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PREFACE 

Dear operational researchers, 

It is with great pleasure that we present the proceedings of the 51st Symposium on Operations 

Research - SYM-OP-IS 2024. The past 50 years represent a great responsibility and a benchmark for 

further efforts in the development of the field of operations research. 

The main organizer of this year's symposium is the Faculty of Technical Sciences of the University 

of Novi Sad. From its inception, SYM-OP-IS has been a hub for scientific dialogue, knowledge 

exchange, and networking among researchers, professionals, and enthusiasts in operations research. 

Since 1974, when the first symposium was held, up to the present day, this event has attracted more 

than 13,000 authors who have presented the results of their research through over 10,000 papers. This 

impressive legacy attests to the achievements and impact that SYM-OP-IS has achieved throughout 

its history. 

This year, we proudly announce that the proceedings include 103 papers written by 270 authors. Each 

paper represents not only the result of individual research and work but also a contribution to the 

community and a better understanding of the problems addressed by operations research. This year, 

the papers are organized into 24 sections that explore different aspects of this discipline. 

In memory of the late operations researcher, Prof. Dr. Milorad Vidović, a recipient ofthe Charter and 

a member of the Program Committee, his biography is presented at the beginning of the proceedings. 

We want to thank all the authors, participants, reviewers, and the entire organizational team for their 

dedication, knowledge, and time invested in making this symposium successful. 

May this collection of papers be an inspiration and source of knowledge for all of you. Through 

diverse topics, ideas, and approaches, we believe that everyone will find something that motivates 

them to further research, learn, and contribute to the advancement of operations research. 

AII papers in the proceedings belong to the category of original research papers. 

TYours sincerely, 

Editors: 

Igor Džolev 

Nenad Medić 

Vladimir Mučenski



TIIPEJIF OBOP 

l[pare KOJICTHHHIIC H KOJICTĆC, OTIICpaliHOHH HcTpax;KHBauH, 

Ca BeJIHMKMHM 3jaJlOBOJBCTBOM BaM IIpe}iCTaB)baMO 3OOpHMK PpaoBa ca 51. CHMNHO3HJyMa O 
OonepatiHOHHM HcTpa;KMBaMbHMa – SYM-OP-IS 2024. TIiperxonHux 50 rojuaHa rpe}icTaBJba BEJIHKy 

OJITOBOpHOCT H PperItep 3a JaJbe Hanope y pa3Bojy oOmacTH onepanHoHHx HcTpa;KHBaMba. 

IraBHH opraHH3aTOp OBOTOJUHIHH5CT CHMTIIO3HJyMa Je ĐaKyJTeT TexHHuKHX HayKa VHuHBep3HreTa y 

HopBoM Cajny. 

Ohn caMor mouerKa, SYM-OP-IS je cyxxo Kao meHTap HayuHor Mmjaora, pa3MeHe 3HaMĐba H 

HIOBC3HBaMba  MCDy „Hcrpa)kHBauHMMa, INpo(pecHoHamniMMa H „\đ“eHTy3HjaCTHMa OepaLlHOHHX 

HcTpaxXuBaMba. OJ 1974. ronuHe, KaJta je IpBH CHMIIO3HJyM OJIp>KaH, Ia CBe JIO JlaHaC, OBAaJ CKyII je 

npuHBykao BHie oJ 13.000 ayropa Kojt cy rpejicraBH-H pe3yJTaTe CBOJHX HCTpa;KHBaFba KpOo3 BHIIHC 

oJ 10.000 panonBa. OBo uMrnpecuHBHo Hacintel)e cBenouH o nocTurHyhuwMa H yTHmajy Koje Je SYM-OP- 

IS ocrBapHo TOKOM CBOJe HCTOPpHJe. 

One roJuHHe Ca IIOHOCOM cCa0!rıITaBaMO Jla 30OOpHHK 00yxXBara 103 pajna, koje je Ranmacajmo 270 ayropa. 

CBaKH paji Hpe/icCraBJjba HcC CaMO pe3ynTaT HcTpaxkHBaMba H paja mojeDmHma, Beh H JIOHIDpHHOC 

aajenHHIH H OOJbBEM pa3yMeBabby ripo0JteMa KojHMa ce OapBe onrepaniHoHa HcTpaxXHBalba. OBe rojlHHe 

pajloBH cy oOpraHH30OBaHH y 24 ceknHje Koje HcTpaxKyjy pa3nHuHTe aCIIČKTE OBC JUHCIIHIIJIHHC. 

V sagHak cehama Ha npeMHHyior omepanMoHor HcTpaxkMBaua, mpoQ. mp Muznopama Bunonpuha, 

Jo0OBrHHKa IIoBcJbe H untaHa IIporpaMckor o,6opa, Ha OueTKy 30OpHHKAa je rmpe/iCTaBJbeHa ĐerOBa 

OgorpaQHje. 

OKemMMo Ma cc 3aXBaJIHMO CBHM ayTOpHMa, yucCHHIMHMa, PeHH3CHTHMAa KaO H IIČJIOKyIIHOM 

OpraHH3aIMOHOM THMy Ha IIpeyaHOCTH, 3HaHb»y H BDpCMCHy KOJE Cy yJIOXKMJM KaKO OM OBaj 

CHMIIO3HJyM OHO ycrieImaH. 

Heka oBaj 30opHuHK pajioBa Oy/te HHcnupanuja H H3BOp 3Haba 34 CBC Bac. Kpo3 pa3HOBPpCHe TEME, 

MAleje H IpHcTyne, BEpyjeMo Ja he cBaKO IIpoHahH HeIITO IITO Ta MOTHBHIIH J1a J1aJbe HCTpa>Kyje, 

yuu H JIOoripHHocH yHanpel)ePy OrtepariHoHHX HCTpax)KHBaMa. 

CnBH paJtoBH y 300pHHKy ripHrajajy Kareropuju opHrHHajnHor HayuHor pajla. 

