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KOCCS

HACTABHO-HAYHHOM BETiy
<DAKYJITETA TEXHHHKHX HAYKA Y KOCOBCKOJ MHTPOBHUH

npeAMeT: H3BeuiTaj KoMHcnje 3a nperjiea, oijeHy h oa6paHy ypafjeHe AOKTopcKe 
ZiHcepTaHHje KaH£H£aTKHH>e JeneHe ToAopoBHh.

Ha ocHOBy HJiaHa 55. cTaB 1. TanKa 16 CTaTyTa OaKyjiTeTa tcxhhhkhx Hayxa y 
KoCOBCKOj MHTpOBHHH, a y CKJiaay ca HJiaHOM 49 H 50 npaBHJIHHKa O UOKTOpCKHM 
CTyanjaMa, HacTaBHO-HaynHo Behe OaKyjiTeTa t6xhhhkhx Hayxa y KocoBCKoj Mhtpobhuh, 
Ha cê HHHH o,zip>KaHoj aaHa 30. 06. 2023. roaHHe, uoHejio je OjiJiyKy nou 6pojeM 914/3-1 o 
HMeHOBaH>y KoMHcnje 3a nncaibe H3BeuiTaja 3a ou,eHy uoKTopcKe uncepTauHje nou 
HacjioBOM ,.Hobh Gamma - Chi-square MOjieji (JjvnKmije pacnoaejie 3a SemmHH 
onTHHKH K0MyHHKauii0HH KaHaji“, KaHUHuaTKHH>e JejieHe TouopoBHh, y cacTaBy:

1. up Tioko BaHljyp, peji. npo(}). <DTH-a y K. Mhtpobhhh -  npeuceuHHK,
2 . ap /JejaH MhjihD, peu. npo(}). EjieKTpoHCKor (}>aKyjiTeTa y HHuiy -  uuaH.
3. up neTap CnaueBHh, peu. npo(J). <DTH-a y K. Mhtpobhuh -  MeHTop,

Ha ocHOBy nperjieAa h aHajiH3e ^ocTaBJbeHe uoKTopcKe HHcepTaiiHje h Jipyre 
npaTehe uoKyMeHTauHje, KoMHcnja je cauHHHJia cjieuehu

H 3 B E U I T A J
o opeHH vpaljeue uoKiopcKe UHcepTauHje KanjiHuaiKHibe JeueHe J o-iopoBHh.

1.1 EH orpa^icK H  no jtauH  KaHjiH/iaTKHHbe

JejieHa TonopoBnh je poljeHa 25. 08. 1992. ronHHe y flpHiuTHHH. OcHOBHy uiKOJiy je 
3aBpuiHjia y TpauaHHiiH, a cpenH>y EjieKTpoTexHHUKy uiKOJiy y CyuiHUH (o6pa30BHH 
npo(})HJi -  ejieKTpoTexHHuap pauyHapa). Ochobhc aKaneMCKe CTynuje je ynHcaua 2011. 
rouHHe Ha <DaKyjiTeTy tcxhhhkhx Hayxa, YHHBep3HTeT y FIphuithhh ca ce/umiTeM y 
KocoBCKoj Mhtpobhiih, Ha CTyuHjcKOM nporpaMy EjieKTpoTexHHHKO h panyHapcKo 
HH>KeH>epcTBO, Mouyji EjieKTpoHHKa h TejieKOMyHHKaiiHje. HcTe je 3aBpuiHJia 2015. rouHHe 
ca yKynHOM npoceHHOM oueHOM y TOKy CTyuHja 9,23 HHMe je CTeKJia 3Ban>e HH>KeH>ep 
ejieKTpoTexHHKe h panyHapcTBa. jJnnjioMCKe aKaueMCKe CTyuHje Ha CTyuHjcKOM nporpaMy 
EjieKTpoTexHHHKO h panyHapcKO HHaceibepcTBo, Monyu EueKTpoHHKa h TejieKOMyHHKaunje
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npn hctom (J)aKynTeTy 3aBpuiHjia je 2017. rojjHHe ca yKynHOM npoceHHOM ohchom 9,60 
HHMe je cTeKjia 3Ban>e MacTep HHaceH>ep ejieKTpoTexHHKe h panyHapcTBa. /JoKTopcKe 
CTyanje ynHcajia je uikojickc 2017/2018. rouHHe Ha OaKyjiTeTy tcxhhhkhx Hayxa, y 
KocoBCKoj Mhtpobhhh, CTyjiHjcKH nporpaM EjieKTpoTexHHHKO h panyHapcKo 
HHJKeibepcTBo. riojio»CHJia je CBe ncnHTe npejiBHljeHe njiaHOM h nporpaMOM ca npoceHHOM 
opeHOM 10,00.

Oa 01. 03. 2018. ro/iHHe pa^HJia je Kao capaAHHK y HacTaBH Ha OaKyjiTeTy 
TexHHHKHX Hayxa, y KocoBCKoj Mhtpobhph, a oa 01. 04. 2019. roaHHe aHra>KOBaHa je Kao 
acHCTeHT 3a yacy HaynHy oSaacT TejieKOMyHHKauHje h HHiJiopMauHOHH chctcmh.

