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N3Bon: 3emspHinTe je jemaH O MPUPOJHHUX pecypca KOjU MPEICTaB/ba OCHOBHHU YCIIOB 3a
ONCTaHAK M Pa3BOj YOBCUaHCTBA. JeaH o7 HajuemiinxX BUAOBa Jerpajalyje 3eMJBHINTA j€
epo3uja, Koja 3aBUCH OJ] BEIMKOT Opoja puznuko-reorpadckux (akropa u JejoBamba YOBEKa.
Kaxko 6u ce mporieHnIa epo3uja 3eMJBUILTA U TPOAYKIMja HAHOCA Y YIOTPEOH CYy Pa3IuIUTH
Monend. Y OBOM paiay je BpIIeHO oapehuBame (QU3MUKO-TEOrpadCcKux KapaKTepHUCTHKA
CITMBa M aHAIlN3a MHTCH3UTETa epo3Mje W IPOHOCca HaHOca Ha ciuBy peke Kamemmne. Pexa
Kamemna ce Hanasu y 3amagaoM ey PemyOnuke CpOuje 1 MO3HIIMOHUPAHa je Ha TonpyYjy
3marnbopckor ympaBHOT okpyra. OBa peka je CBpCTaHa y XWAPOJOIIKY KIacy OyjUdHUX
TOKOBa, a TokoM 2007. u 2009. roguHe Aecwie cy ce aBe Benuke noruiaBe. Pexa Kamemmna n
BEHEe TPUTOKE CE CBPCTaBajy y KapaKTepHCTHYHE OyjudHEe TOKOBE BemmKke cHare. [Iporena
MHTEH3UTETa epo3uje U TI'yOWTKa 3eMJBHIINTA BpIIEHA je MpUMEHOM Mertoje MoTeHnujana
eposuje. [Ipumena ose merone je moryha y 'MC (I'eorpadcku Mudpopmanmonu Cucremu)
OKpyKewy, Te je m3pahena Kapra eposmje koja maje yBUI y CTamke €PO3MOHHX Mpolleca
pa3IMuuTOr MHTEH3UTETa Ha ciuBy. Ha ocHoBy Kapre eposuje, Ha MCTpa)XKHBaHOM TOAPYY]y
3aCTYIUBEHH Cy EpO3MOHM NpOLECH Of BpJIO ciade [0 jake KaTreropuje pa3opHOCTH.
Xwuzpononika aHanu3a ciuBa peke Kamemwmne je paljeHa 3a mpopauyH MakCHMajgHOT
MPOTHIIAja, CPEABUX M MAIKX Boaa. MakcumaiHy IpoTHNgj (Qmax) j€ TPOpadyHaT IPUMEHOM
KOMOHMHOBAHOT TToCTyTKa Koju ce cactoju ox SCS (Soil Conservation Service) MeTomomnoruje
U TEOpHje CHHTCTHYKOT jEAWHWYHOT XHIPOrpamMa 3a IMPOCEYHE M HAIIPOCEYHE YCIIOBE
BIXHOCTH. AHamm3a cpeamux Boaa (Qr), je mpopadyHara MPUMEHOM EMIHPHjCKEe METOAE
Langbein—a, nok cy mase Bozae (Qmy) U3paxkere y GyHKuMju cpeamer nporunaja (Qs:).

KibyuHe peun: 3emspuire, peka Kamermmna, eposnja 3eMspumTa, npoayknuja sadoca, ['MC,
MOBPIIMHCKY OTHUIIA]

Abstract: Soil is one of the natural resources that is essential for the survival and
development of humanity. One of the most common types of soil degradation is erosion,
which depends on a large number of physical-geographical and anthropogenic factors.
Different models are used to assess soil erosion and soil losses. In this paper, the
determination of physical and geographical characteristics and the analysis of the intensity of
erosion and sediment transport in the Kamesina river watershed were performed. The river
Kamesina is located in the western part of the Republic of Serbia and is positioned in the area
of the Zlatibor administrative district. This river is classified as the hydrological class of
torrents, and during 2007 and 2009, two major floods occurred. The Kamesina River and its
tributaries are classified as characteristic torrents with great power. Estimation of soil erosion
intensity and loss was performed using the Erosion Potential Method. The application of this
method is possible in the GIS (Geographic Information Systems) environment, and an

Erosion map has been made which provides an insight into the state of erosion processes of
different intensity in the river watershed. Based on the Erosion Map, erosion processes from
very weak to strong category of destruction are represented in the researched area. The
hydrological analysis of the KameSina river watershed was carried out for the calculation of
the maximum flow, medium and low flow. Maximum flow (Qmax) Was calculated using a
combined procedure consisting of SCS (Soil Conservation Service) methodology and
synthetic unit hydrograph theory for average and above-average moisture conditions. The
analysis of medium waters (Qmean) Was calculated using the empirical method of Langbein,
while small waters (Qmin) Were expressed as a function of mean flow (Qmean).

Keywords: soil, Kamesina river, soil erosion, production of sediment, GIS, surface runoff
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3eMJpHIITE MPECTaBIba jeJaH O MPUPOIHKUX pecypca Koju MMa HajBehy BayKHOCT M KOjH je
HEONXOAaH 3a OICTaHaK JbYACKOI JAPYLITBA, a KOjeé JAUPEKTHO 3aBUCH O]l HbEroBe
NPOAYKTUBHOCTH. 3EMJBHIITE TIOCEIyje BENMKH 3Ha4aj 3a ONp)KaBame INaBHUX (yHKIHja
SKOCHCTEMa W TPEJCTaBJba OTPAHUYCH, CTPATCIIKA U MPAKTUYHO HEOOHOBJHMB HIJIM TEILIKO
obOHoBpuB mpuponHu pecypc (bemamomuh, 2012). Ilpomecm perpamanuije 3eMJBHINTA,
MEXaHU3MH KOju TOoKpely nmerpamaTuBHE TpPEHIOBE, YKIbYUyjy (u3uuke, XeMujcke u
Omornomrke nporece. BaxkaH (GU3NUKH MPOIIEC je TpOoMeHa CTPYKTYpe 3eMJBHINTA KOja JOBOAH
0 CTBapama Kope, 30Hjama, eposuje, 3araljerba JKMBOTHE CPEIUHE W HEOIPIKHBOT
kopuiifiea IPUPOIHUX pecypca. 3HAYajHH XEMHUJCKU MPOLECH YKJbYUY]y 3aKHCEJhaBambe H
UCIIUpabe, CATMHU3AIM]y ¥ T'yOMTaK IUIOJHOCTH. BHOJIONIKK NpOIeCcH YKIbYUYjy CMarbere
YKYIHOT YIJb€HUKa W YIJbCHUKa y OHOMAacH, M CMamelhe OMOOMBEP3UTETa 3eMJBHUILTA.
VY3pouu aerpajanyje 3eMJBHINTA Cy areHCH KOjU onpelyjy cTomy jaerpajanuje 3eMJbHIITA —
onodusnukn (kopuinheme 3eMJBHIITA M YIPaBJbakbe 3EMIBMINTEM, YKIBY4yjyhn Metone
Kpuema IIyMa M 00paje 3eMJBHINTA), COIMO—CKOHOMCKH (HIIp. ITOCEHOBAaE 3EMJBHINTA,
MapKEeTHHT, HHCTUTYIIMOHAIHA TTOJPIIKA, IPUXOJ U 37PaBJbe JbYH) U MOJIUTHUYKE (MOTHLAJHU
TIOAICTHIIAjH, TIONUTHYKA CTAOMIIHOCT) CHJIe KOje YTHUY Ha e(HKAacCHOCT Ipolieca U (akropa
Ierpamanuje 3emsbHmTa. Jlerpamarmja 3eMJbHIITa je OMOPU3NYKH Tpolec BohjeH commo—
E€KOHOMCKHM | MOJIUTHYKIM y3pormMma (Lal, 1997).

