
Измењено: 2025-01-11 15:12:02

Application of cross-correlation analysis of karst spring discharges with the
purpose of understanding karst hydrogeology systems

Veljko Marinković, Vesna Ristić Vakanjac, Saša Milanović, Ljiljana Vasić, Branislav Petrović, Petar Vojnović

 

Дигитални репозиторијум Рударско-геолошког факултета Универзитета у Београду

[ДР РГФ]

Application of cross-correlation analysis of karst spring discharges with the purpose of understanding karst hydrogeology
systems | Veljko Marinković, Vesna Ristić Vakanjac, Saša Milanović, Ljiljana Vasić, Branislav Petrović, Petar Vojnović |
Conference proceedings | 2024 | |

10.24867/SYMOPIS-2024-51-074

http://dr.rgf.bg.ac.rs/s/repo/item/0009301

Дигитални репозиторијум Рударско-геолошког факултета
Универзитета у Београду омогућава приступ издањима
Факултета и радовима запослених доступним у слободном
приступу. - Претрага репозиторијума доступна је на
www.dr.rgf.bg.ac.rs

The Digital repository of The University of Belgrade
Faculty of Mining and Geology archives faculty
publications available in open access, as well as the
employees' publications. - The Repository is available at:
www.dr.rgf.bg.ac.rs



\ SYM-OP-IS 

“ 2024 

ONFERENCE 
PRDCGEEDINGS 
51ST SYMPOSIUM 

ON OPERATIONAL 

RESEARCH 



SYM-OP-IS 

“ 2024 

ZBORNIK 
RADDVA 
51. SIMPOZIJUM O 

OPERACIONIM 

ISTRAŽIVANJIMA 

TARA, 16-19. 9. 2024. 



PROCEEDINGS SYM-OP-IS 2024 

Editors Prof. Igor Džolev 

Prof. Nenad Medić 

Prof. Vladimir Mučenski 

Publisher Faculty of Technical Sciences, Novi Sad 

For publisher Dean, Prof. Boris Dumnić 

Graphic design Jelena Mirjanić 

Publisher's note: The publisher makes no representations, either explicit or implied, regarding the 

accuracy of the information contained in this collection and cannot accept any legal responsibility 

for any errors or omissions that may have been made. 

CIP - Karanorvaauywja y ny6nkauMjM 

Bu6nworTeke Marunue cpncke, HoBu Cann 

519.8(082) 

INTERNATIONAL Symposium on Operational Research SYM-OP-IS 2024 (51 ; 2024 ; Tara) 

Proceedings = 36opHuk paaoaBa / 51st International Symposium on Operational Research, SYM-OP-IS 

2024, Tara, 16-19. September 2024. = 51. CHMno3MjyM o onepauMOHMM McTpaXXMBaMbMMa ; urednici, 

editors Igor Džolev, Nenad Medić, Vladimir Mučenski. - Novi Sad : Fakultet tehničkih nauka, 2024 (Novi 

Sad : Grafički centar GRID). - XXXVI, 643 str. : ilustr. ; 30 cm 

Radovi na srp. i engl. jeziku. - Tiraž 100. - Napomene i bibliografske reference uz tekst. - Bibliografija uz 

svaki rad. - Rezime na engl. jeziku uz svaki rad. 

ISBN 978-86-6022-703-6 

a) OnepauMoHa McTpaxMBabba -- 36opHMuM 

COBISS.SR-ID 157255177 



3BOPHHK PAJIOBA SYM-OP-IS 2024 

VpenHunu: IIpoQ. mp Hrop ILlonen 

Zlon. np Hegajn Menuh 

IIpoQ. np BnaniaMup MyueHckH 

Hsnanau: ODakyrreT TeXHHuKHX HayKa, HoBH Caxn 

3a aanaBaua Zflekan, IđIpoQ. np Bopuc /[yMwHuh 

TpadQmauku nmnaaajH Jenena Mupjanuh 

HanoweHa HanaBaua: Hyananau He Jaje HHKaKBeC H3JaBcC, H3pHuHTC HJIH HMTIIJIHIIHpaHe, y TIOTJIe/Iy 

TauHocTH HH(DopMaluja cajlpxxaHHX y OBOM 3OOpHHKy H He MO)Ke Jla IIpHXBaTH HHKaKBy IIpaBHy 
OJITOBOpHOCT 32 OHJIO KaKBE TPpeIHIKe HJIH HeJIOCTaTKe KOJH Cy HalpaBJbeHH. 

CIP - Karanorvaauywja y ny6nkauMjM 

Bu6nworTeke Marunue cpncke, HoBu Cann 

519.8(082) 

INTERNATIONAL Symposium on Operational Research SYM-OP-IS 2024 (51 ; 2024 ; Tara) 

Proceedings = 36opHuk paaoaBa / 51st International Symposium on Operational Research, SYM-OP-IS 

2024, Tara, 16-19. September 2024. = 51. CHMno3MjyM o onepauMOHMM McTpaXXMBaMbMMa ; urednici, 

editors Igor Džolev, Nenad Medić, Vladimir Mučenski. - Novi Sad : Fakultet tehničkih nauka, 2024 (Novi 

Sad : Grafički centar GRID). - XXXVI, 643 str. : ilustr. ; 30 cm 

Radovi na srp. i engl. jeziku. - Tiraž 100. - Napomene i bibliografske reference uz tekst. - Bibliografija uz 

svaki rad. - Rezime na engl. jeziku uz svaki rad. 

ISBN 978-86-6022-703-6 

a) OnepauMoHa McTpaxMBabba -- 36opHMuM 

COBISS.SR-ID 157255177 

HI



515T SVYMPOSIUM ON OPERATIONAL RESEARCH 
51. CIMIIO3HJYM O OHIEPAHNHOHMHMM HCTPA?XKHBAMĐDHMA 

PROCEEDINGS 
3BOPHIHK PAJIOBA 

SYM-OP-IS 2024 

16—19 September 2024, Tara, Republic of Serbia 

16—19. cenrTeM0ap 2024, Tapa, PenyOnuaka Cpotja



ORGANIZERS 

OPFAHH3ATOPH 

Faculty of Technical Sciences, Novi Sad 

Oakyarrer rexaHukux HayKa, Honu Cajt 

Academy of Technical and Art Applied Studies 

Belgrade, Department School of Civil 

Engineering and Geodesy 

AkKajteMuje rexHHuK0O-yMeTHHUuKMHX 

crpyKoBHux cry/uja Beorpaju, Ojcek BucoKa 

rpabeBunHcKo-reo/teTcKa IIIKOJIaA CTDyKOBHHMX 

crynuja, Beorpaji 

Economics Institute, Belgrade 

EkonHoMcku uHcrurTyT, Bbeorpajt 

Faculty of Economics and Business, Belgrade 

EkonHoMcku (bakyarreT, Beorpaji 

Faculty of Mathematics, Belgrade 

MaremMarTuuku (bakyarrer, Beorpaji 

Faculty of Mining and Geology, Belgrade 

PynapckKo-reo.nomiku (bakyarreT, beorpa;/i 



Faculty of Organizational Sciences, Belgrade 

OĐakyarrer opraHu3aluoHux HayKa, Beorpa;/i 

Faculty of Transport and Traffic Engineering, 

Belgrade 

Cao0pahajHu (baky-arrerT, Beorpaji 

Institute Mihailo Pupin, Belgrade 

Hucruryr „Muxajajo Iynan”, Beorpaji 

Mathematical Institute of the Serbian 

Academy of Sciences and Arts 

MaremaTuuku Hucruryr CprnckKe aKkajnteMuje 

HayKa H YMeETHOCTH 

Ministry of Defence Republic of Serbia and 

Serbian Armed Forces 

MuuucrapcrTBo 0/J10pane Peny0.amuke Cpouje H 

BojcKa Cpouje 

Faculty of Architecture, Civil Engineering and 

Geodesy, Banja Luka 

ApxureKTOHcK0-rpaljeBHHcKO-reo/leTCKH 

(pakyarrer, baba JIyka 



PROGRAMME COMMITTEE 

Dr. Aleksić Vule, Academy of Technical and Art Applied Studies Belgrade, Department School 

of Civil Engineering and Geodesy 

Dr. Banković Radoje, Institute of Military Geography, Belgrade 

Dr. Bjelić Nenad, Faculty of Transport and Traffic Engineering, Belgrade 

Dr. Vujošević Mirko, Faculty of Organizational Sciences, Belgrade 

Dr. Davidović Tatjana, Mathematical Institute of the Serbian Academy of Sciences and Arts 