AyTop je h KoayTop 17 HayHHHX pa^OBa o6jaBji>eHHX y MeljyHapo,aHHM h jjoMahnM 
HaconncHMa h 36opHHUHMa Me5yHapoAHHx h ,ztoMahHX HaynHHx KOH(JiepeHiJtHja. TaKolje, 
KoayTop je Tpn noMohHa yHHBep3HTeTCKa yp6eHHKa. VnecTBOBajia je Ha ^Ba npojeKTa H3 
nporpaMa Pa3Boja bhcokot o6pa30BaH>a 4)HHaHCHpaHor oa CTpaHe MHHHCTapcTBa npocBeTe, 
HayKe h TexHOJiouiKor pa3Boja Peny6jiHKe Cp6nje, Kao h Ha npojeKTy „ITpaKTHHHa HayKa“ 
H3 nporpaMa 3a npoMopHjy h nonyjiapH3apHjy HayKe Kojy (})HHaHCHpa LJeHTap 3a npoMOHHjy 
HayKe. TaKofje, ynecHHK je Ha Me^Hapo^HOM npojeKTy no# Ha3HBOM „Improving STEM 
Teaching Process Using Digital Transformation - DIGSTEM'4 nozip^caHor o^ CTpaHe 
BnuierpaACKor (J)OĤ a H3 CjioBauKe.

1.2 Bepn(|)HKaiiHja HayHHHx zionpHHoca

Kao ayTop JejieHa To^opoBHh je yKynHO o6jaBHJia 17 pa#OBa h to: ceaaM pa^OBa y 
Mê yHapo/iHHM uaconHCHMa ca HMnaKT (JmKTopoM KaTeropnje M23, je^aH pa^ y 
Mel)yHapoaHOM uaconHcy KaTeropuje M24, ziBa paxta y HCTaKHyTHM HauHOHanHHM 
uaconHCHMa KaTeropnje M52, iuecT paAOBa Ha MeljyHapoAHHM KOH êpeHunjaMa KaTeropnje 
M33 h jeuaH pau Ha HauHOHajiHoj koh(JiepeHUHjh KaTeropnje M63. Oa yKynHo 17 
o6jaBJi>eHHx pa^OBa, 8 pa^oBa cy y aupeKTHoj Be3H ca ^oktopckom jjHcepTaunjom h to:

• 4 pajja KaTeropnje M23,
• 1 pau KaTeropnje M24,
• 2 pajia KaTeropnje M33,
• 1 pau KaTeropHje M63.

Y HacTaBKy je /jaT cnucaK o6jaBJbeHHX pauoBa KaHjjhjtaTKHH>e kojh cy uhpcktho 
Be3aHH 3a TeMy aoKTopcKe ^HcepTauHje.

MetjvHapoiiHH uacoimcii (M23):

1. Jelena Todorović, Petar Spalević, Stefan Panić, Bojana Milosavljević, Milan 
Gligorijević, FSO system performance analvsis based on novel Gamma -  Chi-square 
irradiance PDF model, Optica Applicata, Vol. 51, No. 3, pp. 335-348, 2021, ISSN 
0078-5466 (Print), ISSN 1899-7015 (Online). DOI: 10.37190/oa210303 [M23] 
https://opticaapplicata.pwr.edu.pl/article.php?id=2021300335
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2. Jelena Todorović, Branimir Jakšić, Petar Spalević, Đoko Banđur, Stefan Panić, 
Average Bit Error Rate at Signal Transmission with OOK Modulation Scheme in 
Different FSO Channels, Tehnički vjesnik - Technical gazette, Vol. 28, No. 3, pp. 
725-732, June 2021, ISSN 1330-3651 (Print), ISSN 1848-6339 (Online). DOI: 
10.17559/TV-20190819113450 [M23|
https://hrcak.srce.hr/index.php?show=clanak&id clanak iezik=375245

3. Jelena Todorović, Branimir Jakšić, Petar Spalević, Miloš Dobrojević, Ivan 
Milovanović, Performance analysis o f WSN-FSO system modeled by Gamma-Chi- 
square channel distribution, Proceedings of the Estonian Academy of Sciences, Vol. 
72, No. 1, pp. 30-40, 2023, ISSN 1736-6046 (Print), ISSN 1736-7530 (Electronic). 
DOI: 10.3176/proc.2023.1.04 [M23]
https://kiri.ee/proceedings-of-the-estonian-academy-of-sciences- 
publications/?filter%5Byear%5D=2023&filter%5Bissue%5D=1270&filter%5Bpublic 
ation%5D=l 1277&v=8cee5050eeb7

4. Jelena Todorovic, Petar Spalevic, Stefan Panic, Majid Hamid Abdullah, Ivan 
Pantelic, Performance analysis ofMPPM FSO transmission over Gamma-Chi-square 
strong atmospheric turbulence, Optica Applicata, Vol. 53, No. 1, pp. 111-126, 2023, 
ISSN 0078-5466 (Print), ISSN 1899-7015 (Online). DOI: 10.37190/oa230108 [M23[ 
https://opticaapplicata.pwr.edu.pl/article.php?id=2023100111

MefivHapojHH Macoimcn (M24):

1. Jelena Todorović, Branimir Jakšić, Petar Spalević, Đoko Banđur, Miloš Banđur, 
Analysis ofSignal Quality in FSO Svstems with PolSK Modulation, Serbian Joumal of 
Electrical Engineering, Vol. 17, No. 2, pp. 171-186, June 2020, ISSN 1451-4869, 
DOI: https://doi.org/10.2298/SJEE2002171T [M24]
http://www.iournal.ftn.kg.ac.rs/Vol 17-2/03-Todorovic-Jaksic-Spalevic-Bandiur- 
Bandjur.pdf

CaoniHTeH>a Ha MetjvHapoiiHHivi CKvnoBHMa ui ravuiana v hcjiocth (M33):

