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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

X1X



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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Pezume: Kaoa nocmampamo oopeheny uzoawn, npuxparbuéarbe NOO3EeMHUX 6004 08€ U30AHU Ce MONCe
gpuwiumu 1. Ha pavun nadasuHa, 2. HA PAYYH NOBPUIUHCKUX MOKOBA y 0elosuma 20e nocmoju 00opa
Xuopayiudka 6e3a N003eMHUX U NOBPUIUHCKUX 8004 U 20€ je HUBO NOBPUILUHCKOZ MOKA HA GUULO] KOMU 00
HUBOA NOO3EMHUX 800, UL NOHUPAFLEM NOBPUUHCKUX 600d, U 3. HA PAYYH NOOZEMHUX 600d OpyuUX MUNO8d
uzoaru. Koo uzoanu ghopmupanux y okeupy KApCmMHUX MACUBd, NPUXPArUBAbEe 08UX 800a Hajueuthe ce
epuiu UHGumMpayujom naddéuHa U NOHUPArbeM NOBPUIUHCKUX MOKOBA MAMO 20€ OHU 00.1d3€ Y KOHMAKM Cd
Kapcmuum mepernuma. Koo manux ciusosa épena ca epagumayuoOHuM munom UCMuyared, 4ecmo Kuue jakoe
UHMEH3UMema u/uiu HA2l10 OMAandrbe CHENCHOZ2 NOKPUBAUa U3a3usd CKOpPO UCHOBPEMEHO HA2aU NOopaAcH
Xuopoepama ucmuyarea (nopacm je yeaaeHom zabenedxcen yHymap jeonoe oawa). Ca opyee cmpane, K00
V3IA3HOX 8pelid peaKkyuja ciued je cnopa a nopacm Xuopozpamda ce jaeba cd 3aKaulrberbem, 00HOCHO HAKOH
o0pehenoz epemeHcKoe nepuooda Koju MOdCce UBHOCUMU HeKoauko oana. M3 oeoe pasznoeca je nompeOHO
pazymemu Ymuyaj niaysuoepapckoz pexdcuma Ha pexdcum ucmuydrbd. Y eesu ca o8um, Kpockopeiayuone eese
cy Ham 00 eenuke nomohu. Iloped meopujckux 0CHOB8A KPOCKOPENAUUOHUX AHAIU3A V pady cy oamu dobujeHu
pesyaimamu anaiuza pedcuma ucmuyaroa Pujexka [{puojesuha epena u naysuoepaghcrke cmanuye Llemurve.
Ananusze cy uzgpuiene 3a yKynnu ocmampauxu nepuoo (2015-2020) u 3a ooabpany 61ax#cHy u CYwHy c00UHy.

Kwyune peuu: pescum, kapcmuo epeno, ucmuyaree, kpockopeaayuja, Pujexa L{pnojesuha epeio

Abstract: When we look at a certain aquifer, groundwater recharge of catchment area can be done 1. on the
basis of precipitation, 2. from the surface flows in areas where is a good hydraulic connection of
underground and surface waters and where the surface flow level is at a higher elevation than the
groundwater level, or sinking of surface waters, and 3. recharge with water from other aquifers. In the case
of karst spring catchment areas formed within the karst massifs, the recharge of karst aquifer is most often
done by infiltration of precipitation and sinking of surface flows where they come into contact with karst
terrains. In small basins of karst springs with gravity-type discharge, often heavy rains and/or sudden
melting of the snow cover cause an almost simultaneous sudden increase in the discharge hydrogram
(increase is mostly recorded within one day). On the other hand, in the case of rising karst springs, the
reaction of the watershed is slow, and the rise of the hydrograph occurs with a delay, that is, after a certain
period of time, which can be several days. For this reason, it is necessary to understand the influence of the
pluviographic regime on the discharge regime. Regarding the abovementioned, cross-correlation analysis is
of great help. In addition to the theoretical foundations of cross-correlation analyses, the paper presents the
results obtained from analyzes of the discharges of the Rijeka Crnojevica karst spring and the Cetinje
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pluviographic station. Analyzes were performed for the total observation period (2015-2020) and for
selected wet and dry years.

