
YHlIBEP31ITET Y .GEOfPA,LJ;Y 

<l>aKyJITeT opraHH3aUH0HHX HayKa 

HACTABHO-HA~OM BE'ftY 

Ilpe.n.MeT: ITo.n,o6HocT TeMe 11 KaH,1.1,H.n,aTa TaMape HayMoBHn 3a 113pa,1.1,y .n,oKTopcKe .uwcepTau11je 

O,n,nyKOM HaCTaBHOr Hay•rnor Bena 0,1.1, 24.06.2020. 6poj 05-0 l 6p. 3/58-1 ro.D,HHe HMeH0BaHH 

CMO 3a •rnaHose KoMHCHje 3a oueHy TeMe H no.n,o6uocTH KaH.u.H,1.1,aTa TaMape HayMosuh 3a 

H3pa,1.1,y ./J,0KTOpCKe ./J,HCepTau11je 11 Hay•rne 3aCH0BaH0Crn TeMe ,,Pa3BOj ./J,HCTpH6y11pauor 

CHCTeMa 3a MO.U,en11pafhe ./l,HHaMHJ<e H ynpaBJbal:be naMeTHHM OKpy»<efhHMa y pea.JIH0M 

speMetty". 

Ha 0CH0BY MaTepHjana npHJl0»<euor y3 3axTeB KaH,1.1,H.ll,aTa, KoMHCHja TT0,1.1,H0CH cne,1.1,etrn 

1. IlO.ll.AU:H O KAH.ll.11.ll.A TY 

1.1. E11orPA<l>CKH TIOAAI.ll1 

PEct>EPAT 

TaMapa HayMOBHn poljeua je 28.01.1994. romrne y Kpalbesy. OcuosHy u cpe.n.fhy WKony 
3aspwm1a je y Kpan,esy. L{wnnoM11pana je Ha <l>aKymeTy oprau113auH0HHX HayKa (cMep 
Hu(j)opMaUHOHH CHCTeMH H TeXHOJJOrnje) 2017. f0,1.1,HHe ca npocel.JHOM ou,eH0M 9.07. 
O.u6patt11na je .n.wnnoMCKH pa,1.1, no,1.1, Ha3HB0M: " Pa3soj se6 nnaTcpopMe 3a ornawasaH>e nocnosa" 
ca ou,eHoM 10 (,o.eceT). 

L{unJJOMCKe aKa.n,eMCKe Macrep CTy.n,Hj e, CTY.U.HjCKH nporpaM EneKTPOHCKO nOCJl0Bafbe H 
ynpaBJbafbe cwcreM11Ma, yn11cana je Ha <l>aKymeTy opraHH3au.110HHx uayKa 2017. ro,1.1,wtte, a 
3aBp1IIHH MaCTep pa.n. no.u Ha3HB0M "CocpTBepCKH OKBHp 3a ynpaBJbafbe loT ypeljajHMa y 
pea.nuoM speMetty" o,1.1,6paH11na y cenTeM6py 2018. ro,1.1,wHe, ca npocellH0M oueH0M 10. 

)J.oKTopcKe cTy.n,Hje, cry.u,HjCKH nporpaM H ucpopMaUHOHH CHCTeMH H KBaHTHTaTHBHH 
MeuaoMeHT, yn11cana je Ha <l>aKynrery oprau113au,H0HHX uayKa 20 18. ro.n.wHe. TpettyTHo je 
CTy.n.eHT .n.pyre ro.n.uue .U.0KT0pCKHX CTYJlHja Ha CTY.D.HjCKOM nporpaMy 1-iHcpopMaU,HOHH CHCTeMH 
H KBaHTHTaTHBHH MeHaoMeHT. JlOJIO)ICJ,fJ]a je CBHX .u.eseT, nporpaMOM npe.n.sHljeHHX, HC[U1Ta »a 
.D,0KT0pCKHM CTy.n.11jaMa ca npocetJH0M ou.eHOM 10. 

3anocneua j e Kao acHcTeHT 3a y»<y Hay':IHY o6nacT EneKTpoucKo nocnosal-be Ha <l>aKyJJTeTy 
opraHH3aUHOHHX HayKa. 



1.2. CTElJEHO I-IAY1.fr!OJ.1CTPA)KJ18A4K011CKYCTBO 

Y H8CTilBKY ne 6HTH npHK83aHe H8Y4HOHCTp8)1(HB8'4Ke 8KTHBHOCTH K8H,lUl.ll8TKHJbe. ◊He 

o6yxsaTajy pa.LJ.oBe o6jaBJbeHe tta KOHq>epeHu11jaMa 11 y qacon11cHMa, OA ro.LJ.11He yn11ca 

.llOKTOpCKHX CTY.D.Hja, 11 nperne.n noJIO)l(eHHX 11CTTHTa. 

Ilperne}l o6jasJbenux paJloBa 

ToKOM 11oca.11.awJber pa)la TaMapa HayMOBHn je o6jaBwna Bwwe pa.LJ.oBa y 3eMJhH H 

HHOCTp8HCTBY H yYeCTBOBaJia Ha BHWe MeijyHapO.LJ.HHX H .D.OManHX CKynoaa 11 KOHq>epeHUHja. 

Pa}lOBH y qaconHCHMa MeijynapOAHOr 3Ha'laj a (M20): 
1. Maletic, M., Barac, 0., Naumovic, T., Bogdanovic, Z., & Radenkovic, 8 . (2019). Blending Crowdvoting in 

Modern e-learning Environments, - The lntemational Review of Research in Open and Distance Leaming, Vol 
20, No 3, 2019, pp. 1-23, ISSN: 1492-3831 , 11cp 2.705, https://doi.org/10.19 I 73/irrodl.v20i2.3795 M21. 

2. Maletic, M., Barac, D., Rakocevic, V., aumovic, T., &Bjelica, A. (2019). Scaffolding e-voting in developing 
countrie, - Management:Journal Of Sustainable Business And Management Solutions In Emerging Economies, 
Vol 24, No 2, 201 9, pp. 47-62, ISSN:2406-0658, https://doi.org/l0.7595/management.fon.2019.0006, M24. 

36opHHQH MeijynapO}lHHX nay'IHHX CKynosa (M30): 
1. T. Naumovic, S. Milovanovic, S. Mitrovic, Development of an e-rec111itment portal using MEAN slack 

technologies, - Zbornik radova XVI medunarodnog simpozijuma SymOrg 2018, Zlatibor, Jun 2018, M33 

2. A.Labus, B.Radenkovic, M.Despotovic-Zrakic, Z.Bogdanovic, D.Barac, T. aumovic, Trendovi II ra::voju 
pametnih obrazovnih okruienja, - Prva medunarodna naucna konferencija o digitalnoj ekonomiji DIEC 2018, 
Tuzla, BlH, 11. maj 2018. ISSN 2566 - 4522, M33 . 

3. B. Laskovic, Z. Bogdanovic, T. Naumovic, M. Despotovic-Zrakic, B. Radenkovic, Social Network Analysis in 
e-Education, - Proceedings of the 13th International Conference on Virtual Learning, lCVL 2018, Alba Iluila, 
Romania, October26-27 20 18, ISSN: 1844-8933, M33. 

4. T. Vasiljevic; Z. Bogdanovic; B. Rodie; T. aumovic; A. Labus. (20 I 9). Designing JoT Infrastructure For 
Neuromarketing Research, - New Knowledge in Information Systems and Technologies. WorldClST 2019, pp. 
928-935, ISBN: 978-3-030-16180-4, https://www.doi.org/l 0.1007/978-3-030-16181-1 _87, M33 

5. Bogdanovic, Z., Despotovic-Zrakic, M., aumovic, T., Zivojinovic, L., & Bjelica, A. (2019, March). Inducing 
creativity in engineering education: a crowdvoting approach, - In 2019 18th International Symposium Infoteh, 
Jahorina, 2019, ISBN: 978-l-15386-7073-6, http://doi.org/10.1 I 09/INFOTEH.20 l 9.8717761, M33 

6. B. Radenkovic, M. Despotovic-Zrakic, D. Barac, T. Naumovic, L. Zivojinovic, Designing e-learning 
infrastructure for modern IT education, - Modem science: current problems and development prospects 
(CospeMeHHaii ttayKa: aKTyanbHble npo6neMbI "'nepcneKTHBbI pl13BHTHJ1), 08-14 May 2019, Njifoi Novgorod 

