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HEPUTJTAIUJAJIHU PEJBE® IPHOOKA
(JYITOUCTOYHA CPBHJA)

JIPArAH HEUIWR' ", CPBAH BEIMI, BOIIKO MUJIOBAHOBUR®

'3a600 3a 3auwmumy npupode Cpéuje, Paona jedunuya Huw, Boxcoa Kapalopha 14/2, Huw, Cpéuja
?3a600 3a 3aumumy npupode Cpéuje, Jip Heana Pubapa 91, Hosu beozpad, Cpbuja
*Feozpagpexu uncmumym ,,Josan Lsujuh“ CAHY, Bype Jaxwwha 9, Beozpad, Cpbuja

Casxerak: Y pagy Cy NpHKa3aHH pe3yjiTaTd reoMOP(ONIONIKUX HCTPaKHMBamba IEpUrVIALjalHor pesbeda Ha
wianuen LpHook (1881 m) y jyromcrounoj CpOuju. OBH pe3ynTaTd Ccy yKa3ajid Ha 3HAa4ajHy 3acTyIUbEHOCT
caBpeMeHe MepHrianujagHe Mopdosoruje Ha 0BOj IUIAHMHM KOja Ce pa3BHja y a30HAJIHHM YCJIOBHMA IUTAHHHCKE
[epurianyjante cpeauue. Pesynaratn ucTpaxknBama ca L[pHOOKa 3HAaYajHHM Cy jep NpeICTaBibajy KOHTHHYHTET
CJIMYHUX HCTpaKMBama Ha cpeime BHCOKMM IutaHuHama Cpouje (Komaonmk, Crapa mmanuHa). Kommaparmjom
nopataka ca Komaonuka, Crape minanuse u Lprooka (Hemmh /., Mununuunh M., 2004; Benuj C. u ap., 2008;
Hemmwth . u nmp., 2009; Hemwnh ., 2009) mpouctude na ce y CIMYHUM KIMMATCKAM OKBHpHUMa Ca 3HA4ajHUM
ydemheM aHTPOIOrEHE AENATHOCTH, y CMHUCIY CMarbermha IMOBPIIMHA IOA IIYMOM Y HAjBUINMM IUIAHUHCKHM
JeJI0OBUMA, HAa OBHM IUIAaHMHAMa Pa3BHjajy c€ CIMYHU CaBPEMEHM [EPHUIIIALMjAIHA MPOLECH Kao I0Ka3aTesb
A30HAIHOT WM IPAHUYHOT OKBHPA Pa3BOja CaBpeMEHE INIAaHHHCKE ICPUIIIALHjaIHe CPeIHHE.

Toxom 2006-07. roqune nokpenyT je IIpojext ,,CaBpeMeHH HepUriIanyjaHi TeoMopdoIomKky ooy pesbeda Ha
anuHaMa CpOuje” TOKOM Kojer ¢y TepeHCKH uctpaxeHe Bucoke miannHe Cpouje (Crapa miannsHa, KomaoHuk,
Kyuaj, Besbanuna, 3natudop), anu u mianuse Jyroucroune Cpouje (Bapaenuk, becna Kobuna, Iykat u I{pHoOK).

KibyuHe peun: nepurianujaiHu pesbed), a3oHaNaHa IIAHMHCKA NEpUINanyjaiHa cpeanna, L{pHook, jyroucrouna
Cpowuja.

YBoa

CaBpeMeHa WM pELECHTHa BHCHHA TOpHE INyMCKE TpaHMIlE Ha IUIAaHWHAMa
Bankanckor momyoctpsa je y mojacy 1900-2300 m magmopcke BucuHe (bemmj C. u mp.,
2008). M3nax oBe BereTaldjcKe W KIMMATCKE TOPHE TPAHUIC HAa BHCOKHM IUIaHMHAMA
3aCTYIUBEH j€ Tojac caBpeMeHe INTaHNHCKE TIEPHUTIIAIHjITHE CPEANHE.

Y mpoumiocTH y yciIoBHMa arpapHe IPEHAceJbeHOCTH IUIAHWHCKHX TOJApYydja WIIH
rmotpeda 3a IPBETOM y OKBHPY IPUMHUTHBHOT pyAapcTBa, y CpOuju cy 3a padyH MpOCTpaHUX
IIyMCKHX KOMIUIEKCA INUpPEHE Ialllibadyke MOBpIIMHE. Tako je Ha BehwHnM miaHuHA
YCIIOCTaBJbEHA CBOJEBPCHA ,,aHTPOIIOTEHA HJIM M3MEH-ECHA TOpiba IITyMcKa rpanuia’. OBaksa
HW3MCIbCHA TOpPHba I'PAaHHIIA IMYMCKE BEreTalrje YBEK je HaJeKO HCIOA CBOjE MPHPOIHE
BUCHHE TaKO Jla C€ M3HaJ e MPOCTUPY HENperyieAHe Mallkbavyke MOBPIIUHE y HajBUIINUM
TUITAHWHCKHM JI€JIOBHMA.

OBakaB aHTPOIIOTE€HO YCJIOBJLEHU MMOJI0XKa] FOPHE HIYMCKE IPpaHHIEe KOHCTATOBAaH je
u y npeneny Pomoricke rpyme mianumHa y jyroucrounoj CpOuju. Y OBUM IUTaHHHaMa
AHTPOIIOTEHa WJIM M3MEHEHA TOpHha IIyMCKa IpaHuna jaBiba ce y mojacy 1500-1710 m.
Wznan oBor mojaca 10 HAjBHIIMX IDTAHMHCKMX BpXOBa 3acTyIUbEHE Cy IPOCTpaHe
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MalIkbayKe MOBPIIMHE KOje Cy ca OJCYCTBOM BHCOKE HIyMCKE WJIM >KOyHacTe BereTaiuje
W3JI0KEHE YTHIAjUMa XJaJHe IUIAHUHCKE KIMME Ca a30HAIHHM pa3BOjeM CaBPEMEHHX
MIepUIIIAIMjaTHUX T10jaBa U 00JIHKa.

Toxom TepeHckux ucTpakuBama 2008. ronuHe rpyme mIaHWHAa y OKBUPY Bapaenunka
(1876 m), becue Kobue (1923 m) u Jlykara (1828 m) Ha jyrouctoky CpoOuje, moceOHO
3HaYajHa 3acTYIUbCHOCT IEpUIialujaHe MopQOJIOrHje KOHCTaTOBaHA je Ha KyINacroj
TUIaHUHCKO] MopdocTpykTypu LlpHooka (1881 m) y okBHpHMa M OJHOCHMa aHTPOIIOTCHO
M3MCHCHUX BHCHHCKUX BETETAIMCKHX mojaceBa. OOMIbe Mepuriamujaiae Mop¢hoJorije Ha
JEIHOM peJlaTUBHO MaJIOM NpOCTopy Ha LIpHOOKY, OMO je pa3iior BeHoTr HEeUITOo JeTajbHHjer
HCTpaKMBamka Y KOHTEKCTY CaBPEMEHOI a30HAIHOT pa3Boja IEepHIVIalMjaIHOT Mpoleca Ha
wTaHnHaMa oBor nena Cpowuje.

[lpema HamMM ca3HamUMa NEPHITALMjATHH pesbed OBOT MpocTopa A0 caj Huje
HCTPAKHUBAH, OCHM YOIIITCHHX MPErJICAHUX MPUKa3a PErMOHATHOT KapaKkTepa WM MpHKa3a
M0jeTMHMX MpodiieMa ca MambHX TepuTopujaaHux mennHa (Mmnomesuh M.B. u ap., 2007),
IITO je ¥ 00eTexje Haller paja.

o @Oogié ear
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Camnka 1. [Tanopama Ilpnooka (1881 m) ca jy:kue ctpane (Google earth, 2009).
ToJsio:xaj u onmre npeaeone ognuke Lipruooka

Kynacra mnanmncka mopdoctpykrypa LlpHooka ca 1881 m BucuHe moHekan ce
W3/Baja M Kao HajBHIIM BPX M Mopdosonika nenuHa riaHuee Jlykar y oxBupy Pogoricke
Tpylie IUIaHWHa, Kpajier jyroucroka Cpbuje. Y Mopdosomkom cmuciy LIpHOOK je jacHO
WHIMBHIyalrCcaHa INIaHWHCKA [IEJINHA KOja je ca TIIaBHUM BeHIeM Jlykara roBe3aHa HEIITo
HIDKUM pesbe()OM ca CHCTEMOM IUIaHMHCKUX TJIaBHIA U peceannHa. ['enepanHo LpHOOK je
JIeo MpoCTpaHe TUIAaHWHCKE BHCHje Ha jyrouctoky CpOuje Ha K0joj ce W3/Baja BUCOPABaH U
nernpecrja BiacuHe, OTHOCHO CHCTEMH IUIAHWHCKUX BEHANA ca KOjHX C€ M3IMXKY KyNacTH
TUIAHMHCKH BPXOBH KakaB je Bapnenuk - Benuku Crpemep (1876 m), becna Ko6una (1923
m) u Lprook (1881 m).

