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PE3KOME. EchexTMBHOCTTa Ha ENEKTPOTOMOrpachusita KaTo OCHOBEH UHCTPYMEHT Ha XUAPOreOmnoKKATE MPOyYBAHNS € UIOCTPUPaHa C KOHKPETEH
npumep 3a paitoHa Ha [I6O AceHoBrpap. Moka3aHu ca Bb3MOXHOCTUTE Ha METOAA 3a MOKANM3MpaHu NnacToBe W 30HW C Pa3niuyHW NIUTONOXKN
XapaKTepUCTUKM W/MNK pa3nuiHa BOLOMPOMYCKIMBOCT. Ha Tasu OCHOBa B paspe3a Ca AM(EPEHLMPAHWN M MPOCTPAHCTBEHO LETEPMUHMPaHM
Pa3NWYHM MO PaHT XWAPOreonoXKM eAUHWLM. [IeMOHCTPUPaHW Ca U roNeMUTe Bb3MOXHOCTW Ha erekTpoToMorpadusTa 3a W3yyaBaHe W
KONMYeCTBEHa OLieHKa Ha pasMepuTe U CTENEHTa Ha 3aMbpCsiBaHe Ha Nof3eMHUTE Boau. MpencTaBeHuTe peynTaTi y6eauTenHo NoTebpxaasat
MPUNOXUMOCTTa Ha 13Mon3BaHaTa METOAUKA Ha M3MEpPBaHE, aHann3 1 MHTEpNpeTaLns Ha JaHHUTE.

A GEOELECTRICAL APPROACH FOR STUDYING THE HYDROGEOLOGICAL CONDITIONS IN THE REGION OF
ASENOVGRAD SANITARY LANDFILL

Stefan Dimovski, Nikolay Stoyanov

University of Mining and Geology “St. Ivan Rilski”, 1700 Sofia, e-mail: dimovski@mgu.bg, nts@mgu.bg

ABSTRACT. The efficiency of the application of electrotomography surveying as a basic tool for detailed hydrogeological studies is illustrated by a
descriptive example for the region of Asenovgrad sanitary landfill. The possibilities provided by this method for localization of layers and zones
having different lithological characteristics and/or different water permeability, respectively, are shown. On this base are distinguished and spatially
determined different by their level hydrogeological units. The great possibilities provided by electrotomography for studying and quantitatively
estimating the size and the degree of groundwater contamination are also demonstrated. The presented results are confirming the geological
effectiveness of the discussed approach for data acquiring, analysis and interpretation.