Epo3uja 3emspumTa mpencTaBjba CBETCKH ITpoOJIEeM KOjU je MOBE3aH ca M MMa yTuIlaja Ha
pa3IMuYUTe MAETATHOCTH — IOJONPUBPENY, BOIOIPHUBpENY, €HEPreTHKy, caoOpahaj wuTx.
Crupame, NOIpUBAaKE 3eMJBHINTA WIM MAaTUYHE CTEHE O] yTHLAjeM MOBPIIMHCKE BOIE
MOMU}HKYje TPBOOUTHH pesbed, a Kao MPOM3BOJA CSPO3MOHMX IIPOIECa y CIHUBY jaBJba Ce
€pO3MOHH HAaHOC KOjH ce ca MaJiHa CIMpa U A0CIIeBa Y XHAPOrpad)CKy MpEKy M YHHH TOKOBE
MYTHHM, IyHHM Ollarta, KamMema M IIeCKa IITO INTeTH Pa3IMYUTHM TpaHaMma IpUBpeEnC.
Benuky MHTEH3UTET €pO3HOHMX Mpolieca JOBOAU 10 OP30T OIHOIICHA 3eMJBUILTA, HEKa]| CBE
JI0O MaTH4YHE CTEHe, YMME CE OrpaHHMYaBa pa3BUjale BereTalyje, Mopei Tora U epO3MOHU
IpOIIeCH Cllabujer HHTEH3UTETa J0BOJAC Y KPajibeM CiIy4dajy 10 oBe (ase, caMo IITO je 3a TO
notpedan nyxu BpemeHncku nepuox (Kostadinov, 2008). Eposuja 3emipuiiTa npencrabiba
mpoOiieM of IIMper 3Hayaja KOju C€ jaBjba Ha 3€MJBHMINTY HAMEHEHOM MOJHONPUBPEIHO]
MIPOM3BO/ILH, IITyMapcTBY, caobpahajy u pekpeauuju. Epo3uja 1oBoau 10 mITeTe M0 KUBOTHY
CpelMHy KpO3 TaloXeme Marepujana, 3araheme u mosehane momiaBe. M3 Tor pasiora,
KOHTpPOJIa €PO3Hje je HEONMXOMHA y CKOPO CBAKOj 3€MJbH CBETA IO OTOBO CBHM HauyMHHMA
xopumhema 3emsbmita (Morgan, 2009).
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3eMJBMIITE W BETeTAMOHM MOKPUBAY JUPEKTHO YTHYYy HA HWHTCH3UTET IMOBPIIMHCKOT
oTHLama crBapajyhm ,.ryOMTKe MamgaBHHA KpO3 IpoLece HHTEepIeNiyuje, HclapaBama,
TpaHcmupayje U uHpmITpanuje. Eponupano 3emspHITe MOCTaje 30MjE€HO ca HEIOBOJFHOM
KOJIMYMHOM XPaHJbHBUX MaTepHja U OpraHcke MarepHje, a CTore HHOUITPALHje U KanauuTeT
3a CKJIAQIUIITEHE BOAE Cy CMAambeHH, IITO 3ay3BpaT noBehaBa MOBPIIMHCKO OTHIAKE U
epo3njy. CtpmMu TepeHm Oe3 Bereramyje cy HOCEOHO CKIOHH MOoBehaHOM MOBPIIMHCKOM
orunaby U eposmju (Risti¢ et al., 2012). Ca mpyre crpaHe, epo3uja yTHYE Ha BEre€TalH]y y
CMHCITy cacTaBa U CTPYKType OMJbHE 3ajelHUIle, Kao U obpaciia pacTta. Bereranuja 3Ha4ajHO
KOHTPOJIMIIIE CTOIE €pO3Hje 3eMJBbMINTA, a CMAbEHhe CTOIE BOjeHE eposuje ca noBehamem
BEreTaloHor mokpuBada je ekcroneHrujanHo (Gyssels et al., 2005). Canamme, kao u
JbYICKE MHTEPBEHIMjE Y MPOILIOCTH Be3aHe 3a KopHUINCHEe W MaHHIYJalHjy pecypcuMa
JKHBOTHE CPEIUHE, UMajy HEOUCKHBAHE MOCIIEAUIIC. 3EMJBHIITE CE HCIUPA, TOCTaje CTCPUITHO
WIM ce KOHTAMHUHHMpPa TOKCHYHMM MarepHjaiiMa Op3MHOM Koja ce HE MOXE OIp)KaTh
(Oldeman, 1992).

MATEPUJAJI U METOJE
Onire KApaKTePUCTUKE UCTPAKUBAHOT MOAPYYja

Cmue pexe Kamemmne Hamasu ce Ha MoApydjy 37aTHOOPCKOT YIPaBHOT OKpyra, KOMe
aJIMUHUCTpATUBHO mpunaja omimruHa Yajernna (cinuka 1). Of yKyHe MOBPIIMHE OMIITHHE
MOJHOTIPUBPEHA Ta3[MHCTBA Hala3e ce Ha moBpimuHH of 37.469 ha, a ykymHa oOpacia
HIyMCKa MMOBpIIUHA npocTpe ce Ha 21.555 ha (2011).
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Cnuka 1. I'eoepagpcku nonooicaj cruea pexe Kamewune
Figure 1. The geographical position of the river Kamesina watershed
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ToBpuMHA c/IMBa U3HOCH MPHOIMKHO 27 km?, a 00MM CIMBHE MOBPIIMHE peke oko 25 km.
Ocrane ¢uznuko—reorpadcke KapakTepHCTHKE CIHMBa IpHKazaHe cy y Tabemn 1. Ha cBom
myty myxune 11,7 km, pexka Kamemmua mma 3HadajaH Opoj NMpUTOKA 4YHje je padBambe
PaBHOMEpPHO y TOPHEM, CPEABEM U JIOBEM TOKY TE CIMB 3ay3MMa CHMETpHYaH OONuK, a
I'yCTUHA XHApOrpadCcKe Mpexke je Beoma Bemmka (3,29 km/km?).

Tabena 1. @usuuxo—eeocpagcke xapaxmepucmuxe ciuea pexe Kamewwune
Table 1. Main physical characteristics of river Kamesina watershed

IMapamerap O3Hnaka Bpennocr
IMoBpiinHa ciuBa A 26,94 km?
OO6uM ciiuBa 0] 25,08 km
Kota Bpxa cimBa K 1.046,56 mnm
Kota ymha cnmBa K, 596.14 mnm
JyXuHa ciuBa 1o riiaBHOM TOKY L 11,65 km
OxcTojame 0/ TaYKe y pEYHOM
KOPHTY, KOja je Hajomka
TEXUIITY CIMBA, 0 U3Ia3HOT Le 5,92 km
npoduna
PenatuBHM mpoceuHH majg KOpuTa I 3.87 %

t b
Ypasnatu majg Kopura I 3.76 %
I'yctura xumporpadceke Mpexe G 3,29 km/km?
JyXnHa CBHX BOIOTOKA y CIIMBY SL 88,75 km
Monyn pa3BHjeHOCTH
BojozaenHHMIIE 1o ['paBenujycy E 1,35
Cpenma HagMOpCKa BUCHHA H 972.16 m
CIIMBa . '
Cpenma BUCHHCKA pa3inKa D 376,02 m
Cpenmu naj civsa I 27,93 %
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Cnuxa 2. [Ipocmopnu pacnopeo nazuba mepena na ciusy pexe Kamvewune
Figure 2. Terrain slope in watershed of the river Kamesina

[punnkom oxpeluBama koeduiMjeHTa epo3uje jako je BaXKHO NMPOYYUTH HAJMOPCKY BHCHHY
TE je yTBpheHO Ia ce BUCHHE AYX moapydja ciuBa peke Kamemmne kpehy on 596 mo 1.272
MHM U noBehaBajy y mpaBmy Toka peke ox kore ymha 1o kore Bpxa. Cpenma HaaMOpcKa
BHCHHA cimBa m3HOcH 972,16 mMHM. [lopen HagMopcke BHCHHE, HEOIXOIHO j€ OAPEIUTH U
naru0. [Ipumenom I'MC ananm3za acniekra pesbeda mokaszana je Jga BehrHy CIMBHOT MOAPY4ja
YMHE CTPMH U BPJIO CTPMH TEPEHH, a CIIOPATUIHO CE jaBJbajy M TEPEHHU Ca yCIIOHHUMA ITPEKO
30 % (cnmka 2). PenatuBHM npoceyHH maj koputa u3nocu 3,87 %.

