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OI'HY «EcTtecTBeHHOHAay4YHBIM UHCTUTYT», T. [lepMb
IKOJOI'MYECKUE NMOCJIEACTBUA JIMKBUJIALIUHN
KHU3EJOBCKOI'O YIOJbHOI'O BACCEMHA

JlukBupanus maxt KuzenoBckoro yroibHOro OacceiiHa CBsi3aHHas C
OoTpaOOTKOM OOJBIIEH YaCcTH 3aMacoB YT U JalbHEHIIe HepeHTa0eIbHOCThIO UX
pa3paboTKku TIpuBeda K OOOCTPEHHIO poJia  AKOJOTHYECKHX  MpoOJieM.
DKkoyiornyeckasl cutyaiusi B OacceiiHe sBISIETCS OJHOW U3 Hauboyiee OCTPBIX B
Poccun.  Dxonoruueckue  mpoOJieMbl — MPEAONpPENeSieHbl  OCOOCHHOCTSIMU
r€0JIOTUYECKOTI0 CTPOCHUSA U TEOXUMHUEN YIIIEHOCHOW TOJIIN.

I'eosnornueckune ycjaoBusi. KuzenoBCKuil KaMEHHOYTOJIbHBIA OaccelH
miomansto 200 KM° B TEOIOrMYECKOM OTHOLICHHM PAcCHONOKEH B IIPeelax
3anaaHo-YpallbCKOW 30HBI CKJIAM4aToCTH, mpuieramnien k IIpemypanbckomy
KpaeBoMy Tiporu0y. IIpeobmanmaromeit ¢hopmMoil TEKTOHWKH palioHa SBIISIOTCA
CKJIaJIKM MEPUIMOHAIBLHOTO U OJIM3KOTO K HEMY MPOCTUPAHMSI, NUHOT/IA BHITSAHYThHIE
Ha JICCSATKU KUJIOMETPOB, CKIIAJIKU OCJIOKHEHbI MHOTOYUCICHHBIMU Pa3pbIBHBIMU
HapyIICHUSIMU, KOTOpbIe B OOJIBIIMHCTBE CIIy4aeB HMEIOT MPOCTUPAHUE,
COTJIACHOE C MPOCTUPAHHEM CKJIAI4aToCTH. B palioHe ucclienoBaHWN Pa3BUTHI
MOPOJIbI MAJIE030UCKOT0 - OT CPEAHENEBOHCKOTO JI0 MO3AHENEPMCKOTO BO3pacTa,
MpEACTABJICHHbIC T[E€CYaHUKAMM, aprujUIMTaMu, ajeBpOJIMTaMH, CJAaHI[aMHU,
W3BECTHAKAMH, JIOJIOMUTAMU, MEPTesiMU, YIJIEM U APYTUMU, OOIIEH MOIIHOCTHIO
no 3-4 xm. KapOonaTHbie MOpOJBI WHTEHCHBHO 3aKapCTOBAaHBI, OCOOCHHO B
BEpXHEW yacTu paspe3a. YUeTBEpTUUHBIC OTIIOKEHUS MPEJICTABICHbl B OCHOBHOM
MecKkaMu, CYIJIMHKaMmH, TJIMHaMH, 4acTo C OOJIBIIMM COJIEpKAHUEM TpaBusi U
TaJIbKHU.

VYrineHocHass  Tojmia,  CIOXKEHHash  MEeCYaHUKaMH,  aJIeBpPOJUTAMH,
apruJUIMTaMU U TIMHUCTBIMU CJIAHIIAMU C MPOCIOSIMU M3BECTHSIKOB, OTHOCUTCSI K
BU3EHCKOMY sIpyCy HHWXHEro kapOoHa. Bce mnuTosiormyeckue pa3HOBUIHOCTHU
MOPOJI YrOJILHOM TONIIM BKJIIOYAIOT MUPUT U OPraHUYECKYI0 CEpy, UYTO HUrpaet
BAKHEUIIYI0 pojib B (OPMUPOBAHMU KHUCIBIX MIaXTHbIX BoA. CoaepkaHue
cynb(uIHON B opraHnyeckoi cepbl mocturaetr 12-15 %, mpu cpeaHem ypoBHE 5—
8% [1, 2]. OcHoBHOW (opMOW HAXOKICHUS CEPHI SBISCTCS IMUPHUT, KOTOPBIH
HEYCTOMNYMB B OKUCIHUTEIIbHBIX YCIOBUSX.

KuzenoBckuit KaMEeHHOYTOJBHBIM OacceiiH pacrojoXeH Ha IUIoIagu
pacrpoCcTpaHeHusl MOA3EMHBIX BOJ 30H TPEUIMHOBATOCTHU B MOPOJIaX BEPXHETO U
CpeaHero Tmayieo30s 3amagHo-YpaiabCKod 30HBI ckiamdatoctd [3]. 3mech
BBIJICJISIIOTCSL TIOA3EMHbIE BOJbl YETBEPTHYHBIX OTJIOKEHHUM, MOA3EMHBIE BOJbI
TPEIUHHO-KAPCTOBOTO W TPENIMHHO-TUIacToBoro TumoB [4]. Pa3spabareiBaeMast
YTJIEHOCHAS! TOJIIIA PACIIOIO0KEeHa MEXY BOJOHOCHBIMH KOMILIEKCAMHU TPEIIUHHO-
KapCTOBBIX BOJ KAapOOHATHBIX OTJIOXXEHUW, YTO OOYCIOBWJIO BBICOKYIO
O0OBOJIHEHHOCTb yTOJIbHBIX IIAXT.