Keywords: Regime, karst spring, discharge, cross-correlation, karst spring Rijeka Crnojevica

1. YBO[

KapcTtHe Boae (popMHupaHe y OKBUPY KapCTHUX MAacHBa MPEACTAaBJbA]y J€IHE OJ HAJKBAJIUTETHU]JUX
BO/Ia KOJ€ C€ KOPUCTE 32 BOJAOCHA0/I€Bakb€ CTAHOBHUINITBA. Y MPUIIOT OBOME TOBOPU M UMILEHUIIA 1A
MHOTH rpaaoBu y EBponu nonyt beua, Ckoruba, Tupane, kao u rpagosa y Cpouju (bop, Ilupor,
Cspspur, bena Ilananka, Cjenuna, a Hajsehum aenom ose Boje kopucte u Hum m Jlumutposrpan)
KOPHUCTE MCKJbYUYMBO KAPCTHE M3JIAHCKE BOJIE 3a MOTpede BOJIOCHA0IeBakba CBOT CTAHOBHUIITBA[ 1].
O 3HA4aJHOCTH OBHUX BOJHMX pecypca rOBOpU M uMmbeHHUIA aa je jom Ppaniy Jocud 1850. rogune
yKa3a0 Ha KBaJUTET OBUX BOJA M Jia BOJOCHAaOAeBame cTaHOBHUINTBA beua Tpeba Oazuparu Ha
BOJaMa KapCTHUX MIaHUHCKMX macuBa Pakc u IlIneOepr. 1873. roauHe 3aBIIEH j€ NPBU LEBOBO/I
ayr 120 xm koju je Boae kapcTHOT Bpena Kaiserbrunn cipoBeo 1o beua [2].

N3nanu popMupaHe y KapCTHUM TEPEHUMA NIPUXPabY]y C€ YIJIaBHOM Ha payyH MHOUITPAIU]E
najaBuHa (OWJI0 ga Cy y IMTamy KHUIIE WIM OTaname CHEXHOI MOKPHUBada), CTUM Ja KOJ
MHTCH3UBHO KapCTU(IMKOBAHMX KApCTHUX MAaCHBA KOJ€ [JpPEHUpA]y KapCTHA Bpena ca
rpaBUTALIMOHUM THUIIOM HCTHIAlha, MIPUCYTHA € Op3a mporaramyja majaBuHa JakKuX WHTECH3UTETA,
OJIHOCHO J0Ja3U JI0 Harjor, CKOpo UCTOBpPEMEHOT mopacta xujaporpama. Koxg oBux Bpena, takohe,
07434 U A0 CKOKOBUTHUX MPOMEHA IMOJEIHUX IMapaMeTrapa KBaJIWTETa KapCTHUX Boja (MyTHOa,
CYCHEHJAOBAaHM HAHOC, YKymaH Opoj Oakrtepwuja, ...). KapctHo Bpeno I'p3e, Benuko Bpeno, Maio
Bpeno, Bpeno Kpynan u Bpeno I'pagumre koa Ilupora ¢y TUNIMYHYU NIPEACTaBHUILIA I'PABUTALMOHUX
Bpena. Ca apyre cTpaHe, KOJ Y3Ja3HHUX Bpella peakiuja pekuma MCTUlamkba € Cropa, mopact
XUAporpaMa y OJHOCY Ha BpeMe KaJa C€ jJaBWJjia KHWIIHA €MHU30/a, CE JaBJba Ca 3aKalllbCHEM,
OJJHOCHO HAaKOH ojipeheHOr BpeMEHCKOT Meproa KOJU MOXKE U3HOCUTH HEKOJIUKO jaaHa. Koa oBux
Bp€a, 1o NMPECTaHKYy MMaJlaBUHA MPUCYTHA € YIJIaBHOM Jyra u Oyaror Harm0a peunecuja ucTUllama.
PexxuM KBATMTATUBHUX TapaMmeTrapa je KOJ OBUX Bpesa J0CTa MOCTO]aH, T]. HE J0Ja3H 10 lbUXOBUX
3HAYaJHUJUX IIPOMEHA TOKOM MHTEH3UBHUX IaJlaBUHA. TUIIMYHM NPEACTABHUIIA BpEia Ca y3JIa3HUM
(aceICHTHUM) THUIIOM MCTHIaka Cy KapcTHO Bpeno MpJibuin (BogocHaOaeBame borosune u bopa),
kapcTHO Bpesio KaBak (Bogocna0OaeBame [TupoTa), Bpeno Bane u MmHora npyra.