Kiuma oBor moapydja je yMepeHO—KOHTHHEHTAHA ca YTHIAjeM IUIaHWHCKE KIHME, ca
YMEpPEHO XJIaHUM 3UMama u Onarnm setuMa. BnaxkHocT Baszmyxa je penarnBHO Mana (76%)
Yy OFHOCY Ha Jpyra CIMYHA IOAPYYja, Ka0 U KOJMYHMHE TTaJaBHHA Koje u3Hoce oko 990 mm
ropumke y npoceky (2011). IITo ce Trde ITyBHOMETPH]CKOT PEKUMa, TTIaBHA MAaKCUMYM je
y Majy u MUHHUMYM Y (ebpyapy, a CeKyHIapHH MaKCUMYM y OKTOOpY. YKymaH Opoj naHa ca
najgaBrHamMa Ha 3natibopy je 166,7 roauiinmbe, HajBUILE KUITHAX JaHa UMa Maj, a HajMame
aBrycr u centem6bap (Rakicevic, 1963).

VY mwby KBaHTUTATHBHOr oipehuBama OTHIARma BOAE W PEXUMa HaHOca y OyjUIHHM
CIIMBOBHMa M €PO3HOHUM IOJPYdYjHMa Ba)KHE Cy MPOLEHE I'COJOLIKHX KAPAKTEPHCTHKA.
IpouenTyanno ydvemthe BpcTa cTeHa je OJf 3HA4aja jep pa3lMYUTE BPCTE CTEHA HMajy
Pa3IMYKTy MPOIYCTJEUBOCT 33 BOAY KOja yTHYE HA OTHIAE, KA0 M PA3IMIUTy OTIIOPHOCT Ha

(2]}

epo3ujy Ol Koje 3aBHCE HMHTCH3UTET epo3mje W mpoaykimja HaHoca (Kostadinov, 2008).
XapuOyprutu cy 3actymibenn Ha 90,13 % cnuBa, a cepneHTHHUTH Ha 9,87 %.

Ha Tepuropuju 1ENTOKYNHOr ciMBa 3acCTyIJBEH j€ CaMmoO jelaH TUI 3eMJBHINTa W TO je
CKEJIETHO 3eMJBMINTE Ha CepneHTHHHUTY. Kapakrepuctuke 3zemsbninta (OpMHpaHHX Ha
CCPIEHTHHUTHMA Y 3aBUCHOCTH CY OJI IIEIOTEHETCKUX Tpolieca U NPUPOAE MaTUIHE CTEHE, a
jémaH oI IIaBHMX Y3pOKa HEIOBOJFHHX CBOjCTaBa OBHMX 3EMJBMINTA jeé MATHYHM CYICTpAT.
CeprieHTHHHTH Cy CTEHE YNTpaba3WvHOTI KapakTepa Koje Cy Beoma Oorare MarHe3ujyMoM,
IOCenyjy BEMUKH Opoj IMyKOTHHA KOjU TPOY3POKyje Op30 OTHIAEke BOAE T CY 3eMJBHINTA
oOpa3zoBaHa Ha WUMa cyBa W Toruia. Cmarpa ce fAa je MPOM3BOMHH TOTEHIHjall OBHX
3emJpHIITa YecTo HermoBoJbaH (Kosanin, Gaji¢, 2008).

[Mpunnkom onpelhuBama MHTEH3WTETA €pO3Wje M PEXHMMa OTHIAja HajOMTHH]Yy YJIOTY HUrpa
BETETAIMOHN ITOKPWBad, OJHOCHO Ha4YMH Kopumhema 3eMJpHITHOT mpocTtopa (Puctuh,
Mamnomesuh, 2011). Ha moapyujy cnuBa Kamemmue y HajBehoj Mepu cy 3acTymibeHe
JTMCTONA HE, YSTHHAPCKE M MEIIOBUTE IIyMe KOj€ y YKyIHOM 30upy umHe 75 % moBpuinHe
LEJOKyIHOT ciuBa. HajMamy HpOCTOpHY 3acTYIUBEHOCT HMMajy NPHUPOAHU Mallbald |
npenaszHo noapy4vje apseha u xOyma (ciuka 3). Y Tabenu 2 je nar mpuka3 mpocTopHE U
MIPOLICHTYAJIHE 3aCTYIIJbEHOCTH ofpelheHNx HaunHa Kopuinhema 3eMIBUILTA.
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Cnuxa 3. Hauun xopuwhersa semmuwima na caugy pexe Kamewune
Figure 3. Land use in the river Kamesina watershed
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Tabena 2. Hauun xopuwhersa zemmuwma Ha caugy pexke Kamewune
Table 2. Land use in the river Kamesina watershed

Hauun kopumhema km? Hospuriia o
m %o
Ulucronagxe uryme 8,41 31,22
UeTuHapcke nryme 7,14 26,49
MemmoBuTe HIymMe 4,76 17,66
[TpuponHu nanimanu 3,67 13,61
[Mpenazno noapyuje npeeha n xOyma 2,97 11,02
YkynHo: 26,94 100

Ha monpyujy Mokpe Iope Hajehy omacHOCT on momjiaBa TpeACTaBjba YIPaBO peKa
Kamemmnua Ha k0joj cy ce aecuine ase Beimke morutase, 2007. u 2009. roguue (2021). ¥V
okBupy IIpoctopHor minana moapydja nmocedne Hamene [lapka mpupoze ,,lllapran—-Moxkpa
Topa” (2019), pahenn cy peryiauuoHu pajgoBu Ha KamemuHM M BEHHUM NPUTOKaMa
[Hapranuumny, [loctemckom notoky u pyranumuu. yx pexa Kamemmmne, benor P3aga,
Jpyranunne, Kpcmanckor noroka, hernme u Komcke peke 3amouera je u3rpaama OyjuaHUX
nperpajga U OpaHa ca MMHHM akyMmylanujama. Y OKBHUPY IUIaHCKOT MOApydYja IUIaHUpaHa je
perynanuja peke Kamemmune Ha mayxunu on 2,4 km, u menux npuroka (2019). KamenimHa,
IeHE TIPUTOKe, Kao u LlpHu P3aB, mpencraibajy KapakrepucTudHe OyjHdHE TOKOBE BEJIHKE
cHare. Y TIPOTEKJIOM IIepuoAy JocTa je ypaheHo Ha ypehemy kopura pexe Kamemmne,
MehyTiM KesbeHH edeKkaT HHje MOCTHTHYT T€ je TUIAHMPaHO HacTaBjpame ypehema Kpo3
Hacesse Mokpa Topa (2021).

Marepujaa u MeToae paaa

3a aHanM3y OCHOBHUX (DM3MUYKO-Teorpa)cKMX Iapamerapa ciuBa KkopuiiheHe cy
Tororpadcka kapra W aurutanHu Mmozen Ttepena (JIMT) koju je ¢dopMupaH Ha OCHOBY
CKECHHpAHHUX TOMOrpaCKUX Kapara y MPOCTOPHO] pe3onmyuuju ox 50 merapa. 3a motpebe
oBor pana kopuithene cy tomorpadceke kapre y pasmepu 1:25.000 (smcroBu KpemHa u
Buocka, u3 1978. rogune), OcHoBHa reonomka kapra COPJ (TuroBo Yxwuie) y pasmepu
1:100.000, xao u Ilemonomka kapra CpOuje y pasmepu 1:50.000, msname HMucruryTta 3a
npoy4aBame 3emubninTa beorpan—Tomuumep u3 1963. roamue. 3a w3paay KapTe HauyWMHA
kopumhema 3emspumTa kopumrhera je CORINE Land Cover 6a3a momaraka u3 2018. roqune
(Biittner, Kosztra, 2017; Kosztra et al., 2017). Ce mpeTxogHO HaBeACHE KapTe U 0aze
noparaka ananmsupane cy y [ IC okpyxemy.

[Nomaum o majgaBMHAMa M TEMIIEpATypH Ba3dyxa 3a JaTo IOAPY4je Y3EeTH Cy ca ocMaTpavke
Mpexe PemyOmmukor xwmapomereoponomkor 3aBoma P Cpbuje (PXM3C), 3a cranmiry
3naTnOop. AHanu3a pexuMa najaBuHa MPETXOOH NPOpadYyHHMa MAaKCUMAITHOT IPOTHIaja, a
NPWIMKOM aHAJM3€ YYeCTAIOCTH BIUCHHE NaJaBUHA oApeheHor Tpajama y TauyKH OcMaTpama
akmeHar je Ha Opojy norabhaja, Tj. HH3y KOju je (OpMHpaH Of TOOUINBMX EKCTpeMa, 3a
TpakeHa Tpajama. YUeCTaloCT MojaBe CIydyajHUX IMPOMEHJBPMBHX MOMYT jake Kuiie, oapehyje
ce kopuihemeM TeOpHjcKuX pacronena BepoarHoha (Gumbel, LogPearson), a kpurepujym
3a u300p Moxke OMTH Opoj HU3a rOJMHA OocMaTpama. Pe3ynTar oBor npopavyHa cy goOujeHe
BUCHHE jaKMX KHIlA 3a TpakeHW noBparHH nepuox (Puctuh, Manomesuh, 2011). ¥V oBom
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pany je pahen mpopadyH MakcHUMallHe JTHEBHe Kulle oapelene BepoBarHohe MojaBe, METOAOM
LogPearson—a type III pacnionene 3a nosparuu nepuox ox 100 roxuna (1%).

