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CUMYJAIINJA PEXXUMA KAPCTHE U3JAHUA
HNPUMEHOM 31 XUJIPOAUHAMHUYKOI' MOJIEJIA
HA ITPUMEPY ITUPOTCKE KOTJIMHE "
KAPCTHOI' MACHUBA CTAPE IINTAHUHE

SIMULATION OF THE REGIME OF KARST
WATERS BY 3-DIMENSION HYDRODYNAMIC
MODEL ON THE EXAMPLE OF PIROT VALLEY
AND KARST MOUNTAIN RANGE OF STARA
MOUNTAIN

Casicemax: [Ipupoonu unu eKCHIOAMAYUOHU PENHCUM KAPCTHUX
u30aHckux 8ooa Hajuewhe ce cumyaupa NpuMeHOM CMOXACTUYKUX
(xuoponowkux) Mmodenra Koju ce Kapakmepuwy mozyhuowhy
cumynayuje u npocHose oopeheHux npoyeca MoOKOM 6pemeHd, npu
yeMy ce He AHAMUBUPA]Y YVCIOBU Y XUOPO2EONOUWKO] CPeOUuHU.
THocneowux eoouna, passojem cogpmeepa omozyhena je uzpada 3/
0emepMUHUCMUYKUX — (XUOPOOUHAMUYKUX)  MoOena  Kpemarba
noo3eMHUx 600a y Kapcmugukoeanum cmeHckum macama. Ha
npumepy xapcmuoe macusa Cmape nianune u Ilupomcke xomaume
NPUKA3aHA je CUMYIAYUja jeoaHaecmo2o0ube2 pexrcuma KapcmHe
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usoanu. Kao pezynmam ussedene cumynayuje oopelhenu cy eremenmu
ounanca ose uz0aHu, yuje 800e UMAjy U3V3EMAH COYUOEKOHOMCKU
3HAYA] Y peuasary pecuoHAIH02 6000CHADOEBARA CMAHOBHULUMEA.

Abstract: Natural or exploitation regime of karst waters is usually
simulated by the use of stohastic (hydrology) models which are
characterized by the possibility of simulation and prognosis of certain
processes in time, where the conditions in hydro-geological
surroundings are not analyzed. In recent years, the development of
software  has enabled creation of 3-dimension determin
(hydrodynamic) models of the movements of groundwaters in
karstified rocky mountains. On the example of karst range of Stara
Mountain and Pirot valley, the simulation of eleven-year regime of
karst waters is presented. As the result of the simulation made,
elements of the balance of these karst waters are determined having
the significant social and economical importance in regional water

supply.

Kawyune peuu: xapcmua uzoam, xuopoOuHamuyku Mooen, paHudHu
VCA08U, OUNAHC NOO3EMHUX 800d
Key words: karst waters, hydrodynamic model, border conditions,
balance of underground waters

1. VBOJ

Janac je y cBeTy 3a motpede Moieupama CTpyjama MOI3eMHUX
BOJIa 3aCTyIUb€HA YIJIABHOM METOJa KOHAaYyHUX pa3nuka. JomuHmpa
MPOrPaMCKH TMAaKeT, MO3HAT oA uMeHoMm Modflow, unjy cy uspany
(dbuHaHCUpane CAI[ u KaHaza 1 koju mpejicraBiba CTaHAApA y OBHM
semsbama. [locroju mpeko 50 Bepsuja oBor mnporpama, Koje ce
Mel)ycoOHO pa3iuKyjy VYIJIaBHOM TIpeMa MOTYNHOCTH 3a/laBama
CIeUM(HUYHUX TPAHUYHUX yCIOBa M TpaduukuM MoryhHocTuma.
TpenytHo ce Ha /lemapTMmaHy 3a XUAPOTEOJIOTHjy 3a OBe IMOTpede
MpopadyyHd  COpoBOJAE KopHuIIhemeM JHIEeHIUpaHor 64-0uTHor
nporpama  Groundwater — Vistas — 6.64, Bep3mja  Advanced
(Environmental Simulations International, Ltd.), xoju ce cBpcTaBa y
caM CBETCKH BpX Iporpama oBe Bpcte. OCHOBHE KapaKTEPUCTHKE OBOT
MPOrpaMCKOr TMaKeTa Cy, MOpea OHOra WITO je PEYEHO: MPAKTUYHO
HEOTpaHWYEHHW OpOj W BEIMYHMHA TUCKPETHU3aIlMje CTPYJHOT I10Jba,
KaKo y IUIaHy, TaKO y BEPTUKAIHOM MNpOodHiIy, KOJU j€ JUMHUTHPAH
caMO MEMOPHJCKMM MOTyhHOCTHMa XapjBepa U MOTIYHO rpaduyko
OKpYyXeme, KOMMATHOUIHO ca ocTanuM mporpamuma Windows-a.
[Ipopauynu Mory Jnma ce peanusyjy y CTallMOHapHHUM U
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HECTAllMOHAPHUM  YCJOBHMAa CTpyjama MOA3EMHHUX BOJAa, ca
KOHCTAaHTHHM WJM TPOMEHJBMBAM TPaHUYHUM ycloBuMa (TIO
MIPOCTOPY U BPEMEHY).

