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PREFACE

Dear operational researchers,

It 1s 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 Vidovic, a recipient of the 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 successtul.

May this collection of papers be an inspiration and source of knowledge for all of you. Through
diverse topics, i1deas, and approaches, we believe that everyone will find something that motivates
them to further research, learn, and contribute to the advancement of operations research.

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

Yours sincerely,
Editors:

Igor Dzolev

Nenad Medi¢
Vladimir Mucenski
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MPEJATOBOP

Jlpare KOJIETUHUIIE U KOJIETE, ONIEPALMOHN UCTPAKUBAYH,

Ca BeIMKHM 3aJI0BOJbCTBOM BaM MpeJacTaB/bamMo 300pHUK pajgoBa ca S51. Cumnosujyma o
onepaunoHUM UcTpakuBambuMa - SYM-OP-IS 2024. IIperxoananx 50 roauHa npeacTaBiba BEIIHKY

OJTOBOPHOCT M pPenep 3a Jajbe HAIOPE Y Pa3B0Ojy 00IaCTH OMEPAIMOHUX HCTPAXKUBADHA.
['1aBHM OpraHM3aToOp OBOTOJMIILET CUMIIO3UjyMa je DakyaTeT TeXHUUYKUX HayKa YHUBEpP3UTETa Y
Hosom Cany.

On camor mouetka, SYM-OP-IS je ciyxuno kao LICHTAp HAy4yHOI AWjajiora, pa3MEHE 3Hama U
moBe3WBama Mehy wucTpaxkuBadmma, IMpo(ECHOHAIIMMA MW CHTY3MJaCTUMa ONCpalMOHUX
uctpaxupama. On 1974. roguHe, Kaga je IpBU CUMIIO3U]YM OJApPXKaH, A CBE 10 JaHAC, OBA] CKYII |
npuBykao Buiire of 13.000 ayTopa Koju Cy NpeACTAaBWIIN PE3YITATE CBOJUX UCTPAKMBaHKka KPO3 BUIIIC
on 10.000 pagmoBa. OBO HUMIIPECUBHO HACJIehe cBeqouM 0 IOCTUrHyhuMa u ytuiajy koje je SYM-OP-
IS ocTBapro TOKOM CBOJ€ UCTOPH]E.

OBe roJiMHe ca MOHOCOM caoITaBamMo Ja 300pHuK ooyxBara 103 pana, koje je Hanmucaso 270 ayropa.
CBaku paj IpeacTaB/ba HE CaMO PE3yaTaT MCTpaKMBawka W pajia MOJeAMHIA, Beh M JOIpHHOC
3a]CIHALN U 00JbEM pa3yMeBamky IMpo0JieMa KojuMa ce 0aBe onepanoHa UCTpakuBama. OBe roJuHe
pPaJoOBH Cy OPTaHU30BaHU Yy 24 CEKIH]e KOJ€ HCTPAXKY]y PA3IUIUTE ACICKTE OBE JUCILMUILIAHE.

Y 3Hak cehama Ha IPEMUHYJIOr OICPALMOHOI HMCTpaxkuBada, mnpod. ap Mwunopaga BuaoBuha,
noontHuka [loBesse u unana IIporpamckor 0100pa, Ha MOYETKY 300PHHUKA J€ TIPEACTABJLEHA HErOBA
ouorpaduje.

Kenumo na ce 3axBajllMMO CBHUM ayTOpPHMA, YYECHHULMMA, PELEH3€HTHMA Kao U I[EJIOKYITHOM
OpraHU3allMOHOM THMY Ha IPEJIaHOCTH, 3HAKY M BPEMEHY KOJ€ CYy VJIOXKHWIM Kako OH OBaj
CHUMIIO3U]YM OMO yCIICIIaH.

Heka oBaj 300pHHK pajioBa Oyae MHCIHMpalM]a U U3BOP 3Hama 3a CBE Bac. Kpo3 pa3zHOBpPCHE TeMe,
HJIC|e U IIPUCTYIIe, BepyjeMo Aa he cBako mpoHahu HEIITO IITO ra MOTHUBHUILE Ja JaJb€ UCTPaAXKY]E,
Y44 U JOIIPUHOCH yHanpehewy onepanuoHuX UCTPAKUBaAbA.

CBH pazioBH y 300pHUKY MPUIIA1A]y KATCTOPU]YA OPUTHHAIIHOT HAYYHOT paja.

C momroBameM,
YpeaHuuu:

Wrop [lones
Henang Menuh
Brnagumup MydeHCKH
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IN MEMORIAM

Prof. Dr Milorad Vidovi¢ 1957-2023

On Monday, September 4, 2023, at the age of 67, Dr. Milorad Vidovi¢, 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 Vidovi¢ 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 VidovicC's professional engagement began during his studies when he was employed as an
associate 1in 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 VidoviC'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 1s 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 Vidovic's immense research enthusiasm was also reflected 1in 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
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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), Zilina
(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 Vidovic. In this sense, as the leader and a member of research teams, he participated
in the implementation of over 100 projects and studies, some of which were international.

