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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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2 . 
MHcerpaxugBauka craHuna IlerHina, Bajbepo, golub(a)petnica.rs 

Pesune: Kapcmna usdan y najeehoj epu ce npuxpatoyje na pauyh na0aseuna. Mebymuw, uecm cnyuaj je 0a 

pezcucka ocMampatba ucmuujatba nojeOuwux wpena, e npame u ocMampatba MemeOpojJOLiKuX 
napawemapa (Ha np6o. Mecmy na0aeuna, 0e6/bune cHeoicHo2 nokpuseaua u menepamype 6a30yxa). V oeuM 
cuyuajeeuwa aymokopenauyuoHe aHamuse HaM Y\MHO2OMe MoZy noMohu Oa pas3yMeMO CaM MeXaHu3aM 
ucmuuyarba kapcmuo2 6pe.na, Oa u ce paOu o y3na3HoM Uunu CuJna3HO.M peoiCuMy ucmuta!ba, Kao u Oa UMad.MO 
undbopauujy o mo.e kakae cy aHanusupaHe oodune Ou.ne (cyue unu Kuune) u da nu cy 6une ca aHauajnuje 

djoopupanuw cHeojcHuM nokpueaueM. V wesu ca owu, y paOy cy Oamu pe3yamamu aymokope/atyjuoHux 
ananu3a pexicua ucmuuya!ba mpu o0a0pana KapcmhHa 6pena: 6pe.no batbe, boche u 4nopuha 6peno. 4naanu3ae 

cy u36putene 3a ykynHe ocMampauke nepuoOe Koju Cy KoOO ce6a mpu 6pena mpajatba oko 1() oo0una, u 3a 
oda0pane anaoicHe u CyuuHe 200uHe. 

'Kıyune peuu: peoicu.M, kKapcmno 6peno, ucmuuyarbe, aymokopenauuja, 6pe.to bocne, apeto batbe 

“4bstract: Karst is largely recharged by precipitation. However, it is often the case that monitoring of karst 
spring discharge is not followed by monitoring of meteorological parameters (primarily rainfalls, snow 

cover thickness and air temperature). In these cases, autocorrelation analyzes can greatly help us to 

understand the mechanism of karst spring discharge, whether it is an ascending or descending discharge 

regime, as well as to have information about what the analyzed years were like (dry or rainy) and whether 
were with significant snow cover. Regarding this, the paper presents the results of the autocorrelation 

analysis of the discharge regime of three selected karst springs: the Banja spring, the Bosna spring and the 

A4ndrića vrelo spring. The analyzes were performed for the total observation periods, which are about 10 
years for all three springs, and for selected wet and dry years. 

'Keywords: regime, karst spring, discharge, autocorrelation, Bosna karst spring, karst spring Banja 

1. yBOon 

TloynaeMHe BOJIe Hpe/iCTaBJbajy HEBHJUbHBH aJIH H3y3CTHO 3HauajaH BOJIHH pecypc. V cBeTy, CKOpo 

50% cpBercke nornynanuje 3aJOBOJbaBa cBOje mOTpeOe Ha pauyH OBOr pecypca (BO)OCHaO,leBahbe, 
MHAycTpHja, HaBojubaBabbe) [1]. V CpOnju, cBake cekyHne ca OKO 23 m? saxBaheHux nojieMHHX 
BOJIA, OKO 75% craHoBHHiITBa 32J1OBOJbaBa cBoje moTpeOe y BojuH 3a nahe [2, 3]. HajBehe peaepne 
TIOJ13ČMHHX BOJLa a yjeJlHO H KOJIHUHHE BOJLA KOje Ce KOpHcTe 3a IIOTpeOe BOJUOCHaOjJIeBabba y Halmioj 
BEMJbH HOTHUy H3 ajJlyBHjaJHHX Hacara BeEJIHKHX pčuHHX TOKOBa. Cjene KapcTHe IIOJ{eMHe BOJIĆ 