[IpopauyH MakcMMagHOT TpOTHIAja 3a ciIMB peke KamemmHe je mpopadyHaT MPUMEHOM
KOMOHMHOBaHE MeTojie Koja oOyxBara nBa noctymka — SCS (Soil Conservation Service) (SCS,
1979) metononorujy 3a pasnBajame edekTHBHUX NanaBuHa (Pe) xoje dhopmupajy mupexraH
oTumaj of yKymHuX namaBuHa (Pb) W Teopwjy CHHTETHUYKOT jeAMHWYHOT XHApOTpama 3a
JeTePMUHUCAbE BPIIHE OpAWHATE jeQUHHYHOr OTHIaja. Kpajiu pesynrar oBe MeToze je
MaKCHMAJTHH NPOTHIIA] KOJUM ce JeHHHIIe MepoJaBHa Bennka Boga oapelheHe BepoBarHohe
mojaBe 3a Tpajame edextuBHe kume (Puctmh, Mamomesuh, 2011). Y3 momoh wmeroxe
CHHTETHYKOT jEIMHUYHOT XHApOrpama AETepMHUHHCAHA je BpIIHA OpAWHATA jEAWHHYHOT
ortuiaja, 3a nepuoa ox 100 roguHa 3a MPOCEYHE W HAAMPOCEYHE YCIOBe. BpiHa opauHara
CHHTETHUYKOT jJeUHUYHOT XUAPOrpaMa Jaje BpeIHOCT NpoTuiiaja oa 1 mm edeKTUBHE Kullle
(qmax), @ MaKCUMaJIaH MPOTHIA] 3a TpaxkeHy BepoBarHONy mojaBe (Qmax) M3paxkaBa ce MPEKO
¢dopmyne (Puctuh, Manomesuh, 2011):

Qmax (%) = qmax * P. (%)

Qmax (%) — MAKCUMAJIHHU TIPOTHIGj ofipeljeHe BeposarHohe mojase [m-s!]

(max — BPITHA OPJIMHATA CHHTETUYKOT jeIMHAYHOT Xxuaporpama [m*-s-mm]
Pe (%) — edexTrBHA KumIa [mm]|

(P-0,2-d)*
e=———
P+08-d
Iorenrujanna moryha ungunrpanuja d uspaxkaea ce y mm u ozipeljeHa je uspazom:

=254 19
CN

Bpemroct CN mpexncraBiba Opoj KpuBe OTHIAja Koju ce oapehyje Ha OCHOBY
Je(UHHCAHOT XUAPOJIOMIKOT KOMIUIEKCa 3€MJBHINTA U HAYMHA KOpHUINNeHma 3eMIJBHIITA
(omnocHo Beretammonor mnokpuBaua) (DBoposuh, 1984). Bpemnocr CN 3a 1eno
HCTPaXWBAHO TOJIpydje T00Hje ce Ha OCHOBY 3aCTYILBEHOCTH MOjeIMHHUX IOBPIINHA A
[km?] m MHOXemeM ca oarosapajyhum 6pojem xpuse otumaja CN, Tako na je cpeama
BpenHocT CNg: (penpe3eHTaThBHA 3a 10 CIIMB) J00HjeHa MOHIEPUCAeM U IIpUKa3aHa
npuMeHoM ciezaehe gpopmyie:

N - A -CN,+4,-CN,+..+44,-CN,
sr ZA

A — nospmmna [km?]
CN - OpojeBu KpuBe OTHIIAja

[Nopen npopavyyHa MakCUMAHOT POTHLAja Y CaMOM Paay M Ha UCTPAKMBAHOM CIIUBY pEKe
Kamemmne, mpopadyHar je ¥ Cpenmu TOOWIIBI OTHIAj, KOju je onpeher y3 momoh merone
Langbein—a (Langbein, 1962). Metona Langbein—a mpeacraBiba eMIMpPHjCKy METOAY Koja
Kao yna3He IOfaTKe KOPUCTH cpexmme Temreparype Basmyxa (T) m cpemme romumime
nagaBuHe (P) Ha cnuBy, ¥ BeHa ynoTpeda je mpenopywhHuBa HCKJbYUHBO 3a CIIMBOBE UHja je
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nospumHa 10 1.000 km? (Prohaska et al., 2019). Y3 momoh merone Langbein—a, cpeamu
roANIImBN OTHIA] ce oxpehyje m3 crenehe emmmpujcke Bese:

Q/E = f (P/E)

T'ne je: Q — mpoceyHu OTHIIAj ca CIMBa U3pakeH y cm, P — mpocedna roauima BUCHHA
IaJlaBHHA Ha CJIMBY HM3pakeHa y ¢cm,E — temmeparypHu ¢axTop, Koju ce u3padyyHaBa y3
nomoh ¢opmyie (Prohaska et al., 2019):

logE=0,027-T+®

IIpema dopmynu 3a mpopauyH TemreparypHor dakrtopa E, rmaBHn mapamerap y npopadyHy
npencraeiba napamerap © uwja je opurmHanmHa BpeaHoct 0,886, aam oHa Moxke OUTH H
KanuOpucaH y OJHOCY Ha HM3MepeHe Ionarke. 3a mmo3Harte BpenHoctd T u P Ha
HCTpaXWBaHOM TIOAPYYjy, oapehyje ce BpeqHocT TemmeparypHor ¢akopa E, ogrocao P/E u
Q/E momohy rpadudke 3aBucHOCTH U TabenapHo npema JankoBuhy (Jankovic, 2015).

BpenHocT mpoceyHor OTHIaja MOKE C€ JOOUTU MPUMCHOM TOIUIILUX S(PESKTUBHUX
nanasuHa (Per) 1 noBpumHe cimBa (A) npema hopmyi:

P, -1000- 4

— 3.1
T TR

Jlok ce crienuuyHa BpeIHOCT OTHIIaja 1o0Hja mpeMa hopMyITy:

0,

qsp — =sr [m3's'1‘krn‘2]

V3 momoh cpenmer npoTtumaja, Moryhe je ogpenuTH U MPOTHIIA] MalX Boxa. Maie Boze ce
Hajuemrhe jaBibajy TOKOM JIETEH-CT NEpHOAa TOOWHE Kada JONa3W IO CIyIITamka HHUBOA
NOI3EMHUX BOJAA, CMambemha KOJIMYMHE BOJE Yy aKyMy/alujama, H3JALIHOCTH H3BOpa M
YOIIIITEHO CMarbemha BIAKHOCTH 3eMJbHIITa. Majie Boie Cy oXf 3Hayaja 3a BOAONIPUBPENY jep
BUXoBo Tnpaheme omoryhaBa IulaHupame M yIpaBibamkbe IPHIMKOM BOJOCHAOEBambA,
HaBoOImbaBama U 3amrure Boaa (Stricevic, 2015). Mane Boge (Qmy) MOTy ce W3pasuTH y
¢yukumju cpenmer nporunaja (Qsr), Kao:

Quv=0,1' Qg [m&s-l]