Dr. Dimitrijević Branka, Faculty of Transport and Traffic Engineering, Belgrade 

Dr. Dražić Milan, Faculty of Mathematics, Belgrade 

Dr. Dugošija Đorđe, University of Novi Pazar 

Dr. Đorović Boban, University of Defense, Belgrade 

Dr. Janković Irena, Faculty of Economics and Business, Belgrade 

Dr. Kočović Jelena, Faculty of Economics and Business, Belgrade 

Dr. Kratica Jozef, Mathematical Institute of the Serbian Academy of Sciences and Arts 

Dr. Kuzmanović Marija, Faculty of Organizational Sciences, Belgrade 

Dr. Kutlača Đuro, Mihajlo Pupin Institute, Belgrade 

Dr. Makajić-Nikolić Dragana, Faculty of Organizational Sciences, Belgrade 

Dr. Martić Milan, Faculty of Organizational Sciences, Belgrade 

Dr Miljanović Igor, Faculty of Mining and Geology, Belgrade 

Dr. Mladenović Zorica, Faculty of Economics and Business, Belgrade 

Dr. Mučenski Vladimir, Faculty of Technical Sciences, Novi Sad 

Dr. NetJjasov Feđa, Faculty of Transport and Traffic Engineering, Belgrade 

Dr. Nikolić Dragan, Academy of Technical and Art Applied Studies Belgrade, Department 

School of Civil Engineering and Geodesy 

Dr. Nikolić Miloš, Faculty of Transport and Traffic Engineering, Belgrade 

Dr. Pamucar Dragan, Faculty of Organizational Sciences, Belgrade 

vi



Dr. Papuga Saša, Faculty of Technology, University of Banja Luka 

Dr. Petrović Dalibor, Ministry of Defense of Republic of Serbia 

Dr. Petrović Nataša, Faculty of Organizational Sciences, Belgrade 

Dr. Petrović Slavica, Faculty of Economics, Kragujevac 

Dr. Peško Igor, Faculty of Technical Sciences, Novi Sad 

Dr. Praštalo Željko, Mining Institute, Belgrade 

Dr Preradović Ljubiša, Faculty of Architecture, Civil Engineering and Geodesy, University of 

Banja Luka 

Dr. Radojević Dragan, Mihailo Pupin Institute, Belgrade 

Dr. Savić Aleksandar, Faculty of Mathematics, Belgrade 

Dr. Savić Gordana, Faculty of Organizational Sciences, Belgrade 

Dr. Stamenković Mladen, Faculty of Economics and Business, Belgrade 

Dr. Stanimirović Zorica, Faculty of Mathematics, Belgrade 

Dr. Stanić Stanko, Faculty of Economics, Banja Luka 

Dr. Stanojević Milan, Faculty of Organizational Sciences, Belgrade 

Dr. Stanojević Milorad, Faculty of Transport and Traffic Engineering, Belgrade 

Dr. Starčević Dušan, Faculty of Organizational Sciences, Belgrade 

Dr. Stojković Dejan, Ministry of Defense of Republic of Serbia 

Dr. Suknović Milija, Faculty of Organizational Sciences, Belgrade 

Dr. Ćirović Goran, Faculty of Technical Sciences, Novi Sad 

Dr. Urošević Dragan, Mathematics Institute of the Serbian Academy of Sciences and Art, 

Belgrade 

Dr. Čangalović Mirjana, Faculty of Organizational Sciences, Belgrade 

Dr. Šelmić Milica, Faculty of Transport and Traffic Engineering, Belgrade 

Dr. Aloise Daniel, Natal University, Brazil 

Dr. Artiba Abdelhakim, University of Valencia, France



Dr. 

|| ~ 
|| ~ 

|| ~ 
|| ~ 

. Carrizosa Emilio, University of Seville, Spain 

. Duarte Abraham, Universidad Rey Juan Carlos, Spain 

. Eremeev Anton, Omsk State University, Russia 

. Escudero Laureano, Universidad Miguel Hern4ndez, Spain 

. Hanafi Said, University of Valenciennes, France 

. Hudec Miroslav, University of Economics, Bratislava, Slovakia 

. Kochetov Yuri, Novosibirsk, Russia 

. Labbć Martine, Free University of Brussels, Belgium 

. Meli4n Batista Belćn, University La Laguna, Spain 

. Migdalas Athanasios, Aristotle University of Thessaloniki, Greece 

. Moreno-Perez Josć A., University of La Laguna, Spain 

. Papageorgiou Markos, Technical University of Crete, Greece 

. Raidl Guinter, Vienna University of Technology, Austria 

. Salhi Said, University of Kent, United Kingdom 

. Sevaux Marc, University of Southern Brittany, France 

. Sifaleras Angelo, University of Macedonia, Greece 

. Sorensen Kenneth, University of Antwerp, Belgium 

. Velkovski Trajče, Ss. Cyril and Methodius University, Skopje, North Macedonia 

viii



IIPOT PAMCKH OJIBOP 

/ip Anegkcuh Byate, Bacoka rpabeBHHcKo-reojnercka mrKoma, Beorpaji 

/ip BaHkoBuh Paxnoje, BojnoreorpaQ)ckH BHHcTHTyT, Beorpa)i 

JIp Bjennh HenHajn, Cao0pahajnu Qakyanrer, Beorpajt 

/ip Byjontensnh Mupko, Đakyxrrer opraHH3anHoHHX HayKa, Beorpajt 

/ip JlannonBuh TarjaHa, MareMarHuku aHcraryT CAHV, Beorpax 

/p JluMarrpnjenuHh BparHka, Cao0pahajnu Qakyarrer, BeorpaX 

/ip /ipaxuh Munag, MareMarauku (Qakyrrer, Beorpaj 

/fip Jlyrommja Đopbe, YHaBepaaHrer y HoBoM Ilaaapy 

JIp Đoponnh Bo6an, VHuBepanrer oji0opaHe, Beorpax 

/ip JaRkoBnh HMpeHa, EKoHoMckKu (bakyTeT, Beorpan 

/Iip Kouonuh JeneHa, EKoHoOMckH (bakyTeT, BeorpaX 

JIp Kparuima Jose, MareMarHuku HHcraryr CAHV, Beorpaynn 

/ip KyaMaHoBuh Mapnja, Đakyarrer opraHH3aliHoHHX HayKa, Beorpajt 

/ip Kyrnaua Đypo, HuHcraryr Muxajiuo IIyraH 

/ip MakajnHh-Hukonuh JIparaHa, Đakyarrer opraHH3anHoHHX HayKa, Beorpajn 

/ip Maprah Muinan, Đakyarrer opraHH3alHoHHX HayKa, Beorpaj 

/ip MuxbaHoBHh Hrop, Pynapcko-reonomru (Qaky:rrer, Beorpan 

JIp MnaneHopBuh 3opuna, EKoHoOMcKH (bakyaTeT, Beorpajt 

JIp MyueHcku BitanaMup, DakyareT rexHHukux HayKa, HoBu Caxn 

JIp Herjacon Đeba, Cao0pahajnu Qakyanrer, Beorpaj 

/ip Hukomnuh /IparaH, Bacoka rpabeBHHcKo-reojneTcka miKoJma, Beorpaji 

JIp Hiuxomih Muztom, Cao0pahajHu (bakyarrer, BeorpaX 

/p IlaMyuap Jiparan, Đakyarrer opraHHaanoHHX HayKa, Beorpajnt 

/Ip Ilanyra Cama, TexHononiku Qakynrer, VHuBep3uarer y Bamoj JIyim 

/fip IIerpopBuh JlamiOop, MuHucrapcrBo oxn0paHe



/ip IIerponsnh Harama, Dakyarrer opraHH3anHoHHX HayKa, Beorpaji 

/fip Ilerponnh Cnranpma, EkoHoMcku (akyanrrer, KparyjJeBat 

/fip IIentko Hrop, Dakyarrer rTexnHukux HayKa, HopBu Ca/n 

Zfip IIpamrano 2Kexbko, Pynapcku HHcTHTyT, Beorpaji 

/ip IIpepanonuh JbyOumra, ApxirekToHcKo-rpabeBHHcKoO-reoJeTcKu (bakyJTTreT, VHHBep3HTeT y 

