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IMPEAMCJ/IOBHE

[IpenomaBanue Kypca «I'eoOXHMHYECKHE METOAb TNOHCKOB MECTO-
POKIEHHH NOJe3HbIX HeKonaeMbix» 6bi10 Hayato B CCCP B 1938 .
Ha reodusnyecknx ¢axyabrerax JIeHHHrpajacKoro ropHoro (Iouw.
E. A. CepreeBbiM) u MOCKOBCKOrO reoJloropasse0uyHOro0 HHCTH-
tyroB (npod. A. M. 3abGopoBckum) mnox HaszBanueM <«PH3IHKO-
XHMHYecKHe MeToJbl nouckoB». [losgHee 3TOT Kypc MOL CBOHM
COBPEMEHHBIM Ha3BaHHeM BoluleJ B YueOHble NporpaMMbl GoJb-
LIYHCTBA Te0JOTHYeCKHX BY30B H peKOMeHJ0BaH MeTonHuYeCKHM
CoBeToM 1O BBHICHIEMY TeoJornyeckoMy o0pas3oBaHHio AJIsl BCeX
reQJIOTHIECKHX crennaabHocrell. Ha reoJsiornueckom QaxyJbrere
MTIY ¢ 1959 r. ero uutaa ua.-kop. AH CCCP A. A. Caykos, aB-
TOP TepBoro y4eGHOro noco6Hs MO 3TOMY Kypcy, KOTOpOe BBIILIO
B cBeT B 1963 r. Bospacraomas poib H 6osbliHe 06beMbl TOHCKO-
BEIX TEOXHMHUECKHX paboT HauIH CcBOe OTpa)KeHHe B TOM, YTO
B 1962 r. B /IeHMHrpaJACKOM TOPHOM HHCTHTYTe Gbljla OpraHH30BaHa
nepBas Kadeapa o reoXHMHYECKHM MeTOLAM TOHCKOB.

OcHOBY MNOArOTOBKH CTYAEHTOB-TEOXHMHUKOB COCTaB/ISIOT JIHC-
UHIJIHHBL OOIIEHAYYHOrO W TIeoJIOTHYeCKOro npoduied, a Takxe
crelHa/bible Kypchl — 0Ollafl reoXMMHs, TeOXHMHS OTAeJbHBIX
3J1EMEHTOB, yueHHe O MOJe3HBIX HCKOMaeMblX, MeToAsl Jabopartop-
HbIX TFeOXHMHYECKHX HCCIeIOBAHHH, MaTeMaTHUeCKOH 06paboTky
jgaHHeix u 1. 1. Ilpu Gosbliom umcne MoHorpaduit W cnenHajH3H-
pPOBAHHLIX COOPHHKOB 110 TEOXHMHYECKHM MOHCKaM, myOJHKYeMBIX
y Hac u 3a pyGexoM, yyeGHasi siuTepatypa Mo 3TOMYy BONpOCY OC-
Taercs cpaBHuTesbHO OenHoifl. JlaHHHIE y4YeOHHMK OTBeYaeT Tpo-
rpaMMme Kypcd, udTaeMoro aBTopoM ¢ 1964 r. Ha oTae/eHHH reo-
XHMHH Teosoruueckoro ¢akyavrera MIY. [onoansior 10T Jek-
LHOHHBIA KypC NpaKTHUECKHE 3aHATHA no cOopHHKY 3amau [42],
HCMOJHEHHEe CTYJEeHTAMH KYPCOBLIX paboT, NPOX0xIeHHe HMH MpPO-
H3BOJICTBEHHOH H NpPEeIJHNJOMHOH TNPAKTHKH MO TEeOXHMHYECKHM
MeTOLaM IOHCKOB M HalHCaHHe Ha 3ToH OCHOBe AMIJIOMHBIX pabor.

ITpy NOATOTOBKE KHHTH CYLLECTBEHHYIO NOMOLIb aBTOPY OKa-
sanun A. JI. Ananuenxo, C. A. Bopo6neB, A. A. Marsees, C. A. Mu-
asieB, 10. B. IIsapos, T. B. YenkacoBa, psig JHI TpeiCTABH/IH
CBOM JaHHBle. BceM UM aBTOp BbipakaeT cBol 6,1arofapHOCTD.
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F'nmaBa 1

OBIUHE NPHHUMUNbI TEOXHMHYECKHX
NMOUCKOB

1.1. BBEAEHHE

OcHoBHOII H HEpelKo eAHHCTBEHHOIH 1eJbl0 BCeX TreoJOrHUYeCKHX
paGoT, HE3aBHCHMO OT HX KOHKPETHOTO COJeprKaHHfA, sIBJASETCA
obecrnieyeHHe NPOMBILLIEHHOCTH 3amacaMH MHHEPAJbHOTO ChIPbS.
Pemaercsi aTa 3ajaua COYETAHHCM TeOJIOTHUECKHX, FeO(H3HUCCKUX
H FeOXHMHUYECKHX HCCJeJ0BaHHH ¢ ropHbiMH paGoraMu H GypeHHeM.
Ha Bcex craaHsix reoJioropas3Be/louMHOro mpolecca BaxKHas poJib
NPHHAAJIEHKHT TeOXHMHYECKHM MeToJaM [OHCKOB H pa3BeikH
MECTOPOXKAeHHI NONe3HBIX HCKOTAeMbIX.

[TosiBieHHe COBpEMEHHBIX TEOXHMHUYECKHX MeTOAOB MOHCKOB
OblJI0 NOACKa3aHo TpeGOBAHHAMH 3KOHOMHKH H NMOATOTOBJIEHO Tpy-
JaMH KJacCHKOB TeOXHMHH, B IEPBYIO ouepelb HCCJAeJ0BAHHIMH
B. H. Bepuaackoro (1863—1945), pasBuTHeM yueHHA O MecToO-
POKAEHHSIX NOJEe3HbIX HCKONMaeMblX M nporpeccom B obJacTH aHa-
JgutHueckoii Texuukn. Co3fanHe reoXMMHYECKHX METOA0B ITOHCKOB
PVAHEIX MecTOpoxaeHHil cBssano c¢ umerem H. H. Cadponosa
(puc. 1) u orHOcHTcs K 1931—1932 rr., Korza moj €ro pyKoBoj-
ctBoM B reo¢pusnueckom cexkrope HHHIPH (unine BCETEH)
B Jlennnrpase Hauanach paspaborka HUINKO-XHMHYECKOTO MeToAa
IIOMCKOB H OBIJIM VCHEUIHO NpPOBeAeHbl nepBble MoJieBble paboThl
C HCHOJb30BAHHEM 3TOTO MeTOAa B Pa3J/IMYHHIX PYAHBIX pafioHax
Coserckoro Comw3sa [34]. OguoBpemento B. A. Cokonosrim (1900—
1971) B MockBe paspaGaThiBa/JHCh F€OXHMHYECKHE METOJAH IOHC-
KOB MeCTOpOKAeHHii He)TH M ra3a. BoisiBHBIIAsiCA 34 KOPOTKHI
CPOK BBICOKas reosornyeckas 3p@ekTHBHOCTb HOBBIX METONOB NpH-
Beja K HX wupokomy npumenenuio B CCCP, a sarem u B 3apy-
OekHbIX cTpaHax. B Hacroslee BpeMsi TreOXHMHYECKHE MOHCKH
PVAHEIX MECTOPOXKAeHHIT npoBoAsTcs BO BceM Mupe. CoBeTcKoMmy
Colozy TpHHaANeKHT NMEpBoe MeCTo Mo oObeMy NDHMEHEHHS H
YPOBHIO Pa3BUTHS TEOPETHUECKHX OCHOB 3THX MeToJIoB. IIpHOpHTeT
COBETCKHX YYeHHIX B 00J1aCTH CO31aHHA TeOXHMHYECKHX METOH0B
MOHCKOB HEH3MEHHO NpH3HaeTes 3apyfeKubiMK aBTOPaMHK.

C nomouipid reoxuMuyecknx meronos B Coserckom Corose 3a
nocjaeanne gecAaTHaeTHs Obio OTKpHITO Gosee 100 nmpoMbILIIEHHEX
MECTOPOMK/AeHHI 0J0Ba, MEIH, CBHHIIA H APYTHX MeTanjoB, MHo-
rOYHC/JAeHHEIe OTKPLITHA PYAHBIX MECTOpoXAeHuii 3a pyGexom,
B YacTHOCTH B pPa3BUBAIOMIHXCH cTpaHaxX, o0s3ansl NPHMEHEHHIO
FeOXHMHAYECKHX METOJ0B IIOHCKOB.

CoBpeMeHHOE yYeHHe O TeOXHMHYECKHX MOHCKAaX MeCTOpoKIe-
HHI NMOJE3HBIX HCKOMaeMbIX npeacTas/iser coboii cTpoiinyo cHeTemy
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3HaHHi, OTBEYaloUlyl0 BCeM TMpH-
3HAKAM CaMOCTOSTeJBLHOTO pasjelia
reoJOrHYecKHX HayK: HaJHuHIO CO6-
CTBEHHOTO TIpeAMeTa HecJeloBa-
HHI, COOTBETCTBYIOUIEH METOIHKH
HCcJe0BaHUNH H CHEelHalbHOI Tep-
mutonoruu. [lpeamerom wuccieno-
BaHMit IPH TeOXHMHYECKHX MOHCKaX
ABJAITCS TEOXHMHYECKoe ToJe H
ero JoKaJbHble aHOMAJHH, B 4acT-
HOM caydae npuroGpeTalouine
CMBICJT TIPOMBIIIIEHHBIX MECTOPOXK-
nenuil. MeTosom  HccaenoBaHHI
ABJISAIOTCA TeOXHMHYECKHe CBheMKH
C rocJaeAylolleii IeoJorH4Yeckoi,
reoxuMHuuecKoil n ¢u3nKo-MaTeMa-
THYECKOH WHTepnperaumneil noay-
YeHHBIX JaHHBIX. Bonpocs cre-
I[HaJbHOH TEPMHHOJIOTHH, B 4YHC/JIE
NPOYHX, paccMaTpuBaeT B Halueil
ctpae MexBelomeTBennbii Cober ??5&)-1"1%2)”' Cagauon
M0 HayYyHBIM OCHOBaM TeOXHMHYe- ;

CKHX METOMOB NOHCKOB MECTOPOK-

JeHHH IOJe3HBIX HCKOMaeMBIX, co3faHHublil B 1968 r. coBMecTHBIM
pewennem AH CCCP u Munncrepcrsa reosorin CCCP. Coser
KOODAHHHDYET HCCJIEA0BaTe/bCKYI0 paGory B 3T0H 00/1aCTH, CO3bI-
BaeT 0OIlecol03HBle TeMaTHYECKHe CecCHH, OpPraHH3yer persoHaJb-
HEle CeMHHapH M nyG.aukyer ux TpyAn. C Bo3spacraiomeii akTHB-
HOCTBIO TIPOTEKAeT MeXAYHapojHblii ofMeH B 06JaCTH MeTOJIHKH
reoXHMHIECKHX TTOHCKOR,

1.2. OCHOBHBIE MOJIOJKEHUA TEOXUMHH

CoBpeMeHHast ropHasi MPOMBILIIEHHOCTL H3BJeKaeT pa3HoodpasHbie
XHMHYECKHE 3JeMEeHTbl H3 HX NPHPOAHBIX CKOIJIEHHH, mpeibiaB/iss
K COOTBETCTBYIOIIHM MECTODOXKAEHHSIM MOJe3HBIX HCKOmaeMbixX
BIlOJIHE ompelesneHHble TpeboBaHuA B YacTH coJepiKaHHil LEeHHBIX
KOMIIOHEHTOB, Maciutaba 3amacoB H reoJoro-3KOHOMHYECKHX YC-
JOBHH MX 3aJjieranHs. 1o onpejeiser oOLlyl0 HaNpaBJIeHHOCThb
reolOroCheMOUHLIX, NOWCKOBLIX W Pa3BejouHbiX paboT Kk obnapyxKe-
HHIO JIOKAaJbHBIX KOHILEHTPAUHH XHMHYECKHX 3JIEeMEHTOB C 1LeJbio
BLlGOpa OOBEKTOB AJS1 MPOMBILLIEHHOI paspaGortku. Ilpsamoit me-
TOJL BBISIBJIEHHS TaKHX KOHIEHTPaUHi — reoXHMHIeCKHe MOHCKH,

B ocHoBe reoxMMHUECKHX METOLOB IOHCKOB MECTOPOM/IeHHI
MOJE3HBIX HCKOMAEMBIX JIeKAT YeThipe BarKHeHIIHX TOJNOMKEHHS reo-
XHMHH, HMeIOllHe TepBoCTelleHHOe MNPHKJIAAHOe 3HaYeHHe H MOJ-
TBepKAeHHbIe GecCnOPHEIMH ONBITHEIMH AaHHBIMH [36]:

a) MOBCEMECTHOE pacmpocTpaHeHHe XHMHYECKHX 3JeMEHTOB BO
BCex reocgepax;
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6) HenpepeiBHasg MHrpauHs (mepemelleHHe) 3/EMEHTOB BO Bpe-
MEHH H B IPOCTPaHCTBE;

B) MHoroob6pasue BHA0OB H GOPM CyUIeCTBOBAHHSA 3JeMEHTOB.
B NIPHPOJIE;

r) npeolGjajanue pacCesHHOTO COCTOAHHS JIEMEHTOB HaJ KOH-
LEeHTPHPOBAHHLIM, 0CO0eHHO A5 pyaA000pasylollnx 3JeMeHTOB.

TloBceMecTHYIO pacmpocTpaHEHHOCTb XHMHUECKHX 3JIeMEHTOB:
MNOATBEPIKAAIOT PE3YAbTATH AHAMNH3A XHMHUECKOTO COCTaBa JIOOHX
TOPHBIX NOPOJ, MHHEpaJOB, NPHPOAHEIX BOJ, OpPraHH4YecKHx obpa-
30BaHUl MM MCKYCCTBEHHBIX MaTepHaJOB, YCTAHABJIHBAOUIHE Ha-
JIHUHEe B HHX ONPENENHMBIX COJAEPIKAaHHH CaMbIX pAasJIHYHBIX 37e-
MEHTOB, 4yXKJABIX HX OCHOBHOMY coctaBy. [laxe B onTHYecKH mpo-
3payHOM MOHOKPHCTAJJIe KBapua COOTBETCTBYIOUIHE METOAL aHa-
au3a obGHapyxkuBaior cofepxanua Fe, S, Pb, Cu, As, Au, Ag, Na,
K, Mg u MHOTHX ApPYTHX 3J€MeHTOB, He NPeAyCMOTPEHHBIX KaHOHH-
yeckoit opmysoii MuHHepana — SiOz, NpHCYTCTBHEe KOTOPBIX HE MO-
JKeT OBITh OOGBACHEHO C MO3HIHIA H30BAJEHTHOTO HJIH reTepoBaJIeHT-
HOTO H3oMOpdH3Ma snemeHToB. OTpaxenneM BeeoOuleil pacnpo-
CTPAHEHHOCTH 3JIEMEHTOB CJy:KAaT UHGPH HX KJIapKOB — cpelHHe
COAEPZKaHHA XHMHUYECKHX 3/€MeHTOB B JOCTYNHBIX ISl HCCJeL0Ba-
HHSI reocgepax. YdacTHe OT/AeJbHBIX 3JEMEHTOB B COCTaBe 3THX
reocep cyulecTBeHHO pasnuyHo (ra6n. 1). Knapku GoabwmHcrsa
XHMHYECKHX 3JIEMEHTOB, B YACTHOCTH BAKHLIX ANA TPOMBIIIJIEHHO-
CTH I[BETHLIX H PEAKHX METa/I0B, OLEHHBAIOTCA TOJBKO ThICHYHBIMH
HJIH MHJJIHOHHBIMH JOJISIMH TIPOLIEHTA.

OnaHako UHGPLH KJIapKOB SBJSIIOTCS PacyeTHO-CTaTHCTHUECKHMH
BEJHYHHAMH M He cOJleplKaT B CBOEM oOMNpefesleHHH YCAOBHH 00si-
34TeJBHOTO TPHCYTCTBHA BCeX XHMHUYECKHX 3JIEMEHTOB B ji0GoM
NPHPOAHOM O0Opa3oBaHWH, HMesd B BHAY MHHHMAaJbHEE OOBeMEl
BELIeCTBa, ¢ KOTOPLIMH ONEpPHpPYeT reoJiorHyeckas npaktuka (1 r,
1 ma, 100 Mr u 1. n.). QopmyJHpOBKa 3aKoHa O BceobuleM pac-
NPOCTPaHEHHH XHMHYECKHX 3JeMeHToB npHHamiexutr B. H. Bep-
HaJACKOMY, KOTOpHIt B cBoeit 3namenurtoit peuu na XII cneape pye-

Ta6aunna 1
OcHoBHOH XHMH4YeCKHH coctas reoctep
Yucno
Teocheps TaasHefimue sneMeHTE XUMUUECKUX Cymma
a/leMeHTOB Kaapkos, %
Jlutocdepa % Si, Al, Fe, Ca, Na, K, Mg, ﬂ9 99,48
i
T'napocdepa O, H, CI, Na, Mg 5 99,58
Armocthepa N, O, Ar 3 99,94
Buoctepa g C;iH, Ca; K, N, 8i, Mg, 10 99,96
S

Mpumeuanne Ilog 6uochepol mouumaerca ofnaacTb PasBHTHS XHBBIX OPFaHH3-
MOB, OXBATHIBAIONLAA HHIKEEE FropH3onThl atMocdepsl, yacrh aurocheps u ruapocdepn. Knapxkw
Grochepsl XapaKTepHsyIOT cpepHuit XHMHYECKHil cOCTap XKHBOTO BelllecTBa.
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CKHX ecTecTBOMCHBITateneli u Bpauefi 28 aexabpa 1909 r. rosopua:
«B Kaxaoi# Kanje H NbJIHHKE BellecTBa Ha 3eMHON MOBEPXHOCTH,
MO Mepe YBeJNHYEHHS TOHKOCTH HAlIMX HCCJAEJ0BaHHi, Mbl OTKpLI-
BaeM Bce HOBble H HoBHe 3jeMmentdl. [loayuaercsa sneuarienue
MHKPOKOCMHYECKOr0 Xxapakrepa HX paccesnus. B necumnke HJH
Kan/ie, KaKk B MHKPOKOCMOCE, OoTpaaercs oDLIHi cocTaB KocMmoca»
[9, c. 401]. Bnocneactsun B. M. Bepnaackuii noctosiHHo BO3Bpa-
maJjcs K 3TOMY BOIPOCY, YKa3biBasi, 4TO JaKe IpPH HHYTOXHBLIX
COACPXKAHHAX 3JeMEHTOB, HaXOAfAULHXCHA B COCTOAHWH PpaccesHusn,
YHC/IO HX aTOMOB yxke B Heboubuiom o6beme BelllecTBa AOCTHraer
orpomusix uuep. Tax, nanpumep, B 1 cM® Mopckoi BOAB Haxo-
autcst n-107 aToMoB panust npu ero copepxanun n- 10712 %, Kak
cJIe/ICTBHE 3TOro, COBPeMeHHasl reOXHMHsl OTPHILAET pe3yabTaThl XH-
MHYECKOTO AaHaJ/H3a, XapaKTepH3ywlllHe OTCYTCTBHE Kakoro-nuto
aJieMeHTa B npo6ax, 3aMeHsis NOHATHE «HET» IOHATHeM «He O0Ha-
pyxeno». [Tocjiennee HMeeT CynleCTBEHHO HHOI CMBIC], yKa3nBas
Ha colep:kaHHe 3JeMEHTa HHiKe Iopora YyBCTBHTCJBHOCTH aHa-
Ju3a. OQHOBpPeMEHHO 3T0 MOAMEPKHBAET XOPOILO H3BECTHBIE TPYI-
HOCTH TMOJIYYeHHSI «CBEPXUHCTBIX BEULECTBY W NMPAKTHUCCKYIO HEBO3-
MOMKHOCTh JOCTHIKEHHST HX «albcosioTHoity unctorbl. [lo mpeanomxe-
wenuio H. W. Cadponosa 3T0T OCHOBHO#I 3aKOH TFEOXHMHH —
0 BceoOLIeM paccesiHHH XHMHYECKHX 3/eMeHTOB — HMEHYIOT <«3a-
KOHOM BepHaacKkoros.

Murpaunsi XHMHYECKHX 3/J€MeHTOB HAaXOJHMT OTpaKeHHe B IH-
FaHTCKHX TeKTOHO-MAarMaTHYeCKHX npoleccax, npeoGpasylouiux
3EeMHYI0 KOPY, H B TOHUAHIIHX XHMHUECKHX peakUHdX, IpoTeKalo-
UIHX B JKHBOM BellecTBe, B HENPEPLIBHOM MOCTYNATEJbHOM Pa3BH-
THH OKPY’Kalollero MHpa, XapakTepH3ys [ABH)KeHHe Kak (opmy
CYIIeCTBOBAHHST MaTepHH. MuUrpauns XWMHUECKHX 3EMEeHTOB onpe-
AensieTcsl MHOTOYHC/JIEHHBIMH BHeIWIHHMH (pakTopamH, B YacTHOCTH,
3Heprueil COJNHeYHOrD WH3JYUeHHsl, BHYTpeHHeil 3HeprHell 3eMJiH,
HeficTBHEM CHJB TSKECTH M BHYTPEHHHMH aKTopaMH, 3aBHCH-
IWHMH OT CBOMCTB CaMHX 3JeMeHTOB. PasjiHuHsi B MHTPaLHOHHOM
CHOCOGHOCTH (MOABHAKHOCTH) XHMHUYECKHX 3JE€MEHTOB IIPHBOAAT
K HX aupdepeHIHALNE H K BO3HHKHOBEHHIO MPHPOAHEIX 06pa3oBa-
HHA ¢ PasiuYHBIMH  KOJHYECTBEHHHIMH COOTHOIIEHHAMH MEXKAY
sMeMeHTaMH. Pe3y/ibTaTOM 3TOro SIBJSIOTCH, TPH KadecTBEHHOM
e/inHo00pa3Hi, DPasJHYHA H HENOCTOSHCTBO COJAEpPKAHHH XHMHYe-
CKHX 3JeMeHTOB B JIOGHIX TOYKax 3eMHOro mnpocrpancTsa. [lpo-
LecCHl KOHUEHTPAIlHH H pacceAHHS] XHMHYECKHX 3JeMEHTOB Xapak-
TEPH3YIOT JiBe B3aHMOCBA3AHHbLIE H B3aHMONPOTHBONOJOMXHEE CTO-
POHBI €JIHHOTO Npollecca MHTPALHH 3JeMEHTOB.

Boabmoil UK reoJOrHYecKoil MHIPAllHH XHMHYECKHX 3J€MEH-
TOB H/UTIOCTPHPYET cXeMma, mokasauuas ua puc. 2. Orpamas BHeA-
peHHe MOJAKOPOBHIX MarMaTHYECKHX paci/aBoOB, 3TOT LHKJ He fB-
ASeTCHA 3aMKHYTBIM M XapakTepH3yeT MNOCTynmaTeJbHOe Ppa3BHTHE
JuToceps. BaxkHO OTMeTHTb, YTO SHAOreHHbBIE MECTOPOKACHHS
(OpPMHPYIOTCH B Tpolecce MarMaTHYeCKOH H NMOCTMarMaTHYeCKOH
HesATeJbHOCTH, PAa3Ho0GpasHble 3K3OTEHHBIC  MECTOPOKAECHHA —
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Puc., 2, Cxema reojJOrHYeCKOT0 WHKIA MHIpalHH XHMHYECKHX 3JIEMEHTOB

B npolecce ceauMeHTorenesa. O6aacTh Cymn Bo BCE Me0JOTHUECKHE
BpeMeHa Gblia apeHOH PasBUTHA NPOUECCOB BHIBETPHBAHWS u Je-
HyJalHH, OCHOBHOH Pe3yJbTAT KOTOPLIX — paspylleHHe H JHKBHIA-
UM paHee CHOPMHPOBAHHEIX MECTOPOKACHHII TOJNE3HBIX HCKO-
naeMulx.

PasnooGpasue BHAOB H (DOPM CYIIECTBOBAHHS XHMHUECKHX 3J1e-
MEHTOB HaXOJAHT OTpakeHHe B MHOMKeCTBe TeX MPHPOJHBIX XHMHA-
YeCKHX COeJHHEHHI, MeXaHHUECKHX cMecell H pacTBOPOB, KOTOpLle
OHH 00pasyloT B pasiHUHBLIX arperatHeIX COCTOAHHAX, H MHOrooG-
pasHH (DHSHKO-XHMHYECKHX CBf3ei Mexay 3jiemeHtamn. Hapany
¢ MHHepaJbHOIl (hopMOil CylleCTBOBAHHS 3JE€MEHTOB, HAaCUHTHIBAIO-
mel OKOJIO TPeX THCAY BHAOB, WIKPOKO Nposinienb GeamuHepaib-
HEle (DOPMBI, KOTOpHE AJs THApocdeps, 6Hochepbl H aTMocheph
CJYXKAaT OCHOBHOH ¢opMoii cyllecTBOBaHHS GOJIbLIHHCTBA XHMHYe-
CKHX 3JeMeHTOB. XapakrepHoe s JHTOc(Epb HAXOXKIeHHE 3.e-
MEHTOB B (popMe AHArHOCHHPYeMBLIX MHHEpPAJIOB JOMOJHSEeTCH HX
NpHCYTCTBHEM B (opMe Hepacno3HaBaeMblX COGCTBEHHBIX CYOMH-
KPOCKOTHTEeCKHX MHHEpPaJoB, B BHIE PasHOOOpasHbIX H30MOpP(HBIX
H HEH30MOP(HBIX TBEPJBIX PAacCTBOPOB, BOAHBIX BHYTPHIOPOAHBIX
MOJIEKYJISIPHO-TIJIEHOUHBIX PACTBOPOB HJIH BHYTPHKPHCTAMJIHIECKHX
ras’soBo-KHIKHX BKJ'IIO‘!EHHI‘:I, 4 TakKie B COCTOAHHH COPGL[HH H OK-
kmoann. Haxoxpenne saementos B Gesmunepanbuoii popme B Buae
HeonpejeJeHHbIX, MepeMeHHbIX 10 COCTABY NMPUMecell K MHHepasaMm,
HE NPeAyCMOTPeHHBIX HX (GOPMyJaMH H CTEXHOMETPHUCCKHMH cO-
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OTHOUICHHAMH, — NPAMOe CJEeACTBHe MOBCEMECTHOro pacrnpocTpaHe-
HHSA XHMHYECKHX 3JIEMEHTOB.

Te3nc o npeoGagaHHH pacceAHHOr0 COCTOSIHHA HajJ KOHLEHT-
PHPOBAHHBIMH COCTORHHAMA 3JEMeHTOB TPeOyeT HEeKOTOpHX mnosic-
HeHuil. B npolecce MHrpalHH XHMHYECKHX 3JIEMEHTOB, C y4eToM
MHOroo6pasusi BHAOB H (OPM HX CYLIeCTBOBAHHS, BO3MOMKHO BO3-
HHKHOBEHHe NPHPOAHBLIX 00pasoBaHHil ¢ NPaKTHYECKH JIOOBIM
(BecbMa HH3KHM HJIH OYeHb BBICOKHM) co/Ilep:KaHHeM KOHKPeTHOro
sjemenTa. IIpotHBopeuamumMu 3akoHy BepHaackoro sIBASIIOTCS CO-
aepxaunsi snementa, pasupie 0 u 100 %. Ilpu stom Henb3s ycra-
HOBHTb KakKylo-J1H60 0OBLEKTHBHYIO TPAHHLY MeMKAY HH3KHMH COAEp-
MAHHAMH 3J€MEHTa, OTBeHalOIHMH €ro pacCesHHOMY COCTOSHHIO,
H BHICOKHMH COJepzKaHHAMH, COOTBETCTBYIOIIHMH KOHIEHTPHPOBAH-
HOMY COCTOsIHHIO. B psijly HenpepbiBHbIX COAEp:KaHHil 3JeMeHTa
aobad noaobHast rpaHuua Owlla OBl MPOH3BOJBHOH, TOCKOJBKY
JABYM CKOJb YroAHo OJH3KHM COAEPHaHHAM 3JeMeHTa, JeMallHM
70 pasHble CTOPOHH OT rPAHHYHOrO, MPUNHCHIBAJHCL Gbl pa3jdd-
Hble KauecTBeHHble cocTosiHHS. [lo3TOMy yMecTHO OrpaHHuYHTBCS
onpefie/eHHeM JBYX KpaiHHX COCTOSIHHH, NMOHHMas NOA paccesH-
HBIM COCTOSIHHEM 3JeMeHTa Cojdep:KaHus, OJH3KHE K ero KJapkaw,
a mo/l KOHLUEHTPHPOBAHHHIM — OJIH3KHE K €ro coJepiKaHHaM B I10-
JIe3HBIX HCKONMAaeMbIX, H3 KOTOPHIX STOT 3JIEMEHT H3BJeKaeTcs
B npoMbllieHHBIX uensx. [IpuMepbl, XapakrepHayloliHe coaepika-
HH5 HEKOTOPHIX 3JeMEHTOB B COCTOSIHHAX paccesiHHs M KOHIEHTpa-
uuu, npuseaeHsl B taba. 2. B nocaeanem crosnbue aToil TaGanubl
JlaHel NpHMepHble HHGPH OTHOLIEHHH MeKAy cojep:KaHHAMH 3je-
MEHTa B 10Je3HOM Hckonmaemom Cp, M3 KOTOPOTO OH H3BJEKAeTCH,
H ero kaapkoMm Cy AJas cootBercTByomell reocdepbl. ITH wHDPH
NPHHATO HA3LIBATH «KJapKaMH KOHIEHTpauHH», obosHayas ux Ki.

JInsl OUEHKH KOJHYECTBEHHBIX COOTHOLICHHIT MEXAY pACCesSHHBIM
H KOHIEHTPHPOBaHHHIM cocTosHHeM 3iemedtoB H. H. Cadponos
noacuntas obmue 3amace 11 raaBHefmux MeTa/wsioB B 3eMHOM
Kope B mpejenax cymH Ao riay6uusl 1 km, onpenensembie HX KJaap-
KaMd, H 3anachkl TeX Ke MeTaJ/ljIoB, COCpe0TO4YeHHBle B HX MEecTO-
Ta6aunma 2

CooTHolEHHS MexNY pacCeAHHbBIM H KOHUEHTPHPOBAHHBIM COCTOAHHAMH 39/IEMEHTOB

Xg::;e- PaccesnHoe cocTosHue Kouuceéic'r%:%(;:amme Eé‘:ﬁ;é:::'
e Teocdepa l Cyr % O6BexT Cpr % e p‘Cx
Fe Jlntocdepa 4,653 Pyauoe Teno 45,0 10
Cu » 47-10—3 To xe 1,0 200
Pb » 1,6-10=2 » 1,5 1 000
Hg » 8,3-10—8 » 0,2 24 000
Br Tuapocgepa 6,5-10—3 MuuepanbHbie 0,4 60

BOJIbI
He Armocepa 5,2-10—1 Tazopaa 3anexs 1,0 2 000
H JIntocdepa 0,1 Hedrauan sanexs | 12,0 120




POKAEHHAX (COCTOSNUIMX Ha yueTe, paHee BblpabOTaHHLIX W Tped-
nosaraembix). B wrore naxe npu 40—250-kpaTHoM yBeJHUEHHH
UHQP YYTEHHLIX TNPOMBIULIEHHBIX 3amacoB J0Af HX OT OOLIHX
«M€OXHMHYECKHX 3aMacoB» COCTABHJA COBEPIIEHHO HHYTOXKHLIE Be-
auunns [36] (B %):

WERRN S s el e SN LROGRIBT e e e e e el el
(e e S S S R N 2 ) R T o R R R
HHKCJTb . el B 108 DIV T v o oyl 2 e e =50 10=E,

ITo HesaBucumbiM nojacueram Mak-KenBesi, 1045 3anacoB IeH-
HBIX METaJ/IOB, cocpefoToueHHas B Mecropoxpaenusx CIIA, co-
craBaser ot n(10~4+10-%) % mo 0,04 % (makcumym) or HX 06LIHX
¢«KJApPKOBHIX» 3amacoB B JHTocepe AMA TOH Ke TEPPHTOPHH [0
ray6uasl 1 KM,

O6o6utas H3J0KEeHHOe BHIUE, NMPHXOAHM K BHIBOAAM, YTO CO-
AeprKaHus J1100bIX XHMHUECKHX 3JIEMEHTOB B JAOCTYNHBIX JJISI H3yye-
HUA reocepax B CpeIHEM XapaKTepH3YIOTCH LU(MpPaMH COOTBETCT-
BYIOUIHX KJapKOB, OHH Bceria GoJblile HYJs, 3aBHCSIT OT KOOPHAH-
HaT ¥ HenocTosHHLI BO BpemenH. O6GpasoBaHHe JOKaJbHBIX KOH-
IEeHTPAllHH XHMHUYECKHX 3JeMeHTOB TpebyeT 3aTpaThl BHeIlHel
SHEePrHH M HaJHYHS COBOKYMHOCTH OJaronpHATHHIX YCJIOBHH.
B reosoruueckoM LHKJE MHTpallHH XHMHYECKHX 3JeMeHTOB (cM.
puc. 2) nogoOHBIe YCJIOBHS BO3HHKAIOT HEOAHOKPATHO H pe3y/bTa-
TOM HX fBJseTcs obOpa3oBaHHe MECTOPOXKAEHHH MOJe3HHX HCKO-
MaeMbIX PAa3jHIHBIX TeHeTHUeCKHX THMOB. OJHOBpeMEeHHOEe BO3HHK-
HOBeHHe KOoMNJekca GJaronpHATHBIX YCJAOBHI, HEOOXOAHMbIX /s
KOHIUEHTPAIHH 3JI€EMEHTOB, TMPHHAAJEKHT K YHCAY pPeAKHX TreoJio-
THYECKHX COOGBITHH M TOJBLKO Majas [oJsi r1oGajJbHBIX 3amacoB
XHMHYECKHX 3JIEMEHTOB COCPeJOTOYEHA B COOTBETCTBYIOLIHX MeCTO-
poxaenusnx. [Tosatomy ob6HapymeHHe HOBBHIX MECTOPOIKAEHHIl, YAOB-
JETBOPSAIOIIHX NPOMEIUIJIEHHEIM TpeOGOBaHHAM, COCTABJAfET OTHOCH-
TeJbHO TPYAHYIO TeOJOTHYECKYIO 3a1auy.

1.3. TEOXUMHYECKOE MOJIE H ETO JIOKAJIbHBIE AHOMAJIHH

FeoxuMHUECKHM TOJeM HMEHYeTCs TeoJOrHyeckKoe TPOCTPaHCTBO,
OXapaxkTepu3oBaHHOe UH(PpPaMH coAeprKaHHH XHMHYECKOTro 3Jje-
MenTa Cy KaK QYHKIUHAMH KOOPAHHAT H BPEMEHH, HJIH

Ce=F(¥, y, 2, T)>0. (1)

B 3aBucHMOCTH 0T XapakTepa NpOLECCOB, ONpeAeJsIOUHX TO
HJIH HHOE pacnpefeseHne cojep:KaHHil XHMHYECKOro 3JeMeHTa H
popmbl ero naxoxnenus, Bepaxenue (1) npuoGperaer pasiuunblii
re0JIOTHYECKHH M MaTeMaTHYeCKHH CMBICI.

s u3yueHHss reOXHMHUECKOTO NOJISi NMPOH3BOASATCS H3MEpeHH:
CO/lepKaHHH XHMHUYECKHX 3JIEMEHTOB NMYTeM reOXHMHYECKOro ONpo-
GoBaHHsl B OTAEJbLHBIX TOYKAaX HabaiofeHuil Wau HenpephiBHO. Tep-
MHHY <«onpoboBaHHe» NPHAAETCH UIHPOKHH CMBICH — OHO BBINOJI-
HseTes ¢ orGopoM mpob ¢ NOCHAEAYIONIHM HX aHaJH3OM HJAH Ges
npo6ooT6opa, nyreMm KOHTAKTHHIX HJH AHCTAHUHOHHBIX ONpejeie-
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HHIl XHMHYECKOrO cOCTaBa NPHPOAHLIX obGpasoBanuil. Hamepenus
cojep:KaHuii XMMHUECKHX 3JjeMeHToB Oe3 npobootbopa ¢ npumeHe-
HHEM ClelHaJbHOil annaparypbl 4acTo Ha3bIBAKT «re0()H3HIECKHM
onpobOBaHHEM», UTO HE MEHSeT ero CMBIC/]a Kak cpeicTBa Hccje-
JOBAHHS HMEHHO TeOXHMHUYECKOTO MOJSI.

[To pesyabratam H3MepeHHH TEOXHMHUYECKOTD IMOJS COCTABJIA-
I0TCE KapThl H paspe3bl B H30KOHUEHTPALHAX MJH CTPOSITCS rpa-
¢uxn no guuuam onpobosanus. Ilo ypoBHIO comep:kaHuil Xumuye-
CKHX 3/IEMEHTOB FeOXHMHYECKHEe I0J51 MOryT OHITb CPaBHHTEIbHO
OJIHOPOAHBI, MOI'YT H3MEHSTbCS IJIABHO HJH OCJOKHATHCS JIOKaJb-
HEIMH aHoMauausiMi. [lyTem aHaaM3a CTPYKTYPBl TeOXHMHUECKOTO
NOJ% H ero KOJHYeCTBeHHOH HHTepNpeTanHH, ¢ yYeTOM reoJoruye-
CKHX H reo(H3H4YeCKHX AaHHBIX, JeJaloTCs MOHCKOBBIE H pa3Beilou-
HblE BBIBOJHI.

B aGcoaioTHOM GOJBIIHHCTBE TOYEK TeOXHMHYECKOro moJisi 3Ha-
yenust Cy OJAM3KH K HH(PpPaM COOTBETCTBYIOUIHX KIapKOB H TOJIbKO
B peAKHX CJydasx AOCTHralOT 3HAYEHHH, CYUIeCTBEHHO OTJHYAN0-
IHXCA OT 3TOro ypoBHf. PaccesinHoe COCTOSIHHE 3JeMeHTOB — 3TO
HX eCTeCTBEHHOe, HOpMaJbHOE COCTOSIHHE, a KOHUEHTPHPOBaHHOE
COCTOIHHE — OTKJIOHEHHE OT HOPMBl MJH aHOMAaJbHOE COCTOSHHE.
3ajeKn NMOJe3HBIX HCKONAEMbIX SBJAIOTCH UY4CTHBIMH CJOVIASAMH
NPHPOJHBIX TEOXHMHUCCKHX aHOMaJiuil, obllee 4HCI0 KOTOPHIX Cy-
IeCTBEHHO MNPEBLIIAET YHCJAO MPOMBILLICHHBIX MECTOPOXKIEHHH.
3asaya NMOHCKOB PYJHBIX MECTOPOKIAEHHIl TeOXHMHYECKHMH MeTo-
JlaMH pellaeTcs NOHCKOM TeoXHMHYeCKHX aHomadauii. Bsaumocssd-
3aHHbIE MOHSITHA O HOPMAaJbHOM FeOXHMHYECKOM IoJe H aHoMallb-
HBIX COJAepzKaHHAX XHMHUECKHX 3JeMeHTOB TpeOyioT GoJee moapob-
HOTO PacCMOTPEHHS.

PesysabraThl reoxuMuueckoro onpoboBaHUs TOPHLIX NMOPOI, peu-
HBIX M/IH TOJA3EMHLIX BOJ, pacTeHHii HJIH NOYBEHHOTO BO3A1yXa,
NPOBEJeHHOTO BAOJIb HANpaBJieHHs X BKPECT NPOCTHPAHUHA JIHHEH-
HOIl CTPYKTYpPBl Ha NOCTOSIHHOH raybuue z=const, B mpocreiiiiem
ciayuae He OyAyT 3aBHCeTb OT y H 2. C y4eTOM KpPaTKOBPEMEHHOCTH
HaIUHX HaOJIOAEGHHH MO CPaBHEHHIO C JIHTENBHOCTBIO TreoJoruye-
CKOr0O BpeMeHH HX MOMKHO CYHTATh HE3aBHCHMBIMH H OT Bpe-
mern T. B atux ycioBusix Beipax<enue (1) mpuoGperaer xapakrep
OJHOMEPHOH 3aBHCHMOCTH:

Cx=[x) @)

H oTBeyaeT rpaHKy cofepmaHHi AaHHOrO XHMHUYECKOro 3jeMeHTa
no npopuao onpobosanud. Jlonyckas 3HAYHTENbHYIO INPOTSKEH-
HOCTb 3TOr0 MPO(MHIA H COEJHHAA JOMAHOH JHHHEH CojepiKaHus
3JleMeHTa, COOTBETCTBYIOIIHE TOYKaM ompoboBaHHS, Jerko oGHapy-
XKHTh GOJblIHE OTPe3KH rpadMka ¢ OTHOCHTEJIbHO MOCTOSHHBIMH
H HH3KHMH HJH (OHOBBIMH colep:kaHusiMu sjeMmenta Cy H pejlkue
OTKJIOHEHHSI OT 3TOr0 YPOBHS, HOCHILHE XapaKTep TeoXHMHYEeCKHX
anomanuit (puc. 3). Ilpn reoXxHMHYeCKHX HCCJIELOBAHHAX YacTo
Ccpe/li MHOTHX COTEH, a HHOrJa M ThicAY npob ¢ (OHOBHIMH cojaep-
HAHHAMH PYAHLIX 3JeMEeHTOB OGHAPYKHBAIOTCH TOJbKO CLHHHUHLIE
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Abnas aHoManus

Cnadan anomanuf

Ly S
g I M

Puc. 3. Tpaduk reoxuMuyeckoro onpoGosanus no npoduio

npoGbl ¢ aHOMaJbHLIMH COJEpXKaHHAMH, YTO JIHIIHHH pa3 mnojx-
TBepIKAaeT MnpeobJafaHHe PacCesHHOr0 COCTOSIHHA 3THX 3JeMeH-
TOB HaJ KOHIEHTPHPOBAHHLIM. YPOBEeHb MECTHOTO TeOXHMHYECKOTO
doHa yme npu AJdHHe npodH/eil, NpeBbIIANIIHX MepBbie KHJIO-
METphl, € AOCTATOYHOH TOYHOCTBIO ONpejeNsieTcsl «Ha rjas», ny-
TeM pPAaccMOTpeHHs TPadHKOB COAep:KaHHH 3JIEMEHTOB H NpoBele-
HHSI ycpe/HsIOIeH NpsAMoil B obsacTH ycTOHYHBO HH3KHX COJep-
XKaHuit pyaHoro sjementa. Cnoco6 3purenbHOH ouenkH (oHa yc-
MelHO TIPHMEHAJICH C¢ MOMEHTAa BO3HHKHOBEHHsI TeOXHMHYECKHX
METOJ0B NMOHCKOB H €ro HCIoJIb30BaHHE NO-TIPEKHEMY OnpaBaaHo
Ha CTa[HH MpeABapHTEJbHOH HHTEpHpeTaldd HaHHBIX HJH [pH le-
TaJIbHOM H3YYEHHH YyiKe BHIABJEHHBIX aHomanuii. Hemocratkamu
3TOrO Ccrnocofa SBJAAIOTCA XapaKTepHCTHKA (DOHA TOJNBKO BEJHUHHO
cpeflHero cofepxanus sneMmenta Cgq 6Ge3 yuera cTeneHH €ro mnocro-
SIHCTBA H CYObLeKTHBHBIH BHIGOP HHIKHErO COJMEp:KaHHSA 3JeMeHTa,
NpH3HABAEMOTO aHOMaJbHBIM. Beseiactsne 3TOoro HeusbemeHn mpo-
nyck vactdH OGoJsee caadBIX aHOMa/Hil HJAH OMIHOOYHOE BhIJEJEeHHe
(QHKTHBHBIX aHOMA/IHil, CBA3aHHHIX €O cJayuYaHHBIMH KoJeGaHHSMHA
ypoBHs ¢oHa. TloaTomy, He3aBHCHMO OT TOrO, KaKHM H3 TI'eOXHMH-
HeCKHX METOJO0B MPOBOAATCH paboThl, A5 XaPAKTEPHCTHKH TIeo-
XHMHUUECKOTO (hoHa NpHMeHsiiotes Gonee cTporde Metonst [21].
Cpeau oTKJOHEHHH oT o6Hlero ypoBHA CcOJAepiKaHHH XHMHYe-
CKOTQ 3JeMenTa 1o npodunid onpooBanus ciegyeT pasindarth
ABHLIe aHOMAJHH, eJHHCTBEHHBHM KDHTEpHEeM AJ%
BH AEJEHHSI KOTOPHX CJHYXHT KOJNJIEGKTHBHBHI re-
osnoruueckuii ons T IlpuMepamn Takoro poaa mpu onpoGo-
BAHHH TFOPHLIX MOPOJ HJIH NPOAYKTOB HX BHIBETPDHBAHHA MOTYT CJY-
KHTb cofepxanus mead 0,3 %, ceunma 0,1 nam 0,5 %, cepeGpa
200 r/r ¥ 1. n. MHOroJIleTHHII OMBIT TOBOPHT, YTO 3THM TeOJOTHUE-
CKHM 06pa3oBaHHAM He CBOHCTBEHHB MOAOOHBIE COAEPIKAHHA Me-
TaJJ0B, H TakHe TOYKH omnpoGoBanus, Ge3 JdajbHelilero o6eyxae-
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HHSl, PACCMATPHBAIOTCH B KauecTBe OecCNOpHbIX (ABHLIX) JHTOXH-
MHYECKHX aHomaJ/iHi. Ha oCHOBaHHH TreoJIOrHUECKOro OnbiTa aHo-
JOTHUHBLIE, (€3yCJOBHO aHOMalbHble COJepKaHHA PYAHBIX 3JeMeH-
TOB yCTAHABJIHBAIOTCH /s NpHPoAHBIX BoA (nanpumep, 100 mr/a Cu
uan 250 mr/m Mo u 1. 1m.), AJ8 XHMHYECKOTO cOCTaBa pacTeHHil
HJH AJ5i PE3YJbTATOB Ta30BHIX ChEMOK. ANPHOPHLIE TPEACTABICHHA
0 fABHBIX F€OXHMHUECKHX aHOMAJHSAX MO3BOJSIOT YTOUHHTb MOH -
THE 0O MECTHOM reoXuMHYecKOM HOHe, 3a BEJHUYHHY
KOTOPOTr0 MNPHHHMAaeTCA cpelfHee coAepXKaHHE
XHMHYECKOro 3JJeMeHTa B npefejax oflHOPOAHOTO
y4acTKa, B YAaJeHHH OT SBHBIX aHoMaJHii

Ipyryio rpynny coiep:KaHHii 3JeMeHTOB-HHAHKAaTOPOB OpyJe-
HeHHs, OTKJIOHSIOIAXCS OT cpejaHero ypoBHs, o6pa3yoT caalb e
reoXiMHUECKHEe AaHOMAaJHH, AIA BbAETEHHS KOTOPBIX
NPHBJIEKAIOTCA BEPOATHOCTHO-CTATHCTHUECKHe KpuTepHH. Heobxoau-
MOCTh HMEHHO TaKOro MOAXOAA K aHaJH3y TeOXHMHUYECKHX JaHHBIX
cBfI3aHa C pAas3JHYHAMH B COJAEPIKAHHAX XHMMHUECKHX 3JIeMEeHTOB
NpakTHIECKH B JIOOHIX ABYX npo6ax, B TOM YHCJE COAepKaHHH
PYAHBIX 3/JEMEHTOB Ha 3aBeloMO Ge3pyaHbiX yuyacTkax. 3a mpeje-
JaMH SBHBIX aHOMAaJHi 3TH KoseGaHHA HOCAT OTpaHHUEHHBIH Xa-
pakrep H 0OOYCJOBJEHLH BJAHSHHEM MHOKECTBA CaMbIX PasIHUHBIX
npuunH. OTKIOHeHHsi ot (oHA, He TNpHHAAJeKallHe K paspsaly
SIBHEIX AHOMaJIHi, TOJBKO B TOM CJyuyae MOTYT NMpH3HABaThCH Teo-
XHMHYECKHMH aHOMaJHsIMH, €CJH OHH C 3aJaHHOI BEpPOATHOCTHIO
NpeBLIIAIT aMNJHTYAy cOOCTBEHHBEIX KojeGanHuii MeCTHOro coHa.
Jna oGocHOBAHHOTO BbijeneHHsi caabbix aHomaawuil rpaduueckas
OLIEHKA CPEAHEro ypoBHsI cofep:kaHuil sjementa Cy HepocTaTouHa,
HeOOXOAHM OXHOBPEMEHHBIl y4eT Mephl KoJebGaHHil MECTHOTO Teo-
XuMHadeckoro ¢ona. OueHKy 3TOr0 BayKHOTO NMoOKa3aTteas oGecreyn-
BAeT cTAaTHCTHYECKAas 06paboTKa reoXHMHUYCCKHX laHHBIX (cM. 1.5).

B coBpeMeHHBIX YCJIOBHAX A006bYa MOJE3HBIX HMCKOMAaeMBIX Be-
IeTcsi B OCHOBHOM M3 MECTOPOK/EeHHil, 3ajeraiomux B JuTochepe
H OTHOCHMBIX K paspsily JUTOXHMHYeCKHX aHomanuii. B npegenax
TaKoit JHTOXHMHYECKOH aHOMAJHH BLIAGJSIOTCS KOHTYP NPOMBIIL-
JeHHBIX PYA H OKpy:Kawllasg ero 30Ha TOpPHBIX TMOopoA ¢ GoJjee
HH3KHMH CONEPKAHHAMH [EHHBIX KOMIOHEHTOB, HeLOCTATOUHHIMH
I UX peHTabenbHOTO M3BJEHeHHS. 30HA TOBBILIEHHBIX COAEpIKa-
HHH PYAHBIX HJIH CONMYTCTBYIOUIHX 3JEMEHTOB B OKOJOPYAHBIX (KO-
peHnbix) mopoaax, o6pasoBaHHAs OJHOBPEMEHHO ¢ PYAHBIM TeJIOM
B peayJbTaTe TeX ke NPOIecCOB 3HAOTeHHOro, 3K30reHHoro (mep-
BHYHO-0CAJ0YHOTO) WJaH  MeTamopdorenrnoro pynoobpasobanus,
HMEHYeTCH erO MePBHYHLIM OPEOJIOM.

Fpanuna mexay pyAHEIM TeJIOM H €r0 NepBHYHLIM OpeoJoM
4acTO HMEeT He TeoJOTHYECKHH, a TOJbKO BpeMeHHHIH, 3KOHOMHYe-
CKHH CMBIC/, OTHAENsis NPOMHIIIEHHBIe PyAB oT 3a6alaHCOBHIX.
IIpn nepecmorpe TpeGoBaHHii K CpelHeMYy ColepiaHHIO MeTansia
B pPyAax H, cJeloBaTeNbHO, HHXKHEro mpombiulieHHoro (6opTosoro)
conep:kanus dopMa pPyAHOro TejJa B €ro TpaHHUAax ¢ TEPBHUHEIM
OPE0JIOM COOTBETCTBEHHO H3MEHHTCSH. O,E(HHKO NMOHATHE O NEPBH'-
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HOM TeOXHMHYECKOM OpeoJie MeCTOPOXAEGHHS HJAH pYyAHOro TeJa
3HAYHTELHO LIHPE CYLLeCTBYIOLLEro MOHATHSI © «3a0a/laHCOBBIX
pyAax», BHEIIHHH KOHTYp KOTOPBIX onpejeiasiercsi ToJbKo Gonee
HH3KHM, Hexkesn GOpTOBOE, Co/ep:KaHHEeM LeHHOTD MeTajJja, H Ko-
TOpbIE B HEAAJeKOil MepCHeKkTHBe MOTYT cTaTh NPeAMEeTOM [POMBILI-
Jgentoii orpaborku. IlepBHuHBIi Opeos BK/KYAaeT 30HY PyAOBMe-
IAI0IHX IOPOJ ¢ COAEpPIKAHHAMH METaJlJIOB, JIHIIL B CaMOH HesHa-
YHTEJNbHOI CTeNeHH NpPeBbIAIHX MecTHble (hDOHOBHIE COepKaHus,
a4 TaKXKe 30HBI AHOMAJbHBIX COJAEpPKaHHi 3JeMeHTOB-CNYTHHKOB
Opy/eHeHHsl, He SBJAIOIIHXCA IleHHBIMH KOMIOHEHTAMH 3aJIexH.
[Mo nepugepuH mepBHUHOTO OpeoJa COAEPIKAHHA PYAHBIX 3JeMEH-
TOB TMOCTENEHHO (ACHMNTOTHYECKH) TNpUO/IHAKAIOTCA K (POHOBLIM,
4TO Ompeje/sierT CJAOXKHYI0 KOH(HTYPAauHIO H YCJOBHBIH XapakTep
ero BHelIHe# rpaHHUB. B KOHType mepBHYHOrO Opeojia reoMeTpH-
YecKHe pasMepbl MECTOPOXK/eHHil B njaHe W B paspe3e 3HAUATEIbHO
NpeBLIIAOT pa3Mepbl pPyAHBX Tesa. B mpocreiimem cayuae mnep-
BHUHbII OPEOJ OCHOBHOTO PYAHOTO 3/J€MEHTa MOBTOPSIET B paclLIH-
peHHBIX rpaHHinax ¢opmy pyauoro tena (puc. 4). Kourtypu nep-
BHUHBLIX OpPEOJIOB 3JEMEHTOB-CIIyTHHKOB MOTYT CYIIECTBEHHO OTJIH-
yathess OT (opMmbl pyAHbX Tea (cM. ra. 4). [lepBHuHBIe OpeoJibl
CYHIeCTBYIOT BOKPYI 3aJjiexel JIIOOBIX [0JIe3HBIX HCKONMaemblx,
B HaCTHOCTH, HEMTAHLIX H Ta30BLIX MECTOPOKACHHI,
Mecropoxaenus, o6pasoBaHnbie Ha rJyGHHE HJIH 3aXOPOHEHHBIE
B IIpolecce 0CaJKOHAKONJEHHS, B Pe3y/bTaTe NMOCAEAYIONIHX TEKTO-
HHYECKHX MOJAHATHII H mpouec-
COB  JAEHyA4aUHH  BLIBOASTCS
K YPOBHIO 3€MHOIi IOBEpPXHOCTH,
Bo3Mo:kHbIe NPH 3TOM MOCJIEL0-
BaTeJbHbIE MOJIOKEHHS AeHy1a-
IIHOHHOTO Cpe3a OTHOCHTEeJbHO
KpyTomajalouleii 3alexu cxe-
MaTHYECKH MOKa3aHbl Ha pHC. 4.
[Tono:kenne JAHEBHOH MOBepPXHO-
cTH Ha ypoBHe A oOTBeuaer yc-
JIOBHAM CJIETOro 3aJjieraHus pyi-

HOrO TeJja, CONpPOBOMKAAEMOro
HEBCKPHITHIM (CJI€NbIM) NepBHY-
HBIM  opeosoM. YpoBenn B

BCKPBLIBAT TOJLKO HaJApyAHBLIA
MepBHUHBIL OPeoJI, JIeHYyAalUHOH-
Hasi NMOBEPXHOCTh Ha ypoBHe B
BCKPHIBAET pPYAHOE TeJ0 H MNpPH-
MBLIKAIOIIHH K HeMY OKOJIOPYA-
HEIl opeos. YpoBeHb I” oTBedaer

Puc. 4. VpoBHH JAeHYNAUHOHHHIX Cpe-

so8 (b—/]) kpyTonajaiwuiero pyjaHoro
TE€Ja W ero nepedyHoro opeoJa.

] — nepBoHavanbHAA JIHEBHAS TIOBEPXHOCTH;
2 — pyanoe Teno; § — MepBHYHLIA opeodt
OCHOBHOTO PYAHOro sjaeMeHTa; 4 — pynosMe-
maouHe nopoas
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CTajliH, KOrja pyaHoe TeJo yiKe
VHHUTOIKEHO AeHYAALHEel H B KO-
PEHHLIX nDOopoAadax COXpaHHJCH
JIHILIb MOAPYAHBIN HHTEpBaJ mep-
BHYHOro opeosa. JlaabHeiiee



MOHHIKEHHEe JEHYAallHOHHOH NOBepPXHOCTH A0 ypoBHA J] oTBedaer
CTaAHH NMOJHOH JMKBHAALHH T'HIEPreHHLIMH TpoleccaMH KOPeHHOro
MECTOPOK/EHHA H ero NepBHYHOrO OpeoJa.

OGecneunBasi TOPHONPOMBILIIEHHYIO AOCTYNMHOCTb TIMyOGOKHX TO-
PH30HTOB JHTOCGhEpL!, BhIBETPHBaHHE H JAeHYAallHsl OJHOBPEeMEeHHO
BeJyT K IOCTeNeHHOMY YHHUTOXKeHHI0 paHee oOpa3oBaHHBIX MeCTO-
pOMeHHI TIoJIe3HbIX HCcKonaeMblX. MHHepa/ibHOe BellecTBO MeCTO-
POKAEHHSs, NoABeprasicb BHIBETPHBAHHIO M JIeHYJallHH, CMEIIHBa-
ercsi ¢ NPOAYKTAMH BLIBETPHBAHHS OKPYKalOUHX TOPHLIX TOPOA,
pactBopsieTcsi aTMocgepHBIMH OCaJKaMH H npereprneBaet pasHoob-
pasHeie (PH3HKO-XHMHUYeCKHe NpeBpauleHHsl. XHMHUECKHE 3JIEMEHTH,
HaxoAMBIIHECH B PYAHOM Teje B COCTOSIHHH KOHIEHTpalLHH, IpH
39TOM pacceHBalOTCs B oOLlell Macce pPHIXJLIX HOBOOOpa3oBaHHi H
NPHPOJAHBLIX BOAAX 30HLI THIepreHe3a, NPHHHMAIOT yuacTHe B ¢op-
MHPOBAHHH TBEPAOro H THAPOXHMHYECKOro CTOKa C CYLIH, IOCTY-
naiouiero B 06JacTb OCAAKOHAKOMJEHHS, B camMoMm oflleM ciydae
B MHPOBOH OKeaH.

[TpucyTeTByioliHe B  MECTOPOXKAEHHH HJH 00pasoBaBluHecs
B 30He BbIBETpHBaHHsI razoofpasHble NPOAYKTHl NPH 3TOM pacceH-
Balorcsi B atMocgepe. C 3TOH TOYKH 3peHHsI BepXHHEe TOPH30HTHI
COBPEMEHHOH CyIIH, B KOTOPHIX NIPOTEKAalOT NPOLEeCcChl BLIBETPHBA-
HHS W [eHyAalWH, BeldyllHe K paspylleHHI0 W JHKBHIAIMH paHee
00pa30BaBUIHXCA MECTHHIX KOHIUEHTPAUHi XHMHYECKHX 3JEMEeHTOB,
HMEHYIOTCSl NOJIeM pacCessHHS MECTOPOXKZEHHH mnoO-
Je3Hb X ucKonaemb X. [lpoueccr, nporekatoune B noje pac-
cesiHHsl, MOTYT CONPOBOXKJAAaThes OOpasoBaHHEM MECTHBIX BTOPHU-
HbIX KOHUEHTpalHii XHMHUecKHX 3JeMeHTOB. [IpHMepamu 3TOTO
ABJIAIOTCS 30HBI BTOPHYHOTO CyJjbGHAHOro oGOramieHHsi, MPOMBILI-
JIEHHBI@ POCCHINY H/IH MECTOPOMXKAEeHHS Kopbl BoiBeTpuBaHuA. OjHako
B npoueccax (PH3HKO-XHMHYECKOro, GHOreHHOTo HJH MeXaHHYeCcKoro
NepeoTNIOXKEeHHs BelllecTBa, KOTOpHEe BeAyT K 006pa30oBaHHIO PasHO-
o6pa3HbLIX BTOPHYHBIX KOHLUEHTpPaLHil 3/eMeHTOB, 3HauyHTeNbHas
YacThb MO0JIe3HBIX KOMIOHEHTOB TaKiKe IIOJBEPraeTcsi paccesHHIO.
[Mocaenyiomee nmocTynmareqbHoe pasBHTHe pesibeda BOBJIEKAeT 3TH
BTOPHUHBIE KOHLEHTPALHWH B HOBHLIH IHKJ] BHIBETPHBAHHS H JAEHY-
JalHd W TOTOMY B 1eJOM INpOLeCC BCerja HampaBjieH B CTOPOHY
paccesHHs.

Ha Bcem uutepsase yposHeit 5—I ¢opMHpPOBaHHEe 3JIIOBHO-Je-
JIIOBHAJIbHLIX NPOAYKTOB BHIBETPHBAHHS MPOTEKaeT ¢ yyacTHEM cO-
OTBETCTBYIOILHX HHTEPBAJOB MOJE3HOro HCKonaemoro. BosHuHKalo-
IIHe TPH 3TOM 30HBI MOBBILIEHHLIX (aHOMAaJbHEIX) COAEpHaHHH
LEeHHBIX HJIH CONYTCTBYIOIIHX 3/JeMEHTOB B OKPYKaOUIHX MpH-
poOAHBIX 0OpasoBaHHAX, NMPHJEralollHe K KOPEHHBIM 3ajexaM H
o6fi3aHHBIe CBOHM TIPOHCXOXKJEHHEM THNEPreHHOH MHTpaIlHH XHMH-
YeCKHX 3JIeMEHTOB IOJIe3HOT0 HCKONaeMoro, HMEHYIOTCS BTOpPH Y -
HEIMH OopeoJaMu paccessHHsa MecTopoxpageHui Co-
JlepKaHusg XHMHUYECKHX 3JeMeHTOB BO BTOPHYHBLIX Opeojiax pacces-
HHSl MECTOPOMKAeHHH OOBITHO XapaKTepH3YIOTCS NPOMeXyTOYHHIMH
3HAYEeHHAMH MeEXKAY BBLICOKHMH COAep:KaHHMH B TOJE3HOM HCKO-
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NaeMoOM H HH3KHMH COJep:KaHMAMH, OTBevalOUUMH MECTHOMY reo-
xuMHUYecKoMy (oHy. B niane BTOpHUHbLI opeosl paccesiHds, B mep-
BOM NpPHOJHKEHHH, MOBTOpsieT (GopMy BbIXOJA 3ajeXkH H ee mnep-
BHYHOrO OpeoJia Ha NOBEPXHOCTb KOPEHHBIX MOpPOA, OOBLIYHO 3Ha-
YHTEeJAbHO TNpeBbillag HX no nuomaad. OGoGuleHHOe MNOHATHE
O BTOPHUHBLIX OpeoJiaXx paccestHHs MeCTOPOMK/ACHHI MOJEe3HBIX HCKO-
naeMblx OBIIO BBEACHO B MHPOBYIO TeOJOTHYECKYIO JHTepaTypy
H. H. CagponoBuim [34], u mnocayKHao OCHOBON MAJsi pasBHTHSA
COBPEMEHHBIX FeOXHMHUECKHX METOJ0B NOHCKOB.

O6aacTH NOBBLIILIEHHLIX COJAEPKAaHHH LEHHBIX HJH COMYTCTBYIO-
LUIHX HM 3JeMEHTOB HA NyTAX TBEpAOro, pacTBOpuMOro (BOAHOTrO)
HJIH ra3006pa3Horo, NOBEPXHOCTHOTO H/IH MOA3EMHOr0 CTOKA C CYILLH,
pa3BHBAIOLIHECH 3a CYET BTOPHYHBIX OPEOJIOB pacCesiHHsl MeCTOpOXK-
JIleHHil, TPHHATO HMEeHOBaTh NOTOKAaMH paccessiHHSA Axo-
MaJibHHIE COJAepPKaHHs XHMHUECKHX 3JIEeMEHTOB B NMOTOKAX paccesHHs
MECTOPOK/JIEHHH XapaKTepH3YIOTCH NPOMEKYTOYHBIMH 3HAYeHHSIMH
MeXAy BBICOKHMH COJEP:KaHMAMH BO BTOPHUYHBIX OPe0Jax paccesi-
HHS M MeCTHBIMH (DOHOBHIMH coaepkaHuaMH. [loTOKH paccesHus
BLITSHYTH B HANPAaBJEHHH JIeHCTBYIOILEro CTOKA, HHOTAa HA MHOTHE
KHJIOMETPLHl OT MECTOPOMAEHHH, W 3aTYXAI0T MOCTENeHHO TO Mepe
NPUOJHKEHHS COAEpXKAHH XHMHUECKHX 3JEMeHTOB K YPOBHIO
reoXuMuueckoro (oHa HAH OrpaHHYHBAIOTCH pPasMepaMH KOHEUHBIX
BOJOEMOB cTOKa. B ycioBusX He3aBepIIEHHOCTH MPOIECCOB pac-
CesHHA TeOXHMHYECKHe aHOMAaJHH, CBA3aHHLIE ¢ (PH3HUECKOH M XH-
MHUECKOH JeHydallHell MeCTOPOMKAeHHS, 0OGHApYXKHBAIOTCS B 03e-
pax uaH npubpe:KHOH 30He MOpeil H OKeaHOB. BTopHYHBIE OpeoJbl
¥ TIOTOKH DacCesiHusl MECTOPOMXKAEHHH MOryT NpOsIBJAATLCA B pas-
JUYHBIX  reocepax — B XHMHYECKOM COCTaBe TOPHHIX MOpPOT,
B IIPOAYKTaX HX BBHIBETPHUBAHHS H NOUBAX, B NMPHPOMHBIX NOBEpX-
HOCTHEIX H TOA3eMHBIX BOAAX, B COCTaBe MOA3EGMHON H TIPHIEMHOII
arMocepsl, B PAaCTHTEILHOCTH H KHBHIX opranuamax. CoorBercrt-
BEHHO 3TOMY pasJHYaloT JIHTOXHMHUYECKHE, THAPOXHMHUYECKHEe, Ta-
30Bhie M GHOreOXHMHUYECKHe BTOPHUHBIE (THMepPreHHbIe) opeoibl H
notoku paccesHus. Ha puc. 5 nokasann HauGosee oGbIYHBIE B3a-
HMOOTHOILIEHHS] PYAHOTO Teja C ero BTOPHYHBIM OPEOJIOM H TOTO-
KOM paccesiHufi B YCJOBHfIX COBPEMEHHOro TOpHOro pensegda,
B JIPYTHX CJy4asix 3TH CBA3H HMeloT GoJiee CJIOXKHBII XapakTep.

[TepBHUHEIE JHTOXHMHUYECKHE OPEOJH MECTOPOXKAEHHil, HX BTO-
pHUHbIE TeOXHMHUECKHE OpeoJ/ibll M MOTOKH paccesHHs, Giaaropapsa
cBouMm OoabmiuM pasmepaM # NpOSBJACHHAM y AHEBHO# mnoBepx-
HocTH, Gojlee AOCTYNMHB AJst OGHapy:KeHHs, HeXKeJH 3ajeraiolne
Ha rayOuHe 3ajexu nojesHbix HckonaemblX. ITostomy oGHapyke-
HHE MECTODPOXK/IeHHII BO3MOMKHO NMyTeM FeoXHMHYECKHX TMOHCKOB HX
NEPBHYHBIX OpPEOJIOB, BTOPHYHHIX OpEOJIOB H TOTOKOB paccesHHs.
a5 BHIABJIGHHS 3THX FeOXHMHUECKHX aHOMAJIHI — NPH3HAKOB BO3-
MOXKHOTO HaXOXK/JIeHHs NPOMBILIJIEHHBIX MeCTOPOXKIAeHHT — cayxKaT
pas/HuHble BLICOKOYYBCTBHTeJNbHBle MeToAbl. Tak, Hanpumep, npu
JIHTOXHMHYECKHX MOHCKAX MeCTOPOK/IeHHH 30J10Ta H PTYTH aHAJNH3
FOPHEIX MOPOJA BeaeTcs ¢ uyBcTBHTeAbHOCTHIO 10-7 %, uTto coorBer-
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Puc. 5. Baok-guarpaMMa THIEPreHHOro MoJs paccesHHs

1 — sposuo-fgenosrfi; 2 — aanioBRil; 3 — pyaHOe TeNo W ero nepeHYHLIt opeon; 4 — pyao-
BMel[alollHe MNOpPOAbI;, 5 — KOHTYP aHOMAJBHLIX cojdepXKaHHA PpPYAHBIX 3SAeMEHTOB B MNpo-
ILyKTax BbiBETPHBaHHA, B PedyHOil Bolle H B PacTHTENLHOCTH; 6 — HalpaBJeHHe cToKa

CTBEHHO B JIeCAITh THICAY Pa3 H B Ba MHJJHOHA pa3 MeHblie 06bLIY-
HEIX COJiepaHHit 3THX MerasjoB B pyaax. IIpm reoxumHuecknx
MOHCKAX MEeCTOPOXKJAeHHH He()TH cofepiKaHHs MeTaHa B MOUBEHHOM
Bo3ayxe ompenensiiotrcss HauwHas ¢ 10-° %. B 3oHe BhifiB/IeHHOM
reOXHMHUYECKOl aHOMAJIHH Mocje ee J[AeTadbHOro H3y4eHHs NpH
GaaronpusATHON OlLEHKe NPOXOAATCH TOpHbIE BHIPaOOTKH HAM Bypo-
Bble CKBaXKHHBI C LJbI0 BCKPBITHSI IMOJE3HOTO HCKONAaeMOro B KO-
peHHOM 3aJjleraHHH H ero jJaJbHeHIUeHd MPOMBIIIJIEHHOH OLEHKH.

4675

1.4. TEOXHMHYECKHE CbEMKH

HcenenoBanusi reoOXHMHYECKOTO MOJSI € LE/IbIO MOHCKOB MECTOPOIK-

IeHHi MOJIE3HBIX HCKOMaeMblX BEAYTCS METOMaMH TIeOXHMHYEecKHX
cbeMoK. B ocHOBe HMX JIeKHMT cHCTEMaTHYeCKOe H3MepeHHe cojep-

JKAHHH XHMHYECKHX 3JIeMEeHTOB BJ0Jb 3apaHee BhIOPAHHBLIX Hamnpas-
aenuit-npoduaeit wau MapuipyroB. CHcTeMa TakHX TpsMoJHHel-

HbIX, JIOMAaHBIX HJAH KDHBOJHHEHAHBIX Npo(HIell TeOXHMHUYECKOro
onpoéosaﬂnﬂ pacmpezeseHHbX 1Mo VIOM ALK (u1n mHa ray6uny),
obpasyer yuacTOK MOUCKOBROH TeOXUMHUECKOH CheMKH, a Bgmm’ﬁ-"'

HEle TIDH STOM FeOXHMHYECKHEe aHOMaJHH PacCMaTpHBAKQFCH B Ka-

uecTBe OGBEKTOB, NOJAJEKAUIHX oueHKke. B 3aBucHMOCTH-OT ompo- 3\
Gyemoro BelecTBa, Mo HAHMEHOBAHHIO HCCJElyeMbIX FEOC
JIHYAI0T  JHTOXHMHYECKHe, THAPOXUMHYECKHE, awb{x MH
(rasoBbie) u GHOreOXHMHYECKHE METOJAB MOHCKOB H Q1HO
HM BHIAB TeOXHMHUECKHX cbeMok. [lpu mrroxnmmecﬁm c'bq_un




onpo6yloTcsl TOpHble NOPOJAL Ha JAHEBHOH MOBEPXHOCTH, MO TOPHLIM
BLpabOTKaM MJH [0 CKBa)XHHaM, NPOAYKTHl COBPEMEHHOr0 HJIH
JpEBHEr0 BHIBETPHBAHHS TOPHBIX NMOpoA H mouBkbl. Ilpw ruapoxumu-
YeCKHX CheMKaX B NOHCKOBHIX LeJaAX onpo6yloTcs NMpHPOAHHIE TO-
BEPXHOCTHHIE H NOJ3eMHbIe BOAB. ATMOXHMHUYECKHE CBEMKH OGBIUHO
BHIIOJIHAIOTCA nyTeM onpoGoBaHHs mojA3eMHoii atMmocdepsl (nouy-
BEHHOTO BO3[yXa), pexe HCCAeNyeTcss COCTaB MNPH3EMHOH aTMo-
chepu. [TonckoBbie GHOreoxHMHYECKHe CHeMKH OOBIYHO BeayTcs
NyTeM HCCJeJ0BAHHA XHMHYECKOro COCTaBa pPacTHTEJbHOCTH.

[To ycnoBHAM TPOH3BOACTBA Pas3iHYyalOT Ha3eMHHe (memexoj-
HEIe H aBTOMOGHJIbHBIE), BO3AYLIHbIE (CaMOJIETHbIE H BEPTOJETHLIE)
H NMOJ3eMHble TeoXHMHUeCKHe CheMKH. B cocTaBe noja3eMHBIX Che-
MOK cJelyeT pas/iHuyaTbh HOTOPH3OHTHLIE JHTOXHMHUECKHE ChEeMKH
B DYAHHKaX, CKBaXXHHHble JIHTOXHMHYECKHE HCC/el0BaHus [0
KepHy, MeOXHMHYECKHH KapoTa) 110 CTeHKaM CKBaXKHH H IJIyGHH-
Hble FeOXHMHYEeCKHe CbheMKH, BHIMOJHAEMble B MpeAesaax 3alaHHOH
NJoIlaAH HAa MNOCTOSIHHOH rayOHHe oT moBepXxHOcTH (GoJjee 3 M)
HJIH Ha YPOBHE MOCTOSHHOTO reoJIOTHYeCKOro ropH3oHTa, ¢ mpoGo-
0T6OpPOM HJIM TyTeM MOTPY:KeHHS ClelHaJbHHX AaTYHKOB. AHaJjo-
THUHBIE TJIONIAJAHEIE HIH NpoQHIbHEIE CheMKH Ha IiIybuHe 10 3 M
NPHHATO HA3bIBATH HaseMHHIMH. CBeMKH MOTYT BLIMOJHSITBCH Ha
aKBaTOPHAX B MOJBOAHBIX (W HABOAHBLIX) BapHaHTax MyTeM ONpoO-
GOBAHHS PEeYHLIX, O3ePHHIX HJIH MOPCKHX OTJOXKEHHH H BOXA, pacTH-
TeNBHBIX HJH JKHBOTHBIX OPraHH3MOB. B MOHMCKOBLIX LEJISIX MOTYT
NPOBOAHTLCA TEOXHMHUECKHE HCCJAeA0BaHHA aTMOc(epHOl MhJIH,
cHera HJH ra3oo0pasHBIX MeTaJJIOOPraHHUecKHX coeiHHeHHii. Bce
9TH FeOXHMHUYECKHEe MEeTOALl HMeloT AaJeKO He OJHHAKOBOe 3Have-
HHe JJ151 MPaKTHKH NoMckoB. B ux umcse HaumboJbliee npHMeHeHHe
MOJYYHJl JIHTOXHMHYECKHH MEeTOA MOHCKOB MEeCTOPOK/eHHil TBep-
ABIX MOJIE3HBIX HCKONAEeMEIX, B MEPBYIO oUepelb PYAHBIX MECTOPOIK-
JeHuH. Pasnuunble JHTOXHMHYECKHE CBEMKH HENpPEpLIBHO BeayTCA
BO BCeX pYAHBIX paionax. Bonee nmoauHHeHHOE 3HAYEHHE HMEIOT
reOXHMHYECKHEe MEeTO/bl TOHCKOB MECTOPOXKAEHHH TOPIOYHX HCKO-
naeMblX, B YacTHOCTH, MeCTOpoxIeHHii Hedru u rasa (cm. 6.3).
HekoTopble MeTOBl, HaOpHMep aTMOXHMHYECKHEe, NOHCKOB PYIHLIX
MECTOPOK/AEHHI HHTEHCHBHO pPAa3BHBAIOTCA 3a TNOCJEJHHE TOJH,
Apyrue, noao6Ho GHOTEOXHMHUYECKOMY, AECSATHIETHAMH OCTAlTCH
Ha crtajuu pa3paboTKH MJH HX paspaboTka HauaTa TOJbKO He-
JAaBHO H TMpPOH3BOJACTBEHHOE NPHMEHEeHHe 3THX METOAOB GLlJIO OBl
npexaeBpeMeHHBIM (HanpuMep, MOJABOAHEIE CHEMKH Ha luedbde,
a3po3oJibHbIe ¢CbeMKH H 1p.). OcHOBHOe cojep:kaHHe KHHTH TOCBf-
IIEHO JIHTOXHMHYECKHM MeTOJaM MOHCKOB PYAHHX MeCTOPOXKAEHHI,
X0Tsl oGliHe NMPHHIUHNE, JeXalllHe B OCHOBE TNPHMEHEeHHs 3THX Me-
TOJOB, HMEIOT YHHBEpPCaJbHOE 3HAUYECHHE.

'eoXMMHUECKHE CBEMKH, KaK yiKe YKasblBaJoCh, BBLIMOJHSIOTCS
¢ or6opoM uaH Ge3 orGopa mpob, ¢ TOUEYHBIMH AHCKPETHBIMH HJIH
HeNpEepLIBHEIMH ONpejeqeHHsMH COAepIKaHHi XHMHYECKHX 3JIeMeH-
T0B no npopuasm. [Ipu reoxuMHueckHX cbeMKax ¢ mpo6ooTGopom
YHCJIO0O XUMHUYECKHX 3JICMEHTOB, COEPIKAHHA KOTOPHIX ONIpeAeNdATCs
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B 1po6ax MakCHMaJbHO TMpH GOJBLINX pa3Mepax HccJelyeMoil mio-
nanan, MeJqkoM Macuitabe cbeMOK H caaboif reoJlOTHUECKOH H3Y-
YeHHOCTH TeppHTOpUH. [IpH MOHCKOBHIX JHTOXHMHYECKHX CheMKax
B npobax onpeneasiorcs coaepxanus o 35—40, nHoraa ao 50—
55 XHMHUECKHX 3JieMeHTOB. B Hacrosiliee BpeMs ellle HeT KOHTaKT-
HBIX HJIH JIHCTAHLHOHHBIX METOAOB, C NOMOLIBKD KOTOPHIX MOKHO
661710 661 6e3 npobooTbopa OAHOBPEMEHHO ONPELeNATh COAepKaHHA
MHOTHX 3JIEMEHTOB ¢ YYBCTBHTEJLHOCTbIO, OTBeualolleil tpeboBa-
HHAM TOHCKOBBIX T'eOXHMHYECKHX cheMOK. OGBLIYHO reoXHMHYeCKHe
chbeMKH 6es mpoGoorfopa BeayTcs Ha KakoH-nHOO OJXHH XHMHYe-
cKkHil sjeMeHT, Hanpumep Be, B, F uau Hg, pexe Ha cymMMy He-
CKOJIbKHX PyAHBIX 3aemenTtoB (npubop «Ilouck»). HauGoabuiee u
BecbMa 3(h(eKTHBHOE NPHMEHEHHE NOJYYHIH TamMMa-CleKTpaJibHble
nelexoAHbie, aBTOMOOHMJbHBIE H OCOGEHHO a3pOre0XHMHYECKHE
CBeMKH, TPH KOTOPHIX OAHOBpeMEHHO ONpejAelNsIoTCs COAepika-
uusgs U (mo Ra), Th u K (mo pagnoaktnsuomy uaorony 4°K).

[To neneBoMy Ha3HauYeHHIO eOXHMHYECKHE CHEMKH JeJISTCH Ha:
PEKOrHOCIMPOBOUYHBIE, TPH HeoOXOAMMOCTH BBINOJIHAEMble B Mac-
wrabe 1:1000000 1 meabue; coOCTBEHHO NMOHUCKOBHIE, MOCJAEA0Ba-
TeJBLHO BHITIOJHAEMBIE Ha Bceil TEPPHTOPHH TOPHOPYAHBIX pafiOHOB
B macmrabe 1:200 000, a sarem B macmra6e 1:50 000; neraabHbie
(nonckoBo-ouenouHsle) B MacmraGe 1:10000 nHa BHGOPOUHBIX
y4acTKax; pasBefounble — B Macurrabax 1:1000 u kpynuee B mpe-
Jle/lax DYAHBIX MoJieH pasBelbIBAEMBIX H 3KCIJyaTHPYEMbIX Ipo-
MBIIIEHHBIX MecTopo:kaeHHH. TIpoH3BOJACTBO TeOXHMHUYECKHX Che-
MOK OT MeJKOoMacwTaOGHBIX K Haubosee JeTajlbHbIM YBSI3BIBaeTCs
€O CTaJHAMM €IHHOTO renJIOropasBeloyHoOro npoiecca, NPHHATHIMH
B Hauleil cTpane.

Inst oTHeceHHsi TeOXHMHYECKHX CHEMOK K ONpeJeJeHHOMY Mac-
wraby IJIOTHOCTL HAGJIOAEHHI MOJKHA COCTaBAfITh He MeHee OJ-
Hoit Touku Ha | cm? orueTHoH KapThl. IlocKOJbKY KBagpaTHbie
CheMOYHbIE CeTH NMPHMEHSIOTCS PEIKO H He PEeKOMEeHIYIOTCH Ipax-
THKOH, war no npoduaio Ax BCeria MeHblle pacCTOSHHS MEXKAY
npopuasmu 2/, B nrore macimtab cpeMOK ompejensieTcsi paccrosi-
HHeM Mexkay npopuasMu (MapmpyTamMH), KOTOpOe He3aBHCHMO OT
wara onpo6GoBaHHs Mo NPOPHAI AOJKHO cOCTaBJATL 1 cM B Mmac-
mwrabe OTYETHON KapThl. DTH yHHBepca/ibHEle TpeGOBaHHA pacnpo-
CTPaHAIOTCH Ha BCe BHAH JIHTO-, THAPO-, aTMO- H GHOreOXHMHYeE-
CKHX CbeMOK, B TOM WYHCJe NPH HelmpepHBHBIX H3MepeHHAX, He
oCTaB/Isis MecTa AJs NpPOH3BOJBHHIX TOJNKOBaHuit [21]. IIupokuit
MpoCTOp JJisi HHHIHATHBLL HCHOJHHTEIEH COXpaHSeTCss B IJIaHE co-
BEpIICHCTBOBAHHS METOJHKH TFeOXHMHUYECKHX HCCJeNOBaHHi, B pe-
3yJabTaTe KOTOPOro IOCTaB/ieHHas reoJornyeckas 3ajada MOTJa Obl
pemaTbesi MOHCKOBHIMH cheMKaMHu GoJiee Meakux macmrabos (uiau
¢ GoJblIHM maroM HabJI0feHHii), YeM 3TO MPaKTHKOBAJOCh paHee.

Kaxaplii H3 reoXHMHUECKHX METOJOB HMeeT cBOI0 obiactb ag-
(heKTHBHOrO NpHMEHEHHs] W TNpeANoYTHTEIbHble MacwTalbl, B KO-
TOpHIX HauboJsee LesecoobpasHo NPOH3BOACTBO COOTBETCTBYIOIIHX
cbeMoK. ITpaBuabHbI BeIGOP MeTOZa M MacwmTaba ChbeMKH ompeje-
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JseT reoJoruuyeckyio spgekTHBHocTb pabor. [eoxummHueckum
cheMKaM JIOGLIX BHAOB NMpPHAAETCs NPsiMas MOHCKOBAS HanpasJeH-
HOCTb C TIPH3HaHHEM 3a HHMH POJH OOBeKTHBHOTO CPEACTBA BLISIB-
JieHHsi TPH3HAKOB peaJbHOlH PYAOHOCHOCTH TEPPHTOPHIL
F'eoXHMHUECKHE METOJbl YCTAHOBJIEHHS <«IOTEHIHAbHOMH» pyaoHOC-
HOCTH HE paccMaTpPHBAIOTCH, TAK KaK MHOrOJIETHHA ONBIT MoKasa.,
uTO OLEHKY NOTeHIHaJbHOIl PYAOHOCHOCTH paioHa Jerko MmoJyuHTb
Ha OCHOBaHHHM aHaJiH3a JIHCTOB TOCYAapCTBEHHOH TeoJOrHuYecKoit
KapTs maciwtaba 1:1000000 Ha ocHOBe MPHHUHMNOB METAJJIOreHH-
gyecKoro aHanansa. TeppHTOpHH, He HMEIOLIHX T'e0JOTHYECKON KapThl,
K HacTosflleMy BpeMeHH B MHpe yixke HeT. MTorom noHckoBbX reo-
XUMHUECKHX CLEMOK BO BCeX CJyuasfX MAOJKHO OBITh BHISIBJEHHE
YUdacTKOB peanbHOIll pyJLOHOCHOCTH, ¢ OLeHKOH (B uHdpax) ux npo-
THO3HBIX PecypcoB MeTaJlia.

1.5. MAPAMETPbI TEOXHMHYECKOTO noJis

ITonbiTKH yCTaHOBJAEHHA KOHKPETHHIX TPHYHH OTKJIOHEHWH (OHO-
BBIX COJEepPXKaHHH 3JeMeHTa B KaxAOH OTJAe/lbHOH Touke onpobo-
BaHHA OT HX CpeJHero ypOBHS JIHIICHH IIPaKTHUECKOTO CMbLIC/Ia
H 3aBefoMO oOpeueHsl Ha Heyxauy. B mnpejenax oAHOPOAHOTO
yyacTKa aHajiH3 TeOXHMHYECKOro (pOHa OCYIIeCTB/ISITCA mnyTeM
MojcyeTa YacTOCTH MOSABJCHHS PAa3NHUHBIX COJep:KaHHit paccmar-
puBaemoro sjementa. OTBJeKasch OT NPHUYHH KoJebaHHil (POHOBBHIX
colepKaHHH XHMHUECKHX 3JIeMEHTOB B KamI0H OTAE/NLHOH TOuKe
FeOXHMHYECKOro I0Jis, Mbl paccMaTpHBaeM 3TH COJAEpKaHHA B Ka-
yecTBE CJYUaiiHBIX BeJHUWH, XapaKTePHCTHKOH KOTOPHIX cayKar
OLEHKH TIapaMeTpPOB HX CTAaTHCTHYECKHX pacnpefenennil. Taxoi
4HA/IH3 TO3BOJIHJ YCTAHOBHTh, UTO CTATHCTHYECKHE pacnpeje/eHHs
(OHOBLIX colep:KaHuil NPHOIHKEHHO NOATUHSIOTCS HOPMAJLHOMY
3aKOHY, HMeollleMy Ba)KHOe 3HaYeHHe BO MHOTHX pasjenax HayKH.
IIupokoe pacnpocTpaHeHHe 3TOTO 3aKOHA B NPHPOAE H TEXHHKE
HaxoAHT OO0bACHEHHe B [EHTPaJbHONH TNpefenbHOl  Teopeme
A. M. Jlsnynosa (1900 r.), cornacHo KOTOpo# HOpMaJbHOe pac-
npejeneHHe oO6HAPYKHBAETCS B YCJOBHHX, KOTJa H3MeHeHHe Ha-
6monaemoil BeqiHuHHBE X onpefensiercs COM3MEPUMBIMH W HE3laBH-
CHMBIMH BJHAHHAMH GOJbILEro 4HC/Aa pAasIHuYHBIX npHuyun [8).
HWmenHO TakuM OAHOBpEMEHHHIM BJIHIHHEM Pa3HoO6pa3HHIX TeoJo-
THYeCKHX, TeOXHMHYECKHX, OHOKIHMATHYECKHX, TEXHHUSCKHX W
MHOTHX APYFHX NPHYHH ONpefejsioTcsl (OHOBLIe COAEpHAaHHs 3Je-
MeHTOB B TOPHBEIX NOpPOAax, MouBax, BOAaX H APYTHX NPHPOAHBIX
obpasoBaHuaXx. PYHKUMA HOPMAJBHOTO pacCHpefeeHWs Bhipawa-
eTcsl ypaBHEeHHeM:
_ =3
1 ol
y=9x) = ——e 3)
sV on

= 1 N
rae x=—7v—; L < cpeaHee aquJMETH‘*IECKOG 3HaYeHHe X, KoTopoe
=]
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B npejediec NPH yHCHe AaHHBIX N—>o0o CTpeMHTCS K CBOeMy MaTeMa-

i =2
Y (xi—2)
THUECKOMY OXKHIAHHIO; §— ilN_l__ — cpe/iHee KBaJApaTH-

YecKOe HJH CTaHAApTHOE OTKJIOHEeHHe CJayuyafiHbIX 3HAUEHHH X OT X;
5% — JHCHIepCHS X.

HopmaabHoMy 3akoHy (3) MoryT npHOJHMKEHHO NOAYHHATHCH
pacnpeje/ieHHsl 4acTocTel Y= —;‘— cofiepiKaHHii KaKoro-i1u6o
ajeMeHTa B npobax, rje n; — uucao npob ¢ comepxannem Ci <<
<x>=Cji; B npouenrax. B apyrux cayuasx Buipaxenuio (3) nox-
YHHAIOTCA pacnpeieseHus vacrocteil Jorapugmos colepxaHHuii
3JIeMEHTOB H OHO npuHoGperaer CMbICA JorapupmMuYeckH HOPMalb-
HOro 3akoHa, npu Koropom x=IlgC;. H. K. PasymoBckuii eue
B 1939 r. mokasaJ, uTO JOTHOPMa/JbLHOMY 3aKOHY OOBLIYHO MOZUHHS-
IOTCS 4acTOCTH PAa3JIHYHLIX COJAepP:KaHHil PYAHBIX 3/eMeHTOB B NO-
pojaax H pyAax, pa3MepoB 30J0THHOK B POCCBHINAX H MHOTHX APYTHX
reoJIOrHYeCKHX MpH3HaKoB. PacnpexeneHuss cojepKaHHH Makpo-
3JIeMEeHTOB B TOPHBIX MOPOJax NpHOJIHKEHHO NOAYHHSAKTCS HOp-
MajabHOMYy 3aKoHy. Xorsi HaGjlofaeMble B MPHPOJAE pacnpeaeneHus
XHMHYECKHX 3JIEMEHTOB MOTYT OTJIHUATBCS OT HOPMAJbHOTO HJIH
JOTHOPMa/JIbHOTO, B OOJLITHHCTBE CaydaeB AJf OJHOPOAHBIX Te0J0-
THYECKHX COBOKYNHOCTell oOHapyKHBaercs YAOBJETBOPHTEJbHOE

coBNajeHne ¢ 3THMH 3akoHamH. [TapaMerpsl x W S HCUepnHBawILe
NOJHO XapaKTepH3YIOT pacnpeiejeHdsi, NOAYHHSAIOUIHeCs HOPMalb-
HOMY 3aKOHY, CBOWHCTBA 3TOro 3aKoHa XOpPOLIO H3Y4YeHbl H MOTOMY
61H30¢Th K HeMy TNpPHPOAHBIX pachnpejie/ieHHii IIHPOKO HCMoJb-
3yeTcs NpPH reOXHMHYECKHX HccaegoBanusx. OfHako mpHHHMaeMoe
3a OCHOBY HOpMallbHOE pacnpejfeleHHe CcOJAep:KaHHil 3JE€MEHTOB
HIH HX Jorapupmos — He GoJiee yem yao0Hasi anmpoKCHMaUHA,
T. e. mpHOJHIKEeHHOe OnHcaHHe HabJiofaeMBIX 3aKOHOMepHocTeli.
HopmasbHblfi 3aKOH pacnpejesieHHst JONyCcKaer ¢ OnpejeneHHoi
yacTocThio y>0 mosBiieHHe npob6 ¢ OTpHULATEJAbHHM COLEP -
KaHHeM 3JeMeHTa, YyTo ABJSeTcs redJOrHYeCKHM abeypiaoM.
JlorHopMaJabHblfi 3aKOH CBOGOJAEH OT 3TOr0 HEAOCTaTKA, OZHAKO,
noJlo6HO HOpPMaJbHOMY 3aKoHYy, JONYCKaeT CYUleCTBOBaHHe mpob
¢ coflepxkaHuaAMH 3jaemeHTa >100 %,4T0 B paBHO# Mepe GeccMmbic-
aenHo. [Jostomy m06asi W3 3THX 3aBHCHMOCTei He MOXeT pac-
CMATPHBAThCA B KayecTBe TEOPETHYECKOTO 3aKOHA, KOTOPOMY INOI-
YHHAKTCA pacnpeleseHHs cojlepkKaHHA 3JEeMEHTOB B NPHPOLHBIX
o6pasoBaHHsX, H peyb HAET TOJBKO O MPAKTHYECKHX YH06CTBax
HX HCTOJTb30BAHHS.

KpuBasi HOpMaJbHOTO pacnpejesieHus HMeeT KOJOK0J006pas-
HYIO (OPMY C OFHHM MAKCHMYyMOM B TOYKE X H CHMMETPHUHA OT-
HOCHTEJILHO NMpAMOfi x=Xx. JI HOPMAJIBHOTO pacnpejenenHs BeH-
yHHa x OTBeuaeT Hanbojee YAaCTO BCTpEYaloOWEMYCs 3HAYEHHIO
cayuyaitHOW BeJHYHHH X HJAH ee Mole M, Giarolaps CHMMerpHH
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pacnpejae/ieHdsl, COBNalaer ¢ ero MelHaHOH — 3HAYEHHEM, OTBeua-
IOIHM cepelHHe paHXKHPOBAHHOrO psila, T. €. JAelslleM BCIO
COBOKYIMHOCTb AAHHBIX MonojiaM. PaBeHCTBO cpeiHero apugMmerunue-
CKOro, MOJB H MeJAHaHbl SBJAETCH BaX{HEHIIHM CBOWCTBOM HOp-
MaJIbHOTO pachpeje/eHusa. ITo MO3BOJSACT JONOJHHTL paHee NpHBe-
JeHHOE OnpejeieHue reoXxuMuueckoro doua Cy, BEJINIHHE KOTOPOTo
O/IHOBPEMEHHO OTBEUAKOT cpejiHee, HauGoJee YacTo BCTpevalolleecs
(MoaanbHOE) M MeAHAHHOE COJEPIKAHHS 3JeMeHTa B OJHOPOLHOM
yuactke. Ilpu stom 1/2 Bcex Touexk B obGaacth ¢oHa uMeeT cojep-
wanuga sneMmenra Cy<Cyq n 1/2— conepxauus Cy>Cy. Buiuucaen-
HEI® TeOpeTHUYEeCKHe 3HAYeHHs1 (QYHKIHH HOPMaJbHOTO pacmpejelie-

Hus gas caysas x=0 wuw s=1,0 npuBoasitcA Bo Bcex Mare-
MaTHYECKHX CIpaBOYHHKAaX, Kypcax TeOopHH BeposiTHOCTEH H
MarematHueckoil craructukn [7]. Tam xe npuBogsATcs TaGJHIE
3HaYeHHH HHTerpaJbHOH (QYHKIHH

£ »
2

i 2 e ? dx, (4)

l Q) dr= ——

_x. l ‘2’1

D (x,) =

ot— m&

XapakTepusylouleil BepOATHOCTb TOrO, YTO ciyuaiHas BeJHuYHHA X,
pacnpeneseHHass HOPMaJabHO, no abCoOJIOTHOH BeJHYHHE He mpe-
B30IileT 3a/laHHOr0 3HAYeHHA Xy, TabJaHuHLIe 3HAUCHHS HHTErpaJfa
BeposiTHocTed (D (X) HMEIOT CMBICJT ABYXCTOPOHHEro KpPHTEPHS, B TO
BpeMs Kak B NpPakTHKe NOHCKOB mpeobJazaloniee 3HadeHHe HMEIOT
NOJIOXKHTEJbHBIE TeOXHMHUECKHE aHOMAJIHH, T. €. COAepKaHHs 3Je-
MeHTOB, mpeBhinaomue Beanuuny Cy. BeposatHocTs TOrO uTO CIaIy-
yailHas BeJHUYHHA X He TMpPEeBHICHT COOTBETCTBYIOIUIEro BepXHEro
npeaeaa, 6yaer 0,5+41/2 @ (xa). Hekotopble 3HaYeHHs 3THX BepOAT-
HocTell mpuBefeHn B TabJ. 3 ¢ OJAHOBpPEMEeHHLIM YKasaHHEM Bepo-
SITHOCTH IPOTHBOMOJIOKHOTO COGBITHS, T. €. TOrO, YTO BeJHYHHA X
c/IyqaiHO NpeB30iaeT 3alaHHbIH MPeAes X,.

Pacnpocrpanss 3TH JAaHHHE HA 3aKOHOMEPHOCTb CJyvaiHBIX
KoJieGaHuil reoXxHMHUecKoro (oHa, MOMHO BbIOPAaTh HEKOTOPOE II0-
porosoe coiepxanue sjiementa C,>Cy, HauuHas ¢ KOTOPOro mpe-
BhIIIEHHST HAA (OHOM 6YAYT CYHTATHCS IeOXHMHUYECKHMH aHOMAJIH-
sMH. BeposiTHOCTb MomafaHHs B HX YHCJIO CJyYaiiHbIX KoJleGaHHi

Ta6auuna 3
HopmanbHoe pacnpenesienue x

BeposatHocTs | BeposthocTh BepoaTHocTs | BepostHOCTB
Bepxuuft TOro. 494T0 NPOTHBONO-| Bepxnnft TOTO, MTO X | TNPOTHBOMO-
npefien ¥, | X He mpeBh- nomuoro & npefien x, | He MPEBHCHT JNIOMHOrO
CHT X,, % cofuTus, %2 X % COGBITHA, %
I 84,13 15,87 ook 99,86 0,14
T+ 2s o772 228 Ttk 99,997 0,003
x -+ 2,33s ! ]
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tona Oyner sasuceTb oT BLOGOpa BeqHUHHH (>0, onpenensiiouiei
BEPXHHIl npejes 3THX KojeGaHuM

Xs=x1s (5)

H HHXKHee aHoMaJsbHOoe cojfepikaHue sqeMmeHTa C,. B Kaxaom KoH-
KpeTHoMm cayuae onpepenenne C, TpebGyeT OLEHKH UHCJIEHHBIX 3Ha-

YeHHIl MapaMeTPOB MeCTHOro reoxumuueckoro ¢oHa x u s. B 3a-
BHCHMOCTH OT HOPMaJIbHOTO HJH JIOTHOPMAJbHOrO 3aKOHa, KOTOPHIM
annpoKCHMHPYeTCs CTaTHYeCKoe pacmpejeseHHe (OHOBBIX cojep-

MKAHHI 3J1€eMeHTa, BeJHUHHB X H s GyAYT BhIpaxKaTbc B MpOleH-
Tax (Mr/a, ©/T ¥ T. 1.) HAH B JorapudMHYECKHX eAHHHIAX.

Bbibop Be/HUHHBI { Heab3s crTporo o6GocHoBaTh. Ecam nph-
T Cs Ha ypoBHe f=4,0, BepoOATHOCTb OLIKGOYHOTO OTHECEHHS
Kone6aHui (oHa B paspsil FeOXHMHUECKHX aHOMAJHH Oyaer HH-
ytoxkHa (cm. Ta6a. 3), oAHako npu 3aToMm Gyjer yrpaueHa gacTh
cnabblXx aHOMaJHH, JIHIID HEe3HAYHTENbHO OTAMYANOIHXCH OF
ypoBHsl Cy. DTH aHOMAJIHH MOTYT HMeThb BaXKHOe 3HAaYyeHHe, B 4aCT-
HOCTH, NPH MOHCKAaX MeCTOPOXKIeHHH, 3aJeraomux Ha GoJablIOR
ray6une. Ecam npuuate Ca Ha yposue {=1,0, ciaGele aHOMaaHH
GyAyT BblAeJeHBl AJs TMOCJEAYIOUIero H3y4eHHs, HO TPH 3TOM K HX
yucay Oyayt olunGouHo OTHeceHnl emte 1587 9 Bcex ¢oHOBBIX
coaep:kanuii sneMenToB. IIpH MOHCKOBHIX TreOXHMHYECKHX paGoTax
ofliee YHCJAO 3THX (HKTHBHBIX aHOMaJHH, 06YCJA0OBJIEHHBIX TOJBKO
caydYafiHBIMH KOJeGaHHAMH TEOXHMHYECKOro (poHa, MOMKeT AOCTHT-
HYTh HECKOJbKHX Thicsiu. ['eonmormueckuii ocMoTp, Aetanuszaunus H
NpoBepKa TAKOro YHC/Ia aHOMAaJIHii HeBO3MOMKHB, TAK Kak Ge3 BHH-
MaHHA MOryT GHITH OCTABJIEHH Te HeMHOTHe pyJAHbBie aHOMAaJIHH,
KOTOpble BXOASIT B HX YHCJO, H B HTOre TeOXHMHUECKHEe [OHCKH
OKaxyTcs Ge3pe3ybTaTHHIMH.

Ilasi onpesneneHHsi cofepkKaHHii 3JeMeHTOB B TeOXHMHYECKHX
npobax IIHPOKO NPHMEHAETCS CHeKTpaJbHBIH aHalH3, MorpenHo-
CTH KOTOPOTO MOAYHHSIOTCH JOTHOPMAJIbHOMY 3aKOHY. DTOMY xe
3aKOHY MOAYHHAIOTCA pacnpefeNeHus CAyuYafiHBIX MOrpemHocTei
MHOTHX JPYTHX METONOB 3KCIpecc-aHajJH3a npH Goabllom pasMaxe
coflep:kaHuii snementa B npobax. [TorpemHocTn aHanu3a BXOAAT
B KauecTBe CJIaraeMOro Srexa B CTAHA4APTHOE OTK/IOHeHHe (ona s.
CoraacHo TeopeMe o cJI0XKeHHH AHcnepcHii [8]:

s =7/ Lomp+ Sexn . (6)

IToCKOMIBKY Srexs HMEET CMEICJ JIOTAPDHGMHUECKOH BEJIHUHHEL,
CTATHCTHYECKHE pPacnpejiesieHHs cofepKaHHH MHKDPOIJIEMEHTOB NMpPH
CMEeKTPAJbHOM aHajM3e fpo6 MOMKHB  ANNPOKCHMHPOBATHCS
JIOTHOpMAJbHBIM 3aKoHOM. HeB0O3MOKHOCTb TNOABJEHHA OTpHIA-
TeJbHEIX H MPOTHBOpeYallux 3aKkoHy BepHaiacKoro HyJeBHIX cO/ep-
JKaHWH 3J1eMEHTOB ABJAETCA OHAM H3 JIOCTOHHCTB JIOTHOPMAJBLHOTO
pacnpefieienns. B cootBeTcTBHH ¢ 3THM BhpaxeHHe (5) npH-
o6peTaeT CMbICJ 3aBHCHMOCTH MEXAy JOrapHGMHYECKHMH BeJHTH-
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Hamn: X =1gCa=1gCi+1s;,. OcBoGoxaasch 0T JOrapHMOB,
HMeeM:
Cy=Cs, (7)

rae Cx=C¢—-CpE)1HEE reoOMeTpH4uYeCKOe coJAepxKaHHe 3JeMeHTa
B npejeaax qJOHOBOFO y4yacTKa

N *
Exzantlg(%z lgC;) .
=l

Beanuuny e=antlgs)y npunsaTto HMeHOBaTb <«CTaHAApPT-
HbIM MHOXHTeaeMm». C yueroM BbiCKa3aHHBIX Bbllle coobpa-
JKeHuit 0 BoiGope BeJHUYHHB {, 32 HHIKHHIl YPOBEHb aHOMAJbHBLIX CO-
JlepKaHHii 3MeMeHTOB /sl BblJleJieHHs caabblXx aHOMaJui, 3adHK-
CHPOBAHHBIX OJHOH TOYKO# HaOMIOZeHHS, NPH TEOXHMHYECKHX IO-
HCKAaX NPHHUMAETCS:

Ca1 = Cge®. ©)

STa 3aBHCHMOCTb OTBEYaeT KPHTEPHIO «Tpex CTaHAApTHHX OT-
KJIOHeHHH» (43 Sig), MHPOKO NPHMEHSEMOMY BO MHOTHX pasjesax
TeXHHKH JIJI5l BbIZeJEeHHS BEJHYHH, BHIXOJAAUIHX 3a Npejeskl Bepo-
ATHEIX 3HAYEHHH cJAyYadHOH BeJMUHHBI, pacnpeieNeHHOil Mo HOp-
MaJnkpHOMY 3akony. [ns BueneHHda caabbix aHoMmanauil, ofpaso-
BaHHBIX TPYNNOH CMEXHBIX TOUeK HaOJI0feHHSI C MOBBILIEHHLIMH
CONEpIKAHHAMHU 3JIeMeHTa-HHAHKATOpa, He JOCTHTalOIHMH ypOBHSA
Ca;, TpakTHKyeTCs CHHUKEHHe MOPOrOBOr0 COJep¥KaHHs, COIIACHO
KPHTEpPHIO

Ch,m > Coe® ¥, ©9)

rae m=2, 3, 4, ..., 9 —uHCJ0 TOUEK, JAONYCKAIOUHX 0OBelHHEeHHe
Ha TEOXHMHYECKOH KapTe B OAMH OOIIHIl aHOMAaJbHHIH KOHTYP.

B naHHOM cJaydae cnpaBefJIHBO NpeJANOJaraercd, 4TO TOBHI-
wenHble cojepxanna agaementa C.>Cge, 06Gs3aHHBIE CAYYaNHBIM
KosneOanuaM ¢oHa, GyayT pacnpeie/ieHbl B mpeienax ydacTka pas-
HOMEepPHO-0ecnops0uH0, B BH/AE H30JHPOBAHHBIX OJHHOYHBEIX TOUEK.
B nporuBonoso:kHOCTH 3TOMY, Jaxe OveHb cjabble, HO peajbHBIE
aHoMaJqui OyAyT TATOTeThb K CTPYKTypaM, KOHTPOJHPYIOUIHM pas3-
MelleHHe [OJIe3HBIX HCKONMaeMblX, 3aKOHOMEpPHO MpOC/eKHBasch Ha
cMeKHBIX mpoduasx, o6pasysi Ipynibl reoJOTHYECKH KOPpPeaHpyio-
LIHXCS TOYeK ¢ oGuMH KoutypaMu. [IporpeccuBHoe cuumenue Cy
orpannuuBaercs ypoBHeM Cge npu JI0GLIX 3HaueHusx m>9, rak
KaK BepOATHOCTL MOSABJIEHHS NNOBBILIEHHBIX COAEpKAHHA sjeMenTa

no Mepe npubanxenns K C. crpemurcss K 50 % u nmpusHak reoJio-
THYecKON KoppeanpyeMocTH cogepxauuit Cx>Cy Tepaer cBoio on-
peleNeHHOCTh. UHC/IO BHAENSEMBIX TMPH 3TOM (HKTHBHLIX aHOMa-
Jauii cBepx BepositHoro HX uucaa 0,14 %, ompeaeasiemoro KpuTe-
puem e&? (cm. Taba. 3), yBeAHUHBAeTCHA JIHIIb HE3HAUHTEJIBHO.

* 3mech M B JanbHeiluleM TOPHIOHTAZbHAA 4epTa Halx OYKBEHHBIM CHMBO-
JIOM BeaHUHHH 0003Hauaer cpefHee apH(METHYECKOE, BOJHHCTAs uepTa — cpel-
Hee reoMeTpHYECKOe 3HaueHHe.
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OueHKH CTATHCTHYECKHX NapaMeTpoB reoxumuueckoro ¢ona Cge
H OnpejesieHHe HHXKHHX aHOMaJbHbIX 3HaueHHH Cay— Ca m npo-
BOAATCA Ha DBM HAH MeTOZaMH «PYYHOTO cuera», N0 OOBEKTHBHO
caAyYafiHBIM  (PaHAOMH3HPOBAHHEIM) BHIGOPKAM OTrpaHHYEHHOTO
o0beMa, yalle BCEro NyTeM MOCTPOeHHs rpadHKa HaKOMJIEHHOH 4a-
CTOCTH PasyIHUHLIX (DOHOBLIX cojep:KaHHi Ha OJaHKax BeposTHOCT-
HOit Oymarm [42] mam Ha Mukpokaabkyasatopax [10]. Onpenenenns
NPOBOJASATCH A KaXKJA0T0o 3Je€MeHTa HJIH AJs HX 000CHOBAHHO BHI-
OpaHHON COBOKYMHOCTH, AJA OAHOPOAHLIX YY4aCTKOB TEOXHMHYe-
ckoro noas. Ilpu oGpaGorke Ha DBM Bcex HMEIOLIMXCH AaHHBIX
NpeiCTaRJEHAA O CTYNEHYAaTO-MOCTOAHHEIX YPOBHSAX TeOXHMHUe-
ckoro Qona samensiorcs Gosee OJH3KOH K NPHPOAE TIeOXHMHUE-
CKOro moJis annpokcuManueii goHa KpHBOJHHEHHOH NMOBEPXHOCTLIO
TPeHja. -

3HaHHe mMapaMeTPOB MECTHOTO reOXHMHUeCKOro ¢oma mosBoJjser
YTOUHHThL NMOHATHE O FEOXHMHYECKHX aHOMaausixX, 00 ux 3ddexrns-
HBIX pasMepax H nNokKasaTtejadaX KOHTPACTHOCTH. I'eoxumnueckoi
aHoManmel cjae/lyer HMEHOBaTh 3aMKHyThlii oO0bem V, B mpexmenax
KOTOPOro 4HCJEeHHbI¢ 3HAYE€HHA reOXHMHYECKOro IoJisi BO BCeX TOH-
Kax paBHB HaH OoJblle 3amaHHoil Beauuuusl C,. B aByxmepHoMm
NpOCTPaHCTBE FEOXHMHYECKYI0 AHOMAJIHIO OrpaHHYHBAeT 3aMKHY-
THIl KOHTYp MJOIIaAblo S, B CeYeHHH N0 NPOdHII0 aHOMAJHIO Xa-
pakrepusyer ee mmupuua 2a. JlocTaTouHo Oue€BHJHO, YTO NPH 3TOM
pasMepsl H (opMa aHOMaJHH NpsMbIM 06pPasOM 3aBHCSIT OT BhI-
Gopa HHJKHEro YpOBHfl cojepiKaHHH XHMuyeckoro 3jaemenra Cag,
Ha KOTOPOM NpPOH3BOAHTCS HX OKOHTypHBaHHe. Tak, Hanpumep, NpH
JHTOXHMHYECKHX cbeMKaXx B llenrpansnom Kasaxcrane B 1948—
1953 rr. Meanr ¢ukchpoBanack B mnpobax HauumHas c 0,04 %
(unoraa maxe ¢ 0,07 %!), Xxors HCTHHHasi YyBCTBHTEJNLHOCTH aHa-
JIH3a yiKe B Te roabl Morsna 6uitk npuuara 0,0001 % mexn. B sTux
yeaoBusix apdextusuas (1. e. HaGJIOAEHHAA) IIHPHHA TEOXHMHYE-
CKOif aHomaJjuH, u3o0pazKeHHOH Ha puc. 6, mo pesyabrataMm je-
TaJbHBIX CHEMOK ¢ ImaroM onpobGoBanus 10 M ouenuBazsachk B 27 M.
Ta »xe anomanus, ouennsaemass Ha ypoBHe Cy=2-10"2 9%, umena
661 spdextnBHyl0 wmHpHHY 2a=40 M, a wHa ypoBHe Cir=
=1.1029% —2a=60 m. Jancuefimee cHHKeHnHe Beauunnnl Ca 10
8.1029% mano 6B OCHOBaHWe OLEHHBATH 3()HEKTHBHYIO NIHPHHY
9roil anoMayun B 68 M u 1. A, Hu ogna u3 3THX JHHEHHHIX BeJH-
UHH He MOXKEeT paccMaTpHBATLCA B KayecTBe IlapaMerpa, ¢ TeMm
HJIH HHBIM TIPHOJNHIKEHHEM XapaKTepH3YIOUlero INpHPOJHEE pas-
Mepsl aHOMaJiHH, KOTOpPHle He MOJAAIOTCH CTPOTOMY ONpeAeNeHHIO.

YenoBHeM OOHapyKeHHS aHOMAJHH NPH TEOXHMHUCCKHX CheM-
Kax fBJfeTcs NonajaHue B ee KOHTYP XOTA Obl OJHOH TOUKH Ha-
6moaennii. [Toatomy reomerpuueckHe pasmepbi aHOMaJHi caepyer
onpefenath B rpaHnuax C.> Ca =Cged. Bennunna cramgapTHOro
MHOXKHTens €, corsacHo (6), 3aBHCHT OT TEXHHYECKONl TOUYHOCTH
FeOXHMHYCCKHX HCCJeIOBAHHI, ¢ TNOBHIIEHHEM KOTOPOil 3a cyuer
YMEHbIIEHHS CaraeMoro S%ey; BeJIHUHHA &3 H, cjepoBaTenbho, C,
CHHXKAIOTCHA, W pasMepsl aHomanauii ysenwuusalotcs. [To csoeii me-
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te, %o pHdEpPHH reOXHMHYECKHE aHO-

g7 MaJiHH acHMIOTOTHYECKH NpH-
GJIHIKAIOTCH K YPOBHIO MecCT-

408 Horo ¢oHa, HX pasMmepbl He
MOJAAKTCA CTPOrOoMy omnpe-

206 AeNeHHI0 H MOTYT MHOro-
t KPAaTHO H3MEHsTbCS B 3aBH-
CHMOCTH OT [IOrpemHocTed

404 cheMok.  TlosTomy caeayer
FOBOPHTL TOJIBKO 06 «addek-

202 THBHBIX» W/IH ¢«BBIBJEHHBIX¥
] pasMepax reOXHMHYECKHX
. - aHoOMaJuil, He ABJAWOUMXCS

g ——p———1 1L cppficTBAMH XHMHYECKHX 3J]€-

20 % 60 80 MIM  yeprom, HO HMEIOWHX BaX-

HBEI ~ TeXHHYECKHH  CMBICJL.
iy Do e JouaTEn SHpeNCNeR eRe
CKOH aHOMAaJHH B 3aBHCHMOCTH OT YyB- TI”,'_HHX» pasMepos aHOMa-
CTBHTEJBHOCTH aHasd3a npo6 u BumGopa JIHH OCHOBAaHLI Ha Heaopasy-
HIKHEro aHOMaJGLHOrO COIepKaHug Menu MEHHH. OKOHTypHBaHHH daHO-~

MaJHil  BO3MOMHEL H Ha
Apyrux Oosiee HH3KHX BHEIIHHX YpOBHAX C, o, B MHTEPBAJE [0
Cao=Cq e mpn m=9. Buibop BHYTPEeHHHX KOHTYPOB aHOMAJHII,
KpPaTHLIX BeJHUHHE CTAHAAaPTHOro oTkMoHeHHs Cy-+fs (uam Cyet)
€O 3HAUYEHHAMH [3>3, JHIIeH MaTeMaTHYECKOro WJH TeoXHMHUe-
CKOro cMbicja. BEICOKHE BHYTPEHHHE KOHTYPHl («H30KOHIEHTPATHI»)
H MaKCHMaJbHBE COAEPKAHHA XHMHUYECKHX 3JMeMEeHTOB Cpax B fB-
HBIX aHoMaJ/iHsiX CJedyerT BhlpaykaTh B MpPOIEHTax, B rpaMMax Ha
TOHHY WM APYTHX OOLIYHBIX €HHHILAX. :

XapakTepHCTHKY aHOMaJHil, HAPSALY C pasMepaMH, ompejaeser
HX KOHTPAcTHOCTb, 33 KOTOPYK Hepelko OWHOOMHO TIPHHHMAIOT
BesnunHy orHoureHHss Chmax K Cy. [MpaBuibHas OUeHKa 3TOro Baxk-
HOTO NOKasaTtens TpebyeT COMOCTABNEHHA AaAHOMAjJuilt HE TOJLKO
¢ ypoBHeM (OHA, HO H C ero ycTOHUHBOCTHIO, MEPOH KOTOPOI cay-
KUT cTaHjapTHoe oTkJaAoHeHHe § (uau eg). Ecanm Obl MecTHBII reo-
XHMHYeCKHiT ()OH OCTaBaJicsi BO BCeX TOYKAX 10asf abCOJIOTHO Mo-
croauupiM (s=0, e=1,0), oGHapyKeHHe CKOJIb Yroguo caaboi
aHOMAaJHH MPH CKOJIb YrOJHO BBICOKOM (hoHEe He MpeicTaBasno Obl
HHKakuX TpyaHocteii. [TosToMy nokasaTtesieM KOHTPAaCTHOCTH cJa-
OBIX anOMaJWii y CJAYKHT «OTHOMIEHHE YPOBHS MOJIE3HOrO CHrHaJa
K YPOBHIO IIyMa». DTO onpejeneHHe, 3aHMCTBOBAHHOE H3 00JaCTH
PaZHOTEXHHKH, MOAYyYHA0 obuleHayynoe npHMerenne AN Xapakre-
PHCTHKH cjaabbIX HHIHKAIWi, NposiBJeHHbX Ha (oHe nomex. B Ha-
mIeM cJjydyae TOJIE3HBIH CHTHAJ — 3TO AMIIHTYAA TeOXHMHUECKOH
anoManud Cmax 32 BblUeTOM (OHA, a ypPOBEHbL NMOMEX — BeJHYHHA
CTAHAAPTHOrO OTKJOHeHHs hona. ChelloBaTesbHO,

y= Xmax — X4 : (10)

s
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HJH, C Y4eTOM JIOTHOPMaJbHOrO pacnpejie/ieds cOAeprKaHuii MHK-
PO3JIeMEHTOB

lgCmax—lgCo _ 1 .j, Cmax (1)

jizd 8 lge Cy

g

Ha puc. 7 npuBeieH NMPHMeP CPaBHEHHA KOHTPACTHOCTH ABYX
cnabelX aHoMaJ/inii, HMEUIHX OJHHAKOBOE IPEBhIIIEHHE Hald YpOB-
HeM ¢oHa Cpax — Cp=20, npH pasHbX napaMerpax TreOXHMHYe-
cKoro ¢ona.

Bripa)kenne (11) siBafietcst OCHOBHBIM AJfl OLEHKH KOHTPACTHO-
CTH ¢1aGblX reoOXHMHYECKHX aHOMAJHH IPH cpaBHeHHH 3(@eKTHB-
HOCTH pAasHYHBIX TEOXHMHYECKHX METOAOB MX BHsBJeHud. Ilpu
3HAYEHHUSX y>3 AaHOMaJHf AOCTYynHA AJS BLIABIEHHS YiKe ONHOH
TouKo# HabGuioaenns, npH 1 <y<3 a5 ee BbIfABIEHHs HeOOXOAMMO
nonajfiauue B KOHTYp aHoManuu Ca, COOTBETCTBEHHO M1 TOYEK, FAe
m=2, 3...9, npu suHaueHusix y<l, cornacHo Kputepuio (9), ano-
Majusg Hal 00bEKTOM He obHapysKuBaercsi. DTO He 3HAYMT, YTO
OHa OTCYTCTBYET, B 3ITOM cJydyae oOHAPYKEeHHe aHOMAJHH BO3-
MOKHO ¢ TIPHMEHEHHEM CNelHaJbHBIX MaTeMaTHYeCKHX MEeTO0/10B
06paGoTKH MMEIOUHXCA JAaHHBIX HAH C HCNOJb30BaHHEM JAPYrHX
METO/I0B HCCJe0BaHHs TeOXHMHUECKOro noJs, oGecrneyHBalolnx
yBeJHUEeHHE MNoKasaTeJsi CHrHaJ-rnoMexa. BuluncyeHne nokasaTeds
kourpacrtHoct (11) yMmecTHo ToJABKO AJst cjaa0blX aHOMAJIHH, aMmil-
JUTYY SBHBIX aHoMaJauii xapaxrepuayer aGcoJIOTHOE 3HaueHHe

max-

a
Ly, yoncd.

60

40

20

Al

s
0 1 i L ! I ! ! ! _]
g 20 30 40 glrm

Puc. 7. CpaBHeHHe KOHTPacTHOCTH ABYX cjJaGhIX aHoMajnil NMpH pasHuLIX napa-
merpax tona:
a—Cyp, =40; S=15; Cri=45 v>3 1 6—Cgp,=25
83=7T7,6; Cpra=D00; ¥v<3
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OueHKa mapaMeTpPoOB MECTHOrO FeOXHMHYECKOro (oHa sBaseTcH
00f3aTeNIbHON AJA HaAeKHOro BbiAeJeHHs aHOMaJuif, comocraBJe-
HHA HX 3deKTHBHLIX Pa3MepoB, ONpelesleHHsl NOKA3aTens KOHT-
pacTHoCTH cjabblX aHoManuii M cpaBHeHHA 3(QeKTHBHOCTH pa3-
JHYHBIX METOAOB H TeXHHYECKHX NPHEMOB HCCJIEJ0BAHHA FeOXHMH-
4yeckKoro noas. B TO ke Bpem# CTATHCTHYECKHH aHAJAH3 (POHOBBIX
YYACTKOB IOJISi $IBJAETCS HeoOXOJHMHIM, HO TOJBKO HayaJbHBIM
YCJIOBHEM KOJIHYECTBEHHOr0 aHaJH3a reOXHMHYCCKHX JaHHBIX. ['eo-
JIOTHYEeCKHE Pe3yJbTaThl MOHCKOB ONpejejasieT aHaJH3 He (OHOBHIX,
a HMEHHO AHOMAJIBHBIX YU4acTKOB MOJs. B 30HAX reoXHMHYECKHX
AHOMaJIHH CoJepiKaHus 3JeMeHTOB HOCAT IPOCTPaHCTBEHHO-YIOpPS-
JIOYEHHBI (AeTepMHHHPOBAHHBIN) XapakTep, AJs aHajH3a KOTO-
pPBIX METOALI MATeMaTHYeCKOH CTATHCTHKH HENPHMEHHMbLl HJIH
HMEIOT OrpaHHuYeHHOe NpPHMEeHEeHHE.

CraTHcTHUECKHE OLEHKH CpeIHero 3HaudeHHs H JHCIEPCHH Ka-
KHX-J100 JAaHHBIX HMEWT CMBIC] NPpH YCJAOBHH OAHOPOAHOCTH 3THX
aaHHblX. Toabko B 310M ciyuae BHOOpKa cnocoOHa NpPaBHJIbHO Xa-
pPaKTepH30BaTh I'eHEPaJbHYI0 COBOKYNHOCTb JAHHBLIX H yBeJHuYeHHe
o6beMa BLHIGOPKH YTOuHfeT oleHKH. HecocToATeNbHOCTh Tex e
CTATHCTHYECKHX OIEHOK NPH HAPYUIEHHH YCJIOBHA OJHOPOLHOCTH
HIJIIOCTPHPYIOT NPOCTEIe MpHMepHl (puc. 8), CMBICJ KOTOPBIX MOMXKHO
OTHECTH K pe3yJbTaTaM JN060ro reoXHMHUYeCKOro onpoﬁoaauuﬂ.

ITo nanubiM aHaausa n; npob, otoGpaHHBIX B npejienax OAHO-
POAHOro rpaHMTHOrO MacCHBa, B YAaJeHHH OT €ro HJOKOHTAKTOB,

MOryT GBITH HaiAeHbl OleHKH cpelHero C, H CTAHAAPTHOTO OTKJIO-
HeHHS S| cojepKaHuil Kakoro-iuGo anemenrta. Ecau, He BHIXOAs 3a
npejensl Maccusa, NPOLIHTL OnpoGoBanue, 0TOGPaB AOMOJIHH-
TeJNbHO My npo6, oueHku Co, S, 10 n;-+ny; nmpobam GYAYT YTOUHATH
NepBOHAYA/NLHO MOJYYEHHbIE JAHHBIC, He H3MEHAf HX CYIIecTsa.
W nepBbie, H BTOPHE OUEHKH SABJAIOTCA 00BEKTHBHEIMH XapaKTepH-
CTHKaMH 3THX IPaHHTOB, YHCJEHHBIE 3HAYEHHA HX C yBeJTHUEHHEM
o6beMa onpoGOBaHHA CXOAATCS M0 BEPOSTHOCTH K CBOEMY HCTHH-
HOMY 3HaueHHI0O (C yueToM nNpHHATOro crnocoba onpo6GoBaHHA H
ToYHOCTH anajusa). Ecam npoduan onpobosanus nepeceyer 30HY
KOHTaKTa, BEIfiAA BO BMemlaiomne >(QysuBbl ¢ APYTHM COAepiKa-

HHEM OIpeJle/isieMOro 3jemenTa, OueHKH C3 H §3 M0 ng mpobam
HJIH 1O COBOKYNHOCTH f;-ny+n; npo6 He OyAyT HMeTb ycToil-
YHBOTO TeOXHMHYECKOr0 CMBICJIA, LEJHKOM 3aBHCS OT IIpo-
H3BOJIbHBIX COOTHOIIEHHIT MexJy 4YHcjJoMm mnpob, oTOGPaHHBIX H3
rpauuToB M 9ddy3nBos (cm. puc. 8,a). Takne BHOGOPKH, coO-
CTABJICHHBIE NYTEM CMeW eH 5 HEONHOPOMAHBIX NAHHEIX, HeNnpH-
FOJHBl JJsi craTHCTHYeCKOit o6paborku. Jlnsf OIEHKH CPeHHX H
CTAHAAPTHHIX OTKJOHEHHH COJEPIKAHHI 3JeMEHTOB 10 pe3ynbTa-
TaM onpoboBaHusl ABYX PAasHBIX MOPOJ HCXOJAHBIE JaHHBIE HE0GXo-
AHMO NpeABapHTENBHO pasfie/iiTh Ha OJHOPOJAHBIE COBOKYNHOCTH.

[TpumepaMu HEOAHOPOAHBIX AAHHBIX, IS KOTOPHIX OIEHKH CTa-
THCTHUECKHX TapaMeTpoB pacnpeeseHns JHIIeHB VCTOHYHBOrO
CMbICJIA, SIBJAAIOTCS COAEPHKAHHA PYAHBIX 3JIEMEHTOB B aHOMAaJHAX.
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Pyuc. 8. Tpadukn 0AHOPOAHBIX «Cay4aiiHBIX» (MpoGHl ny, M2, Ng) H HEOAHOPOJAHBIX
NPOCTPAHCTBEHHO-YNOPAAOUEHHEX (NMpoGE ng—n;) COMEPIKAHHI PYAHOTO 3J7e-
MeHTa: !

a—agp rpaurax (/) w ocuosumx sddysusax (2); 6—s smosno-gentosnn (3); 8 —B KepHe
CKBaMIHBl; 2 — B ILITOKBepKe; 4 — pyAHOe Telo M €ro MepBHYHBLIE opeon; 5 — rpadiuki co-
Nepiaiuii PYAHOTO SMeMeHTa; § — HHTEPBAJLI reOXHMHYECKOro onpoGoBaHus
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JlioOble OlLEHKH CPeIHero H CTAHAAPTHOrO OTKJOHEHHs CcOAeprKa-
HUil MeTajJa B 30He reoXuMH4YecKoil amoManauu (cM. puc. 8,6) no
ny, N5 WAH ng 1po6GaM MPOH3BOJLHO H3MEHAIOT CBOH 3HAYEHHS B 3a-
BHCHMOCTH OT Cy(O'b€KTHBHO BLIGHPAEMbIX TIpaHHIl Moicuera. IJTO
JKe OTHOCHTCSl K aHaJiH3y CTATHCTHYECKOrO pacnpeieieHns cojiep-
MaHHA MEeTajlJla B PyJAHOM TeJe H OKOJOPYAHLIX MOpojdax no AaH-
HBIM FEOXMMHYECKOro onpo0OBAHHA KepHa pa3Be/ovHOi CKBaKHHBI
(cm. puc. 8,8). HanomHuM, 4TO rpaHHIb reOXHMHYECKOH aHoMa-
JHH He MOAAAIOTCs cTporomy onpedesaenuio. [lostomy mobbie

ouenku C; W $7; AJsi aHOMAaJHH, HalJeHHble N0 Ny (HWaH ny) npobaw,
3aBHceJH Obl OT BeiGopa Ca H He MOTYT paccMaTpPHBATLCA B Kaue-
CTBE IPHPOJAHBIX XapaKTePHCTHK 06beKkTa. ITO He HCKJIIYaer cy-
[IECTBOBAHHS YCJOBHH, B KOTOPLIX OLEHKH CpPEIHEero 3HaueHHA H
JHCNEepPCHH COAepXKaHHH MeTajja B pYyAHOH 30He nNpHOOpETalnT
cMbic/l OObeKTHBHEIX BejinuuH. IIpHMep Takoro poja mnokasaH Ha
puc. 8,2 anA cayuyas MONIHOH 3aJjiexu (Hanpumep, LITOKBepKa),
B HEeHTpaJikHOH YacTH KOTOpOH HabawojaloTcs «cjaydyaiHble» KoJe-
OaHHs COAEPXKAHHN Merajjla OKOJO HEKOTOPOro MOCTOAHHOTO
ypoBHA. B 3TOM cayuae B mHTepBaJjie onpobGOBaHHsA Ng B yAAJEHHH
OT TPaHHIl PYAHOTO Teja coAepiKaHHfA MeTajnaa B npobax HMEOT
XapakTep OAHOPOMHOH COBOKYMHOCTH JAaHHBIX H CT4THCTHYECKHE

napamerpbl Cg, Sg OYAYT YCTOHYMBO XapakTepH30BaTb 3TOT H OJ-
HOTHIIHBIE HHTEPBAaJbLl OpPYICHEHHS.

OueHKH CpeaHHX COJep:KaHHi M AHCIEPCHH B KadecTBe YCTOfi-
YHBLIX BEJHYMH MOTYT CYUIECTBOBATE M JJISl COBOKYINHOCTH Pa3HBLIX
FOPHBIX MOPOJ HJH JAPYTHX PasJHYHBIX MPHPOAHLIX oOpasoBaHHii,
06befHHAEMBIX B T€X WJIH HHHEIX LeafiX. YC/JOBHAMH AJS1 3TOrO fiB-
JstioTest GoJbllioe 4HCJA0 06BbeAHHAEMBIX pasHocTell (HampuMmep, TH-
MOB MOPOJ, THNOB JaHAWAPTOB) H MaJble pasMepbl OTAEJNbHBIX He-
OJIHOPOIHOCTEH 10 CPaBHEHHIO C pa3MepaMH H3yuyaemoro o0bekTa,
4T0 ofecneuynBaeT MPEeACTABHTENLHOCTL BBIGOPOUHBIX AaHHBIX. [1pi-
MEpPOM 3TOr0 CJAY#Kar KiapkH reocdep, 3HaYeHHST KOTOPBIX HECOM-
HEHHO HMEIOT OOBEKTHBHBIA CTATHCTHYECKHH H TEOXHMHYECKHIH
CMBICT.

Hanst anajnu3a TmpOCTPAHCTBEHHO-YIOPSAAOYEHHBIX JETEePMHHHPO-
BaHHBIX pacnpeleeHHi COAepKAHHH 3JIEMEHTOB B IeOXHMHUECKHX
aHOMaJHAX CJAYKHT anmapaTt OCHOBHLIX YpaBHEHHH MaTeMaTHue-
cko ¢u3HkH. B 3agayy 3TOro aHajgM3a BXOAHT YCTaHOBJIEHHE
NPHIHHHBIX (Kay3aJbHBIX) CBf3eH MEXKAYy COJepKAHHAMH 3JeMeHTa
H MPOCTPAHCTBEHHBIMH KOOPAHMHATAMH, JJIHTENbHOCTBIO INPOLECCOB,
napaMeTpaMH TreoJIOTHUECKOH cpeibl H CBOMCTBAMH XHMHYECKOTO
snemenTa. OTeiCKaHHe TAKHX aHAJHTHYECKHX 3aBHCHMOCTEH, onpene-
JSIOIHX (OPMHPOBAHHE TeOXHMHYECKHX aHOMAaJHH B pasiHYHBIX
reocepax, BeaeTcss NyTeM pPAacCMOTPeHHS] YNPOUIEHHHIX, HAeaJH-
3HPOBAHHBLIX Mojesaeli mnpoiecca. YacTeio 3TH 3aBHCHMOCTH ycTa-
HABJIHBAIOTCA TyTeM 3aHMCTBOBAHHSI pelleHHH H3 obaacTH Andge-
peHIlHA/NbHBIX YypaBHeHHH Temn10- W MmacconepeHoca, AH(pdy3Hn,
MaTepHaJJbHOro 6a.ncha, KHHETHKH XHMHYECKHX ped KILHH HJIH ruapo-
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nunaMuki. Halinenusle du3nko-MaTeMaTHYeCKHe 3aBHCHMOCTH THIA
(1)—(2) cayxart Aa8 KOJHYECTBEHHOTO aHA/NH3a BbIABJCHHBIX reo-
XHMHUECKHX aHOMaJHii, ¢ yYeToM TeX OTCTYNJEHHH OT H/JeaJIbHOH
KapTHHE, KOTOpble Hen30exHb B peaJbHOH mnpupojHoit obcra-
nHoBke. Co3gaHue MaTeMaTHUeCKO# TeopuH (OPMHPOBAHHA TeOXH-
MHUYECKHX aHOMaJHH AJ8 KaxI0ro OTAEJbHOr0 XMMHYECKOro 3Jje-
MEHTa, ECTEeCTBEHHO, HEBO3MOXKHO H Heuesecoobpasno. ITostomy
TpH BbiBOAE OOLIHX 3aKOHOB, yNPAaBJAIOLHX AHOMAJbHBIM TEeO0XH-
MHYECKHM IM0JIeM, paccMaTpHBaeTcs I[0BeJeHHe HEeKOoToporo abct-
PAKTHOrO 3JeMeHTa HJH MertaJjua. MuauBHAyasbHble cBoficTBa XH-
MHYECKHX 3JIeMEHTOB YYHTBHIBAIOTCA B YHCJEHHbIX 3HAYEHHAX KO-
3 HIHEHTOB, BXOASALIHX B YCTAHOBJEHHble (YHKIHOHAJLHBIE
3aBHCHMOCTH.

s cepHH 4YHCJEHHHIX BeJHYHH, XapaKTePH3YIOUIHX OJHOTHI-
HEle aHOMaJlibHble TO0JIS, BO3HHKAeT HeoOXO0AHMOCTh OLEHKH HX
CPeHHX 3HAYeHHH H JOBEepPHTeJbHLIX HHTEpBAJIOB, MJHCIEPCHIT H
KOPPeJAUHOHHLIX 3aBHCHMocTeli Mexkay HuMH. Takum obGpasow,
MaTeMaTHUYeCKHH aHaJH3 aHOMaJLHHEIX TOJeH Ha OCHOBE JEeTepPMH-
HHDOBAHHBLIX MOJeJel COYeTaercsi ¢ BepPOSTHOCTHO-CTATHCTHYECKOMH
OlleHKOH ero pe3yabTaToB. lleseHHe 3a/1ay NOHCKOBOM FeOXHMHH fia
JIBa Kjacca, pellaeMbiX Ha OCHOBE JeTePMHHHPOBAHHBIX H BEpOAT-
HOCTHO-CTATHCTHYECKHX MOJeJel, B H3BeCTHOH Mepe ycaoBHO. Jlio-
Oble MPHPOJAHBIE «CjydaHHbie» pacnpefesneHuss He GeCnpHYHHHEL, H
B NPHPOJE HEeT yNnopsil04eHHLIX pacnpeieneHuil, KOTopbie He HMeJH
6bl ciyuaiiHo# cocraBasiouteii. OJAHAKO TpaHHIA MEXKAY 3THMH
KJaccaMH 3ajad M MeToJaMH MaTeMaTHYeCKOro aHaju3a TeoXH-
MHUCCKHX IoJiefi o0OHapy:KHBaeTcs JOCTATOYHO 4YETKO. B 3TOM
njiaHe IepBOCTENeHHOe 3HayeHHe HMEIOT MOHATHA O mapamer-
PHYECKHX H HenmapaMeTpHUYECKHX IeOXHMHUECKHX TMOKa-
3arenfx.

FeoXxuMHYeCKHMH napaMeTpaMH CJAEAYET HMe-
HOBAaTh BEJHYHHB, HMeOUHEe OO BEKTHBHEH cMBICI,
YHCJEeHHBe 3HAaYeHHS KOTOPHX YTOUHAKTCSH OI-
HOBPEMEHHO C yBeJHYEeHHEM TOYHOCTH HCCJAELO-
Bauu#H. Tax, Hanpumep, NmapaMeTPHUECKO{l BeJHUHHO{l SBJAsSETCH
cpe/Hee COLEprKaHHe CBHHIA B OJHOPOJAHON TrOpHOI Mopoje, BedH-
YHHA KOTOPOTO YTOYHSETCS ONHOBPEMEHHO C yBeJHUYEHHEM YHCJa
HeeaeayeMeix npob H ¢ MepexoioM K Gojiee COBEPUIEHHBIM MeTOAaM
HX ananuza. UncneHHble 3HaueHHs HENapaMeTPHYECKHX MOKasaTe-
Jieil He MOAAAIOTCS CTPOrOMy onpejefeHHI0, BeJHYHHB HX MPOHS -
BOJBHO H3MEHSITCS C YBEeJHUCHHEM TOYHOCTH HCCIeL0Ba-
HHl M 3apaHee H3BecTHH. XapakTepHBIMH HemapaMeTpH-
YeCKHMH MOKa3aTeNsAMH SABJISIOTCA <«BCTPEYAEMOCTb» XHMHYECKHX
3/ICMeHTOB, KOTOpasi, COrJIacHO 3akoHy BepHajackoro, Bcersa pamna
100% man pasmepnl reoxHMuueckHx aHoMmamuii (cM. puc. 4). He-
NapaMeTPHIECKHI CMBIC HMEIOT OLEHKH CPEAHHX COAepKAHHI Te-
MEHTOB B reOXHMHYECKHX aHOMaJuaAX (cM. puc. 8), mpoTsKeHHOCTh
MIOGBIX FeOXHMHYECKMX AaHOMAaJH# B THAPOCETH BCJENCTBHE HX
ACHMINITOTHYECKOTO TPHOIHXKeHHS K (OHY HAH OrpanHHueHusi Giau-
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30CThI0 KOHEWHOTO BogoeMa ctoka u T. n. Hekotopwne nemapamert-
pPHUECKHE TOKAa3aTeJH HMeIOT BaXKHBIi TEXHHYECKHH CMBbIC] — Ha-
npHMep, CpelHee cojepxKaHHe MeTajja B PYAHOM Teje (3aBHCHT
OT CcyOBeKTHBHO BblOHpaeMoro GOPTOBOrO COJEpP:KAHHS) HIH -
(peKTHBHLIE pasMepbl FeOXHMHYECKHX AHOMAJIHH B KOHType HHIK-
HEero aHoMajbHOro cojepxanus. OAHAKO uYHCJICHHBIE 3HAUCHHS
Ji00bIX HemapaMeTpHUECKHX IOKasaTe/eH He sABJAITCH NPHPOI-
HBIMH XapaKTepHCTHKAMH 00bekTOB. CpaBHEHHE MX C aTOMHBIMH
BECAMH 3JIEMEHTOB, BaJeHTHOCTAMH, PajHyCaMH HOHOB, HOHHBIMH
MOTeHIHaJaMH, PacTBOPUMOCTBIO COELHHEHHH H JAPYTHMH OO0bLEK-
THBHBIMH XapaKTePHCTHKAMH BeleCcTBAa HJH paHMKHpPOBaHHE pPya-
HBIX 3JIEMEHTOB 10 BeAHYHHE HelmapaMeTpHUYECKHX NoKasaTeneil co-
BepuleHHO HeponyctuMo. Ias oGocHOBanHs KaKHX-JHOO TEOpETH-
YeCKHX HJIH YCTOHYHBBIX METOAHYECKHX BBIBOJOB 3TH NOKasaTesH
CJOYIKHTb HE MOTYT.

B psaze cayuaeB or HemapaMeTpHYECKHX MOKas3aTeled Jerko
nepeiiTH K 3HAYEHHSM FeOXHMHYECKHX NapaMeTpoB, HCIIOJAbL30BaHHE
KOTOPBIX /5l XapakTePHCTHKH FeOXHMHYECKOTO MOoJis BCerja mpei-
nourHresbHo. Hanpumep, cpeinee cofep:kaHue PyaHOro 3JeMeHTa
B aHOMaJHH H IIHPHHA 3TOH aHOMajHH Mo npodHI0 SBAAIOTCA
HellapaMeTpHYeCKHMH BejHuYHHaMH. [lepBas M3 HHX, 3a BBHIUETOM
(oHa, B mpejeie CTPeMHTCs K HyJI0, BTOpas — K OeCKOHEUHOCTH,
HJIH:

lim (C,—Cy) = 0; lim 2a — oo, (12)

Onnako Jmio6oe NpoHsBeleHHe ITHX ABYX B3aHMOCBA3AHHBIX H
JOCTATOYHO HEONPeAeNeHHBX BeJIHYHH NPHBOAHT K BIOJHE YCTOMH-
YHBOMY NapaMeTpHYeCKOMY MOKa3aTesio, XapaKTepH3YIoUleMy KO -
JHYECTBO MeTaaJa (B METpoNpoleHTax) B JAAaHHOM CEYeHHH
aHOMAJIHH HJIH

2a(Cp—Cp)= M. (13)

BennyuHa 3TOro OGBEKTHBHONO TIeOXHMHUYECKOTO IOKa3aTeJs,
HMEHYEMOro JIHHEHHOH IPOAYKTHBHOCTHIO AHOMAJHH, YyiKe TMPH CO-
6a1071eHHH MHHAMAalbHBIX TpeloBaHHil K €e MOJICYETY OIEHHBAETCs
C JIOCTATOYHOH TOYHOCTHIO (KOTOpast BO3PACTAET OJHOBPEMEHHO
C YBeJHYEHHEM JeTajJIbHOCTH HCCJeJ0BaHHH H TOUHOCTH aHaJlis3a
npo6). BaxHeHInuii mapaMeTpHuecKuii CMBICJ M5 XapaKTepPHCTHKH
reOXHMHYeCKOH AHOMAJHH HMeeT AaHaJIOTHYHBIA NOKasaTeldb IJO-
1aJIHOM TMPOAYKTHBHOCTH

P = 8(Cy—Cy)- (14)

dra  BeJHYHHA  XapakTepH3yeT HaA(OHOBOE  KOJHYECTBO
(B M%) XHMHUECKOro 3JleMelTa, 3aKJAIOUCHHOE B KOHTYype aHoMa-
JIHH Ha MJOCKOCTH, CJYXKHT KPHTepHEeM /1Sl CONOCTABJEHHS aHO-
Majui M, nogo6Ho mapaMerpy M, He 3aBHCHT OT CYOBEKTHBHLIX
peuiennil. I'eoOXHMHYECKHM mnapaMeTpoM sBasieTcs H HaadoHOBOE
KOJIHYeCTBO XHMHYECKOro 3sjemeHra Q B TOHHAX, 3aKJKYeHHOe
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B oObeMe KOHKPETHOI aHOMajuH. 3aMeuaTe/bHbLIM CBOHCTBOM MO-
Ka3zaTeneli JMHeHHOH, njowlagHo# H 06bEeMHOH NPOAYKTHBHOCTH
reOXHMHYECKHX aHOMAJIHH SIBJISIETCA He3aBHCHMOCTb HX BeJHYHH OT
MaciiTaboB TeX reOXHMHYECKHX CBEMOK, MO JaHHBIM KOTOPBIX Be-
ayres noxacuers. [Tokakem 3To Ha npuMepe oleHKH napamerpa P
Aasi (GHKCHPOBaHHON mnuiomann Sp, Ha KOTOPo# Hapsay ¢ (oHo-
BLIMH COJepKaHHAMH DPYAHOTO 3JIeMeHTa Pa3BHTHI JIHTOXHMHUECKHE
AHOMAJIHK PasJHYHBLIX pa3MepoB. [IpeienbHO mOJHO 3TOT y4acToK
6bl1 O6bl H3yyeH MPH HenpephiBHbIX HalbmlofeHHAX H OeCKOHeYHO
MaJIOM paccTosHHH Mexay npopuaamu (Ax—-0; 2/—0) ¢ Gecko-
HeyHO OGOJblLIHM uYHCJOM HaGaiogenni No—-oco, 06pasyloliuM reme-
paJibHyl0 COBOKYNHOCTh AaHHBIX. [IpH (HKCHPOBAHHBIX 3HAYEHHAX
Sy u Cy uctunHOe 3Havenue P corsacHo (14) onpeaeasiercs marte-

MaTHYECKHM OXKHAaHHeM BeanuuHbl C Benuuuny P c 3apauee 3a-
JaHHOH TOYHOCTbIO MOXKHO HaiTH, onpenensss C, 1m0 JaHHBEIM paB-
HOMepHO-cayyaiHoii BHGOPKH ¢ uucioMm HaGmiopenuit N<N,, uro
BHITEKAeT H3 HeCMeLleHHOro Xapakrepa oueHKH cpeaHero. [lo
CMHIC/IY 3TO OTB€YaeT Pa3peKeHHI0 CheMOYHOH CeTH A0 npeaena,
npH koropoM N ocraercs npejactaBHTeabHOH BuiGOpKo#H. Ilpu aTom
YCJIOBHH OLEHKH P ocTaloTcs NpaBHJIbHBIMH HE3aBHCHMO OT Mac-
mwraba CbeMKH, YTOYHSSACh C YyBeJHYEHHEM MJIOTHOCTH Hab.o-
JNeHHi.

IMoacuersl JHHEHHBIX M NJIOMAJAHBIX TPOAYKTHBHOCTEH TIeOXH-
MHYECKHX aHOMaJui NMpH paBHOMEPHOH ceTH HabJlofeHHH 0OBIYHO
BellyTcss no dopMyaam, uaeHTHuHBEIM (13) n (14):

M:Ax(i C,—nC‘,); (15)

x=1

P— AR (g Ci—NGy)- (16)

Ecan npeasapuTe/bHO OLEHHBAIOTCS BeJHYHHB M; mo Kaxxaomy
H3 m npoduae, ceKylUHX aHOMaJiHio, noAcuetr P Benercs no ¢op-
My.Jie

m
P=2I£Z M. (17)

=1
Takum ke o6pasoM Bejercs oueHKa P npH HenpepbiBHbIX Ha-
GaroaeHuax no npoguao. B nocneaneMm cayuae BeJHYHHBl JIHHEd-
HBIX TIPOAYKTHBHOCTEH aHOMAaJHii oOnpeaessioTcss KaK IJIOLLA/IH,
orpanuueHHble rpadukoM Cx=f(x) u aunueit mectHoro ¢oua. Us
Beipaxenus (16) BuaHO, 4TOo npu nmoacyerax P nioboii, naxe ca-
MOH KOPOTKOH aHOMaJHH (OpMaibHO NpPHNHCHIBaeTcs AJaHHA 2/
(v wnpuna Ax). CiaenoBaTenbHO, €c/H JJIHHA aHOMajduH 2b< 2l
ee NpoAyKTHBHOCTL Oyler npeyBenuuena B I//b pa3. Onnako u3 06-
LIero YHCJa BCeX aHOMAJHH 3TOH AJHMHB CheMKaMH JaHHOro Mmac-
mraba OynerT BhIABJEHA TOJLKO YacTb, NMPOMNOPIHOHAJbHAS OTHO-
wennio b/l u noacuersr P Gyayr BepHBIMH. [ToBTOpSA 3TH paccyx-
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fmeHHs Aas cayuas 2a<Ax, IpHXOIHM K Vie CAeJaHHOMY BBIBOAY
O HEe3aBHCHMOCTH mnojcyetoB P or Macuitaba reoxXHMHUYeCKOIN
chbeMkH npH Jaodbix coorHowlenusx S u AS. Ilpu noacuere no no-
craTouno GoablUof mioWAaAn oueHka P XapakTepHsyer cyMMapHYIO
NPOAYKTHBHOCTL KAK BBISBJGHHBIX, TAK H TPONYUIEHHBIX CbEMKOI
AHOMAJMH, H 3TO HABJAETCH BajKHEHIIMM CBOHCTBOM 3TOro mapa-
Merpa. Bee ckazanHoe OTHOCHTEJILHO HE3aBHCHMOCTH OT Maclutaba
ChEMOK pACHpOCTPAHAETCH H Ha MoacyeThbl HaA(MOHOBBIX KOJHUYECTB
XHMHYECKOro 3JeMeHTa B 00beMe KOHKPETHOH aHOMaJauH HJiH [0-
CTATOYHO OOJILLUIOr0 TPEXMEPHOr0 y4acTKa TFeOXHMHYECKOro MOJif.
TepMuH «00beMHass NMPOAYKTHBHOCTL» B IMPAKTHKE FeOXHMHUECKHX
MOHCKOB MNPHMEHeHHS He MOJVYHIA W  COOTBETCTBYIOULHE BeJH-
YHHBI NMPHHATO HMEHOBATH «TeOXHMHYECKHMH 3anacaMu» JTaHHOTO
3JIeMeHTa B KOHKPeTHOM 0o0beMe, B YacTHOCTH, A0 rayGuHbl H M
HJH 445 cjos 1 M, BHpaxas HX B TOHHAX H 0003Hauas CHMBOJAMH
Qu uam g t/M. B COOTBETCTBYIOUIHX CJAY4afX Ta HJIH HHas A0S
TEOXHMHYECKHX 34MacoB MOMKeT NpHoOperaTh CMBICJ IPOrHO3HBIX
OLLEHOK pecypcoB [10/1€3HOr0 HCKOMAaeMoro, a sareM UHQpP MPOMblLL-
JEHHBIX 3anacoB. 3aBHcA OT BhIOpaHHOro GOPTOBOrO COAepIKaHHA
MeTaJJia, NPOMBIIIJIEHHBIE 3amnachl, B OTJHUHE OT FeOXHMHYECKHX,
SABJIAIOTCA HelmapaMeTPpHYEeCKOH BeJHYHHORM.

JpyruM BajKHeHIIHM CBOHCTBOM IOKasaTesel, XapaKTepH3VIo-
mHX HaA(OHOBOE KOJHYECTBO KAKOro-aHOGO 3JeMeHTa B TeOXHMH-
YeCKOil aHOMAaJIHH, SIBJIHETCS HaJHYHe TPOMOPLUHOHAJBLHLIX 3aBHCH-
MocTeil MeXAy 3THMH mapaMeTpaMH IJasl Pa3JHYHBIX KaTeropwii
B3aHMOCBS3aHHBIX aHOMaJbHLIX noJseil. Tak, Hanpumep, B MHPOKOM
IHana3oHe TeOJIOTHUECKHX YC/JAOBHH cobmiogaercs mpsMas mpomop-
LHOHAJILHOCTh MEXKAYy HPOAYKTHBHOCTLIO KOPEHHOTO OpyAeHEeHHs
(MpM %, Ppm2 %) ¥ NMPOAYKTHBHOCTBIO €r0 BTOPHYHOTO JHTOXHMH-
gecKoro opeosa paccesuuss (M, P) B 3JI0BHO-AENIOBHH, HJIH

M=kM,; (18)
P=kP,, (19)

rae k=10 — MecTHbK KOIDGHIHEHT NPOAYKTHBHOCTH.

He nmoanexuT cOMHeHHIO, YTO HaA(OHOBBIE KOJHYECTBA MeTaJaa
B THAPOXHMHYECKHX, GHOreoXHMHYECKHX, rasopTYTHHIX H psle ApYy-
THX aHoMaJ/iuii B CBOIO oO4epelb NPOMOPLHOHAJBHBI MPOAYKTHBHO-
CTAM BTOPHYHBIM JIHTOXHMHYECKHX OPE0J/IOB paccesiHusi H KOPEHHOro
opynenenusi. ITpocteiine saBucumoctu (18) u (19) npunaanexar
K (yHAaMEHTalNbHBIM [0JOXKEHHAM TMOHCKOBOH TreoXHMHH, OHH
B 3HAYHTEJILHOH Mepe OnpelessioT METOAHKY FeOXHMHYECKHX Che-
MOK M TMPHHIHKNB HHTEPpeTalHH HX JaHHBIX.

OcoOeHHOCTBI0O TeOXHMHYECKOTO MOJST SBJAAETCH €ro MHOromep-
HOCTB, MOCKOJILKY TIPH TeOXHMHUECKHX MOHCKAX OIHOBpPEMEeHHO Of-
peensioTes coaepkanna GOJBUIOTO YHCAa XHMHYECKHX 9JIeMEHTOB.
CoOTBETCTBEHHO 3TOMY XapaKTePHCTHKY MOJS IONOJHAIOT CBejle-
HHA O KOPPeJsILHOHHBIX 3aBHCHMOCTSAX M 4HCACHHBIX COOTHOIIE-
HHAX MEXKAY COLepKAHHAMH 3JeMeHTOB HJIH AX TPOAYKTHBHOCTAMH.
B no6oii Touxke reoxuMuyeckoe moje Xxapakrepuiyercs CBOHMH
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rpaiieHTaMi BAOJb Oceil NPOCTPAHCTBEHHBIX KOOPAHHAT H Hanpas-
JeHHeM MakcHMaJabHOR u3MeHunBocTH. [logobuo apyrum ¢usnve-
CKHM NOJsIM, OHO MOAYHHAETCH MPHHLUMNY CYNEPNOo3ulHH, 03HAYal0-
IeMy, 4TO AeficTBHA ABYX WJIH HECKOJLKHX MCTOUHHKOB CKJaJbl-
BalOTCH.

[1pn onHcanuu reoXHMHYECKHX NoJjeil Aas 0G03HayeHHs Iepe-
MEHHLIX BeJNHUYHH, UHCJEHHBIX nokasaTeseH H JOOLIX ApPyruxX KOH-
CTAHT c/elyeT ynoTpeb/fATh MOCTOAHHbIe OYKBEHHbIE CHMBOJEI, Ie-
pedyeHh KOTOPHIX NPHBEAEH B MPHI0MKEHHH.