VHTeH3UTeT epo3HOHUX Mpoleca W KaTeropuje pasopHOCTH Ha ciuBy peke KamemmHe je
aHaNW3MpaH M TpOopadyyHaT NPUMEHOM MeTozie MOTEHIHjana epo3uje mpema mpodecopy
Crnobonany I'aBpmtoBuhy (Gavrilovi¢, 1972). Mertona criafa y rpyny eMIHPHjCKHX METOIa
3a MpopadyH TyOWTaka 3eMJBHINTA, Ha OCHOBYy Kojer ce wuspahyje Kapra eposuje u
mpopadyHaBa TPOAYKIHja H TpPOHOC epo3moHor Marepmjama (Gavrilovié, 1972).
Kareropmsanmja epo3noHHMX Tpolleca W3BpIIEHA j€ TMpeMa BPETHOCTUMA KOePHUIHjeHTa
eposuje (Z), xoju ce oapehyje aHAIMTHUKAM MyTEM WA OKYJIAPHO IPHUIMKOM TEPEHCKOT
obmnacka ciauHor moxapydja (Kostadinov, 2008). 3a mpaBHIHO aHAIUTHYKO OpehuBarbe
MOTPEOHO je MPaBUIIHO OJPEIUTH KOe(HUIMjEeHT OTHOPHOCTH 3eMibuinTa Ha epo3ujy (Y) koju
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j€ PpeuMIpoYHa BPEAHOCT KOE(HIMjeHTa OTIOpa 3EMJBHINTA Ha €pO3Ujy W 3aBHCH OI
TEOJIOMIKHX, MEeNONOMIKHX M KIMMAaTCKHX KapaKTepHCTHKA HMCTPaKHBAHOT IOApPYYja.
Koedumujent ypehema cnmmBa (X-a) ce ogHOCH Ha 3amITHREHOCT 3eMJBHINTA Of yTHIAja
arMocdeprwinja W cWia epo3dje y NIPUPOTHHM YCIOBHMA, HIIp. BereramumjoM (X) wid
BEIUTAYKH CTBOPEHUM YCIIOBUMA, Tj. aHTHEPO3HOHHM TEXHWYKHUM WIIM OHOJIOIIKHM paJOBUMA
Ha ciuBy (a). [IponsBon oBux koedummjenara ce kpehe ox 0,01 (3amrTuheHo 3emspHIITE) 10
1,0 (motmyHO TONO, HezamTuheHo 3empminTe). KoedummjeHT ¢ je OpOjHM EKBHBAJICHT
BUJBMBHX TMpOIECa €pO3Mje Ha CJMBY, a CpPEIbH Maj ClAMBa HAM [aje IOy3JaHH]je
KBaHTUTATHBHE BPEIHOCTH KOe(HIMjeHTa epo3uje HEero Mpu OOMYHOM INPOLCHUBABY
(Kostadinov, 2008). Bpeanoctu Z ce kpehy ox 0,1 kom odyBaHHX U €po3ujoM cjabo
3axBalieHUX CIMBOBA JI0 1,5 W BHIIIE KOJ| CJIMBOBA Ca EKCLIECHBHOM €PO3HjOM.

Z=Y-X-a-(p+I,)
Y — perumpovHa BPEIHOCT KOS(HIIMjEHTa OTIIOpa 3eMJBHIIITA Ha €pO3Hjy;
X-a — koedunujeHT ypehema cinuBa wim noapydja;
¢ — OpOjHM EKBHBAJICHT BUIJBUBHX M jaCHO U3PAXKEHHX IPOLIEca epo3Hje Ha CIUBY;
I — cpenmbu man ciuea.

Tabena 3. Kameeopuje eposuje na ocnogy 8pednocmu koeguyujenma eposuje Z
Table 3. Classification of erosion by erosion coefficient Z

Kareropuja JaunHa Tun Branajyhe| Koeduumjent Cpenma
pa3opHocTH €pPO3UOHUX . . BPETHOCT Koed.
epo3uje eposmje .
(epO3UBHOCTH) npoieca epo3uje
ExkcuecuBHa Ayburcka > 1,51
I eposnia MEIIOBUTA 1,21-1,50 1,25
TOBPIIUHCKA 1,01-1,20
yOMHCKa 0,91-1,00
I Jaka eposuja MEIIOBHTA 0,81-0,90 0,85
TOBPIIUHCKA 0,71-0,80
yOMHCKa 0,61-0,70
I Ocpenma epo3uja MEIIOBHUTA 0,51-0,60 0,55
MOBPIITUHCKA 0,41-0,50
nyOMHCKa 0,31-0,40
v Cnaba epo3uja MEIIOBHUTA 0,25-0,30 0,30
TTOBPIIUHCKA 0,20-0,24
v Bpio cn'a6a Tparosu epo3uje| 0,01-0,19 u mame 0,01
eposuja
Hse0p:

Gavrilovié, S. (1972) InZenjering o bujicnim tokovima i eroziji. Izgradnja. Beograd, Serbia

[IpumenoM epo3noHHCTHYKE (popMyIie 3a IPOPadyH YKYITHOT TOJHIIEKETr MPOHOCA HAHOCA Ha
cnuBHOM Tonpy4djy mpema meromu C. laBpmioBuha, ompeleHe cy: yKynmHa TOOMIIEHA
epo3noHa npoxyknuja Hanoca (Weod), CEIU(HUIHA TOIUIIHA €PO3NOHA MPOAYKIMja HAaHOCA
Ha ciuBY (Wgodsp), CPEIEETONUIILM MPOHOC HaHoca Ha xuaporpadcekoj mpexu (Ggod),
crnenuUIHN cpeby Toauiumkbu npoHoc HaHOca (Ggodsp), M KomumHa BydeHOT (Wyn) U
cycnennoBaHor HaHoca (Wg). Y HacraBKy cy jare ¢opmylie 3a MNpopadyyH Ipema
opuruHanHoj Metonu noreHyjaia eposuje npema ['aBpuinosuhy (Gavrilovic, 1972):
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Wy=T Hy, 7NZ" -4

g

Wod — YKYITHA TO/IMIIIERA €PO3MOHA MPOAYKIMja HaHoca Ha cnuBy [m>god. ]
T — TemneparypHU KOCPHUIHjEHT OApyYja

t
T'=,-~+0.1

10
{,, — cpelma rofulimka TeMneparypa sasayxa [°C]
Hgod — cpenta roguiima KOMTHIHHA TagaBuHa [mm]
T —3,14;
Z— koepUIIHjeHT epo3Hje;
A~ TIOBpIIMHA CIMBHOT IOApPyYja [km?]

_ god
godsp A
W poasp — CTICTHGHUIHA TOAMIIIGA €PO3HOHA TIPOYKIIHja HaHOCa Ha cnBy [m*god.” km~]
Ggod = Wgod ' Ru
Ggod — CPEbETONUIILH TPOHOC HaHoca [m*god. ]
0.5
(0-D)

Y 0.25-(L+10)
R, — xoedumujert pereHnmje HaHOCA
O — o6um cnuBa [km]
L — nyxxuna cnuBa [km]
D — cpenma BUCHHCKA pa3iuka [m]

D = HSF - Ku
G _ Ggod
godsp — A
Ggo dsp crienM(UUHA CPEIBbU oMY NpoHoc Hanoca [m>god.'km™2]
z-(p, -1
5 — (pl )
TP

O — yuenthe BydeHor Hanoca [%]

0, — 3aIpeMHIHCKa Maca BydeHOr HaHoca [tm™]

0, — 3alIPEMHHCKA Maca CyCIIeHI0BaHOT HaHoca [tm™]

Wn :Ggod ' 5
Wen :Ggod — W
W \sn — KOIMMHHA BydeHOT Hanoca [m>god. ]

3.00d -1
W, — xonmduHa cycreHoBasor HaHoca [m*god.']

PE3VJIITATU 1 JTUCKYCHJA

Ha ocHoBy nmedwHHCAaHUX METOIOJIONIKUX TMOCTYIIaKa KOjU Cy OMHCAHHU Y MPETXOJTHOM
MOTNIaBJby MOOWMjeHHM Cy ¥ aHaJW3WpPaHW pe3ylITaTH 3a MpOopadyH MaKCHMaHOT
MPOTHIIaja, Ka0 M MPOPadyH CPEAHUX U MaJIUX BOJA, M aHAJIN3a HHTECH3UTETA ePO3HOHIX
nporeca. Y Tabenn 4 mpuKa3zaHd Cy OJAM CPEAHUX MECEUHHUX M CPEOHBUX TONHIIEHIX
TeMIeparypa Ba3ayxa 3a rJIaBHy METEOpOJIOIKY cTaHuIly 3matubop. [Ipema mpukazaHoj
Tabenu, HajHWKA Cpelilba MeCceyHa TeMIlepaTypa Ba3dyxa je 3a0eiekeHa y jaHyapy, a
HajBHIIa y aBrycty. llopen cpeame roaMilme TEeMIIeparype Bas3dyxa, 3a IMmoTpede
aHajgu3e HMHTCH3WTETa CPO3HMOHHMX IMpOIeca W IpOopadyHa CPEeAmbUX W MajluxX BOJA,
aHAJU3UPAHE Cy U CPEIEHC MECCUHE U CPEIIEbC TOIUIIELC KOJTUIUHE MaJaBUHA 32 TJIABHY
METCOPOJIONIKY CTaHHITY 37maTHOOop. Y Tabenu 5 HaBeICHE Cy CPEIEHE MECEUHE U CPEIIEHE
TOAUIIBE KOJUYMHE MaJaBUHA 3a nmocMarpaHu Hu3 on 1951. go 2020. roaune. Ha
OCHOBY IIpHKa3aHe Talelle, HajHIKE CpEIke MECCUYHE KOJIMYMHE I1alaBUHA CYy
3abenexxene y mecelly (eOpyapy, IOK Cy HajBUIIC KOJIWYMWHE MaJaBHHA 3a0eleKeHE Y
JYHY Mecelry.

