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MEXAHHN3AM HACTAHKA K/IM3ERE JPOBUHE HA JYKHOJ ITAIUHU
IMAHYUREBOI" BPXA (2017 m), KOITAOHHUK

H3Box: Ha Komaonuky, cpefme BHCOKO] IUIAHHHH CPEIUIIELET JeNa CeBEPHOT YMEPEHOr mojaca yTBpheHo je
[OCTOjabe IojaBa M 00NuKa pesbedpa NEepHrIanMjaJHOr Ipoleca M, 3aXBajbyjyhn ITOBOJPHUM KIMMAaTCKHM
MPEIMCIIO3NIMjaMa, 3HATHO MPOCTPAHCTBO MepuUrialujae cpeanHe. Hajoosbe M3paKeHH NepurialiujaiHg 00IUIn
Hajlase ce Ha jy)xHoj maaunu [lanunheBor Bpxa M 3axBasbyjyhu 3HaTHOM HaruOy majgvHa M TPABHUTALMjH, jaBJbajy
Ce pasjyIMuuTU OOJHLM KIVKEHha U MpasHOr coprHpama. Hajoosse cy m3pakeHu obmmuu kiusehe npobuHe Koju
IIOHeTIe MMajy M3IJIe[ KaMeHe peKe MIM KaMEeHHX CTpyja, a Herje cy Kao 4MTaBa Iosba kimsehe npobuHe, y
Mel)yHapoIHO] TEPMHUHOJIOTHjU TO3HATH Ka0 KYyPyMH.

Kibyune peun: [lepurnanujansa cpenuna, kauzeha npoOuna, Kypymu, KaMeHu negHuiy, Konaonuk
YBoa

Cpbuja ce mpocTrpe MPHONMKHO y CPESINHN CEBEPHOT YMEPEHOT Tojaca, OJHOCHO Y
LEHTPATHOM JeTy bankaHCKOT MoimyocTpBa, TA€ MMa HEKOJIHMKO IUIAaHWHA KOjeé CBOjUM
HajBHUIINM JAEJIOBHMA YyJIa3e y CaBpPEMEHH INEPUITIAllfjaJHd BUCHHCKH Iojac. JeaHa of Thx
mwraanHa je Komaonmk (2017 m), uMju HajBUIIM AETOBH 3ajla3e Yy BHCOKOILIAHWHCKU
TIePUTJIAIIjaJTHY T10jac, W3HAJ TOpI-Ee IIyMCKe TpaHuIe. PerucrpoBano je Buie oOimka U
mojaBa TIEpUIJIAIMjalTHE CpEeNWHE KOju Cy Ha [y)KHO] TPaHWUIM 3aCTyIUBEHOCTH U
[0jaBJbHMBalba Ha IUIAaHMHaMa jy)kHe EBpore. 3aTo ¢y OBM OOJIMIM Kao PETATHBHO PETKE
rojaBe 3HAYajHU M 3aHMMJBMBU 3a HCTPa)XKHBambe, MOCEOHO Yy OKBHUPY IMEPUTJIALIN]aTHOT
reoauBep3utera Cpouje.

HoBujum TepeHCKMM HCTpaxkuBambMMa Ha KONAaoHHMKY Cy KOHCTaTOBaHE II0jaBe
CIOKeHUX U cnopux Tepmorenux kmmsumrta (Hemwh, 1., Mumunuuh, ., 2004), 3atum
MpasHe I10jaBe y TIIy Kao IITO Cy COPTHpame APOOHHE WM Mpa3He TpaBHE XyMKe — Ty(ypH
n murpupajyhn 6yceHoBu. 3Ha4ajHO Cy 3aCTYIUbEHE JETPUTHYHE Hacjare Mpa3oM pa3opeHe
nojutore (Bacosuh, M., 1988) 1 epo3noHN HUBAIIMOHN ¥ Mpa3HH OOJIUIH, TOK Cy PEIaTHBHO
petke mojaBe kiam3ehux O10koBa. IloceOHO je KOHCTaTOBaHa 10jaBa noswba Kiusehe opobune
(bemmj, C., 1992) xoja he Outr OCHOBHHM IpEIMET HAIIMX pa3MaTpamba.
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Jocagamma HCTPaKUBamba

Omnmre je MO3HATO Jja ce y YCJIOBMMAa XJIaJHE [UIAHMHCKE KJIMME BPIIW MHTEH3UBHO
TEeMIIEpaTypHO U Mpa3HO pa3opaBambe CTEHCKE OCHOBE Ca HACTAaHKOM BEJIMKHX MOBPILIUHA Ca
apobuHoM U OnokoBuma. OBakBe Haciare ce 4YecTo H3/Bajajy Kao MoOpe KaMmema,
KPHOKJIACTUYHU KpIU, JACTPUTHYHE WM IaJUHCKE Hacjare Wi KypyMH, LITO je OIIIITe
npuxBahenn nokaaan Cubupckn tepmuH (Tumocdees, A. Jl., Briopuna, A. E., 1983;
Everdingen van, R., 2005). Ykonuko 0BM IPOIYKTH pacnajama OCTaHy Ha MECTy CTBapama,
OTHOCHO YKOJMKO HHUCY 3axBahieHH KpeTameM, Ha3uBajy ce mope kamema (block fields
EHTJIeCKe TePMUHOJIOTH]je WK felsenmeer HeMayke TEPMHUHOIIOTH]E).

Yecro, oBe Mpa3oM HacTaie Haciare OmBajy 3axBalieHe KpeTameM H akKO je areHc
KOju mokpehe oBe Hacjare, mopen NMpHUMapHE TpaBUTANHje, KOMIUICKC MEepUTIIAIN]jaTHIX
npoteca (Mpa3HH, CHe)KaHHMYKHU, CHE)KHU U €O0JICKH IPOLECH), Tala ce OBE M0jaBe HAa3MBajy
KypyMH, KaMeHH MOTOIM (MIOTOK KaMeHBIH, stone streams), kaMeHe peke (peka KaMeHHasl,
stone rivers), cTpyje Kamema, mojsa kiausehe npodune win apyraumje (Tumodees, A. 1.,
Briopuna, A. E., 1983; benuj, C., 1992).

OBy 006amIHM HajOoIBE Cy onmucanu Ha DokaHICKKM ocTpBUMa, jour ox [lepHeruja u
Hapsuna (Pernety, A. J., 1771; Darwin, C. R., 1845; Thomson, C. W., 1877; Davison, C.,
1889), ox Kaga m erauctupa TEPMUH “‘stone river”, 10 CaBpeMEHHX HCTPaKUBamba Koja Cy
YTBpAWIA NepUIIalfjaHy mpupoay kameHnux peka (Rosenbaum, M., 1996; Stone, P., 2000;
Hall, K., 2002; Hansom, J. D., Evans, D. J. A., Sanderson, D. S. W., Bingham, R. G.,
Bentley, M. J., 2008; Wilson, P., Bentley, M. J., Schnabel, C., Clark R., Xu, S., 2008;
Andre, M. F., Hall, K., Bertran, P., Arocena, J., 2008), amm y3 yTHmaj CTpyKType,
JUTOJIOTHje W Iyror mepuona TyHapa kiamme (Joyce, J. R. F., 1950). ¥V namem okpyxemy
omvcanu cy Ha miaHuHH Buromm y byrapckoj (www.park-vitosha.org), Ha mimanmHama
[emmcrep u Kopabd y Makenonnju (Crojagurosuh, Y., 1962), va lapmnanunu (benuj, C.,
1992, 2007), na Crapoj mmanuau (bemuj, C., Hemmh, /., 2005; bennj, C., Hemmh, /1.,
Munosanosuh, b., 2008), na Ilpoxierujama (bemuj, C., 2003, 2005), a 3amaxeHu cy y
Behem Opojy Ha pymyHckuMm Kapnatuma, Ha Punu, bankany u Ilupuny y Byrapckoj, Ha
Hypmuropy y Lpnoj ['opu uta. CBaka ol 0BHX I0jaBa KpeTamba KPUOKIACTHYHUX Haciara
nMa CeuUpHUIHOCTH ITpeMa FeHETCKOM MEXaHN3MY KpeTamba M MOP(]OJIOIKUM OHOCHMa
U mojoxajy y pessedy. JemaH ox mpobnema je CBakako HEJIOBOJbHA TEOPH]jCKO-
TEPMHUHOJIOIIKA Je(UHUCAHOCT OBE TII0jaBe, Kao W OJCYCTBO IbCHE IIEIOBHUTH]E
KJacuuKanyje u cucTeMarn3annje Ha TeHETCKOM MTPHUHIINITY.

[Toceban mpobieM je M OAHOC KaMEHHX peKa M KaMEHHX CTpyja IpeMa KaMEeHHM
nemaunmMa (rock glaciers) Koju cy kao Beoma aTpakTHBaH 00jEKT HCTPakKWBama JCTaJbHO
OIIMCaHU 32 MHOTE IepHrianfjarHe o0JIaCTH BUCOKMX LIMPWUHA M BUCOKHX IUIAHUHA, OJl
mroHupa oBuX uctpaxmsama (Capps, S. R. Jr., 1910), mpexo KIIacHYHUX HCTpaXKWBama
(Hollermann, P., 1983; Haeberli, W., 1985; Washburn A. L., 1988; Evin, M., Fabre, D.,
1990; Barsch, D., 1996; Schrott, L., 1996), mo caBpemenux ucrpaxkuBama (Humlum, O.,
2000; Hughes, P. D., Gibbard, P. L., Woodward, J. C., 2003; Ikeda, A., 2004; Baroni, C.,
Carton, A., Seppi, R., 2004; Seppi, R., 2006; Serrano, E., San Hose, J. J., Agudo, C., 2006;
French, H. M., 2007; Ribolini, A., Chelli, A., Guglielmin, M., Pappalardo, M., 2007;
Refsnider, A. K., Brugger, A. K., 2007; Millar, 1. C., Westfall, D. R., 2008). Ox noueTHux
JICCKPHUIITHBHUX OEJIEIIKH O CaMoj 110jaBU KaMEHHX JISTHUKA, IIPEKO JIeTaJbHUX MHBEHTapa U
Katajora M IOBE3WBama Ca KIMMATCKHM YCJIOBHMA, J0 CaBPEMEHHX HWHCTPYMEHTAJIHHX
Mepema KpeTama M yTBphHBama HauMHAa INOCTaHKAa M MEXaHHM3Ma ITOKpeTama KaMEeHHX
JeIHUKa, cBe je oOyxBaheHo pamoBuMma reomopdoiora, XHApOJIOra M eKoiora, ca
CaBpeMEHHM TEHJICHIMjaMa Ka eKOJIOTH3alMji mpodiieMa W JeUHHCABEM KaMEeHUX
JIeHUKA Ka0 OCETJHMBOT MHANKATOPA CABPEMEHHX KIIMMATCKUX IPOMEHa (Kao M CBE ocTaje
1ojaBe y MepUrIIalijajHoj CPpeauHn). 3HATaH YAECO 3aMp3HYTOT 3eMJBHIITA (IepMadpocT) y
MEXaHU3My KpeTamba KaMEeHHX JISIHHKA OJ[Baja UX OJf KAMEHUX peka U KaMeHHX CTpyja IIe
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ce Jie/l jaBjba caMo y IpocTopy u3mMel)y 010KkoBa U APOOHHE, LITO je U IIIaBHA pa3iiuKa, anu
je wuHTepecaHTHO na ce Ha KomaoHMKy jaBiba mpeia3Ha (opma ca KOMOHHAIM]OM
MeXaHu3Ma KpeTama U jeIHE U Ipyre rpyre o0InKa.

Cauka 1. KameHe peke-KYpYMH Ha jy’KHOj NaHHH
IManuuhesor Bpxa, (poro: C. bemmj)

Ha jyxnoj magmuu IlanumheBor Bpxa (2017 m), KOHCTATOBaHO je BHIIE I10jaBa
KpeTama APOOUHE pa3IMYMTUX MMOBPIIHHA, TPaHyJIAIlUje ¥ OHOCA M0jaBJbHBaKA Y pebedy.
Oge mojaBe Ha KomaoHuKy MMajy OmIMKe KPUOKIACTUYHE MpoOuHe 3axBalieHe Kperamem
T10J] YTHIIajeM KOMITIEKca KOJYBHjalTHOT U MEpHIJIAljlTHUX TIpolieca, 110 YeMy OJroBapajy
nepurianyjaiauM mojaBama. C 003MpOM Ja je TOKOM BHIIETOAMINELHX OCMAaTparba
KOHCTaTOBaHO AaKTHBHO KpeTame JpoOuHa, oOBa II0jaBa je Yy JIOMEHY CaBpPEMEHHX
TIEpUTIIAIMjTHUX TIpoIieca.