7. T. aumovic, L. Zivojinovic, L. Baljak, F. Filipovic, Development of a Software Framework for Real - Time 
Management of Intelligent Devices, - Proceedings of the Institute for System Programming of the Russian 
Academy of Sciences (Proceedings ofISP RAS), Vol. 31, No. 3, Saratov 2019, pp. 35-46, ISSN: 2220-6426, 
https://doi.org/10.15514/ lSPRAS-20 19-31 (3)-3, M33 

8. Z.Bogdanovic, B.Radenkovic, M.Despotovic-Zrakic, D.Barac, A.Labus, T. aumovic, Blockchain technologies: 
current state and perspectives, - Druga medunarodna naucna konferencija o digitalnoj ekonomiji DIEC 20 I 9, 
april 2019, Tuzla, BIH, ISSN 2566 - 4522, M33 

9. L.Baljak, N.Bojkovic, A.Labus, T. aumovic, A.Maksimovic. A System for Mobile Crowdsensing Vibration in 
Public Transportation, - International Conference on Artificial Intelligence: Applications and Innovations, 
oktobar 2019, Vrdnik, Srbija, ISBN-13: 978-l-7281 -0412-6, http://doi.org/10. 1109/1C-AIAI48757.2019.00012, 
M33 



10. F. Filipovic, L. Baljak, T. Naumovic, A. Labus, Z. Bogdanovic, Developing a web application/or recognizing 
emotions in neuromarketing, Smart Innovation, Systems and Technologies, Vol 167, Springer, Singapore 2020, 
ISSN: 2190-3018, https://doi.org/10.1007/978-981-15-l 564-4_28, M33 

11. D.Stojanovic, Z.Bogdanovic, M.Despotovic-Zrakic, T.Naumovic, M.Radenkovic, An approach to using 
lnstagram in secondary education, International Conference on Virtual Learning ICVL 2019, Bukurest 2019, 
Rumunija, lSS : 1844-8933, 26-27, M33. 

12. T. Naumovic, M. Despotovic-Zrakic, B. Radenkovic, L. Zivojinovic and I. Jezdovic. Development of a 
Continuous System Simulation Engine in Python Programing Language, - 19th International Symposium 
Infoteh-Jahorina, East Sarajevo, Bosnia and Herzegovina, 2020. ISBN: 978-1-7281-4775-8, pp. 1-5. 
https://doi .org/10.1109/ INFOTEH48 l 70.2020.9066334, M33. 

13. B. Radenkovic, M. Despotovic-Zrakic, Z. Bogdanovic, D. Barac, A. Labus and T. Naumovic, A distributed foT 
system f or modelling dynamics in smart environments, - International Conference Engineering Technologies 
and Computer Science (EnT), Moscow, Russia, 2020, pp. 47-53, ISB : 978-1-7281-8090-8, http://doi.org/doi: 
IO.l109/ EnT48576.2020.00015, M33 

PallOBH y l{8CODHCHMa uauuouaJIHOr 3H8'iaja (MSO): 
I. S. Milovanovic, Z. Bogdanovic, T. Naumovic, D. Barac, M. Despotovi6-Zraki6, Analiza Firebase plarforme u 

razvoju mobilnih aplikacija, - lnfoM, vol. 65/2018, str. 17-25, Beograd 2018, ISSN 1451-4397, UDC 659.25, 
M52 

2. T. Tahirovic, T. Naumovic, L. Zivojinovic, Z. Bogdanovic, M. Despotovic-Zrakic, Designing augmented reality 
services/ore-business: a project management perspective, - European Project Management Journal, Vol 8, No 
2, pp. 9-23, December 2018, M52 

3. L. Zivojinovic, T. Naumovic, D. Sarac, M. Despotovic-Zrakic, An Application of Agent Based Simulation in£­
education, IPSI Transactions on Advanced Research, Vol I 5, No 1, pp 24-29, January 2019, ISSN 1820 - 4511 , 
M53 

Pa)J.OBH y J6opHHUHMa uauuouaJIHHX CKYDOBa WTaMnaHH y ueJIHHH (M60): 
1. K. f)ordevic, T. Naumovic, L. Zivojinovic, M. Despotovic-Zrakic, C2C Modeli elektronskog poslovanja: Primer 

portala za pronalaienje pasa, - Yuinfo 2018, Kopaonik, Mart 2018, pp. 35-39, !SB : 978-86-85525-21 -6, M63 

Ilpen1e,ll nono,iceuux ucnHTa 

Cne.u.11 cnHcaK nono)KeHHX npe,a;Mera ua JJ.OKTOpCKHM CTYJJ.HJaMa ca oueuaMa 11 ECITE 

60JJ.OBHMa: 

Oueua ECIIE 
IO (.u.eceT) 10 
IO (.u.eceT) 10 

10 
10 
10 

10 
10 (.u.ece-r) 
10 .n.eceT) 10 



IlperJie)J, H 3CT 3 BHHX aKTHBHOCTH 

TOKOM IIIKOJICKe 2015/ 16 KaH,!Uf)laTKHH,a TaMapa HayMOBlill aHrIDKOBaHa je Ha <DaKynTeTy 
opraHI13aU,HOHH:X ttayKa Kao capa,llHHK BaH pa,llHOf O)lHOCa - ,lleMOHCTpaTOp 3a y)Ky HayqHy 

0611aCT E11eKTPOHCKO noc110BaH,e. 

f o.u1rne 2018. 113a6pattaje 3a capa.utt11Ka y HacrnBH, a 2019. 3a acttcTeHTa 3a y)Ky Hayqtty o6JiacT 
EneKTpOHCKO OOCJIOBa!-he. YqecTByje y H3Boljelhy Be)K6H Ha npe,D;MeTHMa: 

• EJTeKTpOHCKO TIOCJTOBa:H,e, 

• HHTeptteT Texttonornje, 

■ CHMyJiaQHja H CHMyJiaUHOHH je3HUH, 

• HttTepHeT MapKeTHHr, 

• HttTeptteT HHTemffeHTHHX ypeljaja, 

• Mo6HJIHO noc110Bal-be. 

IllKoJicKe 2017/2018 61111a je pattrnpatta Meljy rnecT Haj6oJbe ou,elheHHX capa.utt11Ka H 
acttcTettaTa o,n; CTPaHe cTy,nettaTa npHJTHKOM eBanyau11je (yKyntta npocetJ.Ha ouetta 4.88). 

1.3. OUEHA TI0ll0EH0CTH KAHIITTil,ATA 3A PAD HA ITPEIIJI0)KEH0J TEMH 

Y311MajyhH y 06311.p: 

• pe3yJITaTe ocTsapette TOKOM AOca.uarnfuer 06pa10Bafua; 

■ pe3yJTTaTe HCTPa)KH.Ba!-ha Ha TeMy HHTepHeTa HHTeJIH.reHTHHX ypeljaja, paYyttapcKe 
CHMy11au11je, eJTeKTPOHCKOf IlOCJTOBalba 11 l1Hq_}OpMaUHOHHX CHCTeMa KOja cy 
ny6m'IKOBaHa Ha ttay'-IHO-CTJ)yqHHM KOHcpepeHUHjaMa 11 y '-IaCOTIHCHMa; 

3aKJbyqyje ce .ua je TaMapa HayMOBHn y IlOTilYHOCTH KBanmpHKOBaHa .ua TeMy .UOKTOpCKe 

,UHCepTaUHje caMOCTaJIHO HCTpa)Kyje H npy)KH HaytJ.HO-CTpy•rne .uonp1rnoce y TOj 0611aCTH. 

2. IIPE.LJ,MET lJ IJJUh HCTPA)KJIBAlhA 

ITpe,ll.MeT HCTJ)a)I<HBalba npHCTYTIHOr pa,ll,a je pa3BOj JJ:HCTJ)H6y11pattor CHCTeMa 3a MOJJ:eJIHpaI-be 

CTPYKType H ;:i:HHaMHKe H ynpaBJbaH>e naMeTHHM OKpy)l(e!-hHMa y peaJIHOM BpeMetty. [(eHTJ)aJTHH. 

npo611eM KOjH ce pa3MaTpa y npHCTYilHOM pa.uy je HCOHTHBafhe Moryli.HOCTH o6jeAHI-haBaH>a 

KOHU,enaTa naMeTHHX OKpy)l(elba H paqyHapcKe CHMy11au11je KOHTJrnyaJTHHX H AHCKpeTHHX 

CHCTeMa y je)lHHCTBeHM CHCTeM y KOMe ce H)leHTHq_)HKaUHja napaMeTapa, MO.UeJrnpaH,e 

CTJ)YKType H )lHHaMHKe H H36op eq>eKTHBHMX yrrpaBJba'IKHX aKUHja Mory BplllHTM y peaJTHOM 

BpeMeHy. 