C notmroBabbeM, 

'VpejiHHrH: 

Hrop IIojteB 

Hengajt MeniHh 

BnaniMiup MyueHckH 
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IN MEMORIAM 

Prof. Dr Milorad Vidović 1957-2023 

On Monday, September 4, 2023, at the age of 67, Dr. Milorad Vidović, a graduate traffic engineer, a 

full professor at the University of Belgrade – Faculty of Transport and Traffic Engineering, a longtime 

member of the SYMOPIS Program Committee, and a recipient of the Charter for Merits in the 

Development of Operations Research in Serbia in 2019, passed away. 

Milorad Vidović was born in Zemun in 1957, where he also completed elementary school. He 

graduated from the "Nikola Tesla" Secondary School of Electrical Engineering, specializing in 

electronics and automation, in Belgrade. He enrolled in the Faculty of Transport and Traffic 

Engineering at the University of Belgrade in 1977 and completed his studies at the then Department 

of Integral and Industrial Transport in 1984. He completed his postgraduate studies at the Faculty of 

Transport and Traffic Engineering in 1991, defending his master's thesis titled "Development of 

Procedures for Technological Shaping of the Loading Dock." 

He earned his Ph.D. in technical sciences at the Faculty of Transport and Traffic Engineering in 1998, 

defending his doctoral dissertation on "Possibilities for Improving the Performance of Logistics 

Systems by Optimizing the Operational Planning of Certain Classes of Material Handling Processes." 

He was appointed as a teaching assistant at the Department of Cargo Handling Technology, later part 

of the Joint Department of Logistics, at the Faculty of Transport and Traffic Engineering in 1987. 

After that, he was elected to all associate and teaching positions at the same department, culminating 

in his appointment as a full professor in 2011. 

Milorad Vidović's professional engagement began during his studies when he was employed as an 

associate in the preparation of studies and projects by the Department of Integral and Industrial 

Transport. After completing his studies and military service, from 1985 to 1987, he was re-engaged 

by the Department of Integral and Industrial Transport as an external expert associate in the 

preparation of studies and technological projects. 

Professor Vidović's scientific interests were primarily focused on the application of quantitative 

methods, with a dominant role for operations research methods, in solving a wide range of problems 

related to the implementation of logistics processes. His passion for research resulted in a strong 

research enthusiasm, which is evident from the fact that during his career, he published over 150 

papers, some of which appeared in top journals on the JCR list. He was a reviewer for many of the 

most influential journals in the fields he worked in, a longtime member of the program committees 

of several conferences (including SYMOPIS), and the author of four university textbooks. 

Professor Vidović's immense research enthusiasm was also reflected in his work with younger 

colleagues. Throughout his career, he was a mentor for several dozen undergraduate, master's, and 

magister's theses and six doctoral dissertations. However, what distinguished his work with doctoral



candidates was that his mentorship did not only involve directing and supervising the candidates but 

also collaborating on model development, programming, testing, and writing papers. 

During his career, he developed exceptionally strong cooperation with foreign universities and 

institutes. At the Department of Industrial Engineering of the National University in Busan (South 

Korea), in 2000, he lectured on several courses related to logistics processes at the undergraduate and 

master's levels. During his stay at the Korea Advanced Institute of Science and Technology (KAIST) 

in 2001, he taught a modified course on "Logistics Systems Design" to doctoral and master's students, 

primarily focused on the application of modern metaheuristics, fuzzy logic, and multi-criteria 

decision-making techniques. From 2004 to 2008, he was engaged as a visiting lecturer at the 

postgraduate studies of the Department of Logistics at the University of Economics in Izmir (Turkey). 

In addition, he delivered several guest lectures at universities in Bremen (Germany), Žilina 

(Slovakia), and Bari (Italy). He was also a leader and member of project teams on several international 

bilateral projects with universities from Slovakia, Italy, and Slovenia. 

An inseparable blend of science and practice is one of the most significant professional characteristics 

of Prof. Milorad Vidović. In this sense, as the leader and a member ofresearch teams, he participated 

in the implementation of over 100 projects and studies, some of which were international. 

Professor Vidović's role in academic life was not limited to scientific and professional work; 

throughout his career, he was involved in numerous management structures at the University of 

Belgrade and the Faculty of Transport and Traffic Engineering. From being the head of the Computer 

Center of the Faculty of Transport and Traffic Engineering, to being a member of the Council of the 

University of Belgrade and the Council of the Faculty of Transport and Traffic Engineering, the Board 

of Scientific Fields of Technical Sciences of the University of Belgrade, to the position of head of the 

Joint Department of Logistics, where he was at the time of his death. 

Apart from his broad technical education, expertise, dedication, and inexhaustible energy, Prof. 

Vidović will be remembered among his colleagues and acquaintances as a great connoisscur of 

mountaineering, mushrooms, poetry, and photography. 
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IN MEMORIAM 

Tipodb. ıp Munopaji Bunonuh 1957-2023 

V noHe/eJbak 4. cemreMOpa 2023. romaHe, y 67. roOnHHH )KHMBOTA, HpeMHHyo je mp Munopajn 

Bunonuh, nunzn. aH>x. cao0Opahaja, penoBHu rpobecop VHHBep3aarera y Beorpany — Cao0pahajHor 

(akynrera, ayroronmmu unaH IIporpaMckor onoopa SYMOPIS-a u Hocunan IIone-be 3a aacityre 

y pa3Bojy orepanuHoHHx HcTpaxxHBaMbaa y Cpouju 2019. 

Muznopajn Bunonuh, pobeH je y 3eMyHy 1957. rojuaHe, ryie Je 3aBpIHO H OCHOBHY IIIKOJIy. Cpeyuby 

eHeKTpOTeXHHuKy IHKONMy "HukKoma Tecma" — CMep CJIČKTDOHHKC H ayTOMaTHKC 3aBpmmMo je y 
Beorpany. Ha CaoO0pahajnu dQakynmrer VHuBep3urera y Beorpany ce ymmcyje 1977. romuMHe, a 

crynuje Ha TajambeM OJCeKy 3a HHTerpajliHH H HHJIyCTpHJCKM TpaHciopT 3aBpmana 1984. Ha 

Cao0pahajHoM (Qakynrery 1991. romMHc 3aBpMMHO jc HIOCJIČHHILJIOMCKeE CTy,QHje, OJIOpaHHBIHH 

MaTrHCTapcKy Te3y HOJU Ha3HBOM „Pa3Boj mocTymaKa 30 TeXHOJIOHIKO yoOnHuaBaM= IIpeTOBapHor 
(pponra”. 

