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NPEANCJ/IOBHUE

[IpenofaBanue Kypca «['eoXxuMuyeckHe METOABI MOHCKOB MECTO-
pOZKIEeHHI MOJE3HBIX MCKOmaeMblx» 6o Hayato B CCCP B 1938T.
Ha reodH3nuecKnx ¢aky/abrerax JIeHHHrpaackoro TropHOro (Joi.
E. A. CepreeBniM) H MOCKOBCKOTO Te0JIOTOPa3BeJOYHOIO HHCTH-
tytoB (nmpod. A. M. 3aboposckuM) mnox HassaHueM <«PuH3HKO-
XHMHUECKHE MeTOAbl NMOHCKOB». Ilo3aHee 3TOT Kypc NHOA CBOHM
COBPEMEHHHM Ha3BaHHEM BolleJl B YyyeOHbe TpPOrpaMMBl GoJtb-
IIHHCTBA TEOJOTHYECKHX BY30B M pPeKOMeHA0BaH MeTojHYeCKHM
CoBeToM TO BHICUIEMY T[e0JOTHUECKOMY 00pa3oBaHHIO AJS BCeX
reoJIOTHYECKHX CchenHaJdbHOcTell. Ha reosornyeckom Qaky/abrere
MTYVY ¢ 1959 r. ero unraa yna.-kop. AH CCCP A. A. Caykos, as-
TOp NepBOro ydye6HOro mocobHs MO 3TOMY KypcCy, KOTOPO€ BHILLIO
B cBeT B 1963 r. Bospacratoumast posb u GoJsblline 06beMbl NOHCKO-
BbIX lEOXHMHYECKHX paboT HallIH CBO€ OTpayKeHHe B TOM, YTO
B 1962 r. B JleHHHrpaJCKOM TOPHOM HHCTHTyTe OHJIa OpraHH30BaHa
nepBas Kadeapa N0 FeOXHMHUECKHM METOAaM MOHCKOB.

OCHOBY NOATOTOBKH CTYAEHTOB-T€OXHMHKOB COCTaBJSIIOT JHC-
UHUMJHHBL OOIIEHayYHOTO M TeoJIOTHYecKoro mnpoguiei, a Takxke
clegHaJbHble KYpCH ~—0611ast Te0XHMHS, TeOXHMHS OTJe/bHHIX
3JIEMEHTOB, YU€HHe O MNOJIe3HHX HCKONMaeMbIX, MeTOAH JabopaTop-
HBIX TEOXHMHUYECKHX HCCIeJOBaHHH, MaTeMaTHYeCKOH 006paboTkH
nauuwix H T. 0. Ilpn GosbiioM Yucie MOHOTpadui M ClielHa/IH3H-
POBAHHBIX COGOPHHKOB IO T€OXHMHUECKHM MOHCKaM, NyGJHKyeMbIX
y Hac U 3a py6GexoM, yueGHasi JHTepaTypa IO 3TOMY BOIPOCY OC-
TaeTcsi CcpaBHHTeNbHO OejnHo#l. JlaHHBIH yueGHHK OTBeYaeT IIpoO-
rpaMMe Kypca, yHTaemoro asTopoM ¢ 1964 r. Ha OTAeJieHHH TeoO-
XUMHH TeoJoruyeckoro ¢akymbrera MIY. JlomonHsIOT 3TOT Jek-
UHOHHBIH KypC NpakTHUecKHe 3aHATHSI Tno cOOpHHKY 3apxau [42],
HCHOJIHEHHe CTYJeHTaMH KypPCOBHX paGoT, NPOXOXKAEHHE HMH MpO-
H3BOJACTBEHHOH M NPEAJMIVIOMHOH NPAaKTHKH 00 TE€OXHMMHYECKHM
METOJaM NOUCKOB H HalHCaHHe Ha 3TOH OCHOBe JHNJOMHHEIX paboT.

Ilpn mOAroTOBKE KHHTH CYLIECTBEHHYI0 NOMOILb aBTOPY OKa-
3aad A. JI. Ananvyenko, C. A. BopoGbes, A. A. Margees, C. A. Mu-
ases, 0. B. IlIsapos, T. B. YenkacoBa, psj JHI NpeACTaBHJIH
CBOHM JaHHble. BceM MM aBTOp BhIpaKaeT CBOW 6JaTOLAPHOCTD.



Il'nmasa 1

OBIIHUE NPUHIUNIBI TEOXUMHYECKHX
MOHUCKOB

1.1. BBELEHHUE

OcHOBHOM H HepelKO eJHHCTBEHHOH IIeJbi0 BCeX TeOJIOTHYECKHX '
pa6oT, He3aBHCHMO OT HX KOHKPETHOTo COJepxkKaHHs, sBJIAeTCH
ofecriedeHHe TMPOMBILIIEHHOCTH 3amacaMH MHHepaJbHOTO CHIPbA.
Peuaercss 3Ta 3ajaya COUETAaHHEM TeOJIOTHYECKHX, Te0(pH3HYECKHX
H TeOXHMMHYECKHX HCCJIENOBAHHI C TOPHBIMH pab6oTaMu H OypeHHEM.
Ha Bcex CTajfHsix Te0JOTOpa3BeJOYHOro MpoHecca BaKHasi poJb
NPHHAJJIEXKHT TEOXHMHYECKHM MeToflaM TOHCKOB H pa3BelKH
MeCTOPOXKAEHHHA NOJIe3HbIX HCKONaeMBblX.
ITosiBiieHHe COBpeMEHHBIX TeOXHMHYECKHX MeTOJOB MOHCKOB
6bLJIO MOACKAa3aHO TPeOOBAaHHSAMH S5KOHOMHKH M IOATOTOBJIEHO TPY-
JaMH KJIaCCHKOB T€OXHMHH, B IEpPBYI0 oOuepeAb HCCaeJOBaHHAMH
B. W. Bepuaackoro (1863—1945), pasBuTHeM YyYeHHsI O MeCTO-
POXKJEHHSAX TOJIE3HHX HCKOMAaeMblX H Mporpeccom B 06.1aCTH aHa-
¢ JuTHYecKol TexHHKH. Co3flaHHe TeOXHMHYECKHX METOLOB IIOHCKOB
‘PyAHBIX MecTOpoxkJAeHHH cBsizaHo c¢ HmedeM H. M. Cagponosa
(puc. 1) u orHocutcs kK 1931—1932 rr., xorza nox ero pyKoBOJ-
"ctBoM B reodusuveckom cekrope LIHUTPH (unime BCETEM)
B Jlenunrpajae Havajach pa3paboTka (H3HKO-XHMHYECKOTO METOZa
NOMCKOB H OBbIJIHM YCHEWHO NpOBEJEHB MepBble INOJeBble paboThl
C HCNOJb30BAHHEM 3TOr0 METOAAa B PA3JHUYHBIX PYAHBIX pakioHax
Coserckoro Coo3sa [34]. Onnospemento B. A. Cokomnosnim (1900—
1971) B Mockse pa3pabaThHBa/IHCb €OXHMHYECKHE METOJBl IOHC-
KOB MeCTOpPOXAeHHiI HedTH M ra3a. BusaBHBIIAfAcA 3a KOPOTKHH
CPOK BBICOKasi Teosiornyeckast 3¢(eKTHBHOCTb HOBHIX METOJOB NpH-
Besqa K ux wupokomy npumeHenuio B CCCP, a 3atem H B 3apy-
GexXHBIX CTpaHaXx. B Hacroslllee BpeMfi TE€OXHMHYECKHE MOHCKH
PYAHBIX MeCTOPOXKAeHHH mpoBoAsATcs Bo Bcem MHpe. CoBeTCKOMY
Colo3y mnpHHAJJEXKHT IepBoe MeCTo N0 00beMy NPHMEHEHHS H
YPOBHIO Pa3BHTHS TEOPETHUECKHX OCHOB 3THX MeTOA0B. IIpumopurer
COBETCKHX YUY€HBIX B 00/1aCTH CO3[aHHS T'€OXHMHMUECKHX METOJLO0B
[NOHCKOB HEeH3MEHHO MpH3HaeTcs 3apyOeKHBIMH aBTOPaMH.

C nomombio reoxumuyeckux meronos B Coserckom Coiwse 3a
nocJeHHe AecATHJIeTHs Oblio OTKpEITO Gosiee 100 mpoMbIilIEHHBIX
MeCTOPOXKJAEHHI 0JI0Ba, MENH, CBHHLIA M APYTHX MeTajjoB. Muo-
FOYHC/IeHHHIE OTKPBITHS PYIHBIX MECTOPOXKJEHHH 3a py6exkoM,
B YAacTHOCTH B pa3BHBAKOIMXCHA CTpaHax, 006f3aHbH NPHMEHEHHIO
re0OXMMHYECKHX METOLOB HOHCKOB. :

CoBpeMeHHOe yueHHe O TeOXHMHYECKHX IMOHCKax MeCTOpOxie-
HHl NOJIE3HBIX HCKONAeMbIX MpeAcTaBJsieT co00i CTPOHHYIO CHCTeMY
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agaHH#, OTBeyapllyl0 BCeM IpH-
3HaKaM CaMOCTOSITeJbHOrO pasieJia
re0JJOTHIECKHX HayK: HaJHYHIO COG-
CTBEHHOro TpeAMeTa HCC/IeoBa-
HHil, COOTBETCTBYIOLIEH METOAHKH
ycc/eloBaHHUl U ClelHaNbHOH Tep-
muHosorud. IlpelmeroM Hccaelo-
BaHUM [IPH reOXHMHYECKHX NOHCKAX
ABJSIIOTCS TEoXHMHYECKoe MoJie H
ero JOKaJbHble aHOMAaJuH, B YacT-
HOM cayyae npuobpeTraioline
CMBIC/J TIPOMBIILIEHHBIX MECTOpPOX-
JeHHI. MeTofoM  HCC/IeIOBaHHH
SBJSIOTCH TEeOXHMHYECKHe CbeMKH
¢ mocJenyioueil reoJOrHYecKoi,
reoXHMHYeCKoll M (pH3HKO-MaTeMa-
THYeCKOH MHTephpeTaiuedl NOJaY-
yeHHBIX JaHHbBIX. Bompocw cme-
UHMaJbHOH TEePMHHOJIOTHH, B YHCJE
NpoYMX, paccMaTpHBaeT B Hallel
ctpane MexsenoMmcrBenHbli CoBer
0 HayYHLIM OCHOBAM TeOXHMHYe-
CKHMX METOJIOB MOHCKOB MeCTOPOXK-
JleHHi TOJEe3HBIX HCKONMaeMHX, co3faHHHE B 1968 r. COBMECTHHIM
pemennem AH CCCP u Munucrepcrsa reosornn CCCP. Coser
KOODJIHHHDYET HCC/IeA0BaTeIbCKylo paboTy B 3TOH 006/1aCTH, CO3BI-
BaeT 0O0l1eCOl03HHE TeMaTHUeCKHEe CECCHH, OpTaHH3yeT perHoHaJfb-
Hble ceMHHapH H my6JnKyeT ux TpyAnl. C Bo3pacraouleli aKTHB-
HOCTBIO NPOTEKAaeT MeXJAYHapoAHbIH o6MeH B 00JacTH METOAMKH
re0OXHMHYECKHX MOHCKOB.

Puc. 1. H. HU. CadpoHoB
(1904—1082)

1.2. OCHOBHBIE MOJIO)KEHHSA TEOXHMHH

CoBpeMeHHasi TOpHAask MPOMBILLIEHHOCTh H3BJEKaeT PasHOOOpasHble
XHMHYECKHe 3JeMeHTH H3 HX TNPHPOAHBIX CKOMJIEHHH, NpelbABJAs
K COOTBETCTBYIOIIHM MECTOPOX/JEHHAM TMOJIE3HBIX HCKOMaeMbIX
BIIOJIHE OMpejeseHHble TpeGOBaHHS B UaCTH COJAEPKAHHA IEHHBIX
KOMIIOHEHTOB, MacuiTaba 3amacoB H Te0JIOrO-3KOHOMHYECKHX YC-
JOBHII HX 3aJeranus. 710 onpefenaser 00Uyl HaNpaBJeHHOCTb
Fe0JIOrOCheMOUHHEX, HOMCKOBBIX H Pa3BeJOoYHbIX paboT K o6Hapyxe-
HHIO JIOKAJbHBIX KOHUEHTpAIHH XHMHYECKHX 3JE€MEHTOB C LeJblo
BHOGOpa OGDBEKTOB AJsi NPOMbIlLIeHHOH paspaborkm: Ilpsimoii me-
TOJ BBISIBJEHHS TAKHX KOHIEHTpPauHi — reOXHMHUYECKHEe NOHCKH.

B OCHOBe TeOXHMHYECKHX METOJOB TMOHCKOB MECTOPOXAEHHH
NIOJie3HBIX HCKOMAEMBIX JleXKaT YeThpe BaXXKHEHIIHX MOJIOKEHHs reo-
XUMHH, HMeIOL[He MepBOCTENEeHHOe NPHKJIAaAHOe 3HAYeHHe H MOA-
TBepiK/AeHHbEIe GeCCOPHBIMH ONBITHHIMH faHHbIMH [36]:

a) NOBCEMECTHOe pacnpocTpaHeHHe XHMHYECKHX 3JIEMEHTOB BO
Bcex reocgepax;



6) HempepbBlBHAs MHTpaiHs (NepeMellleHHe) 3JE€MEeHTOB BO Bpe-
MeHH W B IPOCTPAHCTBE; ,

B) MHOroo6pa3ue BHAOB H (OPM CYIUIECTBOBAHHSl 3JEMEHTOB
B NPHPOAE;

r) mpeobJiajjaHHe DPAcCeSTHHOTO COCTOSIHHSI 3JIEMEHTOB Haj KOH-
[IEHTPHPOBAHHBIM, 0COOEHHO AJIsi PyA0OOOPa3yIOUHX 3JE€MEHTOB,

IToBceMeCTHYI0O pacCnpOCTPAHEHHOCTb XHMHUECKHX 3JIEMEHTOB
MOATBEPKAAIOT Pe3y/bTaThl aHA/IH3a XHMHUYECKOTO COCTaBa JIOGBIX
TOPHEX MOPOX, MHHEPAJIOB, MPHPOXHEIX BOA, OPTaHHYECKHX 06pa-
30BAaHHH HJIH HCKYCCTBEHHHIX MAaTepHaJ/IOB, YCTAHABJHBAIOIHEe Ha-
JHYHE B HHX ONpeleJUMBIX COAEPKAaHHH CaMblX pPa3JIHYHBIX 3Je-
MEHTOB, UYyXJABIX HX OCHOBHOMY cocTaBy. Jlake B ONTHYECKH MpO-
3payHOM MOHOKpHCTaJ/Jle KBapila COOTBETCTBYIOIHE METOABl aHa-
nu3a oGHapyxuBaloT cogepxkanus Fe, S, Pb, Cu, As, Au, Ag, Na,
K, Mg u MHOTHX ApPYrHX 3/IeMEHTOB, He NPEAYCMOTPEHHBIX KaHOHH-
yecko# ¢opmysofi MuHepasa — SiOg, NpHCyTCTBHE KOTOPHIX He MO-
KeT OblTb OGBACHEHO C TNO3UIHIA H30BaJeHTHOTO HJH reTepOBAJIEHT-
Horo H3oMopduama anemeHToB. OTpaxkenneMm Bceoluieli pacmpo-
CTPAaHEHHOCTH 3JIEMEHTOB CJY3KAaT HH(GPH HX KJIAPKOB — CpejlHHe
COJep;KaHHSI XHMHYECKHX 3JeMEHTOB B JOCTYNHBIX [JJIsl HCCHEAOBa-
HUA reocepax. Yyactue OT/eJbHBIX 3J€MEHTOB B COCTaBe 3THX
reocep cymiecTBeHHo pa3juyHo (tabua. 1). Kmapku GoublunHCTBa
XHMHYECKHX 3JIEMEHTOB, B YAaCTHOCTH BaXKHbIX [JIsl NPOMBIULIEHHO-
CTH UBETHHIX H PEAKHX METAJIJIOB, OLEHHBAKOTCH TOJbKO ThICSYHBIMH
UM MHJJIHOHHBIMH JOJISIMH IPOILEHTA.

OnHako HHGPH KJIAPKOB SIBJASIOTCH PacueTHO-CTATHCTHUECKHMH *
BeJHYHHAMH H He COJAepKaT B CBOeM OIpeleJeHHH YCJIOBHS 00%-
3aTeJbHOrO MNPHCYTCTBHS BCEX XHMHUECKHX 3JIEMEHTOB B JIOO0OM
npupoiHoM oOpasoBaHWHM, HMes B BHAY MHHHMaJbHble OOGbeMH
BelllecTBA, ¢ KOTOPBIMH ONEpHpYeT reoJoruueckas npaktuka (1 T,
1 ma, 100 mMr u 1. n.). PopMynHpOBKa 3aKOHa O BceoOlIeM pac-
NPOCTPAHEHHH XHMHYECKHX 3JeMeHTOB npuHapaexut B. K. Bep-
HaJCKOMY, KOTOpH#l B cBoell 3HameHuTo#i peun Ha XII cwvesnme pyc-

Tabnana 1
OcnoBHO XuMHuecKHii cocrae reccdep

Yueno
Teocdepn TnapHefimne djeMeHTH XHMHYEeCKHX Cymuma
3J1eMEHTOB KJIapKOB, %
Jlutocdepa ’?., Si, Al, Fe, Ca, Na, K, Mg, 9 99,48
1
- Tuppocdepa O, H, CI, Na, Mg 5 99,58
Armoctepa N, O, Ar 3 99,94
buocoepa 8, g, H, Ca, K, N, Si, Mg, 10 99,96

MpuMeuanne TToxg 6uochepolt monumaercss o6gacTb Pa3BHTHS XKHBBIX opraHH3-
MOB, 0XBaTHIBalOWas HHIKHHe TOPH3OHTH aTMochepHl, yacTb JHTochepH H rHapocdepsl. Knapku
Guochepbl XapaKTepH3yIOT cpefHHHi XHMMHHeCKHH cOcCTaB JXHMBOrO BemlecTBa.

6

cKUX €CTeCTBOHCHHITaTeNell i Bpaveii 28 nekabpst 1909 r. roBopH.:
«B Kaxk/JoH Kanje M TNHJIHHKE BelleCTBa Ha 3€MHOH NOBEpPXHOCTH,
o Mepe YBeJHUEHHs] TOHKOCTH HAalUHX HCCJIeLOBAHHH, MBI OTKDHI-
BaeM BCe HOBble H HOBble 3JeMeHThl. [losyyaercs BneyaTJeHHE
MHKPOKOCMHYECKOr0 XapakTepa HX pacCCesHHs. B mnecunHKe HJH
karnJge, Kak B MHKPOKOCMOCE, OTpazKaeTcsi oG coCcTaB KOCMOCa»
[9, c. 401]. Brnocnencrsun B. M. BepHaackHii MOCTOSHHO BO3Bpa-
majcsi K 3TOMy BONPOCY, yKasbiBas, UTO Jaxe NpPH HHYTOXKHBIX
CONepKAHUAX 3JIEMEHTOB, HAXOASIUXCS B COCTOSIHHH pacCesHHd,
yucJ0 HX aTOMOB yKe B HefosbuioM OObeMe BellecTBa MOCTHraeT
orpoMubix uup. Tax, Hampumep, B 1 cM® MOpPCKOH BOAM HaXo-
qutes ne 107 atomos paaus npu ero coiepxanun n-10713%. Kak
cJelCTBHE 3TOTO, COBpeMeHHasl FeOXHMHsSI OTPHIIAET pe3yJ/bTaThl XH-
MHUECKOTO 4HAJIH3a, XapaKTepU3ylollHe OTCYTCTBHE KaKOro-au6o
3JeMeHTa B Tpo6ax, 3aMeHsisi NOHSTHE «HeT» MOHATHEM «He OOHa-
pyxeHo». IlociielHee HMeeT CyLIECTBEHHO HHOH CMBIC, yKa3blBas
Ha COJepiKaHHe 3JeMeHTa HHXKe NOpora YYyBCTBHTEJIBHOCTH aHa-
ju3a. OHOBPEMEHHO 3TO NMOAYEPKHBAET XOPOLIO H3BECTHhIE TPYA-
HOCTH TNOJIyYeHHs] «CBEPXUYHCTHIX BeEIeCTB» H NPaKTHYECKyI0 HEBO3-
MOXKHOCTb JOCTH}KEHHS HX «abCoJoTHOH» uyHcToTH. [lo mpenJsoxe-
xenuio H. K. CadpoHoBa 3TOT OCHOBHOH 3aKOH T'€OXHMHH —
0 BceoOuleM pacCesiHHH XHMHUECKHX 3JeMEHTOB — HMEHyIOT «3a-
kKoHoM BepHanckoro».

Murpanusi XHMHYECKHX 3/1€MEHTOB HAXOJLHT OTpaKeHHe B TIH-
radTCKHX TEKTOHO-MarMaTHUeCKHX [poieccax, NpeoOpasylouux
3eMHYI0 KOpDY, H B TOHUAHUIHX XMMHYECKHX pPEaKIHsX, NpOTEKalo-
LIMX B JXHMBOM BellleCTBe, B HeNpepbIBHOM NOCTYyNaTeJlbHOM pa3BH-
THH OKpPYXKaioOllero MHpa, XapaKTepH3ys JBHXKEHHe Kak ¢(opMy
CyLIeCTBOBAHHSI MaTepHH. MHrpanus XHMHYECKHX 3J€MEHTOB Ompe-
JessieTcsl MHOTOUHCJEHHHMH BHeIIHMMH ¢(akKTopaMH, B YacTHOCTH,
SHeprHeil . COJHEYHOTO H3JyueHHsi, BHYTPeHHell 3Heprueil 3emiH,
JeficTBHeM CHJBl TSXKECTH M BHYTPeHHHMH (bakKTOpaMH, 3aBHCH-
LIAMH OT CBOHCTB CaMHX 3JeMeHTOB. Pa3/iHuHs B MHIpalHOHHOM
CHOCOBHOCTH (HOABHXKHOCTH) XHMHYECKHX 2J€MEHTOB NPHBOJAAT
K HX AHO}epeHIHalHH ¥ K BO3HHKHOBEHHIO NPHPOJHBIX 06pa3oBa-
HH# ¢ pa3/JMUYHLIMH KOJHYECTBEHHBIMH COOTHOLICHHSIMH MeXAy
3JeMeHTaMH. Pe3y/ibTaToM 3TOro SBJAIOTCH, MNPH KaueCTBEHHOM
eJHHOOGpA3HH, Pas3/HUHsi M HENOCTOSTHCTBO COJEPXKAHHA XHMHYe-
CKHX 3JEMEHTOB B JIOOBX TOYKax 3eMHOro mpoctpancrsa. [Ipo-
llecChl KOHIEHTpallMH H paccesHHs XHMHYECKHX 3JIEMEHTOB Xapak-
TEpPU3YIOT JBE€ B3aHMOCBS3aHHBE M B3aHMOINPOTHBONOJIOXHHE CTO-
POHH €IHHOTO Mpolecca MHIPAllHH 3JIEMEHTOB.

Bo/blIof MK/ Te0JOTHYeCKONH MHIpAanHH XHMHUYECKHX 3JeMEH-
TOB HJUIIOCTPHPYET cxXeMa, NokasanHas Ha pHC. 2. Otpaxkas BHel-
peHHe TOAKOPOBBHIX MarMaTHYeCKHX pacl/iaBOB, 3TOT IHKJ He fB-
JsileTcsl 3aMKHYTHIM H XapaKTepH3yeT MOCTynaTeJbHOe pa3BHTHe
autocdepsl. BaXHO OTMETHTb, 4TO 3HAOTEHHBIE MECTOPOXKIEHHs
GOpMHpYIOTCH B TpOLECCe MarMaTHYecKO# M MOCTMarMaTHYecKoH
IleiTebHOCTH,  pa3HoOoGpasHble 3K30TeHHBIE — MECTOPOXKAEHHS —
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Puc. 2. CxeMa TeOJIOTHYECKOTO IHK/IA MHIPALHH XHMHUYECKHX 3JIEMEHTOB

B npouecce ceauMeHToreHeza. O6/acTb CyLIH BO BCe Te0JOTHYECKHE
BpeMeHa Obllia apeHOH pa3BHTHA NPOLECCOB BHIBETPHBAHHS H Je-
HyJal{H, OCHOBHOH pe3yJbTaT KOTOPHIX — pa3pylIeHHe M JHKBHAA-
uMs paHee CGHOPMHPOBAHHHIX MECTOPOXKAEHHH TOJIE3HBIX HCKO-
naeMblx.

PasHooGpasne BHAOB H (OpM CylIeCTBOBAHHMS XHMHUYECKHX 3Je-
MEHTOB HaxXOJIUT OTpaxKeHHe B MHOXKeCTBe TeX NPHDPOJHHX XHMH-
YeCKHMX COeJMHEHHH, MeXaHHUECKHX CMeceH H pPacTBOPOB, KOTOpbe
OHH 06pasyioT B Pa3/IMUHBIX arperaTHHIX COCTOSIHHSX, H MHOr006-
pasuu (H3UKO-XHMHUYECKHX cBs3ell Mexay asJementamu. Hapsany
c MUHHepa.anoﬁ ¢opMOH CyLIeCTBOBAHHS 3JEMEHTOB, HACYHTHIBAIO-
el OKOJIO TpeX THICSY BHJOB, LIHPOKO NMpOsiBJeHH Oe3MHHepasb-
Hble (OPMBI, KOTOpbie AJsi THApochepbl, OGHOChepH H aTMOChepH
cJy’KaT OCHOBHOH (OopMOMN CyleCTBOBAHHSI GOJbUIMHCTBA XHMHYe-
CKHX 3JIEMeHTOB. XapaKTepHoe MJs JIHTOC(EPH HaxOXAeHHE 3Je-
MEHTOB B (OpMe JNHATHOCUHPYEMBIX MHHEPAJOB JOMOJHSETCH HX
HPHCYTCTBHEM B (opMe HepaCno3HaBaeMblX COOCTBEHHBIX CyOMH-
KPOCKOIIHYECKHX MHHEPaJIOB, B BHIE Pa3HOOGpPa3HBIX H30MOPQHBIX
H HeH30MOPQHBIX TBEPABIX pacTBOPOB, BOJHHIX BHYTPHINOPOAHBIX
MOJIEKYIIPHO-TIICHOYHBIX DACTBOPOB HJH BHYTPHKDPHCTAIHYECKHX
rasoBo-XHJAKHX BKJIOUEHHH, a Takxke B COCTOSIHHH COpOLHMH H OK-
Ka03uH. HaxoxaeHHe 3JeMeHTOB B Ge3MHHepaJsbHO# hopMe B BHJIe
Heollpe/le/ieHHBIX, I€PEMEHHBIX 110 coCTaBy mpuMecell K MHHepaJam,
He mnpenycMOTPEeHHBIX HX (QOPMy/JaMH H CTeXHOMETPHUECKHMH CO-
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OTHOLIEHHSIMH, — IPSIMOe CJIe[ICTBHE MOBCEMECTHOTO pacmpocTpaHe-
HUSI XHMHYECKHX 3JIeMeHTOB.

Tesuc 0 npeo6GiaajaHHH PacCesiHHOrO COCTOSIHHS HaA KOHIEHT-
pHPOBAHHBIMH COCTOSTHHSMH 3JIEMEHTOB TpeGyeT HEKOTOPHIX MOSC
nenuil. B mpomecce MHTpallHH XHMHUECKHX 3JI€MEHTOB, ¢ Y4ETOM
MHOTOOGpa3usi BHAOB H (OPM HX CYLIECTBOBAHHS, BO3MOXHO BO3-
HHKHOBEHHe TPHPOAHBIX 00pasoBaHHil ¢ TNPAaKTHIECKH JIIOGBIM
(BecbMa HH3KHM HJH OUeHb BBICOKHM) COJlepXaHHEM KOHKPETHOTO
snementa. IlporuBopeuamuMu 3akoHy BepHaackoro sBIsIOTCS CO-
nepxanns siementa, pasuuie 0 u 100 %. Ilpu sTom HeJb3si ycTa-
HOBHTb KaKyio-JH00 0GbEKTHBHYIO 'PAHHLY MEX]y HHU3KHMH COJLEp-
JKAHHSIMH 3JeMEHTa, OTBEYaIOUIMMH €ro paccessHHOMY COCTOSHHIO,
H BHICOKHMH COJEpKaHHSIMH, COOTBETCTBYIOLIHMH KOHIEHTPHPOBAH-
HOMY COCTOSIHHIO. B psily HenmpepbiBHBX COMEepIKAHHHA 3JIeMeHTa
m06as mogo6Has rpanuma Obla Gbl  TPOM3BOJIBHOM, MOCKOJIBKY
ABYyM CKOJb YroAHO GJIH3KMM COJEDIKAHHAM 3JIEMEHTA, JIeKallHM
Mo pasHble CTOPOHBI OT T'PAHHYHOrO, NMPHIHCHBAJIHCH 6nl pasind-
Hble KayecTBeHHble coctosiHusi. [103TOMy yMeCTHO OTpaHHYHTbLCA
onpeleeHHeM ABYyX KpaliHHX COCTOsIHHH, NMOHHMas MOJA paccesH-
HBIM COCTOSIHHEM 3JIeMeHTa cojlepiKaHHs, OJH3KHe K €ro Kiaapkaw,
a moj KOHIEHTPHPOBAHHBIM — OJIA3KHE K €ro COJepXaHufiM B INO-
Je3HBIX HCKOMAeMBIX, H3 KOTOPHIX 3TOT 3JIEMEHT H3BJEKAETCS
B NPOMBILLTEHHHX IessiX. [IpuMepH, XapakTepH3ylollHe cOlepia-
HHsl HEKOTOPHIX 3JIEMEHTOB B COCTOSIHHSIX pacCesiiusi M KOHLEHTpa-
LHH, TpHuBeleHbl B Taba. 2. B mocieanem cTosbe »TOH TabaHIbI
JaHB TpHMepHble UHGPH OTHOLIEHHA MeXIy COJAEPKAHHIMH 3Jje-
MeHTa B moJsie3noM HckomaemoMm Cp, H3 KOTOpPOro OH H3BJIeKaercd,
u ero kaapkom Cy ISl COOTBETCTBYIOLIEH reocgepsl. OTH nHbpH
NPHHSTO HA3biBATh «K/IAPKaMH KOHIUEHTPAUMH», 0603Hauas HX K.

JIasi OmEeHKH KOJHYeCTBEHHBIX COOTHOLIEHHH MeXNy paccestHHBIM
U KOHIeHTPHPOBaHHHM cocTosinHeM 3JiementoB H. M. Cagponos
nojcuuTan oOmue 3amachl 11 ruaBHedIIMX MeTa/JloB B 3eMHOH
Kope B Ipefesax CyWH Jo riy6uHbl 1 KM, ompejensieMbie HX Kiap-
KaMH, W 3amachl TeX XK€ MeTaJ/oB, COCPeJOTOUYEHHbIe B HX MECTO-

Ta6anuma 2
COOTHOWICHHST MeXIY PACCEeSIHHBIM H KOHIEHTDHPOBAHHBIM COCTOSIHHSIMH 3/EMEHTOB

Xléln(a:;e. PaccesiHHOE COCTOstHHE Konug;icu;%p;;:&?}moe ﬁg:?%ﬁ%"
Sheuent Teocdepa | Cyr % O6BeKT Cpr % KoTP
Fe Jlutocdepa 4,65 PyjHoe Teso 45,0 10
Cu » " 4,7-10—3 To xe 1,0 200
Pb » 1,6-10—3 » 1,5 1 000
Hg » 8,3-10—6 » 0,2 24 000
Br Tuapocdepa 6,5-10—3 ] MuuepasbHee 0,4 60

BOJIbL
He Armoctepa 5,2-10—¢ TasoBas 3ajeXb 1,0 2 000
H Jlatocdepa 0,1 Hebranas samzexs | 12,0 120




PoxaeHHsX (COCTOSIIMX Ha yyeTe, paHee BHpPaOOTaHHBIX H Hpel-
nosnaraeMbix). B wurtore naxe npum 40—250-kpaTHoM yBeJHYEHHH
UH(P YYTEHHBIX TIPOMBIIIEHHBIX 3amacoB JOJS HX OT OOLIHX
«FeOXHMHYECKHX 3alacoB» COCTABHJA COBEPUIEHHO HHUTOXKHbIE Be-
auuussl [36] (B %):

Medb . . .+« « « . . . .—4,3-10—2 goBambT . . . . . .. .—4,4.107%
ceHgel, . . . . . . . .. .1,5.101;, omoBO . . ... .....—310"%
HHKeIb . « « « « - « . .—1,8:10-% pryms. . .. - . .. . .—1,3-101

Ilo HesaBucuMHM nojacueraM Mak-Kejsesi, JoJg '3amacos LeH-
HBIX MeTa/JIOB, cocpefoToueHnast B Mecropoxaenusx CIIA, co-
crasJisieT oT n(107%+10-3) % no 0,04 % (MakcuMyM) OT HX OOUIHX
«KJAPKOBHX» 3amacoB B JHToCdepe nnsi TOH XKe TEpPPUTOPHH [0
ray6GuHbl 1 KM.

O06o6uiast H3/0KeHHOe BhILIE, NPHXOAHM K BBIBOZAM, UTO CO-
JepKaHus JIOGHX XHMHUECKHX 3JIEMEHTOB B JHOCTYNHBIX JAJISi H3yue-

_HHSL reocdepax B CpellHEM XapaKTePH3YIOTCH HHPPaMH COOTBETCT-
BYIOUIHX KJapKOB, OHH BCerfa OoJblie HyJisl, 3aBHCAT OT KOOpAH-
HaT M HeNOCTOSIHHBl BO BpeMeHH. O6pa3oBaHHE JIOKaJbHBIX KOH-
HEeHTpanuf XHMHUECKHX 3JeMeHTOB TpebGyeT 3aTpaThl BHeHIHEH
SHEPrHH H  HAJHYHS COBOKYNHOCTH OJ/1arONpHSITHBIX YCJAOBHH.
B reosoruueckoM NHKJ€ MHIPAlHH XHMHUYECKHX 3J€MEHTOB (CM.
pHC. 2) nofoGHble YCIOBHSI BO3HHKAIOT HEOAHOKPATHO H pe3yJibTa-
TOM HX siBJsieTcl 06pa3oBaHHe MECTOPOXK/JIEHHH TMOJe3HHX HCKO-
NaeMbiX Pa3JIHYHBIX TeHeTHYeCKHX THHOB. OJHOBpeMeHHOe BO3HHK-
HOBEHHE KoMmJekca O/arOnpHATHHIX YCJAOBHH, HeOGXOIHUMBIX MJs
KOHIIEHTPAUHH 3J€MEHTOB, NPHHAMJNEKHT K UHCIY PEAKHX T[eoJo-
THYECKHX COOBITHA H TOJBKO MaJjas JoJs1 TJIo6anbHBIX 3anacos
XMMHYECKHX 3JIEMEHTOB COCpeJoTOYeHa B COOTBETCTBYIOIIHX MeECTO-
poxaenusix. [loaTomy oBHapy:KeHHe HOBBIX MECTOPOXKAEHHH, yAOB-
JIETBOPSIIOIHX NPOMHBILUIIEHHHIM TPeOGOBAHHAM, COCTABJSET OTHOCH-
TeJbHO TPYAHYIO T€0JOTHUECKYI0o 3a/1auy.

1.3. TEOXUMHUYECKOE MOJIE U Er0O JIOKAJIbHBIE AHOMAJINH

IeoxHMHUeCKHM T0JIeM HMEHYeTCsi Te0JOTHYECKOe MPOCTPAHCTBO,
OXapakTepH30BaHHOe LH(pPaMH CONEPIKAHHA XHMHUYECKOro 3Je-
Menta C, KaK (QyHKIHSIMH KOOPAHHAT H BPEMEHH, HIH

C,=f(x, y, 2, T)>0. (D

B 3aBHcHMOCTH OT XapakTepa NpOLECCOB, ONPEAE]SIOUIHX TO
HJIH HMHOe pacmpefleJieHHe COJMepKaHHH XHMHUYECKOro 3JeMeHTa M
(popMbI er0 HaXOXJeHHS, BhIpaXKeHHe (1) mpuoGperaer pasyHUHBIN
reoJIOTHYECKHH H MaTeMaTHYeCKHH CMBICII.

Jlist M3yueHHst reOXMMHYECKOTO MOJIsi NPOH3BOASTCS M3MEpPeHHS
coflepXKaHHH XHMHYECKHX 3JeMEHTOB NyTeM [EOXHMHYeCKOTO OHpO-
GoBaHHsl B OT[EJbHBIX TOYKaxX HAOJIIOJEHHH HJH HelpepbiBHO. Tep-
MHHY «onpo6oBaHHe» NPHAAETC IUHPOKHH CMBICA — OHO BHIIOJ-
HseTcst ¢ OT6OpOM mpo6 C NOCJAeAyIOIHM HX aHaJH30M HJIH 6e3
npo6oot6opa, MyTeM KOHTAKTHBIX HJIH JHCTAHIHOHHBIX ONpefese-
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HHH XHMHYECKOTO COCTaBa NpPHPOAHBIX oOpasoBamuil. aMepeHus
cojlepKaHuil XMMHUECKHX 3JeMeHToB 6e3 mpofoor6opa ¢ mpHMeHe-
HEEM CIENHaJNbHOHR ammapaTypbl YaCTO Ha3hBAalOT «re0(pU3HUECKHM
onpoGoBaHHEM», YTO He MEHSeT ero CMbIC/a KaK CPeICTBa HCCIe-
JIOBAHHS MMEHHO reOXHMHYECKOTO HOJIs.

[To peaysbTaTaM H3MepeHHH [EOXHMHYECKOTO MNOJs COCTaBJsf-
I0TCS KapThl M pa3pe3bl B H3OKOHUEHTpAUHfX HJH CTPOATCA Tpa-
dbuKH O aHHHAM onpoBoBanus. Ilo ypoBHIO COAEpXKaHHI XHMHYe-
CKHX 3JeMEHTOB FeOXHMHUYECKHE TOJsi MOTyT ObiTb CpPaBHHTEJBHO
OJAHOPOAHBI, MOTYT U3MEHATHCS MVIABHO HJIM OCJIOXKHATbCA JOKaJb-
HHIMH aHoManusiMH. IlyTeM aHasH3a CTPYKTypH TE€OXHMHYECKOTO
noJs H ero KOJHYECTBEHHO!H HHTepIpeTanHH, ¢ yYyeToM reoJoruye-
CKHX H reoH3HyeCKHX [AHHBHIX, NeJalOTCs NOHCKOBhIE H pa3Beloy-
Hbl€ BBHIBOJLDL.

B a6cosioTHOM GOJILLIMHCTBE TOYEK T€OXHMMHYECKOro moJs 3Ha-
yenusi C, GJH3KH K mHpaM COOTBETCTBYIOUIHX KJIApKOB H TOJbBKO
B peIKHX CJIyyasXx NOCTHTalOT 3HAYEHHH, CYUeCTBEHHO OT/IHYalO-
LEXCA OT 3TOr0 ypOBHA. PaccesanHoe COCTOSIHHE 3JIE€MEHTOB — 3TO
HX eCTeCTBEHHOE, HOpMaJIbHOE COCTOsSIHHe, a KOHLIEHTPHPOBaHHOE
COCTOSIHHE — OTKJOHEHHE OT HOPMBl HJIH aHOMaJibHOe COCTOSHHE.
3aJieXH NOJe3HBIX HCKOMAaeMbIX SIBJASIOTCA YAaCTHBHIMH CJyYasiMH
NPHPOAHBIX T€OXHMMHYECKHX aHOMaJmi, obuiee YHCIO KOTOPHIX Cy-
IIeCTBEHHO TpPEBHIIAET YHCJAO MPOMBIIIEHHBIX MEeCTOPOK/AEeHHH.
3ajaya NMOHCKOB PYIHBIX MECTOPOXKAEHHH TFeOXHMHUYECKHMH MeTO-
JaMH pellaeTcsl MOMCKOM TeOXHMHYeCKHX aHoManuid. Bsaumocss-
3aHHBIE MOHATHA O HOPMAaJbHOM TeOXHMHYECKOM MOJie H aHOMalb-.
HBIX COMlEpIKaHHAX XUMHUECKHX 3/1eMeHTOB TpebyioT Gosee noapob-
HOFO pacCMOTpEHHS.

Peay/ibTaThl M€OXHMHYECKOro onpofoBanusi TOPHHX NMOPOXA, ped-
HBIX HWJIHM NOA3EMHBIX BOJA, PacTEeHHH HJIH TOYBEHHOTO BO3AyXa,
TIPOBEJIEHHOTO BIOJb HANpPABJIEHHSI X BKPeCT MPOCTHPaHHs JHHEH-
HOl CTPYKTYpHl Ha MOCTOsIHHON TrayGuHe z=const, B mpocreiuieM
cayuae He GyAyT 3aBHCeTb OT Y H 2. C yueToM KpPaTKOBPEMEHHOCTH
HalUX HabJuiojeHHA 1O CPaBHEHHIO C JJHTENbHOCTbIO TeoJorude-
CKOr0 BpEMEHHM HX MOXHO CYHTaTb HE3aBHCHMbIMH H OT Bpe-
Menu T. B aTHx ycuaoBHsX BHpaxKeHHe (l) mpuoGperaer xapakTep
OJIHOMEpHOH 3aBHCHMOCTH:

C,=f (% 2

H OTBeyaeT TpaHKy COAepXKaHMH JAaHHOTO XHMHYECKOTO 3J/eMeHTa
no npoduao onpoboBanus. Jlonmyckasi 3HAYMTEJIbHYIO HNPOTAXKEH-
HOCTb 3TOTO MpPOQHJS H COCAHHSS JOMAHOH JHHHEH COJepKaHH:
3J1eMeHTa, COOTBETCTBYIOLIHE TOYKAM ONpoGOBaHHMS, Jerko obHapy-
JKHTb OOJbllIHE OTPE3KH rpaduKa ¢ OTHOCHTEIbHO NOCTOSHHBIMH
H HH3KHMH HWJH (POHOBHIMH COJEDKAHHSAMH 3/eMeHTa Cyp M pelkue
OTKJIOHEHHSI OT 3TOTO YPOBHSA, HOCSIIHE XaPAKTeD TeOXHMHYECKHX
agomaauii (puc. 3). IIpH reoxHMHYeCKHX HCCJIEOBAHHSAX YacCTO
Ccpelld MHOTHX COTEH, a MHOrJa H ThicsAY npo6 ¢ QOHOBBIMH CO/Lep-
JKAHHAMH PYAHBIX 3J€eMEHTOB OOHapYIKHBAIOTCH TOJbKO €IHHHYHbIE

it
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Puc. 3. Tpadux reoxuMuyecxoro orpoGoBaHH#s Ao MpoduiIio

npo6bl C AHOMAaJbHBIMH COJEPXaHHAMH, YTO JIHUIHMA pa3 mOA-
TBepKAaeT mnpeobiajaHHe DPaCCesHHOTO COCTOSIHASL 3THX 3JIeMeH-
TOB HaJl KOHIEHTPHPOBAHHHM. YPOBeHb MECTHOTO TeOXHMHYECKOTo
¢oHa yXKe NpH JJIHHE NPOQHJEl, NPEBbILIAUIHX NepBHE KHJO-
MeTPBl, C JOCTATOYHOH TOYHOCTbIO ONpEAEISETCs «Ha TIJ1a3d», Mmy-
TeM paCCMOTPeHHsi TPa(HKOB CONEPXKAHHH 3JIeMEHTOB W MpoBele-
HHsi ycpelHsiolledl npsiMofi B 00saCTH yCTOHUMBO HH3KHX COJEp-
®aHu# pyAHoro sjemeHra. Cnoco6 3pHTEeNbHOH OlleHKH (OHa yc-
MEeLIHO NPHMEHSJICA ¢ MOMEHTAa BO3HMKHOBEHHSI TeOXHMHYECKHX
METOLOB HOHCKOB M €ro HCHOJIb30BaHHe NO-NpeXHeMy ONpaBLaHO
Ha CTaJlMd TPEJBAPHTENbHOH HHTepHpeTaldd JNaHHBIX HJIH NpPH Je-
TaJbHOM H3yYeHHH YXKe BHIIBIEHHHX aHoMaJuuid. Henocratkamu
3TOTO crnoco6a SBJASIOTCS XapaKTEPHCTHKA (OHA TOJbKO BEJHYHHON
cpeaHero cojep:kaHusi sjementa Cy 6e3 yyera CTeNeHH €ro mocro-
AHCTBA H CYObEKTHBHBII BHIGOP HHXKHETO COAEPIXKAHHS 3JEMEHTA,
NpH3HABAEMOro aHOMaJbHHIM. BesencTBue 3TOro HeusbGexkeH Mpo-
NycK yacTH GoJee cnabblx aHOMaJMi HJIHM OLIKGOYHOe BblJejeHHE
(GHUKTHBHBIX AHOMAJHH, CBI3aHHBIX CO CJyYaHHBIMH KoJiebaHHSAMH
ypoBHst ¢oHa. [TosTOoMy, HE3aBHCHMO OT TOTO, KaKHM H3 T€OXHMH-
YeCKHX MeTOJOB TPOBOAATCSH paboTH, I/ XapaKTEPHCTHKH Teo-
XHMHYECKOro ()oHa mpUMeHsI0TCs Gosee cTporue MeToAms [21].
Cpeln OTKJIOHEeHHH OT OOLIEro YpPOBHA COAEpKAHHH XHMHYe-
CKOTO 3JieMeHTa N0 Tpoduiaio omnpoGoBaHHA CjelyeT pas/iHyaTh
ABHble aHOMAJHH, €IHHCTBEHHH M KPDHTEpHEM AJ%
BHIACJEeHHSA KOTOPBIX CJAYXHT KOJJEKTHBHBH re-
onorHuYecCKH# onblT. [IpHMepaMu Takoro popa mpu onpoGo-
BaHHH TOPHBIX MOPOJA HJH MPOJAYKTOB HX BBIBETPHBAHHs MOTYT CJY-
XKHTb cofepxkauusa meau 0,3 %, csunma 0,1 uinm 0.5 %, cepebpa
200 r/t u T. 1. MHOTOMIETHHH ONBIT TOBOPHT, UTO 3THM reOJOrHYe-
CKHM 006pa30BaHUSIM He CBOHCTBEHHBI NOJOOHBIE COJEpXKAHHS Me-
TaJJIOB, H TaKHe TOYKHM onpo6oBaHus, 6e3 AanabHedimiero obCyxie-
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HHS, PacCCMaTPUBAIOTCA B KayecTBe 0OecCHOPHbIX (SBHBIX) JIHTOXH- -
MHUeCKHX aHoMaJui, Ha ocHOBaHHH TeOJIOTHYECKOTO ONHITA aHO-
JIOTHYHBIe, 6e3yCJOBHO aHOMaJbHHE COAEPHKAHHS DPYAHBIX 3J€MeH-
TOB YCTaHABJIMBAIOTCS [ MPHPOAHHX BOX (HanmpuMep, 100 mr/a Cu
wau 250 Mr/n Mo u T. 1m.), AT XHMHUECKOTO COCTaBa PacCTeHHH
WM JJS Pe3yJbTaTOB ra30BbiX CheMOK. ATPHOpDHBIE NpPEeACTaBIEeHH
0 fIBHBIX TeOXHMHYECKHX aHOMAJIHSX MO3BOJIAIT YTOYHHTb MOH S -
THEe O MECTHOM reoXuMHuUecKoM QOHE, 3a BEJUUHHY
KOTOPOro MNpHHHMAaeTcsas CpejfiH#Hee CoJepKaHHE
XUMHYEeCKOro sjJieMeHTa BNpenenax oflHOPOAHOTO
ydacTKa, B yAaJleHHH OT SBHBIX aHOMaNHH.