Tabena 4. Cpedre meceutie u 200uLrbe memnepamype 8a30yxXa 3a 1a6Hy
Memeoponowky cmanuyy 3namubop 3a 2020. 2o0uny
Table 4. Average monthly and annual air temperatures for the main
meteorological station Zlatibor for the year 2020

Mecen | I Im | ar v | v VI | VII | VIIl | IX X | XI | XII | Tox.

Bpen. 12 2,113,083 11,5149 17,5 | 184 | 15,1 | 10,0 | 40 | 2,5 | 89

Hzeop: PXM3C
(http://www. hidmet.gov.rs/ciril/meteorologija/klimatologija_godisnjaci.php)

Tabena 5. Cpeormwa meceuna u 200UUUFA KOAUYUHA NAOABUHA 30 2TABHY
MemeoponowKy cmanuyy 3namubop 3a nepuoo 00 1951. oo 2020. zooune
Table 5. Average monthly and annual amount of precipitation for the main

meteorological station Zlatibor, period from year 1951 to 2020

Mecen 1 1I it v \% VI VII VIII X X X1 XII Ton.

Bpen. 63,84 63,59 69,16 76,86 102,32 108,97 97,15 717,75 88,19 76,06 82,18 74,69 980,77
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H3zeop: PXM3C
(http://www. hidmet.gov.rs/ciril/meteorologija/klimatologija_godisnjaci.php)

AHanuza pexuma majaBuHa OOyXBaTHJIa je MpOpadyyH MaKCHUMajlHe JHEBHE KHIIE
onpehene BepoBatHohe mojaBe meromom LogPearson—a III 3a moBpatuu mepuox ox 100
roguHa W w3HOCHU Py,=74,641 mm. HakoH noOWjeHe BHCHHE jaKUX TaJaBUHA 32
pasnuuuTe MoBpaTHE Nepuoje, paljeH je mpopadyH MakCUMaIHOT MPOTHIIaja TPUMEHOM
koMmOuHOBaHe MeToe. SCS Meromosioruja odyxsaruia je oapehuBame KpuBe OTHIIAja Tj.
CN xpuBe, Ha OCHOBY XHIPOJIOIIKE KJIace 3eMJBHINTA W HadWHAa Kopuimhema. Ha
CIMBHOM TIOJPYYjy je 3aCTyIUBCHO CKEJISTHO 3eMJBHINTE Ha CEPIEHTUHHUTY INTO Ta
cBpcraBa y kinacy C (tabena 6), a koMOMHAIHje ca Pa3TUIUTHM HaYWHUMAa Kopuirhema u
MOBpIIIMHE Ha KOjUMa Cy 3acTyIUbeHHU Aane cy pasnumuute BpemHoctu CN (tabema 7).
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Makcumanna Bpennoct CN je 79 3a mpupojHe mamnimake, a HajHuka 71 3a mpenazHo
oapydyje apeeha u xxOyma.

Tabena 6. Ilpopauyn xudponowike Kiace 3emmuima
Table 6. Calculation of soil hydrological class

. IloBpmiuHa XwuapoJiomka
Pennu 0poj Tun 3eMm/buIITA P > P
[km~?] KJaca 3eMJbHIITA
CKeNneTHO 3eMJBHINTE Ha
1 26,94 C
CEPICHTUHUTY

Tabena 7. Ilpopauyn 3a CN kpusy
Table 7. Calculation for curve number (CN)

Penn XuapoJiomka ,
6poj Hauyun xopuumthemwa KJjlaca Hopumuna [km*]| CN
3eMJ/bMIITA
1 Jlucronague nyme C 8,41 73
2 YeTtunapcke nryme C 7,14 77
3 MermoBute myme C 4,76 77
4 [Ipupoanu nanrmanu C 3,67 79
5 [Ipena3no noapyyje npeeha u C 2,97 7
KOYHa

IIpumenom ¢opmyinie 3a nonnepucambe CN BpeIHOCTH Ha OCHOBY XHIPOJIOIIKE KIAce
3eMJBHIITA M CTPYKTYpPE 36MJBHMIIHOI MOKpHBaya W HayMHa Kopuinhema 3eMJbUIITA, 32
LEJI0 UCTPaXUBAHO TMOAPY4Yje 3a MPOCEYHEe YCIOBE BIAKHOCTH wu3Hocu CN=76.
IIpumenom Tabesne ca OpojeBuma kpuBe otmiaja CN 3a Tpu ycClioBa BII&KHOCTH, 3a
noanpoceyHe yciuoBe m3Hocu CN=58, 10K je 3a HaANpPOCEYHE YCIIOBE BIAXKHOCTH
CN=89. V3 nomoh Merojae CHHTETHYKOI jEJUHUYHOI XHJAporpama JIeTepMHHHCAHA je
BpIIIHA OpAWHATA jEIUHUYHOT OTHIIaja, 3a nepuox ox 100 roguna (1%) 3a mpoceuHe u
HajamnpocedHe yciose. /[oOMjeHe BpeqHOCTH MaKCHMaJIHOT MPOTHIaja 3a JaTe yCIIOBE
NpHKa3aHe Cy y Tabenu 8, a KpUBOJIMHU]CKHA XHAPOTrpaM Ha rpaduky 1.

Tabena 8. /lobujene speonocmu maxcumantoz npomuyaja 3a 100 coouna,
npoceune u HAONPOceuHe YCa08e GAAHCHOCTIU
Table 8. Obtained values of maximum streamflows for 100 years, average and above-average
humidity conditions

HpOCB‘lHH YCJ10BHA BJIAKHOCTH Hannpoceqlm YCJI0BHA BJIAKHOCTH

Gmax [M*s7-mm] 0,76 Gmax [M3s7-mm] 0,86

Qumax[m?-s7] 11,58 Qmax [M*s71] 25,93

PeanHn KpHBOIHICKN XILLPOIPAas
Q [u*s1]
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I'pagpux 1. Peannu xpusonunujcxku xuopoepam 3a 100 coouna (1 %),
3a npoceune u HAONPOCeUHe YCI08e GANCHOCNU
Graphic 1. Real curvilinear hydrograph for 100 years (1 %),
for average and above—average humidity conditions

IIpumenom emnupujcke metone Langbein—a, no0HjeH je MpoTHIaj CpeAmHUX BOJa Ha
ciuBy peke Kamemunne. Y3 nomoh nojgaTtka o cpeimhoj TOIUIIKH0] TEMIIEpaTypH Ba3ayxa,
MpopavyHaT je TeMieparypau ¢akrop koju usHocu E=13,38 cm. Y ogHocy Ha no6ujeHn
TeMIepaTypHH (akTop, Ha OCHOBY IpYror yJa3HOT mapamerpa (Cpeame TOAHIIEbE
KOIIMYMHE TanaBuHa) u3padyHar je ogHoc usmehy P/E koju m3nocm 7,33. Ha ocHOBY
TprKa3aHe eMIHpHjcKe Be3e mpema Mmeroau Langbein—a, m y omHOoCy Ha (GyHKIHjY
mmel)y P/E, moGujene cy Bpemnoctu Q/E koje m3Hoce 2,54. Ilpema mpuka3zaHUM
BPEIHOCTHMA KOje Cy MOoOHMjeHe W3 eMIMPHjCKUX Be3a, e¢(PeKTHBHE IaJaBHHE Ha
HCTpaXUBaHOM clMBY u3HOce P=33,97 cm, ognHocHO P.=339,7 mm. Ha ocHoBy
e(heKTHBHUX MaJaBHHA, MPOpAUyHaTa je U Ccrelu(UIHa BPSIHOCT OTHIAja KOja U3HOCH
gs= 10,785 [I'skm2] mox mportunaj cpenmux Boma uznocu Qu= 290,5 [I's™!]. Bpennoctn
nobujeHe npumeHom mMetone Langbein—a nprkasane cy y tabemnu 9.