3Bame JOKTOpa TexXHHuKHX HayKa creKao je TaKolje Ha Cao0pahajHoM Qakyarery — 1998. ronmaHe, 

onOpaHuBmmi OKTOpcKy mucepramMjy Ha TeMy „MoryhHocrH moODGojbmama mep()opMaHcH 

JIOTHCTHUKHX CHCTECMa OIHNITHMMH3aALIUHJOM ONICpaTHBHOT IIIaHHpaHMba HCKMX KJaca IHIpeTOBapHMX 
nripoteca”. 

V aBape acHcTeHra ripHnpaBHHKa Ha Karenpu 3a TexHomorujy pyKOBaMba TepeTOM, KacHHJje JIeJIOM 

3npyxxeHe KkarTejipe 3a mnorHcTHKy, Cao0pahajHor (bakyarera H3aOpan je 1987. romaHe, a HakoH Tora 

Je OHpaH y cBa capajiHHuka H HacTaBHHuKa 3BaMba Ha HCTOJ KaTeJIipH, 33aKJbyuHO Ca H3OOpOM y 3BaBbC 
penoBHor rpodecopa 2011. ronmaHe. 

IIpodecuoHa:Ho aHraxxkoBabe Munopana Bunonuha, nouambe y TOKy cTy7UHja Kajla Je KaO aIICOJIBCHT, 
oJ crpaHe Ojiceka 3a HHTerpajJiHH H HHJUyCTpHJCKH TpaHCIIOpT, aHTa)KOBaH KaO CapaJIHHK Ha H3pajiH 

crynuja H rpojekara. HakoH 3aBpmerkKa cry,yija H OJCITy)KePba BOJHOr pokKa, y nepuojy 1985-1987. 

TOJHHC HOHOBO je aHraxKOBaH OJL cCrpaHe OjceKa 3a HHTerpaHHH H HHJUyCTDHJCKHM TpaHCHOPpT y 
CBOJCTBy CIIOJbPber CTpyuHor capajiHuHKa Ha H3paji cTy)lHja H TeEXHOJIOHIKHX IIpojeKaTa. 

HayuHa HHTepecoBama rnpodo. BunonBuha cy Ouaa ycMepeHa IipHMapHo Ha IIpHMeHy KBaHTHTATHBHHX 

MeTOJIa, MeDy KOJHMA CBaKaKO JIOMHHaHTHy yJIOTy HMajy MCTOJIĆ OHIepariHOHHX HCTpa;KHBaMa, y 
pemanBamby ImHpokor crtieKTpa Iipo0ateMa Be3aHHX 3a peanaanujy JOrHcTHuKHX IIipolteca. JbyOaB Ka 
HcTpaxKHBaMby je 3a HOCJIeJUHIIy HMaJIa BeOMa H3pa;KeH HcTpaxkHBauKH CHTy3HJa3aM, Te He uy)H a 

je y ToKy KapHjepe o0jaBHo npeko 150 pajioBa, oJ KOJHX HEKH y BDpXyHCKHM uacornHcHMa ca JCR 

JmcTe; a je OHo petlteH3cHT y BEJIHKOM Opojy HajyTHmajHuHjHx qacoruca H3 00JtacTH KOJHMa ce OaBHO; 

Ja je OHO BHmIeroOJUHHIMH ujHaH IIpOrpaMCKHX O,(OOpa HeKOJIHKO KOH(pepeHriuija (Meby KojHMa je H 

SYMOPIS); na je ayrop uerHpH yHHBep3HTeTckKa yIIOeHHKa... 

OrpoMHH HcTpaxxuBaukH cHTy3Hja3aM rnpodQ). BuanonBuha ce orzenao H y pajly ca MJIaljHM KOJIčraMa. 
V cpBojoj KapHjepH je OMO MCHTOp y MH3panH HCKOJIHKO JCCCTHHa JIHIIIOMCKMX, MaCTEp H 
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MarHcTapckHx pajloBa H 6 NOKTOpcKHx HuHceprTanuja. Mel)yTHM, OHO IIO MueMy Ce H3/IBajao y pajty ca 
JoKTOpaHnHMMa je TO a MCHTOpCKHM Ppaj HHje HOJpa3yMeBaO CaMO YyCMepaBambe H KOHTPOJIy 
KaH/JuaTa, Beh H aaje/HHuKH pajl Ha pa3BHjaMby MOJIa, HIporpaMHpaMby, TecTHpabby H HHCaMby 

pa/loBa. 

TOKOM KapHjepe MMaO jc H3y3CTHO pa3BHjeHy capajRby Ca CTpaHHM yHHBCp3HTeTHMa H 
HHcTHTyTHMa. Ha OJceky 3a HHJUyCTpHJCKO HH?KePbepcTBo HaruoHajtHor VHaBep3aurera y BycaHy 
(JyxxsHa KopeJja) 2000. romune je npokao npenaBaPa Ha HEKOJIHKO KypCceBa Be3aHHX 32 JIOTHCTHUKC 

TIpOnieCce Ha OCHOBHHM H MacTep cTy)WjaMa. TOKOM OopaBKa y KopcjcKOM HHcCTHTyTy 34 HayKy H 
TexHomoruHjy "Korea Advanced Institute of Science and Technology (KAIST)", 2001. ronmae, 

CTyJICHTHMa JIOKTOpcKHX H MacTep cTy/Hja Jip?)KXao Je MOnH(DHKOBaH Kypc "Logistics systems design" 

yrJaBHOM yCMCpcH Ka IHIPDHMCHH | CaBpeMCHHX MeTaXcypHcTHKa, (Q)a3H JIOTHKEC H TeXHHKa 
BHIHKDHTeEpHJyMCKOr OJUIyuHBaMba. V mepmomy om 2004. no 2008. romMHe aHraxoBaH je Kao 

rocryjyhu rpenaBau Ha HOCJICJUHIITOMCKHM cTy/HjaMa OjceKa 3a JOTHCTHKy VHMBep3MTeTa 3a 

CKOHOMHJy y MsMHMpy (Typcka). IIopem rora, MMao je BHmIC rocTyjyhMx rrpenaBaba Ha 

yHHBep3aHTeTuMa y BpeMeny (Hewmauka), 2KunaHaMa (CiroBauka) u Bapnjy (Hrazmnnja). Ys ro, Oao Je 

PyKOBO/IHIaIL H uJIAH IHDOjJČKTHHX THMOBa Ha BHHIC MCDyHapojiHHx OHMaTepajiHHx npojekaTa ca 

yHHBep3HTeTHMa H3 CroBauke, Hranuje H CaroBeHuje. 