IlaMerna 0Kpy)Ke1na: naMeTHH rpa.uoBH (smart cities), rraMeTaH cao6panaj (smart traffic), 
naMeTHe eneKTpoettepreTcKe Mpe)l(e (smart grid), naMeTHa noJhonpttBpe,ua (smart agriculture), 
naMeTHO 3.D.paBCTBO (smart health), naMeTHO 06pa10Ba1ne (smart education) tt .upyra, HMajy 

oco61rny HHTeJTHreHTHOf H JJ:HHaMH'-IKOr npirnaroljaBaJha CTpyKType H napaMeTapa CHCTeMa J,I 

IlOKpeTaH,a ynpaBJI,alJ.KHX aKUHja, y peaJTHOM BpeMeHy H y CKJTaAy ca UHJbeBHMa ynpaBJbaH,a 



[l]-[8]. To ce nocT11)Ke ttajnpe pacnope,uoM Meljyco6tto nose3aHHX IoT ypeljaja Koj11 HMajy 

cnoco6HocT npHKynJbaH.a no.n,aTaKa npeKo ceH3opa [7], [9]-[ 11] pearrH3aUHjoM ynpaaJba4KHx 

a1au,1ja npeK0 aKTyarnpa [12], Kao H JI0KanHOM o6pa,uoM IlO,UaTaKa H )J,eJiernpaHHX JJOKaJJHHX 

ynpaBJba4KHX 8KUHja Ha 1'3B. edge KOMTTOHeHTaMa CHCTeMa [5], [13], [14]. 3a x11jepapx11jcKO 

ynpaBJbaH>e naMeTHHM 0Kpy)Kefl>HMa ce peaJJH3yjy CJJ0)KeHH M0.U.eJJH KOjH Ha 0CH0BY 

np11KynJbeHHX no,uaTaKa o CTaH.Y naMeTH0r OKpy)KeH>a reHepHwy KJby•rne HHD.HKaTOpe 

nepcpoMaHCH, Ha OCHOBY 1-bHX0BHX spe.u,H0CTH npe,n,y3HMajy aYT0MaTH30BaHe ynpaBJbaqKe 

a1an1je, HJJH 11x Kao non,purKy o,uny-ii11aaH.y npe,11,cTaBJbajy y cpopMH KOHTJ)OJJHe Ta6ne 

(dashboard) . 

.[{a 611 naMeTHo OKpy)KeH.e 6m10 ecpeKTHBHO, Tpe6a ,11,a 6y.u,e 6a3Hpatto Ha caspeMeHHM H 

11HOBaTHBHHM peweH>HMa, KOjH ce 6a3Hpajy Ha Industry 4.0 TeXHOJIOrHjaMa [15][16], KOja 

o.n.roaapajy npoMeHJbHBHM 3axTeBHMa H IlOT!)e6aMa KOpHCHHKa [17]-{20], Kao H 38XTeBHMa 

caspeMettor .n.pyurTBa, y KOMe ce cpH3HqKH 11 BHpzyeJJHH CBeT HHTerpHury y je)J,HHCTBeHy l.(emrny 

CTBapajyhH paBHOTe)KY eKOHOMCKOr HanpeTKa 11 peurasaH.a COU,HjaJJHHX npo6neMa (Society 5.0) 

[2], [3). Kao OCHOBHe KapaKTepHCTHKe naMeTHHX OKpy)KeJ-ba y JIHTepaTypH ce Haso.ue 

XeTeporeHOCT, AHCTp116y11paHOCT H )J,HHaMWIHOCT. Oco6HHe, y4eCHHUH H IlOHalliaJ-ha ce 

croxaCTHI.JKH Meli>ajy, na ce cu,ettap11j11 KOp11wheH>a HHTepnpernpajy y cKJia,n,y ca KOHKpeTHHM 

KOHTeKCTOM y peaJIHOM speMeHy. Tpa.n.HU.HOHaJIHe TeXHHKe 3a MO,UeJIOBaH>e CTpYKType H 

)J,HHaMHKe naMeTHHX OKpy)KeJ-ha HHCY noro.n,He, na ce Tpara 3a HOBHM np11czyn11Ma H TeXHHKaMa 

ca BMWHM HHBOOM ancTpaKUJtje. 

Y caspeMettoj np11MeHy, Kao sa)Ktta KOMilOHettTa 3a Mo,uenoaa1-1,e H attanmy AHHaMMKe 

naMeTHHX OKpy)Kel:ba ce KOpHCTH )J,l,ffHTaJJHH 6JJH3attau (digital twin) [21 ]-[25] . .[{HrHTaJIHH 

6JIH3attau npe,UCTaBJba BHpTyeJIHH MO,D,en $H3HlfKOr OKpy)KeJ-ba KOjH CHMy1rnpa 1-1,eroao 

nottawa1-1,e y peaJIHOM speMeHy. OH OMOryhaaa 6oJby HHTerpau,Hjy peaJIHHX cpH3Hl.JKHX 

OKpy)KeJ-ha 11 ,!JJlrHTaJJHHX CHCTeMa ynpasJbaH,a [ 16). Y paAy Ha osoj .ll.HCepTaUHjH, .lJ.HrHTaJIHM 

6mnattau he ce K0pHCTHTH y MeTO,AaMa 11 MO)J,eJ111Ma KOjH HMajy 3a U11Jb )J,a OMOryne HecMeTaHO 

cpyHKUHOHHCal-he naMeTH0r OKpy)KeH>a y cny,-iajy He)J,OCTynHOCTH HJIH HeHcnpaBHOCTH peantte 

KoMnotteHTe, Kao 11 3a c11Mynau11j y cuettap11ja 3a Koja He nocroje no,uau11 113 peanttor oKpy)Kel-ha. 

CHMynau11ja CTpyKType H nottauraH>a KOHTHHyaJIHHX 11 )lHCKpeTHHX npoueca y naMeTHHM 

0Kpy)Keff>11Ma Bpl.lIH ce KOpHwliel-beM O)J,TOBapajyli11x MO)J,eJia H anaTa [26]- [3 l]. 11Majyh11 y 

B11.ll.Y )lHCTpH6y11patty np11po,ny naMeTHHX 0Kp~eH>a, K0pHCTe ce npHHUHilH H TeXHHKe 

.llHCTp116yHpattor paqyttapcTBa KaKo 611 ce nose3an11 cHMyna1u10tt11 M0.u,en11 11 npou,ec11 H 

OMoryh11na H,HXOBa IlOHOBHa ynoTpe6a [32]-[36] [37]- [39]. y .llHCTpH6yHpaHoj CHMynau11jH 

noce6aH H3a30B npeJJ.CTaBJba o6e36eljeH>e HHTeponepa6HJIHOCTH H KOMYHHKal.(Hje H3Meljy 

pa3JIHqHTHX CHMynaropa Ha pa3JIHI.JHTHM ypeljajHMa H H,HXOBa HHTerpaQHja y je,lJ,HHCTBeHO 

CHMyJial.(HOHO OKp~el-he [37], [40]. Tiope.ll apXHTeKType CHMyJiaUHOH0r MO,AeJia Tpe6a BOAHTH 

paqyHa 0 apXHTeKTYPH naMeTHOr 0Kpy)Kefba, Il03HlJ,HOHHpal-hy naMeTHHX ypel}aja Y 0KBHpy 

Mpe)Ke 11 ycKnaljJ.1Balhy caTil CHMyna1u1je ca caTOM peanHor apeMeHa [9]. 



Pe3ynTarn cHMy11au11OHor npoueca Mory ce KOpHCTHrn 3a KOHTpony 11 ynpaBJbal-be 

HHTeJlHreHTHHM ypeljajHMa y naMeTHOM OKp)')Kel-by. CaMopery11au11ja H KOHTPOJla naMeTHH:X 

oKpy)Kefba ce Tpa.ll.HUHOHantto pean113yje ynoTPe6oM nospaTHe cnpere 11 KOHTponepa KOjH Mory 

6HTH xap.n.sepCKH [41]- [45] HJlH coct>TBepCKJ,1 [10], [46]- [48]. HHTerpauHja <1>11311qKHX H 

coq>TBepcKHX aKTyaTOpa KojH ynpasJbajy peaJIHHM OKpy)KeH,eM oMoryhasa caMooprattmauHjy H 

peaJ1H3au11jy HHTeJ1HreHTl1X MO,D.eJla TIOHaWal-ba naMeTHHX OKpy)KeI-ba[ I 0). 