Jlakne, moTpeObHO pa3ymMeTH BE3y IUTYBHOTPA(CKOT PEeKUMA U pPEKUMA MCTHIAKA. Y BE3U Ca
OBUM, KPOCKOpEIIAlIMOHE BE3€ W aHAIU3€ HaM MOry OuTH oj Benuke nomohu. Kao nmuiot noapyuje
oaabpano je kapctHo Bpeno Pujeke LlpHojeBuha a nmogaum o mimyBHOrpaCKoOM pexUMy CIUBA CY
npey3eTu ca ctanune Lletume.

Bpeno Pujexke LlpuojeBuha nppenupa Lletnmcko kapctHO mnosbe. Ca  XHIAPOTCOIOLIKUM
ucTpakuBamwuma oBor jena L{pue ['ope ce otnoveno HakoH JIpyror ¢BETCKOr paTta, a UHTE3UBHUpAaHA
Cy HaAKOH 3e€MJbOTpEca M MoIiuiaBa koje cy 3agecune Llpny 'opy kpajem 70-ux u mouetkom 80-mx
roguHa npouuior Beka. CamMo CIMBHO moapy4dje je oporpadcku 0aBOJ€HO 01 JaapaHCKOr Mopa
BUCOKMM IUIaHMHCKUM MacuBuma JloBhena m OpjeHa, Tako 1a je MPUCYTHA BEIUKA PA3IUKA Y
HAIMOPCKMM BHUCHHAMa Ha PEJIAaTUBHOM MajioM TmpocTopy (oa 80 mnm KOJIMKO H3HOCH KOTa
uctunama Bpena Pujeke Liprojesuha no 1653 mnm - Bpx JloBhena). OBo cBakako y BEJIMKO] MEPU
yTUYE HA IUTYBHOTPA(PCKH PEKUM CIMBHOT MOJAPYyYja. 3a aHAIM3Y KIMMATCKUX KapaKTEPHUCTHUKA
pasMaTrpaHor nojapydyja ogadbpana je mereoposouika ctanuna [erumwe (640 mnm) 3a KOjy ce MOXKeE
pehu ma penatuBHO H00pO mpeacTaB/ba 00IacT mpuxpamuBama Bpena Pujexe LlpHojeBmha. ¥V
Ttabenu | garte Cy cpeame MECEUYHE W TOAUIIBE CyME IMaJaBHHA, TEMIIEPAType Ba3/lyXa, BUCHHE
CHEKHOT TTIOKpHUBAYa KA0 U CPEJhe MECEUHA U TOJAUIIIHA UCTULIAKkA U3 Pa3MaTpaHOT Bpea.

N3 Tabene 1 ce moxke BHACTH Ja J€ CPEAHETOAUINIBA BPEAHOCT MaJaBUHA 32 OCMATpadKu
nepuoa u3Hocuna 3124 mm mto npeacTaB/ba BPEAHOCT YETUPH NyTa Behy y OAHOCY Ha TOAUIIBLU
NpOCeK MmajaBruHa 3a TeputopHu]y CpoOuje. OBaKO BEIMKO] KOJUYUHU TAJaBUHA JOTMPUHOCH YTHIIA]
JloBhena, koju nipeacTaBiba Oapujepy KpeTama Ba3AyIIHUX Maca Koje Cy 3acuheHne BOJEHOM mapom,
KOJ€ JoJia3e w3 MmpaBla JaapaHCKOT MOpa, a KOJ€ C€ Ha OBOM MPOCTOPY KOHJACH3Y]Y M U3IIY4Y]y Y
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BeJIMKO] Mepu. Ha roguinmeM HUBOY CymMapHE majgaBuHe Bapupajy ox 2601,7 mm (2015. roauna)

no 3715,2 mm (2016. roguna).