HepackuiHBH croj HayKe H IIpaKCe je jeyHa OJI Haj3aHauajHHJjHX IIpO(DeCHOHaJIHHX KapaKTepHcTHKa 

npob. Munopana BunoBnHha. V ToOM cMHcCIIy, y y1103H pyKOBO/JlHoOma H uJtaHa HCTpaxKXHBauKOT THMa 
yueccTBOBaO jc y peam3anujH rHpeKo 100 npojeKkara H crynHja, OJL KOJHX Cy HCKH OBHNH H 

Mel)yHapoJiHH. 

Vnora npobecopa BunonBHha y aKkajeMCKOM »KHBOTy HHje OMJa OrpaHHueHa CaMO Ha HayuHH H 
crpyuHuH paji Beh je y CBOjoj KapHjepH yueCTBOBaO y HH3y ylipaBJbaukHx CTpyKTypa yHHBecp3HTeTa y 
Beorpany M CaoOpahajnHor dQakymrera. OJ pykoBomuoma PauyHapckor meHrpa CaoOpahajHor 

(Qakynrera, upeko Canpera VHuBep3uHrera y Beorpany M Capera CaoOpahajHor Qakymrera, Beha 

HayuHuHx o0OnacTH TexHHukHX HayKa VHuBep3urera y BeorpaXy, o Mecra me(a 3npyxkeHe KaTeJnpe 
38 JIOTHCTHKJ, Ha KOJCM Ta je H 3aJlecHJIa CMPT. 

IIopeji mnpokor rexHHukor o0pa3oBaba, crpyuHOcTH, IIOCBehcHOCTH H HCHCIIPIHOJ cHeprHjH IIpo(D. 
BiuanonHh he Meby KojteraMa H Io3HaHHHHMa OcTaTH yrlaMheH H KaO BCJIHKH JbyOHTCJb H HO3HaBaJlalı 

TinaHHHapch54, TJbHBa, IOC3HJe H QororpaQnuje. 
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Peyauwe: Jogek je o06ajkada je nokyuaeao da npoHalje nauuHa Oa npeoOeuo0u oopebene nojase y npupoou. 

Kako cy „byOcke nHaceo0une yena6Ho Oune 6e3anHe 3a o0ane peKa, npeOukuuja nonnas6e je Ouna oO 6eJlukoo 

snauaja 3a MbeH onmcmaHak. Kacnuje, pa3eojeM uueunusauyuje, a HapoOuumo ca MHOyCMpDUJCKOM u 
mexHojotukow pegonyuujo, omnouuhbe ce ca pa36ojeM ooOpelbenux ooena KojuMa ce Ha OCHOGy y/a3HUX 
kKoMnoHenmu cpauyHada užnasHa GenuuunHa Koja je oO uhmepeca, a y o6oM cyuajy je mo npomuuaj UJMU 
ao0ocmaj peke unu us6opa (6pena). Hajjeonocmasenuju Mooenu cy Mooenu koju ce Ga3upajy Ha 6uuiecmpykKoj 

peopecuju, a mo cy aymopeopecuonu (4R), kpocpeopecuonu (CR) u aymo-kpocpeopecuonu ooenu (4RCR). 

4ymopeopecuoHu woOenu Oajy Oo0pe pesyamame KoO epena ca y3nasHuM munoM ucmuuaba, OoOK KOO 

opasumauuoHux, uuju peoicu yenaeHoM 3aducu oO njayeuoopadpckoe peoicuMa IbežoGo2 ChuaHo2 noOpyuja, 
nompe0Ho je yk;byuumu y Moden u no0amke o na0aauHaa, mako Oa y o6y cepxy je Raj0o;be Kopucmumu 

4RCR wooene. Kako o6u ooe)nu yK-;byuyjy peanhe cyMaphHe epeOnocm naoaduna, a He edpekmuane na0aaunHe 

(0eo vkynnux nadOaguHa Kkoju npuxpatbyje u30aH) uecmo moko cyuuux nepuoOa o6u MoOeJu He Oajy 

Haj6o.be peayamame. Paanosu cy mu 0a moKkow nemibux nybyckoga Hajaehu Oeo oaux naOagunHa ujtu ucnapu 
unu ce mpouu Ha HaOoKkHaljueatbe 3eM/;buuuHe Gnaee, mako Oa A4RCR wodoenu kopuuhehbeM cy,apHux 

Oneanux nad0aeuHa 3a0eneoiceRux moko cyuux nepuooa Oajy Kao u3xnas nopacm Ha xuOpoopawy, Ook ce y 

npupooOu mo He Oeuasa. /la 6u ce oge opeuwke yabune, nompeOHo je kopucmumu A4RCR wooen ca 

nokpemuHuw npoceuuwa. V paOy cy, nopeO meopujekux ochođa o0a A4RCR wooena Oamu u pe3ynmamu 

do06ujenu Iouxo6o0M npuMeHoM odux MoOelma 3a nompe0e cuMynauyuje ucmuuatba kapcmHoze Gpena Pujeke 
IIpnojeeuha u Tf ocmubckoe apelna 

Kayune peuu: peoicu, kapcmno 6peno, ucmuuyatbe, aymokpocpeopecuoHu MoOe;t 

4bstract: Man has been trying to find ways to predict certain phenomena in nature since time immemorial. 

