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Abstract: The environmental impacts in Serbian ski areas are very
strong, leading to landscape degradation, functionality and financial
losses, which is illustrated in ski-resort ,,Stara planina . Construction or
improvment works cause hard destruction of topsoil and native
vegetation. Some activities enhance erosion production and sediment
yield: clear cuttings; trunk transport down the slope; road construction
and large excavations. Also, lack of erosion control works in ski areas,
especially between April and October, result in various forms of land
degradation such as furrows, gullies, landslides, or debris from rock
weathering. Planning and designing activities, with application of
technical and biotechnical erosion control structures, through concept of
restoration, are necessary measures in protection of ski areas.

Kawyune peuu: cxu-yenmap, oecpadayuja, pecmaypayuja, 3aumuma 00
eposuje, Cmapa nianuna

Key words: ski-resort, degradation, restoration, erosion control, Stara
planina

1. VBOJ

Msrpagma cku-nieHTapa u nparehe mHGpacTPyKType MpeAcTaBiba
aTPaKTUBHY JIEJaTHOCT Yy TpaH3WIMOHMM JapyimTBuMa bankana (Cpowuja,
Lpxa I'opa, Makenounuja, byrapcka), nako ce y pasBHjeHHM 3emMJbama
OpojHa CKHMjalMITA 3aTBapajy, a HOBa HE TIpaje Ha HaJMOPCKHM
BucrHaMa MawuM of 1400m. MelyTum, mopen moTeHIMjaTHOT 3Ha4aja
3a pa3BOj TypHU3Ma, OBE aKTMBHOCTHU T€HEPUIIY YUTaB HU3 HETATHBHUX
e(exara Ha XKMBOTHY CpPEAMHY, TOKOM H3BODeHa paloBa U KacHHU]C
eKcIuloaranyje objekara, ¢ 003MpPOM Ja ce O/BMjajy Ha H3Pa3UTO
HarHyToM TEpeHy, IITO JOBOJM JO TI0jaBe€ pa3IUYUTHX (HOpMHU
nerpaganmje mpoctopa. Ymcra ceya apseha, u3BiIaueme Tpymama H
YKJIambambe KOperba, 3¢M/baH! PaJIoBH y3 yIoTpedy TELIKe MEeXaHU3aluje,
IPOY3POKY]y €POAMPALE WM MOTIYHO YHUIUTCH:E MOBPLIMHCKOL Clloja
3eMJBHUINTA, YMME CE€ CTBApajy BEIHKE KOJIMYMHE HAHOCa KOjU JIAKO
J0CTIeBa 10 JIOKATHKUX MyTeBa U BojmoTokoBa (Balaganskayaa & Malinen,
2000; For Earth, 2007; Macan. G., Krsti¢, Risti¢ & Macan. 1., 1997; Ries,
1996; Risti¢ et al., 2011, Risti¢, KaSanin-Grubin, Radi¢, Niki¢ &
Vas1lJeV1c 2012; Tsuyuzakl 1994) MoHTaxa cku- nI/I(bTOBa u mparehe
UHPACTPYKType, epo3uja, Oyka U 3araljeme Bojie, yrpoxkapajy CTaHHUINITA
KHUBOTHECKMX M OWJBHHMX BpCTa, J0BOJE 10 (hparmMeHTanuje myma u
Jerpajganuje jeIMHCTBEHOr IUIAHMHCKOT Iej3axa ca (YHKIHOHATHUM M
ectrerckum mociequiiama (Bayfield, 1996; Fattorini, 2001; Geneletti,
2008). 3emsbuiire Ha omrTeheHWM CKH-CTazaMa IOCTaje cabujeHo, ca
HE/OBOJbHOM  KOJIMYMHOM  OpraHcke MaTepuje U nopemeheHom

2



P. Pucrtuh u cap.: 3amrura ox eposuje... IMupotcku 360pHUK 40 (2015) 1-27

cTpykTypoMm arperata (Balaganskayaa & Malinen, 2000; Tsuyuzaki,
2002), uyuMe ce cMamyje HHQWITPALMO-PETEHIIMOHN KalaluTeT,
WHTEH3MBHpaA epo3uja u noBpmmHckn oTriaj (Burt & Rice, 2009; Jones
& Grant, 1996; Jones & Post 2004; Troendle & Olsen, 1994), a moce6HO
Cy yrpokeHe MalmMHCKH oOpaleHe cku-crasze, O0e3 Bereramuje (Wipf,
Rixen, Fischer, Schmid & Stoeckli, 2005). OacycTBo TpaBHE BereTaruje
Ha CKH-CTa3aMma CMamyje TOBPIIMHCKY pamaBOCT, YMMe ce ToBehama
Op3uHa Teuewa m mHTeH3UTeT eposuje (Freppaz, Lunardi, Bonifacio,
Scalenghe & Zanini, 2002). Epo3uonu nporecu Ha CKH-CTazama, 1opej
BU3YEIIHE JIerpajialidje Tej3aka, MHIUPEKTHO yTHYy Ha KBaJHUTET U
nebspuHy cHexkHoT okpuBaua (Ries, 1996), mito y canejcTBy ca Tekyhum
(¥ OYCKMBAHMM) KJIIMMATCKHM MpPOMEHaMa MOXE JIOBECTH 110 cKpahema

Ce30HE M HEMOBOJPHMX (puHaHCcHjckuxX pesyiarara (Scott, Mc Boyle &
Mills, 2003).

2. MATEPUJAJI 1 METO/l PAJTIA

Cku-nenrap ,,Crapa miaHuHa“ je ¢GopMHpaH Ha HCTOMMEHO]
IUTAaHWHU, KOja Ce MPOTEkE CPICKO-Oyrapckom rpaHuiioM (ciuka 1), y
6mu3uHK Bpxa babun 3y6 (1757 m n.m.), uamely onmruna Kmaxesan u
[Tuport. I'paheBuHCKE aKTUBHOCTH Cy 3amodere TokoM jera 2006, a npBu
CKHjallli Cy KOPUCTUIIM HOBe cTa3e Beh TokoMm 3umcke ce3oHe 2006-2007.
rogune. Jlo HoBemOpa 2012. ronuHe GopmupaHe Cy CKHU-CTa3e U CKU-
nyTeBu, ykymHe ayxuHe 10.61 km, ca mparehum wuHcrananujama
(kaOWHCKa XMYapa OCMOCEHT; TPU CKH-TU(Ta YeTBOPOCEa; ABE KHUAPE
THIA CHIPO U 0ejoun J'II/I(;)T), Kao W JBE BOJHE aKyMyJalluje, 3alpeMHUHe
10000 m® u 3000 m’, ca cucremmma 3a AUCTPHOYLH]y BOAC H
IIPOU3BO/IbY BEILTAYKOT CcHera. UsrpaljeHo je 5 1enoHMjCcKuX mperpaja
(Tpu o1 ra0uoHa, Be 0 OCTOHA) 3a 3ALITUTY aKyMyJIallija O/ 3aCHIIamba
epo3noHnM Matepujaiaom. [Topen Tora, 06aBpeHN Cy OOMMHHM PaJIOBU Ha
u3rpaamu myTHe uHppacTpyktype (Ha neonunu Kanna-babun 3y0),
CJIEKTPOCHEPIeTCKUX, BOAOBOAHMX H KAaHAIM3ALMOHHUX HHCTaNaluja, Kao
W CMEIITajHUX Kamanurera (xoten ,,badun 3y0°).