VYriu KuszenoBckoro OacceilHa BecbMa HACBIIEHBI MHUKPOAJIEMEHTAMH.
Cpennee coxepxanue B yrsix Be, Sc, Ti, V, Co, Ni, Cu, Ga, Ge, Y, Zr, Ag
MPEBBIIIAET CpeAHee ux conepxanue s yrieit B CHI'.
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Ocob6ennocteto  KuzenoBckoro — yroipHOoro  0OacceifHa — sIBISeTCS
WHTEHCHBHAs 3aKapCTOBAHHOCThb. KapcT peruoHa OTHOCUTBCS K TOJIOMY U
MOKPBITOMY THUIIAM, YTO SBJISIETCA OJHUM HUX (DAaKTOPOB 3aBUCHMOCTH PEKHUMA
KapCTOBBIX BOJ 30HBI AKTUBHOW UHUPKYJSLHUM OT pexuma arMochepHon
IUPKYJISAIIU 0caaKoB [5].

[Ipuypouennocts KuzenoBckoro OacceiiHa K TE€OCUHKIMHAIBLHOM 30HE
o0ycnaBIMBaeT TUAPOJUHAMUYECKYIO0 AaKTUBHOCThH TMOJ3EMHBIX BOJl, KOTOpHIE
MpPEACTaBICHbI 3/1eCh JBYMS FOPU30HTAMU. BEPXHUM - B KapOOHATHBIX MOPOJAAX,
MEPEKPHIBAIONINX YIJICHOCHYIO (OpMaIvio, U HUKHUM - B MOPOJAX YIJIEHOCHOMU
dbopmanuu, 3aneraronieii Ha rayomHe 600-900 m. ITom3eMHBIE BOJIBI BEPXHETO
TOPU30HTA UMEIOT THAPOKAPOOHATHO-KAIBIIMEBBINA COCTAB, MUHEPATU3AINIO OKOJIO
1,5 71/1, HWXHEro TOPU3OHTA THUIPOKAPOOHATHO-HATPUEBBI COCTAB W
MuHepanuzanuio 1,5 r/m.

PexxrM MOBEpPXHOCTHBIX BOJOTOKOB 3aBUCHUT B 3HAUUTEIILHON CTEMEHU OT
pexuMa aTMocepHBIX 0CaIKOB. B MONHON Mepe 3TO OTHOCUTCS K OTHOCHUTEIIBHO
KPYIHBIM BOJOTOKAaM, MOCKOJbKY C(HOPMHUPOBABIIMIICA B UX JOJIMHAX aJTIOBUUN
W30JIUPYET BOJIBI OT TPEIIMHOBATOTO IIOKOJISI. BaTyHHO-raJIeUHUKOBBIN AJUTFOBUI C
MIECYAHO-TIMHUCTHIM 3aIOJIHUTEIIEM M CIIOSIMU TlecyanucTor riauHbl (mo 4,0 M) B
KpOBJIE U TMOJOIIBE ABJISIETCA HAJCKHBIM 3KpaHOM. B yCIOBHUAX MCKYCCTBEHHOTO
MOHUKEHUS YPOBHS TMOJ3EMHBIX BOJl, PEKU OKa3bIBAIOTCSA IOJIBEUICHHBIMHU,
M30JIMPOBAHHBIMU OT TMOJ3EMHBIX BOJA. Maible pekd, MOpoTeKarolue 0
TEPPUTOPUM PACTIPOCTPAHEHUS] 3aKAPCTOBAHHBIX IOPOJ, OTIUYAIOTCS CMEHOMU
MOBEPXHOCTHOTO CTOKa Ha MOJ3eMHbIM W HaoOopoT. KapcToBble MHOTOKM €O
CMEIIAHHBIM aTMOC(HEPHBIM U TMOJ3EMHBIM MHUTAHUEM, Pa3TPy3Koll B BHUJE
HMCTOYHUKOB B KPYIHBIE PEKH, SIBIISIIOTCS BaXHBIM 3BEHOM B THAPOAMHAMUYECKOMN
CUCTEME KapCTOBOI'O MAacCHBa, B YACTHOCTH, M SKOJIOTMYECKON CUCTEME PETUOHA B
1esioM. EcTecTBEHHBIN COCTaB MOBEPXHOCTHBIX BOJ Xapakrepusyercss HCO3-Ca-Na
THAPOXUMUYECKOM (alreld, m HeBbICOKOM MuHepanu3amnuei — 0,1-0,3 /1.

B ecTecTBEHHBIX YCIOBHUSX THAPOXMMHUYECKUHA H TUIPOJIOTHYECKUU
PEXKUMBI TOBEPXHOCTHBIX BOJ BO MHOI'OM ONPEACNSIICS UX B3aUMOCBS3bIO C
BOJJOHOCHBIM KOMIUIEKCOM KapCTYIOIIMXCS OTJIOKEHUI HIXKHEH MepMHU-CPEIHETO
kapOoHa (BepxHeil KapOOHATHOW OOBOJHCHHOM  TONINK). 3HAYUTEIbHAS
3aKapCTOBAHHOCTb TEPPUTOPUU OOYCIOBIMBAET MOHMKEHUE YPOBHS MOA3EMHBIX
BOJl MO OTHOLIEHHUIO K pyciaM MEJKHX OOKOBBIX HPUTOKOB, YTO MPHUBEIO K
MOTJIONIEHUIO IOBEPXHOCTHOT'O CTOKA U 00pa30BaHUIO CyXOJI0JIOB HA peKax.