Tabena 1: MeceuHe, cpeameMecedyHe U rOAUIIkBE CyMe MajaBuHa (y mm), BACUHE CHEXKHOT IOKpuBaya (y
cm) 1 Temneparype Bazayxa (y "C) 3a cranuny Lletume 3a nepuong 2015 — 2020 roauHa, Kao ¥ U3AITHOCTH
Bpena Pujexe llpHojeBuha (m’/s). IlmaBoM 6ojoM cy O3HaueH MaKCHMAJHE, PBEHOM 00joM MUHHMAIHE, a
3€JICHOM 00JOM CpEIHBEMECEUHE U CPEIHEeTOUIIBE BPEIHOCTH [ 3]

INAJJABUHE
INon. Jan ®ed Map Anp Maj JyH Jya ABr Cen OkT Hos Heu ))
2015 646,6 3743 4279 | 121,1 69,1 1143 | 19,2 90,9 2 i 356,1 3245 0 2601,7
2016 638 581,9 3371 178,9 | 3223 | 3049 | 1343 18 189,7 | 3564 | 452,1 1,6 3tlod
2017 270,1 513.8 203,9 | 180,7 76,2 5.2 3,6 6,2 187,6 78.4 600,8 977.9 | 31044
2018 278,5 6054 | 1013,8 | 48,1 160,8 | 102,4 | 40,1 57,4 343 2839 583.,7 234 3442 4
2019 4149 205.,4 531 2614 | 376.,8 23 183.4 3,3 166,3 75,4 745 684.6 | 3196,6
2020 142 108,8 438.5 103 83,2 49,9 17 108,9 | 4704 | 394,5 13,0 753,1 | 26823
npocek | 3983 398.3 446,1 148.8 181.4 99.9 66,3 478 | 1843 | 257.5 453,2 441,8 | 3123,7
CHEKHU ITOKPUBAY
2015 42 23 18 2 0 0 0 0 0 0 0 0 21,3
2016 A4 5 2 0 0 0 0 0 0 0 I 0 3.0
2017 50 30 0 0 0 0 0 0 0 0 0 4 28,0
2018 6 41 34 0 0 0 0 0 0 0 0 6 21,8
2019 57 35 2 0 0 0 0 0 0 0 0 0 313
2020 0 2 10 19 0 0 0 0 0 0 0 0 10,3
[MPOCEK 26,5 22.7 11,0 3,5 0,0 0,0 0,0 0,0 0,0 0,0 0,2 1,7 19,3
TEMIIEPATYPE BA3/1YXA
2015 1,4 27 5,1 8.8 15,0 18,7 227 20,9 16,4 11,0 6,6 1,6 10,9
2016 2.4 5,8 5,6 11,2 12,8 18,5 21,6 19.8 14,9 10,2 6,3 0,0 10,8
2017 -3.4 3,5 7,2 8,9 14,3 2012 22.3 22,3 14,3 9,2 6,1 2.9 10,7
2018 2,8 2,2 3.3 12,9 16,3 18,7 20,4 21,0 [ 3.7 11,7 Ty 1,9 11,4
2019 -1,2 2,6 6,6 10,1 L1l 20,4 211 213 16,3 11,2 9,8 4,6 11,2
2020 1,4 4,0 6,2 9,5 14,2 16,8 21,1 20,7 17,2 10,8 6,2 2.0 11,1
[IPOCEK 0,6 3.4 6,0 10,3 13,9 18,9 21.5 Z1.0 15.8 10,7 7,1 5 11,0
U3TAIHIHOCT KAPCTHOI BPEJIA PUJEKE IPHOJEBHURA

2015 15997 | 12,857 | 10,819 | 3,120 1,856 | 1,298 | 0,952 | 0,973 | 1,256 1,757 2,318 1,528 | 4,521
2016 17,178 | 15,337 | 14,169 | 4,404 | 10,540 | 5,219 | 1,017 | 0,478 | 0,641 5,381 | 10,644 1325 | 10
2017 2,218 9,311 2910 | 3,278 1,243 | 0,199 | 0,163 | 0,123 | 0,517 | 0,699 | 10,511 | 23,829 | 4,555
2018 9,156 | 15,655 | 29,824 | 3,020 0,921 | 0,780 | 0,481 | 0,445 | 0,415 1,457 | 14,269 7,196 | 6,923
2019 9,512 8,864 2,277 | 5,295 | 10,681 | 2,009 | 1,173 | 0,581 | 0,724 | 0,966 | 18,667 | 18,065 | 6,548
2020 3,624 3,086 | 10,823 | 2,714 1,850 | 0,595 | 0,420 | 0,374 | 5,804 | 12,317 1,052 | 20,098 | 5,271
[MPOCEK 9,614 [ 10,852 | 11,804 | 3,639 4515 | 1,684 | 0,701 | 0,496 | 1,560 | 3,763 9,577 | 12,007 | 5,831