CkyjanuiuTe uMa JBE KapaKTEepUCTHYHE LEJIMHE, y OJHOCY Ha
JOMUHAHTHE MOP(QOJONIKE KapaKTepUCTUKE TepeHa Ha KOME Cy
dbopMupaHe CKU-CTa3e W IMOCTaBJbEHH CKU-THU(PTOBU, CerMeHT 1 u
cermeHT 2. CermeHT 1 ce Hana3u Ha BOJOJCIHUIM M3Mel)y BpIIHOT aera
ciuBa 3ackoBauke peke (mpuToka TOIIIOMOJICKE peke, CIuB JyKHe
Mopase), BehuM aenoM, ¥ MamuUM JEJIOM Ha TOBPIIMHH KOja j€ BPIIHH
neo cmmBa JleOemtnuke peke (mputoka LlpHOBpHIKE peke, CIHB
Cepseumikor Tumoxa). [lpenmerna mnokamuja ce mpoctupe usmely
3apaBHH Jabyuko paBHHIITE W Bpxa PyauHe, Ha LCHTPAIHOM aeiy
ckrjasimmTa Ha CTapoj miIaHuHU. 3ay3uMa NmoBpiuHy of 2.025 km?, ca
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npoceyHuM HaruOoMm TepeHa ox 23.31% u cpenmoM HAAMOPCKOM
BucHHOM on 1599 wmerapa Hag mopem. I[lonmpydje wma wu3BaHpemHE
MPEUCIIO3UIINjE 3a CKHjalllke aKTHBHOCTH, IOTOTOBO 32 IOYETHHKE M
pEeKpeaTHBIle, YCIIEJ pEeIaTUBHO Oaror NpoceyHOr Haruba TepeHa
(23.31%), mmpune ctaza (nmpocevna mmpuHa o 69.3 no 39.04 merapa) u
BU3yesHe mperienHocTd. CerMeHT 2 ce Haja3u y BpPIIHOM JeNy CIHUBa
3yOcke peke (mpuToka HpHOBmee peke, ciuB CBpJbHIIKOr THMOKA).
Baysuma moBpmmHy on 1.77 km’, ca mpocedHMM HAarmGoM TepeHa Ox
47.57% 1 CpefmbOM HaMOPCKOM BHCHHOM ox 1406 merapa. Cerment 2
MMa 3HATHO HEMOBOJbHHUjE MPEIUCIO3UIMje 32 CKHUjalllKe aKTHBHOCTH,
MOTOTOBO 3a TOYETHHKE W PEKpeaTuBlle, Mpe cBera 300T H3paxKeHOT
IPOCEYHOT HAaruba CKU-CTasa, y pacmnony ox 28.04 no 42.43%. CermeHt
2 je MMao MHTEH3MBAaH Pa3B0j €PO3MOHMX IIpoleca KOjU Cy 3HAYajHO
Aerpajiupaiy CTame M M3IJIEA NPOCTOpa M YIPO3UIH (yHKIHOHAIHOCT
ckujanuiuta. Onuc cTenexa Jerpajanuje ycies JeloBama eposuje, Kao 1
npeay3eTe Mepe caHalMje U BUXOBU €(PEeKTH, MPEACTaBIbajy TEKUIIHY
TEMY OBOT paja.

—
5L0 ¢ 0
AL HR

Cnuxka 1 Jlokanuja cku-tieHTpa ,,Crapa manuna“ (CII)
Figure 1 Location of the “Stara planina” ski-resort

2.1. OcHOBHE IPUPOJIHE KAPAKTEPUCTUKE CErMEHTA 2

Ha cermenty 2 ¢opmupane cy cku-ctase ,,CyHdyaHa gonuHa™ (S),
,Komapuuk 1“ (K;) u ,,Komapuux 2 (K,) (cauka 2). Ilompydje ce
OJUTHKYje TUTAHWHCKOM KJIMMOM, Ca MPOCEYHOM TOJIUIIEHOM KOJIUYHHOM
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nagaBuHa o7 1090 mm u mpocevyHOM roJIMIIEBOM TEMIIEPATYpOM Baszayxa
6.1°C.

['eosomky MoOUIOTY YWMHE NPBEHH TEIIYapH W 3€JICHH IIKPHJBIN
(Kperuh u cap., 1970; Puctuh u Hukuh, 2007), 10Kk cy HOMHHaHTHH
3eMJBUIIIHMA THUIIOBH 3aCTYIUBEHH Ca CKEJIETOM IPBEHHX Nemrdapa |
XyMYCHO-CHJIMKAaTHUM 3emJbuinTeM (AuTtoHoBHh, 1976; Puctuh n Panuh,
2008a, 20086). Hajsehm neo ayTOXTOHHMX 3E€MJBHINIHUX TBOPEBHHA j€
YKJIOHEH TOKOM W3TPpaJlbeé CKHU-CTa3a. 3eMJbMINTAa HMajJy CiIuYaH
MUHEPAJIONIKKA CacTaB Kao TeOJIONIKa MOJIora, a rpal)eHa cy o/ meckoBa
(62.8-80.9%), mpaxa (10.9-24.6%) u rnune (8.2—16.6%).

" kilometers' | 2F sd—= 5 - B.(\: ! S kilometers'

Cnuka 2 Bpmau neo cnupa 3yOcke peke, ca cku-ctazama (S - ,,CyHuana
nonuna’; Ky - ,, Komapuuk 1%; K,-,, Komapuuk 2°) u npoMeHe HaunHa
Kopuihema 3eMJbUIITA Y YcinoBUMa Tpe (bc) U mociie u3rpaimbe CKUjaTuITa
(ac): 1-mryma; 2-nuBaje; 3-mpupoaHe roiety (mpodoju jeape CTeHe Ha
MOBPIIUHY TepeHa); 4, S-aHTPOIOTeHE TOJETH (IPUCTYITHU MyTEBH; CKHU-CTA3¢;
MOJIa3HEe U U3Ia3He CTAHUIIE CKU-TTU(TA; KOPUIOP CKU-TH(TA; MAPKHHT;
paznmmuuTe rpal)eBHHCKE JOKaIHje)

Figure 2 The Zubska river headwater, with ski-runs (S - “Sunchana dolina; K; —
“Konjarnik 1”; K, — “Konjarnik 2”’) and land cover changes in conditions before
construction (bc) and after construction (ac): 1-forest; 2-meadows; 3-
autochthonous bare land (rock outcrops); 4, S-anthropogenic bare land (access
roads; ski-runs; top and bottom stations of the ski-lift; ski-lift corridors; parking
lot; construction sites)

2.2. Meton pana

Pa3Boj Opazna u japyra je ocmarpas of 1. 04. 2007. rogune 1o 01.
09. 2007. roguHe, Ha OCHOBY JeTajbHOT reonerckor mpemepa (Ristic,
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Ka$anin-Grubin, Radi¢, Niki¢ i1 Vasiljevié, 2012) W3nBojena je
eKkcrepuMeHTanHa nospiHa BenuauHe Ae=0.0056 km? , nyxune 100 m,
npoceyde mupuHe 60 m, ca mpoceyHuM Harmbom on 52.5%. I[yxc
HajBehux japyra Ha cku-ctasu ,KomapHuk 2° mocraBibeHO je 15
nonpeyHnx npodmia (Ha pacrojamy oA 3 10 8 m), KOju Cy ocMaTpaHU
JETHOM HEEJbHO M IOCJIE CBAaKe KHIIHE eMHu30/ie, KOpUIINemheM TOTaHe
cranunie ca jacepoMm (Topcon GPT-3100N). Edexktn pectaypannoHux
panoBa cy ocmarpanu of mpoieha 2009. ronune no kpaja jecernu 2013.
TOJIUHE.

[Ipomena HauMHa KopulIhewma 3eMJBUIINTA j€ aHAIM3MpaHA Ha
OCHOBY [I€TaJbHOT TEPEHCKOT KapTUpama HUCTPAXUBAHOT TOJpYYja,
ynoTpeOoM CaTeNUTCKUX U aepo-(OTO CHHUMaka, Kao M TOMOrpadcKux
kapara. IIpumemen je codrBep ArcMaplO, a 3a aHanu3y BuU3yenHe
M3JI0KEHOCTH Jerpajanuje kopumtheH je moxyn Spatial Analyst Tools
(Bell, 1994; Bell & Apostol, 2008; Selman, 2006). Hnatensurer
epO3MOHUX TIpolleca Ha HCTPAKUBAHOM noz[pyqjy NPOLCECH e Ha
OCHOBY mnpumeHe Merone ,lloreHumjana eposuje”, koja je KpewpaHa,
pa3BujeHa u kanuOpucana y CpOuju, a KOPHUCTH C€ Y CBHUM OKOJHUM
3emsbaMa (Kocragunos, 2008). [IpomeHe XHAPOJIOMIKUX YCIOBA CY
BpeJHOBaHEe mopehemeM MakCMMalIHHUX MPOTHIIAja y YCIOBUMA Mpe U
mocJie u3rpaame cku-1menTpa. [Ipopauyn MmakcumanHor npoTunaja (Qmax)
je 00aB/b€H NMPUMEHOM TEOpPHje CHHTETHUYKOT jEAMHUYHOT TPOYTaOHOT
xuaporpama u SCS (Soil Conservation Service) meTomosnoruje 3a
pa3zaBajame epeKTUBHUX off YKynHUX magaBuHa (Chang, 2003; National
engineering handbook, 1979), y3 kopumheme pernoHaTHUX 3aBUCHOCTH
3a Bpeme Kammewma (Puctuh, 2003), yHyTap [AHEBHE pacmojeie
nagaBuHa (JankoBuh, 1994), u xuaposomke kracudukaiyje TUIIOBA
semspuiita (DBoposuh, 1984). Ilpopauyn je oOaBibeH 3a yCIIOBE
HaTnpoceuyHe BrnaxHoctu 3emsbrmTa AMC III (Antecedent Moisture
Conditions III), u 3Ha4ajHO peryKOBaHOT MH(PUIATPAIIMOHO-PETEHIIMOHOT
Karaurera.

