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3opan CreBanonuh ! 
Zoran Stevanović! 

IIOJI3EMHE BOJIE – K)byuHH PECYPC byJ)IYRBHOCTH H 
HAJBOJbH HHJIHKATOP CTAMbA 9KHBOTHE CPEJIHHE 

GROUNDWATER – KEY RESOURCE FOR THE FUTURE 

AND BEST INDICATOR OF ENVIRONMENTAL STATUS 

OPHTHHAJIHH HAYUHH PAJIL - PAPER 

AncrpakT. TeMa Cperckor maHa Boma 2022 „IlomaeMHe BoJe: YuHHHMO HeBHJUPbHBO 

BHJUBĐHBHM“ HHje OJaOpaHa cnyuajHo. IlojeMHe BOJIe Cy OCHOBHH BOJIHH pecypc Ha JeMJbH 

KOjH cHa0JteBa peke, jeaepa u OyHape, o0ena0ebyje Bojty 3a nHhe H xpaHy 3a BehHHy Jby)M Ha 
Hamioj nnaHeTH. IlonseMHe Bojte o0ea0ebyjy pe3epBe BOJU TOKOM cCyiIe H rperehax e(pekaTa 
KJIHMaTCKHX TIpOMeHa H Jajy HajuHcTHjy HpHpo,jiHy BOJUy 3a mHhe. OJp;kaBajy ečKOCHCTeMC H 

MHHHMAaJIHe pčuHe rIporumaje, cripedaBajy cyerabbe T1ta H HHTpy3Hje cyTaHe BojnIe. M nopejni cBera, 
3a MHOTC Cy CaMO „JIAJIČKO OJL OuHjy, MajlčKO O,L cpHa“. 3a c()MKaCHO YylipaBJbabe OBHM 
CKpHBEHHM peCypcoM, HOTpeOHa je BH3Hja, a HOCeOHO pa3yMcBahbcC BC3C Ca TCOJIOHIKOM H 
TIpHpOJIHOM CpeJIHHOM, KaO H CBHM OOJIHHHMA HOBPIIHHCKHX BOJIa. 

CpOnja mocenyje dHadajHH TIOJeMHH BOJUHH TIOTCHNHjaJ! KOJH TIpejcTaBJba 
HajnparoneHujH npHpojnHH pecypc. 3a BOJOcCHaO/leBaMbc HeJIOKyITIHOr CTaHOBHHiIHTBa CpOuje 

KOpHcTH ce TpeHyTHO OKO 23 M'/c, JIOK Cy pe3epBe CaMO IIOJG3eMHHX BOJIA IpolietbeHe Ha OKO 
70 M"/c, a y3 akriBHHje kopumiheme BemrTauke HH(O)Harrpanuje, OUHOCHO peryalHjy pe)XHMa 
HcTHIab4, JI0/14THO OH Ce MOTJIO 3axXBaTHTH jom OKo 40 M*/c. UnmbeHHita je Jta r10/(3eMHH BOJIHH 

pecypcH HHcy paBHOMepHO 3acTyTIJbeHH Ha mlemoj TeprTopHjH CpOnje, anu je Moryha arpajuba 
Behax perHoHajmHHx CHCTeMa H TpaHC(bep KBaJIHTeTHC BOJIĆ H y y/laJbeHHja mojipyuja. Tako 61 
ce pemmizn H HpoOJeMH BOJLa JomIer KBannTeTa (rip. baHaT) H Henocrajyhax KonmnuuHHa (TIp. 

lUlyMajuija, jyo-xna Cpouja). 

Ha repuropujn CpOuMje HMa HIpeKO JBE CTOTHHC HCHHTAHHX H3BOpa MHHepaJIHHX H 
TepMOMuHHepajiHHX BOJIA Ca yKyIIHHM pe3epBaMa Koje ce npolietbyjy Ha OKO ] M*/c, Te CMO y TOM 
norje/ly jeJiHa OJL HajnpecneKTHBHHjHX 3eMaJba y perHoHy. OJipxxHBo Kkopunurheme H samrrara 
OBHX BOJIa OTBapa IHpoke MoryhHocTH pa3Boja TypH3Ma y JIOKaJIHHM 3ajeJiHHIaMa. 

Hajnehaw moreHujam reorepMamHe cHecprHje M3pa;kKeH IIpeKO BpcJIHOCTH TyCTHHC 
TepecrpMuHor TonmnmoTHor ToKa cy y IlaHOHCKOM OaceHy H IIČHTpaHHOj H jyx;xHoj CpOujuH. 

CyOreorepManHuH BOJUHH pecypcM KaO BHJL XHJIpOreOTepMajiHe cHeprHje HHCKC cHTaJHjC 

! Penn. npo(b. Pynapcko-reononikor (bakyarrera YHaBep3nrera y Beorpajty y neHanjn, PyurmHa 7, 

11000 Beorpaj / Prof. Ret, University of Belgrade - Faculty of Mining and Geology, Djusina 7, 

11000 Belgrade; e-mail: zstev_2000(a)yahoo.co.uk 
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(reMneparype no 30%) Hmajy BenKy mepcnekTHBy H Hama3ec cBc Behy HpHMeHy y HpakcH. 
TIponene ykKayyJy Ja OB ce y rmojeJUMHHM Jle11OBHMa CpOHje Mor:te nokpuHru noTpeOe oJt oko 10- 

20% ronuorHe eHeprHje caMO H3 OBHX pecypca. To je aHauajHo BHnie OJU 4% Kao nponeHbeHor 
Moryher yuemiha reorepMajnHe eHperHje y „3en1eHOM“ ČHeCpreTCKOM OHJIaHCy 3CMJbE KaKO je TO 
yuHmMeHOo y „eHepreTckoj crparerujuH“ PenyOonake Cponje. 

TeomomiKa cpe,mHa H HOJH3eMHa BOJIA Cy y yCKOj HHTepaKuMjH H jejaH OJL rJHABHHX 
(pakropa Kajta ce rOBOpH O ;KHBOTHOJ CpeJUHHH H H»ČHOM OJIp;KHBOM pa3BOjy. | eonmomrka cpeHa 
H TJIO Cy penHnHjeHTH KOjH IpHMajy sarabembe OHHnO KOje BpCTE, JIOK IIO)13eMHC BOJIĆ OCHM IHTO 

cy Hpe/iMeT THX sarabema, yje)Ho cy H TpaHc(bep Me)Hj, KojH To aaraljebe Mo;Ke rIpeHeTH Ha 
Behe y}aJbeHOCTH H THMC HIHpHTH OpeoJ KOHTaMHHalHje. Crora je MOHHTOpHHr KBajmTeTa 
TIOJ13ČMHHX BOJILA H HOjeJUHHHX CKOJIOIIIKHX HHJUHKaTOpa OJL KJbyuHe Ba;KHOCTH 3a Car;le,laBaFbe 
crahba »)KHBOTHC CpejHHcC y ypOaHMM, H OOJtacTHMa HHTCH3HBHC HHJIyCTpHjcke M py,lapcke 
aKTHBHOCTH. 

KubyunHe peun: noJeMHe BOJIĆ, MHHepaJIHC BOJIe, reoTepMajiHa cHeprHja, HOTČHIUHjAaJI, CBET, 
Cpoutja 

Abstract. The theme of the World Water Day in 2022: „Groundwater: Making the Invisible 

Visible* is not coincidentally chosen. Groundwater is essential water resource of the Earth. It 
supplies rivers, lakes and wells and in this way potable water for most people of our planet. 
Groundwater ensures to prevail consequences of drought, represents an important part of climate 

change adaptation process and is often a solution for people without access to safe water. It 
sustains ecosystems, maintains the baseflow of rivers and prevents land subsidence and seawater 
intrusion. Despite these impressive facts, invisible groundwater is out of sight and out of mind 

for most people. Therefore, for sustainable management of this hidden resource is necessary a 
vision, and especially understanding of its connection with geological setting and surface waters 

of all kinds. 

Serbia has a considerable groundwater potential as one of most precious national natural 
resources. For potable water supply of Serbian citizens is actually utilized some 23 m?/s, while 
natural groundwater reserves are estimated on 70 m?/s. With more intense application of artificial 

recharge systems the reserves raise for additional 40 m*/s. The groundwater reserves are not 
equally distributed across entire country, but construction of many large regional systems may 
allow distribution of high-quality water to distant regions. As such, the problems of poor water 

quality (e.g. Banat) or shortage of water (e.g. Šumadija, south Serbia) might overcome. 

At the territory of Serbia there are some 200 explored sources of mineral and thermal 
waters. Their reserves are estimated on 1 m?/s, which makes country one of most promising in 

the region from recreational and medical rehabilitation points of view. Sustainable utilization 
and further development of such sources open a new tourism prospective for the local 
communities. 

The largest geothermal potential expressed as terrestrial heat flow is in the Pannonian basin 

and central and south Serbia. Sub-geothermal water resources as low enthalpy thermal resource 
(temperature up to 30"C) have a great prospect and are more intensively utilized in last decade. 
Some estimates say that in certain parts of Serbia they may cover some 10-20% of total thermal 

energy demands. This is considerably higher than 4% as estimated contribution of geothermal 
energy in national „green energy“ sector in the Energetic strategy of the Republic of Serbia. 

Geological setting and groundwater are in close interaction and the main factors when 

discussing environmental issues and sustainable development. The rocks and soil are recipients 
of pollutants of every kind, while groundwater is not only acceptor of pollution, but also transfer 
media which may spread contamination to large distances. This is why monitoring of 

groundwater quality and some of ecological indicators is of key importance for assessment of 
environmental conditions in urban, but also in zones of intensive industrial and mining activities. 

Key words: groundwater, mineral waters, geothermal energy, potential, World, Serbia



YBOJI 

IIonm3eMHe BOJIĆ Cy HpHpojHH pecypc OL KJbyuHor 3Hauaja 34 uOBedaHCTBO, 
KaKO y cajammocTH, Tako H OynyhHocru. OHe o0e30ebyJy mujahy BOJUy 34 OKO /BE 

MHJIHJap/Ie Jby}H, OMOryhyjy IIpOH3BOJUby HOJIOBHHC CBETCKEC XpaHc (ZEKTSER & 

EVvERT, 2004). Hako npopauyH OBoOr "HeBHJUbHBOT" pecypca y pa3nHuHTHM BpcTaMa 

cCTeHa MO:;Ke OHTH KOMIIJIHKOBaH 3aJ1aTaK, MHOTH AyTOPH Ce CJIa)Ky JA IOJU36MHE BOJIĆ 
npejicraBjbajy 98-99 % oJ MaJOMHHepajiH3OBaHHX BOJIHHX pecypca KOHTHHCHaTAa. 

Crora cy H 3HauajaH pe3epBoap KBaJIHTeTHHX BO,lA uHjHM paliHOHaJIHHM KopunihePbeM 
ce uOBeduaHCTBO MO;KE JaKIIIe OOpHTH H Ca KJIHMaTCKHM IIpOMeHaMa (IPCC, 2007). 

IIouerak 21. BeKa o0eJexKaBa IIHpokKa IpHMcHa KoHIenTa “OJIp)KHBOr pa3Boja” 

(sustainable development) kKoja „monmpa3yMeBa HpuHHiMHHe XapMOHHUHOT OJIHHOCa 

nojenaHHua, Hanuja H Jpx)xXaBa peMa IpHpoO/UHOM OKpy)KeMby H OuyBaHbe HpHpo/,IHHX 
OorarcraBa J3eMJbe H 3a Oyayhe reHepanuje“. H y CpOujH cy npHHuHnH OJIp;KHBOT 

pasBoja yrpabeHu y 3aKOHcKe nporiHce H nnaHCKe JIOKyMEHTe pa3BOja ca KOHKpeTHHM 
aKIHJaMa KOJE HM4Jjy 34 IHJb IPDHKJbyuHBaHbe HaIle 3ČMJbE OHOJ TpynH 3eMaJba KOJH y 

npaHopuHTeTe cBoje noJiTHKe H pa3Boja JipyniTBa yKJbyuyjy OuyBaMb6 )KHBOTHE CpeJUHHe 
(STEVANOVIĆ, 2011). HaxxaJIOcT, OJIHOC IHIpeMa TCOJIOHIKOJ Cpe/(HHH H IIOJU3eMHHM 

BOJlaMa HHje JOII yBEK 3aJIOBOJbaBajyhu. Beh Jry)xH HH3 roOJUHHa Cc He OTBapajy HOBa 

H3BOpHiITa HOJ(3eMHHX BOJIA, TOcTOjeha ce uecTO 3aHeMaPpyjy, KBaJiTeT 3axBahcHHX 
BOJIa je CBe CJ1aOHjH, pearyJe ce yr.1aBHOM Kajlla Beh nobe ıo eKcnecHHx aarabeMa TJIA 

H HOJGEĆMHHX BOJA, H HCJIOBOJBHO CC UHHHM Ha IHpeBEHIMjH H CHCTeEMAaTCKOM 
npe/anyripebiBatby H cMaHbePby TČOJIOHIKHX Xa3ap)na. /la m he ce y Hape,iHHM rojUHHaMa 
H MemeHHjaMa H peaHM3OBaTH JIČKHapaTMBHO MH3HCTH, M/HJIH peTKO HaHHCaHH 
OCMHIIHJBEHH IHIIaHOBH KOJHMa CČ TC)KH IHIOOOJbHIAPby CTaĐa H mHorTpeOH damrrare 
5KHBOTHE CP6eJIHHE, Ha THMC H CJIHMHHaLHjH HJIH yOJta)KaBaRby CBHX ()aKTopa KojH Ha 
Hy HeraTHBHO yTHuy, noKanahe roJuaHe H JeneHHje Ipe}i HaMa. 

TJIOBAJIHH 3HAUAJ IIOJI3EMHMHX BOJIA 

Tema CpBerckor MaHa Bojta 2022 kojH je npoMoBHcao UN Water: „IIlonseMHe 

BOJIe: VqHHHMO HEBH/UBHBO BHJUPHBHM“ HHJe HapaBHO 0/140paHa cuJryuajHo. IloaeMHe 

BOJIĆ Cy OCHOBHH BOJIHH peCypc Ha JeMJbH KOjH OOyXBara OKO 30% cBMX 

CJaTKOBOJIHHX BOJIHHX pecypca rnnaHere (Omiy 70% je y nenHunuma a cBera 1% cy 

BOJIe peKa H jesaepa. Iloy3eMHe BOJne cHaOjleBajy peKe IIOCeOHO TOKOM MairoBol}a, jeaepa 

H OyHape, a THMe 00630ebyjy H BoJty 3a nHhe H IpoH3BOJUby XpaHe. IIoj3eMHe BOJIĆ 

o0ena0ebyJy pe3epBe BOJIe TOKOM cCyie H rnperehHx e()čKaTa KHHMaTCKHX IIDOMeCHa H 

najy HajuHcTHjy IpHpojtHy BOJLy 3a mHhe. Onpx;xXaBajy ČčKOCHCTeEME H MHHHMAaJIHE peuHe 

nporTunaje, crpeuaBajy reoJOniKe Xa3aP)ie – cJIerabbe TJ1a H HHTpy3Hje CJIAaHC BOJIe. 

V raOema 1 mar je mpHKa3 KopHurhepPa IIOJDGeMHMX BOJIHHX Ppecypca 3a 

pasanguuTe HaMeHe. VouJbHBO je a ce HajBehuH JeoO OBOr pecypca y CBeTy TpoOmuH Ha 
HaBO/UbaBaMĐb, IHTO je H NOrHuHa HOCJIe/UHHA peTKMX H HCJIOBOJBHMX pecypca 
TIOBPHIHHCKC BO/IE y apHjiHHM JIeJIOBHMA CBCTA TJI je yje/lHO KOHIIEHTpHCaH H BCJIHKH 
JČO CBETCKOT CTaHOBHHIIITBa (CiL.1).



Ta6emna 1 Kopumheme no,r3eMHHX BoJta 3a pa3ziHuHTe rmoTpeOc y cBeTy 

Table 1 Groundwater utilization at global scale (after IGRAC, FAO AQUASTAT, 2017) 

CepepHa AMepaka 71.1 23.0 5.9 143 14.6 
North America 

IlenrpanHa AMepHka 30.2 56.9 12.9 14 1.4 
Central America 

JyxxHa AMepuka 48.8 31.5 19.7 26 2.6 
South America 

Epnpomna 36.4 45.0 18.6 72 7.3 
Europe 

Adpuka 64.7 31.7 3.6 41 41 
Africa 

Anuja 75.6 16.3 &.1 680 69.3 
Asia 

OkeaHuja 48.5 48.1 3.4 7 0.7 
Oceania 

CpBerT 70.1 21.2 87 982 100.0 
World 

Kao nocnenuna KHIHMaTCKHX yCJIOBa HajcHpoManiHHja BOJIOM Cy Hoyipyuja OJ 

157 no 30% cenepHe reorpaQcke mupHHe. y norney pacHOJIOXHBOCTH BOJIĆ IIO 

CTaHOBHHKy, Ha IpBOM MecTy je AMepnka ca 24.000 M*/roji, 34 0M je Enpona (9.000 

M'"/roj), a 36or rycruHe nonynnanuje HajcapoMalinuja je Asaja ca 3.400 M*/ron (FAO 
AQUASTAT, 2017). 

57% 115% 0 DnySubhumid 
0 Humid 

Can. 1 Pacnope/t apanHHx o0OmacTui Ha rnaHeTH (xXyMHJIHe OoOmacTH — TaMHHjH, apHJiHe – 

CBETJIHJH TOHOBH) 

Fig. 1 Distribution of aridity on Earth (adapted from EUROPEAN COMMISSION JOINT RESEARCH 
CENTER, 2020)



IIosHary uHMmpbeHHIHy a Ce ynpaBO y apHJHHM OOJacTHMa Hajla3e H HEKC OJ 

HajBehux H3maHH Ha CBeTy HOTBpDyjy H HajHoBHje aHann3e. VAN DER GUN (2022) je 

M3MBOjJHO 70 T3B. Mera MH3MaHMH, MHOJL KOJHMa TNOJpa3yMeBa OHC KOJE HMajy 

pacnpocrpameme Behe o 50 000 km? u KyMynarHBHy /(eOJbHHy HpO/UKTHBHe 3OHe 

Behy o 100 m (cn. 2). HajBeha Gpoj era MamaHu je y A(ppnmu, yKynHo 19, cnene 

AwMja ca 17, CeBepHa AMepMKa ca I2 m Empoma ca 1l. CaMo y 

CeBepHOMeJiHTepaHCKOM TOJIpyujy, KaO H CaXapcKOM H CyOcaxapcKoOM Hajaje CeČ 

BOJIOM OoraTe H3\aHH, CBe Ca MebyrpaHHuHHM KapaKTepoM — Ha cJI. 2 OpojeBHMa Cy 

o3HaueHe cMemehe: 1. HyOmMjckM cHcTeM H3MaHH, 2. 3amaHOcaXapcKHM CHCTeEM, 3. 

Mypyyx - /ljano cacreM u 4. TayneHH — TaneapyQoir. Ha xunep apHjiHOM rpocTopy 

Caynujckor nmonycrpBa Takobje je rpacyTaH aHauajaH ApaOujckuH cHcTeM H3naHuH (0p. 

22). 

e 4 Pacnope):[ Mera CHcTeMa TIOJ13eMHHX BOJIa y CBETy 

Fig. 2 Distribution of mega aquifer systems around the globe (after VAN DER GUN, 2022) 

/la nonaeMHUMM BoJnaMa Tpe0Oa JnaTuH rpHopunTeT Kajta cy y IHTaMby BoOJIe 3a rHhe 

CBeJIOuH H OrmnrTerpHxBaheHuH KOHIIeTIT y 3eMJbaMa Epporcke VHuje (EV). V raGenu 

2 npMKa3aH je OJHOC KopHmmheMPa NOJGeMHHX H IHOBPIHHMHCKMX BOJa y JaBHOM 

BOJIOCHa0OleBaHby CTaHOBHHIIITBa TIOjennHHX 3eMaJba EV. VoujbaBo je H a 3eMJbe Ca 

penaTHBHO HeIIOBOJBHHM pacripocTpatbebeM OGoraTHx H3naHH HMajy 3HauajHo yuemihe 

TIOJGGeMHHX BOJIa (Hrip. IHnejcka, DuHcka, Jdemika). 

H nope)jn cBera, 34 MHOTe Cy IHIOJ13eMHE BOJIe CaMO „JlaJIČKO OJI OuHjy, /LAJTČKO OJ 
cpna“. 3a e(bukacHo yripaBJbaPbe OBHM CKDHBEHHM peCypCcOM, IoTpeOHa je BH3Hja, a 

HIOCeCOHO pa3yMeBaMbe BC3C Ca TCOJIOIHKOM H IIDHpOJHHOM CpeJMHOM, KaO H CBHM 
OGJ'II/I].[I/IMB. TIOBpIHIHHCKHX BOJIa.



Ta6eura 2 Ojnoc kopntihema ToBpntHHcKe H HI0)13eMHC BOJIe y jaBHOM BOJlOCHaO,leBaMby y 
ojna0paHHM 3eMJbaMa EV 

Table 2 Apportionment of public water supply between surface and ground waters (after 
EUROSTAT 1997, EEA 1999) 

Austria 0.7 99.3 

Denmark 0 100 

Finland 44.,4 55.6 

France 43.6 56.4 

Germany 28.0 72.0 

Greece 50 50 

Ireland 50 50 

Italy 19.7 80.3 

Luxemburg 31.0 69.0 

Netherlands 31.8 68.2 

Norway 87.0 13.0 

Portugal 20.1 79.9 

Spain 77.4 22.6 

Sweden 51.0 40.0 

UK 72.6 27.4 

Czech Republic 56.0 44.0 

TJIOBAJIHH H3A3OBH IIPH KOPMHIITPREMbY IIOJI3EMHMHX 

BOJIA 

Cner ce JaHac CyoOuaBa ca JIiBe TJ1aBHe IIpeTHe: 

• IlonehaHe morpeOe H HeKOHTpo:mucaHo KopHiiheme 

• KJMMaTCKeE IpOMCHC 

Ona JnBa (bakropa najy HerarHBHy CHHeprHjy H MHOTE 3CMJBC HJIH perHOHH Bech 

HMajy HejlOCTaTaK BOJe H 3HaduajHO HCIpIJbyjy CBOJe peaepBe Bonme (memoBH CA/I, 

Kuna, Hninuja, 3eMJbe Apa0Ounjckor nojnyocTpBa, CeBepHa A(bpuka). TakBa caryamja 

he ce ckopo cHrypHo HacTaBHrTu H y OyanyhHocTu. 

IIopacr morpe06a TOKoM 20 Beka OHo je eHOpMaH, H HHje TOJIHKO pe3yaTarT pacra 

craHoBHHIHTBa  „Ha «mnmaHeTHM, Beh mnpe cBera yOpsšHe ypOaHMaamuje, 

HHAUycrpHjanHaanuje H yormre noBehamba craHJap/la H yCJIOBa ;KHBJbeMba. O 1900. 

no 1975. norpeOe y Bomu mopacme 7 myra, a caMo y mepHomy 1975. — 2000. jom 

nojaTHo nnBa ryra (cu, 3). Bpoj rpanoBa ca IpeKo 5 MHJIHOHa CTaHOBHHKAa ce OJ 1950. 

roJHe KaJma Hx je Ounmo 8, noBehao y rppBoj neneHHjH 21. Beka Ha rpeko 50, oJ uera 

je nonoBHHa y AnHjH.
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Cin. 3 Pacr rnoGanHax noTpeOa y BOJUH TOKOM 20. BeKa 

Fig. 3 Raise of water demands in the world during 20 century (apated from various sources, 
STEVANOVIĆ,2011) 

Hajuemhe ce cMarpa na je kopuiimheme Ioyr3eMHHX BOJLA HHTEH3HBHO H JI MO:;KC 

BOJUHTH Ka HaJjleKcrinmoaTanujH Kajla Cy IIpoTHIaj H KBaJIHTET IIOJI3eMHE BOJIeĆ 3HauajHO 

TIpOMeMbeHH y OJIHOCy Ha IIpHpOJIHO CTaMbE: JaBJba Ce OrmajlaMbe HHBOAa y OyHapHMa KOjH 

Ce HC MOTy CTaOMHNH3OBaTH, HHBOH Omajajy Ha IHHpeM IHIpOCTOpy, MeMbajy cč 

XxujpayJmuku rpajujeHTH, CMaHbyjy Ce H3JlaHIHOCTH IIpHpO,HHHX H3BOpa, CMabyje Ce 
npoTunaj BojloToKa H noceOHo GayHu oTunmaj (STEVANOVIĆ, 2011). HanegKcnnoaranuja 

yrMue M Ha KBaJMTET BOJe. IIpoMeHe Mory OHTH HNO3HTHBHC, HeraTHBHC MHJIH 
HHJUH(DbepeHTHe, 3aBHCHO OJIL TauKe rJe/MHHITa HO KOJOJ CČ HOJGeĆMHa BOJIA OIIČM5yJe 

(craOHnHocT KBanunrTeTa H TeMrnepaType, ouyBatmbe ripupo/ne). Hnak, Hajuemhe y 30Hy 

ekcrnimoaranuje noTHuy BOJIe JomHjer KBajnmreTa (aarabjeHe, 3acTaPbeHC). 

IIperepaHo kopuniheme Imo,U3eMHHX BOJILa y IIOJbOTIpHBpe/H, Koja je H HajBehu 

KOH3yMEHT Ha TJ100aJIHOM HHBOJy, MOTJIO OH ce o0jacHHTH Ha citenehH HauHH: “Kana 

TIOJbOIIpHBPeJla 3aBHCHa OJI rmajlaBHHa He ycrle, pe3epBHo penteM»e Cy OOHuHO IOJ13eMHC 
BOJIe. IIpBo HM ce npHcTyrnu a cranraBajy yCeBE y CyHIHHM IIepHOJiHM4, a OHJIA TO 

nocraje HaBHKa...” (BURKE & MOENCH, 2000). 

EnopMnu pacr 0Opoja GyHapa H HHcTaJmipaHHx IIyMIIHHX arperaTa 3a moTpeOe 

HaBOJIPbaBaFba MO:;Ke Ce IipaTHTH Ha ripHMepy HnHauje (cr.4). BURKE & MOENCH (2000) 

HaBoJne a je Opoj Juaiezt H ejneKTpHuHHx myMrnu rnopacrao je ca 87.000 y 1950. ronaHu 

Ha uaK 12.6 MHHnHOHa y HOCJIČJUOJ JemeHHjH 20. BeKa. IIponem»yje ce na y Hinja 

nocTojH BHmie o,I 20 MuzoHa OyHapa paanHuure nyOHHe. CBeTcKa OaHKa je y CBOM 

M3aBemrrajy TBpmHMma Mma je 175 MumMoHa MHHnmujama TipoHM3BOJMJIO CBOje YyCecBe 

HepanHOHaJIHOM yIIOTpe0OOM I0/13eMHe BOJIe (BROWN, 2012, 2013).
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Ca. 4 IIlopacr 6poja ryMnuaHx arperaTa 34 HaBoOJubaBabbe y HHnHjH TOKOM 40 rojmaHa 

Fig. 4 Raise of pumpsets used in irrigation in India during 40 years (after BURKE & MOENCH, 
2000) 

Zlanac 18 npxxaBa Koje HMajy II0JIOBHHy CBETCKOT CTaHOBHHIIITBa TIipeLipriJbyjy 
cBoje HanaHu (BROWN, 2013). Meby msia cy TpH BenukKa npoH3aBobaua »xura - KuHa, 

MHnnuja . CA/JI, Kao H HeKOJIHKO JpyrHX TyCTO HaCeJbeHHX 36MaJba, yKJbyuyjyhu 
Caynujcky ApaOujy, JeMeH, Mpak m IlakucraH. TOKOM TIOCIĆIHHX HeKOJIHKO 
neneHHja, HeKe 0J1 OBHX 36MaJba yrJ1aBHOM Cy HCKOpHCTHNHe pe3epBe HOJGeMHHX BOJTA, 
no Te Mepe Jna cy OyHapH uecTO HOTIIyHO CyBH HJIH Ce HOBH Oynue H JIO TyOHHa OJL 

nupeko 1000 m. Tako ce Caynaujcka ApaOuja TokoM 1980-aMx noHocHa H3BO3OM )KHTa 
y TanammbH CCCP, na OM HajeKcnOaTalnMJOM OBeJa CBOje H3JaHH (HOMeCHyTH 
ApaOujcku cHcTeM, Op. 22 Ha CN. 2) MO KpHrMuHc (ba3e, CKOPpO TNOTIIyHOT 

HCIIpTIJbHBaMba. 

Z/lonarnH HerarHBHH yTHMHaj Ha OOHaBJbaHMbe IHIpeKOMeĆpHO ecKCIIIOaTHCaHHX 
H3JlAHH HMajy KJIHMaTCKe IIpOMeHe. I noGanHu mopacT TeMrnepaType BayJlyxa H3a3BaH 

eMHCHJOM racoBa cTakKneHe Oanrre noTBpljeH je y HeKoJtiKko H3aBemiTaja MebyBaanaHor 
maHema 3a KJMHMaTCKe HpoMeHe (IPCC, 2007). Ilonehane rewnepaType Ba3myxa 
TIDpOMCHHIIC Cy pe)XKHM HŽamaBHHa H BJIB)KHOCTH, CHaJXKHO yTHuyhHM Ha cHaOJeBaMe 

BOJIOM y CBeTy (BATES ef a/. 2008). IIonaeMHe Bojne, Kao JleO r._100aJtHOr XHJIpOJIOIIIKOr 

uuHKanyca, rakobe cy norobeHe H OHhe M3HMOxKeHC AJPHM IIpeTM»baMa OJL KHIHMaATCKHX 
TIpOMeHa ca jenmHe crpaHe, H moBehaHoM ekcrimoaTanHjoM ca mpyre (UNESCO-IHP, 
2008).



V pedjepary Ha KOHQbepeHnujH nocBeheHoj yrTHIajy KJIHMaTCKHX HpOMeHa Ha 

HIOJG3eMHEC BOJIHE pecypce ayTop oBor paja (STEVANOVIĆ, 2013) HaBOJIH HČKOJIHKO 

HpHMepa /JipacrHuHe HajteKcimmoaTanuje H PeHHx nocienHna. Ha CeBepHoj KaHeckoj 

paBHHHMH, HnpoceuaH HNa HHBOA HOJGEĆMHHX BOJMa MOCTHraO je 3 M/roy. IIpeMa 
no/anuMa CBerTcKe GaHKe Ha nojpyujy rnmaBHor rpajta IIlekuHra, OymmePe cajla Mopa 
OHTH merT HyTa UyOJbe Hero mpe 20 rojMHa. V OBOM MH3BeIITaJy Cy IIpejBHDbeHc 

„karacrpod(banHe nocuneje 3a Oyaryhe reHepanuje“, ako ce He rIpoHaby pyre orntiaje 

H ajrrepHaTHBe 3a CHa0O)leBaMbe BOJIOM (BROWN, 2013). CHH»xaBabbe HHBOa IIOJU3eMHHX 

BOJIa y Cje)UHPbeHHM AMepHuKHM /Ipx;kaBaMa JipaMaTHuHo Ce IIOBehajJIO TOKOM 20. BeKa 

— BHile je Hero y)iBOcTpyueHo oJ 1950. no 1975. (KONIKOW, 2013). ĐopcupaHo 

HprePbe BOJIOHOCHOr ciJIOJa BHcoKHx paBHHita (High Plains) 3a HaBo)UbaBaMbe oOJ1 1940– 

HX JIOBČJIO Je JIO BEJIHKOT CHH)KĆH5a HHBO4 BOJIe (rIpeKoO 50 m Ha nojeUHHHM MeCTHM4). 

Y CyCeHOM TEKCANHOIKOM BOJIOHOCHOM CJIOJy perMOHaJIHH KOHyC JMempecHje ca 
cpe/mmrreM y OJM3HHH rpaja KMHHTCBHMa HCTODHJCKH jcC CHMXKEH 34 OKO 76 m 

(KONIKOW, 2013). V CeBepHoM MHpaky KopHmihepe HnoJ3eMHHX BOJLa 3a HOTpeOe 

HaBOJIH5aBaMba, KaO H 34 BOJIOCHaOJneBabbe Opsaopacryhax ypOaHx nojipyuja H3a3Bajlo 

je perHOHaJIHO CHH:;KaBalbe HHBOA y MHOTHM BOJIOHOCHHM CJIOjeBHMa (STEVANOVIĆ & 

IURKIEWICZ, 2009). Y MHpaHy, 36eMJbH ca oko 8O MMWMOHa Jby)M, HIDOH3BOJUa 

xuarapuma je omama s3a 10% mwsaMeby 2007. a 2012. rommwHe, jep cy OyHapH 3a 

HaBO/IaBabbe HOućJIH Jla mpecymyjy. JenHa ueTBpTHHa »KeTBe )KuTapHIa 3aCHHBa CČ 
Ha IIpeKOMEĆpHOM ıipneMbby (BROWN, 2013). IlakucraH, ca nory3antJoM oJ npeko 180 

MHJIHOHAa KOJa pacTe 34 OKO 3 MHJIHOHAa TO/UHIIH56, TaKObe HHTEH3HBHO „.py,lapH“ CBOJE 

TIOJLGČMHE BOJIĆ. 

HeraruBHe mocjenHne HpeKOMepHe eKcnajoaTaluje HHCy CaMO HeJlOCTaTaK 
HHH HOTOpIHMAHH KBaJIHTET BOJUĆ, HIpOOJeM cy H nparehH reoxa3ap/)M. Y HCKHM 
pergHoHMMa, Kao HITO Cy CeBepHa HH 3ananHa A(bpaka (Amxup, TyHuc, nenra Hiuna y 
Erunry, CeHeran-MaypuHraHuija cHcTeM HyaHH), oOmacr Fa3e, Jy)DxHH JenoBH CAJI 

(ODnopuna), 3araM JyxxkHa AMepHKa (MeKcHKO, ApreHTHH2), /IOIIIIO je JIO BEJIHKOT 

HCIHIpTIJbHBaM54a IIOje/UiHHX BOJIOHOCHHX CJIOjeBa, IITTO je y IpHO0ajJtHHM mojipyujiMa 

npaheHo HHTpy3HjOM MOPpCKC BOJIe. Cnerabbe TepeHa ca KojancuMa Ta TaKobe cy 
uecTa nocueJuia HcyImHBaMaa TepeHa 30or Hajnekcrimoaratnuje (Hrip. CA/L, KuHa). 

TIpBe memeHHje 21. BeKa Beh oOeexxkaBajy HOBE MHrpalje H3 CHDpOMAIHHHX 

enoBa CBeTa, a BEJMKHM pa3jMOr Cy yIpaBO HecajKBaTHH BOJIHH pecypcH KaKO y 
nor:jmeJly KBaHTHTCTA, H jOII BHIIe KBajnHTeTa BOJIe. IIocne,ua cy He//ocTaTaK OCHOBHEC 
xuHrujeHe H HeJlocTaTaK XpaHe. HcrpaxxuBaba OpraHunauuje VH 3a noJjbonpupBpejiy H 
xpaHy (FAO) y 8 HepasaBHjeHMx pxkaBa moKanaama cy a je 90% cMprHocTH /meme 

y3pOKOBaHO HeCJlAKBaTHHM KBAJIHTČTOM BOJIĆ HJIH H>CHHM THOTIIyHHM He/JUOCTaTKOM. 
CBakoJiHeBHo oko 25,000 Jby, H Jienie yMHpe H3 OBHX pa3nora (STEVANOVIĆ, 2011). 

IIopeyn mpoMeHa KJHMaTa H CBE Bchc HOTPOIIM=, 3HaduajaH HpOOJJM Cy H 
saarabema MymaHH H mHpHmanmajyhMx mojaeMHHX Boa. FETTER (1993) mwymBaja 6 

TJaBHHX THHOBa aHTpomoreHHx BarabuMBaua HOJGeMHHX BOJa: |. cemTMuKe jaMe; 2. 
O0jeKTH 34 cCKJIaJIHIIITEPbc, TDeTMaH H/HJIH OJUIaraMbe CyrICTaHLIIH (JIČIIOHHjE, OTBOpeHC 

J\enoHuHje, IOBPpIIHHCKC jaMe, py/lapcKH ornaji H 3anxe, rpo0Jba, pe3epBoapH ropHBa, 
ojurtaranumrra panmMOaKTHBHOr OrTHaja); 3. OOJjeKTH 3a TpaHcmopr aarabyjyhmMx 

MaTepHja (HEBOBOJMH, KaMMOHHM M BO3OBH); 4. IIOJBONpHBpe,a (HaBO)IPbaBaHbč, 

ynorpe0Oa necruuuja H byOopunBa, ormaji ca (bapMH); 5. oOjekTH KojHMa ce oMoryhyje 
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HH(pumnrpatnija KOHTaMHHHPpaHC BOJIĆ y BOJIOHOCHE CJIOjeBe (OyHapH, rpabeBHHCKH 

HCKOTIH); H 6. npHpojiHH H3BOpH uHja je HH(pHarrpanuja oMoryheHa HimH moyp;KaHa 

JPy/(CKOM aKTHBHoOrihy (HHTepaknuja ca 3araljeHHM HOBPIHIHHCKHM BO/IAMA, HIpO,nOp 
CJIaHEC BOJIĆ). 

TeomomiKa cpenHHa H HOJGeMHa BOJG Cy y YyCKOj HHTEpaKHUMjH H jejaH O/L 
ryaBHHX (bakTopa Kajla Ce TOBOpH O )KHBOTHOJ CpeyUHHH H H5CHOM OJID;KHBOM P23BOjy. 
Teononika cpejiHHa H THO Cy pelHnHjeHTH KOJH IpHMajy 3arabeMbe OHJIO KOJE BpCTe, 

J\OK IIOJ13eMHE BO/I OCHM IHHITO Cy IIpeIMeT THX 3araljebba, yje,IHo cy H TpaHc(Dep MeJHj, 
KoOjH TO araleM=e MO;KE HpeHeTH Ha Behc ynaJbcHOCTH H THMC IHIHpHTH OpeOJI 
KOHTaAMHHalUje. Crora je MOHHTOPpHHT KBaJMHTeETa HOJUĆMHHX BO/UA OJL KJbyuHe 
BOJ)KHOCTH 3a carejaBaMbe CTaMba )KMBOTHC Cpe)UHC y ypOaHMM, H OOacrHMa 
HHTCH3HBHC HHJIyCTpHjcKe H py}lapcKe aKTHBHOCTH. IIopey TOra MOTy CC yBECTH H 
nparuruH ojnpebeHu HH,iHKaTOpH cCTaHba )KHBOTHC CPpcJUHHEC (eKOJIOIIIKH). STEVANOVIĆ 
(2016) npeynunaxke cnenehy rpyny HHJHKaTOpa 342 KBaHTHTET H OJIp;KHBO KopHinheme: 

OOHOBJbHBH (CaTKO)BOJIHH pecypcM, OOHOBJbBHBH BOJIHH pecypcH y epHojmMMa 

penecutje (cyme), „JloMHnuujHH“ (H „ečKCTepHH“) BOJIHH pecypcH, OOHOBJbHBH pecypcH 

HIOJGeĆMHHX. BOJG (HMHaMHuKc pe3epBe), HHMmekc eKcnmoaTamje BOJMe, HHnekc 
eKcnuoaTalje HOJGeMHHXx BOJa, IIorpeOe 3a nujahOM BOJMOM, /locTynHa BOJ HO 
rJaBH CTaHOBHHKA, CHM)KaBaMbc HHBOa HOJUGeMHHX BOJa, fyOMnm Bonme. OJ Hcror 
ayTopa 32 KBaJIHTET ;KHBOTHE CpeJUHHe H BOJla HipeJUIO)KeHuH cy crenehH HHJUHKaTOpH: 
Knajmirer Bojne 3a nuhe, HHeKc HHJIyCTpHjcCKHX OTHaAJHHX BOJA, HHnekc oTma/iHHX 
BOJla H3 JoMahHHcTBa, HHjnieKc crietu(buHuax 3arabaBaua, Craryc nenoHuja, IIoHoBHa 

ynoTpeOa Bome, HHrpy3Hja cmaHec BOJMe, MHuHmeKc byOpHBa, HHeKc mecrTHIMJMa, 

JlonpHHoc „a3emeHe“ eHeprHje, IlorpeOe 302 BOJOM 3aBHCHOT KO CHCTEMA, 

Cnenuid)uHe, eHJIeMHuHe H yrpoOx;KeHe BpcTe (crabbe OHOJUHBp3HTeTa). 

MHMA JIH PEHIIEMbA? 

Penmtepa HapaBHo HMa. Hekaj cy 3axTeBHa, H Kaji je y HHTaHby 3aXBaTaHbC, 
cKonuaHa ca HeH3BecHoiihy jep ce paj O „HeBH/UBHBOM“ pecypcy. C npyre crpaHe, 
KaJI je y nIHTaPby KBaJIHTeET H 3amrTHTa BOJIA, Jby)ICKa HeOpHra H HeMap Cy yr}aBHOM 
TIOripaBJbHBH, aJIH MOpajy OHTH H (bHHaHCHJjCKH TIOJ1p;kaHH. 

BojHax pecypca MMa JIOBOJBHO Ha INUIaHeETH H 30 3HauajHO BehHM (Opoj 

CTaHOBHHKAa HEeTO IIITO HX HMa JlaHaCc. MARGAT & VAN DER GUN (2013) Hanojne Jna je 

Kopunithebe II0/13eMHHX BOJIA (riprtePbe, 3axXBaTabbe Ha H3BOpHMa) y 2010. ronuHu OHJIO 

Ha HHBOy OJL 982 km?/rojumme. AKO OBO yHOPpeJMMO ca OJM3y 7 MMMMjapy 

CTaHOBHHKAa IHIHAHETC y TOM NCpHO/Uy JOJa3HMO JIO 34KJbyuKa O TCODpMHJCKH 
nupunanajyhax 140 m? caMO TIOJGeMHHX BOJIA CBaKOM TIOje/UHHIIy Ha HHBOy TOJIHHE. 

Hnak, a cy Te KoniuHHe OrpaHHucHcC y CMHCJIy 32JlOBOJbeMba CBHX HOTpeOa yKayyjy 
OKBHPHH crTaHJnapyiu opraHH3atnuja VjenHMeHHX Hauuja (YH) no KojaMa ce cMaTpa Ja 

Cy TNOJLU BEJIHKMM CTDpECOM IHTO CC BOJIHMX pecypca THucć, 3EMJbE y KOjHMa je 
CraHOBHHKy (OCTyHHO Mambe o/ 1,000 m*/ron. Bone (UN Water, 2018). IIpo6aneM je 

HapaBHO y HepaBHOMEPpHOoj JHcTpHOyHHjH HO,13eMHHX BOJIHHX pecypca H JIp)KaBHHM 
rpaHHnaMa KOjH JIee H Jby,le H rIpHpojiHa OorarcrBa. VAN DER GUN (2022) HaBoJiH 

na ce OKO 38% 0JL CBHX KOpHIHheHHX KOJIHUHHA IIOJĆMHC BOJIĆ HprH y 37 Mera 

10



CHCTEMAa OJI yKyIHO H3JIBOJeHHX 70 (c. 2). VIIpKkoc HecHrypHocTHMa y IHipOHeHaM4, 

MOXKE CC 3aKJbyuMTH Ja je HpoceuaH HHTCH3HTeET 3aXBaTa IHO,36CMHMX BOJaA y 
no/pyujHMa Mera cHcTeMa H3laHH 3HaTHO BehuH Hero y JIDpyrHM no/ipyujiMa (ckopo 
MmBa myTa). OBo je H JOrMuHO jep Mera CHCTEMC HOPe/I BeJIHKOr pacnpocTpatbeMba 
yrJ1aBHOM OJUIHKyje H Beha BOJLOTIDOIIyCHOCT BOJIOHOCHHX Hacilara. 

Anaxnnne o KopumiheM»y BO,la KapcTHHX H3,laHH y CBETy Cy HOKa3aje Jla Ce bHMa 
KopHcruM Omuyy 10% cBeTCKOr CTaHOBHHIHTBA, ajJmH Ha je HpH TOM HcKopHmiheHH 

JHaMHukH (bJIyKC CaMO OKO 1 % 0JI yKyrIHHX pe3epBH KapcTHHX H3/lAHH Ha TJ_100aJIHHM 
HHBoy (STEVANOVIĆ, 2019). 

Tawo rye he non3eMHe BOJIe HeJlocTajaTH, Moryhe je KOMIICH3HpaTH HX JIpyrHM 
BOJIHHM pecypcHMa. IleHa npepaje MOpcKe BOJe (MTecamHHMHyautHja) ce HOCTeHCHO 
CHMDKaBa. To peniepbe je naHac IpHxBaTJbHBO 3a OoraTe Jip;KaBe, a cyrpa he Oaru H 
aa cHpoMaitHe, 0e3 o038pa Ha neHy Kojy he MoparTHn Jna nunare. Jipyra Moryha pemema, 

HOCeOHO yHyTap KOHTHHCHaT4, KaO IHITO Cy H3rpajuba BeHMKHX aKyMyIanuHja, peuHa 
BOJIA, BOJa OJI KHnie, Ha uakK H Hpepa/ta oTrnajiHe Bojle, OHhe HaHybeHa y moje/UHHM 
oOnacTHMa. AJIH Iipe HX MOpaMO pa3MorTpuHrTH Ja H ca mocTojehiM OOHaBJbajyhHM 

pecypcHMMa NOJGeMHe BONeE ()HHaMHuKc pe3epBe) MOXKEMO HacTaBHTH HOpMAaJIHO 
CHaJleBaRbe CTaHOBHHIITB4A, HIOJbOHIDHBPe)Tle H HH/UyCTpHje. 

Bemrauko npHxpabHBabe M perymamMja pe)MHMa Cy |HH)KEM:EDpCKe 
HHTepBeHIHje Ca IMMJBEM O0e3OcbHBaMba /IOJLATHMX KOJIHUMHA BOJIĆ IIOCĆCOHO y 

KpHTHMUHHM  NepHojHMMa. lipBa rpyma mocrymaka je KapaKrepHMcrMuHa 5a 
HHTeprpaHyapHe BOJIOHOCHe CpeJUHHC (aJIlyBHJOHH, OaceHH), H Oa3Hpa Ha 34XBaTy H 

ynyImTahbby y HOJGEMJBE HOBPIHIHHCKHX BOJa pajH H.MXOBOT OHNLIEMeMbaBaMba. IIoyi 
perynanujoM nojpa3yMeBaMO ypaBHOTe;KeĆMe pe)kHMMa MH3MaHH, H TO je Hpe cBera 
cJyuaj KOJ JUHaMHUHHX KapcTHHX H3aHHM. Mepe Bemraukor npHxpaMHBaMba MJIH 
perynanuje MaMaHH HHje Moryhe HpHMCHHTH YyBCK H CBy}Ha, Hy)KHa Cy JIeTaJbHa 
xunporeonmormiKka H Mpyra HcTpaxkHBaMa, aH je KOJU BeMMKOr Opoja Beh aKTHBHHX 
H3BoOpHimtra y CBeTy, Moryha nonpaBka crabba H OOc3OebHBaMe OnaTHHX KOJIHUHHA 
BOJIe, a la TO He BOJIH y HaJjleKcrnioaTanuHjy. 

Kaji je y nirabby XyMaHHTapHO CHa0)ieBahbe BOJIOM, OHO Je Hy)KHO y HOJeJUHHHM 

enOBHMa CcBeTa, H TajJa HC MO)KEMO TOBOpHTH O OJIp)KMBOCTH H OHNTHMAJIHOM 
KopHurhewby pecypca. HHTrTeH3HBHHjeE INpHeMbe TIOJ3eMHC BOJHEC y HepHOJMMa 
MyroTpajHe cyIHle cnamlaBa Jby}CKC KHMBOTC H cHpeuaBa HOBC MuHrpalje 
(STEVANOVIĆ, 2018). HapaBHo, oBe Mepe Tpe0a cIIpoBOJIHTH CaMO KpaTKOTpajHO H y3 

nparehu MoHuHTopHHr e(bpekara nipnetba. 

HAIIIA PEAJIHOCT - JIA JIH JE CPPMJA CHPOMALTIIHA 

TIOJI3EMHOM BOJIOM H KAKAB JE bEH CTATyC? 

OJTOBOp Ha OBO IIHTaPbĆ ayTOP je JaO y BHIHC CBOJHX H KOAyTOpCKHX pajloBa 
(DIMKIĆ ef a/. 2011; STEVANOVIĆ, 2011, 2019; POLOMČIĆ ef a/. 2011; STEVANOVIĆ ef 

al. 2015, 2016, 2020). 

CJIO;KEHH TeOJIOHIKH yCJIOBH TepHTOpHje CpOuje ycJIOBHJIH Cy XHJIpOTCOJIOIIIKy 

XeTeporeHOCT H HejeJIHaKO IIpHCyCTBO HOJ13eMHHX BO,La y OKBHpy pa3nHuHTHXx THIIOBa 
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M3maHH. Ilompyuje CpOMje KapakTepHmme IIpHCyCTBO MH3JAHHM BeOMa OoraTHX 

THIOJG3eMHHM BOJlAMa (MC3030JjcKe KapOoHaTHe cTeHe, KBapTapHe aJtyBHjaJtHe H TepacHe 
Hacnare, H rnuhH HeOTrCHHM BOJOHOCHH CČHHMCHTH), aH H (bopanMHja ca MaJIHM 
pe3epBaMa HNOJ3eMHHX BOJLa (majHcO3OjCKe (popManMje, MarMaTCKeE H MeTAMOPp(bHc 

cTeHe, (pamuHe Hacnare jype H Kpe/Jle, Kao H JeOcH KOMILIČKCH Ce,IHMCHTHHX CTeEHa 
y OaceHHMa). 

Cponja Je ca cBoje aanajHe H jyro3anaJiHe CTpaHe OKpy)KeHa Jip?)KaBaMa KOje Cy 

OJUPe 3HauajHo OoraTHje BOJIOM, IITO je pe3yanrraT 3HaTHor pacnpocTpatbebba KapcTHHX 
TepeHa H BOJIOM OoraTHX KapcTHHx H3aHH. To cy IIpHa T opa, BocHa H XepnieroBHHa, 

AJOCaHuja, CnoBeHuja, XpBarcka H AycrpuHja (cn. 5). C npyre crpaHe, Hatm jy;)KHH 

cycel CeBepHa MakeyoHHja, H Je/(HHHM JIČMOM Ipuka mpuHmanmajy rpynm o 40-aK 

JnpxKaBa cBeTa KOJe Ce CBpCTaB4aJy y „,3CMJPE IIOJI CTDECOM“*. 

2 
0 5 10 I/s/km 

Crna Gora (11,1) 

Albanija (6,8) 
Bosna i Hercegovina(6.3) 

Hrvatska (6,1) 

Srbija (3,16) 

ka (2,05) 

Somalija (0.63) 

Irak (0.23) Aquastat (2011) 
Stevanović (2004, 2011) 

Ciun. 5 OcpejubeHa BpejiHocr creuQauHe H3nantHocTH H3jaHut (I/s/km?) y JH Esponu H paju 

nopebe&a HEKHM 3CMJbaMa y apHJIHHM oOnacTHMa cBeTa 

Fig. 5 An average specific groundwater yield (I/s/km?) in SE Europe and some other countries 
in arid parts of the world 

3a norpeOe BoJIOcHa0/leBabba HaceJba HHjahOM BOJIOM IIOJ13eMHC BOJIĆ HMaJy 

yuemhe o oKo 75% (DIMKIĆ ef al. 2011, POLOMČIĆ ef a/. 2011). Ha nonpyujy 
BojBOJUHEC HCKJByuHBH „BHJL BOJOCHaOneBaMPba CTaHOBHHIHTBa je Kopuurlhemec 

TIOJGeMHMHX BOJ. J3a jaBHO BOJOCHaOJeBaMbc HajBHHIC CČ KOpMCTe M3MaHH ca 

CJOOOJIHHM HHBOOM y AJIyBHJaJIHHM paBHHMa BeJIHKHX peKa (JlyHaB, Cana, Benmaka 

Mopana u /ipuHa). IIopen RHx KOpHCTeE Ce H MH3JaHH TIOJL IIpHTHCKOM y OKBHPpy 

HeoreHMXx OaceHa HojBoMHe H IeHTpaHe CpOHje, KaO H KapcTHE MH3JaHH y 

jyro3amajlHOM H HCTOUHOM JIeny CpOuje. Y Cponju je nocne JIpyror cBeTrcKor para 

jaBHHM BOJOBOJWHMMa OMO OOyXBaheHo caMo oKo 10% craHopBHumrrBa. /lo 1975 raj 

npotieHaT ce noBehaBa Ha 55% a OH o cpe)HHe OcaMJIeceTHX rOJHHa Beh oKo 2/3 

craHoBHuurrBa OHao oOyxBaheHo nieHTpaJiH30BaHHM BOJIOCHaOJIeBaHbbeM (STEVANOVIĆ 

etal.2015). 

IIpeMa oOpaljeHHM cTaTHCTHUKHM IIO,1a10M2a BOJIOBO/IHHX CJIy2)KOH, CTpyuRballi 
HHcruryra 3a BOJOnpuBpe/ty "JapocmaB UepHH" y HOKyMeHrTanujH BojornpuHBpejiHe 

OCHOBC CpOuje (1996), HaBOJIĆ /A yKyIHHeC KOJIHUHHC BOJIa KOJE CC KOpHcTe 3a 
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BOJlOCHaO/neBabbe y CpOnjtH H3Hoce rojmimibbe oko 750 x 10% m*, o uera cy mojiaeMHe 

Bonme OKo 580 x 10% m*. Oko 430 x 10% mž cy nojGeMHe BOJIE H3 pa3jnuHTHX 
BOJIOHOCHHX Cpe/WHHa (Hajuemihe anyBHJaJIHe, CJL. 6) KOJE Cc yrHaBHOM 3aXBaTajy 

noohy OGyHapa, MOK ce oko 145 x 10% m3 aaxnara ca kanraxa H3Bopa. Moxe ce 
KOHCTATOBAaTH J1a TOKOM TIOCJICJUPHX BHIHIC OJL 20 ro;uHa HHJe JIOIIJIO JIO 3HauajHHjHX 

npoMeHa y nor:e,ny KopHiiheHe KOJIHuHHC BOJLA, a yuenrhe HOJGeMHHX BOJLA Ce uaK H 
CMaM»yje. PaxjuoaH Cy BHNHIČCTDpyKH, MeDy MMMa Haj3HauajHHjH Cy JeMoOrpadQ)cKa 

crarHanuja, criopHjH r pHBpe/iHH pa3Boj, MaJiH OpOj HOBHX O0jeKaTa BOJIOCHa0JIeBaMba, 

CMaM56Mb6 HOTPOIHIMe. V3 TO, IpHCyTHO je (bopcHpape KopHitheM5a cCaBCKC BOJIĆ 30 

rpabaHe Beorpama, MarpaheHe cy HOBE akyMymamuje (Bapje, CryOo-PoBHu) H 

noBehaHo je KopHmiheme peuHe Bojme (Uauak, IIoxera, Apuube, JIlyuaH H Fopmu 

MuznaHoBat). 

TiponeHe cy ma CpOuja pacnomaxe ca 67 m“'/s npHpojHHO OOHOBJbHBHX 

(JuHaMHukKHX) pe3epBH HOJUEMHMHX BOJ, a y3 peajnm3OBaHe HIpoOjeKTe BeHiTauKor 
npuHxpamHBama (ci, 6) a o 108 m?/s (DIMKIĆ ef a/. 2011). 

12.80 3570 5.10 

E Aluvijalna izdan -1 - Osn Vod Kompl.-Vojvodina 
T Neogene izdani -2 I Karstne izdani -5 
L Pukotinske izdani-3 ____!- Veštačko prihranjivanje -6 

Ca. 6 TIponenryanHo yuemhe HckopuntiheHHx HH TOTeHIHJaJIHHX pe3cpBH BOJa IIpeMa 
THIIOBHMA H3JlAHH yKJbyuyjyhH H BemrTauko rpHxpabbHBambe y CpOuju 

Fig. 6 Percentage of utilized or potential groundwater resources including artificial recharge in 
Serbia (1-alluviums; 2. Neogene aquifers; 3. fissured aquifers; 4. basic water-bearing complex, 

Vojvodina; 5. karstic aquifers; 6. artificial recharge) (after STEVANOVIĆ ef a/. 2016) 

CTEBAHOBHRP H /JIOKMAHOBHR (2015) cy g3aKJbyuMNnmH Ja Cy INpHpojHe 

OOGHOBJbHBe pe3epBe y H3JlBOjeHHM BOJIHHM TeJIHMa IIO/13eMHHX BO/LA OKO 72 m?/s. AKO 

ce MMa y BHAUy a CpOtja y oOJacrH KOMyHAaJIHOrT BOJIOCHaO,neBaFba TpOHIH OKO 23 

m?/s, o uera oko 17,5 m?/s npencraBJbajy noJGeMHe BOJIe, jacHo je a cy IpHpojuHe 

OOHOBJbHBC pe3cpBe OKO ucTHPpH IyTa Beche oJ\ TpeHyTHO KopHitheHHx. HapaBHo 

nacrpnHOynuje pecypca nojeMHHX BO,JLaA HHje paBHOMepHa H HeMa HX JIOBOJbHO CBy/la 
anu je 3a BehHHy aKTHBHMX H3BOpHmTAa ocHrypaHa JyrOpouHa mepcHeKTHBa 
BOJIOCHaOJIeBahba. IIope/n rora, Moryha je Harpajuba BehHx perHOHaJIHHX CHCTeEMa H 

TpaHc(bep KBaJIHTeETHE BOJIE H y y,laJbeHHja noypyuja. Tako Ou ce peniiiH H Ipo0JteMH 

BOJTa nomier KBajmiTeTa (rIip. baHaT) H HenocrTajyhuHx KonnuunHa (rip. IIyayjuja, Jy»'xHa 

Cponja). 

Benaku Opoj noTeHnHjajiHo 3HauajHHX H3BOpHIHTa HHje HCKOpHIHIheH H OHC 

rpeicTaBJbajy 3HauajHy peaepBy 3a OyyhHocr. HajaHauajHuja nexxHirTa HOJU36MHHX 

BoJla y CpOujut cy Ha mojpyujuMa Maune, noznmaHe Canpe no yiha y /lyHaB, rpao06ajba 
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JlyHaBa mo TomyOma, Kyuajcko-BeJbaHMukor MacHBa, CyBe mmHMaHMHe, Tape, 

MeroxuHjcke KoTJiHHe, noznHe Benke MopaBe (STEVANOVIĆ, 2019). 

IIopey jaBHor BOJIOCHaO,eBabba y CpOHjH, HmOJW3eMHe BOJIe ce 3aAXBaTajy H 

Kopucre u 3a (pbyrauiipat»e, KaO MHHepaJIHe H KaO MaJIOMHHepaJIH3OBaHe, OJIHOCHO 
croHe. Ha ocHoBy craTHcTHuKHX Ho/laTaKa O IIpOH3BO/UbH H HOTPoOImbu (baramnipaHaHx 
HpHpo/liHHx, MHHePaJIHHX. H IIDpMpO/UHHX H3BODpCKMX BOJa y IIDOTeKJIMX HČKOJIHKO 
ronMHa, OuMre/laH je TpcHL pacra. Y CpOMjH nocTojH OKO 40 OBaKBHX 

KOMOPIIHJaJIHHX MH3BOpMIHTa NpHpO/HHX H3BOpCKMX BOJaA, MMHHCPpaJHHX đ„MJMH 
MaJIOMHHepaJIH3OBHHX BO/L. 

IIo miratbby KBajiHTeTa n0/3eMHHX B0OJI4, je/LaH JIeo pecypca mo,13eMHHX BOJIA 
TipHpojiHo je aaurraheH, HH je y CJIHBOBHMa peTKO HaCeJbeEHHX nojyipyuja, JIOK je je/laH 

eO HeNHOCpeHO yTrpO)KeH JPbyJCKOM aKTHBHoOmIhy. Bojme moOpor KBammMreTa 
KapakKTepHity KapcTHe H3MaHH KOJL KOJHX je XJIOpHcaMe Hajucmihe jelMHH BHJI 

TpeTMaHa. IIo}3eMHe BOJUĆ OCHOBHOT BOJIOHOCHOFT KOMILNIČKCa y BojBoOJMHHM HMajy 
BHCOKC | OCHOBHC | KOHNeHTpamuHje | OpraHCKHX | MaTepuja M  HOJjeHHHX 
MHKPOKOMIIOHCHTH XCMHJCKOT CacTaBa: cajp:jkaj joHa rBoO;Kba, apceHa, OpraHCKHX 
MaTepHja uecTO H BHHICCTDyKO OJCTyna OJL HponHcaHHX MaKCHMAaJIHO JIO3BOJBCHHX 
KOHHeHrTpauuija. IloceGHo je yrpoxxeHo mo,jpyuje cpejumber H ceBepHor BaHara rne 
HEHOBOJBHH XHJIDOTeOXEMHJCKH yCJIOBH JIHMHTpajy yrIOTpeOJbHBOCT IIOJ13eMHHX BO/L. 

O KOHCTAaHTHOM hjaralHBaHby HalHX BOJIOTOKOBa H H THMC H IHpHOOajJIHHX 
TIOJGGeČMHHX BOJIa CBeJlOuH H nmoJlaTaK Jla y CpOnHju nocroje aHcranucaHu KananiTeTH 
3a TpeTMaH OKO 15% OJI yKyHHO HCIIyDITeHHX KOMyHAJIHHX OTIIAJIHHX BOJIa, a a y 
TIyHOM KananiTeTy (DyHKHHOHHIIC CaMO OKO 6%. 

3a norpe0e oneHe rpuHTHcKa Ha KBaJIHTET IIO,13eMHHX BOJILA H THMC OJipebiBama 
HpHOpHTeTHHX JoKalnuHja 32 MOHHTOpHHT STEVANOVIĆ ef a/. (2020) cy yTBp/iHH a 

0JUyKyrnHor 0Opoja H3J1BOJeEHHX BOJIHHX TeJa HOJ13eMHHX BoOJIa (BT) y Cponju: 

• 57 BT Huje noji IpHTHCKOM, 

• 31 BT je noTeH1HJaJIHO HIOJ1 IIDHTHCKOM, 

• 3 BT cy nojJi npHTHCKOM. 

CrapĐe y HOorne,y MOHHTOpHHra NIOJI3eMHMHX BOJIA HHJE 34JLOBOJbaBajyhe. 

IIpocropHo mocMaTpaHOo cTaHHI Jp;KaBHC Mpe)Ke O KOjHMa ce crapa PenyOnaMukH 
XHJUDOMETEOPOJIOITIKH 34BO/L, (bopMHpaHe Cy HCKJPbyuUHBO y aJIlyBHjOHHMa BehuHx peka H 
H3JlaHHMa (DOpMHpaHHM y OKBHpy KBapTapHHx Haciara y BojaojmaHu (cn. 7). Ilopen 

OCMaTpaMba HOJGCMHHMX BOJa y OKBHMpy MHHTerpaHyHapHor THHMa IHIOpO3HOCTH, y 
MH3naHHMa JipyrauHjer THHa IIOpO3HOCTH, HOCCOHO KapcTHe, Oe3 003Hpa Ha MHXOB 

3Haduaj, CHCTeEMaTCKa OCMaTPpaba y HpOTEKJOM HepuHojly OHMa Cy BEOMa peTKa, H 
yrJ1aBHOM Cy HX BpIHHne reomomiKe opraHH3anuje 3a IIOTpeOe KOHKpeTHMx IIpojeKaTa 
(STEVANOVIĆ ef al. 2015, 2020). 

HapB0JUubaBaWbe IMOJbOHpHBpe/HHx HoBpmmMHa. Y CpOHjH je OBaj BMHJ 

KopHnurheMba HOJGEMHHX BO,MA BCOMA MaJIH H y CKNaJIy Ca yKyIHHM HeCJIOBOJBHHM 
HaBOJIbaBaHbeM. Ca paHuje cBera OKO 1%, a cama 2-3% ·{«HaBOJbaBaHHX 

TIOJBOIIpHBpeJIHHX IIOBpIIHMHa, CpOugja je Ha CaMOM JIHy CBDpOHCKC JIČCTBHIC 
(STEVANOVIĆ ef a/.2016). 
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Kopuniheme MuHepajiHHx H TepMaJIHHX B0JLaA y MEJUHIIHHH H 3a peKpeaTHBHeC 

norpeoe Je jennHa 0J1 BelHKHX pa3BojHHX repcneKTHBa CpOuje. CpOutja noceJnyje npeko 

200 rpnHpojiHHx H3BOpa MHHePaJIHHX H TEpMaJIHHX BOJIA, H yKyIIHH peCypcH OHeHM56HH 

cy Ha npeko 1000 1/s (FILIPOVIĆ & KRUNIĆ, 1995). To cy KBaJMTETHC IIOJUIOre 34 
pa3Boj OabbcKor, CIIOpTCKO-peKpeaTHBHOT H ČKO-TypH3Ma, aJIH Cy Ha BehuiHuH JoKanuja 

CBaKaKO HČCOTIXOJIHA H JIOIIyHCKa /IeTaJbHa HCHIHTHBaM, IOCeOHoO pajiH JoOujaMba BOJIA 

ca BHIIIHM TeMIIepaTypaMa. HajpBunie OBHX IojaBa je 3aCTyTIJbeHO y IIeHTpaJIHOJ, 33THM 

y 3anaJHoj H jy)OKHoj CpOnju. Hnak, kopuniheme OBHX BOJTIa H JlaJbe je 3HaTHO HHDKC y 

OJUIHOCy Ha 3eMJbe EV. 

|| 
Legend 
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Cn.7 BOJ_IHZ. TeJia IIOJ13ČMHHX BOJIa H IIOKĐDHBECHOCT HI/ljČSOMeTapCKOM OocMaTpaukOM Mpe;KOM 

Fig. 7 Groundwater bodies and monitoring piezometric network in Serbia. Dark tones ? water 

bodies without monitoring (after STEVANOVIĆ ef a/. 2020) 

Kopuniheme reorepajiHe eHepruje Kao je)HOr OJL Haj3HauajHHJjHX BHJIOBA 

„3eneHe“ eHepruHje y CpOujH je TOHOBO aKTyECJIHO HaKOH HEKOJIHKO JeneHHja 3acToja 

(MILENIĆ eft al. 2011). Ha repawropHja COPJ m CpOMje npBo H3amaBajaMbe 

TeoOTepMajiHHX TIIpoBHHiuHHja H IporHo3a MoryhHx BpejHOCTH TrycCTHHe TepecTpHuHor 
TONJIOTHOT TOKA, ypabeHo je mOueTKOM OCaMJIeCeTHX TOJHHa 20. BeKa. IIpBa Kapra 

TyCTHHeC TONIJIOTHOTr TOKA 3a mnojmpyuje CpOuje, lipHe Tope w MakemoHuje, 

IyOJHKoBaHa je y f eorepMaJIHOM arznacy EBpone (MILIVOJEVIĆ ef a/. 1995). 
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IIpeMa MILENIĆ ef a/. (2011) y cpriCKOM Jtenty IlaHoHcKor GaceHa H30OymeHo je 

y nepaHojny o 1977-1988. yKymHo 58 OymmorHHa yKymnHe MyOMHe OKO 50 km. y 

OCTAJIHM TeOTEpMAaJIHHM IIpOBHHLIHJaMa H30OynueHo je o 1992. rojHe 45 Hcrpa;KHHX 

OymrorHHa cyMapHe JyOMHe OKO 40 km. OJt HX, caMO cy TpH JyOHHe mo 1.800 m, 

ueTpHaecr je nyOaHa 1.000-1.500 m, rpaHaecr ca nyOaHaMa 500-1.000 m u nerHaecrT 

300-500 . BehaHHa oBHx HcTpax;KHHX OyITOTHHa Cy Ca CAaMOH3JIHBOM TeEpMAJIHHX BOJIA. 

VkyrHa H3JIaniHocT je OKO 500 l/s . 

V CpOouju nmocrojH M3y3CTHO BEJIHKH Opoj T3B. CyOrcOTepMAaJIHHX BOJIHHX 

nojaBa, KOJI KOJHX ce TeMIepaTypa Bojte Kpehe o,r 10-30 *C. Ca pa3BojeM TexHoJtorHje 

H KacKaJIHHX TOIHIIOTHHX IIyMIIH OMOTyheHo je noyuH3apbe TeMIIepaTypa JO HHBOa KOjH 
oMoryhyJe KopnHiihebe y Beh nocrojehiM cHcTeMHMa rpcJabba. To rocJte/UHX rOJHHa 

MMa da nNoceumy mHoBehaPe MHHBecCTHNHMHja 302 M.HXOBO KopMHmmhePe KaO BMA 
OOHOBJbHBE ČHePTHje. 

OteHOM IoTeHLHjaJiHOcTH CyOreoTepMa;tHe cHeprHje CpOHJe KOHCTaTOBaHO je 

a Og ce, aMajyhu y BHJIy yKyHHe pe3epBe BOJla H pa3aiuurTe IOTpeOe KOpHCHHKa, OKO 
20% pacnojtoxxHBHx JUHHaMHuKHX pe3epBH MOTJIO ČHepreTCKH HcKopHiihaBaTu, rpe 
cBera Ha no,ipyujy ueHTpajiHor H HcTouHor Jezma CpOHje (STEVANOVIĆ ef a/.2016). To 

je sHauajHo BHmie ojli d% Kao mpomemeHor Moryher yuentha reorepMajnHe eHperuje y 

„3CJIČHOM“ CHCpTeTCKOM OMJaHCy 3CMJbE KaKO je TO YyuHM=eHO y „,HepreTCKOj 

crparerujH“ PenyOnake CpouHje. 

3AKJbYUAK 

CpBeT ce MaHac CyOdMaBa Ca HH3OM peTehMx MH3a3OBa, OJL KOjHX OHM ca 
Tipe/3HaKOM KJIHMaTCKHX BapuHjanuja H pacI0J1O0)KHBOCTH BOJIHHM pecypcHMa, cna/lajy 
y OCHOBHE, jep OJ ĐHX 34BHCH HC CaMO ČKOHOMCKH pa3Boj H OarocrabĐe, Beh H 
eMeMeHTapHa er3HCTeHIUHja IIČMHOKyHHOT »KHMBOT CBeTa. IIo}GeMHe BOJEE KaO JIO 
yKYyIHOT BOJIHOT OHTaHca H JiparoneHuH rpaHpo/iHH pecypc o0e30ebyJy Bojty 3a nghe 3a 

OKO JIBE MHIIHJap/Ie Jby/u, a OMoryhyJy npojlyKunjy nOTpeOHe XpaHe 34 OKO IIOJIOBHHC 

CBCTCKOT CTaHOBHHIIITBa. Kojmiko rojn a cy ca jenHe cTpaHe yrpoxKeHe H KJIHMaTCKHM 
HpoMeHaMa H HpeČKOMCpHOM ČKCIŽOATALMHJOM, y yHyTpaHIMOCTH JeEMJbE Hajla3e CCČ 
pecypcH KojH Mory 3HauajHO Jla IIOMOTHy y IIpeBitanaBab»y HaBeJleHHx TemiKoha. Crora 
Je OHO CaCBHM oOrIpaBJlaH H30op cJroraHa 3a CBeTCKH /laH BOJa 2022: „IlonaeMHe BoJIe: 

YuHHHMO HeBHJUBHBO BHJUPMBHM“. H Humra je MaP=e 3HauajaH 34KJbyuaK CBeTCKe 
OaHKe y JeJIHOM 0JI H3BemiTaja 3a 2016: „IIoyeMHe BOJIe MOTy 3HauajHO JIOIIDHHeTH 

npumarobaBaHby KJIMMAaTCKMM HpOMCHaMa: MHXOBAa IHIHDpOKO pacnmpocrpaMbeHa 
JocTyHHOcT H yoOMudajeHO BCHKE KOJIHUHHC, a THMC H JUyrO BpeMe 3ajpo;kaBabba H 
cnopa peaktuMja udMHMHC MHX BHIIC TIpMpO/HO jamrrHheHHM OJL CC3OHCKHX H 
MebyrojuHnHx BapHjanuja nanaBHHa H TeMIepaType. 3a pa3jtHKy OJL HOBpIIHHCKOT 
aKyMyJIHCaHba BOJUĆ, BOMOHOCHH CJOjeBH TyOc d8aHeMaDpJBHBE KOJIHUHHC BOJIĆ 
HcnapaBabbeM H TpaHcnHpanujoM" (WORLD BANK, 2016). 

TlonaeMHHx BOJIA HeMa yBEK H cByRa. HajBehu meo Hana3H ce aKyMy1JmHpaH y 
HHTeprpaHyJ1apHHM H KapCTHHM BOJIOHOCHHM Cpe/)UHHaMa, C THM IHITO 32 pa3JiHKy OJ 
TIOBDHIHHCKHX BOJa KOJE Cy JOMMHHaHTHO BeE3aHC 32 XyMHJIHe OOMacTH, PbHX HMAa y 
CTEČHCKMM MaCcaMa H y apMJHMM OOMacTHMa. Ta uMMeHHIHa UHHH )KHBOT y THM 
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HpocTopHMa, HHauc yrJaBHOM CHPpOMaIHIIHHM CBHM TIDpHPpOJIHHM PpecypcHMa, HIIaAK 

TIOJIHOIHHJB5HBHM. 

IIlomaeMHe Bome TpeOa CHCTeMaTCKH HCTpaxKMBaTH, KaO H OpraHM3OBaTH 
MOHHTOPpHHT KOjH MO)KE JM HNpe/iyrnpenH HeraTHBHe mocenmHme HajeKcruoaTanuje, 
anu H Ja yno3opH Ha ripereha aarabinBama. PaunoHajo H oJp;xuBo KopHinheme jecTe 
MHMTIepaTHB, aJIH y IIOje1HHHM JIeJTOBHMA CBeT4, Hy)KHO je H XyMaHHTaPpHO CHa0JleBatbe 
BOJIOM, Ha H HOBpeMeHa HaneKcrinmoaTanuHja IIOCCOHO TOKOM JIyrOTpajHHX CyITa HJIH 
Tpajapba eJ_reMeHTapHHx Hernor0oJIa. 

Cponja npunajta rpynu 3eMJba EBporie ca JJOBOJBHHM peCypcHMa IHIOJ13eMHHX H 
TIOBpHIHHCKHX BOJIa 34 J(iyrOpOuHO 3aJlOBOJbaBaMĐbe moTpeOa craHoBHHimrrBa y nujahoj 
BOJM, KaO H mMorpeOa y oOmacrH MHJUyCTpHje, cHCpreTHKeĆ, HaBOJMbaBaHba 
TIOJBOIIpHBPeJIHHX IOBpIIHHa. PecypcH, KaO yOCTaJIOM H Ha TJIOOaJIHOM TIaHy, HHCy 
paBHOMepHo pacropeljeHH, HajOoraTHje BOJIOM Cy JIOJIHHC BCJIHKHX peuHMHX TOKOBA H 
TIJ1AaHHHCKe OOJtaCTH HCTOuHEe H 3amaJiHe CpOuHje, a BOJIOM HajcHpoMalitHHja noyipyuja 

Ilymaxuje H ropbber nezma caHBa JyoOxHe MopaBe. 

IIponeHa je na CpGuja pacnonaxke ca oko 70 m*/s moy1t3eMHHx BOJIa y IIpoceuHoj 

XHJIpOJIOIHIIKOJ TOJUHHH, a y3 BeIITauKO HpHXpaHMbHBaMb> HOTCHIHJaJIHO H HpeKo 100 

m?3/s. OBe kojtHuaHe cy OKO ueTHpH myTa Behe ol TpeHyTHO KopuHmiheHHx II0,13eMHHX 
BOA H OKO TpH myTa Behe OL yKyHIHO MHcKopHurheHHMX BOJa (HOBDHIHHCKHX H 
TIOJ13eMHHX) y KOMyHaJIHHM CHCTEMHMA H IIpy)Kajy cojmJiHy rapaHijy 3a OyalyhHocT 

BOJIOCHaOJleBaMba, HapaBHO y3 yCJIOB M>HXOBOT O/Jp;KMuBor KopHmihePa. Ha-jajlocT, 
OJHOC IIpeMa IIO,13EMHHM BO/IAMAa HHje 3aJOBOJbaBajyhu. Beh nyx)xua HH3 ronaHa ce He 
OTBapajy HOBa H3BOpHimrTa Io,13eMHHX BOJTa, nocTojeha ce uecTO 3aHeMaPpyjy, KBaJIHTeET 
saaxBaheHHX BOJA je CBC CHaOHJH H HeCJIOBOJBHO CČ dHHH Ha TIIDpEBeHHHJjH H 

CHCTEMATCKOM ıIIpe/lyrnpeljiBabby H CMaPeBby yTHIaja TeOJIOHIKHX Xa3ap)la. 

IIoreHuujaJn MHHepaJiHHx H TepMaJIHHX BO/UA, KaO H TECOTEDMaJIHeE cHepruje y 
CponjuH je BHCOK H OTBapa IIepcrIeKTHBe 32 pa3BOJ OaPbCKOr TypH3Ma, KaO H aKTHBHHJC 

KopHurhewbe OBOFr CHCpreTCKOr pecypca y CBaKaKO JUAJIČKO BeheM cTeHeHy OJ 
HaIIHOHAJIHHM ITITaHOBHMa ripejiBHeHHx 4% o,t yKyrHe „„3enteHe eHepruje“. 

GROUNDWATER – KEY RESOURCE FOR THE FUTURE 

AND BEST INDICATOR OF ENVIRONMENTAL STATUS 

INTRODUCTION 

Groundwater is a natural resource of key importance for humanity, both now 

and in the future. They provide drinking water for about two billion people, enable the 

production of half of the world's food (ZEKTSER & EVERT, 2004). Although the 

calculation of this "invisible" resource in different types of rocks can be a complicated 

task, many authors agree that groundwater represents 98-99% of the low-mineralized 

(fresh) water resources ofthe continents. Therefore, they are also a significant reservoir 

of high quality water, with the rational use of which humanity can mitigate climate 

change more easily (IPCC, 2007). 
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The last decade ofthe 20th and the beginning ofthe 21st century was marked by 

a broad application of the concept of "sustainable development", which includes the 

principles of harmonious attitude of individuals, nations and states towards the natural 

environment and the preservation of natural resources of the Earth for future 

generations. In Serbia, the principles of sustainable development are being increasingly 

incorporated into the legislation and development planning documents, including 

concrete actions. Large strides have been taken in some areas (e.g. the protection of 

biodiversity), while in others we are still at the beginning: (STEVANOVIĆ, 2011). 

However, attittude . towards the geological environment and groundwater is 

unfortunately not yet satisfactory. For many years, no new groundwater sources have 

been opened, the existing. ones are often not well maintained, the quality of tapped 

waters is getting: weaker, reactions are mainly made when excessive soil and 

groundwater pollution has already occurred, and not enough is done to prevent and 

systematically warn and reduce geological hazards. The years and decades will show 

whether in the coming years and decades the declaratively presented and/or rarely 

properly designed plans that strive to improve the condition and the need for 

environmental protection, and thereby eliminate or mitigate all factors that have a 

negative impact on it, will be implemented in practice. 

GLOBAL IMPORTANCE OF GROUNDWATER 

The theme ofthe World Water Day in 2022: „Groundwater: Making the Invisible 

Visible“ is not coincidentally chosen. Groundwater is essential water resource of the 

Earth. Groundwater is the essential water resource on Earth, which includes about 30% 

of all freshwater water resources on the planet (close to 70% is in glaciers and only 1% 

is the water of rivers and lakes). Groundwater supplies rivers, especially during 

droughts, and also lakes and wells and in this way provide potable water for most people 

of our planet. Groundwater ensures to prevail consequences of drought, represents an 

important part of climate change adaptation process and is often a solution for people 

without access to safe water. It sustains ecosystems, maintains the baseflow of rivers 

and prevents land subsidence and seawater intrusion. 

Table 1 shows the use of groundwater resources for different purposes. It is 

noticeable that the largest part of this resource in the world is spent on irrigation, which 

is a logical consequence of rare and insufficient surface water resources in arid parts of 

the world where a large part of the world's population is also concentrated (Fig. 1). 

As a consequence of the climatic conditions, the areas with the water shortage 

are from 15 to 30 north latitude. In terms of water availability per inhabitant, America 

is in first place with 24,000 m3/year, followed by Europe (9,000 m?/year), and due to 

population density, Asia is the poorest with 3,400 m*/year. 

The latest analyses confirm well-known fact that in the arid areas are located 

some of the largest aquifer systems in the world. VAN DER GUN (2022) distinguished 

out 70 so-called mega aquifer systems, those that extended over more than 50,000 km? 

and have cumulative thickness of the productive zone of more than 100 m (Fig. 2). The 

largest number of mega aquifers is in Africa, a total of 19, followed by Asia with 17, 

North America with 12 and Europe with 11. In the Northern Mediterranean area and in 
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the Saharan and sub-Saharan regions are systems with abundant groundwater reserves, 

all with a cross-border character: at Fig. 2 by numbers are indicated the following: 1. 

Nubian Aquifer System, 2. North-Western Sahara Aquifer, 3. Murzuk-Djado Basin, 4. 

Taoudeni-Tanezrouft Basin. In the hyper-arid area of the Saudi Peninsula, a significant 

Arabian Aquifer System is also present (No. 22). 

That groundwater should be given priority when it comes to drinking water is 

also evidenced by the generally accepted concept in the countries of the European 

Union (EU). Table 2 shows the ratio of the use of surface and ground waters in the 

public water supply ofthe population of some of EU countries. It is also noticeable that 

countries with a relatively unfavourable distribution of rich aquifers have a significant 

share of groundwater (e.g. Sweden, Finland, the Czech Republic). 

Despite all these facts, for many, groundwater is just "far from sight, far from 

heart". Therefore, for sustainable management of this hidden resource is necessary a 

vision, and especially understanding of its connection with geological setting: and 

surface waters of all kinds. 

GLOBAL CHALLENGES IN GROUNDWATER UTILIZATION 

The World is facing today the two major threats: 

• lIncreased water demands and uncontrolled water extraction on one, and 

• Climate changes,on the other side. 

These two factors provide a negative synergy, and many countries or regions are 

already facing water shortage and significant depletion of their water reserves (e.g. 

parts of USA, China, India, countries of Arabian Peninsula, Northern Africa). Such 

situation is likely to continue, and forecasts are even worst for the arid part ofour planet. 

The increase in water demands during the 20% century was enormous, and it is 

not so much the result of the growth of the population on the planet, but above all the 

accelerated urbanization, industrialization and in general the increase in living 

standards and conditions. From 1900 to 1975, the water demands increased 7 times, 

and only in the period 1975 - 2000, an additional two times (Fig. 3). The number of 

cities with over 5 million inhabitants increased from only 8 in 1950, to over 50 in the 

first decade of the 21st century, half of which are in Asia. 

It is very common that intensive use of groundwater lead to overexploitation and 

deterioration of groundwater quality. There is a drawdown of water table in wells that 

cannot be stabilized, regional cone of depression expands, hydraulic gradients change, 

the discharge of natural springs is reducing, and finally the flow of watercourses and 

especially the base runoff is reducing, too (STEVANOVIĆ, 2011). Changes of water 

quality due to overexploitation can be positive, negative or indifferent, depending on 

the point of view from which groundwater is evaluated. However, surface or aquifers” 

water of poorer quality (polluted, salty) often reaches the exploitation zone. 

The excessive use of groundwater in agriculture, which is the largest consumer 

at the global level, could be explained as follows: “When rainfed agriculture fails, the 

fallback is usually groundwater. First it is accessed to smooth over the dry periods, and 

then it becomes a habit...” (BURKE & MOENCH, 2000). 
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The enormous growth in the number of wells and installed pumping units for 

irrigation purposes can be seen on the example of India (Fig. 4). BURKE & MOENCH 

(2000) state that the number of diesel and electric pumps increased from 87,000 in 1950 

to as many as 12.6 million in the last decade of the 20th century. It is estimated that 

there are more than 20 million wells of various depths in India. The World Bank 

claimed in its report that 175 million Indians were producing their crops through 

unsustainable use of groundwater (BROWN, 2012, 2013). 

Today some 18 countries containing half the world's people are over-pumping 

their aquifers (BROWN, 2013). Among these are the three big grain producers – China, 

India and the USA - as well as several other populous countries, including Saudi Arabia, 

Yemen, Iraq, Syria, Iran, and Pakistan. During the last couple of decades, several of 

these countries have over-extracted to the point that aquifers are being depleted and 

wells are going dry, or new ones are drilled to depths of over 1000 m. Thus, during the 

1980s, Saudi Arabia took pride in exporting grain to the then USSR, only to bring its 

aquifers (mentioned Arabian Aquifer System, no. 22 in Fig. 2) to a critical stage, almost 

completely exhausted, through overexploitation. 

Climate change (CC) has an additional negative impact on the restoration of 

overexploited aquifers. The global rise of air temperature caused by the emission of 

greenhouse gases had been confirmed in several reports ofthe Intergovernmental Panel 

on Climate Changes (IPCC, 2007-2020). Increased air temperatures changed the 

regime of precipitation and humidity, strongly impacting the world'"s fresh water supply 

(BATES etf al. 2008). Groundwater, as part of the global hydrological cycle, is also 

affected and will be exposed to further threats from CC on the one side, and increased 

extraction on the other (ONESCO-IHP 2008). 

