPTBEPCKE KOMMOHEHTE
CUCTEMA Ha uYuny, anropuTama U apxuMTeKTypa y Uu/by ONTMMMU3ALUMje CUCTEMA Ha OCHOBY 3axTeBa
(cneymdukaumje) M orpaHnyera. ApXUTEKTYpPE CUCTEMA HA 4YMny (KOHTPOJIHWU, CUCTEMW Y peanHOM
BpemeHy, 3a obpaay nogartaka). Xapasep, copTsep, cMHTe3a MHTepdejca. Cumynaumja n sepudukaumja
cuctema, xapasepcko/codpreepcka (HW/SW) ko-cumynaumja. Network-on-chip. Mpumepu annmkauuja un
cuctema 3a peanusaumjy cuctema Ha umny (Chisel, Magma). MoHoBHa ynoTpeba 6/0KOBa, Ko-
NpojeKkToBakbLe.

ACIN apxuteKType 1 anroputmu

CneundunyHoctn 1 apxutektype DSP npouecopa. Obnactu npumeHe DSP-oBa. HauuH npeseHTaumje
nogaTtaka U apuUTMeTHKa, epeKaT KOHAYHE AYHKUHE peyun, NPOrpamCcKM acneKkTu, pas y peasHOM BpeMeHY
N XxapaBepckn uHTepdejc. Mporpammuparbe DSP npouecopa Ha acemb/iepCKOM je3MKy M Ha BULIEM
nporpamckom jesnky. DSP 3a pag y ¢ukcHom 3apesy. DSP 3a pag y nokpeTHom 3ape3y. DSP 3a embenep,
annavkaunje. DSP Ha FPGA. DSP y xeteporeHMm cuctemmma - KoeraucteHumja CPU, DSP, GPU, Al
akuenepatop. ApXUTEKType ca HUCKOM MOTPOLIHOM eHepruje. ANropuTaMcKO-XapABepckM Ko-AuM3ajH.
OnTMmM3aumja anroputTama 3a pag y peasHoM BpemMeHy. XapABepcKe peanvsauuje: gurutanHm Guatpuy,
auckpetHa dypujeposa TpaHchopmaumja, CORDIC, anroputmu 3a Kpuntorpadujy. DSP 3a obpaay curHana
Y AOMEHY MALUMHCKOT y4eHa M KOMyHMKaumja.

TecTuparbe eNeKTPOHCKUX Kona

Mogaenu gedekata y aHaslOTHUM U AUFMTaNHUM KoMma. KOHKypeHTHa cumynaumja gedekara.
TecTMparbe AUTUTANHUX Kona. TecTMpaktbe KOMBUHALMOHWUX, CEKBEHUMjaIHUX M KOMa ca perynapHom
Tononorvjom. AyTomaTusaumja reHepucarba TecTa. TecTuparbe M cumynaumja gedeKkata Kalkbeha.
TecTMpare cuctema ca MEWOBUTUM CUrHaaMMma. MpojekToBare 3a TecTabuaHocT. OCHOBHU KOHUENTM
Boundary Scan. YrpaheHo camoTtecTupare. ENeKTpoHCKM ypehaju 3a TecTupatse.

PeKkoHPUrypabunHu cuctemmu

YBo4 Yy peKoHpurypabunHe cucteme. YnopeaHu npernes apxutektype caspemeHux FPGA Kona.
TpeHpoBu passoja. TOK MpojeKkToBara, MEeToA0M0TMje M anaTu 3a npojekToBarbe. Kpeupare wu
ontummsaumja HDL kK6 aa 3a FPGA cMHTe3y ca acnekTa nepdopmMaHCK, C/I0KEHOCTU U NOTPOLLHE eHepruje.
Mpecnnkaesarbe RTL cTpykTypa Ha FPGA 1 umnnemeHTauumja: pacnopehmBarbe W NOBE3MBaHLE.
PekoHpUrypabunm cuctremm rpybe rpaHynapHoctm n myntn-FPGA cuctemu. XmbpuaHe appxmTekType:
codT-MUKponpoLecopu, noaena Ha xapasep u codpreep. Mopehere FPGA U MyATUKOP apXUTEKTypa.
Peanusaumja aputMeTMUKkMX Kosa y FPGA. MNpumeHe peKkoHPUrypabuaHux cuctema y obnactuma:
anrntanHa obpaga curHana, obpaga cavka, Kpuntorpaduja,MmoneKynapHa gMHaMUKa, AMHaMuKa Gaymaa,
BMCOKO-MOY3Z4aHN cuctemu. HanpegHe Teme: AWHaMWYKa PEKOHPUrypabUAHOCT, AeMMUYHA
peKoHPUrypabuaHocT.

CuHTte3sa ¢puntapa

CuHTe3a nacMBHUX ¢unTapa. CMHTE3a NOJAMHOMCKUX PunTapa. CMHTa3a uaTapa ca KOHaYHUM Hysama
npeHoca. CMHTE3a MUHUMANHO $pasHux duntapa. PuaTpu ca pacnoges/beHMm napameTpmma. CuHTesa
akTuBHUX RC pmntapa. Puntapcke KoHpUrypauuje. OcHoBHe duntapcke KoHduUrypaumje. Peannsauuja
¢dwunTtapa. CeojcTBa pasaMunTUX KoHouUrypaumja. Ocet/bmsocT. [ekomnosumumja. lMNpoueHa xapaBepcke



CNOMEHOCTN  Pas/IMuUTUX KOHdUrypaumja 3a peanusauujy AuruTanHux d¢uatapa. ApanTMBHO
duntpuparse.

KomnjyTtepcka Bu3uja

Kpos npenasatba, cTyaeHTM he ctehn 3Hatbe 0 TEOPUjCKMM OCHOBaMa pavyyHapPCKOr BMAa, NOYEBLUM Of,
nperneaa onepaumja obpase caunke (AeTeKkumja MBMLA, CErMeHTaLMja, eKCTPaKLMja KapaKTepPUCTMKa), Kao
W HanpegHMX MeToAa Kao WTO Cy AeTeKuuja objekaTa, npaherbe, PEKOHCTPYKLUM]jA CLLEHE U NPeNO3HaBarbe
aKkTMBHOCTU. MocebaH aKkueHaT 6uhe Ha AYyOOKMM KOHBOAYLMOHUM HeypoHCcKMM mpexkama (CNN),
apxuTekTypama Kao wto cy ResNet, YOLO, U-Net u ViT, Kao M Ha TexHMKama TpaHchep yuera,
ayrmeHTaumMje nogaTtaka v ontTummsaumje moaena. NMpumeHe y 061actv ayTOHOMHE BOXKHbE, MEANUMNHCKE
OMjarHOCTUKE, MHTENUTEHTHOr Hag3o0pa W MpowupeHe CTBApPHOCTM buhe aHanusupaHe Kao cTyauje
cnyyaja.

YnTpasByyHa TEXHUKA

MnesoenekTpuyHe Kepamumke. Mogenupare MNUE30ENEKTPUYHUX  KepamMuKa. [lpojeKToBame
YNTPa3By4YHUX TasacoBoAa, KOHUEHTpaTopa M COHOTpoaa. Mogenvparbe MeTasiHMX pe3oHaTopa.
MpojekTOBakbe, mMogenuparbe M ONTUMM3ALMja CHAXKHUX YATPa3BYYHUX MpeTBapaya. [lpojeKToBatrse,
Mo4enmpame M ONTMMMU3aLUMja CHaXHUX YNTPA3BYYHUX eNEeKTPOHCKMX reHepaTtopa. OCHOBHe npumeHe
CHA)KHOT YNTPa3BYyKa. YATPa3BYyYHU cucTemMm 3a ynwhere 1 3aBapuBatoe.

BupTyenHa MHCTpyMeHTaumja

XapaBepcka CTPyKTypa BMPTYE/NHUX MHCTPYMeHaTa. TUMOBM akBUSULMOHUX MOAY/Na, KapaKTepucTuke.
Mporpamcku jesmk LabVIEW, KoHLeNT 1 HanpeaHe TexHWKe. Pag y peanHom BpemeHy. TOK nogataka u
napanenHo u3BplWEHE AefoBa Koda. AHanM3a curHana. XapAaBepcke M codTBEpPCKE TexHUKe
KOMMNeH3auMje MepHWX pesyaTata. Ynpas/bakbe NPOrpamabuniHOM WMHCTPyYMeHTauujom. BupTtyenHe
nabopatopuje. Kanubpaumja padyHapckux mepHux ypehaja u cuctema. AyTOMaTCKM TeCT CUCTEMM.
MoBe3nBakbe CEH30pa M aKTyaTopa. MpMMepun NPaKTUUYHUX ananKauunja BUPTyasHe UHCTpYMeHTaumje y
MEPHUM CUCTEMMMA 33 Paj Yy PeanHOM BpeMeHy

MHAYCTPUjCKN MepHO - UHPOPMaLMOHU CUCTEMU

OcHoBHM 610K Aujarpam MepHo-UHPopmaumoHor cuctema. LeduHuumje. lMNpouecuparbe curHana m
npeHoc curHana. uyaHa u 6exkmuHa Tenemetpuja. CTaHaapam. MNpojekToBakbe aHaNOTHNX ENEKTPOHCKUX
KoNa 3a nosesuBarbe ceH3opa. MeToau M cucTemun 3a nobosbliakbe 04HOCA CUrHaN-wym. Cuctemu
6a3npaHn Ha padyHapy U CTaHAaPAHU KOMYHUKAUMOHU nHTepdejcn. AnctpnbympaHm MepHN cUcTemm u
MHTepHeT noBe3unBarbe. BUpTyenHa MHCTPYMeHTaumja u BUpTyeaHe nabopatopuije.

MepHo-uHdpopmavumnoHe TexHonormje

OnwTtn mozenun npoueca meperba. M3Bopu mMepHUX MHPOPMALMja U METPONOLLKK NapaMeTpn MepHUX
curHana. MmkpoeneKkTpoHcKa Kona y obpaan mepHux curHana. KoHBepTopu aHanorHOr MepHor CUrHana
y anrutanuu Koz (myntunnekcepu, cemnnepu, ADC, DAC) 1 MHAMKATOPU. APXUTEKTYPE U XMjepapxujcka
opraHusaumja copTBepa MepPHO-aKBU3NOLIMOHUX CUCTEMa. YHUBEP3a/IHe akBM3NULIMOHE KapTuue. MepHo-
MHOpMaLUMoHU eNeKTpoHCKM Mmoayan (DAQ, DAS). CTaHaapaHu nHtepoejcu. UHTeNUreHTHU U BUPTYaiHu
MEPHW MHCTPYMEHTW. MpMHLMNK KannbpaLmje mepHUX moayna U cuctema

MeAanLUHCKA U 6MoeNeKTPOHCKa MepHa TeXHUKaA

YBog, y BMOMEAULMHCKY MEPHY MHCTPYMEHTaumjy. BpcTe n KapaKTepucTMke 6MOMeaNLMHCKUX MEPHO-
aKBU3NLMOHUX cucTeMa, M3Bopu BroenekTpuYHoOr noTeHunjana. buonoteHumjanH nojayaBaym 1 obpasa
curHana. Enektpoctumynauymja. EKG, EEG, EMG, ERG. YnaTpasBydyHU MeaMUMHCKM ypehaju.
Enektpotepanuja. Adedubpunatopu. [MNejcmejkepn. XuMpyllKa MUHCTPyMeHTauuja. WMHCTpymeHTM 3a
dbopmMmupatbe MeaMLMHCKe CNKe Ha 6a3n eNleKTPOMArHeTHOr 3payetba U Ha 6asn HyKieapHe MarHeTHe
pe3oHaHLe.



