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M3Boa: Y pany cy obOpalene kapaxrtepuctuke ayooke uzgaHu CmenepeBCKOT
[MonyHnaBsba Koje IpUNanajy MOpPaBCKOj XUAPOTEOIOMKOj 00acTH. XUAPOTEoIIoII-
ku komiieke Cmenepesckor [logyHaBiba pa3BHjeH je y ceIMMEHTHMAa HEOTeHE CTa-
pocTH. 3ama)eHo je HAaM3MEHUYHO CMEHHBaKkEe XUAPOIeOIOMKHUX KOJIEKTopa, cac-
TaBJBCHHUX OJ] MIECKOBUTHX M NIJbYHKOBHTHX CEIMMEHATa M XUAPOICOIOIKHUX H30-
jJaTopa KOjU YMHE TIJIMHOBHUTE TBOPEBMHE. AHAIM30M OOCAJAIlBUX I'€OJOIIKHX
HUCTpaXKUBamba, reoPU3NUKUX HCIIMTUBAKbA U OylIemka 3a noTpede BogocHabIeBama
MTOKYIIAJIA CMO Ja MPEJCTaBUMO IIPOCTOPHH IOJIOXKAj KOJIEKTOpa M 30HMjeHUX H3/aa-
HU QopmupaHuX y mHUMa. M3 mpukasa nojoxaja KoJeKTopa U U3AaIlHOCTH TyOoKe
W3JIaHU TIPOMCTHYE | OlleHa MOTyhHOCTH Kopuirhema BoJie 0 IPUTUCKOM. M31an
0] MPUTHCKOM je Cy0apTecKOr M apTeCKOT KapakTepa ca HUBOOM IMOJ3EMHHUX BOJa
ox +0,6 o - 90 m. Excruroatanmona u3gamHocT objekata ce kpehe u mpeko 5 1/s.
XeMujcKe aHaM3€e MOJ3EMHHUX BOJA M3 MTOHTHjCKUX BOJIOHOCHUX NECKOBA 1O Aje-
KMHY TpUNaAajy XHIPOKapOOHAaTHO-3eMHOAJIKAJIHNM THUIIOBHMAa BOJE, YMja MHHE-
pamm3anmja ce kpehe oko 0,5 g/l mTO 3HA4UM ma cy yMEpeHO TBpIE W MOTY Ja ce
KopucTte 3a he. Boie maHOHCKUX cllojeBa MPHUITAajy MEKIM BoJama, a y IyO0JpuM
JIETIOBUMA MTOCTOjM MOTYhHOCT OBHUIICHE MIUHEPAIU3aIlHje.

Kibyune peun: Cmenepescko [lonyHnaBibe, apTecka u3iaH, U3AIIHOCT

Ilpeoam: 15. debpyap 2015; npuxeakhien: 17. HoBemOap 2015.
YBona

Cwmenepescko IlonyHaeibe ce Hanaszu m3mely JlyHasa Ha ceepy, Bemu-
ke Mopage Ha uctoky u Lllymanujckux Opia Ha jyry U 3amafy, OZHOCHO Y OKBHPY
Kpajeer ceBepHor jena [lomopaBika v ceBepOMCTOYHOT Jieia ITyMaIijCKOT TTIo0p-
ha. MopdocTpykTypHO TTOCMaTpaHO MOBPIIMHA PHUITAa JOKEM JIENy BEITHKOMO-
paBcKe yIONWHe, PU YeMy WCTOYHA TIOJIOBHHA 3aj1a3 Y JIOJIMHCKY paBaH Bemuke
Mopage, 0K Cy y 3altajHOj IOJIOBUHH cIMBOBH Parbe 1 Komcke peke ycedeHn y
roprm BucuHe 200 mo 300 m ancoyTHe BUcHHE. XuAporpadCKu, IpoCTop Haj-

! Konraxr anpeca: slobodan.miladinovic@kpa.edu.rs
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Behum nenom (oxko 90% moBpmmHe) mpumnana cimBy Bemvke Mopage, 10k cy
MamH JCJIOBU Ha CEBEepy YCMEpEHHU Ka HerocpenHoM ciuBy ynaBa (MunaguHo-
Buh, 2013). IIpoctop koju oOpahyje oBaj pam 6wo je mpemmer OpojHIX TeoMopdo-
JIOIIKUX HCTpaKuBama y OKBUpY mmmpux obmactu llymanuje n Ilomopasspa. P.
JlazapeBuh je kpo3 Bue pagoBa nerabHO 00paano pesbed cimmBoBa Pase, Kom-
cke peke u JesaBe u HermocpenHor cimBa JlyHaBa ox I'porke no Cmemepesa’.
[Noceban 3Hauaj HaBeACHHUX PaioBa je y W3/Bajarby MOBPIIHMHA YTPOXKCHUX KITH-
KemeM 3emsbuinTa, Kmusmmta xon Cwmenepesa nomumse u I1. C. Joanosuh'. V
reoMop(OJIOIIKAM pasioBuMa Koju o0Opalyjy mmpy okomuny beorpama XK. Jou-
ynh aHaM3upa KapaKTepPHUCTHKE W €BONYIHjY OOJMKA y JICCHAM 3apaBHUMAa KO
Cwmenepea (1954). Pernonanna reorpadcka cryauja o Benmkoj u Jyxnoj Mopasu
oOpahyje reomopdoromika, xuaporpadcka U XHUAPOTEONONIKAa CBOjCTBA BEITHKO-
Mopascke monuHe (JoBanoBuh, 1969; 3epemckm, 1969). Tomorpadceke omimke
3EMJBHIILTA ¥ T'e0JIOIIKEe OCHOBE omuTHHe CMeepeBo aHATU3UPaHEe CY U OLICHEHE
ca acleKTa IJIaHUpamka pa3Boja 1 KopHuihemka reonpoctopa y MOHOTpadCcKoj CTy-
muju ['eorpadckor nHCTHTYTA L, JoBaH L{BHjuh™“ CAHY 1992. ronune.

VY TeoTeKTOHCKOM MOTJieAy OBO MoApydYje mpumaga Behioj MOpaBCKo-
0aHaTcKOj 0AaceHCKOj CTPYKTYPHO] jEAMHHUIM KOja 00yXBaTa CEJUMEHTE cpell-
Ber ¥ TOPHEr MUOLICHAa M JOWEr IUIHOLeHa (ca OnaruM magoBuMma, 10 5° y
mpasity CC3, npema banarckoj aenpecujn) U IyHABCKOj MOCTOACEHCKO] CTPYK-
TYpHOj jeAMHUIN Koja 00yxBaTa HajMial)e MIEHCTOLCHCKE W XOJIOLEHCKE €0J-
cke, GuyBHjaIHe M NaJUHCKE CEIUMEHTE XOPU30HTAIHOT MM 0Jaro HarHyTor
pocTHpama carjiacHo naneopesbedy (I'pyma aytopa, 1992). OcHOBHO CTpyK-
TypHO O0eJeXkje YMHE PETHOHATHH JIOHTUTYAWHATHN HEOTCKTOHCKH aKTHBHHU
pasznomu mpaBua CC3-JJU. Hajctapuju m HajBehm CTpYKTypHH OOIHLHU CY
MEpPUANjAHCKOT MpaBla MpyKama, a MPEICTaBbeHN Cy MO3UTHBHUM MOpdoc-
TpykTypama [lokapeBauke rpene Ha HCTOKY u ['01000YKO - KpmHEeBauKe rpejie
Ha 3amany, u3Mel)y kojux ce Hanasu poB Bennke Mopase (Mapkosuh, 1988).

Amnami3oM MOp(HOMETPHjCKUX KapaKTepHUCTHKa pesbeda youeHa je jacHa
MOZAEJLEHOCT TEPUTOPHj€ Ha HIDKHU JIE0, KOjU YMHH JOJIMHCKO THO Bennke Mopase,
Pamse u nomu neo nomuHe Komcke peke (ca mpocevHOM BUCHHOM 85 m M HarmboMm
ox 0,5%), 3atum npoctop IlerpujeBcke u BpboBauke noBpiy, NpocedHe BUCHHE
151,9-169,2 m ca marmbom ox 8,4-11° u m3BopumaN aeo Pasbe m Komcke peke
BucuHe 170-182 m u Harubom ox 18-22°.

*Jlazapesuh, P. (1957). Pesbed menocpeanor ciusa Jynasa uzmely Ipouke u Cme-
nepesa. 30opnuk padosa I'eoepaghckoe uncmumyma CAHY, 13, 165-190.
*Jlasapesuh, P. (1957). Cnus Jesase, Pame u Komcke pexe. 36opuuk padosa I'eo-
epaghcxoe uncmumyma CAHY, 13, 95-163.

*Joanosuh, C. IT. (1951). Ocept Ha I[BujuheBo cxBaTame 0 aOpa3sMOHOM KapakTe-
py pesbeda mo obony IlanoHckor Oacena. 36opuux padosa I'eocpaghckoe uncmu-
myma CAHY, 1, 1-23.
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ULTEYHEOBH - MECKOBHTH H NECKOEH - 1B YHEOBHTH ;[BﬁJ'b]ﬂ[B 3m

Nec H MECKOFHTH JIeC OKATHO ca NPocaojipmra necka xelmime 10 - 30 1, drmapainone ogmixe HIpasHro

AHHIOTPOTHE

bITA, 3 H LJIHHE jesep H pe'nnm Tepaca Jedmbina Bogeciixa 5-10 ¢ syseTHo Behia

NECKOBH - CHTHOSPHH H CPe Ii6eSpHH ca Go nom: npe ¥ 34T, Aebmiome 5-10m1; cresyjy ce ca
ANMEBPHTHMA, T H p BOJ0HOCHH CT0jeEH Ha mySiomanta Ao 150m

KpeIbai;, TH H POEHTH KPEisalft, A0 TH H 00 MHTHYHH Kpeulsal, Kpeibayuxe Gpeve n

KOHITIOMEPATH, MEPMEPH EPJID PETKO, EUryapH H Ap. GopMHpajy H3mamn ¥ pasONyHTe H3Paske HHM TYKOTHHCEHM
CHCTEMHIMA; H3JANH Ce NpasHe Npexo Hsgopa ao 10nc

TIOHHE TITHHE - POBHTO - Te, [IHHE POEHTE, P, Tonom, teapelieno cralo Besany Mpenrsapy K
KpeuIbaiH
TEHEPATHH NPABal, KPeTaAla T 13 E0ga

YEEZEENL

Cnuka 1. — Xuopoeeonowrxa xapma Cmedepesckoe [lodynaswsa npema Booonpus-
peonoj ocrhosu Cpouje (2001)

OcuMm oBe mozene, oapeheHy MoppoOMeTpHjcKy Creru(UIHOCT Mpe-
CTaBJba JIECHA JIOJMHCKA cTpaHa JlyHaBa U CITMBOBH JICCHUX MPUTOKa Pabe Tre je
m3pakeHa Beha JUCeITMpaHoCT U MTOCEOHN TEOJIOIIKH W XHIPOJIONTKH YCIIOBH KOJH
Cy OMOryhnIM MHTEH3UBHHU]E I'DABUTAIMOHO KPETAHE 3EMJBHIITA, MMOBPIIUHCKO
CIIHPALE U YCEIAkE japyra U MambUX OYjUUHHUX BOJOTOKA. Y UCTPAXKMBAHOM II0]I-
Py4jy MOTY C€ W3IBOJUTH YETHPHU OCHOBHE IpeneoHe meiwmHe. VcTounm aeo je

45



360pnuk padosa — I'eoepaghcku gpaxynmem Yuusepszumema y beoepady 63

npeacraBibeH nonuHoM Bemrke Mopage, a Ha 3aTajgacaHOM IPOCTOPY LEHTpai-
HOT W 3alaHoT Jiella Cy OCTalle TPW IIeNIUHE: JlecHa JONMHCKA cTpaHa /[yHasa,
3aTUM JTOJIMHE JIeBUX npuToka Bemke Mopase (Passe 1 Komcke peke) u 3apaB-
IeHa pa3zBoha uzmely mux.

3agaum u MeToJ€e HCTPAKUBAKA

OCHOBHHM 3a3/1aTaK je, Kako je TO HABEJEHO Y HACIOBY paja, aHaJH30M
JOCTYITHE JIUTEPAType U TEPSHCKUM paioM GopMHUpaTH 0a3y MojaTaka Koja Moxe
Y BUJIy OCHOBHOT JIOKYMEHTA J]a C& KOPUCTH 32 YIIO3HABAHE Ca TCONONIKUM U XH/I-
POTEOJIONIKUM elIeMEHTHMa ONTHUM 32 HacTaHak Boja 1yOoke n3nanu Cmenepes-
ckor IlofyHaBiba, ¥ CalallbUM U MOTEHIMjATHIM KOPUIINEHhEeM OBaKBHX PECyp-
ca. AHaJIM30M BEJIHMKOT Opoja TyOOKHX OyIIOTHHA, KPO3 MPHKa3 Teoiomke rpahe,
XHAAPOTEOJIONIKUX MTapaMeTapa BOJIOHOCHE CPEIHE, pacipoCTPpambEHOCTH, YCIIOBa
MpUXpamkUBamka U 00HABIbAA, MIPOIICHCHA CY KBAJMTATUBHA CBOjCTBA Y CTCIICHY
Koju omoryhaBa mHXOBO KOpHIINECHE y CBPXY BOJOCHaOmeBama. Ha ocHOBY
HCTPAXKHOT M EKCIUIOATAIIMOHOT TPIUbeha NyOoKnX OyHapa U OYyIIOTHHA U3HETH
CY OCHOBHH TOJIAIT O KOJIMYHMHH, KBAJUTETY U PEKUMY MOJ3EMHUX BOJA U3IaHU
MO/ TIPUTHCKOM. MCTpaHO-SKCIIOATAIMOHN BOJI0O3aXBATH KIACH(DUKOBAHU CY
npema reoMopOIOMKIM KapakTeprcTHKama TepeHa. Harnarene cy u moryhHo-
CTH OOHaBJbamba EKCIUIOATALIMOHUX PE3EPBU M CTETEH BE3aHOCTH y aTyBHjaJIHO-
JICTyBUjaJTHAM CPEIMHAMA, OJTHOCHO KapakTep (KOHTaKTa) BOJA CYCEIAHUX BOJO-
HOCHHUX CpeJIMHa, Kao ITO Cy (peaTcka M3J[aH M MOBPIIMHCKH TOKOBH. 3a pela-
Bambe MMOCTABJ/BCHHUX 3aJ1aTaKa KOpUIIheHe Cy pa3IHInuTe METO/IC.