In a report at a conference dedicated to the impact of climate change on 

groundwater resources, the author of this paper (STEVANOVIĆ, 2013) cites several 

examples of drastic overexploitation and its consequences. In the North China Plain, 

the average drop in the groundwater table has reached 3 m/year. According to the World 

Bank in the area of the capital Beijing, drilling now has to be five times deeper than 20 

years ago. “Catastrophic consequences for future generations” are envisaged in this 

report, if no other options and alternatives are found (BROWN, 2013). Groundwater 

withdrawals in the United States have increased dramatically during the 20th century – 

more than doubling from 1950 through 1975 (KONIKOW, 2013). Substantial pumping 

ofthe High Plains aquifer for irrigation since the 1940s has resulted in large water-table 

declines (exceeding 50 m in places). An even worse case is in the neighbouring Texas 

aquifer: a regional cone of depression located near the city of Kingsville has been 

observed to deplete historically by approximately 76 m (KONIKOW, 2013). In Northern 

Iraq forced groundwater utilization for irrigation purposes as well as for the water 

supply of fast-growing urban areas has caused regional drawdown of many aquifers 

(STEVANOVIĆ & IURKIEWICZ, 2009). In Iran, a country with around 80 million people, 

grain production dropped 10% between 2007 and 2012 as irrigation wells started to go 

dry. One-quarter of its current grain harvest is based on over-pumping (BROWN, 2013). 

Pakistan, with a population of 182 million that is growing by 3 million per year, is also 

heavily mining its groundwater. 

The negative consequences of excessive exploitation are not only the depletion 

of water or deterioration of water quality, the accompanying geohazards are also a 
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problem. In some countries, such as Northern Africa (Algeria, Tunisia, Nile delta in 

Egypt, Senegal-Mauritania aquifer system), Gaza Strip, southern part of USA (Florida) 

or South America (Mexico, Argentina), there was also heavy depletion of some 

aquifers, which in coastal areas is followed by sea water intrusions. Land subsidence 

with soil collapses is also a frequent consequence of land drying due to groundwater 

overexploitation (e.g. USA, China). 

The first decades of the 21st century are marked by new migrations from 
undeveloped world, and one of the main reasons is inadequate water resources, both in 
terms of quantity and, even more, quality of water. The consequence is lack of basic 
hygiene and lack of food. Research by the UN Food and Agriculture Organization 
(FAO) in 8 underdeveloped countries showed that 90% of child mortality is caused by 
inadequate water quality or its complete lack. Every day around 25,000 people and 
children die for these reasons (STEVANOVIĆ, 2011). 

In addition to climate changes and increased water consumption, a significant 
problem is also the pollution of the aquifers and associated groundwater. Fetter (1993) 
distinguishes six categories of sources of anthropogenic groundwater contamination: 1. 
septic tanks, 2. sources designed to store, treat and/or dispose of substances (landfills, 
open dumps, mining waste and stockpiles, graveyards, fuel reservoirs, radioactive 
waste disposal sites), 3. sources to retain substances during transport (pipelines, trucks 
and trains), 4. agriculture (irrigation, use of pesticides and fertilizers, farm animal 
wastes), 5. sources providing a conduit for contaminated water to enter aquifers (wells, 
construction excavations), 6. natural sources whose discharge is created or supported 
by human activity (interaction with polluted surface water, saltwater intrusion). 

Geological setting: and groundwater are in close interaction and the main factors 
when discussing environmental issues and sustainable development. The rocks and soil 
are recipients of pollutants of every kind, while groundwater is not only acceptor of 
pollution, but also transfer media which may spread contamination to large distances. 
This is why monitoring of groundwater quality and some of ecological indicators is of 
key importance for assessment of environmental conditions in urban, but also in zones of 
intensive industrial and mining activities. In addition to, certain indicators of the state of 
the environment and water (ecological) can be introduced and monitored. STEVANOVIĆ 
(2016) proposes the following group of indicators for quantity and sustainable use: 
Renewable freshwater resources, Renewable freshwater resources in recession (drought) 
periods, “Domicile” (and “External”) freshwater resources, Renewable GW resources 
(Dynamic reserves), Water exploitation index, Groundwater exploitation index, Drinking 
water demands, Water available per capita, Groundwater depletion, Water losses. The 
same author proposed the following indicators for environmental and water quality: 
Drinking water quality, Industry wastewater index, Household waste water index, 
Specific pollutants index, Water reuse, Salt water intrusion, Fertilizer index, Pesticide 

index, “Green” energy contribution, Water demands of dependent eco system, Specific 
endemic and endangered species (Hiodiversity status). 

ANY SOLUTIONS? 

Of course, there are solutions. Sometimes they are demanding, and when it 

comes to capture, they are fraught with uncertainty because groundwater is a real 

"invisible" resource. On the other hand, when it comes to water quality and protection, 
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human carelessness and negligence are mostly repairable, but they must be financially 

supported. 

There are enough water resources on the planet for a significantly larger number 

of inhabitants than there are today. MARGAT & VAN DER GUN (2013) state that in the 

year 2010, the use of groundwater (pumping, abstraction at springs) was at the level of 

982 km3/year. If we compare this volume of water with nearly 7 billion inhabitants of 

the planet in that period, we come to the conclusion that each individual is theoretically 

entitled to 140 m? of groundwater per year. However, the fact that these quantities are 

limited in terms of satisfying all demands is indicated by the framework standards 

established by the United Nations (UN), according to which countries where less than 

1,000 m3/year are available to the inhabitant are considered to be under great stress as 

far as water resources are concerned (UN Water, 2018). The major problem is the 

uneven distribution of underground water resources and national borders that divide 

both, people and natural resources. VAN DER GUN (2022) states that about 38% of all 

used amounts of groundwater are pumped from 37 mega aquifer systems out of a total 

of 70 allocated (Fig. 2). Despite the uncertainties in the estimates, it can be concluded 

that the average intensity of groundwater abstraction in the areas of the mega system is 

significantly higher than in other areas (almost twice). This is also logical because mega 

systems, in addition to their large extension, are generally characterized by higher water 

permeabllity. 

The analyses of the global utilisation of karst waters have shown that they are 

used by close to 10% of the world's population, but that the dynamic flux used is only 

about 1% of the total reserves of karst waters on a global level (STEVANOVIĆ, 2019). 

In the areas where groundwater will be lacking, it is possible to compensate it 

with other water resources. The price of seawater processing (desalination) is gradually 

decreasing. That solution is acceptable today for the rich countries, but tomorrow it will 

be for the poor as well, regardless of the price they will have to pay. Other possible 

solutions, especially within continents, such as the construction of large reservoirs, use 

ofrriver water, rainwater, and even wastewater treatment, will be forced in certain areas. 

But before them, we must consider whether we can continue the normal livelihood of 

the population, agriculture and industry with the existing  renewable groundwater 

resources (dynamic reserves). 

Artificial recharge and regulation of aquifers are engineering interventions 

aimed at providing additional amounts of water, especially in critical drought periods. 

The first group of procedures is characteristic for intergranular aquifers (alluviums, 

basins), and is based on capturing and infiltrating surface waters underground for their 

refinement. By regulation of aquifers, we mean the balancing of their regime, and this 

is primarily concerns dynamic karst systems. It is not possible to apply the measures of 

artificial recharge or regulation of aquifers everywhere, detailed hydrogeological and 

other research is necessary, but in a large number of already active sources in the world, 

it is possible to improve the situation and provide additional amounts of water, without 

this leading to overexploitation. 

When it comes to humanitarian water supply, it is necessary in certain parts of 

the world, and then we cannot talk about sustainability and optimal use of resources. 

More intensive pumping of groundwater during periods of prolonged drought saves 

22



human lives and prevents new migrations (STEVANOVIĆ, 2018). Of course, these 

measures should be implemented only for a short time and with accompanying 

monitoring of the effects of pumping. 

OUR REALITY - IS SERBIA POOR IN GROUNDWATER AND 

WHAT IS ITS STATUS? 

The author gave the answer to this question in several of his own and co-authored 

works (DIMKIĆ ef al. 2011; STEVANOVIĆ, 2011, 2019; POLOMČIĆ eft al. 2011; 

STEVANOVIĆ ef a/. 2015, 2016, 2020). 

The complex geology of the territtory  of Serbia caused hydrogeological 

heterogeneity and uneven presence of groundwater within different types of aquifers. 

The territory of Serbia is characterized by the presence of deposits very rich in 

groundwater (Mesozoic carbonate rocks, Quaternary alluvial and terrace deposits, and 

shallower Neogene sediments), but also formations with small reserves of groundwater 

(Paleozoic formations, igneous and metamorphic rocks, Jurassic and Cretaceous flysch 

deposits, as well as thick complexes of sedimentary rocks in the basins). 

Serbia is surrounded on its western and southwestern sides by countries that are 

significantly richer in water than Serbia, which is the result of a significant spread of 

karst terrains and water-rich karst aquifers. These are Montenegro, Bosnia and 

Herzegovina, Albania, Slovenia, Croatia and Austria (Fig. 5). On the other hand, our 

southern neighbour North Macedonia and partly Greece belong to a group of about 40 

countries in the world that are classified as "countries under water stress". 

Groundwater used for water supply. About 75% of the population in Serbia 

is currently supplied with drinking water from underground. In the Vojvodina Province, 

the exclusive type of water supply for the population is the use of groundwater. For 

public water supply, intergranular aquifers in the alluvial plains oflarge rivers (Danube, 

Sava, Velika Morava and Drina) are mostly used. In addition to them, artesian aquifer 

in the Neogene basins of Vojvodina and central Serbia, as well as karst aquifers in the 

southwestern and castern parts of Serbia, are also actively exploited. 

While after the Second World War only about 10% of the population was able 

to enjoy the benefits of a centralised water supply, until 1980 already more than 2/3 of 

Serbia's population had obtain access to public water supply systems (DIMKIĆ etf a/. 

2011; POLOMČIĆ ef a/l. 2011). 

According to the statistical data of the water supply services, the experts of the 

Institute for Water Management "Jaroslav Černi" in the documentation of the Water 

Master Plan of Serbia (1996), state that the total amount of water used for water supply 

in Serbia is about 750 x 10% m* per year, of which groundwater is about 580 x 10% m*. 

About 430 x 10% mž are groundwater from different aquifers (most often alluvial, Fig. 

6) which are captured by wells, while about 145 x 10% m* are captured spring water. It 

can be stated that during the last more than 20 years there have been no significant 

changes in terms of the amount of water used, and the share of groundwater is even 

decreasing. The reasons are multiple, among them demographic stagnation, slower 

economic development, a small number of new water supply facilities, and a reduction 
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in consumption. In addition, there is a forced use of Sava water for the citizens of 

Belgrade, new reservoirs have been built (Barje, Stubo-Rovni) and the use of river 

water has increased (Cačak, Požega, Arilje, Lučani and Gornji Milanovac). 

The “gross” potential of renewable groundwater in Serbia is estimated at about 

67 m?*/s, rising to over 108 m?/s with the possibility of artificial recharge (DIMKIĆ ef a/. 

2011). By evaluating groundwater reserves in distinguished water bodies STEVANOVIĆ 

& DOKMANOVIĆ (2015) concluded that total renewable resources are around 72 m3/s. 

If it is taken into account that Serbia consumes about 23 m*/s in terms of municipal 

water supply, of which about 17.5 m?3/s is groundwater, it is clear that the natural 

renewable reserves are about four times larger than currently used. Of course, the 

distribution of groundwater resources is not even and there are not enough of them 

everywhere, but the long-term perspective of water supply is ensured for most of the 

active sources, including possible water transfer from rich to water poor regions. 

A large number of potentially important aquifer systems have not been used and 

they represent a significant reserve for the future. The most significant aquifers in 

Serbia are in the areas of Mačva, the Sava valley up to the confluence with the Danube, 

the banks oftthe Danube up to Golubac, the Kučaj-Beljanica massif, Suva planina, Tara, 

the Metohija basin, the Velika Morava valley (STEVANOVIĆ, 2019). 

In addition to the public water supply of Serbia, groundwater is also captured 

and used for bottling, as mineral water and low-mineralised i.c. table water. Based on 

the statistical data on the production and consumption of bottled natural mineral and 

natural spring water in the past few years, a clear growth trend can be detected. Serbia 

has about 40 such commercial sources of natural spring water - mineral or low- 

mineralised. 

Regarding the quality of groundwater, one part of the groundwater resource is 

naturally protected, or is in the catchments of sparsely populated areas, while another 

part is directly threatened by anthropogenic activities. The karst aquifers are 

characterized by good quality water where chlorination is usually the only type of 

treatment. In contrast, the groundwater of the “Basic aquifer complex” in Vojvodina 

have high natural concentrations of organic matter and certain micro constituents: the 

content of iron ions, arsenic, and organic matter often and multiple times deviates from 

the prescribed maximum allowed concentrations. The area of central and northern 

Banat is particularly at risk, where unfavourable hydrogeochemical conditions limit the 

usability of groundwater. 

The constant pollution of our rivers and consequently riverbanks” groundwater 

is also evidenced by the fact that in Serbia there are installed capacities for the treatment 

of about 15% of the total discharged municipal wastewater, and that only about 6% are 

functioning at full capacity. 

For the purposes of assessing the pressure on groundwater quality and thereby 

determining priority locations for monitoring: STEVANOVIĆ etf a/. (2020) determined 

that of the total number of separated groundwater bodies (GWB) in Serbia: 

• 57 GWBs are not under pressure, 

• 31 GWBs are potentially under pressure, 

• 3 GWBs are under pressure. 
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The situation regarding groundwater monitoring is far from satisfactory. From 

a spatial point of view, the stations of the state network under responsibility of the 

Republic Hydrometeorological Institute were formed exclusively in the alluvium of 

larger rivers and aquifers formed within the Quaternary deposits in Vojvodina (Fig. 7). 

With exception of groundwater of the intergranular type of porosity, in rocks of other 

type of porosity, especially karst, regardless of their importance, systematic 

observations in the past period were very rare, and were mostly carried out by 

geological organizations for the needs of specific projects (STEVANOVIĆ etf a/. 2015, 

2020). 

Irrigation of agricultural land. In Serbia, the level of use of groundwater is 

very small in view of the overall lack of irrigation. Given that only about 1% of 

farmland used to be irrigated earlier, and the fact that the numbers currently stand at 

only 2-3%, Serbia is placed at the very bottom of the European scale. 

The use of mineral and thermal waters in medicine and for recreational 

purposes is one of the major development perspectives of Serbia. Serbia has over 200 

natural sources of mineral and thermal water, and the total resources have been 

estimated at more than 1,000 1/s (FILIPOVIĆ & KRUNIĆ, 1995). These are high-quality 
water that may be used for the development of spa-, sport-, recreation- and eco-tourism; 

however, most of these locations require additional detailed exploration. Most of these 

sources are in central and southern parts of Serbia. However, their utilization is 

considerably smaller than in most of EU countries. 

The use of geothermal energy as one of the most important aspects of "green" 

energy in Serbia has intensified, once again, after several decades of stagnation 

(MILENIĆ ef a/. 2011). The first identification of geothermal provinces in the territories 

of Yugoslavia and Serbia and the prognoses as to the possible values of the density of 

the terrestrial heat flow were done in the early 1980s. However, the first heat flow 

density chart for the territories of Serbia, Montenegro and Macedonia was published in 

the Geothermal Atlas of Europe (MILIVOJEVIĆ ef a/. 1995). 

According to MILENIĆ etf a/. (2011) a total of 58 wells, with a total depth ofabout 

50 km, have been drilled in the Serbian part ofthe Pannonian Basin from 1977 to 1988. 

By 1992, 45 exploration wells with a total depth of about 40 km have been drilled in 

other geothermal provinces. Ofthese, only three have been drilled to the depth of 1,800 

metres, fourteen to a depth of 1,000-1,500 metres, thirteen to a depth of 500-1,000 

metres, and fifteen to a depth of 300-500 metres. Most of these exploration wells have 

self-discharging thermal waters. Their total yield is about 500 1/s. 

Serbia has numerous so-called sub-geothermal (lukewarm) water occurrences 

which the water temperature ranges from 10-30%C. The development of technology and 

the cascading heat pumps allowed the temperature to be increased to a level that enables 

the use of such water in the already existing heating systems. In the last few years this 

has resulted in increased investment in renewable energy. 

Through the assessment of potentiality of subgeothermal energy of Serbia it has 

been concluded that, having regard to the total water reserves and the different needs 

of the users, approximately 20% of the available dynamic energy reserves could be 

exploited for energy purposes, particularly in the Central and Eastern parts of Serbia. 
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This is considerably higher than 4% as estimated contribution of geothermal energy in 

national „green energy“ sector in the Energetic strategy of the Republic of Serbia. 

CONCLUSIONS 

The world today faces a series of threatening challenges, of which those with the 

signature of climate variations and the availability of water resources are among the 

most critical ones, because not only economic development and well-being, but also 

elementary human and animal existence depends on them. Groundwater, as part of the 

total water cycle and a precious natural resource, provides drinking water for about two 

billion people, and enables the production of the necessary food for about half of the 

world's population. As much as they are threatened by climate change and 

overexploitation on the one hand, there are such resources in the interior of the Earth 

that can significantly help in overcoming the aforementioned difficulties. Therefore, 

the theme of the World Water Day in 2022: „Groundwater: Making the Invisible 

Visible“ is not coincidentally chosen. And no less significant is the conclusion of the 

World Bank: “Groundwater can do much in adapting to climate change: Its widespread 

availability and typically large volumes and thus long retention time and slow response 

make it more naturally buffered against seasonal and inter-year variations in rainfall 

and temperature. Unlike surface storage, aquifers lose negligible amounts of water 

through evaporation and transpiration” (WORLD BANK, 2016). 

There is no groundwater unlimited and everywhere. The largest part is found in 

intergranular and karst aquifers, with the fact that unlike surface waters, which are 

dominantly in humid areas, they are also widely present in arid areas. This fact makes 

life in those areas, otherwise mostly poor in all natural resources, tolerable. 

Groundwater requires systematic investigation, as well as monitoring that can prevent 

the negative consequences of overexploitation, but also warn of threatening pollution. 

Rational and sustainable use is imperative, but in some parts ofthe world, humanitarian 

water supply is also necessary, as well as occasional overexploitation, especially during 

prolonged droughts or the duration of natural disasters. 

Serbia belongs to the group of European countries with sufficient surface and 

groundwater resources for long-term water supply of the population, as well as 

industry, energy, and agriculture. These resources, as in global level are not evenly 

distributed, the valleys of large river courses and mountain areas of eastern and western 

Serbia are the richest in water, and the areas with the poorest water are Šumadija and 

the South Morava basin. 

It is estimated that renewable groundwater in Serbia is around 70 m*/s in an 

average hydrological year, and with artificial recharge potentially raise over 100 m3/s. 

These quantities are about four times higher than the currently used groundwater and 

about three times higher than the total used water (surface and underground) in 

communal systems. This provides a solid guarantee for the future of water supply, with 

the condition of water sustainable use. Unfortunately, the attitude towards groundwater 

is not satisfactory. For several years now, no new sources of groundwater have been 

opened, the existing ones are often neglected, the quality of the tapped waters is getting 
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weaker and insufficient efforts are being made to prevent and systematically warn and 

reduce geological hazards. 

The potential of mineral and thermal waters, as well as geothermal energy in 

Serbia is high and opens perspectives for the development of spa tourism, as well as 

more active use of this energy resource to a much greater contribution than the 4% of 

total "green energy" included in national plans. 
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PEHIABAMbE IIPOBJIEMA OJIBO/UbABAMbA IIPIMEHOM 
„FUZZY-MCDM“ METO/JIA HPH HH?KEIbEPCKO- 

TEOJIOHIKHM HCTPA?KHBAMIbHMA 

SOLVING DEWATERING PROBLEMS USING FUZZY 
MCDM METHODS FOR ENGINEERING-GEOLOGICAL 

SURVEYS 

OPHTHHAJIHH HAYUHH PAJIL - PAPER 

Ancrpakr: IipoOmeMaTHKa OJIBOHaBaHba HpHJIMKOM yrpaBJbaMba IIOJ3ČMHHM BOJMAMa HMa 
moce0aH 3Hauaj KOJI xHipoTexHHuKuHX OOjeKaTa, ripHo06aJba, MeJtHOpaTHBHHX rojipyuja, HaceJba 

u pyjHaka. Crpareruja pemaBatba npo0xneMa 0JIBOJUbaBaMa HpejicTaBJjba 3HauajaH CeTrMCHT y 
MeHaIMCHTY TIO,13eMHHX BOJTA, Oc3 KojHx OuH (pbyHKnHoHaJiHocT oBHX OOjeKara H mojtpyuja OHma 
noBenmeHa y nHTaMĐe. PemtaBame npoOmeMa OJBOJUbaBaMa IHIpHMMeHOM „FUZZY-MCDM“ 

MeTOJIa ripe,icTaBJba HHTepyuHciHrnHHapaH IpHcTyI KOjH JIOBOJIH JIO KpeHpatba ajtropaTMa 32 
300p c(bMKacHOr H ONHTMHMAJIHOT IIpOjeKTOBaHOT aJITepHaTHBHOT peeHa KOJL InaHa 
ynpaBJbabba OJIBOJUbaBaMbeM. IIpojeKTOBabe HjnaHOBa OJIBOJUPaBaba Ce Bp y TpH (paae. y 
TipBoj (paaH, npHMeHyjy ce HyMepHukKe IIporHO3He CHMyIalje KOjHMa Cc KpeHpajy raHOBH 
OJiBOJUbaBalba. V mpyroj (paaH, Bpmm ce aHajmna H HcKycHja KpHTepHjyMa KojH yTHuy Ha 

OJUIyKy TIpMJIMKOM MH300pa OHNTHMaJIHOr miHaHa OJIBOJUbaBaMba. Kpajma (aga anmropwrMa 
no,npa3yMeBa BHHIČKpHTEpHjyMCKO OJUIyuHBaH, OJIHOCHO BPIIH Ce H3BOleMe MaTeMaTHuKHX 
OHTHMH3aHHOHHX IIpopauyHa H JUOHONICH:C KOHauHe OJUIyKC O H3OOpy OJpxkHBor rmaHa 
ynpaBJbaMba OJIBOJPaBaM»ČM. V TOM CMHCJIy, 3HaM»=C cKCHepTa MTpa KJbyuHy yJOTy KOJI 
KpeHpama „FUZZY-MCDM“ wojena, oJHOCHO OlHeMHBalba H mopebema mapoBa eMeMeHaTa 
MaTeMaTHuKHX MaTpHna, rJIe Ce pa3MaTpajy HHX;KeHbepCKO-TeOJIOIIKH mapaMeTpH. LlenokynaH 
nponec H3Bobepa onepauHja mpeMa ajropMTMy 3a KpeMpaMbe HaHOBa OJIBOJUbaBaHMba uHHMH 
XOJIHCTHUKH CHCTEM. 

Kibyune peuu: raHoBH yripaBjbaMb»a II0/13eMHHM BOJIAMa, IIpOrHO3He HyMepHuke CHMy1alHje, 
3HaMbe eKCIIepTa, XOJIHCTHUKMH CHCTCM, fuzzy orTHMHHaluja 

Abstract: Dewatering as part of groundwater management is especially important in cases that 

involve hydraulic structures, coastal and riparian areas, land improvement activities, human 
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settlements, and mines. A dewatering strategy is an important segment of groundwater 
management, without which the functionality of facilities and areas might be threatened. Solving, 

dewatering problems by the Fuzzy-MCDM method is an interdisciplinary approach aimed at 
creating an algorithm for the selection of an efficient and optimal designed alternative solution 
for the dewatering management plan. The design of dewatering plans comprises three stages. 

The first stage involves numerical predictive simulations to create alternative dewatering plans. 
The criteria that affect decision-making associated with the selection of the optimal dewatering, 
plan are analyzed and discussed in the second stage. The final stage of the algorithm includes 

multicriteria decision making or, in other words, mathematical optimization calculations and the 
selection of a sustainable dewatering management plan. In this regard, expert judgment plays a 
key role in the creation of the Fuzzvy-MCDA model - evaluation and pairwise comparison of 

elements of the mathematical matrices, where engineering-geology parameters are considered. 
The entire process of algorithm operations for the creation of dewatering plans represents a 

holistic system. 

Key words: groundwater management plans, predictive numerical simulations, expert 
judgment, holistic system, fuzzy optimization 

YBOJI 

IIpenMeHTHu paji je npoHcTeKao H3 HcCTpa)KHMBaMba KOja Cy H3BeJIĆHa TOKOM 
gH3pane noKTopcke nacepramuje (Bajah, 2015). CrenujanicrHukH cerMCHT OJIHOCH Ce 

Ha HpHMeHy fuzZy JOTHKC y XHJDO,MHHaMMHuKoj aHajmaH 3a HOTpeOc HIpojeKTOBaHba 
cHcTeMa 0O,IOpaHe OJ mo/13eMHHX BOJILA, OJUHOCHO KpeHpatbe cTpaTerHja OJUBOJUbaBaHba 
aa pa3anMuHTe cIyuajeBe. CBe HpHMMeMeHC MCTOJIE TNpe/iCTaBJbajy je/(laH IIČJIOBHT 
CHCTEM, IIpe}ICTaBJbĆH jeJUHCTBEHHM 4AJITODHTMOM, KOjH je pa3BHjeH TOM HpHJIHKOM, 
ca HarnaHleHHM „HHTep/UCHMHIHIHHapHHM IHIpHCTyHOM KOJL pemmaBaHba 3jamrrHTe 
nojnpyuja OoJL HOJGEMHMX BOMa (ypOaHOr, IIOJBOHpHBpe/IHOr, MHJUyCTDMHjCKOT, 
pylHHukor). 

NY'kparko, aanrrHTa OJ I10,13eMHHX BOJIa H HJ1AH OJIBOJUPaBaFba je HeOnXOJaH KOJI 
CBHX TepeHa uMHjH Ce pajlOBH BPIHČ HCHO/L KOTE HHBO4 HOJUeMHHX BO/a. Jla OB ce 
BPIHHJIO 00apabbe HHBOa HOJ3CMHHX BOJIa H KaKO OH Ce CTEKJIH IIOBOJBHH yCJIOBH 34 
pam, morpeOaH je naH OJBOJUaBaMba, OJHOCHO ONHTHMAaJLAH JIDČHA)KHHM CHCTEM. 
/ipeHaxxHH CHCTEM UHHC M»ETOBH CJIČCMCHTH - XHJIDOTCOJIOHIKH, XHJIDOTeXHHUKH HJIH 
pylnapckuH oOjeKTH. Eaa ce BpniH oGapaĐe HHBOA HOJGEMHHX BOJLA HCHO,/L pajlHec 
eraxxe HH ce BpIIH CrIpeuaBabbe KpeTaFba HOJUeMHHX BOJLa. C je/tHe crpaHe, riaHoOBH 
OJBOJUPaBaMa rpejiBHbajy H30op mrteMe pacnmopeja npeHax;KHHx OOjeKaTa y HmnaHy H 

npodumy. C npyre crpaHe, nojpa3yMeBajy M BpeMCHCKH Ppeocel H3BoOlbema 
J\peHaxxHHx o0jekaTa y cajlejcTBy Ca JU1HAMHKOM HH)KCH6pCKHX pajlOBa KOjH Ce BDIIC 
Ha HEKOM HO/Ipyujy. 

NY HaCeJBĆHHM MeCTHMA, BHCOKH HHBOH HOJUEMHHX BOJa MOTy yrpo;KaBaTH 
cTaMOeHe O0jekTe HJIH yTHHATH HCHOBOJBHO Ha TeOMeXaHHuKcC KapaKTepHCTHKe TJ, 
ma Cc jaBJbajy M-erOBE Me(Q)opMaulje y BHJUy pymmeMma HH cCeraba, a TaKoOlbe H 

aKTHBHpaMa Hpoleca KJIM)KCMKba KOJU TJa KOJa HMajy Te mpenucnoaHuuje. Hcru je 
cHyuaj H KOJU XHJIpOTeXHHukKMHX OOjeKTa. Ha MenHOpaTHBHHM IO,pyujHMa BHCOKH 
HHBOH HO/136MHHX BOJIa JIOBO/Ie IO 3acHheMa TJIa BOJIOM H THMC yTpO)KaBajy yCeBče. 
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IIp HH)KeĆMb6pCKO-TCOJIOHIKHM MHCTpa);KHBaMbHM4, CKCHeČpTH Ce CyOdMaBajy ca 
HpoOJeMHMa KOJjH HacTajy HIDMJIMKOM M-eTOBC HJIČHTH(bHKaWMje y TCOJIOHIKOM H 

XHJIDOTeOJIOIHKOM CMHCJIy. VcHeMIHO KpeMpaMbe HIaHOBa OJBOJUaBaMba 3A4XTeEBa 
HOCeJlIOBabbe 3HaMba H3 pa3nHunTHX JUCIIHIIJIHHa KOje Ce OJIHOCe Ha OOnacT reoJtorHje, 
npe cBera xH/poreomorHje, a HOTOM H JMHGaMMKC HOJUGEMHHX BOJMa, XHJIpOJIOrHje, 
MeXaHHKC cCTeHa, MH3apame OyHapa M OcTaJMX JDeHa)KHMX OOjeKaTa, 3aTHM 
XHJIpOTeXHHKe, Kao H H3 oOnacTu py/lapcTBa. 

IIapnujanHu npuHcryn pemaBaba oBe npoOmeMaTHKe Hajuenihe He JNOBOJUH JIO 
e()HKacHOT, OJIHOCHO, JIO OIITHMAJIHOr penieFba H H3Gopa jejHe OJ BHIIc KpeHpaHHX 
HnaHOBa O/IBOJUPbaBaMa. HHrerpanujoM payanMusHrHx QaKkTopa KojH no/jpa3yMeBajy 
TeXHHUKEC KapaKTepHCTHKC CHCTEMa KOJHM CC BPpHIH OJUBOJUbaBaĐ=c, yrTHHaje Ha 
5KMBOTHy CpeyUHy H ČKOHOMCKC KpHTepHJyMe, Moryhe je cBeoOyXxBaTHHje carjte/laTH 

HIpe)IMeETHy | IIpOOJeMaTHKy. VHMBep3aJHC (paKTOpe KOJH MHMAajy yrMHMmMaj Ha 

KapakTepHcTHKe Ii1aHOBa OJIBOJUaBaFba y MEHaIUJMEHTy HO/U6MHHX BO/IA, IpHKa3aHH 
cy y pany Bajuh etf al. (2017). 

IIpuMeHy KoHnernra fuzzy norHKe, HayuHO 3aCHOBaHOT IHpHcTyIa KOjH KOpHcTH 
HCKyCTBO H HHTyHLIHjy Crpyubbaka rpe,icraBHo je Zadeh (1965). OBaKBHM IIDpHCTyIHOM, 

HpoOneMH HeH3BeCHOCTH, HeO/ipeljeHocTH H Henpel3HocTH ce HpeBa3Hna3c. AKO ce 
aHajnmHpajy e1eMEHTH BHIHICKDHTEpHJyMCKOT MOJIeJIa, OHH He MOpajy OHTH onucaTH 
TauHHM HyMepHuKHM BpecHoOcTHMa. HecrpykrypMpaHa xeypHcTMuka TBpDema H 
3HaMbe eKcriepaTa ce OHHCyjy JIHHTBHCTHUKHMM H3pa3HMa, a KOJH Mory Jla cCe KOJIHpajy 
y MaTeMaTHukKH ajiropHTaM. /IpyrHM peuHMa, OCTBapyje ce Be3a H3MeDLy WUOBCKOBOT 
npupo/iHor je3HKa H HyMepHukKux mojaTaKa Koje kopucTH pauyHap KopuniheRbeM HeKe 
oJ npe(QjćepeHTHHx KJacHuHHX cKama (Saaty, 1977; Saaty, 1980; Lootsma, 1988), 

OJUIHOCHO (pa3H(biiKkoBaHHxX ckKaja (Zhu et al.; 1999; Lamata, 2004; Tolga et al., 2005). 

Chang (1996) je saacyx;kaH 3a HpBO Ipe/iCTaBJbaMbeČ MCTOJIĆ IHIO KOJOJ CC BpIHIH 

onrHMManuja IHyTeEM fuzzy aHaHnHTHuKO XHjepapxHjckor mpomeca moMohy 

TpoyraoHuHx fuzzy OpojeBa H „FAHP“ ckaje. Merojnonorujy Je JO)1ATHO yCaBPIIHO H 

pasnuo Deng (1999). „FUZZY-MCDM“ woznen je BapabeH y HaMeHCKH pa3BHjeHOjJ 

annaKarmujH „Fuzzy-GWCS“ (Bajuh, 2015). 

METOJIOJIOT HJA 

Kako je npuakKa3aHo Ha cHH 1, pa3aBHjeHH aJiropHTaM ce CacTOJH reHepaJIHO H3 

3 uenHHe. 3HaM6, HCKyCTBO, CyOJEKTHBHE IIpOHeHe H HHTyHNnHja cKcnepaTa OHTHO 

yruuy Ha cBe TpH JneJ1a OJL KOjHX Ce CacTOjH aJITOpHTaM, OJIHOCHO IIpOjeEKTOBabe IUHaHa 
OJBOJIHbaBahba H pentaBabe Iipo0jteMa 3anrTHTe OJ I1O13eMHHX BOJIa. 
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TIpBH /eo ajiTrOpHTMa ripe,icCTaBJba IIpOjeKTOBaMPbĆ HIIAHOBa OJBOJUPbaBaMa. Ha 
CaMOM CTAapTy, TO CC OJHOCH Ha yCHOCTaBJbaMbČ aJIČKBaTHOT XHJIpOTCOJIOHIKOT 
(KoHnenryaJtHor) MO/IeIa, a 33THM H HyMepHuKor MOJIeJa (H300p HyMepHukKe METOJIĆ 
H CO(pTBepcKor KOJLaA 34 MOJeNMpaMbe, H3OOp HpOcTOpHe JMCKpeTH3aHHje, yHOC 
napaMerTapa MojnieiIa, IOCTaBJbabbe rpaHHuHHX yCJIOBa, IIOCTaBJbaHbćC IIOMĆTHHX yCJIOB4a, 
H30Op BpeMEHCKe JWiICKpeTH3auMHje) H Ha Kpajy KpeMpaMe H aHajiH3y BapHjaHTHHX 

pemema cHcTeMa 0/10paHe 0J1 II0)13eMHHX BOJla Ha KaJIHOpHcCaHOM H BepH()HMKOBaHOM 
HyMEePpHuUKOM MOJICJIy, y3 OMOB ITIpOrHO3HHX XHJIpOJUMHaMHuKMHX IpopauyHa, OJIHOCHO 
cHMymauHja. Ha < je3HKy BHIHIČKDMTEpHJyMCKC OHTHMMH3aNHjE, OBaj MOCTyHmakK 

npe/jicTaBJjba KpeHpabe ajrrepHaTHBHHX peleMba - HIaHOBa OJIBOJUbaBaFba. Takobe, 
HyMECpHuKO MO/IČIHpaHbc H HpOTHO3He cCHMyIanlHje OMoryhaBajy aHanmH3y eQ)eKaTa 
CBHX IIpeJUIO)KeHHX IUIAHOB4A, KaoO H pa3nike H3MeD)y THx noOHjeHHXx permehba. 

/ipyru neo ajnropHTMa OJIHOCH CE Ha HOCTABKy H aHajH3y KpHTepHjyMa KOjH 
yrMuy Ha OHTHMAJHy OJUIyKy IDMJMKOM MH3Gopa mnmaHa OJBOJUbaBaMba. OBaj 
KpeaTHBHH IHOCTynaK IIpe,icTaBJba jenaH OJl HajBa)KHHjHX /IeJIOBa HeJIOKyHIHOT Hpoleca 
oJUrIyuHBaMba. 3a nmoTpeOe HpojeKTOBaPba HJIaHOBa OJBOJUbaBaMba H3JBOjeHa Cy TpH 
KpuHTepHjyMa (TexHHukKu – TI, ečKOHOMCKH – ElLI, eKomomiKu - EH), a y OKBHpy KOJHX 

ce MyaMBajajy 11 monmkKpMrepHjyMa: BpeMe, IpHJarObeHOCT XHJIDpOTĆOJIOMHIKHM 

yCJIOBHMAa, C(DHKaCHOCT, (bjIeKCHOMJIHOCT, IHOy3/lAHOCT; HHBECCTHIHHOHH TPOIHIKOBMH, 
TpOHNIKOBH (DyHKHUMOHHCaMba CHCTCMa, TDOHĆIKOBH O/p)XkaBaMĐba; OHNajaMe HHBOA 
TIOJG3eMHHX BOJI4, KBaJIHTET H KOJIHUHH4A HCHpTIJbEHHX BOJIa H HiTe/UPa eHepruje (Bajah 
et al., 2015). 

Tpehu neo anroparMa ojtHocH ce Ha KpeHpabe „MCDM“ wMojnena H IpHMeHy 

annaKamuje „Fuzzy-GWCS“, kojy je ayrop pa3BHO. VormmmrTeHO, OHITHMH3ALHHOHH 

MOJIČHH HOMAXKy y MHpomecy OJUIyuMBaMba, oMoryhyjyhm eKcnepry a HOBe)Ke CBC 
nmojarTKke H pemanuje y JaToj cHTyanujH, a pe3yarrar Tora TpeOa ma oMoryhH HM30op 

OnTHMaJIHe anTepHaTHBe, caBmabyjyhHM CBeE KOMTILJIČKCHOCTH IIOCTABJbEHOT 34aJlaTKa. 
IIocroju BeJHKH Opoj MeTOJIaA BHIIČKpHTepHJyMCKC OIITHMH3411HJe KOJHMA Ce pentaBajy 

TIipo0JteMH JIOHOIIČMa OJUTyKa O OIITHMAaJIHOM petmeMĐ»y IIOCTaBJbeHoOr HpoOjmeMa. Bamr 
300r TC udHMCHHIHC, OBaj JCO aAJIOpMTMa MOXE a Ce MOJWM(ODMKyje. 30or 

rpeBayaHaxkeMba MIOMCHyTHX TNIpoOMeMa KOjH CČ OJHOCC Ha „HeHPpeHM3HOCT, 
HeojnpebeHocT H HeH3BeECHOCT IIpH HH)KCH5CpDCKO-TCOJIOHIKHM HCTpa)KHBaH>HMa, BpITH 
ce My3pama „Fuzzy-MCDM“ wojnena. IIponenypaMa Kao mro cy (asaHQkauja H 

MH3BOlbeM»e MaTeMaTHuKHX OHITHMH3AIHOHHX HpopauyHa, a 3aTHM Je(ayaQukanuja H 
paHrupame ajrepHaTHBHMX pentePa, JOHOCH CČ OHTHMAaJHHa OJUIyKa O TIHaHy 
OJBOJUPaBaba. JlerajbHoO KpeMpabe „Fuzzy-MCDM“ npHkaa3aHoO je y HeCKOJIHKO 

Kopaka. 

1) IIpojekroBabe XuHjepapxHje npoOMeMa H OHeMHBaMbe. IIpojeKToBaMbe 

xHjepapxHje Cce OJHOCH Ha MJeHTH(DMKaIjy HHBOA (IHHJb - KpHTEpHJyMH - 

THIOJKKpHTEDHJyMH - 1TIOJ-HŽOJKDMTEpHjJyMHM - .. — adgrrepHarHBHa peniePa). 
OJBOJUbaBaMbc Hpc/ICTaBJba IMMJb, a a OM ce H3aOpajlO OHTHMaJIHO ajrrepHaTHBHO 
pemreme, OJHOCHO aH OJ/BOJMbaBaĐa BPpHIH Ce aHaHM3a KpMTepHjyMa H 
n0JKpHTepHjyMa. 3aTHM, OLHeH»-HBaFbeM H IOpeljebbeM napoBa, /e(pHHHIIy Ce CJIČMCHTH 
cnenmehHMx MaTpHHa: NOCTaBJPBCHHX KpHTepHjyMa (jemHauMHa 1), IHOCTABJ5ĆHHX 

nojiKpHTepHjyMa (jenHauHHa 2) H JoOujeHHx ajrrepHaTHBHHx PelteMa (jenHauHHa 3): 
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all alZ Im 

a a .. a 
21 22 2. 4= ii () 

aml amZ amm 

MO . 1 
TJ7ie Cy d CJIČMCHTH MaTpHIIC; d, =lzasvei= J, (l,j = 1,2,...,m) i dj =— 

ji 

all alZ alkj 

a a .. a 
21 22 2k 

4= || Q) 
J 

& a/„z “ kk, 

rne ce aHann3HpaHH KpHTepHjyM CJ. cacTOjH OJ k]. no,iKpHrepHjyMa 

all alZ alN 

a21 aZZ alN X= () 

aN! aNZ aNN 

rne cy N anrepHaTHBHa pettePa y OJIHOCy Ha CBaKH OJL K mojKpHTepHjyMa; 

k=12,...K. 

2) PauyHaM=e BpeJIHOCTH BEKTOpa Te:;KHHCKHX IpHopurera (jemHauMHa 4) a 

neQuHucaHe MaTpHine nojnKpHrepHjyMa. Bpm ce mpeKo yrBpbeHMx MaTeMaTHuKHX 
mocrymaKka - „fuzzy extent analysis“ a oOpacma 3a ojpebHBaMe „fuzzy synthetic 

extent“ Bpe,iHocrH (Chang, 1996): 

w 

w-2,0692,2,du d) 

MHsapauyHarTa BpejiHOCTH „Te»kHHa “ ( W, ) ce TIOTOM HOpMa3H3yjy. 3a Te cBpxe ce 

npenopyuyJe „extension principle“ (Zadeh, 1975) jep ce 3HaATHO CMaP»yje HEH3BČCHOCT 

(Deng, 1999). IIpaMeHoM jenHauHHa 5 H 6 H 7, pauyHajy ce BpeJHOCTH BeKTOpa 

Te)KHHCKHX IIpHOpHTeTa Ha Ta JIBa HHBOa y XHjepapxujuH: 

k k k -1 

w'/= Ža„,@ Ž đi w, (5) 
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rneje J=1,2,....m; p =1,2,...,k/ 

1 2 R.. I 2 R. E 2 ki. E 2 M 
W:(w„w] yat:yW 2, WD ... W Wps W ) Wa> Wps W ) (6) 

rne cy H/ rexHHe noJiKpHTepHjyMa Cca yKyIHOM „„Iy);KHHOM K“ 

W e(N5a.aN). O 
CnHuHO, KOJL Je(MHHcaHHX „MaTpMHMIa KOJE IpHKa3y]y · OHeM»HBaHbC 

arpepHaTHBHHx PpeleMa, CJeMM HOCTyHaK y KOM CC OHeT Bpmm „fuzzy extent“ 
aHann3a. OnpeljaBame oueHe nep(QopMaHcH anrrepHaTHBa y (;-1,2,..NV)y OJHOCy Ha j 

noJiKpHrepHjyMa (j=1?2,..,K) ce HapauyHaBa npeko jennHauuHe 8: 

K -1 

X =Ša,·k o ;Ž;Ta„ (8) 

rne cy i=1,2,... N; J=1,2,..,K. 

3) HwmreMeHTHpame npHHmHma arperanMje. OBMM IHOCTyHKOM CČ BPIIH 

arperanuija HHBOa KpHTepHjJyMa H II0/;KpHTepHjyMa, OJIHOCHO “OpHcabbe” jeJIHOr HHBOA 

H3 XHJjepapxHje, H HXOBO IIOCTaBJbaMbe y JeJUHHCTBCHH HHBO. To saHauu ako je kj Opoj 

TIOJIKpHTepHjyMa y OJIHOCy Ha J-TH KPpHTeEpHJyM, yKymaH Opoj HnoJiKpHTepHjyMa je 

ne(QaHHcaH jeyHauHHOM 9, a pe3ynraT cc mpHKayyje y BHJUy (D)HHaJHHX “Te)KHHa” 

noJKpHTepujyMa: 

K= Žk/. (9) 
j=l 

4) /lepuHucabe fuzzy MaTpHHe OJUIyKeE H fuzzy MaTpHme mep()opMaHcH 

MaTeMaTHuKHM OnepanujaMa. Fuzzy MarpHna oJuryKe (10) ce pauyHa noohy „fuzzy 

extent“ aHama3e 3a anrepHaTHBC, JOK CC yKyHIHH yuMHaK CBaKOT aJITEepHaTHBHOT 
pemema 3a cBe aHann3HpaHe nojiKpHrepHjyMe pauyHa H npejicTaBJba fuzzy MaTpHILOM 
mepd(opwMauHcu (11): 

X M - XK 

X X. ... X v | 22 2K (0) 

X ŽN XAK 

x 9. x„,SM ... x „ M 

. 90 x„&M, .. x „ M Z= (1!) 

x a 0, x„ M, ... x„ P 
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5) BpemHoBaĐe NpojeKTOBaHMX ajrepHaTHBHHMX peHIeĐa. MaTeMaTHuKHM 
ornepanujaMa KoOje ce KOpHcTe KOJI fuzZy CKyI!OBa, IIDHMCHOM JjeJiHauHHe 12, pauyHajy 

Ce KOHauHe Bpe/IHOCTH OLHHa CBaKOT HaHa OJBOJUPaBabba. Peayarrare npejicraBJbajy 
TpoyraoHuH fuzzy OpojeBH: 

K 

R=>,x, M, (2) 
j=1 

6) AHann3a OCeTJPHBOCTH IIpOjeKTOBaHHx aJTTepHaTHBHHx pemehbba. Yropejno ca 
HpOHeCOM Bpe/HOBaMba TIPpOjeKTOBaHMX aJITecpHaTHBHHX pelePa, KopHurheMeM 
jemHauMHe 13, Koja HapaxKaBa craB eKcnepra mpeMa pH3HkKky (Liou & Wang, 1992; 

Kwang & Lee, 1999), Bpnii ce aHaJ1H3a OCCTJ5BHBOCTH pauyHaMbeM rapaMerpa „the total 

integral value“: 

(d4+s+(1-4)/) 
| =—0—+>—>0=>—— , 4e{o,.| (13) 

2 

T/e je 2. – OTTHMH34aLIHOHH HHJIeKC („0“ 3a necHMHcTHuKH cTaB eKcnepra, „1“ aa 

OHTHMMHCTHuKH cTaB, a „0O.5“ ce KOpHcTHM KaO yMepeHa BPe/IHOCT); J, C H L uHHC 
mapaMeTPpe KoOjH ripe/jicTaBJbajy TpoyraoHH fuzzy 0poj. 

Y kopaky neQasa()Mkanuuje, Bpe,lHOCT OHČHeE CBaKOT aJITepHaTHBHoOT pelieHMa 
TiJtaHa OJIBOJUPaBaHba CEC HEKOM OJI MeTOJIa ne(asn()uKarje (Van Leekwijck & Kerre, 

1999) mpenomu 3 fuzzy Opoja y peamaH Opoj. 3OMp BpeJMHOCTH ONIČHA, KOJE j 

mpopauyHao cKCHepT, CBHX aAJITepHaTHBHMHX PelmeMba je jJenHaK Opojy jeaH („1Il“). 

HakoH rora cemM paHrHpabe H aHajm302 OCČTJBMBOCTH. OnTHMaaH TIaH 
OJBOJIEaBaHba dHHH IpOjJeEKTOBaHO aJITEepHaTHBHO PeIIcH-c, OJHOCHO JIpeHa;KHH 
CHCTeM, KOjH HOCH HajBHIIIy BpeJIHOCT OIIČHC. 

MHwnuneMeHranuja pentetba je nocteJubH KOpak. EKcnepTH cHHTeTH3yjy IeJIy 
cnpoBe/leHy aHandy3y, pa3BHjeHy HpeMa aJTOpMTMy, y NeTaJbaH H3BemiTaj. Ha raj 
HauHH, JI00uja ce mnaH ca yHarnpe)ı ned)MHHcaHHCaHHM aKTHBHOCTHMA KOJjJe TpeOajy Jna 

ce crponBejny y OyayhHocTH Ha mojipyujy Koje rpeOa 3anmrrHTHTH OJL IIOJU3eMHHX BOJIA. 

HwrniueMeHrauuja pettePa 3axTeBa BpJIO OJITOBOpaH H 030MJbaH IIpHcTyr, IpenaHocT 
HIpOjeKTHOr THMA H HOJIDHIKy MCHaUMCHT4, HITO HOHOBO JIOBOJUH /(O HaralmraBaMba 
uHHbeHHIIe JA 3Habbe eKrIepra Hrpa BeEOMa Ba;KHy yJIOTy y HJIOM TIIpOHeCy aJITOpHTMAa. 

PE3YJITATH H IHCKYCMHJA 

IIpuka3 penraBatba mpoOneMa OJBOJUPaBaHba H 3alTHTC OJU HOJUĆMHMHX BO/IA, 
ayTop je IpHKa3ao y HEKHM H3aOpaHHM pajioBHMa (Bajuh & IIonoMuuh, 2014; Bajah 

et al., 2017; Bajuh et al., 2017a; Bajah & IIonounh, 2019; Bajah & IIonounh, 2020). 

Y nuJby mpHKa3a pa3BHjeHor ajropHTMa 3a ojpelbaBame onTHMajJHor InaHa 
OJBOJIEaBabba H pemaBaba HpoOMeMa BeaaHMHX 3a OJOpaHy OJL HOJUGĆMHHX BO/IA, 
Hcrpax;KHBabHMa je OHO OOyxBaheH TepeH JIHMOHHTCKOT pyjHor JexuHira „ByBau“, 

KojH ce HanayuH y BocHu H XepneroBuHu. Pentepe rinaHa OJtBO/UPaBaFPba OJIHOCH Ce Ha 
cnpeuaBabe HpuHHBa HOJ36MHHX BO/IA y py,liHHK H3 aJ1yBHjaJIHe H3JlAHH (ca CeBepHe 
rpaHune) H IpeHHpabe IHOJieMHHX BOJIA H3 H3J)lAHH y py}HOM TeJy. Kao rpaMapHH 
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KpHTepHJyM KOJI IIpOjeKTOBaMa ruaHa, 3aJlaTO je a OOapabbe HHBO4 IIOJ13eMHHX BOJIA 

y Py/WHOM TeJy, MOpa OMTH 15 M HcCHOJL KOTE pajiHe craxe. To uHMHMH jenaH OJ 

nipe/ycJ10Ba 34 HecMeTaHe py}lapcKe aKTHBHOCTH. 

CxOJIHO TIpBOM JIeJIy aJIrOpHTMa, HpojeKTOBaHa cy TpH aJrrepHaTHBHa IIaHa 

OJBOJUPaBaMba (chHKa 2). PaxaKe Cy 3aCHOBaHeC Ha KapaKTepHcTHKaMa JIDpeHa;KHOT 

CHCTeMa, H TO HpHMapHO H3 aJIyBHjaJIHe H3MaHH, a OJIHOCE Cc Ha BpcTy, Opoj H 

JUMHaMHKy pajla (yKJbyueMbĆ H HCKJByueM»C) CBHX cCJIeMeHaTa CHcCTeMa. Ilocrojehu 

JpeHaxkHH O0jekTH KojH cy KopHinheHuH 3a rpe}io/1B0yUuaBabbe IpeyjicTaBJbajy IOueTHO 

craPe 30 IHIpOrHO3He cCHMyIamHje. OHH HHCy 3aHeMapeHH, Beh cy y (byHKIMjH 

TIČJIOKyTIHOr CHCTCMa JIpeHHpaM»a. 

“ Početno stanje |-- Plan 1 

Cnuka 2. IInaHoBH o70BOJUbaBaMa noBpmHckKor Kora „byBau“ 

TIpeMa nunaHy 1, y OJiHOCy Ha IIOueTHO CTaMbe, JIOJ1ajy Ce HOBa 33 OyHapa (E6-9, 

..., E0-41) nopejn 8 nocrojehHx Ha CeBEpHOM /IeJly KOHTyPpe HOBPIHHHCKOT KOIIA, KOJH 

cy KopuniheHu a rpeno,tBoubaBame. VkyrHH Kananurer OyHapa je 107 JI/c. 

TIIpeMa nnaHy 2, yMecTo 33 peHaxxHa OyHapa, Hyapabyje ce BOJIOHEIIDOIIyCHH 

eKpaH Ha HCTOM MeCTy. /lyxxuHe je 1857 M, a 1ıyOHHa ce Kpehe JO IoJuHHe aJ1lyBHjaJIHHX 

Hacnara, ca ycemaMbeM l M y TJIHHOBHTO-IIpamHacTe Hacare. HberoBa yjora ce 

oryieJta y cripeuaBaM»y IIpHJIHBa TIOJ13ČMHHX BOJILa H3 IIipaBIta H3MĆIIITEHOr KOpHTa peKe 

TowjeHHiite (ceBep). 

IIpea nnaHy 3, crpeuaBatbe ripHiHBa I0J13eMHHX BOJTIA y py/liHHK H JIpeHHpatbe 

Ce BpHIH KOMOMHANMJOM /peHa;KHMX OyHapa M &(\HBOJOHCHPOMNyCHOr ecKpaHa. 
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BonoHenponycHH ceKpaH ce wyarpabyje y ceBepo3amajHoM JIeMy pynHMKa, re je 
3aBpiIHa KOHTypa py,}iHHKa HajOJm)Xa peuHOM TOKy IOMjeHHne, OJiHOCHO, y HacTaBKy 
OyHapa E6G-8. /lyxuHe je 1143 M M cauMMeH je OJL HcTOr MaTepHjaJa, KojH je 

npe/jDxojiHo OrHcaH. V HacTaBKy BOJIOHEIIpOIIyCHOT eKpaHa H3pabyjy ce 13 npeHa)XHHX 
OyHapa (E6-29, ... , Eo-41) ykynHor Kamnanurera oJ 65 JI/c. 

CxOoJIHO /JIpyroM JneJty aJniropHTMa, 3a npHKa3aHe H ne()MHHcaHe KpHTepHJyMec H 
HIOJKpTepHjJyMe, BpIHIH Ce bHXOBa aHant3a y cKJIaJly Ca IIDOOJIČMOM HpaBJbehba HjIaHa 
OJBOJIHbaBahba Ha py/IHHKy „ByBau“. VomrreHo, HaoMeHyhe ce HEKOJIOKO uHHbecHHIIA. 
IIIro ce raue TexHHuKHx KpHTepHjyMa, BpeMcHcKH tIpeceliu cy ne(baHHcaHH yHarnpe/L, 
KaO H BpEMCHa yKJbyueMba H HCKJbyuecba HOjeJUHHX OOjeKaTa JpeHax;KHOr CHCTEMa. 
'TOKOM TIIpOrHO3HHX HpopauyHa, cHMy;IHpaHH cy e()eKTH pajla pa3ztiunTHx JIDeHa)KHHX 
oOjeKaTa, 34 Ty BpCTy XHJIDOTCOJIOMIKE Cpe/UHHC, Ca CBDXOM IHTO ec(bMKacHuHjer 
OJBOJEaBaHba | JIGKHMIHTA H CBCHTyaHHOM | MOTryhHOCTH  H3MCHC TeXHMHUKHX 
KapakTepHcTHKa INOKyHHOT CHCTEMA y CMMHCJy JpeHMpaHba BOJa H CMMHCJIy 
oGeaOebaBama cHrypHocrH Ha pay y pylHMKy. Iiro ce THMuc ČKOHOMCKHX 
KpHTepHjyMa, HajBehy eČKOHOMCKy BpeJIHOCT HMajy BOJUOHEHPPONyCHH CKDpaHH, y 
HOrejliy HHBCCTHIMHOHHX TPpOHHIKOBA, a JpeHaxkHH OyHapH y HOorje/ly TpOIHHIKOBaA 
(byHKiHOHHcaMba cHcTeMa. IIopeDemeM Te Be BpcTe OOjeKaTa, OyHapH 3aXTeBajy 

ČKOHOMCKE TPOIHKOBE uuHja je nocnenHma yTpommaK ceKTpMuHe ecHeprHje 3a pajl 
HyMNMH, mHepHonMuHa 3A4MeCHa OyHapcKMX IIyMHMH MNM TONHpaBKa, a 3aTHM H 
pereHepanuja OyHapa. To Huje chyuaj KOJI BOJIOHeHipOHyCHHX cKpaHa. IIIro ce rHue 
ČKOJIOIIIKMX KDpHTepHjyMa, HpopauyHaTH Cy HHBOM TOJGECMHHX BO/U, OJIHOCHO 
nenpecunje, aMajyhH y BHJIy paynHuHTe JpeHa;KHe OOJEKTeE 342 CBaKH IIDOJEKTOBaHH 

nnaH. C npyre crpaHe, KBaHTH(bHKoOBaHe Cy H KOJIHUHHC JIpeHHpaHMHXx BOJIa 3a cBa TpH 
nnaHa. IIpaHuurn rrrejube cHeprHje, Kao OHTHe CTaBKC y ČKOJIOTHjH, y OBOM CJIyuajy 
ce orne/Ja y TOMe Jla cy OyHapH ca IIyMHaMa BeJIHKH HOTpoOmmauut eJ1eKTpHuHe cHepruje, 
JIOK BOJIOHEHDOIIyCHH ečKpaHH, KaO (pbH3HuKH OOJeEKTH KOJH HpejicraBJjbajy OapHjepy 

TIOJG3eMHHM BOJIaAMa, He KOpHcTe Te pecypce. 

CxoHo rTpeheM JMmemy aropHrMa, M3BpmteHa je eKcmopramwja peyayjra 

OHITHMH34AIIHOHHX HpopauyHa cnpoBejleHHx y annHKamjH „Fuzzy-GWCSt*, VnasHe 

eJČMECHTE y amnMKamMjH „Fuzzy-GWCS“ rpencraBjbajy HyMepHuKe BpeJIHOCTH 

JIHHTBHCTHUKHX BapujaOju, Koje cy neQ)HHcaHe y BHJIy TpoyraoHor (by3y3y Opoja. 

PauyHCKHM orepanjaMa, y „HOoO3anMHMH“, M3MeDy BHme „layers“ KojH uHHc 

annaKanmujy „Fuzzy-GWCS“, (popupa ce fuzzy MaTpHua OJUIyKe H Me()HHHIIIy cc 

BPpe/JIHOCTH MaTpHIHe yKyIHOT yuHHKa CBaKOT IIpOjeKTOBaHOT aJ1TepHaTHBHOT pelitekba. 
BpenHocrH KoHauHHx OHeHa y BMA TpoyraoHor fuzzy Opoja cpauyHaTe cy H 
npuakKaaaHe y TaOenu 1. PeayarrarH aHann3e OceTJbHBOCTH JlaTH Cy TaKolje y TaOeJu 3a. 
CBaKH IHIHAH y BHJUy pacmoHa BpCJHOCTH OHNČHa Bc3aHHX 30 OHTHMHCTHUKM, 
HeCHMHCTHUKHM H HeyTpamaH cTaB cKcHmepra. IIoce)RbHMM KOpaNMMa aJIrOpHTMA, 
OJHOCHO Je(aan()kanlHjoM cy fuzzy OpojeBH reHepucaHu y He-fuzzy OpojeBe. OineHe 

y BHJIy KJtaCHuHHX peajiHHx OpojeBa cy npHKaaaHe y TaOenu 1. 

Cx0oJiHO IipHKa3aHOM, OIITHMAaJIHy BapHjaHTy THinaHa, IpojeKTOBaHor 3a py/IHHK 
„ByBau“, uHHH ajrrepHaTHBHo PertteMbe Opoj 2. Ha ıipyroM MecTy Ha3Jta3H ce ruaH Opoj 

3, a HajHeIIOBOJbHHje pelttebbe OJIHOCH CČC Ha IIJaH 1. 
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Ta6emna 1. Panrupame rpojekroBaHuHx anrepHaTHBHHXx petttePba rimaHOBa OJIBOJUaBaMba 

Peannu Opojenu 

Tinanogu Fuzzy 6poj M=I | M=0.5 |___A=0 Ouna:mno 
OJIBOJUbaABaAIMba paHrupame 

AnHa.H3a OCeTJ5HBOCTH 

II-1 0.066 | 0.309 1.6084 |0.270| 0.277 0.321 3 

II-2 0.066 | 0.390 | 2.457 |0.386| 0.387 0.390 1 

II-3 0.037 | 0.301 | 2.233 |0.344| 0.336 0.289 2 

3AKJbYUAK 

Pan npHkayyje caBpeMeH npHcTyn npoOmeMaTHHH HcTpa;KMBaHba y HayuHOj 
oOnacrTu reoO-HayKa H MEHaUMCHTA HOJUGEMHHX BOJa. Crenuu()HuHocT ajiropaTMa ce 
orneja H y HOCTABJBCHHM KDpHTepMjyMHMMa H H>HXOBHM HOJIKDHTepHjyMMa, KOJH Cy 
MOTy CMaTpaTH yHHBeCp3aJIHMM 302 CBC IUIAHOBE OJBOJbaBaĐa. BeoMa OuMTHa 
uHHbeHHIIa CeC OJIHOCH Ha MOryhHocT HpHMeHe CaMO HOje,HHHX JUČHOBA aJITOpHTM4, 
HHH H3MCHy M-erOBHX /eHIOBa. To se HajBHme ornme/a y TpeheM /ey ajropMTMa H 
MOryhHOcT 34MCHC HČCKC JIpyre MeTOJIĆ fuzZy OHTHMMHH3aIHje KOJAa Cc IIpHMeMy]eĆ 

TIpHJIHKOM JIOHOIHCFba OJUIyKEC. 

3a norpeOe oHoniePa OJUIyKe HpHMJIHKOM pasBoja FUZZY-MCDM wonezna, 

pa3BHjeHa je H HaMeHcKa annukKalnuja „Fuzzy-GWCS“. Vs nooh opBe annukatHje, 

yHOIIePbeM OLHEHa H HOpeljeHeM IapoBa KojH Cy cauHMbeHH OJI XHjepapxHjcCKOr HH3a 
„KpHTepHjyMH-no/iKpuTepHjyMH-anrepHaTHBHa peniePa“, OOMMHHM MaTeMaTHuKH 
npopauyHH cy HOjeJIHOCTABJbEHH H MO)KC CC JaKO HpaTHTH OCCTJPMBOCT MOJICa Ha 
TIpoMeHy yJ1a3HHXx HapaMeTapa. 

KJbyuHa craBKa H moceOHo HarinatteHa je IpHMcHa 3HaMba, HHTyHIHje H 
HCKyCTBa ecKcHNepaTa INpHJIHKOM HcCTpa)KMBaMba KaKO OM CC CTCKJC CBC 
HH(bopMauuje O HpHpoJHOM CHCTeEMy pyjHHKa. To ce HpoTexKe H KpO3 OcCTAaJIC 
KOpaKe aJIToOpHTM4, y KOjHMa Ce IIpOjekTaHTH IImaHOBa OJiBOJUbaBaMĐ»a Cycpehy ca 
TIIpoOJHeMMMa KOjH CC MOTy, penaTHMBHO Cca JIaKOhOM, pemMTH NIpHMCHOM 
XeypHCTHKe. 

CripoBeneHo HcTpaxkMBaMbc yKa3yje Ha HČOTNIXOJIHOCT HHTCP,IHCHHIIIHHApHOr 
nupHcTyma KOJU pa3nMusTHx HpoOmeMa y HaynuM. IIpwKka3aHMM aAJTOpMTMOM, TO CČ 
OJHOCH H Ha HIpOOJIEMC OJIBOJUbaBaMba paanMuHTHX TepeHa H oOjeKara. PaaBHjeHH 
KOMIIJIČKCHH | HHTeCp/UHCIHHTIHIHHapHH aJTOpHTaM JOHPpHMHOCH KBAJMTECTHOM H 
OJIp?XKHBOM yIIpaBJjbaMby IIpOOJeMaTHKOM 3jaITHTC OJL HpMJIMMBa MHO,(3ČMHMHX BOJA. 
OnBakaB HHTerpHMcaHH HpHcTymn KpeMpaMba OHnTHMaJHOr IHmaHa, BepH(DHKOBaHHM Ha 
g3aOpaHOM TIpHMepy, HMa H3pa;KeH HpakTHMuaH 3Hauaj y pemmaBaMby IIpoOOJteMaTHKe 
npeHupama yrpoxxeHHx nojipyuja 0J O0)13eMHHX BOJLA. 

3AXBAJIHMHIIA 

Ayrop ce 3axBaJbyje MuHucrapcTBy IIpocBeTe, HayKe H TEXHOJIOHIKOT pa3Boja 
PenyOmaMke CpOuHje s3a npyxxabe NOJpMIKeE HayuHO-HCTpa;KHBauKOj JIeMaTHOCTH, 
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HeOTIXOJIHOJ 32 Hanmpe/ak JpymrBa 3a4CHOBaHOT Ha 3HaM»y. IIoceOHy 3aXBaJIHOCT 
JyryjeM peneH3eHTy, IIpodQ. np TaH /lanmmih, koja je yaroxxuata CBOje BpeMe H TpyJI H 

THMC JIOIIpHHeuma yHanpebem»y KBajmiTerTa ryOJmKatnje. 

JIHMTEPATYyYPA 

Bajić D. (2015). Fuzzy optimization in the hydrodynamic analysis for the purposes of 
groundwater control system design). Ph.D. thesis, University of Belgrade, Faculty of 

Mining and Geology, 296 pp. 
Bajić D., Polomčić D. & Močević J. (2015). Factors that influence the selection of an optimal 

groundwater protection system at open-pit mines. Proceedings of the VII International 

Conference “Coal 2015”, Zlatibor, Serbia, 14-17 October 2015; Pavlović V, Eds.; 

Yugoslav Opencast Mining Committee: Belgrade; pp. 9-16. ISBN: 978-86-83497-22-5 
Bajić D. & Polomčić D. (2014). Fuzzy optimization in hydrodynamic analysis of groundwater 

control systems: Case study of the pumping station “Bezdan 1”, Serbia. Geološki anali 
Balkanskoga poluostrva, 75: 103-110. DOI: 10.2298/GABP1475103B ISSN: 0350-0608 

Bajić D. & Polomčić D. (2019). Development of the algorithm of the fuzzy optimization in the 

hydrodynamic analysis for the purposes of groundwater control system design. Tehnika, 
70(4): 527-536. DOI: 10.5937/tehnika1904527B 

Bajić D. & Polomčić D. (2020). How to make a sustainable dewatering management plan? In 

Mihajlović D. & Đorđević B. (Eds.), Proceedings of the 10th International Symposium 
on Natural Resources Management, Zaječar, Serbia, 26 September 2020, pp. 98-104. 
Zaječar: Faculty of Management, Zaječar, Megatrend University, Belgrade. ISBN 978- 

86-7747-624-3 
Bajić D., Polomčić D. & Ratković J. (2017). Multi-criteria decision analysis for the purposes of 

groundwater control system design. Water Resources Management, 31(15): 4759-4784. 

DOI: 10.1007/s11269-017-1777-4 
Bajić D., Polomčić D., Ristić Vakanjac V., Ratković J. & Čokorilo Ilić M. (2017a). Application 

of the VIKOR and FAHP multi-criteria optimisation methods for choosing the optimal 

groundwater control system: case of pumping station Bezdan 1 (Serbia). Proceedings of 
the national conference with international participation „Geosciences 2017“, Sofia, 

Bulgaria, 07-08 December, 2017; Yotzo Y., Ed.; Bulgarian Geological Society: Sofia; 

pp. 131-132. ISSN: 1313-2377 
Chang D.Y. (1996). Applications ofthe extent analysis method on fuzzy AHP. European Journal 

of Operational Research, 95: 649-655. 
Deng H. (1999). Multicriteria analysis with fuzzy pair-wise comparison. International Journal 

of Approximate Reasoning, 21: 215-231. 

Kwang H.C. & Lee H.J. (1999). A method for ranking fuzzy numbers and its application to 
decision making. IEEE Transaction on Fuzzy Systems, 7(6): 677-685. 

Lamata M.T. (2004) Ranking of alternatives with ordered weighted averaging operators. 

International Journal of Intelligent Systems, 19: 473–482. 
Liou T.S. & Wang M.J.J. (1992). Ranking fuzzy numbers with integral value. Fuzzy Sets and 

Systems, 50(3): 247-256. 

Lootsma F.A. (1988). Numerical scaling of human judgment in pairwise-comparison methods 
for fuzzy muhlti-criteria decision analysis, Mathematical Models for Decision Support. 
Computer and System Sciences, NATO ASI Series, 48: 57-88. 

Saaty T.L. (1977). A scaling: method for priorities in hicrarchical structures. Journal of 
Mathematical Psychology, 15: 234-281. 

Saaty T.L. (1980). The analytic hierarchy process: Planning, Priority Setting, Resource 

Allocation, 287 pp. New York: McGraw-Hill. 

40



Tolga E., Demircan M. & Kahraman C. (2005). Operating system selection using fuzzy 
replacement analysis and analytic hierarchy process. International Journal of Production 

Economics, 97: 89-117. 

Van Leekwijck W. & Kerre E. E. (1999) Defuzzification: criteria and classification. Fuzzy Sets 
and Systems 108(2):159-178 

Zadeh L.A. (1965). Fuzzy sets. Information and Control, 8(3): 338-353. 

Zadeh L.A. (1975). The concept of a liguistic variable and its application to approximate 
reasoning. Information sciences, 8: 199-249. 

Zhu K., Jing Y. & Chang D. (1999). A discussion on extent analysis method and applications of 
fuzzy AHP. European Journal of Operational Research, 116: 450-456. 

41



SAHHCHHHUH CPIICKROr TCOGOWUIROFT APYIITRA 
3A 2099 roAHHY 

COMPTES RENDUS DES SE4NCES DE LA SOCIETE SERBE DE GEOLOGIE 
pour les annće 2022 

REPORTS OF THE SERBIAN GEOLOGICAL SOCIETY 
Jor the year 2022 

Beograd, 2023 

Karapuna Bpanuh-Muninonuh', Werner Schwarzhans? 

OTOJIHTH IN S/TU CA TEPHTOPHJE CPBMJE 

(CTPATHI PADCKH, HAJIKOEKOJIOINIIKM H 
IIAJIKOT KO PAOCKH 3HAUAJ) 

OPHTHHAJIHH HAYUHH PAJIL - PAPER 

AncrpaKT- V OBOM pajly je npakaaaH JO cajla nyOJrmkoBaHH MaTepHjaj! MHOIICHCKHX OTOJIHTA 

in situ ca Treparopuje CpoOnje. IIpakaaanu MarepHjajt je npHKyrJbeH y JBa jesepcka OaceHcka 

cHcTeMa (BaOymmHHuKkHM H BaJbeBCKO-MHOHHuUKH), a jemaH JeO MarTepHjama rpejicrTaBJba 

capMaTcky OpakHuHy pHOJby aconujamjy (crahHoH IIpBeHe saBeame, Beorpam). Hajcrapujui 

MarTepnjaj ı je 83 jesepckux ce)MeHaTa BaOymriHHukor OaceHa (jy;xnta Cp0Onja), u noraue ca TpH 

mokanureTa (/lyuenam, KanybapeBo H PajbMH). CBM IpHMcpHH INpHKyHUJbeEHH Ca OBMHX 

nokanureTa HneHTH(pbukoBaHH Cy y OKBHpy mopojime Ambassidae H pony Dapa/is. Jonr jenaH 

H3BOp pH0JbHX cKeJIeTa Ca OTOJIHTHMA iP? sifu, KojH Takolje morHuy H3 je3cpckHx ceJuHMeHara, je 
H3 Maler OMer MHOHeHa oKamHTeTa KnuHum (HBajbeBckKO-MHOHHuKH OaceH, 3amajmHa 

Cponja). Marepujan 3 Koama je cBpcraH y TpH pojla ca uerHpH BpcTe oniHcaHe y BRADIĆ- 

MILINOVIĆ et al. (2019): K/incigobius serbiensis, Klincigobius andjelkovicae, Rhamphogobius 

varidens a Toxopyge campylus. HajMnaba Marepujan morMue HM3 OpakMuHHX Ce)HMcHaTa 

capMarTa c.c. ca cranHoHa IIpBeHe 3Beate Beorpajn. Aconujauuja pH6a ca oronmaiTHMa im SsifuW 

canpxxu meT paanHuuHrTHx TaKcoHa: Parafrisopterus caspius (y SCHWARZHANS et al., 2017a), 

4phia macrophthalma (y SCHWARZHANS et al., 2017b), „Scorpaena“ minima (y SCHWARZHANS 

et al., 2017c), Parasolea serbica (y SCHWARZHANS et al., 2017d) a Sarmatella doljeana (y 

BAYKINA & SCHWARZHANS, 2017). 

Ilojaga pasnuarHx mopojuua H pa3nMuMrTHx BpcTa pH6a ca OTOJIHTHMA i SifW, TOKOM 
MHoiteHa ca TepHTopHje CpOnHje ojipaxkaBa IIpOMeHe ;KHBOTHC Cpe)HHe KOje Cy Ce HemlaBajIĆ 
TOKOM OBoOr mepHoma. Ha neheM mojnmpyujy TepwropHje CpOje TOKOM cTapHjer MMHOIČHAa, 
npeoniajanana je jesepcka cpeyuHa ca pa3HOBpCHHM CJIATKOBOJIHHM pHOaMa. 3aTHM, TOKOM 
crapujer cpejber MHoneHa Behu Jeo CpOuje OHo je mojt yrHmtajeM Mopa Ilapareruca (0aneHcka 
MOpcka TpaHcrpecHja). KacHHje, TOKOM Mitalbjer cpe)iber MHoOIeHa JIOJ1a3H JIO 3HaTHHjer yHOCa 
cnaTKc BOJIĆ y TaKaB MOpcKH OaceH (OpakMuHH capMaT). M KkoHauHO, JO/IATHHM yHOCOM 

KOTNIHeHHX BOJLa y mocrojehi Mopcko-OpakMuHH OaceH, ycejn reorpadjcke HnaomanHje IeJIOr 
IIaHoHckor JoMeHa, Behu Jeo ceBepHe CpoOuHje je OMO moji T3B. KacrtHOpakHuHHM, CJIaHKaCTHM 
je3epoM (ropm MuorceH, jesepo IlaHoH). IIoneyyjyha rpoyuanBaHu (pbocinHu pH0jbH MaTepujaj 

1 Teonomrku saaBo,t CpOnje, Beorpaj, Cponja 

? ? Natural History Museum of Denmark, Zoological Museum, Kobenhavn, Denmark 

E-mail autora: katarina.bradicmilinovic(q)gzs.gov.rs; wwschwarz(0aol.com 
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Ca OHHM MH3 JpyrHx memoBa IlaparerHca, MoOxxeMoO noMohu a ce payjjacHe majneoreorpa(DckH 
norabaju y IIaparerHcy TOKOM MHolIIecHa. 

Kibyune peutn: oTOJIHTH I7? Sifi/, MMONeH, (bocHJIHe pHOe, najteoeKoJomIkH 3Hauaj 

Abstract- This paper presents the material published so far by Miocene otoliths in sifu from the 

territory of Serbia. The presented material was collected in two lake basin systems (Babušnica 
and Valjevo-Mionica), and one part of the material represents the brackish Sarmatian fish 

association (Red Star Stadium, Belgrade). The oldest material belongs the lacustrine sediments 
ofthe Babušnica Basin (southern Serbia), and comes from three localities (Dučevac, Kaluđarevo 

and Raljin). All the specimens collected from these sites were identified within the family 

Ambassidae and the genus Dapal/is. Another source of fish skeleton with otoliths in sifu, which 
also originate from lake sediments, belongs the late early Miocene Klinci locality (Valjevo- 
Mionica Basin, western Serbia). The material from Klinci is classified into three genera with 

four species described by BRADIĆ-MILINOVIĆ et al. (2019): K/incigobius serbiensis, 
Klincigobius andjelkovicae, Rhamphogobius varidens and Toxopyge campylus. The youngest 
material comes from the brackish sediments of the Sarmatian s.s. from the Red Star Stadium, 

Belgrade. The association of fish with otoliths im sifw contains five different taxa: 
Paratrisopterus caspius (in SCHWARZHANS et al., 2017a), 4phia macrophthalma (in 
SCHWARZHANS et al., 2017b), “Scorpaena ” minima (in SOHWARZHANS et al., 2017a), 

Parasolea serbica (in SCOHWARZHANS et al., 2017d) and Sarmatella doljeana (in BAYKINA 

& SCHWARZHANS, 2017). 

The appearance of different families and different species of fish with otoliths in s/fu 
during the Miocene from the territory of Serbia reflects the changes in the environment that 

occurred during this period. In a larger area of the territory of Serbia during the early Miocene, 
the lake environment with a variety of freshwater fish prevailed. Then, during the early Middle 

Miocene, a large part of Serbia was under the Paratethys Sea influence (Badenian marine 
transgression). Later, during the late Middle Miocene there was significantly input of fresh water 
in this sea basin (Sarmatian s.s.). Finally, with the additional input of inland waters into marine- 

brackish basin due to the geographical isolation of the entire Pannonian domain, the northern 
part of Serbia was under the so-called caspibrackish, saline lake (Upper Miocene, Lake Pannon). 
By connecting the studied fossil fish material with that from other parts of Paratethys, we can 

help clarify the paleogeographic events in Paratethys during the Miocene. 

Key words: otoliths in sifw, Miocene, fossil fish, palacoecology 

YBOJI 

MuoneHckKH ce/lMMEHTH Cy IIHpOKO pacrpocTpabeHH Ha TepHropuHju CpoOuje. 

TOKOM Tpajahba oBe enoxe, nenmranBane Cy ce OpojHe IIpoOMeHe, Koje cy npahcHe THIIOM 

ceJUHMeHaTa KOJjH Cy Ce /IČIIOHOBaJH, a CaMHM THM H (DOCHJIHOM acCoOLHjanHjOM y PHMAa. 
CxOJHO TOMC, TOKOM CTAapHjer MHONČHa Ha TepHTOpHjH HaHlC 3CMJBC HMaMO 
pacrpocrpabebe je3epckHx ce}MMeHaTa. OBH ce/UHMCHTH Cy HacrTaJmH y BHIIe je3epa, 
Koja Cy MebyCOOHO KOMyHHiHpajna TOKOM CBOT HOCTOJaMba; OBaJ CHCTEM Je3epa je y 

JurepaTypH HI03HaT Kao Cpricku je3epckH cHcTeM — SLS (KRSTIĆ et al., 2012, SANT et 

al.. 2018). KacHMje, TOKOM crapHjer cpejmber MMHONCHa (OameHa) MmomasH JO 

TpaHcrpecuje Ilapareruca, nma Ha noyipyujy Cpoutje noxna3a o Hanipahbba Mopa, ImTo je 

mo3HaTO Kao OajeHckKa TpaHcrpecuja (ROGL, 1999). TOKOM Minaljer cpeiiber MHONeČHa 

(capMara), noma3H O OcaljHBaMbba MOpCKE BOJIĆ, Ha TOKOM OBOT KaTa, er3HCTyjy 
OpakuHuHu BOJIeHH CHTHTeCTH. TpeHJi ocnal)HBahba je HaCTaBJbcCH H KpO3 TOpHbH MHOIIČH, 
mrTo je pa3ynTHpajHO CMCHOM OpaKMuHMX ca KacnHOpaKMuHHMM Cpe/UHaMa. CBe 
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HpoOMeHC y CaJlHHHTeCTy BOJUHMX cpe,Ha, npaTH H HpoMeHa (QbayHe pHOa Koja je y 
M5HMa OOHTaBaJIa. C 003HpoM a pHOe pejicTaBJbajy y ČKOJIOIIIKOM CMHCJIy BEOMa 

OCECTJBHBC OpraHH3Me, CBeJIOue HaM O CaJlHHHTeTy, TeMIIepaTypH, /UyOHHH, XEMHJCKOM 
cacraBy (rpe cBera KOnHuHHH paCTBOpeČHOT KHCĆOHHK2), XDaHJPHBHM MaTepHjaMa H 
p. BOMeHHX cpemMHa Koje Cy HaceJbaBame. Pasamor saamrro cy puHOe jenHe OJ 
HajyCneIIIHHjHX CBCJIOKA HaJICOČKOJIOIIIKHX IIpOMECHAa je y TOME IITO HaCeJbaBajy CKOpo 
KOMILJIčTAH OaTHMeTPpHjCKH cCTyO. H kKao imro je To naHac II03HaTO, CKOPO /Ila He IIOCTOJH 

BOJIeHa CpejHHa Ca )KHBHM CBETOM KOJy He HaceJbaBajy pH0Oe. Takolje, aKo y3MeMO 3a. 
rpaHMep SLS, H ako HabeMo aHcry (bayHy pu0a y JiBa Jea3epa OBOr CHCTeEMa, TO HaM MO;KC 

OHTH mHoy3MaH HOKa3aTČCJb O M.HXOBOJ MCDyCOOHOJ KOMyHHKalLjH. OBO CČ MO)KC 

HIpeHeTH KaO MO/IĆI Ha KDyIIHHje CHCTEMC, OJ,IHOCHO Ha perHOHaJtHe je3cpcCKe CHCTeEMC 
(Hrtp. SLS u DLS), kao H Ha Ilapareruc yormrre, Kajnta Beh rOBODHMO O MHTrpaTHBHOCTH 

ojnpebeHHx rpyma pHOa, o MMa 3Hauaja KaKO y CrparHrpaQ)CKOM, TaKO H y 

ČBOJIyTHBHOM CMHCIIy. 

JUCKyCHJA 

rOPl·bl/l OJIHrOHeH//OH>H MHOIIČH 

TOKOM TrOJMHHa Cy Ce MHOTH ayTOpH (ANĐELKOVIĆ, 1970; PANTIĆ, 1962; 

MAROVIĆ et al., 2002; MAROVIĆ et al., 2007; BRUUN et al., 2018), GaBHJIH 

npo0OneMaTHKOM cTapocTH cenuHMeHarTa BaGyiiHaukor OGaceHa H /laBajiH HM pa3jiHuHTy 
crapocT. Crpararpad(jcku nojtoxKkaj BenKe BehHHe Je3epcKHX CeJlHMeHara Ha rojipyujy 

Cponje Je npo0xnteMarHuaH. Pa3nor 3a KOHTpoBep3He ojnipejiOe JeaepckHx ceyuMeHaTa 

je Manu Opoj monarakKa, perka QayHa H He/locTaTak nojaTaKa O IIpe1U3HOM JlaTOBaHby 
OBHX CeHMCHaTa. TpeHyTHo je y H3paji mnyOmaKanuja Koja he ce neTaJbHO OaBHTH 

npoyuaBaMbeM (QocHMHe QayHe pHMOa ca OTOJMTMMAa im sifw ca TpH MoKamHTeTa y 
BaOyuIiHHuKOM OaceHy, HajlaMO ce a he pe3ynraTH OBE CTyyWHje MaTH HIpelH3HMH]y 

crpararpa(jcky no3HuuHjy OBHX Ce/UHMeHarTa, Kao H Jla he naTH BaxKHE HaJIČOĆKOJIOHIKE 
u najteoreorpadicke nojaTke a reo:mormika JnenmaBahba TOKOM OJIHTOHHCKO/MHOLNHCHCKeE 
rpaHune. Takolje, ce HanaMo Jna he oBa cryuija noncrahu H npyre BcrpaxxaBaue Jla ce 
OGapBe mpo0OneMaTHKOM cTapocTH je3epcKHx CeJUHMeHaTa. 

3a norpe6e opBor pajna je Moryhe caMo /laTH HeKe 0J1 OrmmTHx HoOJlaTaKa Be3aHHX 
3a CaM poJi Dapalis, a Baute nonaraka Ouhe H3Hero y Oyanyhnj nyOxnaKanujui oJ crpaHe 

HcTHX ayTOpa. 

Pon Dapalis je pacnpocrpabeH y cHaTKMM H OpaKMuHHM BOJaMA, KaO H y 
rpH00aJtHHM MOPpHMa JyxKHe Ayuje H Aycrpannje (NELSON et al., 2016). OBaj pojt je 

3aCTyTIJbeH y CeJUIMeEHTHMa TOpMber oJHroneHa Allier-a, ĐDpaHnyckKa. Takobe, no3Hao 

je H pacnpocrpahbeMbe OBor po/la H y je3epCKMM OJIHTOHCHCKMM HacJaraMa 3amajlHe 
Enpone. IIopeyn onMromeHcKMx Hacara 3aOeMe)KeHO je HpHCyCTBO OBor pojla H y 
OJIHTO-MHOIĆHCKHM HacMaraMa OKOJMHHe Vichy-a, ODpaHmycKa (GAUDANT, 1992). 

IIosHara je H jeHa BpcTa OBOT po/la H3 OJIHrOHeHCKHX HacMara TpaHcHBaHHjCKOT 
OaceHa (REICHENBACHER & CODREA, 1999). OBa rpyna pu6a crajta y eypHxaJIHHCKe 

opraHH3Me, cynTpornckor JIO Tpolckor rajneoKnHMaTa (REICHENBACHER & CODREA, 
1999). 
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Miralju nomHu MuoimeH 

Ha npocropy CpoOuje, QocanHa (QayHa ca orojmirTHMa in sifu, mpoHabeHa je y 

JnanopruHMa, Minaber JOEber MHoONeHa Ha JJoKanmnTery KimaHi (BaJbeBCKO-MHOHHUKH 
OaceH). Marepnjajn n KaHana pa3BpcrTaH je y TpH pojta ca ueTHpH BpcTe OHIHCaHE KOJI 

BRADIĆ-MILINOVIĆ et al. (2019): K/incigobius serbiensis, Klincigobius andjelkovicae, 

Rhamphogobius varidens a Toxopyge campylus. BaxxHo je HamoMeHyTH a je Ha 

TeparopujH CpOHje TOKOM CTapHjer MHOIđHa rmpeoBiajmaBama je3epcka Cpe,)MHa, 

OJIHOCHO CT3HCTOBAaJIO je HeKOJIHKO je3epa, Koja cy y pa3nHuHTHM HepHOJUMMa TOKOM 
CBOT IIOCTOjabba Mel)ycoOHo KoMyHuHnupajtma. Y nareparypH (KRSTIĆ et al., 2012, SANT 

et al., 201 8) je cHcreM oBHx Jeaepa mo3HaT Kao Cprncku je3epcKkH cHcTeM (SLS). 

BaJbeBCKO-MHOHHMUKHM (OaceH je (popMHpaH mpce OaeHcCKe TpaHcrpecHje, 

OJIHOCHO TOKOM CTapujer MHoLIeHa JIO paHor cpeJuber MHoieHa (KRSTIĆ et al., 2012, 

SANT et al., 2018, MANDIĆ et al., 2019). Ha ocHoBy nHTepaType Hmo3HaTe cy TpH 

OMOMHOIHHCKC  (opMamMje OoBOr OaceHa: nHpo-OHryMMHO3Ha  MuoHuuka 
(opanuja, manopoBHTa (QopMauuja BajbeBa H KJacrHuHa (bopManuja TaOaHoBuha. 