Jlpyryio rpynny cofep:KaHHH 3JeMeHTOB-HHJIHKAaTOPOB Opyle-
HeHHs, OTKJOHSIOIMUXCA OT CPeJHEro YpoBHs, 06pasyioT cnalbie
reoXHMHUYeCcKHe aHOMAaJaHH, [ BblJleeHHsT KOTOPHIX
NPHBJEKAIOTCS BEPOATHOCTHO-CTaTHCTHUECKHe KpuTepud. Heobxonu-
MOCTb MMEHHO TAKOTo MOJAXOAa K aHAJH3y FeOXHMHYECKHX AAHHBIX
cBsi3aHa C PAa3JUYHSAMH B COJEPKAHHAX XHMHUECKHX 3JIEMEHTOB
IpaKTHYECKH B JIOGHX ABYyX mpo6ax, B TOM YHCJe CONepKAHHH
PYAHHX 3JEMEHTOB Ha 3aBeJOMO Ge3pyJHHX ydacTkaxX. 3a mpene-
JaMH SBHBIX aHOMaJH#i 3TH KosieGaHHs HOCAT OrpaHMYEHHbIH Xa-
pakTep ¥ OGYCJOBJIEHH BJIHMSIHHEM MHOXKECTBA CaMbIX Pa3/IHYHBIX
npuund. OTK/IOHEHHS OT (oHa, He TNpHHANJEKallHe K paspsany
SBHBIX aHOMaJiH#, TOJIbKO B TOM cjaydae MOTYT NPHU3HABATbCA Teo-
XMMHYeCKHMH aHOMAaJIHSIMH, €CJIH OHH € 3aJaHHOH BePOSITHOCTBIO
NPeBHINAIOT AMIJIHTYAY COOCTBEHHBIX KOJ€GaHHii MeCTHOro (oHA.
Insi 060CHOBAHHOIO BbiJeJeHHss cnabblx aHOMaJHi rpagHyeckast
OleHKa CpejfHero ypoBHs cofepiKaHHil sneMenTa Cy HELOCTAaTOYHa,
HeOo6XOAUM OJHOBPEMEHHHH yYeT Mepbl KoJeGaHMH MeCTHOro reo-
XHMHYecKoro (poHa. OuEHKY 3TOro BaXKHOTO MOKa3aTess obecneyn-
BaeT cTaTHCTHYecKasg 06paboTKa reOXHMHUECKHX NAHHBIX (cM. 1.5).

B coBpeMeHHBIX YCJOBHSIX JA0ObIYa MOJIE3HBIX HCKOINAEMbIX Be-
JeTcsi B OCHOBHOM H3 MECTOPOXJEHHH, 3aJseralllux B JHTOCchepe
H OTHOCHMBIX K paspsijly JHTOXHMHUeCKHX aHOMaJHil. B mpenenax
TaKOH JIMTOXMMHUECKOH AHOMAaJHH BBHIACAAIOTCH KOHTYD IPOMBIIL-
JeHHbIX DYA M OKpy»XKaiollas ero 30Ha TOPHBEIX TOPOA ¢ OGosee
HH3KHMH COJEepPKaHHSIMH II€HHBIX KOMIOHEHTOB, HeLOCTaTOYHLIMH
JAJs X peHTaGesbHOTO H3BJeYeHHs. 30HA MNOBBILIEHHBIX COJLEpXKa-
HHH DYAHBIX WJIH CONYTCTBYIOUIHX 3JEMEHTOB B OKOJIOPYAHHX (KO-
peHHHIX) mopojaax; o6pa3oBaHHAs OJHOBPEMEHHO C PYAHBIM TeJOM
B pe3yJbTaTe TeX e MNPOILecCOB 3HAONE€HHOro, 3K30reHHOro (mep-
BHYHO-0CAJOYHOTO) HJH MeTaMop¢oreHHoro pynoo6pasoBaHuf,
HMEHYeTCsl er0 TEPBHUHBIM OPEOJIOM.

Ipannma MeXAy pPYAHBIM TEJOM H €ro MHEepBHYHBIM OPeOoJIOM
yacTO MMeeT He re0JOrmUYeCKHH, a TOJNBKO BPeMEHHBIH, 3KOHOMHYE-
CKHH CMBICJ, OTHeJsis NPOMBILIJIEHHblEe PYAB OT 3a0aJjlaHCOBBIX.
IIpu nmepecmoTpe Tpe6oBaHHH K cpelHeMy COAePIKaHHIO MeTaJjJa
B DyJlax H, CJeJ0BATeNbHO, HHKHEro MPOMHILIJIEHHOTO (60pTOBOrO)
comepykaHusi (opMa PYJHOro Tesla B €ro TpaHHIaX C NEPBHYHBIM
OpeoJioM COOTBETCTBEHHO H3MeHHTCss. OAHAKO MOHSITHE O MEepPBHU-

13



HOM TeOXHMHYECKOM OpeoJie MEeCTOPOXKAEHHS HWJIH pPYyLHOTO Tesa
3HAUHTENBHO UIHpe CYIIEeCTBYIOUIero MNOHATHA O «3a6ajiaHCOBBIX
pyZax», BHEWIHHH KOHTYp KOTOpBIX ONpejensieTcl TOJNbKO GoJee
HH3KHM, HexeJd 60pToBOe, COAEpXKaHHEeM IEHHOrO MeTaJjla, H KO-
TOpBIE B Hela/JeKOH NMepcreKTHBe MOryT CTaTh NpeAMeTOM NPOMBIIU-
JeHHOH oTpaboTKH. [lepBHUHBII Opeos BKJIOYaeT 30HYy pyJAOBMeE-
HIAIOUIMX MOPOJA C COJLEP:KAHHSIMH MeTaJJIOB, JHUIb B CaMOH He3Ha-
YHTEJIbHOH CTeNeHH {PeBBIUIAONIMX MeCTHbE (POHOBBIE COLEPKAHHS,
a Takke 30HH AHOMAaJbHBIX COZEpKaHHH 3JIeMEHTOB-CIyTHHUKOB
OpYyJeHEHHA, HMe ABJAAIOUUXCS LEHHBIMH KOMIOHEHTAMH 3aJ/IeXKH.
ITo nepudepun nepBHYHOrO OpeoJia COAEPIKAHHA PYAHBIX 3JeMeH-
TOB NOCTeNeHHO (aCHMOTOTHYECKH) TNpHOJIHKAIOTCA K (DOHOBHIM,
4TO0 onpejesseT CJOXKHYI0O KOHGHUTypaunMio H YCJIOBHBIE XapakTep
€ro BHEWIHeH rpaHHUH. B KOHType mepBHYHOro opeoJa reomeTpu-
yeckHe pasMepbl MeCTOPOXK[EHHH B NJIaHe H B pa3pe3e 3HAUHTE/IbHO
MPEBBIIAIOT Pa3Mepsl PYAHBIX Tel. B npocrefimiem ciayyae mep-
BHYHBIH OpeoJl OCHOBHOTO PYAHOTO 3/eMeHTa NMOBTOPSET B pacluH-
peHHBIX rpaHHuax ¢opmy pyaHoro Teja (pHuc. 4). KoHTyphl mnep-
BHYHBIX ODPEOJIOB 3J/IEMEHTOB-COYTHHKOB MOTYT CYLIECTBEHHO OTJIH-
yaTbcsl OT (OpMBI PyAHBIX Tea (cM. . 4). IlepBHuHble OpeOJH
CYLIeCTBYIOT BOKPYr 3aJiexeft JIIOGHIX TOJIE3HBIX HCKOMAEMBIX,
B YaCTHOCTH, He(TAHLIX H ra30BHX MECTOPOXKAEHHH. :
MecTtopoxaenusi, o6pa3oBaHHble Ha TVIyOGHHE HJH 32aXOPOHEHHBIE
B mpolecce 0CaJAKOHAKONJIEHHS, B pe3y/abTaTe NMOCAEAYIOIHX TEKTO-
HHYECKHX TMOJHATHH H Tpolec-
COB  JEeHYAAUHH  BBIBOASITCA
K YPOBHIO 3eMHOH MOBEePXHOCTH.
. BoaMoxkHble TIpH 3TOM TOCJE0-
X X BaTe/bHBIE INOJIOXKEHHS JeHyAa-
" HHOHHOTO CpE€3a OTHOCHTEJIbHO
KpyTonajaioulei 3ajexu cxe-
x x MaTHYECKH TOKAa3aHH Ha pHC. 4.
[TonoxeHne QHEBHOH NOBepXHO-
CTH Ha ypoBHe A oTBeuwaer yc-
JIOBHSIM CJIENIOTO 3aJieTaHus pyn-
HOTO Tesa, CONPOBOXKAAEMOro
HEBCKPBITEIM (C/I€OBIM ) NEepBHY-
HbBIM  OpeoJioM. Yposenb b
BCKPbIBAa€T TOJIBKO HaApyAHBIA
':‘:‘ 5 MEPBHYHLIA OpeoJi, AeHylamHOH-
£ Hasl NMOBEPXHOCTh Ha ypoBHe B
yi 4 BCKDBIBAaET pYIHOe Teso H TMpH-
. MHBKAIOMHUA K HEMY - OKOJOPYA-
HHIH opeoJ. YpoBenb I' oTBEYaeT
Puc.(g. I\ZII;SO?(HH ﬂeﬂmauﬂggﬂm Hcg:,(; CTaJHH, KOTAa pyAHOE TEJO YyXKe
ig;a H ero He%%?qzaoﬁiw$80ﬂ£YA yHHqTO}KeHO 11eHy11aIJ.I/IeI/I M B KO-
l—nepBOHaqaanaﬂ IOHEBHast TMOBEPXHOCTH; peHHbIX HOpOﬂ%x COXpaHHJICH
2 —pyanoe Teno; 3 — mepsmummfi  opeor  JIHIIb NOJPYAHBIA HHTEepPBAJ Iep-

OCHOBHOTO DYAHOTO sJeMeHTa; 4 — pyAOBMe- o
LAIOUIHEe TTOPOLLE BHYHOTO oOpeoJa. J[laJbHejillee
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TNOHHKEHHE JeHyIalMOHHOK MOBEpXHOCTH Jo YpoBHs JI oTBeuaer
CTaJlMy NOJHON JHKBHAUMH TMIepreHHBIMH TpollecCaMi KOPEHHOTo
MECTOPOXKJIEHHS H er0 NepBHYHOrO OpeoJa.

OG6ecreynBasi TOPHONPOMBILJIEHHYIO AOCTYNHOCTb MIyGOKHX TO-
PH3OHTOB JIHTOCEpH, BHIBETpPHBaHHE H JleHylauHs OJHOBPEMEHHO
BelyT K NMOCTENEHHOMY YHHUTOXKEHHIO paHee 00pa3oBaHHBIX MeCTO-
pOXKIEHH! TOJIe3HBIX HCKomaeMblX. MuHepa/bHOE BelleCTBO MeCTO-
POXK/IeHHS, TIOABEPTasiCh BLIBETPHBAHHIO H JIeHYAALHH, CMEUIHBa-
ercsi ¢ NPOAYKTAMH BLIBETPHBAHMS OKPY:KalOUIMX TOPHBIX MOPOA,
pacTBOpseTCs aTMOC(ePHBHIMH OCajKaMH H TpeTepneBaeT pasHoo6-
pasHbie (PH3MKO-XMMHUECKHEe TpeBpalleHHs. XHMHYECKHE 3JEMEHTH,
HaxOJHUBIUHEC B PYAHOM Teje B COCTOSHHM KOHLEHTpPAUHH, NpPH
3TOM pacCeHBaloTCsi B O6Ilel Macce PHIXJAbIX HOBOOGPa30BaHHH H
NPHPOJHBIX BOAAX 30HBI THIepPreHe3a, MPUHHMAIOT ydYacTHe B op-
MHDOBAHHH TBEPAOTO M THIPOXHMHYECKOTO CTOKa ¢ CYyUIH, MOCTy-
nampomero B 06acTh 0CaJKOHAKOMJEHHS, B caMoM oflleM cayyae
B MHPOBOH OKeaH.

[pucyTcTByIOlMe B MECTOPOXKJAEHHH HJH 00pa30BaBlIHECs
B 30HEe BHIBETPHBAHHS rd3000pasHbie MPOAYKTH MPH 3TOM pacCeH-
BaloTcss B atMocgepe. C 3TOH TOYKH 3PEeHHs BepXHHE TOPH3OHTHI
COBPEMEHHON CYIIH, B KOTOPHX IIPOTEKAIOT NPOIECCH BBHIBETPHBA-
HHMSl M JEeHYJalHH, BeAyllHe K pa3spylIeHHI0 H JIHKBHJAIMH paHee
006pa30BaBIINXCS MECTHBIX KOHIEHTpPalHid XMMHUECKHX 3JIeMEHTOB,
MMEHYIOTCSI MOJeM pacCesiHHS MeCTOPOXIEHHH moO-
JesHH X HCKoN aeMul X. [Iponeccr, npoTekaiolue B mnoJje pac-
CesiHHsl, MOTYT CONPOBOXKAaTbcs OOpasoBaHHEM MECTHbIX BTOPHY-
HbIX KOHIEHTpamHii XHMHUYEeCKHX 3JeMeHTOB. Ilpumepamu 3TOrO
SIBJSIIOTC 30HB BTOPHYHOTO Cy/ab(HAHOrO o6oramieHHs, NPOMBILI-
JIeHHBIE POCCHIIH HJIH MeCTOPOXKJAEHHSI KOPH BhiBeTpHBaHHs. OHaKO
B mpoueccax (pH3NKO-XHMHYECKOro, OMOTeHHOT0 MJIM MeXaHHYEeCKOro
nepeoTIOKEHHST BElleCTBa, KOTOphle BeAyT K 006pa3oBaHHIO pasHoO-
06pa3HbIX BTOPHYHBIX KOHIEHTpalHH 3/JeMeHTOB, 3HAYHTE/JbHAs
yacTb INOJEe3HHX KOMIIOHEHTOB TAKXe NOABepraercsi pacCesiHHIo.
[Mocaenywouee moctynatejabHoe pa3BHTHe pejibeda BOBIEKAET 3TH
BTOPHYHbIe KOHIIEHTPAIMH B HOBBI LHKJ BbIBETPHBAHHS H JE€HY-
JanuM M NOTOMY B II€JOM TNpolecc BCerja HamnpasJ/ieH B CTOPOHY
paccestHHS.

Ha Bcem uHrepBaJse ypoBHelt 5—I (OPMHPOBaHHE 3JIOBHO-I€-
JIIOBHAJbHBIX MPOAYKTOB BBIBETPHBAHHSI NPOTEKaeT C YYacTHEM CO-
OTBETCTBYIOIIHX MHTEPBAJOB MOJE3HOTo HCKomaemoro. BosHuKaio-
L(Me NpH 3TOM 30HH MNOBHILIEHHBHIX (aHOMAJbHBIX) COAEp:KaHHH
IEHHBIX HJIM CONYTCTBYIOUIHX 3J€MEHTOB B OKPYXKalOUIHX MpH-
pOoAHbIX 00pa3oBaHHAX, NpHJeramllHe K KODEHHBIM 3ajexaMm H
06si3aHHble CBOMM NPOHCXOXKAEHHEM THIEPreHHOH MHIpalMH XHUMH-
YeCKHX 3JIEMEHTOB TMOJIE3HOrO HCKONMAaeMOro, HMEHYIOTCS BTOPHY -
HBIMH OopeoJaMu paccesHHs MecTopoxAenui Co-
JepKaHHsi XMMHYECKHX 3JIEMEHTOB BO BTODHUHBIX OpeoJiaX paccesi-
HHSI MECTOPOMKJEHHII OOGBIYHO XapaKTePH3YIOTCS NMPOMEXYTOUHBIMH
3HAYEHHMSIMH MeX/y BBICOKHMH COJEepXKaHHSAMH B TOJE3HOM HCKO-
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1aeMOM H HH3KHMH COLEpXKaHHSIMH, OTBEYAIOUWHMH MECTHOMY Treo-
xuMHyeckoMy (oHy. B niaHe BTOpHUHHI Opeosi paccesiHHsi, B mep-
BOM NPHOJHXKEHHH, NOBTOPSiET (POPMY BBIXOAA 3aJieXKH H ee Iep-
BHYHOTO OpeoJia Ha MNOBEPXHOCTb KOPEHHHIX MOpoj, OOBYHO 3Ha-
YHTeJbHO NpeBbmIass HX no miomaan. OGoOuIeHHOe TOHSTHE
O BTOPHYHBIX Ope0JIaX paCCesHHSI MeCTOPOKJIEHHH MOJIe3HHIX HCKO-
naeMbX OBbLJIO BBefleHO B MHPOBYIO [eOJOTHYECKYI0 JHTEpaTypy
H. U. Ca¢ponosuiM [34], H nocayXumo OCHOBOH JJisi pa3BHTHSA
COBpPEMEHHBIX [€OXHMHYECKHX METOJOB NOHCKOB.

OG6sacTH NOBBILIEHHBX COAEPXKAHHH LEHHBIX HJH CONYTCTBYIO-
HHX MM 3JEMEHTOB Ha MNyTAX TBEPAOro, pacTBOPHMOro (BOZHOTO)
HJIH ra3006pa3HOro, NOBEPXHOCTHOTO HJIH TOJA3eMHOr0 CTOKa C CYLIH,
pasBHBaoLIHecs 3@ CYeT BTOPHUHBIX OpEOJIOB paccesHHs MECTOPOXK-
JeHUH, TPHHATO HMEHOBAaTb NMOTOKAaMH paccesHus AHo-
MaJIbHE € COJAEpKaHHsl XHMHUECKUX 3JIeMEHTOB B NMOTOKAX pacCesHHS
MECTOPOXKAEHH XapakTepH3YIOTCSl NPOMEXKYTOUHBIMH 3HaUeHHSIMH
MeXIy BBICOKHMH COJEepXKaHHIMH BO BTOPHUHBIX Ope€OJiax pacces-
HHSl H MeCTHBIMH (OHOBHIMH cojepKaHHAMH. IloTokn paccesHus
BHITSIHYTHl B HalpaBJeHHH AeHCTBYIOUIEr0 CTOKA, HHOTAa Ha MHOTHE
KHJIOMETPH OT MeCTOPOXKAEHHH, H 3aTyXalOT NOCTENEHHO 1O Mepe
NpHO/IHKEHHS] COJep:KaHHH XHMHUYECKHX 3JeMEHTOB K YPOBHIO
FeOXUMHYECKOro ()OoHa HJIH OrPaHHUHBAIOTCS pa3MepaMH KOHEUHBIX
BOJIOEMOB CTOKa. B yc/10BHSIX He3aBeplIEHHOCTH TNPOLECCOB pac-
CeAHHA TeOXHMHYeCKHe aHOMaJIHH, CBA3aHHBIE C (DU3HYECKOH H XH-
MHYECKOH JeHyJalHell MeCTOpOXIeHHs, o6Hapy:KHBAIOTCS B O03e-
pax uiaM npubpexxHoil 30He Mope#l H OKeaHOB. BTopuuHBle OpeoJb
H NOTOKH pacCesiHHS MeCTOPOXKJEHHH MOTYT TpOSIBASITbCS B pa3-
JUYHBIX  reocepaXx —B XHMHYECKOM COCTaBe TOPHBIX TOPOX,
B NPOAYKTaX HX BLHIBETPHBAHHA H TNOYBAaX, B NPHPOLHBIX NOBEPX-
HOCTHHIX M NOA3€MHHX BOJAX, B COCTaBe NOJ3eMHOH H NpPH3eMHOMH
arMoc¢epr, B PaCTHTEJNBHOCTH H KHBBIX opraHuamax. CoOOTBeTCT-
BEHHO 3TOMY pas3J/HYaloT JHTOXHMHUECKHe, THIPOXHMHUYECKHE, Tra-
30Bble H OHMOreoXHMHYecKHe BTOPHUHbBle (THTUEPTeHHbIE) OpeoJb H
NOTOKH paccesinusi. Ha puc. 5 mokasanwl HauGoJee oOGbiyHblE B3a-
HMOOTHOILUEHHS] PYAHOrO TeJa € ero BTOPHYHBIM OpPeOJNIOM H MOTO-
KOM paccesiHdsi B YCJHOBHSIX COBPEMEHHOTO TOPHOro peJbeda,
B JIPYTHX CJyyasix 3TH CBSI3H HMEIOT 6oJiee CJOXKHBIH Xapakrep.

[lepBuyHble JIHTOXHMHYECKHE OPEOJNbl MECTOPOXKAEHHH, HX BTO-
pHYHHE TeOXHMHYeCKHe OpeoJibl M TOTOKH paccesiHusi, GJarojaps
cBoUM OOJBIINM pa3MepaM M MpPOSIBJEHHSIM Yy [THEBHON mOBepX-
HOCTH, 6oJiee MOCTYNHB AJsl OOHapy:KeHHsl, HeXeJH 3aJieraioliue
Ha rjyOHHe 3aJjieXXH NoJe3HbX HckonaeMuX. [Toatomy oGHapyke-
HHe MEeCTOPOXKIEHHH BO3MOXXHO NyTeM FeOXHMHYECKHX NMOHCKOB HX
HepBHYHBIX OPEOJIOB, BTOPHUHBIX OpEOJIOB H IIOTOKOB pacCCESHHS.
Ilst BHISIBJIEHHS 3THX TeOXHMHYECKHX aHOMaJsidii — NPH3HAKOB BO3-
MOJXHOIO HAaXOXKJAEHHSI NPOMBILIIEHHHX MeCTOPOXKAEHHH — ciyxKaT
pasJHyHble BLICOKOUYBCTBHTEJNbHEIE MeTOAH. Tak, Hampumep, NpH
JUTOXHMHYECKHX TOHCKAX MECTOPOXKIEHHH 30JI0Ta H PTYTH aHaJaH3
TOPHBIX TIOPOA BefeTcsi ¢ YyBCTBHTespHOCThIO 10-7 %, uTO cooTBeT-
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Puc. 5. Baok-gaarpaMMa THOEPTEHHOrO [OJISL pACCEAHAS
1 — 3n10BHO-LeNiOBHH; 2 — annioBHi; 3 —— pyAHOe Teno H ero nepBHuHbIf opeon; 4 — pyno-
BMelalomHe MOPOALI; 5 -— KOHTYP aHOMAajbHBIX cogepkKaHHi pPYIAHBIX 9JeMEHTOB B [Mpo-
AYKTax BHIBETpHBAaHHA, B pequoﬁ BOLEe H B PacTHTENBHOCTH; 6 — HalipaBJieHHE CcTOKa

CTBEHHO B [eCATh THCSY pa3 ¥ B JBA MHJIHOHA pa3 MeHblle 00bIY-
HbIX COAEepKAaHHH 3THX MeTayyoB B pynax. IIpn reoxHMHYecKHX
MOHCKAX MECTOPOXKAEHHH He(TH COJEpIKaHHsS MeTaHa B TMOYBEHHOM
BO3JyXe ONpeleJsoTcs HayuHas C 10-5 9. B 30He BHIABJICHHOH
reoXHMHYECKO!l aHOMAJHH TNocjde ee J[eTaJbHOro H3yYeHHsd NpH
61aTONpHATHOM OLEHKe NMPOXOASATCA TOPHbeE BHPAGOTKH HJIH 6ypo-
Bhie CKBAXKHHHI C Le/Jbl0 BCKPHITHSI TMOJE3HOrO HCKOMAeMOro B KO-
DEHHOM 3aJieraHHH H €ro AajbHefiledl NPOMBILIIEHHON OLEHKH.

1.4. TEOXUMHYECKHE CHEMKH

Hccie0oBaHUSl TeOXHMHYECKOro MOJSA € HEJbIO NOHCKOB MECTOPOXK-
JNeHHil TOJIe3HBIX HCKONAaeMBIX BEJAYTCH MeTOJaMH TeOXHMHYECKHX
cbeMOK. B ocHOBe HX JIeKHT CHCTEMaTHYeCKOe H3MepeHHe COoAep-
JKaHH# XMMHYECKHX 3JeMEeHTOB BIOJb 3apaHee BHIOpaHHHIX Hampas-
Jennii-npoduel uium mapupyros. CHcTeMa TaKuX NpPAMOJHHEN-
HbIX, JOMAHBIX HJH KDHBOJIHHEHHBIX TNpodHIeH TeOXHMHYECKOrO
onpo6oBaHHs, paclpefefeHHbIXx N0 MJOmand (WIH Ha rayGHHY),
o6pa3yer y4acTOK MOHCKOBOH FeOXMMHYECKOH CBHEMKH, a BHISBJIEH-
Hble MPH 3TOM TFeOXHMHYeCKHe aHOMaJIHM PacCMaTpHBAIOTCA B Ka-
yecTBe OO'bEKTOB, NMOJAJEXKAUIMX OlleHKe. B 3aBHCHMOCTH OT OIpO-
GyeMOro BelIeCTBa, 0 HAHMEHOBAHMIO HCCJeAyeMbX reoctep pas-
JHYAIOT JHTOXHMHUECKHE, THAPOXMMHYeCKHE, AaTMOXHMHYECKHE
(razoBbie) M GHOreOXHMHYECKHE METO/bl MOHCKOB M OJAHOMMEHHBIE
UM BHJAH TEOXHMHYECKHX CbeMOK. IlpH JHTOXHMHYECKHX CbeMKax
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ONpoOyIOTCs FOPHBIE MOPOJbl HA AHEBHOH NMOBEPXHOCTH, MO TOPHBIM
BhpabOTKaM HJIH 1O CKBaXKMHAM, NPOJAYKTH COBPEMEHHOT0 HJH
ApeBHEro BLIBETPHBAHHS FOPHBIX MOPOJA M moushbl. [IpH ruppoxumu-
YeCKHX CbeMKaXx B NOHCKOBBIX HeJSAX ONpoGYIOTCS NMPHPOAHBIE HO-
BEPXHOCTHbIE H NOA3EMHbIE BOAK. ATMOXHMHUECKHE CheMKH OGBIUHO
BBIIIOJIHAIOTCA NMyTeM OnpoGoBaHHs TMOA3eMHOH arMocgepn (moy-
BEHHOTO BO3JlyXa), pexxe HCCJAEAYETC COCTaB NPH3EMHOH aTMO-
cpeprl. TlouckoBbie GuHOreoXHMHUYECKHe CbeMKH OOBIUHO BepyTCs
MYyT€M HCCIeI0BaHHA XHMHYECKOTO COCTaBa PAaCTHTENbHOCTH.

[To ycioBuaM mnpousBoscTBa pasiuyaloT HaseMHble (MelIEXO-
Hble U aBTOMOOGH/IbHbIE), BO3AYUIHbE (CaMOJIETHBIE H BEPTOJETHbIE)
H TOJ3eMHble MeOXHMHYeCKHe CbeMKH. B cocTaBe mOA3eMHBIX Che-
MOK cJefyeT pas3/uyaTh NOTOPH3OHTHBIE JHTOXHMHUECKHEe CBheMKH

B DYAHHMKAaxX, CKBa)XXHHHble JIHTOXHMHUYECKHE HCCJELOBAHHA IO

KepHy, FeOXHMHYECKHH KapoTax MO CTeHKaM CKBaKHH M rJIyOuH-
Hble TeOXHMHYECKHEe CbeMKH, BBHINOJHSIeMble B Mpelenaax 3afaHHOM
IJIOWAAH Ha MOCTOSIHHOH IvyOMHe OT mnoBepxHOCTH (GoJsiee 3 M)
WM Ha yPOBHE NOCTOSIHHOIO T'€0JIOTHYeCKOTO TOPH3OHTa, ¢ NpoBo-
0T60pOM HJIM NyTeM MOTPYXKeHHs CHeNHaJbHBIX JATUHKOB., AHaJjo-
THYHble NJIOIAJHble HJIH MPOQHJbHble CbeMKH Ha riy6HHe A0 3 M
NPHHATO Ha3blBaTh Ha3eMHBIMH. CBbeMKH MOTYT . BHNOJHATLCH Ha
AKBAaTOPUAX B NOJABOAHBIX (M HaBOAHLIX) BapHAHTAaX NMyTeM ONPO-
GOBaHHSI PEYHBIX, O3€PHBIX HJIH MOPCKHX OTJIOXKEHHil H BOJ, pacTH-
TEMbHHX HJH JKHBOTHBIX OPraHH3MOB. B NOHCKOBHIX HeJSIX MOTyT
MPOBOAUTLCA TEOXHMHYECKHE HCCNef0BaHHSI aTMOCHEPHOH MbLIH,
CHera MJIM ra3soo0pasHbIX METaNJOOPTaHHYECKHX CcOefHHeHHH. Bce
3TH TeOXMMHYECKHEe MeTOAbl HUMeEIOT JaJieKo He OLHHAKOBOe 3Haye-
HHE JJISi NPAaKTHKH MOHCKOB. B uX uHcie HauOoubliee MpHMeHeHHe
TOJIyYHSl JIATOXHMHYECKHH METOJ MNOHMCKOB MEeCTODOXKJEHHH TBep-
ABIX TIOJIE3HBIX HCKONAeMbIX, B NEPBYIO OYepelb PYAHBIX MECTQPQK-
AeHHil Pasjnynble JHTOXHMHYECKHE CBHEMKH HENPEPHIBHO BeyTCS
BO BCEX pPYAHBIX paHoHax. Dosee moauMHeHHOe 3HaYeHHe HMEIOT
FeOXHMHYECKHEe METOAH MOHCKOB MECTOPOXKAEHHH TOPIOYHX HCKO-
NaeMBIX, B YaCTHOCTH, MeCTOPOXKAeHH#l HedTH H rasa (cum. 6.3).
HekoTopuie MeTOAb!, HalpHMeP aTMOXHMHYECKHE, MOHCKOB DYyIHBIX
MECTOPOXKAEHHH HHTEHCHMBHO pPa3BHBAIOTCA 3a IOCJAELHHE TOMH,
Apyrue, moao6HO OHOreOXHMHUECKOMY, MNECATHJICTHSIMH OCTAlOTCS
Ha CTajdH Pa3pabOTKH WJIH HX pa3paBoTKa HauaTa TOJbBKO He-
JlaBHO H MPOHU3BOACTBEHHOE NPHMEHEHHE 3ITHX METOAOB GBLIO Gbl
NpexX/ileBpeMeHHBIM (HanpHUMep, NOABOAHBIE CbeMKH Ha wleaboe,
a’po30JibHble CbeMKH H Ap.). OcHOBHOe cOfepKaHHe KHHTH TOCBSI-
IIEHO JHTOXHMHYECKHM METOJaM MOHCKOB PYIHBIX MeCTOPOXIEHHI,
X0Tst OOllHe NPHHUHIM, JeXallue B OCHOBe TPHMEHEHHS 3THX Me-
TOJOB, HMEIOT YHHBEPCAJNbHOE 3HAYEeHHE.

FeoxuMHYecKHe CBEMKH, KaK yKe YKa3bBaJoCh, BHIMOJHAIOTCS
¢ oT60poM Hsin 6e3 oT6opa npob, ¢ TOUEUHHIMH JHCKPETHBIMH HJIH
HenpepbiBHBIMH ONpPEJe/eHHIMH COLepKaHHH XMMHUECKHX 3JeMeH-
TOB 1O MpoduisM. [Ipy reoxHMHYeCKHX CbeMKax ¢ Mpo6ooT6opoM
YHCJI0 XHMHYECKHX 3/IEMEHTOB, COLEPIKAHUS KOTOPHIX ONpedessioTcst
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B mpo6ax MaKCHMaJbHO NpH GOJbBUIHX pa3Mepax uccaegyemMoH mJo-
Ay, MEIKOM Macilitabe CbeMOK H ¢J1aG0H reoJorHyeckoi H3y-
YEHHOCTH TeppHTOPHH. IIpH NOHMCKOBBIX JIHTOXHMHYECKHX CbeMKax
B mpobax ompefessiioTcst cofepxanus jo 35—40, WHOrKa 10 50—
55 XMMHYECKHX 3JeMeHTOB. B Hacrosilee BpeMs ellle HET KOHTAKT-
HBIX MJH AMCTAHLHOHHBIX METOLOB, C MOMOIbI0O KOTOPBIX MOXKHO
6b110 66 63 Tpo6ooT60pa OLHOBPEMEHHO ONpPELeNATh COAepIKaHHA
MHOTHX 3JIEMEHTOB C UyBCTBHTEJBHOCTBbIO, OTBedaiouleli TpeGoBa-
HESIM TIOMCKOBBIX FeOXHMHYeCKHX CbeMOK. OObIYHO reOXHMHYECKHE
cheMKH 6e3 mpo6ooT6opa BeAyTCS HAa KaKOH-IMGO OJHH XHMHYe-
ckuii ajaement, Hanpumep Be, B, F uanm Hg, pexe Ha cymmy He-
CKOJIbKHX DYAHHX 3jeMeHTOB (npubop «Ilonck»). HauGosbiiee
BecbMa 3(P(EKTHBHOE NMpHMeHeHHe MOJYUYHIH aMMa-CHeKTpaJbHbIe
leniexogHble, AaBTOMOOHIbHblE H OCOO€HHO a3pOreoXHMHUeCKHE
CbeMKH, NpPH KOTOPBIX OJHOBPEMEHHO ONpeAeJSIOTC COMepKa-
uns U (no Ra), Th u K (mo paguoakrusHomy usotomy *°K).

[To meneBOoMy Ha3HAUEHHIO F€OXHMHYECKHE CHEMKH AeJNATCA Ha:
PEKOTHOCLHPOBOYHbIE, NPH HEOOXOAMMOCTH BHINOJHAEMbBIE B Mac-
wrabe 1:1°000000 u mesnye; coOGCTBEHHO NMOHCKOBHIE, MOCJEL0BA-
TeJIbHO BHINOJIHSIEMble Ha BCEH TeppPUTOpHH I‘OpHO&) JHbIX paioHOB
8 macirabe 1:200 000-a 3atem B Macurabe 1:50 000 nerasbhbie
(nouckoBo-omeHounte) . B Macwrabe 1:10000° Ha BBIGOPOYHBIX
yyacTKax; pasBefouHble — B MaciTabax 1:1000 1 xpynHee B Ipe-
Jenax pyAHBIX ToJefl pa3BelbBaeMBIX H 3KCIJIyaTHPYeMbIX MpO-
MBILIIEHHBIX MecTopoxKaeHHH. TIPOH3BOACTBO reOXHMHYECKHX Cbe-
MOK OT MeJKoMacluTaGHHX K Haubojee JeTajibHBIM YBS3bIBaeTCHd
CO CTAJHSIMH eIHHOro TeoJoropasBejOoYHOro Mpoiecca, NPHHATHIMH
B HalleH cTpaue.

Ilnst oTHeceHHs] TEOXMMHUYECKHX CBEeMOK K oNpeje/eHHOMy Mac-
urra6y NJOTHOCTb HaGJ/IIOJeHHH JOJKHA COCTaB/sATh He MEHee OA-
Hoft ToukH Ha 1 cM2 orueTHOH Kaptbl. IlocKoJibKy KBajpaTrHbe
ChbeMOYHble CETH NPHMEHSIOTCS PeJKO H He PEeKOMEHAYyIoTCs Mpak-
THKOM, wWwar no npoguiio Ax Bceria MeHblle PaCCTOSHHA MEXAY
npopuasmu 2/. B urore macimitab cbemMOK ONpeleNsieTcs paccros-
HHeM MexAy npoduisMu (MapupyTamMm), ROTopoe HE3aBHCHMO OT
mara onpo6oBaHHsl MO NPOMH/II0 HOJNKHO COCTaBAATH 1 CM B Mac-
mrabe OTYETHOH KapThl. JTH yHHBepcaiabHee TpeboBaHHs pacrnpo-
CTPAHSAIOTCS HAa BCE BHAB JIHTO-, THAPO-, aTMO- H OHOreoXHMHYe-
CKHX CbEeMOK, B TOM YHCJe NpH HeNpepHBHHIX H3MEpPEHHAX, He
ocTaB/isAiss MecTa AJsi NPOH3BOJbHBIX TOJKoBaHMH [21]. IIlupokuit
NpOCTOp AJIsi HHHIHATHBH HCIOJHHTEJEH COXpaHsieTcs B TJaHe CO-
BEeplUIEHCTBOBAHHSI METOJAHMKH TeOXHMHUECKHX HCCJeNOBaHHA, B pe-
3yJbTaTe KOTOPOTO MOCTaBJIEHHAs TeoJlOrHYecKas 3ajaya MorJa Ol
peliaThCs TOHCKOBBIMH CheMKaMH GoJiee MeJKHX MmacwtaGoB (Wi
¢ GOoJbIIMM LIaroM HabJi0JeHHi), YeM 3TO NPAKTHKOBAJIOCh paHee.

Kaablfi 3 FeOXMMHUECKHX METOJOB HMeeT CBOl0 00.s1acTh 3¢-
(DEeKTHBHOrO NpHMEHEHHs W NpPeNNOYTHTENbHble MacwTalb, B KO-
TOpHX HauboJiee 1eJecoo6pa3HO MPOH3BOACTBO COOTBETCTBYIOLIMX
cbeMoK. [1paBuibHBI BHIGOP MeTOla H Maclitaba CbeMKH onpeje-
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JIIeT  TEOJIOTHYECKYI0  3(dekTHBHOCTp pabor. TeoxumHueckum
CheMKaM JI0GbIX BHAOB NPHAAETCS NpsAMas MOHCKOBAas HanpasJieH-
HOCTh C NPH3HAHHEM 338 HHMH POJIH OGbEKTHBHOTO CPEACTBA BHISIB-
JICHHA NPH3HAKOB p€aJbHOH PYAOHOCHOCTH TEPPUTOPHIL
FeoxuMHYeCKHE METOAN YCTAaHOBJEHHS <IOTEHIHAJBHOM» PYIOHOC-
HOCTH H€ PAaCCMAaTPHBAIOTCA, TAK KAK MHOTOJIETHHI OMBIT 1OKa3ad,
YTO OUEHKY MOTEHNHANbHOH PYAOHOCHOCTH paHOHA JIETKO MOJYYHTh
Ha OCHOBAHMH aHaJH3a JIHCTOB TOCYAApCTBEHHOH Te0J0THYECKON
kapTel Macwra6a 1:1000000 Ha oCHOBE NMPHHIMNOB METaJNJIOTEHH-
UECKOro aHanu3a. TeppHTOpHH, He HMEIOLIHX T'e0JOTHYECKOH KapTH,
K HaCTOSIILEMY BPEMEHH B MHpe yxe HeT. MToroM NmOHCKOBHIX reo-
XHMHYECKHX CBHEMOK BO BCEX CJydasX AOJKHO OBITH BHIABJEHHE
Y4acTKOB peasibHOH PYJOHOCHOCTH, ¢ oneHkoll (B mudpax) ux mpo-
THO3HHX PeCypcoB MeTaJJja.

1.5. NAPAMETPbB! TEOXHMHYECKOI'O N0JIA

IMonwsiTkH YCTAHOBJIEHHS! KOHKDETHBIX NDHYMH OTKJOHEHHSI (DOHO-
BhIX COJAEPKAHHH 3JIEMEHTA B KaXKAOH OTAEJIbHOH TOYKE 0mpo6o-
BaHHA OT HX CPeJHEro ypoBHf JIMINEHH NPAKTHYECKOTO CMBIC/]A
M 3aBe/loMO ofpevenl Ha Heyjayy. B mpemesax oamopogHOro
ydyacTka aHaJh3 TEOXHMHYECKOT0 ()OHAa OCYHIECTBJSETCA IyTeM
NOACYETA YAaCTOCTH NOSBJIEHHS PA3JHYHBIX COAEpKaHHH paccmar-
puBaemoro sjementa. OT8ieKasCh OT NPHYHH KOJNEGAHHH (QOHOBBHIX
COACPXKAHUH XMMHYECKHX 3JIEMEHTOB B KaxKAOH OTAeJbHOH TOuke
F€OXMMHYECKOTO MOJI, Mbl PACCMATPHBAeM 3TH COAEPKAHHS B Ka-
YECTBE CJYYaMHBIX BENHYHH, XapaKTEPHCTHKOH KOTODHIX CJIyKaT
OLUEHKH TNapaMeTPOB HX CTATHCTHYECKHX pacnpeaenenuit. Takoi
4HaJIi3 TO3BOJIMJ YCTAHOBHTb, YTO CTATHCTHYECKHE pacClpefeseHHs
¢oHOBEIX comepxaHHi NPUOIHKEHHO NOAYHHSIOTCS HOPM aJIbHOMY
SaKOHY, HMEIOLleMY BajKHOE 3HaY€HHE BO MHOTHX pasjiesaX HayKH.
[Inpoxoe pacnpocTpaHeHHe 3TOr0 3aKoHa B NpHPOJie H TEXHHKE
HaXOJHT OOGBSICHEHHE B IEHTPAJbHOR NpefeabHOH  Teopeme
A. M. Jlanynoa (1900 r.), coriacHO KOTOpO# HOpMaJIbHOE pac-
npejeseHne OGHAPYXKHUBAeTC B YCJOBHSAX, KOrJa H3MEHEHHE Ha-
Gaiofaemoii BeuunHbl X onpefesseTcs COMSMEPHMbIMH M HE3aBH-
CHMBIMH BJIHSIHHSIMH  GOJIBINETO YHCJA DAa3jHYHBIX INPHYHH [8].
HMMeHHO TakMM OJHOBPEMEHHBIM BJIHSAHHEM Pa3HOOGPA3HHIX IeOJIO-
TFAYECKHX, TEOXHMHYECKHX, OHOKJHMATHYECKHX, TEXHHYECKHX H
MHOTHX ADYTHX NPHYHH onpefensiorcsi (GOHOBHE COAEPKAHHS 3Jle-
MEHTOB B TODHBIX NOPOAAX, NMOYBaX, BOAAX H JAPYTHX NPHPOAHBIX
o6pagoBanusXx. DyHKUHA HOPMAJABHOTO pachpejeJeHus BHIpaxa-
€TCSl ypaBHEHHEM:

3
1 2s%
——¢€ 3
sV o ! ] ®)

x;— CpeliHee apH(MeTHUeCcKOoe 3HAUEHHE X, KOTOPOEe
1

y=9(x) =

rie x=

™=

L
N
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B Ipe€ae]e NpH YUCJI€ AaHHBIX N—o0 CTPEMHUTCS K CBOEMY MaTeMa-

N —_—
- ¥ (u—x)?
THYECKOMY OXKHAAHHIO;, g—= _‘_=_11V..1____ — CpeJiHee KBajpaTu-
YecKkoe MM CTaHAAapTHOE OTKJOHEHHE c/IydyaHHbIX 3HaueHHH X OT X,
§% — ucnepcHs X.

