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Caserak: Y pajy je aHaIuM3MpaH yTHIA] aHTPOIIOreHOr (hakTopa Ha reHe3y KimsuinTa. Kao mpousBox Jbyackux
JKUBOTHUX M TPHUBPEIHMX AaKTUBHOCTH Yy MPOCTOPY J[ONasW A0 HHTPOAYKOBama rpaljeBHHCKUX oOjekara,
caoOpahajHe, BOIOBOJHE U €IeKTPO HH(pacTpyKType y IPHPOJHH Iejcaxk. YCIOBE U Ipoliece Koje OBU 00jeKTH
MOTy Ja H3a30By Ha pellalliju ofjekam — pemed, W Na THME HHHLHPAjy [0jaBy KIM3HMIUTA, je H3MEHa
MOP(OMETPHjCKUX KapaKTEPUCTUKA U U3MEHA BOJHOTr OWIIaHCca MajinHe. 30Ha Y KO0joj je JIOLUIO 10 KBaIUTATHBHE U
KBAaHTHTAaTHBHE TpaHc(opmaruje pesbeha MpeAcTaB/ba HHTEPAKTHBHY 30HY Y KOjOj CE€ MOXE carjefaTH yTHIaj
4OBEeKa Kao I'eHeTCKOr (akTopa 1k MoAU(HKATOpa OBOT KOJTyBHjaIHOT HpOLEca.

Kibyune peun: xausumire, o0jekaT-pesbed, aHTpOnoreH: (hakTop
YBon

Benuku je 6poj ¢axTopa uuje nenoBambe yTHUE Ha HECTaOMIIHOCT Tomorpdacke
noBpimHe. MelyTum 3Hayaj cBakor oj THX (akTopa HeEOM Tpebajo carienaBaTH
ayTOHOMHO Beli ympaBO KpO3 CHHEPrH30BaHO JEjCTBO ca ocTamuM (aktopuma. [Ipema
Popescu (2001) dakrope koju yTHdy Ha reHe3y KIHM3HMINTA Tpeda MOJEIUTH Ha YCIOBE U
npouece. Tako he Ha mnpumep nyboka Kopa pacnaigama HOA oapeheHHM HarubOom
MIPEIICTaBIhATH JICO yCIOBa Ha KOju Tpeba ma menyje mpolec (cem3Mu3am, IalaBuHe) jakor
WHTCH3UTETa TMOTpebaH Ia M3a30BE€ OBaj KONYBHjaJHH IPOIEC. YCIOBH M IPOLECH UHjU
YTUIaj HUje Ol 3Hayaja 3a WHHIMpambe a YyTUdy Ha WMHTEH3UTET M IUHAMUKY MOTY Ce
cMaTpatu Mogu(HKaTopruMa pa3Boja OBOT KOIYBHjaIHOT IPOIIEca.

Ilox ycimoBuMa ce cMaTpajy reojorja (JMTOJIOTHja, HEMOBOJFHO OpPjEHTHCAHU
JUCKOHTHHYHTETH, KOpa pacrajama), Mopdomerpuja (Haruod, ekcro3uimja) u Mmopdoresesa
pesbeda.

[Mpumapna cucremarusanuja nopieca Ou Ouna Ha eHjoreHe u er3orene. Enjorenn
NpOLIECH CYy CeM3MHM3aM U HETEKTOHMKAa. Y er3oreHe Ipollece Crajiajy NaJaBHHe,
¢ryBHUjaliHA €pO3Hja U YOBEK.

I'eorpadcku moJioxkaj 1 MPOCTOPHA AUCTPUOYLMja KIAM3HIITA
Teputopuja rpama Jaroguaa MO3WIMOHUpPaHA je y meHTpaixHoMm nermy CpOuje, Ha

kopunopy X. Ilpunana nepunanoHckoj CpOuju, kao aeo MopaBcko-BapapcKe YAOJIHHE.
Ipoctupe ce Ha 470 km?, obyxBatajyhn ceBepun meo I'opmOBETHKOMOPABCKE KOTIHHE,

«
Pan npexncraBiba pesyntate uctpaxkupama npojekra 146011 koju ¢unHaHcupa MHHHCTapcTBO 3a HayKy H

TeXHOJIOLIKH pa3Boj Penydnuke Cpouje.
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nonmnay bemunne, Jlyromupa u nomu Tok Ocanurie. Hajuma Tauka ommruae je Ha 708 m
H.B. (puau Bpx) Ha mpoctopy KO I'opme Lltnmse, a Hajumwka Ha 105,2 M H.B. y Haceby
Munoumeso, rae Benrnka MopaBa npecena agMUHUCTpAaTUBHY I'paHulyy onmruHe.lIpoceuna
HaaMopcka tepuropuje je 229 m. TepeH je HarHyT Of jyra mpema ceBepy M OeX 3amajna
npemMa HCTOKY, a TeHEpaJHO TJIeJaHO O] jyrosamaja IpemMa CeBepy-CeBEepOUCTOKY. I'pan
Jaronuna uma 53 Hacesba W Karactapckux ommnruHa (Ciy:x0enu rimacauk 129/07) y kojuma
je npema monucy u3 2002. roaune xuBeno 76.221 cTaHOBHHUK.

