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IIPEJIT OBOP 

/lpara onepauioHu HcrpaxkHBauH, 

Ca orpoMHHM 34JlOBOJbCTBOM B4aM IIpe/ICTaBJbaMO 30OpHHK pajlioBa ca jyOunapHor 50. caMno3HjyMa 

O OnepatiHoOHHM HcTpaxkHBaHbHMa – SYM-OP-IS 2023. OpBaj norabaj He caMo a morTBpbyje Hamy 
KoHTHHyHpaHy IHocBehcHOCT OnepaLlMOHHM HCTpa;KHMBaHbHMa, Bch npejcTaBJjba H MHIOTBp/Iy a 

onepanuioHa HcTpaxKXHBaba H JlaJbe IIpHBaaue Ha;KPby y HaydHHM H IIpO(beCHOHaJIHHM KpyrOBHMa. 

I naBHH opraHH3aTOpH OBOrOJUHIIIH:6r CHMIIO3HjyMa Cy MuHucrapcrno oyl0paHe H Bojcka Cpouje, a 
HocHnan opraHH3amuje je YnpaBa 3a crpaTerHjcko mnaHHpaMb»e CekKTopa 34 nojmTHKy OJIOpaHe 
Munucrapcrna oyJiopaHe. 

OJ caMor nouerka, SYM-OP-IS je cnyxXbHO KaO HeHTap HayuHor Mjamora, pa3MeHc 3HaMba H 
HOBe3HBaba Meby HcrpaxMBauHMa, mpo(pecMoHamuHMMa M eHTy3HjacTHMa OnepalMOHHX 

HcTpa;KHBaMa. TOKOM TIIpOTeEKJIHX TIČT JIČHĆHHja, CHMIIO3HjyM je OKyvBJbaO ujnaHOBe MoMahc H 
MebyHapojiHe akaneMCKe H HayuHČ BajeJIHHIIĆ Ca IUHJbEM JIA HX MOTHBHII JIA H JIAJbe HCTpaxKyjy 

cJIO;keHe IipOOJteMe yHyTap onepaunHoHHX HcTpaxkHBaMa. 

O 1974. ronuHe, Kajla je IpBH CHMNHOB3HJyM OJIp;KaH, Ha CBe JIO JaHac, OBaj CKyII je mpHByKaoO 
BHmie OL 13.000 ayropa kojH cy pejncraBHauuH pe3aynrTaTe CBOjHX HCTpaxKkHBaHba KpO3 BHIHC OJL 
10.000 panona. OBo HMripecHBHo Hacitebe cBenouu o nocrurHyhuMa H yrumajy koje je SYM-OP-IS 
OCTBapHO TOKOM CBOje HcTOPpHje. 

Ope rojiHHe Ca HOHOCOM caoriıTaBaMO Jla 350O0OpHHK OOyxBaTa 157 pajioBa, Koje je Hanucajto 375 
ayropa. CpBakH paji mpecraBjba He CaMO pe3ynrar HcrpaxHBaba H panma mojenmMHuma, Beh H 
JonpHHoc Baje/HHIIH H OOJbEM pa3yMeBaM»y ripoOmeeMa kojHMa ce OaBe onepatiHoHa HcTpaxKHBahba. 
PanonBM cy opraHMa3oBaHH y 27 craHnmap/GHMx ceKuHja KoOje HcTpaxKyjy pa3nMuHTe acHeKTE OBC 
JUHCIIHIIJIHHC. 

Takobe, »enMMO Bac ODOaBecTHTH a CMO OBC TOJWHHE JIOJLAJIH jom! jeMHy ceKmujy „MHcropuja 

onepantHoHHx HcTpaxkHBalba – y 3HaK jyOuuneja*. Kpo3 Ty ceKlHjy CMO xeJteni HcTpaxxaTH Hacebe 
onepannoHux HcTrpaxkHBaWba, HcrahH KJbyuHc HpeKpeTHHIHe H JOHpHHOCE, KaO H J pa3MOTpHMO 
KaKO Cy Ce IIpOMeHC TOKOM BpeMeHa 0Jipa3u;te Ha OBy O0;1lacT. 

'Y saHak cehaba Ha npeMHHy:ale onepaioHe HcTpax;KHMBauc, npo(. mp CpBerosapa BykajuHonBuha, 
noOuMTHHKa IloBeJbe H mpodQ. mp KarapMHy C. BykanmuHonuh, umaHa IIporpaMckor ojnGopa, Ha 
noueTKy 30opHHKa cy TipejicTaBJbeHe H:HXOBe OHorpa(buje. 

PesynrarTH Koje cMO mocTHr;iH He OH OM Moryhu Ge3 rpenaHocTH CBHX yueCHHKa, pelleH3eHaTa, 
ayTopa H opraHH3alHOHOr THMA KOJH Cy yJIOxKHJIH BeEJIHKH Tpy)L KakoO OH OBa MaHH(becTanuja OHa 

ycnemiHa. XBajta BaM IIITO CTe CBOJHM pa/jlOBHMa JIOIIpHHeJiH ycnexy JyOHnapHor 50. cHMIo3HjyMa 
O OrlepaluHOHHM HCTpa;KHBaH>HMa. 