Ha pauyH KOjHX Tpaj,lOBH H MaMba MecTa HcTOuHc H amajHc CpOuje cy pemmnu rpoOjteMe 
BOJlOCHaOjeBatba. MebyTHM, MOHHTOpHHrT KapcTHHX H3lAHCKHX BOJL y HajBehoj MepH HHje 
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npucyTaH HH je yCHOCTaBJbEH Ha HHBOJy jeJHe rojuHHe 3a moTpeOec Hiapaje ojipebeHux emnaOoparTa, 
cryJuija, mpojekaTa, Tako Jla ueCTO HHCy JOCTyIHHe HH(popMatije O BeHMuHHH CJIHBa, pe3epBaMa 
HOJeMHHX BOJLa (}HHHaMHuKC H CTaTHuUKC, aKO HX MHM42), OHJaHCy HOJUEĆMHHX BOJLA, HT/L 3a 

JoOujabe oBHx HH(popManuja morTpeOHa cy neTaJbHa xHjnporeonornika HcrTpaxxXHBaha H JIyroTpajHo 
mpahemwe acrHuatba H3 KapcTHHX Bpela. 

Uecr cnyuaj je Ja, HaKO je yCHOCTaBJbCH MOHHTOpHHrT HcCTHHAH>a Ha HEKOM KapCTHOM BPeJIy, 
cCaMa CJIHBHa HOBPIHHHa OBOT BpcJa HHje HOKpHBCHa KHIIOMČpHHM, THUIyBHOrpa(bCKHM OJIHOCHO 

METEOPOJIOIIIKIM CTaHHIIAMa. Pa3jIOr OBOME je uHMeHHila Ja KapcTHa Bpena JIpeHHpajy yr:aBHOM 

KapcTHe HaHHHCKe MaCHBC KOJH Cy IIOHeKAJL TEHIKO IHIpHcTymnauHH H HeHaCeJbeHH, TaKO /A JIO 
nojane cojntapHHx maHejma H JUHrHTaJIHHX ayTOMaTCKHX MeTCOPOJIOIIKMX CTaHHIIa, HHje OHJto Moryhe 

OcMaTparTH rinyBHorpa(DCKH pexXHM OBHX OOJacTH. V OBHM CJIyuajeBHMa, YKOJIHKO HMaMO JIOBOJbHO 
Jiyre OcMaTpauke HH3OBe HCTHIAH»5a KapCTHOT BpeJa, a HeMaMO no/laTaka O najlaBHHaMa (KHIIH H 
(opMupamby cHe;xHor IIOKpHBaua) noOcTOje CTaTHCTHdKC MeTOJIĆ KOje HaM Mory moMohu Ja nobeMo 
Ha HpHMep JIO HH(popMaliHja Jla JI Ce paju O BOJIHHM HJIH CyIIHHM TOJUHaMa, 32THM O KaKBOM jc 

Bpejty peu, HTJL. Je,nHa 0J1 OBHX MeTOJLa je H ayTokope;tanHoHa aHajmH3a. 
TIon ayrokopenatnjoM ojipa3yMeBaMO yrTHIaj CHyuajHO IpOMCHJbHBe X Ha caMy ceOec a 

BpeMEHCKH HOMAaK y H3HOCy 0J 1, 2, 3, ..., n. Hajuenthe kopuniheH BpeMeHCKH KOPAK je jejaH /laH, 
MebyTHM, Moxke OHTH H H3pa)KeH y Ce/IMHHaMa, JleKajlaMa, MeceIlHMAa, ... V xuporeonoruHjH kapcrTa 

Hajuemihe ce KopHcTH KOJI aHaj1H3a pexxiMa HCTHILAH5a KapcTHHX BpeJa, a 3aCHHBa Ce Ha uHHSCHHIIH 
fa naHanitba, OJIHOCHO TpeHyTHa BpeJIHOCT HcCTHILAH5a  KapCTHOrT BpćJIa je yCJIOBJbeHa jyucpalıHbOM 

Bpe/IHOCTH, 3aTHM Bpe/JIHOCTH 3a0OeJIe;KČHOM TIpe /JiBa, TpH, ueTHpH JlaHa, HTJL. JauHHa Be3c H3Meby, 