HopManpHoMy 3akoHy (3) MOTyT npHOJHKEHHO MNOAYHHATHCH
n; o
' CcofepXKAaHHH Kakoro-iu6o

pacnpefieieHHss YacTocTei Y=

sjeMenta B mpo6ax, rae f; — YHcao npob ¢ cogepxanveM Ci <<
<x>=C;y1 B nponeHTax. B apyrux ciayyasx BelpaxkeHHio (3) moa-
YHHAIOTCS pacnpefeJeHHs] YacTocTed JorapudMoB cojepKaHui
9JIEMEHTOB H OHO- NMPHOGpPETaeT CMBICA JOTapHPMHUECKH HOPMAaJb-
Horo 3akona, npu kotopom x=IlgC; H. K. PasymoBckuii eie
B 1939 r. mokasas, YTo JIOTHOPMAJbHOMY 3aKOHY OOBIYHO INOJYHHSA-
IOTCSl YACTOCTH PAa3JHYHHIX COAEPXKAHHA DYAHBIX 3JIEMEHTOB B IO-
poiax H pyAax, pasMepoB 30JIOTHHOK B POCCBHINISAX H MHOTHX JAPYTHX
reoJIOTHYECKHX TNpH3HAaKOB. PacnpeneneHuss coAepxaHHH Makpo-
9JEMEHTOB B TOPHBIX NOPOJAax NPHOJUKEHHO NOAYHHAIOTCH HOP-
MaJbHOMY 3aKoHYy. XoTa HalgiojaeMble B NPHPOJE pacClpeACHeHHS
XHMHUECKHX 3JE€MEHTOB MOTLYT OTJHYATbCS OT HOPMAJbHOIO HJIH
JIOTHOPMAJIBHOTO, B GOJBUIHHCTBE C/Iy4yaeB AJd OJHOPOJHBIX T€0JIO-
THYECKHX COBOKYNHOCTEH OOHapyXKHBaeTcss YJOBJETBOPHTENBHOE

COBIAJicHHe ¢ 3THMH 3akoHamH. [lapaMeTpsl x H s HcuepnuBaiile
MOJIHO XapaKTEPH3YIOT pacnpejeseHHs], NOJYHHSAIOUIMECS HOPMaJb-
HOMY 3aKOHy, CBOHCTBA 3TOT0 3aKOHA XOPOIIO H3yYeHH H MOTOMY
61M30CTb K HEMY IIPHPOAHBIX paclpele/ieHHl UIHPOKO HCIOJb-
3yeTcsl MpH TeOXHMHYECKHX HccaepoBaHHsX. OfHako npHHHMaeMoe
3a OCHOBY HOpMaJlbHOE pacnpefeeHHe COAEpPKAaHHH 3JEeMEHTOB
HJIH HX JorapupmoB-—He Gosee yeM yaoOHas annpoKCHMaiHd,
T. € NpHOJHKEHHOe OnHcaHHe HabJI0JaeMbIX 3aKOHOMEPHOCTEH.
HopmasbHpifi 3aKOH pacnpejesieHHss [AONYCKaeT ¢ ONpeJeJeHHOH
yactocTbio y>0 nosiBaeHde mpob ¢ OTPHLATEJAbHHM COLED -
KaHHeM 3JeMeHTa, YTO fABJSeTCS TeOJOTHYECKHM abCypaoM.
JlorHopMaJipHEIE 3aKOH C€BOGOJEH OT 3TOr0 HeJ0CTaTKa, OJHAKO,
nogo6HO HOpPMAaJbHOMY 3aKOHY, AONYyCKaeT CYyLIeCTBOBaHHe Npo6
¢ comepx)aHHAMH 3jeMeHTa >100 %,4T0 B paBHOH Mepe 6GeccMmbic-
genno. IloatoMy Jsi06as M3 3THX 3aBHCHMOCTEH He MOXKET pac-
CMaTpPHBATLCS B KAyecTBE TEOPETHYECKOTO 3aKOHA, KOTOPOMY IOJK-
YHHAIOTCSA PaClpefeeHHs] COJepXKaHHA 3/1eMEHTOB B IPHPOAHBIX
06pasoBaHHsX, H Peub HAET TOJbKO O NPAaKTHIECKHX YA0GCTBax
HX HCIOJb30BaHH.

KpuBass HOpPMaJ/IbHOTO pacnpejesieHHss HMEET KOJIOK0J006pas-
Hyl0 (OpPMYy C OZHHM MAKCHMYMOM B TOYKe X H CHMMETPHYHa OT-
HOCHTEJBbHO NpAMOH x=x. JlJs HOpMaJbHOTO pacnpejie/eHHs BeJIH-
4YMHa X oOTBeyaeT HaHboJiee YacTO BCTPEUaIOIIEMYyCs 3HAUEHHIO

cayyaiiHO# BeJHYHHH X HJIH ee Moje H, Omarofapsi CHMMETDHH
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~ pacmpenesneHns, coBnamaeT ¢ ero MEJHaHO! — 3HAUYeHHeM, oTBeYa-
IOIHM  Cepe/iuHe pPaHXKMPOBAHHOTO psga, T. e, JeNsmeM  BCIO
COBOKYNHOCTbL J@HHKIX monoJsiaM. PaBeHcTBo cpepmero apugpmernye-
CKOro, MOIBI H MEJHAHBl SIBNAETCS BaKHEHIUMM CBOHCTBOM HOp-
MaJIbHOrO pacnpejeseHus. To N03BOJSET NOMOJHHT paHnee npuse-
ACHHOE OnpesiesIeHHe reoXHMHUYECKOTo (pona Cyp, BeHuHHe KOTOpOTro
OLHOBPEMEHHO OTBEYAIOT cpejHee, HaHGOJIee YacTo BCTpeuaoreecst
(MozasbHOE) M MexHaHHOe COLCpKaHHUS 3JEMEHTa B OJHOPOZHOM
ydactke. Ilpu atom 1/2 Bcex Touek B o6aacTy ¢ona nmeer cozep-
Xanus snementa Co<Cy u 1/2 — comepxanns Cx>Cyp. Boiuncsien-
HbI€ TCOPETHUECKHE 3HAYEHHA (GYHKUHH HOPMAJBHOTO pacnpexese-

Hug Jaa caydas x=0 u s=1,0 npusogsitca Bo Beex MaTe-
MaTHICCKHX CNPABOYHHKAX, Kypcax TeopHH BEPOSATHOCTER H
MaTeMaTHYeCKOH craTHcTHkE 7] Tam xe NPHUBOAATCA TaBJIHLBI
3HAYEHHH MHTETpaJIbHOH (yHKuMH

Oy= | =2 fe 2
(%) —éa ¢ (x)dx Vo ge dx, 4)

XapaKTePHU3YIOlell BEPOSATHOCTD TOTO, YTO clyyaiiHas BeJHUHHA X,
PaclpeieJeHHas HOPMaJbHO, 1O a6COJIOTHONH BequHuUHHe He npe-
B3OMJET 3aJlaHHOTO 3HAYEHHS X,. TabJHYHBle 3HaueHHH HHTerpaJa
BeposTHoCTeH D (X) HMeT cMbic JABYXCTOPOHHETO KPHTEPHS, B TO
BPEMA KaK B NMPaKTHKE NOMCKOB Npeob/ajaiouiee 3HAYCHHE HMEIOT
TIOJIOXKHTEJNbHbIE P€OXHMHUECKHE aHOMAJHH, T. e. COJiepXKaHug 3Jje-
MEHTOB, npeBbllaonHe BeanunHy Cgp. BepositTHocTh Toro urto cay-
JauHad BEJIHYHHA X He NPEBHICHT COOTBETCTBYIOLIETO BEPXHEro
npenena, 6yzer 0,5+1/2 @ (x,). Hexkotoprle snauenns srux BEPOAT-
HOCTEH TMPHBEAEHH B TaGJ. 3 C OJHOBPEMEHHHM yKa3aHHeM BEpO-
ATHOCTH NPOTHBONOJIOXKHOTO COGHITHS, T. €. TOTO, YTO BeJHUHHA X
CJIYyYaihHO NpPEB30KAET 3a1aHHbIH npexena x,.

Pacnp(BCTpaHsm STH JaHHBIE HAa 3aKOHOMEDHOCTb CJyYafiHHX
Ko/ie6aHHi TeOXHMHYECKOTO (DOHA, MOMKHO BHIOpATh HEKOTOpOe mo-
poroBoe conepxaHne aneMmenta Co>Cy, HauHHas c KOTOPOro mpe-
BRILIEHHS HaZl (POHOM OYAYT CUHTATHCA TEOXHMHUECKHMH AHOMAJIH-
IMH. BeposiTHocTs nomagamns B HX uHeso CAYYaHHBIX KoJie6aHHi

Ta6auuma 3
Hopmanbioe pacnpenenenue x

Beposthocers | Bepostroers BepositHocts [ B
Bepxruf TOr'0, 4TO NPOTHBOMO- Bepxuuft 'rtf)ro, q'rng ne;::ﬂ'r;:’t::g‘b
npenen. x, X _He NpesHl- JIOXKHOTO npegest x, He NpeBHICHT JIOXKHOTO
CHT X,, % cOGHITHS, % Xy % coGHTHA, %
%k s g%g 15,87 ¥+ 3s 99,86 0,14
ﬁ"" 9s one %(2)8 ¥+ 4s 99,997 0,003
x + 2,33s ’ ’
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¢ona Gyner saBhceTs OT BHGOpa BeaHuHHH (>0, ompepeasiomeit
BePXHHIi Npeges 3THX KojeGaHui

Xp=x-+1s (5)

H HHXHee aHOMaJbpHOE cojepxkaHue ajeMeHta C,. B kaxjgom KoH-
KpEeTHOM caydae onpefenenHe C, TpeOyeT OLEHKH YHCJIEHHBEIX 3Ha-

YEHHH NapaMeTpoB MECTHOTO TeOXHMHYeckoro ¢goua x u s. B 3a-
BHCHMOCTH OT HOPMAaJIbHOTO HJIH JIOTHOPMAJIbHOTO 3aKOHA, KOTOPHIM
aNNpPOKCHMHPYETCH CTATHYECKOE pacrnpeaejeHHe (DOHOBBIX COZEp-

KaHHH 3/1eMeHTa, BEJHUHHB ¥ H § GYAYT BbIpamarbcst B MpPOIEH-
Tax (Mr/a, r/T H T. I.) HIH B JOTapH(PMHUECKHX €AMHHIAX.

BriGop Bennunnbl f Henp3s cTporo oGocHoBaTh. Ecam mpH-
HATb Cp Ha ypoBHe f=4,0, BEPOATHOCTL OMIHOGOYHOTO OTHECEHHS
KosnebaHui (GoHa B paspsj TeOXHMHUECKHX aHOMaJHii 6yjaeT HH-
YTOXHa (cM. Taba. 3), ofHaKo NpH 3ToM GyxeT yTpaueHa 4YacThb
cnabeiX aHOMAaJHH, JIHWIb HE3HAYHTEJNbHO OTJIHYAIOUMIHXCA OT
ypoBHa Cp. DTH aHOMAJHH MOTYT HMETb BaXKHOE 3HaueHHe, B 4acT-
HOCTH, NIPH IIOHCKAaX MECTOPOKAEHHH, 3aJjeralomHx Ha O60JbHIol
riybune. Ecan npunars Ca Ha ypoBHe f=1,0, ci1abrle aHOMaJaHH
GYAyT BbIAENEHH JJs NOCJAELYIOMEr0 H3YYEHHS, HO MPH 3TOM K HX
yucay O6ynyt omwmboyHo orHeceHn eme 1587 % Bcex (oHOBBIX
cojiepKaHuil 31eMenToB. IIpH NMOHCKOBBIX reOXHMHUECKHX paBoTax
obmiee YHCI0 ITHX (PHKTHBHHIX aHOMaJjHi, 0GYCJOBJEHHEX TOJbLKO
ClyYaHHBIMH KOJEe6aHHSIMH F€OXHMHYECKOTO (DOHA, MOIKET JOCTHI-
HyTb HECKOJbKHX Thica4. I'eosornueckuii ocMoTp, meTanusaunus o
NpOBepKa TAaKOro YHCJa aHOMAaJHH HEBO3MOMKHBI, Tak Kak Ge3 BHH-
MaHHs MOTYT OBITh OCTABJEHBl T€ HEMHOTHE pyJHHE AaHOMAJIHH,
KOTOpble BXOJAT B HMX YHCJIO, H B HTOT€ TeOXHMHYECKHe IIOMCKH
OKaXyTcsl 6e3pesy IbTaTHHIMH.

HOas onpeneneHHst CofepKaHHH 3JEMEHTOB B TeOXHMHYECKHX
npo6ax MIHPOKO NPHMEHSETCS CNeKTPAbHBIA aHaNH3, MOTpeuHo-
CTH KOTOPOTO NOJAYHHAIOTCS JIOTHOPMAJbHOMY 3aKOHYy. DTOMy Ke
3aKOHY TOJYHHSAIOTCH pacnpejieJeHdss CJay4yailHbIX MOTpeurHocTei
MHOTHX JPYTHX METOJOB 3KCIpecc-aHa/lHu3a NpH 6oJpLUIOM pasmaxe
CoflepKaHH# 3jeMeHTa B npoGax. ITorpemnoctn amanusa BxogsT
B KaueCTBE CJAraeMoro Spexy B CTaHAAPTHOE OTKJOHeHHEe (OHA s.
CorsacHo TeopeMe 0 CJIOXKeHHH AHCepCHi [8]:

§= /\/Sﬁpnp + Sgexﬂ . (6)

ITOCKOIBKY Srexn HMEET CMBICA JIOTAPHMMHYECKOH BEJMUYHHI,
CTATHCTHYECKHE PACIpEeJeHHs COAEPRKAHHH MHKDPO3JEMEHTOB INPH
CNEKTPAJbHOM aHajJu3e 1Npo6  JOJKHH  aNNPOKCHMHPOBATHCH
JIOTHOpMAJIbHEIM  3aKOHOM. HeB0o3MOXKHOCTL mMOSIBIEHHS OTpHIA-
TEJBHBIX H IPOTHBOPEYALIHX 3aKOHy BepHajckoro Hy/eBHX copep-
KaHHH 3JIEMEHTOB ABJAETCH OJHHM H3 JOCTOHHCTB JIOTHOPMAJbHOTO
pacnpesnenenus. B cooTBeTcTBHH ¢ 3THM BhlpaxkeHHe (5) InpH-
o6peTaeT CMbIC/J 3aBHCHMOCTH MEXAY JOTapHPMHUYECKHMH BEJIHUYH-
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HaMH: - Xa=1gCr=1gC;+1s;;. OcBoboxpascb 0T Jorapiugpmos,
HMeeM:

~ Lt
Cr=Cs, %
e Cy=Cgp—cpelHee TeOMeTpHUECKOE COJAepkKaHHE 3JeMeHTa
B npejgesnax (POHOBOTO yyacTka

N *
C,,zantlg(—l—z lgCi) .
N =

Beanynny e=antlgs, DOPHHATO HMeHOBAaTh «CTAaHAAPT-
HBIM MHOXHTeJgeM». C ydyeToM BLICKA3aHHBIX BHIINE coobpa-
JKEHHH 0 BHIGOpE BEJHYMHBI f, 32 HHXKHHH yPOBEHp aHOMAJBHHX CO-
JepKaHHH 3JEMEHTOB L/ BbLAEJNEHHs caabbx aHomaJui, saHK-
CHPOBaHHBIX ONHOH TOYKOH HAOJIOAEHHS, NIPH TEOXHMHYECKHX IIO-
HCKaX NPHHAMAETCA:

Cypy = Cye®. 8)

dra 3aBHCHMOCTb OTBEYAET KDHTEPHIO «TPEX CTaHAAPTHHIX OT-
KJIoHeHHuH» (43 S1g), HPOKO NPHMEHAEeMOMY BO MHOTHX pasjeJsax
TEXHHKH JUIf BBIIEJIEHHS BEJHYHH, BBIXOJAAUMX 33 NPEAEJb BEpo-
ATHHX 3HAYEHHH CJAy4aiHOH BeJHYHHBL, pacOpefe/eHHOH IO HOP-
MaJabHOMY 3aKoHy. Jlas BeJeJeHHst caaOblx aHoMaJguii, obpaso-
BAHHBIX TPyNno# CMeXHBIX TOYeK HaOJIOJEHHS C MOBBILIEHHBLIMH
COJIepKaHHAMH 3JI€MEHTa-HHIHKATOPA, He AOCTHTAIOLIHMH YPOBHS
C4), NPAaKTHKYETCS CHHXKEHHE MOPOrOBOrO COJEpPXKaHHs, COIVIACHO
KPHUTEPHIO

Cam > Cyt? VP, ©)

rae m=2, 3, 4, ..., 9—uHCJIO TOYEK, AOMYCKAIOMHX OGbeIHHEHHE
Ha TEOXHMHYECKOH KapTe B OJIMH OGLIHH AHOMaJbHBIH KOHTYD.

B nanHoM ciayyae cnpaBelJHBO IpelnoJaraercd, 4YTo MOBHI-
meHHpie conepxanus aneMenta C,>Cgpe, 06g3aHHBIE CAYYAHHBIM
konebaHuaM (oua, 6yayT pacnpepneseHbl B Npelejax yyacTka paB-
HOMEpPHO-0ecnop AJ04YHO, B BUIE H30JHPOBAHHBIX OJHHOYHBLIX TOUEK.
B npoTHBOMOMOXKHOCTE 3TOMY, Aaxe OYeHb cJjabble, HO peaJibHBIE
aHOMaJuH GyIyT TATOTETH K CTPYKTypaM, KOHTDOJHDYIOWHM pas-
MEILEHHE TI0JE3HBIX HCKOMAEMBIX, 3aKOHOMEPHO NPOCJEKHBASACh HA
CMeXKHBIX npoduaax, o6pasys rpynnsl reoJordHyeckH KOppeaupyio-
UHXCA TOUeK ¢ o6 MMM KoHTypamH. [IporpeccuBHoe cHuxKeHHe Ca
orpannyuBaetcs ypoBHem Cge NpH JIOOHX 3HaueHHAX m>9, Tak
Kak BEPOATHOCTb NOSBJEHHS MOBHLIEHHBIX COAEPKAHHH J/eMeHTa
0 Mepe npubauxkenuss x C, crpemutcs k 50 % H npusHak reoJso-
THYECKOH KoppesaupyeMocTH coxepxkanuit Cy>Cyp Tepsier cBoio on-
Pelle/IeHHOCTb. Uncsao BHAEASEMBIX NPH 3TOM (DUKTHBHBIX aHOMa-
JHH cBepx BepositHoro HX uucaa 0,14 %, ompenensieMoro XpHre-
pueM e? (cMm. Taba. 3), yBEIHUHBAETCS JIHIIL HE3HAUHTENBLHO.

* o

3mecb H B JaJgbHeiieM TOPH3OHTaAJNbHAA YepTa HajJ 6yKBeHHHM CHMBO-
JIOM BEJHUHHH O0GO3HauaeT cpenHee apH(i)MeTPI‘IECKOE, BOJIHHCTass uepTa — cpel-
Hee reoMeTpHUYECKOe 3HAYEeHHE.
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OleHKH CTATHCTHYECKHX MapaMeTpoB TeOXHMHUECKOTO toHa Cye
H ONpeAeNeHHe HHXKHHX aHOMAaJbHBIX snaueHHit Ca;— Ca,m 1pO-
BoAsATCS Ha DBM HIH METOJaMH «py4yHOro cuera», Io 06'bEKTHBHO
cayqafHbIM (paHAOMH3HPOBAHHHM) BbIGOPKAM OTPAHHUCHHOTO
o6bema, yalle BCEro NyTeM NOCTPOEHHS rpadpuka HAKOIJIEHHOH 4Ya-
CTOCTH Pa3JHYHBIX (POHOBBHIX colep}KaHui Ha OJaHKaX BepOSTHOCT-
HO#i 6ymaru [42] uAM Ha MHKPOKAJbKyJASATOpaX {10]). Onpenenenus
NpPOBOAATCS IS KaXJOro 3JeMeHTa HIH LI HX 060CHOBaHHO BHI-
6paHHOK COBOKYNHOCTH, JJIsi OJHOPOJHBIX ydaCTKOB reoxumuye-
ckoro mnoas. IIpu o6paborke Ha DBM Bcex HMEIOIIHXCA HAHHBIX
NpeJCTaBJEHHS O CTYNEHYaTO-NOCTOSHHBIX YPOBHAX reoxuMHye-
ckoro (oHa saMmeHsiorcs Gosee GJH3KOH K TpPHPOLE reoxHMHuye-
CKOro noJs annpokchmanueii ¢oHa KPHBOJIMHEHHOH NMOBEPXHOCTBHIO
TpeHaa.

3HaHHe MapaMeTpoB MECTHOTO re0XHMHYECKOTo doHa no3BOJISET
YTOYHHTH MOHATHE O TEOXHMHYECKHX aHOMAJIHAX, 06 Hx 3(¢eKTHuB-
HBIX pasMepax H IIOKa3aTeJasiX KOHTPACTHOCTH. TeoxuMuuecKO#
aHOMaJIHeH CJeLyeT HMEHOBAaTh 3aMKHYTbIH o6beM V, B mpenenax
KOTOPOTO UHCJIEHHBbIE 3HAUEHHS TEOXHMHUECKOro IOJfA BO BCEX TOY-
Kax paBHb MM GoJsblle 3aJaHHOH BEJHYHHBI Cs. B nByxMmepHOM
NPOCTPAHCTBE TEOXHMHYECKYIO AHOMAJHIO OrpaHHIHBAET 3aMKHY-
THIfi KOHTYP IVIOLIAJbI0 S, B CEYEHHH IO npoHII0 aHOMAJIHIO Xa-
pakTepusyer ee IIHpHHA 2a. [loCTaTOUYHO OYEBHIHO, UTO IpH 3ITOM
pasMephl H (opMa aHOMAJHil NPAMBIM o6pa3oM 3aBHCAT OT BbI-
Gopa HHXKHEro YpPOBHSA cojepXKaHHA XHMHYECKOro 3JEMEHTA Ca,
Ha KOTOPOM NPOH3BOAHTCS HX OKOHTYPHBAHHE. Tak, Hanpumep, Ipu
JIHTOXHMHYecKHX cbemkax B LlenrpaasHom Kasaxcrane B 1948—
1953 rr. mexp GuKcHpoBajach B Mpob6ax HauyHHAas C 0,04 %
(umorza paxe ¢ 0,07 %!), x0T HCTHHHAS YyBCTBHTEJbHOCTh aHa-
JH3a yXKe B Te TOJh MOrJa ObTb NPHHATE 0,0001 % wmemu. B 3THX
ycaoBusax sdgextuBHas (T. e. Ha6JoJeHHaa) LIHpHHA TEOXHMHYE-
CKOfl aHOMAaJiHH, H306paxkeHHOH Ha puc. 6, mo pesyJpTaram Je-
TaJbHBIX ChEMOK C llaroM onpoGoBanHs 10 M oleHHBajaach B 27 M.
Ta ke aHoMaJus, olleHHBaeMas Ha ypoBHe Cpa=2- 102 9, umena
601 sddekTHBHyl0 wWHpuHy 2a=40 M, a Ha ypoBHE Ca=
=1-10"29% — 2a=60 M. [JanpHeillee CHHXeHHe BEJTHYHHbI Cr 1o
8.10-%9% jgano Gb OCHOBaHHe OlleHHBAThb 3(PPEKTHBHYIO UIHPHHY
sTolf aHoManuu B 68 M H T. A. Hu oxHa M3 3THX JHHEHHBIX BEJH-
YyHH He MOXKeT paccMaTpHBaThcs B KayecTBe Iapamerpa, ¢ Tem
MJH HMHBIM TIPHOJHIKEHHEM XapaKTepPH3YIOIEro MPHPOJHBIE Dpas-
Mepbl aHOMaJHH, KOTOPbie He NONJAIOTCS CTPOTOMY ONPENE/EHHIO.

VeaoBHeM 0OHAPYKEHHst aHOMaJHH NPH FEOXHMHYECKHX CbeM-
Kax SIBASieTCS TONMajaHue B ee KOHTYP XOTSl Gbl OJHO¥M TOYKH Ha-
G6aonenuit. IToaToMy reoMeTpH4YeCKHE DasMephl aHoMaJIHi caenyer
onpesessaTh B IpaHHIAX C.>Ca;=Cyped. BesnunHa cTaHZapTHOTO:
MHOMKHTeJsS € COraacHo (6), 3aBHCHT OT TEXHHYECKOH TOYHOCTH
reOXHMHUECKHX HCCJAELOBAHHE, ¢ TOBBILIEHHEM KOTOPOH 3a CUer
yMeHblIeHHs CIaraeMoro $2rexy BEJHUHHA €3 H, CJEN0BaTe/]bHO, Ca
CHWOKAIOTCS, W pasMepsl aHomanuil yBenuumsaiorcsi. Ilo cBoeil me-
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Cu, %o pHpEepHH reoXxMMHYECKHE aHO-
0,1[ MaJIHH acCHMIITOTHYECKH IIpH-
GJHKAIOTCA K YPOBHIO MeCT-

408 - HOTO ¢hona, HX pasmepn He
- NOAAAI0TCA CTPOTOMY oOIpe-
08¢ JEeJEHHI0O M MOTYT MHOrO-
-7 i KpPaTHO H3MEHATbCH B 3aBH-
CHMOCTH  OT TOrpeuHocTel

4041 cveMok. Ilostomy caenyer
F TOBOPHTh TOJBKO 006 <«athdex-
g0zl THBHBIX® HJIH <«BHISIBJCHHHBIX»
| pasmepax reOXUMHYECKHX

— N, aHOMAJIHH, He HABJAIOLIHXCA

CBOHCTBAMH XHMHUECKHX 3JIe-
MEHTOB, HO HMEIOmHX BaX-
HBIH  TEeXHHUYECKHHI  CMBIC.

Puc. 6. Tpadbur wusmenenHs sddeKTHB- IMonbiTkH OTIpeJie/IeHHsT  «HC-
HOH (Habmomaemol) IMIMPHHH TeOXHMHue-

CKOHl aHOMaJHH B 3aBHCHMOCTH OT uys- |HHHDBIX»  Da3Me€poB aHOMa-
CTBHTeJbHOCTH aHaJu3a mpo6 H BeiGopa JIHH OCHOBaHH Ha HeAopasy-

HHXKHETO AHOMAJIBHOTO COJep:KaHUA Menu MECHHH. OKOHTypHBaHHg aHoO-

Ma/JHi  BOSMOXHH H Ha
ZpYrHx 6oJiee HHUSKHX BHEUIHHX YPOBHAX Ca s B MHTEpPBaJde N0
Cao=Cgy & npp m=>9. Bbl60p BHYTPEHHHX KOHTYPOB aHOMAaJH,
KPaTHBIX BEeJHYHHE CTaHJAPTHOTO OTKJAOHeHHs1 Cy+Is (unu Cyet)
CO 3HAYEHHSAIMH [>>3, JIHLUIEH MaTeMaTHYECKOTO MJIM FeOXHMHUe-
CKOTO CMBIC/1a. BEICOKHE BHYTPEHHHE KOHTYPH (<H30KOHUEHTPATHI»)
H MaKCHMaJIbHBIE CONEPXKAHHA XHMHYECKHX 3JeMeHTOB Cpax B AB-
HBpIX AaHOMAaJIHSIX cJe[yeT Bbipa)kaThb B NPOUEHTaX, B rpaMMax Ha
TOHHY HJIH JAPYTHX OOBIYHBLIX €HHHIAX.

XapakTepHCTHKY aHOMaJHH, HapsAy ¢ pasMepaMH, ONpegessieT
HX KOHTPACTHOCTb, 3a KOTOPYIO HepeAKO OWHGOYHO INPHHHMAIOT
BEJIHYHHY OTHOWIEHHA Cmax K Cp. TIpaBuibHAs OUEHKa 3TOrO Ba K-
HOTO INOKasaTes s TPeOYeT CONOCTaBJEHHA AaHOMAJHiI He TOJbLKO
C ypOBHeM ()OHA, HO H C €r0 yCTOHYHBOCTHIO, MEPOH KOTOPOH cay-
JKHT CTAaHZApPTHOE OTKJIOHEHHE S (HaH e). Ecam 6H MecTHBIH reo-
XHMHYECKHH (DOH OcCTaBaJicss BO BCEeX TOYKAX MOJAS abCOJIOTHO MO-
CTOSHHBIM ($=0, £=1,0), o6HapyxeHHE CKOJb YrogHO caaboii
AHOMAJIHH TIPH CKOJIb YTOXHO BBICOKOM (hOHEe He NpPeACcTaBJsI0 OBl
HHKaKHX TpyjaHocTefl. ITosTOoMy mokasarteseM KOHTPACTHOCTH cJa-
Obix aHOMaJHH y CAYXKHT «OTHOIUIEHHE YPOBHA MOJE3HOTO CHrHaJja
K YPOBHIO LiyMas. DTO oNpejeseHHe, 3aHMCTBOBAHHOE H3 06JacTH
PalHOTEXHHKH, NOJYYHJIO OOIlleHayyHOe NPHMEHEHHE JJsi XapakTe-
PHCTHKH c1abblX HHAMKauHil, NPOSBJEHHLIX Ha (oHE moMex. B Ha-
meM Ciy4yae MOJI€3HbIH CHTHAJ — 3TO AMIIHTyJa T[eOXHMHUYECKOH
aHoMaaHH Cmax 32 BHYETOM (OHa, a YPOBEHb NOMEX — BeJHUHHA
CTAaHJAaPTHOro OTKJIOHeHHs (oHna. CienoBaTeJLHO,

p= Smax e (10)

N
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HJIH, C YYE€TOM JIOTHOPMAaJbHOTO paclpefeseHHsl CoaepXKaHHH MHK-
pO3JIEMEHTOB

g Cmax — 1g Cop _ 1 lg Cmax . (11)

v 5 Ige Co

g

Ha puc. 7 npHBeneH npHMep CpPaBHEHHS KOHTPACTHOCTH JBYX
c1abbpXx aHoOManauil, HMEIIHX OJHHAKOBOE IPEBbILIEHHE HAaJ YpOB-
HeM ¢oHa Cmax — Cy=20, npH pasHHX NapaMeTpax TreoXHMHUe-
cKoro ¢oHa. A

Bripaxenue (11) siBageTcs OCHOBHBIM AJISl OUEHKH KOHTPACTHO-
CTH ¢JabbIXx r€OXHMHYECKHX aHOMAJHA NPH CpaBHEHHH 3(P¢heKTHB-
HOCTH Pa3JHYHBIX TeOXMMHYECKHX METOAOB HX BHIsBJeHHA. [lpu
3HAUEHHSX y>3 aHOMaJHs JOCTYNHA IJs BbIABJEHHS yKe ONHOH
TouykO# HabaoneHus, npu 1<y<3 Aas ee BHISABJIEHHsT HEOOXOLHMO
nonajgaHHe B KOHTYp aHoMajud Ca, COOTBETCTBEHHO M TOYEK, TJe
m=2, 3...9, npu 3HaueHusix y<l; coraacHo kpurepuio (9), aHo-
MaJgHg Haj oGBbEeKTOM He OOHapy:XKHBaeTcs. JTO HE 3HAUHT, 4YTO
OHa OTCYTCTBYET, B 3TOM cJjydae OOHapyXKeHHe aHOMAJHH BO3-
MOXHO C TPHMEHEHHEM CHEelHaJbHBIX MaTeMaTHIECKHX METOJOB.
06paGOTKH HMEIOIMXCS JaHHBIX HJIH C HCIOJb30BaHHEM JPYTHX
METOJOB HCC/JAEOBaHKS TEOXHMHYECKOTO II0Jsi, O6ecHneuHBalOIlHX
yBeJMUEHHE TOKAa3aTeas CHCHAJ-oMexa. BrlunciaeHne mokasaTenas
KoHTpacTHOCTH (11) yMecTHO TOJbBKO anfl ci1aGHX aHOMAaJHE, amI-
JHTYLy SIBHBIX aHOMAaJIHH XapakrepuHsyeT a6GCOJIOTHOE 3HaueHHe

max.

Q
Ly, yoned.

60

40

20

S

40+

20k Y

i
0 7 20 70 40 50xm

Puc. 7. CpaBHeHHe KOHTPACTHOCTH ABYX C/alHX aHOManuil NpH pasHHX Hapa-
MmeTpax ¢oHa:
a—Cgp,=40; S=15 Car=45 v»3ub6—Cyp, =25
S;=17,6, Cas=050; <3
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OueHka nmapameTpoB MECTHOFO TeOXHMHYeCKoro ¢oHa SBJSETCH
obg3aTe/IbHOR AJ18 HaJeXHOTO BBHJIEJECHHS aHOMAaJHH, conocrasJe-
HES uX 3((eKTHBHHX PasMepoB, ONpeJes]eHHs [OKa3aTeass KOHT-
pacTHOCTH c¢Ja6blx aHOMAaJJHH M cpaBHeHHS 3(¢eKTHBHOCTH pas-
JIHYHBIX METOJOB H TEXHWYECKHX IIPHEMOB HCCJENOBAHHSA Ie€OXHMH-
YyecKoro moJjf. B TO Xe BpeMs CTaTHCTHYECKHH aHa/iu3 (HOHOBBIX
YY4acTKOB MOJS fABJSeTCS HeoO6XOJHUMBIM, HO TOJBKO HAauyaJbHBEIM
yCJOBHEM KOJHUECTBEHHOTO aHAJHM3a FeOXHMHYECKHX JaHHHX. [eo-
JIOTHYECKHE Pe3yJbTAaThl MOHCKOB ONpeAeseT aHaJH3 He (OHOBHIX,
a HMEHHO aHOMaJbHBIX YYacTKOB NOJS. B 30HaX reoXxumHYecKHX
AHOMaJIHH COJiepXKaHHs 3JIEMEHTOB HOCAT IPOCTPAHCTBEHHO-YHOps-
JOYeHHHH (JeTepMHHHDPOBAHHBIH) Xapakrep, AJf aHajJH3a KOTO-
PHIX METOAbl MATEMATHYECKOH CTATHCTHKH HEMPHMEHHMH HJIH
HMEIOT OFPaHHYEHHOE NPHMEHEHHE.

CTaTHCTHYECKHE OUEHKH CPeJHEro 3HAUeHHs H JHCIEPCHH Ka-
KHX-1100 MAaHHBIX HMEIOT CMBICJ NPH YCJIOBHH OJHOPOAHOCTH 3THX
JanHbXx. Toapko B 3TOM cayyae BhGopKa crnoco6Ha NpaBHJIbHO Xa-
PaKTepH30BaTh TEHEPAJbHYIO COBOKYMHOCTb AAHHBIX H YBEJHYEHHE
" ob6beMa BBHIOOPKH YTOUHSET OHEHKH. HecocTosTeNBHOCTh TeX XKe
CTATHCTHYECKHX OLEHOK IIPH HApPyUIEHHH YCJAOBHA OJHOPOIHOCTH
HJJIIOCTPHPYIOT NPOCThle NPUMEPH (pHC. 8), CMBICJ KOTOPHIX MOKHO
OTHECTH K pe3yJbTaraM J00ro reOXHMHUECKOro ONpoGoBaHHSA.

Ilo AaHHBIM aHasusa n; 1mpo6, OTOGPAHHBIX B MpeAeNax OLHO-
POAHOrO TPAHHTHOIO MacCHBA, B yAaJEHHH OT €ro 3HAOKOHTAKTOB,

MoryT ObITH HafijileHnl oueHkH cpefHero C; H CTaHZAPTHOIO OTKJIO-
HEHHUSl S; COMEpPXKAHHN KAaKOro-aubo sjeMeHta. EcaH, He BHIXOAA 3a
npefesasl MAaccHBa, NPOJJIHTH ONpoboBaHHe, OTOGPAB JOMOJHH-

TEJBHO Mg Npo6, oueHku Cg, Sy mo 7,47, npobam GyayT yTOYHATH
NePBOHAYAJNBbHO NOJNYYEHHbIE JAHHBlE, HE H3MEHSS HX CYLIECTBa,
U nepBbie, H BTOpble OLEHKH ABJSIOTCS OOBEKTHBHHIMH XapaKTepH-
CTHKAMH 3THX TPAHHTOB, YHCJEHHbIE 3HAUEHHS HX C YBEJIHUCHHEM
of6beMa onpoBOBAHHSA CXOAATCS MO BEPOSATHOCTH K CBOEMY HCTHH-
HOMY 3HayeHHI0 (C yYeTOM IIpHHATOrO0 cmnocofa onpoGoBaHHA H
TOYHOCTH aHann3a). Ecuam npoduab onpo6oBaHHA Nlepeceder 30HY
KOHTaKTa, BbIHAS BO BMellawiuue 3(p@ys3uBbl ¢ APYrHM copepika-

HHEM ONpPEAeaseMOro 3JeMEHTd, OueHKH C; H §3 o n3 npobam
HJIH IO COBOKYNHOCTH M1+4-Mg+n; npo6 He OyAyT HMETb YCTOH-
YHBOTO TEOXMMHYECKOTO0 CMBICJA, LEJHKOM 3aBHCA OT TIpo-
M3BOJIBHLIX COOTHOUIEHHH MEXKAY 4YHCJIOM 1po6, OTOOGpaHHBEIX H3
rpauutoB H 3¢pdy3uBoB (cMm. puc. 8,a). Takue BHIOOPKH, CO-
CTaBJICHHBE TyTeM CMeIleHH S HeOXHOPOJHBIX NAHHHIX, HENpH-
FTOAHBH JJs CTaTHCTHUECKOH 06paboTKH. IS OUEHKH CPEeJHHX H
CTAHJ4PTHHX OTKJOHEHHH cONepXKAaHHH 3JeMeHTOB IO pe3yJbTa-
TaM OnpobOBaHHA ABYX Pa3HBIX NMOPOJ HCXOJHbIE HaHHbIE HEOGXO0-
JAHMO TIPeJBAPHTEJHHO pPa3JeJUTh Ha ORHOPOAHbIE COBOKYIHOCTH.

[TpuMepaMn HEOXHOPOAHBIX GAHHBIX, JAJS KOTOPHIX DUEHKH CTa-
THCTHUECKHX I1apaMeTPOB pacnpefeseHHs] JIHLUIEHB YCTOHYHBOIO
CMBICJ/IA, SIBJSAIOTCA COLEPIKAHHS PYAHLIX 3J€MEHTOB B aHOMAJIHSX.
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Puc. 8. TpadukH OIZHOPOXHHIX «cay4ailubx» (IPOGH 7y, Az, fg) H HEOLHOPOAHBIX
NPOCTPaHCTBEHHO-YIOPSAAOUEHHBX (MPOGH fig—N;) COLEPXKAaHHA PYRHOTO 3Je-
MeHTa:

a—pB rpaHHTax (I) H OCHOBHBIX 3(hdy3uBax (2); 6—6 3JI0OBHO-AENIOBHH (3); 8 —B KepHe
CKBaXKHHBI; & — B IUTOKBEPKe; 4 — pyJAHOe TeJO H ero IepBHYHHH opeos; 5 -— rpadnkH co-
IepaHHE DYJHOro 3JACMEHTa; 6 — MHTEPBAJbl reOXHMHHYECKOro OfpoGOoBaHHS
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Jlio6ble OLIEHKH CpelHero H CTAaHAAPTHOIO OTKJIOHEHUs cojJepiKa-
HHA MeTaJ/Jyla B 30HE T€OXHMHYeCKOH aHomaJsuu (cM. puc. 8,6) mo
Ny, Ns HJH Hg PO6aM NPOH3BOJBHO H3MEHSIOT CBOM 3HAYEHHS B 3a-
BHCHMOCTH OT CYObEKTHBHO BHIGHpPaeMbIX TpaHHU Nojcyera. ITO
Ke OTHOCHTCS K aHaJH3y CTATHCTHYECKOrO paclipefeleHHs copep-
KaHug MeTajJJjia B PyJHOM TeJe H OKOJOPYIHBIX NMOPOAax MO AaH-
HBIM TEOXHMHUYECKOro ONpOOOBAHHS KepHa PasBeLOYHOH CKBaXKHHH
(cM. puc. 8,8). HamoMHHM, 4TO TpPaHHLB TeOXHMHUYeCKOH aHoMa-
JHH He TIOAJAITCA CTPOroMy onpepaeneHHio. Ilosromy JoGbie

ouenkd C; H s7 NS aHOMaJIH#, HaliieHHBle O 77 (WAH ny) NpobaM,
3aBHceJH OBl OT Bbi6opa Ca H He MOTYT paccMaTpHBarhcd B Kade-
CTBE TPHPOAHBIX XaPAKTEPHCTHK OODbEKTa. JTO He HCKAUYaeT Cy-
HIECTBOBAHHS YCJIOBHH, B KOTOPBIX OLEHKH CPEIHEroc 3HaueHusl H
JHCIEPCHH COJEp:KaHHA Merajya B pPYAHOH 30He npuoOpeTaioT
cMBIC 0ObeKTHBHBIX BeJqHUYHH. [Ipumep Takoro popa nokasaH Ha
puc. 8,2 aag cayuas MomHOH 3aJjexH (HampuMep, IITOKBEpKa),
B LIEHTPaJbHOH YacTH KOTOPOH Hab/I0RAIOTCA «CAydYaliHBIe» KOJe-
6aHus COAepPKAHMIA MeTajna OKOJIO HEKOTOPOre MNOCTOSTHHOTO
ypoBHA. B 3TOM cayuae B HHTEpBaJie ONPOGOBAHHS Ng B yAaJeHHH
OT TPaHHL, PYAHOTO TeJa COAepXKaHHA MeTaJJja B Npobax HMeOT
XapakTep OZHOPOJHOH COBOKYIHOCTH [JaHHBIX W CTaTHCTHYECKHE

napamerpsl Cg, Sg GyAyT YCTOHYHBO XapaKTepPH30BATb 3TOT U OX-
HOTHUIHBIE HHTEPBaJbl OPYyAECHEHHUA.