MuoHuuka (QopwManuja je Gorara maneo()opoM (LAZAREVIĆ et al., 2013) ugjH 

(QocMHHH · cajpxkaj CBeHOUM O  HNOCTOjaMby | 3HM3CJCHMX | KMIHHMX IIyMA4, 
KapakTepHcTHuHHX 3a CyIHTpOHcKe cpe)lMHc. OcMM mo cajpxkajy mnajeo(ope 
CeJIHMeEHTH OBE (popManuje cy Ho3HaTH H TIO Cajlpxkajy (pocHaHHx pHOa (GAUDANT, 

1998). Aconnjamuja pocHaHax pu0a je rpejicTaBJbeHa KJyreHJlaMa H IHIIpHHHJ{aMa. 

O6e opBe rpyrne (pocHnHHx pHOa )BE y OaTHMEeTpHJCKOM cTyOy OJIH3y HIOBPpIHHHC 

jesepa, rme je OHo HajBehH rponeHaT paCTBOpeHOr KHCCOHHKa y BOJH (BRADIĆ- 

MILINOVIĆ et al., 2019). BaxxHo je HalIOMeHyTH Jla Cy IHIIpHHH/IH Tpyna THIHUHHX 

CTEHOXAJIHHCKHX CJIaTKOBOJIHHX pH0a. OBa uHMcHHita je BEOMa Ba;KHa Jep yHOTIyMy]Je 

IHaJICOĆKOJIOHIKy CJIHKy OBor jeaepa. Ha ocHoBy OpojHHx cry)Hja (JOVANOVIĆ et al., 

1994; ŠAJNOVIĆ et al., 20009; BRADIĆ-MILINOVIĆ et al., 2019) oBo jeaepo je OH;To MajJIO 
H 3aTBOpeHO Ca CJ14OOM XOpH3OHTaJIHOM IHHpKyJTaljJOM H aHaepOOHOM CpeJUHHOM, IHITO 
je peayarrHpajto TaJIO)KeHbeM yJbHHX IHKpHJbala y OKBHpy OBe (bopManuje. 

3a pasnHky o MuioHmuke (popmanuje, opsanuja BajbeBa ce KapakTepuic 

OOJBOM IHHPpKy1IaliHJOM BOJIĆ H BehHM IIpOHeHTOM KHCĆOHHKA y M50J. OBaKBe IIpoOMEHe 

y HaJIČOĆKOJIOIIIKOM OKpy)Kebby cy nponpaheHe H npyrauHjHM THIIOM (pocHiHe (bayHe 
pua0a. HauaMe, 3a pa3nHky 0J1 npeTxojiHe (bopManuje y ce/;U1MeHTHMa OBE (bopMaiije je 

npHcyTHa acomjanuja OcHTOcCKHMX pHOa, Koje mpHmanmajy (auumja Gobidaec. Ha 

OCHOBy yTBPDbeHe BeJIHKe OpojHoOcTH ro0OH/ma y (DOCHJIHOM 34IIHCy OBHX CeJIHMEHaTa, a 

y MHCTO BPpeČMC TNOTHyHOT OJCycTBa enumeJmamiKe pHOJbe (QayHe, Mormo OM ce 
npernocTaBHTH Ma jc JOMHIO JO He/lOCTaTKa KHCCOHHKA, KOjH je yTHHAO CaMO Ha 
GeHTOcKe pH0Oe, KOje Cy OCeTJbHBa Ha OBaKBE Bapujanuje (BRADIĆ-MILINOVIĆ et al., 

2019). 

Kako OM ce IITO OOJbE payyMeJm crpaTHrpa(D)cKO-HajJIČOĆKOJIOHIKH yCJOBH 

TOKOM /IOĐber H Milaljer T)OP»er MHONHEHa Ha OBHM HpOCTOpHMA, Ba)KHO je JaTH KpaTaK 
OCBPT Ha perHoHalaH THH (bocHnHe pH0OJbe QayHe npHcyTaH y je3epcKHM CHCTeEMHMa 
HeHTPpaJIHe H jyro-HcToOuHe Enponme. Takole, Ba)KHO je HaBecTH H HOJaTaK A OBa 
puHOJba QayHa HMAa MAaJIO CJIHUHOCTH Ca (DayHOM pHOa KOJa )KHBH y JUAHAaIHIH5HM 

eBpOHCKHM CJaTKHMM BOJaMa. JloboMMomeHcKa (QayHa pHOCa HeHTpaHMHe H jyro- 
HcTrouHe Eppome je npecTaBJbeHa acOIjaLMJOM IUHHpHHO/UOHTHJHA, TOOM/U, 
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arepunHujna, exteoTpujta, uHjH Cy peneHTHH ripe]iCTaBHH IIO3HaTH CaMO H3 jyrO-HCTOuHe 

Anuje. Heku ayropu (BRATISHKO et al., 2017; REISCHENBACHER et al., 2018; BRADIĆ- 

MILINOVIĆ et al., 2019) cMarpajy ma je oBaKaB THH (bocHMHe pHOJbe QayHe OMO 

HHJUHKaTOPp Tajia MHOTO TOTIJIHJe, CyIITpOTHCKeE KJIHMC H JI Cy BeEpOBaTHO H3yMPJe y 

EpBporiti TOKOM CPpčJIUeT MHOIIČHa. 

3ajenHuna cnaTKOBOJIHHX roOuna MJIaDber noMber MHOIeHa HeHTpaJIHe H jyroO- 

McrouHe Eppome maje oKa3e O TIDpHCyCTBy MHITuC3JIC JIOPOMHONICHCKE (bayHe 

CJaTKOBOJIHHX pH0a, Koja y cyryuajy rpoyuaBaHHx roOujma HHje y Be3H Ca JaHaIIM5HM 

IIloHTo-KacHMjCKMM roOMMmaMa. /fJloMoMMoOmeHcKa (ayHa je pencraBJbeHa 

eH/JIČMHUHHM BpcTaMa uHjy Kopemamnujy je Moryhe M3BpmmTH CaMO JIO HEKC Mepe. 

Hauwe opBa (bayHa ce Mo;Ke KopeJcaTH ca (bayHOM je3epcKOr CHCTeMAa CJIATKOBOJIHHX 

MoJmaca H (bayHOM /luHapujickor jesepckor cacreMa (DSL Cz., 1), rne je apaMeheHa 

noJjynapHocTr ponoBa Rhamphogobius H Toxopyge, aH ripe/iCTaBJbeHHX pa3iHuHTHM 

BpcraMa (REICHENBACHER, 1993; REICHENBACHER et al., 2007; GIERL & 
REICHENBACHER, 2015; BRADIĆ-MILINOVIĆ et al., 2019). 

UppŠ,Rhel/naaben· Toptoo PajHcku rpa6eH 

"Gobius" francofurtanus 
"Gobius: altus' 
"Gobius",moenantus 
"Gobius" rostratus 
Butis? schadi 

Je3epckM a IMX Monaca 

Freshwater Molasse Lake System 
Minchen 

Gobius? brzobohatyi 

an•apa(u @ cMCTeM 
DInar»deQLake System 
Eleogobms brevis = 

judanh b 
Rnampnogc jus doppleri — CI KM CMCTEM 
Rh·r··phwcb«us%·wh\·; Sertšian Lake System 

S Klw)aqobrus andjelkovicae. 

s Rhamphogobius varidens 
Toxopyge campylus 

Cnka 1. CrarkoBojiHH je3ecpckH CHcTeMH EBporne TOKOM cTapHjer MHoOneHa (BRADIĆ— 

MILINOVIĆ et al., 2019, Mona(DHKkoBaHo). 

Figure 1. Freshwater lake systems of Europe during the Early Miocene (BRADIĆ— 
MILINOVIĆ et al., 2019, modified). 

Cpeyjubu MuortmeH (capMaT) 

HakoH crapHjer MMHONHeHa, y CrapMjeM CpejbeM MHOINHy, (bopMe roOmMma 

TIOMCHyTE y HIpeTXOJIHOM TIOT]1aBJby HecTajy H ycTymajy MeCTO TaKO 3BaHHM IloHTO— 

KaCHHJCKMM roOMmaMa (BRADIĆ-MILINOVIĆ et al., 2019). Vcnem GameHcKe 
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TpaHcrpecHje MMaMO IPOMeHy IaJCOCKOIIHIKMX cpenmMHa, Koja je peyyzmrwpana 
HpoMeHaMa y aconuHjanujH pHOa. IIparehH oBe IpOMeHC y CKOJIOHIKOJ HHIHH, KaO H 

CMeCHy (bayHe Mory ce H3aByhH 3aKJbyulmM 3HauajHH 3a mameorecorpaQcKy aHanH3y. 
SCHWARZHANS et al. (2015) acrguy a cy paOe noceOHo 3HauajHe 3a HcTpax;KHBaHbC 

MOPcCKHX Be3a, 30or Op3e npHaroJUbHBOCTH, KaO H 300r ĐHXOBE crienHjanny3anHje Ha 

onpebeHe ycOBcC y )KHBOTHOM OKPpy)KeM»y (TeMHepaTypa BOJIe, calHHTeT, JUyOHHa 
BoOJeHOr cTryOa H Mp.). OnpebeHe rpyme cy HOoceOHO 3HaduajHE y OBOM TIIOTHeJIy: 

Clupeidae, Gadidae a Goblidac. OBaKBH acHeKTH yrJaBHOM pa3MaTpaHH Ha OCHOBy 

npejcraBHHKa (baMunuje Gobiidae, 30or OoraTe eHJleMcCKe (bayHe IIlOHTO—KacIIHJjCKHX 

roOM/a, Kao H pelieHTHe (DayHe KOja O,L PHX BOJ,MH HOpeKo. IHpoM IIapareraca H 
Teruca Je noueTKOM OajteHa er3HCTOBaJla y BeEJIHKOJ MepH paBHOMePpHa, pH0Jba (bayHa 

OTBOPpeHOr MoOpa. OBa (basa je mpaheHa npaMaTHuHHM IHIpeKHJIOM HOCTOJAMa (bayHc 

H3MelDjy NoMer H ropber OGaneHa y IleHrpanHoM IIaparerucy H cauHo y HcrouHOM 
IlaparerHcy H3Meby uoKapKcKH/KaparaHCKOrT H KOHCKor KarTa (Ci. 2). PROJba QayHa 

OTBOPeHOTr MOPa HecTaje H eHJIČMCKa eBOJIynHja pH0Oa iiBeTa yHyTap OBe TpH (baMH:IHje 

(Clupeidae, Gadidae n Gobiidae). IlepHoji BaMeby crapujer a Mnaber OajneHa je BpeMC 

Kajla Ce MHOTH CHJIČMCKH IIoHTo-KacnuHjckH pojnoBH Gobiidae mpBH HyT HOJaBJby]y 

(Cn. 2). OBaKBC CMCHC (ayHe ce JemaBajy HCTOBDeĆMCHO Ca H3MEHaMa y 

TpaHcrpecHBHO—perpecHBHHM IlHKJIycHMa y Ilaparerucy (KOVAČ et al., 2007), kojH cy 

OuHTJICJIHO OHJIH IIOrOJIHH 34 ČBOJIyHHjy roOHJIa H P.HXOBy JuHBep3H()uKanujy. CacraB 

(QbayHe capMaTckHx orTomMra KapaMaHcKkor OaceHa (TypckKa), moceyje OoraTy 

TIJIHTKOMOpCKy pHOJby (payHy ca IMHyHO nNpumamHHKa (pjaMumuje Gobidac, uHjH 

rpejicraBHHLH HOCeJLy]y CIHuHe a(bHHHTeTe, Kao crapHja pH0Jba (bayHa IleHrpanHor 

Ilapareraca (SCHWARZHANS, 2014). OBaKBe KapaKTepHcTMKe TaKobe mokKa3yje 

TopP-00ajteHcKa H capMaTcKa pHOJba (QayHa M3 BapajeBa H CnaHama y OKOJIHHH 

Beorpana (SCHWARZHANS et al., 2015). Crora ce 3aKkJbyuyje a pHOJba (pbayHa Hec 

norBpbyje moBeaaHocr IIapareruca ca MenurepaHOM TOKOM cepaBaMmMaHa (ropMbH 
OajeH/capMaT), HHTH y CeBeEpO3ana/IHOM JIeJ1y KaO IITO je IpHMeTHO BARTOL et al., 

(2014), HH y JyroHcCTOuHOM Jneny raie OH ce KapaMaHckuH 0GaceH HJIeaJIHO HaJla3HO Ha 

nojma nyTa Be3e H3MeDbjy oBa JiBa OaceHa. 

Kao mrro je Beh HaBe/leHO y yBOJIHOM JeJIy Ca CapMaTCKor JIOKanmHrTeTa ca Kojer 
Cy OHHCaHH CKCJIČTH Ca OTOJIHTHMA / sifv, npanmajajy paanHunTHM (pDaMHnuHjHMa, ma je 
CaMHM THM H M.HXOB CrpaTurpadQjcku 3Hauaj paanmMuur. Takobe, H majJIecOĆKOONIKE 
KapakTepHMCTHKe OBHX Tpyma HHCy jeMHaKO 3HadUajHc, KaO HH MHXOB 3Hauaj 30 
Kopenauujy y perHoHamHy cMHMKy IIapareruca. JemMHO HOcMaTpaHe 3ajeMHO ajy 
TIOTIIyHy CJIHKy. Ocranui pH0JbHX cKeJIeTa H H30J10BaHH OTOJIHTH mopojmima Gadidae H 

Lotidae cy uecrM Hanma3H TeeocTeM pHOa TOKOM CpeJUbeEr MHOIČHA HCHTPpaJIHOr H 
HcToOuHor IlIaparerMca. TOKOM MOM=er OameHa BehHMHa OTOJMTHHX BpcTa rajma 
ueHTpanHor IIapareruca ce jaBjba H y CeBepHOMOPCKOM OaceHy, Te HpecTaBJba 
RoMHHaHTHy (QayHy pHMOa (SCHWARZHANS, 2010). V eHTpanHOM H HCTOUHOM 

IIapareraHcy rajjne H JOTHJIĆ, TOKOM CapMaTa mocrTajy jenHe OJL Haj3aCTyLIJbeEHHjHX 
rpymna pH06a o ueMy cBenoue OpojHH apTHKyJ1HCaHH CKEJIČTH H OTOJIHTH. V npHJIOr OBOJ 
TBPpJUĐH je H Hamr Hana3 Parafrisopterus caspius ca OTOHMTOM in sifu ca crajOHa 
IipBeHe 3Be3Jte (SCHWARZHANS et al., 2017a). 
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Cunka 2. JiucrpaOynuuja roGuuna Ilapareraca y nepno/y KacHor OaneHa/capMaTa, 

(MojiH(bukoBaHo ripeMa SCHWARZHANS et al., 2017c). 

Figure 2. Distribution of Paratethys gobids in the Late Badenian/Sarmatian period (modified 

by SCHWARZHANS et al., 2017c). 

Gobiidae cy nmoMMHMHaHTHa H Hajpa3HoOBpcHHja rpyma pHOa y CcapMaTCKOM 

(pocnuHoM nanucy IIapareraca (BRATISHKO et al., 2015; SCHWARZHANS et al., 2015). 

IIpumerHa je Beha 3acTyriJbeHOCT H30JIOBaHHX OTOJIHTA y OJIHOCy Ha IIeJIe CKeJIČTE OBE 

rpyne pu0a. TakBa pannuKa y oOHJby OH Mor:Ia OHTH mOBe3aHa Ca KDXKOM TIIpHpO]JlIOM 

H MaJOM BCJIHUHHOM TeJIa OBHX pHOa, MpyrH (pakropHM KojH OM MoOTNM cCrpeuHTH 
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(pocHuaanunjy 3TJ1OOHHX cKcJIeTa je bHXOBa yJOra Kao Major ruJieHa Behax pH0a imro 

OnpaBjlaBa PbHXOBO OOHJBE y BHJIy H3OJIOBaHHX OTOJIHTA. CapMaTCKO MOPC je MOXKJIA 
Ouno HenTo MaM=e GoraTo BpcTaMa oJ cananmer KacnujcKor Mopa, aJmi OoraTCTBO 

pas3HonukocTu Bpcra ro0Ou/na npocrHpe ce y BDeMeEHCKOM HHTepBa]JIy OJI KOHKHJAHCKOT 
(ropR0a/teHcKor) JO KaCHOCapMaTCKOr C.M. Kara. IIocroje JacHe MH/WHKaNMJC 

ČBOJIyIIHOHHX JHHHJa yHyTap ojipebeHHx rpyna, Ha npaMep 4phia, Knipowitschia a 

MO:xJIa Takobe Ponficola a Benthophilus (Cn. 2), mwrro yKayyje na HeKe OJL yoOueHC 

JuBep3u(bikatuje HMajy crparHrpa(bCcKy KOMIIOHeHTy (SCHWARZHANS et al., 2017b). 

OcHM rope HaBeJleHHx (DaMuinuja, ce/UHMeCHTH capMara crajlHoHa IIpBeHe 3Be3JIe 
cajpxke IeypOHeKTHQOpMHe pHOe. Parasolea serbica npencrTaBJba M3yMPIH 
eHJIČMCKH TaKCOH IapaTeTHcKoOr comeHJa. OBaj Hanmay mpommpyje Opoj mo3HaTHX 

ČHJČMCKHX TaKCOHa KOJH Cy IBeETaHMHM TOKOM MMoONeHa y oOmacrM IlIapareraMca 
(BAYIKINA & SCHWARZHANS, 2016; SCHWARZHANS et al., 2017d) H npejcraBJba 

JOKa3 O JUiHaMHuHOJ ČBOJIy11HjH KOJa ce JIoroJiHaIa yOp30 HaKoH OJIBajabba Ilapareraca 

OJL CBETCKHX OKeCaHa. 

Kajia roBopHMo o (paMuunuju Clupeidae, 83 OBHX CeJHMeHaTa je HO3HaT Hana3 

oToura in sifu, gpcre Sarmatella doljeana (BAYKINA & SCHWARZHANS, 2017). OBaj 

Hajla3 je BEOMa Ba)KaH 32 DpeKOHCTDpyKHjy ecBoJyHHje KaymeHAa y IIapareracy. y 
cuyuajy OBor Hanmaaa Sarmafella monpxxaBa mopeknmo po/a oJL KacHor OajeHa JO 

capMaTa H nmokayyje mumMpy reorpa0cKy pacHmpocrpabeHOcCT HeroO mTO je 
J\OKyMEHTOBaHO HaJTa3HMa CKeJICTA, OJIHOCHO y OaceHy CeBepHor Mopa, IITO yKa3yje 
na pojm HHje OMO NpHMMapHH HMEMCKH OOMK IlaparerMca (BAYKINA & 

SCHWARZHANS, 2017). 

3AKJbYUAK 

IIpe cBera rpeGa ucrahuH BaxKHocT Hana3a oTojHrTa in sifw. CMaTpaMo J munpa 
reoumomiKa nyOJka ca OBHX HpOcTOpa HHje y JOBOJBHOjJ MepH yno3HaTa ca 3HauajeM 
OBHX Haa3a. TaKobDe, OBaKBHM HaHa3H HaM HNpy)jKajy HOJaTKc KOJH MOTy MMaTH 
MyJIrTHHCHHTIIIHHapHy HIpHMeHy. Hanayi oro:ura in sifu cy npe cBera BEOMa Ba)KHH 
Jep HaM najy HH(popManuje 3a JIečTaJbHy CHCTeMaTCKy KnacH(bikanujy. OTonurH in sifu 

HaM MMLjy OOJbe HH(bpopMamuje 3a payyMeBaM= JHCTpHOynumje pHOa KpO3 BpeMC H 

npocTop. OcHM OBHX HOJlATaKa Ba)KHHX 3a ycarnalraBabe cHCTeMaTHKe pH0Oa, najy H 
BaxKHe crparurpa(bcKe, maneoreorpa(Dcke H maJIcOCKOJIOIHIKe IIO,laTKE. 

CxOJIHO TOME MO;KEMO HaOpojaTH HeKC OJ/L HajBa;KHHJHX 34KJbyuaKa KOJH Cy 

H3BeJIeHH Ha OCHOBy HcCTpaxKHBatba TpH aconujanuje (bocHIHHX pH0a ca OTOHHTHMa i 
situ: 

• Hanma3ponma Dapalis BaM cBe,OuH O IIaJIČOĆKOJIOHIKHM yCJIOBHMAa je3epCKHX 
OaceHa TOKOM cTaPHjer JIOPer MOHIIeHa. 

• MaTepHjaH eHJeMCKHX BpcTa ca MoKanmuTeTa KJIMMHIMM, HaM CBCJOUH JlA 
roOuMMe OnHcaHe y TOJ CTyJWjH HHCy y Be3H Cca IloHTO-KacMJCKHM 

dQbopMaMa, Koje Cy HO3HaTec H3 CpeJUĐOMMOINICHCKMX CeJMMcHaTa. OBe 
JlOHbOMHOLNCHCKE (bOpMe Cy MOPaJIe H3yMpeTu Ja OH ocJ1060,HJIe )KHBOTHH 
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npocrop 3a IloHro-KacrnujckKe (bopMe. OBa uHpbeHuiia BX cBpcraBa y o0pe 

crpararpa(bcke H naJieoeKoO:oiike penepe. 

• TpeGa Hcraha H nojyhapHOcCT HeKMX PpOJUOBa ca pyrMM OGaceHHMa ca 
KOJHMAa CC MO)KE KOpeJIHCaTH CaMO JIO HEKOT HHBO2. OayHa cJIATKOBOJIHHX 
Mojnaca H (bayHa /liaHapujickor je3epckor cHcTeMa, IOKa3yje HOJly/lApHOCT 
ponoBa Rhamphogobius a Toxopyge, anH npejicraBJbeHHX pa3jHuHTHM 

BpCTaMa. 

• Y ccnyuajy capMaTCKMX CCJMMMCHaTa IIOCTOje jJaCHE HHJWHKamMje 

eBOJIyLIHMOHHX JIHHHja yHyTap ojpebeHMx rpyma, Ha HNpHMep 4phia, 
Knipowitschia 8 Moxxna Takobe Ponticola a Benthophilus, urro ykayy}e na 

HeKe 0J1 youeHe JHBep3HQ)ayKanuje MO;Ke HMaTH crparHrpa(bcKH 3Hauaj. 

• „Hanay Bpcre Parasolea serbica y capMaTcCKMM OpakMuHHM CeČJUHMCHTHMA 
CBeJIOuH O JUHHaMHuHOJ CBOJIy1HjH KOja ce JoroJiHaa yOp30 HaKoH OJiBajabba 

IIapareruca oJl CBETCKHX OKcaHa. 

Hanamo ce na he y OynyhHocrH OgHTH jomr crynuja Koje he ce OaBHTH OBOM 

ripo0JteMaTHKOM, HE CaMO ca mnojipyuja CpOnje, Beh H 3 perHoHa. 

SUMMARY 

On the territory of Serbia, Miocene sediments are widely distributed. During this 

epoch, numerous changes took place, which were accompanied by the type of 

sediments that were deposited, and thus the fossil association in them. Accordingly, 

during the Lower Miocene in the territory of our country we have the distribution of 

lake sediments. These sediments formed in several lakes, which communicated with 

each other during their existence; this lake system is known in the literature as the 

Serbian Lake System (KRSTIĆ et al., 2012, SANT et al., 2018). Then, during the early 

Middle Miocene (Badenian), there was a transgression of the Paratethys in the area of 

Serbia. During the Late Middle Miocene (Sarmatian), input of fresh water occurs, so 

during this period, brackish aquatic entities exist. The additional refreshing by inland 

waters continued through the Upper Miocene, which resulted in the change of brackish 

into caspibrackish environment (Lake Pannon). All changes in the salinity of aquatic 

environments are accompanied by changes in the fauna of fish that lived in them. 

The oldest material (Oligocene / Lower Miocene) is from the lake sediments of 

the Babušnica Basin (southern Serbia). All the collected specimens eeHeeted were 

identified within the family Ambassidae and the genus Dapal/is. The genus Dapafis is 

widespread in freshwater and brackish waters, as well as in the coastal seas of South 

Asia and Australia (NELSON et al., 2016). This genus is represented in the sediments 

of the Upper Oligocene from Allier, France. Also, this genus is known from the 

Oligocene lake deposits of Western Europe. One species of this genus from the 

Oligocene of the Transylvanian Basin is also known (REICHENBACHER & 

CODREA, 19909). In addition to Oligocene deposits, the presence of this genus has also 

been noted in Oligo-Miocene sediments around Vichy, France (GAUDANT, 1992). 

This group of fish belongs to euryhaline organisms, subtropical to tropical paleoclimate 

(REICHENBACHER & CODREA, 1999). 
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Fossil fauna with otoliths in sifw, from the late Lower Miocene, is known from 

the Klinci marls (Valjevo-Mionica Basin). The material from Klinci was classified into 

three genera with four species described by BRADIĆ-MILINOVIĆ et al. (2019): 

Klincigobius serbiensis, Klincigobius andjelkovicae, Rhamphogobius varidens and 

Toxopyge campylus. It is important to note that in the territory of Serbia during the early 

to middle Miocene, the lake environment prevailed, that is, there were several lakes, 

which communicated with cach other in different periods during their existence. In the 

literature (KRSTIĆ et al., 2012, SANT et al., 2018), the system of these lakes is known 

as the Serbian Lake System (SLS). 

The community of freshwater gobies of the late Lower Miocene of Central and 

South-Eastern Europe provides evidence of the presence of extinct Lower Miocene 

fauna of freshwater fish, which in the case of the studied gobies is not related to today's 

Ponto-Caspian goby fishes. Lower Miocene fauna is represented by endemic species 

whose correlation can be performed only to a certain extent. Namely, this fauna can be 

correlated with the fauna of the freshwater molasses lake system and the fauna of the 

Dinaride lake system (DLS; Fig., 1), where the similarity ofthe genera Rhamphogobius 

and Toxopyge was observed, but represented by different species (REICHENBACHER, 

1993; REICHENBACHER et al.; GIERL & REICHENBACHER, 2015; BRADIĆ — 
MILINOVIĆ et al., 2019). 

The association of fish with otoliths in siftu from Sarmatian sediments from the 

Red Star Stadium contains five different taxa: Parafrisopterus caspius (in 

SCHWARZHANS et al., 2017a), 4phia macrophthalma (in SOHWARZHANS et al., 

2017b), “Scorpaena ” minima SOHWARZHANS et al., 2017c), Parasolea serbica (in 

SCHWARZHANS et al., 2017d) and Sarmatella doljeana  (in BAYKINA & 

SCHWARZHANS, 2017). 

After the Lower Miocene, in the lower Middle Miocene, the forms of gobies 

disappear and give way to living space to the so-called Ponto-Caspian gobies (BRADIĆ 

– MILINOVIĆ et al., 2019). Due to the Badenian transgression, we have a change in 

the paleoecological environment, which resulted in changes in the association of fish. 

Following these changes in the ecological niche, as well as the change of fauna, 

conclusions. can be drawn that are important for paleogeographic analysis. 

SCHWARZHANS tet al. (2015) point out that fish are especially important for the 

research of marine connections, due to their quick adaptability, as well as their 

specialization to certain environmental conditions (water temperature, salinity, water 

column depth, etc.). Certain groups are particularly important in this regard: Clupeidae, 

Gadidae and Gobiidae. Such aspects are mainly considered based on representatives of 

the Gobiidae family, due to the rich endemic fauna of Ponto-Caspian gobies, as well as 

the recent fauna that originates from them. Across Paratethys and Tethys, at the 

beginning of the Badenian, there was a largely even, fishy fauna of the open sea. This 

phase was followed by a dramatic interruption of the fauna between the Lower and 

Upper Badenian in the Central Paratethys and similarly in the Eastern Paratethys 

between the Tshokrakian/ Karaganian and Konkian stage (Fig. 2). The fish fauna ofthe 

open sea is disappearing and the endemic evolution of flowering fish within these three 

families (Clupeidae, Gadidae and Gobiidae). The period between the older and younger 

Badenian is the time when many endemic Ponto-Caspian genera Gobiidae first appear 

(Fig. 2). Such fauna changes occur simultaneously with changes in the transgressive- 
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regressive cycles in Paratethys (KOVAČ et al., 2007), which were obviously conducive 

to the evolution of gobies and their diversification. The fauna of the Sarmatian otoliths 

of the Karaman Basin (Turkey) has a rich shallow-sea fish fauna with many members 

of the Gobiidae family, whose representatives have similar affinities as the older fish 

fauna of the Central Paratethys (SCHWARZHANS, 2014). Such characteristics are 

also shown by the Upper Badenian and Sarmatian fish fauna from Barajevo and Slanci 

in the vicinity of Belgrade (SCHWARZHANS et al., 2015). Therefore, it is concluded 

that fish fauna does not confirm the connection of Paratethys with the Mediterranean 

during the Serravallian, neither in the northwestern part as noted by BARTOL et al., 

(2014), nor in the southeastern part where the Karaman Basin would ideally be halfway 

between the two basins. 

By following all these changes in the composition of the fish association over 

time, we can help clarify the paleogeographic events in the Paratethys during the 

Miocene. Also, important data can be obtained based on which the paleoecological 

reconstruction of the water entities in which these fish lived can be performed. 
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TEOJIOFHJA XHJIPOTEPMAJIHOT Cu-Au CHCTEMA 
MUYKAPY IIEKH 

THE GEOLOGY OF HYDROTHERMAL Cu-Au SYSTEM 
ČUKARU PEKI 

OPHTHHAJIHH HAYuUHH PAJL – PAPER 

Ancrpakr: XunporepManHi Cu-Au cucreM UykKapy Ileku je jenaH ol HajBehuix py)lOHOCHHX 
CHCTeMa OTKpHBeHHX Ha rnpocTopy Epnpome y XXI neky. Ha ocHony MaHammber cremeHa 

MHCTpa;KeHOCTH, CMaTPpa Ce Jla Cajlp;xXH BHIHIe OJI 2,3 MHJIHjap/iH TOHa py/ie, OJIHOCHO BHimte O,1 17 
MH:IHOHa TOHa Gakpa H BHiie OJ 380 roHa 3nara y MeTaJy. 

ITIpocropHo H reHeTckH nOcMaTpaH0, OBaj CHCTEM je HacTaoO y Be3H Ca IIpO,1lyKTHMa IpBe 
(a3e MarMaTCKC aKTHBHOCTH THMMOHUKOT MaTrMaTCKOT KOMILIČKCa. Y py,lOHOCHOM CHCTEMYy 
'dykapy Ileku cy H3/BojeHa TpH OCHOBHa THrIIa MHHepaumnamuje: 1) IIop(bapcku Tu (T3B. Jloma 
3OHa) Koja ce Hana3H y J(yOJbHM JIeJ1OBHMa XHJIpoTepMa;jiHor cHcTeMa, y pacnoHy oJ -180 m no 

-1900 m H.B.; 2) IIpemasHa emwrepMamHa daoHa (Koja ce Takobe Ha3MBa Qverprint 
MuiHepanmnatnuja), H3Meby 3oOHe BHCOKE cCyn(pMnmanje H mop(pMpckor Jema pyjlOHOCHOTr 
cHcTeMa; 3) 3oHa BHcoKe cyn(punanuje (T3B. fopba 3oHa) aarpabeHa oJjt MaciBHHX Cy-I(ujma ca 

TIHpHTOM, KOBEJIHHOM H CHaprHTOM. 

/lueHaHje H o0nuk Jlope 3oHe cHcreMa UykKapy Ileku HuHcy MeTaJbHo ojpebeHe 36or 
BeJIHKe JIyOHHe JexxHurTa H HHCKOr cTeneHa HcCTpa;keHocTH. IIpermocTaBJba ce Jl cy Haj,LyOJbH 
nenopBH exumrra Ha nyOuHHuH Behoj o 2100 m ojn noBpnumiHe TepeHa. HajaacrynjbeHuijH THIIOBH 

anrepauuje y OBOJ 3OHM Cy KajmjcKka MeTaCOMaTO34, KBapHHoO-cepHumwTcka amrepamuuja H 
xnopuHrHyanmja. Ha OcCHOBy TepeHCKHX, Py/HOMMKPOCKOTICKHX HcCHMTHBaHMba H aHajH3C 
(pnryunHHx HHKJy3Hja, yrBpbeHo je na je MMHepanmnanuja Gakpa H anara y JloPboj aoHH HacrTaja 

y nBa cranujyMa. IIlopoupcku crajjyM je (pbopMHpaH y TeMIepaTypHoM HHTepnBajty ol 600- 
400%C H TOKOM mbera je JJe:tOHOBaHO ueTHpH THma »HIa: 1) KBapiiHe »*xHme THmTa A Gea py/lHHx. 

MHHepana, 2) KBapiiHe »HIe THma B ca xaJrKOIIHpHTOM, OOpHHTOM H HIHpHTOM, 3) rIHpHTCKC 
x%uue THna /| ca MaJiiM 3pHHMa xXajtkonipuHrTa H OopHHTa H 4) MarHeTHTCKE XKHIIC Ca XeEMaTHTOM, 
TIHpOTHHOM H XaJIKOIIHpHTOM. Mialu, emarepMajnHH crajMjyM OOCyxBara TpH THma »HA 
Hacrajmix Ha TeMIepaTypaMa oko 300-200%: 1) »yOwuacTe aHxH/IpHTCKe XKHIIC Ca TIIHpHTOM, 
XaJIKOTIIHpHTOM, KOBCJIHHOM H eHaprHTOM, 2) cyn(piHjiHe »KHIIČ Ca IIHpHTOM H KOBEJIHHOM H 3) 
HapaHujacTe aHxHJIpHTCKe HH Oc3 py/lHHx MHHepalta. 

! VauBep3uHrer y Beorpany, Pynapcko-reonomiku (bakyarrer, Beorpajt, 

CpoOuja;milos.velojic(q)rgf.bg.ac.rs 

55



TipenasHa enmMrepMamHa 3oHa ce KapakTepumue mpeoBmabyjyhMM THHOM aprHJIHTCKC 
anrepanuje. IIpenicraBJbeHa je CHCTeMOM aHXHJIpHTCKHX H THIICHHX »KHLa, ca nparehHM py7lHHM 
MHHePpaJIHMa - KOBCJMHOM, XAJIKOHIHDHTOM, /UHTCHHTOM H CHaprHTOM, KaO H JIOKAJIHHM 
mn0jaBaMa CaMOPOJIHOT CyMIIOpa. 

Topma 3oHa je H3JLy;KeHO-OBaJIHOT OOJIHKa Ca IIpHOJIH;KHHM JUHMeH3HjaMa y TImaHy OKO 

300x350 m. BeprukajnHH HHTepBaji MHHepanuisaanuje je OKO 550 m. JloMuHaHrHa (panuja 
xujpoTepwMaine anrepanuje y Fopoj s3oHH cHcreMa UyKapy Ileku je Hanpe/iHa aprHznrcka 
anrepanHja ca KBapHOM H aJyHHTOM. Ha OCHOBy TEpeHCKMX H py,HOMHKpPOCKOHNICKHX 
HCHIHTHBaHb4, yCTaHOBJbeHO je Jna je | opPba 3oHa (bopMHpaHa y BHIIIC CyKileCHBHHX CTaJIHjyMa: 
1) MacHpBHu nupur (Pyl); 2) Py-en xume ca nMpHMTOM H cHaprHTOM; 3) Py-cov xume ca 
TIHpHTOM, KOBCJIHHOM H cHaprHTOM; 4) Py2 »xHtte ca CHTHO3pHHM TIIHpHTOM; 5) MapkacHTcke 

»sHHe Ca apCeHONIHpHTOM H c(pamepHToOM H 6) KajmuTcko-aHxHJIpHTCKe »kHHe Oc3 py}HMX 
MHHepajna. 

KabyuHe peuH: THMOuKH MaTrMaTCKH KOMIIJIČKC, Oakap, 3naTo, mop(bapcka nexHurTa, MaCHBHH 
cyndunu 

Apstract: The Čukaru Peki hydrothermal system is one ofthe largest Cu-Au deposits discovered 

in Europe in the 21" century. The current estimates imply that this system contains more than 
2,3 billion tonnes of ore, containing 17 million tonnes of Cu and 380 tonnes of Au. 

This system is genetically and spatially associated with the products of the first magmatic 

phase of the Timok magmatic complex. Three types of mineralization can be distinguished in 
this hydrothermal system: 1) Porphyry zone (also called Lower zone) is located in deeper parts 
of the hydrothermal system, at depth interval between -18Om and -1900 meters below the 

surface; 2) Transitional epithermal zone (also called Overprinf mineralization) located between 

the porphyry zone and the high-sulfidation zone and 3) High-sulfidation zone (also called Upper 
zone) consisting of massive sulfides with pyrite, covellite and enargite. 

The dimensions and the shape of the Lower zone of this system are still not defined due 

to the large depth of the deposit and the low level of exploration. It is assumed that the deepest 
parts of this zone are located at more than 2100 meters from the surface. The most common 
types of alterations in this zone are potassic alteration, sericitic (phyllic) alteration and 

chloritization. Using the methods of core logging, ore microscopy examinations and fluid 
inclusion analysis, it is determined that the Lower zone was formed in two stages. The porphyry 
stage was formed at temperatures between 600 and 400*C and it consists of four types of veins: 

1) quartz veins type A without mineralization; 2) quartz veins type B with chalcopyrite, pyrite 
and bornite; 3) pyrite veins type D with subordinate chalcopyrite and bornite and 4) magnetite 

veins with hematite, pyrrhotite and chalcopyrite. The younger epithermal stage was formed at 
temperatures between 300 and 200%C and it includes three types of veins: 1) purple anhydrite 
veins with pyrite, with subordinate chalcopyrite, covellite and enargite; 2) sulfide veins with 

pyrite and covellite and 3) orange anhydrite veins without mineralization. 

The transitional epithermal zone is characterized by argillic alteration (with quartz, clay 
minerals and sericite). It consists of a system of anhydrite and gypsum veins, whereas the main 
ore minerals in this zone are covellite, chalcopyrite, digenite and enargite with ocassional native 

sulfur. 

Upper zone has an extended oval shape with approximate dimensions of 300x350 m in 
plan view. The vertical interval is around 550m. The dominant alteration in this zone is advanced 

argillic alteration with quartz and alunite. Using the methods of core logging and ore microscopy 
examinations, it is determined that the Upper zone mineralization was formed in several 
successive stages: 1) Massive pyrite (Py1); 2) Py-en veins with pyrite and enargite; 3) Py-cov 

veins with pyrite, covellite and enargite; 4) Py2 veins with fine-grained pyrite; 5) Marcasite veins 
with arsenopyrite and sphalerite and 6) Calcite-anhydrite veins without mineralization. 

Key words: Timok magmatic complex, copper, gold , porphyry deposits, massive sulfides 
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YBOJI 

XunporepMajiHH py,lOHOCHH CHCTeM UyKapy IIeKH je OTKpHBeH 2011. ronaHe 

H Hipe/icTaBJba je/HO OJ HajBehax mexumrra Oakpa H 3J1aTa OTKDHBEHHX Ha IIpOCTOpy 
Enpomne y 21. BeKy. Hanasa ce caMo 5 km jyxxHo oJ rpana Bopa y HcrouHoj Cpouju. 

Banješević & Large (2014) cy reHeTcKH KJacH(pHKOBajlH XHJIDOTeDMaJIHH CHCTEM 

UykKapy IleKH Kao NOopd(Q)MpcKO Cu-Au JIČ;KMMIMTEC Ca BHCOKOCy\(DH)IALIMOHOM 

enHTepMaJIHOM 3OHOM (Cu-As-Au) koja cajlpxxH MacHBHe Cyan(bujne. 

XunporepMajnHH py/OHOcHH cHcTeM UyKapy IIeKmM ce Haja3H y CpeJUIIH»6M 
neny  BOpcCKe MeTAaJIOTEHETCKC  3OHĆ, Koja je meo Kapnarcko-OakaHcKe 

METAJIOTECHCTCKC IHIpOBHHILHHje (JaHKoBHh, 1990; Kolb et al., 2013; Jelenković et al., 

2016). MHorH ayrTopH je TyMaučc KaO HCTOUHH CCTMCHT BECJIHKOTr MaTMaTCKOT H 

METAJIOTEĆHCTCKOT JIyKa KpeJIHe CTapoOcTH, KOJH Ce HIpOTe;Ke Kpo3 PyMyHHjy, CpOoutjy H 

Byrapcky (r3B. ABTS mnojac - ckpaheHo oJ Any3eHH-BaHaT-THMOK-Cpejmboropje 

nmojac, Neubauer, 2002), koja ce y nHreparypH Takobe HasHBa M BMMB mojac 

(ckpaheHo o,l BaHarHTcKH MarMaTCKH H MeTAaJIOreHeTcCKuH mojac; Berza et al., 1998). y 

y)KČM CMHCJy, XHJIDOTepMaJIHH py/OHOCHH CHCTEM UyKapy Ileku je Neo pynHor 
pejoHa Bop y KojeM ce HaJta3H H CBETCKH IIO3HaTO, Bopcko mexxumrre OCakpa H 3jtaTa. 

NY BopcKoj MeTaJIOTeHETCKOJ 3OHH je HajJ1a3H HČKOJIHKO BEJIHKHX HOpOQ)HpcKHX 
nexuHiirra KOJa Cy y BHIIČJIĆHĆHHJCKOJ cKcmmoaTamMjH (Bop, MajmaHrekK, BenakuH 

KpHBeJb), KaO H pyrH THHOBH JIexMITa: cnMTepMaJHHa JIe)KHHITA BHCOKC 
cynduananuje (THrBa Maika, KaMebPap), enarepMajnHa JexxHirra HHCKC Cyn(punatnnje 

(3nahe), xumporepMaHMHa ByJKaHoreHa jexumra (JiMma, Kpaky ByrapTrTeckKy), 

cKapHoBckKa nexxuurra (Baxba Caka) H HelaBHO OTKpHBeHa JIe)KHIITa 3J1aTa KapJIHHCKOT 
Turna (KopkaH, Kpaky IIemrrep, Barap Xu;r) (JaHkoBah u np., 2002; Jelenković et al., 

2016). VKynHH MHHepajiHH pecypcH OBC MeTAJIOTEHETCKC 3OHC Cy IHIpONeHeHH Ha 
npeko 20 Mt 6Gakpa H ıipeko 1000 roHa snara (Jelenković et al., 2016). 

HacraHak xu/poTepMainHor py/loHocHor cucreMa UykKapy IIekuM, Kao H npyrHx 
nexxumrra Oakpa H anara y BoOpckoj MeTaJIOTeHeETCKOj 3OHH, IIDOCTOpHO H TeHCTCKH jc 
Be3aH 3a THMOUKH MaTMAaTCKH KOMIJJICKC. CJIuHO OCTaJIHM JekHMmiTHMa y ABTS 
mojacy, THMOUKH MaTMaTCKH KOMINJIČKC jc (DoOpMHpaH JIČJCTBOM CyOJUyKHHMOHMHMX 

npomeca Ha mpocropy HeorerMcKor oKeaHa H (DOpMHpaMbeM OCTBDCKOT JIyKa, y 
BDpeMEHCKOM mepHo/iy OKO 92 no 75 Ma (Neubauer, 2002, Fugenschuh & Schmid, 

2005). 

FEOJIOIHIKE KAPAKTEPHCTHKE THMOUKOFT MAFMATCKOF 

KOMIIJIKEKCA 

TMHMMOuKH MaTMaTCKH KOMIJJICKC je (DoOpMHpaH TOKOM TDpH ByJIKaHCKe (ba3e 
(JipoBeHuk, 1961; JaHkoBHh, 1990): 

1) IIpBa BynKaHckKa (pa3a MnH T3B. THMoMTcCKa aconujatuja je pa3BHjeHa y 

HCTOUHHM JIČJIOBHMAa OBOT KOMIIIKCa (ciHKa 1). Crapocr creHa oBe (base je oxpebeHa 

Ha OKO &89-84 Ma (von Quadt et al., 2002). KapakrepMcrMKe cTeHa Cy: 

MHKPornop(bupcka crpyKTypa ca (beHoKpHcTajiMa XOpHO:eH/ne H OHoTHTa H peTKHM 
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TIHpOKCeHHMAa, IITO yKayyje ma je MarMa OMma Oorara BoOMoM (Kolb et al., 2013). 

Cuwmarpa ce na je BehaHa mop()upckux H enwrepMajnHHx mepumrra Oakpa H amaTa y 

TMMOMuKOM MaTMaTCKOM KOMIIJICČKCy BC3aHa 302 TBOpEBHHC IHIDBe ByJKaHCKc (ba3c 

(Jelenković et al., 2016). 

2) Jipyra BynKaHcka (ba3a je yrMmaBHOM pa3BHjeHa y 3amanHHM JIČIOBHMa 

TMHMOuMKOTr MaTMaTCKOT KOMIIJIeKCa. IIpeyicTaBJbeHa je IIHpOKCEHCKHM HJIH IIHpOKCeCH- 

XOpHČHeHI[a aHne3HTHMa H anOHTCKHM TpaxHTHMa Cca BCJIHKOM KOJIHHdHHOM 

BynKaHokmacTrHuHor MaTepHjama. CreHe Cy yrHMaBHOM HacTajtc XJaleMK»CM MarMC 

sacHheHe cHJIHIHHJOM, Koja je cajnp:kaJta MaJIy KOJIuHHy BOJIe (JaHKoBuh u „ip., 2002). 

Crapocr opBe (base je onpebeHa Ha 83-80 Ma (von Quadt et al., 2002). 3a oBy (ba3y cy 

Be3aHec MaMba MeKumiTa H HoOjaBe OaKpa y py/WOM ToJby IipHwM Bpx (Baa Crpx, 

/{yMurpy noToK H np.). 

3) Tpeha BynKaHcka (baaa a T3B. Jlararcka aconujanuunja rpHcyTHa je caMO y 

jyrogamaHHM JHMOBHMaA KOMIJeKCa. IIpencraBjbeHa je JaTHTHMa H TpaxXHT- 

Oasanruwma. IIojenuHu ayTopH cMaTpajy a Cy OBe CTeHe Be3aHe 32 TEKTOHCKEe IIDOMEHC 

Koje Cy Ce JIeCHJIC HaKOH 3aBPIIeTKa Jipyre BynKaHckKe (base (JaHkoBHh u mp., 2002; 

Ko»geJb, 2002), nok npyru cMarpajy a oBaj cranHjyM He TpeOa H3jBajaTH Kao nOceOHy 

ByJIKaHCKy (ba3y, OJIHOCHO a OH TIpe/iCTaBJba 3aBDpIHHEC TIpOJUyKTe JIpyre ByJIKaHCKe 

(pase (Knaak et al., 2016; Banješević et al., 2019). 

Alnyntjani ce/neHrH (knaprap) [} TIpna syakancka Qaaa 

[_ Kenonojeke ceanenre crene (MHOHCH) Jlpyra nynkancka (baaa 

IB Murrpyannne crene E= Tocha aynkancka Qaaa 

IB Knacraune cezuMenrie creHe 

BB Bynxancie n syakanognacrnune crenc: 

Cnuka 1: VripomhenHa reonotmrka kapra TMMOuKOr MarMaTCKOT KOMTIJIČKCA Ca TIOJ1OXKajEM 

Behax nop(Qjupckux nexxumrra Oakpa H 3a1aTa H IIIeMaTCKHM IIpHKa30M pacnpocTpatbetba 
pasniunrTHx ByJIKaHcKHX (baaa (MoJmH(pukoBaHo H3 JaHKonHh u Jp., 2002 s Knaak et al., 2015). 
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Ynopeno ca ByJKaHCKOM aKTHBHoOIihy, Ha IpocTOpy THMOUKOr MarMaTCKOT 
KOMIIJIČKCa BDIHCHO je H yTHCKHBaM»=e MaTMH UHJOM Cy KpMHcTaJI3ALMJOM HacTAaJIH 
HITOKOBH M JAjKOBH. VKyHHa NOBPpHIHHA HHTpy3MBHMX CTeHa y BopcKoj 
MeTaJnoreHeTcKoj 3OHH je oko 16 km?, om uera HajBehaw meo (14 km?) say3MMa 

HHTPpy3HBHH KOMIINJIČKC Bajba Crpxx (JaHKkoBuh n np., 2002). 

TEOJIOHIKA FPA ĐA JIE?2KHIIITA UVKAPY IEKM 

XunporepMajnnHH cHcTeM Uykapy IIeku ce Hana3H y creHaMa HpBe ByJIKaHCKC 
(pase: y aH/rte3HTHMa, aH/le3HTCKHM OpeuaMa H xH/1poTepMaJIHHM OpeuaMa, a y 1lyOJBHM 
eHOBHMAa Cy yTJaABHOM IHIpHCyTHH JWHOpHTH. IIpeKo OBHX cTeHa JeeKM (popMauja 
penaTrHBHO HeMaTepHcaHMX aHMe3HTa (HHTCDHO Ha3BaHMX „ITopH aHJe3HTH"), 
MaKCHMAaJIHE J(eOJbHHe OKO 5O0m. HaHajt HBX je TOpPbOKpeJiHa Ce,1HMCHTH4a CeKBCHIIA 
nanopana, nemuapa H KOHTJIOMepaTa Koja Omaro 3anexe Ka aanajy. HsaHaji noMeHyTe 
CCKBCHIC JUHCKODp/IAHTHO JIC)OKĆ MHOIICHCKH KOHTJIOMepaTH H nenruapuH, JeOJbHHe 200- 
400 M (Jakubec et al., 2018; Banješević et al., 2019) (caKa 2). 

Jelenković et al. (2016) cy y xHJpoTepMaJHOM cHcTeMy UyKapy IIeKH 

ne(uHucajm TpH 30He MHHepanunanuje: 

1) 3oHa BHcoKe cya(Hananuje (rakobe mo3HaTa H Kao I opPba 30OH2), HarpabeHa 

OJL MaCHBHHX cCyl(DMnma Oakpa, pynHHx »XMHa Ca NMPpHTOM H KOBČHMHOM H 
xuJpoTepManHax Opeua. 3a R:y Cy KapakTepHcTMuHH BHCOKH cajpx;kaj nupHTa H 
pa3pBuhe HarpejiHe apruHanrckKe anrepamuje. Hana3a ce Ha nyOaHu oji 400 no 1000 m 

HCHOJI CaBpeMeHć HOBPIHIHHe TepeHa. 

2) IIpemasHa enmaTepMajHa 3OHa, H3McCDy 3OHC Ca BHCOKOCy-I(DH)laLlHOHHM 

THTIIOM MHHepantHyanuuje H nop(bipckKor nena py,[OHOcHor cHcTeMa. V npena3HOoj 3OHH 
KOBCJIHH H CHaprHT 3AaMeČM»yjy NpHMapHce cyjdQme (xaMkonuMpHMT) HacTaHMbc y 
nop(bHpckoj MHHepanutaanuja. Kapakrepunrie ce OpoJHHM aHXHJIDHTCKHM, THIICHHM H 

KAJIHHTCKHM »KHHaMA, JOK je TJABHH THH XHJIpOTepMaJIHHX HpOMcCHa aprHJMTCKa 
anrepauuja Koja 3aMeM»yje KaJIHjCKy H XJIOpHTCKy anTeparujy. 

3) IIlopQupcka 3oHa, Koja ce HaHa3H y HHDKHM JIČJOBHMA XHJIDOTepMaJIHOr 

pyXlOoHOcHor cHcTeMa Ha JIyOHHaMa >1000 m oJ noBpnitiHe TepeHa. MuHepannnatnuja 

je yrhaBHOM Be3aHa 34 KBapIHe H aHXHJIpHTCKe )KHIIĆ KOJe CaJlp)Ke XaJIKOIIHpHT, IIHpHT 
H OGOpHHT. /[OMHHaHTHe XHJIpOTepMaJHeE M3MCHC Cy KauHjcKa, CepHMIMTCKa H 
xjropHrcka ajrrepanuja. 

3OHA BHCOKE CyJIOMHJTATIHJE 

Topma 3oHa je H3Jy)KeHO-oOBabHor (OyOpex;Kacror) oOMKa ca IIpHOJIH:)KHHM 

JMeHHHjJaMa y raHy OKO 300x350 m, JloK je BeEpTHKaJIHO Hpyx)KaMbbee OKO 550 m. Y 

OBOJ 3OHH je cajlp)xaHO OKO 50 MunuHoHa ToHa py/te ca 2,43% Cu, 1,53 g/t Au u 2,92 

g/t Ag. V HajBHIHIHM JIeJ1OBHMa py/lOHOCHe 3OHE je 3aCTyIIJ5eĆH MaCHBHO-CyJI(bajHH THII 
MHHepPajHanHje, T3B. „amMKajiHa Kama” y udMHJEM CacTaBy HpecoBmabyjy HHpHT H 

KOBCJIHH. Y OJIHOCy Ha /Iipyre neJ1OBe py,lOHOCHoOr CHCTEMA, CaJIp;KH HajBHIIH Cajlp)Kaj 
Oakpa (ca Bime on 9% Cu). Topp»a rpanuna Toppe 3oHe cHcreMa UykKapy mekKu je 
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pacejHa 3oHa (enprin. T3B. Moonlight fault) npencranJbeHa paceJlHHM rJIHHaMa JIeOJBHHC 

1-3 m (ByrapuH H MapunkonHh, 2018). 
—-72 

JIereHna: 

- MioueHckM cenMMeHTM - ToptbokpenHM aHnešnT — —- PacenM 

0} - ropteokpeaia knacrvra IB - rp 3oHa cicrewa Vykapy TlekM 

[ - TopHsokpeaHa nanopup - - Dokea 3oHa cucrea Uykapy [lekv 

Cunka 2: YıponiheHu reononiku npo(buz nexumrra Uykapy Ileku ca npaKa3aHOM | Opb50M H. 
Z{OB50M py]IHOM 3OHOM H BehHM pace/uHMa (MOJIH(i)HKOBaHo H3 ByrapHH H MapuHkKonBuh, 

2018). 

IIonnarHa rpaHuma I op 30He H ĐbeHe „, OOuHe rpaHHie“ Cy OIIITpe, Ca HarJIHM 

Tipe11aCKOM H3 MHHepajH3antje y OKOJIHe CTEHE, JIOK je OPba rpaHHma 3oHe oJpeljeHa 
Ha OCHOBy rpaHMuHor cajpxkaja Oakpa (ByrapHH H MapuHkonuh, 2018). Mnyhu ka 

HHXKHM JIČHOBHMMA, KOJMuMHa CyljbuMma omama, creHe mocTajy KOXepeHTHHje a 

MHHepangantja HM3 MaCHBHHX CyndHAMa NocTemeHO pena3H y »KMJMUACTH H 
IITOKBEpKHH THTII Opy,ubePba (Jakubec et al., 2018). 

Ha ocHony pe3ymrrara reoJtonikHx HcTpa;KHBaMa, IIpeTIOCTABJbeEH je cnenehu 

XPOHOJIOIIIKH PpeJIOCĆJI JeHOHOBaMa »KHIIA y BHCOKOCyJbHmarlMiOHOM (MaCHBHO- 
CyJI(bH/IHOM) Jnezny nexumrra (raOena 1): 

1) MacunBnu nupur (Py1): V oBoM cranujyMy CHTHO3pHH HMHpMHT je 3aMeCHHO 

BehHHy CTeHCKe Mace, uHMe Cy (bopMHpaHH MacHBHH CyJn(buju. JlenoHoBab»y rnupHra 

je BepoBaTHo rnperxo/ma HanpenHa aprHmMTcKa anrrepanuja urraBe Topme 3oHe H 

Jlel1OHOBaMbe BCJIHKC KOJIHUHHC CHJIHIIHjC Ca aJ1yHHTOM. 
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2) IIupurcko-eHapruarcke (Py-en) :*xune: VraaBHOM cajnlp;ke nHpHr H eHapraT ca 
HIyHO KBapia H antyyHHra. MecraMMuHo ce npHuMehyjy Mabe KOBEJIHHCKC XKHIIEC KOje HX 
npecemajy. 

3) IIHpMTCKO-KOBeNMHHCKE (Py-cov) »mme: OBaj THH py}lHMx Hma je 

Haj3acTyIIJbeHHjH y I OpP0j 3OHH nexxHirrTa H cajlpxKxe HajBehy KOJMHMUHHy KOBCJIHHA H 

eHaprura. IIojenuHe 0J1 E5HX CaJlp)Ke CaMO KOBCJIHH, JIOK je y IpyrHMa OBaj MHHeP4JI y 
acoujaujHu ca CHaprHTOM H HHDpMTOM. Y OBOM THHy »KHHA CC UČCTO jaBJba 
KOJIODOpMHH INIHpHT, HITO BEpOBaTHO yKayyje Ha Op3o xaabeMmbe XHJIpoTepMaJIHHX 
(pnyunna. 

4) Py2 xune: OBaj THH »HIIa CajlDp)KH CHTO3pHH IHIHpHMT H KBapi H Hpecema 

TIHpHTCKO-KOBCJIHHCKC XHIIe. BepoBaTHO cy HacrTaje OJL IpeocTanax (bnyHM)a HaKOH 
J\enoHoBalba raBHor Jleta MHHepannnanuje. 

5) MapkacMTcke »KMWme: QBE DKHIIĆ CaJID)*KĆ KOJIOMOPpQ)HH | MapKacHT, 
apceHortipHT H KOJIOMOp(bHu c(panepuiT y BHJIy yKJOmaka y MapKacHTy. 

6) Kannirrcko-aHxHJpHTcke :;KHIe: 3a paaniKy 0JLIpyrHx aHanm3HpaHHx XHIILA, 
OBC JKHIIEĆ Cajlpxke KajmiT, cyndpare H (ocdarTe (aHxHJpuT, HeMecTHH, amaTHT). 

TIpeoBnabyJy y Oo00JIHHM JleJ1OBHMa JIeKHIIITA. 

/loMuHaHrHa (banuja xuyiporepMaJiHHx H3MeHa y Fopbboj 3oHu cacreMa UyKapy 
IIeku je HanpejiHa aprunarckKa anrepanuja ca KBapilioM H aJlyHHTOM. MecriMHuHo ce 
youaBa H HyrJbHKaBa cHJIHIHja, yrJ_1aBHOM y IHeHTpaJIHHM JIeJ1OBHMa 3OHe. Oko T opibe 
3OHe Haja3H ce y3aHa 3OHa aprHanuHrTckKe anrrepanuje (byrapHH H MapuHHkonBHh, 2018). 

TIIPEJIA3HA ELIIHTEPMAJIHA 3OHA 

TIIpemasHa enMrTepMaHMHa d8oOHa (mo3HaTa je M MOJ Ha3HBOM Overprint 

MHHepajmnanuja) ce HanasH HM3Meby nopd()MpcKe H BHCOKOCy.(DH)aHHOHe 3OHC, Ha 

nyOuHawma oJ 900-1400 m oJl caBpeMeHe HOBPIHnHHe TepeHa. PynHa MHHepamnanuja 

je oOBuHo BedaHa 34 aHXHJIpHTCKE »KHIIĆ, JIOK Cy TJ1AaBHH py)iHH MHHePpaJIH KOBCJIHH H 
JireHHT Ca peTKHM I0jaBaMa cHaprHT4, XaJIKO3HHa H JIOKaJIHHM IIOJjaBaMa CaMOPpOJIHOT 
cyMmnopa. Cmarpa ce a je oBaj THII MHHepajnH3anHje HacTaO JICJIOBaMP56M KaCHHJHX 

(pnyynana, Koju cy OHJIH KHceJIHJH H OOraTHjH CyMIIOpOM OJI (biytyH)1a y TOp(DHpcKOM JIeJIy 

negxumrra (ByrapHH H MapuHKoBHh, 2018). OBa 38O0oHa ce KapaKTepMHme 

rpeopBanabyjyhHM THIOM apruHiTcke anrrepanuje Ca KBapIIOM, MHHePaJIHMAa TJIHHaMa H 
CepHIHTOM. 

Ta6ena 1: IlapereHeTcKH OJHOCH py,}iHHX »KHILa y BHCOKOCyJ(pHjartOHOjJ (I OpPb0j) 30HH 
cHcTeMa UykKapy Ileku (Mo)ui(pukoBaHo a Benojuh, 2021). 

Pyl Py-en Py-cov Py2 MapkacHTckc 

craJUHjyM craJUHjyM craJUHjyM craJUHjyM DKHIHIC 

IIupar 

Knapm 
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KopeJiiH 

Egaprur |____________________ 

piw.w=.uwww=ııl 

Tunc [_____] 

JIysoaar punNmHHMHHHNHEM 

Kojny3anr phuHHHHHHHE 

Pyrun 
|__________ 

Anyunr |__________| 

MapkacuHr 

ApceHonupnur 
MHHHHHHHHN 

Cdanepar 

CkpaheHune: Py- nHpar; Cov- KoBeJnH; En- eHapruHr 

IIOPOHPCKA 3OHA 

/lHMeH3uje H oOmak /lome 3oHe cHcreMa UyKapy IleKH yBeEK HHCy /JIČTaJBHO 

ojpebeHe 306or BeJHKe /UyOHHe JIexHimrTa, aJlH je IIO3HaTO Jla Ce PeHH HajnuuhuH JleJ1OBH 

Hana3e OKO 750 m Hcnoji HCIIOJL IOBPpIHIHHcC TEpeHa, JIOK je MyOHHa JOMHX JIeJIOBa 
HenosHara. IIpernocranB-ba ce Jta ce Hana3e Ha JIyOHHuH Behoj oyr 2000 m oJ noBpinmHHe 

TepeHa. IipeMa IpeHMMMHMHapHHMM TIpOHMeHaMa, y · BCpTHKAaJIHOM | pacHOHy 
MHHepajmnanuje Jıo -1152 m H.B HajJ1a3H ce BHIIe OJL 730 MHJIHOHa TOHa py}ne, JIOK je 

y IIeJIOM py,lOHOCHOM CHCTEMJ CaJIp;KaHo BHiie OJ 2 MHnHjapyie ToHa pyne. Ha ocHoOBy 
nocajnarnıbHxX HcTpaxXHBaMa, cMaTpa ce Ja MHHepajmnanuja 3aJte)ke Ka ceBeponanajıy 
H la ce PeHH Hajnnuhu neJoBH HaJta3e y JyrOHCTOuHOM JeJty TepeHa, Ha oko 750 m 
HcnoJI IOBpiiHHe TepeHa (ByrapHH H MapuHkonBHh, 2018). 

Ha OocHOBy py,HOMHKPOCKONĆICKHX „HCHHTHBaHRbA M dHaHM3C (DTyH/UHHX 
HHK-JIy3Hja, Velojić et al. (2020) cy ycraHoBunu Ja Je MHHepanmnatnuja Oakpa H anara 

y /lomoj 3OHH HacrTama y JBa cranMjyMa: 1) mop()MpcKOM, KojHJe (DopMHpaH y 

HHTepBajty oji 600-400%C, ToKoM kKora je JIČIIOHOBaHO ueTHpH THIa »KHNIA: KBaPpIIHC 

XHIIe THIIa A, KBapiiHe xune THna B, niparckKe »xune THna / B MarHeTHTCKE »HIIC; 2) 
MabuH, crnMTepMaJHHM cra)HMjyM, OOyxBarma TpHM THHMma HHMa HacTaNHX Ha 
TeMneparypaMa oko 300-200%: „»yOHuacTe aHXHJIpHTCKC )KHIIĆ, CyJI(DHJIHe »HIIE Ca 

TIHpHTOM H KOBCJIHHOM H HapaH1jacTe aHxXH/IDHTCKE )KHIIC. 

Ha ocHonBy rnperxoyjHor je onpebeH xpoHojoniku pe/tocte,ı crBapabba py,iHHx 
XKHIIA y OBOM JIeJ1y CHcTeMa (TaOea 2, Benojah, 2021): 

1) KpBaptuHe *xHie THra A: BujyraBe, BHCOKOTeMIIepaTypHe KBaPLIHC )KHIIEĆ KOJČ 

He caJlp;ke py/lHe MHHepalte. 

2) KpBapiHe »HHe THma B: VrnmaBHOM CC jaBJbajy y BMJIy HITOKBepKa. y 

HEHTpaJIHHM JIČHOBHMA 5»KHIa je HpHCyTaH XaJIKOIIHDpHT KOJH jc H TJIABHH Py|HH 
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MHHePaJI, NOK cy HparehM MHHepajpm OOpHHT H HMHpHT. V OBHM x*uHMmaMa cy CEM 
HCIIHTHBaMbHMAa Ha , JIeTeKTOBaHa H 3pHa 3J1aTa H eCJIeKTpyMa MaJIHX JUHMeH3Hja. 

3) IInpuarcke e (rnr /1): Cacroje ce o)x:Mebyco0Ho rnoBenaHHx 3pHa ripura, 

npaheHHx MaMHM 3pHHMa xajrkonHpHTa, OoOpHHTa H pyTMHa. VrmaBHOM cy nmpaheHe 
XJIOpHTCKOM aJ1TepaliHijoM. 

4) MarHerurcke »xHne (rur M): OBaj THH »*xHIa Ce Hajla3H y XHHCOMETDpHJCKH 

HHDKHM JIČJIOBHMa HOp(DHpcKor cHcTeMa. I 1aBHH MHHepajH Cy MarHeETHT H XEMaTHT, 
npaheHu IIHpoTHHOM H XaJIKOIIHpHTOM; MarHeTHT je ueCTO JIeJ11MHUuHO KOHBEDTOBAH y 
XeMaTHT, IITO yKay3yje Ha nponece MapTHTH3anuje. 

5) JbyOMuacre aHXHJIDpMTCKC »XHme: IIMpHrT je rpnaBHH MHHepanm. IIparehH 

MHHePpant Cy: XaJIKOIIHpHT, KOBEJIHH, OOpHHT H cHaprHT. OBaj THH »XHHa Ce HOpe/ 
HOp(bHpcKe 30He, JaBJba H y IIpeJ1a3HOJ erlHTepMaJIHOJ 3OHH. 

6) CyndujnHe xHnue: I raBHH py}lHH MHHePajH Cy HHpHT H KOBCJIHH, a TJ1aBHH 

Hepy,}lHH aHxuHJipHT H ajrrepHcaHa rJ1HHa (BepOBaTHO KaOJIHHHT). CJrHuHO HpeTXOJIHOM, 
H OBAJ THII XKHIIa je ueCT y IIpe1a3HOj crIHTeEpMaJIHOJ 3OHH. 

7) HapaHuacre aHxHJUDMTCKeE »KHNIC: JaCHO cc pa3HMKyjy OJL JbyOHuacTHX 
aHXHJIDHTHHX )KHIIa IIO 3KyTO-HapaHiJacToj OojH. IIpecenajy cBe paHHje THIIOBE KHIIC 

H He CaJlp;Ke py/lHe MHHepalte. 

Ta6exa 2. IlapereHeTckui oxjHocH py/HHx »xHma y nop(pHpckoj (Jlomoj) a5oHuH cacreMa Uykapy 
TIeku (Mo)ni(bukoBaHo Hy Velojić et al., 2020). 

KnapnHe x*xumue TIIparcke | MarHerwrcke | JbyOmwuacre CyxndouniHe 
THma 5 Hmce (THri /[} | 'xuime (rirt M) | aHxuJipaTcke DKHIIC 

DKHIIC 

IIpur 

XajikonipHT 

bopanr — |-—- — 

MaruHerur 

XeMaTHT 

IIHporHH 

Pyrun 

KonenaH 

EHaprar 

HajsacrynjbeHuHjH THH XHJIpoTepMaJIHHx HIpOMeHa y OBOJ 3OHH Cy KajIHjcKa H 
xtopHrckKa anrepanuja Be3aHe 3a A H B KBaptHe XHLIe, JIOK je KBapiiHO-cepHnHTCKa 
anrepanuja Bea3aHa 3a )xHHe THma D. IIopen rora, OorarujH MemoBHM mopQ)upcKe 
MHHepajmHantHje KapaKTepHHIy Cc HHTCH3HBHOM cHMH(pbHKauMJOM (Jakubec et al., 

2018). 

63



FEHE3A JIE2KHIIITA 

Pesaynrara oOHjeHM MepeĐeM CTapocTH IIMPpKOHa M3 XHJUDOTEpMAaJIHOrT 

pyloHocHor cHcTeMa UykKapy IIekmw ykKayyjy ma je MemOHOBaHbc MHHepajuaalujc 
aanoue;o ripe oko 86,78 + 0,23 Ma, mrro ce nokutana ce ca IIDBOM ByJ1IKaHCKOM (Da30M 

THMOuMKOr MaTMaTCKOT KOMIIIeKca. Kpaj MaHepanaaanoHor nponeca je oOeJe)KeH 

yTHCKHBaMb6M MiabHX HeMHHepajnM3OBaHHXx IIlO majkoBa, mpe 85,19 + 0,00 Ma 

(Benojuh, 2021). 

Y noueTHHM cTajHjyMHMa (DopMMpaMba xHMpoTepMaHćHor cHcTeMa UyKapy 
IlekM, H3 MaTHUHOT HHTpy3HMBa Cy H3JBOJeHH BPpcJIM MarMaTCKH pacTBOpM KOjH Cy 

KaCHHJe MeIIIAHH Ca METECOpCKHM BOJlaMa (ByrapHH H MapuuHkonBuh, 2018). IIomrro je 

aHanna (D-ryHHHX HHKJIy3uHja moKadajma a Cy y XHJIDOTepMaJIHOM CHcCTeMy UyKapy 
IlekH OM HpHcyTHH (bjtyH)1iH BHCOKe TeMnmepaType H cannHHrTeTa (rpeko 400%C ca 

30-40 rexx.% NaC! eknB.) 3aKJbyueHOo je a Cy OBH (baryH)iH BepOBaTHO OHJIH MarMaTCKOTr 

nmopekma (Velojić et al., 2020). Ha npHcyTBO MeTeOpcKHX (bpnyuMMa y cacraBy 

XHJUpoTepMajiHHx pacTBopa yKay3yjy (DMyH/HeC HHKJYy3Hje HMHCKOT CalHHHTeETa H 
TeMIepaType XOMOreHH3aHuHje, KaO H HpHCyTBO HHCKOTeEMIHepaTypHHx ajrepauja 

(nonyr mipoko pacripocTpabbeHe aprannrcke anrepanuje y npena3Hoj enHTepMajIHoj 

3OHH). 

Ha ocHonBy aHajorHje ca BOpcKHM Je)xHHITEM Oakpa M 3MaTa H Ha OCHOBy 

craOH;iHocTH payaiHuHTHX MHHePaJIHHX (bas3a y cHcreMy UyKapy Ileku (Gržetić, 1992), 

. Kao H H3yuaBaMba raCHO-TecuHHX HHKiuIyaHjJa (Velojić et al., 2020), npernocranJba ce je 

npeHoc py}iHHx eJteMecHaTa BPpIIeČH XHJIpOTepMaJIHHM (bitya)iaMa uuja je pH Bpe/lHOCT 

OMma MaMeby 7 H 2 (HeyrpaHa JIO BEOMA KHcCecJI) H KOJH Cy OHJIH peJIyKIMOHOT 

KapakTepa (ca BpenHocrHMa Eh wseby O a -0,5), noK je JeHOHOBaM• Py/HHX 

MHHepaja H3BDIHCHO y IHpOHeCy KJbyuaHba BHCOKOTeEMIHCpaTypHHx XHJIpOTepMaJIHHX 

pacrBopa Ha reMneparypaMa HaMeby 3509%C u 450%C, ıp canaHarery (pbaryuaana B3Meby 

28 u 43 rexx.% NaC!I ekn. a ipruciMa Haeby 100 w 500 Gapa. Ha ocHony nujarpaMa 

oJHoca ripHTHcKa H TeMnepaType npHKa3aHHM y Redmond et al. (2004), oBaj nparHcaK 

oJroBapa BapMpaMHMa MH3McDy HrocrarHukor H XHNMpocTaTHuKor HNpHTHcKa Ha 

nyOuHaMa HaMeby 1 km g 2 km (cnaka 3). 

Sillitoe (2017) cMarpa ma je TopMba (BHcoKocynQnanHoHa) 3oHa JexHmrTa 

'UyKapy IIeku (bopMHpaHa y 30HH IIOJIHMHKTHe HHTpy3HBHe Opeue TOKOM 5 crajjyMa: 

Anrepatuija BynKaHcke Opeue HartpeyiHOM aprHJIHTCKOM aJITepaLHjOM. 

3aMeM»HBampe anrepHcaHe Opeue CHTHO3pHHM TIIHpHTOM. 

3. lemoHoOBabe MaMMHX, HCHPpaBHJIHHX HarOMHJIaMba OpaoH cHMHIMJeE KOJja 

TIipeKpHBa HHpHT. 

4. OO0pa3oBae HHpHTCKO-eHaprHTCKHX )KHIA. 

5. “opMHpaMme nHpHTCKO-KOBCJIHHCKHX »KHILa. 
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Cnuka 3: /lujarpaM ozjuoca rnparucka H TeMrieparType 3a NaCI-H:O cHcreM (Mojm()koBaHO 

npea Redmond et al., 2004), Ha koMe cy ripuka3aHe HapauyHaTe Bpe,iHocTH IIipHTHcKa 

cJaHHX HHKJIy3Hja (bopMHpaHHX TIpOHeCOM KJbyuamba Hy nop(bipckor cHcreMa Uykapy Ileku. 
MoynwdukonBaHo t Velojić et al. (2020). 

Ha emoHOBaPe BHCOKOCy(pH)aHHOHe MMHHepajnH3anHje BCJMKM yTMHIaj Cy 
HMaJIe HHTpy3HBHO-XHJIpoTepMajHe Opeue (bopMHpaHe IryTeM (bpeaTOMarMaTCKC HJIH 
(bpearcke epyniuje (payuyna noyti pHTHCKOM (3aKJbyunH cy OaaHpaHH Ha aHajnuH3aMa 
jesrpa OymroTHHa MHy3 XHJIpoTepMaHMHor cHcTeMa UyKapy Ilekw; BemojuHh, 2021) 
Bpeunanpate creHa y OBOM CHCTeCMyJ CC OJIBHJaJIO y JBa CranHjyMa: 

1) HMnrpy3HBHo OpeunauHpame, Koje ce KapakTepHime MaTpHKCOM OJI yCHTH5CHOT 
CTeHCKor TIpaXa, a Cy (bparMeHTH 34OOJbeHH, MOHOMHKTHH H JIOOpo copruHpaHu. OBe 
Opeue cy BEpOBaTHO (DOpMHPpaHc (bjiyH;3aIlHJOM CTCHA JIČJCTBOM BDpCcJIMX KHCCJIHX 
pacrBopa. 

2) KonancHo Opeug3Hpabe, KOJI Kora je MaTpHKc Opeue TaKolje 0J1 yCHTH5CHOTr 
CTeHCKOr TipaXa, JIOK Cy (bparMeHTH yrHacTH, IIOJHHMHKTHH H JOMmIe coprHpaHu. OBe 
Opeue cy BepoBaTHo (bopMiHpaHe ypy1imaBatbeM MaTepHjaja HaKOH HarJIOr yTHCKHBaHba 
pacrBopa. 

Ha ocHoBy aHanorHje ca BHCOKOCy(DHalHOHHM JIČOM Bopckor epumrTa, 
MOTy CC NOHeCTH 3aKJbyulmlM O KapaKTepHcTHKaMa XH/poTepMamHMHx (yuma y 
BHCOKOCy-JIO)H)aLIHOHOM eny cHcreMa UyKapy IlekH. IIpeMa Gržetić (1992) 
XHJIpOTepMajiHH (byryHiH y BHCOKOCy-I(binarıOHOM JeJty Bopckor nexxumrra OM Cy 
BeoOMa BPpelH (oko 300%C) u HMajJmH cy BHCOKy (byracHocT cyMnopa, ca pH nBpejiHormihy 
M3Meby 5,5 H 3,5. CnMuHO TOMe, KoxxeJb (2002) HaBomM a je TeMmeparypa 
XHJIpoTepMajiHHx (baryHna 83 BHcCOKOCyI(punanntoHHx nmexxunrra y Bopckoj 3oHuH OHna 
oko 130-250%C, ca pH MaMĐsliM OJI 4 H BHCOKOM (byracHormihy cyMropa H apceHa. 

3AKJbYUAK 

XunporepMainHu cHcTeM UyKapy IIeKHu ce Moxxe NedQ)MHHcaTH KaO HOp(bHupcku 
Cu-Au cHcTeM ca pa3BHjeHOM BHCOKOC yJI(biarı1OHOM MHHepajmH3arMjOM (Cu-As-Au) 
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MaCHBHO-cy.IQ)uHor THma. HberoB HacraHaK jc CHMUHO JIDyrHM NOPp(O)MpCKHM 
JtexxHITHMa y BOpcKoj MeTaJIOTeHeTCKOj 3OHH, Be3aH 3a rHipBy (bayy pa3Boja THMOukOr 
MaTMaTCKOT KOMILIČKCa. V OBOM CHCTEČMy CČ MOTy H3NBOJHTH TpHM 3OHe 
MuiiHepanunanuje: T opba (BHcokocynTQinaioHa), mpema3Ha emuTepMamHa 3OHa H 
Jlom=a (rop(Q)upcka) 3oHa. 

Munepanunanuja Gakpa H sanara y JloM50] 30HH je Hacrajma y nBa cranHjyMa: 1) 

THIOp(Q)HpcKOM KojH je (DopMHpaH y TeMIIepaTypHOM HHrTepBamy o 600-400% u 2) 

enHTepMaJIHOM, Ha TeMmeparypaMa oKo 300-200%-. CrpopBeneHa McHHTHBaHba 

(pnyyHHHX HHKJIy3Hja yKayyjy a je JeHOHOBaM=e MHHepajnanuje Oakpa H aaTa 

H3BDpIHĆHO yCJC)L KJbyuaĐba XHJpoTepManHor pacTBopa Ha TeMmepaTypaMa H3Meby 
3509%C u 4509%C. 

PeynnocuneJn IetOHOBaFba py/HHX XXHIIa y IIOp(DHpCKOM cTaJlHjyMy je caenehu: 

1) KBaptiHe x*Hiue THna A Oe3 py/liHHX MHHepa:la; 

2) KnBaprtiHe xxHiie THra B ca xaKOIIHpHTOM, OODHHTOM H IIHpHTOM; 

3) IIpurcke xuue Tuna JI ca nipHToM, XaJIKOHHpHTOM H OOpHHTOM; 

4) MarHeTHTcKe »H Ca XeMaTHTOM, IIHpOTHHOM H XAJIKOIIHDHTOM. 

HajpBaxxHHjH cTaJlHJyM 3a JIeI1OHOBaMb6 Oakpa H 3J1aTa y OBOM JIeJ1y CHCTeMa OHJIĆ 

Cy KBapIIHe Hiie THma B. IIparcke ;xune Tuma J| a MarHerHTcKe ;Kune TaKolje cajlpxxe 
noBMHmeHe cajnp;Kaje Oakpa, anH y 3HaTHO MaMbOj MeDH OJ KBapLIHMHX XXHIa. 

EnurepManHu cranHjyMy mopdMpckor mema cHcreMa UyKapy IleKw cajnpx)kH 

cnenehe TuroBe xHma: 

1) JbyOguacre aHxH/JIpHTCKe XHIIC Ca IIHpHTOM, XaJIKOIIHpHTOM, KOBCJIHHOM H 
eHaprHTOM; 

2) CyndjnHe ;xHiie ca IIHpHTOM H KOBEJIHHOM; 

3) HapaHuacre aHxujipurcke xxHie Oc3 py,iHHx MHHepajlta. 

Ha ocHoBy HpHcycTBa KOBeJMHa H cHaprHTa y JbyOHuaCcTHM aHXHJIDHTCKHMM 
»%HIlaM4a, MO)KE CC 34KJbyuHTH a OBaj THH »KHIIA BEpOBaTHO CajIpxxH moueTHy (pa3y 
(pnyuana 3 KOjHX Cy emlOHOBaHH MacHBHH Cy-I(pbaji y T OpPb0j 30OHH CHCTeMa. 

Penocnen · NemOHOBaHtba | »KHHa | H  MHHCpaJHHX | mapareHe3a · y 

BHCOKOCyJI(bH}1ALHOHOM H IIpea3HO-CHHTECpMAaJIHOM JicJIy CHCTeMa UyKapy Ileku je 

cnenehu: 

1) MacipHu nupur (Pyl); 

2) Py-en xunue ca nHpHTOM H eHaprHTOM; 

3) Py-cov xine ca nHpHTOM, KOBEJIHHOM H cHaprHTOM; 

4) Py2 xune ca IHpHTOM; 

5) Mapkacircke xxHiue ca apceHOnHpHTOM H c(baJtepHTOM; 

6) KajniHTCKO-aHXHJIpHTCKe »XHIIe 063 py)IHHX MHHepajna; 

7) KaminrckKe xxHie 063 py)iHHxX MHHepajta. 

Ha ocHoBy cripoBe/leHHX HCIIHTHBab4, 3aKJbyuyje Ce JIA Cy HajBa-KHHJe XKHIIC 32. 
nenoHoBaM= Oakpa H 3HMaTa y OBOM JMeMy CHcTeMa OHme Py-cov xumme. Py-en »xuue 
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TaKobe cajlpxXxe BHCOKE KOHIIČHTpaliHje OaKpa y cCHaprHTy, ajiH IIOHHITO He CaJIp)KĆ 

KOBČJIHH, HH)KH je OJI cajipxkaja y Py-cov ;xHmaMa. 
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PRIMENA SAR INTERFEROMETRIJE ZA ODREĐIVANJE 

KOSEIZMIČKIH DEFORMACIJA: TRENDOVI I 
DOSTIGNUCA 

OPHTHHAJIHH HAYUHH PAJIL - PAPER 

Apstrakt: U radu je prikazan pregled razvoja, metodologije i primene radara sa sintetičkom 
blendom (eng-: Synfhethic 4perture Radar - S4R), interferometrijskog SAR-a (InSAR) i pratećih 
tehnika, za potrebe proučavanja i detekcije kretanja po rasedima usled zemljotresa magnitude 

preko 5. Primarna upotreba diferencijalne radarske interferometrije (DInSAR) je utvrđivanje |1 
D pomeranja, odnosno pomeranja u pravcu pogleda senzora (LOS). Zapravo, ova veličina je 
jJedina veličina koja se može dobiti direktnim očitavanjem sa SAR snimaka, odnosno InSAR-a i 

njihovom obradom. Dalje razlaganje na komponente uključuju 2D, odnosno pomeranja u pravcu 
gore/dole (sa učešćem pomeranja u pravcu sever/jug) i istok/zapad. Razlaganje na 3D 
omponente je kompleksnija i razvijeno je nekoliko modula za njihovo određivanje, koji mogu 

uključivati pored SAR podataka i podatke optičkih snimaka, GPS podatke, ali i podatke azimuta 
eta satelita i upadnog ugla snimanja, kao i druge. 

Svi podaci, prezentovani u ovom radu uključuju podatke otvorenog i javno dostupnog 
tipa, odnosno podatke Sentinel misije, kao i ostale dostupne podatke od javnog značaja. Obrada 

podataka je vršena u, takođe, otvorenim i besplatnim programskim paketima, SNAP i SNAPHU, 
ao i MicMac/StaMPS. U radu su dati koraci obrade podataka i primenjene metodologije, koja 

je praćena realnim primerima. 

Glavni pravac razvoja upotrebe InSAR-a se ogleda u javnoj dostupnosti snimaka i 
njihovoj masovnoj primeni, kroz umrežavanje istraživača i razmena podataka, rezultata i 
informacija. Evropska svemirska agencija (ESA), sprovodeći Kopernikus program, kroz obuke, 

akav je bio TAT-6 teži ka uspostavljanju ovakve mreže istraživača i širokoj primeni postupaka 
obrade javno dostupnih podataka i programa. 

Ključne reči: DInSAR, zemljotres, rased, komponente kretanja, otvoreni podaci 

UVOD 

Zemljotresi su jedan od najvećih prirodnih hazarda, koji generišu veliku 

materijalnu i nematerijalnu štetu. Nakon pojave većeg zemljotresa (magnitude iznad 5) 

od velike važnosti je pravovremeno reagovanje i eventualno lociranje pogođenih 

! Rudarsko-geološki fakultet, Univerzitet u Beogradu, Srbija 

dragana.djuric(q)rgf.bg.ac.rs 
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područja kao i logistika pri realizaciji humanitarnih ı spasilačkih misija ukoliko su 

neophodne. Često su štete od zemljotresa tolike da nije moguće fizički doći do svih 

pogođenih područja usled značajnih oštećenja saobraćajne infrastrukture. U ovim 

slučajevima od velike pomoći može biti primena daljinske detekcije i to u vidu upotreba 

podataka radara sa sintetičkom blendom (SAR), odnosno SAR inteferometrije 

(InSAR). Pored navedenog, mogućnost utvrđivanja dinamike aktivnih raseda je od 

velikog značaja za naučnu javnost i istraživače. 

Sam kocept SAR-a razvio je Carl Wiley 1951. godine (Wiley, 1965), da bi 

naučnoj Javnosti postao Jasan značaj upotrebe SAR-a u geoanukama tek 1978. godine, 

kada je lansirana prva SAR misija (SEASAT-SAR). lako je u orbiti bila samo 105 dana, 

dala je značajne ı dobre podatke, koji su kasnije primenjivani u geonaukama, ali i u 

inženjerskim naukama. Tokom druge polovine XX veka ubrzan je ı omasovljen razvoj 

SAR misija, pa samim tim i tehnike njihove obrade tJ. procesiranja, proširene su oblasti 

njihove primene, a naročito je napredovala SAR interferometrija, koja se prvi put 1993. 

godine pominje u kontekstu utvrđivanja koseizmičkih deformacija u čuvenom časopisu 

Nature (Massonnet et al., 1993) i tom prilikom skreće veliku pažnju naučne javnosti. 