IIpob6aembl B nepuoa 3kcmyaranumn dacceina. [llaxter Kuzenosckoro
OacceifHa B TEpHOJ JKCIUTyaTallMd OBUIM OJHUMH M3 CaMbIX OOBOJHEHHBIX B
ctpaHe. B cuwiny o0coOeHHOCTEH  IeoJIoro-rupOreoIorHYecKuX  yCIOBHI
TEPPUTOPUH, IaXThl Oaccelina XapaKTEepU3yIOTCs 3HAYUTEIIbHBIMU
BOJONPUTOKAMHU. B mepuon skcrulyatanuu, 1axTaMy €XKEeroJHO cOpachlBaJIOCh B
peku npaktudecku 6e3 ounctku okoso 100 muH. M 3arpsi3HEHHBIX MIAXTHBIX BOJ,
cojepKalux OO0JIbIIOE KOJUYECTBO CyNb(paToB, Xene3a, amtoMuHus. CpeaHuit
CYMMapHBIH BOJOMPHUTOK B IMIAXTHI B MEPHOJ] UX paboThl coctaBisl 12-14 Teic.
M>/4ac. [maBHy!0O poiap B (HOPMUPOBAHWM MIAXTHBIX BOJOMPUTOKOB HTPATU
KapCTOBbIE BOJIbI BU3EHCKOTO BOJAOHOCHOTO KOMILIEKCA, KOTOPbIE MOCTyINajaud B
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TOpPHBIE BHIPAOOTKHU MO TEXHOTEHHBIM TPEIIUHAM, U3 30H KPYIHBIX TEKTOHUYECKUX
HapylleHuH, 0 BhIpaOOTKaM, BCKPBIBIIIUM BOJOHOCHBIE TOPU3OHTHI.

XUMUYECKHM COCTaB IMAXTHBIX BOJ 3aBUCUT B  OCHOBHOM  OT
TUAPOJMHAMUYECKUX YCIOBHM, COJEpKaHUs B YIJICHOCHOW (opMamuu cephl,
KapOOHATOB M PACCESHHBIX OHJIEMEHTOB. Eciu coaep:kaHue cepbl B YIUIAX
npeBbimaeT 4%, TO B pe3ylbTaTe OKHUCICHHS CylIb(GUIOB BOJa MpUOOpETaeT
kucayto peaknuio (pH=2-3) u cynasdaTHbiii cocTaB. TpenmHHO-KapCTOBBIC BOJIBI
KapOOHATHBIX TMOPOJ, OO0JaJaIOIINe BBICOKMM OKHUCIUTEIbHBIM IOTEHIIUAIIOM,
HelTpanpHOU cpenoit (pH=7,3-7,5), runpokapOOHATHO-KAJIBIIMEBEIM COCTABOM M
muHepanm3aiuend 0,06-1,5 r/m B3aMMOAEHCTBYIOT B IIaxTaxX C OOraTbIMH CEpOi
VIJIGHOCHBIMM ~ TIOpPOJIaMU U MOpeo0pa3yroTcsi B Cylb(aTHBIE KEIE3UCTO-
ATFOMUHUEBBIE HATPUEBO-KAIBIIMEBBIE BOABI C MHUHepanmuzamuein 2,5-19 r/n
(Tabis.1). B xone akcruTyatanuy oHa Bo3pacTaeT J0 35 I/

JUJIST KUCHBIX IMIAXTHBIX BOJ XapaKTEPHBI BBICOKHUE COJACPKAHUS ITMHKA,
HUKENs,, MeAW, CBHUHIA, MapraHua, KoOajnbTa, CTPOHLIMS U JIPYTHUX
MUKpOdsieMeHTOB (Tadi.2) [6, 7].

[TocTOSIHHBI M WHTEHCHUBHBIM CTOK IAXTHBIX BOJ IMPUBEI K TOMY, UYTO
XUMUYECKUI COCTaB peK B TMEPHOJl HJKCIUTyaTallud IIAXT MNPUOIU3HICS K
XUMUYECKOMY COCTAaBY IIAXTHBIX BOJ. Masble peKu 10 BMAJCHUS B HUX IIAXTHBIX
Boag umenn HCOs;-Ca-Na ruppoxumudeckyro (ammro, muaepanmsanuo 90-150
MI/1 U OJM3KYI0 K HEUTpalbHOW peakuuio cpenbl. Hipke Mo TeueHHro CToka
IIAXTHBIX BOJI OHM MPUOOPETAIOT CYIb(ATHBIN KEIE3UCTO-aTIOMUHUEBBIA COCTaB
pu MmuHepaausanuu oT 640 qo 6000 mr/n. Coxeprkanue Cyiab(aToB COCTaBISET OT
1000 mo 3700, xene3a - ot 70 go 900, amromunwms - ot 11 1o 160 mr/n nmpu pH 2,5-
2,9.