OcHOBHa XWIIOTE3a jecTe Ja JIolmle IUIAaHUPAHW TIPOJeKTH ca
BEJIMKMM O00MMOM pajioBa, y (pardiHuM IPUPOJHAM yCIOBUMA, UMajy
CHa)KaH JIeCTPYKTHBAaH yTWIA) HAa OKONHH mpocTtop. Takobe,
MIpEeACTaB/bEHE Cy Mpeny3ere pecrayparone u nporuBepo3none (PIIE)
Mepe, Kako OM ce WIIyCcTpoBajia CIIOKEHOCT Ipolieca PEKOHCTPYKIIH]je
JerpajupaHor IpocTopa.

3. PE3VJITATU UCTPAXXMBABA

Jlerpaganuja mpocTropa y CKH-LUEHTpY ,CTapa IUIaHMHA® je
nocjenuIia akTUBHOCTH Koje ¢y ce onBujane y Tpu dase (cnuka 3). I pasza
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ce onBujana y nepuoxay jeto 2006 — jecen 2007. rogune, nok cy Ila u 116
(aza akTyeyHe U JaHac.

P A
,[— | DA3A 41
(-qmcra ceva ) -
1A PA3A -TpaHcnopT Tpynaua 16 PA3A
: -MalumHcka obpapa s 2
-CKujaLuke Harnba -KpeTak-e Bo3nna
aKTUBHOCTU -0BUMHU 1CKOMK -KpeTare TypucTa
-ynotpeba Tabava \v3rpaakba nytesa ) -npekomepHa
cHera ucnatua
-ekcrnnoarauumja
\ Luyme y
A y .
YTULAJ HA
MPOCTOP (MPEAEO)
' N
-epO31OHM MpoLecH
-npomMeHa
XMOPOMOLLKUX
ycrosa
-tbparMeHTaumja
\_uyme )

Cnuka 3 daze perpananmje mpocTopa y CKA-IEeHTpy ,,CTrapa rranuaa
Figure 3 The phases of landscape degradation in the ski-resort “Stara planina”

3.1. HeratuBuu edextu I paze

OBa (ha3za je 3amoyena ca MaCMBHOM CE€UOM IIyMe, U3BIAYCHEM
Tpynaua, u3pajJoM 3eMJbaHUX NMPUCTYIHUX IyTeBa, OOMMHHUM HCKONHMA
3a morpebe UHPPACTPYKTYpHUX oO0jekarta (TeMesbu CTyOOBa CKU-
nudToBa; MHCTANAaIMje 3a €JIeKTpPO W BOJOCHAOJeBame, OTHAaIHE U
¢dekanHe BojAE) M MaIIMHCKOM 0O0paaoM cku-cTaza. Yucre cede cy
oOyxBaTuiie oko 26 ha mryma (OykBa M cMpua) mpoceyHe ¢TapocTH OKO
80 roauHa, ca 3alpeMHHOM JpBHE Mace of oko 7800 m’. Crabna cy
ceueHa Ha HHMBOY TepeHa, JOK j€ KOPEHOB CHCTEM OCTaja0 y 3eMJBUIITY.
TokoM MammHCKOT OOJIMKOBama CTa3a, OpOjHH MameBH ca JIEIOBHUMA
KOPEHOBOT' CHCTeMa cy Hu3Bal)eHH M3 MOJUIOoTe, INTO je MPOy3pPOKOBAIIO
HOBa omTehema 3emipMINTa. M3Biadewme Tpymnama, ca TMPOCEYHOM
TPaHCIOPTHOM JUCTaHLIOM oA 174 m, u3a3Bajo je NOTIyHY AEeCTPYKLH]Y
MOBPIIMHCKOT CJI0jJa 3€MJBMIITA W IPEOCTAIOr TPABHOI IIOKPHUBAua,
noceOHo Ha HarmOuma Behum ox 20%. MammHCKa 00pana CKHU-CcTaza u
HUBEIIMCamkhe Harnoba (MonmymaBame JeMpecHja; TPOITUPUBAkE CKU-CTa3a



P. Puctuh u cap.: 3amrtuTa on eposuje... TMupotcku 360pHuK 40 (2015) 1-27

Ha ONTHUMAaJHy HMpHHY of 45 mo 60 m; Moaudukanuja H3paKeHUX
KpUBHHA; yOlaxaBambe CKCTPEMHHX HAruba) M3BCACHH Cy TLOTOBO JIO
MaTUYHE TOojyIoTe, Ha moBpImHU oA 11.3 ha, mTo je 3Ha4ajHO U3MECHIIIO
nokanHu pesbed. HaBenene akTHBHOCTH Cy J0BEJ€ A0 TOTOBO MOTITYHOT
VHUIITeHa MOBPIIMHCKOT Clloja 3eMJbHINTa, Topemehaja merose
NpUpPOHE cTpaTu(HKaIKje U TeCTPYKIMje TPABHOT IMMOKPHUBAYa, YAME Cy
CTBOPEHHM YCIIOBH 3a Pa3B0Oj HHTEH3UBHHMX €pO3HOHHMX IIpomeca |
(opmupame Op3or MOBPLIMHCKOT oOTHL@ja. Mpexa MNpHCTYIHHX
3eMJbaHUX MyTeBa u3rpaheHa je 3a morpe0de TpaHCIOpTa MaTepujana u
OIpeMe TOKOM MOHTaxe CKu-inQroBa. I'ycra mytHa mMpexa (6.79 kmkm’ %)
dopmupana je Oe3 mpomycra M purosia, ¥ 3HA4ajHO je JONpPHHENA
yOp3aHOM TpPAaHCHOPTY W KOHIEHTPALMjU MOBPIIMHCKOT OTHLAja U
HaHOCA.

Hajtexxe popme nerpanamnuje cy youeHe Ha CKH-CTa3M ,,KomapHHUK
2%: cucreMu Opasna u 1yOokux japyra (ciuka 4).

Comika 4 ILyGOKe ]apyre Ha CKHU-CTa3u ,,KOH:ElpHI/IK 2 (Agryct 2007)
Figure 4 A deep gullies on the “Konjarnik 2 ski-run (August 2007)

Pa3Boj japyra je ocmarpan (ciuka 5) om mpodwmra 1 (1453.7 m
n.m.) o mpoduna 15 (1401.2 m n.m.). Hajseha japyra mocturna je
nyouHy on 4 m, mupuHy 7 m u nyxuny 30 m, Ha mpodry 9 (couka 6).
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Cucrem mapaienHux japyra GopMupaH je ca o0e CTpaHe IIIaBHE japyre,
M 3HAaTHO Mamux nuMmeHsuja. Jlo kpaja sera 2007. romuHe mporiec
pas3Boja japyra je Jocerao MaTHYHY CTEHY, ca YKYITHOM 3allpeMHHOM
epoaupaHor marepujana E,=744.93 m’, K0ja M3paxeHa Kao crerupudHa
(jeanHu4Ha) epo3uoHa nponykiuja Epg, u3HOCH:

E
C=e T3 1330232 ki
"4 0.0056

Comudnayknuje (MOKpeTH TOBPIIMHCKOT — CJI0ja  3€MJBHINTA
3acuheHor BOJOM, y YCJIOBHMMa YeCTOI CMp3aBamka M OJMp3aBama),
ocMoTpeHe cy 24 myrta y mepuomy HoBembOap 2006-noBemOGap 2007.
roavHe. JaBuie cy ce Ha moBpIIMHaMa BenuuyuHe 3-10 m’, ca JTyOMHOM
nokpenytor cnoja 0.3-0.7 m, unme cy yOp3ane nporec Tpancopmarimje
Opasna y japyre.

NMpodunu 1-15

Cnuka 5 ExcrnepuMeHTa Ha HOBPIIMHA 332 OCMaTpame Mpolieca pa3Boja japyra
Ha CKU-cTasu ,,KowapHuk 2
Figure 5 The experimental plot for gully development process observation at
the “Konjarnik 2” ski-run
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Cmuka 6 Pa3Boj mompeunor mpoduia japyre Ha mpodmry 0p. 9 (cku-craza
,KomapHuk 2, anpui-centembap 2007)
Figure 6 Development of gully cross section on profile 9 (,,Konjarnik 2*
ski-run, April-September 2007)