Razvoj tehnike ide u pravcu proračuna deformacija u pravcu pogleda senzora 

(LOS), kada Jje neophodno analizirati interferograme pre i nakon zemljotresa iz jedne 

putanje leta senzora. Upotrebom parova snimaka iz dva pravca leta (uzlazni i silazni) 

moguće je računati pomeranja u vertikalnom i horizontalnom pravcu. U publikacıjama 

je predstavljeno i predloženo nekoliko DInSAR algoritama, koji koriste vremenske 

serije (Bagnardi & Hooper, 2018; Bechor, 2006; Chen et al., 2020; Canizares et al., 

2019; Decriem et al., 2010). Kako je dostupan veliki broj SAR snimaka prikupljenih 

sa nekoliko radaskih sistema različitih karakteristika, uključujuči i različite talasne 

dužine, vremenske serije, opsege, različite pravce snimanja, postavalja se zadatak 

usklađivanja podataka i njihovo međusobno kombinovanje. Zahvaljujući ovome, 

moguće je prevazići glavno ograničenje DInSAR tehnike, koja je prevashodno 

primenjivana u određivanju pomeranja u LOS pravcu ı odrediti i 3D komponente 

kretanja, odnosno pomeranja u pravcu istok-zapad, gore-dole i sever-jug (Canizares, 

2020). U poslednje vreme je predloženo nekoliko algoritama za rešavanje 3D 

komponenti kretanja, koje su zasnovane na kombinovanju merenja iz više uglova, 

kombinovanjem InSAR podataka sa GPS, GNSS podacima, ali i optičkim snimcima 

(Canizares, 2020; Emery & Camps, 2017; ESA, 2007; ESA, 2012; Fiako, 2001; 

Fielding et al., 2019; Gabriel et al., 1989). 

STUDIJA SLUČAJA 

U clju prikaza mogućnosti metodologije i rezultata korišćen je primer izuzetno 

snažnog zemljotresa, magnitude 7,3 na dubini od 25 km, koji je 12.11.2017. godine 

pogodio pogranično područje Iran-Irak. Ovaj potres odneo je preko 600 ljudskih života 

1 ostavio veoma veliku materijalnu štetu na pogođenom području. 

Epicentar je lociran u zoni kolizije Arapske ı evroazijske ploče, tačnije 

severozapadno od Zagros planine, čije je izdizanje direktno povezano sa kolizijom. 

Zemljotres je posledica kretanja po rasedu kosog navlačenja. Lokacija zemljotresa, 

njegova dubina, kao i rešenja fokalnog mehanizma (earthquake.usgs.gov) su, 
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generalno, u saglasnosti sa rupturnim sklopom (Dilek et al., 2009) na području granica 

dveju ploča. 

PODACI 

Sentinel 1 misija (A ı B) je SAR misija, čije putanje prate polarne orbite sa 

uzlaznim (ascending) i silaznim (descending) pravcima leta u odnosu na sever. U oba 

slučaja satelit uvek snima područje koje se nalazi sa njegove desne strane (Slika 1), a 

isto područje se snima dva puta, sa različitom geometrijom ı u različito vreme (Mora et 

al, 2016). 

Slika 1. Uzlazna i silazna putanja satelita, a– azimut leta satelita, 0- upadni ugao snimanja, 

LOS- pravac spogleda senzora, D,EŽSSC) – deformacija u LOS pravcu sa uzlaznog pravca 

kretanja, V- vertikalan pravac, N-S- pravac sever-jug, E-W- pravac istok-zapad, D'V-5)- 

deformacija u pravcu sever-jug, D - deformacija u pravcu istok-zapad, D(down—up)_ 
deformacija u pravcu gore-dole 

Figure 1. Sentinel | ascending and descending trajectory, a-range angle, 0-LOS, D,EŽŽC) – LOS 

deformation from the ascending mode, DU-9 N-S deformation, D' E-W deformation , 

D(down-uP) vertical deformation 

Osnovne karakteristike Sentinel 1 misije su snimanje u C kanalu, pri čemu 

kvalitet podataka i mogućnost snimanja ne zavisi od doba dana, a koje podrazumeva 

opseg frekvencija 4 – 8 GHz; talasne dužine 3,75 — 7,5 cm unutar mikrotalasnog, 

radarskog dela elektromagnetskog spektra, zbog čega ne mogu prodirati duboko kroz 

gustu vegetaciju. Sentinel 1 misija vrši merenja u jednom od četiri režima akvizicije: 

Stripmap (SM) režim; Interferometrijski režim širokog zahvata snimka (IW), koji su i 
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najčešće korišćeni; Režim ekstra širokog zahvata snimaka (EW); Talasni režim (WV). 

IW snimci obuhvataju tri snimka tzv. „sing/e /oo&“ (SL) zahvaljujući snimanju terena 

sa progresivnim skeniranjem SAR-a (TOPSAR) i sadrže podatke u širini od 250 km, sa 

prostornom rezolucijom od 5 x 20 metara. SAR senzori imaju specifičnu geometriju 

akvizicije, pri čemu je pravac snimanja (LOS) pod uglom 0, koji kod Sentinel C-SAR 

instrumenta iznosi između 20? i 46* (Mora et al, 2016). Sentinelov SAR instrument u 

C-opsegu, kod IW režima podržava rad sa jednostrukom i dvostrukom polarizacijom. 

Svaki od režima generiše proizvode u različitim nivoima, od koji su korišćeni Level-1 

SLC (Single-Look Complex) ı Level-1 GRD. 

Princip otvorenih i besplatnih podataka, omasovio je korišćenje i primenu SAR 

podataka Sentinel misije. Ovi snimci su, radi ilustracije postupaka korišćeni u radu, a 

njihove karakteristike su prikazane u tabeli 1. Podaci Sentinel 1 misije se mogu 

pretraživati,  pregledati i preuzimati na lokalni računar  sa  sajta: 

https://scihub.copernicus.cu/ , pri čemu je neophodno prilikom odabira podataka 
definisati prostor, datum snimanja, putanju leta (uzlazna, silazna), Platformu (Sentinel 

1 A ili B), tip podataka (SLC, GRD, OCN, RAW), ı polarizaciju (VV, HH, VH, VH, 

HH+HV, VV+VH). 

Tabela 1. Osnovni podaci o koriščenim SAR snimcima 

Misija Datum Pravacleta  Režim Polarizacija | Namena Tip 
snimanja proizvoda 

_ 06.11.2017. Uzlazno Glavni 

j| 18.11.2017. | (ascending) Podređeni 
< - W MA SLC 
i 07.11.2017. Silazno VH Glavni 

Q) 19.11.2017. | (descending) Podređeni 

SAR INTERFEROMETRIJA (InSAR) 

SAR interferometrija (InSAR) predstavlja jednu od značajnijih primena SAR 

snimaka (Massonnet i Feigl, 1998; Massonnet et al., 1993). SAR interferometrija 

koristi fazne razlike parova SAR snimaka koji su sačinjeni u razlilčito vreme i sa 

različitih orbita leta, tako da isti pikseli imaju iste vrednosti amplitude, a različite faze, 

u cilju proračuna visine topografije, promene površine terena tokom vremena, 

uključujuči i deformacije, odnosno koseizmičke deformacije (Pepe, 2019). 

Vremensko kašnjenje signala izražava se kao fazno pomeranje između rasutog i 

originalnog signala. Ukoliko je došlo do pomeranja površine terena usled tektonskih ili 

drugih uticaja, faza podređenog snimka će se razlikovati u odnosu na glavni snimak 

(Heck et al, 2010). Postupak generisanja interferograma obuhvata standardnu 

proceduru koja uključuje dva SAR snimka, pri čemu je izlaz interferogram u opsegu – 

a do n i gde svaki otisak predstavlja jedan pomak od oko 2,8 cm. Interferogram je 

polazni, odnosno ulazni podatak za dalju obradu. Otisci na intefreogramu ukazuju na 

pojavu deformacija u pravcu pogleda senzora (LOS). 
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Prilikom generisanja interferograma korišćen je standardan postupak u Sentinel 

aplikacionoj platformi (SNAP), detaljno opisan u Đurić & Ilić (2018), a koji je prikazan 

na slici 2a. Za izradu interferogframa (Slika 2a) korišćeni su parovi snimaka načinjeni 

pre i nakon zemljotresa, oba pravca leta. Na taj način generisana su dva interferograma, 

jedan za uzlazni režim, drugi za silazni režim, koji nedvosmisleno ukazuju da je na 

terenu došlo do deformacije. 

DInSAR – 1D- LOS pravac deformacija 

Diferencijalna satelitska radarska interferometrija (DInSAR) je mikrotalasna 

tehnika u okviru daljinske detekcije, koja se koristi za proučavanje površinskih 

deformacija sa centimetarskom do milimetarskom preciznošću. Ova tehnika koristi 

razliku u fazi dva SAR snimka načinjenih iznad iste površine, ali u različito vreme 

(Slika 1). Primenom DInSAR tehnike, dobija se karta površinskih deformacija 

projektovana duž LOS pravca (Lanari et al., 2007). Moguće je primeniti nekoliko 

načina za generisanje difrencijalnog interferograma, pri čemu je najčešće koršćen način 

koji podrazumeva upotrebu jednog para SAR snimaka ı bazne linije bliske nuli. 

Obradom svakog snimka, prikupljaju se informacije neophodne za izradu digitalnog 

elevacionog: modela (DEM) područja, koje pokriva snimak. Uz podatke DEM-a, 

DInSAR tehnika omogućava računanje deformacija tla (Ullo et al., 2019) u LOS pravcu 

u deliću talasne dužine, ukoliko je koherencija, koja kod interferograma ukazuje na 

nivo korelacije, između dva SAR snimka dovoljno visoka. Vrednosti koherencije su u 

opsegu od O do 1 (u idealnom slučaju 1). Lokalna koherencija je kros-korelacija 

koeficijenata dva SAR snimka, procenjenih iznad malog prozora (par piksela i azimut), 

a utvrđene fazne komponente su linearne i u azimutu i u razdaljini (Ferretti et al., 2007). 

Korišćenjem referentnih distanci između satelita ı objekta na Zemlji, kao i DEM- 

a, računa se fazna razlika između dva SAR snimka (Volirath et al., 2017). Ulazni 

podatak je interferogram (SI. 2a) koji zahteva dvodimenzionalno (2D) fazno odvijanje 

(SI. 2b). 2D fazno odvijanje se vrši u sklopu statističke procene nedvosmislenih 

podataka o fazi iz 2D niza poznatog samo po modulu 2= rad (Chen and Zebker, 2001). 

Fazno odvijanje je vršeno u nezavisnoj aplikaciji SNAPHU (Statistical-Cost, Network- 

Flow Algorithm for Phase Unwrapping). Nakon učitavanja odvijene faze u dalji 

program za obradu (SNAP), vrednosti faze se transformišu u vredosti visina, na koje se 

dodatno primenjuje korekcija za teren. Izlazna vrednost je deformacija u LOS pravcu 

(SI. 2b). Na ovaj način kreirane su vremenske serije karata DInSAR deformacija u LOS 

pravcu za oba režima leta, koje ukazuju da je u severoistočnom delu terena došlo do 

pomeranja ka senzoru, odnosno da je u jugozapadnom delu došlo do kretanja od 

senzora. Kumulativne vrednosti, koje je moguće proceniti na ovakav način, iznosile su 

0,6 m. 
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DInSAR – 2D- vertikalna i horizontalna (istok-zapad) komponenta 
deformacija 

Za razdvajanje na komponente istok-zapad (E-W) i vertikalnu (gore-dole) iz 

utvrđenih pomeranja u LOS pravcu, neophodno Je obraditi podatke istog područja i u 

uzlaznom i u slizanom režimu, koristeći parove snimaka načinjene pre i nakon 

događaja. Ovaj proces je moguće sprovesti u okviru SNAP programa korišćenjem Band 

Math prozora (SI. 2c), kao i u drugim otvorenim i besplatnim programima MicMac i 

StaMPS, ali i u COSI-Corr  ENVI programu, GAMMA, komercijalnim programima, 

koji su namenjeni pre svega za PSInSAR (engl. Persistent Scafterer InS4R). 

Matematička pozadina utvrđivanja 2D deformacija svodi se na zbir 

uzlaznih/silaznih LOS-projektovanih pomeranja, koji je povezan sa vertikalnom 

komponentom deformacije tla (u čiju sumu ulaze i deformacije u pravcu sever-jug), 

dok je razlika uzlaznih/silaznih vezana za E-VW komponentu deformacije (Slika 1). 

Kada su LOS uglovi, 0, u uzlaznom i silaznom režimu približno iste vrednosti mogu se 

izračunati: 

(desc) (asc) (desc) (asc) 
D(E—W) ~ DLos ~ DLos i D(up—dOW") ~ DLos_+DLos 

LOS 2sin0 LoS 2cos0 

[1] 
gde je 0 LOS ugao, DL(ŽSSC) je deformacija u LOS pravcu sa uzlaznog pravca kretanja, 

DL(ŽESSC) deformacija u LOS pravcu u silaznom pravcu kretanja. 

Odnosno, kada je LOS ugao ima različite vrednosti za uzlaznu i silaznu putanju 

(Mora et al., 2016): 

—cos(0as)sin(0as)cos (Gasc) DŽŽŽC) z[ p(-W) 

_cos(gdesc)Sin(incdesc)Cos(adesc) DŽŽŽSC) D(down—up) 

[2] 
gde 0a  predstavlja LOS ugao sa uzlaznog pravca kretanja, dok 0aese predstavlja LOS sa 
silaznog pravca kretanja, as predstavlja vrednost azimuta po kojem se kreće satelit u 

uzlaznom pravcu kretanja, dok je aaeseć predstavlja vrednost azimuta po kom se kreće 

satelit u sllaznom pravcu kretanja. 

Na osnovu utvrđenih vrednosti deformacija kreirane su karte deformacija u E- 

W vertikalnom pravcu (SlI.2c). Rezultati ukazuju na izdizanje terena južno od epicentra 

u iznosu od oko 0,4 m, na spuštanje terena od oko 0,2 m u okolini epicentra, kao i na 

pomeranje u pravcu istoka u iznosu od oko 0,5 m. 

DinSAR – 3D – vertikalna, istok-zapad i sever-jug komponente deformacija 

Jedan od većih izazova u obradi InSAR podataka je izdvajanje komponente 

kretanja sever-jug (N-S) zbog činjenice da se orbita satelita skoro poklapa sa polarnom 

orbitom. Kako bi razdvajanje sve tri komponente bilo moguće, neophodno je u analizu 

uključiti GPS, odnosno GNSS podatke ili prilikom obrade koristiti otklone azimuta leta 

ı LOS uglova u svakom pikselu (engl. range (LOS) ofjset /{azimuth offset) korišćenjem 

SBAS (engl. Small baseline subset) algoritma (Sl. 2d). Algoritam uključuje ulazne 
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podatke vremenskih serija deformacija u LOS pravcu ı podatke SVD postupka (eng. 

singular value decomposition), pri čemu se za odeđivanje otklona azimuta, najčešće 

koristi MAI metod (engl. mu/fti-aperture radar interferometry) (Ren ı Feng, 2020). 

Pomeranje u LOS pravcu, D;os, predstavlja vektorski zbir pomeranja u 

vertikalnom i horizontalnom pravcu (sever-jug i zapad-istok), pri čemu je ostetljivost u 

vertikalnoj komponenti veća od one u horizontalnoj usled slabe osetljivosti na 

pomeranja u pravcu sever-jug. Deformacija zapad-istok je usko povezana sa upadnim 

uglom snimanja, 0. Transformacija u 3D komponente (Sl.2d) obavljena je u skladu sa 

odnosnom, koji je predložio Shi et al. (2018): 

– sin(a — 5 —si _ __ 37 | p(up-down) ll))ws] _ cos(6) — sin (q — -) sin(0) cosš;z ) DD(E_W) 

AZ 0 — cos (a — —) sin (a — —) p(N-5) 

[3] 
gde je D((N-S)) deformacija u pravcu sever-jug, pri čemu je deformacija u pravcu 

azimuta (DAZ) definisana (Hanssen, 2001; Wang et al., 2018) kao: 

37 . 3nTN| [p(E-W) - |es{e- y} a= }pA 
Na osnovu rezultata karte deformacija u N-S pravcu, utvrđeno je kretanje prema 

severu u iznosu od oko 0,4 m (SI. 2d). Upoređujući rezultate InSAR podataka sa 

rešenjima fokalnog mehanizma zemljotresa (USGS), moguće je prostorno rekonstrusati 
kretanje u sve tri ravni u prostoru (SI. 3). Rezultati istraživanja ukazuju na izuzetno 

kompleksno kretanje po rasedu i kretanje velikog intenziteta i iznosa. Podaci, dobijeni 
upotrebom SAR interferometrije i pratećih postupaka obrade, upoređeni su sa drugim 

dostupnim podacima (Zare et al., 2017; Feng et al., 2018) pri čemu je utvrđeno da se 

rezultati pravaca i iznosa pomeranja u velikoj meri poklapaju. Geodetska osmatranja 

na terenu su dala vrlo slične rezultate, ali ti podaci nisu korišćeni za analizu u radu,već 

za samo poređenje izlaznih podataka. 

Slika 3. Šematski prikaz rekonstrukcije koseizmičkog kretanja i iznosa kretanja po rasedu 
pravca pružanja SZ-JI i fokalni mehanizam zeljotresa (earthquake.usgs.gov) 

Figure 3. Schematic reconstruction of cosmic displacement along the NW-SE fault and the 
focal mechanism (earthquake.usgs.gov) 
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ZAKLJUČAK I DISKUSIJA 

Definisanje komponenti kretanja na osnovu SAR snimaka razvija se preko dve 

decenije, međutim, ı dalje ostaje prostora za poboljšanje, naročito u pravcu dobijanja 

što kvalitetnijih podataka o sve tri komponente kretanja. lako je putanja satelita 

ograničavajući faktor, postoje načini da se prevaziđe upotrebom dodatnih tehnika i 

podataka. Za osnovno raščlanjivanje komponenti, odnosno 2D, dovoljni su podaci 

InSAR i to par iz uzlazne putanje i par iz silazne putanje satelita, pri čemu par 

podrazumeva snimke istog područja načinjene  pre i nakon potresa. Drugi 

ograničavajući factor je magnituda zemljotresa, koja mora biti minimum 5. 

Prepoznajući značaj i moguće benefite, Evropska svemirska agencija, kroz 

program Kopernikus, razvila je i načinila Javno dostupnim podatke Sentinel misija, ali 

ı i programske pakete u kojima je moguće izvršiti obradu (SNAP). Glavni pravac 

razvoja Je u dostupnosti i širokoj, masovnoj primeni uz uključivanje ostalih javno 

dostupnih podataka, kao što su podaci sa servera USGS-a i ostalih. Umrežavanje 

istraživača ı razmena podataka, rezultata i informacija, kroz obuke (kao što je TAT-6, 

2018) u cilju stvaranja baze podataka istraživača ali ı rezultata koji bi mogli 

potencijalno biti korišćeni za brzo reagovanje u kriznim situacijama. Osim toga, 

rešavanje dinamike aktivnih raseda na određenom prostoru ostavlja. mogućnost 

unapređivanja saznanja istraživača ı naučne zajednice koja se bavi datom 

problematikom. 

Bitno je napomenuti da se opisana metodologija može primeniti i u druge svrhe, 

kao što Je praćenje aktivnosti vulkana, dinamike klizišta, gde se češće koristi PSInSAR, 

ali i poplava, šumskih požara i sl. 
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SAR INTERFEROMETRY FOR COSEISMIC 

DISPLACEMENT DETERMINATION: TRENDS AND 
ACHIEVEMENTS 

Key words: DInSAR, earthquake, fault, displacement component, open-source data 

SUMMARY 

The concept of SAR was developed by Carl Wiley in 1951 (Wiley, 1965), while 

its importance in geosciences was established in 1978, when the first SAR mission, 

79



SEASAT-SAR, was launched. Although it was in orbit for only 105 days, it gave very 

good data, which were later used in geosciences, but had great application also in 

engineering. Over the years, the development of SAR missions, and thus the processing 

techniques and application has expanded. In the context of determining: cosmic 

deformations, it was mentioned in 1993 for the first time in the Nature Journal 

(Massonnet et al., 1993) and attracts scientific public attention. 

After the strong earthquake (magnitude above 5), fast reaction is crucial. 

Location of the affected areas and organization of assistance if necessary is, also 

necessary. Earthquake damage is often so great that it is not possible to physically reach 

all affected areas. In these cases, the use of remote sensing can be very helpful, 

especially the use of synthetic aperture radar systems (SAR), or SAR interferometry 

(InSAR). In addition, determining the dynamics of active faults is of great importance 

for researchers and the scientific community. Such a great earthquake, magnitude 7.3, 

hit on 11.12.2017. Iran-Iraq border area. This earthquake took over 600 lives and left a 

great deal of material damage in the affected area. The epicenter is located within the 

collision zone of the Arabian and Eurasian plates, responsible for uplift of Zagros Mt. 

located northeast of affected area. This earthquake was located within the oblique 

thrusted fault. Focal mechanism solution (earthquake.usgs.gov) and depth of 

earthquake, generally, coincidence with tectonic assembly of the area (Dilek et al., 

2009). This event was used in this study as an example for methodology and result 

illustration. 

The most widely used data for InSAR analysis, in recent times, and which are 

also used in this paper (Table 1), are the Sentinel mission data. The Sentinel 1 mission 

(A and B) is an SAR mission, where the range follows polar orbits ascending and 

descending, mode. In both cases, the satellite LOS is always to the right, and the same 

area is recorded twice. Sentinel 1 mission data can be accessed and downloaded from 

the website: https://scihub.copernicus.eu/, where it is necessary to define the area, 

sensing period, flight path (ascending, descending), satellite platform (A or B), product 

type (SLC, GRD, OCN, RAVW), and polarization (VV, HH, VH, VH, HH + HV, VV + 

VH). 

Table 1. Sentinel 1 SAR data used in study 

Mission Date Direction  Regime Polarization | Used · Product 
as type 

_ 06.11.2017. . Master 
q 841207 | AScondinB W Slave 
Š 071201 cwccndin INJ vH is |___OCC 
o 

19.11.2017. |__SoenGInB Slave 

The basic characteristics of the Sentinel 1 mission are: recording in C channel, 

which includes the frequency range 4-8 GHz; wavelengths 3.75 - 7.5 cm, due to which 

they cannot penetrate deep through dense vegetation, but where the quality of data does 

not depend on the time of day. The Sentinel 1 mission work in one of four acquisition 

modes: Strip map (SM), Interferometric Wide Swath (IW), Extra Wide Swath (EW), 

Wave (WV). The most frequently used data were made in IW mode, which includes 3 

images of the so-called "Single look" (SL) thanks to progressive SAR scanning 
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(TOPSAR) and contain data in the width of 250 km, with a spatial resolution of 5 x 20 

meters. Sentinel C-SAR sensors have a specific acquisition geometry, with LOS angle 

(0) between 20 ? and 46 ? (Mora et al, 2016). Sentinel's C-band SAR instrument 

supports single polarization (HH or VV) and dual polarization (HH+HV, VV+VH) in 

IW mode. Each of the modes generates products at different levels, of which Level-1 

SLC (Single-Look Complex) and Level-1 GRD were used for SAR interferometry 

(InSAR) processing. 

InSAR, one of the main applications of SAR data (Massonnet and Feigl, 1998: 

Massonnet et al., 1993), uses the phase differences of pairs of SAR images collected at 

different times and from different flight orbits to calculate topography altıtude, change 

terrain surfaces over time, including deformations, I.c. cosmic deformations (Pepe, 

2019). While interferograms itself could indicate deformation, a Differential SAR 

interferometry (DInSAR) was used for values of these deformations. DInSAR 

represents a microwave technique within remote sensing, which is used to study surface 

deformations with centimeter to millimeter precision. This technique uses the 

difference in phase two SAR images taken above the same surface, but at different 

times. Using the DInSAR technique, a map of surface deformations projected along the 

LOS direction was obtained (Lanari et al., 2007). Several methods can be used to 

generate a differential interferogram, while the most used method involving the use of 

a single pair of SAR images and a baseline close to zero. By processing each image, 

the information necessary to create a digital elevation model (DEM) ofthe area covered 

by the data is collected. In additton to DEM data, the DInSAR technique allows the 

calculation of terrain deformations (Ullo et al., 2019) in the LOS direction in a fraction 

of the wavelength, if the coherence, which indicates a correlation level in the 

interferogram, is high enough between two SAR images. Coherence values are ideally 

1,in the range 0 to 1. Local coherence is the cross-correlation of the coefficients of two 

SAR images, estimated above a small window (a couple of pixels and azimuth), and 

the identified phase components are linear in both azimuth and distance (Ferretti et al., 

2007). Using the reference distances between the satellite and the object on Earth, as 

well as the DEM, the phase difference between the tvo SAR images was calculated 

(Volirath et al., 2017). Time series of DinSAR LOS deformation maps were created for 

both flight modes, which indicate that in the northeastern part of the terrain there was 

a shift towards the sensor. The cumulative values, which can be estimated in this way, 

were 0.6 m. 

For determination of the components, i.e., east-west (E-W) and vertical (up- 

down) from the determined LOS deformation, it was necessary to process data from 

the same area in both ascending and descending mode, where the sum of ascending / 

descending LOS-projected displacements is related to the vertical component of terrain 

deformation, and the difference of ascending / descending components gives an 

estimate for the E-W component of deformation. This process can be carried out within 

the SNAP program using the Band Math window, as well as in other open and free 

programs MicMac and StaMPS, but also in the COSI-Corr ENVI program, GAMMA, 

commercial programs designed primarily for Persistent Scatterer InSAR (PSInSAR). 

Deformations in the E-W and vertical directions, when the LOS angles, 0, in the 

ascending and descending modes are approximately the same values can be calculated: 

&1



(desc) (asc) (desc) (asc) 
ptE-W) ~ DLos _Pnos and piup-down) ~ Dros +Pnos 

LoOS 2sin0 LoS 2cos0 

[1] 
where 0 - LOS angle, DO - LOS deformation from ascending mode, D/%%%) - LOS 
deformation from descending mode. 

If the LOS angle has different values for the ascending and descending path 

(Mora et al., 2016): 

—cos(0as)sin(8as)cos (Gasc) DŽŽŽC) Z[ p(-W) 

—cos(0qesc)sin(incqesc)cos(aqesc) DŽŽŽSC) p(down-up) 

[2] 
where 0a represents the LOS angle from the ascending direction, while 0qes. represents 

the LOS from the descending direction, as represents the value of the azimuth in which 

the satellite moves in the ascending direction, while Gqes- represents the flight azimuth 

value for descending orbit. 

Applied methodology resulted in maps of deformations in the E-W and vertical 

direction, that indicate an elevation southward of the epicenter of about 0.4 m, and a 

descent of the terrain of about 0.2 m in the vicinity of the epicenter, as well as a shift in 

the east direction of about 0.5 m. 

As the trajectory of modern radar systems, including the Sentinel, is almost polar 

orbit, the component in the north-south (N-S) direction cannot be calculated in this way, 

and represents one of the major challenges in InSAR data processing. In order to be 

able to separate all three components, it is necessary to include GPS or GNSS data in 

the analysis or to use LOS and range offset / azimuth in each pixel using the Singular 

value decomposition method (SVD). To determine the azimuth offset, the Multi- 

Aperture radar Interferometry method (MAI) is most often used (Ren and Feng, 2020). 

The procedure is contained in the application of Small baseline subset (SBAS) 

algorithm. The offset in the LOS direction is the vector sum of the displacements in the 

vertical and horizontal directions (north-south and west-east), where the sensitivity in 

the vertical component is higher than in the horizontal due to low sensitivity to north- 

south deformation. The west-east deformation is closely related to the incident angle of 

the satellite radar. Based on SAR principles, a final transformation into 3D components 

expressed as (Shi et al., 2018): 

D cos(0) – sin(a —) — — sin(0) — cos(a — 25 | p(up-down) 
DLOS] = 3m. i 3m. i pe-W) 
AZ 0 — cos (a — —) sin (a — —) p(n-5) 

[5] 
where DO-5) is N-S deformation, and azimuth deformation (Daz) can be shown as 

(Wang et al., 2018): 

D= 37 . 3nTN| [p(E-W) 

„ = |_cos{a — -Z ) sin{a – — )||boc5 
[4] 
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Based on the N-S deformation map, the displacement towards the north of about 

0.4 m was determined. Comparing the results of InSAR data with the solutions of the 

focal mechanism (earthquake.usgs.gov), it is possible to spatially reconstruct the 

movement in all three planes in space. The results of the research indicate extremely 

complex movement along the fault and movement of high intensity and amount. The 

data, obtained using  SAR interferometry and accompanying. processing: procedures, 

were compared with other available data (Zare et al., 2017; Feng et al., 2018) and it 

was concluded that the results of directions and the amount of displacement largely 

coincide. Geodetic observations in the field gave very similar results. However, these 

data were not used for analysis in the paper, but only for the comparison of output data. 

Defining components of deformation based on SAR images has been evolving 

for over two decades, however, there is still place for improvement, especially in the 

direction of obtaining the highest quality data on all three motion components. 

Although satellite trajectory is a limiting factor, there are ways to overcome it by using 

additional techniques and data. 

Recognizing the importance and possible benefits, the European Space Agency, 

through the Copernicus program, has developed and made publicly available the data 

ofthe Sentinel missions, as well as software packages in which it is possible to perform 

processing (SNAP). The main direction of development is in the availability and wide, 

mass application with the inclusion of other publicly available data, such as data from 

the USGS and others. Networking of researchers and exchange of data, results and 

information, through trainings (such as TAT-6, 2018) in order to create a database of 

researchers but also results that could potentially be used for quick response in crisis 

situations. Therefore, solving the dynamics of active faults in a certain area leaves the 

possibility of improving the knowledge of researchers and the scientific community 

that deals with this issue. 

It is important to note that the described methodology can be applied for other 

purposes, such as monitoring the activity of volcanoes, landslide dynamics, where 

PSInSAR is more often used, but also floods, forest fires etc. 
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AHAJIHJ3A OJIPOHA Y CTEHCKHM KOCHHAMA: 

CABPEMEHH IIPHCTYTIH 

ROCKFALLS ANALYSIS IN ROCK SLOPES: STATE-OF- 
THE-ART APPROACHES 

OPHTHHAJIHH HAYUHH PAJIL - PAPER 

Ancrpakr: V CpOoujuH u perHoHy no3Hare cy OpojHe mojaBe OJUpoHa KOje Cy H3a3BaJIC BeJIHKC 
nacroje cao0pahaja, MarepujajiHe mrTeTe HnH daK HMajne (paranHe HcXoJIe, ma HX je TOTpeOHO 

HenpecTaHo mparHTH H H3yuaBaTH. MojemoBambe OJIpOHa CKONIMaHO je Ca HHCKHM HHBOOM 
noy3JaHOcTH, aJM CaBpeMeHe TeXHOJIOTHje OMoOryhaBajy a Cc TaKBH MH3rJCJUH JIOHCČKJIĆ 
no06oJbmajy. JejHa oJl TexHoJmorHja Koja uHHH HCKOPpaK yTOM tipaniy je LiD.4R-cko ckeHupame, 

Koje o06ea0ebyje nerajbHe Tonorpa(bcke mojutore y BHJIy oOmaka TaudaKka BHCOKEC pe3ojyilHje H 
TauHocTH. Ilocrynak aHanm3e OJIpOHa MO)KE CC CBECTH Ha: KapakTepM3aWMjy CTECHCKE MaCC, 
onpebuBame daoHa ojmUaMaĐba M cHMynmamMjy MoryhMx Tpajekropuja ojpoHa. IIpu 

KapakTepH3anHjH CTEHCKeE MaCE Ce, y OJIHOCy Ha KOHBeHIHOHaJIHe nOcTyrnKe, noMohy LiDAR- 
CKOT CKeHHpaMba Tj. mpHmanajyhax oOmaka Tauaka, peneBaHTHH mapaMeTpH MOTy JAJIČKO 
moy3nmaHuje ojpenmurH. KHuHeMaTcke M aHanmM3c CTaOMJIHOCTH KOje Ce OcHMaMbajy Ha TaKO 

no0ujeHe yna3aHe napaMerTpe rocje/uHo noy3aHHje ne()HHHmry HecraOHiHe O-OKOBe. OcHM 
HaBCJIĆHHM aHajlM3aMa, 3OHC OJUIAMAaHba CC MOTy OJIpe)MMTH H IHOCTyIKOM CHCTEMaTCKOT 
ocMaTpama. H onune LiDA4R-cko ckeHHpame Joma3z no H3apaxKkaja jep oMoryhana ynopebainame 

oOmaka TaqaKa CKeHHpaHMHX y pa3nHuHTHM IICpHOJUHMA, uHMC CC MOTy OTKpHTH daK H CHTHMH 
OJIpoOHH HJIH OJIOKOBH KOJH Cy IIpe}I TOMOM. CyrrtrHHa aHajmiae oJipoHa je ne()HHHcatbe 3OHe 
yrumaja H pacnojtema eHepruije H Op3HHe OJtoka JUy)K PberOBe TpajekTOpHje, uHMe ce noOujajy 

JparoneHe HH(bopMauuje 3a JLaJbe IIpojeKTOBakbe nalt!THTHHX H IIpeBeHTHBHHX Mepa H IL1aHCKYy 
gyarpajuby HH(pbpacTpykType. Y OBOM pajly cy onHcaHH CaBpeMeHH acrleKTH aHajH3e OJIpoHa y3 
ajl\ekBaTHe IIpHMepe, Ca OCBpTOM Ha ripeiHocTH KopuHnuihema o0;taka Tauaka. 

KibyuHe peuu: oJjipoHu, ocMarpame, LiD.4#R, o0ak Tauaka, MOJIeJ1OBaHbC 

Abstract: Numerous examples of rockfalls causing traffic closure, material damage or even 

fatalities are known in Serbia and throughout the region, which is why there is a constant need 
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to observe and investigate them. Rockfall modeling copes with limited level of confidence, but 
the state-of-the-art technologies allow for some improvement in that sense. One such technology 

is LIDAR scanning, which provides detailed topographic surfaces in form of point clouds with 
high resolution and accuracy. The procedure of rockfall analysis can be separated into: rock mass 
characterization, delineation of detachment zones, and simulation of eligible rockfall 

trajectories. In comparison to conventional rock mass characterization, LIDAR scanning, i.e., 
the resulting point clouds, enables by far more confident parameter extraction. Consequently, 
inematic and stability analyses which rely on such input parameters determine unstable blocks 

with much higher certainty. Apart from using these analyses, it is possible to delineate 
detachment zones by systematic monitoring. The use of LIDAR scanning stands out once again, 
as it allows for comparison of point clouds taken at different periods, making small rockfalls 

detectable or pointing out to pre-failed blocks. Defining the influence zone and distribution of 
block energy or velocity along rockfall trajectory is at the bottom of rockfall analysis, which 

forwards valuable information for protective and preventive measures design and infrastructural 
construction planning. These state-of-the-art aspects of rockfall analysis are described in this 
article, followed by practical examples, with special emphasis on advantages of utilization of 

point clouds. 

Key words: rockfalls, monitoring, LIDAR, point clouds, modeling 

YBOJI 

OnpoHu rnpejicrTaBJbajy cTanHy HpeTPy Ha HyTHHM HNpaBIMMa H HpyraMa y 

CTEHOBHTHM, OPp/ICKO-IIIaHHHCKHM TEpeHHMa /JUHJbEM CpOHje H perHoHa. OBe rojaBe 

cy yo0OHuajeHe nyxx H6apcke H Pepjnarncke MarucTpane, JOJ1HHOM 3. MopaBe, KaboHa 

Mopaue, /lanaruHcke o0ame (Ci. 1), rne cy IHpoy3poKoBale BCJHKC IHITeTE Ha H 

darajHe Hcxoje (JANJIĆ 1978, JEVREMOVIĆ u capajiHHnu 2011). Craue ce yracak na 

Cy HOCJICJUPHX JIeIHeHHja jaBJbajy uemihe, a jJenlaH oJ pa3atora 3a To je miHpebbe rpajloBa 

H caoOpahajHuHia, uHMe Ce 3ay3HMAaJjy /IČIIOBH IIpHpO/IHe CpeyMHHe KOJH JIO Tajla HHCy 

OMmu y camejcrBy ca HMH()paCTpyKTyDHMM MJI ypOaHHM 3OHaMa, ycMej uera CeČ 

HHJTyKyjy npupo/nHu nponecH. /[pyru paajtor je Be3aH 34 K-IHMaTCKe IIpOMeHe. HaHMe, 

BehHHa nokpeTaua O,IpoMbaBahba Be3aHa je 3a majaBHHc, H TeMNHeCpaTypHe HpOMCEHe. 

XHJIpOMETECOPOJIOHIKH TIOlA HOCJICJUĐET KJIHMaTCKOT HepHoJHa yKa3yjy Ha IOpacT 
cpe/ube TeMmepaType Ba3jlyxa H yKyHHC CyMe MamaBHHa y OJHOCy Ha ped)epeHTHe 

nepnHo/ne y Jipyroj IOJIOBHHH TIpOLHIJOT BeKa, a TaKaB Ce TpeH/I OueKyje H y KJIHMaATCKHM 

upojekuujaMa 3a CpOujy (LUKOVIĆ H capanHunu 2013, BAJAT H capanHanu 2014). 

OrmnirrH yCHOBH yKa3y]y Ha HHTCH3HBHpaM= mpomeca OJpoMbaBaba (GARIANO & 

GUZZETTI 2016) u onpanjnaBajy noTpeOy P.HXOBOr JIeTaJbHHjer H3yuaBaHba, KaKO OHHX 

HCTODpHJCKHX, TaKO MH peHMeHTHMX, ma H OymyhMx (ya ojroBapajyhe Merojme 

rpenBHbaba/cayananje). Y pa3BHJEHHJHM AJIICKHM H CKAHJUHABCKMM 3CMJbaMa 

aHanmnHpajy ce H npeHcTOpHjcKH OJIipOHuM, jep Ce XOB MeXaHH3aM CMaTpa KJByuHHM 

aa mpenBHbame OynyhaMx mojaBa. KaracrpoQanHH ojpoHuH momyT IIaHeMOHHJyM 

KpHK-a (KaHajna 1959), BajoHr-a (Hranuja 1963), XyackapaH-a (IIepy 1970), Ban 

IIon-e (Hranuja 1987) orpanBanaBajy oBakaB npaHcTyrn (ERISMAN & ABELE 2001). Kon 

Hac TO 3a caa HHje CJIyuaj, IITO Ce OCHM HeJUOCTaTKOM HcTpa)KMBaHba, MO)KCĆ 

ornpanBynnarı H npyrauHjHM rajneoreorpa()CKHM yCJIOBHMA, IIa Cy OcTaLH TAKBHX HOjaBa 

KOJI Hac JlaHac 3akaMy(DJ1ipaHH JIipyrHM IIpoliecHMa. 
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Canuka 1. Hcropujcku H peneHTHH oJipoHu: a) Jon, Cpouja 1974; b) By6am norTok, Cpouja 
1977; c) OnBuap 6ama, CpoOnja 1972;: d) IInaruje, Hipaa Topa 2019; e) Pamtka, CpOonja 2020; f) 

Cronan, BX 2022. 

Figure 1. Historic and recent rockfalls: a) Joc, Serbia 1974; b) Bubanj Potok, Serbia 1977; c) 

Ovčar banja, Serbia 1972: d) Platije, Montenegro 2019; e) Raška, Serbia 2020; f) Stolac, B&H 

2022. 

Koji onpoHa pa3tHKyJeMO 3OHy O,UIaMa?ba, TpaHcrIopTa H JIeTIOHOBaM>a, H CBaKy 

mparH gaaceOHa mpoOeMaTHKa. Peu je O mojaBHM KOJa MOXeE OMTH NHNOKpeHyTa 

pa3nHuHTHM duHHHOLIHMA HJIH H»HXOBHM 3JIDy)KEHHM JIČJIOBaHbCM, HOTIyT IajlaBHHa, 

TIOBDHIHHCKOT pacajaMa, CCJIČKTHBHC Cpo3Hje, 3aMp3aBaĐa H TONJbeMa JeJa, 

3eMJbOTpeca, y\apa Tamaca, Berpa, pacra KOpeĐa OHJbaKa, KpeTaMba HITaHHHCKHX 

OKHMBOTHMa, aHTpOHoreHHXx yrHmaja (3acemaMbČ, MHHHpaMe, Hpa)KPbeMe BeIHTAUKHX 

aKyMyiatnuja). AKO Ha TO JI0/)14MO H KOMIJJIČKCHOCT CTEHCKE MaCE KOJa Je HCXOJIHIIITC 
nupomeca, Koja je HO HpaBHMHy HeXOMOTeHa, aHMH3OTPpOTNHa, JIHCKOHTHHyaJlHa H 

HeJnHHeapHo emacTHuHa CpejUHHa, a HOTOM JIOMNAMO H uHTaB HH3 HeOjpebeHocTH H 

cTeneHa CJI000/Ie IIOKDĆHyTOT OJIOKa H ĐerOBC HHTepaKtnHje Ca IIOJUIOTOM, JacHo je a 

je MOJeNIOBaĐ=, a HOTOTOBO Tpec/jBHDbaMe OJpoHa CKOHIAaHO Ca HHCKHM HHBOHMA 

nmoy3naHocTH. HmaK, caBpeMecHe TeXHOJOrHje OMoOryhaBajy a Cc TAaKBH H3rJIeJIH 
norpaBe. 

CaBpeMeHe TeXHOMOTHJE Ha KOJEČ CC OBJIĆ MMHCJIH OJIHOCĆ Ce MaXOM Ha 

CHCTEMaTCKO OCMAaTpaMbe IpoHeca OJIpOMbaBaMba, KOJE HHJE HHMAJIO JecJIHOCTaBHO 

TIpOjeKTOBaTH, yIIpKOC TOME IIITO Je H30Op TeXHOJIOrHJa IIHpOK, a MO)KJIa Oatm H3 TOr 

pasamora. Y mnpakcH cy ce OOJbe moKaaame TeXHOOTrTHjeE KOje OOyXBaTajy Ieny 

HHTECpeCHy TIOBDHIHHy (HIp. IMO JIMIIĆ KOCHHC) HeTO TauKacTe H JIHHCapHe 

HHcrananuje (roryT reo,leTCKHX penepa, H pa3HHX BpcTa ČEKCTeEH30MeTAap4a), Jep je HcTe 

TCIHIKO IIOCTaBHTH Ha OIITHMAJIHC HOBHL[I/IjC HO KOCHHH. JCHH& OJ aKTyECJIHyX 

TexHomorHja je TepecrpMuko LIDAA-cKO CKEHMpaMP, KOJHM «CC IOCTHKĆ 

3aJjlOBOJbaBajyha TauHOcCT, IIpen3HOCT H pe3outynuja a nOKpHBa ce uHTaBa HHTepecHa 

TIOBPIHTHĆ""HHA, IIa Ce Jlajy youHTH H MaMbe IIOJaBe, HITO HHjJe CJIyuaj Ca KOHBČHIUHOHAJIHHM 

MeTOJIaMa OcMaTpaba. OBaj unaHak je yrpanBo rnocBehen rnperzneny rpaMeHe LiDA4R 
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TeXHOJIOrHje y CBpXy yHanpeljuBama aHamM3e OJIpOHa KpO3 OCHOBHC aHaJIHTHUKC 

KOpakKe: KapakTepH3anujy CTeHCKe Mace, OJipeljaBape 3oHa O,UIaAMaMba H CHMy1IalHjy 

onpoHa. 

KAPAKTEPMHJ3ALNIHJA CTEHCKE MACE 

Kapakrepunanuja cTeHcCKe Mace BpIHHM Cc Ha OCHOBy TEpcHCKMHX OHajKaHba H 
JnaOopaTopHjckHx OnHTa KaKO OH cc H3BpIIHJa MeeHa KnacHQHKamuja, ojpejuna 

uBpcroha H Jie(bDopMaOHJIHOCT. 

JenaH OJL ycraJbeHHx cHcTeMa KmacH(bHKamje cTeHcKe Mace je RMAR cHcTeM 
(CELADA u capajiHHnu 2014), y KoOjeM ce Ha OCHOBy TepeHCKHX OCMaTPah?a H rponeHa 

BPpIIH OOOBaMbC CTEHCKE MaCeC IHIpeMa HEKOJIHKO KpHTepHjyMa: uBpcroha MoHo:uirTa 
UCS, knanarer creHe ROD, pasMak MaMeby rykoraHa RA7/APapacig, Crabbe IIyKOTHHa 

RMRUJcond, CTabbe HIOJW3ČMHE BOJIĆ |MA arer, B KopekugHoHu (bakTopuH 3a opHjeHTaljy 

(paMuiiunija IyKOTHHa y OJIHOCy Ha KOCHHY, a IO HaJHOBHJOJ peBH3HjH JOJ1aT je H (bakTOp 

H3MEMbCHOCTH CTeHE, KaO H pa3nmike y O0,OBaby y OJIHOCy Ha OCHOBHH RA7/A cHcTeM. 
Tlo B3BpniteHOM 00/JOBaM»y y pacnoHy 8-100, creHcKa Maca Cce MO;KeE CBpCTaTH y jeJIHy 

OJU IIČT KJ1aCa — OJI BEOMA JIOIHIIe JIO BeOMa JIOOpe cTeHe. 

CreHcKa Maca CC OJUIHKyje peyKOBaHOM uBpcrohoM H eMacTrHuHomihy y 
OJHOCy Ha MOHOJHTHH KOMAJL CTCHC, yCJeJL MHCHYyIAJIOCTH, HeXOMOTCHOCTH H 
aHH3OTPpOTIHOCTH CTEHCKE MAaCe, y KOJOJ IIDpH TOM BaxxH H e(beKaT pa3Mepe (3aBHCHOCT 
CBOjcTaBa OJL BeHHuHHCKOr Hojipyuja mocMaTpaMa). UpBpcroha ce y reOTexXHHuKOj 

HpakcH OrMHCyje T3B. HapaMeTpHMa uBpcrohe — MaTeMaTHUKHM aApryMCHTHMa 
pasanHuHTHx (pyHKtHja KOJE OHHCyJy CTaMb-c HaHOHa y TpeHyTKy JIOMA. 3aBHCHO OJIL 

KOMTIIJIČKCHOCTH (byHKuHje, Tj. T3B. aHBECJIOHIĆ JIOMA, beHHX HđapaMeTapa MO:;Ke OHTH 
MaĐbe HJIH BHIIIC, H MOTy OHTH MaMbe HiIH BHIIHe arICTpaKTHH H 3aXTeBHH 3a OJipeljiBatbe 
H3 JaOOpaTOpHjcKHX H TEpeHCKHX OHnHTa. 3a CTeHCKe Mace je Hajuemhe y ynorpeOoH 

HeJIHHeapHH XyK-BpayHOB KpMTepHjyM JoMa (HOEK & BROWN 2019), y KOJEM 

(QpMrypmumry (uMyaMuKH pa3yMJbHBH IMapaMeTpH KOJH CeČ pyTHHCKH oOJjpebyjy. y 

na0oparopuHju Je noTpeOHo OJipe/iHTH je)HOaKcHjJaJIHy IIpHTHcHy uBpcTohy MoHojJHTa 

UCS, a a repeny GS7 BpeJHocT, Koja ripe/iCTaBJba OJIHOC H3JIeJbeHOCTH CTeHEe H CTaHba, 

CBOXKHHC IyKOTHHa (JUHDEKTHO Ce Be3yje 3a KBajmiTrer creHe ROD u crame rtyKoruHa 
mpeMa MR OOOBHOM cHcTeMy //MARcona). IlapaMerap R/MAconq yKJbyuyje IIpOIIeHy 

KOHTHHJAJIHOCTH, 3cBa, XpamaBOCTH, HCHyHC H cCremeHa pacnmamHyTOCTH HAA 
HyKOTHHeC. OcHM Tora, HOTpeOHO jc IHIpOHeHHTH HJIH JaOOpaTOpHJCKH yCTaHOBHTH 

mapaMeTap j KOJH THpejncTaBJba HarHO aHBeNOTNIC JOMA, a OMHIIHOHO CČ yHOCH H 
nmapaMerap pacrpecaba D (aaBHcH OJL HauHHa H3BODePa KocHHeC). XyK-BpayHoBy 
aHBenory je Moryhe cBecTH Ha nHHecapHy Mop-Ky-uoHoBy y Kojoj ()HrypHmry caMO 

KOXC3HJAa Cy H yrao Tpebba 0, CTEHCKE MaCe, KOJH cy TaKobjee (pbuaHukH pa3yMJbHBH. 3a 

uBpcrohy o JWMCKOHTHHyHTeTy je y ynorpeOM BaproH-BaHicoB KpMHTepHJyM 
(BARTON & CHOUBEY 1977) d(opwymamuuje: j — oy*tan|JRC*logio(JCS/o„)+o,|. 

ApryMepHru JRC (xpamaBocT 3H/(OBa MHyKOTHHeĆ), JCS (mpHMrucHa upBpcroha aMa 

TIIyKOTHHC) H Q0 (peau)lyaJıHH yrao TpeM»a) cy (b)M3HuKH pa3yMJbHBH H MOTYy Ce JOOHTH 

jeHOCTaBHHM TEpcHCKHM TECTOBHMA, Tj. HpO(DHJIOMeETpHJOM, OHIHTOM IHIMHMTOBHM 
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ueKMheM H OHHTOM HarHM5aMba, pecHeKTHBHO, IHTO H OBaj KDpHTEpHJyM uHHMH BpJIO 
TIpakTHuHHM. 

/lepopa0OunHocr ce ojnpebyje Ha OCHOBy Kopenatja IpHTHCHe uBpcrohe H 

TIpOttePbeHe HH JaOoOpaTopHjcKH/TepeHcKH oJipebeHor Mojniyaa enacrHuHocTH. OHa je 

oJ aHauaja 3a HamOHcKo-ne(bopManujcKe aHajm3e, a He H 34 aHajJm3e CTaOHJIHOCTH 
3aCHOBaHe Ha TpaHHuHOj paBHOTe)KH. 

HaneneHu tipucryri je nojenHOCTaBJbeH H OJIHOCH Ce Ha KpyrHy pa3Mepy, Tj. Ha 
HHBO KOCHHE, H He y3HMa y 003Hp pa3Ha orpaHHuehba, crtellHjaJiHe cJIyuajeBe H e(DekTe, 
Koje OH y HpaKcH yBeK TpeOamo paaMaTparH (BERISAVLJEVIĆ H capanHunu 2021). 

CreHCKy MaCy MOX)KEMO CMaTpaTH OKapaKTepHCaHOM Kaa CMO joj OJIpe/manu 
napaMerpe uBpcrohe n ne()opMaOHJIHOcCTH IO CBHM KBa3HXOMOTCHHM 3OHaMa Ha Koje 
CMO je H3/lenHnuH, IO HIp. RAAR cHcTeMy, Kao H IO bĐEHHM JIHCKOHTHHyHTeTHMAa (Cin. 
2). V cryuajy perHoHajHor noyipyuja mocMaTpatb4 (HrIp. JUy)x uHTaBe JIeOHHIIe HyTa) 

HO NOCTyHmIaK je /OMaTHO ITOjeHOCTaBJbcH pa3HHM anpoKcHMamWjaMa H 
reHepanuauHjaMa (MARJANOVIĆ H capaHTHHMuH 2022), mrro oBMe Hehe OHTH 

pa3MaTpaHo. 

He ynasehu y noy3naHocru ojpebaHnasa UCS a JCS napaMerapa, HH Mojniyna 

enacTHuHOCTH, OHIpaB,laHO je OucKMHBaTH JIA je HajMaMba HajBeha CyOJeEKTHBHOCT y 

uHTaBOM TIOCTyTIKy KapakTepHaanuje BenaHa 3a IpHKyrnJbape mnapaMeTapa JRC, GS7, 
RMRJ(·„,„/ H RQD. 

OJIPEBĐHBAMbE 3OHA OJIJIAMAIbA 

Mako ce mpeMa MeQuHHMNMjH OJpOH y yX)KEM CMMCy KapakTepMMMe Kao 
nojenHHauHH OJIOK uBpCTe CTCHC, JUICKOHTHHyHTeTHMAa OJIBOJEH OJL OCHOBHC CTEHC 
KOJH CHŽOOOJIHO majla JIO KOHauHor oOJpenumrra (HUNGR ca capanHumuHma 2014), y 

peajHocTH ce yrJaBHOM jaBJba KOMOHHOBaHH MeXaHHH3aM, Ha ueCCTO OJUDOH 3anoOuHc 
OTKH/IAPĆM H CMHIHaHECM HJIH HpeTypaMeM OoKa, ma HacTaBH CJIOOOJHHM HaJIOM, 
pa30HjabbeM H TOCKaKHBaMbeM OJIOKOBa IO CTDpMHM O/ICeIIHMa Op/}ICKHXx najUHHa, HJIH y 
o0anaMa peka, jeaepa H Mopa, Jna OH ce IIOTOM KOTpJbao, po0Ho H ocHnao JIO KOHauHOr 
onpenumra. Moxe ce janHrH mojendHauHo H y rpymaMa HHH daKk JaBHHaMa. Ha 
TIpHMeP, IIpH JaKOM 3eMJbOTpecy y Ilepyy 31. Maja 1970 roynHe, ca ri1aHHHCKOT BEHIIA 

(5500-6650 m) o6pymue cy ce creHcke Mace H e aapeMuHe 50-100 MunioHa m3, 

Taj ojipoH H3a3Bao Je o0pa30BaM»e KaMeHe J1aBHHE KOja ce KpeTaJta Op3HHOM oJ 80-90 

m/s, a Koja ce 34THM TpaHc(pbopMHca:ta y Op3o KJIH3HIIITE, KOJE Je IO „JIOJ1aCKy“ JIO peKe 

Puo CaHra cTBOpHNO HpHBpeMeHy OpaHy, HITO je KaCHHje JIOBCJIO JIO (bopMHpahba 

OyjHuHor ToKa, myror 130 km. /lake, BEJIHKH OJIDOHH Ha IITaHHHCKHM MHajUHHaMa 

oOMuHo ce TpaHcQopMHmuy y /pyre HajmMHCKC INpOHNeCce, IHTO je MHXOBa 
KapakTepHcrTHuHa ocoOuHa. Hwmajyhu To y BHJIy, IOTpeOHo je rnpHarojnHTH HpHcTy 

3OHHpaFba KOHKDETHOM cCiIyuajy, aJ1H ce TeHepaJIHO 3OHe OJUIAMaMba Mory OJIpeljuBaTu: 
BHIIČ-KDHTEpHJyMCKOM aHaJIH3OM, KHHEMaTCKOM H aHaJIH3OM CTaOHJIHOCTH, KaO H 
CHCTeMATCKHM OCMaTpabeM. Bunte-KpHTepHjyMcKa aHajn3a Ce CBOJUH Ha IIpOCTOpHe 
aHan3e pa3nMuHTHX TČOJIONHIKMX M „JIpyrMx mojumora y G/S OKpyxKeMby y3 
TIIOjeJIHOCTaBJbEHC KHHeMaTCKe yCJIOBe (MARJANOVIĆ H capajniunu 2022) H ojiHocH ce 

Ha perHoHaJiHe pa3Mepe, na oBAle Hehe OuTH rpHKa3aHa. 
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Canuka 2. AHannrHuka IeMa y CTeHCKHM MacaMa (KapakTepunanuja H neTeKnHja 3oHa 
oJUtAMaM4a). 

Figure 2. Analysis workflow in rock masses (rock mass characterization and source zone 
delineation). 

Kaa rOBOpHMO O JIOKaJIHHM HHBOHMA2 HIOCMaTpaM4, Hajnpe MO:;KEMO Cy3HTH 
rpeTpaxKXHBaMbe HecTaOHJIHHX OJOKOBa TaKO IITO heMO pa3MaTpaTH CaMO JIČJIOBC 

KOCHHE Ca HH;KHM RA7/A-oM. H36op /lAJ5e MO:;KEMO Cy3HTH IIpeMa M-HXOBOJ HO3HIMHjH 

Ha KOCHHH, H H3JIBOJHTH CaMO OHE KOJH Cy XHIICOMETpHJCKH HHTepeCaHTHH (OJIOKOBH 

y BHHIHM JCJIOBHM2). V OBaKO JOKaJIM3OBaHHM JIČIOBHMa KOCHHeC JaJbe TpeOa 
TIIDpHMeCHHTH HajHpe KHHEČMAaATCKy aHAaJIH3y, KOJa HaM JMaje IIpeJIyCJIOBe 34 IIOJaBy 

HecTaOMJIHHX OJIOKOBa HO MeXaHH3My CMHIaHba MJIH HIpeTypaba MOTy IIOKpeHyTH 
(MARKLAND 1972). Ha y ce Hacmama aHajJm3a craOHJIHOCTH HO CTaMby rpaHHuHe 

paBHOoTexKe, rne Ce 34 yCBOjeHe mapaMeTpe uBpcTrohe MCKOHTHHyHTeTa OJIpebyje 

(akTop cHrypHocTH fF KaO OJHOC OTHOPpHMX H HOKpeTauKHX CHJIA/MOMeCHaTAa JUDK 
KOHTAKTAa OJIOKa H OCHOBHC CTEHe (BapTOH-BaH;UHc-OB KpHTepHJyM), KpO3 CTEHCKy 

Macy (XyK-BpayH-oB KpHTepHJyM) HJIH KOMOHHOBAaHO, IIpH ueMy ce Fy<1,3—1,5 cMarpa 

He3aJlOBOJbaBajyhHM. OBako ne()HHcaHu HecTaOu;Hu OJtoKoBH (Cin. 2) rpocnebyjy ce 

3a CHMyJanHjy OJIpoHa. 

BuarHo je HcrahH a OCHM Hac;IebeHe HemoOy3JlaHOCTH H3 HpeTXOJIHOr KOpaKa 

(Henoy3JlaHocT yJ1a3HHX mapaMeTapa), JIO0/1ATHa HeIlOy3JlaHOCT y CJIyuajy KHHeMaTCKC 

aHannae mnpoMsamaaH H3 reHepanmMgaamHje OpHjeHTamWje KOCHHC H 3aCTyIIbEHHX 

(aMumunja myKoTHHa. V mpaKkcM ce, Oe3 oOaMpa Ha BeJHUuHHy KOCHHC KHHeCMaTCKa 

aHaj3a CBOJUH Ha aHaJmiyay CraTrHCTHUKH OCpe)UPbeHOr a3HMyTa H Iajla KOCHHE H CBaKeČ 
OJU3ACTyTIJbEHHX (paMHinHja, a JACHO je JIa Ce JIOKaJIHO MOT y JaBHTH 3HauajHa OJICTyrmatba 

OJL HJieaJIHO paBHHX TIOBpIHHIHHa. J3aBHCHO OJI TreHe3e, IITaHapHH JUHCKOHTHHyHTeTH y 
CTEHCKOJ MaCH MOTy HMAaTH IIDOMCHJbHBy OpHjeHTalMjy Ha HCTOJ KOCHHH (repacTe 

HIyKOTHHC 3aTe3aMba, MJIaOje TeH3MOHC IIyKOTHHC, KJMBOJK aKCMjJAaJIHE TIOBPIHIH, 
TIyKOTHHC KOHCOJIH/IAHHJE MaTrMaTCKKHX HHTpy3HBa/cKCTpy3MHBa HT/L.), KOJAa MOJKC 

OHTHO a cc pa3nmMKyje y IHpHcTymnauHOM JIČy KOCHHC (T)IE CC MEČpH TČOJIOHIKHM 

KOMTIIACOM MaJIČ KOHTAKTHE IIOBPIHHIđHHe) H HenpHcTyradHHM BHIIIHM JIČJIOBHMA. 

CHMYVJIAHMHJA OJIPOHA 

CuMynanuja TpajekropHje OopoHa MMa BMHMIHECCTpyKHM nHauaj. lilro je 

BeEpOJIOCTOJHHJeE MOJIeĆJIOBaHa TO Je KODHCHHJH IIOy14TaK O JIOMeETy, MeECTy KOHTAaKTA Ca 
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TIOBpHIHHOM, BHCHHH OJICKOKa H JiHCTpHOyiuHjH cHeprHje JUyk TpajekTopuje. OHa ce 

MOXKC BPpIHIHTH HpOaKTHBHO, Tj. Ha OCHOBy IHpeTXOJHO M3JBOJeEHHX HecTaOHJIHHX 
OJIOKOBa, MHMEC CE MO)KE HPC/IBH/IeTH HOTCHLNHjaJIHH OJUDOH, aJ1 H HOBPpaTHO, TJ. pOSf 
Jestum 3a OJpoH KojH ce Beh Morojmo (mO3HaTe 3OHEe OJUIAMaM-a H JIOMĆTA OJIOK24). 

IIpoakTHBHu ripucTyrt je CBaKaKO KOpHCHHjH, JIOK Ce y JIDyTOM CJIyuajy MO)KE BpIHHTH 
KOHTPOJIA HJ1H KaJ11Opanija MOJIeJTa IOBpaTHOM aHaJIH3OM. MojnenoBabe rTpajeKTopuje 
CBOJIH CC Ha jeJIHOCTaBHHje HJIH CJIO'KecHHJe 2D H JD nerepMHHHcTHuKC MO/JIĆJIĆ, 

KOJH 3aXTeBajy yHOC pa3HMx (pHaHuKHx mapaMeTapa. OcHM MecTa OJUIAMaMa, KO/U 
BehuHe MoJIea je IOTpeOHO JIe(-bHHHcaTH 34ITDpeMHHCKy TC;KHHYy, OOJIHK H JUHMeEH3HJE 

Onoka, noueTHy Op3HHy H HOJ0XKaj, KaO H BpCTy H peaKuHjy HOJUIOre. V MoJlenHMa Ce 
OJIOK CBOJUH Ha KpyTO Teo Koje ce Kpehe 0Oe3 oTropa Kpo3 Ba3JlyX H OCTBapyJe KOHTAKT 

ca KpTO-IIHacTHuHOM TIOJUIOTOM, IIpH ueMy TpaHc(bopMuine noTeHnHjaJiHy cHeprHjy y 
KHHeTHuKy HO M=eHOr HoTHyHor HcKopHnihePa Tj. 3aycTaBJbaFba. V 3aBHCHOCTH OJ 
CJIOKEHOCTH MOJIČJIa KDpeTEa KpyTOr TeHa MO;KC HMaTH OrpaHHucH HJIH KOMIJICTAH 
CKyII KHHeTHUKHX CTeHeHH CJIOOOJ/Ie (TpaHcnanuja H poranuja HO CBHM OCaM42), JIOK 

HI0JUIOra MOXKE HMaTH jeJiHOCTaBaH cJlaCTHUHH KOHTAKT Oa3HpaH Ha JaKoHy aKuuje H 
peaknuje MHH IIAK CJIO)KĆHy HHTCPpaKIMHJy KOJa YyKJbyuyje OJICKOK, aMOpTHH3alujy 

THIOJUIOTe, ByucMbC, KJM3AaMbC, a HIOJEJUMHM MO/JIĆHM daK H KpeTaMe KpO3 Ba3/UyX 
yCJIOBJbaBajy OTHOPpOM cpenMHc yce, HpHcycTBa Bereranmuje. Meby MO/JJICKHM 
pentemHwma (uuuyhu 0J1 je)HOcTaBHHJHX Ka CJIO)KČHHJHM) MOry ce HcTahu: (bpHKIUHOHH 

Tpoyrao OayHpaH Ha yrJIy CeHKe, H-L MojemcKa Merojna, Rocscience RockFall2, 

ConeFall (JABOYEDOFF & LABIOUSE 2009), Rocscience RockFall3, Rockvfor3D 

(DORREN H capaaiimu 201 1), ROCG7S (MATAS u capannunu 2017), R4MMS Rockfall 

(CHRISTEN H capa/aiHamu 2012). 

3HauajHa ojcTymaFba MOJeJOBaHOTr OJL peajHOr OJIDOHa MOTy HacTaTH 
ynoTpeOoM 2D wojema, jep TpajeKropuja o paBHMHy HHje KONMaHapHa. 

Cugmrniuna(akamja oOmKa OJtoKa TaKObe MO)KE JIOBECTH JIO HeOJIy/lApHOcCTH, KaO H 

HenpenaHo me(MHHMcaM= cBojcTaBa moyuore. KoHauHO, CaMHM OJIOKOBH IIOJUICOKy 
MPBJbeEMby H OCHHaHby IIpH CBaKOM KOHTAKTJy Ca HOJUIOTOM, IITO BehHHa co(bTBepa He 
Hy/U y CBOJHM MOJIeJIHM4a, Ha CC PHXOBOM HpHMEHOM TIpeliebbyje JOMeT H ecHepruHja 
TpajeKTopHje (KpyIIHH OJIOKOBH CEC)Ky JlaJbe OJI CHTHHJHX). 

JUCKyCHJA 

Y npakcH ce npH KapaKTepMaanMjH CTČHCKC MaCC MdeCCTO jaBJbajy pa3JMKe y 
THipolieHH XpanaBocTH jep ce OHa CBOJUH Ha BH3yECJIHy CJIHUHOCT IIpO(bHuta IIyKOTHHC H 
jenHor oJ necer npoduna JAC HoMorpaMa, a noHekaji ce 30or Opxker pajta npo()un 

TIyKOTHHC 34MCM»yjE OTHIHIIOM, IHĆTO je JOMI CyOjeKTHBHHje. Hcro BaxKH H 3a HIpOIIeHy 

xpanaBocTH y OKBHpy RAARJcona, r//e ce cyOjeKTHBHOCT y 3HaTHOj MepH jaBJba H HpH 
OHeHH KOHTHHJ42JIHOCTH, a 0J1 CyOjeKTHBHOCTH HHje H3y3eTa HH IIpOHeHa KODpČKIHOHHX 
(pakropa 3a opHjeHTatiHjy JIHCKOHTHHyHTeTa y OJIHOCy Ha IIpe}IMeTHH O0jeKaT. /lajbe, 

nponeHa ROD je rpanaHnoHaJiHO KOHTpoOBep3Ha jep 3aBHcH OJ npaBia nocMaTpaba, 
THIOTOTOBO y aHH3OTpOHHHM Cpe/MHHaMa. IIpomeHa pa3Maka H 3cBa TaKOle Ho/UIeKe 
CyOjeKTHBHOCTH y OJIpebeHOJ MepH, 3aBHCHO OJI nojpyuja mnocMaTpatba. HaHme, Ha 

H3JNAHKy HJIH MaMbOj KOCHHH CC yIIpaBHO pacTojabe H3MeDy HyKOTHHa y (baMHJIHjH 
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MOJKE HETIOCpeJIHO H3MCpHTH, T30 HHje CJTyuaj Ca BHCOKHM KOCHHAaMa. Vrtipano LiDA4R 

TeXHOJIOTHJA, TJ. MOJIĆJIH TIOBpIHIHHe CTEHE y (bopMH o0maka TauaKa, Mory Hahu cBojy 

TIpHMeHy y OBHM CJIyuajeBHMa. 

CBH JIeJIOBH CTEHCKE MaCe KOJH Cy He/IOCTyTIHH y IIpHpOJUHHM yCJIOBHMA, IIITO 

je Hajuemihe cBe ripeko 2-3 m BHcHHe, Ha oOmaky Tauaka nocTajy nocTyrnHu. JIipeKkTHa 

MepebM5a JUy)kHHa H pa3MaKa ITyKOTHHa, XpamaBocTH, Ia H 3eBa Cy je)HOCTaBHa pelmema 
(Cn. 3) anu nocroje H paaHe Harnpe/iHuHje MerToJte o0Opa/ne oOmaka Tauaka. V ripBoOM pe}ly 
To je ayroMaTcka opujeHratuija rnaHapa KoOje Cy BHJUBHBC Ha IIOBpIHIHHH. PyTHHCKHM, 

ayTOMaTCKHM I!IpOpauyHOM HOPpMaiIa TIIOJIHTOHa KOjJe OKOHTypy]y HajMaMbe TpH TaukKe, 

Moryhe je neoxiHHcaTuH H rIipHKa3aTH a3HMyT H Iajl1 CBaKOT IOJIHTOHAJIHOT CJIČMECHTa Ha 

oOmaky (JABOYEDOFF M capamHMmm — 2007). /Jlame je moryhe w3BpmmrH 

HojnyayTOMaTCKO TpynMcabe aHapa KHaCTČCpCKOM aHaJIH3OM H Je()MHHcaTH 

(pau:je IyKOTHHa, KaO H HXOB pa3MaK H KOHTHHyaJIHOCT (RIQUELME H capajiHHnuH 

2014). Moryhe je reHepacaTuH JIHCKpeTHe Mpe:Ke ImyKoTHHa DFN koje ceM JiHHecapHHx 

(ROD) oworyhanBajy HoBPpHIHHCKe H 3arpeMHHCKC IIOKa3aTeJbe HCIIyILAJIOCTH, UHMC CČ 

noBehanBa noy3naHocr ojipeluBaa RAMR-a a G57-a (ELMO H capannHunmu 2014, CHEN 

& YIN 2019). 

CiKa 3. Ipaka3 Mepebba paaHiHx napaMerTapa rmyKoTHHa Ha oOnaky TauaKa y IiporpaMy 

CloudCompare: a) pasaMak H nyxuHuHa; b) xpanaBocT H 3eB; c) aMeH3Hja Onoka; d) 
opHJeHrTatnuje riaHapa. 

Figure 3. Measurement of various joint parameters on a point cloud in CloudCompare 
software: a) spacing and continuity; b) roughness and aperture; c) block dimensions; d) plane 

orientation. 

Kama je peu O 3OHaMa OJUIAMaMa, 3HauajHa Cy MBa acmeKTa: yHampebeme 

ynasaHux napaMeTapa 3a KaHeMaTCKy aHaJIH3y; H CHCTEMaTCKH MOHHTOpHHT KaO HaulHH 
nereknuje HecraOHnHHx OJoKoBa. VHanpebeme yna3Hux mapaMeTapa 32 KHHeMaTCKy 

aHaj3y Ce CBOJIH Ha ripenH3Ho ne(paHHcatbe opHjeHTanuja rnaHapa H JIHIIA KOCHHe, O 

ueMy je Beh OMO peuM. CHcCTeMaTCKH MOHHTODHHT, yKOJMHKO CC ycKJajmM ca 

JHHaMHKOM ITIpotieca (HIIp. aKO Ce BpIIH CC3OHCKH HJIH TOJUHITHM6) MOxKe oOMoryhuHTH 

nereknuHjy He CaMO OJIpOĐbeHHX OJIOKOBa (Ha OCHOBy HeJIOCTaTKa Mace Ha MJIaDeM 

oOmaky TauaKa y OJWHOCy Ha cTrapHjH), Beh mpemosHaTH KpHTHuHa HOMepaba KoOja 

rpeTxoJe o,npoHy, jep je mm-cm J(OMeH IIOMepaM» KOJH HajaBJbyje IIpOrpeCHBHH JIOM 
(Hajuemhe 3are3aPbeM) MepJbHB LIiDAR TexHOJorHjoM, ma Ce OHHM OJIOKOBH KOje 

HCIIOJbe TaKBC IIDOMEHE y OJIHOCy Ha IIpeTXOJIHO CTaPbe MOTy CMaTpaTH KaHJuHJlaTHMa 
3a 3OHE OJUIAMaMba (Cin. 4). 

Iro ce raue cHMyHanuje, nonmpaHHoc LiDAAR rexHomoruje ce oruea Hajnpe 

KpO3 BeEOMa JeTaJbHe 2D/JD mromorpaQckKe mo/jUIOre, MdMMC je Oo0egOebeHa 
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peanucrMuHocr TpajeKropHje. OcMM Tora, oHa | OoMoryhaBa MeTaJbHO MepeMbe 

JnuaMeH3Hja, 3artipeMHHe H oOnuka Omoka (Cian. 3), a noaHaTo je ıa OOJIHK MO;Ke 3HauajHO 

na yrdue Ha HauHH HHTePpaKIMje Ca HOJUIOTOM, Ha CČ y MHIOjČHMHMHMM CO(DTBEpCKMM 

makeTHMA, y3 cTaH/lap/)iHe OOnake (cd)epHH, KotiKacTH, npH3MaTHuHu, HTJL.) OMoryhaBa 

uqaK H HIOTIIyHO HeTIpaBHJIHH OOJIHK, ne(pbMHHCaH CKEHOM CaMOT (0)IOKa CTEHeČ, MuHMEC CČ 

JUOCTH;KĆ MaKCHMajiHa pcajiHCTHUHOCT. HI/IjC HCOIIXOJIHO HapouHTO HarjnmamraBaTH 

KOJIHKO je peajlHCTHUuHOCT Ba)KHa, jep Ce Ha OCHOBy HCTeC MOTy JIO3HaTH TauHC HJIH 

THIpHOHM;KHe BpehHoOcTH Op3MHa, cHeprHja, MeCTa KOHTAKTA Ca HOJUIOTOM, BHCHHa 

OJICKOKA H JIp. BeJtHuHHE KOJE Cy OJI CyITTHHCKoOT 3Hauaja 3a IIpOjeKTOBaMbe 3a1I!THTHHX 

HHH IIpeBEHTHBHHX Mepa, KaO H IHponueHy Xad3ap/a JIy;K Hpe/IMeETHHX rmrpaBama 3a 

norTpe0e Hapajne riaHcKe JIOKyMeHTaLHje. 

Camka 4. CyknecHja oyuraMama Oaroka: a) oOmak Tauaka H3 2013; b) oOnak rauaka m 2015; c) 

TIOMepaMba Ha OcHoBy pasnnkKe oOmaka 2013-2015; d) cm noMepama npe/i JoM H3 2014 
(rpecek). 

Figure 4. Block detachment succession: a) 2013 point cloud; b) 2015 point cloud; c) 
displacements based on 2013-2015 cloud difference; d) cm pre-failure displacements from 

2014 (cross-section). 

3AKJbYUJAK 

MojanenoBame H cHMyJmHpaMbe OJIpoHa ce cCyouaBa ca pa3HOBpCHHM H3BOpHMa 
Henoy3JlaHOcTH, KOja ce y MaPb0j HH Behoj MepH Mo:Ke ripeBaaHhu ripMMeHOM LiD.A4R- 

cKor TepecTpHukor CKeHHpaMa, y3 onroBapajyhy oOpany peaymnrryjyher oOmaka Tauaka. 

Ha HcTHM ce MO:Ke Heyrope/JiHBO TauHHje OJUpenaHTH opHjeHTalHja JUHCKOHTHHyHTeT4a, 

H.HXOBa KOHTHHYy2AJIHOCT, XpamaBOCT, OOJMK H JWMCH3HJE JIAOHJIHHX (OJIOKOBA, 

Tonorpa(ocka nopbprnit repeHa Hryi. OBa yHanpebema ojznpebyjy rpanatı oyayher paaBoja 

OHOT JičJ1a TČCOTČXHHUKOT HH?;KCH5epcTBa KOjI/I ce OaBH MBpCTHM CTEČHCKHM MacaM4, KaKO 

y TIOBpHIHHCKHM TaKO H y HOJ{3eMHHM yCJIOBHMa. CpBe Beha npaHcrynaunHocr LiD4R 

TexHojmorHje (Koja je OJL HenaBHO TIIpHCyTHa H y MOOHJIHHM Tee(boHHMa) H MeHa 

e(pHKaCHOCT, CBaKaKO MOTHBHIIIy Ha HHTEH3HBHy IIDpHMCHY, KOja Tipe}iCTaBJba jeJUHHH 

HauHH Ja ce carne/ajy CBe HpejHocTH, anH H OrpaHHueba, jep oHa TpeOa caMo ma 

TIOTIIOMOTHE CTAaHJIApJIHe HHX;KCH56pDCKOTĆCOJIOHIKC TIpotnie/lype, a He JIa Ce JIOXKHBJbaBa 
KaO BHJU 3aMcHC JIeMHa TCpeHCKMX H aOopaTopHjckMx MHcTpaxkMBaMba. Konm Hac je 

nupHMeHa LiDAR rexHonoruje y HH;KePbepcKoj TreOJIOrH]jH H TCOTCXHHI jOIII yBEK y 

TIOBOJy, JIOK CC y pa3BHJEHHM 3ČCMJbaMa TIOJKO yBOJM y JerHCHMaTHBy H 

craHanap;uiannjy (Hrp. HopBeniku craHanap)ii H3Boljeba TyHena y uBpCTHM CTeHaMa 
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rpornuncyJy oOaBe3HO CKeHHPpaMbe CBaKOT ucJIa HCKOTI2), aJti je BepOBaTHO CaMO IIHTaHC 
BpeMeHa Ka/Jna he H KOJI HaC OBaKaB TIIpHCTyII 32;KHBCTH. 

3AXBAJIHMIIA 

OBaj unaHak je mHcaH y (bopMH tipe/)laBabba mo no3HBy 3a 18. KogHrpec reojora 

Cponje y opraHH3anuju Cpnckor | eojnmomikor npyrrrBa, /IMBun0ape 1-4.6.2022. Ayrop 

CeC OBOM THPpHJHKOM 3AXBaJbyje OpraHM3aNLMOHOM OJIOOpy Ha yKa3aHOj uacTH H 
TIOBEpeMby JlA OBy aKTyEJIHy TEMy H3JIO)KH. 

ROCKFALLS ANALYSIS IN ROCK SLOPES: STATE-OF- 
THE-ART APPROACHES 

INTRODUCTION 

Rockfalls impose constant threat along road corridors and rails in rocky 

mountainous regions throughout Serbia and the Region (Fig. 1). In the past they have 

caused considerable damage even casualties (JANJIĆ 1978, JEVREMOVIĆ et al. 2011). 

Their occurrences are becoming more frequent, due to urban sprawl and climate change, 

which is likely to continue in the future with current climate trends (LUKOVIĆ et al. 2013, 

BAJAT et al. 2014, GARIANO & GUZZETTI 2016). Studying historical and recent rockfalls, 

even the ones that can potentially happen in the future is crucial, wherein, disastrous 

rockfalls from the last century stand as horrid reminders to that end (ERISMAN & ABELE 

2001). In our country, the scope of rockfall investigations seems insufficient. 

Rockfall consists of detachment, transport and deposition zones, and cach one of 

them raises specific issues. Process is triggered by many factors, such as rainfall, 

weathering, erosion, earthquakes, human activity, etc. making them difficult to monitor, 

model and predict. In addition, they are hosted in the rock mass, which is by itself very 

complex, while detached blocks propagate in a very complex manner and have 

complicated interaction with the ground. For all the above, rockfall modeling: and 

prediction cope with low levels of certainty, but state-of-the-art technologies involved in 

systematic monitoring: and simulation of rockfalls are introducing significant 

improvements in this context. Terrestrial LIDAR scanning is one such technology, with 

wide coverage, high precision, resolution and accuracy, which makes it superior to 

conventional, point or line-based monitoring methods. This article overviews the role of 

LIDAR technology in rockfall analysis advancement, including appropriate examples, 

starting from rock mass characterization, source area delineation and rockfall simulation. 

ROCK MASS CHARACTERIZATION 

Characterization of rock mass includes its classification, determination of its 

strength and clastic properties, based on field and lab works. The RMR is one of the 
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most common rock classification systems, which involves scoring of rock compressive 

strength UCS, rock quality RQD, joint spacing, joint condition and water condition, as 

well as joint set orientation in respect to the slope face (CELADA et al. 2014). The total 

score ranges 8-100 and allocates given rock mass into one of five categories from very 

poor to very good. 

Rock mass has reduced strength and clasticity in comparison to rock monolith 

due to Jointing, anisotropy and inhomogeneity, as well as relation and scale effects. In 

practice, strength is described by strength parameters, which represent mathematic 

descriptors of stress curves at failure state. These curves are commonly called failure 

envelopes, and can be more or less complex, meaning that their descriptors can be more 

or less comprehensive, and more or less complicated to determine. The non-linear 

Hoek-BHrown failure criterion is the most widespread in rock mass applications (HOEK 

& BROWN 2019). It involves parameters that can be routinely obtained by field or lab 

investigations, including: monolith compressive strength UCS, the GS7 value, as a 

relation of rock jointing ROD and joint condition RAMARJ-onq (which further includes 

scoring of joint persistence, its aperture, roughness, infill, and alteration), curve 

steepness parameter m;, and disturbance parameter D. It is possible to translate these 

strength parameters to linear Mohr-Coulomb strength parameters, cohesion c„, and 

internal friction angle o.. On the other hand, strength along discontinuities is 

commonly described by Barton-Bandis criterion (BARTON & CHOUBEY 1977), which 

uses roughness parameter JRC (which is routinely obtained by joint wall profiling), 

Joint compressive strength JCS (obtained by Schmidt hammer test) and residual friction 

angle (obtained by tilt test). Elastic properties, which are needed for stress-strain 

analyses, are estimated directly from appropriate lab results, or using the correlations 

with many of the abovementioned parameters. At the local, site-specific scale, a rock 

mass can be considered characterized once its rock class, strength and elastic 

parameters are defined, as described above, while having in mind that this is a very 

basic concept (Fig. 2) which does not involve various limitations and effects that should 

be commonly practiced (BERISAVLJEVIĆ et al. 2021). Regional scale characterization, 

on the other hand, implies even further approximation and generalization 

(MARJANOVIĆ et al. 2022). Expectedly, the highest level of input data uncertainty is 

introduced while estimating JRC, GS7, RMRycona and ROD. 

DELINEATION OF DETACHMENT ZONES 

Rockfalls are by definition (HUNGR et al. 2014) starting: by detachment of 

individual solid blocks that runout by free fall. In reality, many other mechanisms 

(shearing, toppling, etc.) and transport effects (bouncing, rolling, fragmenting, etc.) are 

intermixed, while blocks often detach as clusters or even avalanches. Having that in 

mind, the approaches for delineating source zones of detachments comes down to 

multi-criteria assessment (only in regional scales), kinematic and slope stability 

analyses, as well as systematic monitoring. Once the rock mass is characterized, source 

zones search can be narrowed down to the poorest rock classes that are positioned at 

higher parts of the slope. Therein, kinematic criteria are to be applied to precondition 

possible failures (MARKLAND 1972). Limit equilibrium-based stability methods pick 

94



up from there (Fig. 2) and provide the factor of safety Fs as an indicator of stability 

expressed by resisting and driving forces along discontinuities, through the mass, or 

combined. Blocks with /F,y<1.3-1.5 are considered unsatisfactory for the rock 

slopes/cuts and are being forwarded to the rockfall simulation. Input data uncertainty 

for detachment zoning is partly inherited from the previous stage, while the additional 

sources of uncertainty comes from planar approximation of joint surfaces and rock 

faces, and statistical averaging of Joint sets which might be far from realistic. 

ROCKFALL SIMULATION 

The more realistic rockfall simulations are the more usable are the output data, 

which commonly include ground contact points, bounce height, and energy distribution 

along its trajectory. Simulation can be fed by inputs from the previous stage, 1.če., 

locations of potentially unstable block and predict their trajectory, or alternatively, it 

can back-analyze an existing rockfall with known detachment and runout, to calibrate 

the simulation parameters. Simulations are performed by using 2D or 3D deterministic 

models, which can be more or less complex and require various input parameters, such 

as rock unit weight, block size and shape, ground properties, etc. They approximate the 

falling ı block as a rigid body that moves without resistance through air and interacts 

with the deformable ground, whereby its potential energy is spent on kinetic, until it 

comes to a standstill. Some of the widely used models and software are: friction 

triangle, H-L method, Rocscience RockFall2, ConeFall (JABOYEDOFF & LABIOUSE 

2009), Rocscience RockFall3, Rockyfor3D (DORREN et al. 2011), ROCGIS (MATAS et 

al. 2017), R4MMS Rockfall (CHRISTEN et al. 2012). Trajectory modeling can become 

unrealistic primarily when using 2D cases, since the rockfalls are by rule non-planar 

events. Simplified block geometry and inadequately characterized ground surface can 

lead to further inaccuracies. Finally, falling blocks tend to fragmentize while interacting 

with the surface, which leads to overestimation of runout distance and energy. 

DISCUSSION 

The estimation and scoring of jointing intensity (ROD), joint spacing 

(RMNspacing), roughness (RMRJona and JRC), aperture and persistence (RA//YJconq), aS 

well as the very orientation of joints and rock faces cope with subjectivity. This is 

pronounced in large slopes and cuts where rock and joint properties within the 

accessible part may vary significantly in the inaccessible parts. LIDAR technology 

offers solutions in many of the above problems. Inaccessible parts become accessible 

for some parameters, so that they can be directly measured on the cloud (Fig. 3) or 

extracted from advanced cloud processing. Such is the case with continuous orientation 

extraction for the entire cloud (JABOYEDOFF et al. 2007), joint set clustering and their 

spacing  and persistence . (RIQUELME et al. 2014), advanced joint intensity 

parametrization for RR and GS7 scoring (ELMO et al. 2014, CHEN & YIN 2019). 

Detachment zoning can also benefit from LIDAR scanning, primarily through 

systematic monitoring of a rock face (Fig. 4), wherein pre-failure displacements can be 

registered and used for delineating unstable blocks. Finally, rockfall simulation benefits 
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from the highly detailed topographic surfaces, making trajectory models more realistic, 

while detached block volume and shape can be very realistically determined. 