OBo je MPOCTOp FeOTEKTOHCKE jeIMHUIIE MPBOT pea — CpICKo-MaKeJOHCKEe Mace ca
alCOTyTHOM JOMHHAIMjOM CTEHAa MaTaMOP(QHOI M MarMaTcKOI T'eHETCKOI KOMILIEKCaA.
Mopdoctpykrypy LlpHooka u3rpal)yjy KpUcTagacTH IIKPUIBLH HPEICBOHCKE CTAPOCTH Y
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OKBHUpY KpucTanacte cepuje Japemnuka (Babovi¢ M. i dr., 1977). Ha reomnomkoj kaptu oBe
CTEHe Cy U3/IBOjeHe Kao JIMCKyHCKe napacTteHe Japeunuuke cepuje (Babovic M. i dr., 1976).
VY HajBumem neny LlpHOoka M3IBOjeHH Cy M KBapLMTH y BHIY H3LyXKEHE 30HE IIpaBIla
CEeBEPO3aNaJ-jyrONCTOK M KpeAHH NOP(GUPONAHHM TPaHWUTH y 3amajHoOM Jely IUIaHWHEe
(Babovi¢ M. i dr.,, 1976). Y crpykTypHOM cMmuciay mnpenco llpHooka ce u3aBaja kao
OpaxuaHTHKIIMHATIA WK ,0Ma L[pHOOKa™ 3a uuje OOIMKOBAKmE je MPEANOCTaBbCH YTHUIIA]
rpanuTckor MacuBa (Babovi¢ M. i dr., 1977).

VY mopdomnomikom cmucay LIpHOOK je KymacTa IIaHWHCKa MOpPGOCTPYKTypa ca
NPOCTPaHMM TMAIlIKHAYKUM TMOBPIIMHAMA KOje MOKPHBAjy I€0 MPOCTOP H3HAMA Mojaca oj
1550-1640 m, omHOCHO HM3HAJ EHKJaBa OyKOBE IIyMe, CayyBaHUX AYK IUIMTKUX JOJIMHA
KOje 3alovuiby ca IUIAHUHCKMX NaguHa. [lo/uiora ocHMM peTKHX MOBPIIMHA Ca CTEHCKOM
OCHOBOM ITOKPHBEHA j€ TIEJOJIOLIKAM CJI0jeM IUIAHUHCKHX PaHKepa, IPOMEHIBUBE NeOJbUHE
ca wiu 0e3 cKelleTa U BUCOKOIUIAHWHCKUM TPaBHUM ITOKPHBAYCM.

Ipeneo LlpHOOKA je MMITPECHBHH BUCOKOIUIAHMHCKH IIPOCTOP Ca KOTa ce Ha 3amany
BUJIe BeHIM W BpxoBH Jlykara u becHe xoOmie, TOK ce Ha MCTOKY M jyTOHCTOKY OTBapa
IPOCTOp IpeMa IIaHuHaMa y byrapckoj u Ocorosckum IiaHuHama y MakenoHuju.

OcHOBHe 0JJIHKE ILUIAHMHCKE KJIHMe

O03upoM 72 HUCMO pacHoyiarajiy afgeKBaTHOM 0a3oM II0JaTaka, y OBOM OJAEJbKY
ouhe mpukaszaHe caMO KapaKTCPUCTHKE IABHUX KIMMATCKUX €JIeMeHaTa KOju OW MOIu
Ooutu ox 3Hauaja 3a reomopdoromke npomece Ha becHoj koowmm, Jlykaty m LlpHOOKY.
[Ipocrop momenytux mianuna T. Paxuhesuh (1980) cBpcraBa y BiiacmHCKHM KIMMaTCKH
pejon (o3naka II-16) HaBonehu na mpema KenenoBoj knacugukanuju kauMaTa npunaaa D
KIIMMaTy, ca BeIMKOM BiaxHinhy Bazayxa (Brmacuacko jesepo 80%).

Ha ocHOBy aHamm3e TepMHUYKHX TpadujeHaTa 3a craHure Bpame (433 m),
Cyprymina (500 m), bocmrerpazn (830 m) u Bnacuna (1190 m) na Bucurama ox oko 1500
m, cpelpha roOANIIka TEMIIEpaTypa Ba3ayxa n3Hocuina o6u oxo 4°C, a Ha BucuHama ox 1800
m oxko 2,0°C. Camo HajBumu aenoBu becne kobune, [ykara n LipHooka nmanu Ou cpenmwy
roauiy Temneparypy usmelhy 1,0 — 2,0°C, mto ce yxiiana y 10me KIMMaTOJIONIKE OKBHPE
W3IBajamba mepurianujaaae cpeamae (mpema L. Wilson (1968) w3 Tumodeer A. .,
Briopuna A.E., 1983). Ako y3memo y 003up na je Ha IlanunheBoM BpxXy (Mako Mepema He
3a[10BOJbaBajy MOTPeOHy mykuHy HHU3a) Ha 2017 m H.B. cpeama TOAWIIKHA TeMIlepaTrypa
Bazmyxa 1,7°C, a Ha Lprom Bpxy (2292 m) y byrapckoj —0,2°C, Huje peaHO Ja ce YaK U Ha
BpxoBuMa becne koOwie, Jlykara u llpHOOKa cpeama roAMiima TemIiepaTypa Basyxa
CIIyILITa UCTIOJl M3PAuyHATUX BPEAHOCTH.

ATICOIyTHO MHHUMAJIHA TEMITepaTypa Ba3ayxa 3aodenexena je 13.01.1985. rogute Ha
Bnacunu m m3Hocuna je -30,0°C. Melytum, n Ha ApyruMm craHHIlaMa Cy HCTOT JaTyma
3abenexenu arnconytHu MuHuMymu ( -25,0°C y Bpawy; -22,4°C y Cypaymunn;  -26,5°Cy
Bocunerpany). Tpeba umatu y Buay Ja Cy OBO TEMIIEpaType MU3MEpEeHe Yy CTaHIapAHUM
METEOPOJIOIIKUM 3aKJIOHMMa Ha JIBa METpa BHCHHE, JIOK C€ IPH IIOBPIIMHHU TJIA MOTY
OYEKHBATH jOII HI)KE TEMIIEpaType IITO ca acleKTa reHe3e IepUIilalijaiHoT pesbeda MoxKe
OuTH BeoMa 3HAYajHO.

Ynpkoc 3HaTHOM yTHIAjy pesbeda Ha IPOCTOPHY PacHoeTy MaJaBHHA, MOKYyIIaIn
CMO Ja cTeKHeMO oxpeljeHy IpeicTaBy O BpEAHOCTHMAa OBOT KIMMATCKOT €IE€MEHTa Ha
BHCHHAMa H3HAJ IOCMAaTpPaHUX CTaHWIA. 3a TO je HCKOpHIIheH BHCHHCKH TPaaHjeHT
nagaBuHa. H. JKuskosuh u I'. Arhenkosuh (2004) cy kopuctehn ce moCTynKoM JHHEapHe
perpecuje M3OBOJUIM XOMOTE€HE pejoHe TpandjeHara magaBuHa y CpOuju. 3a mocmarpaHu
npocTop je u3pauyHara Bpeanoct o 32mm/100m. Ako O ce mpuxBaTHiIa OBa BPEIHOCT, a
padyHaio ce oja craHulle BrmacuHa, To OW 3Haumio Jna ce Ha BucuHama onx 1500 m H.B
n3Iyun oko 920mm, gox Ou ce Ha BucuHama oz 1800 m H.B u3nmyuuBaio oko 1010 mm. Ose
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BPEIHOCTH CBakako Tpebda NMPUXBATHUTH YCIOBHO jep Ha BehwM BHCHHaAMa HE TOCTOje
CTaHHIIC Ha OCHOBY KOjUX OU C€ MOTJIM IPOBEPUTH JTOOUJEHHU pe3yNTaTy.

VYcaen BeNMKOT yTHIAja JOKATHHX (hakTopa, OJHOCHO MOAM(HKATopa APYror u
Tpeher pexa (pesped, eKCHO3WIMja, CHEXKHHU MOKPUBAY, BereTandja WTA.), U HEMOCTOjama
KJIMMATOJIOLIKE CTAaHMIE KOja OM pEenpe3eHTaTHBHO OJICIIMKaBajia KIMMY LIMPEr MOoApydja
becue kobwmie, Jlykata u IlpHOOkKa moOujeHe pesyarare He Ou Tpebamo y3uMaTH Kao
JNe(UHUTHUBHE.

MeTonos0ruja paga v ONIITH Pe3yaTATH

Merozmonoruja pajga cacrojaia ce y KIACHYHAM TEPEHCKUM KBalIUTATHBHUM
reoMOp(OJIOIIKIM UCTPAKUBAKBLHMA KOjH MOAPA3yMEBajy PEKOTHOCHHUPAKE TEPEHA Y CBPXY
OTKpHBamba MpeAMeTHE MOP(OIOTHje, KBaJUTATHBHY WHACHTH(PHUKALN]Y OOJIMKA U TI0jaBa 1
W3BECHE ITOCTYIKE MOp(OMETpHje Ha IT0jeTMHIM HU3BOjEHIM OOJIHIIMA HIIH [T0jaBaMa.