[Tpema npocTopHOj AUCTPUOYLINjH KIM3HIITA, HAa TEPUTOPHjH Tpasa JarognHa Mory
ce u3ABOjuTH TpH 30He. To cy:

®  [IPOCTOPH Ca CHCTEMCKOM I10jaBOM KJIM3MIITA
®  [IPOCTOPH Ca MOjeIUHAYHHUM I0jaBJEUBABEM KITH3HILITA
e mpocTtopH 0e3 10jaBe KIN3UIITA.

CucreMcka TmoOjaBa KIM3UINTa KapaKTEPHCTHYHA je€ 3a MPOCTOpe KOju Cy
JIUTOJIONIKA MPEACTAB/bEHH HEOTeHHM CEJAMMEHTHMA. ['eHe3a KIM3HWINTA Yy OBOj 30HH
YCIIOBJbEHA j& PETHOHAIHUM TEOJIONIKO-IUTOIOMIKMM U MOP(OJIOMIKUM CTPYKTypaMa Tako
na je pasujeHocT 3HaTHa (Mumomesuh, M.B. um gap. 2008). 3oHe ca nojenuHAa4YHO
pa3BHjeHNM KIM3UIITHMA BE3aHe Cy 3a IUIaHUHCKU 0001 LIpHOTr BpXa M anyBHjalHy paBaH
benmunie u Crnatuackor motoka (Munomesuh, M.B. u ap. 2009). MopdoreHeTCKH THTIOBH
pebeda oapeheHHXx MOPHOMETPHjCKO-TUTONOMIKUX KAPAKTEPUCTHKA KAo IITO CY
anyBujasiHe paBHU (0€3 MmojaBe POBOBCKHX KOPHUTA), je3€PCKE M PEUHE Tepace MPeICTaBibajy
npocrope 0e3 nojase Kin3ama Tepena (Musomesuh, M.B. 2008).

Pan uma 3a nusb cariieaBambe aHTPOIIOTCHOT yTHIAja HA TeHEe3y M TUHAMUKY IIeT
KJIM3UIITA Ha TEPUTOPHjU Tpaja JaroanHe. AHaNW3UpaHa KIM3HIITA MO3ULUOHHPAHA CY Y
30HHM Ca CHCTEMCKOM T10jaBOM KIIM3HIITA.

Tabesa 1. OcHOBHEe KapaKTEePUCTHKE AHAJIM3HPAHUX KJIM3HIITA.,

. Karactpacka Tlo3uimja KIM3KMIITa . Knusumre
6poj JIMTOJIOTH]ja IyOuHa
OIIITHHA X X yrpo>kaBa
1. BykoBue 7518757,03 4873478,80 HEOTeH <1lm JlokanHu myT
2. Bp6a-JIunosak 7510187,91 4864350,09 HEOreH <5m acanTHH MyT
3. Bp6a-JIunosak 7509951,75 4864401,96 HEOreH <S5m acanTHH MyT
4. [TyseroBal 7515665,19 4863628,25 HEeOoreH <5m acanTHH IMyT
5. Jlykap 7512683,56 4860582,84 HEOTeH <1lm achanTHu myT

MeTomo/i0rHja HCTPAKUBAHA

[Ipu yrBphHBamy aHTPONMOreHOr YTHIAja Ha TIeHe3y KIM3UIITA IOLUI0 Ce Off
KapTupama M pekorHocuupama TepeHa. Kopumhemem GPS ypehaja mapke Trimble Juno
M3BPIICHO j€ MO3UIMOHMpamke KIU3UIMTa (X, Y, Z). [lodoxkaj Kin3uiTa ymja je ImoBpIIMHA
Mama 01 3000 m® Hpe/ICTaBIbEH je TAUKACTOM jEIMHHUIIOM KOja Ce CACTOjH 0]l KOOPIHHATHOT
napa XY. 3a noppumse kamsumTa Behe o1 3000 m” BPIIEHO je apeaHo CHHMame Koje ce
cacToju Of CKyNa KOOpAWHATHHX MapoBa XY. PekorHocumpameM TepeHa NMPUKYIUbEHH CY
OCHOBHM TOJAIM N Sifu Ha OCHOBY KOJUX Cy JOOMjEHE CMEPHHIIE 33 JaJbe MCTPAKHMBAE
reHese KIM3HIITa. [IpUKyNbeHH oAy JaTH Cy Y BUAY CKUIa U GoTorpaduja Koje caapike
MoJaTKe 0 MOPQOIOMIKAM U XHMAPOJIOIIKAM KapaKTEpHUCTHKaMa T€pPeHa Kao M MOAATKE O
AHTPOIIOTEHOM YTHIIa]y Ha OBaj KOJIyBHjaJaH MpPOIIEC.

3a aHanuzy MOPQOXUAPOJIONIKOT CIIMBA KapTUPAaHMX KIM3WIITa KopuinheH je
pacrepcku reorpadceku uHpopmaruonu cucteM (I'MC) mporpam IDRISI (Andi). YV oBom
mporpamy je TeHepucaH AuruTaaHn Mmojnen BucuHa ([IMB) y ob6amky rpumxe hemuje
BesimanHe 50 x 50 m. JlururamHu MOAen BUCHHA CauWibeH je Ha OCHOBY TOHorpadckux
kapata 1:25.000 y Tayc-kpurepoBoj mnpojekimju. Ilomohy T'MC makera IDRISI
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pacTepu3oBaHa Cy KIM3HUIITA KOja Cy KapTHpaHa METOAOM Tayaka (jeIHO KIM3HLITE 3ay3uMa
jenny rpuany henujy). Pacrepckom ananmzom y IDRISI-jy nerepmuHucane cy moBpIinHE
KOje yTu4y Ha (popMHparme BOAHOT OMIaHCa IPOYYaBaHUX KIM3HILTA.