[Ipn skcruryatanuu MAXT €CTECTBEHHBIA THUAPOJMHAMHYECKHN PEKUM
MOA3EMHBIX BOJ MpeTepreBal 3HAYUTEIbHbIE U3MEHeHUs. BoaoHOCHbIE
TOPU3OHTHI, OKa3aBIIMecs B cdepe BIMSHUS TOPHBIX BBIPAOOTOK, HCIBITHIBAIU
JIpeHUpyIoliee BIUSHUE AXT. JlpeHHpoBaHHE BOJOHOCHBIX TOPHU30HTOB
MPOUCXOJUIIO IO E€CTECTBEHHBIM M TEXHOT€HHBIM TpeuuHaM. B psige ciydaes
MOA3EMHBIE BOJBI IOCTYNAJId HEMOCPEACTBEHHO B TOpHbIE BBIPAOOTKH,
BCKPBIBIIME BOJOHOCHBIE TOPU3OHTHL. J[BMKEHHME TOA3EMHBIX BOJ  OBLIO
HaIpaBJICHO B CTOPOHY TOPHBIX pabOT, UMEBIIMX OOJiee HUZKHE OTMETKH, YeM
€CTECTBEHHBIE JIPEHBI. YPOBHU MOJ3EMHBIX BOJ CHU3WIKCH JI0 HECKOJBKUX COTEH
METPOB OT MOBEPXHOCTH 3€MIJIM, YTO NPUBEIO K HCTOIICHUIO BOJOHOCHBIX
ropu3oHTOB. HauOonblieMy UCTOMIEHUIO MOABEPTalUCh MOA3EMHBIE BOJIbI
BU3EHUCKOTO (HIDKHEr0 HaAyTroJbHOTO BOJOHOCHOTO TOpH30HTA). Ilpn 3aToruieHun
axT HaOJIOJAeTCs CYIIECTBEHHOE WM3MEHEHUE TUIPOJUHAMUYECKOrO pPEexXuma
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Tabmuna 1
XUMUYECKUI COCTAB MO3EMHBIX U IMAXTHBIX BOJ Kn3emoBcKoro yroipHoOro 6acceiina, mr/i [1]
Bozst HCO, SOF Cl- Ca* Mg?* Na* +K* Fe,q, Al* pH Musnepanu3zanust
IMogzemHusbIe 12-280 2-99 2-44 4-148 0,5-24 0,5-10 HET HET 7,3-7,5 60-1500
[TaxTHBIC HET 644-6174 | 7-74 | 40-243 | 17-115 | 115-629 | 131-3727 | 29-494 | 2,2-3,1 2500-19000
Tabanma 2

MUKpPO3JIEMEHTHBIN COCTAB MOA3EMHBIX U IAXTHBIX BOj Ku3enoBckoro yroipHoro dacceiina, mr/i [6, 7]

Bojb Pb Cu Zn Ag Ni Co Mo \/ Cr Ba Sr Ti Mn

Toxsemusie 100017 | 0,003 | 0,0079 | 0,00052 |0,0071 | 0,00064 | 0,0001 |0,0029 | 0,0016 | 0,053 | 0,061 | 0,053 | 0,074

Hlaxtusre |0,003- |0,048- p,63-1,10( 0,010- |0,036- | 0,067- 0,005- | 0,18- | 0,025- | mer | 2,7- | 0,28- | 0,65-
0,022 0,56 0,027 3,89 2,88 0,010 0,25 | 0,102 92 | 091 | 330
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MOA3EMHBIX  BOJI, chopmMupoBaBIIerocs B MpoIEcce  AKCIUTyaTaluu
yIAeA00BIBAIOIMUX MpeanpusITuii. [IpoucxoauT BOCCTaHOBIEHHE CpabOTaHHBIX
paHee YpOBHEW TMOA3EMHBIX BOJIOHOCHBIX KOMILUIEKCOB. 3aTOIJICHUE IIaXT
MPOMCXOJUT 3a CYET TMOJ3EMHBIX BOJ TPCIIMHHO-KAPCTOBBIX BOJOHOCHBIX
TOPU30HTOB M COITPOBOXKIACTCSI BOCCTAHOBJICHHEM UX ypoBHeH [8].

COpoc MmaxTHBIX BOJ B KapCTOBBIC OJMHBI MPUBOAMI K BPEMEHHOMY
3aTyXaHUIO KapCTOBBIX MPOIECCOB B JOHHOM YacTH CYXOJIOJIOB M YBEIMYECHUIO
30HBl TIOBEPXHOCTHOTO CTOKa OT BEPXOBbEB K YCThsM. B pesynbraTe cOpoca
W3MEHSUICS] COCTaB BOJBI KPYIHBIX pek. Tak, mist p. KockBbel Huxe T. ['ybaxu Obimu
XapaKTePHBI MOBBIICHHAS MHHEpPAIU3allns, YBEIHUCHUE COJEPKAHUS CYIb(PaToB
u 3HaueHus pH — 4-6.

IIpobGaembl mocjie JUKBUAAUMM AXT. [locie 3akphITUS U TUKBUAALIMU
IIAXTHOT'O BOJOOTIIMBA, TOPHBIC BEIPAOOTKHU CTAIU 3aTAIUIMBATHCS, U HA PSJIC MAXT
MPOMCXOJUT CAaMOM3IIMB INMAXTHBIX BOJ Ha 3EMHYIO ITOBEPXHOCTh. BemnmunHa
caMomM3JIMBa W3 3aroIuieHHBIX ImaxT cocTtasBisier oT 20 mo 80% or oOnema
IIAaXTHBIX BOJI BO BpEeMs OKCIUTyaTanuud. Ha TeppHTOpHMM IIAXTHBIX IIOJICH B
pe3yabTaTe 3aTOILICHHS IIaXT 00pa3yrTCS TEXHOT'CHHBIC BOJIOHOCHBIC TOPHU3OHTHI
MaxXxTHBIX BOJ. O0IaCTh pacpoCTpaHEeHUS TEXHOTCHHBIX BOJOHOCHBIX TOPH30HTOB
3aBHCHT OT OOBEMOB 3aTOIUICHHS OTPaOOTaHHBIX INAXTHBIX Mojield. B psme
CIy4aeB, MaKCHUMaJbHbIC OTMETKH 3aTOIUICHHS TOPHBIX BBIPAOOTOK MOTYT
OKa3bIBaThCS BBIIIE CTATHYSCKOTO YPOBHS IOJ3EMHBIX BOJ, BCJICACTBHE 3TOr0 Ha
y9acTKaX THIPABIMYECKON CBS3M MEXKY IMAXTHBIMH M IIOJ3¢MHBIMH BOJaMH,
OyJIeT NPOUCXOIWUTHh JBWIKEHHWE IMAaXTHBIX BOJ M3 TOPHBIX BBIPAOOTOK B
BOJIOHOCHBIC TOPH3OHTHI, 3arPSI3HSIA MOCIICTHHUE.