[IpomeHa XuAPOJIOUIKUX YCIIOBA j€ MOCceIuIa 3Ha4ajHO U3MEHECHE
CTPYKType MOBpIIMHA Ha cauBy (ciuka 2). Jlo nera 2006. roarHe BpIIHUA
neo cimBa 3yOcke peke OMO je MOKPUBEH CTAOWIHUM mymama Ha 1.47
km? (83.05% O[] yKyIIHE TIOBPIINHE CIIHBA). 1“025 Hy JaHa KacHuje (JIeTo
2007) myma je 3aysumana cBera 1.08 km~ (61.02% on yKymHe
MOBpLIMHE), MOK Cy NPUPOAHE jHBage cMameHe 3a 0.04 km’.
HcToBpeMeHO, aHTpONOreHe roietu (CKU-cTase, Mojla3Ha W H3JIa3Ha
CTaHMI[A CKU-TU(pTA, KOPHHOP CKHU-TH(TA, pasnuiuTe TrpaheBHHCKE
JIOKaluje, MPUCTYITHU MTyTEBH, HapKI/IHF) yBehane cy ca 0.04 km” (2.26%
on ykynHe mospumine) Ha 0.47 km® (26.6% 0n yKyIHE MOBpIIHHE).
[IpoMeHa XuAPOJIOUIKUX YCIIOBA j€ M3pakeHa PayyHCKHUM BpEIHOCTHMA
MaKCHUMaTHUX TMpOTUIdja (3a KOHTponHH mpodun Pi-cimuka 2), y
yenosuma mipe (sero 2006) u nocie usrpaime cku-ueHTpa (nero 2007),
IITO je MpeNCTaB/beHO OoAroBapajyhum xuaporpamuma (ciuka 7), 3a
paznmuunrte BepoBaTHohe (p = 0.5%, 1% u 2%).
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Cruka 7 XumporpamMu MaKCHMAaJTHOT TIpOoTHIIaja 3yOcKe peke, Y XUAPOIOINTKAM
ycnosuMa mnipe (bc) u moce (ac) u3rpaame CKu-1ieHTpa ,,Crapa miaHuHa™
(3a BepoBaTtHohe p = 0.5, 1 and 2%)

Figure 7 Hydrographs of maximal discharges in the Zubska river, in
hydrological conditions before (bc) and after construction (ac) of the ,,Stara
planina” ski-resort (for probabilities p = 0.5, 1 and 2%)

Wsrpagma CKU-IIEHTpa Hapymmdia je€ MPUPOTHU XHAPOJIONIKH
pexuM cimBa ¥ noBehana MOBPITMHCKHA OTHIIAj, PE CBETa, ca CKU-CTa3a
Y MPUCTYIHUX MyTeBa. [IpoMeHa cTpykType moBpiirnHa (00enryMibaBamke
U yKJIamame 3eMJBUIITA) JPAMAaTUYHO Cy YMambUIU HHTepuenquy "
MHQUITPAIIMOHO-PETEHIIMOHN KaMalUTeT 3eMJBbUINTA, YHME j€ BPIIHU
neo ciuBa 3yOCKe peke TMOoCTao CEeH3UOWIaH 3a TO0jaBy 'eKCTPEeMHHX
XUAPOJOWIKUX Jorahaja kao mTo cy MakcUMamHU TPOTHIAJH (Qmax), ca
CMaHTeHI/IM MMOBPATHUM HICpUOAUMaA: Bpel,Z[HOCTI/I Qmax AMCIII (1%, 2006) —

m’s” U Qmax-amcri 2%, 2007) =10.33 m™s” Cy CIUYHE, ONHOCHO, Bpe,D;HOCTI/I
Qmax AMCII (0.5%, 2006)— =12.36 m S u Qmax -AMCIII(1%, 2007)—13 39 m’s
HcroBpeMeHo, OCTanM 3HAYajHH IMMapaMEeTpU IMpopadyHa, Kao IITO cy
yJIa3He MaJaBuHe, WM (U3HIKO-Teorpad)Cke KapaKTEPUCTHKE CIIUBA,
OCTaJIv Cy UCTH.

11
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3.2. HeratuBuu edextu I1A u 115 daze

Omrrehema yciieq CKHjallIKMX aKTUBHOCTH JICNIaBajy ce Kaaa Cy
CKMjallli TIPIMOpPAaHU Ja C€ 3ayCTaBJbajy WM CKpehy Ha CTpMHM H
y3aHUM JICOHHIIaMa CKU-CTa3a, TJe je CHeXKHH TMOKPHBay TamK o7 15 cm,
MpU Y€MY C€ WBHWIIC CKH]ja 3apuBajy y MOBPIIMHCKH CJI0] 3€MJBUINTA U
3acenajy tpaBy. Cku-craze (S, K;, K;) cy onrepehene ca 7000-12000
mpoJjlazaka cKujama JHeBHO. JlenmoBu CKu-cTaza ca omTeheHuM
3eMJBUINTEM W TPAaBHUM [OKpPHUBAaYeM UMajy IMPOMEHEH TOIMJIOTHH
OunaHc, WITO TNPOY3pOKyje Ope TOIJbEHEe CHEera W THUME yrpoxkasa
6e30enHOCT ckujamia. Tpajambe CHEXHOT TOKpHUBaya Ha JIEOHHIIAMA ca
OYYBAaHUM 3EMJBHMILTEM M TPAaBHUM IOKpUBadeM je 2-5 naHa JIy’ke Hero
Ha JeoHunamMa ca omTehemuma. Ypeheme crtaza y TOKY CKHU-CE30HE
noxpazymeBa ymoTpeOy Tabada cHera, Kako Ou ce o00e30emamuna
paBHOMEpHA pacIofieia CHera (IpUpoJHOT WK BemTadkor). Cku-crase y
CKHU-LIEHTpY ,,CTapa IutaHuHa® ce Haja3e y BUCHHCKOM mojacy ox 1230
no 1724 m n.m., ca 4yectuM QuIyKTyanjamMa JTHEBHE TeMIIeparype,
MOTOTOBO HA MHKpOJIOKAIMjaMa jy>KHE M 3amajHe eKCIO3WIHje, YCIel
gyera J0J1a3u 10 MECTHMHUYHOI OTamama cHera. YecTu cy MOBpeMeHHU
yZJapH BeTpa KOJU pa3BejaBa CHEr Ha BUIIMM JICOHUIIAMa CKU-CTa3a, LITO
3axTeBa ynmorpely Tabaua cHera ca 2-4 JHEBHa IMPOJIACKA. YKOJHUKO Ce
Tabayu KOpUCTE Ha CHETy BHCHHE Mame oA 20 cm, MeTaaHH IeJOBH
rycernna (10-12 cm; tun Kassbohrer, mogenu PB 300 u 500) omrehyjy
WIM 4Yymnajy TpaBHU OyCeH W3 MOAJIOre, W pa3apajy MOBPIIUHCKH CIIO]
3emJpuinTa. HajyrpokeHuju cy JAeIOBH CKH-CTaza TI/€ J0JIa3d [0
poMeHe Harnba U3 Beoma CTPMOT y OJ1aXkH, Kao U Ha MecTuMa rjae tabad
cHera (paTpak) Mema IpaBall KpeTama.

Tokom nepuoga 6e3 CHeXHOT MOKpHBaya (Maj-oKTo0ap), CKU-CTa3e
MOCTajy MPOCTOP 3a OJABHMjalbe€ pPA3IUUYUTHX, YECTO HEeXeJbeHUX (U
HEJIETAJTHUX) aKTUBHOCTH, Ka0 LITO Cy: NpOJia3aKk Pa3NUYUTHX THUIIOBA
Bo3wia (rpalleBUHCKE MaIIMHE-TYCEHUYapH, MOTOLMKIN, TpPAaKTOPH,
UHUIIOBH); HEKOHTPOJIMCAHE aKTUBHOCTHU y IIyMapcTBY (cedya M TPaHCIIOPT
Tpymnaia); HeKOHTPOJIUCAHO KpeTame Typucta (5-47 Typucra THEBHO je
peructpoBano y nepuony jynu-asryct 2010-2013). IloBpemeno, Ha CKH-
cTasama ce yoyasa IIPHCYCTBO OBalla 1 TOBC/A, a IPEKOMEPHA HCIIallla Ha
TOje/IMHUM JIOKaljamMa JOBOAH /IO cabWjama 3eMJBUINTA M JOJATHHX
omrehema Bereraluje, YuMe ce CTBapajy MOBOJbHU YCIIOBH 32 JIEJIOBAHE
epo3uoHux mnpoueca. Ha mamuHcku obpahenuM cku-crazama (BHILE 07
50% yKkynHe MOBpUIMHE) OOHaBJbal€ TPABHOI IOKpHBaya je BeoMa
cropo. Pecraypaumonu pamoBu cy 3amoyeTu TokoMm mpoieha 2008.
roAMHE, a 3aBpLIEHM Cy TOKOM jeceHH Hucre roauHe. Haxanocr,
MHTEH3MBHA Hcnama y npojiehHo-nermem nepuony ox 2009. mo 2013.
roAMHE JoBeda je 1o omrehema HOBOYCIIOCTABJbEHOI TPABHOT
MOKpUBaya.