Bamoj JIyua 

/fip Panojennh /Jiparag, HHcraryr Muixajuo IIyrmaH, Beorpan 

JIp Cannh Anegkcanjnap, MareMarniuku (bakyarrer, Beorpaj 

/Ip Cannh T'opnana, Đakyarrer opraHHaantHoHux HayKa, Beorpa) 

JIp CraMenkonpuih MinaneH, EKOHOMcKu (bakyarrer, Beorpa)i 

JIp CraniuponBuh 3opuna, MarearHuku (bakyarrer, Beorpaji 

JIp Cranuh CraHko, EkKkoHoMcku (Dakyarrer, Bapa JIyKa 

JIp CraHojepnnh Muztan, Đakyanrer opranHaarmoHHx HayKa, Beorpaj 

JIp CrarHojepnh Mu:iopajn, Cao0pahajnu (akyarer, Beorpaj 

JIp Crapuennh JIyman, Đakyarer opraHHaanHoHuHx HayKa, Beorpa)i 

JIp CrojkoBnh /lejan, MuHucrapcrnBo oj0paHe 

/Ip CyknoBnHh Muznmija, Đakyarrer opraHHaannHoHHx HayKa, Beorpaj 

JIp BupopBuh IT'opan, Đakyarrer rexnHukHx HayKa, HopBu Cajt 

/ip Ypomennh Jiparan, Marearauku HHcraryr CAHV, Beorpajn 

Jip darranopBHh MupjaHa, Dakyanrrer opraHH3aliHOHHX HayKa, Beorpaj 

/ip IIfenwaih Mamita, Cao0pahajnu Qoakyanrer, Beorpajt 

Dr. Aloise Daniel, Natal University, Brazil 

Dr. Artiba Abdelhakim, University of Valencia, France 

Dr. Carrizosa Emilio, University of Sevilla, Spain 

Dr. Duarte Abraham, Universidad Rey Juan Carlos, Spain 

Dr. Eremeev Anton, Omsk State University, Russia



|| ~ 
|| ~ 

|| ~ 
|| ~ 

. Escudero Laureano, Universidad Miguel Hern4ndez, Spain 

. Hanafi Said, University of Valenciennes, France 

. Hudec Miroslav, University of Economics, Bratislava, Slovakia 

. Kochetov Yuri, Novosibirsk, Russia 

. Labbć Martine, Free university of Brussels, Belgium 

. Meli4n Batista Belćn, University La Laguna, Spain 

. Migdalas Athanasios, Aristotle University of Thessaloniki, Greece 

. Moreno-Perez Josć A., University of La Laguna, Spain 

. Papageorgiou Markos, Technical University of Crete, Greece 

. Raidl Guinter, Vienna University of Technology, Austria 

. Salhi Said, University of Kent, United Kingdom 

. Sevaux Marc, University of Southern Brittany, France 

. Sifaleras Angelo, University of Macedonia, Greece 

. Sorensen Kenneth, University of Antwerp, Belgium 

. Velkovski Trajče, Ss. Cyril and Methodius University, Skopje, North Macedonia 

xi



HONORARY PROGRAMME COMMITTEE 

Dr. 

Dr. 

Dr. 

Dr. 

Dr. 

Dr. 

Dr. 

Dr. 

Dr. 

Dr. 

Dr. 

Andrejić Marko, Military Academy, University of Defence, Belgrade 

Backović Marko, Faculty of Economics, Belgrade 

Batanović Vladan, Mihailo Pupin Institute, Belgrade 

Borović Siniša, Faculty of Diplomacy and Security, AINS, Belgrade 

Čabarkapa Obrad, Ministry of Defense of Republic of Serbia 

Cvetković Dragoš, Mathematical Institute of the Serbian Academy of Sciences and Arts 

Đorđević Branislav, Faculty of Civil Engineering, Belgrade 

Guberinić Slobodan, Mihailo Pupin Institute, Belgrade 

Ilić Aleksandar, Ministry of Defense of Republic of Serbia 

Kovač Mitar, Ministry of Defense of Republic of Serbia 

Kovačević-Vujčić Vera, Faculty of Organizational Sciences, Belgrade 

. Mesaroš Katalin, Faculty of Economics, Subotica 

. Mihaljević Miodrag, Mathematical Institute of the Serbian Academy of Sciences and Arts 

. Milovanović Gradimir, Mathematical Institute of the Serbian Academy of Sciences and Arts 

. Mučibabić Spasoje, Ministry of Defense of Republic of Serbia 

. Ognjanović Zoran, Mathematical Institute of the Serbian Academy of Sciences and Arts 

. Opricović Serafim, Faculty of Civil Engineering, Belgrade 

. Pap Endre, Singidunum University, Belgrade 

. Rakić Milan, Mihailo Pupin Institute, Belgrade 

. Vujić Slobodan, Mining Institute, Belgrade 

. Vuleta Jovo, Faculty of Economics and Business, Belgrade 

. Zečević Tomislav, Faculty of Economics and Business, Belgrade



IOMUACHH IIPOT PAMCKH OJIBOP 

/p Annpejuh Mapko, BojHa akaneMuja, VRuBep3urer ojOpaHe, Beorpajt 

/ip BaukoBuh Mapko, EkoHoMckH (QakyarreT, BeorpaX 

/ip BaraHoBHh Bianag, HHcraryr Muxajiuo IIynaH, Beorpaj 

JIp Boponuh Canuma, Đakyarer aa marrovarujy H 0e30enHocr, AHHC, Beorpax 

JIp da0apkana O0pajn, Munucrapcrsno oxj0paHe, Beorpajt 

/ip IIBerkoBHh /Jiparoni, MareMariukH HHcraryr CAHV, Beorpaxn 

/ip Đopbenuh BpaHuc:unaB, I pabeBHHcKH QakyarreT, Beorpaji 

/p T yoepurHuh Cno0onnan, HHacraryr Muixajino IIynuH, Beorpa/i 

/ip Hanuh Anekcagnap, MugHucrapcrBo on0page, Beorpan 

/ip KoBau Murap, MuiHucrapcTso oJt0paHe, Beorpax 

/ip KoBaueph-Byjuah Bepa, Đakyarrer opraHH3alHoOHHX HayKa, Beorpa) 

JIp Mecapormr KaramirH, EkoHoMcku Qakyanrer, Cyooruma 

JIp Maxaxbepuh Muojxnpar, Mareariuku HHcraryr CAHV, BeorpaXn 

/ip MuzoBanonpuh I paniMap, MareMarauku aHcraryr CAHV, Beorpajn 

JIp Myun6a0uh Cnacoje, MunHacrapcrno oJt0paHe, Beorpaj 

JIp OrpaHonuh 3opaH, Marearauku HHcrHrTyrT CAHV, Beorpaxn 

JIp Onpunonuh CepaQuw, I pabeBHHcku (bakyarer, Beorpa) 

