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1.1 XpoHorrorn:ja ono6paB8Iba H mpa,ne .L(HcepTauHje 

PaCTKO MapTah je ynHcao .D;0KT0pCKe CTY.llHje 08.11.2013. f0.llHHe. I1p11crymm pa,n Ha ,ll0KT0pCKHM 
CTYAHjaMa je rrpHjaBHO 25.11.2016. r0.llHHe. KOMHCHja 38 nperne.n H O.ll6paHy IIpHCTynHor pa,na H 
oueHy HayqHe 3aCH0B8H0CTH IIpHjaBJI,eHe .ll0KT0pCKe JlHCepTaUHje cpopMHpaHa j e 30.11.2016. 
ro.n1rne, 0.llJIYK0M 6p. 05-01 3/153-17. IlpHCTynHH pa,nje o.n6paH,eH 10.07.2017. ro.zo.me. 

O.n;nyKa 0 ycBajaay H3BeIIITaja KoMHCaje 0 Hayq:Hoj 38CH0B8H0CTH IIpHjaBJI,eHe .ll0KT0pCKe 
.llHCepTaUHje JlOHeTaje 06.09.2017. fO,llHHe, O.llnyKa 05-01 6p. 3/111-13. OnnyKOM YHHBep3HTeTa 
y Eeorpa.uy on 25.09.2017. 6p. 61206-3524/2-17 J].aje ce carnacHocT Ha npe.z:tnor TeMe .n.oKTopcKe 
.11.HCepTauHje PacTKa MapTan.a Il0J]. Ha.3HB0M ,,TipHMeHa loT M0.n;erra H cepBHCa y yrrpaBJI,8H>Y R 
o,n;p)l{aBaH> y 6patta". 

Ha HacTaBHO-Hayq:HOM Berry 11.10.2017. roJJ.MHe, O.llJIYKa 05-01 6p. 3/132-6, OJJ.o6peHaje H3pa,ua 
,nHcepTauHje K8H.llH.ll8Ta PacTKa MapTali.a. MeHT0p rrpocp . .n;p ,I:(ymaH Eapal'i je 09.07.2020. 
H3BeCTH0 HacTaBHO-HayqHo Bene <I>OH-a .n.a je PacTKO Mapral'i 3aBpurno H3pa,uy .D.0KTopcKe 
,llHcepTauHje. HacTaBHO-HayqH0 sehe <l>OH-a je HMeHoBano KoMHcHjy 3a oueHy 3aBpmeHe 
,ll0KT0pCKe ,llHCepTauHje 15.07.2020. 0,D,JIYK0M 05-01 6p. 3/59-10. 

1.2 Hayq:Ha o6nacT ,nHceprnuuje 

Ilpe,nMeT HCTp8)KHBaH,a .zmceprauaje jecTe pa.3BOj Mo.nena TeXHH"'IK0f 0CM8Tp8H,8 6paHa, 38CH0BaH 
Ha K0HIJ:eIITHMa H TeXHOJIOrn:jaMa IoT. l1cTpa)KHBaH,e je q>oKyCHpaHO Ha yHarrpe~eH,e MaHyeJIHor 



TeXJIBlilC0r 0CMa-rpaH.a 6paHa H eJIHMHHallHjy q>aKTopa Jl:,Y.lJ.CKe rpeIIIKe npHMeH0M Ca.BpeMeHHX loT 
TeXHOJiornja, RFID-a H Bluetooth-a. 

,[(OKTOpCKa JJ.HCeprn1mja ce ~0)Ke CBpCTaTH y HaY'ffiy o6nacT ,,EneK-rpOHCKO llOCJI0BaH>e'\ a y y)KeM 
CMHCJIY, y Haycrny o6nacT ,,TipHMeHa Hanpe.zurnx TeXHonornja eneKTp0HCKor nocnoBaffia". Tiope.n. 
0BHX o6nacrn:, y ,l].HCepTaUHjH ce o6paljyjy H TeMe H3 o6naCTH 0CMaTpaFba 6paHa, naMeTHHX 
6paHa, HT HHq>paCTpYKTypa, M06HJIHHX TeXHOJIOmja, CBerrpHCTYfiH0r paqyaapcTBa, rrpojeKTOBaina 
eK0CHCTeMa eneKTp0HCK0r Il0CJI0BaH>a, HHTerpauHja K0MTI0HeHaTa CHCTeMa eJieKTp0HCK0r 
nocrrosan,a H ,np. 

MeHTop npoq> . .n:p .[(ymaH Eapali noce,nyje o,nrosapajyhe KOMIIeTeHI(Hje 3a sol)eH>e .n.nceprauHje y 
BH.ny HH3a o6ja.BJbeHHX Hayq1rnx pa.uoBa y CBeTCKHM qaconHCHMa H3 o6nacrn: eJieKTp0HCK0r 
TI0CJI0Baina H rrpHMeHe Harrpe,ll.HHX TeXHOJiornja eJieKTp0HCK0r II0CJI0BaH,a. 

1.3 fornrpaq>CKH rro.uauH 0 KaHllH.lJ.a'fY 

PacTKO Maprn.n j e pol)eH 0 1. j y na 1984. ro,nHHe y Eeorpa.ny. OcHOBHY lliK0JIY ,,.[(pHHKa TiasrroBHn" 
H rHMHa3Hjy ,,TipBa 6eorpa,ncKa rnMHa3aja" 38.Bpurno je y Eeorpa,ny. 

OcHOBHe CTY.ll.Hje je ymrcao 2004. fO.lJ.HHe Ha <l>aKyJITeTy opraHH3auH0HHX HaYKa y :Seorpa.uy, r.n.e 
je .UHITJI0MHpao 2009. fO)J;Irne ca rrpocet.J:H0M oneH0M 7,73, CMep l1Hq>OpMaUHOHH CHCTeMH 11 
TeXHOJioruje. )J;HITJIOMCKH pa.u rro.n. Ha3HB0M ,,TipHMeHa Be6 2.0 TeXHOJioruja y np0MeTy 
HeKpeTH1rna" o.n.6paHHO je ca oueH0M 10. 