OueHKH CpeAHHX COIEpPKaHHH H JHCIEPCHH B KauecTBe yCTOM-
YHBBIX BEJIMUHH MOTYT CYIIECTBOBATH H I/ COBOKYNHOCTH Pa3HHIX
TOPHBIX TOPOJ HJIH APYTHX PasjdYHBIX NPHPOAHHX 06pa3oBaHuil,
0ObeJHHAEMBIX B T€X HJIH WHBIX UEAAX. YCJIOBHSAMH JAJS 3TOrO SIB-
JF10Tcsl 60JblIOe YHCJIO 06beJMHAEMBIX pasHocTell (Hampuamep, TH-
NOB TOPOJ, THHOB JaHAWA(TOB) W MaJjble pasMepH OTAENbHHX He-
OJHOPOJHOCTEH IO CPABHEHHIO C Pa3MepaMH H3y4aeMOro 06beKTa,
yTo o6ecrneyHBaeT NPeCTaBHTENbHOCTb BBIOOPOYHHIX AaHHHX. [lpu-
MepOM 3TOTO cJyXaT KJaapku reocdep, 3HaUEHHS KOTOPBIX HECOM-
HEHHO HMeKT OObEKTHBHBIH CTATHCTHUECKHH M TeOXHMHYECKHH
CMBICJL,

Hng aHanH3a NPOCTPAHCTBEHHO-YNOPSALOUYEHHBIX JeTEPMHHHPO-
BaHHBIX pacnpejeseHHl COfepKaHHH 3J€eMEHTOB B IeOXHMHUECKHX
aHOMAJHAX CJAYXKHUT annapaT OCHOBHLIX ypaBHEHHH MareMaTuye-
CKOH (u3HKH. B 3ajady 5TOro aHasu3a BXOAUT YCTAHOBJIEHHe
NPHYHHHBIX (Kay3aJbHBIX) CBSI3eH MeXJy CONepIKaHHIMH 3jI€eMeHTa
H NPOCTPAHCTBEHHBIMH KOOpAHHAaTaMH, AJHTEJNbHOCTBIO NPOLECCOB,
napaMeTpaMu TEOJIOTHYECKOH cpefibl H CBOHCTBaAMH XMMHYECKOTO
sneMenTa. OTBICKaHKe TAKHX aHAJMTHYECKHX 3aBHCHMOCTEH, onpeie-
JA0KEX GOPMHPOBAHHE TEOXHMHUECKMX daHOMAJHH B pasMuHBIX
reochepax, BeIeTcd TyTeM pACCMOTPEHHS YIPOIIEHHHX, HAeaJH-
3APOBAHHBIX MOfeNel mnpouecca. HacTblo 3TH 3aBHCHMOCTH ycTa-
HAaBJKBAIOTCA MYTEM 3aHMCTBOBAHMS DeHIeHME M3 objactH gudde-
peHIOHAaJ/JbHBIX YpPaBHEHHH TEIJIO- H Macconepedoca, AUPbY3HH,
MaTepHaJ/bHOrO 6ajlaHCa, KHHETHKH XHMHYECKHX PeaKluil Wil THAPO-
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aunamuki, Hafinennsle pU3HKO-MaTeMaTHUECKHE 3aBHCHMOCTH THIIA
(1)—(2) cayxar oas KOJHYECTBEHHOTO aHAJM3a BHISIBJEHHBIX Teo-
XHMHYECKHX aHOMAJHH, C y4eTOM TeX OTCTYIJIEHHH OT HAEealbHOl
KapTHHBI, KOTOpPHIe HEH36eXHb B peaJbHOH nNpHpoAHOK o6cTa-
HoBke. Co3faHHe MaTeMaTHYeCKOH TeopHH (GOPMHPOBAHHS TeOXH-
MHYECKHX aHOMAJHH AJS KaxkJoro OTAEJbHOTO XHMHUYECKOrQ 3Je-
MEHTa, eCTECTBEHHO, HeBO3MOXHO H Heuejecoo6pasHo. [loatomy
NpH BEBOJE OOCIIHX 3aKOHOB, YNPAaBJAIOUIHX AHOMAJbLHBEIM TEOXH-
MHYECKHM IOJIeM, PacCMaTPHBaeTcsl NOBEJEHHE HEKOTOporo aberT-
PaKTHOTO 3JeMeHTa WJH Merajja. HIWBHAyaJbHEE CBOHCTBA XH-
MHYECKHX 3JEMEHTOB YUYHTHIBAIOTCSI B UHCJEHHBIX 3HAYEHHSX KO-
3(0(QULUHEeHTOB, BXOASALIHX B YCTAHOBJEHHbIE (DYHKUHOHAJIbHEIE
33BHCHMOCTH. '

J1s cepHH UHCNEHHBIX BEJHYHH, XapaKTEPH3YIOIIHX OXHOTHI-
HHle aHOMaJbHBIE TOJSI, BO3HHKAeT HEOOGXOMHMOCTb OLEHKH HX
CpPeHHX 3HAYEHHH H JOBEPHTEJbHBIX HHTEPBAJIOB, KHCIEPCHH H
KOPPEJALHOHHHX 3aBHCHUMOCTEH MeXJay HHMH. Takum o6pasom,
MaTeMaTHUYECKHH aHaJH3 aHOMaJbHBIX NOJIEH Ha OCHOBE JETEpPMH-
HHPOBAHHLIX MOJEJ/IeH COYeTaeTcs C BepPOSTHOCTHO-CTaTHCTHUECKOH
OlIeHKOH ero pesyJpratoB. leseHHe 3ajay MOHCKOBOH TE€OXHMHH Ha
JBa KJacca, pellaeMbiX Ha OCHOBE JeTePMHHHDOBAHHBIX H BEPOSAT-
HOCTHO-CTaTHCTHYECKHX MoJieJsefl, B H3BECTHOH Mepe ycjaoBHO. Jlio-
Oble NPHPOAHBE «C/IyyaHHbIE» pacnpeleseHHss He GeclpHYHHHBI, H
B NIPHPOJIE HET YNOPAMOYEHHBIX pacnpefeieHHH, KOTOpble He HMEJH
Obl cayyaiiHo# cocraBasiomefl. ONHAKO TpaHHUA MEXIy 3STHMH
KjaccaMH 3ajJay M MeTOJAaMH MAaTeMaTHUYECKOrO AHA4JH3a TeOXH-
MHYECKHX I0oJleH O0OHapy:XHBaeTcsi MOCTATOYHO UYeTKO. B 3ToM
MJIaHe NEPBOCTENEHHOE 3HAayeHHe HMEIOT MOHATHS O MapaMeT-
PHYECKHX H HeNapaMeTPHYECKHX IeOXHMHUECKHX TNOKa-
3aTeqasx. ‘ :

[eoxuMHYeCKHMH NapaMeTpaMH CJAeAyeT HME-
HOBAaTh BEJHUYHHB, HMeIOMHEe OO BbEKTHBHB I CMBIC.JI,
YHCJNEeHHbE 3HAYEHHSA KOTOPHBX YyTOUHAIWTCH OJ-
HOBPDEMEHHO C yBeJHYEHHEM TOUYHOCTH HCCJEnO-
BaHuHi. Tak, Hanpumep, napamMeTpHYECKOfl BEeJHYHHON SBJSETCH
CpelHee COAepXkaHHEe CBHHIA B OMXHOPOAHOH FOPHOH MOPOAE, BeJH-
YHHA KOTOPOTO YTOUHSAETCA OJHOBPEMEHHO C YBEJHYEHHEM YHCJA
HCCJIEAYEMBIX TIPOG H ¢ MepexofoM K 6oJiee COBEPIIEHHBLIM METOLaM
HX aHasinsa. YHucieHHble 3HAYeHHs HeNapaMeTPHYECKHX MOKasaTe-
JIel He NMOAJAIOTCA CTPOTOMY ONpeJe]eHHIO, BEJIHUHHB HX TP O H3 -
BOJbHO H3MEHSITCSH C yBeJHYEHHEM TOYHOCTH HCCJENOBA-
HHH HIH 3apaHee H3BeCTHH. XapaKTePHHIMH HemapaMerpH-
YECKHMH TIOKA3aTeJAMH SIBJAIOTCH «BCTPEUAEMOCTbY XHMHUYECKHX
3JIEMEHTOB, KOTOpasi, COTJIaCHO 3akoHy BepHanckoro, Bcerna paBsHa
100% mnu pasmepnl reoxumuueckux aHomauuii (cM. puc. 4). He-
NapaMETPHYECKHH CMBICJ HMEIOT OLEHKH CPEJHHX COAEepPKaHHH 3Jle-
MEHTOB B reOXHMHYECKHX aHOMaJHAX (CM. pHC. 8), NPOTAKEHHOCTh
JIOGHIX T€OXHMHYECKHX aHOMaJHi B THJADOCETH BCJENCTBHE HX
ACHMINTOTHYECKOTO MNPHOMHKEHHS K (DOHY MM OrPaHHUYEHHS OJH-
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30CTPI0 KOHEUHOTO BOfoeMa CToKa M T. I. HexoTopnie Hemapamer-
pHYECKHE IIOKA34aTEeJIH HMEIOT BAXKHBIH TEXHHUECKHH CMBICJ] — Ha-
NPHMEp, CPeAHee COAEP)KAaHHE METa/Jyla B PYAHOM TeJje (3aBHCHT
OT CyGbeKTHBHO BbIGHPaeMoro GOPTOBOrO CofepkKaHHS) HJIH 3b-
(exTHBHBIE pa3MepPhl TeOXHMHYECKHX aHOMAaJHH B KOHTYpE HHX-
HEr0 AaHOMAJBHOTO cofep:kaHusa. OXHAKO UYHCJEHHBIE 3HAYEHHS
JIOGBIX HEMapaMeTPHUYECKHX TOKasaTesell He SABJAAIOTCA NPHPOA-
HBIMH XapaKTePHCTHKAMH 00bekToB. CpaBHeHHe HX ¢ AaTOMHBLIMH
BECAMH 3JIEMEHTOB, BAJIEHTHOCTAMH, PaJiHyCAMH HOHOB, HOHHBIMH
MOTE€HUHAIAMH, PAaCTBOPHMOCTbLIO COEJHHEHHH H APYTHMH OO6beK-
THBHBIMH XaPaKTEPHCTHKAMM BEIeCTBA MJIH DPaHKHPOBAHHE PYI-
HBIX 3/IEMEHTOB II0 BEAHYHHE HelapaMeTpPHUYECKHX IOKasaTesei co-
BEPINEHHO HeaonycTumo. [lnst 060CHOBaHHS KaKuX-1HG0 TeopeTH-
YECKHX HJIH YCTOHUMBBIX METOXHYECKHX BBIBOJOB 3TH IIOKA3aTesu
CJYXHTb He MOTYT.

B page ciyyaeB oT HenmapaMeTpHYECKHX MoKasaTeJell Jerko
NEPEHTH K 3HAYEHHAM TEOXHMHUYECKHX NapameTPoB, HCIOJIb30BaHHE
KOTOPBIX JJIS1 XaPaKTEePHCTHKH I€OXHMHUYECKOTO MOJsT BCErga npej-
noyrurensHo. Hanpumep, cpepnee comepikanue pyaHOro 3jeMeHTa
B aHOMaJIHH H UIHPHHA 3TOH aHOMAJHH N0 NPODHII0 SABJAAIOTCH
HenapaMerpuyeckuMH BeJHuMHAMH. IlepBas H3 HuX, 3a BbluetoM
¢oHa, B npenesne cTpemuTcs K HyJIO, BTOPasi — K OECKOHEUHOCTH,
WJIH: :

lim (Cy—Cy) — 0; lim 2a — 0. (12)

Onnako mo6oe NMPOH3BENEHHE STHX ABYX B3aHMOCBSI3AHHBIX H
AOCTaTOYHO HEONPENENEHHHX BEJHYHH NPHBOJHT K BIOJIHE YCTOH-
YHBOMY NapaMerpHyecKoOMy MOKa3aTeio, XapaKTEepH3YIOMEMY KO -
JHYECTBO M€TaJaJa (B METPONPOUEHTaX) B [JaHHOM CEYEHHH
aHOMaJIHH HJIH

2a (Cy—Cy) = M. (13)

BesnunHa 3TOro 06beKTHBHOTO T'E€OXHMHUECKOTO IOKasaTeJs,
HMEHYEMOTO JIHHEHHOH NPOAYKTHBHOCTBIO aHOMAJIHH, ykKe NPH CO-
G/I0/ieHHH MMHMMAJBHBIX TPeGOBAHHH K €€ MOACYETY ONEHHBAETCS
C JIOCTATOYHOH TOYHOCTBIO (KOTOpas BO3PACTAET OJHOBPEMEHHO
C YBEJHYEHHEM JETAJbHOCTH HCCJAEJOBAHHH H TOYHOCTH aHaJu3a
npo6). Baxueiunii napaMeTpuuecknii CMBICJ AN XapaKTEPHCTHKH
FeOXHMHYECKOH daHOMAaJIHH HMEET AHAJOTHYHHA INOKasaTeJab MJO-
IagHOH MPOAYKTHBHOCTH

P—S(C,—Cy). ' (19

DTa  BeJHYHHA  XapPAaKTEPH3YeT HaA(pOHOBOE  KOJHYECTBO
(B M2%) XMMHUECKOTO 3JleMEHTa, 3aKJIOUeHHOE B KOHTYpe aHOMa-
JIHK Ha IUIOCKOCTH, CJYXKHT KPHTEPHEM JJis CONOCTABJEHHA aHO-
MajaHii H, nogo6HO mapameTpy M, He 3aBHCHT OT CyGBEKTHBHbLIX
pemieHnii. ['eoXHMHYECKMM NapaMeTpoM sIBASETCS H HaAhOHOBOE
KOJIHYECTBO XHMHYECKOTO 3jeMeHTa ( B TOHHAX, 3aKJIIOUEHHOe

32

B o6beMe KOHKDETHOH aHOMaJuH. 3aMeyaTeJbHHM CBONCTBOM TIO-
KaszaTe/Jed JIMHEHHOH, IJomafHOH H O0GDBEMHOH NPOAYKTHBHOCTH
reOXHMHYECKHX aHOMaJHil ABJSETCH HE3aBHCHMOCTb HX BEJHYHH OT
MaciTaboB TeX reOXHMHYECKHX CBEMOK, IO JaHHBIM KOTOPHX Be-
AyTcs noxcderhl. [TokaxeM 3To Ha npuMepe OueHKH nmapamerpa P
AJsl GUKCHPOBAHHOH mJIOmaAH Sy, Ha KOTOPOH Hapsay c ¢oHo-
BHIMH COJEPKAHHAMH DYAHOrO 3J€MEHTa Pa3BHTHl JHTOXHMHUECKHE
aHOMAJIHH Pa3JHYHBIX pasmepoB. [IpefesbHO MOMHO 3TOT yyacTok
Obl1 6bl M3y4eH IPH HENPePHIBHBHIX HaGJIONEHHAX ¥ GECKOHEUHO
MaJiOM pAacCTOSHHH Mexay npoduasamu (Ax—0; 2/—-0) c 6Gecko-
HEYHO OOJIbIIMM YHCJAOM HabmojeHHl No—-oco, o6pasyomum rexe-
paJbHYIO COBOKYMHOCTh JaHHBIX. [IpH (HKCHPOBaHHBIX 3HAYEHHAX
So u Cy HeTHHHOe 3HavenHe P corsacno (14) onpegessiercs MaTe-
MAaTHYECKHM OXHJaHHeM BejauuuHsl C.. Bennunny P ¢ 3apanee 3a-
JlaHHOH TOYHOCTBIO MOXKHO HafiTH, onpegenssi Cy MO RaHHHIM paB-
HOMEPHO-CIy4aHHOH BBIGOPKH ¢ uHcaoM Habmionennit N<<N,, uto
BLITEKAeT M3 HECMELIEHHOTo XxapakTepa oueHkH cpeasero. Ilo
CMBICTTy 3TO OTBEYAET PaA3PEKEHHI0 CHEMOYHOH CEeTH IO INpenesa,
npH KotopoM N ocTaercs npeicTaBHTENbHOH Bbibopkoit. [Ipu atom
YCJIOBHH OLEHKH P ocTaloTcs NpaBHJIbHBIMH HE3aBHCHMO OT Mac-
wrafa CbeMKH, YTOYHSSCH C YBEJIHYEHHEM IIOTHOCTH Hab/aio-
JNeHHH,

IlogcueTsl snuHEMHBIX H NJOWAJHBIX NPOAYKTHBHOCTEH T'eOXH-
MHYECKHX aHOMaJiiii NIpH PAaBHOMEPHOH ceTH HabJofeHHH OGBIYHO
BeAyTcs mo GopMyaaM, HaeHTHYHBIM (13) u (14):

M= Ax( > Cx—nch); (15)
x=1 .

N
P:A;m(z C,,—NCq,)- (16)
x=]

Ecau npexBaputesbHo oleHHBAOTCS BeaHUHHBl M; Mo KaxaoMy
H3 m NpPOQHJEH, CEKYUIUX aHOMAJHIO, NOAcUeT P Begercss mo dop-
MyJe

P=uY M. '\ (17)

i=1

Takum ke o6pa3om Bejercs OuleHKa P NPH HeNpepHBHHX Ha-

- 6arofeHHAX no mpoduaio. B nociennem ciaydae BeJHUHHBI JIHHEl-

HBIX TIDOAYKTHBHOCTEH AaHOMaJuH ONPefeNsioTCd KaK ILIOLIAfH,
orpaHuyeHHble rpadukoM Cp=f(x) u JuHHeH MecTHoro ¢ona. M3
BBIpakeHHs (16) BmAHO, 4TO TpH mojicyeTax P mo6o#, naxe ca-
MOH KOPOTKOH aHOMajHH (OpMaJbHO TNpHIOHCHBaeTcs MjaHHa 2/
(u wmprna Ax). CiexoBaTesnbHO, eCJH AJHHA aHOMadun 2b< 2/,
ee NMPOAYKTHBHOCTbL GyJeT npeyBedndeHa B I/b pa3. OxHako us 06-
LIero 4ucja BceX aHOMAaJHH 3TOH AJHHB CHEMKAMH JAaHHOTO Mac-
mrada OyJAeT BHIABJIEHA TOJBKO YaCTb, NPONOPHHOHAIBLHAS OTHO-
wenuo b/l u mogcuers P GyxyT BepHHiMH. IToBTOpSIst 3TH paccyx-
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ZeHus s cayyas 2a<<Ax, IPHXOJHM K yXe CIeJaHHOMY BHIBOAY
O He3aBHCHMOCTH NOACYeTOB P 0T Macumitafa reoxXHMHYecKofi
CbeMKH npH J106nX cootHomeHHsx S u AS. Ilpu mopcuere no go-
CTaTOYHO GOJBIIOH MJIOIAAH OLEHKAa P XapaKTepH3yeT cyMMapHYIO
IPOAYKTHBHOCTh KaK BHISIBJEHHBIX, TaK H MNPONYLIEHHHIX CbEeMKOH
2aHOMaJHH, H 3TO sBJAETCA BaXKHEHNIHM CBOHCTBOM 3TOTO mnapa-
MeTpa. Bce cKasaHHOe OTHOCHTENBHO HE3aBHCHMOCTH OT MacluTaba
CbEMOK PaclpoCTPAHAETCH M HA MNOACYETH HAA(POHOBBIX KOJHYECTB
XHMHYECKOIro 3jieMeHTa B oObeMe KOHKDETHOH AHOMAJHH HJIH KO-
CTaTOYHO OOJBIIOTO TPEXMEPHOTO YYaCTKa TeOXHMHYECKOro MOJS.
Tepmun «o6'beMHAS NPOAVKTUBHOCTb B NPAKTHKE T'eOXHMHUECKHX
MOHCKOB NPHMEHEHHS HE MNOJYYHJI H COOTBETCTBYIOILHME BEJH-
YHHB TPHHATO HMEHOBATh «TEOXHMHYECKHMH 3anacaMu» JaHHOTO
3JIEMEHTA B KOHKPETHOM 00beMe, B YaCTHOCTH, A0 TiayGHHH H M
HJIH g ¢Josi 1 M, BhIpaXKas HX B TOHHAX M 0003Hayasi CHMBOJAMH
Qu HIH g T/M. B cooTsercTByIOMHX clyyassx Ta HJH HHag K04
TEOXMMHYECKHX 3aIacOB MOXKET NPHOGDPETaTh CMBICJ IPOTHO3HBIX
OLEHOK PECypCOB IOJE3HOTO MCKOIAaeMOro, a 3aTeM LH(P NPOMBIII-
JIEHHBIX 3anacoB. 3aBHCS OT BHIOPAHHOrO GOPTOBOTO COMEPKAHHS
MeTajl1a, NPOMBIIJEHHbIE 3amachl, B OTJIHYHE OT T€OXHMHUYECKHX,
SIBJIFIOTCS HElNlapaMeTPHYEeCKON BeJIHUHHOM.

JlpyruM BaxHeAUIHM CBOHCTBOM MOKasaTteseHl, XapaKTepH3ylo-
IMHX HaA(POHOBOE KOJHYECTBO KaKOro-1MGO 3/J€MEHTAa B FEOXHMH-
YECKOH aHOMa/MH, SBJSETCS HAJHYHE NPONOPHHOHAJBHBLIX 3aBHCH-
MOCTEH MEXIy STHMH NapaMeTpaMH JJf pPasJHYHBIX KaTeropHi
B3aMMOCBSI3aHHBIX aHOMaJ/bHbIX moJeft. Tak, HanpuMep, B mHpoKOM
AMana3oHe reoJIOTHYECKHX YCJIOBHH cobiofaeTcs npsiMas mporop-
LIHOHA/IBHOCTD MEXK/]Y NPOAYKTHBHOCTBIO KODEHHOTO OpYAEHEHHS
(MpM %, PpM? %) H NPOAYKTHBHOCTBIO €r0 BTOPHYHOTO JIHTOXHMH-
4E€CKOro opeosa paccequus (M, P) B 3/10BHO-I€I0BHH, HJH

P=kpp, (19)

rae kB =1,0 — MecTHHE KO3(G(}UIHEHT NPOAYKTHBHOCTH.

He nopnexur coMHeHHIO, YTO Haa(OHOBbE KOJHIECTBA METAJa
B THAPOXHMHYECKHX, GHOTE€OXHMHYECKHX, Ta30PTYTHHX H psiie Apy-
THX aHOMaJHii B CBOIO ouepeib NPOMNOPUHOHAJBHEI NPOLYKTHBHO-
CTAM BTODHYHBIM JIHTOXHMHYECKHX OPEOJIOB PACCESIHHS H KOPEHHOro
opyzenenns. Ilpocrefimue 3aBucumoctu (18) u (19) npumamiexar
K (yHZaMeHTAJbHBIM MOJIOXKEHHSM IIOMCKOBOH TeOXHMHH, OHH
B 3HAYHTEJIBHOH MepEe ONpemessiloT METOAHKY TF€OXHMHUECKHX Cbe-
MOK H NPHHIHNB HHTEPIPETAUHH HX HAHHBIX.

"Oco0€HHOCTBIO T€OXHMHUECKOTO II0JIsi SBJISAETCS €ro MHOroMep-
HOCTb, NMOCKOJIbKY NPH T€OXHMHYECKHX MOHCKAX OJHOBPEMEHHO OIl-
PEACIAIOTCA COAEPKAHHA OO0JbIUIOTO YHCJA XMMHUYECKHX 3JIEMEHTOB.
COOTBETCTBEHHO 3TOMY XapaKTEPHCTHKY TMOJS IOMOJHSIOT CBejie-
HHA O KOPPEJAIHOHHBIX 3aBHCHMOCTSIX H YHCJEHHBIX COOTHOIIE-
HHAX MEXIY COXEPKAHHAMH 3JEMEHTOB HJH HX TPOXYKTHBHOCTSIMHU.
B mo6of TOuKe reoXHMHYeCcKOe IIOJi€ XaPAKTEPH3YeTCS CBOHMH
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rpa/IHEHTAMH BJOJb OCEH NPOCTPAHCTBEHHBIX KOOPAMHAT H HANpAB-
eHHeM MakcHMaJpHOH Ha3MeHunBocTH. IlogoGHo xpyruM dushie-
CKHM MOJSIM, OHO TOJYHHSIETCS MPHHUUIY CYNeplosHIHH, O3HAUalo-
[eMy, 4TO AEHCTBHS ABYX WJH HECKOJBKHX HCTOYHHKOB CKJabl-
BaloTCH. . .

[Ipu OnHCAaHHH TEOXHMHYECKHX MOJEH s 0603HaYEHHs Iepe-
MEHHBIX BEJIHUHH, YHCJEHHBIX NOKasaTeJel M JIOOBIX JPYrHX KOH-
CTaHT caeayer ymoTpeGJsTh NOCTOAHHbIe GyKBEHHBIE CHMBOJIBI, I€-
peueHb KOTOPHIX NPHBEAEH B NPHJIOKEHHH.

1.6. OBBEKThl MOUCKOB

Becb MHPOBOH ONBIT IOKA3bIBAET, YTO CAMOCTOATE/BHOE NMpPOMABIII-
JeHHOE 3HAUEHHE HMEIOT TOJBKO KDYIHbIE€ MECTOPOX/EHH:, Ha
J0JI0 KOTOPHIX manaer npeo6jamamouias YacTb yYTEHHBIX 3anacoB
W NO6BUH TOJE3HHX HCKoNaeMbix. MesxHe mo macumraly 3amacos
MECTOPOKJEHHS TPHOGPETAIOT NPAKTHYECKOE 3HAUEHHE TOJBKO
B6JIH3H AEHCTBYIOLIMX TOPHBIX NPEANPHATHH H KPYNHBIX pasBelaH-
HBIX MECTOPOXKIEHHH Toro xe coipps. Doaee _TOTO, OTKDHITHE OJ-
HOFO HJIH HECKOJbKHX MEJKHX MEeCTOPOXKIEHHH H OTHEJbHBIX PyX-
HBIX TeJ, HEPEAKO HMes BaXKHOe MECTHOE 3HAaueHHe, HE MONKET Cy-
IECTBEHHO H3MEHHTH ChIPbEBOH GaJaHC jAaxe B macuirabe padoHa.
BuimosiHeHHe 3afaHHi 1o onepexaiomeMy Ao0bYy NPHPOCTY Npo-
MHIIJIEHHBIX 3aNaCOB MHHEDAJbHOTO CHIPbsSi O0GECNEYHBAET TOJLKO
CBOEBPEMEHHOE OTKDPBITHE HOBBIX KPYNHBIX MECTOPOKAEHHH. ITo-
3TOMy 1/ 3((EKTHBHOrO BEJEHHS! T'€OXHMHYECKHX IOHCKOB Tpe-
6yIOTCA YUeT COOTHOLIEHHH MEXAY UYHC/ICHHOCTBIO MECTOPOKACHHH
pA3JHYHON KPYMHOCTH, dYeTKas (OpPMyJHPOBKAa CTDaTErHYeCKOH
nenn paboT M OUEHKa BEPOATHOCTH OTKPBHITHS MECTOPOXIEHHH 3a-
AaHHOro pasmepa. Hawnyumnm 06pasoM 3TH 3ajauH pellalnTCi
NpH AECATHYHOH KJIACCH(HKAUHH MECTODOXKAEHHH NO NPOMBILIJIEH-
HbIM 3amacaM, npeajoxeHHo# B. M. KpacHHKOBBIM, COIVIACHO KO-
TOPOfi HX 3aMachl JJIss CMEXHBIX KJIaCCOB KPyNHOCTH NPHHHMAIOTCH
OTJIMYAJONIHMHCST HA MAaTEMaTHYECKHH NOPAJOK. :

O6o3Hayas 3anacel MECTOPOKJEHHH B KJacce MHHHMaJbHO-
NPOMBLILLIEHHBX UH(po# n-10™ T, HMeeM A1 CPEAHEro no Mac-
utaby MecTopoxkieHHs n-10m+! 1, a [/ HEPOMBIIIEHHOTO ply,ao-
NposBJIeHHst — yCJa0BHBIE  (3a6ajiaHCOBbIE) 3amachl gz 1om-1 T,
3anacH KPYNMHOTO MECTOPOXKIEHHs cocTaBar n-10m+% r, a yHH-
KasbHOro MectopoxjaeHus n-10m+3 1. lllkasa sBaseTcs MOABHAKHON
1 B 3aBHCHMOCTH OT CHPbEBOH KOHBIOHKTYDbI, & TaKXKe Xapakrepa
CHIPbSI MOXKHO NPHIABaTh 71 3HayeHHs oT 1 X0 9 M m — 3HAYEHHH
MOGHIX MEeJBIX TOJOKHTEIbHBIX HJH OTPHUATEJNbHBIX YHCEN, 4TO He
BJMSET Ha XapakTep BHITEKAIOWHX H3 Hee BHBOAOB. Xopollee co-
OTBETCTBHE JECATHUHON KJacCHPHKAIHH CYLIeCTBYIOIIHM Tpex-
CTABJEHHSIM O MECTOPOXKAEHHAX DPAasJHUYHOH KPYMHOCTH MNOATBEPK-
NaloT JaHHble Ta6J. 4, B KOTOPOil TpPHBEJEHH IPHMEPHbie UHPHI
3anacoB, OTBeYaloIlHe PYAHHIM 00bEKTaM TpeX KJaccCoB.

[To naumsim B. A. TIepBaro, MeCTOpOKAEHHE MeIHONOP(pHPOBBIX
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Ta6nuuwa 4

HJecaTuunan KnaccHOMKAIHA MECTOPOXAEHHH 1O Macutaby 3amacos
(mo B. K. KpacHukoBy ¢ HaMeHeHHsMH)

3amacel, B T )
INoaestHoe HCKOmaeMoe n
MeJKHe cpefnHe KpYmnHbie
JKenesuwie pyant n- 107 n-108 n-10? 2—5
Bokcurnt, dochoputst n- 106 n-107 n-108 2—5
Mapranuessie H XpOMHTOBHE DY~ n-10% n- 108 ~ n-107 1-3
Ibl, MJA4BHKOBRIA IImar
Menb, cBuuen 4 uMHK, HHKeab n-104 n-10% n-108 1—5
{cynpd.), nrOGHHE (NbyO;)
Monu6aen, Boandpam (WO,), n-103 n-104 n-10° 1-3
0JIOBO, CypbMa
Pryre, Gepraauii (BeO), kobaaeT, n-102 n-103 n-104 1-3
cepe6po, ypaH, BHCMyT '
Pexkie u paccesiHHLIE 3JeMeHTH n- 10! n- 102 n-10% 1-9
3om0T0, NMMaTHHA n-100 n-10 n.102 1—-5

PYA B CpelHEM MOXKET CYHTATbCA KPYNHBIM NPH 3amacax 3 MJH. T,
Aas yeaoBui Kpaiinero CeBepa sra nngpa nosbuaercs 10 5 MJH.
T MeiH. Kuacchl HMeIOT «IIHpHHY» B npemenax 1/3n—3n, rae n—
XapaKTepHsyeT ueHTp kaacca (royHee, 0,316 7--3,16 1, mockombKy

1V'10 =3,16)-Me,11HonopqmpOBb1'e MECTOPOXKAEHHA ¢ 3amacaMd 6o-
Jgee 9 MJH. T MeIH B OOBIUHBIX YCJIOBHSX H 60Jee 15 MJH. TOHH
B ycaoBHsx Kpaiinero CeBepa JONyCTHMO CUHTATh YHHKAJbHHIMH.
B Mupe H3BECTHBI TOJILKO eJHHHUYHBIE MECTOPOXKIEHHS, KOTOPbIE M0
CBOMM 3amacaM Ha mopsaAoK 06oJgblile YHHKaJbHEIX. Takue MecTo-
poxpenus no npeanoxennio E. M. Kpsartkosckoro uenecoo6passo
Ha3bHBaThb (peHOMEHaNbHBIMH. K uMcay ¢eHOMeHaJbHBIX OTHOCATCS
30JI0TOPYAHBIE MECTOPOXKAEHHS BuTBaTepcpaHAa, MJIaTHHOBbIE Me-
cropoxjenus DBymBeabickoro xommaekca (IOAP), 6okcuToBbie
MeCTOPOXK/AeHHd ABcTpaJny.

Unc/ieHHblE COOTHOIICHHST MeXKAy BHIABJEHHHIMH MeCTOpOK/Ie-
HHAMM Da3HBIX KJIACCOB KPYMHOCTH HE OTPAKalOT PEaJbHBIX COOT-
HOLIEHHH, TOCKOJNbKY BEPOSATHOCTH OOHAPYKEHHS MECTOPOKACHHIl
Pas3/JHYHBIX pa3MepoB He OJMHAKOBH. KpymHoe MecTOpoKAeHHE,
NpH NPOYHMX DPaBHHX YCJAOBHAX, Jerde oOHAPYKHTb, HeKeJH OJHO-
THIHOe MeJakoe. TIpu ofMHaKOBOM KauecTBe PyA KPyHHOE MO pas-
Mepy 3amacoB MeCTOPOXKJeHHe OyIeT XapaKTepPH30BaThCcsl Gosiee
3HAYATEJbHOH MNPOTSAKEHHOCTHIO MO TNPOCTHPAHHIO H MOIIHOCTHIO
3ajiekH. BEIXOAaM KpPYNHHIX MeCTOPOXKAEHHH B 06IeM caydyae 6y-
AYT COOTBETCTBOBATH GOJbIIEE YHCAO KOPEHHHIX OGHAKEHHH T0JIE3-
HOTO HCKONaeMoro, PyAHBIX CBaJOB H GoJjiee OGUIKPHBIE 30HH H3-
MeHEeHHHX NOPOA. Bosee xpymHbIM MecTOpoxkaeHMSM GYLyT OTBe-
uyath ¥ Oojee sApKHe, OGUIHDPHbE MO TVIOMAMH, MHOTOYHCJIECHHBIE
TeOXMMHYECKHe H reodusuueckue aHoMaauu. Ilpu mnouckax kpym-
HOe MecTOpOXKJeHHe OyAeT BCTPEUEHO OJHHM HJIHM JarKe HECKOJIb-
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KHMH MapIIpyTamH, N0 KOTOPHIM BEAYTCS T€OJOTHYECKHE, F€OXHMH-
yecKHe HJAH reoPH3HYECKHE CHEMKH, a MeJKOe PyAONPOsIBJECHHE MO-
JKCT UEJHKOM Pa3MeCTHThCS MexXAYy MaplIPyTaMH H BBHISIBJEHO HE
GyaeT. MaremaTHYeCKH 3Ta 3aBHCHMOCTb BHIPAKaeTC BEPOSATHO-
CTBIO nepeceueHuss 0ObeKTa IOHCKOB 3aJAHHON CEThIO HEO(pnneﬁ,,
¢ YCJOBHEM IONalaHHs B KOHTYD 00beKTa He MeHee OJHOH (mBYX)
toyek HabJofeHHs. B cayyae HempepuBHHX Hal./i01eHHH BepoAT-
pocth [1 mepecedeHHs NPOHM3BOJBLHO OPHEHTHPOBAHHOTO JIHHEHHOTO
ob6beKTa AAKHOR 2b ceTblo mpoduaeld ¢ pacCTOAHHeM MeXJ1y HHMH
o[, npu b<l!, onpenensiercs peumeHueM 3axauu bioddouna (1777 r.):

m=-2_. (20)

Tl

[eHeTHYeckHe OJHOTHIHLEIE MECTOPOKAEHHS H PyLHBIE Tesa pas-
JIMYHBIX KJACCOB KPYNHOCTH AOMYCTHMO PaccMaTpHBaTh B KauecTBe
reOMeTPHYECKHX M reoXxuMuuecknx Guryp noxobus. CienoBaTesbHo,
npH OJHHAKOBOM KayecTBe Py JHHEHHblE DasMepsl IBYX OJHO-
THIIHBIX MECTOPOXKIEHHH 6yAyT HaXOAHTHCS B COOTHOLIEHHSX:

Ly:L,= 13/@ : 13/Q_2, @1

a maouiajHLe pasMephl

ses=0a): @), @)

IecaTHuHasi kaaccuduKanHsi MeCTOPOXKAEHHH mosBoJsgeT, 0es-
OTHOCHT@JBHO K HX peasJbHBIM pasMepaM, ONpeReJHTb COOTHOLIE-
HHMS MeXAY JHHEHHBIMH H IJIOILAJHBIMH PasMEépaMH MEJKHX, Cpel-
HUX H KPYIHBIX MeCTOpO}KlIeHPIﬁ, COrJIaCHO 3aBHCHMOCTAM:

Lyenc:Lept Lup= /T :3/T0 : /100 =1:2,15:4,64; 23)
—\2 2 —\2
Swens: Sep: Sep—= (VT : (/10)(/T00) =1:4,64:215. (29

Ha puc. 9 nokasaHbl ceueHHs1 TpeX JHH3000pPa3HHX TeJa, fB-
Jagomuxcs durypamun nofoGHsi, O0OBEMB KOTOPHIX, a CJeL0oBa-
TeJbHO M 3aHachl B PSJAOBHIX pyaax, pasandaircs B 10 u B 100 pas.
Vmenuno B mponopunsax L u S 6yayT HaxodHTbC BEPOSITHOCTH 006-
HADYXKEeHHS MpPH IOHCKAX MEeCTOPOXKIEHHH PAasJHYHBIX KJacCOB
KPYIIHOCTH, XOTA CAMW BepOATHQCTH MQryT OCTABATLCY HEH3BECT-
HBIMH. DTH 3aBHCHMOCTH OYAYT COXPaHATLCS A0 TeX HOp, NOKa
B JaHHOM pa¥oHe He G6yAyT oOHapy:KEHH BCe KPYIHBIE, BCe Cpen-
HHe H BCce MeJKHE MeCTOPOXKJEeHHS, UTO OTBeuaeT YCJIOBHAM JaJe-
KO# mepcrnekTHBH. 1103TOMYy YHCJO MeCTOPOXKAECHHH, 3aperncTpHpo-
BaHHOE B KaJacTpe, MOAJEKUT NepecyeTy Ha OCHOBE COOTHOLIEHHH
MeXAy JHHEHHBIMH M IIOIAaJHBIMH pa3MepaMH ¢GUryp NoAo6HS.
[IpuHuMaeM, Y4TO OCHOBHBLIM TOKasaTesjeM MPH BH3YaJbHBIX MOHC-
KaX, onpeaesaBUIHM B NPOULIOM OTKPHTHE MECTOPOXKAeHHM, Oblia
HX AJHHA (KHJAbl, BHTSHYTHE JHH3B, TJACTH) H BEPOSATHOCTH
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4644

Puc. 9. Jlunefinnle ¥ IUOMafHBe pasmep OUryp NOAOOHS NpPH COOTHOLICHHH
o6bemoB (2:6:6) 1:10:100

8= Syenx =1 Vuenx=1; 6 = S¢p =464, Vo =10; 6 — Sy =21,5; Vy,=100

cp Kp

3TOTO COOBITHA MOAYHHAJNACh BepaxeHHio (20). B pesyabrarte ne-
pecyera, NMPOBEIEHHOrO C YYETOM 3aBHCHMOCTH (23), o6Hapyskuma-
ercs NPHOJHKEHHO®R yOHBaHHe YHCJIEHHOCTH MeCTOPOMKACHUH
CMEXHBIX KJIACCOB KDPYMHOCTH B CTOPOHY Bo3pacTajomlefl KPYNHOCTH
B Nponopuud 7:1. DTO MO3BOJHJO, B YaCTHOCTH, SKCTPANOJIHpPO-
BaTh OXHAAEMYIO YHCJEHHOCTb HENPOMBILULIEHHBIX pPYAONPOSBJIE-
HHR H CJEAyIOIHX 32 HHMH PyJHHX TOYEK, HE YUYHTBIBAEMBIX Kaja-
cTpoM. TIpHMEHHTEJBHO K MeTOJHKe T€OXHMHYECKHX MOHCKOB, KaK
NpaBuJIO, OPHEHTHPOBAHHOH Ha BHSIBJEHHE AHOMAJHH OCHOBHOrO
(IeHHOro) PpYAHOrO 3JEeMEHTa, IPH COOTBETCTBYIOUIHX pacyeTax
JOJIXKHH OBITh NPHHATHL BO BHHMAaHHE JOMOJHHTENbHBIE «3aIachl»
‘MeTaJJd, 3aKMI0UYEHHbE B IIEPBHYHOM OPe€oJie MeCTOPOKAECHHS.
B o6mewm caydae, Bospacrast mo aGeo/IOTHOR BEJHYHHE AJS KPyIl-
HBIX MECTOPOXKJAEHHH, OTHOCHTe/bHAS [0JS MeTajja B NEPBHYHOM
opeosie yMeHbIIaeTCs € YBeJHUEHHeM OOIHX 3amacoB MeTaJjJna
B 00bexTe H, O4eBHAHO, Bo3pactaer o 100 % B HempOMBILIJEHHBIX
PYAOIPOSIBJAEHHSX.

Bce ckasaHHoe nosBosisier 060GIIHTL OXKHIdeMble COOTHOLIEHHS
MeXAy XapakTePHCTHKAMH MECTOPOXKAEHHH pasjHYHLIX KJacCOB
KPYIIHOCTH Ha OTBEYaIOIlHE€ HM INepPBHYHBIE H BTOPHUYHbIE JHTOXH-
MHYeCKHe aHoMajuH (tabj. 5). DTo, B CBOIO OYepelb, AaeT BO3-
MOKHOCTh OGOCHOBAThL IJIOTHOCTH NOHCKOBOH CETH, ofecneynBalo-
Ied ¢ 3apanee BHIGPAHHOH BEPOSTHOCTBIO OGHapy:KeHHe 0ObeKTa
3aJaHHOTO pasMepa B Ciayyae ero HaXOXJeHHs B Npejelax H3yuae-
MOT0O yyacTKa.

[TpH moncKax MeCTOPOXKIEHHE MO HX TEOXHMHYECKHM aHOMa-
JHSM pacyeT NPSAMOYTOJbHOH CETH FeOXHMHUYECKHX ChEMOK BeAEeTCS
no npubauxeHHsiM dopMynam A. M. Ilypwiruna:

n(l)=1__e—S/AS; (25)
38

Ta6banuua b
CooTHOIWIEHHS MeXy PYAHBIMH 0GbeKTamH pasnuuHo# KpynHoctH (41)

MecTOpOXAeHURA MO KJaccy

KPYMHOCTH Pynonposis-
IMokasaTtenb TeHH#
KpynHbie cpenHHe l MeJIKHe

[To u¥cAy OTHOCHTEJNBHO KPYIHBIX 1 7* 49 343
MEeCTOPOXKIeHH i
To }Kg, % 0,25 1,75 12,25 85,75
[To IPOMBILVIEHHBIM 3anacaM B 00be- 100 10 1 —
KT€ OTHOCHTE/NILHO MEJKHX MeCTOpo-
JKaeHHH
To e, B Kaacce, % 46 32 22 ;4-3*
[1o reOXHMHUECKHM «3aracam» B 06b- 49 7 1 0,
eKkTe OTHOCHTEJIBHO MeJKHX MecTo-
pO}KILeHPIH .
[lo nJomajHBIM XapaKTePHCTHKaM 13,4 3,66* 1 0,273
NepBHYHBIX JIHTOXHMHYECKHX aHO-
MaJHii OTHOCHTEIbHO MEJKHX MecTo-
PO JIeHHH .
To ke, TO JHHEHHHM XapaKTePHCTH~ 3,66 1,91* 1 0,523
KaM

MMpumMeu anue 3Be3aJOUKaMH OTMeueHbl 3HAMEHATEJH MpOrpeccHit.

1% =1 —e 545 (1 + S/AS); (26)
N9 =1—¢ "5 14-(S/A8) + — (SIASP+ . .

1 @1 , 27
N =T (S/AS) 1 @7

rae T1W, T1®, 1) — peposiTHOCTH NONajaHHsi B KOHTYp OObekTa
He MeHee OJHOH, He MeHee [ABYX HJH He MeEHee [ TOYeK Ips-
MOYTOJIbHOH CETH Habmomenuii !; S —njomanaes o6bekTa TNOHCKOB,
B JaHHOM CjyYae — JHTO-, THAPO-, aTMO- HIH GHOr€OXMMHYECKOH
aHOMaJIHH TPOH3BOJBHON (opMBI; AS — IjIomaAb SUEHKH NOHCKO-
BOH ceTH.

[To panHbIM Ta6a. 5 ¢ yuerom (25) MOXKHO PaCCUHTHIBATbH OXKH-
AaeMBli pe3yJbTAT NOHCKOBBIX JIMTOXHMHYECKHX CBEMOK IJIF He-
OTPaHHYEHHOH TePPHTOPHH CO «CpefHefl» pyaHocTeio. IIpornopuno-
HaJbHple 3aBHcHMocTH (18) u (19) mosBoafioT CYMTATH, UYTO COOT-
HOLIEHHS MEXKAYy NJIOIAJHBIMH H JIHHEHHBIMH XapaKTepHCTHKaMH
MECTOPOXKAEHHH pAas3JHYHBIX KJacCOB KDYNHOCTH, IIpHBEJEHHBIE
B HHXHHX CTPOuKax .TabJ. 5, COXpaHSIOT cBoe 3HaueHHe M 3¢-
(heKTHBHBIX pa3MepOB BTOPHUHBIX OCTATOUHBIX OPEOJIOB PACCEsTHHS.
BriGupas nouckoByio cerb H3 pacyera OOHApY:KEHHS KPYIHBIX

t Ilnst pacyeTa ceTell NpH IOHCKAX MECTOPOXKJEHHA MO MX MOTOKaM pac-
cessHusi hopmysnl (25) — (27) He mpumeHHMH (cM. 2.4).
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MecTopoxkaeHHH ¢ BepoaTHOCTbIO 1y =0,99, uto oTBeyaer ycio-
BHIO Syp/AS=4,61, umeem I1Ncp=0,715 n IMyenx=0,291. Cuaeno-
BaTeJbHO, B Pe3y/bTaTe 3THX CbEeMOK, NPH yCJIOBHH HX NPOBELEHHA
Ha GOJIbIIOH MJIOLIALH, MOXKHO OXKHAAThL BhIABJIEHHs Topsiaka 75 %
OT OBLIMX pecypcoB MeTajijla, COCPEJLOTOYEHHOrO B MECTOpPOXKIe-
HHAX, BHXOAAIHMX HA YPOBEHb 3IPO3HOHHOrO Cpe3a.