1. Jelena Todorović, Branimir Jakšić, Petar Spalević, Majid Alsadi, Ahmad 
Mohammed Salih, Simulation o f the 32-Channel WDM-FSO Svstem in Different 
Atmospheric Phenomena, Proceedings of the Intemational Scientific Conference 
“UNITECH 2020'’, Gabrovo, Bulgaria, 20-21 November 2020, Vol. 2, pp. 248-252. 
ISSN: 2603-378X. [M33]
https://unitech-selectedpapers.tugab.bg/images/papers/2020/s3/s3 pl 92 v2.pdf

2. Jelena Todorović, Branimir Jakšić, Petar Spalević, Majid HamidAbdullah, Ahmad 
Mohammed Salih, Simulation o f Fso Svstem Operation in Different Atmospheric 
Conditions, Proceedings of the International Scientific Conference on Information 
Technology and Data Related Research - Synthesis 2020, Belgrade, Serbia, October 
17, 2020, pp. 193-198. DOI: 10.15308/Sinteza-2020-193-198 [M33[
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http://www.iournal.ftn.kg.ac.rs/Vol_17-2/03-Todorovic-Jaksic-Spalevic-Bandiur-Bandjur.pdf
https://unitech-selectedpapers.tugab.bg/images/papers/2020/s3/s3_pl_92_v2.pdf


http://portal.sinteza.singidunum.ac.rs/Media/files/2020/193-198.pdf

CaonuiTeiba Ha iiamioHa.imiM cKvnoBiivia niTaMiiana y uejiocTH (M63):

1. Jelena Todorović. Branimir Jakšić. Petar Spalević, Mile Petrović, Ana Tošković, 
Srednja verovatnoća greške po bitu pri prenosu modulisanog signala u FSO sistemu, 
Zbornik radova 63. Konferencije za elektroniku, telekomunikacije, računarstvo, 
automatiku i nukleamu tehniku - ETRAN, Srebrno jezero, Srbija, 3-6 jun 2019, pp. 
1036-1040. ISBN: 978-86-80509-67-9. [M63J 
https://etran.rs/2019/Proceedings IcETRAN ETRAN 2019.pdf

Y HacTaBKy je  ® t cnncaK o6jaBjbeHHX pa^oBa tokom HCTpa>KHBaH>a KaHjjHjiaTKHH>e 
Kojn HHcy y anpeKTHoj Be3H ca tcmom ^OKTopcKe jiHcepTaHHje, ajth cy 6jihcko Be33HH ca 
cajipacajeM HCTe:

MehvHaponHH naeoimcn (M23):

1. Branimir Jakšić, Jelena Todorović, Đoko Banđur. Branko Gvozdić, Miloš Banđur. 
Outage Performance o f Macrodiversity Reception in the Presence Ravleigh Short- 
Term Fading and Co-channel Interference, Acta Polyteehnica Hungarica, Vol. 18, 
No. 7, pp. 171-186, 2021, ISSN: 1785-8860. DOI: 10.12700/APH. 18.7.2021.7.9 
[M23]
http://aeta.uni-obuda.hu/Jaksic Todorovie Bandur Gvozdic Bandur 114.pdf

2. Miloš Banđur, Đoko Banđur, Branimir Jaksic, Aleksandar Micić, Jelena Todorović, 
Performance Evaluation oflEEE 802.15.4 Networks in the Presence o f a-rj-p Fading. 
Interference and Noise, Revue Roumaine Des Seienees Techniques-Serie 
Electrotechnique Et Energetique, vol. 66, no. 3, pp. 191-194, 2021, ISSN: 0035-4066. 
[M23]
http://revue.elth.pub.ro/viewpdf.php?id=973

3. Krsto Jaksic, Ivana Milosevic, Branimir Jaksic, Vladimir Maksimovic, Jelena 
Todorovic, Structure and share o f satellite TV channels and DTH platforms in 
Europe, Acta Scientiarum Technology, Vol. 44, e59237, 2022. ISSN on-line: 1807- 
8664. DOI: 10.4025/actaseitechnol.v44il.59237 [M23]
https://periodicos.uem.br/ois/index.php/ActaSciTechnol/article/view/59237/75137515
4615

HcTaKHVTii namiona.THn naconiicii (M52):

1. Branimir Jakšić, Vladimir Maksimović, Jelena Todorović, Mile Petrović, Petar 
Spalević, Sistemi emitovanja i standardi satelitske televizijske transmisije u Evropi, 
Tehnika, Vol. 67, No. 6, pp. 827-835, Decembar 2018. ISSN 0040-2176. UDC: 
621.391.812, DOI: 10.5937/tehnikal806827J [M52] 
http://www.sits.org.rs/include/data/docs2414.pdf

4

http://portal.sinteza.singidunum.ac.rs/Media/files/2020/193-198.pdf
https://etran.rs/2019/Proceedings_IcETRAN_ETRAN_2019.pdf
http://aeta.uni-obuda.hu/Jaksic_Todorovie_Bandur_Gvozdic_Bandur_114.pdf
http://revue.elth.pub.ro/viewpdf.php?id=973
https://periodicos.uem.br/ois/index.php/ActaSciTechnol/article/view/59237/75137515
http://www.sits.org.rs/include/data/docs2414.pdf