JIp IIan Ennpe, VHuBep3uHrer CHHru)xyHyM, Beorpajn 

/ip Pakuh Muizag, HHcraryr Muxajio IIynuH, Beorpajn 

JIp Byjuh Caro6onan, Pynapcku aHcrHryT, Beorpaj 

/p Bynera JoBo, EKoHoMcku (DaKyanreT, Beorpaj 

/ip 3eueph ToMHcnaB, EKOHOMcCKH (DakyTeT, Beorpaj 

Xili



ORGANIZING COMMITTEE 

Dr. Nenad Modić, President, Faculty of Technical Sciences, Novi Sad 

Dr. Igor Džolev, Faculty of Technical Sciences, Novi Sad 

Dr. Andrija Rašeta, Faculty of Technical Sciences, Novi Sad 

Dr. Darko Stefanović, Faculty of Technical Sciences, Novi Sad 

Dr. Mirna Kapetina, Faculty of Technical Sciences, Novi Sad 

Dr. Nebojša Ralević, Faculty of Technical Sciences, Novi Sad 

Dr. Slaviša Dumnić, Faculty of Technical Sciences, Novi Sad 

Dr. Mehmed Batilović, Faculty of Technical Sciences, Novi Sad 

Dr. Ljiljana Popović, Faculty of Technical Sciences, Novi Sad 

Dr. Jovana Topalić, Faculty of Technical Sciences, Novi Sad 

Dr. Tiana Milović, Faculty of Technical Sciences, Novi Sad 

MSc. Mirjana Terzić, Faculty of Technical Sciences, Novi Sad 

MSc. Dragana Stanojević, Faculty of Technical Sciences, Novi Sad 

MSc. Jelena Mirjanić, Faculty of Technical Sciences, Novi Sad 

OPF AHH3ALIHOHH OJIBOP 

np Hegajn Menuh, ripe,icenHHK, Daky1rTer TexHHukHx HayKa, HoBu Cajn 

np Hrop IIonen, Đakyanrrer rexnukux HayKa, HoBH Cajt 

np Annpuja Panrera, Dakyınrer rexaHukuHx HayKa, HopBu Cajn 

np /lapko CreQanonBuh, Dakyarer rexnHukuHx HayKa, HoBuH Cah 

JNp MupHa Kaneruna, Đakyanrer rexnHukux HayKa, Hopu Cajt 

np He06ojma Panennh, Đakyanrer rexnHukux HayKa, HopBu Ca/n 

Jp Cnapima /IlyMHuh, Đakyanrer rexaHHukux HayKa, HoBu Cajn 

np Mexwej BaruznopBnHh, Dakyınrer TexaHukHx HayKa, HoBu Cajt 

Jp JbnbaHa IIononuh, Đakyarrer TexnukHx HayKa, Hopu Cajn 

Jp JoBaHa Tonaznnih, ĐakyıreT rexHHukuHx HayKa, HopBu Cajn 

Jp TuaHa MuznopBuh, Đakynrer rexaHukux HayKa , HoBH Cajn 

MacTep Mupjana Tepauh, Dakyarer rexnHukux HayKa, HoBu Ca/n 

Macrep /IiparaHa CragHojepuh, Đakyanrer rexuHukux HayKa, HoBu Cajn 

MacTep JeneHa Mupjanuh, Đakyarrer TexHHukHx HayKa, HopBH Cajt



CHARTER HOLDERS OF SYM-OP-IS 
for gratitude for the development of operational research 

Božidar Kraut (1983) 

Alojzij Vadnal (1983) 

Dragoslav Marković (1983) 

Branislav Ivanović (1984) 

Ljubomir Martić (1984) 

Radivoj Petrović (1984) 

Jovan Petrić (1988) 

Sanjo Zlobec (1990) 

Radoslav Stanojević (1991) 

Svetozar Vukadinović (1993) 

Slobodan Krčevinac (1993) 

Slobodan Guberinić (1993) 

Jovo Vuleta (1993) 

Vera Kovačević-Vujčić (1998) 

Dušan Teodorović (1998) 

Vlastimir Matejić (2000) 

XV 

Mirko Vujošević (2000) 

Siniša Borović (2001) 

Tomislav Zečević (2001) 

Slobodan Vujić (2003) 

Dragan Radojević (2006) 

Mirjana Čangalović (2010) 

Nenad Mladenović (2010) 

Spasoje Mučibabić (2010) 

Milan Martić (2012) 

Dragoš Cvetković (2013) 

Goran Ćirović (2017) 

Đorđe Dugošija (2017) 

Milorad Vidović (2019) 

Dragan Urošević (2021) 

Tatjana Davidović (2023)



HOCHOHNH IIOBEJbE SYM-OP-IS-a 

a3a 3acJ1yre y pa3BOjy OnepaliHoHHX HcTpaxKHBakbba 

Boxxunap Kpayr (1983) 

Ajojanj BajnHazı (1983) 

JiparocnanB MapkonpHh (1983) 

BpaHucuaB MBaHopBHh (1984) 

JbyOoMup Mapruh (1984) 

Panunoj IIerpopuh (1984) 

JopBaH IIerpuh (1988) 

Camo 3no0er ı (1990) 

Panocnan Cragojenpuh (1991) 

CperTonaap BykajaHopBuh (1993) 

Cno0onnan KpuenBunarn (1993) 

Cno0ojnnan I yoepunuh (1993) 

Jono Bynera (1993) 

Bepa KoBauepBnh-Byjush (1998) 

/lymanr TeojnoponBuh (1998) 

Bynacraup Marejuah (2000) 

Mupko Byjomtennh (2000) 

CnuHuma Boponuh (2001) 

ToMucinanB 3euepuh (2001) 

Cno0ojnnan Byjuh (2003) 

ZJiparar Paxnnojepnnh (2006) 

MupjaHa Uangra:onBgh (2010) 

Henajn MitnajneHopBHh (2010) 

Cnacoje Myun0a0uh (2010) 

Munatr Mapruh (2012) 

Zfiparomr  IBerkoBuh (2013) 

Topan BuponBHh (2017) 

'Đopbe /Zlyrommja (2017) 

Muznopaji BanonBuh (2019) 

Jiparan Ypomennh (2021) 

TarjaHa /lannoBHh (2023)



CONFERENCE SPONSOR 

Republic of Serbia 

MINISTRY OF SCIENCE, 
TECHNOLOGICAL DEVELOPMENT AND INNOVATION 

XVii



CIIOH3OP KOHOEPEHIIHJE 

PenyOxnuka Cpogja 

MHHHCTAPCTBO HAVKE, 

TEXHOJIOI({THKOTI" PA3BOJA H HHOBALIHJA 

Xviii



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 

XX



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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Pesumwe: Kada nocwampawo oopebeny us0aH, npuxpatbugatbe noO3eMHux Goda ode us30aHu cCe MOODICe 

apuumu 1. a pauun nadaeuHa, 2. a pauyH noepuwuHcKux mokoda y OenoseuMa 20e nocmoju Oo0pa 

xuoOpaynuuka qe3a no0seMHux u noepuuHcKux 6oda u 20e je nueo noepuunckooe mokKa Ha Guuuoj KoOmu OO 
Hu6oa no0s3eMHuXx 6o0a, unu noHupatbe no6puuHcKux 600a, u 3. na pauyH no03eMnux aoda Opyeux munoaa 

usd0aHu. KoO us0anu qopwmupanux y oKkaupy Kapemnux Macu6a, npuxpatbusatbe ogux aoda Hajueulie ce 

apuu uHdyumpauujo.u nadaseuna u noHupatbeM noepuuHckux mokoaa ma.o 20e oHu Oojna3se y KoHmakm ca 
KapcmHuw mepeHuwa. Koo anux caugoga apelta ca opasumauyuoHuw munoM ucmuuyatba, uecmo Kuuue jaKoZ 
uHmeH3umema u/unu Haeno omanarbe cHeOIcHO2 nokpugaua u3a3u6a CKOpo ucmospeMeHo Hačnu nopacm 
xuopoepaMa ucmuuyatba (nopacm je yenaeHow 3a0eneorceRH yHymap jeOnoe OanHa). Ca Opyee cmpane, KkoO 

Jy3nasnox apelna peakuuja cauga je chopa a nopacm xuoOpoopawa ce jaa/ba ca 3aKauutbehbe.M, OOHOCHO HaKOH 
oopeljenoe epeMenckoe nepuoda Koju MoOice u3HocCumu HeKoJuKO OaHa. Hy oaoe pasnmoza je nompeOHo 
pasyuemu ymutaj njayeuozpadbckoe peoicua Ha peoicuM ucmuuatba. V ae3u ca ogu, kpocKopenauuoHe 6e3e 
cy RaM OO 6ehnuke noohu. Ilope0o meopujckux ochosa KpockopenauuoHux aHaanusa y paOy cy Oamu Oo6ujeHu 
pesayamamu anHanu3sa peoicuwa ucmuuarba Pujeka I{pnojeeuha apena u nayeuozpaqdcke cmanuue Ilemutbe. 
4na.nuse cy u36pueHe 3a yKynHu ocMampauku nepuoo (2015-–2020) u aa o0a6pany ala2icHy u CyuaHy 200uHYy. 