CBakoM 030MJBHOM UCTPaXXKHBamby NPETXOIHU MOTIYHO YIIO3HABAE Ca
B2)KHUM IMOJAIIAMA KOJU CY HEOMXOHHU 3a Ne(PUHUCAHE KOHAYHOT UJha HCTPa-
*uBama. [loueTHa MeToa Koja je KopuiihieHa y paay je NeCKPUIITHBHA CTATHC-
THKa KOJOM Cy CyMHpaHH NOAaly o AyOOKUM OYyIIOTHHaMa, T€0JIOIIKOM CacTaBy,
XHUPOTEOJIOIKAM KOJICKTOpYMAa M HM30JIaTOpUMa. 3ajeHO ca KBAHTHTAaBHUM
TIpUKa30M KopuitheHu ¢y U rpadudky nprukazu. OO0pamoM HaBEICHHX IOIaTaKa
MPUMEHOM METOJIC aHAIIN3€e, Ha OCHOBY IMOCTOjehMX TeoJIOMKIX U XUIIPOTE0II0-
IIKUX eJleMeHaTa, JOOMjeH! Cy MOoJany O XUIPOTEONIONIKUM 00jeKTUMa Koje je
Moryhe kanTupaTty 3a motpede BojgocHadmeBama. MeToI0M pernoHaTHE aHATTH3e
yrnopehuBanu ¢y XHIPOreoOIKY OAAH y TOJIMHAMA PEYHUX TOKOBA M Ha pa3-
Bohuma, omHOCHO MehycoOHUM omHOC reonolke rpalie U Mopdoioruje, Koju cy
HaM MOMOMIK Ja JoheMo N0 3akjbydaka O MyOMHH M HW3JAITHOCTH TYOOKHX
n3nanu. [IpuMereHa je U MeToJia Kopemalyjcke aHalli3e HAPOUUTO KOJI MaHOH-
CKUX M MOHTHUjCKHUX CEJVMEHATa, IJic je aHalu3upaHa Be3a usMmehy mMohHocTH 1
IPaHyJOMETPUJCKOT CacTaBa, BOJOAPIKUBOT MECKOBUTOT CIIOja, TITHHA KA0 XHJ-
POTEOJIONTKOT M30JIaTopa W m3maantHoCcTH. CHHTE30M je KPo3 IpHKa3 U3IBOjCHHIX
TEPUTOPHjATTHUX LIEIMHA U UCTUIAkhe (YHKIMOHAIHE Be3e M3Mel)y IeosiomKor
cactaBa W XUIICOMETPHJCKUX KapaKTEpPUCTHKAa CTBOpeHa MoryhHOCT ga ce

46



Xuncomempujcku nonodicaj u uz0auiHocm uzoanu noo npumuckom y Crmeoepesckom. ..

UCTpaXXuBame cariena y nenrHu. CTaTUCTHYKAM TPHKa30M U TabelapHOM HITy-
CTpalMjoM 3a0KpYKEHH Ccy mojanu oOyxBaheHH HCTpaxuBameM. Y paay je
NPUMEEEH U TEPEHCKH DPajl, TIPETJie]] U PEKOTHOCIMPAhe TepeHa YUTAaBOT IO
pydja, IeTeKIHja KapaKTePUCTUIHUX MOP(HOJIOMIKUX U TOCTYTHUX I'€OJIONIKHX U
XU/IPOTEOJIOIIKIX EIeMEHATa PEJICBAHTHUX 33 HCTPAKUBAE.

XwujporeoJionmke oAJMKe

CwmenepeBcko [lomynaBibe mpunaga Huckoj Hlymanmju xoja je mpe-
KpUBEHa pPACTPECUTHM CEIMMEHTHMa HEOreHa W alyBHjaJJHIM Hacjarama y
nonvuHama peka. [leckoBH, OTHOCHO NECKOBHTH XOPH30HTHU Cy TJIaBHH KOJEKTO-
pu nomzemunx Boga (Komaruna u [lakosuh, 1975). CenuMeHTH HEeoreHa cTalo-
JKEHH Cy Y OaceHNMa M pactpoCTpamkeHU Ha YUTaBOM IpocTopy. [laHoH je Haj3a-
CTYIUCHUJH Y HEOT€HOj CEpPHjH, a MPEICTaBIbEH je KOMIUIEKCOM IECKOBUTUX U
TJIMHOBUTHX CEMMEHAaTa KOjH c€ BEPTHKAIHO U 004HO yKpiuTajy (3aBox 3a reo-
Jomka u reodusndka ucrpaxkusama [3ITH], 1972). TeopeBuHE MOHTa 3HATHO
cy pacnpoctpamene y CmenepesckoM [logyHasiby. Ilo cBoM muTomonikoM cac-
TaBy JI0CTa c€ pa3lUKyjy o MaHOHCKOr. [IpeacTaBibajy MX MPETEKHO MECKOBU
HACTaJId y TUTUTKOBOMHO] cpenuan. CermMeHTH XyhKacTuX, CHTHO3PHUX U TIpa-
IIMHACTHAX, TBOXKN)EBUTHMX W JMCKYHOBHTHX IIECKOBa Ca IPOCIOjIHMa TJHHE,
YIJbEBUTE TTIMHE U YTJbeBa cy OpPOjHU U IOCTHKY MONHOCT O IBaJieCeTaKk MeTa-
pa. Ha nmpodunmnma ny6okux OymioTuHa, pacriopeheHnx y QyroM HHA3Y mapaen-
HUX ca JlyHaBoM, 3amaxa ce Takole /1a meckoBH IpeoBial)yjy Win ¢y 3acTyIbe-
HU KOJIMKO ¥ rivHe. Hajuemnhe cy To CHTHO3pHU IECKOBH paBHOMEPHOT CacTaBa
ca BEJMKHM TIPOLICHTOM CPEAme3pHUX (pakuuja U MPOMEHJBUBUM CalpiKajeM
npammHacTUX dectriia. OHU TpeICcTaBsbajy 00Jbe KOJEKTOpe MOA3EMHUX BOAA Y
lymanuju, ¢ 0031upoM Ha JeOIbHHY, TPOCTPAHCTBO U TPAHYJIOMETPH]CKH CacTaB.
O xuzaposnonikoj Be3u u3Mely MeCKOBUTHX CpeHHA YHyTap KOMIUIEKCa HeoreHa
Texe je TOBOpUTH. Jlec, CeIMMEHT KBapTapa, MMa BEIHKO PacHpOCTPAmEHE Y
CwmenepeBckoM llomynaBiby. ['paHyIIOMETPHjCKH JieC HHjEe jeTHOPOIAH, HUTH
XOMOTEH, U cliaja y cinado MpomycHe crene. MiMa caMo BepTHKAIHY TOPO3HOCT U
3aTO BPIIH YJIOTY CIIPOBOJHMKA TIOA3EMHUX BOJa, pehe CiIyku Kao pe3epBoap y
CBOjUM MMOAMHCKUM HUBOoMMA (JoBrumh, 1956).

Ca acriekta permOHAHUX XHIPOTEOJOMIKHX OJHOCA MOTY CE HU3[[BO-
JUTH IBa OCHOBHA TUIIA T€PEHA - ATyBHjaJHE PaBHU M HEOTeHU OaceHH. ATTyBH-
jayHe paBHHU W pe4yHe Tepace Cy y JOHUM JISIIOBUMA CACTaBJHEHH O] IIJbYHKO-
BHTO-TIECKOBUTHX ceanMeHara. JleOjbuHa OBMX KOJIEKTOpa y NOJMHHM Benmke
Mopage uzHocu 10-20 m, a y anyBHjaJHHM paBHUMa BEHUX NpUTOKa 3-9 m. Y
BUMa je 0popMIbeHA 30HjeHa U3/IaH CJIadoT apTEeCKOT WM Cy0apTeCKOr Kapak-
Tepa 3HATHOT MpocTpaHcTBa. Heorenn OaceHW WMajy yJIOTY JIOKaTHUX TpaBH-
TAI[MOHUX IUJbEBA, KAKO TMOBPHIMHCKUX TaKO W IMOJ3EMHHX BOJA, jep ce y
BUMa Haja3e XWUIICOMETPHjCKHA HAjHIDKH KOJIEKTOPH M peJbedHEe Nenpecuje.
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[leckoBu U rIMHE HEOTeHa, OAHOCHO MPOITYCHE U HEMPOITyCHE CTEHE, CMEHY]y
ce Ha MaJIOM pacTojamy 10 BEPTUKAIM M XOPU30HTAIH, YHHEhH XUAporeonom-
KA KOMIUIEKC. Y TakBOM KOMIUIEKCY Be3a H3Mel)y KONEKTOPCKHX CpeauHa
YCIIOCTaBJEHA j& YKOJIHUKO CY OBa JIBa JINTOJOIIKA YJlaHa TO/jeJHAKO 3acCTyII-
JbeHa Wi npeosial)yjy meckoBU. Y OBaKBUM KOMIUIEKCHMa (OpPMHUpPaHa je TI0
jeAHa WK BUIIE U3JIaHU Ca CIOKEHUM XUAPAYIMIKUM MEXaHH3MOM, Pa3jIddu-
TOT MPOCTHUPaka U JIcOJbUHE, OJHOCHO Pa3IMuUTe M3JalHocTH. [1ujezomerap-
CKM HUBO W3JaHH y TepUUjapHUM OaceHHMa je MPETeKHO HCIOA IMOBPIINHE
TepeHa, OJJHOCHO u3JaH je cybapreckor tuna (Komaruna, 1976).

UurtaB HCTpa)XMBAaHU TPOCTOP TPHIIAAa MOPABCKO] XHIAPOTEOJIOINIKO]
obnactu. MHave, MOpaBCKOj XUAPOTEOJIOMIKOj 00JIacT! NPHUIAiajy U CPEIUIIba U
ucroyna Lllymanuja. [logzemHe Bozie ce reHepainHO APEHHUPajy Ka CeBEPOUCTOKY U
HCTOKY, OMHOCHO kKa Benmkoj Mopasu u [lyHaBy (crmuka 1). Jequaure HIDKET pena
yuHe cauBoBH Jezase, Pasbe, Komwcke peke u HenocpenHu ciuB JlyHaBa. Y oBUM
cpenrHaMa (OpMHpaHa je jenHa WM BHINE H3AaHH CIOXKEHOT XUAPAYINYKOT
Mexanumma. C 003UpoM J1a ce TIECKOBH OJUIMKY]y WHTEPrpaHyJapHOM ITOpPO3-
Houhy, rocrojehie m3nanu cy 36ujeHor tuma. JlyOsbi HEOTEHH CeTMIMEHTH CeBep-
HO of mpaBia MianeHosan - OcunaoHHIa MPEACTaBIbAjy y3 alyBHjaJIHE PaBHU
Bemnke Mopage, JezaBe u Pasme HajObosbe KoekTope mom3eMHuX Boga. MohHu
CJIOjeBH CUTHO3PHUX TleckoBa CMenepeBckor [1oayHaBiba MMajy peslaTHBHO J00pe
konektopcke ommke (3[TU, 1972). Haunn npuxpamiBama BOZOHOCHHX CIIOjeBa
y HeoreHy je cnabo n3ydes. [IpernocTasiba ce fa je NpUXpamNUBake BEPTUKATHAM
KpeTameM Kpo3 IOJyIPOILyCHE MOBJaTe M IOIUHCKE ClOjeBe, a IIMhuX AenoBa
uHUITpajoM 00010M KOTIHMHE. J[eTMMUYHO TIOCTOJH U BE3a ca alyBHjaTHOM
u3aHu peka. M3y3eB peuHHX AOJMHA, HEOT€Ha M3/IaH Ha OCTAIOM IPOCTOpY je
CHpOMAILIHA BOJIOM, OTpaHM4YeHa M Maje M3IAIIHOCTH U HE I0CTOoje MOTryhHOCTH
3a hopmupase Beher u3Bopuiira. KoMIuiekc HEOreHux ceIMMeHaTa BpJIO j€ MHTE-
pecaHTaH ca acrnekTa Kopuiihema NOA3EMHUX BOJIA KOje Cy aKyMyJIHPaHe y Hero-
BUM TIPOITyCTHUM XOPH30HTHMA.

HN31an noa npuTUCKOM (apTecKa M3/1aH)

YciaoBu 3a popMHpamke apTECKEe U3IaHH

AmMdutearpaaHi IOJNIOXKA] CEIAMEHATa M y4YeCTaJo CMEHUBAmE
BOJIOTIPOITYCHUX XOPU30HATa M0 BEPTUKAIM CTBapajy MorogHe yciose 3a Gop-
MUpAE U3TAHU O] MPUTUCKOM. APTECKU U CyOapTECKH XOPU30HTH Y HEOre-
HOj cepuju yTBpheHu cy OymemeMm OpojHux OyHapa Behe mybOune. Mzman je
Hajuyemie y HEOreHWM IIECKOBMMA y mpociojuuMa ox  5-10 m. BomoHocHu
CII0jeBU C€ jaBJbajy Ha Pa3NUUUTHM AyOWHAMa, y BHIY jEAHOT WM JBa Cloja
neOJbIHE TI0 HEKOJTMKO MeTapa, a MECTUMHYHO CE jaBJbajy y BHIY BHIIE TIECKO-
BUTHX Tpociiojaka. Boja je apTecka uinu cydapTecka 3aBUCHO O] Tororpadcke
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noBpiiuHe. Y peuHuM ponuHama Bemuke Mopase u Pame oOMyHO ce jaBiba
Kao apTecka, a Ha peYHUM Tepacama, IIaJuHaMa U pa3BohuMa Kao cyOapTecka.
M3mammoct O6ynapa ce kpehe ox 4-10 1/s. Petku cy OyHapm ca m3mamrHOIhy
npeko 10 1/s. Kong ¢opmupama OyHapa yriiaBHOM ce KaNTHpa BUIIE BOJOHOC-
HUX cJojeBa. MexaHu3aM IpUXpambHBaka BOJOHOCHHX CIJIOjeBa je IpPeAMET
CTaJHOT W3y4YaBama. MOhHM CI0jeBH TeCKa, KOjU H3ja3¢ Ha IMOBPIIUHY WITH
noaupyjy obon baceHa, oMoryhyjy npuxpamUBame U3AaHH O] TPUTHCKOM.
Jenan meo HajBepoBaTHHje 10OMja BOAY BEPTUKAIHUM IpolehuBameM
KpO3 MOJIyNpOITyCHE TIOBNIaTHE ciojese. [lojeanHn npumepy ykasyjy Ja U31aH Mo
TIPUTHUCKOM MMa M3BECHY BE3y ca IPBOM CIIO00IHOM M3IaHU U Jia TTOCTOju Moryh-
HOCT NpHUXpamuBamka TyOJbUX M3JaHU BoJaMa NpBe W3AaHW. Y JOIMHU Bemmke
Mopage UCTpakuBama MOTBpPhyYjy Ja HOCTOjH XUIApayJIMyKa Be3a NpBe M30aHH ca
TOKOBHMMA aKTHBHMX BOJIOTOKA M TO IIPEKO IyBHjaTHUX TBOPEBUHA KOj€ HA OBOM
MOZAPYYjy WMajy BEIMKO paclpocTpamemhe. 10 3Haud Jla NPUXPAmUBAKEC OBE
W3/IaHM JMPEKTHO 3aBHCH O XHAPOJIOLIKMX YCJIOBa Ha OBOM moapy4jy. dyOsmu
BOJIOHOCHH XOPH30HTH C€ MPHUXPAarbyjy ¥ Y 3HATHO yIAJLCHHjUM 00JIacTHMa TJIe
BOJJOHOCHHM XOPH30HTH HM3J1a3¢ Ha MOBPINUHY TepPeHa MM Ce Hajla3e y JUPEKTHO]
XUAPAYIUIHO) BE3H Ca IPyTHM MPOIYKTUBHUM BOJOHOCHHM XOPH30HTHMA.