12
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4. PEKOHCTPYKIMJA JEI'PAIMPAHOI ITPOCTOPA

Cku-nenrap ,,Crapa ruranuHa® je ¢opmupaH 0e3 mpuMeHe mepa
MIPOTHBEPO3HOHE 3aIITUTE, IIITO C€ OAHOCH M Ha NIEPUOJIE EKCILUIOATaIln]je
U OJ]p)KaBama, a HeTaTHBHU €(EeKTH Cy, Y Behoj WIn Mamoj MepH, TOBEITH
y MHTambe HEroBy (DYHKIIMOHATHOCT. Y mepuoay wmaj-oktodap 2008.
roJivHe 00aBJbEHU Cy PAJIOBH HA MPOTHUBEPO3UOHO] 3AIITHTH U ypehemy
ckrjasimmTa ,,CTapa TUIaHWHA®, TIPUMEHOM KOHIIENTa pecTaypainuje
MPOTUBEPO3HOHE 3alITHTEe, HA OCHOBY TEXHHUYKE JOKyMEHTAIlH]je
u3pahene Ha Illymapckom ¢akyntery YuuBep3utera y beorpamy, Ha
Opcexy 3a €KOJIONIKM WHXKEHEPUHT Yy 3allITHUTH 3€MJbUITHUX U BOJHUX
pecypca. Pecraypanmonu u npotusepo3uonu panosu (PIIE) oGaBrbenu
Cy y carjlacjy ca CBETCKMM CTaHIapauMa KOjH C€ NPUMEHY]y Y OBOj
obmactu (Best management practices for erosion control during trail
maintenance and construction, 2004; BMP Monitoring-Third Quarter
Report, 2005; Krautzer, Peratoner & Bozzo, 2004; Krautzer et al., 2006;
USDA Forest Service, 2001; Reider, 2004).

PIIE panoBu y cku-ueHrpy ,,CTapa IUlaHWHA® Cy HU3BEIEHU Y
yCJIOBUMa TENIKE Jerpajanuje TepeHa, TroToBo 18 mecemu mocie
mrpaame ckujaymmra (Puctuh w Pamuwh, 2008a, 20086, 2008B).
Texanuku pamoBu cy oOaBJbeHH 10 Kpaja centemMOpa 2008. romune:
yuimhewme W MpoayOJbHUBame JOKATHUX BOJOTOKOBA KOjU YIpOXKaBajy
CKH-CTa3¢ W TPHUCTYIHE IMyTeBE, Kako Ou ce 00e30emmia moTrpedHa
MpoIycHa MOh TOKOM I0jaBe BETUKUX BOJA; U3TPajiba JIBE JIETIOHM]CKE
nperpaje 3a 3ayCTaBibarbe ByYCHOI HAHOCA; M3paJa CTaOMIM3ALHOHO-
JIPEHAKHUX KOHCprKLII/I_]a (CAK) Ha cku-crazama K; u K,. CIK ce
KOPHUCTE 32 MPEBEHIH]y CONMU(DIYKIMja U CaKyIJbame MOJ3EMHHUX BOJA
o OpojHux u3BOpa (I0ceOHO Ha HukeM ey cku-crase Ki). CIK cy
Au3ajHUpaHe U ynorpebibeHe 3a ypeheme cku-craza Ha Crapoj IIIaHuHH,
U TpeICTaBibajy HOBUTET Ha cBeTckoM HuBOY (Risti¢, Radivojevic,
Radi¢, Vasiljevi¢ i Ivana, 2010). CIK ce cacroje n3 raOHOHCKUX KOPITH
NyHEHUX KaMEHOM, Koje cy O0aBHjeHe HETKaHHM T'€OTEKCTHJIOM, H
JTpEeHaKHOT poBa (ciuka 8).

13
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Cnuka 8§ CraOunn3anuoHO-ApeHaXKHa KOHCTPYKIH]ja
(u3nuB; cku-cTasa ,,Komapuuk 1, okrobap 2008)
Figure 8 Stabilization and drainage construction

(outflow; ski-run ,,Konjarnik 1%, October 2008)

BruoTtexHnukn pasoBu cy 3aBpUIeHH 10 cpenuHe okToOpa 2008.
rOAMHE, YKJbY4yjyhn oOHaBIbambe 3eMJBHINTA M BETETAIH]je, HHCTAJAIN]Y
KoHTypHuX ctadmimzaropa (KC) n ¢opmupame MOBpIIMHCKE ApEHaXeE.
OO0HaBibambe 3eMJBUINTA M BEreTalMje Ha CKU-CTa3aMma OJBHjali0 CE Yy
cnenehum daszama (cnuka 9): Hacuname cioja ¢peprrine 3emibe (0.2— O 3
m), ceTBa oxaroBapajyhe TpaBHO- JIETyMUHO3HE ~ CMelle (20 g/md),
Mamanpame cenkaHoM cmamoM (0.5 kg/m?), mpekpuBame MpeKOM ca
PETKHM TKamkeM M (DUKcHpame 3a MOJUIOTy YEeIMYHMM aHKepuma (Ha
nyouny ox 0.4 no 0.5 m). Kopunrhene cy TpaBHO-TETyMUHO3HE CMEIIIE,
cacTaBjbeHe OJ BpcTa Koje je Moryhe o0e30equTu y TOBOJHHUM
KOJIMYMHaMa Ha Tpxuity (tabema 1), jep y Cpbuju He mnoctoju
OpraHU30BaHa IPOU3BOKA, HUTH CAKyIUbale JOBOJBHUX KOJIMYMHA
CeMEHa ayTOXTOHHX Bpcra. CBe ,,koMepuujanHe™ Bpcre cy ogabpaHe Ha
OCHOBY EKOJIOIIKMX CBOjCTaBa KOja OATOBapajy BHCOKO-TUIAHUHCKHM
YCIIOBMMA, M JieTajbHe (DJIOPHCTUYKE aHAIM3e ayTOXTOHE BETEeTallje
(Tabema 1).

14
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TaGena 1 AyToxToHe BpcTe U cacTaB KopuiheHe KoMepuyjaiHe TPaBHO-

JeryMrHo3He cMetre Ha Ctapoj miianuHu (cku-ctase ,,Komapuuk 1 u 2)

Table 1 Autochtonous species and composition of used grass-leguminoses
mixture at the Stara planina (ski-runs ,,Konjarnik 1 and 2)

AyTOXTOHE BpCcTe Komepuujaina TpaBHO-JIeryMHHO3HA
cMera
1. Anemone ranunculoides 1. Festuca rubra (40%)
2. Verbascum sp. 2. Poa pratensis (20%)
3. Lusula silvatica 3. Festuca pratensis (10%)
4. Taraxacum officinale 4. Lolium perene (10%)
5. Sesleria sp 5. Trifolium repens (10%)
6. Gentiana asclepiadea 6. Lotus corniculatus (10%)
7. Rumex sp.
8. Viola tricolor

_Mpexa
Ankep / Many
/ i
// Ceme
v e
e AR * Havera semrva
20-30cm)

AyTOXTOHO 38MILULLITE
(reonoluka nognora)

Crnuka 9 OOHaBIbame 3eMJBUIIHOT ¥ BereTallMOHOT TOKpHBayda
(cxu-craza ,,Komapuuk 1%, jyau 2009)
Figure 9 Reestablishing soil and vegetation cover
(ski-run ,,Konjarnik 1, June 2009)

Konrypuu crabunuzaropu (KC) ce mpousBonme ox Tpcke, ciame
wnu BpOoBor npyha, Koju ce Be3yjy y BajbKe (ca IUNIACTHYHUM OMOTayeM
wim 0e3 iacThaHor oMoTada), @ 200-250mm, 2-5m ayxune (ciuka 10).
[TocraBpajy ce Ha pactojamy on 8 g0 20m (y 3aBHUCHOCTH O]l Haruba
TepeHa), y miuTke poose (myoune 80-120 mm) u GuKcupajy IpBEeHUM
i MetanHuM aakepuMma. KC ce mocraBibajy KOHTYPHO, TOTOBO YIIPaBHO
Ha OcOBHMHY Tpace cku-ctaza. KC cmamyjy Op3uHY NOBPIIMHCKOT
OTHIIaja, 3aJpXKaBajy MOKPEHYTH €PO3WOHH MaTepujall, ¥ CTaOWUIN3Yy]y
MOBPIIMHCKY CJI0] 3€MJBHUIITA, /IO TI0jaBe TPABHOT MTOKpHBaYa.
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[~ HenovosaHa semrsa

KoHTypHa Gapwjepa
| npoTue cnupaksa (@150- 250mn1)

N\ Ankep (25mm x 25mm x 500mm})

Crmuka 10 KontypHu cradumuzatopu (Oapujepe) 3a KOHTPOIy Op30or
MOBPIIMHCKOT 0TULaja (cku-cTasa ,,Komapuuk 1%, jyau 2009)
Figure 10 Contour barrier against fast surface runoff
(ski-run “Konjarnik 17, June 2009)

3ajpxxaHe OpraHcke MarepHje, 3emiba M BOJA CTBapajy CTaOWiIHY
CpefuHy 3a KiMjame cemeHa. Takobe, cmarmyjy JIOKaIHH Haru® u
NPEBEHTHBHO Jeily]y Ha I0jaBy mpoueca Opasiama u japyxkarma. Tpajy
jeoHy 10 ABe TOAMHE, MOCHEe Yera Jojla3u JI0 pachajama MPUPOIHOT
MaTepyjajiia, IITO JoAaTHO oOorahyje 3eMJbMINTE  XPaHJBUBUM
MaTepujama.