2. UBPAJIA (POPMUPABE) XNJPOJNHAMMNYKOI' MOJIEJIA

HMako je y HammMM YCJIOBHMa IPUMEHA XHUAPOJIHHAMHYKUAX
MoOJIeNia y CUMYJIAIMjH PEeKUMa KapCTHE M3JIaHHM BeoMa CKPOMHA, Y
u3paayd OBOT Mojeia KopuirheHa cy cTpaHa u jaomaha wuckycTBa
(Field, 1997; Scanlon, Mace, Barret & Smith, 2003; Kovacs & Sauter,
2007; Ilomomumh, CteBanoBuh, Puctmh-Bakaman, [JoxkmanoBuh u
MunanoBuh, 2012; I[Momomumh, [parummh wu YKusanoBuh, 2013).
Konnenmuja uspage XxuapoauHaMuukor mojena [IupoTcke KoTimHe
ca kapcTHUM MacuBoM CTape IJIaHMHE 3aCHUBA C€ HA CHUMYIALUjU
TPOJUMEH3UOHAITHOT CTPYyjama MOJ3EMHHX BOja. 3a moTpede m3pane
OBOI' MOJIeJIa Ha TIPBOM MECTy je OWJIO HEONXOJHO NPUIPEMHUTH
noasiore (ITomomuwnh, 2002) xao mro cy:

— OCHOBHA MHTEpIpETalrja yJIa3HUX MMojaTaKa,

— IIIeMaTu3alrja Mopo3He CPerHe,

— IeMaTHu3alnja yciaoBa GuiaTpanmje.

3a m300p KOHIIETIMj€ MaTeMAaTHYKOT MOJENa, OJ TMPEeCyIHOT
3HaJYaja cy OWJIM THUN M KapaKTEPHUCTHUKE 3aCTYIUBCHHX TI'COJIOIIKHX
YJIaHOBA, PaCIPOCTPAKEHHE BOJOHOCHHX M HM30JaTOPCKUX CJIOjeBa,
GuITpaloHe KapaKTePUCTUKE IOPO3HE CPEMHE, YCIOBU, MEXaHNU3aM
U PEKUM CTpyjaba TOJ3€MHUX BOJA, KA0 U KEJBEHH LWb. Y
KOHKPETHOM CIIy4ajy, MPHUCTYNUIO C€ HU3PaAdl BHIIECIOjEBUTOT
Mojena, ca MoryhHomhy ayTomarcke HpOMEHE CTPYjHOT T0Jba,
3aBHCHO 0]1 YCJIOBa CTpYjamba.

2.1. TEOMETPUJA 1 JUCKPETU3ALUJA CTPYJHOI [1OJbA
HWPEI IIOAPYYJA UCTPAXVBABA

[lpumemenn XuapoAMHAMHYKH Mozaen oOyxsara [Iuporcky
KOTJIMHY ca HEHHM 000110M, OAHOCHO KapcTHH MacuB Crape
manuHe. Ha coumu 1 nar je npuka3 kapetHor macuBa Ctape IjlaHuHE
u geo [luporcke KOTIMHE ca JOKalMjamMa Haj3HAYajHHjHX Bpesia Ha
KOjHMa je PErHCTPOBAHO APCHUPAE KAPCTHE U3IaHU.
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Cnuka 1 Teorpadcku mososxaj u e
IMupotcke KoTHMHE M KapcTHOT MacuBa Crape MIaHnHe
Figure 1 Geographical position and scheme geology map of Pirot valley and
karst range of Stara Mountain

HcTpaxHo noapyyje KapakTepHIile Majal CTENEeH UCTPAXKEHOCTH.
Haj6osme je uctpaken kapctau macuB Crape miaHuHe, 10K [Tuporcka
KOTJIMHA M Jy)XHe majauHe Bramke maHWHE HHUCY JTOBOJBHO
uctpaxxeHe. Ha ocHOBY pesynrara uctpakuawma TokoM uspane OI'K,
muct K 34-34 [Mupot, OXI'K CHLI" u manor 6poja HCTpakKHUX pajaoBa,
3aKJbY4YEHO J€ Jla HUCTPaXHO MOApYyYje YMHE 3 XHUAPOTeOoJIOIIKe
LenuHe: KapcTHU MacuBu CTape IUIaHMHE U jyXHe najnuHe Bramke
IUTAHWHE KOje YMHE UCIYLAIH U KapcTuhukoBanu kpeumanu (I3, Kj),
TUTMOIICHCKHU Tecak U nubyHak [Iuporcke kotiuue (P1Q), anmyBujamHu
cenumenTn pexa Humase u Jepme (alQ) u cnabuje mpomycHe cTeHe
(K1, Ky, P). ¥V BomoHocHuM cpenuHama dopMupane cy oarosapajyhe
W3AaHW: KapcTHa, CIIOKeHa 30MjeHa W3AaH Y  IUIHOIEHCKHM
CeIMMEHTHMA W 30MjeHa M3/1aH ca CI00O0THUM HUBOOM - ayBHjallHA
W3aH.