B cBs3u ¢ popMupoBaHHWEM IIAXTHOTO CAMOM3JIMBA PE3KO YXYAIIMIACH
JKOJIOTHYECKass OOCTaHOBKa B PETHOHE. OJTO CBA3aHO C HM3MEHEHHEM COCTaBa
IIAaXTHBIX BOJ{ M 3HAYWUTEIBbHBIM YBEIIMUYCHHEM KOHIICHTPAIMM 3arps3HHTeNci. B
HavyaJIbHBIN TIEPHOJT 3aTOIICHHUS MAXT MPOUCXOINUT IMOBBIIICHHE MUHEPATU3AIuU 1
MTOBBIIIICHUE KOHIIEHTPAIIMA OCHOBHBIX 3arps3HSIONIMX KOMIIOHCHTOB B ITAXTHBIX
BOJIaX, PACTET WX KHCJIOTHOCTh. B TOCIEAyOImeM IPOUCXOIUT MOCTEIICHHOE
CHIDKeHHE 3arpsa3HeHus. [llaxTel 3aKphIBAIMCH U 3aTAIUIMBAIIMCH B pa3HOE BpeMs U
MIPOJIOHKUTEIIFHOCTD M3/IMBA BOABI M3 HUX pa3Has, COOTBETCTBEHHO CTAOMIN3AIIUs
XHMHYECKOT0 COCTaBa IIAXTHBIX BOJ IMPOHUCXOJHMT HE OxHOBpeMeHHo. [Iporecc
9TOT JUIMTCIBHBIN, TaK Ha IIaxTax, IJe CaMOHU3IMBBI IMpoucxomar yxe 40 rer,
BOJIbI OCTAFOTCSI KUCIBIMH M 3arPSA3HECHHBIMH.

B Havayie u3aMBa MIAXTHBIX BOJI UX 3arpsS3HCHHOCTH OOBIYHO BO3pACTacT.
ITocne MOJHOrO 3aTOIUICHMS IMAXT PE3KO CHIDKACTCS MOCTYINICHHE KHUCIOpoaa B
TOpHBIE BBIPAOOTKH, YTO COIPOBOXKIACTCS 3aMEIJICHHEM IPOIIECCOB Pa3IOKCHUS
nupuTa U o0pa3zoBaHus Cynb(}aToB, jKene3a amoMuHud. B nporecce BojooOMeHa
3arpsi3HEHHBIC IIAXTHBIC BOJIBI TTOCTEIICHHO BBITECHSIOTCS MEHEE 3arps3HECHHBIMU.
[TpoucXoauT CHHUKEHHWE KOHIICHTPAIIMH OCHOBHBIX 3arpS3HSIONIMX KOMIIOHEHTOB,
CMEHSIONIeecs cTadun3anueld XHMHUYECKOr0 COCTaBa INMaXTHBIX BOJ Ha ypPOBHE
0oJiee HU3KOM, YeM B TIEPHO]T SIKCIUTYaTaIlHH.

Y cTaHOBIICHO, YTO JIABHO 3aKPBITHIC IIIAaXThl HMEIOT B HACTOSIIEE BpeMs Ha
W3JIMBE BOAY C MEHBIIICH KOHIICHTpAIUEH 3arps3HSIONINX BEIICCTB, YeM B IICPHO]
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ux sKkcmutyatauuu. [lo HEJaBHO 3aKpBITBIM IIAXTaM OTMEYAETCS 3HAYUTENIbHOE
COJICp)KaHUE 3arps3HAIOMUX BeniecTB (Cyiab(haToB, XKele3a, allOMHHUSA, psla
MHUKPOKOMITOHEHTOB), TpeBbimaroniee He Toibko IIJIK, HO W WX 3HaYeHUs B
nepuo padboTsl maxT [8].