Y nocTOjefiHM HCTp3)KHB3fbl1Ma, no.n.au11 113 naMeTHHX OKpy)Kel-ba ce y MO,D.eJlOBal-by H 

CHMynauajH Hajqewhe KOpHCTe 3a: pa3BOj MO,ll.eJla [49)- (52], BaJIH.ll.3UHjy MO.D,eJJa [53)- [55], 
no,ueIIJaBaH>e napaMernpa 3a noKpeTafbe c11Mynau11je [56]- [58], KOHTpony 11 ynpasJbal-be 

naMeTHHM OKpy)KeH,HMa [l 0], [23]- [25], [59]-[6 l ], .llHHaMHqKy eCTl1M3UHjy peanHor CTafba 

CHCTeMa [62]-[64]. no.n.aUH aCHMHJlOBaHH y peaJlHOM speMeHy Mory ce KOpHCTHTH Kao y11a3 y 

CHMy11au11OHH MO,D.eJl [65] l.fHMe je OMOryheHa ,ll.HHaMH~Ka H HeCTaUHOHapHa 113MeHa CTPYKType 

Mo.n.ena naMeTHOr OKpy)KeJ-ba. no.n.auH ca ceH3opa ce y peanHOM speMetty Kop11cTe 3a 

06e36eljHBaI-he noqeTHHX ycnosa 3a noKpeTafbe CHMynauHje, 3a KOHTHHyantto 06e36eljHaa1-1,e 

no.n.arnKa 3a npouec CHMy11au11je, 11 3a ecT11Mau11jy napaMe-rapa Mo.uena, Ha osaj Hal.fHH ce 

.ll.OJla311 .ll.0 Ta4HHjHX pe3y11TaTa CHMy11au1-1ja/npe,D.HKUHja .D.HHaMHKe CHCTeMa [66]. ITo4eTHH 

ycJIOBH, HyMep11qKe speD.HOCTH YJia3a H npoMeHJbHBHX, ce .uect>wmmy Ha noqeTKY CHMy11au11je 

jep O.ll FbHX 3aBHCH H,lleHTH<l>HKa6HJ1HOCT Cl1CTeMa H napaMeTapa [27]. 

Koa KOHTHHYaJIHHX CHCTeMa [67] KOjH ce Mory npe.D,CTilBHTl1 CHCTeMOM .D.HcpepeHUHjamrnx 

je.D.Hatrntta, ac11M1111au1-1ja no.naTaKa ce 4eCTO spwH noMony KanMattosor qmmepa [68]- [7 l]. 
KoD. CHCTeMa ca .ll,HCKpeTHHM .D,OraljajHMa [72] qecTO ce KOp11CTH particle filter MeTo,na [70], 
[73]- [77]. Y n1-1TepaTyp1-1 ce Mory ttah11 np11MeHe Hase.uemi:x npHcTyna 3a peIIJaBal-be 

pa3JI114HTl1X npo6neMa y naMeTHHM OKpy)Kel-bHMa: 33 MO,nem1paH,e KpeTafba JbY.LI.H [I l ] , [66], 
[78]-[84], 3a npe.D.sllijal-he w11pellia no)Kapa y pypaJIHHM o6nacrnMa [65], [73]-[75], y 

reottayKaMa [85], y Has11rau11j11 H po6ornu11 [86][87], y eHeprernu11 [88]- (90] 11 .npyrnM 
o6nacTHMa. 

IJ.1-111, HCTpa)KHBal-ba Ha OBOj .llOKTOpCKOj .llHCepTau11j11 je .ua ce ,Ue<pttHHWY MO,lleJ111, MaTeMantlfKH 

H HyMep11'-l.KH MeTO,UH, MeTO,Ue 3a MO,llemtpaFbe .D.HHaMHKe H pean113yje o,nrosapajyhH CO<pTBep 

[91] ca rpacinrqKHM HHTepcl>ejcoM, KOjH he 0Moryh11rn .LI.a ce cneumpHKaUHja naMeTHor 

OKpy)Kefba H KOMTIOHeHTH BpWH y rpacpH4KOj cl>opM11, Hajnpe XHjepapxHjCKH, a 33THM Mpe)KHO y 

cpopMH Meljyco6Ho nose3aHHX /oTypeljaja 11 cocpTBepcK11x KOMnotteHrn Koje pewasajy c110>1Cette 

npo6JieMe .D,HHaMHKe [92], KOjH ce HaJia3e Ha loT ypeljajHMa [93]- [96] HJlH y COq>TBepy 33 

ynpaBJbafbe naMeTHHM OKpy)KeH,eM KOjH ce HaJTa3H y .llHCTp1-16y11paHOM cloud OKpy)Kel-by. 

Y OKBHPY pa)la Ha osoj .D.HCeprnu11jH fo1he pa3sHjeHe MeTO.ue H TIOCTYTIUH 3a: eCTHMaU.Hjy 
napaMeTapa MO,nena y peaJIHOM BpeMeHy MaWHHCKHM y4efbeM H HHTepnonauHjOM HJlH 

eKCTpanonauwjoM CTal-ba Mo.uena y cKna.uy ca noTpe6aMa naMeTHor OKpy)Kellia, H3paqyttasal-be 11 

npahel-be KJbYl.fHHX HH.UHKaTopa nepcp0M8HCH 33 H3a6paHa OKpy)Kefba H H,HXOBO npe.ll,CTilBJbafbe 

y q>opMH KOHTPOJJHe Ta6ne (dashboard). 



Pe3yJITaTH HCTpIDKHBafba .uonp1rnelie yHanpefjefby nocTojetrnx npHcTyna npojeJ<Tosafby H 

HMilJleMeHTau,HjH naMeTHHX OKpy)Keff>a. Tiope)J. npHMeHe y npaKCH, pe3ynTaTH HCTpa)KliBafba lie 

HMarn npHMeHy H y yHanpeljefby HacTaBHor npou.eca [97]-(99][29]- [31] y o6nacTH 
npojeKToBaH>a naMeTHHX OKpy)Kel-ba. 

EsanyaQHja npe,llJlO)l(eHHX MO,lleJJa y osoj JU,iCepTau,HjH H pa.3BHjeHor .llHCTpH6yMpattor CHCTeMa 

611ne H3BpWeHa y H3a6paHOM naMeTHOM OKp~eFby. 

Y TOKY HCTpa)l(J1Bal-ba 6111,e peaJ1H30BaHe CJie,D.en.e aKTHBHOCTH: 

• nperne.n. JlHTepaType y o6nacrn ,UHCTp116y11paHe CHMYJlaU.Hje KOHTHHyaJ1HHX H 

.llHCKpeTHHX ,uoraljaja H npHMeHe C11MyJ1a1rnje y naMeTHHM OKpy)KeH,HMa, aHaJ1H3a 

,uoca.n.awtt,11x pe3yJirnTa H cneu.m}>HKau.Hja oTsopeHHx npo6neMa KOjH l'ie ce 

HCTpa)l<HBaTH y ,u11cepTaLU1jH, 

• JJ.eq>HHHCal-be KOMIIOHeHTH CO<pTBepcKOr CHCTeMa 3a CHMynau.11jy H ynpaBJbal-be IoT 
ypeljajHMa y peaJIHOM BpeMeHy, 

• ,uecpHHHCal-be MO,Uena 3a HHTerpauHjy no.naTaKa 113 naMeTHOf y CHMynaQHOHO OKpy)Kel-be, 

• .n.eq>HHHCal-be MO.l].eJia 3a OCTBapHBal-be HHTepaKUHje naMeTHOf H CHMyJiaU.HOHOr 
oKpy)KeH,a, 

• ,uecpHHHCaH,e MeTo.a.a 3a np11KynJbaH,e no,uaTaKa H3 IoT CHCTeMa Kao ynaJHHX no.naTaKa y 

c11Mynau.HoHH Mo,uen, attam13y pe3ymaTa CHMyna1..1.1-1je H npocneljusal-be ynpaBJhaqKHx 

aKLJ.l,fja y naMeTHO OKpy)Kel-be, 

• JJ.eqrntt1-ical-be MaTeMaTHqKHX MO)J.eJla H coqlTBepCKHX KOMIIOHeHTH 3a cneu.Hq>HKaUHjy 

HHTepttHX H eKCTepHHX JJ.Orafjaja, pewasal-be JIHHeapHHX 11 HemrneapHHX anre6apcKHX, 