Onure oaJinKe npejaeja ca KJau3ehom IlpOﬁI/lHOM

IMpeneo Cysor Pymmmra (1976 m), IlamumheBor Bpxa (2017 m) m Hebeckux
crommna (1913 m) oxroeapa mpocTpaHoj IUIACTACTO] IUTAHWHCKO] LETMHHU KOja C€ Y3IHKe
Hax BucokoM KomaoHmukoMm moBpuid. OBa MOBpII ca MOMEHYTHM IUIAHMHCKHM BpPXOBHMa
u37IBaja ce W Kao HajBUIIM win neHtpainu Komaonuk. Hajsehum nemom msrpalena je on
KomaoHn4knux MeramMopduTa, Naneo30jCKUX CEPULHUTCKO-XJIOPHTCKHX MIKpHbala M|
KPHCTAIACTUX Kpeurbaka, JOJIOMHTA, MepMepa M KalKIINCTa, a 3aCTYIUbEHE Cy M CTEHe
KomaoHHYKOr TI'paHUTOMIHOT KOMIUIEKCa, Kao M CTeHe yATpabasuyHuX MeTamop¢mura,
onHocHO xapuoyprura (Gpyna ayropa, 1970).

Jyxna mnaaumna IlanumheBor Bpxa (2017 m) npema nonuHH YTJBEHCKE peKe
nsrpalleHa je ox CEepULUTCKO-XJIOPUTCKHX IIKPHJballa, ald IepudepHO IpeMa OBOM
MPOCTOPY 3aCTYIUbEHE Cy M CTEHE XapLUOypruta 1 MeraMopdHOr KapOOHATHOT KOMIUIEKCA.
OBgo je cnoxena naguHa kojoM ce [lanunheB Bpx Besyje 3a Hebecky cromumy (1913 m) u
TIpeZicTaBsba KJIACHYaH IOJIMIOH ca HajBehloM KOHIEHTpaIMjoM JpoOuHe Koja ce kpehe HU3
NaguHy, jep ce MOoKa3auo Ja je Ha MHOTUM IUIaHMHaMa OypHa ITMHAMHUKA TEePUTIIALMjaTHuX
NaJUHCKHX Tpoleca IUPEKTHO 3aBHCHA OJ KOMOWHAIMjE YdYecTalor 3aMp3aBama H
mupekTHe wHcomanuwje. Ilopem oBUMX mojaBa Ha WCTOYHO] manuHU IlanumheBor Bpxa
KOHCTaTOBaHU Cy M IojennHauHu kim3ehu OmokoBw, a mpema Hebeckoj cromwmmm u cepuja
KpHoOaIIaHaMoHUX 3apaBHH. CBe OBE IEpUIIIalMjaHe NojaBe W OOJHIM CYy Y BUCHHCKO]
30H 1750-2000 m Ha IUIAHMHCKO] MAIUHU M3HAJ CEKYHAAapHE rOpie IIyMCKe TPaHHIEe, y
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eKOTOHY IIYMO-TYHIpE, ca IUIAHMHCKOM ILPHUIIOM OOpacioM TPaBHOM BereTalijoM H
HHUCKOM II0JIETJIOM KJIEKOM.

Kanmarcke kapakTepucTHKe nepurianujanne cpequne Konaonuka

VY knuMaTckoMm morieny, KomaoHuWk ce Hamasn Ha JOJAMPY KOHTHHEHTAJIHHUX M
MapUTUMHHUX Ba3[yIIHUX Maca. YpaasbeH je ox Jagpanckor mopa oko 200 km. Mehytum,
n3mehy KomaoHwka m oBOr MoOpa IOCTOjH YHTaB CHCTEM IUIAHHMHCKUX BEHalla BEJIHKE
Ha/JIMOpPCKE BHCHHE, KOjU y 3HAaTHO] MepH yMmamyje yTunaj Jagpanckor mopa. Ca apyre
crpane, lllap mmanmmHa m Ckomcka llpHa ropa, ca mpaBIeM NpyXamka CEBEPOHUCTOK-
jyroszamajz TpencTaBibajy 3HauajHy oporpad)cky MHpemnpeKy NpoAopy MapUTHMHHX
Ba3QyIIHUX Maca ca jyra, oqHOcHO u3 mpaBma Erejckor mopa. Bacosuh M. (1988) naBoan
cinenehe: ,wm3BecHn yrumaju Cpemozemipa JOMUpPY ca jyro3amaga M jyra OTBOPEHHUM
npoctpanctBoM KocoBa u Meroxuje, 3atuMm jgonuHama Bapmapa u  Jlemenma. U
KOHTUHEHTAJIHU KJIIMMATCKHU YTHUIA]H JIAKO MPOAUPY MPEKO HUCKHUX IYMaJIUjCKHUX TTOBPIIU
Iy nonuHa Benuke u 3ananne Mopase u Torumie™.

3a aHanu3y TemIiepaType Bazayxa cy kopumtheHu mopanu ca cranune KomaoHuk
1710 m u.B. (mepuox 1950-1994) u npeysetu cy uz Cmawmnaruh, J. (1995). Nnak, 3a npuka3
MOjEe/INHUX CerMeHara KIMMATCKHX elleMeHara (eKCTpeMHe BpPEAHOCTH, Opoj IaHa ca
KapaKTepPHCTHYHHM TeMIepaTypama) cy kopuirthern Husosn ox 1991-2005. romuue*. Mako
HE 33/10BOJbaBajy MOTPEeOHY MyKHHY HU3a, NPHKa3aHU cy M moxanm ca IlanunheBor Bpxa
(2017 m u.B.-Mepema BpiieHa o 1949-1957. u ox 1968-1970. romune).

[Ipema momanmma u3 Tabene 1. HajxmamgHuju Mecer] Ha KomaoHuky je jaHyap ca
CPeIhOM MECEYHOM TeMIepaTypoM Basmyxa on -6,0°C. OBaj mecen je 3a 0,8°C xmamHujn
on ¢ebpyapa. Ca gpyre cTpaHe, HajTOIUIHjH MECeI] je aBTYCT KOjH je Of jyJia TOIUTHjH 3a
0,3°C. OBo moMepame HajXJaIHUjer Mecela ca janyapa Ha (edpyap, OJHOCHO HajTOIUIH]jET
Mecella ca jyja Ha aBrycT HHje HeOOMYHO Ha BUIIMM IUIAHWHCKUM TepeHHMa. Y OJHOCY Ha
Konaonuk, Ha crannnu [lanumheB Bpx pasnuka usMel)y janyapa u ¢debpyapa je HEmTo
Mama u u3Hocu 0,5°C, nok je asryct (10,2°C) rommuju ox jyna (10,1°C) 3a ceera 0,1°C.

Ta6ena 1. Cpenme MeceuHe M FoMIIbL€ TeMIepaType Ba3ayxa Ha KonaoHuky
(mepuoa 1950-1994) u ITanunheBom Bpxy (1949-1957; 1968-1970)

I 1T I I\ V[ VI vl [ Vvl | IX X XI | XII | Tox

Konaonuk 6|52 27| 13162 (95| 11,6119 |85 |43]-01]|-38]| 29
IManynheB Bpx | -74 | -6,9 | -5,1 | -0,7 | 47 | 84 | 10,1 | 102 | 73 | 42| -0,6 | -3,6 | 1,7

Cpenma TemriepaTypa HajTOIUIMjEr Mecella je BaKHa M3 jOII jeJHOTr pasjora.
Hamme, HagMopcka BucHHA n3oTepMe HajTommmmjer mecena o 10,0°C, kojy je youaBajyhu
onHoc uzmel)y Bererarmje u kiume nocrasuo W. Koppen 1918. roaune, yecto ce y3uma kao
ropima rpaHulia Iyme, Koja MOKe OMTH Ba)KaH WHAMKATODP BEPTHKAIHE Iu(epeHIHjauje
KJIMMaTa, OJIHOCHO Ipejia3a U3 IJIAHUHCKOT Y BUCOKOIUIAHWHCKH KIIMMaT.

Iomaru ca cranune Ilanuuhe Bpx (2017 m H.B.) yka3yjy na je u30TepMa
HajTOIUIMjer Mecella Ha HemTo Behoj HaaMOpCKO] BHCHHM, anmd OO03MpOM Ja He
3aJJ0B0JbaBajy MOTPEOHY JyKUHY HH3a, a J1a BEreTanuja npe/iCTaB/ba UIaK caMo HOCPEIHH
WH/IMKATOp BEPTHKAJIHE IOjaCHOCTH KIMMaTa, MOKYIIadh CMO Ja NPUMEHOM BEPTHKAIHUX
TepMUYKHUX IpajyjeHaTa oJpeuMo rpaHuily nuamel)y ABa KMMarTcKa Iojaca.

Cmamnaruh J. (1995) naje BpemHOCTH MECEYHOT BEPTHKATHOT TEPMHUYKOT
rpagujeHTa (y omHOCY Ha KomaoHWK kao pemnepHy cTaHHUIly) 3a 11 cranwmma y Onmkoj wiu

* BpeiHOCTH KIMMATCKHX eneMeHata 3a mepron 1950-1994. moctoje camo kao u3pauyHaTe Cpe/iimhe BPEIHOCTH 32
YHUTaB NEPHOJ, JOK cMO 3a neproa 1991-2005. pacnonarany nojanmuma 3a CBaKky 1ojeAMHaYHy TOAUHY
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nmaspoj okonmmHu Komaonmka. Bpemnoctn y aBrycry ce kpehy ox 0,53°C/100 m (mpodrun
Kypurymmmja-Komaonuk) no 0,72°C/100 m (mpodwn [HoxyjeBo-Komaonuk). Axo 6u ce 300r
HEXOMOTCHOCTH W HENOTIIYHOCTH OCMOTPEHHX HHU30Ba M CICHU(HYHOI MHKPOIIOJIOKaja
CTaHHWIIA Y OAHOCY Ha KOje je padyHaT TPalHjeHT, y3ela Cpeamha BPEOHOCT CBUX CTAHWIHUX
maposa (0,61°C), Tama 6u ce W30TepMa HAJTOIUTHjeT Mecela Haja3mia Ha BUCHHU OJ OKO
2000 m H.B.

To ykasyje (y3umajyhu y 003up U3pasuTy JUCEIUPAHOCT pesbedha U OTPaHUICHOCT
INpUMEHE CaMOI' MeToJla TePMHYKOT IpajJdjeHTa) Aa ce Mpesa3 U3 MpaBor IUIAHWHCKOT Y
BHUCOKOIUTAHUHCKH KiuMar, y o0iactu KomaoHnka Haymasu Ha BucuHama usmely 1950 u
2000 m H.B.

ArnconyTHO MakcuMaliHa TemmepaTypa y mnepuoay 1991-2005. roguna, Ha
Konaonuky je 3abenexena 28.07.2000. rogauHe. ANCOIYTHO MHUHHMAJIHA TEMIEpaTypa je
3abenexena 31.01.1991. rogune u n3Hocuna je -23,5°C (ancoiyTHO MUHUMAJIHA Y YATABOM
nepuony 1950-2005. uzHocuna je -26,6 3abenexena 25.01.1954). C 003upoM Ha HATMOPCKY
BHCHHY, OBO HHj€ HAapOYMTO HHCKa TeMmmeparypa Baszayxa (y CjeHunM Koja je jeman on
Hajo3HaTHjuX 1ososa xyaanohe y Cpouju, anu u 3a oko 700 merapa Hmka o1 Komaonuka
je jamyapa 1991. romumne wusmepeno -34,8°C). OpakBe, pelIaTUBHO CJIa00 H3paXKCHE
arcoJIyTHO MUHUMANHE Temreparype Ha KomaoHuky Ou ce Morje O0jacHHTH IOJIOXKajeM
CTaHWIle Ha OJIar0 HArHYTO] U OTBOPEHO] MAaaWHM, T€ Ba3MyX HEMPEKHTHO oThde (Tj. HE
IIOCTOj€ YCIIOBH 32 FhETOBO Yje3epaBame 1 HEMPEKHUAHO Xuaheme).