Tabena 9. Bpeonocmu Oobujene npumerom memooe Langbein—a
Table 9. Values obtained using the Langbein method
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qSP QSI‘ er
E[cm] | P/E | Q/E [P [cm] |Per [mm] [I-s-km™?] [m3-s1] [Is]
13,38 | 7,33 | 2,54 33,97 339,7 10,785 0,2905 290,5

Hobujenn pesynratu cpemmer npoTtunaja (tabema 9) cy cBeaeHM Ha jeAUHHUILY CIMBHE
MOBpIIWHE, Tj. MPEACTaBJACHU Cy IO jeAMHUIIM IOBPIIMHE CIMBA, KOja IpEACTaBJba
KBaHTHTATHBHY KapaKTepUCTUKY n3namHoctu ciauba (Prohaska et al., 2020):

()




[m3's' 1 4km-2]

_9,
qsp - A
9sp — cnenduuHa BpeHOCT oThIaja [m-s’km2];
Q — MakcHMaJIHM IPOTULAj Boae [m3-s™'];

A — noepmuHa ciusa [km?];

9sp = 0,010785 m3-s'km™ = 10,785 I's-km™

Mase Boze y peyHHM TOKOBHMA TPEICTaBIbajy €CEHIINjaIHO XUAPOJIONIKO CTakbe U jelaH O
He3a00MIIa3HuX elleMeHara Bojponpuspese. [lo3HaBame HUXOBUX KapaKTEPUCTUKA 3HAYQjHO
je 3a MpojeKToBame, rpaljere, OApXKaBamke U YIPaB/balkbe Pa3HUM BOIOIPHUBPEIHUM
cucremuma (Huxuh, 2006). HapounTto BaxkHy yJory uMmajy y 3alliTUTH U O4yBamby NPHPOIHE
cpenune. [Ipu ToMe, CBM KOPHMCHHUIM BOJIa BEOMA Cy OCETJHUBHU Ha IPOMEHE PEXHUMa PeUHHX
BOJIa y MaJloBOAHOM repuoay. Ha ocHoBy oBora, mane Bozme (Qmy) MOTY ce W3pa3uTH y
¢ynkmju cpemmwer nporunaja (Qs), W 3a UCTpaXHWBAHO MOApYYje cinBa peke Kamemmnne

13HOCe Qmv=29 05 |'s”!, a padyHajy ce nmpema aatoj GopMyJIu:
0,.=01-0 =0,10,2905=0,02905 m*s™ = 29,05 I's”!

IIpema KBaHTHTATHBHO] KiIacHUpUKAIMju OYjHUYHHX TOKOBa Mo Meroau mpodecopa C.
TaBpunosuha, pexa Kamemmna cnaga y xiacy Oyjuaaux peka (Hi=27,25). V tabenn 10 je
NpHKa3aHa PaclpoCTPAmEHOCT epo3Mje Ha MCTPAKMBAHOM MOAPYYjY M HCH WHTCH3UTET. Y
OJIHOCY Ha ONINTY Pa3BHjEHOCT SPO3MOHHX MpoIieca, IpeMa MeToau MOoTeHIHjana epo3uje,
ca nmobujeHom Bpeanoumthy koedurmjeHtra eposuje Zg—=0,226, naTto CIMBHO HOApYdje je
3axBaheno cmabom epo3ujoM. Ha ciimBHOM moapydjy, 3aCTYIIJBEHH CY €PO3UOHH MPOIECH OF
BpIIo crabe 110 jake eposuje. Ilporecu jake eposuje ce jaBsbajy Ha nospuuad of 0,97 km? Tj.
Ha 3,61 % Tepuropuje cnuBa. HaBemeHu mporiecu epo3uje Cy 3acTyIUbeHH HajBehum nemom
Ha MOJpYyYjy NMPUPOTHMX mammaka. [Ipocenu ocpenme epo3uje 3ay3uMmajy TOBPUIMHY Of
5,42 km?, omnocro 20,10 % ox yKyIHe MOBpPIIMHE MCTPAXMBAHOT MOAPYYja. Y TOTIETy
HauMHa Kopuuihema 3eMIbHINTA, MPOLECH OCPEIhe epo3Hje CY 3acTyIJbeHH Ha MOAPYY]Y
MIPUPOJHUX MAlllkhaka U Ha pelasHoM Nojapydjy Apeeha u sxOyma. Epo3noHu mpouecu Koju
CHanajy y Kateropujy ciade eposmje, 3ay3UMajy HajMamH Je0 MOBPIIMHE CIIMBA U W3HOCH
0,38 km? oanocuo 1,42 % cnusor noapydja. OBa Kateropuja ce jaBsba Takohe Ha MOAPYYjy
NPUPOIHMUX Tallhaka W Tpeia3sHor monapydja apseha u xOyma. Y HajBehoj mepu je
3acTyIubeHa Bpio cinaba eposuja koja ce mpoctupe Ha uak 20,17 km? 1j. 74,87 % tepuropuje
CIMBa W OHA je paBHOMEpHO pacmopelleHa Ha 1eJ0j MOBPIIMHU H YTIABHOM j€ TIOJ
JUCTONAJHMM W MEUIOBUTUM IIyMaMa. Y HacTaBKy je JaTa Kapra ca IpUKa3aHuM
Kareropujama paszopHoctu (ciuka 4). Kapra eposmje ciamBa ce moOuja Kao pe3ynrtar
JIeTaJbHOT TIpOyYaBama Ipolieca epo3uje, a BayKHa je IPUIMKOM carje/aBama npodjieMaTruke
epo3uje y CIMBY WM IUIaHMpama IPOTUBEPO3MOHMX paxoBa M pajgoBa y o0macta
BOJIOTIpUBpEE, oJkonpuBpeze u uaaycrpuje (Kostadinov, 2008).
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Cnuxa 4. Kamezopuje eposuje na ciugy pexe Kamewune
Figure 4. Cattegories of erosion of the river Kamesina watershed

Tabena 10. 3acmynmenocm xamezopuja epo3uje Ha causy pexke Kamewune
Table 10. Representation of certain types of erosion in the river Kamesina watershed

Karteropuje JayuHa epo3uBHMX 3acTyn/beHoCT
Pa3opHOCTH npoueca Kkm?2 %
II Jaka epozuja 0,97 3,61
(0,71-1,0)
111 Cpenma epo3nja 5,42 20,10
(0,41-0,70)
v Cmaba epo3nja 0,38 1,42
(0,20-0,40)
Vv Bpio cnaba 20,17 74,87
epo3uja
(0-0,19)
YkynHo 26,94 100
Cpenmpa BpeTHOCT KoeHIIHjeHTa epo3Hje 3a 1eo ciuB je Zs= 0,226
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VKyIlHa npoayKnxja ¥ MPOHOC €pO3UOHOT MaTepujaja Ha ciIuBy oapehenu cy Meronom
oTeHnrjana eposuje. [Ipema aeprHUCAHNM TTapaMeTpuMa U 00jallllkbeHO] METOIOIOTH)U
pana, y Tabenu 11 mpukasaHe cy noOujeHe BpEIHOCTH MPOAYKIHKje U IPOHOCA HAaHOCA Ha
ciuBy peke Kamemmne. [Ipema mpuka3anoj tabenu 11, yKynmHa ToAHIIba IPOIYKIH]ja
€PO3UOHOT MaTepujana u3HOCH W,oi=8.869 m’-god!, a cmeumduuna upomyknumja
€PO3MOHOI MaTepujana Ha WCTPAKUBAHOM TOAPYHjY Weodsp=329,21 m3-km2-god!.
Ilopen nmpopadyHa npoAyKIdje epo3nOHOT MaTepHjaia, a mpeMa AehuHucaHo] GopmMyn
Meroae mMOTEHIHjala €po3uje IpopadyHaT jeé U MPOHOC EPO3MOHOI MaTepujajia o
HajHM)KE TayKe Ha UCTPaXUBAHOM ciuBy. IIpema JaToj METOOOJIOTHjH, CpEIbU
TOJUIIBY TMPOHOC HaHoca y xuaporpadckoj Mpexu peke KamemmnHe uW3HOCH
Ggod=5.055,33 m3-god!, nok crnenm@uunu cpeirby rOAUNIKBU POHOC HAHOCA, KOjHU je
nepUHUCaH TI0 jEJMHUIM TMOBPUIMHE, U3HOCH Ggoasp=187,65 mkm2-god!. Tlpema
JIe(UHHCAHOM NMPOHOCY HaHOCA, MPOpadyHAaTa je U KOJMYHHA BYYECHOT U CYCIICHIOBAHOT
HaHOca. YKyIHa KOJHMYMHA BYYCHOI HAaHOCAa Ha IIOCMAaTPaHOM CIHBY HW3HOCH
Wan=309,39 m3-god!, mok yKynmHa KONMYMHA CyCHEHJOBAHOT HAaHOCA H3HOCH
Wan=4.745,94 m3-god!.