HuTepaknuja odjekar—pesbed

Kao MMpOon3BOJ JbYACKUX XUBOTHUX U IMPUBPCIHUX aKTUBHOCTH Yy IMPOCTOPY A0JIa3U
JO WHTpOIyKOBama rpaljeBUHCKHMX o0jekara, caoOpahajHe, BOJOBOJHE U EJIEKTPO
uH(]pacTpyKType y NPHUPOAHU Iejcak. YCIIOBE W Tpoliece Koje OBM O00jeKTH MOTy Ja
W3a30BY Ha penauuju ofjexam — pesed, v 1a TAME HHULUPA]y M0jaBy KIH3HINTA, je H3MEHA
MOpP(HOMETPHjCKUX KapaKTEePUCTHKA U M3MEHA BOJHOT OMJIaHCA MaiHE.

30Ha y K0j0j je AOIIO 10 KBAJUTATHBHE M KBAHTHTAaTHBHE TpaHC(opMmanuje pesbeda
IpeNCTaB/ba MHTEPAKTHBHY 30HY Y K0jOj C€ MOXeE carjiefaTH yTUIaj YOBeKa Kao FeHETCKOT
(hakTopa mir MOIMU(UKATOPa OBOT KOYBHjaJTHOT TIPOIIECa.

I'eHesa u AMHAMKMKa KIW3HIITA MOTY OMTH YCJIOBJbEHE PA3IMYMTHM HHTEPAKIHjamMa
"o0jexat — pesbed". IlpumapHa momena wWHTepakidja "oOjekaT — pesbed" mnpema
cucremaruzauuju Come LierkoBuh-Mpkuh u e Jawuha, koja je u3BpiueHa npema BpCcTH
M3a3BaHMX MPOMeEHa je Ha: U3NUKy U XeMHjcKy (Tadena 2).

3a u3yyaBame OBOI' KOJYBHjaJTHOI Tpolleca HajBehn 3Ha4ya] uMajy MeXxaHW4Ka U
XHJpayJIn4yKa UHTEpaKI1ja Ka0 KOHCTUTYTHBHH JIEJIOBU (PM3MYKE WHTEPAKIHje, jep HUXOB
pe3ynTaT [aenoBama MOXE JOBECTH 0 HECTAOMIHOCTH MaJHHE W HEMOCPEIHO YrPO3HTH
o0jekar.

Ta6esna 2. OCHOBHH THIIOBH MHTEepPaKIMje TepeH-00jexar
(no LBerkoBuh-Mpkuh, C. u Jawuh, U. 1996)

Du3nuKa HHTEpaKIuja XeMHjcKka HHTepaKIuja
CTHTHYKA Vi3MeHa XeMHjCKOr cacTaBa
MexaHnuka

JMHAMHYKA U3/IaHCKHX BOJa

XHAPOCTATHIKA H3mena cacraBa uBpcTe dase
Xupapaynuika D P (b
XHMAPOIHMHAMHYKA JupekTHO yBOherme XeMHjcKu
TomnorHa AKTUBHUX CYICTaHII
PanroakTHBHA ATpPEeCHBHO JieTI0Bambe Ha Ipal)eBUHCKU
Jpyro Marepujai u ap.

MexaHuuka HHTepakuuja MaHH(decTyje ce Kpo3 NpOMEHY CTama HaloHa U
nedopmanuja y npocropy mHrepakuuje. Kao Hajuenthu pasiosu Koju IOBOJE IO MPOMEHa
Cy: TpoMeHa MOpP(HOMETPHjCKMX KapaKTepUCTHKa MaauHe (3acely, yCelu), IPHXBaTarmbe
onrepehema o objexara, neoBamke KOHIEHTPUCAHUX CHJIa M AMHAMUYKKX onrtepehema y
TOKy Kopumhema o0jekra, m3meHe pexkuma msnanu (L[BerkoBuh-Mpkuh, C. u Jamuh, U.
1996). [Ipema cucremaTm3anuju Kau3umTa npodecopa Jlazapesuha (2000), xim3umra Koja
HacTajy Ha MpPEAXONHO IOTIYHO CTa0MIIHOM TepeHy Kao MOClenuna HW3MeHe
MOP(OMETPHjCKAX KapaKTEPHCTHKA, YOBEK CE MOXKE CMaTpaTd TeHETCKHM (DaKTopoM.
[IprmMep oBakBMX KIM3UINTA HUje YTBP)CH Ha TEPUTOPHjH OMIITHHE JaronnHa.