Heka oBaj 30opHuk pajioBa Oy/e HHcrpanuja H H3BOp 3HaMba 32 CBe Bac. Kpo3 pa3HOBpcHe TeEMEĆ, 
ujeje H npHcTyne, BepyjeMo na he cBako npoHahu HettTO IITO ra MOTHBHIIIC Jla JUAJbe HCTpa)Kyje, 
yuu H nonpuHocu yHanpebew»y onepauHoHHx HcTpa;kHBaM>a. 

C notttToBabbeM, 

Vpennunuu: 

Jlejan CrojkoBuh 

Jlanu0op IlerpoBuh 

Cpban JIuuh



PREFACE 

Dear operational researchers, 

It is our greatest pleasure to present the conference proceedings for the 5Oth anniversary of the 
symposium on operational research SYM-OP-IS 2023. This event signifies our ongoing 
commitment to operational research and affirms that operational research continues to hold 
significance within scientific and professional spheres. The principal organizers of this years 
symposium are the Ministry of Defence and the Serbian Armed Forces, with the Strategic Planning. 
Department of Defence Policy Sector in charge of the organization. 

From the beginning, SYM-OP-IS has been the center of scientific dialogue, knowledge exchange, 
and connection of researchers, professionals, and enthusiasts in operational research. In the last five 
decades, the symposium has gathered domestic and international academic and scientific 
community members to motivate them to research complex problems inside operational research. 

From 1974, when the first symposium was held, until today, this event has attracted more than 

13.000 authors who presented the results of their research through more than 10.000 papers. This 
impressive heritage confirms the achievements and influence that SYM-OP-IS has had throughout 
its history. 

This year, we proudly announce that the proceedings includes 157 papers written by 375 authors. 
Each paper represents not only the result of research and an individuals work but also a 
contribution to the community and a better understanding of the problems dealt with by operational 
research. The papers are organized into 27 standard sections that explore different aspects of this 
discipline. 

Also, we would like to inform you that we have added another section in this year's proceedings, 
“History of operational research - to mark the anniversary.” Through this section, we wanted to 
explore the legacy of operations research, highlight key milestones and contributions, and consider 
how changes over time have affected the field. 

In the memory of deceased operational researchers, professor Dr. Svetozar Vukadinović, recipient 
of the Charter, and professor Dr. Katarina S. Vukadinović, a member of the Programme Committee, 

biographies are presented at the beginning of the proceedings. 

The achieved results could only be accomplished with the dedication of the participants, editors, 
authors, and the organizing team who put the effort into making this event successful. Thank you 
for contributing to make this 50th anniversary of the symposium on operational research successful. 

Let the proceedings be the inspiration and source of knowledge for us all. Diverse topics, ideas, and 
approaches will motivate everybody to keep on researching, learning and contributing to advancing. 
operational research. 

Yours sincerely, 

Editors: 

Dejan Stojković 

Dalibor Petrović 

Srđan Dimić 
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CHMNO3HJyM 
'O OrIEPAUHOHHM 
MCTPAXHBAHHMA 

MMHHHCTAPCTBO O/IBPAHE 
H BOJCKA CPBHJE 

i 
IIPMIMEHA AYTOPEFTPECMOHMX MOMRE:IIL 3A ITOTPEBE 

KPATKOPOUHMX TIPOTHO3A MCTMLIAH5A KAPCTHMX BPEJIA 

APPLICATION OF AUTOREGRESSION MODELS FOR THE SHORT-TERM 
FORECASTS OF KARST SPRINGS DISCHARGES 

BEJbKO MAPHHOBHBR', BECHA PHCTHhP BAKAMA1, CAIULA MHJIAHOBHR', JbMJbAHA 
BACHP'!, EPAHHCJIAB ITETPOBHP', JUVIIIAH IIOJJOMUH B, PAJUCAB TOJIYBOBHTRP" 

! YuuBepanrer y Beorpa/ty, Pytapcko-ILeononiku Qakyanrer, Beorpaji, veljko.marinovic(aorgf.bg.ac.rs; 

vesna.ristic(q\rgf.bg.ac.rs; sasa.milanovic(aq)rgf.bg.ac.rs; ljiljana.vasic(ayrgf.bg.ac.rs; 

branislav.petrovic(qrgf.bg.ac.rs; dusan.polomcic (ayrgf.bg.ac.rs 

? McrpaxxaBauka craHana IlerHana, Ba;beno, golub(d)petnica.rs 

4nempakm: Mooen euuuecmpyke nuneapHe peopecuje je najueuhe npuvetbueanu ModOen 3a cuMyaauuje, 
odOHocHo npočHo3e odeogGapajyhux cnyuajno npoeH.buaux GemuuuHa. Kao najjeOnocmaanuju odOelnu 

npuwvet!byjy ce aymopeopecuonu (4P) odemu koju cuwynupajy ucmuuyarbe Kapcmnux 6pelna Ha OCHOGY 

us0aunocmu 6pena peeoucmposanux npemxooOHux Oana. 4P wooenu npuetbenu cy Ha npuvMepuwa Benukoe 
apena 3a wecmozoOuube nepuoOe ocMampatba, oOHocHo dpenma bate u ITocmubckoe 6pena 3a 