OnToeneKkTpoHUKa

OnToeneKkTpOHUKa KAao eKcnepumeHTasiHa HayKa. ONTUKa, eNeKTPOAMHAMMKA, eNEeKTPOHMKA, KBAaHTHA U
CTaTUCTUYKA ¢M3MKa 3padera. KnacnyHa m KBaHTHa Teopuja emucuje, nNpocTupara W ancopnuuje
cBeTnocTn. M3Bopu CBETNIOCTU M KOMMNOHEHTE TEIEKOMYHMKALMOHMX ypehaja u cuctema. NHTepakumja
3payerwba M MmaTtepuje. Jlacepcku wm3Bopu cBeTAOCTU. [loNynpoBOAHWMYKM  nacepu. Jlacepcku
TeNeKOMYHUKaUMoHN cuctemu. Mojayarbe curHana. MHpopmaumonn aucnneju, LCD, TOT LED n OLED
aucnnejn. [JUCKpeTHe M UHTerpucaHe ONTOENEKTPOHCKE KOMMOHeHTe M ypehaju. WHTerpucaHa
ONTOENEKTPOHUKA Kao CMOj KJacU4yHe eNeKTPOHWKEe, OMTUKEe, MUKPOENEKTPOHUKE U KBaAHTHE
€NIeKTPOHMKe. MHTerpucaHn onTuYkM ypehaju Kao MNPeHOCHULM, MOZAynaTopu, AemoaynaTopu U
npeknaavykm enemeHTn. OrpaHnyera 1 NepcnexkTMBe Aasber pa3Boja ONTOE/IEKTPOHMKE.

KomnoHeHTe u Kona cHare

BpcTte M npumeHe KomnoHeHaTa cHare. CTpyKType M TexHosoruje: bunonapHa, CMOS, BiCMOS, SOI.
OnckpetHe KomnoHeHTe: PN, PiN, WoTtkn auopa. Tupuctopu: SCR, GTO, Tpuak, ONTMYKM OKMAAH
Tnpuctop. bunonapHu TpaHsuctop cHare, JapanHrroHos nap. CTaTUyKe MHAYKUMOHE KOMnoHeHTe: SIT,
SITh. MOS KomnoHeHTe: LDMOS, VDMOS, MOS-koHTpoancaH Ttupuctop. IGBT. EnekTpuyHe
KapaKTePUCTUKE U ePeKTU: BEAUKE TYCTUHE CTpyje, KBasucaTypaLlmja, OTNOPHOCT YK/byvyera, TEPMUYKN
edeKTn, cekyHaapHu npoboj, napasutHe cTpyKType. SOA obnact. SPICE mogenun. NHTerpucaHa kKona
CHare: NMPUHUMNM UHTErpaumje, CHaxXHU moaynu, xmbpuaHa m moHosmtHa MKC. BUCOKOHaAMOHCKa U
MHTeNUreHTHa Kona cHare (MKC), SoC. M3onaumja KomnoHeHaTa Ha ynny. PyHKuMoHanHK 61okosu NKC:
610K cHare, nobyaa, pedepeHue, KOMyHUKaLUWMja, 3alLTUTa (HanoH, CTpyja, TemnepaTypa). MpumeHe: MKC
y ayTomobuy, KOHTPONA OCBET/bEHA, PaL €/IEKTPOMOTOPA.

MukpoceH30pHu

NHbopmaymoHo-npouecHu cuctemun. MepHu n KOHTpoaHU cuctemu. Mpetsapaun. AeduHuumja n nogena
ceH30pa. OnwTe CeH30pPCKe KapaKTEPUCTUKE WM orpaHuyerba. JeduHuunje napamertapa. Kaambpaumja.
KopeKkuuja rpewke. TexHonoruja uspage u noysgaHoct. CeH30pU curHana 3spayderba, MexXaHUYKuX
CUrHana, TOMMOTHMUX CUTHANA, MArHeTHWX CUrHafa, XEMMjCKUX CUFHaNa W BMONOLWKMX CUrHana.
KOHCTpyKLUMje U NpUHUMK paja pasnndmTmux ceHsopa. NpmumeHe. MHTEAUreHTHU CeH30pu U NpeTBapaym.
®yHKUMOHANHMU BN0KOBU. MUKPO-eNEKTPO-MEXaHUUYKM ceH3opu (MEMC) u mukpocuctemu. MpumeHa
MUKpoceH3opa Kog loT n WSN cucrtema.

MporHosa csojctaBa marepujana

MporHo3a cBojcTaBa MaTepujasia Kao OCHOBa 3a fobujarbe maTepujana ca yHanpes 3a4aTMm CBOjCTBUMA.
Hay4Hu naHau Teopuja-ekcnepumeHT. EBonyumja CTpyKType matepujana. Anjarpam CTpyKTypa, CBOjCTaBa
M TEXHO/I0TMja MaTepujana ca CTAHOBULLTA eIEKTPOHCKMX KOMMNOHEHaTa M ypehaja M NporHo3a meTasiHuX,
KepamuyKkmMx, amopdHUX, U Apyrux matepujana. MUKpPO M eNeKTPOHCKa CTPYKTYpa Kao OCHOBa MoAepHe
nporHo3e cBojCcTaBa MmaTepujana. TepmoAMHAMUYKe MeTode MporHose. KnacuyHM M CTAaTUCTMYKO-
TepMOANHAMUYKU NMPUCTYN N3yHaBakby TEPMUYKNUX, MEXAHUYKUX, ENEKTPOMATHETHUX U €NEKTPOONTUHKUX
¢dbeHomeHa. MporHo3a cBojcTaBa MaTepuja ca CTaHOBMLUTA 3aXTeBA MUKPO, HAHO U ONTOENEKTPOHMKE.
MepcnekTBe pa3Boja NPOrHO3e ca OCBPTOM Ha MOAEPHE TEXHOOIUje.

CodTBEPCKU UHMKEHEPUHT Y MUKPOENEKTPOHULMU

YBoa. Mogenvparbe U cumynauuja. NMpumeHa padyHapa M copTBEPCKMX anaTta y npouecy NpojekToBakba
MUKPOENEKTPOHCKMX KOMMOHEeHaTa WM cucTema. [lpojekToBatbe Hymepuukor ekcnepumeHTa (DOE).
Cumynaumja 1 mogennparbe TEXHONOLWKNX MpoLeca 3a NPoM3BOAHY MUKPOENEKTPOHCKMX KOMNOHEeHaTa.
Mogenvparbe npoueca joHCKe MMNAaHTauuje, audysuje, oKcuaauunje, Harpusaktba U AMTOrpadCcKmx
npoueca. Cumynauuja  eNeKTPUYHUX  KapaKTepucTMKa  KOmMNoHeHaTa. CuUCTeM  OCHOBHMX
NONYNPOBOAHUYKMUX jeAHauyMHa, MOAENM MOKPET/bMBOCTM, reHepauunje M pekombuHaumje Hocunaua.
[omeH cumynaumje, AucpeTnsaumja U pellaBarbe cucTeMa napumjanHux gubepeHumjanHnx jegHaumHa.
TCAD codTBepcku anatu. EnekTpuuHo mogenvparse. Moaenn NacMBHWUX U aKTMBHMX KOMMOHeHaTa.
EKCTpakumMja napamerapa. AHaAUTUYKKU, GUINYUKM, HYMEPUYKM U HEYPOHCKM MPUCTYNU MOoAenvpakby.



BepuduKkaumja n kannbpaunja mogena. CTpyktypHo mogenuparse. 2D n 3D cTpyktype. Cumynaumja
edeKkaTa TEPMUYKOT U MEXAHMYKOT Hanpesakba.

ConapHu cuctemu, TEXHONOTMje U KOMMNOHEHTe

YBoA4 y npeameT u nperses cosiapHe eHepreTuke. PusmMyke OCHOBE M CMEKTpasiHA aHa/M3a 3paderba.
ConapHe henunje. CTpyjHO-HaNoOHCKa KapakTepucTuka. BucokoedumkacHe conapHe henuje. CTpyKType U
npouecu 3a npounssoamwy. Mogenunpare n cumynaymja conapHux henvja TCAD codpTbepckmum anatuma.
®doToHanoHCcKM moaynn n mogenu. ConapHu TepMUYKM 1 GOTOHANOHCKM cuctemu. MPPT TexHuKe u
€/IeKTPOHCKM npeTBapayn. CKnaauwTere eHepruje n xmbpuaHun cuctemun. Mogenvpare 1 cumynaumja
PV cuctema. YTuuaj KaMmaTtckmx m reorpadckmx ycnoBa. EKcepreTcka aHanmsa COMApHUX cUCTEMa.
MusoTHu umknyc, LCA n LCOE aHanmsa. NHTerpaumja y eHepretcky mpexy. CTaHgapan, mepere U
cepTudmMKaumja. HayuHa MUCTpaXKMBakba y COIAapHOj eHepreTmym. MpeseHTaunja
CEMMHAPCKMX/MUCTPaXKMBAYKMX pagoBa.

TexHonoruje, NnpojeKToBare U KapaKTepusaLmja MUKpocMcTema

OcHoBHM nojmoBu. MaTtepujanm 3a mukpocucteme - Martepujanu y CUINLMJYMCKUM TEXHOJIOTMjama.
MaTepujann y gpyrum TexHonornjama. OcobmHe matepujana n pusnykmn epekTn. TEXHONOLWKN NPOLLECH Y
npousBoarn MUKpocuctema - CTaHAAPAHW TEXHO/IOWKM Mnpouecu: antorpadckm npouecu, npouecu
aenosuumje TaHkmx cnojesa: CVD npouecu, PVD npouecu, npouecu Harpusarba: BAaXKHO Harpusarbe u
CYyBO Harpusarbe. TexHONormje MUKPOMALUMHCTBA. [MOBPLIMHCKO MWKPOMALUMHCTBO, 3anpeMMHCKO
MUKpOMaLLMHCTBO, LIGA, DXRL 1 EFAB TexHO/I0TMje, MOHTa)Ka U MHTerpaumja mmkpocmctema y kyhuwra.
[Ouvjarpam TOKa npojekToBatba MMKpocucTema. KapaKTepusauuja KOMMOHeHaTa M noacuctema.
MHTerpaumja aHanorHMX W AUrUTaNHUX KOMMOHEeHaTa MUKpocucTema. Hanajakbe muUKpocucTema.
OnTnmuzaumja neppopmaHcu.