Xugpaynndka HWHTEpaKIyja nepuHUCAHA  je XUIPOCTATUIKAM u
XHAPOANHAMHYKHAM JIeJIOBAKEM CIO0OJHUX MOJA3EMHMX M MOBPIIMHCKUX Boxa. IIpomeHa
HHTE3UTETa XUAPOCTATHYKOT MPUTHCKA MMOJ3EMHHUX BOJA je jemaH o Hajuermhux pasiiora
MHHIMpama Kim3uinTa. o duiykryanuje XuapocTaTiaKor IPUTHUCKA OJIa31 Kao MOCIeIuIa
M3MEHe BOJIHOT OMiIaHca majguHe. Y3pOoIH KOjU JIOBOJIE 10 U3MEHE BOJHOT OMiIaHCca MajuHe
cy:

e noBehame cabupHe MOBPIINHE;
e  Heo/pKaBame FeOTEXHUYKHX METHOPAaTHBHUX 00jeKaTa;
e  KOMYHaJlHa HEOIPEMJbEHOCT.
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Tosehare cabupne nospuiune naouxe je jenaH o HauWHA aHTpororeHor mosehama
BojHOr Omnanca. OBaj mpolec mojapasymeBa Ja ce ca ojapeljeHe tomorpadcke MOBPUIMHE
MOBPIIMHCKA OTHLAj yBIAYHM Yy CYCeIHH CyOCIHMB KOME NPHUPOJHO He TpaBUTHpa. TOKOM
TEPEHCKUX HCTPaXHBalba Ha TEPUTOPHjHU ONIUTHHE JaroxwHa NEeTEPMUHHUCAHE CY JBE
MOP(GOCKYINTYpE KOje UMajy TPAHCMUCHOHY (DYHKIIH]Y, OMHOCHO y3 OMONY KOjHX CE BPIIU
npedarBame MOBPIIMHCKUX BOJA U3 jJeHOT y ApyTH cyocnuB. To cy myTuinTa u IpeHakHH
KaHaJIH.

CMmamena uHQUITpalMja TJa, Kao HOcienuia 30HjeHOCTH, JyX CEOCKHX ITyTeBa
JIOBOJIM JI0 MHTE3WBHOT pa3Boja muHHjcKe epo3uje (Petrovi¢. D i Manojlovié, P. 1997). To
JIOBOAM JIO CTBapama nymuwma (nyTeBa-japyra) nyoune u o 3 m. OBH aHTPOIOICHO
WHUIApaHu O0JMIM peibeda 3axBajbyjyhn CBOjUM MOPQOJIOMIKIM KapaKTepHCTHKaMa U
TPacoM Koja JWjaroHaJIHO 3acela M30XHUIIce 3a/1001jajy YJIOTy XHAPOJIOUIKOT TPAaHCMHTEPA.
Tume oBum oOmumm pesbedpa vecTo yBoAe IOBPIIMHCKE BOJE ca MAJUHA Yy CyCEIHE
cyocimBoBe unMe moBehaBajy caOupHy HOBpImIMHY. JemaH on mpuMepa je W Kim3umre 1,
KOje je aKTHBHpaHO yIpaBo 3axBasbyjyhu mosehamy cabupHe moBpmmHe maanHe (ci. 1).
Apean (A) o3HaueH Ha My 1 mpenctaBsba "mupaTepucan” 1eo MaadHEe KOjU je YBYYCH Y
CIIUB CyCeIHE Y 4MjeM IMOJHOX]y je Jouuio 1o (GopMupama IUIMTKOr Kin3uiita. Boxa je
KaHaJIMCaHa JIOKAJTHUM ITyTeM KOjH ce ycekao y nyounu o 1,5 m. Y 30HH Memama IpaBna
NIpy’Kama MyTa KOju U3 HOPMAITHOT I0JI0%kKaja y OJIHOCY Ha M30XMIICY IpeIlao y rnapaienas,
JIOLIIO 10 MHpUITpaIKje OBUX KaHAJIMCAaHUX MOBPIIMHCKUX BOAA U (hOpMHpama KIN3UILTA
Kiu3umTe 1.
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Cuauka 1. [Ipumep anTponoreHor nosehama BogHor
ouaanca nagune. CyBu norok, Bykosue.