Xuodpozeorowrxa ucmpascusarna y Cuedepesckom l[looynasnvy

Xwupporeoolika ucrpaxuama y CMenepeBckoM [1oayHaBby Bpilie-
Ha cy jomr y 19. Beky. Jleontuje IlaBnoBuh muime ma je aprecka Boja joIl mpe
1870. roguue nodvena ca ,,xyoune ox 400 m* cino0OAHO @ Teue Ha TMOBPIIUHY
3emibe’. BymotuHa o x0joj je macao Jleontuje [1aBnouh aganrupana je 1923.
TOJIMHE U TIPETBOPEHA y jaBHY uecMy. Hema mojaraka o ayOWHH, a MPeTHocTa-
BJba C€ JIa je KalTHpaH BOJAOHOCHU cJioj Ha nyounu ox 307-315 m ca camous-
muBoM of oko 0,3-0,5 I/s u temmeparypom on 27°C. Hajcrapuju mpeunsHu
MoJIaTaK Be3aH je 3a u3paay apreckor OyHapa ko Oomauie y CMmenepeBy, rie
cy Oymemem 10 303 m yTBpljeHa YeTHpPH BOZOHOCHA XOpu30HTA'. ApPTECKH
OyHapu M yecMe OWJIM Cy BPJIO BaXKHH 3a pa3Boj crapor Cmenepesa. OHH Cy
JIaBajiv TOH HaceJbaBamy, MMOJIOXKA]y Mujara, kagaHa u TpropuHa. thuxos yTu-
11aj TIPECTao je ca MU3rpaamboM CaBPEeMEHOT BOJOBOJA, a CaMO apTeCKW OyHap
,»”KHBa BoJa“ KoJ IpKBe je cadyBao Hekajammu 3Hadaj. [locie pyror cer-
CKOT para Iodena Ccy JeTaJbHUja UCTpakuBamba OPOjHUM TyOOKHMM OYyLIOTHHA-
Ma. 3a moTpebe yTBphuBama yribOHOCHHX OaceHa m3mely cema YmoBuie u
[TerpujeBo, 1952. ronune HaOyIIeHA Cy Ba ClIoja Mecka Ha xyownn o 45-100
m u 211-224 m. Toxom 1962. u 1963., Ha npocropy u3mehy Benuke Mopase u

> Masnosuh, JI. (1980.). Hemopuja Cmedepesa y ciuyu u peuu. Cvmenepeso, Mysej y
CmenepeBy, ocebHO n3game, Kiura 13.
® 0 oBome je, 1886. romune, mucao C. PagosanoBuh.
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HynaBa, y '0OMUHCKOM I0JbY, M3BEACHU CY HCTPAKHU PaJIOBU ILIaHHPAHH
WJCJHUM TIpOjeKTOM oabOpane of Boaa /yHaBa xoje he OutHu ycrnopeHe nsrpaj-
BoM OpaHe y DBepmamy. U30ymiene cy 4 OymioTHHE 10 AHA aTyBHjOHA, 3aTUM
14 nuje3somerapa u 3 OyHapa. 3a morpebe BomocHaOneBama Benuke [lnane,
Cwmenepescke [Mananke u MiasieHOBIIA HCTPaXKEHA je anyBHjaiHa paBaH Benu-
ke Mopage y arapy cena TpHoBue u MursomieBall. /[eTa/bHU UCTPa)KHU paJIOBU
u3BezieHu cy TokoM 1969, 3atum 1974. u 1975. romune. Kpajem 20. u mouet-
KoM 21. Beka WHTEH3WBUpaHa je u3paga AyOOKMX eKCIUIoaTalHOHUX OyHapa.
Jlyboka M37aH je BpJIO MHTEPECAHTHA 3a CHAOIEBamhC¢ BOJAOM MamUX HACEIha,
jep je BoIa MOBOJFHOT XEMH)CKOT cacTaBa M OaKTEPHOJIONIKY HCIpaBHA. 300T
tora je 1987. rogunHe 3amodera peanu3aluja MpPOjeKTa O BOAOCHAOIEBambY
HaceJbEHUX MECTa KOja He MOTY Jla Ce TPHUKJbYYe Ha TPaJCKH BOIOBOJ, BOIOM
W3 W3MaHu oA nputuckoM. Jlo camga m3OymieHn myOOKH OYHapH 1ajy BOIY
BHUCOKe Ouosorike BpenHoctd. Behuna OyHapa je y dyHKiuju u o0e30ehyje
JIOBOJbHE KOJMUMHE HCIpaBHE BOJE 3a MOTpede HacesbeHuX Mecta. Mcerpaxu-
Bama Ha JyroBy kom CMmeznepeBa mokasyjy Aa Ha ayomnama sehum om 300 m
MOJXE J1a ¢ O4YeKyje Beha KOJIMYMHA apTeCKe BOJE ca MOBUILICHOM TeMIIepary-
poM. Kao KonekTopu moA3eMHUX BOJA jaBJbajy C€ MECKOBH (IIPALIMHACTH, CHT-
HO3PHH JIO CPEAE3PHUX), a y JyOJbUM JICNOBHMA JIAMIOPOBUTH KPEUHAK U
YUCT JTUTOTAMHH]CKH KPeUhak XHUAPOTCONIONIKH U30JIATOPH Cy Hajuenhe Tim-
He, IeCKOBUTE TJIMHE, JIATIOPITH U J1anopoBuTe rimHe (Xuaponpojekar, 1992).
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Cnuka 2. — Xuopozeonowku npoghun ucmpasicnoz 6noka ,, Muxajnosay* (npsa
Mmopascka mepaca) no ,,I'eozagody “, beoepao, 1992
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Apmecka uzoan y doaunu Beauxe Mopage

MopaBCKH pOB €T3UCTHPA O] JOHET MHOIIEHA JI0 Kpaja TUIHoIeHa. Y
BEMY Cy Y HeoreHy Ha Behem mpocTopy HaTanoxkeHe nebene Haciare, Kako y
LEHTPATHOM JIeNly pOBa, TaKO W y 3aiIuBHMa,. HajcTapuju TOPTOHCKU CceInMeH-
TH pa3BHjeHU Cy Ha 000y OaceHa, ma 6u ce uayhu xa meHTpy J0Ja3Hio y CBe
miale ceguMEeHTe, INTO je TOCHeIWIa MEHTPUKIMHAIHOT Haruba cliojesa.
[Ipema reodpusnukuM moganuMa IyOHMHa MOpPaBCKOT poBa u3HOCH oko 1800 m
(ITerkoBuh, 1963). 1o mpubmmkHO 700 m myOWHE er3ucTHpa JIamopoOBUTO Iec-
KOBHTa CepHja, a ITyOJhe TIIMHOBUTO-JANopoBuTa (3epeMcku, 1969). Aptecke
W3JIaHW YCTaHOBJbEHE Cy Ha BHUIIE JIOKaJHTeTa OymiemeM NyOoKux OyHapa U
nuctpaxHux OymoruHa. /[yOouHa n3nanu ce noehasa uayhu xa ymhy Mopage
u ToKy JlyHaBa, mTo moTBphyje YMmHEHUITY Aa je MOILIO IO CIyIITamka MMaHOH-
cKor 6aceHa M M3/IM3ama HeroBor 000/a.

VY nomeM aeny noiauHe Benmvike Mopase, y kpyry xnaamade I1K ,,I'omo-
MUH", n30y1ieHa cy nsa OyHapa. Kox crapujer Oyrapa H-1 kanTupad je BOTOHOC-
HU cnoj of 155-170 m. lyouna Oynapa je 200 m, cratidku HHBO je + 1 m, a
camomznuB 1 I/s. Lprsemem je modujeHo 3,5 I/s. pyrum 6ynapom H-2, BomoHoc-
HU CJIOj IIPBOT OyHapa je W30JI0BaH, a 3axBalieH YMTaB MMAKeT IMECKOBUTHX CJI0jeBa
o1 278-325 m Koju Cy OBJIe Y HAM3MEHUYHOM CMEHHMBARY Ca ITPOCIIOjIIMA TITHHE
W TJIMHOBUTHX TeCKoBa. Haj3HauajHHju BOJOHOCHU CIIOjEBH KOHCTATOBAaHH CYy Ha
cnenehnm nyonnama: 145-150 m, 155-170 m, 278-293 m, 303-325 m. Y oBoj nec-
KOBUTOj cpearHN (hopMHpaHa je U3aH IO MPUTHCKOM ca JaJIeKo 00JbUM XHIPO-
TeOJIOIIKMM KapakTepucTukama. M3nammuoct OyHapa je 9,67 I/s. Unyhu y3BomHO
nonuHoM Bemnrike MopaBe ycTaHOBIbeHE Cy apTecke nzfianu y Ckobaspy, Ocumnao-
Huny, JlyraBuman, Capaopunma, JlozoBruky u TpHOBuy. Y CkoOasby je HaOyIeH
Oynap my6une 150 m, kox kora je xantupas ¢ioj ox 125-140 m. CtaTiuku HUBO
OyHapa je mo3uTHBaH, a camom3nuB usHocH 0,3 1/s. Y Ocunaonuny n1yOouHa aprec-
kor OyHapa uzHocu 130 m. Kantupan je BomoHocHU ci1oj ox 106-120 m. Camomns-
nuB OyHapa je 0,1 I/s. 3a 6ynape y Jlyrapunau, Capaopunma, JlozoBuky n TpHOB-
4y IMOCTOje CaMO IMOJaly O M3JalIHOCTH, koje m3Hoce o 0,1-11/s. Kao rimaBHM
BOJIOHOCHH CJI0j CMaTpajy ce Cpelm-e3pHH M KPYITHO3PHHU TeCKOBU yTBpHEeHH Ha
nyouan o 116-136 m (I'eozaBox, 1990). Xumporeosomnike KapaKTePUCTHKE TIPBE
U Jpyre peuHe Tepace y 3amajgHoM ey aonune Bemke Mopage (ciuka 2), uzy-
4aBao je ,,['eo3aBon”, Cekrop 3a reoxuaponorujy u3 beorpana. Tepace cy usrpa-
heHe oI TIMHOBUTHX, TIIMHOBHUTO-TIECKOBUTHX, TECKOBUTHX W NUBYHKOBUTHX
cemuMenara, urja Ae0JpiHa 3HATHO OCITIITHpA Y MPaBITy 3amaj — UcToK. Ha apyroj
TepacH y JokaiuTery Jabnanosan, namehy Muxajinosua 1 Ocunaonuie, n30yre-
HO j€ BHIIIE UCTPAXKHO-SKCIDIOATAIIMOHNX OyHapa 3a BOAOCHAOIEBAE 1 3AITUBAHE
TTOJHONPUBPETHUX TOBpIIMHA. JlyOrHa M3mMaHu oA MpUTHCKOM Kpehe ce ox 50-
203 m. M3pan je cybapTecKkor KapakTepa, CTAaTHYKH HUBO je Ha ayOuHU ox 15-54
m, m3namHoct ce kpehe ox 4,5-12,50 I/s (I'eozaBom, 1991).
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Apmecka uzoan y ooaunu Pawe

Y nomuan Pajbe W3maH 1Mo MPUTHCKOM je Ha Pa3iINduTO] TyOWHH IITO
3HAYM J]a MMa BHIIC BOJOHOHOCHHX CIIOjeBa. Y3BOJHO OJf YMYapa, Y alyBHjaHO]
paBHH Pajbe, OTKpHBEHa je apTecka W3aH y NECKOBUTO-TIIMHOBUTHM CEAUMEHTH-
Ma TIaHoOHa. ApTecku OyHap W30YIIEH je Y pejoHy ayTo-IryTa, mybure 160 m, ca
MHje30MEeTapcKUM HHBOOM M3Ha]| TIOBpIIMHE TepeHa. M3namHoct OyHapa n3HOCH
0,03 I/s, a Temnepatypa Bone ox 16-17°C. Hapenna Oymoruna y nonuau Pasbe
n3palena je kox motena ,,Jepuna“, nopen ayro-mmyta beorpan - Hum. IIpsu Bomo-
HOCHHU XOPH30HT OTKPHBEH j& Y HHTEepBaTYy 01 23-31 m ¥ YMHHM Ta MMecak pa3indu-
Te TpaHynanuje. 300r MOryhnx MOBPIIMHCKUX YTHIAja HA MOA3EMHE BOIC OBAj
coj HUje Kantupal. J{pyru BOJOHOCHH cJioj je HaOyIeH y uarepBainy on 151-163
M U [IPEICTaBJbEH j€ CUBUM CHUTHO3PHUM JI0 CPEA-E3HUM IIECKOM Y TOPEEM ey,
a 'y nyOJpUM JIeIOBUMA Cy CHBH TIPAIIMHACTH IO CUTHO3pHH meckoBr. OBaj BOO-
HOCHHU XOPHU30HT je KanTupaH. byHap nMa cratidku HuBO 11 m W3Ham MoBpIIMHE
TepeHa, fooujeH je camom3nuB ox 1,2 1/s (Hadgrarac OOYP Xunpoconmaa,1989).
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Crnuka 3. — Xuopoeeonowxu npogun wupez noopyuja onoka ,, Konapu* (donuna
Pawe) no "'eozasody”, Beoepao, 1992

Y nomeM ToKy Pasbe Ha mpBOj peuHO] TEpacH JIeBe MOJUHCKE CTpaHE
mpoctupe ce uctpaxkuu ook Komapu. KoMruieke je cactaBibeH 01 INIMHOBUTHX,
TJIHHOBUTO-TIECKOBUTHX M TIECKOBUTO-IIUBYHKOBUTHX CeluMeHara (ciauka 3).
[Ipema jyry oBe TBOpPEBUHE MOCTEINCHO Mpejia3e y alyBHjaATHE CEAUMEHTE, JIO0K
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BUXOBO TPOCTHPamkE MpaBLEM 3amaj - MCTOK je YTBPHEHO AyK LENOr TOKa
Pame. bBymoTune cy yTBpamie mocTojame TpU BOJOHOCHA Xopu3oHTa. IIpBu
BOJIOHOCHH XOPH30HT YMHE IPETEKHO CUTHO3PHU 0 KPYIHO3PHU IIECKOBH, pehe
nubyHKOBHU. [loa3eMHa Boja je akyMmyiupaHa Ha ayounu ox 31-50,5 m. [dpyru
BOJIOHOCHH XOPH30HT CacTaBJbEH j€ OJ] CHTHUX J0 CPEIbe3pHUX CHBUX MECKOBA.
OBaj XOpH30HT MMa BEJIHMKO TpocTHhpame. JlyOmHa Xxopm3oHTa je om 65-75 m.
Tpehn BomoHOCHM XOPH30HT uMHe MeckoBH ayOmHe 160-163 m. 306or Beoma
cuTHE (paKiyje, CATHO3PHH A0 MPAIINHACTH, ca JAIEKO cIadujuM (uITpanmo-
HUM KapakTepHCTHKaMa, BHXOBO KalTHpame Huje omnpasaaHo. Kon w3BegeHnx
OyHapa KanThpaHa cy TpBa J1Ba BOJOHOCHA clioja (,,]'eo3aBomx™, 1991). 3a motpe-
0e BojocHaOneBama Hacesba Komapu 2002. rogmHe Ha mpBOj Tepacu Paswe
n30ymieH je Oynap myowne 120 m. KantupaHa cy Tpu BOIOHOCHa XOpPH3OHTA
nyoune ox 56 go 112 m. Makcumanaa m3mamtHocT je a0 8 1/s. byHap je ca
cyOapTeckuM TNpHUTHCKOM 10 4 m ox Tomorpadcke mospimmHe. Ha m3macky
nonuHe Pajbe y MOpaBcKy NOJMHY, Ha JIECHO] IOJIMHCKO] CTPaHH, OJAHOCHO
.1 BujuheBoj“ beorpanckoj mopmm (120 m), u3dymen je myboku OyHap 3a
BozmocHaOmeBame BpoOosuma (2002). Tepaca je carpaljena on TNIMHOBUTO-
MECKOBUTE M IIECKOBUTE CEpHje IMAHOHA, IUTMOIEHCKHX TBOPEBHHA IOHTA U
ceJMMeHaTa IUICHCTOLIeHa U XoJoleHa. KanTupaHa je HajKBaJIUTETHHja ceprja 3a
BOAOCHA0/IEBae KOjy YHHE CHTHO3PHH JIO KPYITHO3PHH IOHTHjCKU ITECKOBH.
JleGiprHa BOIOHOCHHUX CJIOjeBa je PEeJaTUBHO Maja, 10 9 m, ma je KanTHpaHo
Buie cinojeBa on 120-180m. Crarnuku HHBO OyHapa je 40 m Merapa mcmoj
TTOBPINTUHE TEPEHA, a U3MAITHOCT OyHapa 3 1/s.