2. Vladimir D. Maksimović, Jelena M. Todorović, Branimir S. Jakšić, Mile B. Petrović,
Petar Lj. Spalević, The Impact o f Successive B Frames on TV Signal using Different
Compression Technicpies and Video Resolution, Telfor Joumal, Vol. 11, No. 1, pp. 25-
29, 2019. DOI: 10.5937/telforl901025M [M52]
http://ioumal.telfor.rs/Published/Voll lN ol/V oll lN ol A5.pdf

CaoimiTeifaa Ha MehvHanojiHHM cKvnoBHMa nn aMnaHa y uejiocTH 1M33):

1. Branimir Jakšić, Đoko Banđur, Vladimir Maksimović, Jelena Todorović, Branko 
Gvozdić, Struktura TV kanala satelitskih operatera i DTH platformi u Evropi, 
Zbornik radova XIX međunarodnog naučno-stručnog simpozijuma INFOTEH 2020, 
Jahorina, Bosna i Hercegovina, 18-20 mart 2020, Vol. 19, pp. 98-103. [M33] 
https://infoteh.etf.ues.rs.ba/zbomik/2020/radovi/P-1 /P-1 -3 .pdf

2. Branimir Jakšić, Jelena Todorović, Vladimir Maksimović, Petar Spalević, Ratko 
Ivković, Terrestrial Digital Radio Services in Europe, Book o f Proceedings - 
Intemational Scientific Conference on Information Technology and Data Related 
Research - Synthesis 2019, Novi Sad, Serbia, April 20, 2019, pp. 498-504. ISBN: 
978-86-7912-703-7. DOI: 10.15308/Sinteza-2019-498-504 [M33J 
http://portal.sinteza.singidunum.ac.rs/paper/708

3. Vladimir D. Maksimović, Jelena M. Todorović, Petar Lj. Spalević, Mile B. Petrović, 
Branimir S. Jakšić, The impact o f successive B frames on video using H.264 and 
H.265 compression techniques, Proceedings of 26th Intemational Scientifics 
Conference Telecommunications Forum TELFOR 2018, Belgrade, Serbia, 20-21 
November 2018, DOI: 10.1109/TELFOR.2018.8611854 [M33] 
https://ieeexplore.ieee.org/document/8611854

4. Dragana Radosavljević, Siniša Ilić, Petar Spalević, Nadica Milenković, Jelena 
Todorović, Application o f non-linear regression for modelingthe kinetics o f essential 
oils extraction, Proceedings of the 27th Intemational Electrotechnical and Computer 
Science Conference ERK 2018, Portorož, Slovenia, 17-18 September 2018, pp. 352- 
355. ISSN: 2591-0442 |M33] 
https://erk.fe.uni-lj.si/2018/program.php

FloiviofiHH vu6eHmni:

1. EpaHHMHp JaKmnh, neiap CnaneBHh, JejieHa ToAopoBnfi, HpaKmuKy.M 
aa6opamopujcKUX eeotcdu U3 Modeaoeavba pauyuapcKO- KOMyuuKai\uoHux cucme.Ma, 
OaKyjiTeT TexHHHKHX Hayxa, KocoBCKa MnTpoBHita, 2019. ISBN 978-86-80893-93-8. 
COBISS.SR-ID 276454412 2 
https://plus.sr.cobiss.net/opac7/bib/276454412

2. EpaHHMHp JaKmnh, JejieHa ToaopoBHh. /IparHma MHJbKOBHh, PauyuapcKe ocuoee 
uumepuema: nadopamopujcKe ee,)tc6e, OaKV.HTeT TexHHHKHX Hayxa, KocoBCKa 
MHTpoBHpa, 2019. ISBN 978-86-80893-94-5. COBISS.SR-ID 276448780 3
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https://plus.sr.cobiss.net/opac7/bib/276448780

3. Mnjie IleTpoBHh, JejieHa To/iopoBnh, BjianHMHp MaKCHMOBHh, YIpaKmuKyM U3 
Tejieemuje, OaKyjrreT tcxhhhkhx Hayxa, KoeoBCKa MHTpoBHua, 2019. ISBN 978-86- 
80893-92-1. COBISS.SR-ID 276462092 
https://plus.sr.cobiss.net/opac7/bib/276462092

2. O cho bhh  noJianH  o aH cepTauH jH

/I,OKTopcKa jTHcepTattHja no^ HacjiOBOM „Hobh Gamma - Chi-square MÔ eji (jiyHKHHje 
pacnoaejie 3a Ookhhhh ohthhkh KOMyHHKauHOHH KaHan“ cajipacn 179 HyMepncaHHX 
CTpaHHua TeKCTa, ocaM noniaBJBa h 9 ziojiarHHX CTpanHua ca HeonxojiHHM nojaHHMa. 
XI,HcepTaHHja canp>KH 78 cjiHKa h 7 TaSejia. Y nonncy KopnmheHe JiHTepaType 
KaH4Ĥ aTKHH.a je HaBejia 189 pe(})epeHUH. FIo c|)opMH h CTpyKTypn aoKTopcKa OTcepTaunja 
ojiroBapa onniTHM npaBHjiHMa 3a nHcame h o6jiHKOBaH,e jioKTopcKe jjHcepTauHje, y CKJiaAy 
ca CTaTyTOM YHHBep3HTeTa, npaBHjiHHKOM o ÔKTopcKHM CTy n̂jaMa Ha YHHBep3HTeTy h 
EIpaBHJiHHKOM o ôKTopcKHM cTyjiHjaMa Ha OaKyjiTeTy TexHHHKHx Hayxa. Tckct noKTopcKe 
jlHcepTaunje je nojiejteH y ocaM noniaBjta:

1. YBoa;
2. FSO CHCTeM;
3. FIep4)opMaHce FSO CHCTeMa nocTojehHx Mojtena KaHana;
4. Pa3Boj Gamma - Chi-square Monena pacrio,aejie;
5. FlepcjiopMaHce FSO CHCTeMa MOjtenoBaHHM Gamma - Chi-square pacnojiejiOM;
6. FIpHMeHa Gamma - Chi-square Moaeaa pacno/iejie y WSN-FSO cncTeMHMa;
7. FlpHMeHa Gamma - Chi-square MOjiena pacnojtejie y RF/FSO cncTe.MHMa h

8. 3aKJtyHaK.