JpeHaKHN KaHaJM, Ka0 TeOTEeXHWYKH MEIHOPATHUBHU OOjeKTH, M3BEACHH Cy Yy
bynkumju  ypehema TepeHa Ay JIOKAIHMX W perdHoHajlHux caoOpahajuuna. Ose
aHTpororeHe Mop(ocKyInType, Takohe IMajy TPAaHCMHUCHOHY XHIPOJIOMIKY (DYHKIH]Y KaKo
je yTBph)EHO pPEKOTHOCIMpAameM KIHM3HINTa HAa TEPUTOpUjU ommTHHe JaromumHa. Ha
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permoHanHoMm myTy JarogmHa-Bynap-I'opma Cabanta-Kparyjesarr koju je wusrpahen
noyetkoM II cBeTckor para (3aBpiieH 1942. roanHe), Ha TEPUTOPHjU KaTACTAPCKE OMIITHHE
Bpba kaptupana cy pnsa kiam3umura (0poj 2 u3). OOa kinM3MINTa yrpoxkaBajy oOBaj
peruonanuu nyt. [Iponeha 1942. roamHe mouuio je 0 akTUBHpama KIM3MIITA 3, IITO je
JIOBEJIO JI0 MpEeKusa OBe KOMyHuKauuje. [IpemMa peunma JIOKaJHOT MEIITaHWHA HeMaukKe
OKyNallMOHE CHare u3Bele Cy CaHallljy OBOI KJIU3MIITA, y KOjOj je M caM y4ecTBOBAo.
TparoBu caHaiyje cy u JaHac BUJUBHUBH, NIPEACTABILCHH IIHIIOBUMA KOjH C€ Hajla3e MCIOJ
myta. Kao jenan oj moreHuujamHux (akTopa y3eT je M APSHAKHHU KaHall ca TOPHE CTpaHe
IyTa KOjH je OJIBOJMO BOJIE M ca MaJiHa CycenHux cyocinBoBa. Kako je Harnb xanana 6uo
MaJi TOJ] HAJIETOM BEJIIMKE KOJUYMHE BOJAE, TOKOM 1942. roaumHe, JONUIO je JO
HHQWITpHpamka ILITO j€ 33jeIHO ca APYruM (aKTOpHUMa AOTPHHENIO aKTUBHPAY KIM3HIITA.
UumeHnma Koja uie y NpUiIor OBOj TE3W j€ Ja KIM3UINTE HUje 3aXBaTWIIO NPOCTOp M3HAL
myTa Beh o caMor oJl KaHajla IMa HU3 IMaguHy. YjeIHO OBOM YHICHHUIIOM HCKJBYUYje ce U
MOTyhHOCT [a je KIM3WINTEe aKTHBHPAHO Kao IIOCIEAWIa H3MEHE MOP(OMETPHjCKUX
KapakTepuCcTHKa (MEXaHW4Ke HWHTepaknuje). Takole HEKW CTpaHW ayTopyd HaBOAE Aa
BOJIOBOJIHM MH(PACTPYKTYpHH 00jeKTH ycies oapeheHor akiunenTta (mylama [eBU) MOTY
JOBECTH [0 aHTponoreHor mnosehama BomHOr OwiaHca IaAMHE W THUME WHHLUPATH
kmumra (Ertek, T. A. & Erginal, A. E. 20006).

Heooparcasare eeomexnuuxux menuopamuenux objekama. JlpeHUpame je METOx
YMjU C€ MPUHIMI TeMEJbU Ha yKIambawky WIM OlpaHWYaBamby U KOHTPOJIM YTHIIAja YCIe
Teuewma CJI000JHE MOJ3EMHE BOJE, PaJu OCTBapema IOBOJBHUjUX YCIOBa Ipaliema wiu
notrpebHe TpajHe CUTYPHOCTH MHTEpakuuje TepeH — objexar. HeajgekBaTHUM ynpaBibambeM
JIpeHaXHUM 00jeKTHMa, J10jla3H JI0 HapyllaBama CBOjCTaBa M IIOHAIIamha CTEHCKE Mace a
TUME W MHUIMpama pa3Boja knmsuinta. Ha teputopuju onmruHe JaronuHa KOHCTaToBaHA
je TmojaBa 3ammyImTeHNX MPOIYCHUKA Kao M 3aTPIaHy JeJIOBU IpeHAXHNX KaHaita. OBa mojasa
MIPOY3pOKOBaNa je 10jaBy KIM3MIITA KOja Cy 3aXBaTWia TPYH IMyTa KA0 M KOCHHY HCIIOA
IIyTa CacTaBJbEHY OJ] HEOTCHUX CEANMEHATA.

Cuauka 2. 3anyumeH nponycHuk y Hacespy IlysskoBan. Knmsunmre Kb 149

Kao mocnenuma jamna ce Beha konndmHa TpaH3UTHE BOJE KOja ce HHQWITpHpaa
y TadkaMa Tomorpa)cke MOBpIIMHE TJe je IOLUIO O YCIOpaBHha WM 3ayCTaBJbarba
HErOBOT MOBPIIUHCKOT oTHuIlaja. [ToToM je oBa mojaBa mpoy3poKOBasia CTaJIHO BHCOK HHBO
MOA3eMHE BOJE KOja HHje aJeKBaTHO OABEICHA u3 Tpymna myta. Kao mpumep Moxe ce
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HABECTH KIM3UINTE ¥ HaceJpy JIykap ca mome cTpaHe myTa Jarogamaa —Ypeyiie (Kim3ummre S5)
1 kiusuinTe 4 y [yspKoBIly Kozl Kora je KOHCTaTOBaHO J1a je 3aIlylleH IponycHUK. Ha oBuM
JUKAIMTETHMA Takole je yTBpleHa mojaBa Jja ce BOa M3 japyra AUPEKTHO pas3iuBa Ha TPYI
MyTa, TO CE Takol)e CTUMYJIATHBHO OAPA3UIIO Ha Pa3BOj OBOT KOJIYBHjaJIHOT IIpoIleca.