1.6. OBEKTblI MOHCKOB

Bech MHpPOBOH ONBIT NMOKA3LIBAET, YTO CAMOCTOATENbLHOE NPOMAIII-
JeHHOe 3HayeHHe HMEIOT TOJbKO KpylNHBIE MeCTOPOMKAEHHS, Ha
J0JI0 KOTOPHIX najaer npeobnajarollds YacTh YUTEHHBIX 3aNacos
i A00BIYH TIOJIE3HHIX HCKomaeMuX. Mejkne nmo macwmtady 3amnacos
MECTOPOKAEHHA TNPHOOPeTalT NpaKTHYECKOe 3Ha4YeHHE TOJbKO
BOJIH3H AEHCTBYIOILHX TOPHBIX MpPeANPHATHII H KPYNHBIX pa3BejaH-
HBIX MECTOPOMKJAEHHil TOro e chlpbs. Bogee Toro, orkpeiThHe 01-
HOTO HJIH HECKOJBLKHX MEIKHX MECTOPOKIeHHH H OTAEJbHBIX pyA-
HBIX TeJ, HepPeAKO HMes BajKHOE MeCTHOE 3HaueHHe, He MOMKET cy-
LlecTBEHHO H3MEHHTh ChIpheBOH Oaganc Jaxke B Maciutabe paioHa.
Brinosnnenue 3agaHuii no onepekamwuleMy A00bUy NPHPOCTY Npo-
MBIIJIEHHBIX 3a0dCOB MHHepaJbHOTO Chipbsi OGECHeuHBAET TOJNLKO
CBOEBpPeMeHHOe OTKPBITHE HOBBIX KpYNHbIX Mecrtopoxaennii. [lo-
3TOMY st 3 (QEeKTHBHOro BeleHHS IeOXHMHYECKHX MNOHCKOB Tpe-
OyioTesl yuer COOTHOUIEHHH MeXKy 4HCJEHHOCTbIO MEeCTODPOKAeHHH
pasJHYHOH  KPYNHOCTH, 4eTKas (OPMYJHPOBKA CTpaTerideckoi
1ean paboT H OUeHKa BEPOATHOCTH OTKPLITHA MECTOPOMAEHHI 3a-
AanHoro pasmepa. Haunyuminm odpasom 3TH 3alaud  peuanTcs
NpH AeCATHYHOR KaaccHpHKALNE MEeCTOPOKACHHI MO NMPOMBILIIEH-
HBLIM 3anacam, npeasnoxennoii B. M. KpacuukosbiM, corjacHo Ko-
TOPOH HX 3dmachl JJsl CMEKHBIX KJIaCCOB KPVIHOCTH NMPHHHMAOTCH
OTJAHYAIOMIHMHACS HA MaTeMaTHYECKHH TMOPALOK.

O6Go3nayan 3amackl MeCTOPOXAEHHH B KJacce MHHHMAaJbHO-
NPOMBILeHHBX OHGpoil n+10m 1, nMeeM aJa4 cpeaHero no Mac-
wrtaby Mecropomzenus n- 10+ 1, a 108 HENPOMBIIACHHOTO PYAO-
NposIBJIeHHS — ycJoBHEIe  (3afanancoBeie) 3anmacel n-10m1 T,
3anacel KpynmHoro mecropo:jieHus cocraBar n-10m+2 1, a yHu-
KajabHoro Mectoposiennss n- 10m+ 1 [llkana sBasgercs NOABHIKHOIL
H B 3aBHCHMOCTH OT ChIPbEBOH KOHDBIOHKTYPHI, 4 TaKiKe Xapakrepa
ChIpbSl MOXKHO NpPHAABATHL n 3Hauenus ot 1 10 9 u m — 3HaveHus
JIOOBIX 1ebIX MOJOKHTENbHEX HIH OTPHIATEALHLIX UHCEJ, 4TO He
BJIHSIET HA XapakTep BBITEKAIOUHX H3 Hee BBIBOJAOB. XOpOllee co-
OTBETCTBHE JECATHYHON KiaccH(pHKAIlMH CYUIECTBVIOIIHM MOpei-
CTABJEHHAM O MECTOPOMAECHHAX Pas3aHYHON KPYNHOCTH MNOATBEpIK-
JalT AaHuble Tada. 4, B KOTOPOH npuBeJeHbl NpHMepHble H(PLI
3anacoB, OTBeyalollHe PyAHbBIM OObEKTaM Tpex KJaccoB.

ITo nannem B. A. TlepBaro, MecTopokaeHue MeAHONOP(HPOBLIX
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Ta6bauuwa 4

JecaTHyHas KiaccH(HKALHA MECTOPOXAEHHIE Mo MacwTaby 3anacos
(no B, H. KpacHukoBy ¢ H3MeHeHHAMH)

3anacel, B T
[Moneanoe HcKonaemoe n
MeJKHe cpeaHne Kpynuble
JKenesusie pyibl n-107 n-108 n-109 25
BokcuThl, (ochoprThl n- 108 n-107 n-108 2—5
MapraHuesbie H XpOMHTOBLIE PY- n-105 n-108 n-107 1—3
Ilbl, TUTABHKOBBIA MmaT
Meab, ceHHen -- UHHK, HHKEIL n-104 n-10% n-108 I=b
(cyand.), HuoGHI (NbyOs)
Monu6aen, soasppam (WOsy), n-103 n- 104 n-10% 1-3
0JI0BO, CypbMa
Pryrs, Gepuaauit (BeO), kobanbr, n-102 n- 103 n- 104 1—-3
cepe6po, ypaH, BHCMYT
Pejikue H paccesiHHbIE 3/eMEHThI n- 10 n-102 n-103 1—9
3on010, NAaTHHA n-10° n-10 n: 102 1—5

PYy4 B cpejlHeM MOXeT CYHTATHCH KPYNHLIM IPH 3anacax 3 MJH. T,
ans yenosuit Kpafinero Cesepa sta uu@pa nosblllaeTcs 10 5 MJH.
T Mean. Kaaccel uMelor «mupuny» B npegenax 1/3n—3n, rae n—
XapakTepHayer uLeHTp Kaacca (toyHee, 0,316n--3,16n, moCKOJLKY

/10 = 3,16). MeanonopdupoBbie MeCTOPOMKAeHHS ¢ 3amacaMu Go-
Jee 9 MJIH. T MeAH B OOBLIYHBIX YCJOBHAX H OoJsee 15 MJIH. TOHH
B ycaoBusix KpaifHero CeBepa HOMyCTHMO CYHTATh YHHKaJbHBIMH.
B MHpe H3BECTHBI TOJBKO eIHHHYHBIE MECTOPOKAEHHS, KOTOpHIE IO
CBOHM 3amacaM Ha nopfjaok Oojblle YHHKadbHBIX. Takue mecro-
poxjenus no npeanoxenuio E. M. Ksatkosckoro iesnecoo6pasHo
Ha3blBaTh (eHoMeHaJbHBIMH. K uHeay deHOMeHaJIbHBIX OTHOCATCS
30JI0TOPYAHBEIE MeCTOpoxK/AeHHS BuTBaTepcpaHia, nJaaTHHOBLIE Me-
cropoxaennss DyumBenbackoro kommiaexkca (IOAP), GokcutoBbie
MecTopoxKaeHHss ABcTpasuu.

YkcsieHHble COOTHOLIEHHSI MexK1y BbISIBJEHHBIMH MeCcTOpozje-
HHSIMH pPasHBIX KJIAcCOB KPYNMHOCTH He OTParkaloT peabHbIX COOT-
HOMWIEeHHH, IMOCKOJIbKY BEepOSITHOCTH OOHApyIKeHHS MeCcTOpOKAeHHH
PAa3JIMYHBIX pa3MepoB He OJHHAKOBH, KpynHoe MecTopoxieHue,
TP NPOYHX PABHBIX YCJAOBHAX, Jerye oOHAPYXKHTb, HemeaH OJHO-
THNHOe Menkoe. [IpH oAHHAKOBOM KayecTBe Pyl KpyNHOe 1O pas-
Mepy 3anacoB MecTOpOKIeHHe Oyler XapakTtepu3oBathesi Oouee
3HAYUTEJBHOH TIPOTAMKEHHOCTLIO MO NPOCTHPAHHID M MOLIHOCThHIO
3aJexH. BoixogaM KpyMHBIX MecTOpOXKAeHHH B ofmieMm caydae 6y-
_ YT COOTBETCTBOBATEL OOJIblIee YHCJIO KOPEHHBIX O0HaMKeHHH mnoJies-
HOTO HCKONaeMOro, PyAHBLIX CBaJoB H OoJiee OOLIHPHLIE 30HBI H3-
MeHeHHbIX nopona. Bosee kpymHbIM MecTopoxkieHusim GyayT OTBe-
yathb H Gosee spkue, OOLIMPHBIE MO MJIOWIAAH, MHOTOUHCJIEHHBIE
reoXuMuueckne u reoduanyeckHe avomanuu. Ilpm nomckax Kpyn-
HOe MecTOpo:KAeHHe OyleT BCTPEYeHO OAHHM HJIH AaMe HECKOJb-

36



KHMH MapupyTaMH, M0 KOTOPBIM BeLyTCHl re0JOrHYeCKHe, re0XHMH-
yecKkHe HIH reoH3HYecKHe CheMKH, a MeJKOe PyAONposBJIeHHe MO-
JKET IeJHKOM Pa3sMeCTHThCS MeMJy MapUIpyTaMH H BLIABJIEHO He
6yner. MartemaTHYecKH 3Ta 3aBHCHMOCTL BBIPAXKaeTCA BEpPOATHO-
CTbI0 MepeceyeHHsi O0bEKTa MOHCKOB 3aJaHHON cCeTbio mpoduei,
C yCJOBHEeM [ONnajaHHs B KOHTYp o0beKkTa He MeHee OIHOH (JABYX)
Touek Habuwoienus. B ciayuae HempepbiBHBIX HaGJIIOJCHHH BepoAT-
HocTh [1 mepeceyeHHsi MPOH3BOJBLHO OPHEHTHPOBAHHOTO JIHHEHHOrO
obbexkTa AJHHONK 2b ceThbio npoduaeld ¢ pacCTOAHHEM MexAy HHMH
2[, npu b<l!, onpenensierca pewennem 3agaun Bioddona (1777 r.):

§ 2b

al

(20)

leHeTHuecKkHe OJAHOTHNHbLIE MECTOPOKAEHHS H PyAHBIE Tejxa pas-
JIHYHBIX KJACCOB KPYMHOCTH AONYCTHMO PAcCMaTPHBAaTh B KadyecTBe
reoOMeTpHYEeCKHX H TeoXuMuuyeckux duryp nogobus. CiaenoBaTesbHo,
NpH OAHHAKOBOM KauyecTBe pyA JHHEeHHBle pasMepbl ABYX OAHO-
THIHBIX MECTOPOKIAeHHH OyAyT HAXOAHTHCA B COOTHOLIEHHSX:

Li:Le=yVQ; :VCs, @1)
4 NJoLLaaAHble paauepu
S:8=0a).0a), 22)

Hecatnynasi KaaccH(HKAaUus MeCTOPOMKAeHHH M03BoJasier, Ges-
OTHOCHTeJIbHO K HX peajbHbiM pasMepaM, ONpejieJHTb COOTHOLIe-
HHA MeXIy JIHHeHHBIMH H NJIOLAJAHBIMH pa3MepaMH MeJKHX, Cpel-
HHX H KPYNHBIX MECTOPOX/IEHHH, COrJIAaCHO 3aBHCHMOCTSIM:

Luenc:Lep 1 Lep= /T : /10 : /100 =1:2,15: 4,64; (23
2 2 2
Swen: Sep: Sev= (Y T) : (/10)(/100) =1:464:215. (29)

Ha puc. 9 nokasaHel ceueHHs Tpex JMHH3006pasHbIX TeJ, AB-
asiouuxess ¢GpurypamMu nopoGusi, oOGbeMbl KOTOPBHIX, a cJepoBa-
TeJILHO M 3amacekl B PSLOBHIX pynax, pasanyatorcs B 10 u B 100 pas.
HMmenno B nponopuuax L u S GyAyT HaXOAHThCA BEPOATHOCTH 00-
HApyKeHHs NpPH MOHCKAX MeCTOPOXKAEHHH pPAasJIHYHBIX KJIaccoB
KPYNHOCTH, XOTSl CaMH BEPOATHOCTH MOTYT OCTABAThCS HEH3BeCT-
HBIMH. ITH 3aBHCHMOCTH OYAyT COXpPaHATbCA /[0 TeX MOp, MOKa
B NIdHHOM paioHe He OyayT OGHAapy)KeHbH BCe KPYMHHE, BCe Cpej-
HHE H BCe MeJIKHe MeCTOPOXAEeHHS, YTO OTBeyaeT YCJOBHAM jale-
KOi nepcrnekTHBH. [TosToMy uHc/IO MeCTOpOXKIeHHI, 3aperHcTpHpO-
BaHHOe B KajacTpe, NMOJJEKHT NMepecyeTy Ha OCHOBe COOTHOLICHHH
MeXIy JIHHeAHBIMH H NJOLIAAHLIMH pa3MepaMH (uryp moaoGHs.
[TpuHHMaeM, YTO OCHOBHBLIM MOKa3aTe/JeM MPH BH3YaJbHBEIX MOHC-
Kax, OnpeiesiBIINM B NPOLLJIOM OTKPBITHE MECTOPOKIeHHH, Ghija
HX JJIHHA (KHJBI, BBITSHYTHlE JIHH3Bl, MJAacThl) H BEPOATHOCTB
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Vg =100

Pue. 9. Jluneiinsle 0 naomainsie pasMepsl (Hryp nmofoGHA OPH COOTHOLIEHHH
obbemoB (a:6:6) 1:10:100
a—Syenk =1 Vyenx=1i 6—Scp =464, Vp=10; 8 — Sy, =215; Vyp=100

3TOr0 cOOBITHS MojuHHsIach Bhpaxenuio (20). B pesyabrare ne-
pecuera, IpOBeJeHHOr0 ¢ yyeToM 3aBHcHMocTH (23), oGHapyKnBa-
eTcss  npuGaHiKeHHoe yObBaHHe YHCJAEHHOCTH MeCTOPOMXKACHHMH
CMEKHBIX K/I4CCOB KPYNMHOCTH B CTOPOHY BO3pacTamolleil KpymHOCTH
B nponopuuu 7:1. 3IT0 NO3BOJNHJO, B YACTHOCTH, 3KCTPANOIAPO-
BATh OKHAAEMYI0 YHCJIEHHOCTh HENPOMBINIEHHBLIX Py/A0HpOsBJe-
HHH W CJAEAYIOUIHX 33 HHMH PYAHBIX TOUEK, HE YUHTHIBA€MBIX Kajia-
crpoM. [TpHMEHHTENBHO K METOAHMKe FeOXHMHUYeCKHX [OHCKOB, Kak
NpaBHJIO, OPHEHTHPOBAHHON Ha BHIABJCHHE AHOMAJHI OCHOBHOTO
-(LLleHHOTO) PpYAHOTO 3JIeMEHTa, TMPH COOTBETCTBYIOLIHX pacueTax
JOJIZKHBI OBITH NPHHSATE BO BHHMAaHHE JOMOJHHTEJbHLIE «3aMachi®»
MeTaaja, 3aKJIOUeHHble B NepBHYHOM OpeoJie MecTOPOKIAeHMs .
B oGulem cayuae, Bospactasi 10 aGCOJNIOTHOH BeJIMUHHE AJST KpPyll-
HBLIX MECTOPOMKIEHHI, OTHOCHTEAbHAS 10/ MeTajJa B MepBHYHOM
opeosie yMeHbIIAeTcs C yBeJHyeHHeM OOLIMX 3anacoB Meraqna
B oObekTe M, OueBHAHO, Bo3pacraer Ao 100 9 B HenmpoMBEINLIEHHBIX
PVAOTIPOSIBACHHSAX.

Bee ckazaHHOe no3BoJisier 0000IIUTH OXKMAaeMble COOTHOIIGHHS
MEKIY XapakTepHCTHKAMH MECTOPOXKAEHHMH pasiHYHBIX KJaccoB
KPYNHOCTH Ha OTBeYalollHe HM NepBHYHBIE W BTOPHYHLIE JHTOXH-
MHuecKie anomanuu (raba. 5). dTo, B CBOIO Ouepelab, AAET BO3-
MOZKHOCTH ODOCHOBATH MJIOTHOCTH TOHCKOBOH ceTH, ofecneunBaio-
nieil ¢ 3aparnee BHIOpaHHOH BepoATHOCThIO OOGHapyiKeHHe 00BLEKTa
3alaHHOTO pa3Mepa B CJIyuae ero HaXOKJAeHHs B Nnpelejax H3yyae-
MOTO yuacTka. y

[Tpu monckax MecCTOPOMKIEHHN TO HX TEOXHMIUUECKHM aHOMa-
JUSIM pacyuer MpSMOYIOJIBHON CETH TeOXHMHUYECKHX CHLEMOK BeAeTes
no npubauxennsiM ¢Gopmyaam A. M. llypwiruna:

N0 =1—e"5"% : \ (25)
38



ey

1 ————

Tab6bauua 5

CooTHOWEHHA MeXIY PYAHbLIMH 0OBEKTaMH pasindnoil kpynuoctu (41)

Mectopomkaenus 1o Kaaccy |
KPYNHOCTH l Pynonposs-

lMokaaatens AeHus

Kpynhne cpeanue l MeJKne

IMo uMcay OTHOCHTENBHO KPVIHBIX | 7" 49 343
MECTOPOKACHH T

To xe, % 0,25 1,76 12,25 85,75
1o npoMBILIIEHHBIM 3a1aCaM B 06be- 100 10 1 —
KTE OTHOCHTEIBHO MeJKHX MECcTopo- :

MIACHHH

To ke, B Kaacce, % 46 32 22 —
[lo reoxumMHvecKHM ¢3anacam» B 06b- 49 i 1 0,143*
€KTe OTHOCHTEJIBHO MEeJKHX MecTo-

POKAEHHI

[lo naomajaneiM XapakTepHCTHKAM 13,4 3,66 1 0,273%
NEpPBHUHLIX JIHTOXHMHUECKHX aHO-

Maanii OTHOCHTEIBHO MEJTKHX MecTo-

POZIEHHIT

To e, no MUHEHHBIM XapaKTepHCTH- 3,66 1,31* | 0,523*
Kam

n pHMEYaAaHHE, 3Be3gouKkaMH OTMeYelbl 3HaMeHaTenw npﬂrpeccun.

%= 1 —e 385 (1 1 S/AS); (26)
n("=1—e—s'°s[l+(S/AS)+ —;,-(S/AS)2+. oy

1 (i—1I) :
Ty +W(S/AS) ] @7

rae IO, T13), TI¢) — eposiTHOCTH monajgaHus B KOHTYD O0ODBeKTa
He MeHee OJHOI, He MeHee /IBYX WJIH HE MeHee [ TOYeK mps-
MOYTOJBHOU ceTH HabGawoxeHuit'; S —mnuomans o6beKTa MOHCKOB,
B JaHHOM cJyyYyae — JIHTO-, THAPO-, aTMO- HJAH OHOreoXHMHYECKOH
AHOMaJIHH NPOU3BOJbHOA (opMB; AS — nmuowiaas AUelKH MOHCKO-
BOH CETH.

[To nauubM Ta6a. 5 ¢ yuetoM (25) MOMKHO pacCUHTHLIBATL OXKH-
JHAeMBIH Pe3yJNbTAT IMOHMCKOBBIX JHTOXHMHYECKHX CHEMOK MJis He-
OrpaHHYeHHON TEPPHTOPHH €O «cpeaHeit» pyAaHocTbio. [Iponopuwno-
HaJbHble 3aBHcHMOCTH (18) u (19) nossoasioT cyuTath, 4TO COOT-
HOIIEHHST MEeMAY MJOLaJAHBIMH H JIHHEHHBIMH XapaKkTepHCTHKaMH
MECTOPOMACHHI PAa3JHYHBIX KJACCOB KPYMHOCTH, MpHBeAeHHbE
B HHIKHHX CTpOYKax TabJ. 5, cCOXpaHAKT cBOe 3HaueHHe Las 3¢-
(DeKTHBHBIX pa3MepOB BTOPHYHBIX OCTATOYHLIX OpPEOJIOB paccesiHus.
Bri6upas NOHCKOBYIO ceTb M3 pacyera OOGHApyKeHHSI KPYMHBIX

! lns pacueta certeil MpH MOHCKAX MeCTOPOMKJEHHN MO HX MOTOKaM pac-
ceanusn opmyant (25) — (27) ue mpumenHMsl (cM. 2.4),
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MecTopoKaeHHit ¢ BeposTHOCTbIO [10);=0,99, yto oTBeuaer ycio-
BHIO Sxp/AS=4,61, umeem INWep=0,715 n I1Mye.x=0,291. Cuaeno-
BATEJbHO, B PE3yJIbTaTe 3THX CHEMOK, NPH YCJOBHH HX NpOBeJeHHS
Ha 0oablLO# NJOWAAH, MOKHO OXHAATh BHISIBJEHHS mopsaaka 75 %
OT OOLIMX pecypcoB MeTajljia, COCPeLOTOYEHHOr0 B MECTOpPOKIe-
HHAX, BHIXOASILIHX HA YPOBeHb 3PO3HOHHOrO cpesa.

Bce ckazanHoe 00 OTHOCHTE/BHOH YHCJEHHOCTH MeCTOPOMKIAeHHH
Pas/HYHBIX KJACcCOB KPYMHOCTH M 00 OXHJAaeMbIX pe3yibTaTax
NOHCKOBHIX pab0OT OTHOCHTCS K pa3paay oOIHX 3aKOHOMEpHOCTeil,
OT KOTOPHIX B Ka)K[I0M KOHKPETHOM cJiyyae MOryr HabJo-
NaThCsl CYILIeCTBEHHBle OTCTyNJeHHs. PaccMoTpeHHBle 3aKOHOMep-
HOCTH B TePBYIO OYepelb XapaKTepH3YIOT pY/JAHHE MeCcTOpoxKjie-
HHA, BHIBeJeHHble Ha YpPOBeHb COBPEMEHHOTrO 3PO3HOHHOIO cpesa.
HWmenno stH Mectopoxkpaenus (puc. 10,a) aas Bcex MeTaJlioB,
KpOMe jeJie3a, 0 CHX MOpP HMrpaioT OCHOBHYIO poJb B OaJsiaHce HX
NPOMHIIJIEHHBIX 3anacoB, B pyaHBIX pafioHax BOCTOYHOH H OCO-
6enHo ceBepo-BocToynoH yacth CCCP, a Takie B pa3BHBAlOLIHXCA
crpaHax Asun, Adpuku u JlaTHHCKOH AMepHKH pesepBH AJs 10-
HCKOB MECTOPOKJEeHHH, BHIXOJMILIHX Ha NOBEPXHOCTh, €llleé BechbMa
peJHKH. [lo mepe HcuepnaHusi ()OHAA 3THX MECTOPOKAEHHH, cpap-
HHTEJBHO JIeTKO OTKPLIBA€MBIX TeOXHMHUECKHMH METOLAMH, HeH3-
OexeH IOCTeNeHHbIH Mepexoj] K MOHCKaM MeCTOpPOKAeHHH B Gojee
CNOXMHBIX YCJOBHAX 3aJleraHusi, HaNpHMep, cCJenblX, HO BBIXOAA-
UIHX HAa NOBEPXHOCTb CBOHMH HAJAPYyIHBIMH NMEePBHYHBLIMH OPeoJaMH
(cM. puc. 10,a). Ias uactu «crapbix» pyanbix paiionoB CCCP n
A8 OONbUIHHCTBA HHAYCTPHAJbHO PasBHTHIX cTpaH 3anaauod Es-

1
=2
FEils
[ +

A8
Q] s

Pue. 10. Pynnbie MecTOPOXIEHHS B PA3/HYHHIX YCJAOBHAX 3a/€ranus

a — BHXOASIHe HA NOBEPXHOCTL, 6 — nmorpeGenHble; 6 — caensblie; 2 — caensie norpeGennbie.
1/ — coBpemeHHLIl 3M10BHO-Nen0BHA;, 2 — RanbHENPHHOCHME OTAOKEHHA; 3, 4 — pyloBMewlalo-
mHe NOpoAN; 5 — pyAHHE TeAa H HX mNepBHYHbie OpeoAnl (ll0 OCHOBHOMY pYAHOMY 3Je-
MEHTY); 6 — BTOpHUYHBIE OCTATOUHBLIE OPeOaBl pacCesHHA
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pontt u CIIA 3Ttor mepmox yxe Hacrynuia. [Tosatomy oGbeKkTamu
reOXHMHYECKHX [OHCKOB, MOMHMO MECTOPOMKAEHHH B YCJIOBHAX
«OTKPBITOrO» 3aJIeraHus, ABJAIOTCA Takke norpebeHHBEe Me-
CTOpPOMK/AEHHS, paHee BHIXOJHBIIHE HA YPOBeHb APEBHEro 3po-
3HOHHOTrO Ccpesd, a 3aTeM MepeKphIThie YeXJOM MOJOABIX OCaJKOB
orpaHH4yeHHOli MouHocTH (cM. pue. 10,6). Bakuefimium pesepBom
CHAYKAT cjenble pyAHble Tesna, a TaKkKe HAOTeHHbie H IK30TeHHbIe
MECTOPOKIEHHS B YCJOBHSX CJENOro 3ajJieraHHs NepBHYHBIX Opeo-
JIOB OCHOBHOTO pyAHOro sJjementa (cm. puc. 10,8). IlepBuunbie
OpeoJibl 3JIeMEeHTOB-CNYTHHKOB, BTODHYHBIE COJIeBbie, TAa30Bbie H
GHOreoXHMHYECKHE OpeOJibl paccesiHHS 3THX MECTOPOXKAEHHH MO-
TyT AOCTHraTh AHEBHOMH MOBEPXHOCTH, NMO3BOJAA HX OOGHApYyXKHBATh
CrelHaNbHBIMH TeOXHMHYeCKHMH MeToaamu. DBosee oTaaneHHbIM
pe3epBOM, MO-BHAHMOMY, SBJSIOTCA cJenble norpeGeHHbie MecTo-
poxnenua (cm. puc. 10,2). 3aBesomo jaonyckas pasHooGpa3sue yc-
JIOBHH HAXOMIEHHA MPOMBILIJIEHHBIX MECTOPOMAEHHH, METOLHKA
MOHCKOBHIX TEOXHMHYECKHX ChEMOK MNpelyCMaTpHBaeT HHIHBHAY-
aJbHBIH MOAXOA K OLIEHKE KajK[IOH BLIIBJIEHHOH aHOManuu, obuiee
YHCJIO0 KOTOPBIX HEPELKO COCTaBJIsSieT MHOTHe cOTHH. B 3aBHcHMO-
CTH OT reHETHYeCKOrO THIA MECTOPOX/JIEHHH H XapakTepa ChIpbA
dopMa H KOHKpPETHbIe pa3Mepbl MECTOPOKIAeHHH OAHHAKOBBIX KJac-
COB KPYNHOCTH, eCTecTBeHHO, OyAyT pasanuyatbes. OAHAKO B CHAY
OOUIHOCTH IKOHOMHYECKOTO MOHATHA O NMOJEe3HbIX HCKOMaeMblX CTOH-
MOCTb H3BJeueHHS H3 HeAp | M® pyabl, MpH NMPOYHX PABHHIX YCJO-
BHAX, HE 3aBHCHT OT TOro, cojaep:urca Ju B Hei 65 % Fe, 0,8 %
Cu uan 4-107% 9% Au. D10 cHaukaeT TPeGOBAHHS NMPOMBIILIIEHHO-
CTH K 3amacaM rOpHOH Macchl B MECTOPOMKIEHHAX PAa3HBIX MeTaJ-
JI0B, 0COOEHHO B KJacce KpyNHBIX 00BEKTOB, AOMYCKaIIHX HaHOO-
Jiee BHITOAHYIO OTKPBITYIO Pa3paboTKy, YTO HJJIOCTPHPYIOT AaHHBIE
COMOCTABJIEHHS YETHIPEX PpasJHYHBIX MecTOpoxkAeHHH (Tadm. 6).
Indpul HX NPOMBILJICHHBIX 3aMacoB pa3jaHualTces B 1,3 MJH. pas,
cojep:kaHHe [OJE3HOr0 KOMIOHEHTa B pydAax H3MEHAeTCH
B 50000 pas (P;Os:Au), oanako mo o6beMy ropHOil Maccel OHH
pasaH4aloTCcs CpaBHHTENbHO Mano. Eule MeHblle CKa3biBalTCS 3TH

Ta6auua 6
CpaBHHTEIbHBIE XADAKTEPHCTHKH KPYNHBIX MECTOPOMACHH M
Cofep®anne O6bem CoorHowenua
Monesnoe 3anacw, noje3Horo IaoTHOCTS, ropHoft AHHeRHNX
HCKonaemoe THC. T | KoMnoweura, /Mt MAaCCH, pasmepon
% Man, M AnR puryp
nogo6us
Meiub 3-108 0,8 2,65 141 1,22
Moau6aeu 3-10% 0,15 2,60 77 1,0
Poctoputo- 4-108 20 2,90 138 1,21
BEIE PYbl
(P;0,)
3ono10 3-10~1 4-10—4 2,60 29 0,72
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pasjuunsl Ha JHHEHHBIX pasMepax reoMeTpHuYecKHX QHryp nojo-
ous. Ha cTaiusix nOMCKOBBIX pa60T 3TO NO3BOJISIET IeHepai30BaTh
NOHATHE O PYAHBLIX MECTOPOMKIAEHHAX H OPHEHTHPOBATLCSH Ha IMIIH-
pHUecKHe JaHHble 0 cpeAHHX 3(D(eKTHBHBIX pasMepax JHUTOXUMUYE-
CKHX daHOMAJHH, OTBEYAIOUIHX KPYNHBIM MECTOPOMACHHAM pPAa3HbIX
NOJEe3HbIX HCKONAEMBIX. KOJ]H‘-EECTBEHHHE XaPaKTEePHCTHKH KpYIi-
HOTO MEeCTOPOKAEHHSI MO0Je3HOr0 HCKONAaeMOro HMEKT BpeMeHHblit
reoJIoro-3KOHOMHYECKHH CMBICA H He MOIYT paccMarpHBATLCS B Ka-
yecTBe NPHPOAHBIX mnapamerpoB. TpeGoBanHs NPOMbILIEHHOCTH
K 3amacaM MHHepaJbHOro Chipbsi B 00BEKTaX, OTHOCHMBIX K pas-
PALY KPYMHBIX, NOCTOAHHO PACTYT NPH OLHOBPEMEHHOM CHHAKEHHH
KOHIHUMA HAa A0oObIBAeMOe chiphe. TaK, HanpuMep, cpeline COAep-
KaHHs MeAu B Jo0biBaeMBIX pylax 3a nocaeanue 100 jger ymeun-
wuanck nout B 10 pas.

HecmoTps na H3MeHYMBOCTL LM(pP 3a1nacoB B MeCTOPOKAEHHSIX,
MMEHYeMLIX B JaHHBII MEPHOA «KPYMHBIMH», H CPEAHHX COmepa-
HHII TIOJIE3HLIX KOMIIOHEHTOB B Py[aX, OTHOCHMbIX K paspsiny «0o-
FaTblX» WJH <«PAAOBBLIX», CHEHHAJbHLIE HCCJACAOBAHHA TNOJATBEPHK-
JAal0T 3aBHCHMOCThL 3THX BeJHYHH /5 Pa3HbIX XHMHUECKHX 3.e-
MEHTOB OT 3aKOHOMEpHOCTEeH HX pacnpejelieHHss B 3eMHOH Kope.
HaubGonee nosno sti Bompockl uccaeaoBad E. M. KesaTkoBckui,
YCTAHOBHBIIHH CEPHIO 3aBHCHMOCTEH Mex/y rao0ajbHLIMH 3ana-
CaMH, pasMepaMi MecTOPOKAEHHI, cOJepKaHuiMH METalJoB B py-
Jax H KJapKaMH XHMHYECKHX 37eMenToB [22]. YOeauteabHbM A0Ka-
34TeJLCTBOM 3aBHCHMOCTH Ie0JIOTO-9KOHOMHYECKHX TpEﬁOBaHHﬁ oT
NPHPOAHBIX TFeOXHMHUYECKHX 3aKOHOMEPHOCTeH SIBJISIETCSl TecHas
KOPpeJslHs MKy 3anacaMH MOJe3HbIX HCKOMaeMBIX B MECTOPOH-
JIeHHAX OJHOTO KJjidcca KPYNHOCTH H KJapKaMH 3JeMeHTOB JIiTo-
chepsl (tabn. 7), Xapakrepusyemass KO3(pQHIHEHTOM PpaHroBoii
KOpPpeasilHu rxy=0,873 npn rs¢ =0,468. Ananusupys 3TH CBA3H,
E. M. KBATKOBCKHIT TIpHIle] K BEIBOAY, YTO 3aNachi METAJJI0B B Me-

TaG6anua 7
Mpombl WJIEHHBIE 3aNackl KPYMHBIX MECTOPOKAEHH I H KNapkH anTocdeps (42)

Xumuye- Xumnye-

b b seng,, TS T e | SR R
Fe 5-10° (pyaa) 4,65 Sh 3-10% 5:10-%
P 4-108 0,093 Y 3108 (WOy) 1,3-10—4

(20 % Py0;)
E 2-107 0,066 Sn 2.105 2,5-10—4
(40 % CaF,)
Cu 3108 4,7-10—8 Co 3-104 50 100 (1
Zn 2.108 8,3-10—3 Be 3:10% (BeO) 3,8-10—*
Pb 2.109 1,6-10—3 Bi 2104 2:10-8
Ni 1-108 5,8.10—3 Hg 2:.108 8,3-10—¢
Nb 1.108 2:1)~=3 Ag 1.108 7-1078
Mo 3108 1,1-10—4 Au 300 4,3.10-7
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CTOPOMKAEHHAX TPeX ACCATHYHbIX KJAaCCOB KPYMHOCTH MPUOAHMKEHHO
NOAYHHATCA IMIHPHYECKOH 3aBHCHMOCTH Queax= 108 Cx, Qcp=107
Ck m Qp=10% Cx. Cyas 1no yrouHeHHbIM AaHHBIM Taba. 7, Gosee
G6/IH3KHM CcOOTHOWeEHUAM (KpoMme kobBasnbra) OTBeyaso Obl NOBbI-
menne 3THX UHp Ha oaud mopsigok. C y4eToM H3MEHSIOLIHXCH
NPOMBIILIEHHBIX TpeOOBAHHH anajH3 MOAOOHBIX 3aBHCHMOCTEH Tpe-
6yer 6OMbIIOH OCTOPOMKHOCTH.

1.7. BBAHMOCBSA3AHHOCTb TEOXUMHYECKHX
AHOMAIJIHHA B TEOC®EPAX

3aneraiomee B TOJIUE TOPHBIX MOPOJ NMPOMBILIVIEHHOE HJH CaMoe
HE3HAUHTEJbHOE TeJIO [0Je3HOro HCKonaemoro Jio60oro MHHepasb-
HOTO CbIPbsi, caMo no cede sABJAACH FeOXHMHYECKOH aHOMaJinei, crno-
COOHO B COOTBETCTBYIOIIHMX YCJOBHAX 00pa3oBaTh JHTOXHMHYECKHE,
THAPOXHMHYECKHE, OHOreOXHMHYECKHEe H aTMOXHMHUYECKHE OpeoJibl H
NOTOKH paccesnns. B npouecce runepreHHOil MHrpamHH 3JeMEHTOB
B 11000i1 U3 reocdep BO3MOKHO MOABJAEHHE DA3JHYHLIX BTOPHYHBIX
AKKYMYJAIHH XHMHYECKHX 3/eMeHTOB. Bece 3TH reoxumuueckne aHo-
MaJIHH BCJEJCTBHE HenpepbiBHOro obMeHa Mexy reoctepaMu TeCHO
CBAI3aHBI MeKAY coboil.

B nacrosuiee Bpemsi cJIeAyeT CYHTATh AOKA3aHHBIM HEH3MEHHOEe
NOfABJIEHHE THAPOXHMHUYECKHX aHOMAJIHH B COCTABe PEeYHbIX HJAH Noj-
3eMHBIX BOJ BOJM3H PYAHBIX MECTOPOXKAEHHIH CaMBIX Pa3THYHBIX re-
HeTHYeCKHuX THNoB. B paBHOii Mepe, He BLI3LIBAET COMHEHHIl pealib-
HOCTb BO3HHKHOBEHHAl aHOMAJbHBIX COAEPKAHUI PYAHLIXy3]EeMEHTOB
B COCTaBe PaCTHTENbHOCTH, MPOH3pacTalouleil B 30HE OPYAEHEHM,
NOCKOJIBKY cpella OOHTaHHs OnpefenseT COCTAB KHBOTO BellecTRa.
CoOTBETCTBYIOIHMH HCCJACLOBAHHAMH MHOTHX aBTOPOB B Hallei
cTpaHe u 3a py6ekoMm [0Ka3aHo HaJjJH4YHe aHOMAJbHBLIX KOHIIEHTpa-
1Hii ra3o00pa3nbIX KOMMOHEHTOB OPYICHEHHs B MPH3EMHON H HOX-
3eMHO# armocdepe pyAHLIX MECTOPOMKAEHHIT. L)

B3aumocBsi3aHHOCTL H B3aHMOOOYC/OB/AHHOCTD PYAHBIX reoxH-
MHUECKHX aHOMaJuii B JuTocdepe, armocdepe, ruapochepe u GHO-
cihepe, a TakmKe XapakTep BO3IHHKAIOMIUX NMPH 3TOM. MPAMBIX H 006-
paTHBIX cBA3eil HIJIIOCTPHPYeT cXeMaTHuecKHil puc. 1. Pyanbie Tena
H HX TNEpPBHUHbLIE OPEOJIbl, 3a/eras B JHTOcdepe, CrnocoOHL K Nps-
MOMY 0OpPa30BaHHI0 BTOPHUHBLIX OPEOJIOB paccesiHus B 3JI0BHO-Je-
JIOBHAJBHBIX NPOAYKTAX BLIBETPHBAHHA H MEPEKPLIBAIOUIHX TOPO-
nax, a TakkKe MOTOKOB paccesiiusi B a/JIIOBHANbHBLIX OTJOMKEHHSHX
THAPOCETH. ITH TeOXHMHUECKHe aHOMaJaWH SABIFI0TCS COOTBET-
CTBEHHO MEPBLIM M BTOPHIM yAaJdeHHAMH OT 00LEeKTa I[0HCKOB —
pPyAHOro MecTopoxaeHHs B autochepe. 3a cuer sdgdysun u auddy-
3HH T430B MO PYAHLIM 30HAM M3 TAYOHHLI (DOPMHPYIOTCA Ta3oBble
OpeoJibl W MOTOKH paccesHus B NMOA3EMHOH M NPH3EMHOIl armocge-
pax. C yuerom y4yacTusi B ITHX npoueccax pyaHblX MHHEPaJoB JUTO-
XHMHYECKHX OPEOJOB paccesiuus, Ta30Bble dHOMAJIHH CJeyeT CUH-
TATh COOTBETCTBEHHO BTOPBIM H TPeTHHM YAAJEHHAMH OT 00BLEeKTa
nouckoB. [a3o000pasHble KOMIOHEHTH daTMOXHMHYECKHX OpEeoJoB,
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Puc. 11. B3anMOCB#3aHHOCTL H B3aHMOOGYC/OBJEHHOCTH TEOXHMHYECKHX aHOMa-
Jauit B reocepax.

1—V — cTenens ypaneuHsi oT o0bekta noNckos. CTpeakaMu 10Ka3aHel HAanNpaBAeHHs Nps-
MEX H 06paTHbIX cBAsel

y4acTBysl B XHMHYECKHX peakUHAX 30Hbl OKHCJEHHS, TIOABEprasich
copbLIHH M OKKJI03MH, TIePeXOAAT B TBepAyio a3y, u4To oTpaxaer
HX 06paTHYI0 aKTHBHYIO CBfI3b C JIHTOXHMHYECKHM OpeoJIoM pac-
cesiHHs.

AHaNOrHYHBIM BTOPBIM H TPETbHM y/JaJieHHAM OT oGbeKTa mo-
HCKOB SIBJISIIOTCH TEOXHMHYECKHE aHOMalHH B THApocdepe, BO3HH-
KalollHe B pe3yJbTaTe pPAacCTBOPEHHs] PYAHLIX MHHEPAJOB NpPH B3a-
HMOZIEHCTBHH NMOA3EMHBIX BOJL ¢ KOPEHHbIM OpyAEHeHHeM, aTMocdep-
HBIX OCaZIKOB C BTOPHUHBIMH JIHTOXHMHYECKHMH OPe0JIaAMH H PeyHbIX
BOJL C JIHTOXHMHYECKHMH TIOTOKAMH paccesnnsi. STH TMAPOXAMHYE-
CKHE OpeoJibl H TIOTOKH paccesiHus Ha BCeM MYTH CBOEro CyUlecTBO-
BaHHSl OKa3biBapT 06paTHoe AKTHBHOE BO3JAEHCTBHE HA NEpPBHUHOE
opyleHeHHe (o6pasys, HampHMep, 30HY BTOPHYHOTrO cyJb(uIHOTO
oboramieHnsi) ¥ Ha JHTOXHMHYECKHE OpeoJibl M NOTOKH paccesHHs
nyTeM O6MeHHBIX XHMHYECKHX peakuHi, coocakAeHHus, copOLHH HIH
Henapenusi. Ilps 9THX B3auMOAECTBHSIX NPHPOAHBIX BOZ € TOPHLIMU
NopojaMH paBHOBECHe B paclnpele]eHHH PYAHLIX 3JeMeHTOB B 00-
1lleM CAyYyae oKasbiBaeTcs CABHHYTHIM B N0Jb3y TBepao# ¢aswl. [Tpo-
H3pacraiolias B 30He OpY/eHeHHs pPacTHTeNAbHOCTb, HecnocofHas
K HernocpeACTBEHHOMY BOCIPHATHIO TBEpPAOH MHHEPalIbHOH MNHILH,
AKKYMYJHDYeT NOBLILIEHHHIE CONEPXKaHHA PYAHLIX 3JE€MEHTOB H3
BOJIHBIX OPE€0JIOB H NOTOKOB paccesHHs, onpenesisis N0ABJeHHe MecT-
HBIX OGMOTEOXMMHYECKHX anoMmajnii. DTo NOIJIOMEHHe PYAHBLIX 3J1e-
MEHTOB pacTeHHsMH He sBjasiercs Oe3apoaspaTHbiM. [lokasauna cno-
coOHOCTE PAacTHTEJBHOCTH B npollecce pecnHpalliy BJIATH HCNapaTh
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B armocepy JerkojeTyyde MeTajJIoOpraHHYecKHe COeIHHeHHS, 06-
pasysi GHOreHHYI0 COCTaBJAIOULYI0 aTMOXHMHYECKHX aHOMaJHi Haj
PyAHBIMH MecTopoxaeHHAMH. C BuinajammWHMH aTMOC(HepHBIMH
OCaflkaMH 3TH Ta30Bble KOMIOHEHTH BO3BpPALLAlOTCS B JHTOChEpY
H ruapocdepy.

Exerofino B pesy/ibTaTe eCTeCTBEHHOIO PacTHTENbHOrO onajga H
nocsaeayiolled ero MHHepalH3allHH pPyJAHBIE 3JeMeHTH BO3Bpalla-
1oTcs B ruipocdepy B Gopme PACTBOPHMBLIX COSNHHEHUH WM B JHTO-
cdepy B BHIe TBepAHX MHHepaJbHBHIX OCcTaTKOB. llenb 3THX mocJe-
JMOBaTeJbHBIX CBsi3ed NPOLOJKaeTcs B CTOPOHY JKHBOTHHIX Opra-
HH3MOB.

ITo mepe nepexofia OT JHTOXHMHYECKHX CBEMOK K PHAPOXHMHYE-
CKHM H OT THIPOXHMHYECKHX K OHOreoXHMH4yecKuM (cM. pue. 11)
CBSI3H MEXAY PYAHBIM MECTOPOXKIeHHeM (LieJIbi0 FeOXHMHUYECKHX Io-
HCKOB) H BHISIBJSIEMBIMH aHOMaJHsSMH CTaHOBATCH Bce GoJjiee CI0XK-
HBIMH H OTAaJeHHBIMH, a pPe3yJbTaThl ChbeMOK — TPYAHO HHTepmpe-
THPYeMbIMH. YiKe npH «(QJopoMeTpHYECKHX» CBHEMKAX pasIHYHSA
MexKJy OHOreOXMMHYECKHMH OpeoJlaMH H TNOTOKaMH paccesHHS
B 3HAUHTEJLHON Mepe CTHpaloTcsl, a O0HApPYKEHHEe AHOMalbHbIE CO-
JepKaHHs PyAHEIX 3JIEMEHTOB B JKHBOTHHIX OpraHH3Max BooOuie He
NOAAAIOTCA TAKOH NPHBA3Ke K MECTHOCTH, KOTOpas I03BOJsIa Obl
NPHCTYNHTb K HX pa3pelke ropHuIMH pabotamMu M OypenHeM. B orT-
JuyHe OT OHOreoXMMHUYECKHX M THAPOXHMHYECKMX aHOMAaJHii, BTO-
pHYHBle JHTOXHMHUECKHE OPEeOJbl H MOTOKH paccesiHHs H NepBHYHBIE
OpeoJibl MeCTOPOXKAeHHH CBA3aHBLI ¢ PYAHBIMH TeJaMH OTYETJHBLIMH
NPAMBIMH CBA3SIMH. BbisiBJeHHBIE JHTOXHMHYECKHe dHOMAaJHH [0-
NyCKaloT OLEHKY Macmtaba 0XHIaeMOro OpyJeHEHHS H, C YYeToM
JAPYrHX AaHHBIX, CAYKaT HENOCPeNCTBEHHBIM OCHOBAHHEM JJIs 3aJl0-
XeHHs NMOHCKOBO-Pa3BelOYHEIX BHIPa0OTOK H CKBaXKHH,

C 1eabio pa3paGOTKH «300METPHUYECKOTO MeTOHAa pasBeiKH»
B PYAHBIX padoHax Ypanaa Guito HcesdemoBaHo 3200 ocobeit — mae-
KOMHTAMOUHX, NTHI B ampHGHi. ABTOpP 3THX HCCAEeNOBaHHH, 006b-
AcHAs oOHapyMXKeHHble HM «300MeTPHYECKHE» CBSI3H C OPYIEHEHHeM,
C TIOJHBIM OCHOBAHWEM THcas], 4To aMpuOHHE NUTAIOTCA HACEKOMBIMH,
HaceKkoMble — pPacTeHHSIMH, a pacTeHHs MPOH3PACTAlOT Ha M04YBax,
KOoTOphie oforamaiores MeTajylaMy H3 3ajerajoulix Ha raybuHe
pyaHbiX Mectopoxaenuii. [Tockoabky Ans noctynjeHds B 6Hocdepy
pyAHble MHHEPaJbl JOJKHBI NPONTH CTAaHIO PAacCTBOPEHHS, «300MeT-
pHYeCKHe» aHOMaJHH SBJAAIOTCH NATH M (cM. pHc. 11) ynaneHuem
OT PYAHOr0 MecTopoxKJAeHHH. BeccMBbIC/IeHHOCTh OGHOrE€OXHMHYECKHX
NOMCKOB TIYTEM HCCAE/lOBAHHS JKHBOTHBIX OPraHH3MOB BIOJIHE OYe-
BHJHA,

Pyaubie MECTOPOKAEHHSI MOTYT CONMPOBOXKAATHCA OAHOBPEMEHHO
JHTO-, THAPO-, aTMO- H OHOreOXHMHYECKHMH aHomanausmu. OnHako
13 cooGparkeHuii 11e1ecoo6pasHOCTH FeOXHMHYECKHE MOHCKH JOJKHE
NPOBOANTLCS TOJNLKO OIAHHM, B PelKHX cJydasax ABYMS MeTOAaMH.
Hakon/iennsiii onuiT 110Ka3LIBAET, YTO B 1IMPOKOM AHATIA30HE Te0Ji0-
rHYeCKHX YCJOBHII NPEHMYLIEeCTBA /sl MOHCKOB PYAHBIX MECTOPOMK-
JEHHH HMMeT JHTOXHMHYECKHe HCCJeJ0BaHHi. 3710 MNoJOKEHHE,
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No-BHAHMOMY, COXPAaHHTCA 10 TeX MOp, MOKa NPOMBIMIIEHHAaA /10-
6Liya MeTaJioB OGvaer OpHEeHTHPOBAHA HA HX H3BJEUEHHE H3 JIHTO-
cepni. C pocrom TpeGoBanuit K ray0GHHHOCTH NOKCKOB K mporpec-
COM B METOJHKe aTMOXHMHYECKHX CBEMOK CJelyeT IpeABHAEThH
yBeJqHyeHHe HX POJIH, TOCKOAbKY HMEHHO B ra3oBoil (ase murpa-
LHA XHMHYECKHX 3J1eMEHTOB MpoTekaer Hanbojee akTHBHO. B rop-
HBIX pailoHax, rje MOHCKH PYAHBLIX MECTOPOXKACHHI YCHEIIHO mpo-
BOAATCSA JIMTOXHMHYECKHM METONOM, MPOBOAHTHL THAPO-, aTMO- H
6HOreoXHMHYeCKHe MOHCKH, KaK MpPaBHJ0, MOXHO, HO He HYMKHO.
B apyrux caysasix npeanodreHue A0MKHO ObITh OTAAHO TOMY H3
TEOXHMHYECKHX MeTOO0B (pexe HX COUETAHHIO), NpHMeEHEeHHe KOTO-
poro crnocoGHO ob6ecreynTs HaHOOJLIIYIO TE0JO0Tr0-3KOHOMHYECKYIO
9 heKTHBHOCTHL TIOHCKOB.

[IpH conocraBjJeHHH Te0JOro-MOHCKOBBIX BO3MOXKHOCTEH pas-
JHYHBIX TEOXHMHYECKHX MEeTOZOB PAacCMOTPeHHIO moanexar spdex-
THBHbIC pasMepbl aHoMmanuit B KoHTYpe Cge® u mokasatesb KOHT-
pactiocti (10) mns caabGeIX TEOXHMHYECKHX aHOMAJHi, €CHH HX
ofHapyKeHHe A0NYCTHMO CBSI3BIBATh C OTKPHLITHEM MPOMBIILIEHHBIX
MECTOPOXKAECHHH.

1.8. TEOXUMHYECKHE JIAHOWA®THI

FeoxuMHYeCKHEe TOHCKH CJenblX W MOrpeGeHHLIX MecTOpOKAeHH
J1060r0 reHesnca MOryT MPOBOAHTLCS HAa 3HAYHTENBHON ray0HHEe OT
IIHEBHOI NMOBEPXHOCTH, OTHOCHMOII C TOYKH 3peHHs COBPEMEeHHBIX
MPOLECCOB K 30HE CPaBHHTEJBHOTO TEeOXHMHYECKOTo MoKos (cM.
puc. 10, 6, 2). 3HauuTeNBHO HaAUle TEOXUMHUYECKHE TOHCKH MeCTo-
POMIAEHHN BEeAYTCS HA 3EMHOH NOBEPXHOCTH, B 06/14CTH COYJIEHEHHA
Jurocepol ¢ armocdepoit u ruAapocdepoit, B YCJAOBHAX AKTHBHOH
COBpeMeHHOII MeXaHHYecKoii, coJeBoil H OHOreHHOi MHTPALHH XHMH-
YECKHX 3JeMeHTOB. B HTore MeTOAHKA STHX F€OXHMHYECKHX MOHCKOB
H OlleHKa BbIfIBJeHHBbIX JHTO-, THAPO-, 4TMO-, H GHOrEOXHMHYECKHX
anomanauit B GOJIbLIOK Mepe onpelesioTcs 3aKOHOMEPHOCTSIMH THITEp -
TeHHOMl MUTPAlHK 3JeMeHTOB. AHaju3y 3THX NPOLECCOB MOCBAMEHO
coznantoe B. B. TMosbiHOBBIM y4enHe O reoXHMHUYECKHX JaHzwad-
Tax [29]. B ocHoBe ero sexar npeiacTaBaeHHs 06 3JeMeHTap -
HHX Jdangmwadprax—yuacTKaX 3eMHON TNOBEPXHO-
CTH, XapakTepH3yeMbx efHHoob6pasuem ycaoBHA
rHNEePreHHON MHUTPAUHH XHMHYECKHX 3/JEMEHTOB,
C OJHOPOAHBIMH KJIHMATHYECKHMH M TEOJOTHYECKHMH VCIOBHSMH,
C OmpeleJieHHbIM THMOM peabeda, pactuteabHocTH M nousb. Coot-
BETCTBEHHO 3TOMY BBLIENSAIOTCS aBTOHOMHbIE (3J0BHAJNbHbLIE) JaH-
wad Tl MIOCKHX BOAOPA3JEJOB ¢ NIVOOKHM 3ajeraHHer BoJOHOC-
HOTO TOPH30HTA, TPAHCIMIOBHAJBHLIE  (37TI0BHO-ACTIOBHALHDIE)
JauAwadTsl rOpHLIX CKJOHOB H CyNepakBajbHbie (HAABOAHBIE) 3le-
MeHTapHBle JanmwadTsl, Xapaktepuayemble OJH3KHM K NOBEPXHO-
CTH 3ajeranuemM TrpyHToBHX BoA. [lapareneTuueckas acconnanmus
3J€MEeHTAaPHBIX JaHAWAadTOB, CBA3AHHLIX MeXAy coboit MHrpamueil
3/1eMeHTOB, 00Pa3yeT MecTHLI Teoxumuueckuil JanawadT. Bamxnei-
WHMH BHEWHUMH (akKTopamMu CrHUNEPreHHOll MHUCPAUHH XHMHYECKHX
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371eMeHTOB #BJAAITCA XapakTep pe/beda, a6codiOTHBII ypOBEHb I
KoJ1ie0aHHs TeMnepaTypbl, Hcnapenne BoAbl H BhiNalleHHe atmocgep-
HLIX OCAJAKOR, (hu3uuecKas AL3WHTErpauus ¥ AeHyAALHs TOPHBIX 110-
poa, mpolecchl pPAcTBOPEHHS M OCAKJIEHMSA, THAPOJN3, DPeakiHu
OKHCJIEHHSI M BOCCTAHOBJIEHHS, NPOIECCH PAa3BHTHA M OTMHpPAaHHSA
PAacTHTEJIbHLIX H KHBOTHHLIX OPraHH3MOB. PasinyHEle COOTHOLLEHHS
3THX (aKTOpOB HAaXoAAT HauOoJee MOJHOe OTpPa)ieHHe B CYLIECTBO-
BAHHH HA NMOBEPXHOCTH 3eMJH KJIHMATHYECKHX H PaCTHTEJbHLIX NOA-
COB, 3aKOHOMEPHO CMEHSIOLHXCA ¢ IWHPOTONH H aBcoMOTHOI BLICOTON
MecTHOCTH. COOTBETCTBEHHO 3TOMY KJaccHPHKANHA reoXHMHUYECKHX
JanawadToB NOCTpoeHa HAa GHOKJAHMMATHYECKOH OCHOBE.

A. H. Ilepeabman Bhigedsier 4 rpynmbl TeOXHMHUECKHX JaHI-
mwadToB, B COOTBETCTBHH € OCOGEHHOCTAMH OHOJIOTHYECKOTO Kpyro-
Bopota Boaaywuuix murpautoB (C, O, H, N): 1) aecuste; 2) ay-
roBele 1 CTeNnHble; 3) TYHAPOBBE;, 4) IPHMHTHBHO-NYCTHIHHBIE.
B kamaofi u3 ITHX rpynm, B 3aBHCHMOCTH OT BHUAA PACTHTENBHBIX
coobulects, obfbemMa exKerogHo NpOAyLHPyeMOH OHOMAacchl, ee co-
CT4Ba H CKOPOCTH PA3JI0MKEHHS PAaCTHTEJILHOTO OMAaja, BHIAEASIOTCS
pasauyHble THN B JaHAmadrToB.

Jlesqenne reoXuMHYecKux JauamadToB Ha KJaaccbl onpepens-
eTCsl COCTABOM THNOMOP(HLIX JeMeHTOB H HOHOB BOXHOH MHTpanHy
(Ca, Mg, Na, CI, S, I-ICO;; u T. I.). JlanAmadgrHo-reoxuMnuyecKoe
pafioHIpOBaHHe TEPPHTOPHIl 10 XapaxkTepy PacTUTENbHOr0 NMOKpPOBa
(rpynmbl, THIIBI M CeMENCTBA) € MO3HLUMI METOAHKH reOXHMHYECKHX
NOHCKOB J0CTaTOYHO YA0OHO. DTOT NPH3HAK OTYETJIHBO (PHKCHpYeT
VCIOBUS TIPOBEACHUS TOMCKOB, KOTOpbLiE PA3NHYHBI B 3a/eCeHHBIX
HJIH CTENHLIX pailioHax, B TyHApe wau nycreiHe. OAHOBpPeMEHHO GHO-
KAMMATHYECKAS XapaKTepHCTHKA npeionpefensier crpoeHHe Jawi-
wadra, Nojg KOTOPLIM MOHMMAeTcs POJb W MOIIHOCTL CJarajolux
€ro ApyCOB — FOPH30OHTOB: HA3€MHOH PaCTHTEJIbHOCTH, COBPEMEeHHOI
KOpbl BBIBETPHBAHHS, PA3BHTOH mo Heil MOYBHI M TPYHTOBHIX BOL.
Harasanele npuMepsl pasiHYHOrO CTPOEHHS OTAeJbHBIX THOOB 3J€-
MEHTAPHBLIX JaHawadToB npuBeaeHbl Ha puc. 12. BaxkHoe 3HaueHHe
4751 METOAHKH TeoXHMMHUYECKMX MOHCKOB HMeeT KJaccH(HKauus
JaHamadToB M0 cocTaBy MAKPOKOMNOHEHTOB MHHEPaJH3aldH TMpH-
poansix soz [29].

[To Beanunne pH npupoanble BoAb Janamagdra pasiensiores Ha
4 gaacca: 1) cuabHOKHeable ¢ pH<3; 2) Kucawsie H caabokueabie
¢ pH or 3,5 no 6,5; 3) Helirpanvusie u caaboutenounnte ¢ pH ot 6,5
no 8,5; 4) cuabHomesounsie ¢ pH>8,5. B npupoansix yciaoBusX
30HBI THneprenesa npeobJajamllee 3HaYeHHe HMEIOT cJalble KHC-
dotel (COg, oprannueckne KHCJAOTH) U cuibHble ocHoBanusi (Na, K,
Ca, Mg). ITosromy HauGoJbllee pacnpocTpaHeHHE HMeIOT JaHA-
waTH, XapakTepusyemble C1aGOKHCION peakuuedl cpeansl (JecHble
H TYHAPOBBIE HA pammuax) HeNTpaabHOI peaxuneu (mpuo JecHble
il TOPHO-TYHAPOBLIE), HEfITPAILHON U 1en0YHoll peakiHed (cTenHble
u nycTbiHble) . CHALHOKHCABIE BOJB OOHAPYKHBAIOTCS TOJIBLKO B JIO-
KaJbHBIX yuacTKax, Hanpumep, B 30He OKHCJIEHHsS CYJIb(pHAHBIX Me-
cropoxAennit (HoSO4) uanm B ¢BA3KW ¢ BYJAKAHUYECKON JeATelb-
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Puc. 12. CtpoenHe 3/1eMeHTAPHBIX JaHAagTOB.

I —unansemuan atMocdhepa, 2 — pacTUTEAbHLIH 1OKPOP M IKHBOTHWHA MuHD, 3 — nousa; 4 —
KOPa BbIBETPHBAHHA; § — FOPH3OHT TrPYHTOBBIX BOA; 6 — KOPEHHBe MOPOALI

HocTthio (HCI), cuibHoIle04HEIe NOYBLI CBS3aHHBIE 0OBIYHO € COMO-
BbiM 3aconenneM (Na,COsz; NaHCO;).
OKHCNHTEAbHO-BOCCTAHOBHTE/bHbIE YCJIOBHS Ha TOBEPXHOCTH
3eMJIH OIpeleJIsiloTCsl rOCNOACTBOM KHMCJIOPOAHOH OOCTaHOBKH, 00f-
3aHHOI CBOOOMHOMY KHCIOPOAY aTMocdephl, ero pACTBOPEHHIO B BO-
nax jganpmadra u ¢GoTocHHTE3y pacreHHii. Yaumie Bcero rpaHuHua
«KHCJIOPOJHOH NOBEPXHOCTH», HHXKEe KOTOPOH cpela yike He cojep-
JKHT cBOOOAHOrO KHCJIOPO/A, COBNANAET C 3ePKaJOM TPYHTOBBIX BOJX.
BoccraHoBHTe/lbHast 0GCTAHOBKA BO3HHKAeT B YCAOBHAX OOHJIUA
pasnaralouiMXCcs OPraHHYeCKHX OCTaTKOB, MJABHLIM 006pazoM pacTu-
TeJbHOTO omajd, W noj AeHCTBHEM MHKPOOpPraHu3moB. Pasauuaior
BOCCTAHOBHTEJbHYIO 06CTaHOBKY 6e3 cepoBojpopona (rieeByio), xa-
paKTepHYo I/d GOJIOT, H BOCCTAHOBHTENbHYIO 06CTaHOBKY ¢ H,S,
HMEIOUIY 0 JIOKaJbHoe pacnpocTpaHeHde. [lokasaresiem cMeHbl OKHC-
JIHTeNbHO-BOCCTAHOBUTENbHEIX YCJAOBHiI SIBJSETCS OKpacka MOpo:
KpacHbie U Gyphle TOHA, o6a3aHHble coeAnHeHHsim Fed+ xapakrepu-
3YIOT OKHCJIHTEJbHYI0 OOCTAHOBKY, cepo-3eJieHble M CH3ble TOHA,
CcBolcTBeHHBle coelHHenusm Fe?t, orpeyaloT BocCTaHOBHTE/bHBIM
ycaoBusiM. B llesouHBIX yeJOBHAX M [PH BBEICOKOH TeMmmepartype
peakiid OKHCJIeHHS NPOTEKaloT Jerde, 4eM B KHCJOH cpele H mpH
HH3KOH TeMmepatype. ITo, B YacTHOCTH, ONpeaessieT TOCHOACTBO
OKHCJANTEAbHBIX YCAOBHN B NYCTHIHAX ¥ BOCCTAHOBUTE/BHBIX YyCJIO-
BHii B maHamadTax TYHAP. B KHCJABIX BOZAx TalrHrpaHule Mexay
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OKHCJAHTE/IbHON H BOCCTAHOBMTENbHONH OGCTAHOBKAMH OTBEYANOT 3HA-
yenia Eh=+0,40, B wie/04HBLIX BOJAax cTeneii BeJHYHHA <«morpa-
HHYHOrO» 3HAUEHHs CHHxKaercsd, Hanphumep, Ao Eh= +0,15.

A6cosoTHLIE COMEPXKAHHA XHMHYECKHX 3JEMEHTOB B BOJAX He
MOryT XapakTepH30BaTh CMOCOOHOCTL Mepexofa 3/JeMeHTOB B pac-
TBOP 10 NPHYHHE HX Pa3/JHYHOro coaepxaHus B JHTochepe. Takum
nokasaTesieM CAYXHT npeanoxenHsii A. WM. Tlepesbmadom Koad-
(GHUHEHT BOJAHOH MHTPALHH 3/1EMEHTOB:

b 4
aCy

rae my — COJAepxKaHHe 3JMeMeHTa B Bojie, r//; a — obuas MHHepa-
JH3auHA BoAbl, r/i1; Cy— comepxaHHe 3TOr0 3Je€MEeHTa B TOPHBIX
nopojax, ¢ KOTOPEIMH JlaHHAs BOAA HAXOAWTCA B KOHTakTe, %.

g CPaBHHTENbHON XapaKTepPHCTHKH HHTEHCHBHOCTH BORHOM
MHIpalHH XHMHYECKHX 3JeMeHTOB CJyXkaT Takxke HX Ko3pduuu-
€HThI TaJacCOPHIBHOCTH («MOPeTI0OHBOCTH») — OTHOIIEHHE KJlapKa
NaHHOTO 3JeMEHTa B THApochepe K ero kaapky B autocgepe. ITo-
KasaTe/lb TanacCoHIbHOCTH Ty, ABJAACH BAXKHOH pacY€THOH BeJIH-
YHHOJ, 3aBHCHT HE TOJBKO OT CPABHHTE/JbHOH HHTEHCHBHOCTH Mepe-
XOla 3JeMeHTa B PacTBOpP, HO H OT MOCJEeAYIOWHX PHIHKO-XHMHYE-
CKHX H OHOreHHBIX MPOLECCOB ero BHIBOAA H3 OKEaHHYeCcKOH BOJHI,
cocTaB KOTOpoii onpeneaser kaapku ruapocdepbl. Kosdduunents
BOAHOH MMTIPAallHH 3JIEMEHTOB ONPeAeNsloTCA 3KCNepHMEeHTaJlbHO H
XapaKTepH3YIOT HX TIOBeJleHHe B KOHKPEeTHOH JauAmadTHO-re0XHMH-
yeckoii o6cranoBke. C 3Toft cTopoHbl 3HaueHHs1 K. HauGosee GJIH3KO
XapaKTepH3ylOT PoJb BOAHON MHIDAUHH PYAHBIX 3JIeMeHTOB MpH
(OpMHPOBAHHH THNEPTeHHBIX IeOXHMHYECKHX aHOMaJwi.

[To ¥HTeHCHBHOCTH BOJAHON MHrPalHH BblJe/]fieTCs rpynna ak-
THBHBIX BORHBIX MHTpaHTOB (Ky=n-10--n-100) u rpynma HHepT-
HeIX 3yiemMeHTOB (K.<0,0n), noBegeHHe KOTOPHIX MPAKTHYECKH He
3aBHCHT OT KHCJOTHO-IIEJIOYHBIX H OKHC/AHTEAbHO-BOCCTAHOBUTE!b-
HBIX ycaoBuit cpelpl. CamoctoaTenbHY0 rpynmy o0pasyioT 3Je-
MEHTHl C KOHTPAcTHOH MHIPALHOHHOH CMOCOGHOCTBIO B BOMIHOI
cpesie, A5 KOTOpbIX 3HaueHHs K:.=1 omnpenensiioTcsi reoxumuue-
CKOM XapaKTePHCTHKOW cpeisl, B mepsyio oyepelAb 3HavyeHHsMH pH
n Eh. [IpeacrasurensiMu 3TOH rpynibl 3JeMeHTOB ¢ NEpeMeHHOH Ba-
JIEHTHOCTBIO ABASIOTCSI, HAUpHMep, ypaH H MoJaubaeH, cnocoGHbie
K 3HepruYHoil BOJHOH MHIPAllHH B OKHCJIWTENbLHOW CPefe B LIeCTH-
BajeHTHOH QopMe W OKaswBaoudecs HHEPTHBIMH B BOCCTAHOBH-
TeJbHOH 06GCTaHOBKe B ueThipexBajeHTHoil ¢opme. B orauyne or
HHUX, B «IJIeeBoii» BOCCTAHOBHTEJNbHOH oOcTaHoBKe (6e3 cepoBojo-
polla) aKTHBHO MMIPHPYIOT B pacTBOpe B ABYXBAaJEHTHOH dQopme
Fe?* y Mn2+. 3Tu Ke 3JeMeHTH B OKHCJIHTE/JbHBIX YCAOBHAX
B (opme Fe®+ m Mn*+ npakTHueckn HecnocoGHLI K BOMHOH MHrpa-
uHH. 3HaYeHHs Ko3(PPHUHEHTOB BOJHON MHTpauuy ¥ Tasaccoduab-
HOCTH AAA BAXKHEWIUHX PYAHLIX H HEKOTOPBLIX APYrHX XHMHYECKHX
3Je€MeHTOB NpHBEleHbl B Taba. B.
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Ta6auna 8
KoathduunenTsl Boano# MHrpaunn K, u Tatacco@uabHOCTH Ty HEKOTOPLIX 3JEMEHTOB

“AKTHBHbBIE BOIHbIE MHIPaHThHI CnatGo noas HiKHble H HHEPTHLIC MHI'PﬂHTh[
Ki=n-10—n-100 Ky =:n K¢ = 0,1—0,01 u menee
Cl (111), S (1,9 F (0,0015) Ba (3-10-%), Rb, Li, P (5-10-9), Sn

Br (30), B (0,4), 1{0,125) | Sr (0,023) | (1,2-10-3), Sb, As(8-10~9), Al, Ti,
Zr, Cr, TR, Nb, Ta, W, Bi, Au
(9-10—4), Pt, Th (3-10-%)

IMMpusmeuanue B ckoGrax — aHaueHHsn L

M3 naumpbix ta6a. 8 BuaHO, 4TO BOAHAS MHrpalMs B KauecTse
OCHOBHOWH (JOPMBLI NEpe/iBHKEeHHs 3JEMEHTOB B 30He TrHnepreHesa co
snauennaMn K.>10 u t.>1 cBoiictBenna Cl, S u Br. Haa Gopa,
THIHYHOTO BOJHOTO MHTpanTa, Kospduunent TajaccodHIbHOCTN
napaer go 0,4, a pasa ifona, B cBA3H ¢ ero GHOQHIBHOCTBIO, — JaxKe
10 1.=0,125. Ene MeHbIUMH 3HAUeHHAMH Koadduuuenta tanacco-
(uabHocTH Xapaxrepusyiorcs F i Sr, cpaBHHTeJbHO aKTHBHBEIE BOJ-
Hble MHUrpantel. Bee pyansie sjieMentb, 6e3 KaKux-Jinbo HCKawue-
Hull, XapakTepuayloTcsl BecbMa MaJbiMH 3HAUYeHHAMH Ko3adduuneH-
TOB TaJacCO(HILHOCTH H KJAapKH HX B JHTOChEpe B THICSAYH H COTHH
THICAY Pa3s Bhllle KIapKoB B rujipocdepe. YuuTLIBadg, 4TO MHOTHe
pyAHble 3JeMeHThl XapaKTepH3yloTcs YCTOHYHBO MaJbiMH 3Haue-
HUAMH KO3 UINENTOB BOAHOI MHrPAalUMH, UTO NPHPOAHLEIM BOXAM
ropHblX PafioHOB CBONCTBEHHA NPEHMYLIECTBEHHO HeNTpajbHas HIH
caabo-wenounas peakuuu (uuHepTHel Zn, Cu, Ni, Pb...), uro pas-
Jaraioliuecs pacTHTeJbHbe OCTATKH CO3Jd10T BOCCTAHOBHTENBHYIO
oGcTanoBKy (uHepTHel Mo, U...) # 4TO Ha NOBEPXHOCTH 3eMJIH
FOCTIOACTBYET KHCJAOpPoAHas obGcraHoBka (uHepTHsl Fe, Mn, Co),
Pe3KOo noAuHHEeHHAR POJIb BOAHON MUTPANUKH PYAHBIX 3JIEMEHTOB CTa-
HOBHTCA BroJine 04eBHAHON. DT0 HE 3HAYHT, YTO PYAHLIE HIH NOPO-
noo0pasyiolle 3J€MeHTL, Xapakrepusyemele sHauenusamu K< 1,0,
He cnocoGHBEI K MHTpalui B 30He runeprenesa. B macwraGax, mHo-
FOKPATHO TNPEeBLIUAKOLIMX BOAHYIO MHIPAaLUMIO, 3TH SJIEMEHTH
B (hopme pa3noo6Gpa3HLIX MPHPOAHBIX MHHEPAJbHBLIX H Ge3MHHEpPab-
HLIX 00pa30BaHHil MHTCPHPYIOT B TBEPAOM COCTOSIHHH, BCJIEJCTBHE
MexaHHuecKoii BOAHOI M BeTpoBOil AeHydauuu cywn. B pasaununoir
Mepe 3TH Inpouecchl AonojHsoTcs GHOTeHHOI W ra3oBoil MHrpaimei
31eMenTOR. Bee 3TO, HE3aBHCHMO OT BeJHUHH KO3(PHLHEHTOB BOA-
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ANeMeHTH ¢ KOHTPACTHOR MHrpaunonHolt cnocoGHocTbI0 K =1

[Moasu:kHble H cnabo nogpuxubie B okuc- | [loasuakHBIe W cAa060 NOABHIKHBIE
JAATENBLHOI Cpeje W MHEepTHBIE B BOCCTAHO- | B BOCCTAHOBHTEJNLHOH cpexe (Ges ce-

BUTEJ bHOM poBOAOPOAA) W HHEPTHLIE B OKHC/M-
TeALHOH
MHTPHPYIOT TONBKO B KHCJABIX BOAAX: Fe (1-10—8),
Zn (6-10—9%), Cu (4-10—4) Mn (4-10-9),
Ni (5-10-5), Pb (3-10—4), Co (5-10—5)

Cd, Hg (3-10~9), Ag.
Murpupyior B KHCABIX H B IIETOYHBIX
BOJAX:

V (5-10-%), U (8-10—9),

Mo (9-10—4), Se (8-10—2)

HOII MHrpaiHy, coobLldeT 3jeMeHTaM YHHBEPCaJbHYIO TeoXHMHYe-
CKYI0 MOABHIKHOCTE B J06bIXx mangmadrax, [Ipeobaaganne MexaHu-
yecKHX ()OPM MHTpaLliHH 3JIeMeHTOB B JaHAwadrax pyAHbIX padoHOB
XapaKkTepH3yloT OTHOLIEHHS MEXIy MOLYJSAMH TBEpIOro H pacrso-
pHMOro ctoka c¢ cywu B cpeaHem kak l10:1 (cm. 2.1), 4to HHBeJH-
pyer BJHSAHHE Pa3aH4YHH B KO3I((PHUHMEHTAX BOJAHOH MHTPALHH 3J€-
MeHTOB. B yc/IOBHAX criaxeHHoro pedbeda poib MeXaHOrenesa oc-
Jabagerca ¥ BJAHSAHHe OcoOeHHOCTeH BOIHOH MHrPaluHd 3JIEMeH-
TOB H TYMHAHOCTH HJH ApPHAHOCTH KJIHMaTta Ha (QopMHpoBaHHE
adaugmadgra BospacraeT. B uerom manbie 3HayeHus Ky H T AAA
PYAHBIX 3JIEMEHTOB H Npeobaajaiowas HX rHnepredHas MHrpaius
B TBepHoil (ase JHUIHHA Pa3 NOATBEPKAAIOT NPEHMYIIECTBEHHOE
3HAUEHHe [JIF [OUCKOB PVAHBIX MECTOPOMXKIAEHHH JHTOXHMHYECKOro
MeToja.

DeMeHTHl, HAaX0AACh B PacTBOpe, B H3MEHHBIUEHCS FeOXHMHUe-
CKOil 00CTaHOBKe crnoco6Hbl BHINACTE B OCAJOK, 06pasysi BTOPHYHbLIE
AKKYMYJALHH. YYaCTKH, Ha KOTOPBIX NMPOHCXOMAHT PE3KOE YMEHbLue-
HHE MHTEHCHBHOCTH MHUIPAIHH 3J€MEHTOB, CONPOBOKAAEMOE HX KOH-
HeHTPHPOBAHHEM, HMEHYIOTCSl TeOXHMHUeCKHMH Gapbepamu [28]. Ha
dn3nKo-XHMHYECKHX Oapbepax oca)<AaiTCs 3JeMEHTbl ¢ KOHTpacT-
HOIl MHTPAUHOHHON CMOCOOHOCTbIO. AKTHBHEIE BOJAHBIE MHIDAHThHI

“BHIMAA4l0T B OCAaJOK NPH HCMAapeHHH pPAacTBopa, a 3JEMEHTH ¢ yC-
TONYHBO MaJbLIMH KO (HUHEHTAMH BOAHON MHrpalHu CrocoOHbI
K BTOPHYHON aKKyMYJslLHH B pe3y/]pTaTe rPaBHTalHOHHOI Ka1accH-
(HKALMH MHHEpPaJoB MO IVIOTHOCTH [PH NepeHoce B TBEPAOM CO-
crostuuK W obGpasoBauuu mexanuueckux ocankos. CooTBercTBEeHHO
3TOMY Pas/IHYAIOT CJAEAYIONULHE [V1aBHeHlHe THILI THIePreHHbiX reo-
XHMHYEeCKHX Gapbepos:
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1) ucnapurensuwmit (B, Sr, F, unoraa Mo);

2) rpaBuranuonusli (Au, Pt, Sn, W, Nb, Ta, Ti u ap.);

3) BoccranoBHTeabHBIH (Mo, U, Se);

4) xucnopoanuii (Fe, Mn);

5) meaoynoi (Cu);

6) ancop6umonnwmi (Cu, Zn, Pb, U, Mo u ap.).

ITepeuenb BO3MOMKHBIX T€OXHMHYECKHX GapbepoB 3THM He HCYep-
NbIBaeTcs, 3leChb NEPEYHC/EHBl TOJALKO BaKHeHIIHe H3 HHX M YKa-
3aHBl T€ XHMHYECKHE 3J/IeMeHThHl, THMNepreHHble aKKYMYJAsLHH KOTO-
pbiX 0GHApPYXHBAIOTCS NPH IEOXHMHYECKHX NMOHCKax. BoamoxkHOCTH
B3aHMOCBSI3AHHOTO TOSBJIEHHS JIHTO-, THAPO- H OGHOreoXHMHYECKHX
aHOMaJHil noipasymeBaercss Ha JioObIX reOXHMHYecKHX Gapbepax.
B oTaenbHBIX ciydyanx HaKOMJeHHe PYAHOrO 3JIEMeHTa Ha THIepreH-
HOM reoxuMmHueckom Gapbepe mpuobGperaer macwital, AOCTATOYHBIH
A7 06pa3oBanyHA NPOMBILJIEHHBIX SK30T€HHBIX MECTOPOXKAEHHH NaH-
HOrO 3/leMeHTa B JHTOchepe B (hopMe MEPBHUHO-OCANOYHBIX PYA H
pocchineil HaH B ruapocdepe B ¢opMe KOHIEHTPHPOBAHHLIX Pacco-
a0 (Br, I). ITonaThe 06 ocaxkeHHH 3JIeMEHTOB Ha FeOXHMHYECKHX
6apbepax NPHMEHHMO H K TpoleccaM 3HAOTeHHOH MHIpalHH, Xa-
paKTepH3ys, HanpHMep, THApPOTepMajbHOe pyAoOoTJ0KeHHe. Bro-
pHYHBle AKKYMYJSILHH PYAHLIX 3J1€MeHTOB HA T'HMePreHHbIX re0XHMH-
yecKHX Oapbepax MOTYT MMeThb XapakTep OespyAHLIX aHOMaJHH,
nojJexaunx oT6pakoBKe NPH reOXHMHUECKHX nouckax. JlnarsocTs-
YeCKHM NPH3HAKOM, OTJHYAIOLUHM BTOPHYHBIE OPEOJIBl H MOTOKH pac-
CessHHSI PYAHBLIX MECTOPOXKAEHHH OT Oe3pYAHBIX AKKYMYJALHH, AB-
JsieTCA COBMECTHOe IOsIBJIEHHE B pPYAHBIX aHOMaJHAX BbICOKHX CO-
HNEePKAHHH TAKHX 3/JEMEHTOB, COOCAXKJEHHE KOTOPBIX He XapakTepHO
[OJ8 THIEpPreHHbiX reoxuMHuecknx GapeepoB (Sr m Pb; Sn u Mo;
Auu As u 1. 1n.).

Anaau3 JnanawadTHEX yCA0BHII NpHOGpeTaeT NepBOCTENeHHOEe
3Ha4YeHHe TPH Ha3eMHBIX JHTOXHMHYECKHX ChEMKaX B 3aKpPHIThIX
PYAHBIX palioHaX, KOrga BO3MOXKHLIE PyJHble aHOMaJHH Had Mo-
rpeOeHHBIMH  MECTOPOXKIAEHHSAMH COH3MEPHMBI 10 aMIJIHTYAe H
TPYAHO OTJAHYHMBL OT Ge3pyAHBIX HCHNAPHTENbHBIX, COPOIHOHHBIX H
GHOreHHbIX aKKYMYJAIUHH MHKPO3J/IEMEHTOB.

Menkomacirabroe JanamwadTHO-TEOXHMHYECKOe PaHOHHPOBAHHE
TePPHTOPHI BecbMa Ba)KHO AJsi OOGOCHOBAHHS METOAMKH TEOXHMH-
yeCKHX TNOHCKOB PYAHBIX MecTopoxkaeHHi (cMm. ri. 6). B 3amauy ero,
B YaCTHOCTH, BXOJHT BbiJe/JieHHe pailOHOB, B KOTOPBLIX NMPOH3BOACTBO
Ha3eMHBEIX JTHTOXHMHYECKHX CheMOK siBJfieTcs Hea(h(heKTHBHBIM, B KO-
TOPBIX OHH JOOJIIKHBI AOTOJIHATHCS HJAH 3aMEHfieTcsl THAPO-, aTMO-
HIH GHOTEOXHMMHUECKHMH CBHEMKAMH WJIH BBINOJHATHCA B BapHaHTe
rAyGHHHBIX JHTOXHMHYECKHX TOHCKOB. B ropHbiX paiioHax, B caMbixX
pa3iHuHbIX JaHAwadrax, or cyxux creneit Cpejauneil Asun 10 TyHAp
YUyKOTKH, BTOPHYHbIE JHTOXHMHYECKHE OPE0Jibl H MOTOKH paccesHus
PYAHLIX MECTOPOMKAEHHH OTYETJIHBO MPOSIBJIEHbl Ha COBPEMEeHHOIl
IHeBHOIl noBepxHocTH. KonnuecTReHHbIM BhiPAXKEHHEM CyMMBl Janj-
wadTHO-TEOXHMHYECKHX YC/JAOBHI, XapaKTePH3YIOUIHM [OBEJAeHHe
TOTO HJM MHOTO PYAHOTO 3JeMeHTa, ABJIAITCA MECTHLIE BEJHUHHLI
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KosulHeHTa NPOAYKTHBHOCTH R=1, BXOAAWIEr0 B BLIPaKEHUA
(18)—(19) nam um nonobublie. MecTHbe 3HaYeHHsi 3THX  KO3DDH-
IHEHTOB CYILIECTBEHHO /AONOJHAIOT ONHCAHHA JaHAWadgToB.

1.9. METOIHKA MOHCKOB H OLEHKA HX 3¢®EKTHBHOCTH

OCHOBHLIM NPHHUHIIOM METOAHKH FeOXHMHYECKHX NOHCKOB MeCTO-
POXZIEHHH TOJIe3HBIX MCKONAaeMBIX fABJSieTCSs HX NOAYHHEHHe ycTa-
HOBJIEHHBIM CTajHfIM I€0JIoropasBeflOYHOTO npolecca, HauHHAs OT
PerHoHaJbHLIX IOCYAAPCTBEHHHIX CBEMOK MO CTAZHH 3KCIJIyaTallH-
OHHOH pa3BelKH MecTOpOxAeHHH. COOTBETCTBEHHO 3TOMY FEOXHMH-
YeCKHe CbeMKH BLIMOJHSIOTCS NepBOHAYaJbHO B MEJKHX Macuirabax
Ha OOWMPHHIX TEPPHTOPHSAX, a 3aTeM BHIOOPOYHO, HA OCHOBE TOJY-
YeHHBIX Pe3yJbTATOB, B NOC/AEN0BATENbHO YKPYNHAOWIMUXCS MaCLITa-
6ax Ha yMeHblaipomuxcs niomanax. Ilepexox or menkomaciirat-
HBIX K NeTaJbHbIM FeOXHMHYECKHM CBhEMKAaM He O3Hayaer NpocToro
NOBTOPEHHSI MOHCKOB C YBEJHYEHHOH MJIOTHOCTbIO HaGMaI0JAeHHH, npH
3TOM H3MEHSIOTCS MeTOAHKa H 3aiayn paborT.

1. MenkomacuiraGHble NOHCKH OPHEHTHPYIOTCS Ha yHHBepCa/b-
Hble TIPH3HAKH, CBOHCTBEeHHble OGOJBIIHHCTBY MECTOPOKAEHHH, Ha-
npumMep, Ha GoJbliHe pasMephl TeOXHMHYECKHX aHoMaJuil, oTBe-
YalONIIHX KPYNHBIM MecTopoxAeHHAM. [Ipu neranbHbIX paboTax yuu-
THIBAIOTCH HHAMBHAYyaJbHblE, YacTO HENOBTOPHMEIE OCOGEHHOCTH
KaK/10r0 KOHKPETHOTO MECTOPOKIeHHS.

2. Tlpn menxkomacmTaOHBIX TEOXHMHYECKHX CheMKax onpobosa-
HHIO B TNOMCKOBBIX L€JSX TNOJBEPraiTcs OTJOXKeHHs, GoJjee OTAa -
JeHHBl e oT 06beKTa MOHCKOB, HATPHMEP O3€pHLIe HJIH peuHble OT-
JIOXKEHHsA, NPHPOJHbIE BOALI HJH pactHTeabHocTb. Ilo mepe ykpyn-
HeHHsi Maciutaba MOHCKOBBIX CBEMOK TeHeTHYeCKass TNpHHAIJIex-
HOCTb ONMpOOYeMbLIX OTJIOMEeHHi cOMauKaeTess ¢ 00BEKTOM IOHCKOB,
Ha 3aK/IIOUYHTENbHBIX CTaAHAX ONpoOYIOTCH KOpPeHHHle MOPOAbl H
pyas. [eonornyeckoe M3yyenue TEPPHTOPHH BeleTca NOC/ALAOBA-
teabHo B macmwrabax 1: 1000000, 1:200000 u 1:50000, npome-
XKyToutble MacmTabu — 1: 500000, 1: 100000 u 1 : 25000 — npu-
MeHsiotess peako. Cremkd macimrada 1: 10000 u xpynnee, cunTao-
l{Hecsi OTPAC/EBLIMH, BLITIOJHAIOTCA TOABKO B CBSI3H C PasBelKO#H
MECTOPOXKAEHHIT MAH A HYXKA CTPOHTEJLCTBA. B 3THX JKe OCHOB-
HBIX MaciiTaGax BeayTCs NOHCKOBble H AeTajbHble TeoXHMHYeCKHe
CHEMKH, ONepexKas HJH CONPOBOXKAAs TeoJOoTrHYeCKoe KapTHPOBa-
nue. U3 22,4 man. km? teppuropun CCCP npumepHo 7,0 MJaH. KM?
OTHOCATCS K TOPHO-CKJAAYaThiM PaioHaM, B KOTOPbIX BO3MOXHO 3¢-
(eKTHBHOE TpOBejleHHe PA3JIHYHBIX HA3eMHBIX H BO3JYLIHBIX F€OXH-
MHUECKHX CHEMOK C 11e/1bI0 TIOHCKOB PYAHBIX MECTOPOMKIEHHH, BBIXO-
ASMWHX Ha nosepxHocTh (cMm. puc. 10, a). Eme 3 man. km? Teppu-
TOPHH C Y€XJIOM MOJIOABLIX ocaakoB fo 500 M monyckaiT npoBeieHHe
Ha3eMHBIX H TIYOHHHBLIX TEOXHMHYECKHX MOHCKOB norpeGeHHbiX pya-
HBIX MecTopomaenuit (cM. puc. 10, 6). 'eonornyeckne nccjenoBa-
HHS HA OCTAJbLHOH TEPPHTOPHH, ¢ MOLIHOM TOJLIEH NAaTGOPMEHHBIX
OTJIOXKEHHI1, CBA3aHLl B NMEPBYI0 ouepelb C NMOHCKAMH MeCTOpOoMK/e-
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HHil ned)TH M rasa, yrias, cTpoiMarepHa/aoB, MECTOPOXACHHI THIPO-
XHMHYECKHX OCAZKOB H poCChInei.

Teosiornueckoe kapruposaune tepputopun CCCP B macmrade
1: 1000000 3akonueHo W NOUCKOBLIC FEOXHMHUUCCKHE CHEMKH B Ha-
urefi ctpaHe B 3Tom macwitabe He Beaytes. Kaxaas u3 crajuit reo-
JIOropa3peloqHoOro Mpouecca M COOTBETCTBYIOUIHE HM 10 JeTalbHO-
CTH NOMCKOBble FeOXHMHUYECKHE CHLEMKH MOAYHHSIOTCH PEIleHHID Of-
peflesieHHbIX 3a7a4, W3MEHAOUIUXC B 3aBHCHMOCTH OT 3KOHOMHYE-
CKOH OCBOEHHOCTH H Te0JOrH49ecKoil H3yueHHOCTH TeppuTopuil. Bo
BHOBb OCBAHBaeMbIX pailoHdX Ie/bi0 [OHCKOBLIX paGor sBAsercs
o0HapyKeHHe TOAbKO KDYMHBIX H OdYeHb KPYMHBIX MECTOPOXIAEHHil
C OTHOCHTENbHO JerKo MOKA3yeMbIMH 3anacaMu pyn (He chaensix).

Bo3HHKaeT ecTecTBeHHEBII BONMPOC, CKOJLKO KPYNHBIX MECTOPOXK-
IeHHI MOMKHO OXKHAATH B PyAHOM paiioHe? OTBETOM HA 3TO MOLYT
ObITh TOJbKO HEKOTOpLIE CpelHHe NH(PE, B CBA3H C PA3JHYHOH py-
HOHACLINEHHOCTbIO TEPPHTOPHIl, H TPHOMHIKEHHBIE OLEHKH, B CHJY
HeTIOJIHOThHI HALIUX CBeJeHHiH O HEeHCTBHTENbHBIX pecypcax gawke Je-
Ta/JbHO HCCHEeJ0BAHHBIX paiioHoB. OpHEHTHPOBOYHO MOXHO CUHTATh,
y1o Ha 10 ThlCc. KM? MIOMmMA/H OTHOCHTENLHO XOPOLIO H3YYeHHBIX PyA-
HbIX pPaHOHOB B CpelHeM NPHXOAHMTCH OJHO KPYIHOE MeCcTOopoXkIe-
Hue. Mcxo[s M3 3TOro U COOTHOIIEHHI MEeXAY YHUC/AEHHOCThbIO MEeCTO-
poxIAenuil pasJHYHBIX K/JA4CCOB KpymHocTH (cM. Ta6a. 5), no-BH-
OHMOMY, CJelIyeT OLEHHBATb YHCA0 OKHAAEMBLIX OTKPLITHH Ha
HEH3YUEHHBIX DYLOMEPCIEKTHBHBLIX TEPPHTOPHAX, €CJAH HX pasMephbl
DOCTaTOuHBl A cobawoaenust 3akona OoJbLIHX 4YHced. ITo OyayT
MECTOPOKAEHHS TEX MOJe3HbIX HCKONaeMblX H TeX reHeTHYeCKHX TH-
0B, HAXOKAEHHA KOTOPbIX HAa AAHHOH TEPPHTOPHHM MOMKHO OXKHAATH
C YYeToM ee reqlIorHyeckora CTPOeHUs, HCTOPUH FeOJIOTHUECKOro pas-
BHTHSI H METAJUIOreHHUECKHX OcoGeHHOocTeil. DTH W JApyrue AaHHble
HAXOMSIT OTpa)keHHe Ha TeoJOorHuecKHX Kaprax macwrada
1:1000000 waun Gaumkaimero Gogee menkoro macuraba. dphex-
THBHOE BeJeHHe TOMCKOBLIX paboT ofecneydBaeTcs MIAHOMEPHBIM
BBHINOJHEHHEM TeOXHMHMYecKHX cheMok wacmrtaba 1:200000 na
6oabinux miaomwanax (n-10%—n-10° km?), Ge3 kaxux-aubo npomnyc-
KOB H NPOH3BOJbLHLIX H3baATHi. [loc/iennee onpepe/sercsa reoJoruye-
CKUM [PABHJIOM: «HET GecrlepCreKTUBHLIX TePPHUTOPUil, eCTh Teppu-
TOPHH H3YUEHHLIE H HeH3YUelHbIe».

Cremyiollyio CTagHio COCTABJAIOT IeOXHMHYECKHE CHEeMKH Mac-
mrada 1: 50000 u B cmexHbix Macmradax (1: 100 000—1 : 25 000).
1o moryT ObiTh BO3AYyIIHLIE, Ha3eMHbie WJIH TJAYOHHHBIE JIHTO-,
THAPO-, aTMO- WJIH GHOreOXHMHUECKHEe CheMKH, BBINOJHAEMbIE ¢ yue-
TOM YCJOBHil, paccMOTpeHHBIX B pasjene 1.7. OOLIYHO 3TH CHEMKH
OPHEHTHPYIOTCS HA BLISIBJIEHHE BTOPHYHBIX OPEOJIOB pacCesHus Me-
cropoxiennii. Ecin ol npoBOAATCS 110C/e FEOXHMHYECKHX CBEMOK
macmrata 1: 200000, um npHAAETCS NPEHMYILECTBEHHO OLL@HOUHBIIT
xapakrep. B ropHonpoMbilICHHBIX pailOHaX FeOXHMHUYECKHE ChEeMKH
macwtaba 1: 50 000 no BTOpHUHLIM OpeoJaaM paccesHus MOTYT HpO-
BOAUTLCH, MHHY# cheMkH Macwraba 1:200000. B nocaegunem ciy-
yae CTPATErHueckoi 1edbio 3THX padoT, HOMIMO BbISIBJIEHHS HOBLIX
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KPYIHLIX MECTOPOXKAEHHI, MOTYT CTaTh NMOHCKH CPEAHHX H MEJKHX
mecropoxkaennii. eoxumuueckne cveMkn macmwraba 1: 50 000 Bbi-
MOJIHAIOTCS B TNOPSAAKE OUEPeLHOCTH, ONpelessieMoll CyMMOIil reo-
JOT0-3KOHOMHYECKHX COOOpaKennii.

C yuerom NOJYYEHHBIX JAaHHLIX MEPEXOAST K MOHCKOBO-OLEHOY-
HbiM pabGoram macwtata | : 10000, Kotopele, KaK npaBH/IO, BHINOJ-
HAIOTCS JHTOXHMHYECKHMH MeTogamH. [To Kapram BTOPHYHBIX JIHTO-
XHMHUYGCKHX OPE0JIOB paccesiius W MePBHYHBIX OPeosioB PYAHBIX aJe-
MEHTOB oOecneyHBAaeTCsl HauJAyyllee pasMellenne pasBeloYHbIX
KaHaB M NePBLIX CKBAXKHH C LeMNbi0 BCKPHITHS M onpoGOBaHHA MO-
JIE3HOTO HCKOMaeMOoro B KOPEHHOM 3aJeraHmm.

Ecan Buipa®oTKH BCKPHLIBAIOT NPOMBIIIIEHHOE OpYyAeHEHHEe, reo-
JIOrHYeCcKas 3ajava CYHTAETCs pelieHHoil nojoxureabHo. [lanbueii-
liee NpHMeHeHHe FreOXHMHYECKHX METO/OB ONpeJe/sieTcs X0L0M pas-
BEOYHBIX PaboT M TEOJOrHUeCKHMH OCOGEHHOCTSMH BbiSIBJEHHOTO
mectopoxaenus. Ecin BolpaboTKH BCTPEHAIOT TOJBLKO HEnpoMbliil-
JeHHYI0 MHHepaJaH3aLHIO, JeTaJbHOCTh JHTOXHMHYECKOro onpoGoBa-
HHS KOpPeHHBbIX pyAOBMELIAI0OnHX AOPOA NO FOPHBIM BhipaboTkam H
CKBaKMHAM MOXKET AOBOAMThCA A0 macmrtada 1: 1000—1 : 200. Un-
TepnpeTanus 3TuX AAHHBIX BeJeTcs Ha OCHOBe TeopuH (GopMHpOBAa-
HHSl MEPBHYHLIX OPEOJOB PYAHLIX MECTOPOKAEHHIT H 30HAJIBLHOTO Y-
nooraoxenns (cM. ra. 4). C Tagoil e AeTaJbHOCTLIO U HA TeX ke
NPHHUHIAX BeAYTCH JHTOXHMHUECKHE MOHCKH CJemblX PYAHBIX Tel
Ha (aHrax u rJay00KHX TOpPH30HTAX NPOMBILIIEHHBIX MECTOPOsKIe-
HHIl HA CTaAMAX HX NPeABapHTE/bHOI, JeTaJbHOH H IKCIIVATAlHOH-
Hoil paspefkn. Takas nocjaen0BaTe]bHOCTh BEAEHHS MEOXHMHUECKHX
NOHCKOB OT perioHaJbHBIX MEJKOMAacCIITAOHLIX CHEMOK N0 CaMbIX
AETaNbHEX MeenenoBauuii HanGonee paunoHaibua u obuienpuusTa,
YTO HE HCKJI0UaET BO3MOMKHBLIX OTCTYIJIeHHI.

OueHkn 0XHAAeMOil PyIOHOCHOCTH TeppHTOpHi (paiioHa, yua-
CTKa) M BLIABJASEMBIX PYJAONPOABJeHHH JOJKHBI Bhlpaxarbca B HHG-
pax oXHIaeMblX 3anacoB MeraJJa YyiKe Ha paHHHX CTaJusx
CHEMOUYHO-TIOHCKOBLIX pafor aas o00CHOBaHHS nepexofa K 1nocie-
AVIOLHM cTaiuam pador.

ITpn camoli pasiMYHONl DOCTOBEPHOCTH METOAMKA NOJCYeTa 3a-
TacoB MOMKET CYMTATLCA TNPABUALHON, ecaAW COOTBeTCTBYIOUIHE
OleHKH Qp AIBAAIOTCS He CMElleHHbBIMH, PAaBHOBEPOATHO OTKJIOHAACH
OT HCTHHHBIX 3aTacoB B CTOPOHY 3aBBIIICHHS H 3aHHIKEHHA:

Qu= QHCTstI' (29)
rae £>1 — cranfapTHeIl MHOMKHTENb, 3aBHCALLMIT OT JEeTajbHOCTH
HeenepoBannity; (=1, 2, 3... onpelenasercs TpeGoBaHHAMH K JlOBe-
PHTEJLHOMY HHTEPBaJy oleHok. IIpu 3ToM cllefyer HMeTb B BHAY
VCAOBHBI CMbICA HHQPH «HCTHHHBIX 3anacoB» Quey, 3aBUCANLEN OT
BEIGpaHHOro GOPTOBOrO COAEPKAHHA MeTaljJa W OT NIyOHHBI NOA-
cyera, KOTOpasi MOXKET OTJIHYATLCA OT rJYOHHBI [POrHO3HOH OUEHKH
H: n[)OI‘II()SHbIe (FGO.TIOFII‘IECKHE) 3anachel MeTdJla HepasBeAddHHbIX
MEeCTOPOXKAEHHI, OXHIaeMble Ha HCCACAYEMBLIX TEPPHTOPHAX, HME-
HYIOTCA pecypcaMH H, B 3aBHCHMOCTH OT CTalHH [)aGOT, JEeJATCA Ha
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& Ta6auua 9

Crapun reoJioropasBelo4HOr0 Npouecca H OUECHKH MPOTHO3HBIX PecypcoB TBepAbIX MOJE3HBIX HCKoMaeMmbix

Cranns Bupdl 1 MacWT40BM re0XHMHYECKHX CBEMOK K;::;gg::
1. Pernonanstoe reosornveckoe uayvenue reppuropun CCCP: PerHOHanbHHE TeOXHMHYECKHE CBEMKH: Ha- Py
4) PErHoHaNbHble re0I0rO-reopH3HYRCKHe HCCJeNoBaHHA MacwTaba | semusie (1 : 200 000 u Mesib9e), a3POreoXH-
1 : 1000000 — 1: 500 000; muyeckre (1 : 100 000 v menbue)
6) perHoHaJbHbie reo(U3HuECKHE, I'€0/0rOCBEMOYHbIE, THAPOreo10-
FHYECKHE W HMHXeHepHO-TeoJoruyeckne paGotel wmacluTaba
1 : 200 000 (1 : 100 00D)
2. TeonorockeMoyHbie  pafiorel  macmraGa 1:50000 (1:25000) | [ToMcKOBbie reoXHMHUeCKHE HA3eMHbIe H BO3- Py
¢ OOGIHMH TIOHCKAMHK aywnbie cpemkd (1 : 50 000—1 : 25 000).
Cay6uunse reoXHMHYecKHe ChemKH
3. lNouckosuie paborhi (11100 000 — 1 : 50 000)
4. [loncKoBo-OueHOYHbBIEe PadoThl [etanbHiie THTOXHMHYECKHE CHEMKH [0 BTO- Py
PHYHBIM OpeoJlaM paccesiHHfA: Ha3zeMHble
(1 : 10 000 1 kpynHuee), rayGunneie (1 : 25 000
H KpynHee). [ToHCKH 1O nepBHYHLIM Opeojam
(1 : 10 000 u xpynuee)
5. IlpenpapurenpHas paspenka leoxumyugeckne HCeneloBAHHA B MacwTabax P, -G
: 1:1000 — 1 : 200 nyrem cn/owHoro onposo-
| 3B€,
G, Jetuasitsa pasesna BaHHs PYAOBMELLAIOIAX MOPOA H PYA MO rop-
7. Jlopa3sBejka MeCTOPOXK/IEHHS: HBIM BEIDaGOTKAM H KepHY CKBa)KHH
a) He OCBOGHHOro MpPOMBIIIJIEHHOCTHIO)
6) paspabaThiBaemMoro
8. JKcnayaTalHOHHasA pa3Befika




TPH KaTeropuH, o6o3HauaeMmble (B CTOPOHY BO3pacTaiollled JIOCTO-
BepHocTH) P3, P, u P,. B T1a6a. 9 npHBenena npHBs3Ka 3THX KarTe-
rOpHH TIPOTHO3HBIX PpeCypPCcOB K CTaJiHsiM re0JI0ropasBefodHoro
nmpouecca W MaciitabaM reoXHMHUeCKHX cheMoK. LIudpbl npombiii-
JIEHHBIX 3a1acoB, NOJACYHTAHHBIE B pesyJibraTe PasBelKH MECTOPOX-
JleHHs, BBLIABIEHHOTO N0 TeOXHMMHYeCKHM JAaHHBIM, CJyXKaT eJHH-
CTBEHHBIM KpuTepHeM 3PPHeKTHBHOCTH TIOMCKOB, a CTeNeHb CXOAH-
MOCTH C HHMH UH(P NPOTHO3HBIX OlLEHOK — KPHT€PHEM INpPaBHJIbHO-
CTH KOJHYeCTBEHHOWH MHTEprpeTaliH reoXHMHYeCKHX JaHHBIX.

3ameuaTte/bHOl 0COGEHHOCTHIO NEPBHYHLIX IEOXHMHYECKHX [aH-
HBIX SIBJISIeTCH HX OGBEKTHBHBIH Xapakrep, cBOOOJAHBIH OT BJIHSHHA
JIMYHBIX B3IJIAJIOB HCHOJHHUTe/el. B HTore, noMMMO NpsIMbIX OTKDHI-
THH HOBBLIX MECTODOXKIEHHH, B pe3yJbTdaTe Fe0XHMHYECKHX ChEMOK
CO3alOTCsl KapThbl MOJTOBPEMEHHOr0 I110Jb30BaHHS, NMPHrOIAHbIE /s
PAa3JHYHBEIX T€0JOrHYeCKHX BLIBOJOB.



Enapa-2

JIHMTOXUMHUYECKHE NMOTOKH
PACCESIHHA

2.1. TBEPIbIH H PACTBOPHMBbIH CTOK C CYLUH

Yacre 3emuoil Kopbl, o6pasyiomas cyury, BO BCE MEPHOAbI reoJIorH-
yeckoil HCTOPHH 3eMJ/IH ABJISIACh apPeHON Pa3BHTHsI B3aHMOCBSI3aH-
HbIX TPOLECCOB BLIBETPHBAHHA W AeHyJauuH. POpMHPYS THIEpPreH-
HOE MoJie pPacCesiHHst MEeCTOPOXKIAEHHH TOJIe3HLIX HCKONMAEeMBIX, 3TH
HPOLECCH Onpe/lesIfT Pa3sBHTHe BaKHElHNX s NPAKTHKH TOUC-
KOB BTOPHYHBIX JHTOXHMHYECKHX OPE0JIOB H NOTOKOB paccesHua Mme-
cropoxkaennii. Macwtabbl JeHyAallHOHHLIX TPOLECCOB, MOJA KOTO-
pPHIMH MOHMMAaeTcsi yAaJeHHe H MepeHoc MPOAYKTOB BbIBETPHBAHHS
B 30HY 0CajAKoOOpa30BaHHS, XapaKTEePH3YIOTCH MHOTOUHC/IEHHBIMH
JIAaHHBIMH TeoJIOTHH, (H3HYecKOH reorpa(HH W FHAPOJOTHH.

M3 510 maH. kM? NOBEPXHOCTH 3€MHOTO IIapa CoOBpeMeHHas cyia
sanumaer 29 %, uwau 149 man. kM2, Toabko 0,8 maH. kM2 3eMHOl no-
BEPXHOCTH JIEXKHT HHiKe ypoBHf Mops. CpeaHss BeICOTA CYWH CO-
crasasier 875 M, ¢ pasHoO6pa3HbIMH YepeIOBAHHAMH HH3MEHHOCTEH,
IVIOCKOTOPHIl H BBLICOKHX FOpHBIX XpeGTuB. Pesbed 3emHOli nosepx-
HOCTH HempepniBHO npeoGpasyercsi. Cuasl, dopmupyiouise peabed
3eMHOIl NOBEPXHOCTH, MO CBOeil TPHpPOJLe BecbMa PasHOOOpas3HbI.
C oaHoil CTOPOHBI, HX HCTOUYHHKOM CJYXKAT BHYTPeHHHE MPHYHHBI,
onpeje/siollHe NepemMelieHHe KpynHbx 6J10K0B 3eMHOi Kopsl. [Toa-
HATHS OTIEJIbHBIX €e YYaCTKOB H rPaHAHO3HbIE TEKTOHHYECKHE mepe-
ycTpoicTBa NpUBeaH K 06pa3oBaHHi0 TOPHLIX COOpPYKeHHil, T. €. 1mo-
JoxKHTeAbHbBIX ¢opm peabeda. C Apyrod CTOPOHbI, MPHYHHAMH IIe-
peycTpoiicTBa peapeda SBJAAIOTCA BHEIIHHE CHJbI, ONpeaesdioliue
pacuJieHeHHe W pa3pylleHHe BO3BbILIEHHLIX YIaCTKOB 3€MHOI MOBepX-
HOCTH, NEPeHOC pa3pylIeHHOTo BellecTBa W OTJOXKEeHHe ero BO Bha-
AMHAX. TOT NPOTHBOMOJOXKHBIT NpolLece BCeoOIero BblpaBHHBAHHS
(HMBEJHPOBKH) 3eMHOIl MOBEPXHOCTH, Pa3BHBAIOUIHICA B psije cay-
uyaeB uepes ycJoxkHeHHe peabeda, NOAYMHEH 3eMHOMY THTOTEHHIO.
Ero nanpaBasiioneil CHJIOH ABJAAETCS KOCMHYECKAs 3HEPrHsi cojHey-
HOTO H3JyYeHHs.

3eMHas NMOBEPXHOCTb Ha rpanuile atMmocdepsl 3a roj nojydaer
7-10% JI:k Tensa B (hopMe COJIHEUHOTO H3JyYEHHS HJIH B CpefHeM
okoao 2,1 x Ha | cm? B munyty. M3 storo koauuectra 42 % ot-
paxaercsi 06paTHO B MHPOBoe mpoctpaHeTso, a 58 Y% morJowmaercs
3eMHOIl TIOBEPXHOCTBIO H aTMocdepoii!. ITo rpoMazaHoe KOJHUECTBO

! BeaecTBHe BCTPEYHOrO TEMVIOBOrO (JVIHHHOBOJHOBOTO) H3JAydYenuda 3eMan
ee TEeNJIOBOE COCTOfIHHE B CPEJHEM He MEHSeTCH, TaK Kak NoJdyuenHe Temia ot
CouHita H ero pacxoj B3aHMHO YPABHOBELIEHE.
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SHEPriuy COBEPUIAeT KOJOCCa/NbHYI0 padOTy Ha NOBEPXHOCTH 3eMJIH,
onpejiesisieT TeNJoOBOH pexXHM OKeana W artMmocdepsl, ¢opMmHpyer
KJAHUMAT H CJAYMKHT HCTOYHHKOM KH3HH Ha 3emJe. OKoJO NMOJMOBHHBI
COJTHEUHOH 3HEepPruy, NorJouLaemMoil 3eMHoil 110BEPXHOCTBIO, PacXOLy-
eTCsl Ha MCmapeHHe Bjaard. B pesyabrate nocaeayioileil KoHueHca-
IIHH mapoB B arMocdepe, Ha MOBEPXHOCTL 3eMJH BbINaaaoT 0CalkH,
onpejesiomye 6anaHc BJard Ha 3eMmJe.

Ha noBepXHoCTh CyIIH €KeroiHo Bhinajaer B BHAe aTMocdep-
HBIX OCaJKoB OoJibllie BJard, HeXelH PacXoAyeTcs Ha HcnapeHHe.
70T H30LITOK, cocTaBasiouni 36 Teic. KM%, 0Opasyer CTOK C CYLUH.
Ctok aTmocepHbIX OCA/JIKOB BeleT K JAeHYAaLHH CYLIH BCJAEACTBHE
pacreopsiouleii 1eaTeJbHOCTH BOALI U NepeMerlents e YacTHL, Top-
HBIX TOPOJL B CTOPOHY MOHHKEHHs penbeda.

Pexkn 3eMHOro wmapa nepeHocaT OrpoMHOE KOJHYeCTBO TBEPAOro
BelllecTBa B BHJE TOHUAMlIeHd B3BECH H BJAEKOMbIX 110 AHY HAHOCOB,
00beIHHACMBIX TOJ Ha3BaHHEM «TBepAblil cTOK». [lo mnpubiaunken-
HbIM TOACYETaM, exKeroJHblit 00beM TBepALIX 0CAaJAKOB, CHOCHMEIX
pekamH B MHPOBOIl OKeaH, focturaer nopaaka 20 mapa. 1. Exeron-
Hbili MPHTOK COJIEll B OKeaH ¢ cyld oneHusaercs B 2,7 Mapa. 1. das
nJolanH BHYTPHMATEPHKOBOTO CTOKa, cocTasasiomeii 41,8 Mau. km?,
uan 27 Y cospemeHHOIl cywH, MacliTad ITHX NPOILECCOB B CpelHem
OLIEHHBAETCH TeMH e UHdpavy.

Tonbko B pesyabTarte 3IPO3HOHHON JeATEJBHOCTH PeK [0BepX-
HOCTh CYIIH B cpexHem noHmkaercs Ha | m 3a 10000 aer uan exe-
roaHo Tepsiet 260 T TBepALIX BEUIECTB HA KaxKIblil KBaApaTHLIH KH-
JIOMETp CBO€il IJIouain. DTa BeJHUHHA, HOCSLIAN HA3BAHHE €Ke-
roLlHOTO CAOH AeHYLalluu, AJs8 PasjgHyHblX TEPPHTOPHH olle-
HHUBaeTcs cleAyiomHmMy uidpamu (B MM/roa):

ASHA Ve

Espona .
Pycckasn pﬂauuna e AN b
Pagunnn CILIA

Boaumwoii Kaexas .

Aasnpl :

Bacceiin p. Boarn

Bacceiin p. dyunasn

Bacceiinn pex Powbl 1 Mo .
Bacceiin p. Amyaapen . . .
Bacceiin Baxw . . -
OcTtpos ﬂP A

Octpor Kanumanran (BOpHEO)

CNNCTON—DDVNOOD O —

-

5

W~ oo WU

~0 —~oOCCOCOCOCOO
<

X

Paszauuasce 115 oTHe/ibHbIX yuyacTKoB cymu noutu B 1000 pas,
€KEroflHbIH ¢/101 JeHyAalHu MOKeT ObITb MHOrO MeHble, COBnalaTh
HJH 3HAYHTENbHO NPEBLINATH CPEHIONn BEJHUHHY TOHHIKEHHs BCei
nosepxnoctu cymwu (0,1 mm B ron). Hakonen, orae/ibHbIE NOHHKEH-
Hble 06J1aCTH CYLIH B pe3yJbTaTe TOTO e TBEPHOro croka GyayT He-
NBITHIBATH [OBLILIEHHE YPOBHS BCJEJICTBHE HAaKOMJIEHHS OCAIKOB.

IledaTeqbHOCTL peK He ABJAETCH €JHHCTBEHHOH NPHUYHHON HHBE-
JHUPOBKH 3eMHON moBepxHocTH. HepaBHoMmepHoe HarpeBaHHe aTMocC-
(hepnl conneunoli pagManxei B pPasJHYHLIX IIMPOTAX, 4 TaKkKe Hal
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Cyuieil H Haj MOPEM, NMPHBOAHT BO3AYLIHbIE MAcCChi B HENpepbiBHOE
ABHKEHHE, T. €. K 06pasoBanHio BeTpoB. BeTep moaxsatbiBaer W ne-
PEHOCHT BO B3BELIEHHOM COCTOSHHH OrPOMHOE KOJHYECTBO [bLAH HIH
nepemeniaer Gosee KpynHble MHHEpaJbHble YACTHIBI NyTEM MepeKa-
TbIBaHHA. [leATe/bHOCTL BETPa YaCTHYHO NPOTHBONOJOXKHA TpaHC-
NOPTHPYIOIIEH MEeATeNbHOCTH peK, NepeMemlaloniHX CHOCHMBIN Ma-
TepHaJ BCerfa TOJbKO B NMOHHMKEHHBIE 00JACTH H, B caMOM OGIIEM
ciydae, B MHPOBOil OKeaH.

OGpasoBaHHe JUTOXHMHYECKHX TOTOKOB pAacCesHHs MECTOPOXK-
HEHHH TOJEe3HbIX HCKONMAaeMblX NMPOTeKaeT Ha MOBEPXHOCTH CYIIH 3a
CueT JKHBOH CHJIbI H PacTBOPsIONLell CIOCOGHOCTH BOABI B Pe3yJib-
TaT€ 3aKOHOMEPHOro MepeMelleHns NPOAYKTOB BbIBETPUBAHHUSA CH-
JIaMH TPaBHTAllHH B CTOPOHY NOHHKEHHs pesbeda W B 30HY 0calKo-
Hakonsienus. Bosiee noaunnenHoe 3HaueHne HMeeT AeATENbHOCTb CO-
BPEMEHHbIX JIEIHHKOB, OJIHAKO B KJHMAaTHYECKHE 3MOXH MpPOIIJIOTO
B CEBEPHBIX paiionax esponefickux crpad, Kanaaus u AJsiCKH poJb
JIEITHHKOBBLIX mpoueccoB OblJla Ype3BblYaiiHO BeJHKa H CJe[bl ee Co-
XPaHHJIHCh A0 HAIIKX AHel. B BHICOKOTOPHBIX pafioHaX 3aMeTHYIO
posib B (hOPMHPOBAHHH NOJISi PACCEAHHS HTPAIOT OCHINH, KAMHeNaibl
H KaMEHHbe NMOTOKH, B NPHOOJAAPHBIX PaHOHAX crelH(HYecKoe 3Ha-
yeHHe npHobperaer coaudJokuua. TpaHcnopTHPYIOLLIAs CHIA BETpa,
3a OYeHb PEAKHMH HCKJIOYeHHSMH, He cnocobHa o6pa3oBaTh OTYET-
JIMBHIX JIHTOXHMHYECKHX MOTOKOB PaccesiHus.

ITpeo6iafanne JHTOXHMHYECKHX (JOPM paccesiHHs PYAHBIX 3Je-
MEHTOB H NMOJYHHEHHAA POJib IHAPOXHMHUYECKHX MPOLECCOB 0COOEHHO
OTYET/JIHBO MNPOABJAIOTCA NPH (OPMHPOBAHHH MOTOKOB pacCesiHHS
6oJIbINHHCTBA PYJAHBIX MECTOPOKIAEHHH M B GOJBIIHHCTBE PaifoHOB.
PacnpejenenHe XHMHYECKHX 3JIEMEHTOB MEXKIYy PAacTBOPHMOH H
TBEPAOH ($a3oil CTOKA XapaKTepH3yoT HX KO3PQHUHEHTH BOAHON
MHTpanuy U TaJaccoduabHocTH (cMm. Tada. 8). Kpome kuciaopona u
BOAOPOAA KJAPKH OKeaHHYeCKOH BOJAB MPEBHILAIOT KJIApKH JHTO-
ceps Tonbko no tpem saementam — Cl, S uw Br. Bce ocranbHble
3JIeMeHTHl He NMPOoABJASIOT CNOCOGHOCTH K HAaKOMJeHHI0 B rHApocdepe
H OCHOBHBIE HX KOJIHYECTBA COCPEJOTOMEHLI B MPOAYKTaX TBEpAOro
ctoka. PaccmatpuBasi JedHIHT MHOHX XHMHYECKHX 3/E€MEeHTOB
B ruapocdepe, A. A. CaykoB nucan: «Eciau Gbl B 3eMHOIT Kope He
6b1710 (haKTOPOB, PErYAHPYIOUHX MOCTYNJEeHHe XHMHYECKHX 3JeMeH-
TOB B MOpPSl H OKeaHbl, H ec/H Obl BCe 3JeMEeHThl H3 FOpPHLIX NMOPOA
NpH HX BHIBETPHBAHHH GecrnpenaTcTBEHHO MOCTynaJin B ruapocdepy,
TOrjla cocTas mocJefHell Gbi1 Gbl COBCEM APYTHM, YeM ecThb B Jefi-
CTBHTEJNbHOCTH. B yacTHOCTH, B Hell Obl10 Gbl B COTHH H THICAYH pas
GoJsbllle ILMHKA, CBHHIA, PTYTH, MbllIbAKAa, MeaH H ceaeHa» [38,
crp. 115]. K nepeuHio s3THX 3JeMeHTOB MOxKHO Aob6asuTh Sn, W, Ni,
Mo, Cr, Au, Pt, Th u mHOorHe Japyrue 3/JeMEeHTH, MECTOPOMKAEHHS
KOTOPBIX SIBJASIOTCH OOLIMHBIMH OOBEKTAMH MeOXHMHYECKHX NOHCKOB.
B annoBHAaJAbHOM TNMOTOKE PAacCesiHHs, TakK Ke Kak 1o nepupepuH
3JII0BHO-EJII0OBHA/ILHOTO Opeojla PYAHOTO MECTOPOXKAeHHs, npeob/a-
JIaHHe JHTOXHMHUYECKHX (hOpM paccesiHHs ompefeqsiercs cjeayio-
mHMH (paKTOpaMH:
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1) HanpaB/IeHHOCTbIO OOMEHHBIX XHMHYECKHX peakuHii B BOLHOI
cpefle B cTopoHy o6pasoBaHua HauboJee TPYAHOPACTBOPHMBIX H
¢J1a00IHCCOLHHPYIOLUHX COeIHHEHHIT;

2) BhinajieHHeM H3 pacTBOpa THAPOKCHAOB GOJBIIHHCTBA THAMKE-
JbLIX METajJoB yxe npu 3Havenusx pH<5,5, B To BpemMsi Kak BOJbI
PYUbEB H pPEK rOpHbIX pPaioHOB HMeIOT oObluHble 3HaueHus pH=7;

3) copOuHeil KaTHOHOB METaJJIOB MHHEPaJbHbLIMH H OpraHuye-
CKHMH KOJJIOHAaMH TOHKOJHCHEDPCHBIX HJIHCTO-TJIHHHCTBIX (paxiuit
AJTIOBHA.

CrapefilluM MeTOLOM HCCJAeNOBAHHS MeXaHHYECKHX MOTOKOB pac-
CeiHHS B NOHCKOBBIX IEeJAX fBJsSETCA WJIHX0Basg cbemka. OmHako
NPHMEHHMOCTb ee OrpaHHYeHa MNOHCKAMH MeCTOpOXKIeHHil, MHHe-
paJbl KOTOPBHIX TIO 'CBOEl BBHICOKO# MJOTHOCTH (>4 rfcm?), a Takxke
XHMHYECKOH H MeXaHHUYECKOH YCTOHYHBOCTH CHNOCOOHBI K KOHIEH-
TpalHH B LLIHXaxX. DTO 3acTaBHJO, BCJej 3a CO3AaHHEM MeTOMO0B
JHTOXHMHYECKHX MOHCKOB OPEOJIOB pacCesiHHs PYAHBIX MECTOpOMKje-
HHH, 06paTHTbCA K pa3paboTKe METOAMKH MOHCKOB TMOTOKOB pac-
CesHHsI TeX MECTOPOMKIEHHH LBETHbIX H pPelKHX MEeTaJ/lJIoB, MHHe-
panbl KOTOPBIX He NpHHAaAJMexaT K THnuyHo wanxoBbiM (Cu, Ni, Co,
Ag, Pb, As, Zn, Mo, U u ap.). LlenrecooGpa3HocTb HCCAEAOBAHHA
¢ 37O IleJbI0 HMEHHO MPOAYKTOB TBEPAOro CTOKa BLIABHJACH OYeHb
osictpo. [To manueim H. M. CtpaxoBa [44] o ¢popmax nepeHoca B pe-
KaX OCHOBHBIX KOMIIOHEHTOB OCafKoB (pHc. 13), MHrpauHs pyaHbLIX
3/1eMEHTOB B HCTHHHBIX PAacTBOPax Hrpaer BecbMa MOAYHHEHHYIO
poJb. Obuiee COOTHOLIEHHE MEMXKAY CyMMOH BJEKOMBIX M B3BEILUEH-
HBIX HAHOCOB pEK H CTOKaM pac*raopeuuux BEILEeCTB MOJs FOPHBIX
cTpaH ouenuBaercss um uudpamu 7,66 : 1,0. [TpeoGnanaer pacrsopu-
MBI CTOK TOJIbKO B paBHMHHBIX pekax (Hesa, Bojra, nHuxkHee reue-
nue JleHsl H 1p.), B paiioHax
KOTOPBIX MOHCKH PYAHBIX MECTO-
POKIEHHH MO MX NMOTOKaMm pac-
CeAHHS He MNpoBoAsATcA. B me-
JIOM MeXaHHYecKast H XHMHue-
CKas [eHydalHss MaKCHMaJbHbl
B pafioHax TYMHAHOrO KJHMaTa ////
CO CcpejHel roJoBOH TeMmmepary-
poit Boiwe +10 °C u npAMBIM
06pasoM 3aBHCHT OT CTeNeHH
pacuJieHeHHOCTH peJsibeda H Tek-
TOHHYECKOH aAKTHBHOCTH paloOHa.
IIpu 3TOM y TOpPHEIX peK B psae” S :\\VV
CJIyyaeB MeXaHHYECKHH TpaHC- Rg'offids -
nopr Fe; Mn, P u mananix aze- \K“‘/ 5
menros (V, Cr, Ni, Co, Cu Puc. 13. ®opmu nepeHoca B pekax
M Ap.) «BOOOWE CTAHOBHTCH  ooyonuux kommowenton ocaakos [44]
€HHCTBEHHO 3HAYHMOH QOPMOA® | _ yyuepans ramm: 2 — munepans anes-
nepexHoca [44' T. I’ CTPp. 32]' Bece opoautoB ¥ neckos; 3 — keneso, wmaprawew,

ochop, GOALINAS HACTL MHKPO3IACMEHTOB

CKa3aHHOe He CTaBHT MOJ COMHe- (V, Cr, Ni, Co, Cu...): 4— KapGonarhi Ca,
HHe BO3MOXHOCTh OOPa30BAaHHA & °~XA0PHast i cyabdatai K, Na, Ca.

NN
UcTunHbie | Yy

pacTeopbI

HACHI- | HeHachH
WeH- |liesHbie

Kas BIBECH
KonnouaHue
pacTsops!

Mexaruyec-

Bonouenve
no aHy

N7

%
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aHoMaabHLIX KOHLUEHTpPAlMil pyAHBIX 3JeMEHTOB B peuHbiX BoAax
B COOTBETCTBHE C B3aHMOCBA3aHHOCTBIO H B3aHMOOGYC/OBJICHHOCTLIO
BO3HHKHOBEHHS] TEOXHMHUYECKHX aHOMAJHH B pa3JHYHLIX reocdepax
(em. 1.7), B 1aHHOM cJiyyae TOJILKO yKa3niBaeTcsi Ha mpeoGJiaiaHue
TBepAoil (asbl B MOTOKAX paccesHus PyAHbIX MecTopoxkaeHuii, Cy-
leCTBEHHAS POJIb MEPeHOCd PeKaMH B PACTBOPEHHOM COCTOSIHHM OT-
Mmeyajach a4 As u Mo B 3aaiikainbe, OHa HeCOMHEHHO 3HAUH-
TeabHa H aas B, F, Sr u Li; B dopme cyabhat-noHa Murpupyer
B PEYHHIX BOAax cepa cyib(uaHbix mecropozxienuii. O6obimasn Bomn-
pOC O MeTOAHKE TeOXHMHYECKHX MOHCKOB PYAHBIX MEeCTOPOMKAEHHI
N0 HX MOTOKAM paccesiHdsi B HAPOCETH, MOMKHO YTBEpkKAaTh, YTO
onpo6oBaHHI0 B MOHCKOBHIX LEJIfIX NOAJNE}KAT «CTEHKH cocyias, 3a-
KJIIOMAIOIIero TOT WJIH HHOH BOJAOHCTOYHMK, T. €., TBEp/Ablil MaTepuail
FOPHLIX NOpPOA, caaralouiuii Gepera HJaH AHO pPy4beB, peK H POAHH-
KOB. DTOT BHIBOJ He HCKJIOYAeT CYIIECTBOBAHHA TAKHX reoxnmuuye-
CKHX YCJOBHH, B KOTOPHIX MOHCKH OMpPEeIEJEeHHBIX TOJe3HLIX HCKO-
naemMux Haunbogee 1eeco06pa3HO BECTH THAPOXHMHYECKHM MeTO-
aom (cM. 5.1).

2.2. YPABHEHH S HAEAJIbHOTO NOTOKA PACCESIHHSA

ITpoussesem pacuer cojep:KaHuil Merasda B JHTOXHMHYECKOM IO-
TOKE paccesiius /s MPOH3BOMBLHOTO MECTOPOMKAEHHS, BTOPHUHBIIT
OCTaTOUYHLII OPeOa paccesHHs KOTOPOTO NOJABEPraercs CoBpeMeHHOIl
IeHyfaliy Ha rOpHOM CKJOHe Kakoii-nnGo poauusl. Byaem umeHo-
BaTb noTokoMm | mopsaka aiwobvio pery (pyueil, ZoJHHY), HE HMEIO-
uyio 60KoBHIX npuTOKOB. Corsacio 3Toit KJiaccH(HMKaUuK, J1Be pPexH
I nopanxka, cauBasice o6pasyior pexy Il nopanxa; nse peku Il mo-
pAAKa, canBasce obpasyior peky Il nopsaiaka, koropas B CBOIO OUe-
pelb MOJKeT IIPHHHMATh B KauecTBe OOKOBLIX NPHTOKOB APYTHE PeKIi-
TobKo I u 11 nopsiikos u T. 1.

Bacceiinbl BogocGopoB pycea | nopsjka uauie BCero MMeOT rpy-
wesnanyio Gopmy u naomwaas ux S Aas 1060fi TOYKH pycaa BO3-
pacTaeT MpOTNOPUHOHAIBHO KBaJpaTy pAacCTOSHHA X OT BepLIHHE
sofopasfiena 0 (puc. 14). Ilyctb Ha ckJOHe 3TOli JOJHHEI pacnoJo-
JKeH BTOPHYHBLII OCTATOYHLIH Opeosa paccesHust ¢ MJAOMAAHON npo-
nykTHBHOCTBIO P M2 % wmeraana. 3ajaua 3aKJIHOYaeTcsi B YCTAHOB-
JIeHHH 3aBHCHMOCTH cofepxKanuii meranna C,'™ B pycaoBbIX OTJ70-
KEeHHAX OT KOOPAHHATHI TOUKH ONpoboBaHus:

Ce=f(x)=F(P, Sy, (30)

rae P umeer cMmbica MecTHOoro mapamerpa; Sy=¢(x). B coorser-
CTBHH C npHBeleHHbBIMH Bhbille TaHHBIMH AONIYCTHMO CHHTATb, 4TO
(GopMHPOBaHHE MOTOKA PACCEAHHS LEJHKOM ONpeAeserca TBepAblM
crokoM. B pycae pyubs, usob6paxennoM Ha pHc. 14, caemyer pas-
JHYaTh TPH HHTepPBAJa: MePBhIH, PacnooMKeHHbll Bbille TOUKH Ry,
B KOTOPOH pyAHBLII MaTEpHaJ M3 OpeoJa paccesiHHs He IOCTYNaer;

* BykBeHnnle 0603HAUCHHS BEJAHYHH, OTHOCAUIMXCS K MOTOKAM paccesmis,
NPHEATO JIONOJHATH 3HAYKOM «LITPHX». (CM. MPHAOKEHHE).
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Puc. 14. K pacueTy JHTOXHMHYECKOro NMOTOKA paccesHus.

a — nojioKenHe pyAHOro Teaa B Gacceflne somocGopa; 6 — rpadHKuM MOTOKOB pacCesinus;
| — BTOpHYHEIE OCTATOMHBLIH Opeos paccefiHHA ¢ NPOAYKTHBHOCTEIO P, ™? %;: 2 — ToukH on-
pofioBaHHA AaANIOBHAJLHLIX OTJAOXKeHHA; J — HanpaBJeHHWe CTOKa; 4 — rpaHuubl BojgocGo-
pos 8,. Pumckumu undpami oGosHaveHn HHTEPBANb, OrpanHveHHble TOYKAMH Havwana (R;)
H okoHuYauHs (R) nocTymaeHHs MeTanla B Pyca0 H3 opeona

BTOPOH, Mexay TouKaMH R, H R, Ha MPOTSKEHHH KOTOPOTO CHOCH-
MBIl B pPYCJIO C JIEBOTO CKJ/IOHA «OPEOJbHLIHY® 3/I0BHO-AEJIOBHIl OM-
penensieT NosiB/IeHHe aHOMaJbHEIX COLEPIKAHHA MeTa/iia B aJlJIIOBHH
H TPeTHiH, HHXKE TOUKH R, Ha KOTOPOM 3TOT aJJIIOBHIl NMONOJHAETCH
TOJIBKO MaTepHaJoM, CHOCHMbBIM ¢ 000HX 0e3pyAHbLIX CK/JIOHOB, B pe-
3yJbTaTe 4ero aHoMaJsbHble COJAepKaHHs MeTasJla MocTeneH’o mna-
ZIaloT.

Bo Bcex Toukax ompoGoBaHhsa B | HHTepBajse pycia coaepixKa-
HHA MeTansa, OYeBHAHO, OCTaloTcA (OHOBLIMH, H 3aBHcHMOCTE (30)
npuobperaer BHJI TOMK/IECTBA

Cx=Cs- (31)

AmioBHanbHble OTJIOXKEHHS B MepBoM NpHOIHMKEHHH MpeacTaB-
Js1I0T  co00i MPHPOAHYIO CcpeaHIol npoly, XapakTepH3YIOLlyio
BCe pa3Hoo0pasHe TOPHBIX TMOPOJ H HajAH4YHe PYAHBIX Tea B Oac-
ceine JeHyranii 1aHHOTO BOAOTOKA.

B III unTepraje pycina coiep:KaHHg MeTasJja B aaioBHH Gy-
JIyT TpeBbaTh (POHOBEIE HA BEIHYHHY

AC, = 2% .100%,

Grn

TI€ (e — JOTOJHHTENBHOE KOJHYECTBO METa/1a, MOCTYNalolero

B PYCJO 33 CYET AEHYJIallHH OpeoJia-paccesHusl; ¢r, — oblllee KOIH-

YeCcTBO MaTepHasa TOPHHIX NMOPOJ, CHOCHMBIX 33 TOT K€ OTpPe30K

BpeMeHH co Bceii nJjowanan Bojpoc6opa Sy, OTBevallleldl TOUKe

onpoGoBauKs Ha PACCTOAHHH X OT BepIUHHB BOAOpa3jena.
OGo3nayas cpeaHHi caoit Aenyrauun Ah, uMeem:

Gue=PARd-<10~*;
Grn=S,ARd,
rie d—o06beMHas Macca CHOCHMOTO B PYCJIO 3JI0OBHO-JITIOBHS.
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Orciona AC,=P/S,;

€ S” +C (32)

Bo II nHTepBase B pycao OyAyT NOCTyNaTh pasjiHuHble KoJHYe-
cTBa MeTa/lla, 3aBHCALlHE OT NPOJAYKTHBHOCTH P, TOH uacTu
opeoJia paccesHHsi, KOTopasi y4acTByeT B (JOPMHPOBAHHH TBEpPIOro
CTOKa TOYKH onpobGoBanus x. CunTas AAA NPOCTOTHI, 4TO JHHEHHAd
MPOAYKTHBHOCTL oOpeoJa Ha Bcem uHTepBale R—R, octaercs
nocrosiunoii, HMeeM P,/P=(x—Ry)/R—R,). Orciona co-
raacHo (32)

' Py " P (x — Ry) '
el (o P i el RS 33
e e T (33)

Toxnpectso (31) u ypaBHenus (32) u (33) XxapaKTepH3yIOT
pacnpejelieHHe coAep:KaHHH MeTajlJla B HAeaJbHOM JHTOXHMHYE-
CKOM nOTOKe paccesiHus. Kaxjaoe H3 3THX YpaBHEHHH OTBeyaer
OnpeeJeHHOMY HHTEpBaJy pycJa H aHaJHTHYECKH OHH HecoBMe-
CTHMBI.

Pewas ypaBHenue (32) oTHOCHTeJbHO P, HMeeM:

P=38,(Ci—Cy). (34)

Pagpencrso (34), xapaktepusys HJAeaJbHbIH IOTOK pacCesHHA,
B NPHPOAHBIX YCJAOBHAX 3aMeHAercsd NPONOPLHOHAJBHOH 3aBHCH-
Moctblo. (O6o03Hauas nNpaByl YacTb BhIpaXKeHHs (34) cHMBOJIOM
P’ u uMenys ee, O aHaJOTHH C TAKHMH e mapaMeTpaMH OpeoJ/IOB
H pPYAHBX TeJ, NMPOJLYKTHBHOCTbLIO NOTOKa pacces-
H H 5, MOJKHO C MOJHbIM OCHOBaHHEM HalHCaThb:

P'=8,(Cx—Cy) =k P=const, (35)

rae £=1,0 — ko3 HUHEHT NPONOPUHOHANBHOCTH, 3aBHCAIIHH OT
MECTHHIX OpOTHAporpadHUYecKHX YCJOBHH H HHAHMBHIYaJbHBIX
CBOWCTB XHMHUYECKHX 3/€MEHTOB, B YaCTHOCTH, OT peajbHbIX COOT-
HOILIEHHHA MEX/JY HX TBepJAblM H PAaCTBOPHMBIM CTOKOM.

Ecnu oTHOCcHTeNMbHAash BeJqHYHHA OO6IIEro CTOKa 3JEMEHTOB MO-
poa006pa3yolIiX MHHEpaJ0B TMpeBbIIaeT OTHOCHTENbHBIH CTOK
PYAHOTO 3JIeMEeHTa MO CPaBHEHHIO C HX COOTHOLIEHHSMH B 3JIO-
BHO-JIeJIIOBHH, a/JIOBHI oforauiaercs PyAHLIM 3JeMeHTOM H 00beM
€ro CTOKa MPOMOPIHOHANLHO BO3pacTaer. YpOBeHb COJEpIKAHHH
merasna B anmwoBuu C,’, HA KOTOPOM JOCTHraercsl AHHAMHYECKoe
paBHOBECHE MEMKIY ero NPHXOAOM M pPacXofOM, ONpefe/isieT BeJH-
uuHy k’>1,0. Ecau BcaencTBHe MaJlof NJIOTHOCTH, CHOCOOHOCTH
K TepeH3MeJbYeHHI0O HJIH BLICOKOH PacTBOPHMOCTH PYAHBIX MHHe-
paJsioB, OGIIKA CTOK PYAHOTO 3/€eMEHTa ONepekaeT CTOK MeTPOoreH-
HHIX 9JEeMEeHTOB, MEeCTHbIH KO3()(hHUHEHT NPONOPLHOHANBLHOCTH
npuobperaer 3Hauenne k' <1,0.

ITocKoAbKY NpPH ycTaHOBJEHHH 3aBHcHMocTel (32) — (35) wmbl
He cBA3HIBaJM ce6s KakaMH-THO0 NpeanojioxeHHAMH o dopMme
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BojocGopuoro Oacceiina, AeficTBHe HX, B NPHHIHNE, MOXKHO pacnpo-
cTpaunTh Ha pycaa Il u Gosee BbICOKHX nopsaakoB. COOTBETCTBEHHO
TOMY B JI060M - H1€aJbHOM JIHTOXHMHYECKOM MOTOKE pacCesHHs
MOJKHO BBILEJATb: HHTEPBAJ (DOHOBHIX COMEPIKAHHH PYAHOTO 3Je-
MeHTa x<CR,, B KOTOPOM JJIfi BCeX TOUEK MPOAYKTHBHOCTH NOTOKA
paccesinusi P’ TOMXKIeCTBEHHO paBHa HYJIO; HHTEPBAaJ AHOMAJbHEIX
conepxanuit meramna Ro<x<CR, 006si3aHHLIX €ro MNOCTYMJIEHHIO
CO CKJIOHA B Pyc/lo, B KOTOPOM NpPOAYKTHBHOCTH TOTOKa Hempe-
pHIBHO BO3pacTaeT; HHTepBaJ Xx>R, B KOTOPOM aHOMAajbHbE CO-
Jep:KaHHs MeTaJlla NajalT, AacHMNTOTHUecKH TpHOAHKaACh
K (oHy, a NPOAYKTHBHOCTh MOTOKA paccesHHsl OCTAeTCH MOCTOAH-
HOM. DTH 3aBHCHMOCTH XapakTepusyior rpaduku Ha puc. 14 u naH-
unie Taba. 10.

ITo rpapuram C.'=[ (¥) no npusnaky C.'=C," ompeneisercs
TOJIBKO TOJIOJKEHHE TOUKH R,— Hauyalo MOCTYNJIEHHS PYLHOTO 3je-
MeHTa M3 opeoJa paccesHHa B pyecio. Omnperenurs HONOKEHHE
TOUKH R, yKasaTb YHCJO PYAHBIX TeJ HJH OLEHHTb CPaBHHTEJIbHBII
maciutab opyaeHeHnsi B H6accefiHe BogocGopa mo rpadukam cojep-
JKAaHHI MeTayia HeJb3sl AaxKe NpH onpoGosauuu pycen I nopsanxa.
STH BaxHble AONMOJHHTEJNbHLIE CBEJeHHs AJI YUYAaCTKOB C aHOMaJb-
HEIMH COJIepXKaHHAMH MeTaJJa B pycie ofecneyHBaer aHaju3
rpaduKoB NPOAYKTHBHOCTH IOTOKOB paccesiiusi P./=f (x).

CorsacHo BHIpa)ieHH0 (35), MPOAYKTHBHOCTb MOTOKa paccesi-
wusg B IIl uHTepBase pycsaa TeOpeTHYECKH OCTaeTCA MOCTOAHHOI
(cm. puc. 14), ¢ obuledi TeHAeHNIHell K yOHBaHHIO B pealbHHIX IO-
ToKax pacceanns. [Tostomy Ha rpaduke NPOAYKTHBHOCTH MOTOKa
paccesiHHs N0 TPH3HAKy npekpaulenus pocta P.” MOXHO onpene-
JHTb noJoxenne ToukH R, a no BeawumHe P’.=const c yuerom

Ta6auwua 10
XapakTepHCTHKH MIEalbHOr0 MOTOKA PaccesHus

CopepXaHHe MeTanna TpoAyKTHBHOCTE TNOTOKA
Hutepsan sHaveHHft B NOTOKe pacCemHHs paccesnHA
X 3 r r r -!
€y Pe=S,(Cy —Cp)
I0<x=<R, C; = C;, (thonosoe) P; =0
Pix— ’
Il Ry<=x=R x:(—ﬁ+c¢
Sx(R — Ry)
(anoMaibHOe — BO3pacTaer H | P, — Bo3pacraer
yOuIBaeT)
M=% R Cy=PIS,+Cy P, k P= const
(anomanpHOe — yGLIBaeT, acHMI-
TOTHYECKH NpHOIHKAsCH K (hoHY)
\
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MECTHOTO 3HauyeHHsi R’ — OUEHHTb MNJOMIAJAHYI0 NPOAYKTHBHOCTH
BTOPHUHLIX OpPEe0JIOB paccesaHHs, Pa3BHTHIX B Mpejesax AaHHOro
Bojgoc6opHoro Gacceitna. [lociieqHee umeer mpsiMmoe 3HaueHHe A/
OlleHKH Maciutaba 0XKHAAaeMOro KOPEHHOrO OpYIeHEHHS, COrJaacHo
3aBHCHMOCTH
! ’

Ps = P (36)

Paccmotpum Gosee JeTajbHO OXHAaeMbiii BHA rpadukoB C'.=
=f(x) B 3aBHCHMOCTH OT MNOJIOKEHHS BTOPHYHOrO OpeoJa pac-
cesiHnsl B Oaccefinax Bojoc6opa pasnuuHoil ¢opmbel. [as pemenns
3TOH 3ajJaud YAoOGHO JIHHHIO pycia B NJaHe COBMECTHTh C OChIO
abcunce, cudTas ee ONHOBPEMEHHO OCbI0 CHMMETPHH JIOJHHHL,
a AJs JHHHH BOjJopasjena, OKOHTypHBalouieii GaccelfH CTOKa,
noxo6pars ajdrebpandecKuii MHOrowleH y=@(x), anmpoOKCHMHPYIO-
muil popmy peaasHoro Bojoc6opa. B srom ciyuae HeobGXoaumas
IS pacuera MOTOKAa PacCesHHs IVIOIIAAb CTOKa Sy, a8 J000i
TOYKH pycJa BHIPa3HTCA Yepe3 HHTErpaj mpocrefiuiero BHaa

*
S:=2 Jo(x)-dx,

Tak, nanpumep, Gaccefinel pycen | nopsaka, noao6Hbie H30-
OpaxeHHoMy Ha pHc. 14, YyIOBIeTBOPHTEJNBHO OKOHTYpPHBAaer

KpHBas y=x-—TL—x“ H, CJIe/0BaTe]IbHO, MJOWAH BOA0CGOPOB

JIJIA1 COOTBETCTBYIOHIHX TOYEK Oﬂp06OBaHHH MOTYT BBIUHCAATLCA
H3 BLIpaXKEHHA

S,=x— —%xﬂ (37)
rie 2b — gauHa pycaa (3aMeTHM, 4To b HMeeT pa3MepHOCTb AJHHEI
H MOTOMY MpaBas 4YacTb MOC/JEJHEro BhIPaX{e€HHA COXpaHser pas-
MEPHOCTh MJIOLLAMH ).

[Totok paccesHHs PYAHOrO Tejia, pacnoJoxKeHHOro B Gacceiine
.Takoro BojocGopa, npu b=1,0, ana uuteprasa pycia R,<<x<<R
6yaer cornacHo (33) onpenessTbCsl ypaBHEHHEM

PE—R)— 1Ch (39
(3x* — x%) (R — Ro)

[Tpu mocrosinubix 3HaueHHAX P rpaduku cojepraHuil Merasa
C’,. B moTOKe paccesH”s, B 3aBHCHMOCTH OT MOJOXEHHA TOueK R,
H R, OyayT uMeTb CyLLeCTBeHHO pasauynblii BHJA. CrenanHoe aomy-
wenne (37) o c¢opme Oaccelina, cxemaTH3HpYIOllee 3PO3HOHHOE
pacu/leHeHHe 3eMHO MOBEPXHOCTH, He MOBJIHAGT Ha XapakTep
nanapHeilux BBIBOJAOB. C TakuMm ke ycmexoMm dopmy Gacceiinos
BojocOopa MOXKHO YNOAOOHTH TPEYroJbHHKY, KBAajpaTy WJIH 3/-
JITICY, IVIOWIaZH KOTOPBIX BO3PacTaloT NPOMOPHHOHATBHO KBajl-
paTy OJHOrO W3 JuHeHHBIX pasmepoB. BecbMma BbipasHTeNbHBI BHI
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HMEeT CeMEeHCTBO KPHBBLIX, PaCCYHTAHHBIX AJA Pa3jHYHBLIX TOJO-
JKeHuil TOYKH Hayaja NMocTymJeHHs Meraana B pyciao R,=0,0; 0,1;
0,2...0,9 npn mocrosnubix 3nayennsx R=10 u P=100 (puc. 15).
OcobGeHHOCThIO HX ABJAETCH HaJHYHe Pe3KO BHIPaXKEHHOro MaKCH-
MyMa COJep:KaHHil MeTaJjla B BepxHeM TeueHHH Bojortoka, Iloso-
JKEeHHE TOUEK C MaKCHMaJbHBIM COACPMAHHEM METasjla U BEeJHUHHY
storo cojepxanua C'yax B MOTOKE paccesaHHs HaifigeM, Auddepen-
IHpYys Bblpaxende (38) u nNpPHPaBHHBAS TPOH3BOAHYIO HVJIO.
B urtore Jerko y6eauTbcsi, UTO AEHCTBHTENBHbLIH MAaKCHMYM rpa-
(HKH CcOJepKaHUll MeTajasa B NOTOKE paccesiHisg HMEIOT TOJBKO
Ans 3HaueHuss R,<<0,36R, Tak kak yxke npu 3naueHusax R,=0,35R
IKCTpPeMaJsibHAs TOYKA HMEeT KOOpAHHATY X>R H, CJel0BaTeJbHO,
JeXHT B MHHMOH o6GJjactH. CxojHoe ceMeficTBO KPHBHIX C MaKCH-
MaJbHBIMH 3HaveHusMH C.” B o6aactn x< 0,35 o6pa3syioT rpaduku
coftepxanuii metanna C,'=f (X) npH MOCTOSIHHONH NPOTAKEHHOCTH
opeosia pacceanns R—R.=1,0 u COBMECTHOM MNOC/JEI0BATEILHOM
nepemeiieHHn Touek Ro, R 0T BepliHHbI BOj0cG0Opa B CTOPOHY YCThH
poaudbl. JleficTBHTEIbHOrO MaKcHMyMa rpadukm copepr<aHHi Me-
tamna C,” B HHXKHEM TeueHHH pycja He umeior. [Las Bcex Toyex,
ylaJeHHBIX OT BepLIHHBl BoJOpa3jelna Ha paccrosHue x>R u,
CJIe[IOBATE/IbHO, JIeKAallHX HHXKE HernoCpe/ACTBEHHOro I[pHBHOCA
PYAHOrO MaTepHalia, cojepkaHHe MeTajlJla B MOTOKE pacCesHus
Oyler nporpecCHBHO YOBIBaTh, HNOAYHHAACH ypaBHenuio (32).
C reoMeTpHYeCcKOil CTOPOHBl 3Td 3aBHCHMOCTH NpeicTaBJser cofoif
runepbosay ¢ aprymentoMm S, CooTBeTcTBYIOUIHI €H OTPe3oK Aas
cayuasi, Korfa S, nojaunHgercs 3aBucumoctn (37), m3obpaxeH Ha
puc. 15. dta runepbona sABAseTcs OGUIHM NPOAOJKEHHEM
/I BCeX KpHBBIX ceMeicTB (38), ¢ KOTOPbIMH OHH HMeEKT OOGLLYIO
Touky x=R.

Heaocratounocts anannsa rpaduKoB Cojep:KaHHA PYLHOrO
97eMEHTa M Ba:KHOCTbL aHaJH3a NPOLYKTHBHOCTH IOTOKOB pacces-
HHSL MOJKHO MJJIIOCTPHPOBAaTh cheiyiomum npumepom. Ha puc. 16
cxeMaTHYeCKH H300paxkeHbl JBa cayyasi PasJHuYHLIX MOJOMKEHHI
BTOPHYHBIX OpeoJioB paccesnns B Oacceiine BogocGopa. [Mnomas-
Hasg NPOJAYKTHBHOCTL NEpPBOr0 OpeoJia MPHHATA B 2 pasda MeHblIe
Broporo. Jlns Kamaoro u3 3THX caydaes npu k'=1,0 npoussenen
pacuer coxepxkaHuii Merasna C’y B npo6ax H MPOJYKTHBHOCTE!
P’, norokoB paccesanns. M3 npuBeneHHbIX rpaduKoB CJEIYeT, yTO
NpH PacCMOTPEHHH TOJNBLKO COAEpPIKaHHH MeTalsua NepBooyYeperHoe
BHHMaHHe OIWIHNOOYHO MpHBJAEK Obl MepBBIii ciayyaH, XapaxkTepHaye-
MBIl GoJiee BLICOKHMM YPOBHEM H GOJbLI€ll NMPOTAXKEHHOCThIO AHO-
MaJbHBIX cofepxanuil Meraana B pyciae. Tonbko ananana rpaduxkoB
NPOJAYKTHBHOCTH TOTOKOB pPACCESHHA TO3BOJHJA Obl TPaBHILHO
OLEHHTh OOJBLIYIO NEPCHEeKTHBHOCTL OPY/LeHeHHs, OTBEYaLero
Bropomy cayuaio. JIo6onbITHO, UTO HNPH OlEHKe Pe3yJbTaTOB LIJIH-
XOBOH CBLEMKH JIOHBIHE TOCMHOACTBYET MPHHILHI: «BECOBLIe KOJH-
yecTBa (pYAHOro MHHEpana B UIIHXe) — 3TO XOPOLUIO, eAHHHUYHDIEe
3HaKH — m1ox0». HenocraTouHoCTh 3ITOr0 KPUTEPHS, HMEIOULero
MHOTOBEKOBYIO J1aBHOCTh, BNOJIHE OUEBH/HA.

o 67



Gz, yon.ed.

Plric.m®%

100

0

( bz, Y660 .

20

T

in

L 7

s00
€y =1030
w0 T
Joot
zad‘(
100
—
0 | |
a5 [0 Z,4en.eo.

Puc. 15. CemefictBo Kpuswx C’'x=[(x)
A PAIHYHBIX [OJOMEHHH TOoykn R,=
=0,0; 0,1; 0,2; ... 09 npu C'y=0; P=

=100; R=10n Sx=x’——§x3.

Crpeakoil Ha PHCYHKe MNOKAa3aHO HanpasJeHHe
CTOKa

Pue. 16. Jlpa cayyas NOJMOXKEHHT PyA-
HBIX Ten B Oacceitne pogocGopa (a) u
rpadukH TOTOROB pacceanus (6).

I — BTOpHYHBIE OPEOJBl PACCeAHHWA ¢ NPOAYK-
THBHOCTbIO Py=2P;; 2—To4YkH onpoGoBaHHA;
3 — pnanpasaeHHe cToKa; 4 — rpanuua Gaccefina.
Ipaduxu: 5 — comepkanHa wMeTannza (3a Bbi-
ueToM (oHa); & — NPOAYKTHBHOCTH TNOTOKa pac-
CesHHA

[é 20 T, KM

[MoToKH paccesHHsi, CBfi3aHHbIe ¢ OGLIHPHHIM 1O MJOIIAAH PYA-
HbBIM YYaCTKOM, MOTYT Pa3BHBaThCsi B HECKOJBKHX CMEXHBIX pyc-
aax. O6uLy0 NPOAYKTHBHOCTb TAKOH TPYNNbl NOTOKOB PacCesHBs
ONpeJeNUT CyMMa NPOAYKTHBHOCTell He3aBHCHMBHIX TOTOKOB C yue-
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TOM [MOCJAEJ0BATENBHOTO CJHAHAHHS pycen co 3HaueHusamu P.'=

m
—const. Tlokasarenb Posm= 2, Pi Xapakrepusyer yme He OT-
t=1

JIeTbHOE PYCJIO, a KOHKPETHBIH TreoJOrHYecKHi 00beKkT — pyaHoe
MecTopoxkieHne, o6pa3oBaBliee NMOTOKH PACCEAHHS B M CMEXHbIX
pycaax. Ouenkoii HoBoro oGbekTa HpPH MOHCKOBHIX pabortax cay-
kKaT UMGPH NPOTHO3HBIX pPECypcoB Mertanana Q'y, mNoOJCUHTAHHbIE
Ha uenecoobpasuyio rayouny. Takne moicHeThl JOMYCTHMbI TOJBKO
TOCJ/Ie TEe0JOrHYecKOro OCMOTPa Y4acTKa Ha MeCTHOCTH, B pesylib-
TaTe KOTOPOrO YCTAHABJIMBAIOTCA TeHeTHYECKHil THN M YCJOBHA
3ajleraHusl BbISIBJEHHOro opyiaeHeHus (cM. ri. 6). B ocHoBy oleHKH
OPOTHO3HEIX PECypcoOB MeTajjia M0 TeOXHMHYECKHM JaHHBIM M0JO0-
JeHa MPONOpUHOHAJbHAA 3aBHCHMOCTh (36) Mexay NpOLYKTHB-
HOCTLIO KOPEHHOro opy/ieHeHHs Pp H NPOAYKTHBHOCTbIO JHTOXH-
MHYECKHX OpEOJIOB H MOTOKOB paccesinua (P; TP/ m2%). Has
OTHOCHTEJIBHO KpyTOnajarmolnx (He ropH3OHTAJIbHLIX) PYAHBIX 3a-
Jexein (cM. puc. 9) 3TO nO3BOJAET OlEHKY Pp pacnpocTpaHHTh
10 o6ocHOBaHHO BHIOpaHHOH rayGHHH H coriacHo 3aBHCHMOCTH

’ ] l i "
U= 4P L

rie & 1 k=1,0— mecTHple KO3(QQHUMEHTH NPONOPLUHOHAILHOCTH,
onpeneaseMble H3 onbita pabor. enenune na 40 orBeyaer nepe-
X0y OT KBaJpaTHLIX METPONPOLEHTOB K TOHHaM MeTaJJa.

