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YBOJHA PEY

TokoM myrorpajHe TEOJOIIKE EBONYLIHjE Yy Pa3HOIUKHM IIPHPOAHUM YCIOBHMA
(dbopmupaHe cy pa3nuiuTe BpcTe KapOOHATHUX CTE€HA KOje NMoKpuBajy npudmmxHo 10%
YKyIIHE TMOBpIIMHE CBETCKOT KomHa. [lopen yHHBep3alHOT paclpocTpamemna,
KapOOHAaTHH CEAMMEHTH MOTY Ja JOCeTHY MONHOCT W JI0 HEKOJIHMKO XUJbaJa MeTapa.
Taxko je 3axBasbyjyhu moceOHOCTH OJIBHjam-a KPAIIKOT Mpolleca CTBOPEH (acIiiHaHTaH
CBET HAJ3€MHOT WM MOJ3EMHOT pebeda, Kao jeJUHCTBEHH aOWOTHYKH OKBHUp 3a
CTBapame joul y30yAJbUBHUjET KPAIIKOT OMOINBEP3UTETA.

PasnOopogHOCT TepMIHa KOjH c€ OJHOCE Ha Kpaike (peHOMEeHEe y HallleM je3WKYy: Kpac,
KapcT, Kplll, [0Jbe, yBaja, JOJMHa, BpTaya, mKpamna, 0ora3, KaMeHHIIa, BPEJIO, TIOHOP,
nehwHa, MMUba, MPOMACT, AYMKa, jaMa, HEIBOCMHUCIEHO YKa3yjy Ha HHUXOBY
CYIITHHCKY ITOBE3aHOCT Ca >KMBOTOM JbYAM Ha OBUM IpocTopuMa. Hekm on oBux
TEpMUHA Cy 3axBajbyjyhul NHOHMPCKUM Hay4yHUM paonpuHocuma JoBana L[sujmha
MoCTaNu JIeo MeljyHapoaHEe KapCTOIOMIKEe HayYHe TEPMUHOJIOTH]E U TAKO MOCTAIH JIEO
TII00aTHOT Hay9IHOT Haclneha.

[ToBe3aHOCT KpalIKuX Mpeaena v JbYIW 3HATHO MPEeBa3H eHTOUeHTpu4ocT. OHa cexe
MHOTO Ay0Jb€ Yy TMPOIUIOCT ¥ BpeMe JIieACHOT M00a Kajaa je TEeOIUBEP3UTET KPAIIKUX
00JIacTH MpeACTaBIbA0 YTOUMINTE 33 Halle XOMHUHHIHE HpeTke. [locTtynmHo riiobamHo
3axnalheme, Koje ce UCIOJbaBallo Y BUAY HAaM3MCHUYHE CMEHE XJIAJHMX TJIalMjaTHUX U
TOIUIMX WHTEPIJalfjaIHuX Iepuoja JeIoBalo je mocnemyjyhe Ha eBONYIH]Y
XOMHHHIA KOja je KyJMHHHpala [0jaBOM caBpeMeHor 4oBeka (HOMO sapiens-a).
TokoM CypoBUX IUIEHCTOLEHHX KIMMATCKUX TMPOMEHAa HAIlM TNPEelH Cy HAaIUIH
yTOYMIITE y ehHaMa pacyTHM IIMPOM Hallle TiaHeTe. Tako cy OpojHH CIEICOIOIKN
00jeKTH TOCTaqy MONPUINTE pa3Boja MAJCONUTCKAX KyITypa Yy CaMoM
LUBUIM3ALM]CKOM Mpacko3opjy. OciukaHu 3WI0BH IehnHa pPa3oTKpUBAjy Taj
MUCTEPHO3HH 1 (aclMHaHTHH MpaucTopujcku cBeT. [Ipodecop Joan b. [letposuh je
CIIMKOBUTO OBaj W3a30BHU IEPUOJ WIycTpoBao pedeHunom: "Y nehuny je ymao
MPavoBeK, a U3 e H3anao 4YoBek". BepoBaTHO oTyna 1 moTHYe Hamia (GpacMHAPAHOCT
NnehnHCKUM JTaBUpUHTAMA M HMCKOHCKAa MOTpeda Ja HMCTpaXyjeMo TajHe KpamIKux
npezena.

3ato He uyau na je Omp0bop 3a Kpac U CIEICOJIOTH]Y, jeflaH O] HajcTapujux oadopa
Cpricke akajeMuje Hayka ¢ YMETHOCTH, UWHHUIMPAO OpraHW3aldjy HaydHe
MyntuaucuuiuinHapie kondepenumje ,,3HAUAJ, CTABLE U ITIEPCIIEKTUBE
KOPUIIIREWHA U BAIUTUTE PECYPCA Y KAPCTY* y wact meljyHapoiHe ronuHe
nehuna u kapcta. CyIITHHCKH JONIPUHOC OPraHU3alUjd OBE KOH(PEPEHIMH Talnd Cy
npod. ap 3opan CreBanosuh, nornpeaceaHuk Ondopa ca TAMOM CBOjUX cCapaJHUKa U3
Hentpa 3a xuaporeonorujy kapcra u ap Jenena hanuh, cekperap Onbopa.



TemaTtcke cecwje Koje ce OIHOCE Ha XHIPOTEOINOMIKa, TreoMopdoromka u
OuocreneosonKka UCTpaKuBama mnocselieHe cy HelaBHO NMPEMUHYIMM HCTaKHYTHM
ynaHoBuMa Oxpbopa: npodecopuma bopusojy Mujarosuhy, Jdymany ["aBpunoBuhy u
Boxunapy hypunhy.

npod. ap Cnobonan b. Mapkosuh, gonucuu unan CAHY
npenceqauk On60pa 3a Kpac U CIeNeooTHjy
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UTILISATION OF KARST AQUIFERSIN SERBIA AND
NEIGHBOURING COUNTRIES

KOPUITREILE KAPCTHUX U3JAHU Y CPBUJU 1 OKOJIHUM
3EM/bAMA

Zoran Stevanovi¢!

1Prof. Ret. University of Belgrade — Faculty of Mining & Geology, Centre for Karst
Hydrogeol ogy of the Department of Hydrogeology, Belgrade, Serbia, e-mail:
zstev_2000@yaho0.co.uk

Caxkerak: [Tog3emue Boje kapcTHUX u3ganu y CpOUju v CyCeTHAM Jip)KaBama 3HadajaH Cy pecypc
KBanuTeTHE Boje 3a muhe. BesaHe cy 3a OpAcKo-IIaHWHCKE TepeHe AJIIICKOT OpOreHa U HeroBe
rpaHne - luHapcku n Kapnaro-6ankancku cucteM. CteneH kopulnhieskha y BOIOCHA0AEBamky 3aBHCH
0]l pacIpoCTpamkEeHka KapeTa U 'y lbeMy aKyMyJIUMpaHUX Boaa, ¥ kpehe ce 01 HEeKOJIMKO MpOLeHATa,
mrTo je ciayydaj y Mahapckoj, o mpexo 90% y LipHoj ['opu. Benmko pacnpocTpamemhe 1 HHTCH3UBHA
BOJHHU OMJIaHC KOjU KapakTepHile moapy4vja kapcra uune na Llpra ['opa, bocHa n XepuerosuHa,
Anbanmja u XpBaTcka IpUNanajy rpynu 3eMasba EBpore ca HajsehoMm pacnonoxxuBomhy Boje 1mo
cTaHOBHUKY. C pyre cTpaHe, IMHAMHUYHH PEKUM KapCTHE M3IaHH M BEJIMKa CE30HCKa OCLUIIALHja
MPOTHUIIaja U3BOPA U IIOBE3aHUX BOJOTOKOBA, YMHM Jla C€ Ha BEJIMKOM ey OBUX TepeHa, oceha
OCKY/IHIIa Y BOJY TOKOM JICTHUX Mecelld. Mame pacrpocTpamemne kapera y byrapckoj, Malapckoj,
PyMmyHuju pe3ynryje 1 MambuM yuenhieM BoJja KapCTHUX U3/1aHH Y BojocHa0ieBamy. CpOuja ca oko
18% yuenrha BoJia KapCTHUX M3MIaHK Y BOAOCHA0AEBamY, je 3ajenHo ca CeBepHOM MakeI0HH]jOM,
u3mely oBe J1Be rpyIie ip>kaBa a HOTEHIM]jal je jolll yBeK 3HauajHo Behu o1 akTyenHor Kopuinhema.
OBaj NpUJIOT je HACTAaBaK aHAJIN3a U 1aJba aKTyeNIn3aluja TeMe NprKaszaHe y pany ,,KapctHe n3ganu
Jyroucroune EBpone — ecenmujanau u Ooratu pecypc Boje 3a muhe ucror ayropa (2021).

Key words:. karst aquifer, utilisation, water availability, water stress
Kljuéne redi: karstna izdan, kori§¢enje, raspolozivost vode, vodni stres

Introduction

The World Karst Aquifer Mapping project (WOKAM) found that karst covers 15.2% of
the continental ice-free land (Goldscheider et al. 2020) while Europe with 21.8% is the
continent with largest percentage of the karst aquifersdistribution (Chen et al. 2017). Water
from karst aquifers supply approximately 9.2% of the world’s population with potable
water (Stevanovi¢, 2019). Groundwater use in irrigation ensures food production for almost
half of the world’s population while use of karst waters is especially extensive in arid part
of theworld.

This article is extension and upgrade of similar topic discussed by Stevanovi¢ in “Karst
aquifers of Southeast Europe — Essential and rich resource of potable waters” (2021).
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Karst aquifersin Serbia and neighbouring countries

The karst aquifers are widely distributed in the Alpine orogenic belt and its branchesin SE
Europe (Dinarides, Apennines, Carpathian-Bakanides, Pindes, Hellenides, Fig. 1). Use of
precious waters from karst springsistraditional way of water supply since the Roman time.
Assuch, all large cities along the Adriatic Coast (Trieste, Rijeka, Split, Dubrovnik, Kotor)
were founded nearby karst springs with abundant discharges. At the final WOKAM map
(Goldscheider et al. 2020) the number of karst springsin Dinaric karst is denser thanin any
other part of the world. For instance, in Bosnia & Herzegovina, there are 8 springs that
regularly discharge more than 2000 I/s, while in Montenegro there are 5 such springs.

Fig. 1 Alpine orogenic belt and its
branchesin the SE Europe

Serbia is the only country in the
region where both Alpine system
branches, Dinarides and Carpathians
are situated, the former in the
western, and the latter in its eastern
part. Western and southern Serbian
neighbours Croatia, Bosnia &
Herzegovina, Montenegro, Albania
and North Macedonia belong to
Dinarides and Pindes branches and
have wide distribution of carbonate rocks (Triassic ageis prevailing). Eastern and northern
Serbian neighbours Bulgaria, Romania and Hungary have relatively smaller extension of
outcropped carbonate rocks, which belong to the Carpathian-Balkanides (mainly of
Jurassic and Cretaceous ages).

The total areas covered by carbonate rocks vary from 3200 km? (N.Macedonia) to 31200
km? (B& H). Concerning percentage of outcropped karst against total surface of the country
the situation is different. The smallest extension is in Romania (2.3%) while by far the
largest isin Montenegro, which with 80.1% is among the world’s leaders concerning karst
distribution (Table 1). The karst outcropsin the Serbian Dinaric and Carpathian karst cover
15800 km?, or 17.9% of the national territory (Chen et al. 2017).

Water availability per country and contributions of kar st aquifers

The karst waters availability and degree of their utilisation is logically closely linked to
distribution of karst aquifers. Such relationship at global level has been discussed by
Stevanovi¢ (2019). When it comes to concrete situation in countries in question it is clear
that more intensive water balance and internal water resources have those countries where
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extension of karst outcropsand aquifer systemsislarger (Table 1). However, dueto specific
water regime and the behaviour of the karst, local population often suffers from water
shortages, especialy in high mountains or during summer months.

Serbia. The most cities in westernmost and eastern parts of the country satisfy water
demands by water from captured karst springs. Those are Prijepolje, Priboj, Senica, Nova
Varo$ in the west, Ni§, Bor, Pirot in the east, and Parac¢in, Cuprija in central part. The
exploitable karst water resources (after subtracting water for dependant ecosystems) in
Serbian Dinarides are estimated on 14.6 m?/s, and in Serbian Carpathians on 12.6 m®/s
(Stevanovic¢, 1995). This potential is roughly 1/3 of total renewable groundwater resources
of Serbia, or about 10% of thetotal internally renewable water resources according to FAO
AQUASTAT (2018).

“Karst countries” — Croatia, Bosnia & Herzegovina, Montenegro, Albania. These four
countries are among the globally richest concerning water availability per capita. Each
citizen in these countries has more than 10,000 m? of water available annually (Table 1).
Thisamount is twenty times higher than level which in certain UN documentsis indicated
as limit for “water stressed countries”. Utilisation rate is even more impressive, the
Montenegrin citizen utilises just 1.18 % of this volume. In Bosnia and Herzegovina the
utilisation rate is even lower, below 1%. Citizens of Croatia and Albania use |ess than 5%
of water that is available to them per capita (Stevanovié, 2021). Another Sustainable
Development Goa (SDG) indicator of water stress, so called 6.4.2., is calculated as the
ratio between (a) the amount of total freshwater resources withdrawn and (b) the total
renewable freshwater resources, after subtracting the amount of water needed to support
exigting environmental services, also indicated as environmental flows. As SDG 6.4.2.
values 0-25 indicate that no stress at all, these four countries are far below upper limit for
this category (see column 5 of Table 1). Estimated contribution of karst aquifers’ water in
total domestic water supply varies between 38% (Croatia) and 90% (M ontenegro).

“Non-karst countries” — North Macedonia, Bulgaria, Romania, Hungary. Subsequent to
smaller presence of the karst outcrops, the water availability and utilisation of karst aquifers
isalso smaller in these countries. In this group thereis also some discrepancy between use
of karst aquifersin Bulgariaand North Macedonia. Even though extension of karst aquifers
in Bulgaria is considerable (27% of the territory), use of their groundwater is small
(between 5-10%). In contrast, in North Macedoniaonly 12.4% or about 260 km? is covered
by karst rocks, but contribution in national drinking water supply reaches 40% (Table 1,
Fig. 2). Thesefour countries are also more exposed to water stress. Both, North Macedonia
and Bulgaria belong to the category “Low Stress” (25-50), while due to presence of large
rivers in their territories Romania and Hungary are still in lower category with “No Stress”.
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Table 1. Satistical data on water resources, water use and stress, and karst aquifers

Totd % of Estimated Major
Tota renewable | Water % of -
Tota karst cities -
surface . water stress karst
Country population outcrops consumers
area resourcesper| SDG water use
% (x 1000) i VS. of karst
(km?) capita 6.4.2. territor vs. total waters
(m¥finhablyr) Y| water use
1 2 3 4 5 6 7 8
Albania | 27,730 2,883 10,476 5.76 343 70 Tirana,
Gjurokastr
Bosnia& | ) 5 3,324 11,282 2.66 60.5 70 Sagevo,
Herzegovina Mostar
. \arna, Banskd
Bulgaria | 110,950 7,052 3,021 40.1 27.1 <10 Velingrad
Croatia | 56590 | 4,156 25,383 1.50 40.9 3g | Split Rijeka,
Dubrovnik
Hungary 93,030 9,707 10,713 7.65 42 <5 Miskolc
Podgorica,
Montenegro| 13,810 628 21,935 1.18 80.1 90 Niksié, Coast
North . .
Macedonia | 25710 2,083 3,073 25.27 124 40 Skopje, Ohrid|
. Craiova,
Romania | 238400 | 19,506 10,869 6.01 2.3 <10 Condanza
Serbia 88,360 8,803 18,426 6.26 17.9 18 Nis, Bor,
Prijepolje

Sources: Column 1-5 after FAO [2018]. AQUASTAT Database. AQUASTAT Website accessed on
[29/08/2022]; Column 6 after WOKAM (Chen et al. 2017); Column 7 (Stevanovié¢, 2019)

Fig. 2. Ratio - Water resources availability per capita against karst outcrops distribution per
country: 1. Albania, 2. Bosnia & Herzegovina, 3. Bulgaria, 4. Croatia, 5. Hungary, 6.
Montenegro, 7. North Macedonia, 8. Romania, 9. Serbia
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Conclusion

The distribution of karst aquifers as one of the globally most important water resources
reflects on water availability and utilisation rate in al countries of SE Europe, including
Serbia and its neighbours. In the western and southern parts of the region the karst aquifers
of Dinarides are widely present and they contain abundant water resources. The countries
that share Dinaric karst are even among the world’s richest concerning water availability
per capita. The karst of Carpathian-Balkanidesis of lesser extension and accordingly lesser
utilised for water supply purpose. Mostly due to broad presence of karst aquifers the
countries of the region belong to group with “No Water Stress”, with exception of Bulgaria
and North Macedonia, which arein group of “Low Water Stress” countries.
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BEFORE THE KARST AND AFTER THE KARST:
DEVELOPMENT OF THE THEMATIC KNOWLEDGE IN SERBIA

ITPE KAPCTA N1 NIOCJIE KAPCTA —
PA3BOJ TEMATCKOI 3HAIbA Y CPBUJHU

Jelena Calié¢, Jelena Kovadevi¢-Majkié¢, Marko V. Milosevi¢!

!Geographical Institute ,,Jovan Cviji¢“of the Serbian Academy of Sciences and Arts
(Corresponding author: j.calic@gi.sanu.ac.rs)

Casxerak: [Ipunor npencraBjba KpaTak OCBPT Ha UCTOPHjCKH pa3Boj 3Hama 0 Kapcry y CpOuju.
Any3uja Ha MojeNy BpeMeHa Ha NEPHOJ npe Hose epe W HOY epy, OJHOCH Ce Ha MPEKPETHHILY Y
BUAy oOjaBibuBama MoHorpaduje Das Karstphdnomen Jopana Ilujuha (1893). Ilepuox ,,mpe
Kapcra®“ obenexuina cy y AajaeKkoj MPOIUIOCTH IMAleOJUTCKa MehMHCKa CTAaHUINTA, a y OJHKOj
MPOLIUIOCTH HapOJHa BEPOBama Koja Cy ce IMPEHOCHIA YCMEHOM IIPEAajoM, YIJIaBHOM Be3aHa 3a
nehinHe ¥ MpoTKaHa MUTOBUMA M MUCTHIIM3MOM. [ToueTkom 19. Beka y CpOuju 10jaBibyjy ce MUCAHH
W3BOPH Y KaTeropuju IyTomuca, koju cy y Hajehem Opojy Takolhe Bezanu 3a nehune, anu u 3a
MOBPIIMHCKY pesbed (BpTaue), Te NUPKYJIalujy MoA3eMHHUX Bosa. VI3 oBor BpeMeHa, y IuTeparypu
Cy JIOCTYIIHA Aena JeceTak noMahux u cTpaHux aytopa. Y mepuony ,nocie Kapcra® oborahinBame
TEMaTCKOT 3Hama ce yHampelyje m pasBmja, Te je TCIIKO HM3/BajaTH IIOjeIWHIIC. YMECTO TOra,
HOCHOLM TOCTajy HMHCTHUTYLMje, OpraHu3anydje, MEIWjH ¥ PAa3IMYUTH BHIOBH He(hOpMaHOT
oOpa3oBama. JemHa o] Haj3HAYajHUjUX AaKTHBHOCTH T€ BpPCTE je TJI00aTHAa WMHHIMjaTHBA
Mehynaponre crieneonomke yauje (UIS) mon nazuBom Melynapoana ronnHa rnehinHa i Kapcera.

Key words: karst history, karst education, International Y ear of Caves and Karst, Serbia
Kiby4He peuM: HCTOpHja MIO3HABama KapcTa, 00pa3oBame 0 KapeTy, MelyHapoaHa roguHa
nehuna u kapera, Cpouja

I ntroduction

Thetitle of this contribution isintentionally used in the associative context of the transition
between two historical eras — Before Common Era and Common Era, referring in fact to
the time before and after the publication of Das Karstphdnomen (Cviji¢ 1893). Considered
to be a global -scale milestone between a non-systematic, descriptive approach to karst and
systematic, scientific approach, this monograph is widely recognized as the beginning of
the integrative scientific discipline — Karstology. However, scientific knowledge on karst
is by no means the only way of understanding and protecting these fragile environments. It
is necessary to implement various forms of education, in order to reach as many people as
possible and teach them about karst values and its significance for human life in general.

Before The Karst
In Serbian, similarly as in all other societies living in the areas of karstifiable rocks, the
first known notions on what we presently call karst had been veiled into mythology and
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mysticism and transferred to descendants through oral narratives (Joji¢-Pavlovski 2009;
Durli¢ 2017). The first known written record was noted by a writer and linguist Vuk
Stefanovi¢ Karadzi¢ in 1826, within the list of monasteries in the Zapadna Morava River
gorge, one of which is situated next to the TurCinovac Cave. The same year, Joakim Vuji¢
mentioned the entrances to a few caves in eastern Serbia, stating that the local population
described them as “horrifying” and “fearful” (these travel notes were published much later,
in 1901 and 1902).

Severa foreign travellers included the information of caves into their travel records. The
first was a Prussian officer Otto Ferdinand von Pirch (1830), who included also the socia
aspects and utilization of caves by the local population (e.g. during the winter, shepherds
lodged the goatsin caves, monks from Ravanica monastery went with torchesinto the cave
Ravanicka Pecina for 3-4 hours; etc). French/Austrian geologist Ami Boué (1840, 1891),
apart from visiting almost the same areas as Pirch, also conducted the first measurement of
cavetemperature, intheice cave Ledenicaon Mt.Rtanj. He made a step further, by noticing
the dolines on plateaus and relating them to the precipitation seepage through the fissures
in limestone, occasionally causing collapses and shaft formation.

Among al foreign travellers in the karst of Serbia during the 19" century, it was Felix
Kanitz who did the largest amount of work during more than 30 years — from 1856 to 1899
(Kanitz, 1909). He observed both natura and social characteristics, making wise
comparisons and problem-solving conclusions in karst areas, related both to surface relief
and to caves. In the Prekonoska Pecina Cave, he reached the final passages using the rope,
and compared the speleothems (“decorations”) with those that he saw in Adelsberg
(Postojna).

Apart from the foreign travellers, significant observations related to karst and caves were
made by Serbian intellectuals of that time, particularly Milan DB. Mili¢evi¢ (1876) and
Vladimir Kari¢ (1887). Apart from describing several most important caves (Prekonoska,
Petnicka, Zlotska), Mili¢evi¢ wrote about surface processes in wider surroundings of Rtanj
Mt, reporting that the local people are aware of the dissolution and subsidence processes
within the dolines, even saying in a humorous way that, “since Rtanj is dissolving, it may
finally become just an ordinary hill”. Another point of Mili¢evi¢’s interest was the
functioning of the Mlava River spring (“muddy after heavy rains on Beljanica Mt.”), as
well asintermittent springsin Petnicaand Kucevo (Potajnica). Geographer Vladimir Kari¢,
who was the teacher of Jovan Cviji¢, published the monograph “Serbia” (1887), in which
he provided rather detailed description of speleothems in Prekonoska Pecina Cave, using
the term “kapnik”, which is regularly used in Slovenian language. The book includes the
geological chapter written by Jovan Zujovi¢, explaining the basic principles of groundwater
circulation in limestones.
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All the mentioned publications, presented with more details by Cali¢ (2007), represent an
introduction to the new era of karst research, which started with Das Karstphinomen
(Cvijic 1893).

Fig. 1. Entrance to the Dubocka Pecina Cave (sketch by
Vliadimir Kari¢, 1887)

After The Karst

The beginning of this period is characterized by
continuation of Cviji¢’s activities, through exploration,
publications and education (Cviji¢ 1925), till the end of his
lifein 1927. His students carried on with karst research and
teaching (Borivoje Z. Milojevi¢, Sima Milojevi¢, Mihajlo
Radovanovi¢).

After the WW2, the enrichment of karst thematic
knowledge is developing and improving in numbers of
people involved, as well as in the variety of scopes. The
" focusisnot onindividuas, but on the teams of institutions
and organizations. The knowledge is obtained through all
| three types of education: formal (schools, universities —
‘| structured program based on legal acts and regulations),
non-formal (seminars, courses, trainings — structured, but
out of the forma system) and informal (public media,
everyday communication, optiona acquisition of
knowledge — unstructured).

One of the most significant activities of that kind is the
globa initiative of the International Speleological Union
(UIS): the Internationa Year of Caves and Karst (I1YCK
2021/2022). Under the motto Explore, Understand, Protect, the initiative hasthe main aim
— to teach the world about karst (see iyck2021.org). Cavers and karst scientists from more
than 50 member countries of the UIS choose the best ways to spread the knowledge on
significance of karst to their local communities and higher-level official institutions.

Reaching the largest audience possible, theinitiative for promotion and protection of caves
and karst isthriving to the best possible effects and results.
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Fig. 2: Educational brochure available at
Publikacija "Medunarodna godina pecina i krasa - Sbija" (geomorfologija.org.rs)
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RECENT RESEARCH ON PALAEOLITHIC CAVE SITESIN SERBIA

HOBHUJA HCTPAXKUBAIBA ITAJIEOJIUTCKUX IERMHCKHUX
JIOKAJIMTETA Y CPBUIHN

Dusan Mihailovié¢!

lUniversity of Belgrade — Faculty of Philosophy, Serbia, e-mail: dmihailo@f.bg.ac.rs

Many Paleolithic cave sites have been recorded and explored in Serbia during the last 20 years.
Although the research conducted at Velika and Mala Balanica caves in Si¢evo, PeSturina Cave near
Nis, and Salitrena Cave near Mionica certainly provided the most important current insightsinto the
Palaeolithic of Serbia, other cave sites in western (Hadzi Prodanova Cave near Ivanjica) and eastern
Serbia (Velika peéina near Zagubica, Baranica near KnjaZevac, Kozja and Mala peéina near
Majdanpek) have also yielded significant findings. These sites provided an almost continuous record
of the earliest prehistory of the Central Balkans — from more than 400 ka ago (Mala Balanica) to
about 15 ka ago (Pecina kod stene in the Jela$nica Gorge). The central part of the Balkan Peninsula
is reveded as a key area for understanding cultural changes and population movements in the
Palaeolithic of Central and Southeastern Europe and Southwest Asia.
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BOOK OVERVIEW: “THE LANDS OF KARST: A VISUAL STORY”
ITPUKA3 KIbUT'E “3EMJbBE KAPCTA: [IPUYA Y CJIUKAMA”

Neven Kresict

1 Senior Consultant, Geosyntec Consultants, Washington DC, USA, e-mail:
nkresi c@geosyntec.com

Casxerak: Kmura “The Lands of Karst: A Visual Story” je usmara moBomom Mel)yHapomHe roauxe
nehuHa W Kapcra 4Mju Cy NOKPOBUTEJBM pasHe Mel)yHapojqHe M HalMOHaJHE OpraHH3allyje.
Ypenuunu kmure, Hesen Kpemmh u 3opan CreBaHoBuh, Mo3BaJid Cy KOJEre W CBE OCTaje
3aJby0JbEHHKE KapCcTa, CIIENICOJOTHje W CPOJHHMX NPUPOJHHMX HayKa, Kao W amMarepcke |
npodecroHante Qortorpade MHUPOM 3eMajba OuBIIEe JyrociaBuje Ja Ce YKJbyde y 3ajeIHUYKH
MpojeKaT ¥ Mmolnaby cBoje oMuibeHe (otorpaduje. Bumie o 70 ayropa uz Cpbuje, CioBeHuje,
Xpsarcke, bocae n Xeprerosune, Llpae ['ope u CeBepHe MakenoHmje oa3Bajio ce MO3WBY H
BUXOBe KoJOp (Qotorpaduje rpymmcane cy y 10 Temarckmx mormasiea:(l) Orarmy mozmepHe
kapcronoruje (omax Josany Lpujuhy); (2) Jussse miannne, OydHe pexe, MUpHA jesepa, mope; (3)
Kpeumauku 3unosy; (4) Panase nospmmne; (5) @onTane xusota; (6) [Ipo3opu y Henosznaro; (7)
Marunune nsopane; (8) I[Moazemue kpeatype; (9) Ilpupoate cpenune U yrpoxKeHe KUBOTHE BPCTE;
(10) Jbyncku cTaHOBHUIIM KapceTa, y MPOILIOCTH U cafalimbocTi. Ha Kpajy KibHre qatu Cy JIHHKOBH
3a KopucHe WeD cTpaHuIle 0 KapCcTy, HAIIMOHATHAM MapKOBMMAa U CIIOMEHUIMMA TPHPOJE T je
3aCTYIUbEH KapCcT U Pa3HUM MHCTUTYIMjaMa Koje ce 0aBe KapCTOM U3 pa3InuUTHX aclieKara, U3 CBUX
IIeCT 3eMalba Kapcra. ENeKTpoHCKa Bep3Wja KEHIC Y MYyHO] PE30JYLHUjH U KOJIOPY JOCTYIIHA je
cBUMa 3a OecIuiaTHO ckumame Ha Web crpanmiu IleHTpa 3a xuaporeonorujy kapcra Pymaapcko-
reosomkor ¢akyarera: http://www karst.edu.rs/

Key words:. karst, caves, karst relief, springs
Kibyune peun: xapct, nehune, kapctHu pesbed, u3Bopu

Introduction

The idea for this book came spontaneoudy after year 2021 was announced as The
International Year of Caves and Karst. The authors Neven Kresic and Zoran Stevanovi¢
decided to contribute to this celebration by sharing with the world afascinating visual story
from wherethey grew up, where they were formed professionally, and from wherethe very
word karst originated. They reached out to colleagues and asked them to contribute their
favorite photographs for this story and spread the word beyond the karst community. The
positive response was overwhelming, and from people who all grew up in, and learned to
appreciate the many wonders that The Lands of Karst—Slovenia, Croatia, Bosnia and
Herzegovina, Serbia, Montenegro, and North Macedonia have to offer. The book is
prepared sticking to the widely accepted wisdom that “A picture is worth a thousand
words”. The narrative for individual chapters is quite short, acting as a “glue” loosely
holding together the photographs that follow. More than 70 contributors were asked to

17



Importance, State of the Art, and Prospective of
Utilisation and Protection of Resourcesin Kar st
Belgrade, 2022

provide their own captions with no word limits. Consequently, the descriptions vary in
length; some felt like sharing more with the reader, and some let their photographs speak
for themselves.

Book Chapters

The book isdividedinto ten chapters covering al aspects of karst geomorphol ogy, geology,
hydrogeol ogy, speleology, biology or wildlife above and bel ow karst surface, archaeol ogy,
and modern life including engineering structuresin karst: (1) Father of Modern Karstology
(tribute to Jovan Cviji¢); (2) Wild Mountains, Noisy Rivers, Silent Lakes, the Sea; (3)
Limestone Walls; (4) Rough Surfaces; (5) Fountains of Life; (6) Windows to Unknown;
(7) Magic Chambers; (8) Underground Life; (9) Wildlife Habitats and Endangered Species,
(20) Humans in Karst, Past and Present. Web resources with useful links to various
organizations and institutions, including nationa parks and national monumentswith karst,
are provided at the end of the book for all six lands of karst.

Fig. 1. Left: Jovan Cviji¢ (sitting in the middle) and his research team. Right: Areas with
fully developed karst in The Lands of Karst

Fig. 2. Left: Sinkhole lakes near Imotski, Herzegovina (Branimir Juki¢) Right: Ov¢iji brod
bridge on Zalomka River, Herzegovina (Natalija Samardzi¢)
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Fig 3. Left: The Saddle, Durmitor Mountain, Montenegro (Srdjan Marin¢i¢). Right: Uvac
River canyon, Serbia (Sasa Preradovi¢).

Fig. 4. Left: Arnautovac near Tomislavgrad, Herzegovina (Vinko Ljubas). Right:
Paklenica National Park, Croatia (DraZen Perica)

Fig. 5. Left: Krupaja Spring, Serbia (Ljiljana Vasi¢). Right : Sopot Spring, Montenegro
(Sasa Milanovi¢)
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Fig. 6 Left: Jama MuniZaba, Croatia (Dinko Stopi¢). Right: Skocjan Caves, Slovenia
(Borut Loze))

Fig. 7. Left: Vladikine plo¢e cave, Serbia (Martin Risti¢ & Ivan Savi¢). Right: Tounj¢ica
Cave, Croatia (Mladen Garasic¢)
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Fig 8. Left: Momicéek Cave, N. Macedonia (S.C. Peoni, Skopje). Right: Bogovina Cave,
Serbia (Jelena Cali¢)

Fig. 9 Left: Laptodirus hochenwartii Schmidt (Teo Deli¢). Middle: Vipera ammodytes
(Ana Paunovi¢). Right: Lynx lynx balcanicus (Dragan Bosnic).

Fig. 10. Left: Ramonda serbica Pan¢i¢ (Marjan Niketi¢). Middle: Archaeological
excavation in Mala Balanica cave, Serbia (Ljubica Staji¢). Right: Speleo-kindergarden
(Predrag Stosic).
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Thematic session dedicated to memory of Prof. Borivoje Mijatovié:

RESEARCH, UTILIZATION AND PROTECTION OF GEODIVERSITY AND
WATER RESOURCESIN KARST

Temartcka cecuja nocsehena ycnomenn Ha npo¢. bopusoja MujaroBuha:

NCTPAXKUBAIBE, KOPUIIIREWBE U SAITUTA TEOAUBEP3UTETA
N BOJHUX PECYPCA Y KAPCTY

23



Importance, State of the Art, and Prospective of
Utilisation and Protection of Resourcesin Kar st
Belgrade, 2022

24



Importance, State of the Art, and Prospective of
Utilisation and Protection of Resourcesin Kar st
Belgrade, 2022

CAPTURE OF WATER FROM KARST CHANNELS

KAIITUPAILE BOJAE U3 KAPCTHUX KAHAJIA

Merap Munanosuh?

! President of the National Committee of IAH for Serbia, e-mail: petar.mi @eunet.rs

Abstract. Some very specific approaches and techniques have been applied in the case of tapping
of underground water in karstified rock masses. Direct extraction from springs has been used since
ancient times. Beside construction of commonly applied tapping structures, from the spring outlet,
the frequently used approach is extraction of groundwater directly from karst channel. For many
reasons this approach is much more acceptable. Successfully located tapping well or gallery make
it possible to extract more water directly from channel than is minimum of the natura spring
discharge. The specific yield of wellsin adry period is higher than corresponding spring discharge
because of possibility the static aquifer reserves extraction. Water quality is better and temperature
is constant. From an environmental and landscape point of view, the spring zone is not disturbed.
However, very seriousinvestigations are needed. One of key problemsis definition of space position
of karst channel. At some cases cave divers are needed to select proper locations for wells. If spring
zone is submerged by reservoir appears problem of water quality deterioration. At article are
presented some selected exampl es.

Key words: tapping structure, karst channel, karst aquifer, karst spring, water quality
K.J'by‘lHe peun: BOAO3axBaT, KAPCTHU KaHAJI, KAPCTHA U3/1daH, BPCJIO, KBAJIUTET BOAC

IIpumepu kanTupama BoJe U3 KAPCTHHUX KaHaJIa

KapcT y nenunu, a morotoBo kapct IuHapuia, iMa KapaKTepUCTHKE MIPUPOTHOT EKCTpeMa
M MMa KapaKTepUCTHKE HErOCTOJbYOMBOT JKMBOTHOT mpoctopa. [Topex Hu3a mapamerapa
KOjY Ta TaKO KapaKTEpHUIIly Haj3HAYajHHUjH je CBAKAKO CHPOMAIIIBO MMUTKOM BOJIOM, IIITO j&
napajiokC y OJTHOCY Ha YeCTO BENIUKe, a Harjle, Yak U CHOPMHE NajgaBuHe. [Ipobiiem Boje,
YakK ¥ 3a HajeJICMEHTApPHH]€ dKUBOTHE MOTPEOE j& CTAITHO MPUCYTaH. A y TUM CJIy4ajeBUMa
ce HHje MHCIIHWJIO Ha 3alITUTY, O TOMe ce OpuHyna npupozaa. Yecto cy nehune u jame ca
CHU(OHCKMM H3JIA3HUM KaHAJIOM OWJIe jeJJHHA MeCTa Ha KOjuMa Ce y CYIIHOM TEepHOAY
Morjio aohu a0 Boje. To je OMO ciydyaj Ha BHILE JIOKaiuTeTa y Kapcty Junapuma. Y
OpojHUM cityuyajeBUMa OUJIO Jia Ce pajiu O MOBPEMEHUM M3BOpUMA WK eCTaBeliaMa ypelyeHu
Cy TPHUCTYNH J0 MHHUMAJIHOT HHBOA MPHUPOJHOT aKyMyJAllMOHOT MPOCTOopa KOjH ce
dhopmupa y ey KapCcTHOT KaHana y o0ymky oopHyTor cudona (Cnuka 1).

OnaBHO je youeHO jAa TyHeld oMoryhyjy mpHCTyn BOJOHOCHHM KapCTHUM KaHAlIUMa H
OPHUCTYI 3HAYAjHUjUM KOJMYMHAMA BOJIC OJ1 OHE KOja MOKE Jia CE 3aXBaTh Ha MECTY I/Ie
oHa u3Bupe. Takole je youeHo Jia 1mTo je 3aXBat yIaJbeHHjU 0] MecTa UCTUIaba MpodIeMu
ca KBaMTeTOM Ccy Mambu. Tako je ~ 700 roauna npe HoBe epe y Jepycanumy, ypahen Sloam
tyHen, ayxuae 533 m. To je jeiaH o HajCTAPUjUX HHKCHEPCKHX 3aXBaTa Ca IH/beM
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KanTupama KapcTHor u3Bopa Gihon, koju ce momube u y bubnuju (Frumkin & Shirmon,
2006). M3na3uu kanan uzBopa Atashkadeh (Firuzabad, Iran) je kantupas ca 17 m gy6okom
[UKYJIAPHUM [ATHHIPAYHEM IIaXTOM Ca XOPU30HTAIHKM JpPEHOBMMA Ha IHY (,,ghanats™),
y moapy4jy kapcTHor Toka. To je ypaljeHo y mepuomy mapctBa Sasanida (229 roamna
m.H.e.). 3a BomocHabOneBame Tpcra (Mrammja) ypahene cy 1898 m 1911 aBe ramepuje
ayxuHa 650 m u 250 m paau KanTHpama BEITUKOT KapeTHOT n3Bopa Timavo (Galli, 1999).

Cnuxa 1. Jame ca so0om y Moxpom nowy ko0 Tpebura

lanepuje cy xopumheHe w 3a KanTHpame KapcTHHX H3BOpa LEz, 3a BomocHaOmeBame
Mosnrtnessea y ®dpaniryckoj, 3Bup 3a BopocHaOJieBame Pujexe u Ha OpoOjHUM APYyrum
JIOKaIMjama y Kapcery.

Bpojun Boknmumku w3Bopu on byne y momunm HeperBe mo Kortopa ucrpaxenu cy
POHMJIAYKH @ HEKU OJ1 FlbUX M KallTHPaHH. YJIOora CIiejieo-poHuIala je Ouiia mpecyaHa Koj
Kantupama u3zBopa Onaunie ko Xepuer Hosor (Cnuka 2) u u3Bopa Jame kox Y aOuHe
n3mely Herecumckor u JlykaBaukor moJba.