,UHCpepeHU.HHX H JJ.H<pepeHU.HjaJlHHX je,uttaq11Ha Koje ce Mory jaBHTH npH MO)J,en11pa1-by 

naMeTHHX OKpy)Kefba, 

• ,necpHHHCal-be r pacpHqKor HHTepcpejca 3a cneu.11cp11Ka1..1,Hjy )J,l1CTp116y11paHHX KOMTTOHeHTH 

anre6apCKHX, JJ.HcpepeHU.HHX H ,zu,icpepeHU.HjaJIHHX je,nHa4HHa, 

• npojeKTOBal-be 11 HMTTJieMeHTal.J)1ja coqlTBepcKor CHCTeMa 3a CHMynau.wjy 11 ynpasJhaH,e 

IoTypeljajHMa y peanHOM BpeMeH)', 6a.311paHO Ha npeJJ.JIO)KeHHM MO)J,eJIHMa H MeTO)J.aMa, 

• IIJiaHHpal-be eKcnep11MeHTa y H3a6paHOM naMeTHOM OKpy)Kel-by: ,ueq>l1HHCafbe UHJha 

CTY.UHje, H)J,eHTHq>HKau,Hja CHCTeMa, npwKynJbaH,e H attan113a no,uaTaKa O naMeTHOM 

OKpy)Ke.1-by, H3rpa)J,l-ba Cl1MyJiaUHOHl1X MO,UeJia 11 nporpaMa. 

• sep11<p11Kau.Hja 11 .san11JJ.au11ja pa.3BHjettor CHMynau.11ottor Mo,uena 

• nnaH11patt,e 11 H3Boljel-be eKcnepHMeHa y oa,ua6pattoM naMeTHOM oKpy)Kefby H aHan113a 

,uo611jett11x pe3ymarn 

• esanyau,Hja npeJJ.JlO)KeHHX MOJJ.ena 11 pa.3BHjeHor cocpTBepa ca acneKTa nepq>opMattc11, 

CKaJ1a6HJ1HOCTH, ecp11KaCHOCTH H npHMel-bHBOCTH 
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CTaHAap.n.y (SWEBOK MeTO,ll.OJiornjH)[100]: 

• .ue<pHHHCaH,e 3axTeBa cocpTBepcKor cttcTeMa - JJ.eq>ttHHCaH,e coqHsepcKHX 11 npouectt11x 

3axTeBa, aHaJIH3a 3axTesa, cneu1-1<pHKau1-1ja 11 saJIH.n.au1-1j a, ceneKUttja anaTa 3a npaneH,e 

CO(pTBepCKHX 3axTeBa 

• AH3ajH CO<pTBepcKor CHCTeMa - Jleq>HHHCaH,e CTPYKType H apxHTeKType coqnsepcKor 

CHCTeMa, .n.ecpHHHCaI-be KOpHCHHqKor HHTepq>ejca, CTpaTernja H MeTOJla 3a JlH3ajH 

coq>TBepa 

• pa3BOj CO<pTBepcKor CHCTeMa - o,n:a611p aJiaTa H TeXHOJIOrHja 3a pa3BOj cocpTBepa, pa3BOj 

coq>TBepcKor cttcTeMa tta octtosy npe,ll.JIO)Kettor ,n:113ajtta, ,u.oKyMeHTauttja coqnsepcKor 

CHCTeMa, .u.e<pHHHCaH,e H O,l.la6Hp anaTa 3a TeCTHpaH>e COq>TBepa 

• TeCTHpaI-be cocprnepa - ,u.eq>HHHCaH,e cnyqajesa TeCTttpaH,a, o.n.a6Hp TeXHHKe 3a 

TecT11paH>e, ,ll,e<pttHHCaI-be npoueca esanyau11je TeCTOBa, recTttpal-he JJ.eq>HHttcaHttX 

cnyqajeBa, esanyauttja co<pTBepcKor cttcTeMa 

• 0)].p)KaBaI-be CO<pTBepa - MOHHTOpHHr CHCTeMa, }l,eq>HHHCal-he npoueca MO,ll,H<pHKaUHje 

CO<pTBepcKOr CHCTeMa, MO,!.U1qJHKauttja CHCTeMa y cJiyqajy rpewaKa, MOAH<pHKaUHja 

cttcTeMa Ha octtosy 3axTeBa 3a yttanpe1je1-1,eM/npoMettoM, ,ll,OKyMeHTau11ja npoueca 

OJJ.p)Kasafba 

flo-Y.eTHa JIHCTa 6tt6JIHorpaq>cKHX H3BOpa Koja he ce KOpHCTHTH npHJIHKOM mpa,u.e )],OKTOpCKe 
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3. Il0JIA3HE XHITOTE3E 

OcHOBHa x11n0Te3a y pa.u.y rnac11: 

y K0MnJieKCHHM ,ll,HCTp116yHpaHHM CHCTeMHMa ce H,ll,eHTH¢11Kau11ja napaMe-rapa, M0,D,eJIHpal-be 
CTPYKType H ,ll,HHaMMKe J,f H36op ecpeKTHBHHX aKUHja 3a ynpaB.Jbalhe naMeTHHM 0Kp y)l(elheM 
M0ry spurnn1 y peaJIH0M speMeHy, HHTen11reHTHHM KOM6HHOBali:>eM pe3yJITaTa CHMyJiam,1je 11 
IT0,ll,aTaKa H3MepeHHX y pea.nH0M 0Kpy)l(eH,y. 

Ha 0CH0BY .uecpHHHCaHor npe,D.MeTa HCTpa)l(HBal-ba 11 0CH0BHe x11n0Te3e y pa.uy Mory ce 
113.n,aoj11TH cne.nene noce6tte xHnoTe3e: 



XO 1: Moryne je Mo,n.en11pan1 cTpyKTYPY H .n.1rnaM11Ky 11 ynpasn,al-be naMeTHHM 0Kpy)Kel-bHMa y 
peanH0M apeMeHy' KOpHrnl'ielbeM llHCTpH6yJ,tpaHor CUCTeMa 3aCH0Battor Ha HHTerpauwj11 
K0HUenaTa paqyttapcKe CHMyJiau.wjy H ynpaBJbatt,a /0Typeljaj11Ma y peanttoM speMetty. 

X03: Mo.D.en11patt:,e )l11ttaM11Ke naMeTH0r 0Kpy)KeH>a MO)Ke ce spnrnTH Ha HHsoy IoT ypeljaja 
Kop11wnett:,eM napaMerapa H3Mepemrx y peantt0M OKpy)Kelhy 11nw ecrnMoBattHX y cocpTBepy. 

X04: Moryne je eCTHM0BaTH. napaMeTape M0D,ena D,HHaMl1Ke naMeTH0r OKpy)Kefba y peaJJH0M 
speMetty, npHMettoM Maw11ttcKor yqeH>a, HHTepnoJia1.u1je HJU:I eKcrpanonau.11je CTafba Mo,n.ena y 
cKna.ny ca norpe6aMa naMerttor 0Kpy)Kett:,a. 

XOS: l1HTeJIHreHTHO 11 D,HHaMHqKQ np11narol)asatt:,e CTpyKType 11 ayToMaTH30BaH0 ynpaBJbaH,e 
K0MITJleKCHHM naMeTHHM 0Kpy)KeH,HMa M0)Ke ce 6a311paTH Ha CJl0)KeHHM M0.UeJJHMa H KJbYl:IHHM 
HH,lU,lKaTOpHMa rrep<}JoMaHCH. 