2.3. ®°OPMHPOBAHHUE PEAJIbHBIX MOTOKOB PACCEAHHUSA

3asucumoct (32)—(33) u BHITeKawllee H3 HHX YcJjoBHe P'x=
=8:(C’x—C'yp)=const mpu x>R wumeoT ¢QyH1aMEeHTaIbHOE
3HaueHHe B TeOPHH (POPMHPOBAHHA JHTOXHMHYECKHX MOTOKOB pac-
cefiHMs PYAHBIX MecTopozkaenuil. OcHoBaHbl OHH Ha JIOMYILEHHH,
4yT0 B J1000H TOYKe pycsa aJIIOBHHA MO CBOEMY XHMHYECKOMY CO-
CTaBy sABJAETCA TPHPOAHOH cpeaHeil npo6oil, xapakrepH3yoLlei
coctaB mopoj (M pya), caaraipouiux ee GacceitH nenyiaauuu. B rop-
HHX pafloHaX 3TO YCJOBHE He MPOTHBOPEYHT O6ILEMY XOAy npolec-
COB: MHTpalllsi MNETPOréHHBIX M PYAHLIX 3JEMEHTOB B OCHOBHOM
nporekaer B ¢opMe TBepaoro croka. B pycaax ropHbiX pek mpo-
HCXOAHT TYpOyJeHTHOE nepeMelIHBAHHE 3JTIOBHO-Je/I0BHABHBIX
MPOJYKTOB BBIBETPHBAHHSA, MOCTYNAIOUHX CO CKJIOHOB, a (OpMH-
pyIOLLHiicAs NPH 3TOM aJJIIOBHI B ILEJMOM BBLIHOCHTCH 3a MpeIeJbl
TOPHOH CTPaHHL.

B nonuHax ropHbiX pPeK BCerjia HMEeTcs BajlyHHO-TJILIOOBHIT,
necuaHo-raJeunblii ¥ TJAHHHCTO-HJAHCTEII MaTepHaJ, H3 KOTOPOro
NpH JHTOXHMHYECKHX CheMKax oT6Hpaerca npoba Mmeakosema. Ot-
JoXKeHHe aJJIIOBHAJAbHOTO MaTepHasla, eCTeCTBEHHO, He BeJer
K TMOCTENEHHOMY 3anoJIHeHHIO pyces ropHeix pex. B Teuenue aiu-
TEJBHEIX TEe0JOTHYECKHX MEepPHOA0B 3PO3HOHHOE PAa3BHTHE TOPHHIX
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CTPaH NPOTEKAaeT B pekHMe AHHAMHYECKOro DABHOBECHA MEHAy
MNOCTYNJIEHHEM MaTepHala cO CKJOHA B PYcJO H €ro BBIHOCOM HJIH,
NpH HAJAHUYHH HEOTEKTOHHYECKHX SBJeHHH, CTPEMUTCA K peryJasp-
HOMY pexHMY.

[Tpu copMHPOBaHHH JHTOXHMHYECKHX NMOTOKOB paccesHus pyciao
peKH SfBJASETCA He TOJbKO 00/1acThbio NepeMemIHBaHHsi H TpaHc-
MopTa phHIXJOro MartepHaja, HO H BpeMeHHbiM Oa3ucom Jenysaa-
uun, T. e. ob6nacTbio ero orioxenus. [Ipn 3T70M B MecTHOM amiio-
BHH NpEeyBeJHYEHHYIO POJib MO CPaBHEHWIO © H/ealH3HPOBaHHOM
KapTHHOH Hrpaer Martepuan OGJauxaliliux CcKJI0HOB., BceaexcTteue
TOrO0 B HHTEpBaje MNPHBHOCA B PYyc/a0 PYAHOTO MaTepHaaa Cco
CKJIOHOB BbiyHcJeHHas no ¢opmyne (34) Beanuuna P’y npesblmaer
HCTHHHOE 3HAY€HHE NPOJYKTHBHOCTH MOTOKA paccesHHs, a HHIKe
N0 TEYeHHIO, B3aMeH NPHOGPETeHHA NOCTOSIHHBLIX 3HauyeHud, P’y
6elcTpo najgaer. B peayiibrare oTCYeT YCTOHYHBBIX 3HAUEHHH TPO-
JAYKTHBHOCTE! MOTOKOB paccesiiisi M OIleHKa NPOrHO3HBIX pecypcos
merasia no ¢opmyde (39) craHoBSiITCS HEBO3MOMKHBIMH. B 3THX
YCJOBHAX 3HayeHus P’y, BuuHcAeHHbe no dopmyse (34), cuenyer
HMEHOBATh KaXyllelcHd MPOAYKTHBHOCTBIO NOTOKAa PACCesHHS,
HCTHHHOE 3HaueHHe KOTOpoil P’yer oOcTaeTcs HEH3BECTHLIM.
Haa npeogonenns stux sarpyanennit A, H. BoroawoGosuim [25]
1 B. B. INoaunkapnoukunsiM [25, 30] npeanaramaick COOTBETCTBYIO-
mue peuieHnss. ITPOH3BO/JCTBEHHOrO NPHMEHEHHS 3TH METOH
He mnoayunsi. Hmuke paccmarpuBaercs pelleHHe, OTBeualollee
aamnpocam npaktHku [43].

Crenmenb oTvinuusa OonpobyeMblX OTJIOMKEHHII OT cocTaBa MPHPOJL-
HOH cpejneil npoOwl Bcero OaccefiHa AeHyJallld 3aBHCHT OT MHO-
skectBa npuyuH. [TonbITKH pasjenbHON OLEHKH BJIHSAHHSA KazkJoif
M3 HHX Ha (OopMHPOBaHHe JHTOXHMHYECKHX NOTOKOB pacCesiHHs
Oblin Obl 3aBeloMo GesnajerkHbl. EAHHCTBEHHO peasibHBIM B 3THX
YCAOBHAX fIBAAETCA XapaKTepHCTHKA CJIOMKHOH 3aBHCHMOCTH C MNO-
MOlllBI0 0c0G0ro KosdhhHUHEHTA, OTPaKAIOUIEro BCK CYMMY deicT-
Bylouinx akropos. B jannom caydae BBeleM OGe3pasMepHBIil
ko3 duunent a’'>=1,0, xapaxkTepusyolHii KPaTHOCTb YyuacTus
B a/JIIOBHH MaTtepHaJa OJjuMKaflluX CKJIOHOB MO CPaBHEHHIO C €ro
O:KHJaeMoil JoJeld B cocraBe MNPHPOAHON npobw. B naabHeii-
ureM OGyaemM HMeHOBaTb @ «CKJIOHOBBIM Kod(dduunenTom aij-
JIOBHA> . ! ,

O6Gosnauum uepes C, u Cy_, comepxKaHHA PYAHOTO 3Je-
MeHTa B CMeXHBIX TOYKAaX onpoOoBaHHA, H3 KOTOPHIX BTOpas
JEZHT BhIIE 1O TEYeHHIO PEKH H COOTBETCTBEHHO HMeEeT IJollalb
Bojoc6opa S, <S.. B annoBHanbHBIX OTJIOXKEHHAX AaHHOTO
pyciia poJib MECTHOTO CKJOHOBOro MartepHaina B «' pa3 GoJblue
HEKEJH 3TO cjeoBajto Obl M3 NpejicTaB/eHHii o MPHPOAHOH cpej-
Heit mpoGe. Ilosromy cosiepkanue py/AHOTO 3JeMeHTa B TOUKe X
Oyier oTBeyaTh CPeHEB3BENICHHOMY 3HAYEHHIO, MPONOPLUHOHAILHO
nocTymiiennio Meraaaa no pycay Cy_;-S,.y H ¢ npuieraiwoulero
oTpe3ka ckaoHa Sy— Sy, =AS.. Ilpunumas, 4To Ha 3TOM OTpe3Ke
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CKJIOHA HMEIOTCA BTOPHYHBIE OPEOJIbl PAcCCesHHA C MNPOAYKTHBHO-
cTbi0 AP H yuHTHIBasi ()OHOBBIE KOJHYECTBA MeTaJjJja, HMeeM

€y_1-Sy_y +@ AP, +a'CyAS
Sx_l + alAS

Jlerko Bugerh, uTo NpH 3HaueHusx Cy_; = Cy, o = 1O wAP. =P
3TO BhIpa)KeHHe NpPHBOAHTCa K BHAy (32). M3 Boipamenns (40)
Takxe cuaeayer, 4to npu Sy_;=0 Beamunna C.’ nepecraer 3aBH-
ceTb OT @', U NpH JIOOLIX ero 3HayeHHsAX cobJIojaercs npocreiias
3aBHCHMOCTL (35). DTOT BBHIBOA MOJHOCTbIO COOTBETCTBYeT Halbuio-
JeHHSM, COIJIaCHO KOTOPHIM MpPH MalJblX HayaJbHBIX BoOj0ocGopax
SRO. xapakrepubix ans pycea [—II nopsinkos, rpaduku npoayk-
THBHOCTEA peaJIbHBIX [OTOKOB paccesiis JIOCTATOYHO OJIH3KH
K u3oOpaxkennomy Ha pHc. 16. Ilpunnmasi Cy'=0, uro no cmbicay
oTBeyaer 3HaueHnio C,’ 3a BBHIUETOM (POHOBHIX conepmanpﬁ. 0CBO-
6Gox1asch OT 3HaMeHaTeJass H BBOAfA ob6osnayenne Cy—Cy_=AC;,
HMeeM

S, 1+ACx+ 0o C,AS—a AP =0.

[Tocie nenenns Ha AS u mepexona K npeaeay AS—-0, npu Koto-
pom Sy —Si, noayuum auddepeninansbHoe ypaBHeHHE Mpolecca,
KOTOpPOMY nojuuHsercsi (OpMHpPOBaHHe peasbHOr0 MOTOKa pacces-
HHS

C.=

(40)

it LA e A )
a5, +a (Cx 3s, 0. (41)

dta dopMmysa OnmHCHIBAET CBA3b MEXAY NMPOAYKTHBHOCTBHIO -BTO-
PHYHOrO OpeoJia paccesiHH Ha CKJIOHe M COJAepKaHHeM pYIHOro
3JIeMeHTa B a/UIIOBHH Ha BCeM TMPOTHAMKEHHH pyc/a, MOKa CKIOHO-
Bblit Ko3dduIHeHT o ocTaeTcs NOCTOAHHBIM, HE3aBHCHMO OT Ha-
JHYHA WIAH OTCYTCTBHS aHOMaJMH Ha ckjaoHe. Ha Bcem unTepBate
pycia ot ToykH R, 10 TOYKH R moctynjeHHe MeTallia cO CKJOHA

" dp
COrJiaCHO NPHHATOH MOJAENH MNPOHCXOAHT PaBHOMEPHO, HJIH d_S -

Sy

]
=—-—~£—- [TopcraBassa 310 BhpamkeHune B (41) wu pasgenss
Sr—8gy
nepemMeHHble, HMeeM
dcxP o s
; S
Gy — SR—SRU x

Hurerpupysi 310 ypaBHeHHe M OcBOOOMKZaschb OT JOrapH(MoB,
HMEEM:

' P —a'
Ci——— =AS;", 42
e (42)

rae A—pESY.’IbTaT [NOTEHUHPOBAHHA NOCTOAHHOMH HHTErpHpOBaHHHA.
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3nayenne A  Hafinem ans  ToukH  S,=Sp,, B KOTOpO#

C,’=0. TloacraBnas 3Havenne A B Bhipaxenme (42) u pewas ero
orHocutenbHo Cy', ¢ yuetom Cyp=0 nmeem:

' R SRo o' A
Cr=——"—|1— B (43)
o SR—SRo[ ( Sy ) S
Ha Bcem nporsixkeHun pycna HuxKe TOYKH x=R, B III uurtep-
dc, ds
Bajle MOTOKa paccesiHHs oL g S 0, otkyna LT
ds C; 5.

Hurterpupysi 310 BBIpaX<eHHe, HMeEEM
InC;=—a InS,+B, (44)

raie B — nmocrosiunasi HHTErpHpPOBAaHHS.
3Hayenne ee OnpejeNHM 10 TOYKH Xx=R:

B=InCg +a InSp.

[TopcraBaas snayeHne B B Beipamenue (44), ocoGoxipasick OT
JorapumMoB H pewas ero orHocHTeabHO C)' ¢ yuetrom Cy'+-0,
HMeeM

+ (CrR—Cy) :

Mo @

3asucumoctu (43) u (45) sABNAIOTCH YpaBHEHHSIMH PeafbHOTO
JUTOXHMHYECKOr0 MOTOKA paccesiHus, COOTBETCTBEHHO s ero I u
IIT unrtepBanoB. Ha puc. 17 usoGpaxensl rpagukd COAEpKaHHI
pyanoro saemenra C.'=[(Sx) u npoaykruBuocteii P, =[(S:)
NOTOKOB paccesiHHd JAJA PasAHuHbIX 3HaueHHit a'>=1,0 npu
Sgo:Sp=0,5, BEuncaenHble no 3THM (opmysnam. B nannom cay-
yae MaKCHMaJbHble 3HAUEHHs KaKyllefcss NMPOAYKTHBHOCTH B /Ba
pasa TPeBHILAIOT €e HCTHHHOE 3HaYeHHE.

CewmeiictBo KpuBbx P’/P’ycr, mOKa3anHoe Ha puc. 18, ycrauas-
JHBAET 3aBHCHMOCTh KaKyllefics NPOAYKTHBHOCTH OT TOJIOMKEHHS
Toukn Ro. Tak mpn Sgy=0 ppogykrusnocts mnoroka paccesinis
B TOuKe R paBHa MCTHHHOH, xoTd npu a'>1,0 ycaosue P,"=const
He cobJiojaercss u HHKe R o0HapysKHBaeTCs XapaKTepHoe majeHue
npoaykruuoctd. Ilpn 3nauenusx Sg/Sp=0,8 an1s 3agannoro
snavenus a'=10,0 Kaxyniascs NpPOAYKTHBHOCTL NMOYTH B NATHL pas
npesblaeT HCTHHHYIO H ¢ npubamkenuem Sp/Sp Kk 1,0 sto
NpeBLILIEHHe TPOrpeccHBHO YyBeluuuBaercs. KouauuecTBennas HH-
TeprpeTalis TAKHX TOTOKOB paccefinusi Tpebyer ompeaeseHus HX
HCTHHHOI NPOAYKTHBHOCTH, /IS ee ydyera B cocraBe XP’;, ompene-
Jsiomieil 061y0 TPOAYKTHBHOCTb BEISIBJEHHOTO 00beKTa.

Pemas ypaBHenue (45) OTHOCHTENBHO @', HMeeM

W)
C.—=C. .
o S ) (46)

= g (Sx/SR)
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Puc. 17. Tpapuku C'z=f(S:) n P fPicr
P'=f(Sz) wucrunuoit (npu a’'=1)
H kaxymeiics (npr a’=3 u a'=10) 49|
MPOAYKTHBHOCTEl MOTOKOB pacces-

HIA.
Crpenkamt NOKa3aHo HanpasJeHne 30+
cTOKa o'=/0

a0t

o=

Puc. [8. Tpabukn kamxymeiica /0|
THPOAYKTHBHOCTH  P'afP'yer  npH R —_—
a'=10 u a'=1 npu pasaHuHBIX 4 , |
anaueHiAx Spo/SR 2z 0% 05 48 10 JZ I¥ SA,/S!I

B nepBoM npHOJIHIKEHHH MOXKHO INPHHATbL, YTO TOJOXKEHHE
TOYKH R onpepensiercs nepexoaom rpaduka Kaxyulefics npoayk-
THBHOCTH MOTOKa paccesnusi P,'=[(Sx) uepe3a MakcHMy™m, KOTO-
pomy orseuator 3Hauenuss Cp’ u Sg. IlojcTaBasis B BHpaMkeHHe
(46) 3navenns C,” m S, nAna TOUKH, Jexauleii HuXe (no Teye-
HHIO) TOYKH R, Haiizem MecTHyo Beqnuyuny a’. [loBTopsis 3TH BHI-
unc/aeHnst AJs Touek R+2, R+3..., MOXKHO HaliTH 3—4 3HaueHHd

r

@/, U3 KOTOpbIX 3aTem BHIYHCJAETCH CPeJHee reoMerpHieckoe a’.

3Has @', MOMXKHO HafHTH HCTHHHOE 3HaueHHe IPOAYKTHBHOCTH
noroka paccesnus. Pemas ypaBuenue (43) orHocutenbHo P, nmeem

: Gl =8
PP Ll R;?,
: (SRD )
Sx

YMHO}KBH " Jeass YUCJHUTEeNAbL 3TOro Bpra)KEHHH Ha SH H YHHTBIBEIH,
410 Cp'Sp=Pg'=P'hax, HMEEM OKOHUATE/JbLHO:

’ ’ _— s ’ '
Pl Pmax [ 1 (SRM’ R) : ] 5 R (47)
I — (Sg,/Sr)"
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Takum o6pa3oM, HCTHHHYK BeJHYHHY NPOAYKTHBHOCTH JIHTOXH-
MHYECKOTO TOTOKA paccesHusi, He MOJAYHHAIOULErocs YCIAOBHIO
P,’=const, MOKHO HAaHTH MO MaKCHMa/lbHOH BeJHYHHE KaKyulefics
NPOAYKTHBHOCTH P'max € MOMOIIBIO TONPaBOYHOrO MHOMKHTENs A
3aBHCSLLEr0 OT MECTHOrO 3Ha4yeHHs o H COOTHOLUGHHSI MEXKIy pas-
MepaMu mjomasneit Bofoc6opoB B TOYKax Hauala Sp, H KOHIA
Sgr moctynuienns Merassia co CKJIOHa B pycao. i onpexesenus
BEAWYHHbLI 3TOTO TMONpaBoyHoro MHoxHTed A'< 1,0 no Haiizennomy
3HAYEHHIO o' H KOHKPETHOMY COOTHOIIEHHIO MEeM1y Spo 1 Sg
coctaBJeHa HoMmorpamma [43], mocTpoeHHas Ha OCHOBe (OpMYJbI
(47). Paccmorpenne 3toii HoMorpaMmel (puc. 19) nokaswiBaer,
yto mpu  Sp,=0 uanm «’'=1 umeem A'=1,0 n cobroaaercs yciio-
Bue P.=const.

KoanuecTBennass HHTepnpeTanHs JIHTOXHMHYECKHX TOTOKOB
paccesiHHsl M3JOXKEHHBIM cnmoco0OM paccyHTaHa Ha «PYy4HOH cyeT»
¢ MpUMeHeHHeM MHKPOKaJbKyJlsTOPOB THNa «3JeKTpoHHKa B3-18»
HIH TI0 COOTBETCTBYIOIIMM mnporpamMmam aas  «B3-21» wau
«MK-46» [10]. das uuTepmperallud MOTOKOB paccesnus Ha IBM
10. B. llIBaposeiM Obla cocraBiena nporpamMa «[Totok», ocho-
BaHHAsi Ha OTHICKAHHH CpeJHeB3BelleHHOH CYMMBl Kayuleiics
npoAyKTHBHOCTH P, M «cratHuyecKoily cocTapJjsiollell NPOAYKTHB-
HocTH P.”, orpaxalouleil OTJNOXKEHHs B pycje MaTepHala CHOCH-
MOrO CO CKJOHA, COTJIACHO 3aBHCHMOCTH

Pncr=ﬂpx+(l—p )Px-
rae B’ — MHOXKHTENb, Ha3BaHHLIH <«KOI()(HUIHEHTOM BHHOCA», O

CMEICAY OTBeuaer ycaosuio f'=1/a’.
IMpu B'=1,0 uMeem cayuyail HIEAJbHOro INOTOKA PAaCCeSAHHS.
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Puc. 19. Homorpamma ans ouenkn A’ Puc. 20. K unTepnperamun mNOTOKOB
no suaueHusam &’ H SR,/Sp [43] paccesnns na IBM. Mo [0. B. llsa-
posy.
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Ilpu p’=0 noTok paccesHHss B pycje NOBTOpseT CPEIHHE cojep-

AKauua meraana Cy— Ha CKJIOHAX 1O JHHHAM TpajuenTa penaveda
NOJHHb, COEJHHAIOUIHM TOYKH OmpobOBaHHA C BOJOpAa3ieNaMH.
Craruueckas cocTaBJfIlOIas onpeietsercs BeJHYHHOR HHTerpana

s
P.= [ (C,—Cy)dS, wmonoronno Bo3pacramomleii K yCTbio BOJO-
0

ToKa. [lOCKONBKY KaxKyuascsi NpOAYKTHBHOCTH HHIKe TOYKn P
MOHOTOHHO YObiBaer, OThiCKanHe B B P'yer BO3MOXKHO HCXOAS H3
yeaoBusi P'ycr=const. [las yTounenus 3THX OLEHOK NyTeM HCIOJIb-
30BaHHA JIaHHBIX MO BCeM TOYKaM oOnNpoGOBaHHA ¢ aHOMaJlb-
HBIMH COJAep}KaHHAMH MeTajia nporpamma «[IoTOK» mnpoBoauT
anmpOKCHMALHIO CPeJHHX COJAEepKaHHi Ha CKJIOHAX HOPMaJbHBIM
pacmpejeNieHHeM, B3aMeH [PAMOYTOJBHOrO, MNPHHATOTO HAMH

panee. OTbicKauue Tnapamerpos 3Toro pacupegedenus — Cuax,
0 W KOOPAHHATHI €ro UeHTpa S’— NPOH3BOAHTCS COBMECTHO
¢ onpenaeneneMm B’ U P'yer METOAOM HaHMEHbUIHX KBajpaToB,
¢ Bblgayeii 3THx JAaHHEX Ha nevats, Ha puc. 20 mnoka-
3aH MpHMep, MOACHAIOUIHK cka3auHoe, O6Ga Meroja HHTEpTpera-
LMK, § <PYYHOH», W MallHHHBI{, J/1al0T NPAKTHUYECKH OJHHAKOBHIE
pe3yabTaThl W OCHOBAHBI Ha NPEANOJOXKEHHSX, uTO Ha BCeM HH-
TepBaje pycia or x=R; 10 X=R BTOpPHUHBIE OPEOJILI PACCEAHHS
Ha CKJOHax obpasyioT oAHy o0ulyio aHOMaJHIO, H3 KOTOPOil MpOHC-
XOAHT NOCTYIJIEHHe PYIAHOTO 3JeMEeHTa B PycJao, M 3a npeaejaaMu
3TOr0 HHTEpBa/Jia JONMOJHUTEJIbHLIX aHOMaJuili He HMeercs. ITO
He HCKIIOUdeT HaJHYHs JPYrux pyAHslx o0bekToB B Oacceiine
BojgocOOpa AaHHOrO pycja MpH YCJAOBHH, Y4TO HHXe TOYKH R coxep-
JKaHHE PYAHOTO 3JeMeHTa B a/ilBHK najnaer Ao douosoro H
HOBasi aHOMaJiHsl [IONyCKaeT ee HE3aBHCHMOE pacCMOTpEHHE.
B npaKTHKe NMOHCKOB 3TO YCJOBHe 4acTo HapyllaeTcs H B Hpejie-
Jlax ofHOro pycia Habmwojalores cOiuKeHHble aHOMajHH, B pas-
JUYHOH CcTenmeHu HaKJajbiBalomuecss Apyr Ha apyra. [Ipumepnl
TaKoro pona TmokasaHel Ha pHe. 21. Ecam Ha BCceM nNpoTsKeHUH
pycta a'=1,0 W NOTOKH paccesiHuss MOJAYMHAIOTCH YCJOBHIO
Pi’=const, oueHka CyMMapHOHi NPOAYKTHBHOCTH BCEX aHOMaJHi
onpeneasercd HHXKHEH Mo TeyeHHIO (MaKCHMAaJbHOH) BeaHYHHON
ee ycroH4HBbLIX 3HaueHHi. [Ipm aTOM NpPOAYKTHBHOCTHL KayK1oi OT-
JeNILHOR  aHOMaH|  OTpejelsieTcs Kak pasHOCTb MeXLy ABYMs
cMexubMu yerofiunspiMa 3naueHusiMi: (Pi )uer = (Pi)uasa—(Pi_1)uata-
ITpu 3uavennsx a’>1,0 rpadpuku MoTOKOB pacceanusi, o6pa3oBaH-
Hble COJMHIKEHHBIMH OOBEKTaMH, CyNIeCTBeHHO ocaoXHswTes. Wn-
TEpNpeTalns JABYX HJIH HECKONbKHX COJHIKEHHbIX aHoMaJ/iuii,
MeXAY KOTOPBIMH COJepxKaHue pyaHOro sJjaemeHta npu a'>1,0
0CTalOTCAd AHOMAJbHBIMH, BO3MOMKHA METO/[aMH «PYYHOTO CuUeTra».
s 3TOr0  NMPOJYKTHBHOCTb MOTOKA, OOYCJOBJEHHYIO BJAHAHHEM
nepeoil aHoMaiuu (CYHTas OT BePLIHHB BOJOpa3jena), ciaeayer
BoYecTb U3 Praxs WK

[ r . r a'_!
Pnc~r2=12[PR2—PRI(Smfsm) : ] (48)
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Puc. 21. Pacuerspie rpadukd Kaxyuieficas NPOAYKTHBHOCTH TOTOKOB paccesus
NpH PasiHYHLIX PAcCTOSHHAX MeXAY pyansimMu ob6bektramu I u II npn a'=1,0;
3,0 u 10. [To A. I1. Moaxeomy.

CrpeskaMu noxas’ano RanpasienHe cTOKa
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3necp MHAGKcHl 1, 2 O3Ha¥aloT NPHHALIEKHOCTL AAHHON BeaH-
YHHBEl COOTBETCTBEHHO K MEPBOH HJAH BTOPOH aHoMaanH. AHajoruy-
HBIM NyTe€M MOTYT HHTEpPHPEeTHPOBAaTbCA TPH MM OoJbliee UHCIO
cOMuKeHHBIX aHOMaJHii B mpexenax oAaHoro pycaa. Cymma Beex
HCTHHHBIX, B TOM 4YHCJAe VCTOHYHBBHIX, NPOAYKTHBHOCTEHl MOTOKOB
paccesHus Mo A4aHHOMY M 110 CM@XHBIM pycjam onpejaenser o6LLylo

m
NPOAYKTHBHOCTb PYAHOrO 06bekTa ». Pi,  Bxoaaulyio B dopMmyay
=1

(39), no KOTOPOH NOJACYHTHIBAIOTCA TMPOFHO3HLIE PECYPChl METalna.

2.4. METOLHKA MOUCKOBBIX CBEMOK

TloncKH pyAHBIX MECTOPOMKAEHHH MO MX JHTOXHMHYECKHM MOTOKAM
paccesiniss BelyTcs B TOPHBIX paifioHax Ha NepBOH CTaauH Che-
MOYHO-TIOHCKOBBIX pafoT NyTeM CHCTEMaTHYeCKOro OonpoGoBaHus
ANIOBHANBHBEIX OTJAOXKeHH#E ruapoceTd. [Ipo6u Gepyres us andio-
BHAJIbHEIX OTJIOXEHH{T B Tpejlesiax cyxoil MOfiMeHHOH udacTu pycaa
¢ ray6ounsr 10—15 cm, pexe us Boaw. B mpoby orGupaercs mec-
YaHO-TJIHHHCTAS (DpaKuHs aJJIOBHSA, NPH €e OTCYTCTBHH HJHCTO-
TJIHHHCTasA, a MPH OTCYTCTBHH 3Toil (PPaKUMH rpaBHiiHO-JpecBAHAdA,
T. e. oTGHpaeTcss TOT MaTepHan («Mejkosem»), B dopme KOTOPOro
B MECTHBIX YCJOBHAX TNPOTeKaer TBEPAbH croK. Yacroilt cMeHBl
Xapakrepa npobGel B npejlenax OZHOro pycjaa cjJeldyer H3Gerarthb,
TdK KaK 3TO CHHKaeT BOCIPOH3BOAHMOCTh AHAJHTHYECKHX JAaHHBIX
0 yBeauuuBaer aucnepcuio (ora. Macca mpo6el B NpaKTHYECKHX
neasx npuuuMaercs 150—200 r, uro tpebyer npu mnpoboorbope
y/lajlennsi U3 ee cocTaBa KPynHooOGJioMOYHOTO MaTepHatia. I1of XKe
LN CAYXHKHT NOCAENYIOUIHA [MpoceB BO3AYUIHO-CYXOH NPOGH.
Bonpoc o Haumayuineit ¢paknum, KOTOpyio cleiyer OTCeBaTh M3
npobbl a5t ee mnepenayd Ha aHajNH3, OAHO3HAYHOrO peufeHus
He nmeer. HekoTopule pyaHble 3jeMeHTH B (opMme TAMKEJALX ycTOMH-
9HBLIX MHHepaJoB (Hanpumep, SnO,) cmocoGuw o6oramare rpyoo-
3epHHCTHIe (PPAKIHHM aJJIOBHA, JAPYyrHe KOHUEHTPHPYIOTCH OpPeHMy-
ECTBEHHO B MJHCTO-IIHHHCTHIX (dpaKluax, vacto B GeamuHepalb-
noit ¢gopme (manpumep, Mo, U). OOGoramenne Kakoii-nubo ¢pak-
IHH PYLHBIM 3J€MEHTOM elle He TOBOPHT O ee MNOHCKOBHIX Mpe-
MMYLLecTBaX, MPH 9TOM BO3MOXKEH OAHOBPeMEHHH POCT (DOHOBAHIX CO-
JlepKannilt M CTaHAApPTHOTO MHOMHTENH, T. €. CHHXKEeHHe KOoH-
TPAaCTHOCTH TEeOXHMHYeCKHX aHomaauii. Hakomeu, oxun u
TOT j3Ke PYAHBIH 3JeMeHT B HEeNocpeACTBeHHOH OJHM30CTH K MECTO-
poxziennio oforalaer KPymHble QpaklHi aJJioBHA, a 110 Mepe
yaaleHHs oT KOpeHHoro HCTOYHHKa KOHTPacTHOCTL aHOManwuil BO3-
pacraer B TOHKHX (pakuuax. [TockoJbKy npu nouckax nosjoxeHue
o0beKTa 3apaHee HEH3BECTHO, OTAaTh NpeANouTeHHe KaKoii-1Hb0
dpakuuu ¢ ITHX NO3HIHI HEBO3MOKHO. Besencrsue Takoii Heonpe-
JIeJIeHHOCTH pEelleHHe 3TOro BOmpoca NepPeHOCHTes B JAPYryio nJjoc-
KOCTh: OTCEBaTh JIJIA MNepeflauyd Ha daHalH3 CcJaelyer Ty MeJKyio
(dpakuuio nojeBbix npod, H3BAedeHHe KOTOPOfi He BCTpeyaer 3a-
TPY/AHEHHiT ¥ BHIXOJ KOTOpOii B Konuuectse mopsaka 50 r oGecne-
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yen Ge3 yBeJqHUEHHs MacChl HCXOAHBIX npo6. B HTOre npH JMTOXH-
MHYECKHX INOHCKax MO THMNEpreHHbiM OpeojlaM H NOTOKaM pacces-
HH§ 4alle Bcero Ha aHajausz nepejpaiorcs ¢pakuuu —1,0 wam
—0,5 mM. Bosnee noapo6Horo o6ocHoBaHns TpebyeT BONPOC O CETH
npoboot6opa [1].

JIMTOXHMHUYECKHE CBEMKH N0 MOTOKaM paccesiHHsi, KaK NpaBuJjo,
NPOBOAATCA B reofIorHYecKH cabo H3YYeHHBLIX, IKOHOMHYECKH Me-
Hee Pas3BUTHIX W YaCTO TPYAHOMOCTYNHBIX paiioHax. B 3THX reosoro-
SKOHOMHYECKHX YCJOBHAX Ha MEPBOA CTaJAHH CTPaTerHYecKoit
1e/IbI0 MOHCKOBHIX paboTr fABAAeTcs OOHApy:KeHHe TOJbKO KPYIMHBIX
Mectopozkienuit. [TlonytHoe BhisIBAEHHE MEJKHX MECTOPOMK/IEHHIT
cJelyeT paccMaTpHBaTh KaK HeXKeJlaTeNbHbll «HH(OPMalHOHHBIH
wym». OnpobGoBanne aJ/lJIIOBHAJBHO-TIPOJIOBHATBHBIX OTJOXKEHHIT
BpeMEeHHbIX BOJOTOKOB ¢ MaJbiMH miomaaamu BogocGopor (S,—0)
cnocobHO npuBecTH K OOHADYKEHHIO HMEHHO MEJIKHX MeCTOpOIK-
JIeHHHT W HEempOMBIIIJIEHHBIX PYAONPOSBIEHHH, YTO NPOTHBOPEYHT
CTpaTerHyeckofl wuedH MNOHCKOB © OecnyiolHo yBeJIHYHBAeT TPYIO-
eMKocTh pabor. QueBHIHO, 4TO AeTajlbHOCTL MPOOOOTGOpa AOMKHA
ONpPeLeaATbC HCXOASA H3 MHHHMAaJbHOTO pasMepa MeCTOPOMKICHHIT,
nojjexamux obOHapyxeHuio. Ha nepBoii craaum mnpH MOHCKax
MECTOPOXK/AEHHH €  «JIerko 0KasyeMbiIMH 3amacaMu»  (cm.
puc. 10, a) ux pasmepsl onpenejsior NJOMaJHble TPOAYKTHBHOCTH
OpeoJIOB H MOTOKOB paccesnns P, P’, mponopuHoHa/lbHbIE TPOAYK-
THBHOCTH KOpeHHOro opyaenenus Pp m? 9, Ha ypoBHe COBpeMeHHOI
nosepxHoctu. O6Hapy:KeHHe 06bLEKTa MNOHCKOB MPH FeOXHMHUYECKHX
cheMKax onpegeasercss yciaoBHemM Cx=Ca=Cye®. B notoke pac-
CesHHs MaKCHMaJlbHble COJepKaHHsi PY/AHLIX JIeMEeHTOB B Haubo-
Jee ofuiem ciygae NPHYpPO4YeHB K TOYKe R, HHXKe KOTOpOii aHo-
Ma/ibHble cofeprKaHHA TOJNbKO NajalT. 3ajaBasch YCJAOBHEM

C;-nax = C&,Ea“——“(P/SR) -+ Cf'l" HMeeM

R = SKpHrml- (49)

Sp—mm—
Cy (e —1)

Jrta 3aBHCHMOCTb, OTBeYalollas HAeaJbHOMY MOTOKY paccesHus,
TI03BOJISIET OMpe/e/HTh, MPH KaKoil MaKCHMaJbHON NJIOLLaZH BO/LO-
c60pa Skpuruy OOBEKT ¢ 3aj]aHHON NPOAYKTHBHOCTBIO BTOPHYHOTO
opeosia paccesuus P M? Y, Oyzer ob6uapyeH nyTteM OnpoGoBaHHS
aqioBHaIbbiX OTJ0KeHHH, OO0BeKT Tofi e NMPOAYKTHBHOCTH, Ha-
XOAALLHACS BHYTPH MAOMAAH Syx>> Sipuruy, JHTOXHMHUYCCKHME CheM-
KaMH [0 NMOTOKaMm paccesHHs BbIfABIeH He Oyjaer, XOTS OGBEKTHI
¢ BeJHYHHOH P> Pypyrus B TEX K€ YCJAOBHAX OYAYT BLISBJEHHI.
C yyerom yOwBaHus Sy K BepuUlHHAM BoJA0cGOPOB ycCloBHE
Smin=<Siputua HPH 3aZaHHOM Pmin onpegensier AONYCTHMOCTh
npekpaulenns npo6oorbopa mo mepe npubianiKends K BoAOpasjie-
Jam 0e3 cHHKeHHSl NOHCKOBOH 3(QeKTHBHOCTH JHTOXHMHYECKHX
cheMOK. B Toukax mnpekpauennss npoboorbopa npu Sx<<Smmn
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NpHHATO OTOHpPaTh JB€ NPOOGH ¢ PacCTOAHHEM MexX1y HuMH 20—
30 wm. [lpn mewexoaHolt cbeMke npo6ooTGop 06LIYHO BEAETEs ¢ Lla-
rom 500—1000 M, yuuThiBas, 4TO TPYAOEMKOCTh PaboT B OCHOB-
HOM oOnpejieisercs NpoTsaxeHHOCTbi0 MapupytoB. Ilpumep uedse-
coobpa3Horo pasmMelleHHs To4eK mpo60ooT6opa mpu CbeMKax, OTBe-
yajomux Macwraby 1:500000, nokasan wa pue. 22. 3xech
Smin<<10 kM, C¢'=1:10"3%, e=144 u C,'=3-105%. Or6op
npo6 npekpamiaercs B ycTbsix pex 1l mopaaka, pexn I nopanka
onpo6yioTcsi TONIBKO MPH HX BNAJE€HHH HEMOCPEACTBEHHO B pEKH
III u crapmux nopsiakoB, war npo6oorGopa 500 m. Ha yuacrtke
HMeITCA  JBa  MHHHMAaJbHO-TPOMBILIEHHBIX PYAHBIX 006BeKTa
C TNPOAYKTHBHOCTAMH BTOPHYHBIX OpPeOJIOB pacCesiHust Ppin=
=400 m? 9% xaxawi, B mpemenax 100 Km2, npeacTaBASOUINX
co6oit dparmMent mMmJIOIIAaAH CbEMOK, oToOpaHo 22 psSaOBHIX H
9 nBofinbix mpo6 3a NeNe 1—40, uro oTBeuaer cpeaHeil NMJAOTHOCTH
1 npo6a na 2,5 kM2, 7. e. pacueTHoil cetTH 5X0,5 KM.

Pyaubii o6beKT A HaZeXHO BHIABIAETCA JHTOXHMHYECKHMH
cheMKaMH 3Toro Maciwitaba. Ero BTOpHUHBIE Opeosibl paccesHHs
pacnpeje/siioTcss TPHMEPHO NOPOBHY MeEXAy JABYMs BojpocGopaMmu
I—II nopsakoB, mnaOWAaAbl0 Sgz 95 KM?> u  Spg a=~10 M2
B pesyabrate B mpo6ax 28 m 29 cogepxaHus pyJAHOro 3J€MeHTa
coctaBat 5-10~° % B mpob6ax 33 u 34—3-10-%%. Kpome Toro,
B BocbMu npobGax (21, 22, 25—27 u 30—32) coxepKauus Meranna
oyayr 2—2,5-10-5 %, T. e. aHOMaJbHBIMH 1O KpuTepuio CgyedVrm .
Pyauwii o6bekt B, okasaBuwniica B Oacceiine pycina IV nopsaiaka,
B YCJOBHAX HA€AJbHOTO NMOTOKA PacCesHHsA, CheMKaMH He OOHapy-
Aupaercd. Touke R B 3TOM cayyae COOTBETCTBYeT MIOULAAbL BOJO-
cbopa Sg=S:=74 KM’>Sipurmu=20 KM?, MakcuMalbHOE cojep-
Kanue cocraBasfieT C'max=Cr'=15-10°%<Cs. B npenenax
puc. 22 ¥ Smin cocraBisier npumepHo 75 9% ot obliei nuioulaiu
yuactka. JlocTaTouno OYeBHAHO, YTO NpOJJaeHHe OnpoboBaHus
B CTOPOHY BOjOpasienos Obyio Gel Oecrnoye3ubiM. ITH pacuers
OJKHJlaeMBIX Pe3yabTaTOB JHTOXHMHYECKOH CHeMKH OBbIJIH OCHOBaHBI
Ha 3aKOHOMEPHOCTAX q)OpMHPOBaHHH HAeaNbHbIX TOTOKOB pacces-
Hus. B NPHPOJAHBIX YCJAOBHAX HAGJIOLAIOTCA OTCTYIJIEHHS OT 3THX
3asucuMocteii. Hapyuwenue ycnosusa P.'=const, ocaoxuswollee
HHTEPNPETAIHIO TOTOKOB paccesHus, OJHOBPEMEHHO HIPAaeT No3H-
THBHYIO POJib, YBeJHYHBAfA MOHCKOBbIE BO3MOXKHOCTH JHTOXHMHYE-
CKOIl CbeMKH. O3T0 MOJNOXKeHHe WIJICTPUPYIOT TPH KpHBHE
C.' =] (Sy), nokazaunbie Ha puc. 23. Ilpu 3Hauenuax o'= 1,0, koraa
MOTOK paccesiHus (GOPMHUPYeTcs MmO 3aKOHaM H/AeaJbHOH MOJenH,
PYAHOE MEeCTOpOMK/AeHHe ¢ mpoiaykTHBHOCThIO 400 M? % Ag (uau
Hg) npn Sp=50 km? 3aBeioMo He BLIABJAAETCA, MOCKOJBKY
Sipnrne=20 KM2 H COAEpPIKaHHS PYAHOTO 3JeMEHTa BO BCEX TOYKAX
onpo6oBanug ocraiorcs HHxKe C,° (Ha puc. 23 NOKasaHnbl NYHKTH-
pom). ¥Yke npu a’=3 B ABYX npobax, a npu a’=10 B cemn npodGax
CofepKaHHs MeTajJja CTAaHOBATCH AHOMAaJbHBIMH H 3TOT XKe pPYA-
HHII 06bekT Hajexno obGHapyxusaercs. O6o6imas 3TH AaHHble, HA
ocHoBe 3aBHCcHMOcTH (47) ycraHaB/JHBaeM, uTo B peaJibHbIX NOTO-
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Puc. 22, Tlpumep pasmemennst Touek npoGooT6opa npH ChLeMKAX Maciitaba
1 : 500 000. )

Toukn orGopa npoG: [ — aBoRHBIX; 2 — PSAOBHIX; § — BOAOPAsfenn; 4 — PyAHble OGBEKTH;
§ — HampaBieHHe CTOKa

Gz 1075°/o Ag.Hg
8
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Puc. 23. Tpadukn oGHapyxeHus: o6beKkTa NOHCKOB TIpH Sx>Sipur # at>3,
Qioo=1000 T, P'=400 M2 %, Swpur=20 kM2, k' u k=1,
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KaX pacCesiHUA Sypuruu HIAH TPH 3afaHHOM Cp— comepikaHue Me-
tamta (C'max — Cy") yBenwuwBaercss B 1/A’ pa3 mpotHs wujeaJb-
HbIX YCJOBHH. B 3aBHCHMOCTH OT MECTHHIX 3HAaueHHH a’ H COOTHO-
mennft  Sp /S  3T0 npeBmmenwe Moxer nocrurats 20-, 30-

H laxe 50- KpaTHO}{ BEJHYHHBI, 4TO CyULECTEEHHO NOBLITIIAEeT HOHC-
KOBBle BO3MOXKHOCTH JIHTOXHMHUECKOH CBEMKH MO MOTOKaM pac-
cesnus. OGpamasice K pHc. 22, MOXKHO MNOJCYHTATH, UTO PYAHLIA
obbekT D, He BHIABJASEMBIi B YCJOBHAX H/A€albHOTO MOTOKa pac-
CesiHHs, OpPH HMeIOlleMcsi COOTHOLIEHHH B0A0OCO0pOB SRJSR=0.88.

HalexHO OOHAPYKHBAETCs [0 AHOMAJbHLHIM COLEpKAHHAM Me-
Tajana, HauuHas ¢ a’'>=4,7. JonoaHutenbHble pe3epBhl BO3HHKAIOT
npu k>1,0 (sanpumep, Au, Sn), nNoHHKAIOTCA MNOHCKOBbie BO3-
moxkHocTH npu k'<1,0. Takum o6pasom, mpo6GoorGop c 1IaroMm
0,5—1,0 kM mno pycilam peK CTapUIHX TMOPSAAKOB c BojocOopaMu
JI0 HECKOJIbKHX COTeH KBaJpaTHbIX KHJIOMETPOB CJelyeT CUHTaTh
1ejgecoo0pasHbiM, H HeT HeoOXOJHMOCTH JHTOXHMHYECKHE CBEMKH
IO NMOTOKAaM paccesnus /0 MOJYYEHHs MX Pe3yJbTaTOB JONOJHSATDH
npoduIbHEIM  onpoGOBaHHeM  3JIOBHO-/IEJNIOBHS  NpPHJEralolHx
CKJIOHOB.

Onpenenenne MeCTHOI BEJHYHHH R’ MTPOHM3BOAHTCS HA Y4acTKax
BLIAABJIGHHBIX MOTOKOB PACCeSHHS PYAHBIX 3JEMEHTOB, Ha KOTOPLIX
3aTeM MPOBOAMTCS JHTOXHMHUECKas cbhbeMKa Macmrada 1: 100000
HIH KpYyNHee MO BTOPHYHBIM oOpeojaMm paccesHus. [las oueHks
YACTHBIX 3HaueHHii k' MO AaHHBIM 3THX CbeMOK no (opmyae (16)
MOJACYHTHIBAIOTCS MJOUIATHBIE MPOAYKTHBHOCTH TOH YacTH BTOPHY-
HBIX OpEeOnJIOB paccesiHHs, KOTOPBIE MO YCJOBHSIM CKJOHOBOH HeHY-
Jlalliy TATOTEIOT K ONpeeJeHHBIM TOYKaM mpoboot6opa H3 pycJo-
Bblx OTJOXeHHA. [las Tex ke Touek ompobGoBaHHs no ¢opmyie
(35) moxcumTHIBaeTCS TMPOAYKTHBHOCTh NOTOKOB paccesHHs c 00-
MepoM mJjollagn BogocGopa S, mo TomorpadHUYEcKHM KapTaMm HJIH
no aspodoTocHEMKaM. 3HauYeHHS R’ BHIUHCJAAITCA J0 BTOPOTO
3HaKa Mocje 3amATOA Kak YacTHOe OT jAeleHus P'yer, Ha P. Ias
HafileHHBIX 7 3HauYeHHHA k', OTBEUAIOHX OAHOTHNHBIM YCJIOBHSIM,

BBIYHCISIETCA CPejHee TeOMETpPHYecKoe k' M mo BelMuHHe pasMaxa
k' nax/k min — cTaHAapTHBI MHOXHTE/b &, ONpPeASJAOINIHH 10BepH-
Te/bHBIE TpENeNH OLEHKH k'-eX!, rje s—anthslg!l/— An-
NPOKCHMAIHS CTATHCTHYECKOTO pachpeie/ieHns k' JIOTHOpPMaJbHEIM
3aKOHOM OCHOBaHAa Ha TOM, 4YTO CPEIHMM M3 JIBYX DaBHOBepOSAT-
HEIX 3HAUeHHii MHOXKHTeAs nponopuunoHanbHoetH 2,0 u 0,5 ss-

nsieres 1,0=1/2-0,5, a e 1,25— 2-—|—20,:)

[Ipumep onpexgenenuii #° A48 1NOTOKOB paccesHHsi CBHHLA
B YCJOBHSIX BBICOKOrOpHOro peabeda Yramckoro xpebra (lO. Ka-
saxcraH) mnokasaH Ha puc. 24. OOGumee cpejlHee reoMeTpHUYECcKoe
snayende aasi Pb, nalinenHoe u3 8| ompejesennsi no sToMy paii-
OHY, OKa3ajock gocratouno Guauskum K 1,0. Koukpernsle snauenus
k’ 115 HEKOTOPHIX PYIHBIX paiioHOB npHBeleHnsl B TabJa. 11.

B ycioBHAX aKTHBHOM BOAHOH (THAPOXHMHYECKON) MHrpauHH
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TR TTY

Ta6auna 11

3naueHuns k'

- = kE ' = B "

%) REWrEE £ | &5 | F5¢

1 Pb 1,21-1,39%! i 26 0,88-1,63%!
9 A Ag 0,16-1,33%! 12 | Sn 19 1,44-1,98%!
3 | Cu 10 0,97-1,09%! 13| Bi 18 1,29-1,60=!
4 | Sn 6 1,46-1,37%! 14 | As 21 1,17-1,59=!
5 | Pb 11 1,61-1,18%! 15 | Pb 8 1,11-1,10%!
6 L Zn 9 0,86-1,31%! 16 Zn 6 1,12-1,41=!
7 | Mo 10 2,06-1,08%! 17 b oAg 5 1,30-1,26%!
8 U 7 1,13-1,12%! 18 Mo 4 2,23.1,15+!
9 | Pb 25 1,06-1,74%! 19 | As 3 1,47-1,21%!
10 | Zn 25 2,75-1,71%! 20 Ba 2 3,77-1,15%!

* Hannbe: 1—4 — A JI. Ananvenko no cesepy Kawmuarckofi oGnacra; 5—8 —
A. H. BoroawGosa no CpegHeit Asum; 9—14 — B, II. Bopoguna no OMcyKuaHCKOMY pafi-
oHy Maragancko#t o6aactd; 15—20 — C, A. Muasesa no ropubim paitoHam Kasaxerana.

3JIEMEHTOB [pH PEe3KOM H3MeHeHHH OOCTAHOBKH BO3MOXKHO HX
ocax/eHde B pycie Ha reoxumuueckux Oaprepax. BosHukawomiue
OpH 3TOM BTOpPHUHblE (THNEPreHHble) aKKyMyJslHH 3JeMeHTOB
co 3HayeHHsAMH K>1,0 MOryTr 3aTpyAHATb KOJHUECTBEHHYIO HHTEp-
NpPETAlHIo MOTOKOB paccesHud. -

OGpasoBanHe WX Ha HCOapHTeJbHOM Oapbepe OTMeYanoCh AJS
Sr, B, F, uHorga Mo, Ha BoccTaHOBHTeJIbHOM Oapbepe — aas U
u Mo. B npejene rumepreHHble aKKyMyJslIHH TOCTHTAIOT MPOMBIIL-
JIEHHOro Maciuraba, npHoOperas 3HaueHHe 3K30T€HHHIX ' MeCTO-
POKIeHHIl MOJe3HBIX HCKOMIaeMBblX.

Opyryio rpynmy PyAHBIX 3J€MEHTOB, MOTOKH paccesiHus KOTO-
pbiX crnocoGHBI XapaKTepH30BaThesi 3HaueHHAMH R>1,0, obpasyior
30J10TO, MJATHHA W JPYTHe 3JEeMEHTHl, NpeicTaBJeHHbe TAXKEIbLIMH,
yCTOIYHBEIMH B 30He BbIBETPHBaHHS MHHEPaJaMH, TAaKHMH, Kak
KACCHTEPHT, MOHAIHT, KOJYMOHT, TaHTAJHT, HJIbMEHHT, pPYTHI,
oTYacTH BOJb(paMuT. DBJarogaps BbICOKOH NJNOTHOCTH H MeXaHH-
4ecKoil MPOYHOCTH 3TH MHHEpaJbl CHOCOOHLI K HaKONJIEHHIO Ha

Pue, 24. K ouenke ko3pHIHEHTOB NMPONOPUHOHANLHOCTH k' MEXKAY KOJHYECTBOM
CBHHIA B MOTOKAaX H oOpeoJax paccesnns aas BojoTokos Caii Ne 13 (a, 6) u
Caii Ne 10 (8). ITo A. II. Coacsosy u H. f. Kyrnury.

Fpaduxu: [ —colepmanuii Pb; 2 — ycpennenubix sHaueHH# P; . Opeoawl pacceanus: J—
Pb >002 %; 4—Pb>0,1%. 5— 1toukn onpoGoBaHHs MNOTOKa; 6 — BBIYHCJAEHHLIE 3Have-
HHA P;. 1 7T—P/'|P=Fk': 8§ — Koutyp Gaccefina peHymamnHH
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rpaBHTalHOHHOM OGaphepe, 006pasya B OTJOXKEHHAX THAPOCETH aJ-
JIOBHAJLHBIE pacchini ¢ GOJBIIAM H BecbMa HENMOCTOSHHBIM KO3(-
¢uunentom oborauienus. OcoGenno Goabwas MJIOTHOCTh (d=
=19,3 r/cm?) nm clI0XKHOCTH NPOLECCOB THAPABJAHYECKOH COPTH-
POBKH je/aioT HempejcKasyeMbIMH MeCTHble 3HaueHus k' aas 30-
JOTa B KamjJoM KoHKperHom pycie. ITostomy B Hacrosilee Bpems
OLleHKa NPOTrHO3HEIX PECypCoOB 30J0TOPYAHBIX MECTOPOKAEHHH MO
NPOAYKTHBHOCTH MNOTOKOB paccesiius 3o0j0ta no dopmyae (39)
He TNPOH3BOAHTCA. JIHTOXHMHYECKHE MNOTOKH pacCesiHdsi IJaTHHH
(d=21,4 r/cM®) eme oOYeHb MI0OX0 H3yueHH. [las GOJLLIHHCTBA
OCTaJIbHBIX PYAHBIX 3JIEMEHTOB B YCJOBHAX ropHoro penbeda A7as
OPHEHTHPOBOYHBIX PacyeToOB MOMKHO NpH HeJocTaTKe AaHHBIX TPH-
HHMaTh k'=1,0, cuntas, uTo AeHCTBHTE]NbHbIE 3HAYEHHH KO3 H-
IHEHTa MPONOPUHOHAJbLHOCTH HEe MOTYT H3MEHHThb MNOpfAiKa OxXH-
Jaemblx uudp. B ycaoBusax canabo pacujieHeHHOro u OJH3KOro
K PaBHHHHOMY pefabeda BO3MOMKHOCTh KOJHYECTBEHHOH HHTepmpe-
TallHH JHTOXHMHYECKHX TMOTOKOB paccesiHHSl CTAHOBHTCHA COMHH-
TeJIBLHOI,

CamocrosiTesnbiyio npo6iieMy cOCTaBJsieT METOJAHKa JIHTOXHMH-
* YECKHX MOHCKOB PYZHBIX MECTOPOZK/EHHH B pafioHax Co CHJOIIHBIM
MOKPOBOM MOpPEHHO-JIeIHHKOBBIX OTJO0KEeHHH OTrpaHHYeHHOH MOLL-
HOCTH, K YHCJAY KOTOpPHIX NMPHHAAJEXaT 3HAauUTeJbHble TEPPHTOPHH
Koabckoro mnoayocrpoBa, Kapeanun, @Ounaauauu n Kanaackoro
mura. OnelT NOKasbBaeT, YyTo B 3THX YCJAOBHAX BO3MOXKHO OOHA-
pysKeHHe JIeJIHHKOBHIX TIOTOKOB paccesiHHs PYyAHEIX MeCTOPOIK-
JeHHH.

Hanpasiiennoe paccesinie BblpaeHo OCOGEHHO YETKO B JEIHH-
KOBOM Beepe pYAHBIX BaJyHOB, NyTeM pericTpamuu KOTOPHIX
B IIPOLLTBLIE TOAB OBIH OTKPBLITH MHOTHE MeCTOpoxjienns ®uHIgH-
auu. B 3THX cayyasx octaTounblii (MexaHHuYeCKHil) XapakTep JHTO-
XHMHYECKOH aHOMaJHH B MOpeHe He BBI3biBaer COMHeHHil. B apy-
rix caydaax, no Muenuio H. @®. Maiioposa [25], BTOpHuUHBIE
OpeoJIEl M TMOTOKH PYAHBIX MECTOPOXKJICHHII B MOPEHHO-JEIHHKOBHIX
OTJIOXKEHHAX HMEIOT HaJ0XeHHYIo coaeByio npupoay. HanGoaee
6/1H3KH K [OTOKaM paccesHHs JHTOXHMHYECKHe aHOMalHH B MO-
peHe, TPaHCNOPTHPYEeMOH B OCHOBAaHHH AOJHHHBIX Jeanukos. Tu-
NHYHbIE JHTOXMMHYECKHE [OTOKH paccesiHus pPYAHBIX MeCcTOPOXK-
JleHHiE MOTYT BO3HHKATh B cOcTaBe (DJIOBHOIVISIIHAJBHBIX OTJ0KE-
HHH MEXJIeIHHKOBbIX TNEepHOJA0B HJH B PYCHOBHIX OTJOMKEHHAX
COBpEMEeHHOHl peyHoii CeTH, pacuJeHsouleii OTAOMKeHHs AOHHOI
MOpPeHHl Ha OGUIHPHBEIX MPOCTPAHCTBAX JEJHHKOBLIX PaBHHH,




IF'nasa 3

BTOPHYHBIE IMTOXUMHYECKHE OPEOJIbI
PACCESIHHUS PYIHBIX MECTOPO)XIEHHHA

3.1. BLIBETPHBAHHUE H NEHYIALHUSA

TFopuble mopojwl, cjaaraioniie 3€MHYI0 KOpPY, NOJABEPraioTcsi IeHy-
JalHH B pe3yJbTaTe HX MpPeJBAPHTENBHOr0 BHIBETPHBAHHA. DTOT
npoiece MPHBOJAHT K NOABJIEHHIO PHIXJBIX (AHCINEPCHBIX) HOBOOG-
pasoBaHHii 30HL THIEPTeHe3a, CYLUIeCTBEHHO OTJIHYHEIX 10 CBOHM
(hH3HUECKHM CBOICTBAM OT HCXOJHBIX KOPeHHHIX TOPOI.

M3 uncsa raaBHeiilInxX MOpoRoo0pasywllux MHHEpaJoB BHICO-
KO yCTOAYMBOCTBIO K XHMHYECKOMY BBLIBETPHBAHHIO 06Jajnaer
Tosibko KBapu Si0p;. XuMHYEcKOe BhIBETpHBaHHE TEPBHUHBIX
amoMo- u (PeppoCHIHKATOB LIHPOKO NMPOSIBJAEHO HX NEPeXoioM BO
BTOPHYHbIE IVIHHHCTHIE MHHEpAaJbl, OKHCJLI H THAPOOKHCIAE. B pe-
3yJbTaTe THAPOJIH3A NEPBHUHBI AJIOMOCHIHKAT TepseT KaTHOHbI
meraanoB (K, Na, Ca, Mg...), Kotopble B BH/le YIJIEKHCABX, TaJ0-
H/IHBIX, CEPHOKHCJABIX H JAPYTHX COJIeH PacTBOPAIOTCS H YHOCATCHA
BojgaMu. Ha 3roii crajum BHBeTPpHBaHHe BejleT K 006pa3oBaHHIO
THAPOCAION W TJIHHHCTBIX MHHEPaJoB TPYINbl MOHTMOPHJJIOHHTA
Al,Sis0,5[OH]2-nH0, oTnOCHTEABHO YCTONUYHBLIX B LUEJOYHON H
HeliTpaabtoit cpene (pH=7). [To Mepe BhliHOCAa OCHOBAHHMA H yBe-
JIHUeHHsT KucaoTHoeTH cpeabl (pH<7) MOHTMOPHAJIQHAT mepexoanT
B raJyasur, a TMOCJeJHHH, TpH MOTepe BOAb, —B KaOJHHHT
Al,Si40,p[OH];s, koTOpBlii B KayecTBe KOHEUHBIX MPOAYKTOB Jlaer
okcun amomunus Al(OH); wu  xpemuesem. OcBoGorkaatoniuiics
NPpH 3THX peakUuAX KOJJIOHAHBIH KpeMHe3eM B jajbHedieM
9acThi0 BHIHOCHTCSI BOJAMH, a YacThlo Ocak/laercss B BHAe TBep-
JBIX aMopdHBIX ocaakoB (reaeii) cocraBa SiO;-n HyO. O6e3Bouxu-
BasiCk W KPHCTA/VIM3YSChb, Felb KPEMHEKHCJIOTH TMpeBpallaercs
B OOLIKHOBeHHLIl KBapiu. BTopHuHBII KBapll XHMHYECKH TaK Ke
YCTOHYHB, KakK NEepBHYHBI KBapll H3Bep:KeHHbIX nopox. Hesnaun-
TeabHas YacTh THAPOKCHAA AaJIOMHHHs BHIHOCHTCA B PacTBOpe,
a npeoGiajalomas vactbh ocaxaaercs B Buae reaeit Al,Os-n HyO.
BoiBerpuBanue (eppoCHAHKATOB B KOHEYHOM cuere jJaer KpeMHe-
3eM M COOTBETCTBEHHO  YCTOHUMBBIE TIHMAPOKCHIABI  JKejesa
Fe;03:-n HoO —rérur #  JauMoHHT. YacTs KOJJOHAHOTO THAPO-
KCHA JKele3a 0cTaercss B pacTBOpe, BCTynas B pasiHUHBIE MHHe-
pajbHBle H OpPraHHYecKHe COEIHHEHHS, HJH BBIHOCHTCS BOIaMH.
OnucaHHag cXeMa XHMHYECKOro BLIBETPHBAHMS CHIHKATOB YKashl-
Baer HampasJeHHe Npolecca, KOTOPHIiI B 3aBHCHMOCTH OT MECTHBIX
YCJOBHIl pa3BHBaeTcs B NOJHOM OO6beMe HJIH TOJLKO 4YacTHYHO,
Jlast nauboJiee NMOJHOTO 3aBEPLIEHHS Mpolecca XUMHYECKOro BhIBET-
puBaHusi Tpebyercs OrpPOMHOE TeoJIOTHYECKoe BpeMsi, H MOTOMY
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3HAYHTEJbHBIE MAcChl HEyCTOHYHMBBIX MEepBHUYHBIX MOPOL006pasyio-
LHX H BTOPHYHBIX TJIHHHCTHIX MHHEPaJOB HEpPeaKO MepeHocaTes
K Gasucy JAeHylalliM elle 10 NepeBola HX B COCTOAHHe CBOGOI-
HBIX OKHCJIOB.

B. B. IloabiHOB BbIAE/H/ YeThIPE CTaJHH BLIBETPHBAHHA, Xapak-
TEePU3YIOlLLlHe €/HHBI NPOTEeKalollHii BO BpeMEeHH HempepLIBHbIHA
npouiecc runepreHesa. [lepsBas cTaausa XapakTepH3yercs
npeobaanamolled poJblo  (H3IHYECKHX (aKTOPOB BBIBETPHBAHHS
¢ obGpa3oBanHeM KpPYNHOOGJIOMOYHBIX H MeJKO3epPHHCTBIX MNPOLYK-
TOB MEXaHHYECKOro pacraja MacCHBHBIX TOpHBIX mopox. B ycio-
BHAX CYPOBOro K/JHMaTa H AKTHBHOM /J€HYAalliH COBPEMEHHOE BHI-
BeTpHBaHHe HepelKo OrpaHHYHBaeTcs 3ToH nepsoii crajaxeir. BTo-
pas CcTaAMA XapaKTepH3yeTcs LIGJOYHOH peakuHeii cpebl
3a cyeT H3BJEYEHHs B PacTBOP OCHOBaHHH MpPH THAPOJH3E MHHEpa-
aoB. Ha asroii craaguu o6pasylorcs BTOPHYHbBIE MHHEPAJLl B Pe3yib-
TaTe OKHCJIEHHs, THAPATALHH, THApONH3a W KapboHaTH3aluu nep-
BHYHLIX MHHepasoB. Cpein BTOPHYHBIX aJIOMOCHJIHKATOB Ha 3TOH
cTagud npeobaajal0T MHHEpPaJdbl TPYNibl MOHTMOPHJJIOHHTA H
HOHTPOHHUT. [lpu oTHOcHTeNbHOM H3OBITKE B NOPOAAX KalbIHA
B TPOAYKTaX BLIBETPHBAHHS IMPOHCXOAHT HaKOM/IeHHe KapOoHarta
Ka/bllHf, Hepeiko o0pasyollero KOpKy Ha O0GJOMKax MacCHBHBIX
nopoja, B. B. [NMoabinoB uMenyer 3Ty cTaguio «00bI3BECTKOBAHHON
H/JIH HAaCBILEHHOH CHAJJIHTHOH KOpOii BhIBETpPHBAaHHA»; HauboJ/bLIee
pacnpocTpaHEHHe OHA MMEeT B YCJOBHAX YMEPEHHOTo KiumMaTa NpH
BLIBETPHBAHHH H3BEPIKEHHBIX H Meramopduueckux nopoa. B rop-
HBIX paiioHax COBpPeMEeHHBbIe phIXJble 00pa3oBaHus HA CKJIOHAX YACTO
OTHOCSTCS HMEHHO K 3TOMY THITY.

Tperbsa cTajgusa—OCTATOYHOH HEHACHILLEHHON CHAJJIHTHOH
KOpbl BHIBETPHBAHHSA — XapaKTepH3yercsl Ja/JbHEHIIHM BBIHOCOM
H3 MpPOAYKTOB BHIBETPHBAHHA IIEJOUYHBIX H LIEJOYHO3EMENIbHBIX
371EMEHTOB, BCJIEACTBHE YEro peakiHsi CPeJbl CTAHOBHTCH KHCJOMH.
B stoit o6craHoBKe cpean BTOPHYHBIX AJIOMOCHJIHKATOB NpeodJa-
JaloT rajdiyasdaT W KaoJuHHT, PasBuTHe 3Toil CcTaaiHM BLIBETPHBA-
HHSI HMEET MECTO B YCJOBHAX 3aMENJIEHHOI JeHyAallHH H OTHOCH-
TeJabHO Gosiee OGHMJIBHOrO yBJaxHeHus. B uerBepToll cTaiuH
ofpasyerca ocTaTo4YHAs AJVIHTHAA KOpPa BBIBETPHBAHMA, XapaKTepH-
3yeMass HaKONJIeHHeM OKHCJOB KPeMHHS, JKeje3a M aJIOMHHHS.
PasBurie ee omnpejpejsercs COYETAHHEM AKTHBHOIO XHMHUYECKOro
BBIBETPHBAHHSA C 3aMeJJICHHOH JieHy/alHel B YCJOBHAX ¥KapKOro H
BJIAJKHOro KaumaTta. B COBpeMeHHHIX YCJOBHAX Ha TEPPHTOPHH
CCCP pasBuTHe aJJVIMTHOHl KOpBHI BHIBETPHBAaHHS He HMEET MecTa
H HaJHYHe ee OOHApPYKHBAETCH TOJBLKO 3a CYET MECTHOH COXPaHHO-
CTH JIPEBHHX KOp BbiBeTPHBaHHA, 00A3aHHBIX KJIHMATHYECKHM 3I0-
xam npounioro. Buuike Bcero K aMJIHTHOMY THMY BBIBETPHBAHHSA
NpHGAMKAIOTCA KpPaCHO3eMbl BJAXKHBIX CYOTPONHKOB 3aKaBKasbs
(pafion r. Batymu), oKpacka KOTopbix 06sisaHa HAKOILJIEHHIO B HHX
CHIPOOKHCJIOB JKeJe3sa.

BakneHdmuM pe3y/JbTATOM BLIBETPHBAHHH ABJAETCH BO3HHKHO-
BEHHe B 30He THMEpreHesa KOJJIOHAHO-AHCHepCHbIX o6pa3oBaHHH,
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T. e. yactui anamerpom 1-10~'—1.10-% mxwm. Ilpu Takom pas-
Mepe HeoOGblyaiiHO BO3pacTdaer MX yjaeibHas NOBEPXHOCTb, COOTBET-
CTBEHHO YeMy BelllecTBO NpHOOGpeTaer HOBHIE CBOWHCTBA, CBA3aHHbIE
C 3JIeKTPHYECKHM 3apsAJ0oM HacTHI H JiefiCTBHEM [OBEepPXHOCTHBIX
cus. Koasonano-nucnepcuslie 06pasoBanns 30Hb THNepreHesa o0s-
3aHBl MeXaHHYeCKOMY pa3ipo0JeHHI0 FOPHBIX MOPOJ MPH BHIBETPH-
BaHHH, XHMHYECKHM TNPEBPAIEHHAM, NPOTEKAIOUHM B 30He BHIBET-
pHBaHUsI, W PAa3JOXKEHHI0 OpPraHHuecknx ocraTkoB. Hannume 3iex-
TPHYECKOro 3apsija y KOJNIOHIHBIX yacTHIl Ompejesaser copOuHiO
HMH TMPOTHBONOJNOMXKHO 3apsi?KeHHBIX HOHOB H3 OKPY’KalOLIHX pac-
TBOPOB. B yC/l0BHSIX BOJHOI Cpe/ibl, XapaKTepHOH /i 30HB THIEp-
reHesa, rJHHHCTBIE M OPraHHYecKHe KOJJIOH/LI 00J1a1aloT OTpHIA-
TeNbHBIM 3JEKTPHYECKHM 3apsAAoM H COPOHPYIOT KATHOHBI MeTal-
JIOB; 3THMH Ke cBoHcTBaMH obGaapaior Koaaoujas SiO, w MnQ,.
IonoxureabubiMu  3apagamu  obaajgalor Koasaouasl Fe(OH); n
Al(OH)s. T'aunucrble MHHepaJbl 06JajaioT pasjiHYHOH €MKOCTbIO
NOTJIOUeHHS, OHa MaKCHMalbHa Yy MOHTMOPHJJIOHHTOB H MHHH-
Ma/ibHa Y KaoJHHHTOB.

OOpasoBaHHe C¢J0s BHIBETPEJbX NMOpoa obJervyaer AeHYAalHiO
H OJIHOBPEMEHHO 3aTpy/AHAeT AaJbHeHIIHH A0CTYN areHTOB BbIBET-
PHBaHHA K CBEXHM, HeH3MEeHeHHBIM KOPEeHHLIM NOpojaaM. ¥Yjalenie
npoleccaMu JeHylalHH BbIBETPEJOro cJiod AKTHBH3HPYET BHIBET-
pHBaHHE, UYTO B CBOIO OYEpelb CO37deT YCJOBH§ JJIs YCHIEHHSA
penyjiauun. B HTOore Memy BHIBeTpHBaHHeM H JeHyJalHel ycTa-
HABJNBAETCH MOJBHXKHOE PaBHOBECHe, ONpe/essioniee MOIIHOCTh
NPOAYKTOB BBIBETPHBAHHS B 00JACTH TMOJIOKHTEJIbHBIX (opM
peaveda. IloismxkuHoe (AMHAMHUYECKOE) PpaBHOBecHe He HCKIIIO-
qyaer noctynatejibHOro pa3BHTHA, B CHTY KOTOpPOro paBHOBECHE
C/IBHTAETCs B TY WM HHYIO cTopony. Ecan mpeoGaajaioilyio poJb
npHo6peraer JeHyAallHs, MOIHOCTh COBPEMEHHBIX NPOAYKTOB Bbi-
BeTPHBaHHA Nl /15 HOBLIX YCJOBHiH paBHOBecHs ymenbuiaercs. Ilpu
3aMelJIeHHOH JeHylaluu M, CJejoBaTelbHO, OoJee AIHTEILHOM
BbIBETPHBAHHH paBHOBecHe Oyaer AOCTHTHYTO NMpH OOJBLIHX 3Ha-
ueHHusx M.

Bpema T, xapakrepusyollee MNpoA0JAKHTEJIbHOCTh NPeGbIBaHHSA
B 30HE BLIBETPHBAHMA 3JEMEHTAPHOrO CJO0A PLIXJAbIX 00pasoBanHi,
Haxojsulerocs Ha ray6uHe Z<h OT JHEBHOH MOBEPXHOCTH, Oyler
onpeieNaThes JHHeHHOH 3aBHCHMOCTLIO

h—z
AL 0
4 Ah (5)

Bepxtuii ropusoHT phixjoil toammn (2=0), paHee Apyrux BCTY-
NUBIIAII B 30HY BBHIBETPHBAHHA, OyJAeT XapaKkTepH30BaThCA HAH-
GoJIbIIEH NPOJOJKHTENBHOCTEIO BPEMEHH YUdCTHA B Mpolecce

i Tigioe % 61
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Huxuemy ropusoHTy Ha rayGuse h, T. e. Ha TPaHHIE CBEXKHX,
HEH3MEHEHHBIX 1opoj Oyaer cooTBercTBOBaTh T)=0, NOCKOJBKY
npomecchl BHIBETPHBAHHUS €lle TOABKO AOCTHIVIH 3Toil rayGunsl. [Ipu
yCTaHOBHBIIEMCsI Npolecce HabJal0laeMas KapTHHa OT BPEMEHH He
3aBHCHT M T, siBAsieTcsl mapaMeTpoM, XapaKTepH3YIOIHM MeCTHHe
ycaoBusi. MoxHO npuG/HMKEHHO OUEHHTh TOPAAOK BpeMeHu Ty OT
HauaJa BbIBETPHBAHHA MNPOH3BOJIBHOIO CJ0s KOPEHHBIX NOPOA 10
MOMEHTa yJaJieHHs ero MpPOJYKTOB BbIBETPHBAHHS CHJIAMH JeHyja-
uui. Mcxons, Hanpumep, H3 cpeiHell MOILHOCTH cJOs JeHylallHH
ropHoro ckioHa Ah=0,25 mMM/rox H OOGBIYHON AJs 3THX YCJOBHH

MOLIHOCTH TIJIHHHCTO-uIeOeHHCTHIX oOpasoBanuit h=1,5 M, HMeeM

h
T02E=6000JIET. Jlasi cpaBHeHHs yKaxeM, 4To no ganHwim B. [T

ITerposa, dopmupoBanue ApeBHeil KaOJHHHUTOBOH KOPHI BbIBETPHBA-
HHf Ha Ypaae norpeGosano nopsaka 0,5—2,0 maH. Jer, xapakre-
pH3ysl YCJOBHSI BbipaBHeHHOro peiabeda. Hacroe HainuyHe Ha rop-
HbIX CKJOHaX TOJbKO (parMeHTapHblX H rpyOOCKeJeTHHX IOuYB
YKa3bBaeT Ha BBICOKYIO CKOPOCTb JIeHYAalHH.

BriBeTpuBaHHe W JeHyAalHsl BeAYT K IOSBJEHHIO Ha MNOBEpX-
HOCTH CYLIH Pa3JIHYHBIX MO THMOY H MOIIHOCTH PHIXJbIX oOpasoBa-
HHH, pa3BHBALIHXCA HAa MECTE 3a CYET TMOJACTHIAIOUIHX TOPHBIX
nopoi. MHoe NpPOHCXOMKAECHHE HMEIOT pa3HooOpasHbie P bl X J bl e
(niu Gosee NJIOTHBIE) OTJO0XKEHHH — NepeMelleHHbIe MPOAYKTHI
BLIBETPHBAHHSA, MNEPCKPBIBAIOUIHEC KOPCHHbLIE MOPOALI B MNOHHXKEHHBIX
ydactkax. D(QeKTHBHOCTD JHTOXHMHYECKHX I[OHCKOB PY/IHLIX Me-
CTOPOK/EHHH 10 HX BTOPHUHBIM OpeoJaM pPaccesHHsi B OCHOBHOM
34aBMCHT OT I'eHe3uca PHIXJLIX MOPOoj — HX B3aHMOOTHOILEHHH ¢ 10-
poramu cybcrpara.

B ycioBusix BLIDOBHEHHOro penbeda M B HAYaJbHOH cTaiHH
BLIBETPHBAHHA 00pa3yeTcs 3JI0BHH — OCTABIIHECH HA MECTe CBOEro
00pa3oBaHHs NPOAYKTH BBIBETPHBAHHA KOpeHHbXx nopoa. C Mo-
MeHTa 00pa3oBaHHsf NepBoro oG/JAOMKA Ha MOBEPXHOCTH MJIOTHOH
TOpHOil MOpPOJAB B pe3dyabTate ee (HIUYECKOr0 BLIBETPHBAHHA
YHCJA0 OOJOMOUYHBIX HacTHIL Oy/eT HemnpepLiBHO BO3pacraTh, a HX
cpeanHii pasmep yMmenbllaThes. BeseacTBue Heo6paTHMOCTH 3TOTO
npolecca 3J0BHI0 OOBIYHO CBOHCTBEHHA HaHMeEHblllas KPYMHOCTh
yacTHll BOJMH3H AHeBHOH moepxHocTH. [lo BepTHKaJABHOMY paspesy
3JII0BHi TMOCTENEHHO TepexXoAHT B MJIOTHYI0 KOPEHHYI0 MOPOAY
(puc. 25).

DToH Ke 3aKOHOMEpHOCTH B ofuieM cjayyae MNOAYHHEHO MOcTe-
neHHoe paspylieHHe u o6pasoBaHue 06JOMKOB MepBOHAYAJBHO MO-
HOMHTHOrO pyaHoro Tenaa. HHorna Menko3epHHCTHIH MaTepHa
BCJEACTBHE TPOBAJHBAHHA MEJIKHX YaCTHIL MeXy KPYNHbBIMH 06-
JOMKAaMH M mepeHoca aTMoc(epHBIMH OcCaJKaMH HJH BHYBaHHS
BETPOM pacnoJiaraercss Ha HeKoTopoii rayO6uHe. B 3oHe XouaoaHoro
H YMEpPEHHOTO KJAMMaTa MOLLHOCTH 3JIOBHA OOGBIUHO He NpeBLIlIaeT
HECKOJILKHX METPOB, a B YCJOBHAX BJIAXKHOrO H ¥KapKoro KIH-
marta — moxer jocrurate 100 m. Tlo cBoemy cocraBy 3JIOBHH
OTpa){aeT COCTaB KOPEHHHIX TMOPOJA M HAJHYHE B HHX OpY/IeHeHHs
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Puc. 25. BepTukanbnblii paspes amio- Puc. 26. BepTukaabmbii paspes 3Jio-
BHSL. BHO-/1EJIIOBHS.

! — no4YBeHHO-PACTHTEALHLIA  caoft; 2 — mec- | — NOYBEHHO-PACTHTEABHBLIH caoil; 2 — nec-

YaHO-TAHHHCTEIe oGpaszoBannd; J — 0GJAOMKH yaHO-TAHHHCTRle o6pa3oBaHHa €O [IeGeH-

KOpeHHbIX mnopojl; 4 — KOPeHHble MNOPOAH KoHl; 3 — xopeHHble NOPOJAB B HauyanbHoOH
CTajl¥l BblBETPHBAHHSA

¢ TeMH H3MCHEHHAMH, KOTOpPble BHOCAT XMMHUEPKOE BHIBETPHUBaAHIE
H GHOreHHbIE NPOILECCHI.

Tepmunom «aenioBHii» NPHHATO 0003HAYATH DhLIXJble HOBOOOpaA-
30BaHus Jwoboro merporpaduueckoro cocTtasa, MOKpbIBalomue
CKJIOHB! BO3BBHILIEHHOCTEN M TNpejcTaBisiouine coboil NPOAYKTHl Bbl-
BETPHBAHHS KOPEHHLIX TOPOJ, MEepeMelleHHble AeHCTBHEeM CHJBI TH-
JKecTH H aTtMocdepHbix ocalkoB. [lemoBuil, o6pasys CIJOIIHOMH
MOKPOB Yy OCHOBAHHSI CKJOHA, JOCTHraeT Bojopasjenad, rjie Cc/AHBa-
BaeTcsl ¢ GMH3KHM K HEMY [0 COCTaBy 3/i0BHeM. B pesyapTaTe phix-
Jble 00pa3oBaHuA MOKPHIBAIOT BCIO MECTHOCTh, 06pasys ciaabo BoOJ-
HHCTHIH  3JIIOBHO-J@IIOBHAJIBHEIN NOKpPOB. IIpH JIHTOXHMHYECKHX
NMOHCKAaX MECTOPOXK/IEHHH MO0 HX BTOPHYHBLIM OpeoJaM paccesHHs
yalle BCEro NPHXOAMTCS HMETH JeJ0 HMEHHO ¢ 3 JI110 B H 0-7 € J1 10 B H-
ANLHBEIMH 00pasoBaHHAMH — cjabo mnepeMelleHHBIMH TNPOAYK-
TAMH BBIBETPUBAHHS, MO CBOEMY COCTABY H MECTONOJOMKEHHIO elle
COXPaHSIOIMHMHE OTYETIHBYIO CBA3b C MATEDHHCKHMH KOPEHHBIMH
nopogaMi. MouHOCTE 3/110BHO-1e/I0BHAIBHBIX 06pa3oBannii B 60:1b-
IIOH CTeNeHH 3aBHCHT OT CKOPOCTH JeHyJAalHH, oOBYHO Kouaeb-
asice ot 0,5—2 no 10—12 M, peaxo Gosnee. CocTaB 3/10BHO-AENTIO-
BHf B JAaHHON TOYKE OTPaxKaeT COCTAB KOPEHHHIX MOPOJ, pacnofo-
JKEHHBIX THICOMETPHYECKH Bhllle no ckAoHy. Ilo BepTHKaJbHOMY
paspesy 3JI0BHO-AeNI0BHAJbHBIE 06Gpa3oBaHHA Ha TIyOHHe CMeHs-
I0TCA 3JI0BHEM, B CBOIO OYepe/b NMepexoidllHM B IJIOTHYIO KOpeH-
Hy10 nopoy (puc. 26). B ocoOwlii reHeTHuecKHit THI J0JKHBI OHITH
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BbI/eJIEHBl CONHDIIOKIIHOHHBIe 00pa3oBaHust, pa3BUBAIOLIHECH B ycC-
JIOBHSIX YCTOHUHBOH MEPSJIOTHl H apKTHuecKoro kjaumara. [lorpedas
noj co0Oif KOpeHHBIe TOPHbLIEe MOPOJbl, NPOJIOBHAJNBHBIE, AJJIOBH-
aJibHble W JeJHHKOBHIE OTJIOKEHHSI [0 CBOEMY COCTABY H Xapakrepy
HAXOASTCS ¢ HHMH B CJOKHOH reHeTHYecKoi cBsizu. He umeior nps-
MOl TEeHETHUECKOH CBS3H C HEMOCPEeACTBEHHO MNOJACTH/AAKIIHMH HX
MOpOJAaMH pasjiHUHbEIE 30JI0BBHIC, O3€PHBEIE, MOPCKHE H BYJKaHOreH-
Hble OTJIOXKEHHs], ofpasylolluecsd B YCJIOBHAX, KOrja JAeHyJalHs yc-
TynaeT MecTo ocaikoHakorenuio. OaHako B GJaronpusiTHEIX yCJI0-
BHAX BTOPHUHBIE OPEOJEI PACCEAHHS MECTOPOKIEHHI MOJEe3HBIX
HCKOMaeMbIX, 3a/erarolliux B Hopojax (yHIaMeHTa, MOTYT IIPOSB-
JATHCA HA MOBEPXHOCTH M B COCTaBe NEpPeKpLIBAIOLIMX AaJbHENpH-
HOCHBIX OTJ/IOXKEHHMH OrpaHHYeHHOH MOLIHOCTH 33 CYeT 3MHIeHeTH-
YECKHX MPOLECCOB, KOTOpPble GyAyT PACCMOTPEHB HUIKE.

3.2. KIACCH®HKALHA BTOPHYHbIX OPEOJIOB PACCEIHHUA

B cocrase 3/I0BHO-JE/IOBHAJNBHBIX 00pa3oBaHHil PyJIOHOCHBIX MO-
PO BHIBETPHBAHHE HEMPEPHIBHO CO3[2€T, 4 ACHYAalHs HernpephBHO
OOHOBJIAIET JTHTOXHMHYECKHE OpPEOJEl paccesHHA MeCcTOPOXKIeHHI,
pyAHBIE TeJa WJIH NEepPBHYHLIE OPEOJILI KOTOPLIX BbiBEIEHLH HA YpO-
BeHb [eHyAalUHOHHOro cpe3a (cM. puc. 4, yposuu 5—[). 10T 1po-
Hecc, CTPeMsIHHCA K peryjaspHoMy pexumy, obecrneuMBaer cylile-
CTBOBAHHE BTOPHYHBIX OPEOJIOB paccesHUsl MEeCTOPOKJIeHHil B Kaue-
CTBe YCTOHYMBLIX e0JIOTHYeCKHX 00pa3oBaHHil 30HLI THIEpreHesa,
NMOJAYHHSAIOMIHXCS BIMOJHE ONpeJeJeHHHM 3aKoHoMepHocTsaM. Pop-
MHpPYSl JIOKaJbHBEIE aHOMAJHH THIEPreHHOTO MO/ paccesHHA B akK-
THBHO JIeHyJHPyeMBIX paiioHax, 3TOT OCHOBHO{ mpollecc o6pa3oBa-
HH BTOPHYHBIX JIHTOXHMHUYECKHX OpEOJIOB paccesHHs B TO IKe
BpeMsl SBJSAETCH He eIHHCTBEHHLIM. BeuaeactBue MHOrooGpasus
H CJOKHOCTH IIPOILECCOB pacCesHHsA BO3HHK/AA HeOOXOAHMOCTb CO-
CTaB/IeHUA KjaaccHPUKAaUHH opeoJioB paccesius. Boijenssa B cocTase
C/JI0HOTO Ipolecca OT/eNbHble, JleKallye B €ro OCHOBE MPOCTHIE
SBJEHUS, yAaeTcsi 00ecMeYHTh HX BCECTOPOHHee H YrayOJeHHOe
paccmorpenne. XapakTepHble AJs TeX HJIH HHBIX THIOB BTOPHYHBIX
OpEe0JIOB paccesiHHd TeHe3He, MOpdOJOrHA H KOJHYECTBEHHLIE na-
paMeTpsl OMpeeasioT WX MOHCKOBOE 3HaueHHe M TeoJIOTHYECKYI0
uaTepnperannio. Knaccudukauus BTOPHYHBIX OPEOJIOB paccesHHs
6bi1a npeanoxkena H. M. CadponoBuiM euwe B 1936 r. [34] u, ¢ He-
HONBIIHMHE TIOTPABKAMH, COXPAHAETCA [0 HACTOSIIEr0 BPEMEHH.

[To ¢azosomy cocTosHUO BTOPHYHBIE OPEOJIBl PacCessHHA KIacCH-
(HIHPYIOTCA HA MEXaHHYECKHEe, COJIEBBIE U Ia30BHIE.

B MexaHuueckKoM opeoJie paccesHHs ero MHHepaJibHbie
KOMIOHEHTBI MPHCYTCTBYIOT B (popMe TBepAbIX BeIecTB — YCTOHYH-
BLIX B 30HE THIOEpreHe3a MePBHYHBIX HJIH BTOPHUHBIX MHHEDPaJIOB
H pyaHbix o6JoMKoB. OOpasoBanHe MeXaHHYECKOTo opeoJa pacces-
Hus 00513aHO (DU3HYECKOH JH3eHTEerpalHH pYIAHOro Teja, IoTepe
PYAHBIMH MHHEPAJaMH H OOGJOMKAMH CBA3H C MOHOJHTOM H TIpH-
oOpeTeHuio HMH NOABHAKHOCTH. OCHOBHBIMH TOPH30OHTAMH pPAasBH-
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THA MEXaHHYCCKHX OpeO0JIOB paccesaHHda ABJAAIOTCH COBpEMEHHBIE
3JII0BHO-/le/1I0BHAJIbHbIe 00Pa30BAHHS H JPEBHHE OCTATOYHBIE KOPHI
BLIBETPHBAHHA py/LOBMellalolux Ttojul, Mexannyeckue opeoJitl
paccesiHus 00pasyloT abcoioTHOE OGOJBLIHHCTBO PY/AHBIX MECTO-
POX/eHHIi, B NEPBYIO Oo4Yepe/ib 30J0Ta, IJIaTHHBI, KACCHTEPHTa, Xpo-
MHTA H MHOTHX JPYIHX MHHEpaJIOB.

B coneBom opeose paccesiHHss MHHEpaJbHbIE KOMIOHEHTHI
MECTOPOK/ACHHSI IPHCYTCTBYIOT B (opMe PACTBOPEHHBIX HIH CAOKHO
CBA3AHHBIX C IIOPOJAMH BOJIHOPACTBOPHMBIX coeannenuil. Q6pa3zo-
BAHHE BTOPHYHBIX COJIEBHIX Ope0JioB 00f3aHO /ABHiKeHHIO, AHbDY-
3HH, KanW/IJAPHOMY MOABEMY H HCHAPEHHIO MHHEpPaJH30BaHHLIX,
BOJI, 00pasylOLIHXCsl B pe3yJabTaTe pPacTBOPEHHA pPyAHLIX MHHepa-
JIOB, yalle BCEro Ha CTaAHH HX THINEPreHHbIX H3MeHeHHuil. YuacTsys
B (OpMHPOBAaHHH CJAOKHBIX (MEXaHMYECKHX H COJIeBLIX) OpEOJIOB
B 3JII0BHO-JIEJIOBHH, COJICBOE pAcCesHHe MOKEeT pa3BHBATLCH ViKe
Ha CTaJHH CJENOro 3ajeraHHs PYAHBLIX TeJ H HX NMEPBHYHBIX OpeO-
J0oB (cM. pHc. 4, ypoBenb A) 3a cuer OMBIBaHHS NOJA3EMHBIMH BO-
JlaMH BEPXHHX IOPH3OHTOB OpylAeHeHHus.

B GaaronpHaTHBIX yCJAOBHAX COJeBOe paccesHHe crnocoGHO pac-
MPOCTPAHATLCHA Ha NEPEeKPbIBAIOLIHE 1aJbHENPHHOCHBIE OT/IOMKEHHS.
KoMnoHeHTB! c0/1eBOro opeosia MOTYT yCBaHBATbCH KOPHEBOIl CH-
creMoil pacTeHnil, o0pasys OHOreoXMMHYECKHE OpeoJbl B KHBOH
pacrutesqbnocTH, [locaeayioulags MHHEpaJaH3alusi pPACTHTENBLHOIO
onaja ofpasyer OHOTEHHYIO COCTABAIOULYIO CJOKHOTO JHTOXHMH-
yeckoro opeoJia. CoJseBble OpeoJibl paccestHHs o6GpasyloT, B dact-
HOCTH, MECTOPOKIACHUA MEIHOKOJYEIAHHBIX pYyA, I[WIaBHKOBOTO
mrata M B TO WJIH HHOH Mepe Bce Jpyrue THNbl PYAHbIX MecTo-
pOXKIeHHI.

O6pasoBaiHe ra3oBbLX OPeOJOB paccesHus oba3ano Aug-
¢y3un u 3¢¢y3nn razoBbiX KOMMNOHEHTOB MECTOPOK/ACHHiH uepes
TOJILLY TOPHBIX NMOPOJ K AHEBHOI noBepxHocTH. ['azopblie opeoJbl
paccesitHusi XapakTepHbl AJs MECTOPOKAeHHII paJHOaKTHBHHIX PyJ
H PasBHBAIOTCS HE3aBHCHMO OT MpPOLECCOB BLIBETPHBAHHA HJIH OT
MOJIOXKEeHHs JIeHY/1allHOHHOH NOBEPXHOCTH MO OTHOLICHHIO K 3aJ/1eikKH.
Onu o6pasyloTess B pe3yabTaTe CcaMONpOH3BOJLHOIO pajlHOaKTHB-
HOI'O pacnana JIEMCHTOB, NPH KOTOPOM BBLIACJAAIOTCH raaooﬁpaaﬂme
IMaHaluuu — pajoH H TopoH. Hasnnune rasoBbix 0peosioB paccesiHus
NOKA3aHO AJs PTYTHbIX MECTOPOXKIEHHH, YTO CBA34aHO € BHICOKOI
YIPYTOCTHIO NAPOB PTYTH y2Ke MPH OOLIYHBIX TEMMepaTypax 3eMHO#
nosepxuocT [46]. To wiam MHOE yyacTHe B THIEPreHHOM paccesHHH
PYAHBIX MECTOPOK/IEHHI MapoB CBHHIA, MeJH, IHHKA, 0JI0Ba H JIO-
ObIX JpYyTHX METAJJIOB B BHAE aTOMAapHOro rasa HJH, HampHMmep,
B (popMe Gosee JeTyYHX TaJOHAHLIX COEJHHEHHI He NMOMJIENHT COM-
HCHHIO, HO, OYEBH/HO, HTPAeT MOAYHHEHHYIO POJib, H TeXHHKa o0Ha-
PYJKEHHSI Ta30BbLIX OPEOJIOB ITHX PYAHBIX 3JIEMEHTOB €lIe HAXOAHUTCS
Ha craguu paspaGorku. [loaseprasice aAcopObUHH M OKK/IIO3HH HA
NOBEPXHOCTH YACTHIL PBLIXJIOH TOJIIH, rasoo0pasHble KOMIIOHEHTHl
y4acTsylT B 06])&]30[5&]]”1!‘] JUTOXHMHYECKOTO OpeoJia paccesHHd.
Takum 06[)830!\4, BTOPHYHBLIE JIHTOXHMHUYECKHE OpE Jibl pacceaHusn
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PY/AHBIX 3J1eMeHTOB 00pa3yloTcs B OCHOBHOM B TBepJoii dase, MeHb-
nlee 3HaYEHHE HMEET COJIEBOE€ pacCesiHHe H OYeHb MaJylo poJb Hr-
paer paccesHHe B rasoo0pasHoM cocTofaHHH. Huxke Gosee nox-
poOHO paccMaTpPHBAIOTCH TOJbLKO BTOPHUHLIE MEeXaHHYECKHe H CO-
JeBble opeoJibl paccesris. Co6CTBEHHO ra3oBble OpPeoJibl paccesHus
PYAHBIX MECTOPOKAEHHIH paccMaTpHBAIOTCA B IVI. D NMPH H3JIOMKEHHH
METOAHKH aTMOXHMHYECKHX NMOHCKOB.

BTOopHYHBIE OpeoJibl B COBPEMEHHOM 3/II0BHO-AeJIOBHH HIH JIpeB-
HeHl Kope BbIBeTpHBaMHs, 00pa3soBaHHble 3a CUET HHTEPBAJOB PYA-
HOrO TeJla HJH €ro NMepPBHYHOrO OpeoJia, CYLIECTBOBABIUHX B MpO-
¢use KopeHHbIX NMOPOJ A0 BBIBETPHBAHHA, HMEHYIOTCH OCTATO Y-
HEIMH OpeoJiaMHu paccesHus. B oTHuHe OT HHX BBIAEJNAIOTCH
HaJOXEHHBIE OPEeOoJbl, B KOHTYPAX KOTOPBIX /A0 pPa3BUTHH
BTOPHYHBIX MpPOLECCOB pACCEAHHS NMEPBHYHAH pPy/AHAS MHHEpaJiu3a-
s OTCcyTcTBOBasa. Baxuefimwas ocofeHHOCTb BTOPHYHBIX OCTATOY-
HbIX OPEO0JIOB paccesiHdsl — 3TO NPONOPUHOHAJNBHOCTh HX JIHHEHHOH
M, m % u naomaanoii P, m?* % npoAyKTHBHOCTEH TeM e nmapamer-
paM HCXOJHOrO KOPEeHHOro opyieHenus My, Pj, Bblpaxaemas 3a-
BucuMocTaMH (18) u (19). Bxoadwuii B 3TH (OPMYJIBI MHOXKHTEJb
nponopuHoHaibHoeTH R==1,0, 3aBHCALIMI OT MECTHBIX JaHAmadT-
HO-TEOXHMHYECKHX YCJIOBHiI H CBOMCTB KOHKPETHOrO PYAHOTO 3Je-
MeHTa, JJIs 3THX OPEO0JIOB HMeHyeTcs KO3 (pHLUHEHTOM OCTATOUHOMH
NPOLYKTHBHOCTH.

[To npuaHaKy JAOCTYMHOCTH MJsi OOHapy:KeHHs pas/nuyaloTcs
OTKPBITHIE OpPeoJibl paccesHHS, T. e BbBIXOJfALLHE HA COB-
PEMEHHYIO JHEeBHYI0 NOBEPXHOCTh, H 3aKpbIThie OPEOJibl, BH-
SIB/IAEMbIE TOJBKO HAa HEKOTOpoii rayGuHe oT mosepxuoctH. Obpa-
30BaHHE 3aKPHITHIX OPEOJIOB CBA3aHO, HANPHMEP, ¢ BBIHOCOM aTMOC-
¢epHbBIMH OCaJAKaMH JIETKOMOJABHIKHBLIX pPYAHBIX 3JIEMEHTOB H3
BePXHHX TOPH3OHTOB 3JIIOBHA HJIH C TOCJAEAYIOUHM 34 pPAa3BHTHEM
OCTATOYHOrO OpeoJia paccesHHs H3MeHenuweM ©Oasnca  Jeny-
JalHH, MPHBEIHM K OTJOXKEHHIO 4HexJa [AaJbHernPHHOCHBIX
TOPOJ H MEepexojly OCTATOMHOro opeoja B norpefGeHHoe COCTOSHHE.
Hanuyue 3toro yexJsa, aIOXTOHHOrO 110 OTHOLIEHHIO K py/loBMe-
IAIOUIHM TOPOJaM H HX KOPAM BHIBETPHBAHHA, B YAaCTHOM cJayyae
MOXKET He nmoMewmaTts AH(PEHY3IHOHHOMY, cOpOIHOHHOMY, HCMapHTe k-
HOMY M (HJH) GHOreHHOMY HAKOIJIEHHIO PY/HBIX 3JIEMEHTOB Y IHEB-
HOH MOBEPXHOCTH M NPHBECTH K 00Pa30BAHHIO OTKPBITOTO HAJI0MKEH-
HOTO JIHTOXHMHYECKOro opeoJa paccesnus (puc. 27). B oranune
OT MEePBBIX JABYX K/JIacCHPHKALHOHHBIX NPH3HAKOB, NMPHHALIECKHOCTD
opeoJa paccessHHs K 3aKpPBITOMY THIY HMeET He TIeHEeTHUYECKHH,
a TOJNBKO BpEMEHHBIHl TexHH4YecKHil cmbica. [Ipu nepecmorpe Ie-
peuHsi onpexeNsieMBIX 3JIEMEHTOB, COBEpIICHCTBOBAHHH METONHKH
aHaauM3a npo6 WAH cnoco0oB MaTeMaTHYecKo# 06paGOTKH JaHHBIX
JA10060ff «3aKpHITHII», OPEOJl paccesHHs MOKET NepedATH B paspsn
«OTKpHTHIX». [Toatomy Gosee crporoe ompeje/eHHe TepMHHA «3a-
KPLITHIH Opeos paccesHHs» TpeGyeT yKasaHHs Ha HEBO3MOXKHOCTh
ero oGHapyKEeHHA Ha JHEBHOI MOBEPXHOCTH «C MPHMEHEHHeM cylile-
CTBYIOUIHX TeXHHYecKHX cpeictB». Kax/blii M3 pacCMOTpEeHHBLIX
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Puc. 27. Cxema 06pa3oBaHHfi OTKPHITOrO HAJ0MKEHHOTO JHTOXHMHUYECKOTO Ope-
0J1a paccesHHS.

1 — pynosmeltaiomue nopoasl; 2 — APeBHAA KOPa BHIBETPHBAHMA; J — JajAbHENPHHOCHBIE OT-
AOMKEHHA MOUIHOCTBIO fo; 4 — pyAHOe TeNOo M ero nepsHYHbIA opeost; 5 — norpeGeHHbift BTO-
PHYHBII OCTATOYHBIA oOpeos paccefiHHA; 6 — BTOPHYHBLIA HAAOMEHHEI Opeon paccesHHA
(cTpenki yxkaswiBaloT Hampasiende AHGGYIHH MHHEDANBHLIX KOMMOHEHTOB); 7 — pacTeHHs,
cmoco6uble o6GpasosaTh GHOreHHYI0 COCTABJAAILYI0 HaJAOMEeHHOro opeosa; & — ropH3OHTH
BOSMOXKHOR HcnapHTeabHoff, copGuHOHHOR H GHOreHHOM AKKYMYAAUHH DPYAHLIX SA8MEHTOB;
9 — rpadHk pesyabTaTOB HaseMHOR JHTOXHMHYECKOf CHeMKH

-

KJaccH(HKALHOHHBEIX MPH3HAKOB .XapaKTepH3yeT OCHOBHLIE OcobeH-
HOCTH (DOPMHPOBAHHS BTOPHYHLIX OPEOJIOB pacCefAHHS B KOHKpeT-
HOM pajioHe, a pasJHYHBIE COUYETAHHS 3THX NPH3HAKOB ONpEJESIOT
HX BO3MOXHBIe THNBL. B OCHOBY HX BLIJe/IeHHSA MOJOMKEHH KJAacCHu(pH-
KalHOHHBIE TPH3HAKH, ONpeAeNsiollHe TeHEeTHYeCKHH THM opeoJia
(ocTaTouHbli, HAJOXKEHHbLIH) H €ro AOCTYNHOCThL AJs OOHAPYIKEHHS,
a4 TaKKe HEeKOTOphle JOMOJHHTEJbHBIE XAPAKTEPHCTHKH HX NPHPOJLI
(2udy3uOHHDI, BHILENOYEHHBIH H T. M.) HWIH NOJIOMKEHHE OTHOCH-
TeJbHO KOpeHHOro opyreHenus. IIpu 3ToM 3apaHee Jonyckaercs
(hopMHpOBaHHe JIHTOXHMHYECKHX OpPEOJIOB paccesHHs C OJHOBpe-
MEHHBIM HJIH pa3flebHbBIM yYacTHEM TBEpABIX, PACTBOPHMBIX M ra-
3000pa3HbLIX KOMMOHEHTOB H POJIb KaxA0# H3 (a3 yTouHsercs MpH
ONHCAHHH OTAeJbHBIX THNOB. [IpH3HaKkH, onpejensiollHe THI Ope-
oJla, paccMaTpHBAlOTCA Ha OJaMKallleM K JHEBHOH NOBEPXHOCTH
TOPH30HTE, HA KOTOPOM OH MpPOSBJEH: OTKPLITHIE OPEOJBl XapaKTe-
PH3YIOTCSI Ha YpPOBHE [IHEBHOH NMOBEpPXHOCTH, a 3aKpbLIThie Ha MH-
HHMaJbHOH ryOHHe WX HaJeKHOro paspuUTHA. B mpakTHKe reoxu-
MHYECKHX IMOHCKOB 3TOT YpPOBEeHb NOJYHYH/ HAHMEHOBAHHE <«IIpe-
CTaBHTEJIBHOIO TOPH30OHTA JJIAl ONOHCKOBAHHAY.

B HMHCTPYKUHH MO reOXHMHYECKHM NOHCKAM PYAHBIX MECTOPOIK-
JleHuit B KauecTBe «HanboJiee BayKHLIX B MOHCKOBOM OTHOLIEHHH»
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oGeyxaaiorest 13 THIOB BTOPHUHBIX JHTOXHMHYECKHX OPeOJoOB pac-
cesnug [21]. Ilpn onmcaHuH uacTH M3 HHUX YKa3aHO <«HE H3YyueH
H B MPaKTHKEe TeOXMMHUYECKHX MOHCKOB He HCIOJb3yeTcA», HEKOTO-
pble THME NPH onucaHuu obbeiuHeHbl. OueBHAHO, 4TO MO MOpdo-
JIOTHYECKHM OCOOEHHOCTAM H B3aHMOOTHOLIEHHSM C pedbedom xa-
PAKTEPHCTHKH ODPEOJIOB paccesiHusl MOryT OLITh GeCKOHEUHO pasHo-
o6Gpa3unl. OgHAKO YHCA0 TIaBHEHLIHX THIOB BTOPHUYHBIX OPEOJIOB
paccesHus, ¢ KOTOPLIMH B NEPBYIO oYepejb NPHXOAHTCH HMETb JIEJ0
B TEOPHH H NPAKTHKE JHTOXHMHYECKHX MOHCKOB, HE CTOJb BEJIHKO.
Onucanpe TakuX CeMH THIOB OpeoJioB paccesHus (puc. 28), Bo-
wenmee B OoJsee paHHoio Mucrtpykumio (1965 r.), npuBoauTca
HIZKE, ¢ COKpAallleHHsIMH H JONOJHEHHSIMH HOBBIMH JaHHBIMH. Pac-
cmarpuBaeMble opeoanl [—IV mnprHajdekatr K OTKPHITOMY THIY,
B ux uncae opeoawst II—IV sBasores nanoxenuvimu, III—IV —
HAJOXKEeHHBIMH aKKyMyasaTHBHBIMH. Opeoast V—VII npunaanexar
K 3aKpPLITOMY THNY, B HX uHciae opeoabl V—VI ABJsAIOTCA OCTaTOu-
HBIMH (3JI0BHO-/1€/TI0BHAJIBHLIMHE) .

Haunbosbliee MOHCKOBOE 3HAUCHHE HMEIOT OTKPLITbIE OCTATOY-
HblE (3J0BHO-AE/IOBHAJBHEIE) OPEOJIBl PACCEeSIHHSL MeCcTOPOK1eHHH
(Tun 1), HamuuHe KOTOPHIX obecleunso IWHPOKoe H 3 hexTHsHOE
MpOBEACHHE OOBLIMHLIX (HA3EMHBIX) JHTOXHMHYECKHX ChEMOK B pYyI-
Hbx paiionax. Opeonnl aToro Tuna o0pasylOT MECTOPOXKAECHHA Ji0-
ObIX TreHeTHYECKHX THMOB, 3ajeraipollfe B BepPXHEM CTPYKTYPHOM
9TdMe, BO BCeX AKTHBHO JAeHYAHpPyeMBIX paioHax. B mnojo6nbix
VCJIOBHSIX HA TMOBEPXHOCTH DPYAOBMEIIAIOUHX IOPOJL PAa3BHTH TOJbKO
HX COOCTBEHHBIC TIPOAYKTHI 3JIIOBHO-AENIOBHA/IbHOIO BbLIBETPHBAHHS.

=]z [ 15
IRARERLGYAL;

Puc. 28. Tnapueillipe THIH BTODHYHRIX JHTOXHMHYECKHX OpEOJIOB paccesHHs
PYAHEIX MeCTOPOMKIEHHIi:

[ — ocTaTOMHble 3A0BHO-JedioBHaibuble (a u 0), 11— nuddysuonnnd, IIT— waapyausii,
IV — otopBaHKbli, V — BHlleoueHHBIi M npenenbHo pa3yGomenusifi, VI — norpeGennsii,
VII — nanomennnit norpeGeHHbiA,

1 — nouBcHHO-pacTHTeAbHBI  caofl; 2 — lanbHeNpHHOCHLIE  OTJOMeHHs; J — coBpementsblil
SNIOBHO-AENIOBHR HJAH [APEBHSSE KOPA BBIBETPHBaNA; DYLOBMELAOWHX MOpoid; 4 — pylosMe-
LWAOUHE MOPOAbl; 5 — pYAHLIE TejAa M MX NepPBHUHBIE OPeosbl; 6 — BTOPHYHLIE OPEOJaLl pac-
CeAaHuA
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DopMHpPOBAHHE OCTATOUHBIX OPEOJIOB B OCHOBHOM 00Si3dHU meXaHH-
yeckoMy paccesnuio. HaubGonee GnaronpusiTHel ajasi HX obpasosa-
HHS TOPHBIE pafiOHbl, H ITOT NPH3HAK NOJAYEPKHUBAETCS HAKJIOHOM
JIHEBHOII TOBEPXHOCTH NpH H300pamedun opeojoB | Thuma (cm.
puc. 28), uTO He HCKJAKYaeT X 00pa30BaHHA B 3JIOBHAJbLHBIX JaH/I-
wadrax AeHyAaLHOHHBIX PAaBHHH W IJIOCKHX BoAopasieioB. ['nas-
Hel{liHe pe3yJbTaThl TEOXHMHYECKHX MOHCKOB — OTKPBLITHS HOBBIX
MPOMBIIIJIEHHBIX MECTOPOMKAECHHH LBETHBIX, PEAKHX MeTa OB H 30-
gora 8 CCCP u 3a pyGekoMm mnpedMyllecTBeHHO 00A3aHbl oGHapy-
JKEHUI0O BTOPHYHBIX JHTOXHMHYECKHX OpPCOJIOB pAaccesHHs HMEeHHO
storo tuna. B obuem cayuyae opMa BTOPHYHBIX OCTATOYHHIX Ope-
0JI0B paccessHHsl B TJIdHE MOBTOPAET B YBeJHUCHHOM pas3Mepe KOH-
TYPBl BLIXOAA OPY/AECHEHHS Ha MOBEPXHOCTh KOPEHHBIX nopod. B yec-
JIOBHAX PAacuJCHEHHOro peabeda OTKPLITHIC OCTATOYHBIE OPEOJIbI
paccesHHst MOryT o0pa3oBaTh TFOPH30HTAJBHO 3aJIeraiollHe MecTo-
POKIEHHST OCANOYHOIO I'eHe3Hca HJH JpeBHEH KOPbl BhIBETPHBAHHSA
(cM. puc. 28, tun I, @), XoTa ruaBHeiillee 3HAYEHHE OPEOJIBI 3TOrO
THIMa HMEWT UJIAd NOHCKOB KpPyTOMalamoUlHX 3SHAOrEHHLIX H Oca-
nouHo-MetamMopdorennbix Mectopoxkaendit (cMm. puc. 28, Tun I,6),
B TOM YHCJe B YCJOBHSIX, KOrJa BblBeTPHBAHHEM M JeHylaulueii
3aTPOHYTH TOJBKO MEpBHYHLIE OPeoJbl PyAHEIX Tead. Tak, HampuMmep,
MeIHOKOJIuelaHHoe MecTopoxiaenne na IOxuom Ypase 6BLIO 0T-
KpbiTo B 1958 r. Ha rayGuxe okoso 200 M npu pasGypHBaHHH BTO-
PHYHOrO ocTaToyHoro opeoaa paccesnus Cu, Pb, Ag, Ni, Co, Bb-
ABJIEHHOTO HA3EMHOIH JHTOXHMHUYECKOH CheMKOH H4 MOBEPXHOCTH H
06pa30BaHHOrO 3a CYeT NEePBHYHOrO opeoJia cjaenoi pyaHoii 3a-
Jgexn. Bropuunsie octaTouHsie opeoasl paccesnuss Pb Gvliu obHa-
py:KeHbl 0 HX BbifiBJeHHs OypoBmiMu paboramm Han 23-it Ceep-.
HOi u 29-it HOxkHoil 3aiexamMu MoJHMETa JIHYeCKOTO MECTOpOK/le-
Hus Aumcail, HaXOAAIIMMHCS B CJENOM 3aleraHud Ha rayGHHax
coorBercTBeHHO 240—350 M u 25—70 Mm.

OTKpHITHE HaJ0XKeHHble AH(OY3HOHHBIE OpeoJbl paccesHHs
(tun II) xapakTepHBl Aa51 paBHHHHBIX PaifOHOB C MOKPOBOM aJlJI0X-
TOHHBIX (JaJbHEMPHHOCHLIX) OTJIOXEHHH OrpaHHYeHHOI MOLIHOCTH,
TJIaBHLIM 00pa3oM B yMEpPeHHO BJAaKHOH H apHAHOl 30Hax (cM.
puc. 28). B 3Tix opeosax pe3ko mpeoliaagaloT MpOLECCH COJIEBOTO
paccesiHus pPYAHBIX 3JEMEHTOB, B OTAEJbHBIX caydasx HabJioja-
JIHCh Ha/lOMeHHble MeXaHHYEeCKHE OpEeOJIbl pacCesHHf YCTOHYHBBIX
pyAublx MuHepasoB. Mexay ¢Gopmoit HaloKeHHBIX AHDDY3HOHHBIX
OpeoJIOB paccesiiHst M KOPEHHBIM OpPYJAEHEHHEM BO3MOXKHbI caMbie
pas/nyHble COOTHOUIEHHS. 3a cyeT NepeMEeHHOH MOLIHOCTH aJlJI0X-
TOHHBIX OTJ/IOXKEHHII OpeoJsl 3TOr0 THMA JAa)e B Npejienax OAHOMH
PYAHOIi 30HBI MOTYT TO TNMPOCTHPAHWIO TIEPEeXOAHTh B morpebeHHOe
cocrosuue (tunet VI u VII), coueraTecsi ¢ MHTEpBajnaMH OTKpHI-
TOoro ocrarodsoro opeosa (tun ) wam cMeHATbCH HAJOMKEHHLIMH
HaapyaubiMi opeosiamu (tum III). Teopernueckas nanbHOCTHL AHG-
dyaun Gesrpannunas. C y4yeToM JIHTEJBHOCTH TEOJOrHYECKOro
BPEMEHH 3TO HC CTABHUT NpeJeJOB AJH MOLUIHOCTH AaJbHENPHHOCHBIX
OTJ0KEHHH, 4epe3 KOTopble, B TNpHHLHNE, crnocoleH pacrnpocrtpa-

95



HATBCA HaJIOMEHHBII OpeoJ paccesiHHf KaKoro-aHb60o MeCcTopoxie-
Husi. C NMpakTHYECKO# CTOPOHBI 3TOT npejesa onpejedsierca ObicT-
phiM yOHBaHHEM NOKasaTeJsi KOHTPACTHOCTH TEOXHMHYECKOiH aHo-
Majiii — BeJIHYHHBI «OTHOIUEHHS [OJE3HOTO CHTHalda K YPOBHIO
wyma», onpejeasemoro sbipaxkenuem (10). Ilpm nmpouux pasubix
YCJHOBHSIX TIyOMHHOCTH JIMTOXHMHYECKHX IIOMCKOB MOMKeT OblTh
yBeJaHYeHa 3a cyer OoJiee COBEPINEHHONH TEXHHKH BBITOJHEHHA pa-
60T, Kak Ha 3TO ye obpauiajock BHHMaHHe NpH (OPMYJaHPOBKE
MOHATHSI 0 «3aKPLITLIX» OpeoJax.

Ob6pasopanne Haapyauux (tun III) u oropsausbix (tun 1V)
Ha/IOJKeHHBIX OpPe0JIOB MPOHCXOAHT B YCJIOBHAX, KOrja CcoJjeBoe
paccesiHHe COYETAeTcsl ¢ MPOTHBOMOJOMKHON TeHJAeHuHell e1HHOTO
npouecca MHrpalHH PYAHLIX 3JEMEHTOB — HX THIEPreHHONl aKkky-
myasuueii. O6beHHSIOWAN HX NPH3HAK AaKKYMYJSTHBHOIO TpPOHC-
XOXK/IEHHs OTpa)<eH B HAHMEHOBAHHH OPEOJOB 3THX JBYX THIIOB.
OTKpbITBIE HAJOXKEHHBIE AKKYMYJATHBHEIE OPEOJbl  HaAPYAHOTO
tana Il orauualores or HanoxeHHBIX AH(GOY3HOHHBIX HaJAHYHEM
Ha riyOHHe TOPH30HTA AJJIOXTOHHBIX OT/IOMKEHHH, B KOTOPOM C IpH-
MEHECHHEM CYUIECTBYIOIIHX TeXHHUECKHX CPEeACTB OpPeoJibl He MNpo-
C/eKHBAOTCs N0 BepTHKaJ H. C 0/IHOIl CTOPOHBI HaAPYAHBIE OPEOJbl
TPYAHO OTJIHYHMBI OT JaHAWA(DHEIX TFeOXHMHUECKHX aHOMaJmnii,
BO3HHKAIOUIHX Ha pAa3JIMUHBIX TEOXHMHYECKHX Oapbepax B peay.b-
TaTe THINEPreHHOH aKKyMyJslHH METa/NJIOB H3 OKPYKaloWed cpeibl
H He CBSI3aHHBIX C HaJHYHEM KOPEHHOro opyjaeHeHHs Ha rayOHHe.
[logo6HBle reoxuMHYECKHE aHOMAJIHH TO NPH3HAKY HCYE3HOBEHHS
¢ TrayOHHOH OOBYHO TNPH3HABAJHCL OE3PYAHBIMH, OAHAKO MOXKHO
NpeaAnoaaraTh, YTO HEKOTOpbIE H3 HHX, OTOPaKOBAaHHBIE NpH NOHC-
Kax, MOTJIH HMETh CBOHM HCTOMHHKOM IIPOMBIIJIEHHOE OPY/ACHEHHE.
YuurslBas NepBOCTENEHHYIO Ba’sKHOCTb MOHCKOB MOTpeGeHHbIX Me-
CTOPOZKJIEHHH B 3aKPBLITBIX PYAHBIX pafionax, 3akoHoMepHoOcTH dop-
MHPOBAHHS H METO/Ibl BBHISIBJCHHS HaJOKEHHBIX OPE0JIOB paccesHus
tunos II—III noaoGuo paccmartpuBaioTes B pasaede 3.8.

OtopBaHHble aKKyMyasTHBHble opeoabl (tun IV) Gansku
K OMHCAaHHLIM BhIlle HAJAPYAHLIM OpeojaM, OTJAHUAfACh OT HHX 00-
pa3oBaHHEM NPH OTCYTCTBHH AJJIOXTOHHOTO MOKPOBA M OTYETJHBBLIM
CMelleHHeM OT pPyAHBIX TeJ B CTOPOHY COBpeMeHHOro ctoxa. B stux
VCJIOBHAX MECTOPOMKACHHS 00pa3yloT OTKPBITLIE OPEOJIBl paccesHus
(tun 1), u TonbKO py/iHble 3jeMeHTHl, objafaloune B JaHHOH JaHl-
wadTHO-TEOXHMHYECKOH O00CTAHOBKE BLICOKHM K03 (HLHEHTOM
BOIHON MHrpalHH, MOryT 006pa30BaTh BLILEJOYEHHLIE € MOBEPX-
HOCTH 3aKpbiThle opeoanl (THN V). 3a cuer nocjeayiouieit akkymy-
JSUHH PYAHBIX 9JEMEHTOB ¢ KOHTPACTHOH MHTPAlHOHHOH Crnocod-
HOCTBLIO B 30He TumepreHesa (cM. 1.8) B M3MeHHBIIeHcs reoxumuue-
CKOH oO0cTaHOBKE BO3HHKAIOT BTOPHYHbBIE OTOPBaHHBIE COJIEBHIE
OpeoJibl, HaJIOXKEeHHLIE HAa MECTHBIE 3JI0BHO-JEMIOBHA/bHBIE W aJ-
JIOBHAJBHO-MPOJIOBHAIBHBIE OTJIOKeHHA. B nocieanem ciayuae st
OpeoJibl MOTYT HENoCPeJCTBeHHO NEepPexo/JHTh B COJEBOH (JHTOXHMH-
yeckuii) notok paccesiuus. Otoppanunie opeonst Mo u U ormeua-
JIMCh, HANPHUMEP, B TOPHO-TAeXKHHIX paiionax 3abaiikajbs. B oknc-
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JHTENBHOH 06CTAHOBKE XOPOWIO MPOMBIBAEMHIX MW YMEPEHHO e-
HYAHPYEMBEIX CKJIOHOB TYMHJHON 30HBl 3TH 3JIE€MEHTHl NEePeXOasAT
B PacTBOpP H BBLINEJIAUHBAIOTCA M3 BEPXHHX FOPH30HTOB OCTATOYHBIX
opeosioB paccesiHus. Ilpu crexanun atmocdepHBIX 0cajikoB B 3a-
60J10UeHHbIE JOJHHB JIETKONOABHKHEIE HICCTHBAJEHTHEE MOJUGAEH
H ypaH oca)KAalTcs Ha BOCCTAHOBHTENLHOM Oapbepe B ueThIpex-
BaJleHTHOH (opMe. AHaNOrHUHBIE AKKYMYJAUHH PYAHBIX 3JeMeH-
ToB (Hanpumep, Cu) HMEIOT MeCTO NPH Nepexoie OT HH3KHX 3Ha-
uyeHHH pH 30HBI CePHOKMCIOro BHIBETPHBAHMA K HEHTPAJbHOH ML
ca1ado 1leJoYHON oKpyxKalouleii cpese. OTopBaHHble coJeBble JHTO-
XHMHYECKHE Opec/ibl MOr'yT OblTh CBI3aHbl C BLIXOLOM MOA3EMHBIX
MHHEpPaJH30BAHHBIX (OPeO0JbHbIX) BOJ, OMBIBAWOUIHX Ha raybGuHe
HEeBCKpLITOE (cJaenoe) pyaHoe TeJo.

Bropuunbie auTOXHMHYECKHE OpeoJbl paccesiins THnos V—VII
NpHHALIERAT K KaTEerOPHH <«3aKpLIThiX». BhillesouenHsle u 1pe-
JeqbHo pasyboxkeHHble opeosibl (THm V) ofpasylores B 3JII0BHO-
JeJIOBHH H NpPHHAAJeXaT K KJaccy OCTaTOYHBIX opeoJoB. Omnu
CXOJHH TO CBOefi XapakTepHCTHKe, OJHAKO NPHYHHBL AJisi MX NPEB-
pauieHusi B 3aKpLITHE opeodbl pasauynsl. O6pasoBanHe 3aKpBITHIX
BBEIEJNOYCHHLIX ¢ MOBEPXHOCTH OCTATOYHBIX OPEOJIOB, KaK yiKe yKa-
3BIBAJIOCH, XaPAKTEPHO [ 3JEeMEeHTOB aKTHBHBIX BOJAHBIX MHTPaH-
TOB B palfioHax TyMHJIHOH 30HB NPH 3aMELJeHHOii JeHy/lallHH.
B cospemenHoM 3aoBHO-AemioBun Ha teppuTtopun CCCP mouiHOCTH
BLILLEJIOYEHHBIX TOPH30HTOBR peixko mpesbiutaer 0,5—0,8 M, nHoraa
B 9THX YCJIOBHAX MHabJ/10/aeTcss aKKyMYyJfUHSA JErKoNnoABHAKHBIX
3JIEMEHTOB Ha YpPOBHE W/LIIOBHANBLHOIO NMOYBEHHOTO rOPH30HTA «B».
B nanamadrax BAaXKHOTO TPOMHYECKOro KJAMMAaTa W B JAPEBHHX
KOpax BHIBETPHBAHWS BO3MOMKEH BLIHOC PYAHBIX 3JIeMEHTOB, HAMPH-
Mep, H3 00e/leHHOTO KaoJHHOBOTO TFOPH30HTA, MOLIHOCTHL KOTOPOro
moxker gocturate 10 M u Gosee. OnHako NoJHOe BHLIEJdYHBaHHE
Jayke JIerKONOJBHIKHBIX 3J€MEHTOB, Hanpumep dropa, Moanbiaena
H ypaHa, H3 OCTATOYHBIX OPEOJIOB paccesHus, NO-BHAHMOMY, MPOHC-
xoauT He crosp uacto. [lo paunsim E. H. Bacunwesa, oTkpobiThie
ocTaTouHble opeoanl paccesiHus dochopa coxpausiiotes B npoduie
MOIILHOII KOpLI BHLIBETPHBAHUA B YCJOBHSAX Cryla)KeHHOro pedibeda
H TYMHJIHOTO KJIHMAaTa B I0ro-zanajHofi 4acTH 3KBaTOPHAJbHOI
Acdpukn.

3agpeITHE MpeesbHO pasyboXKenHble opeoss ofpasyloTes B pe-
3yJIbTaTe 3aKOHOMEPHOTO MPOTEKAHHA Mpollecca paccesHHA B CTO-
pony HaubGo/ee NMOJHOTO BLIPABHHBAHHA KOHLEHTPALHl 3JeMEeHTOB.
Ecan npn 3ToM HCXOAHOE KOJMHYECTBO MeTaldja B CeYeHHH pYya-
HOH 30HBl M;, M 9 OblJI0O OTHOCHTEJBLHO MAaJO, MaKCHMaJbHBIE
COEPIKAHHA MeTajsa B BepXHHX TOPH3OHTAaX oOpeoja MOryT He
OTJIHYATBCH OT OOLIYHBIX KOJEeGAHWI MEeCTHOTO TIeOoXHMHUYECKOro
thona. B cuay yosBaHuA ¢ TiyGHHONH WHTEHCHBHOCTH THIEPreHHOTO
paccesiHusg OCTATOYHHBI Opeos TaKoil pyJAHON .30HB OOHaApYyKHBA-
€TCA TOJBKO Ha HEKOTOPOH ryyGHHE OT NMOBEPXHOCTH M BCJEICTBHE
9TOr0 J0JKEH HMEHOBATHCA 3aKPHITHIM OPE0JIOM. 3aKPHITLIE OPeob
3THX THMOB HA3bLIBAWOT «ocaabiaeHHBIMH Yy noBepxuocTH». OO6paso-
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BaHHE 3aKPBITHIX BTOPHYHBIX OPEOJIOB paccesiHHs B COBPEMEHHOM
9JII0BHO-AE/I0OBHH HauboJiee XapaKTepHO AJ8 pPYAONpPOSIBJAEHHI He-
3HAYHTEJIBHOr0 MacuTaba, B YacTHOCTH, AJS TEPBHUHBIX OPEOJIOB
cjaenblx pyAHbIX Ted. B Tex ke reoslorH4eckHx yc/aoBHSX Teno Go-
raThiX pya ob6pasyeT OTKPHITHIH OCTATOUYHbIH OPeo..

[TorpeGeHHble ocTaToyHble opeodnl paccesHus (tun VI) sasas-
I0TCA AaHAJOTaMH COBPEMEHHBIX 3JII0BHO-JeJIOBHAJIBHBIX OpPeoJIoB,
OTJIHYasich OT HHX o0pa3oBaHHEM B najeoreorpadHyecKHx yCJOBHAX
H MOCJAeAYIOINHM MnepekpeiTHeM Oojiee MoJoabiMu ocaakamu. Ope-
OJIbl 3TOFO THMA XapaKTePHbl A PYAHBIX PailOHOB, NpeTEpPeBLInX
JJIHTe/IbHOE KOHTHHEHTaJbHOe pasBHTHE B MEPHOM, Mpe/llecTBOBAB-
LWHIT HAKOMJIEHHIO MOJIOJBIX OCaJKOB, B KOTOPbIX Ha MeHeNJIeHH3H-
pPOBAaHHOH MOBEPXHOCTH CKJaA4aTtoro (yHAaMeHTa COXpaHHJIACh
JApPEeBHAS KOpPa BBHIBETPHBAHHSA. B BepTHKaJbHOM pa3spe3e KOpHI Bhl-
BETPHBAHHA MOrpe0eHHBIe OpeoJibl HMeIT TpHGooOpasHyio, 4YacTo
ACHMMETPHYHYI0 (DOpMY, ONpeAe]sioulyiocs JeMEeHTaMH 3ajeranus
PVAHBIX TeJ1 H HanpaBJeHHeM najeocToka. MakcHMaJbHOe miolia-
HOE pacrnpocTpaHeHHE OHH HMEIOT Ha YPOBHE MecTPOLBETHOH KOphl
BBIBETPHBAHHA, ABJAAIOMIEHCA B JaHHOM cJydae MNPeACTaBHTE]bHLIM
FOPH30HTOM [IJIf NPOBEAECHHS JHTOXHMHYECKHX mnouckos. B ropu-
30HTax 1e6eHHCTONH KOpPLI BhIBETPHBAHHS NOrpeGeHHbie 0CTaTOYHBIE

OpeoJibl  paccesiHHs  MocTe-
NEeHHO CcyKalTcsl, NMPHMBIKAs

0 Ha riy0HHe K PY/HBIM TejlaM
5 H HX TEepBHYHLIM OpeojaM.
B nepekpuIBalOLHX KOpY Bbi-

4 BeTPHBAHHS  JlaJbHENpPHHOC-
17 HbIX  OTJIONKEHHSX  OpeoJibl

3TOr0 THNA HE NpOC/IekHBa-
iotcs. KOHKpeTHBIH mnpumep
norpe6eHHOr0  OCTaTOYHOrO
opeosia paccesnus, oOHapY-
JKEHHOr0 B TPHAC-IOPCKOH
KOpe BBIBETPHBAHHA, mepe-
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~_]7 [T1]z [F+]s [T0 |+  OeHHBX OCTATOUHHX OpeOIOB

pacceanuss pPYAHBIX MECTO-
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Puc. 29. TlorpeGenuntit ocTaTouHblii opeon
pacceanuss (Cesepunit Kasaxcran). [To
A. H. Epemeesy u A. Il1. Coarososy.

1 — HeoreH-4eTBepTHYHBLIE CYTIEHKH; 2 — TPH-
ac-l0pcKas KOpa BHBeTpHBaHHA; J — pyaoBme-
ajoultie rpaHuTORAb; 4 — 30Ha ApoGaeHHs;

5 — M3OKOHUEHTPATH pYAHOrO SAEMEHTa B yC-
JOBHLIX  eAHHHNAX; 6 — CKBAXXHHB! NOHCKOBOMN
cheMKH, npoftnenable CYTTI-10; 7 — cKBa)KHHBI
KOJMIOHKOBOro  GypeHHs & — nmpeAcTaBHTENbHLI
FOPH3OHT JAA ONMOHCKOBAHHA
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POMKJIEeHHH B JPEBHHX KOpax
BLIBETPHBAHHA  ONPEJIEJIHII0
CO3/1aHHE METOJHMKH TJIYOHH-
HBIX JIHTOXHMHYECKHX [MOHC-
KOB B 3aKPHITHIX PaBHHHHBIX
paitoHax.

[TorpeGennble  HaJOMKeH-
Hble OpPeOoJibl paccesHus (THI
VII), B cBoio ouepeab, sIBJIf-
10TCsA naJjieoreorpaayecKHMn
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aHAJIOraMH COBPEMEHHBIX OTKPBITBIX HaJ0xeHHbIX opeodios (Tun I1),
KOTOpBIe OBIJIH MepeKkpbLiThl NO3AHeHIHMH ocakaMu. 3a cuUeT akky-
MYJSAUHH PYAHBIX 3JEMEHTOB B ONpEAeJeHHBIX JHTOJOrHYECKHX To-
PH3OHTAX YexJla B CBSI3H C HX BOJOHOCHOCTBIO, GHUTYMHHO3HOCTbLIO,
KapOOHATHOCTBIO H APYrHMH OCOGEHHOCTAMH BO3MOXKHO oOpasoBa-
HHE HAJO0KEHHBIX JJHTOXHMHYECKHX 0Ope0JIOB, ABJSIOIHXCS NorpedeH-
HBIMH aHaJIOTaMH HaJAPYAHEIX H OTOpBaHHLIX opeoqoB III u IV Th-
nos. Bee cka3anHoe OTHOCHTEJIBHO OTKPHITHIX HAJOXKEHHBIX OPE0JIOB
MOZKHO PACMPOCTPAHHTE H Ha TOrpebeHHBIe HAJOMKEHHBIC OpPeoJhl.
Ha repputopHH 3akphiTOro pyAHOro paiioHa HAaJHUYHE HX HeAb3s
rapaHTHPOBATL /ISl BCEI HCCAEAYEeMOil MIOMIaLH,

Hsobpaxenne ocuoBHbiX THNOB [—VII BTrOpHuHBIX JHTOXHMHUE-
CKHX OpeoJoB paccesaHus (cMm. pHc. 28) caeayer paccMaTpH-
BaTh B KauecTBe TreHEpaJIM30BaHHOI CXeMH, OT KOTOPOH B peaJib-
HOH reojioruyeckod oO0cTaHOBKe Hen30eXKHBl pPasMHuHBIE OTCTYII-
JICHHS.

3.3. MEXAHUYECKHHA OPEOJI PACCESIHHA

Pemalomas poap B 06pa3oBaHAH BTOPHYHBIX OCTATOUHBIX OPEOJIOB
paccessHHA pPY/HbIX MECTOPOMKAEHHI NpPUHAJIEXHT TBepioil dase.
[Mapaaneabno ¢ ¢usnueckoii Ae3HHTErpauueil pyaHOTo Tesa H BMe-
LLAOUIHX TOPOJ, HECYHIMX €ro MepBHuHbLIH opeoJ, o0pa3oBaBIIHECH
B 30HE BBbIBETPHBAHHS obaomkn npuobperaioT cnocobfHOCTL MNepe-
MEILIATLCS OTHOCHTEJNBHO MeECTa CBOEro HepBOHAYAJLHOIO 3aJjera-
HHA. DTa MOABHKHOCTh «YACTHIL» TOPHBIX MOPOJ] B 30HE BHLIBETPHBA-
HHSL NPOfIBJASAETCS B TPeX caMocTOATeNbHBIX BHAax: 1) Best Macca
YACTHIL, MOXKET MepeMellaThes Mox AEHCTBHEM CHJbI 36MHOr0O TATO-
TeHds B (opme nuacTHYecKHx AedopMauuil PHIXIOH TOJUH HIH
MECTHBIX Pa3pEIBOB ee CIJIOMIHOCTH; 2) OT/e/bHhEe YacTHILI TOp-
HBIX MOPOJ € NMOBEPXHOCTH PBLIXJOH TOMIH MOTYT OBITh yAaJeHbl H
34TCM MEPCOT/OKEHBI, B YACTHOCTH, MEPEMEIICHBI B CTOPOHY MNOHH-
KeHus peabeda K GasHcy AeHyAallHd M B 00JacThb ocaJKOHAKOTJIE-
HHA; 3) CaMM YaCTHILBI BHYTPH TOJILH PHIXJbLIX 00pasoBaHHil MOTYT
HCIBITHIBATD B3aHMHblE nepeMenlenusi. Pojb 3THX Tpex BHIOB MOJ-
BH/KHOCTH 4acTHLL B (DOPMHPOBAHHH NOJS paccesiHHs CYLIECTBEHHO
pazmuuna. [Ipn 3TOM, NO 3aKOHY HE3aBHCHMOCTH ABHIKEHHSH, KaiK-
ias M3 TUX TNOJBHIKHOCTell NMPHBOJAHT K BIOJHE ONpeleNeHHOMY
pesyJbTarty.

[Tepememenne Bceii Macchl 4acTHIl Oe3 B3aHMHOIO MX Iepepac-
npejeNeHdss He crnoco6HO camo mo cefe NMPHBECTH K 06pasoBaHHIO
MeXaHHUYeCcKOro opeoJa pacceanus. PesynbraTom ero GYAyT TOJBLKO
cMelleHne H jedopMalus opeoJa, uTto nojpodHee paccMaTpHBa-
ercsd HHMKE. YJajeHHe YacTHIL H nepeHoc HX K 0asucy JeHyAalHn
OmpeAeasioT (OPMHPOBAHHE JIHTOXHMHUYECKOrO IMOTOKA paccesHHs
H TY WIH HHYIO CKOPOCTh HenpepeiBHOrO obnoBaeHHs opeoaa. [Tpn
H36upaTeNbHOM Y/AaJeHHH 4YacTHIL 3TOT MpoIlecc BeldeT K obedHe-
HHIO HJH oborauennio opeona. OGpa3oBaHHE MexaHHYECKOro ope-
oJla paccesHHs 0653aHO B3aHMHOMY MePEMEILEHHIO YaCTHIL BHYTPH
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PHIXJA0i TONULH MPOAYKTOB BHIBeTpUBaHHSA. [eficTBYIOUIHMH CHIaMH
3TOr0 npouecca SBJASAIOTCH areHTbl (PH3HYECKOro BLIBETPHBAHHSA:
paculHpeHHe H CxKaTHe BCJAGACTBHE KoJeOaHHii TeMnepaTypsl, 3a-
Mep3aHHe W OTTAHBAHHE BOIBI, KPHCTAJJIH3ALUHS COJEll, AHHAMHYEC-
KOe BO3JeficTBHE J0XK/fA, BeTpa, JeHCTBHE KOPHEBOH CHCTEMBI pac-
TEHHH HJIH 3eMJepPOIOUIHX JKHBOTHBIX H 0OECNO3BOHOYHEIX H T. IL
[Tepemeliennst OTAENLHOH YaCTHIB MaJbl O CBOEH aMINIHTYE,
HOCAT XAaOTHYECKHIl XapaKTep H MOTYT ObiTh YNnojo0JeHbl OpOyHOB-
CKOMY [BHJKEHHIO HYACTHI HJH TEMJOBOMY JBHMKEHHIO MOJIEKYJI.
Cpennsis KpaapaTHuecKas ILJHHA <«CBOGOAHOrO mpobera» YacTHILbI
PbIXJIOJ TOPHOH MOPOJLI B IPOLECCE ITOTO B3AHMHOTO TepeMelleHHs
OTBEYaeT M0 CMBICJAY «KO3(QQHUHEHTY HX MEeXaHHUeCKOro pacces-
HHsi» o. Haubosbuiyro B3aHMHYIO TOABHMKHOCTb YaCTHIB HMEOT
BO/H3H [HEBHOHl NOBEPXHOCTH, COOTBETCTBYS PE3KHM KoJieOGaHHAM
TeMIepaTypbl H BJAAKHOCTH, OOGW/IHIO HACEJSIIOUIMX 3TH TOPH3OHTHI
OpPraHH3MOB, YMeHbUICHHIO pa3MepoB 4acTHL H T. 1n. AGcosioTHoe
YHCJIO TAKHX MepeMelleHHil OTAe/IbHOI 4acTHLLI NPONOPLHOHAIBHO
JUIHTEbHOCTH BpeMeHH T, MpPOLIEALIero ¢ MOMEHTA €€ OT/AeJeHHs
OT MOHOJIHTA, H, cJefoBaTe]bHO, OyleT HaHOOJbIIHM Yy JAHEBHOI
TIOBEPXHOCTH H HaHMeHbIUHNM Ha rayOuHe. CXxeMaTHYeCKH 3Ta 3aKo-
HOMEepHOCTh H300paxena Ha puc. 30.

Jdns GopMHPOBAHHA TOJA pPaccessHHd 3Ta MOJABHKHOCTh YACTHIL
HMeeT 3HAYEHHEe NPH HAJHYHH MECTHOrO IpajHEeHTa KOHIEeHTpaluil
XHMHYIeCKHX 3JemeHToB. Ha orpaHuueHHOM yuacTKe pHIXJbIX obpa-
30BaHHi, BO3HHKIINX 33 CUET pa3pylleHHs Kakoii-n1u0o oAHOH Trop-
HOIi MOpOABI, BCE YACTHULI 110 CBOEMY CpPeIHEMY XHMHYECKOMY co-
CTABY OJHOTHMHBL. B 9THX YyCJOBHAX B3aUMHOE IepeMelleHHe yac-
THI, TOPHOH NOPOALI He MpPHBEAET K H3MEHEHHI KOHIeHTpalHii
XHMHYECKHX  3JIeMeHTOB, TMO-
CKOJIBKY B3aMeH TepeMecTHB-
efcs YacTHIB NMPHAET Apyras
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% e S Llaeuleil ropHol MOPoOJAbLl ¢ PyA-
R T A T HLIM ~ TEJIOM BCJEACTBHE MNOJI-

e L BH)KHOCTH YACTHIL B3ameH nepe-
RIS AA N U e MECTHBLIEHCA BO3MOMEH TNPHXOX
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e AT R S T I+f|2 crBeHHO TreoXMMHUYEcCKas MOJ-

BHKHOCTb 3/IEMEHTOB (CKOPOCTh
MeXaHHYECKOro paccesHus)
B HanpasJeHHH x Oyaer mnpo-
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Puc. 30. Cxema rumepreHHON MOLBHIK-
HOCTH YACTHIL PHIXJOH TOJILILH.

I — snosufl; 2 — kopeHHsie nopoasl; 34—
cayuaflias noOABHIKHOCTH WAaCTHIL Ha pa3s-
JHYHBIX YPOBHAX
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HOCTb YACTHIL PHIXJIOH TOJILLH 3aKOHOMEPHO MPHBOAHT K TepeMelie-
HHIO PYAHBIX YacTHIL U3 MeCT MX HauGoJblleld KOHUEHTPalHH B 06-
Jgactb GoJsiee HH3KHX KOHUEHTPaUMif, T. €. K MeXaHHUeCKOMY pac-
CesiHHIO BellecTBA MECTOPOXKIEHHS.

[TomiMo yiKe ynoMsiHyTHIX caMOpoAHbiX MeTaanos Au, Pt, kac-
CHTEpHTa H XPOMHT4, MEXaHHYCCKOMY pacCesiHHio MOABEpraiTes
MHOTOYHC/JIEHHbIE [MEePBHYHBIE H BTOPHYHBIE YCTOHYHBBIE B 30HE BhI-
BeTPHBAHHA pYyAHble MHHEpAJBL: lIeeJAHT, BOJAb(paMutr, Gepuuir,
XPH30K0JJ1d, MaJaxuT, a3ypHT, TaJeHHT, lepyCCHT, MACCHKOT, J1aT-
THEPHT H /PYrHe CBHHLOBBIE MHHEpa/bl, CMHTCOHHT H KaJaMHH,
GapuT ¥ BHTEPHT, KHHOBApb, ANATHT, UHPKOH H GajjequT, PyTHI,
HJIbMEHHT, MOHALHT, KOJAYMOHT H TaHTaJHT, NHPOJNIO3NT, GpayHuT,
paa BropuuHbix muHepasnos Ag, Ni, Co, Mo, Bi, Sb u muorue apy-
rie. 3TH MHHepaJibl 06pasyloT MPOMBILLIEHHBIE CKONJIEHHs B BH/E
MEPBHYHBIX DY HJIH CJAArarT PYAHBIE TeJda HAa HX BbIXOAAX B 30HE
BLIBETPHBAHHA, H B 3THX MHHEPa/JbHHIX (OpMax BXOJSIIHE B HHX
Py/AHLIE 1eMENTh 00Pa3yI0T OCTATOUHBIE JHTOXHMHUCGCKHE OPEOJILI
paccestHusi B TBepJoil (aze. PacemoTpenHas Bulllie B3auMHAas MOMI-
BHHOCTh Y4CTHI[ FOPHBIX MOPOA B 30HE BLIBETPHBAHWS B OTpaHH-
UCHHOM JlHANa3oHe YCJIOBHIl ABJAAETCH AOCTATOUHOH MPHUHHON M0
00pa3oBaHus BTOPHYHBIX MeXaHHYECKHX OPEOJIOB paccesiHus, Hajo-
KEHHBIX HA OTJIOKCHHS, YeXJa H OTBeYaiolWux npHaHakam «iuddhy-
3HOHHOrO» npoucxoxaeHHA (cM. puc. 28, tun I1). [Ipusectn x 3TOMY
pesyabTaTy cnoco6HO, HANpHMEp, KpPHOreHHOe nepeMennBaHHe
PBIXJBIX OTJIOKEHHH, KOTOpDOe MOMKeT PacnpocTPaHATbCH HA TIy-
6uny 10 3—4 M. B pafioHax ¢ TenabiM KAHMATOM 10 TayOHHB 8—
10 M OT MOBEPXHOCTH pacHpoCTpaHseTcs BJAHSHHE Pa3HOOOPa3HBIX
3eMJIEePOIOLIHX KUBOTHBIX M GECNo3BOHOYHLIX, HACEJNSIOLUIHX BepX-
HHe TOpH30OHTH cymwd. C yyeToMm AJAMTEJLHOCTH CYLECTBOBAHHS
JKH3HH Ha 3eMJe 3TO onpefenser Hajuune GHOrGHHOH COCTaBJAIO-
el MexaHuyeckoro paccesiHuf. PeajabHas B03MOMKHOCTH 006paso-
BAHHA BTOPHYHBIX HAJOKEHHBIX OPEOJIOB paccesiHud B TBep/loit (ase
He BbI3LIBACT COMHEHHIT, OJHAKO OCHOBHOE 3HAUCHHE MeXaHHYecKas
MHTpalKs PyAHBIX MHHEpAJOB HMeeT AaA (POPMHpPOBAHHS OCTATOU-
HBEIX OPEOJIOB paccesHus.

3.4. COJIEBOM OPEOJI PACCESIHUA

OGpa3oBanHe BTOPHYHOTO JHTOXHMHUYECKOTO COJNEBOTO OpeoJia pac-
cestHHsl TOAYHHEHO IBYM OCHOBHBIM VCJAOBHSIM: 1) NPHCYTCTBHIO
PYAHHIX 3JEMEHTOB B (OpMe BOJHOPACTBOPHMBIX COEAHHEHHH;
2) yCJ0BHIO BJIArOHacHIEHHOCTH Ccpeibl, B KOTOPOil pa3BHBaeTcs
paccesune. O6a 3TH yCJIOBHA B 30He THIepreHesa Bcerga coO6Jio-
JeHbl. Poixjble NPOAYKTH BLIBETPHBAHHS BCErla COAEPIKAT BOAY.
Hckaouenne B 9TOM CMBICJE HE COCTABJASIOT jlake MepaJble Mo-
poanl, [To nanuwim E. M. CepreeBa, samep3anne KanuJaspHO# BOIbI
B JINCIIEPCHBIX [MOPOJaX 30HBEI BHIBETPHBAHHA TNPH AHAMETPE KallH/-
aspos 0,24 mm npoucxomut npu —13,6 °C, a npu Auamerpe Kamu-
Japos 0,06 mm — npu —18,5 °C, B To Bpemsi Kak oOwluHAsi TeMmre-

101



patypa ycToiunBoil MepanoTul cesepo-Boctoka CCCP uamie scero
KoJsebsercss okosao 5—6 °C uuke nynas. Camble cyxue TPyHTBH 3a-
CYLLTHBLIX PaiiOHOB NPOUYHO yAepiKUBAIOT B cebe Baary u cnocoOHBI
NONOJIHATL €€ 3amachl NyTeM KOHJEHCAlMH BOASHLIX NMapoB H3 ar-
mocepsl. [ToBenenne BOAHOPACTBOPHMBLIX COJIEH B IOJE paccesHHs
NOJYHHAETCSA CJAOMKHLIM TpolleccaM OOMEHHLIX XHMHUYECKHX H (H-
3UKO-XHMHYECKHX peakuuil, sBleHHsAM AHDDY3IHH H KanWIJIAPHOTO
NoJ’beéMa pAacTBOPOB H3 TIJAYOHHLI 1O HAaNpPaBJIEHHIO K [JHEBHOH
MOBEPXHOCTH, COYETAETCHA C HMCMAapPHTEJIbHOH H OHOTEHHOH aKKyMYyJid-
LHeHd M BBIHOCOM coJiefi atmocepHbIMH ocajakamu., Daaromaps or-
POMHOII TPOAOJIKHTEJIbHOCTH Te0JOrHYecKoTo BpeMeHH B oOpasoBa-
HHH COJIEBOTO OpeoJa NMPHHHMAIOT ydyacTHe AaKe TPYJAHOPaCTBOPH-
MBIe MHHepaJibl moJesHoro uckomaemoro. CojeBoe paccesinie yalle
BCEro CBfi3aHO ¢ o00pa3oBaHHEM MHHEPaJH30BaHHbIX pPacTBOPOB
B 30HE CONPHKOCHOBEHHs 3€pKaJ/a TPYHTOBBIX BOJA C TeJIOM MoJes3-
HOrO HCKOIIAeMOro IyTeM NpPsAMOr0 pPAacTBOPEHHsI MepBHYHBIX MHHe-
paJIoB 3aJIeXKH HJAH B Npollecce HX THIEPreHHBIX H3MEHeHHI, 10 me-
pexofa BO BTOPHYHBIE yCTOHuHBHIE pas3HocTH. C TOUKH 3peHus
METOAHKH JHTOXHMHYECKHX MOHCKOB HAHOOJBIIHI MHTEpec Tpel-
craBasierT (OPMHpPOBAHHE COJIEBOTO Ope0Jda pPAaCCesTHHT OKHCJSH-
uerocs cyanpuaHoro Mecropoxaenus (Cu, Pb, Zn, Au, Ag, As, Bi,
Sb, Mo, Sn, Ni, Co u zap.).

Pa3puthe 30HBI OKHCJEHHS CYJb(HIHBIX MECTOPOMKAEHHI, IO
C. C. CmupHoBy [40], xapakrTepusyercs CJAeAyIOIIHMH 0DLHMH 3a-
KOHOMEDHOCTAMHM. 3aJjeraiolige Bbillle NEPBOro BOJAOYIOPHOrO ro-
PH30HTA4 TPYHTOBBIE BOJABI HaX0AATCH B cBOOOJHOM BOJ0OOMEHE
C NOBEpPXHOCTBIO. 3a cueT HHGUIABTPALHH aTMOC(EPHBIX 0CaJKOB
H KOHAEHCAlHH TapoB TI'PYHTOBHIE BOJAB MOCTOSHHO MOMNOJHSAOTCH,
4 3a CYeT HCTEUEeHHS B OTKPLITYIO THAPOCETh H HCIApPEHHs IIpPOHC-
XOJHT HX pasrpy3ka. B pesyabrarte IHHaMHYECKOTO PAaBHOBECHS
MEKIy TPHXOAOM H Pacxo/oM BOJbl YCTAHAB/IHBAETCS HEKOTOPHIH
MOCTOSHHBIH YPOBeHb TIPYHTOBHIX BOJ, MOBEPXHOCTb KOTOPOro
B CrJaKeHHOM BHJe TNOBTOPsieT peabed [AHEBHOH MNOBEPXHOCTH
(puc. 31). 3epkaso rpyHTOBBIX BOJ MOJABEPIKEHO CE30HHBIM H BEKO-
BbIM KoJieGaHHSIM B 3aBHCHMOCTH OT KOJHYeCTBa BhIMAJaloUlHX art-
mMocdepubix ocagkoB. [lo Mepe AeHyLalHOHHOTO MOHHMKEHHS YPOBHSH
3EMHOH MOBEPXHOCTH H THICOMETPHYECKHX OTMETOK TOYeK pas-
TPY3KH 3epKaJo TPYHTOBLIX BOJ NOCTENEHHO MOHHKaeTCH.

ArMocdepHble 0CaJIKH HACBHIEHE KHCJIOPOAOM H YIJIEKHCJIO0TOH
H 0061474107 OKHCJMUTEJIbHEIMH CBOHCTBAMH, OObIYHAs J0XKIAEBAS
Bona umeer pH 6,0 (TexHoremnble «KHCJBIE» JOMKAH 31eCh He 00-
cyxknatworcd). B pesyapTare B3auMO/EHCTBHA ¢ TOPHBIMH NMOPOAaMH
OHH TPHOGPETAIOT HEHTPAJbHYI0O HJAH cAa00LIeNOUHYI0 PeaKIuio
(pH 7,0—7,5). B 3one npocauuBanua OGjarojaps IMJeHOYHOMY H
KanH/JIIPHOMY COCTOSIHHIO BOJAB B OOHJBHOM KOJHYECTBE COAEP-
kares aTMocdepHbie rasbl, UTO Onpeje/seT OKHCJAHTeabHYIO ofcTa-
HOBKY 3Toil 30HBl. Huike 3epkasa TpyHTOBBIX BOJ CBOOOJHBIH Ta30-
o6men ¢ atmocdepoil ocmaGeaer. B 30He 3acTOHHBIX T'PYHTOBBHIX
BOJ B pesyabTate o0e/lHeHHsl KHCJIOPOJAOM H THAPOJAH3a MHHEDaJoB
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Puc. 31. CxeMa 30HB OKHCJECHHA CYJIb(HIHOTO MECTOPOXKIEHHS.

I — snoBHO-gemoBal; 2 — anamoBuil; 3 — pynoBmeuniaiomipe nopoas; 4 — cyabQHAHbIE PYAL
5 — OKHCAGHHble PYyObl; 6 — BTOPHYHBIA OCTATOMHBLIA Opeojy paccesiHUs; 7 — FPYHTOBLIe BOJBI
W KanuanspHas kaftma; 8 — rpadmk waMenenwa pH nmo rayGune; 9 — oGnacTe AaKTHBHOTO
NpOTeKaHHA MPOILeCcCOB OKHCAeHHA; /0 — HanpaBJeHHe MOA3EMHOTO CTOKa

TOPHBIX [OPOJA  yCTAaHABJHBAeTCA IIeJOYHasi peakilus cpejbl
(pH>7) u rocmnojcrByeT BOCCTAHOBHTE/bHAs 00CTAHOBKA.

[naBHefimue cyabHAHbBIE MHHEpaJbl H HX aHaJorH obJanaioT
HHUTOXKHOH NPAMON PACTBOPHMOCTHIO B BOJe, JexKalleil B npeaenax
103—10-22 1/, HO HEYCTOHUHMBHL B IHIEPTreHHbIX YCJOBHAX H B BO-
ASIHO-BO3AYIIHOH 00CTAaHOBKE 30HE TNPOCAYHBAHHHA HHTEHCHBHO
okucasaiorest. [Ipouece oxkucaeHusi mupura, HauboJiee pacnpocTpa-
HEHHOro cyab(uia, IPOTEKAET MO CAEAYIOLIEH cXeMe:

9FeS, -+ 70, + 2H,0 — 2FeSO, -+ 2H,S0,.

B mpHCyTCTBHH CBOGOAHOTO KHCJIOPOAA 3aKHCHBIH cyJbdar xKe-
Jie3a HeyCTOHYMB H, OKHCJSACH, MEPEXOAUT B Cyab(aT OKHCH:

4FeS0, -+ 2H,S0, + O, = 2Fe; (SO,); + 2H;0.