Apmecka uzoan na pazeohuma u 3apagrbeHum noBPUIUHAMA

XUIIPOTEOIIOIIKE YCIIOBE, NyOMHE apTecke U3/IaHH U HUXOBY H3JAIll-
HOCT jy»HO 0] peke Pasbe, Ha pa3Bol)y moMeHyTe peke U 3apaBHCHUX MOBPIIH Y
oBoMm geny lllymanuje, HajOOJbE MOXKEMO WITyCTPOBATH Ha OCHOBY OYyIIOTHHA y
Manom Opamjy, bamsesurn, Jpyrosiry, CyBonomy, JIymesity 1 MuxajmoBIry.
[IpBa OymoTuna P-3 y Manom Oparirjy ypahena je jomr 1963. rogune. CequmeH-
TU FOPH-ET IAHOHA KOHCTaTOBaHU cy oA 11-84 m, a ox 84-141 m pomwer nmaHoHa.
WzpamHoCcT OyHapa mocie HEKOJIMKO TOJMHA OCMAaTpama M 3HATHUX KoyeOama
ycramuia ce Ha 1,04 1/s. C 003upom 1a oBaj OyHap HHje OHO JOBOJHHOT Karlaliu-
TeTa Jia 3a/I0BOJbU NOTpede ctaHoBHYKA Maor Oparja, 1995. rogunae n3dynieH
jejomr jeman ayOoku OyHap ayoune 256 m. Kantupana cy Tpu BOJOHOCHA CIIOja.
Bopmonocan xopn3oHTH H3rpal)eHu ¢y oX cpeame3pHnX meckoBa. CTaTHIKHA HUBO
je Ha 89,92 m. Kamauurer Oynapa nzHocu 4,5-5,5 I/s (Xuzpomnpojekar, 1995). 3a
notpede cena bampeBuna 1989. m3pahena je Oymoruna BAJI-1, nyoune 250 m.
TepeH je ka0 W KOJ MPETXOAHUX OYIMIOTHHA MPEACTaB/FEH MAHOHOM, a YHHE Ta
MECKOBUTE | JIAIOPOBHUTE TIIHMHE, TIIMHE JIATIOPH, U TIECKOBH, IPETEKHO CUTHO3P-
HU U mpammHacTd. Boja je mox cybapTecKuM MPUTUCKOM, CTATUYKH HHUBO j€ Ha
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nyounu ox 7,13 m on moBpurHE TepeHa. XUAPOJUHAMUYKA CBOjCTBA BOJOHOC-
HHKa 300T MPUCYCTBAa CUTHUX W MPAIIMHACTHX CeIUMEHaTa Cy J0CTa HETOBOJb-
Ha, alnu Cy pe3epse Bojle 3HadajHe. ONTHMAaIHA W3AAIIHOCT MpeMa IpOopadyHy
L ‘eo3aBoaa” u3nocu 1 1/s (I'eo3aBom, 1989). V ucTOBETHUM I'eOJIOIIKMM M I'e0-
MOpGOJIOMIKIM yclioBuMa 3a rotpede cena Jpyrosar 2002. roguHe u30yIIeH je
Oynap ayomnae 250 m. Kantupanu cy BomoHOCHH Xopu30HTH o1 113 mo 226 m.
XUIpocTaTHUKU MPUTHCAK je cybapTeckor Kapkartepa, JgocTixke 71,5 m of
Tomorpadcke moppiuae. MakcumaaHa u3gamHocT OyHapa je 5,5 1/s. Muxajmno-
BaIl je HaceJbe CMeTeHO Ha ['010009K0 -KpHeBauKoj TPEIU Ha JI€BO] TOIMHCKO]
cTpanu Benmnke Mopase. Y Muxajnosity je 1991. u30ymen aprecku OyHap Koj
KOra cy KalTHpaHU BOJOHOCHH NIECKOBUTH XOpU30HTH oA 151-164,60 m u 168,3-
172,65 m. BogoHOCHHKE YMHE CpeNE-E3pHHU JI0 KPYITHO3PHH ITECKOBH. byHap je
nyoune 180 m, uzgamuoctu 4,5 1/s. Crarnuky HUBO je Ha 13,28 m oj moBpmmHe
tepena. ['oguue 2007. y MuxajioBity je 300r T0JaTHUX MOTpeda 3a KBaJIUTET-
HOM BOJIOM ypaljeH jour jeman OyHap Ha Jokauuju ,,l{pauhu‘ xon kora cy kam-
THpaHu ciojeBu of 146-195 m, onrumanne m3mamHOCTH ox 4,12 1/s (Bomope-
MOHT umxemepur, 2007). 3a moTtpebe yTBphHBama KBAJUTETHHX BOIHHUX
pecypca 1 pelaBama BoJocHadeBama y cenry Hobpu 1o, cMemmTeHor Takohe Ha
I'ono6ouko-KpmbeBaukoj Ipely, 3alodeTe Cy akTHBHOCTH Ha U3paau OyHapa
HNEBJI-1/03. Tokom 2007. u 2008. ronuHe. AHATU30M pe3yJITaTa KOju Cy T00H-
jeHu OylIiemeM HCTpakHO-eKCIuoaTauuoHor OyHapa y Jloopom [lomy yTBpheHo
je Ia a cy MaHOHCKE Hacjlare y BEPTUKATHOM NPOoQWIy pa3MEIlTeHE y BHIIE
cJ0jeBa, CMEmY]y C€ CIIOjeBH TIMHA, TIECKOBUTHX TIJIMHA, 3arJIHECHOT TecKa U
necka Koju ce kpehe ol CUTHO3DHOT /IO CpeAme3pHOr. Pymapcko-reonomku
¢axynrer u3 beorpaga, [lemapTmaH 3a XUIPOTEOJIOTHjy, YPaAHO je XUAPOTeo-
JIOIIKO KapTUpame TepeHa (cnuka 4), TecTupame OyHapa U U3BPIINO XEMH]jCKE
aHanu3e Bone. Excrutoaranyona mapammHocT OyHapa je 3,7 1/s. Kanrupanu cy
CIIOjeBH TECKa CUTHO3PHE M Cpebe3pHe TpaHyianuje Ha ayounaun on 137 m. Ha
JIEBOj JOJIMHCKO] CTpaHH, CEBEPHO OJ ToKa Pasbe, y cenmy Bomam wu30ymieH je
1988. cybaprecku OyHap. Kantupanu cy IECKOBHTH CJI0je€BH Ha XyOWHH 01 252-
276 m. Hueo Boje momeo ce Ha 33,17 m on noepurHe. M3namHoct OyHapa je
4,5 1/s. 3a motpebde BomocHabeBama cena Bydak Ha [lerpujeBckoj moBpim ypa-
hena je 1992. rogune OymornHa b-2. JIutomomky mpodrt OYIIOTHHE YUHE TIIH-
HOBUTH MaTepHjalii, U3/IBOjeHH Kao YUCTE TIIMHE WM [JIMHE ca puMecama Iec-
koBa. [IeckoBH cy W37BOjEHH y BHUIIIE CEpHja U YIIaBHOM ce Hanase u3mehy 60 u
116 m myOuHe u y 3aBpuIHOM ey OymoruHe, ox 240-260 m. 300r pa3muuuTHX
(buATpanMoOHNX KapaKTEPUCTHKA TIECKOBA KAIITHPAHO je TTeT BOJIOHOCHHUX CJIOjeBa
Ha ayounu ox 65-105 m. M3nan je cybapremika, craTiukor HUBoa oA 39,5 m u
ontuMaiHe uznamaoctu 5,5 I/s (I'eo3zaBom, 1989).

YnopenHoM aHaIU30M M3BEIEHUX UCTPAKHUX OyIIOTMHA M HaOymie-
HUX AyOokux OyHapa y mrymanujckoMm moOphy jyskHo o peke Pasbe moxe ce
3aKJbYUUTH 112 je 1yOoka u3naH cybapreckor Tuma. M3aBajajy ce Tpu BOIOHOC-
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Ha xopu3oHTa. [IpBu je oxg 50-80 m, cnabujux KapakTepUCTUKA, a APYTH XOPH-
30HT je u3Mmehy 140 u 170 m. Bona je akymynupaHa y CHTHO3PHHM ITECKOBUMA
¥ HajOOJbHM BOJAOHOCHUK je Tpehu xopm3oHT Ha ayomau ox 200-230 m, a ynHe
ra CpeIme3pHH 0 KPYIMHO3PHU MEeCKOBH. M3aalHoCT apTecke U3AaHu Y OBOM
neny kpehe ce 4-5 1/s. CeBepHo on Toka Pasbe XMOpPOreoNOIIKH yCIOBU CY
METUMUTHO U3MEHheHH. JJoMIuHIpajy cequMeHTH moHTa. M31Bajajy ce mecKoBH,
CHUTHO3pHH, CPEAE3pHU U TpaAIIMHACTH. Mame uMa TIHHA, CYyIJIMHA U yTJba.
300T HEMOBOJFHUX XUAPOTEONOIIKAX KapaKTePUCTUKA KaTHPa Ce BUILE CII0je-
Ba 1a Ou ce mo0mia moTpedHa KOJIHMIUHA BOE.

¢ Jlobpu jlo
200 HEBJ1-1/08 i
Miccajropan y
HME-D4/06 1%

.-(a|._.§ ATYEHMIHG HACHATC = NECKOBHTH XOPHOHTH -|
ACTYEHJATIG HACHANE | SOMjEHH THE HLIAHK @ XHAPOIOUIKH HI0IATOP j
I I’I I DECKORHTH CCIHMEHTH
Cnuka 4. — Xuodpoeeonowrxu npecek usmely oynapa UEBJ[/[-1/03 y [Joopom [Jony u

oynapa UMB-04/06 y Muxajnosyy ([Jenapmmany 3a xuopoeeonoeujy Pyoapcko-
eeonowkoz gpaxyrmema, beoepao, 2008)

XHIPOIOMIKH [1PSeex

Apmecka uzoan Henocpeonoe causa ynasa

Behu 0poj OymoTtuna u n1y6okux Oynapa y CMeznepeBy U alnyBHjai-
HOj paBHM JlyHaBa Mory na Ham omoryhe na cariegamMo XUAPOTEOJIOLIKE
MpIINKe, TyOUHY M3JaHU MOJ IPUTHCKOM U HeHe KapakTepucTtuke. Y Cwme-
lepeBy ce KopucTe ny6oku GyHapH y Kpyry 6omuuie u GyHap Kox upkse . Ha
JyroBy, necnoj obanu /lynaBa, u30yiieHa cy yeTupH aprecka OyHapa. [Ipema
reoyiomkoM npodry reorepmanae Oymoruae TM - 1A Ha JyroBy, nebsprHa

" Masnosuh, JI. (1980.). Hcmopuja Cmedepesa y ciuyu u peuu. Cvmenepeso, Mysej y
CmenepeBy, ocebHO n3game, Kiura 13.
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TepUHjapHUX cearMeHaTa u3HocH oko 1100 m u exu Ha qujada3 poKmbadKoj
¢dbopmanmju jypcke crapoctu. OBa popmanuja Ha nyounan ucnon 1200 m cac-
TOjU ce Of TJIMHALQA, Ieldapa ¥ pokHana. TeplujapHH CEIUMEHTH Cy Of
700-1100 m, a yuHE MX TJIWHOBUTH, JIATOPOBUTH M MECKOBUTU CEANMEHTH
(Xunpomnpojekar, 1992). CapMaTcku CEANMEHTH y KpPyTy OOJHUIIE H3HOCE
oko 300 m, mexe Ha myomnu ox 400-700 m. [TaHOHCKH CEeTMMEHTH 3acCTyI-
JbEHU Cy CHUBO3EJICHUM MECKOBUTHUM M alICBPUTCKHUM TJIMHAMa U MEeCKOBUMA U
JIe)Ke TMPeKo MaHOHCKUX ceguMmenara (Xuapompojekat, 1989a). ¥V xuaporeo-
JIOLIKOM HOTJIEAY M3ABajajy ce JIAMOPLH U JIAOPOBUTE TNIMHE Ka0 XUAPOTeo-
JIOLIKU M30JIaTOPU U NECKOBUTO JAIIOPOBUTH KPEUHAal U YUCTU Kpeumalu
Kao XHIPOTEONOIIKH KOJEKTOPH. 3a pas3iuKy OJf JIaOPOBUTHX U TNIMHOBUTHUX
XOpHU30HATa, 3HATHO Cy MHTEPECAHTHHjH TOPTOHCKH KPEUHAUKHd XOPH30HTH,
M3IBOjEHH Ha OCHOBY OJJIMYHUX XHIPOTEOJIOIMIKHUX CBOjcTaBa (MOhHOCT M
M3JIAIIHOCT) Y XUAPOTEOJIOMKEe KojiekTope. byiemeM uctpaxkHe OymoTnHe
TM - 1/A y uHTepBanuMa rae ce Hajlaze MEeCKOBUTO-JIAMOPOBUTH KpEUmbaln
(746-760 m) u uymctu Kpeumanu (817-862 m) perucTpoBaHH Cy NPUIUBH
BOJIE MO/ MPUTHCKOM KOjH Cy MOTBPIMIIN NPETIOCTABKY O IMOCTOjakby H3/IaHu
MOJl MPUTHCKOM Y OBUM XOpH30HTUMA. [ €OPHU3NUKNM HCIUTUBAKEM yTBphe-
Ha je TeMIlepaTypa BOJIe M3 KPEeumadKor KoJieKTopa o 65-67 m, 4ymme ce
HaroBellITaBa IEPCIEKTUBHOCT Kpeumbauke H3JaHU 3a J00Mjame TepMallHe
Bozje. V3Han TOPTOHCKE cepuje JISKU MaKeT NOIEr capMmaTa NpeAcTaBJbeH
JATIOPOBUTUM TJMHAMa, TJMHOBUTHUM IIECKOBHMa M YHCTUM II€CKOBHMA
(Xumpompojekat, 1992). M3nan capmata je maHOHCKA cepHja ca TOTOBO HICH-
THYHHM MaTepujaioM. 3Hayaj cepHje y XHUAPOreOJIONIKOM MOTJIEAY M000Jb-
IraBa MPHUCYCTBO YHCTUX IMECKOBa y KOjuMa je ¢opMHpaHa apTecKa H3JaH.
Kantupanu cy BOIOHOCHM IECKOBHUTO JIAMIOPOBUTHUX KpeUmaka U YHCTUX
Kpeumaka TOPTOHA, KOjU Cy y UHTepBaiuMa on 746-760 m u 817-862 m
nyOuHe. ApTecka HM3JaH je M3y3eTHE TepMalHe BPEAHOCTH, TeMIepaTypa
Bozie je ox 66-67°C. JloOujeHa Bojaa je ca moBehaHOM MUHEpaTU3alKjOM Of
15,83-25,8 g/l u Bucokum canumHuUTETOM 0A 24,86 g/l KOjU Aaje YKyC MOPCKHUX
Boja. [lopehame KOHIEHTpalMje OMOJONIKM aKTHBHUX jOHA jojga U Opoma,
Kao M eJieMeHaTa U3 rpyle TEIIKUX MeTaja, BOIW [1ajy JEKOBHTA CBOjCTBA.
HNucTtuTyT 32 pexabunuranujy u3 beorpaga mpemopyuno je kopumrheme oBe
BOJIC 3a JieUCHE pPEyMaTCKUX 000Jbemha (PeyMaTCKH apTPUTHUC, apTpo3a,
cnonaunosa). ¥ Bogu OymoruHe TM-1/A peructpoBaHO je M TIPHUCYCTBO
MeraHa (56-65%), azora (29-40%), yrisenanokcuna (0,5 - 4%) u cymmnopso-
nouwnka (0,5%). Camonsnus OymotuHe n3nocu 1 1/s (Xumgpompojekat, 1992).
Ha JyroBy cy, ocum nomenyTe OymioTHHe, H30yIlIeHa joIl TPU apTec-
ka Oynapa. Jb-1 je myOune 70 m. Kantupan je BogoHocHH cinoj ox 42-67 m.
Bynap nma camomsnus ox 1 1/s. Jb-2 je aprecku Oynap myomne 200 m. Karru-
paH je BogoHOCHH Koyiektop o 178-194 m. Camomsnue OyHapa u3HocH 5 /s,
ca Temriepatypom Bozae 24°C. Boaa Huje 3a nuhe, anu je Ha TpaHULU JIEKOBU-
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toctu. [locneama OymoTnHa y 0BOM ey HaOyieHa je y ceny CeoHe Ha fec-
HOj monmHCKOj cTpanu JlyHaBa. Hammopcka BucuHa Oymotune je 200 m, 3HaT-
HO BHUIIa of peaxoauux. Jlyonna Oymotuae je 315 m, kKanTupadu Cy BOJOHO-
cHH Xopu30HTH Ha 171-180,5 m u 183-195 m.