Mogaenupare noysgaHoctu MOC KomnoHeHaTa

Y6p3aHa wucnuTMBakba nepuoga noysgaHor paga MOS TpaHsucTopa. MeToge nNpojeKkToBakba
eKkcnepMmeHaTa. HanoHcKo TemnepaTypHa Hanpesatwa MOS TpaHsucTopa. YTMUAj HaMOHCKO
TEMNEPATYPHUX HaMnpesarba Ha eNIeKTPUYHE KapaKTEPUCTUKE TpaH3MUCcTopa. Moaenvparbe enekTpuYHmX
napametapa MOS TpaHsucTopa. HanoHcKM (KnacuyaH mMoAen 3acHOBaH Ha NIMHEApPHO] eKcTpanoiaumjy;
VG mogen; 1/VG mogen; mogen creneHe ¢yHKumje E-n) u TemnepaTypHu mogenun 3a oapehusarbe
nepuoga noysgaHor paga MOS TpaH3MCTOpa Yy HOPManHUM pagHuMM ycnoBuma. Oppehusarbe
eKcneprmeHTaNHWUX BPpeAHOCTM Nepuoaa noysaaHor pasa. Mepuog noysaaHor paga — ekcTpanosiaumja Ha
HOpManHe ycioBe pasa. AHanm3a yTuuaja u3bopa enekTpuMYHOr napameTpa, KpuTepumjyma oTKasa, oncera
n3abpaHux HanoHa 1 TemnepaTypa U n3abpaHor mogena Ha npoLeHy neprMoaa NoysaaHor pasa.

YTULaj 3paverba HA MUKPOENIEKTPOHCKE KOMMNOHEHTE

OcobuHe joHusyjyher u HeyTPOHCKOT 3payverba. leHepucakbe, TPAHCNOPT M 3aXBaT €/1eKTPOHA U LWYN/bUHA
Yy cuamumjym-gmokcunay. LleHTpu 3axBaTa Ha MehynoBpLUMHM  OKCMA-NONYNPOBOAHWMK M33a3BaHM
3payerbem. Edektn 3paversa Ha MOS KomnoHeHTe. TexHonorvja ouspwhaBatba KOMMOHEHTU Ha
3payere. EdekTu 3payerba n3a3BaHM TEXHOOLWKUM NpoLLecuMa, YTuuaj aedekaTa nsassaHUX 3paverbem
Ha KapaKTepuCTUKe MOAYNPOBOAHUYKUX KOMMOHeHaTa. OpxapuBatbe Jedekata M onopasak
NosynpPoBOAHMUYKMUX KOMMNOHEHTM HAKOH O3paYMBatba.

KomnoHeHTe BaKyymcKe U racHe eNneKTpoHUKe

ENEKTPOHM Y eNeKTPUYHOM M MarHeTHOM MOJby, 1EeKTPOHCKA EMUCHja, ENEKTPOHCKM TOMOBM U Ornedana.
EnekTpoHCcKa onTuKa. Bakyymcka TexHonorunja. FacHe KOMOHEHTE Ha MPUHUMMY MpaXkHberba y racoBnma.
ENEKTPOHCKE LEBM KOHTPOAMCAaHe pelleTKoM. MUKpoTanacHe KOMMOHEeHTe W Kona. KAUCTpoHu,
YMHOMBaUYKe KOMMOHeHTe. POTOENeKTPOHCKE KOMMOHEHTE, LEBW 3a peryivcarbe HamnoHa, racHe
ncnpass/bayke LEBW, TUPATPOHM, Naa3ma AUCMAEjU, TAaCHN M3BOPU CBETIIOCTHU.



MeauumnHcKa pusmnka

MeauumuHcka anjarHocTtmka. [lobmjartse n 0cobrHe peHAreHCKUX 3paka U hMX0oBa NPUMEHA Y MeAULUHM.
Papnorpaduja n dayopockonuja, mamorpaduja, peHAreH cpua, KoOmnjytepcka Tomorpaduja. Aurnutanym
bnet neHen peHAreHckn anapatn. Jobujarbe n ocobmHe yaTpasByKa U NpUMeHa y meauunHun. MNpuHumn
MarHeTHe pe3oHaHUe, U NpuUMeHa Y MeAWUMHCKO] amjarHoctuuu. Kopuwhere paguousotona y
MeaMUMHCKOj AnjarHoctuumn u pagunotepanmju. MET anjarHoctmKa. Enektpokapguorpadumja, MpumeHa
nacepa y meguumnn. NMpumeHa pagnodpeKkBeTHOT U ONTUYKOT 3payerba Y MeAMLUMHCKOj AMjarHOCTULM U
Tepanuju. Ypehaju 3a paguotepanujy.

MNonynposoaHUYKEe KOMMOHEHTE U TEXHONoTuje

EHepreTcKe 30He M KOHUEHTpaLMje HoCUNaua HaesleKTpucakba Yy paBHOTEXWU. EQeKTM jakor gonupara
nosynpoBoAHMKa. TpaHCNoOpT HoOcuNaua HaenekTpucawa. [Auoge. CUANMUMjYMCKM  BMMNONapHK
TpaH3ucTopu. bBunonapHM TpaH3MCTOpU Ha 6a3m  xeTepocnojeBa. Mogenupake 6unonapHUX
TpaH3ucTopa. TpaH3nUcTopn ca epeKTom Mosba Ha 6asn NoAYNPoOBOAHUYKUX jeautberba. GaAs MESFET-
OBWU. XeTepoCTPYKTYpHU TpaHsuctopn ca edektom nosma (HFET-oBu). MOSFET TpaH3ucTOpM.
CMOS/BICMOS. SOI u 3D crtpykType. MuKpoTanacHe KomnoHeHte. POTOHAMOHCKE KOMMOHEHTE.
M3BNavyere MOHOKPUCTANa U enuTakcujanHu pact. OKcugaumja n Hapactarbe ¢unmosa. Oudysuja m
jOHCKa umnnanTaumja. Potonutorpaduja n Harpmsame. EHKancynaumnja KomnoHeHara.

CeH30pu U NpeTBapauun

NHbopmaymoHo-nNpouecHn cuctemu. MepHM 1 KOHTPOAHU cuctemu. MpeTeapaun. ednHuumja n
nogena ceHsopa. OnwTe CEH30PCKe KapaKTEPUCTUKE U OrpaHnyetrba. JeduHuumje napamerapa.
Kannbpaumja. Kopekuuja rpewke. dunsmka u texHonoruja nspage. NMoysaaHoct. CeH3opu curHana
3payverba, MexXaHUUYKNX CUrHana, TONJAOTHUX CUrHaNa, MarHETHUX CUTHaNa, XeMUjCKUX CUrHana,
6MONOLWKMX cUrHana. KOHCTpyKumje n npuHUmMnK paga. NMpumeHe. UIHTENUTeHTHU CEH30pU U
npeTsapayn. PyHKUMOHaNHM 610KOBU. MUKPOMEXAHUYKM CEH30PU, KOMMOHEHTE U CUCTEMM.
®yHKLUMOHANHM 610KOBU. MIHTErpmucaHn ceH3opm Ha 6a3n mUKpoenekTpomexaHnikmx (MEMC)
KoMnoHeHarTa. lMpnmeHa ceHsopa Kog loT n WSN cucrtema

TexHONOLWKM NpPoLEecH Y racOBMMA U BaKyymy

OcobuHe racosa. MonekynapHe nojase y racy. [Mpouecn npeHoca y racy. AacopbosaHu racosu. Mponas
CTpyje Kpo3 racose. Micnymnasare 1 Bakyym nymne. Mepere HUCKOT NPUTMCKA raca 1 nape. Bakyymcku
cuctemun. Hanapasawe. Hutpupame. Ynwherwe nospwmHa. Mnazma metanypruja. Mnasma npouecu y
MUKPOENEKTPOHULN.

MartemaTnuku metoam ontumusaumje

EnemeHTM KOHBEKCHe aHannse. KOHBEKCHM CKYMOBM U KOHBEKCHE pyHKLUMje. CybrpaanjeHTn 1 ynowTemra
KOHBEKCHOCTU. YCNOBM ONTUMAZIHOCTU U peryiapHocTu. JlarpaH:kosa ¢yHKUMja n ayanHocT. JInHeapHo
nporpamuparbe M Ccumnaekc meTtog. HenunHeapHo nporpamuparbe. KBagpaTtHO mnporpamuparse.
ANropuTMn U KoHBepreHumja. besycnosHa ontumusaumja. OnTumusaumja ca orpaHmyersnma. Mertoam
YHyTpale Tayke. Buwekputepmjymcka ontumnsaumja. CTaTUCTUYKO-CTOXAcTUUKN meToaun. EnemeHTn
BapwujaLMoOHOr pavyHa. BapujaumoHn metoau.

AHanusa HyMmepu4KUX anroputama

Mpobnemn nuHeapHe anrebpe. JUPEKTHM U UTEPATUBHU METOAM Sa pellaBatbe CUCTEMA JIMHEAPHUX
jeAHauYnMHa, MHBEP3Ujy MATPULA W HanaKere COMCTBEHMX BpegHOCTM MaTpuua. Cnabo ycnoB/beHU
cuctemu. HennHeapHe jegHaunHe n cuctemun. Newtonos u apyrn metoam. Metog Newton--KaHTopoBsuya.
Anrebapcke jegHaumHe. Bernoulliee metoa. CumyntaHm metogu. Gauss--SeideloB  npuctyn.
AnpoKkcumauuja dyHkumMja. MHTepnonauymja. Npobnem Hajb6osbux anpokcumaumja. AndepeHumparse 1
uHTerpaumja. Newton--CotesoBe M GaussoBe KBagpaTypHe dopmyne. MeToan 3a ybp3aBambe:
KOHBEpPreHUMje HM30Ba M pefoBa, MATPUUHOr  MHOXewa. Aitkenos metoa. Euler--Abelosa
TpaHcpopmaumja. bp3a Fourierosa TpaHcpopmaumija (FFT).



CnekTpanHa Teopuja rpadosa

TononowkKn nHAEKeKU rpada 3aCHOBaHM Ha cTeneHnma YBOpOBa W rpaHa (3arpebauku nHaekcu, Panamh
nHaekcn, GA Tononolwkn uHaekc, ABC tononolwkn uHaekc, ISI, SDD). OcHoBHe 0cobuHe TONONOLLIKANX
WHAEKCa, rpaHuue, BPeAHOCTU Ha KOHKpeTHUM rpadoBmma. MaTpuue npuapyseHe rpady (matpuua
cyceactsa, MmaTpuua cyceactsa MO rpaHama, MaTpuua MHUMAEHTHOCTWM, JlannacoBa maTpuua,
Hopmasnum3oBaHa Jlannacosa matpuua, PaHauh matpuua, HeosHaueHa flannacoBa matpuua). Cnektpu
rpadoBa n ocHoBHe ocobuHe. EHepruje matpuua v rpadosa. Knpxodposu nHaekcu. PerynapHu rpadosm.
Mepe nperynapHocTtu rpada.