B canabokucaeix Bogax Fey(SO4); ruapoausyertcsi, ocsoboxkjaas
CEPHYIO KHCJIOTY:

Fes (SO,)s -+ 6H;0 = 2Fe (OH), - 3H,SO0,.
+

I'uapokcuna ejesa, BeiNajas M3 pacTBOpa, B AajbHeHIIeM Ie-
pexoAHT B ycroiuHBHIA JHMOHHT F3;03nH:0. OGpasoBanue
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CBOOOAHON CEPHOH KHCJAOTHI MMEET TaKiKe MEeCTO IPH OKHCACHHH
psija Apyrux cyabduaos. [IpucyTcTBHe cepHOIl KHCIOTH OnNpeesser
KHCJIYIO PeakiHio cpeiibl H peskoe nounuskenne pH y aepkana rpys-
TOBBIX BOJA BOJIM3W PyAHOro Teia. Tak, Hanpumep, B BOJAAX 30HB
OKHCJIEHHSI MEeIHOKOJNYEJLaHHOTO MeCTopoXKieHHsi BasBa copepika-
nue aunona SO;~2 gocrurano 123 r/a, a snauenns pH nagaau no
1,0—2,0. B Bogax H3 pa3BeiodHLIX CKBaXKHH, NPOOYPEHHBLIX Ha
lajickoM MeIHOKOJYENaHHOM MECTOPOXKIAEHHH, OTMEYalHCh 3Haue-
Hus pH 3,2—4,0, a B cea3annom ¢ uum «KymopocHoM ozepe» — 1o
pH 1,1 npu cozepmxanun SO4 2 2,6 r/a [16]. Oanako 3TH HU3KHe
anauenus pH, Kak Mokasaiu MHOTOWMCJeHHBle HabJIOleHHs, yYallle
COXpaHsloTcAd TOABKO B HENOCPeACTBEeHHOH OJH30CTH K pyAHOMY
Teay, 0ObIYHO HE BHIXOAS 3a ero KoHTyphl. BaawmozeiicTBHe ¢ BMe-
IaIOUHMH TOPOJAaMH NPHBOAHT K HEATpPadH3allHH KHCJABIX BOJ
¢ o6pasosanueM cyabparos Ca, K, Na, Mg, Al. B pesyJbTate yxe
B HenocpeacrBennoli 6am3ocTH K pyAHomy teay pH Obletpo nosbi-
HIaeTcs H HaJHYHe CHIbHO KHCJbIX BOJ 10 nepudepHH MecTopoxKie-
HHH CyJbQUAHLIX PyX SBJSETCS CPAaBHUTENbHO PEAKHM CJAy4aeM.
HuTencHBHOCTL HEHTPANH3ALHA KHCABIX BOJ 30HEI OKHCJICHHS 0CO-
GeHHO BeJIHKA B KapGOHATHLIX TOPOJAAX.

[Tox neiicTBHeM cepHoil KHcaoThl, ofpasyouieiics NpH oOKHCle-
HHY TIMPMTA, NPOMUCXOAHT JlaJbHeHIlee HHTEHCHBHOE PACTBOPEHHE
H OKHcJIeHHe Macchl cyabduanbix pya. CuabHeiiilee OKHcasioOllee
H pacTBOpsiolee JefCTBHE OKa3bIBAGT TakxkKe OKHCHBIH cyabdar
xeaeza Fey(SOy4);. OxucilieHMe TOJHMHHEPAJbHBIX PYA AKTHBH3H-
pyetcst 3a CYeT PasHOCTH NOTEHIIHAJOB 3JEKTPHUECKOH mnoJspuaa-
IUHH pasnnyHbiX cyabduuos [25]. O6pasyiomuecs B X0A€ OKHCIEHHS
-cyJbdaThl TAKENBIX METAJJIOR, 3a HCK/OUeHHeM aHraesura PbSO,,
006/1aa10T BBICOKHMH pacTBOPHMOCTAMH (TaGa. 12) u cmocoGHbI
K cojeBoMmy paccesannio. Oanako B ycaoBuax Bospactanust pH atu
COeIHHEHHS HEYCTOHYHBBEI M OTHOCHTE/BHO NOJHBLIH BLIHOC H3 30HBI
OKHC/IEHHST XapaZKTepeH TolbKo masi cepbl. Onpexeasiotiee 3Haue-
HHe uMeer o0lllasi HANPaBJeHHOCTh MOC/e/0BATE/IbHBIX XHMHYECKHX
npespamienuii cyJab@UIHLIX MHHEPAJOB B 30HE OKHCJCHHA: CYJIb-
dunr—cyaphar—rapbonarokucea (ruapocuanxar, Qocdar H
T. n.). B atoM psay mpespauieHnii npouecc npoTekaeT B CTOPOHY
3aMeHbl JIETKO pacTBOPHMBIX HEYCTOHYHBBIX CyJ/b(aTOB TPYAHO-
PACTBOPHMBIMH YCTOHYHBRIMH MHHEPaJaMH — KOHEUHBIMH IIPOJYK-
TaMH TIpollecca OKHCACHHS.

Oruciiennbe pyabl cyab@HIHBIX MECTOPOXKIEHHH Ha MOBEPXHO-
CTH KOPEHHBIX MOPOA B Npolecce BLIBETPHBAHMS W JEHYIAlMH CO3-
JAI0T B 3/II0BHO-IENIOBHAJLHEIX 06pa3oBaHHsAX MeXaHHYCCKHE Ope-
oanl paccesinnsg. CosieBoe paccesHHe B Pa3jiHYHOH Mepe JonojHser
gror nponecc. IlocTosiHHBIM 0YaroM BO3HHKHOBEHHS MHHEpPAJIH30-
BAHHLIX PACTBOPOB B OKHCJSIOIEMCS CYJAb(HAHOM MECTOPOMK/ACHHH
CJYKHT HHTEpPBaj PYAHOro Teia y 3epkasa rpyHToBEIX BoA. Ot-
cloia pacTBOPHMEBIE COEAMHEHHS pacnpocTpaHsioress B Gopme Ka-
NHJUISIPHOTO TIOAHSATHA PACTBOPOB K AHEBHOH moBepxHocTH, audy-
3HOHHOTO MepPeIBHIKEeHHs COJIefi W MeJJIEHHOr0 BLIHOCA PacTBOPOB
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Tabauna 12

PacTropuMOCTh B BOJE r/aBHeHLINX MHHEPAJIOB 30HBI OKHCJIEHHA CYJIbGHAHBIX

MECTOPOKIEHH i
Mnepas
A. Jlezkopacmsopussie cyabiamor — npoMexcymoiHse
(reycmoduuasie) coeduxenun
locnapur ZnS0O, - TH,O 531,2* -
Mopeuosut NiSO,-7H,0 274,8* —
Bueput CoS0y-7TH,0 265,8* —
Menantepur FeS0O,:7H,0 263,0* —
XaabKkaHTHT CuSOy:5H,0 172,0* —
B. T pydnopacmeopumsie, KoHeuHble npodysmel 0KUCAEHUR
Aurnesur PbSO, 1,35-10-5 2-10—8
Bapur BaSO, 1-10-% 1-10—10
Llepyccur PhCOy ,9-10-7 3,6-10—14
‘CMHTCOHHT ZnCO, ,7-10—4 27-10-8
Burepur BaCOy 9.10~3 8.1-10-"
‘CheporobanbTur CoCOyq 1-10—4 1-10—32
Kepapraput AgCl 1,25.10—3 1,8-10—10
Manaxur 2Cu0-CO,- HO - 6-10—%
Asypur 3Cu0-2C0O,-H,0 — 1,3-10—146
[MoBeanut CaMoO, 5,6-10—5 3,2-10—*°
Byawdenut PbMoOy 3-10—8 8,5-10-1¢

Tpumenuaunne, PacTBOpMMOCTb, OTMeueNHan®, AaHa B r/a.

B HalpaBJieHHH HcTedenHsi rpynroBhix BoiA. [Ilpouecc Hereuenus
MHHEpPAJH30BAHHHIX PACTBOPOB MPHHHMaeT y4acTHe B (opMHpO-
BaHHH THAPO- H JIHTOXHMHYECKOrO NOTOKOB PACCesHHS.

B npouecce ang@yaun pacTBOPHMblE COJIH, YCTOHUHBHE TMpPH
HH3KHX 3HaueHusix pH, mepeasuraioTcs K JHEBHOH TOBEPXHOCTH
H B croponsl, rae pH GeicTpo Bospactaer. B uamenusuieics reoxm-
mMuueckoli 00CTAHOBKE NO TNEpH(pEpPHH COJNEBOro opeoja MeTallihl
BLITaZal0T M3 PAacTBOpa B BH/E TPYAHOPACTBOPHMBIX THAPOKCHIOR.

Cepebpo H PTYThb COXPAaHSIIOTCA B pacTBOpe npu ciaadomienod-
Hoil peakiun cpeasl. OHAKO B NMPHCYTCTBHH CTOJNb OGBIYHOTO XJIOP-
HOHA OHH BBINAJAIOT H3 pacTBopa — cepe6PO B BHJE Kepaprupura
(AgCl), a pryth —B Buae Kajomeau (HgCl) u pasiauunbIX OK-
CcHXJ0pHAOB. JIJSt 30HBI OKHCACHHA PTYTHLIX MECTOPOMKIEHHH Xa-
pakrtepHo obGpasopanune camopojHoil ptyTH [46]. B wumpoxom ana-
nasone pH B pactBope ycroituus MoJuGAeH, PACTBOPUMBIE COE/LH-
HeHHS KOTOPOro HENOCPEeJCTBEHHO BCJE] 3a HX BO3HHKHOBEHHEM
00pasyioT TPYAHOPACTBOPHMBIH MOJAHGAAT Keje3a — MOJHOAHT
(Fe,03-3Mo0s-7,5H,0) [40].

I pyrofi npHYuHOi# CBSI3BIBAHUSI BOJAHOPACTBOPHMBLIX KOMITOHEH-
TOB COJIEBOTO OpenJia ABJSETCH COPOLUH KATHOHOB TSIKCJABIX METan-
JIOB pa3HOOGPAa3HBIMH KOJJIOHAAMH 30HbI runepredesa. Yacroim
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MHHEPAJOM 30HbI OKHCJACHHA CYAb(HAHBIX MECTOPOXKACHHIT ABJASETCSH
ncuaomenan (MnO;-nH,0), obaagawomnii BEHCOKOH aacopGUHOH-
HO# cnocobHocThio no otHomenHw K Cu, Zn, Pb, Ni, Co n mHorum
ApyruM katHonaM. [IpH 3TOM uYeTbHIpeXBaJeHTHBIH MapraHer, Bbina-
JlaeT yxKe M3 KHCJABIX PacTBOPOB. AKTHBHEIMH COPOEHTAMH TsKENbIX
METAa/JIOB SIBJAAIOTCH TVIHHBIL, B HEPBYIO OYepelb MOHTMOPHJJIOHHTO-
BOI0 COCTaBa, XapakTepHble AJA PBIXJBIX MMOPOJ 30HBI BbIBETpHBA-
Husi. M3BecTHBI TJIMHBI, cojep:KallHe B BHJE XHMHUYECKHX COelHHe-
HHil B npoAykToB copbuun 1o 20 % Zn, 10 HECKOJBKHX MPOIEHTOB
Pb, cBume 1% Cu u 1. 1. A. A. Caykos [38] yka3siBaeT, uTo Kao-
JIHH M3 caa0blX pacTBOPOB NOYMTH HAaLeJ0 H3BjeKaeT melb. B co-
CTOSIHHH aACcOPOLHOHHON CBA3H KOMNOHEHTHl COJIEBOTO OpeoJia NpH-
o0peTalT KayecTBa, CBOHCTBEHHbIE TBEPALIM YaCTHLAM PpLIXJBIX
HOPOJL 30HbLI BBIBETPHBAHMS, H B TAaKOM BHJE TaKKe MOAYHHAIOTCH
3aKOHaM MEXaHHYECKOro paccesiHus.

AxtusHas audQysnsa cosefi B ropHbix Nopoiax MPOTEKaeT BO
BCeX cJydasx, Korja JAOCTHIHYTA IJIEHOUHAsl BJaXKHOCTb cpejibl, DTO
Ve/0BHEe X0TA Obl NEepHOAHYEecKH BO3HHKAET B 30He MpocayuBaHHs
NPH BLIMAJAEHHH J0XK/ell WJAM TasHHsA 3UMHHX 3anacoB cHera. OG-
MEHHBIE XHMHYECKHe PpeakIHH, THApaTanHs H copbuus BeayT
K «3aKpemJieHHio coJjieBoro opeoda» [34], npuaasasa emy cBoiicTBa
YCTOHYNBOrO TE0JIOrHYECKoro o0pa3oBaHHsg, MaJjo 3aBHCSUIEro OT
3MH30/IHYECKOr0 BhiNajdeHus atMocdepHuix ocazkos. Hapsany ¢ stum
napaMerpsl COJIEBLIX OPEOJIOB PAacCesiHHs 3aBHCAT OT CTENEHH apHi-
HOCTH HJIM TFYMHIHOCTH KJHMAaTa, T. €. COOTHOLIEHHS MeM 1y roj0BEIM
KOJIHYECTBOM aTMOC(EepHBIX OCaJKOB H HemapseMocTbio. Xapakre-
pH30BATL 3aBHCHMOCTbL COJIEBOTO paccesHusi OT KJAHMAaTa MOMKHO
0e30THOCHTEJNbHO K TeHeTHYeCKOMY THMY BTOPHYHHIX OPEOJIOB, 110-
HHMAs, 4TO KOHTYPHl OCTATOYHBIX MeXaHWYECKHX OPeOJIOB pacces-
HHSl MOTYT CYILECTBEHHO OTJIHYATHCH OT H300paxKeHHBIX Ha puc. 32
COJIEBLIX OPE0JIOB.

B ycioBHsX pe3koro npeobJiajaHusi KOJHYECTBA I'OAOBHIX OcCajl-
KOB HaJi HCNApAEMOCTbIO BepXHHE FOPH3OHTHI PBIXJBLIX OTJIOMKEeHH
HHTEHCHBHO NMPOMBIBaIOTCsi A0XkKAesbiMH Bogamu (pH 5—6), Beaen-
cTBHE 4ero B 0OCTAHOBKE 3aMe/JIEHHON [ACHYAAlHH BO3MOXKHO BO3-
HAKHOBEHHe Kuc/oii peakuuun cpeant (pH<7), orseualouieii cual-
JUTHON cTajun BpBeTpuBanud. B 3abGosioueHHO#i MECTHOCTH 3a cyer
colepiKalUlHXCsi B BOJE OPraHHYECKHX KHCJ0T Bo3aMmoxkuHo pH 4.5.
B oOcTanoBKe H30LITOYHOTO YBJIAMXKHEHHA CYIIECTBYIOT YCJHOBHA IS
0o0pa30BaHHs 3aKPBITHIX COJEBLIX OPEoJIOB Ha HEKOTOpOoil rayOune
OT JHEBHOJNI NOBEPXHOCTH, BLILIEJOYEHHBIX OCTATOYHBIX WJH TOTpe-
OGennblx HajoxenHblX. He uck/ouaeTcsi H BO3MOMKHOCTB CYILECTBO-
BaHHS OTKPLITOTO COJIEBOrO Opeosa, B YacTHOCTH, 3a CYeT OHOTeH-
HOH HJIH COPOUHOHHON AKKyMYJSUHH PYAHLIX 3JE€MEHTOB B TOYBEH-
HOM cJoe. PasBHTHE OTKPHITOrO COJEBOrO opeoJia B paiioHax 3TOi
KAUMaTHYecKoil 30HBI oOJieruaercd oO0OBYHO HErvlyOOKHM 3ajera-
HHeM 3epkasa rpyHToBBIX BoJA. [TomoOnas reoxmmuyeckas obcra-
HOBKa XapaKTepHa, HaANpuMep, AJs YCJIOBHI ceBepa eBpONeiicKo
yacth CCCP u npossisietcs B MOYBEHHO-IEOJOTHYECKOM OTHOIIE-
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Puc. 32. 3aBucHMOCTb COJIEBOr0 OpeoJjia pPaccesiHHs OT KJHMATa.

! — nofsonsl H cepule JeCHble MOYBBI; 2 — UepRo3eMbl; J — KalUTaHOBble MOYBL, [OXKHBIE
cepo3eMbl, COJOHIEI H COJMOHYAKH; 4 — DHIXJALle OTNOKEHHA; &5 — KOPEHHble NOPOABI; 6 —
I'PYHTOBBIE BOABI, 7 — NMepBHYHbIE CYJAbGHAHBIE pyAbl; & — OKHCJAeHHBlE pyAbl; 9 — HIOKOH-
OenTpaThl; /0 — H30KOHUEHTPAaThl BOSMOMKHbLIE

EI

HHAH DPas3sBHTHEM THOHYHBIX MOA30JIOB H CEPLIX JIECHBIX MOYB. COBEP-
LIeHHO HHBIe YCJI0BHS (OPMHPOBAHHSI COJIEBLIX OPEOJIOB paccesHus
BO3HHKAIOT B paifloHaX apHAHONH 30HB C Pe3KHM TpeoOJagaHueM
HCMAPAEMOCTH HaJ KOJHYECTBOM aTMOC(EpHBIX OCaiKoB. 3jech
AnddysHonHOoe pacnpocTpaHeHHe coJied OT TOPH30HTA, TEHEPHPYIO-
lifero MHHepaJH30BaHHbIE pacTBOPEl, MOXKET IONOJHSTBECH HaKoILIe-
HHEM COJIeH B BEPXHHX TOPH30HTAX pHXJIOI':I TOJILIH, B COOTBETCTBHH
C M3BECTHBIM sIBJIEHHEM 3aCOJICHHS NOYB. BJIHI'OIIBPH MaJioOMy KOJIH-
qecTBY aTMoC(epHBEIX OcCaJlkOB MHHepaJH3alHsd IPYHTOBBIX H MOY-
BEHHBIX BOJ B 30He PY/AHOrO TeJdd H €ro COJeBOro apeoja MOMET
JOCTHTraTh OFPOMHOITI BeJIMYHHBI, @ B 3aBHCHMOCTH OT MHHEPAJOrHH
Pyl H MECTHBIX ycJaoBHii 3uaueHHsi pH cpeasl MOryT H3MeHATHCS
B [IAPOKOM mpefiese. Tak, B yCJOBHAX 3aCYULIHBLIX NycThiHb Cpea-
Heil A3HH B 30He OKHCJEHHsi MECTOPOMKIEHHH cepbl HENOCpeicT-
BEHHO HAa MOBEPXHOCTH OTMeuasuce 3navenus pH<1, obs3annbie
NPHCYTCTEHIO B PHIXJLIX OTJOXKEHHAX CBOOOAHOH CEPHOH KHCJIOTHI.
Maxkcumaapueie 3Hayenus pH=10 waGaioianuce B TOil Ke Kauma-
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THUecKoil oOcTanoBKke B uleJoyHbiX nouBax Cyiana [29]. Paiionbr
YMEPEHHOTO KJAHMaTta cpejHeii MoJochl Mo ycJOBHAM COJIEBOTO pac-
CeHHs 3aHUMAIOT TNPOMEKYTOUHOE TOJNOKEHHE.

3.5. YPABHEHHE OCTATOYHOrO PACCESAHUSA

Ias ¢u3nKO-MaTeMaTHUYECKOH XapaKTePHCTHKH COJIEBOTO paccesi-
HHS B OMHOPOAHBIX TOPHBIX MOPOAAX € JOCTATOYHBIM OCHOBaHHEM
NPHBJAEKAIOTCA XOpOIIO H3YYEHHble 3aKoHbl AHpQy3HH. donycTu-
MOCTb PacmpocTPpaHeHHs 3THX 3aKOHOB HA JAOMHHHpYIOLlee B OCTa-
TOYHBIX JHTOXHMHYECKHX Opeojlax MeXaHHYecKoe paccesHue TBep-
JABIX NPOAYKTOB BbIBETPHBAaHHA MeHee OYeBHAHA M noTpeboBata
JLONOJHHTEJIbHOIO 0D0CHOBAHHA.

Ha nepsblii B3rasj, AHCKPETHHI XapakTep MoJs paccesHHs —
pasHoo6pasre coctaBa H pa3MepoB OGJOMKOB NMOPOA H Py, Hepas-
HOMEPHOCTb HAacCbllleHHs TBepAoi ¢a3bl BOJOW, BO3AYXOM, PacTH-
TEJbHOCTbIO, OPraHH3MaMH HJIH HX OTMEPIUHMH OCT4aTKaMH, Kasa-
Joch Obl, 3aTPYAHAIOT WJIH JlaKe HCKJIIOUaloT ero CTPOrHil aHajus.
B jeficTBHTE/BHOCTH 3TO HE TaK, H BO3MOMKHOCTb CO34aHHA (u-
3HKO-MAaTeMaTHYECKOll TEOPHH THMEPreHHOro MoJisi paccesiHdsl MNoJ-
TBEPIK/AAeTCA yCHellHBIM HCNOJb30BAHHEM 3aKOHOB MeXaHHKH
CIUIOWIHBIX CPeJ JJIsi PellieHHs pealbHbIX 3a%a4 NPaKTHKH, HECMOTPS
Ha OYEeBH/JHYIO JHCKPETHOCTb 3aNOJIHEHHsl NMPOCTPAHCTBA aTOMAaMH
H MOJEKyJaMH TBepAOro Teja, MHAKOCTH HJH rasa. 3aKOHHOCTb
npeJcTaB/JIeHnil 0 BellecTBe Kak 0 CIVIONIHOH cpele BHITEKaeT H3
HECOM3MEPUMO MaJjoro pasMepa MOJEKYJ H pPaccTOAHHH MexLy
HHMH 10 CPaBHEHHIO ¢ pasMepaMH OOBIYHLIX NPEAMETOB OKpYKalo-
LIero MHpPa, OTPOMHLIM YHCJIOM 3THX MOJEKYJ JazKe B HeOOoJbLIOM
obbeMe BELIECTBA, HECOH3MEPHMO MaJiol NPOAOJKHTENbHOCTHIO
BPEMEHH MeEXKAYy OTAeJAbHBIMH TENJIOBLIMH JIBHXKEHHSIMH MOJEKY.JI
MO CPAaBHEHHIO C TPOJLOJMHTENLHOCTHIO OULYTHMBIX HaMH HHTEp-
BaJIOB BpeMeHH. AGCTparHpysich OT MOJEKYJISpHOTO cTpOeHHs Be-
[IECTBA, Mbl paccMaTrpHBaeM peaJbHYI0 MHIAKOCTHL HJH Ta3 B Kaue-
cTBe (PHKTHBHOH CHJOWIHON Cpeabl, YTO MO3BOJHJIO, B YaCTHOCTH,
CO3/1aTh CTPOTHE 3aKOHbI THAPOAHHAMHKH H 43POIHHAMHKH. B wu-
POKOM JIHAMA30HE TeoJOTHYECKHX YCJIOBHII CBOMCTBA CNJIONIHOMH
Cpe/lbl JOMYyCTHMO YCJOBHO NMPHCBAHBATH H PHXJBIM MOPOAAM NOJSA
paccesiiusi, He3aBHCHMO OT HX TOHKOAHCHNEPCHOrO HJH 00JOMOYHOTO
xapaktepa. Pelnaioutee 3HaueHHe B 3TOM cjyuae HMEIOT Makpo-
pasMepbl O6BLEKTOB HCCJEA0BAHHS (Y4acTOK MOJfA, OpeoJ, NOTOK)
MO0 CPAaBHEHHIO C MHKpPONpPOLECCAMH B PHIXJOH ToJlle, Heorpant-
4eHHO GOJBIIOE YHCJO MHHEpPaJbHBIX YacTHI HJAH 00JOMKOB, y4a-
CTBYIOUIHX B IIPOIlecce, H OrPOMHAas TeoJIoTHUeCKas NPOAOJIKHTENb-
HOCTh BpeMeHH OLLyTHMbLIX H3MEHEHHH MoJisf 0 CPaBHEHHIO C KpaT-
KOBPEMEHHOCTbI0 Hamux Habmonennii. JleficTBHTENbHO, uHCIO
mosiekya N B | cm® Boanl pasuo 3,3-10%%; B 1 em® rasa npu aTtmoc-
deprnom pasiaennn N=2,7-10'"". B kauecTBe MHHHMaJbHOTrO oObema
PHIXJHX 00pa3oBanuii, MoAJEKALIEr0 PaccMOTPEHHIO, MOXKHO B3ATh
1 ™% UYdcjao TAMHHCTHIX YacTHIL NpH cpeiHeM pasmepe 1 MEM
B 3TOM oObeMe, oyesuano, Oyaer 1-10'8, a aaa Gojiee TOHKHX KJac-
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COB 3HAYHTEJbHO NpeBbICHT 3Ty UH(PY. CooTBeTCTBEHHO AJs1 yya-
CTKa 3eMHoil nosepxHoctd pasmepom 1000 m X 1000 M npu mout-
HOCTH DPLIXJIOH TOAMM 2 M YHCJAO YAacTHU €O CPeHHM JAHAMETPOM
0,1 mm cocraBut 2-10'8, a aas wactuil auamerpom 0,01 mm — 2-10%,
Uucao o610MKkoB npu cpeanem pasmepe 0,1 M B Tom e o6beMe —
2:10°, omHako aJsi KPYMHBIX YacTHIL 9Ta NpOCTas AHAJOTHS CTa-
HOBHTCH MCHEE O4eBHIHOMH.

Has Gosee nojHOro 060CHOBAHHA 3AKOHHOCTH aHAJOTHH MEMy
CBOJICTBAMH JKMIKOCTH (HJH rasa) H rOpPHBIMH TOPOAAMH MNOJH
paccesiHua CAEAyeT HAMOMHHTh O NMPHHIHNE NOA0OHS B Me-
XaHHKe, Xopollo paspaboTaHHOM /sl pelieHHs (H3HYECKHX 3ajay
H, B YaCTHOCTH, MPHBJEKAEMOro K MOAENHPOBAHHIO FE€OTEKTOHHYE-
ckux npoueccos. CoriacHo 3TOMY NPHHUHNY, I COOJIOACHHS
nojo6Hs MeXKIy pacCMaTPHBAE€MBIMH SBJEGHHAMH NpPH H3MEHEHHH
OZHOH M3 KOHCTAHT OOBEKTa BCe APYTHE €ro KOHCTAHTHI JIOJIZKHBI
ObITb H3MEHEHHl ¢ YY€TOM pPa3MEpPHOCTH 3THX KOHCTAHT.
Huaue npu npocToM KOJHYECTBEHHOM H3MEHEHHH OAHOTO H3 mapa-
MeTpoB 00beKTa Hen30eKHO HACTYNAET mpejes, NPH KOTOPOM Be-
nlecTBo npHobperaeT HOBBLIE KAYECTBEHHbIE CBOWCTBA, UTO XOPOLIO
XapakTepH3yeT [AHAJEeKTHUECKHH TNPHHLUMM Tepexola KOJHYECTBa
B KayecTBo.

Peanpuble kuakoctd obnafaior KoadduuuneHToM IHHAMHYECKOH
BaA3kocTH oT 10~* (a¢up) mo 10 (kacroposoe macqao npu 20 °C),
BsiskocTh BoAasl npu 20 °C cocraBaser npumepno 1072 ITa- c. Tlose-
JeHHe 3THX KHAKOCcTeH Mbl HabJiojaeM npu oOBLIMHBIX AJIsS HAC HH-
TepBaJjiax Bpemenu nopaaka 10! ¢ — 10° c. [TponoaxurenbHoCTh
reoJOrHYecKOro BPEMEHH H3MepsAeTcsl BeJHYHHAMH COBEPIIEHHO
apyroro mnopsiaka u cocrasiaser 3-107 ¢ (omuwn rog) mo 3-10% ¢
(cotHH MHIAHOHOB JeT) H Gonee. Pasmepnocts koadduunenra
BA3KocTH [p]=[ML-'T-'] u, cienoBaTe/ibHO, MPH YCJOBHH cOXpaHe-
HHA TMOCTOSHHBIMH JPYTHX NapaMeTpoB cpeibl M AEHCTBYIOUIHX
CHJT TOJIBKO 34 CYeT M3MeHeHHs Maciutala BpeMEHH CBOMCTBa JKHA-
KocTH OyAyT oOHapy:KHBAThCcA Yy Tead ¢ KO3(h(HIHEHTOM BS3KOCTH,
yBeJH4YEHHBIM B KpaTHoe uHcao pas. Mamenenne numeiinoro mac-
mraGa B 100 uan 1000 pas ZoNONHHTENBHO PACHIHPAET 3TH TPEAEIH,
[OCKOJIBKY VCJ0BHE N0 00HA B MeXaHHKE MPH NMOCTOAHCTBE TMPOUHX
napaMeTpoB NMOAUHHSETCS COOTHOIIEHHIO

1= At,

raie p— Macmad H3MEHeHHs1 BI3KOCTH; ) — MacliTad H3IMEHEeHHs
JHHEHHLIX Pa3MepoB; T — MacluTab H3MEHeHHs BPEMEHH.

Takum 06pa3om,3u1-1TepBaJ1ax reoJiorHuyecKoro BPK.‘MEHHHCYLIE-
TOM pa3MepoB OOBLEKTOB CBOHCTBA PEAJBHBIX MKHIKOCTEH MOIKHO
OXKHA4Th y TBepAHX TeJ, o6nafaomux Bsskoctbio 108—10' [Ta-c
u Gosee. Bce ckasanHoe MO3BOJISIET paccMaTPHBATL PHIXJLIE [10-
POAB TOJA paccesiHHss B KauyecTBe CIVIONIHOf Cpedbl, B KOTOPOH
npoTekaioT npouecchl, O6iau3KHe K AHDDy3un B KHAKOH (ase, He-
3aBHCHMO OT TOTO, yYacTBYIOT JH B HHX pacTBOPHMBIE HJIH TBep/bie
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KOMIIOHEHTLl OpeoJa. DTO MO3BOJSET PaclIMpPUTh MOHATHE O THIep-
FeHHBIX PYAHBIX «YacTHIAX», PAaclpOCTPAaHHB ero Ha OOGJOMKH Jio-
f6oro pasmepa H KOJIJIOHIAHO-AHCIEPCHYIO (ppakIHI0, HeCylYio pyi-
Hble 3JEeMeHTbl B COCTOAHHH COPOLHH, H HAa HCTHHHbIE PaCTBOpHI,
B KOTOPBIX PyAHbIE 3JIeMEHTH HaxoaaTcs B (opMe HoHOB. Bee ua-
CTHIbl TOJA JeiiCTBHEM areHTOB BBLIBETPHBAHHSA HJIH MOJEKYJAPHBIX
CHJ HaxoAsiTCA B COCTOAHHH HenpepbiBHOrO GecnopflOoYHOrO /JBH-
JKEeHHs, MpHpoAa KoToporo Gulia paccmorpena Buiue (3.3). Ilepe-
MellleHHe OTJeJbHO B3ATOH YACTHIL PBIXJOH TOJLUIH OTHOCHTEJILHO
COBOKYMHOCTH OKPYXKAaIOIIHX €€ uacTHl MPHHAAJIEKHT K paspaly
CJAYYaHHbIX ABJEHHH, T. €. K YHCJIY TaKHX COOBLITHI, KOTOphLIE B JaH-
HEIX YCJOBHAX H 3a JaHHBIH OTPe30K BPEMEHH MOTYT HAacTYIHTb
Han He HacTynuTb, CuayuaiiHoe BO3HHKHOBEHHE MOJABHMCHOCTH IpH-
MEHHTEJBHO K O0O0JIbIIOMY YHCJAY 4acTHLL H 3a OoJbIIOH OTPEe30K
BpeMeHH OyJeT HMeTh BIOJIHE ONpeAeJeHHYI 4acTOCTb, XapakTe-
PH3YIOULYIO BEPOSATHOCTh CTATHCTHYeCKOro mpouecca. B npHpoaHoi
reosiornueckoii o6crtaHoBke o6a ycaoBus cobuoaenbl. [Tostomy pe-
3yJIbTATOM CAY4YaiHON IO/JABHIKHOCTH OT/I€/IbHLIX YACTHIL B KaxK/I0M
caydae OGyAeT CTPOTO 3aKOHOMEpHOE HX pacnpejiedaenHne, JTo pac-
npejejseHHe pyAHLIX YACTHL, B MOJie PaccesiHusi W BOCIMPHHHMAaeTcs
HAMH B KauecTBe BTOPHYHOTO JIHTOXHMHYECKOTO OpeoJa PyAHOTO
Tesa. MartemMaTHUeCKyl0 MOCTAHOBKY 3a4adyd O JHTOXHMHYECKOM
OpeoJie paccesiHHs MOMKHO CBECTH K OTHICKAHHIO (YHKIHH pacrpe-
JeJeHus pyAHbIX HACTHI, B 3aBHCHMOCTH OT ACHCTBYIOLIHX CHJ, Ia-
paMeTpoB Cpeibl, MPOCTPAHCTBEHHBIX KOOPAHHAT H BPEMEHH,
PacemoTpum pacmpejeseHHe 4acTHI, PYyAHOr0O MHHepaJa B IJOC-
KOCTH, CeKylleil pyaHoe Telo
nepneHiHKyJIgpHO ero Ipo-
CTHPAHHIO M JOCTATOYHO Jla-
JIEKO OT €ro KOHIIOB, YTOGKI
HCKJIOYHTD HX  BJIHAHHE
(puc. 33). Ilaa mpocTOThl
JHEBHYK) MNOBEPXHOCTL MpH-
MeM TOpPH30HTAJNbHOK H na-
panseNbHOR MJIOCKOCTH Yyox,
OCb PYJAHOTO TeJia, HMEIOILero
(hopMy TOHKOH BEpTHKA/b-
HOil 2KHJBI, C NOCTOAHHBIM
JIHHEHHBIM KOJHYECTBOM Me-
Tanna M coBMecTHM ¢ JIH-
Hueilt 0z. B HauanbHBI MO-
meHnT Bpemenn T=0 (@0 Ha-
z yaja BBIBeTPHBAHHA) Bce
b 1 7 JacTHIILI PYAHOr0 MHHepaJa
’ I/A 2 [ﬂj g Eﬂ_—_l . OLiH cxouuempnpogaum
BJIOJIb TJIOCKOCTH [OZ B HH-
Puc. 33. K BHBOLY ypaBHeHHSl paccesinus. TepBaJe l’IpeHeﬁpE)Kl[Te.TIbHO
1 — 3mosuo-AeniosHfl; 2 — KOpeHHble  NOPOJLI; MaJion MOIILHOCTH. 38TGM

d—pyanoe  Teno; 4 — nojoMenue  PYAHOro
Tena A0 BHBETPHBAHHA (B CHJTY BbIBETpHBaHHH) ya-
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CTHIIBI HauajH JBHraThbCsl, COBepilas B HHTepBaje BpeMenn T>0
CKaYKH B INIOCKOCTH X0Z pasJIHuHOil JUIMHBL 0 HanpasJ/eHns. B cuny
NPHHHEMAeMOro MOCTOSHCTBA cO/ep:KaHuil MeTanna B pPyJAHOM Teje
(Cp=const) u B oxpykatwome# cpere (Cy=const) u, Kak caejcr-
BHE 3ITOTO, CYIIECTBOBAHH] HayaJbHbLIX YCJOBHH _?3%:‘;—5=
npu T=0 paccesHHe PyAHOTO BeIllecTBa BHYTPH 3JEMEHTapPHOrO
cnos Az, B nepBoM nNpHOJHKEHHH, JONYCTHMO CYHTATh 3aBHCALIHM
ToabKo oT x. [locaenyronine — npubbiabs M y6BIIb PYAHBIX 4aCTHIL
3a cuer BLIIIe- M HHJKENEKAIIHX TOPH30HTOB Opeosia JIIsi TAKOro
3JIEMEHTapPHOT0 CJIOS MOMHO CYHTaTh B3aHMHO YPaBHOBEIIEHHBIMH,
4 TPaHHYHHIA CJOH y JHEBHOH MNOBEPXHOCTH HCKJAIOYHTL H3 pac-
CMOTpEHHsl KaK NOCTOAHHO OoOHOBJsieMulil menyzaauueii. Beaencreue
CHMMETDHH YCJIOBHIi, OTKJIOHEHHS] YacCTHI[ BJeBO H BNPABO OT JHHHH
0z, OYEBH/IHO, ABJAIOTCA PaBHOBEPOATHHIMH H (popMHpOBaHHE JHTO-
XHMHUYECKOTO OpeoJia CleAyeT paccMaTpPHBaTh Kak mnpouecc Gokxo-
BOro paccesuus (cm. puc. 33).

B Takoii mocraHoBke Bompoca cH3nyeckas CTOpPOHa npolecca
JHTOXHMHYECKOTO paccesHHs M03BOJAeT YNoAo0HTh ero 3ajaaue
O pacmpejieleHHH TeMmepaTyp B OKpy»XKalolleii cpeie, eclu B Ha-
yaJbHBI{I MOMeHT BpeMeHH T=0 B IJIOCKOCTH yOZ BblJeNsieTcs Hew
KOTOpOE KOJIHYECTBO TenJa, HJAH OAHOTHOHON 3axaue o aAndhysuu.
Pelenne ee cBOAHTCS K HHTEPHPOBAHHIO JHHefiHOro Auddepenin-
4/1bHOTO YPaBHEHHs € YACTHLIMH NPOH3BOAHBIMH BTOPOTO MOPHAAKA
napaGoJHYECKOr0 THMA, H3BECTHOrO TMOJA Ha3BaHHEM YpaBHEHHSA
dypbe, KOTOpPoe AJf caydas oAHOMEpPHOro (JMHHEHHOr0) paccesHHA
HMeeT BHJ:

s _ p) FCe
ar dx?

rae D — koapduuuent audohysnu.

Peulenue ero, ycTaHaBJHBAIOIIEe 3KCTOHEHUHAJIBLHYIO 3aBHCH-
MOCTb Mexay C. M X, HMeeTcs B Kypcax MaTeMaTHUYecKOH GH3HKH.
Toabko ¢ 1eapio Gojdee SICHOTO YCTAHOB/IEHHS TEOJOTHUECKHX 3aBH-
CHMOCTeH MexKJAy [AeHCTBYIOIIHMH CHJAMH, NapaMerpaMH cpeibl,
NMPOCTPAHCTBEHHLIMH KOOPAHHATAMH H BpeMeHeM MpPHBEJeM HarJasi-
HBIIl, HO He BNOJHE CTPOrHH BHIBOA (OPMYJibl JHTOXHMHYECKOrO
paccesiHHs, pacueTsl MO KOTOPOil Jal0T HaM Te e pPe3yJbTaTbl.
Coxpausasi npeXxHHe YCJOBHs 3a1auH, ONpejejuM KOJHYECTBO pyl-
Horo Bemectsa dM, nepemewaoouerocs 3a spema AT uepes mio-
waaky AyAz B npousBoJbHOH TOYKe Ha ocH ¥ (cMm. pHc. 33), npH

rpajiHenTe KOHIEHTPALHH PY/AHOTO BELIECTBA B 3TOH TOUKE ——

=0

X
3aMETHM, YTO KOJIHYEeCTBO BellecTBa MOXHO ONpeAe/HTs Hepe3
YHCJIO YACTHIl HJIH Yepe3 BecoBble KOJH4YecTBa, uTo Ge3pas/HyHo.
KosnnuectBo 3Toro sewectsa dM Gyzer nponopiuoHaJbHO TpajiH-
€HTY KOHLEHTpalluH, pasmepaM ILIOUlAAKH, BpeMeHH HaOJioeHus
H 06paTHO MNPONOPUHOHANBHO KO3(MGHUIHEHTY BA3ZKOCTH CpPeisl W,
HJTH:
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dM= — e, 962 A pzAT,
pn dx
rje g; — KO3(Q(QHUHEHT NPONOpPUHOHATBHOCTH,

Ho, ¢ apyroii cToponbl, B TOYKe X B JAaHHBI MOMEHT BpeMeHH
MOTYT HaXOJHThCsl TOJBKO YaCTHILB, o0Jajaloliie HEKOTOpoH (Huk-
THBHOH ckopocTbio x/T, ABHraschb ¢ KOTopoil onu 3a spems T mepe-
MECTHJIHCh H3 MepBOHAYAJBHOTO CBOEro MOJOXKEHHA B [JOCKOCTH
Yoz B MecTo paccmatpuBaemoro ceyenus. Caenosarensio, dM mpo-
MOPIIHOHAJBHO YHCAY YacTHL C. (KOHUEHTpauHH) H HX (QHKTHBHOI
CKOPOCTH, HJIH

dM =e,C, % AyAzAT.

[TpupaBHHBash 3TH ABa BLIPAXKEHHA H MPOM3BOAA COKpAaIeHHS,
HMEEM:
| dCx

A O
T R dx

raie e=eyfes; I — MecTHBi mapamerp, XapaKkTepH3YIOLIHR IJH-
TEJIBLHOCTD Ipollecca BLIBETPHBAHHUSL.

[Tpu 3TOoM B CBA3H C HECOH3MEPHMO MaJofi MPOAOJMKHTEJIbLHO-
CTbl0 HamHX Hal/I0/IeHHHt Ha/l OPeoJioM MO CPAaBHEHHIO C TPOA0J-
JKHUTENbHOCTBIO Te0JIOTHYECKOro BpeMeHH HalJIOJeHHOe pacnpeje-
JIeHHe YacTHll, 00s3aHHOE AHHAMHYECKOMY PaBHOBECHIO MEXK/Y BBI-
BETPHBAHHEM H JleHyJlalHel, Mbl CUHTAeM [OCTOSIHHBIM, a CaMH
YaCTHIBEL /sl IaHHOTO MOMEHTa PacCMaTpHBaeM KakK HenoJABHIKHbIE.
Pasnensis nepeMeHHble W HHTETPHPYS 3TO AH((epeHLHAIbHOE YPaB-
HeHHe, HMeeM:

ara =TI 2
InG: — o x»®*t+InC,

rae In C — nocTosiHHAsh HHTErpHPOBAHHUS.
OcpoGoxascey or Jjorapudgmos u BBOAA OykBeHHoe o0o3Haue-

eT
HHE O%=——, [NOJYyYHM
u
x?

Co=ce ' &

3HayeHHe MOCTOSHHON HHTErPHPOBAHHS ONMpENEIHM 4YEpe3 BeJH-
YHHY KOHIEHTPAllHH B IEHTpaJbHON Touke opeosa. Beaexctsue
caMMeTpHH yeaoBHil npH x=0 uMeeM Co= Cmax, HIH

x?

Gl (52)

YacTHusl pyAHOrO BELIECTBA B MOJE pPaccesiHHs He MOTYT Tpo-
H3BOJIbHO BO3HHKATH WJIH YHHYTOXKATBCH, a TOJNBKO MOABEPraloTcs
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nepepacnpeieseHuio BA0JbL OCH X, MOCTEINEHHO MePexois H3 COCTOsA-
HH5I TIEPBHYHOH KOHUEHTPALHH B PYAHOM Teje B COCTOfHHE BTO-
PHYHOrO paccesiHusi B TOJLLE pHIXJbIX oOpasoBanuii. CymmapHoe
KOJIMYECTBO PYAHOr0 BEILECTBA B OpeoJie PACCeAHHA JJIA HEOrpaHu-
YeHHOH 00J1acTH ¢ MMONEepeyHbIM CeuYeHHEeM, pPaBHbIM elHHHLle, OyaeT
OCTAaBAaTHCA MOCTOAHHBIM H PABHLIM M, HJIH

oo ) et
M= S dex:Cmax S e i dx.

10 BHIpaKeHHe, H3BeCcTHOEe moj HaspanueMm uHTerpasa Ilyac-
coHa, paBHo O J/2n, wuan

M=Cpnax6 ) 2 ; (53)

M
C =B e ] 54
et o) on (54)
[loacrasasis 310 3Hauenne Crmaxy B BhipaxenHe (52) u yunThiBas,
yto Cy5=0, HMeeM 0KOHYATENbHO:

x!
C e 20 4 Cy. (55)

-
" el2n

Takum oOpasom, pacnpeejeHde PyAHbBIX YacTHIL, B OCTATOYHOM
JIUTOXHMHYECKOM OpeoJ/ie PAaCCessHHSI TOHKOH BePTHKaJbHOH MKHJIHI
3a BbIYETOM (OHA MOAYHHSETCS 3aKOHY HOpMa/bHOrO pacnpejene-
HHS ¢ napameTpaMi M u o, 3aBHCALLHMH OT XapaKTePHCTHKH OpY-
nAerenns U MecTHbIX ycaosuil. [Ipu snavenunnx Cyp=0, M=1 un o=1
BbipazKeHHe (55) npuobperaer BHI

x°

r e N
x '\/2?

H HOCHT HasBaHHe HOPMHPOBaHHOH (YHKLUHH HOPMaJbHOrO pacmpe-
Aenennsi. 3nauyenus 3Tod QyHkumu Cr=[ (x) H cooTBeTcTByOLIEH
eil HHTerpaJbHoi QyHKIHH

Pl
2
'-——2_—Se dx
T

0

C

D (%)=

TaGy HpPOBaHBl B MaTeMaTHYeCKHX cnpaBoyuHkax [7]. C nopmaJb-
HBIM pachpeie/eHHeM coJdepxaHHuii 3aeMeHTOB (MJAM HX Jorapud-
MOB) MBI BCTPETHJIHCH YK€ IpPH paccMOTpeHHH (DOHOBBIX cOjepiKa-
HUil Mertajana B mpo6ax (cM. 1.3). OgHako 5TH OAHOTHMHLIE MaTe-
MaTHYeCKHe 3aKOHbBI B JaHHOM cJydyae He HMeloT Mexay coboH
Huyero o6utero. Buipaxkenue (55) xapakTepH3yeT 3aBHCHMOCTb CO-
nepxanus Mmerasna C, B JIJaHHOH TOYKE OT ee paccTOAHHA X JIO
IleHTpa opeosia. DTO BHIpaKEHHE yCTaHABIAHBAaeT NPHUHHHBIE (Kay-
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34JIbHBIE) CBSI3H, OnpeaesilolULMe KOHKPETHLIE COAEPHKAHN MeTaJa
B TOYKax Ha0uaiojenns, OAHO3HAYHO 3aBHCALIHE OT MECTHHIX mapa-
MeTpoB M KoopauHaT. B ¢opmyae (3), xapaxkrtepuayloueii pacnpe-
neneHde (OHOBBIX cojlepXaHHit Meranana, Beauunna x=C; BhICTY-
naeT B KayecTBe aprymenTa, a (yHKuHeil sBJseTCS uacToCTb (ni),
c KOTOpOH Ha yyacTke chaydaiiHo (Oecnopsiiouno) BCTPEUalOTCs Te
HJIH HHBIE (DOHOBBLIE colepXKaHHs MeTaJjula, GOJblIHE HJIH MEeHblIHe
cpeanero comepxanusi Cg. IIpH 3TOM HEBO3MOXKHO 3apaHee yKa-
3aTh, KaK0oe KOHKpeTHoe cojepxkaHHe Meraana C. GyaeT BCTpeueHo
B TOYKE C 3aJaHHBIMH KOODJHHATAMH, MOMKHO TOJbKO OLLCHHThL Be-
pPOSITHOCTh, ¢ KOTOPOH COJEpXKaHHe MeTaJ/ja B Ji00oil Touke Gyaer
JexaTh B ONpejeJeHHbIX MNpefeaax WM BT 3a 3TH Npeaedibl.
B oriHuHe OT cTAaTHCTHYECKOro pacrnpe/eneHnss (QOHOBHIX cojepra-
HHiT Mertanna ni=f (C;), KOTOpoe MbI NPHOJIHKEHHO OMHCHIBAEM
(annpoKCHMHpYeM) HOPMAaJbHBIM HJH JIOTHOPMaJbHBIM 3aKOHOM,
Beipaxkenns C.=f(x), tuna (55) u eMy noaoGuble, SBJSIOTCS pe-
3YJAbLTATOM pelIeHHsi MATeMATHYeCKHX 3adad o AeHCTBYIOLUIHX CBf-
35X, JeXallyXx B OCHOBEe Te0JOTHYecKoro mpoiecca. JTH TEOPETH-
yecKHE (DYHKIHOHAJbHbIE 3aBHCHMOCTH XapaKTepH3YIOT MPOCTpaH-
CTBEHHO YNopsfovyeHHble (JAeTepPMHHHPOBAHHBIE) pachpeieeHns
XHMHYECKHX 9JEMEHTOB B aHOMaJHAX.

M3 paccmorpenns TabyJHPOBaHHLIX 3HAYEHHH HOPMaJbHOTO
pacmpejiesieHHsi cJeLyeT, UTO OCTATOYHBIH JHTOXHMHUECKHH OpeoJ
paccesHHsi XapaKTEpH3yeTcsi CHMMETPHYHOIl, OblcTpoyObIBalollei
byHKOHeA ¢ OZHMM MaKCHMYMOM B Hauajie KOOPAHHAT, KOTOPBIH
NpH TOPH30HTAJbHOH AHEBHOH MOBEPXHOCTH M BePTHKaJbHOM naje-
HHHM PYIHOTO Tejla COBNajflaer ¢ snuueHTpoM 3anexH. ITapamerp o
B BoIpaxKeHHH (55) mmeeT cMblca Ko3dduunenta paccesHus, onpe-
AeJSI0Iero ToT HJAH HHOH BHA rpaduka KOHIEHTpalHWid Meratia
B opeoqe. Kak suiaHo u3 pHc. 34, ¢ yBeauyenuneM Kos(duuuenta
paccesiHusi ¢ NMPH NOCTOSTHHOM JIHHeHHOM KoJuuecTBe Merajana M
B PYAHOM Tejle (popMa BTOPHYHOTO OCTATOYHOTO OpeoJa CTaHOBHUTCH
Bce 0oJiee MOJOroi, 4To BLIpAXKaeT MOCTeNeHHOe PAaCCeAHHEe YacTHIL
NOJe3HOr0 HCKONaeMoro B Macceé MpOJAYKTOB BLIBETPHBAHHA BMe-
1A I0UHX n:npon. y‘lHTb]BHH, YTO [OKa3aTejib CTEMEHH IPH 3KCIMO-

X -
HeHTe 2—11 BeJIHUHHa Oe€e3pasMepHas, Oﬁflap)’)iﬂiBE!EM, YTO pa3-
o

mepHocTh [o]=[x]=L. Bulpaxas x B MeTpax, NPHXOAHM K Bhl-
BOJY, UTO BeJHUHHA Ko3(QOdHIIHEeHTa paccesHHs H3MepsieTcs B MeT-
pax, XapakTepH3ysi cpeJHee KBaApaTHuecKoe yAa/ieHHe PYAHLIX ua-
CTHI] B Npollecce rHNepreHHOro paccesHHs OT HX MePBOHAYANbLHOIO
MOJIOXKEHHST B PYAHOM TeJe, UTO COOTBETCTBYeT (PH3MYECKOH cyul-
HOCTH PAacCMOTPEHHOro HaMH JHHeilHoro paccesHus. ®H3HKO-reo-
JIOTHUECKHH CMBIc mapaMerpoB M BpITeKaeT H3 YCJOBHI, uTO
9T0 — CyMMapHoe (/MHHefiHOe) KOJHYecTBO PYJAHOro Bemiectsa (me-
TaJna) B opeoJe, pacnpejelleHHOe BAOJL OCH X, PABHOE €ro KOJH-
yecTBY M, B TOM Ke CeUeHHH PYAHOTO Teja o Hayajga BHIBETPH-
BaHu#. B uaeanbHOM OCTATOYHOM OpeoJie paccedHHs 3TO onpeje-
JSIeT CYLIeCTBOBAHHE 3aBHCHMOCTH.
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Puc. 34. Tpagpuxu sropumunsix ocra- Puc. 35. Tpaduk ocratounoro opeo.a
TOUHLIX OpEoJIoB paccesinnss pyaHoil  paccesuns Cyx=[f(x) Hajg MOLIHEIM
UL A Pa3/HYHBIX 3HAUEHHH KO-  PYAHBIM TeJOM.
s uuHeHTa paccesHHsd O. 1 — smoBHfl; 2 — pyloBMemaOUHe NOPOALL;

I — smoBno-genioBnfl; 2 — pyadas KMaa;
3 — pyaosMeltaloniie nOpoabl

M=MP:CP'2p|

3 — pyAHoe Teno MOWHOCTEID 2 p; 4 — s.e-
MeHTADHBIR PYRHBIA
C HEeHTPOM B TOuKe E

naacT molgHocThio df

(56)

rie p— NoJyMOILHOCTb KOPEHHOTD Opy/AeHeHHs,
1 0dpa3oBaHus opeoJa.

Ecin, kak 370 00BIYHO TPHHATO B NpakTHKe, BEIpaxath Cp
B MpoleHTax, a p-—B MeTpax, BeJHYHHa M Oyxer uamepATbCA
B merponpouentax (M %). C reomerpuueckoit cropoust npu Cyp=0
(1. e. 3a BbiueToM ¢oHa) BesnynHa M XapakTepH3yeT IJIOLA/b,
orpaHHYeHHy10 rpaukom opeosa C,=f(x) u ocpio aGcuuce. 3aBH-
cumocTe (56), BepHaf Aas PYAHBIX Tes J0GOH MOUIHOCTH, MO3BO-
JfeT YTOYHHTL MOHATHE O «TOHKOM» PYJAHOM Teje, JJIsi KOTOPOro

Cp-20=Cmax0 )/ 250 . (57)

Cayuafinas NoOABHAKHOCTL YaCTHIL HATIPABJEHA K BHPABHHBAHHIO
KOHIEHTPAluii ¥ TOTOMY MaKCHMaJbHOE CO/JEpXKAHHE MeTrajJa BO
BTOPHYHOM OpPEOJI€ PACCESHHS He MOXET MpPEeBLICHTb HCXOAHOTO CO-
nepxkanus B pyaAHoMm tedie, Wil Cp> Cmax, OTKYAA

MOCJY K HBIIETO

2p< o)/ 2n ~250. (58)

CnenoBaTe/lbHO, <TOHKHMH®» MOTYT CYHTATbCH pyAHble TeJa
¢ nmosymoiHocThio p<1,2560. BropuuHble opeo/isl paccesiHAs TAKHX
PYAHBIX TeJ MOAYHHAIOTCA NPHHIHIY 3KBHBAaJEHTHOCTH
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MOLIHOCTH OpPY/A€HEHHS H COJAEpKaHHA B HeM MeTaJla, IOCKOJIbKY
BHJL OPE0JIOB, COTJIacHO(56), 3aBHCHT He OT KayJ0ro M3 3THX NoKa-
3aTtejeii B OTAEJbHOCTH, @ TOJBKO OT BeJHYHHBI HX [POH3BELECHHS.
CinenoBaTesJbHO, CyllecTBYeT Gecunc/eHHOE MHOMKECTBO pasyiidHbIX
nap 3Havenuit C, H 2p, OTBEUAIOLUHX NMOCTOSHHOMY 3HAYEHHIO mapa-
merpa M Mm%, H cOBepIIEHHO OJHHAKOBHIE OCTATOYHBIE OpPEOJbI
paccesHus NpH NOCTOSHHBIX 3HAYeHHAX ¢ 00pasyloTcs 3a CueT cy-
LIeCTBEHHO Pa3JHYHHIX «TOHKHX» DYJAHBIX Teld. B orauune oT HuX,
OpeOJIbl paccestHHst MONIHBIX pPYAHBIX Tea (p>1,25ac) mnepecraior
MOAYHHATHCA HOPMaJbHOMY 3aKoHY (b3), rpadukn opeooB NpHOO-
PeTaloT MJIOCKHI MAaKCHMYM H paBeHCTBO (5H7) Hapylwiaercs.

Pemerne 3ajaud 0 MaTeMaTHYECKOM 3aKOHE 0Opa3oBaHHs ocCTa-
TOYHOrO OpeoJia paccesHHs PYAHOro Tteja JKOOH MOUHOCTH OLLIO
nauo P. U. Jly6oseim [20]. Pynnoe Tes0 HeorpaHHYEHHO MJIHHBHI,
BHITAHYTOE BJOJb OCH Y, MOIIHOCTBIO 2p ¢ LEHTPOM B HayaJe KOoop-
JAHHAT H TOCTOSIHHBIM cojep:KaHueM Merajia C;, MBICJAEHHO pa3o-
ObeM Ha TOHKHE IIJIACTEL MOIIHOCTbIO AE ¢ KOJHYECTBOM MeraJjja
B HUX AM=C,AE (puc. 35). Toraa cocraBasfiollas pacCesHHsi OT
KaMJ0ro M3 3THX IJacTOB, corjacHo (55), onmpeieauTcsi M3 Bbipa-
JKEHHs

Aa oo it
X T T e— e
UV2:I'I
rje E— pacctosHue OT Hayaja KOOpPAMHAT 0 UEHTpa 3JEeMeHTap-
HOTO MJacTa, KOTOpoe MOKeT NPHHHMAaTh 3HaueHHe OT —p 10 +p.
CorjlacHo TNPHHUHNY CYTEPrno3HIHH  CcOJAepKaHHe MeTajia
B TOYKe X, 0OVCJOBJEHHOe paccesiiHeM BCeH COBOKYMHOCTH TOHKHX
naactoB, o6pasylolux pPyAHOE TeJN0, ONpele/]HTCAa Kak cyMMa HX
BausHuil. [Tepexoas k npeneay limAg—0, umeem

+p

o0 6p S
oV2n
=g
Jlasi 3agaHHOfl TOUKH HAOJ0/eHHs] X SABJSETCA MNapaMeTpoM,
nepeMeHHOH WHTerpHpoBaHHA 374ech cayxHT . [lodydyeHHbI HH-
Terpajl MOKHO NpeoOpas3oBaTh K YAOOHOMY /I BBIYHCACHHS BHIY
s
C NMOMOIUIBIO NMOACTAHOBKH ———=1T u dE=odrt. 3aMeHss
a
npejenbl HHTErPHPOBAHHS W BHHOCA O 3a 3HAaK HHTErpajia, HMeeM

(E—x)*

ool SRR

p—x
C + 10 g 5
Co———E e ? di=
3 Ven \
p+x
o
p—x p+x
c 5 i Sk 9 R
=P —— c 2 dT P S e £ dT
2 \ Vox p i V2n ;
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Crosiuide B KpyrJbX cKoOKax cjaraeMbie — 3TO HHTErpa/bl Be-
poATHOCTe, UHC/EHHble 3HAYeHHs KOTOPHIX MMEIOTCA B MareMa-
THUECKHX crnpaBoyHHKax. HMcnoab3ys oGumenpuustble oG03HaYeHHS
HHTErpalioB BepoATHOCTEH KakK (PYHKUHHA OT HX BePXHHX IpeIeoB,
NPeACTaBHM MOJYYeHHYI0 GOPMYJy B OKOHUATENbHOM BHJE

G ale [m( g% )+m(—_”*" )]+c¢.
2 o a

Takum oGpasom, rpaHk coAepiuaHuii MeTalja B 0CTATOYHOM
opeoJie paccesiHHs MOIIHOTO PYAHOro Teda mo npoduiaio, yraaeH-
HOMY OT €ro KOHIOB, 3aBHCHT OT Tpex napamertpos: Cp, p u o. Iloa-
craBasasa B (59) snauenne x=0, HajiieM BEJIHYHHY MaKCHMAaJbHOTO
COAEepxKaHHs MeTa/jjia B ILEHTPAJbHOH TOuKe opeoja (3a BHIUETOM

hona) [7]
Cuiox =CD (%)

(59)

(60)

M3 tabanunbix 3Hauenuid @(x) BHAHO, UTO B MAeaJbHOM OCTa-
TOYHOM OpeoJie paccesHHs yiKe MpH £_>9,0 Beanunna Cimax OY€HD
g

Mano orauuaercs or Cp. IlepeHecs nauano KOOpAHHAT Ha TPAHHILY
pyAHOTO Tella W npuHuMasi 2p—oo, W3 BeIpaxeHus (59) Haiizem
ypaBHEHHEe BTOPHYHOIO OpeoJa paccesHus Hajd KOHTAKTOM JBYX
ropHbiX nopod ¢ BeicokHM Cp n HH3KHM Cy colepiKannem merasia:

c. =4 [1=0(3)] v
31ech 3HAK IUIIOC Nepej HH-

TErpajoM BEpOATHOCTH OTBeYaer ¢

caydao, Korjga nopoja C BBICO- =

KHM colepxanuem mertaina Cp

pacrnofioxena B 06JacTH MoJO- Cg+lp

JKHTENbHBIX 3HaueHHi X (pHc. 7 G,

36), 3HaK MHHYC OTBEYaer mnepe-

Xomy B 3T0il obaactu K ¢oHO-

BLIM COJEpKaHHAM. I 2 3 44 ¥
[Mockoabky moGoe pyaHoe Z° . AT T s :77’;;

TeJI0 OTPAHHYEHO MO MPOCTHPA- _ %o 0®0’0°0°0 0% 5"

HHIO, Npo(HIbL HABIACHHA MO- ++ +++++ & h VV"VVVVVV

XKeT pacnosaraThCsi BOIH3H OT 4+ 4+ + + +fv v v v v

ero KoHIOB. B stoM cayudae + + + 4+ | vV v v Vv

aCy + + 4+ 4 HV VNV VW

#0 u comepxkaHHe Me-

ay
Taala B opeode npHobperaer
XapakTep IABYMEpHQIl 3aBHCHMO-

¥ 2 Vivewl 5

ctu C.=[ (x, y). Tlpocrefinm
oGpasom 3Ta 3ajauva peluaercs
U1 PYAHBIX TeJ NPAMOYTrOJb-
HOH (OpPMEI CO CTOPOHAMH 2Py

Puc. 36. Tpaduk opeona paccesiHns
HaJI KOHTAKTOM MOpPOJ.

1 — smoBufl; 2—nopoinl € coAepiKaHHEeM
sMeTanana C(h-' 3 — nopoil c CcOMEpKAHHEM

metanna C p

1



(MomHoCTs) B 2p, (AJHHA NO MPOCTHPAHHIO) C NOCTOSHHBIM COJEp-
*auueM meranna B pyaax C,. IMomewas Hauano KOOPAHHAT B IeH-
Tpe PYAHOro Tesia W oGo3Hauaa § W M KOOPAHHATH MPOH3BOJABHOH
TOYKH B DYAHOM Teje A0 €ro BLIBETPHBAHHA, [0 aHAJOTHH C Mpeibl-
AYUHM, HaNHUEM:

+py +p, _ _(E—X)+(n—p)

Ct == CP S S € i d%dn.

2no?
—Py =Py,

Pasjienns 1BOiHOH HHTErpaj Ha ABA MNPOCTHIX M TPOH3BOAS
COOTBETCTBYIONUIYIO NOACTAHOBKY, NOJYYHM OKOHYATeJLHO

6o S [o( 225 o 2=2)]

4

[o(at)ea(a i

Orciona, npu x=y=0 HaliileM MAKCHMAJAbHOE COAEPIKAHHE Me-
TajJia B UEeHTpaJbHOH TOUKE opeodia (3a BbiuetoM (oHa)

Conax=C,® (LO_) @ (_‘;L) (63)

Caelloate/ipHo, pacmpejie/ieHne COAepiKaHHil MeTajia B OCTa-
TOYHOM OpE€0Jie pPacCedHHsl PYAHOrO Teja NPAMOYrodabHOH (GopMbl
BaBHCHT oT uYeTbipex napamerpoB Cp, px, p, ¥ o. Ecan npodunian
HaO/I0eHNs, pacnoJaraiouluifcs BKPeCcT [POCTHPAaHHIO pPYAHOTO
TeJia, yhaJeH or ero OJaHKaiillero KoHLlA Ha paccTosiHHe Y>> 20,
BhipaxenHe (62) samensercs OAHOMepHON 3aBHcHMOCTbIO (59),
a A TOHKHX pYAHBIX Tesl npu p.< 1,250 — HOpMaJibHBEIM pacrpe-
JenexueMm (55). Teopernueckue coAepxaHHs MeTajna B Opeojax
paccesHus Hajg TeJaMH C JAHNTHUECKHM (B YaCTHOCTH, KPYTOBHIM)
CeueHHEM B NJiaHe oTauyaeTcss He Gonee uem Ha 10 % ot coaep-
Kauuil MeTajjia B Opeodiax Ha/l IKBHBAJICHTHLIMH PYAHLIMH TeJaMH
NpAMOYTOJbHOH (B 4acTHOCTH, KBaJpaTHOH) (OpMEI, W 3TH pa3JH-
9Hsi yMEHBIIAIOTCA ¢ YMEHBIIEHHEM pasMepoB Tej N0 CPaBHEHHIO
¢ BeJHYHHON MectHOro Ko3dduuuenta paccesnusi o [20]. Boxee
cTporuil aHaau3 OCTATOYHHIX OPEoJIOB paccesnys (opMmasibHO NO-
TpeboBas Obl pewleHHs TpexMmepHoit 3agaun C.=[ (x, y, 2), mo-
CKOJIbKY YK€ ¢ MEpBBIX MOMEHTOB BO3HHKHOBeHHsi opeosa (72>0)

ac.
ycaosHe a: =0 napywaercs B CHJIy 3aBHCHMOCTH napamerpos T,

a caenosarensHo, H C,, or rayGuHbl. OAHAKO COOTBETCTBYOI{HE
pacueThl MOKa3bLIBAIOT, 4TO PACCMOTPEHHbIe pacnpeaesenus NpH
ycaosun Cp=const, Mpy=const u gonymeHu# 0 MOHOTOHHOM YOHI-
BaHHH O, ¢ rayGHHON OTJHYAKIOTCs OT TPEXMEPHLIX 3aBHCHMOCTEH
Menee ueM Ha 5 Y. Dro nospossier Aas lejeil NPaKTHKH OTPaHH-
UUTHCA HAHICHHBIMH OJHOMCPHBIMH H JABYMEPHBIMH 3aBHCHMOCTAMH.
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3.6. MTAPAMETPBI BTOPHYHOTIO OPEOJIA PACCESIHUSA

@u3uKO-MaTeMaTHYeCKHe 3aKOHBHl THIEPreHHOr0 paccesHHsl MoKa-
3BIBAIOT, 4TO COJEPIKAHHE MeTa/la Mo mepHpepHH OPeoJoB acHMI-
TOTHYECKH MPUOJIHIKAETCSH K YPOBHIO reoXuMHuYecKoro toHa, noiuu-
Hagch 3aBucHMoCTH Cr—>Cy npu x—*oo. ClesoBaTellbHO, <HCTHH-
HEIE pasMepei» BTOPHYHBIX OPEOJIOB pacCesHHs He IOAAal0TCs
CTPOTOMY OMNpeNe/eHHI0 H TeOPeTHYECKH OECKOHeYHO BeJIHKH. ITO
JHIIHHA pa3 MOATBEP:KAAeT YMCTO YCJOBHBIN, TEXHHUECKHH CMBICI
TeX BeJIHYHH, KOTOpPble B MPAKTHKE HMEHYIOTCH «pa3MepaMu» Opeo-
J0B (cM. 1.5). [TapamerpamH, 0GbeKTHBHO XapaKTePH3YIOUIHMHA BTO-
PHYHBIH OpeoJ1 paccesHHsi, CBH3aHHOE C HHM KODEHHOE OpyAeHeHHe
H MECTHYIO TeOXHMHYECKYIO 0GCTAHOBKY, ABJIAIOTCH MaKCHMAalbHOE
cofepxkauue Mmerannaa B opeose Cpax, KO3(Q(UIHEHT THIEPreHHOrO
paccessHHs O, KOJHYeCcTBO MeTanna B opeode mno npopuaio M m %
H/IH B NjaHe, Ko3(h(dHULHEHT OCTATOUHOH MPOAYKTHBHOCTH R u pan
IOPYTHX TEeOXHMHUECKHX nokazarteneil. OueHKH 4HC/IEHHBIX 3HaUeHWH
3THX TapaMeTpPHUYECKHX BEJHYHH YTOUHSIOTCH OJHOBPEMEHHO C VRe-
JIHMYEHHEM TOYHOUTH HCC/Ie0BAHHH.

MaxkcumasipHoe colep:KaHue MeTa/ia B [EHTPAAbHOH TOUKe
OCTaTOYHOTO OpeoJa paccesiHHsi coryiacHo Bhipaxenuam (54), (60)
H (63) npu NOCTOSHHBIX MapaMeTpax KOPEHHOTO OpYJEeHEHHs 3a-
BHCHT OT BeJHYHHB MecTHOTO KoatdHUHeHTa paccesHus o, T. €.
OT MHTPaIHOHHON CNOCOOGHOCTH HJM TFeOXHMHUECKOH MNOABHKHOCTH
PYAHBIX 3JEMEHTOB MNPH THNepreHHoM opeosoodpasosanun. Ilpo-
[ecec paccesHus He CJAEeAYeT CMEMHBATh ¢ BO3MOMKHBIM YaCTHYHBIM
BBIHOCOM PYAHOTO 3JEMEeHTa 3a MNpejedsl 0peoa, POJb KOTOPOro
orpaxaer KoapduunenT npoayktupHoctH k<10, BxoAadAulH#A B 3a-
pucumocra (18) m (19).

Ipu sBeBome GYHKUHH paccesiHus (55) OGyKBeHHBIH CHMBOJ ©
OBl TPHHAT HAMH 1717 0603HaYeHHA BEAHUHHBI

b VET : (64)
B

rie & — NPOU3BOJBHEH KO3(GHINEHT UPONOPIHOHAJBHOCTH.

,H,.TIH VCTAHOBJIEHHSI €ro CMBbICJ/Ia BOCHOJb3YEMCH «MeTOJOM pas-
MepHOCTeii», uMest B BULY, uTo [0]=L, [T]=T u [pl=mL-'T-'. Tlog-
cTaBasii 3TH 3HaueHHa B (64) u pemas ero OTHOCHTENBHO [e],
HMEeeM:

[e]=mLT2.

CunenoBaTesibHO, &€ HMeeT Pa3MEpPHOCTh CHJIbI, H/IH

g=¢F,
rae F —cuna; §— GespasmepHbiit (aHcaenHbli) Ko3(D(QUIHEHT.

B OKoHYaTeJbHOM BMJE BHIpaxkeHHe 1as Kodbduuuenra runep-
reHHOTO paccesiHus OyJAeT HMeTb BHI

g ,\/i (65)
1 g
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3uauenus F, T v p onpeaessiioTcss MECTHBLIMH JauauwadTHO-Treo-
XHMHYECKHMH YCJOBHSMH, XapaKTepH3ysAch KOHKPETHBIMH BeJHUH-
HaMH B npejaenax JaHHOTO MOJHMHHEPaJbHOTO OpeoJa paccesHus.
HuauBuayanbHble CBOHCTBA PYAHBIX 3JEMEHTOB B [pPOLECCE THIEp-
FeHHOTO paccesiHHsi OTpazkaeT uHcJdeHHas BeaHuHHa KoadduuneHTa
E. OueBH/iHO, YTO Ta WJH HHAA TIOJABHIKHOCTb PYAHBIX «UACTHI» 3a-
BHCHT OT HX (DOPMbl H pasMmepa, OT MIOTHOCTH M TMOBEPXHOCTHO-MO-
JIEKYJIAPHLIX CBOWCTB, T. €., B KOHEYHOM CueTe, OT HX XHMHUECKOTO
H MHHEPaJIOTHYeCKOro COCTaBa, OT poJH OGe3MHHepadbHbIX (opM
CYIIECTBOBAHHS PYAHOTO 3JeMeHTa W T. 1. B mpeaenax omuoro
opeoJia paccesHHs 3HAUYEHHA £ AJA Pa3jHuHLIX METAJJI0B H PaszHbIX
MHHEPaJIOB MOTYT CYLIECTBEHHO Pa3/HuaThCsl.

[Tpu BrIBoAe (hOPMYJIBI THTOXHMHYECKOTO paccesiHis Mbl He CBA-
3aaH cebd KaKHMH-JIHO0 JOMOJHHTEABHBIMH MNPEANOJ0KCHHIAMH
0 Xapakrepe PYJHBIX YacTHIL H, CJEJ0BaTe/NbHO, PaccesHHe YacTHIL
ao6oro THna GyzeT NPOMCXOAHTH 10 3aKOHY HOPMaJbHOTO pacmpe-
nlenenns. BegaeacTBue pasnHuHbBIX 3HAYEHHH £ Jdaxe B opeoJe 0J-
HOrO pYAHOTO 3JeMeHTa KO3((HIHeHTH paccesHHA IS YacTHIL
pPas3JHYHOrO MHHEpaJbHOrO cocTaBa OVAYT pasnnuatbes. Tak, Ha-
npHMEp, BO BTOPHYHOM OCTATOUHOM OpCOJIE€ paccesHHsi CBHHLOBOTO
OpVIEHEeHHS MOXKHO MpeanojaraTh OJHOBPEMEHHOE ydHacTHe NepBHu-
HOrO TaJeHHTa H PasHoOOGpPA3HBLIX BTOPHYHLIX MHHEPAJIOB CBHHLA:
AHTJIe3HTa, ILepyccuTa, MaccHKOTa, NJaTTHepHTa, nupomopdura,
t(ocrenuTa, uesaposanTa, ByJb(eHHTa H MHOTHX JPYIHX, B TOM
yncsae GesmHHepaabHbIX (opMm. Kaxaoe u3 3THX coelHHeHHH CBHHIA
CMOCOGHO pacrpeiesiaThCs B OpeoJie ¢ PasiHuHBIMH Ko3(phuiHeH-
TaMH paccesiust Opps, Opbso, Opbco, Opbo, Opbo, H T. A. Oxn-
HAKO 3TO He TpPHBEAET K OTCTYIJIEHHAM OT HOPMAaJbHOro
3akoHa (55) ana pacnpejnesieHHs OOGIIMX COAepXKAHHI CBHHLA
B OpeoJie, KOTopele GE30THOCHTENBHO K (OpMaM ero HaxoKIeHHH
OTpene]soTCs, HANpHMep, TPH 3SMHCCHOHHOM CHEKTpaJbHOM aHa-
anze auroxumudeckux npo6. CoryacHo UEHTPaabHON npeje/bHOH
Teopeme Jlanynosa [8], cymma OoJbuioro uicaa n COH3MEPHMBIX
CJAyuaiiHBIX BeIUUYHH, paclpeleseHHbX HOPMaJbHO ¢ TmapaMeTpaMu
M;; o;, TakxKe pacnpellesieHa HOPMAaJbHO C napaMeTpamu

M=M1—|‘M2+Ma+ o +Mu
R R e

3710 CBONCTBO YCTOHYHBOCTH HOPMAaJbHOTO pacnpeienenus o6b-
ACHAET €ro MIMPOKOEe paclpocTpaHeHHe B MPHPOJIE.

Beanunnsl F, u u T, onpenendoniie 3sHaueHue o, H3MeHAOTCS
¢ rJayOHHOH, 4TO BHI3LIBAeT H3MEHEeHHe BeJHUYHHLI Ko3(@HIHeHTa
paccesHHsl TO BePTHKAJbHOMY paspe3y pBIXJAbBIX 06pa3oBaHuM.
B ofmem caydgae BennunHa KO3(dHUHeHTa BAZKOCTH TOPHBIX TNO-
POZ | 30HBI BHIBETPHBAHHA MHHHMajgbHa BOJH3H AHEBHON moBepx-
HOCTH, COOTBETCTBEHHO HX HauboJiee PHIXJIOMY COCTOAHHIO, H MaK-
CHMaJbHa Ha YyPOBHE MJAOTHBIX KOPEHHBIX 1OPOX B HavaJbHOH cTa-
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AHH BeiBeTpHBauusi. Beauunna jeiictByiomeil cuasl F, oueBHIHO,
y6biBaeT ¢ rJyOHHO{l COOTBETCTBEHHO OBICTPOMY YMEHBIIEHHIO
AMIJIUTYAbl KoJeGaHuii TeMrnepaTypbl M BO3[ENCTBHA BHEUIHHX JH-
HaMH4YECKHX (DAKTOPOB MOJ NMOKPOBOM BHILIEJEKALLEll TOJILH, yObI-
BAHHIO POJH OHOTEHHBLIX NPOLECCOB H T. J. BeJHunHA NPOXOIKH-
TeJqbHOCTH BhiBeTpuBanusi T Takie yGuiBaeT ¢ rayGHHOI H Ha rpa-
HHle KopenHuX mopox T'=0. 3aBHCHMOCTH ee OT KOOpAHHATH Z
OHO3HAYHO OnpejesserTcs: H3 BhipakeHus (50) anaa cayuas AHHA-
MHYECKOTO paBHOBECHS MeXJ]y BbIBeTPHBaHHEM H JeHYAalueil.
Ecau F u T y6uiBaior ¢ ray6HHOM, a p XOTS H Bo3pacTraer ¢ ray0u-
HOH, OAHAKO B BhipaxmeHHH (65) cToHT B 3HameHarTese, cleloBa-
TeJIbHO, KO3((pHIHEHT pacceaHHsi ¢ OT MaKCHMAaJbHOH BeJHYHHBI
Ha NMOBEPXHOCTH Op= Omax AOJKEH YOHBATH ¢ IayOHHOI H Ha ypOBHe
KOPEHHBIX MOPOJ npHHHMaTh 3HauyeHHe op=0. C yyerom 3THX rpa-
HHYHLIX 3HaueHHil, 6e3 KakuX-AH00 JOMNOJHHTEJbHBIX TPeaNnoJo-
XKeHHil 0 xapaxkrtepe QYHKIHOHAJbHLIX 3aBHCHMocTell p, F n T or 2,
MOXKHO JONYCTHThH, UTO KO3()(HIHeHT paccesHHs fABJseTcs JIHHEN-
HOH (yHKUHEH 2, NMOAYHHAACH 33aBHCHMOCTH
h—z

Gygh (66)

MHorounc/JeHHble HCCAEA0BaHHs BePTHKAJbHLIX paspe3oB 0OC-
TATOYHLIX OPEOJIOB paccessHHA ITO JIOCTATOYHO XOPOUIO MOATBEPIK-
naioT. YHcneHHble 3Ha4eHHA ¢ MO rpagHkam JAeTajbHBIX JHTOXH-
MHUYECKHX CLEeMOK, 3PHTEJIBHO CXOJHBIX C HX TEOpPeTHYEeCKHM BHAOM
AJIST TOHKOTO pyjaHoro Tenaa (puc. 37), ONpeaeisiioTcss «MeTOLOM
Tpex yposHei». TaGynaupoBannbie 3HaueHus QYHKIHH HOPMaJbHOTO
pacnpenenenusi [7] nokasbiBaloT, uTO paccrosiiHe Memay abeimc-
cami Touek ¢ opanHaTaMH Cy=0,607Crax (32 BHYeTOM (hOoHA) AJA
TeopeTuyeckoii KpHBoii cooteerctByer 20. Paccrosinne mexay abe-
unccamu aasi opauHat Cr=0,325Cmax cooTBeTCTBYeT 30 H pac-
crosnue Mexay abcunccamu aasi 0,135 Crax paBHo 40. 310 naer
BO3MOKHOCTb 1O IIHPHHE OpeoJia Ha ypoBHEe 3THX TpexX 3HaueHHi
C, TNOJYYHTh TPH HE3ABHCHMBIX ONpejleNeHHs BelHYHHH o. Ecan
HalileHHEe 10 rpa(HKy OpeoJa TPH 3HAUEHHSI 0 COBNAAAIOT MEKAy
coGoii B mpeaenax norpemnoctd ot =10 g0 =15 % (uTo He XyXe
TOYHOCTH CHEeKTPa/JbHOrO aHaJH3a), MPHXOAHM K BHIBOAY 00 YIOB-
JIETBOPHTE/NLHOM COBIAaJZeHHH HaOJIOAEHHBIX AAHHBIX C TeopeTHue-
ckoit ¢opmynoii (55). Ecam nafiiennble 3HadeHHS ¢ 3aKOHOMeEPHO
YMEHBIIAIOTCA ¢ YBeJHYEHHeM HHTepBajJa rpapuka, N0 KOTOPHIM
OHM  Ompejensyiuch, T. e. HabGamogaercss  COOTHOINIEHHe
o (no 0,607Cmax) >0 (mo 0,325Cmax) >0 (no 0,135Cmax), 310 co-
OTBETCTBYET PYAHOMY Teay GOJIbLIOKH MOILHOCTH, H TOTZa Onpejee-
HHE BeJHUYHHBl ¢ CJEAYeT NMPOBOAHTL ¢ MoMolubio nanetok Jly6osa.

B ocHoBY TeopeTHuecKHX Mojejeii o06pasoBaHHsl BTOPHUHBIX OC-
TATOYHLIX OPEOJIOB PACCeHHS TNOJOXKEeHb AONYIUIEHHS O TOCTOSH-
cTBe mapameTpoB opyaenenus Mp, Cp, 2p no najenuio sazexeil.
D10 ompele/isieT NOCTOSHCTBO MOTOPH30HTHBEIX KOJHYECTB MeTajlia
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Puc. 38. Beprukanvuslii paspes H rpadHk HeaJbHOrO OCTATOYHOrO OpeoJa pac-
CesHHs.

I —smi0BHfi; 2 — pyloBMemaOUHe nOpoAn; § — pyAHOe TeNo; 4 — H3OKOHLEHTPAThI 3je-
‘MenTa B YCNOBHEIX eHHMUAX

M. B njeanbHOM OCTATOYHOM OpeoJie paccesHHs 110 BCEMY BepTH-
KaJbHOMY pa3pesy 3JIIOBHO-AeqioBHA B HuTepBate 0<z<<h. Has
yeaoBHii M;=M,=const u yGuiBanus kosddHiHeHTa paccesHHS
0: ¢ rayouHoit na puc. 38 u3o6paxkeH BepTHKAJbHBII paspe3 Ta-
KOro opeoJia paccesHHs B M30JdHHHAX. PacueTbl npoBeneHbl yepes
0,17 mpu ao=1,0 1 A=1,50, A1 TOHKOrO BePTHKAJBHOIO PYAHOTO
TeJa H TOPH30HTalbHOH nHeBHOII noeepxHocTH. B 3tom npocreii-
uieM cJydae BTOPHYHBIH JIHMTOXHMHUYECKHI OpeoJsl paccesiHHs HMeer
B paspese BHJL Beepa, paclIHpsiollerocsi K JHEBHOH TOBEPXHOCTH.
Beauunna napamerpa M npH NOCTOSIHHOM pPacCTOSIHHH MeMKAY
ToukaMu npoGoorGopa Ax no npoduaio onpenensercs no gopmyie
(15). Ilpn mepemenHoMm 1iare HaGJIOJeHHi, YTO YACTO CBSI3aHO CO
CryuleHHeM Toyek onpoboBanua B LEHTPaJbHOIl YacTH opeoJia, BHI-
paxenne (15) 3amensercs OGoJiee yHHBepcaJbHONl (GopmyJIoii

M Z (&;"_H_) Ci—2aC (67)

i=l

rie X;— abcuucca TOUKH ¢ cojepxkanneM Meraana C;; 2a — -
(hekTHBHAs LIHPHHA oOpeoJa.

[Tpu stom 3a Hauwasno oTcuera paccToaHHil X,=0 npuHuMaercs
fneppass KpaeBass TOYKa, OrpaHH4yHBalollas opeoJ cjaesa 1o npo-
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¢umo, ¢ copepxannem Co<Cs. 3Has BeAHUHHY 0, MOXKHO IS
Opeosia € OJHHM YeTKO BbIPaKeHHBIM MaKCHMYyMOM MNOACYHTATDH
KosinuectBO Metaisna M MY u3 Buipaxenus (5H7), corsacHO Ko-
TOpOMY

M= (Coa—C 2 50. (68)

Onnako 3Ta opMysa JlaeT TOJAbKO NpubIHKeHHOe 3HayeHne M,
NOCKOJIbKY MOJYUEHHBIH Pe3yJbTaT LEJHKOM 3aBHCHT OT TOUHOCTH
CeKTpaJbHOro aHaJmu3a, ¢ KOTOpOil ompeaeneHa BedHuHHa Crax.
B npaktHyeckHX ueJsX Beerja caeayeT NoJb30BaThes (opMyiaaMu
(15) naum (67).

3asucumoctb (56), ycranaBauBaiollas PaBEHCTBO KOJH-
YeCTB MeTaJJa B HAeaJbHOM OCTATOYHOM OpeoJe paccesHis
M 1 B HCXOAHOM KOpeHHOM OpyAeHeHHH Mp, B pealbHBIX TeoJiOTH-
YeCKHX YCJOBHAX Hapyliaercs, 3aMeHsisch NPOMNOPLHOHAILHON 3a-
BHcHMOCTbIO (18). ITo onpiTy BeanuHHa KosdduuHeHTa ocTATOUHOM
npoJyKTHEBHOCTH £=1,0, cBAsbiBaioulero seanundsl M u Mp, mo-
KeT H3MeHATbCS B JAecATKH pas, 3aBHCA OT HHAHBHAYAJbHBIX
CBOMICTB XHMHYECKHX 3/IeMEHTOB, OT MOpP(OJOrHH OpyieHeHHs H
MecTHBIX JaHawagrubx ycaosuii. [Tostomy 3nanue uHcieHHOI Be-
JHYHHBI 3TOrO napameTpa AJs YcJOBHI paiioHa pabor W raaBHeH-
WHX PYAHHIX 3JeMeHTOB fBJafeTcss o6A3aTenbHuiM. BennuwHa ero
B obmweM cJayuae H3MeHseTcs ¢ rayOuHoH, nam k.=[(z), rae
0<<z<Ch, onpegensisich THINEPreHHbLIMH TPOIECCAMH HAKOIJCHHS
MeTaJiiia B TeX HJIH HHLIX TOPH30HTAX 30HBI BeIBeTpHBaHHA (R>1,0)
HJIH ero BblllesiauHBaHueM H3 opeota (k<1,0). BoiumenouenHbli
MeTaJT MOMKET MOCTYMHTh B MOTOK PACCesHHS W KOHEUHBIT BO/10eM
CTOKd, OH MOXKET NMOABEPTHYTLCS MOJHOMY PacCesHiio B OKpY#Kaio-
uleM JaHamadgre HAH 00pa3oBaThb BTOPHYHBIC AKKYMYJALHH Ha
reoxXiHMu4YeckHX OapbepaX B KOHType OpeoJia HJH 3a ero npeje-
damu. Haxonnenne Meransia B OCTATOUHOM OPeOie PACCesHUS TPO-
THB €ro HCXOAHOTO KOJHYECTBA B KOPEHHOM OpYAEHEHHH MOXKeT
6bITh, B HAaCTHOCTH, CBSI3aHO C TPaBHTaLHOHHON Anddepennnannei
MHHEPaJoB [0 IJIOTHOCTH, C MOBBILIEHHOH PacTBOPHMOCTbIO NOpPO-
J000pasyIouiHX MHHEPaaoB, ¢ HcnapuTeabHOH, GHOreHHOH B cope-
LHHOHHOH aKKyMyasiiueil pyAHBIX JIeMEHTOB Y AHEBHOH NOBEPXHO-
cTH. Mecrusie 3uauenus £=1,0 B npoduie ocTaTouHBIX OPEOJIOB
paccesinusl, NMO-BHANMOMY, YCTaHaBJIHBAIOTCA 3a OTHOCHTEJBHO Ma-
JIO@ Te0JIOTHYecKOe BPeMs.

Ecan ypaneHse pyaHBIX Y4acTHL ¢ NMOBEPXHOCTH TOPHOTO CKJOHA
CHJIaMH JIeHYJalHH OTCTaeT OT yAaJieHus Ge3pyAHblX 4acTHil, Mpo-
H30Ji1eT OTHOCHTEJbHOE HAKOIJIEHHe PYJAHBIX MHHEPAaJOB B BepX-
HUX TOPH3OHTAX OpeoJia. BeneacTBue 3TOro B IOCJAeAYIOUIHH MO-
MEHT BpeMeHH yaaJieHHe PYAHBIX YacTHI B KOJHYECTBEHHOM OT-
HOILEHHH BO3pacTeT H HAKOIJeHHe 3aMeAJHTCA. DTH BCTpPeyHble
npoueccsl GHICTPO JOCTHTHYT paBHoBecHs. Takoll e camopery-
JHPYIOUHI XapakTep GYAYT HMeThb npolecchl n3GupaTenbHOro pac-
TBOPEHHSA PYAHBIX HJIH MNOPOA00OPa3yIoOUIHX MHHEpasoB. YHpolleH-
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Hble pacyeTel NOKasplBAalOT, YTO JAHHAMHYECKOe paBHOBecHe IpH
k=20 nocruraercsi, HanpuMmep, 3a Bpems menee 100 Jger B ycmo-
BHAX, KOrja MJHTEJbHOCTh (OPMHPOBAHHS BepXHEro TOPH3OHTA
opeosa paccessHus cocrtasisier 10 thic. ger (7.).

O6m#e 3aKOHE TeOXHMHH THIEpPreHesa IMO3BOJAIOT 1aTh af-
PHOPHBIE OIEHKH 3HA4YeHHAM KO3((HIHEHTOB OCTATOYHOH NPOAYK-
THBHOCTH R B 3aBHCHMOCTH OT JaHAWA(QTHHX YCJ0BHIT $HOpMHPO-
BAaHHA OPEOJIOB pAacCesHHs H CBOHCTB DYIHBIX 3JeMEHTOB.

1. B akTHBHO JeHYAHPYEMHIX TOPHLIX pafioHax JIOOHX JaHa-
mwapTHO-reOXHMHUECKHX 30H OJaarojaps ObCTpOMY OOGHOBJIEHHIO
OpeOJIOB paccesiHHs HMHAMBHIYAJbHblE pA3JTHUYHS MeXkKAY XHMHUe-
CKHMH 3JIeMEHTaMH CIr/Ia)KHBAIOTCA, H AJs BCeX PYAHLIX 3JeMeH-
TOB MOXKHO OMHAATb 3HaveHHs k= 1,0.

2. B paiioHax TyMHIHO#l 30HBI CO CrVIaXKeHHBIM penbedom H 3a-
MelJIeHHON JeHylauuell 115 3JeMeHTOB, CHOCOGHBIX K aKTHBHOM
Bopuoil murpauuu (F, Sr, Li, Cs, Rb, B B Goparax, unorna U, Mo
H 1p.), caelyer oxuaath snauenuit £<1,0. B paiionax apuauoit
30HBI [l TeX Ke YCJIOBHIl H TEX JKe 3JIeMEHTOB NpH HAJHYHH NpO-
1leccOB HCTIAPHTeNAbHON akKyMyasiuuu OGyLyT obHapy:KuBaTbhCcs 3HA-
yenus k> 1,0.

3. B pafionax ryMHIHOH 30HBI CO CriaKeHHBIM penabedoMm H 3a-
MeIJIeHHOH JleHylauneidl A PYAHBIX 3J€MEHTOB, NMpeAcTaBJICHHBIX
TAXReNBMH (d>4 r/fcM®) B yCTOHYHBHIMH B 30HE BBIBETPHBAHHSA
NEePBHYHBIMH HJH BTOPHYHBIMH MuHepaaamu (Au, Pt, Sn, W, Nb,
Ta, Zr u 1p.), MOXKHO OKHAATh 3HauyeHuil k> 1,0.

4. B npoduse coBpeMeHHLIX 3JIOBHO-Ae/I0OBHA/IbHEIX 0Opaso-
BaHHH H JPEBHHX KOP BLIBETPHBAHHA BeJHUYHHA KOo3dbdHLHeHTa OC-
TAaTOYHOI NPOAYKTHBHOCTH K= 1,0 H3MeHsIeTCsA M0 BEPTHKAIH H Ha
raybune z—-h npubaHikaeTcsi K CBOeMy TeOPeTHYECKOMY 3HaUeHHIO
AJsi HIAeaJbHBIX OCTATOYHBIX opeosioB paccesnus R=1,0. dtu 06-
llHe AaHHbBIE O BePOATHBIX 3HAYEHHSAX KOoa(pHIHEHTa TPONOPIUHO-
HAJTBHOCTH R B KOHKPETHBIX YCIOBHAX TPebOYIOT YTOYHEHHs s IOo-
CAeyIoNero HCNoJb30BAHHS TPH OleHKe BHIABJICHHEIX OPeoJoB
paccesHuA.

[TpAMBIM MeTOZOM ONpeleeHHs MecTHBIX 3HAYeHHH R cayxar
COTIOCTARJIEHHST KOJMYECTB MeTajjla B Opeojax paccesiHHs, Mol-
CUHTaHHBIX 1o ¢opmynam (15) umam (67), c KoawyecTBaMH Me-
TaJja B TEX 3Ke MeTpPONpoueHTaX, NOJACYUTAHHBIMU MO JaHHBIM 6o-
PO310BOTO H JHHellHOrO onpoboBaHHs KOPEHHOTO OpYAeHeHHS,
BCKPLITOrO KaHaBaMH, NPOHJIEHHBIM 110 TeM Ke NpoduaaM ¢ yue-
TOM cMelleHuss opeosa. [IpuMep Takoro onpejeienusi Koagduiiu-
€HTa OCTATOYHOH IMPOAYKTHBHOCTH OJ0Ba /s JaHAwadTos
KaBanepoBckoro pafioHa mokasad Ha puc. 39 no Aauabim onpoGo-
BaHHSl KaHaBbl, BCKpbIBLIEH oJ0BOpyAHble Kuabl JlerHioio u [le-
KabpbcKyio HoBoropckoro pyaonposBieHusi. Y4acToK cjaralor nec-
YAHHKH M aJeBPOJIHTH HHXKHETO Mesd, PacCTOsHHe MeXIY KHIaMH
ne npesbimaer 25 M. [To npoduaio XI oun o6pasyior obIIHi Opeo
paccesiHnsi ¢ KoauuectBoM Metassna M=136 Mm% Sn npu cymmap-
HOl MPOAYKTHBHOCTH KOpeHHoro opyienenns M,=1,66 M % Sn.
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[Tocie npuBepeHus 3THX HHGP K CeYEHHAM, OTBEYAIOILIHM HCTHH-
HOIl MOIIIHOCTH PYAHOIl 30HEI, HMEeM:

k: MHCT = 1‘04 M ?/6
M 1,45 m %

p (HeT)

Bcero mo HoBoropckoMy pyronposisiennio Obio CAeqaHo ue-

THIpEe OnpejfeJeHHs k, cpeiHee W3 KOTOpPBIX cocraBuao k=1,19.

Jas GoJbUIMHCTBA MECTOPOKAEHHH onpofoBaHHe KaHaB JaeT
JMIOCTATOYHO HaJexHble AaHHBIE IJd OLEHKH Ko3a(@dHUHeHTa npo-
MOPUHOHAMBHOCTH R MEXKAY OCTATOYHHIM OpEOJIOM PAacCesHHS H
NMEePBHYHLIM OpyJeHeHHeM. YueT BO3MOMKHOTO mepepacnpefeeHHs
PYAHLIX 3JIEMEHTOB B 30HE OKHCJEHHSI B CHEHH(HYECKHX ciaydasx,
ecTecTBeHHO, Heobxoaum. Tak, manpumep, oueHka KoadduineHTa
NPONOPIHOHAJIBHOCTH [IJI51 BTOPHYHBIX OpEOJIOB PAacCesiHHS MeIH
Ha MecTOpPOXKAeHHAX NOpHPOBBIX MeAHblx pya Tpebyer obs3a-
TeJbHOr0 YKa3aHHs, OTHOCHTCH JIH HalifleHHasi BeJHYHHAa R K KO-
pPeHHOMY OpYVeHeHHI0 Ha BHIIEJOYeHHBIX BBIXOMAX, BCKPHITOMY
KaHaBaMH, K pyJaM 30HB BTOPHYHOTrO cyJabpujaHoro oboraiieHus
HIH K OeIHbIM NepPBHYHHIM PyAaM, MepeceyeHHLHM pPa3BeLOYHBIMH
CKBayKHHaMH.

[To mopdosorun H ycJaoBHAM 3ajeranus HanbGosee GaarompH-
ATHB 1J51 OLeHKH KO3(dHIHeHTa NPOAVKTHBHOCTH R 1O KaHaBaMm
KpyTonajalollie pyAHbBe Teja npocTtoii (Gopmbl, AocTaToYHO Mpo-
TAKEHHBIe MW BBHIIEPMKAHHBIE MO MPOCTHPAHHIO M NajleHuio, A
KOTODHIX BeJIHYHHA k HMeeT ycTofiuHBOe MecTHoe 3HaueHue. J[1d pya-
HBEIX Tesl OGOJblIOH MOUIHOCTH, HANpHMEp WITOKBEPKOBHIX MeCcTo-
pozKaeHHli H3oMeTpHUecKOi (opMbl (2py,>>40), BennunHa Ko3p-
(uIHeHTa MPOAYKTHBHOCTH f CTAHOBHTCHA TOXIECTBEHHO paBHA OT-
HOILEHHIO MEXKAY COJepXKaHHSMH Meralia B opeoJe pacces-

HHs B 06/1aCTH €ro IJIOCKOro MakcHMyMa Crax H B KOpEHHOM Opy-
nerneHnu (cMm. puc. 35). Bo Bcex ocranbHBIX cayuasx, KOorpa copep-
JKaHHe MeTajjla BO BTOPHYHOM opeoJie paccestHusi 3asucut ot Pla,
oleHKa k TpebyeT mojacueTa KOJHYECTB MeTajJa B MeTPONpO-
tentax. JonosHATebHBIE CBEACHHST O BEeJHYHHE R AAIOT CpaBHEHHS
M ¢ M; no ckBa:kuHaM pasBefo4yHoro OYpeHHS HJH TOJ3eMHBIM
BLIPpaB0TKaM, BCKPHIBAIOIIHM NEPBHUHLIE PYAB HHYKE 30HBI OKHCIe-
uus. Takne comocTaBJeHHs 3AKOHHBL JJis T€1 NPOCTOH (opMbl, AJs
KOTOPHIX BeJHunHa M, BulAep:kaHa 10 NafeHHi0 H NPOCTHPAHHIO
3a/eKH.

Bonee noauas xapakrepucruka Kos(gHIHEHTa NPOAYKTHBHOCTH
k JpocTHraercsl MyTeM H3YyUeHHS €ro BeJNHYHHBI 10 BEPTHKAaJbHOMY
pa3pe3y opeoaa. [IponsBoas aeranbHblii oT6op npob Ha pasaHYHOH
rayOuHe OT JAHEeBHOI TMOBEPXHOCTH H MOJACYHTHIBASI KOJHYECTBO Me-
Tajgna M Ha KaxI0M TOPH30HTE, MOXKHO NOCTPOHTh rpaduk M.=
=f (z). IIpumep usmeHenns M. u, ciemoBaTeJbHO, k; ¢ rayGuHOi
Mo paspesy BTOPHYHOrO OpeoJia paccesiHHs ypaHa IOKasaH Ha
puc. 40. 31ech Ha JAHEBHOI MOBEPXHOCTH OPeoJ 3aMeTHO ocJabJieH,
BO3MOXKHO, 3a CYUET MPHMECH aJJIOXTOHHOrO MaTepHana, Xapakre-

=0,72,
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Puc. 40. BepTHkaabHEIl paspes opeosa paccesuus u rpadHk M./M.

1 — noyseHHO-pACTHTEAbHBIA cnofl; 2 — raunbl. JIpeBHAR KOpa BbiBETpHBaHHA: J§ — rAHHHCTAR;
4 — ranHKcTO-MeGeHHCTas; § — ueGeHHCTand; 6 — H3OJAMHHH TraMMa-aKTHBHOCTH B YCJAOBHEIX
eauHiax, CKBaMHHM: 7 — mHeKoBoro GypeHHs; 8 — KOJOHKOBOro GypeHHA

pusysacb suaueHuaMu <0,3M. B untepBaise 2—3 m naGuionaercs
HEKOTOpoe HaKomJeHHe Merajna, nmopsaka 1,3 M, oueBuano, 3a
CYET ero THIepPreHHOro BHILIEeJAYHBAHHS H3 BEPXHHX TOPH3OHTOB.
Hauunas ¢ raybunsr 4 M 1 10 10 m 3nauennss M, ocraiorcs npak-
THYECKH TOCTOSAHHBIMH, HECMOTPS Ha CJOMXKHYI0 KOH(HTYpalHIO
BTOPHYHOTO OpeoJa paccesHHs, 00pa30BaHHOrO MABYMS COJHIKEH-
HBIMH PYAHHMH 30HaMH, 00o0cob/ieHHE KOTOPBIX OOHApYIKHBAETCS
Ha rayOomHe 14 M no Mepe najeHusi BeJIHYHHBI o, Ha ypoBhe 8 M
ormeuaerca cHuxenne M. no 0,82M, uTo, BepoOATHO, CBA3AHO C AJIH-
TeJbHBIM CTOSHHEM Ha 3Toil ray0HHe COBpeMeHHOro 3epKaJjia TpyH-
TOBBIX BOA. JlaHHEIE KOJNOHKOBOrO OypeHHsi NOJATBEpIKAAIOT MpH-
MepHoe 3HayeHHe R~ | B HHTepBa/jie YCTOHUHBHIX 3HaYeHHH M..
HebmaronpHATHE AJIA OLEHKH KO3((HIHEeHTa NPONOPILHOHA/Ib-
HOCTH k TO KaHaBaM pyZAHBe Teja 4eTKooOpa3Hoi (opMel ¢ ua-
CTHIMH TIEpEKHMaMH H pasfAyBaMH OpYyICHEHHS, UYepeLyIuHMHCH
uyepe3 HHTepBaJbl Menee 2¢. KoseGauus OLEHOK &k; B OAHOPOAHOM
Jauamadre, CBA3aHHbE ¢ HepaBHOMEPHBIM XapaKTepoM OpyjaeHe-
HH$I, MOTYT JOCTHTaTh JAeCsTH-ABAaALATHKPaTHOH Beauuunsl. O6yc-
JIOBJIEHO 3TO paccesiHHEM MeraJjula Mo NMPOCTHPAHHIO PYAHOH 30HBI,
B pe3yjbTaTe KOTOPOrO BO BTOPHYHBLIE OPeOJibl HaJ HepeRHMaMu
NOCTynaeT MeTaJJs cO CTOPOHB PasfAyBOB H OJHOBpPEMeHHO OGelHd-
I0TCs opeoJibl Hajx GoraThIMH HHTepBanaMu opyaeHeHusi. IIpuana-

Puc. 39. Ouenka xosddHuHEeHTa OCTATOYHOR NMPOAYKTHBHOCTH B no npoduaw XI
Hosoropckoro pynonpoasaenus. [To IT1. A. Kypuesy.
a — propuuneift opeon paccesinMs oaosa (Mp.. =104M % Sn); 6 —nnam kanase K-65.

11— PyAHbIE M. Cogepanue ojsoBa B sawoBHo-femoun (B %): 2—1-109—2-107%; 3 —
2-1077—6-107*; 4—6-10""—20-10""; 5§—20-10""—60-10"" ; §— GoposnoBuie mpoGhl
H HX HOMepa; 7 — H30THNCH

Jan muant JekaOpbckoi M. =026 m % Sn, aaa muawm Jlerweh M, =12 m % Sn
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KOM TaKHX YCJOBHI CJOYMXHT OTpPHUATeJbHas paHroBas Koppe.s-
uua Mexay Mp u k. Bo Bcex Takmx cayuasx cpeinee reoMerpuue-
CKOe H3 HalJeHHbIX 3HauYeHHHl R; He COOTBETCTBYET NPHPOAHOMY
3HaYeHHI0 Ko3(dHUHeHTa NPONOPUHOHAILHOCTH Rycr. [IpH 3nHaun-
Moil oTpHLaTe]bHOl Koppeasiunu Mexay Mp, m k, a Taxkke npu
GOMBIIHX H HEACHBIX CMeUIeHHSIX OpeoJIOB paccesiHHs TNpPaBHJIbHOE
3HaYeHHe R MOKHO ONpeleJHTh M0 BEJHYHHE OTHOUIEHHH Mexay
IJIOIaAHBIMH TPOAYKTHBHOCTAMH OpeoJia paccesiHHs W KOPEHHOro
opysnenenHs. Jlas cepHH pasoOLIeHHBIX KaHaB, MO KOTOPHIM OlEHKa
NJOIAAHOH MPOAYKTHBHOCTH OpYAEHeHHsI 3aTPYAHHTEJbHA, HCTHH-
HOe 3HaueHHe £ B nepBOM NPHOJIMMKEHHH MOXKHO HAfiTH Kak OTHO-
meHHe cyMM Bcex 3HadeHHit M; 1 My; H3 BoipaKeHus

_ IM
Ruer _—szi : (69)

Jas opHeHTHPOBKH B TalbJ. 13 mpuBefeHb HEKOTOpPbie Ompele-
JleHnsa MecTHBX K03(h(HUHEHTOB 0cTaTOYHOH NPOAYKTHBHOCTH s
Ba)KHEMIIHX MEeTaJloB MO AaHHBIM Pa3HYHBIX aBTOPOB. ITH 3Ha-
4eHHs MOATBEPKAAIOT, HANPHMEp, OTUETIHBYIO 3aBHCHMOCTL & (Pb)

H k (Zn) or manama@THO-reOXHMHYECKHX YycaoBHil. [las cBHHUA
B CONOCTaBHMBIX JaHimadTax ormeuaercs Bo3pacTanue Ko3ddu-
LHeHTa MPONOPUHOHAJBHOCTH £ B KapGOHAaTHBIX MOpOAAxX 1o Cpas-
HEeHHIO C ero 3HauyeHHeM AJs CHJAHKATHHIX mopod. O6bicHsieTcs 3TO
Gosee BhicOoKoi pacTtBopuMocThio CaCO;, Ca(HCO;), u CaSO, no
CpaBHEHHIO C PACTBOPHMOCTBIO Tex ke coednHenuii Pb.

[TouTH NOJHOCTRIO OTCYTCTBYIOT CBeleHHS O Koa(dHUHenTax
0CTATOYHON NPOAYKTHBHOCTH S JaHAWAapTOB 3apybesHLIX CTpaH,
He nposBiaeHHuX B nperenax CCCP, B uacTHOCTH, AJf YCAOBHil
TPONMHYECKOH 30HBl M JJATEDHTHOrO BEIBeTpHBaHHA. 151 M106HIX JaHI-
wadToB cyuiecTByer HeKOTOpoe MHHHMAJbHOe 3HauenHe (Mp)min,
HHXKE KOTOPOro 1pPH MECTHBIX 3HaueHHsIX KoshdHUHeHTOB £k H o
BTOPHYHBIH OpeoJi paccesHHs Ha NMOBePXHOCTH oOHapyKHUBAThCA He
Oyner. CBsizaHo 3TO ¢ peajH3alHell yCJI0BHS

At 0y — G (70)
o)/ 2n

rjae k MOKeT 3aBelOMO OTJHYaThCcf OT HyJss. Breipaxenue (70) xa-
paKkTepH3yeT Nepexojl OCTaTOYHOTO OpeoJia PacCesHHA B 3aKphiToe
cocrofiune ¢ 06pasoBaHHEM <«MpeleJbHO PasyboKeHHOro opeosa»
{cm. puc. 28, tun V). IlonyTHo oTMerTHM, 4TO JI0OBE oOnpe-
neJieHHsi & NpH OYeHb MaJblX 3HaueHHsX Mp Bo Bcex caydasix jod-
AHBl CUHTAThCsl HeJ0CTOBepHEIMH. Brmipaxkenue (70) orBeyaer pyi-
HOMY TeJay KHJAbHOH (OPMEI, A MOUIHBIX Ten (2px, 2p,>5ag) oHo
ynpoutaercsi, npuoGperas BHI

k(cp)m|n<CA—C¢. (71)
3nech (Cp)min 0OO3HAYAET TO HHUKHEe COJeprKaHHe MeTajia
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Ta6auwuma 13

MecTHpie 3HaYeHHS KO3(DOHUHEHTOB OCTATOUHON NPOAYKTHBHOCTH R

Pynosme- g £
Pafion FeoxuMuyecKue Aangmadrs maone S n T | ekl
NopoasL nEY
“ouam
3auaniicknit | Foproayrossie — BhicO- Ipanoan- Pb 12 10,07 | 1,41
Anaray KOFOPHBIX BhIPOBHEHHLIX OpHTHI Zn 6(0,32]1,68
BOJIOPA3/IeNIOB  TYMHHOM
30HEI
To ke Fopnoayroseie — noao- | bdysusno- | Pb 251031 1,16
FHX CKJOHOB cemuapnj- | ocajoutsle | Zn 25]1:0,387 | 1,15
HOI 30HBI N0poJLl
» Crennbie — KpyThiX ckJo-| To ke Pb 30 | 0,67 | 1,19
HOB apHJHOH 30HH Zn 300,76 | 1,19
Mo 10 | 0,47 | 1,12
Au 26 | 0,46 | 1,02
Uentpanwnuii | Cyxue ctenu, wmeakoco- | Meramop- Pb 107 | 0,71 | 1,15
Kasaxcran TOUHITK (piuecKne
CJaHIEl
stpdy3usHo-
ocafouHble
Yramckuii Jlyroeo-ctenisie — Bel- | M3sectusaku | Pb 6 |1,44]1,25
xpeber POBHEHHBIX  BOJOpasje-
JIOB CeMHTYMH/IHOI 30HbBI
Pyauuiit Aaraii | Topro-sechbie Addyausno- | Pb 810,68 | 1,47
ocajoytsie | Zn 4(0,25]1,12
Bocroynoe TFopHo-TaexkHbIe Metamop- Pb 25 0,8 | 1,06
3aGaiikanbe n (uueckue
JlanbHuit claHbl
Bocrok
Boctounoe TFopHo-TaexkHbEe Meramop- Pb 70 10,60 (1,13
3abaiikanse (rueckne
CJ1aHILE]
To xe To xe Hapectaakn | Pb 42 (1,02 (1,20
XpetGer Cuxors- | Fopho-necubie IMecuannku, | Sn 62 11,92 1,15
Annnb CJIaHIBl

B KOPEHHOM OpY/eHeHHH, NPH KOTOPOM OpeoJl paccessHHs He o6Ha-
py:KHBAETCA Ha NOBepXHOCTH npH k>0.
TloacueTsl mJomwa/iHoOil NPOAYKTHBHOCTH P NpPH paBHOMEPHOH

cetH HabJl0feHHH Jyullle BCero BeCTH M0 KapTe ¢ YHCJIEHHBIMH pe-
3yJbTATAMH CMEKTPaJbHOro anaiusza npo6 no popmynam (16) wam
(17). Ilpu nmepeMeHHOM PAacCTOSHHH MEKAY NPOMHASAMH CbHEMOY-
Hoit cetu Buipaxenune (16) zamensiercs Gosee obuieil OPMYJIOH:

m
e Yi-+Yit1 ax
i Z e

(72)

rie Yy — PAccTOsiHHe B M 1O HOpMaJH OT nepeoro npogpuias 10
Ganxaiimero npoduas, Jexallero 3a npejenami opeona, AJs KO-
Toporo M,=0.
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Jas XxapakTepHCTHKH NJOILaAHON NPOAYKTHBHOCTH OpeoJia B3a-
MeH Bennununr P, M*% yaoGen nokasarte/ib ¢, BbipaKeHHBI B TOH-
Hax MeTtajaa a4 caos B 1 M. YMHOKas BeauuuHy P Ha MJIOTHOCTb
FOpHLIX MOPOA d, /I NPOCTOTH NpHHHMaeMylo d=2.,5 1/m3, u neas
Ha '100 pas mepexoga OT MPOLEHTOB K TOHHAM MeTaJjna, HMeeM

g=Pd-10—2= P[40 T/m. (73)

XapaktepH3oBaTh OpeoJibl paccesiHis B YaCTH BHIlleJauyHBaHNSA
HJIH aKKyMYJISLHH METa/JIOB B Pa3JHYHbIX T€HETHYECKHX TOPH30H-
Tax Mo4yBeHHOro npoduiasa B obLieM ciaydae MOIYT TOJbKO rpadukH
M.=J (2), P.=[ (z) u 3Havenus k. [eosOrHuUeCKyIO OLEHKY BbISiB-
JIEHHBIX PYAHBIX 0OBLEKTOB MO MX OpeoJiaM paccesiHHs B YHC/AE Ipo-
YHX OPH3HAKOB XapakTepH3yloT Beauununl M, P u MecTHble 3Ha-
qyeHus K.

3.7. CMEWLEHHA H JE®OPMAILLIHH OPEOJIOB

[Tonoxkenne UeHTPANbHOH TOYKH BTOPHUYHOTO JIHTOXHMHYECKOTO
opeosia paccesiiss Cmax COBIAZaeT C 3MNHILEHTPOM BHIXOAA OpyHe-
HEHHH Ha MOBEPXHOCTh KOPEHHBIX NOPOA MPH BEPTHKAJBHOM €ro
najeHHd H FOPH3OHTAJBLHOH AHEBHOH NOBEPXHOCTH (CM. PHCYHKH
39—43). B ocTaapHBIX cayyasx LeHTpaJbHAs TOYKa OpeoJa cMella-
eTcsl OTHOCHTEJbHO 3SMHIEHTpa OpyAeHeHHs Ha paccTosiiie, 3aBH-
cslllee OT 3JEMEHTOB ero 3ajeranusi, pejbeda MeCTHOCTH, MOLLHO-
CTH PHIXJBIX 0OpasoBaHuii, rayOHHB ONpoGOBaHHA H psAa APYTHX
npuyHH. [IpH ropH3oHTaNbHOH DHEBHONH MOBEPXHOCTH TeOMETpHUe-
CKO@ MECTO HEeHTpaJbHLIX ToYeK (OCb) OCTATOYHOrO OpeoJa B pas-
pese 3JIOBHSI ONMpPEAEJHTCS MYTeM PEKOHCTPYKUHH BBIBETPEJIOH H
paccesiBleficsl 4acTH TeJaa, OT ero BHIXOAa Ha MOBEPXHOCTb KOpEH-
HBEIX MOPOJ, B CTOPOHY BOCCTAHNS,— H0 ee lepeceyeHHsi ¢ AHEBHOI
noBepxHOCTeIO. B npocreiilieM ciyuae, Korja BLIBETPHBAaHHE TPO-
TekaeT 0e3 H3MeHeHHA o0beMa HCXOAHOIl TOpPHOI NMOPOABI, pacces-
HHE OT 3MHUEHTPa PYAHOro Teda A0 TOUKH Cmax Ha MOBEPXHOCTH
onpeaeauTcs H3 MPOCTOH 3aBHCHMOCTH

Sg=hctg$, (74)

rae p<90°—yron nageHust pyAHOro TeJa.

[Ipu onpoGoBanuun Ha HeKOTOpoil ray6uHe z<<h oT aHeBHOIl
TIOBEPXHOCTH W BBIBETPHBAHHH C H3MeHeHHeM o0beMa BHIpaiKeHHe
(74) npuoGperaerT BHJ

Sg=B (h—2)ctgB, (75)

rae B — Koa(duuuedT nponopuHoHaabHOCTH.

Eciin BHIBeTpHBaHHE NPOHCXOJAHJIO C YyBeJqHuYeHHeM o0bema, pa-
fee 3aHMMaBIIerocsi KOPEHHOil ropHoii nopopmoi, To B<1,0; npa
BLIBETPHBAHHH C yMeHblneHHeM oGnema B>1,0; sunauenne B=1,0
OTBEYAeT BLIBETPHBAHHIO NMPH NMOCTOAHHOM OGbeMe.

[Tpu yraax magenust pyassix Teqa f>>45° 4 BHIBETPHBAHHH C yBe-
JauuenneM obbeMma(B<1), cMelleHHe LeHTpaJbHBEIX TOYEK OpeoJa
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N0 BOCCTAHHIO OT NMPOEKUHH KOPEHHOro BbIXOA@ pyAHOro Teiaa Sg
Bcerfa Oyaer </l U HA NpakTHKE UM 4acTO MOMKHO rnpeHeOperaTb.
Hanpotus, npu yraax B<45° H BLIBETPHBAHHH C YMeHblIEHHEM
oObeMa cMeleHue opeoJia nNoO BOCCTAHHIO MOZKeT [AOCTHraThb Cy-
uecTBenHoll Beanunuul Sg > f. HauGoabliee ymenblienne ofbeMa
MPH BLIBETPHBAHHH CBOMCTBEHHO KapOOHATHBIM NOpOAaM, a TaKiKe
H3BepAeHHbIM MOPOAAaM OCHOBHOTO coctaBa. B oOBIYHBIX YCJIOBHAX
YMEpPeHHOT0 KJIHMaTa BLIBeTPHBAHWE TPAHHTOB NpoTekaeT Ge3 Ha-
MeHeHHs1 o6bema. PaccunTanublii COTJIacHO 3TOMY € YY€TOM 3aBH-
CHMOCTH (75) JIMTOXHMHYECKHIT OpPeos paccesHHs I0JOTONAnaio-
lero pyJaHOro TeJia nokasan Ha pHc. 41.

Poixible  3/110BHO-Jle/i0BHANbHEIE  00pa3oBaHus Ha TOPHOM
CKJIOHE JlaKe IPH CaMOM He3HAYHTeJbHOM YKJIOHEe MECTHOCTH HaXo-
JAATCH B COCTOAHHH MEAJeHHOr0 HelpepLBHOrO ABHIKEHHS K MOLHO-
KHIO CKJOHA. ﬂBHMGHHe 3TO NPOHCXOAHT TOM NeHCTBHEM CHIIBLI TH-
JKECTH M nposiBJsiercst Oaarogaps OrpoMHOIl reoJIorHYeCcKol mpPoLo-
AKHTeJIbHOCTH npouecca. MmeHHO Be/eAcTBHe IJIHTENbHOCTH Bpe-
MeHH JaBJeHHe, opMHpYOLIeecs noj AeficTBUeM cOOCTBEHHOrO Beca
TOJIH PBHIXJBIX MOPOJ 30HBI BHIBETPHBAHHA Ha CKJOHE, pasperua-
erca B (opme neynpyrux Aedopmauuil, He HabJI0JaeMBIX NIPH 3HA-
yuTeJbHO GOJbIINX, HO KpaTKOBpeMeHHbIX Harpyskax. B npomecce
HABHMKEHHSA pbiXJble o0pa3oBaHHA YBJIeKaloT 3a coboil pa3BHTHe
B HHX OPeoJibl paccestusi, U noJozKeHHe UeHTPAaJbHbBIX TOYEK opeoJa

Cmor

Puc. 41. Beptuxaaviuii paspes n rpauk OCTATOMHOTO Opeoja paccesHHsA MNpH
NOJOrOM Najileddi pyAHOro Teda (BeiBeTpHBanHe Oe3 naMeHeHus ofnema, B=1).

I — smoBuit; 2 — pyloEMellalomBie MNOpPoABl; § — pyAHoe TeNo; 4 — H3OKOHUEHTPaTHl sJe-
MEHTa B YCJAOBHLIX eAWHHULAX
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OKa3LlBaeTCA CMELIeHHBIM K TOJAHOXHIO CKJOHA OT 3NHUEHTPOB
pyausix Teja. Haauuue 3THX nepeMenieHuil NoATBepPKILALTCH MHOrO-
YHCJIEHHBIMH HAGJIONeHHAMH HaJ NOJOXKeHHEM OpPeoJIOB pPYAHBLIX
TeJ H MPOSIBJASETCH XOPOIIO H3BECTHHIM fIBJeHHeM 3arubGa roJioB
KpyTOnajaolluX NJacToB Ha TOPHBIX CKJAOHAX (cM. pue. 26).
JBH:KeHHE, T. €. clOJ3aHHe PHIXJBIX 006pasoBaHHil 110 CKJOHY,
NPOHCXOAHT KpaiiHe MeAJeHHO, H B COOTBETCTBHH C NPHHIHIOM MO-
po6us (cM. 3.5) MOMKET paccCMaTpPHBAThCA Kak JaMHHAapHOe Teue-
HHE JKHJKOCTH C 4pe3BblYaiino GobUIHM KO3(D(HIHEHTOM BA3KOCTH.
JIBH)KeHHE TIJIOCKOTO /105l JKHAKOCTH OCTAaeTcsl JaMHHAPHBIM B Tipe-
Jdesax YcJOBHIl, onpejessieMblX BeJHYHHOH Ge3pasMepHOTO WHCJa
Peitnoabaca Re<<700—900, BBIYHCAAEMOr0 H3 BHIPAIKEHHS:

hv
E=—1
R v

rae h—roawnHa cJ0si MKHAKOCTH; v — KHHeMaTHUYecKHil Koadhu-
IHeHT BA3KOCTH; U -— CPeIHsAs CKOPOCTh.

Jlasi Hamero cayyas, TJe v OYeHb BEJHKO, a U OYeHb MaJo,
saBefioMo cobJaiojeno ycaoBHe Re<700. Jlamuuapuoe, T. e. cBoO-
601HOe OT monepeyHBIX BHXpeH (He TypOy/aeHTHOe) ABHIKeHHE 3JIi0-
BHO-/IeJIIOBHA He MOMET NPHBECTH K (DOPMHPOBAHHIO opeojia pac-
cesHHA Ha cKJoHe. Pe3yabTaToOM ero sBJsETCH TOJBKO CMelleHHe
opeosia 0e3 H3MeHeHHfl Xapakrepa pacnpefenennst (paccesHHs)
PYAHBIX MHHEPaJOB BHYTDH Ka)KJOTO CJOS PLIXJBLIX 00pa3oBaHuil H,
clenoBaTte ]bHO, rpaguka opeosa C, Ha NOBEPXHOCTH WM Ha MO-
CTOSTHHOK rayOuHe !. DTOT, Ha MepBBIH B3rJsJ HEAOCTATOYHO OYe-
BH/JHBIH, BHIBOJ BHITEKaeT H3 ‘yxKe yNOMHHABIIErocs BHIIEe 3aKOHA
HE3aBHCHMOCTH JIBH}KEHHS, COTJIACHO KOTOPOMY B3aHMHasl MOABHNK-
HOCTh YACTHIL PLIXJIOI TOJILH, BeAyllasg K paccesiHHI0 PYAHBIX 3.Je-
MEHTOB, He 34BHCHT OT MNOCTYNMATENbHOTO [ABHIMKEHHS BCelf Macchl
JaCTHILL.

Mexanuueckoe paccesiHMe PYAHBIX yacTHL uaH AuddysuonHoe
pacnpoctpaHenne coJeBOro OpeoJa Ha CKJIOHE NPOHCXOAHT paBHO-
MEpPHO BO BCE CTOPOHLI, B TOM YHCJE H BBEPX M0 CKJIOHY, H CNOCOOHO
ONepexkarth CroJ3aHne 3J10BHO-IeNi0BHAIbHLIX 00pa3oBaHuil K ero
MOAHOXKHIO. DTO MPHBOAHT K BaxKHOMY BLIBOAY, 9TO KpaeBbie (nepH-
tepHuecKHe) YACTH OCTATOYHOTO OpeoJa paccesHHs, a B 0COGHIX
C/yudasaXx M ero meHtrpaJjbHas TO4YKa, Ha JHEeBHOI MOBEPXHOCTH HJIH Ha
rAyOHHe MOTYT JIeKaTh THICOMETPHYECKH Bblle KOPEHHOro BbIXOMAA
pyaHOrO Teaa.

3amaua o xapakrtepe ABHMKEHHS 3JI0BHO-JEJNIOBHS Ha CKJIOHE
HMeeT A0CTATOUHO CTpPOroe aHaJHTHYecKoe perienne. PaceMoTpum
NoBeJIeHNe PHIXJALX 00pa30BaHUil HA NMJOCKOM CKJIOHE C YrJoM Ha-
KJIOHA @ K ropu3oHTy. [TPOTSAKEHHOCTh CKJIOHA NMPHMEM JOCTaTO4HO

t [TpuunHs BO3HHKHOBEHHS ACHMMETPHYHHX JHTOXHMHYECKHX OpeojioB pac-
cesitisl HA BOTHYTHIX CKJIOHAX PACCMATPHBAITCA HHMKE H He CBA3AHH C JIBHXKe-
HHEM 3/oBHO-Jemosusa (cM. 3.9).
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60JblION, YTOOB  HCKJIOYHTE
BIHAHHE €ro TPaHHl; pyAHOE
TeJ0 B GopMe TOHKOH BepTH-
KaJbHOM JKHJLI TIPHMEM BBITS-
HYTBIM  BAOJIb [OPH3OHTAaJNell
CKJIOHA, 4TO MO3BOJIHT PaccMoT-
pPeThb pelleHHe MJIOCKOH 3amauH.
ITanenue pynHoro tena npHMeM
NEepHneHANKYJISPHHIM K IJIOCKO-
CTH CKJIOHA. MOIIHOCTH 3JI0BHO-

+ + .
+ 4+ + 4+ +
HeJIOBHS 10 HOPMAJH K CKJIOHY S —

h npuveMm nns paccMmaTpHBae- = z [Hls
MOr0 Y4YacTKa NOCTOSHHOMH, Ha-

yaJo KOOpPIAHHAT BhiGEpeM Puc. 42, Cmelenne 0oCTaTOYHOrO JHTO-
B TOYKe ﬁBJIﬂ]OUJ.Ei'lCﬂ NPOeK- XHMHYECKOro opeoJa pacceyeHHda Ha

“ e = IMJIOCKOM CKJIOHE.
LHEH KOP HHOro BbIXOAA py.ﬂ. 1 — snmosHo-AenioBifl; 2 — pynoBMelaioliHe

HOro TeJa Ha NOBEPXHOCTh  mnopoas; 3 — pyauoe reno
ckiaoHa (puc. 42). Ha kammawii
GecKoHEYHO TOHKHII CJIOH PHIXJHIX 00pa3oBaHuil, JexallHil Ha rJay-
GHHE Z OT MOBEPXHOCTH M JABHIKYIIHICA MO CKJIOHY CO CKOPOCTBIO U,
JNeHCTBYIOT OB cuabl: 1) KacaTeibHas K MOBEPXHOCTH CKJOHA CO-
cTaB/fiollas JaBJeHHs Beefi BLILeJexamleil ToJilH, paBHas
dgzsina, rie d — NJOTHOCTb TMOPOL HA TOPH30HTE Z, g — YCKOPEHHe
CHJIBI TSXKecTH; 2) 00paTHO HanpapJeHHAs CHJa BHYTPeHHEro Tpe-
HHS cpellbl, paBHAS TPagHeHTy CKOPOCTH MO HOPMAJH K HanpasJe-
Huio ABHxKenus dv/dz, ymMHOMXKEHHOMY Ha KO3((HUIHEHT BA3IKOCTH
. cpensl .

JIBHKeHHe pLIXJBX 00pa30BaHuil 10 CKJIOHY MPOHCXOAHT B yCJI0-
BHAX DABHOBECHS [BYX 3THX CHJI H, CJeJ0BaTeNbHO,

dgzsina—= —p-32, (76)

dz

3HaveHHe AWHAMHYECKOTO KO3()()HUHEHTA BA3KOCTH CPeAbl p H
CBA3AHHOTO C HHM KHHEMATHUECKOro Ko3(G(dHIMeHTa BA3KOCTH v=
=u/d He ABJAAIOTCS BeJHYHHAMH NOCTOAHHBIMH. M3MeEHs5HCL MOHO-
TOHHO C TJAyOHHOI, p W d MHHHMAaJbHbI BOJH3H AHEBHOII 1OBEPXHO-
CTH, T/le MPOolecchl BLIBETPHBAHHA NOJYYHIH HaubGoJee 1oJHoe pas-
BHUTHE, H HNOCTHraioTt HaHﬁOJ’Ibmeﬁ BEJHYHHBI HAa l‘.’!yﬁﬂHE MJIOTHBIX
KOPEHHLIX MOPOJ, He 3aTPOHYTHIX BLIBETPHBAHHEM.

B ofuem ciayuyae 3aBHCHMOCTh v=¢(2) HaMm HeusBectHa. Jlas
pelieHHs 3afayd cAenaeMm JONylleHHe, 4TO KMHeMaTHUYeCKHii Ko3g-
(HUHEHT BA3KOCTH CpPefibl, B YBfi3Ke C NpeJblAylIHM, H3MeHSeTcH
¢ rayOGHHOIl N0 yiKe HCNoJb30BAHHOMY HaAMH runep6oinyeckoMy 3a-
KOHY, NOAYHHAACH B HHTepBaje 0<2z<h 3aBHCHMOCTH

R 'Vofl i

h—z

rie vo— KHHeMaTHUeCKHil Ko3(h(HIUHEeHT BA3IKOCTH BepPXHEro ropw-
30HTA PBIXJbIX 0OpasoBaHHi.
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Dra 3aBUCHMOCTL BbIPAKAeT MepBOHAYAJbHOE MeJeHHoe H3Me-
HEeHHe CBOMHCTB CpPelbl OT NOBEPXHOCTH Ha rayGuuy, a saTem npH
3HaueHusix z, OJH3KHX K h, — OLICTpOoe BO3pacTaHHe v A0 3HaUEHHH
Vmax>Vo. [1oflo6HOe H3MeHeHHe Ko3(uuMeHTa BA3IKOCTH 3JIOBHO-
nesioBust HanboJee BEpPOSTHO H3 reoJIOrHYeCKHX cooOpakeHui 0 co-
OTBETCTBYET CPAaBHHTENbLHO PE3KOMY Tepexody OT COGCTBEHHO phIX-
JIOH TOJILUH K IVIOTHBIM KOPEHHBIM NOpoaaM.

Bpoaa xnHemaTHUECKHH KO3(h(HIHEHT BA3KOCTH, MEpPenuilem yc-
JIOBHSl PaBHOBECHS MOPOJ HA CKJIOHE:

gzsina= —( Yol )FEU_
h—z J dz

Paspensst nepeMeHHble H UHTETPUPYs 3TO YpABHEHHE, HMEeM:

gaiho f 2® h2t
e e =uv-tc
voh 3 ) +

rfie ¢ — NOCTOsIHHAsI HHTEerpHpoBaHus. 3HayeHne ee HafgeM H3 yc-
Jgosuit v=0 npu z=h, oTKya

sin o
p=-850C (228 —3hz*—h®).
6Voh
3a spems T, npoiie/iuee oT Haua/Ja npouecca A0 MOMeHTa Hab.io-
Aenusi, 11060ii H3 TOPH3OHTOB PLIXJIBIX OOpPA30BaHHI CMECTHTCS IO
CKJIOHY OT CBOEro NepBOHAYaJbHOTO NOJOKEHHH Ha BeJUYHHY:

4
L)
S,= [ vdT,
0
roe nJjsda yc.nosnﬁ YCTAHOBHBLIETOCS NMOIABHZKHOIO paBHOBeCHA
h—z
T=Ty——
h

3necs Ty ABAsieTCs MapaMeTpoM, XapaKTePH3YIOIIMM MeCTHbIe
yCJIOBHS M, cordacHo (51), paBHO BpeMeHH OT HayaJ1a BHIBETPHBAHHSA
MPOH3BOJIBHOrO €J0S KOPEHHBIX MOPOA A0 MOMEHTa YJafleHHs ero
NPOAYKTOB BBIBETPHBAHHUSI cuaamu fAenyaauud. Ocyuiectsiass nof-

cranopky dT = > dz u 3ameHss mnpeleJan HHTErpH OBaHHA,
y

HMeeM:
T 2 4 __ 9p3 " :
=2 sing i i 2 = Aysina, (77)
12vp h?
rne A—-8T" _ napamerp, sasmcsummii o T JIOBHII;
= o p P, UM OT MECTHBIX YCJIOBHIi;

x=¢(h, z) — dyHkuus, onpeaensiomas reoMeTpHYECKOe MECTO TO-
YeK [EHTPOB TNOCJOHHBIX CeYeHHH OpeoJia B TOJIIE PHIXALIX 0o6Gpa-
30BaHHIT.

M3 Boipaxenus (77) nopcranoBkoit z=0 HAX0AHM BayKHOE 1714
NPAKTHKH CMelleHHe opeosla B MOBEPXHOCTHOM CJIOE 3JI0BHO-Je10-
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BH5l OTHOCHTEJbLHO MMPOEKIIHH KOPEHHOTO BLIXOMa PYAHOTO TeJsa Ha
MJOCKOCTb CKJOHA:

Suy= AR*sina. (78)

Bux xpuBofi, onpefensiomiedi mnoJ0XKeHHe LUEHTPAJbHBIX TOUYEK
opeoJia B BePTHKAJLHOM paspese 3/I0BHO-AENIOBHS, HalileM, BhIYHC-
Jisisi 3HAYeHHs] MHOrO4JIeHa y, noJjaras =1 u Belpaxad z B 049X h.
CootBeTcTByOIIas UM KpHuBas H3o00paxena Ha puc. 42. C reomer-
PHUYECKOIT CTOPOHBI OHA mnpeactasaser coboil napabdoay ueTsBepToro
nopsaka.

Ha puc. 43 nokasaHsl B H30KOHLEHTPALMsAX MeTa/ljla BepPTHKAJb-
Hbl€ paspesbl TPEX OpeoJoB, pacCUHTAHHLIE IS MJOCKOro CKJOHA.
Pacuersi npousBefietsl no popmyse paccesinius A5 TOHKOTO MJIacTa
¢ rnokasarteqeM CTeneHH MNpH 3KCIOHEHTe ————';Zai";)z , Toe S,
onpejensercs BupaxeHuem (77) u 3HaueHHsIMH mHOrouneHa y. M3
PHCYHKa XOpOLUO BHAHA nocTeneHnas fedopmauus opeosa no Mepe
YBEJTHYEHUS aMIIHTYAbI CMelleHus Se,.

3asucumoctn (77) u (78) xapakTepH3ylOT CMELIEHHS OCTATOu-
HbIX OpDEOJIOB pacCesHHs Ha CKJIOHAX B Mpejeax YrJOB ecTecTBeH-
HOro otkoca. OHH HapylawTCcs B YCAOBHAX CKaJMbHOTO pedbedia Bbl-
COKOTOpPHBIX pailoOHOB, MpPH HAJHYHH OOBAaJbHO-OCHITIHLIX SBJACHHI,
COMHGBTIOKILHOHHBIX Teppac | B paiioHax, rjie Hapsiay ¢ MJI0CKOCTHOI
JIeHynauueil npeoGaanaer JuHelHbll cHoc, BEAYUIHI K 00pa3oBaHHIO
Ha CKJIOHAX TaK Ha3bIBAEMBIX «leJJieil», HIH 0e3pycsoBbLIX J0KOHH
CTOKa. 3aBHCHMOCTb S,  OT KBaJipaTa MOLIHOCTH PHLIXJBLIX 06pa3o-

BaHuii, a ¢ yueToM MecTHOro kosdduuuenta A, nponopLUHOHATBLHOTO
h
BEJHYHHE Tuzﬂ—.llame or Ky6a HX MOUIHOCTH, NPHBOIHT K OT-

CTYIJIEHHAM OT KasaJoch Gbl 04€BHAHON MPAMOIl 3aBHCHMOCTH MEKAY
KPYTH3HOI CKJIOHA M BeJMHYHHOIN cMmewlenns opeosa. [Tpuunnoii sToro
SIBJISIETCS YBeJHUYEHHe MOIUIHOCTH 3JIOBHO-IeJIOBHSA H OXHOBPEMEHHO
YMeHbLIeHHe €XEerofHoro ¢/1os jAeHyfauun Ah npu majblx yraax a,
B pesyabrate yero poct Ah? MoxKeT onepexarb YOLIBAHHE BEJHYHHDI
sin @ ot KpyThix K Gosee mosorum ckijouam. Tak, manpumep, mpu
yrie Haak.nona mMecTHOCTH a=12°, h=7,0 u Ah=0,2 mm/rog, BeJH-

K
YHHa Th—ﬁymw noytH B 7000 pas GoJiplie TOTO e nokasarens AJs

KpPyTOro ckjaoHa ¢ yraom a=37° npu h=0,5 m u Ah=0,5 mm/roxn,
B TO BpeMs KAk Sin @ B 3TOM HHTEpBaJe yIJ10B BO3PACTAET TOJLKO
B TPH pasza. DT0 XOpOIO OGBACHSET «NapafloKC KPYTHIX CKJOHOB»—
OTCYTCTBHE 3aMETHBIX CMEILEHHil BTOPHYHLIX OPE0JIOB paccesHHd Ha
OYeHb KPYTbIX, AKTHBHO MAEHYAHPYEMbIX TOPHBIX ckJoHax. MaJbie
BeaHunHbLl A U h, faxe npu GOJBWKX yraax o, NPUBOAAT B 3THX YC-
JOBHSIX TOJBKO K HHYTOXKHBIM cMewienusaM. HexoTopele naHHble
0 CMEIIEeHHSX OPEeoJIOB paccesinus HAa CKJIOHAX no nawmum nHaGuaioje-
HHAM H NyOIHKAMsM JApPYyrHX aBTOPOB mpHBeleHn B Taba. 4.
Bssko-njacTuueckoe nepeMenieHne («¢aedoKIuA» ) pHXABIX o6pa-
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Puc. 43. Paspess OCTATOUHBIX OPEOJOB paccesinsi (@, 6 H 6) Ha CKJoHe, CO-

4
OTBETCTBEHHO, NPH A3 HUNHX cMemenuax: Sgy=0, Sap= ?h H Sgy =

s
8

| — smi0BHO-Aen10BRil; 2 — pyAoBMelaioline NOPOAL; 3 — pyaHoe Tema0; 4 — HIOKOHLEeHTPATH
9JEMEHTA B YCNOBHBIX efHHHIAX



Tatauna 14
Cwmeujenns opeosioB paccesiHus HA TropHBIX ckjomax [22, 25, 30]

Pafion ¢, rpagyc hi M Sao' M ABTOpH

IledTpanbHbiil 5—20 0,5—2,0 | Ouens | C.J. Muanep, B. A. Kaugun-

Kasaxcrau Mano | KOB H Ap.
Taup-Illann 30—35 0,5 Her B. A. Jocanosa, A. IT. Cono-
BOB
Bocrounoe o 25—30 | 1,0—4,0| 30—50 | E. M. KssTkoBckuii,
3adaiikanne HU. H. Kpuuyk H 7p.;
B. B. Tonnkapnouknu
Cesepnoe Pasnuunsie ? Ho 80 | M. I1. Bessepxumnii
3abaiikaine
TlpuGaiikanpe | Paanuunsie ? Jo 200 | E. M. 3arocknua u ap.
To xe Ho 35 1,6—2,0 Her B. T. Kapaau, B. K. Mac-
JIOB
Bypatckas KpyTbie ? 260—300 | B. H. Tapacos
ACCP yMEpeHHo
KpYThie
YykoTtka 45 210 Ilo A. T1. Conosos
130—150
Bocrounasn 15—18 2—3 20—30 | I'. C. Baxpomees
Cubupb -
IMpumopse 20—40 2—3 10—20 | IT. A. Kypwes

30BaHHIl NPHBOAMT B HHKHEH YaCTH CKJOHA K NEpexoay OCTaTO4YHBIX
0peoJioB paccesHus B norpeGeHHoe cocrosinne. B utore nomumo
VIO IH, 3aHATOH aJLJTIOBHAJBHO-TIPOJIIOBHANbHBIMH  OTJ/IOXKEHHAMH
HOJHMH BJOJb MOAHOMKHII CKJIOHOB B nojoce WHPHHOH Sq,, BTOPHY-

HbIE OPEOJBbl paccesHHs Jaxe B TopHbIX paiffoHax MOryT PpasBH-
BaTbCA MO THAY 3aKpuIThIX (pHc. 44). OnHako ropHbiM paioHam
CBOIICTBEHHO HacToe YepefoBaHHE HHTEPBAJIOB OTKPLITHIX CK.JIOHOB
C HHTepBaJiaMH 3aKpPLITBIX [OJHH H NOAHOXKHI. B 3THX ycioBusx,
KaK MOKa3biBAIOT CHEelHa/JbHble pacyersl, JaKe HOPH 3aKPLITOCTH
75 %Y BeposiTHOCTL NPOMYycKa KPYIHLIX MECTOPOXKAEHHI OCTaeTCs OT-
HOCHTEJIbHO MaJioii M yMEHbIeHHe YHCJAa BBHISBIAEMBIX OOBEKTOB
MPOHCXOAHT 3a CYET MEJIKHX MECTOPOXKIEeHHH W HenpoMBIIIeHHBIX
pyaonposiBaeHnil. [JyGHHHOE TeOXHMHYECKOE ONOHCKOBAHHE 3aKphI-
THIX MOJHOXKHI FOPHLIX CKJIOHOB IeJeco00pasHo TOJBKO Ha CTaaHH
JeTaJbHLIX paboT B mpefenax pyAHLIX NoJeli NPOMBILIJIEHHBIX Me-
cropoxaenuii. Ouenb GoOJbIIHE CMEIIEHHS OPEeoJOB paccesiHust Ha
CKJIOHAX MOTYT CJeJaTh HeHAJEKHBLIM NOAcYeT KOJHYeCTBa MeTaJtna
M B opeoJie o npoduII0 H OUEHKY NOJOMKEHHs! UeHTPaJbHOl TOUKH
opeosa Crax, B CBA3H C [0J0XKEHHEM OCH OpeoJia B BEPXHHX TOpPH-
30HTAX PHIXJALIX 06pPa30BaHHil MOUTH Napa/ielbHO NPO(PHIIO CKIOHA.

Brupaxenus (74) u (78) yuMmTniBaoT pasielbHO CMENIEHH:A ope-
oJ1a paccesiHHsi N0 BOCCTAHMIO PYAHOrO Teda Sy 1IPH FOPH30HTAL-
HOIl JHEBHOI MOBEPXHOCTH H K NMOAHOMKHIO CKJIOHA Sg, NPH YCJIOBHH
najeHust PyAHOTO Teja no HoOpManau K ckaony. B npaxkruke neo6xo-
IHMA OleHKa OOGUIero cMelnleHHd opeoja paccesHHs NpH NOJOroM
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Pue. 44. Bropnunble OCTATOYHBIE OPEOJbI pACCesIHHA Ha FOPHOM CKJIOHE,

1 — anmiosuo-aenwosul; 2 — anmoBHi; 3 — pynoBMenialiHe nopoasl; 4 — pyAHOoe Teao; 5 —
BTODHUYHLIL oOpeos paccesiHHs, NYHKTHPOM nOKasaHa och opeosa. HuTepmanm ckaoma: I —
opeoJisl OTKphITOro THNa; 1l — Opeos npeHMYUlecTBeHHO 3aKPHITOrO0 THNA

nafgeHHu pyAHOro TesJa W HeropH3OHTANbLHON JHEBHOI NOBEPXHOCTH.
Cwmemenns opeona S, u Si HOCSAT HAaNpapB/eHHbI XapakTep H ABJsA-
I0TCSl BEKTOpPHLIMH BeanunHamu. KaxJoe cmeiienie He 3aBHCHT OT
apyroro u ofuiee cMelleHHe opeoiia Sy pPaBHO BEKTOPHOIH cymwme

§3=§a+§ﬁ-

5
3nech pesyabTHpyomas Sy — AHAroHa/Ib TmapaJiesnorpamma,
MOCTPOEHHOT0 Ha coCTaBasiomux S, U Sg.

Jast yenoBuili TOPHOro CKJIOHA B BbipaxkeHHH (74) u3MeHseTcs
CMBICA yria b, KOTOPHIl cJedyeT OTCYHTLIBATH He OT FOPH30HTalb-
HOIl MOBEPXHOCTH, KAK 3TO NPHHATO B FOPHO-TEOJOTHYECKOH mpak-
THKE, 4 OT MOBEPXHOCTH CKJIOHA IO JIMHHU NPO(HJIs, HanpaBJIeHHOrO
1Mo HOpMaJK K NpOCTHpPaHWio PyAHOro Teda, npuHaMas, uto f=90°,
ec/ii pPyJHOE TeN0 NeprneHAHKYJdpHO K IJIOCKOCTH cKJoHna. Bo Bcex
cyyasix akTHBHO JEHYAMPYEMBIX CKJAOHOB, TJe 3JI0BHO-AE/IOBHIT
npejacrapien 1eGeHHCTHIM MaTepHaaoM, 3HaueHue mnapamerpa B,
BXOASIIEro B Bbipaxenue (75), M0xHO cuuTarh pasHbiM 1,0.
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3.8, HAJIOJKEHHBIE OPEOJIbl PACCESIHH S

B oranuMe OT OCTATOUHBIX OPE0JIOB paccesiHusi, oOpasoBaHHBIX 3a
CYyeT MHTEPBAJIOB DYIHON 30HBI, CYLIECTBOBABIINX B HX KOHTYpe /10
BBIBETPHBAHHS, BTOPHUHBIE HAJO0MXKEHHLIE OPeOoJbl paccesHHst o6pasy-
I0TCS B TOJIIE JaJbHENPHHOCHBIX (a/JI0XTOHHBIX) OTJIOMKEHHIl TyTeM
nocjaenyouero AHGQY3IHOHHOTO HOCTYIVIEHUS PYAHBLIX 3JE€MEHTOB H3
rayOuHbl. MaTemaTHyeckoe pemieHne 3Toi 3alauu yxe B IepBOM NPH-
Gamkenun Tpebyer pacemoTpennsi asymepHoit momean Ce=[(x, 2)
naa snauenuit 0<h>hy, roe h — ray6uHa 10 HCTOYHHKA DPYAHBIX
3JeMeHTOB; fig — MOLIHOCThL JaJbHENPHHOCHBIX OTJIOMXKEeHHil; 2 — ray-
Ouna onpob6osanus. [1pH JUTOXHMHUYECKHX TIOHCKAX KOJIMYECTBEHHas
HHTEpIpeTanus HaJoXKeHHbIX OPeoJIOB pacCesiHHs He NoJyqyH/aa ee
NpPHMEHeHHs B CBA3H ¢ 00JbIINM pasHooOpa3neM TPYAHO yUHThIBae-
MBLIX YCJOBHIl, ONpefesionux ee pe3yabrar. [losToMy orpanauuMcs
paccMOTpeHHeM TOJBKO NpocTeiliieil MOJAeIH Npolecca.

[Tycte moa uexsoM [AanbHENPHHOCHBIX OTJIOKEHHH MOLIHOCTBIO
ho (puc. 45) saneraer Kpyronajaiouee Teqo CyJabHHAHLIX PYA, NOI-
Bepraiouieecss aKTHBHOMY COBPEMEHHOMY OKHCJEHHIO Yy 3epKaJa
TPYHTOBBIX BOJ, PAacnoyioKeHHOTO Ha raybune h=h, or AHEBHOI 1o-
BepxHocTH. Bysem cunTath, 4TO 0Opas’oBaHHE JerkKopacTBOPHMbIX
BTOPHYHBIX MHMHEpPAJOB H OTBOJ PAaCTBOPEHHLIX KOMIOHEHTOB JO-
CTUIVIH PEryJsipHOrO perxHMa H HaXoJsTcsd B JHHAMHYECKOM paBHO-
BECHH C IIpOllecCaMM BechbMa MeMJEHHON JeHyAalHH AHEBHOMH I10-
BepxunoctH. [las mpocroTel npeHefperkem BIAHSHHEM Kamu/asipHOM
KaliMbl, BCIO TOJLIY MOPOJA OT NOBEPXHOCTH A0 ray6uHbl i € TOYKH
3peHHa paccMaTpHUBaeMoro npouecca GyjleM CYHTATh OJAHOPOAHON M

(]

Puc. 45. Mogens dopmupoBanis Hajnoxennoro aAnddysnonHoro opeoaa pac-
CeAHHA,

{ — nanbHENpPHHOCHLIE OTAOKENMs; 2 — DYJAOBMEILaouine nopoas; J — rpyntonsie BoAul; 4 —
OKHCeHHBle DYAb; § — cyabduinpie pyabl; 6 — HCTOMHHK pacTBopa W Hanpanienie audiy-
3my; 7 — audbysnonnnt opeon OT AefCTBHTENbHOrO W (HKTHBHOrO (NYHKTHP) HCTOYHHKOB
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H30TPONHOH, AHEBHYIO 1OBEPXHOCTH M MNapajjejbHoe el 3epKalo
rPYHTOBHIX BOJ NMpHMeM ropuaonrtaabHbiMH. [locreanee mnossogser
HCKJIOYHTL H3 PacCMOTpEeHHsl HCTeueHHe MUHEepaJH30BaHHBIX BOA H
OrPAHMYHTLCA AHAMH30M JIH((Y3HOHHOTO OOpPA30BaHHS HAJOKEH-
Horo opeona pacceanus (cMm. puc. 28, tum II). [TpuHATHIM yCI0BHAM
MaTeMaTHYecKoil 3ajaun OTBeuaeT puc. 45, Ha KOTOpPOM, B VBsI3Ke
C paHee pacCMOTPEHHOH CXEMOH OKHCIeHHS CyJIb(HAHOTO MECTO-
pomjenus (cm. puc. 31), no o6pasyoOUIHM UHJIHHAPA, BLITSHYTOrO
BJIOJIb OCH Y, BLIIEJSIETCH 3a eJHHHILY BPeMENH IOCTOsIHIOoe KOJHYe-
CTBO PACTBOPHMBIX KOMNOHEeHTOB. [lHameTp UHIUHAPA, PaBHBIH MOIIL-
HOCTH PYAHOTO TeJda, Mo CpaBHEHWIO ¢ TIYOGHHOH ero 3aJjieraHus
npuMem npeHebpexuTenpHo Mansim. Haanune seMHOH NOBEPXHOCTH,
orpanpunsaiouteil Auddysnio, onpegenser He0OXOIHMOCTL OJAHOBPE-
MEHHO YYHTHIBATh AeHCTBHE (DHKTHBHOTO HCTOUHHKA, fABJIAIOLIETr0Cs
3epKaJbHBIM OTOGparkeHHeM OKucasiomerocs pyasoro Tteaa. Ilo
B. C. Tony6ery, auddysnoHHoe GopMHpOBaHHE OpeoJia paccesHus
B njockoctH xOz OT JHHEHHOTO HCTOUHHKA, MApa/IesbHOro OCH Y,
B OJHOPOLHOI cpele NMPH OTCYTCTBHH IIOTJIOLIEHHS H HAJHYHH Tpa-
HHILL! pasfena «3eMJs — BO3/lyX», NOAYHHACTCS 3aBHCHMOCTH:

+Ei [_%]} , N (79)

rie 0 — «MOIIHOCTbY HCTOYHHKA B Kr/M:C; D — kosdpduument audg-
dy3uu; i — MOIHOCTL NEPEKPHIBAIONAX OTa0XKeHHH; T — Bpemd;
Ei(U) — nnrerpasnbHas nokasaTelbHas (YHKLHA OT BHIpAKeHHud,
CTOSIIEro B CKOOKaX, 3HAUEHHS KOTOpPOH Taby/HpOBAHLI B CIpaBOY-
HHKAX.

Peurenne 3agaun ynpouiaetcst upu 2=0, 4To cOOTBETCTBYET MPO-
6o0oT6opy Ha AHEBHOH noBepxHoctH. B atom cayuae

. 9.} st x2—|—h2
C: =50 E]( 4DT )+C (80)

. Fx2-L p2
,HJ]S] MaJablx 3Ha'~1€HHH4D—TH COOTBETCTBEHHO 60.HBLUHX T Bhbl-

paxenne (80) MOXKHO MPHUBECTH K BHLY

By 8T % - 3
G, =2 [ln( ang) c]+c¢, (81)
roe C=0,5772 ... — nocrosiunas diiepa [7].

[padguk 3Toii 3aBHCHMOCTH NpelcTaBjser cof0i CHMMETPHUYHYIO
KPHBYIO ¢ OJHHM MakKCHMYyMOM B Touke x=0, acHMNTOTHYECKH NpH-
GAHKAIOULYIOCH K YPOBHIO TeoXuMmuueckoro (oHa. Pacuerel, npose-
HeHibe 1o 37Toil Gopmyae aas Goabliux 3naueHuit I, xapakTepH-
3yloT «cronboobpasHyio» ¢GopMy HaJIOXKEHHOro OpeoJa B BEPTH-
KaJbHOM paspese, 4TO He NMPOTHBOPEUHT HMEIOLEMYCs OMBITY. JTHM
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HaJ/0KeHHbIe OPeoJibl PACCesHHA Pe3KO OTJIHYAIOTCS OT OCTATOUHBIX,
HMEIOIHX B paspese BeepooOpa3Hyio, PACIHPAIONYIOCA K AHEBHOM
nosepxuoctu Gopmy (cm. puc. 38). Ypasuenus (79)—(81) xapak-
TEPH3YIOT COJIEBYIO COCTABJSIONLIYIO JHTOXHMHYECKOTO opeoJa, B KO-
Topoit AuGGYHANPYIOLIKIT PYAHLIH 3J€MEeHT COXPaHAETCs B MJEHOY-
HOHl BJIare, Hachlllaoulel AajJbHenpHHOCHbIE OTJ0KeHHA. JTH pact-
BOPHMBIE KOMMOHEHTBI CNOCOOHBLI K HCNAPHTE/NbHOH aKKyMYJsilHH H
copOIHH V AHEBHOIl NOBEPXHOCTH, d TAKKe K PasiHuHbLIM OOMEeHHLIM
XMMHYECKHM peakUHaM C lepexofoM B TBepayio ¢asy, yTo, ecrect-
BEHHO, NMPHBOAHT K OTCTYIJIEHHAM OT IPHBEAEHHBIX 3aBHCHMOCTEII.

B npupoansix ycaoBusX (OPMHPOBAHHE HANOXKEHHBIX OPE0JoB
paccesHHs JONOJHHTEIbHO OC/A0MKHAETCS OHOTEHHBIMH IpOLEeccaMu
H TOPH30HTAJbHO-CJIOHCTBIM XapaKTepoM NepeKpHBaIoIHX OTJ0Ke-
HHil ¢ mepeMeHHbIMH 3HAuYeHHSAMH Kosdduuuenta auddysun. Ana-
JUTHYECKOE pelleHHe 3aayd B 3THX YCJIOBHSIX CTAHOBHUTCS HEBO3-
MOMKHBIM, H AJf MOLEJHPOBAHHA HAJOMEHHLIX OPEO0JIOB paccesHus
TpebyeTcsl HCNOJIb30BaHHE YHCAEHHBIX MeTonoB 1 DBM.