Jduckycuja

Hocanamma UCTpaKUBamkba U BEJMKH OpOj MCTPaKHUX OYHIIOTHHA U
OyHapa 3a BOJOCHa0IeBambe HACEIHEHNX MECTa y LIEIMHN PUKA3yjy XHAPOreo-
nomke oxnmuke CwmenepeBckor [logyHaBiba, Kao M NPOCTOPHM pacriopen H
BEJIMYMHY BOJOHOCHOT XOPH30HTa Y OBOM HEOr€HOM KOMIUIEKCYy (Tabemna 1).
KopenanujoM ucrpakHUX OyIIOTHHA M OyHapa MPOILEHEHO je a Kopuiiheme
BOJIa M3/IaHU IT0]] IPUTHCKOM 3aBHCH OJ NIPAaBIIIHOT ozpelema TepuTopujaiHe
3aCTYIJBCHOCTH, JIe0JbUHE KOJEKTOPCKE cpeluHe, onpehuBama mapaMerapa
BOJIOHOCHE CpeAMHE, XUIICOMETPUjCKOT TOJI0XKaja KOJIEKTOpa MpeMa peYHUM
JoJIMHaMa U MOTYhHOCTH IpuXpamHBamka Moa3eMHux Boxa. Kox oxpehuBama
MONHOCTH KOJIeKTOpa NyOOKHMX HM3JIaHH jaBJba ce MpoOJIeM MpOIeHe NpUxpa-
BUBakba M eKcIuloatanyje. XuApOoreoNollKy IPOCTpaHu 0aceHH Cy MoJAebeHU
Ha TOJpydYja MpUXpamHBamka, NPUTHCAKa U Npakmbema. Harmameno je na je
HoApYyYje MpUXpamkuBamka Ha MECTHMA TJIe Hacjare Imecka u3jase Ha HOBPIINHY
WM ce Haclamajy Ha 000 OaceHa, mTo oMoryhaBa HHQHUIATPUpabE agaBuHa
U TIpUXpamuBame TyO0OoKHX m3gaHu. [lonpydje MCTHIama WM €KCIUIoaTaluje
Hajuermhe je BUINEC MeceTWHA WM CTOTHHE KHJIOMeTapa ynajbeHo. M3mely oBa
JIBa TIOJIpyYja HaJNa3M ce MPOCTOP MOJ| MPUTUCKOM, IJIe MOXKE JIa TIOCTOjH Be3a
apTEeCKHX BOJa ca MOBPILIMHOM, KOja MOXe 1a Oyle 1 MUHUMAaJHa WU Yak Ja
je yormmure HeMa. ApTecke BOZE OJUTHKYje IMOCTOjaH PEXUM U Majia Op3uHa Kpe-
Tama. ['oUIIkbe KIMMATCKO-METEOPOIIOIIKE POMEHE Takohe yTUiy Ha OHIIaHC
U peKUM apTeCKUX BOJA.

Y CwmenepeckoMm [logyHaBipy 30MjeHH THN W3/IaHHU Pa3BUjEH je Y
CeIMMEHTHMa HEOTCHHX Hacllara IMaHOHCKE CTapoCTH KOje Cy YIJIaBHOM O]
MECKOBa pa3iMyUTe CTAapOCTH. [IaHOHCKM CEITUMEHTH MPOCTHPY CE LEIOM
MOBPITHOM HCIIOJI KBapTapHUX TBOPEBHHA Ma ce clio0oaHo Moxke pehu na y
TIOTITHOCTH 00yXxBaTajy reosomkn Juct CMmenepeBo. MohHOCT Heorenx Hac-
nara npema OcHOBHOj reosoikoj kaptu 1:100 000, muct Cmenepero, kpehe
ce ox 740-1550 m, a nebpbMHA HAHOHCKUX ceauMeHaTa uMa mohrnoct 160-220
m. YodaBa ce HaW3MEHHYHO CMEHUBAbE XHIPOTEOJOMIKHX KOJEKTOpa
n3rpal)eHUX O] MECKOBUTHX M NIJbYHKOBUTHX CEIMMEHATa M XHIPOTeOJIONI-
KHX H30J1aTOpa KOjeé YWHE TJIMHOBUTE TBOPEBUHE. Y XHIPOTEOJIOIKOM
TOTJIeTy Haj3HayajHHja Cy BOJOHOCHH XOPU3OHTH Y KOjUMa CY y CEIUMEHTH-
Ma HHTEprpaHyjapHe IOPO3HOCTH (Cpeame3pHH 10 KPYIMHO3PHH IIECKOBH)
aKyMyJHpaHe IMOJ3eMHE BOJIE Ca €KOHOMCKHMM 3HadajeM 3a eKCIUIOATallHjy.
Benuku 0poj objexaTa Ha MCTpPaKMBAHOM IMPOCTOPY KamTHpa OBE CIOjeBe,
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HapOUYUTO Cpeame3pHe TneckoBe. Takohe u y amyBuony Bemmke Mopase
CeMMEHTH TAHOHA, KOJU CY MPEJCTaBJbCHU CHUTHO3PHHM U CPEAHC3PHUM
TTECKOBHUMAa, Cy HAajBAKHH]H BOJOHOCHHU CJIOjEBH, IITO CE€ JOKa3yje Ha IpuUMe-
py Oymotuna y Ckobasby, Ocunaonuny, Jlyragunau u Capaopuuma.

Tabena 1. — Xuncomempujcku nonoswcaj 6000HoCHO2 XOpU30HMA, UZOAUIHOCT U
mun 0yboxux oynapa y Cmedepesckom I[looynasmy

Hazus Gynapa Tonuna JyOouHa Bo0HO- H3pam- Tun
H3rpaame CHOT Xopu3. (m) Hocr (I/s) HM31aHU
Bynap xon Gonuune*** 1896 303 0,7 apTECKU
Bynap koj npkse*** 1923 307-315 0,5 apTeCKH
Bynap usmelhy ¥Ynosuna u IetpujeBa* 1952 45-100 / cy0apT.
Bynap xoj xen.cranuie Bonam** 1969 114-120 0,8 apTecKu
Bynap y Konapuma** 1969 35,7-38,4 2,0 apTeCcKu
Moren ,,Jepuna“ b-2** 1976 18-30 01 apTecKH
128-136 ’
Jyroo*** 1985-1988 / 2 /
JB-1%*** / 176-194 2,5 apTeCcKH
JB-2%** / 42-67 - apTecKu
TM-1*%* / 268-283 22 apTeCcKu
Hogu Oynap xox 6omnuie b-1%** 1987 281-310 0,7 apTecKH
JyroBo TM-1/A (tepmanna Boma)*** 1987 746-760 1 cybapr.
817-862
Bynap y nacespy Bogam B-1** 1988 253-2717,8 4,9 cybapr.
Bynap kon morena ,,Jepuna““ b-1** 1988 151-163 0,6 apTecKu
Bynap y bansseum BAJI-1* 1989 141-155 1 cy0apr.
Bynap y Byuaky B-1* 1991 64-116 5,5 cy0apr.
Bynap y Muxajnosuy* 1991 151-172 4,5 cy0apr.
Bynap y OcunaoHunm**** 1991 89,5-111.5 3 apTeCcKu
Bynap y Cxobapy**** 1991 144-150 0,2 apTeCcKH
Bynapu y kpyry I[IK ,,ComoMun‘ **** / / / /
X-1xxxx 1991 155-170 5,5 apTecKu
X-2¥¥** 1992 278-325 3,5 apTecKH
Jabnanosan J-1* 1992 116,3-122,2 9,67 cy0apT.
Bynapu y kpyry noapyma Komapu K-2** 1992 65-75 0,7 cy0apT.
Bynap y banspeBum BAJT-2* 1994 / 0,3 cy0apT.
Bynap y pyrosuy* 1994 o 200 5 cy6apr.
Bynap y Masiom Opanjy* 1995 200,9-234 6 cy0apr.
Bynap y CyBomomny* 1995 / 5,5 cybapr.
Bynap y Bpbosiy* 2002 50-141 4,5 cy0aprt.
Bynap y Konapuma** 2002 56-112 8,4 cybapt
Bynap y Jpyrosuy* 2002 113-226 5,5 cybapr.
Bynap y Ceonama* 2002 58-112 7,5 cy0apT
Bynap y IlerpujeBy* 2003 279-315 4,7 cy0apT.
Bynap y Muxajnosiry UEEM 4/06* 2007 146-194 4,12 cy0aprt.
Bynap y lo6pom Jony UEBJJ-1/03* 2008 58-136.8 37 cy0apT.

* bynapu Ha pazBohuma u 3apaBHu; ** Bynapu y nonunu Pasee; *** Bynapu y Hemoc-
penHom ciuBy JlynaBa; **** Bynapu y nonmuan Benke Mopase
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Kao xuaporeonomky n301aTopy WK yCIOBHO O€3BOJHU JIEIOBU CY
Hacjare cpelmer U TOpH’er IUICHCTOIeHA KOjH je YIJIaBHOM TJIMHOBHTO-
MECKOBHUTOT CacTaBa, ca MPOMEHJbUBOM KOJWYHMHOM IIJBYHKOBHUTOT MaTepHja-
na. HajpacnpocTpameHuje Ccy aJeBPUTCKE TIJIMHE, 3aTUM IECKOBHUTO-
TJIMHOBUTHU alIeBPUTH, TipocedHe MohHocTH oko 20 m. Y OKBHpPY BHUX HeMma
ycioBa 3a (GopMHUpame W3IaHH, Na Cy TO IMPETeKHO OE3BOJAHHM TEPEHH HITH
XHUJIPOTECONIOMIKK n3onatopu. [IpuxpamuBame H3IaHU je HA OOOIHHM JEJ0-
BMMa HEOTEHHUX Hacjara. Y TUM 30Hama, Ha KOHTAKTy HEOT€HHX W IpPEeHeore-
HUX CTEHCKHX Maca, BPIIX ce MHPWITpanrja aTMOCPEPCKUX Taiora u MmoBp-
IIMHCKAX TOKOBa y CIJI0jeBe IecKka MaHOHCKe crapoctu. [lamaBuHe Koje ce
W3Iy4yyjy Ha OBOM HOApYy4jy Hemajy Behu 3Hauaj 300r cmabo MPOITyCHHUX
rMHa Koje oHeMoryhaBajy umHpuntpanujy. Y nonnHama Bemmke Mopasge,
Pame m /lyHaBa m Ha HIKHM Tepacama Moryhe je moTumame Boze U3 IPYTUX
tunioBa m3naHu (¢pearcke). Tomorpadcka MOBpHIMHA yTHYE Ha IyOHHY
BOJIOHOCHUX CJIOjeBa U Ha KapaKkTep apTeckux OyHapa.