4s human settlements were mostly tied to riverbanks, flood prediction was of great importance Jor its 

survival. Later, with the development of civilization, and especially with the industrial and technological 

revolution, the development of certain models begins, which, based on the input components, calculate the 

output quantity parameter that is of interest, and in this case, it is the flow or water level of a river or spring. 

The simplest models are models based on multiple regression, namely autoregression (4R), cross-regression 

(CR) and auto-cross-regression (4ARCR) models. 4utoregression models give good results Jor springs with 

an ascending type of discharge, while for gravity springs, whose regime mainly depends on the 

pluviographic regime of its catchment area, it is necessary to include precipitation data in the model, so fJor 

this purpose it is best to use 4ARCR models. 4s these models include real total precipitation values, and not 

efjective precipitation (part of total precipitation that feeds the output parameter), ofien during dry periods 

these models do not give the best results. The reasons for this are that during summer rains episodes, most of 
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this precipitation either evaporates or replenishing soil moisture, so that ARCR models, using the total daily 

precipitation recorded during dry periods, give as output an increase in the hydrograph, while this does not 

happen in nature. To reduce these errors, it is necessary to use the 4ARCR model with moving averages. In 

the paper, in addition to the theoretical foundations of both 4ARCR models, the results obtained by their 
application of these models for the purposes of discharges simulating of the karst spring Rijeka Crnojevića 

Gostiljsko spring are given. 

Keywords: regime, karst spring, discharges, autocross regression model 

1.yBon 
3a norpeOe cMMymamuje nmporHmaja peKa MJ HcTHIAM»ba H3BOpa H BpeMa, KaoO H 3a KpaTKOpoOuHc 
TIpOrHO3C HAajJEMHOCTAaBHHjJH MOJICHH KOJH CC MOTy y OBy CBpXy KOpMCTHTH Cy MOJICH KOjH CC 
OasxuHpajy Ha BHmecTpykoj perpecMjH, a To cy ayroperpecMoHu (AR), kpocperpecMoHuM (CR) w 
ayTo-KpocperpecHoHu MoJenmi (ARCR). Kojn Bpena ca y33-1a3HHM THIIOM HCTHILaP4, TJIC je pe)KHM 

HcTHIAFba peHaTHBHO yjejHaucHOr KapaKTepa, ayToOperpecHoOHMHM MoJenn majy MOOpe pe3yimraTe. 
Kon rpaBMTaHNMOHMX, UdMjH pe)XKMM yTrHaBHOM 3aBHCH OJL IUTyBHMOTrpa(DCKOr pe)XKMMa M-CTOBOT 
CJIHBHOT HOJ1pyuja, H KOJI KoOjHx jJe uecTo peaknuja cimBa H TpaHcQopManuja rmajlaBHHa y HcTHHAHC 
BeoMa Op3ao (Op3 mopacr H nam XHJIporpaMa), y CHMyaLMOHH MOJICI, yMCCTO H3/AHIHOCTH 

nmoTpeOHo je ypBpcTuru nojlaTKe O najaBHHaMa, TaKO JlA y OBy CBpXy KOpHCTHMO KpOCperpecHoHc 
Monene. M Ha Kpajy, HajOoJbe pe3ynTaTec KOJU rpaBHTaHMOHMHX Bpea Majy ayTO-KpOCperpecHOHM 

MOJICJIH. 
3a norpeOe rpHMeHe OBHX MOJIeJIa OJLaOpaHa cy JiBa rmHoT monpyuja, JeXHo je Bpemo PuHjekKc 

IipHojeBuHha a npyro je FocrHJbCKO BPpcJIO. 
MoHuropuHr I ocrHJbcKor BpcJIa 3ajJeiHO Ca BeJIHKHM BPpeJIOM, AHJuHha BpeJIOM, Bpe1tOM Bane 

u Tomuimmutne (Beno Bpeno) je ycnocraBjbeH 1995. romaHe o crpaHe PXM3 CpoOnje. Ha cBHM 

TIOMECHyTHM BpćCJIHMa BpIICHa Cy OCMaTpaMba 3aKJbyuHO Ca MapTOM 2006. ronaHe, CTHM Jla je TOKOM 
2004. ronuHe OIIO Ha CBHM BPpeJMMa JO TpOMeceuHor IpeKuja y OCMaTpabHMa (OKTOOap, 

HOBCMOap H MemeMOap)|1]. Cpeube rojamipa H3MamIHOCT OBOTr BpeMa H3HOcHIa je O.126 m3/s, 

CTHM Jla je MaCKHMaJIHa JIHCBHa H3JaHIHOCT 3a0c)Ie)KcHa BHiIec HyTa H H3HOCHima je 610 1/s, nog je 

ariCOJlyTHH MMHHMHMAaJIHH HipoTHMHaj y M3HOCy OJL cBera 10 |/s perMcrpoBaH y HepMo/ly aBTyCT - 
okTo0ap 2003. ronuHe [2]. /lakne, OJHOC MaKCHMAJIHE H MHHyM4aJIHC H3JIAHIHOCTH 32 OCMaTpaukH 

nepuoji HaHocHo je 61:1. CraBHo nojipyuje OBor Bpena rpHrajma rnnaHHHCKOM perHoHy 3aarGopa 

a HaJUMOpcKe BHcCHHe cc Kpehy ojr 830 mnm (Kora HcTHIaH542 I OCTHJBCKOT BPe:12), ma JIO BHCHHEC OJI 

oKo 1.500 m y namamHoOM menmy mnojpyuja HMcrpa;xkMBaPa. V okBMpy pa3MarpaHor mojpyuja 

TIpHCyTHe Cy JOM»OTpHjacKe CTCHC TIpc}ICTaBJbeCHC KBapIHHM KJIACTHTHMA H IIpe]1a3HOM KJJACTHUHO 
– KapOOHaTHOM jeHHHILOM, IIDČKO KOJHX JIC)KC KapOOHaTHC CTCHC KaMTIIHJICKeC CTapoOcTH. CpeJubH 
TpHjac dMHC OaHKOBHTH H MAaCHBHH KpčuPalH KOJH Cy Ha NOBpMIMHHM TepcHa H3pa3HTO 
KapcTH(pMKoBaHH. OBH KpcuPbanu rpena3c y ropbeM /ley y CJIOjeBHTe JIO OaHKOBHTeC Kpeubakc H 

JOHOMMHTHUHC KpcuMbaKe. TpuHjac ce aaBpmaBa CHpy}HMM KpćuPamMMa. IIpeko TpHjackHX 
Kpeubaka H JIOJIOMHTA JIC)KH 3J12THOOpCKH HepH/IOTHTCKH MacHB |2]. 