[IITo ce TUUE CHEXKHOT MOKpHUBAYa, OH J€ MPUCYTAH y MEPUOaY OJ HOBeMOpa A0 arpuja, CTUM
na Tpeba HANMOMEHYTH Ja Cy OBO IOJallM BE€3aHM 3a HaAMOPCKY BHCHUHY cTaHule Lletume (640
mnm), JIOK j€ MaKCUMaJIHa HaJIMOPCKa BUCUHA MPUCYTHA HA CIUMBY 1653 mnm 1ito mojapa3zymena ja
Cy 3aJipkaBarba CHEXHOI MOKpHMBAda 3HATHO JAyxka. Tako Jga Moxkemo cioboaHo pehu ma je
HOBEMOAp - Maj MEpUOJ Kaja j€ CHEXHM TOKPUBAY MNPUCYTAaH HA XHUICOMETPHUJCKH BHIIUM
nenoBuMa ciauBa. Be3ano 3a ocmarpauku mepuon, janyap 2019. je 6mo mecen ca MakCHMalHOM
BUCUHOM CHEXHOT mokpuBayda (57 cm) u ga je 2015. roguHa Ouiia roguHa ca HajayKUM TpajambeM

CHCKHOI' IIOKpHUBa4a.

Cpenme roguiima TeMeparypa Basayxa m3nocu 11 °C, ctuM 1a je y mpoceKy HajxJIaaHwHja
ronuHa Ommra 2017. kama je mpocek m3Hocuo 10,7 °C, a wmajrorumja Gmma 2018. ca cpenme
roaunImoM Temmneparypom ox 11,4 °C.

Kaga nmocmaTpamo uCTHLIAKkE€ pa3MaTpaHOT Bpela U MajgaBuHe, MOke ce pehu ga moOujene
CpElihe TOJIUIIHLE U MAKCUMATHE MECEUHE M3JAIIHOCTH CYy CarjacHe CPe/ikhe TOAUIIBUM OJHOCHO
MaKCMMaJHUM MECEUYHHUM cyMama TnajaBuHa. ['oamHa ca HajBehoM MpPOCEYHOM H3AALIHOCTH ]€
2016. rogmHa Kaga je y Tpoceky mcTexiao oko 7,171 m’/s, mox je 2015. rommma Guma
HAjCHPOMALIHMja ca BOJOM Kajga je Ha Bpely y NpoceKy ucTekiao oko 4.521 m’/s. IIpoceuna
FOMIIba M3JAIHOCT Bpena je 5.831 m’/s. AICONYTHH MakCUMyM HCTHLAma 3a0enexeH je 2.
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maprta 2018. rogune y uzHocy oa 108 m’/s, 0K j€ MMHMMAaJIHA U3JAITHOCT u3Hocuia ceera 51 I/s a
3a0enexena je 22. mapra 2017. rogune.

[IITo ce Tuue TreoJOUIKMX KapaKTEpUCTHKa, HajBehe pacnpocTpameme Ha TEepEeHy HUMajy
ME€3030JCKH T€OJONIKA KOMIUIEKCH, CTApOCTH JOHET TpUjaca 0 TOPHE Kpeae, y3 MOCTOjame
npesnasHe (QJIUIIHE 30HE Ka €0LICHY U KBapTapHUX CEAUMEHara, Kao Hajmuiahux TBopeBuHa. CXOIHO
OBOME, ITPUCYTAH J€ HA]3HAYA]HU]U KAPCTHU THUII U3J1aHU (DOPMHUPAH Y OKBUPY KpEeUlhaKa aHU31]CKOT
KaTa, KAJIKapEHUTa U MUKPHUTA Ca JIOJIOMUTUMA CPEHET U TOPHET TpHjaca, JOJOMHUTA U KpeUuhaKa
rOPHET TpHjaca, 3aTUM Yy JIMJaCKUM KpedmalliMa, J0JIOMUTHMA MU JI0JIOMUTHMa Ca aMOHHMTHUMA,
JOJJOMUTHYHUM KpE€UmhalliMa M KpeumaluMma J0HkEe U ropme Kpeae. lIpema XuJporeosaouikoj
Kiacupukanuju kapctHux tepeHa Llpue ['ope [4], kapcTHU TUIT U31aHU U3/IBOJ€H HA MCTPAXKHOM
npoctopy mnpunaaa kinacu Cpenme A0 A00po ckapmiheHUX CTeHa KaBEPHO3HO-MYKOTHHCKE
nopo3Hoctu. l[lopen kapctHOr TUma W3AaHU, MPUCYTHU Cy U 30MJ€HM W NYKOTUHCKH THII.
Konuenryanau mojen kapcTtHor cucreMa Bpena Pujeke LlpHojeBuha npukasan je Ha caunm 1 [4],