Oecemozo0uuuibe nepuoOde ocMampaba. WVKbyuugatbeM wuuue He3agducHux gwenuuuna, Koeduujujenmu 

Kopenauyuje GesHauajHo pacmy, me je npenopyka Oa ce MakcuMa.aHo 3 He3aqucHe mpoMehH/buwe yK/byue y 

cuMynauyuoHu MoOen. Heumo euuu koeduuujenmu Kopenauyuje jaa/bajy ce KOO Yy3ma3Hux HečO KOO 
opasumauyuonux 6pena, a HajHubCcu KOO unMmep.umenmnux. Takobe, kuume zoOune cy noka3ame Gulue 

Koedjuuyujenme kopenauyuje oO cyunux Zo0una. 4P o0enu, cmoza, Mooy npeocmaa;bamu Kkopucman alam 

npu npenmuwuHapHoj cuwynauyuju ucmuuyara KapcmHux dpema Ha ocHowy npemxoOux GpeOnocmu 

us0auocmu 6pe/ta. 

'Kıyune peuu: kapcm, aymopeopecuonu ooe.1, 6peno bate, Benuko Bpe.no, f ocmu/bcko 6pe/no 

“4bstract: The multiple linear regression model is the most commonly applied model for simulations, i.e. 

Jorecasts of randomly variables. 4s the simplest models, autoregression (4R) models are applied, which 

simulate the karst springs discharge based on the spring discharge rates registered the previous day. 4R 
models were applied to the examples of the Veliko vrelo for six-year observation periods, and the Banja and 

Gostiljsko vrelo springs for ten-year observation periods. By including more independent variables, the 

correlation coefficients increase insignificantly, so it is recommended to include a maximum of 3 

independent variables in the simulation model. Correlation coefficients are somewhat higher for ascending: 
than for gravitational springs, and the lowest for intermittent ones. 4lso, rainy years showed higher 

correlation coefficients than dry years. 4R models, therefore, can be a useful tool in the preliminary 

simulation of karst hot spring discharge based on previous spring yield values. 

'Keywords: karst, autoregresional model, karst spring Banja, karst spring Veliko vrelo, karst spring 
Gostiljsko vrelo 

1. yBOon 

TIpBe HaceoOHHec Jby/ICKe HHBHJHH3aNHje Cy yrMaBHOM OMme mojMaaHe Ha oOOaaMa peKa. TOKOM 
MaJiHX H CpejUbHX BOJLA OBa CTaHHIHTA JbyjH HHCy OHma yrpoxeHa. MebyTHMM, TOKOM BeJIHKHX 

BoJta, HapoOuHTO H3JIHBaH5CČM TOKOBa H3 CBOjMX Kopura, /oj1a3HJIO, je JO JiČJIHMHdHHX HJIH IIOTIIYHHX 

yHHurTaBaba oOjeKara 3a craHOBaWe. HakoH cBake normmaBe HOJM34JO CČ HOBO HaCeJbC, 
HajBepoBaTHHje yJlaJbeHHje OJL 0Oane, antH KaKO yBEK HOCTOjH HeKa Hape/Ha trorinaBa Koja je Beha 
OJL HpeTxojHe, yHHIHTaABaWba HaceOOMHa Cy Ce CBaKaKO MiemlaBaJa y OJpebeHHMM BpeMCHCKHM 
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nepnHojuiMa. OJ Tajta na no JaHac nmoKy1raBano ce Jla ce mpe/iBH/ue mornnaBe, y mloueTKy rpaheHbeM 

onpebeHMx npHpo/HHMx mojaBa KOjE Cy, IO HCKHM TAaJaHIH»HM CaBpeMCHHIMMa, OMJIC 
npe/icka3aTeJbH H3HMHBaHba TOKOBa. KacHMje, y CKOpHJOJ MCTOpHjH, HOudeHM Cy CC KOpHCTHTH 
pa3jiHuHTH XHJIDpOJIOHIKH CHMYyJIaLMOHH MOJIĆJIH Ca IMHJBEĆM a MH3Ha3, OJHOCHO cpauyHaTčČ 

Bpe/iHOCTH BOJUOCTAja HJIH HpoTHmaja peka MJIH HCTHIAHa HIHIp. KapcTHHX Bpeca HpaTe H»HXOBC 

peanHe Bpe/jiHocru. IHro Gojbe mpahewe ojiHocHo npekianambe cpauyHaTHX H peajiHHX Bpe/IHOCTH, 
TO je CHMyJIALUMOHH MO/IĆII OOJbH H MOXKe NaTH TauHHje HpOTHO3He BpeJIHOCTH KOJjČ MO;KČMO 
OoučKHBaTH y TOKy Hape/IHHX uacoBa, cyTpauiıWber JaHa HJIH y TOK HapćejiHa JiBa, TpH ..., OJIHOCHO 