YBog Avmoscki, 2010, 1 MHOrO Apyru), Ye TAXHOTO MpunaraHe B
Bucokarta e(beKTVlBHOCT Ha eneKTpOTOMOFpa¢>CKMTe mMeToau Cb4€TaHne C KOMMJIEKC OT pa3nn4yHu COHOAXHU, T€ONOXKU U
ce o6ycnaB;| oT ﬂ06paTa p‘mbepeHumaumg Ha reonoxkarta XWOPOreonoXxkn Metoan W TEeXHUKM [OaBa Bb3MOXHOCT 3a
cpega no  CNeuu@uYHO  eneKTPUYHO  CbMPOTUBIEHME. MHOTO  MO-NIPELY3HO  ANGDEPEHLMPAHE U MPOCTPAHCTBEHO
Bapuauuute Ha TO3u napameTbp €OHO3HAYHO Ce BAMSAT OT feTepMMHMpaHe Ha: (1) reomeTpus M TpaHuuM  Ha
CTeNeHTa Ha nposiBa Ha WOHHA enekTpPonpOBOAMMOCT. XUAPOreonoXkUTe eAUHULY;, (2) NNAcToBe U 30HW C pa3nnyHa
MocnegHaTta € NpsiKO CBbp3aHa C HanMWMYMeTO Ha MOPOBO BOZOHACUTEHOCT 11 BOAOOGUMHOCT; (3) 30HMTE C pa3niyHa
NPOCTPAHCTBO, HACUTEHO C NMNAcTOBA BOAA, KOSITO U3MbIHsBA CTeneH Ha OKapCTEHOCT W/WNK HamykaHoCT; (4) TeKTOHckuTe
ponsita Ha enekTponuT. Mpu no-BHUMATEneH aHamu3 u no- HapyLUeHus 1 30HK; (5) 30HYM C pasmiHa MUHEpanu3aLms Ha
3agbnboyeHa WHTepnpeTauust Ha  enekTpoTomorpadickute noA3emHuTe Boay (6) 30H C pasnuyHa CTeneH Ha TeXHOreHHo
pa3spesn e Bb3MOXHO [a CE HanpaBsT U TOYHW KONMYECTBEHU Un1 NpMpoaHo 3ambpcsBaHe; 1 np.
OLiEHKW He caMo 3a NuTocTpaTUrpadckiTe XapakTepucTUkA Ha
“3crneaBaHaTa YacT OT NoAMNOBbPXHOCTHOTO NPOCTPAHCTBO, HO lpoBeAeHOTO OT  HalMs  eKMn  enekTpPOTOMOrpadcko
M 33 MOPECTOCTTa, KABEPHOSHOCTTA WIW HamyKaHOCTTa Ha rpoy4Baxe B paitora Ha AenoTo 3a Gutosn otnagbuyn (O60)
cpepaTta, 3a BOAOHACMTEHOCTTA U BOAOOOMIHOCTTA Ha AceHoBrpag uniocTpupa ronsiMata eqekTMBHOCT Ha MeTofa
OTOENHW NNacTOBe W 30HM, 33 MUHepanu3aumaTa u XUMUYHUS MY ANCPEPEHLMPAHETO  Ha  KOHKPETHUS  XUAPOreomnoxKi
CbCTaB Ha NOA3EMHUTE BOAN U T.H. paspes, OTAenAHETO Ha pPasfM4HKU NO pPaHr Xnaporeoroxku
€MHALM W KONMYECTBEHATA OLiEHKa Ha pa3MepUTE U CTEMeHTa
Tean Bb3MOXHOCTM 332  [AETailrHo n3yyaBaHe Ha Ha 3aMbpCABaHe Ha NOA3eMHUTE BOAMW. npquBaHeTO € 4acTt
MPUNOBBPXHOCTHWSA TEONOXKN Paspes Ca OCHOBHATa Npu4uHa OT edHO [0CTa Mo-MalwabHo XMAPOreosnoKKo M3Cnedsake,
3a YTBbPXOABaHETO Ha eneTpoToMOrpadickuTE METOAM KaTo BKMIOYBALLO COHAAXHW NPOY4BaHMA, WHKEHEPHO-TEONOXKM
OCHOBEH M MHOTO YCrEWeH WHCTPYMEHT 3a peluaBaHe Ha u3cnefBaHns, (UNTPALMOHHN W MUTPALMOHHI  TecToBe,
LLIMPOK KPbI' XPOreorioxKkM 3afadun. HalwmaT nqoceralleH onut XUOPOre€oeKOoNnorniH  OLgHKU 1 MaTeMaTUveckn MonenHu
nokasea (CTOHHOB, 2003; 2004; ,D,VlMOBCKVl u ap., 2007, n3crnenBaHua 3a U3ACHABaHeE Ha NpPUrogHoCTTa Ha OTpeaeHnd
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yyacTbK 3a u3rpaxgaHe Ha “PervoHaneH LUeHTbp 3a
obesBpexaaHe Ha TBbpauTe OUTOBM OTMAAbUM Ha ObLMHKTE
AceHosrpag, Mbpsomait n Cagoso” (Qenyes, 2008, CTosHOB,
2008; 1 ap.).

OO0wa xapakTepucTMKa Ha n3cneaBaHuUsA 00eKT
O6eKkTbT Ha n3cneaBaHe ce Hamupa Ha okono 3.5 km Ha
CEeBEPOU3TOK OT LieHTbpa Ha ACEHOBrpaj, B HenocpeacTBeHa
Bnnsoct o woceto 3a . bosHum (pur. 1). MpoyuBaHMsAT
y4acTbK nonajga B rpaHuUuMTE Ha cTapa kapuepa 3a fobus Ha
WHEPTHWU MaTepuanu B MecTHocTTa “KancupgaTa’. KotnoBaHbT
npeacTaensea npogbfiroBar M3kon ¢ AbimkmHa 2000 m u
wupounHa 200-250 m, KOWTO e pasnonoXeH YcrnopeaHo
woceto. [lbnbounHata My Bapupa B AnanasoHa ot 6 4o 8 m.

B ceBeposanagHata 4acT Ha Kapuepata ce Hamupa
[ECTBALLOTO enoTo 3a OuToBM OTnagbuyM (CMETULLETO Ha
AceHosrpag). To 3aema nnow, or okono 100 fekapa, no-
ronsmara 4acT OT KOATO e pekynTuBMpaHa.
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®ur. 1. MecTononoxeHue Ha NPOYYBaHUSA y4acTbk

B reonoxku acnekt 06ekTbT nonaga B rpaHUUMTE Ha
MOPOMHNS KOHYC Ha p.Yas (. cpur. 2). KoHycbT e usrpageH ot
arnyBWarnHo-nNponyBuanHu Hacnarw, NpeAcTaBeHu [MaBHO OT
YaKb/IM U BanyHW C NECHUNMBO-TMIMHECT 3aMbiiHUTEN, Ha
MecTa NPOCHOEHN OT NECHLYINBM W IMIMHECTM CIIOEBE W NELM.