UTepaTMBHM MeToAMN BUCOKe ePUKACHOCTU

OCHOBHE KapaKTepPUCTUKE UTepaTUBHMX meToda. AHanusa KoOHBepreHumje, pes KoHBepreHumje, P-peg,
KoHBepreHuuje. Mpobaem NoYeTHUX BPeAHOCTU U CTabuaHocT meToaa. CUMyNTaHM UTEPATUBHU METOAM.
NTepaTMBHM METOAM BMCOKE TayHOCTU 3a oapehuBarbe HyNa aHaAUTUUYKe QYHKLMje U Hyaa NoAnHOMA.
UTepaTnBHM meToan 3a opgpehuBarbe pelera CUCTEMA JIMHeapHMX jedHauuHa. Busyanusaumja
UTepaTMBHKUX Npoueca. NMprmeHa maTemaTUUYKMX COGTBEPCKUX anaTa y peannsaumjnm HaBeaeHNX MeToAa.

Cvmynaumja MHAYCTPUjCKUX cUCTeMA

Mojam u metogm cumynaumje. dopmuparbe cumynaumoHmx mopaena. Cpeacrea 3a cUMynaumjy.
MaTtemaTtuyka nogaora gurutanHe cumynaumje. Hymepuukm metogm MniemMmeHTUPaHM y cpeacTBMma 3a
cumynaumjy. Cumynaumja cuctema ca  pacnofe/beHum napametpuma. Cumynaumja cuctema ca
OVUCKOHTUHYUTETUMA. [pelke npu cMmynaumju U MeToau 3a HMXOBO NpeBasunaxkewe. lNpumeHa
cumynaumje y naeHTMduKaumjn, npojekToBakby M ONTUMU3ALMU CUCTEMA ayTOMATCKOr yrnpas/bakba.
Cvmynaumja y peasHOM BpeMEHY, XapABEpPCKM WU COPTBEPCKU aACMEKTU, aNropuTMU HyMepuyKe
uHTerpaumje. Cumynaumja MHAYCTPUjCKMX cucTema. Cumynaumja cnoXkeHux cuctema. CaspemeHu
TPEHAO0BU Y CUMYIALMU UHAYCTPUJCKUX CUCTEMA.

Marematuuku moaenu y MHAycTpuju

Mojam mopena auHamuukor cuctema. Knacubukaumja mopgena. AnNCTpakTHuM mogenw. [NpuHumnu
dbopmunparba matemaTnukmx mogena. Bpcte matematnukmx mogena. Mpumepu matemaTtUyknx moaena.
dopmuparbe MaTeMaTUUKUX MOLENA TEXHUYKUX cUCTEMA (MEXaHWYKUX, XUAPAYINYKUX, TEPMUYKMX,
XEMUJCKUX, TEXHONOWKMX). YnpowhaBare MmaTeMaTUYKMX Mogena. TexHuKe Banugusaumje wu
BepubuKaumje mopena. MaTtemaTuuyko Mmogenupare nopemehaja. Mopgenuparbe WHAYCTPUJCKUX
cuctema. Mogenuvparbe croXKeHux cuctema. CaBpemeHu TPeHOOBM Yy MOAenvnparby WMHAYCTPUjCKUX
cuctema. Mogenuparbe cuctema nomohy opToroHanHux ¢yHKumja. Kopuwhere reHeTUuYKmx
anroputama, Gasu NOTMKe U HEYPOHCKUX MpeKa Y GopMupatby MaTEMATUYKUX MOoAeNa Y UHAYCTPUju.
KomepumjanHu codpTBepu 3a mogenmparse MHAYCTPUJCKUX CUCTEMA.

MaTtemaTuuKe OCHOBE CTaTUCTUYKOT yuYeHa U NpumeHe

Taukacte ougeHe, MHTepBaaW Nosepera. HemapameTtapcke metoge TecTuparba XMnotesa O pacnoesnu.
MeTog MaKcMmanHe BepoAoCTOjHOCTU. JIMHeapHa perpecuja, 3aBUCHOCT M3mehy pfgBe caywajHe
npomerb/bUBE, perpecMoHa npasBa, 3aBUCHOCT M3mehy cayyajHe UM KOHTPO/IHE MNPOMEH/bUBH.
HenuHeapHa perpecuja, A€o No Ae0 MMHeapHa perpecuja u JIOTUCTULLKA perpecuja. BpemeHcKkn H1M308BM,
ZIMHeapHa M HenuHeapHa npeaukuumja. AP npouecn, MA npouecu u APMA npouecu. Anroputmu
0by4yaBarba 3aCHOBAHW Ha CTAaTUCTUUYKOM yuetby. AITOPUTMM 3aCHOBAHM Ha CTOXaCTUYKOM FrpagujeHTHOM
cnycry.

MpojeKToBarbe M aHaNMU3a NapasieNIHUX aAropuTama

MpMHUMNK nNpojeKkToBakba NapanenHux anroputama. [lekomnosuuuja npobiema: peKypsuBHa, Mo
nodauMma, AOeKOMMNo3uumja 3a MNpeTpaxkmBarbe., CNekynaTuBHa  Aekomnosuuuja, xubpuaHa
Aekomnosuumja. AHanusa anroputama. [lapanenHu metogum U anropuTMK y AMHeapHoj anrebpu.
MpounsBoa maTpuLe U BeKTopa, NPOM3BOA, ABE MaTpuLe, pellaBarbe CUCTeMa IMHEapHUX jeaHauuHa,
Hana)Keke COMNCTBEHMX BPeAHOCTU M COMNCTBEHUX BeKTopa. MapanenHn Metoam U anroputMn y aHaausu.
Hyne nonvHoMa, MHTErpaumja, MHTEpPNoaaLmje, OpTOroHa He U GUCKPeTHe TpaHchopmaLmje, pellaBarbe



andepeHumjanHUX U NapumjanHux jeaHadnHa. MNapanenHn meToam M anropuTmu y Teopuju rpadoesa.
TpaH3MTMBHO 3aTBapakbe U peaykumja, nytesu y rpady, cnpexkHa ctabna, TyHen npobsiem, KanayuTer
MpeXKe, MaKCUMaIHU MPOTOK U MUHUMANHK NpeceK. MoxXnenHn aaropuTmu.

BuonHdpopmaTtuka

OpabpaHe akTyenHe Teme M3 6MonHbopmaTuKe. OCHOBHU KOHLEMTU M3 MPUPOAHUX HayKa: FreHeTUKa,
npoTeoMmnKa, xemuja, 6uonoruja. UcTpaxkuBarbe AOMEHCKOr 3Hakba: MPOTEUMHU, Maan MONEKYAMU,
peakumje, uTth. OpabpaHu anroputmu  KopuwheHn vy codTBEpPCKMM MakeTuma M3  obnactu
6uonHbOpMaTUKe, NPUMEPM  arnjnMKaumja, aKTyenHe  UMMIEMEeHTauuje, W  MpPOjeKToBare
6uonHdpopmaTnukor codTeepa. PasBoj GuomHdopmaTMukor codTBepa: nperneg nocrojehmx jaBHO
pacnonoXxumemx 6aHKM nogaTaka U coPTBEpPCKUX anaTa u3 oe obnactu. CodpTBEepcKe apXUTEKType 3a
CMeLTare W YyBake NogaTaka o npoteMHnma. Mogenu noHawara. Moaenu nHtepakuymja. Codtesepckm
NakeTn u anropuTMM 3a NpeTpakKnuBame M eKCTpakuujy MHpopmaumja M3 gomeHa buomHbopmaTuke.
Kopuwhere cknaguwTta nogaTaka, 6a3a nogataka M OHTOJsIOMMja Yy BuoMHPopmaTuum. Hajuewhe
KopuwheHn Nporpamcku jesmum y 6uonHGOpmMaTMUYKMM NpuMeHama. Benvku jesmuknm mogenun 3a
npumeHy y 6uonHpopmaTnum

MeauumHcKka MHPoOpMmaTHKa

Mojam meguuMHCKe MHbOPMaTMKe. 3Hayaj M yiora meguumHCKe MHbopMaTHKe (KBa/lIUTET, CUMYPHOCT,
ueHa, epuKacHOCT, UCTparkMBake). MeauuMHCKa MHbopMaTUKa U BUonHpopmaTtuka. TenemeanumHa.
MeanuMHCKM MHGOPMALMOHM cucTemu. J1TabopaTopujckm MHPOPMaLLMOHN cucTeMU. TenekoHcyATaumje.
TenepmjarHoctMka. Tunoeu uHdopmaumja (o0 nauujeHTy, 3Harbe). ENEKTPOHCKM KapTOH nauujeHTa.
Konabopaumja MUC. BewTauka MHTENUTEHUN]A Y MeaUUNHU. CUCTEMM 33 eKCTpaKuujy Hbopmaunja u
3Hama. CucTemu 3a NOAPLIKY y ognyumBakby. CUIYpHOCT M 3awTuta nogataka. CtaHaapAn 3a npeHoc
MeANUMHCKUX NogaTaka. Obpaaa MeanuUMHCKUX canKa. Obpasa MeguuUMHCKMX NogaTtaka. CKaaguwTere
N yyBakbe WHbopmauuja. FnobanHu MWUC. JaBHM 3apaBcTBEHM cepBUcU. MHbOpmaTMUKa nogpluKka
KAMHUYKMM UCTPAXKMBabUMa U eyKaunju.

MpumeHe cnekTpasHe NOrvMKe y NPOjeKTOBakby AUrMTanHuUX ypehaja

MaTemaTMyKe OCHOBE 33 MNPUMEHY CMEKTPaAJHUX TEeXHWKA Yy MNpPOjeKToBaky AUrMTanHux ypehaja.
CneKkTpanHe penpeseHTauMje AUCKPETHUX GYHKLMja GYHKUMOHANHMM pa3BojuMa Ha HMBOy BuTOBa M
peun n ogrosapajyhum gujarpammma ogsyumsarba. Metose 3a edUKacHO M3padyHaBakbe CNEKTPATHUX
TpaHchOpMaumja, w3payvyHaBakbe MNpPeKo JAujarpama oaJslyumBarba. M3payyHaBakbe CNEKTpasHUX
TpaHcpopmaumja Ha multicore npouecopuma n GPU. MeTtoge 3a m3pavyHaBatbe ayTOKOpPEenaLUMOHUX
bYHKUMja U HbUXOBA NPMMEHA Y 0BOM Noapyyjy. AHaM3a U CUHTE3a I0TMYKUX GYHKLMja KOMOUHALMOHMM
MpexXama NPMMEHOM CNEKTPAIHUX TEXHMKA. CNeKTpasHe MeToAe 3a CUHTE3Y CEKBEHUMja/IHUX MpeXa.
AHanmza moryhHOCTM camoumcnpaB/batba U NPOjeKTOBakbe MOY3AaHUX OUMUTASHUX CUTEMA MPUMEHOM
CNEKTPANHUX TEXHUKA. CNeKkTpasiHe MeToAe 3a TeCTUparbe AUTUTAIHUX CUCTEMA.