Ha Kpajy cy jtara cnncaK KopHmheHe jiHTepaType, cnncaK cjiHKa h cnncaK Ta6ejia. 
.̂OKTopcKa ziHcepTaiiHja npnnajia nojby TexHHHKo-TexHOJiomKHx Hayxa h o^Jiacra 

EjieKTpoTexHHHKO h panyHapcKO HH>Keii.epcTBo, a yaca HaynHa o6nacT je TejieKOMyHHKauHje 
H HH(j)OpMaHHOHH CHCTCMH.

2.1 K paT aK  npHKa3 noje^HHaHHHx n o r j ia B jta

y  YBOjiy jiHcepTauHje aara cy 6jiH)Ka nojammeHa CBpxa, uhjb h HaMeHa HCTpaacHBama 
ca acneKTa npoynaBaHe o6jiacTH, Kao h nperjiejt ziocajtamibHX HCTpâ KHBama. TaKolje, 
npejiCTaBJbeHa je MeTonojiorHja h anaTH HCTpaKHBaiba Kao h CTpyKTypa h opraHH3aiiHja 
HHcepTauHje.

y  jipyroM norjiaBJby naTe cy TeopnjcKe ocHOBe Koje ce ojtHoce Ha FSO CHCTeMe, 
cTaTHCTHHKe Mojtejie 3a onHCHBame FSO KaHana, cTaTHCTHHKe Mepe 3a onHcriBame
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nep^opiviaHCH FSO cncTeMa, Kao h MO,ayjiauHOHH (JjopMaTH Kojn ce KopncTe 3a Mo,ayjiHcaii.e 
CHTHajia y jj3thm cncTeMHMa.

Y TpeheM norjiaBJty je H3BpmeHa aHajiH3a nep(j)opMaHCH FSO CHCTeMa Kaaa cy 
MoaejiOBaHH ca nocTojehHM pacnoaejiaMa: TaMa-raMa pacnoaejia, JIorapHTaMCKo-HopMajiHa 
pacnoAejia, HeraTHBHa eKcnoHeHUHjajiHa pacno^ejia, K pacnoAena h I-K pacno^ejia. 
AHajiH3a yKJbynyje noHamame Mepa nep(})opMaHCH CHCTeMa ca AaraM pacnoaeJiaMa y 
pa3JiHHHTHM ycjioBHMa KaHajia (cjiaSjBeme, aTMoc<J)epcKa Typ6yjieHHHja, rpemKa 
no3HHHOHHpaH>a) h 3a pa3JiHHHTe MO^yjiauHOHe (J>opMaTe cnrHajia: DPSK, BPSK, OOK, 
PolSK h MPPM. H3panyHaTa je BpejjHOCT BER-a h ypaljeHH cy rpa(J)HHKH npHKa3H npoMeHe 
BER-a 3a pa3JiHHHTe napaMeTpe CHCTeMa h KOM6HHaiiHje Monejia pacnonejia h MoayJiaiiHOHe 
meMe.

BeTBpTo norjiaBjbe o6yxBaTa pa3Boj hobot Mojiejia FSO KaHana (raMa - Xn-KBajipaT). 
/JeTajbHo je npHKa3aH nocTynaK ao6njaH>a hobot MÔ ejia pacno^ejie, a npeacTaBjbeH y 
(JiopMH PDF-a 3a aea Moaejia cjia6jbeii>a: y npHcycTBy HCKJi>yHHBO aTOMOC(j)epcKe 
Typ6yjieHHHje h y npncycTBy h aTMoc(J)epcKe Typ6yjieHHHje h rpemKe no3HHHOHHpaH>a. 3a 
o6a Mo^ejia cjia6jbeH>a npe^CTaBJbeHe cy £Be (JiopMe PDF-a: npBH je PDF y 3aBHCHOCTH oa 
HHTeH3HTeTa CHTHajia, a Apyrn PDF y 33bhchocth o/i SNR-a. KaKO 6h ce H3Beo H3pa3 3a 
PDF y 3aBHCHOCTH oa SNR-a npHMemeH je anapaT MaTeMaTHHKor OHeKHBama y HHJby 
ao6njaH>a TpeHyTHor h ejieKTpHHHor SNR-a.