CONCLUSION 

Rockfall modeling and simulation copes with uncertainty of input data, which 

can be largely overcome by applying terrestrial LIDAR scanning and point cloud 

processing. These improvements determine the course of rock engineering 

development, especially with increasingly available and affordable LIDAR technology 

(nowadays included even in mobile phones). It should never be regarded as replacement 

of conventional engineering geological field procedures, but as an aiding tool. The 

geotechnical application of LIDAR technology is gradually being included in 

legislation and standardization in developed countries, unlike here in Serbia, but it will 

start proliferating sooner or later. 
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XAPMOHH3ATIMHJA IIOJIATAKA KOPHIITPEIbEM 
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DATA HARMONIZATION USING LINKED OPEN DATA 

OPHTHHAJIHH HAYUHH PAJIL - PAPER 

Ancrpakr: V pajny ce npejicraBjba HcTpa;kuBaM»e KOje cc OcJIaHba Ha OKBHPp 34 OmHcHBaHbC 
pecypca Ha nBeOy (Resource Description Framework, RDF) kao Mojen 3a rpejicTaBJbaHbe 
reomomiKor 3HaMa. Kopuulheme roDajnHMx TeOJIOMIKMX CTaHJLap/MA H pa3jMuMTHX H3BOpa 
nonaraka, 3axTeBa HHTeJIHTeHTHc CepBHCe reo-mojmaTaka 3aCHOBaHC Ha OTBOpeHHM OayaMa 
3Haba pay3nHuHTHx JOMeHa reoHayKa. HHwuujarHBe OTBOpeHHx mojlaTaka H OTBOpeHa HayKa 
TIpOMOBHIIIy OHJIajH OOjaBJbHBaMbe H JIČJbeMbe payanuuHrTHx mojaTaka, yKJbyuyjyhm reojomike 
TIpoOCcTOpHe, HyMepHuKe H TeKCTyaJHHec HO,MATKC. IUMJb je Ma Cc KOpMCHMHHUMMA H ajaTHMa, H3 
o0unacru reomtorHje H CpojIHHX JIOMeHa, OMOryhH He CaMO MaIIIHHCKH uHTJbHB, Beh H MaIIIHHCKH 
pa3yMJbHB NpHCTyHI TIOBČ3AHHMM OnalHMMa, yKJbyuyjyhM ceMaHTHMuKy M BMHHICje3HUuHYy 
xapMoHHnanijy. OBHM pajloM ce Mmaje nonpHHoc yHamnpeljemy cHcTeMa 3a HpoHaja;keWbe H 
ekcrpaktjy HH(popMatuja H3 HecrTpyKkTypHpaHor TeKcTa KOjH jc jom yBeK akTyeJ1aH H323OB H 
Ga TaKO3BaHC BEJIHKC jec3HKC (CHTJIČCKM, HeMaukKH,...). Jby,lCKO 3HaMbC Cc yrJaBHOM udyHBa, 
npeHocH H CTBapa y HMCaHOM HeCTpyKTypHpaHOM TeKCTyaJIHOM OOJIHKy, TaKO MMA je jacHa 
moTpeOa 3a pa3BOjeM TeXHHKa BeHTAUKC MHHTCJIHTCHIMHjE KOJHM OH Cc pemo IIpoOJIeM. 
Ocnamame Ha KopumheMe BHIIcje3HuHHX OTBOpeHHX HOBc3aHHX mojaTaka 3a crecuM(pwuHc 
JOMCHĆ, y OBOM CJIyuajy TCOJIOMHIKH, IIpe/ICTaBJba HeONIXO/LaH KOpaK Ka IIpeBa3HJIa;KeH»y 
jesaukMx Oapujepa y HHTepaktjH uOBeK-MamiHa. Y pajty ce rpejicTaBJbajy IpHcTyT H HeKH 
on pe3ymrara xapoHyaamje: peuHwMKa TeomomiKor HH(dbopMauwMoHor cHcTeMa CpOuje 
(T eornMHCC), Mopdoozmomrikux peuHuika cprtckor jesaHka, Bakunojnaraka H GeoSciML-a. CHcreM 
JlekcaMMHpka 3a yrpaBJbaHbc CJIČKTDOHCKHMM peuHMIMMa je HpecjiCTaBJ]beH KpO3 IIpHMepe 
TEOJIOHIKHX IIOJMOBa H BE3OM Ka KOPITyCy TeOJ1OHIKHX TeKCTOBa. Kopunuiheme Bakunojaraka ce 
naje Ha HpHMMepy MHHepaHa y3 BH3yenmHnamujy peyymrara SPARQL ynmwra. MammHcka 
pa3yMJbHBOCT TCOJIOHIKHX TCKCTOBAa Ha CPpHCKOM jeaHKy ce MJIycrpyje TpaHc(bopaujaMa 
TeKcTa, 0J1 H3BOpHor, HecTpyKTypHpaHor JIO rpaMaTHuKH H CeMaHTHdUKH OOeJIĆ;KEHOT., 

Kibyune peuun: moBe3aHH OTBOpeHHu no/tau, XapMoHHaauuja mojaTaKa, reomorHja, reOHayKe, 
RDF 
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Abstract: The paper presents research that relies on the Resource Description Framework (RDF) 
as a model for presenting geological knowledge. Using global geological standards and different 

data sources, requires intelligent geo-data services based on open knowledge bases of different 
geoscience domains. Open Data Initiatives and Open Science promote the online publication and 
data sharing, including geological data. The goal is to provide users and tools in the field of 

geology and related domains, with not only machinc-readable but also machine-understandable 
data access, including semantic and multilingual harmonization. This paper contributes to the 
improvement of the system for finding and extracting information from unstructured text, which 

is still a challenge for the so-called big languages. Human knowledge is stored, transmitted and 
created in unstructured textual form, so the need for development of artificial intelligence 
techniques for this task is required. Relying on multilingual open data for specific domains, in 

this case geology, is necessary step towards overcoming language barriers in human-machine 
interaction. The paper presents the approach and some results of harmonization of several 

systems: GeolISS dictionary, Serbian morphological dictionaries, Wikidata and GeoSciML. The 
Leximir system is presented through examples of geological terms and a link to a corpus of 
geological texts. The use of Wikidata is given on the example of minerals with the visualization 

of the results of SPARQL queries. The machine comprehensibility of geological texts in the 
Serbian language is illustrated by transformations of the text, from the original, unstructured to 
grammatically and semantically labelled form. 

Key words: linked open data, data harmonization, geology, geoscience, RDF 

YBOJL 

IIyOnMKOBaM6 H JIČJBEMĆ TCOJIOIIKMX mMoJaTaKa H Kapara Ha BeOy je Beh 

ycTajbeHa mpaKca, OK Cy  BecO-amnmMKamMje KOje NOo,px;KaBajy  eKCTpaKIMJy 

HH(popMailija H npe,icTaBJbaPbe 3HaFba HEJIOBOJBHO pa3BHjeHe. OBo HcTpaxkHBaHbe CČ 
ocJtaPbba Ha OKBHp 3a orcHBaMee pecypca Ha BeOy (Resource Description Framework, 

RDF) kao Mojnen 3a rpejicTaBJbabbe TeOJIOHIKOr 3HaPba. AHMMHpaHu rpa()uuku rpuka3 
oHTOJmorHJa OMOryhaBa HHTepaKIHjy M3MCDy OHTONOTHJE, TCOJIOHNHIKHX KapaTa 

Oo0jaBJjbeHHX HyTeM IMC BeO-cepBHca H CeMaHTHUKH aAHOTHpAHOTr TČKCTyaJIHOr 

canpxkaja. IIpMMepM OBaKBHX HMILIČMeHTamWHja Cc MOTy HahM y pa3nMuHTHM 
oOnacrHMa reonmoruje. Ma a np. (2012) neMoHcrpupanH cy ayTOMaTCKy aHOTALHJy 

3aCHOBaHy Ha OHTOJIOrHjaMa 34 KOHLIEHTE TEČOJIOIIKE BDČMCHCKE CKaJIe Ca aHHMHpaAHHM 
TCOJIOIIIKHM BpeČMECHCKHM KapaKTepHcTHKaMa Ha BcO-KaprH. Wang u mp. (2018) cy 

pa3BHHH OHTOJIOHIKH BODeH CHCTEM HHTerpauHje M BH3yemMaanHje mo/jaTaka 
TEOJIOIIKHX HcCTpaxkHBaMa, HcrHuyhH a KOMINATHOMJHOCT H3MEeby NOKAaJHMX H 
TJODaJIHHX TCOJIOHNIKHX CTaH/Ap/(a, KaO H MH3Mely pasnMuMTHX H3BOpa mojmaTaKa, 
3axTeBa HHTeJIHreHTHe cepBHce reo-no/laTaKa 3aCHOBaHE Ha OHTOJIOTHjaMa OTBOpeHHX 
nojaraka (OII) paanHugHrTHx JOMeHa reoHayKa. Schiegl je ca komerava (2019) o0jaBHo 

peuHMKe GeoERA kao SKOS moBedaHc NOJaTKC ČKCIHĆDTCKHX 3HaĐba H 

TepMuHo:iorHje. Tessarollo a Rademaker (2020) nponmpana cy Open WordNet 3a 

eHTJIČCKH je3HK TOCDpMMHMHMAa KOjH Ce OJIHOCC Ha CTEHC H JIpyre JMTOJIOIIKeE TeEpDMHHC 
Kopucrehu Tesaaypyc I eozomikor 3aBojta AycrpHje KojH je JIečJ_11MHUHO HHTerpHCaH y 

Enponcky aH(bpacrpykTypy 3a reo-npocropHe BHQopMauuje INSPIRE! INfrastructure 

for SPatial InfoRmation in the European community) H nocTyraH Ha BeOy a ıperpary 

! https://inspire.ec.europa.cu/ 
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u y BHJIy RDF naroreka, a noBe3aH Ca HeKOJIHKO JIpyrHx H3Bopa: BiaKuno/iarnu, ro,nali 
BpnHraHckor reonomnikor a3aBona, GeoSciML n DBpedia, y cknany ca mpemopyKaMa 

IUGS-a (International Union of Geological Sciences). Vintar a Martinc (2022) 

Kpeunpaju cy 6a3y 3Habba Be3aHa 3a HcTpaxXHBab»e KapcTa kopucrehu npnHcTyn Ga3HpaH 
Ha OKBHpHMa, O0ec3OebyjyhuH BHmmeje3HuaH, pyuHO aHOTHpaHH pecypc cauHMMbeH OJ 

neQuHumiuja ca CrpyKTypMpaHHM HH(popMamnujaMa, MHOTrOJaH 302 HMILIČMĆHTANHJy 

METOJIĆ HCKOHIABaĐa H3 TeKCTa KOJHMa Cec HpenoO3Hajy CTpyKType 3HaMba Be3aHC 30 
KapcT. 

OrBOopeHH no/iarniH cy JOOMJMH BEHHKM 3Hadaj TOKOM HOCJIC/UbHX JeHeHHja H 
yCHOCTaBJBECHC Cy 3BaHHuHC HHHIHMHjaTHBC 302 H>HXOBy HMIIICMCHTALHjy Ha HHBOYy 
BJIaJa IIHpOM CcBeTa. CpOuJa je cnepmnma MebyHapojHa HcKycTBa H yCcmocTaBHJIa 

HamMoOHajiHH ~ mopranm (https://opendata.stat.gov.rs/).  HuHwHnwjarHBeE | OTBOpeHHX 

no/laTaka IIDOMOBHIIy OHJIajH 0OjaBJbHBabc H JIieJbeEHbe pa3nHuHTHX BpcTa nojaTaKa, 
yKJbyuyjyhuH reojmomiKe mojaTKe. MaHuHcrTapcrBo pyjapcrBa H eHeprerHKe CpOuje 

o0japBHmo je Ha noprany OTBOpcHHX HO,laTaKa HEKOJIHKO CKyIIOBa HOJaTaKa KOjH CČ 
OJHOCE Ha KJIH3HIITA, TCOJIOHNIKe peuHHKe H KapTe, a mpHmpeMa H mpunaroljaBapbe 
umper ckyna nojlaTaKa cy y TOKy, H TO OHHX KOjH OH Mor:u OHTH OJI IIIHper HHTepeca, 
TIOCeOHO OHHX KOJjH Ce OJIHOCe Ha Perucrap pH3uka Peny0Oxnake CpOuje B MHrerpacaHH 

CHCTEM yIIpaBJbaMba BaHDeJIHMM cHTyaljaMa H puHa3aMHnMMa. IlMmub je Mma ce 
KOPpHCHHIHMHMAa H aJaTHMA, KaKO H3 OOmacrTH reoMorHje TaKO H H3 JUDyrMx CpOJHHX 
MOMeHa H. rpaleBHHapcTBO, cKoOOrHja HNM pynapcTBO, OMoryhHM, He CaMO 
MAHIHHCKy UHTJBHB, Bch H MaIIHHCKH pa3yMJbHB HpHCTyI HOBC3AaHHM IO/AIUHM4, 
yKJbyuyjyhH ceMaHTHuKy H BHiIIcJe3HuHy XapMOHH?HallHjy. 

IIpoHanaxxebe H ekcrpaknuja HH(bopManuja 83 HecTpyKkTypHpaHor TekcTa y3 
OTKpHBaMb6 3HaMba H3 BCJMKHMX CKyHOBa HoOJaTaKa jc jOHI yBCK aKTyeJaH H3d03OB. 
Jby/(CKO 3Habbe Ce yrJ1AaBHOM uyBa, IIDeHOCH H CTBapa y IIHCaHOM HeCTpyKTypHpaHOM 
TeKCTyaJHOM OONnMKy. PayyMeBaMĐe npHpo)Hor je3MKa je rpaHa nBemrTaduKc 
HHTeJIHreHIHJe KOJa rIoKyImaBa Ja pemu Taj Ipo0neM ocuatbajyhH ce Ha KopHnihembe 

BHIIČje3HuHHX OTBOpeHMX NOBeE3aHHX mnojaTaKa 30 cnenM()MuHe JIOMCHE KaO 
HeOHXOJIHOr KOpaKa Ka HnpeBa3HaxkeMby jeaHukHx OapHjepa y HHTepaKLMjH UOBCK- 
MamiHHa. IIpojekar TermFrame kopMcruo je npHcTyn 3aCHOBaH Ha OKBHPpMMa 34 
garpajby Ga3e 3Habba 3a JIOMeH KapcTOojIorHje Ha TpH je3HKa, CHTJIČCKOM, CJIOBEHaAUKOM 
H XpBaTCKOM. IHpucryn je OHo HHcnupatuja a ce HanpaBH cJIHuaH ČKCHCDHMEHT 32 
Cpricku H a ce pe3yarrar HHTerputme ca IOBe3aHHM pecypcHMa OTBOpcHHX Ho/laTaka. 

Marepnija;ı H MerojJte 

Bukunonanu! 

Bukunojanu (eHrzr. Wikidata) cy Ga3a 3aHaMba uuja je cBpXa Jla Oy/le 3ajeHHuKH 

H3BOPp OJpebeHux BpcTra noyjaraka (Hrip. norabaja, creHe, MHHepanuH, MecTa, OcOOe). 

OnBa 6a3a 3Habba 3any)XOHHe BHKHMe)JIHja MO:KE Jla Ce KOpHcTH 3a pa3jiHuHTe HaMeHE. 

1 AyroMaTH30Babbe yHoca BukunojnnaTaka H aHTerpHcakbe ca JiDyrHM BEO pecypcHMa • 

Bukuwmce/nuja Cpounje (wikimedia.rs) 
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Bukuvme/nija Cpouje a Pynapcko-reootnmntku (bakynrrer VHaBep3Hrera y Beorpajty cy 

aajelHO HnOKpeHynmmM mpojekar Kopumiheme pBHKMHmoOMaTaKa 34 IIpOHaaxjKeMbĆ 
HH(popwManuja, oOenexaBabbe eHTHTeTa H yHanmpebeme cajnp;kaja Ha BeOy 342 CpHCKH 

je3MK. OcHM pyuHOor yHOCa, y KOM Cy yueCTBOBaJIH H CTy,ČHTH, HIpOHec IIpHHpeMe, 
yHoca H HOBe3HBaMa je ayTOMaTH3OBaH KopHmihemeM amara: OpenRefine! u 
QuickStatements?. 

Buknunojanu cy ycpencpeljeHH Ha cTaBKe, Koje npe,icTaBJbajy TEME, KOHIIČIITE 
MJIH OOjeKTE. CBaKOJ CTaBIIH JIOJĆĆJbBEH jC JEJUMHCTBCHH, TpajHH HJIČHTH(bHKaTOP, 

HO3HTHBaH HO Opoj ca Hpe()MKCOM BCJIHKOr CJIOBa Q, mo3HaTor Kao „QID“. Ono 

oMoryhanBa rpeBobewe OCHOBHHX HH(bopManuja moTpeOHHX 3a Hmpeno3HaBaMbe TEMC 

KOJy CTaBKa HOKPpHBAa, a a cc Hc (paBopH3yje OMJIO KOJH JeE3HK, a Ja ce OOec3Oc,H 

je,\HHCTBEHOCT 3HaueMba KOHKDETHOT HOjMAa. 

Bukunonanunz ce ynpaBo yKmMamajy y TpeHMOBe pa3Boja MHdQ)OpMaHHOHHX 
TeXHOJIOTHJa, KOje HOMepajy rpaHMHe O/L MaHIHHCKC UHTJBHBOCTH Ka MAaIIMHCKOJ 
pa3yMJbHBocTH nojaTaka Ha BeOy. 

HaBenHMMO HeKC IIpHMepe CTaBKM: MeCTO (JIosHMma, Q648489), oco6a 

(MuznyraH MuummaHKoBHh, Q89054), norabaj (MuHojcka epymmuja, Q1144693), 

HpenMeT (reomonkKuH ucKHh, Q1294756), ancrpakTHH mojaM (reoOmoOmIKa BpeMeHCKa 

cKana, Q43521)), MuHepan (KBapr, Q43010),... KoHuenrH KoOjH cTOje H3a CTaBKH 

TpeOa Mma Oy/ly je/UMHCTBCHM, a Cc JieMIABa JIA HIOCTOJE IBE CTAaBKC IIOJL HCTHM 
Ha3HBOM, Ha HpHMeP: Jamap KojH MOX;Ke OHTH perMOH OKO pekKec Jamap y 3ama/Hoj 
Cponju (Q3112617) n cavMa peka Janap (Q3112617). /lakae, craBKa je mnoBeaaHa ca 

JeJMHCTBEHHM HjieHTH(OD)HKaTOpoM (QID), wmeHrHdQ)MKaTop je noBe3aH Ca IHapoM: 

HaCJIOBOM H OHIHCOM, KaKO OH Cc yKJOHMJIA OHJIO KaKBa J(BOCMHCJICHOCT. Mox)keMO 
HMaTH OTIIITE CTABKE, aJiH TaKOlje H JIČKCeMC Be3aHEe 3a arICTpaKTHEe HIOjMOBE. 

MHneHra()ukarop craBKe (QID), ocMM mrro je mOoBe3aH Ca HaCJIOBOM H OTHIHCOM, 

MO)KE HMaTH BHIIIe IICey,lIOHHMa H OJipebeHu Opoj gajaBa (rBpbemba, 83pa3a) KOjJHMa Ce 

rpejicTaBJjbajy M-eHa CBOJCTBa H Bpe/HOcTH. HnjaBa je ypebeHa TpojKa: (craBKa, 

CBOJCTBO, BpeJIHOcCT), rne Je craBka (Q) — OHoO Koja TeMa (Oco04a, IIpeyIMeET, MeECTO, 

KOHIIEIIT), CBOJCTBO (P) – penanuja HaiH KapakTepHcTHKa peJIeBaHTHa 34 CTaBKy (HIIP. 

THOJI 3a Jbyye (P21), rnaBHH rpaji 3a npxxaBe (P1376), nyxxsaHa (P2043) sa peke H 

BpeJIHOCT — HJIH CaM “nHTepaj” (Hrp. nyoKHHa /JlyHaBa je 2860 KM) H pedepeHita Ha 

HeKy JIpyry CTaBKy (HNp. rmaBHH rpan CpOuje je Beorpam). CraBKa MO;Ke OHTH 

OnHCaHa HH30M H3jaBa OJL KOJHX cBaKa Jlaje jeJIHy uHHCHHILy HJIH HOJlATaK O CTaBKH. 

/la 0u peueHumy: Zazsgonupum je epema MuHepana, uuja je xeMujcka (bopwyaa 

CuFeS>» nasaan no 6akpy u nupumy. mpeBemw y TBpbema H cKkmanmumrmHmm y Oa3y 

saHamba Bukunojaru roTpeOHo je a ce OJipene KJbyuHH KOHIIEIITH H HIipe)uKaTH KOJH 
BX roBeyyjy. Ha npuMep: 

Xankonupum (Q111044)" je (P31) apema unepana (012089225), uuja je 

xemujcka (popwyna (P274) CuFeS: nasean no (P138) 6akpy (Q753) u nupumy 

(050769) 

1 https://openrefine.org/ 

? https://quickstatements.toolforge.org/ 

3 https://www.wikidata.org/wiki/Q111044 
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y npeTXoOJIHOM IIDpHMEpy HMaMO CyOjekaT 3aOKpyxKeH HpaBOyraOHHKOM H TpH 

nena peueHHine 0o0HKa rpeyuikaT-o0jeKaT. 

V BukurnojianuMa 0H ce To 3anmacano y BHJIy RDF peueHHna, OJIHOCHO TPpOJKH: 

cyOjekaT, npeJukaT oOjeKaT Koje ce 3aBpntaBajy TadKOM „.“: 

• Q111044 P31 Q12089225. Q111044 P274 „CuFeS2“. Q111044 P138 Q753 
Q50769. 

'VKOJIHKO Ce y CyCeJIHHM peueHHIaMa CyOJeKaT HOHaBJba, MO;Ke Ce KOpHCTHTH 
cxpaheHa HOT&L[Hja TaKO JIa IIipeTXOJIHa pčučHHIIa MO;JKĆ 6I/ITI/I satiHcaHa Kao: 

• Q111044 P31 Q12089225; P274 „CuFeS2“; P138. Q753 Q50769. 
BaxHa Kapakrepucruka Bukurojnaraka je na Majy JiBa nHra: jeJJHO HAMeEbe6HO 

Jby)\uMa H JIDpyrO: HaAMeMbeHO MalHHaMa, IIITO OMoryhaBa OpojHe ripHMeHe, Ha IIpHMep 
KnacH(pukanuja TeKcTa, MHMeKCHpaMe, aHamM3a TeKCTa, reHepHCaMe TeKcTa, 
cyMapunatnuja, HopMannnanja, IOBe3HBabe, IpHKa3HBaMbe Ha KapTH H CJI. 

fipyra BaxHa KapakTepMcTMKa je BHMHCje3MUHOCT, CBaKa CTaBKa CC MO)KC 
HIOBe3aTH Ca JaOcCJIOM Ha OHJIO KOM je3HKy KOJH je perHcTpOBaH Ha BHKHMEeJIHJHHHM 
pecypcHMMa, HITO OTBapa HyT OpojHHM HNpHMeHaMa OJL ayTOMATCKOr IpeBoljePa, 
KnacH(pHKatnuje BHIHICjJe3HMUHHX OKyMcHaTa JIO aHaHmM3c canpxxkaja Ha BeOy, 
TIOCJIOBHHM, HayuHHM H JIipyIHTBeEHHM MPpe)KaMa. 

GeoSciML u EarthResourceML 

PeunHum GeoSciML - Geoscience Vocabularies for Linked Data! cy Bacranu y 

OKBHpy pa3Boja GeoSciML crannapjta rpeHoca monmaraKa 3a pa3MeHy JUHTHTAJIHHX 
HH(popManuja 3 oOnacrH reoHayKa. CraHjnapyi npunarobana rnpejicraBJbabbe H OIIHC 

CBOjcTaBa Koja ce OOHuHO HaJTa3c Ha TČOJIOIHKHM KapTaM4, KaoO H ripomnHpebe Ha Jipyre 
oOmacrM reoHayKa. GeoSciML ce KopMcTHM KaO cCTaHJIApJL HIpeHOCa TCOJOIMHIKHX 
monmaraKka O,L CTpaHe MHMIUHjaTHBa 3a JUJbeMĐĆ mNOJaTaKa IHIMPpOM CBeTa, H. 
OneGeology npojekra (BnarojeBHh H npyrH 2014), eBponcke JuHpeKTHBe INSPIRE, 

AMepuuke HHQopManoHe MpexKe 3a reoHayKke (USGIN), KanHajncke aH(opMauuoHe 

Mpe:xa O HOJIGeMHHM BOJIAMA, Aycrpanujcke HH(bopManHOHe Mpe;Ke 342 rcOHayKec H 
mpojekara AuScope, AQ)pHuko-eBporIcKor cHcTeMa 34 IOCMaTpab= reopecypca. 

GeoSciML rtmpojekar je nokpeHyr 2003. rojmiHe T0J1 IIOKDOBHTEJPCTBOM CGI pajnHe 

rpyne 3a capajiby y MOJIĆHIHMa HojlaTaKa, /IOK je HocIenMba Bep3Hja OOjaBJbeHa 2020. 

TOJUHHe, JOCTyrIHa Kao XML, RDF u npeko SPARQL mnpucryrnHe Tauke a nperpary. 

Jlocrynuo je 35 peuHuka y okBBpy GeoSciML? n 18 y okBHpy EarthResourceML?2, 

TeonMCC 

Teononiku MH(bopManuoHHM cHcTeM CpOuje (TeonMCC) je HaMeMbeH uyBaFby 

TEOJIOIHIKHMX HOaTaKa y JUHITHTaJIHOM OOJIMKy, OMoOryhaBa jeyHOCTaBHHje pyKOBaHbC 

1 http://geosciml.org/resource/; http://geosciml.org/resource/def/voc/ ; 

? http://geosciml.org/resource/vocabulary/cgi/2016/ 

3 http://geosciml.org/resource/vocabulary/earthresourcem1/2016/ 

4 https://geoliss.mre.gov.rs/ 
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no,1arHMa, KaO H JIaKtiuH rmper:eJı mocrojehax nojarTaka. I conMCC je HMrineMeHTHpaH y 

oKBHpy ESRI, ArcGIS rexHomorHje Kao .Net eKcreHaHja ArcGIS-a. CHcreM Kao 

TIeHTpaJIHH pelo3HTOpHJyM KOpuHcTH ,, Enferprise 4rcSDE geodatabase“ y okBapy MS 

SQL Server-a. f eonMCC kopHcHMnuMMa oMoryhaBa HHTepaKTHBHO KpcHpaMe yrurTa, 

aHana3y IIpOCTOpHHx H OcTaJMX HOJLaTaKa, a)kypHpabc mojaTaka, KapaTa H IpHKa3 
peayzrrrara. Monenapae mo/narakKa je HHcrtipHcaHo pa3iHuHTHM TCOJIOHIKHM MOJIĆJIHM4, 
MeDbjy KOjJHMa ce HyyBajajy GeoSciML cxeMa 3a pa3MCHy TČCOJIOHNIKMX HOJLATaKAa KOJy 

KopMcru CGI IUGS-a (www.seegrid.csiro.au), NGMDB mmrazmemeHranuja USGS-a H 

CGS-a (www.nadm-geo.org), KaO H MOJIČHHM IHIDe/UIOXKEHHM OJL HHTepHaLMOHAJIHC 

opraHmnanuje 3a craHmapyumanujy reorpajckMx HHdQbopMamnuja. KaprorpadjckH BeO- 

cepBHcH cy pa3BHjeHM TaKobe y ArcGIS rexHomorHjH, Hp ueMy Cy HCKH CEpBHCH 

OTBOPDeHOTr THrma, a BehuHHa je JIOCTyrIHa CaMO KpO3 (DyHKIHje CAMOT CHCTEMA. 

TeonMCCTepM' mpemcraBjba jesrpo TeonMCC-a mnpeko Kora ce BpHIH 

Banunanuja, KmacH()MKamja H cneuM()HKamuja BpejHOCTH aTpHOyTa CcBOJCTaBa 

oncepBHpaHor H HHTepHnpeTHpaHor, H Ha OCHOBy KOF Cc (DOpMMHPpajy OMeEHH y 
TeonMCC-y. TeonMCCTepm je Hacrao Kao pe3ynmrar paa Ha mHpojeKTy "Paqpoj 

TEOJIOIIKE TEDMHHOJIOTHJe H HOMEĆHKIIaTyPpe 3a reoJmomiKy Oayy mojaraka CpOnHje", kKojH 

je peanmMaoBao Pyjapcko-reomomiKM (akynmrer, a (pMHaHcHMpamo MuHucrapcTBo 
5KMBOTHC CPpeJUHHC H IIpOCTOpHor raHHpaba PenyOmaMKe CpOHJe. CBaKH TepMHH, 

OJHOCHO KOHIHČIT MMa jeE/UHCTBEHM, HyMepMuKH MJUeHTH(bMKaTOp y (Oa3M: 53a 
Kap0OoHare je Ha npHMep Taj Opoj 2769, Tako a ce JIHuHa KapTa TOr KOHIIeITA MO)KĆ 

Hahu Ha ryTabbH 

https://geoliss.mre.gov.rs/recnik/term.aspx?InstancalD=2769&tablzvor=Koncept. 

Mopoo:omriku peununuu cpncKor jexuka 

Mopdo:romiku peuHHmM cpnmckor jesaHKa (Krstev 2008) cy HaMeMeHH 

HpeBacXOJIHO yroTpeOH y pauyHapcKMM amnnHKamMjaMa KOJE ce OaBcC OOpajoM 

HpuHpo/iHHx jeaHKa. /lonyHa peuHHKa HOBHM peuMMa je 34CHOBaHa Ha KOPIMyCy 
TeKcCTOBa TyMaua 3a JIHCTOBC OCHOBHHX TeOJIOHNIKHX Kapara (OIK) o0jaBJbeHHx y 

HHTepBajty oJ1 1962. no 1994. rojnHe Kao H3J1aPba CaBe3HOT TEOJIOIHKOT 32BOJTla, a OCHM 

nocrojehHx ceMaHTHuKHX H JOMCHCKHX yBeJIĆHe Cy H HOBC O3HaKC OJL 3Hauaja 30 
TeOJIOIIKy TepMHHoorujy (PyjeBHh 2022). Kareropujaa noxaraka cy IpHipyx)keHH 

CeMaHTHuUuKH MapKepM KOjH O3HauaBajy MMHHepame „+Mineral“, creHe „+Stena“, 

majteoHTomorHjy „+Paleo“, reomomkKuH oOK „+Oblik“, kao H OsHaKa 3a JOMCH 

naneoHronoruje „+DOM=Paleo“, y3 paHuje yBeJleHe O3HaKe 3a JIOMeHE: „+Mining“, 
„+Safety“, „+RockMech“, „+Surveying“, „+EnvProt“, „+MinStatus“, „+Ore“, 

„+Activity“, „+Exploration“ (Toantenuh n npyru 2018), a koriste se i neki opšti, kao 

na primer „Mat“ za materijal. Y HacraBKy pejCTaBJbaMO HeKOJIHKO IpHMecpa 
peuHuukux 3amuca: 

- hidroliskun,NI +DOM=Geol+Mineral+Mat 

- planara,N600+DOM=Geol 

! https://geoliss.mre.gov.rs/recnik/OProjektu.aspx , 
https://geoliss.mre.gov.rs/recnik/recpj.aspx 
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- plagiognajs,N81+DOM=Geol+Stena+Mat 

- moluska,N661+Zool+DOM=Paleo 

— centriklinalni,A?+DOM=Geol+Oblik 

OsHake NI, N600, N81, N661, A2 ynyhyjy Ha anropHTMe KOJH Ce KOpHcTe 34 

reHepHcaM= cBHX OOmHKa peuH, ca DOM= Geol ı DOM=Paleo ce oxjpebyje noMeH 

peus, npH dueMy TH JOMCHH CcC MOry MeQHHHcaTH H HNpelmM3HHje, a CeMaHTHuUKH 
MapKepH Jnajy nojnarHe HH(bopwMatiuje /la je y nHTaFMby HEKH MaTepHJajI, MHHCPaJI HJIH 

cTeHa. 

PeyxynraTu 

TeonMCC-a u JlekcuMupke 

XapMoHmnanuja nomaraka je mojpa3yMeBaMa poHaMŽaxKeMĐbe 3ajeHHHuKHX 
KOHIHeIIaTa H OTKDpHBabbe He/lOCTajyhHx HJIH HOTpeHIHO IIpH,ipyxkeHHx HH(bopMauja. 

Ha ocHonBy Kopryca TeKcroBa TyMaua OTK je HanpaBJbeHa (DbpeHKBeHnujcka JHcTa 

oOnMKa peuH H CaMHX TEpMHHa KOjH CC HOJaBJby]y KaKO OH ce HpoBepumo mrra 

HeJlOCTaje y IOMEĆHyTHM pcuHHLHHMa. 

IIpBH Kopak je OHO mpoBepa H3Meby TeonMCC-a H JIčKCHMHPpKe rjMe je 

perHcTpoBaHo la Ce KaO OCHOBHH OOJIHK peuH y MOP(DOJIOIIIKHM peuHHIHMHMa y3HMa 

HOMHHATHB jeJIHHHe (dQjeiicnaT, MeraMop(buT) MOK ce y f colMCC-y kopHcTH uecTO 

MHO:;KHHa ((perbcnaTH, MeTaMOpQpMTH,...), TaKO a jČ JMHKOBAM-6 OBHX 3jamHca 

HEOTNIXOJIHO ypajHTH IIDeKO H3BeJeHMX OOmMKa peuM. AHajmM3OM (bpekBeHuuja y 

KOPIIyCy TeKCTOBa H CpaBPbHBaMbeM Ca 6a30M | eonMCC je ycraHoBJbeHo Jma ojpebenu 

Opoj TepMHHa NHOCTOJH y MOPp(bOJIOHIIKHM peuHMIHMHMa aJtH HeMajy OOceje ma je y 

TIHTaMby TCOJIOIHKH TeEpMHH. KopunrhepbeM JojnaTHHx HH(bopManuja y f eonMCC-y o 

peuHuuiHMa MHHepajia H CTeHa, HapaBJbeHO je mopebeM=e Be3aHO 3a CeMaHTHuUuKC 

MapKepe, rXe cy Takobe aaxTeBaHe JornyHe. IIpBa Qaaa noryHa Mapkepa je ypabeHa, a 

aKTHBHOCTH Ha yHOCy HOBHX 3aTlHCa Cy y TOKy. 

Cnuka 1 rpukayyje maHe:t cHcreMa JleKcHMHpKa KoOja ce KOpHcTH 3a yripaBJbabbe 
peuHuiuuMa H HpyxjKa OnuHjy HOBe3HBaMba OJIpeHHIa, OJIHOCHO JIČKCHUuKHX 34amuHca, 

ycrtocTaBJbame pezanuja Mebjy aarmcHMa (1: KpeubaK-KpeubbaukuH), reHepHCaPbe CBHX 

rpaMaTHukH HcCIIpaBHMX OOMMKa peu (2: KpeuMbaKk, KpeuMbaKka, KpeubanMMaA,...), 

TIOBe3HBalbe Ca IIpHMepHMa yrlOTpeOe y KOpITyCy TeEKCTOBa (3), ca e/JUHTOpOM CJIO:KCHHX 
peun (4), ca H3BeJĆHMM (ppa3aMa IHIOXpaMbeHHM y peuHHKy (5) H (DpeKBEHIMJOM 

HIOjaBJbHBaMba H3pa34 y KOJHMa peu yuccTByje 34 HEKM OJL H3aOpaHMx oOpanatma (6, 

o0panatnı rpujen+uMeHuna). IloBeadBapbe Mop(pozonikor peuHHKa je OcCTBapeHO Cca 

peuHHKOM TeonMCCTep H Py}!oHTO TaKO a Ce Ha HaHCJIy MOTy BHJETH H 

ne(QuHHunuHje, CHMHOHHMMH H TIpeBOJHHM „CKBHBaJIČHTH CeČJKTOBaHOTr TepMMHHa. 

HanoMeHHMoO a cy HpHKa3aHH HpHMMcpH H (bpeKBeHuMHje reHepMcaHHM Ha OCHOBy 

Kopnyca Tyaua OI K. 
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krečnjaci,krečnjak, 

krečnjak = (rTT I — . K Tr T — r —a 
NOUN @ r r r N I N T —— r ———= 

krečnjaku,krečnjak. 
Rolabons -u „ peslaj 9 \p ı wingvui — iećajak, - btcax Tm=eye nAs Zshapijea ı G 

• To kročnjački usang relacioni pridev (k_cyki) 
. — -=== 

a oow OR ı——— 
|_____neje p Menka los lavejei |rčs | 

pevoax M MO COOGAAOeTy0 Cr0%4 CaCYn00/b0M0 OO ranuujyu-KapČonama (CaC-  VwaLapogvoo bedumeukae fver ag ı Pz - iyećajari - munerča MUewrkiraa 
· č00K/)0 U M0M24%40, CunUuu(yuua, n0CXa U Op ), KaUOM KOJU CfTy:;XU 30 000 npodru|| 

r I i r i —— 
+ ShowWerdNet a r I -= 
+ Snow Terninološki 

'Krečnjak sin „Hemska ih beohemuska sedenenta stena izgrađena od kalcyum-karbonata 
eng. Krecnjak, Syn: Hemska ih beohormqska seđenonta stona izgrađona od kalcyum-karbonata . Domen: Gectogya Izvorr 

GoouSSTerm, 

Cnnka 1. IlaHe;t JJIekcHMHpke 3a yripaBJbatbe peuHHHHMa Ca BE3OM Ka KOpIIyCy TEKCTOBa. 
Figure 1. Leximirka's panel for dictionary management with a link to the corpus of texts. 

TeonMHCC u Bukunojnantn 

Kana cy Bukumonanui y nMTaM»y, y OBOM pay heMo ce (bokycHpaTH Ha 

npojekTe: Teonoruja! a Mutepanoruja? y uHje aKTHBHOCTH CČ yKJbyuHO THM Ca 

Pynapcko-reonomikor (bakyrrrera. Ha crcak cBojcraBa Koja cy rpenBHbeHa nojtanı 

CMO Be3e Ka cHcTeMHMa GeoSciML n T'eonHCC. 

XapwmoHunanuja cHcreMa je Hmmma y BHmIe rmpaBama. IIpBo je mpoBepeHo mra 

nmocTrojH y Bagkunonarmia H FeonMCC-y, ypabeHa cy Manupama H HaKOH TOra Cy 

ceneKTOBaHec rpyme monmaTaKa 3a MomaBaĐe. Mamu Opoj repMuHa je mocTojao Ha 

CPpIICKOM, TaKo ma je yHeT TEpMHH Ha CpIICKOM Ha OCHOBy CHIJIČCKOT ČKBHBAaJIČHTAa. 

'VHer je JeXaH Opoj Henocrajyhax repMHHa y BukurtojtaTKe, a y Hape/iHOM nepuojny he 

ce HacTaBHTH Ca yHOCOM. 

MHwajyhm y BHJOH a Cy HEpeTKO 3A4HTMCH y OTBOPpČHHM TOJanMMa pe3yjnTaT 
ayToMaTckKe oOpane H rpeBoljeba 6e3 mojaTHe KOHTpOJIe CrpyubaKa 3a KOHKpeTaH 

JNOMeH, TripoBepa H Kopeknuje cajtpxkaja cCy aKTHBHOCTH KOjy TpeOa yKJbyuHTH y CBaKH 

nrponec pajla ca OTBOpeHHM TIOJla1Ma. TakKo je Ha IpHMep IHHcajmo ,, /360pDRO K/IdCHM 
eneMeHmu MuHepanu “ yMecTO ,, caMopoOHu ejeMenRmu “ 3a ČHTJIeČCKHM TEpMHH „,nafive 

element“. IIponepa je ypabeHa 3a cBe ripeBOJIHe ČKBHBAJIČHTE KOJH Cy CČ HamH H y 

TeonMCC-y a y BukunonatiMa, TaKOo J Ce pa3JIHKe yrJ1aBHOM panpetieHe. Cnika 2 

1 https://www.wikidata.org/w/index.php?title=Wikidata:WikiProject _Geology 

? https://www.wikidata.org/wiki/Wikidata:WikiProject _Mineralogy 
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rpHkay3yje IipHMep jejHor MHHepajla rnpHKa3aHor Ha HHTep(Qjejcy BukumnojJaraka (1), 

SPARQL ynwura (2), peaynrara ripakanaaHor y BHJiy rpa(a (3) a TaGenme (4). 

TyPpMAaJIHH (Q:7995) (4) 

a CayA Fe U MgiBA16.803)X04018) fropeneeaise beros» Gp specranv Gopu Boja: npoenea M }avp Gp xeuvicxor c 7 YPezP . Bewmeyaja 6s yess ZM 
ferea Peefearoercma veeegaı i Rl 
a aprteu ežv 
es batsmg Tormake3 
_ [ [ epA e_x_60 Trpvars, 
opronyfMpshi - Wp a CayA Fe LI Mg)3A16/B03;X(D4018; e Tpp 

Caeneea& ervey Čpo) spvcTarev de bg Te 
Boha Poovexcvet3 e iatwce G hevKrOr 
(acrae3 ferea Pmeyuyronercy ueeepar - 

| Wikidata Query Service | > Tpewaepw | QuenyBušde || ·nowoh |+ | OJou 
e ov orcoosace moerN- III 

O Tomuin 

e Poynaca cA 

3 groupl bl 

wdQ160670 \pwmoowwam - wd:Qy777S 
a oproovesavv Q. 
wdQ1151570 – eno a 

wdQ11616/0 – wno a 

aproovva v _ Gp acra prapnaca Te 38 apg apan alyanaoz __ Oaaya yO a e a altyn a cre=a 9 y feruanrvsa| 
- —— RRRA a E anenE DMNY -YBMN BIB [ r r a T a n -- RHH= rnii WR RARR 
e OOOOT m — MaphNsObaP (O) 

| NEVa. Ca10MgAJ4/SSO4)6SQO7)2(OH)d wdQ115157B0  uywno Ovv w i i 

ii oprocwwxav w___OL 

Crnka 2 BakunojnnatnH: rpHMep je)Hor MHHepajta H CeMaHTHuKC Mpe)Ke IIOBe3aHHX CTaBKH 
Figure 2 Wikidata: example of a single mineral and semantic network of related items 

MatmiuncKka pa3yMJbHBOCT TČOJIOHIKHX TeKcCTOBA Ha CpIICKOM je3n1<y 

/la OM ce oOeaOenMma MammHCKa pa3yMJBMBOCT TCOJIOHNIKHX TCKCTOBa Ha 

CPpTHCKOM Je3HKy, HeOTIXOJIHa je CIIpe3aRbe TeCpMHHOJIOIIIKHX peuHHKa H JIečKCHuKe Oa3e 

nojnaTaka. PaayMeBabe ripuHpoyjiHor je3uKa HJ TyMaueMbe HpHpojiHor jeaHKa (Allen 

1988) je nonrema o0pajne rpupojnHor jeaHKa y Bemrraukoj HHTenHreHiHjH Koja ce OaBH 

ayTOMaTCKHM | pa3yMEBaMeM TeKCTa. AyTOMaTCKO (MaHIHHCKO) pay3yMeBaMbe 

TripHpojiHor je3HKa cMaTpa Ce IIpOOJIEMOM KOjH je Te)KaK 3a BeITAuKy HHTCJIHTCHIHjy 

H 3aXTeBa pa3BOj KOMTIJIČKCHHX CHCTeMa, pecCypca, MOJIeIa H aJlaTa 32 HIOJIpIHIKy. 
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HauMe, KakoO ce y TeEKCTy TEpMHHH TIOjaBJbyjy y pa3jHuHTHM TpaMaTHuKHM 

OGJ'II/[].[I/IMEI a y TČCpMHHOJIOIIKHM H /JICCKpHITHBHHM PpečuHHIMMa CaMO y OCHOBHOM 

o0naky (oOHuHO HOMHHaTHB jeJIHHHeC, CBCHTy1aJIHO MHO;KHHĆ), HEOTIXOJIHO je CHCTEM 

CHaOneTH CKCIIMIUTHO 3aHTHCaHHM HH(bopManMjaMa H TpaMaTHHUKHM OOJMIHMA 

TepMHHa. Haaj rpaMaTHukor cuoja, noTpeOaH je cJ1Ooj cCeMaHTHUuKHX HH(bopMaluja, 

rae he KJ)byuHH KoHIIerrH OHTH OOeJ1e)KeHH yHOCHMa H3 Oae 3Haba H/HJIH OHTOJOTHJEe. 

Cnuka 3 npukayyje rpaHc(bopvauuje TekKcTa, noueBimu 0J1 H3BOpHor TeKcTa (1) y KOM 

Cy HOTOM OOcJIexxeHH macycH, peucHHIHe H HMCHOBaHH cHTHTeTH (2) KopHmihemeM 

anara H pecypca 3a oOpay cpnckor jeaHka (KpcreB 2008). V cneneheM Kkopaky ce 

TIpHMebbyje jenHocTaBaH rpa() ripHka3aH Ha cHH J1a OH Ce JOIHJIO JIO TeKCTA y KOM Cy 

npenosHaTH M OOeMC)KEHHM TCOJIONBIKH NOJMOBHM (3) KopHmurIheMbeM MapKepa M3 

eneKTpoHckor peuHuHKa (PyjepMh 2022). V uerBpTOM Kopaky ce TpaHcdQopMumre y 

OOmMK morojaH 34 HOBe3HBaMbC Ca O43OM 3HaMa, TaKO Mma ce MoOuMja TeKcT (4) 

cHaOnmeBeH rpaMaTHUuKMM HH(bopMamnujaMa (Bpcra peuM H OCHOBHH OOJMK peuu), 

CeMaHTHUKOM CTHKCTOM H THipHipyxKyje joj ce Be3a Ka Oa3H 3HaMĐba y OBOM CJIyuajy 

Bukunonanuwa (5). 

Rudna tela ležišta lokalizovana su u tektonskim zonama na kontaktu · (! 
kvarcita i krečnjaka, odnosno ovih poslednjih sa hidrotermalno 
izmenjenim porfiritima. Mineralnu asocijaciju rude ležišta Bobija čine: 
pirit, halkopirit, galenit, tetraedrit, arsenopirit, zatim barit, 
kvarc, kalcit i drugi karbonati. Oko polovinu rudne mlase čini barit. \ m 

<p><s>Rudna tela ležišta lokalizovana su u tektonskim zonama na 
kontaktu kvarcita i krečnjaka, odnosno ovih poslednjih sa 
hidrotermalno izmenjenim porfiritima.</5><5> Mineralnu asocijaciju }_ ss}— 
ruđe ležišta <top geo>Bobija</top _geo> čine: pirit, halkopirit, 
galenit, tetraedrit, arsenopirit, zatim barit, kvarc, kalcit i drugi “ ~ 
karbonati.</s><s> Oko polovinu rudne mase čini barit.</s></p> Ć — biappe e 

- - - - - NKR samas}oy / 
<p><s>Rudna tela ležišta lokalizovana su u tektonskim zonama na DOJANT“~ dpaćo> 
kontaktu <geol>kvarcita</geol> i krečnjaka, odnosno ovih poslednjih / }_ {as}—+ 
sa hidrotermalno izmenjenim <geol>porfiritima</geol>.</s><s> <geol> “R dobi> 
Mineralnu</geol> asocijaciju <geol>ruđe</geol> ležišta <top _geo>Bobija } (sas} } 
</top_geo> čine: <mineral>pirit</mineral>, <mineral>halkopirit ~ dgeol 
</mineral>, <mineral>galenit</mineral>, <geol>tetraedrit</geol>, 
<geol>arsenopirit</geol>, zatim <mineral>barit</mineral>, <mineral> er] 
kvarc</mineral>, kalcit i drugi karbonati.</s><s> Oko polovinu rudne TreeTagger 
mase čini <geol>barit</geol>.</s></p> / leximir 

lvarct 4 

L M-. - . „ - .. LJM. WR MO . B . 
Rudna”itela”ležištalokalizovana su ~ u tektonskimzonama ma kontaktukvarcita i ~ krečnjaka , ~ odnosno ovih poslednjih 

INCEPTION 

N „ M „ M Wikidata 
sa hidrotermalno izmenjenim porfiritima 

z JM -_L -L R- K - - K - K 
Minerainu asocijaciju ruđe ležijeć Bobija čine — : , pidt ,  hajkope „  alemt „ tetaedMt „ arsenopirt , 

L iž s 
zetim berk___-___kv rugikarbonati 

| wd:Q424282 | wd:Q31230250 wd:Q50769 wd:Q111044 

Cuuka 3 TpauHcdopwanuje TekcTa, 01 H3BOpHor JIO rpaMaTHuKH H CeMaHTHUKH OOeJIe;KeHOT 

Figure 3 Transformations of the text, from original to grammatically and semantically marked 
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Jluckycuja 

3anaxxabba o OcHeQ)rHMa O0jaBJbHBaHMba CeMaHTHuKH aHOTHpaHHX H OTBOpeHHX 

nonaraka, Kao mrro je npeyutoxxuo Tim Berners-Lee! (2010, 2011), nponcrekna 3 OBOr 

HcTpa;KHBaMsa cy carmacHa ca HanasHMa Heath u Bizer (2011) u Skjaeveland a Lian 

(2013). 

3a KopucHHKa cKyna no/aTaka, nocTyHHocT nojaTaka Ha BeOy y OMJIO KOM 
(bopMaTy, anH Ca OTBOpEHOM JIHIIČHIIOM JE BeEOMA Ba;KHa jep rapaHTyje OMJIO KaKBy 

ynorpeOy ckyna monmaTaKa. JlOcTyHHOCT MaIHIHHCKHM UdHTJPHBHX CTDpyKTypMpaHHMX 
no/araka (Hrp. Excel, CSV, XML) aHauut Ja KOpHcHHK HHje OrpaHHueH Ha oOJipebeHH 

cKym anara Kama oOpabyje H pyKyje CKyHOM mo/jmaTaKa. HyBoa M3 TeonMCC-a y 

crpyKTypHpaHu (bopMaT H B:erOBO H3/laBaMbC IO, OTBOpEHOM JIHIIČHIIOM MoTyYhe je y 
HH3y H3J1A3HHX (bopMaTa. 

Kopumheme URI-wja (Uniform Resource Identifier) 8 orBopeHMx W3C 

craHapna 3a HnmeHTH(Q)MKamijy CTaBKM mojaTaKa, TaKO a CeC Ha MHX MOJKE 
pedjeepeHiparnH Ha BeOy, ooryhanBajy aKo nmpoHanaxxebe H HIČMy 3a /UO)IeJPMBaHbC 
HJeHTH(ODbHKaToOpa KoOjH he BepOBaTHO OHTH TJOOaJIHO je}MHMHCTBCHH (3a pa3HMKy OJL 

rpHMapHHx KJbyueBa y penaliHOHHM Oa3aMa ro,naTaKa KOjH Cy je]U1HCTBEHH y OKBHpy 
cBoje TaOe;me Gaae mo/aTaka). JenHocraBHa JucrpHOynuja Kpo3 cHcTeMe 0e3 norpe0oc 

302 KOHTEKCTyanM3aLlMHjOM HOPeKJa Ho/jUaTaKa je KJbyuHa 34 yCHCIHHy HHTerpaljy 
nonaraka. SPARQL je ohaH jes3HK ynMrTa s3a RDF mojaTke KOJH Cc KOpHcTe Ha 

HHrepHery npeKo SPARQL mpucrymHMx Tauaka KopHcrehm mnocrojehy BeO 

HH(DbpacTpyKTypy, TaKO Jla je MHOTO JIaKTiH 3a IIpHcTyT OJL TpajuMrHOHaJIHHX CHCTeMa 
Gaysa no/araka. Pasanuaru rHmoBu Hiana3a H MoryhHocT HHTerpauuje peyynrara ynara 
Kao Ta0e;me, rpa(bHikoHa, Mame HH HTML crpaHune Jajy HoBe MoryhHocTH 3a pa3Boj 

cCHCTeMA. 

IlHjb HcrpaxuHBaMma je OMo a ce jamouHe TpaHc(DopManuja TČOJIOHIKHX 

OTBOpeHHx noJaraka y RDF a PHXOBO HOBC3HBaHMbc KaKO OH OHnH jJaBHO JIOCTyTIHH 32 
npeTpary Jby)iMa H ManiIHHaMa, yKJbyuyjyhu H myTeM Ca3e 3aHabba Bakunojani, Kao 
HajBehe rmoOamHe Oa3e 3HaMba. IIopenm KpeMpaba SPARQL mnpucrynHax rTauaka 3a 

nperpary, KpeHpajy ce npHMepH OCHOBHHX O0padana ynura. Kopuuriheme oOTBOpeHHX 
HOBC3aHHX TCOJIOHNIKHX TOaTaKa JIOHPDMHOCH H.MXOBOJ Behoj BHJUPHMBOCTH H 
pa3yMJBHBOCTH, HC CaMO KOpHCHMHIMMa Ca CPpHCKOTr TOBOpHor no/pyuja, Beh H 
ocrajmiMa. Ckyrn nojtaraka ca /BOoje3MuHHM O3HaKaMa y OCa3H 3HaMba Bikunoynanui Ha 
ČHTJIČCKOM H CpHCKOM TpeOa KOHTHHY1JIHO yHarnpeljuBaTH. IIloBe3HBaRbe IIOJMOBa Ca 
ne(aHHiHjaMa cBaKako he JOrIpHHeTH TOME Jla H OHH KOJH HHCy CTpyuMbalH y 00J1acTH 

reojnorHje O0Jbe pa3yMejy OOJaBJbecHe H Beh JlOCTyrTIHE IIOJ1aTKEe. 

3akJbyuakK 

Ono HcTpaxxHBabe Tipe)iCTaBJba IIpBe KOpakKe H HaBOJUH HeKe Moryhe pecypce H 
TeXHOJIOTHJE Ka OCTBapeM»y aMOMIMO3HOT IMJBa - MaIHHMHCKE pa3yMJBHBOCTH 
TEOJIOIIIKHX TEKCTOBa Ha CPpTIICKOM je3HKy. V pajny je naT KpaTak riper:e, mareparype 

1 https://www.Ww3.org/People/Berners-Lee/ 
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Koja je aHcnupHcaa HcTpa)kHBaHbc, HaKOH uera Cy HpejicTaBJbeHH pecypcM KojH OH 
OMnH HapouHTO Ba;KHH y OCTBapeM»y OBOT IHJba. JenaH OJL Hpe/UyCHOBa je CBaKaKO 
OTBOpeHOCT, JUOCTyHHOCT H ycarallčHOCT TEpMHHOJIOHIKHX CHCTeMa, OOc3Oeljeme 
je3MukMx ecKBHBaMcHaTa H rpaMaTHuKa mo/jpmiKa. XapMoHuaanuja mojaraKa je 
HHyCTpoOBaHa KpO3 IHIDMMCpe, HaKOH ucra je HNpMKa3aH H KOHKpeTaH IIpHMep 
ayTOMaTCKe aHoTalHje TeKCTa CTpyKTypHHM, TrpaMaTHUKHMM H CeMaHTHUKHM 
o0ene)xJHMa. 

IIyr o mocrMaamba INMJba je JyrauaK, H JMHCTa aAKTHBHOCTH 3jaXTeBa 
HHTepynHcrHHIHHMHapHHM pam reomora pa3nuTHXxX HCHMHIIHHMHa, TEpMMHOJOTA, 
crpyubbaka H3 oOmtacrH pauyHapcKe JIHHrBHCTHKe, HH(bopMaTHuapa. 

3axBajHocT 

AyrTop ce naxBaJbyje BHjbaHH PyjepMh Ha moohuH y Hy3paju MOP(DpOJIOHIKOTF 

reoJOmIKor peuHHKa y OKBHpy JleKcaMupke, Munarini Mgkonuh Hemmuh Ha noohu ca 
Bukunojanunma H OmBepH KuraHoBHh Ha oj1ip:;xXaBaPby I eo1MCC-a. 

DATA HARMONIZATION USING LINKED OPEN DATA 

Introduction 

The various geological maps are published and shared online, whereas web 

applications supporting  information extraction and knowledge representation arc 

underdeveloped. This research is dedicated to the using of a Resource Description 

Framework (RDF) model to represent the geological knowledge. The animated 

graphical view of the ontologies enables interactions between the ontology, geological 

maps published as services and semantically annotated textual content. Several 

examples are already available in different areas of geology. Ma et al. (2019) have 

demonstrated the ontology-aided automatic annotations for geological time-scale 

concepts with animated geological time features in an online map. Wang et al. (2018) 

developed an ontology-driven data integration and visualization system for exploring 

geology, pointing: out that the compatibility between local and global geologic 

standards, between different data sources, requires smart geoscience data services 

based on geoscience open data ontologies. Schiegl et al. (2019) published GeoERA 

vocabularies as the expert knowledge and terminology SKOS linked data. Tessarollo 

and Rademaker (2020) extended the Open WordNet for English with rock-related and 

other lithological terms using the Geological Survey of Austria Thesaurus that is 

partially used in the INSPIRE and available online and as set of RDF files, linked to 

several other resources: WikiData (https://www.wikidata.org), British Geological 

Survey data, GeoSciML and DBpedia, compliant with IUGS recommendations. Vintar 

and Martinc (2022) created knowledge base in the field of karstology using the frame- 

based approach, providing a multilingual, annotated resource of definition with 
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structured information, for text mining towards recognition of knowledge structures 

from the field of karstology. 

Open data has gotten enormous propulsion over the last decades and established 

by government initiatives all over the World. The Serbia followed and the national 

open-data portal is established (https://opendata.stat.gov.rs/). The open data initiatives 

promote the online publication and sharing of various types of data, including 

geological data. Serbian Ministry of Mining and Energy of has published on open data 

portal several datasets related to landslides, geological dictionaries, and feature maps, 

but there is a plan to publish more data that might be on wider interest, especially those 

that are related to Disaster Risk Register of the Republic of Serbia and Integrated 

emergency and risk management system. To enable use of various users and tools, both 

from geology and other related domains e.g. civil engineering, ecology, mining, not 

only machine readable but machine understandable linked data, including semantic and 

multilingual harmonization. 

The information retrieval and extraction from unstructured text and knowledge 

discovering from the big data is an ongoing challenge. Human knowledge has been 

mostly stored, transferred, and built in written unstructured textual form. Natural 

Language Understanding is part of Artificial Intelligence that try to solve that problem 

relaying on use of multilingual open linked domain specific data as a necessary step 

towards overcoming. language barricrs in man - machine interaction. TermFrame 

project employed the frame-based approach to build a visual knowledge base for the 

domain of karstology in three languages, English, Slovene and Croatian. The approach 

was the inspiration to make a similar experiment for Serbian and to integrate the result 

with existing linked open-data resources. 

Material and methods 

Wikidata 

Wikidata is a knowledge base build to be a common source of certain types of 

data (eg event dates, book editions, minerals). This Wikimedia Foundation knowledge 

base can be used for a variety of purposes. Wikimedia Serbia and the University of 

Belgrade, Faculty of Mining and Geology have jointly launched the project Using 

Wikidata for information retrieval, entity annotation and improvement of web content 

for Serbian language. In addition to manual input, in which students also participated, 

the process of preparation, input and connection is automated using the OpenRefine 

and QuickStatements tools. 

Wikidata focuses on items that represent topics, concepts, or objects. Each item 

is assigned a unique, permanent identifier, a positive integer with the capital letter Q 

prefix, known as "QID". This allows the translation of the basic information needed to 

identify the topic covered by the item, without favouring any language, while ensuring 

the uniqueness of the meaning of a particular term. 

Wikidata is just fitting into the trends of information technology development, 

which arce pushing the boundaries from machine readability  to machine 

comprehensibility of data on the web. 
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Here are some examples of items: place (Loznica, Q648489), person (Milutin 

Milanković, Q89054), event (Minoan eruption, Q1144693), object (geological 

hammer, Q1294756), term (geological time scale, Q43521)), mineral (quartz, 

Q43010),... The concepts behind the items should be unique, it is possible that there 

are two items under the same name, for example: Jadar which can be Q3112617 - the 

region around the river Jadar in western Serbia or Q3112617 that represents the river. 

So, the item is associated with a unique identifier (QID), the identifier is associated 

with a pair: title and description, to remove any ambiguity. Apart from general items, 

also lexemes related to abstract concepts can be maintained. 

An item identifier (QID), in addition to being associated with a title and 

description, can have multiple aliases and several statements (claims, expressions) that 

represent its properties and values. The statement is a triple: (item, property, value), 

where item (Q) - any topic (person, object, place, concept), property (P) - relation or 

characteristic relevant to the item (eg gender for people) (P21), capital for states 

(P1376), length (P2043) for rivers and value - either the literal itself (eg the length of 

the Danube is 2860 km) or a reference to another item (eg the capital of Serbia is 

Belgrade). An item can be described by a series of statements, each of which provides 

one fact or information about the item. 

The translation of the sentence: “Cha/copyvrite is a type of mineral, whose 

chemical formula is CuFeS» named after copper and pyrite.” into statements and 

storage to the knowledge base Wikidata require as a first step to determine the key 

concepts and predicates that connect them. For example: 

Chalcopyrite (0111044), is a (P31) type of mineral (012089225), whose 

chemical formula (P274) is CuFeS» nameđ after (PI38) copper (0753) and pyrite 

(050769) 

In the previous example, we have a subject rounded with a rectangle and three 

parts of a predicate-object sentence. 

In Wikidata, this would be written in the form of RDF triplets, where each 
. sentence has a subject predicate and object and it finish with a “. 

•  Q111044 P31 Q12089225. Q111044 P274 "CuFeS2". Q111044 P138 
Q753 Q50769. 

Same can be achieved with abbreviated notation, where the subject can be 

omitted and *;” is then used instead of *.”: 

• „Q111044 P31 Q12089225; P274 "CuFeS2"; P138 Q753 Q50769. 

An important feature of Wikidata is that it has two faces: one for humans and 

the other for machines, which allows for several applications, such as text classification, 

indexing, text analysis, text generation, summarization, normalization, linking, 

mapping, and more. 

Another important feature is multilingualism, each item can be linked to a label 

in any language registered on Wikimedia resources, which paves the way for many 

applications from automatic translation, classificatiton of multilingual documents to 

content analysis on the web, business, scientific and social networks. 
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GeoSciML and EarthResourceML 

GeoSciML is data transfer standard for the exchange of digital geoscientific 

information, while EarthResourceML for mineral occurrences, mines and mining 

activity. It accommodates the representation and description of features typically found 

on geological maps, as well as being extensible to other geoscience data such as drilling, 

sampling, and analytical data. GeoSciML is used as the geoscientific data transfer 

standard by data sharing initiatives across the world, e.g., OneGeology project 

(Blagojević et al.), pEuropean INSPIRE Directive, US Geoscience Information 

Network, Canadian Groundwater Information Network, Australian Geoscience 

Information Network and AuScope projects, African-European Georesources 

Observation System. 

The GeoSciML project was initiated in 2003 under the auspices of the CGI 

Working Group on Data Model Collaboration, while last version was published in 

2020, available as XML, RDF and via SPARQL endpoint for search. GeoSciML 

comprises 35 dictionaries, while EarthResourceML comprises 18 dictionaries. 

GeoIISS 

The Geological Information System of Serbia (GeoIISS) is intended for storing 

geological data in digital form, enabling simpler data handling, as well as easier revieW 

of existing: data. GeolISS is implemented in ESRI, ArcGIS technology as an .Net 

extension of ArcGIS. The system uses the enterprise ArcSDE geodatabase as the central 

repository within MS SQL Server. GeolISS allows users to interactively create queries, 

analyse spatial and other data, update data, maps and view results. Data modelling is 

inspired by various geological models, among which the GeoSciML . scheme for the 

exchange of geological data used by CGI IUGS-a (www.seegrid.csiro.au), NQMDB 

implementation of USGS and CGS (www.nadm-geo.org), as well as models proposed by 

the International Organization for the Standardization of Geoinformation. Cartographic 

web services have also been developed in ArcGIS technology, with some services being 

open, and most are only available through the functions of the system itself. 

GeolISSTerm is the core of GeolISS through which the validation, classification 

and specification of the values of the attributes of the observed and interpreted 

properties are performed, and on the basis of which the domains in GeoIISS are formed. 

GeolISSTerm was created as a result of work on the project "Development of 

geological terminology and nomenclature for the geological database of Serbia", which 

was implemented by the Faculty of Mining and Geology and funded by the Ministry of 

Environment and Spatial Planning ofthe Republic of Serbia. Each term, ie concept, has 

a unique, numerical identifier in the database: for carbonates, for example, the number 

is 2769, so that the ID card of that concept can be found at 

https://geoliss.mre.gov.rs/recnik/term.aspx?InstancelD=2769&tabSource=Concept. 

Serbian morphological dictionaries 

Morphological dictionaries of the Serbian language (Krstev 2008) are intended 

primarily for use in computer applications dealing with the processing of natural 
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languages. The addition of the dictionary with new words is based on the text corpus 

compiled from The booklet of base geological maps (OGK) published in the interval 

from 1962 to 1994 as published by the Federal Geological Survey, and in addition to 

existing semantic and domain (Rujević 2022). The data categories are accompanied by 

semantic markers denoting minerals "+ Mineral", rocks "+ Rock", geological form "+ 

Shape", as well as a designation for the domain of paleontology "+ DOM = Paleo", with 

previously introduced designations. for. domains: "+ Mining", "+ Safety", "+ 

RockMech", "+ Surveying", "+ EnvProt", "+ MinStatus", "+ Ore", "+ Activity", "+ 

Exploration" (Tomašević et al. 2018), and some general ones are used, such as "Mat" 

for material. Here are some examples of dictionary entries: 

- hidroliskun,NI +DOM=Geol+Mineral+Mat 

- planara,N600+DOM=Geol 

- plagiognajs,N81+DOM=Geol+Stena+Mat 

- moluska,N661+Zool+DOM=Paleo 

— centriklinalni,A?+DOM=Geol+Oblik 

Labels NI, N600, N&1, N661, A2 refer to the algorithms used to generate all 

word forms, with DOM = Geol and DOM = Paleo defining the domain of the word, 

whereby these domains can be defined more precisely, and semantic markers provide 

additional information that it is a material, mineral, or rock. 

Results 

GeoIlISS and Leximirka 

Data harmonization implied common concepts finding: and missing or 

incorrectly associated information discovering. Based on the text corpus compiled from 

The booklet of basic geological map, a frequency list of word forms and the terms that 

appear has been made to check what is missing in the mentioned dictionaries. 

The first step was a check between GeolISS and Leximirka, where it was 

registered that the nominative singular is used as the basic word form in morphological 

dictionaries  (e.g. feldspar,  metamorphite), while the plural (feldspars, 

metamorphites,...) is often used in GeolISS as the headword, so that linking of these 

entries needs to be done through inflected word forms. By analysing the frequencies in 

the corpus of texts and comparing them with the GeolISS database, it was established 

that a certain number of terms exist in morphological dictionary, but they do not have 

the explicit label that it is a geological term. Using additional information in GeolISS 

on dictionaries of minerals and rocks, a comparison was made regarding semantic 

labels, where additions were also required. The first phase oflabel amendment has been 

done, and activities on entering new records are in progress. 

Figure 1 shows the panel of the Leximirka system used to manage dictionaries 

and provides the option of connecting determinants, ie lexical records, establishing 

relationships between entries (1: KpeubbaK-Kpeukbauku (limestone noun and adjective), 

generating: ali grammatically correct word forms (2: KpceuPaK, KpcuMbaKa, 

KpeuMbalHMa,...limestone inflected forms), connecting with examples of use in the 
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corpus of texts (3), with the editor of compound words (4), with derived phrases stored 

in the dictionary (5) and the frequency of occurrence of expressions in which the word 

participates for some of the selected forms (6, adjective + noun expression). The linking 

of entries from the morphological dictionary was achieved with the dictionaries 

GeolISSTerm and Rudonto, so that the definitions, synonyms and translation 

equivalents of the selected term can be seen on the panel. Note that the examples and 

frequencies generated based on the corpus of The booklets of basic geological map are 

presented. 

GeoIISS and Wikidata 

When it comes to Wikidata, in this paper we will focus on the projects: Geology 

and Mineralogy, in whose activities we are also involved. We have added links to the 

GeoSciML and GeolISS terminology systems to the list of properties provided. 

The harmonization of the system went in several directions. First, what exists in 

Wikipedia and GeolISS was checked, mappings were made, and then data groups were 

selected for addition. A small number of terms existed in Serbian, so a term in Serbian 

based on the English equivalent was entered. Several missing terms have been entered 

in Wikidata, and the entry will continue in the following period. 

Having in mind that records in open data are often the result of automatic 

processing and translation without additional control of experts for a specific domain, 

checking and correcting content is an activity that should be included in every process 

of working with open data. For example, it was written ,, w360pHo KJacHu ejJleMeHmu 

Juunepanu instead of "caopoonu eneMenmu" for the English term "native element". 

The check-up was done for all translation equivalents that were found in both GeolISS 

and Wikidata, so that the differences are mostly resolved. Figure 2 presents an example 

of a mineral shown on the Wikidata interface (1), SPARQL query (2), and its results 

shown as a graph (3) and the table (4). 

Machine comprehensibility of geological texts in the Serbian language 

To ensure the machine comprehensibility of geological texts in the Serbian 

language, it is necessary to combine terminological dictionaries and lexical base. 

Natural-language understanding (NLU) or natural-language interpretation (NLI) (Allen 

1988) is a subtopic of natural-language processing in artificial intelligence that deals 

with machine reading comprehension. Natural-language understanding is considered 

an Al-hard problem that requires the development of complex systems, resources, 

models, and supporting. tools. Namely, as terms appear in the text in different 

grammatical forms and in terminological and descriptive dictionaries only in the basic 

form (usually the singular nominative, possibly the plural), it is necessary to provide 

the system with explicitly written information and grammatical forms of terms. Above 

grammatical layer, semantic information layer is required, where the key concepts will 

be annotated with entries from a knowledge base and/or with an ontology. Figure 3 

shows the transformations of the text, starting: with the original text (1) in which 

paragraphs, sentences and named entities (2) are then marked using tools and resources 

for the processing of Serbian language (Krstev 2008). In the next step, a simple graph 
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shown in the figure is applied to produce a text in which geological terms (3) are 

recognized and annotated using markers from the electronic dictionary (Rujević 2022). 

In the fourth step, it is transformed into a form suitable for connection with the 

knowledge base, so that the text (4) is provided with grammatical information (part of 

speech and canonical form), semantic label and is Joined by a link to the knowledge 

base - in this case Wikidata (5). 

Discussion 

The findings are in accordance with Heath and Bizer (2011), as well as with 

Skjasveland and Lian (2013) observation related to the benefits from publishing of data 

as semantically annotated and query enabled linked open data, as proposed by Tim 

Berners-Lee (2010, 2011), the inventor of the World Wide Web. 

For the consumer of the dataset, the data availability on the Web in whatever 

format, but with an open licence is very important as it warrants any use of the dataset 

at all. Making it available as machinc-readable structured data (e.g., Excel, CSV, XML) 

means the user is not confined to a specific tool-set when processing and manipulating 

the dataset. The export from the GeoIlISS to a structured format and releasing it under 

an open licence is possible in a range of output formats. 

Use URIs (Uniform Resource Identifier) and open standards from W3C to 

identify data items, so that they can be referenced on the Web provide easy retrieval 

and a schema for assigning identifiers which are likely to be globally unique (unlike 

primary keys in relational databases that are unique within their database table). Easy 

distribution across systems without the need for contextualising the origins of the data 

is crucial for successful data integration. The SPARQL is a powerful query language 

for RDF data used on the Internet thrrough SPARQL endpoints using existing: web 

infrastructure, so it is much casier for accessing than traditional database systems. 

Different output types and possibility of integration of query results as table, graph, 

map or HTML page gives new opportunities for system development. 

The aim of this research was to start the transformation of geological open data 

into RDF and linked open data to be publicly available for search (without logging in) 

by man and machines and via the knowledge base Wikidata. In addition to creating 

SPARQL access points for searching open related data, examples of basic queries and 

forms for further implementation will be created. The use of open geological 

dictionaries would provide semi-automatic translation into English of labels from the 

open set, which expands the already published open set and contributes to greater 

visibility and comprehensibility of data, not only to Serbian speakers, but also to foreign 

stakeholders. Data with bilingual labels in the Wikidata knowledge base in English and 

in Serbian should be continually expanded. Linking terms with definitions will 

certainly contribute to the fact that even those who are not experts in the field of geology 

can better understand published and already available data. 
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Conclusion 

This research represents the first steps and lists some possible resources and 

technologies towards achieving an ambitious goal - machine comprehensibility of 

geological texts in the Serbian language. The paper gives a brief overview of the 

literature that inspired the research, after which the resources that would be particularly 

important in achieving this goal are presented. One of the preconditions is certainly the 

openness, accessibility and harmonization of terminological systems, the availability 

of language equivalents and grammatical support. The harmonization of data is 

illustrated through examples, after followed by a concrete example of automatic 

annotation of text with structural, grammatical, and semantic features is presented. 

The path for achieving this goal is long, and the list of activities requires 

interdisciplinary work of geologists of various disciplines, terminologists, experts in 

the field of computational linguistics, computer scientists. 
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KOMITIAPALNHMHJA METOJIA XRF H ICP-MS HA Y3OPIIHMA 
YIJbA H IIPOJIYKTHMA CATOPEBAMbA 

COMPARISON OF XRF AND ICP-MS METHODS ON COAL 

SAMPLES AND COMBUSTION PRODUCTS 

OPHTHHAJIHH HAYUHH PAJIL - PAPER 

AncrpakT: YVaopnuu yrjba, memena H eeKkTpo(pMamrepcKor menea KOJH Cy IpMKyIJbEHH MH3 
TepMoecekrpaHe „Hukomna Tecna A” y OGpeHopBny, KopumiheHu cy Ja ce npHKaxKy pa3nuake y 

KOHHeHTpanHjaMa cJeMcHaTa KopHuihemeM BE paynMuHTe aHajmTHdKC MeCTOJIĆ. Y OKBHPpy 
HcTpaxHBaMba MH3jBpHIeHa je KoMmapauja pe3yarraTa JOOMjeHMX HCHMTHBaMĆM yrJba H 
rpojnyKara caropeBamba IHIpHMEHOM peHJIeH (ryopecHMeHTHe aHamMse (XRF) M MaceHe 

crleKTpoMeTpHje HH/IyKOBaHe criperHyTe rna3Me (ICP-MS). AHangaoM peyynrara yrBpbeHa je 
eBHJIeHTHa JHcHpomopiHja y KoHmeHTpamujH Rb, Zr, Cr, Ba . As. Biamte  KonneHrpanuje 

HaBCJIĆHHX cJeMCHaTa JIČTČKTOBaHC Cy MIpMMCHOM XREFY~«QĐHweroMme M TO y yšopuMMa 
enekTpo(punrrepckor mnerena, npH ueMy je KoHueHTpanuja Cr H o JBa ryra Beha y OJ)iHOCy Ha 
BpeJiHOCT H3MepeHy ICP-MS MerToJIOM. V rHJby JOTIyHe HcTpaxkHBalba H3BpIeHa je aHajmaa 

cKeHHpajyhoOM ecHNeKTDpOHCKOM MHKPOCKOTNIHJOM KOJOM je yTBpbteHo TIIpMCyCTBO KBapma H 
TBO;KbeBHrTHx (bpencnara rpaHc(bopMHcaHHx ycileJl caropeBabba. 

KouHcraroBauHo oj/icTynatbe y KoHueHTpauHjaMa HaBcJIeHHX cJIeMeHaTa IIpOy3pOKOBaHO 
je npeTexHO ycje/) pa3jMKe TOKOM HpoHeca HpHHpeMe y3Opaka, KaO H TepMO,WHaMHuKHX 
,yca0Ba y CHCTEMy HHCTpyMeHTAaJIHHX McTOJIa. Paaaiika y KOHiieHTpanHjH Cr MOxKe ce 00jacHHTH 
HEHIOTIIyHHM pajmaraMbbeM aJIyMOCHIHKaTa TOKOM Hpoeca npHHpeMe y3opaka. HemoTmyHo 
deTBOpOKOMIIOHEHTHO panaratbe nocieJHma je H pa3nnke y KoHueHTpanujn Rb H Zr, nok ce 
pasnuke y koHueHrpanmuju Ba a As oGjanm»aBajy BontaTHJIH3alHJOM OBHX cJIeMeHarTa y IIpOIecy 
»xapemba koji ICP-MS weroje. 

KiabyuHe peuun: reoxeMHja, yraJb, npo,lykTH caropeBaba, XRF, ICP-MS 

Abstract: Samples of coal, slag and fly ash collected from the Thermal Power Plant "Nikola 

Tesla" in Obrenovac were analyzed using two different analytical methods aimed to show 
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differences in content of elements. As part of the research, a comparison was made of the results 
obtained by examining coal and combustion products using X-ray fluorescence analysis (KRF) 

and inductively coupled plasma mass spectrometry (ICP-MS). The results demonstrate an 
obvious discrepancy in the content of Rb, Zr, Cr, Ba and As. Higher contents of several elements 
were detected by the XRF method in fly ash samples, where the concentration of Cr is up to 2x 

higher than the value measured by the ICP-MS method. Scanning electron microscopy (SEM- 
EDS) analysis was performed to constrain mineral composition. The presence of quartz and iron 
feldspar indicates transformation of primary minerals due to combustion. 

The observed mutual deviation in the concentration of elements is caused mainly due to 
the difference during the process of sample preparation, as well as the thermodynamic conditions 
in the system of instrumental methods. The difference in Cr concentration can be explained by 

the incomplete decomposition of silicates during the digestion process. Incomplete four- 
component digestion is a consequence of differences in the concentration of Rb and Zr, while 
differences in the concentration of Ba and As are explained by the volatilization of these 

elements in the annealing process in the ICP-MS method. 

Key words: geochemistry, coal, combustion products, XRF, ICP-MS 

1. VBoJL 

VrjbeBH HHCKor paHra — nHrHHTH y PenyOmaun CpoOuHju rpejicraBJbajy raaBHy 
eHepreTCKy CHpOBHHy KOja ce KOpHcTH 34 IIpOH3BOJUby cJIeKTpHuHe cHeprHje. IIpo)tyKTH 
caropeBatba JIHrHHTa ueCTO HpejicTaBJbajy jenaH OJL H3BOpa 3araljePba )9KHBOTHe CpeJUHC 
30or cajp;Kaja HOTeHNHjaJIHO TOKCHUHHX cJeMecHaTa. CaropeBaMbeM OBHX yTJbeBa y 
TepMOeJIeKTpaHaMa (roJIHIII56 OKO 35 – 40 MHJIHOHa TOH42) roOJ1HIIH5=C Ce TEHepHIIC OKO 
5,5 MinHoHa ToHa ormajla – ceKyHJ)apHor MarTepbHjajma (https://www.eps.rs, 2Kaporuh H 
np., 2012). OBaj Marepujaji yKJbyuyJe HIJbaKy, OJIHOCHO BHCOKOTCMIIeČpaTyDpHH IIeTeO 
KOJH OCTAjJe HaTaJIO;KeEH Ha JIHy KOTJIA, KaO H Herneo (yrJ-1aBHOM Hcnoji 100 um) Kkoja ce 
enMMMuHO WM3MBaja  Ha eceKrpodQuMmrepMMa 93 «CTIpyje /JMMHHX TacoOBa 
eJeKTpOCTaTHUKOM CelapalMjOM, OJIHOCHO eJeČKTpO(bMnrepckH HŽemeo. XeMMHJCKH H 
MHHČPaJIHH cacTaB nene;ma H eJIeKTpod)uarTepckor nene:1a je CJIO)KeH H 3aBHCH OJI yCJIOBa 
(pH, Eh) nemoHoBaĐa opraHcke cyncTaHIe, BpCTe OpraHCKe CyncTaHIIČ H /MaJbHX 
mponueca KapOoHHQuHKanje. OBaKBa CJIOXKĆCHOCT HOCJIeJUHIIA jJe UuHM>=CHHIC JIA TOKOM 

caropeBaba yrajb IIpOJa3H KpO3 IHIpOHeCe JIČKOMIIO3MIHHjE, BOJaTHJIH3anHje, (by3Hje, 
arztoMepatiHje HJIH KOHJIeaanje (Ahmaruzzaman, 2010; Izquierdo & Querol, 2012). CBH 
OBH rponecH y pa3ziuHToj MepH Mory la yrHuy Ha cacTaB nene]ma. 

/laxba ynorpe0a rnpo,anykara caropeBatba JirHHTa 3aBHCH OJLPHXOBOT cacTaBa H 
cajlpx;kaja TOKCHUHHX MHKPpOćeJIeMeHaTa. 300r cKOJIOIIKHX HIpO0JIeMa KOje rpe,icTaBJba 
enekTpo()umrepcku nerneo, mupoM cBeTa ypabeHa cy OpojHa HcrpaxXHMBaM»a H»CrOBC 
ajbe HpHMeHe. JlokaaaHa je MeeroBa HpHMeHa y rpabeBMHapcTBy, Kao je()THHor 
ancopOeHra 3a yKMaHbaHbc OpraHCKHX jeJUHHbeHba, JUMMHHX TaCOBa H MeTAaJIa, JAKOT 
arperara, aacunama pynHuMKa, nmo/yutore nyTa H cHHTe3e 3eomMTa (Ahmaruzzaman, 
2010). Takobe cy cnponBe/neHa JomarHa HcTpa;KHBaMbba O MoryhHocTHMa Kopunihema 
nereher nenezna 3a anicoprmuijy NOx, SOx, opraHckHx jeJuHH6Mba H )KHBC H3 Ba3JlyXa, 

Goja H JipyrHx opraHcKHx je,lHH56Mb5a y BOJH. VTBpbeHo je a ce nerehu mereo MOXKe 
KOpHCTHTH KaO AJCOpOcHT 3a yKMaMaMe paynMuHTHX darabMBaua, HNpHM MdeMy 
KananureT ajcopruuje mereher memema Moxe OHTH nmoBehaH HaKOH XECMHJCKC H 

(bM3Huke akTHBamuje (Ahmaruzzaman, 2010). HcrpaxBaMa cnpoBe/leHa y CBETy 
nokKanaama cy a eeKTpoQHmrepckuH menmco HMa HoOap moTeHuujam 3a ymorTpeOy y 

119



rpabenBuHHcKoj HHJlycTpujH. Tako ma nperBapape ereher nenena y 3conMTe He CaMO 
na pemana npo0eM ojuraratba, Beh H npeTBapa oTmajiHH MaTepHjaJi y IIpOH3BOJI KOJH 
ce MO:Ke Hnponarn. HcrpaxxuBamba cy Takolje orkpumna na Hecarope:nnu yraJb y mereheM 
neneJty Hrpa Ba)KHy yJIOry y ĐeTOBOM KananiTeTy ajicoprmuje (Ahmaruzzaman, 2010; 
Izquierdo & Querol, 2012). 

PaHuja HcrpaxxHBaHhba MHHCpaJHOTr H XCMMHJCKOTr CacTaBa ATMOC(DepcKMX 
uecTHna (IiBerKoBHh, 2013; Cvetković et al., 2013) y nemy KomyOapckor OaceHa 
o/laKJe ce TpaHcnopTyje yraJb 34 caropeBabe y TE „Hukona Tecna A”, ykasana cy Ha 
TIOBHIHCH CaJIp;Kaj XaJ1iKO(bHJIHHX eJIeMcHaTa HapouHrTo As H Cd, Kao H KoHLIIeHTpatnuja 
ykyrnHHx aepocenuMeHara y pacnoHy o 124,0 mg/m? no mnany mo 402,9 mg/m? no 
faHy. /{[OMHHaHTHH MHHepajH 3aCTyIIJbEHH y HCIIHTHBAaHHM acpOCe)UMMeHTHMa OHJIH 
Cy: KBapiI, QjenncnaTH, MHHepanu rnMHa, xeMaTHT H rHnmc. MoryhHocr ymorpeOoe 
enekTpo(unmrepckor nernena H nmenena ca nenoHuje TepMoenekTpaHe „Hukoja Teca 
A” kao orrmaja ca yr0TpeOHOM BPe/jiHoOrtmihy JoKa3aHa je y BHJLy ajUHTHBa HČMCHTy KOJI 
TIpoH3BOJUbe OcToHa (2KupBoruh u nmp., 2012). Byanyhu na cy y eneKTpo()HJITepCKOM 
neneJty yTBpbeHe noBehaHe KoHneHrpanuje As, Ni, Be H Cu npeTrxoJtHo je HeOnxoJIHO 
HPHXOBy KOHIHEHTPpaLlHjy IIpe IIpHMeHe CMaHHTH TEXHOJIOITIIKM IIOCTyrHIHMAa H JIOBECTH 
y ojnroBapajyhu orncer. 

CaBpeMeHe aHajmTHuKe METOJIĆ KOje Ce KOpHcTe 3a yTBpbHMBame MaKpo- H 
MHKPOćJIČMeHaTa y yJby, THeHeHy MH CJCČKTpO(pHMTepCKOM TIemeJIly MMAjy CBOJČ 
npeJjiHocTH H MaHe. OxpebeHu yrumaj Ha onaOHp aHannTHuke MeTOJIĆ HMa pacno/jiema 
OBHX CJIČMCHaTa y yTJby H PbHXOBH TeČOXCMHJCKH a(biHHTeTH, OJIHOCHO Jla JIH Ce HaJ1a3C 
y BHJIy OpraHCKHX H/HJIH HcOpraHcCKHX jeyHM»=eMb5a. V OBOJ CTy,MMjH, HCHHTHBaHC Cy 
KapakTepHcTHKe yrJba H Hycrpo/lyKaTa caropeBalba H H3BPpimeHa je aHaJmi3a IIDpOMeHe 
cacTaBa yrJba TOKOM TIIpOHeCa MTOBC JIOMHHaHTHC IIpHMCHeC - CcCaropeBaĐba y 
TepMoenekrpanu „Hukozma Tecna A”, kao H uecruma Koje JIHpeKTHO yTHuy Ha cacTaB 
aTMoc(bepe. Y30pkoBaMe je H3BpIHIČHO y OKBHpy HOcTpojeMbba (CukKa 1) rpH ueMy cy 
y3OPpKOBaHH yTJbeBH HIpHIpeMJbeHH 32 CarOpeBaM, y3opru rnenena KOJH Cy HacTaJIH 
ycneJt caropeBabba yrJba, Kao H eJ1eKTpo(binTepckH tterteo KojH je aajipxkaH Ha (buarrepy 
TepMoenekTpaHe. HcrpaxxHBabe je H3BeJIeHO y IIHJby KOMITapaluije ca)lpxxXaja MaKpo- 
H MHKPpO6JIČMcCHaTa IIDMMEHOM XRF u ICP-MS werojte H ojnpebiHBabba reOxXeEMHJCKHX 

KapakTepHcTHKa yrJba H HpojliyKaTra caropeBaba y3OpKOBaHHX y TepMoeekTpaHH 
„Hukoja Tecna A”. 