C o003upoM Ha pEruoHATHA KapakTep XHUIPOJIUHAMHYKOT
MOJlela M CKPOMHE pe3yjiTaTe pPaHWjuX HCTPaXKHWBamka, H3IBOjCHE
XHUJPOTEOJIOIKE IEJIMHE MPEICTaBbajy OCHOBY 3a ILIEMaTU30BaHE
Mozencke ciojeBe. Cymupajyhu HaBe1eHO, TOCMATPaHO O TIOBPIITUHE
TepeHa, KOPECIIOIEHTHHU CJIOjeBH MOJIENIa U TePEHa Cy:
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Mogencku cioj | JINTONOMIKK YIaHOBU WU3nan
MIPUIOBPIIMHCKH KOMILIEKC aTyBHjaTHUX
JIMHOBUTHX, TIECKOBUTUX U IIJBYHKOBUTUX aJyBHjalHa,
MIPBH CJI0j cearMeHaTa Koju 00YHO mpernase y IJINOLIEHCKA U
IJTUOIEHCKE CEIUMEHTE WA Y KapCTHa U3/1aH

KapcTU(UKOBAHE KPCUHAKE

APYTH C10j IUTHOIICHCKU TIECKOBUTH CEAMMEHTH KOJU TJIMOLIEHCKA U
Py ) 00YHO Tpernase y KapcTU(UKOBAHE KPeUmhaKke | KapCTHA M3IaH
tpehu cnoj MOJJMHCKHU KapCTU(PHUKOBAHU KPEUhalli KapCTHA M3/1aH

BepTukanHo pacnpocTpameme JIMTOJOUIKMX — 4IaHOBa  je
onpeheHO Ha OCHOBY paHUJUX HCTpaKHMBama. AJyBHjalHE Hacyare
pexka Humase u Jepme wumajy Makcumanny ne0Ospuny 10-15 M,
IUTHOLIEHCKH cequMeHTu 0 100 M, a kapcTu(UKOBaHM Kpeumwalu y
kojuMa je ¢opmupaHa wuzgaH MakcumanHo A0 200 M wucnon
IUIMOLICHCKUX cenuMeHara. [lomeHyTe nebsbMHE XHMIPOTeOJIOLIKUX
[eMHA Cy 3aJlaBaHe y OJIHOCY Ha MOBPIIMHY TepeHa, umju je 3/[
npuka3 nat Ha ciuny 2. Kao mpumep BepTHKamHE IIeMaTu3alldje
cllojeBa, Ha CIIMLM 3 je MpUKa3aH meMaTcku mpodun kpo3 [Tuporcky
KOTJIMHY.

Crnuka 2 3]1 eneBaiiioHH MOJISIT TIOBPILIMHE TEPEHA NOAPYYja UCTPaKUBAHA
Figure 2 3-dimensional model of the terrain surface which has been under
research
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Cnuka 3 IlleMaTcku XUAPOTEOIONTKH MTpodIT Ha TToTe3y Bpeio Kpymary —
Bpeno Kapak (MoaudukoBano uz Puctuh Bakamail, CteBaHoBuh U

Munanosuh, 2012)
Figure 3 Scheme hydrogeological profile of the area which includes the
spring Krupac and the spring Kavak (modified from Ristic - Vakanjac,
Stevanovic and Milanovic, 2012)

OcHOBHE TUMEH3Mje MaTpHIle KOjoM je oOyxBaheH m3y4daBaHU
TtepeH cy 31.4 kM x 24 kM, mTo oOyxBaTa mpoctop on 753.6 KM
[IpeMa OCHOBHO] KOHLENUMjH MOJCIMpPAaka [PUMEHOM METOAE
KOHAYHUX TpHpallTaja Koja je OBAC NpHUMEHEHa,  Opojy
LIEMATH30BaHUX Cl0jeBa OAroBapa 6poj mbUX0oBHUX MaTpuua. Marpuie
CBHUX CJIOjeBa Cy MCTUX AMMEH3Mja y IUIaHy, TaKO JAa NOKPHBAjy Lemly
MOBPIIMHY [IEMaTU30BaHOT TojApyd4ja. JluckpeTuszaimja CTpyjHOT
0Jba y IUIaHy je M3BEJICHa Ca OCHOBHOM BenuuuHoM henmja 400 m x
400 M, kOja je y 30HM KapCTHUX Bpeja NorymheHa MpexoM Kajpara
nuMensrja 25 M x 25 M (cnuka 4) pecniektyjyhu morpeOHe 3axTeBe 3a
o6e36eheme Hymepuuke crabmiHoctu npopauyna (Ilomomunh, 2004).
Tepen oOyxBaheH MopgenoMm je WU3IC/LEH MPEKOM KBajpara U
npaBoyraoHuka auMmensuja 124 pena x 139 xoioHe u cactoju ce ox
37. 968 akTHBHHX MOJIEJICKUX hernuja.
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Cnuka 4 31 xunporeosnowmku moaen [Iuporcke KOTIMHE U KapCTHOT MacuBa
Crape u CyBe I1aHuHE ca MPUKA30M IMPOCTOPHE TUCKPETH3AIIH]E
Figure 4 3D hydrogeological model of Pirot valley and carst range of Stara
and Suva Mountains with spatial discretization
Jlerenga 1. anyBujanna uzjas, 2. IUIMOIICHA U3/aH, 3. KApCTHA U3/IaH
Captions 1. Alluvial aquifer 2. Pliocene aquifer 3. Karst aquifer

2.2. ®GunTpaluoHe KapaKTepUCTUKE TOPO3HE CPEeInHE

OuITpaliioHe KapaKTEePUCTUKE I[IEMAaTH30BaHUX MOJAEIICKUX
cllojeBa Cy 3a/laBaHe MPEKO BPEIHOCTU KoeduiljeHata Guirpaumje u
crnenuduIHe HM3AMIHOCTH W3AaHW. HaBeneHu mnapamerpu TIOPO3HE
CpeAMHEe Cy 3aJjaBaHH Kao PENPE3CHTATUBHE BPEAHOCTH y CBaKO)
henuju quckperusanmyje.