TOKOM 0CH0BHHX CTY.D.Hja 6Ho je CTy,ueHT-,UeM0HCTpaTOp Ha KaTe.n.pH 3a EneKTpOHCKO Il0CJI0BaH,e. 

MacTep CTYJJ.Hje yrr11cao je 2009. ro,nHHe Ha <l>aKyrrTery opraHH3auH0HHX HaYKa, Ha KaTe,npH 3a 
EneKTpOHCKO Il0CJI0BaH>e. 3aBpI.11HH (MacTep) pa)]; rro,n Ha3HB0M ,,IlpHMeHa SMS cepBHCa y pa3BOjy 
arrJIHKauttje 3a npoMeT HeKpeTHHHa" o.u6paHHO je 2011. fO.l].HHe ca 01_\eH0M 10. 

)J;oKTOpCKe CTy,uHje, CTYJJ.HjCKH rrporpaM EneKTpOHCKO II0CJI0Baine, yrr11cao je Ha <l>aKyJITeTy 
opraHH3au110HHx HayKa y Eeorpa.ny, 2013. ro,n1rne. 

3anocneH je y l1HCTHTYTY 3a B0JJ.0IIpHBpe.ny ,,JapoCJJ8.B tiepHH" o.u 2011. r0,llHHe, CeKTop 3a 
HHq>OpMaQliOHe TeXHOJiomje H COq>TBepCKl1 HH)KeH>epHHL 

2 Onnc nucepTaunje 

2.1 Ca,up)l<aj ,nHcepTauHje 

,UoKTopcKa }J.HCepTauHja, YKynH0f o6HMa 122 crpaHHila, ca.np)KH 75 CJIHKa n rpaq>WIKHX npHKa3a, 
11 rn6ena H 17 4 JIHTeparypHa Ha.B0,Ua. 

CTpYKTYPa .L(0KTopcKe .UHceprauHje o6yxBaTa cne.uehe u;eJIHHe: naMeTH0 yrrpaBJ.baine 6paHaMa, 
TexHorrornje 3a pa3soj perneH>a, pa3BOj Mo.uena 3a IIaMeTH0 yrrpa.BI.baine/ocMaTpaH.e 6paHa, 
HMnneMeHTauHja H npHMeHa pa3BHjeHor Mo.uena H eBanyau;aja Mo.n:ena. 

,UoKTopcKa ,uHceprnu;11ja ce cacTOjH H3 cne.uemrx nornasJba H noTnornasJba: 
1. YBO.L( 

1.1 
1.2 
1.3 

,Ueq>HHHcaH>e rrpe,n:MeTa H UHJ.beBa .u11cepTau11je 
UHJ.beBH HCTpa)KJ.fBafha 
Tiorra3He XHnoTe3e 
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1.4 Mern,ue HCTpa)Inrna11,a 
2. I1aMeTHO ynpaBJbafhe 6pattaMa 

2.1 Kottu;enT rraMeTHHX 6patta 
2.2 AmUIH3a mnepaType 

3. TexHoJiornje 3a pa3BOj perne11,a 
3.1 HHTepHeT HHTeJIHreHTHHX ypefjaja 

3.1.1 ITaMeTHH ypegajH 
3 .1.2 Ee)KJ{'!He ceH3opcKe Mpe)Ke 

3.1.3 Mpe)KHH rrpOTOKOJIH HHTepHera HHTeJUffeHTHHX ypeijaja 
3.1.4 Machine-To-Machine KOMYHHKau;Hja 
3.1.5 Co<}Jrnepcm .ne<})HHHCaae Mpe)Ke 
3.1.6 ITpoTOKOJIH aIIJIBKaTHBHOr crroja HHTepHeTa HHTeJIHreHTHHX ypegaja 

3.2 RFID 
3.2.1 KoHu;enT RFID TexHorroraje y HH.llYCTpHjH 
3.2.2 IIp11MeHa RFID TexHoJiornje 

3.3 Bluetooth 
3.3.1 Beacons 

3.4 Mo6mme TexHoJiornje 
3.5 Cloud computing TeXHOJiornje 
3.6 IoTEdge (Edge computing) 
3.7 TexHorrornje 3a ynpaBn,a11,e rro,uau;HMa 

3. 7 .1 HepeJiau;HoHe 6a3e rro.n;arnKa 
3.7.2 PeJia[(HOHe 6a3e IIO,UaTaKa 
3.7.3 TeXHoJiornje 3a qYBa.H,e 11 rrpeHoc rro.narnKa 

4. Pa3BOj Mo,ueJia 3a rraMeTHO yrrpaBJba.H,e/ocMaTpalbe 6paHaMa 
4.1 AHaJIH3a rrocrnjelmx Mo,uerra 
4.2 Mo,uerr ocMaTpatt,a 6paHa y Cp611j11 
4.3 Mo,uerr cHcTeMa 3a ynpaBn,a,H,e 6e36e.n;Hornliy 6paHa y Cp6:aj:a 

4.3.1 CrrojeBH y Mo,nerry CHCTeMa 3a ynpaBn,a11,e 6e36e.nHornliy 6patta 
4.3.2 l11nerpau;Hja loT-a y MaHyeJIHOM TeXHHqKOM OCMaTpalby 6paHa 
4.3.3 YrrpaBn,a11,e rrpou;ecHMa y CYE-y 

5. HMrrneMeHTa[(Hja H rrpHMeHa pa3BHjeHor MO,l(eJia 
5 .1 ITpoj eKTHH 3a,n:aTaK 
5.2 Xap.l(BepcKO-COq_)TBepcKa apXHTeKTypa 
5.3 HMrrneMeHTa[(Hja pa3BHjeHor CYB Mo,uena 