2. Yaopuu u MeToJIe 

2.1. Yaopuu 

Vsaopun memema (mubaKec), eeKTpodQMmrepckor memema (mereher memema) H 

yrJba, aHanaHpaHH y OBOM PaJny JlOOHjeHH cy 0J1 Komtera ca VHHBep3Hrera y Beorpa/ny 
MartiiHckor (pbakyarreTa TOKOM 2006. rojwaHe, a yaeTu cy 83 TepoenekrpaHe „Hukojta 

Tecna A” y OOpeHoBity. V30pKoOBaMbe yTJba BDIHIĆHO je pyuHo rpeMa craHynapyuy CPIIC 

HCO 18283:2016, nok je y30pKoBabse renena H eJeKTpo(bHarrepckor nene;jta pabjeHo 

TIO IIpHHIHHIIy HajOOJbC HHJIyCTpHJCKe HIpaKCe, OJIHOCHO pyuHo H3 Kpatiepa (nerneo) H 

Hcnoji ezxtekrpod)uantrepa (enekTpo(biurrepcku nerneo) npeMa HHTeEpHHM yIIyTCTBHM4. 

IIpe y3MMaMa CBHX y3OpaKa M3BPIICČHO je eTaJbHO uHmIiheme KOTJOBA H 
eneKTpoQjunrepa. HyanpojeHa cy 4 y3opkKa yrJba, npH ueMy CBaKOM OJI y30paKa yrJba 
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ojroBapajy onpebeHu yaopumM menema H emekTpoQMmrepckKor menema. VaopumM cy 
KnacH(bMKoBaHH HpeMa HOpeKJIy Te Cy y3eTH y3oplu nenenma, eMeKTpoO(bMJITrepcKor 
nmenena H yrJba. VKynHo je y3eTo 14 yaopka, oJ uera 4 y3opka rmenena, 6 y3opaka 

eJekTpo()unrepckor nerieJma H 4 yaopka yr-ba, ugHja Je HyMepanuja npaka3aHa y TaOeH 

1. Harnen uHcHnMTHBaHHX y3opaka mbenenma, cJeKTpOQ)MTepckor THeneHna H yrJba- 
JHrHHTa y MHKPpOcKorIy HpHKa3aH je Ha Ciii 2. 

20%E 22E 

- 

45%N 

43%N 

45% 

20%E 

JlereHna 

436N - BOGIOBI 

42%N 

BJ TEHTA 

IB KonySapcku GaceH 
— AyronyresM 

42%N 

200E 22E 

Marvcrpanua nyres\M 
-=- XKenesiinuka Mhdppacrpyurypa- 

Cmuka 1. Ilonoxxaj y3eTrax y3opaka 3a HcrtiTHBaMa (ripeMa https://www.diva-gis.org/gdata) 

Ta6ema 1. Criicak acriTHBaHHx y3opaka 

OyHaka y3opka Jlao. Op. Bpcra ya3opka 

TE-A1/1 2252 Ileneo 

TE-A1/2 2253 Ileneo 

TE-A1/3 2254 Ileneo 

TE-A1/4 2256 Ileneo 

TE-A1/5 2257 Enekrpoduzrrepcku nenco 

TE-A1/6 2258 Enekrpoduzrrepcku nenco 

TE-A1/7 2259 Enekrpoduzrrepcku nenco 

TE-A1/8 2260 Enekrpoduzrrepcku nenco 

TE-A1/9 2261 Enekrpoduzrrepcku nenco 

TE-A1/10 2262 Enekrpoduzrrepcku nenco 

TE-A1/II 2263 VraJb-JHrHHT 

TE-A1/12 2264 VraJb-JHrHHT 

TE-A1/13 2265 VraJb-JHrHHT 

TE-A1/14 2266 VraJb-JHrHHT 
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Cnruka 2. ĐoroMuHkporpa(bHje HcrtHTHBaHHX y30pakKa y OJlOHjeHOJ HOpMAaJIHOJ (a, B, / H 
ynrpajbyOHuacrToj cBerTnocrTu (6, r, b); a,0) Yaopak nenena TE-A1/2, HV (Km) – Ha3MemeHu 

yraJb (konmonerpHHuT), KO – kokcHH ocrarTak; B, r) Yaopak enekTpodunrepckor nenena TE- 
A1/6, MY – HaMemeHu yraJjb, MM – MuHepajnHe MaTepuHje 0J1 caropenor yrJba, KB — KBapit, 

Anc – anryMocHikaTH, Fe – rBoxxbeBrTH MHHepanu; J, b) Yaopak yr»ba TE-A1/11, T – 

TeKCTHHHT, A — arpHHurT, Cri – crtopHHuT, JI — nanronerpuHur, y – (pbyauHur, ODH — 
(pyHruHur, Hy – aHeprojteTpiHuHT 

2.2. Meroje 

2.2.1. YRD 

3a onpebuBabe MHHepajtHHx (paaa y y3opria menena (TE-A1/1, TE-A1/3), 

enmekTpodQunrepckor menena (TE-A1/7, TE-A1/10) a yr»ba (TE-A1/12, TE-A1/14), 
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KopuniheHa je MeTOJMA peHJUĆHCKe JiH(bpaKuuHje Ha IIOJIHKDHCTaJIHOM MaTepHjajy. 

HenarHBabba METOJIOM peHJUeHcKe Jppakuje mpaxa (XRPD) wsapBpmmeHa cy y 

JIaGoparopnju 3a kpacranorpaQujy VHaBep3urera y Beorpajty - PynlapckKo-reojIOmiKor 
(akynreTa Ha pOBHHM y3OpLMHMa, KaO H aHajiH3a TJIHHOBHTC (bpaKuuje mpHHpeMOM 
opHjeHrucaHux npenapara. Yaopnu cy ucnaTaHH Ha mud)paKkToMeTpy 3a mpax Rigaku 
SmartLab (Rigaku PDXL 2, 2007) noji cnenehHM ycOBHMa: pajiHH HanmoH 40 kV, 

jauana crpyje 30 mA, penyireHcko apauempe ca aHTukaro/ne Gakpa (CuKa=1,54178 A), 

rpa()MTHH MOHOXPpOMaTOp. Orcer HcrnHTHBaHb5a poBHHX y3opaka Ogo je 5 – 50* 20ca 

KopaKkoM 0O,01% 26, H BpEMECHCKOM KOHCTaHTOM 5 "/ min. Oncer HcHMTHBaMba 

opHjeHrTHcaHHx rmnperapara Ouo je 2 — 30?* 26, ca KopakoM 0,01% 20 H BpeMeEHCKOM 

KOHCTAHTOM 10 / min. JloOujeHu mojann nomoxxaja nuH(bpakluMoHHx MaKCHMyMa 26 

("), npenHocrH MelbynmbocHHx pacTojama dyw(A) sa cpBe pe(bmekcHje, KaoO H 

ojroBapajyha: pemaTHBHH MHHTEH3HTCTH //{max /aTrH cy rpabMukH. Ha OCHOBy 

JoOujeHHX BpeJIOCTH HHTeEH3HTeTAa ///max, MebynJbocHHx pacrTojatba d H yrtopeb)aBabbeM 

ca nuTepaTypHHM noaanua H ICDD cragap)uMa, HleHTH()HKOBaHe Cy HpHCyTHe 
KpHcrTaJIHe (ba3e. 

3a Onmxxe ojpelbHBaMe MHHepajtma H3 rpyre CJIOJeBHTHX CHJIHKaTa, a IIOCeOHO 

TJHHa, y3OpHMH Cy IHpHHpeMJbBEHHM HOCCOHHM TIIOCTyHKOM, TaKO IHTO Cy H3 BOJEHC 
CyCHCH3Hje Ha CTAKJICHHM IITOuHHaMa HIpHHpeMJbeHH „OpHjeHTHcaHH mpemapaTH“ 
KOJH Cy 3aTHM CyIIIČHHM Ha Ba3MyXy, HOCeOHO 3acHhaBaHH y cpejMHH Ca eČTHJIČH- 
TJIHKOJIOM H TepMHuKH TpeTHpaHH Ha 550%C. IIocrynkKoM npHnpeMe opHjeHTHcaHHX 
mpenapara noOujeHH cy mojauaHH Oa3HH /UH(DpaKHMOHHM MaKCHMyMuH ((00/), ugja ce 

noJO)Kaju IpH pa3aiHMuHTOM TpeTMaHy MOTy IIOM6paTH H FbHXOBH HHTCH3HTETH MeHbaTH 
y 3aBHCHOCTH OJL BpCTe HpHCyTHOr MHHepaja. IIpoMeHe mojnmo;Kaja H. HHTeH3HTeTa 
Jua()paKIHOHHX MaKCHMyMa IHpHJIHKOM OBHX TpeTMaHa npuKa3aHe cy rpa(buuku. 

2.2.2. SEM 

CkeHupajyha eneKTpoHcKa MHKpockornuja (SEM) wsppmteHa je JEOL JSM- 

6610LV eJteKTDOHCKHM MHKPOCKOIIOM IIOBE3aHHM Ca INCA jeJWHHMIIOM 34 aHajJIH3y 

eHepruHje JHcHeproBaHHX peHJUeHCKHX 3paka, Kao H EDX aHanTHuKOr CHCTeMA. 
HanoH y0p3ama KojH je KopuniheH H3HocHo je 50 kV. ToOKoM tipHnpeMe, y3opnuui cy 

Hajnpe YypOMeHH y CHOKCHJHy CMOJIy H MHCHOJMpaHHM, a 304THM jc H3BPpHICHO 
HanapaBambe y30paka 3J14TOM. OBa HcnuTHBaMa ypaljeHa cy Ha yaopriMa nene:a (TE- 
A1/3), enekrpoQunrepckor nerneja (TE-A1/7) a yr:>ba (TE-A1/12). 

2.2.3. ICP-MS 

AHaunn3a HIpHMECHOM MaCECHC CHCKTpOMETDHje Ca HHJIyKOBaHOM KyIIIIOBaHOM 
(crrperHyTOM) mna3MOM (ICP-MS) wnsppmmeHa je y ACME Analytical Laboratories, 

Vancouver, Ltd, KaHama. Ha nouerky NpMHHpeMc M3BDpMICHO je cOpTHpabe H 
eBHJIeHTHpaMbc y3OpaKa, HaKOH uera je H3BDIIĆHO CyIIČMb56 CBHX y3opaKa Ha 60 "C, a 

3aTBHM TipocejaBape Ha cHTy OJ 80 mesh-a (180 um). 

VYVHyrap TeQ)JIOHcKHX cHpyBeTa OJIMepeHo je 0,25 g ycHTMeHor MarTepHjaja 

ueMy je NoaT aMKBOT O 10 ml pacrBopa KHcemMHa H)O-HF-HCIOa-HNOx y 

OJHOCHMAa 2:2:1:1, HaKOH uera je pacTBOp 3arpeBaH JO KJbyuaFba H OCTABJbEH Ha 
cymrepe. OcrarTky pacrBopa „o/ar je amKBoT oJl 4 ml 50% HCI koju je 3arpeBaH y 
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MuHkKporTanacHoj nehH. HakoH xaljeba pacTBOpH Cy HpeHeTH y HOJIHIPOHHJIĆČHCKĆ 
enpyBeTe y Koje je momaro 10 ml ca 5% HCI. Konrpoma pegyymrara HM3BpmeHa je 

HHTEpHHM craHmapnmMMa STD DST6, Oreas 24P w Oreas 45P, a KoHauHy 

Bepa()ukanujy pe3yrara aappniao je British Columbia Certified Assayer. 

2.2.4. XRF 

PegH/ureHcka (pnyopecueHrHa aHammMsa (XRF) wappmmeHa je y aOoparopujH 

CapBeaHor HHcTHTyTa 3a reoHayKe H npuHpo/iHe pecypce (BGR) y XaHoBepy, HeMauka, 
a KopMHmiheHa je 3a KBaHTHMTAaTHBHO OJpeljBabe yKyHHor cajp:jkaja eMeMeHaTa y 
ya3opuMMa, Oynyha ma OBa MeTONa (DyHKLMOHHIHIC HecC3AaBHCHO OJL CTemMmeHa 
pacTBOpJbHBOcTH pa3jiiunHTHx eJIeMeHaTa. Yaopnu cy aHanHaHpaHu y oOJmky OpHKeTa 
Kako 0Ou ce o0eaGenua xoMoreHa pacnojniena eJteMeHarTa. IIpanpeMa y3opkKa a3anouera 
je My3jBajaPbeM 1 g (bHHO MJIČBEHOT y3OpKa (BehIHuHHe uecTHHa < 40 u m) HaKoH uera 

je HcTH x*xapeH y nopnenaHCKOM noHuuhy y nehua Ha 1030%C y rpajabsyy o,n 10 HiHyrTa. 

TyOnrak npu xapeM»y (LOI) HakHajtHo je H3pauyHaT H3 ryOHTKa Te)KHHE y3OpakKa. 

OpoJjuucnep3nHOMmnHe TaOmere cy (DOpMMpaHc TaKO IHHITO Cy »KapeHH y3OpLH 
noMemaHuH ca 5 g NHTHJyM MeTaOoparTa (3a ryOuMrKe mpH »xapemby > 25% ca 2,5 g 

JITHJyM MeTaOoparTa H 2,415 g naTHJyM TerpaOopara) H 25 mg nHTHJyM OpoMuJa 

HaKOH udera Cy pacCTONIJBEHH y TILHaTHHCKMM JOHuHhHMMa y mehM 3a ayTOMaTCKO 
TOHJbeMse Ha 1200%C y rpajabby oJi 20 MHHyTa. TOKOM IIpotieca TOIIJbehba, JOHuHhuH Ce 

porupajy y IIHJby XOMOreHHHanuje y3opKa. Cajpx;kaj MaKpoe;IeMeHara je npeJiCTaBJbeH 

y BHJIy OKCHJIA y TE;KHHCKHM IIpolieHTHMa (SiO>», TIO>», Ab Os, Fe)Oix, MnO, MgO, 

CaO, Na:>O, K»O, P>Os z cyzndarHH cyMnop Kao SO), HaKoH uera je mpepauyHaT H3 

OKCHJIA y eJIČMEHTE. 

IIporpaMu 3a MepHe cekBeHie H napaMeTpe cy pa3BHjeHH H OHITHMH3OBaHH 32 
JBa ceKBeHnepa. Mepeme je BpitieHo moMohy poyijyMCKe H XpOMHpaHe ıteBH. Vpebaja 

cy KamMOpMcaHH y3 nmoMoh MebyHapoHHx pe(QjepeHTHMxX y3Opaka, HNpoHeHc H 
MaTpHuHe KOPeKHje ca ajtba KOpEKNHMHJOM mpeMa de Jongh-y MmH mpeMa Philips 

MOJHEJIy. 

3. Peayjrraru 

3.1. Munepajinu cacraB 

V CBHM HCIIHTHBAHHM y3OPp1HM4, HaJJJOMHHaAHTH]JH MHHepajt je KBapn (TaGena 

2; CngKa 3), NOK Cy MHHepanmH H3 rpyne (pennmcnmara H MMHHePpajJIH TJIHHa MaMčČ 

3acTyHIJbeHH. AHajmnoM mM(ObpakrorpaMa youaBa cc BHHHC AMOpQbHe MaTepuje y 
y3OpiHMa yTJba, Kao H y30OpKy nernexa TE-A1/1, y nopebeby ca y30pKOM menena TE- 

A1l/3 KojH MMajy  MHOTO MaMe aMOPpQHc wMarepHje. IlojaBa MyJmMTa y 

eneKTpo(bunTepckoM neneJty MOXKe ce oOJacHHTH pa3rpajubOM KaoHHTa, HHHTa H 
npyrHx MHHepajtma rJHHa TOKOM caropeBabb5a (Hower, 2012). Behu cajnp:kaj Mynura y 

eneKTpo(bunTepckoM merieJty oJroBapa moBehaHoM cajnp;Kajy aJTyMOCHJIHKaTa y yTJby 
(Wu et al., 2019). V yaopuuma nenc:;na rope)/i KBapita uHjH JUH(DpaKIHOHH MaKCHMyMH 

ROMHHHPAJy H ddeCTO MaCKHpajy CHTHHJE IIIHKOBE MaMe NpHCyTHHX (aga, 

KOHCTATOBAaHO je HpHCyCTBO KajmiHTa, MarHeTHTa H MHHepaHa H3 Tpye JIHCKyHa. 
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IIopebemeM mBa Mu(bpakrorpaMa y3OpaKa eneHa MOXKE CČ BHAIĆTH pa3HMKa y 
THIpHCyCTBy rarHoKnmaca KojH H3ocTaje y y30pKy TE-A1/1, nok je y y3opky TE-A1/3 

MOryhe rnpuHcycTBo KpHcTo0ajura. 

Y ysaopuuMa eeKTpodQHnrepckor Henena NOMHHHpa KBaPIL, a HpHcyTaH je H 
mnarHoKkmac. V yaopky TE-A1/10 npacyraH je H K-denncnar, nok je y y3opky TE- 

A1/7 youeHo TpHcycCTBO KpHcTOOamura, IHpOKceHa H HHCKyHa. YVaopak TE-A1/10 

cajlpx*xH MHHepajJi OpayHMH:IIepHT KOJH Ipe}iCTaBJba jeJHy OJU ayTHreHHx (ba3a KOje cc 

THIIHUHO CTBapajy TOKOM TNpoOmeca INpOH3BOJUbE IeMecHTa. V ysaopKy TE-AIL1/7 

HpHCyTHH Cy MyNHT H XEMaTHT, JOK CC HpHCyCTBO aHKepHMTa H MarHeTHTa MO;KC 

mpernocraBHTH. IIMK Ha 23,5 "20 y ysopky TE-AI/IO memMMMuHo mpHrmaja 

mjarHokmacHMa H K-denncnarTy, MebyTHM HHTEH3HTET OBOT IIHKa JE BEOM4 JjaK IHITO 

HHJUHHHpa MOryhe HpHCyCTBO MHHepanma NMHCTaJHOeprHTa (dmisteinbergite), KojH 

nipe/icTaBJba jenaH 0J1 npoXlyKaTa caropeBahba yrJbeBa. 

Yaopnu yrba HpejicTaBJbeHH Cy HpeTe)KHO aMOPQ)HOM MaTepHjOM H y o6a 
y3OpKa JIOMHHHPa KBAaPIL. V y3opKy TE-A1/12 youeHo je HpHCyCTBO ruarHOKJaca, 

MuiHepana MH3 rpyne HCKyHa, Moryhe HpHCycTBO xJOpHTa H cMeKTHTa. Moxxe ce 
HpeTHnocTaBHTH H IPHCyCTBO rHHmca M KpHcroOamara. V y3opKy TE-A1/I4 

KOHCTATOBAHO je HpHCyCTBO MHHepaja H3 Tpyne CMOjeBHTHX CHNMKAaTA KaO IHTO Cy 
HJIHT, CMEKTHT H KaOJIHHHT (Cymika 4). 

Ta6Gena 1. MunepannHu cacranB oyjipebeH MeTOJIOM peHJireHcke nuH(bpaknuje npaxa 

OsgHaka 
Turn y3opka Munoepa;iHu cacraB 

y3opka 

TE- n 
ALI enco KBAaPIL, KaJIIIHT, JIHCKyH, KpHcCTOOaJIHT, MarHeTHT 

TE- Ileneo KBAPIL, KaJIIHT, II1arHOKJIaC, MarHcTHT, H Moryhe 

A1/3 TIIpHCyCTBO JIHCKyHa 

TE- Enegrpodiunrepcku šsapu, nna{·l;(omac, MyJIHT, xeMaTgT, Moryhe 
AL/7 neneo pHcycrpo: K-denncnara, kpacroGanura, mipoKceHa 

(H JIHCKyHa) 

KBapi, nnarHoknac, K-(penjcnar, OpayHMHaepurT, 

TE- Enekrpoonunrepcku | Moryhe npHcycTBo aHkepHra H MarHeTHTa – ciopaH 

A1/10 rcrIco nuk Ha 23,5 2 Ooryhe a onroBapa 

JMHCTajHOeprHTy 

TE- KBAaPIL, ri1arHOK]IAC, HJIHT/JIHCKyH, CMCKTHT, 
A1/1? Vrajb KaOJIHHHT, KaO H MaJIĆ KOJIHuHHec XJIopHra (Moryhe 

HpHCyCTBO rHnca H KpucToOauHra) 

TE- Yram KBaPpII H MHHePajni H3 rpyne CJIOjeBHTHX CHJIHKaTa: 

A1/14 HJIHT/JIHCKyH, CMCKTHT, KaOJIHHHT 

HajsacrynJbeHHjH MMHHepam oJpebeH MeTOJLOM CKeHHPpajyhe ceKTpOHCKeE 

MHKPOCKOIIHJE je KBapiL. Takobe, jacHo je yoOueHO IHIDHCyCTBO MHHepajma H3 rpye 

djemncnara, npH ueMy MHHecpaHe H3 rpyne narHoKMaca OJUIHKyje 3HaTaH HHBO 
TpaHcdoopmanuje ycej caropeBaba KOJH ce MaHH(bpecTyje Kpo3 moBehaH cajp;Kaj 

TBO:xba KoJi y3opaka nenejna (CnHkKa 5). BHTHO je HalIOMEHyTH Jla Cy TOKOM aHaJIH3C 

J\eTeKTOBaHH peJIHKTH OuBPCJIHX TBO;KljeBHTHX pacTorma y y3opnHMa nerieJa. 
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Cnuka 3. /IadbpakrorpaMu tpaxa y3opaka neneza, enekTpo(puarrepckor riene;ta H yrJba; 
Jlerenna: Q - kBapi PI - nraraokmac, I/M - anar/nackyHu, Chl- xnopar, K-Kaominar, Kf - K- 

(jenncnara, Bm - opayHMuznepunr, Mu - Mynur, H- xeMaTur, C - kanmnr, Cr - kpucroGanmair, M 
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a) TE-A1/14 6) TE-A1/12 

E3J | Ž W 

| M[WWWWWM | HWW\MM»WM i —= 
leA -— ___ 

0 2 206) 30 kk 0 206) 30 

Cnuka 4. /IudbpakrorpaMu tnpaxa opuHjeHTHcaHHx y3opaka yrJba (or — cynleH Ha Ba3alyxy, EG — 
nacHheH eTHJIeHTJIHKOJIOM, 5509%C - xkapen Ha 550%C); JIlerenna: Q - kBapt, I/M - 

HnHT/nHCKyHH, K-kaonaHur, Sm – CcMeKTHT 
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Full Scale 4291 cts Cursor: 0.000. 
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Full Scale 515 cts Cursor: 0.000. 

Cnuka 5. ĐoroMukporpa(bHje y3opaka CHHMJbeHe CKeHHpajyhHM cJIČKTpOHCKHM 

MHKPOCKOTIOM; 2)) eJteKTpo(bunrepckor menena (TE-A1/7); 6) yr»bza (TE-A1/12) 

3.2. XeMujcku cacraB 

CBH y3opr aHaHnH3HpaHH Cy peHTČHCKOM (bJIyOpeCHeHTHOM A2HAJIH3OM H 

HHJIyKOBaHOM KyIHIOBaHOM ILHIa3MOM Ca MaCCHHM CIIČKTDOMETDOM, IIpH deMy je 

M3BpmreHa aHajnn3a MaKpoemeMeHarTa H eneMeHaTa y TparoBHMa. IipMMeHoM ICP-MS 

METOJIĆ yTBpDeHo je IIpHCyCTBO yKyHHO 57 eMeMeHaTa, MOK je XRF aHajH3OM 

onpebena koHueHrpanuja 37 eneMeHara (Ta6ezna 3). 

V CBHMM HCHHTHBAaHHM y3OprMMa, yTBpDeHe cy HajBehe KoHmHeHTpanuje 

CHJIHIIHJyMa, aJ,1yMHHHjyMa, OapHjyMa, MaHraHa, H cTpoHiHjyMa ca npeko 130 mg/kg, 

JIOK HajMaMbe KOHIIeHTPanuje y y3opnHMa (Hcrnoji 5 mg/kg) HMajy MOJIHOJIĆH, KaJaj H 

aHTHMOH. Cajnp;Kaj MaKpoeteMeHaTa aHanH3aHpaHHx y3opaKa noKa3ao je a npnHmajjy 

Tpynu KHCCJIHX CHJIHKaTHHX riernena TIČ T_1aBHy KOMIIOHeHTy uHHe Si H Al (Vassilev 

and Vassileva, 2009; Vasilev et al., 2009; Craka 6), urro je norBp}eHo MHHepaJIOHIKHM 

HCIIHTHBaFbHMa Ca KBaPIOM KaO TrJ1aBHHM MHHeP4aJIOM. Cajnp:kaj ocTajmix eJteMeHara je 

HH3aK, a CyMIIOpa je M3pa3HMTO HH34K HapOuHTO y CJIČKTDO(DHJITEDCKOM TICHJIy. 

IIojeniHH MHKpoeJteMeHTH (As, Cr, Cs, Rb) aMajy BHmH cajnpxxaj y OJIHOCy Ha KJIApK 

3a MpKe yrJjbeBe (Ketris and Yudovich, 2009). Bunte KoHneHrTpatje y nere)Jty yrJba y 

OJIHOCy Ha KJIapK 34 MpKE yTJbeBe yOueHe Cy KOJI As, Cr, Cu, Cs, Ga, Nb, Ni, Pb, Rb, 

Sb, Sn, Th, V. 
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Cnuka 6. TpokoMrnoHeHTHH JuHjarpaM KnacH(bukatje xXeMHjcKor cacTana ripojtyKaTa 
caropenata (rpeMa Vassilev and Vassileva, 2009); Jlerenna: S-caninujcka, CS-KapooHaTHo 
cHnHHHjcKa, FS-rBoxkljeeHTro cnannHjcKa, FCS-rBoxxl)eBHTro KapOoHaTHo cHHHjcka MM 

HajpMmte KoHmueHrpamuje Zr (246 mg/kg) youaBajy ce y y3OpKy 

enmekTpodQunrepckor nernena TE-A1/0 MepeHe HpHMeHoM XRF werome. Kojit ucror 

y3opKa youeHa je H HajBeha pa3nMKa y KOHNeHTpauMjH (209,2 mg/kg:; (Cnaka 7) 

H3MEby JIBE MeTOJIe, IpH ueMy je Beha KoHneHrpanuja JIčTeKTOBaHa IIpMMeEHOM XRF 

MeTOJIe. V 3aBHCHOCTH OJI MeTOJIOJIOHIKOT rIipHcTyra H THra rIpoyuaBaHor MaTepHjaja, 
KOHIIeHTpauuija Cr BapuHpa y oncery oJi 42 mg/kg no 309 mg/kg. HajHwxka nerekToBaHa 

BpeJiHocT 42 mg/kg youaBa ce KOJI y30pkKa yrJba TE-A/11, 8aMepeHa npHMeHoM ICP- 

MS werojne, 0JHOCHO 46mg/kg KoJi npHMeHe XRF-a. Hajnehe koHneHrpanuje, Kao H 

pasanuHka youaBa ce KOJI eJteKTpod)unrrepckor menena rye je HajBeha KoOHneHTpanuja 

y3opka TE-A1/7 uak 309 mg/kg, nok Je pa3niKa y MepeHoj KoHIIeHTpanujH 135 mg/kg. 

V yaopuuma enekTpo(bunrepckor menena youaBajy ce pa3niKe y KoHueHrTpamuju Rb 
Koje NOCTM;Ky Bpe/HoOcTH BHmIe OL 100% y onHocy Ha ICP-MS Meroyny. 3aHHMJbHBeC 

cy pa3mMKe y KoHmeHTpamjH Zn y menemy aHamM3aHMpaHe XRF MeTOJIOM, rme je 
MHHHMAaJIHa H3MepeHa Bpe,HOcCT 7 mg/kg, nokK je HajBHIHIa H3MepeHa Bpe/iHoOcT 51 

mg/kg. CaMe BpejiHocTH ce pa3jHKyjy H OJL peyaymraTa KojH cy NoOHjeHH ICP-MS 

MeTONJOM. KoHmeHrpanuje Zn ce MOTy KOMCHTApHcaTH H y y3OpIMa yTJbeBa. 
Muuumaia KoHneHTpauuja HMa BpenHocT 4 mg/kg, MOK MaKcHMajiHa H3MecpeHa 
BpeJIHOCT H3HOCH 54 mg/kg. PeyyanrrarH ce OJIHOCe Ha Bpe/IHOCTH H3MepeHe ICP-MS 

METOJIOM, a paynMKyjy ce o peyynrara MoOHJjeHHx XRF MeTOJIOM H MO 3 myra. 

Konnenrpanuje oJtoBa y nerneJty H yrJbeBHMa Koje Cy H3MepeHe XRF MeTOJIOM Cy HHDKC 
ojU rpaHHma eTeKIHje. OHe ce pa3nMKyjy OJL KOHHeHTpalja H3MepeHHMx ICP-MS 

METOJIOM KOJe H3HOCĆC TIpeKO jeJIHe JJeceTHHe mg/kg. 
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4. Jluckycuja 

MjeH CarOpeBaĐeEM JIHTHHTA JIOMMHHPajJy [} je mo 

MaKPO6eJIeMeHTH Si, Al, Fe, Ca, kao a Mg, Na, K Ti, 

V cacraBy memema KOJH 

; S + OK CC KaO MHKPpOeĆJIČMECHTH 
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TIOjaBJbyJe OKO 25-30 eneMeHaTa OJL KOJHX Cy HNOJEJMHH CKOTOKCHUHH. XCMMHJCKH 

cacTaB, BenHuHHa H OOJIHK uecTHIIe HeneJa JIHpeKTHO yTHuy Ha IIponec caropeBabba H 
HberOBO HOHallaĐbe. V xeMHJCKOM cacTaBy ecJIČKTpo(bumrrepckor mneneja JOMHHHPajy 
Si, Al, Fe H y HM?KHM KOHIIeHTpanujaMa P, K, Ca, Mg, Kao H MHKPpOćJIeMeHTH Zn, Cu, 

Mn, B, Mo n np. (Ahmaruzzaman, 2010), a aaBBHcH OJIL JIHTOTHIIHOr cacTraBa H paHra 

yrJba, MHHePaJIHOT H XeEMHjCKOT CacTaBa yTrJba H yCJ1OBa CarOpeBalba. 

ODHHKeJIMaH ca capajiHHiHMa (Finkelman et al., 2019) yKaaann cy Ha 3Hauaj 

MHHepanornike JeTepMHHamuje mnpoyKaTa caropeBaba yrJba M JucrpHMOynuje 
eJeMeHaTa y M.HMa. MuHepajn ca HajBehoM dacTynJbeHomihy y CBaKOJ OJL (paaa 

caropeBatba cy KBaPIL, MHHepa:;n rJIHHa H nHpur. JacHa Kopenanuja H3Meby eJteMeHaTa 
y TparoBHMa H HpHCyCTBa MHHepPala rnHHa je noKa3aHa (Finkelman, 1981). IIopejn 

aHaraca, pyrMHa H HJIMEHHTA, y HEKMM yTJbEBHMa MHHePajH rJHHa (HDBeHCTBEHO 
KaOJIHHHT H HJIHT) MOT Y Jla CaJlp;Ke BHile KOHIeHTpanuje Ti (Minkin et al., 1979; Ward 

et al., 1999; Dai et al., 2015). Oc riraHa, MHHepajn rJiHHa noOceOHo H3 rpyne HuTa 

MOT y Jla cajip;Ke noBHieHe KOHIeHTpanuje Cr, Rb, Ba. IlIopebebeM peyynrara XRF a 

ICP-MS wMeroje y HcCHHTHBAaHHM y3OplMHMa, HajBeche pay3jHKe y KOHICHTPpaliHjaMa 

KOHCTATOBaHC Cy KOJL capxkaja As, Cr, Mn, Ba, Rb w Zr. Hajaeha payamMKa y 

KOHHeHrTpauijaMa yoOuaBa Cc KOJ eceKTpoOMmrTepcKor enena, JOK Cy HajMaMbčČ 
pa3naMKe y KOHMeHTpanMjaMa H3MepecHe KOJI yrJba. HajBeha pa3nmMka y M3MepeHoj 
KOHIIeHTpauijH je KoJI Zr a Cr (CnKa 7). 

Apcen (As) npunana rpyrnu XaJIko()HiHHX eJIeMcHaTa Ca Bpe/IHOCTHMA KJIApka 
3a MpKe yTrJbeBe OJI 7,6+1,3 mg/kg H neneo MpKHx yrJbeBa oJI 48+7 mg/kg (Ketris and 

Yudovich, 2009). HcrpaxxuaBaPba apceHa y yTrJby HmoKa3ama Cy JlA reHepaJIHO IIOCTOJH 

ojpebeHa 3aBHcHocT H3Meby cajpx;kaja As H R:erOBOr HauHHa IIOJaBJbHBaHbba. BHCOK 

canpxkaj As NOMHHaHTHO je HeOpraHCKOr HNOPpeKJa H Be3aH 30 CyJQDM)IHe MHHepajIe 
(nupuHr H Jnp.; Yudovich and Ketris, 2005), nok HH3akK cajipxkajJ As oOBuHo yKa3yje Ha 

opraHcku a(DuHHTeT. Cajnpx;kaj As KojH Je Be3aH Ca CHJIHKaTHMa je HH3aK, a CaJIp:Kaj 

apceHa KOJH cc HaHna3H y OMHJbKaMA, OJL KOJHX Je HacTaO yraJb, je cmaOo HpoyucH. 

3aBBHcHocT cajnp;Kaja As, narorunHor H ManepajtHor cacTaBa, Kao H cajnlp:Kaja nenejJma 
je BpJIHO KOMIJIHKOBaHa H 3aBHCH OJL BHIIe (bakropa. ApceH ce JIeJIOM aKyMyJIHpa y 
HHepTHHHTHMa H BHTpHHHTHMa. O0G3MpoM a je apceH BOJTIATHJIAH CJIČMCHT, TOKOM 
caropeBatba yrJba y TepMocJIeKTpaHaMa, Behu cO OpraHCKOr H HHMpHTHOT apceHa y 
yTrJby HcHapH y racHoj (ba3H. CaMO MaMbH JIeO As, KOJH Je Be3aH 3a MHHeP4aJIe IJIHHa 

ocraje y nemeny. Hajnehe KoHieHTpauje As jaBJbajy Cc y eNeKTpO(DHJITEDCKOM 

neneJty KOjH Ce OJUIa;Ke Ha JIeIOHHje HJIH Ce KOpHCTH y JIDyrHM rpaHaMa HHJIycTpuje 
(UeMECHTHOJ,  myTorpajba..) Heka pas3Marpamba mokKay3y]y Ma JO3BOJbeHa 

KOHIIeHTpalHja As y yrJby 3a HHJIycTpHjcKy ynoTpeOy Bapupa oyt 100 no 300 mg/kg 

(Yudovich and Ketris, 2005). Pasnke y canpxkajnMa yaMeby XRF H ICP-MS Merojne 

y HCHHTHBAaHHM y3OpIHHMa cJIeKTpo()unrepckor rternejma H3HocHe cy OJL 9,4 no 19,6 

mg/kg (Curka 742), JIOK Cy KOJI neneJa H3HOCHine OJ 10,4 no 17,6 mg/kg y kopacr XRF 

MeTOJIĆ. PaanMKe y KOHHeHTpaNnMjaMa HajBEpOBATHHje Cy Be3aHC Ca IHpOIHČCOM 
BOJIATHJIH3AHHje KOJI MaCeHE CIIČKTpDOMETPpHje Ca HH/UyKOBaHOM KyTIJIOBaHOM T1]14a3MOM 
y npottecy ;XxapeM»a, y KOJOJ As KaO BOJIaTHJTAH ČJIČMCHT HcIIapaBa, 30or uera ce JaBJbajy 

HH)KC KOHIHEHTPa1lHje y OJIHOCy Ha cajlp;Kaje 83MepeHe XRF MeTOJIOM. 

NpoM (Cr) mpHmama rpynmH cHMepoQMMHMXxX eeMeHaTa H HMAa YyMepeHH 

ad)uHureT npeMa yr-by (HOynoBmHu H Kerpuc, 2006). IIpoceuHa BpeJiHocT (KJ1apK) Cr 
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3a MPpKE yrTJbeBe H3HOCH 15+1 mg/kg, a 3a neneo MpKHX yrJbeBa 82+5 mg/kg (Yudovich 

and Ketris, 2005). HcrpaxuBama cy moKajama a Cr MOX)KE a HMa OpraHCKH H 

HeOpraHCKH a(bHHHTET y yTJbeBHMa. V MHOTHM yTJbeBHMa KOHCTATOBaH je OpraHCKH 
BenaH Cr**, nok ce HeopraHcku Hajuenihe akyMyxmpa y HaTy, HemrTo pelje y X,_ropHTy, 
XPpOMHTy/cnuHe;IHMa, KpoKouTy (Huggins et al., 2000; Huggins et al., 2004; Finkelman 

et al.. 2019) i jako perko y cyn()uyuia (IOynonBHu aH Kerpuc, 2006). Hapa3aro BHcCOKC 

KOHIIEHTpaliHje XpOMa BeE3aHe Cy 34 yTJbeBe HacTalme Ha majieopeJbe(by Koju Je HarpabeH 

oR ymrpaGaaamunMx creHa. IIpoyuaBame reoxeMHje Cr, HapouMro Cr" y yrJby H 
TIpO/lyKTHMa CaropeBaM5a je OJL IIpHMapHor 3Hauaja jep je OBajJ berOB BaJIČTHH OOJIHK 

ToOKcHuaH. Hako je arMocQepcka eMMHcHja xpoMa Mana H He Hpe/icTaBJjba HOCeOHy 
OHaCHOCT IO ;KHBOTHy CPpeJUHHy, HCOTIIXOJIHO je rpoyuaBaĐe MoryhHocTH HcrnHpaba 
poa ca nenoHHja nenena H eeKTpoQ)MmnrepcKor menejma, 3aTO IITO HajOmacHHjH 
Onak xpoMa (Cr%*) BeoMa pacTBOpJbHB y BOJUH. TOKOM caropenBatba Cr ce koHuerTpHnte 

y HŽeneHny H ČJNeKTpOOQMMTEpCKOM rIemcmy. PasamMKe y campxajy Cr m Ni y 

eneKTpoO()MJITepCKOM TenHeIy H IHeHey, KOJ CHMUHHX yJbeBa, OOjaHIpeHe Cy 
TIpOHeCOM CaropeBaMba y TepMoemeKkTpaHaMa (Wu et al., 2019). HcmwrHBaMba Cy 

BpmteHa ICP-MS u ICP-AES MeTOJIOM TOKOM KOJHX JČ yOućcHO JIa CC XDpOM H HHKJI 

peTe)KXHO JIeIIOHyjy y eJIČKTpO(bHJITepCKOM nerieJIy. V 3aBHCHOCTH OJI METO/JIOJIOITIKOT 
pacryna H THma rIpoyuaBaHOr y30pKa, KOHIHeHTpalHja XpOMa BapHipa y oncery O,I 42 

no 309 mg/kg. Hajgehe pa3nake ojn 61 no 135 mg/kg (Crmika 76) youaBajy ce KOJLI 

enekTpodQ)unrepckor neneja, OK Cy KO,I neneJa H yrJba OBE pa3JIHKe 3HaTHO Malbe. 
XaruHc ca capajiHHnuma (Huggins et al., 2000) koHcraroBao je na XAFS (peHnreHcka 

Jmud(jpaknuja pHHHx crpyKTypa) a SEM werojaa yKayyJy Ha JiBa rmaBHa OOJKa Cr KoJI 

KaMCHHX yTJbeBa: TrNaBHa mNojaBa XpOMa Bea3aHa je ca ManepaHMMa Kao 
OKCHXHJIDOKCHJIOM CrOOH, mokK je npyra Be3aHa Ca MJIHTOM, KOJH je HaKHaJIHO 

TIOTBpbeH aHaJ1H3OM JOHCKe MHKpOCOHJIe. OO3HpoM Ha IIOTBpl}eHO IIDHCyCTBO HJIHTa y 

HCHHTHBAHHM y3OpiHMa yrJjba 83 TEHT A (Ta0exna 2), nocroju Bez1tHiKa BepoBarHoha 

a Cy BHCOKEC KOHINđeHTDpalMje XpOMa y čJEKTDOQ)MJITEDCKOM rIeney BeaaHe ca 
HHXOBHM IIDpHCyCTBOM y MMTMMa. He TpeOa HCKJbyuHTH HH IIDHMCyCTBO XpOMa y 
OpraHCKHM KOMIIJIČKCHMa. BepoBaTHo Jla IIpHMeM6HH CHCTEM JHrecTHje OJL 4 KopaKa 
HHije OBHo e(bukacaH y paanaratby HOBOCTBOpeHHX aJIyMOCHJIHKaTa cJIČKTpod()uarrepcKor 
menmena y KOJHMa je Cr OcraoO 34pOOJbeH. V pHMOr OBOJ KOHcTaTalMjH MJUy H 

HcTpax)KHBahba CIIpoOBe/leHa Ha eJIeKTpO(bHJITepcKOM nerieny H IDpHMCHH IIeTOCTeHeHe 
Jmurecruje (Sočo and Kalembkiewicz, 2009) sa e()KacHo H3/IBajaPbe XpOMa. 

X| 

Ol 

TI| 

TI| 

Manran (Mn), kao H xpoM tnpHrajajy rpynH cHJiepo()HiHHx eJ1teMeHaTa H HeMa 

ad)uHureT rpeMa yrJby (HOynoBMu H Kerpuc, 2006). KnapkK 34 MpKe yTJbeBe H3HOCH 

100+6 mg/kg, a 3a nenteo MpKHx yrJbeBa 550+30 mg/kg (Ketris and Yudovich, 2009). 

HcrpaxxuBaPbHiMa cy yTBpb)eHe JiBe BpcTe cHHreHeTCKe aKyMyanauuje Mn y yrJby, H TO 
opraHcKH H HcOpraHCKH Bec3aHH: 2) ca penaTHBHHM OOoraheMbeM CaMO yrJba, O) ca 

oGorahemeM nencina 3a Koje je HeoOnx0JIHO IIpHCyCTBO Mn y BoJlaMa TpeceTHe MOuBape 
TOKOM /IČIIOHOBaMba OpraHcke cyncTaHne. HaBop Mn y TpeceTHHM MOuBapaMa MOTy 
Ouru Fe-Mn nareparcke Kope pacna/laba. V OBOM cCJIyuajy, aKyMynauja Mn y yrJby 
mpaheHa je akyMy;1alHjoM Fe, V, Cr a ip. T eHepaJiHo yrJbeBH Ca BHCOKHM CaJIp)KajeM 

cHJIHKaTA, Tj. Ca KHCEJIHM TIČIIeJ1OM HMAajy HH3aK cajlpx)kaj Mn, JIOK yrJbeBH Ca BHCOKHM 
cajpxkajeM KapOoHaTa HMajy BHCOK cajnp;kaj Mn. HcnrHBaHH y3OpriH HMAaJy HH3aK 
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canpxkaj MaHraHa, a CaMO Maje pa3nMKe y Cajlp;KajHMa HIpHMEHOM /BE aHaJIHTHuKe 
METOJIĆ KOHCTATOBAaHE Cy y yrJby (Cnka 7B). 

Knapk pyoujijyMa (Rb) y MpKHM yrJbeBHMa H3HocH 10+0,9 mg/kg, a y neneJy 

MPKHX yrJbeBa 48+5 mg/kg (Ketris and Yudovich, 2009). OBaj niro(DHiHH eJIeMeHT y 

yTJbeBHMa je Hajuenihe Be3aH ca MHHepajHMa rJHHa (Finkelman et al., 2019), ana cy 

HO3HaTH H yrTJbeBH OOorahcHH OBHMM CHCMCHTOM Ca OPpraHCKHM a(bHHHTETOM 
(HROynonuHu H Kerpuc, 2006). IIonamu o noHanrtaty pyOuyuHjyMa ripH caropeBabby yrJba 

Cy KOHTpaJUIKTOpHH. IIpeMa HeKMM H3BemrrajHMa, Behe KoHmeHTpauMje Rb cy 
TIpHCyTHc y cJIČKTpO(Q)HJITepCKOM merneny y nmopebewby ca nenenoM (mrro yKkayyje Ha 
He6rOBy KOHJIeHHanuHjy H3 racHe (ba3e), a IpeMa JIpyrHMa, He JOJ1a3H JIO 3HauajHHjer 

(bpakiuioHucaba HcTor y nereJty yrjba (ROynoBmu H Kerpuc, 2006). OBa Hecnaramba 

Mory OHTH nocje/Ha pa3nMuMTHX CHCTeMa H yCJOBa CarOpeBaM4, KaO H HauHHa 
HojaBJbHBaMba Rb y yrJby (opraHCKH/HeOrpaHCKH Be3aHH). 30Or CBOJE TOKCHUHOCTH H 

MOryhHx aTMOC()epcKMX cCMMHCHJa TOKOM CarOpeBaHhba yrJba, Rb y yrJby MO)JKE 

rpejicraBjbaTH oJpebeHy OmacHOCT IIO )%XHBOTHy CpeJUHHy, HapoOuHTO KOJI yrJbeBa ca 
BHCOKHM C4aJIp)KajeM tene:ma KojH je oooraheH KaJIHjyMOM (HOyynoBmHu H Kerpnac, 2006). 

MHcnuruBaHu y30p1tiH HMajy HeImTOo BHime Cajip)kaje y OJIHOCy Ha KJIApK 34 MpKe yTJbeBe, 
TIpH ueMy Cy HajBHIIĆ KOHIHEHTPpaIHje KOHCTAaTOBaHC y CJIČKTpO(DHJITeEpCKOM TieTne]Iy. 
Hajpehe paanuke cajnpx;kaja Rb kpehy ce oJ 14,7 no 79,5 mg/kg, y kopucr XRF werojne 

(Cnuka 7r) H youaBajy ce KOJI e-_1teKTpo(bHrrepckor nerieJma, JIOK Cy KOJI reneJma H yrJba 

OBE pa3nHKe jako Maje. PaanHke y KOHHeHTpaHjaMa HajBepoBaTHHje Cy BeaaHe Ca 
Hea/leKBaTHHM CHCTECMOM JIHTeCTHJe KOJL MaCCHC CIHIČKTDOMeCTPpHjJeE Ca HHJlyKOBaHOM 
KyIHJIOBaHOM TIIHa3MOM 350or ucra CeČ jaBJbajy HMDKEC KOHIHČHTpaNMje y OJIHOCy Ha 
cajpxkaje H3MepeHe XRF MeTOJIOM. 

BapujyM (Ba) y yrJby MO:Ke OHTH HpHcyTaH y CHJIHKaTHMa (MHHePa;!H TJIHHa 

u/ana (penjnicraTH), kKapoOoHaTHMa, cyan(parHa (Oapur H BHTepHT), (bocbarHMa, Kao H 

opraHckH Be3aH (HOynoBMu H Kerpuc, 2006; Finkelman et al., 2019). IIpoceuaH 

cajlpx;kaj y MDKHM yTJbeBHMa H3HOCH 150+20 mg/kg, nok je y neneny MpKHX yrJbeBa 

3HaTHO BHimH H H3HOCH 900+70 mg/kg (Ketris and Yudovich, 2009). OGoraheme 

yrjbeBa Ba Moxxe OHTH H CHH- H CIHIHTECHCTCKO. CHHreHeTcKoO oOoraheMme HacTaje y 

HpMHMCyCTBy CTEHa Ca TOBHIHCHHMM cajpxkajeM Ba (rpaHMTOM)H, CHjeHHTH) H 
CyOCHHXDOHHM KHCCJIHM (HJIH aHJIĆ3HTCKHMM) ByJIKaHH3MOM y TpeCeTHOj MOUBAaPH. 
Teopercku je Moryh H yrHmaj py/iHHx aKyMyaamuja Ba epo3HjoM exurra Oapura. 

O6orahema 0OapuHjyMOM H3 eBanopHTa, KOJH JIOCTH;Ky BeJIHuHHy py}iHHX JIe)XHIITAa, Cy 

HpHCyTHa y yrJbeBHMa EHrjecke H JpyrHM OaceHHMa (IOynoBmMu H Kerpuc, 2006). 

BapujyM y yrJby He HnpejicTaBJjba OHIaCHOCT TOKOM CaroOpeBaba yrJba. HcnuTHBaHH 
y3opiuH H3 TEHT A mwmajy HHBaK ca/ip:;kaj Ba y ojuHocy Ha KJIapK 34 MpKE yTJbeEBe. 

Hajnumie KoHueHTpanuje Ba KoHcTaTOBaHC y eEKTpO(DHJITEDCKOM THemeJIy, KaO H 
pa3nake y M3MepeHHM cCa/lp;kajHMa HpHMECHOM IBE aHaJIHTHuKeC MCTOJIĆ, KOje Cy Cc 
Kperane oJl 31 no 91 mg/kg (Cnaka 70. KoHcraroBaHe pa3iHKe HajBepOBaTHHje Cy 

Be3aHC THDOHCOM BOJAaTHNMMJAHUMjeE Ha jaKO BHCOKMM TeMIHepaTypaMa KOJL MaCeHe 
CHeKTpOMeTpHje ca HHJUyKOBaHOM KyTIIOBaHOM TI123MOM, 300Tr uera Cc jaBJbajy HHD>KH 
cajpxKajH y OJHOCy Ha HcTe H3MepeHe XRF MeTOJIOM. 

Knapk uzpkoHujyMa (Zr) y MDKHM yrJbeBHMa H3HOCH 35+2 mg/kg, a y neneny 

MPDKHX yrJbeBa 190+10 mg/kg (Ketris and Yudovich, 2009). LIIMpkoOHHJyM HMa yMeEpeHH 

adbHHHTeT ripeMa yrJby, MaJjla Cy OTKDHBEHH yrJbeBH ODOoraheHu Zr (HOy,noBHu u Kerpuc, 
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2006) ca opraHcKHM a(buHireToM. OJ MiHHepajta HajBHIHe je 3aCTyIIJbeH CHJIHKaT Zr - 

IMHpKOH, KOJH MO)KE OHTH CHHTCHECTCKHM H CHMHTCHCTCKH. OCMM Zr y NMpKOHHMA 

TIOjeJUHHHX yTJbeEBa KOHCTaTOBaHO je ripHcycrBo Hf, REE, Nb,Ta, Th s U (Finkelman et 

al., 2019). Ha Cranu 7b jacHo ce ManBaja payaniKa BpeJiHocTH cajpxkaja Zr Ha y30pKy 

enekTpo(punrepckor nmenena TE-A1/0 MepeHor rpHMeHoM XRF werone ca 246 mg/kg. 

Hajneha paanmaka y koHuenrpanujuH 3amaxxa ce Ha yaopKky TE-A1/9 koji kor je paanuka 

MaMeDy KoHneHrpanuja uak 209,2 mg/kg, rpu ueMy je Beha koHnenrpanuja neTekTOBaHa 

THpHMeHOM XRF meronme. OBako BHcoKa paanmMKa y cajpx;kajy Zr HajBepoBarHuje je 

nociienuHia IpHMeMeHOr CHCTeMa JHrecTHje OJL 4 Kopaka, KojH HuHje OHo e(pbukacaH y 

pasanaraby OBOr eJIeMeHTa H3 y3opaka utereher menena. 

a) As 6) cr nerewaa: 
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Cumka 7. /lijarpa cajnp:kaja apceHa (a), xpoMa (6), MaHraHa (B), pyOnnujyMa (r), OapnjyMa (1) 
H IpkoHHjyMa (b) y aHan3HpaHHM y3opunMa o/ipebeHe rnpaMeHoM XRF u ICP-MS MeroJnoM 
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Behe pa3nMKe y KOHINČHTPpaNMJaMa XpOMA, IMHPpKOHHJyMaA, pyOHJWHjyMa, 

GapujyMa H JipyrHx eJIeMeHaTa MO;KE Ce OOpa3JIO)KHTH IIDOHECOM IIpHIpeMe y3opaKa 
OJIHOCHOM JUHTeCTHJOM IHIOTDpeOHOM 3a ICP-MS MeTOJIy KOJI KOJČ HHJC JIOMHIJIO JIO 

HOTIHyHe pasarpajube cJteMeHaTa H3 y30paKa. XpoM Kao peJtaTHBHO HHepTaH CJIČCMCHT, 
TOKOM JWirecTHja, a KacHHje H CarOpeBaMb5a yrJba OHBa „34pOOJbeH“ y KpMHCTAJIHOJ 

pemerku cHiHKarTa, Te Ou rponec nHrecTHje, HapouHTo cJIekTpoQ)arrepcKor mneneJa 
OIO nOTpeOHO 3HaTHO H3MEHHTH KaKO O ce J00Hina peajiHa cJIHKa O KOHIIeHTpalHjH 

xpoMa. HacyrtipoT xpoMy, KoJiHuHHa apceHa Koja je MepeHa TaKolje noka3yje 3HaTHa 
ojncrymabba. BeHHMKe pa3HHKe KOHHMeHTpalmHja MOTy CcC OOjacHHTH HpOILCOM 
BOJIaTHJIH3AHHje KOJI MaCCHE CIIEKTpOMEeTpHJje Ca HHJIyKOBaHOM KyIIJIOBaHOM T1]14a3MOM 
y Hponecy »kapehba IrJIe apceH KaO BOJaTHJIAH CJICMEHT HcHapaBa, HITO KaO KpajibH 
peayxrraT naje cMaElbeHy KOHHEHTPpaLHjy y OJIHOCy Ha peajJiIHy. 

5. 3akJbyuak 

HcrpaxuBaMe je M3BEČHEHO y INMJby KOMmapanuje peyynraTa peHJITeHCKeC 
(ayryopecnieHTHe creKTpocKoruHje H MaCeHC CHCKTpOMCTDHje HHJUyKOBaHe CIIperHyTe 
Hna3MC Ha y3OpIMMa yrJba H INpoyKaTa carOpeBaMba yrJba y3OpKOBaHHX y 
TepmoemekrpaHH „Hukoma Tecma A” y OOpeHoBMuy. HaKOH „H3BPpHIČHMX 

nmaGopaTopuHjckHx „HcHMTHBaHKba, craTHcTHMuKke oOpame pe3ymrara M aHanmM3c 
TIpHKyIIJbeHHx nHojlaTaKa HajBehe payaiKe y KoOHIeHTpanuHjaMa youeHe cy KoJi Rb, Zr, 
Cr, Ba a _As, a Kaja Je peu o mpapoj y3opKa HajBehe payaHKe y KOHIHEHTPpaliHjaMa 

npuHMeheHe cy KOJI eJIeKTpod)uurrepckor renea, OK je KOJI y30paka yrJba pa3naHKa y 
KOHNeHTpauijaMa HajHmxa. Bwumte KOHHEHTpaNnMHje KOJU HaBČeHHX cJeMcHaTa 
J\eTeKTOBaHe Cy IIDHMEHOM XRF wero/jne. Payanika y H3MepeHHM KOHIHeHTpanHjaMa KOJI 
Zr Bapupa oJ 3 o 6 nyra y 3aBHCHOCTH OJI BpcTe y3opka. KoHneHrpanuje Cr 83MepeHe 

METOJIOM DpeHJUeHCKe (biyopecileHTHe aHanM3e H MO 2 nyTa cy Behe y OJHOCy Ha 
BpeJIHOCTH H3MepeHe ICP-MS MeTOJIOM. 

YrpBpDeHe pa3nmMKe y KOHNHeHTpauHjaMa IIpOy3pOKOBaHeC Cy NpHHpeMOM 
y3opaKa, IpH ueMy OHCMO H3JGBOJHJIH uCTBODpOKOMHOHCHTHy JUHTeCTHjy KOJI METOJIĆ 
HHJIyKOBaHC CIIperHyTe HITa3Mec Ca MaCEHOM CHCKTpOMCTDHJOM H TepMOJMHaMMHuKe 
yCJOBC IIpHHpeMe KOJU peHMRreHcKc (ryopecHMueHTHe aHanmwM3c. PasnMKa y 
KOHIHIeHTPpaLHjH Cr ce MOX)KE OOjaCHHTH HEHOTIIyHHM pa3HaraHMbeM aJIyMOCHNHMHKaTa 
TOKOM iponeca HpHHpeMe y3opaKa. HemoTHyHO ueTBODpOKOMIHOHEHTHO PpadaraHbc 
nocne/ua je H pa331MKe y KoHneHrpauuju Rb u Zr, nok ce pa3j1HKke y KOHIIeHTpanujH 
Ba u As o0janmaBajy BoJtaTHJIH3a1HjOM OBHX CJIČCMcCHaTa. 

Kao MOHnyHcCKe MeTOJIĆ HCTpa;KHMBaHba H3BPpHICHC Cy aHaHMH3a CKeHHpajyhoM 
eJIeKTDOHCKOM MHKDOCKOIIHJOM H peHJUeHcKa mHdQbppakuuja mpaxa. TOKOM aHajm3eČ 
SEM MeTOMOM yTBpDeHo je NOMMHaHTHO IIDHCyCTBO KBapHa H TBOXKDeBHTHX 
dQjenncnara TpaHc(Q)opMHcaHux ycjejL caropeBaMba. PeHnreHcka maQ(ppakuuja mpaxa 
HIOTBP)HITa je IIDHCyCTBO TJ1AaBHHX MHHCP4aJa, aJiH H yKa3aJta Ha IIpHCyCTBO MHHePaJIa 
THMHa KOJH Cy JaJbC JeTeDpMMHHCaHH JIpaBJbeMb5ĆCM OpHjeHTHCaHHX ITipemaparTa. 
IIpaMeHoM XRD weronme yTBpbeHo je npHcycTBo KpHcToOamura, OpayHMu;epuHra, 

CMČKTHT4, KaOJIHHHTA H JipyrHX MHHepPajta. VoueH je crtopaH THK Ha 23,5 20 y y30pky 

enekTpodQjunrepckor menena TE-A1/10 Koja ojnroBapa MHHepany MHcTajHOeprHTy 
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KojH HacTaje TOKOM rTipomeca caropeBama. 3Oor HemocraTKa KapaKkTepHcTHuHHX 

HHKOBAa HC MO)KEC CC HECJIBOCMHCJIČHO TBp/IHTH MeČTOBO IIDpHCyCTBO. 

Byayha McrpaxuHBaba OM TpeOalO ycMepHTH Ha pa3BOj H IIpOHaJIa;KĆHM5C 

e()HKacHujer cHcTeMa JiHrecTHje IOCeOHoO eJIeKTpo(buirrepckor rienejna H rernejmna yrJba, 

KakKO OuH ce Jno0uuu peajtHHjuH pe3yznrrarH. Takobe ce npenopyuyje oOaBe3Ha IIpHMeHa 

XRF mwmerome np ojnpebaBaby cajpxkaja MaKpO- H MHKPpOeMeMcHaTa, ca 

MOryhHOcTHMa IIOMepaMbba JIeTEKIHOHHX JIHMMHT4 KOJI I1OJe/UHHHX MHKPpOćeJIeMeHaTa. 
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Ewmnumija Huuonnh!, Baamima HBerkoBnh!, Kpacrnana Hlapuh' 

Emilija Nidžović!, Vladica Cvetković!, Kristina Šarić! 

/lA JIH HMA TPAFOBA EKCIIJIO3HBHMX EPYTIHMHJA Y 

HCTOUHOM JIEJIY JIKHHKOT BYJIKAHCKOTI 

KOMIIJIKKCA? 

ARE THERE TRACES OF EXPLOSIVE ERUPTIONS IN THE 

EASTERN PART OF THE LECE VOLCANIC COMPLEX? 

TIPETXOJIHA CAOITIIIITEĐĐA, CTPyuHH PAJIOBH, ECEJH — REPORTS 

AncrpakT. Jlemku ByHKaHCKH KOMILNEeKC (JIBK) mpencraBJba jemHy OJL HajBehax oOmacrH 

KeHO30JCKOTr ByJIKaHH3Ma y CpOHjH. V OBOM PaJly, HCHIHTHBaHO je JLa 1H Ha IIpOCTOpy HcCTOuHOTr 
nena JIBK mocroje TparoBH „eKCIIIO3HBHC ByJIKaHCKĆ AQKTHBHOCTH. TepeHCKHM H 
MHKPOCKOTICKHM HCIIHTHBaH.HMa yTBpbeHo je a y MHCTOUHOM JMemy JIBK mocroje Tpu 

BylnKaHomomiKe (pauHje: 1) KOXepeHTHH XOPpHOJeHJa-IHpOKCeH-OHOTHTCKH aHJe3HTH, 2) 
ByJIKaHOKJIaCTHuHe CTeHe, H 3) nHpoKatacTHuHe CTeHe. KoxepeHrTHH aH/leanru cy HarpabeHu OJIL 
eyxenpanHux (eHokpMcrama mmarHoKmaca, XOpHOJeHe M OMOTHTA, KOJH Cy KaTKama 
(payananno pacnopebeHu H KojH Cy OKpy)KeHH XOJIO– JIO XHIIOKpHCTaJIACTOM OCHOBHOM MaCOM 
Tpaxurckor KapakTepa. HapBe,eHe KapakTepHcTHKe yKayyjy Ha TO Ja Cy OBC CTeHeC HacTajIĆ 
TedueMbeM JIaBC, a HC ČKCIIIO3HBHHM JICJCTBOM. JamaxkeH je H HH3 HOKa3aTecJba HepaBHOTe;KHC 
KpHcrajmHaanHje, OJIHOCHO MHJHKaTOpa poeca MeMMaH5a MarMM pa3nMuHTOTr cacTaBa. 
BynkaHokmacrMuHe · CTEHC - IHpecjiCTaB;beHC | Cy · ByJIKaHOKHaCTHUHHMM | OpeuaMa ·H 
ByJIKaHOKJIACTHUHHM ~ HeHuapMMa (HyJIKaHCKHMM TICaMHTOJIHTHMA) M Cajlp)KeE OJUIOMKC 
KOXCpČHTHHX ByJKaHHTa KOjM cc Hama3e H3HajL. IIMpokmacrMuHe CTeHC IIpejiCTaBJbeHe Cy 
HacnaraMa najlaBHHCKHX JIanmMJHTa KOJH Cy JOMMHHaHTHO H3rpabeHH O,L OOpo copTHpaHHx 
(bparMeHaTa BHcOKOBeyHKyapHor mmoByhna. HoMxoOBO HpHCycTBO KapakTepHcTHuHO je 3a 
CHa;KHC CKCILIO3MBHC cpyrHje KHCcJe JO HHTepMeJMjapHe MarMe, KOje CTBapajy BHCOKC 
epynrTHBHe CTyOOBC H BCJIHKC KOJIHUHHC Be3HKyJIapHOr ByJIKaHCKOTr craKkma. Ha OCHOBYy 
nocTOjabba OBHX HMHpOKJacTHTa, 34KJbyucHO je Ja je y HCKOJ OJL ByJIKaHCKHX eHM3O/JlA Ha 
HCIIHTHBAHOM I10/1pyujy Hy;KHO OHJIO H ČKCIIJIO3HBHC ByJIKaHCKe aKTHBHOCTH, IIITO IIipe/ICTaBJba 
rnaBHH Hajma3 OBoOr pama. Moxe ce npernocraBHMTH JIA je CKCIUIO3HBHA aKTMBHOCT OMJa 
TIJIHHHjJCKOT THII4, Kao H Jla je dHHHHpaHa Melilabb5eM MarMH payniuHTor KapakTepa. OBH Hajta3H 
Cy y CKMaJIy Ca JIOCTyHUHMM mOJaHMMa MHCTpa;kMBaHMb5a aHaJIOTHHX IIOJpyuja KeHO3OjCKOT 
BynKaHH3Ma y CpOuju. 

1 YiupBepauarer y Beorpany, Pynapcko-reonomriku Qakynrer, bymmHa 7, Beorpaji, Cpoutja; e-mail: 

emilija.nidzovic(qyrgf.bg.ac.rs 

University of Belgrade, Faculty of Mining and Geology, Đušina 7, Belgrade, Serbia 
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KJ'by'lHE peubH: ČKcCIIJ!O3HBHa ByJIKaHCKa aKTHBHOCT, HČHKI/I ByJIKaHCKH KOMIIJIČKC, Ha,1aBHHCKH 

JIartH]1HTH, IIHpOKJtacTHTH 

Abstract. The Lece Volcanic Complex (LVC) represents one of the largest areas of Cenozoic 

volcanism in Serbia. This study investigated whether there are traces of explosive volcanic 
activity in the eastern part of the LVC. The results of field and microscopic investigations 
indicate that there are three volcanological facies in the castern part of the LVC: 1) coherent 

hornblende-pyroxene-biotite andesites, 2) volcaniclastic rocks, and 3) pyroclastic rocks. The 
coherent andesites are characterized by phenocrysts of plagioclase, hornblende and biotite, all 
set in a holo- to hypocrystalline groundmass; the rocks commonly show fluidal fabric. The 

aforementioned characteristics indicate that these rocks originated from effusive, and not from 
explosive volcanic activity. The samples also exhibit a number of indicators of non-equilibrium 
crystallization, most likely due to magma-mixing. The volcaniclastic rocks are represented by 

volcaniclastic breccias and volcaniclastic sandstones (volcanic psammitolites) and contain 

fragments of coherent volcanic rocks located in the area above. The pyroclastic rocks are 

represented by lapilli fall deposits mainly composed of highly vesicular pumice lapilli. Their 
presence is characteristic of strong explosive eruptions of acidic-to-intermediate magma, which 
create high eruptive columns and produce large amounts of vesicular and glass material. Based 

on the existence of these pyroclastic rocks, it has been concluded that one of the volcanic 
episodes which occurred within the studied area necessarily included explosive volcanic activity, 
which represents the main finding of this paper. It can be assumed that the explosive activity 

was Plinian in character, as well as that it was probably triggered by a magma mixing event. 
These results are in line with the existing data on analogous areas of Cenozoic volcanism in 
Serbia. 

Key words: explosive volcanic activity, Lece Volcanic Complex, fall deposits, pyroclastic rocks 

YBOJI 

JIleHKM ByJIKaHCKH KOMIJIČKC (JIBK) jemHa je o oOmacrH KoOja CBcCJOUH O 

KeHO3OjCKOM ByJIKaHH3My y CpOnjH. 3ayaMMa noBpmmany ol npeko 700 km?, mro ra 

duHHH JIDyrHM HajBehHM ByJIKaHCKHM KOMIIJIČKCOM y HaHIOJ 36eMJbH (HaKOH THMOUKOTr 
MaTMaTCKOT KOMIIeKca). HanaaH ce Ha KOHTaKTy CprICKO-MaKeJIOHCKe MaCe Ha HCTOKy 
u Bapnapcke 3oHe Ha namay. KoMrmeKc je HacTaO IHIOCT-KOJIH3HMOHOM MarMaTCKOM 
akTHBHoOrihy Koja je Tpajama OJL omMHroOHeHa JO MHONeHa (Cvetković et al. 2016a). 

3HauajaH HampejaK y pa3yMeBaMby HOpeka H pa3Boja JIBK ocrBapeH je HpHJIHKOM 

Hy3pajle OcHOoBHe reo:monike Kapre (/ilHMarpujeBHh H mp. 1965; Pakuh a mp. 1965; 

Mamnerntepah u np. 1974; ByKaHoBHh H np. 1975). BpeMeHoM cy, MebyTHM, youeHH H 

TIiportycTH y TyMaueMbHMa JIO KOjJHX je TOKOM OBOT KapTHpatba JOIIIIO, yrJ1aBHOM yCJIe)T 
Hepay3yMeBaMDba TCHC3C ByJIKaHOKaCTHUHHX, OJIHOCHO TIHpOKJaCTHUuHMHX CTEHa. 
HenaBHo, KocrHh (2016) je oOapMo mnerporpaQcKo-BylKaHONMOHmIKa HCHHMTHBaMba 

aananHor mema JIBK a yKkaaao Ha 3Haudaj ByJIKaHOJIOHIKOT IIpHCTyIa y TCOJIOHIKHM 
HCTpaxKHBaM»HMa OBcC OOmacrTH. PeyqynrarH M»eroOBOr HcTpaxkMBaHba HHCy yKad3ajli Ha 
HocTOjabe TparOBa CKCNJIO3HBHHX cpyrnuja y 3ama)HoM Mmemy JIBK. Mcrounmw meo 
KOMIIIeKCa TaKolje je y CKOpHje BpeMe OHO ripe,iMer HcTpaxKHBahbaa (IIBerKoBHh H Jip. 

2020). IIpaiHKOM oBe cTy)uHje, (Dokyc je OHO Ha yTBpl)HBaMby IIOpekJIa CTEHa OJI KOJHX 

je wwarpabeH paHOBH3AaHTHJCKH apXeOJIOHIKH JOKaJMHTeT IlapwumH Ipan (Jusfimiana 

Prima), npu ueMy cy creHe ca oBor mokaJmireTa yriopeljuBaHe ca creHaMa HCTOuHor JIeJa 
JIBK. Hako cy creHe HcTouHor Jena JIBK acrpax;xkuBaHe H y OBOM H y pajty IIBerkoBHh 

H Jnp. (2020), BaxxkHo je HarnacHTH Jla Cy IIHJ5eĆBH OBHX HCTpa;KHBaMba OHJIH pa3nHunTH. 
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TIpena je y oGa pana BpmteHa merporpadQckKa aHanM3a, beHH pegynrarH cy y pajny 

IinerkonBuh H yp. (2020) aHrepriperipaHH y KOHTEKCTy reOapXeOoJIOrHje, JIOK Cy y OBOM 

pa/jty HHTepriperHpaHH KaKO OH Ce OJITOBOpHJIO Ha ByJIKaHOJIOIIKO IIHTAH56 IIOCTABJEĆHO 

y HacJIOBy paja, a TO je yrBpbHBaMe HocTOjabba TparOBa HeKaJaHIH5C CKCIIJIO3HBHC 

ByJIKaHCKĆ aKTHBHOCTH y HCTOUHOM /ICJIy .HCLI](OI" ByJIKaHCKOT KOMIIJIČKCA. 

METOJIE 

V umMJby HcnMTHBaĐa meTporpaQcKMX H ByJKAHOJIOIIIKHX KapakTepHcTMHKa 

creHa HcToOuHor JMema JIBK npMMeM=eHe Cy TEpeHCKeE H JaOOpaTOpHjCKe METOJIĆ. 

TepeHckH pajl yKJbyuHBaO je OHCepBHpaMe Ha TEpcHy H IIpHKyIIHJbaMbe y3Opaka. 

MHcenariBaHH TepeH 0OyxBaTao je HcTOuHe majHHe rnaHHHe Paynag, oJ IlerpoBor Bpxa 

no o0ojna JIetkor By11lKaHCKOT KOMIIJeKca (Craka 1). Ipakyn-beHo je mecr y3opaka 

cTeHa 0J1 KOJHX Cy KacHHje H3pabeHu nerporpadcku rpenaparH. ĐoroMHkporpadQuje 

cy H3pabeHe Ha nonapgH3aliOHOM MHKPOCKOIIy 34 IHIpOTyHITeEHy CBeTJIOCT THma Leica 

DMLSP ca yrpabeHoM /uirHTaJIHOM KaMepoM Leica DC 300. 

Legenda 

OOOAAA 

~Nsataxse 

DOO 

lis yesi o 
r a 

Cn. 1 – Teonoma rpaba acrnirTHBaHor TepeHa (o3HaucHor HcrIpeKHJlaHHM JIHHHjaMa) H IHper 
nojpyuja HcTouHor Jena Jlenkor BynKaHcKor KoMrimekca. IIpianarobeHo rpea OT'K 1:100 

000, nacr JleckoBant K34-44 (JinMurpujenuh u yip. 1965). 

Fg. 1 – Geological map of the investigated area (marked by dashed lines) and the surrounding 
area of the eastern part of the Lece Volcanic Complex. Adapted from the Basic Geological 

Map of Yugoslavia 1:100 000, sheet Leskovac K34-55 (Dimitrijević et al. 1965). 

PE3YJITATH H IHCKYCMHJA 

TepeHCKHM H JaOOpaTOpHJCKHM HCIHTHBAM»HMa CTCHa HCTOuHor JIeJa JIenKor 

ByJIKaHCKOT KOMIIJIČKCa yTBPbeHo je Ja ce y rpabu oBor noyjipyuja Mory H3JIBOJHTH TpH 

ByJIKaHOIIOIIKH paanHuure (bamje: 1) KoxepeHTHH XOPpHOJIcHJla-TIHpOKCeH-OHOTHTCKH 

aH/le3HTH, 2) By11KaHOKJIACTHuHe CTCHE H 3) rIHpoKJtacTHuHe CTEHE. 
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KOXCpel·lTl·[l/l XOPH6.]'leHHa-HHpOKCCH-ČHOTHTCKH aH/Ie3HTH 

Ha npocropy IIerpoBe rope Hana3H Cc HeKOJIHKO H3maHaKa H3rpabeHMx O/L 
KOXepeHTHHx aH/eaHTa. Ha caMOM Bpxy 3anaxka ce nnouacTO JO cTyOacTO JyucHbe. 
CrpykTypa OBHX cTeHa je nmopd()MpcKa, a TeKCTypa MacCHBHa. OcHOBHa Maca je 

TaMHOCHBe JIO IIpHe OGoje, 30or uera je TemIko youHTH OOjeHe cacToOjKe creHe. Mory ce 

youMTH jejMHO MjieuHOOcHMHM (eHokpuMcraMmH mmarMoOKMaca, KOjH Cy MOHeTJC 
(inryaanaznHo pacnopebeHu. /laxbe HH3 r-1aBHH IIyT, HaKOH H3J1aCKa H3 HIyMC, HaJ1a3e Ce 
H3maHlH HOpO3HOr BapHjerera HcTe cTeHc. EoMxoBa crpyKTypa je mopdQjupcka, a 
TeKcTypa (payManmHa H IMHyILUbHKaBa. OcHoBHa Maca je OcMe Ooje. youJbHBH Cy 

(peHoOKpHcTajmH XOpHOeHJIĆ uMja Uy)KHHa TmoHere mpemasM l cm. KoxepeHTHH 

XOPpH0nneH/la-nHpoOKceH-OHOTHTCKH  aHe3HTH M3rpaleHM cy OJ IarHoKMaca, 
XOPpHOeH/Ie, HIHpoKceHa, OHoTHTa (d)moromHTa?), KBapa, OJIHBHHA, CaHHJUHHa H 

MeTaJIHuHHX MHHepajta. IIpeMa creneHy KpHcTanHHHTeTa OCHOBHC MaCEe, OBE CTEHE Cy 
XHHnoKpuHcrTajtacTO-HOp(bMpcKe O XHjaHMONIMMTCKE CTpyKType, OK Cy HpeMa 
KOJIHUHHHM (peHokpHcTama ojHroO(QMpcKe crpykType (peHaTHBHa 3aCTyHIJbEHOCT 
(penokpucraza ~ 40%). Tekcrypa je MacHBHa no (bayryunazna. Meby peHokpucranmaia 

Cy Haj3aCTyIUbeHHjH ecyXepaHHH HarHOKJaCH KOJU KOJHX Cec yOdaBajy JIAMeJIADpHO 
OJIDKM56Mb6 H 3OHApHOcT. OHu cy uecTo (pbyryananHo pacnopebeHu (Cyka 2a). 3anaxa 

ce H TpaxiTcKa CrpyKkTypa y BHJIy MHKPpOJIHTa IImarHOKJIaCa KOJH MeECTHMHuHO OrmTauy 
KpynHuHje (peHOKpHcTaHe y OCHOBHOJ MacH (CnHKa 20). OBe KapaKTepHCTHKC 

(dnyunmanmHa Tekcrypa, TpaxHTcKka cTrpykTypa, eyxepaHMmHocT (eHokpHcrama 
ninarHOKJaCca, OJICyCTBO HOJIOMJBĆHMX 3pHa) jecy JOKa3 JA Cy OBC CTEHC HacTajIĆ 
TeuCMeM JIaBE, a HE ČKCIIJIO3HBHHM JIČJCTBOM (Bard 1986; Vernon 2018). 

Cun. 2 — Mukpockorickui H3rJe,| KOxepeHTHHX XOpHO;teHJla-IHpOKCeH-OHOTHTCKHX aHJIe3HTa. 
(a) Ojryananın pacnope)n MHKpo(peHokpuHcrajnma rnarHoKmaca y OCHOBHOJ MacH CTeHC 

(crpenmima ykKayyje Ha rpanBatı ripeoBnmabyjyhe opnHjenranuje), (0) Mukponnru runarHokmaca 

KojH y ”'MHa3eBHMa' onTauy (beHoKkpuHcrane, rpanehu TpaxHTCKy cTpyKTypy; a — napajtenHH 
HHKoO:m (pp/), Ć – ykpitreHu HHKo:m (xp/) 

Fg. 2 – Microscopic images of coherent hornblende-pyroxenec-biotite andesites. (a) Fluidal 
arrangement of plagioclase microphenocrysts in the rock groundmass (the arrow points in the 
dominant orientation), (b) plagioclase microlites which encircle phenocrysts, thus forming the 

trachytic texture; a — plane polarized light (ppl), b - crossed polarized light (xpl) 

V HcnHTHBaHHM y50plHMa KOXCpČHTHHX aHJIĆ3HTa 3ama;KĆH je H HMH3 

HOKa3aTeČJba HepaBHOTC;KHC Kpnc·rannzaunje. MOI'y Ce TIIDHMECTHTH l/lHKHy?:l/ljČ OCHOBHC 
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Mace y (peHOKpHcTaMMa mjarHOKMaca, KOJE IIpejicTaBJbajy TparoBe pecopriuje, 

OJIHOCHO T3B. cHTacTy CTpyKTypy (Cnuka 3a). Kojt nopoaHor Bapujerera aHle3uTa, Ha 

HeKHM (beHokpHcranuMa rurarHoKnaca, aanaxKa ce na je cnracra crpykTypa pa3BHjeHa 
TIpeTe)KHO y BHJIy TaMHHX py0oBa. VouaBajy ce H II0J1HMHHepajtHH arperaTH (aHKJIaBe) 

MarpabeHwM oJl mMpoKceHa H anrepHcaHor onMBHHa (CnMKa 36). Kom mopo3Hor 

BapHjeTeTa aHne3HTa, OJIHBHH Ce cCpehe H y BHJUy CaMOCTaJIHHX arperaTa H JaKO CeČ 
Hpeno3Haje HO (bDopMM, yIIpKOC 3HadajHOM CTEHĆCHy CČKyH/IApHHX HIDOMeHa KOjJe jc 

nperpreo. UHMMeHHIHaA a OBC CTCHC CaJp)KC H KBAp H OJIHBHH IIpe}cTaBJba 
CBOJeEBpcTaH TepMOJIMHaMHuKH apajlOKC KOJH Cc OOjampbaBa MeHIAMbĆM MaTrMH 

(Sakuyama 1979). OeHokpHcrajH XOpHOmeHJe cy (uryHMaHHo pacmopebeHH H 

H3pa3HTO IIOHMXpOHuHH (OJL CBETJIOCMeDe JO TaMHOCMeDe Goje). JIHMcke OHoTHTa 

(dtoronnra?) cy H3pa3HTO HOJIHXpOHUHC H HO HMHMXOBHM OOO0JMMa Cy pa3BHJeEHH 

onauTcKH pyOoBH. OcMM mmarMokmaca, cHTacTy CTpyKTypy HNM TparOBE HeČKOT 
Jpyror THrIa HepaBHOTe;KHHX peaKlUija nOKa3yjy H HEKH (beHOKpHcTajIH IHpOKceHa H 
XOPpHOreH/jne, nHcKe OHorTHra (()norornnra?), Kao H 3pHa MeTaJIHuHHX MHHepajna. OBe 

KapakTepHcTHKe TaKolje cBejOue O HponecHMa MenaMba MarMH (Varol et al. 2008). 

HapBeneHH HaHna3H y CKMaMy Cy Ca HpeTHOCTaBKOM O MeHIaFby MaTrMH H3pa3HTO 
pasanauusror cacraBa Kojy je nao Kocruh (2019). 

200 um, 

Cun. 3 – MukpockorickuH H3re,| KOxepeHTHHX XOpHO;teHJla-IHpOKCeH-OHOTHTCKHX aH/Ie3HTa. 
(a) HiKny3Hje OCHOBHe Mace y (peHokpHcra;ry rnarHoKnmaca, Koje ripejicTaBJbajy cHTaCTy 

CTpykTypy, (6) nomiMuHepa;mHu arperaru HarpabeHu o/ nHpoKceHa H ajrrepHcaHor OJIHBHHa y 
KOXepeHTHHM XOPH0;IeHJTla-TrIHpOKCeH-OHOTHTCKHM aHJle3HTHMa; a – xp/, 6 — ppl 

Fg. 3 - Microscopic images of coherent hornblende-pyroxene-biotite andesites. (a) 
Groundmass inclusions in the plagioclase phenocrysts that form sieve texture, (b) polymineral 
aggregates of pyroxene and altered olivine in coherent hornblende-pyroxenec-biotite andesites; 

a — xpl, b - ppl 

ByJIKaHOKI[aCTH'·[He creHe 

BynKaHokmacrMuHe CTEHE OBOTr nojppyuja pejcTaBJb6HC Cy ByJIKaAHO— 
KJIaCTHUHHM OpeuaMa H ByJIKaHOKJIACTHUHHM renuapHMa. ByaKaHokamacrHuHe Opeue 
cy HarpabeHe oJ yrnacrHx (bparMeHara ropo3Hor aHJie3HTa (Be!HuHHe HpeKo 2 mm) 

KOJH Cy BeČ3aHHM CHTHODHHjHMM MaTDHKCOM OJL HCTHX CTeHa. ByjKaHOKMacTHuHH 
memuapH (>50% dpakumje y onmcery 0.05-2 mm), koja ce HpeMa HeTeČHETCKOJ, 

JeCKDMHTHBHOJ KHacH()HKalmjH MOTy OJIDe/MMTHM M KaO ByJIKQHCKH IHICAMHTOJIHTH 
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(IiBerkoBHh 1998), awarpabeHuH cy oJ ()parMeHaTa KOXEpEHTHMX aHJIeĆ3HTa BC3aHHX 

CHTHOSDHMM MaTpHKCOM. MarTpuMKc je nopeDeH M HCTOBETHOTr CacTaBa KaO 
(bparMeHTH. CoprupaHocT BynKaHokmnacrHuHMHx HMđemuapa je moOpa, a yodaBa cc H 
JnaMHHatuja, IITO yKayyje Ha TO a je pejemOHOBaMb6 HajBEpOBaTHHJE H3BPIHICHO 

OyjHuHHM TOKOBHMA. IIpHMehyjy ce H ČJeMCHTH pHTMMuHC CJIOJEBHTOCTH, KOJH 

ykKayyjy a cy HacMbarc HacTaHc BHIIČKDAaTHHMM CHMPpaHbeM. ByjKaHoKacTHuHH 
nerparyc je Npe/iCTaBJbeĆH OJUIOMIMMa ByJIKaHMTA H HH/JUHBH/(yaHHHM 3DpHMMa 
MHHepajJla. QOJUIOMIM ByJKaHHTa Cy BeMHMuHHeC 1l-3 mm. OJUIHKy]y Ce 

XHJjaJIOIIHJIHTCKOM H HOpO()HpCKOM CTpyKTyPpOM, IITO yKa3yje Ha TO a Cy y HHTAM»y 
(bparMeHrTu Beh onHcaHHx KOXeEpeHTHHx aHNne3HrTa. VouaBajy ce yrnmacra, cyOyrnmacra 
H cyOy3ao0JbeHa 3pHa nuarHoKaca, KBapia, caHHJIHHa, MOHOKJIHHHUHOT IHIHPpOKCEH4, 
OugoTHTA, MeTanHuHHX MHHePaJIa H XHJIpOKCH/La TBO:Kba. 

l'lnpolcnaCanHe creHe 

TIgpokmacrMuHe CTEHC Cy IHpejUCTaBJbcHe PpeTKHM HacMaraMa majaBHHCKHX 
manunarTa, KoOje Cy CauyBaHC CaMO y BHAJUy penMKaTa couHBacTHX (DOpMM, uuja 
MaKCHMAajIHa NHeOJbHHa He mpeja3H jenaH Merap. HajBaxxHuja KapakTepHcTHKa OBHX 
Hacuara jecre /Oo0pa coprHpaHOcT, OJIHOCHO H3OCTaHaK CHTHO3pHOr MaTpHKca, TAKO 
Jla je CreHa TOTOBO IIOTIIyHO CacTaBJbeHa OJI (bparMeHara muanoByhiia JHMeH3Hja nanujnma. 
OcMM mznmoByhama, canpxe M BCOMa PpeTKc (bparMeHTe KOXCpEHTHOr aHJIe3HTA 
TaMHOCHBe JIO IIpHe OCHOBHE Mace. 30or noMHHanuje Ocznx nnoByhata, oBe CTeHe Cy 

ynaJUbHBO Ocue Goje. IlanaBHHcKe manmjTe, MaKJe, cauHHbaBajy HpeKo 95 namp.9o 

OJUIOMIH moByhma, OK H3y3ECTHO mnonpeleHmM CHTHO3DpHH MaTpHKc Hyarpabyjy 
KpXOTHHe CaMHXx mrioByhatna, Kao H OJUIOMLHH (beHOKpHcrTajnma H cTeHa. CaMu nnoByhruua 
Ce OJUIHKy]y BeEOMa H3pa;KeHOM Be3HKyJ1alHjOM. ODparMeHrTH ruoByhita cy pHcyTHH y 
J\Be (bopMe. IpBa (bopMa ce o/UIHKyje IpeTe)KHO C(bepHuHHM Be3HKyJTaMa paanHuHTHX 
BenMuHHa (Cnuka 4a). IIonycenbeHe IIyIIbHHC H ByJIKaHCKO CTAaKJIO CauHMbaBajy 

cahacry TeKcTypy (eHr. homeycomb texture). Jlpyra (QopMa (QppareHara muanoByhia 

OJUIHKyjE CC MH3JUy)KEHHMM, COUHBaCTHM (DOpMaMa, ca cyTaKCHTHOM TEKCTypOM H 
eJIHHCOHJIAJIHHM Be3HKyJTaMa (CiHka 40). 