Kao nonaTtHa, HeraTuBHa MMocJieIuIla HEIOCTaTKa OATrOBapajyhux
MOJUIOTa, CTOJU UWICHHUIA Ja MapaMeTpH YCKIAJAWINTCHha HUCY
onpeheHn HU Ha jeHOM HCTPAKHOM pany. Y Wby NPEeBa3WICkKamba
OBOT' HEJIOCTAaTKa, UCKOpUIheHa Cy cTpaHa UCKYCTBa O BpEIHOCTUMA
OBHUX TapameTapa 3a NMPHUCYTHE JIUTOJIONIKE uiaHoBe. Y Tabenu 1 cy
MpHUKa3aHe BPEIHOCTH MapaMeTapa YCKIAIUIITeHa 3a CBaKd THUII
W3JIaHU.

Tabena 1 Bpeanoctu mapaMerapa ycKIaIuIITeHa
Table 1 Values of storage parameters

Wznan popmupana y Creruduyno ycknaaumremne (1/m) | [oposnocrt (-)
AnyBHOHY 0.000022 0.25
[Inuouenckum ceaumeHTrMa 0.000032 0.35

Kapctaum tepernma 3.28e-07 0.28
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2.3. I'paHnYHY yCIOBH

VYV xuapoauHamMudkoM moneny IIMpoTcke KOTimHE M KapCTHOT
MacuBa Crape mjiaHuHe IPUMEHEHU Cy clie/ichy TpaHUYHM YCIIOBU:

l. ,,BepTHUKaIHU ounaHc”, pe3yaTaHTHa (edexTrBHA)
uHpmITpaIMja, Kao pe3yarar paziuke HHPUITpalnje oj NaJaBuHA U
€BaIroTpaHCIIUpaIyje

2. TpaHUYHU YCJIOB ,,peKa‘

3. rpaHMYHH YCIIOB Ca 3a/laTHM NPOTULAjeM
4. rpaHHIIa OMIITET IMHje30METAPCKOT HUBOA
5. TpaHUYHH YCIIOB APEHAXA.

EdextuBHa nnpumirpanuja

Y yxkynHOM OWJIaHCY TMOJ3€MHHUX BOJa, T3B. ,,BePTHKAIHHU
OunaHc” M3ydaBaHOI MOJpyYja MMa 3HayajaH yTHUIAj, Mpe CBera Ha
KapcTHy u3fad. [log BepTUKAIHUM OMIIAHCOM OBJE CE TOJIpazyMeBa
epexTHBHA, pe3ynTaHTHa HHQWITpanuja. OBy BEIHMYUHY YWHH CyMa
MHOWITpalyje Of MaJaBHHA, HCMIApaBamka ca HUBOA TMOA3EMHHUX BOJA
u eBanoTpaHcnupanuja. [lopen Tora, o BemWKOr je 3Hadaja AyOWHA
70 HMBOA TMOJ3EMHUX BOJA, CTake BIlare, Kao M JIMTOJOMIKH CacTaB
Tiaa Hagu3gaHcke 30He. Kao wWHUIMjaiHA BpPEIHOCT €(EeKTHUBHE
MHOQUITpalMje 3a KapcTHE TepeHe ysera je BpeaHocT on 50%
nagasuHa. OBaj IPaHHYHM YCIOB je 3ajaT caMO y INPBOM CIOjy
Monena. Kao penepHa craHWIla aHaJTU3UPaHOT IMOApyYja y3eTa je
najaBuHCKa ctanuna JojkuHnm. Ha cnumm 5 mpukasaHe cy MeceuHe
BpeaHocTH magaBuHa 3a mnepuox on 2000. nmo 2010. ronmue
PETUCTPOBAHUX HA TIOMEHYTO] MaIaBUHCKO] CTAHUIIH.

I'pannynu ycnos ,,pexa‘

On nNOBpPIIMHCKUX TOKOBAa, HAa TEPEHYy Cy IPUCYTHE pEKe
Humaga u Jepma. 3a 3agaBame Bomoctaja peke Hummase xopunthenu
Cy TOJaly ca JIBe XHUAPOJIOIIKE CTaHHWIE KOje ce Haja3e Ha yiaszy
(CykoBo) u u3na3y u3 noapydja uctpaxupama ([Tupor). Ha ciumm 6
Cy TMpuUKa3aHe pPETUCTPOBAHE BPEAHOCTH BOJOCTaja Ha OBE JBE
cranuile 3a nepuoa 2000 - 2010. r. Pexxumu peke Humase Ha HUBOY
CPEeEe MECCYHHX BPEJHOCTH Cy CarjlacHH, O 4YeMy CBEJOYH H
Koe(ulrjeHT Kopenanuje koju uznocu 0.84.

XuApoAMHAMHYKK MOZEN CalpXu yKymHo 117 mozenckux
hemja y kojuma je 3ajaBaH oBaj IpaHMYHM yCIOB. BpenHoctu
BojocTaja peke Humase y Mozenckum hendjama cy ayTOMaTCKu
3aJaBaHe Kao omajajyhe BpPEeJHOCTH Yy JIMHEAPHO] 3aBUCHOCTH O]
BOJIOCTaja PErMCTPOBAHOT HA XUAPOJIONMKOj craHuu CyKoBO, CBE 710
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u3Naza W3 mojapydja mojnena (Ha XUIPOJIOMIKO] craHuiy I[lupor).
[Tosokaj OBOT TPAHUYHOT YCJIOBA HA MOJICITY MPHKA3aH je Ha CIUIHN 7.
Peka Jepma Huje 3amaBaHa Ha MoOJENTy, Kako 300T HEMO3HaBamba
XHUJIPOJIOMIKOT PEXHMMa, TaKO U 300T MPOIECHEHOT MUHOPHOT YTHIIAja
y IpeHupamwy KapcTHe n3anu u3 MacuBa Crape mianuse y [luporcky
KOTJIUHY.
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Cnuka 5 MecedHe cyMe NaJlaBUHA PETHCTPOBAHE HA MAJIABUHCKO] CTAHHUIIN
Hojxunnm 3a nepuox 2000 - 2010.r.
Figure 5 Monthly precipitation registered on the precipitation station
Dojkinci for the period 2000-2010.
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Cnuka 6 Jlujarpam Bogocraja HuiiaBe Ha XHIPOJIONIKAM CTaHUI[AMa
CyxkoBo u ITupot 3a mepuoa 2000 - 2010.1.