T'oBopehn o BepTmkanHOj 30HamHOCTH Bereranuje Ha Komaonmky, Mwumuh B.
(1964) maBomm cnenehe: ,,OBaj BHCHHCKM BereTanujCcKu TpajujeHT je mnopemeheH Ha
HEKOJIMKO MeCTa KIMMAaTCKHUM HHBEp3WjaMa YCIOBJBEHMM HArJlMM [pOMeHaMa Y
KoH(puUrypanuju tepena ca ycrnoHoMm. Hajeeha mpomeHa (MHBep3uja KiuMe) je Y KOTIMHH
CaMOKOBCKEe peKe, y KOjy ce CIyINTajy U Jyro 3aJap)KaBajy XJaJHe Ba3ayllHE Mace, Kao U
BEJIMKM CHEXHM CMETOBHM KOjU CE€ CIIOpO ToIe, 300 Yera je OHa MCIyHhEeHAa CMPYEBUM
urymama 6e3 ujenHe aumhapcke BpcTe ApBeTa, nako ce oBaj ObaceH crymra 10 1350 m H.B..

C 003upoM js1a je TeMa OBOT pajia nepurianujainn pesbed KomaoHuka 3a xoju cy
JaHU Ca KapaKTePUCTUYHHM TEeMIIepaTypaMa BakaH arcHc, MpUKa3aH je M OAHOC u3Mehy
JIeICHNX ¥ Mpa3HUX JaHa, Kao U Opoj JaHa ca CHeXXHUM TOKpHUBadeM. Y TOME ce TOILIO O
pama bemmj, C., Hyuuh, B., Munosanosuh, b., Jlykosuh, J., Mumraesuh, 1. (2004).
Doxkycupajyhin HCTpakuBame Ha KIMMATCKe MPEenyclioBe 3a pa3Boj Tydypa Ha [lemrepckom
MOJby, ayTOpH pa3BHjajy MOJEN Mpa3HOT TMOTEHIWjajda 3a pa3Boj OBHX OOIHMKa
nepurnanujaiHor pesbeda. Ommru obauk MpasHor noteHuujana (M;) je HpencTaBibeH
JeIHAYUHOM:

M, =M, - JI,- CII,

(mpema benuj, C., Qyuuh, B., Munoanosuh, b. JIykoeuh, J., Mumnraesuh, 1. 2004), tae je
M, - Opoj mpasnux nana, JI; - Opoj menenmx mana u CII; - Opoj maHa ca CHEXHUM
TTOKPHUBAYCM.

[IpumeHnoM mprKa3aHe jeIHAYMHE Ha IoaaTke ca craHuine KomaoHWk (mepuon

1991-2005) o Opojy Mpa3HHX, JEOCHHX W JaHa ca CHEXKHHM IOKpHBadeM, H00Wjajy ce
BPEIHOCTH Kao y Tabenu 2.
Ha ocnoBy momaraka u3 Tabene 2. MOXE C€ 3aKJBYUHTH Ja CPEIba TOIWIIHA BPEIHOCT
Mpa3HOT MOTEHIIHjalla U3HOCH «cBeray 15,2 mana. Y mopehemy ca [lemrepckum mosbem rie
je cpeama TOAuIIka BpeAHOCT M =46, MOXe ce cMaTpaTH Ja je Mpa3HH MOTCHIMjajl Ha
Konaonuky penaTuBHO HU3aK.
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Tabesa 2: Bumeroaumma AnHAMHUKAa Mpa3Hor noteHuujana Ha Konmaonuky (nmepuoa 1991-2005)

ToguHa 1 11 111 v \ VI VII VIII IX X XI XII 36up
1991 <22 | -19 | -12 -7 3 1 0 0 1 0 10 -18 15
1992 -21 -19 | -14 -7 4 0 0 0 2 6 0 -16 12
1993 -22 | -19 | 22 -7 1 1 0 0 4 4 -3 -12 10
1994 -17 | -14 -6 9 4 0 0 0 0 10 4 -12 27
1995 -9 -6 -15 -18 -1 0 0 -1 2 9 -16 -16 11
1996 -18 | 22 | -23 -12 -1 2 0 0 8 -3 2 -12 12
1997 -17 | -14 | -15 -18 -4 0 0 0 1 8 4 -18 13
1998 -18 -15 -19 1 5 0 0 0 0 9 -10 -17 15
1999 -26 | -23 -12 -10 2 -1 0 0 0 8 8 -6 18
2000 -20 | -18 | -14 -10 3 1 0 0 3 10 6 -4 23
2001 -14 | -17 0 -3 3 1 0 0 3 5 -3 -29 12
2002 -12 -9 -14 0 1 0 0 0 3 11 4 -15 19
2003 -27 | 24 | -18 -13 0 0 0 0 1 -1 11 -3 12
2004 -17 | -15 -18 -4 7 0 0 0 2 3 -10 1 13
2005 -28 -25 -19 -1 3 3 0 1 0 6 3 -19 16

IMpocek 0 0 0 0,7 2.4 0,6 0,0 0,1 2,0 5,9 3,5 0,1 15,2

Wnaxk, Tpeba mMaTu y BUAY Ja Ce OBIE pagdl O MOAalpMa ca CTaHHUIE Koja HHje
NpeIUCIOHNpaHa 3a cTBapambe MpasuiTa. Ca Jpyre CTpaHe, Ha MECTUMA Ca «IIOBOJBHHMY
yCIOBHMa 3a Yyje3epaBambe XJIQIHOT Ba3gyXa C€ MOXE OYEKMBATH MOpacT MpPasHOT
MMOTEHIHjajla, OJHOCHO KJIIMMATCKHUX MPEICIIO3UINja 32 Pa3BOj MEPHUIIALHjaTHIX OOJIHKa
pespeda, HapounTO aKo ce y3Me y 003up Imerora MeceyHa IuHaMuka (rpadukoH 1; Tabema
3)

Tabena 3. Bepoparnoha (%) nojase j1eieHHX 1 MPa3HUX AaHA H JATyMH IPOCEYHOT
MoYeTKA U Kpaja Tpajama JaHa ca CHe;KHUM NoKpHuBaveM (npema Cmamninaruh J. 1995)

1 11 111 v \Y VI VIl VIII X X XI XII Tox
Jlenenu nanu 70 67 44 17 2 0 0 0 0 6 26 49 23
Mpa3zHu nanu 99 98 92 67 18 2 1 0 11 40 71 92 48
Hanu ca TIpoceuan kpaj IIpoceuan nouerax
CHEXHHUM .
12. maj 13. okrobap
MOKPUBAYEM

ITpema nmomammma u3 tabene 4. Ha craHuM KOMAoOHMK ce y MPOCEKy TOAWIIEE
mayuan 917,9 mm (y nepuony 1950-1994). OBo je penaTuBHO Mana KOJWYHWHA [TAJaBUHA Y
OTHOCY Ha HAIMOPCKY BHCHHY TocMmarpaHe cTaHume. PagoBanoBuh M. (2001) HaBomm
cnenehe ,,Y 3amamHoj CpOuWju KHWIIOMEpHE CTaHHIE KOj€ JIeKe Ha HAIMOPCKO] BHCHHHU
m3Hag 1000 m H.B. TOTOBO 1O TpaBmiry nobujajy mpeko 1000mm magasuna®. Mctu aytop
pENTaTUBHO Mally KOJIMYKMHY TTaJaBHHA 00jalllihbaBa MOJI0XKajeM U OPHjSHTAIH]OM TJIaBHE 0Ce
rpebena KomaoHuka y oJJHOCY Ha IpaBlie KpeTamke Ba3ayxa 3aCuhieHOT BIIaroM.

Tabesa 4. Cpenme MeceuHe U cpeiba roIMIIBHA KOJHYNHA najaBuHa Ha Konaonuky (nepuon 1950-1994)

1 1I 11T v \ VI VII | VIII IX X XI XII Ton

Komaonuk | 55,1 | 544 | 61,2 | 71,9 | 111,1 | 116,6 | 954 | 79,3 | 68,2 | 68,8 | 73,5 | 62,4 | 917,9

VY romummeM Xo4y MaJaBHHA yodaBajy ce ABa MakCHMyMa M JiBa MHHHMyMa
najasuHa (rpadukoH 2).

[TpumapHu MakCHMYM je y jyHy, a CEeKyHIapHU y HOBeMOpy. [IpuMapHu MUHUMYM
najiaBuHa je y gpedpyapy, a ceKyHAapHu y centeMOpy. Yrpkoc Behoj KOJTUYMHHU MaaBuHA
(59%) y Torumjem nenmy roAMHE M MPUMapHOM MakCUMyMY Yy jYHY, HE MOXE c€ TOBOPHTH O
YUCTOM KOHTHHEHTAJHOM pEXUMY TaJaBUiHa Ha TIOocMaTpaHoM mpocropy. «IlpaBu
KOHTUHEHTAJIHU PEXHM C€ OJUIMKYj€ jeJHMM MaKCHMyMOM I1aJaBUHA IOYETKOM JIeTa U
JjeITHIM MIHHMYMOM ITaJlaBiHA Y 3UMCKUM Mecermay (Pakuhesuh T. 1979). Mehytum, kao
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NperHavYehe KOje MOCTOjU KOJA KOHTHHeHTanHor pexuma Byjesuh II. (1953) nHaBoam
HOAYHaBCKY BapHjaHTy KOHTHHEHTAIHOI IUTyBHOMETPHCKOI PEXHMa KOjy KapaKTepHIle
«HajkuioBuTHje No3Ho nposehe, Hajuenrhe Mecel jyHu, HajcyBJbH je Gedpyap, a CriopeHH
MaKCUMyM TaJlaBUHa ce MojaBu y oktoOpy». Pakuhesuh T. (1979) momymyje moayHaBCKY
BapHjaHTy KOHTHHEHTAJIHOT peXHUMa HcTHYyhm mopen okroOpa, Moryhu cekyHIapHH
MakCHUMyM M Yy HOBEMOpY WM jaeneMOpy (kao mro je cinydaj Ha Konaonuky y mepuomy
1950-1994).

Berap y Benmkoj Mepu 3aBHCH O] pacropesa IMKIOHA W AHTUIMKIOHA. Y
yCJIOBHMa Y KOjHMa HeMa TONOrpa)CKHX NpenpeKa, XOPH30HTAIHO CTpyjambe Bazayxa ce
kpehe ox oOmacTé ca BHIIMM, IpeMa O0JacTHMa ca HWXXKUM Ba3AyLIHUM IPUTHCKOM.
Melytum, Tamo rue je MopdoJomka AUCELHMPaHOCT HPOCTOpa H3paKEeHa, BeTap ce
npuiarol)aBa U3TIIEAY TEpPEeHA.

Ha Komaonwuky, Ha ToAHIIHEM HUBOY je HajBeha 4ecTHHA BETpa M3 jyro3amagHor
npaBua. M y ToKy cBHX ce30Ha (OcuM JieTa Kaga npeosial)yje CeBEepOMCTOYHU BETap) je
Hajuemhu Berap U3 jyrozanagHor npasia. [lo YyecTHHHM, 0oIMax HAKOH jyrosamajHor BeTpa
JI0JIa31 BETap U3 CEBEPOMCTOYHOT IIPaBIIa.

Taxolje, peanmHo 61 OMIIO OUEKMBATH Ja Ca IOPACTOM, HAQJIMOPCKE BHCHHE, PACcTy U
Op3une BerpoBa. PanoBanoBuh M. (1995) HaBonm cienehe: «Ilpu kperamy Bazmyxa IpeKo
IUTAHWHA CTPYjHO ToJke ce aedopmurie u npmwiarohasa odnummma pesbeda. [IpedanuBame
Ba3ayxa, MO/ JCjCTBOM CHJIE IpajMjeHTa MPUTHCKA, je Hajaue Ha MpeBojuMa U ceanauma. Ha
TaKBHM MECTHMa je UHUPKyJlaluja Ba3ayXxa KaHalMCcaHa, na npu BehiuM rpainjeHTIMa BeTap
JocTixke opkaHcke OpsuHe». Cmawmnarmh J. (1995) ymopelyjyhmu Op3une BerpoBa Ha
Komaonuky (tabena 5) u Ha craHWnama y noAropuHu HaBomu ciexehe: ,,Ha Komaonwuky,
TOKOM CBHX MeECElld, BETPOBH Cy jayd HEro Ha IOATOPHMHCKHM CTaHHMIama. Pasnuka y
NpOCeYHo] Op3MHU BETpa Ha IUTAHWHH M Y TIOATOPHHM je 3HATHA: Y jaHyapy M3HOCH ox 1,2-
1,5 m/s, a 'y aBrycty ox 0,9-1,0 m/s.

Jaxie, pa3nuka y Op3uHHU BeTpa Ha KONAaOHMKY M OKOJHUM CTaHHIaMa, IPUMETHO
je Beha 3umm Hero jneru. Hajeehe cpenme meceune Op3uHe Berpa Owie cy 8,1 m/s y
bebpyapy 1951. rogune, 7,7 m/s y okTo0py1955. ronune u 7,5 m/s y ¢ebpyapy 1956.
roguHe. 3HaYd IOjeAMHUX ToaWHa, Op3WHA BETpa je 3HATHO MpeBa3WiIa3niIa NpUKa3aHe
MIPOCEYHE BPEIHOCTH .