Bce ckasaHHOe 06 OTHOCHTEJIbHOH YHCJEHHOCTH MEeCTOPOXKIEHHH
Pa3JMYHBIX KJACCOB KPYIHOCTH H 00 OXHA3eMbIX pe3yJ/bTaTax
OMCKOBHIX Pab0T OTHOCHTCS K Paspsily OOLIMX 3aKOHOMEPHOCTeH,
OT KOTOPHX B Ka)KAOM KOHKPETHOM ¢jlyyae MOryT Hao0JIo-
JaTbCsl CYIIeCTBEHHble OTCTYIJIEHHsl. PaccMOTpeHHHE 3aKOHOMeEp-
HOCTH B MepBYI0 OYepelb XapaKTePH3YIT pyJAHble MeCTOPOXK]e-
HAs, BbIBeJE€HHble Ha YPOBEHb COBPEMEHHOTO 3DO3HOHHOIO cpesa.
WMenHo atu MecTopoxkaenus (puc. 10,@) nns Bcex MeTaJsuioB,
KpOMe JKejeaa, A0 CHX IIOP HIPalOT OCHOBHYK pOJb B OaJsiance HX
NPOMBIIVIEHHBIX 3anacoB. B pyAHBIX pafiOHax BOCTOYHOH H OCO-
6enno cebepo-BocTounoi yactu CCCP, a takixke B pasBHBaIOIIHXCA
crpanax Asun, Adpuku u JlaTHHCKOA AMepHKH pesepBH AJs TO-
HCKOB MECTOPOXK[EHHH, BHXOASLIHX HAa NOBEPXHOCThb, elle BecbMa
BejHKH. [10 Mepe HcuepnaHHsi (DOHAA 3THX MECTOPOXKAEHHH, CPaB-
HUTEJbHO JIETKO OTKPhIBA€MBIX IeOXHMHUYECKHMHM METOAaMH, HEH3-
GexkeH TOCTENeHHbI mepexoj K INOHCKaM MeCcTOpOXKAeHHH B Oosee
CJIOJKHBIX YCJOBHSIX 3aJjieraHHsl, HaNpHMep, CJEeNbX, HO BBHIXOAA-
I[IX HA NOBEPXHOCTb CBOHMH HajAPyAHBIMH NEPBHYHBIMH OpPEONaMH
(em. puc. 10,a). las uactu «crapeix» pymnnx pafionoB CCCP u
ISl GOJIBIIMHCTBA HHAYCTPHAJBHO PasBUTHIX cTpaH 3anaiuoii EB-

) 1
T T T 7T B 2

3
4
5
6

Puc. 10. Pyauble MECTODOXKIEHHS B PA3JIHYHLIX YCJIOBHSAX 3aJeraHus

a — BLIXOAAULHe Ha NOBEPXHOCTh; 6 — norpebenubie; 6 — Clenbie; & — Clenble norpebeHHbie.
.1 — coBpeMeHHblli 3JI0BHO-AEMOBHH;, 2 — AaJbHENPHHOCHBIE OTJIOXKEHHHA; 3, 4 — pPyJAOBMEINAO-
He nOpOABI; 5 — DYAHBIE Tela M HX INeDBHYHbie OpEoJhl (0O OCHOBHOMY DPYAHOMY 3Je-
MeHTy): 6 — BTODHUYHBIC OCTAaTOYHLIE ODEOJIEl pacCesHHA
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ponnl u CIIIA artor mepHoA yXKe HACTYMHHJL. H03T(3My oObeKTaMH
FeOXHMHUECKHX TOHCKOB, TMOMHMO MECTOPOXKIAEHHH B yCJIOBHAX
«OTKpPBITOTO» 3ajieraHus, ABJAITCA TAKKeE norpebeHHbBle Me-
CTOpOK/AeHHS, panee BEIXOLMBUINE Ha YPOBEHL JpEBHEro 3po-
3HOHHOFO Cpe3a, a 3aTeM MePeKPHITHIe YeX/ oM MOJOALIX 0CaJIKOB
OrpaHHYeHHOH MOUIHOCTH (cm. puc. 10,6). BaxHefimium pe3epBOM
CJIyKaT CJeNbe pyAHblE Tend, a TaKKe SHOTeHHble H 3K30TeHHbIe
MECTOPOIK/EHHs] B YCJOBHSIX CJIENOro 3aJleraHus nepBHYHBIX OpPEO-
JIOB OCHOBHOTO PYIAHOTO 3JeMeHTa (CM. PHC. 10,8). IlepBHuHbIE
OpeoJIHl 3/EMEHTOB-CIYTHHKOB, BTOPHUHBIE COJEBLIE, rasoBble H
6HoreoXuMHuUecKHe OpeoJbl paccesHus 3THX MeCTOpPOXKAEeHHH MO-
IyT NOCTHTaTh AHEBHOH NOBEPXHOCTH, MO3BOJSAA HX 06HapyKHBATh
CleliHaJbHBIMH TeOXHMHYECKHMH METOAaMH. BoJsiee OTHaJieHHHM
pe3epBOM, MO-BHAHMOMY, SBJAIOTCH CJeENble norpeGeHHbBle MECTO-
poxjenus (cm. puc. 10,2). 3aBegOMO JONycKas pasHooOpasne yc-
JIOBHIl HAXOMIEHHS TPOMBILJIEHHBIX MECTOPOXKeHHH, METOAHKA
IOMCKOBBIX T'€0XMMHYECKHX CBEMOK IMpefycMaTpuBaer HHAMBHIY-
aJibHBI TIOAXOL K OLEHKe KaX[0H BBISIBJIEHHO aHOMAJHH, OO6llee
yHuCA0 KOTOPHIX HEpepKOo COCTaBJseT MHOrHe COTHH. B 3aBHCHMO-
CTH OT TIeHeTHYEeCKOro THIA MECTOPOKAEHHH M XapakTepa Chipbd
gopMa H KOHKPETHble pasMephl MeCTOPOXKIeHHA OJHHAKOBHIX KJjac-
COB KPYTHOCTH, €CTECTBEHHO, OyAyT pas/HuyaThCsl. OnHako B CHIY
OGLIHOCTH SKOHOMHYECKOTO MOHATHSA O NOJIe3HBX HCKOMAGMBIX CTOH-
MOCTb M3BJIeYeHHs u3 Heap 1 M3 pyAbl, PH NPOUHX PABHBIX YCa0-
BHSX, He 3aBHCHT OT TOFO, COAepXKHTCA JH B nenn 659 Fe, 0,8%
Cu miu 4-107% % Au. d1o cOankKaer TpeGOBaHHS NPOMBIIINEHHO
CTH K 3alacaM FOPHOH Macchl B MECTOPOXKIEHMAX PasHbIX MeTadJ-
JIOB, 0COGEHHO B KJacce KPYIHBIX 06bEKTOB, JONMYCKAUIHX HaH0O-
Jlee BBITOAHYIO OTKDHITYIO pa3pabOTKy, YTO HJUIIOCTPHPYIOT AAHHDIE
COMOCTABJICHHS UETHIPEX PA3IMYHBIX A MeCTOPOXKIEHHH (raba. 6).
Hudpsl HX NPOMBILJIEHHBIX 3aMaCOB Pas3JHYaloTCs B 1,3 MJH. pas,
cOlepKAaHHe TOJEe3HOr0 KOMIOHEHTa B pyAaxX = H3MEHAETCHA
B 50000 pa3 (PyOs:Au), oaHako N0 06beMy TOPHOH MaccHl OHH
pa3JHYaloTcs CPABHHTEJBHO MaJIo. Euie MeHblile CKa3blBAIOTCA 3TH

TaG6numa 6
CpaBHHUTEJbHEIE XaPAKTEPHCTHKH KPYMHBIX MecTopOXAeHH#

CofllepxanHe O6bem CooTHoLeH s
IMonesHoe 3amnacsl, HONe3HOTO IaoTHOCTD, ropHo# JHHEAHEX
HCKOTIaeMoe THIC. T | KOMNOHeHTa, M3 MaccHl, pasMepoB
0% MJH, M ana puryp
nopo6Ha
Meb 3-168 0,8 2,65 141 1,22
Monn6aeH 3-102 0,15 2,60 77 1,0
®ocdoputo- 4-108 20 2,90 138 1,21
Bble DYAH
(P:0x)
3oJ10TO 3.10-1 4-10—2 2,60 29 0,72
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Pas3nuyus Ha JIHHEHHBIX pasMepax reOMeTPHYeCKHX (Hryp mnosmo-
Ona. Ha cTagusx mOHCKOBHIX PaGOT 3TO MOSBOJSET TeHepaH30BATh
NOHSATHE O PYAHBIX MECTOPOXKAEHHUSAX M OPHEHTHPOBATbCA HA SMIH-
pHueCKHe LaHHble O cpelHHX SQ(PEKTHBHBIX pa3Mepax JHTOXHMHYE-
CKHX 2HOMAJIHH, OTBEYAIOIHX KPYNHBHIM MECTOPOXKIEHHAM PAa3HBIX
NOJIE3HBIX HCKOMaeMBbIX. KosinUecTBeHHBIE XapakTepHCTHKHM KpyIi-
HOr0 MeCTOPOXKAEHHs MNOJIE3HOTO HCKOMaeMOTO HMEIOT BpeMeHHBIH
Te0JIOTO-3KOHOMHYECKHH CMbICJI H He MOTYT paccMaTpPHBAThCH B Ka-
UecTBe TPHPOAHBIX napameTpoB. TpeGoBaHMS NpPOMBIILIEHHOCTH
K 3anacaM MHHEepPaJbHOTO CBIPDbA B 0ObeKTaX, OTHOCHMBIX K pa3-
PALY KPYNHBIX, NOCTOSIHHO PAacTyT NPH OXHOBPEMEHHOM CHHIKEHHH
KOHJHMUHKA Ha J06BIBaeMoe chipbe. TaK, HampuMep, cpeiHHe comep-
’KaHUsd MeIH B MOObiBaeMbIX pynax 3a mociefHue 100 et ymeHb-
HWIHJKCh TI0YTH B 10 pas.

Hecumorpst Ha uamenunBocTh uudp 3amacoB B MeCTOPOXK AEHUSX,
HMEHYEMbIX B JaHHBIH NIEPHOA KPYNHBIMH», M CPEIHHX COJepIKa-
HHH TIOJI€3HBIX KOMIIOHEHTOB B PyAaX, OTHOCHMHX K paspsfy «6o-
TaThIX» WM «PANOBBIX», CIEeUHAbHbie HCCNE0OBAHUS TOATBEPIK-
JAal0T 3aBHCHMOCTb 3THX BeJIHYHMH [Ji PasHbIX XHMHUECKHX 3Jie-
MEHTOB OT 32KOHOMEPHOCTEH WX paclpelesieHHs] B 3eMHOH Kope.
Haubosee mosno stu Bompoch mccienoBan E. M. KBaTKoBCKui
YCTaHOBHBLIMI CEPHIO- 3aBHCHMOCTEH MeXKAy TIVI06agbHbIMHU sana-’
CaMu, pasMepamu MeCTOPOXK/EeHHH, COLePKAHHIMH METajIoB B py-
Aax u KJapKaMH XHMHYECKHX 3J1eMeHTOB [22]. Y6enuTeabHBIM f0OKa-
3aTEIbCTBOM 3aBHCHMOCTH Ie0JIOr0-KOHOMHYECKHX TPeBGOBaHHH OT
IPHPOAHBIX TeOXHMHUYECKHX 3aKOHOMEPHOCTeH SBJISETCH TecHas
KOppeJisiuys MexIy 3anacaMH MOJIESHBIX HCKONAaeMBIX B MeCTOPOK-
AEHUAX ONHOro Kjacca KPYNHOCTH H KJapKaMH 3JeMeHTOB JIMTO-
chepnl (raba. 7), xapakTepusyemas Ko3(hDDHUHEHTOM paHroBo#
KOppensiiuu rxy=9,873 npu rsy =0,468. AHanu3upys 3TH CBA3H,
E. M. KBATKOBCKHIi IIpHILIEN K BEIBOAY, YTO 3a[achl METAJJIOB B Me-

Ta6anuma 7

TpoMuILIEHHbIE 3aNachl KPYNHBIX MECTOPOXKAEHH H KJapku yutocdeps (42)

XumMHye- XuMHue-

:!;é(:eﬁm 3anacu QKp, T Cyr % B;l:é(:;gm 3anacu pr' T ‘ Cpo %
Fe 5-10° (pyza) 4,65 Sb 3-108 —B
P 4.108 0.093 w 3-108 510
i 0 2%1013205) 05 (WOg) | 1,3-10—2

. 0,066 Sn 2.105 10—

. (40 3:%’1 CaF,) 0 25107
u .106 4,7.10-3 Co 3-104 1,8-10-3
Zn 2.108 8,3-10—3 Be 3-108 (BeO) 3.8.10—4
Pb 2-108 1,6-10-3 Bi 2.104 '2.10-5
Ni 1-108 5,8-10—3 Hg 2.104 8,3-10—6
Nb 1108 2.10-3 Ag 1-10% '7.10—8
Mo 3105 1,1-10~4 Au 300 4,3-10-7
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CTOPOXEHHSX TPeX AECATHUHBIX KJIACCOB KPYNHOCTH NPHOJIMMKEHHO
NOAUHHSIOTCS SMIHPHYECKOH 3aBHCHMOCTH Quenx=10% Cy, Qep=107
Cx ¥ Qup=10% Cx. Cyas no yTOYHEHHBIM AaHHBIM Tabu. 7, Goisee
GJM3KHM COOTHOLIeHHAM (KpOoMe KoGaJjpTa) OTBeyajo Obl 1IOBbI-
MeHne 3TUX UUGpP Ha OXHH Mopsafok. C yueroM H3MeHSIOIKXCS
IIPOMBIIJIEHHbIX TPeGOBaHMA aHAJN3 NMOLOGHBIX 3aBHCHMOCTEH Tpe-
6yeT GOMBIIOH OCTOPOXKHOCTH.

1.7. B3BAMMOCBA3AHHOCTb TEOXHMHYECKHX
AHOMAJIUA B TEOC®EPAX

3ajerapolllee B TOJILe TOPHBIX TOPOJ MNPOMBIIIEHHOe HJIH caMoe
He3HayuTeJbHOE TeJNIO MOJIe3HOr0 HCKONaeMOoro Jo60ro MHHepasb-
HOTO CHIPbS, CaAMO N0 cefe sBJissACh FeOXHMHUYECKO! aHOMaJiHeH, Cro-
COGHO B COOTBETCTBYIOLIUX YCJNOBHAX 00pa3oBaTh JHUTOXHMHYECKHE,
THAPOXMMHYECKHE, OHOreOXHMHUUECKHe B aTMOXHMUYECKHe OPeOJibl H
NOTOKH paccesiHusi. B mpouecce rHnepreHHOH MHTpauyuH 3/1€MeHTOB
B J1060H H3 Teocdep BO3IMOKHO IOsBJEHHE Pa3JMYHBIX BTOPHYHBIX
AKKyMYJIsIMi XHMHYECKHX 3JieMeHTOB. Bce 3TH reoXMMHYeCKHe aHo-
MaJIHU BCJAeACTBHE HENpephIBHOrO o6MeHa Mexy reochepaMu TeCHO
CBsi3aHBbl MexAy co60H.

B Hacrosiee BpeMs CJefyeT CYMTaTh JOKa3aHHHM HEH3MEHHOe
nosiBJieHHe THAPOXMMHYECKHX aHOMAJIHA B COCTaBe PEYHBIX HJIH MOA- -
3eMHBIX BOJ, B6JIH3H PYJHBIX MECTOPOXKIEHHH CaMblX pas3/HYHHX re-
HETHYECKHX THNOB. B PaBHOH Mepe, He BHI3bIBA€T COMHEHHH peallb-
HOCTb BO3HHKHOBEHHS AHOMAJbHBIX COJAEPMAHHH PYAHBIX 371EMEHTOB
B COCTaBe PAaCTHTEJNbHOCTH, NPOH3pacTaiollled B 30He OpYyHeHeHHs,
MOCKOJIbKY Cpefia OGHTaHHs ONpefeJisieT COCTaB XKHBOTO BEIECTBA.
COOTBETCTBYIOIMMH HCC/IeI0BAaHHSMH MHOTHX aBTOPOB B Halled
cTpaHe u 3a PyGexxoM M0Ka3aHO HaJMYHe aHOMAJbHBIX KOHUEHTpA-
Uyl ra3006pasHbIX KOMIOHEHTOB OPYJeHeHHsl B NPH3EMHOH H NOA-
3eMHO aTMOcdepe pYAHBIX MeCTOPOXKAEHHH.

B3apMOCBI3aHHOCT: ¥ B3aHMO0O6YCJAOBJIEHHOCTh PYAHLIX TEOXH-
MHYECKHX aHoMaJHil B jauTocdepe, atmochepe, ruapochepe n OHO-
chepe, a Takke XapakTep BO3HHMKAIOUIMX NPH 3TOM MPAMBIX H 06-
PaTHHX CBfA3€l HITIOCTPHPYET CXeMaTHYeCKHH pHC. 11. Pynnele Tena
¥ WX TepBHYHbIE ODeOJH, 3ajeras B JUTOChepe, CNOCOGHBI K TIpS-
MOMY OOPa30BAaHHIO BTOPHYHBIX OPEOJIOB PAcCCesHHs B 3JIOBHO-IE-
JIOBHAJIbHBIX TPOAYKTAxX BBIBETPHBAHHA M IIEPEKPbIBAIOIHUX TOPO-
iaX, a TaKKe IIOTOKOB DacCesiHHs B aJJHOBHAJBHBIX OTJIOXKEHUAX
FHAPOCeTH. JTH TeOXHMHYECKHe aHOMAJMH ABJAITCS COOTBET-
CTBEHHO TepBHM M BTOPHIM YHaJ€HHMH OT OOBeKTa IOHCKOB —
PYIHOrO MeCTOPOXKIEHHS B JHTOC]Epe. 3a cuer 3¢ dy3un H AHDOY-
3MM T430B N0 PYAHbIM 30HaM H3 rJyOMHB (POPMHPYIOTCS ra3oBbie
OpeoJibl M TIOTOKH paccesiHus B MoJA3eMHON W TpH3eMHOH aTMmocgde-
pax. C yuerom yyacTHs B 3THX Npoleccax PYAHbIX MHHEPAJIOB JIHTO-
XHMHYECKHX OPeoJIOB paccesiHHs, ra3oBble aHOMalHH CJEAyer CUH-
T4Th COOTBETCTBEHHO BTOPHM M TPETbHM YHaJeHHsiIMH OT OGbeKTa
NOHCKOB. ['a3006pas3Hble KOMIIOHEHTHI aTMOXMMHUYECKHX OpeoJIOB,
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ATMOC®EPA | TUTOCDHEPA | TULPOCDEPA EVWOC®EPA

ATmoxMnieckue Bropuninbie TMAPOXMMHUYECKHE | Byore oxumudeckme
(rasoBbre) NNTOXUMKMYECKKE | Opeonbl 1 NOTOKM aHoMa iuu
Opeosibt 1 NOTOKM OpPE0NbI ¥ NOTOKK paccentus B PACTEHURX | B XKUBOTHbBIX
paccesiHus paccesHun B NOA3EMHbIX W v opraHuaMax
B ﬂO,D.3eMHOVI“VI BNPOAyKTax BblBET- NOBEDXHOCTHbIX BOAaX Vv
np13emMHON PUBAHUS W NEPEKPbI- 1-I €
arMocapepe | pawowux nopoaax <
I-I H <
-l «—_
—— <
\ o/ >
N Pyamsie /
MECTOPOXKLEHUS
noux
nepBuyHbie
opeonbl

Puf‘. /1. B3anMOCBS3aHHOCTh M B3aHMOOGYCAOBAEHHOCTh TeOXHMHYECKHX aHOMA-
JiMA B reocdepax.

I—V — cTenenn yZRanenus or
o6beKTa IOHCKOB., CTpeakaMH mok
1 oenn JRaneun p oKa3aHpl HaNpaBJeHHs npsi-

yJacTBysl B XHMHMYECKHX DeaKUHfX 30Hbl OKHCJIEHHs, TIOABEprasch
COPOUMH M OKKJIO3HH, NePeXOAST B TBepAylo (asy, uTo oTpaxaer
HX O0OpaTHYI0 AKTMBHYIO CBf3b C JIHTOXHMHYECKHM OPE0JIOM pac-
cesIHHA,

AHAJIOTHYHHIM BTOPHIM M TPeTbHUM YAAJEHHAM OT OG'beKTa I1O-
HCKOB SBJISIOTCA TEOXHMHYECKHe aHOMANHH B THAPOCdEepe, BO3HH-
Kalomue B pesy/ibTaTe PaCTBOPEHHs DyJHBIX MHHEDAJOB NPH B3a-
MMOJCHCTBHH TIOA3EMHEBIX BOJ C KOPEHHBIM OpYJeHEeHHeM, aTMOChep-
HBIX OCALKOB C BTOPHYHBIMH JINTOXHMHYECKHMH OPEOJAMH H PEUHBIX
BOJ C JINTOXHMHYECKHMH TIOTOKAMH PACCesiHHsl. JTH THAPOXHMHYE-
CKHE Op€OJibl M NOTOKH PacCesHHs HAa BCEM INIYTH CBOErO CYI[eCTBO-
BaHUs OKa3HBalOT OOPAaTHOE aKTHBHOe BO3JEHCTBHe Ha\IepBHUHOE
OpyAeHeHHe (06pa3ys, HanmpuMep, 30HY BTOPHUHOTO CYJb(HLHOLO
0GOramenss) U Ha: JUTOXHMHYECKHE OPEeoJbl M NOTOKH paccesiHuA
MyTeM OOMEeHHBIX XMMHYECKHX DeakKIHil, co0CaKieHH s, copbunn uau
ucnapenus. I1pu sTux B3auMONEHCTBHSIX IPHPOAHBIX BOA C FOPHBIMH
NOPOJaMH PABHOBeCHE B pacnpe/leieHHH PYLHBIX 3J1eMEHTOB B 00-
LeM CJlydae OKa3blBaeTCsl CABHHYTHIM B NOJIb3Y TBEPAOH (aswl. [1po-
H3pacrapumas B 30He OpYJAEHEHHs pPacTHTeJbHOCTb, HeCrocoOHast
K HENOCPEACTBEHHOMY BOCIPHATHIO TBEePAOH MHHEepaJbHON IHIH,
aKKyMYJHDYeT TOBHILIEHHblE COAEP:KAHHA PYAHLIX 3JeMeHTOB H3
BOJHBIX OPE€OJIOB H NIOTOKOB PacCesiHHsI, OTIpelesisisl IIOSIBJEHUEe MecT-
HbIX GHOreOXMMHYECKHMX aHOMAaJMH. DTO MOTVIONEHHE PYAHBIX JJe-
MEHTOB DACTEHHSMH He sABJAeTCH Oe3Bo3BpaTHhIM. JloKa3aHa cmo-
COGHOCTb PaCTUTENbHOCTH B TNIPOLECCE PECIUPANMHA BJATH HCHAPATb
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B aTtMOcdepy JIerKoJieTyuyHe MeTasJloOPraHHYeCKHe COeIHHeHHs, 00-
pasys GHOr€HHYIO COCTaBJSIOUIYI0 aTMOXHMHYECKHX aHOMAJHH Haj
PYAHBIMH MecTOPOXKAeHHsiMH. C BHNAJaOUHUMH aTMOCHEPHBHIMU
ocatkaMH 3TH Ta30Bble KOMIIOHEHTHl BO3BpaIIalOTCs B JHTOChepy
u rufpocdepy.

E;KerofiHo B pe3yJ/ibTaTe €CTeCTBEHHOrO PaCTHTENbHOrO omnajga H
noc/eflylollel ero MHHepaJH3alMu DYHAHble 3JE€MeHThl BO3Bpalla-
10TCs B rupocdepy B Gopme pacTBOPHMEIX COEIHMHEHHH HJIH B JIHTO-
chepy B Buje TBepPAbX MHHEpaJbHHX ocTaTKOB. llenb 3THX mocie-
JOBATENbHHX CBSI3eH MPOJOJIIKAeTCS B CTOPOHY XKHBOTHHX Opra-
HHM3MOB.

[To Mepe mepexoja OT JHTOXHMHYECKHX CHEMOK K THADPOXHMHUYE-
CKHM H OT THAPOXMMHYECKHX K GHoreoxumuyeckum (cm. puc. 11)
CBSI3M MEXKAY PYAHBIM MECTOPOXKAEHHeM (lesbl0 reOXHMHYECKHX I10-
HCKOB) M BBIIBJISIEMBIMH aHOMaJHSMH CTaHOBATCSA Bce Oojiee CIIOXK-
HBEIMH M OTJHAJICHHBIMH, a Pe3yJbTaThl Che€MOK-— TPYAHO HHTepupe-
THPYEMBIMH. . YKe NPH «(hJIOPOMETPHYECKHX» CHEMKAX pasinyud
MeKAy OHOreOXHMHYECKHMH OpP€OJIaMH H MNOTOKaMH paccesHHs
B 3HAUMTEJLHOH Mepe CTHpalTCsd, a OGHAapyXKEHHbIE AHOMAJIbHEIE CO-
JepIKAHHA PYAHBIX 3JIEMEHTOB B XKHMBOTHBIX OpPraHu3max BooGuie He
MO LAIOTCS TAKOH TIPHBA3Ke K MECTHOCTH, KOTOpas M03BoJisjia Obl
NPHCTYNHTh K MX pa3Bellke FOpPHBIMH paboTamu u 6ypenneM. B or-
JAMYHe OT OHOreOXMMHYECKHX M THAPOXHMHYECKHX aHOMAJHH, BTO-
pHYHbBIE JINTOXHMHYECKHE OPeoJibl H MOTOKH PACcCesiHHsl H NepBHYHble
OpeoJiBl MECTOPOMKAEHHH CBSI3aHBl C PYAHBIMH T€JaMH OTYETJHBBIMH
NPSAMBIMH CBfI3IMH. BHisIBI€HHBIE JIMTOXMMHYECKHe aHOMalHH J0-
NyCKAIOT OUEHKYy MacuTaba OXHIAaeMOro OPyJACHEHHs H, C YYeTOM
APYTHX AAHHBIX, CJYKaT HENOCPEACTBEHHBIM OCHOBAHHEM IS 3aJi0-
XXEHHSl NOHCKOBO-Pa3BeJOYHBIX BLIPAGOTOK H CKBaXKHH.

C menblo pa3paBGOTKH «300METPHYECKOTO MeETOoJa Pa3BeAKH>»
B PyAHBIX pafioHax Ypana 6buio mccaegoBaHo 3200 ocobed — mie-
KONHUTAIOUUX, OTHH H aM(uOHi. ABTOp 3THX HCCIEIOBaHHH, 00Db-

- ACHSAA 06Hapy}KeHHbIe HM «300Me€TpHYECKHE» CBA3H C OPYAEHEHHEM,

¢ TIOJIHBIM OCHOBAHHEM IucaJ, 4To aM(puOHH NMHTAIOTCS HACEKOMBIMH,
HaceKoMble — PACTEHHSIMH, a pacTeHHs MNPOH3PacTalT Ha MOuYBax,
KOTOphle oforalalTcs MeTajlaMu H3 3aJerapunx Ha ray6buHe
PYAHBIX MecTOpOXKAeHHH. I10CKO/IbKY AJIsl MOCTYIJIEHAS B ouocepy
pYAHble MHHEPAaJbl AO/UKHBl MPOHTH CTaJHI0 PaCTBOPEHHUS, «300MET-
pHYeCKHe» AHOMAJHH SABJIAIOTCA MATH M (CM. pHC. 11) ynanenunem
OT PYAHOTO MeCTOpOMJAeHHs. BeccMBIC/IEHHOCTh 6HOTeOXHMHYECKHX
TIOUCKOB TIyTeM HCCJeN0BAHHSA JKHBOTHBIX OPFraHM3MOB BIIOJHE Oue-
BHJHA.

Py/Hble MeCTOPOK/AEHHS MOTYT CONPOBOKAATbCA OLHOBPEMEHHO
JHTO-, THAPO-, aTMO- U OGHOr€OXHMHYECKHMH 2aHOMAJHAMH. Onuaxko
U3 cOoOBparkeHHil 11e/1eco06Pa3HOCTH I€OXMMHUYECKUE TTONCKH NOJIKHE
TNPOBOAUTBCS TOJBKO ONHHM, B PEAKHX CJaydasx AByMst METOAAMH.
HakonJieHHbI OMBIT MOKa3biBaeT, UTO B IIHPOKOM AHAaNa30HE IreoJo-
FHYECKHX YCJIOBHA NPEHMYIIecTBa AJIS MOHCKOB DPYAHBIX MECTOPOXK-
NeHUA HMEIOT JIHTOXMMHUEeCKHe HCClellOBaHus. DT0 T0J0XKeHHe,
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fI0-BHAHMOMY, COXDaHHTCS AO TeX MOP, MOKa MPOMBILLIEHHAS J0-
6blua MeTaJuioB 6YAeT ODHEHTHPOBaHa Ha HX H3BJIEYEHHE M3 JIUTO-
cpepo. C poctom TpeGOBaHHH K TIJIyOGMHHOCTH [OHCKOB H MpOTpec-
COM B MeTOJMKE aTMOXHMHYECKHX CBEMOK cJelyeT TpeNBHIEThb
yBeJMYEHHE MX POJIH, NMOCKOJNBKY HMeHHO B ra3oBo# ¢ase Murpa-
LU XMMHYeCKHX 3JIeMeHTOB NpoTeKaeT HauboJiee akTHBHO. B rop-
HBIX palOHAaX, Ife MOHCKH PYAHBIX MeCTOPOXKIEHHH YCIeUHO Mpo-
BOAATCS JIMTOXHMHYECKHM METOJOM, MPOBOJAHThL THAPO-, aTMO- H
6HoreoXuMHYECKHe IOHCKH, KaK MPaBUJIO, MOXKHO, HO He HYXHO.
B apyrux caydasix NpeinouTeHHe JOJIKHO OBHITb OTHAAHO TOMY H3
FeOXHMHYECKHX METOJOB (pexke HX COUeTaHHIO), NMPHMeHEHHe KOTO-
poro cnocobHo o6ecnednTb HaHOOJIBLIYIO I'e€0JOr0-3KOHOMHYECKYIO
3¢ eKTUBHOCTb NOUCKOB.

[Ipu comocTaBJ/ieHHH TeO0JIOTO-MOHCKOBHIX BO3MOXHOCTEH pas-
JIMYHBIX TE€OXHMHYECKHX METOJAOB PACCMOTPEHHIO Mojjexar 3 dex-
THBHBIE pasMepbl anomasinil B KOHType Cgpe® M NOKasaTelb KOHT-
pactHoctn (10) mast ciaabblX TeOXMMHYECKHX aHOMAJUH, €ClH HX
obuapyxKeHHe HONYCTHMO CBSA3BIBAaTb C OTKPHITHEM MPOMBILIJIEHHHBIX
MeCTOpPOXKIEHHH,

1.8. TEOXHMHYECKHE JJAHAIHA®THI

TeoxpMuuecKkHe NOHCKH CJeNblX H NOrpeGeHHBIX MeCTOPOXKAEHHH
J1060ro reHe3nca MOryT NPOBOJAHUTLCS HA 3HAUHTEJNBHOH IiayOHHE OT
JHEBHOH TIOBEPXHOCTH, OTHOCHMOH C TOYKH 3PEHHS COBPEMEHHBIX
NMPOUECCOB K 30HE CPABHHUTEJNBHOTO TEOXHMHYECKOTO MOKosl (CM.
puc. 10, 6, 2). 3HauHTeNbHO Yalle TeOXHMHYECKHE IIOHCKH MECTO-
POXKAEHHH BelyTcs Ha 3eMHOH NMOBEPXHOCTH, B OOJACTH COUJIEHEHHS
autocdepsl ¢ aTMocdepoil u ruapocdepoill, B yCIOBHAX AKTHBHOH
COBpPeMeHHOH MeXaHHueCKOH, co/ieBOH 1 OHOreHHOH MHIPaLHH XHMH-
YeCKHX 2JieMeHTOB. B urore mMeroJlHKa STHX N€OXHMHYECKHX ITOHCKOB
H OlLiEHKA BBISIBJAEHHBIX JIHTO-, THAPO-, aTMO-, U OHOreOXHMHYECKHX
aHoManuil B GOJIbIIOH Mepe ONpedeJaITCd 3aKOHOMEPHOCTAMH THIIED-
TeHHOH MHrpalHy 3J1eMeHTOB. AHAJH3y 3THX IPOLECCOB MOCBSALIEHO
cosfanHoe B. B. [ToJibIHOBBIM yYeHHe O reOXMMHYECKHX JaHamad-
Tax [29]. B ocHoBe ero JexkaT NpeAcTaBjeHHs 00 3JeMeHTAap-
HHX JaHAimadgrax—yyacTKax 3€MHOH MNOBepPXHO-
CTH, XapaKTepu3yeMbx efuHOOOpa3ueM yCJAOBHH
rUNEepreHHOd MHUrpanguy XUMHUYECKHX 3JEMEHTOB,
C OIHOPOAHBIMH KJMMaTHYeCKHMH H T€OJIOTHYECKHMH YCJIOBHAMH,
¢ ONpelleJieHHBIM THIIOM pesbeda, pacTutesbHocTH M mnousel. Coort-
BETCTBEHHO 3TOMY BBIAEJSIOTCH aBTOHOMHbIE (3JIIOBHA/bHbIE) JIAHA-
mapThl MJIOCKUX BOAOPA3[eJoB ¢ TyGOKHM 3ajieraHHeM BOJOHOC-
HOTO TOPH30HTA, TPAHC3JIIOBHAJbHbIE  (3JIOBHO-/e/I0BHANbHbIE)
JaHAWAadTH TOPHBIX CKJIOHOB M CymepakBaJjibHble (HaJABOJHBIE) 3Jie-
MeHTapHble JIAHAmadThl, XapakTepH3yemble GJHM3KHM K MNOBEPXHO-
CTH 3aJieraHHeM TPYHTOBHIX BoJ. llapareHeTHueckas accOlHalMs
3JIeMEHTAPHBIX JaHMadToB, CBS3aHHBIX MEXAY CO00H MHrpaunei
3JIeMeHTOB, 06pa3yeT MECTHLIA reoXHMHUECKUH JaHAWAadT. BaxkHei-
IIHMH BHEUIHMMH (pAKTOPAaMH THNEepPTeHHOH MHIPauHH XHMHYECKHX
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3JEeMeHTOB #BJAIOTCA Xapakrep peibpeda, abCONIOTHBIH YPOBEHb R
KosleGaHHs TeMIepaTyphl, HCIapeHHe BOJABI M BhiNaJleHHe aTMocdep-
HBIX OCaAKOB, Qu3HyecKas Ne3uHTerpauus U [AeHyLauus OPHHIX I0-
POA, mpoliecChl PAacCTBOPEHHS M OCAXKACHHS, THAPOJH3, peaKnum
OKHCJIEHHS M BOCCTAHOBJIEHHs, NpOHECcCH DPa3BHTHS H OTMHpaHHUSA
PacTHTeJbHbIX W XXHBOTHBIX OPraHM3MOB. PasjinuHble COOTHOLIEHHSH
3THX (aKTOPOB HAXOAAT HauboJiee MOJIHOE OTPaXKeHHe B CYILECTBO-
BaHHY Ha MOBEPXHOCTH 3eMJIH KJIHMATHYECKHX H PACTHTE/bHBIX NOs-
COB, 3aKOHOMEPHO CMEHSIIONMXCS ¢ WHPOTOf H abCONIOTHOM BBICOTOM
mecTHOCTH. COOTBETCTBEHHO 3TOMY KJaccHOHKaLHs TeOXHMMHYECKHX
NarAmadTOB NOCTPOEHA Ha GHOKJIHMATHYECKON OCHOBE.

A. Y. Tlepenbman BbifesisieT 4 rpynnbl FEOXHMHYECKHX JIaHI-
madToB, B COOTBETCTBHH C OCOGEHHOCTIMH OHOJIOTHYECKOTO Kpyro-
Bopota Boamymnbix murpantoB (C, O, H, N): 1) secubie; 2) ay-
roBole H CTeNHbe; 3) TYHIApOBble; 4) NPHMHTHBHO-NMYCTHIHHbIE.
B kax[ofi M3 3THX TPyNIN, B 3aBHCHMOCTH OT BH[A PAaCTHTEJbHBIX
coobuiecTB, 06beMa €XKEerofHO NPOAyIHpyeMoli OuoMacch, ee CO-
cTaBa M CKOPOCTH pa3yioxKeHHs PacCTHTEJNbHOrO Omaja, BbIAeNAITCH
pasjiuyHbie T OBl JIAaHAWA(TOB.

Jlenende reoXMMHYECKHX JaHAWA(TOB Ha KJjacCH Onpejens-
eTcsl COCTAaBOM THHOMOP(HBIX 3JE€MEHTOB H HOHOB BOAHOH MHrpaluu
(Ca, Mg, Na, Cl, S, HCOs u 1. A.). JlanAwadTHO-Te0XUMHYECKOE
paHOHHPOBAHHe TEPPUTOPHH N0 XapaKTEPy PaCTHTENbHOTO NOKPOBa
(rpynnbl, THIBI H CeMeHCTBAa) € MO3HUUUH METOJAHKH IeOXHMHYECKHX
IOKCKOB AOCTaTOYHO YAOGHO. DTOT NPH3HAK OTYETIHBO (QUKCHPYeT
yC0BHsl TPOBEJEHHs IOHCKOB, KOTOPble Pa3JjHYHbI B 3a/eCEeHHBIX
MM CTENHBIX paiioHax, B TyHApe HJn nyctbiHe. OJHOBpeMeHHO 6HO-
KJAMNMAaTHYeCKass XapaKTEepPHCTHKa NpeJonpefenseT CTPOeHHEe JaHI-
madra, NOL KOTOPHIM MOHHMaeTcsi POJb H MOIIHOCTh CJaralouux
€ro sIpycoB — FOPH3OHTOB: HA3€MHOH PACTHTENBHOCTH, COBPEMEHHOM
KOpHl BHIBETPHBAHHSA, Pa3BHTOH MO HeH M[OYBH M TPYHTOBHX BOA.
Harasaable IpUMepbl Pa3JHYHOTO CTPOEHHsS OTAEJbHBIX THIIOB 3Ji€-

" MEHTapHHX JaHAWapTOB npuBefeHs Ha pHC. 12. BaxHoe 3HayeHue

JUIS METONMKH TeOXMMHYECKHX [IOHCKOB HMeEeT KJacCHpHKauus
NaEAmadTOB MO COCTaBY MaKPOKOMNOHEHTOB MHHepaJH3alMH MpH-
poAHbIX BOA [29].

ITo Besinunne pH nmpupojpubie BOAH JaHAmMadTa pasaensioTcs Ha
4 knacca: 1) cuapHokmeabie ¢ pH<(3; 2) kucnnie U craGoKucibie
¢ pH or 3,5 no 6,5; 3) HedTpanbHble H caabomesnounsie ¢ pH ot 6,5
fo 8,5; 4) cuabHomenounsle ¢ pH>8,5. B npupoinbix ycnoBusax
30HBl THIIEpreHe3a npeobiafaioliee 3HAaUEHHE HMEIOT Clabble KHC-
aothl (CO,, oprannyeckue KHCIOTH) H CHJbHBIE OCHOBAHHSA (Na, K,
Ca, Mg). IMoaroMy HanGo/blllee pacnpOCTPaHeHHe MMeEIT JaHA-
wadThl, XapakTepusyeMble CIaGOKHCIOH peaKuHeHd cpebl (necHnie
¥ TYHJPOBLHIE Ha PaBHHHAX), HEHTPa/bHOH peakuuell (ropHO-JeCHbIE
U TOPHO-TYHAPOBHIE), HEATPAJIbLHON H UIEIOYHOM peakuuefl (cremsbie
¥ nycTeiHHbe) . CHAbHOKHCIBIE BOJbl OGHAPYKHBAKOTCA TOJIBKO B JIO-
KaJIbHBX yYaCTKaX, HalPHMep, B 30HE OKHCJEHHs CYJIbQHAHBIX Me-
cropoxkaennit (HySO4) mau B cBAI3H C BYJIKAHHYECKOH JesATeNb-
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Hocteo (HCI), cunbHOUIEN0UHBIE MOYBH CBSA3aHHBIE OGHIUHO C COLO-
BeiM 3acosiennem (Na,COj;; NaHCO;3).
OKHCJINTeNbHO-BOCCTAHOBUTE/IbHbIE  YCJIOBHSL Ha TOBEPXHOCTH
3EMJIH ONPEAEJAIOTCA TOCIOACTBOM KHCIOPOAHOH OGCTaHOBKH, 065-
3aHHOH CBOOOJHOMY KHCJOPOLY aTMOC(EPE], €ro paCTBopeHmo,B BO-
Aax ﬂaHAmaq)Ta u QorocunTesy pacrenuit. Yame Bcero rpanuna
«KHCJIODOHOH TIOBEPXHOCTH», HHKE KOTOPOH cpella Y:Ke He COfep-
JKHT CBOOOJHOrO KHCJOPO/a, COBMAAAET ¢ 3ePKaJOM IPYHTOBEIX BOJL.
Boccranoputensnas 06CTaHOBKA BO3HMKAeT B YCAOBHAX OGH/IHS
pasJiararouuxcs OpraHHYEcKNX OCTATKOB, TJIaBHBIM 06Pa30M pacTH-
TeJbHOTO ONaja, M NOoj AeHCTBHeM MHKPOOPTAHH3MOB. PasjinuaioT
BOCCTaHOBHTEJIbHYIO OOCTAaHOBKY Ge3 cepoBofopoja (riieeByio), Xa-
PaxTepHyio Al GOJIOT, U BOCCTAHOBHTEJBHYI0 OGCTAaHOBKY ¢ ’}'IQS
HUMEWLIYIO JIOKaJbHOe pacrnpocTpaHeHue. [TokazaTeneM cMeHB OKHC-
JITE/bHO-BOCCTAHOBHTE/IbHBIX YCJOBHH SIBJSETCS OKpPacKa IOPOA:
KpacHble H Oypule TOHA, 06A3aHHbIE COeAUHEHHsAM Fed+, xapaKTepH:
3YIOT OKHCJHTENbHYI0 OGCTAHOBKY, CepO-3eJieHble H CH3ble TOHA
CBOHCTBEHHBle COelHHeHHsAM Fe?t, oTBedalor BOCCTaHOBI/ITeJlebIM,
yCaAOBHSM. B uiesounbix yclOBHSX M IIPH BBICOKOH TeMIlepaType
PEaKuMH OKMCJEHHs NMPOTEKAaIoT Jlerde, YeM B KHCJIOH cpeie M IpH
HHU3KOH Temneparype. DTo, B YaCTHOCTH, ONpe/essieT TOCIOACTBO
OKHCJIMTE/bHBIX YCJOBHH B NyCTHHAX H BOCCTAHOBHTEJBHBIX YCJIO-
BHi B JaHnwadTax TyHAp. B KHCJABIX BOAAX TANrH rpaHuie MexXAy
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OKHCJHTENBHON H BOCCTAHOBHTEJIHHOH 06CTAHOBKAMH OTBEYAlOT 3HA-
yenuss Eh= 40,40, B L1eJIOYHBIX BOAaX CTemed BeJlHYHMHA «HOrpa-
HUYHOTO» 3HAaueHHs CHH:kaercsa, Hanpumep, fo Eh= +0,15.