Figure 6 Diagram of water levels of the Nisava river in hydro-stations
Sukovo and Pirot for the period 2000-2010.
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Crnuka 7 Tlpuka3s rpaHA4HOT yCIIOBa peka, hienuje 6e3 mpoTuiiaja u Mpexa
JUcKperu3anyje (y IiaHy) 3a APYryd MOJCICKHU CJIO]

Figure 7 Presentation of the boundary condition of rivers, cells without flow

and the net of discretization (in the plan) for the second model layer

Cmep kpeTama Boje u3Mel)y peke M HU3JIaHu 3aBUCH Off
XHUIICOMCTPHJCKOT OJHOCA HHBOA IMOA3EMHHX BOJA Yy MOJEICKO]
henuju, Koja je pesyiarar mpopadyHa M 3a/laTOr HUBOA BOAC Y PELH.
YKOJ'II/IKO je HMBO y pEUM BHUIIM OJ HMBOA MOA3CMHHX BOJA, peKa
»XPaHH~ M3[@H, Tj. CMEP KpeTama BOIC Je M3 peKe y u3jaH. Y
CYNPOTHOM, peKa APEeHUpa U3/aH, Tj. CMEp KpeTama BOJC j€ U3 U3/IaHU
y peuyHo KopuTo (ciauka 8). XuapayJduuka yJora OBOI TOKa
MIpe/iCTaBJba jeflaH O pe3yJiTaTa Kanuoparuje Moaena.

['panryHM yCIIOB ca 331aTUM MPOTHUIIAjeM

I'enepanno, y oxBupy [lupoTcke KoTiIMHE mocToje 4 3HaYajHUja
KapcTHa Bpena, koja ce jom ox 1960. rogmue kopucTe 3a moTpede
BojocHabeBama rpaaa [Tupora. To cy Bpeno Kpymnar 1, Kpymnam 2 u
I'pagumTe, KOju ce Haja3e Ha KOHTAKTy KapCTHE HW3JaHU U
IUTMOIICHCKUX ceauMeHara, W Bpeno Kamak, koje ce jaBpa y
neHtpatHoM aeny [Tuporcke koramue. HakamocT, mako cy Heka of
BHUX y eKcIuioaTanyju Buiie ox 50 roauHa, ocMaTpama peKuMa OBHX
BpeJa Cy BpIIEHa CaMO CIIOPaJUHO.
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Cmuka 8 IlemaTtcku XHz[poreonomKH npodrn, A — IMepruoT BUCOKUX
BOJIOCTaja KaJia MOBPIIMHCKY TOK NMPUXpamyje u3iaH, b — nepno HUCKUX
BOJIOCTAja KaJla U3J]aH MPUXpamyje MOBPIINHCKH TOK, | — KapCTHU JIENIOBU

TepeHa, 2 — aTyBHjaJlHA CEIUMEHTH
Figure 8 Scheme hydrogeology profiles, A — period of high water levels
when the surface flow feeds the waters, B — period of low water levels when
the waters feed the surface levels, 1— karst parts of the terrain, 2 — alluvial
sediments

Kpymar 1 u 2 cy mehycoOHo ynaseenu cBera 120 M, a 3ajeqHo ce
Hanasze Ha oko 10 kM ox menTpa rpaaa [lupota (cnuka 1 u cnuka 3).
Bpeno I'pagumire ce Hanasu y ceny I'pagumTy mo Kome je u J00ujo
nve (cnmuka 1). Kora uctumama oBor Bpena je 414 m H. M. 30Ha
UCTHLIAKkA je y ceBepoucTouyHoM oboay [IupoTckor OaceHa, cMemTeHa
u3Mely kapctHux MacuBa Tenom u Bujnu. JaBiba ce Ha KOHTakTy
Kpeumaka M alyBHjaJHUX ceAuMeHaTa peke Huimase, a Bojge oBor
Bpesia ce KOpUCTe 3a BojocHabJeBame [IMpoTra TOKOM KPUTHUYHHX,
CYLIHHMX MECEIH, OJJHOCHO y MPOCEKY TOKOM JieTa U jeceHu. KaBak ce
jaBJba y neHTpanHoMm aeny Iluporckor Oacena, Ha mepudepuju camor
rpaga. OBa wW3maH Kapakrepuiie ce JTyOOKoM CH(OHAIHOM
LIUPKYJIAalKjOM, BpeJIO je Yy3Ja3HOI THUMA, a U3JaHCKe BOJE,
npobujajyhu  ce Kpo3 IUIMOLEHCKE CEAUMEHTE [y pacejHe
CTPYKTYpE, jaBjhajy c€ Ha IMOBPUIMHMA TEpeHa Yy BUAY OBOT Bpela
(cnuka 3