Tabena 11. /lobujene epednocmu yKynue 2o0uuirve
epo3uUoHe NPoOyKylje U NPoHOCA HAHOCA
Table 11. Obtained values of total annual
erosion production and sediment transport

Wgod Wgndsp Ggod Ggodsp an Wsn
[m3-god!] |[m*kmZgod!]| [m3god!] |[m*km?god!]| [m*god’] | [m3god’]
8.869 329,21 5.055,33 187,65 309,39 4.745,94
Weoa — YKyIIHA TONMINELA MPOAYKIHMja HAHOCA;, Wgoayy — CHEUUPUYHA TOIUIIELA
OpOJyKIMja HAHOCA HA CHHBY; Ggog — CpENbe TOAWINELM TMPOHOC HAHOCA HA

xuaporpadckoj MpexkH; Ggodsp — CIEHUGUIH CPEIHU TOTUIIKBH MPOHOC HaHoca; W, —
KOJIMYMHA By4EHOT HaHOCa; Wy, — KOJTMYHHA CyCIIEHIOBaHOT HAHOCA;
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3AK/bYYAK

3eMJBHIITE TIPE/ICTaBIba HEOXOAaH MPHPOIHN PECypC KOjU HACTaje TIOJ YTHIAjeM pPa3inuhTHX
(hakTopa, a Kao jemaH O OCHOBHHX (DAKTOpa IH-ErOBE Jerpajaliije U3aBsaja ce epo3uja 3eMIBHIIITA.
Y by mpolieHe WMHTEH3UTEeTa €po3uje 3eMJBMINTa W MOTYHHOCTH YTHIaja Ha CMambeHme
JIETPa/IAlIMOHUX TIpoLieca, MPUMERY]y Ce PasiiMuuTe METOZE Koje CITyXe 3a MpOleHy ryOuTaka
3eMJBHMIIITA, & JOOHjeHe pe3yirarte Moryhie je MpeacTaBUTH y MPOCTOPHOj GYHKIHjA y3 OMOh
T'eorpadcxor Uudopmarronor Crucrema (I'MIC). Ha ocHOBY aHaimu3e H00HjeHUX KapaKTePUCTHKA
cnuBa peke Kamermae, KOHCTaHTOBAHO je Ja:

e CnvB MMa CHMETpHYaH OOJMK, KOMMYMHY arMocepckux Taimora oxm 980,77 mm wu nare
Tornorpaf)cke yCIIOBe KOji MOTY CTBOPHUTH YCJIOBE 32 MOBPILIHHCKO OTHIAEHE BOZIE.

* Bererauyonu nokpuBad je neduHucaH crnenehoM CTPyKTypoM moBpiivHa: nryme 75,37 %,
npupoanu nammany 13,61 % u npenazHo noapyuyje apeeha u xOyma 11,02 %.

* Pexa Kamemmna je npema KBaHTHTAaTHBHO] KiIacH(UKAIMjKA OYjHYHHX TOKOBA IpeMa METOIU
npod. Crobomana "apuoBuha, cBpcTaHa y kiacy OyjUuHHX peka. A ryCTHHA Xumporpadcke
MpeKe je Besrka ca Bpenomnthy mpeko 2 (G=3,29 km/km?2).

* [Ipema MeToau noTeHIMjana epo3uje go0ujeH je koedunujeHt eposuje Zsr=0,226, mpeMa yemy
je cnuBHO Toapy4je 3axBalieHo ciadom eposujoM. Ha cliuBHOM HOAPY')jy MPUCYTHH CY €PO3HOHU
npoliecH of] BpIo ciade /10 jake epo3uje. Kareropuja jake eposuje ce japiba Ha 3,61 % Tepuropuje
ciuBa, ocpentba eposja Ha 20,10 %, a Bpino ciaba eposmja 3ay3uma ceera 1,42 %. Hajsehy
pacripocTpameHocT of 74,87 % TepuTopuje cauBa MMa BpIIo ciiada eposuja, Koja je Behum neiom
O JINCTONATHAM M MEILIOBHTHM IIIyMama.

* Ca acrnekTa NcaMOJIONIKMX YCJIOBA Ha UCTPAKMBAHOM TOIPYY])Y, YKYITHA TOIHIIGA MPOIYKIIMja
epo3uoHOr Marepujaia u3HocH Wgod=8.869 m3-god-1, 10k je crieruyHa mpoayKIiyja epO3HOHOT
Marepujajia 1Mo jemuHuny moBpimuHe Wgodsp=329,21 m3-km-2-god-1. Tlopexn mpomykuuje
€pO3HOHOI MarepHjajia, aHAIM3UPaHa je U CPelibi TOMUIIBN POHOC HAaHOCa Y XuAporpadckoj
Mpexu koju m3Hocu Ggod=5.055,33 m3-god-1, A0K CrCHU(PUIHN CPEArb-M TOAUIIEGH TPOHOC
HAHOCA, KOjU je Ae(hMHHCAH 110 jeAMHUIM MoBpimHe, u3Hocu Ggodsp=187,65 m3-km-2-god-1.
Kpo3 camy aHai3y rcamMoJIomK1X yCIIOBa, MPOopadyHara je ¥ KOJIMYUHA By4YEHOT U CyCIIEHIOBAHOT
HaHOCA. YKyITHa KOJMYHMHA BYYE€HOI HaHOCAa Ha IOCMAaTpaHoM CiuBy u3Hocu Wwn=309,39
m3-god-1, TOK yKyIHa KOJTMUYMHA CyCIIeHJ0BaHOT HaHoca n3Hocu Wsn=4.745,94 m3-god-1.

* XuaposomKa aHanu3a Ha HCTPKUBAHOM CIIMBY je paljeHa 3a MpopadyyH MaKCUMaJIHOT
MOBPILMHCKOT OTHII3ja, Kao ¥ 3a MPOpadyH CPelbuX U MaluX Boja. MakCUMaITHU MOBPIIMHCKA
OTHIIA]j 3a MPOCEYHE YCIIOBE BIKHOCTH M3HOCH Qmax=11,58 m3-s-1, 10K je mpocedHa BpeIHOCT
opoja kpuBe orumaja CNsr=76. 3a HaampocedHe YCIOBE BIAKHOCTH BPETHOCT Opoja KpUBE
orunaja u3Hocu CNsr=89, 10K je MaKCHMATHH MOBPIIMHCKH 0ThI[a] Qmax=25,93 m3-s-1. AHaimza
CpembuX BOJa, H0OMjeHa je TPUMEHEM eMIMpHujcke Merome Langbeina—a v Ha HCTpaKUBAHOM
nonpy4jy u3HocH Qsr=0,2905 m3-s-1. [IpopauyH Manux Boma u3paxana ce y QYHKIUjU CPSIEHET
MPOTHIIAja ¥ Ha PSIMETHOM Moapyyjy usHocu Qmv=0,0295 m3-s-1.

Jaxuie, nako je mpopauyHHMa U KapTHPambeM JIOKa3aHo Jia je CIMBHO noapy4je peke Kamernnne
3axBalieHO BPIIO Cl1TabOM €pO31joM, Ha HEKMM JISJIOBHMA CIIMBHOT ITOIPYYja jaBJba Ce KaTerOpHja jake
eposuje. M3 Tor pasnora je HeonxoaHo Npahieme 1 n3yyaBame epo3UOHUX TIpolieca, ofpeljuBarme
THUIA Jerpajanydje 1 y3poka. [1oTpeOHO je YCImocTaBuTH KOMOHMHAIM]Y OYyBama 3eMJBHIIHUX H
BOJIHUX pecypca, y3 elyKaljy CTAHOBHHINITBA O HAYMHUMA HbUXOBOT IIPABIIIHOT KOpHIIIheha, [ITO
OM IyTOPOYHO YTUIIAIO HA CMACHhE EPO3UOHMX MPOIIECA M CMALCHHE IT0jaBE YUSCTATUX OYjHUHNX
TNOILIaBa.
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