Tab6esa 5. Cpenwa MeceyHa 6p3uHa BeTpa (m/s) 3a Konaonuk (npema Cmaunaruh, J. 1995)

Mecen I 11 111 I\ \ VI VII | vIII | IX X XI XII | T'ox

Cp.mec.Op3una 42 |1 42 | 43 | 43 | 3,7 ] 36 | 33 32 34 | 40 | 4.1 4,4 39

Mopddoaomxke onnke kiauzehe npodoune

Ha jyxxnoj magnuu ITanumheBor Bpxa (2017 m) KOHCTATOBaHO je BHIIE JECETHHA
noBpmuHa ca kinzehom npoduHoM. OBe MOBPIIMHE UMajy pa3InduTe MOP(OIIOIIKE OJIHKE
KOje Cy NEeTepMHHHCAaHE KaKO KIMMAaTCKUM YCJIOBHMA, TaKO U JIOKAITHUM OpOTpadCKUM
(hakTOpMa, ONHOCHO IIOJOXKajeM Ha MaJAWHHM, OJHOCOM IIpeMa JApYTUM KIM3HUM
MOBPIIMHAMa APOOWHE U TeHETCKUM OJHOCHMA y TIPOLIeCY KpeTama ApoOHHe.

Ha xpahum 60ounum maguHama, Hajuemhe ce cpehy ¢opme kinu3He npoOuHe y BUIY
W3OYKEHUX, Ha 9ely JY9IHHX, Ipyra IpodbuHe ayxuHe 5-15 m u mmpure 1-5 m, ca rygaumM
3emspaHuM Oememuma BucuHe 0,5-1,5 m (Ck. 2, mpodun A). OBu 3eMJpaHH OEIEMH, OCUM
Ha 4esly JpoOMHCKEe Ipyre 3acTyIJbEHU Cy M OOYHO Ca MOCTENEHHM CMamUBambeM IpeMa
Kpajy JpOOHHCKE MOBPILIUHE.




44

Cuamka 2. lerasb y nnpoctopy Mel)y 6;10koBHMa M IPOOHHOM ca JIeIoM
(dporo: C. bemnj)

VY OKBHpY OBaKkBHX H3AYKEHHX, J€3MYaCTHX W HU3JAUTHYTHUX 30HA 3aCTYIJBCHU CY
JpoOrHa W OJIOKOBM HEHTHMETApCKHX J0 ACUMMaTapcKuX AMMEH3Hja, NpU YeMy je
3anakeHo Ja kpahe npyre uMajy CUTHHjy JPOOHMHY, B OOPHYTO, Iy Mpyre u APOOMHCKH
JE3uIM Cy ca KpyNHHjOM JIpOOMHOM M OJIOKOBMMA. Y IICHTPATHOM JIENy OBHX H3Iy’KEHHX
My4HuX Habopa JpoOHHA je WCrpaHa, JOK OOYHO M YEOHO IIpeMa 3eMJbaHuUM OenemMuMa
JpoOKHAa ypama y OBE HacJare.

VY LeHTpaNTHOM Jeny jyXKHe-jyro3ananHe naguHe, TIe je KOHTHHYSeIHH HaruO 3HaTHe
Iy’>KWHE, KIIH3Ha TpoOHHa uMa npyraunje Mopdoomke ommke. OBle Cy 3aCTyIJBCHE YCKe
W JIyrayke APOOMHCKE MOBPLIMHE, NPaBe KaMEHEe CTpyje M KaMeHe PeKe, Ha IOjeIUHUM
npuMepuMa ayxune u npexo 100 m, ca mmpuraom ox 10-20 m (Ck. 2, mpodun B). Ha oBum
IpOOMHCKMM TIOBPIIMHAMA BHCHHA 3€MJBAHUX Oe/ieMa je HAITO HIKa HETO Ha MPETXOTHO
ommcannM u u3HocH 0,5-1 m. OBakBe KiIM3HE IPOOMHCKE MOBPIIMHE MECTHMHUYHO OOYHO
cpacrajy obpasyjyhu clokeHy 30HY OpOOHMHE M 3eMJbaHHX Oemema. Y Mpemeny yaoJInHe
¢dbopMupaHa je ciokeHa JAMCKOHTHHYalHa U IIMpOKa peka ApoOHMHEe M OJOKOBa M JyYHHX
3eMJbaHUX OezeMa Ty>KHHE BHIE CTOTHHA MeTapa. To je crnokeHa peka kinmusehe npobuHe u
Os0KOBa M 3eMJbAaHHX OelleMa Koja MpaTy JIOKaJHe oJHOce Tomnorpadcke mospiinHe. Tako
ce 3amaxxa Jia APOOMHCKE CTpYje Y yIOJIMHU AUBEPTYjy U KOHBEPTyjy WK O0YHO, Y OIHOCY
Ha TAJWHY, MO JIOKAJHUM HaruOmMa Kiu3e o0pa3yjyhin acuMeTpujy y HaroMuiaBamy
JIpoOKMHE U HacTaHaKk OOYHUX 3eMJbaHUX Oenema. M3 oBora ce cTude yTucak ja ce IpoOuHa
n 610k0BH Kpehy y cBMM mIpaBIyMa rie TO JO3BOJbABAjy OMNIITH M JIOKATHN HaruOu. OBako
MOoCMaTpaHa y IIeIMHA OBa BEJHMKA W M3Iy)KeHa Ipyra JApoOHHE U GJIOKOBA OAroBapa THITY
NPaBOI KAaMEHOI IOTOKAa WIIM KaMeHe peke (IMOTOK KaMEHbIH, peka KaMeHHas, KypyM,
Tumocdees, A. JI., Briopuna, A. E., 1983) 3axBalieHor caBpeMEHHM KOMIUIEKCHUM
KOJTYBHjaTHO-TICPHUTJIALN] ATHUM KPETabeM.
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Cauka 3. Tunosu kiausehe apodune (kypyma) Ha naguau [Tanunhesor Bpxa (2017 m).
A-nipodui1 U3MyKEHNUX je3MYacTHX Ipyra KiIu3He IpoOuHe, b-mpodun kpo3 kaMeHH NOTOK WM KaMeHy peKy,
KJIaCHYHOT 00JIMKa KypyMa 3axBalieHOT KpeTameM, B—rpodui kpo3 D0JIMHCKH, TOKPUBEHH KypyM y H3BOPHIUTY
VYripencke peke. Objammemne: 1—3emipanu 6enem, 2—mosba knusehe npodune.

Ha o6a npumepa Mopdomolke 3acTyIJbEHOCTH 110Jba KIM3HE APOOHHE, CII0j OBHX
KJIaCTHYHUX Hacnara je aebeo 0,5-1,5 m. Hemrro Behe nebsprne npoOuHe 3abesexene cy Ha
JY4YHUM JAPOOMHCKMM 30HaMa M3BaH yJIOJMHE, JIOK je y Mpe/ely OBe Jelpecuje Mo MpaBIiy
KaMEHOT MOTOKa 3a0enexeHa nedsprna apooune 0,5-1 m. ¥V jeJHOM OTBOPCHOM COHIAKHOM
npoduily youeH je OIHOC KpyNHHje NpoOMHE MpeMa MOBPIIMHU W CUTHHUje ApOOHHA Y
MOJIMHYU OBMX KIIM3HMX Hacjara, IIpy YeMy je CUTHa IpoOHHA Ha JHY Npoduiia ypamaia y
packBalieHy Macy 3eMJbe IpHHUIE. [IpeMa IuTonomKoj ocCHOBH jyxHe nanune [laHunheBor
BpXa, KJIM3Ha ApOOMHA je u3rpaljeHa o CepHLMUT-XJIOPUTCKUX MIKPHIbAlla, a KOHCTaTOBAHU
Cy M KOMaJ¥ KBapIa. 3amakeHo je J1a APOOMHCKHM KOMaIy Ha MOBPIIMHU UMajy TaMHy 00jy
o]l nIIajeBa, pehe MaxoBHHE, AOK Cy Y YHYTPAIIKBOCTH MPO(HUIA OBE CTEHE CBETIIO XKYTE U
HCIIpaHe, MTO yKa3yje Ha onxHoce cydosuje. TamHa 6oja cTeHe Ha MOBPLIMHH Npoduia
moce0HO je 3Ha4dajHa TMPH 3arpeBamy AWPEKTHHM CYHUYEBHM 3pademeM. Ha TepeHy je
3ama)keHo Ja ce CHEeT Oprke TOMH OKO MCTYPEHUX W TaMHUX IPOOWHCKUX KOMaaa. 3eMJbaHU
OememMu WCTIpen KIM3HE IpoOWHE OAroBapajy pasHuM ¢a3zama muxoBor HactaHka (Ck. 3)
noyeB o (aze uzau3ama OyceHoBa (A), dase U3BecHOI MUpOBama 1o npasiy oenemMa (b) u
¢aze npobujama 3emspanor denema (B).

A

Ckuua 4. ®a3e HACTAHKA 3eM/baHHX 0eeMa Ha Yelly M0/ba KJIU3HEe IpoduHe.
A—oda3a n3nusama 3eMbaHnx 6yceHoBa, b—(a3a MupoBama 3eMibaHuX
OeneMa y MakCUMyMY M3au3ama, B—¢a3a npobujama 3eMspaHor degema.
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VY u3BOpHIIHOM OOJNYKYy YTJbEHCKE peKe, HEIMOCPEAHO H3HAJ H3BOpa OBE pEKe,
KOHCTaTOBaHe Cy OpexxyJbKacTe Haciare IpoOHHe IOKPUBEHE KOHTHHYUPAHUM I1€I0JIOLIKO-
TpaBHMM nokpuBadeM (Ck. 2, nmpocui B). OBe Hacnare cy HenocpeaHo O0OYHO Y OJJHOCY Ha
NOMHIbaHy IUIMTKY yIOJHMHY Ca akKTHUBHOM KaMeHOM pekoM. IIpema oBakBOM MoJoOXajy u
OpeKyJbKaCTOM pacliopey OCTaBJbajy YTHCAK CTapHX KPHUOKIACTUYHHMX Haciara WiIn
KypyMa KOjH ce MpeMa MOJN0XKajy y IOJMHHH MOXKE JACKIApHCATH M Kao [OJHHCKH,
MOKPHUBEHH KypyM (KypyM nonuHHbBIA, Tumodees, A. 1., Briopuna, A. E., 1983). Hcnox
OBHX Hacllara jaCHO C€ yodaBa Mperud perpecuBHE (IIyBHjalHE €pO3Hje H3BOPHINTA
VYTrIbeHCKE peke.

Ha ocHOBY M3HETOT MPOUCTUYE Ja j& JOJUHCKH KypyM y U3BOPHUIUTY YTJBCHCKE peKe
MoKa3aTelb CTapWjuX IMepurianujaTHujux ¢a3za Ha KomaoHuKy Koje Cy ce YOIITe
MaHHU(]ecToBaNe 3HATHUM CTBAapambeM KPHOKIACTHYHHX W TEPMOIeHUMX Hacjara, IITO je
mojaBa KOjy Cy KOHCTaTOBaJM W TPETXoMHH mcTpaxkuBaun (Bacosuh, M., 1988). Crapu
JIOJIMHCKH KYPYM Y U3BOPHUIIITY IOMEHYTE PEKE 3Ha4ajaH je U Kao MoKa3are/b KOHTUHYHUTETa
Majieo ¥ CaBPEMCHHX MEPHUIIIAIHjaTHIX Tpolieca Ha KomaoHuky.