MECEILI H BHiIIe JlaHa, CBakako Jla je noTpeOHO ycnocTaBHTH MOHHTOpHHr BeJIHuHHČC OJL HHTepeca Jla 

OH MMaJIH JIOBOJBHO JIyr HH3 KOjH hc MOCJIy;kHTH 34 Ban/amHjy IHpHMeM-6HHX MOJIeMa, a H 3a 

OoJlaOHp OHOr KojH Jlaje HajOoJbe peyyarraTe. 
Y oOpBy CBpxy Hajuemhc mpHMeM»HBaHH Cy perpecHOHH MOJIČHMH H TO MO/JIĆI BHIHeCTpyKe 

perpecuje (nHHcapHe M HenMHHeapHc). Mojen BuHmmecTpyKe MHHeapHe perpecHje je Hajuemihe 
TIpHMeM»HBaHH MOJIĆJI 32 CHMy11allHje, OJIHOCHO IIpOrHO3e OJiroOBapajyhux cJIlyuajHO IIpOMĆHJbHBHX 

BenHuHHa. VKOJIHKO HIOCTOjJH 34BHCHOCT jejHe HOjaBC y (byHKNMjH JIBC MHJIH BHIHC He3aBHCHHX 
nmojaBa, OHJia Ce TOBOpH O BHIIIeCTpyKoj nHHcapHoj perpecHjH. YcrocTaBJba ce 3aBHCHOCT H3Meby 

3aBHCHO IIDOMCHJbHBC } M He3aBHCHHX HpOMĆHJBHBHX Ž/,, VY,,... X, Ha OCHOBy KOjHX ce MoOHja 

cCHMyJalHja 30BHCHO HpOMCHJbHBC MJIH H=CHO TIpejnBHbame BeaaHO 3a OJUroBapajyhH BpeMeHCKH 
nepuojn. IloMeHyTa aaBHcHocT je naTa perpeCHOHHM MOJIĆJIOM O0;IHKa: 

Fro/,+/A +/ tb..+ B, X te; 

rne Cy: }, - 3aBHCHO HpOMEHJbHBa |-TOr pea, X, - HeC3aBHCHO HpOMEHJbHBa i-ToOr pema, / - 

HenoaHaTuH Koe(buuujeHTH BHIecTpyKe perpecHje, e, - cayyyuajHa rpeltika. 

TIpMMEeHOM « MeTOJIĆ HajMaMHX KBampara cpauyHaBajy ce HenO3HaTH |KOč(pbMHHjeHTH 
BHIIecTpyke perpecHje a npeTxojiHa jenuHauaHa JoDuja citennehu o0aak: 

y=a+b'x +b,X,+..+b, X 

rnme cy y - pauyHcKa BpeJUHOCT 3aBHCHO HpOMeHJbHBC; Gq, ,, D,... b, - cpauyHaTe HyMepHuke O 
Bpe/JiHocTH Koe(DunujeHarTa BHiIecTpyKe perpecHje. 

Kao HajjeyuHocTaBHHjH MOJIeJI, 3a noTpeOe cHMymanuje (nTpopauyHa) HcTHIAPba KapcTHHX BpeJa 

uecTO ce IIpHMebbyjy ayToperpecHoHH (AP) Mo/jneni ryie 3aBHCHO IpOMecHJbHBa je Q), - nporHo3Ha 

BpeJIHOCT HcTHHAH5a y TpCHyTKy f, a HeC3aBHCHO HpOMCHJbHBC Q,,, Q,», ..Q,, cy Hcruuatba 

perHcrpoBaHa TOKOM l, 2, ... k perxojHHx MaHa. OJIHOCHO, y KOHKPETHOM cCJIyuajy rOpMa 
jenHauuHa noOuja cnenehu oOnak [1]: 

O =a+b·O, +b·OQ, +..+b Q+ 

rne cy a, b,, b,... b, napaMeTpH Mo/JIena. 

'Y KOHKpPETHOM cCJlyuajy, 34 morpeOc mpHkas3a AP cHMMymauoHor Mojmema omaOpaHa cy TpH 
KapcTHa BpejTla, jejlHO THIIHUHO rpaBHTalHOHO BpeJIO — BeJtHKO BpeJIO KoOje JIpeHHpa jy)KHe JIČJIOBC 
BejbaHHiie, 3aTHM jeJIHO HHTEpMHTEHTHO BpeJIO – BpeJo Babbe KoJI IlerHune H I OCTHJBCKO BpeJIO 
Koje npeHHpa Jneo KapcTHe H3jlaHH HCTOuHoOr 000Jta 3j1ar0opa. 