4 . HAY1IHE METO.ll.E HCTPA)l(llBAlhA 

ToKOM HCTpa)KHBal-ba 611lie Kop111.1.1liette pa3JIHl.fHTe MeT0)].e 3a CHCTeMaTH3au11jy Jl0Ca.U,allJH:,J,fX 
pe3ynrnrn, np"KYTIJbal-be no,naTaKa 11 cnposoljeI-be 11crpa)KHBal-ba Kao 11 3a aHaJJH3Y 11 
sep11cp11KaUHjy .u.0611jem1x pe3yJJTaTa. TTpe csera, Kop11cT11he ce MeT0Jla attaJJH3e 11 CHHTe3e 
nocTOjenHX HayqHHX pe3yJJTaTa y o6nacTH ynpaBJbaI-ba .U.HCTpH6y11paHJ,fM CHCTeMHMa H 
naMeTHHM 0Kpy)KeI-bHMa y peaJJH0M speMeHy, M0)].en11paH,e CO(j)TBepCKHX CHCTeMa, CTaTHCTH'-IKa 
H aHaJlHTHl.fK0-,ll.e.U,yKTHBHa MeT0.U,a. AHaJJH30M H CHHTe30M noc-rojehHX Hayl.fHHX pe3yJITaTa 
fo1.he ,necjmHHCaHH 0CH0BHH Teop11jcKH K0HIJ,enrn peneBaHTHH 3a o6nacT HCTpa)KHBaH,a. Pa3Boj 
cocpTBepCKOf CHCTeMa 611ne 3aCH0BaH Ha CTaHD,pa.U,HHM MeT0,UaMa 3a pa3B0j ,UHCTpH6y11paHHX 
coqnsepcKHX pewe1-1,a, SWEBOK npenopyKaMa 11 CMepHHUaMa. PewasaJhe npo6neMa H3 
peaJJHOf OKpy)Kel-ba 611l'ie CTpyKTyp11paHo Kp03 CHMynaUH0Hl1 npouec. M aTeMaT114KO 
Mo,nen11pal-be 6Hne Kop11wl'ietto 3a npe.ncTaBJbaJhe KottuenaTa H3 peanttor cseTa Kopm:nheI-beM 
,IJ.HCpepettuHjaJlHHX je.ntta4HHa. Ban11.n.11paHH MaTeMaTHl.fKH M0D,eJJH 11 aepHqlHKOBaH COQ)TBepcKH 
CHCTeM 6Hne KOpmuhett:,H T0K0M necpHHHCal-ba II peamnauHje HCTpa)KHBaH.a o.n.a6paHOM 
naMeTH0M oKpy)KeH,y. TTpHKynJbaI-be no.n.aTaKa 06as11he ce Mero.naMa MepeFba napaMeTapa 
ceH30pHMa, H np11MeH0M HyMepHl:IKHX MeT0,D.a 3a acHMHnau11jy no,n.aTaKa. TTpHJIHKOM 
attan11311patt:,a np11KyIUbett11x no.narnKa Kop11cTHne ce cTaT11cTH4Ke MeTO.u.e 3a npHnpeMy, o6pa,IJ.y 
11 aHanH3Y no,u.aTaKa. 3a )laJbe attan113e 11 a113yenu3au,11jy pe3ynTaTa HCTpa)KHBaH.a 6uhe 
KopmnheH11 cneu11jan113oaaH11 coqnsepcK11 aJiarn. Bepmp11Kau11ja .D.0611jett11x pe3ynrnrn 611ne 
o6aaJbetta KOMnapau.11joM pe3ynTaTa .u.0611jett11x HCTpa)KHBatt:,eM H K0ITTp0JIHHX pe3ynTaTa H3 
paHHje sepmpHKOBaHHX H3B0pa. .D:0611jeHH pe3yJIT8TH HCTpa)!(HBaH>a rpe6a .na n0TBp)le 
nocTaBJbeHe XHnOTe3e. AHaJIHTHI.IK0-,U.el{)'KT11BHa MeT0D,a 6Hne KOpHwhetta 3a pa3BOj M0,IJ.eJia Ha 
octtosy cnpose,nettor Hcrpa)KHBaJha. 

Pe3ynTan1 HCTpa)KHBaH.a 6Hne npeD,cTaBJbeHH TeKCTyaJIH0, 0TTHCHBaFbeM H rpacp111.1KH Kp03 
suwe cn11Ka, JJ,HjarpaMa u rn6ena ca ynopeJl.HHM pe3ynTaTHMa. 

l1cTpa)Kl1Bal-be je MYJITH)lHCUHilJIHHapHO u o6yxaaTa o6naCTH pa3BOja COq>TBepa, K0HKypeHTH0f 
nporpaMupatt,a, pa4yttapcKe c11Mynau11je, HHTepHeTa HHTemrreHTHHX ypeljaja, naMeTHHx 
0Kpy)KeH,a ),f eneKTp0HCK0f Il0CJl0BaH:,a. 



5. QqEKHBAHH HAYqHJf ,l],OIIPHHOC 

■ Haj3HaLiajHHjM .uonpHH0C npe.11,JI0)KeH0f HCTpIDKl1BaH,a ce orne.ua y .uecp11HHCaH>y 
11H0BaTHBH0f np11cTyna 3a Mo.11,en11paH>e CTPYKType 11 mrnaM11Ke, 11 ynpaBJbaH>e 
naMeTHl1M 0Kpy)Kefh11Ma KopmnneH,eM MeT0,D.a paYyHapcKe CHMyJiaUHje. KoHaYHl1 
pe3ymaT11 .n.ali.e .uonpHHoc cpopMaJ1H3au11j11 11 cTaH.11,ap.11,H3aUHj11 npoueca Mo,n:emi:paH>a 
CTPYKrype 11 .n.11HaM11Ke Kop111nne11,eM MeTo.11,a paYyHapcKe CHMynau11je y naMeTHHM 

0Kpy>KeH,HMa. 

• OYeKHBaHH HayYHH .n.onp11ttoc11 HCTPa>KHBafha cy: 

• pa3BOj M0.11,eJia )],HCTpH6y11paHOf cocpTBepCKOf Cl1CTeMa 3a M0)l.eJmpaFbe CTPYKType H 
.11,HHaMHKe naMeTHHX 0Kpy>Kel-ba 

• .uecpHHHCal-be MeTo,ue HHTerpau,11je .!lHfHTaJIH0f 6m1.3attua y .Ul1CTPH6y11paHHM 
C11Mynau110Hl1M npouecttMa 

• pa3soj MeT0.11,e caMoperynau11je naMeTHHX oKpy>Kefha 3acttoBaHe Ha pe3ynTaT11Ma 
CHMyJiaUH0HHX npoueca 

• .ueq>HHHCaH,e MeT0,ll.0Jl0IIIK0f TI0CTYilKa 3a M0.11,eJmpafbe CTPYKType 11 ,UHHaM11Ke 
naMeTH11x 0Kpy)Ke11,a 11 yrrpasJba11,e naMeTHl1M 0Kpy)Ke11,11Ma y peaJIH0M speMetty 

• pa3BOj apx11TeKType ll.HCTPl16y11paHor coqnsepcKOf Cl1CTeMa 3a M0)l.em1pai-be CTPYKType 
H .11,HHaMHKe naMeTHHX OKpy>Kefba H ynpaBJbafhe IoT ypeljajHMa y peaJlH0M speMetty, 

• aHaJIH3a TeXHOJIOrHje 3a 11M□JieMeHTaU11jy )],HCTp116y11paHor cocpTBepcKOf CHCTeMa 3a 
M0.UeJ111pa11,e CTPYKType H .D.HHaM11Ke naMeTH11X 0Kpy)KeH,a 11 yrrpaBJbafhe IoT ypel}aj11Ma 
y peanttoM speMeHy, 

■ coqnsepCKl1 CHCTeM 3a M0,D.eJ111pafhe CTPYKType H .!l,HHaM11Ke naMeTHl1X 0Kpy)KeH,a 11 
ynpasJba11,e Jo T ypeljaj HMa y peanttoM speMeHy 

• Haj3Ha11ajHHjH CTPYYHl1 ,ll.0Tip11H0C pa.n.a Ha npe.UJlO)KeHoj .u11cepTau,11jH je pean113au,11ja 
.UHCTpH6yupaHOf COq>TBepa 3a M0.UeJIHpaH>e CTPYKType 11 .UHHaMHKe, H ynpaBJbaH,e 
naMeTHl1M 0Kpy>KefbHMa. CTpyYHl1 .n.onp11H0Cl1 KOjH ce Ot.IeKyjy y T0KY pean113au,11je 
coqnsepa cy: nperne.u 11 attan11311 TexHonor11ja noTpe6ttHx 3a 11MnneMettTau;11jy, ca 
cpoKycoM Ha KOHU,enTe K0HKypeHTH0f H )],HCTp116y11paHor nporpaM11pa!-ba, npttMeHa 
pa3BHjettor c11cTeMa 3a pernasafhe npo6neMa ynpaBJbaH,a naMeTHHM 0Kpy>KeH,HMa y 
pa3JIH4HTHM K0HTeKCTHMa: naMeTHe Kyne, naMeTHa Il0Jb0ilpHBpe.ua, naMeTHH cao6panaj, 
o6pa3osaH.e 11 .up. 