Ha OBaj HauHH (bopMuHpaHHx cepHja Jne(buHutmie ce y3 noMoh koe(puujeHTa Kopenanuje , a Hapa3 
KOJH KOpHCTHMO 32 M»=erOBO OJIpebunBae je cneanehu [4, 5]: 

n-k 

Ž0 -a„)-(ka -) 
TŽJG O7 

rne cy: n - yKymaH Opoj OCMOTpeHHX no,jaTaka, Y ,- Cpe/Uba BpeJIHOCT y30pKa H Y, BpeJIHOCT 

a 
_n-k 

„= ()) 

cnyuajHO HpOMCHJbHBE y TpeHyTKy f={i+k. 3aBHcHOcCT MOOMHjeHHX BpejHoOCTH Koec(puuujeHaTa 
Kopenanuje 3a pa3nMuMTc BpČMCHCKC IMIOMAKC y (DyHKNHMjH BpČMČHCKMX MOMaKa Ha3HBaMO 
ayTokopentorpaMoM. Koe(nujeHrT Kopenanuje Ha BpeMEHCKH IIOMAaK O MMa BpejiHOcT l, a HaKOH 
Tora 38 BpEMĆHCKH HOMAaK 1, 2, ... OBa BpeJiHOcT Onaja JIO O, o)HOCHO MO;KeE OHTH H HeraTHBHa 

(reopuHjcka MaKcHMajHa HeraTHBHa BpčjHOCT Koc(pMujeHTa Kopenanuje MyHoOcH -l). 3a cepujy 
KOJy aHajlH3HpaMO Ka)KEMO Jl je ayTOKopejpanHoHa JO TpcHyTKa JOK BpejHOCT Koe(pHijeHTa 
Kopenanuje He mocTaHe Maba oJ 0.2 (r' < 0.2) [6]. 

Haruo ayrokopemorpaMa 3aBHCH Ha IIDpBOM MeCTy OJL pexHMa napaMerpa 2X ojH ce 
aHannanpa, Op3HHe M»eroOBOr HnOpacTa OJIHOCHO najla, KaO H OJL OJIHOCa alICOJIyTHO MaKCHMAJIHC H 
MHHHMAaJIHC perHcTpOBaHe 3aOećIe)keHe BpejHOCTH OBOr mapaMcrTpa. IIro je oBaj OJIHOC OJIM:KH 
jenHunuu To je cremeH Meby3aBHcHocrH BehH a ayrokopemanoHa (pyHKuja MMa OJaxH HarHO, 
Tako a 3a OBy CepHjy Ka;KEMO a MMa JUyroTpajHy MeMOpHjy H J CJIyuajHO IIpOMČHJbHBC 
BeJmuHHe aHanti3HpaHe cepHje Cy MebycOOHO yCJIOBJbeHe H IIOBe3aHčc. 

Y oOpHyToM cMyuajy Kama je OBaj ojmHoc 100 w Buute, MMaMO ayTOKOpeOrpaMe CTpMOT 
Kapakrepa [5]. 3a cnyuaj Kaja cy ayTOKopenorpaMMH MH3y3eTHO CTpMOT KapaKTepa, Ka)KEČMO JMa je 
aHannaHpaHa cepHja Oca MeMopuHje, a je HeaaBHcHa H a HHje ayTOkopemanHoHa. Takobe, Ha 
pexkXHM KBaHTHTaTHBHHX H KBajiHTaTHBHHX HmapaMeTapa yrHue H THH/BpcTa najlaBHHa (CHer, KHIIa), 

3aTHM M.HXOBa yueCTaJIOCT H MHTeH3HTeT. Jlajbe, OJL MeTECOpOJOMLIKHX mapaMeTapa je H 
TeMIIepaTypa Ba3nyxa OHTHa H TO TOKOM 3HMCKHX MeceLuH IipejJia3ak H3 HeraTHBHĆC y IO3HTHBHYy 

TeMnepaTypy yrMuc Ha OTamaM»cC CHC;KHOT MIOKpHBadua, a TOKOM IeHe TOJMHC yTrHuc Ha 
egBanorpaHcnupamjy [7, 5|. 
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'Y KOHKpETHOM cCilyuajy, 3a moTpeOe mpHKa3a HOMeHyTHX aHajtHaa OJLaOpaHa cy TpH KapcTHa 
Bpejta, jejiHo THIIHuHO rpaBHTaNHOHO BPpeJIO — BpeJIO Batbe KoJi IIerHutne, H jeJUHo THIIHHHO y3J1a3HO 

Bpeno — AHJnpuha Bpeno koje npeHupa HcTOuHe JIeJIOBe 3maTHOopa H Bpeno BocHe Koje je rakobe 
acne/leHTHO / y3HMa3HO anH Ce HajBehHM JIHOM mpHxpaHyje Ha pauyH OTamaMba CHC)KHOT 
mokpHBaua. HauaH acrHuamba Kao H rpaxpaMb»HBaMa je cBakako OHo npHopHreTaH rpH ojaOnpatby 
OBHX KapcTHHX Bpela. 