6. EBaJiyau;11ja MO.UeJia 
6.1 KoHTporra KBaJIHTeTa MepeHH:X TeXHIPIKHX rro.naTaKa 
6.2 ITpou;eHa KBaJIHTeTa rro.n;aTaKa 
6.3 Mo.n:en np11:xBaTa,H,a RFID TexHoJiornje y OCMaTpa,H,y 

7. HayqttH H CTpyqHH )J.OIIpHHOCH 

8. EyAyha HCTpa)KJ{Bafha 
9. 3aKJb yqaK 
10. J1HTepaTypa 
11. CmrcaK CJIHKa 
12. CrrncaK Ta6eJia 

2.2 KpaTaK rrpHKa3 rroje,n:HHa'l!HHX rrornaBJba 

I1pBo rrornaBJbe orrHcyje rrpeAMer HcTpa)KHBalba, UHJbeBe HCTp8.)KHBatt,a, Mern.n:onornjy, rrorra3He 
xHrroTe3e, Mern.ue HCTp8.)KHBa,H,a, CTpYKTYPY H opraHH3a[(HJY pa,ua. 
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y .npyr0M rrornaBJhY 0IIHCaH je K0HI(eIIT IlaMeTHHX 6patta, aHaJIH3HpaHa cy IIOCTOjeha pemeH,a H 
.naT je 0CBpT Ha mnepaTypy KOja ce 6aBH M0HHT0pHHT0M. TaKol)e, ,naT je Ta6enapHH npHKa3 
npojeKaTa KOjH ce 6ase M0HHTOpHHroM 6paHa H pe1IBHX CJilfB0Ba. 

Y TpeheM nornaBJl>Y om1catte cy TexHonornje Ja pa3noj pemeH>a. Oso rrornasJhe ce cacTojH H3 
ce.naM noTnornaBJba: HHTepmrr HHTe.JIHreHTIIBX ypel)aja, RFID, Bluetooth, Mo6iurne reXHoJiornje, 
cloud computing, IoT edge H TexHonornje 3a ynpasJhal-be no.nauuMa. Y 0KBHpy noTnornaBJha 
HHTepHeT HHTeJIHreHTHHX ypeljaja .D:eTaJhH0 je 0IIBCaH nojaM DaMeTHHX ypeljaja, 6e)K}llflie 
CeH3opcKe Mpe)f(e, Mpe)l(HH rrp0T0K0JIH KOjH K0pHCTe HHTemITeHTIDI ypeljajH, KOMYHHKan.Hja 
H3Meljy BHme Maunrna (M21\1), cocpTBepc.KH .necpHHHCaHe Mpe)Ke H np0TOK0JIH arnrnKaTHBHor cnoja 
IoT. TioTnornasJhe RFID oIDicyje K0Huenrn RFID TexHonornja y HH.D.JCTpHjH H npHMeHy. Y 
0KBHpy TI0TrI0fJiaBJha Bluetooth, 0IIHCaHa je TeXHOJIOraja Beacons, Kojy je Morytie K0pHCTHTII y 
M0HHT0pHHry KaK0 6H ce nocnemHna ou,eHa KBaJIHTeTa Mepem1x TeXHH'IKHX rro,uaTaKa. 

y qerspT0M nornaBJhY aHaJIH3Hpatta cy ITOCTOjena pemeFba 3a M0HHT0pHHr 6patta, rrpHKa3aH je 
M0,uen 0CMaTpaI-ba 6paHa y CpfotjH H rrpHKa3aH j e M0,nen CHCTeMa 3a ynpaBJhal-be 6e36e.n:Homhy 
6paHa-CYE. 

Y rrernM rrornasJhy rrpHKaJam, cy HMrrneMeHTau,Hja H rrpHMeHa pa3BHjettor M0,uena. TipHKaJatta j e 
apxIITeKTypa CHCTeMa 3a M0HHT0pHHr 6paHa 3aCH0BaHor Ha IoT KOjH je Mor yhe rrpHMeHHTH Ha 
IlOCTojetrn CHCTeM M0HHT0pHHra 6paHa. 

Y mecT0M nornasJhy rrpHKaJatta je esarryau,Hja Mo.nena, ynopeljeHH cy pe3ynrnTH rrpe u nocne 
HMITJieMettrnuuje pa3BHjeHor Mo.nena H npmca3aHa je aHKeTa 3aCH0BaHa Ha TAM2 Mo.n.eny. TaKolje, 
npHKa3aHe cy pearrtte CJIHKe MepHHX Mecrn ca MepHHM HHCTpJMeHTHMa H HMIIJieMeHTaunjoM IoT 
Ha 6paHH XE ,,nep,uarr 1 ". 

HaKOH Tora 0IIHCaH je HaJ1IBH )l0DpHH0C H 6y.n:yl'i.a HCTpa)I<HBal-ba H )laT 3aKJhyqaK. 

Ha Kpajy ,noKTOpcKe .n.nceprau,uje .n.aT je crrncaK KopmnneHe JIHTepaTJpe, 6IwrpacpHja ayropa H 
pa)l0BH np0HCTeKJIH 113 )J.HCepTau,uje. 

3 Oueua JJ.HcepTauuje 

3 .1 CaspeMeHOCT H opHrHHaJIH0CT 

Tipe,IlMeT HCTpa>I<HBalba )J.HCepTau,Hje jecTe pa3BOj M0.D.eJia TeXHH~Kor 0CMaTpaI-ba 6pairn, 3aCH0BaH 
Ha KoHuerrTHMa EI TexHonornjaMa IoT. rnaBHH npo6neM KojH ce pa3MaTpa y ,uuceprnUHjH je 
MoryhHOCT npHMeHe IoT, RFID TexHonornje H cloud computing-a Ha nocrnjeneM c11cTeMy 

ocMaTpaI-ba 6paHa. 