0606LLeHNTe JaHHM OT NPOBEAEHUTE COHOAXHM MPOYYBAHMS
nokaseaTt, Ye B MOPOMHUS KOHYC Ce YCTaHOBfiBa W3BECTHA
BepTVKanHa AudepeHumaums no OTHOLEHWE edpuHaTa Ha
HaHOCHUTE MaTepuanM W KONMYECTBOTO Ha [NMHEcTata
KOMMOHEHTA. [pUNOBLPXHOCTHUAT CROW € NpeacTaBeH oT
nnacT Necbynuen riuHK ¢ gebennHa okono 1 m. Mop To3m
nnact go gbnbounHa 10-20 m BanyHute u vakbnute ca bes
3aMbIHATEN UMK C NECLYNMB 3ambNHUTEN. B gonHaTta yacT Ha
paspe3sa 3ambHUTENSAT € FTIMHECT UMK FMUHECTO-NEChYNMB, a
maTepuanute ca MHOro cbutn. B u3ToyHaTa uvacT Ha
nnowjagkata Ha AbnboumHa okono 30 m ce paskpuBa
JOKBaTepHEpHa MOAMOXKKA OT HEOreHCKM MMbTHU  [MMHK
(Oenues, 2008).

B anyBuanHo-nponysnanHWTe Hacnarn € ¢>opMMpaHa

OCHOBHaTa  XWOPOTEONoXka eOuHMUA B palioHa —
KBATEPHEPHUS  BOLOHOCEH  XOPM3OHT  (BOAHO  TANO
BG3G00000Q013). MMopsemuute BoaM ca BesHanopHW.

HonHusat BOAOYyNop € u3rpadeH OT HEOreHCKN MITbTHU TTTUHN.
MNoa3eMHuTe BOAM Ca YCTaHOBEHW Ha 5-8 m OT ecTecTBeHUs
TEpPeH, Kato amnnutyaara Ha konebaHue B roguiLeH paspes e
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okono 1-2 m. B rpaHuuyuTe Ha kapuepata BOLHOTO HWBO € Ha
gbnboysHa 0o 2 m nog HewHoto AbHO (CtosHos, 2007,
[Jenues, 2008; u gp.). Mo BpeMe Ha NPONETHOTO MbIHOBOAVE,
NPV BMCOKO HWBO Ha MOA3EMHUTE BOAM, B MOHWKEHUTE YacTu
Mo JbHOTO Ha M3Koma ce POPMMUPAT HSKOMKO KOHLIEHTpUpaHm

€CTEeCTBEHM  U3XoauLla (I/I3B0pl4), KOUTO Cce  OoTTun4aTt
NOBbPXHOCTHO Ha CEBEPOU3TOK.
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YcrosHu 03HayeHust.

1 - AnyguanHu obpa3ysaHusi (8anyHu, Yakb/iu, NACbUU, 2/IUHU);

2 - AnysuanHo-nponysuanHu 0bpa3ysaHusi (4akbiu, NACbYU, 2IUHU);
3 - Axmamoscka ceuma (KoHermoMepamu, NACLYHUYUY, anesponumu).

®ur. 2. Feonoxka kapTa B palioHa Ha NPOYYBaHMA y4acTbk (no
Feonoxkarta kapta Ha Bnrapua M 1:100000)

Moa3emHuTe BoAM ca MpecHu ¢ obwa MuHepanu3aums
okono 0.5 g/l, xugpokapboHaTHO kanumesu. o [aHHM OT
NPOBEXOAHWS  MOHWTOPWHr  3HauMTenHo no  obxear
3amMbpcsiBaHe € perucTpupaHo B pailoHa Ha AEUCTBALLOTO
cmeTuwe (CtosHos, 2007). B m3TOK-CEBEPOM3TOMHA MOCOKA
(PPOHTLT Ha 3ambpceHaTa 30Ha goctra Ha 150-160 m u
noeeye OT rpaHUUWTE HA CMETULLETO. Hal-MHTEH3MBHOTO
3amMbpcsiBaHe obxBalja nnowTa nog CMETWLLHOTO TAMo W
TACHa uBMUa Ha 50-60 m OT HeroBaTa U3TOYHA rpaHuua. Tyk
MWHEpanu3auusTa Ha Nofg3eMHUTe BOAM € okono v Hag 1-2 gll,
T.€. 3-4 MbTU NO-BMUCOKA OT ChOHOBATA.