MexaHu3aM KpeTama JIpoduHe

AHaNMATHYKO pa3Marpame MOpPQOJOMKUX ominka kKim3ehe apoOmHe W OIOKOBa H
TEPEHCKA UCTPaXXUBaKha Y XJIAJHHjEM JeTy TOJHHE Jaja Cy U3BECHE OJIrOBOpPE O JUHAMHUIIM
1 TEHETCKOM MEXaHH3My HacTaHKa OBE KOMIUIEKCHE MepUTiIalfjaiHe 1mojaBe. YnmeHuma je
Jla Cy OBe I0jaBe KOHCTAaTOBaHE caMo Ha jyxHoj mamuau Cysor Pymwmmra u Ilanumhesor
BpXa y yCjioOBMMa BPJIO JUHAMHWUYHUX U €KCTPEMHHUX JHCBHHUX TCMIICPpATYpPHUX IPOMEHaA Ca
HWHTE3UBHHUM OCYHYaBamHEM OI'OJHbEHE jy)KHe MaguHEe TOKOM BE€APHUX AaHa U U3JI0OKEHOCTHU OBE
najiiHe JOMHUHAHTHOM BETPY M3 jy»KHOT KBazapanrta. OBO MMa 3a MOCIEIUIly HHTE3HBHU]jE
TOIJBCHE CHEra Ha jy>KHOj HaJMHHU, TUHAMHYHH]jE OIHOCE BIIAXKEHha IOJUIOTe W CTEHCKE
OCHOBE, Ka0 M eKCTPEMHE OJHOCE AHEBHUX KojeOama TeMIepaType Ba3gyXa y IPH3eMHOM
ciojy. Y3 ONIITE OKBUpE XJaJHe ajlcKe KIMME IUIAHWHE Ca CPeIHhOM TOJHUIIEHOM
temneparypom oko 0Ll 1 MopdoomKe oHOCE BpiIO CTpMe TaauHe Haruba 30-50°, To je
NPEeICOHN OKBHP 32 HACTaHAK MACOBHOT KpeTama JAPoOHHE U GIIOKOBA.

VY OBaKBUM NPEJCOHUM M BPEMEHCKO-KIMMATCKMM OKBHUpPHMA Ha jyXKHO] IMaJUHU
INanunheBor Bpxa CHer ce MHTE3MBHHjE TOIM TOKOM BEAPHX 3MMCKHX JaHa WM Kaja ayBa
TOTIHjU jykHH BeTap. OBO MMa 3a MOCIENWIly JIaraHo TporehuBame CHEXHHIE Y Macy
nIpobuHe U O6JI0KOBa y BHUIY KAl WiIH Iypaka. 3axBajbyjyhn unmeHnIHn 1a je y qpoOnHCKOj
MacH yBEK HI)Ka TeMIlepaTypa BaslyXxa WJIM TOJA YTHLAjeM Harjor Bedepmer Majaa
TeMIeparype, Ioja3sd A0 MpXKIbEmha CHEeXHHIE ca o0pa3oBameM Jefa Ha KOMaauMma
IpoOUHE M HBUXOBOM MECTUMHYHOM CpacTamy W LEMEHTHPalby, LITO je U KOHCTATOBAHO
TOKOM jeJHOT COHAAXHOI OTKOIIaBama. OBako 00pa30BaHU JeJ 3UMHM ce He OoTama, Beh ce
caMo HaroMujaBa 300r IIOMEHYTe YUEEHULIE J]a JPOOUHCKO-JIEICHa Maca CTaIHO 3apKaBa
HIDKY TeMIlepaTypy Basgyxa. Msriena Ja cy HajIOBOJBHHjU YCIIOBH 3a OIMCAHE OJIHOCE
TOKOM MapTa W alpuja Mecena Kaja Ha IUIaHWHHW MMa JI0CTa CHEra W Kaja je PelaTHBHO
Behn Opoj CyHUaHMX JaHa, ald W MpPasHUX WIN JieJeHnX Hohu. Y OBakBHM YClIOBHMa
CTaJTHOT HaTOMUJIABama JieAa KpajeM 3uMe 00pasyjy ce KOMITaKTHE IPpOOUHCKO-JIEeICHEe Mace
KaMEHHX JIeJIHHKa ca 3HaTHO yBellaHOM TEeXHWHOM IUTO JOBOAU O MOBPEMEHOI KpeTarba
IIPEKO OTKpaBJbeHe nomiore. [1pu nponehHoM oTanamy OBe LEIHHE CY HajIy)Ke HHEepTHE.
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Camka 3. Yeonn HaGopu GpopMHUPAaHH NpPeX KAMEHHM peKama
(doro: C. Bemuj)

ITo packBameHOj 3eMJbaHOj MOMJIO3U Y JUHAMHYHHM YCJIOBHMa H-GHOI JHEBHOT
KpaBjbela W 3ajehuBama Jo0JIa3d A0 XOMOICHOI KiIM3ama Lelie JPOOHMHCKE 30HE ca
ypamameM YEeOHOT Jela y OTKPaB/beHy MOUIOTY M HAarOMHUBAaBamEM 3€MJbaHHX Oefema.
MexaHu3aMm mpolieca KiM3amba OBE APOOUHCKO-JICCHE LEMEHTHpaHe Mace CIUYaH je
KInM3amy U KpeTawy kimsehux Onoxosa. IIoTHyHO WM AEeNMMHYHO Be3aHa IPOOHHCKO-
JeleHa Maca Kao jeAMHCTBeHa LienuHa ce kpehe Hu3 maauny. To ce kpeTame onBHja
CKOKOBUTO WJIY JIaraHO, Ha MaxoBe, ajli 3a cajla HeMaMo [0y3JaHujU OATOBOP O KOHKPETHO]
JUHAMHLY 1 00MMY KpeTama 3a LITa je HEONMXOJHO YCIIOCTaBUTH MOHUTOPHHT Ca PElepHUM
Tadykama Kao opjeHTupuMa. Teopujcku, Moryha cy 06a HaunHa KpeTama. TOKOM TepPEeHCKHX
HCTpaKUBama 3allaKCHN Cy NMPHUMEpH MaplyjaTHUuX poOHjamba JIydHHX 3eMJbaHUX Oenema
ca OJHOCHMa CyJbamkba M3JUTHYyTE JpoOWHE Ha 3eMJbaHOM OeleMy, LITO je CINYHO
npobujamy 3eMIbaHuX Oexema Ko Kim3ehnx O6J0KoBa.

1m

Ckuua. 4 Ognocu 3acuhenocru kiusehe gpodune ca jegom.
A—cyBa npobuHa, b—HnnmjanHa ¢asa y nenoHopamy nena, B-¢aza 3acuhenoctu kiamsehe npobune nenom,
OZHOCHO (ha3a KOMITAKTHO LIEMEHTHPAHe APOOHHCKO-TIEIeHe Mace.

Omre mo3HO mposiehHO oOTOomBaBame ca OACYCTBOM Mpa3HHX JaHA MOCTENCHO
JIOBOJIM JI0 OTamama Jjieaa y Mel)y-qpoOHHCKOM TPOCTOpYy U cydo3uje, OJHOCHO UCTIUpatha
JpoOuHE ca 0Bako 00pa3oBaHOM cOUHHIIOM. KpeTame ApoOuHe ce yMPTBIbYje 10 HApeIHOT
MOBOJFHOT 3WUMCKOT HHUKIyca. Y JIETEHEM MepHOAy aKTHBHA Cy CaMO TIPaBUTAI[MOHA H
OyjUYHO-TIPOITYBHjaTHA KPETAha Ca UCIUPAEM IPOOUHE KHIITHHIIOM.
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3ak/bydak

[lpema ommcaHuM OJHOCHMMA, KJIHM3alke JAPOOMHE M OJIOKOBA Ha jy)KHO] MaJHHU
[TanunheBor Bpxa HECYMIBMBO je TIIEpHUIJAllMjajiHa [0jaBa KapaKTepUCTHYHA 3a
BHCOKOIUTaHMHCKA TTO/Ipy4ja MM CEBEpHE Mpejelie nepurianujaite cpeante. OBO Kperame
WIN KIWDKEHhE ApoOHHE 1 OJ0KOBa KOMIUIEKCHA je U CIIO)KEHA I0jaBa Koja y ceOH calpKu
OHOCE KOJIyBHjJIHOT W Mpa3HOr (KpHOTEHOI) TMpolieca ca YTHLAjeM Ipoleca
comuIyKIuje y IMHAMHUYKNAM YCJIOBUMa HAaM3MEHHYHOT 3aMp3aBama U KpaBJberba IOI0Te.
Usnern omHOCH Kimmkema JpobOmHe Ha KomaoHWky Tpeba CcXBaTUTH Kao HPHIIOT
MOpP(}OreHeTCKMM NpOy4YaBambuMa KypyMa (KaMEHHX CTpyja U KaMEHHX peKa) U KaMeHHX
JeJHUKA (OHOJIMKO KOJMKO Ha IbHXOBO KPETamhe YTHYE M CE30HCKO 3aMP3aBabe 3EMIBUILTA)
Ha FHUXOBO] CaBPEMEHO] jyXKHOj M IOKO0] TPaHWIM II0jaBJbHBama. Ha OBOM HHBOY
UCTPXUBAYKOT MOCTYINKA U TCOPHjCKOT ITO3HABAKA MPOOIEMaTHKE 32 KOHCTATOBaHA M0Jba
knu3ehe npobunHe u OnokoBa Ha KomaoHuky Tpeba NpPETIOCTABHTH Ja MMajy H3BECHE
crenuPUIHOCTH y TMOTJIeAy OMMCAHOT MOP(OreHETCKOr MEXaHW3Ma. 3a MOTIYHHje
TEOpHjCKe IIOCTaBKEe OBe MNpo0iieMaTHKe HEONXOJHA Cy JeTajbHa HCTpaKuBama ca
MOHUTOPHUHIOM Ha HIMPEM PETHMOHAIHOM IPOCTOPY U JpPYyrayMjuM yCJIOBHMa CPEAMHE.
Tako je Ha mpuMep 3a KameHe JieTHHKE HEeHTpanHux Anma Ha BucuHM 2300-2500 m
yrBpheno ma ce kpehy 10-15 cm/rox (Seppi, R., 2006), kamenn nenuuk Besiberris Ha
IMupunejuma kpehe ce Op3unom 8-13 cm/rox (Chueca, J., Julian, A., 2005), anu oHm y
CB0jOj CTPYKTYPH ¥ TIOJMHU UMajy Naneko Behe mace jena, OWio Ja MOTUIY O] PEITUKTHHX
nenHuKa win nepmadpocra. M 'y camoj Macu akTUBHMX KaMEeHUX JieAHNKa Aunra u [lupuneja
npocTop u3Mel)y apobuHe u OJI0KOBa MacHUBHH]E je TOMYH-CH JIEIOM, TOK ce Ha KomaHuky
Taj JIeA jaBjba Yy MamHM KOJMYMHAMA, Al JOBOJGHHM Jla M3a30BY NposiehHO Kperame
KaMeHe peKe.

Ha ocHOBY BHMIICTOIMIIBMX OCMAaTpamba MOXE C€ 3aKJbyYHTH O CaBPEMEHO]
OUHAMHULON KpeTama KaMEHHX peKa-KypyMa U HUXOBOM OIHOCY IIpeMa KaMeHUM
JeIHUnUMa. Y 3UMCKHM W HapOdYUTO Yy MpojeliHUM MecelrMa CTHYY ce YCJIOBH Ja KaMeHe
CTpyje U KaMeHe peke Oyay 3acuhieHe JiejoM y IpocTopy Meljy GIoKOBMMa M JPOOMHOM U
KaKo T10/1 COTICTBEHOM TEKHUHOM, TAKO W IOJI YTUIAjeéM OTKPaBJbEHE IOJUIOTe, JI0Ja3H JI0
IIXOBOT KpeTawa U (popMupama 4eoHnx Hadbopa. MeljyTum, TOKOM JieTa cy TeMerneparype
CYBUILIE BUCOKE U JIEJ| U CHET y MOTIIYHOCTH C€ TOIE U KaMeHe peKe 3a/1001jajy IPUBHIHA
(ocuTHH KapakTep, 10 HapeaHe 3uMe, Kaja ce Ipolec OHaBIba.

Ha Komnaonuky Tpeba HacTaBUTH NCTPa)KMBabE MEPUTIIANMjATHUX T0jaBa M 00JIHKa,
moceOHO ca acrekra IepUrialdjaHUX Haclara Kojé Cy Ha OBOj IUIAHHMHM 3Ha4yajHO
3aCTyIUbeHe. Y TOM CMHCIY Kao 3HauyajHy YMILCHHIy TpeOa TpeTHpaTu I0jaBy MajnHCKOT
KypyMa-KaMeHe peKe Y M3BOPHIITY YTJbEHCKE peKe, Kao MoKa3aTeshba CaBPEMEHHX yCJIOoBa
nepurianujanHe cpeauHe Ha KonaoHuky.