2. OTrIUITE KAPAKTEPMCTMKE OHABPAHMX BPEJIA 

Kapcrun cucreM BeaKor Bpe.ta Hajta3H cCe y OKBHpy KOMIIJIČKCa KapOOHaTHHX CTeHa Me3030jCKC 
crapocrH BeJbaHMukor MacHBa. Bona HcrMue y Hy Jyraukor cHnapa H3MeDy BeJIHKHX 

KpeuMbaukHX (OJIOKOBa y BpXy KpaTKC H TIHHTKC JUOHHHHIHC. BeMKO BpeHmo je THHMUHO 

rpaBMTaHHOHO BPpeJIO KOje Cc jaBJba Ha HaJIMOpCKOj BHCHHH OJL 415 mnm. MebyTHM, TOKOM 
MaKCHMaJIHHX H3/AHIHOCTH, 3OHa HCTHMAHM5a Ce HOMepa Ha Behe Haj,MMOpCKe BHCHHe, Kajla KOTA 
HcTHHaMa JIOCTH;Ke BpejHOCT 445 mnm. Ha OBOM BpeJIy cHCTeMaTCKa OCMaTpabba OTHOućeJIA Cy 
1995. romaHe H Tpajama cy Ocs mpeku/ma no Mapra 2001. rojuHe Kajla Cy BCJIHKC BOJIĆ OJUHeJIĆ 
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BOJOMCDpHy JeTBy, KOjJa HaKOH mpomacka momnmaBHor Tamaca HHje BpaheHa. Ha OCHOBy OBOT 
MIeCTOrOJHIHIHer HepHo/la MOXKE Ce 3aKJbyuMHTH Jla je Ha HHBOy TOJUHHC y IIpoceKy HcrHmajo 0.584 

m”/s BOJIĆ, C THM JlA Cy Ce Bpe,iHOCTH KperTajie y HHTepBajy oJ 0.477 m”/s (2000) na no 0.762 m”/s 

(1997). AncojtyTHO MHHHMajHa JIHeBHa BpeJHHOCT HcTHMHAMa BemaKor Bpema aaDemexkeHa je y 
nepHo/ty OJL 5. MO 7. cemreMOpa 1998. rojHe y MaHOcC OJL cBera 57 l/s, MOK je MaKcHMajHa 

BpeJIHOCT H3HOCHJIa 5.6 m”/s (28. jymmw 1997. rommwHe). O aaBopumtrra Tok Teue y npaBmy jyra, 
npeko OHrpoBHTHx Hacara, ma OM ce Ha OKO 200 m HWH3BO/JIHO OJL Bpena cpyimHo HHs OHrpeHH 
BOJIOHaJL BHCOK IHIpeKO 20 m, o ueMy je OBO BpeJIO H HO3HaTO H IpejiCTaBJba ueCTO TypHCTHuKy 
necruHanujy [2, 3, 4 a 5]. 

Kapcrnau cHcreM Bpea Bame HamasH ce Ha MaMbe OL 500 m on McrpaxxaBauke craHMue 

IleraHua H Ha oKo 7 km o BajbeBa. CaMo Bpeto H3BHpe H3 IlerHuke nehuHe, a jaBjba ce Ha 
KOHTAKTy MaCHBHHX Kpeubaka cpejuber TpHjaca H MMOINČHCKHX CejUMeHaTa MH3rpalbeHMX OJL 
Jnanopaua H OHTyMHHO3HHX IIKpHJbna. Ha cyuiBy OBOr Bpena HpHcyTHa Cy JiBa HOBpHIHHCKa TOKA 

Koja HaKOH CBOT (bopMHpaMa BeoMa Opi3o moHHpy (3marap ryOM BojUy y moHopy IlehypuHe JIUOK 
ByKOBMK TyOH BOJUy CyKHeCHBHO rparehH JmHMHjcKy mojaBy Bpraua) |[6]. Ha npenmy Bame 
MOHHTOpHHr HcTHIAH»5a ycnoOcTaBJbeH je 1991. rojuaHe H Tpajajo je o Kpaja 2000. roxuHe. Y OBOM 
nepHo/ly ancoJlyTHH MaKCHMyM je saGenexkeH 30. jyna 1999. roxaHe y HaHocy oji 1.690 m*/s, JIOK 
je MHHHMa;iHa HijatHocT y H3HOCy 0OJI () I/s aaGenne»xeHa BHime ryTa H3 pa3tora IIITO je OBO BpeJIO 
HHTepMHTEHTHO. Cpejuba BpejHOCT HcTHHAHa BpeJa 3a HIIOMeČHyTH OCMaTpaukH IIČDHOJL H3HOCH 

173 1/s [7]. 
KapcruH cHcreM FocruJbckor Bpema npHmajna cHHBy IOCTHJBCKOTr HOTOKA. /lo yjBaMba 

Tocrujbckor Bpema (kora HcrHuaWa Bpena je Ha 830 mnm), noTok je nOBpeMeH, a HaKOH TOra 
(jopMupa ce cranHH peuHM TOK. CJiHB I OCTHJbCKOT Bpea yrHmaBHOM je H3rpabeH OJL Kpeubbaka 
TpujacKe crapocTH. PexxMMcKa OcCMaTpaba Ha OBOM BpecJIy Takobe cy ormouema 1995. romaHe H 
Tpajana o 2006. romuHe ca je)HHMM TpOMeCeuHHM IHpecKH/JIOM TOKOM 2004. rojmHe. Ha ocHoBy 

aHajmae nojlaTaka Be3aHHX 34 OcMaTpauku nepHo,i 1995-2006. rojuHe MOxxe ce 3aKJbyuHTH Jla je 