Ca opurMHamHMM pelIckhHUMa 3aXBaTarkba BOJA MpPEAmade KHHECKH XHUIporeoiosu. Ha
CIUIK 3 TpHKa3aHa Cy JBe MOIyYhHOCTH KanTHpama JUPEKTHO M3 KapCTHOI KaHaja ca
BEJIMKUM OCHHIalfjaMa Bojie. Y jeAHOM Ciyd4ajy pajd C€ O BEPTHKAIHOM KapCTHOM
KaHaJIy y KOMe je IyMIia CMEIITeHa Ha CIUIaBY U Kpehie ce BEpTUKAITHO KaKo OCIIIYje BOJIa.
[TpukIbyUIK 32 TPAHCTIOPT BOJIE MPEeMa KOPHUCHUKY Halla3e ce Ha CBAKHX map merapa. Y
JAPYTOM CIIydajy Iy KapCTHOT KaHalla MOCTaBJbEeHE Cy IMIMHE MY KOjHX ce IoMepa IIyMIia
npatehu HUBO Boje. [y 3u/1a KaHala Hajla3u Ce OJ(BOJIHA II€B Ca YECTUM MPUKIbYUIHMA.
O03upoM Ha HAYWH KaNTHpama KBAJUTET BOJAC je OMO J0OCTa YIMUTaH 1Ma Ce OBa BOJA
KOPHCTHJIA YTIIABHOM 32 HABO/HHaBambe.
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Cnuxa 2. Kanmaoica ussopa Onauuya koo Xepyee Hosoe. b. Ilawemax 1969

Cnuka 3. Kuna. Ilokpemna kanmasica xoja npamu ocyuiayuje 600e y KapcmHom KaHALy

[Moceban mpobieM mpeAcTaBba MOTANAKE BEIMKHX KapcTHUX M3BOpa Ca BELITAYKHM
aKymyJsanujama. Y BehrHHU ciiydyajeBa OBH U3BOPH C€ KOPHUCTE 3a BOCHa0eBame. Tako cy,
HaKoOH u3rpaame OpaHe [panuyapeBo, u3Bopu TpeOurumuie kox bunehe norombenn
cTyboM Bozie ox 75 merapa; u3Bop Dumanli y Typckoj je TOTOIUBEH ca aKyMyJIamujoM
Oumarnmnap ca 120 m; u3Bop Neraida y I'pukoj ca akymymuujom Polifiton ca 40 m;
u3Bop [IuBcko oko (Cumarr) je noTornsseHo ca akymynanujom [Iusa 70 m; nuzBopu Pame cy
MOTOIJBEHH ca BoZeHnM cTyooM 40 u 60 m; ussop Yarg y akymymnamujun Salman Farsi y
Upany noromubeH je ca 27 m BoxeHor cryba; Bpeno Oko koj TpeOuma MOTOIUBEHO je
akymynanujom [opuna ca 17 m, a kapctHu u3Bop Bel y Hpany je moromsmeH, ca
usrpaamom O6pane Darijanua pern Srvan crybom Bose 128 merapa.
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IMToce6HO cy unTepecanthu u3Bopu Oko u Bel jep cy kantupanu Ha caMOM H3BOPY alH Cy,
300T oTanama U3BOpa, MOpay 1a OyAy U3MEIITEH! U peKanTupann. Y oba cirydaja Boza
ce cajJa LpIH AUPEKHO U3 KapCTHOT KaHaa y 3anehy usBopa.

3a moTtpebe BomocHabaeBama Tpeduma Bpeno Oko je kantupano 1899 (Milanovi¢ 2004).
Iberona n3namuoct ce kpehe o 0,5 10 25 m*/s.Ca usrpaamom 6pane I'opuna (1963) Bpeno
je moromseeHo 17 merapa BoneHor cryba. Ha cimnu 4 cy mpukasaHu MOJNOXKaju CTapor
(dororpadmuja) u mocrojeher Bomozaxsara. [la 6u ce ogabpana HOBa JIOKaIja 00aBFEHI
Cy OOMMHH UCTPaXHH PAIOBH KOjH YKIBYIY]y T€OJOMIKO KapTHPamkhe, HCTPAKHO OyIIeHe,
reou3nuka ucTpakuBama. Ca Buie OymoTrHa yTBpheH je mosioxkaj cudoHCKOT KaHaia
Ha 1yonHN oko 50 m BUCHHE OKO 2 m 1 mmpHuHe 0Ko 9 m. M30ymieH je OyHap u criymiTeHa
IMyMITa ca BOJOIIPHjEMHHUM JIeioM y KaHaiy. Huje mo3Hato 1o koje AyOWHE ce cIyIira
kanan. [lomro je cnue (bujena ropa) mpaktuuHo Oe3 moryhux 3araljuBaya yTuiaj Ha
KBAJIMTET BOJE je Moryh jemMHO M3 mpaBlia akymynynaje. [locanaiime UCKYCTBO je
MoKazalo Ja ce mpobiieM ca KBAIUTETOM BOJIC jaBJba y MEPHOAY KaJa HAKOH MOTIYHOT
npaxmena akyMyaiyje (300r peMoHnTa Ha Opanu ['opria) moyHe BEHO HATIIO MYHEHE.

Cnuka 4. Bpeno Oxo y epeme npasue axymyaayuje u ynpowhenu npecex

Bone u3Bopa Bel y Hpany cy kopucTwin OpojHH KOH3YMEHTH Kao BOAy 3a muhe u
HaBO/KaBamke YKIbYyUyjyhu u nBe Mame (habpuke 3a duammpame Boae. MakcumanHa
U3JAIIHOCT He npenasu 6 m¥s 1ok y cymnom nepuoy cnanse Ha 0,2 m¥s. Ca usrpagmom
opane Darijan usBop je moromsen ca 128 m Bogeror cTy6a. ITomTo je mpeTria OmacHoOCT
Jla BOJIa U3 aKyMyJlalldje 3HaTHO YIpO3W KBAJIUTET Boje ypaljeH je 3axBaT Koju Tpeba ja
CTpeYr JUPEKTaH MPOAOp BOJAC M3 aKyMmylalyje y TJaBHM KapCTHH KaHalla HM3BOPA.
VY31a3Hu JIe0 KapcTHOT KaHalla Cy CHUMHJIM POHHOIH. V311a3HU OTBOP KapCTHOT KaHala je
mmoMOupan ca MacuBHUM OeToHckuM derioM (Cruka 5). Caza ce Bojia 3axBaTta y y3J1a3HOM
JIeNTy KapCcTHOT KaHalla Ha MecTy rJie je oH Ia 20 metapa Hmwku o aHa peke Cupsarn.
Jlajbe ce Boza TpaHCHOPTYje TajlepujoM KoOja ce Hala3u W3HaJA HPUPOJHOr HHUBOA
MToA3E€MEHE BOJIC M KPO3 BEPTUKAIHU IIaxT MyMIia Ha KoTy 833,50 m.n.m.
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Cnuxa 5. Uzseop Bel, Hpan. 3awumuma uzeopa y ycnosuma nomonseHocmu
akymyaayujom Darijan

[IpoGiem 3amTuTe Bosa y KapcTy MOCTaje akTyelH!ju m3rpaamoM Behux BogoBona. Kana
je 3amotpede [lypoBHMKA KaNTHPAHO BHUINIE KAPCTHUX BpeJia a BOJIa, IOKPUBEHUM KaHAJIOM
nyxune 11km, noBenena no nmoznate OHodpujeBe yecme (1443) MOHET je 3aKOH KOJUM Ce
NITATH HCH KBATUTET W KBAaHTUTET. [10 TOM 3aKOHY OHAj YMjOM KPUBHUIIOM Johe 10
omrteheHa KaHala WM KO 3arajyl BOAY KaXXKikaBa c€ BUCOKOM HOBYAHOM Ka3HOM (IITO je
Ousia BpeIHOCT MOJIYTOAMIILE TUIATE MAjCTOPa KOjU OJpKaBa KaHall), a OHAj KO HaAMEPHO
OILITETH BOJIOBOJI KaXKHhaBa ce Oly3MMameM JiecHe pyke. KacHuje, 1836 noHeT je 3akoH 1o
KOMe je 3a0parmeHO Baljermhe KaMeHa Ha yiabeHoCTH 132 MeTpa o1 u3Bopa, & MUHHPAkhe Ha
ynasbenoctu 380 m. dopmupana je rpyma oj Tpu AyOpoBauka mieMuha Koja je OpuHyiia o
CTPUKTHOM CIpoBOl)ery 3aKOHA M CTAJTHOj OTepaTHBHOCTH cucTeMa (Beretic, 1963).
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A CONTRIBUTION TO THE TRANSFORMATION OF OPACICA
SPRING (HERCEG NOVI MUNICIPALITY) INTO A MODERN WATER
SUPPLY SOURCE

JOIMPUHOC TPAHC®OPMALIUMJU BPEJIA OITAYHUIA (OIIIITUHA
XEPIHEI' HOBH) Y CABPEMEHH BOJAOBOJAHHU CUCTEM

Zoran Niki¢!, Olivera Doklesti¢?, Vaso Mrvaljevi¢®, & Nenad Mari¢*

IUniversity of Belgrade, Faculty of Forestry, Kneza Viseslava 1, Belgrade, Serbia
2Water Supply and Sanitation Corp., Herceg Novi, Montenegro
3Quince M Pro, Belgrade, Serbia

Caxerak: KapctHo Bpeno Onaunna Hanasu ce y Kyrckom mosby, ommruna Xepuer Hosu. YV
(bYHKIMjU je jaBHOT BOJOCHA0IeBaba CTAHOBHHUINITBA O/ II€3/IECETHX TOJIMHA MPOILIOT Beka. Boje
BpeJia UCTUYY U3 U3BOPCKe Nehinte unja KoTa mpejnBa je Ha Oko 7 M N.M., a Hana3u ce Ha oko 1,3
km ox nmunuje o6ane mopa. Bperno je aciieleHTHO, KOHTAKTHO, Ca MAKCHMAJIHOM HM3aliHoIIhy 10
3-4 m¥/s. KapcTha u3gaH Koja ce ApeHHpa Ipeko Bpena (popMHpaHa je Y KapCTU(GHKOBAHMM U
UCITyLIAJIMM MaCUBHUM KpedalliMa ropibe Kpezie y OKBUPY reoTeKToHCKe jeaunune bynsa-1lykamu
30Ha. Y HEmocpeaHoj OMM3MHM Bpelsia, Ha BojousBopuinty Omauwmiia, 10 cana je ypaljeHo cemam
Oymennx OyHapa nyouHe ox 19,5 m no 35 m, o xojux cy y yerupu yrpaljere noranajyhe mymre.
Capmamme crame Kopumhema BoJa je caMO TOKOM JIETHEI Mephoja Kajia ce y 3aBUCHOCTH O]l
notpeda moxe upnutu 10 160 |/s. Tokom nepuoaa npremba MOTIYHO MPecTaje UCTUIIAE BOA U3
Bpena, a 300r Iprema 1o7a3u 10 obapama HUBOA MOJ3EMHHUX BOJA M0 OKO 18 M on moBpiinHe
TepeHa, OTHOCHO OKO 8-9 M KCIO HUBOA MOPA, [P YeMY Cy MehnHCKH KaHAIN Y 1yOJbUM HUBOUMA
ca BOJIOM U HHj€ PETHCTPOBAHO 3aC/IabUBAhE H3TaHCKHUX BOJIA.

Key words: karst, spring, groundwater, public water supply, Opacica, Montenegro
Kiby4yHe peuu: KapcT, U3BOP, MOA3EMHA BOJIa, jJaBHO BoocHa0aeBame, Omaywnia, Llpua ['opa

I ntroduction

A pumping station of Q=50-55 I/s was built back in 1964 at Opacica Spring to create a
public water supply source for Herceg Novi Municipality in Montenegro. As the water
demand grew over time, pumping wells were drilled in 1972 and the capacity of the
pumping station increased to 100-120 I/s. At present, there are seven drilled wells in the
immediate vicinity of the spring. They are 19.5 m to 35 m deep and four have been ouitfitted
with submersible pumps. These four wells are pumped only during the summer months, at
a rate of up to 160 I/s, depending on the water demand. As a result, the water table is
lowered to about 18 m from the land surface and 8-9 m below sea level. Pumping during
the recession period additionally decreases the spring water level, down to the elevation of
the well pumps. The deeper parts of the cave conduits remain filled with water and no
seawater intrusion has been registered. For practical reasons and the small drilling depth to
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ensure safe entry of the borehole directly into the karst aquifer, the wells are in the
immediate vicinity of the spring, above the cave conduit that delivers water to the spring.
Asaresult of thisapproach, the wells are spaced only afew meters apart.

Subject of investigations

Opacica spring and the water supply source of the same name are located in Kutsko Polje,
adjacent to the town of Zelenika, Herceg Novi Municipality. Kutsko Polje is an attractive
geomorphological feature resembling a spacious amphitheater, surrounded by steep
mountains whose peaks are at elevations of up to 890 m. The terrain is flat and slightly
rolling, open only towards the sea. The elevation of theflat land isfrom 6 m to 20 m, with
alluvial and proluvial formations of variable thicknesses of up to about 20 m (Glavatovi¢
et al. 1995). Opacica Spring is on the eastern edge of Kutsko Polje, 1.3 km from the
coastline. Its overflow elevation is at about 7 m. A specific feature of the spring is that
despite the proximity of the seq, it is the only seaside spring in the Bay of Kotor, and
beyond, which does not experience seawater intrusion in the summer months (Besi¢, 1969).

Characteristics of Opacica Spring

Opacica is a karst spring with an intricate system of cave conduits that after the point of
discharge continue to the east. There is constant groundwater flow in the conduits, formed
in karstified Upper Cretaceous limestones, along a contact with impermeable blocks of
Lower Cretaceous limestone and flysch. The karst aquifer drained by the spring is formed
in massive karstified and fractured Upper Cretaceous limestones, which build the eastern
edge and in a small part the western fringe of Kutsko Polje (Antonijevi¢ et al. 1973).
Groundwater circulation closeto the surface and down to adepth of several hundred meters
is generally vertical, except in the saturated zone of the aquifer, where it is predominantly
horizontal, with aredlatively high flow velocity. Groundwater is accumulated in the deepest
reaches. Towardsthe south, or the sea, the karst aquifer is bounded by an underlying lateral
hydrogeological barrier composed of impermeable thin layers and blocs od Lower
Cretaceous limestone and flysch (Radulovi¢ and Radulovi¢, 1977).

Due to this hydrogeol ogic framework and spatia position relative to the Upper Cretaceous
water-bearing limestones, the flysch formations cause drainage via Opacica Spring and
prevent mixing of groundwater and seawater. Opacica Spring and Opacica water supply
source are located within the Budva-Cukali geotectonic zone, separated from the
Parautochton by impermeable flysch sediments that prevent saltwater intrusion into the
water supply source (Besi¢, 1969). The multiyear average precipitation in this areais 1900
mm. The karst aquifer isrecharged by precipitation and intermittent sinking streamsin the
mountains that are located along the edges of Kutsko Polje and beyond. There is a
significant difference between the topographic and hydrogeological catchment area of
Opacica Spring.
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Under natural conditions, the maximum discharge of Opac¢ica Spring is 3-4 m?s, with no
flow during the summer months. The spring is of the ascending, siphonal and contact type.
Depending on the time of year and hydrogeological circumstances, over alength of 20-25
m of the stream flowing out of the spring pool there are several occurrences of diffuse
discharge along the left bank and the bottom of the major channel of the stream (Nikic,
2022). The pH level of the spring water ranges from 7.1 to 7.9 and the temperature from
12.5°C to 18.0°C. A dlight turbidity of the water has been noted after heavy rainfall in the
catchment area. However, in recent years there has been a permanent microbial load of
fecal origin (Grubac, 2020).

Condition of thewater supply sour ce from a hydr ogeological per spective

The waters of Opacica Spring are a natural treasure in Herceg Novi Municipality, whose
value and significance can only increase in the foreseeable future. Opacica Spring is the
heart of the Opacica water supply source. The current condition of the source and human
activity in the catchment constitute major issues. The way this water resource has been
treated and the circumstances in the catchment area are such that the public water supply
function can easily be lost. Following is an overview of some of the problems (Niki¢,
2022):

- Within and dong the edges of Kutsko Polje, upstream from Opacica Spring, there are
several settlements comprised of private houses, rural properties, and a few small
businesses. About 500 of the households and businesses are not connected to a sewer
system to receive and evacuate wastewater. Each household has a septic tank for
wastewater disposal. Most of these septic tanks are permeable, of theinfiltration type, dug
in alluvia and proluvia sediments which in Kutsko Polje overlie limestones. The same
applies to the edges of Kutsko Polje and higher elevations, where septic tanks have been
dug in karstified and fractured Upper Cretaceous limestones.

- Thereis a paved road, from Zelenika to Kuti, which runs between the pumping wells of
the water supply system (1% sanitary protection zone). There are three wells on one side of
the road and four on the other, with two pumped wells used for the public water supply on
each side. The paved road has no drainage features, so that rainisinfiltrated into the ground
along the edges of the road. For example, at 0.7 m from the edge of the road there is a shaft
with adrilled well that taps the karst aquifer through a cave conduit.

- Below the paved road that runs between the pumped wells (1% sanitary protection zone),
there is alarge-diameter sewer that collects wastewater from the surrounding buildings. It
is part of the wastewater evacuation system, but it has not yet been connected to the main
sewer.

- There is arelatively old pumping station directly above the spring and its transformer
station is located close to the edge of the spring pool.

However, dry season pumping suggests that Opacica Spring could benefit from karst spring
regul ation based on modern water resource management approaches. Modern management
of the Opacica water resource would involve sustainable use of groundwater intended for
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the public water supply. This means protection and conservation of water quality and
guantity, possibility of redistribution of the water resource during the year, and planned
development of the water supply source to respond to increasing urbanization of the
catchment area.

To properly understand the importance and value of water for public water supply, the
following needs to be taken into account: quality water is not available everywhere, itisa
resource that needs to be budgeted because of decreasing water resources that are readily
available.

Conclusion

The kargtified and fractured Upper Cretaceous limestones in the extended area of the
Opacica water supply source are able to accommodate surface runoff, to transport and store
water in the deeper reaches, and to sustain a thick karst aguifer in the deepest limestone
formations. Under natural conditions, the aquifer is drained by Opacica Spring on the edge
of Kutsko Polje, which has been part of the public water supply system since the 1960's.
The discharge capacity of the spring is high, the water quality is still relatively good, there
is no seawater intrusion into the aquifer, it is possible to redistribute the water resource by
pumping water from the aguifer, and the location is good for economical public water
supply. However, despite the numerous advantages, many of theimportant hydrogeological
elements needed for proper and modern management of a water supply source remain
unknown. One of the possible reasons is that the hydrogeological system of Opacica Spring
inkarst ishighly complex. Thefirst step of Herceg Novi Municipality intheright direction,
to adequatdly treat this water resource and transform it into a modern public water supply
source, would be to establish and implement a monitoring program for Opacica Spring and
Opacica water supply source.
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MAPPING OF FLOODED KARST AREASAND BASIC
MORPHOMETRIC CALCULATION USING SENTINEL-1 SATELLITE
IMAGES AND EU-DEM MODEL - CASE STUDY FROM 2019 IN
BROCANAC AND SRNI DO (NIKSIC, MONTENEGRO)

KAPTHUPAILE MOIUIAB/bEHUX KAPCTHUX MOAPYYJA U
OCHOBHU MOP®OMETPUJCKH NPOPAYYH Y3 KOPUIIREILE
CATEJIMTCKMX CHUMAKA CEHTHUHEJI-1 M1 EV-JIEM MOJEJIA -
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Caskerak: Y HOBeMOpY 2019. excTpemMHe 1 10 caa He3aOMIbS)KEHE TaJaBIHE y 3aIIaJHOM IHjeITy
Lpue I'ope y3pokoBaje cy NOIUIaBe y MIMPEM KapCTHOM Mojapydjy ciuBa Hukmuhkor mosey, a
moceOHo y kapcTHUM yBasiama bpohanity u CpHoM noiy. Kao pasior Tome oBa cTyauja uMa 3a IUJb
KapTUpaTH MOIJIaBe Y OBOM KapCTHOM IOJIpYy4jy KOpHIIhemheM akTHBHUX CATEIMTCKUX CHUMaKa ca
panapcke riardopme Cenrunen-1. MeToOIOOMIKN MOCTYNAK UMILIEMEHTUPAH Y CTYIHjH CACTOjH
ce 0J1 HEKOJIMKO Kopaka oOpaje, Ije je HajOMTHHjH KOpak Mmpeaodpana u MmocTodpaaa yia3HuX
nojiataka, Te BHU3YyeJHM Kaprorpadcku mpukaz noOujeHHX pesynrata. HakoH kaprupamba
moIUIaBJbeHUX  monapydja kopumhemem EU-DEM  wMmomema oOpadyHaTd Cy  OCHOBHH
MOP(OMETPHUjCKH TTapaMeTpH: MOBPIINHA, 3allPEMUHA, MaKCUMaJIHa JyOMHA 1 MpocjedHa AyOuHa.
JobujeHn pe3ynTaTd MOKasyjy Ja IOBPIIMHA I10Jl BOJOM y KapcTHO] yBanu bpohanan 3ay3uma
571.309 m?, 3anpemuna 3.498.918 m®, makcumanna ay6una 23 m, npocjeuny ayouna 6.1 m. JJok y
KapcTHOj yBamu CpHU [0 3ay3uUMa HOBpIIMHY of 253.127 m? sanpemuny 1.762.547 m?
MakcumanHy nyouny 20 m, u mpocjeuny ayomHy 7 m. Mako moOujeHH pe3ynTaTtH MMajy CBOje
NpeAHOCTH M HenocTatke. OBa cTynuja MMa 3Havaj, jep Cy 1o NpBH MyT NOOHjeHH M M3padyyHaTH
MOpP(OMETPHUjCKH TMapaMeTpu O IMOIUIABJLEHUM KAapPCTHUM MOAPYYjUMa Yy OBOM JHjely CJHBa
Hukmuhkor mosba ¥ Kao TakBU yIUIM Y 3BaHMYHY 0a3y mojaTtaka Enexrpomnpuspene Lipuae ['ope

(EPCG).
Key words: Sentinel-1, flooded karst area, EU-DEM, Niksi¢ polje, GIS, karst uvala

Kmbyune pujeun: Centunen-1, nomiasibeHa kapctHa noapydja, EU-DEM, Hukmmhko mosse,
GIS, xapcTHa yBana
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I ntroduction

Flooding is a commonly occurring geo-hazard in karst terrains (Dragic¢evi¢ and Filipovic,
2016). It causes enormous damage to property, roads, businesses, as well as other
infrastructure systems. It can lead to the formation of cover-collapse sinkholes, surface
water and groundwater contamination (Zhou, 2007).

Floods are associated with natural disasters that are difficult to stop and control in karst
terrains (Stevanovi¢ and Milanovié, 2015). However, what can be done is related to
reducing damage and consequences. In that context, timely geospatial information is
essential for managing and developing strategies. In order for spatial information to be
timely available and processed, it is necessary to use modern geoinformatic solutions such
as remote detection and geographic information systems (Milanovi¢ et al., 2020; Sablji¢
and Baji¢, 2021).

Study Area
In November 2019, extreme and so far unprecedented rainfall in the western part of

Montenegro caused flooding in the wider karst area of Niksi¢ polje basin (Fig. 1), especially
in the karst uvalas of Brocanac (Fig. 2a) and Srni Do (Fig. 2b).

Fig. 1. Geographical position karst uvalas of Bro¢anac and Srni Do on hydrogeological map of
wider west karst area of NiksSi¢ polje basin
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The gradients of these rainfall were highly unfavourable, as shown by their hourly datafor
November 4 at Krupac (Blace) - Electric Power Company of Montenegro rain gauge
station: from 7 am to 5 pm, 70 I/m? fell; from 17:00 to 23:00, 51 I/m?; and from 11 pmto 7
am 181 I/m? or atotal of 312.0 I/m? of rain. These quantities have not been registered 24
hours since 1925 when there is data in Electric Power Company of Montenegro (EPCM).
Likewise, from November 1 to November 11, according to EPCM data, 780 I/m?fell, which
has never been registered in a month.

Observed on piezometers Ps-7 and P-171, where the fluctuation of the output is most
pronounced, the lifting height of the underground water level goes from extreme min 570m
to an extreme max of 645m and lasts up to 22 days or 80cm/h (20m/24h). Underground
water level stagnation is occurring at asimilar pace.

The flooding of Bro¢anac and Srni Do karst uvalas, in addition to filling from the karst,
was partly influenced by torrential flows over the impermeable Lower Jurassic dolomites.
These rocks caused the floods to last longer (Vlahovi¢, 2019).

Fig. 2. Photo from terrain (a) Brocanac, (b) Srni do
Materialsand Methods

Flood mapping in this karst area is based on using active satellite imagery from the free
and accessible to al to use Sentinel-1 radar platform distributed by the European Space
Agency (ESA) in Quantum GIS (QGIS) environment. Due to their high spatial (10 m) and
temporal (5 days) resolutions, the time series of Copernicus satdllite images SAR Sentind -
1 (S-1) provide agreat opportunity to monitor flooded areas. The methodol ogical procedure
implemented in the study consists of severa processing steps, where the most crucia step
is the pre-processing and post-processing of the input data and the visual cartographic
display of the obtained results. After mapping the flooded areas using aso free and
available to all data from Digital Elevation Model over Europe (EU-DEM) mode
distributed by the European Environmental Agency (EEA) in GIS software Surfer, the
following basic morphometric parameterswere cal cul ated: surface area, volume, maximum
depth and average depth. The accuracy of EU-DEM was evaluated using different reference
values such as trigonometric points, LIDAR data and NEXT map data. Therefore, the
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approximate value of the squared error for the vertical accuracy of EU-DEM is about 7m
(Mouratidis and Ampatzidis, 2019).

Results

The obtained results (Tab. 1) show that the area flooded in karst uvala Brocanac (Fig. 3a)
occupies 571,309 m?, volume 3,498,918 m?, maximum depth 23 m, average depth 6 m.
While in the karst uvala Srni do (Fig. 3b) occupy an area of 253,127 m?, a volume of
1,762,547 m®, a maximum depth of 20 m, and an average depth of 7 m.

Table 1. Results of basic morphometric parameters

M orphometric parameters Brocanac Srni do

Area 571,309 m? 253,127 m?
Volume 3,498,918 m® 1,762,547 m®
Maximum depth 23m 20m
Average depth 6m 7m

Fig. 3. Maps of flooded areas according to EU-DEM model (a) Broc¢anac, (b) Srni do
Discussion and Conclusion

Although measurements in the field (in situ) indeed give more relevant results, these
measurements are time-consuming, expensive and cover small research areas. Thus,
through modern open geospatial solutions, spatial analysis for larger areas becomes more
accessible, reasonabl e, cost-effective and avail ablein real -time after anatural disaster, such
as a flood. However, due to open geospatial data, such estimates have shortcomings in
terms of resolution and accuracy. In the end, it is essential to point out that this study is
necessary because, for thefirst time, basic morphometric parameters of flooded karst areas
in this part of Niksi¢ polje basin were obtained and calculated and, as such, were entered
into the official database of Electric Power Company of Montenegro (EPCM).

38



Importance, State of the Art, and Prospective of
Utilisation and Protection of Resourcesin Kar st
Belgrade, 2022

References

Dragicevi¢ S, Filipovi¢ D, 2016: Prirodni uslovi i nepogode u planiranju i zastiti prostora — drugo
dopunjeno izdanje, Univerzitet u Beogradu - Geografski fakultet, Belgrade, p. 202-221.

Milanovi¢ M, Valjarevi¢ A, Luki¢ T, 2020: Daljinska detekcija u zivotnoj sredini, Univerzitet u
Beogradu - Geografski fakultet, Beograd, p. 11-51.

Mouratidis A, Ampatzidis D, 2019: European digital elevation model validation against extensive
global navigation satellite systems data and comparison with SRTM DEM and ASTER
GDEM in Central Macedonia (Greece), |SPRS, 8(3), 108.

Sablji¢ L, Baji¢ D, 2021: Mapping of flooded areas using remote sensing on the example of the Sana
River, Herald, 25, 109-120.

Stevanovi¢ Z, Milanovi¢ P, 2015: Engineering challenges in karst, Acta Carsologica, 44(3), 381-
399.

Vlahovi¢ M, 2019: Povrsinske akumulacije u karstu Niksickog polja: hidrogeoloski i inzenjersko -
geoloski aspekti, EPCG, Niksi¢, p. 351.

Zhou W, 2007: Drainage and flooding in karst terranes. Environmental Geology, 51(6), 963-973.

39



Importance, State of the Art, and Prospective of
Utilisation and Protection of Resourcesin Kar st
Belgrade, 2022

40



Importance, State of the Art, and Prospective of
Utilisation and Protection of Resourcesin Kar st
Belgrade, 2022

THE ROLE OF ISOTOPESIN KARST GROUNDWATER PROTECTION
YJOI'A U30TOIIA ¥ 3AIUITUTHU TIOA3EMHUX BOJIA Y KAPCTY
Jbubana Bacuh?®

Nlentap 3a xuaporeosorujy kapcra, JlenapTman 3a XUaporeosorujy Pyapcko-reonomkor
dbakynreta YHusepsurera y beorpany, Bymuna 7, Cpouja; ljiljanavasic@raf.bg.ac.rs

Extract of the manuscript: The karst environment is known as an extremely sensitive system to
change in natural characteristics, and its response to disturbance is quick and, often, very drastic.
The protection of groundwater in karst terrains is gaining increasing importance as one of the key
parameters of regional planning and development of karst areas. Due to the high sensitivity of the
environment and the vulnerability of groundwater, it is necessary to apply different methodological
approaches in order to define groundwater recharge, circulation and drainage mechanisms that
prevail within the system. The isotopic research method is widely used in hydrogeology, and it is
especially applicablein the karst hydrogeology, since that different isotopes, stable and radioactive,
might give an insight into the groundwater mean residence time, the genesis, recharge mechanisms,
and groundwater velocity and path directions, thus aso the velocity and path directions of the
polluting substances in it. |sotopes can easily indicate, in addition to the knowledge of existence of
the channels with typical gravity circulation, the existence of channels with very deep siphonal
circulation in which water remain for tens, hundreds, and even thousands of years. For this reason,
this methodological approach is preferred in the research and protection of groundwater in karst.

Key words:. isotopes, mean residence time, groundwater protection, groundwater age
Kiby4He peuM: U30TONHU, CpEIbe BpeMe OOpaBKa, 3allITUTa MOI3EMHHUX BOJIa, CTAPOCT MOI3EMHHUX
BOJ1a

YBoa

KapcTHu TepeHu caapike 3HauyajHE pe3epBe KBAJIUTETHUX BOJAa KOj€ Ce€ KOpPHUCTE 3a
BOJIOCHa0/eBakbe y MHOIMM rpagoBuma y CpOuju M CBeTy, T€ HUXOBa 3aIUTUTA
npencraBjba obaBe3aH W 030WJbaH 3amaTak. 3araliema Koja ce jaBibajy y KapCTHHM
TepeHuMa Hajuenthe Mory OWUTH (DU3MYKOT, XEMHjCKOT U OaKTepHOJIOMIKOT IOPEKIIa.
INomenyra 3araljema ce Hajuemrhe AemaBajy HMHOUITPAIMjOM MOBPIIUHCKHX BOAA, Kaja
MajaBUHE CHOHpajy ca MOBpIIMHE 3eMJbe 3araljyjyhe cyrcraHie HacTalie JejCTBOM
MOJHOTIPUBPE/IC WIIM CTOYApPCTBA, KA0 M PAClaJHYTH CYCICHIOBaHH MaTepujall, alu y
onpeheHrM ekciiecHuM CilydajeBrMa U IPOIyPHUBAKBEM M3 LIMCTEPHU WM HEKUX (padpuka
unn dapmu (Kelly et al. 2009, Davraz and Varol 2012, Sinreich et al. 2014, Vasic¢, 2016).
[IpaBunHO ycmocTaB/bame 30HA CaHUTAPHE 3alITUTE OCHOBHH j€ KOpaK Ka 3alliTHUTH
MOJ3eMHHUX Bojaa KapcTa. Kako xapcTHe moi3eMHe Boje NONPHMAjy cBe Behm 3Hauaj,
noceOHO y (yHKIMjU BOAOCHAOIEBama, TO j€ M HCTPAXKHUBAKE y Ty CBPXY KpajeMm
JBaJIeCETOr BEKa IMOCTAIO JAeTajbHUje W UHTEH3uBHHje. Onuruma obenexaBamba
MOJ[3EMHHUX BOJIAa Y KApPCTy JIAaKO C€ MOYKE YTBPJIUTH Be3a MOHOP-W3BOP M HA Taj HAYUH
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YCIIOCTaBUTH CTpOTa 30HA 3allITUTE y OKOJHMHU IOHOpCKe 30He. Kako ce akTHBHO
MpUXpambUBakbe KAPCTHE W3JAHM HE BPIIM CaMO MPEKO MOHOpa W BpTada, OJHOCHO
MYKOTHHA MamkbuX U BehuX AUMEH3H]ja, 3alITUTA [TOJ3EMHHX BOJA CE 3aCHUBA Ha 3aIUTUTH
LEJIOKYITHE MTOBPIIMHE MIPUXPabUBaka, all Takohe U yke 30He IpeHupama (Milanovié¢ &
Vasi¢ 2011, Vasi¢, 2016). [Ipumena H30TONICKUX METO/A Y XUIPOTEOJIOTHjH TPEACTaBIba
noceOHy AUCUUITIIMHY KOja U3ydaBa XUIPOTeoJolIKe cucTeMe Kopuctehit TeXHHKe Ha 0a3u
oapehrBama pacpoCcTpamkeha N30TONA H lbUXOBUX IPOMEHA Y BOAU U )KUBOTHO] CPEINHH.
OBakaB MeTOJl ICTPAKHMBaMa je MIealaH 3a KapCTHE TepeHe, 003UpOM J1a ce MPHUMEHOM
Pa3TMYUTHX BPCTa M30TOMA (CTAOMIIHUX M PaJUOaKTUBHUX) MOTY MOOWTH U Pa3IMIUTH
nojany o pyHKIHOHHUCAY KapCTHE U3JJaHHU, Kao ITO je yTBphuBame Mopekiia NoA3EeMHUX
BOJIa, MPABIIM KpeTama, OopaBak BoJIC Y MOJ3EMIbY U MEIIamke ca BoJama JAPYTHX H3IaHH,
Kao ¥ JepUHICake TEOXEMH]CKUX Mpolieca YHyTap T€0JIOIIKE CPEeTMHE, KOjU MOTY 3HATHO
yTULATH Ha KBaJIUTATHBHE KapakTepucTuke Boja (Mook, 2006).

CTa0dWIHU H30TONH Y CBpPCH 3alITUTE MOA3EMHUX BO1a

CraOuiHu M30TOMH Cy BeOMa 3aCTYIUbCHH Y TPUPOIH, HAPOUYUTO M30TONH KUCEOHHKA U
BOJIOHUKA, KOJH TIPEJICTaBIbha]y KOMIIOHECHTE MOJICKYJIa BOJIE, a YHMjH CAAPKa] U BapHjaldje
MpyXajy 3Ha4yajHe MOTYNHOCTH 3a MpoydaBame IMpoleca KOjH Ce JellaBajy y IUKIYCy
KpyKema Bojge y npupoau. Ilopen usoroma gaeyrepujyma 2H um kuceonuka 20, y
XMIPOTE€OJIOTHjU KapcTa YeCTO ce KOPMCTH M CTaOWJIHM M30TON yribeHuka °C, Koju je
BeoMa 3HavajaH 3a carlieflaBame Te0XeMHjCKUX MPOolieca KOJjH Cy Ce OIUTPaII y CUCTEMY,
Kao ¥ 3a yTBphHBame AyKHHE KOHTAKTa BOJE ca CTEHCKOM MacoMm. Cafpkaj cTaOMITHIX
W30TOMa ce Mema KOJ| CBaKe MPOMEHE arperaTHor crama Boje (KOHIEH3allWja WIN
eBamopaiifja), IITO MPEJACTaB/ba HM3OTOICKY (PpakKIMOHAIMjy, a KoOja je OJl BEIHKE
BO)XHOCTH 3a IIPOy4YaBame KapCTHUX cucTeMa. Kasa cy y nuramy CTaOMIHN U30TOIH, IPBU
Y HajB2YXHU]U OJITOBOP KOjU OHU MPYXKa]jy je MOPEKII0 MOA3eMHHUX BOAA, IITO MOIpa3yMeBa
onpehuBame 30HE MPHUXpambUBaka MOJ3EMHHUX BoJa (HaaMOpcKa BHCHHA M Treorpadcka
mUpYHa) U JehuHUCarke HaunHa IPUXPABUBaKka, JUPEKTHOM HHQHITPAIM]OM IaJaBHHA
Wi (IeoM) MOBPIIMHCKUX BoAa (peke, jesepa u mopa). Takxole, craOmiHU H30TONH,
KOMILIEKCHHUAM TIpOpadyHHUMa, MOTY JIaTH ¥ OATOBOP KOJIMKO j€ BOJIa BpeMeHa MpoBelia y
OKBHpY KapCTHOT' CHCTEMa, LITO je MOoCceOHO 3Ha4ajHO KOJ BOJa KOje MPOBOJIE Y CHCTEMY
HEKOJIMKO MECELH U BHIIE, a IITO Ce He MOKE MOY3JaHO YTBPAUTH METOJOM Tpacupama
MOJ[3EMHHX BOJIa. 3a MPEUU3HO TyMauemhe XUIAPOTEOIIKHX KapaKTePUCTHKA U pelllaBarmba
npobJeMa y XUApPOreosoTHjH KapeTa 1 3alliTUTE MMOJI3EMHHX BOJIa, HEOMTXOIHO je Ja ce 3a
CBaKH JIOKAIUTET (hOpMHUpa CONCTBEHA JIOKaJIHA MeTeopcka inHuja (JIMJI), npukymbameM
najaBMHa HajMamke Ha MECEYHOM HHUBOY, IITO je u Hajhemrha GpPeKBEHTHOCT Kaja Cy y
MUTaky HEMIPUCTYIAYHN KAPCTHU TEPEHH Ha BUIIIAM HaIMOPCKHM BUCHHAMA. Y 30pKOBambEe
Tpeba BPIIUTH Y TPajarby O HajMarbe TOIMHY JaHa, [IPU YeMY je MOKEJBHO Jia TO Oyay TpH
roAMHe, u 1yxe. Takole, y30pKoBame je moTpeOHO BPIINTH U HA PA3TUUYUTUM HAJMOPCKUM
BUCHMHAMa M reorpaCKiM MIMPUHAMA, pajgd JoOHjama NpEHU3HHjUX pe3yirara.
[Topehemem cTabMIHUX M30TOIIA Y BOJIM ca n3oTonuMa koju ¢popmupajy JIMJL, nobuja ce
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OJITOBOD Be3e MOBPIITMHCKIX U MOA3eMHIX BoAa. Hajuenrhe kapcTHe Bojie, Koje nMajy 6p3y
WIN penaTuBHO Op3y BOJO3aMEHY, Yy TOTIYHOCTH peQUIeKTyjy H30TOICKH CacTaB
MajiaBuHa, WM TOBPIIMHCKAX TOKOBA Ca KOjUMa Cy Yy AUPEKTHO] MM HETIOCPEIHO] BE3H.
U3 tor pasnora, n3oToncku cactaB BehrHe KapcTHUX BOJA JIEXKH JUPEKTHO WM BeOMa
OnM3y JOKallHE METEOpCKEe JIMHWje. YTPaBO TAaKBH MOJNAId YWHE OUTHY KOMITOHEHTY
3aIlITUTE KapCTHUX IOA3EMHUX BOJA, jep yKa3yje Ha Op3uHYy BOAO3aMEHE U HEOMXOAHOCT
MoCTaBJbaba 30Ha CAaHUTApHE 3aIUTUTE, KAKO Y 30HM MpUXpambHBamka, TAKO U Yy 30HH
IpEeHNparba MOA3EMHNX BOAA. YKOJIHMKO PE3yNTaTH CTAaOWIHUX M30TOIA JIEXKE JEIEKO O
JIMJL, To Moxe nma ykake Ha crape BOZe KOje HeMajy aKTHBaH JOTHIA] u3 aTMocdepe,
OJHOCHO BOJIE KOj€ Cy ce y MoA3eMJbe MHPUATpHpale Y HEKUM KIUMAaTCKUM YCIOBHMA
KOjU BHIIE HE IOCTOje, INTO MOXe Jaa TpyXHu HHOOpManWjy na HHje HEOMXOIHO
YCIIOCTaBUTH CTPOTE 30HE CAHUTAPHE 3AIUTHTE Y 30HH IPUXPAbUBamba, alld HCTO TAKO U 1a
ykake Ha Oynyhe eBeHTyaJHE COIMONOIIKE MpOoOJieMe OKO pacrojene BOAE, Kao W Ha
eBeHTyanHe noiautuike koudukre (Clark & Fritz, 1999).