• ,[wyrnTBeHH .uonp11H0CH pe3yJITaTa HCTpa)KHBaH.a 0.UH0Ce ce npe.unarafhe MeT0)],0JlOillK0f 
nocTynKa 11 pa3soja o.urosapajyli.er cocpTBepa KOjH oMoryli.asa 6p3y w.ueHT11cp11Kau,11jy 
npo6JieMa 11 OnTl1Ml13al(Hjy ynpaBJbat.IKHX aKUHja 3a HH3 CBaK0.UHeBHHX npo6JieMa KOjH 
ce jasJbajy y >K11B0Ty rpa.uosa, cao6panajy, np11spen1111 06pa3osa11,y. 

6. IIJIAH HCTPAJKHBAlbA II CTPYKTYPA PA,llA 

Y cne.uenoj Ta6en11 np11Ka3atte cy KJbyYtte cpa3e 11 3a,n_au,11 .uaJber 11cTPa>K11Bafha T0K0M 113pa.11,e 
.11,oKTopcKe .u11ceprnu,11je: 



<l>aJa 3a,!J,aTilK 
MeTo,!J,e, TexuuKe, 

CTaHAapAH 

- flp11KynJbafhe 1rncpopMau11ja 11 - TTpeTpa)K11sa1-1,e 
attam13a noCTojener CTaH>a, Kao 11 HaylJHe n11TepaType 
.uocanaurn,11x pe3ynTaTa - flpeTpa)KHBafhe 

AHMH3a nOCTOjener HCTpa)KHBafha HH,D.eKCHHX 6a3a 

1. CTal-ba 11 .uoca.uawH>HX - C11cTeMaT113au11ja pe3ynTaTa no.uaTaKa 
pe3yJITaTa .uoca.uawH,HX HCTpa,irnsafba - flpe-rp~11sa1-1,e 

HCTp~HBal-ba c-rpy,rne mrrepaType 
- TTpeTpa)K1-rnafhe 

HHTepHeT ca.up)Kaja 
- Cry.n.Hje crryqaja 

- Mo.uen11paH>e K0MnoHeHTH - OnwTe MeTo.n.e 
.D.HCTJ)H6y11paHOr CHCTeMa 3a Mo.uenHpaH>a 
MO,ZlenHpaH>e .D.HHaMHKe H - MeTO.ue MaTeMaTU4K0r 
ynpaBJbaH,e IlaMeTHHM Mo.11.em1paH>a 

OKpy)KeH>11Ma y peaJlHOM speMeHy - MeTO.n.e Mo.uem1paH,a 

- M0Aen11patt,e c11CTeMa 3a naMeTHHX OKpy)KeH,a 

cHMynau11jy 11 ynpasJbatt,e IoT - MeTO.n.e 3a 
ypeljaj11Ma y peaJIH0M speMeHy, acaM11nau11jy no.n.arnKa 

- ,IJ.ecpHHHcaH>e M0,ll,ena 3a 
11HTerpau11jy no.n.aTaKa J,13 naMeTHor 

P8.3BOj MO)J.eJla 11 y c 11Mynau110HO OKpy)Kefhe, 

2. MeTO,D.OJ101J1KJ,fX - ,IJ.ecp11H11caH>e Mo.nena 3a 
nocTynaKa OCTBapJ,tBaFbe HHTepaKu11je 

naMeTHOf H CHMynaU,HOHOf 

OKpy)KefhaP8.3BOj MeTO.U0JIOWKOr 
nocTynKa 3a cneu11CpttKau11jy 
IlaMeTHOr OKpy)KeH,a 

- Pa3soj nocTynKa 3a M0.D.eJIKpaH>e 
CTpyKrype 11 )J.HHaMHKe Jo T CHCTeMa 

- Pa3BOj MeT0}J.0JI0WKOf noCTynKa 3a 
aCHMHJiau,Hjy no.naTaKa H 

ecT11Mau11jy napaMeTapa IoT 
CHCTeMa 

- ,IJ.ecp1rnHcaH>e 3axTesa - UML 
,ll,HCTpJ.16y11paH0f cocpTBepCKOf - MeTOJ].e pa3BOja 

CHCTeMa cocpTBepa 

3. Pa3BOj cocpTBepcKOf - TTpojeKTosaH>e .11.11cTJ)116y11paHor - MeTo.ue HyMep114Ke 

CHCTeMa cocpTsepcKOf CHCTeMa amum.3e 

- Pa3BOj je3rpa ,Ll.11CTpH6y11paH0f - CSMP je3HK ca 

CHMynau110Hor cocj>Tsepa c11Mynauajy 

(d;stributed simulation engine) KOHTHHYaJIHUX 



- Pa.3BOj K0Mn0HeHTH 3a HHTerpauujy CHCTeMa 

ca IoT CHCTeMHMa - Python nporpaMCKH 

- Pa.3B0j K0pHCHH'-lK0r HHTepcpejca je3HK 

- Tecrnpa1-ne M sep11cp11Kau,11ja - Be6 cepBHC11, REST 

coqlTBepCKHX KOMnOHeHTH - MeTOJJ.e K0HKypeHTH0r 

- KoHTHHy11paHo o,up)KaBaH,e nporpaM 11paH,a 

COq>TBepcKor CHCTeMa - SWEBOK [97] 

- ,Ueq>HHHCaH,e WfJba CTy,uuje - CHMyJiaUHOHl1 rrpouec 

- l1,ueHTHq>HKau11ja Cl1CTeMa, - Me-ro.ue MaTeMaT11lfKOr 

- TTpHKynJba1-ne 11 amu1113a no.uarnKa o Mo,uenHpal-ba, 

naMeTH0M 0Kpy)l(efby JJ.HcpepeHUHjaJIHe 11 

- J13rpa,utba C11Mynau110HHX MO,UeJia 11 JJ.Hcpepettutte 
nporpaMa, MaTeMaT11YK0 jeJ].HalIHHe 

TTnattupafbe 
MO,Uem1pafbe CTJ)YKType 11 JJ.l,IHaMMKe - Me-rot1.e pa.3soja 

naMeTH0r 0Kp)')f(efba, rpaq>J,[l{Ka CHMyJiaU110Hl1X 

4. eKcnepHMeHTa y cneu11q>HKau11ja Mo.n.ena Mo.a.ena 
H3a6paHOM naMeTH0M 

- Mo.n.em1pafbe KJbY"IHMX HHJJ.11KaTOpa - CSMP j e3HK ca 
OKpy)l(ethy 

nepq>opMattcH naMeTHor oKpy)KeH>a c11Mynau11jy 
- Cett3op11 3a Mepefbe 

rrapaMernpa rraMeTH0r 
oKpy)Ketha 

- AKTyaTOpH 3a 
113sprneH>e 

ynpasJba4KHX aKuHja 
- Bep11q>11Kau11ja coq>TsepcKor - MeTo,ne sepmp11Kau11je 

CHCTeMa cocj)TBepa 
- Bepmp11Kau11ja 11 sam1.n.au11ja - MeToAe san11.uau11je 11 

.uecpHHl1CaHMX MaTeMaTH'-IKl1X 11 septtq>HKau11je 

5. BanH,nauaja H CHMyJiaUHOHHX MO,Uena: H3rp a,u!-ha CHMyJiaUHOHHX 

sepmp11Kau11ja M0,uena, HCITHTHBaH,e npernocTaBKH M0)J.ena 
Mo.n.ena, nopel)efbe ynaJH0-H3Jla.3He - CSMP je311K ca 
TpattccpopMaUHje M0)l.ena ca ynaJH0- c11Mynau11jy 
H3Jla3H11M TpaHCq>OpMauHjaMa 

peanHor CHCTeMa. 