Meby d(jeHokputcrajmiMa yHyTap rnoByhatna Haj3acTyTIIbeHHjH Cy IIarHOKJIaCH, 

a npHcyTHe cy jom aH micKe OHoTHTa, x;topHTa, 3pHa aM(buOo;ma, IHpoKceHa, KBapIa, 
OKCHJUH H XHJIDOKCHJUH TBOxxl)a H MeTaJIHuHH MHHepajIH. DeHokpHcranu rarHoKmaca 
cy BapHjaOHJIHHX JWHMeH3HjJa (o,L Hcnoy I mm no mpeko 10 mm) H yrnacTHx JIO 

cyOyrmacrMx (bopMu. VouaBajy ce 3OHapHOCT H JaMeJapHO OJIMD)KĐeM=e. MuHore 
OJUmHKyje cHTacTa CTDpyKTypa, OJHHOCHO, „HarpM;KeHOCT“ O, CTpaHC OCHOBHC MaCč. 
JIacke OHoTHTa cy noJpmxpoHuHe H JeJIHMHuHO TIpeJ1a3e y XJOpHT. 3pHa aM(bu0ojma cy 
eyxelpanHa H M3pa3Hro nonMxpoMuHa. MHora oJL HX HMajy cHTacTy CTpyKTyPpy, 
OJUHOCHO Cajlp;Ke OpojHe KamJbHuacCTE HHKJIy3HjeE KOJe OJUrOBapajy MaTpHKcy. 3pHa 

KBapHa Cy MaMe ?jaCTyDUbEHa H 3OHapHO IIOMPpauyjy. OJUIOMIM CTEHa MHMAajy 
nOop()Hpcky H XHjaJIOrIHJIHTCKy OCHOBJ, IIITO yKa3yje Ha TO la cy y nHTaPby ()parMeHTH 
KOXepeHTHHX aH/le3HTa. 
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Cn. 4 – Mukpockorickui Hnr:eJl o)uTOMaKa rinoByhatma y majlaBHHCKHM JIanHnHTHMa. (a) 

OJUIOMAK rimoByhta KojH ce OJUIHKyje c(bepruHHM Be3HKyJaMa payjtHunTHX BeJtuHHa, (6) 

OJUIOMAK rinoByhna KojH KapakTepHitty H3J1y)KeHe (DOpME ByJIKaHCKOT CTAaKJIa H eJIHIICOHJIHC 
BeaHKyjJe; a, 0 — ppl. 

Fg. 4 – Microscopic images of fragments of pumice in lapilli fall deposits. (a) A pumice 

fragment characterized by spherical vesicles of different sizes, (b) a pumice fragment 
characterized by elongated forms of volcanic glass and ellipsoidal vesicles; a, b – ppl. 

IIpdcycTBO BHCOKOBC3HKyJIapHHx nuoByhana y BHJUy (pparMeHaTa anWja KOjH 
uarpabyjy nanaBHHcKe Hacitare MO;Ke OHTH KapakTepHcTHuHO 34 CHa)KHEC CKCIIJIO3HBHC 
epyruuije KHceJIe JIO HHTepMe)iHjapHe MaTMe KOje CTBapajy BHCOKeE epyITHBHe CTyOOBC 

H BCJIHKC KOJIHUHHC BC3HKyJLapHOr H CTaKacTOr MarTepHjajJna y BHJIy HajlaBHHCKHX 
TBopeBHHa (Cas & Wright 1987; Fisher & Schmincke 1984). IIopenn ByzatkaHozmomikux H 

nerporpa()ckHx JnoKa3a O eKCIIJIO3HBHOJ ByJIKaHCKOj AKTHBHOCTH, KaO H OHHX O MeLiIaHby 
MaTM31, KOjH Cy IIpHKa3aHH JO Cajla, O CBOJTyIHjH JIeHiKOT ByJIKaHCKOT KOMTIIJIČKCa MO)KC 
Ce 3aKJbyuHBaTH H HIOCpeJIHO, Ha OCHOBy y3HMalba y 003up peyynrrara acrpaxxXBaba Koja 
cy pabeHa y pyrMM OOmacrHMa KeCHO3OJCKOr ByHIKaHM3Ma y CpOuMjH (PyjHMK, 

KonaoHsK, ITonmija, ABana, BemaKH MajnaH). HcrpaxxHBama BpmeHa Ha Poros3HH 

(Šoštarić et al. 2012) a Pyaaky (Cvetković et al. 2016b) ykayyjy Ha TO a je Ha OBHM 

no/pyujHMa O HHMIHHpaMba CKCIJIO3HBHHX ByJIKaHCKHMX Cpynja JUOHIHO yCJIe) 
Menabba MarMH JaMIIDOHTCKOTr H KHCEJIOr KAaJIKO-aJIKaJIHOrT (MTalTCKOT) KapaKTepa. 
TIpenna rpeOa HaracHTH JIA TOKOM OBOr HcTpaxkHBaMb5a JIBK Hucy nmpoHabeHe cTeHc 

JaMIIpOHTCKOr KapakTepa, c 003HpoOM Ha aAHaJIOTHOCT HaBc/IeHHX Hojipyuja H JIemKor 
ByJIKaHCKOT KOMIIJIČKCA, MO)KE Ce IIpeTHOCTaBHTH JlA Cy CC CJIHUHH ITpOIeCH OJBHJAJIH H 
Ha OBOM IHIpOCTOpy. V npHHOr OBOM TyMaucHby CBeHOue H Herporpa(bckHM MOKa3H O 
MeImaFHby MaTMH (IIpHCyCTBO aHKJIaBa OJIHBHHa y CTeHaMa KOje CaJlp»ke H KBapiL, cHTacTa 
crpyKTypa Koja ce aamaxKa KOJI pa3nHuMTHX MHHePana), KaO H HOCTOJAaAMP»eĆ OJUIOMAaKA 

KOXEPpEHTHHX aHJle3HTa y IIHpOKJACTHUHHM CTEHaMAa, KOje yKa3yje Ha TO Jla je H311BHa 
AKTHBHOCT IIpeTX0JuHJ1a ČKCIIJIO3HBHOJ. MebyTMM, KaKo Ou ce oBO ca cHrypHorihy MOTJIO 

TBp/IHTH, HČOTIXO/IHO je H3BPpIHHTH J1O/14THa HCTpa)KHBaFba KOJa OH y CBOM (boKycy HMaJIa 

TeOXEMHjCKe KapaKTepHCTHKe OBHX CTeHa. 

3AKJbYUJAK 

'V OBOM pajny, npHKanaaHu cy pe3yaraTH neTporpa(pDckoO-ByJIKaHOJIOIHIIKe aHaj13C 
creHa HcTOuHoOr ema JleHmKOr ByJKaHCKOT KOMILNIeKCa. I naBHH IUMJb HCTpa)KHBaHa 
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OuMmo je HcnMTHBaM= HOCTOJAMPa TparOBa CKCIJIO3HBHC ByJIKaHCKE aKTHBHOCTH Ha 
OBOM noJIpyujy. Ha ocHoBy orncepBauuja Ha repeHy H maOopaTopHjcKHx HCIIHTHBaF4, 
H3JIBOJeEHC Cy TpHM ByJIKaHOIOOMIKeE (paumje: (pamwja KOXCpeHTHMX XOPHOJeHJIa- 

TIHpOKCeEH-OHOTHTCKHX aH/Ie3HTA, ByJIKaHOKJIACTHuHC CTCHC H HHpOKJaCTHuHC CTEHC. 
/le0MHMTHBHO | nNocTOjabe | TparOBa | ČKCIJIO3HBHEC | BYyJKaHCKC | aQKTHBHOCTH 
OKyMCHTOBaHO je IHpHCyCTBOM HajaBHHCKHX janmnHTa MH3rpaljeHMx TOTOBO y 
HOTHyHOCTH OJL OJUIOMaKa moByhama, HITO TNpe/iCraBjba TJGaBHM Haja3 OBOT 
HcrpaxxkuBaMba. Moxxe ce mperTmocTaBHTH a je OBa CKCHJIO3HBHA AaKTHBHOCT OMJa 
TIHHHHjCKOr THHa, KaO H TO a je JO Me MOHIHO 3OOr MeHIaMba MaTrMH pa3jHuHTOTr 
KapakTepa. HaBeneHa TyMaueMa mpoHcrHMuy H3 pe3ynraTa OBE CTyNMHje, KaO H H3 
M.HXOBE HHrTerpaije ca pe3yarrarHMa paHHjHx HcTpa;KHBaHhba. 

3AXBAJIHOCT 

HcrpaxxuBabbe je ypabjeHo y OKBHpy YVroBopa o peannunanujuH H (buHaHcHpaRby 
HayuHouHcTpaxkHBaukor pana HHO y 2022. ronaHu, 0p. 451-03-68/2022-14/ 200126. 

ARE THERE TRACES OF EXPLOSIVE ERUPTIONS IN THE 
EASTERN PART OF THE LECE VOLCANIC COMPLEX? 

INTRODUCTION 

The Lece volcanic complex (LVC) is one of the areas that documents Cenozoic 

volcanism in Serbia. It spans more than 700 km?, which makes it the second-largest 

volcanic complex in this country (after the Timok Magmatic Complex). It is located on 

the contact between the Serbo-Macedonian Massif in the east and the Vardar Zone in 

the west. The complex originated through a post-collisional magmatic activity which 

lasted from the Oligocene to the Miocene (Cvetković et al. 2016a). Considerable 

progress in understanding the origin and the evolution of LVC was made during the 

creation of the Basic Geological Map of Yugoslavia (Dimitrijević et al. 1965; Rakić et 

al. 1965; Malešević et al. 1974; Vukanović et al. 1975). Over time, however, certain 

volcanological oversights made during this mapping became evident; they were mainly 

due to misunderstanding the differences between volcaniclastic and pyroclastic rocks. 

Recently, Kostić (2016) conducted a petrographic-volcanological investigation of the 

western part of LVC and pointed out the importance of utilizing: a volcanological 

approach in geological investigations ofthis area. The results of his study did not reveal 

the existence of traces of explosive eruptions in the western part of LVC. The eastern 

part of the complex has also been a subject of research lately (Cvetković et al. 2020). 

This study focused on determining the origin of rocks which were used to build the 

early Byzantian archaeological site “Caričin Grad” (Jusfiniana Prima); during this 

research, the rocks from the site were compared to the rocks from the eastern part of 

LVC. Although rocks from the eastern part of LVC were researched both by the present 

paper and by the work of Cvetković et al. (2020), it is important to emphasize that the 
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goals of these studies were different. In the work of Cvetković et al. (2020) the results 

were interpreted in the context of geoarchaeology, whereas the present study 

interpreted them in a way that made it possible to answer the volcanological question 

asked in the title of the article, and that is determining the existence of traces of past 

explosive volcanic activity in the eastern part of the Lece Volcanic Complex. 

METHODS 

In order to determine the petrographic and volcanological characteristics of 

rocks from the eastern part of LVC, field and laboratory methods were utilized. The 

fieldwork included making observations in the field and collecting: samples. The 

examined area encompassed the castern slopes of the Radan mountain, starting at the 

Petrov vrh and ending at the edge of the Lece Volcanic Complex (Figure 1). Six rock 

samples were collected, and petrographic thin sections were created from the samples 

later on. Photomicrographs were created using a polarizing, microscope with 

transmitted light (Leica DMLSP) with a built-in digital camera (Leica DC 300). 

RESULTS AND DISCUSSION 

Synthesizing  the observations derived from the field and laboratory 

investigations of the samples collected from the castern part of the Lece Volcanic 

Complex, it has been determined that three volcanologically different facies may be 

determined: 1) coherent hornblende-pyroxene-biotite andesites, 2) volcaniclastic rocks, 

and 3) pyroclastic rocks. 

Coherent hornblende-pyroxene-biotite andesites 

In the area of Pefrova gora, there are several outcrops of coherent andesites, on 

which platy and columnar jJointing can be observed. These rocks manifest porphyritic 

and massive textures. Their groundmass is dark grey to black, which makes the 

determination of the minerals difficult. The only easily observable minerals are the 

milky white plagioclase phenocrysts, which are occasionally fluidly arranged. Further 

down the main road, after leaving the forest, there are outcrops of a porous variety of 

the same rock. These rocks display porphyritic, fluidal and vesicular textures and their 

groundmass is white in color. There are noticeable phenocrysts of hornblende 

occasionally above 1 cm in length. Coherent hornblende-pyroxene-biotite andesites 

consist of plagioclase, hornblende, pyroxene, biotite (phlogopite?), quartz, olivine, 

sanidine, and metallic minerals. In terms of the crystallinity of their groundmass, these 

rocks are hypocrystalline-porphyritic to hyalopilitic, whereas, in terms of the 

abundance of phenocrysts, they are oligophyric (relative abundance of phenocrysts ~ 

40%). The texture is massive to fluidal. Amongst phenocrysts, the most abundant are 

euhedral plagioclase phenocrysts which exhibit lamellar twinning and zoning. They 

are often fluidly arranged (Figure 2a). The trachytic texture may also be observed, in 

the form of microlites of plagioclase that encircle the larger phenocrysts in the 

groundmass (Figure 2b). These characteristics (fluidal fabric, trachytic texture, 
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euhedral plagioclase phenocrysts, absence of broken phenocrysts) prove that these 

rocks originate from the lava flow, and not from explosive activity (Bard 1986; Vernon 

2018). 

The investigated samples of coherent andesite also exhibit a series of indicators 

of disequilibrium crystallization. Droplet inclusions of the groundmass in the 

plagioclase phenocrysts can be observed, forming the sieve texture (Figure 3a). In the 

porous variety of andesites, sieve texture can be observed on some of the plagioclase 

phenocrysts in the form of dark rims. There are also polymineral aggregates (enclaves) 

consisting of pyroxene and altered olivine (Figure 3b). In the porous variety of andesite, 

olivine forms monomineral aggregates and can ecasily be recognized by its characteristic 

form, despite the significant degree of alteration. The fact that these rocks contain both 

quartz and olivine represents a thermodynamic paradox that is commonly explained by 

magma mixing (Sakuyama 1979). Hornblende phenocrysts are fluidly arranged and 

display strong pleochroism (ranging from light brown to dark brown). Biotite 

(phlogopite?) plates also exhibit strong  pleochroism as well as opacitic rims. Aside 

from plagioclase phenocrysts, sieve texture or traces of other types of disequilibrium 

reactions, can also be observed on phenocrysts of other minerals, such as: pyroxene, 

hornblende, biotite (phlogopite?) and metallic minerals. These characteristics also 

imply processes of magma mixing (Varol et al. 2008). The stated findings are in line 

with the previously proposed hypothesis (Kostić 2019) of mixing between two magmas 

of distinctly different compositions. 

Volcaniclastic rocks 

Volcaniclastic  rocks are represented by #volcaniclastic  breccias and 

volcaniclastic sandstones. Volcaniclastic breccias consist of angular fragments of 

porous andesites (over 2 mm in size) embedded in a fine-grained matrix consisting of 

the same rocks. Volcaniclastic sandstones (>50% of fraction between 0.05 and 2 mm), 

that may be determined as volcanic psammitolites according to a non-genetic, 

descriptive classification (Cvetković 1998), consist of fragments of coherent andesites 

embedded in a fine-grained matrix. The matrix is scarce and has the same composition 

as the fragments. The volcaniclastic sandstones are well-sorted and laminated, which 

indicates that the redeposition most likely occurred through intermittent flows. There 

are also elements of rhythmic layering, which indicate that the deposits most likely 

formed through repeated short episodes of erosion. The volcaniclastic detritus consists 

of fragments of volcanic rocks and individual mineral grains. The size of volcanic 

fragments is between 1 and 3 mm. They exhibit hyalopilitic and porphyritic textures, 

implying that they are fragments of previously described coherent andesites. There are 

also angular, subangular and subrounded grains of plagioclase, quartz, sanidine, 

clinopyroxene, biotite, metallic minerals and hydroxides of iron. 

Pyroclastic rocks 

Pyroclastic rocks are represented by lapilli fall deposits, preserved only in the 

form of up to one meter wide lens-shaped relicts. These deposits are well-sorted, 1.e., 

they lack a fine-grained matrix and consist almost exclusively of lapilli-sizes pumice 
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fragments. Aside from pumice clasts, they contain very rare fragments of coherent 

andesites with dark grey to black groundmass. Due to the domination of white pumice 

(over 95% wt.%), the rocks are distinctively white. The scarce fine-grained matrix is 

built out of glass shards (tiny fragments of vesicle walls), as well as fragments of 

phenocrysts and groundmass. Fragments of pumice are present in two forms. The first 

is characterized by mainly spherical vesicles of different sizes (Figure 4a) and the 

second is characterized by elongated, lenticular forms, with cutaxitic texture and 

ellipsoidal vesicles (Figure 4b). 

The most abundant phenocryst in pumice is plagioclase, but it also contains 

flakes of biotite and chlorite, grains of amphibole, pyroxene, quartz, oxides and 

hydroxides of iron, and metallic minerals. Plagioclase phenocrysts are variable in size 

(from <1 mm to > 10 mm) and their forms are angular to subangular. They display 

zoning and lamellar twinning. Many of them are characterized by a sieve texture, that 

is, they are absorbed by the groundmass. Biotite flakes exhibit pleochroism and a partial 

transition into chlorites. Amphibole grains are euhedral and display strong pleochroism. 

Many ofthem also exhibit a sieve texture, meaning that they contain numerous droplets 

ofthe matrix. Quartz grains are less abundant and show zoning. Rock fragments exhibit 

porphyritic and hyalopilitic textures, indicating that they are fragments of coherent 

andesites. 

The presence of highly vesicular pumice in the form of lapilli fragments that 

make up the fall deposits indicates strong ex) 

magma, which create high eruptive column: 

plosive eruptions of acidic-to-intermediate 

s and produce large amounts of vesicular 

and glass material (Cas & Wright 1987; Fisher & Schmincke 1984). Aside from the 

volcanological and petrographic evidence o 

magma mixing, which have been presented tl 

f explosive volcanic activity, as well as of 

us far, the evolution ofthe Lece Volcanic 

Complex may also be constrained by the analogy with other areas of Cenozoic 

volcanism in Serbia (e.g., Rudnik, Kopaonik, Golija, Avala, Veliki Majdan). Previous 

studies on Rogozna (Šoštarić et al. 2012) and Rudnik (Cvetković et al. 2016b) argue 

that explosive volcanic eruptions in these areas were initiated by mixing between 

magmas of lamproitic and acidic calc-alkaline (dacitic) character. Taking into account 

that these areas are petrogenetically similar to the Lece Volcanic Complex, it may be 

assumed that a similar process took place in this area. However, it should also be noted 

that lamproites (or lamprophyres) were not found during this study of the LVC. VYet, 

this interpretation is in line with the petrographic indicators of magma mixing (the 

presence of enclaves of olivine in rocks that also contain quartz, sieve texture displayed 

by multiple minerals), as well as the existence of fragments of coherent andesites in 

pyroclastic rocks, which indicates that the effusive activity preceded the explosive 

activity. 

CONCLUSION 

In this paper, the results of a petrographic-volcanological analysis of rocks from 

the eastern part of the Lece Volcanic Complex were presented. The main goal of the 

study was to investigate the existence of traces of explosive volcanic activity in this 

area. Based on the field observations. and laboratory investigations, three 
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volcanological facies were determined: coherent hornblende-pyroxene-biotite 

andesites, volcaniclastic rocks, and pyroclastic rocks. The definitive existence of traces 

of explosive volcanic activity is documented by the presence of relicts of lapilli fall 

deposits, consisting  nearly exclusively of pumice, which is the main finding of this 

study. It may be assumed that the explosive activity was Plinian in type, as well as that 

it was triggered by mixing of magmas of different composition. 
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XMHJIPOF FKOJIOHIKE KAPAKTEPHCTHKE IIOJIPVYUJA 

HIFEPHMHUKOT IIOJbA H KUbYuUKE PHJEKE 

HYDROGEOLOGICAL CHARACTERISTICS OF THE 
KLJUČKA RIJEKA AND CERNIČKO POLJE AREA 

TIPETXOJIHA CAOITHIIITEbA, CTPyuHH PAJIOBH, ECEJH - REPORTS 

Ancrpakr: IIonpyuje HcrpaxxHBaMba OJIHOCHO IlepHMuKO HIOJBĆ, Ca CBOJHM TJaBHHM TOKOM, 
KJbyuKOM pHjeKOM, HaJta3H Cc y jyroHcTOuHoOM mujeny PenyOnuke Cprncke H rpunaja cJiBy 
pujeke TpeOuHmipHie. V OBOM nujeny Cy Cce JOm OJL cpejHe JIBaneceTor BHjeKa, ma JO JaHac 

BpniHna XHJIporeonormika HcTpaxxHBatba y BHHIe HaBpaTa. MebyrnaM, cBeoOyxBarHa aHajtH3a H 
cHHTeaa noOMjeHux pey3ynraTa, Kao H HpHjeJUIOT JUAJbHX XHJIpOTeOJIOHNHIKHX HCTpa;kMBaM»a JIO 
cama HHcy pabeHa. CTMM y BeHH, TOKOM jyma 2018. romwHe wWaBpmteHa cy JeTaJbHa 

XxuHnporeonotmka HcTpaxuHBaa IIHpe OKOJMHHC llepHMuKor HOJba Ca IMMJbEM JIe(bMHHCaMba 
ycnoBa xpatbeba, mpaBHa, cMjepa H Op3HHe KpeTaMba HIOJHeMHMHX BOJLA, 34THM JIpeHMpaMba 
M3JaHH M pe)KMMa IIOJeMHMHX BOJLA. Y OBy CBpXy KopMHmiheHe cy cmemehe MeToOJe: 
peKoHocunHpabbe TepeHa, OnHT OOHJbe;KaBMĐ5a H BHJICOCH/IOCKOIICKO CHHMaM»e OyuroTHHa. Ca 
XHJIpOreOJIOIIIKOr aCHIČKTa MOTYy CC H3/JBOjHTH CBH Bch mO3HaTH THIIOBH MH3JIAHM, OJL KOJMX 
JOMHHaHTHy yJIOTry HMa KapcTHH THIL. PexKMM HcTHILAMba HIOJ{3eMHHX BOJIA, KOjH y HajBehoj 
MjepH 3aBHcH OJL HH(pMiarrpamuHje OOOpHHCKHX BOJ, OjeMyje Ce KaO HepaBHOMjepaH ca 
OJIHOCOM H3MEeDy MHHHMaJIHHX H MaKCHMaJIHHX BpHje/HocTH oJl Qmin:Qmax =1:6000. TokoM 

HcrTpaxkHMBaukor mepHoa H3BpHIČCH je H OHMT OOMJbexkaBama Na-d(pnyopecHeMHOM KojH je 
ynyurreH y noHop Kybyuke pujekKe, a ıpaheme nojaBe Tpacepa BpIIIeHO je HH3BOJIHO Ha eCTaBeJIH 
O6oJt y DaTHHuUKOM TIOJby ((pMKTHBa paynmajbHHa 14 km) w Ha Bpemy Oko (H3Bop pHjeKe 

TpeOouumne) y Banehn ((pukTHBHa pa3na;biHa 26 km). OngToM je yrBpbeHa noji3eMHa Be3a 
ca o0je rauke ocMaTpalba, JIOK je (bMkTHBHa Op3HHa KpeTatba I0/13eMHHX BOJIa IIpeMa ecTaBeJIH 
O6oJ uaHocHna 0.5 cm/s, re ipeMa Bpeny Oko 1 cm/s. JloGujeHe Op3uHe yKayyjy Ha NoOpy 

pa3BHjeHOcT H HOBe3aHOCT KapcTHMHX KaHajma. YVrnyurratbbe OOMJbe)xkMBaua Ha jejHOjJ TaduKMH TČ 
METOBO TNOjaBJbHBaHbc Ha JBHje penaTHBHO yllaJbeHe nmoKamMje (cca I8 km) ykayyje Ha 
TIpHCyCTBO IHOJHEMHC BO/IOJUenHHHe. IIpHMjeWbeHa MeTOJOJIOrHja, 34jeJUHO Ca aHaJIH3OM H 
CHHTC3OM IIpeTXOJHHHX peyyjraTa, Maje MOOpy OCHOBy 3a HaCTaBaK HcCTpaxKHBaHba Ha OBOM 

1 Pynapcko-reo:moniku (bakyatrer, Beorpaju, Cpouja 

E-mail: petarpodosoje(a)gmail.com 

Faculty of Mining and Geology, Belgrade, Serbia 

E-mail: petarpodosoje(a)gmail.com 
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nojpyujy, HpBeHCTBEHO Ca IMHJBEM Jie(bHHcaMa MoryhHocTH (popMHpamba IHOBPpIIHHCKC 
akyMyuanuje Ha npocTopy LlepHnukor nojba. 

KubyuHe pujeuM: KapcT, HOJUEMHC BOJIĆ, OHHT OOMJbe;KaBaMba, KJbyuka puHjeKa, 

IlepHuuko IHoJbe 

Abstract: The research area, ie Cerničko polje, with its main flow, Ključna rijeka, is located in 
the southern part of Republika Srpska and belongs to the Trebišnica river basin. Hydrogeological 
research has been carried out in this area on several occasions since the middle of the twentieth 

century. However, a comprehensive analysis and synthesis of the obtained results, as well as a 
proposal for further hydrogeological research have not been done so far. In connection with that, 

during July 2018, detailed hydrogeological researches of the wider surroundings of Cerničko 
polje were performed with the aim of defining feeding conditions, direction and velocity of 
groundwater movement, then drainage and groundwater regime. For this purpose, the following, 

methods were used: terrain reconnaissance, tracing test and video endoscopic recording of wells. 
From the hydrogeological aspect, all alteady known types can be distinguished, of which the 
arst type has a dominant role. The groundwater runoff regime, which largely depends on 

rainwater infiltration, is assessed as uneven with a proportion between the minimum and 
maximum values of Qmin: Qmax = 1: 6000. During the research period, an experiment with Na- 
fluorescein marking was performed, which was introduced into the Ključka rijeka ponor, and 

the occurrence of tracers was monitored downstream at the Obod estate in Fatničko polje (14 
m fictitious distance) and at Vrelo Oko (Trebišnjica river spring) in Bileća (fictitious distance 

26 km). The test determined an underground connection from both observation points, while the 

fictitious velocity of groundwater movement towards the Obod estuary was 0.5 cm / s, and 
towards the Vrelo Oko 1 cm/s. The introduced of the marker at one location and its appeared at 
two relatively distant locations (approx. 18 km) indicates the presence of an underground 

watershed. The applied methodology, together with the analysis and synthesis of previous 
results, provides a good basis for continuing research in this area, primarily with the aim of 
defining the possibility of forming a surface accumulation in the Cerničko polje. 

Key words: karst, groundwater, tracing test, Ključka rijeka, Cerničko polje 

YBOJI 

IIpoOmeMaTHKa pama OJHOCH CcC Ha XHJpOTČOMOMIKeĆ KapaKTepHCTHKe 

IlepHMukor nojJba ca KJByuKOM pHJEKOM KaO TJaBHHMM TOKOM. IIperxomHa 

HcTpaxxuBaMba roBope a ce: „PeaynrraTnH BHHero,HHIHHX HCTpa);KHBaMa IIHpe 3OHe 

IlepHmukor noJba OJIHOCe Ha KoHitermiiHjy KopHmihema oBor ripocTopa 3a akyMynmpambe 

BOJIA KOJE CC IHIpMpO/UHHM H JUHJEMOM BjeHITaUKHMM IIyTEM TpaHCHOPTyjJjy HM3 3OHC 

Taraukor HoJba KOje je XHIHICOMCTDHJCKH BHIHC Ka (OaTHHUKOM TIIOJby H BpecJIHMa 

TpeOuuiHne Ha XHHCOMCTpHJCKH HM;KHM KOTAaMa OJL IlepHHuKor nojba“!, Hy ror 

pasamora o caa Ha OBOM mojmpyujy cy M3BemeHa ojmpebeHa xumporeomomrka 

HcTpa;KHBaMba Ca HHJbEM OCMaTpaba (barykTyantje IOJUeMHMHX BOJIa 30He IlepHHukor 

TIOJba y pa3)1HuHTHM XHJIDOTČOJIOIIIKHM yCJIOBHMa. TaKBa HcTpa;KHBahba JlaJta Cy OIIHC 

OCHOBHHX XHJOTČOJIOHIIKHX CBOjcTaBa Cpe)He, Kao H MoOpy mojutory 3a Oynyha 

neTaJbHHja HCTpa)KHBaMba Ha OBOM TIOJIpyujy. 

1Copajuh C. & MunaHonuHh C..: „EnaGoparT o xHJIOre0JIOIIKHM KapakTepHcTHKaMa 

(byHKuuHoHHcahba LlepHHukor IoJba y rIepHo/ly MaJIHX H BEJIHKHX BOJIa*, crp. l 

152



OIHIIITE KAPATEPHCTHKE HCTPA?KHOT IIOJIPYUJA 

IInpa aoHa noyjipyuja acrpaxxHBathba ripe}icTaBJba JyroHcTouHH HO PertyOnnmake 

Cpncke. IlepHuuko nojbe (CKa 1.), npeko kora reue KJbyuka pujeka, cnaja Meby 

MaM>a KapcTHa H0Jba Ca HIOBpHIHHOM OKoO 3 km?. IIonpyuje je Op,icKo-nnaHHHCKO Ca 

BEJIHKHM OpoJeM yBajma, Opyta, Bpraua, IOHOpa, H3BOpa H CBHX JIpyrHX HIOJGeMHHX H 

TIOBpHIHHCKHX MOP(boOONHNIKHX OOMbMKa KapaKTepHcTrMuHHX 3a KapcT. HajMopcka 

BHCHHAa TIOJba Kpehe oJt 817 ı0 OKO 855 m.n.m. 

Cnuka 1. TFeorpadicku nonoxkaj K;byuke pHjeke H IlepHmukor noJba 

ITIpocrop npuraja pexHMy H3MjeHhb6He MapHTHMHC KJIHME, Ha HIpena3y npeMa 

KOHTHHČCHTAJIHOJ. IIpocjeuHe roywHpe najlaBHHe Cy yjeJiHaucHe H H3HoOcCe OJ 1500 no 

2000 mm noneHor ranora. IIpocjeuHa reMneparypa HaHocuH 9,2 *C. Tok KJbyuke OJL 

MH3BoOpa BHuHa nehHMHa JO MOMECHTA HOHHpaMa H3HOCH HeITO BHime OJ 300 m. 

Tipormmaj Kubyuke pujeke Bapupa o 10 1/s y nepMo)y MHMHMMyMa, MO 60 m“/s y 

HepHO)ly MaKCHMyMa, HITO Jaje HepaBHOMJepaH OJIHOC Qmin : Qmax = 1 : 6000. 

HajsgHauajgHutjH cneojomkKu oOjekar je BanaHa mehaHa, Koja yje/IHO H Ipe/jicTaJba 

H3BOp KJbyuke puHjekKe. IIperxojwHa Hcrpa;KHBaMa mokKa3ama cy ma ce: „IIompyuje 

HcTpaxKXHBaMa HaJa3H y rpaHHuHOM JHjeJty CriopbaniaHx H VHyrpammnx /laHapujnna. 

OJUIHKyje CeČ CHOXKCHOM TECOJIOHNIKOM H TČKTOHCKOM rpa})OM“l. MHanBajajy ce TpH 

TeKTOHCKe jeJuHHIIe: TeKToHcka jemuHuua Meka I pyyna -— CHujexHuna, TekroHcka 

jemuHMma Bjemacame M KyuKka TeKTOHCKa jemHHHIHa. CeJMMCHTH Me3O3OjHKa 

Tipe)iCTaBJbeHH Cy KpčuMbalMMa H JIOJIOMHTHMA (jypa H Kpeja), MOK je KČHO3OJHK 

H3rpabyjy ce)hMMcCHTH (prHmma, KOHTrMOMepaTa H Opeua. IlepHHuko mojbe My3rpabyje 

(QpmMmr manmeomeHa H “ONCHAa, KOJH HMA BOXKHy yJOOry 3a (DbyHKLUMOHHCaHM-C 

xuJniporeonormiKor cHicTeMa (Crmaka 2.). 

1 MupkoBuHh M. et al.: „TyMau 3a nacr Tango K34-26“, crp. 11 
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Cuka 2. Teonontka Kapra LllepHHukor nojba 

Ca XuHJporeojmotmiKor acreKTa, a Ha OCHOBy MocajalH5HX HCTpa;KHBaMba, MOTy 

Ce H3JIBOJHTH CBH Beh HO3HaTH THIIOBH MH3JaAHMHM, a TO Cy: KapCTHH, CJIO)KĆHM, 

TIyKOTHHCKH, HHTeprpaHyJapHuH (3OMjeHH) THH H3JaAHH, KaO H TEpeHHM CHpOMAaIHHH 

MamaHHMa. IHHro ce THue KBanMHTeTa BOJe, y HpHHIHHy, pHjeu je BoOmaMa JOOpHx 

(QjagukHx H XEMHJCKMX CBOjcTaBa. /JloMuHaHTaH aHjoH je HCOy, og cy oJ KarjoHa 

gHajsacryrubeHHja Ca a Mgž*. PexxaM kapcrHor Tina H3/laHH je ndHaMMHuaH, HITO Ce 

HapoOuHTO OJIHOCH Ha H3JaHIHOCT. Xpabbebbe H3RaHH Bp ce mo OGony IlepHMukor 

n0Jba H y HajBehoj MjepH 3aBHcH OJI pexxHMa najlaBHHa. ToK KJbyuke puHjeke (bopMupa 

Ce Ha TEKTOHCKOM KOHTAKTY TIIJIHOLĆHCKOT-COICHCKOT Cbnmna H Kpeumbaka, a 3aBpimaBa 

ce y moHopy Kjbyuke puHjeke ca KamamMTeTOM ryTama oKo 20 m?/s. Onmrra 

KapakTepHcTHKa OBaKor THIIA H3BOpa je HenocpejiHa 3aBHCHOCT H3MeDy majnaBHHa H 
MErOBC H3JIaHIHOCTH. TaKO Jla y KHIIHHM IIČpHO/IHMa TOJUHHC, Kajia IIOHOp HE MO:Ke Jla 

TIpHMH CBy KOJIHUHHy BOJIĆ KOja Teue KOpHTOM KJbyuke pHjekKe, nona3H JO IImaBJbeHba 

LlepHuukor nojba. 

IIPHMJEMbEHA ME TOJIOJIOTHJA 

MHcerpaxxunBama onucaHor nojipyuja peanmaoBaHa Cy KpO3 TeOpeTCKH TIIpHCTyII H 
neTaJbHa TepeHcKa HcCTpaxXkMBaMba. TeOpeTCKH THIpHCTyI Ce OJIHOCHO Ha CHHTCJy, 
KnmacH(pMKkanMjy | M  aHanmM3y | paCHOJIOHBC | (DOHJOBCKEC J(OKyMecHTanuje. 

Pekonrocimpame TepeHa KaO HoueTHa TepeHCKa aKTHMBHOCT OOyxBarama je 
ne(HHcabe TauHor KOOpnHHaTHor TmomoxKkaja cBHX TauaKa KaprHpama (GPS) kao H 

HJIeHTH(pHKamujy H perHCTpOBaHbbe CBHX XHJIDOrTeOJIOMIKMX OOjeKaTa H mojaBa Ha 

HCTpa)KMBaHOM TepeHy. OHo je oOyxBarHMmo moBpmmHy oJ 15.2 km2, mok je 

KapTHpampe panu noOHjaPa JeEJOKyHHe XHJIDOTCOJIOIIIKe CJIHKC H3BCJIĆHO jOHII H Ha 

JOKanMHjaMa Ha KOjHMAa je BpHHCHO y3OpKOBaMb HO,eMHHX BOJIA y TOKy H3BODema 

onTa OOMJbe;KaBaMĐba. BHJUĆOĆHJIOCKOHICKO CHHMAM 32 IHJb je HMAJIO HpOBJepy 

(DyHKIMOHaJIHOCTH CBHX ImNMHje30MeTapa Ha „HCTpa)MMBaHOM mpocropy. Onur 

oOMJbe)KaBaMba, KaO jenHa OJL 3HauajHHX MeTOJIA XHJIDOTOĆJIOIIIKHX. HCTpa)KHBaHba y 

Kapcry H3BeJleHa je y arpuny 2018. romaHe Ha noHopy KJbyuke puHjeke (Cnaka 4.), ca 
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IHJBEM Je(bHHHcaba Op3HHe HHpkyJamje HOJIeMHHX BOJLA H yTBpljHBaPba IoOJ3eMHe 

Be3e ca ecraBemoM O0oJI y DaTHHuKOM TIOJby (pa3lajbHHa 14 km) a BpenoM Oko y 

Bunehw (paama)bMHa 26 km). IIpwje onwra OMmo je morTpeOHo oOuMhmw repeH Ha 

yHarnpuHije,n rpenBHbeHHM JOKaIMjaMa, OJIHOCHO IIOTeHIMHjaJIHHM MjecTHMa Oy/yher 

HojaBJbHBaMba Tpacepa, Te y3eTH · HyJTH y3OpK H HMjepHTH HH3aHIHOCT Ha 

OCMaTpauKHM IIyHKTOBHMa. Kao oOuJbe;kMBau KOpMHIHTeH je Na-dQnyopecmeHMH. Ha 

OCHOBJ TIpHKyTIbeHHX HoJlaTaKa yTBPpbjeHo je Ja je 33 KBanTeTaH OrlHT OOBHJbe)KaBaMba 

HeonxoJnHo yOammMrH 12 kg Na-onyopecneMHa (Copajth & MumaHoBuh, 2018). 

Konnenrpanuja y3opka MjepeHa je Ha orpeMH Turner designs UV 10 ()ayryopMerpy. 

BunuHa nehuHa 
|| 
|| 
| , f1loHop Krbyuke pujeke 
! IObnya pujexa | 

| ı 

B [ehWHcxw oGjekaT, cranHM M3BoOp Qr> 10 |/s 

e KanrmwpaHw M3Bop, cranaH, Qs 1-10 /s 

« TloHop,cranaH 

e WcrpaxHa GyujooTwHa- nwjea3oMerap 

11 1 HaBnaka,yrapheHa NPV Huso noaaeHnx Bona 

—— Epo3woha rpaHMua 

Cuka 3. IđleMarH3oBaHu rnpuka3 Xu;iporeonormikor rpo(Hna Kybyuke pujeKe (TIIpeMa 
Munanonuh II., 1979.) 

KRNR JNG OBE a a 

Ć fa MAA le & . ' 

Cnka 4. VoaunBame oOHJbe;kHBaua y nOHOp KJbyuke puHjeke (Copajih & Munanonuh, 2018) 
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PE3YJITATH H IHCKYCMHJA 

Ha OcHOBy peKoHociHpabba TepeHa HpHKyILJbeEHH Cy HOJalı O MOPp(bomoruHjH 

mojpyuja, TE TCOJIOHIKHM H XUHJIDOTEOJIOINIKHM | KapaKTepHcTHMKaMa TepeHa. 

3axBaJbyjyhH oBoj MeToJui Jne(pbuHHcaH je TauaH KOOpJUHHaTHH TIOJIOXKaj CBHX TaduaKa 

KapTuHpaba, a TaKobe cy MHJIČHTH(DHMKOBaHH H perHCTpOBaHH CBH XHJIDOTeOJIOHIKH 

O0jeKTH H HOJaBC KaO IHIITO Cy: H3BOpH, CTaJIHH H IIOBDEMĆHH TOKOBH, IIehHHe, jaMC, 

HOHOpH, HCTpa;KHcC OyHIOTHHC H INHjeE3OMETpH, TE CTEHCH KapcrHMQuMKamuje H 

HcIIyHaJIOCTH CTHjeHa. TOKOM IIper:ieJla BHJIČOĆH/IOCKOIICKHX CHHMaKa IIHje30MeTaPp4, 

KOHCTATOBAaHO je Jla ce pajiUH O KOHCTpyKnHjaMa Koje ce HaJna3e y JOOpoOM cTaM»y, Te Ce 

Kao TaKBE MOry KOpHcTHTH 3a HacTaBaK MOHHTOPHHTa. 

OnuToOM OOHJbeXKaBaMba yTBpbeHa je moma3eMHa Be3a ca ccTaBeMoM OG6onmm y 

ODarHHuKOM IOJby H ca BpenoM Oko y Bunehu. Ha o0je nokauuje oOHJbexxHBau Ce 

HOjaBHO MjeceIL MaHa HaKOH HM-eTOBOT yIyITTaMba y HOHOp KJbyukKe puHjeKe (16. Maj 

2018.). Ha ecranema QOGom y OarHHMUuKOM TIOJby TOCČJUEĆ IHIOjaBJbHBaHC 

oOMJbexxkHBaua perHcTpoBaHo je 18. Maja-3 maHa HcrTHMHaMa, MOK je Ha Bpemy OKO 

perHcTpoBaHo 22. Maja-6 naHa HcrHnaMba (cnHKa 5.) 

KoHueHTpauuja o6W;bexWMBaua {1x10"? ug/I ) 
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CiKa 5. I padpruku ripHKa3 BpMeHa TojaBJbHBalba H KoHueHTpauuje Tpacepa 

“DaKTHBHa Op3uHHa KpeTahba I0J13eMHHX BOJTa ripeMa ecTaBezmi OGoJi aaHocu 0.5 

cm/s, a ripeMa Bpeny Oko 1 cm/s (craka 6.). JloOujeHe oMkTHBHe Op3uHe yKayyjy Ha 

Jno0py pa3BHjeHOcCT H IOBeE3aHOCT KapcTHHX KaHaja. IIomrro je oOHJbe;KHBau yIIyHITEH 

Ha jeJIHOJ TauKH, a PbETOBO II0JaBJbHBaHbC 32OHJbC)KEHO Ha JIBHjJe IIOIIDJ1HuHO yJlaJbeHc 

JIOKALIHJE, MOX)KE CČ TOBOpHTH O HpHCyCTBy HOJUĆMHEC BOJIO/IJeJIHHIIĆ, 3aXBaJbyjyhH 

KOJOJ Ce TOK IIOJ13eMHHX BOJTIa pauBa H HacTaBJba cTpyjakbe y JiBa rIpaBIa. 

156



Cnaka 6. L[O](Z.SBHI/I IHpaBLH KpeTafba TIOJI3ČMHHX BOJIa ca IIpHKa3aHHM pa3/naJbHHaMa H 

(bHKTHBHHM OpH3HaMa, IIeMaTH3OBaHHM Ha Google Earth cHHMKy 

IIpMMjeHoOM omHcaHMX MeTOMa MmoOHjeHa je mnoOpa OCHOBa 3a HacTaBaK 

HcTpa;KHBaHba Ha OBOM TIOJipyujy ca IMHJBEM HCHHTHBaHba MoryhHocTH (bopMHpaMba 

TIOBpIHIHHCKE aKyMyaanuje Ha nonpyujy Illepanukor noJba. Mebyruu 3a re norpe0oe, y 

HapeHOM mIepHOJUy, HOTpeOHO je M3BecTH jomi MomaTHa HcTpaxkMBaMma. OHa 

TIpBeHCTBeHO Tpe0a Ja ce OJIHOCE Ha: 

• MapBoljebbe HoBHx HcTpaxxHHx OymroTHHa; 

• CripoBoljepe cneneononrikHx HcTpaxxXHBaPa yHyTapanibocru Bunuane nehuHe; 

• ĐopMHpab•e ocMaTpauke Mpe;Ke y 3OHH KJbyukoj pHjeKe 3a KOHTHHy1aJIHHjC 

nupaheme xujmpomonikHx napaMeTapa; 

• Msapana aHajmie (pbaHukHx H XeEMHJCKHX CBOJCTaBa BOJTa; 

• VrBpbHBaM= H3OTOTIcKor CacTaBa BOJIa; 

• OnjeHa pabbHBOCTH IHIO/U3eMHHX BOJI4A, 

• Hiapana xuunporeonotmikor Mo/tema, 3D oyjnena, nerajbHor 3D DEM wonezna, 

Kao H (bopMHpame peznantoHe 6ay3e nojnaTaKa ca CBHM IpHKyTIJbEHHM II0/14111Ma 

3AKJbYUJAK 

Jom o,n cpemHHe MBajeceTor BHjeKa, ma JO MaHac, Ha nmoyjmpyujy IlepnMukor 

IIOJba HpHMjCH)I/IBaHC cy pa3jiHuHTC MeTOJIĆ XHJIDOTCOJIOIHIKHX HcTpa;KHBaMba, TaKo a 

ce jaBua noTpeOa 3a HXOBOM aHaJIH3OM, CHHTE3OM H /JIOIIyHOM. Ca XHJIpOreoOJIOHIKOr 

acrieKTa MOTy CCČ H3I[BOjHTH CBH Beh moO3HaTH THIOBH H3JnaHH, OJI KOjHX JOMHHaAHTHy 

yJOry HMa KapcTHH THH. V OBaKBHM TepeHMMa BaxKHy ynory 3a (bopMHpaMe 

TIOBDpHIHHCKHX TOKOBA4, KaO mro je Kubyuka pHjeKa, HMajy CeJUMcHTH (bnHmma KOJH 

npejicTapjbajy OapHjepy KpeTabby HOJ3eMHMHX BOJa. JloOnwjeHu peyymrraTH mokayyjy 

noOpy pa3BHjeHOCT KapcTHMX KaHajla H HOBeC3aHOCT HOHOpa KJbyuke pujeKe ca 
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ecraBemoM O6oJ y OaTHHuKOM IHIOJby H H3BOpy TpeOummmume y Bamehu. Pe)kHM 

HcTHIaHP5a KJbyuKe pHjeKe, KOJH Ce Or:IeJ1a KpO3 BeJIHKeE pa3JIHKe H3MeCDy MHHHMAaJIHHX 

H MaKCHMAaJIHHX TIpoTHIaja, onmjePbyje ce Kao HecraOHTaH. CarnenaBatbeM ILHeJIOKyIIHe 

CJHKE H y3HMajyhH y OO3Mp IMMJb HpHKyHUbaHba mojaTaKa, a TO je MOTyhHOCT 

(bopMuHpam»a HnOBPpIHIHHCKe aKyMyJanHje, youaBa ce nOTpeOa 3a CIIpOBODembeM HeEKHX 

HOBHX HcTPpaxkMBaMba. OJ THx OynyhMx MHcrpaxMBaba OucKyje ce ma he naTH 

KaBaJIHTETHC OJITOBOpe Ha cBa HTHTaHba KoOja cy OJL 3HauajHa 3a H3pajny moTpeOHHX 
XHJIpOTeOJIOIHIKHX H XHJIDOTeXHHuKHX HJIcjHHX pjelteba 
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SAHHCHHHUH CPIICKROr TCOGOWUIROFT APYIITRA 
3A 2099 roAHHY 

COMPTES RENDUS DES SE4NCES DE LA SOCIETE SERBE DE GEOLOGIE 
pour les annće 2022 

REPORTS OF THE SERBIAN GEOLOGICAL SOCIETY 
Jor the year 2022 

Beograd, 2023 

Tunajnnap I aynemu ! 

Tivadar Gaudenji 

125 FOJIHHA OJI OOPMHPAITbA UACOHHCA 
„3ATIIHCHMIIH CPIICKOT FEOJIOIHZHHKOT /JIPyIHWTBA?” 

125th ANNIVESARY OF THE JOURNAL "ZAPISNICI 
SRPSKOG GEOLOŠKOG DRUŠTVA" 

TIPETXOJIHA CAOITHIIITEbA, CTPyuHH PAJIOBH, ECEJH - REPORTS 

AncrpakT: „JanMcHHNMH CpncKor reomomiKor JpyurrBa” mopen „leonmomkux aHama 
BajrkaHckora roxtyocTpBa” ripeJicTaBJbajy jeJHe OJI HajcrapHjHx reoJtomIkHx uaconHca y CpOuju 

u y jyroucrouHoj Enponu. V „,npoBH30pHoM” rnepHojly KoOjH ripe)icTaBJjba BpeMe OJL OCHHBaMba, 
Jno ycBajaba Craryra H (bopMa;mHe perucrpanuje Cprickor reojmontikor npynurrBa (CI / y Bany 
uHiaBemrTaja cy H3maBaHMH BamHcHMHNHMH Ca 3OopoBa CI/I Kkoja cy oOCjaBjbHBaHH y daCOHIHCHMa 

„HacraBHuMK”, „/leno” H „IIpocBerHM rHacHMK”. TaKO je H CTHXHJCKH HMCHOBAaH HdaCOTIIHC 

„3anacHuun Cpnckor reomomikor mpymrBa”. IIpaw Opoj 3amMcHMKa CprCKOT TCOJIOHIKOT 
npymrna je oxumraMmaH 1900. romaHe H o6yxBarao je caortrreM»a ca 30oponBa CI /I y nepHojy 

1897-1900. Kao ronuiHa (bopMipama uacornuca y3uMa ce 1897., Kaja je mocao ripHKynJbamba, 
ypebiBama MarepuHjaja caortrema ca 30opoBa CI / sanouer, Bako je npBH Opoj ojumraMnaH 
TpH roJwHe KacHHje 30or oOjekTHBHMHX pa3jtora. 

Jipyru nepuojni je mpejicTaB;bao BpeMe 0J1 OCHHBaMa JIO IIpBor cBeTckor parTa, Kajma je 
uacortHc H3J1a3HO Ca 3OHpHHM H3JlAHbHMa 32 HeKOJIHKO rojmmrra. CI 7{je rek 1906. romiHe ycneo 

a ycnocTaBH KOHTHHyHTeT H3JaBaHMba dacOHHCa Ha TOJWIHH»OM HHBOy KOjc je OJIp;KaHO JIO 
ITIpBor cBeTckor para. 

Tpehu mepuoji je aanouer ca peopraHH3atnnjoM CI/I y HoBoj npx;kaBH KojH je OHo ca 
noremikohaMa, ajn TaKO JA Cy 3anmHcHHIH CpHcCKOT TcOJIOHIKOT JIpyHITBa IIOHOBO Ha HHBOy 
30upHMx rojmimurra Hana3uji CBe JIO 1937. HakoH uera Cy IIOHOBO II!TaMHaHć TO,UHIHH5C CBECKC. 
OBaknBa tnpakca je mpeKkHHyTa /|pyrHM CBETCKHM paTOM. 

UernBpTu nepuoji cBaKako je HakoH 1947. no pacnana Cormijanmicriuke OeJtepariBHe 
PenyOmake Jyrocmanuje. Hanaxkewe 3anaHcHHKa, cHuHO H aKTHBHOCTHMa CI JI y MHoroMe je 
SaBHCHJIO O,L a)XKypHOcTMH yrpaBec H (paHaHcHja, TaKO Ja Cy deCTO H3Ja3HJIĆ CBECKC KOje Cy 
o0yxnBara;e 2-3 romumrra. 

! TeorpaQbcka BHcrHTyT „JoBan IInajah” CAHV, Đype Jakmuha 9. 11000 Beorpajn. 

E-mail: t.gaudenyi(q)gi.sanu.ac.rs) 

Geographical Institute “Jovan Cvjić” of the Serbian Academy of Sciecnes and Arts, Đure 
Jakšića 9, 11000 Belgrade, Serbia. (E-mail: t.gaudenyi(q)gi.sanu.ac.rs) 
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Hajrexu (neru) nepnoji y pany CI JI cy cBakako ojx 1990-re no 2003. rojuHe. V OBOM 
nepuojtiy je H3anıno CaMO 3 CBeECKe JarHCHHKa CprICKOT TCOJIOIHHIKOT JIpyITBa. 

Oxn 2004. Vripane CI JI cy ce Tpyyuine Jna Hajnajy CBecKy 3arcHHKa CpricKoOTr TeOJIOHIKOT 

npymrnBa Ha rOJUHIIH5eM HHBOJ (2 IyTa HM HHje ycne;nmo ). 

MsaaaoBM BpeMeHa axTeBajy OcaBpeMeMaBabe JanMHCHHKa KCpHCKOT TČCOJIOHIKOT 
JIpyurrBa y cMHcCJIy JIa Oy/ly OOJbe BHJUbHBH H IIpHcTynauHHjH H yjeJlHO Jla rpeJiCTaBJba HayuHH 
HalHOHaJIHH uaCOHIHC KOjH Cajla MOpa Ja HMa H IHJb a pa3BHja reOJIOIIKy TepMHHOJIOrHjy Ha 
CPpTHCKOM je3HKy. 

KubyuHe peuu: 3anucHunu Cpnckor reonmomior npymrsa, Compfes Rendus des sceances 

de la Sociečte Serbe de geologie, crpykrypa a koanenr Hayuuor uacornuca. 

Abstract: Journals *Zapisnici Srpskog geološkog društva” and "Geološki anali Balkanskoga 

poloustrva" represents one of the oldest geological journals in Serbia and Southeast Europe. 
“Zapisnici Srpskog geološkog društva” in the "provisional" period, which represents the time 
from the foundation to the adoption of the Statute and formal registration of the Serbian 

Geological Society (SGD), the minutes (in Serbian: zapisnici) of the meetings of the Serbian 
Geological Society were issued in the form of reports and published in the magazines 
"Nastavnik", "Delo" and "Prosvetni Pregled". That's the brief history journal "Zapisnici Srpski 

Geologiskogo društva" was originally denominated. The first issue of the “Zapisnici Srpskog 
geološkog društva” was printed in 1900 and included articles from meetings of the Serbian 

Geological Society in the period 1897-1900. The year 1897 is taken as the year of formation of 
the journal, when the work of collecting and editing articles from the meetings of the SGD was 
started, although the first issue was printed three years later due to editorial work. 

The second period represented the time from its founding to the First World War, when 

the magazine was published with combined editions for several years. Only in 1906, SGD 
managed to establish the continuity of publication of the magazine on an annual level, which 
was maintained until the WWI. 

The third period began with the reorganization of the SGD in the new state after the 

WWI, which was with difficulties, but the “Zapisnici Srpskog geološkog društva” were again 
published at the level of aggregate years until 1937, after which the annual volumes were printed. 

This practice was interrupted by the WWII. 

The fourth period is certainly after 1947 until the collapse of the Socialist Federal 
Republic of Yugoslavia. The publication of the “Zapisnici Srpskog geološkog društva”, was 
similar to the activities of the SGD, depended in many ways on the up-to-dateness of the 

administration and finances, so volumes covering 2-3 years were often published. 

The most difficult (fifth) period in the work of SGD was certainly from 1990 to 2003. In 
this period, only 3 volumes of the “Zapisnici Srpskog geološkog društva” were published. 

Since 2004, the SGD has been trying to publish a volume of the “Zapisnici Srpskog 

geološkog društva” on an annual basis (they failed twice). 

The challenges of the moredn world require the modernization of the “Zapisnici Srpskog 
geološkog društva” in the sense that they are more visible and accessible and at the same time 
represent a scientific national journal which must now also have the goal of developing 

geological terminology in the Serbian language. 

Key words: Zapisnici Srpskog geološkog društva; Comptes Rendus des scćances de la Socićtć 

Serbe de gćologie; concept and scope of scientific journal 
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YBOJI 

y 2022. rojwHH o0eexkXaBaMo 125 rojwHa mocTojapba uacornuHca „3J3alnBMcHHIH 

Cprnckor reojmomiKor pyirTBa”. UaconMc CprHCKOTr TCOJIOHNIKOTr /IpyHITBa HaM JMaje 

yripaBo yBMJ y TpH cTBapH: 

1) AKTHBHOCTH CpncKor reomomiIKor JpyurTBa H pan YVrpaBe CpHcKor 

TEOJIOITIKOTr JipyITBa 

2) IIpojekre H reojmomiKa HcTa;KXHBaHba y 3EMJbH 

3) OuHaHcHpabPe H THOJiIHKy HayuHO-CTpyKOBHHM OpraHH3amHjaMa, KOJH CČ 
OapBe IipBeHCTBeHO (byHJlAMeHTaAJIHHM HCTpa)KXHBaM»HMa. 

AKTHBHOCTH CpCKOT TČCOJIOMNIKOr JIpymrrBa (y aJbeEM TeKcTy: CI/U cy 

TIyOJIHKOBaHe TIpe HIeCT TOJUHHa y MOHOTrpa(DbHjH IIOBOJIOM 125 rojmaHa CI JI (Rundić & 

Grubić., 2016), rne je OoraTO HJIyCTpOBaH H JIČTaJbHO IIpHKa3aH Paji JeJHOT OJ 

HajcrapHjHx HayuHHXx JipyurrBa y CpOujH. V OBOM Ppajly HHJE IIHJb /lA aHaJIH3HpaMO 

TEKCTOBE 0O0JaBJbeHe y „„3anHcHuHuiHMa CI JI g a ce nOHaBJbajy H IIpenHCy]y HeJlABHO 

o0jaBJbeHe uHMeHHIIC , HerO JlA Ce KpO3 KpaTaK tIperjte/ı aHanH3e uaconuca IIpeJUIO;KH 
y KOM tnipaBity OH TpeOajm HhuH KaKo OH Kao „\(biHajJiHH IIpOH3BOJU JIOOHJIH CaBpeMeEHH 

HaLMHOHAJIHH TCOJIOHIKH uaCOTHIHC. 

KPATAK HCTOPHJAT UACOTLNHCA „3ALIHCHMHLIIH CPIICKOT 

TEOJIOIHHKOT JIPyIHTBA” 

„3anaHcHHNnH CprcKor reomomiKor MpyirrBa” mopen uacomuMca „,TeonmomikH 

aHajnn BanmKaHcKora IOJIyOCTpBa” npejicraBJbajy jeyHe OJL HajcTapHjHX TCOJIOHHIKHX 

uaconauca y CpOuHju M y jyroMcrouHoj Enponmm. HacraHak uacomMca „ J3amMCHHIUH 

Cprckor reo:norikor JipynrrBa” (y aJbeM TeKCTy: „„J3anaHcHuHnuu CI J1”) je OHo noMajto 

CTHXHJCKH H IHpejicTaBJba OJpa3 BpeMcHa y KOMC CC OrMe/ljy M OKOJHOCTH OKO 
opraHH3oBaMba reomora y BHJUy HayuHor pymrpBa. Kparak ucropujaT je maT y BHJIy 
TOKA H KOHIIerITa „,3anHcHHKa CI JIU: 

TIIponuaopnu nepuoji (1891–1897) 

IIpoBH3opHu (Hii ripenta3HH) nepnHoji o ipepacTabba 34a11HCHHKa Ca TEOJIOIHIKHX 

30opoBa y uacoruc „3anacHuiu CI/I npencraBjba nepuoji ot 1891. no 1897. ronaHe. 

TeononikH 30opoBH Be:nnaKe mikonme aamouerH 1891. cy oyaHauaBajH moueTaK 

aKTHBHOCTH CI /I, nok 1897. roxHe je yCBOjeH IpBH craTyT CI/I. CprckKH reojto3H 

KpajeM XIX BeKa yBHeMmH Cy 3Hauduaj nHcaHc peuH H mMorTpeOy 3a HyOJmMKOBaH56M 
3aKJbyuaKa TCOJIOHIKHX JUHCKycHja H HcCTpa)KHBaba. 3aKJbyuKe Ca TeOJIOHIKHX 30OpoBa 
Cy OOjaBJbMBaJMHM y BMJy 3amMCHHKa y „LleOMOHIKMM aHamMMa BamKaHora 
nojtyocrTpBa”, HacraBHHKy”, „/leny” H „IIpocBeTHOM rJaCHHKy”. V TOM BpeMeEHy je 

OBaKaB HauHH OMO MHOTO je}HOCTaBHHjH OJ Hy3HaBaPa H ImraMamaMa HOceOHor 
uacornuHca. V ipoBH30pHOM (1891-1897) nepHojly BeOMa OHTaH MOMCHAT ITIpe,iCTaBJba 

XXII 36op CI 71 koju je OHo o OeorpajiCKOM BOJIOBOJIy 1894. ronuHe Kajta je oJ1 CrpaHe 

JpokaBHHx opraHa AaTa npHMe/iGa a O OBaKHM OHTHHM TeMaMa 3a Beorpaji He MOry 
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OJUtyuHBaTH He(bopMajiHe rpyne („,npHBaTHH CKyroBH reonora”) Beh je To noTpeOHO 

a ce ype/u Kpo3 /e-1OBabbe perHcTpoBaHor /ipyurrBa. I eoxto3a cy npo6anu a HeKaKO 
CTBaPpH OJUIO:KeE, jep aJUMHHHCTpaTHBHO-IIpaBHH HOCJIOBH HHCy OMHJIa O0J1acT y KOjHMa 
cy Op eKcrteprH (H Hepajio ryOHJm BpeMe). Hnak, HajBepoBaTHHje Kajla Cy OHJIH 

ONHOMeHyTH 0J CTpaHe Jip;XaBHHx opraHa cacranBu;mu cy craryT CIJI ugjaM ycBajatbeM 
(H peracrpanujoM) je paji npyitrBa ()opManH3OBaH H O3BaHHučH. 

OJI ocHHBamba uaconuca o IIipBor cBeTcKor 
para (1897–1914) 

OBaj nepuHojn „3angcHHKa CI / rpejcraBjba BpeMe OJL ycBajabba craTyTa H 

(bopMa;tHe perucrpanuuje CI/I (1897) no nouerka IIpBor cBerckor para (1914), murro 

npe/icTaBJba 17 roxuaHa nocTojabba uacoruca. 

HayMB uacomHca „ „JanmMCHMHIM CpHCKOr TeČONOMIKOT JIpymrrTBa" yKa3yJje Ha 

(bOMpy KaKoO cy H3BeIiTajH ca 30OopoBa CI /I o0jaBJjbHBaHH y JIpyrHM uacOnMHCHMa JIOK 

HHCy IIOCTAaJIH CaMOCTAJIHH uacoOrlHC. TakKo Jla je HMCHOBaMbe je IIDOHCTEKJIO CTHXHJCKH 
Ha OCHOBy (bOpMe KaKO cy rpe,naTH pajloBH ca 30opoBa /pyriTBa. 

IIpBH Opoj 3anacHukKa CI 71 je ouutraMnaH 1900. H o06yxBarao je caorntrreMa ca 

30opoBa CI/I y nepaony 1897-1900. Kao rojuiHa (bopMHpama uacornuHca y3HMa Cc 

1897. ronuHa, Kana je mocao HpHKynJbaba, ypebHBabba MarTepuHjaja caortmrrewba ca 

30opoBa CI7/I aanouer, Bako je mpBH Opoj ojurTaMnaH ucTHpH rOJUHHe KaCcHHje 30O0r 

O0jeKTHBHHX paynora. JiBa KacHuje H3nara Opoja (roMa) rakobe cy oOyxBaraje JiBa 

OJWHOCHO TDpH rojmHmrTa. TeK KOJU ueTBpTor Opoja ce nmocTHrao IMHJb JIa jeMaH Opoj 

ripe)icTaBJba JeJHO rOJHIITeE HaKO Taj 4. Opoj „3amMcHHKa CI/I” aa 1906. rojHy 

mrraMnaH TeK 1908. ronuHe. CtHuHo TOMe 5. Opoj „„3anHcHuKa CI/I aa 1907. rojHy 

je mrraMmaH 1910. roxHe. IHIecruH Opoj „,3anacHuka CI7IU saa 1911. rojuiHy iraMIaH 

1912, nok 7. Opoj „3anacHuHKa CI7JI saa 1908. ronHny je ycnemiHo ojuuraMriaH 1913. 

romMHe (7. Opoj/cBeckaa „3amMcHMKa CI/JU!Tz HH CI/I HH PynapcKo-reOJIOMIKH 

(pakyarer YHuBep3HrTeTa y Beorpa)y HeMa y CBOJHM KM»M;KHHmaMa/OHOmoTeKaMa 

caMOo Hx noce/ryje HapojiHa OHOnoreka Cpouje). 

y 3anHMcHMuMMa CI/I sa 1920-1922 (Luković, 1923) koHcrarTyje ce Mma 

3anacHHmH CI7JI aa 1909. romHy je mraMmaHH y Hmumuiy 1915. rojMHe, JIOK Cy 

3anacHuHmu CI/I om 1910. aak;byuHo ca 1914. ro)UHHOM H3ryOJbeHH 3a BpeMe paTa. 

MebyruM, HajBepoBaTHuje ce pajiH o iitTraMIapcKoj rpetttuH H OJIHOCH Ce Ha 3a1l1lHCHHKC 

CI7I sa 1910. romHy (a He 3anucHHKe CI7I saa 1909). Tako na 3anacHumu CI / 5a 

1910. cy mrraMnaHu y Humty H TOKOM paTa Hy3ryOJbeHH. KacHujuH saanHcHHuu 1911- 

1914. rondHe HHcy HTaMIIAHH TOKOM PaTa. 

Zleo caonmrema ca 300poBa KojH Cy IHIpHHpeMJbeHH 3a „J3anMcHHKe CI / sa 

1910. a 1913. ronaHy cy nyOJMKOBaHH TeK y „J3anacHuHuMMa CI/I saa 1948. ro)uHy, 

OJumTaMIIAHHM 1953. rojnuHe. 

YpebuanBae uacornuca no rpaBHity je Bpuio cekperap CI /. IIpakca je Ona na 

Ce ype/HHO XPpOHOJIOIIIKH IO 3OOpoBHMa mopebajy mpeMnaBaMa. Cajpx;kaj uacomuca 

oraenao ce y pajny 300poBa y KojHMa cy OOpabuBaHe cuejnehe TeMe: (1) Hekpono3g; 

(2) HMHdopmanuje M3 /ipymrsa; (3) IIpeyumo3H 3a unmaHCTBO; (4) IIommHJbKe M3 

yHyTpanibbocTH H HHOCTpaHcTBa (nTHcMa, TeMerpaMH, 3OMpKe); (5) Pasrmename 
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npaHcrurnax nyOnakKanuja; (6) OOaBemrreMa O HOBHM HaJ1a3HMa (bocHiIa, MHHepajJta H 

creHa y CpouHjg; (7) IIpeBnoju H peQeparH o Ba;KHHM IyOnHKanHjaMa, HapouHTO H3 

reonorHje BanKaHckor mojyocrpBa; (8) OpHrHHanmHu paoBmM ; H (9) PacnpaBe o 

TEOJIOIIIKOJ TepMHHOJIOTHjH. 

Mebyparnu nepuoji (1920-1941) 

CI/I je o 1920. ro)iHe OOHOBHO CBOJE aKTHBHOCTH y HOBHM OKOJIHOCTHMaA 

(KpajbeBHHa Cp0a, XpBara H CuoBeHana). BarHa HoBHHa je OBma mro cy oJl 1925. 

yr-IejHH reoJ103H H3 3arpe0Oa H CapajeBa noueanu rpucrynarut CI /. 3anacaanu CI JI 

saa 1920-1922 cy o0jaBJbeHH 1923. ronuHe. IIo rpBH ryT HHje Ha3HaučeHO KOjH je Opoj 

CBECKE, HaKO Cy OHH TpeOa;u la Hoce Opoj neceT. 3anacHuHuuu CI JI cy Hcro noMajIo 

CTHXHJCKH H3Ja3HJIH yrJ1aBHOM Ka/Ila Ce CKyIIHO CaB MaTepuHjajJi 34 00jaBJbHBaMbe HJIH 
je OHJIO JOBOJbHO (pbHHaHcbHja 3a mrTaMIažbe. CBecKa „3anHcHHKa CI JI aa 1923. je 

oOjaBjbeHa 1925., noK cy s3a romMmrra 1924-1930. Cpecka je mpemrraMmaHa H3 

Teonomrkux aHanuMa BajtkaHckora noJtyocTpBa 00JaBJbeHa 1932. ronHe. OBO 3HauH 

na cy ayTopH cBoja caormrrePe ca 30opa H3 1924. Mornu a npougrajy Tek 1932. 

TOJUHHeC. V OBO BpeMe (3anHcHHNuH CI/I aa romaHe 1924-1937) cy H3mayHH Kao 

nonarak uaconMcy Teomomku aHamsH BamkaHckora moyocrpBa (y TpHM moceOHc 
cBecKe 3annHcHHnun CI / aa 1924-1930 mraanHu 1932. roniHHe, 3anacHHnu CI/I sa 

1931-1935 mrraMaHH cy 1972. romMHe, MOK 3amHcHHmH 34 OJ Mapra 1935-1937. 

TOJUHHE). 

Bobeme peyjiHHx OpojeBa 30opoBa ce ojnip:kano o 1930. rojage. 241. 30op CI Jl 

ce ojnpxkao 10. neneM0pa 1929. ronuHe, JoK canreneha 30op (242.) Koju je ojnpxxaH 10. 

JaHyapa 1930. Huje Ha3HaueH KojH no pejly, Hero je JaT CaMO JlaTyM OJIp)KaBaRba, HAKOH 

uera je To nocTao cTaHnnapJI 3a cBe cirenehe 3GopoBe. 

CaMocTajiHa CBECKAa IIO TOJUHIITy je IIOHOBO ycIIOCTaBJbeHa 3a 3anHcHHKe CI/I 
oJ 1936. ronHe, H Hana3Hia cBe o 1940. 3angcHuun CI/I aa 1941. cy ojuuraMrnaHH 

HaKOH Jipyror cBeTcKor para y 3anuMcHHIMMa CI/I s3a 1949. romMHy, Koja je 

ojumraMarnaHa 1953. rojnHHe. 

/ipyrax nenecer rojuHa CIJI (1947–190) 

'Y OKOJIHOCTHMAa HOBOT J/Ip;kaBHor ypelbemba paji CI /I je OOHOBJbeH OJ1p;KaBaFbeM 
OCHHBauKČ CKyTIIIITHHe 25. neneMOpa 1947. rojwHe. Tako je cBecKa 3angHcHuHKa CI JI 

aa 1948. ronaHy o0jaBJbeHa 1950. rojwHe. HoBa yrpaBa je HCKOpHcTHJIa MOMEHaT H 

ycnena Ja HeKa paHHja HpHIHpeMJbeHa H HeOOjaBJbeHa caormrrrePa ca 30opoBa (3a 

1910, 1913 a 1941 romaHy) oOjaBH y 3anacHHmiHMa CI I aa 1949. rojuiHy. IIOHOBO 

HoOBa yrnpaBa je „XBarTana” pHTaM H uHHHNO Ce Ja he ce H30opurH ca HenarojaMa H 

TIOHOBO O0JaBJbHBaTH CBECKE JanuHcHHKa CI JI Koje oOyxBaTajy CaMO je/JIHO TOJMHIHTEC, 

ajiH OBAaJ IIHJb HHJC yBK yCIICHIHO peajtHaoBaH. Paanor ToMe cy OHne (He)axXypHOCT 

yripaBe H TreOJIOHNIKH KOHTpecH 34 Koje cy ce H3,1aBaHH 3OOpHHLH pa/loBa 0,1 HEKOJIHKO 
TOMOBa. CBeckKe 3anucHuka CI /I cy lOHOBoO o0yBara;jna roHekaji nBa (1958-59; 1960- 

61; 1975-76; 1985-86; 1990-91), rps (1968-69; 1987-89) H je)uHoM uerupu (1964-67) 

ronmira. 
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Tameme CanBe3a reojnonikux npyitraBa Jyrocananuje (1991-2006) 

OBaj nepHoOJL MOXKEMO Ha3BaTH TaHIČMDeM CaBe3a TeOJIOMHIKMX JIpymmTaBa 
JyrocmaBHje (y aJbeM TeKcTy: CI/IJ). HaMMe HaKOH ŽXII koHrpeca reomora 

JyrocmnaBuHje 1990. moHera je oyjutyKa a cc cnenehH TCOJIOHNIKH KOHTpeC OJIDp;KH y 

3arpeOoy (1994). Ajipeca CI7/IJ je OHna oJl ocHHBahba (1952) y Beorpany Tek 1990 sa 

moTpeOe opraHH3OBaM5aa KoHrpeca je npeOaueHa y 3arpe0. HakoH tnpoc:aane JyOuueja 

100 rojmuHa OJL OCHHBaMba (1991), Mcre rojHHe 3amoueTH Ccy TparMuHH morabajH 

pacnanmnoM COPJ H parHH CcyKOOH. Y OBOM OKOJJHOCTHMa CI/IJ ce Opumue H3 

epBHJleHiIHje y 3arpeOy H XpBaTCKO TeOJIOHIKO /JIpyHITBO HcTyra H3 CI 7J uaju npaMep 

cnene H npyra penyOnauka npyirrBa. TaKo cy, noce ckKopo 40 ronaHa nocTojahba, y 
CI7IJ on 1992. ocrana npakTHuHo caMo CI /I H LpHoropckKo reoJIOHIKO JIipyInTBo. To 

Je Trpajano cBe o 2006. rojuHe, Kajna ce pacrajna H JipxxaBHa ajeJiHHIa CpOuje H IpHe 

Tope. ParHo OKpyXxXkeĐe, CaHKuHje, HH(pbmamja M KpM3a y 3CMJbH Cy BcCOMAa 
nenpHMupajyhe yrHnanaH Ha mocTojabe caMor CI/I. Hnak Hajrexx mepuoji je OHO 

KpajeM 1990-rMx Kaja je CI/I nojn yrHuajeM HnojTHuKHX OJUIyKa H3ryOMJIO CBOJE 

npocTopuje a BeoMa J00po cpebeHa KRPMHuia /ipyurrBa je HentaHCKH H HecTpyuHO 
TIpeMEIHTEHa H HOKPpaJieHa. TOKOM KpH3HHX rojHa 3anucHHnuuH CI/I sa 1990 a 1991 

cy ycnennH ma ce ojumraMmajy TeK 1995, cmeneha cBecKa 3anucHHKa CI JI koja je 

o0yxBaraja 6 romimrra (1992-1997) je ojuraMaHa 1998. Jla 0B HATO uHHrepBeHuuja 

H NHNpoOMmeMH ca mpocropujaMa CI/L yuMHmMma cBoje Ma 3amMcHMmM CI/I sa 

mecTorojJuHmibbH repHoji (1998-2003) oyyy oyjuuramaHa 2005. 

3anucnuaunu CI / y upBHM neKanaMa XXI BeKa (2006-2022) 

/lo HeKe yCJIOBHO peucHo craOHmMaanuje momiro 2005-2006, kajna je CI/I je 

TIOCTaBHO 34 IHJb peyNOBHO Hy3JIa;KePbe 3artcHHHKa CI JI Koje 3aBHcH OJI MaJIOOpoOjHHX 

aKTHBHHX ujaHoOBa /ipymrrBa. Hanay3ak 3anacHuHKa CI }I je rpenynrreHo axxXypHocTH 
ynpaBe Koja je MaMe-BHIIeC ycmeBalla Ma ce H3OopM ca ypeDbHBauKHM IHOCJOM H 

OnarOBpeMEHHM „IHTaMHaMeM wacomHca. Ilomro je youcHa cB cnmaOHJa 

saaHHTepecoBaHOcT 3a 30OpoBe CpncKor reomomIkor MpyIHTBa, MonymrTeHa je H 
MOTryhuHocr Jna ce rpe/lajy H pyKonuHcH KOJH HHcy caorrTeHH Ha 30opoBHMa CI /. OBo 

je aa noceuy BMano H oOaBe3Hy peneH3Hjy pykonuca, jep cy IpHJHKOM caonııTeHbba 
Ha 30opoBMMa caoriTeHH pe3ynTaTH OHMJIH H3JIO)KCHH KpHTMKaMa, CyrecTHjaMa HJIH 
nomeMHHIH. YVrpaBa ce aamoxHmMma a uaconmuMc Oy/e HNpenmo3HaT H KOJL peCOpHOr 
MUHHHCTAaPCTBAa TaKO Jla je yBe,IEHO HEKOJIHKO H HOBHMA, OJI CBeCKe JanucHHKa CI7/I a 
2012. ronMHy O(QOpMJbeH H MebyHapoHH ypebMBaukM oJOop wuacomuca. 

BumerojumibH Tpy/l H pan umaHoBa CI/I oko noOJbmaBaba uaconuHca je HalOKOH 
ypo/iHo IIHIOJNOM H 2019. romHe 3anuMcHuumH CI/I cy HaHOKOH yBPIITeEHH y JHCTy 

pedjepacaHnx uacoruca H3 oOmtacTH reoHayKa 0J1 cTpaHe pecoOpHor MHHHcCTapcTBa. "Ca 

BEJIHKHM 34J1OBOJBCTBOM BaC O0CaBe1luTaBaMo, /l je HAKOH BHIHICrOJUHIHIM=eTr 3aJtaraFba H 
Tpyna npeTxoHe H camamipbe VrpaBc, uacomHc „JanHCHMIUH CDHCKOT TCOJIOHIKOT 
npyirrBa“ paHrHpaH y OKBHpy M-51 kareropuHje 3a 2020. roy;uiHe (BpXyHCKH uacCOTIHC 

HanoHajHor 3Hauaja) Ha OCHOBy IIpaBHJIHHKa O HOCTyHKy, HauHHy Bpe/HHOBaHba H 
KBaHTHTATHBHOM HcKa3HBaMby HayuHOHcTpa;KdBaukuHx peyyarraTa HcrpaxxupBaua („Cn. 
InacHakK PC“, op. 24/2016 a 21/2017). 
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Mebyruw, 3anacHunu CI / ce najbe cyouaBajy ca cJ1aOHM IpHJIHBOM pyKonunca 

H HHCy JIOBOJBHO BH/UPHBH y MeJUHjHMa MOJIĆCDHHX KOMyHHKalja. 

IIOTPEBE 3A MOJIEPHMJATIHJOM H OPT AHHJ3ATIHJOM 

MHACOTIHCA – H3A3OBH BPEMEHA 

Y nocnenpHx MeceT rojaHa PynapckKo-reomoniku (bakynrer VHaHBep3Hrera y 

Beorpany ocrao je jenHa HayuHo-HcTpaxkMuBauka opraHHaauuja y CpOujuH. Ha opBaj 

HauHH 3HAaTHO CcC CMaM=HO Opoj HcTpaxKMBaua IMHITO je 3A4JeJHO Ca MaJMM OpojeM 

HayuHMHXx HpojeKaTa OCHOBHHX TČCOJIOHIKHX HCTpa;KHBaFba JUOBEJIO / peJ1aTHBHO MaJIĆ 

npojtyKuuje HayuHBHx peyyarara y loMahHM uaconuHcHMa. 

Uaconuac JamMcHHmH CI/I ya Teomomke aHame BakaHckKkora ojtyocTpBa 

npejicraBjba TpajnunWHjy HayuHor MH3aBamrrBa y CpOujH. OBa JBa ucomHca KOJH 

aajenHo ca BumreHoM IIpHpoubaukor Myyaeja y Beorpa/y rpejcTapJbajy MaHamre 

reojnomikKe uaconuce CpoOuje. OJ noMeHyra Tpu uaconuca Je,uHo cy 3anacHuuu CI7I 

OCTAaJIH KaO uaCOIIHC KOJH OOJaBJbyje pajlOBe y IIeJIOCTH (H Ha) CDpHCKOM JeE3HKy, aH 

noTpeOHo je a ce JacHuHje npodouunutne H OOJbe opraHHyyje. Tako 3anHcHHnu CIJI 

ocTajy jexuiHH uacornHc KOJH pa3BHja HayuHy TEpMHHOJIOTHJy Ha CpIICKOM Je3HKy. 

TIpeyutoxxeHe akTHBHocTH 3a opraHHnaamjy OoJbe ripoobinacame, opraHnHaamujy 

H BHJUPbHBOCT uacorlHca: 

YpebnBae uacornuca je 0J1 OCHHBaMba 3aJlaTaK VrtpaBe CI/I a no npaBHuty ra 

je ypebuBao cekperap Hnu rpejicenHHK CI/L Mebyra, Yıpasa CI/I koja ce Oupa 

2+2 rojHHIbBH MaH/IATHH IIČpHOJL HE yCHIČBa yBEK JIA CC HajOOJbe CHabe H HOCBETH 

yripaBJjbaPby HayuHHM MdaCOHHCOM. Moxxma OM anmeKBaTHuje pemtepe OHMMo a cc 

(bopMupa HeaaBHcHH YpebuBaukH ojnOop oyi crpaHe CI/I kojH OH OHO HCKJbyuHBO 

(okycupaH Ha pajnt uaconuca. VpebapBauku nocao OH TpeOajo a ce KOOpJIHHHIIC OJL 

crpaHe ranaBHor ype/)iHHKa Koju OH OMO y 0o0aBe3H Jta HMa unaHa ypebHBaukor o,noopa 

aa cBaKy OOacT 3a KOJy ce yKaxKe moTpeOa. CrpaHH uaHoBH OM IpecjicTaBJbajiH 

MebyHapojuHH caBeroyjnaBHu o/J16op (nfernafional 4dvisory Board). 

HaywB uacomwMca OM TpeOao ma ocraHe JanmHCHHIM CpICKOT TČOJIOHIKOF 

npymrrsBa / Comptes Rendus des scćances de la Socičte Serbe de geologie koja O OO 

o0aBcyyJjyhm cajpxkaj Ha KopHmuaMa uacomHca, cKpaheHH HacJIOB uacomHca OH OHO 

yHH(Q)ODpMHH Ha CBHM je3HHMHMa: JamHMcHHMIMH CI/I (Zapisnici SGD). YMecro 

O3HauaBahba 3a KOJe rOJHIHITeE Cc OJIHOCH CBecKa JamHcHHKa CI7/I Gojbe OH Oiuo Jna 

OyJy pejiHH OpojeBH cBecKe uacornuHca. OBHM OH ce H30eruna crajtHa KOH(by3HJa HEKHX 

ayropa npH nMrTHpaby H uHrTajJamna Bc3aHO 32 CBECKy uaconmHca H TOJUHHy H3laFba. 

CaMMHM THM yPpe/IHHHITBO He OH MOPAaJIO JlA ueKa HeEKH pyKOonuc H3 JlaTe rOJHHe JlA CČ 
npe/ta KaKo OH KOMIIIČTHPaJIH uJIaHKe 3a JlaTy CBeCKy uaconuca. BpojeBH uaconuca cy 

Og naTH 3a IIipBHX CeJlaM CBeEcKH JanHcHHKa CI /I (Ha HacJIOBHOJ CTaHHIUH DHMCKHM 

OpojeBHMa). BpojepuH 3a cBe cBecKe 3anutHcHukKa CI JI cy ypabeHi perpoakTHBHO 3a CBC 

OpojeBe uaconuca H ripe/icTaBJbeHH y TaOenu 1. 
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Ta6ena 1. IIpernen ozjumraMaHux OpojeBa uacornuca 3ancHHHHH Cprickor reojtontkor JipynrrBa 

3anucnHunuu CIJI 3a | Tojua a3nama |BpojcBecke |HanoeHa 

897-1900. 900 1. 

901-1902. 902 2. 

903-1905. 905 3. 

906. 908 4. 

907. 909 5. 

908. 912 6. 

909. 913 7. 

910. 915(?) &. IIIraMnaHo y Himty, aaryOJbeHo 3a. 

BpeMe para 

920-1922. 923 9. 

923 925 0. 

924-1930 932 l. Jlonarak TeononikHx aHajta 

BankaHckora no:tyocrpBa 0p. 11 (1) 

1932. 

931-1935 972 2 Jlonarak TeononikHx aHajta 

BankaHckora noxtyocrpBa 0p.37, 1972 

935 apr-1937 937 3 Jlonarak TeononikHx aHajta 

BankaHckora noxtyocrpBa 0p.14, 1937 

937 938. 4. 

938 939. 5. 

939 940. 6. 

940 941. 7. 

948 950. 8. 

940 (+1910, 1913, 1953. 9. 
941) 

950-1952 954. 20. 

953. 955. 21. 

954. 956. 22. 

955 957. 23. 

956 957. 24. 

957 959 25. 

958-1959 962 26. 

960-1961 963 27. 

962 966 28. 

963 966 29. 

964-1967 969 30. Ca cHMII03HjyMa O ByJIKaHKOTĆHO- 

CeJUHMCHTHHM TBOpeBHHaMa (1964). 

JyOnmapHa cBecka 75. romuHa CI7I 

968-1970 972 31. 
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3anucnaunuu CIJI 3a |Fojua a3ajamba 
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YuyrcrBo ayropuMuMa 3a HpumpeMy pyKonuca OH TpeOanmo mojeHOcTaBHTH H 
ypanarH Mycrpe (femplate) crpaHe KaKO OM CaM ayTOp pajMO NPpeJOM. 30or 

crnet(HuHocTH cprcKor jeaHKa (JBa mHcMa) TpeOamo OH ypajMTH y TpH Bep3Hje 

(reKcr unaHKa 1. unaHak cpncKui -hapaiuHO HHCMO Ca HaCJIOBOM H aliCTpaKTOM H Ha 
ČHTJIČCKOM; 2. unaHaK CpHCKH -JaTHHHUHO IIHCMO Ca HaCJIOBOM H aHCTpaKTOM H Ha 
ČHTJIČCKOM; 3. uJ1aHaK CHTJIČCKH (HaCJIOB H alICTpaKT H Ha CpIICKOM). 

Kao Heomxo/laH 3axXTeB TpeOa craBHTH H TO a JHTeparypa Mopa OMTH Ha 
JIaTHHHUHOM HHCMJy TIOHITO IIpH Mepetby H aHaJi3aMa CO(bTBepH y3HMajy y 003p caMO 
JJaTHHHdHO IIHCMO. 

Kareropmsanuja HayuHHx umaHaKa MOpa a yBeK a Oy/e y carmacHoOcTH ca 
BaxKXehHM AKTOM oO ypelb)HBaRbby HayuHHX dacorlHcCa. 