Y neTOM norjiaBJby, ao6HjeHH PDF MO^ejiH cy ynoTpe6ji>eHH 3a panyHaH>e 
aHajiHTHHKHX H3pa3a 3a pa3JiHHHTe Mepe nep(J)opMaHCH FSO CHCTeMa. Ah3jihthhkh 
npopanyHH o6yxBaTajy cjionceHe MaTeMaTHHKe anapaTe, pemaBame KOMnjieKCHHX HHTerpana 
HHja ce pemema CBone Ha (J)yHKHHje Kao mTo cy EecejiOBa (Bessel) (JiyHKHHja apyre BpcTe, 
MajepoBa G (Meijer G) (J)yHKUHja, OoKCOBa H (Fox H) 4iyHKiiHja. O^pe^eHH cy aHajiHTHHKH 
H3pa3H 3a cae^ehe Mepe nepijiopMaHCH: BepoBaraoha oraa3a, ABER (npn DPSK, BPSK, 
OOK, PolSK h MPPM MOAyJiauHjH) h KanapHTeT KaHajia 3a Tpn ajiropHTMa. Mepe 
nep(j>opMaHCH cy npencTaBJbeHe h y (j)opMH rpa(J)HKa y 3aBHCHoera oa pa3JiHHHrax 
napaMeTapa CHCTeMa h 3a pa3JiHHHTe HHBoe aTM0C(J)epcKe Typ6yjieHUHje. /I,o6HjeHH 
pe3yjiTara cy ynopel)eHH ca nocTojehHM pe3yjiTaraMa 3a npyre MO^ejie pacnonejia KaHajia 
FSO cHCTeMa.

IIIecTO norjiaBjbe ce o^hoch Ha npHMeHy TaMa - XH-KBa^paT Monejia y 
KOM̂ HHOBaHOM CHCTeMy 6okhhhhx ceH3opcKHX Mpe>Ka (WSN) h FSO-a Kojn ce 3acHHBa Ha 
CCR-y (Corner Cube Retroreflector). Fl3paHyHara cy H3pa3H 3a ABER 3a pa3JiHHHTe HHBoe 
aTM0C(J)epcKe TvpovjieHimje, a HyMepHHKH pe3yjiTara npHKa3aHH y o6jiHKy rpa(J)HKa 3a 
pa3JiHHHTe BpenHocra K  (J)aKTopa, /iy>KHHe FSO jihhkh h pa3JiHHHTe HHBoe aTMOC(j)epcKe 
Typ6yjieHiiHje.

y  cê MOM norjiaBJby je pa3MaTpaHa npHMeHe HOBopaaBHjeHor Moaejia y xh6ph^hhm 
RF/FSO cHCTeMHMa y pHjby ^o^Hjama 6ojbHX nep(J)opMaHCH CHCTeMa. Pa3MaTpaH je 
xh6phhhh RF/FSO CHCTeM r^e je 3a onnc RF nejia y xn6pH,zmoM cncTeMy KopHmheH 
HaKaraMH-w Mo êJi pacnonejie, a 3a onnc FSO nejia KopnmheH HOBopa3BHjeHH TaMa - Xh-
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KBanpaT Monen. H3BeAeH je  aHanHTHHKH H3pa3 3a BepoBaTHohy OTKa3a, a HyMepHHKH 
pe3yjiTaTH cy npejiCTaBJbeHH y o6jiHKy rpa(})HKa 3a pa3JiHHHTe napaMeTpe KOMyHHKaitHOHor 
CHCTeMa: HaKaraMH (})ejiHHr napaMeTap m, npar, ABER, K  (j)aKTop, jiy>KHHy FSO jiHHKa h 
pa3JiHHHTe HHBoe aTMOC(})epcKe Typ6yjieHiiHje.

HaKOH cejjMor noniaBJta jjaT je 3aKjtynaK ca ocbptom Ha KapaKTepncTHKe 
HOBopa3BHjeHor Mojiejia, Kao h Ha uejioKynHO cnpoBejieHo HCTpa>KHBatbe. npejtcTaBJteHe cy 
npejiHOCTH npejiJio>KeHor Mojiena y ojiHocy Ha nocTojehe Mojiene FSO KaHana.

HaKOH 3aKJbyqKa naTa je nncTa pe(})epeHHH KopHuiheHHx y HCTpa>KHBaity, cnncaK 
CKpaheHHua, cnHKa h Ta6ena, 6norpa(})Hja ayTOpa h h npaTehe H3jaBe Koje cy npejiBHtjeHe 
nponHcaHOM (})opMOM jjHcepTauHje.