[5].
2. TEOPUJCKE OCHOBE

Kpockopenanmone aHanu3e €€ KOPUCTE 3a Cjyda] aHaJu3€ BPEMEHCKM 3aBUCHHUX CIIy4ajHHUX
OPpOMEHJbUBUX (Y KOHKPETHOM CJIy4ya)y HCTUIIAke W mnamaBuHe). [Ipu kpockopenamuoHum
aHaJM3amMa, Be€3a BPEMECHCKHM 3aBHCHE CIYy4YaJHO MPOMEHJBUBE (JHEBHE KOJMYHMHE UCTEKIIMX BOJA,
HABOU MO3EMHUX BOJIA, ...) U HE3aBUCHE CIIMYAJHO MPOMECHJBUBE (JJHEBHE CyM€ MaJlaBUHA) CE€ MOXKE
KBAaHTU()UKOBATH CpPAadyyHABamkEM KPOCKOpPEIAUMOHMX Koe(uiMjeHaTa MW TO 3a Pa3IMYUTE

BpeMeHCKe kopake [6] [7]. Koedumujent kpockopenamuje 3a OMIO KOJU BPEMEHCKH IIOMAaK 7,

noouja ce kopuithemem cineaeche jeqnaunne [6]:
s CO V(xiﬂyﬂﬁ;)
JVARG:)-VAR(,)

(1)

Y

rae je COV xoBapujanca usmel)yy aBe cepuje, X; j€ HE3aBHCHO MPOMEJbUBA IITO Y KOHKPETHOM
ClIy4dajy Mpe/ICTaBJba CEpUja THEBHUX CyMa Ia/IaBUHA, V. ]€ 3aBUCHO MPOMEHJbUBA OJIHOCHO CepHja
Cpesbe THEBHUX BPEIHOCTH MCTHIA/ma, 1 VAR(x.) u VAR(yI.) Mpe/ICTaBIba)y BapHjaHce 00€ cepuje
npomesbuBuX. KoBapujanca ce pauyna kopuiihemem cieaehe jeqnaunne

| ok

L (If —f)-(ka _J75+k) (2)
n—k ‘5

A BapujaHCe cepHrja IPOMEHJbUBHUX C€ JOOU]a]y Ha ciaeachu HauuH

COV(x,,y..,) =

VAR(x.)= ﬁi(ﬁ. -x) (3)
VAR(,) =—— 3 (Vs ~ Fons) 4)

n—=k

1=l

3. JOBUJEHU PE3YNTATU CA OUCKYCUJOM

3a moTpede aHanu3e yTUllaja TUIyBHOTpa()CKOr pEeKUMa Ha PEXHUM MCTHIIAka KAapCTHOT Bpela
Pujexa LlprojeBuha ypahena je kpockopenaluoHa aHajaW3a 3a YKYIIHM OCMaTpaykKd MEepUOJ 3a

AHAJIM3UPAHO BPEJIO (ClIMKa 2), a HAKOH Tora ypaheHa je KpOoCKOpeIalMoHa aHajlin3a Ha HUBOY CBAKe
KaJICHIapCcKe ToAuHE MOoHaoco0. Y paay he OUTH JaT KpOCKOpEaorpam 3a TUIMMHYHY KUIITHY TOAUHY
(omaOpana je 2016. roguna - ciuka 3 J1€B0) U FOAUHY KOja UMA Y TOKY 3MMCKHUX MECCLM IIPUCYTaH
3HAYaQJHU]U CHEXXHU MOKPHUBAY (CJIMKa 3 IECHO).