AGConoTHble COMEpKaHHA XMMHMYECKHX 3JIEMEHTOB B BoOJlax HE
MOIYT XapakTepH30BaTh CIOCOGHOCTb Mepexola 3JeMEeHTOB B pac-
TBOp MO NMPHYHMHE HX PA3JHYHOTO COLEPIKAHHs B JHTOChepe. Takum
nokasaTesneM CAyxHT npeifnoxkenusii A. M. IlepeabManoM Kosg-
GUUHEHT BOAHOH MHTPallMH 3/1€MEHTOB:

— my100°
Ko =22, 29

rlle My — COAepXKaHHe 3JeMeHTa B BOJe, I/1; a— obuias MuHepa-
Jau3anus BoAmwl, r/i; C,— comep:KaHHe 3TOTO 2JieMEHTa B TFOPHBIX
nopojax, ¢ KOTOPEIMH JaHHas BOJAa HaXOAHTCA B KOHTAKTE, %

Jlng cpaBHUTENbHOH XapPaKTEPUCTHKH . HHTEHCHBHOCTH BOJIHOH
MHTPAlMH XHMHYECKHX 3JEMEHTOB CJyXKaT TakKxke HX K03 PHUH-
€HTHI TaJHaccOMHUABHOCTH («MOPENIOOHBOCTH>) — OTHOLIEHHE KJapKa
JIAHHOTO 3JIEMEHT2 B THApocdepe K ero KIapky B jutocdepe. To-
Ka3aTeslb TaNacCOPHIbHOCTH Ty, ABJAACh BaXKHOH pacueTHON BeJH-
UHHOMH, 3aBHCHT He TOJIbKO OT CPABHHTEJLHOM HHTEHCHBHOCTH Nepe-
X0[a 3JeMeHTa B PAcTBOP, HO M OT MOCHeAYIOLHX (PH3HKO-XHMHYeE-
CKMX ¥ GHOTEHHHIX [POIECCOB €ro BbIBOJA M3 OKEaHHYECKOH BOJMI,
COCTaB KOTOPOH (;;pe}lemeT kaapku ruiapochepn. KosdouuuesTs
BOJHOH MHTDAIMH 3JEMEHTOB OMNPENe/SIOTCH IKCNEPHMEHTAIbHO H
XapaKTepH3YIOT HX NOBeJleHHe B KOHKDETHOH AaHAiapTHO-reOXHMH-
yecKoil o6cTaHoBKe. C 3Toll CTOpOHH! 3HaueHns K, HauGoiee 6IH3KO
XapaKTepH3yIT POJib BOJHOH MHIpPAauUMH pPYIHBIX 3JEMEHTOB IpH
(GOpMHPOBAHUH THINEPreHHbIX FeOXHMHYECKHX aHoMaJui.

Ilo MHTEHCHBHOCTH BOJHOH MHUTpPaluM BhIAEIsieTcd rpynma ak-
THBHbIX BOXHBIX MHrpanToB (Ky=n-10-+-n-100) u rpynna uHepT-
ubix sl1eMenToB (Ki;<0,0n), moBeienne KOTOPHX NPAKTHYECKH HE
3aBHCHT OT KHCJIOTHO-IIEJOYHBIX H OKHCJHTEIbHO-BOCCTAHOBHTE/D-
HbIX ycJaoBHH cpefnl. CaMoCTosTeNbHYI0 TpPynIy o6pasylor 2Jje-
MEHTHl ¢ KOHTDACTHOM MHTPAlHOHHOH CIOCOGHOCTBIO B BOJHOH
cpese, AAs KOTOpHX 3HaueHnsi Ki=1 ompefessioTcsi reoXHMHue-
CKOH XapaKTePHCTHKOH Cpeflbl, B NePBYl0 ouepelb SHAUCHHIMH pH
# Eh. I1peacraBuTensiMy 3TOH TPYNNBl 3€MEHTOB C repeMeHHOH Ba-
JEHTHOCTbIO ABJASIOTCS, HANpHMEpP, YPaH H MOJHO/EH, CHOCOGHbIE
K HEepruyHON BOJHOH MHrpauHH B OKHCJIHTENBHOH Cpeje B LIECTH-
BaJIeHTHOH (opMe M OKa3hBAaWOUHeCs HHEPTHHIMH B BOCCTAHOBH-
TeJbHON OGCTAHOBKE B ueThipexBaneHTHOH ¢opme. B oTimume oT
HHX, B «IJ1e€BOH» BOCCTaHOBHTE/BHOM obcraHoBKe (6e3 cepoBOJO-
pojla) aKTHBHO MHTPHPYIOT B pacTBope B ABYXBaJIeHTHOI (opme
Fe2+ y Mn?+. DTH Ke 3JiIeMEHTHl B OKHCIHTEIbHBIX YCHOBHAX
B (opme Fed* m Mn*f mpakTHYECKH HeCNocOOHB K BOJHOH MHTpa-
M. 3HAYEHHS] KOI(PHUUHMEHTOB BOJHOH MHIpanud H Tanaccohuib-
HOCTH JJIsl BajKHEHIIMX DYAHBIX H HEKOTOPHIX ADYTHX XHMHUECKHX
3J1eMEHTOB NPHBejIeHbl B 1261 8.
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Ta6nuua 8

Koagpuuuentsl sonnosi murpauun K, n ranaccodmibHoCTH Tx HEKOTOPBLIX 9JIEMEHTOB

(28, 29]

AXTHBHHE BOAHHE MHIDaHTH CylaGo noABHIKHEE M HHEPTHble MHTDAHTH

DJeMeHTH ¢ KOHTPAaCTHON MHrpanHOHHOM cnOCcOGHOCTHLIO Ky=l

Ke=n-10—n-100 Ke=n Ky = 0,1—0,01 u menee

[MoasuxkHbE H c1a60 NMOABHKHble B OKHC- | [TogBHkHble H /a0 NOABHKHBIE
JKTeNBHON cpelle K HHepTHbie B BOCCTAHO- | B BOCCTAHOBHTENbHOHK cpene (Ge3 ce-

Cl (111), S (1,9) F (0,0015) | Ba (3-10-%), Rb, Li, P (5-10-%), S
Br (30), B (0,4), 1(0,125) | Sr (0,023) (1,2(-10—3),)’51), As (8’-10(—8), Al,) "1 |
Zr, Cr, TR, Nb, Ta, W, Bi, Au
(9°10—4), Pt, Th (3-10-%)

NMpumeuwanue B cko6Kax — 3HayeHHS Ty

Hs AaHHbIX TabJs. 8§ BHAHO, YTO BOjHAS MHrpanus B KauecTBe
OCHOBHOH (POPMBI NEPE/BHIKEHHsSI 3JeMEHTOB B 30He THIIEpreHesa co
3HaveHHAMH K,>10 u 1.>1 cBoiictBenna Cl, S u Br. [das 6opa,
THIIMYHOTO BOJHOTO MHTPaHTa, KO3((HUHEHT TajaaccodHAbHOCTH
najgaet no 0,4, a gas Hopa, B CBSI3H C €ro 610D HUNABHOCTRIO, — JlasKe
A0 1:=0,125. Eme MeHbINMHu 3HaueHHAMH KOS(Q(HUHEHTA Tanacco-
(ubHOCTH XapakTepusywTcsi F u Sr, CPaBHHTEJIbHO aKTHBHbIE BOJ-
Hble MHrpanThl. Bce pyaHbie sneMeHTsl, 6e3 KaKHX-TH60 HCK/IIOYe-
HUH, XapaKTepPH3YIOTCs BeCbMa MaJbiMH 3HaYeHHSAMH KO3()(dHuHeH-
TOB Ta1acCOPUNBHOCTH M KJNaPKH UX B JuTOChepe B THICAYH U COTHHU
THICAY pa3 BHIIE KJIapPKOB B rHipocdepe. YUHTHIBAS, UTO MHOTHE
PYAHBIe 3J€MEHTHl XapaKTePHU3YIOTCS YCTOHYMBO MaJbIMH 3Haye-
HUAMH K039¢HHH6HTOB BOJHOH MHrpalyH, YTO NPHPOAHBIM BOLAM
TOPHBIX PaHOHOB CBOHCTBEHHA NPEHMYLIECTBEHHO HEHTpaJbHAs HJH
cnabo-1esiounas peakuun (uHepTHn Zn, Cu, Ni, Pb...), uro pas-
JIaralolnecss pacTHTeJbHble OCTATKH CO3Mal0T BOCCTAHOBHTEJNBLHYIO
o6cranoBKy (unepTHEl Mo, U...) u uTo Ha NOBEPXHOCTH 3€MJH
TOCNIOACTBYeT KHCJIOpPoAHasi o6cranoBka (uHepTHH Fe, Mn, Co),
PE€3KO NOJYHHEHHAS POJib BOAHOH MHIPaUUM PYAHBIX 3JIEeMEHTOB CTa-
HOBHTCS BIIOJIHE OYEBHAHOH. DTO He 3HAYMT, YTO PyJAHBIE WJIH MOPO-
nooGpasyomine 3/eMeHTh, XapaKTepusyeMble 3HaueHusMH K < 1,0,
He CrocoGHbl K MHTPAlHH B 30HE runepreHesa. B macmrabax, MHO-
FTOKPATHO TIPEBLIMIAIOWMX BOJAHYI) MHTPALHIO, 5TH  3JE€MEeHTHI
B popme pasHOOOPa3HBIX NPHPOAHBIX MHHEPAIbHBIX H GE3MHHEPAb-
HBIX 06pa3oBaHHH MHTPHDPYIOT B TBEPAOM COCTOSIHHH, BCJeLCTBHE
MeXaHHYeCKOH BOJHOH M BETPOBOH AeHyJAIMH CYlIH. B pasnuuHoii
Mepe 3TH NPOUECCH AOMONHSIOTCA OHOreHHOH M ra3oBOH MHTpauue
3JIeMEHTOB. Bce 3T0, HE3aBHCHMO OT BeJIHUMH KO3()(HLUHEHTOB BOJ-
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BHTeJIbHOK posojopona) H HHEPTHbE B OKHC/AH-
TeJbHOH
Mm‘pyipyxor TOJILKO B KHCJIBHIX BOJAX: Fe (1-10—8),
Zn (6-10—%), Cu (4-10—9) Mn (4-10-9),
Ni (5-10—8), Pb (3:1079), Co (5-10—5)

Cd, Hg (3-10—%), Ag.
MurpupyioT B KHCIBX H B II@IOYHBIX
BOAAX:

V (5-10—¢), U (8:10—9),

Mo (9-10—9%), Se (8-10—2)

HOM MHUTpaunyH, coobllaeT 3JeMeHTaM YHHBEPCaJbHYI0 reoXHMuue-
CKy10 TOJABHKHOCTb B MOOHIX JaHAamadrax. I1peobraganne MexaHu-
yecKHX (OPM MHIpAlMH 3JEMEHTOB B JaHAmadrax PyAHbX paiOHOB
XapaKTepH3yloT OTHOIIEHHS MEeXJy MOJAyJisiMH TBEpPAOrO H pacTBO-
PHMOTO CTOKa C Cyuln B cpefiHeM Kak 10:1 (cM. 2.1), ut0o HUBeNH-
pyer BJMsHHe Pa3jHuuil B KodpduuueHTax BOAHOA MHrpauHu dJe-
MEHTOB. B yCJIOBHAX Cryia)eHHOro pesabeda poib MeXaHOTeHesa OC-
JdabasieTca M BJHSHHE OCOGEHHOCTEH BOJHOH MHIpalUH 3JeMeH-
TOB M TYMHJHOCTH WJIH apHJAHOCTH KJMMata Ha (OpMHPOBaHHE
nanfmagTa Bo3pacraeT. B uesom Mmanble 3HaueHds Ky M tx ANA
PYAHBIX 3JIEMEHTOB H Mpeo6sajamolias HX CHOepreHHas MHrpauns
B TBepAo# (ase JHIUHHA pa3 MOATBEPXKJAT NPeHMYLIeCTBEHHOE
3HayeHHe /S TOMCKOB PYAHBIX MECTOPOXKIAEHHH JHTOXHMHYECKOro
Meroja.

DJieMeHTHl, HAXOAACh B PACTBOpe, B M3MEHHBLIEHCS reoXuMHye-
CKOll 0GCTaHOBKe CIOCOGHBI BHIIACTh B OCAMOK, 06pasys BTOpHYHbIE
AKKyMYJIsIMH. YUaCTKH, Ha KOTOPHIX NPOHCXOAHT Pe3KOe yMeHbllle-
Hyle HHTeHCHBHOCTH MHTPAIHH 3J1EMEHTOB, CONPOBOXKAAEMOC HX KOH-
IeHTPHPOBAHHEM, HMEHYIOTCSl T€OXMMHYECKHMH Gapbepamu [28]. Ha
(hH3NKO-XHMHYECKHX (apbepax OCaxAaloTCs 3/1eMEeHThl ¢ KOHTpact-
HOil MHTPAlHOHHOH CIOCOGHOCTBIO. AKTHBHbIE BOJHBIC MHTPaHThHI
BHIIAJAIOT B OCAJOK IPH HCHapeHHH PacTBOpa, a JAEMEHTH C yC-
TOHUHBO MaJbIMH KO3(h(HIHMEHTAMH BOJHOH MHTPAaHHH CIOCOGHDI
K BTODHYHON aKKyMYJsLHH B Pe3yJbTarTe T'PABHTALHOHHON KJaCCH-
¢uKauuH MHHEPaJoB MO NJOTHOCTH NPH IepeHoce B TBEPAOM CO-
CTOSIHHH H 0GPa30BaHHM MeXaHHUecKHX ocaakoB. COOTBETCTBEHHO
3TOMY Pas/iuyaloT CjiefyloliHe riaBHeHIIHe THIb THTIEPreHHbIX reo-
XUMHYEeCKHX 6apbepoB:
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1) ucnapurensumii (B, Sr, F, unoraa Mo);

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

3) BoccraHOBHTeNbHHIE (Mo, U, Se)

4) xucaoponunii (Fe, Mn); '

5) wenoyroit (Cu);

6) aacop6umonnni#t (Cu, Zn, Pb, U, Mo u ap.).

Ilepeuenb BO3MOKHEIX reOXHMHYECKHX GaphepoB 5THM He Hcyep-
NBIBAETCA, 3/1€Ch NEPEYHC/IeHbl TOJbKO BayKHEHIIHe M3 HHUX M yKa-
34aHbl T€ XHMHYECKHE 3JIEMEHTHl, THNEePreHHble aKKyMYJANHH KOTO-
PBIX OGHApYKHMBAIOTCS NPH IEOXHMHYECKHX NOHCKAX. BO3MOKHOCTD
B3aNMOCBSI3aHHOI'O MOSABJIEHHS JHTO-, THAPO- H GHOTEOXHMHUECKHX
aHOMaJIHH NOJApasdyMeBaeTcsi Ha JIOGHIX TEOXHMHYECKHX Gaphepax.
B oTAeNBHBIX Ciyyasix HaKOIJIeHHe PYJHOTO 3JE€MEHTa Ha THIEepreH-
HOM TeOXMMHUecKoM Oapbepe mpuobperaer macwmtab, JOCTATOUYHBIH
AJist 06pa30BaHMs TIPOMBIIVIEHHbIX 3K30TEHHBIX MECTOPOKACHHH LaH-
HOTO 3/7€MeHTa B JiuTOochepe B opMe NePBHYHO-OCAJOUHBIX PYA H
poccoineit nin B rufipocpepe B GopMe KOHUEHTPHPOBAHHBIX Pacco-
-q0B (Br, I). IloHATHe 06 OcaxKeHHH 3/IeMEeHTOB HAa FeOXHMHUCCKHX
Gapbepax NPHUMEHHMO H K MPOLECCAM 3HIOTEHHOH MHTpalHH, Xa-
pakTepusys, Hanpumep, THAPOTePMaJbHOE pPYAOOTJIONKEHHe, BTo-
PHYHBIE AKKYMYJISHUUH DyJHBIX 3/eMEHTOB Ha THIEPTreHHbX Fe0XHMH-
YecKHx Oapbepax MOTyT HMMeTb XapakTep Oe3pyAHbIX aHOMAJHil,
nojJiexamHux oT6pakoBKe TIpH FeOXMMHUYECKHX TOHCKaX. J{HarHoCcTH-
YECKHM TNIPHU3HAKOM, OTJIMYAIOUIMM BTOPHUHbIE OPEOJbl H MOTOKH pac-
CesTHUS] PYAHBIX MECTOPOXK/IAEHHH OT 6e3PyAHBIX aKKYMYJSIHH, SIB-
JSIeTCsl COBMECTHOe IOSIBJIEHHE B DYAHBIX aHOMAaJHAX BHCOKHX CO-
AepIKaHUA TAKHX 3JIEMEHTOB, COOCAXKAEHHE KOTOPHIX HE XapaKTepHo
AJl THIEPreHHBIX TeoXHMHYecKHX OapoepoB (Sr m Pb; Sn u Mo;
AunmAsurt m).

Ananus naHaWa®THEIX YCJAOBHI NPHOGPETAeT NepBOCTelNeHHOe
3HaueHHe IPH HA3EMHHIX JHTOXHMHUECKHX CbeMKaX B 3aKPHITBIX
PYHHBIX paldoOHaxX, KOrja BO3MOXHbBIE PyAHble aHOMAaJHH Haj IO-
rpe0eHHHIME MECTOPOXKJAEHHSMH COM3MEPHMBl 10 AMIVIUTYAE M
TPYAHO OTJMYHMBI OT 0€3pyAHBIX HCHAPHUTEJNbHBIX, COPOHHOHHBIX H
OMOTeHHBIX aKKyMYJSIHH MHKPO3JeMeHTOB.

MenkomacumrabHoe MaHAMA(THO-TEOXHMHUECKOe PaHOHHPOBAHHE
TEPPUTOPUIA BeCcbMa BAXHO [J5 OOOCHOBAHHS METOAHMKH TeOXHMH-
UeCKHX NOUCKOB DYMHBIX MECTOPOXKAeHHH (cM. ri. 6). B 3amauy ero,
B 4aCTHOCTH, BXOJHT BbiAeJ€HHe PaHOHOB, B KOTOPHIX MPOHU3BOACTBO
HA3eMHBIX JIHTOXUMHYECKHX ChEMOK SIBJSeTCS HEI(PDEKTHBHBIM, B KO-
TOPBIX OHHM [OJIKHEL AOMNOJHSTbCH HJIH 3aMeHsieTcsl THIAPO-, aTMO-
MM OGHOreOXHMHYECKHMH CheMKaMH HJIM BHIIOJHATHCS B BapHaHTe
rJIyOMHHBIX JTHTOXHMHYECKUX TMOMCKOB. B TOpHBIX paioHax, B CaMbIX
pasnuYHHX JaHAwadrax, ot cyxux creneit Cpeaneil Asuu 40 TYHAD
HyKOTKH, BTOPHYHbIE JUTOXUMHUECKHE OPEOJIbl M MOTOKH PacCesiHus
PYAHBIX MECTOPOXKAEHHH OTUYeTJHBO IPOSIBJIEHEl Ha COBPEMEHHOM
JHEBHOH MOBEPXHOCTH. KOJIHUeCTBEeHHEIM BLIDAXKEHHEM CYMMBI JaHJ-
IWa(THO-TeOXUMHYECKHX YCJIOBHH, XapaKTEPH3YIOUIHNM IOBEJeHHe
TOrO HJIH HHOTO PYAHOTO 2JIeMeHTa, SIBJASIOTCH MECTHble BEJHYHHBL

b
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KoshpHLUHeHTa NPOAYKTHBHOCTH R==1, BXOASIIEr0 B BBIPAIKEHHS
(18)—(19) unum uM momoOGubie. MecTHble 3HAYeHHs 3THX KO3(D(H-
IHEHTOB CYyLIeCTBEHHO AOMOJIHAIOT ONHCAHHA JaHAmadToB.

1.9. METOAHKA MOUCKOB H OLNEHKA UX 30 PEKTUBHOCTU

OCHOBHBLIM TPHHOHIIOM METOIHMKH TeOXHMHYECKHX MOHCKOB MECTO:
POXKIeHHH MOJIE3HBIX HCKONAaeMBIX fBJSETCA HX TNOJYHHEHHE yCTa-
HOBJIEHHBIM CTaAHMAM TeQJIOTOPa3BefOYHOr0 mpolecca, HaupHas OT
PernoHa/NbHbIX TOCYAAPCTBEHHHIX CHEMOK A0 CTajfHM JKCIUIyaTalH-
OHHOH pa3sBellKH MecTOpoxAeHHH. COOTBETCTBEHHO 3TOMY [eOXHMH-
YeCKHe CheMKH BHIOJHAITCA NepBOHAYAJNbHO B MEJKHX maciiTabax
Ha OOLIMPHBIX TEPPHTOPHSAX, a 3aTeM BBHIGOPOUYHO, HA OCHOBE MOJY-
YeHHBIX Pe3yJbTaTOB, B NIOCJAEJ0BATENbHO YKPYNHAMIUXCA MacllTa-
6ax Ha yMeHbHIalOUHXcA Nioumaasx. Ilepexon oT MejakoMaciiTab-
HBIX K A€TaJIbHLIM FeOXHMHYeCKHM CbeMKaM He 03HayaeT IPOCTOro
NOBTOPEHHS NOHCKOB C YBeJIMUEHHOH MJIOTHOCTBIO HAOJIOJNCHHH, NIPH
3TOM H3MEHSIIOTCH MeTOAHMKa H 3ajayd paborT.

1. MenkomaciiTabHble TIOHCKM OPHEHTHPYIOTCS HAa VHHBEpPCaJsib-
HEle NIPH3HAKH, CBOHCTBEHHBle OOJBUIMHCTBY MECTODOXKAEHHH, Ha-
npumep, Ha OGosiblliMe pa3Mepbl TIeOXHMMHYECKHX aHOMAaJuH, OTBe-
YaOIHX KPYNHbBIM MecTopoxkjaeHusaM. Ilpu peranpHHX paboTax yyH-
THIBAIOTCA HHAHBH/yaJbHHE, YacTO HENOBTOPHMBEE OCOOEHHOCTH
Ka¥A0ro KOHKpeTHOTO MeCTOPOK/AEHHS.

2. Tlpn MenkoMaciITaGHbBIX Te€OXHMHUECKHX CheMKax onpoboBa-
HHIO B MOHUCKOBHIX HEJAX NOJABEpralioTcs OTJOXKEHHdA, GoJiee 0T 44 -
JIeHHBl e OT 06beKTa MOHUCKOB, HalpUMEp O3€pHbe HJHN PeyHble OT-
JIOJKeHHs!, IPHPOAHLIE BOABI HJIH PacTHTeNbHOCTh. [lo mepe yKpym-
HeHHs1 Macuitaba TOHCKOBBIX CBHEMOK TeHeTHYeCKas IPHHALIEXK-
HOCTb OTPOOYEMBIX OTJIOXKEHHH COJIMIKAeTCa ¢ OGBEKTOM INOHCKOB,
Ha 3aKJIOUHTEeJbHBIX CTaAHAX ONpoOYIOTCS KOPEHHble NOPOAb H
pyasl. Teosorvueckoe H3yyeHHe TePPHUTOPHH BeLeTCA T10C/e/l0Ba-
TejabHO B Macmrabax 1: 1000000, 1:200000 u 1:50000, npome-
XKyTouHble MacmTads — 1:500000, 1: 100000 u 1 :25000 — npn-
mensiiores penko. Cremkn macmraba 1:10000 n kpynnee, cuuraio-
IHecs OTPAacJeBBIMH, BHINOJHAIOTCS TOJbKO B CBSI3H C DPasBelKOH
MeCTOPOKAEHHH WM AJIs HYKJA CTPOHTENbCTBA. B 3THX Ke OCHOB-
HHIX MacwTtabax BelyTcs NOHMCKOBEE U JeTasbHble reoXHMHUYecKHe
CheMKH, OIepeXXas HJIH CONPOBOKAAS TeoJIOTHUeCKOe KapTHPOBA-
Hie. U3 22,4 man. km? teppuropun CCCP mpumepro 7,0 muH. KM?
OTHOCSITCA K TFOPHO-CKJaAyaThiM pPaHoHaM, B KOTOPHIX BO3MOXKHO (-
(heKTHBHOE TPOBefeHHe Pa3NHUHBIX HA3EMHBIX H BO3MYUIHLIX reOXH-
MHUYECKHX CHEMOK C 11€/1bI0 MOMCKOB PYAHBLIX MECTOPOXKAEHHH, BHIXO-
IALIIMX Ha NoBepxHoCTh (cM. puc. 10, a). Eme 3 maH. km? Teppu-
TOPHH C YeXJIOM MOJOALIX 0cajxoB A0 500 M JomyckaloT npoBeneHHe
HA3e€MHBIX M TJyOMHHBIX FeOXHMHYECKHX TOHCKOB MOrpeGeHHbX PYA-
HHIX MecTopoxAeHu#i (cM. puc. 10, 6). ['eosiornueckre Hccje0Ba-
HHSl Ha OCTaJbHOH TEPPHUTOPHH, C MOIIHOHA TOJUIEH niaTdOopPMEHHBIX
OTJIOJKEHHHl, CBA3aHbl B MEPBYIO Oouepelb C IMOHCKAMH MECTOPOXK[e-
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Huil He(TH W rasa, yris, CTPOHMaTepHasioB, MECTOPOKAEHHH THAPO-
XMMHUECKHX OCaJKOB K POCCHINEH.

l'eonorunyeckoe KaptupoaHue tepputopun CCCP B macmrabe
1: 1000 000 3aKOHYEHO W TIOHCKOBBIE reOXHMMHUYECKHe CheMKH B Ha-
el cTpaHe B 3ToM Mmacuirabe He BeAyTcst. Kaxaas us craiuil reo-
JIOTOPa3BEeIOYHOIO TPOLecca W COOTBETCTBYIOLIHE MM IO JeTajbHO-
CTH TIOHCKOBbIE F€OXHMMHYECKHE CHEMKH MOAYHHFIOTCS PeIleHHI0 Of-
peleieHHbIX 3ajay, H3MEHSIOUIMXCH B 3aBHCHMOCTH OT 3KOHOMHYe-
CKOH OCBOEHHOCTH H Te0JIOTHYECKOH H3YYeHHOCTH TeppuTopmii. Bo
BHOBb OCBAaHMBaeMbIX DaiOHax 1Le/bi0 NOHCKOBBIX paboT sABJsAeTCH
OOHapyKeHHe TOJBKO KPYNHHIX H OYeHb KPYNHBIX MECTOPOMKAEHUH
C OTHOCHTEJIbHO JIETKO [0KasyeMbIMH 3amacaMu pyA (He CJenbx).

BosHHKaeT eCTeCTBEHHbIH BOIPOC, CKOJBKO KPYIHBIX MECTOPOX-
AEHHH MOXKHO OXHAaTh B PyAHOM paiioHe? OTBETOM Ha 3TO MOTYT
ObITb TOJBKO HEKOTOPbie cpeflHHe UH(PH, B CBA3H C Pa3jMyHON py-
AOHACHILEHHOCTPIO TEPPHTOPHH, M TPHONKIKEHHBIE OUEHKH, B CHJY
HETOJIHOTH HAIIMX CBEJEHHH O AeHCTBHTENBHBIX pecypcax Jaxe Je-
TaJIbHO HCC/IEJOBAHHBIX pailoHOB, OPHEHTHPOBOYHO MOXKHO CUMTATH,
yTo Ha 10 Thic. KM? NNIOIA/LK OTHOCHTENBHO XOPOUIO H3YUEHHBIX PYA-
HBIX PAHOHOB B CPeJlHEM INIPHXOAMTCSA OAHO KDPYIHOE MECTOPOXKJe-
Hue. Mcxols H3 3TOrO M COOTHOLIEHHH MEXAY YHC/IEHHOCTBIO MECTO-
POXJEHHA pPasJHYHbIX KJAccOB KPYHNHOCTH (CM. Ta6J. 5), mo-BH-
IHMOMY, CJI€AYeT OIEHHBATh YHCJAO OXHAAEMBIX OTKPHLITHH Ha
HEH3YYEHHHIX PYNONEPCIEeKTHBHBIX TEPPHUTOPHSAX, €CJIH HX pasMepHl
HOCTATOYHBl AJiA COOJIIOAECHHS 3aKOHa OoJbIIHX yucesa. ITo OYAYT
MECTOPOIK/IeHHS TeX TOJe3HbIX HCKOTaeMbIX M TeX TeHETHYECKHX TH-
NOB, HAXOXKAEHHA KOTOPbIX HA JAaHHOH TEPPUTOPHH MOXKHO OXKHAATH
C y4eTOM €e IreoJIOTHUYeCKOrO CTPOEHHS, HCTOPHH I'€0JIOrHIECKOro pas-
BHTHA M MeTa//IOT€HHUECKHX ocoGeHHOCTell. DTH U Ipyrhe [aHHLIE
HaxXo[dT OTpa’keHHe Ha TeoJIOTHYeCKHX KapTrax Macmraba
1:1000000 unu Gamxaiimero Gosee Menkoro Macmraba. dddek-
THBHO€ BefleHHe IIOHCKOBBbIX pPaboT obecneynBaeTcss MJIaHOMEPHBIM
BLIMIOJIHEHHEM TE€OXHMHUECKHX CBheMOoK Macumraba 1:200000 na
6oabmKX miowagdax (n-10%—n- 105 kM?), 6e3 Kakux-1ub60 mpomyc-
. KOB M NIPOH3BOJIbHbIX H3BbATHH. [locsieHee onpefensieTcs reoJjoruye-
CKHM TPABHJIOM: «HET GecrnepClneKTHBHBIX TEPPHUTOPHH, eCTh TeppH-
TOPHH H3YyYeHHble H HeH3YyUeHHbIEY. ,

Crnenymoliyo CTafiHI0 COCTABJSIOT T€OXMMHUECKHe ChEMKH Mac-
wraba 1 : 50000 u B cMexkHbix MacmTabax (1: 100 000—1 : 25 000).
910 MoryT ObITh BO3AYIUHbIE, Ha3eMHble WM TJYOGHHHBIE JIHTO-,
THAPO-, aTMO- HUJIH OMOreoXMMHUECKHE CheMKH, BLINOJIHAEMEBIE C yUe-
TOM YCJIOBHH, PacCMOTPeHHBIX B pasfiene 1.7. O6BIYHO 3TH CheMKH
OPHEHTHDYIOTCS Ha BBISIBJIeHHEe BTOPDHUHBIX OPEOJIOB paccesiHUs Me-
cTopox/ieHu#. Ec/in OHH NPOBOASATCS MOC/HEe IeOXHMHUYECKHX ChEeMOK
macmraba 1 :200 000, um TpuAaeTcss MPeHMYUIECTBEHHO OUEHOYHBIH
Xxapakrep. B ropHonpoMbITIeHHBIX paliOHAX TeOXHMHUYECKHE CheMKH
vacmiraba 1 : 50 000 mo BTOpHYHBIM OpeoJiaM pacCesiHHsI MOFYT Ipo-
BOJHTBCS, MHHYS1 CheMKH MaciutaGa 1:200000. B nmocnexnem ciy-
yae CTPAaTEerHyecKoH HeNbio 3THX paboT, MOMHMO BLIABJAEHHS HOBBIX
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KPYIHBIX MECTOPOXKAEHHH, MOTYT CTaTh NOHCKH CPefHHX H MEJKHX
MecTopoxkaeHuni. ['eoxumuyecke cheMkn Macmrada 1:50000 Bb-
NOJIHAIOTCS B TIOPsiiKe OYepeHOCTH, OIpeiessieMOH CyMMOH reo-
JIOr0-3KOHOMHYeCKHX COO6paxeHui.

C yueroM MoNyYeHHBIX AAHHBIX NEPEXOAAT K NOHCKOBO-OLEHOY-
HeIM paBoram Macutaba 1: 10000, koTopse, Kak NpaBHo, BHINOJ-
HAIOTCH JNUTOXMMHYecKuMu Merolamu. [lo Kapram BTOPHYHBIX JIHTO-
XMMHUECKHUX OPeoJIOB pacCesiHAs U NePBUUYHBIX OPeOJIOB PYIHBIX 3Jie-
MEeHTOB ofecneypBaeTcs Hauyulllee pasMelleHHe pa3BeJOYHHIX
KaHaB H IepBbIX CKBA)XXHH C 1eJNbl0 BCKPBHITHA M ONpOOOBaHHA MO-
JIe3HOT'O HCKOIIaeMOT0 B KOPEHHOM 3aJieraHuH.

Ecnu BepaGOTKM BCKPHIBAIOT NPOMBILIJIEHHOE OpyJleHeHHe, Teo-
JOorHYecKas 3ajaya CYMTAeTCsl PelleHHOHN NOJMOXHTeNbHO. [lanbhen-
1iee IpIMeHeHHe IeOXHMHUECKHX METO/0B ONpeleNIieTCs XOA0M pa3s-
BeHOYHBIX paboT M TreosIOTHYECKHMHU OCOGEHHOCTAMH BhISIBJEHHOTO
MecTopoxeHus. Ecjau BHPaOOTKH BCTPEYAIOT TOJBKO HENPOMBILI-
JIEHHYI0O MHUHEPAJIH3AlHKI0, AeTaJbHOCTh JUTOXHMHYECKOTo onpoboBa-
HHS KOPEHHBIX PYAOBMELaIOUIHX IOPOA II0 FOPHHM BHIPabOTKaM H
CKBajKMHAM MOXKeT JOBOAHThCs X0 Macumitaba 1:1000—1 : 200. HH-
Tepnperayysi 3THX AAHHBIX BeAETCS Ha OCHOBe TeopHH (popmupoBa-
HHS MEPBHYHBIX OPEOJIOB PYLHBIX MECTOPOXKACHHH H 30HAJBLHOTO pPy-
noornoxenns (cM. ri. 4). C Takofl Xe [eTalpHOCTBIO U Ha TeX XKe
TIpHHUHTAX BeAYTCS JUTOXHMHYECKHE IIOHCKH CHENBX PYAHLIX TeJI
Ha (JIaHrax U TJIyGOKHX TOPH3OHTaX NPOMBIILJIEHHBIX MECTOPOXKIe-
HHH Ha cTaJHMsX HX NPeABapHTENbHOH, AeTaJbHOH M 3KCIVIYaTAUHOH-
HOH pasBeikH. Takas moc/ne]oBaTeNbHOCTh BEJEHHA T€OXHMHYECKHX
TIOHCKOB OT PETHOHAJIbHBIX MeJKOMaclITaGHBIX ChEMOK [0 CaMbiX
JeTaNbHbIX HCCJeAOBaHHE HanGoslee panuOHa/bHA H OOLIENDHHATA,
YTO He HCKJI0YaeT BO3MOXKHBIX OTCTYIJIEHHH.

OlLeHKH OXHAAaeMOH PyLOHOCHOCTH TePPHTOPHH (paioHa, yua-
CTKa) M BHISBJISIEMbIX PYJAONPOSIBIEHHH NOJNKHH BBIPaXkaThCs B HUD-
pax OXHAAeMBbIX 3allacoB MeTaJla YK€ Ha paHHHX CTagudx
CheMOYHO-TIONCKOBBIX PabGoT 1Jis 0BOCHOBAHHA Nepexoja K mocje-
ILYIOIIHM CTajusM pabor.

Tlpu camoii pasipuHOH MOCTOBEPHOCTH METOAMKA MOACUeTa 3a-
acoB MOXKET CUHTAThCH MPaBHJAbLHOH, €CJIH COOTBETCTBYIOIIHE
otieHKH Qg SBJAAIOTCSA He CMEIIEHHBIMH, PABHOBEPOATHO OTKJOHAACH
OT HCTHHHBIX 34MaCOB B CTOPOHY 3aBHIIUEHHS H 3aHHXKEHHS:

Q= Quert™, (29)

rae e>1 — CTaHZapTHBIH MHOXHTEb, 3aBHCALIMA OT HeTaJbHOCTH
gcenenoBanui; (=1, 2, 3... onpenensiercsds TpeOOBAHMAMH K JOBe-
pHTeJbHOMY HHTepBasy oueHok. Ilpum 3TOM cieflyer umerb B BHAY
YCOBHBIH CMBICA UHGPH «HCTHHHBIX 3aNmacoB» Qucr, 3aBHCSWIEH OT
BLIOpAaHHOrO GOPTOBOTO COJAEPXKAHHs MeTajja M OT IJyOHHBI TOA-
cyeTa, KOTOPAsk MOXKET OTJHMYAThCH OT IIyOHHBI IIPOTHO3HOH OUEHKH
H. TlporHosHble (reoJiorHYeCKHe) 3amachl MeTajla Hepa3BelLaHHBIX
MeCTOPOXKAEHHH, OXKHAaeMble Ha HCC/IelyeMbIX TEPPHTOPHAX, HMe-
HYIOTCS PeCypCaMM H, B 3aBHCHMOCTH OT CTafM# paboT, AeJNATCA Ha
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TPH KaTeropmuh, oGo3HauaeMsle (B CTOpPOHY BO3pacrampuleil AocTo-
BepHoct) P3, P2 u P;. B 1abn. 9 npuBeaena mpussi3Ka 3THX Kare-

CJayxXaT egHH-

JAEHHH, B pe3yJbTaTe€ T€OXHMHUYECKHX CHEMOK
CO3AaKTCA KapThl AOJITOBPEMEHHOrO I0Jb30BaHHA, TIPHTOAHHE 4

pas/IHYHbIX Te€0JIOrH4e€CKHX BBIBOAOB.

o

BBIABJIEHHOTO 10 T'€OXHMHUYECKHUM JAaHHBIM,
CTH KOJIMYCCTBEHHOH HHTEPNPETAUNU IF€OXHMHUYECKHX NaHHbBIX.

FOPHA TPOTHO3HBHIX PecypcoB K CTajuaM TIe0JIOropasBefouyHoro

mpouecca ¥ MaciiTa6aM reOXHMMHYeCKHX CbheMOK. LIu¢pprl mpombiul-
JIEHHBIX 3471aCOB, TOACYHTAHHBIE B Pe3yJibTaTe pPa3BelKH MeCTOPOK-

JleHHs,
3aMeuaTenbHOH OCOGEHHOCTHIO MEPBHYHBIX FEOXHMHUECKHX [aH-

HBIX SIBJISIETCS] X OO'BEKTHBHBIH XapakTrep, CBOOOAHBIA OT BJHSAHHSA -

JIMYHBIX B3IVISHOB HCIIOJIHHTEJEH. B uTOore, NMOMHUMO NPAMBIX OTKPHI-

u

MOCTH ¢ HHMH HHGp NPOrHO3HBIX OIEHOK — KPUTEpHEM NpPaBHJbHO-
THH HOBBIX MeECTOPOXK

CTBEHHBIM KDHTECPpHEM SQ)Q)QKTI/IBHOCTI/I I[TIOUCKOB, a CTE€Ie€Hb CXOAH-
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[naBa 4

NEPBHYHBIE OPEOJIbI PYHBIX
MECTOPOXIAEHHH

4.1. PYOHOE TEJO H ETO NEPBHYHbIA OPEOJ

Kaxnas sanexb no/iesHOro HCKONaemoro mo nepubepHH npoMbILL-
JICHHbIX COAEPXKAHMA IEHHBIX KOMIIOHEHTOB OKpyXeHa 006,acThio
MX yOLIBAIOLIMX (HEKOHRMIMOHHBIX) COAEpIKaHHil, TIOCTENEHHO IpH-
G/IHKAIOWKXCS K MECTHOMY (OHY. DTH NpEACTABJEHHS O IEPBHUHBIX
FEOXHMHYECKHX OpeoJiax NMOJNE3HBIX MCKONAaeMhX (CM. puc. 3) cdop-
MHPOBA/NUCh NPHMEHHTEbHO K PyAHBIM MECTODOXAEHHSAM M TOJY-
YMH HauOoJiblllee 3HaUeHHe IPH IOHCKAX H Pa3BeKe 3THX MeCTo-
poxnennil. TlosToMy TeoperTHueCKHe OCHOBbI F€OXHMHUECKHX METO-
AOB IIOMCKOB IO NIEDBHYHLIM Ope0JiaM pacCMaTpPHBAIOTCS HA NpHMeEpe
PyZHBIX MECTODOXKAEHMH, XOTS OCHOBHblE IIOJIOXKEHHSI 3TOH MEeTo-
AuKM 6e3 CyLIeCTBEHHBIX NONPABOK NMPUMEHHMbI K IOMCKAM JI06bIX
TBEPABIX NOJIE3HBIX HCKONAEMbIX, a B TNPHHIMIE M MeCTOPOXAEHHI
Hedtu u rasa. IIpu opHEHTHPOBKe reOXMMHYECKHX IOHCKOB HA Bhl-
SIBJIEHHE NIEPBHYHBIX OPEOJIOB, NPEBbILAIONIHX [0 3()(HEKTHBHLIM pas-
ME€paM B IIIaHe KOHTYD NPOMBIIJIEHHOH 3a/1€XKH U HAACTPaHBAIOUIHX
€e 10 BEPTHKa/NH, OOHapyXeHHE HOBBIX MECTOPOXKAEHMH CylecT-
BEHHO oGJieruaercs. [IpuMep nepBHUHBIX OPEOJIOB OJZHOTO H3 KOJue-
AaHHO-NIOIHMETAJJINYECKMX MeCTOPOXKAeHHH PyaHoro Aaras mnoka-
3aH Ha puc. 54. 3pech Mo aAp nepBuuHbiX opeosioB Pb, Cu u Co
B IVIOCKOCTH Pa3BeLOYHOIO IPOYHUAS MHOTOKPATHO NPEBHILIAET CyM-
MapHYyIO NJIomAab pyAHBIX TEJ.

OGHapy>keHHble IPH NOHCKAX M Pa3BENKE 30HbI aHOMAJbBHLIX CO-
AepXKAHHH XMMHUYECKHX 3/1E€MEHTOB B KODEHHbIX pPyHIOBMeELIAIOIIHX
Iopofax MOTYT HMETb DAsJHYHYI0 NPHPOAY M Maciutab. «SIBHbIe»
AHOMAaJ/IHY, C NPOMBILIJIEHHBIM HJH OGJM3KHM K HEMYy COJepKaHHeM
METaJJIOB NPHHSITO HMMEHOBaTb pyJAonposiBieHusiMH. [Ipu cooTser-
CTBYIOIIHX MacIiTabax OHM IPHYHCISIIOTCS K Paspsify NPOMbIIIIEH-
HBIX DYAHBIX T€JI M MECTOPOXAeHui. B reoJIOrONOHCKOBOM NpaKTHKe
nosyunsu ynorpeG/eHHe TePMHHE «HEIPOMBIIJIEHHOE PYRONPOSB-
JieHHe», «pyAHasi TOUKa» M «MHHEPaJOTHYECKAasi HAXOAKA», XapaKTe-
pusylouue yGbiBaomuil MacwTab pyaHo# MHHepaausanuu. JIHTOXH-
MHYECKYIO - aHOMAJIMI0O B PyAOBMEUIAIOLIMX NOPOAAX AOMYCTHMO Ha-
3bIBaTh «IEPBHYHLEIM OPEOJOM» TOJBKO NPH YCJIOBHHM HOKa3aHHOFO
HIH TIpEANoNiaraeMOro ee pPas3BHTHS, BOKPYI MJIH OKOJIO PYRHOTO
TeJa MM MecTopoxAeHHs. Illupokoe pacmpocTpaHeHme HOSYUHII
TEPMUH «3HAOTEHHBIH OpeOJ», NOJ KOTOPHIM IOHHMAETCS NepBHY-
HBEI OpeoJ SHZOTE€HHOTO MeCTODPOXKAEHHsi. IlepBHUHBIE ODeOJIb BO-
KPYT 5K30TeHHbIX (IePBHYHOOCAZOYHBIX) PYAHBHIX MeCTOPOKAEHHIl
N0 aHAJOTMM CJEeJOBaJ0 Obl MMEHOBATb «9K30TEHHBIMH ODEOJIaMH».
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[MockonbKy o06pasoBanHe NIePBHUHLIX 0PeosioB 00683aHO PYLOOTJIO-
KCHHUIO, T. e. IPONECCaM KOHUEHTPALMH XHMHUECKHX
SAEMEHTOB, He Cjelyer Ha3blBaTb HX <«OPEOJAaMH paccesiHHS»,
OCTaBJIAA STOT TEPMHUH AJ19 0603HAYEHHS! BTODHUHEIX (THIePreHHLIX)
TCOXMMHYECKHX OpEO0JIOB, BO3HHKAIOMWIUX B IpoOlEecce JHMKBHAALUH
(paccesinus) panee c()OpMHPOBAHHBIX MECTOPOXK AEHHIL.