Cpe/uUbH BMHIHErOJUHHIH=H TIpoTHHaj IOcCTMJbCKOr Bpema M3HocHO 0(.126 m”/s. IHro ce TTHue 
aliCOJIyTHHX Bpe/JIHOCTH, MaKCHMaJIHa JiHCBHa H3JIAIIHOCT aaOenexeHa je BHile IyTa y H3HOCy OJL 

610 |/s, OK je aHCOJIyTHO MHHHMaJIHH TIIpoTHIaj y H3HOCy OJL CBera 10 |/s perHcrpoBaH Takobe 
BHIHIC IIlyTa TOKOM aBrycTa, celTeMOpa H okToOpa 2003. ronuHe [9]. 

3. IPMKA3 ROBMJEHMX PE3y]JITATA CA nMCKyCMJOM 

3a nmorpeOe npHMeHe AP cHMymauHoHor Mo/jema, Ha pacnomaraHM»y Cy OHJIH JIČCĆTOTOJUHHHIHH 
HH3OBH H3jJalIHOCTH BpeHMa BaWe H IOCTHJbCKOrT BpeJIa, MOK KO,  BeHkor Bpejla OcMaTpaukH 
mepHoji je OMo HemTo KpahM, OJHOCHO OMO je Tpajaba 6 rojnmHMHa. IIpwMeweH AP mojen 

ucKopuiiheH je 3a cyryuajeBe Kajia IIOpe/I 3aBHCHO IIDOMCHJbHBC BeJIHuHHC (HyjlaillHOCT Q), ) MMaMO 

jelHy HeaaBHCHO IIDOMCHJbHBy BeJMUuHHy (H3nmamHoOcTH (Q),,), 34THM MMaMO JIBE Hec3aBHCHO 

HIpoMeHJbHBe BeJnMHuHHe (Q), , H O, , ) H TaKO pe/lOM JIO JIeCeT He3aBHCHO HpOMĆHJbHBHX BeJIHuHHa 

(O,,, O,.. .. O,w ). Ha ocHoBy MoOMjeHMx jejHauHHa cpauyHaTe Cy BpeJIHOCTH HcTHMHAMA 

pasMaTpaHuHx Bpemna. BpejHocrH koe(puuujeHaTa Kkopemanuje M3Meby cpauyHaTHx M OCMOTpCHHX 
BpelHOCTH HNpHKa3aHe Cy y TaOeMmH |I H Ha cHMHuH 1. Kao reHcpanHH 3aKJbyuaK MO)KC CC 
KOHCTATOBATH /A HHTO MMA BHHIC He3aBHCHHX TIIDpOMCHJbHBHX BcJMuHHa y OKBHMpy (bopMHpaHec 

jejnHauMHe cHMynauHoHor AP wmojena, koeQuujeHTH Kopemamuuje MMajy Behy BpejHocT. OBaj 
mopacT je cKopo OesHauajaH H yr1aBHOM cCy paaHke Ha Tpehoj neuuMaju (BH; TaOeJy 1). OBJUe ce 
HnocTaBJba HNMHTaH=c a JM je IHOTpeOHO KOpMHCTHTH CJIOKEHC jenmHauMHec ca 1O HeaaBHCHHX 
TIpOMCHJbHBHX HJIH CC MO:;KĆ KOpHcTHTH rpocTa JiHHeapHa je/iHauHHa CaMO Ca je/|HOM He3aBHCHOM 

TIpOMĆHJBHBOM BeJIHUHHOM. Y pHJOTr OBOMĆ TOBOpM H CNMKa 2 Ha KOjOj cy ImpMHKa3aHH 

XHJporpaMH OcMOTpeHHx H cpauyHaTHx OJUrOBOBapajyhaM AP cHMynalHOHHM MO/JIĆIIOM ca ] a 10



He3aBHCHHX IIDpOMĆHJbHBHX BejJMuHHa H TO Ha IHpHMepy TocrwMjbckor Bpema. Hsyyasaerak cy 

Koe(punijeHTH Kopenanuje AP Mojnena ca je)UHOM H ca JUBe He3aBHCHO IIDOMCHJbHBC BCJIHUHHC. 
Takolje, Kao 3akJbyuak MO:Ke ce pehu a KOJI y331a3HHX Bpeja TrJIe HEMaMO BEJIHKC aMIIJIHTy)IC 

KonmeOaMba HcTHMHaMa BpeHa, KoOč(bMnMjeHTH KopenamnMje M3MCDy OCMOTpeHHX H cpauyHaTHX 
MHcTHHAMa HMajy HajBehe BpeJUHOCTH, JIOK KOJI rpaBHTaHNMOHMHX JAjy HČIHTO HMH?KC BpČJIHOCTH. 