Kpockopenorpam go0OUj€H aHAIM30M yTHIIA)a MajJaBuHaA (HE3aBHCHA IMPOMEHJ/bMBA BEJIMYMHA)
Ha YKYIMHHA TIEpHOJ OCMaTpama HCTUllamka kapcTHor Bpena Pwujexke IlpnojeBuha (3aBucHa
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NPOMEHJbHMBA) (CIMKA 2) yKa3yje Aa je Ha)0os/pba Be3a MajJlaBuHA M UCTULamka 3a nepuoa 0 naxa (r =
0.765). Pa3zmaTrpane cepuje IOCTAa]y HE3aBUCHE HAKOH S5 J1aHa, OJHOCHO O] TPEHYTKa Kaja
KO€(UILIM]EHT Kopenanuje uma BpeaHocT Mamwy oa 0.2 [8]. Ciauvna curyanuja je U KOJ KUIIHUX
roAvWHa, C TUM JIa Y OBOM CIIy4a]y KOe(UIIM]EHTH KPOCKOpeallfje uMajy Buie BpeaHocTu (r > (.8).
1 oBae nobujeHu KpockopenorpaM (Cirka 3 J€B0) yKasyje Ha Beh n3HeTy UuMmbeHUIly J1a j€ Haj0oJba
Be3a m3Mel)y najjaBuHa M MCTUIAkA 32 BPEMEHCKHU NoMak y uzHocy o 0 pana (r = 0.820) u na cy
cepuje mehycoOHO 3aBucHE 6 naHa.

1 - Cetinfska pecina - povremeni izvor
Z « Povremeni zvor u Dobrskom selu

A - Zona efektivne infiltracije voda
B-
-

Lovéen
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Camka 3: Kpockopenorpam 3a oga0pany kumny 2016. roquny (JI€BO) U TOAMHY Ca AYXKHUM HEPHOIOM
MPUCYTHOT CHEKHOT MOKpHBaya (JIECHO)

3a moTpede aHanu3e yTUIldja OTalama CHEXHOI IMOKPHUBAvYa HA PEXKUM HMCTHUIAKAa KapCTHOT
Bpena Pujeka LlpnojeBuha opaOpana je 2015. roguHa M3 paszjaora IITO J€ TOKOM OBE€ TOJWHE
(opmupaH CHEXXHM ITOKpHBau OMO Tpajama y MUHUMYMY 4 Meceua (nogauu u3 2014. roguHe HUCY
OunM JOCTYyMHUA TOKOM u3pajae oBor paaa). Ca kpockopenorpama (Ciaumka 3 JE€CHO) MOXKE Ce
KOHCTATOBAaTH Ja |€ YTUIIA) MMaJaBUHA HA PEKHUM HCTUIAkha Ca 3HAYAaJHUM BPEMEHCKUM ITOMAaKOM.
OaHocHO HakoH 54 naHa mpucyTaHa je HajuBpirha Be3a P-Q (r = 0.577), 3atum cnenehu muk 1o
3HAYaJHOCTH c€ JaBsba 88 naHa (r = 0.481) u Tpehu, mame u3pa)xkeH je npucyTaH HaKOH 65 naHa (r =
0.28).