2. OTrIUITE KAPAKTEPMCTMKE OHABPAHMX BPEJIA 

Kapcrau cHMcreM Bpema Bame HamasM ce y saamamHoj CpOujH, y HenocpeyHoj (OMH3HHH 
MHcrpax;kHBaukKe cTaHHiie IlerHHma H y/laJbeHO je BaH/LyIIHOM JIHHHJOM OKO 7 km y npaBy MCTOK- 
jyroHcrok. HajMopcka BHcHHa cJiHBa Kpehe ce oju 181 mnm (kora HcrHHaba Bpena Babe) na o 

Hemrro Majto npeko 600 mnm. Hajnehu Jneo cniBHor mojipyuja BarpabeH je 0);, MaCHBHHX Kpeubbaka 
cpejuber TpHjaca KOjH Cy jeJHHM JIČMOM IIOKDHBCHH MMHONCHCKHM CČJIMMCHTHMa KOje dMHHC 
manopiu H IpBeHH OHTyMHHO3HH HIKpHJbIH., OJU OJUeMHMHX, HajaHauajHuja je IlerHauka mehuHa 
Koja yjejlHO H Hpe/iCTaBJba MECTO IIOjaBJbHBatba Bpena Bame. Ha caBy Bpena Baba rpucyTHa cy 
JiBa HOBpIHHHCKa BOJUOTOKa: J3jarap KojH nOHHpe y nmoHopy IlehypMHe H ByKOBMK KojH mpaTH 
JHHHjCKH IIipaBalı nojaBJjbHBaHba BpTadua H HIOCTeIIĆHO ryOH BOJIy JIO TpeHyTKa Kajla KOpHTO ocTaje 
noTnyHO CyBo |8, 5|. Ha Bpeny BaWbe ycnocrTaBJbeHa Cy pe)KHMMCKa OCMaTpalba KBaHTHTaTHBHHX H 
KBajnTaTHBHHX mapaMeTapa 1991. romwHe M Tpajama cy 10 ronwHa. IHro ce TMue MHcrHmama 
KapcTHor Bpeja, MHjana30H Cpe)Ube TOJUHHIHR5HX BpejnHOcTH cc Kpehe y HHTepBamy o/ 109.7 I/s 
(2000. rojwiHa) na o 252.3 l/s (1996. ronHa). Cpe;uba BHimerojiHitba BpeJIHOCT HcTHIAHba BpeJa 

Bame 3a OcMaTpaukH nešmon MHqHoOcH 173 l/s. MakcMMamHa 3aOemexkeHa JIHeEBHa KOJIHUHHA 

MHCTeKJIHX BOJa je 1.090 m /s (30. jya. 1999)[8]. MaruMajnHa HajnantHocr je 3aGeJtexxeHa y H3HOCy 
oji () I/s aa paanora imro je OBO BpeJ1IO HHTepMHTCHTHO. 

Kapcrnu cHcreM Anjipuha Bpeata ce Hana3H y sanajiHoOM JLeny PemyOmake CpoOuje u mpeMa 
ajMHHHCTpaTHBHoj mojenni npunmaja TepuropujH 3aaruGopa. HaBope Ha 490 mnm y kopury pekKe 
TIpumraBHue H TO Ha CaMOM H3HMayy IIpHurranHne H3 KJHCype, a y Hemocpe/uHoj OnH3HHMH cena 
PasHu. Y nepHojy MoHuropuHra (1995-2004) cpejubi rojuHuttbH IpoTok AHnpuha BpeJta H3HOCHO 
je 1.157 m'/s. AncoyrTHH MAaKCHMyM je 3.417 m'/s, aaOemeenH y anpMmy 1996. rojaHe, a 
ariCOJlyTHH MHHMMyM (.287 m“/s saGenexkeH aprycra 1998. IlosHaro je ma je cnMB MarpabeH O, 
KapOOHCKHX IHCaMHTCKO-IIČJIHTHHX CejMMeHaTa, TpHjackHx KapOoHaTHMx (popManuja, jypckHx 
Hacumara JujaGaaa H poxkHata H KBaprapHHx ceJlHMeHara [09]. 