PagnoakTHBHHU HM30TONMH Y CBpCH 3alITUTE MOA3EMHHUX BOAa

[lo3naBame ,,cTAPOCTH" MO3EMHUX BOJIA j€ O] BEIMKOT 3Ha4aja 3a yIpaBJbaibe U 3aIITHTY
OBOT' T'eoJIOIKOr pecypca. Ha ocHOBY neduHHCama cTeleHa moiypacmana oapeheHux
W30TOMA Y BOAU, MOXKeE ce Ae(UHICATH CTAPOCT THX BOJIA, CAMUM THM M U3BECTHU 3aKJbY4aK
y KOjOj MEpH je pecypc OOHOBJbUB, WM NaK Je(hUHUCATH J1a JIU CE PaJH O OIPaHUUYCHUM
IyOOKMM M3[ITaHUMa, KOje HEMAjy aKTHBHOT KOHTAaKTa ca aTMOC(EepCKUM Bojama, Kao HU
ca BOJIaMa M3 CyCeIHHX H3laHu. Boje ayOoke MUpPKyNaludje, HApOUUTO Y KapcTy, MOTY
OuTH MelllaBMHA BeoMa cTapux U milajux BOja, Ha JETEeKIMja U BeoMa MajMX KOJUYHMHA
MJIaJIiX BOZa MOXE€ OWTH 3HAuajHa, jep Jaje YBUJ y MOCTOjambe XUApayJUYKe Be3e ca
AKTHBHHUM CHCTEMOM IUPKYJIAIUje, i U Mpyka HHGOpMAIHjy O 3HAYajy yCIOCTaBIbambha
30Ha CaHUTApHE 3allITUTE Y W3BOPHUINHOj 30HH. M30TONHM KOjU ce KOpHCTE 3a JaTUpPabE
MJIaMX Bojia y KapcTy Hajuernhe cy kpaTtko-kusehu uzoronu *H, 328, 7Ar, Kr u 222Rn,
003UpOM J1a je IepHOoJT ’BUXOBOT mosypacnasa mand. Hajsehy npumeny onx 50-Tux romuna
MPOIJIOr BeKa 3a JaTHPamke BOJAA Yy KapcTy UMa TPHIHUjyM, aju, 0O03MpOM Ja Cy ce
KOHIIEHTpAIHje TPUIIMjyMa BEIITAYKH W30a4eHOT Y atMochepy TeCTUpameM HyKJIeapHOTr
opy’Xja CpeIHOM MPOIILIOT Beka Beh pacmale, iherosa MpUMEHa je CMambeHa U 3aMeHheHa
metogom T - 3He, kojoM ce 100Mjajy 3HATHO NPELU3HMjH MOAAIM BE3aHU 3a CTAPOCT
KapCTHUX BO/a (O]l HEKOJIMKO MECEIH JI0 HEKOJHMKO JIeCeTHHA ToJiiHa OOpaBKa BOJE Y
cUcTeMy). 3a BOJIE KOje CY JIy>Ke BpeMe IPOBeJIe Y CUCTEMY, Hajuelne ce KOPUCTE U30TOIH
14C, 38Cl, ¥Ar u 8Kr, ox kojux je uzoron yribenuka “C Haj3acTylUbEHU]U Y TaTHPaby
BOJIa Y KapcTy. EberoBom aHamm3oM MoXe ce TIOTBPAMTH CTAPOCT BOJIA KOje CY Yy CUCTEMY
mposeie 10 40 000 roauHa (kao HOp. Boje u3 OyimoTuHe y CHjapuHCKO] OamH, Yuja je
crapocr, gooujena anamuzoM “C, oko 46 000 roguna). OHO IITO je BakHO McTahu KoJ
JaTHpama MOI3EMHUX BOJAa y KapcTy jecTe Jia MPHIMKOM y30pKOBama BOJIE 3a JaTHPAbE,
Tpeba y3eTH y30pak 3a JIepUHUCAkE U MJIaJie ¥ CTape KOMIIOHEHTE y BOJIH, jep YIPaBo
MOJAIM I0CTajaba MIIAJHMX, 1M M CTapuX BOAA, MOTY YyKa3aTd Ha 30HATHOCT Yy
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pacnpocTpamehy KapCTHHX KaHalla, [ITO 'y MHOTOME MOKe MoMohu mpH AeduHHCcambY
30Ha canuTapHe 3amrure (Ciouka 1).

Cnuxa 1. Cxemamcku npuxa3s yupkyiayuje
800e y kapcmy Kyuajcrko-bemwanuuroe macusa
(nonooicaj u OyouHa KaHaIa 3aCHOBAHA HA

ocHosgy ucmpaoicusara 2013. 2ooune) (Vasic,
2016)

BaxHo je HarIacuTH Aa KOJA CPellihe CTapuX
BOJIa y Kapcry, crapoctd ox oko 10-50
rOJIMHA, KOjeé CE¢ Ha TOBPIIMHY TepeHa
JIpEHUpajy y MeprHoAy MUHAMYMa, UIaK y
ceObu caapke W Mgy KOMIIOHEHTY,
OJTHOCHO BOJIC KOje CYy Y CUCTEMY TpOBeye
HEKOJMKO JICCETHHA JlaHa JO0 HEKOIUKO
Mecer. M3 Tor pasnora, y ciay4ajy
TPaBUTALIUOHOT THIIA Hu ,,KBa3n'*
cupoHATHOT THINA HCTUIaka Toa3eMHux Boma (Cinmka 1), BaxkHO je TPaBUITHO
YCIIOCTABUTH 30HE CaHUTapHE 3aIITHTE, KaKO y 30HU NMPHUXpambUBama, TAKO U Y 30HU
JpEeHUpamka MOJI3eMHUX Bojaa. M3y3eTak mpescTaBibajy majeo BOJAC KOje ¢ NPECHUpajy y
OKBHPY KapCTHHX TEpPEeHa W HMMajy W3pa3uTO CHU(POHCKH THUM HUCTHIAma. To cy BoJle
W3y3€THO BEJIMKE CTApOCTH, O HEKOJIMKO CTOTWHA, HEKOJIMKO XHJbaJa TOAWHA, [0
HEKOJIUKO JIeCeTHHA XUibaJla roanHa. [[pumep TakBUX W3BOpa MPeCTaBibajy cyOTepMaHu
1 TepMaiHu u3BopHu Kyudajcko-0esranmuakor macusa (Vasic, 2017), umja ce crapoct kpehe
o1 432 rojvHe, KOJIUKO Cy cTape Bojie KpuBoBHpCKe OamuIle HA CAMOM jyT'y MacHBa, 3aTHM
3990 roauHa, KOJIMKO Cy crape Boje Kpymajckor TepMaiHOr M3BOpa Ha 3amaJHOM 0001y
MacuBa, 110 9ak 5979 roauna, mto je crapoct Boja CyBoIoJICKe OamHIle Ha CeBEpO3amaay
MacuBa. Mel)yTim, nako cy oBe Bojie U3y3€THO CTape, y IhHMa je JIeTEKTOBaHA KOMITOHECHTA
MmoJly MJIaJie Boje, OO3MpOM Ja Cy HIaK caapxaie oapeheHy Mamy KOJIWYMHY
HEPacTBOPEHOT TPUIMjyMa, YKa3yjylii Ha TO 1a ¥ y BeOMa CTapuM BojiaMa UTaK J0JIa3u JI0
Memama ca MiIajuM BOJaMa, CTapOCTH HEKOJIHKO JIECEeTHHA TOAWHA. Y OBaKBHM
cllydajeBHMa, MakKikha ce MOpa MPUMapHO YCMEPHUTH Ha 3aIITUTY caMe W3BOPHIIHE 30HE,
JIOK 3allTHTa 30HE NMPUXpabUBamkba HUje O] KPYIUjaJHe BaXXKHOCTH 32 O4YyBame J0Opor
KBaJIUTETA pecypca.

3ak/pyuyak

Kana je y nmutamy 3amTuta Bojia y Kapcery, moceOHa MaKmka Ce yCMepaBa Ha U3pakeHe

Tayke yTHiaja 3araljema 0e3 moryhHoctu mpeuuinhaBama, a TO Cy 30Ha MHQUITpALH]je

KpO3 MOHOPE, MOHOPCKE 30HE WIM MYKOTHHCKE CHCTEME, Ka0 M 30Ha JAPEHUPAHha, OJTHOCHO

30Ha I Ha BEOMa MaJIOM PacTojamy MOXe JohH 10 Mellama MO3EMHUX U MOBPITHHCKUX

BOJ/Ia HETIOCPEIHO Tpe UcCTHIama. M3 Tor pasznora, uHGoOpManmja o JIOKAIUjH ¥ HAYNHY
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MIpUXpamkHUBaka, Ka0 U 0 OOpaBKy BONE Y CHCTEMY je BEOMa AparoleHa, jep yKOIUKO ce
pagy O KapCTHHM Bojama Op3e, 4ak pamuaHe LUpKyJanuje, y OKBHPY KapCTHHX
MPOBOJHMKA TAE BOAA MPOBEAE OA HEKOJIMKO CaTH A0 HEKOJHKO JaHa, OJAHOCHO Iap
Mecell, HEOMXOAHO je MOCBETHTH BEJIMKY MaXmby Npu AeUHHUCAky 30HA CAHUTApHE
3aIITUTE, KaKO MOHOPCKOj 30HH, 30HHU NMPUXPAkbUBamka, TAKO U 30HH ApeHupama. Ciydaj
BOJIa U3 KapcTa YMja CTApOCT U3HOCH HEKOJIMKO XUJbala TOJUHA, IpeycMepuhie Maxmy Ha
3alITUTY W3BOPUILIHE 30HE M MPOBEPY XUAPOXEMHjCKOT cacTaBa MOI3EMHHX BOJa, jep
ycIe1 0BaKo IyTror OOpaBKa BOJE y CHCTEMY, MOXKE CE IOCTa N3MEHUTH IIPUMAPHU CaPKaj
BOJIa, Y3 jaBJbam-€ HEKOT O]l eJleMeHaTa KOju y TIOBHUIIIEHHM KOHIICHTpAaIljaMa IpeICTaBba
,[IpupoIHN‘ 3arahjuBay. BaxkHo je uctahu u ga ce ca Ay »XKUM IEPHOAOM 3apKaBamba BOJC
y cucTeMy KaHana, moBehaBa Moh ayTomypupuKamoHuX CBOjCTBA CPEIUHE, IIITO HABOAU
Ha 3aKJby4ak na he m yxomwko mole mo 3aralhema moI3eMHUX BOZAA Ha ylazy y CHCTEM,
KOHIIeHTpanuja 3araljyjyhe cyrncranie 3HaTHO ONacTd TOKOM [UPKYJIalHje KPO3 CUCTEM.
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YTHIHAJ XUAPOTI'EOJIOIIKHUX YCJIOBA HA KAPAKTEPUCTHUKE
IHOJAB/BUBAIbA MAJINX BOJA MOPAYE

IMPACT OF THE HYDROGEOLOGICAL CONDITIONSON THE
CHARACTERISTICS OF THE APPEARANCESLOW WATER OF
MORACA

Toayo hynapuh' & ®uaun Byjosuh?

13aBozx 3a xumpomereoponorujy u cemsmonorujy Lpue Tope, IV IIponerepcke 19, 81000
IMoaropura, Lpua Fopa, e-mail: golub.culafic@meteo.co.cg

4 dunozodcku dakynrer Huxmuh, Cryaujcku nporpam 3a reorpadujy, JI. Bojosrha 66, 84000
Huxuuh, Hpua [opa, e-mail: vujovicfilip@hotmail.com

Extract of the manuscript: Guided by the saying "water flows in ariver", the focus of this paper,
is on the river course and its geological and hydrogeological characteristics as fundamental
processes, which determine the size, shape, structure and dynamics of fluctuations of small waters,
on the example of the Moraca River in Adriatic basin of Montenegro (middle and upper catchment,
without Zeta River). The study area characterized by complex geological and geomorphologica
conditions. The waters of Moraca basin, via surface or underground, are drain towards the Lake
Skadar. Flows (characteristic values) can be used as indicators of certain changes and variations
because they represent the reaction of the entire river basin to certain factors (meteorological,
geomorphological, geological). The river flow consists of the surface runoff of precipitation from
the basin, then the base flow (recharge at the expense of hydrogeological collectors) and a
combination of these two factors. This paper emphasi ses the appearance of different values of low-
water flow under the influence of hydrogeological forms and shapes. Due to the high degree of
karstification, a certain amount of water is losing along the stretch of the stream around the Duga
monastery, i.e. one part flows directly and the other indirectly underground through very porous
aluvia sediments.

Key words: minimum discharges, low water, karstification, Mora¢a, Montenegro
Kiby4yHe peun: MUHUMAITHH [TPOTHIIA], Majie BOJE, KapcTudukanuja, Mopaua, [lpHa ['opa

YBoa

Pujexa Mopaua Hactaje uszHaz cena Jbepuira (970 mnm), cnajameM Bojie KOja J10JIa3u U3
n3Bopa ['pio (Hamasu ce y ImiencToreHckoM nupky Bparozo, Ha 1370 mnm), e Kopurckor
u Pymouajckor motoka, aa 6u mocite 2,5 Km npuxsatuia Bojie JaBOPCKOT TIOTOKA, ca JIHjeBe
crpane. [Topen OpojHUX MambHX MOTOKA KOjU XpaHe BOJOM Mopady, 0OCOOUTO Y KHITHOM
NepHOJLy, 3HaYajHe Cy meHe nujese nputoke: Komrranuna, Cjeepunna (F=73,8 km?),
Kpymeauku morok, Mana Pujexa (F=156,9 km?), Pubnuna u LlujeBHa, Kao U JecHE:
Patma Pujexa, [loxma, Mpreuua (F=207,7 km?), U6pumruia, Borotoscku notok, 3erta
(F=1597,3 km?) u Curauua. Hurzje kao Ha 0BOM, PeJaTHBHO MaJlOM IPOCTOPY, pesbed
HUje Tako AMHAMHMYaH W pamriameH. HajHmwka Tauka ucrpaxusaHor mozapydja je XC
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3matuna (53 mnm) a HajBrcounja Kama Mopadxka (2226 mnm). IToBpmmHa cmuBa Mopade
no ymrha 3ere usnocu 1023,7 Km?, 1ok ykymnHa noBpiuuHa cimBa 10 ymha y Ckagapcko
jesepo usnocu 3260 km? (Xpsauesuh, 2004).

Jonuna Mopade caMo y TOpHEM TOKY MMa JMHAPCKH MpaBall ToKa (cjeBepos3amaj —
JYTOHCTOK), IOK y CPEI-EM IHjelly pujeKa Teue IpaBleM CjeBep — jyT, a CIIMYHOT je MpaBla
Teuyewa W Kpo3 3eTcKy paBHHUIy, 10 cBor ymha y Ckanmapcko jezepo. OBaj mpocTop
yKpainaBajy kamoHu: Mopaue — [lnatuje (ayr 38 kKm a mpocjeuno ay6ox oxo 1000 m),
Mpreune, Uopumrtuiie u Mane Pujeke, kao n mamu: borotoBcku motok, KpymeBauku
notok, TpeOjemmna utn. JlyxuHa Toka Mopadye o u3BOpa ma JO yJujeBamba 3ere
(Bpanuhke Hbuse) mznocu 69 km, a no menor ymha y Ckamapcko jesepo 102 km
(XpBaueruh, 2004).

Tepen cnuBa Mopaue u3rpal)yjy ceAnMeHTHE, MarMaTcKe 1 MeTaMOpHe CTHjeHCKE Mace
Mialher maneo3onka, Me3030MKa U KeHO30uKa. M3BopuitHO oapyyje usrpal)yjy ceammern
HdypMuTopckor ¢uuina, y KojuMa je pHujeka ypesana cBoje koputo (Pamynosuh, 2000).
OnmumHy ¢auujy 4YMHE TIMHIW, JIANOPHHM, IjEelIYapd W Kpeymald ca COYMBUMA W
MpocCIIojIuMa KOHTIIoMepara u opeva. BynkanoreHa darija ce jaBiba Ha cjeBepo3anaHuM
njenoBuMa TepeHa (JaBopje) kao m awo oko cema Jbyra, rmje cy epo3mjoM CIIOjeBU
OTKpPMBCHM Ha IMOBPIIMHHU TEpCHA. HpeILCTaBJBeHH Cy aHACc3uTHMa, JaluTHhMa,
KBaplkeparopuprMa U ByJIKaHUTHMA cpeamer Tpujaca (Pamojuumh, 2008). Kapbonatay
(arujy unHe cTpaTudUKOBaHH, a pjel)e 1 MacHBHU Kpeumally, JOJTOMUTHYHU KPEeUmhaln 1
JIOJIOMUTH TpHjaca, jype U kpene (Me3030MK). OBe cTHjeHCKE Mace uMajy Hajpehe
pacipocTpamehe y CIMBY M IpeMa T'€OTEKTOHCKOj TMOjeld MPUIanajy IMpPOCTOPY
jyrouctrounnx (cnospammux) Junapuma. Kiactmuna (¢amuja je  mpencraBibeHa
TIIAIHja]THAM, TIIAHOQITYBHjaTHUM, aTyBUjaTHUM U JISTyBHjaTHUM CEJUMEHTHMA.

HcTpaxkuBaHu MPOCTOpP C€ OJUIHKYje CHElMDUIHAM KIMMATCKUM PEKUMOM, Ha KOjH
nocebaH yTriaj uMa omusuHa Ckasapckor jeepa u JaxpaHcKor Mopa, Te BUCOKE IIaHUHE,
KOje ra OKpyXyjy (M3pa3suTO BEJIMKa palldwialkbeHOCT pejbed)a Ha PEIaTHBHOM MAajioM
MPOCTOPY Cca KapaKTePUCTHYHHM MPOMjeHaMa HaJIMOPCKUX BHCHHA), IITO JONPUHOCH Ja
ce OBaj MPOCTOP OJUTUKYje M3PA3UTO MHTCH3UBHUM TUTYBHOMETPH]CKHM H XUAPOJIOIIKHM
pexxumoM. [loaropuuko-ckajapcka KOTJIMHA TIPEACTaB/ba 00JIACT y KOjOj BIiiana
MeIUTepaHcKa KIIMMa, KOjy KapaKTepHIly JyTa, TOIUIa ¥ CyBa JbeTa ¥ pellaTHBHO Onare u
kumoBuTe 3uMme. OBaj TPOCTOpP C€ HAPOYMTO HUCTHYE IO BHCOKHM JHETEHUM
TeMIiepaTypama, U OBJIj€ je PErHCTPOBAH arcoJIyTHH MaKCHUMyM TeMIlepaType Ba3lyxa y
Hpuoj Topu (Ilomropuma). Ilpema pexumy magaBuna Ha Tteputopuju Llpue T'ope
Pa3IUKyjeMO MEIUTEPAHCKH U YMjePEHO-KOHTUHEHTAIHH PEKUM. MEeAUTEPAHCKH PEKUM
ce OJ/UIMKYyje MaKCMMaJHUM KOJMYMHAMa [aJaBMHAa y HOBEMOpY H JeuemOpy, a
MUHHMYMOM Y jyJIy H aBIyCTy Mjeceily. YMjepeHO-KOHTUHEHTAIHN PEXUM Ce OJUINKY]e
yemhnM majaBuHamMa y JIpyroj MOJIOBHHU JbETa, CIIOPETHHM MaKCHMYyMOM Y OKTOOpY H
MHHUMYMOM Yy peOpyapy. cTpaxkuBaHo noapyyje kapakrepuiie Maputumuu (IToxropumna
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1683 mm, Manactup Mopaya 1590 mm) u MOOUQHUKOBaHH TUIAHUHCKH Tj. YMjepeHO-
KOHTHHEHTANHN pexxuM magasuna (Komammu 2044 mm, Hukmmh 1883 mm). Takobe, Ha
OBOM TMPOCTOPY CY KapakTEpUCTUYHE M BPJIO BHCOKE BPHjETHOCTH TOAMIIBUX CyMa
najiaBuHa, Koje Mory H3HOCUTH U Tipeko 3000 mm/ron (amp. Manactup Mopaua 3846 mm,
2010 roguna).

IMoganu u MmeToae

XUIpoJomKe KapakTepucTHke Mopade cy aHamu3upaHe Ha JBa mpoduia: 3maTuna
(42°29'01.64" u 19°18'25.04"; "0"=53 mnm) u Ilepuuna (42°42'46.34" n 19°22' 15.87";
"0"=178,7 mnm) 3a mnepuox 1991-2019 roamuHa. AHaju3a ce€ OJHOCH CaMO Ha
KapaKTEepPUCTUYHE BPHjeTHOCTH MPOTULA)a (Qyunix - MUHIMATTHH MIPOTHUIA] TPajarba jeaaH
naH; Qwuuiom - Cpelmba BpUjeqHoCT 10 HajMamUX y3aCTONMHHUX BPHUjETHOCTH M Quumcpm —
MHUHUMAJIHE CPEJIHhEMjeCeUHE BPUjEAHOCTH) jep OHE MPEICTaBbajy PEaKiijy MaJOBOIHOT
(6a3znor) ormmaja. [logamm o BojgocTajuma, y OBOM CIIy4ajy HHjecy aHAIW3WpaHd, 0e3
o03Mpa IITO OHM 33ajeTHO Ca MPOTULIAjEM YMHE TJaBHE KapaKTEPCUTHUKE BOJIHOT PeKUMa
BOJOTOKA, jep Cy HWIIAK MPOTHIAjH MHOTO TIOy3aJHHjH 3a TMpHKa3 onpeheHux
KapaKTEepHUCTHKA, KaKaB j& CIIydaj Y OBOM paiy.

Pe3yaraTu u quckycuja

Bumeroanmsu nipocjex aHann3upaHux mnportumaja Mopade Ha XC 3naruna n3aocu 60,2
m¥s a nma XC Ilepuuma 27,5 m¥s. O6a mnpoduia KapaKkTepHINE I0jaBJbUBAHE
MakcuMaTHuX Boja y HoBeMOpy (Ilepuuua 48,9 m®/s) u nenem6py (3naruua 117,7 m¥/s)
KajJa ce jaBJbajy arcCoJyTHH MAaKCUMyMH, JIOK CE€ CEKYHJApHH MaKCUMyMHU jaBJbajy y
anpuiny Mjeceny (3naruna 100,2 m¥s u Iepruna 46,1 m%s) mro je mocneauua mopacra
TeMIeparype W TOIJbEHa CHHUJEXXHOI TMOKpHBaya y ropmeM TOKy Mopaue. Ha o0a
npoduIa, MUHEMAIIHE CPEIbEMjECEUHE BOJIE CE jaBJbajy y aBrycTy Mjecenty (5,7 m*/su 4,9
m?3/s).

Hda O6u cMo umanmu yBHJ y KapakTep Koyiebama BOJHOT PEKUMa Ha aHAJIM3HPHHM
npodurMa, U3BPIIEHO je Topeheme oapeheHnX KapaKTepUCTHYHUX MPOTHIAja, TOMOhy
Moayna crneuupudyHor oruiiaja (q). HberoBa ce BpHjeqHOCT, IO MPaBUIIY CMambyje OJ
n3Bopa ka yuihy ([lykuh & I'aBpuosuh, 2008). ¥V tabenu 1 qatu Cy npuKasu 0CpeImbEeHUX
BpujenHOCTH W3Mel)y KkapaktepucTudHUX mnpotungja (Q) W WUXOBHX CcHenu(QUIHUX
otunaja (q).

Tabena 1. Oouoc usmehy Kapaxkmepucmuunux epujeonocmu npomuyaja (Q)u HUXOBUX
cneyuguunux omuyaja (q)

Cranuna F km? Qsg g sg Q min g min Q max {0 max Q min 1dan { min 1dan
3naruia 772,4 59,6 77,1 3,6 4,7 918,8 1188,7 1,8 2,3
[epunma | 440,0 275 62,5 41 9,4 470,1 | 10684 2,9 6,6
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Ha ocHoBy Tabene 1, MokeMo BHIjeTH, /a je OBaj HAYWH padyHama BeoMa IMOToJIaH KOJ
aHaIM3Upara CIMBOBA y KapCTHUM TEpeHHMMa, KakaB je cauB Mopaue (Cpemmy U JI0hH
TOK), jep CMamyje pa3iiKe n3Mel)y eKCTpeMHHX U CIeUU(PUUHUX MPOTHUIaja, uMajyhu y
BUAY, Jla c€ BOJOTOK TOKOM pEIECHOHOT IEpPHOJa, YIJaBHOM XpaHH 3axBasbyjyhu
MOA3EMHUM BOJaMa M3 XUAPOTEOoJOIIKMX Koiekropa. LlITo je mamm oxmHOC m3Mehy
EKCTPEMHUX BPHjETHOCTH MPOTHLAja M CHENU(DUIHOT OTHIaja, YTOJIHKO j& PEeXuM
paBHOMjepHHjHU. 300T TEOJIOMIKOI cacTaBa M XUIICOMETPHUjCKUX KapaKTEPHUCTHKA CIIMBA,
OBJje Cy jako M3pakeHH onxHocu m3Mely manux (BjepoBaTtHohe mojaBibuBama 95%) u
BeNMKUX Boja (BjepoBatHohe mojaBipmBama 1%), raje ogroc Ha XC 3matuima mnpenazu
pasnuky u of 1:250, nok je Taj ogHoc Ha [lepHunm HemTo Oaxu u u3Hocu 1:115.

Cauxa 1. Cnusno noopyuje
Mopaue (0o npoguna XC
3namuya)

C0XeHOCT XHIPOTEOJIOUIKE CPEeAMHE M MOTYNHOCT Jja CBaKW KBaJpaTHU METap CIIHMBa
MOJKE MMAaTH JIpyraurje BpUjeJTHOCTH XHUJIPOJIOIIKUX Tapamerapa, YAHA OBaKaB MPOCTOP
BeOMa 3aXTjEBHUM 3a HCTpaKuBame. Benuku crereH kapcTuduKaliyje Koju ce jaBjba Ha
nore3y oko Manactupa [yra (monop Manactupcku MiuHH, 4ujuM je 60jemeM yTBphena
Beza ca [lunmernha wu3BOpoM, ca ocTtBapeHOM (UKTHBHOM Op3uHoM ox 1,64 cm/s
(Papynosuhi, 2000)), yrude na y oBoM aujeiry Mopadya CKOpO MpecyIlu, Tj. 1a jeAaH U0
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Teue JUPEKTHO a APYTU HHANPEKTHO, TIOI3EMHUM ITyTeM KpO3 BeoMa ITOPO3HE allyBHjalTHe
cenumenTte. CXomHO HaBeleHOM, He m3HeHal)yjy noOwjeHe pasnmke u3Melyy mpodwuia
[lepnuna (y3BogHu) W 3natuna (HU3BOAHHW) Y TOjaBJbUBAKY HajMamkbUX y3aCTOIMHHUX
BpHjeIHOCTH MUHUMAJIHUX TIpoTUliaja Tpajama | gan (6:1), 10 mana (5:1), 20 nana (4:1) u
30 manma (3:1).

3ak/pyvyak

Unentnduranmja mojaBa konebama peXUMa pPjedHOT TOKAa KA0 M HErOBUX MOTyhHX
mpoMjeHa, M3a3BaHuX onpeheHnM (akToprMa, NaHac TPEACTaBba jeIHO O]l TIIaBHUX
NUTamba TOKOM JIETAJbHUX XUAPOJIONIKMX HCTpakuBama. [IpmimkoM —aHanmse
YHYTaproavIIkbiX BapHjandja MpOTHIIAja, YECTO Ce 3aHeMapyje YTHUIla] XUAPOTeOoIIONIKe
CpeAnHe, MOCeOHO TOKOM HCTPaXKMBabha MaJIOBOIHUX MEpro/ia. Y OBOM pajy je AaT IpuKa3
yTHlaja KapcTHE MOJIore Kpo3 Kojy Teue pujeka Mopaua (y oapeheHoM nujeny) u meH
YTHUIA] HA TI0jaBJbHUBAEkE "HENOTMYHUX" BPHjEIHOCTH TPOTHIAja Tj. paziiuKe Koje ce
jaBipajy usmely y3poanuje (IlepHunia) u HusBoaHUje (3y1aTUIA) aHATM3UPAHE CTaHHMIIC.
OBpje cy XHapOreoIomKH (PaKToOpu ocMaTpaHu Kao Oapujepa, 1ok he mo3uTuBHH epeKTn
Tj. yaumo Oa3HOT OTHIaja OWTH TpPEAMET HEKHWX HapeAHHX HCTpaKuBama. AKo OM ce
MIPIJINKOM aHaIH3€ UCKJBYYHNO XHIPOTEONOMIKN yTHiaj (BehnHOM ce pame permoHaiHe
aHaJn3e 3aBUCHOCTH) Y OBOM CJIy4ajy Ou ce JIJaKo MOTrao M3BECTH MOTpelllaH 3aKJbyyak, Tj.
Jla cepyje Mjepera H OCMaTpama XHUIPOJIOMIKINX W KIMMATOJOIIKUX elleMeHaTa, HUjecy
TOBOJHHO TIPEIM3HE U JIa He J1ajy M0y3/IaHe MOAaTKe, IITO HUje CITy4a].
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INITIALIZATION OF KARST SPRINGS’ SISTEMATIZATION IN THE
ADRIATIC BASIN OF MONTENEGRO

NHUINJAINBALINIA CUCTEMATU3AIUJE KAPCTHUX U3BOPA
JAJPAHCKOI' CJIMBA IIPHE I'OPE

Jenena Kpacrajuh! & Busbana Menennua®

IFaculty of Mining and Geology, University of Belgrade, Department of Hydrogeology, Serbia, e-
mail: krstajicj@yahoo.com

2 Faculty of Sciences, University of Novi Sad, Geoinformatics and Geo-ecology, Serbia, e-mail:
biljana.medeni ca@yahoo.com

Extract of the manuscript: Systematisation of karst springsin this paper aims to facilitate further
karst spring research for the Adriatic Basin areaof Montenegro (ABM). Thisisinitial, practical step,
planning to contribute to the very complex studieswhich will take placein future. Sorting out certain
number of springs by categories gives the opportunity for researcher to tackleless monitored springs
by transferring the knowledge from springswith longer series of data (eg. discharge, GW levelsetc).
At this point, about 1324 springs in the Adriatic Basin of Montenegro were vectorised through GIS
and thus properly geo-located. There are several important factors which should be considered while
categorising karst springs, such as hydrogeological and hydraulic characteristics, discharge pattern
(magnitude, fluctuation, and seasonality), geologic and geomorphologic structure and the physical
and chemical properties of groundwaters. Asacore part of this paper the systematisation method of
the karst springsin ABM will be presented.

Key words: karst springs, systematisation, Adriatic Basin, Montenegro
KibyuHe peun: kapcTHU M3BOpH, cUCTeMaTH3anuja, Jaapancku 6acen, Lipua 'opa

YBoa

Janpancku ciaus Lpue ['ope oxpelen je cnuBoM pujexe 3ere Ha cjeBepo3anagy U CIMBOM
pujeke Mopaue Ha CjeBEpOMCTOKY, AOK jy>KHY I'paHMIly NpelcTaBiba obana JagpaHcKor
mopa. IloBpmmHa JagpaHCKOT ciMBa MOKpMBa TepuTopujy ox 6650 km? kojoj
TeputopujaiaHo npumnaia 11 npHoropekux onmtuHA. [IprobanHum aujenom JagpaHckor
CJIMBA BJIaJIa MEIUTEPAHCKa KIIMMa, IITO 3Ha4YM Jia TO NOApYyYje KapaKTepHIly Ayra, Bpesia
W CyBa JbETa W peNlaTHBHO OJlare ¥ KUIIOBUTE 3uMe. KapakTepuCTUYHO TOIUIMM JbeTUMa
HUCTHYE ce JIoNWHA 3eTe Ha 4YhjeM TNOAPYYjy je€ PErucTpoBaH arCONyTHH MaKCHMyM
Temneparype Baznyxa y LipHoj 'opu u Hajsehu nmpocjeunu 6poj Tpornckux nana. CjeBepHu
110 JagpaHCKOT ClTMBa KapaKTepHUILIe 3HATHO OLITPHja KIIUMa, Y OAPYYjy KapCTHHUX 0Jba,
KOja ce Hajla3ze Ha BUIIUM HajMopckuM BucuHama (Lletumcko 1 Hukmmhiko nosse). Ha
MPOCTOPY LPHOTOPCKOT JaapaHCKOT CIIMBA, 3aCTYIUbEHE Cy Male030jCKEe, ME3030jCKE U
KEHO30jCKe CTHjeHe. YTJIaBHOM Ce pajid O CEAUMEHTHUM CTHjeHaMa, a 3aCTyIJbEHE CY jOLI
W CTHjeHe BYJIKAHCKOT Topujekia. Y rpalju TepeHa JaapaHCKOT civBa TPBEHCTBEHO
yuectByjy Me3030jcke ctujene (T, J, K).
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KapbonaTHe cTHjeHe y OKBHPY KOjuX Cy (POpMUPAHU KAPCTHHU U KAPCTHO-ITyKOTUHCKHU THIT
W3JITaHU WMajy JIOMHHAHTHO pAaclpoCTpamelme Ha OBOM moapydjy (mpeko 70%).
[lpuxpamuBame KapcTHe W3AaHW ce oABHMja HajehuM aujenoM WHPUIATpaLUjoM
aTMocepcKux Bola, Me)yTHM 3acTylJbe€HO je W MpHUXpambHBamke H3JaHW Ha padyH
MOBPIIMHCKUX BojAa (MOHHWpame pujeka 3ere, Mopade, Mane pujexe, LlujeBHe u mp.).
[IpuxpamuBame KapcTHE H3JaHW aTMOC(EPCKUM BoJamMa ce YIJIaBHOM OfIBHja Ha
TepeHuMa ca BehuMm HaaIMOpCKMM BHCHMHaMma, Tj. Ha KapcTHUM noBpmuma Crape LipHe
I'ope, Pynuna u bamana, kao n Ha Tepennma Ozpauhko- bjemomasmuhko-Ilumepcko-
Bparonoxunhko-Kyuke kapctae mospmm (Pagymosuh M, 2000, Pagynosuh MM, 2011).
[Mpaxxmeme kapcTHe WM3NaHU ce HajBehmM aujenoMm onBuja To oboauMMma Jenpecuja
Ckanmapckor jesepa, 3ercke paBHuIe, bjemomaBnuhke paBuuiie m Hukmuhkor mossa,
BokokoTopckor 3anmuBa kao u Iyx kamoHa l{ujeBre, Mopaue, Maye pujeke, MpTBHIle 1
1p., TAje ce jaBibajy OpojHE XUAPOTEOIOIIKE [T0jaBe Kao IITO Cy H3BOPH, BPYJbE U €CTaBelIe.
Kapctha uzgan Gopmupana y okBUpy KapcTHPHKOBAHUX KapOOHATHHUX CTHjEHA j€ Ha OBOM
MOJIPYYjy YTJIABHOM Cpellibe 10 JoO0prX (GUITparoHuX KapakTepucThka. OBe cTHjeHe
MMajy YJIOTY XUIPOTeOJIONIKUX KOJIEKTOpa (CIPOBOAHMKA U pe3epBoapa). [IpaBiu kpetama
MOJI3eMHHX BOJa HA OBOM IMOJIPYYjy Cy Pa3IM4YMTH, ajli yIIIaBHOM BoJie ce kpehy ox 30Ha
MpUXpamUBakba IpeMa HAjONMKHM €pO3HOHUM Oa3uchMa Tj. TpeMa TOMEHYTHM
KambOHUMA U JIeTIpecrjaMa 1o YijuM 000oIrMMa ce O/IBHja Mpaxmeme n3nanu. [lomzemue
BOJIE KapCTHE W3JJAHW Cy PENaTUBHO JOOpOr KBaJHWTETa, W YIJAaBHOM IpeMa CacTaBy
MIPHITaaajy BoaMa XuApoKapOOHATHE Kilace U KallujyMcke rpyme. [Ipu cucremarnzanuju
KapCTHHX U3BOpa MOCEOHO Tpeda 0OpaTHTH MaxKikhy Ha pa3BHjEHOCT KapcTU(UKAIM]e, KaKo
OHa HHUje WCTOr WHTe3uTeTa Ha nujenoj teputopuju Lpue [ope. Kama je y muramy
Janpancku ciuB Lpae ["ope nocebHo Tpeba MaTH y BUILy KapaKTEPUCTHKE TIPUMOPCKOT U
KOHTHHEHTAJIHOT KapcCTa, Tj. pa3yiuke y GYHKIMOHUCAY KAPCTHUX U3BOPA Y OKBHPY OBHX
npenjena. Cama cucTemaruzalMja WM KaTeropu3aldja KapcTHHUX HM3BOpa Hala3H
MPaKTUYHU 3Ha4aj He caMo y OosbeM mperiieny nocrojehinx uszsopa, seh u y dopmupamy
0aze Koja MOXKe JONPHHU]ETH JaJbUM HayYHUM M NIPUBPEJIHUM ycaBplIaBambuMa. Tako je
MOTHB 32 (hOpMHpame CHCTEMa CBUX KapCTHUX M3BOpA Ha MOAPYYjy JaapaHCKOr cimBa
Lpue N'ope HacTao MPUIMKOM HUCTPAKHBaka YTHUIIaja KIMMATCKUX IPOMjeHa Ha KapCTHe
W3JIaHCKe BoJie oBOT mojpydja. Tom mpunukom, npumjeheno je na cy onpehenu uzBopu
HEJIOBOJHHO WITH HUMAJIO OCMATpPaHH, Tj. Jla CepHje Mo/iaTaka O U3/IalIHOCTH OBHUX I10jaBa
HezocTajy. Kako Ou ce ycrmjenHo mokpuia mnujeia TepUToprja CiinBa, CUCTeMaTu3aluja
M3BOpa 10 ojpeieHoM THIy OH oJiakiajia MOryliHOCT IpuMjeHe MeTo/Ie aHaJIoTHje n3Mely
Hojpyvja KapCTHOT W3BOpa J00pe M3YYEHOCTH M KapCTHOI W3BOpA  CIMYHHX
KapaKTePUCTUKa O KOjeM He IOCTOje JOKYMEHTOBaHM mojany. Joml jegHa MpakTH4YHA
CTpaHa OBE CUCTeMaTH3alllja orjesa ce u kpo3 kopumheme Gl S6a3a y kojuma je moryhe
JaTu Tperjel ¥ BHU3YelHH NPHKa3 CBUX KApCTHUX W3BOpa IITO OM MOIJIO Ja OJIaKIIa
yIpaBJbamkbe OBUM pecypcruMa 1 Ha ONMIITHHCKOM HHUBOY.
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Kputepujymu cuctemaTuzanmje KapcTHUX U3BOpa

[MocToju Buiie kiacu(puUKanuja KapCTHUX W3BOPA Y 3aBUCHOCTH O] HbMXOBE BEIIUYHUHE,
U3JAITHOCTH, MOP(OJIOTHje KapcTa U reHe3e lUXOBor HacTaHka. Knacudukanuja xoja je
moceOHO ONMCKa MOAPYUjy HCTpaXKHMBama KOje ce IMpHKa3zyje y OKBHUPY OBOT paja je
KJIacuQuKaImja KapCTHUX U3BOpa Npeiokena o crpane Yuan (1994) i Stevanovic (2015),
raje ce moceOHO MCTHYY T€He3a M3BOpa, YCIOBU UCTHIAka, (IIyKTyaluja M3JAlIHOCTH
U3BOpa U BUXOBA NepuoandHocT. KoHauynu Kputepujym koju he ce KOpUCTHTH IPHINKOM

CUCTeMaTH3allfje KapCTHUX n3Bopa y Jagpanckom cimBy Llpre ['ope npukaszas je y Tabenun
1

Tabena 1. Kpumepujymu cucmemamusayuje kapcmuux uzeopa y Jaopanckom causy Lipne I'ope
(no yzopy na Yuan (1994) u Stevanovié¢ (2015))

Kputepujym Tun n3Bopa Onuc n3Bopa
KOHTAKTHN JIuTonomKY NpeUCIIOHNpPaH, Ha KOHTAKTy ca HEMPOILyCHOM
MIOJIMHOM
Pacjenan IpenucnonnpaH NOCTOjakeM JIMHEAPHOT TUCKOHTHHYHTETa
T'enercku Bucehu Vctuname M3Ha/ INIABHOT €pO3HOHOTr Oasuca
Hcruname no pyooBrMMa aHTUKIIMHAJIE, TEKTHOCKU
AHTHKJINHATHI
IIPEICIIOHNPAHO
Jenpecuonu Ipeaucnionnpan TonorpadujoM wiK yeihe ycjenameM pujeKe
TMoxBoaHU IoTombeHH H3BOPH, MICIIOJ] OBPILIHHE CIATKE MU CIIaHE BOJIE
Vcaosu I'paBuTaIIOHN C10601HY TPaBUTAIIMOHO CHIIA3HU TOK
MIPUTHCKA U Aptecku (y31a3HH) Y35a3H1 TOK 101 IPUTHCKOM
HCTHIAka [penuBHHA IToBpeMeHO aKTHBaH IpeJINB, Hajuemhe cl000JHOT HUBOA
Iehuncku XHIPONIOIKY aKTHBHE nehinne
Ocobune Cudonckn Cudon nim cuoHCKH pe3epBoap, Hajuerrhe y3aa3Hi TOK
MjecTa Jesepexu HcrHuname o/ jakiuM MPUTHCKOM U3 JbEBKACTHX BEPTHKATHUX
UCTHIAba KaHaia, IPY YeMy ce Ha u3ia3y yciea eposuje hopmupa jesepo
3ajesepeHn M31aHCcKa OKa, HCTHIAE U3 INIHhKX yayOsbema
Cranau Bumeromuiiby, IEPMaHSHTHOT HCTHIIARKA
VIHTEepMUHEHTHI IToBpeMeHH U3BOPH, 3aBHCHHU 0] aTMOC(EPCKUX TaJora
Tepuonnuroct | Tepuomranu Hcruname 3aBUCcHO o7 mpoMjeruBor nputucka u HIIB y
cu(OHCKOM KaHaIy
E VImajy nBojaky (yHKIHjy, HEPHOIIMYHO pajie Kao BPEJIo WIN Kao
cTaBene
MTOHOP
Crabuan Qmin/Qmax je o6muHo 1:10
Pexum Bapujaduian Qmin/Qmax je oomyno uzmely 1:101 1:100
ueTHiaLa EKCTPeMHO Qmin/Qmax je o6maHo npexol:100
BapujaOuIIaH

[perien ocranux kiacu(puUKalija U3BOpa Jat je y okBupy Kresi¢ & Stevanovic (2010), a
Koje cy 0asupane Ha crenr)UIHNM KapaKTepHCTHKaMa M3BOpa (TeMIieparypa, KBaJIuTET
BOJIC, TCHETCKH THII, U3/IAIITHOCT U3BOPA U FbHUXOBA BEJIMYMHA UT/).