VY 0BOM KOHTEKCTY M3BPIICHO j€ PEKOTHOCLHMpPAame¢ HAjBULIMX JAenoBa BapneHmka,
becue Kobuie u mianune Jlykar, rae mepuriandjaide Mopdosordje Huje OWIo Wik je
KOHCTaTOBaHa HA PyAUMEPTaHOM HHBOY IIOjaBJbMBama. Y OIHOCY Ha OBE TepeHe ca
CKPOMHHUM pa3BOjeM IepUrianujamHor pesbeda, u3aBojuo ce LpHook ca oOuibeM oBe
Mopdotoruje. Y Tom cMmuciy Ha L{pHOOKY cy 00aBibeHa MoceOHO JeTajbHa HCTPaKUBamba
r7ie je KOHCTaToOBaHa IepuriianujaiHa MopQosorija YriaBHOM M3 JIOMEHa pELEeHTHHX
npoueca. KpanmuraTuBHHUM TOCTynkoM Ha L[pHOOKY wu31BOjeHe Cy T0jaBe Mpa3Ho-
CONM(IYKIMOHOT IIeMama MEJOJIOUIKOT MMOKpHBaya ca I0jaBOM MpPAa3HOT COPTHpamba
JpoOuHe (TpaBHM NPCTEHOBH), OOJMIM Mpa3HO-JCHYJAMOHUX OXWJbaKa, II0jaBe
MaJIMHCKUX T0Jba ApOOWMHE M OJOKOBa (MAJMHCKKM KypyMmH), TojaBe Kimsehmx Oiokosa,
OOJTMIIY TOPOBA M HUBALMOHUX YJIOKA.

TpaBHl/I NpPpCTEHOBH

O6mumu Koju Cy mpeMa ucTpakuBamuMa Ha Crapoj mmaHuHH uctouHe CpOuje M3aBojeHn
kao TtpaBHm mpcreHoBn (Hemmh [I., 2009), ca BenmKOM YECTHHOM II0jaBJHHBAMHA
KOHCTAaTOBaHHM Cy HEMOCPEIHO jYrOMCTOYHO 0oJ] Bpxa L[pHOOKa Ha M3BECHHM 3apaBEH-EHHM
MOBpIIMHAMA HCTYPEHHX JeinoBa pesbeda wm3Ham BucuHe ox 1850 merapa. Y OKBHpY
KBAJIUTATUBHE TEOMOP(OIIOIIKE KAJKyJNalldje OBH OOJNMIM Cce U3/Bajajy Kao
comudaykimone TpaBHe Tepacere (bemmj C., 1992, 2010) wHacrame Mpa3HO-
CONMM(IIYKIIMOHUM LETIatbeM 3eMJbaHO-TPABHATOI TOKpUBaya y 30Hama jae(uiallMOHUX
OKHMJbaKa WIN JAe(UIallMOHNX M3/yBHHA, ca M0jaBaMa MPa3HOI COpTHpama CUTHE JpoOnHe.
Ha ocHoBy mocamammux ca3Hama o oBuM oOmuiuma (bemuj C., 1992, 2010; Hemmh [T.,
2009) marnena ga ce y OKBUpY oBe MOp(oJoruje Mory M3ABOJUTH CTAaIHjyMH pa3Boja O
WHUIHjaTHAX O0JNHKa y BUIY NOjeJMHAYHAX WIN pehe rpyme TpaBHHX MPCTEHOBA, 3aTUM
pa3Boja oBUX OONHKa y W3BECHE MOBPIIMHE HEMPABIIHO pacnopel)eHuX Wi MOKUIAHMX
TPaBHUX IIPCTCHOBA W II0jaBe NPaBHX CONU(IYKIMOHHX BETreTAllMOHHX Tepaca y BHUILY
KOHTHHYaJTHUX W3AyXeHuX TpaBHuX OyceHoBa (KomuaxoBcku /I, 1998). Omnoc wmm
CTaJWjalHU THI pa3Boja OBEe MOP(QOJOTHje YCIOBBCH j€ JIOKATHUM KIIMMATCKHUM,
oporpad)CKuM, MENONONIKMM M BEreTalMjCKUM YCIOBMMa IUIAHWHCKE IIepUIJIaljaliHe
cpeauHe rae Hactajy. Ha mpumepy LlpHooka u3riena na je 3aCTyIUbEH CpebH TeHETCKH
CTaJujyM, ca pa3BojeM 3HauajHUX MOBPIIMHA 3eMJbAaHO-TPABHHX IIPCTEHOBA U3Mel)y Kojux je
Mpa3oM COpPTHUpaHa CUTHa APOOHHA.



Ciuka 2. Mpa3om copTHpaHa ApPOOHHA HA BereTanuoHuM Tepacetama Ha llpuooky (dpoto C. Bennj).

Mpa3Ho IeHyJanHOHH 0:KH/bIH

Mpa3Ho-AeHy JallMOHH OXWJBLM Cy Hajuemhe MOTYKPYXKHH WIM IIOTKOBHYACTH
ype3u WM OXHJbIM Y TMEIOJIOMIKOM CJIOjy LEHTHMETapCKO-MEeTapcKuX auMeHsuja. Ha
naguHaMa LlpHooKa jaBibajy ce y BuAy HOTKOBHYACTUX OXKHJbaka npeuHuka 0,5-5 u Buie
MeTapa, yCeUeHHUX Yy MeJOJIOUIKHU CIIoj ca oncerMa BucuHe 0,1-1 m, koju ce npema Harudy
MaIvHe NCKIINbaBajy ¥ TOTOBO YBEK Y YHYTPALIOCTH MOJAKOBHYACTOT ype3a ca UCTIPaHUM
HEeJOJIOLIKUM CJIOjEM A0 CTEHCKE OCHOBE.

OBakBHM OOJIMIIM paHMje CE€ MOMHIbY y JINTEPaTypH Kao CONM(UIYKIMOHU OXXWIBLIU
(Milivojevi¢ M., 2005; Hemuh /1., 2009), amu u kao mednanmonn oxmbiy (bemwj C.,
2010). [a je mucKyTaOMIHO HBUXOBO COMM(MIYKIIMOHO MOPEKIIO YIPaBO FOBOPE UMH-CHHUIIE
na ce cpehy 1 Ha TOTOBO paBHUM IOBpIIMHAaMa, kKao Ha Crapoj mmanuan (Hemmwh ., 2009),
WIA Ja UCTOJA HBUX HeMa KIACHYHOT CONH(IYKIHOHOT je3uka. Jlormunmje oOjammeme
HACTaHKa OBHX OOJHKa je ca Mpa3HO-IeHYAAlMOHNM IIporiecoM. HajBepoBaTHHje Mpa3HUM
HaJUMamkeM, y U3BECHOM KOHTEKCTY M COMM(IyKIMjOHUM MPOLECOM J0JIa3H [0 IMylama U
M3BECHOT KpeTama ,,0[eIJBEHOr Jiella 3eMJbaHO-TpaBHOT Oycena. OBako pa3zopeHa
HOAJIOra M3JI0’KeHa JSHYyIAalUjH MOCTEIeHO JOBOIM 10 HACTAaHKA OJKMJbKA Ha IUIAHHUHCKO]
naguad. [lpouec aeHyaanyje MOTIOMOTHYT je Mpa3HUM MpoLecoM Ha (GOpMHUpaHOM
MOJIKOBUYACTOM TI€JI0JIOIIKO-TPABHATOM OJICEKY YHMjUM JEJOBAEkbEM J0JIa3d [0 YHa3aJHOT
noMepama ojceka U ypehama o0muka. JleTaJbHUM 0CMaTpameM 3allaXeHo je J1a OBU 00IuIHu
HacTajy y XOMOTCHHUM MJIM Ca CKEJICTOM IIe/I0JIONIKMM HacjaraMa M Jia BHCHHA OJceKa,
OJHOCHO ype3a 3aBUCH O]l Haruba mnajuHe Wid AeOJbHHE HNeJOoNIOMKOr Xopu30HTa. Tako cy
Ha MCTOYHO] maauHK L[pHOOKa 3amakeHW OXWIBLIM Ca OJcelrMa BHCHHE M /0 1 Merpa
yCedeHH y KOMIIAKTHM TICAOJIOMKH Xopu3oHT. Kon BehnHe Mpa3zHO-IeHyAAlMOHNX
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OKMJbAKa y OKBHPY OJIC€Ka ype3a KOHCTATOBAaH j€ IEAOJIOIIKH CKeJeT KOju je Kao
HEXOMOTEH jOII TOJI0KHUJH MPAa3HOM pacrajiamy.

Ca.oka 3. Mpa3Ho-1eHyJallMOHH 0’KM/baK Ha ceBepHOj maguHu LipHooka (¢oro JI. Hemuh)

Ha mnamunama IlpHOOKa Mpa3HO-IEHYAAMOHA OXWBIIH Cy KOHCTaTOBaHU Y
MAIIHAYKOM PETHOHY Ha Pa3jMYUTHM EKCIo3WidjamMa (MaJa ca M3BECHOM JIOMHHAII]OM
CEBEPHE CKCIIO3UIIM]jE) M3HA]] BUCUHCKOT ojaca ox 1700 m, Ha omcery Haruba majauHa 10-
40°. Bbux0BO MO3HABAKE M MCTPAKUBAKE j€ 3HAYaJHO 003MPOM Ja JOCKOpa OBU OOIHIN
HUCY U3/IBajaHU ¥ UCTPAKHUBAHU. Y TOM CMUCITY JIOKaTUTeT LIpHOOKA je pernpe3cHTaTHBAH.