Llen u meToamMka Ha npoy4yBaHeTo

B pamkute Ha w3cregpaHata nnolwagka € npoBeAeHo
reoenekTpuyHo 2D (enekTpoTomorpadicko) NpoyyBaHe, YMnUTO
OCHOBHY Lienu ca: AeTannuanpaHe Ha yCTaHOBEHMUS N0 AaHHM
OT COHAaXHOTO npoyyBaHe ([Jendes, 2008) reonoxku paspes
[0 AbnbounHa okono 40 m; oyepTaBaHe Ha NNacToBe U 30HM C
Pa3fUYHM  NUTONOXKM  XapaKTepucTkM M pasnuyHa
BOZAONPOMYCKIMBOCT; AETEPMUHMPAHe Ha TpaHuuMTe Ha
AUEPEHLMPaHATE HUCKOPAHTOBIM XWMAPOreOonoXKN eauHULN B
KBaTEPHEPHUS ~ BOLOHOCEH  XOPW3OHT,  MapkMpaHe Ha
paHUUMTE Ha 3aMbpcsiBaHe Ha MOA3EMHUTE BOAM OT
AECTBALLOTO CMETHLLE.

TepeHHuTE M3MepBaHus, 0bpaboTkata 1 MHTepNpeTauusTa
Ha NofyYeHnTe PesynTaTi ca NpoBeaeH! Mo YeTvpi npoduna,
TOYHOTO PA3MONIOKEHNE Ha KOUTO € MPELCTABEHO Ha ur. 3.

M3non3saHnaT enekTpoToMorpadcku MeToa e Moaxoasiy 3a
[BYMEPHO KapTupaHe BbB BEpTUKANHU paspesy no npodmnm
Ha MOMMOBbPXHOCTHOTO NpocTpaHcTBO. e otGenexum, ye
crieq BbBEXOaHeTO Ha MHOTOENEeKTPOAHUTE Pa3CTaHOBKM



(Griffiths et al., 1990) u KOMMIOTLPHUTE Mporpamn 3a 6bP30
pellaBaHe Ha obpaTHUTe (MOEeHTUUKALMOHHK) 3aaaum (Loke,
2001), T031 METOA Ce Hanara KaTo CTaH4apT Npu peLaBaHeTo
Ha peguLa NpakTUYecky 3agadn.
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®ur. 3. PasnonoxeHue Ha reoeneKTpuyHMTe Npodunu

Peructpauuara e u3BbplleHa C nomoliTa Ha anaparypa
Terrameter SAS 1000, npon3BOACTBO Ha LWBeAckata ¢upma
ABEM.  [laHHuTe  OT  noneBuTe  W3MEPBaHUs  ca
WHTEPNPETMPaHM C KOMMIOTbPHA nporpama RES2DINV (Loke,
2001), KoATO onpepens pasnpegeneHneTo Ha
LENCTBUTENHUTE  CbNPOTWUBAEHUS B MOANOBBLPXHOCTHOTO
NPOCTPaHCTBO.

AHanu3 Ha pe3yntatute OT U3MepBaHUATa
lpoBegeHUTe B paMKUTe Ha HACTOALWETO MpoyYBaHe
M3MepBaHUs Ca W3MbIHEHU MO 4eTupu npodunma ¢ oba
AbmkmHa 1410 m (eguH ¢ gbrmkvHa 600 m, eguH ¢ ObMmkuHa
350 m v gBa npodhuna, BCekn ¢ gbmkuHa 230 m). A3nonasaHm
ca ABe kocu OT 12 xuneH kaben ¢ pascTosHWue Mexay
enektpoaute 10 m (0Bwo 24 enexkTpoga Ha pascTaHOBKa).
W3mepBaHusiTa ca npoBefeHu ¢ 4-enekTpogHa cxema Wenner-
Schlumberger. Cnen uamepBaHe Ha BCska pasCTaHOBKA, MO
Mpounn 1 n 2 ce M3BbPLBA CTHMKOBOTO MPEMECTBAHE
(“npunnb3BaHe”) Ha kabena cbe cTbnka 120 m.

WHTepnpeTupaHute ¢ KOMMOTbpHa nporpamMa RES2DINV
[aHHU OT MOneBuTE W3MepBaHWS, pecn. AeTepMUHUPaHOTO
pasnpefeneHue Ha [EWCTBUTENHUTE CbNPOTWUBMEHUS B
recenekTpuyHUTe  paspesn Mo YeTupute npocuna, ca
npeacTaBeHu Ha dur. 4-7.

AHann3bT Ha pesynTaTUTe OT eneKTpoToMorpactmsTa (BX
dur. 4-7) no3BonsiBa [a Ce HanpaBAT CreaHuTe MNo-BaXHW
n3BOAMN:

1.Te0enekTpuYHUAT paspes Mo BCWYKM Mpocurv e aobpe

n3abpXaH NO  pasnpegeneHneTo Ha  ENnekKTpu4HoTo
CbMNpOTUBNEHNE B AbNOoYMHa.
2. EJ'IeKTpVI‘-IHOTO CbnpoTMBneHne Ha  pa3HOBUOHOCTUTE

(cpeauTe), w3rpaxgalwy M3CnedBaHUs TEONOXKA paspes
Bapupa B OTHOCMTENHO LUMPOKA TPaHWLUM — OT OKOMO
17.5 QOm po 200 ©2m 1 noseve.
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3.3a Hal-ropHata 4acT Ha ENeKTPOCHNPOTUBUTENHUTE
paspesu Mo BCUYKM MPOUIM € XapaKkTepHa 30Ha C BMCOKM
CTOWHOCTW Ha ENEKTPUYHOTO CbNPOTUBIIEHME — B AManasoHa
oT okono 75 Qm go 200 Qm u noseve. Ta kapTupa
HEeBOJOHAcUTEHATa 30Ha YacT OT pa3pe3a, T. Hap. 30Ha Ha
aepauus.