Iperyen gocaganmmuxX pe3yarara

Jo caza je BeKTOpHU30BaHO U reo-nonupano 1324 u3Bopa Ha noapydjy JagpaHckor ciuBa
Lpne N'ope. Ox cucremaTH3alyjcKux Kopaka, oJpeleH je camo THUIl H3BOopa IpemMa BbUX0BOj
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nepuoangHocTy (cimka 1.). IIpema momanmmaUNDP (2009), moxe ce mpuMjeTuTH aa je
HEIITO y4YecTalHja T0jaBa M3BOpPA Yy CjeBEPOMCTOYHOM W jYTOMCTOYHOM IPUMOPCKOM
JMjely CIIUBa, a 3aTUM M 10 000y je3epcKux OaceHa M KpallKuX MoJba.

Cnuka 2. [lem ooabparnux mecm noopyuja Cauxa 1. Bexmopu3zosanu uzeopu y
ca kojux he ce no uzgedenoj Jaopancrkom caugy (npema nodayuma
cucmeMamusayuju Kapcmuux uzeopd, UNDP,2009)

npeHujemu 3Hare Ha Heuzyuene ojenoge
Jaopancroe causa Ljpue I'ope

Kako 6u ce 1mto 00Jbe HACHTHPHUKOBANIE MPYIe KAPAKTEPUCTHYHUX KAPCTHHUX T10jaBa, jelaH
0]l Kopaka je Ouo u M300p IET JIoKalMja Y OKBHPY JaJpaHCKOr ClIMBa 3a KOjU MOCTOjU
JIOBOJbAH CET TOJ[aTaKka KOju OU JONPHUHH]EIH HUXOBOM JIETaJbHOM M3y4daBamwy. Tume Ou
ce, MO JETaJbHOj aHANM3M OBUX H3BOPAa M HUXOBHX CIUBHHUX MOJAPYYja, METOJIOM
aHaJIoTHje, MPeHHjesIa OlljeHa MoHAlllakha THX KAPCTHUX Bpelia Ha Bpelia JaJpaHCKOT ClIuBa
KOja HUCY JI0 caja ocMaTpaHa. OnadpaHa MUJIOT MOAPYYja MOTY C€ BHJIjETH Ha CIIHMIH 2.

[Tonasu ce o mpeTHOCTaBKe /1a HA LIKjesIoM JalpaHCKOM CIIMBY J0J1a3H 10 PEeIaTUBHO Op3e
mpornaranyje epeKTUBHUX IalaBiHa YMME Ce U BEJIMKE BOJIE Be3yjy 3a nposbeline Mjecerie
Y3pOKOBaHE TOIIJLEHEM CHUjEXHOT IMOKpHBAva WIM WHTCH3UBHUM IajaBrHama. [loceOHa
naxma he ce gatu MHTEpEpEeHUN)H Tj. CHajalkby MUKOBA YCJIEA MCTOBPEMEHOI YTHIaja
TOIUbEHa CHMjEra M KUIIHHUX MajaBuHa. Jpyra mpernoctaBka (Ha OCHOBY NMPETXOAHUX
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HCTpaXUBama) je U Ja j€ 3ajeJHIYKa KapaKTepHUCTHKa Bpela Ha TMOJApPYyYjy CIMBa MojaBa
jecemer mMKa Kao W TPHCYCTBO CYIIHUX JbeTa KaJa HACcTyNa IEePHOJ MHHHMAIHOT
MPOTHLIAja HA BpeInMa.

3ak/pyuyak

['eonmonupame Benukor 6poja U3BOpa je U3BPLUICHO KAO MOYETHH KOPAK CHCTEMaTU3alHje
KapcTHHX u3Bopa y Jaapanckom ciuBy Llpue 'ope. Ompeheno je mer kpurepujyma
cHCTeMaTH3alMje KapCTHUX HM3BOpa, 3a KOje ce CMarpa Ja Cy O] BaKHOCTH 3a JaTo
noapyyje. On 1324 u3nBojeHa uzsopa, qudepeHIrjalyja je U3BpIIeHa caMo 10 KaTeropuju
nepuoangHocTH. [Ipema ToMe, Tako je 3aKJbyUWTH Ja je BUX0oBa Kilacu(prKamnmja mpemMa
OCTaja 4YeTUpU KpUTEpPHjyMa jelaH oOJ HapeJHHX KOpaka, MOpex JOoIMymaBama
BEKTOPU30BaHUX M3BOpa Tamo raje je morpedHo. Tume he ce dopmuparn u Tabena
aTpuOyTa koja hie mpaTuTH cBaKu KapcTHH U3BOpP, kpo3 ynorpedy GIS mporpama. Hakon
nonvjesbuBama  oaroBapajyhmx arpubyra rpymmcahe ce W3BOPH  Ca  CIMYHUM
XHJPTEONIOIIKAM KapaKTepUCTUMa, a TIOTOM M YINOTPEeOUTH y Jlajbe HaydHEe CBpXE WM
MpaKTUYHE CBpXe. Y KOHKPETHOM city4ajy, mpoHahu he ce cnruyHocT, aHanorujoM, uaMely
oabpaHux TeT Mo0po HCTpaKEHUX IMOApYydja W OCTaTKa KapCTHUX Bpelia HUCTPaKHOT
nojpydja.

Jluteparypa

Pagynosuhi M, 2000: Xunporeonoruja kapcra Lpue T'ope, JV PemyOnuuku 3aBoj 3a reosiomika
uctpaxkuBawa [loaropuna, I[Tocebna wmsgama ['eonomkor ['macHuka, Kmwura XVIII,
[Hoaropuua

Pagynosuh B, 1989: Xunporeonoruja cimBa Cragapckor jezepa, 3aBojI 3a TeoI0IIKa HCTPAKIBAbHA
CP Lipne I'ope, [Tocebna m3mama ['eonomkor rnacaunka, Keura IX, Tutorpan

Kresi¢ N, Stevanovi¢ Z, (Eds), 2010: Groundwater Hydrology of Springs — Engineering, Theory,
Management and Sustainability. Butterwoth-Heinemann, Burlington USA & Oxford UK,
p. 500 — 554

Stevanovi¢ Z., 2015: Characterization of Karst Aquifer, In: Stevanovic, Z (Ed.) Karst Aquifers —
Characterization and Enginnering; Series, Springer International Publishing Switzerland,
pp. 89 — 100

UNDP, 2009: Environmental GIS for Montenegro, implemented by UNDP office in Montenegro,
financed by Finland

Yuan, D, 1994: Chinakarstology. Geologica Publishing House, Beijing, China.

57



Importance, State of the Art, and Prospective of
Utilisation and Protection of Resourcesin Kar st
Belgrade, 2022

58



Importance, State of the Art, and Prospective of
Utilisation and Protection of Resourcesin Kar st
Belgrade, 2022

DEFINING THE HYDRAULIC MECHANISM OF KARST
GROUNDWATER DISCHARGE USING BIVARIATE TIME SERIES
ANALYSIS

JEOUHUCAIBLE XUJIPAYJINYKOI' MEXAHU3MA NCTHULHAIBA
KAPCTHUX NOA3EMHUX BOJA IPUMEHOM BUBAPUJAHTHE
AHAJIM3E BPEMEHCKHUX CEPHJA

Besbko Mapunosuh?

! Ilentap 3a xuaporeosorujy kapcra, JlenapTvan 3a XHAPOTeoJIorHjy Pyapcko-reononkor
¢axynrera Yuusep3urera y beorpany, Bymuna 7, Cpowuja; veljko.marinovic@rgf.bg.ac.rs

Extract of the manuscript: Bivariate analysis was applied within the cross-correlation in time and
the gain function as part of the cross-spectral function in the frequency domain, to the time series of
precipitation and discharge of the Oko Bijele (Montenegro) and Vrelo Bosne (Bosnia and
Herzegovina) karst springs in the period 2015-2020. Bivariate analysis showed a very fast reaction
of the Oko Bijela spring and a reaction delay at the Bosna spring, which indicate a very weak
amortization of the input signal within the Oko Bijela system and a good attenuation of the
precipitation of the Bosna system, which proved the hydraulic mechanism of the discharge of both
springs - gravitationally at Oko Bijela and siphonally at Vrelo Bosne spring. Also, low storage
capacity of the Oko Bijelakarst system was confirmed, while the Bosnakarst system has significant
storage capacity of groundwater reserves.

Key words: karst, groundwater, discharge mechanism, cross correlation, spectral analysis
Kiby4yHe peuu: KapCT, O3EMHE BOJIe, MEXaHU3aM HUCTHIIAEha, KPOC-KOpeIalyja, CIieKTpaiHa
aHajins3a

YBoa

[lo3HaBame XHAPayIHMUKOT MEXaHW3Ma HWCTHIAkha KApCTHUX TMOA3EMHHUX BOJa MOXKE
MPEIMMHUHAPHO YKa3aTH Ha aKyMyJATHBHOCT KapCTHOT XHJPOTEOJOIIKOT CHCTEMAa,
OJTHOCHO Ha FETOBE PETEHIIMOHE CITIOCOOHOCTH. J[pyruM peunma, y 3aBUCHOCTH O] TOTa Jia
JIM je ped 0 IPaBUTAIIMOHOM Bpeiy ca Op30M MpoIaraiqjoM Boja 01 30He IPUXpamuBamba
JI0 30HE UCTHUIIakba UK j€ Ped O y3JIa3HOM Bpely ca IyOOKOM CU(OHATHOM IUPKYIIAII]OM,
MOTY Ce OYCKHBATH PA3JIUYUTH CIICHAPHU)H MO MUTAkY pe3epBHU Mmoj3eMHux Bojaa. Crora,
aHaJM3a BPEMEHCKUX CepHja WCTHIAmha IMOJ3EMHHUX BOJA Y JOBOJHHO JyTOM THEPHOIY
ocMaTparma MOXKe JIaTH BPJIo KOpUCHE HH(popMaIidje o CiocOOHOCTH KapCTHOT CHCTEMA JIa
33p)KM U aKyMyJiupa MOJ3eMHY BOJY Y BHIY PE3€pBH, KOje C€ MOTY HCKOPHCTHTH Yy
pasnuunte cBpxe. To je moceOHO BaykHO MMajyhu y BUIY BUCOK HPOIICHAT €KCILIOATAIIN]e
KapcTHuX noj3eMHux Bopa y Cp6uju, Llpnoj T'opm u bochu u XepueroBunu 3a
BOZIOCHA0/IeBah€ CTAHOBHHINTBA IMHjahoM BOJIOM.
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Onure KapaKTePUCTUKE UCTPAKHUX MOAPYYja

BuBapujanTHa aHanM3a BPEMEHCKUX CepHja UCTHULAkha MOJ3EMHHUX BO/Ia IPUMEH-EHA je Ha
npumepuma Bpena Oko bujene y Liproj 'opu u Bpeno bocue y @enepanuju buX. Osa aBa
KapcTHa cuctemMa ogabpana cy kKao penpesenty rpaButanuoHor (Oxo bujene) u yznazunor
(Bpeno bocHe) MexaHU3Ma HCTUIIAA, KAKO OM pasiiiKa y IbX0BOj aKyMyJIaTHBHOCTH Onia
nakme yowsnBa. Kapcrau cuctem Bpena Oko bujene nanasu ce y ceny ['opwma bujena y
nentpanaoM geny Llpue lope, y Ommsmam lllaBHWka wm mpema XUAPOTEOIOIIKO]
pejormzanmju npunaga JuHapuauma Llpre ['ope u nproMopckom cnuBy. Knmma cimBa
Bpena Oxo bujene cagpu KOHTUHEHTATHH U MJIAHWHCKH THIT €A POCEYHOM TOJUIIEOM
cyMoM kuire oj 1559,3 mm, temmeparypom Bazayxa of 6,27°C u 3HA4YajHUM CHEXHUM
MOKPHBAYeM KOju MOKe u3HOCUTH 1 mpeko 150 cm (MC XKab6spak, nepuoa 2015-2020).
Bpeno Oko bujerne uctuie n3 CEeHOHCKUX Kpeumaka, Ha KOHTAKTy ca (IMITHOM CEHOHCKOM
cepujoM. 3aje3epeHH W3IJIC] Bpesia Ha NPBH MOIVIE] yKa3dyje Ha MOCTOjame CU(OHCKOT
KaHana u y3nasHy uupkynanujy. Kapctau cuctem Bpena bocHe Hanasu ce y neHTpaiHOM
neiny bocue u Xepreropune xox CapajeBa, y moAgHOXK]y mianuHa Mrman u bjenamHuia.
CnuBHO Tmozapyyje Bpena bocHe o/unkyje ce yMEpeHHM THUIIOM KIIMMarta, 3aBUCHOM O]
IUIAHWHCKHUX BpxoBa Mrmana u bjenammanie n 6mu3uHe JagpaHCKOT Mopa ca MPOCEYHOM
TOMUINEKOM cymMoM kumre on 11923 mm, temnepatrypom Baszayxa ox 2,4°C u
KyMYJIaTUBHHM CHETOM KOju Moke OMTH BHcuHe mpeko 300 CM u Koju je aKkTyelaH O
cenremOpa 110 jyna (MC bjenamnuna, nepuoa 2015-2020). Bpeno Boche uctuue y Bumy
pa30ujeHor U3BOPHUIITA, HA HaJHIKO] XUTICOMETPHjCKOj TAYKH KOHTaKTa TutaHnHe Urman
(Kpeumally 1 TOJIOMHUTHU ropier Tprjaca) U CapajeBCcKor 1oJba. Y3/1a3HU KapaKTep Bpeia
MPEUCIIOHNPAH je CIYIITalheM CEeBEpO3aIaIHOT Kprila CHHKIMHAIe MirmaHa.

IIpumemena MeToa0JI0rHja

buBapujanTHa aHanM3a BpEMEHCKUX CepHja MOApa3yMeBa aHAIN3y YJIa3HUX W W3JIa3HUX
eJleMeHaTa KApCTHHX CHCTeMa W Je(UHHUCAkhe HUXOBE Y3POYHO-TIOCTENUYHE Be3e.
BuBapujanTHa aHamu3a je NpUMEHEHA Ha BPEMEHCKE CepHje MajJaBHHA Ca CTaHMIA
XKab6spak u bjenamauna u uctunama Ha Bpeinma Oko bujene u Bpena BocHe y nepuomy
2015-2020. romuHa, mpeMa mnomanuma DemeparHOT XHUIAPOMETEOPONIOMIKOT 3aBOJa W3
CapajeBa 1 3aBoja 3a xujpomeTeoponorujy u ceusmosiorujy Lpue ['ope. V ckiomny ose
aHaJln3e, KpPOoc-KopelialuoHa (YHKIHMja Y BPEMEHCKOM U KpOC-CIIeKTpasiHa (pyHKIHja y
(hpEeKBEHTHOM JOMEHY Cy NpUMEHhEHE Ha HU30BE BPEMEHCKHUX CEpHja IMaJaBHHA Y BUIY
KHIIle, Ka0 yJA3HOT IapaMeTpa U UCTHIAamka MoA3eMHNX Bojaa Bperna Oko bujene u Bpena
Bocue, kao wm3masHor mapamerpa. Kpoc-kopenaimona (¢yHKIHja [Oapa3yMeBa
onpehuBame MeljycoOHE 3aBHCHOCTH JBE JUCKPETU30BaHE MPOMEHIBUBE O] KOjUX j€ jeTHa
3aBHCHA (UCTHUIIAkE MOA3EMHHX BOJIA), a JApyra He3aBUCHA MPOMEHJbUBA (TIaJaBHHE), Tj.
pa3MaTpame yTuliaja najaBrHa (yJa3HOr CUrHajla y CUCTEM) M UCTHIIakha MOI3EMHUX BOJIA
Ha Bpely (M371a3HOT CHTHAJIa U3 CUCTeMa) U JepuHUCcamka BpeMeHa MOTPeOHOT 3a PeaKInjy
cucrema Ha npuxpamuBame (KreSi¢, 1991; Larocque, 1998; Jemcov, 2008; Risti¢
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Vakanjac, 2015). Ilepuon motpebaH 3a peakiijy Bpeia Ha MPUXPambHBambe (KAIlbCHe
peakmyje) ykasyje Ha Op3uHy TpaHcdepa MOJ3eMHUX BOJIA Y CUCTEMY - Mambe Kallheme
CHI'HaJIa UMIUTAIMPA POMIITHY PEaKILUjy Ha YJIa3HH CUTHAJI, TJIe CC MHAUPEKTHO CUCTEM
MOKE TYMauWTH Kao jako pa3BHjeH W KapcTU(HUKOBaH, AOK je Behe Kallllbeme CUTHala
MoCNe/INIia HajBEpOBaTHHjEe Cila0Wje pa3BHjEHOT CHCTeMa Ca HHCKAM CTETICHOM
KapcTupukanmje win nyooke cudoHanHe nupkymanuje. Kpoc-cmektpanHa QyHKIHja
TYCTHHE YKJby4dyje KOHBEPTOBa-€ KpOC-KOpenanuoHe (yHKIHje W3 BPEMEHCKOT Y
(pexBenTHH oMeH ToMohy DyprjeoBux TpaHCPOPMALIMOHHX PEIOBa, KOja, Takohe mopes
M3JIa3HOT CUrHaja (MCTHIamka) yKibyuyje u yiaa3uu curnan (nagasune) (Padilla & Pulido-
Bosh, 1995; Jemcov, 2008). Ha ocHOBY 0Be (yHKIIHje MOXKe ce TeUHUCATH KAIbEIHE U
Tpajame 0/13MBa CHCTEMA Ha yIIa3HHA CUTHAJN Y (PEKBEHTHOM JIOMEHY, a OOMYHO yKJbyUyje
KpOC-aMIUTHTYIHy, KOXepeHTHY, QyHKuujy ¢daze u ¢yHKujy pacta. DyHKIuja pacra
yKa3yje Ha ToBehame MU CMamemhe M3JIa3HOT Y OJHOCY Ha YJIa3HW CUTHal, IITO ce ca
acrieKTa KBAaHTUTATHBHE KapakTepH3aldje CHCTeMa MOXKe TyMauuTH Kao IPOMEHa
IMHAMUAYKHX PE3EPBH Yy BpPEMEHY, OJHOCHO Ha MOTyhHOCT aTeHyarje U aMOpTH3alvje
najiaBiHa ¥ HBUXOBY TpaHcopMalujy y pe3epBe MOA3EMHUX BOJAA, HA OCHOBY yera ce
MOXe JIaTH MpolieHa akymysatiuBHocTH cuctema (Padilla& Pulido-Bosh, 1995; Larocque
et a. 1998; Jemcov, 2008).

Pe3yaraTu u quckycuja

Kpoc-kopenmorpamM KumiHWX TajaBWHA W WCTHIama Ha Bpemy Oko bujenme mokasyje
HEHTPUPAHOCT KpOC-KOopenanroHe QyHKIUje 3a [eo Mepruoj] ocMaTpama, MITO yKaszyje Ha
TeHEPaJTHO MHCTAHTHY PEaKilMjy CUCTeMa Ha YJIa3HU MUMITYJIC, Tj. Ca BPEMEHCKUM KOPaKOM
on 0 mana (Cn. 1). To HaBOIM Ha IPETIIOCTABKY Ja CE PaJI O PEIATUBHO MAJIOM pe3epBoapy
KapCTHOT CHCTE€Ma, TAaKO Ja Ce HOBOMH(WITpUpaHa BOJAa BeoMa Op30 TpaHCHOPTYje J0
MeCTa UCTHIakha, C 003MPOM Ha Majie pe3epBe MOJ3EMHHX BOJa y ToM mepuonry. Kpoc-
KOpeJorpaM KAIIHUX aJaBuHa ca uctuuameM Bpena bocue 3a nepuon 2015-2020 roauna,
“Ma TIO3WTHBHY acHMETPH]jy, YKa3yjyhn Ha mepuoj| 3akallmerha peakilfje CUcTeMa Ha
yJia3Hu curHai ox jenuor nana (Co. 1). Kammeme peakifje cucteMa oJ1 jeIHOT JlaHa MOXKe
YKa3uBaTH Ha MOIMYHEHOCT PE3EPBH M MEPHOJI HEOMXOaH 3a noBehame XuapocTaTuikor
MIPUTHCKA y cUCTEMY Koju he y3pokoBatu moBehame M31alTHOCTH HA Bpelly ycies 1yOoKke
cudoHAIHE IUPKYyIalnje. YKOJIUKO ce YyCBOjH mpar 3HadajHocT ox 0.2 (Mangin, 1984;
Risti¢ Vakanjac, 2015), ctatucTiyka 3Ha4ajHOCT KoeuIjeHTa Kopenaiyje 3a Bpesio Oko
bujene npecraje Hakon 10 naHa, a 3a Bpeno bocHe HakoH 7 JaHa, IITO IMOKa3yje Ha BpeMe
peaknuje CIMBHOT MOJpydYja Ha HMHTCH3MBHY KHIIHY enu3ony. Takole, HaruO® Kpoc-
Kopenorpama Bpena bocHe je Beoma cTpMm mpBuX 12 maHa, JOK IMOCHE TOra JI0Ja3d JI0
amMopTHU3alMje yIa3HOT CUTHala Y BUy NONYyHaBamba PE3EPBH y CUCTEMY.
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Cxn. 1. Kpoc-
KOpenozpamu
naoasuHa u
ucmuyarea epeia
bocrhe u Oxa

bujene 3a nepuoo
2015-2020

OdyHKIMja pacta Ha OCHOBY BPEIHOCTH MaJaBrHa U UcTulama Bpena Oko bujene (Ci. 2)
MOKa3yje J1a Cy CBe BPEeIHOCTH Mame o1 1, omHocHO 0.4, ITO OM TEOPETCKH YKa3WBajo Ha
MOTIYHY aTeHyanujy cuctema. Melhytum, ¢yHKIMja pacTa jacHO Mokasyje Aa je ped o
MOTIYHO HECOPTUPAHOM W HEQHWITPHUPAHOM CHUTHANY, IITO yKa3yje Ha TO Ja KapCTHH
cucteM Bpena Oko bujene nma Beoma HUCKY MOTYhHOCT aTeHyaltje yaa3HoT HMITyJICa, Tj.
na ce WHQWITpHpaHe NaJaBUHE BeoMa Op30 TPaHCHOPTYjy A0 Bpena ykasyjyhm Ha
MPETIOCTaBKE O PENaTMBHO MAallOM pe3epBoapy Moa3eMHUX Boja. DyHKIMja pacTa
HCTHLIAha OA3eMHUX Bona Bpena bocHe (Cin. 2) mokasyje MUK u3HAJ BpenIHOCTH | mpu
¢dpexsertmju o 0.002737, mTo oAroBapa roAUIIHeM IUKITYCY, yKa3zyjyhul Ha JOMUHALIN]Y
0a3HOr OTHIIaja M BUCOKY aKyMyJIaTUBHY MOh cHcTeMa. JacHO ce youaBa U COPTUPAHOCT U
¢unTpupame curHana, HaBoJiehn Ha 3aKJby4ak O MOTIYHO] aTCHYallUju U aMOPTH3AIUjU
WHOUITPUPAHUX NaJaBUHA U BUXOBY TpaHCHOPMaLMjy y pe3epBe MOA3EMHHUX BOJIa OBOT
cucrema.

Cn. 2. @yuxyuje
pacma ucmuyarea
epena Oxo bujene u

epena boche 3a
nepuoo 2015-2020.

200.
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3ak/pyuyak

[Ipumenom OuBapujaHTHE aHAIN3E Y BUAY Kpoc-KOopenanuoHe QyHKIHje Y BpeMEHCKOM H
¢azHe QyHKIHUje y OKBUPY KpOC-CIIeKTpaiHe PyHKIHUje Y ppeKBEHTHOM ToMeHy Moryhe je
aHAIM3UPATH XUAPAyJINMdKe MEXaHW3Me HCTUIAhba KapCTHUX IIOJ3EMHHX BOJa U
neQUHUCATH aKyMYJIaTUBHY CIIOCOOHOCT KapCTHHX cucteMa. [leprnon Kammema peakimje
Bpelia Ha KHUIIHY €NHu304y Koja HM3a3uBa IMpHUXpambHBab-€ CHCTEMa MOXE yKa3aTh Ha
WHTEPHY CTPYKTYpPY M pa3BHjeHOCT cucTema. Peakmuja Bpemna Oko bujerne Ha WHTEH3UBHY
KHITy MEPH CE€ y YacoBHMa, INTO yKa3dyje Ha Beoma Op3 TpaHchep Boma O 30HE
MpUXpambiBamka 0 30HE UCTUIama. Ha Taj HaumH, Moryhe je 3ak/by4HTH Ja ce paau O
TPaBUTAlMOHOM Bpely, ca JIOMHHAHTHHM JOBOJAHHUM KaHAJIOM KOjUM ce Boxe Op3o
TpaHCIIOpTyjy Ao Bpena. Ca mpyre crpaHe, peakiuja Bpena bocHe kacHu 1 gaH, mrTo
yka3yje Ha Behy pereHnmoHy moh oBor cucrtema. dyHkiuja pacta Bpena Oko bujene
MOKa3yje Jla OBaj CUCTEM HeMa CIIOCOOHOCT MPUTYIIMBaKka yIIa3HOT CUTHANA, IITO YKa3yje
Ha TO J1a ce e(heKTUBHO HHPHIITPUPaHEe Boe OP30 M0jaBIbyjy Ha BpEy U Ja je aKyMyJIalnja
pe3epBH BpIio BepoBaTHO Mania. To mehytum Huje ciaydaj kox Bpena boche, rae ce jacHO
BUJY aMOpTH3alldja TaJaBUHA M EUXOBa TpaHChopMalMja y pPe3epBe U HCTUIAME
MO3eMHHX BOJIa, HA OCHOBY 4era Ceé MOKE 3aKJbYUUTH Jia C€ PaJH O y3JIa3HOM Bpely ca
IyOOoKOM CH(OHAITHOM IUPKYJIanujoM ¥ MoryhHomhy akyMmymaryje BeTUKAX KOJUIWHA
MOJI3EMHHX BOJIa Y CHCTEMY.
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ASSESSMENT OF THE WATER PERMEABILITY OF THE SUKOVICI
PONOR AREA (CERNICKO POLJE) USING THE LUGEON TEST

OIJEHA BOJAOITPOITYCHOCTH ITIOHOPCKE 30HE HIYKOBU'HRHU
(IIEPHUYKO IIOJBE) IOMORY JUKOHOBOI' TECTA

Ierap Bojuosuh?, Camna Munanosuh', Jbuibana Bacuh?

Nentap 3a xuaporeonorujy kapcra, JlenapTmaH 3a XUApOreosorujy, Pyaapcko-reonomkor
¢akynrera YHusepsurera y beorpany, Bymuna 7, Cpouja, e-mail: petarpodosoje@gmail.com

Extract of the manuscript: One of the specificities of reservoirs forming in highly karstified
terrains is reflected in the wide range of unknowns, specifically during reservoir formation, filling
and operation. Unfortunately, despite complex research, many reservoirs constructed in karst
terrains have problems with water losses from the reservoir to other aquifers due to ponor and ponor
zones which are a common in the karst of Eastern Herzegovina. One of such zones is Sukovié¢ ponor
located in the southern part of the Cerni¢ko polje (future reservoir area). The wider area of Sukovié
ponor is located at the contact of the Turonian limestones and the Pliocene-Eocene flysch, which
forms the Cernic¢ko polje. Still, most of the area is formed on karstified limestones. During July
2018, hydrogeological investigations of the ponor zone were carried out with the goal to define the
water permeability of the limestone rocks. Four boreholes, with a depth of max. 40 meters, were
drilled within this location. Based on borehole logging, data on lithology, as well as water
permeability of the rocks were obtained. The results of the tests in boreholes indicate a high degree
of heterogeneity and karstification of the rocks. According to data from WPT (water pressure tests)
some remediation works will be needed in this zone with the aim of solving the problem of water
leakage from the future reservoir. The applied methodol ogy, together with the analysisand synthesis
of previous results, provides a good basis for further research in this area, primarily with the aim of
surface reservoir forming in the Cerni¢ko polje.

Key words: karst, Sukovi¢ ponor, Cerni¢ko polje, rock water permeability, Lugeon test
Kibyune peun: xapcr, Lllykosuha nonop, LlepHi4Ko moJse, BOAOMPOIYCHOCT, JIMDKOHOB TecT

YBoj

I'enepanHo, paj ce OJHOCH Ha XUAPOTEOJIOIIKE KApaKTEPHCTHKE jy’KHE MOHOPCKE 30HE
Lleprudkor moJba ca MOCEOHUM OCBPTOM Ha pesyarate nooujeHe tecrosuma BJIIT (VDP)
- BOJONPOITyCHOCTH (JIMKOHOB TECT) N3BEICHUM Y YETUPH UCTpaXkHe OymioTuHe. Pamu ce
0 TUMHMYHOM KapCTHOM IMOJbY, TJj€ C€ Ha CjeBEpHOM JHjelly jaBjbajy APEHAXKHE 30HE-
W3BOPH, JIOK C€ Ha JY’)KHUM M JYTOUTOYHUM JIMjeJIOBUMA T0jajaBibajy nonopH. Lllykosuha
MOHOP WMMa MOBPEMEHH KapakTep M CIy)XKH 3a IpUXBaTamke BOJA KOje Ce yclen
MpeBa3miIaXemha KanauuTeTa ryrama Kibyukor monopa npenuBajy y npasiuy cena CTerneH.
[IperxonHa ucTpaxuBama roBope J1a ce: ,,PesynraTu BULeroJuIImbUX UCTPAKUBAbA [INPE
3oHe llepHMYKOr mospa OJHOCE HAa KOHLENNHWjy Kopuinhema OBOI IpocTopa 3a
aKyMyJIUpame BoJa KOje ce MPUPOAHUM U JHjeJIOM BjelITauKUM ITyTEM TPAHCIOPTYjy U3
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30He ['aTadkor moJba Koje je XWUIICOMETPHjCcKH BuIle ka DaTHUYKOM IOJbY M BpelnMa
TpebumHUIIe HAa XUIICOMETPHjCKU HIKMM KoTama on  Llepamukor mospa“.! Ympaso, 3a
notpebe aedunucama MoryhHocTH popMHpama MOBPUIMHCKE akyMynanuje y LlepHuukom
MoJby W3BeJeH je onxpeheHn Opoj XUAPOTEONOUIKMX HCTPaKMBamba:OMUT O0eNeKaBamba,
HCTAXHO OyLIEHE Kao U reo(pU3NIKa HCIUTHBAakA 1e0JbrHE (MIIMIIHNX HACIAra, ca LUbeM
ocMaTpama (QIyKTyandje MOA3eMHHX BoJa 30He LlepHMYKOr MMoJba y pasTUuUTHM
XHJPOTEOJIOMIKIM U XUIPOJIOIIKAM ycioBUMa. M3BeaeHa ucTpakupama jana cy Ao00py
mojyory 3a Oyayha neTasbHHja UCTpaKWBama OBOT MOPYYja.

Onure KapaKTepuCTHKE HCTPAKHOT MOAPYYja

[[Iupa 30Ha OAPYYja UCTpaKUBamka MPECTaBba JyroucTouHN n1uo Pemybmmke Cpricke.
Hepanuko mose (Crnmka 1.), cmaga Mel)y Mama KapcTHA 1MOJka Ca MOBPITUHOM Off OKO 3
km?. Tloapyuje je OGpACKO-IIAHMHCKO ca BEJIUKMM OpojeM yBaia, Opja, BpTaua, IIOHOpa,
u3BOpa, nehmHa Kao ¥ CBUX JIPYruX MOJ3EMHHUX M MOBPIIMHCKHX MOPQOIOIIKUX 00IHKa
KapaKTepUCTUIHHX 3a KapcT. Hagmopcka BucuHa nosba kpehe o 817 mo oko 855 m.n.m.

Cnuka 1. I'eoepaghcku nonosicaj nonopcke sone Lllykosuh ca npuxkaszom eeonouwike epahe u
noxkayujama rnosux ucmpaxcnux 6ywomuna (K> myponcku kpeursayu, Pc,E- niuoyencko-
eoyeHcku ghauu)

[Ipoctop mnpumaga pexuMy H3MjEHCHE MapUTHMHE KIMME, Ha TIpenazy Impema
KOHTHHEHTaNHO]. [IpocjeuHe ronuiime NajaBuHe cy yjeaHadeHe u uzHoce ox 1500 no
2000 mm Bogmenor tamora. lIpocjeuna Ttemmeparypa wuszHocu 9,2 °C. Ilperxonna
UCTpaXuBama Mokaszana cy aa ce: ,,llogpydje ucrtpaxknBama Hajla3d y TPAHUYHOM JTHjey
Crospamimux U YHyTpammux JuHapuna. OJUIMKyje €€ CIIOKEHOM TI'€OJIOIIKOM U
TeKTOHCKOM rpahjom“?. U3siBajajy ce Tpu TeKTOHCKe jenunuie: TekToHcka jeauauna Meka

! Copajuh C., Munanosuh C. (2018). Ena6opar o XMporeoonkum KapakTEpUCTUKAMA
(yHKBHOHMCakA LlepHUYKOT TI0Jba Y IEPHOLy MalIMX M BEJIMKUX BOAA, CTp. 1
2 Mupkosuh M., eT an.: Tymau 3a suct [anko K34-26, crp. 11
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I'pyna — CHujexnnma, Texkroncka jemunnna bjemacume m Kyuka TekToHCKa jemuHUIA.
[TyxoBuha moHOp hopMHUpaH je y OKBUPY TYPOHCKHX KpeUmhaKa, JIOK FbeTOB CjeBEPHHU JTHO,
Tj. obomHu auo llepHumukor mosea, m3rpaljyje IIMoOLEHCKO-eoneHcknu (aum. Panujum
onuToM obmibexkaBama LllykoBuha moHopa yTBpheHa je moa3eMHa Be3a ca MOBPEMEHHM
BpenmrnMa Obonom n babom y @aTHrukoM mosby U Bpenuma Tpebumimuie, (Munanosuh
I1., 2021).

IIpumjemena MeTo0J10r1ja

UctpakuBama onucaHor NOApYyYja pealn3oBaHa cy Kpo3 TEOPETCKU MPHUCTYI U AeTajbHa
TepeHCKa NCTPaXMBamba. TEOPETCKH MPHUCTYI ce OJHOCHO HA CHHTE3Y, KiIacu(puKanujy u
aHaNMM3y pachojokuBe (DOHIOBCKE NTOKyMEHTaluje. PekoHrocumpame TepeHa, Kao
MOYEeTHA TEPEeHCKAa AaKTUBHOCT, oOyxBarana je JeHuHUCAke TAaYHOT KOOPJHMHATHOT
nonoxaja Oynyhux ucrpakHux OymortuHa. Ha spero 2018. rogmne wuspahene cy 4
uctpaxsne oymorune (MBI 1/18, UBII 2/18, UBIT 3/18 u UBII 4/18) y 30au lykosuha
noHopa (cmuka 2. u 3.), Ha obony Llepumuxor nosea, (Copajuhh & Mumnanosuh, 2018).
Bymorune cy u3Benene a0 nyoune o 40

m, ca KOHTHHYaJIHHM ]je3TPOBameM, KapTHpameM je3rpa Kao W H3BOhEHmEM TecTa
BogomnponycHoctn (VDP). HakoH ucnuTtmBama y WHMa je H3BEICHA W yrpaama
MTHje30MEeTapCKUX KOHCTPYKIIHja, MpeyHuka O 2°).

Cnuxa 2. Bywere ucmpasichux 6yuwomuna Cnuka 3. HU3soherwe onuma BAII na
Ha npojexmoganum rokayujama Llepnuuxoz HOB0U30YUIeHUM OYUWOmUHAMA
nosma (Copajuh & Munanosuh (2018) )

(Copajuh & Munanosuh (2018) )

HcnutuBame BOJONPOITYCHOCTH M3BEJCHO j€ HAa CBUM HCTPaKHUM OyImIOTHHaMa moMohy
JI>KOHOBOT TecTa M TO y eTa)kaMa IojeIMHaYHUX TyHHA O 5 M CHJIa3HUM HOCTYIIKOM H
MpUTHCIIIMa Ha MaHOMeTpy of 2-4-6-8-10-8-6-4-2 Gapa. bymorune ¢y mpBo OyiieHe 10
nyOuHE J0m-e rpaHulle MPBOTI MHTEPBaa, 3aTHM Cy CE 3alTHUBajla ycTa OyImoTHHE, HAKOH
yera ce npuctynaio u3sohewy onuta B/I11-a.
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Pe3yaraTu u quckycuja

Jluronomky mpodun M3BeACHUX OYMIOTHHA je MONPWIMYHO jeqHOIMYaH, a y HajBehoj
Mjepu Ta usrpalyjy TypoHCKH Kpeumanu. OHH cy Hajuemhe MOKPHUBEHW TIMHOM U
JamopIyMa, AOK cé Ha HEKHM MjecTHMa cycpehy Mpociojud Jjamopra u Tmjemrdapa. Y
HajseheM nujeny OymoTHHA HHjEe ce MOrJo mocTuhu 3acuherme, MTO yKka3yje Ha BEITUKU
crerneH kapctudukanyje ctujeHa. Bpujeanoctu JlikonoBux jeaununa (Lu) kpehy ce on
TOTOBO XOMOTEHHX BOJIOHETIPOIYCHUX JHjeJoBa OO IMOTIYHO KapcTH()UKOBAHUX
nHTepBana. Ha coumm 4. maTté ¢y TUTONOMIKY MPO(IN CBUX OYIIOTHHA Ca MPUKAa3aHUM
WHTEpBAJUMa HCIUTHBAkbha BOJONPOIYCHOCTH W HEHHM BPHjEJHOCTHMA  JaTUM Y
JImxornmma  (Lu). CropoBoheme OBaKBHX TecToBa ca ImJbeM oapehuBama
BOJIONIPOITYCHOCTH CpenrHe, ca coOOM HOcH W ojapeheHe mpobieme, moceOHO Be3aHe 3a
HemoryhHocT aeduHrcama KBaHTUTaTHBHE (Opojuane) BpujenHocTH. ETaxe y kojuMa Huje
Moryhe noctuhin 3aculiere reHepaiHo ce Be3yjy 32 SKCTPEMHO BOJOIPOIYCHE JIUjeIOBE
OJTHOCHO 32 TIOCTOjar-€ KaBepHH, KaHalla 1 MyKThHa Beher 3ujeBa. Y TakBUM CIydajBUMa
npuMarma BOAE Cy TOJMKO BENMKa Aa HUje Moryhe OocTBapuTH OMJIO KakaB MPUTHCAK
(Eneprompojekr, 2021). Ilocmarpano y BepTHKaTHOM npoduiy, Haju3paKeHH)ja
BOJIONIPOIYCHOCT Haja3u ce y 30HM HajBehe kapcTuduKkanuje W HCIMyNaJocTH Koja je
YjeIHO 1 30Ha HajU3PaKEHHjIX OCITHIIAIMja HUBOA. Y TOj 30HH Ce Hajla3e KaHaJH, KaBepHe
W TYKOTHWHE TOJi CTAJIHWM IUHAMUYKHM YTHUIIajeM BOAa Koje ce Kpehy Kpo3 u3naH,
(Mmmanosuh I1., 1979).