Ha puc. 46 nokasan BepTHKaJbHBI paspe3 W rpaHkK HaJl0KeH-
HOTO OpeoJia paccesiHus, PacCYMTAHHOrO AJs YNPOLIEHHOH MOIEJH.
ITo ycaoBHIO PyAHBIT 3J€MEHT aKKyMyJHPYeTcA y AHEBHON MNOBepX-
HOCTH H B OJIHOM H3 JIHTOJIOTHYECKHX ropuzoHtoB uexnaa. [To nau-
HeiM . H. 3acyxmuna, BecbmMa 4eTKHil OTKPbITHI AHDDY3HOHHLIH
opeos1 paccesHusi mosinOaena (u meHee uerkuit Cu, Pb) Onn ycra-
HOBJIEH HaJi MeJHOKOMYeLaHHLIM MecTopoxkAeHHem Maxan npu moul-
HOCTH MepeKpbiBajolluX I0pcKHX oTioxenuit o 30 M. HamoxeHnHeri
opeos1 paccesunsi Cu, Ba, Ag, Pb, Ni u Co npn mommuocTH nepe-
KPBIBAIOLIMX 11A/Je0TreH-HeOTeHOBLIX H UeTBePTHYHLIX rinH 15—75 M
BBISIBJIEH HajJ MeAHoKoJauedaHHsim Mmecropomaennem «HMmenn XIX

Cx, 46160,
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Puc. 46. PacueTHas Mojedb HAJOKEHHOTO oOpeosia paccesHnsi W rpaduk HazeMm-

HOH CBLEMKH.

I — panbHeNpHHOCHBle OTJNOMXEHHs!; 2 — FOPH3OHT AKKYMYASIWH DPYAHOro sneMenta; §—
PYAOBMelLalOWHe Nopojkl; 4 — pgunoe TeNo. 3HadeHuA xunuen-rpauuﬂ PYAHOro 3SJeMcHTa —
B YCJ0BHbIX eAnHuuax: & — >50; 6 — or 30 po 60; 7 — or 20 ao 30

" A
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[Tapreweana» (Yenabunckas odaacte). Ha lalickom megnoxoaye-
JlaHHOM MecTopoxaeHHH, no aanneim M. A. [nasorckoil, npu mout-
HOCTH IOPCKHX TVIHH, [ECKOB, KOHIIOMEPAaToB H HeOreH-4eTBePTHIHBIX
CyrIHHKOB o 70—100 M, OTKPLITHI HAJOKEHHBIT OPeoJ paccesHHA
Mean nJowanbio okodo 1,56 kM? ¢ copepxanunem go 1,0 % Cu 6w
ofnapymxen B 2—2.5 KM K OTO-BOCTOKY OT H-OH pYIHOI 3a/erkKu.
ITa yHHKaJbHAsl JMTO- H THAPOXHMHYECKAsl aHoMa/ans 00s3aHa Bbi-
X0/1y Ha MNOBEPXHOCTb BLICOKOMHHEPAJIH30BAHHLIX CYJIb(AaTHBIX BOX,
ofpasyounx 31ech WHPOKO H3BECTHOE «KyMmopocHoe o3epo». B or-
Juyue or cobcTBeHHO AHG((Y3HOHNBIX, ITOT OpeoJ HoJ/KeH ObiTh OT-
necen K OoJee pefKOMY THIY «THApPOMOp(HBIX», 06pasysich B ycJ0-
BHAX Pa3rpyskn OpPeOJbHLIX BOJ B COBPEMEHHYIO TIHAPOCETb. ITH
JlaHHble TIOATBePKAAI0T BO3MOKHOCTh 06pasoBanisi HAJOKEHHBIX CO-
JEBLIX OpeoJoB paccesHust AnddysnonHoro (u 6ojaee CA0KHOrO)
THIA Hal MECTOPOKAGHHAMH CYJb(HAHBIX (KOJYeTaHHBIX) PVA NpH
HAJIHUHH YexJa AadbHEeNnpPHHOCHLIX OTJIOMKEHHIT MOLHOCTLIO 1o 30—
50 M u name Goaee 100 M. B mpoTHBONOJIOMHOCTL 3TOMY, N0 HaH-
ubim B. A. Byrposa, ABYXMeTpOBbLIi C/10il HEOTEHOBLIX TJIHH B JaH[-
wadTax Cyxux creneil MOJHOCTbIO 3KPAHHPYET OCTATOYHLIE OPEOJIkI
paccesunst Mo u W Hajg peakoMeraJbHBIM TPOKHIKOBOBKpATJIEH-
HbIM (IUTOKBEPKOBLIM) OpyfAeHenWem B rpanuronfiax, H o6pasoba-
HHE Ha/l0XKEeHHOro opeoja 3axeareiBaer Toabko 0,5—0,6 m uexaa.
A. C. Muases u A. H. ®oxun cunrtaior 3 M gexJia npejeabHoil moui-
HOCTBIO 1751 06pa30BaHMs OTKPBITLIX HAJOMKEHHBIX OPeoJoB pacces-
HHA ypPaHO-MOJHOAEHOBLIX MecTOpOXKAeHHil B JanpmwadTax Cyxux
creneii Cepeproro Kasaxcrana. Bce mnpuBelleHHble AaHHblEe OTHO-
CATCH K pesy’ibTataM MpAMOro CnekTpafbHOro (BaJoBoro) awaJjansa
npo6. B nenom ofHapyKeHune BTOPHUHBIX HAJOKEHHLIX OpPeoJioB pac-
cesHHs HaJ norpeGeHHbLIMH MECTOPOXKACHHAMH NPH JHTOXHMHYECKHX
CheMKaxX MO CTAHAAPTHOI METOAHKE C BaJOBLIM aHAaJAH30M Npob He
MOzKeT OblTh FapaHTHPOBAHO YIKe NPH MOLIHOCTH AAaJbHENPHHOCHBIX
OTJIOKEHHI, H3MepAeMOil NepBLIMH MeTpaMH.

[To naunpim FO. H. IOwkoBa, MHTOXHMHUECKHE CHEMKH ¢ aHa/y-
30M KHCJOTHBIX BHITSKEK H3 npo6 [25] no3BossiioT B yCJIOBHAX BOC-
TOYHOTO CKJOHA Ypasa oGHapyxKuBaTh JH((Y3HOHHLIE HAJIOMKEHHEIe
OpeoJibl paccesiHusi MeAHOKOAYENaHHBIX MEeCTOPOXKJAEHHIl NMPH MOIL-
HOCTH uexJaa 25-—35 M, MpoTHB H5—7 M NPH BAJOBOM CHEKTPAJbHOM
anaause. J1. B. AHTponoBa cuuTaer BO3MOMKHBLIM BLISIBJIEHHE HAJIO-
AEHHLIX OPE0JIOB PACCesiHHA HAajJ MeJHO-HHKEJeBLIM OpyJeHeHHeM
B-AoKeMOpuiickom dynaamente BopoHemCKOl aHTEKJHUSLL, 10 CeJeK-
THBHO H3BJEeKaeMblM METAaJJI00PraHHuYecKHM COeJHHEeHHAM MeH,
IPH MOILHOCTH TEPeKPHIBAIOUIHX Taae030fcKuX H OoJee MOJIOABIX
ocaakoB mo 100—140 v [2] (nomoGubie opeonnsl, BEPOATHO, NPHHAL-
gaexat K I11 tuny). Cnennanbible HeeJdeJ0BaHHA HAJOKEHHBIX Opeo-
JOB paccesuns norpeGeHHbIX cyJb()HAHBIX MECTOPOKAEHHIT ¢ aHaJH-
30M Ha CyMMY META/JIOB auneraTHo-GydepHLIX BLITAKEK IpoBen
I0. E. Caer. ITo panubim onyGJIHKOBAHHOH MM CBOJKH, BTOPHYHBIE
0peoJibl paccesiiis B MOYBAX C NPUMEHEHHEeM COOTBeTCTBYIOIUIHX Bhbl-
THKEeK Hab/1101aauch PA3JHYHLIMH aBTOPAMH NPH MOLLIHOCTH nepe-

142



KpBIBalomHuXx ortaoxkenuit or 8—10 po 100—130 m [33]. 3anaun BbLl-
ABJIEHHs CJa0ObIX FeOXHMHUYECKHX aHOMaJHil peuanTes TakxKe MeTo-
IOM H3BJEYEeAHs] W anaju3a TepMOMArHHTHLIX (pakuuil, npeiio-
KeHHeiM H. A. BopoumaoBbiM, H METOAOM YaCTHYHOTO H3BJAEUEHHS
meranna (UMM). Bo3aMOMKHOCTL BbisIBJAEHHSI ¢ TIOBEPXHOCTH BTOPHY-
HBIX Ha/JOXKEHHLIX OPEeOJOB paccesinus Hal NorpebeHHbIMH MecTo-
POXKIEHHAMHA NyTeM H3bupaTeabHOro (4acTHYHO-(ha30BOr0) aHaju3a
1po6 B MPHHLHANE HE BBLI3BIBAET COMHEHHI.

TlpsiMblM METOLOM TOBLILIEHHS KOHTPACTHOCTH BechbMa CJaa0bIX
HaJIOMKeHHbIX OPEOJIOB PACCesHUA ABJSETCS ClelHaabHas MareMmaTH-
uyeckasi o6padoTka na IBM naunpix o6niuHOro («RajoOBOTO») aHa-
au3a npo6. Ilo MunuMaJabHBIM 3aTpaTaM BPeMEHH M CPelCTB TaKas
00paboTKa IOHCKOBBIX TEOXHMHUYECKHX NAHHBIX BCErla TpeanouTH-
TeJbHA 10 cPaBHEHHIO C JI0OBIM CEJEKTHBHLIM aHaJH30M mpob, Kak
NPaBHJIO TPYAOEMKHM H JOPOrOCTOSILLHM.

MsBecTHo, uTo KORHUrypauusi u pasmeps caAadblX reoxuMHue-
CKHX dHOMAJHHi IeJHKOM 3aBHCAT OT TEXHHKH TeoXHMHYECKHX
cbeMOK. JIerko AOMyCTHTh, UTO B3aMeH BHewHed u3oauHuH 20 ved.
ell., KoTopaa Ha puc. 46 OKOHTYpHBaeT HaJOXKEeHHBII opeoa pac-
cesiHHsl, NPH APYrod TexHuKe paboT 3TOT Ke Opeos MOr ObiTh
OKOHTYpPeH Ha HuxkueM yposue 30 yea. en. B 3Tom BapnaHTte reoxu-
MHUYECKAasl aHOMAaJIHS B paspese uexJa pasienaugach Gbl Ha TPH pas-
OOIIeHHBIX KOHTYpPA — y JHEBHOH NOBEPXHOCTH, HAa ypoBHe GJaaro-
MPHATHOrO JHTOJOrO-CTpaTHrpadHuecKoro ropH3onTa H Ha rayoune,
B 30He, npuaerapomeil K pyanomy teay. Ilo npunsartoit knaccudnka-
unn Takoil opeoa w3 II Tuna nepemen 6w B 111 TN, ¢ nepcnexTuBoi
ero owHGOYHOTO OTHECEHHS K YHCJAY Ge3pyAHbIX («3aBHCIINX») aHO-
maauii. Ho He ToabKO KOoHGHrypauwusi, cama BO3MOMHOCTb oGHApY-
JKeHHsl HaJ0MKEHHOTo OpeoJia paccesiHnsi Hal norpeGeHHbIM MecTo-
poKIeHHeM pelaiounM o6pa3oM 3aBHCHT OT TeXHHKH TIOHCKOBBIX
CHEMOK.

Peaabno cymectsylomas caabas anomanus ne Oyaer obHapy-
JKeHa, ecJiM 10Ka3aTesab ee KOoHTpacTHocTH y< 1,0,  mpocTeiM cry-
nieHHeM ceti npobooTdopa (NMpH cTAaHAAPTHON METOAHKE MOHCKOBLIX
CBEMOK) 3TO TIOJIOMKEHHE MCIPaBHTL Heqab3d. B aTHX veaoBusx cJa-
fas aHOMAJIHs CKPBITA 3a YpPOBHEM LuiyMa, MJIs ee BhsABJeHHs Heob-
XOIHMO TOBLICHTE AMIVIUTYY dHOMAaJIHH H CHH3HTh YPOBEHb IOMEX.
Ora 3agaua uMeer oOlLleTeXHHYECKOE 3HAYEHHE H [IIf €e PeuIeHHd
CYILECTBYET MHOKECTBO CrnocoboB.

[TpocTeiininyM METOAOM CHHIKEHHS YPOBHS ClAyvaiiHLIX TPUPON-
HBIX M TEeXHHUYECKHX TOMeX FABJSETCHA CriaxHBaHHe HAHHLIX CNOCO-
60M «CKOJB3AIEero CpeaHero», ¢ YHCJAOM TOYEK B OKHe 7, OJH3KHM
K MX YHCIY B KOHTYpe oxkuaaemoil cnaboit anomannd. B stom cay-
yae peryJasipHas cocTapisiomlas noJisi (noJesHuiil CHruas) coxpa-
HSET CBOW aMIJHTYAy, a cJaydaiiHas cocrapisiouiass (nmomexa)
yMeHbIIaercs B )/ 1 pas, B uTOre noKasatedb KOHTPACTHOCTH cJaboit
aHOMAJHH BO3pacTaeT B Takoe e uyHcao pas. [TocKoJbKy pyaHbie
JHTOXHMHYECKHE aAHOMAJHH HeH3MEHHO SBJAIOTCH KOMIJIEKCHLIMH,
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aHaJOrH4YHOEe yBEJHUYEHHEe HX KOHTPACTHOCTH AOCTHIAEeTCs NyTeM mne-
pPeMHOMKEHHs (MYJAbTHNJIHKALHN) COAEp:KaHHil /M 3JNeMEeHTOB THIO-
MopdHOro kommiexkca. B ciaabpix anomanusx npeBblileHHs cOAep-
JKAHHI OTAEJbHDLIX 3JeMEHTOB OTHOCHTE/NbHO HX (oHa COH3MEPHMBI
Mex Ay co00i, N03TOMY aMIVINTYAa MYJbTHIJIHKATHBHON aHOMaJHi
BO3pacraer npuMepHo B m pa3. OAHOBpeMEHHO CTAHAAPTHOE OTKJI0-
HEHHE MYJbTHIVIMKATHBHOro (pomHa, COrJiacHO TEOpeMe O CJOMKEHHH

JAHcnepcuii, yBeJIHYHBAETCS TOJbKO B }/'m pa3 M KOHTPACTHOCTb
My.’leHﬂ JMKATHBHOH aHOMAaJHH BO3PACTaeT B TAKOE JKe YHCJIO0 pas.

B pesyJbraTe coueTaHHs MyﬂbTHHHHKauHH M Cria)KHBaHHA NOKasa-
TeJlb KOHTPACTHOCTH HOBOI aHOMaanu y* Bo3pactaer B )/ mn pas no

CPaBHEHHIO C KOHTPACTHOCTBIO HCXOJAHLIX MOHO3JIEMEHTHLIX aHOMa-
JIHIT yg, HIH

370 BhIpameHHe XapaKkTepH3yeT BO3MOXKHOE YCHJEHHE
c/adoll aHOMaJMH TPH TOJHOH HE3aBHCHMOCTH CJAydYailHLIX TOMeXx,
B JIefiCTBHTE/IbHOCTH OHO MEHbLE B CHIY HX CJOKHOI KOppesslHoH-
HOIl 3aBHCHMOCTH Mexay co0oil M5l PasHblX 3JeMeHTOB H HaJHUYHA
paznyca aBTOKOPPEJsIHH, COM3MEpHMOro ¢ Hrarom npoboordopa.
C y4eTtoM 3TOr0 MOKHO TOJbKO OPHEHTHPOBOYHO OLEHHThb, KAKHMH
IOJXKHLL ObITH 3HAUEHHS M W 1, 4ToOLI NpefebHO caabbie MOHO3Ie-
MeHTHbIe aHOMAJHH ¢ moKasaTeseM KoHTpacTHocTH 0<y,<C1,0 nocae
MyJIbTHINIHKALHH H CIVIaKHBAHHS HCXOAHBIX AAaHHBIX o6pasoBaJin
HOBYI0 aHOMaJHIO ¢ Koutpacruoctbio y*=>3,0. Corsnacuo (82) m 3a-
IAHHON BeJIHYHHe HMeeM:

mn_(‘*’* )”;i. (83)
Yo 'V%

Jas caysas y,=0,4 naxoaum mn>56. IToMy YCJIOBHIO TpH
MYJAbTHIUIHKALMK COMEPIKAHHI NATH PYAHLIX 3JeMeHTOB GyNer opH-
E€HTHPOBOUHO YAOBJETBOPATHL CrJa)KHBaHWe ¢ 15 TOYKaMH B OKHe
(ranpumep, TpH HPodHAA 10 NATH TOYKAM Ha NPodHIe), MOCKOILKY
5:15=75>56. I1pn yo=0,3 u MyJbTHNIHKALHH COAEPXKAHHI HICCTH
3JEMEHTOB pasMep CKOJAL3AIIEro OKHA Ie1ecoo0pasHo NPHHATDH
3% T Touek (mam OoJble, €CJH 3TO HE NPOTHBOPEYHT pPasMepy OXKH-
JNaemoii anoMaauu). Tak Kak yy OCTAETCS HEH3BECTHBIM, NPHBEIEH-
HbL€ pacueTnl HMEIT TOJbKO OpHeHTHPYylollee 3Hauenne. B npakTuke
e 1ecoo6pasio MHOrOKPAaTHOE ycpeAaHeHHe ¢ MaJbiMH OKHaMHu (Ha-
npumep n=2), npuMeHeHHe HeJHHEiHbIX «OKOH», KPHTEPHS ONTH-
MaJjabHOCTH H T. n. [20]. BoiGop pyaHbIX 3JemMeHTOB A5 MYJbTHIJIH-
KallH{ OnpefessiioT HX MaKCHMaJbHble KIapKH KOHLEHTPalHH B Py-
Jax 1o CpPaBHEHHIO ¢ MECTHLIM (JOHOBLIM COJepKaHHeM B Nopoaax
yexsaa. B 3namenatesb MyJbTHIVIHKATHBHOrO TMOKa3aTeas MOTyT
BBOJIMTBCS 3JeMeHTH H co 3HaveHnsaMH Ky<1,0 1. e. naxonsimuecs
B peskom Aeduunure B pyaax. C uenpio nojasieHusi Ge3pyaHbIX
JauamadTHEIX aHOMAaJdHil, OCJOMKHAIOWHNX BhiSIBJeHHEe HAVIOKEHHBIX

144



OpenJIOB  paccesinHs morpe-
GeHHBIX MecTOPOKAeHHH,
B 3HAMeHaTeJb IeOXHMHYe-
CKOTO  MoKasaTels  MOTYT
TaKie BBOAHTHCH 3JEMEHTHI,
He dABJsdIOlIHecHd THIOMopd-
HBIMH JIJISE OXKHJAaeMOTO Opy-
deneHns. OpHakKo uHCIO H
CMbIC/T XHMHYECKHX 3JeMeH-
TOB, 00pasylomHuX MYJbTH-
NJHKaTHBHBIH  mOKasatedb, 05 5 5 30 4im
NOKHBL TIIATEeNbHO KOHTPO-

JIHPOBATBCSA. ITO MOJNOKEHHE  p. 47 Homorpamma Juisi OLEHKH Pe3ysib-
".'l.']!OCTpprlOT cllenHaJdb- TATOB MYJbTHILIHKALHH,

HbIE HOMOTPDaMMBI JJIs1 m.; u’:cio 5 ;gasrnmﬁggyem;xb nsn“e!g:m:::
OLEHKH MOJe3HOCTH MyJbTH- o e e e ld: Dm0

MJHKALHH. Hekpurnueckoe

MepeMHOXKeHHe cojepKaHui

GoJIbIIOrO YHCIa XHMHYECKHX 3JeMeHTOB 0e3 yuera HX «BKJama»
B HaJOXKEeHHBIl opeos (pHc. 47) M BeJAHUHHB MaKCHMAaJbHOH KOH-
TPACTHOCTH MOHO3JEMEHTHHIX aHOMaJIHil crocOOHO NMPHHECTH TOJNbKO
Bpesl.

1. @. MacuukoB B pesyabrare o6paborkn na IBM o nporpam-
mam FO. B. IlIsapoBa nanHbIX HA3EMHOH JHTOXHMHYECKOI CHEMKH
macmrada 1:25000—1 : 50 000 BugBAST HAJOKEHHbBIE OPEOJLl pac-
CcefHHsl HaJ norpefeHHLIMH KOJ4YelauHo-NnoJHMeTalJIHuecKUMH Me-
cropoxaenusaiMu Pyanoro Anras (PC®CP) npu MomHOCTH HexJa
6osiee 100 M. MyapTHDIHIHPOBaAUCEL colepxkaHus Pb, Zn, Cu, Ag
1 Ba no nannbiv 06EIYHOTO CHEKTPaJbLHOTO AHA/MH3a, CrIIa)KHBaHHe
nposoAuJaoch 1mo 15—21 Toukam B cKosb3simiem okHe. ITo nepBuu-
HBIM JaHHBIM OpeoJbl He BoisiBAsiIHCh. [Ipn HeoBxommmocTn obpa-
Gotkn Ha OBM Moryr nojBeprarhbcsl JaHHble 4acTHYHO (asoBOro
aHa/Jn3a reoXHMHYeCKHX Npo0, 4TO CnocoGHO MOBBICHTL NYOHHHOCTD
NOHCKOB, AOCTHTHYTYIO IPH pasjeJbHOM IIPHMEHEHHH MaTeMarHue-
CKOTrO MeTOJd M CEJeKTHBHOTO H3BJIEUEHHS METaJ/lIOB.

3.9. BBAUMOOTHOLUEHHS OPEOJIOB U NMOTOKOB PACCESIHHS

B npoduie ropHoro ckjaoHa BBIIEAAIOTCS CJAeLyIOUHE TATh HHTEP-
Banos (puc. 48): 1 — nuockuit Bogopasnes; I — BuimykJblit CKJIOH;
II1 — nnockuit ckaon; IV — BOrHYTEI CKJIOH, NepexoAsiuui B J0-
auny V. B 3aBucHMOCTH OT MecTHuIX ¢opm pedbeda B npoduie
CKJIOHA MeXJAy BOAOPAasjesJoM H JHOJHHOII Moxer npeobjanarth
TOJIBKO OAHH H3 HHTEPBAJIOB — BLIMYK/bI, MOCKHH HJIH BOTHYTHIH,
ofpasys pasjiuyHble THOBI CKJAOHOB. [l MOJIOABIX TOPHBIX CTpaH
xapakrepHbl V-o6pasupie JOJHHBI C KPYTBIMH INIOCKHMHM H BBHIIYK-
JaviMu cknonamu. Ilas pailoHoB ¢ «ApaxAsiMu» dopmamu peaveda
GoJsiee xapakrepHsl mnoJorue mJdockue u U-oGpasHble BOTHYTHI@
CKJIOHBI, NpUOAMKAIOLHecs K npoduaio pasHOBecHs, H T. I

145



\sausinsn- [Tpu BHIMageHHH atMochep-

Hag HBLIX 0CaJKOB YaCTb BJAru Noi-

AxmuByan  |PEP§dauus  gepraercs mHUAbTPALHH (NPO-
bonyiaytn I CauMBaHHIO) B TOJILY TOPHBIX
nopo. ECIH MHTEHCHBHOCTD BHI-
najieHust aTMOCHEpHEIX 0CaaKOB
npesbluaer WHPHALTPAIHIO,
BeJeln 3a 00pasoraHueM CJOS

“,’,?:"”ﬂ,;‘;_ MOBEPXHOCTHOTO  3ajlepiKaHus
Iﬂtﬂﬂﬂu i K0 BO3HHKAET BOJIHOOGpasHoe
iaﬁyiaaua + ; 1
S (myabcupylomee)  NOBEPXHOCT

+ + HOe cTeKaHWe 0cajakos. B 3aBu-

e CHMOCTH OT o0beMa H JKHBOIl

CHJIBLI TOBEPXHOCTHOE CTeKaHne
cnocoGHO  COBepllaTh pas/ny-
@; , .zl+++[3]'g?]9[ 14 1§  Hyl0 meHymupyiouylo padory.
B6ausy maockoro Bojopasjea
CKOpPOCTb H 00BEM TNOBEPXHOCT-
Puc. 48. OGoGmenusii NpoduaL rop-  Horo creKaHusi npuoGpeTaior 1o-
A b T el e T (CTTGIAYID NEWBNHRY. AR OT-
KOpenuble ngpo.nu: 4 — rpapMuBl MHTEPBAJOB pbiBa M NepeHoca ¥acTHIL TONbLKO
Saom 6 GdeNus moaces, Palii B coyuse HAHOONCE MHTEHCHE-
cKaoHa HBIX JMBHEBLIX 0CAAKOB. ITO OM-

pefensieT cyulecTBOBaHHE mnosica
3aMeJieHHON JeHyAaunu, oxsateiBatouero | u wacts I naTepsaaa
ckaoHa. B GoJsee KpyToit yacTH CKJIoHAa KHBAasg CHJIA TNOBEPXHOCT-
HOTO CTeKaHHsl BO3pacTaeT, BO3MOXKHOCTb OTPHIBA M mepeHoca da-
CTHIl BO3HHKAeT YKe IIPH MEeHblIeil HHTeHCHBHOCTH BhINMaJeHUus ocaj-
KOB, 06pasys nodac aKTHBHOH AeHy[anuH, oXBaTbiBaloumui uacts 11
i Bech 111 unrtepBan ckjiona. B mpenenax mepBbiX TPeX HHTEPBAJOB
CKJIOHA OTJVIOMEHHA MEepPeHOCHMOro MaTepuala He TPOHCXOAMT, Tak
Kak macca BOABI M1, YUacTBYIOLIEH B NMOBEPXHOCTHOM CTEKaHHM, He-
NpepLIBHO BO3pacTaeT OT Bojopasfiesia K MOJAHOXKHIO CKIOHA, Npo-
MOPIHOHAJbHO JJHHE TOPH3OHTAJABHOrO TPOJAOJIKEHHS CKJoHA,

d CKOPOCTb CTEKaHHS BO3P&CT3€T HJIH oCTaeTcsd MOCTOAHHON. Henpe-
mu?

PLIBHOE YBeJIHUYEeHHe JKHBOH CHJIBI MOBEPXHOCTHOIO CTEKaAHHA

nonycxae'r ﬂa.nbneﬁluee HacblllleHHe BOIBI nepenocmwm MaTepua-
JOM NyTeM OTPLIBA OT TMOBEPXHOCTH CKJOHA BCE HOBBIX H HOBLIX Ya-
cruil. [Tpu mepexome K BOTHYTOH YacTH CKJAOHA CKOPOCTh TMOBEPX-
HOCTHOTO CTeKaHHsi 3aMeansiercsa. EcAH mpH 3TOM HHTEHCHBHOCTb
BHINA/ICHUs aTMOCepPHBIX OCAZKOB HEeBeNHKA, JKHBAs CH/JA HOBEpX-
HOCTHOTO CTEKaHH§l MajaeT, H HACTYMAeT OcaxKAeHHe YacTH mepeHo-
cuMoro Matepuana. IIpym MHTEHCHBHLIX JMBHEBLIX ocajkax Boapac-
TaHHe Oﬁ’bCM{l IIOBEPXHOCTHOI’O CTeKauusi paxe B npenenax BOTHY-
TOTO CKJOHA MOJKET TNepeKphiBaTh yOLIBAHHE CKOPCCTH CTeKaHHsd, H
TOr[a oca)jeHHe ycrynaer mecro Aenyfaannu. ITostomy Boruythiii
HHTepBaJ ckJoHa IV aBasfercs nofcoMm uepeloBaHHA OT/IOKEHHA H
Aenynaumn. B moanHe nmoBepxHocTHOE (CKJIOHOBOE) CTeKaHHe repe-
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XOAHT B PYCJOBOii CTOK (BpeMeHHBIIl HJH NOCTOAHHBI), B mpolecce
KOTOPOr0 MAaTepHaJ, CHeCeHHHI CO CKJ/J0HA, CMELIHBAETCS € Mare-
pHAJOM, NMOCTYNHBIIHM IO PyCay.

Ha miocKHX H BLINYKJBLIX CKJAOHAX, HMEIOUHX wHpoyaiiliee pac-
pocTpaHeHye, AeHyfauus mpoTekaer 6e3 MONYTHOTO OTJOKEHHA
CHOCHMBIX B JIOJIMHY NPOAYKTOB BbiBeTpHBaHuf. Ha Takux CKJIOHAX
rpaduKk JHTOXHMHYECKOTO OpeoJa NoAYHHAeTCS OOBIYHOH (QYHKIHH
paccesiHHs, COXPaHAS CHMMETPHYHBIN, GLIcTpOyORIBaIOUIHI BHA. YiKe
HAa PAacCTOSIHHH OT I€HTPaJbHON TOYKH opeoja, paBHOM =30, Haj-
(doHoBOE cojepkaHHe MeTajuia B moJe paccesiHus magaer jgo 1/100
Cmax M Jlajiee MPAaKTHYECKH CTAHOBHTCHA (oHOBHIM. B ToM ke ceue-
HiH HaA(dOHOBOE cofepiKaHHe B aJJI0OBHAJIbHOM NMOTOKe paccesHusd,
cormacuo (32), cocraBut P/Sy M MOMXKET MHOTOKPATHO TNPeBbILATDH
HHxHee anomaabHoe. [Tocne (OHOBLIX coZep:KaHHii MeTaJJa Ha
CK/IOHEe COIepiKaHne MeTajiia B moToke paccesinns Cy' BHOBb BO3-
pacraer, H HHKAKOTO HENpPEpPBIBHOTO, NOCTeneHHOro yObIBaHHS CO-
Jlepauuil pPyAHbIX 3JIEMeNTOB OT ILleHTpa OpeoJia B CTOPOHY OJIH-
Aaiiieil TOUKH NOTOKA pacCesiHHs Ha NJOCKHX HJIH BbLIMYKJHX CKJIO-
Hax He HaOmogaercsa (puc. 49).

Huoe neno, ecan npoduiasb CKJIOHA BOTHYTHIL. B 3THX ycjaoBHAX
OTOpPBaHHble OT MOBEPXHOCTH CKJOHA B 30He opeoja pyAHbIe 4a-
CTHILI MOTYT OBITh OCa’KJA€HbI THIICOMETPHYECKH HHIKE M0 CKJOHY.
3a BpeMsl MeXIy NpeABAYIIHM H GoJiee akKTHBHBIM CJeLYIOUHM BO3-
AeHCTBHSIMH JeHYAAalHH OCazKJAeHHbIE YACTHIL! PYIHLIX MHHEpaJoB
pacceMBaloTCsl B TOJLIE pPBIXJALIX OTJIOMEHHH H Becb HHTepBaJ

Puc. 49.-BsaanMooTHOWEHHs oOpeoJa H NMOTOKA paccesiHHs NpH IJIOCKOM CKJOHE

JOJHHBI.

G — IaH MECTHOCTH; 6 — paspes no HOPMaJH K cKaony. | — manpasienMe CTOKa, 2 — 3J10-
BHO-fAealoBRA; 3 — anaosud; 4 — KOpeHHSsle NOPOAB; & — pyARoe Teno; 6 — BTOPHWHBIA
opeosn paccesnun (3<n<125)
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(X1 2z B =3+ (s 0 BA7
¢ =37 FAw

Puc. 50. Ulnefipst opeoJioB paccesiHHs Ha BOTHYTOM CKJIOHE.

] — pynHoe Te;mo W ero mepBHYHBbIE opeon; 2 — pyJoBMellalOmHe NOPOARI; 3§ — SMOBHO-Ae-
AoBHajlbHble o06pasoBaHEA; 4 — aJAJI0BHAJLHO-NPOMIOBHAJAbHbIE OTAOKeHHA. H3oKoHueHT-
pallHH PYAHOrO 5JieMeHTa B YCJAOBHbIX eawHHmax: §—or 1 po 3; 6—or 3 po 10; 7—
or 10 po 30; 8— >30; 9— rpanHlla MexAy OCTATOYHBIM OPEOJOM paccesHns H ero waefi-
dom; 10 — uuTepBaa mepexofia OCTATOYHOrO OpeoJia paccesinHs B norpeGeHHoe COCTOSHHE

CK/IOHa HMJKe LIeHTPaJbHOH TOYKH OpeoJia TNOCTEeNeHHO, HAa TY HJH
HHYI0 TyIyGHHY, NpHOOpPETAeT aHOMAJbHO BLICOKOE COJAEp:KaHHE Me-
Tasna. B pesyabrate rpaduk opeosa paccesHHs Ha BOTHYTOM
CKJIOHE MMeeT acMMMETPHYHBIl BHJA, H BCIO NOBEPXHOCTbL CKJ/OHA
HHKE LEHTPaJbHOH TOUKH OpeoJia CJeLyerT paccMaTpuBaTh B Kaue-
ctBe 00JacTH aHOMAJbHHIX CO/lepXKaHuit MeTalka, 3aHHMalollel
NPOMEKYTOUHOE NOJOKEHHE MeXKAY OPeoJoM H NMOTOKOM paccesHus.
B npakTHKe JHTOXHMHYECKHX TMOHCKOB €€ IPHHATO HMEHOBATH
«uLieiom opeosa», onpeleasionuM Mepy ero acummerpun. Collep-
JKaHHs MeTaJ/jla B mpefesax ijaefida nocTeneHHO H He3aKOHOMEPHO
yOBIBAIOT B CTOPOHY Pyc/d, OHH MOTYT HENOCPEACTBEHHO CMBIKATLCS
C aHOMAaJbHBIMH COJAEP:KAHHSAMH MeTa/ljla B II0TOKE PacCesiHHAl HIH
OTHEIATLCA OT HUX HHTEPBAJOM (POHOBHIX COJAePHKAHHH.

[Ipumep THNHUHBIX HIIEH(OB, CONPOBOKAAIOUIMX BTOPHUYHBEIE OC-
TAaTOYHLIE OPEeoJibl paccessHHS PYIAHLIX Tej, MOKa3aH Ha cXxeMmaTHue-
ckom puc. 50. B ocHoBe ero Jiexart peajbHble JaHHLIe O pacnpejeJe-
HHH CBMHIIA, BBLISIBJIEHHbIE JHTOXMMHYECKOH CheMKOH wMacwTaba
1:10000 na yuactke DBepkapa (LlenrpasbHuiii Kasaxcram) [42].
IIpu oueHKe NpPOrHO3HBLIX PECYpCoB M APYTHX NapaMerpoB aHoMalb-
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Hble COJIepXKaHHs MeTa/JIoB B lIefihax opeoloB B NOACHET NPOAYK-
THBHOCTH BTOPHYHLIX OCTATOYHBLIX “OPE0JIOB paccesHHsl BKJIOYaTb
HeJb34.

3.10. PELUEHHE NPAMbBIX H OBPATHBIX 3AIAY

[Ipsmas 3agaua JHTOXHMHYECKHX TOHCKOB OTBeuaeT (OpPMYJIH-
POBKE: paccuuTaTh OMKHAAeMblil BHL BTOPHYHOTO OpeoJia paccesHus
MO 3apaHee 3aJdaHHLIM NapaMerpaM PyAHOrO Teja H MECTHBLIM reo-
XHMHYeCKHM Koadduunenrtam. Heo6XoauMOCTh B 3TOM BO3HHKAET,
HanpHMmep, NpH OLUEHKe MHHHMaJbHBLIX Pa3MepoB PYAHLIX TeJ, JO-
CTYNHBLIX [/ 0OHAPYKEeHHsl NPH 3aJlaHHEIX napaMerpax reoxHmuye-
cKoro ¢oHa ¥ JaHHOl TeXHHKe pafoT. DTa 3afaua peliaercsa BIoJHe
OIHO3HAYHO.

O6parHas sajaua NOHCKOBOH TeOXMMHH CBSI3aHA CO 3HAYHTRILHO
GoJiee TpyaHOH npobJemoii: M0 XapaKTePHCTHKE BLISIBIEHHOTO BTO-
PHYHOTO OpeoJia paccesiHHsl PAacCUHTATbh OXKHAAeMble MMapaMeTphl
pyaHoro Tesa, Kotopoe ofGpasoBaJio AauHblii opeos. Pemenue 3Toft
3afiauu ABJSIETCS] BaXKHEHIIHM HTOrOM JHTOXHMHYECKHX TIOHCKOB,
onpefenss HX reoJorHdeckue pedyapTaTh. [Togo6HO pelieHHsM ApY-
rHX o6paTHbIX 3ajia4, HalleHHble OLEHKH NapaMeTpoB PyAHOrO Teja
He SBJSIOTCA eIHHCTBEHHBIMH.

Jans pacuera rpaduka OXKHAAEMOTo BTOPHUHOTO opeosia pacces-
HHSA 10 TIPOGHII0 CIYKAT TeOpeTHUecKHe 3aBHCHMOCTH (55) m (59),
ec/iH 3apaHee 3ajlaHbl MOLIHOCTH PYLHOrO Teja 2p W CcoAepaKanue
meraana B pyaax Cp, a u3 ombiTa paGoT B TOM Ke palioHe HJIH
B CXOIHBIX YCJIOBHSIX HM3BECTHbI MECTHhle 3HaueHHs R H o. B 3atom
clydae MAaKCHMaJbHOE COJEplKaHHe MeTa/sia 3a BhiueToM (hoHa
B OpeoJie «TOHKOrO» PyAHOTO TeJa, OTPaHHYEHHOTO YCJI0BHeM 2p<
< 2,50, HallJleM H3 BHIPaKEeHHA

_ _kCy2p
Cumg = 25520 )

ConepxxanHe MeTajjla B OCTaJbHBIX «0cOOBIX» TOYKAax opeoJa,
N0 aHAJOrHH ¢ OLEHKOH KoaHIHeHTa paccesiHHud «MEeTOH0M TPEex
ypoBHeii» (cm. puc. 37), Haiiiem uepe3 Cmax 1O TaGy/JHPOBAHHBIM
3HauenuaMm ¢GyHxkuuu paccesnus. [lo npusefienHnim B Tada. 15 Tou-
KaM MOYKHO MOJIHOCTBIO MOCTPOHTH rpaduk oxHIAaeMoro opeoJa pac-
cesiHHsl B OJHOM H3 OOILEeNPHHATHIX MacluTabos, BHIGHpasA ero U3 co-
orHoulenu#l o=1,0 cM, Cnax=~=5—6 cM.

Ilns MmomHOro pyaHoro Tena npu 2p>2,50, 3HaueHus Cy nas
NATH-IIECTH TOYeK OJHOM H3 BeTBeH opeosa Hafiem no QopmyJae
(59), Hcnoab3ys 3HAYEHHsT HHTErpaJja BepoATHOCTeH, YMHOXKaAsl Bbl-
YHCAeHHBIE 3HAUeHHs Ha k u npubasasa Cg.

Ha puc. 51 noxkasan npuMep TaKHX pacuyeToB OJsi TpeX PYAHBIX
TeJl pPAas3JHYHOro pasmepa, CXeMaTH3HPYIOIIHX «OCHOBHBIE» 3aJIeKH
KPYIHOTO, CPefHEero H MeJKOro MeCTOPOMKAeHHH CBHHIOBHIX DY
B FOPHO-JIYroBHIX Jauamadrax BbPOBHEHHEIX BoJAOpasjeson 3au-
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Ta6anua 15
K pacuety opeosa paccesHus

"33323 X, M Cy, yon. en. “,2.‘,‘:2 X, M Cy. yon. en.
0 0,0 Cmax +Co 1 -+0,50 0,883 Crmax + Cg
2 -+1,00 0,607 Cmax + Co 3 -+1,50 0,325 Cmax + Ca
4 +2,00 0,135 Crpx - Cg 5 +2,50 0,043 Crnax + Cg
6 3,00 0,011 Cpax + Cg || Bee | + o0 Co
npo-
yHe

Jauiickoro Anaray. B xauecTBe HCXOAHBIX JAAHHBIX OBLIIH TPHHATH
cofilepxanus Meraidjaa B pyaHom Teae Cp=2,09% Pb (pazossie
pyasl), ¢opMa PYAHBIX TeJ — KPyTONajaiollHe MJIacTOBbIE (JAHH30-
oGpasHble) 3allexH, sBJSAIOLIHECS reoMeTpPHUYECKHMH (urypaMu no-
HoOHS ISl MECTOPOKAEHUI pPA3NHYHBIX KJAcCOB KPYNHOCTH B CH-
cTeme AecATHYHON Kaaccupukauuu no 3anacam. M3 oneita pador
B paiioHe MeCTHHIH Ko3((uIHeHT pacceaHus AJs cBHHIA ObT NpH-
AT 0=>5,0 M u Ko3pdunHeHT nponopuxoHaabHoctTn k=0,1, orBe-
YalollHii XapakTepHbIM AJf JaHHBIX JaHAmapToB ocaabjeHHLIM
opeonam paccesHns Pb. Pacuersl A% KpymHOTO MECTOPOXKIAEHHS
NpoBOJNIHCE TI0 Gopmyte (59), ans meskoro ——no ¢opmyae (55)
H faunbiv Ta6a. 15, aas cpeanero no mMacurraby MecTopomKIAeHHs —
no o6enm Gopmyaam, MOKasaBUHM XOpollylo cxoaumocTs [25]. Teo-
pernueckuit rpaguk opeosa pacceauuss Pb aas cpeamero no mac-
wraby 3anacos o6wekra (cM. puc. 51, 6) mocrarouno 6JM3KO CO-
Brajaer ¢ peaJbHLIM BTOPHYHBIM OPEOJIOM pacceaHHs NOJHMeTaJ-
JIHUECKOTO MecTopoxkAeHHs UuHachuicali, HAXONAILErocs B TOM Ke
paiione. BeprukaibHeie paspessl TEOpeTHUECKH paccuutaHHoro (a)
H pealbHoro (i) BTOPHYHBIX OpEOJIOB paccesiHHsi TNOKa3aHbl Ha
puc. 52 aas cayuasi 6IM3KHX 110 BHAY 3aBucumocteit M.=f(z) u na-
JeHHH PYAHLIX TeJs, OTKJOHSIOUWHXCH OT BepTHKaabHoro. Cxoactso
opeosioB paccessHHst (a) ¥ (6) BnoJiHe OUEBHAHO, YTO A0Ka3LIBAET
NPaBHJBLHOCTL HANJIEHHBIX TEOPEeTHYeCKHX 3aKOHOB HX (opMHpo-
BaHHS.

AnanuTHueckoe peuieHHe npsaMmoit 3agauyum no GopMmyJam craHo-
BHTCSl BeCbMa TPOMO3JAKHM /ISl CJAOXKHBIX PYAHBIX 30H € HEOJHO-
KpPaTHO H3MEHSIOLIHMCH CPeIHHM COMepKaHHeM MeTaljna B pyaax,
CONPOBOKAAEMBIX NEPBHYHBIM OPE0JIOM H MPOMENKYTKAMH «ITyCThIX»
nopoa. Pacuer oxuaaemoro rpajuka BTOPHUHOrO OpeoJa pacces-
HHSl JJ5 CJIOXKHBIX PYAHBIX 30H MPOH3BOAHTCS C MOMOILLIO NpeNJo-
keunoii P. M. JIy6oBeIM crneuuaapHoil JuHeiiku. s gerajibroro
H300pajKeHNnsi 0JKHJAaeMOro opeoJia paccesiHHsi B nJlaHe, B H30KOH-
HEHTPaIusiX, OKOHTYPHBAIOUIHNX 3aJlaHHOe OpYyJeHeHHe, CJYKHT pac-
cuntannas P. M. JlyGosbiM KpyroBas najertka [42].

Ilo TeoperHyeckn pacCYHTAHHLIM rpaHKaM H Kapram H30KOH-
LeHTPAaIlHil OPEOJIOB paccesHHsl ¢ YUeToM napamMeTpoB MecTHOro reo-
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Puc. 52. Bepruxkanbubie paspessl pacueTHoro (a) u peanbioro (6) BTOPHYHBIX
OpEoJIOB PacCesHHA.

I — nepekpuiBalomlie verpepTHYHBle OTJAOKeHHA. Kopa sBuiBeTpHBanna: 2 — rauauncran; 33—
ulefenHcTan; 4 — H3OKOWIEHTPATHl B YCAOBHHIX eAHHHOAX; § — GYpOBBle CKBaXHHL;, 6 —
PYAHOe Teno; 7 — pyAoBMellaloulHe NOpPOAHI

XHMHYECKOro ()oHa NpPOH3BOJAHTCA OLEHKAa HX 3(P(EKTHBHLIX pasme-
pOB, KOHTPACTHOCTH M JPYFHX NOKasarejei, BaXKHLIX AJ5i 06OCHO-
BaHHA METOAMKH MOHCKOBBIX pPaGoT. YcmeuwiHoe pelleHHe NpSAMbIX
3ajay SABJSETCS OAHHM H3 J0KAas3aTeJbCTB BO3MOMKHOCTH KOJIHYECT-
BEeHHOM HHTepIpeTaluH BTOPHYHLIX OPEOJIOB pAacCesHHs, T. €. pelle-
HHSl pas3HooOGpasHeIX ob6patHbIX 3aj4au. [loacueTsl NPOAYKTHBHOCTH
OCTATOUHOTO OpeoJa pacCesiHHs ¢ YMETOM MecTHOro Ko3dduuueHra
NpONOPLUHOHAJBLHOCTH XaPaKTepH3YIOT KOJHYecTBO MeTa/la B KO-
PeHHOM BLIXOJle OpyHeHeHHs1 Ge30THOCHTEJNbHO K €ro HaXoxKIeHHIO
B 60oratbiX HJIH B GelHbIX (HEKOHAHIIMOHHBIX) PYAAX H B NEepPBHYHOM
opeoJle 3aJeXH, 4TO, €cTeCTBeHHO, oueHb BakHo, [lostomy nas
OLICHKH BBISIBJEHHBIX OPEOJIOB PacCesiHHsi HMeeT 3HayeHHe pasjielib-
HOe onpejiesieHHe MOIIHOCTH PYAHON 30HBI 2p W CpeJiHero cojepixa-
HHsl B Heil meraqia Cp elle 0 nepexofa K pasBeJouHbIM paboram.
B cayuae «TOHKHX» PyAHBIX Tel (2p<2,50), COrJIAaCHO «IPHHIHNY
9KBHBAJEHTHOCTH», 3Ta 3ajlaya fABJAdeTcs Hepaspewnmoit. JLas mor-
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HBIX PYAHLIX 30H JEHCTBHE NPHHLHINA 3KBHBaJEHTHOCTH MpeKparia-
ercst ¥ A Tea npoctoli opmel pasfenbhoe onpefenenue Cp, 2p
H 0 [0 OCTATOYHLIM OPE0JaM paccesiHHsi BO3MOXKHO C MOMOINBIO HH-
TEpIpeTauHoOnHLIX najerok, npeanoxenusx P. M. [ly6osuim [20].

st yncJentoro pemenus 3Tof ke sagaun E. M. KaTKoBCKHIl
NpeVIOKH crelHanbiyo Homorpammy [22]. K uurepnperanun mMHo-
FOBEPIIHHHBIX, CJI0XKHLIX, HENPaBHILHOH (GOPMbl rpaHKOB HIH H30-
METPHYECKHX B NJaHE OPEOJIOB pacCesiHHsl NnajeTKH W HOMOrpamma
HenpuroAnsl. KoJjuuecTBeHHAS HHTEPNpPETallls OCTATOUHLIX OPEOJIoB
paccestHHsl ¢ NOMOLLbIO NAJETOK HJIH HOMOTPaMMBbI, HECOMHEHHO, TO-
JiesHa, HO OHa He MOXKeT 3aMeHHTb G0pPO3J0BOT0 OnMpoGOBaHHA PYA
B KOPEHHOM 3aJIeraHHH.

3asepliaeTrcsi reoJoruyeckasl, reoOXuMH4eckas u (u3HKo-MaTeMma-
THUECKasi HHTEPIpeTalusi BTOPHYHBLIX OPEoJIOB paccesiius OUEeHKOH
BLISIBJIEHHBIX 00BEKTOB B UH(pPAaX NMPOrHO3HLIX PecypcoB MeTaJa,
onpefensionieii 3QpHeKTHBHOCTL NOHCKOBLIX paboT H COCTABJSIONIEH
OCHOBHOE cofepxKaHHe 0OpaTHOH 3a7a4yd NOHCKOBOH reoXuMmHuu. Pe-
lajpuiee 3HaueHHe /s ITHX OIEHOK HMEeT aHajH3 reHeTHYeCKOro
THNA W Te0JIOTO-CTPYKTYPHBIX YCJAOBHI JIOKAJH3aLUKHH OpYAEHEHHH.
31ech MBI OTPAHHYHMCH PACCMOTPEHHEM TeX CJydaes, KOrfga 1o reo-
JIOTO-CTPYKTYPHBIM YCJIOBHAM XapaKTepHCTHKa maclutaba opylreHe-
MHS Ha MOBePXHOCTH PYJIOBMELIAUIMX IMOPOJA OTBEYaerT ero mnpo-
VBILIIJIEHHOH olleHKe, K umcay Taknx OGBEKTOB OTHOCATCSH - PYAO-
VPOABJIEHHST W MECTOPOMKJIEHHS OTHOCHTEIbHO TIpPOCTON (HOPMEI,
BCKPHITHIE COBPEMEHHLIM WM GoJiee JPEBHHM 3PO3HOHHEIM CPe30M
Ha YPOBHE NPOMBIIIIEHHLIX TOPH30HTOB OpyleHeHus (He ciaenbie) —
NJ1aCTOBOTO, JHH3000pa3HOro, MUJIbHOrO MM WTOKBEPKOBOTO THIIA.
Boixonsl pyAHBIX TeJN HA MOBEPXHOCTL PYALOBMELLAIOIHX MOPOJ, KAk
NPaBHJIO0, YACTHYHO WJIH MOJHOCTLIO NMEPEKPLITHl NPOAYKTAMH BHIBET-
puUBaHHsl, 3aTPYAHSIOHMH HJAH HCKIIOYAIOWMMH HX HOPAMYIO
ouenky. OOBEKTHBHBIM TIOKa3aTeseM OLEHKH macuirada KopeHHOro
OpYIAEHEHHS CJAYXKHT MJOLIAAHAS NMPOAYKTHBHOCTE €ro 3J/I0BHO-Jie-
JIIOBHAJILHOrO opeosa paccesinns P M2% . Pacrnonaras faHHLIMH O Be-
JHYHHE MECTHOTO KO3((HIHEHTa OCTATOUHOH TNPOAYKTHBHOCTH R,
MOJKHO €llle JO NPOH3BOIACTBA TOPHLIX PaboOT OLEHHTb KOJHYECTBO
MeTanaa (B T/M) B KOPEHHOM OpYIEHEHHH:

P
A0 : 85)
e q (85)

e Ak
i k

Hcxoas H3 3TOro npOrHO3HLIE Pecypehl MeTala MoryT GbITh MOA-
cuuTaHel Ha ray6uny H B COOTBETCTBHH € reOJIOTHYECKHMH INpel-
CTaBJEHHAMH O BepOATHOH ¢dopme, YPOBHE 3PO3HOHHOrO cpesa H yc-
JIOBHAX 3aJIeraHusa PYAHBIX TeJ:

Qu=—oH. (86)

KoanuecTBo MeTajaa B octatouHom opeose P B M29% uwau ¢BT/M
XapaKTepH3yeT BBIXOJ PYAHOI 30HLI Ha BHAHMYIO MOIMIHOCTB B IJIOC-
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Puc. 53. K ouenke NporHo3HHX PECYPCOB METAaJJia [0 BTOPHUHOMY OCTATOMHOMY
0peoJy paccesHHA.

I — smiouft; 2 — pygosMemarouiHe NOPOAbl; 3 — pyAHOe TeAo H ero NepsHYHBIA opeon;
4 — HHTepBAan PYAHOrO Tena, cyUleCTBOBABIUHA 10 BHIBETPHBAHHA, 5 — H3OKOHUEHTPATH CO-
JeplaKHHa MeTajnla B Opeofie PacCesHHs Ha MNOBEPXHOCTH H B paspese B YCAOBHBIX edH-
HHLaX

KOCTH HabJaioJeHns. DTO HEe BJHSET Ha pe3y.bTaT noicuera Qp, eciau
rayb6una H npHHMaercs NO HOPMaJH K 3TOH IVIOCKOCTH, KaK 3TO
caenyer u3 puc. 53. Ec/in e NpH OTHOCHTE/ILHO MOJIOrOM 3aJ/leraHiH
pPYyAHO# 30HBLI TyyGHHA noAcuera [ npuHMMaeTcs Mo nameHuio, Be-
JIHYHHY ¢ HeOOXOAHMO NPHBECTH K HCTHHHOH MOULIHOCTH.

PesyabTatel nmojcueta NPOrHO3HLIX pecypcoB Qm no dopmyae
(86) orpaxaioT oblilee KOJHYECTBO MeTajaa 06e3 yyera ero KOHIH-
LHOHHOIO HJIHM HEKOHAHIHOHHOrO COMAepKauus B Nopojax M pyaax.
Mexay TeM Ta WM MHAS YACThb 3TOrO META/1a, OYEBHIHO, COCPELO-
TOUEHA 3a npefesaMy KOHTYpa NpoMmbliujennsx pyd. [eonornueckue
H TFeOXHMHYECKHe NPHHIHNL BHIOOpa LeecoobpasHbiX riyoun noj-
CYETa MPOTHO3HLIX PEcYPCOB H MONPABOYHLIX MHOMHTENEH AJs ne-
pexolla OT TEOXHMHYECKHX K OKHAAeMEIM KOHIHUHOHHHM pecypcam
MeTa//la B 3aBHCHMOCTH OT THNA MECTOPOXKJEeHHil, paccMmaTpHBa-
1oTest B /1. 6. [IporHoansle pecypchl, NOACUYHTAHHLIE MO MapaMeTpam
BTOPHYHBLIX OCTATOYHLIX OPEOJOB pPACCEesiHNs, B 3aBUCHMOCTH OT Mac-
mraba JHTOXHMHYECKHX CHEMOK H Te0JIOrHYecKoi H3YYeHHOCTH Bbi-
IBJIEHHOTO OPYyJIeHEHHs, COIVIACHO AaHubIM Ta6.. 9, mopjaexar oTHe-
CeHHio K Kateropuam P; uan P,.



'nasa 4

NMEPBHYHBIE OPEOJIbl PYIHBIX
MECTOPOXJAEHHHA

4.1. PYNLHOE TEJIO H ETO NMEPBHYHBIA OPEOJI

Kaxnas 3ajnexb nojiesnoro HCKonaeMoro mno nepugepus npombliu-
JIEHHBIX COAEPXAaHHH ILeHHLIX KOMIIOHEHTOB OKpyzKeHa 06JacTbio
UX yObiBalOWHX (HEKOHIHUHOHHLIX) COAePIKaHHi, MmocTeneHHo MpH-
OJHKAIOWHXCA K MecTHOMY (hony. DTH NpelcTaBJeHHs O NepBHYHbIX
reoXHMHYECKHX OpeoJiax NoJe3nblXx HCKonaemeix (cm. pue. 3) cdop-
MHPOBaJHCh NPHMEHHTEJBHO K PYAHBIM MECTOPOKAECHHAM H NOJy-
UHJIH HauOoJsblilee 3HAYEHHE NMPH NMOHCKAX M pa3BelKe ITHX MECTO-
poxaennii. [TosToMy TeopeTHuecKHe OCHOBBI T€OXHMHYECKHX MeTO-
JIOB MOHCKOB M0 MEPBHYHBIM OPeoJaM paccMaTpHBalOTCs HAa NpHMepe
PYAHBIX MecTOPOXKJEHHH, XOTSl OCHOBHBIE TMOJOMKEHHS 3TOH MeTo-
AMKH Ge3 CylIecTBeHHbIX NONpPaBoK MPHMEHHMbI K MOHCKaM JI00bIX
TBEPABLIX MOJE3HBLIX HCKONAEMbX, a B NPHHIHIE H MeCTOpOXKIeHHH
nedtn u rasa. [Ipu opHeHTHPOBKe reoXHMHYECKHX NOHCKOB Ha BbI-
AIBJIEHHE TIePBHUHBIX OPE0JIOB, NPEeBLINIaUIHX M0 3(QdeKTHBHLIM pas-
MepaMm B mJaHe KOHTYP NPOMBILIJIEHHON 3a/1€XH W HaJCTPanBaloluX
€e 1o BepTHKaJH, oO6Hapy:KeHHe HOBLIX MECTOPOMKAEHHIl CyllecT-
BeHHo obGJjeruaercs. [Tpumep nepBHUHBIX OPEOJIOB OHOTO H3 KOJYe-
NAaHHO-NOJHMETANTHYeCKHX MecTopoxaeHuit Pyanoro Aarasi noka-
3an Ha puc. 54. 3xech naomaap nepsuuHbix opeosos Ph, Cu n Co
B IJIOCKOCTH Pa3BeJOYHOr0 Mpoduas MHOTOKPATHO NpPEBLILIAET CyM-
MapHy MJIOLAAbL PYAHBIX TeJ.

OGHapyKeHHble NPH NOHCKAaX M pa3Be/lke 30HB aHOMaJbHLIX CO-
Jiep:KaHuii XHMHYECKHX 3JeMeHTOB B KOPEHHBIX - PYLOBMEL1alolHX
NOpPoAax MOTYT HMEThb pa3JHUHyl0 NPHPOAY M Macuital. «fIBHBIE»
aHOMaJIHH, ¢ NPOMBIILIEHHBIM Wi OJH3KHM K HeMy colepKaHHeM
MEeTa/JIOB NPHHATO HMEHOBaTh pyaonposisienusMH. IIpu cooTér-
CTBVIOIIHX MacmTabax OHM NPHUHCAAIOTCA K paspsay NpOMbILLIeH-
HBIX PYAHHIX TeJ H MecTopomjaeHuii. B reosorononckoBoii mpakTHke
NoJy4Han ynotpeb/eHHe TepPMHHB «HENpOMBILLIEHHOE pYAONpOAB-
JIeHHe», «PYAHAs TOUYKA» W «MHHEpaJIOTHUeCKas HAaXOAKa», Xapakre-
pu3syioune yObuIBaomuii Mactab pyaHoit MuHepaausanuu. JIuToxu-
MHUECKYI0 aHOMAJHI0 B PYAOBMENIAIOMHX NMOPOJaX AOMYCTHMO Ha-
3bIBATL «IEPBHYHBIM OPEOJIOM» TOJIBKO IIPH YCJAOBHH J0Ka3aHHOTO
HJIH IpejloJiaraeMoro ee pasBHTHS, BOKPYr HJH OKOJIO PYAHOrO
Teja MaH MectopomAeHus. [lIupoxoe pacnmpocrpaHense mOJYYHI
TEPMHH «3HAOTEHHLI Opeos», IoJ KOTOPHIM TNOHHMMAeTcsi MepBHY-
HBIfi opeosl 3HAOTeHHOTO MecTopoxkjaenns. IlepBHuHBIE OpeosBl BO-
KPVI 3K30reHHBIX (NepBHYHOOCANOYHBIX) PYAHBIX MECTOPOMKAEHHIT
N0 aHaJOrHH CJeloBaJo Obl HMEHOBATh «3K30M€HHBLIMH OpPeOJaMH».
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[Tockosibky oGpasoBaliHe NEpPBHYHBIX OpPeOJOB 06S3aHO PYAOOTIIO-
KEeHHIO, T. e. mpolleccaM KOHUEeHTPAUHH XHMHYECKHX
3J€eMeHTOB, He ClelyeT Ha3biBaTh MX <«OPEOJaMH paccesiHHA»,
OCTaBJIsAS ITOT TEPMHH A 0003HAYEHHA BTOPHYHBLIX (PHIEPreHHBIX)
reOXHMHYECKHX Ope0JIOB, BO3HHKAIOIMIHX B MpoLecce JIHKBHAALHH
(paccesnus) panee copMHPOBAHHBIX MECTOPOXKIAEHHIL,

[TepBHuHLIi OPEOJ OCHOBHOTO PYAHOrO 3JeMeHTa B rpaHHuax
HHZKHEro aHOMaJbHOTO COAEpIKaHHs, B MepBOM NPHOJHIKeHHH, BOC-
NPOH3BOJAHT B paCIIHPeHHOM BH/Je KOHTYP PYAHOrO Teja, ¢ OTCTYM-
JIEHHAMH, TOJYHHSAIOIHMHCS CTPYKTYPHO-TEKTOHHUYECKOMY, Marma-
THYECKOMY MJIH JIHTOJIOrO-CTpaTHrpadHUeckoMy KOHTpOJIO opyae-
HeHusi. KOHTYpbl NMepBHYHBIX OpPEOJIOB 3/€MEHTOB-CIYyTHHKOB MOTYT
MOBTOPATH B PACIIMPEHHOM HJH YMEeHbIIEHHOM BHJE OpPeos OCHOB-
HOTO 3JIeMeHTa WJIH MMEThb CYLIeCTBEHHO HHY10 (GOpMYy, B YACTHOCTH,
000c06ATHCSI B OKOJOPYAHOM WJAH HaApyaHoM npoctpancrse. Ha
puc. 54 oT4erTsIIBO BHAHO TArOTEHHe nepsBuuHbix opeosios Pb k BH-
cademy, a opeosoB Co-—K JexayeMy GOKY PyAHBIX TeJ.

Muorde pyaHble MeCTOPOMKACHHS — BaKHellliHe 00BEKTH cOBpe-
MEHHOI TOPHO-NPOMBLINLIEHHOH Pa3pafoTKH XapaKTepH3yITCst OT-
CYTCTBHEM 4YeTKHX reoJoruueckux rpanui, OKOHTypHBaHHE TaKHX
MECTOPOKAEHHH TPOH3BOLAHTCS MO pe3yabraram onpoGoBaHHS HC-
X045 U3 peHTaGeJbHOCTH HX OTPAGOTKH MpPH ONpefeseHHbIX CpefHeM
(Cp) u muHEManbHOM (GOPTOBOM) cOZepKaHHSX MeTassa B HOO6bI-
BaeMblX pyAax. Ha cragum pmeranpHoil pasBeKH MeCTOPOKIEHHIT
o06s13aTeJIbHO paccMaTpHBaloTCes A0 mATH H OoJee LH(pP CPeAHHX H
OOpPTOBLIX COAEPMAHMH MeTaJla C Ledbio BhIGOpa ONTHMAJILHOrO
BapuanTta ero skciayaranumd. OpyneHeable MOPOABI 34 KOHTYPOM
GOPTOBOr0O CONEPIKAHHS NPH 3TOM KaXIbll pa3 OTHOCATCS K MepBHY-
HOMY OpeoJly MecTopoKaeHHs (BKawouas 3abajaHcosble pyIbl).
Yacto mnocae AJHTEJNbHON OTPabOTKH KPYNHBIX MeCTOPOMKIAEHHH
NPUHUMAIOTCS pELIeHHsl O CHHKeHHH OOPTOBOrO COAEpPIKAHHS Me-
Taaia B JA00ObIBaeMbIX pyAax, BCJeACTBHE Hero pasMepbl pyAHBIX
TeJl YBEJHYHBAIOTCA 3a CUET HX <«IMepBHYHBIX opeooB». s He-
KOTOPHIX THIIOB MECTOPOXKAEHHIH T'PaHHIA MEXAY PYAHLIM TeJoM H
€ro MepBHYHBIM OpeoJIOM HMeeT reoJiorHueckuii cmbica. Tak, Ha-
TpHMep, arperaTHBHBbIE CYJb(HIHble PYyIAB HJIM KBapluesas KHJa
MOTYT CJlaraTh IOJe3Hoe HCKOMaeMoe, IepBHYHBII OpPeon/l KOTOPOro
pasBuT BO Bmellamumux nopoiax. OgHako B 06J1acTH BHIKIMHHBA-
HHSl TAKHX PYAHBIX TeJ NO MPOCTHPAHHIO, MO MaleHHI0 HJIH BOCCTa-
HHIO FPaHHIlA TOJE3HOro HCKONaeMoro onpelpessercss MHHHMaJbHO-

Puc. 54. Teonormuecknii paspes (a) M pacnpejeseHHe AHOMANbHBIX KOHIEHTpa-
uuit Pb(6), Cu(s) u Co(2) B BepTHKaJALHOM MONEepPeYHOM pa3pese yepes LeHT-
panbHyI0 yacTh 30JI0TYIIHHCKOrO pyAonpossJenns [5].

I — ocanounsle mopoabl; 2 — kBapuesnie nopdupw; 3 — nanobpexkunn xpapuessx mopdHpos;
4 — tydst KHeAOTO cocTaBa; § — cyOBYNKaNHYeCKHe Kkmapueskle nopdups; 6 — nafiku; 7 —
pasnoMbl; & — MHKDOKBapuHuThl; 9 — XJOPHTONMTH; [0 — pyAHmle Tena; [I—I3 — nepsudnsie
opeosisl B NOPAAKe BO3SPACTAHHA KOHUEHTPAUHA snementa (/3 —mons MAKCHMAABHBIX KOH-
nexTpanufl)
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NPOMBIILIEHHOH MOIIHOCTbIO TeX Ke pyld, HepelaKo NoJABepraemMoii
nepecmorpy. [lostomy Bo Becex cayuyasix rpamuua pyja — nepsud-
HBbIil OpeoJsl HMeeT He reOXHMHYECKHiH, a TOJbKO BpeMeHHbIIl, reoJo-
ro-3KOHOMHYECKHH cMblci. BHelHsi rpaHuila nepBHYHOro opeoJa,
€C/IH OH He OrpaHHueH MO3JHeAUNMH TEKTOHHYECKHMH Hapyuie-
HHSIMH HJIH 3DO3HOHHLIM CpPe3oM, B paBHOH mepe HMeeT ycnoaubm
CMBIC/I B CHJly aCHMNTOTHUYECKOTO NPHOJHIKEHHs aHOMAJbHBIX CO-
AepraHHil XHMHYECKHX 3JIeMEHTOB K YPOBHIO MecTHoro Qosa (cwm.
ra. 1). OAHOTHNHOCTb 3JE€MeHTHOTO H MHHEepaJbHOro cocTaBa pya
H NEPBHYHBIX OPE0J0B COOMIONAETCA JOCTATOYHO LIHPOKO: OUEBHIHO,
4TO MeCTOpPOKIeHHe, OKOHTypeHHOe Nno O0pPTOBOMY COAEPIKAHHIO
0,59 wmeranna, GyZer HMeTh B NEPBHYHOM OpeoJie NpH cojlepra-
nusix meranna 0,49 % Bce TOT Ke MHHepalbHBII cocTaB. ITO He
HCKJI04aeT Oe3MHHepaJbHBIX (DOPM HAXOXKAEHHA YacTH 3JeMEHTOB
B pyaax H opeosaax. OpHoBpeMeHHOCTb 06pasoBaHHf PYyAHOTrO
TeJa H ero opeoja He TOJbLKO BHITEKAET H3 YCJOBHBIX TPAHHIL Me-
KLY NPOMBILIEHHBIMH H OPeoJbHBLIMH KOHLEHTPALHAMH METaJJioB,
HO M COIEpPKHTCH B ONpeleJeHHH TepPMHHA «IepBHUHBIA OpeoJs.
AHomagbHbie CONep:KaHHsi PYIAHBIX 3J€MeHTOB, 00pa3oBaHHBlE He
OHOBPEMEHHO ¢ PYAHBLIM TEJIOM, B pesy/bTaTe JAPYIHX MPOLECCOB,
He MOTYT HMEHOBATBCSl €r0 NEePBHYHBIM OPE0JOM.

JINTOXHMHUeCKHe aHOMaJiHH BeJel 3a MX o0Hapy:eHueMm Tpe-
GyloT olleHKH. JTa 3ajaya cmelaerca B 00JacTb METOAMKH pas-
Be/IKH, ec/M CKBayKHMHA, KaHaBa HJAH wypd BcrpeTHan doratoe HIH
MOILLLHOe pYAHOe TeJo, XOTS H B 3TOM CJyuyae reoXHMHYECKHe HC-
cJelloBaliHi HrpaloT CYULeCTBeHHYIO poJab. BamHeiimylo reoqoro-
NOHCKOBYIO 3ajavy, B pPelleHHH KOTOpPOil FeOXHMHUECKHM MeTo1am
MPHHAJIEKHT OCHOBHAsI POJib, COCTABJ/ISET OLEHKA HENPOMbIILIEH-
HbIX TPOSIBJAEHHH PYAHOH MHHepaJu3alHH, AONYCKAIOUIHX MNpeino-
Joxenne 00 HMX TNPHHALNEKHOCTH K YHCJAY MEPBHYHLIX OPEOJOB
CKPBHITHIX PYAHLIX Tes. AJibTepHAaTHBHbIE PELIEHHS, KOTOpbLIe TMpH-
XOAHTCA NPH 3TOM paccMaTpHBATh, HJAJOCTpHpyeT puc. 5. Bee
MATH TIOHCKOBLIX CKBAXKHH Tepecek/H 30HYy MHHepadH3aluH, HO
TOJBKO B C/Iy4asix @ H 6 HeMmpoMbIlIJIeHHAass MHHepaJ H3alHns 3acay-
/AKHBaeT pasBelikH Ha ray6uny. B cayuasax a w 6 cxodHble pe3y.ib-
T4TBEl MOTJa 1aTh NMPOXOJAKa KaHaB Wi wypdoB, aHaJOTHUHBIE He-
NPOMBILLICHHBIE MposBAeHHA 00HApyXKHBAlOTCA TNPH OlpoGOBaAHHH
CTEHOK MNOJ3eMHBIX TOPHBIX BhIpaGoTOK. MHOMKecTBO He3HAUHTEb-
HbIX TPOSABJEHHH PYAHOH MHHEpaJM3alHH NepPBHYHBIMH OpEeoJaMH
MECTOPOK/eHHH He #ABJAAIOTCH, GOJIBIIHHCTBO H3 HHX NpHHAlJe-
KUT K paspsifly MeJKHX PyLONpOsIBJAEHHH, 30H paccesiHHON MHHe:
paqu3alnHu M PYAHBIX TOYEK, MHOTOKPATHO IPEBHILIAIONIHX YHCIO
NPOMBILIIJIEHHEIX MeCTOpOKAeHHi (cM. Taba. 5). Pemenne o npu-
HalJIeXKHOCTH BHISIBJIEHHOH aHOMAaJHH K HaJApy/AHOMY OpeoJy HJIH
K JPYrHM TOPH30HTaM pYyAHOH 30HBI NPHHHEMAeTCs Ha OCHOBe aHa-
JH33a ee YCTOMYHBHIX TEOXHMHUECKHX XapaKTepPHCTHK C YYeToM re-
HEeTHYECKOTO THIIA OPY/AeHeHHS.

Pynunoe Ttemo W ero nepBHUHLI Opeosl JAOJMKHLI paccMaTpH-
BATLCSA B KauecTBe €AHHON, CJA0XKHO MOCTPOEHHOH JHTOXHMHYECKOIl
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Puc. 55. Boamoxkiuble reoJorHyeckue paspesbl NPH BCTPeYe CKBAXKHHAMH Hempo-
MBILLIEHHOH MHHEPaJIH3alny.

OpyncHedde Ha CcOBPeMeNHHOl NOBEPXHOCTH: & — MepBHYHLIL HaADYAHBIA opeon; 6 — 30Ha
pacceannofl muHepaausauun (3PM) uan noApyausifi nepedunnlit opeos. OpyaeHenHe B CKphl-
TOM 3ajJeraHdH: & — NepBHYNbIt HAIpYAHEIY opeonx caenoro pydHoro Tena; z— 3PM; ==
noApyAubifl nepBudEbIl Opeoa norpeGeHHOr0 MEeCTOPOHACHHS.

| — 310BHO-NenoBHil; 2 — AaNbHENPHHOCHBIE OTAOKEHHA;, J — PYIOBMellalolHe Mopoab; 4 —
HEeNPOMBILLIEHHAA MHHEpanHsalHa HAH nepBHuHBIl opeon (?); 5 — pyaAHoe Teno; 6 — rpadHk
CoAepaaHHil DPYAHOTO 3/MeMeNTa B THIEpPreHHOM Opeofde paccesiHAA; 7 — BTOPHYHLIfI opeoa
paccesHlA; § — MOHCKOBAS CKBAXKHHA

AHOMAJIMH — 30HBI PYAHOIl MHHEPaJH3alUHH C YCJAOBHLIM BHELIHHM
KOHTYPOM M OnpeJeJeHHbIMH BHYTPEHHUMH 3aKOHOMEPHOCTSMH
[POCTPAHCTBEHHO-YIOPSIOMEHHOT0 pacnpeae/ieHnst XHMHYECKHX 3/1e-
menToB. M30/aupoBantoe, B OTPLIBE OT PYAHOro Teja H3y4yeHHe reo-
XHMHYECKHX XapaKTePHCTHK IEPBHYHOINO OpeoJa HeAONyCTHMO H
CNoco6GHO MPHBECTH TOJBLKO K HEYCTONYHBEIM BBIBOAaM. 3aKOHOMep-
HOCTH BHYTpPeHHEro CTPOEHHS] PYAHLIX 30H BBIABJAAIOTCSA MNyTeM reo-
XHMHYECKOTO H3YUeHHs Pa3JHYHBIX MO FeHe3Hucy, CTPYKTYpPHO-reoJo-
THYECKON H JIHTOJIOro-CTpaTHrpadHUecKoil NPpHypoYeHHOCTH XOPOLIO
pa3BelaHHBIX MECTOPOXKAEHHH TAaBHEHIINX NMPOMBILLIEHHLIX THIIOB.
UnceHnble BeJHYHHLI MAapaMeTpoB, XapaKTepH3YIOWHX OPeoJibHbIE
H pYyAHble CeuYeHHS 3TAJOHHLIX MECTOPOKIEHHIl CJyKaT KpHTepH-
SIMH OLEHKH JHTOXHMHYECKHX aHOMAaJHil NPH MOHCKAaX. YueHuwe o0
HJI0TeHHOM, 3K30TeHHOM H MeTaMmopdoreHHoM pynooGpasoBaHHH,
¢ KOTOPBLIM HEOTIeJHMO cBfizaHa TeopHs (OPMHPOBaHHA NMEPBHYHBIX
0peoJIoB MEeCTOpOXKAeHuH, ObLI0 CO34aH0 TPYAaMH MHOTHX HCCJENO-
Barejeil. ['eHe3ncy pyaHBIX MeCTOpPOMAEHHH MocBsilleHa oGmIHpHAs
crnelHaJbHas JuTepatypa. B Teopuu H TpPaKTHKe TreOXHMHYECKHX
[IOHCKOB pPYIHble MECTOPOKAEHHS BOCIPHHUMAIOTCH KaK 06 beKTHBHO
CYIIEeCTBYIOLUIHE PeaJbHOCTH, OJHAKO yCHelHoe BeleHHe 3THX pabor
HEMBICJIHMO Ge3 OHHMaHus 3aKoHOMepHocTell npoueccos pyaoobpa-
3oBaHus, B cBow ouepenb, HCCAeJOBAHHS NMEPBHYHBLIX TeOXHMHUE-
CKHX OpeoJioB 000ramaioT yyeHHe O PYAHLIX MECTOPOXKIEHHAX IO-
MOJHUTEJBHBIMHE AaHHBIMH. HaunGosee nosHo HecseioBaHbl MepBHY-
HBle OpenJibl SHAOTeHHBIX MeCTOPOXK/eHHH, H3ydeHHe KOTOPHX ObLIO
navato H. H. Cadponosrim [35], mosyuusio pa3ButHe B cepuH pabor
C. B. T'puropsna [5, 6, 17] W ero IIKOJB, a TakKxe MHOTHX
JIPYTHX OTeyecTBeHHBIX M 3apyGemubix aBTopoB. HanGosbliee BHH-
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MaHHe ObIJIO yAeJeHO HCCJAeA0BaHHIO NepBHYHLIX OPEOIOB THApOTEp-
MaJbHbLIX MECTOPOIEHHIT.

OO6menpHHATHIMA ABJAAIOTCS NpPeACTaB/ICHHS o rHApoTepMaibHOM
pyaoo6pasoBaHHH B pe3y/bTare BHINAJeHHs METAJJI0B H3 TFOPAUHX
ras’soBO-JKHIKHX BBICOKOMHHEPAJH30BAHHBLIX PACTBOPOB, IABHIKY-
IIHXCST B FOPHBLIX MOPOAAX BJAOJbL Ocjaab/eHHBIX 30H, B o0llemM Ha-
npasJaeHHH M3 ray6uHLE K noBepxHocTd. [lepenoc merasioB rumpo-
TepMaMH npeinogaraercs B (opMe TraJOHAHEX KOMIIGKCOB, Ipe-
HmymectBenHo xJaopuaos tHna Na[MeCly] nan Na[MeCls], nnoraa
GTOpHAOB, NpH YyuacTHH THAPOCYAbGHAHBIX KommiaekcoB u CO..
Ocaxaenne pyAHBIX MHHEPAJOB H3 THAPOTEPM NPOHCXOAHT BCJel-
CTBHE MajleHus TeMliepaTypsl H QaBJIEHHS, B pe3y/bTaTe B3aHMOeii-
CTBHSI PacTBOPOB ¢ GOKOBBIMH MOPOAAMH H JAPYFHMH BOLAMH, H3Me-
nenus pH u Eh u apyrux ycnosuii, napymaomux ¢asossie paBHo-
BECHS B CHCTeMe pacTBOp — nopoja. MHOrokoMinoHeHTHBI cocTaB
FHJIPOTEPM H Pa3jnuus B YCJIOBHAX OCAMKIAEHUS OTLEJbHBIX KOMIO-
HEHTOB pacTBOpa ONpelelsioT MHHEpPaJOTHUECKYI0 H XHMHUYECKYIO
30HaJbHOCTH OpyleHeHusi. Bece 3TH NpPH3HAKH B CBETe eIHHCTBA pVI-
HBEIX ¥ OKOJIOPYJHBIX KOHUEHTPALHiI MEeTaJJIOB HAXOMAT OTpazeHue
B CTPOEHHH W FeOXHMHYECKHX XapaKTepHCTHKAX [MepPBHYHBLIX Opeo-
JIOB THAPOTEPMAJbHLIX MeCTOpoxAeHuil. PasButHe HX mnoAYHHSA-
eTcsl HalpaB/eHHIO PYLOKOHTPONHPYIOWIMX CTPYKTYpP H OJ1aronpHaT-
HBIM JIJIST PYAOOTJIOMXKEHHA TOPH30HTaM nopoid. Makcumanabio mnep-
BHYHBIE OpeOJbl PAacopoCTPaHAOTCA BAOJL NpeinojaraeMbix Ha-
npasJennii HanopHoro TedyeHuss (HHQUABTPAUMH) PaCTBOPOB — MO
BOCCTAHHIO H NPOCTHPAHHIO PYAHLIX TEJ, MO KOTOPhIM 3¢ eKTHBHLIE
pasMepbl OpeoJoB MOTYT AOCTHraTh MHOTHX coTeH merposn. Bogee
OrpaHHyeHbl OKOJOPYAHBIE NePBHYHLIE OPEOJIbl, BOSHUKAIOLIHE B pe-
syabTate AMPQPY3HH PACTBOPOB IO HANpaBJeHHIO BKPeCT MPOCTH-
paHusi pyAHBIX 30H, B OTAENbHBIX CcJlIydyasx HX 3d@eKkrusHble pas-
Mepbl COCTABJAIOT TOJBKO mepsbie mMeTphl. OAHAKO ualle OKOJOpPYI-
Hble OPEOJBI MEeCcTOpoXIAeHHH (OpPMHPYIOTCS B pe3y/ibTaTe coye-
Tanusi HHQUALTpauHn M AH(GGY3HH PacTBOPOB, 3aXBaTLiBasg o00-
LIHPHYIO 30HY NMOCTENMEeHHO 3aTyXalonleii TPEeUHHOBATOCTH GOKOBBIX
nopoz. BeaencTeue 310ro nepBHUHbBIE OPeodibl FHAPOTEPMAJbHBEIX Me-
CTOPOMKAEHHIT B CEUEHHH HEpPeiKo HMEIT CJaoxHyio dopmy, xapak-
TEPH3YACh YepelOBaAHHEM Pe3KO aHOMaJbHbIX (HHQHALTPALHS) H 10-
BBILEHHBIX OKoJodoHOBBIX (Lu(Qy3us) copepmaHnil pyAHHIX . 3Je-
MEHTOB (cM. puc. 54).

B oTiuyMe OT OJHOTO-ABYX, peiKe TpexX-ueThipex MeTaJJoB,
O6LITHO SABJAIOUIHXCA IOJE3HBIMH KOMNOHEHTAMH DPYAHBIX MeCTO-
POKIEHHH, reoXuMHUYeCKHe HCCJIEI0BaHHS BO BCeX cayuasx obHa-
PYIKHBAIOT TMOJH3JEMEHTHBIH COCTAB THAPOTEPMAaJbHOro opyheie-
nusi. [Ipy 3TOM HMeercsi B BHAY He TaK Ha3blBaeMoO€ <«NPHCYTCTBHe»
Tex HJIH HHBIX 3JieMeHTOB Tabuuns Menneneesa, n060i H3 KOTOPHIX,
corsiacHo 3aKoHy BepHajackoro, npH Haajexalleii YyBCTBHTEIbHOCTH
aHanH3a 3apefoM0 OOHAPYKHBAETCH B COCTaBe BCEX TOPHBIX TOPOIL
i pya (cum. 1.2). B nepBHYHLIX opeosiax H pyAax rHApoTepMashHblX
Mectopoxkaennit 1o 30-—35 u Gosee XHMHYECKHX 3JieMeHTOB ofpa-
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3VIOT aHOMaJ/ibHble KOHUEHTPALHH, OTYETJIHBO YKa3blBasi HAa HX yua-
CTHE B IipoLecce pyaroo6pasoBaHus.

[lepBHYHLIMH OpeOJaMH MECTOPOMKAEHHII ABJIAIOTCSH 30HBI OKOJIO-
PYAHBIX THAPOTEpMa/jibHO H3MeHeHHbIX nopod. Mx okoHTypHBaHHe
006BIYHO BejeTcsl BH3YaJbHO, pexe Mo AaHHbIM XHMHUYECKHX aHaJIH-
soB Ha K, Na, Si, Al, Mg, Fe u apyrue nerporeHHbie 3/ieMeHTBHI,
NPUBHOC MJH BbIHOC KOTOPBIX NPOHCXOJAHT MPH CEPHTH3ALHH, OK-
BapueBaHHH, MOJOMHTH3AIHH, TeMAaTHTH3alUHH M APYrHX npolec-
cax, CONPOBOMKAAIOIHKX pyrooTaoxKenne. OaHako oOlHPHBIE 30HLI
H3MEHeHHbIX [MOPOJ BO3HHMKAIOT M BHE CBS3H C OpyAeHEHHEeM HJIH
B JOPY/JHYiO CTajlHI0 H CJAYKAT TOJbKO KOCBEHHBIMH MOHCKOBLIMH
npusHakamu. [1psiMmoe nouckosoe 3nadeHHe HMeEOT aHOMaJbHbIE CO-
JepaHus PyAHBIX 3JeMeHTOB, KOTOpHle MO H30KOHIUEHTparaM mep-
BHYHOTO OpeoJia cnocoOHbl yKas3aTh MOJOXKEHHe SMHLEHTPa CcJenoi
PYZAHOI 3aJexXH.

Baueiiniee 3HaueHue AJsi METOLHKH TeOXHMHUECKHX NOHCKOB
HMeeT 30HaJbHOCTh PYAOOTI0MXKEHHS, T. €. 3aKOHOMepHoe H3MeHeHHe
COOTHOLIEHHIT MeXAY ABYMSI HJIH HECKOJbKHMH KOMIOHEHTAMH OpY-
IEeHEeHHS MO NPOCTHPAHHIO, MaJAeHHI0 M MOIIHOCTH pPYAHOH 30HbI.
HauGonee nosiHo 30HAJbHOCTE MOCTMATMAaTHYECKHX MECTOPOMKIAeHHI
Obls1a BrepBble paccMmoTrpeHa B. dmmoncom B 1924 r., oTMeTHBIIHM
3aKOHOMepHOe H3MeHEeHHe COCTaBa OpyleHeHHs ¢ rayOHHON W B 3a-
BHCHMOCTH OT IO0JIOXKEHHsI OTHOCHTEJbHO MaTepHHCKOH HHTPY3HH.
[IIHpOKYI0 H3BECTHOCTH MOJYYHJIH YCTAHOBJEHHBIE HM PALBI 30HAJb-
HOTO OTJIOXKEHHsi PYLHbIX 3JeMeHTOB (MO HampaBJeHHIO MaleHust
Temnepatypsl H ray6uns): Sn, W, As, Bi, Aug),, Cu, Zn, Pb, Ag,
Augy), Sb, Hg [47]*. 'eoxiuMuuecKkue Hcc/ielOBaHHS TEPBHYHLIX Ope-
OJIOB THAPOTEPMAJbHBIX MECTOPOKAEHHI MOATBEpPKAAT H pacliH-
PSIOT JaHHBIE O PSAaX OTJOMKEHHS 371eMEeHTOB.

A. A. CaykoB mepBHii 00paTH/ BHUMaHHe Ha MOHCKOBOE 3Haue-
HHe PTYTH, KoTopas 6Jarofaps CBOHM XaJbKO(PHIBHEIM CBOHCTBAM
H BBICOKOfI JieTydyecTH crnoco6Ha o6pa3oBaTh Ha/pylHble NepBHYHBIE
OpeoJibl B CBH3H € CYJb(HAHBIMH MECTOPOMKAEHHSIMH pPAa3THYHBIX
meTaJ sioB. Pacmipsas npeacraBieHns o0 HHAHKATOPHOH POJIH OT-
aeabnbix 3gementoB, H. M. CadpoHoB ykasan Ha cyllecTBOBaHHE
HaAPYAHBIX MEPBHYHBIX OPEOJOB TaJOHAHBLIX 3JEMEHTOB H, B 4acT-
noctd, wona. Ilocaenyiommue uccaenosannsg B. 3. ®ypeosa, H. A.
OsepoBoii, M. A. Jlanna, 5. A. CynoBa u MHOTHX ApPYrux m0OA-
TBEPAHJH TPaBHJBHOCTE 3THX npeiacraBaenHid. HaubGosee mnoano
BePTHKAJIbHAA 30HAJBHOCTb MEPBHYHBIX OPEOJIOB THAPOTEPMAJTbHBIX
cy/bhHIHBIX MecTOpozKAeHHi Gula ocBelena B paborax C. B. I'pn-
ropasia u JI. H. OBuununkosa [5, 17, 31]. Ha ocHoBe u3yuenus

* B paspepuyBuieiicss JHCKYCCHH 30HAJBHBI PSI HE BHIZBAJ BO3paKeHuii,
no Jlx. Cnépp oTpHuas Hayunblii NPHOPHTET 3DMMONCA, CCHIAfiCh Ha CBOW myh-
aukaunio 1907 r. Orpevasi Cnéppy, IMMOHC YKasaj, 4TO pslbl 30HAJbLHOTO OT-
JoeHHs 3jeMeHToB ycraHosua JI. xe Jlowe B 1900 r. B nocaenytouem B3rasabt
Aumonca kputukosaa C. C. Cuupuos, CyulecTBeHHH BKJAajl B H3yyeHHe 30-
HaJLHOCTH 3SHJIOTEHHBIX  MecTOpoxienuii npunamnexutr 0. A, Buaubuny n
B. H. Cmuapuosy.
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Gosiee 300 pasanuHblX MECTOPOXKAEHHIl aBTOPLI NPHBOAAT 060061EH-
HbIH psiZl 30HAJBHOCTH OTJIOMKEHHS 3JIeMEeHTOB (CHH3Yy BBepX):
W(|)—BE—AS(|)—'Sﬂ(”—AU(;)—U—MO—'CO—NE—Bi—
W(g)—AU(g;-——CU(])—Zn“-Pb'—"sn(g}——Ag——Cd—AU(a,—
CU(g)—Hg, AS(z], Sb—Ba.
3aech HHAeKch 1, 2, 3 mpH CHMBOJIax 3/1€MEHTOB 03HAYAlOT, YTO
B 3aBHCHMOCTH OT MHHepaJbHBIX ¢OpM H accoUHAUuil 3/JeMEHTH
MOTYT 3aHHMaTh Pas3JIHYHOE MoJIOXKeHHe B 30HaabHOM psay. Tak,
Hanmpumep, Sn(; oTBeYdeT OTIOKEHHI 0082 B dopMe KacCHTepuTa
SnO;, a Sny—B ¢opme Gosiee HH3KOTeMIIEPATYPHOrO cTaHHHHA
CuyFeSnSy; As(y cooTBeTcTByeT OTJ/IOMKelHI0 apceHomupura FeAsS,
a Asy) — aypunurmenra  As,S;; Cu()— xanabkonupura CuFeS,,
a Cug)— terpasapura 3CusS - Sb2S;. ABTOpHI CnpaBeliIHBO OTMe-
YalT CTaTHCTHYECKH{l XapaKTep 30HaJLHOrO pfAa, MOCKOJbKY B
KaxK/10M KOHKDETHOM MECTOPOXAEHHH, B 3aBHCHMOCTH OT €ro reHe-
THYECKO NpHHAMJEKHOCTH, Hab/10/al0TCa Te WJIH HHBIE pepecta-
HOBKH, 06e3 HapyleHHs cyllecTBa o06uieil nocjeroBaTe/lbHOCTH.
[IpuBenenHblii P MOXKHO AOMOJHHTL CHpaBa TAKHMH JETKOJeTY-
uiMHu 3ementamu Kak Tl, I; onpeseneHHbie MecTa B HEM 3aHHMAlOT
Th, TR, Sr, B, Li, F. B cocraBe 35—40 riaBHeHmnx 3/1eMeHTOB-HH-
aukatopoB opyaeHenus JI. H. OBYHHHHKOB BHIZEJSIET BOCEMb
«CKBO3HBIX» 3jemeHToB — Cu, Zn, Pb, Co, Ni, Sn, Mo, Ba, ¢op-
MHDYIOIIHX MepBHYHBIE OPeoJIbl 3HAOMeHHBIX MeCTOpOXKAeHHil 60Jib-
IMHHCTBA reHerHyeckux THnos. Cemb snemenroB — Sc, Ti, Cr, V, Sr,
Y, Zr — xapakTepHble KOMIIOHEHTH MMEPBHUYHBIX OPEOJIOB MECTOPONK-
AeHHi JHTOQHIbHBIX METAaJN0B (peiKoMeralbHble NMerMaTHThl, rpef-
3eHOBEIE, ANOTPAHUTOBLIE H Ap.) H cHAepo(HIbHBIX MeTamnoB. [1aTb
snementoB — Be, Na, K, Bi, W — yuacteyior B 06pa3oBaHuu nep-
BHUHLIX OpeoJoB JHTOQHIBHEIX MECTOPOXKAeHHI H OOLIHPHOH XaJb-
KOQHJIBLHOH TPYNNbl MECTOPOXKAEHU, BKIOYAT CONepKAlUIHE CY/lb-
¢uab 3010TOPYAHBIE, PeAKOMeTaJbHbBle H (IIOOPHTOBBE MECTOPOIK-
nenusi. M3 opeosoB MHOTHX MecTOpPOXK/IeHHH BO3MOXeH BHIHOC
JKejesa ¢ oGpa3oBaHHEM 30H OCBETJIEHHS, a TAKIKe 3JIeMeHTOB Py bl
wenesa — Ti, V, Cr, Sc, unoraa apyrux saementos [31].
Hab6aronaemasi 30HaAbHOCTh THAPOTEPMAJbHBIX MeECTOPOXKAeHHil
OCJ/IOZKHSIETCS MHOFOCTAAHIHBIM XapaKTepoM DPYAOOTJIOKEeHHs H I0-
CHAeAYIOUIHM  MeTaMOp(pH3MOM, OZHAKO CyllecTBOBaHHe oG6uei
VCTOHYHBOIl 3aKOHOMEPHOCTH He CTaBHTCS 1M0J comHenHe. s 06b-
SICHEHHS YVHHBEpCaJbHOrO XapakTepa 30HAJbHOMO PAAa OTAOMKEHHS
3JEMEHTOB NPHBOAATCS PA3NHUHBIE (PHIHKO-XHMHUECKHE 0GOCHOBA-
HHA — KOHCTAaHTHI pacmopnmocm COeJHHeHHH 3JIeMeHTOB, IToKa3a-
TeJIM YCTONYHBOCTH NMPOCTHIX H KOMIJIEKCHBLIX HOHOB NPH Pa3JIHYHBIX
snavennsx pH u Eh, pasauuns B ckopoctu nepememlenus (moaBHxK-
HOCTH) THAPAaTHPOBAHHBIX HOHOB B pacTBOpe, 3HAUEHHS SHEPTHH
kpucraaanueckux peuerok W ap. H. H. Cadponos co cchuikoi
Ha Makkes [35] cunTa/ OCHOBHOH NMPHYHHON 30HAJBHOTO OTJIOXKEHHS
9JIEMEHTOB W3 THAPOTEPM PAa3JIHUYHA HX HOHH3AIHOHHBIX TMOTEHIHA-
JIOB, C YBeJHUYEeHHeM KOTOPBIX BO3pacTaeT SHeprHs rHApaTalHH HOHA
W CHHXKaeTcs ero noJABmKHOCTb. A. A. MapakyueB 30HaJbHOCTH
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Opy/eHEeHHs1 CBA3LIBAET ¢ MOKA3aTeJAMH CPOACTBA 3JEMEHTOB K Npo-
TOHY H cepe, yKa3bBas B 3aBHCHMOCTH OT XapakTepa CpPeAbl OXH-
Jaemble PAAB OTJOXKeHHs, OJaH3KHe K Habmoaaemum. OTi0XKeHHe
PYAHBIX 3J€MEHTOB H3 THAPOTEPM, HECOMHEHHO, 3aBHCHT OT MHOTHX
OJIHOBpEMEHHO AEHCTBYIOLIHX NPHYMH H, 1O clpaBellHBOMY 3aMe-
yavuio I1. H. OBuunnukoBa, 6ecnJIOAHOCTb MOMBITOK OOBACHHTH
30HaJIbHOCTh pyA006pa3oBaHHs ¢ NO3HUHEH pelualouleli poJH Ka-
KOro-TO OLHOrO (pakTopa AOCTATOYHO ovyeBuAHA. MoxHO nIpedmnoJa-
rath, YTO HMEHHO OrpoMHoe pa3HooOpasue M COH3MEPHMOCTL OAHO-
BpeMeHHO JeficTBYIOLIHX (akTOpoB onpenensior HabJjiolaeMyi yc-
TOHYHMBOCThL PALOB 30HAJLHOTO OTJIOMXKEHHS 3ME€MeHTOB, KOT/a BIOJHE
OYeBH/HbIe BaPHAHTHI YACTHHIX YCJIOBHH He HM3MEHFIOT (MM H3Me-
HSIOT OY€Hb MaJjl0) KOHeYHBIi pe3y/bTar.

HauGonee oTueTyiHBO y KpYTONajAaiOUIHX THAPOTEPMAJbHBIX TeJ
NposiBJieHa BepTHKaJbHas 3oHaJbHOCTb. OTpakaloT ee pasjiHUHSA
OTMETOK MO TayOHHe MakCHMYMOB OTJIOMKE€HHS OTAeJbHBIX pYAHBIX
ssnemeHToB. [lpumep rpadukoB JuHeiiHO NPOAYKTHBHOCTH Opyle-
HeHusi Mp=[(z), XapakTepu3ylOUIHX pa3MellleHHe 3THX MaKCHMY-
MOB, MOKa3aH Ha pHc. 56. B panHom cayuae 30HaJbHBI PAJ OTJIO-
JKeHHsl 3JEMEeHTOB OTBeuaeT nocJejoBateabioctn (cuusy Beepx) Co,
(Cu, Zn), As, Hg, coraacysicb ¢ yHHBepca/ibHbiM psiioM. B mesom
pPYAOOTIOXKEeHHe NpoTeKaeT Ha (oHe cHHIKAMOULelics TemmnepaTyphbl,
a s Kax/J0To OTAeJbHOro 3JeMeHTa — B YCJOBHAX, L0CTATOUHO
6/H3KHX K H3oTepMHuYeckuM. [ToaToMy st XapakTepHCTHKH THAPO-
TepMaJbHOTO OpYAeHeHHsi VA0OHO MOJB30BATHCS NOHATHAMH O «Bhbi-
cokoremnepatypuux» (Sn, W, Mo, Co u ap.), «cpeanereMneparyp-
ueix» (Ni, Cu, Zn, Pb) u «Huaxkoremnepatypuuix» (Ag, As, Sb, Hg
H [p.) 3J€MeHTaX H accoUHALHAX, AaBHO ppHOOpETINHMH YCTOHYH-
BBEIH Te0JTOTHUECKHI CMBICT.

O6uiereo/ioryyeckue TNpeAcTaBAeHHs O THIPOTEPMAIbHOM PYO-
OT/IOJKEHHH M PEe3yAbTaThl H3Yy4YeHH§ MEepPBHUHBIX TeOXHMHYECKHX

ar 00 Mg,m %

(/]
40 A, —_——As

70 o————————X—"0-0u, Zn

10 . x—G0

/60
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Puc. 56. T'padmkn usmenenusi ¢ rayGuHoil JuieliHBIX NPOAYKTHBHOCTE(i 3JeMeH-
toB. [To A. C. Maaaxosy.
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Puc. 57. Monenb nepeHYHBIX OPeoJIOB
FHAPOTEPMAJIBHOTO MECTOPOKAEHHS.

1 — pyanoe Tteno. lepeH4yHbie OpPeonabl: 2 —
cBHHUa; 3 — pryTtH; 4 — flona; 5 — koGanabTa;
6 — coBpeMeHHblC OTIAOMKCHHA.

PumckuMu uudpamn oGo3gaueHbl HOMepa ro-

0peoJioB NO3BOJAIOT MOCTPOHTD
0600111eHHYI0 MOJe/b NepBHYHBIX
OpeoJioB  3HIOTEHHbIX  MEecTo-
poxaenuil. Ympomas u cxema-
TH3HPYS  PealbHYI0 KapTHHY,
3Ta MofeJ]b B CBOefi OCHOBe
CYMMHpYeT 3MIHpHYECKHe [aH-
Hble, HAKONJEeHHble Pa3THYHBIMH
asropami. Bokpyr Kpyronmaja-
Iouero Teaa  noJHMeTaiHye-
CKHX pyJd OCHOBHbIE pYyAHbIe
saementol (Pb, Zn, Cu, Au, ...)
06pa3yioT TNepBHYHbBIE OPEOJIH,
YCJAOBHO  TOBTOPSIIOLIHE  €ro
tdbopmy. bosee HH3KOTeMnepa-
TYPHbIe 3J1eMEeHTbI-CITY THHKH
(Ag, As, Hg, ...) o6pasyior
[IEPBHYHLIE OPEOJbl, CMelleHHble
N0  BOCCTAHHIO  OTHOCHTEJNBHO
PYAHOTO T€Ja, B HAAPYIHOM Npo-
cTpaHerse 000coGaAAIOTCS  ope-
OJIBl  JIEFKOJIETYUHX 3JIeMEHTOB
(Cl, ‘Br, 1, ...). 27y KaPTHHY
JOTOJTHAKT CMELIeHHbIe [0 Ia-
IEHHIO OT LeHTpa PYAHOTO Tesaa
OpeoJibl 3JEeMEeHTOB BBICOKOTEM-

i neparypuoii  accounauwnn (W,
Mo, Co, ...). [das ApPYrHX THIOB THAPOTEPMAJbHBIX MeCTO-
POXKIEeHHH OCHOBHBLIMH DYAHBIMH 3JEMEHTaMH, B HacTHOCTH, MOTYT
6uiTh Sn, W, Mo, Be, HenpoMblleHHEIMHE 3J1eMEHTAMH-CITYTHHKAMH
Cu, Pb, a poub Jerkojeryuynx KOMIIOHEHTOB HAaAPYAHOTO opeoJia
moxer npuHaaaexkats F u Li. Ias yaoGeTBa npH onHCAHHH 3TOM
MOJeJH PyAHbIH 3JeMEeHT YCJOBHO HasBaH «CBHHEL», HH3KOTeMIIe-
paTypHBIl 3JeMeHT-CIYTHHK — «PTYTh», BBLICOKOTEMIepaTypHBIii —
«K0DaMbT» H JIerkoJeTyuHil sjgeMeHT — «itoa» (puc. 57).

B ycaoBusx rayGoOKoOTo 3ajieraHusi cJenoro pyaHoro TteJa Ha
COBpeMeHHOIH AHeBHOIl MOBepXHOCTH M B OauKafWHX K Hel ropH-
30HTAX PYAOBMEIAIOILHX TOPOA NEPBHYHBI OPeoa MOKeT 06paso-
BaTh TobKO HoA. Ha yposHe I (HaapyaHoro) ropHsoHTa TOT Ke
HOJ MoKeT 06pasoBaTh ABe H30JHPOBAHHEE aHOMAaJHH, pacnona-
ralouiHecs no oGe CTOPOHLI OT OPeonJioB PTyTH H cBHHUA. Beanbie
OpeoyibHble cOAepHaHus CBHHILA H PTYTH MOCYT ObITh OLHHAKOBO
xapaktepHol u aaa I, w aas V ropusontoB pyaHoii sonbl. [Tosromy
no a0CoJIIOTHEIM COAEPKAHHAM 3JeMEHTOB THHNOMOp(HOro KoMI-
Jekca HeBO3MOXHO pasanuate Haapyausit (I) w noapyanwii (V)
HHTEPBAJIbl MEepBHYHOrO OpeoJia, 3Ta 3ajJaua pelaercsds TOJbKO 10
COOTHOWIEHHSIM MEMXAY COAep:KaHHSAMH 3JeMeHTOB. AHanH3 rpadmu-
KoB Mp=[(z) Aas 310l MOJAeJH MNOKa3biBaeT, YTO MaKCHMaJbHbe
KOJiHYecTBa HoOAa orJjaraiuch Bolie | ypoBHS, pTyTH — Memnay I
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u Il ropusontamu, HauGo/blune KoJaWdyecTBa cBuHLa orsedaior 11
TOPH30HTY, MaKCHMyM OTJIOXKeHHs KoGaabTa JexHT Ha V TrOpH-
30HTe MJIH HHzKe. B3aumuoe noJsioxenne MakcuMymoB My anst pas-
HBIX 3JIEMEHTOB, B COIJIACHH C NpHBeJeHHLIMH Bblllle JaHHBIMH, OT-
Beuaer 30HaJbHOMY paay (ceusy Beepx): Co, Pb, Hg, 1. Cyauts
0 BepTHKAJbHOH [OCAe/0BATeJbHOCTH OTJO0KEHHS 3JeMeHTOB [10
Pa3JHYHBIM OTMETKaM HX MAaKCHMaJbHBIX KOJHuecTB Mp MOKHO
TOMBKO B YC/AOBHAX MOCTONHCTBA (BHU3MKO-MEXAHHUECKHX W (PH3HKO-
XHMHUYECKHX CBOHCTB pyZAHOi 30HB. Jli06ble H3MeHeHHs TPeLlHHOBa-
TOCTH H MOPHCTOCTH PYZOBMEILAIOIIHX [OPOI, CMeHa HX MeTporpa-
(HUYeCKOro cocTaBa, Ha/JHYHE B pa3pese 3KpPaHHPYIOUIHX FOPH30HTOB
H JApyrue NPHYHHBL NPHBOAAT K pasiyBaM H NepexHMaM OpyjaeHe-
uust. OO6ycJ0BJIeHHBe 3THM MHOrOYHCJEHHblE MaKCHMyMbl H MHHH-
MyMBl Mp, coBmajaioulke 1o riayOHHe s 1eJ0fl TPynnbl 3JieMeH-
TOB, MAaCKHDVIOT TMOCJeA0BaTeJibHOCTh HX oTjoKeHHs. [Tostomy,
B OTJHYHE OT MOZEJH, B peaibHbIX YCJOBHAX He MaKCHMyMbl Mp,
arpaGHKH OTHOLIEeHHH MEXKIY KOJHYECTBAMH [ABYX 3J€MeH-
TOB XapaKTepH3YIOT HX B3aHMHOE I0JIOXKEeHHe B 30HaJbHOM psy.
ITomMumo 3akoHOMepHOro TsiroTeHHA OoJjiee HHM3KOTeMIepaTypHBIX
# JIEerKOJEeTYUYHX 3/]eMEHTOB K BEPXHHM TODH30HTaM pPY/AHOH 30HHI,
HajApyAHble Opeosbl MOryt o0oraulathCsl JerKkHMH H30TONAMH 3Je-
MEHTOB M COOTBETCTBEHHO HHIKHHE TOPH3OHTHI — THIKEJIBIMH H30-
TONaMi 3a cueT HX pasanunoil AuddysunonHoii noasuxHocTH [36].
Obulas NpOTSKEHHOCTH HAAPYAHBIX MEPBHYHLIX OPEOJIOB THAPOTEp-
MaJ/JBHBIX MECTOPOXIeHHil HajJ BepXHeil KPOMKOH NPOMBIILTEHHBIX
pyva no HMelouHMcs AadubiM moxker goctHratbh 300—500 u Goaee
1000 m.

[lepBHuHLle OpeoJibl COOCTBEHHO MarMaTHYeCKHX MeCTOPOKIe-
HUll BO3HHKAKT NP JHKBAUHOHHON W KPHCTAMIUIAUUOHHOH udde-
peHIHAUHH pachjaBa, Beiymed K pyaoobpasoBaHuio. IJTHM NyTeM
(hOpMHPYVIOTCH CHHTEHETHUECKHE MECTOPOMKAEHHS] MelHO-HHKEeJeBHX
cyIbOHAHBIX BKpPAlVIeHHBIX pyA B HHMKHHX uacTaxX AupepeHuupo-
BaHHBIX Y/bTPAOCHOBHBIX HHTDPY3HIl. B NpPOMBILLIEHHEX pydax 3TOrO
THNA co/deprKaHHe MedH H HHKeJSd JOCTHraeT HeCKOJbKHX IIpOLeH-
TOB, 00J1aCTbi0 MEPBHYHOr0 Opeo/ia ABJAETCSH BepXHAA 30HA yOOrux
BKpanJeHHHKOB, OTBeualollad He3aBepIIeHHOCTH INpoiuecca K MO-
MEHTy 3acThiBaHHsf MaccHBa (pHc. 58). 3oHanbHOe pacnpejeseHHe
METaJJIOB 110 BEPTHKaJH 00HapyKHBaeTcsd W B JaHHOM cilydae, Oy-
ayun 00f3aHO onepe:alolllemMy NPOABIMKEHHIO Ha rayOuHHY OGoaee
Taxenoro nentaanguta (Fe, Ni)eSs (d=4,95 r/em®) no cpaBHeHHIO
¢ Gonee gerkum xaiabkonuputom CuFeS; (d=4,28 r/cm®). Menee
H3y4eHbl IlepBHUHBIC OpeoJbl COOCTBEHHO OCALOYHLIX, 3K30TEHHBIX
PYAHBIX MeCTOpoAeHHil. ['eHe3dc HEKOTOPBLIX BecbMa KPYMHLIX CTpa-
TA(OPMHBIX MeIHBIX, CBHHIOBO-IHHKOBBIX H 30J0TOPYAHBLIX MeCTO-
POzKAeHHIT HOCHT CHIOPHBI XapakTep.

[TepBHUIHEIE OpPEOJBI OCAJ0YHBIX MECTOPOKIeHHH o0HApYyKHBAIOT
BCE€ NPH3HAKH [JOCKJIaAYaTOro MPOHCXOMXKIEHHS, NOAUHHSNSACH JHTO-
Joro-crparurpaduueckoMy, GaunajbHOMy KOHTpoaw. B yenoBuax
NepBHYHOr0 3aJeraHHsi OHH PaclpoCTPaHSAIOTCS B FOPH30HTAJbHOM
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Puc. 58. BeprukanbHeiii paspes marmaToreH-
HOTO MECTOPOMEHHA H KPHBBIE COJepIKaHHi
MeJH M HHKenf.

! — BMewmamliliie NOPOAK; 2 — yALTPAOCHOBHBIE mO*
poabl; § — BKPANAEHHOCTh cyabduZoB

Puc. 59. Cxema pacnosioeHHsi TOPH3OHTOB
B NPHHATON YCJAOBHOH MeTPHKE MIJd TeHETH-
YeCKH OJHOTHIHHIX PYAONPOSBJIEHHI.

a— 6 — pyaonpoABACHHA PasHbIx KaTeropuf
KPYNHOCTH; & — HENpOMBIILJIEHHOEe PYAONPOABIECHEE,
| — AneBHas TNOBEPXHOCTh; 2 — KOHAHIHOHHBle PpY-
Abl; J — HENPOMBLIWJCHHbIC COACPKAHHA MeETaanaa;

L/ B
m 1 7 7 :onn':::::;!yp NPOMBILLICHHBIX DYA MOCAe CHHXEHHS

o = (@l EEr [+

uan 6JH3KOM K HeMy HanpaBJjeHHH M, NPH CMeHe JIHTOJOTHYECKOTO
cocTaBa OCajJKOB, B NepeKpbiBalOlUIHe TOJILH He NPOoC/]eHBaioTCH.
OcaloyHbIM PYAHBIM MECTOPOXKIEHHAM H HX MEPBHYHLIM OpeojaM
B pAaBHOHl Mepe CBOMCTBEHHO 30HAJbHOE CTPOEHHE, XapaKTepH3ylo-
liee HAaNpaBJeHHOe H3MeHeHHe YCJOBHi OcaJKOHAKONJEHHs Ha reo-
xumHYecKHX Gapbepax (cm. pasien 1.8). 3oHaabHoe pacnpenesnenue
PYAHBIX 3J€MEHTOB OCaJ0YHBIX MECTOPOXAEHHIl XapaKTepH3YIOT H3-
Becthoie Tpuaasl H. M. Crpaxosa: Al—Fe—Mn aas ycaosuii
rymuaHoro autoredesa u Cu—Pb—Zn aas ycJoBHII apHAHOTO JH-
TOTeHEe3a, OTpakalollHe MOCJaeA0BATEJbHOCTh OTJIOXEHHS 3THX Me-
TaJJIOB N0 Mepe yAaJeHHs OT Geperopoii JHHHH OacceiiHa celHMeH-
tauun [44]. CBoumMu ocobGeHHOCTAMH MOP(QOJOTHH H 3JEMEHTHOTro
cOocTaBa XapaKTepH3yloTcsi NepBHYHBIE OPeoJibl MeCcTOPOXK/eHHi
dochopuTOB, cOBpeMeHHble HJH JpeBHHe aJJIIOBHAJbHble H MOp-
CKHe POCCHIIH H JApYTHe MEeCTOPOMKIEHHs OCajJ0YHOro reHesHca.

B KOHType NnepBHYHOrO OpeoJia OCHOBHOrO (1leHHOro) 3JeMeHTa
MoJIe3HOr0 HCKOmaemoro yao6Ho noJb3oBathesa obosnauenusmu 0,0
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aas #audaja w 1,0 aas KoHua ero aHoMadbHHX CcofepaHuil BAOAL
J06oro JHHEHOro HanpaBJeHHs. JTa MeTPHKa CJAYXKHT AJs ycTa-
HOBJIEHHS PACCTOSHHI MEXAy [ABYMS CEUEHHSAMH pYyAHOI 30HL H
onpeje/isieT MoJOMeHHe OTAEJbHOro MepeceyeHHsi B KOHTYpe 3a-
Jnexu. Jlas KpyronajaioUlHX PyAHbBIX Tesq orMerka 0,0 oTBeuaer
BepXHeil BHIK/IHHKE PYAHOH 30HBI, oTMerka 1,0 — HHKHeli BbIKJIHHKE
4HOMAJIbHBIX COJepXAaHHH OCHOBHOTO MeTaaja. ITH TOpPH30HTHI
(ceueHHus, YPOBHH) B HAmMpaBJ€HHH OCEBOH 30HANLHOCTH NPHHATO
HMeHOBaTb (pHc. 59):

I —uanpyausii, or 0,0 no 0,2;

II — Bepxuepyauwii, ot 0,2 10 0,4;

III — cpeanepyannii (neHtpaabnsiii), ot 0,4 10 0,6;

[V — nuxxuepyausii, or 0,6 a0 0,8;

V — noapyausti, ot 0,8 1o 1,0

H 3THMH 0603HaueHHSIMH Mbl OyJeM MNOJb30BaThCsl B JAalbHeii-
ueMm.

OcHoOBHBIE MHHEpPAJOTro-re0XHMHUECKHe XapaKTepHCTHKH TreHe-
THYECKH OXHOTHIHBEIX MECTOPOXKIEHHH He 3aBHCAT OT HX IPOMBILL-
JeHHOro Macumraba H HOBTOPSIOTCS B CEYEHHSIX, HaXOAAUWIHXCH
B OIHHAKOBOM TMOJIOKEHHH OTHOCHTEJbHO PYAOKOHTPOJHPYIOMHX
CTPYKTYp, HyTell NOCTYNJIEHHS PYAHOTO BellecTBAa H pa3MepoB KOH-
KpeTHBIX 3aJexeii. {5 npumMepa Ha pHc. b9 cxemaTHyecku H3006pa-
KeHBl TPH reHeTHYeCKH OAHOTHMHBLle KpyTOmajamoliHe pyAHble 3a-
JIeXKH OJHHAKOBOH JHH30BHAHOH (OpMBI, AJf KOTOPHIX CXOJACTBO
reoXMMHYECKHX XapaKTepPHCTHK IpejnoJaraercs A ONHOHMEHHBIX
rOPH30HTOB BCEX TpeX OOBEKTOB, a Pas/IMYHA OXKHAATCH MEXIy
TOPH30OHTAMH /51 Kaxaoro ofwekTa mo raybune. OO6bektsl @ H 6
NpH OAHHAKOBOM KayecTBe pY/A pAa3jHYaloTCs MO JHHEHHBIM pas-
MeépaM B /IBa pasa M, CJel0oBaTedbHO, MO 3amacaM MeTa/ljga B BO-
ceMp pas, O0OBeKTH @ H 6, MaJjo pa3/H4asich MO reoMeTpHYeCKHM
pa3mepaM, XapaKTepH3yIOTCH COOTBETCTBeHHO OGoJiee BLICOKHM H
Go7ee HM3KHM COAep:KaHHEM MeTajJa B pyaAnoi sone. Beaeactsme
310r0 006BEKTBl @ u 6 OyAyT NpHHaAJeKaTh K MeCTOPOKIAEHHAM
pPa3HbIX KATETOPHH KPYMHOCTH, a OOBEKT 8 — K HEeNpOMBbIlLJIeHHOMY
pyaonposBJeHuio. HezaBHCHMO OT 3TOro, 3aKOHOMepHOCTH PYAOOT-
JIOJKEHHsI, CBOMCTBEHHBIe AAHHOMY TeHEeTHUECKOMY THIY, NPHBEAyT
K OIMHAKOBOMY H3MEHEHHIO NMOTOPH30HTHBLIX Fe0XHMHUYECKHX 0cObeH-
HOCTEl Opy/JeHeHHs Ha HHTepBaJje OT ero HHMKHHX /0 BepXHHX BbI-
kauHOK. [IpeanosoxeHue, 4TO TeHETHYECKH OJHOTHNHblE OOGBEKTHI
a B 6 GyAyT XapaKTepH30BaThCSl HECONOCTABHMBIMH MHHEpaJoro-
re0XHMHYECKHMH 0COGeHHOCTSIMH TOJBKO B CHJIY HX PasJHYHOH Mpo-
MBEILLJIEHHOH OLeHKH, Ob1710 Obl OomHGOUYHBIM. [leHCcTBHTELHO, A0CTA-
TOYHO NOHH3HTH GOPTOBOE COLEPKAHHE MeTajljJa B NPOXKHIKOBO-
BKpanjieHHbIX pyaax toabko Ha 0,1 %, nanpumep nas Cu, ua 0,02 %
ans Mo uan nawxe Ha 1-107* % aaa Au, yToGBl HenpoMbIlULIEHHOE
pVAONpPOSABJEHHe Nepelio B paspal MeCTOPOXK/eHHH ¢ J0CTaTOYHO
KpynHbiMu 3anacamu pyA. IIpu Takom mepecmotpe KOHAHIHE 06D-
€KT 8 ¢ KOHTYPOM pyJ, NOKa3aHHbIM Ha pPHC. 59 MyHKTHPOM, B MpO-
MBIIIIJIEHHOM OTHOIIEHHH [epecTaHeT OTJHYaThcAd OT 0oObeKTa a H,
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CJe/l0BaTeNbHO, HX TNpeAblaylllee reoXHMHUecKoe MPOTHBONOCTABJIe-
HHE TOJBKO 10 NpPH3HAKY 3KOHOMHYeCKOH oueHKH OHJIO HecocTos-
TeJ/IbHbIM.

CaoiicTBenHble 11060MYy PyAHOMY OOBLEKTY NPHPOJAHEIE TEOXHMH-
yeckne 0cOGCHHOCTH, HMEIOILHE IeHeTHYECKHI CMBICH, He MOTYT Mpo-
H3BOJBHO MOABJAATLCS WJH HCYE3aTh B 3aBHCHMOCTH OT NepecMoTpa
ero npoMbllIeHHON oneHkH. [IpH HaJHYHH NMPHHUMNHAJBLHBIX MHHe-
panoro-reOXHMHYECKHX pPasJiHYHii MEXK1y NPOMbIILJIEHHEIMH H He-
NPOMBILITEHHBIMH OGBEKTAMH OHH JOJIZKHBI TPHUHCIASATLCH K pas-
HbIM TeHeTHYeCKHM THMNaM (MOATHNAM), AJS KaxKA0ro H3 KOTOPBIX
cxema (cM. puc. 59) Gyzer peanusoBaTbes B NojHoM o6beMe. Ha-
JHYHE AUCTEPCHH YUCACHHBIX 3HAYEHHH 3THX TEOXHMHUYECKHX napa-
METPOB /15l CePHH OAHOTHNHBIX CeYeHUIl 3aBeLOMO TpPe/nojaaraeTcs.
ITpHHUHN TeOXHMHYECKOTO H TIeOMeTPHYecKoro moaobus reHeTHye-
CKH OJHOTHMNHBIX OO0BLEKTOB PasjHYHONl KPYMHOCTH, MpejcTaBJe-
HHSl O eAMHCTBE DYAHBIX H OPEOJbHBIX KOHUEHTPaUHH [0JIe3HbIX
KOMIOHEHTOB, O BPEMEHHOM XapakTepe re0/0r0-3KOHOMHYECKHX
rPaHHlLl ¥ OULEHOK, NPHHAAJeXKAT K yHCJAY (QyHAAMEHTAJbHBIX M0J0-
XKEHHH METOAHKH reOXHMHYECKHX MOHCKOB.

4.2. MAPAMETPBI NEPBHYHOTO OPEOJIA

Onucate/bHyl0 TeOJOTHYECKYI0 XapaKTEPHCTHKY NEPBHYHLIX Opeo-
JIOB PYAHBIX MECTOPOXAEHHIl AOMOJHSET (H3HKO-MaTeMaTHYeCKHil
aHnaJaH3 mpoleccoB pyroobpasoBanus. Haiinenuble 3THM nyTtem ma-
TeMaTHUECKHe 3aBHCHMOCTH NO3BOJSAIT 10 HaOMIOJeHHBIM 3Haue-
HHSIM TFeOXHMHUYECKOTO MOJis OUEHHThb YHCJEHHYIO BeIHYHHY napa-
MeTPOB aHOMAanuil W NOBLICHTH OAHO3HAUHOCTH FEOJIOTHYECKHX Bhi-
BOJIOB.

AnanuTHYecKHe 3aBHCHMOCTH, XapaKTepH3YIOUlHe Mpolece rHi-
porepMaJpHoro opeosioobpasoBauus, 6blin npeanoxens P. M. Ily-
6oseim [20]., B. C. Toay6esmm [16], E. M. KparkoBckum [22] ans
NpocTHIX (H3HKO-XHMHYECKHX Mozesell. B ocHOBe HX JeXKHT cOBMe-
CTHOe peuieHHe AH(pGepeHUnalbHbLIX ypaBHeHHH MarepHaabHoro 6a-
JlaHca M KHHETHKH TreTeporeHHhX XHMHUECKHX pPEakUHH ¢ y4eToM
pata ponyitenuit. B wactuoctH, Haubojaee yaioOHLIM fABJAACTCS pas-
JefibHOE pacCMOTPeHHe OZHOMEpHBIX 3aj1ad O PYAOOTJIOMKEHHH TpH
¢uabTpalHH pacTBopa BAOJb OcAabJeHHOH 30HBI NPH OTCYTCTBHH
Jupy3un

Cw 7 x| Cr
ar dz ar

=0: (87)

¥ npu Audy3nn BellecTBa M3 pactBopa B caabonponHuaemee 60-
KOBBIE TIOPOABI

9w Cw _p PCx _
aT 1 aT 2 ax? : 55)

rae C-,H, CTls—KOH[lE’llTpa[[!lH PYAHOro BelleCTBa COOTBETCTBEHHO
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B XKHAKOH H TBep/loH ¢pasax; T — spems; U — ckopocTs MnoTOKa;
D — kospdunment auddysnun; x — HanpasieHHe Nno HopMaJiH K CTeH-
KaM pyAHOfi 30HH; 2 — HampasJ/ieHHe MO MaJeHHI0 PYAHOH 30HHL
Mamenenne KOHUEHTPANWH BellecTBA B TBepAoit ¢ase B ycio-
BHAX PEAKIHH MepBOrO nOpAAKa XapaKTepH3yeTcs ypaBHeHHeM

o (o (89)
rie K — KoHcTanTa CKOPOCTH peakinH, B oflieM cayuae fBJfIONla-
aca (yHKUHel TeKyUIHX KOOpAHHAT.

CoBmecTHBle pewtenus ypaeHenuit (87) u (89) uau (88) u (89)
NpH 3aJaHHBIX Ha4daJbHLIX H TPAaHHYHBIX YCJAOBHAX MO3BOJIAIOT Xa-
PAKTEpPH30BaTh pachpefesedde KOHIEHTPAUMH MeTaala COOTBET-
CTBEHHO BAOJb PyAHOH 30HBI M B OKOJIOPYAHOM OpeoJe B TBepAoH
H AHAKOH (a3ax B Kak/bli oTAe/bHbI MoMeHT BpeMeHH. Hekoro-
pble M3 3THX pelIeHHii PaccMOTPeHBI B LHTHPOBAaHHHIX paboTax.

KosnuecTBeHHble XapaKkTepHCTHKH npollecca TpebyloT CBeleHHit
00 HCXO/HBIX KOHUEHTPAUMAX PYAHOTO 3JieMeHTa B XKHAKOH da3se,
0 CKOPOCTH /IBH:KEHHSl pacTBOpa, AJHTEJIbHOCTH ero NpoTeKaHHd,
napamerpax cpellbl H 0 KOHCTaHTax peakiuil. Peulenue 3710l 3a1aun
3aBe/IoMO MHOrO3Ha4YHO, MOCKOJIbKY TPEANOJOMKEHHS O YHCJeHHBIX
3HAUEHHUAX OJHUX BEJHYHH, IPH PHKCHPOBAHHOM pesyJibTaTe B hopme
Hab/101aeMbIX HAMH PYIHHIX MeCTOPOXIEHHH, npHBOAAT K 3apaHee
00yCJ0OBJIEHHBIM OLEHKAM YHC/JACHHHX 3HAYeHHI JPYrHX BeJHYHH.
O6ocHoBaHHe METOAHKH TeOXHMHUYeCKHX IOHCKOB pPYAHBIX MecTo-
POXK/EHHH MO HMX NEePBHYHBIM opeojaM TpebyeT paccMOTPeHHs He
CTOJMBKO Npolecca pyAoofpa3oBaHus, Kak ero peay/brara, 3anedart-
JeHHOro B (hopme PYAHBIX 30H ¢ HEH3MEHHBIMH B MacuTabe Haiero
BpeMeHH KOHLEHTpPAUHAMH PYAHLIX 3JIEMEHTOB B FOPHBIX MOpPOAAX
(mpoueccsl rHnepreHesa B JaHHOM cayuae He obGcyxpaiores). [lo-
stoMy HuKe cHMBoaamu Cy, C, C, oGo3naualorcsi JOCTYMHBlE AJis
HEMOCPEACTBEHHOTO ONpefeseHHsi KOHUEHTPALHH PYIHLIX 3JeMeH-
T0B B TBepaoii (ase (Crp), a MHOrOYHCIEHHBIM [OKA3aTeJIAM IPO-
uecca pynooraoxeHuss (Cx, U, T, K u T. 1.) OTBOAHTCH pPOJb Heus-
BECTHHIX KOHCTAHT. XapakTeDHCTHKOH pedyJbrata pPyACOTJIOKEHHS
SIBJSIOTCS 4YHC/JeHHBle 3HadeHHsi TeX TeOXHMHYECKHX MNapaMerpoB
Opy/eHEeHHs, KOTOpble MOI4aloTcs OnpeiejeHHI0 HCX0As H3 TeopeTH-
YeCKHX MNpejicTaBJeHHii W HaluaonaeMblX pacmnpejeneHHii XHMHUe-
CKHX 3/IEMEHTOB B OpeoJiax H pyaax.

B naunGonee obuiem cayvae COAEP:KAHHA PYAHOro 3JeMeHTa B
THAPOTEPMAJILHOM OpY/eHEeHHH MO HaNpPaBJEeHHIO ABHKEHH§ NOTOKa
nocTeneHHo BO3pacTaloT 4o Hekotoporo yposHs C,, OTBeualllero
VCIOBUAM HACHIWEHHS, 4 3aT€M MOCTENEeHHO 34TyXalT BCJAEICTBHE
pacxoloBaHHs MOJIe3HOH Harpysku pacrsopa. B npocreiiiem cayuae
B 00J1aCTH BEPXHHX H HMIKHHX HHTEPBAaJIOB DYAHOH 30HLI, OTBEYal0-
HIHX COOTBETCTBEHHO HAADPYAHOMY H MOJAPYAHOMY MEPBHYHBIM Opeo-
JlaM 3a/le’kKH, H3MEeHeHHe COJepXKaHHi MeTassna ¢ rayOHHOH npouc-
XOAHT MO 3KCNOHEeHUHANLIOMY 3aKOHY:
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C.=Ce~" 4-Cs, (90)

rie Co— KOHIEHTpalUHa Merta/asa B Toukax z=0 B Hayaje u B KoHlle
30HBI HACHILLEHHS; A — NapameTp, XapakTepH3YWIIHi YCIOBHA HH-
(PHALTPALHOHHOTO PYAOOTJIOMKEHHS.

B oaHopoaHo#i H30TpONHOI cpele No 3TOMY Ke 3aKOHY H3MeHs-
I0TCsl KOHLEHTPalUHH MeTajja B OKoJopyAHOM AHGDGY3HOHHOM ope-
oJie ’

= Cp ™ 4G, (91)

rae Cp— KoHueHTpauus Meranna B Touke x=0; A, —napamerp, xa-
paxkrepusyiounii auddysneHHoe nocTynjeHHe PyAHOTO 3JeMeHTa
B OOKOBbIE MOPOJHI.

3asucumoct (90) u (91) npu nonynorapudmuueckom macurabe
NOCTPOEHHS, 3a BEiUeTOM (oHa, HMEWT BHA NPAMOJHHeHHBIX rpadu-
KOB C pa3/uuHbLIMH HakJdoHaMmu (puc. 60). B 3aBHCHMOCTH OT THnNa
OpyACHEHHS H CBOMCTB XHMHUYECKHX 3JIeMEeHTOB, y4aCTBYIOLIHX B NIPO-
Hecce, OTJNOKEHHE M0Je3HBIX KOMIOHEHTOB MOMKET NpoTeKaTh B ycC-
JIOBHSIX HACBIleHHS HA pa3juHuHbiX abCOMIOTHBIX OTMETKaX pYIAHOM
30HBI M TNIpPH pas3inynoil nmpoTskeHHocTH H 3toro uHrepBaJsa. Mak-
CHMYMbl COAEp:KaHHi 3JeMeHTOB-CIYTHHKOB MOTYT pacnoJiaratbcs

a -

&M 65, yened.

10

7 szat ) a
9Cx Cx,ycn.e
70“5 mx J

W O =213

Puc, 60. Teopernueckue rpaduku cofepmaunii meranna (3a puverom Gona):
a— 1o NajeHHy pyaAHOH 30HBI; 6 — B OKOJOPYAHOM OpeoJie.

I — pyanoe Teno; rpadmku C, W Cx: 2 — p noaynorapudmuveckom MaclwraGe; 3 — B apud-
MeTHYECKOM Mmaciutabe
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Bblllle HJH HHMKe HHTepBaJa NPOMBILLIEHHBIX Py, NMoAo6HO colep-
MaHHAM Hoda, pTyTH, KobGaabTa B OpeoJiax CBHHLOBOIO MECTOPOK-
AeHus (cM. puc. 57). AHAJOTHUHBIM 3KCIHOHEHIHAJbHBIM 3aKOHOM
CO CBOHM 3HAUeHHeM MNapameTpa Az XapakTepH3yercs pacnpeelenne
PYAHBIX 3JE€MEHTOB B Opeose, 00pa3oBaHHOM NPH T'PABHTALHOHHOIN
Aupdepenunanun pacniasa (cm. puc. 58). 3asucumoctu (90) u
(91), ecTecTBeHHO, ABASAIOTCH He eAHHCTBEHHBIMH, H pacrpeeseHus
PYAHBIX 3JeMeHTOB B Opeoaax H pPyAax uacTo HMeIOT CJOKHBIIT xa-
pakTep, A5 KOTOPHIX dHAJHTHUECKHE PELUeHHA He MOTryT GBITh Hail-
nensl. [IpHBenenHble npocTeifline 3aBHCHMOCTH A0CTATOYHO GJIH3KO
COOTBETCTBYIOT BBIXOJAY Ha IOBEPXHOCTb OnpoGoBaHHsA CAMbIX Bepx-
HHX (anHMKaJlbHBIX) MHTEpPBAJOB HajapyAHOro opeosa. Hwmenwo stor
ciyyail oOTBevaer BajkHeHIleH 3alaye — reOXHMHYECKHM MOHCKaM
riay6okosaZieraouux pyassix res. Ilapamerpsl Ay u Ay HHOrA HMe-
HYIOT «KO3((HUHEHTAMH TNOTJIOILEHHA», XapaKTepH3YIOUIHMH TNpo-
lecc mnepexola XHMHYECKOro 3JieMeHTa H3 pacTBOpa B TBepAylo
tasy. las anasusa NepBHUYHBIX OPEOJOB MeCTOpPOMAeHH yaoGHee
paccMaTpHBaTh BeJHYHHY 1/A, HMEIOLULYIO CMBIC] <«TeOXHMHYECKOH
MOABHKHOCTH» MM «MHI'PALHOHHOI crnocobnoctu» 3aaeMmentos. [lo-
CKOJIbKY X H 2 BbIpaKalTcss B MeTpax M IOKasaTellb CTeneHH B
YPaBHEHHH 3KCNOHeHTH BeJHYHHa Oe3pa3mepuasi, napamerp I/A
H3MepseTCs B MeTpax, 4TO COOTBETCTBYeT ero GH3HYeCKOMY CMBICJY.
Beanunna 1/2; xapakTepH3yeT NOABHAKHOCTh XHMHYECKOrO 3/€MeHTa
B HHHALTPALUHOHHOM HAAPYAHOM HJH NOAPYAHOM NEPBHUYHOM Ope-
oJe, 1/ks — NOABHKHOCTL 3jeMeHTa B AHPOYIHOHHOM OKOJOPYIHOM
opeosie, 1/iha— MOABHKHOCTL 3/eMeHTa B MarMaTtoreHHOM Hajapyad-
HOM OpeoJie MPH rpaBHTALHOHHOM OCEe/JaHHH PYAHBIX YACTHIL B pac-
niaase. C uncJaeHHOlI CTOPOHE mapameTrp 1/A coOTBeTCTBYeT cpei-
Heil BeJlHYHHE MyTH, NMPONJAEHHOr0 AaTOMaMH pYAHOro 3JeMeHTa,
yuacTBOBaBLIHMH B mpoiecce. Or aGco/oTHOTO YPOBHS COAepiKa-
HHH 3JEMEHTOB, OT YYBCTBHTEJLHOCTH H TOYHOCTH aHaju3a npob H
oT 3((eKTHBHLIX (BbISIBJEHHBIX) pasMepoB opeoja mapametrp 1/A
He 3aBHCHT, O0BEKTHBHO XapaKTEepPH3Ysl CPaBHHTE/]bHYIO TeeXHMH-
YeCKYI0 M0/IBHKHOCTb 3/IEMEHTOB.

Ecnun rpaduk nHabJ0JeHHBIX cOAepiKaHHii pPYAHOro 3J1eMeHTa,
3a BblueToM (pona, B KoopanHaTax X, lg C. uinm 2, lg €, ynoBieTso-
PHTeJLHO annpoKCHMHpyeTca npsaMoil JuHHelH, nmapamerp 1/A moa-
NlaeTcss HemocpeACTBeHHOMY omnpeje/eHHio. B stom ciayuae ctgo
yrja Hak/JOHa ocpeaHsiolled npsiMod K ocH x (uaH z) Gyzer mpo-
NOPUHOHAJIEH BeJIHYHHE MHrpalHOHHOM crnocobuocti 3nemenra. [lo-
CKOJBKY HAKJOH NPsIMOii 3aBHCHT OT BbIOpaHHOro Macluraba no-
cTpoeHus rpaduka, abcosloTHOe 3HAYEHHE MOABHXKHOCTH 3JeMeHTa
(B MmeTpax) HaliieM H3 BBIpayKeHHs

h=—Y _ctg 0=0,434Y ctg o, 92)
In 10

rae Y — npHHATHIl MOAYJb AecsTHUHBIX JOrapumoB cojepiKaHHH
3JIeMeHTOB, BHIpa)KeHHLIH B JHHeHHOH Mepe OCH pPacCTOSHHIL
[TpuMep OUEHOK MHIPAUHOHHON CNOCOOGHOCTH CBHHUA H MOJHO-
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Aeia B Auddy3HoHHOM
OKOJIOPYAHOM OpeoJie mo-
Kazan Ha  pHc. 61,
Haiinennsle 3HayeHns
1/a2(PB) =45 M H
1/22(Mo) =6,3 m ycranas-
JHBaiOT OoJee BLICOKYIO
NOABMKHOCTL  Moaubaena
M0 CPABHEHHIO CO CBHHILOM.
OpderTnpHasn LIHPHHA
NepBHYHOTO OpeoJia CBHHILA
NpeBbIIAET pasMepsl ope-
oJla MoJIHGJIeHa W 1O BeJIH-

X

"}/A=5'3 ih YHHE HermapaMeTpHYeCcKHX
2=20 N nokasatenein  (cm.  1.5)
m-.'i&"‘OQ'x--X- MOXKHO ObUIO 6Bl NpHATH
i flee S B ey S NGyl K OWHGOYHOMY  BBIBOLY
Eﬂ § W /5 20 NI IM 0 CPaBHHTEJIBHON MOJBHIK-

HOCTH 3JeMeHTOB.
Puc. 61. Ouenka MHTPalHOHHON cNOCOGHO- Pann MOABHKHOCTH
cri 3aementon I/A B anddysnonnoMm nep-  37eMeHTOB, yCTaHaBJIHBae-
f“'”“”" S eh " evenrop.  MDI€ TIO BeIHUHHE mapa-
2 5a seseron dona: 3 Ges muvera gona. . MeTpa /A, He crenyer cMe-

ﬂ"i{"";ﬂ_‘fd:;*é“"‘ ’:'fﬂmf_:ﬂ;?"g"' qulel!f:mf‘l’:ﬁ IIHBATh C PACCMOTPEHHLIMH
ug::ynmpnna ox;eo.n:‘ : BHIIE PALAMH 30HAJBHO-

CTH OTJIOKEHHA 3JeMeH-

ToB. B mepBom cayuae peun
a O MocJ/ef0oBaTeNbHOCTH pa3Melllenns (no ray6HHe oT MoBepx-
HOCTH, MO Mepe [aJleHHsi TeMmmepaTyphl, yaaJeHHS OT aKTHBHLIX
HHTPY3HH MM OT OeperoBoil JHHHH) MAKCHMYMOB OTJIOXKeHHs pas-
JHYHBIX 3JIeMEHTOB B 30He OpyAeHeHHs., ITH MNOCAeL0BATEBHOCTH
HOCAT YCTOHUYHBBIH XapakTep, YTO MO3BOJIHJO YCTAHOBHTh H3BeCT-
Hbl€ PsA/bl 30HANLHOIO OTJOKEHHH 3JE€MEHTOB NPH IHAOTEHHOM py-
noobpasoBauuu. B oTanuue OT 3TOrO, pPsiabl MUTPaUMONHHON CNoCO6-
HOCTH 371eMeHTOB I/A; n 1/A; naxe B npelenax ONHOTO MECTOPOIK-
JAeHHA H3MEHsATCA no raybOuHe PYAHOH 30HB,, BIJOTH A0 TMepe-
MeHbl 3HAaKa nokasateas AH(GOVIHOHHON TMOABHMKHOCTH 3JeMeHTa
1/h: u oGpasosanus Ha Oojee rayGOKHX TOPH3OHTAX OPEOJOB Bhi-
Hle1aulBaHHs.

[Tpu Hannuun pesyibTaToB oNpobOBaHHS HA ABYX YPOBHAX Hal-
PyAHOro NepBHYHOTO OpeoJa, A0NycKast cob/i0feHHe 3aBHCHMOCTH
(90), moxHo rpauueckH OLEHHTb FIyOHHY 2p>>23, Ha KOTOPOIl co-
JlepKaHHe Mertajsaa B PYAHOH 30HE NPeANnoJOoKHTENbHO MOCTHIHET
3ajannoit Beanunnsl Cp. Jlna 3T0ro J0CTaTOYHO NpAMYIO, mpose-
JeHnyio uepes touku 1g Cy, 2, u 1g Cs, 2, mpoaanTL B CTOPOHY BO3-
pacTalouiux cojepikaHuii merajjia 10 ee Bmxola na aGeuucey Chp.
Tor ke peayabTaT MOXKHO NOJYUYHTDL, BHIUMCAAA 2, W3 BbHIpaKenns

. lgCp—1gCy lg (Cp/Cy)

p =22 x —— 28 - ’ (93)

lgC;— g Cy Ig (C2/Cy)
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rae orcuer rayOHH 2p H Zp Be-
gercs or ypoBHa 2=0, C; n
Cy — cojlepxKaHHsa MeTajlla 3a
BbYeTOM (OHA B UEHTPAJbHBIX
TOYKaX MEepPBHUHOTO OpeoJa co-
OTBETCTBEHHO Ha TepBOM H BTO-
pOM YpOBHSX.

[IpHsHakoM  MPUHAJJIENKHO-
CTH TOTO HJIH HHOTO XHMHYec-
KOTO 3JeMeHTa K YHCAy ChyT-
HHKOB TIPOMBILIJIEHHOTO OpYyJe-
HEHHST C ONpejeeHHBIM OCHO-
BaHHEM CJAYXKHT CHJIBHAf 10JO-
KHTEbHAS KOpPpeNsiuua Mexay
ero cofeprKaHHAMH H coJeprKa-
HHSIMH  OCHOBHBIX  IOJIE3HBIX
KOMIIOHEHTOB B OpeoJax M py-
aax. OpHako oOTCYTCTBHE
TAaKOH CBSI3H HJIH CTATH-

Puc. 62.
{4 OJJHHAKOBBEIMH

KOppeasiiHH Mexay
PYAHBIX 31€EMEHTOB.

a—zx/y>1; 6—x/y<l; b u 22— orpuna-
TeAbHAs KOpPPeAslHs 0PH pasaHuHbIx dop-
Max anomanufi. T'padHKH cofepXaunfi sje-

Teoxumndeckne

anOMaANNY
Ko3thuIHeHTAMH
COLEepPIKAHHAMH

CTHYCOKH SHATAMAL 0T~ oo 440 4 pymen: sl

pHlLaTeJbHas KoOppeuas-

HHS MEXAY COAEPNKAaHHAMH ABYX PYAHB X 3JeMeH-
TOB He JOKa3bHBaeT HX OTJHOXEeHHSN B pPa3dHHEe cTa-
AuH npouecca. HefcTBurenbHo, Bo3Bpamiasick K 0006ueHHON
cxeMe NepBHYHOro opeosa (cMm. puc. 57), 3apaHee HonyckKas, 4To
Ko0aJsbT, CBHHEll, PTYTb H MO/ OTJIOXKHJHChL B OJHY CTaJHIO, MOXKHO
00HApYKHUTh, 4TO HAPALY C CHIBHOH NOJOXKHTEJbHOI KOppesnsinen
Ha ONpeleJeHHbIX THICOMEeTPHYeCKHX YPOBHAX CBA3b MEXKIY CO-
AepKaHHAMH 3THX 3/IeMEHTOB OTCYTCTBYET, HMeeT HeJHHelHbIH
XapakTep HJAH fiBaseTcsi oTpunarenpHol. KosadduuHnents xoppenf-
ILHH MEeKAY COAEpXKAHHAMH pYAHBIX SJE€MEHTOB, SBJSIACH CTATH-
CTHYECKHMH IOKa3aTeJsMH, npoGpeTalnT OZHHAaKOBHI€ 3HA-
YyeHHSH TNPH CYWECTBEHHO pa3HbIX MPOCTPAHCTBEH-
HBX pacnpefefeHUTX 31eMEeHTOB B reOXHMHUYCCKNUX
aHomMaauax (puc. 62).

Taxum o6pasom, BCS COBOKYNHOCTh KO3((hHIHEHTOB KOppeasul
Mex1y COAepIKavuAMH 3JeMeHTOB, HeoGXomumas [Js obileii reo-
XHMHYECKOH XapakTepHCTHKH DYAHBIX MECTOPOMKIAeHHH PpasJHUHBIX
reHeTHYeCKHX THIOB, HENpPHTOoAHa /AJf [HATHOCTHKH HaJApy[aHBIX
NepBHUHBIX OPEOJIOB.

Bosee 200 ner tomy Hasan ropHsiku Pyanoro Aatas 3HauH,
4TO 110 TMaJeHHI0 TOJHMETAJTHUYeCKHX 3ajexel CHHIKAeTCH «CBHH-
LOBOCTb® DPYA H pACTeT HX «UHHKOBOCTb», T. €. maaaer c ray6u-
HOli Be/JIHYMHa MOKa3aTens 3oHadbHOocTH v=Pb/Zn. 31ecs u
B JlajbHefileM B MOKasaTe/lfix 30HAJAbHOCTH v CHMBOJaMH 3JeMeH-
TOB 0603HaualoTCs HX KoaundectBa (B M 9%, mM20,) uau cpennue
colepmanua Ha ropusonre onpofoBanusi. BenuuMHb OTHOMIeHUH
MEXK/Yy COofepKaHHAMH (MJH KOJHYECTBAMH) 3JeMEHTOB NpH YCJO-
BUH HX 0O6e3pa3MepHOro xXapaKTepa mMO3BOJNAKT ¢ OJH-
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HAKOBBIM YCMeXOM XapakTepusoBaTh u Ooratoe pyaHOe Teqo, H
HEeMPOMBIIIJIEHHYI0 MHHEpaJH3alHi0, YCTaHABJHBAA MeEXKAY HHMH
CXOACTBO WJH paszauume (cM. puc. 59). Ecan B panuHoii Touke opy-
JieHeHue XapakTepH3yercss KOHKDETHOI BeJHYHHOIl nokasareas v,
TO NPU3HAKOM TeO0XHMHYECKOH 30HAaJbHOCTH SIBJASETCH H3MeHeHHe

3TOI BeJHYHHBl B MPOCTPAHCTBE, WJIH
dv
gradv= : v
ds

rie S —HanpaBaenne HauboJblIeii H3MEHYHBOCTH BBIOPaHHOrO MHO-
Kasarens.

30HAJBHOCTh #BJSETCS BEKTOPHOH BeJHYHHOH € OPTOroHalb-

a av d
HBIMH COCTaBJAKIHMH —'-—‘av ’ ———a H —-—av , TAE X COOTBETCTBYET Ha-
x y 4

NPaBJIEHUIO 110 HCTHHHOH MOULHOCTH PYAHOM 30HbI, §— MO ee Hpo-
CTHPaHHIO H 2 — N0 najennio. OueBH1HO, YTO

-GG

Hamenenne cpeanux cojep:auuii JM060ro OTAEJIbHO B3SITOrO
3JeMeHTa MJIH MOUIHOCTH pPY/JAHOH 30HHE BJAOJL OMpefeNeHHOro
HAaMpaB/JeHHs He CJeAyeT HMEHOBATh «30HaJbHOCTBIO». B 3THX cay-
4afgx yMeCTHO rOBOPHTHL 06 YBENUYEHHH WIH 3aTYXaHHH HHTEHCHB-
HOCTH opy/jeHenusi, o Gorarbix u OejHbIX HHTEPBanax, BHIKJIHHHBA-
HHH, pasayBax WJH TepexHMax pY/AHOH 30HBI, HCMOJb3Ys A
3TOro OJHO3HAYHBIEe reojoruyeckie Tepmuubl. Ecam cooTHouenue
MeXIy ABYMS XHMHUYECKMMH 3JIEMEHTaMi BJ0JL BHIOpaHHOrO Ha-
NpaBJEHHS OCTAeTCs MOCTOSAHHBIM, HE3aBHCHMO OT H3MeHEHHs MOop-
dosiorun opyaeHeHHsi, ero OGorarcTBa muaum OGeHOCTH, MOKasaTeJb
v=const, grad v=0, u 30HAJLHOCTb OTJOMKEHHS 3THX ABYX 3Je-
MEHTOB B/J0JIb J4HHOTrO HanpaBjeHHsi oTcyrcTByer. ['eoxumuueckas
30HAJBHOCTh OGBACHAETCS MHHEPaJOorHYecKoil 30HaJIbHOCTBIO OpY-
JleHEHHST — H3MEHeHHeM  KOJIHYeCTBEHHbIX COOTHOLIEHHI  MeM1y
MHHEpaJaMH, NOABJCHHEM HOBBIX MHHEePaJIbHBIX dopM HAH H3Me-
HEHHEeM COCTaBa 3JeMeHTOB-npHMecefi B Munepanax. ITostomy reo-
XHMHYecKas H3MEeHUHBOCTh ABJsAETCA OOIIHM NOKa3aTeJeM 30HaJbHO-
ctH opyAeHeHus. [las XapaKTepHCTHKH KpyTONaJaloUHX 3HIOTeH-
HEIX MeCTOpOXKIeHHH HauOOJbllee 3HAYeHHe HMEIOT BepPTHKAJbHAasd
30HAJBHOCTb OpYAEHEHHA V; H 30HAJbBHOCTh B IJIOCKOCTH PyA-
HOTO TEJa Vy:, a AJad Teqa O0JblIOil MOMWHOCTH H GJH3KHX K H30-
MeTpHUYECKHM — B IJIOCKOCTH Pa3Be/04YHOro CEYEHHS vy.. B mepeoM
cjlyyde 30HaJbHOCTh XapaKTepuaywr rpadukn v.=f(z), B ABYX
JAPYrUX CJayyasix — COOTBETCTBEHHO KapThl H30JAHHHIA v=[(y, 2)
n v=J(x, z). llonoxenne BEeKTOpa 30HAJALHOCTH HA 3THX Kaprax
B 000N TOYKe OMpeaessieTcs HOPMalibio K HaNpaBJeHHi0 H30JH-
Huii v. PaccMorpeHHe nepBHYHOII 30HAJILHOCTH OPYAEHEHHs Orpa-
HHYHUBAETCH KOHTYPOM 3aBE/OMO AHOMAaJbHBIX COAEpPIKaHHi 3Je-
MeHTOB C.>C,. llockonbky nokasaTtenu v BBIYHC/ASAIOTCS 3a Bblue-
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ToM (oHa, 3a npeaesaMu PYAHOH 30HBI OHM He CyllecTBYlOT. 3a-
KOHOMEepHble H3MeHeHHsi ¢ TAyOHHOH BEJHYHH OTHOLIEHHH MeX1y
COJEepKaHHAMH METa/JVIOB B pPYyJAax 3HIOTEHHBIX MeCTOPOMKAEHHH
OTMeYanuch MHOrHMH aBtopamu eme B 30-e roaw, Hanpuwmep,
y6biBanHe c¢ ray6uHoi mokasarteneli Ag/Au uam Cu/As cooTser-
CTBEHHO /IS 30/I0TOPYAHBIX W MEAHbIX MEeCTOPOXK/eHHil.

[To Bennunne nokasareas v=Pb/Zn Y. X. Bpayn ycranosua
npejnonaraemMble NyTH ABHMEHHs FHApPOoTepM npH (GopMHpoOBaHHK
mectopoxaenns OcruuBuan B CIIA, [losanee ananoruubbie wuc-
caenoBaHuss Ha pyaHuKe Baaiikaunnen B [pennananu nposen
Y. X. Tpocc. Ilonyyennele uM BecbMa BHIpasHuTe/bHble 1aHHbIE
(puc. 63) moka3wBAKOT, 4T B PYAHOH 3oHe Ha nporamenun 300 M
BeJHYHHA 3TOro Mokasarteas uamensierca B 20000 pas. Ha kapre
H30aHHAA v, =Pb/Zn ortuerinBO (HUKCHPYeTCA NOJNOKEHHE BeK-
TOpa 30HAJbHOCTH, OTBeyaiollee MAJEHHIO TeMNepaTypbl AeKpenH-
Talul KBapua.

[Tpu reoxuMHYECKHX MOHCKax TMOKa3aTeaH OTHOIUEHHI Mex1y
cofepxkanuamu U, Mo u Pb ans XapakTepHcTHKH BepTHKaJbHOH
30HAJbHOCTH YPaHOBLIX MeCTOPOKAeHHii ObliM BnepBhie PaccMoT-
pentt A. 1. Ka6aykossim u I'. M. Beprenosbim B 1960 r. B naan-
HefilleM pasJHyHble MOKasaTeqH OTHOUIEHHH MEXK1Yy COAep:KaHH-
AMH JBYX HJIH HECKOJbKHX PYAHBIX 3/JI€MEHTOB CTAaJH WIHPOKO NMpPH-
MEHAITbCS B TMPAKTHKe TeOXHMHYECKHX MOHCKOB CJENbIX PYAHBIX
teq. HauGonpburefi paspewatouieii cnocoGHOCTBIO, M03BOJAIOLIEH
YBEPEHHO OPHEHTHPOBATbCS B MeTPHKe PYAHON 30HH, objaajialor
reoXHMHUYECKHe MOKa3aTeNH, uHC/AHTENb H 3HaMeHaTeJb KOTOPHIX
cchopMHpPOBaHBEl H3 3JEMEHTOB, 3aHHMAIOLIHX KpajiHHue MOJOKEeHHA
B 30HaabHOM paay. Mexoas w3 atoro npunuuna C. B. Ipurops-
HOM Obl BHIGpAH TeOXHMHYECKHI MNOKasaTenb s OlLEHKH Opeo-
JIOB CBHHIIOBO-LHHKOBHIX MECTOPOMKIeHHil

__ Ag-Pb-Zn
Cu-Bi-Co

UncaeHHble 3HAYeHHs 3TOro IoOKasarens B HHTEpPBaje TayOHH
nopsiika 600 M ymenbwatorca B 30000 pas, ycroiunBo Xapak-
TepH3ysl 30HAJbHOCTH HCCAEIOBAHHBIX MOJHMETANIHYECKHX MECTO-
POK/I€HH{I, CYLIECTBEHHO Pa3jHUHbIX MO YcJaOBHAM (GOPMHPOBaHHSA.
Ha puc. 64 npuBegeHbl TeOXHMHYECKHe NOKa3aTe/lH, XapakTepH-
3ylolllie 30HaJAbHOCTh MeaHoro pyfonpossiaenus B [OxHom Kasax-
craHe. 37ech B HHTEpPBaJie OT HaJPY/AHOrO 10 HHMKHEPYAHOro TOpH-
30HTOB (=~700 M) BeJHuYHHA MOKA3aTesisi 30HAJNbHOCTH H3MeHSeTCH
B 62 mun. pas. UncaeHuble 3Hauennsi NOJOOHHIX NOKasaTelel 1A
XOpOUIO pPa3BelaHHbBIX MECTOPOXMAEHHA NPHHHMAIOTCA 3a 3TAJOH-
nele. [Ipn reoxMMHUYECKHX MOHCKAX JJis NOCJeNyiolled pasBeikH
Ha TAYOHHY BBIAEASIOTCS aHOMAaJHH ¢ BeJHYMHAMH TEOXHMHUCCKHX
nokasareneii v, OJH3KHMH K HX BEpPXHHM 3HadeHuaAM. AHOMaTHH
¢ MaJbiMH BeJIHYHHAMH v, NpPEANOJOMKHTENbHO OTBEYalollHe MmoJ-
PYAHBIM HHTEpBaJjaM, ¢ Y4eTOM TFeOJOrHYECKHX JaHHLIX, NMpPH3HA-
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tca GecnepcrneKTHBHBIMH. MeToabl H3yyeHHs TeOXHMHYECKOH 30-
HaJIbHOCTH 3TaJIOHHBIX MECTOPOXK/eHHH, Bhibopa u NOCAEAYIOLIero
NpHMeHeHH ToOKasarejed 30HaapHOCTH OoJiee noapobHo pac-
CMaTpPHBAIOTCA B caeaylolleM pasgene. 3j1ech OTMETHM TOJBKO,
YTO MpH HaJHYHHM JAHHBIX 06 H3MEHEHHH BEJHYHH NOKasaTelef
30HAJBLHOCTH ¢ TNyGHHOI, Mo Hak/AOHY rpadHkoB v,=[(2) K ropH-
30HTy MOXHO CYAHTh O BeanunHe kos(pduinenta noaobua x=1,0
reHeTHYeCKH OJHOTHNHBIX MECTOPOXKIEHHi, COrJacHO 3aBHCHMOCTH

= tg a-]_/tg Cg. (95)

leomerpuyueckoe 060CHOBaHHE 3TOH 3aBHCHMOCTH HJNIIOCTPHPYET
puc. 65. HezaBucumble OleHKH Ko3d@HUHeHTa MOXOOHA NMPH YCJIO-
BHH TeoXHMHYECKOoro ONpoboBaHMs [BYX OJHOTHNHBIX O00BEKTOB
B HHTEPBAJe MPOMbILIJIEHHOTO OPYIEHEeHHs, OTJaraBIleroca B yCJIo-
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Puc. 65. Tpaduk# TeoXHMHYECKHX TOKasaTe/sell 30HANBHOCTA [AAR TEHETHHeCKW
OJIHOTHMHBIX MECTOPOAeHHH PA3AHYHON KPYMHOCTH.