HajgHwxe BpejHocrH Koe(HuujeHTa Kopemanuje JNOOMJIH CMO KOJL CHMyJalMje HcTHILAMba BpcJa 
Bame. Pantor je To je OBO BpeJIO HHTEpMHTEHTHO, TaKO Jla je ripHcyTaH BenHKH OpoOj OCMOTpeHHX 
BpejHOcCTH HcTHHaHMa y H3HOCy OJ O I/s. Mya oBor paamora BpejnHocrH HcrHmaWba oOHjeHe AP 
MOJIČJIOM y Behoj MepH o/ICTymajy 0/1] OCMOTpeHHX Bpe/IHocTH (cJIHKa 3). 

Ta6e.ma 1: Koe(paujenrn Kopenanuuje H3Melby ocMoTpeHHx H y3 noMoh AP oynena cpauyHaTHx Bpe/UHOCTH 

MHcrHHaMba 3a pa3MaTpaHa KapcTHa Bpelta H 3a pa3jtHuHTH Opoj He3aBHCHO IIpOMĆHJbHBHX BeJIHuHHa 

KapcTHO Bpejmo/ 

Opoj He3aBHCHO 

TIpOMĆHJbHBHX 

BejiHuHHa Bpejno Bame BejiHko BpeJio T OCTHJbCKO BpeJIO 

|| 0.619598 0.910293 0.949927 

2 0.655765 0.912155 0.951793 

3 0.66451 0.912192 0.951922 

4 0.665078 0.912441 0.951922 
5 0.668012 0.912447 0.952073 

6 0.674194 0.913905 0.952106 

7 0.679113 0.914346 0.952157 

i 0.680218 0.914346 0.952167 
9 0.683117 0.914347 0.952167 

10 0.683174 0.914388 0.952171 
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Ciunka 1: 3aBHcHocr Koe(punujeHara kopenanuije H3Meby ocMoTpeHHx H y3 noMoh AP mojnena cpauyHaTHx 

BpeJiHocTH HcTHHAMa 3a pa3aMaTpaHa KapcTHa Bpe:ma H 3a pa3jtHuHTH Opoj He3aBHCHO IIpOMEĆHJbHBHX 

BejJiHuHHa 

Kako je uecr cutyuaj a noceJlyjeMO CaMO roJuHy JaHa OCMaTpakba H3JIAHIHOCTH HeKOT BpeJa 
uHjH MOHMHTOpHHr jc OMO YyCcHOCTaBJbeH 3a moTpeOc MHapane HekoOr emaOopaTa, cryjHje HMH 
npojekTa, y naJbeM TeKcTy he ce naTH KpaTaK OCBpT Ha pe3ynTaTe kojH cy noOHjeHuH rIpHMeHOM AP 
MOJIeJa 3a CHMyJauHjy HcTHHakba BenHKor Bpea 3a BpeMCHCKH HHTEpBAaJI y H3HOCy OJL TOJUHHYy 

RnaHa. V oBy cBpxy y3eTe cy penpesaeHraTHBHe rojMHe H TO 2000. romwMHa Kkao cymuuHa w 1997. 

rojuHHa KaO BaxkHa. Y TaOenmM 2 mare cy BpejHocTH Koe(bMuMHjeHaTa KopejnanHje JOOHjeHMX Ha 
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OCHOBy cpauyHaTHX H OCMOTpeHHX HcTHIaHba KopHiniheHbeM AP Mojnena 3a cytyuajeBe Kajla HMaMO 
on 1 mo 10 HedqaBHCHMHMX IIpOMĆHJbHBHX BenMuHHa. JloOMjeHH pegaynrarH ykayyjy Ha TO Ama 

Koe(bunujeHTH kopenanuija 3a cymiHe rOJUHHe HMajy BHIHIC BpeJIHOCTH JIOK 34 KHIHIHE TOJUHHC HMajy 
HH>KE Bpe/JIHOCTH y OJIHOCy Ha JlOOHjeHe KopuiiheMb»beM yKyIIHOT JIOCTyTIHOr OCMaTpaukor HH3a. 

lzd
asn

ost
 Q

 (
mhs

) 

lzd
asn

ost
 Q

 (
mhs

) 

1995 1996 1997 1908 1999 200 2001 2002 2003 2004 1995 1996 1997 1908 1999 200 _ 2001 2002 2003 2004 

Cika 2: VnopejiHH JujarpaMH cpauyHaTHx H OCMOTpeHHX BpeJIHOCTH HCTHLAFHa KapCTHOT I OCTHJBCKOr Bpe;la 3a. 
cyuaj rrpiMekbeHor AP mojneJta ca jeJlHOM (cJIHKa JIČBO) H ca 10 HeaaBHCHHX CJTyuajHHX BeJIHuHHa (JIČCHO) 

s } s } 
:3 :3 
a a 
H H 
|| | || | 3s 3s 

i i 

[_ Gss — ss -- as — Granasis i= i 

Cuuka 3: YnopenHu nujarpaMu cpauyHarHx H OCMOTpeHHX Bpe,IHOCTH HCTHIAH5a KapcTHOr BpeJa Bama 3a 
cnyuaj npaMebbeHor AP wo/jnie:a ca jeyliHOM (ciHKa JIČBO) H ca 10 He3aBHCHHX CJIyuajHHx BeJiHuHHa (JIČCHO) 