Benuku 3Hauaj 3a XUAPOTEOJIONIKE MPIIIUKE YUTABOT MOApPYIja MMa
TEKTOHCKH CKJON TepeHa. TeKTOHCKHM IOKpPEeTHMa Yy CpelmheM MHUOLEHY, a
HapOYUTO KpajeM IUIMOLIEeHa, TOLUIO je 0 UCXepaBama MOHTHjCKUX CeANMeHa-
Ta y TpaBlly jyro3amnaia-ceBeporcToK. OBHM KpeTamuMa CTBOPEHO j€ BHIIE
0JIOKOBa ca pa3TUYATHM ITyOWMHaAMa J0 BOAOHOCHHUX CIIOjeBa, IITO C€ BHIU U3
npernena nyouna Oymotuna y IlogyHasiby u nonunu Passe u Bennke Mopase.
Ha reonomkom nucty CMenepeBo yOUeHO je HEKOJIMKO aKTUBHUX paceia KOju
MMajy yTHIA] Ha TeoMop(dOIIONIKe TPIIIHKE, ITOJI0Ka] BOJOHOCHUX KOJICKTOpa
u ayouny m3nanu. CBakako Tpeba u3aBojutu CMmenepeBcko-hynpujcku paces
KOjH ce IpoTexe 3anagHuM oboxom noiuHe Benuke Mopase, pacen [lanueBo-
Cwmenepeso-Iloxapesarr, ayr oko 140 km, a Benmmku 3Hauaj uMajy U A3ambCKH,
Jacemnuku u Pasecku pacen, Ly Kora ce ImpoTexe JIojinHa Pasee y mpasny
3araj-ucTok, mo3Hat u3 panosa [1. Crepanosuha (1949). I'eopusuuka uctpa-
KHUBama OTKpUIIa Cy OpojHE MOMIpevHe pacese oJ KOjuX je Haj3HavyajHuju [ po-
nka-Komapu, auju mpasar mo azumyTy u3Hocu 110°,

ITonena CwmenepeBckor llomyHaBiba Ha HaBEIEHE YETHPH Marmbe
XUAPOTEOJIONIKE IIeIMHE TPOUCTUYE U3 J0CATallBbUX pe3yiTara U KapakTe-
pUCTHKA TECTHPAHUX OYIIOTHHA KOje CY Y (YHKIIMOHAIHO] BE3H ca TOTIO-
rpa)cKoM TOBPIIMHOM M T'eOJOUIKUM cacTaBoM TepeHa. [lyOuHa BOJOHOCHUX
cinojeBa y nonunu Bennke MopaBe moBehaBa ce ka meHoMm ymhy y JlyHas
300T criymITama TaHOHCKOT 0aceHa M U3u3ama BeroBor o0oaa. Henmocpennu
cmB JlyHaBa m mpuayHaBcku neo CmenepeBa KapaKTEpHUIIE apTECKH THII
ny6oke m3ganu. CBU OyHapu MMajy XMAPOCTATUYKH MPHUTUCAK M3HAJ MOBP-
IIMHEe, OJHOCHO CaMOW3JIMBE pa3iu4uTe H3JalrHOCTH. JlyOoka OymroTwHa
TM-1/A na JyroBy maje Boay nmoBehaHe MUHEpaTH3alHje W BHCOKOT CaTUHHU-
Tera (YKyc MOpPCKe BOJg), MTO ymnyhyje Ha MOTBPAY T'COJIONIKE MCTOPHUjE U
TEKTOHCKHX KpeTama OBe 00JIacTH.
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3aksbyuak

Ha monpydje Cmenepesckor IlomyHaBiba rogumme magHe 660 mm
nagasuHa, win 320.000.000 m® rogumimse. Ox Tora Mamu xeo otude. Behuna
peKa mpecylIyje, BEIUKA je Opoj moBpeMeHux TokoBa. Jlynas u Bennka Mopa-
Ba Cy 3HA4YajHH BOMOTOIIM, ajl HHUXOB IOTEHIIHjal je ci1abo mckopumrheH jep
Cy y BeNMKOj Mepu 3araljeHu. Join 030MJbHUjE je CTame ca MAalbUM BOJIOTOI[MMA
y YHYTPaLIkhOCTH OBe 00acT. 300T Tora je CTAHOBHUIITBO 3a MOTpede BOIO-
cHa0JieBama yCMEPEHO Ka MOA3eMHHUM Bogama. Mehytum, u ppeaTtcka usna je
Yy HOBHjE BpeMe M3IIOKECHA jadeM 3araljemy, Ima je kKao MOTyhHOCT ocTala jean-
HO nyOoka m3zaaH. [loreHnmjan ny0oke M3AaHU je BENHKH, allil HUje TOBOJHHO
uctpaxkeH. Pax mpencraBiba aHanM3y W CHHTE3y PACIOJIOKHMBHX MOAATaKa O
T€OJIOIIKAM U XHIPOTEOJIOMIKUM KapakTepucTikama CmenepeBckor IloxyHas-
Jba. CmenepeBo he y OyayhHocTH 3a cHaOeBambe TPAJICKOT U CEOCKOT CTAHOB-
HUILITBa MOpaTH Ja noseha mpousBoamwy nujahe Boge 3a oko 20%. Y amysu-
jamauM paBHEMa Benmmke Mopase u /[yHaBa Bosie mMa JOBOJHHO, allk je& TIPo0-
nem 00e30eIUTH HheHA KBAIMTETHA CBOjCTBA. 3HAUH, MpobJeM BoIocHa0 eBa-
wa y CmenepeBckom [logyHaBiby, kao U y untaBoj CpOuju, HUje KBaHTHTATH-
BHE Beh KBanmuTaTuBHE Npupoje. IHTerpaiHo u OJpKUBO YIIPABIbAkE BOIHHM
pecypcuMa Ha jeTHOM MPOCTOpy Tpeda &1a ce ocliamka Ha 00jenmbaBamy CBHX
PacmoNoKUBHUX Pecypca M HBUXOBOM PAllHOHATHOM KOpHIINewy, 3a pa3induTe
KOPHCHHKE U HaMEHE, a He Ha MHCHUCTUPAmY Jla C€ CBU KOPHCHHIM IO CBAaKy
[IeHy MHTETPHUIIY OKO jeHOT BOIHOT pecypca.
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UNDER PRESSURE IN DANUBE REGION OF SMEDEREVO
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Abstract: In this study, we have analyzed the characteristics of deep aquifers that
belong to hydrogeological area of Morava region, that is a part of Smederevo Da-
nube region. Hydrogeological complex of Smederevo Danube region was devel-
oped in the sediments originated in Neogene. We have observed alternative rota-
tions of hydrogeological collectors, composed of sandy and gravel sediments and
hydrogeological insulatorsthat make clay creations. Based on the analysis of geo-
logical research, geophysical exploration and drilling for the need of water supply,
we have tried to present a spatial position of the collectors, and dense aquifers
formed in them. Mapping the dispersion of collectors and evaluating the yield of
deep aquifers, it is possible to ascertain the possible usage of water under pressure.
Aquifer under pressure is of sub-artesian and artesian character with the level of
groundwater from +0.6 to -90 m. Exploitation yield of objects ranges over 5 1/s.
Chemical analysis of groundwater from Pontic water-bearing sands, according to
Alekin,shows that it belongs to the hydrocarbon-alkaline earth types of water
whose mineralization is around 0.5 g/l. This means that this water is moderately
hard and that it can be used for drinking. The waters of Pannonian layers belong to
soft water, and in the deeper parts there is a possibility of increased mineralization.

Key words: Smederevo Danube region, artesian (confined) aquifer, yield
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Introduction

Smederevo Danube region lies between the Danube in the north, the
Velika Morava in the east and Sumadija hills in the south and west, or, respec-
tively, between the far north of the Morava region and the north eastern part of
Sumadija hillside. Morphostructurally, this area belongs to the lower part of the
Velika Morava valley plain, whereby its eastern half belongs to the valley plain
of the Velika Morava, and in its western half the basins of the Ralja and the
Konjska reka rivers are carved in the surface with the height of 200 to 300 m

! Correspondence to: slobodan.miladinovic@kpa.edu.rs
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altitude. Hydrographically, this area predominantly (about 90%) belongs to the
Velika Morava river basin, while the smaller parts in the north are directed to-
wards the immediate basin of the Danube (Mwmtagurnosuh, 2013). The area ana-
lyzed in this work has been the subject of numerous geomorphological re-
searches within the wider Sumadija and Morava regions. Lazarevié in several
works thoroughly analyzes the relief of basins of Ralja, Konjska reka and Jeza-
va river sand immediate basin of the Danube from Grocka to Smederevo™. The
special significance of aforementioned works is in the extrication of areas en-
dangered by landslides. Landslides near Smederevo were also mentioned by
Jovanovi¢*. In geomorphological works concerned with the wider area of Bel-
grade, Jovici¢ (1956) analyses the characteristics and evolution of forms in the
loess plateau near Smederevo. Regional geographical study of the Velika Mo-
rava and the South Morava analyses geomorphological, hydrological and hy-
drogeological characteristics of the Velika Morava valley (JoBanosuh, 1969;
3epemcku, 1969). Topographical features of the land and geological founda-
tions of the municipality of Smederevo were analyzed and evaluated in terms
of planning, development and use of geographic space in the monographic
study published by Geographic Institute "Jovan Cviji¢"of the the Serbian
Academy of Sciences in 1992.

In terms of geotectonics, this area belongs to bigger Morava-Banat basin
structural unit that is comprised of sediments of the middle and upper Miocene and
lower Pliocene (with slight decreases, up to 5° towards the NW Pannonian depres-
sion) and Danube postbasin structural unit which includes the youngest Pleistocene
and Holocene aeolian, fluvial and slope sediments, with horizontal or slightly in-
clined propagation in accordance with paleorelief (Various authors, 1992). The
basic structural features are the regional longitudinal neotectonic active fractures
with the NNW-SSE direction spreading. The oldest and largest structural forms
have meridian direction of stretching and are presented by positive morphostruc-
tures of Pozarevacka greda ridge in the east and Golobok — Krnjevo greda ridge in
the west, and between them is the Velika Morava trench (Mapkosuh, 1988).

The analysis of morphometric characteristics of the relief clearly in-
dicated the division of the territory on the lower part, comprised of the bottom
of the Velika Morava valley, the Ralja and the lower part of the valley Konjska
reka (with an average height of 85 m and a slope of 0.5%); the space of Petrije-
vo and Vrbovac surface, with average height from 151.9 to 169.2 m with an

*Jlazapesuh, P. (1957). Pesped menocpennor cinusa Jynasa uzmely Ipouke u Cme-
nepesa. 30opnuk padosa I'eoepaghckoe uncmumyma CAHY, 13, 165-190.
*Jlasapesuh, P. (1957). Cnus Jesase, Pame u Komcke pexe. 36opuuk padosa I'eo-
epaghcxoe uncmumyma CAHY, 13, 95-163.

*Joanosuh, C. IT. (1951). Ocepr Ha L[BujunheBo cxBaTame 0 aGPa3MOHOM KapakTe-
py pesbeda mo obony Ilanonckor Oacena. 36opuux padosa I'eocpaghckoe uncmu-
myma CAHY, 1, 1-23.
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inclination of 8,4-11°; and the spring section of the Ralja and the Konjska reka
with the height of 170-182 m and slope of 18-22°.

Scale 1:300 000

NN
i

sand and gravel - sandy. thickness 10-20 m with semiipermeable or tight
shelf thickness 10-20 m

gravels - sandy and sands gravelly, thickness 3 m

loess and sandy loess with scares of sand thickness 10-30 m, filtration features
pronouncedly anisotropic

gravels, sands and clay lake and river terrace thickness aquifer 5-10 m
exceptionally bigger

sands - fine-grained and middle-grained with side transition into clayed sand,
thicnkes 5-10 m alternates with alevrites, clay and marl of aquifers at depths to 150 m

limestones, sandy limestone and marl. dolomite and dolonite limestones, limestone breccia
and conglomerate, very rare marbles, sandstones etc. The aquifers are formed in differently
expressed fracture system; aquifers are clearing out throught spring till 10 I's

clay, clay - marl, clay-sandy, marl, slate, subordinated weakly bound sandstones
and limy
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112

general direction of movement of groundwater

3

Figure 1 — Hydrogeological map of the Danube region of Smederevo according to the
Water Industry basis of Serbia (2001)

Apart from these divisions, certain morphometric specificities
presents the right side of the Danube valley basin and right tributaries of the
Ralja where greater dissection and special geological and hydrological condi-
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tions are evident, that enabled more intense gravitational movement of soil,
caused intense surface washing and interference of gullies and small torrential
streams. In the researched area, four basic landscape units can be distinguished.
The eastern part is represented by the Velika Morava valley and the undulating
area of the central and western part of the other three parts: the right side of the
Danube valley, the valleys of left tributaries of the Velika Morava (Ralja and
Konjska reka), and flat watershed between them.

Tasks and research methods

The main task is, as it is stated in the title of the work, to form a data-
base that can be used for exploring the geological and hydrogeological ele-
ments essential for the formation of deep water aquifers in the Danube region
of Smederevo, and for current and potential use of such resources. Analyzing a
large number of deep drill holes, through geological set, hydrogeological para-
meters of aquifer protection, distribution, conditions of recharge and recovery,
estimations were made about qualitative characteristics of the level that allows
their use for the purpose of water supply. Based on the exploration and exploi-
tation of deep drill holes and pumping wells, the basic data on the quantity,
quality and mode of groundwater aquifers under pressure have been pointed
out. Exploration and exploitation of water intakes are classified according to
the geomorphological characteristics of the terrain. The possibilities of renew-
ing mineable reserves and the degree of attachment to the alluvial-delluvial
environments, or character (contact) water of the nearby water-bearing areas,
such as phreatic aquifer and surface streams have been emphasized. For solving
this tasks different methods were used.

Any serious study is preceded by the complete introduction to im-
portant data, necessary for defining the ultimate goal of research. Initial me-
thod used in this paper is descriptive statistics by which data on deep drill
holes, geological structure, hydrogeological collectors and insulators are
summarized. Quantitative representations are used along with graphic re-
presentations. By applying method of analysis, based on existing geological
and hydrogeological elements, data on hydrogeological objects were ob-
tained which can be, later, used to cap water supply. Using the regional
analysis method, hydrogeological data in the valleys of the waterways and
watersheds were compared (i.e. the relationship between geological struc-
ture and morphology) which helped us to reach conclusions about the depth
and capacity of deep aquifers. We applied the method of correlation analy-
sis especially in the Pannonian and Pontian sediments, where we detected
the connection between potency and granulometric composition, water re-
pellent sandy layer, clay as a hydrogeological insulator and water yield. Us-
ing synthesis, through representation of selected territorial units and empha-
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sis of functional relationship between the geological composition and hyp-
sometrical characteristics, we created the possibility for this research to be
seen holistically. This research included field work, survey and terrain re-
connaissance of the entire area, detection of typical morphological and
available geological and hydrogeological elements relevant for the research.

Hydrogeological characteristics

The Danube Region of Smederevo belongs to the lower Sumadija
area, covered with powdery sediments of Neogene and alluvial deposits in the
river valleys. Sand, or sandy horizons are major collectors of groundwaters
(Komaruna & IlakoBuh, 1975). Neogene sediments were deposited in the ba-
sins and spread throughout the area. Pannon is most common in neogene se-
ries and is represented by a complex of sand and clay sediments that are ver-
tically and laterally intersected (3aBoz 3a reosomika u reopu3UIKa UCTPAKH-
Bamsa [3I'TH], 1972). Pont creations are widely dispersed in the Danube re-
gion of Smederevo. Considering Ponts lithological composition, one could
say that it is quite different from the Pannonian. Pont creations are predomi-
nantly represented by sands formed in shallow water environment. The seg-
ments of yellowish, fine-grained and dusty, iron sands with intercalations of
clay, carbonaceous clay and coal are numerous and can be to 20m thick. On
the profiles of deep drill holes, arranged in a long line parallel to the Danube,
it is also observed that sands prevail or that they are represented as much as
clay. They are mainly fine grained sands of balanced composition with a high
proportion of medium grain fractions and changeable content of dusty par-
ticles. They are one of better collectors of groundwater in Sumadija, due to
their thickness, space and granulometric composition. A hydrological relation
between the sandy environment within the Neogene complex is difficult to
discuss. Loess, sediment of quaternary, has extensive distribution in Danube
region of Smederevo. Granulometric loess is not homogeneous, and belongs
to the poorly permeable rocks. It has only vertical porosity and therefore per-
forms the role of conductor of groundwater. Loess often serves as a reservoir
in its underlying stratum levels (JoBuumh, 1956).