Koyune peuu: peoicu.M, kapcmno 6peno, ucmuuyatbe, KpocKkopenauuja, Pujeka Ipnojeauha 6peno 

“bstract: B/hen 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. n 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 Crnojevića karst spring and the Cetinje 
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pluviographic station. 4nalyzes 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.yBon 
KapcrHe Bojte (bopMHpaHe y OKBHpy KapcTHHX MaCHBa TIpe,iCTaBJbajy jeyHC OJL HajKBaJIHTCTHHjHX 
BOJIA KOje Ce KOpHCTe 3a BOJIOCHaO,leBaPbe CTaHOBHHII!TBa. V IIpH10r OBOMC TOBOpH H uHPbcHHiTla Jla. 
MHoruH rpaloBH y Esponu monyT Beua, Ckonjba, TapaHe, Kao H rpanoBa y CpOounju (Bop, IIspor, 

CnBp-bHr, Bena IIananHxa, CjeHuma, a HajBehHM eJIOM OBe BoOJIe KopHcTe H Hurmr a JinMarpoBrpa;jn) 

KOPpHCTe HCKJByuHBO KapcTHe H3JaHCKC BOJIe 32 IIOTpeOc BOJUOCHaO/leBaMba CBOT CTaHOBHHTIITBA{1 |. 
O saHauajHOCTH OBHX BOJIHHX pecypca TOBOpH H uMHbceHHa a je jout Opanr Joca 1850. ronane 

yKa3aO Ha KBaJIHTCT OBHX BOJIA H Ja BOJOCHaOJUeBaMbc craHOBHHImITBa Beua rpeOa OayMparHM Ha 
BOJIAMa KapcTHHX IIIAHHHCKHX MacHBa Pakc H IHHHeGepr. 1873. ronaHe 3aBHIcH je IHpBH IICBOBOJI 

Jiyr 120 KM KojH je BOJIe KapcTHor Bpena Kaiserbrinn cripoBeo o Beua [2]. 

MHsyananu QopMuHpaHe y KapcTHHM TepeHHMa IipHXpabbyjy Ce yrJ1aBHOM Ha pauyH HH(Q)unrparuije 
manaBHHa (OMHMo a Cy y IHMTaM>y KMIHC MJI OTaHaM5C CHC)KHOT HOKpMBaua), CTHM Ma KOJI 
MHHTCH3MBHO KapcTM(DMKOBaHMX KapCTHMX MaCHBa KOJC JpeHMpajy KapcrHa Bpema ca 
TrpaBHTaLHMOHHM THIHIOM HcTHIaF4, IpHcyTHa je Op3a rponaranuja manaBHHa jaKHdx HHTCH3HTCTA, 
OJIHOCHO JIOJa3H JIO HarJIOr, CKOpO HCTOBPpCMeHor rtopacTa xujnporpaMa. Koyjt oBx Bpema, rakobe, 
Jona3H H JO CKOKOBHTHX HpOMeHa bojenHHXx mapaMeTapa KBamMTeTa KapcTHMX BOJLa (MyTHoha, 
CycIleH)OBaHH HaHOc, yKymaH Opoj OaKTepuHja, ...). KapcrHo Bpenmo Ip3e, BenaKko Bpemo, Majno 

Bpeo, Bpenmo Kpyrnat u Bpeno F panimre ko,ji IIMpora cy TanmauHu rpejicraBHHImH rpaBHTanHOHHX 
Bpema. Ca mnpyre crpaHe, KOJI y3Ma3HHX Bpca peaknuja pexuMa MHcTHMHaMa je cmopa, mopacT 
XHJporpaMa y OJIHOCy Ha BpČMC Kaja CC jaBMJIA KHHIHA CHM30/QA, CC jaBJba Ca 3aKaHIM»bCH5ĆM, 
OJIHOCHO HaKOH OJIpebeHor BpeMeHCKoOr TIcpHOJIa KOJH MO;KC H3HOCHTH HCKOJIHKO JaHa. Kojn oBHX 
BpeJa, nO IIpecTaHky rajaBHHa rpHcyTHa je yr11aBHOM JUyra H Onaror HaruH0a penecuja HcrHmama. 
PexxHM KBaJIHTATHBHHX IHapaMcTapa je KOJI OBHX BpeJa JIOCTa HIOCTOjJaH, Tj. HE J(OJa3H JIO PPHXOBHX 
3HauajHHjHX IIpOMeCHa TOKOM HHTCH3HBHHX nanaBHHa. TurmnuHu ripe,icraBHHLH Bpena ca y3J1a3HHM 
(acneleHTHHM) THIIOM HcTHIHAM5a Cy KapcTHO BpeJIO Mp-bHim (BoO)tocHa0OJteBabe BoroBHHe H Bopa), 

KapcTHO BpeJIO KaBaK (BO/JlIOCHaO,JneBatbe IIHpora), Bpeno Bane H MHora Jipyra. 

Jlaknme, norpeOHo payyMeTH Bey3y ruryBHOrpaQ)cKor pexxHMa H pexXkHMa HcTHHAMba. V BeaH ca 
OBHM, KPpOCKOP6CJIaIHOHC BeC3C H aHajmi3c HaM Mory OugTH OJI BenHKe mnoohu. Kao nuzmor nojnpyuje 
oja0OpaHo je KapcTHo Bpeno PujeKe IIpHojeaHha a nonanu o HnyBHOrpa()CKOM Dc;KHMy CJIHBa Cy 
rpey3eTu ca craHuce Ilerame. 

Bpeno PujeKe IipHojeBMha mpeHuMpa IlerMmcKO KapcTHO TIIOJbC. Ca XMJUOTCOJIOIHKHM 

HcTpaxxXHBaMbHMa OBoOr Jneza IIpHe T ope ce ormoueno HaKoH /Ipyror cBeTcKor paTa, a HHTe3HBHpaHa 
Cy HaKOH 3CMJbOTpeca H nornaBa Koje cy 3anecHue IIpHy Fopy KpajeM 70-Hx H HOueTKOM 80-ax 

TOJMHHa TIpOIMHJIOr BcCKa. CaMO CMBHO mojpyuje je OporpaQcKM OJBOJeHO O,L JampaHCKOr MOpa 
BHCOKHM TIaHHHCKHM MaCHBHMa JloBheHa M OpjeHa, rako Ma je HpHMcyTHa BemMKa paynmMKa y 
HaJIMOpCKMM BHCHHaMa Ha pcaTHBHOM MaJIOM ıpocTopy (om 80 mnm KOJIMKO H3HOCH KOTA 
HcTHIHaFPa Bpca Pujeke LIpnHojepHha no 1653 mnm -– Bpx JIloBheHa). OBO cBaKaKO y BCJIHKOJ MCpH 
yrmuc Ha IUIyBHOrpad)CKHM pe)KHM CJIHBHOT mOJpyuja. 3a aHajmy KJMMaTCKMX KapakTepHcTMKa 
pa3arpaHor mojnipyuja onaOpaHa je MeTeopononmika craHHia Ilerae (640 mnm) 3a KoOjy cCe MO;KC 
pehm ma pemarMBHo MOOpo mpejcTaBpjba oOmacrT rpHxpaPHBaba BpcMa PujeKe IipHojenuha. y 
TaOemu | mare cy Cpejbc MeCcuHC H TOJUHIHM»=C CyMC HajnaBHHa, TeMTNHICpaType Ba3jlyXa, BHCHHC 
CHe)KHOT IIOKpHBaua KaO H CpeJIPbe MeCcuHa H TOJUHIHTHa HcTHILAPba H3 pa3MaTpaHor BpoelIa. 