TokoM HaHOmIEHa | IJIAHMpama IUIOAHOT 3€MJbMINTA Ha
JeTpagupaHiM TOBpIIMHAMa (OPMUpPAH je TOBPIIMHCKU ApPEHAKHU
cHCTeM, y BHIY oOsiokeHuX KaHana nyouHe 0.15-0.20 m, naruba 3-5%.
Kanamu cy 3amrtumhenn MacMat wpexxoMm  (TpOIUMEH3HOHATHH
T€OKOMIIO3HUT), KOja c€ KOPHCTH Kao 3aIliTUTa O]l €po3uje, a omoryhyje
pact TpaBHe Bereranuje. MacMat mpexa je um3paheHa o7 JBOCTPYKO
IUIETEHE YeNMYHE JKUIE, OOMOTaHE IOJUIIPONIICHCKUM BIIAKHUMA.
[TocraBiba ce ToO JAHY M KOCHHaMa KaHaia, a (QHUKCHpa YEeITUIHUM
ankepuma (ciuka 11).
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JATPABILEHA NOBPLIMHA
—— macmAT®

|——— FEOTEXCTAR

AHKEPH
MAMEHA HKCATOPH (10X10X0.4cm) r NOCTOJERE IEMILAWTE

Cmuka 11 IloBpmmHCcka apeHaxa (cku-crasa ,,Komapauk 1%, oktobdap 2008)
Figure 11 Surface drainage system (ski-run “Konjarnik 17, October 2008)

Bereranuonu nokpusay 6mo je ycnocraBibeH Beh 20 naHa mocie
CeTBe, a Mepe Here cy mnpuMemHBaHe a0 kpaja neta 2009. romune.
OmnmTe crambe U U3IIIeA CKU-CTa3a (ciMka 12) cy 3HadajHO MoOOJbIIAHU
HaKOH  3aBpUIETKa  CBUX  IUIAHHPAHUX  pECTaypalMoOHMX |
npotuBepo3noHux panosa. PIIE pagosu cy komranu oxo 1.300.000 €, y
ycioBuMa 18 Meceuu mociie M3rpaime, a Ja Cy NPUMEHEHH TOKOM U
HETIOCPETHO TI0 3aBPIIETKY U3TPaIkhe, TPOIIKOBH 0 n3Hocuim 375.000 €.

Cmuka 12 Cku-crasa ,,Komapuuk 1“y ycinosuma npe (1ero 2007) u mociie
(;tero 2013) pecraypaunoHO-IIPOTHBEPO3UOHUX PATOBa
Figure 12 Ski-run ,,Konjarnik 1* in conditions before (summer 2007) and after
(summer 2013) restoration and erosion control works
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Cmuka 13 Cxku-ctasza ,,CyHuana monuHa™ y yeaosuma mpe (Jiero 2007) u moce
(;tero 2013) pectaypauroHO-IIPOTHBEPO3NOHUX PATOBa
Figure 13 Ski-run ,,Sunchana dolina“ in conditions before (summer 2007) and
after (summer 2013) restoration and erosion control works

5. IUCKYCHUJA

[Mouerak w3rpagme ckujamumra ,,Crapa IJIaHWHA® W3a3Bao je
pasianaute (opme Jerpajanuje TepeHa, GpparMeHTanujy myma, ryourax
OHOPa3HOBPCHOCTH, BU3YCIHY W (yHKIMOHAIAHY JCTpajalyjy mpejena.
W3rpanma cKu-IleHTpa 3amoyena je Ha OCHOBY IMOJMTHYKE OJUTyKe, 0e3
oArosapajyhe rraHcke U TeXHHYKE TOKyMEHTalWje, Kao U 0e3 IpoLeHe
yTHI@ja Ha KMBOTHy cpenuHy. Cku-nienrap je souupad y Ilapky
npupoze (y 3oHama II u III cTenena 3amture), koju je 3amruhena o6iact
3a HayyHa HUCTpaXMBaka M OTPAaHMYEHE TYPUCTHUYKE AKTUBHOCTH
(Dudley, 2008; 3akon o m3MeHama U JOMyHaMa 3aKoHa O 3aIITUTH
npupone, 2010). Heke akTMBHOCTH, Kao INTO Cy YHUCTE ceye LIyMe M
npocelame MPUCTYINHHUX IyTeBa, y CYNPOTHOCTH Cy ca JBa IJIaBHA
yopaBjbauka IHJba Yy 3amrtuhennM mnoapydjuma CpOuje: 3amruta
eKOCHCTEMa W O4YyBamke OMOpPa3HOBPCHOCTH (3aKOH O H3MEHaMa H
JomyHama 3akoHa o 3amrtutu npupoze, 2010). Ilpomnec umsrpagme u
nocjenuvHa (parMeHTalrja IryMe Yrpo3WiH Cy, ACTMMHYHO, JIOKAJTHE
eHlIeMCKe BpcTe, YKbydyjyhu kpwnactu 3BoHunh (Campanula
calycialata, xoju ce jaBjpa camo y Onm3uHH JokaiuTeTa babun 3y0) u
nanunheBy xka0spy TpaBy (Senecio pancici, crenoenaeMut LleHTpanHor
bankana), a mopen \BUX YrpoXXeHe Cy U MOjeIMHE BPCTE ca IPBEHE JINCTE
IUCN (International Union for Nature Conservation): moJbCKa IIIeBa
(Alauda arvensis) m mymcka uubyka (Scolopax rusticola) (Amuuuh,
Kpacyspa u bennj, 2007, ctp 260).

18



P. Pucrtuh u cap.: 3amrura ox eposuje... IMupotcku 360pHUK 40 (2015) 1-27

Cxu-uenrap ,Crapa mraHuHa® wnsrpaher je 06e3s mpumeHe
CTaHJapAa 3a TPEBEHIN]y epo3Hje, OJUYEHUX KpO3 MpaKcy HajooJber
ynpasbaba (BMPs-Best management practices), KakBU ce HHaue
KOPHCTE HIMPOM CBETa TMPHIMKOM H3rpadme CIMYHUX obOjekara (Best
management practices for erosion control during trail maintenance and
construction, 2004; BMP Monitoring-Third Quarter Report, 2005;
Krautzer, Peratoner & Bozzo, 2004; Krautzer et al., 2006; Reider, 2004;
USDA Forest Service, 2001), mrTo je uMaao TEUIKE IOCICAMIIEC IO
XKHUBOTHY cpeauHy. BMPs oOyxBarajy cienehe mocTyrke: W3rpaamy
NPUCTYITHUX TyTeBa M nparehe nHPpacTpyKType (eIeKTpo-cHabAeBamke,
BOJIOBOJ] M KaHAJM3allKja) YHYTap jeAHOT MPOCTOPHOT KOPUAOpPA, TOKOM
ucTe rpaleBUHCKe Ce30He; (opMupame IMyTHUX Tporycra ysehanor
Karmamurera 3a cnpOBolje}Le BOJIE M KpYyNHMjUX (pakiuja HaHOCA;
ynoTpeba XeIMKONTepa 3a TPAHCHOPT rpaeBUHCKOr Marepujana H
olpeMe Ha yJaJbeHe JIOKalhje, y LUy CMamema obuma pagoBa Ha
u3paau MPUCTYIHHUX IyTeBa; ymoTpeda JbyJICKE pajHe cHare 3a MCKOI
TeMesba cTyOOBa CKH-TH(Ta Ha JIOKalMjama TIe je OTeXaH MPUCTYI
MEXaHU3alMjH; OUYyBame W CKIQJAUWIITCHE IOBPIIMHCKOT  Cloja
3eMJBHINTA 32 pECTaypaIlioHe PaoBe; M3pajJa MOBPIINHCKE JIPEHaXe Ha
CKH-CTa3aMa paJd MHUHHMH3Upama edekara epo3uje 3eMIBHIITA;
ynoTpeba  oxaromapajyhux  TpaBHO-JIETYMHHHO3HHMX  CMema  3a
03eJIemhaBamkbe CKU-CTa3a, CacTaB/beHa O] ayTOXTOHMUX BpcTa (site-specific
species), y3 TpeTMaH hyOpuBumMa u MamdoMm. Takohe, aerpagupane
MOBpIIMHE Tpeba M3y3eTH oIl OMJI0 KaKBUX aKTHBHOCTH, HajMame JBa
BereTalMoHa nepuoja nociue pecraypamuje (Krautzer et al., 2006).