From the aspect of regional hydrogeological relations, two basic
types of terrain can be distinguished- alluvial plains and Neogene basins.
Alluvial plains and river terraces in the lower parts consist of gravel-sandy
sediments. The thickness of these collectors in the valley of the Velika Mo-
rava is 10-20 m, and in the alluvial plains of its tributaries 3-9 m. Compact
aquifer of poor artesian or sub-artesian character of considerable expanse is
formed in them. Neogene basins are part of the local gravitational objec-
tives, both surface and groundwater, because they contain the lowest hyp-
sometric collectors and relief depression. Sand and clay of Neogene, i.e.
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permeable and impermeable rocks are interspersed at a short distance verti-
cally and horizontally, making hydrogeological complex. In such a complex
connection between the collector environment is established if the two lito-
logical elements are equally represented or if sands prevail. In such com-
plexes one or more aquifers with a complex hydraulic mechanism is
formed, with different propagation and thickness or different yields. Piezo-
metrical level of aquifers in Tertiary basins is predominantly below surface
of the terrain, i.e. the aquifer is of sub-artesian type (Komaruna, 1976).

The entire researched space belongs to the Morava hydrogeological
area. Otherwise, the Morava hydrogeological areas belong to central and eastern
Sumadija. Groundwater is generally drained to the northeast and east, i.e. to the
Morava and Danube (Figure 1). Units of lower-order are the basins of the Jezava,
the Ralja, Konjska reka and the immediate Danube Basin. In such areas one or
more aquifers with a complex hydraulic mechanism is formed. Considering that
the sands are characterized by intergranular porosity, existing aquifers are of a
compact type. The deeper Neogene sediments north of the direction of Mladeno-
vac - Osipaonica represent not only alluvial plains of the Velika Morava, the Je-
zava and the Ralja, but the best collectors of groundwater as well. The powerful
layers of fine-grained sands of the Danube region of Smederevo have relatively
good collector characteristics (3I'TH, 1972). The way of recharge of waterbear-
ing strata (layers) in the Neogene is poorly studied. It is assumed that the re-
charge is made by vertical movement through a semi-permeable top and shelf
layers, and in the shallower parts by the infiltration of basin rim. Partially there is
a connection with alluvial aquifer of rivers. With the exception of river valleys,
Neogene aquifer in other parts of the area is poor in water, limited and with low
yields and there is no possibility for forming larger springs. The complex of the
Neogene sediments is very interesting from the aspect of using underground wa-
ter that has been accumulated in its permeable horizons.

Aquifer under pressure (artesian aquifer)
The conditions for the formation of artesian aquifers

Amphitheatrical position of sediments and frequent alternation of
permeable horizons vertically, create favorable conditions for the formation
of aquifers under pressure. Artesian and sub artesian horizons in neogene
series are defined by drilling a number of wells of greater depth. Aquifer is
mainly in the Neogene sands in intercalations of 5-10 m. Aquifers occur at
different depths in the form of one or two layers with thickness of a few
meters and in some places appear in the form of more sandy intercalations.
The water is artesian or sub artesian depending on the topographic surface.
In the valleys of the rivers Morava and Ralja it usually occurs as artesian,
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and on river terraces, slopes and catchments as a sub artesian. Yield of
wells ranges from 4-10 I/s. Only a few wells are with yield over 10 1/s. In
the formation of wells several water bearing layers are capped. The me-
chanism of their charge of waterbearing strata is a part of constant study.
The powerful layers of sand, coming out to surface or touching the rim of
the basin, enable the recharge of aquifers under pressure.

One part probably gets water by vertical water decantation
through the semi-permeable top layers. Certain examples indicate that the
aquifer under pressure has a certain connection with the first free (phreatic)
aquifer and there is a possibility of deeper aquifers recharge with the water
of the first aquifer. In the valley of the Velika Morava researches confirm
that there is a hydraulic connection of the first aquifer with flows of active
watercourses and through alluvial formations which have a wide distribu-
tion in this area. This means that the recharge of these aquifers is directly
dependent on hydrological conditions in the area. Deeper waterbearing ho-
rizons are recharged even in much more distant areas where waterbearing
horizons come to the surface of the terrain or are in direct hydraulic connec-
tion with other productive water bearing horizons.

Hydrogeological explorations in the Danube region of Smederevo

Hydrogeological explorations in the Danube region of Smederevo be-
gan in the 19" century. Leontije Pavlovi¢ says that artesian water began to flow
"freely on the surface of the earth from" a depth of 400 m even before 1870°.
The well about which Leontije Pavlovi¢ wrote was adapted in 1923 and con-
verted into a public fountain. There are no data available on the depth, and it is
assumed that the water bearing layer is capped at a depth of 307-315 m with a
self-effusion of about 0.3-0.5 1/s and temperature of the 27°C. The oldest pre-
cise information is related to the creation of artesian wells near the hospital in
Smederevo, where four waterbearing horizons were identified by drilling up to
303 meters®. Artesian wells and fountains were very important for the devel-
opment of the old Smederevo. They determined the population, position of
markets, restaurants and shops. Their influence stopped with the construction
of modern water supply, and only artesian well "Ziva voda" near the church
preserved the former significance. After World War II more detailed research
of numerous deep wells began. For the purpose of finding coal basins, two lay-
ers of sand at a depth of 45-100 m and 211-224 m were drilled between the vil-
lages Udovice and Petrijevo in 1952. During 1962 and 1963, in the area be-

> Masnosuh, JI. (1980.). Hemopuja Cmedepesa y ciuyu u peuu. Cvmenepeso, Mysej y
CmenepeBy, ocebHO n3game, Kiura 13.
®S. Radovanovi¢ wrote about this back in year 1886.
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tween the Velika Morava and the Danube, called Godominsko polje, investiga-
tions were carried out, planned by the preliminary design for defense from the
waters of the Danube, hoping to slow the Danube floodwaters with the con-
struction of the dam in Perdap. Four wells were drilled to the bottom of allu-
vium, then 14 piezometers and 3 wells. For the purposes of water supply of
Velika Plana, Smederevska Palanka and Mladenovac, alluvial plain of the Ve-
lika Morava near the village Trnovce and MiloSevac was explored. Detailed
investigation works were carried out during 1969, then in 1974 and 1975. In
the late 20th and early 21st century the production of deep exploitation wells
was intensified. Deep aquifer is very attractive for water supply of smaller set-
tlements, since this water is of favorable chemical composition. Therefore, in
1987 began the implementation of the project on water supply of settlements
that couldn’t be connected to the city water supply by the water from aquifers
under pressure. Up to date, drilled deep wells have provided water of high bio-
logical value. Most of the wells are functional and provide sufficient amounts
of clean water for the needs of settlements. Research in Jugovo near Smedere-
vo shows that at depths greater than 300 m a greater amount of artesian water
with raised temperature can be expected. Collectors of groundwater are sands
(dust, fine grained to medium grained) and in the deeper parts marl limestone
and clean Lithothamnion limestone. Hydrogeology insulators are mostly clay,
sandy clay, marl and marl clay (Xuapompojekar, 1992).
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Figure 2 — Hydrogeology profile of the investigation block "Mihajlovac” (first Morava
terrace) according to "GEOZAVOD", Belgrade, 1992
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Artesian aquifer in the valley of the Velika Morava

Morava trench was formed from the lower Miocene to the end of
Pliocene. In this trench, in Neogene, thick layers were deposited in a wider
area, as well as in the central part of the trench, and in the bays. The oldest
Tortonian sediments had been developed around the basins rim, and the
younger sediments are located closer to the center, which is a result of in-
clination of layers towards the center. According to geophysical data depth
of Morava trench is about 1800 m (Iletkosuh, 1963). To approximately 700
m of depth sandy marl and deeper clay-marl series exist (3epemcku, 1969).
Artesian aquifers were found at several locations by drilling deep wells and
exploration wells. Approaching the estuary of the Morava and Danube
depth of aquifer increases, and that confirms the fact that there has been a
lowering of the Pannonian basin and uplift of its rim.

In the lower part of the Velika Morava valley, within Agricultural Plant
"Godomin", two wells were drilled. In older well N-1 waterbearing layer of 155-
170 m was capped. Depth of the well is 200 m, static level is 1 + m, self-effusion is
1 I/s. By pumping 3.5 I/s is obtained. With another well, N-2, waterbearing layer of
the first well have been isolated, and the whole package of sandy layers of 278-325
m caught, which are here in alternation with layers of clay and clayey sands. The
most significant waterbearing layers were established at the following depths: 145-
150 m, 155-170 m, 278-293 m, 303-325 m. In the middle of this sandy area aquifer
under pressure with better hydrogeological characteristics is formed. Yield of wells
is 9.67 1/s. Upstream along the valley of the Velika Morava artesian aquifers in
Skobalj, Osipaonica, Lugav¢ina, Saraorci, Lozovik and Trnovce were detected. In
Skobalj a well with the depth of 150 m was drilled, in which the layer of 125-140
m was capped. The static level of the well is positive, and self-effusion is 0.3 I/s. In
Osipaonica the depth of artesian well is 130 m. Water bearing layer of 106-120 m
is capped. Self- effusion of the well is 0.1 I/s. For wells in Lugavc¢ina, Saraorci,
Lozovik and Trnovce there are only data on yields, which range from 0,1-11/s. Me-
dium grained and coarse grained sands identified at a depth of 116-136 m are con-
sidered the main water bearing layer (I'eo3aBon, 1990). Hydrogeological characte-
ristics of the first and second river terrace in the western part of the valley of the
Velika Morava (Figure 2), was studied by "Geozavod", Sector for geohydrology
from Belgrade. The terraces are built of clay, sandy-clay, sandy and gravel sedi-
ments, whose thickness fluctuates considerably in the direction west - east. On the
second terrace in the locality Jablanovac between Mihajlovac and Osipaonica, sev-
eral exploration and exploitation wells were drilled for water supply and watering
of agricultural areas. The depth of aquifer under pressure ranges from 50 to 203 m.
The aquifer is of sub-artesian character, static level is at a depth of 15-54 m, the
yield ranges from 4.5 to 12.50 I/s (I'eo3aBon, 1991).
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Artesian aquifer in the valley of the Ralja

In the valley of the Ralja aquifer under pressure is at various
depths, which means that there are more water bearing layers. Artesian
aquifer in the sandy-clay sediments of Pannon was discovered upstream of
Umcari, in alluvial level of the Ralja. The artesian well was drilled in the
area of the highway, with the depth of 160 m, and the piezometric levels
above ground. Yield of the well is 0.03 1/s and water temperature is 16-
17°C. The following borehole in the valley of the Ralja was made next to
the motel "Jerina", near the highway Belgrade - Nis. The first water bearing
horizon was discovered in the range of 23-31 m and is made of the sand of
various granulation. Due to possible surface impacts on groundwater, this
layer was not capped. The second waterbearing layer was drilled in the
range of 151-163 m and is represented by the gray fine-grained to medium-
grained sand in the upper part and in the deeper parts there are gray dusted
to fine-grained sands. This waterbearing horizon was capped. The well has
a static level of 11 m above the ground surface, self-effusion of 1.2 I/s was
obtained (Hadrarac OOYP Xuapoconga, 1989).
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Figure 3 — Hydrogeological profile of the wider area of the block "Kolari" (valley of
the Ralja) according to "GEOZAVOD", Belgrade, in 1992

Exploring block Kolari stretches in the lower course of the Ralja on the
first river terrace near the left side of the valley. The complex is composed of
clay, clay-sandy and sandy-gravel sediments (Figure 3). Towards the south this
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formations gradually transform into alluvial sediments, and their propagation in
the direction west - east is established along the entire course of the Ralja. The
wells have established the existence of three waterbearing horizons. The first wa-
terbearing horizon consists of predominantly fine-grained to coarse-grained
sands, rarely gravels. Groundwater is accumulated at the depth of 31 to 50.5 m.
The second waterbearing horizon is composed of fine to medium grain gray
sands. This horizon has extensive propagation. The depth of the horizon is 65-75
m. Third waterbearing horizon consists of sands with the depth of 160-163 m.
Their capture is not justified due to a very small fraction, fine-grained to dust,
with far weaker filtration characteristics. In case of derived wells the first two
aquifers are capped (I'eo3aBog, 1991). For the purposes of water supply of set-
tlement Kolari the well with the depth of 120 m was drilled on the first terrace of
the Ralja in 2002. Three waterbearing horizons with the depth from 56 to 112 m
were capped. Maximum yield is up to 8 1/s. The well is with sub artesian pressure
up to 4 m from the topographic surface. On the way out of the valley of the Ralja
to Morava valley, on the right side of the valley, or "Cviji¢" Belgrade surface
(120 m), deep well for water supply of Vrbovac was drilled (2002). The terrace is
constructed of clay-sandy and sandy Pannon series, and Pliocene formations of
Pontic and Pleistocene and Holocene sediments. Series of best quality water
supply was capped consisting of fine-grained to coarse-grained Pontic sands. The
thickness of waterbearing layers is relatively small, up to 9 m, so several layers
of 120-180m were capped. The static level of the well is 40 m meters below the
ground surface, and the yield of the well is 3 I/s.

Artesian aquifer on watersheds and flattened areas

Hydrogeologic conditions, depth of the artesian aquifers and their yield
south of the river Ralja, on the watershed of the aforementioned river and flat-
tened surfaces in this part of Sumadija, can be illustrated with the examples of
boreholes in Malo Orasje, Badljevica, Drugovac, Suvodol, Lunjevac and Mihaj-
lovac. The first borehole R-3 in Malo Orasje was made in 1963. Upper Pannon
sediments were observed from 11 to 84 m, and from 84 to 141 m the ones of the
lower Pannon. Yield of the well after several years of observation and considera-
ble fluctuations was stabilized at 1.04 1/s. Considering that this well was not of
sufficient capacity to meet the needs of the people of Malo Orasje, another deep
well with the depth of 256 m was drilled in 1995. Three water bearing layers
were capped. Water bearing horizons were built from medium grain sand. The
static level was at 89.92 m. Capacity of the well is 4.5-5.5 I/s (Xuzponpojexar,
1995). For the need of the village Badljevica BAD-1, a borehole with the depth
of 250 m was created in 1989. The terrain is, as in previous boreholes, presented
by the Pannons, and consists of sand and marl clay, clay, marl, and sand, predo-
minantly fine-grained and dust. Water is under the sub artesian pressure, static
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level is at the depth of 7.13 m from the surface. Hydrodynamic properties of the
aquifer due to the presence of fine and dust sediments are quite unfavorable, but
the reserves of water are significant. Optimum yield according to the estimation
of "Geozavod" is 1 I/s (I'eo3aBom, 1989). In identical geological and geomorpho-
logical conditions for the needs of the village Drugovac the well with the depth
of 250 m was drilled in 2002. Waterbearing horizons were capped from 113 to
226 m. Hydrostatic pressure was of sub-artesian character and reaches 71.5 m
from the topographic surface. The maximum yield of the well is 5.5 I/s. Mihajlo-
vac is a village situated on Golobok —Krnjevo greda on the left side of the valley
of the Velika Morava. In Mihajlovac artesian well was drilled in 1991 in which
sandy waterbearing horizons from 151 to 164.60 m and 168.3 to 172.65 m were
capped. The aquifer consists of medium to coarse grained sands. The well is with
the depth of 180 m, yield of 4.5 I/s. Static level is at 13.28 m from the ground
surface. In 2007, in Mihajlovac due to the additional need for good quality water,
another well on the "Crnici" location was made in which layers from 146-195 m
were capped, with the optimum yield of 4.12 1/s (BogopeMOHT HHXEH-CPHHT,
2007). For the need of determining the quality of water resources and solving
water supply in the village of Dobri Do, which is also placed on Golobok-
Krnjevo greda, the activities on the development of the well IEBDD-1/03 started
during 2007 and 2008. The analysis of results obtained by drilling exploration
wells in Dobri Do confirmed that Pannonian sediments in vertical profile were
deployed in multiple layers, layers of clay, sandy clay, clayey sand and sand that
ranges from fine-grained to medium-grained alternate. Mining and Geology Fa-
culty in Belgrade, Department of hydrogeology, did hydrogeological mapping of
the terrain (Figure 4), tested the wells and performed the chemical analysis of
water. Exploitation yield of the well was 3.7 I/s. Layers of sand of fine-grained
and medium-grained granulation at the depth of 137 m were capped. On the left
side of the valley, north of flow of the Ralja, in the village of Vodanj sub artesian
well was drilled in 1988. Sandy layers at the depth of 252-276 m were capped.
The water level rose to 33.17 meters from the surface. Yield of the well is 4,5 1/s.
For the need of water supply for the village Vucak borehole B-2 was made on
Petrijevo surface in 1992. Lithological profile of the well consists of clay mate-
rials, extracted as a clean clay or clay with traces of sand. Sand is separated into
multiple series and is situated at the depth of between 60 and 116 m and in the
final part of the borehole, from 240 to 260 m. Due to the different filtration prop-
erties of sands five waterbearing layers were capped at the depth of 65-105 m.
The aquifer is sub artesian, with static level of 39.5 m and with the optimum
yield of 5,5 I/s (I'eo3aBon, 1989).