Professor Vidovic'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.
Vidovi¢ will be remembered among his colleagues and acquaintances as a great connoisseur of
mountaineering, mushrooms, poetry, and photography.
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IN MEMORIAM

IIpod. ap Munopaa Bugosuh 1957-2023

Y nonenespak 4. cenremOpa 2023. roauHe, y 67. TOOUHM KMBOTA, NMPEMHUHYO je Ap Mmunopan
Bunosuh, numn. nax. caoOpahaja, penosuu npodecop Yuusepsurera y beorpany — Caodpahajuor
¢axynrera, nyroroaummy wiad [Iporpamckor ogdoopa SYMOPIS-a u nocunan I[loBesse 3a 3acnyre
y Pa3Bo]y OIepamuoHuX ucTtpaxuBama y Cpouju 2019.

Mmunopan Bunosuh, pohen je y 3emyny 1957. roaune, rjae je 3aBpiivo U OCHOBHY MIKOJTy. Cpeamby
CICKTPOTCXHUUYKY KONy "Hwukoma Tecma" — cmMep €NEKTPOHHMKE W ayTOMATHUKE 3aBpIIHAO J€ Y
beorpany. Ha CaobOpahajun daxynrer YuuBepsurera y beorpany ce ymucyje 1977. roaune, a
cTyauje Ha TagammeM OCceKy 3a MHTErpajlHu M UHAYCTPUJCKUA TpaHcHopT 3aBpmaBa 1984. Ha
CaoOpahajuom daxynrery 1991. roguHe 3aBpHIMO j€ NOCICAUILUIOMCKE CTyJH]€, OAOpaHUBIIH
MAarucTapcKy Te3y IoJ Ha3uBOM ,,Pa3Boj mocrymaka 3a TEXHOJIOLIKO yOOJIMYaBawme IPETOBAPHOT
¢ponTa”.

3Bamke JOKTOpa TEXHUYKUX HayKa cTekao je takohe Ha CaoOpahajnom dakynrery — 1998. ronune,
OJ0paHMBIIA JOKTOPCKY JHCEpPTAlHM]y Ha TeMy ,MoryhHoctn mnoOosemama mnepdpopMaHCch
JIOTUCTUYKAX CHCTEMa ONTHMH3AlM]OM OIEPAaTUBHOI IUIaHHpamka HEKUX Kjaca IMPETOBAPHUX
rpoieca’.

Y 3Bame acuCTeHTa npullpaBHMKA Ha KaTeapu 3a TeXHOJIOTH]Y PyKOBamka TEPETOM, KACHHU]E JICIIOM
3npy:KeHe Kareape 3a Joructuky, CaodpahajHor pakynrera nzadbpan je 1987. ronumHe, a HAKOH TOTa
je OupaH y cBa capaJIHU4YKa U HaCTaBHUUKA 3Balha HA MCTO] KaTEeIPH, 3aKJbYUYHO ca U300pOM Y 3BAE
penoBHOT npodecopa 2011. roauue.

[IpodecnonanHo anraxxopame Munopaga Bugosuha, mounme y TOKY CTyIM]a KaJia J€ Kao aliCOJIBEHT,
o1 ctpane Ojaceka 3a MHTErpaIHi U UHYCTPH]CKH TPAHCIIOPT, aHraKOBAaH KAao capaJHUK Ha U3paau
CTyau]a U npojekarta. HakoH 3aBpieTka cTyauja u OACIYyKE€Hha BOJHOT poka, y nepuoay 1985-1987.
roAWHE ITOHOBO J€ aHraxoBaH OJ cTpaHe Oaceka 3a UHTETPaJHU U UHAYCTPHUJCKH TPAHCHOPT Y
CBOJCTBY CMOJbEET CTPYUHOT CapaJHUKA HA U3PaaM CTyIM]a U TEXHOJOMIKUX MpOojeKara.

Hayuna naTepecoBama npod. Bunosuha cy Onna ycmepeHa npuMapHO Ha MPUMEHY KBAHTUTATUBHUX
METOJ1a, Mel)y KOjuMa CBaKakKO JIOMHHAHTHY YJIOTY MMaJy METOJE ONEpPAllMOHHUX HCTPaKUBama, y
peliaBamky MUAPOKOT CIIEKTPpa MpodIeMa BE3aHUX 3a peann3alu]y JOTUCTUYKHUX mporeca. JbyOaB ka
HCTPAXKUBAKY ]€ 3a MOCIEAUIy UMaJla BEOMa U3PaXKEH UCTPAKMBAUKHU €HTY3H]a3aM, T€ HE UyJIu Ja
j€ y TOKy kapujepe o0jaBuo mpeko 150 pamoBa, 011 KOJUX HEKM y BpXYHCKMM Yaconucuma ca JCR
JIUCTE; 1A J€ OMO PEUEH3EHT Y BEJIMKOM Op0]y Ha]YTULA]HU]UX YaCOMKCa U3 00JIaCTH KOJuMa ce OaBHO;
na je OMO BUIIECTOJUIIIBLY YJIaH MPOTPAMCKUX 000pa HEKOJIMKO KOH(pepeHuuja (Mehy kojuma je u
SYMOPIS); na je ayTop 4eTUPHU YHUBEP3UTETCKA YIIOCHHUKA. . .