MapuHCKH KypyMH U noJba Kin3ehe 1podnne

Ha ceBepHoj 1 ncTOYHO] MaAWHU KymacTe MoppocTpykType LipHOOKa 1Moje THHHAYHO
ce cpehy u3mykeHe 30He KpyIHE JApoOWHE Koja, cyAehr Mo 3eMJbaHOM HArOMHJIABAY
UCIIpe]| 4Yesia OBUX 30HA, OJroBapa MoJby WM je3uky kiauzehe npoOuHe. Y CIOXKEHOCTH
rojaBa pa3Boja Mpa3HOI pa3opaBama CTEHCKE MOJUIOTe Y IUIAHMHCKUM TEepHUIIIalijaTHUM
cpeaMHaMa, Koja ce HajolITHje y pyckoj Jiuteparypu HasuBa kypym (Tumodees A. JI.,
Briopuna A.E., 1983), nojaBe kameHux jesuka kim3ehe npobune Ha [lpHOOKY oaroBapajy
OBHUM PYJIMMEHTApHHM [OjaBaMa KapaKTePUCTUYHHUM 3a a30HAIHE OMHOCE MOjaBJbHUBAHA
KaKBU Cy KOHCTaTOBaHH W Ha JApyruM mianuaama Cpb6uje (Hemuh /1. u ap., 2009; Hemuh
A., 2009; bexnj C., 2010). Jakme, na LlpHOOKY cy 3amakeHe H3Iy)KEHE 30HE KpYITHE
IpoOHHE Ty>KHHE 0] HEKOJIMKO JI0 BUIIE AeceTHHA MeTapa U mupuHe 3-10 m, Koje ce kpehy
MO/ YTULAjeM KOMILIEKCa KOJYBHjaTHO-TIEPHUIIIANNjaTHIX Mpolieca, ITO ce 3aK/bydyje Ha
OCHOBY HAarOMMJIAaHMX 3E€MJbaHO-TPAaBHMX OemeMa BHCHHEe 1-2 m Ha 4YenuMma OBHX
JPOOMHCKUX 30HA.
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Kypymu cy Mope KaMmerma Ha naguHama ca sehum HarmGom (mpexo 10°). H. M.
French (2007) ux u3jenHadana ca nosbuma JpoOHHE U OJIOKOBA U MOPEM KaMmema, 0K A. L.
Washburn (1979, 1988) npaBu paznuky uzmel)y Mopa kamema Ha paBHUM IOBpIIMHAMA U
“aHaJOTHMM OOJMIIMMa Ha MajJuHaMa Koje Tpeba 3BaTH KypyMH - MaJuHe ca OJIOKOBUMA
(Washburn A. L., 1969).

JlokanmHu cHOMpPCKH TEPMHEH ,,KYpyM™ YBEO je Y HayuHy JuTepaTypy 1. A. Makepos
(1913) xopuctehu ra ma omnuiie 3HaTHA MPOCTPAHCTBA Ha IUIAHMHAMa TMMOKPHBEHA MOJbUMA
OyoKoBa M NpoOWHE, Harianapajyhin Manu yrao HaruOa magwna. Ha mamguHama ca Behum
HaruOoMm mpumehyjy ce pa3IuyuTH OOJHMIM KpeTama OJIOKOBa M JApPOOWHE, YCIOBJHEHH
KoJieOamMa TEMIIepaType, 3aMp3aBalbeM M OJMpPaBAKbEM II0/JIOTe M TOMHJIAEM Jeda
n3mel)y OnokoBa, y3 ommrTenpucyTHy TpaBuTanujy. Kako ce Ha maanHaMa IDIaHUHA Y
TICPUTIIAI]aTHO] CPEJMHU CBE HaJIa3M y MOKPETY, pa3nuyuTe Op3uHe W JMHAMUKE KpeTama,
youeHa Cy KpeTama II0jeJMHHUX JeJI0Ba APOOHHCKHX IOKPOBA y OONHMKY KAMEHUX MOTOKA H
kamenux peka (bemmj C., 2010). 360r Tora cy pa3nBojeHH KypyMH IPBOT pe/ia WA KaMEeHO
Mope W KypyMHu apyror pema wian kameHe peke (Koportkuit A. M., 1976). He ynasehn y
JieTajbe, 32 OBE I0jaBe y JIMUTEpaTypu ce cpehy pa3iuuuTh Ha3UBH, Kao ,,KAMEHHHUE €3ULHU"
(TmoBust M., 1968), ,,kypyM CKJIOHOBbIi» wiau mnaauHcku KypyM (Tumodees A. 1.,
Briopuna A.E., 1983) win xinmseha mosba apobune (bemwj C., 1992, 2010). Pagu ce o
KOMIIJIEKCY I10jaBa KpeTama W HaroMuiaBama JAPOOMHE Yy yCIOBMMa Mpa3HOI pa3opaBarba
CTEHCKE IIOJUIOTe y IUIAHMHCKUM IIEpUTTIalljajTHIM CpelHaMa, YMjd HauWH KpeTama je
yrnaBHoM oOjammeH (Tumodee A. ., Briopuna A.E., 1983; Hemmh 1. u ap., 2009).
BaxHo je moMeHyTH 11a je Kol OBUX I0jaBa Ha L{[pHOOKY Ha IojeIMHIM NMpUMepHMa Ha Yerry
KJIM3HE IpOOMHE KOHCTaTOBAHO FHEHO M3BECHO MPCTEHACTO HATOMHIIABALE, Ka0 U HA jeJTHOM
MIpHUMepY T10jaBa IUIUTKE JICTIPECcHje n3a 30He KIM3HE APOOHHE, IMITO je MOKa3aTesb U3BECHE
CIIOKEHOCTH W JU(EepeHIIMPAaHOCT IIpolleca KpeTama OBMX Hacjiara Ha MaxoBe, INTO U
OJroBapa ycJIOBHMa IIEpUIIIAlUjaiHe CPEANHE.

Canka 4. Yesto kauseher nosba 1poduHe Ha ceBeponcToyHoj crpanu Lipaooka (dpoto C. Beuuj)
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[TocebHo Ha 3amanHoj maguaM LIpHOOKA M3HAM MpeceInHE 011 Koje ce L{pHook nasbe
3amajiHo Be3yje 3a IVIaBHU IUIAHMHCKM BeHanl Jlykara, 3amaxkeHa je 1ojaBa ,,yCMEpEeHOr
pasopaBama’, re cy y IHUPOKOM (DPOHTY KOHCTATOBaHA MOJba KaMeHe JIPOOHHE Koje ce
ycMepaBa Ha 3apaBE-CHU JI€0 IIOJHO Npece/UlMHe rae ce (opMupa mpaBa peka knusehe
JIpoOKHE AyKUHE BUIIE CTOTHHA MeTapa u mmpuHe 10-20 m. 30Ha, Kako CMO je M3[BOjUITH,
YCMEPEHOI' pa3opaBarma, HEOOWYHA je MO TOME INTO MEpUITAlUjalHO KpeTaHa KpynHa
JpoOrHa W OJIOKOBM He mpare HajONku Haru® Ka BpXy INpeceminHe Beh ce 0G04HO
IpeycMepaBajy Ka HIKAM JelloBuMa mpecemnrae. OBa mojaBa 3a caja HHje oOjallmbeHa.
ITojaBa xaMeHe peke ca OBUM OJTHOCHMA CHTYPHO j€ jeJIHa OJ HajJUMIIPECUBHIJHUX T0jaBa Ha
HpHooky.

VY KoHTeKCcTy mojaBa mosba kimsehe npobuHe Ha L[pHOOKY Tpeba moMeHyTH H
nojeiMHavHe mpuMepe kian3ehux OJIoKoBa KOjU ce PETKO jaBibajy, ajlH Cy 3aCTYIUbEHH U
pelaTUBHO HHCKO, YaK JI0 ,,aHTPOIMOTEHOT T0jaca ropme HIyMcke rpanuie’ Bucuxe 1550-
1640 m H.B.

IlepurianujajgHu TOPOBU M KPHOMJIAHALMOHE 3aPaBHI

Ha xynactoj mopdocTtpykrypu LIpHOOKa y OKBHUpPY HUCTYpeHHX JIENOBA IO IMPABILY
c1abo wW3pakeHUX TpebeHa WK ,Jmperoma™ y pebedy Ha IUIAHWHCKAM TaguHaMa,
MOjeTMHAYHO C€ ]aBJba]y KAPAKTEPUCTHYHH OCTCHAIU-TOPOBH y BHIY HArOMIJIAHUX
BEJIMKHUX XpIia KPYIuX 0JIOKOBA.