Ta6e.na 2: Koe(panujenrni Kopenanuje H3Melb)yy ocMoTpeHHXx H y3 noMoh AP ojnena cpauyHaTHx Bpe/iHOCTH 

MHcrHHaMba 3a pa3MaTpaHa KapcTHa Bpelta H 3a pa3jtHuHTH Opoj He3aBHCHO IIpOMĆHJbHBHX BeJIHuHHa 

KapcTHO BpeJo/ BejiiKo BpeJo BejiiKo BpeJo Bejiko BpeJio 

Opoj HeaaBHCHO BJIa;KHa TrOJUHHa. yKynHH IIepHOJL cyuiHa rojuHHa 

TIpOMeĆHJbHBHX BeJIHuHHa 1997. 2000. 

|| 0.826401 0.910293 0.958037 

2 0.82643 0.912155 0.961426 

3 0.826705 0.912192 0.961613 
4 0.827884 0.912441 0.961691 

5 0.827885 0.912447 0.962646 

6 0.838279 0.913905 0.962851 

7 0.839232 0.914346 0.963079 

ii 0.839232 0.914346 0.963079 
9 0.839803 0.914347 0.964595 

10 0.840242 0.914388 0.964596 

4. SAKTbyuAK 

Uecr cryuaj je na MaKO HMaMO yCHOCTAaBJbČH MOHHTOpHHT MHCTHIAH5a KapCTHMX BpecJa, HEMaMO 

yCHOCTaBJbCH TIHTyBHOTpa()CKHM pe)KMM KapCTHMX MaCHBa KOje OBa Bpea JpeHHpajy. Y OBMHM 
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cnyuajeBHMa HHje Moryhe me(MHHcaTH OMJIO KOjH MOJIĆJI KOjJH HMa y CeOH yCHOCTaBJbaM»e BeC3C 
manaBHHa — HcTHILAMbC, MHJIH MOJIĆM KOjH ce OayHpa Ha TpaHcQopMamnujH mnajnmaBHHa y OTMIMAj 
(HcrHHaMe). Y OBHM CJIyuajeBHMa, Moryhe je KOpHcTHTH je)MHO ayTOperpecHOHe MOJIĆĆ KOJH 
npe/icTaBJbajy H Hajje)HOCTaBHHje perpeCcMOHC MOJIMC Ca jeČJHOM MJIH BMHIMHČ He3aBHCHHX 
cnyuajHHx BeMuHHa. CBpxa AP Mojmema je a moKaxke Ha KOjH HauMH H y KOJOJ MepH yTHuy 
jyuepammbH orHmajH y (popMHpaMy MmaHammpber oTHMHMaja, HnH jyuepammbH H HpeKjyuepamniWH 
oTHmajH Ha JaHalnibH, OJIHOCHO jyuepalmiH, npekjyucpatıMbH, ... H OHH KOjH Cy H3MepeHu ıpe 10 
JaHa Ha JaHanriMH oTHIaj. JloOujen AP Mojnen cpauyHaTu 3a HcTHIaRba Bpena Bame, Benaikor H 

TocruJbcKkor BpeJta H TO a cJIyuajeBe Kajla HMaMO 1, 2, 3, ... I0 HeaaBHcCHHX CJIyuajHHx BeJIHuHHa 
ykayyjy Ha TO Ja cpauyHaTe BpejiHOcTH JIOOpo mpaTe OcMOTpeHe. Ca nopacToM Opoja He3aBHCHHX 
BenHuHHa Koe(bunuujeHTH Kopejtanuje pacry anH OeaHauajHO Tako Jla je mnpenopyka la Ce KOpHcTe 
perpecHoHH MOJIČIH Ca je/UHOM, JIBE MJIH MaKCHMAaJIHO 3 He3aBHCHC CJIyuajHe BenHuHHe. Takobe, 
mpHkasaHe aHajnn3e cy yKaaame a OOJba KOpejnHcaHOCT cpauyHaTHX H OCMOTpeHHX HCTHHAHa CC 
JoOuja KoJU y3nasHHx Bpea y OJUHOCy Ha rpaBHTaNHOHa. YVKOJIHKO IIpHMeHbyjeMO AP wojen a 
cnyuaj a MMaMO OCMaTpaukH HMH OJL jejHec rOJWHHe, TpeOa MMaTH y BHJIy a KOČ(pHiMjeHTH 
Kopenanija, OJUHOCHO OOJba mpeknanaMba OCMOTpeHHx H cpauyHaTHx BpejHOCTH Cce JOOHjajy 34 
cnyuajeBe KaJla Cy y IHTaM»y CyIHHe TOJUHHC y OJIHOCHO Ha BJIa;KHC TOJUHHC. 
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