OrpomMHHu UCTpaXKMBadYKu €HTYy3H]a3aM npod. Bugosuha ce ornenao u y paay ca miiahpum kKoserama.
Y ¢B0jO)] Kapujepu j€ OMO MEHTOp Yy H3paJgd HEKOJHMKO JICCETUHA [IUIIOMCKHMX, MacTep H
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MAarucTapCcKuX paaoBa U 6 JOKTOPCKHUX AucepTanrja. MehyTtuM, oHO o 4emMy ce U37Bajao y paay ca
NOKTOpaHAWMA J€ TO Ja MCHTOPCKM paJl HHUJEC MOJpa3yMeBa0 CaMO YCMEpPaBakbe M KOHTPOITY
KaHauaaTa, Beh u 3ajeJHUYKN paJ HA pa3BHjalkby MOJEIIA, IPOrpaMHupamy, TECTUPAKLY U MHUCABY
panosa.

TokoM kapujepe HMMao J€ M3y3€THO Pa3BHJEHY capajmby Ca CTPAaHUM YHUBEP3UTETUMA W
uHctutyTuMa. Ha Ojncexy 3a MHOYCTpH]CKO MHXXeHmepcTBO Hanmonannor YHuBep3urtera y bycany
(Jy:xxna Kopeja) 2000. roguHe je Ap:Kao npeaaBama Ha HEKOJMKO KypCeBa BE3aHMX 3a JIOTMCTHYKE
IIPOIIECE HAa OCHOBHUM M MacTep cryaujama. Tokom OopaBka y KopejCKOM MHCTHUTYTY 3a HAyKy U
texHonornjy "Korea Advanced Institute of Science and Technology (KAIST)", 2001. roaune,
CTYJCHTHMA JOKTOPCKHUX M MacTep CTyaH]a APKao J€ Moau(pukoBaH Kypc "Logistics systems design”
YIJIaBHOM YCMEpPEH Ka MNPHUMEHHU  CaBPEMCHHUX METAaXCypHCTHKA, (a3u JIOTUKE W TEXHHKA
BUILICKPUTCPHU]YMCKOI ojiyduBama. Y niepuoxy ox 2004. mo 2008. roamHe aHTaKOBaH ]€ Kao
rocryjyhu npemaBad Ha HOCHCTUIUIOMCKHM cTyaujama Oceka 3a JIOTUCTHUKY YHHMBEP3HUTETa 34
ekoHoMmH)y y WM3mmpy (Typcka). Ilopen tora, mmao je Bume rocTyjyhux mnpemaBama Ha
yHuBep3uTeTuMa y bpemeny (Hemauka), ZKununama (CinoBauka) u bapujy (Mranuja). ¥3 to, OHo je
PYKOBOJMJIAIl U WIAaH IPOJCKTHUX THUMOBA Ha BHIIC MehyHapOonHHMX OMIIaTCpallHHUX MpOjeKaTa ca
yHuBep3uTeTuMa u3 Cnopauke, Mranuje u CnoBeHuje.

HepackuauBu CII0] HAyKe W IIPaKce J€ JeaHa 0J1 Haj3HAYaJHUJUX MPO(PECUOHATHUX KapaKTePUCTHKA
npod. Musiopaga BugoBuha. Y ToM cMucy, vy yJIO3UW PYKOBOAXOIIA M YWIaHA UCTPAKUBAYKOT TUMA
Y4E€CTBOBAO J¢ y peanmm3aunju npeko 100 mpojexkara U CTyamja, O] KOJUX Cy HEKM OWIIM H
MehyHapoaHu.

Yora npodecopa BugoBuha y akageMCKOM >KMBOTY HH]e OWIIa OrpaHMYE€HA CaMO HAa HAy4YHH H
CTpY4HH paJ Beh je y CB0JO] KapHjepH y4ECTBOBAO Y HU3Y YIIPABJbAYKUX CTPYKTYpPa YHUBECP3UTETA Y
beorpany m CaobOpahajnor ¢akynrera. On pykoBoguoria PauyHapckor neHtpa CaoOpahajHor
¢akynrera, npeko CaBera YHuBep3uteta y beorpany m Caera CaoOpahajnor ¢axkynrtera, Beha
Hay4YHHUX 00JIaCTH TCXHUUYKHX HayKa YHHUBEp3uTeTa y beorpany, 1o Mecra meda 3apyKEeHE KaTeape
3a JIOTUCTHUKY, Ha KOJEM Ta € ¥ 3aJeCuiia CMpT.