Ca.5. Ilepuriaanujajing Top ca NaAHHCKHM KypyMoM Ha jyro3anajanoj crpanu Ipuooka (¢oto C. Bennj)

[NepurnanujaiHu ocTemhald — TOPOBU 320CTajy Ka0 OTHOPHUJH JEJIOBH MacHBHHX
CTeHa uuju je HajBehu eo pa3opeH Mpa3oM M ydecTaauM HaW3MEHHYHUM 3aMp3aBambeM U
onmpaaBatbeM. Omira aAeduHUIMja [a je ,,TOp OCTaTaK, HAIMK Ha OpaJaBHIly, OTOJFEHUX
CTEHa, YMaJJbHBO H3JUTHYT HAJ OKOJMHOM OCHOBHOT CTEHOBHTOI IUIATOA, MOKPHUBEHOT
peronutom™ (Hall A. M., Sugden D. E., 2007), kazma ce mpeBeae y yciaoBe NepUTaiiijaiHe
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cpeanHe, 100Mja ce TyMademhe 3a CaBPEMEHH M3IJe] MepUIIAljalHuX TOpoBa. 3aCHOBaHA
Ha nepurnauujantom nukinycy JI. [entuepa (Peltier L. C., 1950), koju je [ejBucoBy ommury
uaejy o reorpad)CKoM HHUKIYCy MPHIAroJ{O YCIOBMMA MEpHUINAlMjaliHe CpElMHE, OBa
TeopHja ce 3aCHUBA HA MPA3HOM pa3opaBamy U COMU(DIYKIMOHOM TPAHCIOPTY MaTepHjaa,
HAKOH Yera Cy OCTCHAIld CKCXYMHPaHH M H3JI0KEHH Mpa3sHOM pasopaBamy. [lynamem
TPaHUTHHUX CTeHa (OopMHUpa ce Mope KaMemha OKO TOPOBa, Koje Ty AYro er3ucTyje, ajiu ce
jemHHM JieJIoM moMepa Hu3 OJiare IaguHe MpasHHM COpPTHpameM W (GpopMUpameM KaMEeHHX
peka W KypyMa, Kao M KIM3alkbeM MaTepHujaja, Yy OKBHPHUMa OIIITE KPUOIUIAHALH]je
3apaBmeHUX IUTaHuHCKHX Owna (Palmer J., Radley J., 1961; Palmer J., R. Neilson A.,
1962). Ilpernenom nurepatype yTBphEHO je Aa TOPOBM HACTajy y CBHM CpeAWHaMa, O
TPOIICKE, IPEKO YMEpeHe 10 CyOapKTUUKe, Ja Cy MPUCYTHH Y PaBHHIAMA M JIOJIMHAMa, Kao
W Ha TeMeHMMa moOpha U 3apaBmeHMM TpeOeHMMa BHCOKMX IUIaHMHA H Ja Cy
MTOJTUTEHETCKOT Topekia. J[akie, Top jecTe MONMTeHETCKH OOJIMK, ald y TEepUTIIAINjaTHo]
CPeIMHU IOMHHUPA]y MPa3HO pa3opaBamke U CONU(IYKINOHH MaJHHUCKH TPOLECH, KOjH I'a
00MKyjy W OgHOCE MaTepHjall HarOMIUIaH y HEMOCpenHO] OKoMWHH. llepurmaiujarHu
TOPOBH Yy HAIIMM YCJIOBMMa, HajBHIIE JM4Ye Ha OHE M3BOPHO omucaHe y Enrieckoj, xao
ocrald MaTU4HE CTeHe, Hajuemiec MYTOHMpaHE TOKOM TMOCJEIhe [IIalujalyje,
CEJICKTBHOM €pO3HjOM y3 3Ha4yajHO MpasHO pa3opaBame U (GopMupame MOpa KaMema y
HEMOCpeHOM OKpykemy. Hajuemfie cy Be3aHM 3a BHCOKOIUIAHMHCKE TPOCTOpE ca
TPAaHUTCKUM CTE€HaMa, il UX UMa U Y CTeHaMa CBHUX JPYTHX BpcTa. TakBU TOPOBH CE MOTY
3BaTH NEPUTTIANN]jATTHUA OCTCHAlU, OMHOCHO nepuriaujanau toposu (benuj C., 2010).

Caunka 6. ®parMeHT KPpHOILUIAaHALMOHE 3apaBHU Ha KanoBckoM mianaumty, Ha 1750 m H.B.
ca nepurJjanujajauM toposuma y 3aiaely (¢poro C. Bennj)

Komrieke mpa3Hux npoueca Hajuerihe je y NPUPOJM HAlIMX BUCOKUX ITAHUHA
HEepacKHUJMBO BE3aH Ca JIEJIOBAlEM CHEra M CHEXKaHWKa M OOJMIM KOJH Er3UCTyjy Y
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TIEPUTIIALN]aTHO] CPEANHM PE3yTaT Cy AEJOoBama J[Ba WIN CBa TPH MPOIeca HCTOBPEMEHO
(TmonureHeTCKu OONHIIN) WK Cy CTBapaHHU ITOJ IOMUHAIIM]OM HEKOT OJI TIPOoIeca KOjH Cy ce
BpeMeHOM cMemHBaiK (mojudaszHu obauiM). AKO ce TOME J0/ajy JeNIOBambe KPAIIKor
mporieca y CrieupIHIM yCIOBAMA TIEpPHUTJIAIIjalTHE CPEINHE, Kao U JIejCTBO TeKyhe Boje
U BeTpa, TeK ce OHJa 1o0Mja MpaBa CIMKa O CJI0KEHOCTH HacTaHKa M er3UCTOBama Ipeaena
NepUrialujaiHe CpeMHe Ha HAllUM BUCOKUM TUIaHMHAMA.

Kpuomnnananuja, y cariacHOCTH ca ONINTHM TEPMHHOM aljiaHanuje (ypaBmUBambe
MOBpPIIKHE pebeda), MoapazyMeBa Mpolece yCMepeHe Ha pelyKIrjy HOBpLIMHE pesbeda y
ycIoBUMa XJagHe KiuMme W mnepurianujanHe cpexune (Bryan K., 1946). Ha nammm
BHCOKHMM IUIaHMHAMa, IJIe je IPUCYTHA 3HaTHA eHepruja pesbeda U HEOTEKTOHCKO U3/IH3ambe,
TAaKBO YPaBI-HBAKE j€ MOIJIO Ja CE€ O4yBa caMO Yy (parMeHTHMMa W TO YIPaBO OKO
nepurnanujatHux TopoBa. Hajoossnm mpumep je jyrosamannHa najguHa lLlpHooka, Ha
nokanuTteTy KanoBcko MIaHAMINTE, TIE CE jaBJba IPyIa pa30pEeHHX OCTEmhaKa Ha (hparMeHTy
KpHOIDTaHAIMOHE 3apaBHU HA 1750-1754 m H.B.

HI/IBaHl/IOHe YJ0Ke " yTOoJerjimie

HuBanunoHe yioke U yToJeruIle, y KOHTEKCTY OBUX MOjMOBA KaKo UX je M3IBOjuO J.
Hpujuh (1922), Ha maaunama LlpHOOKA OATrOBapajy IUIUTKHM JemnpecHjama y pesbedy y
BUJY M3AY)KEHUX Jelpecuja WM Jelpecrja ca CHEXKaHWYKMM OYyjUuHMM IOTOLMMA Kao
CBOJUM OTOKaMa M CacBMM IUTUTKHM HEMPABHIIHUM JelpecHjaMa Ha MajuHamMa Koje Ccy
MeCTa W3BECHHX CHEXHUX HaroMuiiaBama. [IpH TOME Cy YJIOKe HajMamH OONHUIM, IUIUTKE
3apaBmeHe genpecuje g0 20-30 cm  nayOmne, mnpeunuka 3-30 m. Yemhe cy vy
BOJIOIP)KJBUBHM, 3aTPABJbEHUM TEPEHHMA, TJC Ce BOJA OTOIUBEHOT CHEra 3a/ipyKaBa jeIHO
Bpeme popmupajyhu obamHy auHUjy. YTONermIe cy HemTo Behe u ay0ibe, He YBEK paBHOT
IHa, a jaBJpajy c€ W MO 00OJy MUTOMHX TpeOeHa, Kama ce jaBibajy y HH30BHMA. TaxBe
JeTpecuje MMajy OTOKE KOju OTHYe OTOIUBEHH CHer Wy mpoiehe cy Hajuenthe
katactpodanne Oyjunie ca kopuruma 1-5 m nyoune n 3-8 m mmpune. IToceOHO Besmka
MOJIMTeHeTCKa ()ITyBHO-HUBAI[MIOHA YTOJICTNIMIIA KOHCTATOBaHA j€ Ha 3alagHoj MaJuHH
LpHooka, ogakie xpanu u3opuinte LipHomTue.