Kapcrnuu cHcTeM Bpemna BocHe Haja3H Ce y HeHTpaJIHOM JMeny BocHe M XepneroBHHe, y 
HIOJHO:;Kjy rumaHHHa HrMaH M BjemammHma, a y Henocpe/Hoj OmHM3MHH CapajeBa. MHraH H 
Bjenamnurtma rnpe/icranJbajy JBe JJOMHHaHTHe recOMOP(bonoitike IteJ1HHe Ha HCTpa;KHOM IIpOCTOpy, ca 
HaJIMOpCKOM BHCHHOM Koja JOcCTH;ke 2067 m, KOJIHKO H3HOCH HajBHIHH Bpx MrMaHa. Mnyhu Ha 
CeBep, HaJIMOpCKe BHCHHC CC CMaM»yjy, CBČ JIO 476 m, KOJIHKO H3HOCH XHIHICOMCTpHJCKH HajHMH>Ka 
Tauka Ha HCTpaXKHOM TepeHy. KnMMa cHHBHor mojpyuja je M yCHOBJBĆHa OBHM TJIaHHHCKHMM 

MaCHBHMA, TaKO JlA Ce HCTpa;KHO TIOJIpyuje OJUIHKYyje OHITpMHM H JUyTHMM 3HMaMa Ca IIDpHCyTHHM 

3HauajHHjHM CHC;KHHM IOKPpHBaueM KOjH je TOKOM IIOje/UHHHX rOJUHHa IIpHcyTaH H ro 10 Mecenu Ha 
HajBHIIHM KOTAMa CJIHBa a J(COJbHHeC (bOpMHpaHOT CHC;KHOT HOKpMHBadua TOKOM 3HMCKHX MCCĆIUH 

uecTo rnpena3e 2 ma H 3 Merpa. Y nepHojy MoHHTopuHHra (2010-2019) cpejuibi rojuHuibH HpoTOK 
Bpejna BocHe aaHocHo je 5.48 m”*/s. AncojtyTHH MaKCHMyM je 21.6 m”/s, 3aGenexxeH y janyapy 2010. 
TOJUHHE, 2 arlCOJ1yTHH MHHHMYM 1.27 m?/s aaGene>xkeH y okroGpy 2000. royjiie [10]. 

3. IPMKA3 ROBMJEHMX PE3y]JITATA CA nMCKyCMJOM 

AyrokopenatnuoHa aHajtH3a pex;kHMa HcTHILAH-a IIpHMĆHbyje Cc IIpBO aHajiH30OM yKyTIHOT JIOCTyTIHOr 

mepnoj/ta, IIITO y KOHKpeTHOM CJIyuajy KOJI CBa TpH BpeJIa H3HOCH OKO 10 rojuHHa, a 34THM 34 CBaKy 
KajieHJIapcKy MJIH XHJIpOJIOMIKy TOJMHy NHOHaOcoOO (l. okroOap mperxomHe — 30. cemreMOap 
aHajnn3aHpaHe rojWHe). V KOHKpeTHOM cCiIyuajy ayTOKOpeorpaM yKyrmHor nepHo/a H onaOpaHHx 
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KHIIIHHX H CyIHIHHX TOJUHHa 3a BpeJIO Babbe je naT Ha canHm 1, 3a AHJpuha Bpejto Ha cHH 2 H 3a 

Bpemo BocHe Ha cHnMIH 3. YnopejHOM aHaHM3OM JOOMjeHMX peaynrara mpHKa3aHHX 

ayrTokopentorpaMa 3a yKyrnaH repHo/L jacHo ce BH/UH Ja je (byHknuja ayrokopenanuje BpeJa Babbe 
3HaTHO CTpMHjer KapakTepa y OJIHOCy Ha NoOHjeHe 3a AHJipuha Bpemo H BpeMO BocHe, Koja je 
nocutenuna pexxHMa HcTHIaM»a. AyTOKoOpeJtorpaM AHjJipuiha BpeJta HMa BeJIHKy ayTOKOpeJIaTHBHOCT 
cepHje HcrHHaMa, OJIHOCHO MHMAa JIyry MeMOpHjy cepHje Koja Tpaje 66 maHa H pegaynrar je 
penarHBHo yjenHaueHor pexKXMMa HcTHHAM-a OBOT BpeJIa (O)IHOC Qmax : Qmin = 12 : 1). Hacynpor 