49
Jluteparypa

Baroni, C., Carton, A., Seppi, R. (2004). Distribution and behaviour of rock glaciers in the Adamello-Presanella
Massif (Italian Alps). Permafiost and Periglacial Processes, 15, 3, pp. 243-259

Barsch, D. (1996). Rock glaciers-Indicators for the present and former geoecology in high mountain environments.
Springer (Series in the Physical Environment, 16), 331 pp., Berlin

Benyj, C. (1992). CaBpemeru reoMophooiiky npouecu y kpuochepu ceeporcroune lap-mianusne. I nacnux
Cpnckoe eeoepagpckoe opywmea, 62, (1), 13-24

Bennj, C. (2003). I'eomopdonomke oxauke. Y Mmonorpaduju: Meroxujcke IIpokneruje-npuponna u KyIaTypHa
Gawtuna. M3name 3aBona 3a 3aumrruty npupoae Cpbuje, ctp. 52-75. Beorpan

Bennj, C. (2005). 3amrura reomopdonomkux (eHoMeHa nepurianujanHe cpenune [Ipokietuja ¥ HBHXOBO
BpenHoBame. Jpyru Hayunu ckyn o reonacnely Cpouje, IToceOHO m3name 3aBoaa 3a 3alITUTY NPUPOJIC
Cpbuje, 20, ctp. 135-139. Beorpax

Benuj, C. (2007). O6jextu reonacineha nepurnanujanse cpegune llapnnanune.300pauk panosa IIpBor koHrpeca
cprckux reorpada, km. 1, crp. 207-214, Cpncko reorpadceko apymTBo, ['eorpad)ckut MHCTUTYT ,,JoBaH
Lsujuh* CAHY, I'eorpadckn dakynrer-beorpan, Jlenaprman 3a reorpadujy, Typusam U XOTEIHjepCTBO,
Hosu Can, beorpan

benyj, C., Ayuuh, B., Munoanosuh, b., Jlykosuh, J., Mumrdesuh, 1. (2004). Mpa3He TpaBHe XyMKe — TyQypH Ha
o6oxy Ilemrepckor noska. 3amrura npupoze, 55/1-2, crp. 15-27, 3aBox 3a 3amruty npupoxe Cpbuje,
Beorpan

Bbenyj, C., Hemnh, /1. (2005). I'eomopdomnomku obnunu nepurianyjanse cpenune Ha Ctapoj IUIaHUHU, BUXOBA
3amTuTa U MeHaMeHT. [loceOHo n3name 3aBona 3a 3awrtuty npupoae Cpouje, 20, crp. 155-158. Beorpan

benuj, C., Hemuh, /1., Munosanosuh, b. (2008). CaBpemeHn reoMop(hOIOIIKH IPOIIECH U 00N pesbeda
nepurnanujante cpenune Crape raHuHe. 3amTuTa npupoae, 59/1-2, crp. 19-50, 3aBox 3a 3amrury
npupone Cpouje, beorpan.

benuj, C., Hemmh, /1., Munosanosuh, b. (2008). CaBpemern reoMop(hOIOIIKH IPOLIECcH U 00IuiH pesbeda
nepurnanujanse cpenune Konaonuka. Enabopar, roauiimsy U3BELITaj 110 NPOjEKTHO] TEMH
.| eoUBep3uUTET U 00jeKTH reoHacneha nepurnanujante cpenuHe Ha mwannHama Cp6uje (2006-2010)°,
crp. 1-46, Apxus 3aBoza 3a 3amrtuty npupoae Cpouje, beorpan

Bacosuh, M. (1988). Komaonuk. [ToceOHa n3nama Cprckor reorpadekor apymrsa, Kib. 65, ctp 1-238, Beorpan.

Washburn, A. L. (1988). Geocryology. A survey of periglacial processes and environments. Edward Arnold,
London

Grabherr, G., Gottfried, M., Pauli, H. (2001). High Mountain Environment as Indicator of Global Change. Book
Chapter in: G. Visconti et al. (eds). Global Change and Protected Areas, pp. 331-345, Advances in Global
Change Research, vol. 9, Kluwer Academic Publishers, Netherland

I'pyna aytopa, (1970). Osnovna geoloska karta SFRJ, list Novi Pazar 1:100 000. Savezni geoloski zavod, Beograd.

Darwin, C. R. (1845). Journal of researches into the natural history and geology of the countries visited during the
voyage of H. M. S. Beagle round the world, under command of Capt. Fitz Roy. John Murray, London

Everdingen, van, R. (2005). Multi-language glossary of permafrost and related ground-ice terms. National Snow
and Ice Data Center, Boulder

Evin, M., Fabre, D. (1990). The distribution of permafrost in rock glaciers of the southern Alps (France).
Geomorphology, 3, 1, pp. 57-71, Elsevier, Amsterdam

Tkeda, A. (2004). Rock Glacier Dynamics near the Lower Limit of Mountain Permafrost in the Swiss Alps. A
dissertation submitted to the Doctoral Progra, in Geoscience for the degree of Doctor of Philosophy in
Science, pp. 1-107, University of Tsukuba

Ilyina, L. S., Mayzenberg, M. S. (1996). Kurum (stony) soils with suspended profile and the role of phytosystems
in their formation. Eurasian soil science, 28, 10, pp. 70-86, Birmingham

Millar, I. C., Westfall, D. R. (2008). Rock Glaciers and related periglacial landforms in the Sierra Nevada, CA,
USA,; inventory, distribution and climatic relationships. Quaternary International, 188, 1, pp. 90-104,
Elsevier, Amsterdam

Hemwh, 1., Mununuunh, M. (2004). CrenuduaHOCTH BUCOKOIUTAHMHCKHUX Kiau3uiuTa Ha npumepy HIT Konaonuk.
Samrruta npupone, 55/1-2, crp. 5-14, 3aBoj 3a 3amruty npupone Cpbuje, beorpa.

Pernety, A. J. (1771): The History of a Voyage to the Malouine (or Falkland) Island, made in 1763 and 1764. T.
Jefferys, pp. 1-294, London

Panosanosuh, M. (2001). Ytunaj pesseca 1 aTMocdepcke NUpKyIanuje Ha audepeHnujanyjy xmmmara y Cpouju.
Pyxomuc nokropcke aucepranmje, I'eorpadeku daxynrer, beorpaa.

Refsnider, A. K., Brugger, A. K. (2007). Rock glaciers in central Colorado, USA, as indicators of Holocene climate
change. Arctic, Antarctic and Alpine Research, 39, 1, pp. 127-136, Institute of Arctic and Alpine Research,
University of Colorado

Ribolini, A., Chelli, A., Guglielmin, M., Pappalardo, M. (2007). Relationships between glacier and rock glacier in
the Maritime Alps, Schiantala Valey, Italy. Quaternary Research, 68, 3, pp. 353-363, Elsevier, Amsterdam

Rosenbaum, M. (1996). Stone runs in the Falkland Islands. Geology Today, 12, pp. 151-154, Geological Society of
London

Schrott, L. (1996). Some geomorphological-hydrological aspects of rock glaciers in the Andes (San Juan,
Argentina). Zeitschrift fiir Geomorphologie, Supl. Band 104, s. 161-173, Berlin-Stuttgart



http://www.blackwellpublishing.com/society.asp?ref=0266-6979&site=1
http://www.blackwellpublishing.com/society.asp?ref=0266-6979&site=1

50

Seppi, R. (2006). Rock glaciers of the Central Alps as environmental indicators (Adamello-Presanella Group and
eastern sector of the Ortles-Cevedale Group). PhD Thesis, Earth Science Department, University of Pavia

Serrano, E., San Hose, J. J., Agudo, C. (2006). Rock glacier dynamics in a marginal periglacial high mountain
environment: flow, movement (1991-2000) and structure of the Argualas rock glacier, the Pyrenees.
Geomorphology, 74, 1-4, pp. 285-296, Elsevier, Amsterdam

Cwmamnaruh, J. (1995). Knuma Konaonuka. PenyOiandku XuapoMeTeoposIonKy 3aBoj, beorpan

Smailagi¢, J. (2002). Klimatske karakteristike Ravnog Kopaonika. Zbornik radova I konferencije "S planinom u
novi vek", Drustvo prijatelja Kopaonika, str. 83-88, Kopaonik.

Tumodees, A. 1., Briopuna, A. E. (1983). Tepmunonorus nepurisiuaisaoi reomopgoorun. V3narersctso
«Haykay, 1-201, Mockaa.

French, H. M. (2007). The Periglacial Environment. p. 3-458, Wiley, Chichester

Haeberli, W. (1985). Creep of mountain permafrost: internal structure and flow of alpine rock glaciers.
Mitteilungen der Versuchsanstalt fiir Wasserbau, Hydrologie und Glaziologie, 77, 142 pp., ETH Ziirich

Hollermann, P. (1983). Blockgltscher als Mesoformen der Periglazialstufe. Bonner Geographische Abhandlungen,
67, 72 pp., Bonn

Hughes, P. D., Gibbard, P. L., Woodward, J. C. (2003). Relict rock glaciers as indicators of Mediterranean
paleoclimate during the last Glacial maximum (Late Wiirmian) in northwest Greece. Journal of Quaternary
Science, 18, 5, pp. 431-440, Wiley, New York

Humlum, O. (2000). The geomorphic significance of rock glaciers: estimates of rock glacier debris volumes and
headwall recession rates in West Greenland. Geomorphology, 35, 1-2, pp. 41-67, Elsevier, Amsterdam

Capps, S. R. Jr. (1910). Rock glaciers in Alaska. Journal Geologic, 18, pp. 359-375.

Chueca, J., Julian, A. (2005). Movement of Besiberris Rock Glacier, Central Pyrenees, Spain: data from a 10-Year
Geodetic Survey. Arctic, Antarctic and Alpine Research, 37, 2, pp. 163-170, INSTAAR, University of
Colorado



51
UDC 911.2:551.053(23)(497.11)

DRAGAN NESIC!
SRDAN BELIJ? '
BOSKO MILOVANOVIC?

MECHANISM OF GENESIS OF SLIDING BLOCK FIELDS ON THE SOUTH
SLOPE OF PAN¢I¢’S PEAK (2017 m), KOPAONIK

Introduction

Serbia is located approximately in the middle of the north temperate zone, i.e. in the
central part of the Balkan Peninsula, where there are several mountains the highest parts of
which enter the present periglacial altitude zone. One of those mountains is Kopaonik (2017
m), the highest parts of which enter the high-mountainous periglacial zone, above the upper
forest border. Several forms and occurrences of periglacial environment have been
registered on the southern border of presence and occurrence in the mountains of the South
Eastern Europe. This is why these forms, as relatively rare phenomena, are significant and
interesting for research, especially within periglacial geo-diversity of Serbia.

New field research in Kopaonik established the occurrences of complex and slow
thermogenic landslides (Nesic, D, Milincic, D, 2004), then frosty occurrences in the soil,
such as sorting of creep or frosty grass hummocks — tuffs and migrating clods. There is a
significant presence of detritus strata of soil destroyed by frost (Vasovic, M, 1988) and
erosion nivation and frosty forms, whereas occurrences of sliding blocks are relatively rare.
Especially, the occurrence of sliding block fields has been established (Belij, S, 1992),
which is going to be the main subject of our consideration.

Research to date

It is general knowledge that in the conditions of the cold mountainous climate
intensive temperature and frosty demolishing of rocky foundation is performed with forming
of large surfaces with creep and blocks. Such strata often separate as stone sea, crioclastic
karst, detritus or slope strata or kurums (stone rivers), which is the generally accepted
Siberian term (Tumodees, A.Jl, Briopuna, A. E, 1983; Everdingen van, R., 2005). If these
products of decomposition remain on the point of creation, i.e. unless they are not seized by
movement, they are called block fields (in English terminology or felsenmeer in German
terminology).

Often, these frost-made strata are caught in movement and if the agent that moves
these strata, in addition to primary gravitation, is a complex of periglacial processes (frosty,
snow-patch, snowy and eolian processes), then these occurrences are called kurums, stone
streams (TOTOK KaMeHBIN), stone rivers (peka kameHHas), stone currents, fields of sliding
creep or other (Tumodees, A. J1., Briopuna, A. E., 1983; Belij, S, 1992).