[Topea mUpOKOTr TEXHUYKOT 00pa3oBama, CTPYYHOCTH, MOCBEhEHOCTH M HEUCILIPITHO] EHEPTUJU TTPO).
BuagoBuh he mehy koserama n mo3HaHMIMa OCTaTH yIraMheH B Kao BEJIUKH JbYOHUTE b U MIO3HABAJIAIl
IJIAHWHAPEHA, TJbUBA, OE3Uje U (poTorpaduje.
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Peszume: Yosex je oosajkada je nokyuiasao oa nponahe nawuna oa npedsudu oopehene nojase y npupoou.
Kaxo cy mydcke naceobune yeiasgHom obuie gezane 3a obane pexa, npeduxkyuja noniase je ouia 00 6eiuKkoe
3Hauaja 3a mweH oncmaxax. Kachuje, pazeojem yusuruzayuje, a HApoOUUMo ca UHOYCMPUJCKOM U
MEXHOJIOUKOM PEeBOVUUJOM, OMNOYUILE Ce CAd Pa36ojemM 00peheHUx Mooeld KOjuma ce HAd OCHOBY VAA3HUX
KOMNOHEHMU CPAYYHABA U3NA3HA BEIUYUHA KOJA je 00 uHmepeca, a y 080M CIyuajy je mo npomuuyaj uiu
gooocmaj pexke uiu uzeopa (epeaa). Hajjeonocmasuuju mooenu ¢y mooeiu Koju ce oazupajy Ha euuecmpykoj
peepecuju, a mo cy aymopeepecuonu (AR), kpocpezpecuonu (CR) u aymo-kpocpeepecuonu mooenu (ARCR).
Aymopeepecuonu mooeiu oajy 0obpe pezyimame KOO 6peld ca V3IA3HUM MUNOM UCMUYdrbd, 00K KOO
ePABUMAYUOHUX, HYUJU DEHCUM VIAABHOM 3AGUCU 00 NIVBUOZPADCKOZ DEHCUMA Fbe2c0802 CIUBHOZ Noopyyjd,
ROMPEOHO je VKwyuumu y mMooei U nooamke 0 naddsuHamda, maxko 0a y 08y Ce8pxy je Hajoo/be Kopucmumu
ARCR mooene. Kako osu mooenu yK/woyuyjy peaite cymMapHe 8peoHoCcm naodasuHd, d He e(hekmusHe naodasuHe
(0eo YKYynHUux naodaeuHda Koju npuxparbyje uzodu) uyecmo moKoOM CYUWHUX nepuoodd 08U MoOelu He 0ajy
Hajbo.ve pe3yamame. Pasznosu cy mu 0a mokom 1emmbux n/byckoea Hajeehu 0eo 06ux naoasuHa il ucnapu
uau ce mpouwu Ha HaodoxHahuearwe zemmuuire eiraze, maxo 0a ARCR mooenu xopuuitherwem cymaptux
OHEBHUX NAOABUHA 3A0ENeHCEHUX MOKOM CYUUHUX Nepuood 0ajy Kao uziasz nopacm Ha Xuopozpamy, 00K ce y
npupoou mo He oeutasd. [a ou ce oee ecpewke ymarvuie, nompeorno je xopucmumu ARCR mooden ca
HOKpemHuM npoceyuma. Y paoy cy, noped meopujckux ocHosa oba ARCR modena oamu u pezyaimamiu
000UjeHU HBUXOBOM NPUMEHOM 0B8UX MOOeld 3a hompebe cumyrayuje ucmuyara Kkapcmuoe epena Pujeke
L{pnojesuhia u I ' ocmusmckoe epena

Kwyune peuu: pesicum, kapcmuo gpeno, ucmuyaroe, aymoxpocpecpecuoril MOOe

Abstract: Man has been trying to find ways to predict certain phenomena in nature since time immemorial.
As human settlements were mostly tied to riverbanks, flood prediction was of great importance for 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 intervest, 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 (AR), cross-regression
(CR) and auto-cross-regression (ARCR) models. Autoregression models give good results for 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 for
this purpose it is best to use ARCR models. As these models include real total precipitation values, and not
effective precipitation (part of total precipitation that feeds the output parameter), often 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 ARCR model with moving averages. In

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

Gostiljsko spring are given.

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

1. YBO[

3a moTpebe cumylanyje MpoTHiiaja peKa WM UCTUIaka U3BOpPA M Bpella, Ka0 M 3a KPATKOPOUHE
MPOTrHO3€ HAJJ€IHOCTAaBHU]U MOJEIU KOJU CE€ MOTY Y OBY CBpPXY KOPHUCTHUTH Cy MOJICIIH KOJU C€
0a3upajy Ha BHUIIECTPYKO] perpecuju, a to cy ayrtoperpecuonu (AR), kpocperpecuonu (CR) u
ayto-kpocperpecuonu mojaenu (ARCR). Kox Bpena ca y3na3HUM TUIIOM UCTHLIAKkA, TIAE |€ PEXKUM
UCTULIAkha PEJIATUBHO Y]EIHAYEHOI KapakTepa, ayTOPErpeCMOHM MOJENIU Jajy Ja00pe pe3ynrare.
Koa rpaBuTallMOHMX, YW]JU PEKUM YITIABHOM 3aBHUCH OJ1 TUTYBHOTPA(PCKOT PEKHUMA HETOBOT
CIIMBHOT MOApPYY]ja, M KOJI KOJUX J€ YECTO peaKiyja CauBa U TpaHchopMalifja nagaBuHa y UCTHLAE
Beoma Op30 (Op3 mopacT M maja Xuaporpama), y CHUMYJIALMOHHM MOJEJ, YMECTO M3JAIIHOCTH
NOTPEOHO j€ YBPCTUTH MOJATKE O MaJlaBUHAMa, TaKO Ja Y OBY CBPXY KOPHCTUMO KPOCPETPECUOHE
mojzene. M1 Ha kpajy, HajOobe pe3yaTaTe KOJ TPaBUTALMOHUX Bpela J1a]y ayTO-KPOCPErPEeCHOHU
MO/ICJIH.

3a motpede nmpuMeHe OBUX MoOjelia ojJadpaHa Cy JBa NMWIOT MOJpyyja, JeaHO je Bpeno Pujeke
[{projeBuha a apyro je ' ocTUILCKO BpETO.