Komynanno neonpemmenu u HeypeheHU MojeIUHU NETOBH IPOCTOPA NPEACTaBILEHU
M0jaBOM CCNTHYKUX jaMa, M30CTAHKOM KaHAW3allfje OTMagHUX M atMoc(epckux Boaa
tTakohe MOry JOBECTHM IO HM3MeHe BOJAHOI OwiaHca mnaguHe. Ha Teputopuju ommTuHe
KaHaJM3aloHa Mpeka MOCTOjH jeIMHO y Tpady JaroanHu u nepuypOaHUM HaceJbuMa, oK
ocTalia HaceJba HUCY ITOKPUBEHA OBUM BUIOM MH(ppacTpykType. [loTporne n dexanane Boje
Koje NponyKyjy noMahmHCTBa y JelOBMMa TJe HE IMOCTOjU KaHAJIM3allMOHAa Mpexa
npuHyheHa cy J1a uX CKJIQANIITE y JOKAIHUM KOJIEKTOPHMA - CEITHYKHM jaMama.

ITocpencTBoM oBUX ObjekaTa j0y1a3u O KOHCTAHTHE MHQUITAPLHje OTHaIHUX BOJA
IITO BPEMEHOM MOXX€ WHHIMPATH WIN yOp3aTH aKTHBHPAKE IMOTCHIMjATHUX KIM3HINTA.
IIpema nexknMm aytopuma (JIazapeBuh, P. 2000) koOHTHHYHpaHO OTHIIAEK-€ OBHX BOJIA JOBOJIU
M JI0 MEeXaHWYKe cy(o3Hje y IMpaBIyuMa MOJ3EMHOT OTHIakha YUME CE IETCPMHUHHMIIIE pa3Boj
Oyayhe moTeHIMjaIHe KIM3HE PaBHH.

3ak/bydak

Kao mro ce Moxke 3aKjby4dUTH KapakTep M MHTE3UTET NMPOMEHa CBOJCTBA M CTama
CTEHCKMX Maca y CKJIOIy TepeHa Kao IPHPOJHE KOHCTPYKIHMje W3a3BaHuX TpahemeM u
kopuinhemeM onpeheHnx oOjexkara, Mory OHTH pa3ior axKTHBUpama KIM3HIITA.
AHTpONOTeHH yTHUIIA] HAa pa3Boj KIM3UINTA MOXE OUTH AWpEKTaH WiM uHIupekTaH. [Ipema
BpEMEHY Tpajaba OHM Cy Ca TpajHUM (XHIpaylIniyKa HHTEpaKnuja) HWIM BPEMEHCKH
OTPaHWYCHUM [ejCTBOM (M3MeHa MOpP(POMETPHJCKAX KapakTepUCTHKa) a TIpema
KOHTHHYUTETY JIeJOBaba HENPeKHIHU (CENTHYKE jamMe) WIH HEPHOJUYHO H3PaKCHH
(npenaxxHen kaHanm). Takohe, ca BpeMeHOM Moxe JONHM M IO TPOMEHE HHTE3UTETa
onpeheHor yrumaja.
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Abstract: The influence of anthropogenic factor on the landslide genesis is analyzed in this paper. Buildings,
traffic, water supply and electro infrastructure are introduced in natural landscape as the result of human, living and
economic activities in space. The conditions and processes which these objects can cause on the relation object-
relief ,and therefore initiate the occurrence of landslides, are the change of morphometric characteristics and the
modifications of the water balance of slope. The zone with both qualitative and quantitative transformations of
relief represents interactive zone in which the influence of man as a genetic factor or modifier of this colluvial
process can be observed.

Key words: landslide, object-relief, anthropogenic factor
Introduction

There are numerous factors which influence the instability of topographic surface.
However, the importance of each of these factors should not be observed autonomously but
through synergy with other factors. According to Popescu (2001) the factors which
influence the genesis of landslide should be divided on the conditions and processes.
Therefore, for example deep crust of disintegration under some inclination angle represents
a part of condition on which the process ( seismic, precipitation) of high intensity should act
in order to initiate this colluvial process. The conditions and processes which are not of
great importance for initiating landslides, but have great influence on their intensity and
dynamics, can be considered as modifiers of development of this colluvial process.

Geology (lithology, unfavorably oriented discontinuities and disintegration crust),
morphometry (inclination, exposition) and morphogenesis of relief are considered as
conditions.

Primary systematization of processes would be on endogenic and exogenic
processes. Endogenic processes are seismic and non-tectonic. Exogenic processes are
precipitation, fluvial erosion and man.

Geographic location and spatial distribution of landslide

The territory of the city of Jagodina is located in the central part of Serbia, on the
corridor X. It belongs to Peripannonian Serbia, as a part of Moravsko-Vardarska depression.
It stretches on 470 km?, encompassing northern part of Gornjovelikomoravska basin (the
basin of the upper flow of the river Velika Morava), valley of the river Belice, the river
Lugomir and lower flow of the river Osanice. The highest point of the municipality is at 708
m of altitude ( Crni vrh) in the area of CC(Cadastre Community) Gornja Stiplja, and the
lowest point is at 105,2 of altitude in MiloSevo settlement where the river Velika Morava
cuts the administrative border of the municipality. The average altitude of the territory is 229
m. The terrain is inclined towards south and from the west to the east, and generally
observed, from the south-west towards north-north-east. The city of Jagodina has 53
settlements and cadastre municipalities (Official Journal 129/07) in which, according to the
Census of 2002, lived 76, 221 inhabitants.
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According to the spatial distribution of landslides on the territory of the city of
Jagodina three zones can be singled out. They are:
e  Areas with systematic occurrences of landslides
e Areas with individual occurrences of landslides
e  Areas without landslide occurrences
Systematic occurrences of landslides are characteristic for the areas which are
lithologically presented with Neogene sediments. The landslide genesis in this zone is
conditioned by regional geologic-lithologic and morphologic structures so their
development is considerable. (Milosevi¢, M.V. et al. 2008). The zones with individually
developed landslides are connected to mountainous borders of Crni Vrh and alluvial plain of
the river Belice and the stream Slatinski potok (Milosevi¢, M.V. et al. 2009). Morphogenetic
types of relief of certain morphometric-lithologic characteristics such as alluvial plains
(without occurrences of trench channels), lake and river terraces represent areas without
landslide occurrence ( Milosevi¢ M.V. 2008).
The objective of this paper is observation of anthropogenic influence on the genesis
and dynamics of five landslides on the territory of the city of Jagodina. The analyzed
landslides are located in the zone with systematic occurrences of landslides.