CxOJIHO TCOJIONIKHM KapakTepHcTMKaMa, y OKBHpy CJMBHOT HNO/jpyuja IOCTMJbCKOT BpeJa 
npucyTHa cy NBa THHma H3/aHH, KapcTHMH H HyKOTHHCKH. IIyKOTHHCKM THH H3MaHH jaBJba Cc y 
OKBHPJ CeIITEHTHHHTA a KapcTHH THII H3JlaHH je pa3BHjcCH y OKBHpy TpHjacKHXx Kpeubaka KOJH Cy y 
3anajHOM JJIy HCTpaxKHOTr HIpOCTOpa HOKDMBCHM IIOMCHyTHM CepHcHTHHMTHMMa. Ja morTpeOc 
HupMMeHe CR w ARCR Monmema HoMam O JHCBHHM CyMama maaBHHa mpey3eTH cy ca 

MeTeopoiromikKe craHHie 3tarH0op. 
IIIro ce rHue Bpcna Pajeke LIpHojeBHha, OCHOBHC HH(popMatnuje O OBOM BPcIIy JlaTe cy y pajy 

JTIipuwena kpockopenmauyuoHe aanu3e usO0awnocmu dGpena ca UU/beM pa3yMeđalba KapcmHux 
xuopoozeonotukux cucmeMa HcTe rpyne ayTOpa KOjH cc HaJ1a3H y OBOM 30OpHHKy. Hy oBor paanora 
OBA Hehe OHTH peuM O OBOMC a HC OH MOJO JO HpeKmamaba HHdQbopMauuja. OBJIe heMO 

HaIIOMCHyTH CaMO Jla Ce pauyHcKuH IIepHoJt OJHOCH Ha mepuoji 2015-2020. ronaHa H a TOKOM OBOr 
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TepHo/la OJIHOCOH aHCOJIyTHO MaKCHMAJIHOT H MHHHMAJIHOr HcTHIaMa Bpema Pujeke IIpHojeBHha 
MaHocHo je 2160:1 [3]. 

2. TEOPMJCKE OCHOBE 
Monnen BHMHIcCTpyKe HHHcapHe perpecHje je Hajuemhe IpHMeHMNHBaHH MOJKII 302 CHMy1aLlHje, 
OJHOCHO TIpoOrHO3c OJroOBapajyhMx cHyuajHO TIIpOMCHJBMBHX BCJMUMHA. VKOJMKO NOCTOJH 
3aBHCHOCT jCHC IMHOJaBC y (DyHKIMjH JBC HH BHIHC HC3ABHCHHX HOjaBa, OHJa CC TOBOpH O 
BHIIeCTpyKOj JIHHcapHOj perpecHjH. YcrocTaBJba Ce 3aBHCHOCT H3MCDy 3aBHCHO IIDpOMCHJbHBC } H 

He3aBHCHHX HpOMCHJbHBHX ,, Ž,, ... X, Ha OCHOBy KOjHX ce MoOHja cHMyIanuja 3ABHCHO 

TIDpOMCHJBHBC MJIH H-CHO TIpenBHDbap=e Bc3aHO 3a OJjroOBapajyhHM BpeMcHCKH mepHoJL. IIloMeHyTa 
3aBHCHOCT je naTa perpeCHOHHM MOJIČIOM O0nuka [4]: 

FooP,+Po u +y X +..+/0 X i +č (1) 

Te cy: 

'A – 3aBHCHO IIDOMCHJbHBa i -TOr pe}a, 

X; – He3aBHCHO IIDOMCHJbHBa / -TOr pejna, 

/. – HeHO3HaTH KOe(bHiHjeHTH BHIIeCTpyKc perpecHje, 

e; – cyryaajHa rpemka. 

IIpMMCHOM «„MCTOJĆĆ HajMaĐHX „KBampara cpauyHaBajy cc HeHO3HaTH Koč()HIMjeHTH 
BHIIecTpyKe perpecHje a jenHauuHa (1) no0nja cnenehui o0BkK: 

y=a+b,x,+b,:X,+...+b, X (2) 

TMe Cy }y - pauyHcKa BpeC/UHOCT 3aBHCHO IIDOMCHJĐHBC; d, ,, P,... Đ, n – cpauyHaTe HyMepHuKe 

BpeJIHOCTH KOe(bHnujeHaTa BHIIecTpyKe perpecHje. 

3a norpeOe cHMMymanuje (rpopauyHa) HcrHIAMba HM3 KapcTHHX MaCHBa UCCTO CC HpHMeMyjy 

ayrToperpecMoHH MOJIeHM - AR Mojenu rye 3aBHCHO HpOMcHJbHBa je Q), - HporHO3Ha BpcJUHHOCT 

HcTHIAFba y TDpcHyTKy f, a He3aBHCHO IIpOMcCHJbHBC O, ,, Q , ...Q, „ cy Hcrumanpa a 1, 2, ... & 

TIipeTXOJiHHX JlaHa. OJIHOCHO y KOHKPETHOM ciIyuajy jenHaunHa (2) noOuja cnenehus oOnak [5]: 

O,=a+b·O, +b'·OQ, +..+b·OQ,, () 

rae cy a, ,, b,... b, napaMeTpH MOJIeJIa. 

IIo McroM npuHimy 34 OBE mOTpcOc ce MOTy IIpHMcHHTH H KpocperpecHoHH MojJeJn — CR 

MOJICJIH, TJIČC je 3aBHCHO IIpDOMCHJbHBa O, raKolje nporHO3HO HcTHIHAM=C y TpcHyTKy f, a He3aBHCHO 

TIIOMCHJbHBC Cy P_,, P_,...P t-n majaBHHe 3a for 1, 2, ... 1 IpeTxoJHHx JaHa. Cajna jenHauuHa (2) 

JoOuja caneneha oOnak: 

O,=a+b' B, +b, ·B +...+b,:P_, (4) 

rne cy a, b,, b,... b, rakobe napaMeTpH MOJIeJIa. 