CaspeMeHOCT H 0pHrHHaJTH0CT .D.0KT0pCKe ,z:m:cepTaUHje ce orne.n.a Kp03 rrpe,D.CTaBJhalbe 
HH0BaTHBH0f M0.n.ena MattyeJIH0r TeXHHqKor 0CMaTpfilba Kao HHTerpanHor .uena CHCTeMa 3a 
ynpas.JoaH,e H M0HHT0pHHr 6patta. Mo,nen mmcaH y ,nHceprn.uHjH oMoryhasa rrpHMeHy IoT '-!HMe ce 
eJIHMHHHme q>aKTOp JhYJJ;CKe rpeIDKe, a Il0)J.aUH nocrnjy IlOJ3,D.aHHjH. 

Tipaliel-be H npHryn.JoaFbe no)J.aTaKa je rrpo:uec o.n BeJIHKor 3Haqaja 3a yrrpaBJoaihe 6pattoM. 
TipHKyn.JoeHH II0)J.a:UH ce K0pHcTe 3a rrpe,UBHljafha II0HamaFba 6patte, illTO je Ba)KH0 3a ynpaBJhal-be 
IhHX0B0M 6e36e,nHOillhy. 
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Be36e}lHOCT 6prum H rroy3.UaH0CT HHCTpYMeHaTa (ypel)aja) yTMqy Ha u eo eK0CHCTeM y o6JiaCTH 
6paHe, a 11 mHpe. OrracHocT 0.ll OIIITeo.eI1>a 6paHe pacTe ca ro.rurnaMa, rra je Heorrxo,uHo ,lla ce 
CTaJIHO yHarrpeljyje CHCTeM 3a rrpaneI1>e H CHrypH0CT 6paHe, KaK0 6H ce H36erne He)Ke.n:,eHe 

KaTacTpocpe. ~06HjeHH pe3yJITaTH Mor y HManr IIIHp0Ky rrpaKTIPIHY rrpHMeHy y opr aHH3au;HjaMa 
mHp0M CBeTa Koje K0pHCTe M0HHT0pHHr rpaljeBJ-IHCKHX o6jeKaTa. 

Ha OCHOBY H3JIO)KeHor, MO:>Ke ce 3aKJbyqHTII ,lla .D;OKTOpCKa .n;HcepT~Hja ,/J;OHOCH HOBHHe y OL{HOCY 

Ha rrocrnjehe CTail>e H oTBapa rrpocrnp 3a Jla.Jba HCTpa:>KHBaH>a. 

3 .2 OcBpT Ha pecpepeHTHy H KOpimmeHy JIHTepaTypy 

Y .D;HCepT~HjH je KOpHIIIneHa o6HMHa JlHTepaTypa, Koj a o6yxBaTa 174 mnepaTypHa HaB0,Ua. 
KopmuheHH H3B0pH o6yxBarnjy peneBaHTHy HayqH0-HCTpa:>KHBaYJKy JIHTepaTypy - KH,Hre, 

H1nepHeT rry6rr0Kau11je, 6aJe rro.n;aTaKa, H BeJIHKH 6poj HayqHHX pa.n;oBa o6jaBJbeHHx y 

peneBaHTHHM HaYYJHHM qacormcHMa H 360pHHIJ;HMa Hay1n-rnx KOH<pepeHn;Hj a. HaBe,ueHH H3B0pH cy 

KOpmrmeHH KpHTWU<H, aHaJTHTHqKH H K0MIIapanIBH0 Y3 rroce6aH 0CBpT Ha aKryeJTH0CTH 
rrpHKa3amix Hayqmi:x Ca3Haffia. 

y ,neny JlHCepTau;Hje KOjH ce 0JlH0CH Ha pa3Boj M0,D.ena 0CMaTpail>a 6paHa 3aCH0BaHor Ha IoT, 
HCTaKHYTH cy 3axTeBH KOje je,[(aH TaKaB CliCTeM Tpe6a ,n;a HCIIYHH, )];a 6H rrpe,nno:>KeHH M0,n;en 
0CMaTpail>a 6paHa 6HO e<pHKaCaH H ecpeKnrnaH, Tpe6a .n:a 6y.n;e 6a3HpaH Ha CaBpeMeHHM H 
HHOBaTHBHHM pemeH,HMa HOBHX TeXHOJIOIIIKHX L{OCTHrHyha Koja o.n;roBapajy 3axTeBHMa H 

IIOTpe6aMa K0pHCHHKa. 

JlinepaTypHH HaBo,n;H HCKop1uuneHH cy y cBpxy rrpe,n;cTaBJMil>a pa3MaTpaHor rrpo6neMa 

HCTpa:>KHBaH,a ca UHJbeM rrpHKa3a ,noca,n;aIIIH,HX pe3yJITaTa rrpHMeHe IoT H H,HXOBOf rropel)eI1>a 

rrpHMeHe y .n:pyrHM .ll0MeHHMa, YJH:Me je YKa3aH0 Ha IIOCTOjail>e IIOTpe6e 3a pa3BOjeM H0B0f H 
HH0BaTHBHor M0,n;ena ocMaTpaH,a 6paHa 3acHoBaHor Ha RFID H Bluetooth TeXHOnornjaMa. 

3.3 OrrHC H a,n;eKBaTH0CT IIpHMeH,eHHX HayqHHX MeTO,z:i:a 

Y rrpBOM .n:eny ,/J;HCepTau;Hje KOp Hruhette cy MeTOJle npHKyrrJbaH,a H aHaJIH3e IlOCTOj eliHx HayqHHX 

pe3ynrnrn H ,n;ocTHrnyha. 

Y ,n;pyroM .n;eny ,n;HcepTau;Hje npHKa3aHa je aHaJIH3a rrocrnjeilHx Mo,n;ena ocMaTpaI1>a 6paHa H 

,n;ecpHHHCaH je pa3BHjeHH M0,IJ;eJI MaHyeJTHor TeXHHYJK0r 0CMaTpaffia 6paHa, 3aTHM je rrpHKa3aHa 
HMirneMeHT~Hja pa3BHjeHor M0,LJ,eJia MaHyeJIH0r TeXHHlfI<0r 0CMaTpail>a H MeTo,n:a HayqHor 
06ja11Ia,eI1>a (aHaJIH3a, CHHTe3a, arrcTpam11ja H reHepanH3~Hja). 