MHa3 raOeme 1 ce MOX)KC BHJICTH JIA je cpeHeronmHmba BpejHOcT manaBHHa 32 OCMaTpaukH 
nepuoji 8aHocHnma 3124 mm mro rnpejicranJba BpeniHocT ucTHpH ryTa Behy y OJIHOCy Ha TOJUHIHTHH 
nrpocek nanaBuHHa 3a TeparopHjy CpOuje. OBaKO BeJMHKOJ KOJIHUMHHH HajnlaBHHa JIOIIDHHOCH yTHIaj 
JIoBheHa, kojt rpejicraBJba GOapHjepy KpeTaMba Ba3JlyIHHHX Maca Koje cy 3acHhcHe BOJIĆHOM IIapOM, 
Koje JOJa3e H3 HpaBma JanmpaHcCKOr MOp4, a KOje Ce Ha OBOM IIpOCTOpy KOHJICH3y]y H H3JIyuyjy y 
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BCJIHKOJ Mcpu. Ha rojHitbeM HHBOy CyMapHe nanaBHHe Bapupajy o 2601,7 mm (2015. ronuHa) 

no 3715,2 mm (2016. roaHa). 

Ta0emna 1: MeceuHe, cpejiPbeMeCeuHe H TOJ1HIHIH=C CyMC IajlaBHHa (y mm), BHCHHC CHe)KHOT HOKpHBaua (y 

cm) H TeMnepaType Ba3jlyxa (y "C) sa craHHmy Ierumbe a3a nepaojt 2015 – 2020 ronaHa, Kao H H3/laHIHOCTH 

Bpena Pujeke IIpHojenaha (m"/s). IInaBoM GoOjoM cy O3HauecH MaKCHMAaJIHe, IIDBEHOM GOjOM MHHHMAIIHC, a 

3eJIČCHOM OOJOM CpeJipbeMeceuHe H Cpe/iPerojmHIIPe BpejHocTu [3] 

IAJIVABHHE 
Ton. JanH eG Map Anp Maj JyH Jyan ABr Cen Okr Hos /leu bj 

2015 646,6 374,3 4275 | 121,1 69,1 114,3 | 19, | 90, | 57,7 | 356,1 324,5 0 2601,7 

2016 638 581,9 537,1 | 178,9 | 322,3 | 304,9 | 134,3 18 189,7 | 356,4 | 452,1 1,6 3715,2 

2017 270,1 513,8 203, | 180,7 76,2 5, 3,6 6, 187,6 | 784 600,8 9775 | 3104,4 

2018 278,5 6054 | 1013,8 | 48,1 160,8 | 102,4 | 40,1 57,4 34,3 283,9 583,7 234 3442,4 

2019 414,9 205,4 55,1 261,4 | 376,8 23 183,4 5,3 166,3 75,4 745 684,6 | 3196,6 

2020 142 108,8 438,5 103 83,2 49,9 17 108,9 | 470,4 | 394, 13,0 753,1 | 2682,3 

npocek | 398,3 | 308,3 | 446,1 | 1488 | I8lA | 099,9 | 66, | 47,8 | 184,3 | 257,5 | 453, | 4418 | 3123,7 
CHE?KHH IIOKPHBAU 

2015 42 23 18 2 0 0 [[] 0 [[] 0 0 0 21,3 
2016 4 5 ? 0 0 0 0 0 0 0 || 0 3,0 
2017 50 30 [[] 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 ? 0 0 0 0 0 0 0 0 0 313 
2020 0 ? 10 19 0 0 0 0 0 0 0 0 10,3 

npocek | _26,5 | 22,7 110 | 35 0,0 0,0 | 0,0 |} 0,0 |_0,0 0,0 0,2 1,7 19,3 
TEMIIEPATYPE BA3JIYXA 

2015 1,4 2,2 5,1 8,8 | __15,0 | 18,7 | 22,7 | 20,9 | 16,4 | _11,0 6,6 1,6 10,9 
2016 | __2,4 5,8 5, | 112 | 12,8 | 185 | 21,6 | 19,8 | 14,9 | _10,> 6,3 0,0 10,8 
2017 | -3,4 3,5 7, 8, | 14,3 | 20, | 22,3 | 223 | 14,5 | 92 6,1 2,9 10,7 
2018 | _2,8 2,2 5,5 12,9 | 16,3 | 18,7 | 204 | 2LO | 15, | 11,7 7,5 1,9 11,4 
2019 | -I, 2,6 6,6 | 10,1 | 1I1,1 | 20,4 | 20,1 | 20,3 | 16,3 | 11,? 9,8 4,6 11,2 
2020 1,4 4,0 6,? 9,5 142 | 168 | 21,91 | 207 | 172 | _10,8 6, 5,0 111 

npocek |___0,6 3,4 6,0 | 103 | 13, | 189 | 215 | 2LO | 15,8 |_10,7 7,1 2,7 11,0 
H3JIAIIIHOCT KAPCTHOT BPEJIA PHJEKE IIPHOJEBHRA 

2015 15,997 | 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 1,325 | 7,171 

2017 2,218 95311 2,910 | 3,278 1,243 | 0,199 | 0,163 | 0,123 | 0,517 | 0,6990 | 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 | ___4,515 | 1,684 | 0,701 | 0,496 | 1,560 | 3,763 | _9,577 | 12,007 | _5,831 

IIIro ce rHue CHe)KHOr HOKpMHBaua, OH je rpHcyTaH y mepHO/ly OJL HOBeEMOpa JO arpHa, CTHM 
a TpeOa HamlOMcCHyTH a Cy OBO HIOJalH BC3aHH 34 HaJIMOpCKy BHCHHy craHHIe Ilerupe (640 
mnm), OK je MaKCHMajJIHa HaJIMOpcKa BHCHHa IIipHCyTHa Ha cyIBy 1653 mnm mro mnojipayyMeBa a 
Cy 3ajpxkaBaMba CHC)KHOT MHOKpMBaua 3HaTHO JUy)Ka. TaKO a MO)KeMO cOOoOmHo pehmM ma je 
HOBCMO4ap - Maj HCpMOJ Kajla jcČ CHC)KHHM NHNOKpMBau NpHcyTaH Ha XHIICOMCTDHJCKH BHIIHM 
feJlOBHMa CHHBa. Be3aHo 3a ocMaTpauku mepuHoj, jaHyap 2019. je OHO Mecem ca MaKCHMAaJIHOM 

BHCHHOM CHE)KHOT HOKpHBaua (57 cm) H a je 2015. roxHa OHna rojHHa ca HajJIy)9KHM TpajaFbeM 
CHC)KHOT IIOKpHBaua. 

Cpe/ube rojmHmiba TeMicpaTypa Bayllyxa H3HocH l11 "C, crHMM a je y HpoceKy HajxajHuja 
romuHa OMmMa 2017. kama je npocek MaHocHo 10,7 'C, a majronmuja OmMma 2018. ca cpenme 

TOJUHIII5OM TEMTIIepaTypOM oJ 11,4 *C. 