4. Hait-0600LLeHO n3cneaBaHusT reoenekTpUieH paspes crneg
30HaTa Ha aepauws ce MpeactaBd  OT  Tpw
€NEKTPOCBNPOTUBUTENHN CPEAYN, MapKupawy Tpu 30HW C
Pa3MnMYHU TMTOMNOXKN XapaKTEPUCTUKN U C pasnnyHa CTeneH
Ha BOLOHACMLLaHe:

+ [Tbpgama enekmpocwbnpomusumesHa cpeda (3oHa A) e
CbC CTOMHOCTW Ha €MNeKTPUYHOTO CbMPOTMBIIEHNE B
AnanasoHa o1 okono 17.5 Qm go 60 Qm. Hain-BeposiTHO
30Ha A KapTupa nnacT OT CPeSHN 1 4Py YaKbIn 1 BaMyHH
C TMECbYIMB W MECHUTMBO-TIIMHECT  3ambIHWTEN.
CpaBHUTENHO HUCKATE 3@ TE3W NIUTONOXKN Pa3HOBWAHOCTY
ENEKTPUYHM CBMPOTUBMEHNST CE AbIKaT Ha ronsmara
BOJOOOMIMHOCT Ha nnacta, pecrn. Ha HeroaTa BMCOKA
npoHuuaemoct. [lebennHata Ha 3oHarta e okono 15-20 m.

» Bmopama enekmpocenpomugumenta cpeda (3oHa B)
MMa  HaW-BUCOKM  CTOMHOCTM  Ha  ENEKTPUYHOTO
CbMPOTUBIEHNE 33 U3CINEABAHMST re0enekTpUYeH paspes
— B Auana3soHa ot okono 75 2m go 200 m v noseve. T4
MapKkupa pasnpoCTPaHEHWETO Ha MAacT OT MHOro couTu
[MMHECTW  MACBbUW, YakbmM W BanmyHu. BucokuTe
CbNPOTUBAEHNS B Clyyas Han-BEpOSITHO Ca CriefcTBME Ha
MHOrO ronsiMaTa MITbTHOCT Ha cpefaTta, 3acUNEHOTO
MPUCBLCTBME Ha IMHECTa KOMMOHEHTA B 3aMbITHUTENS U Ha
roremyM CkanmHM KbCOBE B OCHOBHaTa Maca. B
XWNOPOreonoXKM acrekT ToBa e NpefnocTaBka 3a craba
BOAOOOMITHOCT M HUCKA NMPOHMLLAEMOCT Ha KapTupaHus ot
30Ha B nnacr. [lebenuHata Ha To3n nnacT Bapupa B 4ocTa
No-LWKpPOK ananasoH — ot 20 £o 30 m v noseve.

+ Tpemama enekmpocbnpomusumesHa cpeda (3oHa C) ce
XapaKTepuanpa C OTHOCUTENHO HWUCKM CTOAHOCTW Ha
€NEKTPUYHOTO  CbMPOTUBIEHNE CripsiMo 3oHa B - B
Jmana3oHa oT okono 25 QOm go 40 QOm. Moxe pga ce
npeanonara, Ye 3oHa C kapTupa nnacT OT MITbTHU [UHW.
BeposiTHO TOBa ca rMuHUTE OT JOKBaTEPHEPHA NOMANOXKA,
KOMTO B M3TOYHATA 4YacT Ha mnowagkata no AaHHU OT
COHI@XHUTE MPOYYBaHWS Ca YCTAHOBEHM Ha ObnbounHa
28-30 m. Cnegpa fga ce otbenexu, ye B paspesute Mo
YeTupuTe npoduna rpaHnLaTa mexay 3oHa B 1 3oHa C ce
yCTaHoBsABa Ha AbnbounHa He mo-manka ot 30-35 m u
noseye, a B OTAEMHW YacTM He e AOCTUrHaTa W Ha
ObnooynHa 40-45 m.