Table 1. Basic characteristics of the analyzed landslides

number mg;(i?;;rﬁty XLzmdshde location < Lithology The depth Tl;reléz?lgilrlge
1. Bukovée 7518757,03 4873478,80 Neogene <1lm Local road
2. Vrba-Lipovak 751018791 4864350,09 Neogene < 5m | Asphaltroad
3. | VibaLipovak- | ;50995 75 4864401,96 Neogene | < 5m | Asphaltroad
Lipovak
4. Suljkovac 7515665,19 4863628,25 Neogene < 5m | Asphaltroad
5. Lukar 7512683,56 4860582,84 Neogene <lm Asphalt road

Research methodology

Mapping and terrain recognition were starting points in establishing the
anthropogenic influence on the genesis of the landslide. Using GPS devices of Trimble Juno
brand the landslides ( x, y, z) were located. The location of the landslides with the surface
less than 3000 m? is represented by point unit composed of coordinative pair XY. For the
landslide surfaces larger than 3000 m” aerial photographs were taken which consist of
clusters of coordinative pairs XY. Using terrain recognition the basic data were collected in
situ which provided directives for further research of landslide genesis. The collected data
are given in terms of drafts and photographs which contain data on morphologic and
hydraulic characteristics of terrain as well as the data on anthropogenic influence on this
colluvial process.

A raster-based Geographic Informational System (GIS) IDRISI program (Andi)
was used for the analysis of morpho-hydrologic basin of the mapped landslides. Digital
Elevation Model (DEM) in the form of grid cell of 50x 50m size was generated in this
program. Digital Elevation Model was created according to topographic maps 1:25.000 in
Gaussian- Krieger projection. Using GIS packet of IDRISI the landslides were integrated
into raster-based program and mapped by the method of points (one landslide takes one grid
cell). The surfaces which influence the formation of water balance of the studied landslides
were determined by raster-based analysis in IDRISI.
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Interaction object-relief

The result of human living and economic activities in space is the introduction of
buildings, traffic, water supply and electro infrastructure in natural landscape. The
conditions and processes that these objects can cause on the relation object-relief, and
therefore initiate landslide occurrence, are the change of morphometric characteristics and
the change of water balance of a slope.

The zone in which qualitative and quantitative transformation of relief occur
represent interactive zone in which the influence of man as a genetic factor or modifier of
this colluvial process can be observed.

The genesis and dynamics of landslides can be conditioned by various “object-relief
interactions. The primary division of the interactions “ object-relief * ,according to the
systematization of Sonja Cvetkovi¢- Mrki¢ and Iva Janji¢, performed on the basis of the
type of the caused changes, is on : physical and chemical interactions. (table 10).

Mechanical and hydraulic interactions are the most important for studying this
colluvial process as constitutive parts of physical interaction since the result of their activity
can cause the instability of slope and immediately endanger the object.

Table 2. Basic types of terrain-object interaction
(according to Cvetkovi¢- Mrki¢, S. and Janji¢ 1., 1996)

Physical interaction Chemical interaction
. Static The change of chemical structure of
Mechanical -
Dynamical groundwater
. Hydrostatic The change of structure of the solid phase
Hydraulic - - - - - -
Hydrodynamic Direct introduction of chemically active
Thermal substances
Radioactive Aggressive activity on construction material and
Other other.

Mechanical interaction is manifested through change of the state of pressure and
deformation in the space of interaction. The most common reasons which cause the changes
are: the change of morphometric characteristics of slope (undercutting, cutting), receiving
pressure from objects, activity of concentrated forces and dynamic pressure while using the
objects, the change of the regime of groundwater ( Cvetkovi¢-Mrki¢ S., and Janji¢, 1. 1996).
According to professor Lazarevi¢’s ( 2000) systematization of landslides , a man can be
considered as a genetic factor for occurrence of landslides when they are formed on the
previously completely stable terrain as the consequence of morphometric characteristics.
The example of these landslides has not been found on the territory of the municipality of
Jagodina..