Hctuname BoAe M3 KAapCTHE HM3AAHM HAa CBa 4YETUPU Bpesa
CUMYJIMPaH je TPaHWYHHUM YCIIOBOM 3ajaTor mpotwuiaja. Jlokaruje
KapCTHHUX M3BOpa Ha MOJpy4jy oOyxBaheHOM MOEIIOM Cy MpHKa3aHe
Ha couud | w ciunu 7. W3 pasnora mTo ocMaTpama U MEpEma
KOJIMYMHA MCTEKJIMX BOJA Ha OBMM BpEeJIMMa HHCY BpIIEHa Y
KOHTHHYMTETY, 3a HaBeJieHe MoTpede Kao NpBO OWIIO je HY)KHO
U3BPIINTH TONYyHAaBake M MpoayXkaBawme IocTojehux Huzosa
UCTHLIaKa U3 KapCTHUX Bpena (OCpPEeImEHMX Ha MECEYHOM HHUBOY).
[MonymwaBame M TpoayXaBame MOcTojehnx HH30Ba H3BPLICHO je
KopuithemeM BHUILIECTpYKe JInHeapHe Kopenanuje (Pucrtuh-Bakamar,
CreBanoBuh 1 Munanosuh, 2012), a pe3ynratu OBUX NpopadyHa AaTu
cy Ha cnukama 9 u 10.
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Figure 9 Water levels of the spring Gradiste, Kavak, Krupac 1 & 2 for the
period 2000-2010.
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Cmuka 10 YkymHa (cymapHa) m3gamraocT Bpena ['pagumre, KaBak u
Kpynan 1 u 2 3a nepuoa 2000 - 2010.r.
Figure 10 Total water levels of the spring Gradiste, Kavak, Krupac 1 & 2
for the period 2000-2010.
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CrienjaiHy  cilydaj OBOT TpaHUYHOT YCJOBa je Kaaa y
Mojenckoj hemwju He mocrtoju mpotunaj (q=0). OBUM TpaHUYHHM
yCIIOBOM c€ cuMyiupa cTtpyjHa KoHTypa (W=const), oIHOCHO
BOJIOHEIPOITYCHA TPAHMIIA MU TIOJIPYYje KOje OKpYXKyje MOACH, a 3a
KOje HeMma IojaTaka O pacmopeay IHje30MEeTapCKOr HHBOA WU
MPOTHIIA]ja.

['panuna omnmrer nuje3o0MeTapcKor HUBoOa

OBUM TpaHUYHHM YCIIOBOM CE€ CHMYJIUpa yTHIA] HEKOT H3BOpa
NpUXpamuBamba WM JPCHUPaka KOJH Ce Halla3u BaH MOJApydYja
oOyxBahenor monenom. C o63upoMm ga je moaenom oOyxBaheH aeo
kapctHor MacuBa Crape 1wianuHe (Bumnud), yTuiaj moOA3eMHOT
JOTUIIAja Y MOJIEN W3 MpaBIa CEBEpa M HCTOKA j€ CUMYJIHpPaH OBUM
TPaHUYHUM YCJIOBOM. 3a/laH je caMO y TpeheM MOJEICKOM CIojy
(cmuxka 12).

BpenHocty mmje3oMeTapcKor HHBOA KOjU PEMPE3CHTY]y OBaj
TUI TPAHUYHOT YyCJIOBAa, Ka0 M BPEAHOCT KOCHHIMjEHTa Y OBHM
MojaelnckuM  henmmjama  mpeAcTaBiba)y  jelaH  OJ  pe3yirara
eTajoHupama wmojena. CBakako Ja BpPEAHOCTH HHBOA Y OBOM
TPAaHUYHOM YCIIOBY TpaTe PEXHUM IMaJaBUHA, ¢ 003UpoM Ha u3pahen
yTHUII] TTaJJaBUHA HAa PeKUM KapcTHe u3nanu. Ha coumu 11 npukasane
Cy WHHUIIMjAJTHE BPEAHOCTH TTHJ€30METapCKOT HIUBOA 32 OBA] TPAHUYHU
YCIIOB.
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Figure 11 Values of General head boundary condition set on
the north and east
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I'pannuHHu ycioB gpeHaxa

HpeHakxa kao TpaHWYHU YCIOB j€ ,,M3BEJICHA™ U3 TPAHUYHOT
yCIIOBa KOHTYpE ca 3aJaTHM IHje30METapCKUM HUBOOM. JloThiaj y
OBY KOHTYpY J€ y 3aBUCHOCTH OJi (WITPALMOHUX KapaKTEPUCTHKA
came JpeHaxe, ’heHUX AUMEH3Hja, U pa3lIuKe IMH1je30MEeTapCcKOr HUBOA
W3JlaHU U 3aJaTOT HMBOA Yy camoj ApeHaxH. [IpenHoct oBako 3amator
TPAaHUYHOT YyCIIOBa Orjiesia ce y Tome (IITO je jelHa OJ MPEeIHOCTH
MPUMEHEHOT CO(TBEpa) MITO CE Yy Clydajy pealiHO HUXKer HHUBOA
MOJ3EMHUX BOJa OJ 3aJaTor YCIOBa, OBaj TPaHUYHU YCJIOB
ayTOMaTCKHU UCKJbyUYyje.