IlepBuuHbI/i OpPeOs OCHOBHOTO pYOHOTO 3/eMeHTa B rpaHunax
HHXKHEro aHOMAJ/bHOTO COAEPXKAaHHS, B NEPBOM NpPUOIHKEHHH, BOC-
IPOHSBOLHT B paCIIMPEHHOM BHJ€ KOHTYp PYJHOTO Tesa, C OTCTYI-
JIEHUAMH, TOAUYHHAIOUIMMHCS CTPYKTYPHO-TEKTOHHYECKOMY, MarMa-
THUECKOMY HJIH JIHTOJIOTO-CTPATHTPaQHUECKOMY KOHTPOMIO OpyHe-
HeHHsl. KOHTYpH NepBHYHBIX OpeOJIOB 3/1€MEHTOB-CIIyTHHKOB MOTYT
[IOBTOPATb B PaCIIMPEHHOM HJIH YMEHbUIEHHOM BHAE OPeoJ OCHOB-
HOro 3/1€MEHTa MJIM HMETh CyHIECTBEHHO HHYI0 HOPMY, B 4aCTHOCTH,
060CO6NATLCST B OKOJIOPYAHOM HJIH HaJipyJaHoM IipoctpancrBe. Ha
pHC. 54 OTYET/IBO BHAHO TATOTEHHE NepBUUHBIX OpeosioB Pb x BH-
csueMy, a opeosioB Co-—k JexaueMy 60Ky PyAHBIX Tel.

MHorue pynHble MeCTOPOXKAEHHS — BaKHeHIMe 0GbEKTH coBpe-
MEHHO! TOPHO-NIPOMBILIIEHHON pa3paGoTKu XapaKTepusylTcsi orT-
CYTCTBHEM HYETKMX TEOJIOTHYECKHX TpaHHL. OKOHTYDHBaHME TAKHX
MECTOPOXK/IEHU]I NPOUSBOAMTCS IO PE3ysbTaTaM ONPOGOBAHHMS HC-
XONsl M3 PEHTA6@NbHOCTH HX OTPAGOTKH IIPH ONPENETEHHEIX CpPefHeM
(Cp) v MMHHMaJBHOM (6opToBOM) colepKaHMAX MeTalja B AOOH-
Baembix pyRax. Ha cramum geranbHoit paseemku MECTOPOXKAEHHH
00513aTeIbHO PAaCCMATPUBAIOTCST KO IATH M GoJjee uMpp CpeaHux H
GOpTOBBIX COZEPKAHHMI MeTaljaa C MEeJblo BbI6Opa ONTHMAJbHOTO
BapuaHTa ero skcmiyatanud. OpyAeHesnne MOPOAH 3a KOHTYPOM
GOPTOBOTO COMEPIKAHMS IIPH STOM KaXABIi Pas OTHOCATCS K nepBHy-
HOMYy ~opeoJsly MeCTOpOkIeHMst (BK/K0Yas 3abajaHCOBble DyAH).
Hacto mnocne pJAHTeNbHOH OTPaGOTKH KPYNHBIX MECTOPOXKAEHHUN
IIDHHUMAIOTCS pelIeHHst O CHHMKEHHH OOPTOBOTO COZEPXKAHHS Me-
Tanana B J06bIBAGMBIX DYAaX, BCJEACTBHE Yero pasMepsl DYAHBIX
TEJI YBENHYMBAIOTCS 32 CUET HX «I€PBHYHHIX OpeosioB». [las He-
KOTOPBIX THIIOB MECTOPOXAEHHH TPaHHLA MEXAY DYIAHLIM TEJOM M
€ro NEepBUYHBIM OpPEOJIOM HMEET TreO0JIOTHYeCKHil cMbica. Tak, Ha-
fIpHMep, arperaTHBHble CYJbGuAHble DPyIbl HIM KBapLeBas Kuia
MOryT cjaraTh Io0JIe3HOe HCKOIaeMoe, NEPBHUHBIN OPeos KOTOPOro
Pa3BHT BO BMemaoMuX nMopofax. OAHAKO B 06/1aCTH BbIKJIMHHBA-
HHSl TAKUX DYAHBIX Te€J IO IIPOCTHPAHHIO, MO MAAEHHI0 WJIH BOCCTA-
HMIO TPAHHIA NOJIE3HOTO HCKONAEMOTO ONpelessieTCs] MHHHMAJbHO-

Puc. 54. Teonormueckuii paspes (a) M pachpefelieHHe AHOMAJBHBIX KOHIIeHTpa-
1uit Pb(6), Cu(s) n Co(2) B BepTHKAJILHOM NONEPEUHOM paspese uepes ILeHT-
PaIbHYO yacTh 30JOTYHIHHCKOTO PYAONPOsiBIeHHs [5].

1 — ocamounrle nopoxh; 2 — KBaplieBhle NOPGUPH; 3 — NaBOGPEKYUH KBaPUEBHIX nopdupos; -
4~ Tydr KHCAOIO cOCTaBa; § — CyGBYJIKaHH4YeCKHe KBapuesele mnopduphl; 6 — fafxu; 7 —
PasaOMbl; 8 — MUKDOKBAPLUTLI; 9 ~ XJOPHTOMUTHI; 10 — PYAHEE Texa; I1—I13 — nepudnbie
Opeosibl B nopsake BO3pacTaHuu KOHNeMTpaUHA 3JeMeHTa (/3 — NOMA MAKCHUMAaJBHEIX KOH-
IleHTpanuh)
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[POMBIIIIEHHOA MOHIHOCTbIO T€X XKe pyJA, HepPeAKOo NOABEpracMou
nepecmorpy. IlosToMy BO BCcex Cayqasx rpaHuia pyaa-— nepBud-
HHH OpeoJ MMeeT He IeOXHMHYECKHH, a TOJbKO BPEMEHHLIH, T€0JIO-
rO-5KOHOMHMYECKH# cMbic/l. BHelHsis rpaHuiia IEPBHYHOTO OpeoJad,
ecli OH He OrpaHuueH M03JHEHIMMH TEKTOHHYECKMMH Hapyuie-
HMSIMH HJM 3DO3HOHHBIM CpPe30M, B DaBHOH Mepe HMeeT yCJOBHBEIH
CMBIC B CHJIy ACHMIITOTHYECKOTO IpHOJHXKEHHs aHOMaJbHHX CO-
Jep:KaHHil XMMHMYECKHX 3/IEMEHTOB K YPOBHIO MECTHOrO ¢dona (cMm.
r1. 1). OZHOTHIHOCTD 3JEMEHTHOTO H MHHEpaJbHOro C(?CTaBa pyXa
{ IIEPBUYHLIX OPEOJIOB COO/I0AAETCA AOCTATOUHO IMHPOKO: O4EBHIAHO,
4TO MECTOPOXJEeHHe, OKOHTypeHHoe N0 GOpTOBOMY COAEDKAHHIO
0,5 % wmeranna, 6yAeT MMETb B [IEDBHYHOM OpEOJE NpPH COAEPIKA-
uugx Meranna 0,49 % Bce TOT e MuHepaJbHH coctaB. IJTO He
HCKJIIOUaeT Ge3MHHEpPaJbHBX (OpM HAaXOXAEHHSA 4YAaCTH 3JIEMEHTOB
B pyZax u opeonax. OpHOBpeMeHHOCTb 00pas3oBaHHsi DyRHOTO
Tesa M ero OpeoJa He TOJbKO BHITEKaeT M3 YCJOBHBIX IpaHHIl Me-
Iy IPOMBILITEHHBIMH H ODPEObHHIMH KOHLEHTpaUHsAMH MeTa/lIOB,
HO H COJEPKHTCS B ONDENeNeHHH TEPMHHA <«NEPBHUHBIH OPEOJI>.
AHOMaJibHBe COJlepXaHHs PYIHBIX 3JeMeHTOB, 00pasoBaHHbEe He
ONHOBPEMEHHO C DYAHBIM T€JIOM, B pedyJsbTaTe APYrHx NpoLECCOB,
HE MOTYT HMEHOBATbCsl €ro IePBHYHLIM OPEOJIOM.

JIMTOXMMHUeCKHe aHOMajuu Bejel 3a HX OOHapyXXeHHeM Tpe-
6yloT OLEHKH. JTa 3ajaya CMellaercs: B o6JacTe METOLHKH DPas-
BENKH, €CJIH CKBaXMHa, KaHaBa MaM mypd BCTPeTHIH Goraroe HJIK
MOILLHOE pYAHOEe TeJO, XOTS M B 3TOM CJyude reOXnMHuecKHe HC-
CJe[OBaHMsI HMIPalOT CyLIeCTBEHHYI0 DOJb. BaiKHEHUIyl0 reoJoro-
MOMCKOBYI0 3ajauy, B pelleHHMH KOTOPOH [eOXHMHYECKHM METOAaM
MIPUHAJJIEKHUT OCHOBHAsi POJb, COCTaBJ/sieT OLEHKA HENPOMBILIJIEH-
HHX NpOsBJeHMA DYAHOH MHHepa/iu3alyH, AONYCKalOLIHX IIPEAlO-
JoxeHne o6 HX NPHHAAJNEKHOCTH K UHC/IY IEPBHYHBIX OPEOJIOB
CKDBHITHIX PYAHBIX TeJ. AJbTepHaTHBHble DELIEHHs, KOTOPbIE IIpH-
XOJUTCS IPH 3TOM paccMarpHBaTh, HJJIIOCTPUPYET DHC. 55. Bce
IATh IOHCKOBHX CKBaXXHH IepecekJH 30HYy MHHEpasu3aluy, HO
TOJABKO B CJAYyYasix @ H 8 HENpOMblLJIeHHass MHHEpaJsn3anus 3aciy-
JKHBAaeT DasBelKH Ha Ty6uHy. B cayuasx @ H 6 CXOIHble pe3y.ib-
TaThl MOTJa AaTb NPOXOJAKAa KaHaB WM INypQOB, aHa/JOTHUHbIE He-
[IPOMBIILIEHHbIE TIPOsIBJeHHs] OOHAPYXKHBAWOTCHA IIPH olpoBoOBaHHK
CTEHOK NOA3eMHHEIX TOPHBIX BEIPaGOTOK. MHOXECTBO HE3HAUHTEJb-
HBIX NpPOSIBJEHHH PYAHOH MHHEpaJH3aluH NepBHYHBIMH OpeoJaMH
MeCTOpOXKJeHHll He SB/SIOTCS, GOJBIMHCTBO M3 HHMX INpHHALIE-
KHT K Paspsy MEJKHX PYAONDOSIBJIEHHH, 30H DAaCCEesHHOH MHHE:
panusalyi H DYIHBIX TOYeK, MHOTOKDATHO MPEBBIIMAIOUIHMX HHCJO
IPOMBILIJIEHHEX MeCTOpoXAeHuii (cM. Tabn. 5). PeireHue o mpu-
HaAJeXHOCTH BLISIBJEHHOH aHOMaJMM K HAAPYAHOMY OpEOJYy HJIH
K JPYTHM TOPH30HTaM pPYyAHO! 30HH NPHHHMAETCsl HAa OCHOBE aHa-
JM3a €€ YCTOHUMBLIX FeOXMMHUYECKHX XapaKTePHCTHK C y4€TOM re-
HeTHYECKOTO THIIA OPYAEHEHHS.

PyaHoe TeJo M €ro INE€pBHYHBIA OpeoJ AOJ/IKHLL paccMaTpu-
BaThCSl B KauyecTBe €AMHOH, CJOXKHO NOCTPOEHHOH JHTOXHMHUYECKOM
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Puc. 55. Bo3mOXKHbIE TeosIOTHUECKHE PAa3pesbl NPH BCTPEYE CKBAXKHHAMH HENpo-
MbILITeHHOH MHHepaJH3aluH.

7 =)z [vv]s

‘OpyAeHende Ha CcOBPeMEHHOHl MNOBEPXHOCTH: @ — MePBHIHBIA HAZPYAHEIE Opeol; 6 — 30Ha
paccesHHOf MHHepanusallui (3PM) Hin nompyawubii nepBHYHBA opeox. OpyneHeHHe B CKPHI-
TOM 3ajleraHHH: 6 — NePBHYHBIK HAADYAHBIA OpEOJ CJenoro PyAHOrv Tena; e — 3PM: 0 —
JIOAPYAHBIA [IePBUYHLIA OpeoJsl Morpe6eHHOro MecTOPOKIEeHHS.

1 — 35110BHO-LeNI0BUA; 2 — NaNbHENPUHOCHbIE OTMOJKEHHs; 3§ — PyHOBMeElLalol[He nopoxnl; 4 —
HeIPOMBILIJIHHAsl MHHePaJNH3alluss MM NepBHUMBIA opeos (?); § — pyAHoe Telo; 6 — rpadux
COlePXKaHHA DYAHOrO 3JeMeHTa B TrUNEPreMHoM Opeofie PacCesHHs; 7 — BTODHYMBIH OPeoa
PpaccesHHs; 8 — MOHCKOBasl CKBaX{MHa

2HOMAaJIMH — 30Hbl PYJAHOH MMHEpAaJH3aUUH C YCJIOBHBIM BHEIUHUM
KOHTYPOM M ONpEAe/EHHBIMH BHYTDEHHHMH 3aKOHOMEDHOCTSIMH
NPOCTPAHCTBEHHO-YIOPSI JOYEHHOTO pacnpefeJeH s XHMHYECKHX BJie-
MEHTOB. [130/1MpOBAHHOE, B OTPhIBE OT PYAHOTO TeJa H3yYEHHE reo-
XHMHYECKHX XapaKTePHCTHK IIeDPBHUYHOIO Ope€osa HEeAONYCTHMO H
CIOCOGHO NPHBECTH TOJIBKO K HEYCTONYHMBHIM BBIBOAAM. 3aKoHOMep-
Hl0CTH BHYTDEHHEro CTPOEHHsi PYAHLIX 30H BHIABJSAITCS IyTeM reo-
XHMHYECKOTO M3y4YeHHsl PAa3JMYHBIX IO FE€HE3UCY, CTPYKTYPHO-Te0JI0-
THYECKOH M JIMTOJIOTO-CTpaTurpaduuecKoil NPHYPOUYEHHOCTH XOPOILO
pa3sBefaHHLEIX MEeCTOPOXKIEeHUH IaBHEHIUHX NPOMBIIJIEHHHIX THIIOB.
HucsieHHblE BeJMYMHB NapaMeTPOB, XapaKTEPH3YIOUIMX OpeOoJbHbIE
U DYAHBIE CEUEHHs ITAJOHHHIX MECTOPOXKAEHHH CJyXKar KpPHTEpH-
SIMH OLIEHKH JHTOXMMHYECKHX aHOMa/JHil NPH MOHCKaX. YueHHe 00
9HJO0TeHHOM, 3K30TeHHOM M -MeTaMop(oreHHOM pyA006pa3oBaHuH,
C KOTODBIM HEOTAEIHMO CBsi3aHa TeopHS (HOPMUPOBAHHS EPBHUHBIX
OpeOJIOB MECTOPOXKAEHHH, ObI0 CO3ZAHO TPYAAMH MHOTHX HMCCJEHO0-
BaTeseil. ['eHesucy pyAHBIX MeCTOpOXKJEHHI IOCBSILIEHAa OGLIMpHAS
crenMajbHas Jureparypa. B Teopun W NpakTHKe TreOXHMHYeCKHX
NOMCKOB PyJHble MECTOPOXKAEHHS BOCIPHHHMAIOTCA KaK 0GLEKTHBHO
CYLIECTBYIOIIHE PeasbHOCTH, OJHAKO YCIEIIHOe BeleHHe 3THX pasoT
HeMBIC/IHMO 6e3 MOHHMaHHsl 3aKOHOMEPHOCTeH NpoIeccoB pyRoo6pa-
30BaHus. B CBOIO ouepenb, HCCIeOBAHHS IEPBHUHBIX TEOXHMHYE-
CKHX OP€0JIOB O0OrallaioT yueHHe O PYAHBIX MeCTOPOXIEHHSX HO-
TIOJIHUTEJbHBIMH AaHHeIMH. Haun6osee mosHo HccsiefoBaHbl nepeHd-
HbI€ OP€OJIBl YHAOTEHHBIX MECTOPOXKACHH, H3yueHHe KOTOPHIX ObLIO
Hauato H. WM. Cadponossim [35], mosyunio paspurhe B cepHu paGoT
C. B. TpuropsiHa [5, 6, 17] u ero mkoas, a TakkKe MHOTHX
ADYTHX OTeYeCTBEHHHIX H 3apyOexHHX aBTopoB. HamGosbiuee BHH-

159



MaHue ObLIO YAETEHO MCCAeJOBAHHIO NEPBHUHBLIX OPEOJIOB THAPOTED-
MaJibHBIX MECTOPOKAEHHH.

OO6ulenpHHATHIMH SIBJSIOTCS NIPeACTaBJAEHHS O I'HAPOTepMaJbHOM
pyZoo6pa3oBaHHH B pe3y/bTaTe BHIIAJIEHHS METAJJIOB H3 TOPSUHX
ras’oBO-XHAKHX BBICOKOMHHEPAJH30BAHHLIX  PaCTBOPOB, JBHXKY-
IHXCSl B TOPHBIX NOpPOJAax BAOJb ocaabJeHHBIX 30H, B oflleM Ha-
npaBJieHHH W3 TVIYOMHBl K NOBepXHOCTH. IlepeHoc Merassos ruapo-
TepMaMH npejnosaraercs B (popMe raJOHAHBIX KOMIIJIEKCOB, IIpe-
uMymectseno xgopunop tana Na[MeCly] uan Na[MeCls], unoraa
bTOpHAOB, npH ydYacTHH THApOCYIbGHAHBX KommIekcoB H CO..
OcaxjaeHue PyAHBIX MHHEpAaNOB H3 THADOTEDM NPOMCXOAHMT BCJIE-
CTBHE NafeHHst TeMIlepaTyphbl M AaBJEHHS, B pe3y/bTaTe B3aHMOAEH-
CTBHSI PACTBOPOB ¢ GOKOBLHIMHM IIOPOJAMHM M ADYTHMH BOJAaMH, H3Me-
nwenuss pH u Eh u apyrux ycjoBuit, Hapywaomux (asosBbie paBHO-
BECHs B CHCTeMe pacTBOp — nopoja. MHOrOKOMIOHEHTHHH COCTaB
THAPOTEPM M PA3JMuHsi B YCJIOBHSIX OCaXKAEHHS OTAEJAbHBIX KOMIO-
HEHTOB pacTBOpPA ONPeReJNSIOT MHHEPAJOrHYeCKyl0 H XHMHYECKYIO
30HAJBHOCTb OpYJAeHeHHUsi. Bce aTH NPU3HAKH B CBETE €HHCTBA pPYyIA-
HBIX M OKOJIOPYIHHIX KOHIEHTPAnMi METaJJIOB HaXOAAT OTPaKeHHue
B CTPOEHHH M T€OXMMHYECKHX XapaKTeDHCTHKax IePBHYHBIX Opeo-
JIOB THAPOTEPMAJbHBLIX MeCTOpOXAeHHH. PaspHThe HX NOAYHHS-
eTCs HalpaBJeHHI0 PYAOKOHTPONHPYIOUHUX CTPYKTYD H GJaronpusr-
HBIM [J1si PYAOOTJIOXKEHHsi TOPH3OHTaM mHopoA. MakcuMaabHO Nep-
BHUHBIE OpPEOJIBl DPAaCHPOCTPAHSIOTCS BJOJb INpeAnoJaraeMbx Ha-
NpaBJEHUI HANOPHOTO TeYeHHs (MHPHIbTpPAlMH) pPacTBOPOB — IO
BOCCTAHHMIO M NPOCTHPAHHIO PYAHBIX TeJs, 0 KOTOPHM 3(deKTuBHEIE
pasMephl OpE€OJOB MOTYT NOCTHTaTb MHOTHX COTeH MeTpoB. boaee
OrpaHHYeHBl OKOJOpYAHHE NEePBUYHBIE OPeOJibl, BOSHHKAWIIHE B pe-
sysabrate Aud¢ysHH pacTBOPOB IO HaNpaBJeHHI BKPECT IPOCTH-
paHus PyIAHBIX 30H, B OTAEJbHHX cayyasx HX 3ddexkTHBHbIE pas-
Mephl COCTABJAIOT TOJbKO HepBble Merphl. OnHAKO valle OKOJODYA-
Hbl€ OpeoJibl MECTOPOXKIeHHH (OPMHDYIOTCA B pe3yJjbTaTe coue-
Tanusd HHGHUAbTPanuM W Auddysuu pacTBOPoB, 3axpatbiBas 006-
WHPHYIO 30HY NOCTENEHHO 3aTyXalolled TPEIIHHOBATOCTH GOKOBEIX
nopof. BeieacTsue 3TOro nepBHYHbIE OPEOJIB! THAPOTEPMAaIbHbIX Me-
CTOPOXKAEHHH B CEYEHHH HEPeIKO HMEIOT CJOXKHYW (opMy, Xapak-
TepU3ysACh UepefOBAHHEM PE3KO aHOMAJbHBIX (MH(UIBTPALMS) M II0-
BHILIEHHHX OKOJ0(OHOBBIX (AuDY3Ha) copepkaHuii PYAHBIX ie-
MEHTOB (cM. pHC. 54).

B oOTJM4Me OT OJHOTO-IBYX, pexXe Tpex-ueThipex MeTaJllIoB,
OOLIYHO SIBJSIONIMXCS TOJIE3HHIMH KOMIIOHEHTAMH DYAHBIX MeECTO-
pOXKIeHHl, TeOXHMHYECKHe HCC/IEIOBaHHS BO BCex Cjydyasx o6Ha-
DYXHBAIOT MOJIHJEMEHTHHH COCTaB THAPOTEPMAaJbHOTO OpyAeHe-
nusi. [Ipn 5TOM HMeeTCst B BHAY HE TaK Ha3bIBaeMO€ «IPHCYTCTBHE»
TeX WJM MHBIX 3JeMeHTOB Tab/uubl MeHzeneeBa, J060H U3 KOTOPHIX,
COTVIacHO 3aKoHy BepHaickoro, IpH HajJexkaleil YyBCTBHTENbHOCTH
aHa/u3a 3aBeJOMO OGHApyXKHBaeTCst B COCTaBe BCEX NOPHBIX MOPOA
u pya (cM. 1.2). B mepBHUHHIX opeoslax M PyAax THAPOTEPMalbHbLIX
MesTopoxaenHit 10 30—35 u Gojgee XHMHUECKHX 3JIE€MEHTOB 06pa-
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3yI0T aHOMaJ/ibHble KOHIEHTPAUHH, OTUETIHBO YKasbiBasg Ha HX yua-
CTHe B npoliecce pynoo6pa3oBaHHus.

[TepBHUHBIMH OPEOJIAMH MECTOPOXKJAEHHH fABJSIOTCS 30HBI OKOJIO-
PYAHBIX THAPOTEpPMa/jbHO H3MEHeHHHX nopoA. Mx OKoHTypHBaHMe
OGLIYHO BefeTCsl BH3YaJbHO, peXe IO AaHHHM XHMHYECKHX aHaju-
soB Ha K, Na, Si, Al, Mg, Fe u Apyrde merporeHHble 3/eMEHTH,
NPUBHOC HJM BBIHOC KOTODHIX IPOHCXOAMT NpPH CEPHTH3AlHH, OK-
BaplleBaHHH, IOJOMHTH3alMH, IeMAaTHTH3aUMH H JAPYTHX IpOLec-
cax, CONpOBOXKAAIOMWIKNX pyroornoxenune. OQHAaKO OOLIHDHBIE 30HHI
H3MEHEHHbIX . fIOpOJ BO3HHKAIOT M BHe CBSA3H C OPYAEHEHHEM HJIH
B JODPYAHYIO CTAAMI0O H CJYXaT TOJbKO KOCBEHHBIMH IOHCKOBHIMH
npusHakaMu. [1psiMOe NMOHCKOBOE 3HaYeHHe HMEIOT aHOMaJbHble CO-
HepXaHusi PYAHBIX 3JEMEHTOB, KOTODbie II0 H30KOHLEHTpaTaM Iep-
BHYHOTO OpeoJa CIIOCOOHE yKasaTb IOJIOXKEHHE SIHIEHTPa CJenoH
PYHLHOH 3aJ/IeXKH. .

BaxkHeiinmee 3HaueHHe AJIsi METOJLMKH TE€OXHMHYECKHX IOHCKOB
HMeeT 30HaJbHOCTb PYAOOT/IOXKEHHs, T. €. 3aKOHOMEpPHOE H3MeHeHHe
COOTHOLIEHHH MeXAy ABYMsi MJH HECKOJbKMMH KOMIIOHEHTaMH Opy-
JleHEeHHs] 110 NPOCTHPAHHIO, NAaJEeHHIO H MOIIHOCTH DPYyAHOH 30HBI.
HauGoJiee [OTHO 30HAJBHOCTh IIOCTMArMaTHUECKHX MECTODPOXKAEHHH
6Li1a BrepBhle paccMorTpeHa B. Dmmoncom B 1924 r., OTMETHBLIMM
3aKOHOMepHOe H3MeHeHHe COCTaBa OpYACHEHHs C rvyO6uHOH H B 3a-
BHCHMOCTH OT [MOJIOXKEHHsT OTHOCHTEJbHO MAaTEePHHCKOH MHTPY3HH.
II1poKyI0 M3BECTHOCTb MOJNYYHJIH YCTAHOBJIEHHBIE UM PSABI 30HAb-
HOTO OTJOXKEHHs pPYAHBIX 3JeMEeHTOB (IO HalpaBJeHHIO NajieHHs
TemmepaTypnl W riy6uns): Sn, W, As, Bi, Aug), Cu, Zn, Pb, Ag,
Aug,, Sb, Hg [47]*. TeoxuMuueckne HCC/IeNOBaHHs MEPBHYHBIX Ope-
0JI0B THAPOTEPMAJIBHBIX MECTODOXKJeHHH MOATBEPXAAIOT H PaCuIH-
pAIOT [aHHBlE O PSAAX OTJIOXKEHHS 3JEMEHTOB.

A. A. Caykop nepBhiii 06paTH/ BHHMaHHe Ha IIOHCKOBOE 3Haue-
HHe PTYTH, KOoTopast Gsaroapsi CBOHM XaJbKOQH/bHbHIM CBOHCTBAM
W BBICOKOH JieTyueCcTH cnoco6Ha o6pasoBaTh HaJpyAHble NepBHYHbIE
OpeoJibl B CBSI3H C CY/Jb(GUIHBIMH MECTOPOXAEHHSMH Pa3JHYHBIX
MeTaJlJIoB. Pacimmupssi npejicTaB/eHHss 00 HHAMKATOPHOM DOJIH OT-
nenbHux sJjementos, H. U. CatpoHOB ykasasn Ha CylleCTBOBaHHe
HaJPyAHBIX NEPBHUHBLIX OPEOJIOB TaJOHIHBHIX 3JE€MEHTOB M, B YacT-
HocTH, uoja. Ilocaenylomue uceaenoanus B. 3. ®ypcosa, H. A.
Oseposofi, M. A. Jlanna, B. A. CynoBa u MHOTMX JDYTrdX NOA-
TBepAMJIHM NpPaBHIBHOCTb 3THX TnpeicTasieHuil. HauGosee mnoJHo
BePTHKAJbHAsl 30HAJBHOCTb MEPBHYHBLIX OPEOJIOB THAPOTEPMAabHEIX
cybHIHEX MeCTOPOX/AeHHH OHa ocBemena B paborax C. B. I'pu-
ropsna # JI. H. Opumnnukopa [5, 17, 31]. Ha ocHoBe u3syuenus

* B paspepHyBlIeHCsS NHCKYCCHH 30HAJBHBIN DPSif HE BBI3BAJ BO3pameHHi,
wo IIx. Chnépp OTpuman HayuHbHi MPHOpHTET DMMOHCA, CCHIAsiCh Ha CBOW Mmyo-
aukanuio 1907 r. Oteeuasi Cnéppy, DMMOHC yKasaj, 4TO psifibl 30HAJBLHOTO OT-
JIOKEeHHs1 3JeMeHTOB ycTaHoBHa JI. ae Jlowe B 1900 r.B nocnenyiomem B3RIAILb
dmmonca kpurukoBaa C. C. CmupHoB. CymecTBeHHbIH BKJaJ B H3yueHHe 30-
Ha/JbHOCTH SHIOTEHHHIX MecTOpoXkzieHu#i npunagdexur 0. A, Bumubuny w
B. M. CmupHosy.

6 3axas M 405 _ 161



60see 300 pasJHYHBIX MECTOPOXKJIEHHH aBTOPH NMPUBOAAT 0606LIEH-
HBI PSIl 30HAMBHOCTH OTJIOXKEHMS 3/1€eMEHTOB (CHH3Yy BBEPX):
W(])—Be——AS(1)—81'1(1)——AU(x)—U-—MO—CO—Ni—Bi-—
W(z)—All(2)-—CLI(1)—ZH—Pb*Sl’l(z)—Ag——Cd—Au(a)——
CU(Q)_‘Hg, AS(2), Shb—Ba.
3nech HHAEKCH 1, 2, 3 mpH cuMBoJIax 3/€MEeHTOB 03HA4aloT, UTO
B 3aBHCHMOCTH OT MHHepaJbHBIX (GOpPM H accoudandil 3JeMeHTHI
MOTYT 3aHHMaTb pasJHYHOE IIOJIOXXKeHHe B 30HAJbHOM psady. Tak,
Hampumep, Sn(, OTBeuaeT OTJOXKEHHIO 0/10Ba B popMe KacCHTepHTa
SnO:, a Sny—B ¢opMe OoJsee HH3KOTeMIePaTypHOTO CTaHHHHA
CuyFeSnS,; As() cOOTBETCTBYET OTJIOKEHHMIO apceHomupHura FeAsS,
a As(y) — aypunurmenta  As:Ss;  Cugy — xanpkonupura CuFeS,,
a Cug) — terpasgputra 3CusS - Sh2S3. ABTOpH cHpaBeljiHBO OTMe-
Yal0T CTATHCTHYECKHI XapaKTep 30HA/JbHOTO psLa, IOCKOJbKY B
KaxJOM KOHKPETHOM MECTOPOXIEHHH, B 3aBHCHMOCTH OT ero reme-
THYECKOH NpHHAJJIeXHOCTH, HAGMIORAIOTCS Te H/IH HHBIE mepecTa-
HOBKH, 0e3 HapyueHHsl cyulectBa oOuiei IocJjeL0BaTeJbHOCTH.
[lpuBeneHHbI PsiE MOXKHO [ONOJHHTL CIpaBa TaKHMH JIETKOJETY-
yuMu sneMenTamu kak Tl, I; onpenesneHHble MecTa B HEM 3aHHMAlOT
Th, TR, Sr, B, Li, F. B cocraBe 35—40 rnaBHefilinX 371€MeHTOBR-HH-
aukatopoB opyaeHenuss JI. H. OBYHHHHKOB BblAeJseT BOCEMb
«CKBO3HHIX» ajeMmeHTOoB — Cu, Zn, Pb, Co, Ni, Sn, Mo, Ba, ¢op-
MHDVIOUIMX NePBHUHBIE OPEOJIbl 5HIOTEHHLIX MeCTOPOXKAEHHH 6OJb-
IIMHCTBA FeHeTHueckux THIo. Cemb snemenros — Sc, Ti, Cr, V, Sr,
Y, Zr — xapakTepHble KOMIIOHEHTH [EePBHUYHBIX OPEOJNOB MeCTOPOK-
NeHHH JUTOMHJIbHBIX METaJJIOB (pefKOMeTasbHbHe NerMaTHTH, rpei-
3eHOBHIe, allOTPAHUTOBLIE H Ap.) H CHAepOdHIbHBIX MeTasjoB. I1aTh
ageMenToB — Be, Na, K, Bi, W — yuacTteylor B 06pa3oBaHHH Tiep-
BHYHBIX OPEOJIOB JIMTO(QU/IBLHBIX MECTOPOXKIEHHH H OOLIMDHOM Xallb-
KOMOUIBHOH TPyNIbl MECTOPOXKAEHHH, BKJIOUAs COJepKallhe CyJb-
Guab 30J0TOPYAHBIE, peflKOMeTaabHble H (QJIOOPDHTOBBIE MECTOPOXK-
nenusi. M3 opeosioB MHOrHX MeCTOPOXKJeHHH BO3MOXKEH BBIHOC
Kese3a ¢ 06pasoBaHHEM 30H OCBETJIEHHS, a TAKIKE 3JIEMEHTOB IPYNITH
xkeqesa — Ti, V, Cr, Sc, nHorza Apyrux saeMeHTtoB [31].
Ha6monaeMas 30HaJbHOCTh THAPOTEPMAJbHEIX MECTODPOXKAEHHH
OCJIOJKHSIETCST MHOTOCTAJMAHBIM XapaKTepOM DYAOOTJIOXKEHHS H IIO-
clefylomMM MeraMopdu3MOM, OJHAKO CyllecTBoBaHHe O6liel
yCTOHUMBOH 3aKOHOMEPHOCTH He CTaBHTCS NOA coMHeHue. Ilns 06b-
SICHEHHs] YHHBEPCaJbHOTO XapaKrepa 30HAJbHOTO Psifia OTJIOXKEHHs
3/1€eMEHTOB NPUBOASATCS pas/HuHbie (PH3HKO-XMMHUECKHe 0GOCHOBA-
HHSI — KOHCTAHTHl PACTBOPHMOCTH CO€IMHEHHH 3JIeMEHTOB, II0Kas3a-
TeJH YCTOWYHBOCTH MPOCTHIX H KOMILJIEKCHBIX MOHOB NPYU PasjiHYHbBIX
sHauennsx pH u Eh, pasinuns B cKOpPOCTH nepemellents (MOABHXK-
HOCTH) THAPATHPOBAHHHX HOHOB B pacTBope, 3HaueHHs 3SHEPTHH
kpucranauueckux pemerok u gp. H. WM. Cadponos co cchiikof
Ha Makkesi [35] cunTas OCHOBHOH NPHYMHON 30HAJBHOTO OTJIOXKEHHs
9/1eMEHTOB H3 THAPOTEPM pPa3/iMuHs HX HOHM3AIHOHHBEIX TNOTEHUHA-
JIOB, C yBeJHUEHHEM KOTODBIX BO3pacTaeT SHEPTrHs MHApaTaUHH HOHA
W CcHHXaeTcsi ero mogsmxkHocTb. A. A. MapakyiieB 30HaJbHOCTb
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OpPYIeHeHHus: CBsI3bIBAeT C MOKas3aTeJNsiMH CPOACTBA 3/1€MEHTOB K IIpO-
TOHY M Cepe, YKa3hbiBaslh B 3aBHCHMOCTH OT XapaKTepa cpelbl OXH-
JaeMble PAABl OTJOXeHHs, 6yu3kue K HabaogaeMbiM. OTioxeHue
PYAHBIX 3/IeMEHTOB M3 THAPOTEPM, HECOMHEHHO, 3aBHCHT OT MHOTHX
OJHOBpeMeHHO REHCTBYIOILMX IDHMYHH M, IO CIOPaBelJIHBOMYy 3aMe-
yaguio [I. H. OBunBHHKOBa, 6ecnOJHOCTb MONBITOK OOGLICHHTh
30HaJbHOCTb DPyA006pa3oBaHMsA C NO3HLHeH pelIalollell posd Ka-
KOTO-TO ONHOTO (pakTopa AOCTATOYHO OYeBHAHA. MoXHO mpelroJia-
rath, YTO HMEHHO OrpOMHOe pasHooOpa3He M COH3MEPHMOCThL OJHO-
BpeMeHHO JeHCTBywomHuXx (AKTOPOB ONpelesioT HabaionaeMylo yc-
TOHYHMBOCTb PSAAOB 30HAJbHOTO OTJIOXKEHHS 3JIeMEHTOB, KOTAa BIOJIHE
OYEBHJHble BADHAHTHl YACTHHIX YCJOBHH He H3MEHSIOT (HMJH H3Me-
HSAIOT OYEHb MaJ0) KOHEYHHIfl pes3yJ/bTar.

Han6onee oruerTsinBo y KpyTONMafaloUHX THAPOTEPMaJbHBIX Tel
nposiBjieHa BEepTHKaJbHAasg 30HaAbHOCTb. OTpaxawT ee pasauunsg
OTMETOK 10 T/yOHHe MAaKCHMYMOB OTJ/IOXK€HHSI OTHAE/bHBIX pyAHBIX
s.1emedToB. [Ipumep rpa¢ukoB JNHHEHHO!H NPOAYKTHBHOCTH OpyIHe-
HeHuss Mp=f(2), xapakrepHsylOUIHX pa3MellleHHE 3THX MaKCHMY-
MOB, NMOKa3aH Ha puc. 56. B naHHOM c/ayuae 30Ha/bHBIA Psif OTJIO-
JKeHHs1 3JIeMEeHTOB OTBeuaeT rocjegosarenpHocTd (cHu3y BBepx) Co,
(Cu, Zn), As, Hg, cornacysicb ¢ yHHBepcaJbHHM psiioM. B uenom
PYAOOTJIOXKEeHHEe NpOTeKaeT Ha (oHe CHHKAIOUIEHCS TeMIepaTyphl,
a AJs1 KaXJAOr0 OTAeJNbHOTO 3JEeMEHTa — B YCJAOBHAX, AOCTATOUHO
6/H3KHX K H30TepMHueckuM. [losTomy n/1si xapaKTepPHCTHKH THAPO-
TePMaJbHOTO OpYyJAeHEHHsi YAOOHO NOJb30BATbCS MOHSITHAMHU O «BbI-
coxoreMnepatrypHeix» (Sn, W, Mo, Co u Ap.), «cpeiHeTeMnepaTyp-
ubix» (Ni, Cu, Zn, Pb) u «Huskoremnepatypunix» (Ag, As, Sb, Hg
H Ap.) 3J€MeHTaX M accOLHalusiX, JaBHO nPHOGDPETIIHMH yCTOHYH-
BbIfl T€0JIOTHYEeCKHiT CMBICTI.

Oo6uiereosoruyeckue IpeacTaBAeHAs] O THAPOTEPMANbHOM PYERO-
OTJIOXKEHHH M DPe3yJabTaThl H3yueHHS] IePBHUHBIX TIeOXHMHUYECKHX

0” /0” MPIM o/ﬂ

0

40
7

170

760

ZM

Puc. 56. I'padukn H3MeHeHHsi ¢ TIJyGHHOIN JIHHeHBIX NpPOJAYKTHBHOCTEH 3JeMeH-
toe. ITo A. C. Mansaxosy.
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Puc. 57. Mojenb HepBHYHHX Ope0soB

TH/IPOTEPMAJIBHOTO MECTOPOXK AeHHSI.

! — pynuoe Teno. IlepBuuHBle opeosb: 2 —
CBHHNA; 3 — DTYTH; 4 — foma; 5 — xoﬁanb'ra;
6 — coBpeMeHHbie OTMOMKEHHS.

Pumckumu uudpamu o0603nadeHnl HOMEpa ro- -

OpEOJIOB MO3BOJSIOT NOCTPOHUTH
060011eHHYI0 MOJEJ/b IEPBHYHLIX
OpPE€OJIOB  3HIOTEHHEIX  MeCTo-
poxjaeHuil. ¥Ynpoulas u CxeMa-
TU3UPYsl  PEAJbHYI0O KAapTHHY,
3Ta MOJZeJb B CBOEH OCHOBe
CYMMHDYET 3MIHpHUYECKHE [AaH-
Hble, HAKOIJIEHHBE Pa3/IHYHBIMH
apropamMu. Boxpyr kpyTomapa-
IOIero  Tesa  MOJHMEeTaJJuue-
CKHX DyA OCHOBHHIE pYAHBIE
anementsl (Pb, Zn, Cu, Ay, ...)
06pa3yloT IEPBHYHEIE ODEOJIHI,
YCJIOBHO  TIOBTOPSAIOIHE  €T0
¢popmy. DBosnee Huskoremmepa-
TYpHBIE 5J1€MEHTHI -CIIy THHKH
(Ag, As, Hg, ...) o6pasyior
HepBHYHbIE OPEOJIbl, CMeleHHble
10  BOCCTAHHIO OTHOCHTEJbHO
pyaHoro Tesa, B HaAPYAHOM IpPO-
CTpaHCcTBE 060COOMAIOTCS  Ope-
OJIbl  JIEFKOJIETYYHX 3JIEMEHTOB
(Cl, Br, I, ...). Oty kaprumy
JOTIOJIHAIOT CMelleHHble N0 Ia-
JEHHIO OT LIEHTpPa DPYAHOro Teja
OpPEOJIb 3JIEMEHTOB BHICOKOTEM-

PHU3OHTOB o

neparypuoir acconuauuu (W,
Mo, Co, ...). ns Apyrux THnop THAPOTEePMAJbHEIX MECTO-
POXJeHH#I OCHOBHBIMH DYRHBIMH 3JI€MEHTaMH, B YaCTHOCTH, MOTyT
6uiTe Sn, W, Mo, Be, HenpOMBILIIEHHBIMH 3JIEMEHTaMH-CITy THHKAMH
Cu, Pb, a poab Jerkoseryunx KOMIIOHEHTOB HAADYLHOTO OpeoJa
Moxer npuHagnexate F u Li. Jas yno6etea npu onucannu 3Tol
MOJLe/IH PYAHBIA 3/1EMEHT YCJOBHO Ha3BaH «CBMHEL», HH3KOTEMIle-
PaTypHBIH 3JIEMEHT-CIYTHHK — «DPTYTh», BBICOKOTeMIIepaTy pHLIH —
«KOOA/NbT» M JIETKOJNIETYUHH 3/E€MEeHT — «HOA» (puc. 57).

B ycnoBusix ray6okoro sajeraHusi cJjemnoro PYAHOTO Teja Ha
COBDEMEHHO! JHEBHOH IOBEPXHOCTH M B GAMNKAHIINX K Hej ropu-
SOHTaxX PYyNOBMEWAOIHX NOPOJ NEPBHYHBIA Opeosi Moker 06paso-
BaTb TOMIbKO HOA. Ha yposme 1 (magpyaHoro) ropusonta ToT xe
HOL Moxker oGpasoBaTh ABe W30JMPOBAHHbIE AHOMAJHH, PAacIOJa-
raionecst mo o6e CTOPOHBI OT OPEOJOB PTYTH H CBHHIA, BemHble
OpeoJsipHbIE COAEPXKaHHsi CBHHIA M PTYTH MOTYT OHITb OAMHAaKOBO
XapakTepHsl ¥ st I, u aas V ropusoHTOB pynHO#l 30HEHL ITostomy
M0 abCOMIOTHBIM COLEPKAHHAM 5JeMEHTOB THUIIOMODP(HOTO KOMII-
JIEKCAa HEBO3MOXKHO pasauyarth Haipyaubifi (I) u moapyammii (V)
HHTEpBAJIbl IIEPBUYHOTO Op€0Jia, 3Ta 3ajauya Pelaercss TOJNbKO IO
COOTHOIIEHHAM MEXLY COACPIKAHHAMM 3/1€MeHTOB. AHanH3 rpadu-
KoB Mp=[(2) Ansi 3Toii MOZeNH NOKA3HBAET, YTO MAaKCHMAaJbHbIE
KO/M4ecTBa HOAA OTJIAarajucCh BHIIe I ypoBHs, pTyTH — Mexnay I
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u II ropusonTamu, HauGOJbIIME KOJIMYECTBA CBHHLA OTBEYAIOT 11
TODH3OHTy, MaKCHMyM OTJIOXKEHHs KoGasibTa JeXuT Ha V ropu-
30HTe WM Huke. B3anMHOe mojioxkeHde MakcuMymoB M, aasi pas-
HBEIX 3JeMEHTOB, B COTJIACHH C NPHBEJEHHLIMH Bhille ARAaHHBIMH, OT-
BeuaeT 30HaJbHOMy psay (cmusy smepx): Co, Pb, Hg, 1. Cyaurs
0 BepPTHKAJbHOH NOCAeJOBATEJbHOCTH OTJIOXKEHHsI 3JEMEHTOB 10
pa3/HYHBEIM OTMETKaM HX MAaKCHMaJbHBIX KOJAH4eCcTB Mp MOXHO
TOJIBKO B YCJOBHSX NOCTOSIHCTBA (PH3HKO-MEXaHMUECKHX H (PH3HKO-
XMMHYECKHX CBOHCTB DyAHOH 30HHL. JIl0Oble H3MeHEHHs] TPEUIHHOBA-
TOCTH H TOPHCTOCTH DYAOBMELIAIOIIMX IOPOA, CMeHa HMX IeTporpa-
(HUECKOTO COCTaBa, Ha/JMUHe B pas3pese SKPAHHPYIOUIHX TOPH30OHTOB
¥ Apyr¥e NPHYMHB NPHBOAAT K pasiyBaM H IepeXHMaM OpyAeHe-
uus. OGycJoBJIeHHble 5TUM MHOTOYHC/IEHHbIE MAKCHMyMbl W MHHH-
MyMBl M,, copmajalomue no rjy6uHe AJjsi LeJoH TpyIbl 3JeMeEH-
TOB, MACKHPYIOT INIOC/AEAOBATENbHOCTh HMX OTyoxenus. Ilostomy,
B OT/IHUHE OT MOJAEJH, B DPEaJbHBIX YCJIOBHSX He MaKCHMyMH Mp,
arpadMKH OTHOW EHHH MeXAy KOJHIECTBAMH JBYX 3JIEMEH-
TOB XapaKTePH3YIOT HX B3aHMHOe MOJIOXKEeHHE B 30HAJbHOM psALy.
IToMuMo 3aKOHOMepHOro TATOTEHHsi Gosiee HHM3KOTEMIEpATypHBIX
¥ JIeTKOJIeTYYHX 3J€MEHTOB K BEDXHHMM TODH30HTaM pYyJHOH 30HHI,
HaApYAHbIE OpPEOJbl MOTYT O6OralarthCsi JE€rKHMH H30TONAMH 3Je€-
MEHTOB H COOTBETCTBEHHO HHXKHHME TODH3OHTHI — TSKEJBIMH H30-
TOmaMu 3a CueT HX pasauuHoi AucdPy3HOHHOH noaBMKHOCTH [36].
OGumast NpOTAKEHHOCTb HAAPYAHHX NEPBHUHBIX OPEOJIOB THAPOTEp-
MaJbHBIX MECTOPOXKIEeHHH Hajl BepXHed KPOMKOH NPOMBINIIEHHBIX
PYA IO HMelOmHMcs AAHHHIM Moxer gocturaTb 300—500 u 6oJee
1000 M.