Jlakne, 3a ogabpany kanenaapcky 2015. roquny, otaname CHEKHOT MOKPUBavYa UMA 3HAYAQJHU]Y
yaory y (GopMUpEHY M3JAIIHOCTH pa3MaTpaHOr Bpesa. TauHuje 3a BpeMEHCKH nmoMak ofn 0 maHa
KOC(UILIUJCHT KOpealuje uMma BpeaAHOCT Mawky o 0.2 mTo nmojapa3zymeBa JIOlly KOpPEIaluOHY BE3y
najaBUHE-UCTULIAkE. AJM 3aTO HAKOH 54 naHa KaJia j€ HajBepOBAaTHHU]E AOLLIO 10 HArJor OTanama
HajBeher nena CHEXHOT MoOKpuBadya KoepUIMJEHT Kopenanuje y usnocy oxa 0.577 ykazyje na cy
BPEMEHCKE CEpHUJE€ 3aBUCHE. YKOJIHUKO MOrJeAaMO CYMAapHE MECCUHE MaJaBUHE 3a0€NEKEHE TOKOM
nepuoaa janyap-mapt 2015. rogune, Buaehemo na je TOKOM OBOT MPBOT TpOMECEUja Malo MPEKO
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55% yKynHMX TOAUIIBUX MaJlaBUHA, U Aa Cy OBE MaJIJaBUHE YIJIAaBHOM OMJIe CHEXKHOT KapakTepa,
OJHOCHO (popmupase Cy CHEXHHM MOKPHBAY KOJU J€ MOYEO ca OoTanmameM HakoH 2 Meceuna. OBo je
M3a3BaJI0 TIOMEHYTU MUK KOJU C€ JaBUO HAaKOH 54 nmana. IIpeamnocTaBibaMo Jia C€ y OBOM MEPUOAY
HHUje OTOMHO CaB CHET, HETO Ja j€ J0Ja3M/I0 TOKOM MapTa A0 cMmemuBama Xiaagaux (Tgq, < 0°C) u
rormjux nepuoga (Tg, > 0°C) mro je yTvmamo Ha IOjaBy jOII JBa HM3paKCHH]ja IHKA Ha
KpOCKOpEJIorpaMy KOJU Cy C€ JaBWJIM HAKOH 65 M 88 paHa, WITO OJroBapa JBOMECEYHOM U
TPOMECEUHOM 3a/IpKaBamby CHETa y JICIY TJI€ C€ BPIIH IMIABHO NIPUXPaAkbUBAKE pa3MaTpPaHE KApPCTHE
U3JaHU, OJHOCHO Y JICJIOBUMA KOJU CY XUIICOMETPH|CKHU HAJBUILIH.

4. 3AKIbYYAK

KapcTHu MacuBU y OKBUPY KOJUX c€ (pOpMHpA]y MOJA3EMHE BOJE BUCOKOT KBAJIMTETa YECTO, 300T
CBOJ€ HENPUCTYNAYHOCTU M HEHACEIbEHOCTH, HUCY OWJIM IMOKPUBEHU CTAHHUIIAMa 3a OCMAaTpambe
METEOPOJIOLIKUX MapameTapa. Bpena, koja apeHupajy KapCcTHe M3JaHCKe BOJE HAJIa3€ C€ YIIIaBHOM
Mo 000y KapCTHUX MaCHBa TAKO Jia € MOHUTOPHUHT PEKUMA KBAHTUTATUBHUX a TMOHEKA] (PETKO) U
KBAJIMTATUBHUX IMapameTrapa Owio Moryhe ycrmoctaBuTH. 3a Cjyda) Jia IMOCEAY]JEMO BPEMEHCKE
ce€pHje JHEBHHUX IaJaBMHA MEPOJABHUX 3a CIMBHO MOAPYYJ€ HEKOT Bpella, KA0 U PEXKUM UCTHIIAA
OBOT Bpeja, MOryhe je MpUMEHMTH KPOCKOpEeIaluoHy aHanu3y. OBe aHaiu3e, Ha MPBOM MECTY
yKa3y]y KOJIMKO ]€ BpeMeHa MOTpeOHO Aa C€ W3BPIIM IIponaraiuja najgaBuHa Kpo3 CIHB, OJHOCHO
rOBOPE HaM KOJIMKO € mMOTpeOHO BpeMEHA HAKOH KMIIHE €MU30/I€ J1a Johe 10 mopacTa Xxuiporpama
UCTHIIakba. Takohe HamM TroBOpe M J0 KOT TPEHYTKA IIOCTOJU YCIOBJBEHOCT pa3MaTpaHUX
BPEMEHCKUX cepuja. Kaga ¢y y nuramy Bpea ca rpaBUTAllMOHUM TUIIOM HMCTHUIAKA, BE€3a I1a1aBUHE
- UCTHULIAE ]€ 3HATHO jaya, TAaKO Ja Yy OBOM CIlIy4yad]y MMaMoO U BpeOHOCTH KoeduiujeHara Behe.
OOpHYTO, KOJ Y3JIa3HUX BpeJia, 4eCTO KOe(UIIM]EHTU KOpeialuja uMajy BpPEeIHOCTH Mame o1 0.2
IIITO YKa3yj€ Aa C€ BPEMEHCKE CEpHje HE3aBUCHE.
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