Ha ocHoBy paHMjux casHawa, MOJ3EMHE BOJC M3 KapCTHE
HU31aHU q)opMI/IpaHe y Jy’)XHOM Jiety MacuBa Bramke rmiiaHuHe Hemajy
m3pakeHuju  ytunaj Ha Iluporcky komimHy. CrnpoBeneHHM
peKorHocumpameM Of crpaHe Pynapcko-reosomkor - ¢axysnrera,
yTBphEHO je /1a ce MmoA3eMHe BOJIE OBE M3/1aHu JIpeHupajy npema bemnoj
[Tamanmu. IloazemMHO OTHIIAKE€ KApCTHUX BOJA M3 MacuBa Biamike
IUTAHWHE CUMYJHMpAHO j€ TPEeKO TpaHWYHOr ycioBa apeHaxka. C
063I/Ip0M Ja HEMa KBAHTHUTAaTHBHHUX IIOKa3ar€jba O BCIHMYHMHU
JpCHUpaba OBC M3/aHH, 3a[aBarbeM OBOI THIA IPaHUYHOr YCIIOBA
TOKYIIAJI0 €€ a MUHUMM3HPA yTULA] OA3EMHOT JOTUIA]a C jyXHE
crpane y Ilmporcky kommHy. Xunipayniuuke H TEOMETPHjCKE
KapaKTepUCTUKE OBOI TI'PAaHUYHOI YCJIOBa IMPENCTaBbajy jelaH OJ
pesyarara kanuOpauuje mozxena. Ha cmuum 12 mar je mpukas
Mojenckux henuja y kojuma je 3aJ1aH OBaj TUI TPAHUYHOT yCIIOBA.

 PIROT \—__‘_

Cruka 12 FpaanHH ycnoBH y Tpehem MOZeIICKOM clojy
Figure 12 Boundary conditions in the third model layer
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3. ETAJIOHUPABE MOJIEJTA

Erajonnpame Mojiena je CIOPOBEICHO Y HECTALMOHAPHUM
yCIIOBHMa CTpYyjama, ca BPEMEHCKHM KOPAaKOM Off jeIHOT Mecela 3a
aHanmu3upaHu BpeMmeHcku nepuop (janyap 2000 - memembap 2010.r.)
(yxynHo 132 BpemeHCKa KOpaKa), KOJH je Ha HHKEM HHBOY HTepalija
noziesbeH Ha 10 nenoBa, HejeaHaKor Tpajarba (pakrop 1.2).

Crpyjae MOA3CMHHX BOZAa j¢ Ha MOJCIY padyHaTo o
CHMYJIMDaHO Kao pEallHO CTpyjare, IIOA TNPUTHCKOM, WM ca
CII00OZHMM HHBOOM, Y CBAaKOj henmju AMCKpeTH3aluje 10jeInHaYHO,
MIpH YeMy CY YCJOBH CTpyjara TOKOM BpEMEHa Ha MOJEIy MEHhaH! Y
CKJIaJy ca pealHuM ycnoBuma. HymMepuuku npopadyHy W3BEACHHU Cy
Ha Bep3uju mnporpama Modflow-2000 (Harbaugh, Banta, Hill,
McDonald, 2000).

Kao yna3zum nojanm xopumheHu Cy perucTpoBaHM IMOAALU O
najiaBuHamMa, BOJOCTajy peke HuIaBe W M3JalIHOCTH YETHPHU Bpea.
BpenHocT TpaHMYHHX YCJIOBAa OMIITET ITHje30METapCKOT HUBOA H
JIpeHa)ka Cy 3aJaBaHd Yy HECTAllHOHAPHOM pEXUMY H  TIOJ
JOMUHAHTHUM YTHIAjeM pexuma magaBuHa. OJICYCTBO OCMaTpayvke
MpeXe U IMoJaTaka MOHUTOPHHIAa O paclopeay IHje30MeTapCKuX
nputucaka y Iluporckoj komimHM Wy KapcTHOoM MacuBy Crape
IUIAHWHE CBAaKako Jla YyMamwyjy THOY3JaHOCT XHUAPOJUHAMUYKOT
Mozena. Etanmonupame monena je 0asumpaHo Ha OWIAHCY KapCTHE
u3nanu, npema nocrojehum momamuma. Y muiby oOez0ehema HOBHX
MojiaTaka 3a CUMYJAIHjy peXuma MOJ3eMHUX BOJA, y TPBOM peay
kapcTHe u3nanu Crape MmiIaHUHE, U3BE/IeHA CYy HOBA MCTPaKUBamba O]l
ctpane Pymapcko-reonomkor ¢akynrera y beorpany (asrycr, 2011),
Koja Cy MMala 3a LUuJb yTBphHMBame KOJMYMHA BOJAA KOje Ce U3
kapctHor MacuBa Crape IUTaHWHE JApeHHupajy y peky Huiasy.
CumynTana Mepema Cy M3BpIIEHa Ha HEKOJIMKO MEpHHUX Mpoduia.
YTtBpheno je nma ce msmehy BomomepHux mnpodmna Hwmasa 1 wu
Humasa 2, kapcTHa u31aH ApeHupa y peky HumaBy y KOJHUUHH Of
673 n/c y XuapOJIOIIKOM MHUHUMYMY. Pe3ynraTi OBUX HMCTpa)kKMBama
YCMEPHJIH Cy | paJl Ha eTAIOHUPAY MOJIETIA.