OBOMČ, ayTOKOpeJo0rpaM Bpeta BaMe je 3HaTHO CTpMHjer KapakTepa, rJjie 3a KOpak 0JLO no 5 aMa 
Koe(QuunjeHre Kopenanuje mpeKo 0.4, a HakoH Tora Mewba HarHO ayTokopemorpaMa na BpejIHOCT 
Koe(punujeHTa Kopennanuje monmako omajajy CBE JO KopaKa o 100 maHa Kaja 7 MMa BpeJIHOCT 

HČLITO MaJIO HH:Ky OJ 0.1. 
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Cuuka 1: AyrokopenorpaMu Bpeta Babbe 3a yKyrHH rtepH0JL (JIČBO) H 3a CyIIIHy H BJIa)KHy TOJUHHy (JIČCHO) 
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Cuuka 2: Ayrokopenorpau An;jipuha Bpejna 3a yKyrtHH nepuoji (J1eBO) H 34 CyIIIHC H BJIA)KHC TOJIHHC (JIČCHO) 

CrauHu o0;ik ayrokopenorpaMa ce JoOHja H aHaj!H3OM CIIpOBEJIČHOM 32 HHBOy KajIČHJIApCKeĆ 
rojHHe. OHO TO je KapakTepHcTHMuHO 34 CyHIHc TOJWHHC je a ayTOKOpejpiOrpaMH MHMajy Behc 
Bpe/HOCTH y OJWHOCy Ha oOHjeHe aHajM3OM yKymHor nepHoma. TauHuje, cepuja je OOJbC 
ayrokopenucaHa, a MeMOpHja cHcTeMa JIyxker Tpajabba. OBO je HapouMTO H3pa;KeHO KO,L Bpea 
Bame, rae Koe(anujeHT ayrokopenanuje 3a CyIHHy rOJWMHy 34 BpeMeHCKH HOMepaj ojL 100 maHa 
HMa BPČ/IHOCT H JIAJbe BHHIy OJL 0.2 OK HCTa BpeJIHOCT 3a yKyHnHH IIepHOJI H 34 HCTH BpČMĆHCKH 

moMepaj H3HocH 0O.05. CmMwuHa curyanwja je M Koj AmpuMha Bpema, M a omaOpaHe BE 
KapakTepHcTHuHe CyIIHe TOJWHHe JOOHjaMO a je ayTOKOpeJpaTHBHOCT CHCTEMa CBe JIO 79. maHa 
(2000. ronuHa) ojiHocHo ayka o 100 maHa (3a 1997. ronuHa). V cyurraHu, ayroKopeJnorpaM 3a. 

1997. ronaHy rnpaTaH ayTOKoOpeJI0rpaM 34 yKynHH IiepH0o)i y IIpBOM /eJty, aJ1H HaKOH 63 naHa JOJ1a3H 
Jo nopacra Bpe/jiHocTH 7' Koja je HajBepoBaTHHje pe3yJTTaT CHe;KHMHX majlaBHHa KOJE Cy CcC y BHJIy 
CHeXKHOT HIOKpHBaua 3ajip;kame Ha CJIBy OKO Ba MeceHa a HaKOH TOTA /IOHHJIO je JO H>HXOBOT 
oranaWa OJHHOCHO IIpHxpaHM»HBaHba KapCTHHX H3JAHCKHMX BOJA dHMC je OMO JO mopacra 
xujiporpaMa. /Jlyx;ka MeMopHja KoJI ayTOKOpeJIOrpaMa KOjH Cy KapakTepHcTHuHH 30 CyIIHe TOJUHHC 
cy peaynrar pe)xkHMa HcTHHAH5a TOKOM OBHX /IyxKHX mepHoja Oc3 manmaBHHa, TJe H /OJIA3H JIO 
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MeMbalba pexxHMa HcTHIaMa, TauHHje HMa OJtarH TpeHyi onmajamba, a HcTHHaAHe CC BpIIH Ha pauyH 

nocrojehax nHHaMHukHXx pe3epBH (bopMHpaHHx y KapCTHOM MaCHBy. 
Hacynpor oBoMe, ojaOpaHe cepHje KapakTepHcTHuHe 30 BJI;KHy TOJWHHy KOJL ODa Bpeja 

ykayyjy na cy MeMopuje cepHja 3HaTHo Kpaher Tpajabba: Koji Bpena Batbe MeMopuja cepHje HJIe JIO 
7 naHa a Koji AHnpuiha Bpena une no 25 (2002. ronaHa) ojHocHo 52 naHa (2001. ronana). Kpahe 