Wsrpanma u kopuinheme CKH-IIEHTapa CHAXXHO yTHYE HAa HHHXOBO
¢busznuko u Ouosomko okpyxkeme (Matto, 2007), Tako aa BIACHUIHM U
yIpaB/baul MMajy 3aKOHCKY M €THUKY 00aBe3y na obe30ezie cTabmiIHOCT
YIPOXKEHUX eKocucTteMa. Pesynratu uctpaxuBama Ha CTapoj MiIaHUHU
MOTBPJWIN Cy IIPETXOJHA CIIMYHA UCTpakuBama y cBeTy (Amo, Lopez &
Martin, 2007; Burt & Rice, 2009; Grismer & Eliss, 2006; Laiolo &
Rolando, 2005; Ries, 1996; Tsuyuzaki, 1994), anu cy y HeKum
CerMEHTHMa TOKa3alH /0 caja He3aOeneKeH CTeleH NECTPYKIHje, Ipe
CBEra Kpo3 HajHHTCH3MBHH]Y japyKacTy epo3Hjy Koja je mpeCTaB/beHa Y
CBETCKOj JnuTeparypu. Hamme, nocamamima HCTpaXuBama Be3aHa 3a
pecTaypanmjy CKH-CTa3a YIJIaBHOM Ccy TiocBeheHa pecraypaiuju
3eMJBUIITHOT M BETETAIIMOHOT TOKpHBada MPUMEHOM onpeheHux mepa,
KOje YKJbY4yjy CETBY TPaBHO-JISTYMHUHO3HHX CMeIla, MadHpame U
MocTaBJbame 3aTUTUHUX Mpexa (Bayfield, 1996; Krautzer, Peratoner &
Bozzo, 2004; Krautzer et al.,, 2006; Grismer & Eliss, 20006).
Pecraypanmonn wMonen mnpumemeH Ha Crapoj IUIlaHMHM 00yXBara
NOMEHyTe Mepe, Kao u onpeheHe HoOBUTETe, Kao IITO CYy
CTa0MIIN3alMOHO-JIPEHAKHE  KOHCTpyKUHMje (MpBH TYT Yy  CBETY
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ynoTpeO/beHe Ha CKHU-CTa3ama), 3aTUM CHeuu(Uu4YHy KOMOWHAIH]Y
MOBPIIMHCKUX JPEHAKHUX KaHAIa U KOHTYPHHUX CTa0MIIN3aTopa.

Toxom meroMeceuHor niepuoaa uctpaxkusama (1. 04. 2007 - 1. 09.
2007) mybuHa japyra Ha CKH-CTa3u ,,KomapHuk 2 mocTuria je 4 Metpa,
JIOK je crnenuduyHa €po3WOHA TPOAYKIHja JOCTUTIIA BPEIHOCT
Epp=133023.2 m ‘km™, wrTo npexcrasiba Hajehy 3a0eNeKeHy BPeIHOCT
y cBetckoj nmurepatypu (Risti¢ et al., 2012). [Topehemwa paau, nHTEH3UTET
japyXacre epos3uje Ha JerpajupaHuM IIyMCKHUM M IOJbOIPUBPEIHUM
3emspuintuMa y Kunn usnocu E,g,=13863.3 m>km> rogummke (Chen &
Cai, 2006), Ha 0OpaauBUM HOBpLIMHAMa y XpBaTrcko] E,,,=375-11983.3
m>km™ TOJUIIKke, Y 3aBUCHOCTH o1 HaunHa oOpane (Kisic et al., 2005),
u Ha nammanuma Hosor 3enanga Ep,=21703 m™km™ roaumme (Gomez
et al., 2003). McToBpeMeHO, MHTEH3UTET €po3Hje Ha EKCIUIOATHCAHUM
mymMmckuM nospmuHama Crape minanuHe usHocu Ep,=5174.9 m’km™
TOAMIIEbE, JIOK j€ HAa_ HEAUPHYTHUM OKOJHHUM LIYMCKHM IOBpIIMHAMa
cBera Eqp=520 m’>km™ (Puctuh u Hukuh, 2007).

PIIE pamoBu y cku-ieHtpy ,,CTapa IutaHuHa® OWIM Cy TIpBE
akTUBHOCTH Te BpcTe y Cpouju. OncycrBo unBectuiyja 3a PIIE pamose
(HeTmoCpemHO MO  3aBPIIETKY OCHOBHHX Tpal)eBHHCKHX — PaJioBa)
MPOY3pOKOBAJIO  j€  KacHUje  TpomkoBe. Pecraypammonu u
IIPOTUBEPO3HOHH PAJIOBH Cy U3BEJICHH Y YCIOBUMA MOTITyHE AECTPYKLHjE
TepeHa, IMOocJe 3aBpIleTKa CBUX Ipal)eBUHCKUX paZioBa Ha IMpocelamy
CKH-CTa3a U IyTeBa, Ka0 U MOCTaBJbamba CTyOOBa CKU-IN(TOBA, TAKO 1A
Cy HUCKa3aHe CyMe HajcKyIba BapujaHTa. [[peBEeHTHBHO /€T0Bake, 1aKie
y (a3u TOKOM M HEMOCpenHO Mociie u3Bohema rpal)eBUHCKUX pajioBa,
npousBeno Ou TpomkoBe Ha HHMBOY 20-25%, ox cyma moTpeOHHMX 3a
pecTaypalyjy mocie 3aBplIeTKa pajaoBa, y (Gasu u3paxkeHe Aerpajanuje
TepeHa.

PecTaypanmone u nmpoTUBEpO3UOHE PasioBe U3BOAMIIA Cy npeny3eha
Koja Jelyjy, YIJIaBHOM, y 0OJacTh BOJONPHUBpPENE M HIIyMapcTBa
(,,Epo3mja“~-Kmaxesar; ,,Bomonpuspena Thynpuja A.J1.“), y3 cramHy
koopauHanmjy m3mely mpojekranta (Illymapcku daxynter), cTpydHOr
Hamsopa (J.B.IL. ,,CpbujaBoge”) m wuBectutopa (J.II. ,,Ckujanumra
Cp0uje®). Ilojenuae pamHe MO3WIMje HUCY JO caja M3BOheHe Ha CKu-
crazama y Cpouju (C/K; KC; moBpmmHCcKa apeHaxa), Tako Ja je Ouma
HEONXOIHa eAyKalija u3Bohada, Kpo3 Mpenu3upame TEXHUKE H3BOhema
U YIO3HAaBaWkE€ Ca OCHOBHUM TEXHUYKUM CBOJCTBMMA MOJEJUHHUX
MaTepujana.

Pectaypauuja nerpaaupaHux JIOKaJIWTETa IUIAHUHCKOI PETHOHA
HajeukacHUja je y3 kopultheme ayToxToHux Bpcta (Krautzer, Peratoner
& Bozzo, 2004; Peratoner, 2003), mro ce y CpOuju peTko npuMmemyje
300r YMIbEHHUIIE Jla HE IIOCTOJU OpraHHW30BaHa NPOM3BOIHA, HUTH
CaKyIlJbamh€ ayTOXTOHOI CEMEHa TpaBa U JIETYMUHO3a. AJINICKa peruja (Ha
noBpmmHu ox 191 287 km?, ca momynanmujoM O TpUHAECT MHIMOHA
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Jbynn), uma Buie ox 13 000 cku-nudToBa u xuvapa, kao u 40 000 cku-
craza ykymHe nayxumae 120 000 km, koje roaumime KOPUCTH OKO
nBameceT MmiIMoHa Typucta. CKH-CTaze W KOPUAOPH CKH-TH(TOBA
3ay3uMajy moBprmHy on oko 110 000 ha (om wera je 93 300 ha
uckopuinheHo 3a crase), a umie ox 24 000 ha ce Bemrayku OocHexaBa.
AKTHBHO c€ IPUMEY]y Mepe MPOTUBEPO3HOHE 3aLITHUTE, a Y MOCIEABUX
15 roguHa pa3BHjeHE Cy TEXHUKE PEBUTANIM3AIMje TEpPeHa ymoTpeGom
ayToxToHOT OmspbHOT Matepujania (Krautzer, Peratoner & Bozzo, 2004).
HcTtpaxkuBaukn WHCTUTYTH Kao mTo cy Hoheren Bundeslehr u
Forschungsanstalt (HBLFA) Raumberg-Gumpenstein wuau  OuBIIN
Landesanstalt Rinn, Ha4MHHIM Cy MHOHUPCKE KOpAake y MOKywajy 1a
pa3BHijy HOBE CTaHJap/e PCBUTAIN3ALK]C TCPCHA y BUCOKMM 30HaMa, I/Ie
cy JnouupaHe ckujamike crase u okuuape (Krautzer et al, 2006)
KoormepatuBHu Haropu Cy apTUKYJIHCAaHHU Kpo3 3ajeqHnuke EY HpO_]eKTe,
y3 ydemhe MCTpaXMBUKUX Tpyna ¥ KoMmaHuja u3 Aycrtpuje, Uranuje,
Hemauke u IlIBajmapcke. Ha mpocropy CeepHe Amepuke, Tne cy
peructpoBana 703 ckumjamumra (Matto, 2007), Mepe 3amTuUTe U
peBUTANIM3ANM]EC Cy caap)kaHe y mpuMeHu obaBesyjyhumx BMPs (Best
Management Practices-mipakca HajOOJbET yIIpaBJbarmba).