HaKOH aHaJTH3e nocrnjehHx H pa3BHjeHOf M0JleJia 0CMaTpaH>a 6paHa npHKa3aHH cy pe3yJITaTH 

Bpe,n:H0BaH,a pa3BHjeHor M0,n;ena IIYTeM yrrHTHHKa H HHTepnjya Ha 6paHH XE ,,nep,n;an 1 ", r,z:i:e j e 
M0,IJ;eJI npHMeffieH, Kopmnhea,eM CTaTHCTHqKHX MeT0,n;a npHKyrrJbaH>a H o6pa,n;e no.uaTaKa 

MOJlH<pHKOBaHor T AM2 M0,llena (Mo.n;en npmrnaTail>a TeXHOJiornja) H Ta6enapHH rrp HKa3 pe3yJITaTa 
MepeI1>a rrpe H rrocne RMnneMeHT~Hje pa3BHjeHor Mo,nena 

P e3yJITaTH HCTpa:>KHBaJ-ba cy npe3eHTOBaHH TeKCTYaJTHO (OIIMCHBaH,eM) H rpa<pHYJKH 

(npHKa3HBaH,eM nyTeM rn6ena, CJIHKa 11 rpa<pHKOHa). HcTpa:>KHBaFbe je HHTep,n;HCUHTIJIHHapH0, jep 

YKJbyqyje HayqHe llHC{lHIIJilrne M0HHTOpirnra 11 ynpaBJbaH,a 6paHaMa, MH<popM~HOHHX CHCTeMa, 
JoT, CTan1CTMKY, H .upyre. 
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Ha octtoBy amunne .Ll0KTOpCKe m1cepnumje, MO)Ke ce 3aKJnycmTH .n:a rrpHMeH,eHe ttaycrae MeTO)].e H 
TeXHHKe o.n:roBapajy, no CB0M 3Haqajy H CTpyKTypH, TeMH .L{liCepTal(Hje H cnpoBe,!J.eHOM 
HCTpa)IGIBaH, y . 

3.4 IIpHMeHJI,HBOCT 0CTBapeHHX pe3yJITaTa 

.r(oKTOpcKa ,[IHCepTau;Hja rrpy)Ka HH3 HCTpa)K.HBaqJ<.HX H rrpaKTFl'IllliX HMIIJillKaD;Hja y BH.JJ.Y 
rrpaKTHqHe rrpHMeHe pe3yJITaTa rrpHJIHKOM pa3BOja HHOBaTHBHOr MO)].eJia TeXHli'll<Or OCMaTpaH,a 
6paHa 3aCHOBaHor Ha RFJD H Bluetooth TeXHOJIOrHjaMa Kao caBpeMeHor CHCTeMa OCMaTpan,a 
6paHa. 

IIpeAJIO)KeHH MO)J,eJI TeXHJ,JqKor OCMaTpa.H,a 6paHa je )J,eq>HHHCaH Kao OIIIIITH OKBHp KOjH ce MO)Ke 
IIpHMeHHTH Ha fomo Kojoj 6pamr, r)J,e ce BpIIIll MaHyeJIH0 TeXHH'Il<O OCMaTpaH>e. Y JIOra MO)J,erra je 
,ua yttarrpe,nH H rro60JnIIIa M0HHTOpHHr 6patta, eJIHMHHHIIIYllH q>aKTOp JnY.JJ.CKe rpeIIIKe. 

Mo,uenje rrpHMen,eH Ha ,nBe 6patte y CpforjH: 
6paHa XE ,,nep.r:1arr l ", Kna.n:oBo (2019) 
6paHa XE ,,nep)lan 2", HeroTHH (2020). 

HcTpa>KHBaqJ(e HMIIJIHKau;Hje pa3BHjeHor M0,Uena MaHyenHor TeXHH1TI<Or OCMaTpaH,a 6paHa 0)lHOCe 
ce Ha: 

• IIpHMetty IoT Koja MHHHMH3yjy q>aKTop JnYLlCKe rpeIIIKe H y1rnrrpeljyjy ynpaBJnaH>e M 
MOHHT0pHHr 6paHa 

• HttTerpau;ttjy IoT y rrocrnjehe cHcTeMe 3a MOHHTOpHHr 6patta 

• II060JbI1IaH>e Tpa.L{HUH0HaJIHHX CHCTeMa M0HHTOpHHra HHTerpal(HjOM RFID H Bluetooth 
TeXHonomja 

• OMorynaBa.H,e H0BHX o6JI.HKa IoT y CHCTeMy MOHHT0pHHra 6patta 

• YHarrpeljeH,e Tpa,UHI(H0HaJIHe TeXHOJI0IIIKe nnaTq>OpMe Koja ce MO)Ke no60JnIIIaTH RFID H 
Bluetooth TeXHonomjaMa 3a npHKynJhaH,e rro.n:arnKa 

y rrpaKCH je IIOTBpljeHO ,[la je MO,lleJI eq>HKaCaH y MattyenHOM TeXHHqKOM OCMaTpaH>Y H )J,a 
enHMHHHIIIe q>aKTop JnY.llCKe rpeIIIKe. J,fa Tor pronora M0)Ke ce cMaTpani ,Ila cy pe3ynTan1 
eBanyau;HJe rrpe,llJIO)KeHor MO,lleJia peneBaHTHH. 