HanpegHe Teme y MO6MNHOM M CBENPUCYTHOM payyHapCTBY

YBog, y MOBUAHO 1 CBENPUCYTHO padyHapcTBo. MobWaHM 1M CBENPUCYTHU pavyHapCKu ypehaju: nameTHu
TenepoHun, nameTHu yrpaheHun ypehaju, Hocusm padyHapu, UHTepHeT ctBapw (Ineternet of Things - loT).
HanpeaHe 6eXXuMyHe mpexke U BeXMYHU NPoToKoAM. MeTose M cUcTemMM 3a NMPUKyn/bakbe, 0bpasy M
aHanM3y nogaTtaka ca ceH3opa Ha mobunHum u loT ypehajuma. HanpeaHe TexHonormje n cuctemu 3a
MOBWMAHO NO3MLMOHMPAHbE U TIOKALMOHO-3aCHOBAHM CUCTEMU M ananKaumje. Onaxkarbe U NpenosHaBake
KOHTEKCTa Y MOOWAHOM M CBEMPUCYTHOM pPayyHapCTBY. Ynpas/bakbe nNogauMma y MOOWIHOM U
CBEMNPUCYTHOM payvyHapcTey M WHTepHeTy cTBapu. ApXMTEKTypa, MpPOjeKToBake M MMMNAEMEHTaUMja
MOOWMAHUX U CBENPUCYTHMX anJiMKaumja u cepsuca. MMmnaemeHTaumja nameTHUX CTBAPU M NPUMEHa
BellTauyke nHTenureHumje - AloT. Pa3Boj loT cuctema Ha nBuLM MHPpaAcTpyKType (edge) M nmnneHTauuja
edge nHTenureHuyuje.

Pa3Boj 1 npumeHa loT cuctema m cepsucu Ha cloud n edge-fog-cloud pauyHapcKOM KOHTUHYMY.
MmnnemeHTaumja ceenpucyTHux loT cuctema 3a obpagy v aHanuM3y BeNMKUX NogaTtaka. MHTepakuuja
YyoBEKa, MOOUNHOI payyHapa M CBENPUCYTHOr payyHapCKOr OKpyKema. [MpMBaTHOCT M CUTYPHOCT Y



MOB6MAHOM 1 CBENPUCYTHOM padyHapcTey. HanpeaHun cuctemm,animMkaumja v cepBmncK: NnameTHU rpagosu,
kKyhe, Bo3nAa, 34paBCTBO, MOBUAHOCT M caobpahaj, MHAYyCTpUja, NosbonpuBpeaa, UTa,

HanpegHe Teme y pauyHapcKoj rpadpuum

HanpeaHe TexHUMKe peHAepuHra W  aHumauuje. Busyenumsaumja 3anpemuHa. Mogenvpare U
BM3yenm3aumja npupogHux ¢eHomeHa. Busyenusauymja dnymaa (gum, Batpa, TeyHocT). Moaenunparse u
BM3yenmsaumja TepeHa. MonekynapHa rpaduka. ®paktanm u xaoc. HanpeaHe TexHUKe BUpTyenHe
peanHocTn. EPUKACHOCT M KoMMNAEKCHOCT rpaduukmnx anroputama. O6jeKTHO opujeHTUcaHa rpaduka.
MpaduKa 1 soyacka nepuenumja. OpraHmsaumja 1 Nnporpamuparse rpaduykor xapasepa.

HanpegHe Teme y MHTE/IMFTEHTHUM CUCTEMMUMA

WHTENUTEHTHN CUCTEMM - NPETNEeS, U apXMTEKTYpa. BeluTauka MHTENMIeHUM]ja Kao OCHOBa 3a peanusauujy
UHTENNTEHTHUX cucTema. CoPTBEPCKO MHKEHEPCTBO 33 WHTENUreHTHe cucTemMe. lNpumeHa BeluTauke
MHTeNureHumje y codTBepCKOM MWHXKerepcTBY. AYTOHOMHO 3aK/byumBarbe. MHTENUTeHTHUM areHTu.
ApXUTEKTYpe Koje YyK/bydyjy nepuenuujy, ydvewe, npeAcTaB/bartbe 3Habba, 3aK/byuyuMBatbe W
peakumje.MpUHUMNM  MALIMHCKOT y4yera. KomOMHOBAHbEe PasnMUMTMX BPCTa 3Haka Yy areHTMma
(HNp.Kopuwherem, Mogenn NoysAaHOCTM 3aCHOBAHM Ha BepoBaTHONM, MPAKCOM CTEYEHO 3Hake W
yrpaB/batbe 3Harbem). KoopanHauuja v capasrea mehy areHTma. MalnHCKo yyerbe 1 0bpaja v aHam3a
noctojehnx nogataka. HeypoHcke mpexe 1 ayboko yyere. MHTepaKkuuja ca MHTEIMFEHTHUM CUCTEMUMA:
npenosHaBake U CUHTE3a roBOpa, pavyyHapcku Bua,. MNpeactaB/bakbe 3Hara - OHTONOMMjEe U CeEMaHTMKa
nHbopmaumja. Jesmum 3a npeacTaB/bakbe OHTONOIMja. AMOMjeHTanHA WHTeAureHuymja. OnwrTe
KOHLEeNTya/He NpeTnocTaBKe, AOMEH cTpaTernje, MNOC/AOBHU acCMeKTW, MaTeMaTU4Ke OCHOBE, U HeKe
COUMO/IOWKE OCHOBE WHTE/IMFEHTHUX MHOOPMALMOHUX cUCTEMA. MHTEPHET, APYLUTBEHE MpPEXe U
CUCTEMM BELUTAYKe MHTeAUreHLMje 3a 06paZy M aHaNU3y TaKBUX NogaTaka. AHanM3a nojaTaka U3 cuctema
33 paj ca Be/IMKOM KOJIMYMHOM nogaTaka. Peanunsaymja "cmapt" cuctema, MHTErpaLmja ca ceHsopMma u
ypehajuma us okpyxerba, MHTEpHET CTBapM U BeLTauYKa UHTENUTeHLMW]a.

HanpegHe Teme y cneuunjanusoBaHum MHGOPMaALMOHUM CUCTEMMMA

NHbOPMaLMOHU CUCTEMM CheumjasiHe HaMeHe, CepPBUCHO-OPUjEHTUCAHE AapPXMTEKTYpPe, 3aCHOBAHWU Ha
CaBpeMeHMM TexHoNornjama. Auctpubymnpanun u peer-to-peer MHGopmaLMoHM cuctemn. MobunHu u
CBEMNPUCYTHU MHOOPMALMOHM cucTeMn. Tleorpadcku, MynTMmeamjanHu, MeAULMHCKWU, MOCNOBHM,
TPAHCMOPTHU WU WHTEAUTEHTHU MHOOPMALMOHU cucTeMn. KoMaHOHO-ynpasB/bavykn WMHGOOPMaLNOHM
cuctemun. MHPopmauMoOHM cucTemm 3acHOBaHM Ha obpaam M aHanusm Benukor obuma nopaTaka.
MHOOPMaLMOHN CUCTEMM 3aCHOBAHW Ha MPUHUMNY M343BaY-NPETNAaTHUK, CUCTEMM 3aCHOBAHM Ha
porahajuma, Kao 1 cuctemm 3a HoTudmKaunjy gorahaja. Middleware cneumjannmsoBaHmx MHPOPMALMOHNUX
cuctema: bGpokepu nopyka, middleware opwujeHTMcaH Ha nopyke, middleware opwujeHTMCAH Ha
TpaHCaKuMje W ynpaB/barbe TpaHCaKUMjama, anaMKauuMoHu cepBepu. AHanM3a, NPOjeKTOBakE MU
UMMJEMEHTaLUMja cnewnjannmsoBaHmMx MHGOPMALMOHMX CUCTEMA.

MaremaTtuuKa Teopuja urapa

YBog, v onwTu npuHumnu: NMpegmeT u un/b n3ydaBarba Teopuje urapa. KpaTku nperneg uctopuje teopuje
urapa. OCHOBHM NOjMOBU M AedUHULMje maTeMaTUUKe Teopuje urapa. TepmuHonorunja. Knacuoumkaumja
urapa. CtpaTewko 1 GopmManHO pasmul/bare. 3Hayaj U gedpuHuumje npasunaa urpe. MNMojam Hewosor
eKkBUAMbpUujyma. Matematmuku mogen Hewosor ekBuanbpmjyma. Matematnmyka 0CHOBA IOFTMYKUX Urapa.
Urpe ca cumynTaHnm notesmma (CTatmyke urpe). Urpe ca cekBeHUMjanHUM NoTe3MmMa (AMHaMUYKe urpe).
OnwTe Knace urapa u ctpaternja: KoonepatnsHe n HekoonepatueHe urpe. KapaktepuctuyHe urpe. Urpe
BELUTUHE, Urpe WaHcK, urpe ctpaternje. PopmanHa gednHuumja urapa. CtpaTelkm 1 TaKTUYKKN NOTE3MN.
MpumeHe maTemaTU4yke Teopuje urapa. MpumeHe y KOMNjyTEPCKMM NOTMYKMM Urpama. MatemaTuuke
OCHOBe aNropMTama NorMYKKX urapa. Ocrtane npumeHe.

HanpegHe Teme y 06pa3oBHMM TexHOMOrMjama
MUcTpaxkunBayku pag Ha Hagorpagku noctojehmnx n passojy HOBMX COPTBEPCKUX CpeacTaBa 3a MOAPLUKY
yuemy. HCl y yyerby. MNpunarohaBate codpTBEPCKUX afaTa ONWTE HAMEHE 3a NpUMeEHe Y yyery. PasBoj



HOBWX anaTa 3a NOAPLLKY KO1abopaTUBHOM yyerby, 3a TECTMPAHbE NOAPKAHO pavyyHapom, UTA,. BewwTauka
WMHTeNUIeHLMja Kao NOAPLUKA yyery. MeToan, TEXHUKE N anaTu 3a UCIUTMBAKE KBaiMTETa COPTBEPCKUX
CpeAcTaBa 3a MOApPLIKY yyery. EBanyaumja pasBujeHMX anaTa y norneny TEXHUYKOT U eayKaTUBHOT
KBanuTeTa. [lpumeHa HayKke 0 Nogauuma 3a eBasiyauujy yuyema.