B nactosmee Bpemst cymecTByeT Oosiee 12 y4acTKOB CaMOM3IMBA IIaXTHBIX
BOJI Ha TIOBEPXHOCTh. X CyMMapHBIN CpeIHETOJOBOM PacX0]l COCTABISET OKOJIO
2,5 ThIC. M°/4ac, Y4TO B HECKOJIBKO pa3 MeHbIIe, 4YeM B Iepuoj paboThl OacceifHa.
OpHako 3HAYMTEIBHO YBEIMUYWIIACh WX MHUHEpanwm3anus — 1no 2571/m u Oonee,
XUMUYECKUH COCTAaB M3MEHWJICS B XYJIIYI0O C JKOJOTUYECKOM TOUKH 3pEeHUs
cropony (puc. 1). Ilpomsomnuio pe3koe  yBEIMYCHHWE  KOHIICHTPAIUH
JIBYXBaJIEHTHOIO efne3a — 10 S r/n. Ilpu cMmemmMBaHUM C PEYHBIMU BOJaMU U
yBenuuenuem pH, Fe” mombiie, uem Fe® mpeoOpasyeTcs B OCaJ0K, 4TO MPHUBEIIO
K 3HAUYUTEIIbHOMY 3arpsi3HEHUI0 PEK Ha MPOTHKEHUH JECATKOB KUIOMETPOB J10
caMbIX ycTheB. Ha 3arpsi3HsieMbIX y4acTKaX peK €XeCyTOUHO (POPMHUPYETCS] OKOJIO
80 TOHH TEXHOTEHHBIX JIOHHBIX OCAJKOB, TMPEACTABICHHBIX aMOP(PHBIMHU
THAPOKCHUIAMU JKeJIe3a M alFOMUHUSA, ¢ BRICOKMM coxaepxanuem Mn, Cu, Ni, Zn,
Pb, Cd u nap. Ilpu cmeiBe B Kamckoe Bomoxpanwnume u p. UycoByro OHH
SBJISIIOTCSI BTOPUYHBIM MCTOYHUKOM 3arpsA3HEHUS] PEK, YTO MPEACTABISECT YIPo3y
JUTSL TIEHTPAJIM30BAHHOTO MUTHEBOrO BOJIOCHAOKEHHUSI. YK€ B HACTOSIIEE BpeMs
¢ukcupyrorcsa npesbiiieHus [IJIK no xonuentpaumun Fe nHa Bomozabope
BexneuycoBckux ['oponkoB, udero He HaOmomanock mnpu paborte OacceiiHa.
CnoxuBIIasACs 3KOJI0ruuecKas 00CTaHOBKa TpeOyeT MPUHSITHUSL He3aMeITTUTEIbHbIX
MPUPOAOOXPAHHBIX MEP IO OYUCTKE MIAXTHBIX BOJI.
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Puc. 1. CocTaB maxTHBIX BOJ JI0 U MOCIE 3aKpbITHs 1axT Ku3enoBckoro yroiapHoro OacceiiHa:
a — maxtel T. ['pemsunncka, 6 — maxtel uM. Kanuanna

B coBpeMeHHBIX YCIOBUSIX OTHENbHBIE PEKU-NPUEMHUKH MIAXTHBIX BOJI
3arps3HAIOTCS 00Jee MHTEHCHUBHO M Ha OOJIBIIEM MPOTSIKEHUH, YeM Mpu padote
YTOJBHBIX IIAXT.

[Ipu pa3paboTKe YroabHBIX MECTOPOXKJCHHUI CYIIECTBEHHOE BIUSHUE Ha
OKPY’KAIOIIYIO0 Cpely OKa3bIBAET CKJIAJUPOBAHUE TBEPHABIX OTXOJIOB YriaeAOO0bIYH.
BnusiHue oTBajnoB MIaXT HA XMMHUYECKHI COCTAaB MOJ3EMHBIX BOJI MPHUJIETaIOIUX
TEPPUTOPUN MPOSBUIOCH B YBEIUYCHUU KOHIIEHTPAIIMU HEKOTOPBIX XUMHUYECKUX
KOMIIOHEHTOB OTHOCUTENbHO (DOHOBBIX MX 3HAYCHHH, XapaKTepHBIX s
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MIPHUPOJTHOTO cocTaBa moa3eMHbIX Box [9]. B 6onee yem 70 oTBaiax KusemoBckoro
YTOJIBHOTO OacceiiHa CKJIaJAMPOBAHO CBBINIE 35 MIIH. M BMEIIAIOIIUX TMOPOI,
MOJIOBUHBI U3 KOTOPBIX — Heneperoperiue [10]. [Topoabl, mocTynaromme B 0TBal,
o0pa3yroTes 3a c4eT MpoXoaku BeIpadoTok (52 %), uX peMOHTa U BOCCTAaHOBJICHHS
(48 %). B TUTOIOTrMYECKOM OTHOIICHUH OTBAJIbI TPEICTABJICHBI apTrUJUTUTaAMH,
aJeBpOJIUTAMH, MIECYUAHUKAMH, YTJIEM U APYTUMHU MOpojaMu. B HUX mpuUCyTCTBYET
ApeBecuHa, Metaummueckue npeamersl [11, 12]. [lopoabl HEOTHOPOIHBI IO
IPaHYJIOMETPUUYECKOMY COCTaBY, UMEIOT pa3Mep OT IIMHUCTBHIX YAaCTHI[ 10 IJIbIO.
OHU CKIAAMPYIOTCS B BHUJE TEPPUKOHOB BhICOTOM m0 80 M, XpeOTOBUAHBIX U
MJIOCKUX OTBajoB. [lmomiaabr 30HBI BIMSHUS OTBajla B HECKOJBKO pa3 MPEBBIIIACT
IJI0INA/Ib CAMOTO OTBaja.

Conepxanue cynbGUIHON cepbl B OTBajdax KH3eTOBCKOrO YroJabHOTO
Oacceitna 5-50-metHero Bo3pacta u3aMensietcss ot 3,5 g0 8%. XapaktepHoit
peaKkuuei, MpOTEKAOIIEH B OTBajaxX, SIBISETCA OKUCICHUE OPTaHUYECKOM CEpbl U
nuputa B cylbdaTbl. Peaknuu OKHUCIEHUS HAYT C BBIICICHHEM TeIjia U
COMPOBOXKJAIOTCS. CAMOBO3TOpPAHUEM  OTBAJIOB, OOXKWUIOM, TMEpeIIaBICHUEM
MUHEpaNoB, (pyMapoiabHBIMU TMpoleccamMu. ['opeHue OTBaJIOB MPOJOIKACTCS
HECKOJIbKO JIET.