Monutopunr ['octusbckor Bpena 3ajeaHo ca Benukum Bpenom, Auauha Bpenom, Bpenom Bame
n Tomumnaune (beno Bpeno) je ycnoctaBibeH 1995. rogune ox crpane PXM3 CpbOuje. Ha cBum
MOMEHYTHUM BpEIHUMa BpIIIEHA Cy OCMaTpama 3akjbydHo ca mapTtoM 2006. roguHe, CTUM Aa j€ TOKOM
2004. roguHE I0UUIO HA CBUM BpEIMMa OO0 TPOMECECUHOI MPEKUa y ocMmarpamuma (oKrooap,
noBembap u geuemOap)[1]. Cpeame roaumma M3AAMHOCT OBOT Bpena u3Hocmiaa je 0.126 m/s,
CTUM JIa j€ MacKuMMaJiHa JHEBHA M3JAIIHOCT 3a0elieKeHa BUIIe myTa U udHocuia je 610 1/s, nok je
ariCOMyTHU MHUHHUMAJHU TMPOTUIA] Y u3HOCY oxa cBera 10 l/s perucrpoBan y mepuoay aBryCT -
oktobap 2003. rogune [2]. Jlakie, 0OAHOC MAaKCUMAJIHE ¥ MHHYMAaJIHE M3JAIIHOCTH 3a OCMaTpaykKu
nepuoj u3Hocuo je 61:1. CnuBHO moapydje OBOT BpeJia MPUNajia MIAHUHCKOM PErHOHYy 31atudopa
a HaaAMOpcKe BUCHHE ce Kpehy oa 830 mnm (koTa uctunama ['ocTubCKOT Bpena), ma 40 BUCUHE O]
oko 1.500 m y 3amagHOM Jeay HOOApyYja HCTpaKUMBama. Y OKBHPY pa3MaTpaHOr IIOJpydja
NPUCYTHE CY JIOBOTPHUJACKE CTEHE MPEACTAB/bEHE KBAPIHUM KJIACTUTHUMA U MPETa3HOM KJIACTHYHO
- KapOOHATHOM JEIMHUIIOM, MIPEKO KOJUX JIKe KapOOHATHE CTEHE KaMIWICKEe cTrapocTu. Cpeamu
TpUjac uYMHE OAHKOBUTHM M MACHBHU KpeUlmalld KOJU Cy Ha IOBPIIMHHA TEpeHA H3PA3UTO
KapcTu(ukoBaHu. OBU Kpeumballk NPEJia3e y TOPHEM JICNTY Y CI0J€BUTE /10 OAHKOBUTE KPEUHAKE U
OOJOMUTHYHE Kpedmake. Tpujac ce 3aBpiiaBa COPYAHUM Kpeumarnuma. [Ipeko Tpujackux
KpeumaKa 1 JI0JIOMUTA JICKHU 3J1aTUOOPCKH MEPUIOTUTCKH MacuB [2].

CXOHO TE€OJIOIMIKMM KapakTEPUCTHKaMa, y OKBHPY CIMBHOI Tojpy4dja ['OCTHIBCKOT Bpena
OpUCYTHA Cy JBa TUIIA W3JAaHU, KAPCTHU W IMYKOTUHCKU. [IyKOTMHCKUM THUI U3/1aHU jaBJba CE€ Yy
OKBHUPY CENTEHTUHUTA a KAPCTHU TUM U3/1aHU J€ PA3BHU]JC€H Y OKBUPY TPHUJACKUX KPEUHAKA KOJU CY Y
3alaIHOM €]y HUCTPAXHOI MPOCTOpa MOKPUBECHHM ITOMEHYTHM CEPICHTHHUTHMA. 3a MOoTpede
npumene CR m ARCR wMogena mopanu O JHEBHUM CyMala IMaJaBUHA IIPEY3€TH Cy ca
METEOPOJIONMIKE CTaHUIIE 31aTHOOp.

[IITo ce Tuue Bpena Pujeke Lipuojesuha, ocHoBHE nH(pOpMaIdje O OBOM BpEIy JIaTe Cy y pady
Ilpumena xpockopenayuomne ananuze u30AUWHOCMU 6peld CaA YUbEM pa3ymMesarbd KAapCmHUX
XUOPO2CONOUWKUX cucmema UCTE TPYIIE ayTopa KOju C€ Halla3u y OBOM 300pHUMKY. M3 oBOTr pasnora
oBjae Hehe OmTM peud O OBOME Ja He OM AOULIO 0 Ipekianama uHpopmamuja. OBae hemo
HAIIOMEHYTHU CaMo JIa C€ PauyHCKHU nepuoa oaHocu Ha niepuon 2015-2020. roauHa 1 1a TOKOM OBOT
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nepuoJa OJHOCOH arnCOJyTHO MaKCUMAJIHOT M MUHMMAJIHOT HMCTHUIaka Bpena Pujeke Llpuojesuha
u3Hocuo je 2160:1 [3].