3. O ueHa HHcepTauHje 

3.1 ITpejjMeT h HH. fc.CBn HCTpaacHBaita

FIpejiMeT HCTpa>KHBaH.a jjOKTopcKe jjHcepTauHje je (})OKycHpaH Ha pa3Boj hobot 
MaTeMaTHHKor Mojiena 3a onnc 6e>KHHHor ohthhkot KOMyHHKauHOHor KaHana (FSO - Free 
Space Optics) h H,eroBy npHMeHy y pa3nHHHTHM nponaraitHOHHM 0Kpy>KeibHMa, a CBe y 
HHJby noBehaiba nep(})opMaHCH 6okhhhhx KOMyHHKaHHOHHX CHCTeMa. JejiHO oji rnaBHHX 
nHTaita y npouecy aHanH3e pajia FSO CHCTeMa je H36op ojtroBapajyher MaTeMaTHHKor 
Mojiena 3a (j>yHKHHjy rycTHHe BepoBaTHohe (PDF - Probability Density Function) cnynajHor 
npoMeHJtHBor cHraana Kojn ce npocTHpe y pa3nHHHTHM ycnoBHMa aTMoc^epcKe 
Typ6yneHiiHje. /)o cajta je npejtno>KeH BenHKH 6poj pa3nHHHTHx Mojtena pacnojtene KaHana 
3a MOjienHpaite pa3nHHHTHX HHBoa yTHiiaja aTMOC(})epcKe Typ6yneHHnje. /],ocajiauiH.a 
HCTpax(HBaH.a cy noKa3ana jta TaMa-raMa Mojien h PajcoB (Xn-KBajipaT) MOjten Mory 
e(})HKacHO MOjienoBaTH e(})eKTe BpTnora Typ6yneHanja y pa3nHHHTHM ycnoBHMa. KopncTehH 
ce TaMa-raMa MOjjenoM h Xn-KBajipaT MojjenoM npejino>KeH je hobh TaMa - Xn-KBajipaT 
(Gamma - Chi-square) Mojten. FIpejino>KeHH Mojten HcnHTaH je y jiBa cnynaja Kojn H3a3HBajy 
noropmaite nep(})opMaHCH FSO CHCTeMa: aTMOC(})epCKa Typ6yneHiiHja h rpemKa 
no3HitHOHHpaiba. TaKoJje, npejtno>KeHH Mojten HcnHTaH je h 3a pa3nHHHTe MojtynauHOHe 
(})opMaTe Kojn ce npHMeibyjy y FSO CHCTeMHMa. V  HCTpa>KHBaH.e cy yKJbyHeHa h pannHHHTa 
nponarauHOHa OKpy>KeH.a Kao mTO cy xh6phjihh pamio-(J)peKBeHTHH h 6e>KHHHH ohthhkh 
CHCTeMH (RF/FSO) h 6e>KHHHe ceH3opcKe Mpe>Ke (WSN - Wireless Sensor Networks). 
H3panyHaTo je BHme Mepa Koje ce KopncTe 3a onHCHBaite nep(})opMaHCH cncTeMa Kao mTo 
cy: BepoBaTHoha OTKa3a, cpejtita BepoBaTHoha rpemKe no 6nTy, momchth h KanauHTeTH. 
Pe3ynTara cy npHKa3aHH Ta6enapHo h rpa(})HHKH y (})yHKitHjH napaMeTapa npeHOCHor 
cHCTeMa h H3BpmeHo je nopeljeibe pe3ynTaTa ca ojtroBapajyhHM MepaMa nep(})opMaHCH 3a 
CTaHjiapjiHe MOjiene FSO KaHana.

L}njb HCTpa>KHBaita je 6ho jta ce HOBopanBnjeHH MOjten FSO KaHana hckophcth 3a 
MouenoBarbe FSO CHCTeMa y qHJby no6ojbmaiba nep(})opMaHCH 6okhhhhx KOMyHHKauHOHHx



CHCTeMa. Ha ocHOBy Ao6HjeHHX pe3yjiTaia yTBpl)eHO je Koje napaMeTpe TaMa - Xn-KBaApaT 
Moaena h napaMeTpe cncTeMa TpeSa kophcthth Ha ojipefjeHHM ay>KHHaMa FSO jiHHKa, 3a 
Koje cTeneHe aTMOctjiepcKe Typ6yjieHiiHje, Kao h 3a Koje MOjiyjiaiiHOHe (jiopMaTe KaKO 6 h ce 
jio6ho Hajnoy3jiaHHjH npeHoc CHrHana y FSO CHCTeMy. KopHCTehn npejicTaBJbeHe 
pe3yjiTaTe npejiBHl)eHO je noHamaite FSO cncTeMa 3a pa3JiHHHTe Moaejie MojiyjiaHHOHHX 
(jiopMaTa h y pa3JiHHHTHM nponaraiiHOHHM 0Kpy>KeifcHMa, mTO 0M0ryhaBa npojeKTaHTHMa 
6e>KHHHHX KOMyHHKauHOHHX CHCTeMa jia 3a >KejbeHe nep(j)opMaHce CHCTeMa HanpaBe 
pauHOHajiHa cncTeMCKa pemema.

Obh HHJbeBH h pe3yjiTa™ ocTBapeHH cy noMohy cnejiehe MeTojiojiornje 
HCTpa>KHBaita:

•  aHajiH3a h nperjieji HayHHe jiHTepaType H3 o6nacTH FSO CHCTeMa, HaponHTO ohhx 
Kojn HMajy bhcok CTeneH hhthpbhocth h Kojn cy o6jaBJbeHH y BpxyHCKHM HayHHHM 
naconHCHMa;

• npHMeHa TeopnjcKHX, aHajiHTHHKHX h HyMepHHKHx MeTOjja;

• npHMeHa MHoro6pojHHX MaTeMaTHHKHX anapaTa y HHJby jjo^njaiba aHajiHTHHKHx 
pe3yjiTaTa;

• npHMeHa co(j)TBepcKHx naKeTa y HHJby jio6HjaH>a HyMepHHKHX pe3yjiTaTa.

3.2 /I,onpHHocH HCTpaHCHBatba

FIo OHeHH HJiaHOBa KoMncnje, Haj3HanajHHjH HayHHH jjonpnHOCH jjoKTopcKe 
AHcepTaijHje KaHjiHjiaTKHite JejieHe TojiopoBHh cy:

• aHajiHTHHKH H3pa3H 3a PDF r aMa - Xn-KBajipaT Mojieji h 3a Mepe nep<j)opMaHCH FSO 
cHCTeMa y KojnMa je npHMemeH HaBejjeHH HOBopa3BnjeHH Mojieji;

• HyMepHHKH pe3yjiTaTH 3a Mepe nep4)opMaHCH FSO CHCTeMa y KojHMa je npHMemeH 
PDF TaMa - Xn-KBajipaT MojjeJi;

• rpa(j)HHKH npHKa3 noHamaiba nep(j)opMaHCH CHCTeMa y (})yHKHHjH napaMeTapa 
npeHocHor cncTeMa;