HckyctBa ca ckujanumra y peruony (Llpua T'opa, Byrapcka,
Makenonuja, bocaa u Xepnerosuna), Espone mnmu CeBepHe Amepuke,
rOBOpE Ja M30CTaHAaK MPOTHUBEPO3UOHE 3alITHTE JOBOAMU JI0 IOjaBe
JerpajlalliOHNX TpoIeca, ca BEJIUKOM MPOAYKIHM]OM €pO3UOHOT
matepujana (For Earth, 2007; Krautzer et al., 2006; Risti¢, Radivojevi¢,
Nikcevi¢ 1 Malusevi¢, 2007). Ha ckujanumTuma eBpONCKUX Anma u
CeBepHe AMepuke MpUMEBY]y CE€ CTPOTHM CTaHAApAH YIpaBibamba
3eMJpMINTEM, ca o0aBe3HOM mnpumeHoM BMPs, mrTo ytudye Ha
MUHUMU3Hpame edekata epo3HOHMX —MpoLeca. Hajqemhe dbopme
Jlerpajiaupje TepeHa, y BHAY CPO3HOHHMX ,,0KMIJbAKa™ WM CIOpAJHYHE
10jaBe OTOJHCHUX TOBPILMHA, BE3aHE Cy 3a MpoIiece CIIUpPamba 3eMJBHUINTA
(rme je mpopeheH WM YHHINTEH TpaBHU MOKPWUBAY), yCIex
HEKOHTPOJIMCAHOT JIgjCTBAa Op30T TOBPIIMHCKOT OTHUIAja, MITO MOXKE
JIOBECTH JIO TojaBe Opasna u japyra. VIHWIMjamHU y3polH Cy, Mpe CBera,
MPEKOMEpPHO onTepeheme TOKOM CKHjalllke Ce30He (BETUKH Opoj
mpoJja3aka CKHjalla U KpeTame MallliHa 3a Tabame CHera, y ycloBHUMa
Maje BUCHMHE CHEXXHOI MOKpHBaya), UM HEKOHTPOJIMCAHE AKTUBHOCTH
TOKOM IIpONChHO-JIETEHEr Neproja (KpeTarme TypHCTa, CTOKS HIIHM
MOTOPHHX BO3HMIIa). ¥ 30HaMa W3HaJ| rpaHue Bererauje (mpexo 2500 m
n.m.) 4ecra je mojaBa pacmaguHa U ocynuHa (Ayctpuja, IlIBajuapcka,
Wranuja, ®paniycka), mpe cBera JEI0BAHEM EKCTPEMHHUX KIMMATCKUX
ycloBa  (MakcMMalHE M MHHHMMAalHE  TeMIlepaType  Ba3dyXxa;
TUTYBUOMETPHUJCKU PEXKHM), IITO CE peliaBa NPUMEHOM TEXHHYKHX Mepa
samtute. MckyctBa m3 CeBepHe AMepUKe TOBOpE Jla je €po3HoHa
NpoAyKLHMja Ha JETpaAupaHuM IMOBPIIMHAMA CKHU-CTa3a ToToBo 10 myra
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Beha HEro Ha CyCeIHUM IIYMCKHMM IOBpPIIMHAMa Yy MPHUPOJHOM CTamby

(Grismer & Eliss, 2006).

6. 3AKJbYULIU

Cku-uenrap ,Crapa 1uraHuHa™ wusrpaheH je 0e3 mnpumene
cTaHzapna 3a npeBeHuujy eposuje (BMPs), mro je mosemo mo omire
JECTPYKLHje MPOCTOPa Ha CKU-CTa3aMa M OKOJIHHM IOBPIIMHAMA, YMME
Je yrpoxeHa (QYHKUMOHAJIHOCT CKHJQIMINTA W JOBEJCHA y IHTAmbE
OMpaBIAaHOCT HHBecTHLIMja. HeomxogHa je wu3paja NpUpPYYHUKA ca
npeuusHo nepunucanumM BMPs (Best Management Practices-mpakca
HajOoJber ynpaBibama), y LWJbY paHe WACHTU(HUKAIM]E MOTCHIIMjaTHUX
PHU3HUKA U IPEBEHTUBHOT JICJIOBAbA.

Pecraypanmonu u nporuseposuonu (PIIE) panoBu cy 3aycraBunu
JerpagaioHe mpoliece, MOMOTIN 00HaBJbalkby BETETALMOHOT MTOKpHBaya
u pexabunurauuju npenena. PIIE pagose Tpeba M3BOAUTH CUMYJITAHO ca
rpal)eBUHCKUM PaJOBHMa, WIH 110 BbUXOBOM HEIIOCPEIHOM 3aBPILIETKY, Y
by MHUHUMHU3Hpama JECTPYKIHje TEepeHa W  palMoHATH3aIlH]e
TpomkoBa. [loBpmmue koje cy npenmer PIIE pamoa tpeba uzysern of
OWJI0 KaKBUX aKTHBHOCTH HajMam-€ JIBa BereTalioHa Mepro/ia Kako ou ce
00e30e 110 BpeMe 32 BHXOBY IOTIIYHY PeXaOHIUTALH]y.

Peannsanujy HapegHHX Npojekara y IOMEHY pa3Boja CKH-TypHu3Ma
y Cpbuju tpeba M3BOAUTH HA OCHOBY jaCHE MPEICTaBE O MOCTOjarby
MOBOJAHUX  TPUPOJHUX  yCJIOBAa  TOJApydYja,  COIMO-€KOHOMCKE
OTIPaBIAHOCTH, Y CKJIaAy ca MPUHIUINMA OAPKHUBOT pa3BOja U 3aIITUTE
KMBOTHE cpeauHe. To ce MOXKe OCTBapuUTH H3pagoM oxarosapajyhe
IJIAHCKE U TEeXHMYKE JOKYyMEHTAlMje, Y CKIaly ca BaXChuM 3aKOHCKUM
OpOoNKMCHMa, ca TOTHyHHM YydemheM jaBHOCTH Yy CBUM (a3zama
peanu3zanyje mpojekara, y3 MyHO yBakaBame Morpeda M MepcreKTUBa
pa3Boja JIOKAJTHHUX 3ajeTHUIIA.
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SUMMARY

The environment at the Stara Planina ski resort was strongly
affected by disturbances due to the construction of the resort. Massive
amounts of construction increased the amount of anthropogenic bare
land (ski rums, top and bottom stations of the ski lift, ski lift corridors,
construction sites, access roads, parking lot and urbanized spots) by
more than 10 times in the period between the summer of 2006 and the
summer of 2007. The newly created surface was poorly permeable and
had a compacted surface soil layer. Anthropogenic bare land was formed
after clear cutting, trunk transport down the slope, machine grading of
ski runs, access road construction and large excavations on steep slopes.
Clear cutting led to forest fragmentation, habitat loss and the
endangering of endemic and typical species. The development of ski runs
affected the hydrology and subsequently altered the geomorphic
processes of the Zubska River headwater. The grading of ski runs
reduced topographical irregularities (depressions, moguls and stones)
but, at the same time, caused the removal of topsoil and vegetation. Such
vulnerable surfaces with unfavorable lithological properties of exposed
material combined with strong precipitation created conditions for
intensive rill and gully erosion. Once uncovered, the poorly sorted and
cemented material eroded easily under high precipitation inputs. The
construction of the ski resort disturbed the natural drainage network and
increased the amount of surface runoff, especially on the ski runs and
access roads, with an inevitable consequence: more frequent torrential
floods in the downstream sections of the Zubska River. The lack of BMPs
and RECMs during and immediately after the basic construction of the
ski resort intensified the severity of the degradation processes as well as
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the total expenses for the project. At the moment, there is a lack of
planned and organized erosion control activities during the design,
construction, improvement and maintenance stages of ski areas in Serbia
as a consequence of poor implementation of legal environmental
protection standards. Effective impact prevention must be based on
careful consideration of the designed land use changes in ski areas at all
stages of planning and construction, in accordance with legal
environmental protection standards. The RECMa at Stara Planina have
stopped degradation processes and helped to reestablish the vegetation
and rehabilitate the appearance and functions of the landscape. They
reintroduced the ability of the soil to absorb water from intensive rainfall
events without generating fast surface runoff and increased the land’s
resistance to erosion. Environmental impacts, during and after
construction, could be minimized with a defined and sustainable capacity
for different activities. Consequently, it is necessary to issue specific
regulations for development projects in ski areas, in accordance with
legal environmental protection standards. The major environmental
impacts at the Stara Planina ski resort also occur at almost all ski resorts
of the Balkan region. Therefore, the results of this investigation can help
in the revision and improvement of planning procedures and the
development and management of regional ski areas.
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