2. TEOPUJCKE OCHOBE

Mogen BuIIeCTpyKe JMHEApHE pErpecHje j€ Hajuemhe NpuMEmHBAHM MOJET 3a CUMYJaluje,
OJJHOCHO TMPOTHO3€ OJAroBapajyhux clydajHO TPOMEHJbBMBHX BEJIMYMHA. YKOJIMKO IOCTOJH
3aBUCHOCT J€HE TMOjaB€ y (PYHKIIMJU [BE HWJM BHIIE€ HE3aBUCHUX II0jaBa, OHJA CE€ TOBOPH O
BUIIECCTPYKO] JIMHEAPHO] PErpeCU]U. Y CIIOCTaBJ/ba CE€ 3aBUCHOCT M3MeEhy 3aBUCHO MPOMEHJbUBE Y U

HE3aBUCHHUX NpoMmeH/buMBUX X,, X,, ... X, Ha OCHOBy KOjUX ce AoOuja cuMyJliaiuja 3aBUCHO

NIPOMEHJbMBE WM HEHO mpeaBuhame Be3aHo 3a oaroBapajyhm Bpemencku nepuopa. Ilomenyra
3aBUCHOCT ]€ JlaTa pErpeCuOHUM MOAEIOM 00Juka [4]:

K=/Bﬂ+ﬁ]‘xl,i+ﬁ2‘x2ﬁi+'“+ﬂn‘xn,5+€£ (1)
r1e Cy:
Y, - 3aBUCHO NTPOMEHJbUBA I -TOT peAa,
X, - HE3aBHUCHO ITIPOMEHJBbUBA [ -TOT pea,
b, - HEMO3HATH KOE(HUIIM]EHTU BUILIECTPYKE PETPECH]E,
e, - CIy4ajHa I'pelka.

[IppumeHOM METOJE HajMamkMX KBajJpara CpadyyHaBa])y C€ HEMO3HAaTH KOe(UIIU]jCHTH
BUIIECTPYKE perpecuje a jeanaunHa (1) noduja cnenehu o0nuk:

y=a+b X +by:% 4wt h X (2)
Te Cy )y - padyyHCKa BPEIHOCT 3aBUCHO MPOMEHJbMBE; a, b, b,... b - cpauyHaTe HyMEpHUKE
BPEAHOCTH KOoe(hUIIM]E€HATA BULLIECTPYKE pPErPECH]E.

3a nmoTpebde cumynauuje (MmpopadyHa) UCTUILAkbA M3 KAPCTHUX MACHMBA YECTO CE€ INPUMEHY]Y
ayToperpecuonu mozaenu - AR mozaenu rae 3aBUCHO NMPOMEHJbUBA J€ (), - NMPOrHO3HA BPEAHOCT

MCTUILAkha Y TPEHYTKY /, @ HE3aBUCHO npoMensbuee Q. ., O, ,, ...Q0 , cy uctunama 3a 1, 2, ... k

npeTxoaHux jJaHa. OJHOCHO y KOHKPETHOM Ciy4a)y jeaHadyuna (2) nobuja cneaehu obnuk [S]:
Qf =l‘:I_l_b] *Qr—l +bz 'Qr—z +'“+bk 'Qr—k (3)

rnecy a, b, b,... b, mapamerpu mozaena.

[To uctom nmpuHLMIY 3a OBE MOTPEOE C€ MOTY NPUMEHHUTH M Kpocperpecuonu moaenu — CR
MOJICNH, TJIC J€ 3aBUCHO NMpoMeHJbMBa (), Takole MPOrHO3HO UCTHUIAkE Y TPEHYTKY f, a HE3aBUCHO

nomeHsbuBe ¢y P_, P_,, ... P_ mapgaBune 3a for 1, 2, ... n nperxoanux gana. Caaa jegHadyuna (2)

nobuja cineaehu o0nuK:
Qr=a+b1'E—1+bz'E—2+'-'+bn’E—n 4)

rnecy a, b, b,... b, Takohe mapamerpu mozena.

1 na kpajy Hajuemhe ce kopucte KOMOMHOBAaHU MOJIEIU KOJU 00jenumby]y npeTxoaHa asa (AR
u CR mogenu = ARCR) Tako ga jeanaumna (2) mocraje:

Qr :a+b1 'Qr—1 +'“+bk ‘Qx-k +C 'E—l T C, 'E—z +T...TC, 'E—u (5)

rnecy a, b, b,... b, ¢, c,... ¢, Takohe mapameTpu Mmozena.
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3. PE3YIITATHU

3a noTpede cuMynalMje U KpaTKOPOYHHUX TMPOTHO3a UCTUllamka ['OCTUIBCKOT Bpesia uCKopuinheHu
Cy MoJlallM O JHEBHUM CyMama MajlaBuHa OCMOTPEHHUM Ha MET. CT. 371aTHOOp U TO 3a OCMATpayvku
nepuon 1995 - cenrembap 2004. roaumHe, AOK Cy 3a CHUMYyJAIUA]y HUCTUIaka Bpena Pujexa
[{pHojeBuha kopunthenu noganu o najaBUHaMa OCMOTPEHUM Ha MeT. CT. Lletume 3a nepuoa 2015-
2020. 3a oBe noTpedbe nmpumemeHa ¢y cBa Tpu Mmojena AR, CR u ARCR, u to 3a AR u CR ypalhenu
Cy MOJIENHU KOJU YKJbYUYy]y y ce0e JeaHy /0 celamM HE3aBUCHUX mpoMeHJbUBUX, TOK Koa ARCR ce
MIILJIO O] JIB€ 10 OCaM HE3aBHCHUX NMPOMEHJbUBUX. CTUM y BE3W HaA CiaulM | jgatu cy aujarpamu
NOOU)eHUX Koe(pUIM]eHaTa KOpeialMrje KOJU YKa3y]y Ha YBPCTHHY Be€3€ M3MeEl)y cpadyyHaTtux u
OCMOTPEHUX UCTULIAbA aHAJU3UPAHUX BPEJIa U TO 3a CBAKW NMPUMEHEHU MO (JIEBU AUjarpam ce
ogHocu Ha Bpeno Pujexe LlpuojeBuha a necam Ha 'ocTMIbCKO Bpenno). 3a moTpede ymopeaHor
npuKasa 100MjeHuX pe3yirara, Ha aujarpamuMma 2 1 3 gatu ¢y AR u CR cumynanuuonu Moaenu ca
YKJbYUMBAKEM C€JaM HE3aBUCHUX IPOMEHJbMBHUX M TO 3a 00a Bpena, JOK j€ HAa ciauuu 4 jaar
cumynanuonu moaen ARCR ca 8 He3zaBuCHUX clydajHUX OPOMEHJbUBUX (4 HE3aBUCHE KOj€ C€
OJIHOCE Ha U3JIAlIHOCT Bpelia U 4 KOje C€ OJIHOCE HAa JHEBHE CyME MaJaBUHA).