3akpyuak

Ha ocHOBY koHcTaroBaHe mepurianujanHe Mopdorioruje Ha  LIpHOOKY,
NpPENCTAaB/beHE TPABHHM IPCTEHOBHMA, MPA3HO-ICHYIAMOHUM OXUJbLIUMA, MHOJbHMa
kmu3ehe apoOwmHe w Kiau3ehnM OIOKOBMMa, HHBAIOHMM YJIOKamMa, TOPOBHMAa U
KPHOIUIAaHAIIMOHMM 3apaBHUMa y OKBHPY PELEHTHHX IIpOIleca M OJHOCA IPOUCTHYE Ja je
OBO TEpUTTANMjATHA pejbed KOju HacTaje y ,,yMEpeHHjUM'* yCJIOBHMa IICPHIIIAINjaTHe
KJIUME Y K0jOj JOMHUHHPA]y COMUGIIYKIHjoHe TojaBe u ogHocH. OBO je carjlacHO ca HallluM
TEOPUjCKUM KaJIKyJlallijaMa W3BeJICHMM Ha OCHOBaMa KBaHTUTATHUBHE IIEPHIIIAlIMjalTHE
reomopdoJIoruje mo Kojoj mpeaco mianuae L{pHooka ca aHTPOIIOI€HO YCIOB/BEHOM FOPEHOM
LIYMCKOM TPaHUIIOM OJroBapa CaBPEMEHO] a30HAIHO] IEPUIIIAlUjaTHOj CPEJHHU Yy OBOM
neny banmkanckor mosmyocTpBa, Kao HajHW)KEM IUITAHMHCKOM I10jacy y KOME Cy 3aCTYIUbEHH
CaBpeMEHH IIepUIJalljasiHi MpouecH. VI3HeTe TBpAWE NOTKPEIUbY]Y U Ppe3yJTaTH
UCTpaKMBama MEpUIIIAIMjaTHOT pesbeda Ha CpeAme BUCOKMM IutaHumHama CpOuje rae je
KOHCTaTOBaHa CIIMYHa nepurianyjanHa Mmopdomnoruja. Tako cy Ha KomaoHuky
KOHCTAaTOBaHE CIMYHE I0jaBe NoJba kim3ehe npodune Ha jyxHoj maaunu [TaHunhesor Bpxa
(2017 m), Ha K0jOj je YUHIbEH MOKYIIaj o0jalmbema HaunHa BeHoT KpeTama (Hemmh . u
Ip., 2009) unu Ha UCTOj TUIAHWHY, 110jaBe aKTUBHUX CONMUQIYKIMOHUX BUCOKOILTAHHHCKHX
KIM3UINTa y mryMckoj BucuHCKO] 30HH (Hemmh JI., Mwmaunh M., 2004). Ha Crapoj
wiaHuHA y uctounoj CpOuju m3mel)y ocrajnor u3aBojeHE Cy pyAUMEHTapHE [10jaBe TPABHUX
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MPCTEHOBA W Mpa3HO-IEHYIAMOHUX OXWJbaKa, Mmosha Kim3ehe apobOmHe m kim3ehux
6moxosa (Hermmh /1., 2009), makne ucto kao u Ha L{pHOOKY.

CBH 0BHU pe3yiTaTH JOBOJEHU Cy TMOKa3aTesb n1a ce y CpOuju, OIHOCHO OBOM JIEIy
HeHTpaJHOT bankaHckor moixyocTpBa, MOXKe M3IBOJUTH a30HAJHA 3aCTYIUBEHOCT CaBpeMEHe
MIEpUTIIAIMja]THEe CPEIUHE KOja Ce OCUM reoMOP(hOIIONIKY J0Ka3yje ¥ KIMMATOJIOIIKH, aJId U
npemMa 0JJHOCHMa PaclpoCTpambemha CaBpeMEHe ropibe lyMcKe rpanuie. Ha oBuM ocHoBaMa
y HapelHOM IepuoJy MepurjanyjajHa reoMopdosionka HCTpaXuBamba Ha IMPOCTOPY
BankaHckor moiyocTpsa Tpeba MPOIIUPHUTH U Ha JAPYre CPeAbe BUCOKE, a TOTOTOBO BUCOKE
IUIAHUHE Kako OW ce W3rpajmia LEeNOBHTHja CJIHMKA pa3Boja CaBpeMEHE IUTaHWHCKE
Nepurialujajiie CpeauHe Wik Kpuochepe Ha OBOM mpoctopy. IloceOHO je 3Ha4YajHO
KOMIUIEKCHIUM  TIPUCTYIIOM, KOJHU je 3Ha4dajHo mnpuxBaheH y mepuUrianujaiHoj
reomop¢ornoruju (Kynpssues u ap., 1979; bexnj C., Komgakoscku /., 1997), nucrpaxusatu
[0jaBe a30HAIHOT pa3Boja TEpUINAllMjalHe CpeIWHe Ha IDIaHWHAMa, Kao BHJ
JECTPYKTHBHHX Tpolieca H3a3BaHMX aHTPOIOICHOM JeNaTHOIINy W3MeHe OjHOca
TUTAaHUHCKUX BETETALMCKHX I0jaceBa KpUeHEeM LIyMa.

IToceban je mpoOseM mTo OCHM Ha L[pHOOKY, CaBpeMEHH MEPUIIIALHjaIHE pebed
TOTOBO Jla M30CTaje Ha BehMHH Cpe/iibe BUCOKHX IUTaHMHA PoJoTICKe TpyIe Y jyrOUCTOYHO)]
CpOuju, kama cy y MUTamy MNPOCTOPHO OJMCKe IUIAHWUHE CIMYHe (U3MUKO-reorpadceke
OCHOBE.
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PERIGLACIAL RELIEF OF CRNOOK (SOUTHEAST SERBIA)

DRAGAN NESIC', SRDAN BELIZ, BOSKO MILOVANOVIC?
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Abstract: This paper presents the results of geomorphological research of the periglacial relief on mountain
Crnook (1881 m) in Southeast Serbia. The results have showed the significant presence of modern periglacial
morphology on this mountain which is developing in azonal conditions of a periglacial mountain environment.
Research results from Crnook are significant because they represent the continuation of similar studies on medium-
high mountains of Serbia (Kopaonik, Stara Planina). Based on a comparison of data from Kopaonik, Stara Planina
and Crnook (Nesi¢ D., Milin¢i¢ M., 2004; Belij S. et al., 2008; Nesi¢ D. et al., 2009; Nesi¢ D., 2009), it can be
concluded that in similar climatic frameworks with a significant share of anthropogenic activities, in terms of
reducing the forest area in the highest parts of a mountain, similar modern periglacial processes develop on
mountains as an indicator of azonal or boundary development framework of modern mountain periglacial
environment.

During 2006-07, the project "Modern periglacial geomorphic landforms on the mountains of Serbia" was initiated
and the field research was conducted on the high mountains of Serbia (Stara Planina, Kopaonik, Ku¢aj, Beljanica,
Zlatibor), and the mountains of Southeast Serbia (Vardenik, Besna Kobila, Dukat i Crnook).

Keywords: periglacial relief, azonal periglacial mountain environments, Crnook, Southeast Serbia.

Introduction

Contemporary or recent height of the upper forest border in the mountains of the
Balkan Peninsula is in the range of 1900-2300 m above sea level (Belij S. et al., 2008).
Above this vegetational and climatic upper limit of the high mountains, there is a belt of
modern periglacial mountain environment.

In the past, in conditions of agrarian overpopulation of mountain areas and the need

for wood during primitive mining, pastures in Serbia have been disseminated on behalf of
the vast woods. Thus, on most mountains, a kind of "anthropogenic or modified upper forest
limit" has been established. This modified upper limit of forest vegetation is still far below
its natural level so it is spread over vast pastures in the highest mountain areas.
Such anthropogenically conditioned position of the upper forest limit has been found in the
area of the Rhodope Mountains in Southeast Serbia. On these mountains, anthropogenic or
modified upper forest limit occurs in the range of 1500-1710 m. Above this range, up to the
highest mountain peaks, there are large pastures which are, due to the absence of high forest
or bushy vegetation, exposed to the influence of cold mountain climate with azonal
development of modern periglacial occurrences and forms.

During field research on the group of mountains including Vardenik (1876 m),
Besna Kobila (1923 m) and Dukat (1828 m) in the southeast of Serbia in 2008, a particularly
significant presence of periglacial morphology has been noted in the cone-shaped mountain
morphostructures of Crnook (1881 m), in the framework and the relationships of
anthropogenically modified altitudinal vegetation belt. The abundance of periglacial
morphology in a relatively small area of Crnook was the reason for its somewhat more
detailed research in the context of modern development of azonal periglacial processes on
the mountains of this part of Serbia.
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According to our findings, the periglacial relief of this area has not been
investigated so far, except for general reviews of regional characteristics or reviews of
individual problems on some smaller territorial units (MiloSevi¢ M. et al., 2007), and that is
precisely the feature of our work.

Picture 1. The panoramic view of Crnook (1881 m) from the south side (Google Earth, 2009)
The Position and General Features of the Landscape of Crnook

The cone-shaped mountain morphostructure of Crnooka, with the height of 1881
m, is sometimes singled out as the highest peak and morphological entity of mountain
Dukat, within the Rhodope Mountains in the far southeast of Serbia. Morphologically,
Crnook is a clearly separate mountain unit which is connected to the main mountain range
of Dukat by slightly lower relief of the system of mountain elevations and saddles. In
general terms, Crnook is a part of the spacious mountainous highlands in the southeast of
Serbia, where the plateau and the depression of Vlasina stand out, as well as the systems of
mountain ranges which rise to the cone-shaped mountain peaks such as Vardenik — Veliki
Streser (1876 m), Besna Kobila (1923 m) and Crnook (1881 m).

This space is a first-order geotectonic unit - Serbo-Macedonian mass with absolute
dominance of the rocks of metamorphic and magmatic genetic complex. Morphostructure of
Crnook is built of crystalline schists of predevon age within the crystalline series of Jare$nik
(Babovi¢ M. et al., 1977). On the geological map, these rocks are defined as the pararocks of
Jaresnik series (Babovi¢ M. et al., 1976). In the highest part of Crnook, there are also
quartzites in the form of an elongated zone of northwest-southeast direction and porfiroid
granites in the western part of the mountain (Babovi¢ M. et al., 1976). In structural terms,
Crnook area stands out as a brachy-anticline whose formation is assumed to have been
influenced by a granite massif (Babovi¢ M. et al., 1977).