Kana nocMaTpaMo MHcTHHaM=e pa3MaTpaHor BpemMa H manaBHHc, MO:;Ke cc pehu ma noOuHjeHc 
Cpe)jUbe rOJHIHHMC H MaKCHMAaJIHe MeCCuHC H3/LAHIHOCTH Cy CarJ!IACHC CpeJUbC TOJUIHIF»HM OJIHOCHO 
MaKCHMAaJIHHM MCCCUHHM CyMaMa majaBHHa. FommMHa ca HajBechOM IHIpOCeuHOM MH3jHaMHOCTH jcC 
2016. romuHa Kama je y Npoceky HcTeKmO OKO 7,171 m/s, mok je 2015. rommHa Guma 
HajcHpoMamrHHja Ca BOJIOM Kajd je Ha BDpCJy y IIDOCCKy HCTEKHMO OKO 4.521 m”/s. IIpoceuHa 

romHmmba H3mamHocT Bpema je 5.831 m”?/s. AncojyTHH MaKCHMyM HcTHIaFa 3aOce)keH jc 2. 
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Mapra 2018. ronaHe y HaHocy oJ 108 m3/s, JIOK je MHHHMAJIHA H3/1aITHOCT H3HOCHiTa cBera 51 l/s a 

aaOeexxceHa je 22. Mapra 2017. ronuHe. 

Iro ce THuc rcOHmOmkKHX KapakTepHcTMKa, HajBehe pacmpocrpambeMe Ha TepcHy MHMajy 
Me3050JCKH TCOJIOHIKH KOMIJIČKCH, CTapoOCTH JOMer TpHjaca JMO TOpĐe KpcMe, y3 HOCTOjaMC 
ripena3He (bDyiHiHe 3OHC Ka COHIICHy H KBapTapHMHX CeJUHMcHaTA, KaO HajMJIaljuix TBOpeBHHa. CxoJIHO 
OBOMĆ, IHIpHcCyTaH je HajaHauajHHjH KapcTHH THII H3/1AHH (DOpMHpaH y OKBHpy KpeukbaKa aHH3HJCKOT 
KaTa, KaJIKapeHHTa H MHKpHTAa Ca JIOJHOMHTHMA Cpe/Uber H rOpbber TpHjaca, JOJIOMHTA H KpeuhbaKka 
roppber TpHjaca, 32THM y JIHJaCKHM KpcuPbalHMa, /(OJIOMHTHMA H JIOJHOMMTHMMA Ca AMOHHTHMA, 
J(OJOMHTHUHHM KpćčubalMa H KpcuPbamMMa JIOMĐC H TOp Kpeme. IIpeMa XHJIpOrTeOJIOHMđIKOJ 
KnJacH()MKanujH KapcTHMXx TepcHa IipHe Tope [4], KapcrHH THH H3HaHH H3JIBOJEH Ha HCTpa;KHOM 

npocropy mnpumama KmacMu Cpempbe o OOpo cKapmiheHMx CcCTeHa KaBČDHO3HO-IHyKOTHHCKC 
HOpo3HocTH. IIopen KapcrHor THma H3MaHMH, IIDpHMCyTHHM Cy M 3OMjeHHM M IIyKOTHHCKH THI. 
KogHnenryaJiHH MOJIĆJI KapcTHor cHcTeMa Bpcia Pujeke IpHojeBHha npaka3aH je Ha caam 1 [4], 

[5]. 

2. TEOPMJCKE OCHOBE 
KpockopenanuoHe aHaM3C CcC KOpMHcTe 3a cCHyuaj aHajJM3C BDpCMCHCKH 3AaBHCHHX CJIyuajHHX 
TIDOMCHJBHBHX (y KOHKDEČTHOM cJIyuajy MHcTHHaAH=C H IHamaBHHC). IIp KpOCKOPpcJaLNHOHHMM 
aHajJm3aMa, BC3a BDČMCHCKH 3A4BHCHC CJIyuajHO IPOMCHJPHBC (JIHCBHC KOJIHUHHC HCTCKJIMX BO/IA, 
HHBOH HO3CMHHX BOJIA, ...) H He3aBHCHC CJIHUAjHO IDOMCHJbHBC (JIHCBHC CyMC HajlaBHHa) Ce MO)KC 
KBaHTH()MKOBaTH cpauyHaBaHbCcM „KpOCKOPpeJJALNMOHMX RKoc(pMuujeHara H TO 3a pa3HnMuaHTc 

BpeMeHcKe Kopakc [6] |7]. KoedQanunjenr KpocKopemanuje 342 OMJIO KOjH BDpČMCHCKH IHIOMaK 7% 

Jo0uja ce KopunihebeM cuejehe jenHauuHe [6]: 

COP(xa.ya+) i 

- ODVARG.).VARO,,) 

rne je COPF kopBapHjaHca Ma3Meby mBe cepHje, , je He3aBHCHO IIDpOMCJbHBa IHITO y KOHKpĆTHOM 

()) 

cnyuajy npejicTaBJba cepHja JIHeBHHX CyMa nanaBHHa, }, je 34aBHCHO IIDpOMCHJbHB4a OJIHOCHO CcpHJa 

cCpenpbe JIHeBHHX BPpCJIHOCTH HcCTHIAH4, H VAR(x,.) H VAR( yl) Tripe/IcTaBJbajy BapujaHce o0e cepuje 

TIpOMCJbHBHX. KoBapHjaHca ce pauyHa KopHiihebeM cine/iehe je)iHauHHcC 

1 < _ _ 
COV(X,·»))IM):mŽ(XI _x)'(yf+k —yz+}.) Q) 

i=l 

A BapujaHce cepHja IpOMeHJbHBHX Ce JIOOHjajy Ha cnenehH HauHH 
n-k 

PARG)= ___ -0, -) 0) 
n-k“ 

n-k 

VAR(y,_) _ (y,w — Ji+& )_ (4) 
n-k—- i=l 

3. BROBMJEHM PE3y7ITATM CA HMCKyCMJOM 

3a norpeOe aHams3c yrHmaja ruyBHMOrpad)CKoOr pe)xMMa Ha pe)XKMM MHcCTHHAM5a KapcTHOor BpeJa 
PujeKka IipHojeBHha ypabeHa je KpockopemanuMoHa aHajmH3a 34 yKyIIHH OCMaTpaukH HcpHojL 3a 

aHaJmi3HpaHo Bpelo (cnaHKa 2), a HaKOH Tora ypabjeHa je KpockopenanuoHa aHajnn3a Ha HHBOy CBaKC 
KaJIeHnapcKe roJuHe IoHaoco0. V pany he OBrH MaT KpOCKOPpcJIOrpaM 32 THIIHUHy KHIIHy TOJUHHYy 
(ona0paHa je 2016. ro)wiHa – ciHKa 3 JICBO) H rOJUHHy KOJa HMa y TOKy 3HMCKHX MCCCIIH IIpHcyTaH 
3HauajHHJH CHC)KHH IIOKpHBau (cJIHKa 3 JIČCHO). 

KpockopenorpaM noOujeH aHajHM3OM yrTHiaja majaBHHa (Hc3aBHCHa IIDOMCHJbHBa BcJIHUuHHa) 

Ha yKyHHH TepHOJL OCMaTpaMa HcrHHmaPa KapcrHor Bpema PujeKe IipHojeBMha (aaBMcHa 
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TIpOMCHJbHB2) (chrHKa 2) yKayyje Ja je HajOOJba Bc3a majaBHHa H HcTHIaMa 3a repaoji 0 naHa (r = 
0.765). PasMarpaHe cepuje nocrTajy He3aBHCHC HaKOH 5 MaHa, OJHOCHO OJ TpeHyTKa Kama 

Koe(unujeHT Kopemanuje HMa BpcJIHOCT Mabby OJ 0.2 [8]. CnauHa caryanuja je H KOJI KHIIHHX 
TOJUHH4, C THM Jla y OBOM CJIyuajy KOč(DbHnHjeHTH KpoOcKopeialje HMajy BHIHIe Bpe/iHocTH (r > 0.8). 
H opBjne noOHjeHH KpOCKOPeJIOTpaM (ciIHKa 3 JICBO) yKa3yje Ha Beh H3HeTy uHM»cHHILy Jla je HajOOJba 
Be3a H3McD)y nmanaBHHa H HcTHIIAH5a 38 BDČMCHCKH IHOMAK y H3Hocy OJI 0 naHa (r = 0.820) H na cy 

cepuje Mel)ycoOHo 3aBHcHe 6 JnaHa. 
- Cetinjska pečina - povremeni izvor. 
• Povremeni izvor u Dobrskom selu i 