Cnuxa 4. Hecmpagicne 6ywomune (ca nujesa na decrwo UBII 1/18, UBII 2/18, UBII 3/18, UBIT
4/18) ca npukazaHom TUMONOSUJOM, eMANCAMA UCHUMUBAILA 80OONPONYCHOCU U RPUKAUM
spujeonocmum y Jlusconuma (Lu)
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OBakBa WcIMTaBama MMajy MOceOaH 3Ha4daj 3a MPOTHO3Y TOHAIIamka CTjeHCKe Mace y
OJTHOCY Ha WHXXEHmepCKa pjeriema u odjekre. Tako ma ce Moxke JaTH MpOIljeHa Jia JIn je
OIpaBAaHO rPATUTH 00jeKaT Ha MPEIJI0KEHO] JIOKAIUjH, TC YTBPAUTH KOj€ Mjepe CaHalluje
Mory aa oyay npuMjemere (Munanosuh I1., 1999).

3ak/pyuyak

Jom on cpenuHe nBanmeceTor BWjeKa, ma A0 AaHac, Ha noApy4jy LlepHumukor mospa
NpUMjEbHBAHE Cy pA3IMYUTEe METOJAE XHAPOTEOJOIIKMX HCTPAXKHBAKA, a YUjH Cy
pe3ynTatu U JoOWjeHH mojany 4ecTo yrnyhuBaiu Ha noTpede 3a HOBUM HCIUTHBAKbHMA,
mpuje cBera oHUM Koju he mpeuusHuje qeuHUcaTi BOJIONPOMYCHOCT CTHjEHCKHX Maca y
HEeKMM 3Ha4YajHUM Jokammjama Oynyhe  akymymanuje. CopoBeeHH — ONHTH
BOJIONPOITYCHOCTH YKa3aJIH Cy Ha 3Ha4YajHy XeTePOTeHOCT KPEUmhayKUX CTHjeHa Y TIOTIIeIy
EUX0BE BOAOMPONYCHOCTH. J[0OMjeHe BpPHjeIHOCTH BOAOIPOIYCHOCTH Cy OWJe BeoMa
pa3nmuymuTe, O TOTOBO XOMOTEHHX BOJOHENPOITYyCHHX JHjelioBa, MO0 IOTIYHO
KapCTU(PUKOBAHUX HHTEPBAJIA, IIITO U YKa3yje Ha MOTpeOy 3a HHTEpBeNHjaMa y MOHOPCKO)
30HU KOje Ou Tpedane na o0yxBare aHTU(UITPAIMOHE PalOBE, OJTHOCHO pajioBe Koju he
CMambUTH TYOUTKe Bojae u3 Oyayhe axymynanuje. CarjieqaBameM I[jEJIOKYIHE CIIUKE U
y3uMajyhn y o03up Wb TPUKyIUbama IONaTaka, a To je MoryhHocT dopmupama
MOBPIIMHCKE aKyMmyJalyje, youaBa ce morpebda 3a n3Boherme HOBUX HCTPaKUBamba, O
KOjUX ce oueKyje na he mpyXKuTu JoAaTHE OJroBOpe Be3aHe 3a MUTama Koja Cy O 3HauajHa
3a M3pay JaJbUX XUAPOTEOJIOMKHX U XHAPOTEXHUIKHUX UICJHHUX pjeIIeha
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SPECIFIC ELECTRICAL CONDUCTIVITY IN EPIKARST
GROUNDWATER OF THE EASTERN SUVA PLANINA MT.

CIIEHUP®UYHA EJIEKTPUYHA ITPOBOA/bUBOCT NOJA3EMHE
BOJE Y EIIMKAPCTY HCTOYHHUX ITA/IMHA CYBE IVNTAHUHE

Bpanucaas Ierposuh?

Mlentap 3a xuaporeonorujy kapcra, Pynapcko-reonomku daxynrer, YHuBep3uTeT y beorpay,
Cpbuja, e-mail: branislav.petrovic@rgf.bg.ac.rs

Extract of the manuscript: The epikarst is a part of the karst outcrop that is located within the
unsaturated zone and represents a complex point of contact and mixing of unconsolidated material
from the terrain surface. The correct and complete perception of epikarst, its degree of development
and the presence on the limestone terrain can be achieved with a multidisciplinary approach. The
study area for the applied multidisciplinary research was the Eastern part of karst massif Suva
Planina Mt. One important part of the research was dye tracing test at Pe¢ cave microlocation, with
temperature -T and specific electrical conductivity -Ec monitoring. The results of Ec measurements
show a certain constancy of the specific electrical conductivity at one location, but also the
difference between "neighboring” locations. In accordance with the measured values, 3 groups with
similar values were distinguished that somewhat correspond to the different types of water flow
occurring in the unsaturated (epikarst) zone.

Key words: epikarst, specific electrical conductivity, Suva Planina Mt., Pe¢ cave
Kiby4yHe peuH: enukapct, creiuduyHa eJeKTpruuHa npoBoasbuBoct, Cysa [Inanuna, nehuna [eu

YBoa

[Nocrojame enukapcra y okBupy Beh KOMIIEKCHE KapCTHE U3/aHu, TIOYEO je aa ce Hamehe
HCTPaXHMBAYNMa CPEMHOM CelaMJieceTHX roauna mpouutor Beka (Mangin, 1973, 1975).
VY BehuHHM KapcTHUX O0JacTH M KapCTHUX HW3JAHCKUX cHCTeMa Tpeba OueKuBaTH
MPUCYCTBO enmuKapcT 30He. JleOJpbMHA 30HE emuKapcTa MOXKEe BapHpaTH y HIMPOKOM
nujanasony, o 10 cm go 30 m, a yo6uuajeHo ce mpouemyje 0l HEKOJIMKO MeTapa 1a J10
10-15 wmerapa (Klimchouk, 2000, 2004). ['maBHEe KapaKTEepHCTUKE €MHUKApPCTa CY
aKyMyJIUpame IOJ3eMHE BOJAE U CTBapame ycioBa 3a (OPMHPamE KOHIIEHTPHCAHUX
TOKOBa Ka TOJIMHHU — TPaBOj KapcTHOj M3laHH. [IpeHHpame Kpo3 emUKapcT MOXKe OHUTH
BeoMa Op30, MOCMATPaHO Y BEPTUKAIHOM MPaBIly, aId U3Y3€THO CIIOPO Y XOPHU30HTATHOM.
Onpehene konuurHe WHOWITPUPAHUX BOJA MOTY OMTH aKyMyJHpaHe Yy eNHKapCTHO]
W3JIaHd HEKOJIMKO TOJIMHA, & MOTY Jia KOHCTAaHTHO MHUTPHpajy Ha oapeheHy yaasbeHOCT,
XOPHU30HTAIHO YHYTap 30HE eMuKapcTa.

HacrankoMm enmkapcra y OKBUpPY HAJHM3JaHCKE 30HE KapCTHOT CHCTEMa y MpoOLecy
KapcTuuKaluje U eBOJYLHjOM Ipolieca y3 pa3Boj cBux npartehux eremenara 6aBuwin cy
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ce: Klimchouk & Andrejchuk (1996), Klimchouk et al (1996), Atkinson (1997), Hudson &
Harrison (1997), Price & Knill (2009), Price & de Freitas (2009). Mehytum, Haj3Ha4ajHIje
3aKJby4Ke O EBOJIYIMjU KapCTHOT Tpolieca (CaMUM THM M €mHKapcTa) JoHenu cy: Gunn
(1985); Williams (1983, 1985), 1j. Ford & Williams (2007); Klimchouk (1987, 1995, 2000,
2004). KoHIenT enukapeTa je jour yBeK MOUIoKaH HaydHOj pachpaBH, a TO ce Hajoobe
oriena y BeIMKOM Opojy Ae(UHHUIIM]ja KOJUM ce onucyje oBa npupoaHa nojasa (Klimchouk,
2004). Pa3zior je Benuka MPOCTOPHA BapHjaOMIIHOCT EMHMKApCTa MOCMATPAHO JIOKAIHO,
pPEerMOHAIHO WM Ha HHUBOY LEJOT CBETa, ald M JIOUIC II03HABABE EBOJIYIL[HOHE
POMEHJBUBOCTHU CIHKAPCTA.

I'eonomka rpaha CyBe miaHmHE je KOMIUIEKCHA H IIOCIIEUIIA j€ BUIIECTPYKHIX TEKTOHCKIX
norahaja, KOju Cy JOBENH J0 HACTaHKA aHTHWKIMHAIIE TMPaBIa MpyXKamka CeBepo3amaj-
JYTOMCTOK M KacCHHjer Hu3Ju3ama HhEHOr ceBeposamamHor nena (Vujisic et al, 1971,
Petrovi¢, 2020; Petrovic & Marinovi¢, 2021). KapOonaTtHu ceamMeHTH, Hajuernhe
Kpeumaly Pa3InIuTOr CTereHa dnucTohe W AOJIOMUTH, M3rpal)yjy Kpuia aHTHKIAHAIE,
YMjU TaJ CJI0jeBa je Ka CEBEPOMCTOKY W jyrosamany. TeKTOHCKH CKION W 4YucToha
Kpeumaka yTUIali Cy U Ha CTeNeH KapcTudukanyje kKapOOHATHUX CTeHa AOHOTpHjackKe,
TOPH0jypCcKe M TOBOKPEHE CTApOCTH, Ma C€ Y OKBUPY HUX MOTY H3IBOJUTH KapCTHO-
MMyKOTUHCKH U KapcTHU Trml u3ganu (Petrovic, 2020). UctpaxkHo moapydje je 00yxBaTHiio
uctoune naguae CyBe IUTaHUHE, 0K je MUKPOJIOKaIfja UCTpakuBama Ouia nehuHa [ley,
u3Haj cena bexxumire, oko 2,3 KM o1 cena 1 KCTOMMEHOT KapCTHOT U3BOPa. YIIa3HU OTBOP
nehune Ileu (Cnmka la) Hamasw ce Ha BHUCHHH o 885 mM.N.m., mehwHCkm KaHanm je
JETHOCTaBHOT TYHEJIACTOT 00JMKa, Iyr oko 20 MeTapa, yina3Hu oTBop nehrHe uma usrien
eJImIce, IUPOK je 7,5 M, BucuHe 2-2,5 M, 10K je IBOpaHa Ha HajBUIEM Jeny Bucoka 10,43
m. M3nax camor yna3za y nehuny ce no sucune ox 10,5 M mpyxa KpedmbauKu OJICeK.

Cauxa 1. a) yras y nehuny Ileu; 6) nocyoe 3a npuxynoare 600e; y) niau nehiune u pacnopeo
nocyoa 3a NPpUKyn/barbe 800e
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MeTtonae

Y mwpy peduHHCcama yTHIAja enHMKapcTa Ha (YHKIUOHHCAHE KapCTHOT HM3JaHCKOT
cucTeMa, a y TOrJiely pekMMa KBaHTUTETa W KBalIWTETa BojAe, kKao M ojapehuBama
CIOCOOHOCTH €MUKapCeTa Ja MPEUYUCTH MTOA3EMHE BOJIC TPUMEIHCH j& MYITHAUCIIITUHAPHA
npuctyn. TepeHcka HCTpaKMBama Kao M eKClepuMeHTH Ha yokauuju nehune Ilew,
CIPOBEJICHU Cy paau NedHrHHCama OCHOBHUX TapaMeTapa emuKapcTa. TOKOM TepeHCKOT
eKCIIeprMEeHTa TpacHupama je ofpeheHa Op3wHa KpeTama WHOWITPUPAHE BOAE KpO3
noBnatry niehune [led, y oBoM cirydajy cj0j emukapcTa, TOMOhy HHEPTHOT o0elreknBada
(Na-dayopecuenn). Tpacep je mpuMerseH 3a moTpebe AedruHucama Op3uHe HHPUITPAIHje
MIOBPIIMHCKE BOJIe M Op3WHE IHPKyNanvje y 30HM enuKapcTa Ha Jiokaruju nehune Ileu
(Petrovié, 2020).

Tokom omuTa, OCHM y3uMama y30paka 3a Ipenu3Ho oapehuBame KOHIICHTpaIHje Tpacepa,
BpIIICH je 1 MOHHUTOPWHT Temrieparype npouenHe Boae (T) u cnennduyne emekrpudHe
npoBobHBOCT (Ec) y3 momoh Tepenckor ypehaja: WTW - Cond 340i/set. Jlokanuja je
onabpana, jep omoryhaBa Ja ce Ha MaJOM MPOCTOPY M3BEJE TPacHUpame TOKA TOA3EMHE
BOJEC KpO3 TIOBIIATHE CJOjeBe TIiehWHEe caunmbeHe Of 3eMJBHINTA, eNUKapcTa |
KapcTH()UKOBAHOT Kpeumaka, U eHO NMPHUKYIUbakhe Ha MECTHMa IJIe je BoJa Kamaja ca
taBaHule nehnne. Ha nokanujama yayTap nehune [Ted nocraBibene cy mocyne (Cnuka 16)
na Ou ce onpemwie KOJMYWHE BOJe Koje ce mpouehyjy, U Ha Taj HauyuH neduHucane
nokarnyje (Ha kpajy 13 no3unuja) Ha kojuMa he 6uTe Moryhe BpIIUTH Y30pKOBAEkE BOJIE Tj.
JIOKAI[Mj€ Ha KOjUMa Ce MPOIIEIH TOBOJHHO Boje 3a Mepebe Ec (Cnuka 16 u 11).

PesyaraTu

Mepema crienuduyuHe eneKkTpuaHe npoBosbuBocTy (Ec) cy BpllieHa y HCTUM BpEeMEHCKUM
WHTEpBAJMMa, KaJga je BpPLICHO M Y30pKOBamE€ BOJAE 3a MEPEHE KOHIEHTpaluje
obenexxnBava. Pesynratu mepewma EC mokasyjy oapeheHy KOHCTaHTHOCT BEIMYHHE
cnenupuIHe eNeKTPUIHE TPOBOIJEUBOCTH HA jEIHO] JIOKAIWjU TOKOM MOHUTOPHHTA, alld
U pa3nuky usmel)y ,,cyceanux‘ mokaruja (Cnuka 2). Y ckiany ca pe3yjTaTuMa KpeupaHe
cy 3 rpyne ca cnuyHHM BpeaHoctuma EC: 1. rpyma: moxammje A, B, C u M, ca
Bpeanoctuma Ec ucnion 360 uS/cm; 2. rpyna: D, E, F, G u |, ca Bpennoctuma EC nzmely
355 u 390 uS/cm; u 3. rpyma: H, J, K, L, ca Bpeanoctuma EC u3nan 410 uS/cm.
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Cnuxa 2. [{ujacpam epednocmu cneyughuune enekmpuine npogoobu8OCmu UsMepeHux y nehunu
Ileu moxom excnepumenma

3ak/pyuyak

I'pynma 1 ycrnoBHO ce MOXKe TOCMaTpaTd Kao HajOsKa yiaszy, a MCTOBPEMEHO TO Cy
JIOKAI¥je U3HAJl KOjUX Ce Halla3W HajneOJbu ¢i10j KapcTu(puKoBaHOT Kpeumaka. Boga koja
ce JpeHupa Ha JIoKalijama 2. TpyIie je uMaja JOBOJbHO BPEMEHA J1a XOMOTE€HHU3Yje CBOj
cacTaB y IOTJIEy PacTBOPEHHX MUHEPAIHUX MaTepuja, MITO BUAUMO H IO jaKO MAJIUM
npoMeHama y BpeanoctiuMa EC Tokom excriepumenTa. M3mepene BpenHoctu ECy Tom nemy
nehurHe cy BHUIE M HajBEPOBATHHjE IOCIICIMIIA MPUCYCTBA Pa3BUjEHUJET CMUKApPCTa Y
noryatu nehune. Mako je nebipbrHaA HAJCIOja U3HAJ JIOKalKja 3. TPyIie OKO MET MeTapa,
BOJIa Ha CBOM IIyTYy IPOJIa3u Kpo3 1e0JbH CII0j 3eMJBHIITA U €ITUKAPCTa HETO M3HA IPYTHX
nenoa nehune, na ce o0oraTuiia MUHEPAIHUM U OPTaHCKAM MaTepujama, CaMUM THM je
npoceyHa BpenHocT EC y 0Boj rpynu HajBuma. ['pyme JOHEKNIe KOPEeCTOHAWpPajy H
pacnopeay MpUMapHUX U JPYTHX KaHaja U MMyKOTHHA KOjuMa MOA3eMHa BOJIa ITUPKYIIHIIIE
KpO3 OB3j CJI0j, allk ca oApeheHNM ofcTynamuMa rje y3poke Tpeda TPaKUTH Y Ae0JbUHU
ClI0ja eMUKapCTa, yJela pa3iniuTe KOJMYUHE KIACTUYHOT MaTepHjania, J1e0JbUHE U BPCTE
3eMJBHMIIITA, KA0 M THIIA BEreTalMOHOT TIOKpUBaya Ha HABE/ICHO] JIOKALIH]H.
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Thematic session dedicated to memory of prof. DuSan Gavrilovi¢:

KARST GEOMORPHOLOGY AND SPELEOGICAL RESEARCH

Temarcka cecuja nocsehena ycnomenu Ha npo¢. lymana I'appuioBuha:

I'EOMOP®OJIOT'NJA KAPCTA U CIIEJIEOJIOIIKA UCTPA’KUBAIbBA
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RESEARCH OF SURFACE DENUDATION IN THE AREA OF NP
"KRKA" AND NP " SEVERNI VELEBIT" USING THE LIMESTONE
TILESMETHOD

ISTRAZIVANJE DENUDACIJE POVRSINE NA PODRUCJU NP ,, KRKA*
INP ,,SJEVERNI VELEBIT“ METODOM VAPNENACKIH PLOCICA

DraZen Perica®, Kristina Krklec? & David Dominguez-Villar3

1 Odjel za geografiju, Sveudiliste u Zadru, Hrvatska, dperica@unizd.hr

2 Zavod za pedologiju, Agronomski fakultet Sveudilista u Zagrebu, Hrvatska, kkrklec@agr.hr

3 Geoloski odsjek, Prirodoslovni fakultet, Sveuéilifte u Salamanci, Spanjolska,
ddvillar@hotmail.com

Extract of the manuscript: Rock weathering plays important role in landscape formation,
especially in carbonate areas. Here, soluble carbonate rocks are being chemically weathered
(dissolved) resulting in development of karst landscape. Rock dissolution products are quickly
removed from the surface (mostly transported underground), allowing measurements of surface
denudation. Northern Velebit National Park and Krka National Park are built from carbonate rocks
of different susceptibility to weathering, resulting in their differential weathering and formation of
the karst relief. To measure the intensity of rock weathering and the rate of surface denudation, we
used two methods:. (1) the method of measuring the mass loss of rock tablets exposed to natural
environment and (2) direct measurements on exposed surfaces using micro-erosion meter. In rock
tablet method we used (a) "standard" limestone tablets and (b) tablets of local rocks, placing the sets
of tablets on the surface, but also in the ground, i.e., at the soil-rock contact. Preliminary results
show that the intensity of rock weathering measured using rock plates depends on their lithology,
but also on local environmental factors. Furthermore, the intensity of denudation measured with a
micro-erosion meter is lower than that measured with rock tablets.

Key words:. rock wear, denudation, rock tiles, micro-erosion meter, NP Krka, NP Severni Velebit
Kljuéne rije€i: trosenje stijena, denudacija, stijenske plocice, mikro-erozijski metar, NP Krka, NP
Sjeverni Velebit

Uvod

TroSenje stijena kljucna je komponenta stijenskog ciklusa koja transformira stijene u
sedimente, tloi/ili otapaminerale, teigravaznu ulogu u razvoju reljefa i evoluciji krajolika.
Krski se reljef uglavnom razvija na karbonatnim stijenama, te se proces kemijskog trosenja
(otapanja) Cesto smatra glavnim procesom oblikovanja, iako mehanicko troSenje stijena ne
smije biti zanemareno. Razvoj kr$kog reljefa stoga je rezultat sloZenih interakcija izmedu
litologije, klime, hidrologije, tla, vegetacijei tektonike.

Dinarsko podrucje dominantno je izgradeno od kemijski ,,Cistih” vapnenaca, te su produkti
kemijskog troSenja (ioni) momentalno transportirani vodom u podzemlje, bez zadrzavanja
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na troSenoj povrSini. Stoga je na karbonatnim podruc¢jima moguée mjeriti intenzitet
denudacije, odnosno snizavanja (i razvoja) krskog reljefa. S obzirom da intenzitet troSenja
stijena (i denudacije) ovis 0 nizu lokalnih ¢imbenika a koji u novije vrijeme ukljucuju i
antropogene utjecaje, cilj ovog istrazivanja bio je dobiti uvid u intenzitet denudacije na dva
znatno razli¢ita podrucja dinarskog krSa. Podruc¢je NP Krka i podrucje NP Sjeverni Velebit
dio su dinarskog krskog podrudja, a izgraduju ih uglavnom karbonatne stijene razliéite

podloznosti troSenju, te dolazi do njihova diferencijalnog trosenja i oblikovanja krskog
reljefa.

Podrugdje istrazivanja

Podruéje NP Krka, smjesteno je u sredisnjem dijelu Sjevernoda matinske zaravni., a grade
ga uglavnom karbonatne stijene (vapnenci, dolomiti, konglomerati, te lapori). Prosje¢na
godis$nja temperatura zraka na podru¢ju NP Krka varira izmedu 16,0 1 12,0 °C. Prosjec¢na
godisnja koli¢ina oborina uglavnom ne prelazi 1000 mm, uz nepovoljan pluviometricki
raspored. Najvecéa koli¢ina oborina karakterizira hladniji dio godine, dok su minimalne
koli¢ine oborina zabiljezene tijekom ljetnih mjeseci.

Podruc¢je NP Sjeverni Velebit, obuhvaca vr$nu, sjevernu zonu planine Velebit. U gradi
ovog podru¢ja takoder dominiraju karbonatne stijene (vapnenci, dolomiti i brece).
Prosjecna godisnja temperatura zraka na podru¢ju NP Sjeverni Velebit varira izmedu 3,0 i
12,0 °C. Ukupna godi$nja koli¢ina oborina na ovom podrucju znatno je visa i varira izmedu
1200 i 2600 mm. lako i ovo podrucje karakterizira sezonski raspored oborina (maksimum
oborina tijekom hladnijeg dijela godine), razlike u koli¢ini oborina izmedu hladnijeg i
toplijeg dijela godine znatho su manje nego na podruc¢ju NP Krka.

Mjerenjaintenziteta denudacije

Intenzitet troSenja stijena i denudacije povrsine na podru¢jima NP, Krka®“ i NP ,,Sjeverni
Velebit* mjeren je upotrebom dviju metoda: (1) metodom mjerenja gubitka mase stijenskih
plocica izloZenih otapanju u razli¢itim okoliSima i (2) direktnim mjerenjima na izlozenim
povrsinama s mikro-erozijskim metrom.

Metoda stijenskih ploc¢ica pocinje se primjenjivati 50-ih godina proslog stolje¢a (Chevalier,
1953; Gams, 1959), a zbog jednostavnosti primjene ubrzo je postala jedna od osnovnih
metoda za mjerenje denudacije kr$kih podrucja (Krklec et al., 2021). U ovom istrazivanju
koriStene su (a) ,,standardne” vapnenacke plocice i (b) plo€ice od autohtonih stijena.
,»Standardne” vapnenacke plocice izradene su od gornjekrednog (Senonskog) vapnenca iz
kamenoloma pokraj Lipice (Slovenija). Ovi vapnenci sadrze 97,9 - 98,7 % CaCOs, a
plocice su promjera su 42 mm, te debljine 3 - 4 mm (Gams, 1985). Njihova upotreba
omogucava usporedbu rezultata s drugim istraZivanjima regionalno (npr. Gams, 1985;
Gavrilovi¢, 1986), ali i globalno (npr. Ivanov et al., 1983; Day, 1984; Delannoy, 1981;
Droppa, 1985; Zhang, 1989).
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Takoder, koriStene su i ,,autohtone” stijenske plocice izradene od lokalnih stijena kako bi
se dobile to¢ne vrijednosti intenziteta denudacije koje odgovaraju pojedinom okolisu.
Setovi plocica postavljeni su na nekoliko lokacija unutar svakog nacionalnog parka, na
povrsini, ali i u profil tla, odnosno na kontakt tlo/stijena. Dubina postavljanja plocica ovisila
je o dubini pedoloskog pokrovai skeletnosti tla.

Modificirana verzija mikro-erozijskog metra koristena je za direktna mjerenja intenziteta
denudacije. Mikro-erozijski metar (Trudgill et a., 1981) baziran je na mikrometru
montiranom na metalni jednakostrani¢ni trokut, nozicama (koje se nalaze u svakom uglu
tog trokuta)polozen na vijke od nehrdajuceg celika. Vijci su fiksirani u povrSinu stijene, a
oblik noZica precavanja pomicanja mikro-erozijskog metratijekom mjerenja.

Preliminarni rezultati istrazivanja pokazali su da intenzitet troSenja stijena izmjeren
koriStenjem stijenskih plo¢ica ovisi o njihovoj litologiji, ali i 0 zna¢ajkama lokacije na kojoj
su plocice postavljene. Nadalje, intenzitet denudacije izmjeren mikrometrom nizi je od
onoga izmjerenog stijenskim plocicama.

Zakljuéak

Intenzitet denudacije istrazen je na dvije lokacije na podrucju dinarskog krsa, na podrucju
NP Krka i podru¢ju NP Sjeverni Velebit koriStenjem metode stijenskih plocica u
kombinaciji s mjerenjima mikro-erozijskim metrom. Uz stijenske plocice izradene od
lokalnih stijena, koriStene su i ,,standardne” vapnenacke ploc¢ice, omogucujuéi usporedbu
rezultata s podacima iz drugih krskih podrucja.

Zahvala: Ova istrazivanja dio su znanstvenog projekta [P-2018-01-7080 ,,Meduusporedba

metoda mjerenja denudacije krsa” (KADEME), financiranog od strane Hrvatske zaklade
Za znanost.
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AN IMPACT OF REACTIVATED FAULTSON THE DEVELOPMENT OF
KARST PROCESS: EXAMPLESFROM EAST SERBIAN CARPATHO-
BALKANIDES

YTHUIAJ PEAKTUBUPAHUX PACEJA HA PA3BOJ KPAIIKOI'
IMPOLECA: IIPUMEPHU U3 KAPITATO-BAJIKAHUJA UICTOYHE
CPBUJE

Ana Mnanenouh'?

Yuupepsurer y Beorpany — Pyaapcko-reosomku daxyarer, Cpouja,
e-mail: anamladenovic@rgf.bg.ac.rs
2AKaJIeMCKH CIIEJIE0IONIKO-TMHUCTHYKE KiTy6 Beorpan, Cpbuja

Extract of the manuscript: Carpatho-Balkanides represent part of the complex Dinaric-Carpatho-
Balkan orogenic system, that geomorphologically dominates the central part of the Balkan
peninsula. The existence of this orogenic system is a result of closure of the Neotethys ocean and
subsequent convergence of the Adriatic microplate and the Eurasian continent, that has been till
activein the recent times. Such geodynamic characteristics conditioned complex tectonic structures,
multiply reactivated during Late Cretaceous and Cenozoic. The main aim of this research is to
determine impact of these reactivated faults on the formation and evolution of karst processin the
area of the East Serbian Carpatho-Balkanides. This was done by studying the relationship of the
evolution of karst caves or their specific conduits and mapped tectonic structures. Preliminary results
from severa karst caves show that proto-conduits are mainly formed along regionally important
fault structures, occasionally assisted with mechanical erosion in areas of fault-related rocks.

Key words: Carpatho-balkan orogen; reactivated fault, speleological object, karst process
Kibyune peun: Kapnaro-6ajikaHCKd OpOTeH, peaKTUBUPAHU PACE]], CIICICOJIONIKN 00jeKaT, KPAIIKH
npotiec

YBoa

Kapnato-6ankauuau aeo cy JIMHapCcKO-KaprnaTo-O0ajKkaHCKOI OPOTEHOI CHCTEMa, KOjU
3ay3uMa IEHTPaJHO MeCTOo Ha bamkaHckoMm mosnyocTpBy. HacraHak u eBOyIMja OBOT,
JIBOCTPYKO BEPI€HTHOT OPOTEHOT CHCTEMA, BE3yje Ce 3aTBaparbe okeana Heorerrca kpajem
jype W TIOYETKOM Kpejie, Kao M Jajby KOHBEpPreHIHWjy JaapaHCke MHKpOIUIOUE H
EBpoasujckor KOHTHHEHTa, KOja, y3 MPOMEHE y WHTEH3WTETY, Tpaje W aaHac. OBakBe
reoIMHaAMHYKE KapaKTEPUCTHKE YCIOBHUIIE CY (POPMHUPAHE KOMILIEKCHOT CETa TEKTOHCKUX
CTPYKTYpa, KOje Cy TOKOM TOPHb€ KpeJie U KEHO30MKa OnJie akTHBHE BHIIIE ITyTa, C 003UpOM
Ha TO Ja je KOHBEPreHIMja TOKOM YHTAaBOI OBOT IEPHOJA MMaja TOTOBO HEMPOMEH-EH
mpasail (Mladenovié¢ et al. 2019).
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I'maBHa ctpykrypa Kapmaro-06ankaHckor oporena, kKoja mojpa3yMeBa CHCTEM HCTOYHO-
BEPTeHTHUX HaBJaka, popMHpaHa je y IHOWmOj KpeAH, a UCTH CUCTEMH HaBllaka OWITH Cy
aKTHBHU U TOKOM KOMITPECH]j€ Y IEpHOAY OJ] TOPH:-E Kpeae 10 moyeTka onuronena (Cuxmunn
et an. 2008). [lasjba KOHBEpreHIHMja, Ka0 U YHILECHHULIA Jia CE PEIATUBHO OJU3y HA HCTOKY
Hama3W purngHa Mesnjcka turatdopma, OBena je M0 JOJATHOT CyXKema IMoApydja
Kapnaro-6ankanuaa u poraiyje TeKTOHCKUX jeIUHMIIA, Koje n3rpal)yjy oBaj oporeH, oko
Mesujcke mnardopme. OBa poramuja akoMogupaHa je (GOPMHUPAEmEM BEIHUKHX
TpaHckypeHTHHX pacena (Cerna-Jiu wim Iopeuku pacen Koju je OHO aKTHBaH TOKOM
onuroreHa M TUMOYKH pacel, akTHBaH Y IIepUOy MHOIIEHA), ca KyMyJaTHBHUM ITOMaKOM
on nipexo 100 km (Sikosek 1955). Y 3amagHoM ey oporeHa, oBa aedopmariyja nuzaspania
je eKCTeH3W]y BENHKHX pa3Mepa, Ma OCHM TPAHCKYPEHTHUX pacena, OBAE JOMUHUDA]Y
HOpPMAJTHH pacear TpyKamka UCTOK — 3amajl 10 CEBEPOUCTOK — jyro3anan (Mladenovic et

al. 2019).

Lluse oBOT paja je yTBphHBame 3Ha4aja MPETXOJHO MOMEHYTHX, BUILIECTPYKO aKTHBHHX
pacemHUX CTPYKTypa, Ha pa3Boj Kpallkor mporieca y moapydjy Kapmarto-OGankanuna
ucroune CpOuje, Kpo3 NpoyvaBamke 3aBUCHOCTH EBOJYIH]jE CIIEICONOMKUX o0jeKaTa 1l
IbHXOBHX T10jeIMHAYHIX KaHANa U TEKTOHCKHX CTPYKTYpa.

I'eostomike u reomopgosiomike KApaAKTEPUCTHKE

TexToHCKH MMOCMAaTpaHo, MOJAPYYje HCTpaKWBama M3rpal)yjy JBe perHoHa HO 3HA4YajHE
jeaunune — ['eTukyM Ha 3anany, u JlanHyOMKyM y HCTOYHOM JIeNTy HCTPaKHBAHOT MOApYYja.
Ietuxy™m cTpyKTypHO JiexH nipeko JlanyOnKyMma, a y Taj 0JI05Kaj OBa TEKTOHCKA jeINHUIIA
JIOBEJICHA je HaBJIauYeHheM Yy J0mOj Kpead. JIuTonomku, oOe TEKTOHCKE jeaMHHIE
usrpaljeHe cy oj majaeo30jcKUX MeTamMop(duTa U MeTa-ceMMeHara, MPEeKO KOjUX JIeKe
JNOWBOTPHjaCKU KIIACTUTH, a MPEeKO HBUX KapOOHATH ca BHINE WM Mame KIACTHYHE
KOMITOHEHTE, O]l CpEAOTpHjacke 1o kpeane crapoctu (Dimitrijevi¢ 1997, Krdutner and
Krsti¢ 2003).

I'eomopdoromky nporec Koju JOMUHUPA HA UCTPAKUBAHOM MOPYY]y je (hIyBHjaHH, C
003upom Ha reononiky rpaly. Mnak y kapOoHaTUMa Cy 3aCTYIJBCHH OOJIMIN KPAIIKor
pebeda. Y3eBum y 003up TO Ja Cy KapOOHATHE CTCHE PEJIATUBHO JYI'o HM3JIOKEHE Ha
MOBPIIMHYU TE€PEHa, Ka0 U YHIHCHUILY JIa CYy TEKTOHCKH TMPOIECH OWIIM BPJIO aKTUBHU U
(dbopmupany BeJIHKH OpOj MEXaHWYKHMX TUCKOHTHHYHMTETA, KPAIIKH MPOIEC je Y HEKUM
JeJI0BMMA UCTPAKMBAHOT MO/IPYYja BEOMa MHTEH3UBAH, M Ha TIOBPIIMHH TEPEHA, alld U y
MOJ[3EMIBY.

Pe3ynaraTn ncTpaxknBama M JUCKYCHja

[MpenuMuHapHN pe3ynTaTh U3 HEKOJIMKO CIIEJICONIOMKUX o0jeKkara yka3yjy Ha To Ja ce
noyetHa Qasza popmupama KpallKuX KaHajla MaXxOM OJIBMjalla Ty’ 3HaYajHUX PaceaHUX
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CTPYKTypa, Hajuenrhe MOTIIOMOTHYTa MEXaHMYKOM €PO3HjOM Y TOAPYYjHMa UHTCH3UBHO
Pa3BHjEHUX paceIHHX CTeHA. Y Jajb0j €BONYIIHjH KPAIIKAX KaHaa, Kao U caMux rehuna
W jaMa, BaXKHY YJIOTY MMajlil Cy TOTOBO CBU MEXaHWUYKU ITUCKOHTHHYHTETH, a HE CaMo
pacenne ctpykType. Ilopen TeKTOHCKUX eJeMeHaTa, HajBaKHH]y YJIOTY MMa CJI0jeBUTOCT,
¢ 003upoM Ha TO J1a je dyecto yopaHa. bam y oBuM, HAOOpHHUM CTPYKTypama, CIIMIHO Kao U
y HOApyYjuMa MHTEH3UBHO Pa3BHjCHUX PaceIHUX CTEHA, XeMHjCKa epo3rja YMHOTOME je
MOTIOMOTHYTa M MEXaHWYKOM €PO3HjOM, TaKO Jia ce Ha MEcTUMa Mpeceka PerHoHaHO
3HaYajHUX pacefa M CIO0jJeBUTOCTH, WIH Yy TEMEHHM [leloBUMa Habopa (mpecek
ciiojeBuTOCTH/ (hoNujalije u KINBaXxka), 4eCTO jaBJbajy ABOPAHE.

OBakBe, TEKTOHCKE HMMILIMKAIMje Ha pPa3BOj CIIENEOJOMIKHX o0jeKaTa OJ BEIHKOT Cy
3Hayaja KOoJ| WCTpakuBama nehmHa u jama, jep MOTYy Ja TOMOTHY y OJUIyYHBamy O
MOTEHIIMjaTy UCTpaKUBama IMOjeJUHAYHAX KaHaja yHyTap camux obOjekara. Mmajyhu y
BUJy PpENaTHBHO KOMIUIEKCHY T€OJIOIKY Tpal)y HCTpakMBaHOT MOApYydYja, OBaj THI
HCTpaKuBama Tpeba M3BECTH CHUCTEMATCKH W (OPMHUpPATH OIITE 3aKJbY4Ke, T€ Ha Taj
HAuMH YCMEPUTH JlaJba CIEIEO0JIOIKA HCTPaKUBAbA.
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SPELEOLOGICAL GEODIVERSITY OF GOLIJA NATURE PARK

CHHEJIEOJIOIIKHX OBJEKTU I'EOJIUBEP3UTETA ITAPKA ITPUPOJE
I'OJINJA

Aunexkcannap Ierposuh®, Jymuua Tpuasan bornanosuh', Usana Ilapesuh’
& Haraauja Barohanun®

Teorpadcku paxynrer Yuusepsurera y beorpany, Cpouja, e-mail:
(aleksandar.petrovic@gef.bg.ac.rs)

Extract of the manuscript: Mount Golijawas originally protected as a nature park in 2001, and in
the same year its larger part was declared a Biosphere Reserve under the protection of UNESCO.
Golijais protected due to its significant biodiversity values. However, there are a large number of
protected geosites on the territory of the Nature Park. In recent years, detailed research has been
carried out in order to register al geodiversity objects. Special attention was paid to the few but
interesting speleological objects of geodiversity. So far, five objects have been investigated, mapped
and recorded. They are smaller in size, but of very interesting genesis and geological structure.

Key words. geodiversity, Golija nature park, caves, sustainable speleotourism
Kibyune peun: reomusepsutet, [lapk npupoxe ['onuja, nehnre, onpXuBu crieneoTypruzaM

YBoa

[Inmanuncku mMacus [onuje HajBumm je y jyroszananHoj Cpouju (JankoB kamen, 1833 m
n.v.). OrpanuueH je nonuaama Pamike n Jbyncke peke Ha jyry, cpemniM TokoM CTyIeHuIe
Ha ceBepy U ceBepoucToKy, MOpa Ha mcToky n Mopasuie Ha 3anany. M3sopuiHu fieo
CryzeHuie ycekao je IoJIHHY Kpo3 ceBepHH aeo ['onmje u pa3dumo ra y aBe nenune. Ycien
TOra je IJIAHWHCKH MacWB HajIIupu y jy:kHoMm gaeny (23 km), mox HajBehy nyxuny
MPOCTHUpamka UMa MpaBieM jyr-ceepouctok (32 km) (Cnuka 1). 360r cBOjU MPUPOAHUX
KapaKkTepHCTHKa, ToceOHO Ouosomkux, ['omuja je 2001. roguHe mporyaiieHa 3a mnapk
npupoje. Iapk npupose ['onuja oOyxBara YnTaBy NaJHUHY U ITpocTHpe ce Ha 75.183 ha
nospiuuHe (Ypenoda, 2001).

Crnenuduyne mpupoHe, ajly U aHTPONIOT€He BPETHOCTH JJONPUHEIE Cy J1a Behu Jieo napka
npupone Oyxae ucte roguHe npornamieH Pezepsarom onochepe UNESCO-a, o HazuBoM
.l onuja-Crynenura’.