1 1
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Cauka 1: 3aBuCHOCT Koe(UIIMjeHaTa Kopeaaluuje y QyHKIHU Opoja YKIbyuHBambha HE3aBUCHUX
npomeHJbuBHUX 32 AR, CR u ARCR mopene (11eBo 3a Bpeno Pujeke Lprojeruha u gecHo 3a ['octusbcko
BpPEJI0)
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Cauka 2: Ynopennu gujarpamu cpauyHatux (KopumhemeMm AR mozaena ca 7 He3aBUCHUX IIPOMEHJbUBHX ) U
OCMOTPEHHUX HCTHUIamka 3a Bpeao Pujeke LlpHojesuha (mecHo) u I'ocTuibcko Bpeno (11€Bo)
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Canka 3: Ynopennu aujarpamu cpauyHatux (kopumthemem CR Moaena ca 7 He3aBUCHUX ONPOMEHJbUBHUX) U
OCMOTPEHHMX HCTHUIAmA 3a Bpeao Pujeke LlpHojeBuha (nmecHo) u I'ocTuibCKO Bpeno (11€B0)
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Cauka 4: Yoopennu gujarpamu cpauyHaTux (kopumnhemeM ARCR mojena ca 8 He3aBUCHUX
IIPOMEHJBMBUX) U OCMOTPEHHUX MCTUIIaba 3a Bpeno Pujeke LlpuojeBuha (aecno) u I'ocTibCKO Bpeno (J1€BO)

3. QUCKYCUJA CA 3AKIbYHKOM

AKO mocmarpaMo pe3yJiTaTe NMpUuKa3aHe Ha CIMIM 1, MOXE C€ JaCHO BHIETH Aa KOC(PHUIIUJEHTH
kopenamnuje umajy kon AR mopnena 3natHo Behe BpegHoctn koa I'octussckor Bpena (r = 0.95) y
OJIHOCY Ha J00MJeHE MPUMEHOM HUCTOr Mojena Koja u3gamHocTu Bpena Pujeke LlpHojeBuha (r =
0.95). V nmpuiior oBoMe roBOpe M JujarpaMy MPUKa3aHU Ha CJIWIU 2 TAE C€ JaCHO BUAU Aa ]€
MpEeKJIanambe OCMOTPEHUX U CPAauyyHATUX M3JAITHOCTU KO/ ['OCTHILCKOT Bpella CKOPO HJICATHO, JT0K
ko1 Bpena Pujeka IlprojeBuha mocToje 3HaTHE pa3auKe HAPOUMUTO Y JJOMEHY BEJIMKUX BojAa. Paznor
CBEMY OBOME |€ Ta] IITO J€ PEKUM HU3IAIIHOCTU Bpena Pujeke LlpHojeBuha 3HaTHO HEyjeIHAUCHHU]H,
TauyHu]e Op3€ W CKOKOBUTE MPOMEHE pPEKUMa HCTUIlaka OBOr Bpella YTHULAJIE Cy HAa TO Ja j€
MEeMOpHja CHCTeMa 3HAaTHO Kpaha, OQHOCHO BpPEMEHCKA CepHja UCTHIakha OBOT BpeEJia PEIaTHBHO
Op30 nmocraje He3aBUCHA (HAakOoH 6 naHa). Ca apyre crpane, koa ['OCTHIBCKOT Bpelia PeKUM j€ J0CTa
yJ€AHAYEHUJU IITO MMa 3a MOCIEAUIly Ja ]€ MEMOpH]ja CUCTeMa 3HAaTHO AyXa y OJHOCY Ha
NPETXOAHO Bpesio (AaHAIM30M YKYMHOI Ilepuoja J00MJ€HO j€ Ja MEeMOpHja KapCTHOI CHUCTEeMA
M3HOCHU OKO 45 nana) [2].