Hydraulic interaction is defined with hydrostatic and hydrodynamic activity of free
ground and surface waters. The change of intensity of hydrostatic pressure of ground waters
is one of the most common reasons for initiating landslides. The fluctuation of hydrostatic
pressure is the consequence of the change of water balance of a slope. The reasons which
cause the change of water balance of a slope are:

e the increase of accumulation surface ;
e inadequate maintenance of geotechnical land reclamation objects;
¢ insufficient communal equipment

The increase of accumulation surface of slope is one of the methods of anthropogenic
increase of water balance. This process means that surface run-off from some topographic
surface flows into adjacent sub basin to which it does not naturally gravitate.During the field
research on the territory of the municipality of Jagodina two morphosculptures are
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determined which have transmission function, or, with the help of which surface waters
move from one to another sub basin. These are road-ditches and drainage channels.

Lower infiltration of ground, as the consequence of closeness, along the rural roads
causes intensive development of linear erosion (Petrovi¢. D i Manojlovi¢, P. 1997). It causes
the formation of putista (_road-ditches) which can be even 3m deep. These landforms
initiated by anthropogenic influences, thanks to their morphologic characteristics and the
route which diagonally cuts isohypsometric lines, receive the role of hydrologic transmitters.
Therefore, these landforms often bring surface waters from slopes into adjacent sub basins
and thus increase accumulation surface. One of the examples is landslide 1 which was
exactly activated by increase of accumulation surface of slope ( fig.1). Aerial (A) marked on
the figure 1 represents “ piracy “ part of the slope which was drawn into basin of adjacent
slope forming a shallow landslide in its foot. Water was channeled by local road which was
cut into the depth of 1,5m. In the zone where the road changes its direction from the normal
position in relation to isohypsometric line into the parallel one, the channeled surface waters
infiltrated and formed the landslide.

Figure 1. The example of anthropogenic increase of water balance of slope. Suvi potok, Bukov¢e

Drainage channels, as geotechnical land reclamation objects, are built with the
function to arrange terrains along local and regional traffic arteries. These anthropogenic
morphosculptures also have transmission hydrologic function, as it was established by
landslide recognition on the territory of the municipality of Jagodina. On the regional road
Jagodina-Bunar- Gornja Sabanta-Kragujevac which was built at the beginning of the World
War II ( finished in 1942) on the territory of cadastre municipality of Vrba two landslides
were mapped ( number 2 and 3). Both landslides endanger this regional road. The landslide
3 was activated in spring of 1942 which caused the break of this communication. According
to the words of a local resident, German occupational forces improved this landslide, and he
also took part in this improvement. The traces of improvement are visible even today,
presented with rods which are located below the road. The drainage channel from the upper
side of road which drained waters from the slopes of adjacent sub basins was also taken as
one of potential factors.As the inclination of channel was small under the outflow of large
quantity of water it caused the infiltration which with other factors brought to the activation
of this landslide during 1942. The fact which speaks in favour of this thesis is that the
landslide did not cover the area above the road but only from the channel down the slope. At
the same time, the possibility that the landslide was activated as a consequence of the
change of morphometric characteristics (mechanic interaction) was also rejected with this
fact. Also, some foreign authors state that water supply infrastructural objects in the case of
some accident (pipe break) can also cause anthropogenic increase of water balance of slope
and therefore initiate landslide. (Ertek, T. A. & Erginal, A. E. 2006).

Inadequate maintenance of geotechnical land reclamation objects. Draining is a
method based on removal or limitation and control of the inflow during the flow of free
surface water in order to set up favourable conditions for building or needed permanent
security of terrain- object interaction. Inadequate management of drainage objects disturbs
the qualities and behavior of rock masses and therefore initiates the development of
landslide. Neglected bandpass and buried parts of drainage channels were registered on the
territory of the municipality of Jagodina. This incidence caused the occurrence of landslides
which covered trunk of the road and slope below the road composed of Neogene sediments.

Figure 2. Clogged bandpass in the settlement Suljkovac. Landslide KB 149

The result was large quantity of transit water which infiltrated in the points of
topographic surface where its surface run-off slowed down or stopped. Then, this
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occurrence caused permanently high level of surface water which was not adequately
drained from the trunk of the road. The examples are the landslide in settlement Lukar from
the down side of the road Jagodina-Ursule (landslide 5) and landslide 4 in Suljkovac where
clogged bandpass was registered. Additionally, it was found that the water from ditches
directly spread over the trunk of road, which also stimulated the development of this
colluvial process.

Some parts of the area are communally unequipped and disarranged presented with
septic tanks, the absence of sewerage system for waste and atmospheric waters, which can
also cause the modification of water balance of slope. The network of sewerage system only
exists in the city of Jagodina and in periurban settlements, while other settlements are not
covered with this type of infrastructure. Also, running and fecal waters are produced in
households without sewerage system so people are forced to store them in local collectors-
septic tanks. Waste waters are constantly infiltrated using this system which can in time
initiate or fasten activation of potential landslide. According to the authors (Lazarevié, R.
2000) continuous run off of these waters causes mechanical suffusion in the direction of
surface run-off by which the development of future potential slide plane is determined.

Conclusion

As it can be concluded the reasons for landslide activation can be the character and
the intensity of the change of characteristics and the state of rock masses in the scope of
terrain as natural construction caused by building and using some objects. Anthropogenic
influence on the development of landslide can be direct or indirect. According to the time
duration they can have lasting (hydraulic interaction) or time limited activity (the change of
morphometric characteristics) and discontinuous (septic tanks) or periodically expressed (
drainage channels) according to continuity. Also, in time, the intensity of some influence
can change as well.
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