[ocnenmwux roquHa paay ce Ha MASCHTU(HUKALN]U U eBUIEHTHPamy reoHacielha Ha
npocropy [lapka npupone ["'onuja, Ha HHAIU]jaTUBY yrpaBJbada MPUPOJIHUM T0OpoM. Y
OKBUPY THX UCTPaXHBamba M0CceOHa Maxkiba je Ouia nmoceelieHa u CrieneoomKum
o0jekTruMa.
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I'eostonike u reoMopgosionIKe KAPAKTEPUCTUKE

KapOonaTHe cTeHe, Kao OCHOBA 3a pa3Boj Kpalkux o0JInKa y pejbedy, Hajlaze ce y YCKOM
nojacy Ha uctoky Ilapka npupoxae (Ypomesuh u ap., 1973; Mojcunosuh u ap., 1973).
HajBeha mmpuHa OoBOT Mmojaca MEpPHIMjaHCKOT MpaBila mpyxama je oko 4 km, mok y
Hajy>XKUM JIeJIOBUMa H3HOCH CBeTa HEKOJMKO cToThHA MeTapa (Cnuka 1). Y3 kpaluku mojac
MOCTOjY Y HEKOJIMKO MamuX KpalllKUX 0a3a y KOjuMa Cy pa3BHjeHU CIeUUPUYHHI KPaAIIKU
OOJINIIN.

Cnuka 1. Pemwed Ilapxa npupooe I'onuja u
00jexmu cneneosiowKoe 2eodugep3umema y
wemy (1 — Iehuna y Terokosy, 2 — Ilehuna y
Tnavunu; 3 — Ilehiuna y 6poy Ilempos kpw,; 4 —
Iehuna ucnoo Cmpmya; 5 — Ucnocrnuya Ce.
Case)

BehmnHa o WcTpakMBaHMX CIIEJIEOJIOMIKMX oO0jexaTa HHUje uarpaljeHa y KIACHYHHM
kapOoHaTHUM cTeHama. Camo je nehrHa y TrnaunHu cMelTeHa y TpHjackuM MacuBHUM U
O0aHkOBUTUM KpeumanuMma. [lehuna y Ctpmity u ropma ucriocanna C. Case usrpaljeHe cy
y MepMepucaHuM Kpeumaruma. Maina nehuna y [lerpoBom kpiry je y ourpy (Crnmka 2),
nok je nehuna y TemkoBy m3rpaliena y opranorennM nemrdapuma ca CaCOs Be3nBoM
(Cnuxka 3).

Cnuxa 2. Bueap Ilemposoe kpuia Cnuxa 3. TepueeHu Ksapy u CaCOsz ee3uso
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Ilehune I'ostuje

Kpawku pessed na ['onuju Huje 3Hauajauje pa3sujeH. O MOBPIIMHCKUX 00JIHKa YOUJbHUB
je Mam¥ O0poj CyBHX JIOJMHA, Ay>)KWHE HEKOJIMKO CTOTHHA MeTapa. Pasmor 3a oBo jexu y
YHHCHAIIN J1a KapOOHATH Ha TIOBPIINHY W30Hjajy Ha rpeOeHIMa WIIM Ha CTPMUM CTpaHaMa
knucypa. Jpyru pasnor jecte TUI KapOOHATHUX CTEHa 3acTymubeHuX Ha [onmuju. Uctu je
cllyyaj M ca TOA3eMHHAM oOnuuuma. MajoOpojHH Cy W HHUCY BEIMKUX AUMEH3H]a.
MelhyTtamM, 1 Kao TakBH clafajy y cnenuduyaHe oOJHMKe CIIeleoNomKor reonacieha 30or
reHe3e u Tuma cTeHa y kojuma cy Hactanu (Ilerposuh u np., 2022). CBu objextn cy Onnn
MO3HATH CaMo JIOKAIHOM CTaHOBHHUIITBY, ocuM niehune y [lerpoBom kprry (Mapununh u
ap., 2019).
[lehwna y Tnaunan HajIyKU je OX MET UCTPAXKUBAHUX 00jeKTa
(Cnuka 4). YxynHa nyxuHa kanana uznocu 252 m. [ehuna nma
jaMCKH yJia3 Koju BoJu y Benuky nBopaHy, BEMITAaUKH 3ayHCH
CTEHOBUTUM MaTepHjarioM. AKTHBHH yina3 y nehuny Hamasu ce
25 m Hu30pa0. ['MaBHM KaHAJI ce MPOTEXE OJ1 yJia3a JIo cujlacka
y Benuky aBopany. IIponasu kpo3 nse mamwe nBopaHe. Huxu
HUBO YMHM KaHAJ MCTOT MpaBla NpYKamba Kao INIaBHUA KaHAT U
CIIETIO C€ 3aBpIlaBa WCIIOJ yJa3He JBOopaHe. [ TaBHM KaHAN 1
JBOpPaHE y HKEeMY IUIUTKO CY MCIOJ MOBPIIMHE, IITO JIOKa3yjy
MHOTOOPOjHH TIPOOOjU KOPEHOBOT CHUCTEMa KPO3 ITyKOTHHE Y
crenn. [lehnna y Tnaunnu je yjeqHo HajOOTaTHja HAKUTOM.

Cnuka 4. Kanan y cpeouwiroem oeny nehune y Thauunu (pomo: [. Tomuh)

Hpyra no ayxunu je nehnna y TewkoBy (Cnuka 5). Hanasu ce na camom o6ony Ilapka
MPUPOJIC Y BeoMa YCKOM mojacy crpyanux Opeda (Mojcumouh u ap., 1973). Oso je
nehinHa pa3BrjeHa Ha HEKOJIMKO paceia MepHINjaHCKOT TpaBla npyxama. Yia3 y nehuny
nsrpal)eH je Ha jeZJHOM OJ1 OBUX pacea ¥ uMa BUcCHHy ox 11 ma mmpuny ox 1,5 m. [lehuna
ce MpOoCTHpe y TPU HUBOA ca LEHTpaJIHOM JIBopaHoM OJOKOBa. YCKHM KaHalM MYHHU
pe3uayaiHe TJIMHE CJICNO Ce 3aBpllaBajy y BHUIIE IpaBana. HajBuiliu v HajHIKU HUBO
MOBE3aHU Cy BEPTHUKAIHUM KaHalIoM BHcuHE 9 M. JlaBUpHMHT mehMHCKMX KaHaja UMa
YKYIHY AyxuHy 167 m.

IMehnna mon CTpMiueM Haja3u ce MO CPEAMHU OJICEKa KOjH YMHU JIECHY CTPaHy KIIUCYpe
Bpasune. [lo ynaza (Cauka 6) je moryhe mohu camo TexHWYKUM nemarmeM. [lehuna je
pasBujena o melyciiojHoj mykoTuHu Haruba 38° u mpasna npyxama 78°. Jlyra je cBera
20 M u mpocTUpe ce TOTOBO y MEPUIMjaHCKOM TIPaBILy.

Jow jeman oxn cnenuduunnx nehuna Ilapka npupoze je nehuna y o6pay IlerpoB kpui.
Bpno mnpencraBiba BeNMKY IaJe0aKyMmylanujy Ouwrpa, Ha Kojoj je wu3rpahieH u
cpenmeBekoBHM MaHacthp ['panman. burap je 1nomaTHO KalLMTHCAaH M M3pasHTO je
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kommakTaH (Cnuka 2). [lehnHcku karamu cy m3rpalenn o mel)yciojHoj myKOTHHE TipaBIa
TpyXama JyTOUCTOK-ceBepo3amnaa u Harunba 60°. OBa mana nehuna ce HaKoH 3,5 M myror
yla3HOT Jiefla pauBa y JBa KaHaja, JieBu u aecHH. JlecHu kanan je ayxu (Cnuka 7) u'y
CBOM KpajEbeM JIeNly ce TMeHhe CTPMO Y3 MYKOTHHY Ka MOBPIIMHM. YKyIHa AyKHHa nehnHe
H3HOCH cBera 12,5 m.

Cnuxka 5. Kawnan y Cnuka 6. Yna3z y nefiuny noo
HajHudICEM HUGOY Cmpmyem (pomo. /. Tomuh)
nehiune y Terkosy

(pomo: . Tomuh)

[locnenmu oOjexaT mpenctaBiba BuIle okanmuHy Hero nehuny. Hemoctyman je 3a
HCTpaXXUBamE jep je oko mera uarpahena ncnocHuna Ceeror Case (Cnuka 8). Hanasu ce
y no cpeamau 100 M BHCOKOT CTPMOT OJICEKa, KOjU CE€ Y TOPHEM JIeNly CacTOju Of
MepMepHCaHNX Kpedmaka a y JI0keM o] Kprbana. KonrakT nzmely oBa 1Ba Tuna crena
WjeanaH je 3a 1ojaBy MPOLEIHUX BOAA W MalMX M3BOpa. To je OCHOBHH Pasiior, Mopen
MOCTOjama OKANWHE KOja je MPUPOTHO CKIIOHUIIITE, 32 U3TPaiby HCIIOCHHIIE. JOIIl je/iHa OJ1
MTOBOJEHOCTH j€ U jy’KHA €KCITO3UIIHja O/ICeKa.

Cnuka 7. Cruka 8.
Jlecnu xanan Cmpmu o0cex u
nehune y opoy ucnocnuya Ca.
Ilempos kpuw Case y mwemy
(pomo: A. (pomo: A.
Hemposuh) Ilemposuh)
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Crieneonomku o6jextn reoauBepsuteTa [lapka mpuposne ['onuja HEICY MHOTOOPOjHU amn
Cy TO CBOjOj T€HEe3W H3pa3uTo HHTepecaHTHH. llpeacraBipajy momaTtak Ha BEIUKO
MPUPOAHO OOraTcBO OBOT Hapka M Moryhie MX je MCKOPHCTUTH, Kako 3a IPOMOLHjY
reoANBEP3UTETa, TAKO U 32 Pa3BOj aBaHTYPUCTHUKOT crieneoTypusma. Hakon nmpBoOuTHe
(haze eBHIEHIM]jE U UCTPAXKHUBAKHA MMOTPEOHO je Mhu Ka ’UXO0BO] /1aJb0j BATOPHU3AIHjHA Ka0
o0jekara reoHacieha u oP>KUBOT CIIEICOTYpHU3MA.
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BIJELA PECINA CAVE IN KAZANCI, MONTENEGRO
BUJEJIA IIERUHA Y KASAHIIUMA, IPHA I'OPA

Muxajio Manauh', Jenena haauh'2 Ipeapar Cromuh!

TAkaneMmcku creneonomko-aanuHucTHukk k1y6 (ACAK), Beorpan, e-mail: zis@beotel.rs
Teorpadcku uHCTUTYT ,,JoBan Lipujuh* CAHY, Beorpan

Extract of the manuscript: Bijela Pec¢ina Cave is situated in the village of Kazanci in western
Montenegro. For a long time, it was known only to the local population, but recently a
biospeleological team reported about extraordinary speleomorphology, particularly speleothems,
which subsequently triggered a thorough topographical and geomorphological survey. Lower
Cretaceous bedded limestones are dominant in lithological composition. From the entrance to the
most distant reachable point there is only 300 m in plan view, but the complex topography of wide
chambers with huge collapsed blocks and spel eothem columns made the survey rather difficult and
time-consuming. Traces of strong tectonic activity are visible in most parts of the cave, not only as
collapsed limestone boulders, but also as numerous broken speleothems. This part of the story isyet
to be studied.

Key words: karst, cave, speleothem, Kazanci, Montenegro
Kibyune peun: kapcTHHU mporiec, criesieoNomky o0jexar, creneoremu, Kazannu, Lpua N'opa

YBoa

Pan npukasyje pesysrare CrelcoIoMKUX HeTpakuBama bujene nehnne. Mako nehuna no
CBOjUM KapakTepTHUCTHKaMa 3aciyXyje NaJeKO KOMIUICKCHHja MCTpPaKUBamba, Ha OBOM
MecTy he OMTH mpHKa3aHe MMPEBACXOJHO HeHe MOPQOIIONIKe KapakTepucTuke. CBakako,
Mopa ce ucrahm aa mpeacTaBiba jeIHY OJl HajaTpakTUBHHjUX mehinHa koje cy 10 cajaa
nctpaxene Ha Teputopuju Pemryommke Lipue [ope.

Ilehuna ce Hanasu y KpajmbeM 3amagHoM jeny omutuHe Hukmmh, y arapy cena 'opmu
Kazanmu. Exune 6uocmesneosnora cy y BHllie HaBparta UcTpaxuBaje nehnHcky dhayHy, 10K
je exuna ACAK-a u3 Beorpasa mo3BaHa Ja W3BpLIM JeTajbHA CHENeOMOPQOIIOIIKa
HCTpaKUBamba OBOT 00jeKTa.

I'eosiomike KapaKTepUCTHKE

[llupa 30na nehuue je wm3rpalieHa of cTeHa jypcke M KpeIHE CTApOCTH KOje CYy Y
JUTOJIONIKOM CMHUCITy JOMHHAHTHO KapOoHaTHOr cactaBa. CTeHe jypcKe CTapoCTH cy
MPEJICTaBJbEHE JIATIOPOBUTHM M JOJOMUTHYHUM KpEUmhalliMa HEpallwiakheHe J0HkEe U
CpeIbe jype U CIPYTHUM TOPH0jYPCKUM Kpeumaruma. CeTuMeHTH KpeHe CTapoCTH CY,
Takole, npeacTaB/beH! KapOOHATHUM CTEHAMa, CJIOJeBUTUM /10 0aHKOBUTHM KpeUrballuma.
[Monpyuje ucrtpaxkuBama ce Halasu y 30HM KoHTakTa CHospalllbuX W YHYTPAIIHBUX
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Hunaapuma, mro My maje oapehene cnenupuaHOCTH, TOCEOHO y TEKTOHCKOM CMHCIY.
[Tocneanira Tora je mocTojamke HHU3a PYNTypa Ydje MOCTOjalke W OpHjeHTalrja Cy UMalli
npecy/iaH 3Hauaj 3a GopMHUpame U pa3Boj KaHAICKOT cucteMa nehune.

Pe3ystaTn McTpakuBamwa U JMCKYCHja

Kao mro je pedeHo, OCHOBHM LWJb UCTPaKUBama je OWIIO MPUKYIJbame MojaTaka o
Mophomomkum kapakTepuctukama nehnue. Mako nehnna Ha mpBu noriie ] mpuIiaga rpynu
jeqHOCTaBHUX 00jeKaTa ca caMo jeTHIM KaHaJIOM, Ca yIaJbeHOIINy yiasa o/ HajyAaJbeHu]e
Tayke kaHaina oko 300 M, BeJMKa KOJMYMHA MaTepHjajia ypyIISHOT ca TaBaHMIIC 00jeKTa
ycnoBuia je morpedy 3a nedunucameMm mnpexo 1000 M monuronor Biaka. JlerasbHuja
aHamu3a pe3yJyirara, moceOHO HAKOH M3paJie HAIPTa, yKa3aja je Ha KOMIUICKCHY CTPYKTYPY
o0jeKTa Koja ofjpakaBa BeoMa pa3jIMuuTe JOMUHAHTHE arcHce.

Ha ocHoBy TOra ce MOry W3ABOjUTH TPU CETMEHTA:

1. VYaa3na nehuna oOyxBara penaTHBHO KpaTak KaHall, HACTa0 IPUMAapPHO CariacHO
ca JIOKAJIHOM TEKTOHUKOM, aJId y yCJIOBUMa TIOCTOjama (ppeaTcKor BOIECHOT TOKa
KOjH je U3BHpao u3 o0jeKTa y jeaHoj ox (asza pasBoja, mTo MOTBphyje mocrojame
(haceTa Ha 3UOBUMA,;

2. CanomHu aeo o0jexkta oOyxsata Canomuu kaHan u Llpuy nBopany. OBne je
WHHLYjaIHU KaHa HOTIYHO YHHUIITEH cajJaMamkeM TaBaHUIlE, Te ce Moxe pehu aa
je MHUIHjaJHU HUBO TNehwHe y HWKHM, cala HEeJOCTYITHUM JeJIOBHMa KaHaa.
Hako je oBme mpolec ypyliaBamba TaBaHUIE JOMWUHAHTaH, Ay MEPUOJ
er3UCTHpama OBOT HMBOA KaHaia oMOTyhHO je moBe3nBame 0J0KOBA METAPCKHUX
JVMEH3Wja KaJUUTHUM Be3MBOM M (hopMmupame NehMHCKOT HakuTa 3HAa4ajHUX
nrMeH3suja. [IoTBpja MHTEH3UBHOT Mpolieca ypyiaBama TaBaHHIIE j€ U TO J1a HeMa
3HAYajHUJUX MMOjaBa MENMHCKOT HAKKUTA HA TABAHUIIU, Ka0 U TO JIa j€ YOUCH BEeJIUKU
Opoj omTeheHor 1 TOJIOMIBEHOT MOIHOT HakuTa. [[MMeH3uje Bapupajy y IHUpPOKOM
Qjana3ony, npedyHunu craarmuta of 0,5 1o mpeko 2 m, a BucuHe ce kpehy ox
0,3 mo mpexo 5 m;

3. AkymyJaatuBHH 1e0 oGjekTa oOyxBara cerMeHTe Ha3BaHe Bemuka u Bucoka
nBopaHa, J[BopaHa ca kagama u JIBopaHna 610koBa. Y OBUM JEJIOBUMA IUMEH3H]E
KaHala Cy 3Ha4yajHe M OBJe ce Moxe pehin Ja je ocHOBHH (DakTop OOJIMKOBama
KaHaJa calamMame TaBaHWlle. Bennke AuMeH3Mje KaHala, KOjH MPEACTaBIba HU3
nBopaHa MmehycoOHO onBojeHMX Kpahmm cyxemnMma, npaheHe cy MeTapcKu
BHUCOKHM OJIOKOBHMA ITOTITYHO BE3aHHUX KAJIIMTHUM BE3MBOM. Y OBHUM JIEIOBHMA
je popMupaH BeJTUKH Opoj MOJAHUX U 3UHUX (hopmu nehuHCKOT HaKKUTAa, MPe CBEra
cramarmuta U crybosa. Ilpucyran je, Maga moapeheHO, ¥ HAKUT y TaBaHWIIH,
MPEICTaB/beH HU30BHMA CTAJAKTHTA MalkbuX JUMeH3uja. [IpeuyHuuum nojeanHux
cty6oBa cy Behu og 4 m, a cramarmuta 1 6 M. Bucune cty6oBa ce xpehy u mo
npeko 10 m, a Benuku Opoj ©Ma BUCHHY PEKO 6 M. Y OBUM JIBOpaHaMa je yOoueHO
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U NOPUCYCTBO TPAaBECPTUHCKUX Kadd, YIJIaBHOM CYBHUX WIH PEJIATUBHO PETKO
XUAPOJIOIIKH aKTUBHHX.

CraTUCTHYKY TOCMAaTpaHo, 00jeKaT ce MOXKE MPEJICTABUTH Clie/iechnuM nmoanuma:

1
2
3.
4.
5

6.

VYkymHa Ty>)KWHa CHUMJGEHOT MOJIMTOHOT Biiaka u3nocu 1082 m

BucuHcka pasnuka u3mel)y mo4eTHe 1 3aBpIIHE MOJIUTOHE TaYKe U3HOCH +3,4 M
BucuHcka pa3nrka HajBUIIE U HajHIDKE TaUKe Y OKBUPY 00jeKTa u3HocHu 25,7 M
Jy6una o0jexta uzHocu -13,7 m

I'enepanno npyxame objekra nMa azumyt 138,3°

IIpaBonuHMjCcKO pacTojame MOYETHE U 3aBpIIIHE Taduke Mepema je 298,5 m

I'enepaina oniena nehuHe y MENWHY j€ J1a Ce Paiv O jeIMHCTBEHOM CIIEJIOJIOIIKOM 00jeKTy
KOjH je, ¥ TIOpel pellaTUBHO MaJie Ay>KHUHE, BeOMa aTpaKTHBaH ca aclleKTa MOTEHIHjala 3a
HEKy BPCTY TypUCTHYKe Bajopu3anyje. CBakako, cama ujieja 0 TYPUCTHIKO] BaJIOPU3AIUjH
MOBJIAYM 32 COOOM HEOIXOIHOCT BpIICHa A0JaTHUX, JeTaJbHUJUX HUCTPaKUBamba Koja Ou
MoOpaia Ja [ajy HapaMeTpe 3a OIeHy YCJIoBa W MOryhHOCTH TUaHHpama TakKBHX
AKTHUBHOCTH.

Cnuxa 1. ITnan u npogun Bujene nehune. Haypm: Muxajno Manouh, mepunu: Jenena Hanuh,
Muxajno Manouh u Ilpeopae Cmowuh. Huempymenmu: Leica Disto X3. Anauxayuje: Jpeleoliti,

ArcMap 10.1
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Cauxa 2. Cmanaemum y Bucoxoj 0sopanu bujene nehune.
(pomo: Jbumana Llpuoeopay)
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INITIAL FORMS OF KAMENITZAS ON ANDESITESOF MALI VIS
(MRKONJSKI VIS, SOUTHERN SERBIA) - CONTRIBUTION TO THE
KNOWLEDGE ON SILICATE KARST IN SERBIA

NHHUIINUJAJHHU ObBJIMIIA KAMEHUIA HA AHAE3UTUMA MAJIOT
BUCA (MPKOIBCKU BUC, JYKHA CPBUJA) — ITPUJIOT
IHO3HABABY CHJIMKATHOI' KAPCTA 'Y CPBUJH

Jlparan Hemuh!

3apop 3a samrrury npupozae Cpbuje, Kanuenapuja y Humy, Bosxna Kapahopha 14/2, Hum, email:
dragan.nesic@zzps.rs

Extract of themanuscript: Mali Visisasecondary andesite peak within the larger pyramid-shaped
structure of Mrkonjski Vis. On the small bare surfaces of the flat top of Mali Vis, severd initia
forms of kamenitzas have been detected. Kamenitzas of Mali Vis are atypical in terms of lack of
obvious concave form, but the examples with flat bottom of 1-2 m? are present. Detection of these
kind of kamenitzasin non-karstic rocksis significant because it is only the third registered location
in Serbia. The aim of this short contribution is to point to the main characteristics and the
significance of these relatively rare pseudokarst formsin Serbia.

Key words: silicate karst, kamenitzas, Mrkonjski Vis— Mali Vis, Southern Serbia
Kiby4yHe peun: CHIMKaTHU KapcT, KaMeHuIe, Mpkomcku Buc — Mamu Buc, jyxxaa Cpouja

YBoa

CunrkaTHH KapceT je 1mojaM KOjH je pelaTuBHO HOB y reoMopdodomikoj npakcu (Martini,
2004; Ford & Williams, 2007), aju ucTpakuBama KapCTHHUX I0jaBa Ha CHIIMKATHUM
CTeHaMa MMajy TPaJuIH]jy KOJIMKO M KIIaCHYHA KapCTOJIOIIKa UCTpakuBama. Y CpOuju ce
MpOo0JIEMAaTHKOM CHJIMKATHOT KapcTta 6aBuo npodecop dyman ['aBpunosuh (1965; 1968),
pa3Matpajyhu pa3Boj KaMeHHIIa Ha CHJIMKaTHUM cTeHama JyrociaBuje. Ha Majom Bucy,
CeKYHJapHO]  aHJEe3UTCKO] TJAaBUIK y OKBUPY JIOMHHAHTHE MHpaMUJIaTHE
MopdocTpykType MpPKOEBCKOT BHCa KOHCTATOBAaHO j€ BHUIIE T10jaBa-00IMKa WHUIH]ATHUX
kameHu1a. KoncraToBaHa JIOKaJTHOCT ca KaMeHMIIaMa Ha aHie3uTumMa Major Buca je tpeha
OBaKBa 103HaTa nojasa y Cpouju, 1o 4yemy 3acirykyje IeTabHHUjH IIPUKa3.

Pernonannu npukas

Mpxomcku Buc (1014 m) ca Manum Bucom (969 m) Hanasu ce y IIaHWHCKO-KOTIHHCKO)]
obnactu jyxue Cpouje u JabnaHndkor Kpaja, y OKBUPY U3BOPHIITA CIIMBa peke JabiaHuie.
MpKOIBCKM BHC Ca CEKyHAapHOM MamOM KynoM Maior BHca, Kao aHJIE3UTCKa
MUpaMHUJIATHA CTPYKTYpa caMo j€ jeJJHO OJf MHOTOOPOjHHX Y3BHIICHA WM TUIAHHHCKUX
MOpGOJOMIKUX NeNuHa pa30WjeHNX W HW3JBOjEHHX paceArMa M PEYHUM JOJNHHaMa
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n3BopHIITa JabmaHume. Y OBaKO W3/BOjE€HOj HEIWHUA, MPKOWBCKHA BHC j€ JOMHWHAHTHO
Y3BHIICHE U CTEHOBUTH IIMJbaK KOjH IOMHUHHPA OKOJIMHOM U Ha KOjy ce HaJ0Be3Yjy HIKU
W Mambe M3Pa3uTH BPXOBHU U TJIaBHIlE, Kao IITO cy 3MHUjcKU KameH, Manu Buc, [lexoBuha
yyka, BesbkoBo u Janketunha Opo u ap.

[Ipeneo MpKOHCKOT BHCAa Y T€OTEKTOHCKOM CMHCIY je W3IBOjeH Wid je mepudepHa
HenuHa y okBupy Jlemkor aHAe3uTCKOT MacHBa, OJIMTO-MHUOLICHOT IICHTPa BYJIKaHU3MAa,
YHjU MPOAYKTH CY aHJE3UTH, TUPOKIACTUTH U OJUTOIIeHA BYJIKAHCKO-CEJUMEHTHA CEepHja.
VY nurepaTypu NOMHUBY CE€ MamU BYJIKAaHCKHM LEHTpU [pexwa u Tymapcku BHC, KOME
npunaaa 1 MpKowCKH BUC, U3BaH u3lBojeHe 30He Tynapcke kanaepe (Bykanosuh u cap,
19826). YurtaB mpoctop pa3dujeH je pacennMa KOju Cy H3IBOjeHH Kao Tymapcku u
MeneBauku pacen, YHju MPaBIM C€ MOKIAMNAjy ca MpaBIMa JOJHWHA UCTOUMEHUX peKa
(BykanoBuh u cap, 1982a). Cmatpa ce aa cy y mpejeiny IOMEHTHUX paceia BpilicHa
BEepPTHKAJIHA TEKTOHCKA KpeTama uzHoca oko 700 m (Bykanosuh u cap, 19820).

MopdocTpykTypHa ocHOBa MpKOHCKOT BHCA jacHO c€ H3/Baja Y OKBHPY HETOBE
nupamuianae Mopgonoruje. MicTrde ce HajBUILIM €0 BUCA Y BUY IIUJbKA O]l OTKPUBEHOT
CTEHCKOT KOMIUIEKCa aHIE3UTa KOjU je M3JIOKEH CEeKyHIAPHUM pacnaJalbuMa CTEeHa H
M10jaBOM KOJIYBHjaJIHOT, Y HIDKHAM JEJTOBHMA U JIEIYBHjaJIHOT MPOIECa, ca JCTTIOHOBAHEM
KOJIyBHjAJTHUX Hacyara  JieTyBUjaJJHAX 3aCTOPa OKO LICHTPAIHOT BpXa CTEHCKE NUpaMHUe,
OZTHOCHO HA JOJIMHCKUM CTpaHaMa. 3aHUMJBHBO j€ J]a Ce Ha CTPMUM CTCHOBHTHM CTpaHaMa
Mpxomckor Buca He cpehy oOmuIM U TojaBe KOju OM ce MOTJIM W3MIBOjUTH M3 JOMEHa
CHJIUKATHOT KapcTa, MaKo Cy Ha CEKyHIapHOM Y3BHIICHY Maior Buca OBH OOJIHIN
3HAYajHO 3aCTYIHCHH.

PeSyJ'ITaTI/I HCTPpaKuBamba U zmcxycnja

VY onHOCY Ha MpPKOBCKH BHC, Jpyradnja MopgoIorija npenena cpehe ce Ha Manom Bucy
(969 m). Bpx Manor Buca je pelnaTUBHO YPaBHEH, Ca MambUM H3JBOjEHUM U YTIIABHOM
paBHMM CTEHCKHMM IlelinHaMa aHjae3uta. OBlie ce jaBjba HEKOJIMKO OTKPHBEHHUX, TOTOBO
PaBHHX CTEHA OJ1 YHjHX MAbHX OJICEKa KOJH X YOKBUPY]Y, OIMaxX Ha MaJlMHAMa 3al04HbY
BE€3aHM KOJIyBHjaJIHH 3aCTOPU MTOKPHBEHH 3eMJbOM U BereTanujoM. Kao pesynrat oBakse
MOpP(OJIOUIKO-TUTOJIONIKE CHUTyalllje, Ha OTKPUBEHHWM IIOBpPIIMHAMA MAJI0 HATrHYTHX
CTCHA, Iy)K CEKyHIApHHUX NPCJIMHA, jaBJbajy Ce Mamba YAyOsbeha Ha CTeHaMa y KojuMa ce
3aaprkaBa Boja. CBa oBa MecTa 3ajipikaBama BOJIE Cy Pen31yOsbeHa CII0KEHOM epO3HjoM
MOBpPEMEHE BOJie Koja ce Of NaJaBHHa KOHLEHTpHUIIEe y BuMa. Mana ynyOsbema cy Ha
MONPEYHOM NMPOGUITY Y BUY aCHMETPHUYHOT JyKa HITH Cy KOpUTAcTa, PABHOT JIHA U KOCHX
CTpaHa. YBEK Cy HCIyHhEHa MambOM WM BehOM KOJNMYMHOM Tpaxa OJf pacmnaiHyTor
aHJIe3UTa, MECTUMHUYHO W CIIPAHOM 3€MJbOM M OMJBHMUM ocTauuMma. Hekommko TakBux
METApPCKUX OOJIMKA KOHCTATOBAHO j€ HEMOCPETHO KOJ PENEeTUTOPa, a jeJlHa Mama rpyna
OBHX 00JIMKA JIECIUMETAPCKUX JAUMEH3Hja 0KO 70 M MCTOYHH]E HAa CTEHU HArHyTOj 3a O]
oko 20° (Cn.1 u 2).
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PeructpoBana mana yayOJibema Ha cTeHama Manor BHca Cy NpUMEpPH HHUIIHMjaTHHUX
CHITUKATHUX KAMEHUIIA KOjU YHEKOIHKO MOP(OJIOIIKH OJICTYIA]Y OJ1 KTACHIHUX KaMEHHIIA
y KapCTy KOje UMajy PaBHO JHO U MPeu3ayOsbeHH Ipodrt Ha 00uHUM 3ugoBrMa. O03upoM
Ha KBaJUTAaTHBHUM IIOCTYIIKOM pa3MaTpaHa o0elexja, y CMHCIY TparoBa pacHajarma
cTere u MopdoIoryje y BUIy Mainx yayOJbema Ha CTeHH Y KOojuMa ce 3aJip)KaBa BOJa,
oOnuiy Ha MasoM BHCy 3a cajja ce MOTY CMaTpaTH MHULMjalTHUM OOJMIIMMa KaMEHHIIa Ha
aHJIE3UTHMA.

Cn. 1 Kapaxmepucmuuan 06auK KameHuye Ha Maio Ha2Hymoj no8puUHY aHOe3UmMcKe cimene

Cn. 2 Obnuk unuyujaine kamenuye Ha paenoj nospuiunu anoezuma Manoe euca
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VY cBery je npoOneMaTHKa HacTaHKa KapcTa Ha CWIMKAaTHUM CTEHaMa JOCTa UCTPa)KUBaHa
(Martini, 2004; Ford, Williams, 2007), nok je xox Hac oBoMe MocBeheH camo jemaH paj
(T"aBpunoBuh, 1965). Hanas cunukaTHUX KaMeHHUIA Ha aHAe3uTy Marior Brca je 3Ha4yajaH
jep je To no cana Tpeha perucTpoBaHa JOKAIHOCT oBe BpcTe y Cpouju.
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GEOGRAPHY OF DOLINESIN SERBIA
I'EOI'PA®UJA BPTAYA CPBUJE

Marko V. Milosevié, Jelena Cali¢, Milovan Milivojevié

I'eorpadcxu naCcTHTYT ,,JoBaH LBHjuh*“ CAHY, Beorpan
e-mail: m.milosevic@gi.sanu.ac.rs

Extract of the manuscript: The article presents the initiative for systematic mapping the locations
of dolinesin Serbia, started by the Geographical Institute “Jovan Cviji¢” of the Serbian Academy of
Sciences and Arts in 2022. The goal is to develop a doline geobase for the analysis of their
distribution, by digitizing their point or area positions on 1:25,000 topographical maps. This will
enable the further study with the inclusion of the attributes — lithological composition, elevation,
topographic inclination, terrain roughness, genetic type and land use. Doline density is obtained
through application of the Kernel Nearest-Neighbor Algorithm, and the case example of dolines on
Mt. Mokra Gora is shown within the text. Social aspects of this initiative refer to the relations
between dolines and popul ation patterns.

Key words:. karst doline, sinkhole, spatial distribution, geography, Serbia.
Kibyune peun: Bprada, Kpac, IpoCcTOpHa AUCTpuOyIHja, reorpaduja, Cpowmja.

YBoa

Bpraue mnpezcraBibajy HajpacnpoCTparmbeHUjU TOBPIIMHCKH KPAlIKK OOJUK Y pesbedy
CpOuje. o caga y nomahoj nuTepaTypd BpTaue Cy NpUBJIavWiIe Maxmy Major Opoja
nctpaxxuBava. Ha mojMoBHOM HHMBOY BpTaue 1o npBu nyT nedunuie Lpujuh (1887) xao
"JIEBKACTY J10Jbavy, YHjH Ce MPEYHUK CMambyje ca TyouHoM". Y cBojoj nucepranuju (Cvijié
1893) ananmuzupa MopdoIoTHjy U TeHe3y BpTada Kao U (pakTope KOju yTUIy Ha HUXOBY
muctpuoyujy. Hakon L[Bujuha Bprade cy Owmie objekar MCTpakMBama y MaloM Opojy
pazoBa rje cy aHalM3WpaHe MOjeIMHaYHO WK Kao ckyn Beher Opoja BpTaya y OKBHpY
onpehene TepuropujanHe jenuuuile (Ha HUBOY IUIAHWHE WMJIM CEOCKOT Hacesba). Y THUM
pagoBUMa ayTopH Cy ce OaBWwIM TpoydaBamkeM Mopdoisoruje, MOp(OIOIIKOM
KjIacu(uKanujoM U reHerckuM ¢akropuma Bpraya (Cviji¢ 1893, Lsujuh 1895, 1912a,
19126, 19128; Munojesuh 1937; Ilerposuh, 1951; Munuh 1954, 1962, 1965; Puymosuh
1955). [IpocroprHom nuctudynujom Bprauya y Cpouju, Kao u pakTopuma KOjH Cy yCIOBUIN
BUXOB pacropen, 6aBunu cy ce Menkosuh (1995) (Mokpa T'opa), Telbisz et al. (2007)
(Mupou) u MiloSevié et a. (2022) (bespanuria).

M3pana reo6asze nogaraka o Bprayama

Ha Ou ce carnenao mpocTOpHH pacriopenl Bpraua Ha teputopuju Cpbuje [eorpadceku
uactutyT "JoBan llBujuh" CAHY je moderkom 2022. roavHe MOKPEHYO aKIUjy TOJ
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HazuBoM "l'eorpadmja Bprawa Cpbumje". OBa akumja mMa 3a 3a7aTak u3pamy reodase
rmojiaTaka o Bprayama Ha Teputopuju nene Cpowuje. [IpBu xopak y peaan3aiiiji HaBeAeHOT
3aJaTKa je TUruTaan3almrja noJ KojoM ce moapa3syMeBa reoOMeTpHjcKo JeuHuCame BpTadya
Ka0o TauyKacTOr WM apeaJHor o0jeKTa KOjUu cajpKe METPHUYKE MOAaTKE Kao IUTO Cy
koopamHare y I'ayc-Kpurepos cucrem, 7. 30ora. Hakon aururanuzanuje y reodasu jogatu
Cy aTpuOyTH Kao IITO Cy JIUTOJIOTH]ja, HAAMOPCKA BUCHUHA, HATHO Tomorpadcke MOBpIINHE,
XpanaBoCT, TEHETCKY THII BpTaue, HAUWH KOpHIIhema 3eMIBHIITA.

Tomorpadceka kapra 1:25.000 y m3mamy BojHO-Teorpadckor MHCTHUTYTa y3eTa je Kao
pedepeHTaH M3BOp 3a NPUKYIJbalkE IOAATaKka O MOJ0XKajy Bprauya. AKO je BpTaya
neduHICaHa Kao TadKka, OHJA j€ OHa MO3WIIMOHKpA Ha TrpadyKoj O3HAIM 32 JHO BpTade.
Kana je nedmaucana kao apean (IOBpIIMHA) y3UMaHa je HajBUIIA 3aTBOPEHA U30XHUIICA. Y
npakcu 30or ayouHe one cy Ha TK 25 Hajuemrhe mpeacTasbeHe y HEIOCTH CaMO jeTHOM
nzoxuncoMm. Kama je Bpradua nara ycIOBHMM 3HAaKOM Tadka je IMO3WIMOHUpaHA Y
HEHTPAITHOM JIEITy JIOK j& apeaylHO Mpe/cTaBbaHa KPYKHHIIOM IpedHnka 10 m.

Pesynrtartu npeTxoaHUX UCTpaKUBama, I1ie ¢y KopuluhieHe Tonorpadcke KapTe CUTHHUjET
pasmepa (TK 50, 100), cy nnm npequMeH3HOHUPAHN HITH 3HATHO PEAYKOBAHHU Y OJTHOCY Ha
one nobujene Ha ocHOBY TK 25. Jlo yrBpheHnx pasnmuka je momuro 300T Tora IITo Cy
caupkaju a THME W BpTaue pEAyKOBaHM Ha Kaprama CHUTHHjEr pa3Mepa W TO HeE
MPONOPLUOHAIHO CMabElhy MOBPIIH MIPHUKA3a.

Kao nmpumep moxe ce y3eTu ryctuHa Bpraya Ha Mokpoj ['opu (Menkosuh 1995), rae je
ytBphena MakcuMaina rycrtuaa og 100 Bpraua ma km? Kao m3Bop 0 mosioxkajy Bpraua
aytop je HaBeo Tomorpadcky kapty 1:100.000 He HaBO/Iehr KOHKpPETaH METO] HA OCHOBY
kora je oapehena rycruna Bprada. Kopumhewem TK 25 ytepheHo je na Ha Mokpoj ropu
uma 1785 Bpraya IlpumeHom mertoje Hajonmmker cycemna — Kernel Nearest-Neighbor
AlgorithmyTephena je makcumanna ryctuna ox 18 Bpraua Ha Km?. TIpuMeHOM jeIMHAYHOT
noJba 3a oapehuBame rycrune qob6ujena je nemro seha Bpeanoct (31 Bpraya Ha Km?), amu
Y J1aJb€ 3HATHO Mama Y OJJHOCY Ha OHY Kojy je moouo Menkoruh (1995).

@dopmupana 0aza Ou TpebanO na NpeACTaB/ba OCHOBY 3a aHATU3Upame (PU3UUKO-

reorpadckux GakTopa Koju Cy YTHLIAIN Ha HHUXOBY AUCTPUOYIH]Y, KA0 M YTHIIAj BpTaya
Ha JKUBOTHE W TPUBPE/IHE aAKTUBHOCTH JbYH.
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Cnuka 1. ['ycmuna epmaua npema memooy: a) Hajonusxcee cyceoa, 6) jeOuHuuHO2 noba
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KARST TERRAINS OF PERUVIAN ANDES
KAPCT BUCOKHX AHJIA (ITEPY)
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Extract of the manuscript: Karst terrains of Peruvian Andes are most often developed in
Cretaceous and Jurassic limestones, and usually they host numerous magmatic intrusions and related
ore deposits. Most of Peru’s metal ore deposits are located at high elevations 3500-5000 m a.s.l.
within a narrow, tectonized carbonate-rock belt extending over 2,000 km in length. Mostly those
limestones are very karstified and characterized by high infiltration rates, with well-developed
subsurface morphology and complex hydrogeological karst systems. In general, it can be said that
the knowledge of the karst of the Andes is very limited and is mostly related to research and
exploitation of ores. Still, investigations of these karst formations proved the existence of deep jamas
(shafts) and well-developed karst systems even at altitudes over 4500 m. Some results provided in
this paper give us significant insight into geology, geomorphology and hydrogeology of high Andes
karst (CordilleraOccidental, Peru), especially in the last twenty years. Some of the results presented
in this paper are part of multi-year research of karst terrains (one of the world largest known skarn
copper-zinc deposit), carried out for the purpose of defining speleogenesis and hydrogeol ogical
characteristics necessary in problems solving related to engineering and environmental problems in
ore exploitation.