Henocrojanu pexum uctunama Bpena Pujeke Lpuujeuha je mocneauna caMor Tuia ucTULAmbA
(TpaBUTAIIMOHU TUIT) TAKO /1a J€ OBO BPEJIO MOJ 3HAYaJHUJUM YTHUIAJ€M ILTYBHOTPA(CKOT pexuMa
oBe obmactu. Ca gpyre cTpaHe, CIMBHO IOJIpydje KapCTHOr Bpena ['ocTuibe je jenHum aenom
MOKPHUBEHO TEPUJIOTUTUMA M UCTULAKE J€ JCJMMHUYHO I0J] MPUTHUCKOM HA IITA YKa3yje U OJIHOC
MaKCUMaJHE U MUHUMAaJHE 3a0eexeHe U3aimHocTu. M3 oBOr paszinora uMaMoO CaCBUM CYIPOTHY
cutyaum]y kog CR mopgena, Taunuje koeduuujeHTn Kopenamnuje koa Pujeke Llpuojesuha cy 3HaTHO
Behu (Bpennoctu uny oa 0.77 no 0.87), nok koa I'octuimsckor Bpena ce kpehy ox 0.1 o 0.22. 1 oBo
C€ JaCHO BUJM Ha cimum 3, rjae koj Bpena Pujeke L{puujeBuha nmamo 3HaTHO 00Jba MpeKJanama y
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JTOMEHY BEJIMKHX BOJIa aJld 3aTO Y JOMEHY MaJiuX BOJa UMaMO BelMKa ojcTynama. Paszmor je ma CR
MO/IeJT TpaHC(OPMHUIIIE CBAKY KOJMYMHY JHEBHUX MaJJaBMHA Y M3JIAIIHOCT IITO HUJE YBEK CIIy4aj,
Ta4HH]€ TOKOM JIETHUX Mecelld HajBehM Aeo0 AHEBHUX IaJaBUHA KOj€ AOCMHE]y Ha CIMB Bpeia
Pujexe LlpHojeBuha ucnape, Tako ga y ToM Nepruoay HEMa mopacta 3a0enexeHor Xuaaporpama 10K
MOJIEI Jaje Kao u3ia3 nopact. Takohe, magaBuHe y BUAY CHera koje popMupajy CHEKHHU MOKpUBAY
Ha ciuBy, CR mojzen Tpandopmullie y UCTULIAKE Y TPEHYTKY KaJla Cy MaJaBUHE 3a0enexeHe, 10K
yTHUIIa] OBUX MaJIJaBUHA HA UCTHUIAHKE € Ca BPEMEHCKHUM MOMAaKOM KOJU 3aBUCH OJ TEMIIEPATYHOT
pexumMa caMoO 00JIaCTH.

M na kpajy pesynraru koje cy ganu ARCR mopenu xoa ['OCTHIBCKOr Bpena Cy CIWYHHU
nooujenum AR mojenom. Pasnor je nomeHyTa 4yumbeHHUIA Ja J€ KOJ OBOT Bpelia Jayra mporaraiuja
nmajaBuHa M Ja je (opMupaHa u3gaH ACIUMHUYHO MOJ NMpUTUCKOM. OJHOCHO KOJ OBaKBHX BpEia
(y3/la3Ha WJIM acCl€ICHTHA Bpea) yBOohewme MaJjaBUHA Kao HE3aBHCHE MPOMEHJbUBE HE YTHUYE
OJHOCHO He aaje Oosbe pesynrare y oaHocy Ha AR mognen. Ca gpyre crpane, koa Bpena Pujeke
[{prnojeBnha mMaMoO H3y3€THO BHCOKE KOC(UIIM]EHTE KOpealuje W3 pasjiora ILITO J€ peakiiuja
XUporpaMa Ha MajJlaBUHE CKOPO MCTOBpEMEHa (1emaBa ce ynyrtap jeaHor nana). Kako m AR maje
penatuBHO 100pe pesyntare, xuOpuaau mojaen ARCR naje 3HatHO 00Jbe pe3yaTare, OJJHOCHO KO/I
OBOI THUIIa Bpena (TpaBUTAllMOHA WM JCCIEACHTA) AOOpPO J€ MPUMEHUTH CBAa TPU MOJEIA a 3a
CUMYJIAIH]€ U KPaTKOPOYHE NpeauKiuje npenopyka je kopuctutu ARCR moperne.

Kao 3ak/byuyak MOXXEMO OBJ€ HABECTH Aa HajBehe rpemike ce jaBibajy M3 pasiiora j€p OHHU
YKJbYUY]y peajHe CyMapHE BpPEAHOCT TaJaBUHA, a HE €(PEeKTUBHE TMaJaBUHE (JI€0 YKYIHHUX
nmajJjaBMHA KOJU Ipuxpamyje uznan). [lakie, moTtpeOHO je 0] YKYNHUX I1aJlaBUHA OJY3€TH [I€0
Ma/IJaBMHA KOJM C€ TPOIIM Ha UCIIapaBame, 3aTHM JIEO KOJU C€ TPOILUM HA HaJJOKHal)uBame 3eMIbUIITHE
BJIArE€ W JI€O MaJIaBUHA KOJU YTU4YE HAa (DOpMUPaAHE MOBPIIMHCKOT OTUIIA)a (3a CIy4a) Aa MOCTOJU U
noBpmMHCKM oTuI@a)). Tako ga ARCR wmozenu kopumhewmeM CyMapHUX AHEBHUX I1aJaBUHA
3a0€J1€)KEHMX TOKOM CYIIHHX MEPUOJA Jajy Kao M3Jla3 mOpacT Ha XUAporpamy, AO0K C€ Yy MPUPOIU
TO He jaemanBa. /la Ou ce oBe rpemke ymamuiae, norpeOHo je kopuctuth ARCR mozen ca
MOKPETHUM MPOCEIUMA.
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