These forms are best described in the Falkland Islands, ever since Pernety and
Darwin (Pernety, A. J., 1771; Darwin, C. R., 1845; Thomson, C. W., 1877; Davison, C.,
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1889), when the term “stone river” came into use, to modern research that has established
the periglacial nature of stone rivers (Rosenbaum, M., 1996; Stone, P., 2000; Hall,
K., 2002; Hansom, J. D., Evans, D. J. A., Sanderson, D. S. W., Bingham, R. G., Bentley, M.
J., 2008; Wilson, P., Bentley, M. J., Schnabel, C., Clark R., Xu, S., 2008; Andre, M. F.,
Hall, K., Bertran, P., Arocena, J., 2008), but with the impact of the structure, lithology and
long period of tundra climate (Joyce, J. R. F., 1950). In our surroundings they are described
in the mountain Vitosha in Bulgaria (www.park-vitosha.org), in the mountains Pelister and
Korab in Macedonia (Stojadinovic, C, 1962), in Sar Planina (Belij, S, 1992, 2007), in Stara
Planina (Belij, S, Nesic, D, 2005; Belij, S, Nesic, D, Milovanovic, B, 2008), in Prokletije
(Belij, S, 2003, 2005), and they are observed in bigger number in the Romanian Carpates, in
Rila, Balkan and Pirin in Bulgaria, in Durmitor in Montenegro etc. Each of these
occurrences of movement of crioclastic strata has its specificities according to the genetic
mechanism of movement or morphological relations and position in the relief. One of the
problems is certainly insufficient theoretical-terminological definition of this phenomenon,
as well as the lack of its comprehensive classification and systematisation on the genetic
principle.

Another problem is the relation of stone rivers and stone currents and rock glaciers,
which, as a very attractive subject of research, are given in detail for many periglacial areas
of high latitudes and high mountains, from pioneers of these research (Capps, S. R. Jr.,
1910), through classic research (Hollermann, P., 1983; Haeberli, W., 1985; Washburn A. L.,
1988; Evin, M., Fabre, D., 1990; Barsch, D., 1996; Schrott, L., 1996), to modern research
(Humlum, O., 2000; Hughes, P. D., Gibbard, P. L., Woodward, J. C., 2003; Ikeda, A., 2004;
Baroni, C., Carton, A., Seppi, R., 2004; Seppi, R., 2006; Serrano, E., San Hose, J. J., Agudo,
C., 2006; French, H. M., 2007; Ribolini, A., Chelli, A., Guglielmin, M., Pappalardo, M.,
2007; Refsnider, A. K., Brugger, A. K., 2007; Millar, 1. C., Westfall, D. R., 2008). From the
initial descriptive notes on the occurrence of rock glaciers themselves, through detailed
inventories and catalogues and connection with climate conditions, to modern instrumental
measures of movement and establishing the manner of formation and mechanisms of
movement of rock glaciers, it is all covered by the works of geo-morphologists, hydrologists
and ecologists, with modern tendencies towards ecologisation of the problem and defining
rock glacier as a sensitive indicator of modern climate changes (as all other occurrences in
periglacial environment). A significant share of frozen soil (permafrost) in the mechanism of
movement of rock glaciers separates them from stone rivers and stone currents where ice
occurs only in the space between blocks and creep, which is the main difference, however, it
is interesting that in Kopaonik there is a transient form with the combination of the
movement mechanism of both groups of forms.

On the south slope of Pancic’s Peak (2017 m), a few occurrences of movement of
creep of various surface, granulation and relations of occurring in the relief have been
established. These occurrences in Kopaonik have the characteristics of a crioclastic creep
seized by movement under the influence of the complex of colluvial and periglacial
processes, by which they correspond to the periglacial occurrences. Considering that over
several years of observation active movement of creep was established, this occurrence is in
the domain of modern periglacial processes.

Picture 1. Stone rivers - kurums on the south slope of Pancic’s Peak, photo: S. Belij
General features of the areas with sliding block fields

The area of Suvo Rudiste (1976 m), of Pancic’s Peak (2017 m) and Nebeske stolice
(1913 m) corresponds to the spatious haystack mountainous form that rises over high
Kopaonik area. This area with the stated mountain peaks is prominent as the highest or
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central Kopaonik. For the most part it is made of Kopaonik metamorphites, paleosoic
sericite-chlorite slates and crystal limestone, dolomites, marble and calc-schist, and there are
also the rocks of Kopaonik granitoid complex, as well as the rocks of ultrabase
metamorphites, i.e harzburgites (Group of authors, 1970).

The south slope of Pancic’s Peak (2017 m) towards the valley of the Ugljenska River
is made of sericite-chlorite slates, but on the periphery of this area there are also the rocks of
harzburgites and metamorphic carbonate complex. This is a very complex slope that
connects Pancic’s Peak with Nebeska Stolica (1913 m) and presents a classic polygon with
the biggest concentration of creep moving down the slope, because it turned out that in
many mountains a tumultuous dynamics of periglacial slope processes is directly dependant
on the combination of frequent freezing and direct insolation. In addition to these
occurrences on the eastern slope of Pancic’s Peak there are individual sliding blocks, and
towards Nebeska Stolica a series of cryoplanation plateaux. All these periglacial
occurrences and forms are in the altitude zone of 1750-2000 m on the mountain side above
secondary upper forest border, in the ecotone forest-tundra, with mountain dark fertile soil
overgrown by grassy vegetation and low flattened juniper bush.

The climate characteristic of periglacial environment of mountain Kopaonik

The climate of mountain Kopaonik is influenced by continental and maritime air
masses. The distance between this mountain and the Adriatic sea is 200km (approximately).
Thus, between Kopaonik mountain and Adriatic sea there is a system of high mountain
ranges which reduces maritime influence. On the other hand, Sar planina mountain and
mountain Skopska Crna gora (with northeast-southwest direction) are obstacle for the
maritime influence from the south (from Aegean sea). Vasovic M. (1988) quote: “Certain
influences of Mediteranian sea are reaching Kopaonik mountain from the southwest and
south through the Kosovo and Metohia, by the valleys of rivers Vardar and Lepenac. The
continental influence are encountering from the north across relatively low altitude terrain of
Sumadija and the valleys of rivers Velika and Zapadna Morava.

For the air temperature analysis, the data from the station Kopaonik (1710m a.s.l)
are used. The data are taken from Smailagic J. (1995) and consider period from 1950-1994.
However, for the presentation of the extreme air temperatures and number of days with
characteristic temperatures, data for the period 1991-2005 are used®. The data from the peak
Pancicev vrh (2017m a.s.l) are also shown, but there are only data for the period 1949-1957
and 1968-1970.

According to the data in Table 1, the coldest month on the mountain Kopaonik is
January with average monthly air temperature of -6,0°C. This month is colder than February
for 0,8°C. On the other hand, the warmest month is August which is warmer than July for
0,3°C. This “sliding” of the warmest month is not unusual in the higher mountain terrain.

Table 1. The average monthly and annual air temperatures on mountain Kopaonik (period 1950-1994)
and peak Pancicev vrh (period 1949-1957; 1968-1970)

Station

name 1 11 111 1\ V| VI| VIl | VI | IX X XI | XII | Tox
Kopaonik -6 | -52 | 27 13162 (195|116 | 119 |85 |43 ]| -0,1]-38] 29
Pancicev

vrh 74 1-69 | -511-07 4784101 | 102 | 73|42 ]| -06] -3,6 1,7

* The data for the period 1950-1994 exist only as a calculated mean values and for the
period 1991-2005 the data for each year in time series were available
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The average monthly air temperature of the warmest month is important because
W. Koppen had determined that height of 10°C isotherm is often taken as a vertical forest
border and can be significant indicator of vertical differentiation of climate.

The data from the peak Pancicev vrh indicate that isotherm of the warmest month
is located on a higher altitude. However, concerning the fact that time series from this
station is not long enough, and that vegetation is still just circumstantially indicator of
vertical differentiation of climate, we have tried to determine transition from mountain to
high mountain climate zone by use of temperature gradients.

Smailagic J. (1995) gives monthly values of temperature gradient for 11 stations
surrounding Kopaonik mountain. Values of these gradients in August varies from
0,53°C/100m (profile Kursumlija-Kopaonik) to 0,72°C/100m (profile Podujevo-Kopaonik).
Because of the inhomogeneity of time series, and specific location of the stations as well, we
used average value of these gradients (0,61°C/100m - calculated as a mean value of 11
station pairs set against Kopaonik). By use of this value of temperature gradient, isotherm of
10,0° of the warmest month is located between 1950-2000m a.s.1.

The absolute maximum temperature in period 1991-2005 is noticed on July 27" in
a year 2000. The absolute minimum temperature is noticed on January 31% in a year 1991 (-
23,5°C). The absolute minimum temperature in a period 1950-2005 is recorded on 25™ of
January 1954 dropping to -26,6°C. Concerning the altitude of mountain Kopaonik, this is
not impressive minimum of air temperature. In Sjenica which is one of the well known
“poles of coldness” in Serbia (but on a 700m lower altitude than Kopaonik) in a January of
1991 air temperature of -34,8°C is recorded. Such a relatively high minimum temperatures
could be caused by location of a station on a slightly inclined and plain side (there is no
“favourable” conditions for the air stagnancy and its constant cooling).

Misic (1964) concerning vertical distribution of vegetation on mountain Kopaonik
quote: “The temperature inversion on mountain Kopaonik induce changes in vegetation
zonation. In a valley of a river Samokovska reka, where cold and wet air masses and a large
masses of slow melting snow are restrained, spruce is presented without any deciduous
species, although this valley is lowering to 1350m a.s.l.

Concerning fact that the theme of this paper is periglacial environment on
mountain Kopaonik, where ice and frost days, and days with snow cover as well are
important factors, frost potential model (developed by Belij S. et al) is shown (equation 1).

Fp=Fq-14-SCq equation 1

where F,- frost potential; Fg— number of frost days; 13- number of ice days; SCy4 — days with
SNOW Ccover;

By applying shown equation on the data from the mountain Kopaonik we get
results presented in Table 2.

According to the data from the Table 2, we can see that average value of frost
potential on the mountain Kopaonik is “just” 15,2 days. In comparison with a plateau of
Pestersko polje where the frost potential value is 46, we can conclude that this potential on
the mountain Kopaonik is relatively low. However, it should be kept in mind that the data
are gathered from the station where there is no suitable conditions for the frosting of soil. On
the other hand, on a places with good predispositions for the retention of a cold air it could
be expected that the frost potential will be higher, specially if monthly dynamics is
concerned (Table 3).
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Table 2: Multiannual dynamics of frost potential on the mountain Kopaonik (period 1991-2005)

Year 1 1I 111 v \ VI VII | VIII IX X XI XII Sum
1991 -22 -19 | -12 -7 3 1 0 0 1 0 10 -18 15
1992 -21 -19 -14 -7 4 0 0 0 2 6 0 -16 12
1993 -22 -19 -22 -7 1 1 0 0 4 4 -3 -12 10
1994 | -17 -14 -6 9 4 0 0 0 0 10 4 -12 27
1995 -9 -6 | -IS -18 -1 0 0 -1 2 9 -16 -16 11
1996 -18 -22 -23 -12 -1 2 0 0 8 -3 2 -12 12
1997 -17 -14 | -I5 -18 -4 0 0 0 1 8 4 -18 13
1998 -18 -15 -19 1 5 0 0 0 0 9 -10 -17 15
1999 -26 | -23 -12 -10 2 -1 0 0 0 8 8 -6 18
2000 -20 | -18 -14 -10 3 1 0 0 3 10 6 -4 23
2001 -14 | -17 0 -3 3 1 0 0 3 5 -3 -29 12
2002 -12 -9 -14 0 1 0 0 0 3 11 4 -15 19
2003 -27 -24 | -18 -13 0 0 0 0 1 -1 11 -3 12
2004 | -17 -15 -18 -4 7 0 0 0 2 3 -10 1 13
2005 -28 -25 -19 -1 3 3 0 1 0 6 3 -19 16
Aver v. 0 0 0 0,7 2,4 0,6 0,0 0,1 2,0 5,9 3,5 0,1 15,2

Table 3: Appearance probability (%) of ice and frost days with a datum of average
beginning and ending of a days with snow cover (Smailagic J. 1995)

1 11 11 v \Y VI VII VIII IX X XI XII Ton
Ice days 70 67 44 17 2 0 0 0 0 6 26 49 23
Frost days 99 98 92 67 18 2 1 0 11 40 71 92 48
Days with Average ending Average beginning
SNOW Ccover May 12" October the 13"

According to the data from the Table 4, average amount of precipitation on the
mountain Kopaonik is 917,9 mm (period 1950-1994). This is relatively low amount of
precipitation considering altitude of this station. Radovanovic M. (2001) quotes: “In a
western part of Serbia, stations on the altitude above 1000m a.s.l. receive over 1000mm”.
This author explained that relatively low amount of precipitation on the mountain Kopaonik
is caused by the position of the main ridge of the mountain Kopaonik regarding direction of
wet masses.

Table 4. The average monthly and annual amount of precipitation on the mountain KopaonikCpeame
MeceyHe M Cpeiba roAMIIba KOJUYHHA najaBuHa Ha Konaonuky (period 1950-1994)

I I u | oI % VI v | v | Ix X Xl | X An;“al
Kg}’kao 551 | 544 | 612 | 71,9 | 11,1 | 1166 | 954 | 793 | 682 | 68,8 | 73,5 | 62,4 | 917,9

In a pluviometric regime there are two maximums and two minimums of
precipitation.