5.B obxsata Ha mbpBaTa EnEKTPOCHNPOTMBMTENHA Cpeda
(3oHa A) B paspeaute no npocdmn 1 u npodmn 2 sicHo ce
oToens W edHa nop3oHa (mogsoHa Al), kosTO ce
XapakTepuanpa C MHOTO HUCKW CTOMHOCTM Ha ENEKTPUYHOTO
CbMNPOTUBIEHNE — OT okono 17.5 Qm po 35 Qm (cur. 4-5).
Tasn nopsoHa o4yepTaBa MPOCTPAHCTBEHMTE TPaHWLM Ha
3ambpceHnte ot 160 AceHoBrpag nog3eMHW BOAM.
MpocnensBanku KOHTYpuTE Ha mogsoHa Al Moxe ga ce
npueMe, 4Ye 3aMbpCABAHETO € 3acerHano  [MaBHO
BOJOOOMINHMS  BOAOHOCEH nnacT (mbpBaTa  enekTpo-
cbnpoTueuTenHa cpega). CblieBpeMEHHO IWNCBAT SBHM
WHAVKaLMK, Ye 3aMbpCUTENUTE NPEMUHaBaT B Ab/b0oYMHA B
cnabonpoHnyaemMnss  nnacT, MapkupaH OT  BTOpaTa
eMekTpoCLNPOTMBUTENHA cpeda. JlaTepanHo (PPOHTBLT Ha



3aMbpCeHNTE BOAM € HanpedHan B W3TOYHa MOCOKa Ha NOCTPOEHa CTPYKTYpHA KapTa MO reoenekTpuyHara rpaHula,

okoro 150-160 m W noBeye OT rpaHAUMTE Ha npuBbp3aHa KbM KOHTaKTa Mexay MbpBa W BTOpa
CbLLECTBYBALLOTO CMETHLLE (BX. cpur. 4). enektpocbnpotmsutenHu  cpean  (Bomm A u B).

[pOCTPAHCTBEHOTO PA3NONOXEHNE HA Tasn reoenekTpuyHa
Bb3 ocHoBa Ha  nmonyuyeHute  pesyntatu 0T rpaHuLa e uriocTpupaHo Ha dur. 8-9.

enekTpoToMorpadmsiTa no M3cneaBaHuTe YeTupu npodura e
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owur. 4. PasnpegeneHue Ha eNnekTPUYHOTO CbApoTUBeHNe no Mpodun 1 (CUTyaUMOHHUAT NNaH e NpeAcTaBeH Ha dur. 3)

cesep Site DTBO "Kapsidata” - Line 2 tor
Model resistivity with topography
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®ur. 5. PasnpegeneHue Ha eNeKkTPUMYHOTO CbNpoTuBneHmne no Mpodun 2 (CMTyaUMOHHUAT NNaH e npeacTaBeH Ha dur. 3)

ceseposanag Sita NTAO "Kansidata" - Line 3 toronsTok
Model resistivity with topography
lteration 2 RMS error=55
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®ur. 6. PasnpeaeneHue Ha eNneKTPMYHOTO CLNPOTUBIIEHME NO
Mpochun 3 (cUTyaUMOHHMAT NNaH e npeacTaBeH Ha dur. 3)

ceBeposanan Site NTRO "Kansidata" - Line 4 OroM3TOK
Model resistivity with topography

Iteration 2 RMS errar=56

Elevation 500
190 0o 400 80.0 120 180 200 L_ 8630 \ o
180 - o ean®
170
160
150
110 ®ur. 8. TpumepHo U306paxeHne Ha rpaHMLiaTa MeXay MbpBaTa u
QSIZI I%ISIZI %IDIZI I%ID; gg- %D- ED- -125- L BTOpaTa eNleKTpocLNPOTUBUTENHN cpeam (3oHn A 1 B)

Resistivity in ohm.m
Unit Electrode Spacing =5.00 m.

Horizontal scale is 9.50 pixels per unit spacing
Vertical exaggeration in model section display = 1.00
First electrode is located at 0.0 m.

Last electrode is located at 230.0 m.

®ur. 7. PasnpepeneHne Ha enEeKTPMYHOTO CHLNPOTMBIIEHUE MO
Mpodmn 4 (cuTyaUMOHHMAT NNaH e npeAcTaBeH Ha dur. 3)
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®ur. 9. XuncomeTpuyHa KapTa Ha rpaHuuara Mexay nbpsara u
BTOpaTa esIeKTPoCLNPOTUBUTENHM cpeay (30Hn A n B)

Xuaporeonoxka MHTepnpeTauus Ha pesynraTure

OT enekTpoTomorpadusTa

Pesyntatute OT  npoBedeHWTe  OT  HawwMs  ekun
€neKTpoToMOrpadickit  M3CnefBaHnsl 1 MPEMUHATUAT  CbC
COHOAXMTE TEONOXKA paspe3 [AaBaT OCHOBaHWe Ja Ce
HanpaBAT  CMeAHUTEe MO-BaKHW  3aKMIOYEHWS  OTHOCHO
XWOPOreonoXKi1Te yCrnoBus B panoHa Ha [I6O AceHosrpag.