HanpegHe Teme y 06pagu npupoaHux jeamka

CaBpemeHW TPEHAOBW Yy MOAENOBatby je3nka (Bpeha peyn, mMoaenoBarbe CEKBEHLE, BEKTOPCKA
penpeseHTaumja TEKCTA, aIfTOPUTMKM 3a TOKEHW3auMjy TekcTa). CaBpeMeHW TPeHO0BM Y MOLEN0OBakbY
CeKBEHLE (peKypeHTHEe HeypoHCKe Mpexe). ApXuUTeKTypa TpaHchopmepa. TUMNOBM apXUTEKTYpe
TpaHchopMepa 33 PasBoj BENIMKUX je3ndKkux mogena. CTpyKTypa CKynoBa nojaTaka 3a 0OyKy Be/MKMUX
jesnuknx mogmena. ObyKa BENMKUX je3UUKMX MOAena 3a NnojeAuHavyHe 334aTKe: MACKMPaAHO je3nudKo
MogenoBarbe, npahere WHCTPYKUMja, TreHepucarbe TeKCTa, 3ak/byumBarbe, KnacuduKkauwja,
cymapusaumja. OnTMMmnsaumja BeJIMKUX je3SUMKUX Mogena - AOMEHCKa aganTtauuja, prompting, N-shot
learning, LoRA, PEFT, aectunauuja moaena, KBaHTM3aUnja mogena. ApXMTEKTYpa CUCTEMA 3a OAroBaparbe
Ha NuTamwa. Bpcte n enement RAG cuctema.

MpumeHa BeluTauKe UHTENUreHUuMje y 06paamn u aHanmsmn buomeanLMHCKNX NogaTaka

AnaTu 3a NpuKyn/barbe, 0bpaay, aHannsy, BU3yenmsaumnjy 1 UcTpaxkmsarbe bUomeanUMHCKMX nodaTakKa.
MpuKyn/bakbe U CKAaguWTEHE BMOMEAMUMHCKUX NodaTaka. AHan3a orpaHuYerba Koja ce ogHoce Ha
KBAJINTET, aHOHMMHOCT, O6MM U CMUCNIEHOCT BMOMEAULIMHCKUX NodaTaka. AHOHMMM3aUMja nojaTaka.
MHunumjanHa aHanmsa nogaTtaka. Busyanmsaumja bMomeanumnHCKUX nogaTaka. [pyMmeHa caBpemMeHnx u
PasINYNTUX METOAA BELUTAYKE UHTE/IMIEHUMjE U MALLMHCKOr yYyera y obpaau 1 aHanmsm buocurHana
(EKF, EEl, EMTI, EHI), meaMUMHCKMX cnuKa (peHTreHcke, UT, HMP, ynTpa3sBy4yHe, racTPOCKOMCKE,
odTaNMO/IOWKE, XUCTOMATO/IOWKe, Tepmorpame). Mepewe U nopeherwe [06MjeHUX pesyAaTata.
Bannpaunja pesyntata. MNopeherwe MeToAa MaLUMHCKOT y4yera 3a pellaBare MucTor npobnema.
KpuTtepnjymun 3a ogabup Hajbosbe meToae M KpempaHor mogena. AytomaTusaunja ogabupa anroputama
n oarosapajyhux xunep napamertapa mMeToZa MalUMHCKOr y4yema. [JoCTyrnHa nporpamcka pellera 3a
BM3yanusaumjy nobujeHux pesyntata. Kpeupare CUHTETMUKMX NogaTaka y ogpeheHom [omeHy
(meTamaTtepujann, XUCTONOWKWM nNpenapatv, pectaypaumnja cnuka). MeaumuymHa 4.0. MpuKyn/barbe
6uocurHana ca pasIMymMTUX U3Bopa (MameTHU caToBU, MOBUNHU TenedoHU, MeAULNHCKU ANjarHOCTUUKM
ypehaju, AocTynHM ceToBM nogaTtaka). EQUKAcHM HauMHWM 33 NOKaNHO cnaguwTerse U Kopuwhene
bromeaMUMHCKUX NoAaTaka.

HanpegHe Teme u3 6e36e4HOCTM pauyHapPCKUX MpeXKa U cuctema

CaBpemeHu TpeHaoBU y 6e36e4HOCTU pavyHapcKMx cuctema. Zero Trust apxuTtekType. Adaptive Security.
HanpegHe TexHWKe AeTeKuuje Hamaga: MAWWHCKO U AyOOKO yyerbe, aHanM3a aHoOManuvja, objawruse
meToge. besbeaHocT y BupTyenusoBaHum U cloud-native okpykerwsuma (KoHTejHepu, Kubernetes).
be3benHocT y edge, fog u 10T okpyxerbuma — n3asosu n npuctynu. opmanHe metoae y sepudukaLmjmn
npotokona (model checking, theorem proving, ProVerif, Tamarin). KnacMyHa M nocCT-KBaHTHa
Kpuntorpaduja: anroputmu, cTaHgapam U Mmnauvkauuvje. AHanmsa 6es3begHoctn npoTtokosa (TLS 1.3,
QUIC, DNSSEC, BGPsec). HanpegHu Hanaau: side-channel Hanaawu, supply-chain Hanagu, Al-assisted
malware. AyTeHTUdMKaLMja 1 ynpaB/barbe MAEHTUTETUMA Y ANCTPUBYNpPaHMM cuctemmma. PopeHsnka u
pearoBakbe Ha MHUMAeHTe y cloud 1 XMBpUAHUM OKpYHKEeHUMA.

AyAno KOMyHUKauuje

Ayano curHanm (geduHuumje, nojmosu). KapaKTepucTUKe rOBOPHOr M My3MYKOr curHana. Ayamo
KOMYHMKALMOHN cuCTEMM (CTPYKTYpa U 0CObMHE). YNa3HO M M3N1a3HO aKyCTUUKO OKpyXere (M3BopU M
NpUjeMHULM 3BYKa, NPOCTOPHO OKpy:Kekbe). Ayamo ypehaju. Ayamo aHanuTMKa. AyamuTopHe cueHe
(aHanu3a u cuHTesa). [etekumja u Knacudukaumja ayamo gorahaja. Obpaga aygmo curHana. CuHTtesa
3ByKa. Cyb6jekTMBHU edeKTM 3ByKa. lPOCTOPHOCT 3BYy4YHE CAMKe w 3[ 3BYK. AyauTopHa BUpTyesHa
OKpYy:Kerba. Ayamo pectaypaumja. MNepuenTyanHo KogoBake U ayamMo Komnpecuja. Pasagajatbe nssopa u
Aepesepbepaumja rosopa. AHanmsa u obpaga rosopa. Mepa KBanMTeTa ayamo curHana (KBaamTer rosopa



- pasymsbuBoOCT). AyanomeTtpuja u aygnonorunja. CaywHu anapatu. MpumeHa TexHonornje 6asmpaHe Ha
3BYKY Y MeAMLMHMN.

AHTeHe n npoctupame

MpumeHa HEYPOHCKUX MpelKa Yy TeNIeKOMYHUKaLMjama

BelwTauke HeypoHcKe mpexe. TUMOBM BeLTauyKuUX HeypOHCKMX MpeKa. BuecnojHe HeypoHCKe mpeXke.
PeKkypeHTHe HeypoHCKe mpexxe. KOHBOMIyLMOHE HeypoHCKe mperke. ANrOpUTMM 3a 0OYKYy HEPOHCKMX
MpeKa. TecTuparbe M Baanaaumja HEYPOHCKUX mMpexka. Mogenm 6asmpaHyM Ha HEYPOHCKMM MperKama.
HeypoHcKkM mogenn 6asmpaHy Ha NPUHUMNY LpPHE KyTuje. HeypoHCKM mopenu 6asvpaHy Ha 3Hakby.
XnbpuaHM emMNUpPUjCKO-HEYPOHCKM MOoAenuU. Xujepapxujckm mogenn. AHanmsa nocTtojehux pelsena
NPUMEHe HEYPOHCKMX MpeXka 3a pasnuute aniauKaumje y obnactm TenekomyHuKaumja. Mpumepu
codTBEPCKMX MAKETa KOjU Ce KOPUCTE 3a Pag Ca BELITAYKMM HEYPOHCKMM Mpexama. MmnnemeHTaumja
HeypoHcKkMx moaena y CAD codTBepCcKe nakeTe 3a NpMMeHe y TeJIeKOMyHMKauuyjama.

CaTeNNTCKM KOMYHUKALUOHU CUCTEMU

ApXMTEKTYpPA CATENIUTCKUX KOMYHMKaAUMOHUX cuctema. Knacudukauumja catenuta. Opbute catenmra.
AHanu3sa caTenUTCKMX NWHKOBA. [lpernen npyMeHa MOAYAAUMOHUX TeXHMKA W TeXHUKa KOHTpose
rpewaka. TexHuKe BulIecTpyKor npuctyna catennty (TDMA, FDMA, CDMA). HTS caTennTtcku cuctemm.
KoMmyHWKaunoHn catenmtn. [lpeHOC nopaTaka nMpeko KOMYHWMKauuoHux catenmta. Catenmtcka
Tenesmsnja. Catenutcknm HasuraumoHm cuctemun. GPS, GLONASS, GALILEO. WHTerpauymja GPS-a un
reorpadckmx MHPOPMAUMOHUX cucTema. CaTeNUTCKM CUCTEMM CcheumjasiHe HameHe (caTeauTu 3a
Oa/bUHCKY AeTeKLUM]jY, METEOPO/IOLLKM U BOjHU CaTENNTK).

P® 1 mukpoTtanacHu nojayasaum

Moagenn MmmnkpoTanacHux TpaHsuctopa (MOSFET, MESFET, HEMT, BJT, HBT) —Moaenu TpaH3ucTopa 3a
Mane CurHane, HeAMHEApHW MOoAenu, MoesoBame Wyma. [ocTynak MNpojekToBaka MasoLyMHOT
nojayaBaya. MojayaBaum cHare y knacu-A, Ab , B, L. MojayaBaum cHare BMcOKe epuKacHoCTM (Knaca-d,
uHBep3Ho O, [, E, J, KOHTUHYanHNU MoAoBM paaa). /inHeapusaumoHe TexHUKe. TexHuKe 3a noseharbe
epMKacHOCTM NojayaBayva cHare

EIIEKTpOMarHETCKa KOMMNaTUOUAHOCT U UHTErpuTeT CUrHanaa

[eTeKumuja curHana y wymy

NnHeapHu cuctemu. dakTop wyma. ONTUMaNHU INHEAPHU cucTteMn. HeamHeapHn cnuctemm -

OVPEKTHU meTog,. HennHeapHu cuctemmn - metos TpaHchopmaumje. CTaTUCTUUKA AeTeKunja curHana.
OnTmanaH npujem curHana y wymy. [letekumja no3HaTor U HeMO3HaTor curHana y 6enom n obojeHom
layccosom Lwiymy. Makcummnsaumja ogHoca curHan/wym n npunarohenn euntpu. Ontumanymn ¢uatap 3a
ob60jeHn Wym. Anoctepuopun Teopuja npujema. CTaTUCTUYKa Teopuja getekumje. JeTeKkumja Ha OCHOBY
jeaHor ogmepka. [leTekumja Ha OCHOBY BULIe ogMepaKa. [poueHa napameTtapa curHana.