Primary maximum is in June, and secondary one is in November. Primary
minimum is in February, and a secondary one in September. Despite larger amount of
precipitation in a warmer half of a year (59%), it can not be concluded that the pure
continental pluviometric regime is represented on the mountain Kopaonik. Rakicevic T.
(1979) quotes: “ The pure continental pluviometric regime is determined with one maximum
of precipitation in the beginning of summer, and with one minimum of precipitation during
winter months”. Thus, as a modification of this type Vujevic P. (1953) instigate Danube
variant with the maximum of precipitation on a late spring and in October, and the driest




56

month is February. Rakicevic T. (1979) quotes that secondary maximum of precipitation
beside October could be found in November and December.

Wind is highly dependant of spatial distribution of anticyclones and cyclones (flow
direction is determined by pressure difference), but in a mountain terrain, relief is also an
important factor of wind direction. On the mountain Kopaonik, on annual scale the most
frequent wind is from the southwest direction (during seasons this direction of wind is the
most frequent as well). Exception is summer when the wind from northeast direction is
represented. Also, it is rationale to assume that with higher altitudes wind speed is growing.
Radovanovic M. (1995) quotes: “During the movement of the air above the topographic
obstacles, wind flow is constantly adjusting to the terrain and becoming strong on the
saddles”. Smailagic J. (1995) quotes: “On the mountain Kopaonik, during all months of the
year, winds are stronger then in a lower parts of this terrain. The differences between
average speed of wind in January is 1,2-1,5m/s and in August 0,9-1,0m/s. The highest wind
speed is recorded in the February 1951 (8,1m/s) and 7,7m/s in a October of 1955. We can
conclude that the wind speed could be much higher than those shown in the Table 5”.

Table 5: The average monthly wind speed (m/s) on the mountain Kopaonik (Smailagic J. 1995)

Month I II | O [ IV | V | VI [Vl |VIID|IX | X | XI | XII | Annual

Speed | 42 | 42 |43 | 43 [ 3,7 36|33 | 32 | 34|40 | 41| 44| 39

Morphological features of sliding block fields

On the south slope of Panic’s peak (2017 m) several dozen areas with sliding creep
have been established. These areas have different morphological features that are
determined by climate conditions, as well as other local orographic factors, i.e position on
the slope, relation with other sliding areas of creep and genetic relations in the process of
movement of creep.

Picture 2. Detail in the area among blocks and creep with ice, photo: S. Belij

On shorter lateral slopes, the most often found are the forms of sliding creep in the
form of stretched, frontally arching, stripes of creep 5-15 m long and 1-5 m wide, with
arching soil walls 0.5-1.5 m high (Sk. 2, Profile A). These soil walls, in addition to the
frontal creep stripes are present laterally as well, with gradual reduction towards the end of
the creep surface. Within such stretched, lingulate and elevated zones there are creep and
blocks of centimetre and decimetre dimensions, where it has been observed that shorter
stripes have smaller creep, and vice versa, longer stripes and creep tongues have larger creep
and blocks. In the central part of these stretched arching creases creep has been washed
away, whereas on the side and frontally towards the soil walls creep plunges into these
strata.

In the central part of the south-south west slope, where countinous slope is
significantly long, sliding creep has different morphological features. Here, there are narrow
and long creep areas, real stone rivers, in some places even over 100 m long, with width of
10-20 m (Sk. 3, Profile B). In these creep areas the height of soil walls is somewhat lower
than in the previously stated and is 0.5-1 m. These sliding creep areas in some places grow
together laterally, thus forming a complex zone of creep and soil walls. In the area of
depression a complex discontinuous and wide river of creep and blocks and arching soil
walls was formed, in the length of several hundred metres. It is a complex river of sliding
creep and blocks and soil walls that accompanies tipographic surfaces. Thus, it is observed
that creep currents in the depression diverge and converge, or they slide laterally, in relation
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to the slide, down local slopes forming asymmetry in the accumulation of creep and
establishment of side soil walls. All this gives the impression that creep and blocks move in
all directions where general and local slopes allow this to happen. This large and stretched
stripe of creep and blocks observed as a whole corresponds to the type of a real stone stream
or stone river (IIOTOK KaMEHBIH, peka kaMeHHas1, KypyMm, Tumodees, A. [, Briopuna, A. E,
1983) seized by present complex colluvial-periglacial movement.

Sk. 3. Types of sliding creep (kurums) on the side of Pancic’s Peak (2017 m). A—profile of stretched lingulate
stripes of sliding creep, B—profile through stone stream or stone river, classic form of kurum caught by movement,
V-profile through valley, covered kurum in the spring area of the Ugljanska river. Explanation: 1-soil wall, 2—
fields of sliding creep.

In both examples of morphological presence of the fields of sliding creep, the layer
of these clastic strata is 0.5-1.5 m thick. Somewhat thicker is creep observed in arching
creep zones outside of depression, while in the area of this depression in the direction of a
stone stream there is a marked thickness of creep of 0.5-1 m. In one open sondage profile a
relation was noted of larger creep to the area and smaller creep in the slope of these sliding
strata, where smaller creep at the bottom of the profile plunged in the soaken mass of dark
fertile soil. According to the lithological foundation of the souther slope of Pancic’s peak,
sliding creep is made of sericite-chlorite slates, and the chunks of quarz have been
ascertained. It has been observed that creep chunks on the surface have a dark colour due to
lichens, rare moss, while in the inside of this profile these rocks are light yellow and rinsed,
which indicates the suffotion relations. The dark colour of the rock on the surface of the
profile is especially significant when warmed by direct solar radiation. It has been noted in
the field that snow melts quicker around dark creep chunks that stick out. Soil walls in front
of the sliding creep correspond to various stages of their formation. (Sk. 4) starting from the
stage of lifting of clods (A), the stage of certain standstill in the direction of the wall (B) and
the stage of breaking through the soil wall (V).

Sk. 4. The stages of formation of soil walls on the front of the field of sliding creep. A—stage of lifting soil
clods, B—stage standstill of soil walls in the maximum of aelevation, V— stage of breaking through the soil wall.

In the spring area of the Ugljenska river, directly above the spring of the river, hilly
strata of creep have been established, covered by continous pedologic-grass cover (Sk. 3,
profile V). These strata are directly laterally in relation to the mentioned shallow depression
with an active stone river. According to this position and hilly pattern they give the
impression of old crioclastic strata or kurum, which, according to the position in the valley,
may be declared as valley, covered kurum (kypym monmuusiii, Tumodees, A. JI, BriopuHa,
A. E, 1983). Underneath these strata it can be clearly seen the bend/curve of the regressive
fluvial erosion of the spring area of the Ugljanska river.

Based on the aforestated, it may be said that the valley kurum in the spring area of
the Ugljanska river an indicator of older periglacial stages in Kopaonik that were generally
manifested in significant formation of crioclastic and thermogenic strata, which is a
phenomenon established by the previous researchers as well (Vasovic, M, 1988). Old valley
kurum in the spring area of the river is significant also as an indicator of the continuity of
paleo- and present periglacial processes in Kopaonik.

Mechanism of creep movement

Analytical consideration of the morphological features of sliding creep and blocks
and field research in colder part of the year gave certain answers as to the dynamics and
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genetic mechanism of formation of this complex periglacial phenomenon. The fact that
these occurrences have been established only on the south slope of Suvo Rudiste and
Pancic’s Peak in the conditions of very dynamic and extreme daily temperature changes
with intense insolation of the bare south side during clear days and exposure of this side to a
dominant wind from the south quadrant. This leads to the more intensive melting of the
snow on the south side, more dynamic relations of moistening of the surface and rock
foundation, as well as extreme relations of daily fluctuations of air temperature in ground
stratum. With general range of cold alpine climate, mountains with average annual
temperature of around 0°C and morphological relations of a very steep side with slope of 30-
50°, this is a zone framework for formation of massive movement of creep and blocks.

Picture 5. Frontal creases formed in front of stone rivers, photo: S. Belij

In such areal and weather-climate range on the south slope of Pancic’s peak snow
melts more intensely during clear winter days or when there is warm south wind. This leads
to slow filtering of slush-flow into the mass of creep and blocks in form of drops or drips.
Due to the fact that the air temperature in the creep mass is always lower or under the
influence of rapid evening fall of temperature, there is freezing of slush-flow with formation
of ice on the chunks of creep and their growing together here and there and cementing,
which was established during one sondage digging. Such formed ice does not thaw in
winter, but only builds up due to the stated fact that creep-ice mass constantly retains lower
air temperature. It seems that the most favourable conditions for the described relations
during March and April when there is a lot of snow in the mountain and when there is a
relatively higher number of sunny days, but also of frosting and freezing nights. In these
conditions of constant building up of ice, at the end of winter there is formation of compact
creep-ice mass of stone glaciers with significantly increased weight which leads to
occasional movement across thawed surface. In spring thawing, these forms are inert the
longest. On soaken soil in dynamic conditions of its daily thawing and freezing there is
homogenic sliding of the entire creep zone with plunging of the frontal part in the thawed
soil and building up of soil walls. The mechanism of the sliding process of this creep-ice
cemented mass is similar to the sliding and movement of the sliding blocks. Completely or
partially connected creep-ice mass as a uniform whole moves down the side. This
movement unfolds rapidly or slowly, intermittently, but so far we do not have a more
reliable answer on specific dynamics and scope of movement for which it is necessary to
establish monitoring with a reference point as landmarks. In theory, both modes of
movement are possible. During field research there were examples of partial breakthroughs
of arching soil walls with relations of rolling of elevated creep on the soil wall, which is
similar to the breakthrough of soil walls with sliding blocks.

General late spring warming with the lack of frosty days gradually leads to thawing
of ice in inter-creep area and suffotion, i.e. rinsing of creep with such formed meltwater.
Movement of creep then stops until next favorable winter cycle. In the summer period only
gravitation and torrentuous-proluvial movements are active, with rinsing of creep with rain
wash.

Sk. 6 Relations of saturation of sliding creep with ice. A—dry creep, B—initial phase in deposits of ice, V—phase
of saturation of sliding creep with ice, i.e. phase of compactly cemented creep-ice mass.

Conclusion
According to the described relations, sliding of creep and blocks on the south slope

of Pancic’s peak is undoubtedly a periglacial phenomenon characteristic for high-mountain
areas or north areas of periglacial environment. This movement or sliding of creep and
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blocks is a complex occurrence that entails relations between colluvial and frosting
(criogenic) processes with the impact of the process of solifluction in dynamic conditions of
alternating freezing and thawing of the surface. Presented relations of sliding of creep in
Kopaonik should be understood as an addition to morphogenetic studies of kurum (stone
currents and stone rivers) and stone glaciers (inasmuch their movement is influenced also by
seasonal freezing of the soil) on their present southern and lower border of occurrence. On
this level of research procedure and theoretical knowledge on the matter for the stated fields
of sliding creep and blocks in Kopaonik, it should be presumed that they have certain
specificities in terms of the described morphogenetic mechanism. For more complete
theoretical assumptions on this matter further research is needed with monitoring on wider
regional area and different environment conditions. For example, for stone glaciers of the
central Alps on the height of 2300-2500 m it was established that they are moving 10-15
cm/year (Seppi, R., 2006), stone glacier Besiberris in Pyrenees moves with the speed of 8-
13 cm/year (Chueca, J., Julian, A., 2005), but they have far larger masses of ice in their
structure and foothill, whether they originate from relict glaciers or permafrost. Also, in the
mass of active stone glaciers of the Alps and the Pyrenees the area between creep and blocks
is more massively filled with ice, whereas in Kopaonik this ice occurs in smaller quantity,
but sufficient to cause spring movement of a stone river.

Based on several years of observations a conclusion may be reached on present
dynamics of movement of stone rivers-kurums and their relation to stone glaciers. In winter,
and especially in spring months, conditions are established for stone currents and stone
rivers to be saturated by ice in the space among the blocks and creep, and due to its own
weight as well as under the influence of the thawed surface, the movement and formation of
the frontal creases occur. However, during summer the temperatures are too high and ice
and snow melt completely and stone rivers adopt a seemingly fossil character, until next
winter when the process repeats.

In Kopaonik the research of periglacial occurrences and forms should be continued,
especially from the aspect of periglacial strata that are significantly present in this mountain.
In that sense, we should treat as a significant fact the occurrence of slope kurum-stone river
in the spring area of the Ugljenska River, as an indicator of the present conditions of the
periglacial environment in Kopaonik.
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