1. KBaTepHepHUAT BOLOHOCEH XOPM3OHT, KOWTO € OCHOBHaTa
XWOPOreonoxka efuHuua, e uarpageH oT  anyBuasHo-
nporyBuUanHu Hacnaru, NpeacTaBeHn OT YakbIu W BamnyHu C
NecbynuB, MECHUNMBO-TNIMHECT U TTIMHECT 3arbIIHUTEN.
[ebennHaTa Ha Te3v MaTepuany B panoHa Ha npoy4yBaHaTta
nrowasgka sapupa B AnanasoHa ot okosno 30-35 fo 40-45 m
1 noeeye. B oTaenHn yyactbum nog TAX € yCTaHOBeHa no-
HACKOOMHa  30Ha, KOATO  HaW-BEpOSITHO  kapTupa
yCTaHOBEHaTa NMpu CoHpaxHuTe npoyysanus (Jenves 2008)
[OKBaTEPHEPHA MMMHECTa MOLIOKKA.

2.Bb3 ocHoBa Ha YCTaHOBEHUTE pasnnyua B CI'IeLqu)I/NHVITe
ENEKTPNYHMU CbNPOTUBIEHUA, PECH. B JIMTONOXKNA CbCTaB,
BOJOHACMTEHOCTTA U BOAOODMNIHOCTTA Ha (bI/IJ'ITpaLl'VIOHHaTa

200
180

ABO AceHoBrpang
160
140
120

koTa, m

cpeda, B uyeTpuTe paspesa [0 AbnGoumHa 45 m ce
OTAENSAT TP NO-HWUCKO PAHIOBM XMAPOreONOXKMA eANHULIK:

* [OpeH MHO20 CUITHO NPOHULaeM niacm;
+ CpedeH crnabo npoHuyaem niacm;
+ [oneH MHo20 criabo npoHuyaem nnacm.

TOPHUSIT M CPEAHWSIT MNACT ca B CbCTaBa Ha no-BucokaTa no
paHr XWaporeoroxka eanHuua (KBaTEPHEPHUSI BOAOHOCEH
XOPW30HT), @ AONHMST NNaCcT NPeACTaBnsBa HEroBIUS AONeEH
Bogoynop. [eomeTpusiTa M NPOCTPAHCTBEHUTE TPaHULM Ha
TPUTE Nnacta B paiioHa Ha npoydyBaHata Mnrolwaaka ca
WNIOCTPUPAHM CbC ChCTABEHUTE XMAPOreonoxk/ paspesn no
yeTMpuTe  npocdmna,  MapkupalM  reotomorpadickuTe
paspeau (dur. 10-13).

3. [opHUSIM MHO020 CUSIHO NPOHUUA@eM nnacm € W3rpageH oT
CPELHW 1 eapy YaKbIM W BanyHU C NECHYMMB M NECHYNMBO-
rmuHecT  3ambihuten. Obwarta pgebenvHa Ha  Tean
maTepuanuM Ham-yecto e B WHTepeana 15-20 m.
XapakTepuaupa Ce C MHOTO BMCOKA BOZOODWIHOCT W
BOZOMPOMYCKMMBOCT, PECMEKTMBHO NPOHMLaeMocT. [lonHata
My TpaHMLa CbC CpegHWs MmracT MpefcTaBnsBa HepasHa
MOBbPXHMHA CbC CMOXHA MPOCTpaHCTBeHa hopma (cpur. 8-
9).

4. CpedHusim cnabo npoHuuaem nnacm e NpeacTaBeH OT
MHOrO COMTM TMIMHECTW NACBUM, YaKbiM U BanyHW.
[ebenuHata Ha TO3M nnacT Bapupa B AvanasoHa ot 20 g0
30 m u noseye. 3HAYMTENHOTO MPUCHCTBME Ha FMMHECTA
KOMMOHEHTa M BMCOKaTa MITbTHOCT MPEANOCTaBAT HucKkata
MPOHMLAEMOCT Ha (unTpauuoHHata cpeda v cnabata
BOAO00BMIHOCT Ha nnacra.