] — nueBHAS MNOBEPXHOCTHL, 2 — PYAHOe Teno; J§ — NepBMYHBIA opeoa OCHOBHOTO pYAHOrO
sjeMeHTa
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BHAX «HACBHILEHHA», HIH Ha TOPH30OHTAX, OAHOHMEHHBIX B METpHUKE
0,0—0,2, MOKHO NMOJYYHTh U3 COOTHOIUEHHI

n=(Mp)r:(Mp)e=V (Pphr: (Pp)a. , (96)

[Tonnbie 3anacsl MeTannoB B Takux OO0bekTax 6yayr Haxo-
AHTbCA B COOTHOIIEHHSX

Q1 =n"Qy, (97
4TO CJe/yeT H3 TNPHHIHNA TeoMeTpHYecKoro Mojobusi TeHeTHUECKH
OJIHOTHIHEIX 06bEKTOB pas3inuyHoit KpynHoctu (cM. 1.6).

B kauectBe oOaHoro H3 napamerpoB opygaenenus H. M. Cad-
POHOB TPEMJIOXKHJ OLUEHHBATL 3IHEPrHi0 Pyno0bpasoBaHus, NO3BO-
JAAI0IYI0 B CPAaBHHMBIX YCJAOBHHIX €IHHHLIAX KOJHYECTBEHHO
XapaKkTepH30BaTh pPAa3JHYHbE N0 COCTABY MHOTO3JEMEHTHbIE Teo-
xuMHueckne anomanauu [36, 37]. Mcxoas u3 psiga ynpoulamouiux
JONyIleHHil, pacuer 9HepPruu, 3aTpauHBaeMoii Ha pyaooGpa-
30BaHHe, BeAeTCH MO CXeMeé TePMOJAHHAMHKH  H30TepMHYye-
CKOTO CKaTHs (M paspexkeHHs) HAeaJbHbIX rasoBbIX cMeceil, B Ka-
yecTBe dHaJOroB KOTOPBIX pPacCMaTPHBAIOTCA <IYCThie» TrOpHLe
nopoasl (HanpuMep, rpaHuTonAb ). B 3TOM caydae 3aTparhl IHep-
rup Ha (opMHpPOBaHHe eAHHHIH O6beMa pyiw E u3 pacuera Ha
OJIHH 3JIEMEeHT COCTaBAT

E= K In Ky (98)
£n=‘2=:I (Kw)i In (K, (99

rie En—nonHaa 3Heprusa pyAaooOpa3oBaHHg C YYETOM 3HEpPrHii
CIKATHS M Pa3perseHus BceX KOMIOHEHTOB CHCTEMbI.

BecbMma mnpocthle u Harasgdble Boipaxenuws (98) u (99) sB-
JSAI0TCH aHaJoraMH Mephl YMeHbIIEHHS 3SHTPONHH CHCTEMbI, HC-
noab3yemoil B Teopuu uHpopmauuu [8). M3 Beipakenus (98)
BBHITEKAeT HEBO3MOKHOCTb CYIIECTBOBAHHSA HYJEBHX COJAEpaHuii
3JIEMEHTOB, IOCKOMbKY TakKoe <«pa3pexenue» noTrpeGoBaio 6wl
6eckoHeuHO OGOJBIUHX 3aTpar SHEPTHH, 4TO MOATBEpPIKIAaer 3aKOH
Bepuaackoro (cm. 1.2).

BuiBenennoe H. M. Cadponouim Boipaxenne (99) aas
nojicyera 3HepruH py/A006pa30oBaHHf MO3BONAET 0G0CHOBATE Pusnue-
CKHii CMBIC/T NMepeMHOXKEeHHs W [AeNeHHs JApyr Ha JApyra cojaepa-
HHA JIBYX MJH HECKOJbKHX PYAHBIX 3J€MEHTOB B MHOTOKOMIOHEHT-
HBIX TEOXHMHUYECKHX MOKa3aTessiXx 30HAJBHOCTH VvV HJH MPH MOCTPO-
€HHH MYJbTHNJIHKATHBHBIX opeosioB, Tak Kak BeJHYHHBI 3HEPrHH
BhIpaKalorcs yepes Jorapupmbl KOHILEHTpallHil, NepeMHOXKeHHe |
JeNieHHe aHOMAaJbHBIX COAEPIKAHHI 3JE€MEHTOB OTBEYAaeT COOTBET-
CTBEHHO CJOXKEHWI0O H BHLIYHTAHHIO BEJHYHH, MPONOPLUHOHAJIbLHBIX
sHeprum HMx npuBHOca. CiaepoBaTenbHO, (H3IHYECKHI CMBICA
noKasaTessi 30HaJbHOCTH v OTBeYaeT PasHoOCTH HEPTrHH (B AKOY-
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JIfX), 3aTPayeHHONH Ha OTJOMKeHHe HaIPYAHBIX 3JEeMeHTOB, obpa-
3YIOUIHX €ro YHCAHTeNb, H HEPrun OTJOXKEeHHs NOJAPYAHBIX 3J€-
MEHTOB 3HaMeHaress.

4.3. UICCJIELOBAHHE 30HAJIBHOCTH MECTOPO)XLEHUA

ITpin reoxHMHYecKHX MOMCKax MOKAa3aTeH 30HAMLHOCTH OpYAeHe-
HHA cayXar Haubojee HaAeKHBIMH KPHTEPHAMH HAJAPYIHBIX mep-
BHYHLIX OpEOJIOB, YPOBHSI 3PO3HOHHOrO cCpe3a MeCTOPOKAEHHH W
nporuosa opyjaeHenus Ha raybuny. Ilostomy meroasl BHAB/IEHHSA
H NOCJEAYIOIIero HenoJb30BaHHS 3ITHX MOKasaTeJedl 3acJy:KHBAlOT
1noApo6HOr0 PaccMOTPEHHSI.

[eoXxHMHYECKHE MOHCKH CJAENBIX MECTOPOMAEHHHA H PYAHLIX Tel
No HX MEePBHYHBIM OpeoJjiaM CJlaraloTCs M3 JBYX B3aHMOCBA3aHHBIX
BHA0B paboT: M3yueHHs TeOXHMHYECKOH 30HAJAbHOCTH XOpOILO
pa3BelaHHBIX MEeCTOPOXK/IeHHi JaHHOrO FeHeTHYEeCKOro THNa H Mpo-
Be/leHHsl COOCTBEHHO MOHCKOBLIX HCC/AeI0BaHHil, BHIMOMHAITCS 3TH
paGoTEl C YYETOM YCTAaHOBJEHHHIX KDHTEPHEB, MyTeM MaccCOBOroO
«00beMHOro» onpoGoBaHHA TOPHBIX NOPOA, B OCHOBHOM CTEHOK
MOA3EeMHBIX BHIPa0OTOK H KepHa CKBaXXHH, B MepBOM cJyuae IO
H3BECTHBIM PY/JHBIM 30HaM, BO BTOPOM — Ha (JaHrax  rayGoKHX
rOpH30OHTAX PYAHBIX MOJel Tex e MecrtopoxaeHuit, Hakomnmaen-
HbIil 3a MOC/HeAHHe NECATHACTHS OGILINPHBIN ONMLIT MO3BOJAET MpPO-
BOAHTb TeOXHMHYECKHe MOHCKH M0 TepBHYHLIM OpeoJaM, MHHYS
nepsyio craauio pabor. OAHaKo H3ydeHHE reOXHMHYECKOil 30HaJjb-
HOCTH pasBejlblBaeMblXx H 3KCINIyaTHPYeMbIX MPOMBIIJIEHHBIX Mec-
CTOpOXKAEHHI ocTaercss 00f3aTesbHBIM, NMOCKOJbKY OHO ofecmeun-
Baer OoJjiee MpaBH/IbHOe MOHHMaHHEe HX TeHe3Hca, CTPYKTYpbl Pyi-
HOro mnoas H ero pesepBoB. OXHOBpeMEHHO 3TH HCCJEIOBaHHA
YTOUHSIIOT TeOXHMHYeCKHe KDHTepHH MOHCKOB. B panHOM pasgene
paccMaTpPUBAETC MeTOAMKa TeoXHMHYECKHMX HCCIeLOBAHHH TOMLKO
Fe0JOTHYECKH JeTaJbHO H3YYEHHBIX (39TaJIOHHBIX) MECTOPOKIEHHH.

OCHOBY 3THX HCCJEJOBAaHMII COCTaBJseT MHOTOTOPH30HTHOE
reoXuMH4YecKkoe onpoOOBaHHE PYAHBIX 30H MO NepeceyeHHsM dYepes
50—100 M, enaTeqpHO ¢ BBIXOAOM B obe CTOPOHH B 06.acTh,
6/1H3KYI0 K (DOHOBLIM CO/LEPIKAHHSAM 3JEeMEeHTOB-HHAHKaTopoB. [loja
«reOXHMHYECKHM onpob6oBaHHeM» OObIYHO MOHHMAercs HempepbiB-
HOEe MyHKTHPHOe onpoboBaHHEe FOPHBIX MOPOA H PyJ CEKIHSAMH [0
2—5 m (macca npo6 300—350 r) ¢ mocsaeaylOUlHM 3KCHpecc-aHa-
au3om 3THX npo6 Ha 35—40 XuMHUYECKHX 3JeMeHTOB!. 3raJoH-
Hble MEeCTOPOXKIEHHSI KejlaTeJbHo 0npoboBaTh B MOJHOM KOHType
HX MEepPBHYHBIX OPEOJIOB, YTO sl KPYTOMAMLAOIUIHX MECTOPOXKIAEeHHH
oTBeuaeT WHTepBajy or Haapyauoro (I) mo moapyanoro (V) ropu-
30HTOB HJIH, B YCJOBHOH MeTpukKe pyauoii sone, or 0,0 mo 1,0
(cm. pue. 59). 1o He Bcerga BO3MOXKHO — BepXHHe TOPH30HTHI
MECTOPOXKIeHHH MoryT OblITh Cpe3aHsl 3po3ueil, OTpaGoTaHBl H

! Baamen nyHKTHpHOro oOnpoGoBaHHS BO3MOXeH oTGop Hasecok 50 r H3
AyGAHKATOB Teoaoropasselounslx  (6opo3fioBEIX) npol, uyTo MPEeANOYTHTEJBHO.
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HEJIOCTYNHL 1718 ompofoBaHus WIM pasBeloyHble BLIPAbOTKH M
CKBAKHHBl He JOCTHUraloT MOAPYAHBIX ropnsonroB. [lostomy B pe-
AJbHBIX YCJOBHAX CTABHTCA 3ajada MakKCHMajbHO TOJHOro OXBaTa
H3y4aeMOro MeCTOPOKIAeHHA JIMHHAMH TEOXHMHYECKOro omnpodo-
BaHus. B 6JlaronpHATHBIX YCJOBHsX 3TO OnpoboBaHHe pacnpocTpa-
HfeTCs 3a TNpeejbl MepBHYHOro Opeosa OCHOBHOrO PYAHOro 3Jie-
MeHTa, B 06/acTb OpeO0JIOB «HOfa» U <«KobajbTa», B YBfA3Ke CO
cxeMod puc. 57. Bonpoc o ocTaTOUHOCTH reoXMMHYecKoro onpobo-
BaHHa OyJeT paccMOTpPEH HHIKE.

PesyapraTel aHamu3a npo6 uaobpaxkawTces B ¢dopme rpadukos
H MOHO3MEMEHTHHX KapT H30KOHUEHTPAUHii Ha OCHOBE MapKIieii-
HepCKHX MOrOPH30OHTHRIX NJAAaHOB W paspesos, 00bUHO B Mmacuirabe
1:1000—1:2000. Ilo sTHM jpaHHBIM NPHHHMAKOTCA pellenus 06
HHTEpBaJax MNoJACHeTa JHHEHHON NPOAYKTHBHOCTH [AJA MHAbHBIX
3oH (M, m %) Ham cpeXHHX COJAEPIKaHHMH PYAHBIX 3J€MEHTOB
(C:— Cy) nas Ten NPOMKHAKOBO-BKPANICHHBIX PYHL H30MeTpHYe-
ckoit ¢opmul. Pesyanrarsl nojc4eroB cAyXKar BXOAHBIMH AaHHBIMH
JUISl aHaJIn3a 30HAJLHOCTH HM3Y4aeMOro MeCTOPOMIEHHS.

IlepBonauanbHo onpeaensiores PsAJAB 30HANLHOTO OTJIOMKEHNHS
ssementoB. B neiictytomieli Muctpykuun [21] mo reoxumuueckum
MeTo/aM TIOHCKOB pYIHbIX MeCTOPOMKJIEHHH B NpHIOK. 26 noi-
poOHO H3/I03KEH MeTOJ OnpejeNeHHs MOC/Ael0BaTeIbHOCTH OTN0MKe-
HUS 3JIEMEHTOB No rayOnHe nyTeMm Ilepecuera HX JHHEHHBIX npo-
LVKTHBHOCTEH B «MeTporeo(oHb» H BLIUHCACHHS [0 YPOBHAM
PYyAHON 30HBI OTHOWIEHWH MPOAYKTHBHOCTEH KaxKaOTo 3J€MeHTa
K cyMMe NPOAYKTHBHOCTEH BCeXx OCTalbHblX, B pesyabrare mnoso-
JKeHHe 3JeMeHTa B 30HAJBHOM pPsjly oOnpelessieTcs HOMEpOM
ypOBHs1, HAa KOTOPOM €ro - OTHOCHTE@NAbHAsi NPOAYKTHBHOCTH JAOCTH-
raer Makcuimyma. Yuesmo paccMaTpHBAaeMBIX 3J1eMEHTOB (Hampumep,
10—12) Bcerpa Goablie yucaa onpo6oBaHHBIX YPOBHEH (Hanpumep,
4—D5), MAKCHMYyMBI MPOAYKTHBHOCTEH 3/M€MEHTOB COBMAZaioT mo
ray6uHe, MO3TOMY A HX PaHKHPOBAHHS AONOJHHTENbHO BbIYHC-
AAKOTCA TPadHeRTh NPOLYKTHBHOCTEH.

Tor :xe pe3yirbTar MOMHO HOJNYYHTb, paccMarpuBas rpapHkH
NapHbIX OTHONIEHWH MeXAy JHHEHHHIMH NPOJAYKTHBHOCTSAMH (Cpei-
HUMM COJepXaHHAMM) 3JeMeHTOB no yposHsM. Ecam Bennunna
OTHOLUIEHHS IBYX 3JEMEHTOB y Malaer ¢ INYyOMHOH, 3JeMeHT 4HC-
JUTEN OTJAarajcs Bullle 3/7eMeHTa, CTOSAIIero B 3HameHartele, eciH
HX OTHOLIEHHE BO3PacTaeT — NEeMEHT UYHCJAHUTENs] OTJIArajcsd HHKe
a7eMeHTa 3HaMeHaTens. [locko/bKy Tpadukn NapHBIX OTHOILUEHHI
Me1y 3JeMeHTAMH MOTYT HMeTh CJIOJKHBIH BHJ, BBIUHMCASIOTCH KO-
OPJAHHATHI Z HX «LEHTPOB TAKECTH» COrJaCHO 3aBHCHMOCTH

i
z= Elvimz v, (100)

rae f;— Homep onpoGoRaHHOrO ypoBHa pyaHo# sousl (1, 2, 3,...,
f); vi— COOTBETCTBYIOLlHE BeJHYHHL OTHOWIEHUH MEXKAY NPOLYK-
THBHOCTSMH (CPeIHHMH COJAEP3KaHHSIMH) JABYX 3JeMeHTOB. Ecun
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1
«UEHTP TAMKECTH» TrpaduKa JNeXKHUT Bbillie TOUKH %—, rpagak

HMeeT yObIBalOUIHH ¢ rayOHHOH BHI, €CJAH HHIKEe — BO3pACTaIOUIHH.
Beruucnsis z ¢ tounocteio o 0,1 «ypoBusi», umeem 40—50 wmect
IJs paHiKUPOBAHUS 3AEMEHTOB Npu Tex Xe 4—5 onpofoBaHubIX
ypoBHaX. Ilpu sToM Her HeOGXOAMMOCTH NEPECYUTHIBATL NPOIYK-
THBHOCTH B MeTpPOreoOHbl, BLIYHCAATL HX OTHOCHTEIBbHYIO BeJH-
YHHY H PACCMATPHUBATHL I'PALHEHTHL.

Cnocob «IleHTPOB THKECTH» [0O3BOJISET BechbMa TPOCTO B Hafi-
J€HHOM 30HAJLHOM pAAYy ONpeleNIuTh MNO0J0XKeHHe JONOJHHTENb-
HOTO pyAHOro 3jeMeHra, [as 3toro JocTaToyHo HAHTH ABa CMerk-
HBIX 3JIeMeHTa H3 YHC/Jaa pPaHee PacCMOTPEHHBIX, ¢ OAHHM H3 KO-
TOPBIX HOBBLIH 3/JeMeHT, Oyayun B yucauTese, obpasyer rpaduk v,
yObIBatol i ¢ rayGHHOM, a co BTOphIM — Bo3pacTaioutuii. Ilo mep-
BOMy cnoco0y npu A064BJeHHH HOBOro 3JeMeHTa Bce INepecyerhl
MOJIKHEL B TNOJAHOM 0GbeMe /lelaThes 3aHOBO, MOCKOILKY H3Me-
HAeTCS CyMMa TIPOJYKTHBHOCTEH BceX 3J1eMEHTOB-HHIHKATOPOB.

3aTteM BLIIBJAAIOTCA OTHOIUCHHS MEMXKAY MPOAYKTHBHOCTAMH
(cpearHuMH conep:KaHHSMH) 3JEMEHTOB, OJHO3HAUHO XapaKTepH3ay-
0I1He 30HAJ/JbHOCTh OpPYyACHEeHHs:. DTHM TpeGoBaHHSAM HaHAYULIAM
06pa3oM Y/AOBJETBOPAIOT TEOXHMHYECKHe MOKas3aTeNi 30HAaJbHOCTH
Vi, Vy H Vz, OJHOHANpPaBJEHHO (MOHOTOHHO) M3MEHSIOLLHECH B Mpe-
jenax PYAHOH 30HBI, BKJKYas pYLHOE TEJO H €ro MepBHUHBIH
opeos. Panee Gbli10 NnoKasaHo, yTo abCOJIOTHBIE COJGPIKAHHS JIO-
06oro oTAeNbHO B3ATOr0 3JeMeHTa He MOTyT XapaKTepH3oBaTb
30HAJbHOCTL opydeHenns. Henpuroauel s 3Tofl 1lesin H OTHOLIE-
HUA  MEXAYy COMACPKAHHAMH 3JeMeHTOB, KOTOphle B pPasHyHBbIX
CeueHHAX DPYAHOH 30HBI NPHHHMAIOT OJHHAKOBbIe YHCJEHHbIE 3HA-
yeHHs]. DTH YCJIOBHS BO3HHKAIOT, ecsii yObiBaHHe (HJIH POCT) BeJIH-
YHHBI v BIOJbL 3a1aHHOTO HanpaBJeHHs CMeHsieTcd ee Bo3pacra-
HueM (yOnblBanueM) M TakKHe He3aKOHOMEDHBle KoJiebaHus NOBTO-
psores. I'paduk mokasatens TeOXHMHYECKOH 30HAJbHOCTH IMPH
nepexojie OT YPOBHA K YPOBHIO MOMKET HMEThL JIOMaHblii Xapakrtep,
HO 3HAK ero TpaJHeHTa He JOJIKeH H3MeHATbcsA. 3ajaya CBOJHTCSH
K paccCMOTPEHHIO pasiHYHbiX OTHOIIEHHH MeXAy 3JeMeHTaMH
¢ Ueaplo0 BhiGopa H3 WX YHC/Aa MOHOTOHHO H3MEHSIONIMXCcs NoKa3a-
Tesled 30HaabHOCTH. Pelllenne 3Tofi 3agauu yao6HO paccMOTpeTh
Ha MpHMepe KPyTomajamllero TrHAPOTEPManbHOrO OpPYACHEHHS.

Haannune 30HanbHOrO psija OTJOKEHHS 3J€MEHTOB IM03BOJSAET
npeaBH/eTh YOBIBAaIOIIHH HIH BO3pAcTaloOllHit Xapakrep rpadHKOB
v, [Js KOHKpPeTHBIX nap 3JeMeHTOB, HO He XapaKTepH3yer HX
MOHOTOHHOCTH. [loMcKH OLHO3HAYHEIX TOKasaTeneld 30HaAbHOCTH
HayHHAlOTCs ¢ aHa/JH3a rpa(HKOB OTHOUIEHHH MeXAy ABYMS 3Je-
MeHtamiu. Cpenu 3THX MOKasaTesei | mopsiika Hy»KHble HaM MOHO-
TOHHBIE V; MOTYT OTCYTCTBOBAaTb, HX UHCJO MOxeT OBITh HEBEJNHKO,
a paspellaloliag CHIa HelocTaTouHa. B 3THx ciydasx Hendbexio
obpauense K Mnokasareasam II (vI=2/2) u Oonee crapuinx
nopsinkoB (vi1=3/3, vIV=4/4 u t. 1.), YuCIO KOTOpHIX NpOrpec-
CHBHO BO3pacTdaeT H MHOTOKDAaTHO [peBbILIAET YHCJAO MapHbIX
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OTHOLIEHH{I MeXJy 37eMeHTaMH. [eoxuMHYeCKHe mNokasateau vl
Vil .., SBJASACH NPOH3BEICHHEM CQOTBETCTBEHHO JBYX, TpeX HJH
GoJblero yucaa nokasaredeil I nopsiika, no U3HYECKOMY CMBICTY
OTBEYAlOT Pa3sHOCTH 3IHEPTHH pPyA0oo0pa30BaHHA JJsl 3JE€MEHTOB
YHCAHTeJA M 3HaMeHnatens, onpelenseMblx dopmyaoir  (99).
B nokasaTenu cTapuinXx MOPsKOB OAMH HJIH HECKOJBKO 3JEMEeHTOB
MOTYT BXOAHThL BO BTOPOH, TpeTbeli WJH JApPYyroii Go/jee BBHICOKOH
CTeNneHH, BMNJOTL A0 ee PaBeHCTBa MNOPS/AKy NOKa3ateas. B uacr-
HOM cjyuae NpoH3BeleHHe JABYX HEMOHOTOHHbIX TIOKasaTeneidl Mo-
JKeT u3MeHsitbes ¢ rAybunoit MonoronHo. He moryr cuntathes
HOBHIMH TOJIbKO MOKa3aTelH, SIBAAIILIHECH MNPOCTHIMH CTENeHsMH
nokasateJei MmJaaamux nopsaka thna (v1)2 (vI)3, (v'1)2, (vI)*
BT

PaccyutaHnble M0 3THM 3aBHCHMOCTAM 4YHCJAa PAa3JIHYHBIX OT-
Homwennit or I pgo IIl nopsaaka mexay coiepxaHHIMH oT 3 /0
14 XAMHYECKHX 3/IEMEHTOB MoKasaHbl B Tabua. 16. Yke npu 14 xn-
MHYECKHX 3JeMeHTax obllee uucao Bo3MOKHBIX v [—III nopsan-
KoB mpubauxkaerca K 100 Thic., 4TO CYUIECTBEHHO MOBHIIAET BEPO-
ATHOCThL BLIIBIEHHs MOHOTOHHO H3MEHAIOUIMXCA MOKasaTemneld 30-
Ha/IbHOCTH MECTOPOXK/IEHHII NpH KOPPEKTHOI MOCTaHOBKe 3a1ad.
IlpuGerath K pacCMOTPEHHIO TAKOro 4YHCJAA OTHOIUEHHI MeXAy
CO/lepKaHHAMH 3JIEMEHTOB HeT HeoOX0/HMOCTH.

OnHako HeBO3MOXKHO 3apaHee Mpeayrafarb, Kakas H3 HX KOM-
Gunanuii ob6ecneyHT MOHOTOHHOCTH H ONTHMAJbHBI XapakTep Mo-
Kasarteneil 11 uan Gosee Bbicokux nopsakoB. [Tostomy coBmecTHbIR
aHalu3 /0 HecKOJbKHX coTeH H 0oJjiee THICAYH PasIH4YHBIX v OKa-
3bIBAETCH BIOJIHE ONpPaB/laHHbIM.

Ta6auwa 16
YHeno BO3IMOKHBIX OTHOWIEHHA MEXAY 3JeMeHTaMH

et Tlopapok v Beero *
XHMHYECKHX 1 2 A
3JIeMEeHTOB 1 11 111 (|)+( 2)+( 3)

3 3 6 9 12

4 6 2] 38 53

5 10 55 170 215

6 15 120 505 610

7 21 231 1 281 1 491

8 28 406 2 884 3 262

9 36 666 5 916 6 546

10 45 1035 11 265 12 255

11 55 1540 20 185 21 670

12 66 2211 34 386 36 531

13 78 3081 56 134 59 137

14 91 4186 88 361 92 456

* B rpade faHO YHCAO PasAHYHBIX v Ge3 yuyera NpOCTHIX cTeNeHe#d noxkasareneht | mo-
PAAKa.
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PaccMoTpenne Takoro uuc/ja FeOXHMHYECKHX MoKasaTeaefl Ha
yerbipex-nsiTH M GOJbleM uHCaAe YPOBHeH pPyAHOH 30HH HEBO3-
MOXHO 6e3 npumenennss BM.

Hannyuinm obpasom HecJeloBanHe 30HAJbHOCTH MECTOPOXKe-
HHH  BbInoJHsiercs no nporpamme «Hio-2», paspaboranuoil
B. A. HukonaesbiM. Peayabrathl 06paboTKH 1m0 3TOil mporpamve
Ha 39BM EC-1022 reoxuMHYecKHX [IaHHBIX, MpPeACTaBJIEHHBIX
A. A. llluranoBuiM, nokasausl Ha puc. 66 u 67.

3oJ0TOpYAHOE MeCcTOpOKAeHHe, yCaA0BHO Ha3BaHHoe «lHOKHBIM»,
HCCJIe10BaloCch B KauyecTBe OJHOrO H3 3TAJOHHBIX A KBapleBo-
JKHJIBHOTO THMA OpYAeHeHHs. BMellaoluMiH NopoiaMH MeCTOPOXK-
JleHHs ABJAIOTCA HHTPY3HBHEIE MOPOJALI TPAaHOJHOPHTOBOTO psaa,
NPOPHIBAIONIHE NecYyaHO-aJeBPOJHTOBYI0 Toauty opaosHka. Opyie-
HeHHe NPEJACTABJEHO KPyTONaialouliMH M OTXOAAUIHMH OT HHX
NOJIOTHMH KBapleBbIMH KHJIaMH cO CBOGOJAHBIM 30J0TOM, NMHPHTOM,
ApCEHONMHPHTOM H TOAYHHEHHBIM KOJHYECTBOM JPYrHxX CyJab(HI0B.
HcenenoBaiie 30HANBHOCTH MECTOPOXAEHHS, KakK 3TO BHIAHO H3
3arosioBka pacmeyaTku (cM. puc. 66), 6mao Hauato 1 HOaGps
1981 r. B 13 u 56 MuH.

Jaa o6paboTkH NpeAbABIeHbl JaHHbIE MOTOPH30OHTHOTO TEOXH-
MHUYECKOro onpoGoBaHHs Tpex 30J0TOPYAHBIX xkuja— [aaBnoii
(4 ypoBusa), TykenoBckoii (3 ypoBHa) u Ilosoroit (4 yposus)
B ¢opMe JIHHEHHBIX MPOAYKTHBHOCTEH BOCbMH THOOMOP(MHBIX 37e-
MmeHTOB OopyaeHenus. [lo 3ajgaHHiO nmpeaycMaTpuBaloch OTHICKaHHE
NoKasaTeseil 30HAJAbHOCTH, OOIIMX AJA BCeX Tpex PYAHBIX KHJ,
uTO OTPaxeHo B 3arojioBKe cJoBaMH <«00bekToB 3 (min 3)».
B 3aBHCHMOCTH OT NOJXKeJaHHil TNOJb30BAaTeNs, MpPOrpaMma Iomy-
CKaer OTHICKaHHe TOKasareneil, OGIMX Aasi m OOGBEKTOB H3 n, rie
m<n.

O6paGotka no mporpamme «Hio-2» Begercs mo uyerblpem LHK-
JnaM, KaXABif H3 KOTOPHIX COCTOHT H3 00f3aTeqbHBIX ONMEpamHi H
yeThipex — no BLIGOPY nosb3oBaTens. B aHHOM ciyyae 3aKasaHo
BBHIMOJIHEHHE TPex LHKJIOB— HYJEeBOro, nNepBoro W BTOPOro, mocjae-
HHH B COCTaBe TOJBKO MEPBOi M YETBEPTOil omepaluii, 4To OTpa-
JKaeT NOsIBJIeHHe JBYX HyJefi B cHMBoJe 3toro unkiaa. danee 3BM
neyataer MNOJHYK Tabiuly BXOAHBIX JaHHBIX /I ee CBepKH
¢ OpHriHAJOM (Ha pHCYHKe omylileHa).

HyaneBoit mukn o6paGoTKH HOCHT XapakTep HCC/IeAOBAHHSA, NMPH
KOTOPOM HHKaKHX 3apaHee YCTaHOBJEHHBIX OrpaHHUEHHH Ha ero
pesyabTaThl He HakaajawiBaercs. IloowepeaHo ans Kaxioro u3 odb-
€KTOB IeYaTaloTcsi MaTpPHIL LEHTPOB TAXKecTed mapHBIX OTHoIe-
HHH MeXy NPOAYKTHBHOCTAMH 3JIEMEHTOB B MeTpHKe YpOBHelk
CO CpeJHHMH 3HAYEHHAMH MO CTPOYKaM, Ha OCHOBe KOTOpPHIX ycTa-
HABJAHBAIOTCH 30HAJbHBIE pPSAAB OTJOMKEHHS 37eMEHTOB (CHH3Y
BBepx). Besmen 3a aTuM newaralorcsl KBaJpaTHEE MaTPHILLI BEIHUHH

OTHOIWIEHHH Mexay saementamu | mopsiaka ¢ rpagukamu v! =

=[(z) B ycaoBiom macwitabe. Bee Besnunnbl u rpadukH B npaBoi
BepxHell YacTH MaTpHIL NMOBTOPAIOTCH B O6GpPATHHIX 3HAYEHHAX HHIKE
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KASEAPA TEOXUMMY FEQAOT MUECKUA SAKY nBTET Ny Y
ik R 13.5¢6 . NeorPaMMA  "Hp? "
BHBOP OpWKX MOHOTOHupX OTHOWEHWA INEMEHTOR
M=HE KKHOE: -12KUAA TARBHARCY-HK 1,2,3.4); 2)xMAA TYKEHOBCKAR (Y -HM 1,2.3)]

3)KHAA NOAOFARCY=HA 4.3.2,1) 0pEXTOB 3 (MIN  3);3NEMEHTOB 8]
BLINONHREMBE Hykabl: 0.3111 a.1111 2 1001

[ PAGTEUATKA EXOTHHX RAHHHX |

01.,11.81 13.56 M=-HE WRHOE
UugKn o=-1141
OB'EKT XK. [A. 3
WEHTPH TAXKECTM OTHOWEHMA INEMENTOR B METPUKE yPORHER

INEMEHTH 3HAMEHATEAR

AU AG MO Pe co AS N cu tPEa
Ay 2.5 1.8 2.4 1.9 1.5 1,6 1.6 19 1.7
Ag 3.5 2.9 2.6 2.4 1.8 24 2.0 1.3 2.2
Mo 3.8 2.4 2.5 2.2 1.6 2.0 1.8 1,2 2.4
Pa 3.7 2.7 2.6 2.5 2:0 2.4 2.2 f.5 . S2ak
Co 3.8 3.2 3.4 3,0 2.5 3,0 2.8 1.9 3.0
As 3.7 2.8 2.8 2.7 2+1 2.5 2.3 1.5 2.6
In 3.8 3.0 3.0 2.8 2.2 S 4 2.5 1.6 o7
Cl 3. . 3.2 3.1 3.1 2.7 3,0 2.9 2:5 3.4

J0HANBHYA PAA OTAOKEHUA INEMEHTOB (CHW3IY BREPX)

Cy=-COo-2N=-a5=PB-AG-MO=AU
OTHOWEHMA YHMHYECKMX 3AEMEHTOB 1-r0 nOPgaka
SNEMEHTH AHAMEHATEANA
TARCT 41 Au 1 AG i co | AS ! N | cu

I 0 11 1,00g+00] 2,01E%001 | 5, 73E-011 2,59E-031 1.34E-011 7.26E-01)
d 21 4 ,00E+00; 1.37E+*00L 1 2,956-011 1.43E-03! 8,80E-02) ?.33E-021
! 31 1,00E+00| 9%.42E-011 | 5, 756-02| 5.00E=04 2.52E-021 1.44E-021

41 1,00g4001 1.41E=011 1 7 12E-031 9.28E-051 3.16E-031 3.02E-0%(

1 1
] |
i i 1
o R e R TS, o e A |
I 1 - 1 A | ® 1 w *| Tk
1 L2l - | TR . * | . -
i l3l - 1 - I * (] * 1 » | . i
I W * (* I 1x % | * |« |
I I 41 4,96E=01) 1.00E+001 | 2 ,84€-011 1,29E-03! §,86E-021 3.40E-011
i I 21 7,316-01) 1.00E+001 I 2,156-011 1,05E-03! §,43E-021 S5.346E-021
I I 31 1,06E+00) 1.00E+001 | 4,11E-02) 6.26E-04! 2,67E-021 1.53E-02!
:‘ : a: 6.20E+00; 1.00E+00! 1| 4, 42E-021 5.75E-04! 1,96E-021 1.87E-021
LR RS i b P ae g vl S R o iR ol g e gt | S e S B TR R o |
1 I 41« . 1 . I Al % #l p vl |
! Lol ¥ | * (& * | * .l .
1 BN (S 1 - | ! t.* RN L« |
I I oat * - I 1# e (3 N+
PAMPOBBIE RO3peUUNEHTL KOPPEAAUMK MEgAY PAAAMY 30HAALHOCT Y.
IOBYEKT | W, rN. X. TYK w. Nonl
{KPHTUYECKOE SHAYEHWE (5%X)3 0,74} === ccm=—mam=ram=ae—caa-caoaeo~
[T S 1 0.524 0,762 |
I %« TYK!I 0.524 1 0,214 1
I K..noNt 0.762 0.21% 1 1

oBUHA: 30HANbHbA PAA OTAOKEHWA INEMEHTQB (CHM3Y BBEPX)
Cy=2ZN-c0=as=PB-MO-AG-AU

Puc. 66. ®parmenT pacnevaTKH pesyJbTaTop 06palOTKH mo nporpamme «Hio-2».
Linka 0.1111. Mectopoxnenne IOxnoe
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(r 18 ey e . -
u:‘;'l ;f“” V33T M-UE OWHOE  FEOXMMUHMECKME NOKASATEANW 1-rg NORRAKA

I aWcT b (AU LZND Tk CAG)/ (2N) 1

1 YPOBHKI yEUBAOWNA Nt Y Bbig AR I

106" ERT ol Hi0 HR/MIN i Hio HR/MIN |

Uwe FACY 1) 4.34E=01 4,25E+01 | | 6.68E=02 '3,40E+00 |

! 2 11 B,80E-02, 2.79€+01 | | 6.43E-02 3. 28E+00

! 3 1} 2.52e-02 7,96E+00 | | 2.67E=02 1,36E+00 |

: b 11 3.16E-03 1,00E400 1 1 1.96E-02 1,00E+00

1 YPOBHUI yeblgakdya | YEbIB AUUR §

105" EXT I Hio Hi/MIN J =i Hio HIO/MIN 1

Powe TYRS U G ?3E-01 2,19Ex01 1 1 8i19E-02  6,67€+p0 1
LE 2 11 1.13g-01 5,23E400 5 | 4,602 3, 80E+00 |

! F 1) 2.,15e-02 1,00E400 13 | 1.23E-02, 1, 00E~+00 1
14, YPOBHMI yBbBARKYA } | yChosHo yBbipaura 1

106" EKT Lo Hio HO/MIN 1! Hi0 HIO/MI N 1

| ¥+ A0AT ) | 3iA7E=0y 1.36Esel I L. 2.59E-D2 3,03E+00 i

| 2 1) 2.88E-01 "T.09E401 I | 1.30p-~02 1,52E+00 |

' 3 1) 5.31g~02 2,28E+00 [ | 2.90F~02 3 39E+00 |

! & |} 2,336-02 1.00E+00 1 | B.58E-03 1;00E+00 |

I YPOBHWMI | | |

106 "EKT S ybblaAKNKA 5 -\ YEbiBAlOMM s 1

R % et * it | * |

1 g kg s - i * |

1 - s R * y 3 * I

] Ay * 1! *

] YPOBMKI 1 | 1

106 EXT LI | ybbiBARNW A [ YEUBARMMA i

(R R ) * IS + |

|. o IR T * §5l . |

| w5 1) " 1 » 1

' . YpPOBuul T 1

10p"EKTY 1 yBbBAREKA 110 YCAos8HO yBHRAKUWA 1 ¥

boxs NOAYT 1y . JRR - 1

| 2 Y - ! . (]

| o N T * (] - [

' 41 TSy » e [

SR s e = AL LI T s LN e e N e e T
01,41 81 13,358 M-UE WKHOE
e FEOXMMUYECKHE NOKAIATEAW  2-F0 NOPRAKA

| YbhbiBAKWN R 1 YhuBAKWA 3 1

I HI Hg/MIN | Hig Hig/MIN |
I X TA-1 ' 1.30E-04 B8,2%E+02 1 1.%2g=02 1.50E+02 1
1 2. 1 2.54E705 1 _s2Ee02 ) 3:;82-03 S5.10Evp1 v
] 3 | 2.16~05 1V 37Eeq2 ] 2.23g-03 2.99E+p1 ]
I &4 | 1.57E-07 T,00E«00 | 7.49g=-05 1.00E+q0 ]
| YPOBHWMI L ybhpgauung i YBbBANKKA ]
10p' EXT | Hi0 o/ MIN | Hio Hio/MIN |
I . TYK1 I' 2.23E=04 6,17E+01 I 3.09g-02 2.97E+p9 i
1 2 | 1.03E-04 2 gsE«01 | g.86E-03 B..9Er00
1 3 1| 3,626-06 1, 00FE+00 ¢ 1,04€-03 1 _00Evgo
| YPOBHMU! YBUB AL A | YBHBAKWA R !
JOBSERT, S ) HK Ho/MIN I Hio | Hig/MIN 4
1 e NOAY v 2,33E-0d  1,3Bfa02 1 4, T8E=02 1.32E4p1 |
1 2 1 2.,31E-03y 1 _37€+02 | 1,63E-02 1,23E*p1 )
! 3 17 2.34€"0s 1_38E+00 | 3.28g-03 2.46Etg0 |
] 4 i 1.69E=05 1. 00E+00 ] 1.33e-03 1.00E+q0 P_”“

YWCAO PACCMOTPEHHNX OTHOWEHMA 2-F0 NOPgAKs 406

YHCN0 pplAX NOKASATENER 32
JOB sNU2 / START ,1356
JO0B sNUZ ; SToP _J:q cPU  2MIN 06-B4SEC

Puec, 67. ®parMent pacnedaTki pe3yabtaTos ofpaGoTkH no nporpamme «Hio-2s.
Iukasr LITLL u 2.1001. Mecropoxaenne Kxuoe. i T ¥
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HX [HaroHaJ/ied, 4To CcOo3Jaer onpejaeeHHble yao6cTBa A MOJb-
sopatenss. PparMeHTHl BCeX I3THX JIaHHBIX NOKa3aHW Ha puc. 66
obbekra «kuiaa [nasuasi». BuisiBieHHas mocjenoBaTe/NbHOCTh OT-
JIOKEeHHsT 3JE€MEHTOB, 3a HCKJIoueHHemM Mo, e NMOPTHBOPEUHT YHH-
BepcaJbHOMY psay 3onaabHocTH. Cpenu oTHowenuii I nopsiaka
MOHOTOHHO yGwiBaloT ¢ ray6unoii Beandunsl Au/Ag, Au/Co, Au/As,
Au/Zn, Ag/Co u psan ApYrux, xorsi orHowenns Au/Mo u Au/Pb
H3MeHsIoTCsl He3akoHoMepHo. ITocsie BBIZIauM aHAJOTHUHBIX AaHHBIX
no ABYM Apyrum o6bektam DBM Beuncaser panrosble Koahbuuu-
©HTH KOPPEJNAIHH MEXAY BHIABICHHIMH YAaCTHHIMH PAJaMH OTJO-
JKEHHs 3JEMEeHTOB H OGILHI 30HAJBHBI pAX MO CyMMe MecT 3aHH-
MaeMbIX 3JeMeHTaMH B YaCTHBIX pPAAaXx.

Ha npuBegeHHoii pacneyaTke BHAHO, YTO H3 Tpex koaddumn-
€HTOB KOPpeasiuuH 3HaYAM Ha 5 %-HOM npexese TOJABKO OJHH
(0,76), xoTst Bce OHH HMEIOT MOJOKHTENbHYIO BEJIHYHHY H YaCTHBHIE
PALB 3PHTENBHO CXOAHB. B mpelenax HMeBIIHXCS JaHHBIX OOMIHMA
PSI 30HAJBHOTO OTJIOMKEHHS 3JEeMEeHTOB CJeAVeT CuYHTaTh ycTa-
HOBJIEHHBIM.

VYerofiunBoe Kpafiee CrnpaBa MOJOMXKEHHE 30J10Ta B YaCTHHIX
pAlax W HaJHUYHe JOCTATOYHOTO YHC/AA HenpepuiBHO YOBIBAIOMIHX
mo ray6uHe OTHOWIeHHH 30JI0Ta K 3JeMeHTaM-CMYTHHKAM HCKJI0-
YaeT MNpeanoJoKeHHe O HaJHYHH BTOPOro 3UIETOHA OPYIeHeHHS
B HEMOCPeACTBEHHOH OJH30CTH K HHAKHHM OMPOGOBAHHLIM YPOB-
HAM KpyTtomagaoulnx xkuja. IToaromy peaynbraThl MccaefoBaHHIA 1O
HYJEBOMy ILHKJy MO3BOJAIOT NMepefiTh K mowckam oOmMX AJas Tpex
00BEKTOB MOHOTOHHO M3MEHSIIOIIHXCA MoKasaTe/eil 30HaJbHOCTH,
He omacasfch, 4TO 3T0 YCJOBHE CMOCOOHO HCKA3HTh HCTHHHYIO
30HAJTBHOCTHL OpyneHenus. B Gosee obmem mjiane NOHCKH MOHOTOH-
HBIX TIOKasaTenell 30HaJbHOCTH /IS 3TAJOHHBIX MECTOPOIKIeHHH
ONMpaBAaHbl HX OTHOCHTEJNbHO Xopolleii pasBelaHHOCTbIO, B coue-
TaHHH ¢ 06paGoTKOfl NAHHBLIX AETAaJLHOrO0 TEOXHMHYECKOro Ompo-
GoBaHus no HyJaeBoMy HHKAY nporpammbl «Hio-2» 310 HeKaOuaer
NPONYCK CJenoro opyaeHeHus na rayGune.

Cozep:kanneM Tpex CJAeAYOHIHX HHKJA0B 00paboTKH sIBJseTcst
MoOUEepeHOe paccMOTpeHHe BCceX IeOXHMHYECKHX Mokasareneii [—
III mopsinkoB ¢ Bbigaueit Ha MeYaTh MOHOTOHHBIX OJHOBpPEMEHHO
g Beex 3adaHHbix o6bekToB. Ha puc. 67 1auwm dparmentw pac-
MeyaToK HecJAeI0BaHHs 30HaJbHOCTH MecTopoxkaenus «lOxuoe»
0 4eTHIPEM oOnepalusaM MNepBoro UHKJaa. B nannom cayuae, xots
HEOGXOAHMOCTH B 3TOM He OBIJIO, B y4eGHBIX leNfX Ha TNeqaTh
BHIBOAH/IHCH TAaKiKe YCJOBHO MOHOTOHHBle TOKasaTead ¢ Hapylile-
HHEeM MOHOTOHHOCTH Ha OJIHOM M3 YpOBHeii, Kak 310 Habmaojaercs
nas nokasartenss Ag/Zn no xune ITonoroit. BoceMp XuMHUeCKHX
sJeMeHTOB corsacHo Taba. 16  o6pasyior 28 nokasatenei
1 nopsiika, M3 KOTOPHIX MOHOTOHHBIMH H YCJOBHO MOHOTOHHBIMH
g Tpex 00beKTOB OKasandHch 24, 4yTO TOBOPHT O BHICOKOH Ie€OXH-
MHYECKOl YymopsAaoueHHOCTH PYAHBIX XKua. ITo oraenbHbIM 00BEK-
tam 6esycJOBHO MOHOTOHHBIMH OKasaJuch Aas Kuaul [aBHO#M
10 nokasareneii, 1na Tykenosckoii 18 u mns ITonmoroit 7. Oxnako
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O0IIHMI  OJIHOBPEMEHHO IS BCEX TPEX MKHJA O0Ka3ajHChb TOJBKO
Tpu nokasarens I nopsaka — Au/Co, Au/Zn u Au/Cu.

[ToMHMO 4MC/AEHHBIX 3HAYEHHWH MOHOTOHHBIX H YCJIOBHO MOHO-
TOHHLIX TMOKa3saTejeil Ha NeyaTh BHJAAIOTCSH BEJHUHHBI HX PasiHyHil
MEeXK1y YPOBHAIMH 10 OTHOUIEHHID K Vmin, a TaKKe CTPOATCH HX
rpadpuku. AnajornuibiM 06pa3oM GbIIH HCCJAEI0BaHbl MOKAa3aTeH
Il nopsinka 6e3 ydera YCJOBHO MOHOTOHHBIX W 0€3 MOCTPoeHHS
rpagukoB v,. B pesyanrare u3 406 paccmMoTpeHHHX nokazarejei
MOHOTOHHBIMH JIJIg BCEX TPexX PYAHLIX KMJ OKasaJuch 32 mokasa-
Tens Il nopsAjiKa, 3 KOTOpPBLIX Jerko BhOpaTh HYXKHOE YHCIO MOKa-
satesieil /s nocjeiyloulero npumenenuss npm nowuckax. HMccaeno-
BaHHe 30HaJbHOCTH Mectopoxzenns «lOxknoe» 3aKoHUHIOCH
B 13 u 59 MuH, T. e. norpeGoBajock OKOJMO 2 MHH 7 ¢ MaurHHHOrO
BpeMeHH, KaK 3TO CJelyer H3 3aBepluarlleii pacneyaTkn <«CTapr»
H «cton» (cM. puc. 67). B nannom cayuae o6pa6oTka Mo TPeTbeMy
LHKJAY He NPOBOAHAACD.

[IInpokne BO3MOMKHOCTH /JIsi BbIAIBJE€HHS MOHOTOHHBIX [OKa3a-
TeJlell 30HAJLHOCTH, KOTOpble OTKPLLIHCH ¢ TEepexoJ0M K paccMoT-
PEHHIO MHOTOYHMCJEHHBIX OTHOWEHHH Mexay sJqaementamu [I, III
H 6Gosiee BLICOKHX TNOPSJAKOB, BLIABHHYJIH BONPOC O KPHTEPHAX
Hecay4yalHOCTH MoJydyaeMbiX pe3ysabTaToB. MoxHO B KauecTBe
BXOJHBIX JAaHHBIX aas o6paborku mo nporpamme «Hio-2» npenso-
JKHTL CEepHI0 CAy4daiHbIX BEAHUHH, HMHTHPYIOUIHX Ppe3yJ/bTaThl
NOrOPH3OHTHOrO reoxuMuueckoro onpobopanus. Hecmorps Ha reodio-
FHYECKYI0 GeccMBIC/IEHHOCTh 3THX JlaHHBIX, C OMNpeleNeHHoH Bepo-
ATHOCTBIO CPeAH PacCMOTPEHHLIX OTHOMICHHH MeJIy 3THMH BeJH-
yyHaMi OyAyT BHIABJEHB NOKa3aTeln PpasiHyHLIX TMOPALKOB,
H3MEHAUIHECs] MOHOTOHHO M0 BCeM YPOBHAM (DHKTHBHOH pPYAHOMH
30HBIL.

OueBuno, uto J1060ii HaGop H3 [ OTHOUIEHHIT MEKILY CITyYaHHBIMH
Be/NHYHHAMH ¥y, Vo, V3...V; MOMKHO PaHKHPOBaTbh, PaCNoJOMKHB HX
B yOmBalouieM HJIH Boapactapouiem nopsjake. M3 uumcna Beex
OCTAa/JIbHBIX BapPHAHTOB, SABJSIOUIUXCS HEYNOPSAOYEHHBIMH, TOJBKO
9TH /IBe 10CJe10BaTelbHOCTH OyAyT MOHOTOHHBIMH. BeposTHOCTH
cayyaliHOro coObITHSI, KaKHM sIBJISIeTCSl NOSIBJeHHe MOHOTOHHOMH
noc/ael0BaTeIbHOCTH /st [ He3aBHCHMbLIX BEeJHUYHH, ONpejaeasercs
oTHOWIeHHEM uHcaa OuaaronpHATHBIX cayuaeB (/ABa) k obuieMmy
YHCAY BO3MOJKHBIX mepectanoBok (f!) mim

I=2/f1, (101)

rae f!— dakropuan uucaa f, B Hawem cjaydae — uHcaa onpobo-
BaHHBLIX YPOBHEH.

[Tpn nouckax nokasaTejeil 30HAJbHOCTH Ha HHX HaKJalbl-
BA€TCs YCJAOBHE OJHOBPEMEHHOH MOHOTOHHOCTH IAsi 00BLEKTOB, 00-
pasyomux Komnosuuuto. JlonojauureNbHbIM OrpaHHYeHHeM s
MOHOTOHHBLIX TOKazatejeil (m—1) oObeKTOB siBAsieTcs HX OJHHA-
KOBbIil ¢ NepBLIM O0bEKTOM YOBIBAIOWIHA HJIH BO3pacTalOllHii BHI,
YTO B 2 pa3sa CHHXKaeT BEpPOATHOCThL HX nosiBaeHus. [las nesaBu-
CHMBHIX CJyuafiHbiX BeJHYHH BEPOATHOCTL CJOMKHOrO COOBITHS OMpe-
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JAeNAeTCss NpOH3BeJeHHEeM HaCTHLIX BEpOHTHOCTEﬁ:

2 1 1 1
count = . ; ks 5 102
Meoun il iilal » St fm! )

AunasornunbiM  GoJiee CJHOMKHBIM BBIDAJKEHHEM ONpe/ie/sercs
BEPOATHOCTb B c/y4ae «06BbeKTOB 1, min m», rae n>>m.

Breipaxenne (102) no3BoasieT ONEHHTb UHCIO OXKHAAeMBIX
cay4aifHO MOHOTOHHBIX TMocJieoBatenbHocTeii Ney B cocTaBe BHI-
6pannoii KoMno3HUHH Ilionn, €CJTH OTHOBPEMEHHO paccMaTpHBAeTCs
N HesaBHCHMBIX nokasarteJeii:

Nea= Nllgoun. (103)

Peannsanusa cayyaiinoro coGLITHA MOZKET OTJIHYAThCH OT MaTe-
MaTHYECKOro OXHAAHHSA, OCTaBasich C 3aJaHHOH BEPOSITHOCTHIO
B ompejpencHHbX rpaHunax. Coorserctsenno stomy IO, B. [lIsapo-
BbIM paccyHTaHa HOMOrpaMma J1Js OLeHKH mo Beauunne N1 uucaa
Nip —oxunaembix Ha 95 %-HOoM 1oBepHTeIbHOM mpejaene Cay-
YaiiHO MOHOTOHHLIX MOKa3aTejeil v [pH HE3aBHCHMOM XapakTepe
BXOJHBIX AaHHBIX (puc. 68).

BosBpamasce K pe3yabTaTaMm HCC/eA0BaHHS 30HaJbHOCTH Me-
cropoxaenns «lOxnoe», umeem no dopmyae (102)

P) 1
n — —
S R TRV TR 1728

Han 1aa mokasartened [l nopsinka corsacuno rta6a. 19 u dopmyae
(103)

NI =% __ ¢,235,
1728 -

OTKyZa no HoMorpamme umaxoiaum, uto N=1, @akruuecku OblJI0O
BLISIBJIeHO 32 MOHOTOHHBIX MOKAa3aTelis, YTO YKa3biBaeT Ha HMX He-
caydaiiibiii xapakrep.

Paccmorpennsie 3aBucumoctu (101)—(103) nossoasiior chopmy-
JUPOBaTh KPHUTEPHUH AOCTATOYHOCTH HCCJENOBAHHA 30HaJbHOCTH
STaJIOHHBIX MecTopoKjieHuid. [lns yBepeHHoro BHIOOpa HYXKHOrO
YHCJA4d TeoXHMHUYECKHX NOKa3aTeJeH 30HaJbHOCTH v YHCJIO BBIfAB-
JEHHLIX OOLIHX MOHOTOHHO H3MEHAIOUIHXCA OTHOWEHHH MeKay
aJleMEeHTaMK A0/KHO ObiTh 3aBefoMo Oojbule YHCIA BO3MOMHBIX
cayuaiHbix, enaarenbHo, utobul N,p — oxHaeMoe YHCAO caydyak-
HEIX 3HAYeHHN v He npesullano 2—3, nockoJbky npu Ngp> 10
HE3aBHCHMO OT 4YHcJda BLISIBJEHHBIX MOKasaTeJael CHHUXKaercs Ha-
Jle;KHOCTh HX BbiGopa AJs mocaeaywoulero npumenenus. Ecau npu
HCCJIeJOBaHiH KOHKPETHOrO MECTOPOZKAEHHS UHCAO BbISIBJAEHHBIX Vv
paBHo N, To 370 He O3HAYaer, yto HakJ(eHHbie MOHOTOHHLIE OTHO-
LICHHSI MeXAy 3JeMeHTaMH ABJISAITCH CAy4YalHBIMH, 3TO yKasbl-
BaeT TOJALKO Ha TO, YTO TaKOe YHCJI0 MOHOTOHHO H3MEHAUIHXCH
noKasaTesied 10 3aKOHAM KOMOHWHATOPHKH MOMKHO OMKHAaTh NPH
caydyaiHOM, reoJorH4ecKkd OecCMBIC/IEHHOM XapaKTepe BXO/HBIX
JLaHHBIX,
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Puc. 68. HomorpamMma a1 OUEHKH KpH-
THYECKOTO UHCJAA  CAyqaiiHO-MOHOTOH-
HuX nokaszateneil (95 %-Hblit JOBEpH-
teasuntit npeaen). Mo 10. B. llleaposy.

Puc. 69. Moseas su0renHoro opyjeHenns (BepTHKaJbHBIE paspes).

I —rpadukH cojepKannit pyAHBIX saemenTOoB; 2 — pyAnoe TeJA0 H ero MNepBHYHEI Opeon;
3 — 0—X ypoBHH (ropH3ONTHI) PYAHOA 30HBI

BoibpaHnble MOKasaTend 30HAJbHOCTH B METPHKe PYIHOI 30HBI
0,0—1,0 noaxuebl o6gajzaTh AOCTATOUHO GoJblinM pa3maxom R,
PABHBIM Viax/Vmin, H JOJKHE B 3TOM HHTEpPBaJe HU3MEHATHCH OTHO-
caTeJbHO paBHOMepHO. [To cocTaBy XMMHYECKHX 3JIEMEHTOB B UHC-
JuTe/le M 3HaMenaTesJe BhIOpaHHble v JOJKHbB COOTBETCTBOBATh
YCTAHOBJEHHOMY 30HAJBHOMY psALY OTJIOKEeHHs 3JeMEHTOB, a 10 Ha-
60py  3J€MEeHTOB — MAaKCHMaJbHO pasjqHYaThCs MexKay coloii.
O6uivHo s BbiGOpa mokasaTesell 30HAJALHOCTH OrpaHHYHBAIOTCS
paccmoTrpennem noxasareaein 11 nopsaka (wmukast 0, I w I1). Ipu
HEL0CTATOYHOCTH [0JIYYEHHBIX PE3YJIbTATOB HCC/AeA0BAHHS 30HAaJb-
HOCTH 3TaJIOHHOTO MEeCTOPOXK/IAeHHs CJeLyer MNPOAOJKHTL MyTeMm
aHaqanza noxasaresaeir IIl nopsinka wuian npuUBJIEYEHHs JOMOJHH-
TeJAbHBIX AaHHBIX reoXxuMHueckoro onpoGoBauus. s HcegegoBa-
uus no nporpamme <«Hio-2» mne caeiayer cocTaBaAsTH H3NHIIHE
C/0JKHble KOMIO3HIHK, NOCKoAbKY yxKe npu NI1=<0,051 cayuaiino
MOHOTOHHble noKasatenau He oxupaiorcea (N,p=0). [lpu nanwuei-
meM yMmeHbileHHH BeJqHunHbl NTI HyKHBlE NOKasaTeaH 30HAJLHO-
CTH MOTYT He BHIABIATHCA B CHJAY MPHPOAHLIX H TEXHHYECKHX
nomex.

OO6bexkTaMi, BXOAAIAMH B KOMMO3HIHIO, MOryT OLITb pPYAHBIE
TeJa OJHOTO MECTOPOKIAEHHs, €ro pPas/HYHble PasBe/lovHLIe NPO-
“(DHAH HIM HECKOJBKO TeHEeTHYeCKH OJHOTHMHBIX MeCTOPOZKICHHH.

[Tpupoauble reojOrHYecKHe MpOIECChl HOCAT CTOXOCTHYECKH
JleTepPMHHHPOBAHHbBIH XapakTep, MO3TOMY ASMIHPHYECKHE [aHHLIE
OTKJIOHSIOTCS OT MPOCTHIX (YHKIHOHAJAbHBIX 3aBHCHMOCTeH. A6-
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CTPAKTHAs MOJe]b 3HOTEHHOro Opy/AeHeHHs, cBOGOAHAs OT NpH-
POAHBIX H TEXHHUECKHX IOMeX, NO3BOJISIET BLIABHTL €ro rJaaBHble
3aKOHOMEPHOCTH H NpOBecTH HX yraybsaennwii ananus, Hakaanw-
Basi Ha H/eaJH3HPOBAHHYI0O MOJejb 3apaHee 3ajaHHble OrpaHHue-
HHS, c/ydaiiHble MOMEXH H OCJOMKHEHHsl, HMHTHPYIOlHe peabHylo
reoJIOTHYECKYI0 06CTAHOBKY, yAaeTcs OLEHHTh HX poJab H obecre-
uuTh 6Gojlee TPABHJABHYIO HHTEPHOPETALHI0 MOHCKOBBIX TeoXHMHue-
CKHX JIAHHBIX,

HceneoBannasa Mojenb XapaKTepH3yeT BepTHKAJbHOE pY/AHOe
TeJ0, CONPOBOKIaeMOe NePBHYHBIM OPEOJOM, OTPaHHUEHHOE BepX-
HEeH M HHXHeH BBHIKJHHKaMH H cHOPMHPOBaHHOE B pe3yakTaTe
ofHOcTaAuiAnoro mpouecca (puc. 69). Coxep:kanus ceMH PYAHBIX
3JIEMEHTOB MOJ YCJIOBHBIMH Ha3BaHHSMH 3a/aHbl 3a BbiueToM dona
B Npejiesiax OfHOro JorapndMHUecKoro HHTepBana, Xotsd HX abco-
JIIOTHBIE COJ€p:KaHWsl He COBNAZaloT. ITO MNO3BOJHIO COMIACHO
dopmysae (90) npu moaynorapupmHUEcKOM Maciitabe NOCTPOEHHA
XapaKTepH30BaTh H3MEHEHHS [OTOPH3OHTHLIX CPEeHHX COAEpKaHHI
PYAHBIX 3Jementos ¢ rayounoi (lg C.) npsaMbiMuU JHHHSAMH, OTJIH-
HalOWHMHCA TONBKO CBOHM HAKJIOHOM H MNOJOMKEHHEM TOYEK H3-
aoma. JIBym pyaubim 3nementam Zn u Cu npHcBOoeHa poJib OCHOB-
HbIX (MOJIE3HBIX) KOMIIOHEHTOB, OTJaraBUIHXCs B PY/JAHOM Teje
B peKHMe HachllleHHs, OCTANbHBIM OTBEIEHa POJIb 3JEMEHTOB-
COYTHHKOB., B BepXHHX M HHIXKHHMX BBIKJIHHKAX PYAHOTO Tejda COjlep-
JKaHHA IHHKA OOJblie COAep:KaHHH MeaH, coaepzxanHus As Hempe-
pbiBHO y6BIBatoT, a coaep:xanusgs Co HeNpephiBHO BO3pacTaloT
¢ raybuuoii. lannas Moxenn opyieHeHHs COOTBETCTBYET 30HdJb-
HOMY psily OTJOKeHHs 3jaemeHToB (cuusy BBepx): Co, Mo, Zn,
Cu, Pb, Ag, As. [lo reoxumu4yeckum XapakTepHCTHKaM Moje/b
obobulaer OnbLIT H3YYeHHA MEJHOKOMYEJaHHBIX MECTOPOKIeHuil
[O:knoro Ypana u Myroaxap.

Hasi ananusa mojean no nporpamme «Hiwo-2» BoiGpano 11 ro-
pusontoB uepes 0,1 B yciaoshoii Merpuke. M3 mux nepsbie aABa
XapakTepHsyloT Haapyiubii opeon (0—I), cemp ropusontos (II—
VIII) — pyanoe Tteno, a aBa HuxHHX (IX—X) — noapyansii
opeo. B pesyabraTte HccjeJ0BaHHS HCXOLHOH MOJeNH HafijleHHblil
30HANbHBIL PS OTJIOKEHHS 3J1eMEHTOB N0 LEeHTpPaM TAMKECTH Tpa-
(HKOB HX NMapHBIX OTHOLIEHW{T OTBeYaeT HCTHHHOMY. YHC/IO BHIAB-
JIEHHBIX MOHOTOHHO H3MEHSIIOLLMXCH Il0OKas3aTeJeH 30HaJbHOCTH
cocraBuno: | mopsaaka—5 (u3 21 Bosmomxkubix), II nopsagka —
29 (u3 231) u IIl nopsiaka — 153 (u3 1281). CayuaiiHo MOHOTOH-
HbIX TOKasartedeil, corslacHo ¢dopmyae (109), ne oxuianoch.

Ha wmojenbnble MOrOPH3OHTHBIE COJAEPIKaHHA 3JEMEHTOB HaK.ja-
ABIBAJHCh caydainble nomexn e=1,1¥ g 1,3%, pacnpeaenenHble
JIOTHOPMAJIbHO ¢ HYJEBbiM MaTeMaTHYECKHM OXKHJaHHEM; MOjelb
Hccse/loBanach NpH PasjJHYHOM uHeJge ONnpoOOBaHHBIX YpOBHEI,
B Pa3/IHYHBIX €€ HHTEPBAJAX H C YMEHLIICHHBIM YHCJIOM 3JIeMEHTOB.
OG6o6lLeHHe TOJMYUEHHHIX JAaHHbIX [O3BOJHJIO NPHATH K BLIBOLY,
YTO HCTHHHBIE PHAAbI 30HAJbHOTO OTJIOMKEHHS 3JIeMEHTOB BbIABAAIOTCS
TOJILKO NpPH HCCJEA0BAHHH MOJHOrO HHTEpPBaja PYAHOIl 30Hb, OT
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sepxHero (0) no uuxuero (X) yposueit mopenu. [Ipu 3tom ycao-
BHH, HE3aBHCHMO OT HaJIOXeHHs caydalinbix nomex, mpu 11, 9, 7,
6, 5 u naxe 4 onpobGOBaHHBIX YPOBHSAX BhISIBJEHHLIC PSA/IBI OTJI0KE-
HHS 3JIeMEHTOB COBMAJAAI0T ¢ HCTHHHOH MOCJEL0BaTeNbHOCTLIO HIIH
He3HAYHTEJbHO OT/HYAIOTCH OT Hee (4HCJI0 HHBepcHil He OoJee
Tpex). Peskne OTKJIOHEHHSs OT HCTHHHOrO pfja OGHAPYKHIHCH
NPH BXOJAHBIX JAHHLIX, OTBEUAIOMIHX MaJblM HHTEpBajaM HCCaexye-
Mo#t mojzend. Tak, npu pasgenbHOM HCCJAeI0BAHHH BEPXHEro
(ypoBan 0—I1V) u Huxunero (ypoBun VI—X) HHTepBa/soB MOIeJH
BLIAB/JIGHHLIE PsIABLl OTJIOXKEHHA 3JeMEHTOB CYIIeCTBEHHO OT/JHYya-
loTcsi oT 3ajdanHbiX, Bes onHoBpemeHHOro oxBara omnpoGOBaHHEM
HAAPYAHBIX, LEHTPAJbHbIX H MOAPY/HBIX TOPH3OHTOB OOHAPYIKH-
BAIOTCA PAAbI 30HAALHOTO OTJIOKEHHS 3/eMEeHTOB, BecbMa JalleKne
OT HCTHHHBIX.

HeratnBuoe BjusiHMe cJAy4YaiiHBIX MOMeX Ha pesyJbTaThl o6pa-
OOTKH OYEBHIHO H ONpejae]ser HeoOXOAHMOCTL CHHIKEHHA HX aMi-
JUTYAbl OyTeM YJydlleHHs KayecTBa reoXHMHueckoro omnpoboBa-
HHS, aHAJH30B M mojcyeroB. Ha nokasatenm crapmiix mOps/KOB
BJHAHHE CAyYaHHBIX NMOMEX CHHIKAeTcs, uTO YBeJHUYHBAET BO3MONK-
HOCTh MpHOOpETeHHs HMH MOHOTOHHOCTH. [Ipumep ob6pasoBaHus
MOHOTOHHOro mnokasatenas III nopsnka R RS Tpex
Pb-Mo-Co
OCJIOKHEHHBIX ciydadHoli nomexoit 1,3 HEMOHOTOHHBIX MOKa3aTe-
Jgeit I nopanka nokaszaw Ha puc. 70. PerynaspHble nmomexu, B OJH-
HAKOBOH CTemeHH H3MEHSIOU[He COJep:KaHHsA BCeX PYAHBIX 3JeMeH-
TOB (pa3ayBhl, MepeKHMBI, 3KPaHHl H Ap.), Ha Oe3pa3MepHble NMOKa-
3aTeNH 30HaJbLHOCTH HE BJHSAIOT.

HeyznosiieTBoputesbHble = pesyjbTaThl  ObliH  MOJYYeHB NPH
pasienbHOM HCC/AeJOBAaHHHM 30HAJBHOCTH TOJBKO BEPXHEro HHTEp-
Bana wmojeau (yposuu 0, I, II, IV), Toapko cpeanero (ypoBHH
IIT, V, VI, VIII) n Toasko umxuero (VII, IX, X). Hecmorps Ha
BLISIBJEHHE MHOTOYHC/AEHHBIX MOHOTOHHO H3MEHSIOUIHXCS OTHOLIe-
uuit I u Il nopsakos (or 125 no 219), HX NPOTHBOPEUHBLIH BHI
H 0OJblLIOe YHCAO0 BO3MOXKHO CJy4aWHbIX (Bepx H cepeiHHa —
Gosee 30, Hus — Goaee 100) caenanu NMPaKTHYECKH HEBO3MOMKHBIM
BeIOOp mNoOKa3are/eil 30HAaJAbLHOCTH. MexXay p#AaaMu 30HAJNBHOTO
OTJIOXKEHHsI 3JEMEeHTOB /i BepXHero H HHIKHEero HHTEpBAJOB
MOJeJH O0OHApYXHAAaCh OTPHUATENbHAS pPaHroBas KOPpPeJaAnns
r=(—0,54). B ycnoBufiXx peanbHOr0o MECTOPOXKJEHHS 3TO MO0
NPHBECTH K OWHOOYHOMY BBIBOAY O HaJH4MH OOPATHOH 30HAJIbLHO-
CTH OpY/IeHeHHS.

B ycaoBuAX, KoOrja 1o OTAEJbHBIM pPa3BeJOYHBIM  M[PO-
GuAAM HAH PYAHLIM TeJaM TeOXHMHYeCKHM OonpofoBaHHeM OXBa-
THIBAKOTCS TOJBKO OTpaHHYeHHble HHTEpPBaJibl PY/AHOH 30HBI, OTYET-
JBO NPOABASIOTCS AOCTOHHCTBa mnporpammel «Hio-2». O6beaunss
TPH HMHTEpBaJia HCCAeAyeMOH MojeJH B OJHYy KOMOO3HIHIO
(puc. 71) mo cxeme «o6bektoB 3 (min 3)», oGuapyxusaem 5 06-
UlHX MOHOTOHHEIX MoKasartesefi I nopsaka u 29 — Il nopsaaka npH
©OJHOM BO3MOMHO cjayuyaiiHOM u OOGUIHIl PSiA 30HAJBHOTO OTJOXNKE-
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ad Puc. 70. Tpadnkm MOHOTOHHOrO MO-

kazatenss I1I mnopsaka, oGpasopanHoro
N3 HEMOHOTOHHBIX TOKasateseli 1 mo-
panka, flo 3. H. Babaesy.

Puc. 7I/. Buisipienuwe mOAHOH 30HAJ/b-
HOCTH MECTOPOXK/EHHS MO AaHHBEM OM-
poGoBaHna Pa3IHYHBIX HHTEpPBaJOB
opyleHeHus  (nporpamma  «Hi-2»).
Ifo 3. H. BaGaesy.

Hurepsaabr pyaHOH  30HB: @ — BepxHHii:
6 — cpenunii; 8 — HHKHHI; I — pyanoe
TEN0 W €ro nepBHYHbIH opeon; 2 — YPOBHH
(rOpH30HTHI), YYaCTBYIOUlHe B HeCaeno-
BAHAH

(R
Z

HUS 3JIeMEHTOB B TOJHOM COOTBeTCTBHH ¢ paHee TOJYYeHHbIMH
pe3yJbTaTaMH TIPH HCCIeNOBAHHH HCXONHOH MOAeAH IO BceM
11 ypoBusiM. B 1esnom 3Tu u JApyrue HCC/IeLOBaHMS MojJeneii AoKa-
3aJiIi BHICOKYI0 3((EKTHBHOCTH H HAaNEMHHOCTb H3YUYEHHs 30HaJ/ib-
HOCTH MECTOPOXK/AEHHH ¢ noMomibio nporpaMmer «Hio-2».

Ha puc. 72—74 npHBeJeHB IreoJOTHUECKHe Da3pesel PTYTHOTO,
cTpaTUOPMHOr0 MOJHMETANTHIECKOTO # OJIOBOPYAHBIX MECTOPOZK-
JeHHH M TOKa3aTelH TeOXHMHUeCKOH 30HAJNbHOCTH 3THX MeECTO-
poxKaeHmii, HalileHHble nyTem 06pabOTKM TEOXHMHUECKHX JaHHBIX
no nporpamme «062-MT'Y», nanpueiilinM pasBuTHEM KOTOpPOil #AR-
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Pue. 72. Tpaukn noxasartesneii reoOXHMHYECKOH 30HAJBHOCTH H Te0JOTHUYECKHI
paspe3 OJHOr0 M3 YyuacTkoB TepJHrxafickoro PTYTHOrO MEeCTOPOK IEHHS,
o I'. C. Cumkuny.

|—3 — HHIKHEeJCBOHCKHe BYJAKAaHHTLI: | — AHIE3HTO-AAUHTOBbie nophupuTel; 2 — Tyhobpek-
yuH; 3 — adHpoBbie aH/Ae3NTOBhie NOPGHPHTHI; 4 — OCHOBHble ¥ BTOPOCTENEHHLIE Pa3Phin-
Hble HApYlIeHHs; § — pyAHBIC Tesa H HX MNepBHYHBIL opeon B Koutype 3107 9% Hg; 6 —
nojszemMHble BhIpaGOTKH (@) M cKBaxuHB (6)
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Puc. 73. TpadHKH H3IMEHEHHS MOKA3aTeJNs FeoXHMHYECKOH 30HAJBHOCTH ¢ TAy6H-

HOi. Muprajumcaiickoe MeCTopo aeHue.

! — uapectuaku City; 2 — usBectHakn Dyims_s; 3 — pyausit ropusont Dsfmg; 4 — ussecrHskn
Dyfm,—y ; 5 — TeKTOHHUCCKHE HADYIIEHUA; 6 — pPa3Beloulible CcKBaXKHHb; 7 — rpadmi Vz=f (z)
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Puc. 74. Teonoruueckue paspessl JABYX OJOBOPYAHBIX MECTOPOMKJEGHHI H Tpa-
Bi%-Ag

Sn2-W

I — nopgupurel; 2 — naardoknasobble nopdHpHTEE B HX  TY(b; 3 — sddysusHo-ocasounble

HOPOALI HHMKHErD MeJa; 4 — BCPXHelOpckas Tecyaso-claHuesas TOMMA; 5 — DYAHasi 30HA;
6, 7 — rpacdukn Vv, AJMA MECTOpPOKeHHS Mepesanbuoe (6) u Pectusaavhoe (7); 8 — ckna-

HKHHLIE 9 — ropHkie BhlpaGoTKH
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CPHKH o6LIero A HUX FeoXHMHUYECKOro MOKa3aTe/s 30HAJABHOCTH Vg =

asiercss nporpamMma «Hio-2», Tlo uueay Hee/e0BaHHLIX pa3Bejou-
HbIX OpodHaeit g ompoOOBaAHHBIX VPOBHEH OpYyAEHEHHS B COCTABE
BBISIBJEHHbIX TOKa3aTeaeil caydaiiHo MOHOTOHHBIX HE OXKHIA/A0Ch,
[Mo kaxaomy u3 3THX JeTaqbHO pPasBe/laHHBLIX MeCTOPOKIeHHIT
O6bl1n BeiOpaHel 8—10 pasanyHBIX v, KOTOpLIE 3aTeM NPHMEHAJIHCh
JIIST OLeHKH TFeHEeTHUYECKH OJHOTHIHBIX IPOABJIEHHH PYAHOI MHHe-
paiu3allii — reoXHMHUECKHX AHOMAJHil, BbLIABASEMBIX NPH 10-
HCKaX.

3onanbHocTe Tepaurxaiickoro MectopozieHust (cm. puc. 72)
Heeael0Balack B lleoMm, Ge3 BBIICJIEHHS OT/ENbHBIX KBapleBo-
KHHOBApHLIX Tej, uto onpasjiajo cebs., I'eHesnc crpaTHGOpPMHBIX
MECTOPOMXKACHUI CUHTAETCS CNOPHBIM: COTJIACHO OLHOH TOuKe 3pe-
HHS, OHHM SBJSIOTCS JIeDBHYHO-OCAJIOUHBIMH, COMNIACHO APYroil, —
ruapoTepManbHbiMiu. [eoxmMuueckas 30HaJAbHOCTL Mupranaumcaii-
CKOro NOJHMETaJJIHYeCKOTO MeCTODOXKIeHHs OJHMHAKOBO TpOSB-
JAeTcss B JABYX KPbUIbAX aHTHKIHHAAH (cM. puc. 73), uTo yKasbl-
BAET Ha BO3MOKHbII NOCAECKAaA4aTHil Xapaktep pyaocobpasosa-
HHSI M, CJIeIOBATEJbHO, Ha ero 3IHreHeTHYecKywo npupony. [Ba
0JIOBOPYHBIX MECTOPOIK/AEHHs, TIOKasaHuple Ha puc. 74, npuHajje-
JKAT K OJJHOMY reHeTHUeCKOMYy THNY CHJIHKAaTHO-cy/ab(uIHOM (dop-
MALHH, PACCTOSHHE MeXAy HHME 1Mo npsMoi okomao 40 km. Koad-
dunuent noxobust » THX ABYX MeCTOPoxKIeHuit okojo 1,0.
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Cnenyer Jin BCerja OXKHAAThL CYUIECTBOBAHHS MOHOTOHHBIX T10-
KazaTe/ell 30HAJbHOCTH MECTOPOXKAEHHH B CHJY IOC/EL0BATEeNb-
HOTO OTJIOXKeHHA 3JeMeHTOB NpH pyacobpasoBanuu? OTBeT Ha 70T
BOMpPOC, HecOMHeHHO, Oyaer orpuuarelbHHIM. OfHa H3 NpHYHH
HAPYLICHHA HX MOHOTOHHOCTH — MHOTO3TaykKHOE, HEpPeiKo KyJHCOo-
ofpasnoe pasMelleHne CJAenbiXx PyAHBIX Tea mo ray6une. B pesynb-
T4aTe pPsA/Abl 30HANBLHOTO OTJIOXEHHS 3JEMEHTOB MOTYT HEO[HO-
KpaTHO TOBTOPATLCH, M NOAPYAHLIII Opeos OJHOrO PYIHOrO TeJaa
MOJKET COBMellaThCsl ¢ HaJAPYAHBIM OPEOJOM JpPYroro. ITOT BakK-
HbIH NPH3HAK J0JKEH YUHTBIBATHCS BO BCEX CJydasix.

Lpyras npHYHNA — HalHUYHE <«IEHTPHKAHHAJILHOI» 30HAJIBHO-
CTH, CHMMETPHUYHOIl OTHOCHTEJbHO cpejHell 4acTH PYAHOH 3a/erxu.
Takyio 30HAJILHOCTL MOXKHO OJKHAATH Yy BYJIKAHOTEHHO-0CAJOYHBIX
MeCTOPOXK/ACHHUI, a TAKKe MO MPOCTHPAHHIO (vy) MHOTHX KHJIbHBIX
H MJIACTOBHIX 3HJOTEHHBIX MECTOPOMK/EHUH, OT «ropsueii» LenT-
palbHOH YacTH K HX <«XOJOAHBIM» KoHLam. OTueTNHBYIO LEHTpH-
KJHHAJbHYI0 30HAJbHOCTH MEJAHOKOJYeLaHHOTO MecTOPOXKIAEeHHs
«b0 aer Oxtabpsa» (CeBepubie Myroazxaps) Buissua A. A. Mar-
BCEB.

Takyio e poab urpaer NoJoroe CKJIOHEHHe PYAHBIX Tel, B pe-
3yJbTATE KOTOPOTO MO HEKOTOPHIM pAa3BeLOYHLIM NPOMHIAM 30-
HaJBHOCTH OTCYTCTBYeT uJAH npuobOperaer oOpaTHbI XapakTep
(pmc. 75). HMenHo Takas 30HAJBHOCTL Obliia OOHapy:KeHa IpH
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Pue. 75. Cxema o6paTHOH 30HAJBHOCTH NPH TMOJOTOM CKJIOHEHHWH DY/JHOI 30HEL

I — coBpeMeHHasi TNOBEPXHOCTL, 2 — yCJOBHble <«H30TEPMbl» pYAOOTJIOXKEHHA; 3 — pasBenod-
Hble TpodHAH, TOYKH — NepecedeHde NJOCKOCTH PYAHOH 30HLI CKBaXXKHHAMH; 4 — Hanpasle-
HHe JBHIKEHUs THApoTepM i
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HecleloBanHn Meanonopguposoro Mecropomjaenus Kokcait (HOxk-
ubift  Kaszaxcran). Toapbko B nepsoM npHOJHIKEHHH H30JHHUH
YCJOBHOI <«TeMIepaTypbl» pPYy/A00TJOZAKEHHS, OTPaKeHHeM KOTOpOil
ABJAAIOTCA JHHHH H30-v, MOTYT B INJIOCKOCTH PY/AHOH 30HBEI Tpej-
NoJaraTbCs Napajje/IbHbIMK JHEBHOI MOBEPXHOCTH W MeX1y Co-
Goii. CqloBO «TeMnepaTypa» YMBLIIIEHHO B3ATO B KaBBIUKH W O3Ha-
yaeT KOMILIEKC (PH3MKO-XMMHYECKHX VYC/JIOBHH, M3MEHSIOUIHXCH
¢ raybuHoii. BropbiM nOpHOIHXKEHHEM MOXKET CJAVKHThL KapTHHa
«|U30TEepM», TIOKazanuas Ha puc. 75. B fonee obulem ciayuae JHHHH
H30-v B ILIOCKOCTH PY/AHOH 30HB MMEIOT CJOXKHBIH KPHBOJHHENHLIH
XapakTep, 3aMbIKafdch BOKPYr OT/Je/bHbIX «XOJOAHBIX» H OoJiee
«ropsiuux» OJIOKOB.

BoisiBjleHHe CcBA3H MeXy pacnpeieneHHeM I0JE3HBIX KOMIIO-
HEHTOB OpY/EHEHHS W YHC/JAEHHBIMH 3HAYEHHSMH v HMeeT BaiKHOE
NpaKTHYECKOe 3Ha4¥eHHe, B YACTHOCTH, JJg NPOCHO3a PY/AHLIX
cTon60B ¥ «6GoHaHI» Ha MeCcTOPOXK/IeHHax 3ogoTa. lHecomuenno,
UTQ B HPHPOJAHBIX YCJAOBUAX pasJHYHble IPHYHHBE, B TOM HHCIE
MHOrOCTA/MIHBIA XapaKTep Opy/IeHeHH#d, OCJOKHAKIT 30HAJBHOCTD
IH/IOTEHHBIX MECTOPOKIEeHHH.

44. PEIUEHHE NMOUCKOBO-OLLEHOYHBIX 3AJIAY

KoHeuHast 11esip HCCAELOBAHHA IIEPBUUHBIX OPEOJOB i 30HaJBHOCTH
MeCTOPOZKAeHHH — OOHapyKeHHe HOBBIX pPYAHBIX Te1 H IIPOrHO3
opyAeHeHHst Ha ray6uny. Bhicokoii sgeKTHBHOCTH TNpH pelleHuH
stux 3agau goctur C. B. I'puropsun B pyaubix paiionax Kapawma-
sapa (TagxCCP). M3 37 reoxWMHUeCKHX aHOMaJ/luii, PeKOMeHJO-
BaHHEIX HM K pa3Be/Ke, cJernoe NPOMBbIULIEHHOE OpY/eHenHe Gulio
obHapyKeHo ropHo-6ypoBbiMu pabotamu B 31 cayuae (84 % ).
M3 15 pasBenpiBaBLUIMXCS AHOMAJHH, OUEHEHHbIX Kak Oecrnepcrek-
THBHblE, HH B OJHOM cJydae IPOMBILIEHHBIX pPYA BCTpeyeno
He Gbino. Cuenble pyjaHble Teada OblIM  OTKPBITH N0 JAHHBIM
C. B. I'puropsina Ha TiyG0OKHX FOPH30OHTAX CKAPHOBO-MOJHMeETA/-
auueckoro Mecropoxienus I'apnenGepr B Ilsemun [5].

Ha Bcex crajmsax NOHCKOB H PasBejiKH YHHBEpPCaJbHOe 3Hade-
HHE HMEET OIeHKA MO FCOXMMHYECKHM JAaHHBIM OJHHOYHBIX DYIHBLIX
nepeceyeHHil nyTeM HX MepeBoja B METPHKY 3TAJOHHBIX MECTOPOXK-
JIeHHH, 9T0o 0COO6EHHO BaKHO NPH OUEHKe HENPOMBILIIEHHOrO OpY-
JIEHEHHS, KOrjia pellaercsy BONPOC 0 €ero IPHHAJJEKHOCTH K Hal-
PYAHBIM, y6OrHM UEHTPaJbHBIM HJH MOAPYAHBIM HHTEpBAJIaM py/i-
woit 3oHBl (cM. puc. 55).

He Menee BaKHOH $ABJIAETCS OlGHKa B METPHKE 3TaJOHHOrO
MeCTOPOXKAEHHs 1 [POMBLIILICHHOrO OPY/AEHEHHH Ha TOPU3OHTE €ro
oOHApy KeHHsl MOHCKOBBLIMH CKBAaXXHHAMH MJH Ha COBPeMeHIOH no-
BEPXHOCTH, B TOM YHCJe M0 BTOPHYHBIM OCTATOYHBIM OpeoJjam pac-
cesHHs, B nocaejgHem cjiyyae 3ajaya CBOJMTCSI K OLIEHKe YPOBHA
3PO3HOHHOrO Cpe3da MeCcTOPOX/eHHs, B uucjae APYTHX NPH3HAKOB
onpejeasionlero ero NPoruosnbie pecypesl (cm. pasuen 6.2.4).

Onerka («TakCHPOBaHHE») yPOBHS OPY/1eHEHHA NPOBOLHTCS 1O
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MoKasaTessiM 30HaJbHOCTH V. TEHeTHYECKH OJHOTHIHOrO 3TaJOH-
Horo mecropokienus. Has sroro BelbpaHHble MOHOTOHHO H3MEHA-
IoniHecs  nokKasartead 30HaJAbHOCTH H300paxkalorcs rpadHuecKH
B Koopannatax [logvy, z], Kak 3T0 nmoxkaszaHo Ha puc. 64, 72—74.
[To sTum rpaduxkam, Kak no rpajiyHpoBKaM, UHC/JEHHbIE BeJHYHHbI
V; TAKCHPYEMOro ceyeHusi nepeBojsTCs B 3HaueHud z; HaubGoaee
y106HO BeJHYHHBLI Zz 3TaJoHa Bblpaxartb B wWwKajge 0,0—1,0. Ecau
JUIi 3TOTO  HeT /IOCTATOYHBIX JlAHHLIX, oTcyer rayluubl Bejercs
B OTHOCHTEJNDbHBIX HJIH abCOMIOTHBIX OTMETKax MJH B «YVPOBHSAX»
(ropu3oHTax) 3TaJOHHOrO MecTopoxkjaeHus. Te Ke OLEHKH MOTYT
6bITh NOJYYeHB aHaJHTHYeCKH no (opmyse nojaobus Tpeyroab-
HHKOB:

2 —a-(b—a) 'ng‘(% (104)

rae @ u b—ormerkn (A HOMepa) /ABYX YPOBHeHl 3TaJIOHHOTO
MECTOPOIKAeHNHS, MeX/1y KOTOPbIMH (HJH BOJH3H KOTOPHIX) JIEKHT
zi (puc. 76).

Hepocratouno ypoBeHb OpyjeHeHHs ONpeaeafTb MO BeJHUHHE
OJHOrO V— NPH 3TOM OCTAlOTCS HEH3BECTHBIMH CXOAHMOCTH H JIO-
BepHTeAbHble TNpejean oueHok. OnpejneneHus cJelyer BECTH IO
8—10 pasHbiM v, ¢ OUEHKOH cpeAHero apH(METHUeCKOro z H
CTaHAapTHOrO OTKJIOHEHHS uepe3 pasMax 3HauyeHHH S=Pn(Zmax —
—2Zmin), TAe Pn— TabJHYHBI MHOMXHTENb, 3aBHCALLHI OT HHCIA
onpenenenuii [42]. Ouenkn ypoBHeil OpyJdeHeHHs MpeICTaBJSIOTCA
B 3HayeHWax 2-=4s/J'n |, rie n—UYHCIO HCHOJB30BAHHBIX V.
BeanuuHbl JOBEPUTENbHLIX NpeaesoB =+ s/} n xapaktepusylor Ha-
JeIKHOCTL OLEHOK M CJYXKaT OJHHM M3 KPHTEpHEB TeHeTHYecKoi
6JIH30CTH OLIEHHBAEMOro OpY/AEHEeHHA K 3TAJOHHOMY MEeCTOpOMKIe-
Huio, OUeHKH CYHTAIOTCH YAOBJIETBOPHTENBHBIMH, €CJIH OHH Jiexar
B npexejax =50 M, npu 66ab-
IUIHX JOBEPHTEJBHBIX Tpejenaax
uenecoo0pasHo  NEPeCMOTPETh
BLIGOP 3TANOHA. k]

MeTon OLEHKH OMKHIaeMblX
Ha raybuHe pecypcoB MeTaJia
0 XapaKTepHCTHKAM Haapyn-
HBIX TIEPBHUHBIX OPEOJIOB BIEp-
Bble npeanoxua B. J1. Bapey-
KOB 717 OJOBOPYAHBIX MECTO-
poxpennit lanbHero Bocroka.
B ocHoBe ero JexHT aHaju3
MePBHYHBIX OPEoJIOB JErKoJery-
YMX 3JE€MEHTOB, OCBOOOXKIal0-
UMXCA NPH pacnage KOMIJIeKC-
HBIX coelnHeHki, B (opme Ko-

. ’ Puc. 76. Cxema OlUEHKH YPOBHS Opy-
TOPLIX NPOHCXOLHT NEPEHOC DY~ jopenns z; no eadunne vi B MeTpHKE

HBIX 3JIEMEHTOB TIPH THAPOTEP-  37a/0HHOrO MECTOPOIKAeHHS

- z g
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MaJabHOM pyZAooGpasoBanun. B obmem ciydae MexAy HaApyAHBIMH
opeoJlaMH 3THX aAJeHIOB H KOJHYECTBOM METAJJIa, OTJOMKHBILE-
rocsi Ha rayGuHe, cyuecrtByer mpsimasi 3aBHCHMOCTL. [lpu Qopmu-
POBalHH OJOBOPYAHLIX MECTOPOMKIEHHIT TNepeHoc o0J0Ba THApOTEp-
MaJbHBIMH PACTBOPAMH NPOHCXOJAHUT B opmMe PTOP-rHAPOKCHIBHEIX
KOMIJIEKCOB, THAPOJH3 KOTOPLIX TIPH M3MEHEHHH KHCJOTHO-IIEA0Y-
HBIX YCJOBHIT HIET N0 peakuuH

[Sn (OH), F,J*~ - 20H- - SnO, + 2H,0 -+ 4F -,

OcBoboxkaalowmuiics npn 3ToM (TOP-HOH BXOJAHT B COCTAB HAajl-
PYAHBIX OKOJIOXKHJBHBIX MOPOJ B COAEPKAHHAX, 3aBHCALIHX OT
KOJIHYecTBa KaCCHTePHTa, OTJOKHBLIErocs Ha raybune [5].

B. JI. BapcykoB npejsoKHi OLEHHBATL NMPOTHO3HbIE pPecypcChl
00Ba MO BEJHYIHE OTHOILIEHHS MEXKAY CPeAHHMH COAepKaHHAMH
(Topa B HaJApyAHOM HHTepBa/le JKHJIbLHOTO BHINMOJHeHus (Fp) H
B OKOJIOpyZAHOM opeosie (Fgp) ¢ IOMOIIBIO COOTBETCTBYIOLLErO
YPaBHEHHsI PerpeccHu, IJTH 3aBHCHMOCTH ¢ TIEPEMEHHBIM YCIEXoM
0Ll HCMOJBL30BAHE B MpakTHKe pabor M BOWIM B JEHCTBYIOLLYIO
Huctpykunio [21]. Otor BecbMa NepCcrneKTHBHBIH MeTOJA OIEHKH
MPOrHO3HEIX pecypcoB Sn, a Takxke W, Be M HEKOTOpHIX APYrHX
METa/JIOB MO HAAPYAHBIM HEePBHYHLIM OpeosaaM JErkoJeTyuHx aJe-
MEHTOB ellle Hy:KlaeTcs B gopaboTke.

Jlpyroii BapuaHT pellleHHs 3TO#l 3ajauum paccyutan Ha OGosee
OrpaHHueHHbll HHTEpPBaJa HAaJPyAHHX OpPe0JOB — OT TOPH30HTAa, HA
KOTOPOM OCHOBHOH PY/AHBI 3JeMeHT OOHApYMKHMBaeTca B 3aBEIOMO
AHOMAJIbHBIX COJIEPXAHHAX, [0 TOPH30HTA TNPOMBILIIIEHHBIX PYI.
B npuHATOii MeTpHKe 3T0 oTBeuaer uHTtepBaay 0,0<z<0,2. Hauu-
Hasi ¢ 2==0,2, ouenka pecypcoB BejeTcs MO MapaMeTpaM pPypHOTO
Tena, Haapynubiit nepBHUHBIH opeoJ, HanmpuMmep, CBHHIOBOTO Me-
CTOPOKACHHS MOMKHO XapaKTepH30BaTh MOCIe]0BATeNbHBIMH yPOB-
HAMH, CXeMaTHYeCKH MOKa3aHHhMH Ha puc. 77. Ha yposme 0,02
O4YeHb MaJeHbKYl0 Mo pasMepaM H MO NPOAYKTHBHOCTH JIHTOXHMH-
yecKylo anomaJgauio ob6pasyer Touabko cBHHell, Ha yposue 0,07
K HemMy npucoegunsercs cepebpo, a na yposue 0,11 —wmenp, u
BbISIBJIGHHBIE pa3Mephl aHOMaJHi MOcJel0BaTe/bHO BO3PacTalorT.
BoJsee paHHee NOsiBJeHHe NEPBHYHOTO OPeoJia CBHHIA MO cpaBHe-
HHIO ¢ opeoJoMm cepeGpa He o3Hayaer, 4To cepe6po OTaranoch
HHKE CBHHIIA, M CYAHTb O NOBEAEHHH 3JI€MEHTOB MO BHISBJAEHHBIM
pasMepaM HX FeOXHMHUYECKHX aHOMaJHit B Jio6oM cilydae HeIOmy-
ctiMo. Takasi moclie0BaTeqbHOCTH MOSIBJEHHs OPE0JOB JIBYX 3Je-
MEHTOB OOBSCHSETCS TeM, YTO 3TO CBHHIIOBOE MECTOPOXK/IeHHEe, H
B KOJHUECTBEHHOM OTHOLIEHHH CBHHEL CyIIecTBeHHO npeobaajgaer
Haj1 cepedpoM.

Ita Hec/N0MNKHas Moje]b TOJNBKO HAMOMHHAET, 4To 3((eKTHBHBIE
pasMepbl JHTOXHMHUECKHX aHOMaJuil, co/lepxKaHua H NPOAYKTHBHO-
CTH 3JEMEHTOB yiKe B HaAPyaHOM Opeojie MOTYT H3MEHTbcsa pas-
JiyKbiM 06pa3oM — BO3pacTaTh, OCTABATLCHA MOCTOAHHBIMH H YObI-
BaTh ¢ TrJyOMHOA. 3aKOHOMEPHOCTH pacnpejeseHds B KOHTYpe
MOJIeJIH OpY/IeHeHHsl OCHOBHOrO PYAHOro 3jeMeHnrta Gojee noapobHo
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Puc. 77. Mozenr ypoBHeil 5pO3HOHHOTO Cpesa.

1 — peprHRanbHbifl paspes pymHOro Teaa W ero MNepBHYHOrO Opeoja; NepBHYHEE Opeoasbl
B naaHe: 2 — cBHAEOA; 3 — cepebpa; 4 — MeAH

Xapakrepusyer puc. 78. 37ech Ha BEPTHKAJbHOM paapese PyAHOIl
JIMH3HL 1I0KasaHbl: yiKe obcy:kiaBliuiics padee rpaux comepika-
uufi pyasoro saementa lg C.=f(z), rpaduk u3MeHeHus c TJyOu-
HOH IUIOIIAaAM JHTOXHMHUECKOH aHOMaJHu S; u rpauk OAHOrO
H3 TEOXHMHYECKHX IOKasaTeJeil 30HaJbHOCTH V; 10 YCJIOBHIO
He HMEIOLLero B CBOEM COCTaBe OCHOBHOTO DPY/JHOTr0O 3JIeMEHTa.
CoBmecTHOe paccMOTpPeHHe 3THX AAHHBIX TO3BOJIAET BHIIENHTDH
B [pejaesiax PYAHON 30HEI HHTEPBAJbl: HAADYAHLI, B KOTOPOM JiH-
Heiinas Mp m miaomajanas P, NpPOAYKTHBHOCTH OpYAEHEHHS OT
VPOBHA K YPOBHIO BO3pacTaioT; pyauble, B KOTOpHX My ocraercs
CPaBHUTENbLHO IOCTOAHHOH; W NOAPYAHBIH, B KOTOPOM HMPOLYKTHB-
HOCTh yOBIBaer, BIVIOTL [0 TMOJHOH BBIKJHHKH OpY/JeHEeHHs.
ITockoJIbKY BenHuYHHA MOKa3aTes 30HAJbHOCTH V; MOHOTOHHO YObI-
Baer ¢ rayOHHOH, B HaJApyaHoM HHTepBaJe Mexay M, u v. cyule-
CTBYET OTpPHIIATeJbHAs KOPpeJflHs, B INOAPYAHOM — [OJOKHTE/b-
Hasg, B Haubo/see NPOAYKTHBHOI YacTH pY/AHON 30HBl — MeMXIY
M, u v,— koppeasiuns orcyrersyer. [Ipu reoxuMuueckom omnpo6o-
BAHHH KOHKPETHOrO MEeCTOPOMK/JEeHHS MO CepHH Pa3BelOuHBIX MpPO-
(pHJIEl:'I 3TH KOppPeJAINHOHHbIE 34aBHCHMOCTH MOTYT CIAYAKHTE 1A
JIHATHOCTHKH COOTBETCTBYIOUIMX HHTEPBAJOB PYAHOH 30HBI.
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Puc. 78. Mojeab pyAHoii JHH3H:
a — pepTHKaJbHBIl paspe3; O — pasauuuble YPOBHH Cpe3oB, [ — pyAHOe Teao, 2 — Nepuuy-
Helil opeon; 3 — rpaduxk NAOWAAH AWTOXHMHYeckol anoManuu Sz,' 4 — rpadug cogepxannit

pyiHOro 3JAeMeHTa |gC; 5 — rpatux Vi i — KOIQOHUHEHTH KOPPeJAIHH MexAY v,
# M, B pasnHuubix HHTEPBajax PYAHOR 30HBI

B npaBoii wactn puc. 78 nokasapbl pasiHulble Cpe3bl PYyaHOI
JWH3BI, HayuHas ¢ Haapyausix yposeit 0,1—0,15. Ouesungno, uro
oGHapy’KeHHe CJenoro pyjaHoro tejna MpH TEOXHMHYECKHX MOHCKAaX
BO3MOMHO 1 Ha JApPYrux, OoJjee BBICOKHX YPOBHAX MNEPBHYHOTO
opeoJia ¢ pas3iHYHLIMH BecbMa MaJbIMH TNPOAYKTHBHOCTAMEH P
(B M2 % ). Cyauth o NporHo3HblX pecypcax merajaa Ha rayGune
0 BeJHYHHE 3TOl MPOAYKTHBHOCTH corjacHo dopmyae (87)
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MOMKHO TOJbLKO TMyTeM ee mepecuera Ha ypoBeHs 0,2 ¢ nomouibio
NOMPAaBOYHOTO MHOKHTENs, 3aBeloMo OOJbLIero eLHHHLbI

[Tpornosneie pecypcsl MeTalia Qu* B CJenbix PyAHLIX Telax
N0 NPOAYKTHBHOCTH Pp HX HaJPYAHBIX OPEOJ]OB CJelyeT OLEHHBAThH
COTJIACHO 3aBHCHMOCTSM

Py=1Py; (105)
= 1 =
Q= PyHa, (106)

rie Pp* —ucnpasjeHHas NPOAYKTHBHOCTB, mni=[(2:)>10 (2i—
KOHKpeTHBIfi yPOBEHb HaJPYyAHOTO OpeoJa, Ha KOTOPOM olipeie-
aena Pp); H — nporsizKeHHOCTH pyAHOTO HHTepBajaa or z=02
a0 z=0,8;, a<1,0— nompaBouHBEI MHOMHTEJIb, YUHTHLIBAIOULHI
noawo 3abanancoselx pyA. B orauwune ot kosd¢uuuenta n>1,0,
3aBucsauero or 2<0,2, monpaBouHLIi MHOXKHTeJb a B GopmyJe
(106) 3aBHCHT B 4YacTHOCTH OT o0mHX 3anacoB Meraana Qu,
COCPEIOTOUEHHBIX B OOBEKTE.

OnelIT NOKa3biBaeT, YTO BbiBJEHHAS <«IIHPHHA» NEPBHYHOTO
opeosa NMPH MOCTOAHHBIX GOPTOBOM M (POHOBOM COAEPIKAHHH Ompe-
Jejsercs CBOfcTBAMH PYAHOTO 3JleMEHTa H PYIOBMeIIaiollHX
NMOpoj W He 3aBHCHT OT pa3MepoB pyiaHoro Tenaa. B urore c BO3-
pacranueM oOLIHX 3amacoB MeTajala Qg OTHOCHTENBHOE ero KoJu-
YeCTBO, COCPe/OTOYEHHOe B MEePBHYHOM OpeoJe, CHHXKaercs W NO-
NpaBoOYHbIfi MHOMKHTENL @ CTpeMHTcs K eanHuue. CrpaBemHBOCTD
Takofi 3aBHCHMOCTH ¢ OT Qu MOXHO NOKasaThp Ha NpocreiilieM
npumepe cepuueckoit 3anexu. OO003Hauas paauyc pPyAHOro

TeJa r, cpelHee coiepikaHHe Meranna B pyde Cp, npuHHMAas 3KBl-
BaJeHTHYIO MOLIHOCThH NMEepBHYHOro opeosa 3a 1,0 u cpeanee cojiep-
JaHue Meraana B opeode 0,2 Cp, umeem
=]
0,82 +0,2(r -} 1)3

[TpuiaBas r pasiuuHble 3Ha4eHHsi HafileM COOTBETCTBYIOULHE
Beanunnt @ (71adx. 17). [To Mepe yBeaHueHHs pa3MepoOB 3aJjiereii
3anmacel MeTaJjJa B NEePBHYHOM Opeojie PacTyT, HO HX OTHOCHTE/b-
Hasi 710J151 B 0OIIMX (reoXHMHYECKHX) 3alacax CHHIKAeTcH.

Bonee caoxkHo OOOCHOBaHHe UHCJAEHHBIX 3HAUEHHIl MHOKHTEJSs
n:>1,0. YcranoBsienHe COOTBETCTBYIOUIHX (DYHKUHOHAJLHBIX 3aBH-
cumocTeil ABasercs 3ajaadeii OamKkaimero Oyaymiero. 31ech Mbl
OrpaHHYHMCH PAcCMOTPEHHeM YacCTHBIX 3HAUEHHH 1);, TNPeLJIOKeH-
HBIX JIJIg nepecuera MPOAYKTHBHOCTH HA/PY/AHbIX MEPBHYHBIX OpEO-
JOB Ha YPOBeHb NPOMBIUIEHHEIX TOpu3oHTOB (2=0,2) a1a ouo-
BSHHBIX MecTopoxiennii KaBaneposckoro paifiona (IIpumopckuii
Kpait).

OJoBOpy/iHEIE MECTOPOK/IEHHA 3TOrO pafioHa MNpHHajIexar
K CyJabhHIHO-KacCHTePHTOBOH (OpMalLHH, HX PYAHbIE Te1a Npe/icTaB-
JieHbl KPYTOMajalollHMH JKHJIAMH H MHHEPaJH30BaHHBIMM 30HAMH
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Tatamna 17

Monpagounbie MHOKHTENH ¢ Mif ydyera 3abajaHCOBBIX PyA.
Cdeprueckas 3aneXb (Mofelib)

YcaoBHble 3anacksl Metanna
B TOM YHCJAe:
O6Bexr r Beero o
" B pyae B ngg:;l::ou
Pynonpossaenie 0,3 0,461 | (0,027) 0,434 0,059
Mectopox aenne:
MeJKoe 1,0 2,4 1,0 1,4 0,417
cpejixee 2,15 14,26 10,0 4,26 0,701
KpYnHoe 4,64 115,88 100,0 15,88 0,863
VHHKanbHoe 10,0 1067,4 1000,0 67,4 0,937

Hamu apoGaenus. OpyleHeHne XapakTepu3yeTcs YeTKOl BepPTHKAMb-
HOIl 30HA/IbHOCTBIO, OTPAXKEeHHEM KOTOPOH CJyXKAaT MOHOTOHHBIE YGbl-

Bamlue ¢ l"JIyﬁHHOI':I FeOXHMHYeCKHe IoKa3aTe/lH 30HaJbHOCTH THIA

Pb As-Zn Sb.Cu.-Pb L
ey e e e DT ot‘)mne JUI1 TJaBHEHUIHX MEeCTOpPOZKIe-
Sn Sn2 Sn?

Huii paitona. Ha puc. 79, a, 6, 8 mokazana Mojiesib BEPXHEro HHTEp-
Ba/la pyAHOH 30HB C TEOPETHYECKHMMH rpaduKaMu CpPeJHHX cojep-
xkanuit C, Tpex pyaHBIX aqementos Sn, Pb, Sb n ortHomenunit mexay
HHUMH v,. B orauude or Bospactalomux copepxanuii Sn, cpeaHue
cojep:xanus Pb Ha BceM npoTSKeHHH HAZLPYAHOrO HHTEpPBAJIa HMEIOT
yCTOHYHBEIE 3HAYeHHs, a cojep:kanus Sb B ToM Ke HHTepBaJe
0,0=<2=<0,2 nenpepriBHO najaioT ¢ rayouHoN. YO6buBaHue ¢ rayoHHOI
BeJHYHHBl FEOXHMHYECKOro nokKasaTess nepsoro nopsinka v=Pb/Sn
B HaJpyAHOM HHTepBaje 00f3aHO TOJBKO BO3PACTAHHIO CPEAHHX
cogepxaHuii (mponykTHBHOCTeli) Sn M, C/lel0oBaTeNbHO, SBJSETCH
Mepoii nonpaBounoro MHoxurtens n. Huxke ormerku z=0,2 B ycio-
BHSIX YCTOHYMBBIX CcO/ep:kauuii Sn npojpomsaiouieecss yOGbiBaHue
YHCJAeHHBIX 3HaueHHit v=Pb/Sn o6s3aHo0 HayaBuemycs najeHHIo
¢ raybuHoi cpeanux cojep:auuit Pb. bodaee 6bicTpoe nagenne ¢ riay-
OuHOIT BeJIHYHHB OTHOMIeHH Sb/Sn B HaapyAHOM HHTepBae 0643aH0
COYETAHHIO POCTa CPEJHHX COJAepXaHuil Sn ¢ najenueMm cojepxKa-
HHii Sb, H Mepoil MONPaBOYHOr0 MHOMKHTEJNS 1) CJAYIKHTL HE MOXKeT.

Ha puc. 79, 2 nokasaunsl peasbhble rpadukid H3MeHEHHsI ¢ TJy-
OuHoil BeanuuH mokasatedeii Pb/Sn u Sb/Sn aas Kasaneposckoro
pyvAHoro paiioHa, A0CTaTOYHO OGJH3KO NOBTOPSIOULHE MOJAEJIbHBEIE MO-
crpoenus (cm. puc. 79, 8). C yuerom 3TOro no peajbHomy rpaguky
v=Pb/Sn ucXxols H3 3aBHCHMOCTH: 1) = Vi<0,2/Vz—0,2 OBIJIH HAICHBI
3HaueHns n=[(z), rpaguk KoTopbix nokasad Ha puc. 80. I1pu ypos-
HAX 3PO3HOHHOTO cpe3a, GJIH3KHX K HYJI0, 3HAYEHHS 1) CTOJIb Obl-
CTPO BO3pacTalwT, UYTO HX OleHKa CTAaHOBHTCA HEYCTOHYHBOIL.
[TosTomMy npuMeHeHHe TONPaBOYHOTO MHOMKHTEJIs H OIleHKa POrHo3-
HbIX pecypcoB Metanana no ¢opmynaam (105) n (106) npu 3posuo-
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Puc. 79. Tpaduku copepmxannit Sn, Pb, Sb n oTHoumwennii Mex1y HHMH B Hal-
PYAHOM ¥ BepXHepyJAHOM HHTEpBaJidx OMOBAHHBIX Mectopoxiennir. [To A. Il. Co-
aoso8y u I1. A. Kypuwesy:

a, 6, 8 — Mojeab; 2— peaabHble AauHHble no KapaaepoBckoMmy pafioHy. [ — DYAHOE Telo;
2 — nepBu4HbIl opeon; 3—4 — BLIYACIEHHble 3HAYeHHs H rpadHKH Pb/Sn (3) m Sb/Sn (4)

ﬂ 7
E0-
Puc. 80. Tpaduk ans OUEHKH MO-
npasousoro  MuoKHTeas m>1,0 §7
npH Majoil raybHHe 3PO3HOHHOIO
cpesa  070BOpYAHBIX mposBaennit 401
KasaJiepoBckoro paiiona. ITo 0k
A. II. Coacsosy u II. A. Kyp-"
weay. 20}
1 — ocvoBHoft rpaduk mn=f(z); 2 — or- ;
HOCHTeJIbHbIe JHHefHble NPOAYKTHB- /:H =
HOCTH M2 Nno nNpoCTHPaHHIO ApceHbeB-

CKOTO MECTOPOMKACHHA a7 ulecTn 3nave- J
uuft z or 0,02 a0 0,16




Hom cpese o6bexToB 2< 0,02 ne pexomenayercs, npu 2>0,2 mHO-

wuTeab 1 pasBen 1,0.

Honoauureabio Ha pHe. 80 naneceHpl 3HaYeHHA 1), PACCUHTAH-
HBle MO BEeJHYHHAM JHHEHHBX NpoAyKTHBHOCTE!l M BTOpHYHBIX Ope-
JIOB paccesiHHsi Sn APCeHbeBCKOro MeCTOPOXACHHS AJs 1IeCTH pas-
HbIX 3HauyeHuil z. Jl1 MeCTOpOMKAeHHH MHBLIX FeHETHYECKHX THIIOB H
Pa3AUYHBIX METAJIOB BO3MOMKHO OTHICKAHHE APYIHX COMeTaHHi py-
HBLIX 3JI€MEHTOB JJIA OLEHOK 1 PACCMOTPEHHBIM METOAOM.

Ouenka pecypcoB MeTaJia, OXKHAAeMbIX HHIKe ropHsonrta z2>0,2,
BeleTcs ¢ YUeTOM OcTaloweficst yacTH pyAHo#t sanexu H, cornacno

MPOCTOH NPOMNOPIHH:

Hi: Huonn=1(0,8—2;):(0,8—0,2) wuamu

0,8—z

Hz':Hnonu 0.6

31ech 2

(107)

MOJKET OTBEUaTb YPOBHIO 3PO3HOHHOrO cpe3a opyhaene-

HHA WJIH rayOHHe, JOCTHIHYTON pasBelKol, HHKe KOTOPOii nmo Aau-
HBbIM TeOXHMHYECKOro onpo6oBaHHsl 3TOr0 TrOPH30HTA OIEHHBAIOTCH
pesepBbl opyaenenus. Ilpu z;>0,8 nporHo3Hbie pPecypesl paBHbi
Hy110. [Toinas npoTsiKenHocTh pyAHOro uHTepBana Hyoa, npuHuMa-
eTCH M3 OlLITA WK UYyTeM MOACAbHLIX NOCTPOEHNIl HA NIPHHIMIE reo-
MeTpHUecKoro noJoGHs reHeTHYeCKH OAHOTHIINLIX MEeCTOPOKAeHHI
paszanunofi kpynnoctn. Mojenn opyleHeHHs JOJKHA BolOHpATHCS

a0}
zaaa;
4000
6080 — ,;{' wo Wiy

£ (o1 212

Puc. 81. Tpaduxu ans oueuxu xoshhn-

UHeHTa nojaooms
noppHPOBBIMH

A. A. Marseesy.
1 — Koysipan; 2 — Cokypkoit

MECTOPOKAEHHAMM,

204

MEXy JABYMSL MeJHO-

fla

no npH3HaKy Oanmxaiimed
anajgoruu ¢ (Gopmoi u 3.e-
MEHTAMH 3a/erauus oupae-
MBIX PYHBIX TeJl.
CpaBHHTEALHYIO  OLEHKY
reHeTHYeCKH OJAHOTHIIHBIX Me-
CTOPOMKACHHI MOXKHO o060C-
HOBaTb HCXOAs M3 HX Teo-
MeTpuyeckoro nofobus. Takoi
npHMep [aeT reoxuMuyeckoe
CONOCTAB/IEHHE JBYX MeIHO-
NOPHUPOBLIX MECTOPOKACHHI]
CeBepnoro  [lpubaaxaiues.
IlepBoe n3 HHX, XOpOWO H3-
BecTHOe MecTopoxaenne Ko-
yHpaln, Bropoe — Cokyp-
KOil — OTKPLITO BCKOpe moce
Koynpana mnobausoctu oT
HEr0 M 32 WCTEKIHE MOJBEKa
HEOAHOKPAaTHO 6e3pesyib-
TaTHO passBeabiBasoch. MHe-
c/eloBaHHe TNEpPBHYHOH 30-
Ha/JbHOCTH 3THX MECTOPOIK-
JICHHI1, NpOBeJleHHoe B MO-



cjelHHe TO/Ibl, BRIIBHJIO WX TOJHOE FeOXHMHYECKOe CXOACTBO. Psibl
30HaJIbHOTO OTJ0XKeHHsA 12 pyanwex saementoB Koynpana u Cokyp-
KOsl MMeloT panroBuii kos(duunent koppeasunn 0,65 (npu rs % =
=0,68), 3TH MeCTOpOMKAECHHS HMEIT MHOro OOWMX nokazatellei
30HaJbHOCTH v, MOHOTOHHO H3MEHSIOILHXCs ¢ ray6uHoil. 'paduku
OJHOMMEHHbLIX MOKa3aTe/eil reoXHMH4ecKo# 3ouanpuocTH anas Ko-
yipaaa 1 COKYypKOsi CYUIECTBEHHO Pa3JIHYaioTCs M0 HAKJIOHY K OCH
abcunce, yto Xopouto BHAHO ua puc. 81. Tlo coorHoweHnsim TaH-
FeHCOB YrJoB HaKJIOHa rpadukoB cemu oOIHX MOKasaTefeil 30-
HAIbHOCTH COFJIaCHO 3aBHcHMocTH (99) Oblia noJyuena oLeHKa
Koa(duinenta reoMerpuyeckoro mofobus Mexay Cokypkoem H
Koynpanom »=0,27-1,07%!, Orciona, coraacuo (97), noansie 3a-
nacsl Merania mecropoxaenuii Coxypkos Qc u Koynpana Qg nHa-
xoasitcs B cootHomenusix Qe=ux%- Qx=0,02 Qk. PaccunThiBaTh Ha
MOJOKHTE/bHBle  pe3yiabTaThi  pasBenkn CoKypKosi, OYeBH/IHO,
Henb3s. Pyaubie 3ajeKH MeAHOMOPPHPOBLIX MECTOPOKACHHHA 4acTo
uMeT HopMy OnpokHHyTOll yamu ¢ Oe3pyaHbiM sapoM. B nanHoMm
cayyae oneHka Obla mpoBeleHa Ha NpPHHUHNE noaobus, Ge3 oGpa-
meHHa K GopMe pyaHbIX TeJ.



Faasa b

TMAPOXHMHYECKHHA, ATMOXHMHYECKHHA
A BUOTEOXHMHYECKHHA METOJbl MOHCKOB

PaszauyHble TeoXHMHYECKHE METO/bl MOHCKOB MECTOPOK/IeHHH noaes-
HbIX HCKONMaeMbIX — JIHTO, THAPO-, aTMOXHMHYECKHI H GHOreOXHMH-
HEeCKHl NPHMEHATCA B o0BbeMax, onpefensieMbiX KOHKYpPeHTHOI
OlLIEHKOH HX reoJIoro-sKoHoMmuueckoit sagdexkrusioct. Ecan aas no-
HCKOB MOTYT YCHEIIHO NPHMEHAThCH [BA, TPH W/JH BCE YEThipe reo-
XHMHYECKHX MeToJa, BoiOHpaeTcss OAMH, pexe LejecoodpasHoe co-
YyeTaHHe JBYX METO/IOB, C IIOMOLLbIO KOTOPBIX FeoJlorHyeckas sajaaua
pemaercs HanOoJee [10JHO M C HAHMEHbLIHMH 3aTpatami. Bsanmo-
CBA3aHHOCTh M B3aHMOOGYCJOBJIEHHOCTh [€OXHMHYECKHX aHOMAaJIHIi
B pasJHuHLIX reocepax (cMm. pasgen 1.7, puc. 11), nossoasior
NPEABHAETL OMpeIeJeHHYI0 CTeNeHb CXOACTBA MEXKAY pe3ybTaTaMu
FeOXHMHYECKHX CBHEMOK pasiuuHubiMi Mertofamu. Oanako mnpocroe
coBIAJeHHe aHOMaJuil, BLIABAAEMbLIX ABYMS HJIH HECKOJbKHMHU TIeo-
XHMHYECHKMH METOJaMH, He MOMKEeT OnpaBlaThb HX COBMECTHOE IpPH-
MeHeHHe.

HaunGosee mWHPOKO TEOXHMHUECKHE METOIbl IPHMEHSIOTCS NpH
MOHCKAX MECTOPOXKIECHUH TBEPABIX MOJE3HLIX HCKONAeMbIX, B OCHOB-
HOM 3TH paboTbl BeAyTCs JHTOXHMHUYeCKHUMH MerTofamu. [To sapy-
OexubiM Janubiv [B0], B Mupe exerolno ¢ 3Toif Uenpio oréupaercs
nopsifka 18 MJIH. reoXuMHUECKHX 1po0, H3 KoTopeix 97,5 Y — auro-
xumuyeckue, 2 Y% — rugpoxumuueckue u 0,5 % — GHoreoxumuue-
CKHE. ATMOXHMHYECKHIT METOJ NPHMEHSETCS MPEHMYLIeCTBEHHO IIpPH
NOHCKAaX MEeCTOPOMKIEHHI HedTH M rasa, JaHHLIE O TOAOBBIX O0b-
emax 3THX paGor orcyterBylor. Cymmaphbsle 00beMbl aTMOXHMHYE-
CKHX CBHEMOK, BBIIOJHAEMBIX C L@JIbl0 IOMCKOB MECTOpOXAeHHil ro-
PIOYHX, PYAHBIX H HEPYAHBIX NOJE3HBIX HCKONAeMblX, IOKa 3HauH-
TeJLHO VCTynallHe 00beMy JHTOXHMHUECKHX CheMOK, B OJHxKaliiee
BpeMs cyliecTBenHo BospactyT. [Ipu o6mieii TeHaeHIMH K MeJJeH-
HOMY YBEJHYEHHIO TOAOBHIX 0OBEMOB TOHCKOBBIX JHTOXHMHUYECKHX,
THAPOXHMHUYECKHX H OHOTCOXHMHYECKHX CDBEMOK COOTHOLLEHHS
MEXKIY HHMH, NO-BHIHMOMY, CTA0HIH30BAIHCD.

[TponopuHOHAJBHO POJH H TEPClHeKTHBAaM JaJbHeilllero passBH-
THS Ka)kJOT0 H3 FeOXHMHEUCKHX MeTO/IOB IOHCKOB KpaTKO paccMmar-
PHBAIOTCS MPHHLMIHAJbHEIE OCHOBLI THAPOXHMHYECKOT0 H OHOreOXH-
MHYECKOro MeTOIOB H 6oJiee noApo6HO — aTMOXHMHYECKOTO METOMa.

5.1. THAPOXHUMHYECKHA METOJ

FHHPOXHMH‘IQCKHE IIOHCKH MECTOPO)KJIEHHf{ [MOJIe3HbIX HCKONaeMbIX
OCHOBAaHblI Ha HCCJAENOBAHHH XHMHUYECKOI0o COCTaBa NPHPOAHLIX IIO-
BEPDXHOCTHBIX H TOA3CMHLIX BOIL. le-muunuanbuylo OCHOBY 3TOro
MEeTOHa COCTaBJSIIOT CHOCOOHOCTH BOABI K pacTtBopeHHnio TOpPHbIX
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Nopoi, ee aKTHBHOE y4acTHe B XHMHYECKHX IpeBpauleHHsiX MHHepa-
JIOB H CBOMCTBA BOJAbl Kak NMOABHKHOH cpelibl. CBs3b MeKAy XHMH-
YeCKHM COCTABOM BOJBI M Ha/juuHeMm BOJH3M BOMOHCTOYHHKA 3aJe-
JKell TOJe3HbIX HCKONMAEMBIX He BHI3LIBAET COMHENHI H SIBJASETCH
OIHOI W3 NPHYHH BO3HHKHOBEHHS THIAPOXHMHYECKHX aHOMAJHil,
AMEIOIIHX NMOHCKOBOe 3HaueHHe. Cnoco6GHOCTE BOAL! K MepeMenieHnio
13 T1yOOKHX TOPH30HTOB K 3€MHOIl NOBEPXHOCTH H €€ BCEeNpOHHKAI-
niHe CBOHCTBA H3LABHA NPHUBJEKAJH BHHMaHHEe K 0npoGOBaHUIO NPH-
POAHBLIX BOJ B MOHCKOBLIX LEJSX.

HaubGo.siee 6aaronpuaTHLIMH OOBEKTAMH JUIsl THAPOXHMHYECKHX
NOHCKOB SIBJISIOTCA MECTOPOXKJEeHHSI MHHePaJbHLIX cojell — pasjnd-
HLIX MPUPOLHLIX XJOPHAOB H cyabarToB. CymmapHOe colepiKaHHE
3THX COeJHHEeHHIl B IPHPOAHBIX PaccoaaxX MOMKET npeBuaTh 350 r/i,
M OHM CNOCOOHLI YCTONHYHBO COXpPAHAThHCA B pPacTBOpax, onpejelss
B KOHEYHOM CYETe COJIEBOIl COCTAB OKeaHWUYecKoil Boanl (X coded
35,6 r/a). VuureiBas, uto oflias MHHEpaJan3alus NPHPOJHBIX Npec-
HBLIX, B TOM YMCJe PeuHHX, Boj o0buno cocrasaser 1,005 r/a,
JIETKO OILIEHHTh TOT OOJbLIOH AHANA30H, B KOTOPOM MOTYT JIeXKaTb
aHOMaJbHLIE COACPIKAHHSA COJell B TOBEPXHOCTHLIX H MOJA3eMHBIX BO-
Iax CyLIH.

B cuay ocoGennocreii ¢opMupoBanusi cofiepoJHbiXx GaccefiHOB
B KayecTBe KPYMHBIX H CTpaTHrpaduyeckn (HKCHPOBAHHBIX TeoJo-
ru4yeckux 00pa30BaHHil THAPOXHMHUYECKHE MOHCKH MeCTOPOXKAeHHI
MHHEepaJibHbIX COJeil He NOJVYIHIH [MHPOKOrO pacnpocTpaHeHus,
XOTH IIPOTHO3H XapaKkTepa COJEeHOCHBIX OTJOXKEHHH N0 XHMHYECKOMY
cocraBy npupoHex Boja Aenannck H. C. Kypuakossim u 1. H. Ipe-
oOpaykeHCKHM ellle B Hauaje Beka. BeccniopHoe nmpakTHYecKoe 3Ha-
UYEHHE COXPaHseT THAPOXHMHUYECKHH METOJ IOHCKOB MeCTOPOIKAeHHH
KaJuAHbIX coJedl, paspaboranupii M. . Baaswko. DddextuBHoe
NpHMEHeHHe THAPOXHMHYECKOr0 MeTOJa BO3MOMKHO NPH NMOHCKaX MH-
HEPaJbHLIX HCTOYHHKOB, B YACTHOCTH IIPOMEILIIEHHBIX GPOMHBIX BOJ
H MeCcTopokAeHnil GopaToB. B uncle APYTHX aKTHBHBLIX BOJHBIX MHI-
PaHTOB 3TH 3JEMEHTHl XapaKTepH3YIOTCH TMOBLILEHHLIMH BEJTHYH-
Hami Ko3(humueHTos TanaccopuabHocTH (Br—1,=30; B—1:=04).

AKTHBHOE pa3BHTHE THIPOXHMHUECKOTO METOJd IOHCKOB PYIHBIX
MeCTOPOJKAEHHH Hauasjoch B Hauleii crpaHe B nauage 50-x rojos,
nocae nepsuix my6ankaunii E. A. Cepreesa u O. A. Anékuna. Oc-
HOBHBIE HCc/eNoBaHus B 3Toil o6aactu nposoauaun C. I1. Aabya,
A. A. Bponckuit, B. B. INonukapnoukun, II. A. ¥Viomos, satem
I. A. Tonesa, C. P. Kpaninos, C. JI. [llrapues n MHOrHE JADYrHe.
FHapoxuMuuYecKHe MeTOJbl NOHCKOB MeCcTOpPOKIeHHI HedTH H rasa
paspabatmBaau B. A. Cymmn, B. A. Kospa, II. C. CnaBun,
JI. A. TyasieBa.

Cpellu pYAHEIX MECTOPOXKAeHHIT HanGoJiee GJ1aronpHATHEIMH 06B-
eKTaMH THIPOXHMHYECKHX TOWCKOB fBJAIOTCA CyAb(HAHLIE, B Iep-
BYIO OYepe]b KOJueJaHHO-TIoJHMeTalIHYeckne H ocobeHHo GoraThie
aucyabGHAaMH MeIHOKOMYeldaHnblg Mectopoxienus. Ilpupoansie
BOALI 000Tamla0Tea PYAHLIMH 3JeMEHTAMH Ta4aBHLIM 00pasoM mpH
THIIEPTEHHOM OKHCJEeHHH CYJb(QHIHBIX Py, B XOIe KOTOPOTO TPYA-
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HOPACTBOPHMbIE, HO HeyCTOHYHBLIe CyJAbGHAbL A0 MNpPEBpaleHi;
B YCTOHYHBbLIE M TPYAHOPACTBOPHMbIE BTOPHUYHLIE MHHEpaJbl 1POXO-
AAT CTaNI0 JerkopacTsopumbix cyab(atos. [loapobuo stoT npo-
Lece paccMorped B pasia. 3.4, AaHHble O PACTBOPHMOCTH MHHEPaJoB
npuBefienst B Tada. 14,

B noaseMHLIX BOAAX, OMBIBAIOLIMX OKHCJSIONULEECs CYAb(uIHOE
MECTOPOKAeHHe, 00pasyioTes HAPOXHMHUYECKHE OPeosbl U IOTOKH
paccesiins pyAHBIX 3J1€MEHTOB H cyJbdar-uona. Comepxkanus pya-
HbIX 3JIEMEHTOB B KHCJBIX PYAHHYHBLIX BOJAX AKTHBHO OKHCJSI0-
UIHXCA KOJuelaHHLIX 3ajeell MOryT JOCTHraTb OTPOMHOH BeJi-
yunbl (B Mr/a): Cu— 45600, Zn — 50300, Ni— 30000 u T. . [27].
B pesyJbrare B3aHMONENCTBHA ¢ OKPYKAIOUIHMH BOXAMH H MHHepa-
JIAMH TOPHBIX MOPOJ, OOMEHHBIX XHMHYECKHX peakliuii, coocaaeHHs
H cOpOLHH pPyAHBIE 3J1eMEHTbl H3 PACTBOPOB TEPeXOLsiT B TBEPAYIO
dasy u colepxanug ux OGbicTpo nagawot Ao ¢ouoswx. Hanpasaeu-
HOCTb 3TOro npollecca oTpaxaioT Uudpel CpeIHUX COlepKaHuil pya-
HBIX 3JIEMEHTOB B NPHPOJHBLIX BOMAX 30HBI THHEpreHe3a, Jexaliue
B npefeaax n-1072—n-10-5 mMr/n u ocoGeHHo MX KO3PPHIHEHTHI
TasaccouabHocTH (raba. 18).

udper 1. NOKasLBaOT, YTO COAEPKAHHS PYMAHLIX 3JEMEHTOB
B AHTOC(epe B COTHH Pa3 H Aaxke B JeCATKH ThicAY pa3 OGoJasiue,
uem B ruppocdepe. OaHa H3 NPHYKHH, ONpPEAENdIOUIHX 3TH COOTHO-
[IeHHs], — BbiNaJleHHe TUJAPOKCHAOB OOJbIINHCTBA METAJIOB YIKe
npu 3navenusax pH<7,0, B To Bpems Kak npHpojiHble BOMAbLI dauie
BCEro MMeloT HelTpalpHyio HJAH ¢1abo meaounyio peakunio. Tpyauo
pacTBOPHMble OKCHAB, KapOoHAThi, CHJAWKATLI, (Qochartsl PyLHbIX
3JIEMEHTOB M JAPYTHE KOHeYHble NPOAYKTbI OKHCJIEHHS CYJb(HIHBIX
MHHEDAaJOB XapaKTePH3YIOTCA HHYTOMKHBIMH 3HAYCHHAMH NPOH3IBE-
Hdenusi pacrBopuMoctH. CyllecTBEHHYI0 pPOJb B NEpPexofe PyAHBIX
3JIeMEeHTOB W3 pacTBopa B TBepAyo a3y HrpaeT cooca)kieHue
¢ rufpokcuiamn Fe u Al, Boinajgenue KOTOPBIX HAYHHAETCS B KHC-
avix pacrsopax: Fe(OH); npu pH 2,5, Al(OH); npn pH 4,2, Vuu-
BepcasibhHoe 3HaYeHHe MMEeIOT NPOLEeCcChl COPOLHH PYAHbBIX 3JIEMEHTOR
Ha OpPraHyyeckuX U MHHepadbHbIX KOMJIOHAAX, B YACTHOCTH IIPH KOa-
TyJslHH rejefi KpeMHe3ema, Ha THApPoKcHAax Mn W MHOrounc/e-
HBIX TJIHHHCTBIX MHHepasax. ITpu muorocnofiHoi copOUHH aHHOHOB
H KaTHOHOB IMe€pPBOHAYAJbHHH 3HaK 3apsja KOJJICHAHON HACTHIILI
POJIH HE Hrpaer.

HecmoTpst Ha Bce 3TH NPOLECCH «CaMOOYHULEHHS» TIPHPOLHBIX
BOJ OT COAEpPKaHHil PYyAHLIX 3J€MEHTOB, HX MOBBILIEHHbIE, AHOMA/Ib-
Hble KOHIEHTPAIMH COXPAaHSITCA B PeuHbIX H NOA3EMHBIX BOAaX Ha
paccroanuax go H500—1000 m, MHOrga 10 HECKOJIBKHX KH/IOMETpPOB
oT Mectopoxaenuii. Onpeznensierca 310 pasnooGpasuem Qopm Ha-
X0 JEHHsI PYAHBIX 3JEMEHTOB B CJAOMKHLIX MHOTOKOMIOHEHTHLIX CH-
cTeMax, KOTopble NpeacTaBaaioT coboi npupoaHbie Boabl. Murpauns
PYIHBIX 3J1eMEHTOB B BOAAX MPOTEKAeT B BHIE MPOCTHIX HOHOB, KOM-
TJIEKCHBIX HEOPraHHYECKHX COeJHHEHHH ¢ Pas/IH4HBIMH JHIaHZaMmH,
B YaCTHOCTH B aHHOHHOW (opMme, a TakKe B BHAE PasJnuHBIX Me-
TANJOPTAHHYECKHX COeIHHEHHIl TMOBbLIIEHHON pacTBOPHMOCTH [24].
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fa6anuuna 18
IHapoXHMHUYECKHE XapaKTEePHCTHKH PYILHBIX duementos [27, 29]

602

Huavano ocampaenns
Cpennue ITHAPOKCHAOR
comepKanng
aeMenTt B BOAAX Ty P TMosegenue B 30He runepredesa
30HBI THIIEP-
reNesa, MrJ Kartnon pH
; p a &
Pb 2.2-10=% 3.10—% Pb*+ 6,0 71016 Coocamxgenne ¢ rujpokengamu Fe, Mn; oGpazosanne
OKHcJI0B, KapGoHatoB, (octaros; copOums
Zn 3,4-10—2 6.10—4 Zné+ 6.2 4,5-10—-17 Coocaxciienue ¢ ruapokcujgamu Fe; o6pasosanne kap-
GOHATOB M CHJHKATOB; B PacTBOPE KOMILIEKCHbIE CO-
enHeHn s
Cu 56-10—3 4.10-4 Cu*+ 5,4 1,6-10—19 Coocaxaenne ¢ rugpokcnsamu Fe; Al; copGuusn; oGpa-
30BaHHe THAPOKAPOOHATOB H CHJAHKATOB
Ni 3.3-10=2 5.10—3 Ni2+ 6,7 8,7-10—10 CopOumst rensimp SiO, M rHAPOKCHAAMH MaKpodJe-
MeHTOB; O06pasoBaHne THAPOCHJIHKATOB
Co 8,3-10—4 5.10—° Co?+ — 2,0: 1010 Copbumsi mMHHepanaMd TVIHH H OPTraHHYeCKHM Belle-
Co?*+ 6,8 1,3-10-28 CTBOM; cOOcaz/leHue ¢ THapokenaamu Fe, Mn
Sn 4,1-10—* 1,2-10—% Sni+ 2.0 1-10—57 Bricokas ycroitunsocts SnO,
Sn+ 3,0 1-10=37
\\% {1108 T F-10-* Wo+ - XemocopGuns ruppexcujom Fe; coocamjenne
¢ CaCOs; oGpasoBanne Boab(paMaToOB; B pacTBope
KOMIIICKCHBIE AHHOHBI
Mo 2.10=% 9.10—* Mo+ - }- 1050 Copbuns; coocaxpaenue ¢ ruapokeuaamn Fe u CaCOg;
olpasoBanne MOJAMGAHTA M MOBENIHTA, B pacTBOpe
KOMILJIEKCHBIE COEAMHEHH 51
Sh I half=2 I <lg=t Shi+ 0,9 4-10—%2 Boicokas ycTONYHBOCTS BTOPHYHBIX OKcHAOB Sh;
B PACTBOPE KOMILIEKCHBIE COeIHHEHMHS
Hg 9,1.10—4 3-10—4 Hg*+ 7.0 3-10—2% Coasnisanye Cl—; copOums
Ag 2.9.10—4 4,3.10—3 Ag+ 9.0 2-10—8 CesasuiBatie Cl—; caMopoanoe cocTosiHHe
Au 2.7-10—% 91074 Aut — Ll Camopojiiioe cocTosHue




[IpakTHKa rHAPOXUMHYECKHX HCCIENOBAHHII TOATBEPIKIAET HECOM-
HEHHYIO PeaibHOCTh OOHAPYKEHNS NPH NMOHCKAX BOAHBIX 0pe0JoB
W NOTOKOB paccesndsi PyAHLIX MecTopoxiaenuil. B Teuenne mocaen-
HuX 30 JeT ruApoXHMHUYECKHE NOHCKH B TeX WJIH HHLIX 00BEMAaX mpo-
oAsitca B pyaubix paiionax CCCP. Ilpu npoBepke ruapoxumuue-
cKoit anomanauu, BuisiBaennoir E. E. KyspmuHbim B posnune p. Xa-
paenax (Kpacuosipckuil Kpaii), nepBble Ke CKBaXKHHBI BCKPBLIM
cy/JAb(uANbIe pyAb, YTO CNOCOOCTBOBAJNO OTKPBITHIO MEXHO-HHKede-
BOI'O MECTOPOKIeHHS.

HeiictByomas Huctpykuus [21] ykaspiBaer Ha uenecooGpas-
HOCTh NPHMEeHEeHHS THAPOXHMHYECKOTO METOAA B 3aKPBITHIX paiioHax
IIPH MOMCKaX 1Jy06oKo3anerapiiuX PYAHBIX MECTQPOXKIAEHHI B mac-
wrabax 1 :200000—1 : 25 000, uTo HecomMHeHHO onpaBaano. OcHOB-
HbI€ THIBI BOAHBIX OPEOJIOB PACCEAHHS CKPLITOrO OPYIEGHEHHS, BbI-
neAseMble TIPH THAPOXUMHUECKHX IOMCKaX, NOKAa3aHEl Ha pHc. 82;
cxojunie nannpie npusefenst B Mucerpykuun [21, puc. 5]. Tlpomon-
JKAIOTCH MONBITKH NPOBeAEHHS TMAPOXHMHYECKHX MOHMCKOB H B OT-
KPBITBIX TOPHBIX palfioHaX B KayecTBe KOHKYPHPYIOUIHX C JHTOXHMH-
uecKHMH cbemkaMiu. [loTokn paccesHuss pyAHBIX MeCTOPOXKILEHHI,
BBIXOASLIHX Ha NMOBEPXHOCTb, POPMHPYIOTCA B TOPHBIX paiioHax 3a
CYET CKJIOHOBOI JeHylauuu # Jedp/TIoKIHH OCTATOYHLIX OPE0JIOB pac-
ceAHust, 06pa30BAHHBIX YCTONUHBLIMH MHHEpaAJaMi OKHCJICHHBIX YL
CouseBasi cOCTABIAIONIAS 3THX JHTOXHMHYECKHX TOTOKOB paccesiHus
HTpaeT NOAYHHEHHYI0 posb, PacueTsl nmokaswBaioT, 4TO AOJS pac-
TBOPHMOTO CTOKA PYIAHBIX 3J€MEHTOB B TopHEIX pafionax CubGupH
aexut B npenenax 0,1—0,5 % ot o6wema ux obuero croka [25, 42].
Jlnst TOpHBIX peK apHAHON 30HLI [0JIS PACTBOPHMOTO CTOKa MHOTO-
KPaTHO yMeHnbllaercs. B 3THX yC/A0BHSIX mpeHMmyulectsa onpoboBa-
HHSl B MOHCKOBBIX LeJIsiX TBepAoil (ha3bl CTOKA BIOJNHE OYEBHJIHDI.

ITpu oGcy:kAeHUH MeTOAHYECKHX BO3MOMKHOCTEH THAPOXHMHYE-
CKHX MOHCKOB HEpeJKO CCHIJIaloTCd Ha HMX MOBLIEHHYIO TyOHH-
HOCTh, 63 yyeTa B3aHMOCBSI3aHHOCTH THAPO- H IHTOXHMHYECKHX aHO-
MaJiHii, 06ycacBenHoil Ga30BLIMH nepexogaMH. Tesuc o «noBbIlIeH-
HOI TIYGHHHOCTH» THAPOXMMHUECKOTO METOMA NOHCKOB Obiid BHIABH-
uyt B. M. KpacnukoBoim B 1956 r. u 3areM MHOrOKpaTHO NOBTOpPEH
B paGorax apyrux asropos. Cxemnr B. M. Kpacuukosa, naiioctpu-
PVIOIIHE 3Ty MNOBLILEHHYl0 TJAYOHHHOCTL, ONYyOGJHKOBAHHBIE UM
B 1959 r., HeOZHOKpPATHO mepeneyaTbiBaJHCh H BOLIH B yuyeOHBIE
nocoGusi A5 By30B [28], H NOTOMY HX paccMOTpeHHe fBJsercs Heol-
xonumbiM, ITpencrasaenuss B. M. Kpacuukosa (puc. 83) 6buin 6ni
BEPHbBI, €C/H Dbl HEe CYIECTBOBAJO B3aHMOJECTBHE MEXKIy NPHPOA-
HBIMH BOJAMM M BMEUIAIOUHMH HX TOPHLIMH mopoiamu. Mexay tem
HA BCEM MNYTH ABHMXKEHHS OPeo/bHBIX BOX M OCOOEHHO HA MX BLIXO-
JAaxX K MOBEPXHOCTH B (OpMe POAHHKOB NMPOHCXOMAT NPOIEcCH, NpH
KOTOPBLIX PaBHOBECHE B pacrpe/eJeHHH PYILHBIX 3/JeMEHTOB C/BHTa-
eTcsl B MOJb3y TBepHoi dasnl. IMeHHO Te peakIilHH, KOTOpbIE 10J10-
JKeHbl B OCHOBY METONOB aHA/IN3a BOAHLIX nNpob, — coocamjaenne
¢ ruppoxkcugom aaiomuuus uam ¢ CaCQOj, sKCTpaKuus Ha pasiuu-
HBIX OpraHHyeckKHX H MHHepaJbHBEIX copOeHTax B npHpoaHoil obera-
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Pue, 82. OcnoBHbie THOB BOAHBIX opeojos paccesnus. fTo I A. Toaesol.

a — oTEpuiThie opeossl (THnbl I—IV); 6 — 3akpbiThie OpeoJibl (THIILI V—VII).

! — pyaHOe TeaO0 M ero nepBuYHBIl opeon; 2 — BTOPHYHBI opeosa paccesiHus; J — OKHCJeH-
Hble pyasl; 4 — KOpa BHIBETPHBAHHNH (sofonpounnaeMa); 5 — pynoeMeutawuine nopoasl; 6 —
ocalotiHble BOAOHOCHBie NOPOAB; 7 — BOAHBIA Opeosl paccesnus; & — BOAOYNOPHBI FOPH3OHT;
8, 10 — poaHHkM ¢ GoHoBBIM (9) n anoma’dbHbiM (/0) conaepiaHHeMm PYAHBIX 5J1EMEHTOB:
11 — nanpaBaenHe asMxeHHsn BOA; [2 — MecTuniit Ga3HC 3DO3HH

HOBKEe NPOHCXOAAT HENPEepLIBHO H CaMONpPOH3BO/bHO. [To3ToMy cran-
JdapTHOE JHTOXHMHYecKoe onpoGoBaHHe aJIOBHS pPeK, CTEHOK H AHA
POJAHMKOB TaPAaHTHPYeT NOAYUEHHE TeX XK€ pesy/bTaToB, KOTOpbie
C1oco6HO AaTh TMAPOXHMHUECKOe onpoGoBaHHe, W HET OCHOBAHMIl
npeAnoJaraTh ero npeHMyLlecTBeHHYIO I/yGHHHOCTD.

Cka3aHHoe [eJMKOM OTHOCHTCS K JaHHbIM pHC. 82: OTKpHIThIE
BojHble opeosn Tuna [—IV ¢ ycnexom MoryT GuTh OOHapyKeHH
JHTOXHMHYECKHM onpoboBaHnuem, H MPHMeHeHHe THAPOXHMHYECKOro
MeTOlda NOHCKOB pYAHBIX MECTOPOX/eHHil B 3THX YCJOBHAX BO3-
MOKHO, HO HeleJecoobpasio. HanpoTus, ans oOHapyxeHHs 3a-
KPHITHIX BOAHBIX opeodaoB Ttana V—VII ruapoxuMuueckoe omnpo-
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Puc. 83. Cxemul B. M. KpachkoBa jas 10Ka3aTe/bCTBa NOBBIEHHOI TIyOHHHO-
CTH THAPOXHMHYECKHX TMOHCKOB.

a — ¢ — pasJiHuHbIe YCA0BHS 3ajeraHHs DYAHBIX Ten.

I — pynosmewtaiontie nopojibl; 2 — nepekpbiBalollie OTJOMKEHHA; J — pyAHbe Tena; 4 —art-
mocepunie ocaaku; 5 — aupdysnonnsiii reoXxuMHYecKnii opeoa; 6 — Touku npoGoorGopa (a)
H HanpaBJecHHe ABHXKelHs Boawl (6)

GoBaHHe NOA3EMHLIX BOJ, BO3MOYKHO, AIBJAAETCA Hanboee HANeKHBIM
METOJIOM TMOMCKOB CKPHITOr0 opyienenus. [HApoxuMHuecKne aHoMa-
JuK (POPMHPYIOTCS B pe3ysbTaTe CJA0MKHOrO npolecca, B KOTOPOM pe-
waionias poJb HNPHHALJIEKHT PACTBOPSOILIEMY JENCTBHIO H BOCXO-
AflleMy JBHXKEHHIO IIOA3eMHBbIX BOJ, 4TO CO3JlaeT BO3MOMKHOCTb
o0HapyKeHHsI MeCTOPOXKAEHHI, 3aJjeramoumHX HHKe COBPEeMEeHHOro
fasnca 3po3uH.

XapakrepH3ys THAPOXHMHYECKHI METOJ IOHCKOB, CleIyeT OTMe-
THTh 3aBHCHMOCTDL €r0 Pe3y/bTATOB OT CE30HHBIX KoJeGaHHil ypoBHS
FPYHTOBLIX BOJ, BbinafeHusi arMocepHbX OCAaLKOB H PEeKHMA THA-
pPOCTOKA peK, 3a KOPOTKHil OTpe30K BPeMeHH H3MeHSIOIEerocs
B COTHH pas. T onpefenser HeyCTONUYHBOCTb KOJHYECTBEHHBIX Ia-
paMeTpoB THAPOXHMHYECKOro (pOHA — MepeMeHHbIe W YacTo «HyJe-
Bole» (H. 0.) 3Hauvennsi Cp, GONBLIYIO WJIH HEH3BECTHYIO BEJHYHHY
CTAHAAPTHOrO MHOMHTEIS €, MAOXYI0 BOCIPOH3BOAHMOCTL H MaJyio
KOHTPACTHOCTb THAPOXHMHYECKHX anomaJauii. Kak npaBuio, B MOHO-
rpaguax H METOAHYECKMX pPYKOBOACTBAX MO THAPOXHMHUECKOMY
METOLY INOHCKOB CBEJIEHHSI O MECTHBIX 3HAYEHHSX & OTCYTCTBYIOT,
a B3aMeH NoKasaTeJ s KOHTPACTHOCTH y NMPHBOAATCS AaHHBIE O MaK-
cumManbHoil Beauuune Kosdduuuenra xouuenrpaunu (K), Bbiuuc-
JeHHOTO MO OTHOWIEHHI0 PYAHHYHBIX (TEeXHOTEHHLIX) BOX K (hOHO-
BLIM, BEJIHYHHA KOTOPOTO elle He XapakTepPH3yeT IOHCKOBBIX BO3-
MOXKHOCTel cheMKH. Bce 3To 3aTpyaHser KOJHUecTBeHHbIl aHaan3
THAPOXHMHYECKOTO TOJS H CO3JlaHHe HaleKHbIX MeTOJ]OB OlEHKH
NPOTHO3HEIX PECYPCOB MeTalaa MyTeM HHTEepnperTauuH THAPOXHMH-
YeCKHX aHOMaJIHil.
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H3BecTHO, 4TO Ba)KHeillINM METOAOM TIOHCKOB pPYAHLIX MECTO-
POXIEHHIT B FOPHBIX pPAlOHAX ABJAIOTCA JHTOXHMHYECKHE CBEMKH
Mo NMOTOKAM paccesiHHA ¢ MA0THOCThIO | mpo6a na 1 kMm% CTonMoCTh
H pesyJbTaThl 3THX padoT c/eldyeT CONOCTaBaATh ¢ THAPOXHMHYE-
CKHMH CBEMKAMH TIPH TOiH Ke MJIOTHOCTH npoGoorGopa. Ot6op u
a4Ha/M3 JIHTO- H THADOXHMHYECKHX Npo6 B OJHHUX H TeX JKe TOYKax
COBPEMEHHOH THAPOCETH HHKAKHX NPEHMYILECTB THAPOXHMHYECKOro
MeTONa He obHapyKHBAeT.

Slpuafiweii ruApOXUMHYECKON aHoMaJsueil, (PUKCHPYIOULENl CKpbi-
TOE MeAHOKO/YeAaHHoe MEeCTOPOKACHHE NMOJ 4eXJOM HOPCKHX KOH-
rJIOMEPATOB M [aJleoreH-4eTBepPTHYHLIX TJIHH MoutHoctbio po 100 M,
aBasercs cyidbdarnoe osepo l'afi na MOxnom Ypane (pH 1,1, co-
nepxaHne MelH — Ao 1 r/a). B uCTOpHM OTKpLITHSI 3TOr0 MECTO-
POXKAEHHS THAPOXHMMHYECKOMY METOAY OTBOAMTCS OlpefeaeHHasn
poib npn ofHapyxeHHH naTol caernoil 3ajexu. Henocpeacrsenuo
Haj norpeGenHHbiM [afickiM MecTOpoXKAeHHeM pPa3BHT 4pe3Bbludiino
SAPKHIH H OOIIHPHLIH HAJ0MEeHHbLIl JHTOXHMHUYECKHIT OpeoJs paccest-
Hus, geTtaqabho u3yuennnii M. A. [nasosckoit. O6Hapyxenue 3Toro
MECTOPOMK/AEHHS TOHCKOBLIMH JIHTOXHMHYECKHMH CheMKaMH OblIo
rapanTHpoeato 6e3 obpauenus K GoJee CA0KHOH TeXHHKe THAPOXH-
MHYECKHX cbheMoK. Passenka OypeHHeMm camoil SpKoi ruapoxumMuue-
ckoil anomaaun B IlentpaabHom Kasaxcrane, n3BecTHOIl noa Ha3Ba-
Huexm yKopra, ¢ CepHOKHCABIMH, MeJIbCONEePIKAIHMH BOAAMH He NpH-
BeJa K OTKPBITHIO TPOMBILLIEHHBIX PyA. B pesyabraTte mnpoxoaku
IecsiTH pa3BeJOYHbIX CKBAXKHH OblIH BCTPedYEHBl TOJALKO NHPHTH3H-
poBaHHBIe IOPOALI ¢ cofleprannem mean He 6oaee 0,1 %.

B nannom cayuae SIPKOCTb FHAPOXHMHYECKOH aHOMAaJHW MOrJa
ObITh 00YCJOBJAEHA OTHOCHTEJABHO OOHJABHONH NHPHTH3AUHEH NOPOL
H MaJblM KOJHYECTBOM aTMoc(epHbIX OCaJKOB B YCJOBHAX apHI-
Horo kaumara. CiabocTh annapara KOJH4YeCTBEHHOH HHTEPIpEeTallHu
FHAPOXHMHYECKHX aHOMAJHH, NPeACTABAAIOUMX cOOO0f CA0KIVIO KH-
HEeTHUECKY10 CHCTEMY, He [03BOJseT AaTh OJHO3HAUHYIO OLEHKY pe-
3yJabTaToOB 3T0ro Oypenuns. [Ipuypouennas x sromy yuacrky OeaHas
JUTOXHMHUYECKAN AHOMAaJHs HMe/a BecbMa CKPOMHbLIE Pa3Mephl.

Bonpoc 06 spdexTHBHOM NpHMEHEeHHH TIHAPOXHMHYECKOrO Me-
TOIA NOHCKOB M0-TIPEXKHEeMY CTOMT BechbMa OCTpPO, H 06J4CTb TAKHX
reoJOrHYecKHX 3ajad, HECOMHEHHO, CYLLecTByeT. 3To, B YACTHOCTH,
MOHCKH MECTOPOXKAEGHHH KAaJHHHbIX coJeil H, O4eBHJIHO, OpOM- H
HOA-COJAEPIKAIIMX MHHePaJbHbiX BOA. MecTopoKAeHHs KalHilHbIX
cosieii 06pAa3yioTCsl B 3aKAIOYNTENBHYIO CTAAHI0 PA3BHUTHS COJEPOJ-
HbIX GacceilHOB, 1oc/e OT/10KeHHs M3 Cryllaloneiics MOPCKOH BOJbLI
KapOoHAaTOB H CyJb(aToB KaJblHA, [10JABJMIONLEH YACTH TadHTd H
yactu cyabdara maruug. B crpaturpaduueckoil KoJoOHKe HOPMaJib-
HbIX COJISIHBIX OTJOKEHHH KaJHiiHbie COJH 3aHHMAT BEpXHEE 110J10-
JKeHHue H NOJACTHIAITCS MOLIHLIMH OTJ0KeHHAMH raaunta. Ilpn sTom
IS peasiM3alliy Mpolecca OTJOXKeHHd KaJduHHbiXx coJseil HeodXo-
JAHMBI COOTBETCTBYIOLLHE T€0JOrHYECKHe YCJIOBHS.