KoMyHMKaUWOHM anroputmu 1 npumeHa

JNlnHeapHa npeauKkuuja n BuHepos ¢oumatap. AganTmMBHKU TpaHcBep3anHu ¢untap. LMS, RLS anroputam un
HUXoBe Bapujaumje. AJanTUBHU anropmMtam 3a eKBanunsaumjy KaHana. AnropuTMn 3a CMHXPOHU3AUM]y.
OCHOBHM anropuTmMm 3a CUHXPOHU3ALM]jY Y4eCTaHOCTU, aNrOPUTMK 33 BPEMEHCKY CUHXPOHWU3aUUjy n
anropuTMmn 3a CUHXpoHu3auumjy PN cekBeHue. MmnnemeHTaumja KOMYHUKALMOHWMX anroputama.
CneundunyHa npMmeHa KOMYHMKAUMOHUX anroputama Ha 6asu codTBepa y oarosapajyhum DSP
npouecopuma n Ha 6a3u xapagepa, Tj. FPGA u ASIC kona.



Mob6unHe KOMyHMKaLMje NeTe U WecTe reHepauuje

YBOZA y OTBOpPEHE WCTparKMBadke npobneme MOBUAHUX KOMYHMKAuUMja MneTe W LWecTe reHepauuje.
KpuUTMUYKa aHanM3a TEXHONOLUKOr HanpeTKa M K/byYHUX M3a30Ba y umnaemeHTtauumju. CTpykTypa U
KOMMNOHeHTe 5G u 6G mpexa. HanpegHa wucTpaxuBara Yy AOMeHMMA (PPEKBEHLMjCKMX Oncera,
MWIMMETAPCKUX Tanaca W TexHonornja macmsHor MIMO cuctema. MpexXHU NPOTOKOAM U
BMPTye/n3aumja: KPUTUYKM OCBPT Ha HanpegHe TeXHUKe BUPTyenu3auumje mpexKa, CoPTBEPCKU
AgeduHucaHe mpexxe U BUpPTyenmnsaumjy mpexHux ¢yHkumja. Pa3Boj HOBMX Moaena 3a onTMMU3aunjy
KanauuMteta M ePUKACHOCTU: cnekTpanHa e(PUKACcHOCT, YATPa-HUCKA JfaTeHuMja W yhpaB/bakbe
€HepreTCKUM pecypcMma y HOBMM reHepaumjama KomMyHuKauumja. besbegHocHW mM3a30BK: eBanyauuja
pU3nKa 1 pasBoj HanpegHUx mepa 6e3beaHocTn y 5G 1 6G apxMTeKTypama.

Teopuja HGoOpmauMja U U3BOPHO KoAOBake

LLleHoHOBa eHTponuja M audepeHuUMjanHa eHTponuja. [pyre mepe 3a KOJAUYUHY MHPOpMmaumje U
eHTponujy. MapKoB/beBU NlAaHLM U CKpUBEHM MapKoB/beBM Moaenn. Teopuja 3aBUCHOCTU Bp3nHe of,
n3obnnyera. M3BOpHO KopoBatbe ca (UKCHOM AyXKMHOM KOAHUX peyn. M3BOpHO KopoBake ca
NPOMEH/bUBOM AYKMHOM KOAHWUX peyn. AfanTMBHO M3BOPHO KOAOBAHb€ 3aCHOBAHO Ha POBYCHUM
KBaHTU3epuMa. JIMGTUHT anropuTam KogoBakba 3acHOBaH Ha wavelets TpaHchopmaumju. AgantusHa
mopaynaumja n Kogosamoe.

Cratuctnuka obpaga curHana

CnyyajHn curHanu. Cuctemm 3a aganTMBHY oOpagy CAydajHUX CUrHana. Anroputmu agantauuje.
NoeHTuduKaumja cuctema. [lMNpepukumja. AZanTMBHO NOTUCKUBake WHTepdepeHuunje. ONTUMANHM
NPUjEMHULN 3@ CUCTEME Ca MHTEPCMMBOICKOM MHTepdepeHumMjom. MocTynumM ekBanusaLmje: AMHeapHa
eKBa/n3aunja, ekBanunsaumja ca NOBPaTHOM CNPerom, UTepaTMBHa ekBaaunsaunja. AganTMBHa NMHeapHa
eKBanu3aunja. AganTmeHa ekBasinsaLumja ca NOBPATHOM criperom. Pekyp3nBHM anroputmum 3a aganTuBHY
€KBa/NM3auMjy 3acHOBaHM Ha MeTody Hajmarbux KeagpaTta. lMpumeHa Butepbujesor anroputma Ha
eKkBanusaumjy. UtepatmeHo gekogosame. BCIR (Bahl-Cocke-Jelinek-Raviv) anroputam. MoHTe Kapno
cumynaumje u importance sampling metoa. Codpteepcka umnnemeHTtaumja y MATNIAB-y.

[AurutanHe KOMyHUKauuje y KaHany ca peguHrom

MpeameTt obyxeBaTa CTaTUCTUYKY KapaKTepusauunjy U moaenoBarbe KaHana ca deguHrom, yrmwydyjyhu
BMLWENYTHO npocTuparbe, log-normal ¢depuHr, PejanjeBy u Pajcosy pacnogeny. PasmaTtpajy ce
OpPEKBEHUMJCKM CENEKTUBHU M HECENEKTUBHWU KaHaiM, Kao W KOXEpeHTHa AeTeKuuja M ONTUMAJIHU
npujeMHUUM y ycnosuma dpeauHra. Obpahyjy ce TexHuke gueepsntm kombuHosawa (EGC, MRC, SC, GSC,
T-GSC) y3 aHanu3y nepdpopmaHcu 1 nopeherbe TEOPUjCKUX U CUMYNALMOHUX pe3yaTaTa. Y oksupy MIMO
cucTema aHa/M3npajy ce KanauuTeT KaHasa, NPOCTOPHO-BPEMEHCKO KOA40Bake 1 CTpaTernje onTumasiHor
KOoMBMHOBaHba CUrHaNa, y3 Nperaes caBpeMeHuUX peLliera U UCTParKMBaYKMX NpaBaLa.

KoxepeHTHU ONTUUYKK TEIEKOMYHUKALMOHU CUCTEMU

KoxepeHTHa AeTeKuumja y ONTUYKMM KOMYHUKaumjama. Pasnuke namehy IM/DD 1 KOXepeHTHMX cucTema.
®opmatn mopynaumje. FeHepucarbe RZ-DPSK curHana. XOMOAMHCKA WM XeTepOAMHCKA AeTeKuwuja.
banaHcHa petekumja. KeagpaTypHu npujemHMuM. CUMHXpPOHA M ACUMHXPOHA  Aemoaynaumja.
NHTepdepeomeTpujcka aetekunja. PasHu wym. PasHU M NonapusaunoHn aueep3unt. MNonapmsaumoHa
mogynaumja. Myatunnekcuparwe onTUYKMX curHana. TDM, FDM, WDM, SCM, CDMA. Monapur3aumnmoHu
myntunaekc. MehydasHa moaynaumja. CnexktpanHa epuracHoct IM/DD 1 KoxepeHTHUX KaHana. KBaHTHa
rpaHuLa KanauuTeTa.

Teopuja u npumeHe coPpTBepcKor paguja

EBonyuuja pagno TexHonoruje. ApxuTeKkType npumonpenajHuka. AHTEHe W ynasHU Aeo NpujeMHUKa.
OurntanHa obpaga curHana pasnmuntux 6psmHa. [OupekTHa AuruTanHa cuuHtesa (DDS). AHanorHo-
ONTUTaNHA U UTUTANHO-aHANOTHA KOHBEp3Mja. YBOA Y NaMeTHe aHTeHe, afropuTmu 3a obpaay curHana
Yy OCHOBHOM oncery. AHTEHCKM HU30BM WU yCMmepaBake Aujarpama 3pademwa. [urutanHu xapasep 3a
codpTBepcku paamo. CodTBepckm metoam 3a copTBepcKn pagmno. KOrHUTUBHO ymperkaBakbe. KpuTuykm



npernes HajHOBUjUX Hay4dHWX AOCTUTHyha M OTBOPEHMX MUCTpaxkmMBauykux npobnema y amsajHy SDR
cucTema.

HanpepgHe TexHuKe mogenoBama 3a PP annmkauuje

TeopujcKM acnekTM NocTynaka MoAe/ioBakba Kao K/byUYHOT e/leMeHTa Y NpojekToBaky PP Kona 1 cuctema.
Mpernen Hajwhe KopuwheHMX TEXHUKA MogenoBatba 3a PO anamnkauuje. YnosHaBake ca ogabpaHum
TeXHMKaMa MmogenoBara. ONTUMM3aUMOHE TexHuKe. EBonyuMoHu anroputmu. [lpumeHa meTtoaa
MaLUMHCKOT y4Yera 3a MoaenoBake y PO 1 MUKpOTaNaCHUM KOMyHMKaunjama. Mpumepn moaenosama
KOMMNOHEeHaTa M CKAoNoBa 3a NpumMmeHy y PO n mnkpoTanacHMm KOMyHUKaunjama. Pa3Boj, sepudukaumja
N KPpUMTUYKa aHaNn3a mogena y oaabpaHoj obnacrtu.

OnTUYKe TeNeKoOMyHUKaumje y cnobogHOM npocTopy

OcHoBe TexHo/orvje BeXMYHMUX OMNTUUKUX TeNeKomyHuKauuja. UHTerpaumja ®CO y onTUUKe MpeKe.
KomyHuKaumje ayror gomerta, caTe/IMTCKe ONTUYKE KOMYHUKaumje. berknuHe onTuyKe KOMyHUKauuje y
3atBopeHoM npoctopy. KoxepeHTHa M HeKoxepeHTHa JeTeKkuwuja. Kapaktepuctuke, mopgynaunoHe
TEXHUKE W nponaraumoHn edektn. OnTuyKke KomnoHeHTe 3a PCO. Obpaga curHana y OMNTUYKOM U
€/1EKTPUYHOM AOMEHY. [JMBEP3UTCKM NpUjeM CUTHANA Ca Pa3INYUTUM HaYMHUMA KOMOUHOBaHA.

BewTauyke HeypoOHCKe mpesKe - ogabpaHa nornas/ba

MpoueHa napameTapa curHana. CTaTUCTUYUKO yyere. AgantusHa obpaaa curHana. TpeHupakbe BeWTauyKux
HEYPOHCKMX Mperka. Chnajk HeypoHCcKe mpexke. XMbpuaHe HeypoHCKe mperke. TexHUKe Komnpecuje
HEYPOHCKMX MpexKa. MPYHUHT TeXHUKe.