MEMOPpHje Cc MOTy OOjacHHTH UdHM-ČHMHIIOM Jl je npMHxpaMHBaHbe MH3yjaHH Ha pauyH majaBHHa 

3HauajHHje H peJtaTHBHO KOHTHHYy1JIHO TOKOM BJIa;KHHX TOJUHHA, HIITO y3poKyje KpeTabbe IIOJ]GGeMHHX 

BOJIA KpO3 IyKOTHHe H KapcTHe cHCTeMe Behux pasMepa. Ilocnejuna oBora je Op3a mponaranuja 
majaBHHa Iiirro peayarrHpa 0p3 H Har;1H, CKOpO CKOKOBHT HIOpacT XHJiporpaMa HcTHILaMb4a. 

Ha o6a ayrokopenorpaMa KapakrepHcTHuHHX BJIaJKHHX TO,UHHa KOJL AHJipuha Bpena npacyraH 

je MK KOjH ce jaBjba 2001. roxuHe HakoH 40 maHa, ojuHocHo 2002. ronuHe HakoH 78. maHa. O6a 

mHKa cy mocnejna Beh HOMeHyTOr OTamakba CHC)KHOT HOKpMBaua, KOjH je (DOpMHpaH TOKOM 
3HMCKHX MECCILIH. 
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Cuauka 3: Ayrokope;torpaMu Bpelnna BocHa 34 yKyrnHuH repHo/i (JIČBO) H 3a CyIIIHe H BJIa;KHC TOJUHHĆC (JIČCHO) 

lilro ce rHue Bpena BocHe, ayrokopenorpaM yKyrHor nepuoj/ta cauHor je HarH6a Kao H KOJI 
Ananpuha npejma, mrro ykayyje Ha uHPbeHHILy /La je H BpeJIo BocHa Bpejto yamnaaHor THma HCTHIAHa. 

Hemrro kpaha MeMopHja cHcTeMa Koja HJIe JIO 47 naHa, OJIHOCHO HeImTO CTpMHjH ayTOKOpeJIOrpaM 
HaM TOBOPH Jla je aMnuuTy/la KoJteOabba HCTHHAMA, OJIHOCHO OJIHOC Qmax:Qmin Behu, urro a jecre 

cnyuaj. IIpemaaHuje, ojiHoc Koju 3a AHnpuha Bpejto HaHocH 12:1, koji Bpenta BocHe HaHocH 17:1. 
MebyTHM, OHO IHTO H3jBaja OBO BpeHO je ayTokopemamMoHa aHajnMH3a HOjeJUHaduHHX TOJUHHa. 
TauHuje, oBJle noOHjaMo ayTokope;torpaMe uujH pe3yarraTH cy y cyripoTHocTH ca peyynTaTHMa KOje 
CMO JIOOHJIH 302 CyUIHC H BJIB;KHĆ TOJUHHeC AHaJIH3OM HCTHHaAH5a Bpema Bame H AHnpuha Bpenma. 

Zlake, IO HCTOM IHIpHHLHIIy, 0J140pajiH CMO TIO JIBC THIIHUHO CyIHIHC H KHIIHC rOJUHHC. IIo npaBH;Iy, 
KOJI CyHIIIHHX rOJUHHa CHCTeM OH TpeOajo Jna HMa JUy;Ky MEMOPHjy, IIITO y KOHKpeTHOM CJIyuajy HHje 
cnyuaj HH sa 2015. romaHy Kaa je MeMopHja Tpajaba 27 maHa, HH 34 2012. romMHy KaMma je 
MeMOPHja HelIIITO JUyOKer Tpajatba (44 maHa), anu je anak Kpaha oJl Tpajabba MeMopHje cHcTeMa 3a 
ykyrnHu nepuo/i (47 naHa). CnuHa cHryamuja je H ca KHHIHHM TOJUHHaMa, yMCCTO Jla JIOOHjeMO 

aHaTHO Kpahe MeMopHje Kajla cy y HHTaH»y BJIA;KHeE TOJWHHc, 3a OnmaOpaHy KHmiHy 2010. ronaHy 
MeMOpHja cHcTeMa je Tpajaba HJIČHTHUHOT KaO H KOJI yKynHor mepHoja (47 maHa), a aa 2013. 
rojHy je uaK 58 maHa miTo je 11 maHa /Uy;Ke HerO 3a yKyIIHHH TIIepHOJL y npWHJIOr OBOME TOBOpH 