3.5 OueHa )J,0CTHI'HYTHX crroco6HOCTH KaH.[Uf,[laTa 3a CaMOCTaJIHH Ha)"iHH pa.n: 

O6nacTH Haycraor HHTepecoBaH>a PacTKa Maprnha cy IoT H ocMaTpaa,e 6patta. CreKao je 3HaqajHo 
rrpaKTH'IH0 HCKYCTB0 pa.n:ehH Ha II03HUHjH HCTpa)KHBaqa y ceKTopy 3a HHq>OpMaD;HOHe TeXHOJiomje 
H COq>TBepcKH HH)KeH,epHHr, y HHCTHTYTY 3a B0)l0IIpHBpe,uy ,,JapocnaB qepHH". HcKyCTBO y 
pa3Bojy HHq>OpMaD;HOHHX CHCTeMa CTHI(a0 je Kp03 6pojHe rrpojeKTe y rrpaKCH. 

y T0KY H3pa.n:e ,[l0KT0pcKe ,llHCepTaUHje, PaCTKO Maprnli je Il0Ka3ao crroco6HOCT ,Ila carne.n:a 
rrpo6JieM HCTpa)KHBaH:,a ca BHIIIe acrreKaTa H ,na KpeaTHBHO rrpHCTynH IneroBOM pernaBaH>y. YotfHO 
je rnaBHe He,nocTaTKe H rrpo6neMe rrocTojehHx perneH>a H cnpoBeo HCTpa)KHBaH>a ca D;HJneM .ua ce 
npeBa3Hljy. PacTKO MapTan je pe3yJITaTe HCTpa)KHBaH>a H3 OBe L(0KT0pCKe ,llHCepTau;Hje o6jasHo y 
BHIIIe pa.n:osa y 360pHHI(HMa pa.n:oBa Ha)"iHHX CKyn0Ba H y HayqHHM qacOIIHCHMa Hal(H0HaJIH0r M 
MeljyHapo.n:Hor 3Haqaja. O.u HaBe,[leHor, je.n:aH pa.n: je o6jasJheH y qacoIIHcy Meljyttapo.n:Hor 3Haqaja 
KojH ce HaJia3H Ha SCI JI.Hern:: 

Martac R., Milivojevic N., Despotovi6-Zraki6 M., Bogdanovi6 Z. H Bara6 D., ,,Enhancing 
Large Dam Safety Using IoT Technologies: A Case of a Smart Dam", y Journal of 
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Universal Computer Science (J UCS), ISSN 0948-695X, TOM 26, m,u. 5, cTp. 583-603, 
2020. 

Ha ocHoBy HaBe,ueHor, CMaerpaMo .o;a KaH.UH.UaT PacTKo Maprnn rroce,zzyje rroTpe6Ho 3Haae H 
HCKYCTB0 3a caMOCTaJiaH HayqHH pa,u. 

4 OcTsapeu uay11uu .r.onpuuoc 

4.1 I1pHKa3 OCTBapeHHX HayqmIX .[(OIIpHHOCa 

Haj3HaqajmijH .l(OIIpHHOC ,llHCepTa.IJ.Hje je YHarrpeijeHH MO)len HHq>pacrpyKType CHCTeMa 3a 
TeXHH~O OCMaTpaibe 6patta, HaMelheHor IIOBeliaihy CHrypHOCTH o6jeKaTa. 

<l>HHaJIHH pe3ynTa.TH ,llHCeprnuHje cy pa3BHjeHH MO)len, HHq>pacTpyKTypa H cepBHCH CHCTeMa 3a 

pyqHO npHKynJbaH>e H yttOC no,uarnKa. OBaj pa3BHjeHH MO,lleJI rrpe,llCTa.BJba OCHOBY 3a 
HMIIJieMeHTaUHjy MO.UeJia Ha 6paHH XE ,,nep.n;arr 1" TOKOM pa,ua Ha )lOKTOpCKOj ,llHCeprnn.HjH .. 

Hayt.IHH )lOIIpHHOCH )lHCeprauHje o6jaBJbeHH cy y Hayt.IHHM pa,uOBHMa IIpHKa3aHHM y rrornaBJbY 
4.3. osor H3Bernrnja, a orne,uajy ce y: 

q>OpMaJIHOM OIIHCY pa3BHjeHor M0.[(eJia H cepBHCa ynpasJbaH>a H 0,llp)I(aBaH>a 6paHa 
3acH0Battor Ha IoT; 
,ueTaJbH0M 0IIHCY pa3BajeHor MO,uena CHCTeMa 3a MaHyeJIHO TeXHHqKo OCMaTpaH>e 6paHa 
3aCHOBattor Ha rrpHMeHH IoT-a; 
yHarrpeljeihy M0.n;ena apxnTeKType H MHq>paCTPYKType CHCTeMa 3a MaHyeJIHO TeXHHqKo 
ocMarpaae Ha 6paHaMa 3aCHOBaHor Ha JoT-y; 
orrncy MeTO.[(0JI0IIIK0r II0CTyrrKa 3a rrpHMeHy IoT ypeljaja y CHCTeMy yrrpaBJbaJba H 
ocMarpaH>a 6paHa; H 

aHaJIH3ll npe,n:JI0)I(eHor M0)].eJia ca acrreKTa K0pHCTH ll 3a,Ll;0B0JbaBaiha IIOTpe6a 
CrpyqHn ,llorrpnH0CH ,uHceprnunje orneaajy ce y: 

aHaJIH3H npHMeHe loT H cloud computing-a y a,uarrTauHjH M0LCeJia H cepmrca 3a ynpaBJbaH>e 
H O,llp)I(aBaae 6patta; 

rrperne.lly H aHaJIH3li TeXHOnornja IIOTpe6HHX 3a llMIIJieMeHTaimjy M0.[(eJia 3a MaHyeJIH0 
TeXHH~0 OCMaTpaH>e 6paHa, 3aCH0BaH0r Ha IoT-y; 
aHaJIH3a MoryliHOCTH npHMeHe caspeMeHHX TeXH0JI0IIIKHX K0HuenaTa, Kao llIT0 cy RFID, 
NFC, Beacons H cloud computing y K0HTeKcTy ocMarpaH>a II o.up)I(aBaH>a 6patta; 

aHaJIH3a H BaJIHLCauHja eqmKaCHOCTH IIpHMeHe loT-a y q>yttKUHOHHCaibY 6patta; H 
MOrynHOCTH HHTerpaunje HHq>pacTpyKType CHCTeMa 3a MaHyeJIH0 TeXHH'IK0 0CMarpaae 
6paHa ca IIOCTOjeliHM CHCTeMOM 3a TeXHH'IKO 0CMarpaae. 