MeToaum 3a NpopayyH CTaLMOHAPHUX e/IeKTPOMArHeTHUX NnoJba

OnwTa Teopuja enekTpomMarHeTHor nosba. KnacuduKkaumja enektpomarHeTHMx npobnema y norneay
BPEMEHCKE 3aBMCHOCTW. JeHauMHe CTaUuMOHAPHOr e/fIeKTPOMArHeTHOr Mnosba. AHaNUTUYKM METoaM
(Teopema nvKa, meToa, pasaBajatba NPOMEH/bUBUX, KopUuwhere yHKLMja KOMNAEKCHE MPOMEH/bUBE -
KOHPOPMHO npecnnKasame). MPUBAUKHN U HYMEPUYKM MeToan (MeTog, NpoLeHe, MeTos, Cpeatux
noTeHUMjana, MeToZ KOHauyHe pas/iMKe, MEeTOA KOHAauyHWUX eNemeHaTta, MeTo rPaHUYHUX e/leMeHaTa,
MmeToa OGWKTMBHMX WM3BOPAa, METOh, €KBMBAJIEHTHE efiekTpogde). M3paja M npumeHa COMCTBEHMX
NporpamMmcKmx anarta v NpUMeHa rotoBux copTBEPCKUX anaTa 3a aHaAN3y eNeKTPOMarHeTHMX Nosba.

MHBep3HM Npobremu y eNeKTpoOMarHeTuum

YBoa,. Teopuja enekTpoMarHeTHUX NoJsba: CTAaTUYKa, CTaUMOHapHa M AMHaMMYKa nosba. MaTtemaTuuku
NMojMOBM y ONTMMM3ALNjU: JakobujeBa 1 XeceoBa MaTPULLA, IOKAHU U TN06ASHU MUHUMYM. JJUPEKTHU U
WHBEP3HM Npobnaemun y enekTpomarHetmun. LmsbHa dyHKUMja U popmynaumja MHBep3HUx npobnema.
Knacuoukaumja onTUMM3aLUMOHNX METOZA: AETEPMUHUCTUUYKM METOAMN, METOAM NMPOMEH/bUBE METPUKE,
CTOXaCTUUYKM METOAM W EeBOJIYTUBHWU aNroputmu. BuueKkpuTepujymcka ontumusauuja wm MNapeto
onTumanuteT. MpMmeHa ONTUMM3ALMOHUX anropuTama Ha TecT PyHKLMje U aHaNM3a KOHBepreHumje.
Mopehere meToma y norneny 6p3vMHe U CTabUNHOCTM pellerba. PelaBarbe MHBEP3HUX Npobraema y
NPUMEHEHOj eNIeKTPOMarHeTUL M.

MeToa rpaHUUYHUX eNleMeHaTa Y eIeKTPOMarHeTMum

OcHoBe HyMepuuKUX metoga. MeToa rpaHu4YHUX enemeHata (bopmynaumja MHTErpasHUX jeaHauunHa,
AVNCKpeTUsaumja rpaHUYHUM enemeHTMa, Mo4eN0Bakbe M3BOPa YHYTap NoAapydja aHamse, IMHeapHU n
KBaApaTHU enemeHTu). lMpumepun. XMbpUAHM MeToA rpaHUMYHMX efleMeHaTa (TeopujcKa MoCTaBKa,
MoJesioBakbe cucTema, aHanusa 24 u 3[4 npobnema). Mpumepun. CaBpemeHn copTBEpCKM anatu 3a
aHaNM3y eNIeKTPOMArHeTHUX No/ba 3aCHOBAHW Ha NPUMEHM MeTOAa rPaHMYHMX efleMeHarTa.

TexHUKe AUrUTANHOT yNpaB/bakba

CaBpemeHa Teopwuja AUTMTANHUX CUCTeMa ynpaBs/batba. lpouec ANCKpeTU3aumje y TeOpUju AUrntTaaHor
npouecuparba CUrHana M TeOpUju OUrUTaNHOr ynpas/bakba. MeTode AMCKpeTM3aumje KOHTUHYaKHMX
AVNHAMUYKMX CUCTEMA YNpaB/bakba U HMXOBE OCOBUHE. YHUOMLMPaAHU NpUaas aHaan3uM U CUHTE3M



cucTeMa AUTUTANHOr ynpaB/bakba. ENemMeHTM aHanMse U CUMHTe3e HeAMHEPHUX AUTUTANAHUX CUCTEMMU
ynpas/batba. XapABepcKa U codpTBepCKa MMMNAEMEHTaLUMja AUTUTAHUX aAropMTama ynpas/bakba.

OnTUmanHo ynpas/bare

Bapujaumoru metoa. MpuHUMn makcumyma. HopmanHu v CUHIrynapHu npobaem onTMManHor
ynpas/barba. CTpyKTypa onTUMasiHOr perynaTopa. lpojeKkToBarse oNTMManHUX peryiatopa.

OpabpaHa nornae/ba M3 oNTMMM3aUMje AMHAMMYKUX cucTema. JUMHAMUYKO nporpamuparbe. beaman-
XamunntoH-Jakobujesa audepeHumjanHa jeaHauymHa. Pelwerbe Kao pyHKUKWja BeKTopa cTarba. CUHIynapHo
ynpas/bakbe y HEKMM NpobaemMmuma ca IMHEAPHUM CUCTEMOM M KBaZPaTHUM

dyHKUMOHanom. ONTUMANHO yrpaB/bakbe AUCKPETHUM CUCTEMUMA.

CucteMm NPpoMeH/bUBE CTPYKType

Mojam cuctema NPOMeH/bUBE CTPYKTYPE U KAN3HUX perkMma. KOHTUHYaNHWN U ANCKPETHNU KAN3HM
pexnmun. KBasmkamsHmn pexkummn. OcobuHe cucTema C KAM3HUM pexnmuma. YCNnoBM MHBAPUjaHTHOCTY.
Mpobaemn maTeMaTUUKOr ONUCUBatba KAU3HUX pexkuma. Metoga duavnosa. Metoga eKBUMBaNEHTHOr
ynpas/batba. CTabUAHOCT CUCTEMA C KAU3HUM pPeXMMOM. CUCTEMM Ca CKallapHUM U BEKTOPCKUM
ynpas/batbeMm. MeToze peanunsaumje KAU3HUX PEXMMA Kog MyITUBapWjabunHux cuctema. Metoge 3a
ybnaxkaBarbe Tpenepersa. Mpobaemun peanusaumje CUCTEMA C KAUSHUM PEXUMUMAE. KNU3HUX pexnma
KOA, CMCTeMa Ca KOHauyHMM Hynama. Peanusaumja KAM3HUX PeXMMa Ha OCHOBY Mepetba yaasa U M31a3a
o6jekTa. MpMMepK NpakTUUYHE NMPUMEHE KAN3HUX perKuma.

OuncTpubyunpaHo pauyyHapcKo ynpaB/bare

Mpo6aemun ynpaB/batba CI0KEHUM TEXHOMOLWKUM NpoLuecuma. LleHTpannsoBaHo ynpas/barbe.
OnctpnbyunpaHo ynpas/batbe. Xnjepapxujcko ynpassbatbe. M360p padvyHapa 3a ynpas/bake y

peanHom BpemeHy. YnasHo m3nasHu ypehaju. Mporpamcka noaplka 3a ynpas/bakbe CUCTEMUMA Y
peanHom BpemeHy. Cnpesame payvyHapa ca TEXHONOWKUM npouecuma. MNpumeHa MUKpopadyHapa y
NpojeKkToBatby N peanmsaumjn ynpasmbadkmx cuctema. MNMpumeHa PLC n SCADA cuctema y ynpassbakby
npouecuma. MprmeHa padyHapa y NPOLECHO] MHAYCTPWU|K, Y YNpaB/bakby ANCAOLMPAHUM 06jeKTUMa Uy
ynpas/bakby KOMYHA/THUM CUCTEMUMA. TPEHO0BM Y ANCTPUOYMPAHOM PaYyHAPCKOM ynpaB/batby.

MpeauKTUBHO ynpas/bame

PobycTHO npeanKTMBHO ynpaB/batbe 3aCHOBAHO Ha mogeny npoueca (MPC). TunosuM HecurypHoctu
cuctema. YnpaB/bakbe Yy OTBOPEHOj M 3aTBOPEHOj NeT/bM. HomuHanHa pobycTHocT. [pojekToBakbe
pobycTHUX MPC 3a nMHeapHe cucteme. CuHTe3a pobycTtHux MPC 3a HenvHeapHe cucteme. EctTumaumja
CTarba cucTemMa. Ectumaumja nokpetHor xopusoHTa (MX). MpowwnpeHn KanmaHos ¢puntep. MNapumjanHo
duntpupare. KombuHaumja ectumaugmje MNX n napumjanHor puntpuparsa. NMpojektoBarbe MPC 3acHoOBaHO
Ha u3nasy cuctema. JIMHeapHU cucTemu ca orpaHudersnma. MPC 6e3 odceTa. HenmHeapHM cuctemm ca
orpaHmyersnma. AuctpubympaHo MPC (DMPC). YBogHa pa3matpakba M noctojehu pesyntaTtu. Urpa ca aga
urpaya 6e3 orpaHumyerba. Urpa ca aABa urpaya ca orpaHuyersnuma. Mrpa ca M urpaya ca orpaHuyernuma.
HennHeapHn DMPC. 3aKoHu ynpasB/bakba KOA IMHEAPHUX CUCTEMA Ca OFPaHMUYEeHbMMA.

ABanTUBHU CUCTEMU ayTOMATCKOT YNpaB/bakba

YBo4 Yy aganTMBHO ynpas/batbe. MaTemaTuyKe OCHOBE afanTMBHMX cucTema. KnacuuyHa ecTumaumja
napametapa y peasiHom BpemeHy. OHMajH ecCTUMaumja NnapameTapa: rpagnjeHTHe

MeToAe MU MeTode HajMarbMX KBaApaTta Y KOHTUHYasIHOM U AMCKPETHOM BPEMEHCKOM AomeHy. MeToae
Tpakerba eKcTpemyma. OCHOBHM MNPUHUMNKM  ynpas/bakba npema pedepeHTHOM  Moaeny.
Camonopewasajyhn perynatopn. LOMPEKTHO M MHAMPEKTHO aganTMBHO YNpaB/bakbe: adanTUBHO
ynpaB/batbe METOAOM ModellaBakba MOJ0Ba, ynpas/batbe ca pedepeHTHUM MOAenoM, aaanTUBHO
ynpaB/batbe ca pedepeHTHMM moaenom, M aganTueHo backstepping ynpas/barbe ca ¢yHKUMjama
nogellasara. MeToae MaLIMHCKOr yyYerba: Heypo-aAanTUBHO ynpas/batbe U yNpaB/bakbe ca nojayaHum
yyersem. AJanTMBHO ynpae/batbe Y ANCTPUBYMPAHUM U MPEXKHUM cUCTeMUMA. TPaKTUYHN acnekTh U
MMNAeMeHTaumMja aganTMBHMX CUCTEMA YNpaB/batba.
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