OCHOBHOW T'€OXMMHYECKOH OCOOEHHOCTBIO MOPOJ OTBajdoB KuzenoBckoro
OacceliHa, onpenensoniell UX HeyCTOMYUBOCTh B YCIOBHUAX 3€MHOU MOBEPXHOCTH,
ABJISIETCS  BBICOKOE COJIepXaHUE pa3inudyHbiXx (opm cepbl. OHa BXOJIUT
HEIMOCPEJCTBEHHO B COCTAB yIJIe MECTOPOK/ICHHUSI, a TAaK)KE MPEJICTABICHA B BUJIE
CyTb(GUIOB METaUIOB, NpPEeUMYyINecTBeHHO mwputa [1]. B mopomax oTBajoB
MPOTEKAIOT MPOLECChl (U3UUYECKOrO BBIBETPUBAHMS, OKHUCICHHUS, THAPOJIN3A,
rUApaTaluy, MeTacoMarosa.

KoMnoHeHThl OTBajJoOB y4acTBYIOT B OHOJIOTHYECKOM KpPYroBOpPOTE
snemMeHTOB. CyIlleCTBEHHYIO pOJIb UIPAOT MUKPOOHOJOTMYECKHUE MPOLECChl MpHU
BBIBETPUBAHUU TIOPOJ] OTBAJIOB. 3HAUMUTENIBHYIO POJIb B MpollecCax OKHUCIICHHS
UTPAIOT THOHOBBIE OAKTEPUHU.

Nudunbrpanusi, OoraTbix pacTBOPEHHBIM KHUCIOPOJOM, aTMOC(EPHBIX
OCaJIKOB Y€pe3 OTBaJIbl YrOJbHBIX IIAXT MPUBOJUT K AKTUBHU3ALUU
cepHOKUCIOTHOro mpoiecca. CHmxkaetcs pH ¢GuiapTpyromuxcs BOJ, B IMPOIECC
BOJIHOM MHTpAIlMH BOBJICKAIOTCS cepa (Cynb(haThl), KeIe30, aTFOMUHUHN, TKEIbIC
METaJlIbI.

Haulbonee omacHble 3arpsi3HUTENN OKPYIKAIOMIEH CpeAbl - TOpAIIUE U
MEPEropeBIINe MOPOJHBIE OTBAJbl, B KOTOPBIX TMOJ JEUCTBUEM BBICOKHX
TEMIIEPATyp MPOLIECChl OKUCIEHUS HAYT MHTEHCUBHEE. B BOJHBIX BBITSKKAX W3
I'PYHTOB 3THX OTBAJIOB COJiepKaHKe Cylbdar-noHa koixedaercs or 1,0 mo 15 /i,
OTMCUYCHBI TIOBBIIICHHBIC KOHIICHTPAITUU Fe?* (mo 0,2 r/n); Fe3* (mo 0,5 r/n);
ATFOMUHUSL.

B3aumojelicTBue TOPOJHBIX OTBAJIOB € aTMOC(EPHBIMU  OCaJKaMU
NPUBOMUAT K WHOUIBTpAIMN 3arpsA3HEHHBIX OCAJKOB B 30HY aj’pallid WA
MOCTYIUICHUIO WX B ruaporpadgudeckyro ceTh. JlokneBble W Taible BOJBI,
bunpTpytommecs 4epe3 TOJI[y OTBAJOB M CTEKAIOUIME MO HUX IMOBEPXHOCTH,
000TamaTCsl PACTBOPUMBIMH COSAMHEHUSIMU W (HOPMHUPYIOT TEXHOTCHHBIC
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r€OXMMHYECKHUE TOTOKH, KOTOPhIE MEPEHOCSAT OT OTBAJIOB OOIBIIOE KOJIUYECTBO
KOJUIOMJIHBIX ~ COCIMHEHUNW W  MEXaHWYECKHX B3BECEHM, cpeau  KOTOPBIX
3HAYUTEIBHYI0 POJIb HIPAIOT COEOUHEHHUs cepbl. Kpome ceppl, OCHOBHBIMH
3arpsA3HSIONIMMU KOMITOHEHTaMU SIBIISTIOTCS B3BEIICHHBIC BemecTBa — 10 324
mr/nm®, amomusmit — 10 1,6 /1, xene3o — 1o 7,2 /1L

B 3aBucumoctu OT penbeda U TE€OJIOrO-TUAPOTEOTOTUYECKUX YCIOBUN
YYaCTKOB CKJIQJJUPOBAHMS YacCTh 3TUX BOJ B MEPHUOJ CHErOTastHUS M OOMIIBHBIX
aTMOC(EpHBIX OCaJAKOB 00pa3yeT IMOBEPXHOCTHBIM CTOK B BHJAE BPEMEHHBIX
BOJIOTOKOB OT OTBAJIOB 3arps3HSAIONIMKA TOBEPXHOCTHBIE BOAbI. BoaopoaHbIi
MoKa3aTellb TaKUX BPEMEHHBIX BOJIOTOKOB dHalle Bcero MeHee 3. Bombl mmeroT
BBICOKYIO MHHepanu3anuioo (nHorga a0 45 T/71) W TOBBIIICHHOE COJEp)KaHUES
XapaKTEPHBIX JIJIs CEPHOKHUCIOTHOIO MPOIECCa MUKPOIJIEMEHTOB.