upHibeHHna Jl npHxpatbHBatbe KapcTHOr Bpena BocHa je Ha pauyH OTanaM»a CHe;KHOT HIOKpHBaua. 
TIMkoBH KOjH Cy IpHCyTHH Ha XHJIpOrpaMy BeJIHKHX BOJIA HHCy yrjaBHOM mociejiHma KHuIa, Beh 

oTanaMba CHC)KHOT HOKpHBaua MJIH KOHHINUHJUHpaHe/HCTOBpeMeHe mojaBe oTamatba cHera H mojaBa 
Kuiiia jauer HHTeHaHTeTa. Kako oranaM»e CHC)KHOT HOKpHBaua yrJ!ABHOM HJIE IIOCTETIIČHO (y IIHTaAH»y 

Cy BHCHHC CHC)KHOT HOKpHBaua KOjC JIOCTH;Ky JIČOJbHHC H IIDpČKO 3 m TOKOM 3HMCKHX MCCCIH), 
TaKO MMaMO H TIOCTEHĆHO HIpHXpaHb»HBaMbe OB KapcTHe H3aHH. Peaynrar oBora je jA TOKOM 
mpojntehHHx MeceIlH HMaMO yrJTaBHOM jeJlaH HJIH JiBa HapaxkeHa mopacTa xH;iporpaMa KoOjH y OKBHpy 
ceOe HMajy BHime (pDopMHpaHHx IIHKOBa KojH Cy HocJIeHHIa TeMIepaTypa y rpojnehHHM MecellHMa, 
OJIHOCHO 3HaduajHHjH CKOKOBH TeMIepaType yrHuy Ha 3HauajHuja H Opxxka oramaMĐ»a CHcra JIOK 
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ocuunantije OKO () yrHuy yryaBHOM Ha OTamaM»Č CHC;KHOT HOKpHBaua y CBOJHM /JIOH5HM /IeJIOBHMa 

KOJH CČ y OKBMpy KapcTHMX TepeHa MHH(pHnTpHpajy y IOJGCMJbE M Ha OBaj HauMH BpIHIC 
npuxpatbHBaMbe H3JlaHH. 

4. SAKTbyuAK 

3a cnuBoBc Koje JpeHHpajy KapcTHa Bpea, deCTO, 3OOr HeHaCećJbĆHOCTH OBHX /IeJIOBa HeMaMO 
JOoOpy noKpHBeHOCT KHIIOMEĆpHHM/METCOpOJIOIIIKHM CTaHHILAM4, TaKO JA je y OBHM CJIyuajeBHMa 
HeMoryhe HyppmiirH aHanHay yrHmaja majnaBHHa (KHIIa H CHer) Ha pc)XHM HcTHHAHM»a KapcTHHX 

Bpena. yKOJIHKO HOCTOjJH MOHHTOpHHT pe;KHMa HcTHHAH5a KapCTHOT Bpejla, MOTy Ce HpHMĆČHHTH 
ayrokopenannHoHe aHajnn3e caMOr pexXHMa HcTHIAHM5a. C THM y Be3H, ayTOKOpenannoHy aHajm3y je 
TIOTpeOHO H3BpHIHTH 34 yKyIHH JIOCTyrIHH IIepHO/L, KaO H 34 CBaKy KajJIČHJIApCKy rOJ1HHy HOHaOCOO. 
AyrTokopenorpaMH ykynHHx IepHojla HaM MOTy yKa3aTH O KOM THIIy BpeJIa je peu (rpaBHTallHOHO 

MNM y3jHa3HO) JOK ayTOKOpeJIOrpaMHM CBaKC TOJUMHC MIOje)MMHaduHO HaM MOTy yKa3aTH ca H jc 
rojHa OMa cymHHa, BJapkHa Ca (DOpMHpaHHM CHe;KHHM IIOKpHBaucM HJIH Oeć3 Meera. Ha kpajy 
HanoMHtIbeMO JLa TpeOa OHTH 00a3pHB y JIOHOIICHby 34KJbyduaKa KOJI BpeJIa Koja ce HajBehHM JIeJIOM 
npaHxpatbyjy Ha pauyH oranaM»a CHe;KHOT IIOKpHBaua. 
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