4.2 KpHTH~a aHaJIH3a pe3yJITaTa HCTpa)KlfBalha 

Katt.[(HL(aT je y )].OKTOpCKOj L(HCepTauHjH pa3Marpao pa3BOj M0L(eJia TeXHH'IK0r OCMarpaaa 6paHa, 

3aCHOBaHOr Ha KOHUeITTHMa H TeXHOJIOrHjaMa JoT. HCTpa)KHBa~H pa.u je 3aCH0BaH Ha IIOCTOjeliHM 
HayqHHM pe3yJITaTHMa, ca UHJbeM .ua ce pa3BHje MOL(eJI KOjH je )].0B0JbH0 0IIIIITH Ii )l0BOJbHO 

q>JieKCH6HJiaH .n;a MO)Ke .n:a ce rrpHMeHH y MaeyeJIH0M TeXHH~0M 0CMaTpaH>y 6HJIO Kor 

rpaljeBHHCKOr o6jeKTa. AHarrH3HpaHa je peneBaHTHa JIHTepaTypa H3 jaBHO )l0CTynHHX 6a3a 
no,naTaKa, Kao H pa3JIHqnTn M0,neJIH n MeTO,ll0JI0IIIKli 0KBHpli KOjH ce 6aBe pa3HHM MOHHTOplrnra. 

Pe3ynrnT HCTpa)KHBaJba je opnrnHaJIHH Mo.n.en MaHyenHor TexHn~or ocMarpaaa Kojn je rrpornao 
Kp03 L(Be q>a3e pa3Boja, nMm1eMeHrau11ja RFID-a .u HMIIJieMeHrnr.rHja Bluetooth rexttonornje. 

Bpe.UHOCTH .uo611jeHe T0K0M HCTpa)KllBaJba II0Ka3aJie cy BH)lHO yttarrpeijefbe npoueca MaHyeJIH0r 
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TeXHJII.Jl(0f 0CMaTpaH>a 6paHa. Ha 0CH0BY cnpoBeneHe aHKeTe, yrnpljeHo je na HMIIJieMeHTHpaH>e 
CaBpeMeHHx TeXHonorn:ja y6p3aBa rrponec ocMaTpaH>a 3arrocneHHMa, CMaH>yje c-rpec, jep cy 
MoryhHOCTH 3a rpeUIKy MHHMMaJIHe, a YCJI0BH pana ce no6on,UiaBajy II0llIT0 3aII0CJieHH rrpoBone 
Mallie BpeMeHa y cna6o 0CBeTJbeHHM H BJia)KHHM rrpocTOpHjaMa (Teno 6paHe). EKcnepHMeHTaJIHH 
.n,eo KOjH je peanH30BaH Ha 6paHH XE ,,nep.n;an 1 ", ,n;oHeo je 3Ha11ajHa rro6oJbUiaH>a y M0HHTOpirnry 
6paHa. Y T0KY je HMIIJieMeHTa.IJ;Hja pa.3BHjeHor Monena MaHyeJIH0r TeXHHI.Jl(0r M0HHTOpHHra Ha 
6paHH XE ,,nep.n,an 2". 

I-fa HaBe.n;eHHX pronora, M0)Ke ce cMaTpaTH .n.a cy pe3yJITaTH eBa.i1yan:Hje peneBaHTHM, a rroce6tto y 
OK0JIH0CTHMa Kana y .n:ocTyrrHoj JUlTepaTypH He IIOCTOje CJIHqHa MCTpa)KHBaH,a. 

4.3 BepmpHKau;Hja HaY1:JHHX .n:orrpHH0Ca 

Pa.LJ;OBH y 36opHHUHMa Meijyuapoii,unx qaconHca (M23): 

I Marta6 R., Milivojevi6 N., Despotovi6-Zraki6 M ., Bogdanovi6 Z. H Bara6 D., ,,Enhancing 
Large Dam Safety Using loT Technologies: A Case of a Smart Dam", y Journal of 
Universal Computer Science (J UCS), ISSN 0948-695X, TOM 26, H3.Ll. 5, cTp. 583--003, 
2020. 

PatJ,OBH y 360pHHUHMa MeljyHapotJ,HHX qaconuca (M24): 

1 Marta6 R., Milivojevi6 N., Milivojevi6 V., Cirovi6 V. H Bara6 D., ,,Using IoT in 
monitoring and management of dams in Serbia", y Facta Universitatis, ISSN: 0353-3670, 
TOM 29, H3,Ll. 3, CTp. 419-435, 2016, DOI: 10.2298/FUEE1603419M. 

Pa,LJ;osn y 36opununMa Meljynapoii,nux KoucI>epeuu,nja (M33): 

1 Marta6 R., Novarli6 M. H Bara6 D.,,, Using Big data on Large dams", y 15th International 
Symposium - Symorg 2016, ISBN 978-86-7680-326-2, c-rp. 432-438, 3nan16op, 2016. 

2 Marta6 R., Bara6 D. M Vujin V., ,,Application of the Internet of Things in hydrology", y 
14th International Symposium - Symorg 2014, ISBN: 978-86-7680-295-1, crp. 426-433, 
3naTM6op, 2014. 