OTBasibl YTOABHBIX IIAXT BIMUSIOT HA COCTaB JIOHHBIX OTJIOXEHUH 3a CUET
KHUCJIBIX CTOKOB M pa3MbIBa MOPOJ, OCOOCHHO MPH CKIIAJUPOBAHUM MO Oeperam
pek. B rpy0006iOMOUYHON, TEeCYaHOW U aJeBPUTOBOM (Ppakiuax JOHHBIX
OTJIOKEHUW HIXKE Y4YacTKOB CKIIQJIUPOBAHUSL  COJACPKUTCS  3HAUUTEIIHLHOE
KOJIMYECTBO YTOJBHO-IOPOAHBIX dacTui (1o 22%) u JOpyrux TEXHOTCHHBIX
BKJIIOUeHU. OOpasyronumecs TEXHOTEHHbIE OCaJKU B BUJIC B3BEILICHHBIX BEIIECTB
MUTPUPYIOT BHU3 MO TEUEHUIO U SIBJISIIOTCA UCTOYHUKOM BTOPUYHOTO 3arps3HEHUS
pek. OcOOEHHO MHTEHCHUBHO CMBIB MPOUCXOJUT B MABOJKOBBIM TMEPHO/I.
HaGnronaromuecs npoueccsl MPeICTaBISIIOT PeAIbHYI0 YTPO3y ISl KauecTBa BObI
B Kamckom Bomoxpanwmime u p. YUycoBOW, Tak Kak B HACTOSIIEE BpeEMs
3arpsi3HeHre 3aUKCUPOBAHO HA MPHUYCTHEBBIX YYacTKax MPUTOKOB. JlOHHBIE
OTJIOXKEHHUS HauOoJiee 3arps3HEHbl Ha y4acTKaxX HMXKE CaMOU3JIMBOB: p. BuibBa —
HIKe T. ['peMsunHCKa 0 ycThs (manee 3arps3HsroTcs p. YcbBa m Uycosas), p.
KocbBa — Hmxke 1. I'ybaxu no ycths, p. Kuzen u BunbBa — Huke r. Kuzena no
ycThs (Hanee 3arps3HseTcs p. SiiBa).

Iyt yayuyuieHusi JKoJoruyeckoi oo0cranoBkm. JlaGopaTtopus
reoJIOTMM TEXHOTEHHbIX TIpollecCOB ECTEeCTBEHHOHaAy4YHOro MHCTUTYyTa Ha
NPOTSDKEHUU  TMOCIHETHUX JIeT pa3pabaThiBa€T TEOPETUUYECKHE OCHOBBI U
MPAaKTUYECKUE CIIOCOOBI PEIICHUsI AKOJOTHUECKUX mpodsiemM. OJHUM U3 METOJIOB
CHUKEHHUSI HETaTUBHBIX TOCJIEACTBUM CaMOU3JIMBOB KHUCIBIX IIAXTHBIX BOJI
ABJISIETCS IPUMEHEHUE MCKYCCTBEHHBIX F'€OXMMHUYECKUX OapbepoB. s ouncTku
IAXTHBIX BOJ B MPHUPOJHBIX YCJIOBUSX MPENTIAraeTcs HCIOJIb30BaTh OTXOJIbI
comoBoro mnpomsBoactBa [13, 14]. HccrmenoBaHus ToKazaid, 4YTO TPH
HCIIOJIb30BAHUE LIENOYHBIX OTX0JM0B pH MIaXTHBIX BOJ MOKHO MOBBIIMIATH 0O
HEUTpalbHbIX 3HaueHul. llpm 3TOM copepkaHue Jpyrux 3arps3HUATENEH
CHUKAETCA 10 JOMYCTUMBIX KOHIIEHTpALIUH.

JIist CHYDKEHUs HEraTUBHOIO BIIUSIHMSI MOPOJHBIX OTBAJIOB HA COCTOSIHUE
OKpY’Karoliel cpeibl B YrOJAbHON MPOMBIILUIEHHOCTH HaunboJiee pacrnpoCTPaHEHO
O3€JICHEHUE WIAXTHBIX TEPPUKOHOB. M3BECTHBI CrOCOOBI MUKPOOHOIOTUYECKOM
pekynbTuBanuu otBasioB [15]. OmHako, mus KusenmoBckoro yroibsHOTo O6acceiina, B
YCIOBUSIX MHTEHCUBHOTO PAa3BUTHSI CEPHOKUCIOTHOTO Mpoliecca, 3TH CIOCOObI
TpeOYIOT JOMONHUTEIBHBIX Mep. B mepByto ouepenb HEOOXOIUMBI MEPOTPHUSATHS
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M0 CHIXKEHUIO KHUCJIOTHOCTH CpPEIbl, a TAaKXKe JIOKalu3aluus pPacrlpOCTPaHEHUS
3arpsI3HUTENEN C IOBEPXHOCTHBIM CTOKOM U MOJ3€MHBIMU BOJIAMMU.

JIns HOpManu3aluuM COCTaBa IMOJ3EMHBIX BOJI B palOHAX OTBAJIIOB B
KaueCTBE peareHTa MpeJIOKEHO HCIOJIb30BaTh COCIUHEHHI Oapus, a Takxke
npoOseHble KapOOHATHBIE MOPOJIbI, YKJIAaJblBA€Mble B TpPAHIIEH B 30HE CTOKA C
oTtBajoB. KapOoHaTHBIe MOPOALI B MpeAenax riaBHOM Ku3emoBckol aHTUKIMHAIN
(¥ ApyrMX  TEOCTPYKTyp  OacceiiHa) WMEIOT  JOCTaTOYHO  IIMPOKOE
pacnpoctpanenue. Ha tepputopuu permoHa MMEETCA PsAd KPYINHBIX KapbepOB
JN0OBIBAIOIIUX M3BECTHAK, IMOATOMY €r0 HCHOJb30BaHHWE B KAaueCTBE pearcHTa
00X0AMIIOCH ObI OTHOCHUTEINIBHO JiemieBo [16].
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