M. T'. Banswko yctaHoBHJ, 4TO NMPH3HAKOM HACTYIJIEHHSl 3THX
GaaronpusTHLIX YCJA0BHIT SBISETCA pe3koe Bodpactanue GPoOM-XJ0p-

213



Br :
HOTO OTHOUICHHS (F-IO”) B JKHAKOH (ase cryuiaoniuxcs pacco-

0B OT 3—13 eIHHHIL B CTAAUH OTJOMKEHHS HOPMAa/JAbHOTO FaJHTa [0
14—17 eauuul B cTaAHH OTJIOMKEHHs KaJauiinbix coqeii. Henocpen-
CTBEHHAs MoJieBas OLEHKa BeJHYMHBI 3TOrO TOKasaTeds, NO-BHIH-
MOMY, f0J1a ObITh OJHHM H3 YCJOBHIT THAPOXHMHYECKHX HOHCKOB
MECTOPOXKJeHHIT KaJuilHbiX cogeil. Kanuil npuHagIekHT K 4HCIY
YMEpPeHHO AKTHBHBIX M ¢J1a0ONOABHIKHBIX BOIHLIX MHIPAHTOB, €ro
Koa(pHuuuenTol BojHOH MHrpaunu Ky snexat B unreppage 0, n—n,
a Kosguuuent tamaccopuabHocTH Ty pasen 0,016 [29].
Hanbheliemy pasBUTHIO NMOAJEKAT TI'HAPOXHMHYECKHE METOAbI
MOHCKOB 1OrpeGeHHblX PYAHLIX MECTOPOMAEHHH, B TOM UHCJIE Me-
TOJALI TIOMCKOB TyTeM ONpoGOBaHHS BOA H3 CKBAXKHH H wWYpdos,
NPOIiIeHHLIX B PHIXJBIX Ja/JbHENPHHOCHBIX OTJOMKEHHAX H B KOpEell-
HBIX PYAOBMENIAINIMX NMOpPoAax. BiarompuATHbIE yCJAOBHs JJs pe-
LIEHHS NOHCKOBBIX 3aJ1aY C NOMOULIbI0 THAPOXHMHYECKOr0 MeTojla
BO3HHKAIOT B YCJOBMAX, KOrZla B OCHOBAHHM 4eXJld JeXHT BOJOHOC-
HbIH TOPH30HT, a8 B NEPEKPLIBAIOLIHX €ro OTJIOKEHHAX HMEIOTCs BO-
JIOynopHble TOPH30HTHL. [IpumepHo TaKy CHTYalHio OTpamaer
puc. 84, 3 KOTOpOro BHAHO, 4TO Ha TaJHAaXCKOM MeJHO-HHKEIeBOM
MECTOPOMK/AeHHH BOIOHOCHLIE JIeAHHKOBble necyaHo-rajedyHbie OT/0-
JKEHHUS] TePeKpbIThl BOLOYNOPHEIMH CYFJAMHKAMH. JIHTOXHMHYECKHIT

7
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Puc. 84. Cxema tHhopMHpOBAHHA BOJAHBIX Ope0JoB paccesHus na Taanaxckom
Mectopoxiennn. flo C. JI. Illsapyesy.

1 — NeAHHKOBLIC BOJAOYNOpPHBle CYIHHKH; 2 — Je/HHKOBble [eCYaHO-TaledHHKOBLe OTAOKe-
HHR; 3 — 6a3anbTHl Pa3NHYHOIO COCTABa; 4 — ANEBPOJHTH, APTHAJHTHL, necYanukW; 5 — raG-

Opo-aAHabasbl; 6—7 — BOAUBI oOpeon paccesHnst B pPHIXAbIX 06pasoBaHEAX (6) M B KopeH-
HBIX TOpoAax (7); & — HCTOMHMKM C AHOMAJbLHBIM COACPMKAHHeM TAMKeNbIX MEraanon: Y—
10 — cKBaXKHHLI, BCKPHIBLIIHE AHOMAaJbHble BOALI B PBIXJABIX OTJOXKEHHAX (9) H B KOpeHnbx
nopoaax (10)
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(HanoKeHHbIT) Oopeos paccesHHsi 3TOF0 MECTOPOXKAEHHS B 3THX yC-
JIOBHSAX MOT He NPOSBHTHCH HA JAHEBHOI NMOBEPXHOCTH. 3aMEeTHM, UTO
Ha/JHuHe POJAHHKOB, 1IOKa3aHHLIX B JeBOH 4acTH puc. 84, neobasa-
TEJNbHO, H THAPOXHMHUYECKHIi OpPeoJ MOr mnpHHALIEKAaTb K 3aKpLi-
ToMy tHmy. Kaxk yxe yKa3elBaJaoch, MOHCKOBLIE THIPOXHMHUECKHE
CBHEMKH CBIFPaJIH MOJOXKHTEJABHYIO POJb NPH OTKPHITHH PacnoJoxKeH-
HOTO B TOM iK€ paiioHe MeIHO-HHKeJIEeBOro MecTOpPOMKAeHHS.

Bozonocuble ropH3oHTLl, 3aJeraipuiie B OCHOBAHWH uYexJja, Cro-
coGHbl HAXOAUTHCSH B aKTHBHOM BOZOOOMEHE C TPeIHHHBIMH BOAAMH
(yHnamMenTa, 4TO yBEJIHYHBAET TEOXHMHUYECKYI0 HH(POPMATHBHOCTL
HX 01poGOBAHKHA NPH NOUCKAX rnorpeGenHbIX Mectopoxiennil. HM3o-
JISIIHSL 3THX TOPH3OHTOB OT NPSAMOro BO3AeicTBHSI armocdepHoro
KHCJIOpOAa, OT OPraHHYeCKHX H MHHEPaJbHBLIX KOJIOHJOB TOUB, He-
peakast «MpOMBITOCTb» BOAOHOCHLIX KBapPLEBLIX TIECKOB CIOCOOHBI
CABHraTh PaBHOBECHe B pacipejiesieHHH PYAHbLIX 3JEMEHTOB B 101b3Y
KHAKOH (ha3pl. THM TEOXHMHYECKHEe YCJOBHSA [OA3E€MHBLIX BOA OTJH-
4alTCs OT YCAOBHII HA JHEBHOI MOBEPXHOCTH IIPH HX pasrpyske
B (popMe eCTecTBEHHBLIX POJHHKOB.

Ypessnivaiino agdexTuBuas 061acTb NPHMEHEHHs THAPOXHMUYE-
CKOr0 MeTO/la — TOUCKH MECTOPOKAEHHH 30H IJdCTOBOTO OKHCIE-
HHs. Pyzanble Tesla 3THX MeCTOPOXKAEHHIT, TOJYYHBIIHE Ha3BaHHe
«pOJIJI0B», OPMHPYIOTCS H3 MPHPOAHLIX BOJ HA BOCCTAHOBHTEILHOM
G6apvepe (puc. 85). DBoratnie KucaIopooM armocdepHble 0CaaKH,
UILTPYSACL Yepe3 NMOopoAbl FPAHHTHOTO MAacCHBA, CNocobHLl ofora-
HIAThCS LIECTHBAJEHTHBIM YPAaHOM, XOTs COAEp¥KaHHE B HUX 3TOrO
sJeMenTa JHIUb HemHoro Boiue ¢ouosoro (n-10-3% U). ITocrynas
B BOJIOHOCHBIH TOPH30OHT OCAaJ0YHBIX OT/JOXKEHHH NpeAropHoil pas-
HHHBI, 3TH BOABI PACXOAYIOT CBOH KHCJIOPOJ Ha OKHCJIEHHE OPraHu-
YecKoro BellecTBa, 3aKHCHOTO JKese3a W NHPUTA — OOLIYHEIX KOMMO-
HEHTOR necuaHnlX (pammii, OT1araBIIHXCS B BOCCTAHOBHTENLHLIX YC-
JOBHSIX MOpcKoro aua. Ha rpannine MexIy OKHCJIEHHOH YaCTbIO
MJ1acTa W €ro HCXOAHBLIM COCTOSHMEM BO3HHKAeT pe3Kas cMmeHa reo-
XHMHYECKHX YCJIOBHIl M Ha BOCCTAHOBHTENBLHOM Gapbepe MpOHCXOAHT
ocaJeHHe YeThIPEeXBaJeHTHOro ypaha, BIJIOTb 10 (GopMHPOBaHHSA
npoMbliientsix  pyd. Cofepmande ypaHa B nJacToBbIX BOAAax,
noc/e NPOXO#AeHHs HMH BOCCTAHOBHTeJbHOro Gaphepa, nagaer Ha
ueablii nopagok — a0 n- 10-° r/a.

B 3amauy rHZPOXHMHYECKHX MOHCKOB BXOJAHT JIOKAAH3alHsA HIl-
TepBaja NMOA3EMHBIX BOJ, B KOTOPOM NPOHCXOAHT CMEHa OKHCIH-
TeJbHLIX YCJOBHII HA BOCCTAHOBHMTE/bHbLIE, COMPOBOXKAaeMas CHHXKe-
HHEM CONEpXKAaHHs ypaHa B BOJax. JTa 3ajaua yCrHellHo pelaercd
nytem OypeHHs! NOHCKOBBLIX CKBayKHH TI0 MPHHIHIY JHXOTOMHH € HX
rHAPOXHMHYECKHM onpoOoBanuem [42]. AmnajsormunniMm o6pasom
MOTYT (OPMHPOBATLCS THAPOreHHbE MECTOPOXKIEHHS MOJHOAeHA H
ceJleHa — 3JeMEeHTOB ¢ NepeMeHHoil BaJeHTHOCTbIO, CHIOCOOHBIX K OT-
JIOJKEHHIO Ha BOCCTAHOBHTENbHOM Gapbepe. B aTux cayuaax ruapo-
XHMHYECKHII METOJl He3aMeHHM IIPH pPelleHHnH IIOMCKOBOIl 3a1aun.

B TexHHueCKOM TIaHe NOABHMKHOCTH BOAB IIPH THIPOXHMHUECKHX
MOHCKAX MOMKHO (hopcHpOBaTh NyTeM OTKayeK H CO3/aHus BOPOHOK
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Eh+200 w3 M _appp
n-10 %/nl 2
S n-ll efnl

Puc. 85. Cxema wun(pnabTpalHoHHOrO MecTopozxenHa ¢ rpadukamn Eh u co-
JlepiKaHuil ypaHa B NJAcTeBbIX Boaax [42].

1 — atmocdepuble ocafki; 2 — ueTBepTHUHbIC OTAOKEHHHA; 3 — FAMHBI 4 — CYQIHHKH; § —
MeckH; 6 — rpanuTonibl; T — OKHCJAGHHBIC MOPOALI; & — OopypencHue; 9 — HanpabieHHe AnH-
KeHHsl naactoBuiX poj; 10 — NOHCKOBLIE CKBAMKHHBI

@ L5

E=ds [Z7); [E3s

Puc. 86. TMonoxenne BOJAHOTO Opeoja paccesHusi 10 OTKAYKH (@) W nocjae oT-
kaukn (6). fTo 1. A. Ydodosy u dp.

I — ckBaxknHa He no0GypeHa Jj0 30HB MuHepaamsaumn; Il — ckBamuua npofizena B CTO-
poHe OT 30HBI MHHEpaaHsallWH; [ — ypoOBeHb NOA3EMHBIX BOA; 2 — 30Ha MHHEpaIH3alLNH;
3 — KOHTYpP BOAHOro Opeosa PacceaHHf

i

penpeccu. B pesyabrate opeoJibHbie BOAbI MOTYT MPHOJH3HTLCA
K CTBOJIY CKBa)KMHbl M 0KasaThbCsl B 30He THAPOXHMHUYECKOrO ONpo-
Gosanust (puc. 86).

B nejom, He repeoleHuBas caMOCTOATEIbHbIE BO3MOKHOCTH THA-
POXHMHMUYECKOTO METO[d IMOMCKOB, CJeAyeT CYHTATh 00f3aTeNbHbIM
THAPOXHMHUECKOEe onpoGoBanne JM0ObIX OYPALIHXCSH CKBAMKHH B Ka-
UECTBE YCJOBHA HMX reosoruveckoil gokymentauud. [Mosisaenne Ho-
BeHIHX CPeJCTB aHa/u3a NPHPOIAHBLIX BOJA C MOMONIbLIO HOHO-CeJeK-
THBHBLIX 3J€KTPOJOB H CHEIHAJNbHLIX 3JeKTPOHHLIX YCTPOICTB ¢ uHd-
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poBoii BblAauell pe3yabTaTOB CHOCOOHO Pe3KO NOBLICHTH 3(HEKTHB-
HOCTh THAPOXHMHYECKHX MOHCKOB.

Onpo6oBaHue B MOHCKOBLIX LEJSIX NPHPOAHBLIX BOJA H NOArOTOBKA
npod kK aHaausy noAuunusiercs TpeboBanusm Mucrpykuuu [21]. Ot-
G6op npo6 M3 OTKPBITBIX BOAOHCTOMHHKOB He INpeAcTaBJ/feT TPyAHO-
creii; onpobOoBaHWe MOA3eMHBLIX BOJOHOCHBIX TOPH3OHTOB NPOH3BO-
JUTCS ClelHadbHbIMH T1PO60OTOOPHHKAMH TOCJE NPOMBIBKH CKBa-
AKHH H OTKAYKH.

HernocpeacTBenHo y BOAOHCTOYHWKa TNOMEMO onpefenenus pH,
uorna 2Cu, Pb, Zn, nonyunBlueii Ha3BaHHe «CyMMbl MeTaJ/LIOB»,
copepxKanuit SO, CI- u HCOs~ npou3BOAHTCS KOHIEHTPHPOBaHHE
MHKpO3JeMeHTOB. Yalle Bcero AAA 3TOr0 NPHUMEHSIIOT METOMABI CO-
ocaxjeHus, paspadorannble B ToMckoM H JIeHHHrpaACKOM 10JH-
TEeXHHYECKHX MHCTHTYTAaX, H3BECTHHIE 10J] Ha3BaHuaAMHU «metol TITH»
u «vmeron JITU-BUTP». Konuenrpuposauue no merony TITH ocuo-
BAHO Ha COOCAXKIEHHH MHKPO3/JEMEHTOB C THAPOKCHIOM AaIOMHHHS
B NMPHCYTCTBHH CyJAb(HAa HATPHA, OCHOBHLIE KOMTIOHEHTbI MHHEpa-
JH3alHH BOJALI NMPH 3TOM B ocafok He Buinagator. Meton JITH-
BHUTP ocHoBan Ha cooca)IeHHH MHKPO3JEMEHTOB ¢ CYJAb(hHIOM
KaiMHA B [PHCYTCTBHH XJopHOro xeJse3za. [Ipu HeKoTOpHIX pasin-
YHAX B IepeyHe KOHLEHTPHPYeMbLIX 3JeMeHTOB, 0GOMMH MeTodaMu
H3BJAeKawTcsl B ocanok Zn, Cu, Pb, Co, Sn, Ag, V, Cr, W, Sb, As,
Hg, Ti, Nb — B Kaxaom cayuae okoso 20 snementoB. Ocafku or-
(HIBLTPOBLIBAIOT, CYWIAT H HANPABJSIOT HA CHEKTPaJbHLIH aHaan3.
Mg ocaxaenus Li, Rb u Cs npuMeHAOTCH HOHO-00MeHHBIE CMOJIbI.
[Tpn npsaimom JgaGopaTopHOM aHa/lH3e BOAHBLIX Mpobd, onpenessoTCs
obuian MuHepaaunsauus soas (M), Eh, pH, conepxaune Cl=, SO,
HCO3~, Feosw., Og, Ca%*, Mg?+, H,S u CO,.

5.2. ATMOXHMHUYECKHA METO,

ATMoxuMHYecKHe (ra3oBble) NMOHCKH MECTOPOMKACHHIH MOJE3HLIX He-
KonaeMbIX OCHOBaHBI Ha HCCJELOBAaHHH COCTaBa MOA3EMHOI aTMo-
cepbl — XHMHYECKOr0 coCTaBa ras3oB, HACBILLAIOUIHX TOPHbIE 110-
poabl BOJAH3H AHeBHOI nosepxHocTH. Ecin rasossiii npoboorbop Be-
gercs ¢ Majaoi rayéunul (1—3 M), NpHHATO roBOpHTHL 00 HCCaEO-
BaHHH NOANOYBeHHOro Boaayxa. CoBpeMeHHble ra3oBbleé CHeMKH Bbi-
noanslores ¢ rayéunoit npodoorbopa 20—600 m. Pexe uceaeayercs
rasoBblil cOCTaB NpH3eMHOH aTMocdepbl, XOTs HMEHHO B 3TOM Bd-
pHAHTe CYLIECTBEHHO BO3PACTAET OINEePaTHBHOCTL AaTMOXHMHYECKOl
cbheMKH. A3p030JibHble CheMKH GoJee TPaBUILHO OTHOCHTb K HHCJIY
JHTOXHMHUYECKHX METONOB NOHCKOB.

3emHy0 armocdepy B OCHOBHOM ¢€/araioT TpH rasd — asoT
- (okoa0 78 %), kucaopox (okomo 21 %) u aprou (okoao 1%),
B cymme cocrasasiomue 99,94 % ee maccsl. B nepemMeHHBIX KOJH-
yecTBAX B artmocdepe NPHCYTCTBYIOT Napbl BOAbI; COJAeprKaHHE
CO; — okosio 0,03 %, cogepkanue octanbHbix razos 10-4—10-6 9%
n menee [28]). Husxuii reoxumuuecknii ¢oH H BeICOKAs NOABHKIOCTD
XHMHUYECKHX 3JIeMEHTOB B rasoBoil ¢aze co3fanT HCKIOYHUTEIbHO
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GiaronpusiTHble  yCJOBHA i (OPMHPOBAHHA ATMOXHMHUYECKHX
OpeoJioB paccestns JioOblX MeCTOPOKIACHHIH MOJE3HBIX HCKOMAEeMBIX.
BosannkHoBenHe aTMOXHMHYECKOrO MeTOAa MOMCKOB, MOJ NEpBO-
HavualbHLIM HA3BAHHEM «ra30Basi CheMKa», OTHOCHTCA K HayaJay
30-x romoB u cpazano ¢ umenem B. A. Coxoqosa [12]. O6aactbio
FPUMEHEHHsl 3TOr0 MeTOJa, 110 3aMLICJy ero aBTopa, ObIIH MOMCKM
MECTOPOXKAEHHH He(TH H rasa myTeMm OnpeiejeHHs COAep:KaHHi yr-
JIEBOJIOPOJIHBIX ra3oB B npobax noanousenHoro Bosayxa. K tomy xe
NepHOAY OTHOCHTCS BOZHHKHOBEHHE METOLAa 3MAHALHOHHON CHEMKH,
NpH KOTOPOH B MOMCKOBBLIX LEJSIX B IIOYBEHHOM BO3IyXe OIpeaeds-
I0TCS1 COJlepHaHusl pajoHa u Topona. B npeasoenibie roibl rasoBbie
CBEMKH C TepeMeHHBIM YCIeXOM BeJHCb BO MHOTHX He(TeHOCHBIX
paifionax H B HeGOJBLIHX 00BEMax Ha YroJbHLIX MECTOPOIKAEHHAX.
DMaHnalMOHHAS ChEMKa BOLIJIA B COCTAB PAaJHMOMETPHUECKHX MeTo-
OB NOHCKOB PaJHOAKTHBHBIX PYI, COCTABJSIOUIHX CAMOCTOATENbL-
HYIO, XOpOLIO pa3paboTaHHylo 001aCTh NPUKJAAHON TeOXHMHH.

[To3nnee onpeaenHauch HOBble 00JaCTH MPHMeHEHHS ATMOXHMH-
yeckoro Metofa noHckoB. ITox Bausumem wugeit A. A, Caykopa
B 1956 r. E. A. CepreeBoiM HauyaTa pa3paboTKa raso-pTyTHOrO Me-
Tofa [14] nouckoB pyAHBIX MecTopoxjeHnil. B cosmanum storo me-
Toga OGoabwyl Ppoab cuirpadnm  padorst B. 3. ®ypcosa [46],
M. M. CrenanoBa u psaaa sapydexupix aBtopoB. Torga e OblIH
HAYATBl MCCJEJOBAHHA MO NPHMEHEHHID aTMOXHMHYECKOTO MeTola
K TIOHCKAM PYAHLIX MECTOPOMJAEHHil 110 KOCBEHHBIM ra3aM-HHIHKA-
topam (COs, '0p). B nmanbHeiimiem B 3TOil o6aacTu padoTanm
H. H. Kyauxkosa, A. Y. ®puaman, C. A. BopoGses, B. A. locanopa
H JIpyrHe HccaefoBaTesH. YCNelHoe pasBHTHE MOJYYHJ METOH Tre-
aueBoit cvemku (M. H. SInuuxuii u ap.).

K Hacrosimemy BpeMeHH aTMOXHMHYECKHH MeTOL MOHCKOB Me-
CTOPOXK/AEHHIl TBEpPABbIX TOJE3HBIX HCKOMAeMbIX I1IPOLIeJ] T[epPBYIO
CTaguio ONBITHLIX paboT, H yKasauus 110 MPOH3BOACTBY [OUCKOBBIX
ATMOXHMHYECKHX CBEMOK B 3aKPBITHIX PYAHBIX pafioHax BOLIIH
B aeiictByomyio Muctpykuuio [21]. TToBbieHHBI HHTEpeC K aTMO-
XHMHYECKHM METOJaM TOHCKOB NOTpeGeHHbIX PYIAHBIX MECTOPOXKIe-
Huil nposiBasiercss n 3a pybexom [48]. OnHOBpeMeHHO NOHCKOBLIE
aTMOXHMHYECKHE CheMKH Pas/iMyHOi NeTaJbHOCTH B HedTerasonoc-
HbIX pafionax Gaarogapst MHoroderuum paboram [1. JI. Aurtonosa,
B. A. CokoJoBa, JI. M. 3opskuna, C. JI. 3y6aiipaesa, A. B. ITery-
X0BAa M MHOTHX APYTHX MHCCJAedoBaTesell 3aHAAH NPOYHOE MeCTo
B KOMILJIEKCe CheMOUHO-TIONCKOBEIX pabor [4, 12, 13].

leojiorHueckHe M TreoXMMHUECKHe OOOCHOBAHHA aTMOXHMHUE-
CKOTO MEeTOJd TOHCKOB MECTOpPOXKAeHHIT HedTH H rasa HauboJiee oye-
suanbl. [Tpuponnas nedrsanas 3ajexb npelcrasiasier cofofi cMmech
KHAKHX M razoo6pasubix yriaesojopofos (¥YB), meranosoro, nadg-
TEHOBOTO M aPOMATHYECKOro PAMAOB C NPHMEChbIO CEPHHCTHIX, a30TH-
CTBIX, KHCJIOPOAHLIX COEJHHEHHH H 30JIbHBIX OocTaTKOB. B 3aBucHMO-
CTH OT YCJOBHIl 3aJeraHuHsi OHa MOMKeT NpeacTaBasATb coboil anbo
01HO(}A30BYI0 Ta30HACBLILIEHHYIO MKHAKOCTb, JHOO pacnaiaTtbes
Ha KHMIKYI0 H rasosyio ¢asecl, o6pasyd B BepXHHX ropHsoHTax 3a-
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JexH TAK Ha3blBAEMYI0 «rasoBylo wanky». B cocrase HedTsinoro
rasa npeobdaanaior meran (CHy) u ero tszKeibie romMoJoru — ara,
nponau, 6ytan c¢ oobueit ¢opmyaoit C,Honys. B KauecTBe npumeceii
COflepHaTCs NepeMeHHble KOJHYecTBa a30Ta, YrJAeKHCJOTLI, FeJust |
JIPYTHX Ta30B, COAepXKaHHg MeTaHa 0OLIYHO NIPEeBHILIAIT CYMMY CO-
AeprKaHui TsKeNux yraesofopofoB (TYB). Ananornunsiii coctas
HMelT coOCTBEHHO ra3oBhIe MECTOPOMKAEHHS 11PHPOAHOrO TOPIOYEro
rasa H rasbl yroJbHEIX MeCTOPOXKACHHI.

Copep:kaHue yTJeBOAOPOAOB B He(pTAHBIX raszax gocturaer 80—
95 %, B TO Bpemsi KaK HX reoXHMHYecKHil (JOH B MOJNOYBEHHOM BO3-
ayxe He mnpeBbiaer 2--4-10~* %. Drta orpomnas pasHOCTb KOH-
LUeHTpalHnil onpeaensieT MPOTEKAHHE IPOLECCOB paccesHHs YrJeBo-
JNOPOJOB B OKPYKAIOUIHX TOPHLIX nopopax. Jlwobbie ropHbie NOpoAL!
o6JafalT rasonpoHHlaeMocTbio Gaarojaps HaJH4YHIO B HUX €0006-
ulalomuxces Mexay coboii nop u tpewuH. [loa mefictBuem auTocra-
THCTHYECKOTO HaBJjieHHs ABHKelHe ra3oB B CBOOOJHBIX mopax H Tpe-
IIHHAX TNPOHCXOAAT B CTOPOHY JHEBHON [OBEPXHOCTH B opme
s¢dysnn. B BogonaceeHHbIX NOpoAax pacnpocTpanenne rasa o6s-
3ano An(ody3HH H omperes-
eTcsi TPajHEHTOM €ro KOH- CH,p4,, 4080
LHEeHTpPalHH.

[Mpocreiimas cxema obpa-
30BAHHS  aTMOXMMHYECKOro
opeosa paccesunsi Hedrera-
30BOH 3aJjleKH [OKasaHa Ha
puc. 87. Ha wnem mpHBeJeHbl
JBa BapHaHTa rpaHKOB CO-
Jepxanui yTJ1eBOJ0POIAOB
B MOANOYBEHHON aTMochepe:
¢ OIHHM MaKCHMYMOM Hajl
3a/eXblo, TaK Ha3blBaeMas
«IpAMAast aHoManaus», H
C ABYMsi MakCHMyMaMH, pas-
JAeJeHHBIMH OKOJO(OHOBLIMH
COlepHAaHHAMH B 3MHIEHTPE
MecTopoikaeHns. Bo BTOpOM
cayyae B MNJaHe o0HApyXKH-
BAlOTCH «KOJIbIIEBLIE aHOMa-
JHH», BecbMa 4acTo BCTpe-

yajomuecs B npakthke. Ta- -,« Vii EJ

Kasi (opma rasoBbiX aHoma-

JHIL oObsACHAETCS TOBBILLIEH- H,/ \/ 5 __&;
HOIl TPENLHHOBATOCTLIO TOPOJ

BO/IH3H NCPpHKIHAANH. 1 Go- Puc. 87. Cxema aTMOXHMHUECKOTO OpeoJa
Jee cnaboit B CBOIOBOH Ya-  paccesmus rasoned)Tsnoii 3aexi.

CTH CTPYKTYPBL Ananornu- I — nepexphiBaloUmlHe  OTJAOMEeHHs; 2 — NPOAYK-
u e g b THBHan Toaa; 3 — HedTh; 4 — erasosag wan-
HbIH Xa [)ﬂ I\TCp HMEIT T‘E!B()“ ka»; § — nanpasnesne sddysun n  auddyann
BbIC OPE0Jibl MECTOPOZKIEHHH rasoB; 6 — raspochLeMONMHBIC CKBAMHHBI M rpa-
$HKH cOAepIKaHH YraeBoAopofoB (asa Bapu-

requsi, 3aJjielkeil  yriaeKHc-  apra)
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JIOTHI, CEPHHCTOTO rasa H APYrHX IPHPOAHLIX Ta3oBLIX CKOMJEHHI,
obocobasomuxca B autocgepe. CoaepaHue reiusi B €ro MecTo-
POXKAEHHAX MozKer JoctHrath 6—8 Y% mnpn kaapke atmocdephl
52-10-%9% He, B 3ajexax YrJeKHCJIOro rasa €ro coaepianue
aocturaer 99 % npm  kaapke atmochepnt 3-1029% CO,,
cojlepxaHue BOLOPOAa B Ta30BbIX BBHIJENEHHSIX MOXKET COCTaBJSTh
50 % npu ¢oHOBBIX KOHLLEHTpAaUHSAX B MouyBeHHOM Bosayxe 2,1X
X104 9% H, u 1. n. [TostoMy arMOXHMHYECKHEe CheMKH SBJSIOTCS
NpSIMBIM METOAOM TMOHCKOB He(THHBLIX W ras’oBBIX MECTOPOMKIEHHIL.

['asopTyTHBIE CBHEMKH — KOCBEHHLIH METOJ MNOHCKOB MECTOPOK-
JleHHil MoJIe3HLIX HCKONaeMblX, H TOJBKO MPHMEHHTeJbHO K co0-
CTBEHHO PTYTHBIM MECTOPOKJEHHAM OHH TIPHOOPETalT 3HAUYeHHEe
NpsAMoro mMetona. TecHoe reOXHMHYECKOE CPOJACTBO PTYTH C Cepoi
onpejesfer ee NPHHAAIEKHOCTh K UHCAY XaJbKO(MHIBHLIX 3JeMeH-
roB (Cu, Ag, Au, Zn, Cd, Hg, In, Tl, Ge, Sn, Pb, As, Sh, Bi, S, Se,
Te). B cyabduaHbix MHHepanax H MECTOPOMKAEHHSX 3TOH TPYNIbl
3/7eMeHTOB 00HaPYXKHBAKOTCA CYLIECTBEHHO INOBLILIEHHBbIE COAEpIKa-
nus pryta. Tak, cofepranue pTyTH B LEPYCCHTE — NPOJAYKTE OKHC-
Jenus rajgenura — moxer gocturath 0,1 %, 4TO B NeCATKH ThICAYU
pa3 mnpesbilnaer Kjaapk Jaurtocdepbl. CrnocoOHOCTE K HaKOMJIEHHIO
PTYTH OTMeYaeTcsi H VISl MECTOPOMKAEHHH APYTHX MOJEe3HbIX HCKO-
naemblX, B ToM yucae Hedtd W raza. JpyruMu 3ameuaTenbHBIMH
CBOWCTBAMH PTYTH SBJSAIOTCA €€ BLICOKAS JIeTyuecTbh H CnocofGHOCTb
K BOCCTAHOBJIEHHIO B THNEPreHHLIX YCJOBHAX J0 CaMOPOIHOTO CO-
CTOSTHHSI C MEepexoJ0M MNyTeM MpsIMOil BO3TOHKH H3 ee MPHPOAHBIX
ZOENHHEHHIT B COCTOSIHHE aTOMapHOro rasa.

Bce 310 nHapsay c odenn uuskum (1,33-107F mr/a) m ycroiium-
sbim (e=1,02) reoxumuueckum ¢oHoM PTYTH B ammcdn!pe oGecne-
YHBAeT ra3opTyTHLIM Ch@MKAaM POJIb OJHOTO H3 BayKHEHIUNX M, B H3-
BECTHOIH Mepe, YHHBEPCaJbHOrO MeTo[a TeOXHMHYECKHX IOHCKOB
NOJIe3HbIX HCKONMAaeMblX Ha 3akpuIThIX TeppuTopusx. Ilpumep pe-
3VJbTATOB F430PTYTHOH CBEMKH Han norpeGeHHBIM 30J0TOPYAHBIM
MECTOpPOMKAeHHeM IoKa3aH Ha puc. 88. 31ech NPH MOULHOCTH JECCO-
BUAHLIX cyraHHKOB 40 M B mouBeHHOM BO3LyXxe 3aduKcupoBana aHo-
MaJHf, B TO BpeMs Kak B JHTOXHMHYeCKHX npoGax cojep:KaHus
PTYTH OcTaJuch (oHOBLIMHU [46].

HeiicTBuTe/IbHbIe BO3MOMKHOCTH 3TOrO METOAA TOHCKOB pac-
KPBITHL laJeKo He NnoJHocTblo. Boaee nogpobuoro 060cHOBaHHS Tpe-
OYIOT NPHHIHIIBI ATMOXHMHYECKHX MOHCKOB PYAHBIX MECTOPOXKACHHIT
10 KOMIIJIEKCY CONYTCTBYIOHNIHX ra3oB.

MHOrouHc/JIeHHbIE LaHHBIE TIOATBEPHKAAI0T HAJHUYHE BOKPYI PYA-
HBIX 3a/exeli cBoeo6pa3Hoii razoBoil arMocdepsl, cONPOBOKAAIOLLEH
MECTOpPOXKAeHHs B TeueHHe BCero nepuoja Hx cyuiectoBanus. Cu-
CcTeMaTHYeCKHe CBeIeHHs 0 COCTaBe 3THX ra3oB HMeloTcs B paborax
A. M. Kpasuosa, A. M. ®puamana [45], obGunpHble daHHbIE MO
sromy Bonpocy cobpaa C. A. Bopo6bes. Cpelin ra3oB pyIaHbIX Me-
CTOPOKAEHHIT BBIAJSIOTCS TPH OCHOBHbIE Tpymnmbl: 1) rasel, cHHre-
HETHUHBIE Npoleccy pyroobpazoBanus; 2) rasoBble KOMIOHEHTLI 30H
TEKTOHMYECKHX HapylleHuil; 3) rasbl THNepreHHblX  TpoleccoB.
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['a3bl — KOMIOHEHTHI TPO-
ecca pynoobpasoBaHus
conepxKarcs B BHAE BKJIIO-
YeHU B PYAHBIX H JKHJb-
HBIX MHHepaJjax, cJjaraio-
WHX pyaHble 3anexu. as
OOMIIHPHON TPyNNbl THAPO-
TePMAaJbHBIX MECTOPOIK1e-
HHH 3TO VIJIEKHCABIH Tas,
CEpPOBOMOPOMA,  CEPHHCTHI
ras, MeTaH, BOJOPO, JeTy-
4He COeNHHEeHHA TajloreHOB
H JApyTde rasbl, HaJadyue
KOTOPHIX B PYJAHBIX TeJgax
JIOKa3aHo MHOTOYHCJ/IeH-
HBIMH HCCJEe0BaHHAMH Ta-
30BO-’KHIKHX  BKJIIOUEHHH
B MuHepanax. HaunGoaee
pacnpocTpaHeHHBIH KOMMO-
HEHT pyaoobpasyiouiei
cpeanl — VIJIEKHCABbIH  ras,
3HAYHTENbHBIE COJeprKaHud
KOTOPOTO 0TMeyarTes
B IIOlABJISIIONIEeM OOJBILIHH-
CTB€ a30BO-KHIAKHX BKJIIO-
YeHHH. YTJIEKHCJABIH Tas u
BOOPOI, 3aK/JI0YeHHbIe
B PYIHBIX MHHepaJjax, sB-

==, byl A 5 LA
E~als T =3, s

Pue. 88. CpapHHTeNbHBIE pe3yJbTaThl Traz0-
PTYTHOHl M JIHTOXHMHUECKOIl CBEMOK Haj,
norpeGeHHBIM  30JOTOPY/IHBIM  MeCTOPOK/le-
Huem. VaGexucran [46).

I — néccoBre  CYrJHHKH; 2 — aHAE3HTO-AAlHTOBRBIE
nophHpHTH; J — AailkH auaGazoBLIX  NOPhOHPHTOR;
4 — kBapu-cyabHIHBIE 30J0TOpYyAHBle Teda (Gaex-
Able  PYABl, THPHT, XaJbKOMNHPHT); 5 —TJaHHA H
OpeKkuHs; 6 — TeKTOHHYeCKHe HapyleHHs; 7 — CO-
AepXKaHHs PTYTH B PLIXAbIX oTJaoxKenuax (B %);
§ — napel pTYTH

JIAOTCH MPOAYKTAMH XHMH-

YECKHX peakiuil, nporekaiouux B marme [45], ux o6pasoBanue npo-
HCXOJUT B pe3yabTaTe B3aHMOAEHCTBHs yrjepola ¢ MapaMu BOIBL:
C+2H;0=CO0O,+2H,. IlpeamoJaraercs, uro o0pasoBaHHe BOJLO-
poja NpPOMCXOLMT TaKiKe MPH B3aHMOAEHCTBHH BOJAHOTO Mapa
¢ okcugamu xeqaeza: 3FeO+H,O=Fe3s0,+Hs. [loBulieHnse co-
Jep:KaHus BOAOPOAA XapaKTepHBI [/l BHICOKOTEMNEPATYpPHBIX THA-
poTepMaJibHbIX MECTOPOKAEHHI.

O6pazoBanne MeTaHa B IVyOHHHBIX 4acTsX 3eMJH MOXKET IpoTe-
KaTb NPH B3aWMOJEHCTBHH JHOKCHAA YIrJ1epoAa C MOJeKyJasPHBIM BO-
JOpPOIOM B COOTBETCTBYIOUIHX (PU3HKO-XHMHYeCKHX ycaoBHAX (T=
=60G°C, P=104 xlla). B npucyTCTBHH KaTa/lu3aTOPOB peaklus
MOKEeT HATH MmpH Temnepatype 475 °C:

COQ + 4H2 == CH_] + 2H20.

BoamoxKHBI H ApyTrHe CXeMbl PeakilHii:

C+2H2:CH4;

CO+6H,=CH, + H,0.

[lpuBeneHHbIe PEAKUHH OIHCEIBAIOT 00pPa30BaHHE VIVIEKHCIOrO
raza, BOJOPOJAa M METaHa B MarMaTHYECKHX H T'HIPOTEPMaJbHBIX
npoueccax. Boabuine KoJHuecTBa 3THX KOMIIOHEHTOB TeHepPHpYIOTCS
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npy TepMomeramMopgusMe OpranHyecKoro BellecTBa, pPACCESHHOTO
B PYJOBMeIaIoiuX nopoaax. BeicBoG0KAEHHE MHIIOTeHHbIX Fa30BbIX
KOMTIOHEHTOB, 3aKOHCEPBHPOBAHHLIX B PYAHOM BEIIECTBE H B PYIO-
BMeNaIoUIUX T0POAAaX, NPOUCXOJHT HenpPephiBHO N0 Mepe BCKPBITHS
(AexkpenHTanuu) Tra30BO-XKHAKHX BKJIIOYEHHI INpPH BHIBETPHBAHMH,
JHHaMoMeTaMop(H3Me H NMPOYHX BHEMIHHX BO3JAENCTBHSIX.

Btopyio rpynmy cocTaBJsioT ra3sl TJyOMHHOTO NPOHCXOMKACHHS,
MHTPHPVIOIIHE N0 PYAOKOHTPOJHPYIOIIHM TEKTOHHYECKHM 30HAaM,
B KOTOPBIX JOKANU3YIOTCA pyAnnie Tena. dtd rasm (COs, CHy, He,
Hs) siBasiioTcs NpOAyKTAMH MarMaTHYECKHX IPOLeCCoB, a TAKXKe XH-
MHYECKHX H SIIePHBIX peakiiuil, MpoTeKalouux B 3eMublX Hegpax. [lo
NPOHCXOMKACHHIO OHH OJM3KH K rasaM NepBOil Tpynnbl U B cayuae
JOKAMH3AIHH PYAHLIX Te/l B 30HaX pa3/iOMOB COCTABJAIOT € HHMH
efiHHOe 1eJoe. XapakrepHblii npuMep noAoOHOH B3aUMOCBSI3H — ra-
30BbIJEJICHHS HA 30JI0TOpPYAHOM Mecropoxaennu bBameit. 3xece, no
nanneiM H. H. KyankoBoil, HaGMiofaJHCh CHOHTAHHBIE BHEIXOMIBI
rasa, noutu uaueao cocrosmero us CO.. Bricokoe coaepxanue
CO;, CHy 1 ApyTrHX ra3oB B BO3/lyXe MHOTHX PYAHHKOB CBHIETE/b-
CTBYeT O NOCTOSIHHO IpPOTeKaiolleii pasrpyske 60JbUIHX KOJHUYECTB
IPHPOAHOTO rasa B NoJA3eMHYI0 atMocdepy.

HMuTencusHble BhifedeHHs rasa, coctosiero u3 CHy (99 %) u
COy (19), uMean MecTo npH pas3padOTKe MeAHO-HHKEIEBLIX Me-
cropoxaennii Hopuiabckoro paiiona. [anTenbnoe rasupoBaHue
(6—7 ner) oTHEeNBHBIX pa3BelOYMHBIX CKBayKHH HMEJN0 MecTo Ha
Vpynckom MeAHOKOJYeLAaHHOM MecTOpOXKIeHHH. ['a30oBblit nmoTOK
C BbICOKHMH COIAEPIKAHHSMH YIJIEKHCJOro rasa, Merana, rejus H ce-
pPOBOJIOPOa B TEYEHHE BCEro NnepHona ra3oBbIIEJEHHs MPaKTHYECKH
1e u3MeHusa coero cocrapa [45]. A. I'. beTexTHH B H3BeCTHOH MOHO-
rpadun «MuHepasorusi» coobmaer o6 o6uaAbHOM Bbhienenun HpS
coBmectHo ¢ CO; 1 AsH; npu paspaGoTke aypHUNUTMEHTHBEIX PV
Jxyabduackoro mecropoxaenns. Ha Hanmexaunckom 3so/0Topyn-
HOM MECTOPOM/JAEHHH OTMEeYaJoch HCTeYeHHe ras3a, COCTOSILEro
(8 %) us CO; — 67,9; CH; — 8.6.

K Tperbeii rpynne otHocaTcs razossie KoMnonentol (COz, Og, Ha
1 Ap.), oOpasywoliHecs B pe3y/bTaTe NPOLECCOB, NPOTEKAMIMHX
B 30He THiepreHesa pYyAHLIX MecTopoxJAeHHH. Haubosee akTuBHO
(hu3MKO-XMMHUYECKHe mnpeoOpasoBaHus PYAHLIX MHHEpaJoB mnpore-
KaloT B 30HE OKHCJEHHA CYJAb(HAHBIX MeCTOPOMKJeHHi (cMm. pasi.
3.4). Obpasyromuecs npH 3ToM cBoOOAHAs cepHas KHcjaoTa H KHC-
Jple cyiabdaTsl MeTaJJIoB NpH HAaTHYMM KapOOHATOB HJIM KapOoHAT-
HLIX BOJ BCTYNAiOT B PEAKIHH C BhIAeJEHHEM CBOOOAHOTO YrJieKHC-
JIOro rasd.

BaauMozeicTBHe CepHOH KHCJIOTHL ¢ PAAOM CYJAb(QHIHBIX MHHe-
panoB (NMPHT, rajJeHur, cdajepur W JAp.) NPH HMU3KOM NaplHalb-
HOM AaBJEHHH KHCI0POJA MPHBOAUT K 00pasoBaHuio CepoBOAOPOJA
no gopmaaphoii cxeme MeS + HySO,; — MeSO, + H,S.

OO0pasoBanHe CEPHUCTOrO ra3a MPOHCXOANT NMPH B3aHMOAEHCTBHH
MeJaHTepHTa ¢ NMHPHTOM NPH HAJWYHH cBoGoAHOro Kucjaoponaa [40].

Peakiusi ogHCIeHHs CVJbhuAoB Tpedyer GOJAbLIMX 3aTPat CBO-
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6oanoro Kucaopozna. IMoacuer B. C. u C. C. I'neGoBCKHX NMOKa3bl-
Baer, yro npu nojHom oxuciaeHun go Fe (OH)3; m HySO4 na ray-
Oonny 1 MM NHpPHTOBOro Teia maomansio 1 m? cBasbiBaercs 10 3,5 m?
cBoGoanoro Kucaopona. Ctonap GoJbloe NOTpebaeHne KHCAOPOAA
MPHBOAHT K 3aMETHOMY NOHHMKEHHIO €ro COAEpIKaHHi B NOANOYBEH-
HOM BO3JyXe HaJ OKHCASOMHMHCH CYyJbQHIHLIME MEecTOPOKe-
HHSMH.

['aspl BceX Tpex Tpynm B cyMMe onpefiejsioT (opMHPOBaHHE
MHOTOKOMIIOHEHTHBIX ATMOXHMHYECKHX OPEOJIOB paccesHHs PYHLHBIX
MEeCTOpPOXKAEHHI; ToJieBble HaGMOAeHNs TOATBEPKAAIOT PealbHOCTD
ux BoigpaeHust. Ha puc. 89 nokasaHbl pesyJbTaThl aTMOXHMHUYECKOI
CBEMKH N0 NPoQHII0, nepecekaolleMy 30HY NMHPHTH3AlHH, HaJ KO-
TOPOIl B MOYBEHHOM BO3JyXe (HUKCHPYETCs aHOMAaJbHO NOBLIIIEHHbIE
cogepxkanusg CO; u noHmkenuble Oy ITH mepBLie AAHHbIE HMeEJH
MeToJHuYecKoe 3HaueHHe. B mpakTHKe aTMOXHMHUECKHE HOHCKH Ie-
J1ecO00pa3HBl TOJMBKO B 3aKPHITHIX PailoHax; NMpHMepLl TAKHX pabor
MpHBeJeHbl B riase 6.

V6enureabHble Pe3yJabTaThl ATMOXHMHYECKHX CheMOK OBbIIH TO-
ayuennt A. M. ®puamanom (puc. 90). ITo npoduaio Boprycran —
Eccentykn npu cbemMkax c warom 100 M um raybune rasoorfopa
1,5 M 6BIH BHISIBJEHB aHOMaJbHble comepskanus COs, 1o 4,56 Y% npu
mectoM ¢one 0,33 % CO,. 3afannas mo 3THM JaHHBIM Ha OLHOII
U3 asoMmaJuii GypoBas CKBaKHMHA BCKpbLIa Ha rayouxe 600 M 3a-
JEXKDL yrIEKHCJI0ro rasza noj jaasienneM nopsaigka 60 xIla. I'asosbie
anomasnn CO,, CHy, Hy, He npu arMOXHMHYECKHX CheMKax ObLIH
BCTpPeYeHBI B CBf3H C PA3JHYHLIMH [10JI€3HbIMH HCKONAEMBIMH, H pe-
aTBHOCTb HX CYLIECTBOBAHHS He BbI3bIBAET COMHEHHII.

BribopouHble JaHHBIE TIO pe3yJbTaTaM aTMOXHMHYECKHX Hccle-
IoBaHHH MpHBefeHbl B Ta6a. 19.

Teopusi GopMHPOBAaHHS TasOBLIX OPEOJIOB paccefHHs OCHOBaHA
Ha paccMOTpeHHH AH(QepeHHHANbHLIX ypaBueHuit nuddysun B ro-

Ta6aunuma 19

XapakTepHcTHKA ras’oB-HHEMKATOPOB

['eoxuMHUUIeCKHI
ton INoxasaTens
IMosne3noe HCKOMaemoe Tas Crax* % KOHTPACTHOCTH
Cyp% sl v

Pyznbie MECTOPOXKACHHS H CO, 0,3 155 3,0 5,68
KHMOePIHTE CH, 1,3-10—4 1,5 0,01 10,7
H, 2.1-10—% 2,0 0,01 b.57
0y 20,6=4-0,21 — 15,0 26,7
MunepanpHble BOAb CO, 0,33 2,38 4,5 3,01
0y 20,4 Lol | 9173 16,5
Hedb u ras CH, 0,25%# 2,1 157 2,5
TVB 0,01#%* 1,6 0,14%% 5,6

* Nlas O2 AaHo Coouy.
*+* Bolipa)eHO B CMY/Kr.
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Puc. 90. Tpapux conepmannii COz n reonornuecknii paspes no npopuao Bop-
ryeran — Eccentyku. fTo A. H. Ppudmany.

! — 4eTBCPTHYHBLIE CYFAMHKH, TAHHBI; OTJAOXKEeHHA MeJoBOro Bo3pacra; 2 — M3BeCTHAKH; 3 —
apruanuThl; 4 — necyaHHkM; 5 — IOPCKHe KOHTJOMepaThi; 6 — rpaHiThl; 7 — CKBa)HHA, § —
pa3ioMbl, YCTAHOBJACHHBIC 110 AaHHBIM ATMOXHMHYECKON CHEeMKH
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PH30HTAJIbHO-CJAOHCTON cpele. C METOAHYECKON CTOPOHB HaHO0Jb-
IIHI HHTEpeC npeacTaBiferT OPHeHTHPOBOUHAS OLEHKA PacCTOAHMS
Hq, Ha KoTOpoM colepkaHHe rasza B MOA3EMHOi aTMocdepe co-
CTaBHT ONpeleseHHyio A0JI0 OT COAEPXaHHA 3TOro rasa B 3a/exH
noseanoro nckonaemoro (Cp), ecan AnddY3HOHHBI npouece npoTe-
Kaer B TeueHue BpeMeHH I B cpene ¢ Koadduunentom nuddysnn D.
Peulenne 370l 3a/laui, H3BECTHOE H3 KYPCOB TEOPETHUECKOI (hH3NKH,
I OeCKOHeuHO JJHHHOTO JHHEHHOro HCTOYHHKA B H30TPONHOI
cpejie onpenessiercs BhIpaKeHnem

i Cp Ei[— by ] (108)

H? 4DT
e[ -]
4DT

rie C; — KOHIleHTpalus rasa no ocH opeosa Ha rayoune 2; E — un-
TerpajbHas nokasartejbHasi (YHKIHMS OT BbIpameHHs, CTOSLIEro
B cKOOKax. 3HaueHHs 3Tofi QyHKUHHA TAaOyJHPOBAHbI B MareMaTHue-
CKHX crpaBoyHHKax. McXoma u3 GMH3KHX 3Hauyenuit Koapduuuentos
auddyaun gna CO; u CHy, onennsaemeix BeanunHoit D= (1—5) X
X 10-% cm?/e, C. A. BopoGreB paccuutaa mno gopmyae (108) oxu-
Jlaemble pe3yabTaThl AM(dY3HH 3a BpPeMs, OTBeuajollee reoJjoruye-
CKOMY Bo3pacTy OJHKaHWKHX cTpaTHrpadHyecKHX mnOAPAa3JeJeHHu
ocajmoynoro uexna (ra6a. 20). Conpepxanusi CO, u CHy B pyannu-
HBIX Bbiflesienusx Moryt pocrturats 0,5—5 9% [45], a B rasoBeix 3a-
Jexax npubauxkaiorcs K 100 %, moaToMy mnogayuenHble TaHHbIE NMOMI-
TBEPHKAAIOT BO3MOKHOCTb OOHADYKEHHS ra30BbLIX aHOMAJHI HAJ 10-
rpeGeHHBIMH MECTOPOXKACHHAMH 1PH MOIHOCTH TePeKpLIBAIOIIHX OT-
JIOXKeHHi OT JecATKOB J0 ThicAu MeTpoB. Takoii mHTEpBaa rayb6uH
oTBeyaeT 3afayam HedTEmOHCKOBHIX PAGOT M NMOJHOCTHIO NMEePeKphl-
BaeT rayOuHy, 10 KOTOPOi B COBpeMeHHbIli MepHOx BeAyTCs MOHCKH
norpeGeHHBIX PyAHBIX MecTopoxaenuit (mo 500 m). Ilpm Goabuioir
MOIIIHOCTH uexJia BO3PACT OTJIOMXKEHHH, KaK npasuJso, GoablIe.
CxoznHble pesyJbTaThl AalOT pacueTsl mo QopmyJe AJs 3aJe-
JKel, Hsomerpuueckoii (opMbl, B mlaHe oTBeyaouleil HeTSHEIM H
rasoBbIM MECTOPOIK/IEHHAM MJIH PYAHBIM IITOKBepKaM. Damnskue

TaGauna 20

MouwHocTh TepeKpbiBAOINX oTHOXeHui [, (8B M), npH KoTopoil Ha NoBepPXHOCTH
uexsa oxmuaawTcs anoMaann CO, u CHy (auneitnuiii nerounnk). Io C. A. BopoGsesy

OTNOKEHNS Boapacr, Cmax » Rontx Cp

Rt 0,001 | 0,01 0,005 0,2

TonoueHOBkEIE 0,01 55 43 33 23
YerpepTHulLE 0,7 403 290 196 103
1.7 618 430 290 140

Heorenopsie 25 2280 1570 970 400
[laneoreHoBLIe 67 3680 2510 1520 580
Menossie 137 5200 3540 2120 780
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naunpie Ooiad nosyuensl I1. A. AutoHoBmiM. B npupoanoii oGera-
HoBKe (popmupoBaHue AHQOY3HOHHBIX ra30BbLIX OPEOJIOB OCJHOMKHA-
eTcst HeOJAHOPOJAHOCTSMH JIHTOJOTHYECKOrO COCTaBa uexJja, HaJH-
YHeM BOJOHOCHBIX TOPH30OHTOB H TEKTOHHUECKHX HapyueHuii. 3a
nocjieqHee BpeMs BbICKA3BIBAIOTCH MHEHHA O ()OPMHPOBAHHH raso-
BbIX OPEOJIOB paccesiius MPeHMYyIecTBeHHO 3a cueT 3 (ys3nn ra3os
N0 TpellHHaM, MPH NOoAYHHEHHOH poau auddysun. B noas3y stoi
TOYKH 3PEHHs TOBOPHT HAJHYHE «KOJbLEBbIX» aHoMaJuii Haj Hed-
TAHBIMH CTPYKTypamu (cM. puc. 87). OpHako npeojoJjieHHe raso-
BbIM [OTOKOM BOJOHOCHBLIX TOPH3OHTOB MPOHCXOAHT B pe3y/bTaTte
AnpDysHH.

Pa3BuTHEe aTMOXHMHYECKOrO METO0Ja MOHCKOB IMOJIE3HBIX HCKO-
MaeMBIX MPOTEKAJO CJA0XKHBIM NYTeM, H TPYIAHOCTH €ro BHEILPEHHS
elle He MpeojoJieHbl. JlBe OCHOBHBIE omepalHi — MoJieBoit npobo-
oTGOp H 3IKcmpecc-aHaaH3 npob co3/1al0T CepbesHble MEeTOJHYeCKHe
npobJeMbl NPH aTMOXHMHYECKHX CheMKax.

[azoBbifi npofooTdOp NPH ATMOXHMHYECKHX CBHEMKAax NpoBO-
JAHTCA H3 CKBAXKHMH C rJyGHHBI HHIKE TOpPH30HTa AKTHBHOTO raso-
ofmeHa NMoOYBeHHOro Bo3AyXa ¢ atmocdepoii. CrenuanabHble Hecse-
JOBaHHUS ONpPELeNsIor MOJOMKeHHE 3TOro TOPH30HTa Ha raybHHe —
1,5 M, NpakTHYECKH NpPH MOHCKAX PYAHBIX MECTOPOXK/eHHH MNpobH
or6upaiorcs ¢ ray6ounst 3,0 M, npu mouckax HeTH M rasa — c ray-
Ounbl 20—25 M, unorga Gosee 200 m. Ilpu HedTenmoHCKOBHIX pa-
6otax cheMKH BeayTcs nyrem orfopa KepHa ¢ ero repMmeTtHsaliueft
H nochaenyioueii gerazauueii B naGopaTopHH AJd aHaJH3a cojep-
JKAIUXCA B HEM TasoB.

[Ipn noHcKax PpyAHBIX MECTOPOXKAeHHH uwame or6upalorcs
npob6sl cBOOOAHOTO NOJANOYBEHHOrO BO3AYXa B ClElHaJJ bHbIE aMMYJIb
(250 ma, puc. 91). 10 BBI3LIBAET HEOOXOAHMOCTL H30JALHH 3ab0s
CKBaHH OT aTmocdepbl H yjpajdeHus H3 nNpu3aboiiHoil Kamepbl
MepBLIX MOPIHH BO3AyXa, He OTPaKaIOUHX COCTABA MOAMOYBEHHBIX
razoB. O6beM OTKaykH BO3AyXa H3 CKBaXKHHBl [PH 3aNoJHEHHH
amMnmyJsibl He A0Ji3KeH ObITh MeHbILIe NATHKPaTHOro ob6kemMa npHaa-
Goitnoit kamepnl. He cuaeayer ponyckarb Mojcoc armocdepHoro
BO3/lyXa 3a CYeT BHIXOZa Ha MOBEPXHOCTb HJIH TepecevyeHHsi CBO-
60HOrO CTBOJA CKBaXKHHBI TPaHHLEH 30HBEI 3Bakyauuu (Ha pue. 91
nokasana nyukTupom). [Ipn nomckax TBepAbIX noJe3HbIX HCKonae-
MBIX B Tmpoiecce razoorbopa onpeneasiiorcs coaepxanugs CO,
¢ momolisio maxtHoro HHTepdepomerpa (IIIH-10). OcranbHbie ra-
30BBle KOMNOHeHTH u moeTopHo CO, onpenensiorcs B aaboparo-
PHH.
[TpoGooTGop mpH rasopTyTHHIX CheMKax BeleTcs ¢ MOMOIIbIO
CIeNHaJbHOTO 30HAa ¢ 30J0ThiM copGentoM. Ilocie mpokauku 3a-
JlaHHOTO OOBeMa MOYBEHHOTO BO3JYyXa MPOBOAHTCA BO3TOHKA MO-
TJIOLIEHHOM PTYTH myTeM HarpeBa copGeHTa 3JEKTPHYECKHM TOKOM
U TOJIEBOH aHAJH3 ee COJepKaHHI,

B mepBele JeCATHIETHS C MOMEHT4 NPHMEHeHHs HedTenoucKo-
BOIf Ta3’0BOH CHEMKH NPOH3BOJACTBO PaGoOT TOPMO3HJIOCH CJIOMKHO-
CTbIO H HH3KOH TOYHOCTBIO METOJOB ra3oBOro aHamusa. Toabko
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Puc. 91. Cxema rasoporo npoGoorGopa. [To
C. A. BopoGuesy.

I — npuaaGofinads Kamepa; 2 — Gypomoil cHapaa-npoGoot-
GopuBK; J — QuABTP; 4 — rasoBag amnyaa; 5 — pecHsep-
HAA eMKocTh; 6 — BakyyMmMmeTp; 7 — ragoaHanusatop COg;
Kpl—1V — rasosbie KpaHbl

g
7
4
B A
T & ammo-
pibob d 4 B AT A opagp S
b+ A*E\
[23-#ocu~ R, T -,E = :
menh Sovet o . 1:. ‘
Ab+8 20 A F Tk

Puc. 92. Cxema xpomaTorpaduyecKoro aHajnsa rasos.

I — ra3aoBelii WNPHI-A03aTOP; 2 — pasjleHTeNbHAs KOJOHKA, SanoJHeHHas coplentom; J=—
AeTexTop; 4 — caMonHwyuufi perucrpatop. A, B, B — KOMNOHEHTH aHAJH3HPYeMOro rasa

C nosiBjieHHeM COBpeMEHHbBIX MEeTOHOB xpoma'rorpaq)uqecxoro aHa-
JIH3a ra30B BhepBbleé OTKPHUIHCH NMEPCHEKTHBH LIHPOKOTO HCMOJb-
30BaHHSI ATMOXHMHYECKHX CBEMOK INPH TOHCKAX Pa3HOOGpazHbiX
NOJe3HEIX HCKONaeMHIX.

Ilpu xpomartorpaguyeckom aHananze (puc. 92) NOTOK HHeEpPT-
HOTO rasa-HOCHTEeNS C MOCTOSHHOH CKOPOCTBIO MPOMyCKaeTcs uepes
pasnesquTeIbHYI0 KOJOHKY, 3amnojHeHHYyio copfentoM. C mnomouibio
IMpHIA-03aTOPa B NOTOK BBOAHTCS aHAJAM3HpyeMmas rasopas
cmech B o6beme 2—5 cm®. Pasjenenne mpoGe Ha COCTaBJfOLIHE
ee KoMnoHenTs! A, 5 u B NpOMCXOAHT BCJEACTBHE PA3/JIHUHI B HX
(hu3HKO-XHMHYECKHX CBOHCTBAaX H MHOTOKPATHOrO TOBTOPEHHS 3Jje-
MEHTapHEIX akToB copbuun u jaecopbuuu. B pesyabrate Kommo-
HEHTBl CMECH C PasHOil CKOPOCTBIO MEpPeABHraloTcs BAOJb pasjiesH-
TeJAbHOH KOJIOHKH H pasfelNbHO [MOCTynamT K aetekrtopy. [opioune
KOMIIOHEeHTBLl CMECH onpelaensioresa Mo TemyaoTe Cropanus  HJIaH
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HOHH3AlHOHHOMY 3((eKTy, HeropioyHe — Mo TEMJIONPOBOAHOCTH HJIH
ONTHYECKHM CBOHCTBAaM, TOK B CeTH JeTeKTOpa peruHcTpHpyercs me-
POMHILYIHM ITOTEHIHOMETPOM.

JanpHeiiliee coBeplIeHCTBOBAHHE METOLHKH aTMOXHMHUYECKHX
IIOMCKOB, B MEPBYI0 ouyepeab MecTOpoxKaeHHit HedTH M rasa, cBs-
3dHO C nepexoloM Ha Ja3epHble ra30oaHaJH3aTOpPbl ME€TaHa H ApPY-
rHX KOMIIOHEHTOB, B TOM WYHCJe INPH a3po- H aBTOMOOHJIbHBIX
CheMKax ¢ HCCJAeJOBaHHEM HpHBEMHOﬁ aTMOCCpprI. CI]EU.HaJ'Ibele
reJiHeBble CHheMKH BBIMOJHAIOTCS ¢ TNpHMEHEHHEM MNOPTaTHBHBIX
MmaruaTopaspaausix npub6opo MHI'EM-1. Hosble nepcnekTHBBI
OTKpPHIBAIOTCA TMepef aTMOXHMHYECKHMH MOHCKAMH DYAHBIX MECTO-
POXK/IEHHI B CBAI3H C MOCAEIHHMH paboTaMU YEUICKHX re0XuMUKOB
Mo OnpeAes]eHH0 B NOYBEHHOM Bo3ayxe coflepmanuii Zn, Pb, Cu
u F [49].

HecoMHEHHO, 4TO OCHOBHOII 00/1acTbi0 NPHMEHEHHS AaTMOXHMH-
YecKOro MEeToJa MO-MpeXKHEeMY OCTAHYTCS MOHCKH MECTOPOKIEHHI
HepTH M rasa. KpaTkoMy paccMOTpPeHHIO NMPaKTHKH 3THX FeOXHMH-
yeckuX pabor mocssimed pasi. 6.3. ATMOXHMHYeCKHE MOHCKH PyA-
HBIX MECTODOXKAEHHH B 3aKpPHITHIX paioHaX MMEIOT peaJbHble mep-
CIEKTHBbI ObICTPO OmepeiuTbh no o6beMy THAPO- H GHOreoXxHmHYe-
CKHe MOHCKH.

5.3. BHOTEOXUMHYECKHHA METOJL

BHoreoxuMuyecKkHe MOHCKH MECTOPOXKAEHHH MOJE3HBIX HCKOMaeMmblX
OCHOBAHbl Ha MCCJEJOBAHHH XHMHYECKOrO COCTaBa JKHBOrO Belle-
CTBa, KaK MPaBHJO, cOCTaBa pacTeHHil. Mexay XHMHYECKHM co-
CTaBOM JXHBBIX OPraHH3MOB H COCTaBOM Cpelbl OGHTAaHHA CylecT-
ByeT OeccriopHasi 3aBHCHMOCTb, B TpeAejbHLIX CJAy4asX NpPOsBJIeH-
Has CMEHOMl HX BHJOBOTO COCTaBa, YCHJIEHHbIM HJIH YTHETEHHBIM
pasBHTHEM H TOsIBJeHHEM MopdoJiornueckux ocobGeHHocreil. Ymo-
MHHaHHA O CBSI3H MEXJY TIe0JIOTHYECKHM CTPOEHHEM MeCTHOCTH,
HaJIHYHEM MOJIE3HBIX HCKONMAaeMBIX H COCTaBOM pAaCTHTEIbHOCTH
BCTPeYaloTCsl y:Ke B CPe/IHEBEKOBOH JIHTEpaType 10 FOPHOMY Jeay.
CoBpeMeHHbIe GHOreOXHMHYECKHE TMOHCKH CBA3aHBI C XHMHYECKHM
aHaJH30M BellecTBa, HaGJIOeHHs Haj BHAOBHIM COCTaBOM H MOp-
thonorHuecKHMH 0COOEHHOCTAMH PAaCTHTEJBHOCTH COCTABJAIOT Npen-
merT reoboraHuuyeckux wuccaenosanuit. IlomobHo MuHKpoGHOJOrHYE-
CKHM CBHEMKaM, NPH KOTOPbIX B NMOHCKOBBIX LEJAX HCCAEAYeTCs BH-
JI0BOH COCTaB MOYBEHHBIX GakTepwii, reo60TaHHUYECKHE METOMH
K UHCJAY TeOXHMHYECKHX HE OTHOCATCS M 3/eCh He paccMaTpHBa-
10TCH.

B name Bpems uHTEpec K GHOreoXHMHUECKOMY METOLY MOHCKOB
NPOABHJCS B CepelHHe TPHALATHIX TOJOB, BCJEL 332 MEPBHIMU HC-
C/IeI0BAHHAMH JIHTOXHMHYECKHX opeoJoB paccesnus [34]. B CCCP
pasBuTHEM OGHOreOXHMHYECKOr0 MeToAa TIOHCKOB DPYAHBIX MeCTO-
poxaennii 3anumannce C. M. Tkanuu, A. I1. Bunorpagos, II. I'T. Ma-
aora, B. B. TTonukapnoukun, A. JI. KoaneBcknii [14, 23], sa py-
6exom — H. Bpynanu u C. ITaamksucr (IIseuusn), X. B. Yoppen u
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P. E. lenaBo (Kanana), X..JI. Kennon (CILA), P. P. Bpykc (Ho-
Basi 3eNaHiud) H JPpyTHE TeoJOrH.

B peayapraTe HCCJeJ0BaHHH HEH3MEHHO nomgep}xﬂanocs Ha-
Juune GHOreoXHMHYECKHX aHOMAaJHii B XHMHYECKOM COCTaBe pacre-
HHU, TPON3PACTAIONIHX HAA MECTOPOXKACHHAMH MeAM, IHHKA,
CBHHLA, ypaHa, Mo/iuOjeHa, HHKens, Gopa, 30/10Ta H JAPYTHX MNO-
Je3HbIX HcKomaeMbiX. OGBIYHO 3TH OGHOreOXHMHYECKHE CBEMKH MHpo-
BOLH/IHCH TyTeM ONpPOOGOBAHHSI OJHOrO W/JIH HECKOJbKHX TOCHOX-
CTBYIOILHX BHAOB PACTEHHH, 030JEHHS PACTHTEJbHOrO BelleCTBa H
CIEKTPAJIBHOTO aHaJaH3a MOJYYeHHOH 30JIBI.

CBsi3p MEXKIY XHMHYECKHMH COCTABaAMH IOYBLI H MpOH3pacTalo-
uieil Ha Heil PaCTHTEJBHOCTH MMeeT CJOMKHBI XapakTep. B cocrase
seMHoll Guomacch oGmuii ofbeM KUBOTHHIX OPraHH3MOB BechbMma
He3HauyuTeJaeH, H KJapku Omocdepbl A0ocTaTO4HO OJH3KO XapakTte-
PH3YIOT cpeAHHH XHMHYECKHil cocTaB pacrHreabHOCTH. CoraacHo
AaHHBIM Taba. 1, neperie 10 XHMHUECKHX 3JIeMEHTOB B cymMMe 00-
pasyior 99,96 % Onocdeps, a neppsie 3 Makpoznementra — O, C
u H caaraior 98,5 % Bceit 6momaccl. Ha gomo Bcex ocTadbHBIX
82 MukpossnemenTtoB npuxoautcs Bcero 0,04 Y, xwuBOro BelecTBa.
Boaee 50 % wmacchl KHBOro BemIeCTBa COCTaBJseT BOjAa, B KOTO-
poii CBSI3aHHl 3HAYHTENBHBIE KOJHYECTBA KHCJIOPOJA H BOAOPO/AA.
l'azooGpasubie ajaeMentsl GHocdeps, 3aHMCTBOBaHHBIE H3 aTMO-
chephl, BO3BpalllaloTess B Hee B Npolecce GHOJOTHYECKOro Kpyro-
BOPOTA BEULECTBA.

Jns xapaKTepPHCTHKH TreoJIOTHYECKOIt poJH GHOreHHOil MHTrpa-
uun MukposjemenToB b. B. IToJblHOB mpeano:kua BEJHUHHY OT-
HOIIEHHS MEMKAY CONepKaHHsSIMH 3JeMeHTa B 30Je pacTeHHd
H B NOYBe, Ha KOTOPOH OHO MpoH3pacTtaeT. ITOT NMOKa3aTelb MOJaY-
YU HasBande Koshhunrenta OWONOTHIECKOTO NOFAOMIEHUS W 060-
3Havaerca A,:

G,
A, = e (109)

rae C, — coiepxKaHue 3jaeMeHTa B 3oie pacrenus, %; C, — conep-
JKaHue sjementa B nouse, Y [29].

MuorouncieHHbie CBEASHHA © COLEPKAHUAX MHKPO3TEMEHTOB
B pacTeHHAX, XKUBOTHLIX Opranu3aMax u nousax npupofut B. B. J1o6-
poBoabckuii [18]. M3 pauneix tabua. 21 BHAHO, uTO AJs PYAHBIX
snementoB, kpome Ti, Be, SB, koappunuenter Ay Goabwe 1,0, uto
YKa3blBaeT Ha HX cMocoOHOCTh K HAKOMJIEHHIO B BEPXHHX TOPH30H-
T4X TOYB B pe3y/bTare MHHepPaJH3aUUH eKerofHOr0 pACTHTENb-
HOro onaja.

B 3one pacreuuii, npouspacTalolux HajL PYAHBIMH TelaMH, Ha
CTAPHX PYAHMYHBIX OTBAJAX MPH BHCOKHX CONEPIKAHUAX METAJJIOB
B MOYBAX OTMEUAJHCh COJEPXKAHHA PYAHLIX 3JI€MEHTOB, B JECATKH
H B COTHH pa3 MpeBBIalONine HX cpednuil yposenb. K HauboJbueit
KOHIIEHTPAIHH METaJIJIOB COCOOHEI OnpejeeHHble BHAL pPacTeHHI,
B 30Ji¢ KOTOPBIX COJEpPXKAHHS OTACJBHBIX METAJJOB MOTIYT LOCTH-
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Tacauwua 21
Cpeanne coaepmanua metanios B 3one pacrennf [18]

Bnement Ces et A, Anemeny Cy 1074 % A,
Mn 4800 6, Mo 12 9,23
Zn 1000 19,6 Sn 5 1,85
Ti 650 0,2 As 3 1,58
Cu 200 9,09 Be 2 0,80
Pb 50 3,73 Ag 0,6 12,6
Ni 40 1,54 Hg 0,25 7,68
Co 20 2,74 Sb 0,1 6,5

raTh HECKOJBKHX npoueHtoB — Gonee 20 % Zn, no 8 % Ni, Goaee
1% Cu, Pb, As, Be. OaHako TakHe paCTeHHS-KOHUEHTPATOPb He
HMEIOT MOBCEMECTHOTO pPACIpPOCTPaHEeHHH, OHH CNOCOOHH HAKAIIH-
BaTh METaJJibl Jla)ie npH (HOHOBHIX COAEPKAHHAX B NOYBE M, KakK
NMpaBu/i0, MaJ0 MPHTOAHBL A5 NMPOBeJeHHA OHOreOXHMHYECKHX MO-
HckoB. Hawmayumux pesyJbTaToB MOHCKOBBIX GHOreOXHMHYECKHX
CBEMOK CJeVeT OXHAATh NPH ONpoGOBaHHH TAKHX BHJAOB pacTe-
HHil, 30/1a KOTOpPLIX B 00JacTH GHOreoXMMHYeckoro ¢oHa Xxapaxre-
pH3yeTcsi YCTOHYHBO HH3KHMH, HO OMNpefeJHMBIMA COJepPKAHHAMH
3JIeMEeHTOB-HHAHKaTOPOB, OBICTPO BO3pacTalOLHMH A0 aHOMAaJbHBIX
BOJIH3H MECTOPOMXKAeHHH. ITO onpeaenser HeOOXOAHMOCTh TUlATE/b-
HOIl OLEHKH mapameTpoB MecTHOro ¢oHa Cgp H & H HHIKHEr0o aHo-

MaJBHOTO CONEpIKAHHS PYAHBIX 3aeMenToB (Cx, m = Cype¥V™ ) B 30a1€
MECTHBIX BHJOB pacTeHHH, a Takxke Bb6opa OIHOrO-ABYX H3 HHX
JJIl NOHCKOBOTO ONPOGOBAHUS.

3aBHCHMOCTh MEXKAY COAEePKAHHAMH PYAHBIX 3JIEMEHTOB B cpele
o0HuraHHa M B 30Jle pacTeHHH ompejaelsieTrcd HX BHIOBOM MpHHA-
JIeKHOCTbIO, OHA H3MEHSeTCs JJIsi PasJHYHBIX OPraHoB pacTeHHS
B CBI3H C BO3pacToM M BereTaTHBHBIMH (pazamu passuTHs. B 00-
LIEM cJyuyae OHa HMeeT CJOXKHDIH, 4acTo HeJTHHEHHLIH Xapakrtep, omn-
peaensieTcsi CBOHCTBAMH 3JeMeHTa H B OOJIbIIOH CTeNeHH 3aBHCHT
or a6cOJIIOTHOrO YPOBHSI €r0 COAEpIKaHHiT B MOYBE. ¥CTaHOBJEHBI
IBA OCHOBHBIX TUNA 3THX 3aBucumocrtedr (puc. 93). [lepBoii Tum
oTBeyaeT NpHOIHIKEeHHO JHHEHOMY BO3pacTaHHIO COLEPIKAHHIl PYI-
HOTO 3JeMeHTa B 30/i¢ pacTeHH#A, MPOMOPUHOHAJBHOMY YBEJAHYEHHIO
€ro cofep:KaHus B NoyBe. DTH pacTeHHa OJaronpHATHEL I/ ONpo-
GoBaHuS NPH GHOreOXHMHYECKHX MOHCKAX MECTOPOIKIEHHH JaHHOIO
3JIeMEeHTa. BTODOﬁ THIT XaPaKTEPH3YeTCH npOl‘lOpLIllOHa.’leOfl 34aBH-
CHMOCTBIO MEXJy COAep:KaHHEM MeTaJjna B MOYBE M B 30JIe pacTe-
HHS TOJIBKO TIPH €ro MajblX coJeprmKalHnsx. le{ dHOMaJbHO BBICO-
KUX COJepHAaHUAX MeTajla B TNOYBe HACTYNAeT NPOTrPecCHBHOE
CHHXKeHHE Koa(bd)nuuema OHOJIOrHYECKOro MNOTJIOLLeHHs, BIJIOTh 10
OTpHIATENbHOH Koppeasmnn Mexay C; u Cy 3rta 3aBHCHMOCTb
oObsicHAeTCd HaJHYHEM Y 3THX pPacTeHuil 3amuTHLIX (H3HOJIOTHYE-
CKHX ()PJDI:(’POB. NPensaTcTBYIONHNX I-iS()biTOLIHOMy [NOCTYNVIEHHIO TeX
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I HHBIX XHMHYECKHX 3J1eMeHTOB
B oprauuam. PacrenHs, y KOTOpbIX
Takne Gapbepbl 0OHApYKHBaIOTCH
yze BOIH3H (DOHOBBHIX COAepiKaHMil
PYAHBIX 3J€MEHTOB, HEeNpHIOAHb
A5 TpoBeAeHHA OHOTeoXHMHYE-
CKHX TOHCKOB. ¥ POBeHb MOBBILIEH-
HBIX CoJep:KaHHil MeTasjsJoB, NpH
KOTOPOM MpOSABJISETCS CYILIecTBO-
BaHne OHOXHMHYeCKOro Gapbepa,
pasauyeH s OTAENLHBIX BHIOB H
OpraHoB pacTeHHH, OH HHXKe LI
JHCTBEB H BETOK M CYLIECTBEHHO
Bblllle [JisT KOPEL H KOpHeH pacre-
nuit [23]. Tlepedenn 0HOOGBEKTOB
pasiuyHOH TOHMCKOBOH HHGOpME-
THBHOCTH 110 OTHOLIEHHIO K KOH-
KPEeTHBIM PYAHBIM 3J€MeHTaM IMpH-
selen B HMucrpykumn [21].

Z
I
by
Puc. 93. Tpapukn saBHCHMOCTel
cofep:aHnii  DYAHBIX  9JEMEHTOB

B 3ose pactennit (Cs) or ux comep-
xanuit 8 mouse (C,).

1 — nponopunoHaasAOe GHOJOrHIECKOe
norjolledHe; 2 — HaAHYHe GHOnormve-
ckoro Gapbepa

BropeiMm npu3HakoMm, onpeje-
JAIOMIHM  BO3MOXKHYIO 3(QeKTHB-
HOCTh OHOTeOXHMHYECKOTO0 MeTojAa MOMCKOB fABJsSeTcs TayOHHa, HA
KOTOPYIO pa3BHBaeTcs KopHeBasi cucrema pacrenwil. Kak mpasuio,
3Ta raybuHa MHHHMAaJbHAa B pafioHax YCTOHYHBOH Mep3JioThl, HMeeT
VMepeHHYI0 BeJHYHHY B YCJIOBHAX TYMHAHOTO KIHMaTa H MakKCH-
MaJlbHA B pafioHax apuaHOi 30HbI, H3MeHsasch or 0,2—1,0 M B ce-
BepHoli 30He 10 20 M B 10kHOH. Il OTHENBHEIX BHAOB pacTeHHI
¢ rayOoKONPOHHKAIOUHMHE KOPHAMH OHa AOCTHraer OOJbIIHX BelH-
YHH, HanpuMep, V MNecyaHoil moJabHH 25 M, y cakcayaa 37 M,
v BepOJioxKbei Koaouki 40 M, y HEKOTOPHIX pacTeHHil B 3apy0ex-
HBIX cTpaHax — xo 70 m.

Jlannble GHOreOXMMHYECKHX CHEMOK [0 CHX IOP OCTAIOTCH Ha
VPOBHE KaudecTBEHHBIX pe3yJbTaTOB, YTO 3aTpPyAHSET peLIeHHe oc-
HOBHOIO BOIpOCa — O MpeHMyllecTBax OHOreOXHMHYECKOr0 MeTola
NIOHCKOB, ONpeAeNsiouHX Ieaecoo6pasHOCTb ero HpHMEHeHHs! B3a-
MeH JPYrHX reoXuMHYecKHX MetofoB. [eiictBylomas HMHCTpyKmus
M0 TeOXHMHYECKHM MeToJaM IOHCKOB pYAHBIX MECTOPOXKIEHHIT
NpsIMO yKasHIBAET HA HelenecoofpasHoCTb NPHMeHeHHs GHOreOXHMH-
YecKHX METOJOB MOHCKOB «B FOPHBIX, aKTHBHO JeHYAHPYyeMBIX paii-
oHax J00bIX KJIHMATHYECKHX 30H, @ TaKXKe B JIDYrHX pafioHax, Aas
KOTOPBIX XapaKTePHbl BHIXOAAIHE HA TOBEPXHOCTb NepPBHYHBIE H
BTOPHYHBIE JHTOXHMHYecKHe opeodbl» [21, crp. 126]. Heueaecoo6-
pasnbl GHOreoXHMHUYECKHe CheMKH B 3aKPHITHIX paioHax, rjae Moml-
HOCTh A4JVIOXTOHHBIX OTJOMKEHHi, MepeKpblBalomluX PYIOHOCHBII
cyfeTpar, 3aBeOMO IpeBblliaeT ryOHHY NPOHHKHOBEHHS KOPHEBO
cucreMbl pacrennii. CorsiacHo MHCTpYKUHH npHMeHenHe GHOreoXH-
MHYECKOTO0 MeTOJia lieslecoo6pa3Ho B 3aKPHITHIX pailoHaX TYMHIHOI
30HE ¢ MomHocThio uexaa 2—10 M. Oanaxko 3a reoJormyeckoe
BpeMsi OOMJIbHASI PACTHTENBHOCTb, Pa3BHBAIOULASCS IPH XOPOIUEM
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VBJa)KHEHHH, 3@ CUET MHHEDPAJH3alHH €XKerojHOro PacTHTEeNLHOTO
omaja IMNPHBHOCHT B NOYBY OTpOMHBIE KOJIHYE€CTBA 30JIbHBIX OCTAaT-
KoB. [IpuHHMas, YTO cOBPeMeHHbIe KJIHMAT H PacTHTEJBHOCTb yCTa-
HOBHJHCH ¢ HayaJja rojouneda (10 Thic. JeT Hasan), MOKHO Npen-
MOJIOXKHUTh, YTO MEXKIY COAEpPKAHHAMH PYJAHBIX 3JIEMEHTOB B IOUYBE
H B 30Ji¢ pACTeHHH yXKe CyllecTByeT MOJABHIKHOe paBHoBecue. Bo-
Jiee TOTo, NPH yKa3aHHOH MaJoil MOIIHOCTH 4Yexja NMOMHMO GHOorem-
HOW («30/IbHO#») cOCTaBAAIONIEl JHTOXHMHYECKHX OPEOJIOB pacces-
HASl 3aKOHOMEPHO OXHAaTh NpOABJIEHHS Ha TNOBEPXHOCTH Me-
XaHHYECKOH M COJIEBOH COCTABJAIOUIHX OpeoJa 3a cueT aud-
(ysun MHHepaJbHHIX KOMIIOHEHTOB opyAeHeHus. Bouee noauble
JlaHHBIe B 3THX YCJAOBHAX CnocoGHbl 00ecneydTb JHTOXHMHYECKHe
CBEMKH.

[Tpumenenne GHOreOXHMHYECKOTO MeTOJa INOHCKOB MPELNOUTH-
TEJbHO B 3aKPBITHIX PYAHBIX pafioHax B JaHAAa(TaX NYCThIHL H
HOJIyNyCThiHb apHAHON 30HBL ['1yGokast KOpHeBas CHCTeMa pacrte-
HHA H paspeskKeHHBIl PACTHTEJNLHBI MOKPOB MO3BOJAIOT MPeLNnoo-
JKHTh Pa3pblB MeXKIy COJAePXKAHHSIMH PYAHBIX 3JEMEHTOB B 30Jie
pacTeHHH W B BEPXHHX TFOPH30HTAX JaJbHEIPHHOCHHIX OTJIOMKEHHIT,
onpobyeMbIX NMPH HA3eMHBIX JHTOXHMHYECKHX cheMkax. Ilpm mour-
HocTH uexaa g0 40—50 M u (OHOBHIX COLEpKAHHSIX METaJJIOB
B JIHTOXHMHYECKHX NpPo6aXx BO3MOMKHO IIOSIBJIeHHe Hajx mnorpeGeH-
HBIMH DPY/JAHBIMH MECTOPOMKAECHHSIMH OTYET/IHBHIX GHOreOXHMHUYECKHX
aHOMAJIHH.

[Mpumep Takux pesyJbTaTOB, NOKa3aHHbIH Ha pHc. 94, watocTpH-
Pyer IOHMCKOBBle INpeHMyllecTBa OHOreOXHMHYECKHX CBHEMOK Ha
(aanre noJHMeTaNJIHIECKOTO MectopoxkaeHHs Yaywxan (Llent-
panbHHii Kasaxcran). 910 MecTOpoxKAeHHe OBLIO OTKPHITO B pe-
3yJbTAaTe IOHCKOBHIX JHTOXHMHYECKHX CBEMOK IO BTOPHYHOMY
OCTATOYHOMY OPEOJy pacCesHHS CBHHIIA OKOHTYPHBAIOUIEro BBIXOI
PYZHOTO TeJa K COBPEMEHHOH [JHEBHOH moBepxHOCTH (cM.
pasn. 6.2.2)). IlpeoGaajaiouiass vacTh PYAHOH 30HBI MEPEKpPHITA
HeoreH-ueTBePTHYHLIMH OTJI0XKEeHHAMH MoUlHOCThi0 40—50 M, Ha no-
BEPXHOCTH KOTOPbIX BTODHYHBI HAJIOJKEHHBIH OpeoJ paccesiiisg TNpH
CTaHIAPTHBHIX JHTOXHMHYECKHX CheMKax He Obln obnapymxen. Jlu-
TOXHMHYECKHI OPEOJl pacCesiHusi OKOHTYPHBAET TOJBKO HebOJbLIYIO
I0KHYI0 YacTh 34JI€KH, TJie 4eX0/ a/JJOXTOHHBIX OTJIOMEHHI OTCyT-
cTByeT. BuHoreoXHMHUYECKHH Opeos paccesiHHs MO H30KOHIEHTpaTte
0,005 % Pb oxonTypHBaetr Bcio 3aJiexb, MPH 3TOM Hajx norpeGeH-
HOil ceBepo-3ana/iHOH YacThi0 MECTOPONK/IEHHUS COMLEpIKaHHe CBHHUA
B Guoreoxumuyeckux mpobax coctaBuno 0,07 % npu donoBux co-
IepX)aHuaX B mouBe okoso 2-10-2 %. ITiomans GHoreoXHMHYeCKOil
anomaann B 5—6 pa3 mpeBmimiaer oOWYI0 MJOLlaAb BBIXOAA Pyli-
HOro TeJia Ha MOBEPXHOCTb KOPEHHBIX nopoja, MaxcHMmaJ/ibHOe CO-
IepKaHue CBMHIIA B GHOreoXHMHYECKOM OpEoJie paccesiHHs B OT-
KPHITO uyacTH JIHTOXMMHYecKoro opeosa coctasuiaol % (rmpu 1,25 %
Pb B nouse). B nouckoBeIX 1easx onpoboBajach monabiib (Arte-
misia), osoJienne MpoBoAHJOCH B Mydese npu temneparype 500—
550°. Caexyer OTMETHTDb, YTO ClelHAJbHBIE JTHTOXHMHYECKHE CheMKH
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Puec. 94. CpaBuuTesnbHble pe3yabTaThl JHTO- H GHOreOXHMHYECKHX CBEMOK HA
Mmectopoxienun Yaymxkan. I[To B. O. leTxanuyky.

Beixoa pyaHoro Tena: [ — Ha AHeBHYI0 MOBEPXHOCTb; 2 — NOJ YexXoJg HeOreH-ueTBepPTHYHBIK
oTaoXKeHHA; H30KOHIleHTpauun csuuuna (8 %): 3—B 3ome pacrenmit; 4 —B nNouBe

¢ MYJbTHIVIHKaUHeil H CrylakHBaHHeM NaHHBIX [/ BbIsIBJEHHs Ha-
JIOXKEeHHBIX OPeoJIOB paccesiHHsl B TO BPeMs HE MMPOBOJH/IHCh.
Ab6comoTHOe GOJBLIIHHCTBO OHOT€OXHMHYECKHX CBHEMOK IIPOBO-
JAMJIOCh PAa3JIHYHBIMH aBTOPAMH B «OTKPHTHIX» PyAHHIX pafionax
NPH HAJHYHH OCTATOYHLIX JIHTOXHMHYECKHX OpeoJIOB paccesiHHs
B 3JIIOBHO-JEJIOBHH. B 3THX YCJOBHAX HET OCHOBAHHH AJs NpHMe-
HeHHst GHOrEOXHMHYECKOTO MeTOAa IMOHCKOB, HECMOTpS Ha BO3MOXK-
HOCTH OOHAPYKeHHsI aHOMAaJbHBIX COJAEPIKAHHI PYAHBIX 3JEeMEHTOB
B 30/ie pacteHHd. [lns HokazaTesbcTBA NPUMEHHMOCTH OGHOreoxu-
MHYECKOTO MeTOlA [IOHCKOB PYAHLIX MECTOPOXK/IEeHHH 4acTo YKa3bi-
BAlOT HA CHJBHYIO ITOJOKHTEJIbHYIO KOPPEMSIHIO MEKAY aHOMallb-
HBIMH COJIepPXKaHHAMH METaJlJIOB B [0YBE€ H pacTeHHX. Memny TEM
HMEHHO 3TOT MPH3HAK TOBOPHT O HeleJecoo0pa3HocTH NMPHMEHEeHHS

233



OHOreoXHMHYECKOr0 MEeTO/a, MOCKOJbKY Te Ke 06oJiee HaAekKHO
HHTEPNPeTHPyeMble NOHCKOBble JaHHBIE C MEHbUIHMH 3aTpaTaMu
MOTYT OBITH NOJYY€Hbl JHTOXHMHYECKHM METOI0M.

Takum o6pasoM, cjeayeT CYHTATb, YTO OCHOBHHIM KPHTEpPHEM
3¢ eKTHBHOCTH GHOr€OXHMHYECKHX TNOHCKOB SABJAETCH OTCYTCTBHE
CTATHCTHYECKH 3HAYHMOI KOppeJsilluH Me:1y aHOMaJbHBIMH CO-
JepKaHHSIMH METaJJIOB B DACTEeHHAX W B npobax Ha3eMHOi JIHTO-
XHMHYECKOH CHEMKH HaJ NOrpeGeHHBIMH DY/AHBIMH MECTOpPOMK/e-
HHsAMH. Takue YCJIOBHS MOryT BO3HHKAThb B 3aKPBLITHIX PYAHBIX
pafioHax, B YyacTHOCTH, B JaHawadTax apHAHOH 30HbLI, Ha 3ab0J0-
YEHHBIX TEPPHTOPHAX, NPH HAJHUHH MOPEHHO-JICAHHKOBHIX OTJIOXKe-
HHi H B Ipyrux ocoOwuix cayyasx. O6aacTb 3THX YCJIOBHi, npeieb-
Hble MOUIHOCTH MEPEeKPHIBAIOMINX a/IJIOXTOHHBIX OT/IOMKEHHIT H BHJBL
PacTHTEJbHOCTH, NPHTOAHLIE 1J5 BeJeHHS GUOreOXHMHYECKHX MO-
HCKOB, HCCJIEOBAHLI elle HeA0CTATOYHO.

3a nocjaenHHe rofibl GHOreOXHMHYECKHI MeT0J IOHCKOB MOJYUHJI
npuMeHeHHe B pyAHHIX paiionax Bypsarckoit ACCP. 3aecn, no nau-
ueiM 3. ®. JKbanosa, a0 10 % TeppHTOPHH 3aKPHITO 30JIOBBIMH
OTJIOKEHHAMH MOIIHOCTBIO OoT 2 10 50 M, B CBA3H C uYeM OCTAaTOY-
HBEIE JIHTOXHMHUYECKHE OpeOJbl paccesHHsA PYIHBIX MeCTOPOKAEHHIl
nepexogdar B norpedenHoe cocTosHHe, a oOHAapPyMKeHHe HaJOXKeH-
HBIX JHTOXHMHYECKHX OpeoJIoB He rapantuposaso. Ilo nauamadr-
HBIM YCJOBHAM pPaiiOH OTHOCHTCS K FOPHO-TaezKHOIl 30He.

ITonckoBble OHOreoXHMHYecKHe CheMKH B BypaTHH mnpoBOAH-
auce B Macwmrabe 1:50 000 mo cerm 50050 M, uactHuHO
200X 20 m; onpoboBajuch KOpa M IIMIIKH COCHBI; CHEKTpPaJbHBIH
aHaJqH3 PAacTHTEJBHBIX NpPO6 BBHINOJHAJCS TOCTAEe HX O030JEHHS.
B pesyabrate npoBepKH OAHOI H3 GHOreOXHMHYECKHX aHOMAaJIHI MpH
cogepxkannsax Mo B 3o7e 0,01 % OblJI0 BHIABICHO MECTOPOKIEHUE
MOJHOAeHOBLHIX pyA, HasBanuoe YKapuuxuackuMm. Ilpn autoxumn-
YECKHX CheMKax 9TO MECTOPOXKIEHHE OTMETHJOCH TOJILKO He3Ha4H-
TeJbHOII aHOMAaJHeH, KOTopas Jerko Morja ObTb TpomyuieHa.
OtkpoiTHe KapyHXMHCKOTO MeCTOPOZKAEHHs, NpPHHALIeKallero
K THOY LITOKBEPKOBHIX, fIBJSETCS NMEePBBIM INPAKTHYECKHM pe3yJb-
TATOM 3a Bce BpeMs NpHMeHeHHs OGHOTeOXHMHYEeCKOro Meroja Mo-
uckoB B CCCP. B aByx nenaBuux ny6ankauusax B. I'. Opaos apry-
MEHTHPOBAaHHO OCIHapHBaer poJb OHOTEOXHMHYECKOro MeToxa
H B OTKPBITHH JKapUHXHHCKOTO MeCTOPOKIEHHS.

[TpoGoot6op npH OHOreOXHMHYECKHX TIOHCKAX joJzKeH OBITb
CTaHAaPTH3UPOBAH 10 NPH3HAKAM ITOCTOSHCTBA BHJA, OpraHa u ¢e-
HoJornyeckoi (asbl onpobyemblx pacteHuii. Buoo6bekTs 1ia or-
poGoBaHHs BHIOHPAIOT H3 uHcaa HauboJjee pacnpoOCTPAHEHHBIX BH-
JI0B, ¢ ryGOKo# KOpHeBoit cHeTeMoll u «6e3bapbepHbIX» K cojepxKa-
HHSAM PYIHBIX 3JEMEHTOB B KopHeoGurtaemom caoe [21, 23] Ilpu
BBIHYKIEHHOI CMEHe BHAOBOH NPHHAIJEXKHOCTH pacTeHHii, 60Jb-
HIOM pa3pbiBe BO BPEMEHH H B JIPYTHX cJydasiX, KOrja HapyllaloTcs
CTAHJapPTHLIE YCJAOBHS CBHEMOK, HeoOXOAHM MNEpeKpHIBAIOUHA ABY-
KpaTHbiii npo6oor6op B o6beme He menee 30—50 touek. INoayuen-
HBIE TI0 3THM JaHHBIM TepeXxofHble Ko3(hdHIHEHTHl CJyKaT 1 NPH-
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BEJeHHA CHEMOK K OXHOMY YPOBHI. Macca BO3AYUIHO-CYXHX MpoO
pacTHTe/bHOCTH 00bYHO ycranaBauBaerca 30—40 r, yto ofecneyn-
B4€T BLIMOJHEHHE CMEeKTPaJbHOrO aHAJAH3a TOcJe HX O30JeHHA.
Slnepuo-pH3IHYECKHE METOAbl MOTYT MPHMEHATHCA AJA  AHAJAH33
6HOreOXHMHYECKHX MpPo6 0e3 030JeHHA, XOTA ONBIT B 3TOH 00JacTH
elle HeJ0CTATOYEH.

[TonbiTkH Bexenusi GHOreOXHMHYECKHX MOMCKOB MyTeM HCC/AeNO-
BaHHA CONEpXAaHMH pYAHRIX 3JeMeHTOB B nedeHn dopean
(X. B. Yoppeu u ap., Kamaga), nogobuo Oo/iee paHHHM HCCAENO-
BaHHAM meyeHH xab ua KOxuom YVpane (cm. pasa. 1.7), e 3acay-
JKHBAIOT 00CYKIACHUS,



IF'masa 6 ,
NPAKTHKA TEOXMMHUYECKHX NOUCKOB

6.1. OBIIHE NMPUHLXIBI

Jokazannas 3¢ peKTHBHOCTb MOHCKOBBIX TeOXHMHUECKHX: HCCJeL0-
BaHUI Pas/IHYHOTO 1e/1eBOT0 HA3HAYEHHs MO3BOJSIET CTABHThL BOII-
poc 0 MOBCEMECTHOM NPOH3BOACTBE MHOTOJETHHX TI'OCYAapCTBEHHBIX
ChEMOK IIOC/JeJ0BaTe/NbHO YKPYIHSAWOLHXCH MacuitaboB, B 3aBHCH-
MOCTH OT Te0JIOTHYECKOT0 CTPOEHHS, H3YUYEHHOCTH H 3KOHOMHYECKOH
OCBOEHHOCTH TEPPHTOPHH METOJAMKH, OYEPEIAHOCTb H JeTaJbHOCTb
reOXHMHYECKHX CBLEMOK OYAYT CYILeCTBEHHO pas/inyaThCs.

ITo xapakrepy 3ajay, KOTOpble CTaBATCS IPH MOHCKAX, BLLLEJS-
I0TCA TPH OCHOBHBIX THIA TEPPUTOPHI:

[ — ropHo-ckJafyaThie COOPYMKEHHsS H JpeBHHE MPHIOAHATHIE
IHTH, CJOMKEHHble PA3HOBO3PACTHBIMH OCAJ0YHBIMH, H3BEpIKEH-
HEIMH M MeraMOop(hHYECKHMH IIOPOAAMH, TNpeTepIeBLIHe HEOAHO-
KPaTHYI0 TEKTOHO-MarMaTHYECKYI0 AaKTHBH3AIHIO, ¢ KOMIJIEKCOM
pa3HOO6Pa3HKEIX PYAHBIX H JPYTHX TBEPAbIX MOJE3HBIX HCKOMAeMBIX,
NPEHMYIIECTBEHHO B YCJAOBHSIX CYOBEpPTHKAJNBLHOTO 3aJlerams,
¢ MOKPOBOM TOJBKO COOCTBEHHBIX 3JIIOBHO-AE/I0BHAJLHBIX 00pa3o-
RAHHI H OTPAHHUCHHBIM PA3BHUTHEM AaJbHENPHHOCHBIX OTJIOXKEHHUIT
(«OTKPHITBIE TEPPHTOPHHY ) ;

II — BbIpaBieHHbIE TPOCTPAHCTBA C YEXJOM MOJOLBIX OCAJKOB
MomHocTeio 10 500 M, HepeKpLIBAIOUIHX CKJIAAYATHIH (YyHAAMEHT
(«3aKpHITHIE TEPPUTOPHEY);

[II — o6siacTi AJUTENBHOTO HAKOIJEHHS Pa3HOBO3PACTHBIX OCA-
JOYHBIX TOJII GOJBIION MOIIHOCTH C KOMILJIEKCOM pa3Ho00pasHBIX
NepBHYHOOCATOUHBIX H 3SIHTeHETHYECKHX MeCTODPOMXKIAEHHI [o/e3-
HBIX HCKONAeMBIX, MPEHMYIIEeCTBEHHO B YCJAOBHAX CyGropH30HTab-
HOTO 3aJleraHHsi, B TOM YHCJe MECTOPOXKIeHHIT He(TH U rasa, yris,
0Ca/I0YHBIX JKeJde3HBIX pPYA, PaslMYHBIX poOcCChINel, CcTpoinMaTepHa-
JOB H Ap., TpH rayOHHE 3ajeranysi CKJIag4aToro GyHiaMeHnTa, npe-
BRIITAMOMIEH €ro COBPEMEHHYIO TOPHO-NPOMBILIJIEHHYIO AOCTYIHOCTD.

B pafionax I tumna o6bekTaMH NOHCKOB $BJISIOTCS MECTOPOIKIe-
HH#, 3aJeraipliie B MOPOAAaX CKJIaA4aTOTO KOMILIEKca, B palioHax
I1 tuma — MecTOpOJK/IeHHSl B MOPOJAX uexJa H (pyHIAaMeHTa, B pafi-
onax [II THma — TOJIBKO MECTOPOMKAEHHsI B IMOPOJAAX OCALOUYHOTO
uexsna. CoOOTBETCTBEHHO 3TOMY H3MEHSIOTCS Tepedenb MOJe3HbIX
UCKONMAEeMBbIX M METOAHKA Te0OXMMHYECKHX IIOHCKOB B 3THX paioHax.

[To onenkam B. M. Kpacuukosa, k paiionam [ tuma orHocsTCA
30 % Teppuropuu Hameir crpansl, II tama — 13 %, III Tuma —
57 %. Tloxkasaunu# Ha pHC. 95 mpelesbHO YNPOLLEHHBII TeoJOrH-
YecKHil paspes OTBeuaer peajbHbIM ycaoBusM. OT rocynapcTBeH-
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¢ woit rpannubl ¢ Kuraem B paifonax CesepHoit Kuprusuu uepes
ropusle coopyxenus Tsaup-Illaws u Kaszaxckuit MeaxoconouyHuk,
ABHTasich MPHMEPHO MO MepHAHAHY 75°, MEPexXOJAMM K 3aKPHITHIM
pyaueim pafionam CeBepHoro KaaaXCTaHa a 3ateM Ha OOLIHpHBIE
paBuunbl 3anaano-CUOHPCKOil HH3MEHHOCTH C ee ra3o-HedTsHBIMH
MecTOpoK/AeHHAMH. CXOMHbI I'eoJOrHYeCKHH pa3pe3 MOMKHO TPO-
CJEHTb 10 MEpPHAHOHAJbHOMY mnpodua0 oT Boabmworo Kaskas-
CKOro xpedra c¢ BbIXOZOM Ha PyccKyio paBHHHY MJIH 1O IIHPOTHBIM
npopuasm or Cesepuoro u ITosmsipporo ¥pajia Ha BOCTOK WJIH Ha
3anaf.

OueBHIHO, HA BCefl TEPPHTOPHH CTPaHbl pPasHbIE Te0JOTHYECKHE
3alayd MOTYT pellaThCs C NOMOILbIO A3POreOXHMHUYECKHX CHEMOK
NOCJeN0BATENBHO YKPYIHAIHAXCA MaciuTaboB. B OTKpPHITHIX paii-
oHax | THma reoxuMHYecKHe TMOHCKH TBEPJABIX MOJE3HBIX HCKOMae-
MBIX NPOBOJATCA MO HX THIOEPreHHBIM JHTOXHMHYECKHM MOTOKAaM
(ropuble paifoHbl) H OCTATOYHLIM OpeoJiaM paccesHusi (Bes TeppH-
TOpHA), a 3d4TeM — o NepPBHUHBIM opeosamM. B ycnoBuax s¢dek-
THBHOTO BeIeHHS JIHTOXHMHYECKHX IOHCKOB TOJbLKO OrpaHHYEHHOEe
NpPHMEHEHHe HMEIOT THAPOXHMHYECKHH H aTMOXHMHYECKHI METO/LbI
MOHCKOB, a OHOreOXHMHYECKHe MOHCKH 4Yalle BCEero Hele/ecoosd-
pasubl. B 3akpeiTbix paitioHax Il THnma ‘moucku norpeGeHHBIX
PYAHBIX MECTOPOXKAEHHH B CKJIaJuaToM (yHIdMEHTEe H HEeKOTOpPLIX
THIOB TOJe3HbIX HCKONAEMBIX B MNEPeKPLIBAIOUIHX OTJIOMKEHHSX,
B YACTHOCTH MH(UJIBTPALMOHHBIX M POCCHIIHBIX MECTOPOKAEHHUI,
BO3MOKHBI IIPH Ha3eMHBIX ChEMKaX 10 HX BTOPHYHBIM HAJIOMKEHHbIM
COJIEBBIM H Ta30BBIM OpeoJiaM paccesiHHsl, MPOSABJIEHHBIM Ha MOBEpX-
HOCTH 4eXJa MJIH TJyOHHHBIMH METOZAMHA. DTH 3aJayud peuamTcs
Ha OCHOBE COYETAHHS JHTO-, ATMO-, HHOTJAA THAPOXMMHYECKHX H —
B apHIHBIX pafioHaX.— OHOTEOXHMHYECKHX cbeMoK. B paiionax
III THma B COOTBETCTBYIOIIHX TeOJOTHYECKHX YCIOBHAX OCHOBHOE
3HayeHHe TPHOOGPETAIOT TeOXHMHUECKHE MOHCKH MeCcTOPOKAeHHI
HedTH M rasa npH JOMHHHPYIOULEH POJM ATMOXHMHUECKHX CHEMOK
H BCIOMOTaTeJbHOH POJIH MPOYHX FeOXHMHUYECKHX METOLOB.

HeusmeHHBIi NPHHIHN TeOXHMHYECKHX MOHCKOB — IOCJel0Ba-
TeJIbHBI MEPeXo] OT MeJIKOMACIITAGHBIX CLEMOK OOJBIIHX TeppH-
TOPHI K BHIOOPOYHOMY MNpOBeAeHHIO Oojee AETaNbHHX ChHEMOK H
yBsi3ka 3THX paboT cO CTAAHAMH EIHHOTO TIe0JIoropasBelouHOro
npouecca. Kaxnoit us npunareix B CCCP craauii u noacraanii
3THX paboT COOTBETCTBYET CBOUl MaclTab CbeMOK, B COCTABE KO-
TOPLIX OLHOMY M3 TECOXHUMHYECKHX METOMLOB MpPHHALICHKHT pom
ocHOBHOTO BHjaa pador (taba. 22).

B naureii crpaHe rocyjapcTBeHHble reo/lIOrHiecKHe CheMKH Mac-
mwraba 1:1 000 000 sakouyeHs Ha Beceil TEPPHTOPHH H B HACTOMA-
iee Bpemsi ocHOBHBIe paGoTel Beaytes B macmtabax [ : 200000 u
1:50000. ITostomy BKJIO4eHHe B TalJ. 25 cwveMok Macuuraba
1:1000000, a Tak:xke majonpumeHsemMblx MacmTtatos 1 :500 000
1 1:100 000, cMeKHBIX K OCHOBHBIM, HMEET YCJIOBHBIH Xapakrtep.
Bce nepeunc/eHHble BHAL TEOXHMHUYECKHX CLEMOK HMEIOT TOHC-
KOBVIO HAmpaBJEeHHOCTb, UTO He HCKJOUAET nponeleHne JOOHIX
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Puc. 95. Panonnposanne Tepputopun CCCP no ycioBHAM reOXHMHYECKMX [10-

I =~ cospeMeRHBR 3NIOBHO-AENIOBHH K APERHAA KOPAa BHIBETPHBAHHA; 2 — JECCOBMAHBIE CY-
DYAHEBE Tejda W HX TNepBHYHEle opeoasl; 7 — BTOPHYHEIE OCT2TOYHBle OPEO/k PacCesHis;
yecknx (6) npo6; 10— npoduan

MEJHOMACWITAGHBIX T€OXHMHYECKHX CBHEMOK PErHOHaJbHOro Xapak-
T€pa, B YacTHOCTH, BOMHOTE/IHEBOH, JHTO-, THAPO- HJIH ATMOXHMHYE-
CKHX CHEMOK B MOpPAJIKE OXPaHbLl OKPYHajlouleil cpefibl, A5 pelueHHs
MEeTaJJOreHHUYeCKHX HJHM arpoXHMHYECKHX BONPOCOB M ¢ APYTHMH
CHenHaNbHEIMH LeJsMH.

6.2. MOHCKH TBEPJLbIX NOJIE3HBIX
HCKOMAEMBIX

OcHOBBl COBpeMEHHOfI MeTOAHKH TeOXHMHUYECKHX IMOHCKOB MECTO-
pOXKAeHnil TBEPABIX MMOJE3HbIX HCKOMAeMBIX CJOMKHJHCH 3a NocJel-
HHe 50 Jer B pesyJbTate reoXHMHYecKHX paboT, NpOBOAHBIIHXCSH
B PYAHBIX paloOHaxX, rJaBHHIM 00pa3oM ¢ 1EJbl0 NMOHCKOB M OLEHKH
MECTOPOK/JEHHII LBETHHIX, PelKHX MeTaanoB M 3ogota. Obuine
APHHUHNEL 3TOH METOAHKH, TpeOGOBaHHA K OIleHKe BHIABJSEMBIX
aHOMaJIHH H JApyrue ycaoBus BejaeHHs pabor B pyAHBIX paiioHax
pPacmpocTpaHAOTCA Ha TeoXHMHYECKHEe NOHCKH HEPYAHBLIX MoJes-
HBIX HcKonaeMmblx (¢ocdopuros, Gopa, acbGecra, GokcuTOB, rpa-
¢ura, aaMasoB, CJIIOAH, CePbl, Mbe300NTHYECKOrO CHiPbA).

Ha panuux craiuax paboT NMOHCKH BO BCeX ClAy4asX BeayTcs
KOMIIJIEKCHO H Ha GOJIbLIHX TEPPHTOPHAX, YTO 3acTaBlseT 3apaHee
AONYCKaTh BO3MOJKHOCTL TEPPHTOPHAJNLHOTO COBMEULEHHS MeCcTo-
POKAEHHIT Pa3/IHYHBIX MOJE3HbLIX HckonaemblX. Bosee cywecrsen-
Hasi 3aBHCHMOCTb METOAHKH FeOXHMHUYECKHX ChEMOK OT Xapakrepa
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HCKOB.

FAMHKH; 3 — annioBHil; 4 — ocafouHbli 4exon; 5§ — MOPOAN cKJAaavaToro dysaamenra; 6—
8 — HanOMeHHBle OpPeOsbl paccesnusi; 9§ — ToukH OTOOpAa AMTOXHMHYECKHX (a) H OGHOreOXHMH-
AHTOXHMHYECKOR CBeMKH

MHHEPAJBHOTO CHIPbA AJfA JIOOLIX TeHeTHYECKHX THIOB MECTOPOXK-
JeHHil o0HapyKUBAaeTCd HA CTAJHAX AETaJbHBIX H OLEHOYHBIX pa-
6or.

YTouHeHHs TpeOGyeT CMBICJ TEpMHHA «MOHCKOBbLIE TFeoXHMHYe-
CKHe cheMKH». [ToHCKOBLIMH Ha3wlBaoT J0Oble BHAbLI CHEMOK, Mpo-
BOJIHMBIX C I11eJIbI0 BLIIBJIEHHS] HEeH3BeCTHOTO paHee 006beKTa MOHC-
KoB. CheMOYHBIE CETH NpPH MOHCKOBHIX pafoTax pacCYHTHIBAIOT 1O
dopmynam (25)—(26) BepoATHOCTH 0OHApPYKeHHsS OOBEKTOB TOHC-
KoB. Kak ToabKO 00'BEKT NOHCKOB HalJeH, AaJbHelllHe reoXHMpye-
CKHe CbheMKH ¢ GoJiee BBICOKON MJOTHOCTbIO HAGJIOAEHHH MO OTHO-
IIEHHI0O K HEMY Y¥Ke He fIBJAAI0TCS MOHCKOBLIMH, MX 3ajaueil cTaHo-
BATCSl JIeTajJbHOE H3y4YeHHe H OlleHKa o06beKTa, Ha onpeneseHHOM
cragnn—oecrneyeHue Hau/yyliero pa3MelleHHsl TOPHLIX BhIpaboToK
H TEepBLIX CKBaKHH., B 3THX yC/J0BHAX B KOHTYpPe reoXHMHYECKOil
aHoMaJaud, (UKCHpyouled AaHHbIH 00BEKT, MOryT pasMellaThCH
MHOTHE JeCATKH H JaKe COTHH TOYeK HaOJIOJeHHIl, YHCJI0 KOTOPBIX
3aBHCHT OT MOP(}OJOTHH H YCJOBHH 3aJe€ranus MoJie3Horo Hckornae-
MOT0, OT CJIOMHOCTH TEOXHMHUECKOTO MOJif, MOJJexalllero KoJmuye-
CTBEHHO!l HHTEpNpeTallid, H onbita Henoduutesnei. IMonetku kpu-
THKOBATb 3TH CETH C MO3HILHII BEPOATHOCTH OOHApy:KeHHs 00BEKTA
JIHLIeHB ocHOBaHHil. JleTanH3alHOHHO-OLUEHOUYHBIMH MOTYT ObITh
cbeMKkH JoGoro (He cmexuoro!) Gosee kpynworo macwirtaba. Oa-
HOBPEMEHHO CheMKH J060il AeTaJbLHOCTH, BIJIOTH A0 MacwTaba
1:10 000 u kpynuee, MOryT OBITh MOHCKOBBIMH [0 OTHOWIEHHIO
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. Ta6auuna 22
= l'locnenosarenanucn H BO3MOXKHbBIE COYeTaAHHA paanuquux BHAOB IeOXHMHYECCKHX CHEMOK

Macumtabel cheMOK H pasMepsl 1Jjomageii B Km?
Brpas cneMoK l,; ngub?{%o 1 : 500 00D 1 200 00D 1: 100 000 1: 50 000 1:25000 1:10 000 Y 1,{;,;’,0“0332
n-10°0—n-10° n- 10! 108 n-10¢ n-10* n-10° n-10° n-10—n
Teepdeie noaesuoie uckonae isie

AsporeoXHmMuuecKie i <L i it ol e = &
JIuTOXHMHYECKHe:!

10 IOTOKAM PacCesiHH s ol b i <t k=) = = =

10 BTOPHYHLIM Opeo- (-H) ) - -+ - - - (+)

JlaM paccesHHs

IO TepPBHYHLIM Opeo- — o = =2 Sy +) A SECE

Jam
THIPOXHMHYECKHE ) (-+) -+ ) A (+) = i
ATMOXHMHUECKHE® 2l — (=) i AT () = b
BuoreoxumMuyeckne® = — =) ) +) =

Mecmopoxcdenus Hedpmu U 2asa

AsporeoxumMuyecKue + + -+ -+ -+ oL == 2~
ATMOXHMHUECKHE — - ++ |- + -1+ — —
CHIPOXHMHYECKHE (+) +) = S =i () = =
JInTOXHMHYeCcKHe —_ — i - - +) = =
Buoreoxumnyeckue — — {+) +) ) =L =Y b

OGoswaueHu A +-+ — ocHopHOit BHY paGor; -+ — BCcrnoMoraTenbHbH BHJ paGor; (+) — paboTL' OrpaHHYEHHOTO 3HAYEHHS; TpovepK —
paGoThl He NPOBOZATCH.

* B aaxkpuiThiX paiioHax.




K MEJIKHM H CKPBITBHIM 061:EKTEIM, AJis1 KOTOPBIX BepPOATHOCTH obHa-
PyMeHHA NMOJAJeNKAaT pacyery no teM e GopMmyaam.

Ha ocnose Oﬁﬂll/lpHOFO NPaKTHYIECKOTO OMbITaA CJO0ZKHJIHCH KOHK-
pernble TPe6OBAHHSI K CHEMOYHBIM CETSIM H IJIOTHOCTH HAOJIOLEHHH
C MPeANOYTHTeNbHBIMH [/ MpoBeleHHs1 paboT pasyiHUYHBIMH Ie0XH-
MHYECKHMH MeTOAaMHu (Tabma. 23—25).

Ta6auuma 23
C'beMKH no NMoTOKaM paccesiHHS

dopManbibie Tpe6oBaHEA JIHTOXHEMHYeCK HE Tuppo-
XHMHJECKHe
Mebs ITnot Cpenus
HOCTh, s o
Betestns | Sonme || Convimm ol iR | IS
1:1 000 000 10X 10 0,01 10x<1 0,1 0,05
1 : 500 000 89X b 0,04 5x1 0,2 0,1
1 : 200 000 2X2 0,25 2X0,5 1 0,15
1: 100 000 1X1 1 1X0,5 2 0,6
1 : 50 000 0,5%0,5 4 0,5 0,25 8 b
1 : 25 000 0,25% 0,25 16 — — 3,4

Ta6auwmwa 24
ChbeMKH 10 BTOPHYHBIM Opeo/iaM paccesiHus

s Avoxmamesnwe | RGN
- MuuaManbuas
Macmita6 2 MJACTHOCTE,
Tlrot- g% YCAOBHSA:
Cetb, M HOCTDB, CeTb, M =X
npoG/km? 5% A
é 8 | eree CA0XK HElE
1 : 1000000 | 10 000 500—200 | 0,2—0,5 — — - —
1 : 500 000 5 000 500—200 | 0,4—1,0 — — — =
1 : 200 000 2 000 200 2,5 2 000:< 100 5 0,1 | 0,2—0,4
1:100 000 1 000 200—100 5—10 | 1000100 10 0,5 1,0
1 : 50 000 500< 50—100 40—20 | 500 100—50 | 20—40| 1,1 | 1,5—2
1 2,3 4—5

: 25 000 250< 40—50 100—80 | 250X 50—100 | 80—40

ComocraBjeHie CTOMMOCTEH pPAa3JIHYHEIX BHIOB TeOXHMHUECKHX
paboT OZMHAKOBREIX MacuitaGoB 6e3 ydera HX pesyJbTaToB, JH-
uieHo cMeicaa. JlocTaTouHO OYEBHIHO, YTO TeOXHMHYECKHEe CheMKH
no motokaM paccesnnss B macumrade 1:50 000 ne Moryr 3aMeHHUTB
0oJjiee JOpOrHe JHTOXHMHUECKHE CBEMKH TOro ke Macuraba o
BTOPHUHBEIM Ope0JiaM PaccesHHs, e0JOTHYECKHE pPe3yJbTaThl KOTO-
PHIX HMMEIOT CYUIeCTBEHHO HHOH KayecTBeHHBI xapakTep. He co-
NnocTaBHMa C APYTHMH BUIaMH TeOXHMMHYECKHX paboT O/HHAKOBLIX
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Ta6anua 26
Jle'ra.nwue JHTOXUMHYECKHE CHEMKH

Mo BTrOpHYHBIM OpeoJsam ‘ Mo nepsHYHLM Opeoas *
pacceanns
Macurta6
Cetb, M nﬁ‘;gg{?‘ﬁb’ ~ Cets, M nﬁ;‘;’é‘,’ﬁ;‘?'
1 : 10 000 1004 20—25 500—400 100< 50—25 200—400
1:5000 50X 10—20 2000—1000 50X 25—10 800—2000
1:2000 25X 10 4000

% CreMKH no NepBHYHBIM Opeojam B MacuiTaGax |:2000 W KpynHee BHIMOJHAOTCH C He-
TpepblBHBIM ONPOGOBAHHEM B 3aBHCHMOCTH OT HAJHYHA FOPHBIX BhIpPAGOTOK M CKBAaXKHH,

MacmTaboB H CTOHMOCTb ATMOXHMHYECKHX ChEMOK, KOTOpble MPOBO-
JATCS TOJBKO B 3aKpLITHIX pafioHax ¢ MOUIHOCTBIO Yexsa no 100—
200 m.

Huzke paccMaTpHBAlOTCH KOHKPETHBIE Pe3YJbTaThl NOHCKOBBIX
i Gosee AETAJbHBIX FeOXHMHYECKHX CBEMOK B YBfI3Ke € IPHHATOMH
Noc/e0BATE/IbHOCTbIO HX BbIMOJAHeHHs. [IpHMepbl pelieHHs MOMC-
KOBBIX H OUEHOYHBIX 3a1a4 AJIg PasJHYHBIX TEOJOTHYECKHX YCJI0-
BHI M pPasHbIX BHI0OB MHHEPAJbHOTO CHIPbsi CJyKaT 000CHOBaHHEM
MEeTOIHKH paboT.

6.2.1. MoHCKOBBIE CBEMKH

Ha puc. 96 nokaszan npuMep pesyibTATOB MEJKOMAacWITAOHLIX THA-
POXHMHYECKHX ChEMOK, BBITOJHEHHBIX B 0ro-BoctouHoil yactu Cu-
6upckoit nuaatpopmer [15]. CbeMKH NPOBOAHJIHCH B JBYX BapHaH-
Tax: 1) ¢ ompoGoBaHHeM NOBEPXHOCTHBIX BOA (MIOTHOCTH HaGa0m1€-
HHit — 1 nmpo6a ua 300 xkm?, macwtad, Gauskuit k 1:1 500 000);
2) ¢ onpoGoBanHeMm nojA3eMHBIX BOA (IVIOTHOCTH Hab/JIOAeHHIT -
1 npo6a nHa 50 kw2, wmacmrad 1:700000). Ilrowans HceaenoBa-
Huit cocrapuaa Goaee 40 Thic. kM2 Pafion ciaraer ropH3oHTaAbHO-
CJOHCTAs TOJIA KapOOHATHBIX M MeCYaHO-aleBPOJHTOBBIX TOPOJ

Puc. 96. T'mapoxumnueckne KapThl 1oro-soctounoii yacth CuOHpckoii naaThopmer.
ITo H. C. Jlomonocosy u dp.

@—reod0rnHyecKkan cxeMa: [—KapGoHaTHble, MECTAMH COJICHOCHBIE OT/OMCHHR
El —€ o 2 —mepreau n a’eBPOAHTHL C MPOCAOAMM [EeCYaHHWKOB H rHOca E:-—- Es: 83—
flecyanuKd H JIONOMHTHI ¢ TPOCAOAMH apruanuTos H anesponuton O,—O,; 4 — anensponutst
H AprHAJATLL C NPOCTOAMH MecyaHWKOB H usBecTHAKoB Op;—Oy 5 — OCH aHTHKAWHaned; 6 —

aanoMel ycTaHosaeHible (a) u npeanoaaraemsie (6).

Fl oBepXHOCTHBE BOJb, WOTHOCTL onpoGoBakus | TOuKa Ha 300 kM’ 6 — obutan
Muiepanssauua (8 r/n): I —156—24; 2—3,5—15; 3— 0,8—-3,5; 4—0,2—0,8; 5—0,1—-02;
6 — wmenee 0,1; &—cepeGpo (B Mkr/a): I —19-33; 2—3,5—19; 3—04-35; 4— menee
04; 2—mean (B MKr/n): [ —1,6—22; 2—06—1,6 3—0,15—06; 4— menee 0,15.
floxaemHB e BOAL, #DAOTHOCTH onpoGosamisi | TodMka Ha 50 km®: J — cepeGpo
(8 Mkrin): I—8—22; 2—25-8 3—05-25 4—0,07-05; 5— Menee 0,07; e—seas
(8 mxr/a); I —0,8—16; 2—03—08; 3—0,16—03; 4— menee 0,15
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KeMOpHsl — OPJOBHKA C MPOCAOSMH HICA H MECTAMH COJMCHOCHAS.

[Mocnennee HAXOAUT YETKOE OTPAKEHHE Ha Kapre',b0uleil MuHepa-
JH3ALAH NOBEPXHOCTHEIX BOA (cM. pHc. 96,6), kotopas H3MeHserTcs
or 0,1 mo 24 r/n. OxHOBpeMEHHO [0 aHOMAaJbHO BBICOKHX BO3pa-
craloT Konuentpanuu HoHoB Cl- um SO?y, uro aHwmuHMii pas noj-
TBEPXKJaeT BO3MOMKHOCTb TIHIPOXHMHYECKHX [OHCKOB 3auexeil
MHHepaJbLHBIX coJgeli. Becbma BolpasnTenbHble AaHHBle OblIH- NOJY-
YeHbl B pe3y/abTaTe ONpeie/IeHHS B BOJAAX CONEPXKAHUIT MHKpPO3Je-
MeHTOB, BKJoyas ¢ocdop u mHorue merasunl. Ha pue. 96,8 u 0
H COOTBETCTBEHHO 2 H € IPEACTaBJeHBl KapTH COJACpPHaHHIl ce-
pebpa W MeAH IJ5 ABYX BapHAHTOB THAPOXHMHYECKOH ChEMKH.
B ofGoHx ciydyasx BHIIBJIeHbl oTdersiHBble aHoMmajuu Ag u Cu, 3a-
CHYKHBAIOUIHe AaJpHellero usyuyenus. OfHAKO THAPOXHMHYECKHE
AHOMAJIMH, BBHISIBJIEHHBIE IPH PA3HbIX BapHAHTAX CbeMKH, MEKIY
cob6oii He coBmazalT, o0bsICHeHHH 3TOMY aBTOpPH He jaaior. [lomyT-
HBIH 0TOOP JHTOXHMHYECKHX NPO0, K COXKaJeHHIO, He IPOBOLHJICS.
Ha puc. 97 nokasan ¢parMenT KapThl, COCTaBJEHHOH M0 pe3y/ibTa-
TaM JHTOXHMHYeCKOi cbeMkH Macuraba 1:200 000 B ropHopyaHoM
paiione. Ha xapry HaHeceHbl 3HAUeHHs COAEPKAHHIl ABYX 3jeMeH-
TOB — 30J10TA H MBIIIbAKA, XOTH B MPaKTHKe, KaK IIPaBHJIO, COCTAB-
JFI0TCS TOJBKO MOHO3/JEMEHTHBIE KaJibKH, YAOOHBIE [N KOJHUECT-
BCHHOH HHTEpHpeTalHH H COBMelleHHA Mexay coboii. Teppuropus,
yacTh KOTOPOH oTpazxeHa Ha pHc. 97, XapaKkTepu3yeTcsi pacu/eHeH-
HBIM pedbedom ¢ abeoaoTHbiMH BbhicotaMu ot 1300 xo 1800 wm. ITe
JanAmwa@THEIM YCJIOBHAM paiioH OTHOCHTCH K 30HE TYHJAPHl ¢ ycC-
TOHYHBOI MEp3JIOTOH; B €ro reoJIOrHY€CKOM CTPOEHHH NMPHHHMAKOT
yyacTHe MecyaHo-cJaHleBble OTI0XeHHs BePXHero najaeosost H Ipo-
pHIBAIOLIHE HX TpaHUTOHAL. PaccMoTpenHe reoXHMHUYECKOH KapThl
o0HapyKHBAaeT OTUETJHBYIO FOPH30HTAJBHYIO 30HAJBHOCTL OpY/IeHe-
HHS, BBIPAXKEHHYIO CMEHOH MPEeHMYIIeCTBEHHO 30JI0TOHOCHBIX MOTO-
KOB paccesiHHsi B 3amaJHOH YacTH Y4acTKa 30JI0TO-MbILIbIKOBBIMH,
B CEBEpO-BOCTOYHOI — MblbAKOBbIMH. KosHyecTBennast Hureprpe-
TAUHs 3THX H CMEXKHBIX ¢ HHMH IIOTOKOB paccestnuss Au u As nos-
BOJIHJIA OLEHHTb PECYPCHl ITOr0 y4acTKa M NPHHATH PEIICHHE O ero
paJbHeiilneM H3ydeHHH. PesyabTaThl JHTOXHMHYECKOH ChLEMKH
macmraba 1:50 000 nmo BTOPHYHBIM OpeoJiaM paccesiHHs MOATBep-

JMJIH 3Ty OLEHKY.

JINTOXHMHUYECKHe CBHEMKH 10 IOTOKAM paccefiHHs C MJIOTHO-
crbio HabJwogennit 1 npoba na 1 km? (pacuerHas cetbh 2X0,5 KM)
nJaHoMepHo BeAyTcs B ceBepo-BocTounbix pafionax CCCP u jo-
Ka3aJii CBOIO BHICOKYIO 3()(eKTHBHOCTD.

[TpumMep coOBMelleHHHIX Pe3yJbTATOB JHTOXHMHUECKHX CHEMOK
no norokaMm paccesnus (war npoGoor6opa 100 M) H M0 BTOPHYHBIM
opeosaM paccesuns B Macmrade 1:10 000 ma yuacrke THEKXKOI]
(puc. 98) mnoxasweiBaeT NOJHOE KOJHYECTBEHHOE COBIAJCHHE TOJY-
UeHHBIX JaHHBIX. Pe3yJbraThl 3THX CHEMOK MOCOYKHJN A5 OLEeHKH
MECTHBIX 3HAYeHHit KO3((HIHEHTOB MPONOPIUHOHAIBHOCTH k' Me# 1y
NPOAYKTHBHOCTSAMH OPEOJOB H MOTOKOB PACCeSHHS COIJIACHO 3aBH-
cumoctam (16) u (35). Hekoropule n3 Hafilennnx ans JlxyHrap-
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Puc. 97. PesyabraTel JHTOXHMHYECKOll cbeMKH MacwrtaGa 1:200000 B ropuom
paiione ((pparment). [To B. A. Koxonosy.

J—'ro;-m‘:s npoGoorGopa: B yHCAHTeJe cofepxanHe Au (8 107 %),
(8 10 %

cGopa

B 3HaMenarene — As
npouepk Aas Au osHauaer MeHbme 10, aam As—ueuee 5; 2 — KOHTYD BOMO-

ckoro Asatay cpejHHX 3HadeHHit R’ 1Jsi OCHOBHBLIX DYIHBIX 3Je-
MeHTOB ObljiH mpuBefeHbl B TabJu. 11.

BayknefinruM BHIIOM TIOMCKOBBIX eOXMMHYECKHX pabor B pyi-
HBIX pafioHax @BJAAIOTCA TJIaHOMEpPHbBle CBEMKH Macmraba
1:50 000 n cvexHBIX MacmTaboB. B «OoTKpBHITHX» palioHaX OHH Be-
AYTCS JHTOXHMHYECKHM METOLOM, MyTEM MOHCKOB MECTOPOKAEHHI
Mo UX BTOPHYHBIM OCTATOYHLIM OpEOJaM PacCesiHHA B COBPEMEH-
HOM 3JI0BHO-AeMIOBHH. B Jo6blX Janfma@THbIX 30HaX 3TH JHTO-
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Puc. 98. Broprunple OPEOTHl H MOTOKH paccesHHs CBHHUA. YuacTox THIKXKOJ Ixyurapckaii Ana-
tay. ITo C. A. Muasesy.
1 — onpoGopannke pycla H HalNDaBienHe cToka; 2 — 1ouxku npoGoorGopa: 3 — mofiopasmensi: 4 —m o

B pels eonsl paccesinin (8 %): 5—0.2—0,5; §— 0,05—0,2: 7 — 0,
E:m: caﬁfmﬂ;ﬂﬂ;eﬁax H MOTOKaxX pacceanns (B 1039)

1M - 0 Q@5 ku

T —

paccesmusn;
105, 8 —uaKcHManbHBle conepa-



Puc. 99.  Ilnomanras

cxemMa TIPOBeJEHHs NoHC-
KOBBIX Te0XHMHUECKITX \ e
CHEeMOK B HoM paii-

PyA I s 2@
OHe B TeueHye Pﬂ,lsl

JIET.

I — Mmononse ocaakn; 2 —

H3onaxHta 200 M; 3 — nopois ‘

pyvaonocHod Tommu; 4 — ao- !

Ha OpYAeHEeHHA; §—7 — Ha | A L

3eMHble JHTOXHMHYECKHE | -~

cbhbeMKH Macwtata | : 50 000 | -

3a) 1983 r. (5), 3a 1‘384{1“, e o+
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XHMHYeCKHe («MeTaIOMeTpHYEeCKHe») CBEMKH XapakrepH3yloTcs
BBICOKOH 3()()eKTHBHOCTBIO, H 110 AAaHHBIM MMEHHO 3THX CBEMOK, Ha-
ynHasi ¢ 1935 r. B Hamlefi cTpaHe OTKPBITHL MHOTHE IPOMBILIJIEHHbIE
MecTopoxkAeHus. [ToHCKH KpPyHHBLIX NOrpeGeHHBIX MeCTOpPOXKACHHH
N0 HX HAaJOMKEHHBIM COJIeBBIM OpeoJiaM paccesiHusi B 3aKPBITBHIX
pailoHax MOTyT NPOAOJIKATLCA NPH MOHIHOCTH dYexaa o 100 —
120 M. B 3THX yC/JOBHAX OHH COYETAIOTCA C HA3EMHBIMH aTMOXHMH-
YeCKHMH H BbIGOPOYHO C TJIYOHHHBIMH JIHTOXHMHYECKUMH CheMKaMH
macmraba 1:100 000.

Obs3aTenpHOe yCJAOBHE NMPOM3BOACTBA 3THX pPaGoT — BhHIMOJIHE-
HHe BCeX BHIOB CLEMOK B paMKaxX TpameuHil COOTBETCTBYIOLIef
pasrpadku, 6e3 NPOM3BOJLHLIX MPONYCKOB H H3BATHH, B VBA3Ke
¢ MHOroJeTHuMu mJianamu (puc. 99). [Mpumep oBuapy:enus Ju-
TOXHMHYECKHMH cbeMKaMmu Macmiraba 1:50 000 ososopyanoro me-
cropoxienus B Ilpumopre noxasan Ha puc. 100. Mecropoxieunue
OBIJIO NPOMYLIEHO NPH LITHXOBOH CbeMKe, B pe3dy/bTare KOTOPOil
paHee OBLIH OTKPBITHL APYrHe OJOBOPY/IHbIE MECTOPOKIECHHA 3TOrO
paiiona. OO6bsicHAETCH 3TO MaJbIM (BBICOKHM) 3PO3HOHHBIM BCKPbI-
THEM HIaHHOTO MECTOPOKIEHHS, UYTO OTYETJIHBO NPOSIBIEHO CYLIECT-
BeHHBIM TNpeoGianaHueM opeoJsoB paccesnus Pb Hax opeosamu Sn.
B nanHoM cayyae, KaKk H B JAPYTHX OJIOBOPYAHBIX paiioHax, CBHHLY
NPHHALJIEKHT POJb HAAPYJAHOTO JeMeHTa (cM. puc. 79).

Yenex NMOHCKOBBIX M€OXHMHYECKHX ChEMOK 3aBHCHT OT NPaBHJIb-
HOH OLEHKH BBIABJAEMBIX aHOMAJHI, IMPOBEAeHHe KOTOPOH IOJUH-
HsieTcs cepun oOs3are/bHBIXx TpeGoBaHHH. BaXKHeHlIHMH H3 HHX
ABIAIOTCA FeOJOrHYECKHH OCMOTP aHOMAJ/Hi Ha MeCTHOCTH C IIOB-
TOPHO-KOHTPOJIbHBIMH H JeTaJH3allHOHHBIMH ChEMKAMH TEM Ke Me-
TOJAOM, KOTOPHIM 3Ta aHoManus Oblia BbisfiBjeHa. Dto TpeboBanue
pacnpocrpaHsiercsi Ha MepBHYHYIO OLEHKY JHTO-, THAPO-, aTMo-
MIH OHOreOXHMHYECKHX aHOMaJMH, peasbHOCTh KOTOPBIX AO/MKHA
6bITh NMOATBEPAEHA TEMH Ke TOBTOPHBIMH CHEMKaMH 10 Mepexoja
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Puc. 100. Teonornueckas cxema (@) H BTOpHYHEIE OpeoJisl paccesnns oJgosa (6)
H CBHHIA (6) N0 pesyabTaTaM JHTOXHMHYecKoH cheMKH Macmraba 1:50000

B IIpumopee. fTo I1. A. Kypuesy.

1 — aanoBHaAbLHble OTJAOMEHHA; 2 — NeCYAHHKH H AaJEBPONHTH HHXKHero Mena; 3§ — Aafkn
H cyOByJKaHHWUeCKHe TeJa KBaplesbX nopdHpoB; 4 — pyAHble MHJAH; §—8 — colepianns
MEeTaJJoB B 3mai0BHO-AenoBun (B 10 %); 5—Sn 1-2, Pb 3—6; 6 —Sn 2—6, Pb 6—20%;
7 — Sn 6—20, Pb 20—60; 8 — Sn 20—60, Pb 60—200
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K ApyruM BHAaM paboT. KamepajbHOe paccMOTpeHHE HMEIOUIHXCS
JNAHHBIX TMO3BOJISIET YCTAHOBHTh OUEPEJHOCTh OCMOTPA aHOMAaJHit Ha
MecTHOCTH; oTOpakoBKa aHoMaJinili 06e3 TreoJOrHuecKoro ocMoTpa
cyuraercss Hegomyctumoii. Haubosee nosno paspaGoranbl TPHH-
UHNbl OUEHKH THINEPreHHBIX JHTOXHMHYECKHX aHOMAaJHil, KOTOpHe
¢ HeoOXOAMMBIMH NONPaBKaMH MOTYT TPHMEHSITbCS TpPH paboTax
JAPYTHMH METOHaMH.

Cpenu runepreHHBIX aHOMaJiHil, BHIABJASEMBIX JHTOXHMHYECKHMH
CbeMKaMH, cliefyeT pasjiHuyaTh TPH OCHOBHHIX Kaacca. K mepeomy
KJIACCy OTHOCSATCS pYyOHble QHOMAAUW — BTOPHYHEIE OPEOJH H TO-
TOKH paccesHHsi KOPeHHOTO OpyJIeHeHHf, KO BTOpPOMY — Ge3pydubLle
QHOMAAUW, CPEIH KOTOPHIX Iejecoo6pasHO pas3anyath NOPOLHBIE
aHOMAJIHH, NMPHYPOYEHHLIe K TOPH30HTAM TOPHBIX IIOPOJ ¢ MOBHI-
IIEHHBIMH KJapKaMH PYAHBIX 3JEeMEHTOB H THNEPreHHble aKKyMy-
JALUHH PYAHBIX 3J€MEHTOB Ha TreoXHMHueckHx Oapbepax. Tperuit
KJacc 06pa3yloT TexHozesHble JHTOXHMHUECKHEe aHOMAaJIHH, PHY PO-
YeHHbIE K OTJIOXKEHHAM KYJ/bTypHOro cjosi. Ilpupoanbie GeapyaHble
H TEXHON€HHbIe AHOMAJHH INPH NOHCKOBBIX paﬁorax noaJiezKaT oT-
O6pakoBke c o6f3aTelbHBIM YKasaHHeM MX JHTOJOromerporpaduue-
CKOH XapaKTepPHCTHKH, THNA reoXHMHYeCKoro Gapbepa HJH MpPOHC-
XOKILEHHS.

B knacce pyaHBIX JTHTOXMMHUECKHX aHOMaJHi cXoiunble Tpebo-
BaHHS TPEIBABISIOTCS K Te0JOrHUYECKOMY OCMOTPY H KOJHYECTBEH-
HOH HHTEpNpeTanyH NMOTOKOB pacCesiHHd H OTKPHITHIX, T. €. NPOsSB-
JIEHHBIX HAa COBPEMEHHOH NOBEPXHOCTH BTOPHYHEIX OPE0JIOB pacces-
HHSI, OCHOBHLIE THNB KOTOPHIX Obiiiu nokasansl Ha puc. 28. Tlpu
9TOM HaJIOKEHHBIE OPEOJbl H OpeoJibl 3aKPHITOr0 THIA, BKJIKYad
YacTHYHO morpe0GeHHble, NOJAJEKAT H3YYEHHIO TAyOHHHBIMH JHTO-
XMMHYECKHMH CBHEMKAMH C OIEHKOH MO mapaMerpaMm OCTaTOYHbIX
opeosioB paccesindsi. B 3ajzady OUEHKH THIEPreHHLIX PYIHBIX aHO-
ManHii BXOHLHT OIpejlejleHHe TeHeTHYeCKOrO THIA H BO3MOMXKHOIO
IPOMBILIJIEHHOTO MacmTaba CBA3aHHOIO ¢ HEMH KOPEHHOTO Opyje-
HEHHS, BHIPAXKEHHOTO B HHu(pax MNPOTHO3HBIX PECYpPCOB MeTajiia.
B wurore npHHEMAaOTCH pelIeHHs O LeaecoobpasHOCTH M Ouepel-
HocTH GoJsiee [ETaJbHOTO H3yueHHsi BHIIBJeHHHIX oO0bexToB. CooT-
BeTCTBYIOILIHE OLEHKH MNOJATBepPIKAAaloTcsl [AeTajH3allHOHHBIM, IOB-
TOPHO-KOHTPOJBHBIM H IITYQHEM Mpo600T60POM, reoJorH4ecKHMH
CcXeMaMH H MOApPOGHBIMH pacyeTaMH.

Ha o6bekrax, oneHKa KOTOPHX OTBeYaeT KPYMHOMY HJIH Cpel-
HEMY MECTOPOXKAEHHI0, paboThl cjaedylollel crajHH OPraHH3YIOTCH
B mnepByio ouepenb. OOBEKTH, NPEANOJOKHTENLHO OTBedalolHe
MEJKHM MECTOPOMKAEHHAM, H3yualoTcsa BO BTOPYIO OYepelb, HEempo-
MBILIIJIEHHBIE PYAOTPOSABJAEHHA OTOPAKOBLIBAIOTCA M0 pesy/bTaraM
reojiornueckoro ocmorpa. I[Tosnora reoJiornuyeckoil MHTEpHNpETALHH
reoXHMHYECKHX AaHOMAaJHH TIOBBHIIAETCH, €CJAH IoJieBast NOKyMeH-
trauua npoboorbopa Begercss no aspoporocHumkam. Ilepex Hx
nemu(GpHpPOBaHHEM HAa MECTHOCTH Ha CHHMKH BBIHOCATCS aHOMAalb-
HBle COJepIKaHHus PYAHHIX 3JeMeHToB. [Tpumep Takoro poxa HaJ-
crpupyer puc. 101, B pesyabraTe JHTOXHMHYECKON CHLEMKH Macul-
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Puc. 101. Teonornueckass cxema, COCTaBJeHHAS MO pe3y/ibTaTaM OCMOTpa amo-
Magaui W e puposanna aspodorochumkos. Mo JI. M. Puaunckomy.

{ — HeoreH-YeTBePTHYHLIE OTJOMEHHA; 2 — MeJKOraaeyHble KOHDJOMEPATH (KPYHKH) # rpa-
BeJHTH (TOUKH): J — afeBPOJIHTBL H aJeBpPONECYAHHKH, 4 — HIBCCTHAKH, § — TeKTOHMHCeCKUHE
HapYyUIeHHs (@ — npocnexennble, 0 — npeanonaraemsle); 6 — NHKETH  JHTOXHMHYeCKof
<cbemki MacwtaGa | : 50 000 ¢ aHOMAALHBLIMH COREPKAHHAMH METaMNOB

Ta6a 1:50 000, nocaeaymouleii JAeTanbHOl CcbeMKH MacwiTaba
1:10 000, ropueix u O6ypoBbIX paGoT, OBLIO BLIABICHO CTpaTHHOPM-
HOe MOJHMeTa/IJINYECKOe MEeCTOPOXKAEHHE, M0 MPOTHO3HO OLEeHKe
HMelollee CpeHHil pasmep. Y4yacTOK pacrnofoKeH B 30HE CYXHX
cTeneil co criaaxKeHHBIM pesabedom M ciaabo obuaxen. Ocratoynble
opeoasl pacceanns Pb ocnaGaens (k£ menee 1,0).

Caenyer BbIAeNHTb OCHOBHble MOP(OJOrHYECKHE THIBI BTOPHY-
HbIX OpE0JIOB paccesiHHsl, KOTOPble BBIABJAAIOTCH MPH TeoXHMHuec-
KHX TOHCKax B pyaHblX paitonax (puc. 102). B ropuctoil «OTKpbi-
TOH» YacTH paioOHa MOHCKH BEAYTCH JAHTOXHMHYECKHM MeTOAOM,
opeoasl paccesHus THHOB A u B aBasiores octatodusiMH. B mpen-
TOPHOH 3aKpbHITOH YacTH paioHa ¢ uyexJoM JdaJibHEMPHHOCHBIX
(«a/JIOXTOHHBIX») OTJIOXKEHHH HA3EMHBIMH CheMKAMH BbLUIESAIOTCH
HaJoXKeHHble opeosibl paccesiuusi (Tunm B), koTopblie B 4acTHOCTH
MOTYT ObITh JHTOXHMHYECKHMH, ATMOXHMHYECKHMH, B TOM YHCJE
ra3opTYTHBIMH HJIH GHOTEOXHMHYECKHMH,

B reosornueckn ca1abo H3yueHHBIX pYAONEepCrneKTHBHbIX pafioHax,
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Puc. 102. Mopdorexetiueckie THNE BTOPHYHHX OPEOJIOB PacCesHHA:

A — ocratounklil  (9N10BHO-AeOBHAABHETR), nOAHOCTBIO OTKPHITHMA; B — ocraTounsifi, wa-
cTHYHO norpe@ennulff; B — manoXerHmfl; | — NpeAropHas paBEHEA: 2 — NPOdHIH JHTOXH-
MHYECKOR CLEMKH

B KOTOPHIX JHTOXHMHYECKHE CheMKH BeAyTCS BlepBble, LONYCTHMO
OPHEHTHPOBAThCA HA BHIABJEHHE 0OLIMPHBIX H GOraThX OCTATOYHbLIX
OpeoJIoB paccesiHHs THna A, M NMpakTHKa 3TO NOATBEpPKIaer ybe-
JAUTEJbHBIMH OTKPBITHAMH. B cTapeiX rOpHOpyAHBIX paifoHax, reo-
JOPHYECKH H TIeOXHMHYECKH OTHOCHTEIbHO XOPOIWIO H3YYCHHBIX,
TPYAHO PACCYHTHIBATL HA OTKPBITHE HOBOTO KPYMHOTO MECTOpOXKie-
HHS, BBIXOASLIEro Ha [MOBEPXHOCTbHA YPOBHE NPOMBILLIEHHBIX Py,
N0 €ro0 BecbMa SipKOMY H NPOTSKEHHOMY OCTATOYHOMY Opeoay pac-
ceanns. Bosee BeposTHO OOHapyxKeHHe HOBBIX OOEKTOB B HAYallb-
HOi cTajliH 3PO3HOHHOIO BCKPHITHA MO HX OTHOCHTEJBHO O€1HBIM
HaJpyAHBIM opeosaM paccesiHHs (THm A) HIH HaXOAAIIHMCS B He-
6aaronpuATHLEIX reoMoposiorqyeckux ycaoBuax (thn B). 3to 3a-
CTap/fieT BO3BpallaTbCs K IOBTOPHOH OLIEHKE YacTH paHee BbifiB-
JEHHbIX OeNHBIX JHTOXHMHYECKHX aHOMaJHii, B CBOE BpeMs He
NPUBJEKWHX BHUMaHHA. B TO e BpeMsl cjellyeT CUHTATbCH C TeM,
4TO oﬁmee YHCJO THHNEePreéHHbIX JHTOXHMHYECKHX aHOM:’i.’]Ill‘:i, BbI-
SIBJSIEMBIX B OTKPBITHIX PYAHBIX paiioHaX, 3aBeJlOMO ¥ MHOTOKPATHO
NpeBblaeT YHCA0 NPOMBILIJIEHHBIX MECTOPOXKACHHIT.

Baxkuefiuias reosioro-sKkoHoMHueckas 3ajaya — MOHCKH TOTpe-
GeHHBHIX MECTOPOXKJAEHHH Ha 3aKpHTHIX TeppHTOopuax. B npexenax
CCCP x uX uHCAy OTHOCATCA paiionb BOpoHemcKo#l anTeKIH3bl,
rae Ha naowann 200 Thic. KM? MOLIHOCTL OCALKOB, NepekphIBaio-
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HIHX KpHCTaJ/IHYeCKHH ¢ynzamenTt, He mnpesbliiaer 200 M, Gouaee
600 Thic. KM? TepprTOpHH KaszaxcraHa ¢ TO# € MOULHOCTBIO ueXJa,
paiioHEl YKPaHHCKOTO KPHCTAJMJIHYECKOrO MaccHBa, paHonbl pas-
BATHS CHOHPCKHX TPAMNOB H APYrHe PYAONEPCHEKTHBHBIE TEPPHTO-
puH, obulei MJI0IAABI0 OKOJO 3 MJH. KM2,

Jlokasannass NpPHHUHMIHAJBHAA BO3MOXHOCTb ATMOXHMHUYECKHX
MIOHCKOB TMOTPeGeHHBIX PYAHBIX MECTOPOXKAEHMIl TO OpeoaaMm pac-
CeAHHST KOMIIEKCA MOMYTHHIX Ta30B MO3BOJHJIA B 3aKPHLITHIX paiio-
Hax Kasaxcrana nayaTb ONBITHO-POH3BOJACTBEHHBIE CHEeMKH Macui-
taba 1:100 000 ¢ uennio OTPaGOTKH METOAHKH H TEXHHKH 3THX
cpemok [19]. Peaysbratel Takoil cheMkd Ha yuactke 500 xm? B BoC-
ToyHoM Goprty Typrafickoro nporuda noxkasanel Ha puc. 103.
Cxaaguatolit QyHIaMeHT 3TOro yyacTKa ¢JaraloT MOPOAHL NaJeo-
3051 H A0KeMGpHA, yexoa MomHocTbio oT 10 n0 100 M cnaraior nec-
YaHO-TJIMHHCTBIE OTJIOMKEHHS TaJdeoreH-ueTBePTHYHOrO BO3pacTa.
Paiion otHocHTCs K 30He cyXHX creneil. ATMOXHMHYECKHE CLEMKH
BoinosHsAaHCh o cerd 1000 100 M ¢ rasoor6opoM H3 LIHEKOBLIX
ckBaxuH raybunoi 3,0 M. OgHOBpeMeHHO Ha 3TOH IJoIlann Oblia
NpoBeleHa HaseMHasl JUTOXHMHUYecKasi cheMka macumitaba 1:50 000
¢ ray6unoit mpoSoorbopa 0,3 M, ¢ mMocAeAYIOUHM CNEKTPaabHBHIM
AHAJH30M, ¢ MYJLTHIJIHKALHel H CrJakKHBaHHeM CcOoleprKaHuil pya-
HBIX 3JIEMEHTOB.

B pesyibraTe aTMOXHMHYECKOH cbeMKH OblJIO BHISIBJIEHO 14 npo-
TSJKEHHBIX Ta30BBIX aHOMAaJiHii, 06pa30BaHHBIX Pa3JHUHBIMH .COYe-
TaHHAMH aHOMAaJbHLIX COAEPIKAHHI YIVIEKHCJIOrO Tasa, MeTaHa, BO-
Jlopoia H KHCJIOPOJa, 4aCTh H3 HHUX COBMALAET C MYJbTHILIHKATHB-
HBIMH JHTOXHMHYECKUMH opeosiamu (cM. puc. 103). Makcumabhble
cosepxKannsa 3mech cocraBuan (B %): CO;—3,6 npu ¢oue 0,2;
CH4—530-10~* npu ¢one 1,5-10=* Ho—350-10-* npu done 2 - 10—,
MHHHMaqbHOe cofep:kanHe O,—18,2 mpu ¢one 20,2, [TpoBepka ra-
30BBIX AHOMAJHiI TJIYOMHHBIMH JIHTOXHMHUYECKHMH CBeMKaMH
(puc. 104) c nocjiefylOLIHM KOJOHKOBLIM GypeHHeM NpHBeaa K OT-
KPBITHIO [BYX CTPAaTH(MOPMHBIX NOJHMETA/JIHYECKHX PYLOTpOsABIIe-
HHil, Ha3BaHHBIX Asbic M ApLIKGAKCHl, B JajbHelillleM O6bl1a MOATBEp-
JKJEeHa pyjaHas TmpHpoaa OOJBIIHHCTBA Ta30BHIX aHoMamui. XoTs
MPOMBIIITEHHAS IIEHHOCTh 3THX 0OBEKTOB elle HesicHa, MOJyYeHHbIe
pPesyJabTaThl OTMEYAlOT MEpPBHIH Cjy4yail OTKPBITHS NOrpefeHHoro
OPYAEHEHHS MO TAHHBIM aTMOXHMHYECKOH CHLEMKH.

PealbHOCTL BBISBJICHHST HAJNOMKEHHBIX JHTOXHMHYECKHX OPEOJIOB
paccesiHHsi PYAHBIX 3JEMGHTOB Ha/J MOrpe0eHHBIMH MOJHMETAJJIH-
YecKHMH MeCcTOpoXKAeHHsaMH Obuia moAarBepxieHa B Py6nosckom
paitone Pyanoro Anras. PynoBmeuiaoune s(dy3uBHO-0cagiouHbie
MOPOALl MaJeo30s 3/ech MOTPYIKAIOTCH MOJ YeXOJ Me30- H KaiHo-
30/ICKHX OTJIOMKEeHHI, MOLIHOCTH KOTOPBIX HA HCCJELOBaHHON Tep-
puropun jaocturaer 100—I120 m. Pyansle MecTOpPOMKIEGHHS 3TOrO
palioHa MpHHALJEXKAT K LIHPOKO H3BECTHOI. KOJYelaHHO-TIONHMe-
rasanueckoi gopMamun AnTaiicKoro THOA, ¢ MaCCHBHBIMH CYJb-
GOHAHBIMH pyJAaMH, BecbMa GJaronpHATHBIMH L5 (GOpMHPOBaHHS
HAJIOMKEHHLIX COJIEBBIX 0peosioB paccesuust. [To manguiadram pafion
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Puc. 103. PeayabTaThl aTMOXHMHYeCKOH cbeMKH MacmTtaba 1:100000. Typraii-
ckuii nporu6. [To B. A. Hocanoseodl, B. H. Koaecnuxoey, C. A. BopoGoesy.

I —oTaomenns Me30308 W RalRo30#;, 2 — nopojkl naneosod M NOKeMGpHi; 3 — KOHTYphI
COBMELIeHHBIX Ta3oBHLIX aHoManuil H ux HOMepa; 4 — 7 — ocH rasoselx auoMmaauii: 4 — CH,,
Hy; § —COy CHy, Hz; 6 —CO;, Hz; T— CO; CH,, H; O 8 — HajsomeHHbe JHTOXHMHYE-
CKHe MYJAbTHIJIHKATHBHBIe oOpeoawn paccesuus (Pb, Ag, Hg, Co); 9 — npoduan rayGunnoft
JHTOXHMHYECKO CheMKH ‘

OTHOCHTCA K 30HE IOKHBIX YePHO3E€MHBIX CTereil ¢ yMCPCHHBIM YB-
JayKHeHHeM, npeobJiagaiomias 4acTh TEPPHTOPHH 3aHATA NMOCEBAMH
CEeJMBbCKOXO3ACTBeHHBIX  KyAbTyp. Hasemubie  JanTOXHMHYeCKHE
CLEeMKH NpoBOAMJHCH B Macmrtabax 1:50 000—1:25 000 ¢ ray6u-
Hoil mpoboorbopa 2030 cM, HaJeXHBIX PE3YJbTATOB IO NEpPBHY-
HbIM JAHHBIM Ha Y4acTKaX onbITHEIX pabor moayueHo He Guito. las
BBISIBJICHHSI HAJOMKEHHBIX OPEOJIOB paccesiHusl Hal H3BECTHBLIMH Me-
CTOPOXKAEHHAMH NMPHMEHSJIHCh MeTOABl aleTaTHO-Oy(depHbIX BHITS-
Xek ¢ onpenenennem cymmn Cu, Pb, Zn [33] u BasioBhIil cnekTpasb-
HBIf aHANW3 ¢ MYJAbTHIVIMKALLMEH M Cria)XHBaHHeM CojepzKaHuil
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Puc. 104. Tpadukun aTMOXHMHHYECKOH CBEMKH M TeOJOTHUeCKHi paspe3 Mo aaH-
HHM rayGHHHON JHTOXHMHUeckoil cheMkH Ha yuacTKe Auwic. ([Tpoduas II, cm.
puc. 103).