5 3aKJbyqaK H npeAJlOf' 

Ha 0CH0BY rrpernena M aHaJIH3e ,lJ,OKT0pCKe JJ:HCepTaUHje, KoMHCHja CMaTpa na je ,lJ,0KTOpCKa 

.LlHCepTaUHja non Ha.3HB0M ,,I1pHMeHa loT MO,LleJia H cepBHCa y yrrpaBJhaH>y 11 o.n,p)KaBaH>Y 6patta" 
KaHJJ,H,LlaTa PaCTKa Maprnha HaIIHCaHa rrpeMa CBHM CTaHnapnHMa Hayl:JHO-HCTpa)KHBaqKor pana H 

HCIIyH,aBa CBe ycJI0Be rrpe,n:BHljeHe 3aKOHOM 0 BHC0K0M o6pa.30BaH>y, CTaHnapnHMa, 

rrpaBHJIHHUI1Ma H CraTyTOM <l>aKyrrTern oprattH3ailH0HHX HaYKa YHHBep3MTeTa y Beorpa.n:y. 

Ha 0CH0BY pe3yJITaTa H 3aKlliY1:JaKa rrpHKa.3aHHX y JJ:OKTOpCKOj JJ:HCepTaUMjH, KOMMCMja KOHCTaTyje 
na je KaH,L{M,LlaT PacTKO MapTali ycrrernH0 3aBpurno JJ:0KT0pCKY .LlHCeprauHjy Koja, y CKJia,n:y ca 

II0CTaBJheHHM D:HllieBHMa HCTpa)KHBaH,a, rrpHKa.3yje HHOBaTHBaH M0,LleJI MOHHT0pHHra 6patta 

3aCH0BaH Ha CBerrpHCYTHHM reXHOJIOrHjaMa erreKTp0HCKOr II0CJIOBaH>a. 
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Y .UOKTOpCKOj .ru1cepnu:raj11 cy aHaJ1H3HpaHH KJhyqHH H3a30BH Ma.Hyennor TeXHH1IKOr 

OCMaTpaH>a 6paHa. Tipe,z:i;JIO)KeHO je pemeH>e CHCTeMa MaHyeJIHOr TeXHH1IKOr MOHHTOpHHra 

6paHa 3acHOBaHor Ha IoT, RFID H Bluetooth TexHonom jaMa. Y eKcnepHMeHTMHOM ,n:eny 

npojeKTOBaH je 11 HMIIJleMeHTHpaH MO,UeJI MaHyeJIHor TeXHii'IKOr OCMaTpa1-1,a Ha 6paHH XE 
,,nep.z:i;an 1 ". EBanyau;Hja je I10Ka3aJ1a .ua pa3BHjeHH MO,lleJl y BeJIHKOj MepH ,uonpHHOCH 

yHarrpeljeH>y rrpou;eca MaHyeJIHor TeXHH1IKOr ocMaTPaJba 6paHa, CMaH>yje 6poj rpewaKa H 
rro6oJhIIIaBa ycnoBe pa.ua. 

KaH.L(H,ll.aT PacTKO )];. MapTah je y ,n:OKTOpCKOj .UHCepTaU:HjH rrpHKa3aO OplffHHaJIHe Hay'!He 

3aKJhyqKe, llITO je HayqHO BepmpHKOBaHO rry6J1HKau;HjOM pa.ua y HCTaKHYTOM Mel)YHapO.LlHOM 

qacom1cy KaTeropHje M23, Kao li Ha MeljyHapo,n:HHM H Hau;HOHaJIHHM KOHcpepeHu;HjaMa. 

C ofoHpOM Ha HayqHy aKTyeJIHOCT .UHCepTauHje, OpHrHHaJIHOCT rrpHKa3aHHX pe3yJITaTa H 
MeTO,ll.OJIOIIIKY H TeMaTCKY a.L(eKBaTHOCT, .UOKTOpCKa .UHCepTau;Hja 3a,[(0B0JhaBa CBe 

HeOilXO,ll.He KpHTepHjYMe If KBaJIHq>HKyje KaH.L(H,UaTa, PaCTKa )];. Maprnha 3a 6y.L(yhn 
Hay1IHO-HCTPa)KHBa'!KM PM-

Ha ocHoBy cBera nperxo.uHo H3JimI<eHor, rrpe.D;JI~e ce HacTaBHO-HayqHoM Behy <l>aKyJITeTa 

opraHH3aI.J;HOHHX HaYKa .[(a ce ,[(OKTOpCKa .L(Hceprnn:Hja ITO,[( Ha3HBOM ,,TipHMeHa Jo T MO.L(eJia H 

cepBHca y ynpaBihaJbY H O.Llp)KaBaH,y 6paHa" KaH.llH.Uarn PacTKa )];. Maprnha, rrpHxBaTH, 

H3Jl0)KH Ha YBH.U jaBHOCTH H, IIOTOM, ynyTH Ha KOHff'lHO ycBajaJbe Behy Hay~HX o6JiaCTH 
TeXHH'IKO-TeXHOJIOIIlKHX HaYKa YHHBep3HTeTa y Eeorpa.uy. 

Eeorpa,n, '2. ,J . O Y, ? :> 2 0. 

qJIAHOBJ1 KOMMCHJE: 

AP ,lcymau Eapali, Battpe.nHH rrpocpecop, 

<l>a1<ymw opra1u13auu~ fTira Y Eeorpruzy 

AP EmKHAap PaAeHl~OBHli, pe.QOBHH rrpocpecop, 
<l>aKynTeT oprattma[(HOHHx ttayKa YHMBep3HTeTa y B rpa.Qy 

-~ll 
AP Mapujaua ,l(ecnoTOsnb-3paKHli, peAOBHH npocpecop, 

<l>axynTeT oprattmaunom1x HaYKa Y HHBep3HTeTa y Beorpa.Qy 

C)G-~~ 
v 

AP Cama Jla:iapesnli, Battpe,ll.HH npocpecop, 

<l>aKyJITeT opraHM3a[(HOHHX ttayKa Y HHBep3HTeTa "';f Eeorpa.ey ;zr.,a, 
AP Eo6au CTOjauosuli, saupe.UHH npocpecop, 

IlpHpOAHO-MaTeMaTtttIKH cpaKyJITeT Ymrnep3HTeTa y KparyjeBuy 