4 - Zona efektivne infitracije voda. 
'l:\ B.- Tranzitna zona sa vertikalnom fluktuacijom podzemnih voda 

- Stalno vlažna zona zasičena podzemnim vodama o8 
D- Nepropusna zona ispod baze karstifikacije 

Lovćen 

06 
Cetinjsko polje 

04 
Vrelo Rijeke 
Crnojevića 
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CakKa 1: KoHnuenryantHH MOJIeJ! KapCTHOr CHCTeMa CiuKa 2: KpocKopenorpaM J[0OHjeH aHaJiH3OM 

Bpeuta Pujeke IpHojeBiha, rpesa Panynonuhy [4], yKynuHor repuo/na 

[5], MonuQBKoBaHo H npeysaero g [3] 
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Cauuka 3: Kpockope:torpaM 3a ojtaOpaHy KuniHy 2016. rojuaHy (JIeBO) H TOJUHHy Ca JIyJKHM IIČDHOJIOM 

TIpHCyTHOT CHC)KHOT IIOKpHBaua (JleCHO) 

3a norpeOe aHamM3c yrHmaja oranaPba CHeC)KHOT HOKpHBaua Ha pe)KMM MHCTHIHAH5a KapcTHOr 
Bpema PujeKa IIpHojeBHha omaOpaHa je 2015. romaHa M3 pa3Mmora IHMTO je TOKOM OBC TOJUHHC 
(popMHpaH cHexxHH IOKpHBau OHO Tpajaba y MHHHMJyMYJ 4 Mecerna (nojana H3 2014. ronHHe HHCy 

OMHnH NOCTyHHHM TOKOM M3pae OBoOr pama). Ca KpOcKopeorpaMa (cHMKa 3 JIČCHO) MOXKC CC 
KOHCTAaTOBaTH Jla je yrHHaj majaBHHa Ha pe)KHM HcTHIIAHba Ca 3HauajHHM BpeMCHCKHM IIOMAKOM. 
OJHOCHO HaKoH 54 maHa npucyTaHa je HajuBpmnha Beaa P-Q (r = 0.577), saram cenehu HMK Ho 
3HauajHOCTH Ce JaBJba 88 naHa (r = 0.481) u TpehaH, Mabee H3paxxcH je rpHcyTaH HaKOH 65 JaHa (r = 
0.28). 

Z/lakmne, 3a ona0paHy KaJteH)apcky 2015. rongHy, oranabbe CHe);KHOr HIOKpHBaudua HMa 3HauajHHjy 
ynory y (DopMHpmy H3mamHocTH pa3MaTpaHor Bpca. TauHMje 3a BpeČMCHCKH HOMAK OJL O naHa 
Koe(bunujeHT Kopejtanuje HMa BpejIHOCT Ma!by OJI 0.2 nrro nojpa3yMeBa JIOnty KOpeJanHoHy Be3y 
ra)laBHHC-HCTHIIaFPec. AJIH 3aTO HaKOH 54 naHa Kajla Je HajBepOBaTHHJe JIOIIIJIO JIO HarJ10r OTamaMba 

HajBeher mema CHC)KHOT HOKpHBaua Koec(puijeHT Kopemamje y M3HOcy OJL O0.577 ykayyje ma cy 
BpCMCHCKEC CCpHJE 3aBHCHC. VKOJIHKO THIOrJIe]]aMO CyMapHe MCCCuHC TajlaBHHe 32OcJIe)KCHC TOKOM 
mepHoja jaHyap-Mapr 2015. ronuHe, BHJieheMO Ja je TOKOM OBOT IIDBOr TpOMeccuja IaJIO IIpČKO 
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55% yKkyrHBHx rojnHnibHx manaBHHa, H JIA Cy OBE HajlaBHHcC yrJaBHOM OMJIC CHC)KHOrT KapakTepa, 
OJIHOCHO (bOpMHPpajIc Cy CHC);KHH HOKpMHBau KOjH je HOuMcO Ca OTamaMbeM HaKOH 2 Mecema. OBo je 
H323BaJIO IIOMCHyTH TIHK KOJH CC jaBHO HaKOH 54 maHa. IIpeyutocTaBJbaMO JIlA Ce y OBOM IIČpHOJIy 
HHje OTOHHO CaB CHET, HETO Jla je J(OJ1a3HJIO TOKOM MapT4a JIO CMEEbHBaHba XJIaJIHHX (Tan < O'C) g 

TonnujHx mepHoa (Tay > O'C) mro je yrMuano Ha mojaBy jomr MBa H3paxkeHHja HMHKa Ha 
KpOCKOpcJOrpaMy KOJH Cy CC jaBHHM HaKOH 05 H Š8 maHa, MITO OJUOBapa JIBOMĆCĆUHOM H 

TpOMeCeuHOM 3a/npokaBaby cHera y JIeJIy TIc Cc BpIIH TJ1aBHO IIpxXpabbHBaMbe pa3MaTpaHe KapcTHc 
H3JlAHH, OJIHOCHO y JIČJIOBHM4 KOJH Cy XHIICOMCTDHJCKH HajBHIIH. 

4. SAKTbyuAK 
KapcrHH MacHBH y OKBHpy KOJHX CC (DOpMHPpajy HOJCMHC BOJIĆ BHCOKOT KBaJIHTETa uCCTO, 30Or 
CBOje HeHpHcTyHauHOCTH H HCHaCCJbCHOCTH, HHCy OHMH HOKDMBcCHH CcTaHHHAMa 302 OCMaTpaMbc 
MeTeOPO:IOIIIKUX mapaMerTapa. Bpezna, Koja npeHupajy KapcTHe H3JlAHCKC BOJIE HaJIa3C CC yrJ1aBHOM 
nO 000Jly KapcTHHX MaCHBa TaKO Jl je MOHHTOpHHT pe)KHMa KBaHTHTATHBHHX a HOHcKaJI (peTKO) H 
KBannraTHBHHX mapaMeTapa OMO Moryhe ycnmocraBHTH. 3a cyuaj a MHOCCJIyJEMO BpeMCHCKC 
cepuje JIHeBHHX HajlABHHa MCpOJlaBHHX 34 CJIHBHO HO/1Dyuje HeKOr BpeJa, KaoO H pe)xXHM HcTHIAH2 
oBor Bpca, Moryhe je mpHMMeHHTH KpocKopemanMoHy aHamM3y. OBc aHanM3c, Ha IpBOM MCCTy 
yKa3yjy KOJIHKO je BpeMeHa HOTpeOHo a ce H3Bpmu npomaranuja manaBHHa KpO3 CJIHB, OJIHOCHO 
TOBOPpC HaM KOJIHKO je 1OTpeOHO BpeMcHa HaKoH KHIIHC enuH3ojme Jla nobe no mopacra xuiporpaMa 
HcTHHaMb5a. Takole HaM TOBOpc H O KOF TpcČHyTKAa IHNOCTOJH yCOBJBĆHOCT pa3MaTpaHHX 
BpeMeHcKHx cepuja. Kaja cy y nHratby Bpena ca rpaBHTaLMOHHM THHOM HCTHIaF4, BE3a HajlaBHHC 
– HcrHHaM=e je 3HaTHO jaua, TaKO a y OBOM CJIyuajy HMaMO H BPpeJHOCTH Koe()MuMHjeHaTa Bchec. 
O0pHyTO, KOJI y31123HHX BpeJIa, uecTO KOe(pbHnujeHTH Kopcjalja HMajy BpeHOcTH MaMe OJL 0.2 
IITO yKay3yje JIA Ce BDEMCHCKC CepHje He3aBHCHEC. 
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