H Ha kpajy Hajuenihe ce KOpHCTe KOMOHHOBaHH MOJICHH KOjH OOjenHMy]jy rpeTxo/Ha nBa (AR 
g CR wojnenai = ARCR) rako a jenHauntHa (2) nocraje: 

O,=a+b:O, +..+b ·O, +e B +o:B.+..+c, R (5) 

Te cy a, ,, b,... b,, Cy, Cy... C, Takobe mapaMeTpH MoJIema. 
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3. PE3yJTTATM 
3a norpeOe cHMynanuje H KpaTKOpOuHHX HporHO34a HcTHHaMa I OocrHJbcKor BpcMa HcKopHiiheHH 
Cy HOJALH O JIHCBHHM CyMaMa HanaBHHa OCMOTpCHHM Ha MCT. CT. 3jytar0op H TO 32 OCMaTpaukH 
mepHonm 1995 - cemreMGap 2004. rojMHe, MOK Cy 5304 CHMyIauHjy HcrHHaMa BpeMa PuHjeka 

IipHojeBHha kopumiheHu nojaru o nanaBHHaMa OCMOTpEHHM Ha MeT. cT. Ilername 3a nepaoji 2015- 

2020. 3a one norpe0e rpuHMetbeHa cy cBa TpH MoJtema AR, CR a ARCR, a ro 3a_ AR u CR ypabenu 

Cy MOJICIIH KOjH yKJbyuyjy y ceOe jenHy JIO CelaM He3aBHCHHX IIDpOMCHJbHBHX, JIOK KOJ) ARCR ce 

MIHJIO OJL Bc JIO OCaM He3aBHCHHX IIDOMCHJBHBHX. CTMM y Bc3M Ha cHHH | marHM cy mHjarpaMH 
JoOuHJjeHHX KoeQHnuujeHaTa Kopcanuje KOJH yKa3yjy Ha UBDCTHHy BC3C H3MeCDy cpauyHaTHx H 
OCMOTPpeHHX HcTHIaFPba aHaJmiaHpaHHx BpcJIa H TO 34 CBaKH IIDHMCH»5CHH MO/ICII (JeBH JUHjarpaM CC 
omHocH Ha Bpenmo PujeKe IipHojeBnHha a mecHM Ha TocTMJBCKO BpemMO). 3a morpeOc ymopeHor 

ripHkaja noOuHjenuMx pe3ymrara, Ha ajarpaMuMa 2 H 3 narH cy AR u CR cay-annoHuH MOJIeJH ca 

yKJbyuHBaHbCM CCJIAM HC3aBHCHHX IIDOMCHJBMBHX H TO 3a OOa Bpca, MOK je Ha crMIM 4 marT 
cHMynanHOHHM MoOJIeMm ARCR ca & HeaaBHCHMHX CJIyuajHHX IIDOMCHJbHBHX (4 He3aBHCHC KOJC CC 

OJIHOCC Ha H3JIaHIHOCT BPpCJIa H 4 KOje Ce OJIHOCeC Ha JIHCBHC CyMC IIa1aBHH4). 
| || 
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Cunka 4: Vnope/H mujarpaMH cpauyHarHx (KopunuheReM ARCR wojnieza ca 8 He3aBHCHHX 

TIpOMECHJbHBHX) H OCMOTpcHHXx HcTHIaM5a 3a Bpeno Puijeke IIpHojepBHha ()recHo) H F ocTHJ5CKO BPp6eJIO (JIČBO) 

3. BMCKyCMJA CA 3AKTbyukOM 
AKO HnOcMaTpaMO pey3ymTaTe npMKa3aHec Ha CHŽMHI ], MO)KC CC jaCHO BHA/ICTH JMa KOeč(bMrjeHTH 
Kopenantje HMajy Kon AR Mojena 3HaTHO Behe BpcIHOCTH KOJI TocrHJbckor Bpecna (r + 0.95) y 

OJHOCy Ha JOOHjeHE HIpHMCHOM HCTOT MOJICHA KOJI H3HanIHOcCTH Bpeca PuHjeKkc IIpHojeBHha (r * 
0.95). V npMnor OBOMC TOBOpc H JWijarpaMH HIpHKa3aHH Ha CNMIMH 2 TJIĆ CcC JaCHO BHJIH a jC 

ripeKnmarnnaPbe OCMOTpcHHX H CpauyHaTHX H3JAHIHOCTH KOJI F OCTHJBCKOT Bpea CKOPpO HJIcaJIHO, JIOK 
KOJI Bpena Pujeka IpHojennha nocroje aHaTHe pa3atiKe HapouHTO y JIOMCHy BeJIHKHX BOJa. Paanor 
CBCMJy OBOME je Taj HITO je pe)XHM H3JamHocTH Bpcua PujeKe IIpHojeBHha 3HaTHo HeyjejiHaucHHjH, 
TauHuHje Op3c M CKOKOBHTC HDOMCHC pc)XMMa HcTHHIAM5a OBOT BpemMa yTMHHajJIc Cy Ha TO Ma je 
MeMOPpHJa cHCTeMa 3HaTHO Kpaha, OJUHOCHO BpeMcHcKa CcepHja HcTHIAHM>a OBOT BpeJIa peaTHBHO 
Opa3o nocraje He3aBHcHa (HaKoH 6 naHa). Ca npyre crpaHe, KoOJI l OCTHJBCKOT BpćeJIa pexXHM je JIOcTa 

yjenHaucHHjH IHTO MMa 32 HOCeNBMIIy a je MCMOpHJa CHCTCMa 3HaTHO JIyxa y OJIHOCy Ha 
TIpeTXOJIHO BpeMO (aHaJ!H3OM yKyrHor mepHoma JOOMjeHO jce a MCMOpHja KapcTHOTr CHCTeMa 
H3HOCH OKO 45 MmaHa) [2]. 