• nopefjeme pe3yjiTaTa Mepa nep(j>opMaHCH FSO CHCTeMa MojjejioBaHor TaMa - Xh- 
KBajjpaT pacriojiejiOM ca cTaHjrapjuiHM pacnojiejiaMa FSO KaHajia;

• nopefjeme pe3yjiTaTa Mepa nep(j)opMaHCH FSO cncTeMa 3a pa3JiHHHTe jiy>KHHe FSO 
jiHHKa, pa3JiHHHTe CTeneHe aTMOc<j)epcKe Typ6yjieHiiHje h MojiyjiauHOHe (J)opMaTe;

• npoHajia>KeH>e KOM^HHaimje BpejiHocra napaMeTapa FSO cncTeMa Kojn jiajy Haj6ojbe 
nep^iopMaHce FSO CHCTeMa;

• npHMeHa TaMa - Xn-KBajipaT MojieJia 3a onHCHBame FSO KaHajia Kojn ce KopncTe 3a 
KOMyHHKauHjy y WSN h xn6pHjiHy RF/FSO KOMyHHKaHnjy.
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3AKJBYHAK

Ha 0CH0By H3BpmeHor yBHaa y ,noKTopcKy nHcepraHHjy KarmHAaTKHme JejieHe 
ToaopOBHh, KoMHcnja je MHUiJbema ua flHcepTapHja caflp*H hh3 opHTHHajiHHX aonpHHOca y 
oSjiacTH 6excHHHHX onTHHKHX KOMyHHKauHOHHX cHCTeMa. ripeaJioJKeH je hobh Gamma - Chi- 
square Moueji 3a onHCHBaibe FSO KaHaua, kojh je 3acHOBaH Ha UBa onmTe no3HaTa Moueua: 
TaMa MO/ieJia h Chi-square (Pajc) Moaejia. 0;ipet)eH je aHajiHTHHKH H3pa3 3a 4>yHKUHjy 
rycTHHe BepoBaTHohe 3a npeuJioaceHH MoueJi Kojn je uajbe KopHiuheH 3a paHyHaH>e Mepa 
nepcjjopMancH FSO CHCTeMa. H3BpmeHa je aHajiH3a yTHuaja napaMeTapa CHCTeMa Ha KBauHTeT 
npeHoca curHajia y FSO CHCTeMHMa MOuejiOBaHHM Gamma - Chi-square pacnoueuoM Kaga cy 
npHMeibeHe pa3jmHHTe MouyjiauuoHe meMe, Kao h nopetjeibe ca nocTojehHM onnrreno3HaTHM 
MOfleuHMa KaHajia. flođujeHH pe3yjiTaTH noKa3yjy no6ojbmaibe nepcjiopMaHCH h KBajiHTeTa 
npeHoca cnrHajia y FSO CHtrreMHMa ynoTpe6oM Gamma - Chi-square pacnofleue 3a 
MouejiOBau.e hcthx. Pe3yjiTaTH npeucTaBJbeHH y UHcepTauuju Mory 6hth ocHOBa 3a 6yuyha 
HCTpaiKHBaiba H3 o6uacTH 6c>khhhhx oiithhkhx KOMyHHKauuja.

Cbh pe3yjrraTH npHK33aHH y uoKTopcKoj UHcepTauujH cy BepHtjjHKOBaiiH y pauoBHMa 
o6jaBJbeHHM y Met)yHapouiiHM h uoMahHM uaconHCHMa h KOHcjjepeHuujaMa h to: HeTHpu paua 
y uaconHCHMa M23 KaTeropnje, jeuaH pan y uaconHcy M24 KaTcropuje, UBa paua Ha 
Mcf)yHapouHHM KoiujjepeHUHjaMa KaTeropnje M33 h jcuaH paa Ha HauHOHajiHoj 
KomjiepeHUHjH KaTeropuje M63.

/joKTopcKa uHcepTanuja je  ypaljeHa npeMa caBpeMeHHM cTaHuapuHMa HayuHo- 
HCTpaucHBauKor paua h ucnyH>aBa CBe ycuoBe kojh cy npe;iBHf)eHH 3aKOHOM o bhcokom 
o6pa30BaH>y, CranuapuHMa 3a aKpeuHTauHjy, Kao h CTaTyroM OaKyjneTa tcxhhhkhx Hayxa 
h CTaiyTOM yHHBep3HTeTa y  IIpnmTHHH ca npHBpeMeHHM ceuumTeM y KocoBCKoj 
MHTpOBHUH.

IlpeMa TOMe, HJiaHOBH KoMHcnje npeauaxcy HacTaBHO-HayuHOM Behy OaKyuTeia 
TexHHHKHX Hayxa y KocoBCKoj Mhtpobhuh ua np«XBaTH H3BemTaj o ypaI)eHoj uoKTopcKoj 
UHcepTauHjH KaHUHuaTKHibc JeueHe TouopoBHh, nou HacuoBOM „Hobh Gamma - Chi-square 
m oucji (jivHKHHje pacnoueue 3a S c ik h h h h  o iit h h k h  KOMvnHKannoiiH K an a.i"  h ua hcth 
ynyTH y uajby npoqeuypy.

y  KoCOBCKOj MHTpOBHUH

up /JejaH Muuuh, peu. npocj). -  uuaH
EueKTpoHCKH 4>aKyjiTeT y HHiuy

Up FleTđp CnaueBnh, peu. npoijj. -  MeHTop 
<PaKyjiTCT TexHHHKHX HayKa y KocoacKoj Mhtpobhiih
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