1 — necdaHo-rAHHHCThIe oOTAOKeHHs (P :—N:); 2—raHust (P3); 3 —KOpa BhBeTpPHBaHHA

(MZ); 4 — necku (J3); 5 — yramcTo-KapGonaTHbie cAaHUbl; 6 — H3BeCTHAKH (Di); 7 — okpem-
HeHHble M3BECTHAK!; & — H3OKOHIEHTpauuu cBHHOA (B %): 9 — cKkBaKuHBI MIHeKOBOro Oy-
peHHs

Pb, Cu, Zn, Ag, Ba na 9BM. OrueriiHBBIe HAJOMKEHHbLIE OPEOJIBI
paccesiHusi OblIH oOHApyzxeHBl 000MMH MetTogaMH Haj TaJloBCKHM,
Py6unoBckum, KpOUKOBCKHM MOrpefGeHHbLIMH MOJHMETaJJIHUeCKHMH
MecTOpoxK/AeHHAMH. B fasbHeiilieM MOHCKOBBIE CHEMKH B 3TOM pafi-
oHe OBIIH MpOBeleHbl BTOPHIM, G0Jiee NMPOCTHIM H 3KOHOMHUHBIM
MeronoM ua niomanu Gosee 2000 xm?. B pesyawrate takoit obpa-
GOTKH TepBHYHBIX [JaHHLIX OBNIH BbIABJAEHB MHOTOYHC/IEHHbIE
JHTOXHMHUECKHe aHOMaJHH pasnuuHoro rexesmca. [lposepka ray-
GUHHBIMH JHTOXHMHYECKHMH CheMKaMH H KOJOHKOBBIM OypeHHeM
MOATBEPAHIA NPHHALIEKHOCTL GOJBIIMHCTBA 3THX aHOMAJHIl K Ha-
JOMeHHBIM opeosiaM rnorpeGenHoro opyaeneHns. OJHOBpeMeHHO
BBIIBHJIACH rpynna Oe3pyaHbIX aHoOMaJHil, 0Opa30BaHHBIX MYTEM
THIEPreHHOH AKKYMYJAUHH PYAHBIX 3J€MEHTOB B MeCTHLIX JaH1-
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wadgrax. [das noaasjeHHs O6e3pyAHbIX aHOMaJHil Obl1 NpelJOXKeH
SMIHDHUECKHiI TOKasaTedb  [y= Pb'cuéZ;'Ag'Ba , Tpumep
Mo
HAJOXEHHBIX 0peoJoB paccesHHss Ha Yyuactke «[lorepseBckuii»,
B (popme pacneyaTky, BeAannoii IBM, nokasan na puc. 105. Pyx-
Hasi IPHPOJA 3TOH HHYEM He NPOSBJIEHHOH Ha JHEBHOH MOBEPXHOCTH
aHOMaJHH JA0KazaHa TIJyOHHHBIMH JIHTOXHMHYECKHMH CBheMKaMH.
[To aBym npoduasM, NpoiJeHHEIM Yepe3 aHOMaJHH, YCTaHOBJIEH-
Hele cojepxaHnus umeka 1o 0,2 %, mean xo 0,15 %, cBunuma a0
0,08 %; u3 21 npoGypeHHHX 3/eCh CKBa:KHH B 17 Gbl/IH BCTpedyeHbl
aHOMaJbHBIE COJAEpIKaHHA PYAHHIX 3JeMeHTOB. MoniHocts yexsa
AaJbHeNPHHOCHEIX OTJOYKEHHIT Ha 3TOM yyacTKe cocraBisier 80—
90 M, HeOOXOAMMOCTL NPOJOJKEHHH pabor Ha oObeKTe BIOJHE
OYEBHHA.
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Puc, 105. ®parMenT pacreuaTKH pesysbratos o6pabGotkn nma IBM naunubix na-
3eMHOJ ~IHTOXHMHUECKOl cheMkH Maciitaba 1 :25000. Januoie H. . Macnukosa,
ob6paborka MI'Y.

] — anayenne nokasatens [,=

Pb-Zn-Cu-Ag-Ba ,
a e e

Mo:-B
anoManuu; 3 — KOHTYp aHoMaauH; 4 — npodHan rayOuunofi AHTOXMMHYECKOA CBeMKH, mOA-
TBEP/AHBIIHE PYAHYIO NPHPOAY aHOMaJHH

2 — nocToBepHpleé JHTOXHMHYECKHE
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Haubosiee HajgeKHBIM METOAOM IeOXHMHUYECKHX MOHCKOB Ha 3a-
KPHITHIX TEPPHTOPHSAX, NMPH HAJHYHH HA NMOBEPXHOCTH (yHLAMEHTa
JipeBHeli KOpPbl BHIBETPHBAHHSA, ABJSIOTCH IMyOHHHBIC JHTOXHMHYEC-
Kue cbeMkd [26]. [To morpeGeHHBIM OCTaTOUHBIM OpeoJaM paccesi-
HHf BO3MOXKHO OOHapyKeHHe MeCTODOMKAEHHil JIOOBIX TreHeTHuYec-
KHX THINOB H MacuiTaboB OpyJeHEHHs HE3aBHCHMO OT MOLIHOCTH
uexjia M COBPEMEHHBIX JaHAWA(THEIX YCJIOBHI, HMEIOUIHX IepBo-
cTenentoe 3sHayeHHe /s (OPMHPOBAHHS HAJIOXKEHHBIX OpPEOJIOB.

OcHOBHBIM MpPENATCTBHEM /IS HIHPOKOTO IPOBELEHHS TJyOHH-
HBIX JIHTOXHMHUYECKHX CbHEMOK SBJSAETCS HX BbICOKAas CTOHMOCTb,
KOTOpasi BO3PACTAET C YBeJHYEHHEM MOLIHOCTH JaJbHENpPHHOCHBIX
orjaoxkenuil. [TosroMy B coBpeMeHHOH MpakTHKE IYOHHHBIE CheMKH
BeAyTCsl B IIPOCI)HJ'IH-IOM BapHaHTte C LeJbIO IIPOBEPKH IeOXHMHYeC-
KHX aHOMaJHit, BbISIBJEHHBIX HA3eMHBIMH aTMOXHMHYECKHMH, JIHTO-
XHMHYECKHMH HJIH OGHOreOXHMHYECKHMH CheMKaMH Ha MOBEPXHOCTH.
yexJsia. TosbKO noc/ie MOATBePKAEHHs PYAHON IPHPOALI ITHX aHO-
MaJiHif Ha OrPaHHYEHHOM YYacTKe BHINMOJHSAIOTCH [JIyOGHHHLIE JHTO-
XHMHYecKHe cbeMKH Macwraba 1:25 000 mo npsiMOyroJibHOH CeTH,
C MHHHMAaJbHHIM BBIXOJIOM 3a KOHTYP OCTAaTOYHOrO OpeoJia pacces-
Husl. M3yuenne morpeGeHHBIX OPEOJIOB pPAcCesiHHsl JOJIKHO HOCHTb
00beMHBIN XapakTep ¢ mepeGypHBaHHEM H ONPOGOBAaHHEM MOJHOTO
npodpuis Kopel BbiBeTpHBaHHsA. [lo 3THM HZaHHBIM CTPOATCS KPYym-
HOMacwTabHble MOrOPH3OHTHBlE TeOXHMHYECKHEe MJAHBI H pPa3pessl
B M30KOHIEHTPalHAX, NOA0OHEE NoKasaHHBIM Ha pHc. 106 u panee
Ha pHc. 29, 40. ITo mapamerpam norpeGeHHOr0 OCTATOYHOTO OpeoJsa
paccesiHHsi TPOBOJHTCS TNOACYET IIPOTHO3HBIX pecypcoB MeTaJda,
Ha OCHOBAHHHM KOTOPOro NPHHHMAeTcsl pelleHHe O 1e/ecoobpasHo-
CTH H odepeJHOCTH OypeHHs GoJiee riyOOKHX pa3BelOYHBIX CKBa-
ZKHH.

B kauectBe MOMOJHHTEJLHOrO MpHMEpPa BO3MOXKHOCTEiH FeOXHMH-
YeCKHX IMOHCKOB HAa 3aKPHITBIX TePPHTOPHAX HA puc. 107 moxasaHbl
Pe3yJbTaThl OMBITHOH JHTOXHMHYECKOH CHeMKH Hajl mnorpeGeHHOH
KUMOepJIHTOBOH TPYOKOH, MEepeKkphiTOil TpammaMH H TepPPHIeHHBIMH

oraoxenuaMu. Ha rpaduke MyJAbTHNJIHKATHBHOTO MNOKa3aTels
1= ca'Mil'S"Jp;O'N' ,  BHOPAaHHOrO Ha OCHOBE COMOCTABJEHHS
TEOXHMHYECKHX XapaKTepHCTHK KHMOEpJHTOB, BMeILalOIIHX H3Be-
CTHSIKOB M IIEPeKpBIBAIONIHX OTJOXKEHHH, oOHApyKHBaeTcs aHOMa-
JAst, (PUKCHPYIOULas MoJoxKeHHe TPyOKH. YHCAHTE b 3TOr0 MOHCKO-
BOTO TFeOXHMHUECKOr0 MoKasartessi ofpasyer MpoOH3BeJeHHE cojep-
JKAHHIA 3JEMEHTOB, HaXOJSUIUXCs B H3O0BITKe B KuMOGepiauTax 1o
CPaBHEHHIO ¢ BMEIIAMMIHMH H NEepeKphIBAIONIHMH MOPOJAaMH, 3HA-
MeHaTe/ b [0Ka3aTelds— 3JCMEHTBl, HaXo/sllHecs B KHMOepauTax
B jedpuuure. [Ipn dopmMasbHOM CXOJCTBE C MOKa3aTeJeM 30HaJb-
HOCTH Vv TOHCKOBHIH TMOKasartenb [, BEIOHpaeTcsl Ha OCHOBe JPYrHX
npuHLHNOB. TpeGoBanue Ge3pasMepHOCTH Ha HEro He pacmpocT-
pausiercsi. JIByrop6uiit xapakrep rpaguka (cm. puc. 107), coxpa-
HHUBILIHHCS TOCJe CrJaaKHBaHHs TaHHBIX ¢ OKHOM n=23, He IPOTH-
BOPEUHT MPEACTABJCHHAM O HauGoJblleli NOABHAKHOCTH XHMHYECKHX
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Puc. 106. TlorpeGennsie OpeoJbl PaccesiuHs MeAH M0 AAHHBIM IyOHHHOI JAHTO-
xumnygeckoii cvemkn. [To B. A. Byzposy.

! — nanbHENPHHOCHBIE OTJIOMKEHHA; TODH3OHTHI JnpesHefl KOPhl BLIBETPHBAHHA, 2 — oGenen-
HBI TAHHUCTHIE, 3 — DAHHHCTO-LeGeHHCTH; 4 — meGennctbifi; 5§ — anbGutodupsl; 6 — -
y3HEE OCHOBHOTO COCTaBa; 7 — IPAHONHOPHTEI; 8 — JHMOHHTHI; 9 — OGOXDEHHOCTb H APO3H-
TH3auus; /0 — m3okomHuentpath Meanm (10 %); /! — CKBAXHHE IIHEKOBOro Gypenus
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Puc. 107. Pesyabratsl Ha3eMHON JHTOXHMHYECKOIl CBEMKH Ham KHMOEpAHTOBOH
Tpy6koii. [To C. A. BopoGvesy.

1 — nepekphiBaiolliie TeppHreHHble OTAOMEHHS H Tpanmbl Cas3 —T1; 2 — ussectuakn O0;—S;;
3 6 ; 4 — rpad HB T I, = it
kumGepnutol; 4 — rpaduK MYJIBTHIIAKATHBHOIO MoKasatens [y= Al.V.Ca

3J1€eMEHTOB B IIPHKOHTAKTOBOH 30He TPyOKH, 00 «yHacjelOBaHHH»
nepekpHIBAIONHME OT/IOKEHHAMH NOATPANNOBOH TEKTOHHKH H O ee
OTPaXKEHHH B 'HIIEPreHHOM EOXHMHYECKOM TnoJe.

6.2.2. JleraibHble H OlleHOUHbIE PAGOTHI

Ilenecoo6pasHocTb mepexoja K AeTajabHbiM paboTam, Kak IpaBuio,
onpeje/sieTcsi Pe3yabTaTaMH TPeAUIeCTBOBABIIHX IOHCKOBHIX Teo-
XHMHYECKHX CHEMOK H TFeOJOTHUCCKOIl OLEHKH BhisiBJEHHBIX OODBEK-
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10B. Ilo pesyabraram NOHCKOBBIX CBEMOK MOACYHTHIBAIOTCA MpO-
rHO3HBle pecypchl KaTteropuii Ps m Pj, BuiGHpaercs Meroiika je-
TajbHHX paboT, pa3Mepsl yyacTKa, OPHEHTHPOBKA CheMOYHOIl ceTH
H nepeyeHb ONpeAe]sieMbX 3JeMeHTOB. EcCaH NoHCKOBbE CheMKH
BO3MOXHBI JIO0ObIM H3 TEOXHMHUYECKHX MeTOJ0B, TO JIeTajbHble
CBEMKH BeAYTCS NPEHMYUIECTBEHHO JHTOXHMHYECKHM MeTOJ0M,
B H43eMHOM HJH TJIYOMHHOM BApPHAHTAX, OOBLIYHO COBMECTHO C reo-
pusHYeCKHMH HccaeloBaHusMu. Jlas 1eTasbHOrO OKOHTYpHBaHHS
HAa3eMHBIMH CBeMKaMH BTOPHYHBIX OCTATOYHBIX OPEOJIOB paccesHus
NOJHMETa IHYeCKHX, Me/IHbIX, 0JOBOPYAHLIX H OOJBUIHHCTBA PEKO-
MEeTaJbHBIX MEeCTOPOMKJAeHH{i M nepexola K ropHo-0ypoBmiM palo-
tam Macwrab 1:10000 obbiuno asaserca gocratounbiM. Ha somoro-
PYAHbIX, GEpPHIIHEBbIX, COOCTBEHHO KOOAAbTOBHIX, PTYTHHIX O0BEK-
TaX M OpH IOHCKAX CJENBIX PYAHBIX TeJ MO HX BTOPHYHBIM OpeosaM
paccesiHHsi CbeMKH MOTYT AOBOAHTbeA H0 Maciutada 1:5000, pemxe
1:2000. IIpu rayGHHHBIX JHTOXHMHYECKHX CbeMKaX, CBS3aHHBIX
C OKOHTYpHBaHHeM H OIeHKOil norpeGeHHBIX OCTaTOUHBIX OPE0JOB
paccesinusi, MacwrTad 1:25000 o6bYHO sBJAAETCS 3aBepLIAIOULUM.
[Toncku chaenelx TeJa Mo NMEpBHYHBIM OPeoJaaM NPOBOAATCA ¢ JH000H
BLICOKOJ JeTaJbHOCTBIO, ONpeeaseMOH reoJJOTHUECKHMH YCAOBHIMH
W HaJHYHeM JOCTYNHBIX 1J8 ONpo6oBaHHsA TOPHBIX BLIPAGOTOK H
CKBAZKHH.

B pesyabTaTe mepexoia OT NMOHCKOBBIX K AeTajbHbIM JHTOXHMH-
YeCKHM ChEeMKaM YHCJ0 OTAeJbHbIX AHOMAJHII YBeJIHYHBaeTcsd, HX
cpe/iHHe reoMeTpHYecKHe pasMepbl yMeHbLIAOTCA H (opMa HX yc-
JOKHSAETCS, @ MaKCHMaJibHble COJep:KaHHs PYAHLIX 3JeMEHTOB BO3-
pacraior. [Tpn 3T0oM obulas naoulagHas NPOAYKTHBHOCTL aHOMaJHiH
B npejesax AaHHON mJjoumain He uameHsercss. OAHAKO NpH Maubx
pasMepax aHOMaJHi M B NOJY3aKpHITHIX paioHaX YCTOHYHBOCTDL
OLIEHOK NPOJAYKTHBHOCTH HapyllaeTcs.

ITpuMep Takoro poxa naalocTpHpyer oTtkpeitTHe B Kasaxcrane
NOJHMETaJJIHIecKoro Mectopoxaennsi. IIOHCKOBEHIMH JIHTOXHMH-
yecKHMH cbeMkaMu Macumitaba 1:50 000 3aech 6BIIH BBI3BJIEHBLL A0-
CTATOYHO OOGWIMPHBIE H CPABHHTEJbHO OejlHble OPEoJibl paccesiHHs
¢ MakcHMaJbHBIMH coxepxannamu Pb 0,04—0,07 %, npuypouen-
Hble K KapOGOHaTHBIM OTJIOXEHHAM BepXHero aesoHa. Hu opun u3
3THX OpeoJoB oco6oro BHHMAHHA He NPHBJEK, HE3a10/ro mepen
3THM Ha JaHHOIl Iomajan Gbuia NMpoBeJeHa reoJorHYeCKas CheMKa
T0ro ke Macmraba, mpH KOTOPOji 3TO MecTOPOK/JEeHHe TakkKe He
ObIJIO BBISIBJICHO.

Paiion xapaxTepH3yeTcsl cria;eHHEIM XOJMHCTBIM pesabedoM H
c1a60 obHa)eH, N0 JaHAWA(THHIM YCIOBHAM OTHOCHTCS K 30HE
CYXHX cTeneil ¢ 0JbIHHO-3/1aKOBOH pacTHTebHOCTbIO. Tombko B pe-
3yJbTaTe AETajbHON JHTOXHMHYECKOi cbheMkKH Maciitaba 1:10 000
3iech GbiJ BHEISIBAEH JIOKAJAbHBI OPEoJ paccesiHus ¢ COAEpKaHHAMH
cBuila B 3ai0BHO-AenioBin 0,6 % no Tpem cMexHBIM npodHIAM
H Cuax=1,259% Pb (puc. 108), npuypoueHHEIi K HeGOJbLIONH H30-
JUPOBAHHOH COMKE OKpPeMHeHHBIX H O0XKeJe3HEHHBIX H3BEeCTHSKOB.
[Ipofinennsple 3jech KaHaBbl BCKPBIJIH LEPYCCHTOBHIE PYJAbl H ycTa-

258



-’ X .-__ £ " S, - o 2 ",‘
. . . ) B 3 .
¢ . oo bR ‘-_ -

" A ’ f‘.__ a . . C

/\ -~ = { .é : 3

D g-v-_..o-' Rty \ o A

”

1

I

0 .60 B = Gt
——

feny, B3, Beds B B s 229, o Js Lr )9 L5

Puc. 108. PesyabTaThl AeTaabHOil JHTOXHMHUECKOH cheMku Macwrtaba 1: 10000
B paiione mecTopoXueHHs YsyHiada. [To B. A. Kauunukosy.

| — HeoreH-4eTBEPTHYUNble OTJOMKEHHA M HX rpaHulla; 2 — H3BECTHAKH, MECYAHHKH I CAAHOE!
HIKHEro KapGoHa; 3 — pyAosMeuialoliie H3IBeCTHAKH, JOJOMHTBI M YIJHCTbie H3BeCTHAKH
sTpeHa; 4 — H3BECTKOBHCThlE [MeCYAHHKH M H3BeCTHAKH aMeHa; 5§ — KOHrJIOMepaThi, mec-
qaHukH, Tydonecuanuku GpaHa; 6 — nopdHPHTHI, KBapueBble NpouPbl, MecHAHHKH HH-
BeTa; 7 — pa3pbiBHble Hapyllenus; 8 — CKBA¥HHLI Pa3BELOYHOr0 GYPEHHN; BTOPHYHLIE ope-
oawl paccesnua (B %): 9 — cBunna; 10 — uuHKa

HOBHJIM NOTpYyZC@HUE PYAHON 3aJe)u B CeBepo-3anaiHoM Hanpas-
JIEHHH 1101 YeXoJ HeoreH-yeTBepTHUYHBIX oTJoKeHHH. [Tocneayrwouine
OypoBbie paGoTbl NOATBEPAHIH I[POMBILIJIEHHOE 3HAUEHHE 3TOrO
MECTOPOH ICHHUA.

BropuyHBIll OCTATOYHbLIH OpPeOa paccesiHHA 3TOro MecTOpOXKAe-
HHSl — THIHYHBIA INpPEeICTaBHTe/Nb YaCcTHYHO MOrpebfeHHbIX OpPeoJoB
(cm. puc. 102,6). Takue opeoabl HE MOTYT XaPaKTepH3OBATH Macil-
Tal KOpEeHHOro opyieneHHs Ge3 yuera mnorpeOeHHOH HacTH PYIHOI
30HH. MOIHOCTL HEOTeH-YeTBEPTHYHBIX OTJIOKEHHI 31ech A0CTHraeT
30—40 M. 3TOT npPUMEP — TOJNLKO OAHH W3 PE3YJbTATOB NOHCKOBLIX
u Oonee AeTanbHBIX JIHTOXHMHYECKHX («METa/JOMETPHYECKHX»)
CBEMOK, HIHPOKO mpoBoAuBlInXcA B KasaxcraHe, HaunHaa ¢ 1949 r.
CoBpeMeHHbLIT apuiHLlil KAuMaT, npeodiajaiue cTenibix Janamabp-
TOB, TeCHOEe cOoueTaHue TEOXHMHUECKHX CBEMOK C Ie0JOrHYecKHMH
H reoH3nYeCKAMH HccaenoBaHusMu obecnedHin Bbicokyio addex-
THBHOCTL 3THX pador [14, 25].
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Ha craguy OeTanbHLIX JHTOXHMHYECKHX CBEMOK H IOC/enylo-
mHX TropHO-6YypOBEIX paloT HAKaIIHBAIOTCA CBEJEHHs O MEeCTHBIX
. KO3 QHIHEHTaX OCTATOUHOH NMPOAYKTHBHOCTH, GOJBILINX H MEHbIIHX
.1, Heo6xX0OHMEBIE A/ HPAaBUJBHOIN OLEHKH BHISIBJASIEMBIX OPE0JIOB pac-
‘cestnusa. s Ka)KOOro H3 BaKHENNIHX MeTaJJIOB, NMPOMLILLJIEHHDLIE
"MECTOPOXK/IEHHsI KOTOPHIX Pa3BHTH B JaHHOM paiione, Hafilennble
cornacHo Gopmynaam (18), (19) uam (69) 3Hauenua k wesnecood-
pasHo . TPYNNHPOBATLE [0 OCHOBHEIM THNAM TEOXMMHYECKHX JaHMA-
madTOB, XapaKTepHLIX AJad HccaepyeMoil Tepputopuu. Ilpumep Ta-
'Koro poja moxasaH Ha puc. 109 [25]. Topuele coopyiKeHHsI 3TOTO
xpeOTa CBfA3aHBl C AaJbIHICKHM OpOTeHe30M H XapaKTepH3yloTcd
yepefoBaHieM CTYNeH4YaThlX MOAHSTHI CTOJIOBOTO THIA C TJIyGOKO
pacusieHeHHbLIMH 3pPO3Hell KPYTHIMH CKJIOHaMH. B 3THX ycaoBHAX
KO3 GHIHeHTH OCTATOYHOH NPOAYKTHBHOCTH BTOPHYHBIX OPEOJIOB
paccesiHHsi Pe3KO H3MeHSI0TCS NPH Mepexoje OT BHIPOBHEHHLIX BOJO-
paszesoB ¢ abCOMOTHHIMH oTMeTKaMu mopsajaka 2500 M u ropuo-
JIYTOBBIMH mouBaM#  (kpp~0,07) K aKTHBHO A€HYIUPYEMBIM CKJIO-
HaM [0#HO 3KCMOZHIUH C IJOXO Pa3BHTHIMH LIEGEHUCTBHIMH I10Y-
BaMi (kph=1,0). C yMmenniuenueM abGcO/MIOTHOH BBICOTLI MECTHOCTH
pa3THUHS MeXKAY CKIOHAMH IOKHOH H CeBepHOH 3KCIO3HLHH Ccria-
JKHBAIOTCS. BaKHbIM sBJASETCS HAJHYHE B 3TOM paiioHe 3aKPHITHIX
TePPUTOPHH — YUaCTKOB COXPaHHUBIUHXCS H3BECTHAKOB HeoreHa H
COBpEMeHHbIX «IIPUCJOHEHHBIX» JéccoB ¢ k=0. ®opMupoBaHHe Ta-
KHX Ta0JHYHBIX CHPABOYHBIX JAHHBIX HEOOXOAHMO s JIOLIX pyi-
HEIX palloHOB.

[ R
Apudnan sona | BOHER CYMUTHTR-CEMUTPUTHTR S0HE
fo——>0

M
Joom

11pEF20PHER BRUTHIR J0KT

1000,

B B, s B s ()5 B

Puc. 109. Cxema pa3BHTHS BTOPHYHBIX OpeOJIOB paccesnHs cBHuua jasa Teke-
JIMFCKOIT TPYIIBI MecTopozKieHnit [25].

1 — pyposMelaionine 1Opojil Naneo3os M AOKeMOpHs; 2 — 3JI0BHH BLIDOBHEHHBIX BOJOpa3-
IeJIOB € TODHO-JIYTOBLIMH 1OUYBaMH; J — 3JI0BHO-JleIOBHAI CKJOHOB CeBepPHOH SKCHO3HIHHA
€ XOpOWO PAa3BHTBIMH MOYBAMH; 4 — SJI0BHO-JIENIOBHH CKJOHOB I0XKHOM SKCmosHUHH ¢ rpy6o-
CKeNeTHEIME WeCeHHCTLIMH MOYBaMu; & — 9/I0BHO-AENIOBHI  NPEArOPHOro  MEJKOCOMOTHHKa
€ IJIOXO PA3BHTHIMH NOYBAMM CYXHX creneil; 6 — «npHCIOHeHHBIE» JECCOBHJIHBIE CYTIHHKH;
7 — MeprenHcThle M3BECTHAKH
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BecbMa HarJsiiHbl pe3yJbTaThl AeTAJbHOH JIHTOXHMHYECKOi
cbeMkd Macmitab6a 1:10000, nokasanuble Ha puc. 110. 3jecs BTO-
pHUHBIE OCTaTO4YHLle OpeoJibl paccesHuss Pb yerko orpaxalor mac-
wrab H yCJAOBHSl 3aJjieraHus pPYAHBIX TeJl MecTOpoKAeHHA TekenH
(dxyurapckuit Anaray). BaxuHocte M MHOrooGpasHe reojorHue-
CKHX BbIBOJOB, KOTOpble IPH 3TOM MOMKET NPHHECTH aHaJ/IH3 THIEep-
reHHOro noJsA paccesHus, HamocTpupyer puc. 111. Pynonpossienne
JlepoGepexnoe, oTHOCAIeeCS K PYAHOMY IIOJIIO TOTO JKe MECTOPOXK-
JeHHs, TIPHYpOUYeHO K KapOOHATHO-CJAAHLEBLIM MOPOJaM TeKeaHiic-
KOif CBHTBHI M JIOKAaJH3yeTcsl B JBYX TeKTOHHYecKHX OJiokax. Macui-
Tal MNOJHMETANIHYeCKOro OpYAEeHEHHA Ha JHEBHOH NOBEpXHOCTH
XapaKkTepH3yloT BTOPHUHLIE Opeo/bl paccesHHs CBHHIA, AOMOJHH-
TEeNbHYI0 HHOPMAUMIO HECYT MYJbTHIIHKATHBHEIE OPEOJBI pacces-
Huss Ag-Sb (umagpyanas accoumanusi) u Mo-Cu (nogpyanas ac-
counauus). B 3anmagHoM TekTOHHYeckoM 6J0Ke BechMa caabo mpo-
SIBJEHBl Opeosbl paccesHHss Ag-Sb H J0CTaToYHO YETKO OpeoJibi
Mo-Cu. B npesnenax BocroyHoro 6i10Ka oBGHapYKHJIMCh SpKHE Ope-
onbl paccesiiust Ag-Sb npH MOMHOM OTCYTCTBHH aHOMAaJbHBIX CO-
pepxannit Mo u Cu. HabaiofeHHBIe COOTHOLIEHHS OJHO3HAYHO yKa-
3bIBAIOT Ha TrAYOOKHI 3pO3HOHHBIA cpe3 3amajHoro 6GJoka M Ha
MepcreKTHBHOCTb OpYJeHeHHsi BOCTOYHOro Gsoka.

[TpuBeseunwlii npuMep noOKaseBaeT HEOGXOJHMOCTb TMOCTOSH-
HOrO BHHMAHHSI K «T€OXHMHYECKHM CIeKTpaM» KOPEeHHOTO opyjeHe-
HUA M JHTOXMMHUECKHX AHOMAaJHil, BBISB/JASEMBIX TpPH IIOHCKaXx.
ATHM TEPMHUHOM NPHHATO 0003HauaTh rpaduueckoe HaoGpaxkeHuHe
XHMHYECKOTO cocTaBa o0beKTa, ompeleseHHbIM 00pasoM ynopsiao-
YeHHOe M NpHBeAeHHOe K BHAY, YA0OHOMY AJIsl CpaBHEHHS CO CXO[-
HbIMH oObekTamu [25]. s mocTpoeHHs reOXHMHYECKHX CHEeKTpPOB
BoiGupaercs (HKCHpPOBaHHOe (HampHMep, YNopsjo4eHHOe MO Kiaap-
KaM) pacrnoJioKeHHe PYAHBIX 3JeMEeHTOB Mo OcH abCcuuce mpH Jora-
pudMuueckom MacmTabe H300paxeHHss HX CpPeAHHX COJepKaHHH
(unu mpoAyKTHBHOCTEl) MmO OcH op/JHHAT. B 3ToM cayyae pasjiHUYHSA
HJIH CXOJACTBO MeXAy 00BbeKTaMH BHIABJISIOTCA NyTeM IepeiBHKeHHs
0JIHOTO H3 rpadHKOB BO0Jb OCH OPAHMHAT 10 HX COBMEIIEHHS IO OC-
HOBHOMY pPYAHOMY HJH J10OGOMY JApyroMy sJjeMeHTy. IT0 HCKIIO-
yaer BAHSHHE He HMEIOUINX TeHeTHUYECKOTo CMbIc/ia IoKasaTenel
«GeHOCTH» HJAH «GOraTcTBa» CONOCTABASEMBIX 0OBEKTOB.

Paznuuns MeKay ABYMs CXOJAHBIMH OOGBEKTaMH MOKHO BbIpa-
3HTh C NOMOLLbIO Ge3pasMepHOro reoXMMHUYECKOTO IOKasaTens v,
UHCIHTENL KOTOporo o6pasyer coje; KaHHs 3JIeMeHTOB, Haxons-
uuxes B o0bekte A B H3OBITKe OTHOCHTENBHO 0O6beKTa b, 3HaMeHa-
TeJlb — COEPIKAHHSA 3JEMEHTOB, Haxoasuwuxcsi B o6bekTe A B OT-
HOcHTenbHOM HeduuuTe. Mepoit pasnuunii npy 3T0M OYAeT BeJHYHHA
OTHOIUEHHS Vmax/Vmin.

[To uMc/eHHBIM 3HAUYEHHSAM v; BO3MOXHA CPaBHHTEIbHAA OLEHKa
VPOBHA 3DO3HOHHOTO Cpe3a TreHeTHYeCKH OJIHOTHNHHX O0OBeKTOB,

Xxotd jaas GoJsiee HajeXKHOH oueHKH Z; HeoGXoauMO obpaiarthbes
K [0KasaTeJsiM 30HAJbHOCTH 3TAJOHHOTO. MECTOPOXKJeHHA (cM.
ra1. 4). OTH Ke MoKasaTesu CJAYKAT AJA ONpejeseHHs MeHeTHUECKOMH
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NPHHAMJIEKHOCTH K Pa3JHYHBIM MOATHNAM OJH3KHX IO XapakTepH-
CTHKe OOBEKTOBR B MNpeinooxeHnd o6 HX cxoaHom cpese. Ilo-
CKOJMbKY IO OJHOMY MNPH3HAKY He MOTYT OJHOBPEMEHHO pellaTbCs
JABa BOIpoOca, AJ5 YCTpaHEHHs HeonpeeJeHHOCTH cjelyeT MPHHH-
MaTh BO BHHMaHHe abCOJIOTHBIE COZEpPXKAHHSA TVIaBHEHIIHX PYAHBIX
3JIeMEHTOB HMJIH HX NpOAYKTHBHOCTH (Cmax, M;, P;). [lo aHasaoruu
¢ JHMHeHHBIMH TEOXHMHYECKHMH CHOEKTPAMH CTPOSITCS KpPYroBble
crexTpsl (puc. 112). Ilpu atom crocoGe 3aeMeHTam THIOMOP(HOro
KOMIIJIeKca OTBOASTCH (PHKCHpOBaHHble MecTa Ha OKpyxHocTH. OT-
HOCHTE/IbHBIE COJEPIKaHHs 3/JEMEHTOB Moc/]e HeJIeHHsI Ha cojiepiKa-
HHe OCHOBHOrO MeTajJsa u3o0pamarrcs B JOrapu(pmMuyecKOM Mac-
mrabe MO COOTBETCTBYIOLIHM paxuycaMm. [Lns conocrabienua o6bek-
TOB H BbIOOpPa Vv KpPYrOBLIE TeOXHMHUECKHE CHEeKTPhl COBMEHIAIOT
10 LLeHTPY MaJoro Kpyra H oJHOMMEHHBIM pajJHycam.

JIJisi XapaKTepHCTHKH MeJHOPYAHEIX 00DBEeKTOB MO KPYTrOBLIM reo-
XMMHYECKHM cleKTpaM OBl BLIGpaH TEOXHMHYECKH{I NOKasaTelb
v:———;Z'gf . UucsaeHHble 3HAUEHHSI €ro OTHOCHTENbHO MOCTOSHHBI
JUIS MeCTOpOAeHHH oaHofl dopmauun, Hanpumep | u 2 uau 5 u 6
(cm. puc. 112). BesuuuHbl TOro JKe MmokasaTess IJs MeCTOpOKIe-
Huit 1 w 6, oTHOcsiuXcH K pasHeIM (GOpMALMAM, pasJHYaIOTCH
B 145—600 pas. [lo BeqanyuHe 3TOro mokasaTteass KJacCHQHIHPO-
Ba/IHCh MeJlHble O0G'beKTbl HESCHOH MPHHAMJIEKHOCTH.

Meroa reoXMMHYeCKHX CHEKTPOB NpHMeHsieTcs /s YCTaHOBJe-
HHS pa3JHUHi MeXkKJ1y CXOJHBIMH 00BeKTaMH — JJI COMOCTaBJeHHA
pasHBIX ceuyeHHil 0JHOTO MECTOPOXKAEHHS, ABYX HJH HeCKOJbKHX ce-
qeHHH reHeTHYeCKH OJHOTHMHLIX MECTOPOXKIeHHH, CXOAHBIX Te0XH-
MHYECKHX aHOMaJiHii, nerporpaduiueckn HepasaIHIHMBIX TOPOJ H T. II.
3ajaun, CcBA3aHHble C MHOTOMEpHOI KJjaccHpHUKalheld CXOLHBIX
TeoXHMHYECKHX aHOMaJui, ycmeliHo pemaiorea Ha IBM ¢ npume-
HeHueM (aKTOPHOro H KJAaCTepHOro aHa/H30B, NyTeM HCCiel0BaHHs
KOppeNALHOHHbIX 3aBHCHMOCTeH MeX/y reOXHMHYECKHMH CHEKTpaMH
MK MaTpHuaMi KospduuuentoB koppeasuun [42]. Has paagene-
HHA OJIHOPOAHBIX TEOXHMHUECKHX NAHHLIX 3((MEKTHBHO NMpHMeHeHHe
JHCKPDUMHHAHTHOTO aHaJju3a, YNPOIEeHHBIM AaHAaJ0roM KOTOpOro
SIBJITETCS METOJ Te0XHMHUECKHX crnekTpos [25].

Onuu M3 KpurepHeB KJaaccHbUKAaOHH H OLEHKH THMepPreHHbIX
JUTOXHMHYECKHX aHOMaJuil — UX KoHbUrypauus B IjaHe U IpPH-
ypoYeHHOCThL K hopMaM coBpeMeHHoro penabeda, yTo oGHapyIKHBa-
eTcsl MPH PacCMOTPeHHH KapT H30KOHUEHTPANHH PYAHBIX 9/€MEHTOB
B mone paccesHus. Eciu ock aHOManuW Ha TOPHOM CKJOHE CEYeT

Puc. 110. Teonornueckast cxema (A) W BTOpPHYHEIE OpeONB paccesHust cBHHIA (B)
pyanoro moas Terenmitckoii rpynner mectopomienuit. [To B. E. Paeposy u
C. A. Muasesy.

1 — u3pecTHAKH noApyAHoff naukH; 2 — MepecnauBaHHe H3BECTHAKOB, TJIHAHCTHIX cJaHLEB
PYAHOH NaukH; J — YIJMCTO-KPEeMHHCTHIE, YIJIHCTHIE, YIJAHCTO-TIAHHHCTBIE CaaHObl HAAPYAHON
maugH; 4 — [NHHHCTO-KPEMHHCTLie CHaHIbl; § — NecyaHHKH; 6 — aHAe3HTOBble MNOP(UPHTEL
7 — rpaunr-nopdupst; 8§ — nuaGazosble nophupyTH; 9 — BEIXOABL PYAKBIX Tex HA AHERHYI
MOBEPXHOCTE (@) M TPOEKIHs CHeNnslX PYAHHLIX Ten (6); [0 — 3neMenTn 3aneraHus Nopoj
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Puc. 111. Teonornueckast cxema M BTOPHUYHHE OpeoJbl
paccessHuA IMOJHMETAJIHYECKOro pyronpossnenus Jleso-
Gepemuoe, o P, A. Heerapesy u C. A. Muasesy.

1— nepeciaiBanne H3BECTHAKOB, H3IBECTKOBO-IVIHHHCTBIX CJaHlen;
2 — rJIMHHCTBIE W3BECTHAKH; J — YrAHCTBle CaaHilbl; 4 — YIIHCThIE

H3BECTHAKNK; J-— aHAC3HTH; & — anaGa3oasle nopduputel; 7 — rpa-
HHT-TOpUPLl; 8 — TEKTOHHYECKOE HapylleHHe; 9 — 3iAeMeHThl 3aJje-

raHus nopon




Pasnuyua

Pb
Fb: G
Ba COBE
£ Mo Sr Mo
Ag n Ag Mn
Zn Hg
s Zn. Ash Hg As
& y=0005 V=250
o
5 Pb Co
<
*‘ Ba
Sr
Ag Mn
LT g
s
v=0,012 =420

Puc. 112. KpyroBele re0XHMHYECKHE CHEKTPHl MeJHBIX MecTopomzaeHuit Crmacckoii
pyauoii 3ombl. OTHOWIEHHE CcpeJHHX cojep:Kanuii 12 pynHux 3JeMeHTOB K CO-
JlepiKaHHaM MenH; amamerp kpyra pased 1gl0. [lo H. A. Koweaesoil.

dopmanud; 1, 2 — MoaHGAeHOBO-Me/lHas nNOCJecpe/lHeleBOHCKAR; 3A4—Meﬂ.ﬂownuag nocne-

cpenHefeBoHCKas; 5, 6 — MeJHOpYAHAas cpennejleBOHCKas V = e
0-Co

rOpH3OHTa/Nu peabeda MojA OCTPHIM YIIOM H COXpaHseT CBOIO Npd-
MOJIHHEHHOCTh NPH Mepexoie uepe3 JOJHHY MK BOAOPA3ILEST — 3TO
XapaxkTepHLIii IpH3HAK OCTATOYHOTO OpeoJia paccesHHs KpyTomna-
Aawlleil pyaHoil 3oHE. Ec/iH U30KOHLEHTpaThl U OCh aHOMaJHH MO-
BTOPAIOT H3OTHICH pedbeda — 3T0 MPH3HAK TOPH3OHTAJIBHOrO 34-
JIeTaHus pyAHOi 30HB. M3j0M ocH aHOManuu NpH mepexojie uepes
BOLOPA3/1e/] HIH JOJHHY NO3BOJAET ONPeJCNHThL a3HuMyT NajleHus
pyaHo# 30HB. Ecu aHoMasus nposBieHa TOJNbKO HA OIHOM CKJIOHE
H BBHITAHYTAa 10 rpaaueHrty peaveda, wacTe ee, NpHypoueHHaAsd
K HHKHEMY BOTHYTOMY HHTepBady CKJIOHA, BEPOATHO, ABIAAETCA
uiteiiom opeosa W He Hmeer mNojJ €Oo60I KOpPeHHOro Opy/JeHeHHs,
KOTOpOe ClIelyeT OXKHAATL TOJLKO B palioHe BepXHero oTpe3ka auo-
MaJuH (cM. pasgern 3.9).

Bce 3TH 0cOGeHHOCTH TEOXHMMHYECKOTO TOJS TPOABISIOTCA NPH
YCJOBHH NpPAaBHJILHOTO NPOTSTHBANHS H30JHHHE, H CTaHZapTHasS
HHTEPHOJAINA N0 KpardafineMy PACCTOAHHIO MeXIY CMEeKHLIMH
NpopHAAMY He BCerja Jyunias. .

[To peaynbraTam zeTajbHBIX H OIEHOYHKIX paboOT B 30HE reo-
XHMHYECKOJi aHOMAaJH{ 3afajTcsi MepBble TOpHbIE BHIPAOOTKH H
CKBAJKHHLI C 11€JIbI0 BCKPHITHS W ONpofoBaHHs MOJE3HOTO HcKomae-
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MOro B KOpeHHOM 3aJjeraHui. PasBeiky BTOPHYHBIX OCTATOUHLIX
OpenJioB paccesiHHs IMPH MOIIHOCTH pLIXJBIX 00pasoBaHuii Melee
3 M BO Bcex cayvasx cjeayeT BecTH KaHaBaMu. Memnee najgexua
pasBeiKka TeoXHMHYECKHX aHOMaJHi wypdamu, NpH KOTOpOi BO3-
MOXKEH Iponyck I0JEe3HOro HCKOMaeMoro Mexay BhipaboTKaMmH,

Benen 3a ropHeiMH pafoTaMH HJAM HE3aBHCHMO OT HHX, €CJIH
reoJIOCHYECKHE YC/IOBHSL MX HCKJIIOYAI0T, B 30HE TeOXHMHYeCKoli
aHOMAJIHH, noJyuMBLIeH OJaronpHATHYIO OLEHKY, 3aJaloTed Mo-
HCKOBO-DA3Be0YHBIe CKBAaKHHEL. B0 Bcex cayuyasix CIJIOIIHOE Teo-
xuMHYecKoe onpoboBaHWe KaHas, WYP(OB H KePHA CKBaxKHH 00s-
3aTeJNBHO.

Ecan nmapaMeTpbl MmoJie3HOro HCKONaeMoro, BCTPEYEHHOrO BBI-
pabOTKaMH, H OLEHKa NPOrHO3HbIX pecypcoB OOBEKTa OTBeYalioT
NpOMBbILLIEHHEIM TPeOOBAaHUAM, CTABHTCH BONPOC O Nepexoje K ero
npeABapuTenbHoli passeake. JlanHble reoXHMHUECKOro OnNpo0oBaHus
KOPEHHOro OpyJeHEHHS MNPH 3TOM YTOYHSIOT OWEHKY €ro 3po3noH-
HOI'O cpe3a M MporHo3 Ha ray6uHy. B panbHeiiniem reojorudeckue
3ajd44 H KOHKpeTHOe coJlep:KaHHe TeoXHMHYECKHX HCCae0BaHHuil
onpeaessiioTcsl X0A0M passBefoyHbIx pabor. B menee Oaaronpusr-
HOM cJydYae BbIpaOOTKH MOTYT BCTPETHTb TOJBKO HENMPOMBINLIEH-
HYI0 MHHEpPAJH3alHI0 H TOTJa, HCXOJs H3 ee FeHeTHUECKOro THma H
MECTHBIX CTPYKTYPHO-T€OJIOTHYeCKHX YCJIOBHi, CTaBHTCA Bompoc
0 BO3MOXKHOM €e NPH3HAHHH HAAPYAHbIM NMEPBHYHBIM OpPEOJIOM cJle-
noji zanexu (cMm. puc. 55). IToao:kurenpHoe pelleHHe 3ITOr0 BOIM-
poca Tpefyer OypeHHs IONOJHHTEJBHBLIX OoJiee IyGOKHX MOHCKO-
BLIX CKBamuH. B o0oHX ciayuyasx ycmex reoXHMHYeCKHX Hcc/eLoBa-
HHIl onpelensiercss 3HaHHEM IepBHYHON 30HAJbLHOCTH, 3aKOHOMep-
HOCTH pa3BHTHs HaJpPYAHBIX OpEOJOB H JPYrHX TeOXHMHYeCKHX
0co6eHHOCTEH reHeTHYECKH OMHOTHIHBIX MeCTOPOMKACHHIl

6.2.3. Ot6op, 06paGoOTKa K aHaaAH3 P0G

He noane:xut COMHEHHIO, HTO JYHYLIHMH JOJKHBI CHHTATHCS Teo-
XHMHYECKHe MeTOAbl, C MOMOLIbID KOTOPbIX MOHCKOBbIE CHEMKH BhI-
NOANAIOTCH B ABMKeHHH, Oe3 npoboorbopa, ¢ AMCTAHIHOHHBIM HJIH
KOHTAKTHBEIM HellpepbIBHBIM ONpejejeHHeM cojepXKaHHi XUMHUECKHX
ajeMeHTOB. K yHeay TakHX METOAOB NMpHHA/IEKAT, HAampuMep, raM-
Ma-ClneKTpaJibible BO3AYILIHbIE, aBTOMOOH/IbHBIE H neuiexoaHnie
CBEMKH, BKJIOYAs WINYpPOBble, TayOHHHbIE M KapoOTa)KHble HCCIEI0-
BaHHsd, NpH KOTOple HeNnpepblBHO HJH B JAHCKPETHBIX TOYKAaX, Ha
[IOBEPXHOCTH 3eMJH WIH B CKBAXUHAX ONpeRensiloTCs COAePKaHHS
U (no Ra), Th u *°K, o6buHo B aBTOMaTH4YecKOM pexume. DBes
npo6ooT6opa BHINOJHSAIOTCS ABTOMOOH/bLHBIE M MeLIeXOAHbE CheMKH
¢ OepwianoMerpami, GTopomerpuueckue u dochopomerpHueckue
HEHTPOHHO-AKTHBAUHOHHEIE CheMKH, BO3MOXHBI GOpOMeTpHuecKHe,
raso-pTyTHHIE BO3JYIIHEIE H B NPH3eMHOI aTMocdepe, Ja3epHbie aT-
MOXHMHYecKHe (BO3AYIIHBEIE) H aBTOMOGHIbLHBEIE 1O MeTaHy, a3poreo-
XHMHYECKHE MO MeTaJJIOOPTaHHYECKHM COEJHHEHHS M M HEeKOTophie
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apyrue. Bee 3TH MeTOAbl MMEIOT pas3jiHyHble NepcrneKkTHBbLl AafibHei-
IIEro pasBHTHHA M NPAKTHYECKOro NPHMEHEHHs AJs TeOXHMHYECKHX
NONCKOB TBEPALIX TNOJE3HbLIX HCKOmaeMmbix. Hekotoppie H3 HHUX He-
3aMeHHMBbl LISl pelleHHs clelHaJbHbIX 3ajay (HampHMmep, asporeo-
XHMHYeCKHe TIOHCKH MeCTOPOK/JeHHi paJHOAKTUBHEIX pY/) HJH Ha
CTajiui JAETalbHBIX padOT H reoJIOTHYECKOr0 0CMOTPa TeOXHMHYe-
cKux anomanau#, OnHaKO 3aMeHHTh TFeOXHMHYecKHe CBHEeMKH C Ipo-
600TGOPOM OHH TOKa €lle He MOryT.

Huxe Kparko paccMatpuBaercss Xopomo orpaboTaHHas Tex-
HHKa MaccoBoro orbopa, 06paboTKH H aHalH3a pa3/HYHBIX JIHTO-
XHMHYeCKHX npob, cJ0KHBLIAACA B pe3yJbTaTe MHOr0JeTHEro
OTBITA.

JInToxumuyeckHe CbEMKH MO TOTOKAM paccesdHHsi NMOAYHHSIOTCS
MECTHOH THApOceTH M BeayTcs Oe3 TomorpaHyeckoil NOArOTOBKH
¢ moJeBoil JOKyMeHTalHeil npoGoorfopa Ha kKaprax MaclitaboB
1:100000—1:50000 uim Ha KOHTAKTHHIX OTneyaTKax aspohoTo-
cbemMkn (o6biyno 1:30000). IMpoGoorGop npH cpeaHeMacluTabHbIX
JHTOXHMHYECKHX MOMCKAX MO BTOPHUHBIM OpeoJjlaM paccesiiusi Be-
JeTCsl ¢ NMONYTHBIM MHKETaXKeM MO CHCTeMe mapaJiesibHblX npodH-
Jefl, onHpaloHXCH Ha 3apaHee reoJle3HYecKH MpoJOXKeHHble Maru-
crpaJH, uyepes Kaxjaele 10 cM B pabouem macwrabe cbemkH. [le-
TaJlbHble JHTOXHMHYeCKHe cheMKH B Macmrabe 1:10 000 u xpynhee
BLIMOJMHAIOTCS 1O FOTOBOH Tomorpaduyeckoil cetu npoduieid H mu-
keroB. Hanpasnenne npodusieii Bo Bcex cayuasx BblGHpaercs
BKpecT TOCHOACTBYIOUIErO MPOCTHPAHHS  PYAOKOHTPOJHPYIOUHX
CTPYKTYP.

[Ipn NOHCKOBHIX JHTOXHMHYECKHX CheMKax MO NOTOKaM H Opeo-
JlaMm paccesHus B npoOy oTOHpaeTcs MECTHEI «MeJKOo3eM» ¢ cobJio-
JIeHHEeM CTAHJApPTHHIX YCJIOBHI H MHHMMaJbHOR TayOMHBI, Oonmpeae-
JISIeMOii ToJIOKeHHeM NpeAcTaBHTeNbHOro ropusonta. ITpoGer no-
MelamTcsl B 3apaHee HyMepoBaHHble Melnoyku. Mcxoanas macca
npo6ut okoJio 200 r.

PaGoThl BenyTcs B JeTHHi nmepHoi. Bpuraga moja pyKoOBOACTBOM
crapimero KoJJexkropa (MJajmero reojora) orbHpaer 3a CMeHy
B 3aBHCHMOCTH OT KaTeropHH MecTHoCTH H3 ammoBus 20—30 npob
npu ware 500 M, uz saoBHOo-AemioBHA 100—200 npo6 npu mare
50—20 m. 3atpyaHenus ¢ npo6ooTGOPOM MOTYT BO3HHKATh B paiio-
nax Kpaiinero Cesepa, rje B pesyJbTaTe MOPO3HOrO BbIBETPHBAHHA
Ha TOBEPXHOCTH TOPHBIX CKJOHOB HEPeAKO pasBHTH KYpPyMbl —
CIJIOMHON MOKpPoB rpyboobGiaoMounbix obpasoBanuii. [Ipyroii Bo3s-
MOXKHOH NPHYHHOM 3aTpyjAHeHuii npu npoboorbope B Tex e paiio-
Hax sBJAAETCS Pa3BHTHE Ha CeBepHBbIX CKJIOHAX MOUIHOTO MOXOBOTO
MOKPOB4, HENOCPEICTBEHHO IOJ KOTOPHIM Jake B KOHLE Jera 06-
HapyKHBaeTcs YCToliuuBas Mep3JoTa. B IOKHBIX NYCTHIHAX apHAHOI
30HB B 3JI0BHAJbLHO-/e/I0BHA/NbHEIEe 00pa30BaHUA NPHBHOCHTCH Ibl-
JIEBHIHLIi MaTtepHaj 30/0BOT0 NPOHCXO0XJAeHHs, pa3y0oxKHBaIOUIMIT
BTOPHYHBIE OCTATOYHLIE OPEOJibl paccesHHs MecTOpoXkKAeHHiH. B 3THX
pailonax M3 npob6 cJaelyer yAaasTb TOHKYI0 (pakuHio nyreMm ee
orcesa uepes curo 0,25 mm.
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B 0oOBIYHBEIX ycaoBHsAX NPoOLI, OTOHpaeMble NMPH JHTOXHMHYECKOI
CheMKe, I0c/Ie CYIIKH npocenBalores yepes curo 1,0Mm (uan 0,5 mm)
¢ yjaaneHueMm KpynHoii ¢pakuuun B otBad. MccaemoBanust rumnepreu-
HOTO MOJIA paccesHHsi MO TOHKOj ()pakuMH MPOLYKTOB BHIBETPHBA-
HHSL 00ecrneunBaloT XOpouylo BOCIHPOH3BOJAHMOCTb DPE3YJbTATOB JIH-
TOXHMHYECKOH CBEMKH.

[Tpu noHckax no nepBHYHBIM OpeojaM BeAeTcs CIVIOWHQE onpo-
GoBaHHEe CTEHOK rOpPHbIX BHLIPAGOTOK M KepHAa CKBAXKHH METOI0M
«IYHKTHPHOM GOpo3bl», myTeM oObeanHeHHs B OAHY mpobGy 8—10
CKOJIKOB NOPOJbI ¢ 3afaHHOro uurepsa/na. O6bluHaf JJHHA HHTEp-
Bajia onpoboBanus 2—5 M, Ha nepudepnn pyanoro noas 10—20 m,
macca npo6ur 300—350 r. [lepex merupanuem 3TH MPoGH MPOXOAAT
gpobieHne M cokpauieHue go 50—100 r.

Ilpn cbeMKax JOOBIM H3 TEOXHMHYECKHX MeTOAO0B MpolooTiop
NOKYMEHTHPYETCsi B IOJIeBbIX XKypHAJax H, €C/H He HCMNOJAb3YITCH
a3poGOTOCHHMKH MJIH NJaHbl TOpPHBIX BBIPabOTOK, ¢ TJasoMmep-
HBIM cocTaBjeHHeM aGpuca MecTHOCTH. Jl/1si OlEHKH KadyecTBa reo- .
XHMHYECKHX CDBeMOK IPOBOAHTCH exeMeCAYHBIH MOBTOPHO-KOHT-
poJIbHEIT npo6ooT6op B o6beMe He menee 3 Y% [21].

Pemaioiiee 3HaueHHe /s pe3yabTaTOB TIeOXHMHYECKHX IOH-
CKOB HMeeT aHaju3 Inpob JioObIM MeTOAOM, YAOBJETBOPSAIOIHM
CJeyIOLHM OCHOBHBIM TpeGoBaHuAM: 1) uyBCTBHTe/NbHOCTb aHaJH3a
JosiKHa ObITh A0KJApPKOBOH; 2) BOCMPOH3BOAHMOCThL — JOCTATOYHOMN
AJsi pellieHHs [OCTaBJEHHBLIX TeOJIOTHYECKHX 3ajau; 3) 3Kcmpec-
CHOCTb — BBICOKOH, CTOMMOCTb — MHHHMaJbHOH. K HHM MOMKHO J0-
6aBHTb TaKHe TpeGOBaHHsA, KaK BO3MOXKHOCTb BBIIOJIHEHHS aHaju3a
npo6 6e3 XHMHYeCKOH MOJATOTOBKH M B NOJIEBBIX YCJOBHAX, B TOM
yHeJe ¢ MNOpPTaTHBHBIMH npHOOpaMH, OJHOBpeMeHHOe OmpejeleHHe
MaKCHMaJbHOrO 4YHCJA 3JIeMEHTOB, 0XBAaT OOJLLIOTO JHanasoHa
cojepxanuil — 1o 5—6 u Oojiee MaTeMaTHYECKHX NOPSAKOB, BO3-
MOKHAasi NPOCTOTA W OOBEKTHBHLIH XapaKkTep AOKYMEHTALHH Pe3y.b-
TATOB, NMOJHASA ABTOMATH3alHA aHaJu3a U NPSAMOil BBOJ, Pe3y/bTaToB
B 9BM u np. Hekorophle u3 3Tux TpeGOBaHHII HOCSAT MPOTHBOPEUH-
BHIi H TPYAHO COBMECTHMBIi XapakTep — HampHMep, BBICOKAs YyB-
CTBHUTEJNBHOCH H TOYHOCTH TPH HU3KOi CTOMMOCTH aHa/JIH3a WJIH 1op-
TAaTHBHOCTb annapaTypbl H MaKCHMaJIbHBI NepeyeHb OnpefesseMblX
3J1eMeHTOB.

B cBoe BpeMsi OCHOBHBIM H3 nepeuyuc/JAeHHbIX TpeOoBaHHH B Hau-
Jyulleji CTeneHH YJOBJETBOPAJT 3MHCCHOHHBI CMNeKTpaJbHBIH aHa-
Jau3, Ha Gase Kotoporo 50 JieT Has3aj B HaweH cTpaHe BO3HUK/H H
noJy4uan 3¢hdexTHBHOe NPHMEHeHHe reOXHMHUeCKHe MeTOJbl IOHC-
KOB TBEpPABIX MNOJie3HHIX HcKonaeMwlX. CnekTpajbHBII aHaJH3 He
MOTEPSJI CBOET0 3HAYEHHH JJIsi TEOXHMHYECKHX MOHCKOB, OJHAKO pas-
PBIB MEXAY COCTOSIHHEM aHaJHTHYecKoil 0a3bl M TpeOOBaHHUAMH mO-
HCKOBOH NMPaKTHKH OlLLyLlaeTcs BechMa OCTPO H NPOAoJKaer yriayo-
JAsThes. B mactosuiee BpeMsi CHeKTpasbHLIA aHadu3 Ha 40 XHMHue-
CKHX 3JIeMEHTOB MeTOJOM BJAyBaHHS («IpPOCBINKH») MOPOLIKA
npobul B CTaOM/IH3WPOBAHHYIO JAyry NEepeMeHHOro TOKa BBIMOJIHS-
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eTCsl Ha OTeuyecTBeHHBIX AH(ppakuUHOHHBIX cnekTporpacdax H®C-13
(nan J®C-8) BulcoKol paspeiualouieil CHJBL.

PacmudpoBka cnexrporpamMm B OOJBIIHHCTBE 3KCIIeANIHOHHBIX
siabopaTopHil BejleTCs BH3YaJabHO. [laHHble aHaan3a BO BcexX jauamna-
30Hax colaepxaHuH, HaA4YHHaAA OT nopora 4YyBCTBHTEJbHOCTH, BhIpa-
MAIOTCA JeCAThIO JHCKPeTHHIMH UH(ppaMH Ha KamAwli NOpALOK:
1; L,2; 1,5; 2; 2,5; 3; 4; 5; 6; 8. D10 oTBeuyaeT paBHOMEPHOH IIKaje
B JorapudMuyecKoM Macimutabe H sABJIfAeTCs 006A3aTeNbHBIM TIpH
reoOXMMHUYECKHX nouckaX. B mepemoBbix /naGopaTopHsiX BeaHUHHA
cpeiaHeil OTHOCHTEIbHOH MOTPEIIHOCTH HE3aBHCHMBIX KOHTPOJbHBIX
aHanM3oB He BBIXOAMT 3a mpepenant 1,25%1—1.4+! (npu nomycke
1,5%'), 3a cuyer BHICOKOH ClelHaIH3alHH HCIOMHHTENEH H pasgene-
HHs TPyAa MaKCHMaJ/bHAasi NPOH3BOJAHTENBHOCTb B KpPYIHBIX IOJe-
BHIX JabopaTtopusax reopHsnyecknx skcreauuuit Kasaxcrana s jer-
HHe MepHOAL jocTHraia 2—4 ThIC. Npo6 B CYTKH IIPH TONOBBIX
ob6bemax po 600—800 twic. mpo6 [25], B oTmenbHBle TOAB — O
1 MmuH.

CyulecTBeHHBIMH HeJOCTATKAMH pPSAJAOBOTO CHEKTPAJbHOrO aHa-
JIH3a SIBJISIOTCA HEYIOBJETBOPHTEIbHAS UYBCTBHTEJbHOCTb ONpee-
aenust Au, W, Sb, Ta, Nb, As, P, Hg u neoGecrieueHHOCTb re0XHMH-
4ecKHX JabopaTopHili ycTpoiicTBaMH JAJII aBTOMATHYECKOI'O BBOJA
nannbix B OBM. Hapsiny ¢ sMHCCHOHHBIM CIEKTPaJbHBIM aHAJIH30M
NPHMEHAITCA APyTrHe MeTO/HI.

1. AtoMHO-aGcopOIHOHHBII aHaJH3 Ha PTYThb — BEICOKO 3{dek-
THBHBIH, YHHBepcaJbHBIii H HanboJee HALEKHBIH METOJ, MOJYYHB-
WM 1HPOKOe MNpHMeHeHHe IpH JIOOBIX BHAAX TeOXMMHYECKHX
CHEMOK, BKJuas aHalH3 TBepAbIX, BOAHBIX M Tas3oBbIX ™poo,
a Takie pacTHTeJbHOCTH Oe3 ozosenus. OnpeneneHusi BeayTcd IO
MHTEHCHBHOCTH TNOIJIOIIeHH pe30HaHCHOH JHHHH PTYTH 253,7 HM
B ra3oBoii ¢aze uccaenyemoii npoObl. AToMu3auusi pTYTH NpH aHa-
au3e TBepAnx nmpo6 Beaercs u3 HaBecku 0,5—1,0 r myTeM ee Har-
peBa a0 700°, HCTOYHHKOM H3JYUEHHS CJYXKHT PTYTHO-KBapieBas
aamna. IIpun ananuse napel pTyTH NpelBapHTENbHO OCAKAAIOTCS
Ha 3o0J0ToM copleHTe ¢ NoOcHAeAyIOlUlell aBTOMATHYECKOH pecopO-
et H 3aMepoM ee CcOoAepXKaHuH npH BH3YaabHOH HH(PPOBOR WK
neponumyiied perucTpaium.

2. XuMHKO-a6copOLHOHHEIN aHANIH3 Ha 30JI0TO CO CNEeKTPaJbHEIM
okonuaHueM, npeanoxennsii H. M. Cadponoseim B 1955 r., mmpoko
npumensiercs B CCCP u apyrux couuajHcTHUecKHX crpanax. Uyser-
BHTEJNBLHOCTL onpefeneHuii 5-1077 % Au Jauip HeMHOro yerymaer
HeoOxogumoii. C npuMeHeHHeM 3TOr0 MeTOAa aHaJH3a B Hallell
cTpaHe BLIMOJHAIOTCA BCE 30JOTOMETPHUECKHE CBHEMKH M CJeJaHbl
OCHOBHbIE TPOMBILIJIEHHBIE OTKPLITHS.

3. AToMHO-a6GcOpOIHOHHBIA TVIAMEHHBI CIEKTPaJbHBIl aHaJH3
Ha OOLIMPHYIO TPyNny PyAHLIX 3JE€MEeHTOB OCHOBAaH Ha H3MepeHHH HH-
TEHCHBHOCTH TMOTVIOLLEHHS MOHOXPOMATHYECKOTO HM3JydeHHs! JaHHOTO
3j7ieMeHTa NMapaMH aHaJH3HpyeMoil npoObl, BBOAMMOI B IJiaMsi ra-
30BOIl Topesiki B (popMe pacTBopa. MCTOUHMKOM H3JIyuyeHHs ClyzKaT
Habopel cleuHaabHBIX JaMm ¢ HOJBIM KATOAOM, OOBIYHO HA TPH

269



pyAnBIX 3jeMeHTa Kamjaas (nampumep, Cu, Ni, Co). Ilpn awanuze
Ha OJHH 3JIleMEHT NpOoH3BOAHTeJbHOCTL AocTuraer 600 snemeHTo-
onpejeseHuii B yac. Ycrynas 3MHCCHOHHOMY aHaJH3y MO TEXHHKO-
9KOHOMHYECKHM TOKa3aTelsM, npu OJH3KOM 4YyBCTBHTEJBHOCTH,
3TOT MeTOJI MMEeeT CYIIeCTBEHHO 0oJiee BHICOKYIO TOUHOCTD.

4. Spepro-pH3HUECKHE METOABl ONpefeseHHs cofepKanui oj-
HOrO KOHKpeTHoro saeMeHTa. K HuM oTHOcHTcs (OTOHeHTpPOHHBII
aHa/JH3 Ha OepHJJHIl, OCHOBaHHBIH Ha sjepHoii peakuun °*Be-4y
kBaHT—®Be + n. fapa Gepunans o61anaioT HauMeHblIeH sHepryeii
CBsA3H HelTpoHoB — 1,666 MsB, Oamaiinji HHU3KHII mopor Qoro-
HelITpOHHON peakuuH uMeer Aedrepuit — 2,226 MsB. OGayuas
npoObl HJH TOpHble NMOPOJbI B €CTECTBEHHOM 3ajleraHHH y-JyuyaMu
¢ 3HeprHeii Goabuwe 1,666, Ho meHbue 2,226 MsB, ygaercs oGec-
NEYUTh BBLICOKYI0 H30HpaTeNbHOCTb (OTOHEHTPOHHOH peakiuHH Ha
Be. TaknM HCTOYHHKOM CJYXXHT pajHOAaKTHBHBEIA H30Tonm ''Sh
¢ 3HeprusiMH uaayvenus 1,7—2,1 MsB, smuccus HeliTpoHOB H3Me-
psAeTcsl MPONOPLHOHAJBHBIMH CUETYHKAMH.

HefiTpoHHo-aKTHBALHOHHLIM METOAOM C MOJOHHI-GepHIIHeBEIM
HCTOYHHKOM ONpelensiiorT cojepxanus ¢Topa u KocBeHHo — doc-
¢dopa. Meron ocHoBaH Ha sigepHoit peakuun '°F(n,a)'®N, npore-
Kawmeil Ha OblcTphX HeliTpoHaX. ['amMMa-uajyuyeHHe KOPOTKOXKH-
BYylllero n3orona ' N uaMepsercs CUHHTHAIALHOHHBIM CIIEKTPOMETPOM.
UyBCTBHTENIbHOCTb ONpeneNenuii Hpn WMnypoBoil (TOpOMeTpHYe-
CKOfi cpemKe Ge3 mnpoboorGopa cocrasaser 0,1 %F, 1. e. nocra-
TOYHA TOJbKO JAJA pa3BeikH. AHaiau3 npo6 Ha ¢ocdop ocHOBaH
Ha TECHOIl KOppeJasiiiu ero cojepxKaHuil ¢ copepxKaHusmu ¢ropa
B (ocopHTax, OCHOBHBIM MHHEPAJOM KOTOpHIX sBJsiercsa QTop-
anatut — Cas[PO,LF.

HeiliTpoHHO-aKTHBaHOHHEII aHa/NH3 Ha 30J0TO MO H30TONY
1%%Au ¢ JOKIapKOBOj uyBCTHTeNbHOCTbIO n- 1078 9% BHIMOJHSIETCS
C MOLIHEIMH HCTOYHHKAMH HEHTPOHOR,

5. BeICTPO pacuiipsercs nNpHMeHeHHe MpH TeOXHMHYECKHX TMO-
HCKax W peHTreHopaauomerpuueckoro anaauza (PPA). Meron
OCHOBAH Ha 06Jy4eHHH BellecTBa Y-KBAHTAMH H H3MepeHHH Xapak-
TEPHCTHYECKOTO BTOPHYHOrO H3JaydeHHs sJaemeHTos. [Ipemmymect-
Bamu PPA aBasioTcsl npocTota H MOPTATHBHOCTbL annapaTyphl, NpH-
TOJHO A/ paBGOTHl B NMOJEBLIX YCJIOBHSAX.

[Tpu PPA artombl Bo36Gyxkaaioress Ha K- i L-ypoBHSIX 3J1€KTPOH-
Hoit o6Gonouku. Jlas oO6ayuenust NPHUMEHSIOTCS H30TOIHbLIE HCTOY-
HHKH, peXe TNOpTATHBHLIE peHTreHoBckHe TpyOku. Hamepsiorcs
Hanbojiee MHTEHCHBHBIE JIHHHH XapaKTEPHCTHUYECKOTO H3JIydeHHs
K-ceppu — oy B o, L-cepuu — oy u By, A8 DErHcTpaunuu BTO-
PHYHOrO y-H3JAYYEHHs CAYKAT CUHHTHIJISALHOHHBIE, M[PONOPILHO-
HaJbHBle H TIOJAYNPOBOAHMKOBLIe cuerTunkH. CnemuanbHo ans PPA
NpH TeOXHMHYECKHX TOHCKAaX BBLINYCKAIOTCA ABYXKaHAJbHBIE IIpH-
6opst PPIIIA-1, PPK-103, «Ilouck», oaHokanaibHbie BPA-6,
PIIC4-01 «TI'arapa», PPK-102 «<Munepax-6» u ap.

Boamoxnocts onepatusnoro nosesoro PPA peanusyercs nytem
ofnpefeneHds CYMMBI cOMAep:KaHHA XaJbKO(MHJIbHBIX 3JIeMeHTOB
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¢ OJH3KHMH 3HepPTHSAMH Xapakrepucruueckoro wuaayuenust. I[Topor
oOHapyxeHHs1 CyMMBbl XaabKopuabubix saemento npu PPA co-
crasiger 0,005—0,01 %, ocHOBHOIT BKJaJ BO BTOPHYHOE PEHTreHOB-
CKOe H3JyueHHe Aal0T Me/b, UHHK, CBHHEI] H MBIbAK.

[Mpumenenue PPA uenecooGpasHo Ha CTaJuM JIeTaJbHLIX JIHTO-
XHMHYECKHX CBEMOK NpH OLEHKe TreoXHMHYeCKHX aHoMmanuii u3Be-
CTHOTO 3JeMEHTHOr0 cocTaBa. 3aMEHHTh APYrHe MeTOJs aHajaH3a
Ha CTajusgX MeJkoMacmTaGHBIX reoXHMHYECKHX cbeMok PPA He
MOZKeT.

6. 3a nocaeaHue rojibl BO3OOHOBHJCH HHTepec K MpHMeHeHHIO
NpH TEOXHMHYECKHX MOHCKAX HOHO-CEJeKTHBHHIX 3JEeKTPOJOB, HC-
NMOJb30BAHHBIX JJif 3TOH Heau euie B 1932—1937 rr. [34). Heocno-
pHMBIE NPEHMYIIECTBA CMEKTPaJbHOrO aHajJH3a B TO BpeMsl HpH-
BeJIH K NpeKpauleHHio paboT ¢ 3THMH 3J1eKTPOAaMH, OJHAKO COBpe-
MEHHBEIE JOCTHXKEHHS B TeXHHKE HX NpHMeHeHHs O0YyC/IOBJAHBAIOT
NepecMoTp 3TOTO BOIpOCA.

B 6mmkaiimem OyaymeMm AONYCTHMO OXKHJATH TOABJEHHA NPHH-
IHNHAJTbHO HOBBIX METOJOB H3MEpeHHs TEeOXHMHYECKOro o,
cnocoOHBIX TOBLICHTE 3()(PeKTHBHOCTH MOHCKOBBLIX pabGor. Bwecte
¢ TeM B NOBCEIHEBHOH NpPaKTHKe He cjleayer npeHedperatb cra-
PBIMH, NPOCTEHWHMH MeTOAaMH NOJEBOrc XHMHYECKOro M MHHepa-
JOTHYeCKOro anaansoB. IIpH reoJoriuecKoM OCMOTPE OCTATOUHHIX
Ope0JIOB paccesiHHsi CBHHIA M JOKYMEHTAllHH NPOHJEHHBIX B HX
KOHTYpe KaHaR CcoOBepiieHHo o00sA3aTeqbHO NpPHMEHeHHe II0JeBOil
MHKpoXumHuecKoii peakuud Ha Pb ¢ 10 %-meim pacteopom HNO;
(pactBoputens) u 3 Y%-unim pactsopom KI (nposisuteis).ITo croeii
3((eKTHBHOCTH 3Ta NPOCTeHllas peakius NPEeBOCXOJHUT J0OHEe 10p-
TAaTHBHbIe aHA/IH3aTOPHl HOBEHIIHX MOJeJei.

B aio6oum cayuae kemnaTteabHo aHajau3 npo6 NMPOBOAHTHL HA MHHH-
Ma/JbpHOM YyAaJeHHH OT ydacTKa MoJieBblx paboT W pe3yabTaTel HX
MoJay4aThp HeMedJeHHO mocje npobooTdopa. ITO ONPABLBIBAET MO-
NLITKH cO3J4anus noJeBblx Jgabopatopuii B aBTo6ycax M aBTONpHIe-
nmax ¢ aBTOHOMHBIM 3HeprocHat:KehneM. B HeoOXKHTHIX paHoHaX
nprHMeHeHHe TaKHX NMepeiBHKHLIX JalopaTopHii MOXKeT OBIThL BechbMa
spdextuHbIM. OAHAKO nepe/iBHKeHHE HX OTpaHHYEHO YCJIOBHAMH
NPOXOJHMOCTH, a NPH PeJKOil CeTH NMOHCKoBOro npobootdopa Beerja
BEITOJHGe J0CTaBUTL NpoGy B J1a60paTopHIO, HEXKEeJAH IOJABO3HTH
/1a60paToOpHI0 K MecTy ee B3ATHA. Pajluka/nbHOe pelleHHe mpobieMbl
CPOKOB aHajH3a 00ecneyHBaloOT TOJLKO reoXHMHYecKHe cheMKH 0e3
npo6ooTdopa.

Hecomuennyio uenecooOpa3HocTbh OwICTpelIero mnoJjydcHHs pe-
3YJbTaTOB aHajn3a npod HHOrja oWHOOYHO CBA3LIBAIOT C HEMELJeH-
HBIM TNEpexojoM K JeTaJu3alMH KaXIoH BHISBJIAEMOH aHOMaJHH.
Takoii moJAX04 NPOTHBOPEYHT palHOHAJLHOH NpakThke pador. Ecan
reoJIOTHYECKHM 3aJaHHeM TpPeAyCMOTPeHBl FeOXHMHUYECKHe IMOHCKH
Ha O0JIbIIOH TepPHTOPHH, MEpPeXoJHTh K JeTajH3aluH aHoMaJuii
caejayer mocJe 3apepiuenns cbemok Ha 30—40 Y% naowmanu, xoraa
BO3MOXKHA CPABHHUTEIbHAA OLEHKA MONYYeHHBIX JaHHBIX,
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PasnooOpasHble MeTO/bl 3Kcnpecc-aHa n3a npol, mpHMeHseMble
NPH reoXHMHYECKHX MOHCKAX, B TOH WJIH HHOH CTENEeHH PasaHuyaloTcs
N0 CJOKHOCTH M 3aTpaTaMm BpeMeHH Ha WX BhinoJnenHe. OnHako
BO3MOZKHOCTb MOJYYEHHs] Pe3y/bTaToB aHaJHu3a npob B TOT ¥kKe JeHb,
yepes MecdAl, HJAH Yepe3 MOJT0JAa He SBJAAETCS CBOHCTBOM MeTo[a
aHaJM3a, a UeJHKOM 3aBHCHT OT OpTaHH3alUHH pabor.

CamocTosTe/IbHYIO 332134y, He CBI3aHHYI0 C MaCCOBHIM aHaJH30M
reoXuMHueCKHXx npo0, cocraBasier H3ayuenue GOpPM HaXOMKJIEHHHA
PYAHBIX 3J€MEHTOB B FeOXHMHUYECKHX aHOMAaJIHAX pasJHYHOTO Te-
Hesuca. Jas1 uM3yueHHs1 MHHEPAJbHOTO COCTABA JHTOXHMHUECKHX T10-
TOKOB H OCTATOYHBIX OPE0JIOB paccesiHisl YaCTH PYAHLIX 3J1eMEHTOB,
NpeACTaBJEHHBIX TSMKEeJIbIMH YCTOHUMBLIMM MHHepaJaMH, NpuMe-
HAeTCSl aHaJH3 LNIHXOB IocJe NpoMeiBKH B Jorke 10—12 kr amuaio-
BHSA H3 TOYEK C'max HJIH 3JI0BHO-AeIOBHA H3 06JacTH Cmax. OHAKO
LIJTHXOBOH aHAJNH3 He NPHrOJeH s H3YuYeHHs cojieBbIX (opm pac-
CesHMs, a4 Takxe JIeTKHX W HauGosee TOHKHX (pakuuii MexaHuye-
ckoit cocraBasiiowieil. TpaJMUHOHHO »TH 3ajaayH pellajJHCh MeTo-
JaMH (pa.'SOBOI"O XHMHYCCKOro aHaJinsa, pe3yJibTaTel KOTOPOro He
MOTYT CHHTATHCH OJHO3HAYHBIMH.

HoBble BO3MOKHOCTH B 3TOH 06JIAaCTH OTKPBIIMCH C MOSABJIEHHEM
3/JeKTPOHHBIX MHKpo3oHI0B [32].

lNeoxumMHYeCKHe MOHCKH MECTOPOKJEeHHIl — 3TO BO BCeX cJyyasx
HayyHOe HCCJIe/0BaHHe H, NPHMEHAsT B IOBCENHEBHOI pabore Te
HJIH MHble aHAJHTHUECKHe METOAHKH, MOJIe3HO MOMHHTB, UTO «BCErja
CYIIECTBYeT JIYYHIHH MEeTOMI>».

6.2.4. OueHKH NPOTHO3HBIX pecypcos

OueHKu MPOTHO3HBIX PECypCcoB MO KaTEropHAM AocTOBepHOCTH Psg,
Py, P, BegyTca nmo JaHHLIM TeOJIOTHYECKHX, TE€OXHMHYECKHX H Treo-
(Gu3HYeCKHX HCCIeJOBAaHHI B COYETaHHH C TOPHEIMH paboTaMH H
OypenneM. B cocraBe 3THX paboT BaKHas pOJb TNPHHANLIEKHT
HMEHHO TeOXHMHYECKHM JaHHbIM, KOTOpble BhIpakalorcsi B LHppax
cofepiKaHHil LEeHHbIX 3JeMeHTOB moJe3Horo Hckonaemoro. Iloncko-
Bble TeOXHMHYECKHEe ChEeMKH TocaeloBaTeIbHO Bo3pacraloulei nae-
TAJbHOCTH B coyeTaHuH ¢ oGpadoTKoji AaHHBIX Ha IBM nossoasior
NOBTOPATHL 3TH MNOJACYETH Ha PasHHIX crafuax pabor. Pemaromee
3HaueHHe JJsi OIEHKH NPOTHO3HLEIX PeCcypcoB HMEIOT TeHeTHuecKas
NPHHALJIEKHOCTh H CTPYKTYPHO-T€OJIOTHYECKHE YCJIOBHS JIOKaJaH3a-
ILHH BHIIBAEHHBIX MecTopoxaenuii. Ilpeanonaras, uro Bce HeobXo-
JHMbIe TeoJIOTHUCCKHe JAaHHble MPHHATH BO BHUMAaHHe, pacCMOTPHM
KOJIHYECTBEHHbIE INOKa3aTeNH, KOTOpble CIyXKaT A5l reoXHMHyec-
KOro 0OGOCHOBAHHA 3THX OIEHOK.

KoanuectsenHasi HMHTepIpeTauus JaHHBIX OPH perHoHajbHBIX,
NOHCKOBBIX W JIeTa/JbHBIX JHTOXHMHYECKHX CBEMKAax MOAYHHSAeTCH
MOC/JE0BATE/NLHOMY PacCMOTPEHHIO COJAEpXKaHHi MeTasla B TeOXH-
MHYECKHX aHOMAJHAX — OpeoJiax H NOTOKAaX paccesHus, HX MPOJYK-
THBHOCTe{i H pEeCcypcoB MeTajia B 0OBEKTaX I[OCTENeHHO BO3pa-
crapiieit gocrosepuoctH (raba. 26). Ha npuHumnax sroii nocmieno-
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Tab6anua 26

MocaenosarebHOCTL PACCMOTPEHHS NAPaMETPOB NHTOXHMHYECKHX TIOTOKOB H 0Pe0J0B
paccesinua [31]

a -
Howmep IMokasaTean p:c,:.:f Popmyaa
0 f e
1 | MakcumanpHoe —cofepmxanue % G Crngx
MeTaJa
n
9 | Koamuectso meranna Bope- | m % M=Ax (Y Cy—nCy) =
oJie paccessHua Mo Npoduio x=]
(nuneiinas nNpOAYKTHBHOCTB) = Mk

3 ITpoayKTHBHOCTL NOTOKa pac- | M2 % P’ =S, (Cx s, C(b) —bP
CesTHHUS

N
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= FkPp
AR ik P
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BATEJLHOCTH BO3MOXKHO TOCTPOEHHE CXeMbl HHTEpPNpeTalHH TNpH
reoOXHMHYeCKHX NoHCKax APYTHMH METOLaMH,

Beanuunel, Bxoasuue B GOPMYJIbl, 0 KOTOPBIM MOACUHTHIBAIOTCS
IIPOrHO3HbIE PECYPCHl BCeX TPeX KaTeropuil, Kpome rayGuust H, ox-
HO3HAYHO onpeaesaeTcs NpH JHTOXHMHYECKHX CbEeMKaxX; MeTOAbl HX
OueHKH moaApobHO obcyxxaanuch. s OTHOCHTEJBHO KpyTomamaw-
UHX (He rOpH3OHTAJIbHBIX) 3ajexeil rayOHHa nojcyera BoiGHpaercs
10 Te0JIOTHYECKHM JaHHBIM C Y4EeTOM TeHeTHYeCKOTO THNa M YPOBHSA
IPO3HOHHOTO cpe3a OpyJIeHeHHs, HJIH OrpaHHuYHBaeTcss (PHKCHPOBAH-
HpIM  HHTepBajoM. OueBHAHO, YTO NPAaBHIBLHOCTL OLEHKH TIpOr-
HO3HLIX pecypcoB B 6GoJsblIOH Mepe 3aBHCHT OT BhiGopa rayGHHEI
nojcyera. OAHAKO OCHOBHBIMH NMPHYHHAMH HENOATBEPKAEHHS MPOT-
HO3HBIX OLEHOK MNpH TreOXHMHYECKHX MOHCKax SBJSIOTCA HebJaaro-
NpHsiTHEIE Mopdoaornueckne ocOGEHHOCTH OpyAEHEeHHs, HH3KOe H
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HepaBHOMepHOe co/eprKaHHe MeTaJJ0B, HHOrAa — CHCTEMATHUECKOe
3aBblllIeHHe pe3yabTaTOB CHNEKTPaJbHOTO aHaau3a. B psae cayuaes
HenpaBu/bHOe npeicTanjieHue o GopMe 1 TEOJNOTO-CTPYKTYPHBLIX
VCJIOBHSIX 3a/jierannsi py/AHLIX Te/l BEAYT K MpexIeBpeMeHHOMY TNpeK-
panleHnIo pasBejodHbIX paboT mocje HeyAauyHONH TMPOXOAKH NepBbIX
BblpaﬁoTOI\' H CKBAd2KHH, OCTaB/JifgAa HesCHOH NnpaBHJAbLHOCTL NMPOrHO3-
HOil oueHku. ITpuMepbl NOATBep:KAEHHsT HEpBOHAYAILHON TeOXHMH-
YECKOI OLEHKH TpH TNOBTOPHOH pasBeike TAKHX MeCTOPOMKICHHH
H3BECTHHI.

BuiGupasi Beqnudny H B pasyMHBIX (M JOCTATOYHO CKPOMHBIX!)
npejesax, nocjeayiollee conocraB/eHne IHGP MPOTHOZHLIX pecyp-
COB C pasBelaHHBIMH 3amacaMH MOZKHO OTpaHHYHTb HMEHHO 3TOI
riayOHHO#, He3aBHCHMO OT TJIyGHHBI, 10 KOTOPOH MpPOCJIEKEeHO Mpo-
MblILJIeHHOe opyaeHeHHe. [1o3ToMy moAcuersi NMPOTHO3HBIX pecypcos
Q' u Qy npu HeflOCTATKE APYrHX NAHHBIX HEPeAKO OrpaHHYHBAIOT
rayOousoii 100 m ans mectopoxnennit Be, Co, Ta, Ag, Au, Hg, Bi
u 200 M nas mecropoxaennit F, P, Ni, Cu, Pb+Zn, Nb, Mo, W,
Sn, Sb. B nocnepyiouieM, oueHkn Qoo HIH Q20p MOTYT OHITH YBeEJH-
YeHBl B KPaTHOe YHCJO pa3, B 3aBHCHMOCTH OT YTOUHEHHBIX NaHHBIX
O TIPOTSIKEHHOCTH PYZ Ha rayOuHy. BeposiTHOCTH 3aBBIIEHHBIX OLle-
HOK 3a cYeT NpeyBeJHYeHHOH rayOGHHEI MOjAcYeTa HPH 3TOM CTaHO-
BHTCS MHHHMAaJBHOH.

OneHkH mNPOTHO3HBIX PecypcoB N0 TPHBeAeHHBIM dopMytam
«MOJOTHOM» 10 TAYOHHLI H 3KBHBANEHTHLI MOJACYETAM «TPeyroJib-
HuKoM» po rayounsl 2H. Togcuersl 1o ¢pukcupoBaHHbIX rayGun 100
n 200 M oTBeuaT NpeiCTaBJIEHHAM O BHIKIHHKE PyA Ha riaylGuHe
cootBerctBenno 200 u 400 M, oOLIYHOI A5 MeCTOPOXKIEHHI cpel-
nero macwitata. Mexay TeM NpH TeOXHMHUYECKHX NOHCKaX He Hc-
Kilouaetcs oOHapyzKenune Gojlee KPyNHLIX MECTOPOXKAEHHH, PyIbl KO-
TOPBIX MOTYT TPOC/JAEXKHBATBLCS HA 3HAYHTEJNbHO GOJbINYIO TTYOHHY.
[TpoTsizKeHHOCTh TIPOMBILIJIEHHOTO OpYJeHeHHsi OT NOBepPXHOCTH Ha
ray6uny go 1000—1200 m u Gosee Aad KPYNHBIX MECTOPOKIEHHIT
IIBETHHIX, PEAKHX METAJJIOB H 30J10Ta He ABISAETCH HCKIIOUEHHEM.
CuaenoBare/bHO, MOACYETHl A0 YVKasaHHbIX GHKCHPOBAHHBIX TIJyOHH,
KOTOpble MOXKHO XapaKTepH30BaTh KaK OCTOPOKHEIE, 1/ 06BeKTOB,
NpeBBLIIAIONINX pasMepLl CpeAHHX MeCTOpPOKAeHHH, OyAyT 3aBeloMO
3aHIKEeHBb, B HTOre OLlEHKH MPOrHO3HHIX pPecypcoB, B 3ajauy KOTO-
PHIX BXOAHT TpaBWJbHAsi OPHEHTHPOBKAa MOHCKOBHIX paboT, He jo-
cturiyT ueau. ITostomy rayGuHy mojcuera Ienecoo6pasHo BapbH-
poBaTh — YBeJHUYHBAS €€, ec/IH OXHI4eTCsA KPYIHOE MECTOPOXKIEHHE,
H yMeHbIIAdA, ecJH OMXKHAAeTcsi MeJKHH OO0beKT. ['eoXHMHYeCKHM
KpuTepuem Takoro BeGopa yaoGHO caenaTbh TJIONIAAHYIO TPOAYK-
THBHOCTL opylaeHeHHs P (B M2%) ® 3TOT moAXol peasu3oBaH
B JlefiCTBYIOlIeNH HHCTPYKIHH [21].

CorslacHo NPHHIHIY TeOMETPHYECKOr0 H Fe0XHMHUYECKOro Mmoio-
fHsl TeHeTHYECKH OJHOTHIHBIX OGHLEKTOB pas/nuHOil KpymHOCTH
HMeeM

leco.nu:Hnomt. aT =1 -Pp_I:Ppsf 3
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rie Hipoan B Huonu, 51 — NIPOTSKEHHOCTH i-TO H 3TAJOHHOrO 06BEK-
TOB Ha ray6uny ot yposus 0,2 no yposus 0,8.

[Tpunas 3a 3TajoH Meakoe 1o macmwitaly 3amacoB MECTOPOKIE-
HHE C 3aJlaHHLIMH napamMerpamMH, MOXKHO IO BeJHYHHE HPOAYKTHB-
HOCTH OlEHHBAEMOTo OObEKTa ONPeNe]IHTh €ro OXKHAAEMYI0 NpOTs-
JKeHHOCTb Ha riybuny. Peanbnas ray6uHa nomcuera H; onpenens-
eTCsl 3PO3HOHHBIM cpe3oM opyneHenus 2>0,2 u cornacHo Qopmyie
(107) Gyner memblne H;noaw. IIpH HagpyAHOM cpese MeCTOPOKie-
uuA Benuyuna (Pp); noisiexkuT nepecueTy Ha yposens 0,2, cornacho
s3asucumoctH (105).

3anauy BeiGopa rJyGHHBI NOJACYeTa NPOTHO3HBIX PECYPCOB Kak
(GyHKUHH NPOAYKTHBHOCTH OPYyIAEHEHHsI MOJKHO pellnTb aHaJHTHYe-

ckn. O6osnauas Hyom—=PBV gy, uMeeM aas cayuas z=0,2

Qu=pBwmV e, (110)

rae

H
L noaw.sr 111
p pEN V Qnoasu. 3t B

. Pp
3nech gy = 40— UPOAYKTHBHOCTH  KOPEHHOr0 OpyJACHEeHHs Ha

ypoBHe ero ycToiiunBbix 3HauenHit (0,2<z<0,8) B TonHax Ha ouMH

METP y[‘u’lyﬁKH. 3aﬂaBaﬂCb MOJIEJIbHBIMH INpeJICTaB/JIeHHsIMH O M0JI-

HBIX 3anmacax MeTaJna M TOJHOH MpPOTAMXKEHHOCTH PYAHOrO HHTEp-

BaJjla J1s 3TAJOHHOTO MeCTOPOXKJAeHHs NAHHOTO TeHEeTHUECKOTO THIIA,

MOJKHO HAHTH YHcienHble 3Hauenus . B 3aBmcHMocTH oOT cragun

paboT g, MOXKET onpeieifiTbCsl Yepes CYMMapHYI0 NMPOAYKTHBHOCTb
m

CMEXKHBIX TIOTOKOB paccesinusi ), Py, yepes MpoAyKTHBHOCTh BTOPHY-
i=1

HbIX 0pPeoJioB P WJH HeNnoCpeACTBEHHO 1O BeJHYHHE NMPOAYKTHBHOCTH
KOpeHHoro opyfenenusi Pp, BKJIouasi HaApPYAHble CeYeHHsI NEpPBHU-
HOTO OpeoJia C IPHMEHEHHEM COOTBETCTBVIOIIHX nepecuetoB. J[las
reoOMeTPHYECKHX (pUryp noZ00Hs uHc/AeHHBIE 3HaYeHHs [} He 3aBHCAT
OT KJacca KpynHoctn mecropozkiaennil. Jlocrouncrsa ¢opmyasl
(110) saxao4aoTess B €e YHHBepCaJbHOCTH H mpoctoTe. OgHaNK b
cJleJaHHBI XOpowo oB6AYMAaHHBIH BHIOOD MOAENH YCTpaHAeT Heol-
XOJIUMOCTL MHOTOKPATHLIX CYOBEKTHBHBIX PEIIeHHH o Lejecoodpas-
noii rayGune nopcuera H, npu KOTOPLIX BHOCHTCS NepeMeHHAas Io-
rPelHoCTb.

@®opmyaa (110) orseuaer nojcuyery NpH YPOBHE 3PO3HOHHOID
cpesa mecropoxaenus 0,2. Bo Bcex apyrux cayuyasix HeoOXOIHM ero
yueT. Ha cTafinn JTHTOXHMHYECKHX cheMOK macwmraba 1 : 200000 no
NOTOKAM paccesHHs npsaMas OlleHKa 3PO3HOHHOTO cpe3a OpyAeHeHHS
He TOJbKO 3aTPYAHHTENbHA [Js1 BCell MJIOUaAH BBISIBJAGHHOTO 00B-
exra (unoraa Gosee 100 kM?), Ho M jgocratouHo GecnoJsesna. Hesa-
BHCHMO OT Pe3yJIbTATOB OLEHKH Z HOBBLIH OOBEKT ¢ GOJIblIOH BeJH-
ypnOft £P/ noanexur 0Ge30roBOPOYHOMY JajibHefillleMy H3Y4eHHIO
JHTOXHMHUECKHMH CheMKAMH 110 BTOPUYHBIM OpeoJaM paccesHHd,
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[TosToMy Ha mepBOH CTAJAHH reOXHMHUECKHX MOHCKOB JIONMYCTHMO A4
00beKTa B 11eJIOM YCJAOBHO NpHHHMATh z paBHeiM 0,5, cripaBeannBo
npeanoJaras, 4yTo B npefenax oOMHPHOrO PYLHOTO MOJS BO3ZMOMKHEI

TEKTOHHYECKHe OJIOKH C pasjHuHbBIMH 3HaueHusmu z. [1pu Gosee ne-
TaJbHLIX JHTOXHMHYECKHX CBEMKaX 110 BTOPHUYHBIM OCTATOYHBIM
opeoJiaM paccesiHHsI HJH MO NMEePBHYHBIM OpeosaM OlleHKa 3PO3HOH-
HOTO cpe3a fIBJAfeTcA 0043aTe/bHOI.

Jl1st moficueToB pecypcoB no kateropusM Pz u Py o6si3aTesbHBIM
SIBJIAETCSI Te0JIOrHYeCKHil OCMOTP y4yacTka Ha MecTHoctTH. [as mon-
cyeToB 10 KaTeropuu P; o6s3aTesqbHO BCKPHITHE PYAHBIX TeJ H OI-
poGoBanue pya B KOpeHHOM 3aJeranuu. 1o cymecTBYIOUIHM NpaBH-
JlaM pe3yJbTaThl NOACYETOB NPOTHO3HLIX PECYPCOB pEeKOMeHIYeTcs
OKpYTJIsiTh 10 MepBOil 3Havamel uupel. Jto TpebGoBaHue HEe coraa-
cyercsl ¢ JAeCATHYHOMH, T. e. JorapudMHUECKOH Kiaaccupukauuei me-
CTOPOXKIEHHH 1O 3amacaM M JeJldaeT OLEHKH He paBHOTOYHLIMH
BHYTPH KaxJoH Hexkaibl. Bonee npasmibHo OKpyr/JeHue BeCcTH N0
crenyomnx Gamkaimux wudp: 1; 1,2; 1,5; 2; 2,5; 3; 4; 5; 6; 8§,
B NOJIHOH aHAJOTHH C JAHCKPETHRIMH 3HAUEHHUSIMH, NPHHATHIMH /14
PesyJbTaToOB 3MHCCHOHHOTO CMEKTPalbHOrO aHaJ/JH3a.

6.3. TOUCKH MECTOPO)XJLEHHH HE®TH H FA3A

B ocHOBe re0OXMMHUYECKHX METOAOB NOHCKOB ra3oHe(TAHLIX MeCTo-
POIKJAEHHIT JeXHT TeOPHS OCAL0UHO-MHTPAMHOHHOTO MPOUCXOKACHH
He(TH, COTVIACHO KOTOPOIl paccesiHHOe OPraHHUECKoe BEIIecTBO oca-
JOYHBIX TOPHBIX NMOPOJ B YCJOBHSX IJIHTEJAbHOTO TpOTHOAHHSA KpyTi-
HbIX YYaCTKOB 3€MHOI KOPbl CJYKHT HCTOYHHKOM 00pasoBaHusl yr-
Jesogopoios (YB). B Tom uaM uHOM KoJdHuecTBe paccesnnbie YB
COZlep:KaTcsl BO BCEX NOpPoAax crpartucdepsl, onpeaenss NnoBceMect-
HOE CyLIEeCTBOBAHHE HX (DOHOBEIX COAEPKAHHI B TEOXHMHYECKOM
nose. Murpauusa XKHAKHX H rasoofpasHbpix ¥B H3 marTepHHCKHX
NopoJi B MJIACTHI-KOJIJIEKTOPbl M JIOBYLIKH TPHBOAUT K (opMupoBa-
HHIO razoHedTAHbIX 3a/exei. ConmyTcTByioulee H nocienyiollee pac-
cesgurie YB Bemer Kk o6pasoBaHuio Haj 3a/1eKaMH IeOXHMHYECKHX
aHoOMaJIHi B TBepAOl, KHAKOI M raszocodpasHoit (aszax. Murpauus
YB rasonedTsiHOll 3ajieku uYepe3 NepeKpHBaIolHe TMOPOALI H3Me-
HAeT uX (H3MKO-XMMHYECKHe XapaKTepHCTHKH W Tas0BLIH COCTaB
noa3eMHoit aTMocdepsl, BeleT K ()OPMHPOBAHHIO 30HLI AHOMAJbHBIX
COEepXKAHHII MHKPO3JEMEHTOB H K TOABJIEHHIO MHHEPaJbHLIX HOBO-
o6pasoBannil. [eoxnmuueckne noucku Hedbrtu u rasa (I'TIHI) se-
OyTCA TNyTeM BHISABJIEHHS S3THX AHOMAJHIH MeTONaMH pPas3iIHYHBIX
creMok. Haduune rasoHedTsiubiX 3aJiexxeil siBJseTcs TOJbKO OAHOM
H3 TIPHYHH MOSBJEHHS TEOXHMHYECKHX aHoMaJauil B noje ¥YB u Boi-
ABJfEMble AHOMAJHH TNOJJIEKAT OUEHKE C YVUETOM Te0JOTHUECKHX H
reopusnuecknx AanHbiXx. CoveraHuss pasJHYHLIX BHAOB H MaCLITA-
GOB reOXHMHYECKHX CHEMOK TDH TOHCKAX MecTopoKiaeHuii HedTH
U rasa, a Takxke pasMepsl HccJdedayeMblX mnJjoutaznefl ObliH npHBe-
neHsl B Ta0a. 22. Ha cragusix cpejiHemacmiTabHBIX H JeTaJbHBIX
CBEMOK, KaK MPABHJIO, NOHCKOBLIE TEOXHMHYECKHE HCCAeOBaAHNS Be-
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JIyTCsl Ha HECKOJbKHX TOPH30HTAX, OJHOBPEMEHHO ¢ onmpoOoBaHHEM
KepHa H utaMa OYpPOBLIX CKBaXKHH.

M3 uyucna pasaugnbix mertojos [ITHI Baxueiimee sHauenue
HMEIOT aTMOXHMHYEeCKHe ChEeMKH, OCHOBAHHHIE HA ONIpeNe/]eHHH CO-
Aepxanuit ¥YB rasos. Ha puc. 87 Guisia npusefieHa cxema oGpasoBa-
HHSl Ta30BOr0 opeoJia paccesiHusl HajJ He(TAHON 3a/exbio aHTHK/IH-
HaJIbHOTO THIA B BaPHAHTAX «NPAMON» H «KOJbIEBOH» aHOMaAU.

B CCCP uncno sanexeil ned)TH M rasa, He CBI3aHHBIX C aHTH-
KJIuHaJAsMH, cocrasisier secero 5—6 Y% . B orpensubix paiionax CIIA
noas no6biun HedTH M rasza M3 TaKHX 3ajexei cocrasisier ot 17 mo
80 % [4]. TTpu noHCcKax MecTOPOXKAEHHI, HE CBASAHHLIX ¢ AHTHKJH-
HaJAbHBIMH CKJaJIkaAMH, POJib FEOXHMHYECKHX METOJIOB CYIIeCTBEHHO
Bospacraer. J[JHTeJbHO rOCIOACTBOBABILAS TeopHs AHGDDY3HOHHOrO
(opMHpOBaHHS ra3soBHIX OPEOJIOB paccesiHHsl 3a nocjefnee BpeMs
coyeTaeTcs ¢ TeopHel MH(HIbTPAIMOHHOrO 06pa30BaHusl aHOMAaJHM.
B noab3y COBMECTHOTO MPOTEKAHHS IPOLECCOB (PMIBTPALMHU H AH]-
¢ysun ropoput GuicTpoe GOPMHPOBAHHE YIIEBOJAOPOAHBIX aHOMAJHI
HaJ NMOA3eMHLIMH HCKYCCTBEHHBIMH ra30XpaHH/IHIIAMH.

leoxumuyeckue MeTOAbl TMOUCKOB He(THAHBIX MECTOPOXKIEHHIT
Bo3uHkan B CCCP oamnoBpeMeHHO € METOAaMH TeOXHMHYECKHX MO-
HCKOB PYAHbIX MecTopoxkaenuii. OfHaKo B HACTOsIlIlee BpeMs VPOBHH
HX PasBHTHS, IUHPOTAa HPHMEHEHHS H POJb B reoJoropasBeloyHoi
NpakTHKe CYLIeCTBeHHO pasiuuHbl. Hapsady ¢ reolorHuecKHMH MeTo-
Jamu, peliaiomas poab NMpH NOHCKAX MeCTOpOXKAeHHH HedTH M rasa
H TNOATOTOBKEe HedhTemepCrneKTHBHBIX CTPYKTYp K rayGoxomy Gype-
HHIO TIPHHAAJIEKHT METOAdaM pa3sBelouHON reou3uKH — B NEPBYIO
oyepellb ceiicMo- H rpaBupassenke. CoBpeMeHHble MeTOJbI CefiCMO-
pasBelikn 0O0ECNeYHBAIOT C BLICOKOH JAeTaJbHOCTHIO MOCTPOEHHE
CTPYKTYPHO-T€0JOrHYeCKHX pas3pe3oB Ha TAyOHHY M0 HECKOJBbKHX
KHJIOMETPOB, B CPABHEHHH C YeM Pe3yJbTaThl FeOXHMHUECKHX CHEMOK
BHITJISJIAT BECbMa CKPOMHO.

310 onpeneaHIo NOAYHHEHHYIO POJIb MeOXHMHUECKHX CHEMOK MpH
nouckax mecropoxpaenuit nedrt. o nociaeanero speMeHH IpPOBOJIH-
JINCh B OCHOBHOM Ge3amaciutabHble CheMKH HAa MHOTOYHCJIEHHbLIX pas-
OGIIEHHBIX YYACTKAX WJIH 1O Cepu npoduaeil u ONLITHO-METOAHYE-
ckue paboTel 6e3 peryJasipHOfi CeTH.

[ToHEMaHHe POaH TEOXHMHYECKHX METOAOB /15 NOBHILIEHHA 3(-
(PeKTHBHOCTH TIOHCKOB MeCTOPOXKJeHHit HedTH H rasa ompeie/u/o
NepecMoTp CYHIeCTBOBABLIEH NPAKTHKH U MEPEXON K peryJspHbIM
cheMKaM OOWHPHBIX mJomiajeii. B Hacrosuee Bpemsi oGuienpu-
3HaHa HeOOXOAMMOCTb YeTblPeXCTAJAHIHOr0 MPOU3BOJACTBA T'eOXHMH-
YeCcKHX MOMCKOB He(TH M rasa corjacHo ciefylouleil cxeme [4, 12,
13]: 1) perHoHaJbHbLIE TreOXHMHUECKHe CheMKH Maciutaba
1:1000000—1 :500000; 2) nporHo3HO-PEKOTHOCLHPOBOUHLIE CHEM-
Ku macmrada 1:200000; 3) nNOHCKOBO-OIEHOYHbIE CHEMKH Mac-
wrada 1 : 50 000; 4) meranbnble cheMkH macwitaba 1:25000 u 6es-
macuirabusie padorst (puc. 113). YerTbipexcrainiiHblil NOUCKOBLIN
MK elle He HCnbiTaH HH B OAHOM He(TerasoHocHom OacceiiHe
(HTB) [12]. 3ameTum, 4TO TpexXcTaaniinoe NPOH3BOACTBO NOHCKOBBIX
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Puc, 113. O6GLekTHl HCCJe0BAaHHA NPH TEOXHMHUECKHX MOHCKax HepTH H rasa

[11].

1 — nopoaul (pynaamenta; 2 — oGbeKT TeOXHMHUYECKHX MCcaedoBaHuil pauHoit craamu; 3 —
O6LEeKT, BbUIeASEMBIN AJsi NOCASAYIOUHX paGoT; 4 — npeanofaraemblit (a) u yrousesHsiit (G)
YMaCTKH PaaMelleHHsl CKBAMXHH; 5 — BepXHAS TreOXHMHYECKAas 30HA; 6 — HHXKHAN TeoxuMuve-
CKas 30HA; 7 — nepeuifi persoHaJbHO BhIAEDKAHHLIL BOjOrasoynop

JUTOXHMHUECKHX cbeMOoK no cxeme | : 200 000—1 : 50 000—1 : 10 000
OTBEYaeT MHOroJeTHell MpakTHKe paboT B PyAHbLIX paiioHax. 3apy-
OexKHLIH, riaBHbiM o6pa3om amepukanckuii onbit ['TIHI B 3naun-
Te/bHOIl Mepe OCHOBAH HA COBETCKHX MeTOAHYeCKHX paspaboTKax.

Metonuka 'TIHIT uameHsieTcsi B 3aBHCHMOCTH OT CTaAHH HX IIPO-
Beflennss. Ha ne pBO i cTagHH BLINOJHAIOTCS aTMOXHMHYeCKHe (ra-
30Bble) CBEMKH ¢ onpejeiaeHneM cojepxkauuii metrana u TYB B ne-
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rayGokux (mo 25—30 M) ckBaxHHax no cetn (5-—10)X2 km. 3a
nocjaeAnue rofbl Ha 3TOH CTaJiuM NMPHMEHSIOT Ja3epHbie AaTMOXHMH-
YecKHe aBTOMOGH/IbHBIE H BO3AYUIHLIE CHEMKH.

l'eoxumuueckas mgasepuasi naGopatopus ['JIA-1, ckouetpyupo-
BanHas B Mucrturyte sjgepHoii reopusukn u reoxumun (BHHUHUIATT),
cmonTHpoBana Ha aBromaiunde I'A3-66 u mosBoJsier BecTH Henpe-
pHIBHbIE H3MepeHHs cOAep:KaHHll Merana B mpobax, OTOHPAEMbIX U3
IIPH3EMHOro ¢Jlof atMocdepsl, NPH CKOPOCTH ABH:KEHHs H0 50 Km/u.
UyscerureabHocTs anmnapartypsr 1075 9 CH,, 6uicTpozeiicteue 10 c,
uTo obecneynBaeT HafeKHYI0 Perucrpauuio GOHOBHIX COLEpIKaHHil
MeTaHa H YJIOBJAETBOPHTEIbHYIO BOCHPOH3BOAHMOCTb Pe3yJbTAaTOB.
ABTOMOGH/IbHEIE aTMOXHMHYECKHE ChEMKH 10 MapumpyTy Mocksa —
TawxkeHnT BLIIBHIH PsJ, PErHOHANbHLIX Ia30BbLIX aHOMAJIHII, TPHYPO-
YEHHDIX K KPYNHBIM 3JIEMEHTAM TeoJ0rHYecKoi CTpPYKTyphl. [loay-
YeHHbIe Pe3yJbTaThl MOATBEPKIAIOT Ieleco06pasHOCTh Pa3BHTHA
noJoGHLIX HceaenoBanuii. OAHAKO TPOM3BOACTBO ABTOMOOHJLHLIX
reoOXHMHYECKHX CBHEMOK OrpaHHYeHO yCHOBHSIMH TIPOXOAHMOCTH Tep-
PHTOPHIT A5l aBTOTpaHCHOPTa. DTH OrpaHHUEHHs HE pPacmpocTpans-
I0TCSI Ha Jas3epHble a3poreoXHMHYECKHEe ChEeMKH, TPOH3BOACTEO KO-
TOpeIXx HanGojee 3()(HEKTUBHO HA CTAJAHH PErHOHAJBHOTO H3VYEHHS
HTB.

JlazepHule MeTOABEl 30HAHPOBAHHS aTMOC(EPH TOJYYHJIH MEpPBO-
Haua/J bHOE NPHMEHEHHEe NIPH 3KOJOTHUYECKHX HCCJAeLOBAHUSAX C IIeJbI0
BLISIBJICHHST MCTOUHHKOB 3arps3Hedus okpymxkajoueil cpeaw (CO;
SO, Hg) u yreyek u3 razonpoBojoB. Pasanunble JasepHble HCTOY-
HHKH H MeTOIbl O00HApYyMKEeHHs TIas30-HHAHKATOPOB OblIH npeiso-
JKEHBI JJIsl TIOHCKOB MECTOPOXKAEHHN NOJIe3HBIX HCKOnaeMmbix. B Ha-
CTOfIIlee BpPeMs ¢ JOKJapPKOBOH YYBCTBHTEJBHOCTBIO B aTMocdepe
onpegensiiorcs conepxauust CHy, TYB, HsS, SOq, I, Hg u apyrux
razos. Jlaa I'TIHI ath meTonn noJy9uad npuMeHeHHe B gopwme Ja-
3EPHBIX METAHOBEIX ChEMOK, [BAa BAPHAHTA KOTOPBIX INOKa3aHbl HA
puc. 114.

Asporeoxumuueckie H aBTOMOOHJBLHBIE Ja3epHble CHEMKH € MC-
MoNL30BaHHEM ToNOrpadguyecKux oOTpakaTeleil HJIH ClelHalbHbIX
3epkaa (cM. puc. 114, @) ocHOBaHLI HA H3MEpPEHHH CPaBHHTEJILHOMH
MHTEHCHBHOCTH OTPAaXKEHHOTO H3JyUeHHs ABYX OJH3KHX JIHH BOJH
H3/1yyaTeas Ay M Az, M3 KOTOPHIX A; OTBeYaeT JIMHHH PE30HAHCHOrO
TMOTJIOIIEHHsI OTMpefieIseMoro rasa, a iy JEXKHT 3a ee npejesiamy.
M3mepennsi Ha AByX OJAH3KHX JJTHHAX BOJH HCKJIOYAIOT BIHAHHE
(daykryaumii cocraBa armocdepbl. MeToa paccesHHOro H3JyuyeHHs
(cMm. puc. 114, 6) COCTOMT B M3MEPEHHH MOLIHOCTH JABYX aHaJIOTHY-
HBIX J1a3ePHBIX HMITYJIBCOB A; H Ag, paccessHHBIX B 0OpaTHOM Hanpas-
JIEHHH TPHCYTCTBYIOLIMMH B aTMocdepe aspo3o/siMH Ha nepeHei
(Ry) u sanueit (Ry+AR) rpaHunax soHAHpyeMOro ydacTka aTMoc-
depul. ITporsikennocts paccrosuuit R, u Ry+AR ot usayuarens
onpejeasiercsi BeJIHYHHAMH BPeMeHH 3anas/ibiBaHHA TpHxoaa obpart-
HBIX Ja3epHBIX HMuyJabcos. [Ipu aBromoOuabHON Jna3epHOH TreoxH-
MHYECKOIl CheMKe ¢ 3epKalbHbiM oTpaxareiem 1o npoduiwo
yepes AuactacHeBcKo-TpoHIKOe rasoHedTsiHOe MeCTOpOXKAeHHe Ha
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Puc. 114. Jlasepuas reoxuMmuueckas cwemxa. flo H. M. Hasaposy u dp.

G — ¢ HCHOJb3IOBAHHEM TONOrpadHYecKHx orpama'reneﬂ; 6—c H3MepeHHeM paccesdHHOro
OTpaKeHHn

OTpe3Ke OK0JIO 2 KM OTMeTHJAach 4eTKas MeTaHoBas anomanus. Jia-
3epHBIe a3POreoXHMHYeCKHe CheMKH OBIIH VCMHellHO MpoBejlieHbl Ha
oGIIHPHON TEepPPHUTOPHH B ceBepo-BocTouHom [lpukacnuu. Haubosee
OnaronpHATHLL JAJS aTMOXMMHYECKHX CBEMOK, B TOM UHCTe
45pOCheMOK, paiioHbl aPHAHOH 30HBLI; HAA 3a00JI0UEHHLIMH TEpPpPHTO-
pHSIMH BO3HHMKAIOT cyllecTBeHHble moMexu no merany. B CIIA usy-
yatorcs BoaMoxkHocTH aucranuuonHpix [TTHI u3 kocmoca nyrem on-
peleseHHsi B NPHNOBEPXHOCTHBLIX CJ0AX aTtMmocdepsl comepanuii
HOMA MO ONTHYECKOMY CHeKTPY OTPa:kKeHHBIX OT 3eMJIH COJHeYHBIX
ayuefi. CooTBeTcTBYIOIHEe HCCJEN0BAHUs cocTaBa HedyTell 1okasbi-
BAlOT, YTO aHOMAaJbHBle KOHILeHTPAllHH HOJAa B NPH3EMHOH aTMoc-
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thepe cnocobubl hUKCHpPOBATH 3aJeKH yriesogopojaos (¥YB) na ray-
Onne [4].

Ha stopoii cranuu I'TIHD Beimosnsiiores Te ke arMoxumuye-
CKHe CcbeMKH ¢ rayGuHoit npoboorbopa mo 30 m B wmacwrabe
1:200000 B npefenax mnJjomajgeii ¢ aHOMaJbHLIMU XapaKTepHCTH-
KaMH nokasareJeii He)TeradoHOCHOCTH HJIH CTPYKTYPHBIX MOJHATHI.
He 3ameHsisl 3THX HA3E€MHBIX ChEMOK, OHH MOTYT JOTOJHATBECS a3p0-
reOXHMHYECKHMH M (HJIH) aBTOMOGHJbHBLIMH CHEMKAMH TOTO XKe HJIH
oOaukaiiwero 6onee xkpynHoro MacwTaba. ATMOXHMHYECKHE CHEMKH
3TOH cTafuH BbIOGOPOYHO NOMOJHSIOTCH THIAPO- H JHTOXHMHYECKHMH
HeeaeoBannsAMH. BaaronpuATHEIME THAPOXHMHYECKHMH TIOKa3arte-
JAMH HeTeHOCHOCTH siBJsAI0TCA GeccylbdaTHOCTh BOM, BHICOKHE CO-
JepxKauua Hoja u pactBopenHbiXx YB rasos. B 3ajzauy nmporuosmo-
PEKOTrHOCHHPOBOYHBIX CBEMOK BXOAHT BblJEJeHHe nJoulajgeii Aas
NOCTAHOBKH TOHCKOBO-OLEHOYHBIX TeOXHMHUYECKHX paloT H mnocie-
IYIOLEro MOHCKOBOro GypeHHs.

Ha tperbeit cragun I'TIHI armoxnmMuueckue cheMKH HA Hed-
TENePCHeKTHBHBIX TVIOIIafAfX BeAyTcs Ha HeCKOJbKHX ONOPHBIX TO-
PH30HTAX, HHMKEe 30Hbl AKTHBHOTO BO3JEHCTBHSI METaHOKHCJSIOLIHX
faxkrepuit © aTMocdepHOro KHcJaopona, B uurepsaJje raybun or 30
10 200 m. Cvremku BhNoJAHAIOTCA B macwTade |: 50000 npu uucae
npo6 5—20 B nynkTe npoboor6opa, BKJaw4Yas onpoGoBaHHe KepHa,
OypoBOoro pacteopa M nJaactoBeiXx BoA. ITomumo merana u TYB
B npo6ax onpelelsiOTCs COAEPKaHHA HEYT/JIeBOJAOPOAHBIX Ta30B
(CO., Ha, He, Ar, H.S), BeayTcsas GHTYMHHOJOTHYECKHE THAPO- H
JHTOXHMHYECKHE HCCJIe0BaHHS.

[TepBbiM OT AHEBHOMH NOBEPXHOCTH NPEACTABHTEILHLIM TOPH30H-
tom jgas [TIHT cuuraercss BepxHmit pernoHajbHO Bblﬂep}KaHHbill
B paspe3e HI'B Bomgorasoynmop. Ha nomckoso-onenouunoii cragnu at-
MOXHMHYECKHE CHEMKH OpPHEeHTHPYIOTCs Ha onpofoBanue BCeil MOIll-
HOCTH NpejcTaBHTeJbHOro ropusonta. Ilpn oGHApy:KeHHH JOKalb-
HbIX aHomaauii YB rasos npoBoAsitcs NOMOJHHTENABHBIE CBEMKH 110
ABYM-TPeM ONMOPHLIM TOPH30HTAM THICOMETPHYECKH HHie MNepBoro,
npu HeodxoaumoctH a0 raybunsr 600—700 m. Ilpu atmoxumuue-
CKOil cbhbemKe no npoduaio yepes HedTAHOE MECTOPON\.L@HHE‘ Kapa-
kambac (3anmaauwiit Kasaxcran) copepmanuss CH; £ TYB u He
onpejessiiich B npoGax KepHa u3 HerayOOKHX CKBa)KHH (25—
30 m), npoiinenunix ¢ warom 800—400 m. Ha rpadukax moaomxe-
HHe HedTsHOoN 3a/ekH H TEKTOHHYECKHX PA3JOMOB (PHKCHPOBAJIOCH
BbICOKOAHOMAJbHBIMH COJAEPIKAHHAMH Ta30BBIX KOMNOHEHTOB. AHoO-
MaJbHble COAEpPHAHHA MAapoB PTYTH OBUIH OTMEYEHHl B MOYBEHHOM
BO3/yXe H3 CKBa:KHH rayonHon |—2 M nax [lanbsinoBckum HedTs-
HBIM MecTOpoxAeHHeM npH rayGuue o sanexu 2500 m [46].

Ha verBepToii cTainn BBINOJHAIOTCH JAeTaJlbHbIE reoXHMHYe-
ckHe cbeMKH B Mmacuitabe 1:25000 nan GeamacmTaGHO € 9HCJIOM
npo6 mo 20—60 na Touky nabmogenns. 3apaweit 'TTHI na stoii
CTaJuu $BJAAETCS ONTHMH3AIHS Pa3MelleHHss MOHCKOBBIX CKBaXKHH
B Tpejlendax BbIABJAECHHONH rasoHedTaHON CTPYKTyphHl W obocHOBaHHe
BbIOOpA TOUEK 115 ray6okoro 6ypenus.
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[ToncKOBBHIMH  reoXmMHuYecKHMH paGoramu  1970—1980 rr.
B CCCP suifiBjeno 320 nedTenepcrneKTHBHBIX anoMaliuii, H3 KOTO-
peix 46 nposepsiinch raybokum Gypennem, B 80 % cayuaes ¢ moJo-
JKUTEJbHBIMH pe3ysbTaTaMi. DTOT BBICOKHH NPOLEHT ycnexa B 3Ha-
YHTEJbHOH Mepe cBf3aH ¢ TeM, 4TO OGOJLIIHHCTBO pPeKOMeHAalHil
FeOXHMHKOB COBNAJaJo ¢ peKoMengaunsiMu reousuxos [12].

HanGoJbiine nepernekTHBL 15 JajdbHellIero pasBHTHS METO-
anku 'TIHT umetor nutoxumuveckne necaenosanus [4, 13]). Murpa-
uust ¥YB n3 rasonedTaHOM 3a/eKH N0 NMPOAOJIKHTEILHOCTH COH3Me-
pHMa C NMEepHONOM ee CYIIECTBOBAHHA M NPHBOAHT K TIYBOKHM
MHHEPAJOr0-TeOXHMHYECKHM TpeoGpasoBaHHAM  MEPeKpPLIBAIONIHX
nopod. Yuactue YB B OKHCAHTEIbHO-BOCCTAHOBHTENBHBIX TIpoOllec-
cax seJler K nossimennio pH u cumxkenunio Eh, B pesyabrare uero
BO3HHKAIOT MHHEpaJ/bHble HOBOOGPA30BAHUA W NPOHCXOAMT nepepac-
npejejenne MukpossaemeHtoB. Ilpu 3tom, B OTIMuYHe OT rasoBbIX
anoMaaui, (PHKCHPYIOIHX XOX paccesinusi, obpasyiounecs JHTOXH-
MHUYECKHE aHOMAaJHH fBJSIOTCSl HHTErpajbHBIM pe3yJbTaToM MAJH-
TeNLHO NpOoTeKaBllero npoiecca. B uucie MHHEpaabHBIX HOBoOOpa-
30BaHHil B KOHTYpe NOPOA HaA He(TSAHBIMH 3aJeKaMH OTMEyaloTcs
cyabhuaN3aUns, oKpeMHeHHe, KapOoHATH3alHA, AOJOMHTH3AIHA,
HAKOI/IeHHe pagHOaKTHBHEIX sjaemeHros, Mn, V, Pb, Cu, Co, Ba u
HEKOTOPBIX JPYTHX MHKPO3JeMeHTOB. ¥ GeuTeablble f1aHHbIe 0 Hed-
TENOUCKOBOM 3HaueHHH KapOOHATHOH ChbeMKH OblH onyOJIHKOBAHbI
B CIIIA. 3a 38 ner BeleHus 370l CheMKH Ha muomann 320 Toic. Km?
(875 THIC. aHanH30B 104YB) BHIABAEHO 160 reoXmMHUECKHX aHoMma-
JINi, NpoBepKa KoTophlx OypeHHeM NpHBeJa K OTKpHITHIO 38 Hedre-
ra3oHOCHBIX CTPYKTYp. CoBpeMeHHble MEeTOALl aBTOMATH3HPOBAHHOM
o6paborku naHHbBIX HA DBM cMoryT cymecTBeHHO MOBBICHTh 3ddex-
THBHOCTH JIHTOXHMHUYECKHX TOHCKOB TJy60OKO3aJeraioliux MecTto-
poxaenuit nedTH 1 rasa.



3AKJHOYEHHE

3anaun B cOJaaCTH AaJibHElIero CoOBepLIeHCTBOBAHUA TEOPHH H LUH-
POKOrO NPAaKTHYECKOro NPUMEHEHMHS PeOXHMHYECKHX MEeTOLOB MOHC-
KOB BecbMa MHOroo0pasHbl M A0OCTaTOYHO oueBuAHLI. Heobxommmbl
Jla/ibHelliee TIOBbILIEHHe TeoJOoro-3KoHOMHYecKol 3(QeKTHBHOCTH
NOHCKOBLIX T€OXHMHYECKHX paboT BO Bcex pailoHaxX HX NpoBefeHHs
¥ pacilHpeHnHe IepeuHsi MOJe3HbIX HCKONaeMblX, MPH TOHCKAX KOTO-
pPBIX 3TH MeToAk mnpuMensaiotcsi. [lepsBocrenennoe 3Hauenue GyAer
HMeTb yBeJHuYeHHe TaAyGUHHOCTH TeOXHMHUECKHX MOHCKOB B JIOOLIX
reoJIOrHYeCKUX M JaHAWa(THLIX YCJAOBHSAX, 4 TAKKE MMOBLILIEHHE Ha-
JIeXKHOCTH OIEHKH BbLISIBJSIEMBIX TEOXHMHYECKHX aHomaJsuii. Peue-
HHe [oCaeHel 3agaul notpedyerT PasBUTHA CYIIECTBYIOLLHX H CO3-
JlaHHs HOBBLIX, foJiee TOYHBIX METOMOB IOACUYETA TPOrHO3HBIX pecyp-
COB I10JI€3HBIX HCKONAeMbiX C YUeTOM reHeTHUeCcKux ocobGeHHocTell n
reosIoro-CTPYKTYPHBIX YCJOBHH 3aJeranus OCHOBHBIX TIPOMBILIJIEH-
HBIX THIIOB MECTOPOMKAEHHIL.

B Giuaailiiye roAbl NpeIcTOHT BLITIQJHSATL BO3pacrainine 00m-
eMbl OMCKOBLIX FEOXHMHYECKHX CHEMOK N0 CTaHZAapTHOH MeToAnKe
B PA3JIHYHBIX MacluTaGax M ¢ Pas3JHUYHBIMH TEOJOTHYECKHMH LeJIAMH.
B ropnopyaunpix paitonax Cnoupn u Cesepo-Bocroka CCCP npen-
CTOHT 3aKOHUNThL JHTOXMMHUECKHe cheMKH macmrada 1 : 200 000 no
NOTOKAM pPaccesiHusi M MPOLOJIKATEL MJIAHOMEPHBIE JHTOXHMHUYECKHE
cvemMkn macmrata [ : 50000 u kpynHee 10 BTOPHYHBIM OpeoJiaM
paccesiiusi. B reosoruueckn MeHee H3y4eHHBbIX PYAHBLIX paifioHax pas-
BHUBalomuxes crpan Asun, Adpuku u JlaruHckoit AvepHKH npe-
CTOHT B TOH Ke 10C/JAeJ0BATeJbHOCTH NPOBECTH MOHCKOBBIE JHTOXH-
MHYECKHe CBeMKHM HaunHas ¢ macmitaba 1 : 1000 000.

Ha 3akpbiThIX TeppHTOpPHAX PYAHBIX PaHoOHOB C OrpaHHYeHHOI
MOIIHOCTBIO TEePeKPLIBAIOUIHX OTJIOMKEHHl, B TOM YHC/IE B «CTAPBIX»
ropuopyansx paiionax CCCP u apyrux paspuTeiX cTpan, B Gamxail-
liMe rofibl B Bo3pacTaiomux obbemMax OYAyT MPOBOAHTHCS FEOXHMH-
YeCKHe NOHCKH norpeGeHHbIX MeCTOPOXKAEHHIl M0 HX HaJOHKEeHHbIM
opeoJiamM paccesiidsl Ha NOBEPXHOCTH 4exja, B TOM 4HCAe [0 Opeo-
Jam rajonfoB. B npemenax pyAHLIX MOJel NPOMBILJIEHHLIX MECTO-
poxaenuit OyAyT NPOAOJKATBCA MOHCKH CJENbIX PYAHBIX Ted 110 HX
TIePBHYHLIM OpeoJiaM, OJHOBPEMEHHO ¢ JeTajJbHbIMH HCCJeI0Ba-
HHSIMH IIEPBHYHOI 30HAJLHOCTH TEOJIOrHYECKH XOpOUIO H3Y4YeHHBIX
(sTanonnbix) Mecropomaenuii. Hakonel, na oGWHPHBLIX IpocTpaH-
cTBax HeiTe~ W razonepeneKkTHBHLIX TeppUTOPHIl 11PeACTONT pacliH-
PHTB CHCTEMAaTHYECKOe I[IPOM3BOACTBO pA3JIHYHBIX TEeOXHMHYECKHX
CBHEMOK, 1O nmpHMepy HX 3((EKTHBHOTO NpoBeJeHHs INPH NOHCKAX
TBEP/BIX MOJe3HbIX HCKOTNAEeMBblX.

Beimoaneune 060abInX 00BEMOB  MNOMCKOBLIX TIe€OXHMHUECKHX
pabot 6yLeT cOnpoBOMKAATHCH H3MEHEHHAMH cOCTaBa TPHUMEHSIeMbIX
MeToJ0B. MOXKHO yBepeHHO NpelABHAETh GLICTPOe Pa3BUTHE aTMOXH-
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MHUYECKOTO MeTOJa NOHCKOB PYAHBIX MEcTOPOKIEHHH Ha OCHOBE HO-
BeHlIMX CPeJCTB AHAJHUTHYECKOH TeXHHMKH, BKJIIOUAs MPSMOE omlpe-
IeJIeHHe 11apOoB TseJblX METAJI0B H CO3[LdHHE BLICOKOUYBCTBHTE/b-
HLIX pEUeNnTOpPOR HA NPHHUMNAX, 3aUMCTBOBAHHLIX M3 obnacrd
ouonuxu. Ilporpecc B ofJacTH TeOXHMHUECKHX METOHOB [OHCKOB
cieflyeT CBA3LIBATb ¢ KOPEHHBIM yJy4dllleHHeM aHaJuTHYecKOH Haspl
3THX pabor. Penienue 3T0H npo6JeMbl MOXKHO OXHAATH ONpPH Tmepe-
X0Jie K IOJIHOCTbIO aBTOMAaTH3HPOBAHHOMY HEHTPOHHO-aKTHBAI[HOH-
HOMY 4HAaJMu3y JAUTOXUMUHeCKUX npol ¢ NpAMBIM BBOAOM JAaHHBIX
B namate 3BM. 3710 XKe OTHOCHTCSI K aBTOMAaTH3alHH Ta30BOTO,
B YACTHOCTH, XpPOMAaTOrpa@HuecKoro, Ja3epHoro H Macc-CeKTPOMET-
PHYECKOro aHa/lH30B aTMOXHMHYecKHX npob. To/bKo mpH JHKBHAA-
IHH paspbiBa MexkAy aHaJdusoM npo6 H BBOAOM AaHaJHTHYECKHX
HaHHBEIX B IBM OTKPOIOTCA BO3MOMKHOCTH aBTOMATH3HPOBAHHOL
cHeTeMbl 06paboTEM reoxumuueckux gauunix (ACOIM). Ilupoxas
aBTOMaTH3allus npoieccos cbopa, obpabOTKH, XpaleHus H KapTo-
rpaupOBaHHs NOHUCKOBBIX JIaHHBIX, BKJloyas [OCTPOeHHe MHOTO-
IIBETHLIX H TPeXMepHHIX (00BeMHBIX) reOXHMHUYECKHX KapT H paspe-
30B, COCTaRJAfAeT 0e30TyaraTelbHyl0 3afauy Oauxafllero BpemMeHH.

B Gauxkaimeli nepcrnekTHBe caeAyeT npeaBHAeTh YCIeNlHyio pas-
pabOTKy TIPHHIHUTIOB ONTHMH3AUMK PemleHnii, IpHAUMaeMBEIX TIPH Be-
JIleHHH [OHCKOBHIX TEOXHMHYECKHX paboT, uTo norpedyer obpalieHus
K 3aJayaM JHHEHHOro NPOrpaMMHPOBAHHS, TEOPHH CTpaTerHYecKHX
MCP M APYCHM CHeUHa/JbHBIM pasfenaM COBpeMeHHOH wMarteMa-
THKY. B unesom pias pajbpyeHuiero pasBHTHA H LIHPOKOTO IpHMeHe-
HHSI TEOXMMHYECKHX MEeTOJOB MOHCKOB CYIlecTBYET MHOXKeCTBO
pasauuHLIX BosMoxkHOcTel. OOGH/aMe HepemleHHLIX 3ajau HeJaeT HC-
c/lefloBaHua B 3T0H 06/1acTH 4Pe3BHIYANHO MJIOJOTBOPHBEIMH U yBJIe-
KaTeJbHbIMIL.

YueHHe O TeoXMMHYECKHX MOHCKAX MECTOPOMKAEHHH T0Je3HDLIX
HNCKOTNIAeMLIX — OJIH W3 CaMBlX AWHAMHUHLIX DasliejoB TreoJioriye-
CKHX HayK. JTO NOATBEPKAAETCs HAayuyHOIl aKTHBHOCTbIO B 3TOH 00-
JacTH, oTpayKeHHeM KOTOPOH CJyiKaT MHOIOYHCJEHHLIE BCECOIO3HbIe
H pPernoHajbible cOBelanus, KoudbepeHIMH W CEeMHHAPLI, QPTaHHu-
3yeMble B Pa3JHYHLIX rOpofax Hauleil cTpadbl u 3a pybexom. Cre-
LiHaJibHas NOJACEKNHs TEOXHMHUYECKHX METOJ0B TOWUCKOB BXOANIA
B CTPYKTYpy 27 ceccun MexIyHapoJHOTO Teo0JIOrHUecKOro KOH-
rpecca B Mockse (1984 r.).

Cpeau MONOALIX TEOXHMMHUKOB HHOTZA OLITYET JOMKHOE MHEHHe,
4yTo HccaefoBanue (popm HaxomeHuss MblllibgKa B oOpasie JHMO-
HUTa — 3T0 HayKa, a aHains JAaHHbXx o codepxauuax 12—15 pyn-
HbIx aeMenToB B 100 ThiC. reoxuMuuecknx mpob — 3TO 3ajlaya reo-
JIOTHYECKOr0 MPOH3BOJACTBA, JHajexKas OT lieaeli HCTHHHOH HaykH.
OubounoCcTh 3THX TNPeAcTaB/enuit BroJHe oveskaHa. OrpomHblii
obbeM HH(pOPMAaluH, 3aKII0YEHHbII B OODBEKTHBHBLIX AAHHBIX TOHC-
KOBLIX TEOXHMHMYECKMX ChEeMOK, TpebyeT OT uccaenosartesis ray6o-
KOr0 HayuyHOTO M TBOpUYECKOro ocMmbiciuHBaHus. Ecam mpu 310M
BCECTOPOHHHI I'€0JOTHUECKHH, TeoXHMHUYECKU H (PU3HKO-MaTeMaTH-
UeCKHil aHaqu3 ITHX JAHHLIX MPHBOAHT K OTKPBITHIM KPYIHBIX NPO-

284



MBILITEHHBIX MECTOPOKAEHHIT TMOJE3HbIX HCKONABMBIX — Pe3yAbTaTol
3THX HCCJAeIOBAHMI MPHHOCST YYeHOMY HHM C HeM Ne CpaBHHMOE Bbi-
coKoe MopanbHOe yHoBJieTBopeHHe. I'opofia Ha Kapre CCCP — bu-
nAu6uno, ['y6kuH wiy JIYTYTHHO HA3BaHBI B 4CCTh 10. A. buantuna
(1901—1952), M. M. I'y6kunua (1871—1939), JI. H. Jiyryruna
(1864—1915) He TOJLKO IOTOMY 4TO, nofgo6HO MHOCHM IPYrHM, OHH
OBUTH KPYMHEHIHMHE  yUeHLIMU-Te0IoTaMH. DTy 4YecTb OHH 3acay-
UM TIOTOMY, YTO TPOCHABHAM Hamy Pojuny BLIAAIOLIMMHACA OT-
KPEITHAMHA €€ MHHEepa/bHBIX GOTaTCTB.
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MEPEYEHb OBO3HAYEHHH

Hixke nmpuBoaATest riaBHeiimive oGo3HaueHHs, NpUHATHE B HacTosedi paGoTte M
PeKOMeHAyeMEe K ynoTpebJeHHIO B JHTepaType Mo TFeOXHMHYECKHM METojaam To-
HCKOB M T€0/JIOTHYEeCKHX OTYeTax.

A —wmecTrEl napaMeTp, ONPeLeNSOUIHA CMelleHHe Opeota paccesuus
Ha CKJIOHE
A —xo3(hDPHIHENT GHOTEHHOTO MOTAONIeHUn (3axpara)
2a — spdexTHBHAA MHPHHA TEOXHMHYECKOH aHOMaJii B M
L — yroJl HaKJOHa MECTHOCTH K TOPH3OHTY, yroJ
@’ — CKJIOHOBBIH KO3 (hHIIHEHT aJTIOBHSA
B —xosbduuuesT HaMeHeHHs o0beMa Topod NpH BEBETPHBAHHH
2b —spekTHBHAA AJHHA TeOXHMHYECKOH aHOMAaJHH, B M
B —yron najewns pYAHOro Tela, MHOXKHTENb 1J8 OLEHKH craHaapra
10 pazmaxy onpeaeneHui
Cyx —conepxkaHHe XHMHUYECKHX SJeMEHTOB, oTBeuaiolllee ero KJAapky
C o —oHoBoe coepixaHie 3IeMenTa
Cx — colepxKatine JeMeHTa B TOUKAX 10 NpodhHiio

*Cx —cpennee apupmeTHIECKOE COAepxRanNe
Cy —cpejiHee reoMeTpHYECKOe COJEPKAHHE
Cumax — MAKCHMAJbHOE COEPIKAHHE 3/IeMEHTA B TEOXUMHUECKOH aHOMAaNuH
Cp —coepiKanie 3JeMEeHTa B MOJE3HOM HCKONaeMoM
Cx’ —colepKaHHe 3/1eMeHTa B NIOTOKE paccesHust
Ca, Cay—umKHee aHOMaJbHOE COJCPIKAHHE 3JEMEHTA
Ca, m —COJlep:kaHHe 3TeMeHTa, MPH3HABAEMOE aHOMAaJbLHHIM OPH M KOPPEJH-
pylouuxea Toukax (m=<9)
d —naotHoeTh (0GBeMHast Macca)
E — sdeprug pyaoodpasosanus
£ —cTaHAapTHHI MHOXKHATEab (e=antlg Sig)
1| —MONPABOYHBIH MHOMKHTE/Nb [JIST TepecyeTa MPOAYKTHBHOCTH HAAPYA-
HOTC MEPBHYHOrO OpeoJia Ha YpOBeHb NPOMBILLIEHHOrC OpPYAEHEHHA
F —cnaa
f—uncso onpoGoBaHHEIX ypoBHEH (TOPH3OHTOB) OpYZAEHEHHS
@ (x) —unuTerpaa BepoATHOCTE A5 MPEACToB +X
VY —TIOKa3aTe/lb  KOUTPACTHOCTH cAalBiX TEOXHMHYECKHX anoMmannfi —
OTHOIIEHHE MOJe3HOTO CHFHAJA K YPOBHIO MIyMa :
H —rayGuna mo BeprHKaan (B M), Ha KOTOpPYIO BeleTcs TNoicdeT TPo
FHO3HBIX PECYPCOB
h — mOUIHOCTD 3JIOBHO-€/MOBHAJBHEIX 06pasoBaHuil
ho —wmoOlIHOCTD HeXJa JIadbHeNPHHOCHEIX OTJI0XKeHH
I — myJbTHINHKATHBHBIH MOKa3aTe b
Ah —emeroansil caoil nenyaainun
{, | —mopsiakoBble HoMepa NpH OYKBeHHHIX 0003HAUCHHSX BEJHUHHEL, HO-
mepa ToueK HabaoleHHs
Ky —xoshdunienr BogHoll MUETPAIHN 3JIeMEeHTOB
Ky — knapk KonueHTpalHn
k —xo3(hdHuieHT 0cTaTOYHON NPOAYKTHBHOCTH, XapakTepH3ylOUu# mpo-
MOPIHOHAMBHOCTL MEMKAY KOJHYeCTBOM MeTaaJa B opeoJe H B KO-
penHom opyuenennn (M: Mp; P: Py q:qp)
k* — ko3 bHIHEHT TPONOPHIHOHAJILHOCTH MeX1y NpOAYKTHBHOCTBIO OPEo-
JIOB H TMOTOKOB paccesHus
% —Ko3(pdHIHeHT noA00HA, XapaKTepHayioulHil reHeTHYeCKH OJHOTATHEE
MeCTOPOMKAEHHS
L — puiHa o6beKTa (reoXHMHYECKoi aHoManinn)
2] — paccTosiHie MEKAY NPODHIAME ChEMOUHO ceTH
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1/h — MurpauHoHHas cnocoGHOCTL (MOABHIKHOCTL) 3JeMEHTa B NEepBHYHOM
opeoJie, B M
A’ — nOnpaBOYHBIH MHOMHTENb IS OIEHKH HCTHHHOH TPOAYKTHBHOCTH
JIMTOXHMHYECKOTO MOTOKA paccesHus
M — HaggoHOBOEe KOJIHYeCTBO Merajsia nmo npodumo (NHHefHAA NPOAYK-
THBHOCTb aHOMaJHK), B M %
Mp —KosnuecTBO MeTajsia B CeYeHHM pyJAHOH 30HH. JIHHefHas npoayk-
THBHOCTB I0JIE3HOTO HCKOMaeMoro, 8 m %
m, N, n—uuHcJO TOYeK, YHCIO mpol, YacToCTh M T. 1.
vV —reoXHMHYeCKHH M0KasaTejb 30HAJbHOCTH — (e3pasMepHOe OTHOMIe-
Hie MeX1y COAepKaHHAMH (KOJHYECTBAMH) JABYX HJH HECKOJbKHX
XHMHYECKHX 3JIEeMEHTOB TeOXHMHYECKOH aHOMAaJIHH, MOHOTOHHO H3Me-
HAIOUeeCH MO 33JaHHOMY HallpaBJeHHIO
@ —Yyroda :
P —nandonoBas nJollajHas NPOAYKTHBHOCT TeOXHMHUECKOHl aHOMa-
JHH, B M2 %
Py, —nnomajanas NPOAYKTHBHOCTh KOPEHHOrO OpYyAeHeHHA, B M2 U
P; —nonuas (ycrolumBasi) NPOAYKTHBHOCTL TOTOKAa paccesiHus, B M2 %
P’y —xamymascs NPOAYKTHBHOCTb NOTOKA pacCennns
2p, 2px — MOILHOCTb PYAHOTO Tesa, B M
2py — IJIHHA PYAHOTO TeJa, B M
I1 —BeposiTHOCTL CayyaiiHOrO cOGHITHA
Q —KoAMMECTBO (3amacel) mMeTasia, B T
Qqn — nporHO3HLIEe (reoJOrHYecKHe) pecypchl METaJJa B PYAONPOABJIEHHAX
jio rayouner H
§ — KOJIHYECTBO METajla B OpeoJie paccesiHust mJst ¢aos 1 M, B T
Gp — KOJAMYECTBO METANA B KOPCHHOM OpYyJIEeHeHWM aas cjaom | M, B T
Agp — yaelbHAsSt IPOAYKTHBHOCTb OPY/AEHEeHH:, B T/M/KMZ
R —paccrosinie OT BepIUMHBl BOAOpasiena A0 TOUKH P’max, pasmax Ha-
GimoaeHH i
R, —pacctoniuue OT BepWHHH BOJOpPa3fieNia A0 TOUKH Hadaja MOCTYILe-
HHSI MeTaJ/jla H3 OpeoJsia B Pycio
r — ko3 GHIHeHT KOPPeasillHA; paanyc
Sx — miaomans BojocGopa (6acceliHa AeHyaauHH), B M?
@ — CMELLeHHe 0PeoJid paccesHisl K NMOAHOXKBIO CKIOHE, B M
8 p — cMellleHHe OpeoJa paccesHHA IO BOCCTAHHIO, B M
§ —CTaHAaPTHOE OTKJOHEHHE
0 — Koa(pHIHeHT THNepPreHHoro paccesHus, B M
T —mpems
Tx — K03 pHIHEHT TanaccopHIBHOCTH
X —Hanpasjende 10 TpodHM0 (BKPECT NpPOCTHPAHHIO PYAHOTO Teua),
HanpasJeHHe BAOJb pycaa Mo HampaBJeHHIO CTOKa
Ax —mar onpofoBaHHA 0 NPOQHIIO, B M
Iy — HanpasJeHne 10 NPOCTHPAHHIO PyAHOro Teaa
2 — HampaBJeHHe No NMajeHHIo PYLHOTO Tesa, Mo HOpPMaJH K JHEBHOIl no-
BePXHOCTH, IVIyOHHA, B M
Hnpnekenl x, ¥, 2, 0, A, p, i n Ap. npu OykBeHHHIX 0GO3HAaYEHHAX YKa3bIBAIOT,
YTO JaHHAs NMepeMeHHas BeJHYHHA HJH IapaMeTp pacCMaTpuBaloTes BAOJL COOT-
BETCTBYIOLIEr0 HaTllpaBiaeHud (X, y HAH 2z), Ha nHeBHON mosepxuoctH (0), Ha rpa-
HHUE KopeHnublx nopox (h), B pyauoii 3oHe (p), B TOYKE ¢ HOMEpPOM [ H T. IL
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NMPEIMETHBIH YKA3ATE/Ib

Axxkymynauug 51, 83, 96

Anomanmus
Geapyaunas 249
GnoreoxuMuyeckas 44
reoxumMnyeckas 11, 43
ragpomMophHan 142
ruapoxumudeckas 43
runeprennas 16, 249
300MeTpHYecKas 45
JUTOXMMHYecKas 13
pyanas 249
cnabas 13
TexHoreuuas 249
siBHas 12

Anams
AKTHBAIMONNbI 270
aTOMHO-a0copOUHOHHLIH 269
peHTreHopaanoMeTpHueckHit 270
crnexTpanbublit 268
XHMHKO-a0copOUHOHHEI 269
xpomarorpaduuecknii 227
yacTH4YHO-(ha30BEIH 143
s/epHo-thuanyecknit 270

Baananc Bnaru 59

Bapsep
onoaornyeckuit 231
BOCCTAHOBHTENBHBIH 52
reoXHMHYecKH 51
rpaBHTaIHOHHBIT B2
HCMapHTe/ILHBIH 52
KHCJIOPOIHLIH 52
LesouHoi 52

Brocepa 6

BekTop 3onanpHOCcTH 174
BepoartHoeTs oBuapy®Renus 36
«BerpeuaeMocThy 3jeMeHTOB 31
BBITsKKH KHCIOTHEE 142
Bsskocrs 109

Teoxumuuccknii crexktp of6bekta 261
Fuapocpepa 6
IopusouT npeicTasuTe bHbIL 93

JecaTaudas
poxaenuit 35
Hedmokuns 135
Nemudprponanue
249

JluckperHblit paa u#pp 269
Judpdepenuuanns pacnaasa 165

KaaccHHKalHg  MecTo-

23poPOTOCHIMKOR

HKypnan nonesoii 268
290

3ajaua Bopdona 37
3aKon
Bepuaackoro 7
pacnpenenenns 20
3akpenyenue coseporo opeoaa 106
3anack reoxumuueckue 10
3ona okucaenns 102
3oHaabHOCTL OpyHeHewnua 161
BepTHKaJabHAsA 174
oGparuaa 195
HeHTpHKAHAa bHas 195

Hsotepms pysooraoxenns 195
Hurerpan BepositHocTelt 22
Hutepdepomerp maxtunit 226
Henapsemocrs 106

Kareropun pecypcos 57
Kaapku 6
Karapk konuentpauni 9
Kanmar
apuanblii 106
rymuansiii 106
Konrpactaoers cnaboil anomanun 26
Kopa sbiperpuBanus 86
Koppeasuuss memxay
sjemMenTos 173
Kosdduuuenr
GHOJIOTHYECKOro norJomenns 229
BOJIHOT murpanun 49
reoxuMuyeckoro nogotns 177
runepresHoro pacceanus 114
ocrarouHoii npoayktusHoctn 92, 123,
129
npoayktusnoctu 34, 53
CKJI0HOBBIH 70
TasaccopuabHocTH 49
Kpyrosas nanetka HyGosa 151
Kpynueie mectopomaenns 35, 42
Kypymur 267

COJepHKaHHAMH

Jlanamad e
ABTOHOMHEIE 46
cynepakpaJibible 46
TPAHCIMOBHAABHEE 46
3JH0BHAJBHEE 46
3j1eMeHTapHble 46

JIuneiika [y6oea 151

Murochepa 6

Maxkposaeventsr 21

Macwitad cwemok 19, 53

Mecropox aenns
norpetenubie 40



caernbie 40

stajonnse 179, 197
Metozx

MOUCKOB 300MeTpPHYecKHit 45

pazmepuocreii 109, 119

Tpex ypoBHei 121
Murpauus sjemeHToB 7
MukpoanemenTs 23
Munepadnsl

TsKease 83, 124

yerofiunpnie 83, 124
Mozneas

nepBHYHbIX opeosoB 164

sujiorentoro opynenenns 189
Mogyan croka 59
Mopena jonnan 84
MyabTHiHKaua 144

Opeon
HaApyARbiL 14, 164, 167
noapyaHuii 14, 164, 167
IK30reHHBIH 155
IHAOTeHHL [55
Opeon paccesiHus
AKKYMYJIATHBHEIE 96
BTOPHYHLIH 15
Bhillle/I04eHHEN 97
rasosulii 16
runeprenabiii 249
auddysnonunit 95
3aKpHITHIH 92
HaapyAusit 96
HaJJOXKeHHE 92
ocTaToyHbIH 92
OTKpHITHIH 92
oropBaHHublil 96
norpebennblii 98
npejeibHo-pasyGoxkennbi 96
yacTHYHO-TIorpebennnlii 249
Onenka 3posnonHoro cpesa 196

Manerku [dyGosa 153

IMapajoke KpyTHX ckjaoHoB 135

IMorpemnoers anaausa 269

[MoaBiKHOCTH yaCTHIL B3auMuaa 99

ITonBHKHOCTH 3JEMEHTOB
runeprexnas 100
audpysnonnas 171
unduapTpannonnas 171

[Tokazareib reoXHMHYECKOI

eru 173

[Nokaszatean
KOHTpacTHoeTH 26
HenapameTpuyeckuii 31
napaMerprueckui 31
cayuaitHo MOHOTOHHEI 188

IMone paccesuus 15

IMoussl webenncrbie 260

ITpunumn

30HA.TbHO-

cynepnosuunHy 35
skBHBaMeHTHOCTH [15
noaobus
B reoxuMun 37
B Mexanuke 109
I1poAyKTHBHOCTH aHOMAJTHH
Juneiinas 32
niaoulajinas 32
[TpoAyKTHBHOCTL NOTOKA pacCesaHHs
ucTHHHaA 70
Kaxyuiascs 70
[Tponssesenne pactBopumocta 105, 209

Pasmepbl anomamnuii

«McTHHEBE» 119

BEIABJICHHEIE 26
PaiionnpoBanue Ttepputopuii 238
Pacnpepenenne

JlorHOpMadibHoe 21

HopmAaasHoe 20

I']l[;?;:TP&HCTBEHHo vnopszouennoe 30,

«enyyaitnoe» 31

PacrBopumocth MuHepaaos 105

Pacrenusi-konuenrpatopua 230
Pecypewt nporaozusie 55
PynonocHoets

noTenuxaspHas 20

peaapHas 20
Pyaul zabanancossie 14
Psjabl 30HAABHOrO OTJIOXKeHHd 162

CraaxuBanne JaHnbix 143
CKJIOH BOTHYTHI 145, 148
Cioit nenynaunn 59
Conepxanne meraaia Goprosoe 13
Cpennee ckoab3sitee 143
Cpes spoanonnuii 196
Cranuu
BLIBeTpHBanus 86
reoIoropasBe/10uHoro
56
CraHpapTHBIH MHOMKHTEL 24
CranjapTHoe oTKJaoHeHnHe 21
CreMka
apToMoGuIBHAA 18
arMoxuMuueckas (rasosas) 17
asporaMmacnekrpaisias 19
asporeoxumuyeckas 19
Guoreoxnmuueckas 17
reanuesas 218
riipoxumMudeckas 17
JAHTOXHMHueckast 17
ray6unnas 18
naszemnan 18
unxosas 61

npouecca 53,

Teopema JIanyrosa 20, 120
Tpuaaw Crpaxosa 166
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¥Yraesoopojnbie rassl 218
YrueBogopoasl Tskedable 219
Veunenue caabuix anomaanii 144

Doy reoxHMH4ecKHi 13
Dopmyaa ypuiruna 38
Pyukisg pacceanns 113

«lenTpe TsamectH» rpadukos 180
LIMKA TeoJIOrHYecKOH MUrpauHu  3je-
MeHTOB 7

Yucso nokasartedei 3oHaJbHOCTH 182
Yueao Peiinoabaca 132

Ilar cremrn 19
Ilneiip opeona 148

JxcmosHuua cKaIoHa 260
DKcnpecc-ananus 23
DnexTpoabl HOHO-cesiekTHBHLIe 271
DIeMeHTH
AKTHBHBIE BOJHBIE MHrpaHThl 49
¢ KOHTPACTHOH MMrpalHOHHOH cIo-
cobHOCTEIO 49
xaJjbgouabHEEe 220
duopni 88
DunoBuo-emoBHI 89
Oueprus pynoobpasosanus 178
SdheKTHBHOCTD MOHCKOB 57
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YBAKAEMbIH TOBAPHIL!

U3JIATEJIbCTBO «HEJLPA»
FOTOBHT K TMEYATH —
HOBBIE KHHUTH

BOWITKEBHUY T'. B.,, BECCOHOB 0. A,

XUMHYECKAS 3BOJIIOLUHA 3EMJIH.
1986.— 18 m.—2 p. 90 &

H3noxkens HOBHIE NnpeacTtaBJ€eHHss O BOSHHKHOBEHHH H PAa3BHTHH 3eman Ha ocHOBE
COBPEMEHHBIX JIAHHBIX T€OXHMHH H KOCMOXHMHH. PaccMOTpeHBI CTaHOBJIEHHE XHMH-
HEeCKOTO cocTaBa 3eMJH, po/b PAaZHOAKTHBHEIX H3OTONOB, BOHHKHOBEHHE CJOXKHBIX
OpPTaHHYECKHX COeJHHeHHH, AnQdQepeHnHanus MaHTHH H o0pasoBaHHe MEPBBIX Mar-
MATHYECKHX INOPOJA, a TaKKe XHMHueckas sBoJouns Guocdepsl, okeaHa H aTMo-
ceprl. Bonmpockl XHMHPUECKO# 3BOMIONHH 36MHOH KOPH H OTpaKeHHe ee B 3BOJIO-
HHM MeTaJJIOTEHHH H3JIOXKEHBl C MCHOJb30BaHHEM IMOCJAENHHX JAHHBIX TeOXHMHH
H30TONOB H XHMHYECKOH TepMOIHHAMHKH.

Jlns HayuHBIX paGOTHHKOB — Te0/0r0B H Fe0XHMHKOB.

KAPACHK M. A, KHPUKHJIHULIA C, H,,
FEPACHMMOBA JI. H.

ATMOTEOXHMHYECKHE METOJAbI NMOHCKOB
PYIOHBIX MECTOPOXIEHHH

1986. — 19 1.—1 p. 30 k.

PaccmoTpensl yenoBusi ()OPMHPOBAHHSI OPEO/IOB MPHPOAHBLIX ra30B M MapoB XHMH-
YECKHX 3JEMEHTOB B IpOIecce HX MHTpalHH OT IMOA3EMHBIX HCTOYHHKOB. HManoKeHa
METOJAHKA aTMOreOXHMHYECKHX TOHCKOB PYAHBIX MECTOPOXKAEHHH, OCHOBAHHAS Ha
pesyJbTaTax H3yueHHs 3THX OpeojoB B atMocdepe, MPHPOIHHX BOJAX, MOYBAX H
ropHeix nopopax. Onucansl npsiMble H KOCBeHHble HHIHKATOPHI MECTODOMIEHHIL
MOJIe3HHIX HcKOMaemblx., J[lerannHo paccMOTpeHa MeTOAHKA AaTMOTEOXHMHUECKHX
CHEMOK NpH NOHCKaX H pasdBeflke PAs/HYHBIX THNOB pyx. Bosblioe sHHMaHHe yie-
JIEHO HHTepHpeTaluH BhISBJIEHHBIX FeOXHMHUECKHX aHOMAJHIlL.

Jl1s reos0rOB M reOXMMHKOB, 3aHHMAIOIIHXCSA NOMCKAMH MECTOPOMKACHHH MOJE3HBIX
HCKOTaeMbIX.

Hurepecyiowyue Bac kuuzu Bo. moxere npuobpectu 8 MeCTHbix KHUICHbIX Ma2a-
BUHAX, PACRPOCTPAHAIOULUX HAYYHO-TEXHUYECKYIO AUTEPATYPY, HAW 3AKA3ATL wepes
ordea «Knuea — nourotis macasuna Ne 17—199178, Jenunepad, B. 0. Cped-
Hut npocnekt, 61.

U3OATEJILCTBO <«HEIPA»