Ha cmuum 13 mpukaszaH je pacmopen XUAPOU3OXHUIICH Y
[IupoTckoj kKoTMHM u KapcTHOM MacuBy Crape IUTaHWHE 3a
BpeMeHCKH Tmipecek 128, omnocHo 3a aBryct 2010. r, koju mo
XUIPOMETEOPOJIONIKUM MTapaMeTprMa OJroBapa XuIposIOIKOM CTalby
Humase u Jepme u3 aBrycra 2011. r, kajga je BpIIeHa CUMYyJITaHa
xuapomerpuja. Ha wucroj cnumum mpukasaHa je 30Ha WHTEH3UBHOT
JpeHUpamba KapcTHE U3JaHu, OJHOCHO MpUXpamuBama peke Huiase
Ha padyyH KapCTHUX U3JIAaHCKUX BOJA.
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Cruka 13 [lpuka3 xugpounsoxurick y [IMpoTckoj KOTINHHU U KapCTHOM
MacuBy Crape mianuse 3a aBryct 2010. r.
Figure 13 Presentation of hydroisohypsis in Pirot valley and karst range of
Stara mountain for August, 2010.

Amnanuza OuilaHca MOJ3EMHUX BOJA M3BEJCHA j€ 3a MEepuoJ 3a
KOJH je W3BpIICHAa HECTAIlMOHApHA CHUMYJallija pekuMa IMOA3EMHUX

Boga (jamyap 2000 - nemembap 2010. r.). Pesynratm anamuse cy
MpUKa3aHu Ha ciukama 14 u 15.
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Figure 14 Presentation of total inflow and outflow from the model with the
error of calculation for the period January, 2000. - December, 2010.
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Cmuka 15 Ilpuka3 magaBuHa B MPOTHO3HOT ITOA3EMHOT IPCHUPamka BoAa
KapcTHE u3Manu y MacuBy Crape TuranuHe 3a nepuon janyap 2000 -
nernem6ap 2010.r.

Figure 15 Presentation of precipitation and forcast underground draining of
karst water in the range of Stara Mountain for the period January, 2000.-
December, 2010.

Ca ciouke 14 Moke ce youuTH Ja 1O THTalky OwuiaHca
MOA3EMHHX BOJIa HAa TOJPYYjy 00yxBaheHOM MOJIeJIOM MTOCTOjH BeoMa
noOpa ycariamieHOCT JOoTHllaja M OTUI@ja W3 Mojena. ['pemika
mpopauyHa (ca acmekra OuiaHca MOA3EMHHX Boja) kpehe ce y
untepBany on csera -0.0088 % mo 0.0084 % 3a neo aHanu3upaHu
MepHOo.

Ha cmumm 15 je mpukasaHa 3aBHCHOCT BEIMYHMHE IMAJaBUHA U
JpeHupama KapCcTHE M3/aHU 1Mo mobony KapcTtHor MacuBa Crape
ianuHe y peky Humasy (6e3 Bpena) y 30HU WHTEH3WBHOT MCTHIIAHA
o3HaueHoOT Ha ciumm 13. YouaBa ce Op3 0OJ3UB JpeHHpama KapCTHE
W3JIaHM Ha IPOMEHE y MHTEH3UTETY MaJaBiuHa. BpenHocTy moazeMHor
npeHupama y nepuoay ox jarmyapa 2000. go merem6pa 2010. r. kpehy
ce y muaTepBaty on 500 mo 1020 n/c. Y aBrycty 2010. oBO HcTHTIAkE
n3Hocu 670 J1/c M oAroBapa pe3ysiTaTUMa CUMYJTaHE XHUIPOMETPH]e
Ha peru Hummasu (673 1i/c, aBryct 2011.).

4. 3AKJbYYAK

Wzpahenn XuaponMHaMUYKH  MOJEN  je  TOCIYKHO — 3a
cariefaBambe yTHIIaja HajaBJbEHHUX KIMMATCKHMX NpPOMEHa Koje ce
OTJIe/Ia)y Y CMambeby NalaBuHa U CXOAHO TOME OMaiamby M3/AIIHOCTH
Bpena y kapctHoM macuBy Crape miuanune. Mojen npare oapehene
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HEU3BECHOCTH, NPE CBEra HEJAOBOJHHO MO3HABAE PACIPOCTPABCHA
W3JIBOJEHUX JIUTOJIOIIKUX YIaHOBA Y MPOQUITY, POCTOPHU PACIIOPE
XHUIPOTEOJIOMIKUX MapaMeTapa, U pacrnope] HHUBOa MOA3EMHHUX BOJA,
Kako y TpOCTOpY, Tako U y BpeMmeHy. Mako onrtepehen HemocTaTkoM
JIOBOJEHO TOY3JaHMUX IOJyIora, n3paheHun MoJel Mo NuTamy OniIaHca
MOJI3EMHUX BOJIa MMa BeoMa JI0Opy yCaryameHoCT ca PETHCTPOBAHUM
nmapamMeTpuMa peXMMa TOA3EMHHX BoAa KapcTHe wu3maHu Crape
TUTAaHHHE.

3a mocraBJbamke KBAJIMUTETHUjUX MPOTHO3A epekaTa KIMMATCKUX
npomeHa Ha [IMpoTcKy KOT/IMHY M KapcTHH MacuB CTape IUIaHWHE Y
HapeIHOM TMEpPUOIy MOpajy ce 00e30eIuTH KBAIUTETHUJU YJIa3HU
nonauu. OBO ce, mpe cBera, OAHOCH Ha yTBphHBame pacropesa
MUje30METapCKUX HUBOA Ha aHAJU3UPAHOM NOJpPYydjy, HOTOM Ha
o0e30eheme moiora 3a carjielaBambe paclpocTpamemha BOJOHOCHUX
cteHa y nayOuHM, u o0e3beheme MOy3JaHMJUX  BPEAHOCTHU
XHMJIPOTEOJIONIKUX MapaMeTapa M3/1BOj€HHUX JIMTOIOMIKUX YJIaHOBA.
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