HenocrojaHu pexxHM HcTHIaba Bpena Pujeke IpHujeBHha je nocnenuHna caMor THIa HcTHIIAF5a, 
(rpaBHTanHOHH THII) TaKO Jla JC OBO BPpCJIO IHIOJ1 3HadajHHJHM yTHIJCM IIIyBHOTpa(DCKOr pe)XHMa 
oBe oOmacrH. Ca nmpyre crpaHe, CJIMMBHO Nmojpyuje KapcTHor BpeMa TocTMJbeE jc JCJHMM JIČJIOM 
TIOKDHBCHO TIICpH/IOTHTHMAa H HCTHILAFbC jC J(CIIMMMUHO TIOJL IIDHTHCKOM Ha Ta yKa3yje M OJIHOC 
MaKCHMAaJIHC H MHHHMAaJIHC 3aOcenexxeHe HymanrHocTH. Hy oBor pa3mora HMMaMO CaCBHM CyIIpOTHy 
caryaunjy Kon CR onnena, rauHuje koe()unujeHru Kopenanuje Koji PajeKe IIpHojenHha cy 3HaTHO 
Behu (BpeHocTu Hy oJt 0.77 no 0.87), nok Kojt Trocruxbckor Bpeza ce Kpehy oJ 0.1 no 0.22. H oBo 

ce JaCHO BHJUH Ha CJIHIIH 3, r)ie KOJI Bpeznta PajeKe LIpHujenHha HMaMo 3HaTHOo 0oJPba rnpeknarnanma y 
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JIOMEHy BCJIHKHX BOJILA aJ1 3aTO y JIOMCHy MaJIHX BOJIA HMaMO BeJIHKa OJiCTynaa. Pasanor je na CR 
MOJIĆII TpaHC(bopMHIie CBaKy KOJIHUHHYy JIHCBHHX HajlaBHHa y M3JaHIHOCT IHTO HHje yBK CJIyuaj, 
TauHHJC TOKOM JICTH.HX MecelMH HajBchH JČO JIHCBHMX MHajaBHHa KOjc NMOCIHCJy Ha CHNMHB Bpena 
Pujeke LIpHojeBuha aHcnape, Tako Jla y TOM repHoJly HeMa ropacTa 3a0eJte)XeHoOr xXHJUpOrpaMa JIOK 
MOJICII maje Kao H3na3 mopacT. Takobe, nanaBHHe y BHJIy CHera KOje (bopMHpajy CHe;KHH HOKpHBau 
Ha caBy, CR mojnen rpaH(bopMume y HcrHnmame y TpeHyTKy Kajla Cy HajlaBHHC 3aOcJIe)KCHC, JIOK 
yrumaj OBHX HanmaBHHa Ha HcTHIIAPbC je Ca BDpČMCHCKHM IIOMaKOM KOJjH 3aBHCH OJL TeMHICpaTyHOTr 
pexxHMa caMo o0nacTu. 

M wa kpajy peaymrrarHu Koje cy mamu ARCR Monmenm KOJU TOcTMJBCKOr BpeMa Cy CNMUHH 

Jno0OujeHHM AR MojnenoM. Paanor je noMeHyTa uHbcHHita la je KOJI OBOr Bpema nyra rponmararmuja 
manaBuHHa H a je (popMHpaHa M3maH J(CIIMMMHUHO TIO, IIpHTHCKOM. OJIHOCHO KOJI OBaKBHX BpeJIa 
(yamasHa MI acHeyeHTHa BpcmMa) yBobepme mamaBMHa KaO Hc3aBHCHC IHIDOMCHJbHBC Hc yTHuc 
OJIHOCHO HC Jaje OoJbe pe3ymraTe y OmnHOcy Ha AR wmojen. Ca npyre crpaHe, Koj Bpena Pajekc 
TipHojeBHha HMaMO H3y3CTHO BHCOKC KOec(pHnujeHTe Kopemamje H3 pa3mora mrTo je pcaknuja 

xujnporpaMa Ha najaBHHc CKOpO HCTOBpeMcHa (JemaBa ce yHyTap jenHor maHa). Kako a AR naje 
penarTaBHo Jno0pe peyyzarrare, xa0OpniHH MoJtem ARCR naje aHaTHo GoJbe pe3ynraTe, OJIHOCHO KOJI 
oBor THHa Bpema (rpaBHrarnMOHa MJI MecHencHTa) MOOpo je HpMMeHHTH CBa TpMHM MoOJIeMa a 3a 
cHMyaanuje H KpaTKopouHe ripenukiije ripenopyKa je kopHcrari ARCR wojnene. 

Kao 3aKJbyuaK MO)KCMO OBJIC HaBcCTH a HajBehec rpemiKe cc jaBJbajy H3 pasHMora jep OHH 
yKJbyuyjy peaHmHe CyMapHc BpeHHOCT majaBHHa, a Hc C(pčKTHBHC mHamaBHHC (JICO yKyHHHMX 
nanaBHHa KOjH IpHxpabyje M3maH). Jlakme, moTpeOHoO je OJL yKyHHMXxX mamaBHHa OJUy3cTH JIĆO 
najaBHHa KOjH Ce TpoImH Ha HcCHapaBalbe, 3aTHM JICO KOjH Ce TpOIIH Ha HaJlOKHaljHBaRbe 3CMJBHIHHC 
BJare H JleO mnanaBHHa KoOjH yTHuc Ha (DoOpMHPpatbe HOBPpIIHHCKoOr OTHIAaja (3a cnyuaj la IIOCTOjH H 
TIOBpIIHHCKH OTHNHaJ). Tako ma ARCR MojenH KopHumheMmeM CyMapHHX JHCBHHX mMajnaBHHa 

3a0eJTe)KCHHX TOKOM CyIHIHHX TiepHojma Jajy Kao H3Ma3 mopacT Ha XHJIpOrpaMy, /IOK Ce y HIpHpoju 
TO Hc memanBa. Jla OM ce OBc TpemIiKe yMaMiNe, mOTpeOHo je KkopHcruru ARCR wmoamem ca 

TIOKpETHHM TIpOCCIHMa. 
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