5. [JonHusim MHo20 ¢1abo npoHuuaem niacm € warpageH ot
MITbTHA HEOTEHCKW MECHYNMBMK, TNIMHU W aneBponuTU OT
AxmaToBckaTa cBuTa. Te3n maTepuanu ca ¢ U3KIHOUMTENTHO
HACKN DUNTPALMOHHM XapakTepuCTUKM M MoraT [a ce
pasrnexmar KaTo perMoHanHO MHOro gobpe M3gbpkaH B
MnaH npakTuyecku Bogoynop. paHuuaTta mexay cpenHus
MNacT 1 BONHWS BOLOYMOPEH NNacT € HepaBHa MOBLPXHWHA,
ycTaHoBeHa Ha AbnbounHa ot 30 go 50 m ot TepeHa. Taau
rpaHuLa ce Mapkupa [ONHWLLETO (ZOMHMS BOZOYMop) Ha
KBaTEPHEPHMS MPONYBMANEH XOPU3OHT.

u3mok

T T T T T T
o 50 100 150 200 250

] - Fope MHoro cunHo npormuaem nnact
[ - CpeaeH cnabo npornuaem nnacr
[[] - foneH MHOro GNaGONPOHMLIAEM NNACT (FIMHECT BOACYMOP)

- HuBo Ha noasemHUTe BOAU

T T T T T T
350 400 450 500 550 600

XOPU3OHTAMHO PascTosiHMe, M

®ur. 10. Xugporeonoxku paspes no Mpodun 1

KoTa, m

T
50 100 150

T
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XOPUSOHTANHO pascTosiHue,

®ur. 11. Xugporeonoxku paspes no Mpodun 2
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®ur. 12. Xuaporeonoxku paspes no Mpodun 3
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®ur. 13. Xuaporeonoxku pa3spes no Mpodun 4
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XOPWU3OHTANHO pascTosiHne, m

I - Cvnro samupcena aoma
[ - Cnaco samubpcena soHa
- HuBo Ha noAseMHUTe BOAM

[ - Fopen MHoro cunho npormuaem nnact
[ - Cpenen cnabo npormuaem nnact

|:| - JoneH mMHoro crnaGonpoHuaem nnacT (FMHeCT BoAoynop)

®ur. 14. 3aMbpceHn 30HM B KBaTepHePHUs BOJOHOCEH KOMMIEKC B XMAPOreosioxkM paspes no Mpodun 1

6.[ebenvHata Ha  HeBOfOHacuTEHaTa  30Ha,  Pec.
AbnboysHaTa Ha CTAaTUMHUTE BOOHW HUBA B KBATEPHEPHUS
BOOHOCEH XOPW30HT ca Ha okono 1.5-3.0 m oT ObHOTO Ha
kapuepHus u3kon. flocokata Ha MOA3EMHMS MOTOK BbB
BOZOHAacuTeHaTa 30Ha € Ha CeBEepoM3TOK, a CPepHusT
xugpasnudeH rpagueHt e 0.0025.

7.TOPHMAT MHOMO CUNMHO MPOHWLAEM MNacT € YacTUYHO
3aMBbPCEH OT M3TWUYALYMTE OT CHLLECTBYBALLOTO [EMN0 TEYHN
emucum  (cmeTuweH  mHdwmnTpart). [MocTbnBawumte nog
ABHOTO HA CMETULLETO 3aMbPCUTENM MUTPUpaT nareparnHo
KaKTO B MnaH, Taka M B gbnbounHa. B nnaH gpoHTBLT Ha
3aMbpcsiBaHe Ce MPWABMXKBA HA CEBEPOM3TOK, ChemBaiiki
€cTeCTBEHaTa  MOCOKAa  Ha  MOA3EMHUTE  BOAM.
CblUEBPEMEHHO,  3aMbpCUTENMTE  MPOHMKBAT W B
AbN6ouYMHa B pes3ynTaT Ha KOHLEHTPALMOHHUTE TpaaueHTy
MeXy 3aMbpCeHUTe BOAM W HE3aMbpCEHWUTE MNacToBM
Boay. [locturaiku go cpeaHust crnabo npoHuuaem nnact, Te
3anoyBaT fa Ce MurpupaT naTteparnHo, Kato cnepsar
Herosus pened (cur. 14).

8. OPOHTBLT Ha 3aMbpCeHMTE NOA3EMHM BOAM € YCTaHOBEH Ha
noseye 0T 150-160 m OT HeroeaTa M3TO4HA rpaHuua (dwr.
14). B 3ambpceHUTe YacTi Ha ropHWs nnacT ce Habnogasa
1 U3BECTHA AnepeHunaL s B yCTaHOBEHUTE CTONHOCTY Ha
CcneLmdUYHOTO ENEKTPUYHO CbipoTunenue (cur. 10). Tean
aHoManuu ca KOpenupaHu C OaHHWTE OT MOHWUTOPWHra
BbpXy CbCTaBa Ha MOA3EMHUTE BOAM B paioHa Ha
pencraawoTo cmetuwe (CtosHos, 2007). Bb3 ocHoBa Ha
HanpaBeHWTe Kopenauun B XMOPOreonoXKkus paspes Mo
Mpogwmn 1 ca oTaeneHun ABe 30HM cCnoped CTeneHTa Ha
3aMbpcsiBaHe Ha NoA3eMHUTe Boau: (1) CUMHO 3amMbpceHa
30Ha (2) cnabo 3ambpceHa 30Ha (BX. dour. 14).
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