Key words: karst, Andes, hypogene karst, shafts, caves
Kljuéne redi: karst, Andi, hipogeni karst, jame, pecine
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THE ROLE OF THE LOCAL COMMUNITY IN THE PROMOTION OF
SPELEOLOGY - THE EXAMPLE MUNICIPALITY OF BAR,
MONTENEGRO

YJOTI'A JIOKAJIHE 3AJEJHULE Y ITIPOMOLHUJU CIIEJIEOJIOTHJE -
IMPUMEP OIIIITUHE BAP, [IPHA I'OPA

Ipeapar Byposuh' & Mupeaa Byposuh?
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Extract of the manuscript: On the territory of municipality of Bar, there are several cavesthat the
Tourist organization of the municipality of Bar wanted to include in the tourist offer through
organised, systematic, planning, etc. activities. The complex of cavesin thevillage of Trnovo (Spila,
Babatusa and Grbocica) is situated in the far northwestern, while the cave Spila is in the far
southeastern part of the municipality. By organizing exploration, different types of media
promotions, photo exhibitions and different types of presentations values of the selected caves, the
local community indicated that the caves could have great importance in presenting not only
spel eotourism values, but also speleology in general.

Key words: local community, promotion, speleology, speleoturism
Kiby4yHe peun: oKajiHa 3ajeIHHIA, IPOMOIIH]a, CIICJICOJIOTH]a, CIIeICOTYpH3aM

YBoa

Onmrraa bap (Llpua T'opa) mMa jeman on peTKMX M cnenuUYHUX TOJI0XKaja BPIIO
3HAuYajHMX 32 pa3Boj Typu3Ma. JyroszamajHuM 000JOM TEPHTOPHjE M3JTa3H Ha JaJpaHCKO
Mope, MoK ceBeporcTounnM Ha Ckamapcko jesepo. I'eorpadcke cnenuduuHOCTH KOje
MIPOMCTHYY M3 OBAKBOT I10JIOXKaja oMOryhuiie Cy pa3Boj pa3IMdMTUX OOJIMKA IPUMOPCKOT
W HAyTHYKOT Typu3Ma. Y IIMJbY JaJber pa3Boja TypH3Ma W MpPOLIMPHBAMKa TYPHUCTHUKE
MIOHYZIe U BheHe pazHOBpcHocTH, TypucThuka opranu3ammja omuruae bap mokpenyna je
aKTUBHOCTU Ha pealiu3allMjyi HaBeJCHHUX IHJbeBa. [ €oNomKu cactaB U reoMopdoionka
€BOJIyIIMja OBOT MPOCTOpa YCJIOBMJIA je Ja je Kpallku pesbed 3acTyI/beH Ha 3HAYajHOM
JIeJTy TEpUTOPH]je OIIITHHE, T€ j€ jelHa O]l IIpaBalia Jajker pa3Boja Typu3Ma Ouo u pasBoj
creyieoTypusMa. JemHa oJ] aKTUBHOCTH je Ouiia M yTBphHMBame MOTEHIMjalia 3a pa3Boj
CIIETIE0TYpHU3Ma, T€ CY Y IIMJbY TOTa OPraHU30BaHa JieTaJbHa CIIEICOJIONIKA UCTPAKIBAHA
on crpaHe YHuBepsutera y beorpamy, ['eorpadckor daxynrera. HcrpaxuBama cy
W3/IBOjWIIa IBa IPOCTOpa MOTEHIMjATHO 3Ha4YajHa 3a Pa3Boj CIENeoTypusMa. Y KpajibeM
C3 ommrtune je komruieke niehnna y cemy TpHoBo, a y kpajibem CE geny ommrune je
nehuna Crinia Ha ckaiy o1 jame y ceny Besba ['opana. [locie u3BpiieHHX CHENIe0N0IKIX
UCTpaXKHBarba NPUCTYIHIIO CE U3PaJH JIBa e1adoparta Koja ¢y o0yxBarana OCHUM JAETaJbHUX
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aHam3a CcreneoMoppOXUAPOIIONIKAX KapaKTepUCTHKAa U HEjHE TPOjeKTe 3a HHUXOBO
ypeheme.

Komnueke nehuna y cexy TproBy (M3 Bupna3sap)

Kommnekc nehuna y cemy TpHoBy cactoju ce on Tpu nehumne Cnuna, babaryma u
I'pbounna. Hajamxa u xunponomky HajaktuBHHUja niehuna je Crnmna. [IpoxogHocT Kpo3
nehnHy 3aBHCH Ol TOOUIILET J00a U HUBOA MOA3EMHUX BoAa. Y mposiehe u3 me uctuue
BO/a, y BeheM ey roguHe MpoXo/IHa je 10 MPBUX CH]OHa, a CMO Y jeZioM KpaheM rmepuoay
KpO3 By CE MOXKE HECMETAHO NPONH U CIIOjUTH CE Ca HAJHWKUM KaHAIMMa HapenHe nehnne
— babaryme. Yna3 oBe nehuna je ox mperxomne Bumm 3a 25 m. ['maBHa Mopdomomka
KapaKTEepHUCTHKA je OTPOMHA M BHCOKA TJIMHOBHTA JBOPaHA y yIA3HOM JIENTy 4YHje j€ JHO
MPEKPUBEHO BPIIO 1e0ETIMM CII0jeM IIIMHE. Y eKCTPEMHUM XUAPOJIOMIKIM roJUHaMa U3 Hhe
BpPJIO KPAaTKO UCTUYEC CHAXKHU PEYHU TOK. Yy IMPOCCYHUM XHUJPOJIOIIKUM IroavuHaMa roTraria
ce THO JBOpaHe, IIPH YeMy J10J1a31 JI0 akyMyJHpama rimae. [lopen Tora, y nehunu mocroje
3aHUMJbHBE (popme nehnHckor HakuTa (XeNaKTUTH, TU30JIMTH U cil.). Hajsuma nehnna y
OBOM KoMIuIeKcy je ['pOounnia (Buia ox nperxomnux 3a 70, ogHocHO 45 m). [lehuncku
KaHaJM Cy paslMuuTAX MOP(MOJOMKAX M XHUAPOJIOMIKMX KapaKTepucTuka (CyBH,
nepuoAndHU, cUpOHU). Y cpemuimmeM neny nehuae m3nBaja ce Bucoka mBopana ca
pa3nuuuTUM U Ooratum dopmama nehuHckor Hakuta. [Io CBUM KapakTepuCTHKamMa OBa
nehnHa TmpeacTaBiba HAj3HAYAJHMjH TYPUCTHUYKH TOTeHIWjan. MaejHuM mpojeKToM
npenBul)eH je pa3IuyuT CTENeH OOMIacKa OBHX CIENeoomKuX objekra: Crnmia — ynas,
Babaryma — TypucTHuka craza Kpo3 YJia3HHM Ae0 0 BHUCOKE TJIMHOBHUTE ABOPAaHU H
I'pbounna — TypucTHyKa cTa3a Ay>KMHE HEKOJIMKO CTOTHHA MeTapa 1o Bucoke gBopane.

Cnnia Ha ckaim o] jame y cesry Besba IN'opana (M3 MpkojeBuhn)

OBaj crieneosonKy 00jeKaT nMa u3BaHpeAaH Teorpad)CKy MOI0XKa] y OJTHOCY Ha OOIIKEE
pa3BHjeHe W Bpyio moceheHe TypHCTHUYKE LEHTpe M JOKAJIUTETe, ITO Yy 3HATHO] MEpU
noeehaBa HEroB TYpUCTHYKH 3Ha4aj. CacToju ce oJ] pa3NmuuuTHX MOPQOIOMIKHUX IeTuHA
yKyIHe ayxuHe 360 m u neausenanyje o1 66 m. OcHoBHA MOpP(OJIONIKA KapaKTEPUCTHKA
j€ jaMCKH yJia3 W BelMKa JIBOpaHa ca OOMJbEM Pas3iIMUUTOr W crielupuvHOT nehuHCcKor
HakuTa. YmpaBo jamcku yia3z oj 20 m ayOuHe oBaj oOjekar ojiBaja O CTaHIapIHE
TypUCTHYKE TIOHYJie Be3aHe 3a creieorypuzam. Ca Jpyre cTpaHe KOHIEHTpaluja
paznumuuTux Gopmu NMehMHCKOT HAKWTa HAa MaJOM NPOCTOPY YMHU aTPAKTHBHOCT OBOT
o0jekra jom Behum.

AxtuBHocTH Typuctnuke opranmsanuje Onmruae bapa ©Ha npomonuju
creJsieoJioruje

Typuctnuka opranmzanyja Onmruae bap, ca Tamammsom jaupekropunioM Hemom
WBanoBuh, cucreMaTcku, IJIAHCKU M (UHAHCHJCKH Tpeay3ena je OpojHe aKTUBHOCTH

108



Importance, State of the Art, and Prospective of
Utilisation and Protection of Resourcesin Kar st
Belgrade, 2022

Be3aHEe 3a YKJbYUHMBame ToceTa rnelinHa y TypUCTHYKY MoHynmy onintuHe bap. Ose
AKTUBHOCTHU OJ[BHjaJie Cy c€ Y HEKOJHKO (ha3a, Koje Cy ce mpeMa HauMHy peanu3anuje U
TeMaTCcKuM mpobiieMuma MeljycoOHo pa3nmkoBane. llpa dasza je mompasymeBana
AHTaXXOBAE eKCIIepaTa U3 00JIACTH CIIENICOJIOTH]e M OJIMCKUX 00JIaCTH y IUJbY J00ujama
OCHOBHHUX MOP(DOJIOMKUX U XHUIPOJOIIKAX KAPAKTEPUCTUKA OJNAOpPAHUX CIICIECOIONTKUX
o0jekara. [Ipyra ¢asa je o3HaumiIa U3aBajarkbe M KaTEropu3alnjy NPUPOAHUX BPEIHOCTH
CIICJICOJIOIIKUX O0jeKaTa 3HAYajHUX 3a TYPUCTHUYKY MOHYAy. To je moapasymeBayio
aHanmM3y IMOCEOHO €CTETCKH BpEeIHHX eJieMeHTa TNEehWHCKOT HakuTa W JPYTHX
Mop(oOmKIX eneMeHara, a Takohe M 3aHMMJBUBHX XUAPOJIOMIKKX MojaBa. Tpeha dasza je
noJpasyMeBaja Jia ce Ha OCHOBY pe3ysrTaTa mpeTxoaHe ABe (aze U3paau UAejHH MpojeKar
ypehena m3abpannx cneneonomknx objekara. OBa (aza je o0yxBaTHia TpacHpame CTaze
o0 W y caMuM o0jekTuMa, onpehuBame Opoja cTajHMX Tadaka, yriioBa W TIpaBara
OCBETJbaBamha HEOMTXOAHUX 32 a[IeKBaTHY TPE3CHTAI]y U3/IBOjeHUX BPEAHOCTH rehuHa 1
np. OxHocwia ce M Ha IMOjeJJMHAYHE KBAaJUTATHBHE M KBAHTUTATUBHE aHalIM3E CBaKe
n3qBojeHe cTajHe Tadke. YerBpra (pasa BezaHa je 3a jaBHY HPOMOILIM]Yy TYPUCTHUKUX U
OIIITE HAyYHUX BPEIHOCTH M3a0paHUX CIIEICONIOMKUX o0jekara. ¥ Ty CBPXY M3BPIIECHO
je:

- OpPraHHM30Bam-€ MOCETAa CIIENCONIOMKIM 00jeKTHMAa ca MPEe3SHTAIIH]OM
IBbUXOBUX BPEAHOCTH 3a KYJITYPHC, YMECTHUUKEC, II€AArOMIKE, ITOJUTUYIKE U AP.
pagHHKE ONIITHHE

- BUIIETHEBHA M3NI0XO0a Qororpaduja u3 n3adpaHUX CIEICONOMKAX 00jeKaTa
Yy KyIATYPHOM LIEHTPY OIILITHHE

- MeJHjcKa MPOMOIIMja OPTaHU30BAKEM PaJIHjCKIX HHTEPBjya

- MeIujcKa IPOMOIIHja MPEKO HOBUHCKHUX MHTEPBjya Y pasIMuUTUM JTHEBHIM
HOBMHaMa MeHjcKa MMPOMOIIM]ja MPEKO IPajCcKuX Oudopaa u Jp.

[To 3aBpmIeTKYy CBHX NpUKa3aHWX aKTHBHOCTH TypucTuuka opraHu3anyja ommrtuHe bap
3amouena je cienehy aszy peanmzanyje, a TO je MPHUKYIJbake MOTPEOHE TOKYMEHTAIIH]e,
Kao ¥ u3pajaa npojekrta ypehemwa nehinna, mpucTynHUX cTasa, MapkuHra u cii. Mehytum,
300T OpraHU3alMOHUX IPOMEHA Y TYPUCTUYKO] OpraHu3alMju oBa (a3a HUje 3aBpIlcHa, a
(haza peanmzamnuje ypehema HUKaIa HUjE 3aM0YeTa.

[Mpukazane aktuBHOCTH TypucTHuke opraHuzanuje ommTrHe bap mokazane cy npa je
notpeda yKJbydrBama HOBHX Cajp)kKaja y TYPHCTHYKY HMOHYAY HyKaH TpoIec, a jaa y
ONIITHHAMAa KOje MMajy MOTEHIHjall MOHyAa OOMJIacKa CIIEJICOJIOMIKHX Oo0jeKaTa MOKe
OWTH 3HaYHA HOBWHA Y FHMXOBOj aKTHUBHOCTU. Takolje, mokazajie Cy W BEIHKY BaXKHOCT
JIOKaJIHE 3ajeJHHLe Ha apupMaluju TYPUCTHUKMX M HAydyHHUX BpeaHoctu. IloTpedHo je
uctahu Aa cy IUIAHCKE M CHCTEMAaTH30BaHE AaKTHBHOCTH BPJIO 3HA4YajHE 3a NPABUIIHY
MPE3eHTAN]y CBUX BPEIHOCTH H3a0paHMX CIIENEONIONKUX o0jekara, YuMe ce He
MPOMOBUIIIY IIUPEM ayJIUTOPUjyMy CcaMO HOBM BHJOBU TypH3Ma, Kao IITO je
CHeNe0Typu3aM, Beh u caMu CHeNeoI0mKNd 00jeKTH, OTHOCHO PEKO HBHX U CIIEIC0JIOTHja.
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Thematic session dedicated to memory of prof. BoZidar Cur¢i¢:

BIOSPELEOLOGY, SPELEOARCHEOLOGY, NATURAL HERITAGE
AND CONSERVATION

Tematcka cecuja nocBehena ycnomenu Ha npod. bo:xxugapa hypuuha:

BUOCIIEJEOJIOT'NJA, CIIEJIEOAPXEOJIOI'NJA, ITPUPOJHO
HACJIEBE U KOH3EPBAILIMJA
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PROF. DR BOZIDAR CURCIC (1946-2015)

MMPO®. IP BOXKUJIAP hYPUUR (1946-2015)
Rajko N. Dimitrijevi¢?

Ungtitute of Zoology, University of Belgrade - Faculty of Biology, Studentski trg 16, 11000
Belgrade, Serbia

Prof. Dr Bozidar Cur¢i¢ was born in Beograd on 3rd July 1946 where he completed his
elementary and secondary education. After graduating in 1969 at the Faculty of Sciences,
University of Belgrade he was posted in the Institute of Zoology, Faculty of Scienceswhere
he spent his whole successful teaching and fruitful scientific career.

Arachnology was and remained the main focus of his studies throught his scientific
research and pseudoscorpions in particular. Severa early papers were dedicated to the
study of scorpions.

Prof. Dr. Curéi¢ studied different aspects of pseudoscorpions (systematics, taxonomy,
developmental biology, evolutionary biology, teratology and biospeleology). More than 40
years of devoted study of this group of arachnids resulted in erecting more than 160 species
and genera, both epigean, endogean and cave-dwelling new to science from Yugoslavia
(Serbia, Croatia, Macedonia, Montenegro, Bosnia and Herzegovina), Albania, Greece,
Bulgaria, Romania, France, USSR (Russia), China, Nepal, Vietnam, Israel, the Philippines,
and the USA. Many of the taxa erected by Prof. Dr. Curéi¢ are endemics and relics to Serbia
(ex Yugodavia) or the Balkan Peninsula.

As an avid biospeleologist Prof. Dr. Curéi¢ investigated numerous underground habitats in
Serbia and all other republics of the former Y ugoslavia (except Slovenia) and contributed
immengly to the better understanding of the cave fauna, primarily pseudoscorpions. Asthe
result of these investigations severa monographs were published dealing on cavernicolous
pseudoscorpions — “New and little known False Scorpions from the Balkan Peninsula,
Principally from Caves, Belonging to the Families Chthoniidae and Neobisiidae
(Arachnida, Pseudoscorpiones)®, ,,The Pseudoscorpions of Serbia, Montenegro and the
Republic of Macedonia®, ,,Cave Fauna of Serbia, Montenegro and Macedonia .

Well aware of the importance of cave protection and conservation of these fragile
ecosystems Prof. Curi¢ was the founder of the Center for Biospeleology at the Faculty of
Biology, University of Belgrade, Belgrade and NGO Center for Biospel eology of Southeast
Europein Beograd.

Although pseudoscorpions were the main object (scope) of his studies, Prof. Curéié, as a
zoologist of broad interest, devoted a part of his scientific investigations to the study of
some other arthropod taxa as well (spiders, millipeds, springtails, coleopterans). These
studies in collaboration with his younger colleagues from the Faculty of Biology,
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University of Belgrade resulted in establishing numerous 43 genera and species new to
science (seven genera and 32 species of coleopterans, six genera and 18 species of
millipeds, one genus and 13 species of springtails) from Serbia, Macedonia, Montenegro,
Croatia, Bosnia and Herzegovina, Romania, Bulgaria and Greece.

Prof. Cur¢ié¢ was a fellow and a member of numerous domestic and foreign scientific
societies. For many years Prof. Dr. Curdi¢ was correspondant for Yugoslavia to the
International Society of Arachnologists. Furthermore Prof. Curéi¢ was editor-in chief and
a member of editoria boards of severa scientific journals — Archives of Biologica
Sciences, Monographs Institute of Zoology, Acta entomol ogica serbica, Proceedings of the
Geographical Institute ,,Jovan Cviji¢c* of the SASA, Acta zoologica bulgarica and Journal
of Science (Sofia). Owing to him Archives of Biological Sciences entered the SCI list.
Prof. Dr. Curéi¢ was elected as a foreign member to the Bulgarian Academy of Sciences in
Sofia. He was the chairman of the Man and Biosphere (MAB) Committee, Comission of
Serbiafor UNESCO.

During his teaching career in the Institute of Zoology, Faculty of Biology, Prof. Curéi¢
lectured several courses, both graduate and postgraduate levels (Animal development,
Systematics and Phylogeny of Invertebrates, Human ebryology, Biology of Ageing,
Comparative Animal Development). He was the author and co-author of 28 textbooks for
secondary and university level courses. The bibliography of Prof. Curéié¢ contains more
than 600 entries. He was the author of 20 monographs as well as the editor of 20
monographs.

Prof. Cur¢ié paid special attention and support to his younger colleagues and associates,
especialy in the early days of their professional careers enabling them professional
specialisation and training in eminent foreign institutions. He was mentor of 23 master and
PhD thesis.

As a token of his scientific recognition and contribution to zoology and above all
arachnology, several new taxa of invertebrates were namked after him.

Apart from lecturing and swecientific research Prof. Cur¢i¢ held many important
professional positions at the Faculty of Biology and the University of Belgrade. Hewasthe
Director of the Institute of Zoology, Head of the Department of Animal development at the
Institute of Zoology, Vice —President, Academic Council Faculty of Biology, president of
the Council, Vice- Dean and President of the Executive Council of the Faculty.

Alongside his scientific work, Prof. Cur¢ié¢ had broad sphere of interests and knowledge on
many topics such as literature, art, languages and etnology. He was especialy interested
and well versed in ancient mythology (Greek, Roman and Slavic). That enabled him to
name new to science numerous pseudoscorpion species after various gods and deities.
Untimely death of Prof. Cur¢ié¢ in 2015 was a great loss to Serbian science, above all
arachnology and everyone who knew him. He will be remembered as a devoted and
fastidious scientist and person willing to share his broad knowledge and experience as well
as help whenever it was needed.
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SUBTERRANEAN FAUNA OF BULGARIA: GENUS NIPHARGUS
SCHIODTE 1849 (CRUSTACEA, AMPHIPODA, FAM. NIPHARGIDAE)

MOJI3EMHA ®AYHA BYT'APCKE: POJI NIPHARGUS SCHIODTE 1849
(CRUSTACEA, AMPHIPODA, FAM. NIPHARGIDAE)

Gordan Karaman?

Montenegrin Academy of Sciences and Arts, Riste Stijovica 5, 81000 Podgorica, Montenegro

Abstract: Bulgaria covers a territory of 110,994 square kilometers (42,855 sq mi), and is the
sixteenth-largest country in Europe, covered with various mountains (Rila, Rhodopes, etc.)
containing numerous caves often settled by subterranean Amphipoda. The epigean fauna of
Amphipodarelatively rich, consisting of various members of pontocaspian fauna, endemic European
and Balkan fauna as well as endemic Bulgarian fauna. Subterranean faunain Bulgariais consisting
of several families (Infolfiellidae, Bogidiellidae, Niphargidag), among them genus Niphargus
(Schibddte, 1849) is present with over 10+ known species, nearly 8 species endemic for Bulgaria
(Niphargus cepelarensisKaraman S. & Karaman G. 1959, N. bulgaricus Andreev 2001, N. bureschi
Fage 1926, etc.). New data of some species are given. Taxonomica problems of Bulgarian
Niphargus taxa are discussed.
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“CLEAN UP THE DARK” - SERBIA
NHUIHNJATHUBA ,,YUCTO ITIOA3EMJBE — CPBAJA*

Aleksandar Pegan! & Sunéana Soki¢!

! Cases cneneonouikux opranusanuja Cpouje (CCOC) e-mail: aeksandar.pegan@gmail.com
(KOOpAMHATOP WHHIMjATHBE)

Extract of the manuscript: The contribution describestheinitiative of speleological community in
several European countries, including Serbia, to remove the waste from the caves and to raise the
awareness of society about the necessity to protect karst groundwaters. Serbian initiative has been
started by the Federation of Speleological Organizations of Serbia (SSOS) and the strategy of actions
was defined, starting from creation of polluted caves database, followed by educational activities,
and at the same time, the actual removal of the waste and returning the caves to their natura
condition. The photos show the first practical activity, carried out in Delimede village (Tutin
Municipality, south-western Serbia).

Key words:. caves, waste, Clean up the Dark, Serbia
Kibyune peun: nehune, otnan, Yucto nogzemise, CpoOuja

YBoa: CneunduyHocT npodaeMa U NOKpeTamhe HAMOHAJTHIUX HHULIMjaTHBA

JluBJbe AENOHMje Y KapCTHOM HOA3EMIbY Cy HaXKaJOCT IIHMPOKO PACHpPOCTPam-EHE, Al Y
JPYIITBY je Taj MpoOJieM HeJIOBOJFHO MO3HAT WIIM YONIITE HUje nmpeno3HaT. Kpo3 npakcy
0aBJbeHbA CIIENICOJIOTHjOM — KaKO KPO3 UCTPAXUBAHA, TAKO KPO3 TPEHHHIE U €1yKaTHBHE
MOCETEe CIIENICOJIONIKMM O00jEeKTHMA, CIIEIe0J03U Cy y AWPEKTHOM KOHTAaKTy Ca OBHM
W3y3eTHUM JelloM Tpupone. 300r crenuduIHOCTH TEXHWYKHX 3Hama Koje 3axTeBa
0aBJbEHE CIIENEOIOTHjOM, OHH Cy H jeJIMHU Y MPHUJIKIM 2 Y TIOTIIYHOCTH youe mpobieme
KapCTHOT TO/3eMJba, JIOKYMEHTYjy HX, NpeJoyYe IIUpOj jaBHOCTH, WHHULUPA]y EHHUXOBO
penraBame U Oy1y TJITaBHU HOCHOIM HCTOT.

[lojennuaauna u criopaguyHa yumihema CIENeoNIONKUX o0jeKaTa Cy MmocTojalia U paHwuje,
aTd OHO INTO je 3HA4ajHO 3a JAYTOpPOYHHje U CBEOOYXBATHHUjE pelllaBame Mpobiema cy
WHUIIMjaTHBE OPTaHU30BaHE HA HAIIMOHATHOM HHUBOY.

Ilpa opraHu3oBaHa HWHHUIMjaTHBA OBE BpcTe y EBpomM je BelMKa WHHIMjATHBA
Crenreonomkor casesa Uramwuje ,,Puliamo il buio®, 3amouera 2005. rogune. CBake roauHe
Yy OKBHUPY € o1ipaau ce Behu Opoj akiyja uniiherma.

logunre 2012. y XpBarckoj ce 3al04YHbe ca OPraHU30BaHMM aKTHUBHOCTHMA BE3aHUM 3a
0aBibeme TpobiieMoM cMehia y moa3emiby. XpBaTCKH CIIENEOI03H TPUCTYIIAjy TpodiiemMy
Y3 JPYTOT yIiia U HAKOH TPH TOJMHE NPUKYIJbamkha MoJlaTaka O 3aral)eHuM CIesIeoI0mKUM
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00jeKTrMa 0’KMBJbABa]y MHUIIN]JATHBY ,,UHNCTO MOA3eMIbE", OpraHM30BaHy MPBO Ha HABOY
3arpebadyKor CIeNeosONKOT caBe3a, KOjy yOp30 NMpHXBaTajy CBH XPBAaTCKH KIyOOBH.
Onmax HakoH Mrtanuje n XpBaTcke, MHUIMjaTUBa ce WHpH U 'y CloBeHH]yY, Tlie KIyOOBU
MOYMbY ca OPraHU30BaHUM YHIINEHEM CIIEIEOIOMIKUX 00jeKara.

[lapanenHo ca mokpeTameM HAI[MOHATHUX WHUIM]ATHBA, F(bUXOB 3HA4a] OMBa MpeTro3HaT
Ha W EBPOICKOM HUBOY, oA cTpane EBporcke cmeneonomke ¢enepanuje, koja 2018.
TOAMHE JBEMa HAallMOHATHUM HHHUIMjaTHBaMa — MTAIHjaHCKO] U XPBAaTCKO] — JOJEIbYje
Harpaze 3a pa.

Uranuja, XpBatcka u CroBeHHja cy 3ajeqHO, y OKBHPY EBpOIICKE cleneonomke
benepanuje, 3amouene KpoBHy HHHIHKjaTUBY ,,Clean up the dark™ 2018. roaune, koja je
3ampaBo JIe0 TII00aHOT BOJIOHTEPCKOT mokpera ,,Clean up the world®“, y kojem cynenyje
130 3emaspa cBera. Cpouja ce 2020. npukipyuria HHUIHjaTHBH ,,Clean up the world®.

O HalOj MHULMjATHBHU

WNuunujaruea ,,Yucro momsemsbe — CpOuja‘““ je BOJOHTEPCKA HMHUIIMjaTHBA IMOKPEHYTa
2020. ronune o crpaHe Caesa crieneonolikux opranusaiuja Cpouje (CCOC).

Bankancku KapcT je mojpyyje Tako3BaHOT ,,KapuIlTa OMOJMBEP3UTETa, OJHOCHO XaOHUTYC
BeMKOT Opoja BpcTa Koje ce Mory Hahiu camMo y OBOM MOJ3eMJbY Ma je, ca HUJbEM Ja
MPUKa)KEMO BaKHOCT OYyBarba UCTOT, KA0 3AIITHTHH 3HAK CPIICKE MHHUIMjaTUBE 01a0paH
pak Ficticaris serbica, mponahen y Kpymajckom Bpeiy, HOBOOTKPHBEHH PO M BpPCTa,
JEAMHCTBEH Ha 1eNlo] TUIaHeTH. IberoBu HajONMku cpoAHun Mory ce Hahu Tek y
Awmepuiy.

Cauxa 1: Yucmo noozemme Cpouja — noeo Ficticaris serbica (Ouzaju: Huxona Ilecan)
Hwubesu:

1. dopmupame Oa3e monmaraka 3arajeHux oOjekara ca [WUJBEM IITO OOJber
carjieqaBama JMMeH3Hja pobiiema, Kao 1 0oJber IlaHupama ynihema.

2. llopnzame CBECTH y CIIEJNEOJIOLIKUM M CTPYYHHM KPYrOBHMa Kao M Yy IIHPOj
JaBHOCTH, ca IIJbEM MpeJovaBamba BAKHOCTH OYYBama KPAIIKOT MOJ3EMIba,
BErOBUX BOZAA M XHUBOT cBeTa. HacTojame na ce Kpo3 mpenaBamba, paauoOHULE U
Meaudje gonpe 10 mTo Beher Opoja JbyIu Kako OMCMO CIIPEUYHIIN Jajbe O/j1arame

118



Importance, State of the Art, and Prospective of
Utilisation and Protection of Resourcesin Kar st
Belgrade, 2022

cmeha y nmehure u jame. Unmmheme crieneonomkux odjexaTa 1 \BIX0BO Bpahame y
MIPBOOHTHO CTambe.

IlOCﬂIIaHIl-Le AKTHBHOCTH U N3a30BH

AKTHBHOCT cMO 3amouenu kpajeM 2020. roanHe, OpraHN30BameM YETHPH PAIHOHHUIIE 32
kiryOoBe Ha HUBOY CaBesa, ca muibeM OoJber MPHKYIJbamka mojaTtaka. [lman je ma ce y
OyayhHOCTH Te paIWOHUIIE MPOIIUPE U HA IIUPY jaBHOCT.

Jo cana cmo koMIuieTHUM noganuMa (HaszuB, GPS koopanHata, ToKamuTeT 00jexTa, BpcTa
ornana, pororpaduja) eBuaeHTUpaIH 25 3araljeHnx objekara, TO je Maiu Opoj, HE 3aTO
IITO UX HEMa KOJ HacC, HETO jep MMaMo Maji OpOj aKTUBHUX CIIEIEOJIOra - CAMUM THME U
MamH Opoj IoceTa CIeNeoIONIKAM 00jeKTUMAa HETO y 3eMJbaMa y PETHOHY .

Cnuka 2: [{enumehe, najasa axyuje (urycmpayuja: Cynuana Coxuh, pomo: Henao Pymenuh)

On modveTka pajia MHUIMjATHBE, OPraHU30BAIM CMO jeHO Beiauko uminheme [loHopa y
Hemumely, Onmtuaa TyTtuH, u3 kora je uzaheno npeko 30 kyOHuX merapa cmeha. Ha
aKIMju je yuecTBoBasIO 17 creneosiora BojioHTepa, U3 4 kinyba Casesa. HMako je 30 kyOuka
cmeha OrpomMHa KOJIM4YMHA, HaxainocT oBuMme uyminhewe [lonopa y [emumely nuje
3aBpLICHO. 33JI0BOJBHU CMO OJ3MBOM CIIEJICOJIora M THME ITO cMO Beh Ha moyerky pana
WHUIIMjaTUBE YCIIENH JIa pealii3yjeMo aKiijy Yniihema OBUX pa3Mepa.
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Cnuka 4: Axyuja Jenumehe

Cnuka 3: Axyuja Jenumehe (dpomo: Cymuana Coxuh)

(pomo: Cynuana Coxuh)

Jluteparypa

Jugovic J, Zaksek V, Petkovi¢ M, Sket B. 2019: A shrimp out of place. New genus of Atyidae
(Crustacea: Decapoda) in subterranean waters of southeastern Europe, with some remarks
on Atyidae taxonomy. Zoologischer Anzeiger 283, 111-123. https://doi.org/10.1016/j.jcz
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THE SUBTERRANEAN INSECT FAUNA OF SERBIA
PODZEMNI INSEKTI SRBIJE
Srecko Cur¢i¢', Nikola Vesovi¢' & Dragan Paviéevié?

Ungtitute of Zoology, University of Belgrade - Faculty of Biology, Studentski Trg 16, 11000
Belgrade, Serbia
2Krunska 15, 11000 Belgrade, Serbia

Casxerak: [loapyuje Cpbuje u nenor bankaHCKOT MOJTyoCTpBa ce KapaKTepHIle BeoMa GoraTrom
(dayHOM OCCKMYMEHaKa, Y OKBHPY KOJHX MOCEOHO MECTO 3ay3umajy MHCeKTH. OBU 3rjIaBKapH Cy
yjenHo HajooraTuja rpymna )HBOTHIbA y iehnHama Hare 3emibe. [lo13eMHa CTaHuUIIITa ca PETIaTUBHO
BHCOKHM IPOLICHTOM BJare (mehuHe U jaMme) y OKBUPY Kpeumaukux Maca CpOuje MoCiTyKuia ¢y Kao
YTOUMIITE 32 XUTPOPHIHE TAKCOHE MHCEKATA, KOJU Cy TPAKHJIIH 3AIUTHTY OJ U3paKEHE CyIlle TOKOM
MHOIIeHA. Y OBUM CTAHHIIITUMA CY CE CauyBalli OPOjHH CHACMUYHH U PETUKTHN TAKCOHHM HHCEKATA.
HacermpaBame mnoazemuux cranuinta CpOuje o cTpaHe HMHCEKaTa je Mo4eao BeoMma JaaBHO (Y
Tepurjapy) v HUje TEKJIO ICTOM OpP3MHOM TOKOM €BOIYIHOHE rcTopHje. Y CpOuju cy eBHICHTHPaHA
MPUIAHUAL TPU KaTeropuje nehnHckux nHcekaTa nmpemMa CTerneHy NpHiaaroheHoCTH Ha OopaBak y
MOJI3EMHUM YCJIOBUMA: TPOTJIOKCEHHU, TPOrIO(UIN U TPOroOHOHTH. McnuTHBama MOJ3EMHUX
uHcekara CpOuje 3amouerna cy jorr mouetkoM 20. Beka 01 CTpaHe HHOCTPAHHUX UCTPAKUBAYa, a TPajy
cBe 10 AaHammux nana. Ha moxpydjy CpOuje, MOA3eMHHM MHCEKTH CY PETHCTPOBAHH Y OKBHPY
penosa Collembola (13 takcona), Diplura (3 takcona) u Coleoptera (56 takcona). Ilehune u jame
HaIlle 3eMJbe Cy oceOHO Oorate mpunaaHuIMa ase nopoauiie peaa Coleoptera (TBpIOKPHIIH) —
Carabidae (tpuyseiin) u Leiodidae, y okBupY KOjUX MMOCTOje OpOjHE CHASMHYHE BPCTE U POJOBH.
Ckopo 1entokymHa ayHa moa3eMunx nacekara Cpouje je HacTaa o/ CTape MUPKyM-MEIUTCPAHCKE

¢ayHe.

Key words:. Insecta, hypogean fauna, cave-dwelling, troglobites, Balkan Peninsula
Kibyune peun: nHCekTH, (hayHa, MehHMHCKO CTAaHHIITE, TPOTIIOONTH, bankaHCKo MOIyocTpBO

I ntroduction

Caves, pits and deep soil layers represent a specia environment that is under the weak
influence of external climatic factors. In this special environment, there is a higher
percentage of moisture and a lower temperature compared to the soil surface. Also, the
fluctuations of external factorsin caves and pits during the day and in different seasons are
much lower in the subterranean environment than in habitats above the ground. Hypogean
habitats are therefore inhabited by specialized groups of animals, especially arthropods,
within which insects dominate (Brajkovi¢ & Curéi¢, 2008).

In our country, within the limestone masses there are subterranean habitats (caves and pits)
with arelatively high percentage of moisture that served as refugia for hygrophilous taxa
of insects, which needed protection from severe drought during the Miocene. Endemic and
relic taxa (genera and species) of insects have been preserved there. The colonization of
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subterranean habitats in Serbia by insects began in the Tertiary. This process has not
proceeded at the same speed throughout evolutionary history (Brajkovi¢ & Curci¢, 2008).

In the entomofauna of Serbia, three types of subterranean inhabitants have been recorded:
(i) trogloxenes (accidentally or temporary arrived in caves — brought by water flow, falling
through cave fissures, overwintering, epizoic; they are not adapted to life in cave
conditions) (Fig. 1A); (ii) troglophiles (adapted to life in caves, but occur aso in the soil
and in similar habitats; they do not have morphological and ecophysiological adaptations
for life in caves) (Fig. 1B); and (iii) troglobites (true cave forms, with numerous adaptive
modifications for subterranean life: lengthening of appendages, loss of pigmentation,
reduction of eyes and wings, possession of numerous sense organs, disappearance of
circadian rhythm, etc.) (Fig. 1C) (Cur¢ié¢, 2011).

Fig. 1. Three types of insects based on

adaptation to lifein the subterranean habitats

of Serbia. A trogloxene — moth Scoliopteryx

libatrix (Linnaeus, 1758) (A); atroglophile —

rove beetle Quedius (Microsaurus)

mesomelinus (Marsham, 1802) (B); a

troglobite — ground beetle Duvalius

(Paraduvalius)  stankovitchi  georgevitchi

(Jeannel, 1924) (C). Photos N. Vesovié. Fig. 2. Selected subterranean hexapods found in
Serbian caves. A troglophilic springtail of the
genus Tomocerus Nicolet, 1841 (A); troglobitic
dipluran Plusiocampa (Stygiocampa) christiani
Condé & Bareth, 1996 (B); troglophilic cricket
Troglophilus neglectus Krauss, 1879 (C);
troglobitic ground beetle Duvalius
(Paraduvalius) petrovici S. Curcié, Vrbica, Antié
& B. Curcié, 2014 (D). Photos N. Vesovic.

History of entomological biospeleological research in Serbia

Research on the Serbian cave-dwelling insect fauna began early in the 20th century. In

1904, ablind leiodid beetle, Magdelainella serbica (Miiller, 1904), was described by Josef

Miiller from a cave on Mt. Ovcar (western Serbia). From 1923 to 1933, several scientific

expeditions undertaken by foreign biospeleologists and supported by some Serbian

scientists contributed to a better knowledge of the insect fauna of Serbian caves (Jeannel,
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1931, 1933). In 1960, a group of scientists from the Karst Research Institute in Postojna
(Slovenia) explored several cavesin southeastern Serbiaand discovered one new hypogean
beetle species (Pretner, 1963). Since the last decades of the 20th century, entomologica
investigations of Serbian caves have been intensified under the leadership of severa
Serbian (Bozidar Curéi¢, Guido Nonveiller, Sre¢ko Curéié, Dragan Pavicevi¢, Ivo
Karaman, Luka Luci¢) and foreign scientists.

Therichness of the subterranean insect fauna of Serbia

Serbiais known for its moderately rich hypogean insect fauna. Among the troglophiles, it
is worth mentioning the presence of cave crickets belonging to the order Orthoptera [three
subterranean species of the genus Troglophilus Krauss, 1879 (family Rhaphidophoridae)
(Fig. 2C), of which T. brevicauda Chopard, 1934 is a Balkan endemic] (Karaman et al.,
2011). Concerning the troglobitic insect fauna of Serbia, the members of the following
orders have been recorded: Collembola, Dipluraand Coleoptera. A total of 72 subterranean
taxa (species and subspecies) of insects are known from Serbia to date (Table 1). Genera
which are endemic to the hypogean habitats of Serbiaare Serbiella Luci¢, 2001, Trojanura
Luci¢ & Stankovi¢, 2002, Bozidaria S. Curt¢i¢ & Pavicevié, 2021, Glabroduvalius Vrbica,
S. Cur¢i¢, Anti¢ & B. Cur¢i¢, 2013, Pavicevicia Perreau, 2008 and Velesaphaenops S.
Cur¢ié & Paviéevié, 2018. All the genera are monotypic, except for Pavicevicia, which
includes two subterranean species (Curéié¢ et al., 2022). The number of troglophilic and
trogloxene insect species in Serbia is many times higher than the current number of
troglobitic species.