In morphological terms, Crnook is a cone-shaped mountain morphostructure with
large pastures that cover the entire space above the range of 1550-1640 m, above the
enclave of beech forests preserved along the shallow valleys that start from the mountain
slopes. The substrate, other than the few areas with rock basis, is covered with a layer of
pedological mountain rankers of variable thickness, with or without skeleton, and the high
mountain grass cover. The area of Crnook is an impressive high mountainous area, and from
its west side it possible to see ranges and peaks of Dukat and Besna Kobila, while in the east
and southeast it opens up towards the mountains in Bulgaria and Osogovo mountains in
Macedonia.

Basic Characteristics of the Mountain Climate

Since we did not have an adequate database, this section will show only the main
characteristics of the climatic elements that might be of significance for geomorphic
processes on Besna Kobila, Dukat and Crnook. T. Rakicevi¢ (1980) classifies the space of
the mentioned mountains as the climatic region of Vlasina (mark II-16) stating that,
according to Kepen’s climate classification, it belongs to D climate, with high air humidity
(Vlasina Lake - 80%).

Based on the analysis of thermal gradients for stations in Vranje (433 m), Surdulica
(500 m), Bosilegrad (830 m) and Vlasina (1190 m) at altitudes of about 1500 m, the average
annual air temperature amounted to about 4°C, and at altitudes of 1800 m, approximately 2.0
°C. Only the highest parts of Besna Kobila, Dukat and Crnook have the average annual air
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temperature between 1.0 to 2.0 °C, which fits into the lower climatological framework of
periglacial environment allocations (according to L. Wilson (1968) from A Tumodees A.
., Briopuna A.E., 1983). If we consider that at Panc¢i¢’s peak (although measurements do
not meet the required string length) at altitude of 2017 m, the annual air temperature is 1.7
°C, and at the Black peak (2292 m) in Bulgaria -0.2 °C, it is not realistic that even at the
peaks of Besna Kobila, Dukat and Crnook, the annual air temperature can fall below the
calculated values.

The absolute minimum air temperature recorded was on 13.01.1985. in Vlasina and

it was -30.0 °C. However, on the same date, other stations also recorded absolute minimum
air temperatures (-25.0 °C in Vranje; -22.4 °C in Surdulica; -26.5 °C in Bosilegrad). It should
be kept in mind that these are the temperatures measured in standard meteorological shelters
at the height of two meters, while the ground surface can be expected to have even lower
temperatures, which can be significant in terms of the genesis of periglacial relief.
Despite the significant impact of relief on the spatial distribution of rainfall, we tried to gain
certain insight into the values of this element of the climate at altitudes above observed
stations. To this end, the altitudinal precipitation gradient was used. By using the linear
regression method, N. Zivkovi¢ and G. Andelkovi¢ (2004) singled out the regions of
homogeneous precipitation gradients in Serbia. For the observed area, the calculated value
was 32mm/100m. If we were to accept this value calculated from the computer at the station
Vlasina, it would mean that at altitudes of 1500 m, the amount of precipitation would be
about 920mm, while at the altitude of 1800 m, the amount of precipitation is about 1010
mm. These values should certainly be accepted conditionally, because at higher altitudes
there are no stations from which the results could be checked.

Due to the great influence of local factors, or modifiers of the second and third
order (relief, exposure, snow cover, vegetation, etc..), and lack of climate stations that would
be representative of the wider climate of Besna kobila, Dukat and Crnook, the results should
not be taken as definitive.

Methodology and General Results

The methodology consisted of the classical field qualitative geomorphological
studies that involve the field reconnaissance in order to detect the subject morphology,
qualitative identification of forms and occurrences and certain procedures of morphometry
in some isolated forms and occurrences.

In this context, the reconnaissance of the highest parts of Vardenik, Besna Kobila
and Dukat was performed, and periglacial morphology was not observed or it was observed
at a rudimentary level of appearance. Compared to these fields with modest development of
periglacial relief, Crnook stood out with an abundance of this morphology. To this end,
detailed research was conducted at Crnook where the periglacial morphology was
ascertained mainly in the domain of recent processes. Through qualitative method at
Crnook, it was possible to note occurrences of frost-solifluction splitting of pedological
cover with the appearance of frost sorting of debris (grass rings), forms of frost-denudation
scars, the appearance of slope fields of debris (slope kurums), the appearance of sliding
blocks, forms of tors and nivation niches.

Grass Rings

The forms which are, according to research on Stara Planina in Eastern Serbia,
noted as grass rings (Nesi¢ D., 2009), with a high frequency of occurrence, were found just
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southeast of the peak of Crnook, on the flat surfaces of certain protruding parts of the relief
above the height of 1850 meters. In the qualitative geomorphic calculations these forms
stand out as solifluction grass terraces (Belij S., 1992, 2010) created by frost-solifluction
splitting of earth and grass cover in areas of deflationary scarring or deflationary emissions,
with occurrences of minor frost-sorting of debris. Based on the previous knowledge of these
forms (Belij S., 1992, 2010, Nesi¢ D., 2009) it appears that, in this morphology, it is
possible to classify different stages of development, from initial shape in the form of
individual or, in rare occasions, groups of grass rings, to the development of these forms in
certain areas into irregularly distributed or broken grass rings, and the appearance of real
solifluction vegetation terraces in the form of elongated continuous grass sods (Kol¢akovski
D., 1998). Relationship or stadial development of this type of morphology is determined by
local climatic, orographic, soil and vegetation conditions of periglacial mountain arecas
where they arise. For example, Crnook seems to represent intermediate genetic stage, with
the development of significant areas of grass-earth rings between which there is minor
debris caused by frost sorting.

Picture 2. Frost-sorted debris on the vegetation terraces of Crnook (photo S. Belij)
Frost-Denudation Scars

Frost-denudation scars are usually semicircular or horseshoe cuts or scars of
centimeter-meter size on the pedological layer. On the slopes of Crnook, they appear as
horseshoe scars of 0.5 to 5 meters or more in diameter, cut into the pedological layer at
height of 0.1 to 1 m, which pinch-out toward the inclination of the slope, and almost always
inside the horseshoe cut with the washed out pedological layer to the rock foundation.

Picture 3. Frost-denudation scar on the northern slope of Crnook (photo D. Nesic¢)

These forms are previously mentioned in the literature as solifluction scars
(Milivojevié, M., 2005, Nesi¢ D., 2009), as well as deflationary scars (Belij S., 2010). Their
solifluction origin is debatable because of the fact that they can be found on almost flat
surfaces, as on Stara Planina (Ne$i¢ D., 2009), or that there is no classical solifluction
tongue under them. A more logical explanation for the origin of these forms is the frost-
denudation process. Most probably, frosty flatulence and solifluction process lead to
cracking and some movement of "broken-off" part of the earth-grass turf. Such eroded
surfaces, exposed to denudation, gradually give rise to scars on mountain slopes. The
process of denudation is aided by frost processes on the formed horseshoe pedological
grassy sections whose activity causes backward movement of the sections and the
enlargement of shapes. Through careful observation, it was noted that these forms occur in
homogeneous or pedological layers with skeleton and that the height of the section, or the
cut, depends on the inclination of a slope and the thickness of pedological horizon. Thus, on
the eastern slope of Crnook, there are observed scars sections with the height of up to 1
meter cut into the compact pedological horizon. In most frost-denudation scars, within the
section of the cut, a pedological skeleton was found that is, as nonhomogeneous, even more
susceptible to frost decay.

On the slopes of Crnook, frost-denudation scars were noted in the pasture region in
different exposures (albeit with a certain dominance of the northern exposure) above the
range of 1700 m in altitude, on the slope angle range of 10-40 °. Their discovery and
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research is significant, considering that, until recently, these forms were not singled out and
investigated. In this sense, the Crnook site is representative.

Slope Kurums and the Fields of Sliding Debris

On the northern and eastern slopes of cone-shaped morphostructures of Crnook,
there are individual occurrences of elongated zones of large debris, which, judging by the
accumulation of soil on the forefront of these zones, correspond to field or tongue of sliding
debris. In the complexity of the emerging development of frost destruction of rock surfaces
in periglacial mountain areas, which are, in the most general terms, called kurums in the
Russian literature (Tumodees A. J1., Brropuna A.E., 1983), the appearance of stone tongues
of sliding debris on Crnook corresponds to these rudimentary occurrences characteristic for
the azonal appearances, which were also observed on other mountains of Serbia (Nesi¢ D. et
al., 2009; Nesi¢ D., 2009; Belijj S., 2010). Therefore, on Crnook, elongated zones of large
debris were observed, with length from a few to several tens of meters and width of 3-10 m,
which move under the influence of complex periglacial-colluvial processes. This is
concluded on the basis of accumulated earth and grass turfs with the height of 1-2 m on the
forefronts of these debris zones.

Kurums are the seas of stones on the slopes with a higher inclination (over 100). H.
M. French (2007) equates them with fields of debris and seas of stones and blocks, while A.
L. Washburn (1979, 1988) distinguishes between the sea of stones on flat surfaces and
"analogous forms on slopes that should be called kurums - slopes with blocks (Washburn A.
L., 1969).