Comparative analysis of derived exploratory wells and deep wells
drilled in Sumadija hills, south of the river Ralja, concluded that the deep aqui-
fer is of sub-artesian type. Three waterbearing horizons are distinguished. The
first one is from 50-80 m, with weaker characteristics, and the second horizon
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is between 140 and 170 m. Water is accumulated in the small-grained sands
and the best aquifer is the third horizon at the depth of 200-230 m, and consists
of medium to coarse grained sands. Yield of artesian aquifers in this area
ranges from 4 to 5 1/s. North of the course of Ralja hydrogeological conditions
are partially modified. Pontic sediments dominate. Fine-grain, medium-grain
and dust sands are distinguished. There is less clay and coal. Due to unfavora-
ble hydrogeological characteristics the multiple layers were capped to obtain
the required amount of water.
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Figure 4 - Hydrogeological cross section between the well IEBDD-1/03 in Dobri Do
and well IMB-04/06 in Mihajlovac (Department of Hydrogeology of Mining and Geol-
ogy faculty, Belgrade, 2008)

Artesian aquifer of the immediate basin of the Danube

A larger number of drill holes and deep wells in Smederevo and the al-
luvial plain of the Danube can allow us to perceive the hydrogeologic conditions,
depth of the aquifer under pressure and its characteristics. Deep wells on the hos-
pital grounds and a well near the church are used in Smederevo’. Four artesian
wells were drilled on Jugovo, the right bank of the Danube. According to the
geological profile of geothermal wells TM - 1A on Jugovo, the thickness of Ter-
tiary sediments is about 1100 m and lies on the diabase formation of Jurassic age.

" Masnosuh, JI. (1980.). Hcmopuja Cmedepesa y ciuyu u peuu. Cvmenepeso, Mysej y
CmenepeBy, ocebHO n3game, Kiura 13.

75



Collection of Papers — Faculty of Geography at the University of Belgrade 63

This formation at a depth below 1200 m consists of clay stone, sandstones
and cherts. Tertiary sediments are from 700 to 1100 m, and consist of clay, marl
and sandy sediments (Xugpomnpojekar, 1992). Sarmatian sediments on the hos-
pital grounds are about 300 m, they lie at the depth of 400 to 700 m. Pannonian
sediments are represented by gray-green sandy and silty clays and sands and lay
across the Pannonian sediments (Xumpormpojekar, 1989a). In hydro-geology marl
and marl clay are distinguished as hydrogeological insulators and sandy marl
limestone and pure limestone as hydrogeological collectors. Unlike marl and clay
horizons, much more interesting are Tortonian calcareous horizons, distinguished
because of their excellent hydrogeological properties (potency and yield) as hy-
drogeological collectors. With the drilling of the exploration wells TM - 1/ A in
the intervals with sandy-marly limestone’s (746-760 m) and pure limestones
(817-862 m) inflows of water under pressure are registered, which confirmed the
hypothesis of the existence of aquifers under pressure in these horizons. Geo-
physical tests determined the water temperature from the lime collector from 65
to 67 m, which suggests future prospects of limestone aquifers for obtaining
thermal water. Above Tortonian series lies Sarmatian packet presented by marly
clays, clayey sands and clean sands (Xuaponpojekar, 1992). There is the Panno-
nian series with almost identical material above Sarmatian. The significance of
the series in hydro-geology enhances the presence of clean sands where the arte-
sian aquifer was formed. Waterbearing sandy marl limestone and pure limestone
of the Tortonian were capped, which are at intervals of 746 to 760 m and 817 to
862 m depth. Artesian aquifer is of the exceptional thermal value, the water tem-
perature is 66-67°C. The resulting water is with increased mineralization of
15.83 to 25.8 g/l and high salinity of 24.86 g/l, which provides a taste of sea wa-
ter. Increase in concentration of biologically active ions of iodine and bromine, as
well as elements from the group of heavy metals, provides medicinal properties
of the water. Institute for Rehabilitation in Belgrade recommended the use of this
water for the treatment of rheumatic diseases (rheumatoid arthritis, arthrosis,
spondylosis). In water wells TM-1 / A the presence of methane (56-65%), nitro-
gen (29-40%), carbon dioxide (0.5 - 4%), hydrogen sulfide (0.5%) was regis-
tered. Self-effusion of the borehole is 1 I/s (Xunponpojekar, 1992).

On Jugovo, apart from the aforementioned borehole, three artesian
wells were drilled. JB-1 is 70 m deep. Water bearing layer of 42-67 m was
capped. The well has self-effusion of 1 I/s. JB-2 is an artesian well with the
depth of 200 m. Water bearing collector of 178-194 m was capped. Self-
effusion of the well is 5 /s, with water temperature of 24°C. The water is
not potable, but it nearly has healing properties. Last borehole was drilled in
this part in the village Seone on the right side of the Danube valley. Altitude
of the borehole is 200 m, significantly higher than the previous ones. The
depth of the borehole is 315 m, water bearing horizons were capped on 171
to 180.5 m and 183-195 m.
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Discussion

Previous studies and a large number of exploratory boreholes and
wells for water supply of settlements as a whole show the hydrogeological
characteristics of the Danube region of Smederevo, as well as the spatial
distribution and the size of waterbearing horizon in the Neogene complex
(Table 1). Correlating the exploratory boreholes and wells, it is estimated
that water use of aquifers under pressure depends on proper definition of
territorial representation, the thickness of the collector environment, de-
terming of parameters of water bearing environment, hypsometric position
of the collector to the river valleys and the possibility of groundwater re-
charge. In determining potency of deep aquifers collectors there is a prob-
lem of recharge and exploitation estimates. Hydrogeological spacious ba-
sins are divided into recharge areas, pressures and discharge. It was empha-
sized that the area of recharge is in places where deposits of sand come to
the surface or lean on the periphery of the basin, which allows the infiltra-
tion of rainfall and recharge of deep aquifers. Area of emphasis or exploita-
tion is usually several dozens or hundreds of kilometers away. Between
these two areas there is a space under pressure, where there may be a con-
nection between artesian water and the surface, which may be a minimal or
even nonexistent. Artesian water is characterized by stable regime and low
speed. Annual climatic and meteorological changes also affect the balance
and regime of artesian water.

In Smederevo Danube Region compact type of aquifer was devel-
oped in the sediments of Neogene deposits of Pannonian age which are
mainly made of sands of different ages. Pannonian sediments are spread all
over the surface beneath Quaternary formations so it can be said that they
entirely encompass geological map of Smederevo. A potential of Neogene
deposits according to the basic geological 1: 100 000, map of Smederevo,
ranges from 740 to 1550 m, and the thickness of the Pannonian sediments
has potency of 160 to 220 m. There is an alternation of hydrogeological col-
lectors constructed from sandy and gravel sediments and hydrogeological
insulators that are made of clay formations. In hydrogeological terms the
most important waterbearing horizons are those with the sediments of inter-
granular porosity (medium to coarse grained sands), and in those sediment-
sis accumulated groundwater with economic significance for exploitation. A
large number of objects in the researched area cap these layers, particularly
medium-grained sand. Also in alluvion of the Velika Morava Pannon sedi-
ments, which are represented by fine grain and medium-grained sands, are
the most important waterbearing layers, which is evidenced by the example
of boreholes in Skobalj, Osipaonica, Lugav¢ina and Saraorci.
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Table 1 — Hypsometric position of water bearing horizon, yield and type of deep wells
in Smederevo Danube region

Year of Dept.h of wa‘ter- Yield Type of
The name of the well con- bearing horizon .
. I7s) aquifer
struction (m)
Well near the hospital*** 1896 303 0,7 artesian
Well near the church*** 1923 307-315 0,5 artesian
Well between Udovice and Petrijevo™® 1952 45-100 - subartesian
Well near the railway station in 1969 114-120 0.8 artesian
Vodanj**
Well in Kolari** 1969 35,7-38,4 2,0 artesian
Motel ,,Jerina“ B-2** 18-30 artesian
1976 128-136 0,1
Jugovo*** 1985-
1988 / 2 /
JB-1#*%* / 176-194 2,5 artesian
JB-2%** / 42-67 - artesian
TM-1#** / 268-283 22 artesian
New well near the hospital B-1*** 1987 281-310 0,7 artesian
Jugovo TM-1/A (thermal water)*** 746-760 subartesian
1987 1
817-862
Well in settlement Vodanj V-1** 1988 253-277,8 4,9 subartesian
Well near the motel ,,Jerina“ IB-1** 1988 151-163 0,6 artesian
Well in Badljevica BAD-1* 1989 141-155 1 subartesian
Well in Vucak V-1* 1991 64-116 55 subartesian.
Well in Mihajlovac* 1991 151-172 45 subartesian
Well in Osipaonica**** 1991 89,5-111.5 3 artesian
Well in Skobalj**** 1991 144-150 0,2 artesian
Wells in area of ,,Godomin‘“***%* / / / /
H- s 1991 155-170 55 artesian
H-2okk 1992 278-325 3,5 artesian
Jablanovac J-1* 1992 116,3-122,2 9,67 subartesian
Wells in the area of cellars Kolari K-2 1992 65-75 0,7 subartesian
Well in Badljevica BAD-2* 1994 / 0,3 subartesian
Well in Drugovac* 1994 Up to 200 5 subartesian
Well in Malo Oragje* 1995 200,9-234 6 subartesian
Well in Suvodol* 1995 / 5,5 subartesian
Well in Vrbovac* 2002 50-141 45 subartesian
Well in Kolari** 2002 56-112 8,4 subartesian
Well in Drugovac* 2002 113-226 5,5 subartesian
Well in Seone* 2002 58-112 7,5 subartesian
Well in Petrijevo* 2003. 279-315 4,7 subartesian
Well in Mihajlovac IEBM 4/06* 2007 146-194 4,12 subartesian
Well in Dobri Do IEBDD-1/03* 2008 58-136.8 3,7 subartesian

* Wells on the watersheds and plateaus; ** Wells in the Ralje valley; *** Wells in the
immediate catchment area of the Danube river; **** Wells in the valley of the Velika
Morava river
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Hydrogeological insulators or conditionally arid parts are the se-
diments from middle and upper Pleistocene, and those sediments are mainly
of clay-sandy composition with a variable amount of gravel material. The
most widespread type is silty clay, sandy-clay alevrites with average poten-
cy of 20 m. Within these, there are no conditions for the formation of aqui-
fers, so they are predominantly waterless grounds or hydrogeological insu-
lators. Recharge of aquifers is done in the peripheral parts of Neogene se-
diments. In these zones, on the contact of Neogene and Preneogene rock
masses, atmospheric deposits and surface flows are infiltrated into the sand
layers of Pannonian age. Precipitation excreted in this area does not have
greater significance due to low permeability of clay that prevents infiltra-
tion. In the valleys of the Velika Morava, Ralja and the Danube river and on
the lower terraces, flowing of water from other types of aquifers (phreatic)
is possible. Topographic surface influences the depth of waterbearing strata
and the character of artesian wells.

Great importance for hydrogeology of the entire area has a tectonic of
terrain. During tectonic movements in the Middle Miocene, especially at the
end of Pliocene, Pontic sediments moved in the southwest-northeast direction.
These developments created several blocks with different depths to waterbear-
ing strata, as can be seen from the overview of depth of wells in the Danube
region and valleys of the Ralja and Velika Morava river. On the geological map
of Smederevo several active faults were observed that have influence on geo-
morphology, location of waterbearing collectors and the depth of aquifers.
Smederevo-Cuprija fault that stretches along the western rim the valley of the
Velika Morava should be emphasized, fault-Pan¢evo-Smederevo Pozarevac,
about 140 km long, and of great significance are faults of Azanja, Jasenica and
Ralja, which stretch along the valley of the Ralja towards West east, which is
known from the works of P. Stevanovi¢ (1949). Geophysical research has re-
vealed numerous transverse faults of which the most important is Grocka-
Kolari, whose direction in azimuth is 110°.

The division of the Danube region of Smederevo on the four smaller
hydrogeological units is derived from previous results and characteristics of the
tested wells that is functionally related to the topographic surface and geologi-
cal composition of the terrain. The depth of waterbearing strata in the Velika
Morava valley is increasing to the point of confluence with the Danube due to
lowering of the Pannonian basin and uplift of its rim. Proximate river basin of
the Danube and the Danube region of Smederevo are characterized by deep
aquifer of artesian type. All the wells have a hydrostatic pressure above the sur-
face, and self effusion of different yield potentials. Deep well TM-1 / A of Ju-
govo provides water with increased mineralization and high salinity (the taste
of sea water), which indicates the confirmation of the geological history and
the tectonic movement in this area.
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Conclusion

In the area of the Danube region of Smederevo annual precipitation is
of 660 mm of rainfall, or 320 million m® per year. Most of the river dries up
and there is a large number of temporary water flows. The Danube and the Ve-
lika Morava river are important waterways, but their potential is underused be-
cause of heavy pollution. The situation with the smaller streams in the interior
area is more serious. Therefore, the population is directed towards groundwater
for the need of water supply. However, phreatic aquifer has recently been ex-
posed to stronger pollution and, as the possibility, only deeper aquifer re-
mained. The potential of deep aquifer is large, but not sufficiently researched.
In the future, Smederevo will have to increase the production of drinking water
by about 20% for the supply of urban and rural population. In the alluvial
plains of the Velika Morava and the Danube river there is sufficient amount of
water, but the problem is to ensure its quality. So, the problem of water supply
in the Danube region of Smederevo, as well as in the entire Serbia, is not quan-
titative but qualitative. Integrally and sustainable management of water re-
sources in one area should be based on integration of all available resources
and their rational use, for different users and purposes, rather than insisting that
all users at all costs should integrate around a single water resource.
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