- CnposoljeA>e c11Mynau11ottor - EKcnep11MeHT 
eKcrrep11MeHTa - Me-ro)J.e 3a 

- MepeH>e napaMeTapa rraMeTH0r ac11MHJiau11jy no,u_aTaKa 

Cnposol)el-he oKpy)l(efba Kopmanel-heM IoT - Biofeedback 
6. eKcnepHMeHTa 11 ypeljaja - CTaTHCTH"IKe MeT0J1.e 

aHan113a pe3y JITaTa - J13spwe~be ynpaBJba4KHX aKu,11ja y 
naMeTH0M OKpy)Kef-hy 

- CTaTHCTHYKa 06paJ1.a pe3yJITaTa 
- AHaJIH3a nepcpopMaHCH 



- AHMH3a npe,nJI0)Kettor pewe!-ha - Attam13a 
- Eaanyauaja npe,lUlo)Kem1x Mo.11.ena H - CHHTe3a 

7. 3aKJbyqaK 
pa3BHjeHor coq>Tsepa ca acneKTa, 
nep<l>opMaHCl1, CKaJia6HJIHOCTl1, 

eq>HKaCHOCTH H npHMe!-hHBOCT H 

- Ilpe,nnor 6y,nyher HCTpa)Kl1BaH>a 
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OKBHpHO, CTpyKTYPY )J,0KT0pCKe )J,HCepTam1je Ca411lb8BaJia 611 CJie)J,ena nornaBJba: 

1. YBO)J, 
1.1 . LJ:ecf>llirnCaH>e npe.nMeTa HCTp8)KHBaH>a 
1.2. IJ.11JbeBH 11CTp8)1(}188H,8 

1.3. I10Jia3He XHil0Te3e 
1.4. MeTO)J,OJ10rnja HCTp8)KHB8H>a 

1.5. CTpyITTypa H opraH113au.11ja pa.n.a 

2. 11HTepHeT HHTemrreHTHHX ypeljaja 11 naMeTHa 0Kpy)KeH>a 
2.1.KoHu.enTH naMeTHMX 0Kpy)Kefba 
2.2.KnacH<l>HK8UHja naMeTHHX OKpy)Kefba 

2.3.Mo.n.emtpaH>e CTpyKType naMeTHHX 0Kpy)KeH>a 
2.4.TeXHOJlOrHje 3a pa3BOj naMeTHHX 0Kpy)l(eH>a 
2.5.IlpHKynJbaH>e Il0J].aTaKa H3 naMeTHHX 0Kpy)Kefba 
2.6. y npaBJb8H>e naMeTHHM 0Kpy)Kef-bHMa 
2.7. l1H)J,l1K8T0pH nepq>0pMaHCH naMeTHHX 0Kpy)l(eH>a 

3. Mo.nen11pa!-he CTPYKType 11 )J,HHaMHKe cHcTeMa y naMeTHHM 0Kpy)Kefb11Ma 

XI XII 

3.1.Mo.nenHpaI-be naMeTHHX 0Kpy)KeH>a 3aCH0B8H0 Ha K0HTHHYaJlHHM 11 )J,HCKpeTHHM 
.n.oraljajHMa 

3.2.Mo.ne;rnpaIM CTpyKType 11 JlHH8MHKe .Lll1CTpH6y11paHHX K0HTHttyaJIHHX CHCTeMa 
3.3.KoHa'IHH ayT0M8T 11 HHTep<l>ejc ca 0Kpy)l(e!-heM 



3.4.IoT KOMnOHeHTe Kao ceH30pH, aKTyaTOpH l1 eJieMeHTH Mo.n.em1paH:.e AHHaMHKe 
3.5.AcHMHJTaL(Hja no,naTaKa H3 naMeTffiiX OKpy)KeH,a 
3.6.Ecn1Mau11ja napaMeTapa naMeTHHX OKpy)Kefba np11MeHOM CHMYJI8U110Hl1X MO.Ue.na 
3.7.ECTHM8UHja napaMeTapa naMeTHHX OKpy)Kefba npHMeHOM pea.nHHX no.uaTaKa 
3.8. Kp11rnttKH nper.ne.u mnepaType 11 nocTojenHX coc}>TsepcKHX peweH.a 

4. Pa3BOj MO,n:e.na 
4.1. AHamna nocrojenHx MO,n.ena 
4.2. <l>opMaJIHH MO,lleJI 
4.3. I1HTerpau11ja cHMynau110Hor H loT CHCTeMa 
4.4. Mo,n.eJrnpafhe rpacpwrnor HHTepcpejca 
4.5. Mo.ue.nosafbe cocprnepcKor peweH,a 
4.6. MeTO,n.onowKH nocTynaK cneUHcpHKau.11je Mo,D.ena 
4.7. MeTO.D.OJIOWKH TIOCTynaK npHMeHe H esa.nyauHje pa3BHjeHor CHCTeMa 

5. llpHMeHa pa3BHjeHor MO,n.ena 
5.1.Mo.ne.noBaH,e CTpyKType H .D.HH8MHKe naMeTHOr OKpy)KeH,a 
5.2.Ac11MH.nau.11ja no.naTaKa H3 naMeTHor OKpy)KeH,a 
5.3.EcTHMauuja napaMeTapa naMeTHOr OKpy)Kefba np1,1MeHOM CHMyJiaUHOHHX Mo.n.e.na 
5.4.YnpaBJbafbe naMeTHHM oKpy)KefbeM 
5.5. EBanyau11ja npuMeHe pa3BHjeHor peweH>a 

6. Hayl.fHH " CTPYl.fHH .nonpHHOC 
7. Ey.u.yna HCTpa)KJ1Bafba 
8. 3aKJbY1.faK 
9. J!Hreparypa 

7. 3AKJbyqAK H IIPE)l)IOr 

lli H3JIO)KeHor ce MO)Ke 3aKJbyttHTH n.a KaHJJ.HD.aTKHfha TaMapa HaYMOBHn, MacT. HH)K. 

wcnytt,asa cse ycnose npe.nsliljeHe 3aKOHOM o BHCOKOM o6pa3osaH>y 3a OJJ.06pefbe 113pa.n.e 

AOKTOpCKe .DJiCepTaUHje no.n. H8CJ10BOM ,, Pa3BOj .lJ.HCTp116yHpattor Cl1CTeMa 3a MO,D.en11pafbe 

)lHHaMHKe l1 ynpaBJbafbe naMeTHHM OKpy)KeH,HMa y peaJIHOM speMeHy". 

TaMapa HaYMOBHn noce.n.yje Heonxo.nHa 3Hafha 113 HHcpopMaUHOHHX cHcTeMa, HHTepHeTa 

11.HTeJrnreHTHHX ypeljaja, pa"lyHapcKe C11MyJiau11je, pa"lyHapcKe TeXHH.Ke H HHq>OpMantKe, 

HHQ>OpMau110HHX TeXHOJIOrHja H eneKTPOHCKOr nocnoBafba 3a ycnewaH pa)]. Ha ,llOKTOpCKOj 

.n.11cepTaUHj H. 

TeMa npHna.n.a y)KOj ttayl.fHOj o6nacrn EneKTPOHCKO IlOCJIOBafbe, MYJITH)lHCU.HTIJIHHaptta je 11 

aKTyentta. Ao611jett11 pe3yn-rar11 pa3BHjeHor cwcreMa .u.onp11Hene yHanpeljefhy nocTOjet111x 

npucryna npojeKTosalhy H HMnneMettTau11j11 naMeTHHX oKpy)Kefba 11 .n.onp11Hel'ie 

cpopMan113au11j11 H CTaH,D.ap)lH38UHjH npoueca MO)len11paH,a CTpyKType 11 D.HHaMHKe 
KopHmnefbeM Me-ro.n.a paqyttapcKe c11Mynau11je y naMerttHM oKpy)KefbHMa. 



Ha OCHOBY caera HaBe.n;eHor, KOMHCHja npennruKe HacTaBHO-HayqHOM Behy .aa np:mrnaTH 
rrpe,UII0)l(eHy TeMy H o.n.o6pH H3pa.ay rrpHjaB.JoeHe .amcropcKe ,lJ,Hceprnn.Hje. 3a MeHTopa 

ll0KT0pCKe micepnu.uije rrpe,Zl]IruKe ce .np OO)l(H.Ilap Pa.aeHKOBHh, pe,lI,0BIDl rrpoc)>ecop <l>aKyJITeTa 

opr aHH3armom1x HaYKa, YHHBep3HTeTa y Eeorpa.ay. 

:6eorpa.a, f Lt. {o. 2,0w 

~£1-MHCMIB 
.np OO)l(HJJ:ap Pa.aeHKOBRD., pe,n0BIDl npoc)>ecop 

<l>aKynTeTa opraHH3fillH0HHX HaYKa, 
Y mrnep3HTeTa y Eeorpa.n.y 

j l))~- 3A-
.n:p MapHjaHa .!(ecnoTOBHh - 3paKmi, penoBHH npoc)>ecop 

<l>aKYJITeTa opraHH3fillHOHHX HayKa, 

YHHBep3HTeTa y Eeorpa.n.y 

AP CWM nro~~:±::~~ 
<l>aKYJITeTa opr aHH3fillHOHHX HaYKa, 

YHHBep3HTeTa y Eeorpa.ay 

/! 
.np Harnllla EojKOBRD. BaHpe,nHH npoc)>ecop 

Cao6pahajHor q>aKynTe-ra, 

Y HHBep3HTeTa y Eeorpa.ay 

llP M1umna JaHKOBHh, llOU.eHT 

ErreKTpoTeXHH'IKOf c)>aKyJITeTa, 

Y HHBep3HTeTa y Eeorpaii.y 