Picture 4. The forefront of the sliding field of debris on the northeast side of Crnook (photo S. Belij)

Local Siberian term "kurum" was introduced in the scientific literature by 5. A.
Makepos (1913), who used it to describe a considerable spaces on mountains covered with
fields of blocks and debris, emphasizing low angle of inclination of slopes. On the slopes
with greater inclination, various forms of block and debris movement can be observed,
conditioned by fluctuations of temperature, freezing and unfreezing substrate and the
accumulation of ice blocks, along with gravity. Seeing how, on the slopes of mountains in
periglacial environment, everything is in motion of variable speed and dynamics of
movement, the movements of individual parts debris cover were observed in the form of
stone streams and stone rivers (Belij S., 2010). Thus, there are kurums of first order or the
stone seas and kurums of second order or stone rivers (Kopotkuii A. M., 1976). Without
going into details, these phenomena are encountered in the literature under different names,
like "kamennue esuiu” (Glovna M., 1968), "kypym ckioHOBBIH" or slope kurums
(Tumodeer A. [1., Briopuna A.E., 1983) and sliding fields of debris (Belij S., 1992, 2010).
It is a complex phenomenon of movement and accumulation of debris in the conditions of
frost destruction of rock surfaces in periglacial mountain environments, whose manner of
movement is mainly explained (Tumodees A. 1., Briopuna A.E., Nesi¢ D. et al., 2009). It is
important to note that with these phenomena on Crnook, in some instances, the ring
accumulation was noted at the forefront of sliding debris, and, in one example, the
occurrence of a shallow depression behind the zone of sliding debris, which is an indication
of some complexity and differentiation processes of movement of these layers in bursts,
which corresponds to the conditions of periglacial environment.

Especially on the western slope of Crnook, above the saddle from which Crnook is,
toward the west, linked to the main mountain range of Dukat, the phenomenon of "directed
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destruction" was observed, where, in a broad front, the stone debris field is directed toward
the flattened part of the foot of the saddle, where a real river of sliding debris forms with
several hundred meters in length and width of 10-20 m. The zone of directed destruction is
unusual in that periglacial movement of large debris and blocks does not follow the slope
closest to the top of the saddle but is diverted laterally to the lower parts of the saddle. This
phenomenon has not yet been explained. The appearance of the stone river with these
relationships is certainly one of the most impressive phenomena on Crnook.

In the context of the emergence of the fields of sliding debris on Crnook, individual
examples of sliding blocks should also be mentioned; they are rare, but they are represented
and relatively low, even up to "anthropogenic upper forest border zone" at the height of
1550-1640 m above the sea level.

Periglacial Tors and Cryoplanation Plateaus

On the cone-shaped morphostructures of Crnook, within protruding parts,
following the direction of weakly expressed ridges or "fractures" in the relief of the
mountain slopes, there are individual occurrences of characteristic rocks-tors in the form of
large accumulated piles of big blocks.

Picture 5. Periglacial tor with slope kurum on the southwest side of Crnook (photo S. Belij)

Periglacial rocks-tors fall behind as resilient parts of the massive rocks which are
mostly destroyed by the frost and frequent alternate freezing and unfreezing. The general
definition that "tor is the remainder, like a wart, of bare rocks, conspicuously raised above
surroundings of the base of a rocky plateau, covered with regolith" (Hall A. M., Sugden D.
E., 2007), when translated to the terms of periglacial environment, provides the
interpretation of contemporary look of periglacial tors. Based on the periglacial cycle of L.
Peltier (Peltier L. C., 1950), who took Davies' general idea of the geographical cycle and
adapted it to the conditions of periglacial environment, this theory is based on frost
destruction and solifluction transportation of materials, after which the rocks were exhumed
and exposed to frost destruction. Cracking of granite rocks forms the sea of stones around
tors, which exist there for a long time, but partly moves down the gentle slopes by means of
frost sorting and forming stone rivers and kurums, as well as sliding materials, within
general cryoplanation of flattened mountain ridges (Palmer J., Radley J., 1961, Palmer J., R.
Neilson A., 1962). A review of the literature reveals that tors occur in all environments,
from tropical, through temperate to subarctic; that they are present in both plains and
valleys, on the vertices of flattened hills and ridges of high mountains, and that they are of
polygenic origin. Therefore, tor is a polygenic form, but in the perilgacional environment
where frost destruction and solifluction slope processes dominate, they shape it and take
away the material piled in the vicinity. Periglacial tors, in our conditions, most closely
resemble those originally described in England, as remnants of the parent rocks, usually
mutated during the last glaciation, by selective erosion with significant frost destruction and
formation of seas of stones in the immediate environment. They are most often related to
high mountain areas with granite rocks, but they are also in the rocks of all other species.
Such tors may be called periglacial rocks or periglacial tors (Belij S., 2010).

Picture 6. Fragment of cryoplanation plateau on Kalovsko Plandiste, at 1750 m above sea level with tors in
the background (photo S. Belij)
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The Complex of frosting processes is, in the nature of our high mountains, usually
inextricably linked with the activities of the remaining snow, and the shapes that exist in
periglacial environment are the result of two or all three processes simultaneously
(polygenic forms), or they are created under the domination of one of the processes which
alternated over time (polyphase forms). If we add the effect of the karst processes in the
specific conditions of periglacial environment, and the effects of running water and wind; it
is only then that one gets the true picture of the complexity of emergence and existence of
the periglacial environment on our high mountains.

Cryoplanation, in accordance with the general term of aplation (surface leveling of
the relief), refers to the processes aimed at reducing the surface relief in conditions of cold
periglacial climate and environment (Bryan K., 1946). On our high mountains, where
significant energy of relief and neotectonic uplift are present, such leveling could be
preserved only in fragments, and just around periglacial tors. The best example is the
southwestern slope of Crnook, the site of Kalovsko PlandiSte, where a group of broken
rocks appears on a fragment of cryoplanation plateau at 1750-1754 m above sea level.

Nivation Niches and Depressions

Nivation niches and depressions, in the context of these concepts as they are
singled out by J. Cviji¢ (1922), on the slopes of Crnook, correspond to shallow depressions
in the relief as elongated depressions or depressions with snow torrential streams as its
islands, and very shallow irregular depressions on the slopes which are places of certain
snow accumulation. Simultaneously, niches are smallest forms, flattened shallow depression
to 20-30 cm depth, with diameter of 3-30 m. They are more common in water-filled green
fields, where water from the melting snow retains itself for some time to form the coastline.
Depressions are slightly larger and deeper, not necessarily with a flat bottom, and they also
appear around the edges of a gentle ridge, when appearing in the series. These depressions
have islands that drain melted snow and cause catastrophic floods in spring with beds 1-5 m
deep and 3-8 m wide. Extra large polygenetic fluvial-nivation depression was found on the
western slope of Crnook, where it feeds the spring of Crnostica.

Conclusion

Based on the periglacial morphology on Crnook, presented grass rings, frost-
denudation scars, areas of sliding debris and sliding blocks, nivation niches, tors and
cryoplanation plateaus, in the framework of recent processes and relationships, it can be
concluded that this is periglacial relief which arises in the "moderate" conditions of
periglacial climate dominated by solifluction phenomena and relationships. This is
consistent with our theoretical calculations performed on the basis of quantitative periglacial
geomorphology, according to which mountain Crnook, with anthropogenically conditioned
upper forest limit, corresponds to contemporary azonal periglacial environment in this part
of the Balkan Peninsula, as the lowest mountains range in which the contemporary
periglacial processes are represented.

Presented statements are supported by the results of the research of periglacial
relief in the high mountains of central Serbia, where the similar periglacial morphology was
identified. Thus, on Kopaonik, similar occurrences of sliding debris were identified on the
southern slope of Panci¢’s peak (2017 m), where an attempt was made to explain its
movement (NeSi¢ D. Et al., 2009) or, on the same mountain, the appearance of high-
mountain solifluction landslides in the elevated forest zone (Nesi¢ D., Milin¢i¢ M., 2004).
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On Stara Planina, in eastern Serbia, among others, rudimentary appearances of grass rings
and frost-denudation scars were identified, along with fields of sliding debris and sliding
blocks (D Nesic., 2009), same as on Crnook.

All these results are sufficient indication that, in Serbia, i.e. the central part of the
Balkan Peninsula, azonal representation of modern periglacial environment can be
identified, which is, besides geomorphologically, also proving climatologically, and in the
ratios of distribution of modern upper forest border. On this basis, the future periglacial
geomorphological research in the area of the Balkan Peninsula should be extended to other
medium-high, and especially high mountains, in order to build a more complete picture of
the development of modern mountain periglacial environment or cryosphere in this area. It
is particularly important, by means of complex approach which was significantly recognized
in the periglacial geomorphology (Kynpsisues et al., 1979; Belijj S., Kol¢akovski D., 1997),
to explore the azonal development of periglacial environment on mountains, as a form of
destructive processes caused by anthropogenic activities and changing the relationships
between mountain vegetation regions by deforestation.
A particular problem is that, when it comes to spatially close mountains of similar physical-
geographical basis, besides Crnook, the contemporary periglacial relief is almost completely
absent on most medium-high mountains of Rhodope group in southeastern Serbia.
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