Many endemic forms of springtails (order Collembola) inhabit the hypogean habitats of
Serbia. Most are adapted to life in caves, being either troglobites or troglophiles (Fig. 2A).
Troglobites are certainly the most interesting among the Serbian subterranean Collembola
Thirteen troglobitic springtail species are known in Serbiato date (Table 1) (Curgié et al.,
2022).

Three endemic troglobitic species of diplurans (order Diplura) belonging to the family
Campodeidae are recorded in Serbia (Fig. 2B; Table 1) (Sendra et al., 2021).

Beetles (order Coleoptera) are one of the most important terrestrial animal groups that
inhabit hypogean habitats. Most subterranean species belong to the families Carabidae
(ground beetles) and Leiodidae (round fungus beetles). Thirty-two subterranean ground
beetle taxa belonging to the tribe Trechini are recorded in Serbia (Cur¢i¢ et al., 2022).
Among them, the genus Duvalius Delarouzée, 1859 (Fig. 2D), with its 25 hypogean taxa,
is the richest among all subterranean insects from Serbia. The recent findings of two new
aphaenopsoid highly specialized species of ground beetles to science (Velesaphaenops
tarensis S. Cur¢i¢ & Paviéevié, 2018 and Acheroniotes lethensis S. Curci¢ & Pavidevié,
2018) from western and southwestern Serbia were unexpected and are very important
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(Cur¢i¢ et al., 2018). The subterranean leiodid fauna of Serbiais moderately rich, with 22
taxa. Within the tribe Leptodirini, the genera Pholeuonopsis Apfel beck, 1901 and Remyella
Jeannel, 1931 are the most speciose, with six and five hypogean species in western and
southwestern Serbia, respectively. The latter genus includes highly specialized
representatives inhabiting the subterranean sites of the Pester Plateau (Curéi¢ et al., 2022).

Table 1. Number of subterranean insect taxa (species and subspecies) present in Serbia

Order Family Genus Number of taxa
Collembola Arrhopalitidae - 1 Arrhopalites - 1 13
Entomobryidae - 2 Bonetogastrura - 1
Hypogastruridae - 1 Heteromurus - 1
Neanuridae - 1 Hymenaphorura - 1
Neelidae- 1 Onychiurus - 4
Onychiuridae - 6 Neelus- 1
Sminthuridae - 1 Protaphorura - 1
Pseudosinella - 1
Serbiella- 1
Trojanura - 1
Diplura Plusiocampidae - 3 Plusiocampa - 3 3
Coleoptera Carabidae - 32 Acheroniotes - 1 56
Leiodidae - 22 Bozidaria - 1
Staphylinidae - 2 Bryaxis - 2
Duvalius - 25
Glabroduvalius - 1
Magdelainella - 5
Pavicevicia - 2
Pheggomisetes - 4
Pholeuonopsis - 6
Proleonhardella - 3
Remyella - 5
Velesaphaenops - 1
Tota 11 23 72

Diversfication of the subterranean insect fauna of Serbia

Almost the entire subterranean insect fauna of Serbia originated from the old circum-
Mediterranean fauna (Kresi¢, 1988). The enormous diversity of the cave-dwelling insect
fauna of Serbia and the Balkan Peninsula in general can be explained by the following
causes: (i) the diversity of the surface faunathat inhabited the proto-Balkan land in the past;
(ii) the continuity of terrestrial phases in various parts of the Balkans and the
Mediterranean; (iii) the presence of limestone sediments and the evolution of the
subterranean karst relief; (iv) the succession of climatic conditions that have favorably
influenced the colonization of hypogean habitats, and (v) the divergent differentiation of
various groups of insectsin alarge number of isolated niches created during the genesis of
the subterranean karst relief (Cur¢i¢, 2011).
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Caxerak: [lehune, kao ekcTpeMHa CTaHHMINITa Ca aCTIEKTa YCIIOBA KOjU BiIajajy y HbHUMa, cy Io3HaTe
Kao JIOM pa3IMYUTHX Tpylla OpraHH3ama, yIJIaBHOM 3rjaBkapa. CBakako, HajUHTEPEHCAHTHHUjH
Meh)y muma cy npaBu nehMHCKM CTAaHOBHUIM — TPOTJIOOMOHTH — KOj€ KapaKTEpHUIly pa3iIn4HTe
MopdoJtomke, (U3HONOIIKE M ETOJOIIKS aJanTaldje Ha YCJIOBE KOjU BIAAajy Yy MOA3EMIbY.
BankaHCKO TOJNYyOCTPBO je ONABHO TIO3HATO Kao jeAHa OJ CBeTckux Bpyhux ,,ravaka”
OuonuBep3uTeTa moa3eMHe QayHe, mpu yemy Diplopoda Hucy wm3yserak. Y cBery je IO cazia
ommcaHo oko 400 TPOTIOOMOHTHUX JUILIONONA, a OJ Tora Opoja oko 150 U3 moA3eMHUX CTaHMINITA
Bankana, mro ra 9uHHA HajOOTAaTHjUM PETHOHOM Kaja Cy y IMTalky OBH 3riaBkapu. Y Cpouju je mo
camga ommcao wid 3abenexeHo 29 TpormoOHMOHTHHX auiuionona (mpudmmkHo 30% menokymHe
¢dayne), m3 14 pomoa, miect mopoamia W detupu pema. Omx oeor Opoja, wak 27 Bpcra Cy
creroeHemut CpOuje MO3HATH M3 CBera jeJHE WIM HEKOJUKO mnehuHa onpeleHe TUIaHUHE WU
Mamer peruoHa, 10K cy Bpcre Haasea vidinensis (Strasser, 1973) u Serboiulus spelaeophilus
(Gulicka, 1967) ennemuTtn mo3natu u3 nehuna wcroune CpOuje W 3amajHe M CeBepo3anajHe
Byrapcke. Tpeba ncrahu na nopexn 3HauyajHOr Opoja SHAEMHUYHHUX TPOTIIOOMOHTHUX IMILIONOJA,
nehure Cpbuje HacTamkyjy TAKCOHH KOje MOKEMO CMaTpaTH PEMKTHMA, Kao mTo ¢y Hyleoglomeris
faberi (Makarov et al., 2013) unu pox Lamellotyphlus (Tabacaru, 1976).

Key words:. caves, endemic, millipedes, troglobites, Balkan Peninsula
Kibyune peun: nehuae, eHIEMCKe BpCTe, MIIAIIE AN, TPOTIIOOHOHTH, baikaHCKO MOIyoCTpBO

Introduction

Caves have fascinated biologists for nearly two centuries due to their interesting, unique,
and sometimes bizarre fauna. Despite being extreme habitats that differ from surface ones
primarily in the absence of light, relatively constant temperature, reduced oxygen
concentration, high humidity, and lack of food, caves are still home to a diverse range of
terrestrial and aquatic animals, primarily arthropods (Anti¢ 2020). Troglobites, or true cave
creatures, which spend their entire life cycle in caves and have numerous morphological,
physiological, and ethological adaptations to cave conditions, are of particular interest to
scientists. The most noticeable morphological adaptations of these animals are
depigmentation of the body, partia or complete reduction of the visual organs, as well as
elongation of the appendages (Karaman et al. 2015). In addition to these obvious changes,
there are a number of other morphological adaptations that can be seen in various groups
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of cave organisms as aresult of a specific way of life in the microhabitats of these extreme
subterranean milieus (Anti¢ 2020).

One of the groups of terrestrial arthropodsthat isrelatively well represented in underground
habitats is the class Diplopoda (subphylum Myriapoda). With over 12,000 described
species, this megadiverse group includes around 400 troglobiotic species found in caves
worldwide (Anti¢ 2020), including the deepest recorded terrestrial organism ever—
Leucogeorgia profunda Anti¢ & Reip, 2020—found in the caves of the Caucasus up to a
depth of -2204 meters (Anti¢ 2021). The Balkan Peninsula is one of the richest regions,
with approximately 150 presumably troglobiotic millipedes (Anti¢ 2020), with a significant
number of taxain Serbia (Table 1).

A brief history of the discoveries and descriptions of troglobiotic millipedesin Serbia

Egon Pretner, a well-known Slovenian biospeleologit, is "to blame" for the discovery of
the first troglobiontic millipede in Serbia. Based on the material collected by him in
Ravanicka Cave, the well-known European diplopodologist Carlo Strasser described the
first troglobiontic millipede in Serbia, Serbosoma crucis (Strasser, 1960). Strasser (1962,
1971) described severa more troglobites from Serbian caves based on materia aso
collected by Pretner. In this period, the Romanian expert Ceuca (1964) contributed to the
knowledge of Serbian cave millipedes too. After 1971, there was a significant gap until
1988, when the Slovenian pedobiologist Mrsi¢ (1988) described a single cave millipede
from southern Serbia. Around the turn of the century, Serbian diplopodology began to
flourish. In the last two and a half decades, thanks to mostly Serbian experts led by
Slobodan Makarov and, lately, Dragan Anti¢, 20 troglobiotic millipedes have been
described, including seven new genera (Antié et al. 2020, 2022; Curéi¢ & Makarov 1998;
Curéi¢ et al. 2007, 2008; Makarov et al. 2003, 2012).

Diverdgity of troglobiotic millipedesin Serbia

So far, 29 presumably troglobiotic millipedes (ca. 30% of fauna) from 14 genera, six
families, and four orders have been discovered in Serbia, of which even 22 are Carpatho-
Balkan taxa. There are as many as 27 Serbian stenoendemics known only from one or a
few caves (Table 1). The family Anthroleucosomatidae has the most troglobites (12
species). These species are members of six Serbian local endemic genera: Cornogonopus
Anti¢, 2020; Belbogosoma Cur¢i¢ & Makarov, 2008; Dazbogosoma Makarov & Curéié,
2012 (Fig. 1C); Perunosoma Cur¢i¢ & Makarov, 2007; Serbosoma Curéi¢ & Makarov,
1998 (Fig. 1D) and Svarogosoma Makarov, 2003. In addition, Serbia is home to three
regional Carpatho-Balkan endemic troglobiotic genera: Balkanodesminus Anti¢ et al., 2022
(Fig. 1B) Lamellotyphlus Tabacaru, 1976; and Serboiulus Strasser, 1962 (Fig. 1F). All the
other troglobiotic millipedes in Serbia are from genera with a wider distribution. Aside
from the fact that the mgjority of them are stenoendemics, some, such as Hyleoglomeris
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faberi Makarov et al., 2013 (Fig. 1A) or Lamellotyphlus, can be considered relicsthat found
refuge in the underground habitats of Serbia. Finally, the stenoendemic Typhloiulus
bal canicus Anti¢, 2017 (Fig. 1E), should be mentioned since it is one of the few millipedes
in the world with modified mouthparts for afiltering diet and leads an amphibious life in
caves (Anti¢ et al. 2017).

Table 1. Presumably troglobiotic millipedesin Serbia

Brachydesmus gjenicae Makarov & Anti¢, 2013

Family Species L ocalities

Glomeridae Hyleoglomeris faberi Makarov et al., 2013 near Krupanj (one cave)
Brachydesmus femoralis Makarov, 2008 Mt. Tara (afew caves)

Polydesmidae Brachydesmusjalzici (Mrsi¢, 1988) near Klina (one cave)

near §enica (one cave)

Polydesmus undeviginti Strasser, 1971

Mt. Zljeb (one cave)

Trichopolydesmidae

Bal kanodesminus serbicus Anti¢ et al., 2022

Mt. Kalafat (one cave)

Anthroleucosomatidae

Belbogosoma bloweri Curtié & Makarov, 2008

Mt. Tupiznica (one cave)

Belbogosoma stribogi Anti¢ & Makarov, 2014

Mt. Rtanj (afew caves)
Slemen (one cave)

Cornogonopus pavicevici Anti¢, 2020

Homoljske Mts (one cave)

Dazbogosoma naissi Makarov & Curéi¢, 2012

Mt. Kalafat (one cave)

Dazbogosoma mokoshae Sevié¢ & Antié, 2022

Mt. Ozren (one cave)

Perunosoma trojanicum Curéi¢ & Makarov,
2007

Svrljiske Mts (a few caves)

Serbosoma beljanicae (Curéié & Makarov,
1998)

Mt. Beljanica (afew caves)

Serbosoma crucis (Strasser, 1960)

Kucaj Mts (a few caves)

Serbosoma kucajense (Curéié & Makarov,
1998)

Kucaj Mts (two caves)

Serbosoma lazarevense (Ceuca, 1964)

Kucaj Mts (a few caves)

Serbosoma zagubicae (Curci¢ & Makarov,
1998)

Mt. Beljanica (one cave)

Svarogosoma bozidarcurcici Makarov, 2003

Mt. Suva (one cave)

Haasea makarovi Anti¢ & Akkari, 2020

Kamena Gora (one cave)

Haasea microcorna (Strasser, 1971)

near §enica (afew caves)

Haaseidae Mt. Javor (one cave)
- . east Serbia (afew caves)
Haasea vidinens's (Strasser, 1973) northwest Bulgaria (one cave)
Lamellotyphlus belevodae M akarov, 2008 Mt. Miro¢ (one cave)
Lamellotyphlus sotirovi Makarov et al., 2002 Mt. Miro¢ (one cave)
Serboiulus deglemanni Strasser, 1971 near Pirot (two caves)
. . Mt. Tupiznica (one cave)
Serboiulus kresnik Makarov, 2013 Mt. Stara Planina (two caves)
Julidae Serboiulus lucifugus Strasser, 1962 Svrljiske Mts (three caves)

Serboiulus spelaeophilus Gulicka, 1967

east Serbia (two caves on Mt.
Stara Planina)

northwest Bulgaria
(numerous caves)

Typhloiulus balcanicus Anti¢, 2017

Mt. Stara Planina (two caves)

Typhloiulus nevoi Makarov et al., 2002

Mt. Vidli¢ (two caves)
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Fig. 1. Some troglobiotic representatives of Serbian millipedes. A. Hyleoglomeris faberi,
(Glomerida); B. Balkanodesminus serbicus (Polydesmida); C. Dazbogosoma mokoshae
(Chordeumatida); D. Serbosoma kucajense (Chordeumatida; E. Typhloiulus balcanicus
(Julida); F. Serboiulus lucifugus (Julida). Photos A, B, modified after Makarov et al. 2013
and Anti¢ et al. 2022 respectively. Photos C-F by Dragan Antic.

Given Serbia's geographical location, as well as the rate at which troglobiotic Diplopoda
are discovered and described, it is clear that we can expect new and interesting cave
millipedes from our country in the future.
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BAT FAUNA IN CAVES OF SERBIA
CJIEIIM MUIIEBH Y IERUHAMA CPBUJE
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Extract of the manuscript: Usnoxenu cy objeaumeHn moganu o nmehMHCKUM BpCTama CIenuX
MHUILEBA U BUXOBUM Haj3HAYajHUjUM ITOJ3€MHUM IIPUPOAHUM CcKIoHHIITHMA — iehuHama y Cpouju.
VY 177 nehuna u 19 apyrux moA3eMHUX NPUPOIHUX CKIOHUINTA 3a0eNIeKeHO je 25 BpCTa Clenux
MumeBa oj ykynHo 31 perucrtpoBane. Hajuemhu ciiemn MMINEBH Yy TNOJ3EMHHM INPHPOJHUM
ckioHuTHMA ¢y mpunagauim Bpera Rhinolophus ferrumeguinum, Rhinolophus hipposideros,
Miniopterus schreibersii i Rhinolophus euryale. Craka Bpcta je oncepBupaHa ¢ acnekra 6poja u
¢bpekBeHunje Hanaza y rehuHama, cTatyca y MelyHapomaHMM JOKyMEHTHMa M HAIMOHAJTHOM
3aKOHOJABCTBY, NPOLICHA YTPOXXCHOCTH U OPOJHOCTH, T€ PeNpoAyKLIHoHOr ctaTyca y Cpouju. Ox
62 HajBakHHMja HamaswmTa cienux MumeBa y Cpouju, 48 cy mehmue. 3a 15 BUX cy HaBeACHU
mojamy o Opojy Hal)eHHX BpcTa, KOJOHUja M jJeIMHKH CICIIX MUIIEBA y BAMA, FBUXOBe (PyHKIHje
Y )KHBOTY CJICIINX MHLIEBA, KA0 U CTATyCHMa ypel)eHOCTH 3a TypHCTHYKE IIOCETE U CTATYCY 3aIUTUTE.
XKespa je ayTopa aa ce OBUM paJioM IOJCTaKHY HOBa OHOCIIENEOJIOIKA UCTPaXKHUBabha U MOJIPIKE
aJIeKBaTHA 3allTHTAa U OYYBab€ CIIEJEONIONIKIX 00jeKaTa U lUX0oBe (ayHe IMyTeM MHTCH3UBHpamba
UCTpakuBama MehuHCKe (ayHe CICMUX MHUIIEBA M MPUMEHE NOOHjCHUX pe3yiTara y MpakKcCH
3allTUTE U 04yBarbha MPHPOJE.

Key words. Cave-dwelling bats, Serbia
Kibyune peun: Crertn mumieBn y nehnnama, Cpouja

Introduction

As elements of nature, bats play an important, indispensable role in every terrestria
ecosystem. Therefore they are extremely sensitive bioindicators of the state of the
environment, habitats and roosts in which they live (Paunovi¢ et al., 2020). Bats establish
biological contral of the number of those insects that are assigned the epithet of harmful to
health of humans and animals or to forests and agricultural crops, and thusthey perform an
important ecological service (Paunovi¢ et al., 2020). Due to their significance in nature,
combined with the high degree of threats to their individuals, species, habitats and roosts,
the bats have a prominent position in many international and national documents in the
field of nature conservation.

Influence of bats on the diversity of the cavernicolouswildlifeis of particular importance.
The underground organisms, in artificial underground facilities, in absence of primary
organic production, are completely dependent on the intake of organic matter from the
external environment. The most significant form is certainly the one performed by
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trogloxene and troglophilous animals that accidentally or regularly enter them due to their
specific way of life and leave excrement or parts of their prey in their underground roost,
but also end their lives there for various reasons. Organic matter introduced in this way is
the source of life for abundant troglophile and troglobiont fauna and fungia. So, speleo-
objects in Serbia represents diversity hotspots for endemic species, primarily troglobiont
invertebrates (Radovanovi¢, 1950; Curéié¢ et al., 1997). Therefore the intake of organic
matter by bats may be considered crucial for survival of these fragile, partially or almost
completely isolated subterranean ecosystems and their elements, and it is necessary to pay
specia attention to bats from the aspect of biospel eology.

On the other hand, underground speleological objects often represent a meeting point of
diverse paleontological and archaeological assets, so it is necessary to understand the
importance and impact of bats on their conservation in natural conditions (Paunovi¢, 2000).
In this way, apart from the biospeleological values, bats also have a direct impact on the
geological and cultural assets of the caves.

Batsin caves of Serbia— an overview of results

Over the last 60 years, bats have often been the topic of short- and long-term research in
Serbia, but the results have only been synthesized recently. To thisday, 31 bat species have
been found in the country, at 606 sites (Paunovié et al., 2020). Out of this number, 238 are
underground roosts of different types, of which cavesare by far the most common (n=177).
Among the bat species recorded in Serbia, only six were never recorded at underground
sites— Nyctalus leideri, Pipistrellus pygmaeus, P. nathusii, P. kuhlii, Vespertilio murinus
and Tadarida teniotis. All the other 25 species have been found roosting in underground
sites, whether regularly or occasionally.

Three species known from very few sites have been found exclusively in caves
(Rhinolophus blasii, Rhinolophus mehelyi and Plecotis macrobullaris), while the 11
species have been predominantly, but not regularly, found in natural underground roosts.
For ailmost all of these species, the crucial stages of the life cycle — hibernation, transitory
movement and reproduction — take place in their underground roosts. The remaining 11
species tend to use underground roosts less frequently. The most common bats in
underground natura roosts are Rhinolophus ferrumequinum, Rhinolophus hipposideros,
Miniopterus schreibersii and Rhinolophus euryale, but the composition of fauna depends
on ecological characteristics of species, each roost and surrounding habitat, the geographic
position and climate.

All bat species are strictly protected in the country under the Law on Nature Protection

(Sluzbeni Glasnik, 14/16) and its by-law, the Regulation on Proclamation and Protection
of Strictly Protected and Protected Wild Species of Plants, Animals and Fungi (Sluzbeni
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Glasnik, 32/16). Only 8 species have been categorized as threatened at the national level
by the IUCN categories of threat, starting from “near threatened” NT and higher.

The species at the highest risk of extinction in Serbia (EN) is Rhinolophus mehelyi. Its total
population in Serbia includes less than 200 individuals, while only 4 roosting sites have
been known until fairly recently. Two other species have been assessed as vulnerable (VU)
in Serbiaz Rhinolophus blasii and Plecotus auritus. Although their populations and
ecological parameters differ, their abundances in this country have declined over the last
10-15 years, while several former known roosting sites seem to have been abandoned.

Based on colony size/number of roosting individuals, 62 bat roosting sites in Serbia out of
606 recorded localities are regarded as important (Paunovi¢ et al., 2020). Most are natural
underground sites, almost exclusively caves — 48 in total. Six of these sites are classified
as very important, 24 as important and 18 as moderately important depending on the
number of roosting species and individuals. Thirty-seven natural underground sites (mostly
caves) are protected in Serbia as natural monuments under the Law on Nature Protection
(Sluzbeni Glasnik, 14/16), mostly based on geological and cultural considerations, while a
number of other sites are protected as part of wider protected areas. The presence and
richness of the bat fauna are used only very occasionally asacriterion in the evaluation and
categorization of underground roostsin Serbia.

Table 1 presents an overview of the 15 most significant bat caves in Serbia, with data on
recorded number of species, number of recorded bat colonies and average total number of
individuals, data on the functional type of roost, arrangement of cave for tourist visits, and
protection status.

In the most important caves, bats may live in colonies, aggregations or individualy. The
number of individualsin the colonies is between 2,000 and 3,000 individuals. The largest
number of individuals was recorded during the hibernation period in the Vernjikica cave
near the village of Zlot in Bor municipality (Paunovi¢, 2004). The largest number of species
was recorded in the Petnicka, Lazareva, Ravanicka and Vernjikica caves. Functional types
of caves for certain life stages of bats are of particular importance. They are crucia for
evaluation of caves as roogts for bats. This type of data may be determined only through
year-round and long-term monitoring, while their absence does not alow a high-quality
biospeleological evaluation of these natural underground shelters. Finaly, only four of the
15 most important caves have been properly arranged for tourist visits, and they include
three of the most important ones. Eight caves are already protected by law as natural assets,
including al four of the most important ones. On the other hand, all important caves with
organized human activity also show significant shortcomings in the approach to
organization. Elimination of these shortcomings would relieve the existing troglofaunaand
bat fauna of the pressure of inadequate organization and protection measures and thus
facilitate further survival.
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Table 1. Most significant bat caves with details on bat species recorded, number of bat
colonies/average total number of bat individuals, functional type of roost, data on cave
arrangement for tourism purposes, issued protection (according to Paunovi¢ et al. 2020,
modified).

Number of bat Bat roost type
Bat colonies/ (Winter, Cave
Significant bat cave species average total Transitory, arranged for | Protection
recorded number of Summer, Nursery, tourism
individuals Copulatory)

Petnicka pecina 14 2/>1.000 NWTC Yes Yes
Lazareva pecina 13 1/3.000 WTS Yes Yes
Ravanicka pecina 11 2/1.000 NWTC No Yes
Pecina Vernjikica 10 3/35.000 WTS Yes Yes
Cebiéa pecina 9 1/500 SWTC No No
Pedina Toplik 8 1/1.500 NWTC No No
Pecina Pecurski 7 3/10.000 NTW No No
kamen

Dubocka peéina 7 3/1.500 WTC No Yes
Grada$ni¢ka peéina 7 3/1.500 NWTC No Yes
Canetova pecina 7 1/2.000 WT No No
Hadzi Prodanova 6 1/2.000 NTC Yes Yes
peéina

Radovacka pecina 5 1/>1.000? STW No No
Deguri¢ka peéina 5 1/4.000 NTC No No
Popsicka peéina 5 1/1.500 NWT No Yes
Salitrena peéina 4 1/1.500 NWT No No

Conclusions

The presented data provide a foundation for recognizing the great importance and key
contribution of the fauna of cave-dwelling bats to the survival and diversity of the
troglophile and troglobiont fauna. Until recently, the fauna of cave-dwelling bats was not
sufficiently known, and the existing data were not consolidated. Therefore, the assessment
of speleological values is based mainly on geological, cultural and those biospel eol ogical
research results related to troglobiont fauna (Purovi¢, 1998; Paunovi¢, 2000). Only recently
the results of research on the bat fauna of Serbia were systematized and unified (Paunovi¢
et al., 2020), including species that prefer underground natural roosts, especialy caves. In
addition, anumber of expert studies on the protection and preservation of immobile natural
assets has finally started to include bats as elements of assessment and evaluation (e.g.,
Nesic¢ et al., 2008). However, in practice, there are till very few examples of application
of adeguate measures for the protection of cave fauna in controlled and arranged
speleological objects in Serbia. The measures are till focused on the protection and
conservation of the visible, tangible and aesthetic e ements and features of the caves, while
the living organisms are, as arule, in the background. Also, in practice, there are frequent
cases of applying insufficiently effective or implementing completely wrong measures,
where the good will of the editor may be glimpsed, but apparently without sufficient
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information and knowledge (for example, incorrect choice of lighting sources, inadequate
physical barriers). Therefore, the authors hopes that this paper will encourage new
biospeleological research and support the protection and preservation of speleological
objects and their fauna by intensifying the research of cave fauna of bats and applying the
collected resultsin the practice of nature protection and conservation
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Exctract of the manuscript: On the basis of the present knowledge 77 species of pseudoscorpions
are known from Serbia, belonging to 12 genera and four families. This number of pseudoscorpion
species, both epigean and endogean isthe result of investigations carried out by foreign and domestic
arachnologists. Out of 77 known pseudoscorpion species 36 are subterranean, 32 are epigean, four
endogean, three are mostly epigean (with one record from caves), one is troglophilic and one is
Synantropic.

Of four recorded pseudaoscorpion families that inhabit Serbia three families have at least
one cavernicolous species (family Chernetidag), 11 species belong to the family
Chthoniidae whilst family Neobisiidae comprises 25 species.

The family Chthoniidae has 11 species. Of these 6 belong to the genus Chthonius C.L.
Koch, 1843, two species pertain to the genera Ephippiochthonius Beier, 1930 and
Globochthonius Beier, 1931 each. The genus Neobalkanella Cur¢ié¢, 2013 comprises one
Species.

Thefamily Neobisiidaeisthe most numerous onewith 25 species pertaining to three genera
altogether. The genus Acanthocreagris Mahnert, 1974 is represented with only one
species, the genus Neobisium Chamberlin, 1930, with 7 species, whilst the genus Roncus
L. Koch, 1873 is most numerous one comprising 17 species.

The family Chernetidae is represented with only one genus — Allochernes Beier, 1932 and
one species. The turbulent geomorphological past of the karst in Serbia created numerous
different undergrounghabitats (crevices, potholes, caves, ponors). Well developed
underground karst relief gave shelter to populations of different epigean (arthropod-
arachnid) groups that escaped unfavourable climatic and other changes. Such protected
subetrranean refugia favored the process of underground speciation which resulted in a
large number of endemics and relicts. Out of the total number of pseudoscorpion species
recorded in Serbia, 56 are endemic to the country.

In 1929 emminent Serbian zoologist and arachnologist Jovan Hadzi erected first

cavernicol ous pseudoscorpion species from Serbia— Neobisium (Blothrus) karamani. Forty

three years|ater young arachnol ogist Bozidar Cur¢ié¢ described three chthoniid species new

to science (Chthonius (C.) iugodavicus, C.(C.) latidentatus and Chthonius
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(Globochthonius) pancici. Since 1972 intensive and extensive investigations of
pseudoscorpion fauna in Serbia carried out by Prof. Dr Bozidar Cur¢ié¢ alone or together
with his collaborators resulted in erecting one new genus and numerous species and
subspecies new to science, both epigean and endogean (69 % of the total number of
pseudoscorpion species and subspecies recorded in Serbia).
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JOVAN IVKO DRASKOCI AND RESAVA CAVE-A CONTRIBUTION
TO THE HISTORY OF THE RESAVA CAVE

JOBAH UBKO JPAIIIKOIN N PECABCKA IIERUHA
- ITPUJIOI' UCTOPUJATY PECABCKE IIERUHE —

Musopan Kianukosuht

3apog 3a sawrury npupozae Cpbuje, Janancka 35, 11070 Hosu Beorpan;
milorad.klickovic@zzps.rs

Extract of the manuscript: The direct connection between the name of Jovan (Ivko) Daskoci and
his research work on the Resava Cave has not been established, even if his contribution to the
research of Gornja Resava is immeasurable. Draskoci was known by both names "Jovan-Ivko".

Key words: Resava Cave, Jovan Ivko Draskoci, Divljakovac Cave, the History of Resava Cave,
Divljakovac, Gornja Resava

Kibyune peun: PecaBcka mehmna, JoBan MBko [pamkory, /IuspakoBauka nehwHa, mcropuja
Pecarcke nehune, /Iuspakosar, ['opma Pecaa

OTtkpuBame PecaBcke nehune
Pao , Ilehune, 6e30ane u nomkanune uzéopumima Pecage” Josan /Ipawkoyu, 1955

I'oToBO na Hema Tekcta o PecaBckoj nehunn u meHOM HcTOpHjaTy, a Aa ce Mel)y nmpBuM
ucTpaxuBaunma He HaBoau J. [pamxomm (1955), HapounTo y mmpeM KOHTEKCTy. Y
OKBHpY HWCTpa)XHMBama HCTOpUjaTa HWCTpaKMBamkba W OTBapama PecaBcke mnehuHe
aHaym3upad paja Joeana Jlpamkonuja ,Jllehinne, Oe3maHe W MOTKANMHE M3BOPHINTA
Pecase”, xoju 1aje moBo/a 3a rope HaBeneHO. Pan je 00jaBibeH Ha | KOHTpecy cneneornora
Jyrocnasuje y JbyOsbanu.

VY pamy je nmara wcuprHa CKuIa-Kapta u3Bopumra PecaBe (ropmu Tok PecaBe) ca
Ha3HAaYeHNM TaJa TNO3HAaTUM mehMHamMa W JOPYruM CIIENEOJOIIKUM O00jeKTHMa OBOT
noapyyja — ciuka 1. Ilpema mosoxkajy, o0jektu mon Opojeeuma 38, 39, 40 u 41, Ou
MpUOJIMKHO MOTJH ojroBaparu PecaBckoj, ogHocHO JlMBibakoBaukoj nehuHu. Y muctom
pay HaBelleHy CKHILy IIpaTH U JMCTa ca Ha3uBMMa o0jekara — ciuka 2. Ha muctu Hu jenan
o]l HaBeJIeHnX oOjekaTa He oxarosapa JlueikakoBaukoj nehuau. To ce HeTMMUYHO MOXKE
3aKJBYYUTH U JETaJbHUM TNPOMaTpamkeM HaBeleHe KapTe, jep ce [uBibakoBauka nehuna
HaJIa3u Ha jyroszanaaHuM naguHama babune ['1aBe, a 00jeKTH Ha Koje ce MOCyMmbalo, Cy
Ha BbEHUM CEBEPOUCTOYHUM (CYNPOTHUM) NIaJUHAMA, OJTHOCHO Y JIEBO] KAl-OHCKO] CTPaHH
Cygaje.
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U3 gera ce 3akspyuyje na PecaBcka, omHocHo JluBipakoBauka nehira Huje Onna mo3HaTta
no 1955. ronune u Huje obpahena y HaBemeHom paay JoBana [pamxonwmja. To umHM
BEPOIOCTOjHHjUM NIOAATaK Aa je JJuBipakoBauka nehrnHa oTkpuBeHa 1962. roauHe (Wim TeK
HEILTO Tpe) 011 cTpaHe cBuiajHaykux nehunapa (Knuukosuh M., 2016).

JApamkonn

VY pany ,,3ab6myzne o Pecasckoj nehnun” (Kimmukosuh M., 2016) ckpeHyTa je maki-a Ha UMe
Hpamxonuja. ¥ mutepatypu Jpamkony ce mutupa Kao ,,J. Apamkonn”, mTo ykasyje Ha
ume JoBan. Ca tepeHa u of [lpalikonujeBux caBpeMEHMKa IO3HATO je /Ja Ce OH 3Bao
,,YIBK0”. HaBenenu paj moTmucas je ca ,,JoBa J[pamrkonu” mTo HEABOCMUCIIEHO YKa3yje
na je [pamkomujeBo ume Omio ,,JoBan”. [lakie nutepaTypHO IUTHpame ,,J. [parmxomm”
je 6uo ucnpasHo. [Tocrapiba ce nurame ,,Onakie onaa ume Mpko?”.

Cnuxa 1. Kapma I'opre Pecase ca nehiunama xoje je Apawxoyu objasuo (J. Apawixoyu
1955)
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Cnuka 2. Jlucma cneneonowxux objexama uzgopuwima Pecase (J. [pawxoyu 1955)

[Mutame paspemaBa kmura ,,Cara o [pamxonujeBuma” aytopke [lecanke Cramartosuh
2008, y uznamy PecaBcke Oubnmmuoteke u3 CBuiajHua. JenHo mornarsbe, (CTp. 73), HOCH
HacoB ,,JoBaH-VBKo Jlpamkoru”. 13 yera je ogmax jacHo 1a je Hocuo 006a umena. Cpricku
Jpaikonuju HUCY HOCHIM JBa UMaHa ocuM JoBaHa-VIBka m Mapuje-Maje. Y HaBeneHO]
KIbU3U Ce paBHONPABHO KopucTe nMeHa JoBaH u MIBKO, Maja y 3BaHUYHUM JJOKYMEHTHMa
¢urypuie nme JoBaH.

Pohen je 25. X 1894. y CruiajHity kao aeBero jete Jynuja u Bunxenmune J[pamikoriy.
Ympo je 28. XII 1984. takohe y Ceuianity. iBko HHje 0CTaBUO MMOTOMAKa.

VY nornassey ,,CunoBu u khepu Jynuja [pamkonuja” y ¢pycHOTH Ha cTpaHu 36, HABOAHM Ce:
,,Josan-Hexo [lpawikoyu, koju je ean nopoouye u gamuinuje KOPpUCMUO caMO c80je
Kkpwmeno ume Jogan, y Ceunajuyy je o6uo nosnam xao Hexo. (...)"

VYnyhenun Ha TepeHy Kao M TOTOMIM KyMOBCKe mopoauie [pamkonuja, ykasyjy Ha
MoryhHocT z1a je JoBaH 1o poljery, HAaKOH IITO je MPUMHUO MPABOCIABIBE U JIOOUO U MIMe
UBko. Mehyrum oBa moryhHocT otnanga jep je Beh MBkoB ortan, Jynmje ca unraBoM
MOPOJIMIIOM TIPUMHO TpaBociiaBibe. Ha To ykazyje Jieo TeKcTa y moriaBiby ,,[loToMiu
JoBana [Ipamnikonuja” Ha ctpanu 18 nmomenyte kmwure: ,, Cunosu Josanosu Koprnen u Jyauje
8paAmMUIU Cy ce no 3aspuieHum cmyoujama y Beoepao, npumuiu cy cpncko opaicasbancmeo,
npeuLiu y npasociashy eepy u nocie obasmerne obasgesne npakce, no 000ujary nNompeoHux
00360714 novenu cy oa paoe Kkao anomexapu.”’
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Kmura naje HU3 BpJI0 HHTEPECAHTHUX [1€TaJba BE3aHUX 3a WIAHOBE MOPOAMLE U HUXOBY
yinory u genoBame y Cpomju. [pamxonmjeBn Boge mopexno on CroBauke remuhke
nopoauue u3 13 Beka. [Ipeu dpamkonuju y Cp6ujy cy nocenwiun 60 Tux rogunaa 19. Bexa.
Melhy wmuma y beorpan je momao MBkoB nena, amorekap JoBan Bunoswu Jlparmikoru
(Upamkosiie, CioBauka 1820. — beorpan 1887.) 1868. rogune. Bbaros npyru cun, BkoB
orarl, Jynuje Hdpamkorwm (3uujorpan, Cnosauka 15. XIl 1851. — Ceunajuan 6. V 1927.)
npemrao je 1875. ronune u3 beorpana y CBunajuan u npBu je anotekap y CBuiiajHIy u
Pecasu. IloueB oj Jynuja OpojHM wiaHOBH MOpoauIe OaBUIIN Cy C€ ITIAHMHAPCTBOM, 1A U
WBKO KOju je CKIM3HYO AYOOKO y crieneonornjy. VIBKo je yremespbrBad CIENICONIOTH]jE U
HCTpaKuBama Kapcra y PecaBckoM kpajy. VIBKO je MokJa Haj3HAYajHUjU MPEICTABHUK
nopoautie panikony Koju je a0 AOMPUHOC Y MHOTHM O0JIaCTHMAa, a Haj3HAYajHUJU Y paay
1 pa3Bojy oubnmoteke. Ha kpajy ctopuje o Bky n mopoawmu Jpamrkoru mopa ce pehn na
je CpOwuja TpanuroHaIHO ocTalla He3axBallHa IpeMa OBHUM JOOPOTBOpHUMA H ITOKpETauuMa
HamnpeTka, ocuM mTo [loHop Peuke Ha besbaHunu HOCH HETOBO MME ,,IBKOB MOHOD®.
Xsana Jlecanku CramaroBuh mTo je cBojoM ,,Carom* mokyimana fa cpricke pamkonmje
oTMe 0]1 3a00paBa.

JApamkouu u PecaBcka nehuna

W3 mpeor oxesbka oBor pana ,,OTkpuBame PecaBcke nehuHe” Moxe ce 3aKJbYYUTH Jia
PecaBcka nehnHa Huje Omia mpeaMeT CIIENEONIIKUX UCTpakuBama MBka [[pamrkormja,
CXOJHO TOME C€ HE CIIOMHIHE Y FheTOBOM 3Ha4ajHOM pany ,,llehune, 6e3mane u moTkamnmnae
n3Bopuita Pecase” 1955.

U3 nyror oxespka ,,[{pamkonn” u yommre u3 Oorate cTopHje o Jpamkomnujy u \Berosoj
OpOjHOj TOPOIUIIM, BUAJBMBO je Jla C€ HUTJC U HU y KaKBOM KOHTEKCTY uMme lBka
Jparkoiuja He 10BOaU y Be3y ca PecaBckom nehunom. [la je uMao OMIIO KakBe Be3e MU
JONIprHOCA, ayTopka ucupnue ,,Care” [I. CramatoBuh, curypHo He OM IpoIycTHiia Aa TO
3abenexu. C npyre cTpaHe je 4yaHO 1a je VIBKO yuecTBOBaO y MHOI'MM aKTUBHOCTHMA U
noJlyxBaTuma Ha noJzipy4jy Pecase, a 1a Huje y3eo yuenrha OKo HCTpakMBarba U OTBapama
Pecascke nehune.

W3 HaBeneHor ce moxke TBpauTU Aa MBko Jlpamikoiy HHje MMao HHKaKBE Be3e ca
PecaBckom niehnaom. To cBakako He yMamyje HEroBe 3aciayre U Jy)KHOCT MOIITOBamba U
IUBJbEHa. tberoBe 3aciyre cy 3HayajHE 3a MHOTO INUPH KOHTEKCT HCTPKHBAHA
CIIEIICOJIONMIKHUX 00jeKaTa 1 qpyTrux KapcTHUX eHOMeHa mmper noapydja 'opme Pecase u
3a UCTOPH]y CIIENEONIONIKNX UcTpaxkuBama y Cpbuju yommre. Mehytum, nctune paim,
Tpebaro je U3BECTH U 0Baj 3aKJby4ak. tberoBo ume je mpeko, rpe cBera Harpe,] HaBeeHOT
pama, a 3atuMm mpeko Patka Mwunopanosuha m uwranctBa y Ilmanmaapckom JlpymTBy
,.besbanuna” u3 CBuiajHiia, mose3aHo u ca PecaBckom nehinnom. HeocHorawo.
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Cnuxa 3. Usxo [pawxoyu (homo apxusa: 3. Byphesuh — 3acu)

3axBaanoct: 3a momoh mpu M3pamu OBOr paga ayTop 3axBajbyje 3opaHy Dypheruhy
3arujy u3 beorpana, I'opmarm Munomesuh u3 [lecnorosua u Xespky Munmomsuhy 3
CrpMmocTeHa.
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