Takobe HeoxoJIHO je JoJleJbHBabbe DOI Opoja cBaKOM HayUuHOM uJIAHKy 300r 

OOJbE BHJUBHBOCTH H HauHHa HajlaxKebba HayuHHX uMaHaKa. DOI (Digita! Object 

identifier) mpencraBJba je)UHCTBcEH Opoj OJIĆJBEH OOjeKTHMa y JWHrHTaJIHOJ (DODMH 

(unaHaK, IIOTrJ1aBJbe, KEbHra HTJL.). Kpoy3 oBaj Opoj jJe ocHrypaHa Be3a Ca HHTEpHeT 

CTpaHHIIOM TJIE je JOKyMEHT IHIOXpaMbeH. Bega ca unaHiniMa, DOI 6pojeBiMa and BeOo 

anpecaMa je oMoryheHo Kpo3 cepBuc CrossRef (www.crossref.org). 

3AKJbYUAK 

Maxzno reojtomkux JipyritraBa Ha CBeETy HMajy uacOIIHC KOjH je crapHjH 0JI jeJIHOr 

BeKAa. 3artHCHHIIH CprIcKOTr TeOJIOHIKOT JIpyInTBa Hpe,icTaBJbajy Je/liHy OJL MaJIOOpOJHHX 

OBaKBHX udacorlHca KoOjH je 2022. ronuHe o0eexxHo 125 ronuHa Hynaxkebba. Kpo3 cBoj 

nepnHo/i ImocTOjaba CaM daCOIIHC KaO H CpHcKo TeOJIOINIKO /JIpyIHITBO HpoJ1a3HJIO Kpo3 
pa3He TypOyjneHiHje H HMMaO HIpoOJeMe ca H3MaBaMbeM OJIpebeHHx OpojeBa. Kpo3 

perpocnekTHBy H3J1a)KeHba H aHaJIH3C H3J1aJKCPba IIOjeJ]UHHHX TOJUHIHTA IIpeUIO)KEHH Cy 
KOpalM H AKTHBHOCTH KaKO OM Ce OBaj daCOHHC OCaBpeMEĆHHMO H MHMaO OOJby 
BHJUbHBOCT. /lo0puH ripHMepH H3 ripakce KojH cy Beh ripHMeMbeHH „,KOJI crapujer Opara” 

(Teononrkuax aHaza BaznKaHckora nonyocTpBa) rpeGanu H a ce IIpHMeHe H KOJI OBOT 
uacornuca. 

3axpBa.nnuma 

Ayrop ce aaxBaJbyje Ha nmoMohu rmpo(Q. np /Jlejany PanaBojegHhy, MapaHH 

BykKanan u Mapnuju Byneruh sa nooh ripu nocryrtHocru crpyuHe JmrepaType. 

JIHTEPATYyPA 

Luković M.T. (Ed.) (1923) 178. Zbor. Zapisnici SGD 1920-1922. godine. 1-3. 

Rundić, LJ., Grubić, A (Eds.) 2016. 125 godina Srpskog geološkog društva. Srpsko geološko 
društvo (1891-2016), Beograd. 
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SAHHCHHHUH CPIICKROr TCOGOWUIROFT APYIITRA 
3A 2099 roAHHY 

COMPTES RENDUS DES SE4NCES DE LA SOCIETE SERBE DE GEOLOGIE 
pour les annće 2022 

REPORTS OF THE SERBIAN GEOLOGICAL SOCIETY 
Jor the year 2022 

Beograd, 2023 

Panmunojenuh Jlejan! 

Radivojević Dejan 

CERBAMbE HA BOPBY BATPE H BOJIE – XATOH H BEPHEP 

HHOOPMALUHJE, IIPHKA3H, KOMEHTAPH – NOTES 

OpBe roJuHe HaBpHmaBa ce 225 romHHa OJL CMpTH 3A4UeTHHKAa ILIyTOHHCTHUuKeC 
Teopuje IlejMca NaroHa (James Hutton), ojHocHo 205 rojmMHa OL CMpTH ayTopa 

HenTyHHcTHuKe TeopHje AOpaxaM T or:to0a BepHepa (Abraham Gottlob Werner). 

Z/lBojHia caBpeMeHHKa Cy HMaJTa JUHjaMeTpaJIHO CyIIpOTHe HJIeje y Be3H mnocTaHKa Halic 
nnaHeTe, an cy oDojHna ocTaBHJIH HeH3OpHcHB Tpar y HCTOpHjH TeOJIOIHKe HayKče. 

IUJFJMC XATOH 

(03.06. 1726, Eaun0ypr, HIKorcKa – 26.03. 1797, Eaan0ypr, HIKoTcKa) 

IIIKOTCKH TCOJIOr, HOJBOIIpHBpe/IHHK, HpoH3Bolbau xeMuHkKajuja, IpHpojubak H 
(pMaHuap. TOKOM XaTOHOBoOr )»KHBOTa BehHHa HayuHe nBajejHHiIe je cMaTpana a je 

5KHBOT Ha JeEMJbH CTap CaMO HCKOJIHKO XHJbajla rojMHa. XaTOH je Ha Kpajy JOBeO y 
HHTaHMC OBO BHleM=c TEOPpHJOM IHIyTOHH3Ma. UecTo ce cMaTpa 3a ONlA CaBpeMCHe 
TeonorHje C” 003HpoM Jma je oJrpao KJbyuHy yJIOTy y yCIHIOCTaBJbaMby TCOJIOTHJEĆ KaO 

CaBpeMcEHe HayKe. MebyTMM, MeTOB IIyT Ka OpMJbaHTHOM TcCOJOTy HHje OHO 

JjenHocTaBaH. 

Pagu nanu u (bapMepcKuH ;KHBOT 

PobeuH Je y ExiHOypry Kao JejnHo oJ neropo Jnene Cape Bandop (Sarah Balfour) 

H BunujaMa XaroHa (William Hutton) rproBma Koju je OMo OarajHHK rpaa 

EnaH0ypra. Haxxanocr, LIejMc ocraje 0e3 onma 1729. ronaHe KaJta Je HMaO TpH rOJIHHE. 

XaroH je o0pa3oBaH y Bucokoj mikKoj y EnHHOypry r/ie Je n0Ka3aoO IIOCeOHO 

HHTEpeCOBaMbe 30 MaTEČMaTHKy H XEMHJy, a Kaja je HaHyHHO udeTpHaeccT ronMHa 
nmoxabao je YHHBep3HTeT y EJMHOypry KaO „CTyJIČHT XyMaHHCTHuKHX HayKa“ 

cryyuipajyhuH KnacHuHe HayKe. Buo je npaBHHuku noMohHuk LIopu dajepca (George 

Chalmers) Kajta je HMaO CeJlaMHaeCT, aJIH Ce BHIIIC 34HHM4aO 32 XEMHJCKE ČKCIIČDHMECHTC 

! Pynapcko-reononiku (pbakyarrer, KaMeHiuka 6, Beorpajt 
dejan.radivojevic(q)rgf.bg.ac.rs 

169



Hero 3a HpaBHĆ TMOCMOBC. /lok je moxabao VHuMBepa3Mrer y EnmMHOypry, KonHH 

MeknmapuH (Colin Maclaurin) My je OHO MeEHTOp. MekJtapHH My je IpeHeo 3HaMĐbe O 

HoyTHOBHM 3aKOHuHMa (bu3HKe H KoHnenTy JleH3Ma!, OBe ujneje cy nocrTane KJbyuHe y 

X aTOHOBOM KaCHHjeM TeOJIOIHIKOM PaJly 3aTO IITO Cy My OMoryhu:ne /A 32aMHCJIH CBET 
PyKOBoljeH HcKJbyuHBO IHpHpO/IHHM 3aKOHHM4. V BpeMe Ka/la je IipkBa HMajma H3y3eTaH 
RpyiiTBeHH yTHIaj HajIpOrpeCHBHHjH aCHCKT XaTOHOBeE TeopHje je OHO TO ImTO je 

3eMJba NpejcTaBJbeHa KaO CaBPpHICHH, CAaMOOJIDXKHBH CHCTEM KOJH J/UIKTHPpAjy 
npHpo/HH 3akoHH. MebyTHM To He 3HauH Jla OH HHje BepoBao y Bora. Y crBapu, XaToH 
je BepoBao a je Bor CTBOpHO CBE Ha 3eMJbH TOJIHKO CaBPIIHeHO Jla ripHpo/iHa HcropHja 
HHJe MHMaa HoTpeOc 3a OMO KaKBHM HaTIHPpHpOJUHMM yTHHajHMa KaKO OH 

(byHKtiHoHuHcalma. 

Ca ocaMHaecT roMHa MocTaO je acHCTeHT (pbM3HKe H moxabao mpenaBaMa 
MeJIHHHHe Ha VHuBep3arery y EngnHOypry. IIocne rpu roxmaHe oramao je y Ilapa3 na 
HacTaBH CTy/IHje H HOCTaO JIOKTOp MeJIHIIHHC TOKOM 1749. roy)uHe Ca CBOJOM TE3OM O 

HHpKyJaljH KpBH. 

HakoH /uHroMHpatba oTHiao je y JIoHyIoH, mnocne uera ce Cpe)IHHOM 1750-rax 

BparMo y EMHOypr M HaCTaBHO XCMHJCKC CKCHđCDMMCHTE Ca CBOJHM OJIHCKHM 
HipHjaTeJbeM LIcjMCOM /lejBHjeM (James Davić). HoMxoB pa Ha IIpOH3BOJUbH 

HuHiajopa (aMOHHJyM-XJIOpH/a) OJL uabH HampaBHO je OJL MHXOBOT MHapTHepcTBa 

rpod()Hra0Ou;nHH rocao, a tpoH3BO/UHPa je KopHiiheHa 3a ripaBJbehbe O0Je, MHpHCHE COJIH 

H y METAJIHOJ HHJIycTpHjH (PERMAN, 2022). 

XaToH je HacejMO OJL CBOr OMHma BepBHKmmmp (Berwickshire) (bapMe y 

Cnajxaycec-y (Slighhouses), oko 40 KM jyroHcrouHo oJ ExuHOypra. Haaujcke (bapMe 

cy Oume y nopoyjmunu o/t 1713. ronaHe Kao H (bapMa Ha 0pyuy Hejnep MoHuHar (Nether 

Monynut). Y 1750-THM oH ce tripeceno y Cntajxaycec H nocBeTHo ce yHanpebuBatby 

(japme yBojnehu rnpakce yarajabba 3 npyrax nenoBa BpuraHuje H eKcnepHMeHTHCaHbe 
ca OMJbKaMa H IOMahHM )KHBOTHMaMA. JaOce)KMO jc CBOJE HJIČCJE H HHOBaLHJeE y 

HeOOjaBJbeHOJ pacnpaBH O CJIČMCHTHMA IIOJBOHpDHBpe/Ce. EkKcnepMMeHTuMcao je ca 
pa3nHuHTHM TeXHHKaMa y3roja H IipeTBOpHO CBOJy IOpo/nHuHy (pDapMy y HajyCHIHIHH}y 

y IIIKorckoj. Jlok je pa;uMo Ha cBOJOJ (bapMH nocrTao je OnCeJIHyT THME KaKO Cy BeTaP, 

KHima H rpaBHTanuHja OOJIHKOBAaJIH 3CMJby Ha KOJOJ Je pajo (DEAN, 1992). 

XaToHoB (papMepckH »XHBoT je OHO HpeKpeTHHiia Kajta je oJ J00po oOyueHor 

HayuHHKa IIOCTaO TcHHJaJIHH reoOJor. KacHHje TOKOM 1753. rojHe HanuHcao je a je 

„HOCTaO BECOMa 3aHHTEpeCOBaH 3a Cry)MpaHbe HayKa O JeMJbBH H Ma reMma ca 
AaHKCHO3HOM PajnonHajormıhy cBaKy JaMy, JapaK HJIH peuHO KOpHTO KOje ce Habe rpeji 

HR5HM“. MareMaruuap ILJoH IInejdQep onucao ra je Kao uoBeKa KOJH je IIpHMeTHO Jla je 

„JBeJIHKH JI6O CaBpeMeEHHX CTEHa CacTaBJbeH OJ MaTepujajma 0oOHjeHHx pa3apatbeM TeJIa 
JKHBOTHM-a, OHJbaKa H MHHePajta H3 crapHjHx (popManuja“ (PLAYFAIR, 1802). 

XaroH ce Bparuo y EnuHOypr 1768. ronaHe H rpenycTHo (pbapMy 3aKyrnnHMa 

aH je H JLAJbe y3HMaO JIO0HT 0J1 HarmpeTKa (bapMe H HcTpa;KHBaMba KOJE Je yKJbyuHBaJIO 

ČKCIIEDHMEHTC KOjJe Je H3BOJUHO y Crajxaycecy. JenaH 0OJt BX je H IpaBJbebbe IIpBeHe 

OCoje 0J KopeHa jeJne. 

1 Jleg3aM je Hjieja o Bory HHTeJ1HreHTHOM CTBaPpaOLly CBera HaKOH ucra HHje HCOHXOJIHO 

HHIITA MCHbaTH y H/ICAJIHOM CaMOO/Ip)KHBOM yHHBCp3yMy y KOJEM ;KHBHMO. 
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Naron u reomoruja 

HakoH Hanyurtrama (bapMepckor ;KHBOTa, XaToH ce BpaTHo y EjHOypr 1768. 

TOJHHE rJie Je OHO „00OpeH ca HoOry“ OJI CTpaHe IIIKOTCKOT IIpOCBeETHTCJbCTBa. OHo je 

y TO BpeMC OMO OOeMe)KEHO Ca HCKOJIHKO HayuHHx HpoHama3aKa OMOryheHHx OJ 
crpaHe BonehMx HIKOTCKMX HayuHHKa. KOHKpeTHO, XaToH je moueo Mma pamM ca 
TloseQoM BnmekoM (Joseph Black), kojH je OTKpHO yTJbeH-JIHOKCHJL, Ha OJipebHBaHby 

Tora KaKo cy HacTaJIH pa3aiHuHTH THIIOBH CTEHa Ha 3eMJBHHOJ IIOBDpIHHHH. TOKOM OBOT 
BPpeMeHA OH je cXBaTHO Jla Cy TeMIIepaTypa H IpHTHCaK HeOTIXOJIHH 3a MHHePaIH3aljy 
creHa. HakoH rora je ojnpejno a cy ČKCTpEMHH IIpHTHCaK H TeMIepaTypa KojH Cy 
HeOTXOJIHH 3a (bopMHpaMe cTeHa Mor:JIH JIOhH CaMO H3 yHyTpallMbOCTH 3eEMJbe. OBo je 

nHipe/ICTaBJbaJIO OCHOBy XaTOHOBE TeOPHje IITIyTOHH3Ma Koja je TBp/iHa la je Iponec 
(opMupatba cTeHa BoljeH TeMiepaTypoM Koja ce HaJ1a3H y yHyTpaHIM50CTH JeMJbE. 

XaToH je yHabpe/Ho MHJejy a MameKy (bHaMuKy HcTOpHJy CBeTa MO)KEĆMO 

H3BECTH H3 lOKa3a Ha naHaHnIM»HM CTEHaMa. IIpeKO CBOJHX HCHHTHBAMa O OO0JImHHHMa y 
peJbe(by H o06aJIckoj JIHHHjH CBOJe pojtHe IIđKkorckKe HH3Hje Kao mrro cy CancoepnH Kperc 

(Salisbury Crags) a CHkap nouHHr (Siccar Point) oH Je pa3aBHo TeopHjy Jla TEOJIOIIIKH 

oOnuMnu He Mory OHTH crarMuHH Bch cy HO,BpTHyTH KOHTHHyHpAaHHM IIpOMeEHaMa 
npeko HeojpebeHo Uyror BpeMcHckor nepHo/a. Crora, oH ce aamarao, 3ajenHo ca 
MHOTHM TIpBHM TeOJIO3HMa JI J3eMJba HE MO)XKE OHTH TaKO Mimtanma. Buo je jenag OL 
HajpaHHJjHX 34rOBOPpHHKa oHora ımrTo je 1830-rax nocrano no3HaTO Kao yHH(DOpMH3aM, 

HayKa Koja o0janibaBa 00J1HKe 3eMJbHHe KOPpe Kao peyyaraT HenpecTaHHx IIpHpojiHHx 

TIipOotieCa TOKOM JlyrauKe TCOJIOIIKe BpDEMCHCKe HcTOpHje. OH je rakobe „norypao“ Te3y 

„3eMJba KaO HaCCJBHBH CHCTEM“ OJHOCHO TO a je OHa HacTaNla KaO JeHCTHUKH 
MeXaHH3aM HalpaBJbeEH TaKO a CBCT Oy/le y HOTHyHOCTH HOTOJMaH 304 Jby)le. OBO 
npe/icTaBJjba paHM mokKymaj a cc (OpMyiHIe OHO IHTO cc JaHaC MO;KE Ha3BaTH 
JeJIHHM BHJIOM aHTPOroiotmikKor rpHHiuuHra (BAXTER, 2003). 

XaroHoBa rTeopHja NUIyTOHM3Ma mpenmo3HaMa je TrpaHHT KaO HHTpy3HBHO 
MaTMaTCKO TČJIO IITO je OHJIO y IIOTIIyHOj CyIIDOTHOCTH Ca HEIITyHHCTHUKOM TČOpHJOM 
na cy OHH HajcrapHje OOopeHe cTeHe H3 rnpacrapHx Mopa. V mero 1785. ronaHe Ha 

IneH Tumnry (Glen Tilt) y HajceBepHHjeM Jeny IHKorcke mpoHantao je rpaHHTe KOJH 

rpecenajy MeTaMOP(bHe IIKpHJBIe. C' 003HpoM Jta rpaHHT ceue C11OjeBe XaTOH Je 3HaO 

Jla OHH MOpajy OHTH yTHCHyTH y CTEHy H Jla HM je OCTaBJbEHO BpeMe /l OuBpcHy. Kako 
Cy CeJUMMEHTH MOPaJIH OHTH IIpHCyTHH IIpe HerO HITO Ce TpaHHT yTHCHyO OH je CXBaTHO 
a oOH Mopa OuTH Mital}H oJ1 ce)JaMeHaTa (MCINTYRE, 2006). 

KacHuje 1787. rongHe XaTOH je 3aOeJIe)XKHMO OHO IHTO je JMAHaC HIO3HaTO KaO 

XaToHoBa HMH „BeHmMKa“ mHcKoOp/laHija y HHuOoHujy (Inchbonny) y cojeBHMa 

CeJUHMEHTHHX CTEHa. CJtojeBH rpayBaKe y JIOP»HM CJIOJeEBHMa KJ(ba cy HarHyTH TOTOBO 
BepTHKAaJIHO, a H3HajL yOaueHOT CJOja KOHTJIOMeDaTa JIeG;KC XOPpH3OHTAJIHH CJIOjeBH 
crapHx IpBeHHx netntuapa (ciHKa 1). 

KacHuje je HanmHcao KaKo ce „00pajioBao cBojoj no0poj cpehu Kaja ce canteo 

Ha CTBap TaKO 34HHMJBHBy y HpHpo)UH JEMJbE H KOjy jč TOJIHKO JUyrO TpaxKHO y 
BeHaMa“. XaTOH je pe3OHOBaO a MOPpajy HOCTOJaTH HeOpojeHH IHKJIyCH OJL KOJHX 

CBaKH yKJbyuyje JČHOHOBaH»5C MODpCKOT JIHa, H3/U3aFbC Ca HCKOIIIABaHbeM H CpO3HJOM 
3aTHM IIOHOBHO cCriyIITaHbe HCHOJL MOpa 34 HacTaBak Meno3uHHuje. OH HHKama HMje 
TIpe]UIO)KHO MeXaHH3aM KOjJHM OH caBpeMeHa Hileja HaBJtauehba MorJIa HacTaTH, a je 
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TauHO 0/JIpe/iHo Ja yHyrTpatnia TonnoTa Mopa OHTH Bo/leha cHJIa OJITOBOpHa 34 OBaJ 

(beHOMeH. BepoBao je ma cy y HMHTaHM»y HCTC TCOJIOHIKE CHJIC KOJE Cy Bajac y 

TIpOIJIOCTH KOjJeE BEOMa CHOPpO (byHKuuMHoHHity H MaHac H J JeOJbHHa H3JIO)KEHHX 

crTeHa yKa3yJe Ha HEBepOBaTHO JlyrauaK BpDEMCHCKH PacIIOH. 

M a k 

Cuka 1. XaroHoBa nucKop,naHnuja y HiuGoHujy. Tope je anrycrpanuja LIoHa Kaepka (83 
HUuTTOoN, 1788), a none je (pororpadnja 3 2003. ronate ojui Kara MorHrroMepHja. 

Koopynuitare nackopnaHuuje cy N 55.4721, W 2.5545. 

MHako XaroH Huje Ouo TIpBH KoOjH je IIpe/UIOXXHO TIJIyTOHH3aM, OHO je HayuHHK 

OnroOBOpaH 3a mmHpeMe OBE TeopHje y KpaJbeBCKOM JpymrrBy y EnmMHOypry H 

TEHePaJIHO y HayuHOJ 32je/IHHIH. XaTOHOBC OrncepBalnHje O HHTpy3HjH, HaBnauečMby, 

epo3MjH H eHO3HNHMjH KaO H M.eTOBa TeOpHja IIHIyTOHMH3Ma TIOCTaJIA jč TCMCJB 

caBpeMeHe reoorHje. PberoBa reopHja rinyToHH3Ma je OHJTa y JU4peKTHOJ CyIIDpOTHOCTH 

ca Taja norynapHHjOM TeOpHJOM HeIITyHH3Ma KOJy je ycnena a ripeTeKHe TeK TOKOM 

19. Beka, HAKOH XaTOHOBE CMPTH H JOBCJIa JIO (bopMHpatba HOBe HayuHč JIHCIHTIIIHHC 

— reomoruje.  Uapnc Jlajen (Charles Lyell) je Ba Kpajy cHHTerH3oOBaoO Teopuje 
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TIJIyTOHH3MA H yHH(DOpMH3Ma y CBOM yIJOcHHKy „Principles of Geology“ nyOnHKoBaHc 

1830. ronaHe ooryhanBajyhu PeH ycrnex y 19. BeEKy. 

3apnprine rojuze 

OJ 1791. roy;uMHe HMaO je BEJIHKE OOJIOBE OJI KaMeHba y OčIHiiH H HalycTHO je 

TepeHcku paJti KaKO OH ce (bokycHpao Ha 3aBPpimaBahbe CBOJHX KĐHra. OnacHa H OoJHa 

onepanuja HHje ycnexa a pemn WeroB HpoOJeM (PLAYFAIR, J., 1822). VMpo je y 

EnaHOoypry 1797. romMHe H caxpambeH y rpoOHmMmM EHjpjya BanmdQypa (Andrew 

Balfour) Hacyrpor rpo0OHHrne MeroBor npHjarejba LIoseQa BirteKa y cana 34TBODeHOM 

Jyro3anajlHOM JneJ1y rpo0OJba (Greyfriars Kirkyard, no3HaTOM Kao Covenanter's Prison). 

XaTOH HHje OHO O;KeMbeH H HHJe HMaO 34KOHCKe JIene. OKo 1747. rojwiHe no0Ouo je cHiHa 

ca Muc EJMHHTTOH H HaKO je MaBaO CBOM CHHy IlejMcy (James Smeaton Hutton) 

(pHHaHcHJCKy HOMOh HHje HMaO Ca M5HM HIyHO KOHTAKTA. /leuakK je KacHHje HIOCTaO 

CJIy)KOeHHK morirTe y JIoH/lOHy. 

ABPAXAM FOTJIOB BEPHEP 

(25.09. 1749, Bexpay, IIpycxa IHIneauja – 30.06. 1817, /ipeajten, 

KpajbeBuHa Cakgconuja) 

HeMaukuH Treoor HajmO3HaTHjH IHIO CBOJOJ paHoj TeopuMju crparH(pMKanmje 

3eMJbHHe KOPe. OH je H3J10XKHO TeEOpHjy O 3eMJbHHOJ HCTOpHJjH KOJy Cy JIpyrH Ha3BaJIH 

HeHTyHH34aM KOja Ka)Kc JA Cy CBC CTCHC BOJeHor nopeknma. BepHep je onoMo umejy 
yHH(Q)OpMMsMa Koja je BepoBama a je TCOJOMIKa CBOJIyUMja YyHH(DODMHH H 

KOHTHHyHpaHu rmpornec. Jlok je BehaHa Hauenma HeHlTyHH3Ma Ha KPpajy HamyITeHa, 
HayKa je 3axBanHa BepHepy 3a jacHy JeMOHcTpalHjy XDOHOJIOHIKE CyKILeCHje CTEHAa, 
aa peBHOCT KOJy jC yJMO y CBOJE CTyJIČHTe H 3a HOJICTHHAJ KOJH jJe THMC Jao 3a 

cry)pame reozmoruHje. Crora Je Ha3BaH „OHEM HeMAauKe reoJmorHje“. 

Mitanocr u o0pa3oBame 

BepHep Je poberH y Bexpay (Wehrau cajta OcgeuHua (Osiecznica), naHanıiiba 

IIojbcka) Kao Jipyro JeTe H jenHHH CHH. PobeH je y py/lapcKoj nopojpiHiu H OJ paHor 

JeTHM=CTBa je OHO OKpy)KeH cTeHaMa. EĐberoB oran A6paxaM /lanuji BepHep (Abraham 

David Werner) je OHo HHcIIeKTOPp pajloBa y py,iHHnHMa TBO:;Kba KoMmaHuje Duke of 

Solm”s y Bexpay i JIop3enynoQ (Lorzendorf, naHanme BockoBune Majte (Woskowice 

Matle), IIopbcka). Beh ca neBer romMHa BepHep je creKao HpBa HCKyCTBa y 

egKcnuoarTannju py}le rBoxKl}a B HMaO IIpBe JIČKIHje O MHHepaJIOrHjH OJI CBOT OIlA H TaKO 
ce 3aHHTepeCOBaoO 3a CHCTeMaTCKy HJIeČHTH(pDiKalijy H KnacH()HKanujy MHHepana. Kao 

Mjanuih, BepHep je OanaHcapao a3aMeby oOpaaoBaha y OpajOyimkKoj py/tapcKoj HIKOJIH, 

VHuBepaarery y Jlajnury a pajta y pyyapckoj onepaTHBH y CakKcoHHjH. 

IIocrojano je BenMKo pa3una>)Kebe Meby MHHepano3HMa 18-or BeKa O TOME Jl 
m MMHHepanmH TpeOa ma Oy/ly KNaCH()MKOBaHHM TIO CBOM CIHOJPAIIMbČM H3TJJUy 
(rpHpo)HH MeTOJI) HJIH HO CBOM XEMHJCKOM CacTaBy (xXEMHJCKH MeTOJI). BepHep je 

HanpaBHo je HOBy KJtacH(bukanHjy MHHepajta H TOKOM 1774. ronuHe o0jaBHo je IpBH 
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MOJIĆpHH yUOeHHK (cJIHKa 2) O JeČCKpHIITHBHOJ MHHepajnorHjH IIO/1 Ha3HBOM „,Pon den 

dusserlichen Kennzeichen der Fossilien“ y kojoj je omncao MHHepajlie Ha OCHOBy 

FHXOBHX JHjarHOCTHuHHX (biaHukHx KapakTepHcTHKa. Kmsra je nocTHraa ojUIHMAH 

ycnex 3aTO HITO je IIOMOTJIa Te0J103HMa Jla OJIpe/le CTeHe Ha TepeHy. Takobe, oHa je 

nornpuHeJa MerOBOJ CJIaBH 34TO IIITO je y POJ rperno3HarTo Jl KanacH(bikatoHa reMa 

MHHepajlla H MOXE OHTH HanpaBJbeHa MHCKJbyuMBO Ha OCHOBy ()H3HUuKHX 

KapakTepHcTHKa. 

- . 
Juvrotor 

/fgia d jyk 

Cnuka 2. HacnopBHa crpaHa uyBeHe BepHeponBe KbHre „Pon den dusserlichen Kennzeichen der 

Fossilien“ (nenBo). HacnonHa crpana "7he Granite Controversy" on H. H. Read (1957), uprex 
on D. A. Walton. 

Tomany maHa HaKOH OOjaBJbHBaMba KMĐHre BepHep je HamycrHo OpajOypniky 

Pyyapcky mikoy, a na HHje nHrmoMHpao. MebyTuM, oBo Huje 3ajpxxano BepHepa BaH 

MHerOBOr YHHBep3HTerTa. On06op ODpajoypintke py/lapcke mikojie noHy/)Ho je BepHepy 

noauHnuHjy HacraBHHKa pyjnapcTBa H KyCTOCa VHMHBep3HTeTCKC KOJIČKIMJE MHHcPaja. 

IIony/na je nponmipeHa HaKoOH ycneXa TOBE KHbHTC KaO H HaKOH HbeTOBOT H3y3eTHOTr 
panma ca cryneHTHMa. OH je OBy NIOHyjny IipMXBaTHO H OCTaO je HaCTaBHHK Ha 

VHHBep3HTeTy CBC JO Kpaja %XHBOTa. TOKOM CBOJHX ucTpJleceT rojWHa HpejlaBaMba 

mIKOJIa je rmopacima OJLUIOKaJIHe aKaJIeMHje y CBeTCKH IIpH3HaTuH HayuHu IeHTap. BepHep 

je OHo OpujbanraH rpenanBau H H HeBepOBaTHO XapH3MaTHuHa OCOOa uHjH HHTEJIČKT Je 

TipHBJIauHO CTyJIeHTe KOjH Cy HHCHHpHCaHH M-HME nocrTajanu Bojtehu reonmo3u Enpore. 

OH H JinHe (Linnaeus) cy OHmu MBa HajnomynapHHja HacraBHHKa y meJoj EBponu 

TOKOM 18-or BeKa, TaKO JIa je JacHo Ja je OHO MajcTop reJarorHje H CTBapHO je 3HaO 

CBOJe MHHeP4aJIe CIIOJPa H H3HyTpa. TOKOM CBOje KapHjepe OTKpHO je OCaM MHHepPaa H 

Ha3Bao JiBaneceT H mecr. BepHep je Ha Kpajy yCBOJHO TOKOM 1817. romuHe MemraHe 
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KpHTCijyMC H IIOJIĆJIHO MHHecpajJič Ha duCTHPpH TIJIaBHC KJIMCĆ — 3CMJbaHC, CJIQHČC, 

3al1aJbHBC H McTaJIHuHC. 

BpeMeHCKa nojtezna creHa 

TOKOM 18. BeKa CTEHEC Cy OOJamIbaBaHc y CMHCJIy OHOJMHJCKOT IHIOTOMIA H 

KnacH(buKoBaHe y TpH rpyne Ha OCHOBy OHoOTa ImTO je BehHHa Jby)UH HOBC3HBaJIa Ca 
OHOJIHJCKHM IIOTOHIOM: „J1pHMapHH“ oJ crapHX cTeHa 0e3 (pocHina (3a Koje ce Bepyje Jna 

cy Opune npe norona), „ceKyH/lapHH“ OJL CTeHa KOje cajlipxKke (pbocHie (uecTO moOBe3aHc 

ca CaMHM HIOTOHOM) H „„TepijapHH“ OJL Ce/)UHMeHarTa 3a KOje ce Bepyje na cy HacTajJiH 
HaKoH trioTora. BepHep HHje IpoMeHHO yoOHuajeHO BepoBatbe O OHOJIHJCKOM TIIOTOIIy, 

anH je npemosHao paanMuuMre rpynme cTeHa KOje Ce HHCy YyKMamaHmc y OBy 
KnacH(pHkanujy. CreHe ca Hemro (pocHma KojH cy MJIabH OJL TpHMapHe CTcCHe, aH 

crapujH O,1 CeKyHJlapHe Ha3B4aO je „npeJ1a3HHM“, 

Bepnepona reoruno3uja 

IIoceOHa ojumMKa HBepHepoBor yueMa je OpHra KOJy jE BOJUWHO IIDpHJIMKOM 

npe/laBatba o CreHaMa H MHHePpaJIHMa H pe/tocjIe/ly TeOJOHIKHX (bopManuja – npe}MeT 

KOJH Je Ha3BaO reorHomjal. IIoji yrHnajeM JoxaHa Forno0a JleMaHa (Johann Gottlob 

Lehmann) H Teopra KpucrMaHa ODHMxcema (Georg Christian Fiuchsel), BepHep je 

J\eMOHCTpHPpao la Cy CTEHC Ha 3eMJbH JIČHOHOBaHC TIO OJIpebeHOM pejnocney. HMako 
HHKAaJla HHje IIyTOB2a0O, OH je IIpeTIOCTaBHO Jla Cy CCKBEHIHE CTEHE Koje je nocMaTpao y 
CakKcoHHjH HcTe Kao H y OCTaTKy CBeTA. 

Beponao je a je 3eMJba Hekajta OHiTa y IIOTIyHOCTH IIpeKpHBeHa OKČaHOM H JlA 
Cy Ce TOKOM BpeMeH4a CBH MHHePaJIH OGopH;iH H3 BOJIe H (bopMHpau jacHe CJIOjeBe — 
TeopuHja Ho3HaTa KaO HeHTyHH3aM. O0O3HpoM a OBa TeOpHJa HHJE JIO3BOJbaBaJIa 

HCTOHNJbEHO je3rpo OH je cyrepHcao a Cy ByJIKaHH He/lABHH (DEHOMCHH HacTAaJIH 
CHOHTaHHM CarOpeBaHbeM HOTIOBPIHMHHCKHX CJIOJEBa yrJba. OH je TBp)MO a Cy 
GayanrH H CHTHuHC CTEHeC aKyMyialuje JIDeBHMX OKeCaHa JOK Cy HX JIDyrH TcOJIO3H 
TIpenoO3HajH KaO MarMaTCKE MHHepaje (cTreHc). OBo je OHO HpBEHCTBEHH Ppa3Hor 

Hecuarakba 0JL KOje Je KacHHje HacTajma Je,Ha OJL HajBehHx TČOJIOHNIKHX KOHTpOBeEp3H 

(cnaKa 2). 

HenryuucruHuka Treopuja 

BepHep je OMO OJMHCKO yHO3HaT Ca CCKBCHIIOM CJIOJEBa CTCHa y HCTOuUHOJ 

Hemaukoj re ce mHrTao aamrro ce (popMaumMje creHa Hama3e y OJIpebeHHM 

crtetui()HuHHM CČKBeEHIIAMa H KaKO OH OBO O0jacHHo 1780-rux rojHHa je IpeJUIO)KHO 

na cy cBc (popMaulje cTeHa JIĆHOHOBaHC MH3 BOJIĆ y BpeMĆ Kajla je 3eMJba OMJa 

TIOKpHBCHa IIpBOOHTHHM OKeaHOM. HepHep je TeopeTucao Jna je y jJeJjHO BpEME 3eMJba 

y HOTIIyHOCTH OHJIa HOKDHBeEHa OKeCaHHMAa H Jl4, KaKO Cy CeJIHMCHTH H XeEMUHKAaJIHJe y 
BOJIH Iajlajie Ha OKeaHCKO JIHO, (bopMuHpa;nu cy cnOjeBe CTeHa KojH he Ha Kpajy mocTaTH 

! HayKa O CKNMŽONy H rpaljH 3eMJbe KaO BaCHOHCKOT Te]Ia KoOje ce cacTOjH H3 aHOpraHCKHX 
Maca, HapouHTo o cacTaBy H rpaljn MdMBpCTC 3eMJBHHC KOpe;rcĆOrHOcCTHKa. 
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KOHHO. TOKOM BPpeMecHa, BOMa M3 OKcaHa je HcnapMJa OTKpHBajyhH KONHO H 
OCTAaBJbajyhH BOJIĆHE „JUEČIIOBE“ y HHCKHM TIO/1pyujHMa. Kako je BoJta 1araHO TOHy11a H 

XeMHja OKeaHa Ce MeMbaJIa TaKO a Cy Ce pa3nMuHTH THIHOBH CTCHa JIČHOHOBAJIH Ha 
HOBPHIHHH HO OJpebeHoM penmoce/y. IIo M56rOBOM MHIHJbeĆMby TpaHHT CC HpBH 
nojaBHO, cJIenHJIH Cy Ta BHCOKOMeETAMOp(bHcaHH IIKpHJbHM, rHajc, Oa3aJ1T, Kpecubbali, 
cyaOoMeTaMOpQ)acaHH HIKpHJbIH, HeniuapH H Ha Kpajy 3CMJbHIHTE H IIJbyHaK. OBa 
xHnorTena nocTajma je no3HaTa KaO HeHITyHH32aM 3aTO IIITO je mo,1pa3yMeBalma Jla Cy CBE 
CTEHČC KOJe HIOCTOJE Ha IIOBpIHHHH 3eMJbe Je/IHOM OOOpcHe y OTpPOMHOM OKeaHyY KOJjH Je 

TIOKDHBaO IHIeJIy IITaAHeTy. 

TOKOM uerpjecer rojMHa pama Ha ODpajOypmmKoj py}ylapckKoj IHKOJIH OH je 

HpoMOBHcao TeopHjy HenTyHH3Ma Ha (bopMHpame creHa. BepHepoBa HacraBHHuKa 
penyranuja je npHByKJa MHoOTe cTy/leHTe y OpajOypr H JO3BO:HJTa la Ce HeITTyHH3aM 
JaKO IHIpOHIMpH y HayuHHM KpyroBHMMa. OOsHpoM a je BepHep ocrao Ha CBOJOJ 

HO3HHHjH y IHKOJIH IICO CBOJ )KHBOT HHKa/IA HHje MHOTO IHIlyTOBaO. TaKO ce HW»erOBa 
TeopuHja HenTyHH3Ma pa3BHJIa Ha OCHOBy OJIpebeHe rpyne creHa. CreHe Koje je OH 

nocMaTpao cy OH;e nO0Opo ycojeHe H nOTBpbuBajJte Cy beroBy TeopHjy (bopMHpabba 

creHa. HenryHH3aM je HapaBHO HMaO CBOjy npHBnauHocT ca BepHepoOBHM yucHHIHMa 
KOJH Cy je IIHpH3IH HO IHeJ10J EBporu. IIpe,nHocr oBe Teopuje je To je OHJIa TEOJIOIIIKH 

THIpHXBaTJbHBa, jenHOcTaBHa H HOKa3aa je KaKO 3EMJba MO;Ke OHTH (bopMHpaHa y 

KpaTKOM BpeMEHCKOM ITICpHOJIy. 

Muoru reo:onu cy cyrepuHcaxu a cy Gaaanr H rpaHHT MarMaTCKe CTeHe HacrTajIe 
OJL pacTOnJbeHHX cTeHa, anH BepHep KOjH HHKa/jia HHje BH/IĆO aKTHBHH ByJIKAHCKH 
perHoH je ojlOHjao oBy MHJIČJy. JenHH Oagajr 3a KOJH je 3Hao y OJM3HHH CrojmnteHa 

(Stolpen) je HabeH y cJ1OjeBHMa y „CeH/IBHuUy“ H3Meby Kpeubaka H OuHuo je JorHuHHje 

3aKJbyuuHrTH J1a je Oa3ajrr OOOpeH H3 BOJIe OCatm KaoO H Kpeubbak. /la je )xHiBeo y IHIKoTckKoj 

unH MHranMjH BepOBaTHO OM M3BCO NHOTHyHO JIipyrauMje 3aKJByuKe O IOpeKJy 
KpucrajacTHx cTeHa Kao miTo je Oaaa:r. 

TOKOM KaCHOTr OCaMHaecTOr BeKa mocrojama je BeMKa MeOaTa y HayuHoj 
3aje/IHHLUH O TOME a JIH Cy y HpaBy HEHTyHHCTH HJIH IIJIyTOHHCTH. HaKo cy HeKe OJ 
XaToHoBHx HJleja KacHHje MOJUI(bHKOBaHe, HayuHHIH Cy IIOueTKOM JIeBeTHaccCTOTr BeKa 
OMmH y MoryhHocrH a OKa:Ky a je H.croOBa TeopHja TauHHja, a BepHepoBa 

HenTyHHcTHuKa je JUHCKpe/WHTOBaHa (2). JeyHa OJL KDHTHKa OBE XHIIOTe3C je H Ta Jl 

BepHep HHje JIOBOJBHO IIyTOBaO KaKO OH je JOKa3aO. OBO je JIOBEHO JIO HamyInrrabba 

HeHTyHH3MA, aJ1H TeK HaKOH BepHepoBe cpru 1817. ronuaHe. 

TipaaHama 

BepHep je HanHcao caMo 26 HayuHHx PpajiOBa OJL KOJHX Cy TO BehHHOM CaMO 

Kparka caontrrTeMba y uaconHcHMa. MberoB oTnop ripeMa nHcaMby je pacTao TOJIHKO JlA 
je Ha Kpajy yCBOJHO HaBHKJy Jla uyBa CBOJy IHIOIIITy HeOTBOpeHy (LAYELL, 1830). HMako 

je M3aOpaH 3a crpaHor unaHa ODpaHIiyckKe aKajteMHje HayKa 1812. ro)WHHe O TOME je 

ca3HaO MHOTO KacHHje KajlA je O TOMEC CJyuajHO HpouHTao y uaconHCcy. VHpKkoc 
Heycnexy Ma HampaBH ONmMpHH reomomikHu pa, BepHepoBe TeopHje cy BepHO 
yCBOjeHC H UdČCTO Hpc3cCHTOBaHe IHMpOM EBpome OJL CTpaHC MHM.erOBHX OJaHHX 
cryyeHaTa. Hako cy MHorH 0J1 bBHX KacHHje HallyCTHJIH HeEHTyHHCTHUuKy TEOpHjy HHCy 
ce JaBHO OJIpeKJIH Me CBe JIOK je BepHep OHO X)XHB. 
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TOoKOM xxXuBora BepHcep je creKao OpojHa ripHaHama. V neneMOpy 1799. ronaHe 

je mocTaBJbeH 3a IIJ1aHHHCKOT CaBeTHHKa. ToKoM 1807. ronHe Je nocrao nouacHH uJtaH 

KpaJbepBckor JipymitrBa y EnHOypry, a 1808. roxHe nocraje crpaHH unaH BaBapcKe 

AkaJteMHje Hayka. TokoM 1804. rojuHe nocrao je nonaHcHH, a 1812. roxHe crpaHH 

unaH (bpaHiiycke akaJteMiHje HayKa 4cademie des sciences. V 1816. romanu je RarpabeH 

BHTECIHIIKHM KDCTOM CakKCOHcKor pe}jna 32 JIOIIDHHOC H JIOjaJIHOCT. 

3anpine rojuuHe 

BepHep ce nenor »)XKHBOTa MyuHO Ca CJIAOHM 3JIpaBJbeEM H MHPHO jč )KHBCO y 

Henocpe/iHoj Omg3auHuH ODpajOypra. VMpo je Kao HexxePba y Jipeaneny 1817. romaHe OJ 

yHyTpaniıtbHX KOMIILIHKAIUJA 34 KOJje ce cMaTpa Jla cy HacTaJte aanaMbeHorihy HecpehoM 

Koja je noronuna CakcoHHjy TOKOM HarnojJteOHOBHX paTOBa. 
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SAHHCHHIH CPHICROT TCOGAOIUIROTFT APYIMUTRA 

3A4 2099 roAHHY 
COMPTES RENDUS DES SE4NCES DE LA SOCIETE SERBE DE GEOLOGIE 

pour les annće 2022 

REPORTS OF THE SERBIAN GEOLOGICAL SOCIETY 
Jor the year 2022 

Beograd, 2023 

3AHMHCHHK CA T OJIHIIIE CKyTIHITHHE CPIICKOL 
FEOJIOTHHIKOT JIPYIHTBA 

TIPHJIO3H — ANNEXES 

PeynnoBHa rojwimiba CkKyrunrraHa CI 7 onpxkaHa je y cpeny 29.03.2023. ronaHe 

ca IOueTKOM y 15:00 uacopBa. Pajn CKkyrnnrrHHe Je noueo HaKoOH 15 MuHHyTa oJUIaraMa, 

HaKOH TJ1aCaMba aKJIAMaLHjOM, 300r IIpHCyCTBa HeCJIOBOJBHOT Opoja aKTHBHHX uJIAHOBa 
CIJI (Mame om 50%), uMMe je 3A2JIOBOJbB6H KDpHTEpHJyM IIyHOBaXKHOT JIOHOIMHICH-a 

OJUIyKa. 

CkyrnrTHHH je IpHCyCTBOBaJIO 38 uJtaHOBa. 

3a paji cKyrrTHHe IIpeJUIO;KeH je H JeJIHOTJ1aCHO yCBOJeH cCieJlehH JIHeBHH Ppejl 

npeMa KOME Cy JOHeCeHE CJIeehe OJUIyKE H 34KJbyul: 

/lnenHu peji 

OrBapambe CkynrntrHHe H ycBajabbe IOCJIOBHHKa O pajly; 

Hn6op pajmnor rnpe/nicenHutmirBa; 

MHnpemrraj o pajty yripaBe TOKOM 2022. rojuHe; 

18 Kogrpec reonora; 

“DHHaHcHjcKui H3BeITaj 3a 2022. rouHy; 

MHnspemrraj HanmsaopHor oji6opa; 

MHnaBemrraj cy,la uacTH 

/lUHckycHja O CBHM H3BeIIITajHMa H RbHXOBO yCBajabe; 
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—
 

MHs6op yripane npymrrBa; 

e . Jlonena npH3Habba; 

. IIpeyutor HoBor HK KBLA sa nepuoji 2023-2027; 

12. IIpennor nnaHa pajta 3a Hape/iHH repHo/L; 

= 
|2:

] . OJUIyKa O BHCHHH uJnaHapHHe; 

14. Tegkyha nirama. 
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1. OTBAPAMbE CKYTII(ITTHHE H YCBAJAIMbE IIOCJIOBHHKA O 

PAJIyY 

Tojuimpby CKyHHITHHy OTBOpHO je HpejceHHK CI/I BnmnamHMHp CuHMuh H 

yn03HaO IIpHCyTHe uJIAHOBE Ca HPe/UIOTOM IIOCJIOBHHKa O pa/ly: 

— Pajt CkyrirruHe he ce oJtBHjaTH mpeMa yCBOJEHOM /IHECBHOM Pe/LIy; 

— Mako je OnpxxaBaMbe CKyTIITHHC y)KHBO, Hpejumae ce Ma ce rmacama 
CIIpOBOJIĆ aKJ1aMaLIHjOM; 

— Jluckycuje he ce onBujaTu no pejociteny rpHjaBe y3 orpaHiueHO BpeMe. 

CkyrmiruHa je jeJHorJ1aCHO IIpHxBaTHTa IIpe]UIO)KeCHH IIOCJIOBHHK. 

2. H3BOP PAJIHOT TIPEJICEJIHHIIITBA; 

TIpeMa jeyHOrJaCHO yCBOJEHOM mrpec/uUIOry, CKyrmrrHHa je H3aOpama pajlHo 

npe/icenHumirBo y cacraBy: CnoGomaHKa JlaaapeB, BnamMup 2KaBaHoBHMh H 
Bnanaup CuMuh; sanacHauap: Mapnja IIerpopBuh; oBepuBauu 3anaHcHHKa: HeBeHKa 
'Pepuh n Mapnja Byxneruh. 

CkyymmruHa ce carnacuHta ca Iipeyu1OrOM pajiHOr TIpe/iCeiHHITTBa H JlAJbH paji 
CkyrmnTuHHe OJIBHJaO Ce y CKJIaJIy Ca OBHM 34KJbyuKOM. 

3. H3BEI(HTAJ O PAJIy YIIPABE TOKOM 2022. FOJIHHE; 

MHapBemrraj O aKTHBHOCTHMa y mHepHojy M3McDy /UBa 3ACe)lAMba CKyIIHITHHC 
nojiHeo je BaanMup CnHMuh, npejnice/nHak CI /. 

Paji ynpane npyurrBa 

y HpoTeKHMOM IHepMoUy, uMaHOBHM YrpaBe 3ace/anmnM cy BHMIe myTa 300r 
opraHuaauuje 18 KoHrpeca reozora CpOuja, a pe,noBHa jeceMsaa cejHHia ynpaBe CI7I 

ojnpxkaHa je 25.10.2022, a aanHcHHMK ce HanayH Ha cajry /JipyurrBa. CBe ceJHMHIC 

oJpxkaHe cy yx;KHBO. CenHuuaMa je rpHcycTBoBama BehaHHa unmaHoBa VrtpaBe TaKo a 
Cy CBE JIOHeTC OJUIyKE IIyHOBa)KHC. 

UjnaHcTBO 

ITIonanuu o umaHcTBy Cy pe/lIOBHO axXypHpaHu a npHMeheHo je na cy unaHapHHe 
3HaTHO BHime yrnmahHBaHe TOKOM 2022. rojwHe 30or mojauaHe aKTHBHOCTH ypaBe 

npyurrBa. EnuneHuuja ynunara je H aJbe Ha HHCKOM HHBOy. IIpHjeM HOBHX uJIAHOBa CC 
OJBHjao mo ayTOMaTH3My HaKOH yraTe uJtaHapHHe H OHH Cy EBH/IeHTHpaHH Ha CIIHCKy 
unaHoBa CI/IL. TokoM 2022 MManH cMO mnmaheHMx 165 unaHapHHa, oJ uera 34 

CTyJIČHTCKE H 5 HeH3HOHCpCKMHX ujaHapHHa, y yKyHHOM H3Hocy oJ 146.500,00 PCJ)L. 

TOKOM HcTe TOJUHHe HMaJIH CMO 19 HOBHX uJ1aHOBa H3 pe,loBa cTy\eHaTa. 
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30oponu npyirrBa 

y 2022. rojwiHu ojnip:kaH je 30op npynrrBa 21. neueM0pa. 

H3JIABAUKA JIEJIATHOCT 

' ripBoj ro-_1OoBHHH 2022. rojuHHe, 00JaBJbeHa je HOBa cBecKa 3arnacHHKa CI JI y 

KOjoj ce Haja3e panoBH H3 2021. roHe. CpBecka je ojuuraMmaHa y /UOCAJIAIIH56M 

(opMary al je H nocTynHa Ha HHTepHeT crpaHunu /ipyrnrtrBa. 

HakoH moceOHor saMaraĐba IHpeTxojHe H camammbe VrpaBe JpyIuTBa, 

3anHcHHIHH CpICKOT TCOJIOIHKOT JIpyHITBa Cy HCIIyHHJIH yCJIOBE 32 CBpCTaBaIbe y 

KareropHjy M51 — BpxyHcKH uacorHc HaluMHoHajiHor 3Hauaja, a HCTy KaTerOpHjy Cy 

aanp:>KajtH H TOKOM 2022. 

HPOMOTHBHC H ocrajtie AKTHBHOCTH 

V riperxojiHoM nepuo/jny, cajr JipymrrBa je pe);oBHO axxypHpaH aKTyeJIHOCTHMa 
H BeCTHMA 3HauajHHM 3a /ipyntrBo. HajaBJjbeHe akTHBHocTH H moraljajH cy O,npxxaHH 
nrpeMa riutaHy. 

ZipyurrBo je TOKOM 2022. ronuHHe yrJaBHOM TIpy)KaJIO HOJIDIHKy pa3jnHuHTHM 

HHCTHTy1IHjaMa H HOjelHHIHMa H TO: 

• „CpHcKHM THM MebyHapo/iHor pojeKTa HOJI Ha3HBOM "Mineral deposits 

safeguarding as a basis of Europe's mineral raw materials safety - 

SafeMin4Europe" (puHaHcupaH 0J1 crpaHe IIOJbCKe HaLHOHAJIHE arcHIHje 

a3a aKajVeMCKy pa3MeHy OracHO je MebyHapojiHy KOH(QDpepeHuujy Mineral 

deposits safeguarding as a basis of mineral raw materials safety Koja je 

ojpxkaHa 10-11 aja 2022, y KpakonBy, IIojbcka; 

• „OGapemrreMe KoMucuHje 3a Kapcr CI /I{ o aKrHBHOCTHMA KOje Cy Ce OJIBHJaJIĆ 

2022 roxaHe; 

• JaBputeH je nocrep moj), Ha3MBOM FEO-HAVKE 3A ByJIyTPHOCT 

(Geoscience for the Future), rpeBe,leH Ha CprIIcKH Je3HK H CJIOOO/laH je 34 

JuicrpHOynHjy CBHMA. 

• „Hame npynrrBo MoOHio je 3axBanHuiny Peny0Oxukor 3aBOJIla 3a reoJomiKa 

HcrTpaxxkHBaba PenyOnMKe CpHcKe NHNOBOJIOM 30 roMHa mocTojaba H 

ycnetniHor pajla. 

• CekKuMja 34 EKOHOMCKy reojorHjy H pyjHa exHmrra opraHM3oBama je 

npenaBabe TOJ HaCHOBOM: KAPAKTEPMCTHMKE TEOJIOHIKOL 

COOTBEPA GDM (Geological Data Menagament), Koje je oJipxkao Hantr 

ujnaH BpaHucinan IIamajnuh 06. cerreMOpa 2023. 

• Cekuuja 3a Ha()THy reoOJnorHjy H TrcO(DH3HKy CprCKOr TeOJIOHIKOT JIpyITBa 

opraHH3oBala je mpenaBabba IHOJL HaCHOBOM: "3D IP and TDEM, with 

Canadian case studies" a "Borehole Gravity for Carbon capture and storage 

underground and Carbon Mineralization" koja je ojpx;xao Kris Nind (Chris 

Nind, Abitibi Geophysics) 22.09.2022. 
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• „Tpehy romMHy 3a pe)oM ENGIE ripojekar H Cpricko reOJIOHIKO JIpyIHTBO 

yueCTBOBaIH | Cy · Ha | TpajNHMHOHaJHHOj | MaHHQecramwjH — HOPB 

HCTPA?)KMBAUA 3a paankKy 0J IIpeTXOJIHEe JIBE TOJUHHĆ, HaII TČOJIOHIKH 

MITaH)| HaHa3MO ce Ha INmaToy MHcHpej IIpMpoj)HO-MaTeMaTHUKOT 
(pakynrera; 

• CpHCKH CHMIHO3HJyM O XHJporeomorHjH ca MeDyHapojHHM yuerheM 

ojnpxkaH je o 28.09. mo 02. 10.2022. ronaHe Ha 3JaTHOOpy IIOBOJIOM 

oODemexxaBaPa jyOmmeja 125 romwMHa Xujporeomoruje y CpOuMjH. ToM 

TIpHJIHKOM CpTICKOM TeOJIOIHKOM JIpyIHTBy ypyueHa je IOBeJba 34 JIOIIpDHHOC 
pa3Bojy Xunporeonmoruije y CpoutjuH. 

• V opraHMsanMjH CekKuje 34 MMHHePaJIOrHJy, HeTpOJIOTHJy, TČOXEMHJy H 

cenHMcHTOJmOrHjy Cpnckor reomomiKor MpyurTBa, 25. 10. 2022. roj., 

Mapuna JlaaapoB, Research fellow at Leibniz Universitit Hannover, 

Germany, oxnpxxkana je npenaBape ca TeMoM „USE OF TRACE ELEMENT 

AND STABLE METAL ISOTOPES FOR DETERMINATION OF ORE- 
FORMING PROCESSES“; 

• V opraHMsanMjH CekKuje 34 MMHHePaJIOrHJy, HeTpOJIOTHJy, TČOXEMHJy H 

CEJIHMCHTOJIOTrHJy CpICKOT TeOJIOHIKOT JIpyITBa OJIpx;KaH Je CHMIIO3H|]yM 

T0J1 Ha3HBOM: IIyToBaMbe Kpo3 BpeMe - PekoHcrpykKuuja aaTBapaba Teruca 
Ha BajnkKaHy - Travel in Time-Reconstruction of the Tethys” waning in the 

Balkans, y okBHpy rpojekra „Rekonstrukcija zatvaranja Tetisa na Balkanu- 

RECON TETHYS*“ Oog;jna s3a Hayky PC „MHaeje“, 4. HoBeMOpa 2022. 

• UrnaH Hamer mpynrra /[yman CnHMuh, uapeKTop KoMmaHuje Janrap rpyna, 

Kao H rpe/icenHHK Cpnckor reozmonikor npynrrBa BnaniMup Cauh a 

Cy HHTePpBJy 3a JIHeBHH JIHCT IIomaTHKa IIO1 Ha3HBOM „„TpeOa HaM IIIHpoK 

Juijanor o py/lapcTBy H TCOJIOIIKHM HCTpa)KHBaH5HMa*. 

• V opraHHyaamjH ceKmuHje 3a Ha(brHy reonorHjJy H reo(pH3HKy Jıp MarynaneHa 

MapkoBuHh JyxmaMn (Uppsala University) onpxkama je rpemaBaMĐe OJ 

Ha3HBOM: Pe(bneKTMBHa CeH3MOMeTDpHja 34 HCTpa)KMBaHbC MeTAJIHUHHX 
MHHePaJIHHX CHpOBHHAa: 2/1, 371 a TexHHKe MaIIIHHCKOr yueMba, y ueTBpTAK 
24.11.2022. 

MebyHapojnHa akTHBHocr /ipymrrpBa je HanpentoBaja, MelbjyyHapo/uHu ripojeKTH ce 
ycnemuHo peanyyjy, a mmaHMpaHe MelbyHapo)He KoHQepeHiuje cy OTKa3aHc H 
TIpOJIOHrHpaHe 3a Hape/iHu repuoji. HajaB:beHu PERC ceMuHap KojuH je rpeOano Ja ce 

ojpxxu y opraHHa3atnuju /IpyrtrrBa, OJUIO;KeH je 3a Maj 2023. 

/lyroromumma unaHuHma CI/I a memerar y EODI Mpuc BykoBuh Karpaj je 

g3aOpaHa 3a nornpejicenHuKka EOI y Hape)iHOM MaH/laTy. 

4. 18 KOHI PEC FEOJIOFA; 

y nepnojny ojt 1-4 jyHa 2022. ronaHe ojnip:kaH je 18 koHrpec reonora CpOuje ca 

MebyHapo/nHHM yuemiheM, y d8jajeMHMuKOJ opraHMy3amjH Hammler JpymmBa H 

YHuBepaurera y Beorpamy - Pyjapcko-reomommkor w(akynarera. CKymy je 
TIIpHCyCTBOBaJIO 158 yuecHHKa H3 3eMJbe H 54 H3 HHOcTPpaHcTBa, 0J Tora 126 yuecHHKa 
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ca pajloM H3 H3 3eMJbe H 48 H3 HHOCTpaHcTBa. VKyriHo je OHuto 94 opajnnHe rpe3eHratje 

peaynrara H 53 nocrep ripea3eHranuja. IIneHapHa ripe/laBatba H rpe/laBahba IO IO3HBy 
Oughe oyumrraMiIaHa y OBOTOJUHIHIH0J CBecIIH 3anaHcHHKa CI /I. 

5. DHHAHCHJCKH H3BEIIITAJ 3A 2022. rFOJIHHY; 

“DHHaHcHjcKuH HyBeimrTaj je peeepacao BiatajiMHp CHuh. 

Crame Ha pauyHuMa /ipymrrBa a nepuojni o 01.01.2022. no 31.12.2022. ronaHe: 

Jlunapeku pauyH 

Crambe Ha pauyHy 01.01.2022. 309.689,14 PCJI 

Crame Ha pauyHy 31.12.2022. 930.892,55 PC/I 

Pasnaka 621.203,41 PCJI 

ZleBu3uHu pauyuH 

Crambe Ha pauyHy 01.01.2022. 37.543,29 EVP 

Crambe Ha pauyHy 31.12.2022. 44.364,09 EyP 

Pasanaka 6.820,80 EVP 

CpejicrBa y Yınppasu 3a Tpea3op MunucrapcrBa (pbuHancuja 

Crame Ha pauyHy 01.01.2022. 103.420,00 PCJI 

Crambe Ha pauyHy 31.12.2022. 3.379,00 PCJ/I 

Pasnaka 100.041,00 PC/I 

TIpuxonu npyurrsa 

V npeTxoJiHOM nepuojny, JipymrrBo je aMano canenehe npaxone: 

Jlunapeku pauyH 

UnaHapuHa 199.750,00 PC/I 
Kormaaunje aa 18 KoHrpec 1.420.579,00 PC/I 
CnoHnopcrBa 18 KoHrpec 190.000,00 PC/I 
OrnanuraBabbe KoOH(bepeHuuje IIoJbcka 45.000,00 PC/I 
YikynaHa H3HOC Hpuxo/la 1.855.329,00 PCJI 

Kogrpeca 

IIpeHoc cpejicraBa ca neBH3Hor pauyHa 1.120.598,20 PCJI 

IIpeHoc cpejicrBa H3 Tpeaopa 350.000,00 PCJ/I 

YiynaH H3HOC IIpHxo0/la ca peHeceHHM 3.325.927,20 PCJI 

cpejcTBHMa 

ZleBu3uHu pauyun 

IIpojekar ENGIE 3.560,00 EUR 

IIpojekar INFACT 730,50 EUR 

IIpojekar ROBOMINERS 877,50 EUR 

IIpojekar Crowdthermal 3.486,00 EUR 

IIpojekar CRM 3.029,80 EUR 

lipaxom o KorMaamMja M eKcKyp3Hje 18 | 5,951,00 EUR 
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YiyrmaH JJeBH3HH IIpHx0JL 17.634,80 EUR 

Cpe/tcrBa y Yınppasu 3a Tpea3op MunucrapcrBa (pbuHancuja 

CnoHsaopcrBo 18 KoHrpec 250.000,00 PCJI 

YiynHa pe(yuHtjtatmuja 250.000,00 PC/L 

Pacxonu npyiurrsa 

V nperxojHoM mepuHonmy, /ipymrrBo je aMano cnenehe MuHapcKe H JIČBH3HC 
pacxo/ne: 

Jlunapeku pauyH 

Ojp:kaBabe cajra CI/I i uyBabe nojnaraka 7.800,00 PC/I 

(Korrepa) 

OjpaxkaBatbe pauyHa H OcTaJIH TpOHIKOBH OaHKe 15.492,97 PCJIL 

“ODuHaHcHjckKui HyBemraj ATIP 550,00 PCJ/I 

Ugrau JuHe KapTe 1.450,00 PCJI 

KmroBojJicTBeHe ycuyre (areHija Marpuna) 11.761,77 PCJI 

IIpojekar ENGIE 218.104,00 PCJI 

KBFA 35.196,00 PCJI 

XoHopapH 3a ripojeKTe 1.224.358,52 PCJI 

TpomikoBH 18 KoHrpeca H mrraMmaba s3anacHHKa | 1.190.010,53 PCJI 

YiyrnHu JuHHapcKu pacxoj/iu /Jipymrrsa 2.704.723,79 PCJI 

ZleBu3uHu pauyun 

UnaHapHHa EFG 617,00 EUR 

UunaHapHHa IUGS 597,00 EUR 

Orkyrt neBH3a 9.600,00 EUR 

Yiynant JteBH3HH pacxojiu /ipyurrsa 10.814,00 FUR 

AyTOopckH XOHOPapH 3a ripojekTe cy HcrurahaBaHH y JHHapHMa aH yr)1aBHOM 
Ha OCHOBy TpaHcdQbepa cpencTaBa ca THX mHpojeKara, C OO3HpOM Ma Cy IHIpMXxXoH 
/ipyurtrBa no naraby unaHapHHa BeoOMa HHCKH! 

OunauncujckKu H3BemiTaj ca 18 Konrpeca 

EUR VkynHo 

Korgnanuuja noMahu, RSD 1,405,917.00 

Kormsauuja crpanHu, EUR 5,261.00 615,537.00 

CnoHaopcrBa 

JeneH JO 100,000.00 

PynapckuH HHcrHrTyTr Beorpajn 30,000.00 

MuHucrapcTBo 250,000.00 

Geoing group 30,000.00 

GeoProtect 30,000.00 

HouHc HHxxePepHHr /JI00 250.00 29,250.00 
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Tipaxoji 2.,580,704.00 

IIIrana nporpaMa H nocrepa 31,112.00 

Jipxxau 34 OJIOBKe OJI KaMEHa 10,000.00 

IInouuie oji KaMeHa 75,000.00 

KoHrpecHu MarepuHjajni 178,873.77 

TpormikoBH IrTaMIIe KOHTpeCHHX 39,240.00 

Marpujaja 

TpomionuH MCBH 0poja 3a kKbbBHry 1,300.00 

ancrpakara 

MHnpana o0pacrta 3a npujane 33,750.00 

HT ycnyre 23,600.00 

TepeHcku TponiKoBH opraHH3anuje 78,323.81 

MHnpana GaHepa 4,250.00 

Ha6anka rıtpe3eHrepa 4,700.00 

CBeuaHa Beuepa 363,000.00 

My3uka 40,000.00 

TpomikoBH cwmeriraja CI JI 154,320.00 

TpomrikoBH Kade nay3aa 61,170.00 

IITrarna repeHckKor Bojuua, 40 rrpaMepaka 17,200.00 

MHnyHajMJbHBabe ayToOyca 45,000.00 

My3ej KaMeHa 56,640.00 

Ykynuo Tpotmtak 1,217,479.58 

Uucr npuxoji 1,363,224.42 

2KeJIHMMO H OBOM TIDpHJIHKOM /A Ce 3aXBaJIHMO CBHM CIIOH3OpHMA, KaKO OHHMA 
KojH cy yrmaTHmw ojpebeHa cpeycTBa, TaKO H OHHMAa KOJH Cy JOHHpaJIH CBOJČ 
TIIpOH3BOJIĆ: 

MuunucrapcTBo ripocBeTe, HayKe H TeXHOJIOIHIIKOr pa3Boja 

JeneH no d.o.o., Carmeuse group 

Pyyapcku HHcraryT Beorpajt 

Houc HHxxemepHHr /oo Baba JIyka 

Geoing group 

GeoProtect 

Bona Bona 

Kmay Muiiom 

CHMEKC Byunja pakuja 

Hapounro »KeMMMO Ja ce s3axBamMMO VTJI „HAPIIMC“ JiMBuH6Gape Ha 

H3y3eTHOJ OpraHH3aluHjH H TOCTOHIDHMCTBy TOKOM O/JIp;kaBatba 18 KoHrpeca reomora 

Cponje. 
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3axBaJbyjeMO ce H VHMBep3MTeTy y Beorpamy -— PynapcKO-TeOJIOHIKOM 
(jakyanrery Ha oHaHcHpamy Jnezna TpomkKoBa Konrpeca. 

6. H3BEI(ITAJ HAJI3OPHOT OJIBOPA 

ByajuiMHp CumuHh je rpeHeo na HajnopHu o/106op HHje HMao HHje/IHy IIpHMeJ1IOy 

Ha HOCJIOBHO H (DHHaHCHjCKO THIOCJIOBabbe CI /I y IpoTeKJIOM IrtepHojly. 

7. H3BEI(ITAJ CyJtA UACTBH; 

Jbynko PyHuh je B3BecrHo CkymurrHHy a Cyjn uacra CI/I, y nepngojny oJ 

TIOCJICJIH56 CKyTIH{HTHHe HHJje JIOOHO IIpHTy2KOH HH TIO JeJJHOM OCHOBJ H Jma je pan CI/I 

OO y CBEMy HO CTaTyTApHHM HpaBHJIHMa H 3aKOHHMA. 

8. UHCKYCHJA O CBHM H3BEIHTAJHMA H IbHXOBO 

YCBAJAMbE; 

CBH H3BeIiTajH KOJH Cy HpeyiCTaJbeHH CKyTurTHHH Cy JeJIHOTJ14CHO yCBOJeHH. 

9. H3BOP yYTIPABE /JIPYIIITBA; 

'VYnpanu CI7I nuje crarao HujeJtaH rpejutor 3a npoMeHy ynpaBe HJIH OHJIO KOr 

noje)HHauHor ujmaHa, a crora cananrıPa yrpaBa ripejutaxke Ja HacTaBH Ca pajJlOM jOII 

jiBe TOJUHHe. 

10. JIOJIEJIA IPH3HAMA; 

Pedepume BnajuiMHp CHuh. 

VYrpanBa CI I je Ha Kpajy Jpyre ronHHe MaHJlaTa HcKa3aJla 3aXBaJIHOCT CBHM 

TIOjeJUHHIIHMa KOJH Cy JIOHPpHHeHM OOJbBeEM pajy VrnpaBe H menmor /ipymrrBa y 

TIpeTXOJIHOM TIepHOJIy. 

TIpeyutor YVrpanBe a Joeny HOBeJba H 3aXBajuHuHIa 3a 2022. rojuiHy je na ce 

TIOBCJPE JIO/IeJIĆ BHIHTOJUHIIH5HM CIIOH3OpHMa TCOJIOIIIKHX KOHTpeca H TO: 

1. Pynapcku HMHcruryr m.o.o. Beorpa/i 

2. TeomgHrIpoyrn Beorpaj 

3. MBHMC MH?XKEĐEPMHHT n.o.o. Baba JIyka. 

3axBajtHHiie 3a CIIOH3OpcTBO 18 KouHrpeca reojmora: 

1. Jelen Do d.o.o. Carmeuse group 

2. GeoProspect d.o.o. Beograd 

3. VODAVODA 
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4. KmayMuuom 

5. CHMEKC Cy6oruna 

6. YVTJIHAPLIHC /JluBug0ape 

11. IIPEJLJIOT HOBOT HK KBFA 3A IIEPHOJI 2023-2027 

IIperxo/uu H36opHu nepuoji oji 5 ronHHa y HanoHajtHoM Kourery Kapnaro- 
OajtkaHcke reojormike aconHjatHje je HCTeEKaO KpajeM ripotiiie ro)uHeC, a uHHHJIH Cy ra 

JbynKko PyHmHh, HeBeHKa Đepuh, AnegKcaHmap KocrMh, AjneKcaHmpa MapaH 

CrepBaHoBuh u BecHa Pacruh. Ha Ha6opHoj ckymmirraHua CI JI 29. wMapra 2023. rpe6a 

na ce a8aaOepe HoBH HK KBLA na nepgoji 2023-2027. UnaHoBu CI I a3axBaJbyjy ce 

HIpeTXOJIHOM HK Ha JIOCTOJHOM IIpe/ICTaBJbabby CpOunje H CI JI y Casery KBLFA. 

Ha ocHoBy Craryra CI I i IIpannnHuHkKa o pany HK KBFTA, ojurtyueHo je a ce 

TIpeJUIO)KH HOBH KoMurerT: 

1. AneKcaH/nap IlaueBckH 

2. JiparaHa ĐypuHh 

3. Vpom CrojaniHonHh 

4. 3opaH MuznajuiHoBHh 

5. HeBeHKa Pepnuh – nocanamsmu unmaH HK KELA 

TIpeyjutor je jeHor1acHo rpaHxBaheH, a Ha KOHCTHTyTHBHOJ ce/IHHIH HK KBLA 

Tpe0a Jna ce H3a0epe npejicenHHK HK. 

12. IIPEJIUJIOT TIJIAHA PAJIA 3A HAPEJIHH IIEPHOJI; 

TIpejncenHak /ipyurra BjajnMMHMp CHMHh HOHOBHO je )KEJby a /ipymrrBo 

HIOCTaHC CaMOO/JIP;KHBO TIO IIHTaPby (byHKHHOHHCaMba, IIITO HOJ1pa3yMeBa Jla MOK JIA 
(pHHaHcHpa CBe CBOJe 0OaBe3C OCHM ujaHapHHa y MebyHapojiHHM opraHH3aljaMa. 

IIonceruo je a HoBa VripaBa Mopa Jta OCHa;KH H aHHMHPa PajJI o CekutjaMa npyinrBa, 
Kao H nOTpeOy Jla Ce IIOCBETH IIaJKFa MJI2l}HMM H HOBHM uJaHOBHMAa /ipynrtrBa. 

Jbynko PyHauh je nojnceruo a je cnenehe ronaHe crorojuimibHia yBobeMba 

TepMHHa „IlaparerHc” y reoorHjy H Ipejumtaxke a CC OJIDp:KH CKyH HocBeheH 
BnanHMupy JlackapeBy. Jbynko PyHnuh mpey3Ma yJory KOOp)MHHHCaHba y3 CBy 
noTpeOHy nmoMoh VrpaBe H ocTajiHx unaHoBa /ipyinrBa. 

Hegaji Mapuh je nojicerHo Ha o0aBe3y HIOTHHCHBaHba CIIOpa3yMa O capajubH ca 
T eOJ1OHIKOM acoliHjalHjOM CAJI H craBJbahba JIHHKa Ka HCTOJ. 

13. OJIJEIYKA O BHCHHH UJIAHAPHHE 

JenHor:aacHo je npuxBaheH ripe;utor VripaBe a ocraHe HCTH H3HOC uJlaHapHHec 

ojn 1500 naHapa 3a samoceHe H 750 muHapa 34 HeH3HOHepe H cTy/leHTe 3a 2024 
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TOJUHHy. Ja CBC WdHaHOBC KOJH Cy yrMaTHNM unaHapMHy yHampe Hehe OmgMTH 
nornnahaHBam»a yKOJIHKO CaMH uJTaHOBH TO HE 5KCJIC. 

14. TEKVRA HHTAIbA. 

'Vnpana ripeyutaxxe JipyirBy HeKOJIHKO IIpOMeHa Be3aHo 3a 3JarmncHHKe CI /I, a 
HHHIHHpaHHX 0JI CTpaHe Haltter JIyrOroJUHIper aKTHBHOT uJtaHa THBajmapa I aynemubja: 

1. OopMupame YVpebuHBaukor on0opa oJi crpaHe CI /I koju 0H OHO HCKJbyuHBO 

(QbokycHMpaH Ha pajn uacomuMca. YpebaMBaukH mocao OM rTpeOamo ma ce 

KOOp,iHHHime OJL CTpaHe rJ1aBHor ype,nHHKa KojH OH OHo y oGaBe3H a HMa 
unaHa ypebHBaukor ojlOopa 3a cBaKy OOJacT 3a KOJy cc yKa;Ke moTpeOa. 

CrpaHH uaHoBH OH rpejcraBjbanH MebyHapojHuH caBeronaBHH OJIOOp 

(International Advisory Board). Takobe OH TpeOamo HMaTH H TeEXHHUKOT 

ype/iHHKa yKOJIHKO He )KEJIHMO la yCJTIyTy HpHrpeMe a mrraMrny rnahaMo. 

2. YNMecro O3HauaBaMa 34 KOJE TOJHIHTTeE Ce OJIHOCH CBecKa 3anucHHKa CI/I 

Oojbe OM OMo ma Oyny penHH OpojeBH CBeECKe uacomHMca. OBHM OM ce 

g3Oerma craHHa KOH(by3Hja HeKkMHx ayTopa Hpu nMTHpaHby H uHTamama 
Be3AaHO 32 CBECKy dacoHca H TOJMHy H3/laMba. IIpeMa TOMe cBecKa Koja 
caja TpeOa Jna HJue y mrraMny OHia OM Opoj 65. 

TIpaxBaheH je mpejutor a ce no cmemehe rojMmmIpbe CkKymmruHHe /ipymurrBa 

npunpeMu npejumor ypebaBaukor onGopa ca ype/(HHKOM H TeEXHHUKHM YypeJIHHKOM. 
YrpaBa he pajMTH Ha TOMC y3 YyKJbyuMBaHR:C CBHX 3aHMHTECDpeCOBaHHX uJIAHOBa 
Jipynurrna. BaajuiMHp 2KHBaHonHh je rpeyjutoxxuo yBobeme /IOH 6pojeBa mrro OB Hio 

y maKeTy ca H3OOpoM ypebuBaukor ojnOopa. Takobe je npuxBaheH mpejutor na ce 

HyM-PHity cBecKe 3arnaHcHHKa CI JI 

YrupaBa CI/I npenmaxe a MaHO HpOMCHHMO H /OHyHHMO IpaBMNJa 34 
JO\eJbHBaMbc Harpa/ie MJIaJUHM KOJIČraMa H CTyJIČHTHMa 34 H3y3eTHC pajlOBe, H TO Ja 
ocraHy Mocajnaniba OrpaHHueMba IO IHTaM»y TOJUHHA, anH a HIpDOMCHMHMO uJLaH 3 H 
H30OalHMO Jla HE CMCJy Ha pa/ly ma Oy/ly KoOJere crapHje OJL 35 rojwHa HHTH JIa Cy 

sanoceHu Ha (bakynrery. OBaKo ne()uHHcaH ujaH KOHKypca JUHpeKTHO je cyrpoTaH 
Te)KĐbaMa 3a yHanpeljebee HayKe H CTpyKe H Jaje BeOMa HeraTHBaH HpHMep MJIaAJUHMa 
a caMMH paje yMecTo a capabyjy. HapaBHo ma je Ha ynpaBH H KOMMHCHjaMa a CC 
nmocTapajy a Kao H JO Cajla HajOoJbH JIOOHjy Harpajie. 

IIocne oOHMHe JIHCKyCHje HHJe OHJIO KOHCeH3yCa, Ima je 0JUIyueHO Jla ce HalipaBH 

KOMHCHjJa Koja he pasaMorpuHrH cajantty cHTyanujy H HyahuH ca mpe/JUIOrOM VrpaBH 

JipyurrBa, KojuH he nocute rora OHTH JHcTpHOyHpaH CBHM uJIaAHOBHM4. 

MHpuc BykonHh Karpa:ir je ooaBecruna npacyTHe o 0,1ipxxXaBaby PERC ceMiHapa 

H cacraHKa CaBera EOI y Beorpajy y Majy 2023. rouHe. 

Bxnanaup Cuwmuh ce aaxBanno cajlanıPboj VripaBH H IIeJ1OKyIIHOM uJlaHCTBy Ha 
HcKasaHoj moypmmm y panmy /fJipymurra H HpMxBaTHO jc CBC CyrecTHje KOje Cy 
Tripe)UIOxKeHe 3a Oy/anyhu payjt VripaBe. 

CkyrmirruHa je 3aBpimeHa y 16:15. 
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SAHHCHHHUH CPIICKROr TCOGOWUIROFT APYIITRA 
3A 2099 roAHHY 

COMPTES RENDUS DES SE4NCES DE LA SOCIETE SERBE DE GEOLOGIE 
pour les annće 2022 

REPORTS OF THE SERBIAN GEOLOGICAL SOCIETY 
Jor the year 2022 

Beograd, 2023 

TOJIHIHHI5H KOHKYPC 3A HAJBOJbH PAJI MJIAJIHX 
TEOJIOFA H CTyJIEHATA 

TIPHJIO3H – ANNEXES 

'y maJby mojicTHHapa HayuHor pajla MJajiHX TrcoJIOra H CTyJleHaTa OJUIyKOM 
Ynpane Cpnckor reo:ztonikor JnpymrBa oJ 23. 11. 2012. a aaMeHaMa oJUIyKe oJ 05. 

09. 2019. ojuryueHo jc ycHIOCTaBJbaMbC CTAaJIHOT KOHKypca 3a Mo/leMmy Harpaje 
MJIaJIOM TCOJIOTry MJIH CTyJICHTy CBMX HHBOA aKaJICMCKHX CTyjHja Ha TcoJIOrHjH 
(OCHOBHe, MaCTeP, JIOKTOpCKC). 

Onuc Harpajte 

Harpana ce OJeJbyje Ha TOJMHIHHM:GM HHBOy H ypyuyje aypearMMa Ha 
Tojuimmoj ckynurraHus CI /. 

IIpBoHarpabenu MoOHja HajlOKHaJly TpoOHIKOBa 3a yuemhe Ha HayuHOM CKyIIy 
HHH KyHOBHHy crpyuHe HTepaType MO M3HOca OJL 250 C y MMHapcKoj HpoTHB— 
BPpe/JIHOCTH, KOMILNJICT KEbHTa H IIDHTOJUHy JUIIITOMy. 

/lpyroHarpabeHu noOnja HanokHanny TpomiKoBa 3a yuenihe Ha HayuHOM CKyIIy 
HHH KyHOBHHy crpyuHe mHTepaType MO M3HOca oJL 150 C y MmuHapcKoj HpoTHB— 
BPpe/JIHOCTH, KOMILNJICT KEbHTa H IIDHTOJUHy JUIIITOMy. 

TpeheHarpabeHu Jo0Hja HajlokHa/ly TpomiKoBa 3a yuemihe Ha HayuHOM CKyIIy 

HHH KyHOBHHy crpyuHe mHTepaType MO M3Hoca o 100 C y MmuHapcKoj HpoTHB— 
BPpe/JIHOCTH, KOMILNJICT KEbHTa H IIDHTOJUHy JUIIITOMy. 

Harpane ce mcnnahyjy je/HHOKPpaTHO Ha OCHOBy OCTABJbeHOr IpenpauyHa 
OnarajHHKy /ipynrrBa. 

KpurepujyMu KoHKypca 

1. IIpano yuemha Ha KOHKypCy HMAajy CBH UHaHOBH CpIMCKOT TCOJIOHIKOT 

npyrrrBa, KojH JIO 31. neleMOpa y ro,UHHH y KOJOJ KOHKyPHity 3a Harpajly He HaIlyHe 

BHIIC OJI 30. rojiHa. 

2. KoHKypHcaTH Ce MO)KE Ca pajlOBHM2a CaOTIIIITEHHM y TOKy KajJIČH)MApCKc 
rojHHe Ha cKymoBHMa CI /I u ca JOcTaBJ5eHHM pyKonuHcHMa IipeMa BaxKeheM yIlyTCTBy 
aa mrraMry pajloBa y 3anHcHHrHMa CI JI 
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3. IIp KOHKypHcaM»y ce y O03Mp y3HMMajy CaMO PpajUOBH KaHJMHJIATa KOJH Cy 

JenaHui Hnu rpBH ayTop y rpynut ayTopa 0J KojHX HH JeJlaH HHje cTapHjH 0JI 35 rojHa 

H KOJH HHCy 34HOCJICHH y 3BaHby HaCTaBHHKa Ha BHCOKOIIIKOJICKOJ yCTaHOBH. 

4. Oco06a koja KoHKypHitne JOcTaBJba IpHjaBy KoMucuju 3a Jtoneny Harpajie HJIH 

ceKperapy CI7/L Komucutja Mo:xKe Ja y KOHKypc yBpcTH H a pa3MOTpH H CBe Jpyre 
panonBe Koju ojrroBapajy KpHTepHjyMHMa KOHKyPpca. 

5. KaHunnaTH MOTy CaMO JeJIHOM Jla JOOHjy Harpajty CI/I aa Haj0ojbH pajn. 

TIpanu.zna KoHKypca 

l. KoHKypc ce y mrraMHmaHOj (bopMH oOjaBJbyje y 3amMcHHmHMMa CI/JI a y 

eJIČKTpOHCKOJ (DOpMH cCe HOCTaBJba CTAaJIHO Ha BeO cajTy CI /. 

2. KOHKypc je CTaJIHO OTBOpeH H HO AyTOMaTH3My CC OJp)kaBa 34 CBaKy 
KaJIeHJIApcKy TOJMHy. 3a HpOMeHy INpaBHMJa KOHKypca HaJUIe)KHa je YrpaBa CI/I. 
VecnOBH KOHKyPpCa ce MOTy MeMbaTH Ha IIpeJUIOr KOMHCHJe 3a Harpa,ie HJIH uJIAHOBa 
Ynpapne CI /I. IIpoMeHe he ce npHMeM>HBaTH HapeJlHe TOJUHHE OJI TOJUHHC JIOHOLHICHa 
OJUIyKE O IIDOMeHH H o0jaBe Ha cajry CI7I. 

3. O nonenn rojnipe Harpajie ojutyuyje yYınpana CI/I Ha HpBoj cenHHHH y 

Hape/IHOJ KajJIcčHJLApcCKOJ roJWHHe, Ha rpejutor KoMucuje 3a Harpajte Koja ce opMupa H 

panu y ToKy MaH/laTHor repHojma VripaBe. 

4. Harpana ce npBH nyT ypyuyje Ha rojiHIIM0jJ cKynurTHHH CI JI Toko 2014 

TOJUHHe, 3a pe3yJtrare OCTBapeHe TOKOM 2013. roxaHe, a HakoH Tora, ycnocraBHhe ce 

KOHTHHyHTeT nojnene Harpajie Koja he ce ypyuHBaTH Ha TrOJHIHHKOj cKyrurraHu CI JT 
3a pe3ynraTe OcTBapeHe y HpeTXOJIHOj TOJUHHH. 

5. Harpajna ce He J0,leJbyje yKOJIHKO KDHTepHjyMMH HHCy 3aJlOBOJbEHH HJIH HeMa 
HpHcTHrTHMX panoBa Ha KOHKyPpc. V ckmany ca KBAaJMTEČTOM HNpHCTHTJMX pajoBa, 
KoMucuja MMa NHNpaBO a Npe/UIOKHM onmemy Harpaja Oe3 oDaBec3cC MHOHITOBaMA 
penocneyna. Ha np. nonena cao npyre H rpehe Harpane. 

6. Ha npenutor KoMucuje Hnu Ha npeJutor unmaHa VrnpaBe npuH ojUIyuHBahby CČ 
MOTY KOHCyJITOBaTH H eKcnepTuH 3a oJipeDeHe yx)xe crpyuHe o0JtacTH. 

7.O nonneznn Harpajne ojuryuyje VripaBa CI I Ha npeyutor KoMucHje 3a Harpajty. 

Ojutyuyje ce IpocTOM BehHHOM rJIacOBa IIpHCyTHHX uJIAHOBa Ha CeJIHHIH Ha KOJOJ ce 

J\OHOCH OJU,yKa, C THM la IIOCTOjH KBOpyM 3a paji mpeMa Craryry CI/I. 

&. OutyKa o nomemm Harpame ce OoOjaBJbyje y JamMcHHMmHMa CI/L a 

HH(popwMatiija H 3arlHCHHK Ca CeJIHHIIC YripaBe Ce CTaBJbajy Ha yBHJI Ha BeO cajry CI /L. 

9. Oco6e kojHMa je JoneJbeHa Harpajna oOaBenriraBa ceKpeTap CI /I HajkacHuje 

7 naHa HaKOH /IOHOIIIeFa OJUUyKE. 
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