[Teppuunbie Opeosill COGCTBEHHO MarMaTHYeCKHX MeCTOpOXJe-
HUil BO3HHKAIOT IPH JUKBALLHOHHOH M KPHCTAJNIH3AIMOHHOH 111/1(1)(1)6-‘
peHuHalUH paclyiaBa, Beayulell kK pyAooOpasoBaHHi0. JTHM IyTeM
(OPMHPYIOTCST CHHIEeHETHYECKHE MECTOPOXKIEHHs MeLHO-HHKEJEBbIX
cyJb®uAHBIX BKPAIVIEHHBIX DYA B HHXKHHX HaCTAX nuddepenuupo-
BaHHBIX YJIbTPAOCHOBHEIX HHTDY3Hi. B mpoMbilJIEHHBIX PYAax 3TOrO
THIA COAEpIKAHHe MeIM M HHKeJs NOCTHTaeT HEeCKOJbKHX IPOIEeH-
TOB, 06/1aCThI0 EPBHYHOrO OPeOJa SIBJSETCS BepXHsAs 30HA yOOrHX
BKpaIJIeHHHKOB, OTBeyalolllasi HE3aBEPIIEHHOCTH Ipouecca K Mo-
MEHTY 3acTbiBaHus Maccupa (puc. 58). 3omaspHOe pacnpeje/eHue
MeTaJJIoB II0 BepTHKaJH OGHADYXKHBAeTCss H B JaHHOM cayuae, Gy-
IydH 06s3aHO OmepexalollleMy NDOABHMKEHHMIO Ha TAyGHHY OGosee
tskedqoro nentaangura (Fe, Ni)oSs (d=4,95 r/cM3®) no cpaBHEHHIO
¢ Gonee jerkaMm xaapkonuputom CuFeS, (d=4,28 r/cm®). Menee
M3yueHbl [EepPBHYHBIE OPeOoJbl COGCTBEHHO OCaJ0YHBIX, 3K30TeHHBIX
PYAHEIX MECTOPOXKAeHHH. ['eHe3uC HEKOTOPHIX BeCbMa KPYIHBIX CTpa-
TH(HOPMHEIX MEJHBIX, CBHHIIOBO-IHMHKOBBHIX H 30JO0TOPYAHBIX MECTO-
POXKIEHHH HOCHT CIIODHHIH Xapakrep. .

[TepBuUHBEE OPEOJIE OCaZOYHBIX MECTOPOkKeHHH O0GHAPYXKHBAIOT
BCe NPM3HAKH AOCKJIaZ4aTOro NPOHCXOXKAEHHUs, NOAYMHAACH JIHTO-
JIOTO-CTpaTHrpaduueckoMy, (anuansbHOMy KOHTpos. B ycioBuax
71ePBHYHOTO 3aJ1€TaHUsi OHH PaCHPOCTPAHANTCST B FOPU30HTAJbHOM
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Puc. 58, BepTHKaJbHHI Dpaspes MarMaTOreH-
HOTO MECTOPOXJEHHS H KpPHBHE COXEpXKauHil
MeJH H HHKeJf.

1 — BMewalomue nopoabl; 2 ~ YALTPAOCHOBHble MO
poxbl; 3 — BKPAIJIEHHOCTE CYALDHL0B

Puc. 59. Cxema pacHOJIOXEHHS TOPH3OHTOB
B NpHHATON YCAOBHOH MeTpHKe [JSi IeHEeTH-
YeCKH OJHOTHIIHHIX pYIONPOSIBJICHHH,

a — 6 — pyAOnposBJIeHU] pasHBIX xaTeropuft
KPYIHOCTH; 8 — HeNPOMBIUIJIEHHOe pPYAONPOsABIeHHE.,
1 — nueBHAsT TNOBEPXHOCTh; 2 — KOHAHIHOHHBle PY-
ABl; 3 — HeNpOMBIUIJIEHHBIE COAEpXKauHA MeTalla;
4 — KOHTYD NPOMHILJEHHBIX pPyA nNocie CHHXKeHHS
KOHAUL UK

. B e B O

HaM GJH3KOM K HEMYy HallpaBJeHHH H, NPH CMEHe JIMTOJIOTHUECKOTO
COCTaBa OCAJKOB, B NEDPEKPHIBAIOLIHE TOJLIA He MPOC/EKHUBAIOTCS.
OcalquHubIM DYAHBIM MECTOPOKJEHHSIM M HX IePBHYHLIM OpeoJjaM
B paBHOH Mepe CBOHCTBEHHO 30HaJNbHOE CTPOEHHE, XapaKTepH3YIo-
Illee HaNPaBJIEHHOe M3MeHeHHe yCJOBHH OCajKOHAKOIJIEHHs Ha Teo-
xuMuueckux Gapbepax (cM. pasfen 1.8). 3oHanbHOe pacnpepeseHue
DPYAHBIX 3J€MEHTOB OCaZOUHBIX MECTOPOXKAEHHH XapaKTePH3YIOT H3-
BectHble Tpuagsl H. M. CrpaxoBa: Al—Fe—Mn pas ycioBuit
rymujHOoro aurorenesa 1 Cu—Pb—Zn pns ycnopuit apugHoro -
TOTeHe3a, OTpaxalollue MOCAeA0BATENLHOCTh OTNOXKEHHs 3THX Me-
Ta/MJIOB N0 Mepe yaajieHus oT GeperoBoli JHHHH GaccefiHa celuMeH-
tanuu [44]. CBouMu OCOGEHHOCTSIMH MODP(OJIOTHH W 3JIeMEHTHOrO
GOCTaBa XapaKTEepPH3YIOTCS MNepPBHYHLIE OPEOJbl MECTODPOXKAEHHH
tdochopuToB, coBpeMeHHble HJIH APEBHHE aJJIIOBHAJbHblE H MOp-
CKHMe DOCCHIIM M ApPyrHe MeCTOPOXKAeHHs OCaJOYHOTO TeHe3Huca.

B KoHType mepBHYHOTO OpeoJjia OCHOBHOrO (IleHHOTO) 3JeMeHTa
[oJIe3HOro MCKonmaeMoro yioOHO NOJb30BaThCsi obo3Hayenusimuy 0,0
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Aas Hayana M 1,0 Ans KOHIIA €ro aHOMAaJIbHBIX COAEPKAaHHH BIOJb
106010 JIHHEAHOTO HampapjeHHs. DTa MeTPHKA CJAYXKHT LJs ycra-
HOBJIGHHSI PACCTOSIHHE MeXAY [ABYMs CEUEHHSAMH DYNHOH 30HB H
ONpesiesisieT MOJIOKEHHE OTAENbHOTO IepeceueHHss B KOHType 3a-
Jexu. Jlna Kpyromajamoliux pyZHeix Tenm oTMetka 0,0 orBeuaer
BepXHell BbIKJMHKE DYIHOH 30HBI, oTMeTKa 1,0 — HHXHEH BHIK/JIHHKE
aHOMaJbHHX COJAEPXaHWi OCHOBHOTO MeTajya. IJTH TOPH3OHTHI
(ceuenusi, ypOBHH) B HaNpaBJIeHHM OCEBOH 30HAJBHOCTH IPHHSTO
uMeHoBath (puc. 59):

I — nagpyaumni, or 0,0 no 0,2;

IT — BepxHepyzaHnwii, or 0,2 10 0,4;

111 — cpennepyaubiii (nentpasbusii), or 0,4 g0 0,6;

[V — nuxHepyAnsi, ot 0,6 o 0,8;

V — nozpyauui, or 0,8 go 1,0

H 3THMH 00O3HaueHHMAMH MBI GyJeM MOJb30BAaTbCsl B AaJIbHEH-
HieM.

OcHOBHLIE MHHEpaJOoro-TeOXHMHYEeCKHE XapaKTEPUCTHKH TeHe-
THYeCKM OJHOTHIIHBIX MECTOPOXAEHHH He 3aBHCAT OT HX IPOMBIIL-
JeHHoro Macmraba M TOBTOPSIIOTCS B CEUEHHAX, HAXOASIIMXCS
B ONMHAaKOBOM IIOJIOXKEHHH OTHOCHTEbHO PYJOKOHTPOJIHPYIOMIHX
CTPYKTYp, MyTell NOCTYNJIEHHs] DYAHOTO BEUIECTBA H pa3MepoB KOH-
KpeTHbIX 3anexeil. lns npuMepa Ha puc. 59 cxemaTHuecku H3006pa-
’eHbl TPH TeHeTHYECKH ONHOTHIIHBIE KpyTollajaiollHe pyAHHeE 3a-
JIeKH OJZMHAKOBOH JIMH30BHAHOH (OpMH, [Jisi KOTOPBHIX CXOICTBO
TeOXMMHUECKHX XapaKTePUCTHK INpejmnosiaraercs IJjsi OJHOMMEHHBIX
FOPH30OHTOB BCEX TPeX OOBEKTOB, a Pasyuyuusl OXHAAITCSH MEXAy
TOPH30OHTaMH AJS KaXHOTo o6bekTa no raybune. O6bekTsl a u 6
pH ONMHAKOBOM KaueCTBe PYA Das/HyaloTCa M0 JIMHEHHBIM pas-
MepaM B [Ba pasa H, cJeloBaTeabHO, N0 3amacaM MeTajja B BO-
ceMb pa3, OGBEKTH @ H 8, MaJO pas3nuyasiCp [0 reOMEeTpPHUeCKHM
pasMepaM, XapaKTepH3YIOTCS COOTBETCTBEHHO OGoJiee BLICOKHM H
Goslee HM3KHM COAepXKaHMeM MeTajja B DyAHOH 3oHe. Bcaeactsue
31T0r0 OGBEKTH @ M 6 OyILyT NpHHAAJEXKAaTb K MECTOPOXKACHHUSIM
pasHbIX KATeropHil KPYMHOCTH, a OOBEKT 8 — K HenPOMBILIJIEHHOMY
pyaonposisienuto. HesaBHcHMO OT 3TOrO, 3aKOHOMEPHOCTH pPYAOOT-
JIOKEHHS, CBOHCTBEHHble AaHHOMY TeHeTHUeCKOMYy THIY, NMPHUBELYT
K OLMHAKOBOMY H3MEHEHHIO MOTOPH30HTHBIX T€OXHMMHUYECKHX OCOOeH-
HOCTEH OpYAEHEHHsl Ha MHTepBaJjie OT er0 HHXHHX 0 BepPXHHMX Bbi-
KJUHOK. [IpeAlloioXKeHHe, UTO TeHEeTHYECKH OIHOTHIHBIE OOBEKTH
a % 6 GyAyT XapaKTepH30BaTbCs HECONOCTABHMBIMH MHHEDAJOro-
FeOXMMHUECKHMH 0COGEHHOCTSIMHM TOJIBKO B CHJIY HX PasJ/IMUHOM IpO-
MBILIJIEHHOH OLIEHKH, 6blJIO Obl OIIHGOYHBIM. JleficTBUTENBHO, AOCTA-
TOYHO MOHM3HTb GOPTOBOE COAEPKAaHHe MeTaljla B IIPOXKHJIKOBO-
BKpAl/IEHHHX pyaax Toabko Ha 0,1 %, nanpumep Ans Cu,Ha 0,02 %
ans Mo mim maxe na 1-10~% 9% gns Au, uTo6bl HENpOMBILLIEHHOE
PVIONPOsBJIEHHe NEPENIO B paspsl MECTOPOXKAEHHH ¢ AOCTaTOUHO
KPyIHBIMH 3anmacaMu pyA. IIpn TakoM nepecMorpe KOHAHUHI 06%b-
eKT 8 C KOHTYpPOM pyX, IOKa3aHHBIM Ha pHC. 59 NyHKTHPOM, B IPO-
MBHIIJIEHHOM OTHOILEHHH IlepecTaHeT OTIMYaTbCca OT 00bekTa a H,
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CJIENOBATE/IbHO, MX MpeAblayllee TeOXHMHYECKOe NPOTHBONOCTABJIE-
HHE TOJILKO MO NPHU3HAKY SKOHOMHYECKOH OUEHKH OblJI0O HecocTosi-
TeJbHBIM.

CpoiicTBeHHbIE JIOGOMY DYLAHOMY OOBEKTY HPHPOAHbIE TEOXHMH-
4€CKHe 0COGEHHOCTH, HMEIONINEe TeHETHUECKHI CMBIC, HE MOTYT MpO-
H3BOJIBHO NOABJNATLCS HJIM HCU€3aTh B 3aBHCHMOCTH OT II€PECMOTpa
€ro NMPOMHLULIEHHOH oneHKH. [Ipn HaMUMM NpUHIMMHAJIBHBIX MHHe-
paJioTO-TeOXHMHYECKHX DAa3NHUMH MEXKAY NPOMHILJIEHHHIMH H He-
NPOMBIIIEHHBIMH O0BEKTAMM OHHM JOJ/IKHBI NPHYHCAATBCA K pas-
HbHIM TEHEeTHYeCKHM THIIaM (NOATHNAM), AJs KaXKAOTO H3 KOTODHIX
cxeMa (cM. puc. 59) 6ymer peanusoBaThcsl B NOJHOM oGbeme. Ha-
JIMYHE NUCHEPCHH UYHC/ICHHBIX 3HAUEHHH 3THX FEOXHMHYECKHX Iapa-
MEeTPOB A/1s1 CePHH OJHOTHIIHHIX CeueHHH 3aBEOMO NPEAIONAaraercs.
IIpuHIAN FeOXHMHYECKOTO M TeOMETDHUECKOro NOjo6us TeHeTHue-
CKH OJHOTHIHBIX OODBEKTOB Da3/MYHOH KDYNHOCTH, NpeACTaBJe-
HHSL O eIMHCTBE PYAHBIX M ODPEOJIbHBIX KOHIEHTPalMil INOJe3HBIX
KOMIIOHEHTOB, O BPEMEHHOM XapaKTepe TIe0JIOr0-3KOHOMHUECKUX
TPaHHI U OLEHOK, MpHHAJJeXAaT K UHCAy QYHAAMEHTaMbHBIX NOJO-
KEHHA METOLHKHM TeOXHMHUYECKHX IOHCKOB.

4.2. HAPAMETPbI NEPBUYHOI'O OPEOJIA

OnucarebHyl0 reoIOTHYECKYI0 XapaKTePHCTHKY IEPBUYHBIX Opeo-
JIOB DYAHBIX MECTOPOXKAEHHH JOMNOJHSAET (PH3HKO-MAaTEMaTHUECKHUil
aHaJM3 npouneccoB pynoobpasosanus. HafineHHble sTuM myrem Ma-
TeMaTHYeCKHE 3aBHCHMOCTH IMO03BOJSIOT IO HabJIOREeHHHIM 3Haue-
HHAM TEOXHMHMYECKOTO I0JIsi OYEHHTh YHMCJEHHYI0 BeJIHUMHYy Iapa-
MeTPOB 2HOMaJHH# M NOBBLICHTH OJHO3HAYHOCTb T'EOJIOTHUECKHX Bbl-
BOJIOB.

AHasuTHYUECKHE 3aBHCHMOCTH, XapaKTePH3YIOLIHe npouecc THA-
porepMabHOTO OpeosiooGpasoBaHus, OGbuin nmpenjoxenn P. U. Iy-
6osem [20]., B. C. Toay6esuim [16], E. M. Kesatkopckum [22] mas
NPOCTHX (PU3NKO-XMMHUECKHX MOAesedl. B OCHOBe MX JIEXHT COBMe-
CTHOE pelleHHe nHphepeHnnanbHbX YPaBHEHHH MaTepHaabHOTO Ga-
JlaHCa H KMHETHKH TeTEDOreHHBIX XHMHYECKHX DeakIufi ¢ yyeToM
psina pomyueHui. B uactnoctn, HauGonee ynoGHHIM sBAseTCH pas-
ACTbHOE DACCMOTPEHHe OMHOMEPHBIX 33[a4 O PYNOOTIQXKEHHH TIPU
¢uaprpanum pacTBOpa BAOJL OCIAGIEHHOH 30HH NpH OTCYTCTBHHU
fupdysun

aT 0z aT

=0, (87)

H 1pu Anddysun BellleCTBa M3 pacTBOpa B CiabONpOHHIaeMHe Go-
KOBble NIOPOJH

Cw , O _p PCx _g
aT ar ox?

(88)

rae C;K, CTB——KOHHGHTpaHHI/I PyAHOrO BelIeCcTBa COOTBETCTBEHHO
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B XHAKOH u TBepioi dasax; T — spems; U — ckopeers noroka;
D — xosdpdunuent nuddysun; x — HanpasneHue 10 HOPMAaJH K CTeH-
KaM pyZAHO# 30Hbl; Z — HallpaB/eHHEe MO NafeHHI0 PYAHOH 30HHL
VsMenenne KOHIEHTpallMM BelleCTBAa B TBepAoi (ase B yemo-
BHfX PEAKUMUH [1€PBOTO MOPAAKA XapaKTEPU3YeTCsl YpaBHEHHEM

Crs
2 — KCx, (®9)

rie K — KoHCTaHTa CKODOCTH peakuuH, B o6meM ciaydyae sBJSIOLA-
Acqd QyHKUHeHR TeKYIIHX KOOpAHHAT.

CoBMmecTHble pemrenyst ypaBHeHuil (87) u (89) uan (88) u (89)
NpH 3afaHHBIX HAYaJbHHX H TPaHHYHHBIX YCJOBHAX MO3BOJSIOT Xa-
PaKTepH30BaThb pacnpefeseHHe KOHLIEHTpallHil MeTajsa COOTBET-
CTBEHHO BZOJIb DYAHOH 30HBH M B OKOJIODYZHOM OpeoJie B TBepAoi
H XKHAKOH (asax B KaXXAbH oTAesbHB MOMeHT BpeMeHH. Hekoro-
pble H3 3THX pelleHHii PacCMOTPEHbI B IIHTHPOBAHHBIX paBoOTaXx.

KosnnuecTBeHHbIe XapaKTepHCTHKH INpoliecca TPeGyIoT CBejieHH
00 HMCXOJHBIX KOHIEHTDallHsX DYAHOTO 3JeMEHTa B KHUAKOH (ase,
O CKODOCTH JIBMKEHHS pacTBOpPA, AJIHTEJbHOCTH €ro IPOTEKaHHs,
napaMerpax cpelbl H O KOHCTAaHTax peakuuil. PemieHue 3Tod 3agaun
3aBeJIOMO MHOTO3Ha4YHO, IIOCKOJIbKY IIPEATIONIONEHHA O UYHCJAEHHHBIX
3HAaYeHHAX OJHHX BEJNHYMH, IDH QHKCHPOBAHHOM pe3ysbTaTe B hopme
Hab/l0laeMbIX HaMM DYAHHIX MeCTOPOXKAEHHH, mpPHBOAAT K 3apaHee
O0YC/IOBIEHHbBIM OIlEHKAM YHC/JEHHLIX 3HAYEHHH ADYrHX BEJHYHH.
O6ocHOoBaHHE METOLMKH TeOXHMHYECKHX IIOHCKOB DYIHBIX MECTO-
POXJEHHH IO MX NePBHYHBLIM opeosiaM Tpe6yeT pacCMOTPEHHs He
CTOJIbKO Ipouecca pyAoo6pa3oBaHusi, KaK €ro pesy/bTaTa, 3ameyar-
JIeHHOTO B (popMe PYAHLIX 30H C HEH3MeHHBIMH B MacuTabe Hallero
BpEMEHH KOHLEHTPaLMsAMH DYAHLIX 3JEMEHTOB B TOPHBIX MOpOAAax
(mpomecchl rumepreHesa B RaHHOM cJiydae He oGcyxkpatorcsi). Io-
3ToMy HuXe cuMBosiaMH Cy, Cz C, 0603HaualoOTCsi LOCTYNHbIE s
HEeNOCPEeACTBEHHOTO OIpEAe/IeHHs] KOHLEHTPAUHH PYAHBIX 3JEMeH-
TOB B TBepAoH ¢ase (Crz), a MHOTOUHCJIEHHBIM NOKa3aTesNsM Mpo-
necca pynoornoxenus {Cx, U, T, K u 1. 1.) OTBOAHTCS DPOJIb HEU3-
BECTHbIX KOHCTaHT. XapaKTepHCTHKOH pe3ysbTaTa DPYAOOTJOKEHHS
SIBISIOTCS YHC/JIeHHbBle 3HaueHHs TeX T'eOXHMHUYECKHX IapaMeTpoB
Opy/JeHeHHs, KOTOpble MOALAIOTCS ONpEeReNeHHI0 HCXOAA U3 TeOpeTH-
YecKHX MpeACTaB/JeHH# M HabJl0JaeMblX paclpeleseHHil XHMHUe-
CKHX 3JIEMEHTOB B OpeoJiaX M pynax.

B HauGosiee o6uiem caydyae COAepKAaHHsi PYAHOTO 3JeMeHTa B
THADOTEPMAJLHOM OPYACHEHHWH HO HANPaBJEHHIO ABHKEHHs TOTOKA
NOCTENEHHO BO3pacTaloT A0 HekoToporo ypoBHsi Cp, OTBeuarllero
VCJIOBUSIM HACHIIEHHS, a 3aTeM IIOCTENEeHHO 3aTyXaloT BCJEACTBHE
pacxoLoBaHus MOJe3HON HAarpy3KkH pacTsopa. B mpocTeiiiem caydae
B 06/1aCTH BEPXHMX H HHXHHX HHTEPBAJOB DyAHOH 30HBI, OTBEYalo-
X COOTBETCTBEHHO HAAPYAHOMY M NOAPYAHOMY MEPBHYHBIM Opeo-
JlaM 3aJ/lexKH, M3MeHeHHe COlepXKaHHH MeTasia ¢ TJayOHHOH mpouc-
XQIAT N0 3KCNOHEHUHAJRHOMY 3aKOHY:
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C.= Coe ™% 4+ Cy, (90)
rae Co— KOHIEHTpalnus MeTajlna B ToUKax z=0 B HauaJe U B KOHIE
30HBl HACbILleHHs; A; — apaMeTp, XapaKTepU3yUIHH YCJIOBHSA HH-
(GUIbTPALHOHHOTO PYLOQTIOKEHUS.

B oaHOpo1HO# H30TPONHOH cpefe IO 3TOMY K€ 3aKOHy H3MeH:-
I0TCsl KOHIEHTpAalluH MeTaJjia B OKOJNOPYAHOM AH(PysHOHHOM Ope-
0J1€ ‘

Cy=Coe™ ™" 1-Cy, (91)
rae Co— KOHIEHTpalus MeTasa B Touke x=0; A, — mapaMerp, xa-
pakTepusylomuil AupPy3HOHHOe IIOCTYIUVIEHHE PYAHOro 3JeMeHTa
‘B 6OKOBBIE MTOPOABI.

3apucumoctu (90) u (91) mpu mosynorapHpMuIecKOM macurabe
IOCTPOEHHs, 3a BbIYETOM (OHA, HMEIOT BHJ NPSMOJIMHEHHbX rpadH-
KOB ¢ pasnuUHBIMH HakjaoHamHu (puc. 60). B 3aBHCHMOCTH OT THIA
OpyJlieHeHHs1 U CBOHCTB XMMHUECKHX 3JIEMEHTOB, y4acTBYIOLUIHX B IIPO-
Llecce, OTJIOXKEHHe MOJIe3HBIX KOMIOHEHTOB MOXKeT NPOTeKaTh B yC-
JIOBHSIX HACHIIIEHHS Ha pasjdyHHX a6GCOJIOTHBIX OTMETKax DYAHOM
30HH M IpH Pa3nMUHON mpoTsikeHHOcTH H sroro mHTepsana. Mak-
CHUMYMbl COAEDKAaHMil 3JeMEeHTOB-CIYTHHKOB MOTYT pacnoJ/iaraTbcs
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Puc. 60. TeopeTnueckHe TpadHKH ConepXaHHH MeTajia (3a BuueToM oHa):
@ — N0 MajeHHI0 PYAHOI 30HB; 6 — B OKOJOPYAHOM OpeoJe.
! — pynHoe Teno; rpaduku C, H Cx: 2 — B noayaorapubMuyeckoM MacimutaGe; 3 — B apHd-

MeTHYeCKOM MacluTabe
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BHIIIE MJIM HHKe WHTEepBaja NPOMBIIVIEHHBIX PYA, MOZOGHO colep-
XaHuAM Hoja, PTYTH, KOGambTa B OpeO/aX CBHHIOBOTO MECTOPOIXK-
Jenua (cM. puc. 57). AHaJIOTHYHBIM SKCIOHEHIMAJbHBIM 33 KOHOM
€O CBOHM 3HaYeHHEM IlapaMeTpa A; XapakKTepH3YeTCs pacnpeneseHue
PYIHBIX 3/IEMEHTOB B OpeoJie, 06pa30BaHHOM NPH TPABHTALHOHHOMN
Anddepennuanuu pacniasa (cM. puc. 58). 3aeucumoctu (90) u
(91), ecrecTBeHHO, ABAAIOTCS He eNMHCTBEHHLIMH, H pacnpeaenenus
PYAHBIX 3JIEMEHTOB B Ope€oJiax H pyLax 4aCTo MMeIOT CJOKHHE xa-
paKTep, A/st KOTOPBIX aHAaJMTHUECKHE PEIUeHHs He MOT'YyT GHTb Hail-
AeHul. [IpuBesenHble npocrefiine 3aBHCHMOCTH HOCTATOYHO GAHM3KO
COOTBETCTBYIOT BBIXOAY Ha NOBEPXHOCTb ONPOGOBAHHS CAMBIX BEpX-
HHMX (anuKa/JbHEIX) HHTEPBAJOB HaAPYAHOTO opeosa. VIMeHHO 3TOT
Cay4aii OTBevaeT BaxHefiuled 3alaue — reOXHMHYECKHM MOHCKAM
FJy60oKO3aneraomux pyAHsX Ted. [lapaMeTpel A; H A, HHOTAZ MMe-
HYIOT «KO3(HIHEHTAMH NOTVIOMIEHHsS», XapAKTEpPH3YIOUIHMH IIpo-
llecc mepexoa XHMHYECKOrO 3/1EMEHTa M3 DacTBOpa B TBEDPAYIO
¢azy. [lng aHann3a NepBHYHEIX OPEOJIOB MECTOPOXIAEHUH yaoGHee
paccMaTtpHBaTh BeJHYHHY 1/A, HMEIOIIYI0 CMBICJ <«TeOXHMHYECKON
NOABHKHOCTH» HJIH <MHTDALMOHHOH CIOCOGHOCTH» 3aeMeHTOR. Ilo-
CKOJIbKY X M 2 BHPaXaloTCsi B MeTPax H I0Kas3arelb CTENeHH B
YPaBHEHHM 3KCNIOHEHTHl BeJHYHHA Ge3pasmepHasi, mapamerp 1/A
H3MepAETCs B METPaX, 4TO COOTBETCTBYET €ro (GPH3HUECKOMY CMBICIY.
BesnuuHa 1/, xapakTepH3yeT IOJBHKHOCTD XMMHUECKOTO 3/1eMEHTA
B HHQHILTPAUHOHHOM HANPYAHOM HJIH NOAPYAHOM NEPBHYHOM Ope-
one, 1/hy — MOABUKHOCTb eMeHTa B ANGDDYZHOHHOM OKOMODPYIHOM
opeosie, 1/h3 — NOABUKHOCTL 3J€MEHTa B MarMaTOreHHOM Haipyl-
HOM oOpeoJie NPM TPaBUTALHOHHOM OCEJaHHM DYAHLIX YaCTHI B pac-
nnase. C uucieHHO# CTOpPOHH mapamerp 1/A cooTBercTByeT cpes-
HeHl BeJMuYMHE IYTH, NPOHJEHHOTO ATOMaMH PYAHOTO 3JEMEHTa,
ydactpopaBumuMu B mponecce. OT a6GCOJIOTHOTO YPOBHSI COAepIKa-
HH{ 5/1EMEHTOB, OT YYBCTBHTEJBHHOCTH M TOYHOCTH aHaJH3a npoG H
OT 3((eKTHBHEIX (BBIABJIEHHBIX) Pa3MepoB opeojia mapamerp 1/A
He 3aBHCHT, OOBEKTMBHO XapaKTEPH3Ysl CPABHHTE/IbHYID TFeOXHMH-
YE€CKYIO TOABHKHOCTD 3JIEMEHTOB.

Ecan rpaduk HabalofeHHHIX colepXaHuii PYAHOTO 3JeMeHTa,
3a biueToM (OHA, B KoopAuHaTax X, lg Cy uan 2, 1g C, ynoBaeTBo-
pUTENbHO annpOKCHMHpYyeTcst NPsAMOH JuHHeH, nmapamerp 1/A nox-
RaeTCs HemoCpeACTBEHHOMY omlpeleseHHio. B stoM caydae ctg o
yr/la HaK/JOHa OCpefHSIOLIe NPAMOH K OCH X (MWW 2) GymeT mpo-
NOpIHOHAJIEH BeJMYMHe MHTpalMOHHOM crnocobHocTH siementa. Ilo-
CKOJIbKY HAaKJIOH NpsAMOM 3aBHCHT OT BHIGpaHHOro Macmraba Io-
CTpoeHusl rpaduka, ab6CoJIOTHOe 3HAaueHHe NOABMAKHOCTH 3JeMeHTa
(B MeTpax) HafileM U3 BBIpaXKeHHs

1A=L ctg 0 =0,434Y cig o, (92)
In 10

rAe Y -—NpUHATHH MOAYJb AECATHUHBIX JOTAPHPMOB COEPIKaHMIt
SJIEMEHTOB, BLIpDAXKEHHBIH B JIHHEHHOH Mepe OCH pPacCCTOSTHHH.
[IpuMep oueHOK MHIpalHOHHOH CNOCOBHOCTH CBHHLIA M MOJHG-
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geHa B guddysnonHOM
OKOJIODYAHOM oOpeoJie TO-
KazaH Ha  puc. 6l
Hafigennnie 3HaUYEeHH ST
1/A2(PB) =45 M H
1/A2(Mo0)=6,3 M ycraHaB-
JHUBAIOT 0oJjiee  BHICOKYIO
NOABHXKHOCTE  MOJHOAEHA
10 CpaBHEHHIO CO CBHHLOM.
b dekTupHan IHPHHA
IepBHYHOroO OpeoJa CBHHILA
NpeBBILAaeT pasMmepsl ope-
o/1a MoJIMbAeHa M II0 BesH-
Y¥HE HemapaMeTPHYECKHX
nokasaresneii  (cMm. 1.5)
MOXHO ObIO OB NpUHTH

s ! L [ K OWHOGOYHOMY  BBHIBOAY
05 0 /5 20 \JU TM 0 CDaBHHTENbHON TOJBHX-

N HOCTH 3JIEMEHTOB.
Puc. 61. Ouenka MHrpalHOHHOR CHOCOGHO- Panm NOABHXKHOCTH
ctd saementoB 1/A B auddysHoHHOM @ep-  37eMeHTOB, YCTaHABJIHBAe-
BHIHOM OpeoJe. _ Mble N0 BeJIMYHHE Mapa-
D D o boma 5 oo Driera doma. . MeTpa 1/A, He cienyer cme-

Aas Pb: Cg=210"° %; C4=5:10"°%. Aas Mo:  IHBaTh C PACCMOTPEHHBIMH
¢=1.10—4 % CA=3.1()—4 %; a— sdbdekTusHaAA BhILIE pﬂlIaMI/I 30HAJIBHO-
noayumHupHHa opeoja
CTH OTJIOXEHHS 3JeMeH-
ToB. B nepBoM caydae peun
WJ1a O NOC/JEN0BATENbHOCTH pa3MelleHHusi (1o TyOHHE OT NOBEpX-
HOCTH, 1O Mepe IajeHHus TeMIepaTypbl, yAaJeHHs OT AKTHBHbIX
HHTPY3HE HJIH OT GeperoBod JIMHHM) MAaKCHMYMOB OTJIOXKEHHs pas-
JHUYHbIX 3J€MEHTOB B 30HE OpYAeHeHHs. DTH INOC/IeJ0BATEIbHOCTH
HOCSIT YCTOHYHBBLIA XapakTep, 4TO II03BOJIAJIO YCTAHOBHTb H3BeECT-
Hble Psiibl 30HAMLHOTO OTJIOXKEHHS 3JEMEHTOB IPH SHAOT€HHOM DY-
noo6pa3oBanny. B oTaHuHE OT 3TOrO, PsANbl MHTPALMOHHON CNOCOG-
HOCTH aJeMeHTOB l/A; u 1/A; Haxe B Ipefesax OAHOLO MECTOPOXK-
IEHUS H3MeHSIoTCs no TiyGHHe PYXHOH 30HH, BIIOTb JO Mepe-
MeHBl 3HaKa NoKasdaTeass AHPOHY3HOHHOH IOABHUKHOCTH 3JEMEHTA
1/hy u o6pas3oBanus Ha Oosee TIyOOKHUX TOPH3OHTAX OPEOJOB BHI-
mesayuBanus. '

[Ipu naauuuu pesy/brTaToB oNpoGOBaHMS HA IBYX YPOBHSX Hall-
PYAHOr0 MEPBHYHOrO Opeosa, AONyCcKas coOJIofieHHe 3aBHCHMOCTH
(90), MoxHO rpaduuecKH OLEHHTb TMyOHHY 2Zp>>2;, Ha KOTOPOH CO-
JepXKaHue MeTalsNa B DYAHOH 30HE NPENOJOXKHTEJIbHO AOCTHTHET
sdagannoil Beanunmus Cp. Jasi 3TOro AOCTATOYHO IIPAMYIO, IpoBe-
JeHHyio yepes ToukH 1g Cy, 2; u 1g Ca, 2; NPOAJHTD B CTOPOHY BO3-
pacTaiollHX COAePXKaHMil MeTasna A0 ee BHxoAa Ha abcuucey Cp.
ToT xKe pe3yabTaT MOXKHO IOJYUHTb, BHUHCISS Zp H3 BHIParKeHHs
lgCp—1gCs — 1g (Cp/Cy) (93)

3

2y =
PR g, —1gC 1 1g(CalCy)
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rae oTcuer TAyOHMH 29 M Zp Be-
perca or yposhHs 2,=0, Ci u
Cs:— cofiep:kaHust MeTassa 3a
BhiueToM ¢oHa B IEHTPaJbHbIX
TOUKaX NEPBHYHOTO Opeosia Co-
OTBETCTBEHHO HA NIEPBOM H BTO-
pOM YypOBHSX.

IlpusnakoM  npuHaJJIEXHO-
CTH TOTO HJIH HHOTO XMMHMYeEC-
KOTO 3JIeMeHTa K 4YHCIy CHyT-
HHKOB TNIPOMBIIIJIEHHOTO OpYIe-
HEHHs C OMpEeAeJNeHHLIM OCHO-
BaHHEM CJYXHT CHJIbHAS MOJO-

KHTCIbHAA KOPpENALMi MEXIy Puc. 62. TeoxuMmHueckHe aHOMAJHH
€ro COAEPHKAHHAMH W COLACDKA- " o yyakopumn  kosdduIHEHTAME
HHUAMH OCHOBHBIX TIOJNE3HBIX KOPPeJSIHH  MEXAY  COJIepXKAaHHSIMH
KOMIIOHEHTOB B Op€0JIaX H pPY-  DYAHHX 3/eMeHTOB.
nax. OAHAKO OTCYTCTBHe g=xy>l 6—xy<l; b u 2-—orpulla-
o Te/lbHas KOPpeAsalids InpH pasauuublx ¢op-
TAKOH CBSI3HM UHJHU CTAaTH- Max anoManuii. TpaduKH conmepxanuli aie-
CTHYECKH 3HAUHMMAas OT- MeHTOB: [—x; 2—y; 3--pyAMas 30HaA
puHnartenbHass KoppeJas-
HUS MEeXAYy COAZEepXaHHUSAMHU ABYX DPYAHLB X 3JeMEH-
TOB He LOKa3HBaeT MX OTJOXEeHHS B pPasHble cTa-
AuH npouecca., HefictBuTesbHo, BO3Bpamiasch K 0606meHHON
CXeMe IePBHYHOrO opeoJsia (CM. pHC. b7), 3apaHee JomycKas, 4TO
K00aJbT, CBUHEL, PTYTb H HOZ OTJIOXKMJIHCh B OfHY CTaAHIO, MOXKHO
00HapyXHTh, YTO HApsNy C CHJBHOH MOJIOXHTEJNbHOH KOppessuuei
Ha onpemeJ€HHbIX THICOMETPHUYECKHX YPOBHAX CBSI3b MeXIy CO-
NEPXKAHHUIMH 5THX 3JE€MEHTOB OTCYTCTBYeT, HMeeT HeJHHEHHBIH
XapakTep HJH sABjsgercs oTpHiatesnbHol. KosadhduuHentsl Koppens-
IMH MEXAY CONEPKAaHUSIMH DYAHBIX 3JI€MEHTOB, SIBJSIACH CTaTH-
CTHYECKHMH TOKa3aTenasiMH, NpobpeTailoT OAHMHAaKOBbLI€ 3HA-
YeHHs NIPH CYWMeEeCTBEHHO PAa3HbBX NPOCTPAHCTBEH-
HblX pacnpefgeeHHsAXx 3J1eMeHTOB B TEOXHMHUECKHX
ARoOMaJausax (puc. 62).

Takum 06pa3oM, Bcsi COBOKYNHOCTb KO3((HIHEHTOB KOPpesILUH
MEXKAY COAEpPKAHUAMH 3JeMEHTOB, HEOOXOAWMMAs AJsi OOUIEH reo-
XHMHYECKOH XapaKTEPHCTHKH DYLHBIX MECTOPOXJEeHHH pa3HYHBIX
TEHETHYECKHX THIIOB, HeNpHrojHa JJs JAHAarTHOCTHKH HaJAPyAHHIX
NEePBHYHBIX OPEOJIOB.

Bonee 200 ner Tomy Hasag ropHsikm Pynsoro AuTas 3Hady,
4TO MO NAaJeHHI0 MOJHUMeTaJIJINYeCKHX 3ajleXell CHHXKAeTCs «CBHH-
IOBOCTb» PYN H pacTeT HX «UMHKOBOCTb», T. €. IMajaer ¢ TaybH-
HOM BeJHYMHa [0OKaszarejs 30HanbHOCTH v=Pb/Zn. 3pecy wu
B jajbHefillleM B NOKasaTensX 30HAJAbHOCTH v CHMBOJaMH 3J€MEH-
TOB 0603HauawTCsi MX KosnuuectBa (B M %, M?9) mau cpegHue
CONlepIKaHHA Ha TOPH30HTe onpoboBaHuf. BennuuHel OTHOLUEHUH
MEXKAY COoJepXKaHUsIMH (HJIH KOJHYECTBAMH) 3J€MEHTOB IpH YCJO-
Bud MX 6Ge3pa3MepHOTO XapakTepa MNO3BOIAT C OMH-
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HAaKOBbIM YyCIIeXOM XapakTepu3oBaTb M 0Ooratoe pYyAHOe TeJO, H
HENPOMBIIJIEHHYI0 MHHepa/JiH3allHio, YCTaHaBJHBas MeXJ1y HHMH
CXOACTBO MaHM pasnauuue (cM. puc. 59). Ecau B nanHO# TOUKe Opy-
JIeHeHHe XapaKTepusyeTcss KOHKDETHOH BeJHYMHOH MoKasaTess v,
TO TPH3HAKOM TEeOXHMHYECKOH 30HAaJbHOCTH sIBJsIeTCSl H3MeHeHHe
3TOH BEJNIMYHUHH B NPOCTPAHCTBE, HIH

gradv =

rae S —HanpasieHde HauGoJIbILell H3MEHYMBOCTH BHIGPAHHOrO IO-

Ka3arteJs.
3oHaJAbHOCTL SBJSIETCS BCKTOpHOﬁ BEJIHYHHOH C OpTOroHaJb-

ov ov ov
HBIMH COCTaBJIAKILHMH -—a——, —é— H T , TAE X COOTBeTCTByeT Ha-
X y 2

NpaBJeHHI0 MO HCTHHHOH MOIIHOCTH PYAHOH 30HH, y — MO ee MPO-
CTHPaHHI0 U 2 — N0 najeHuo. OueBHHO, YTO

2 2 2

Vi CORICHRICI IR ©
dS 0x dy 0z

M3smenenue cpefiHMX cOJepXaHHH J1060r0 OTAEJNBHO B3ATOrO
3JE€MEeHTa MJH MOUIHOCTH PpYJAHON 30HH BAOJb ONPENCJCHHOTO
HalpaBJieHHsl He CJe/yeT HMEHOBAThb «30HAJNbHOCTBIO». B sTHX Cay-
yagx yMECTHO OBOPHUTb 06 YBEJIHYEHHM HJIM 3aTyXaHUH HHTEHCHB-
HOCTH OpYjeHeHHsl, 0 GoraThix W OeJHBIX MHTEpBaJax, BBIK/JIMHUBA-
HMHM, pasfyBax WM MepexuMax DYyAHOH 30HBl, HCNOJIB3YS AJs
3TOro OJHO3HAYHble reoJoruyeckre TepMuHH. Ecan cooTHOlIeHHe
MEeXJy AByMsl XUMHYECKHMH 3JE€MEHTaMH BJOJb BHIGpAHHOro Ha-
1IpaBJIeHHs] OCTaeTcsl MOCTOSHHBIM, He3aBHCHMO OT M3MEHEHHs MOp-
¢oJsiorun opyjeHenus, ero GorarctBa uJau OelHOCTH, NOKasaTe/lb
v=const, grad v=0, ¥ 30HaJbHOCTbL OTJOXEHUs 3TUX ABYX 3Je-
MEHTOB BJOJIb JAaHHOrO HalpaB/eHHsi OTCyTCTByeT. I'eoxuMmuueckas
30HaJNBHOCTb OOGBSCHAETCS MHHEPAJIOrMieCKOH 30HaJBHOCTBIO OpY:
JeHEeHHs — H3MEHeHHeM  KOJHYeCTBEHHBIX COOTHOILEHHH MeXAy
MHHepanaMu, NOsIBJeHHEM HOBBIX MHHepPaJbHBIX (OPM WM H3ME-
HeHHeM COCTaBa 3JeMEeHTOB-puMecefi B MuHepanaax. [Tostomy reo-
XUMHYecKasi H3MeHYUBOCTh sIBJsieTcs OOIUM NIOKasaTejieM 30Ha/IbHO-
cTH opyieHeHus. [lJst XapakKTePHCTHKH KPyTONajalollHX SHAOreH-
HHIX MECTOpOX/IeHHH HauboJspluee 3HAUE€HHE HMEIOT BePTHKaJbHAs
30HAJbHOCTb OpYyJA€HEeHHS v, M 30HAJbHOCTb B IIOCKOCTH pYA-
HOTO TeJa vy, a AJsi Tel GOJbIOH MOWUHOCTH M GJIH3KHX K H30-
MeTpPHUECKHM — B IIJIOCKOCTH Pa3BEJOYHOro CeYeHHs Vi, B mepBoM
clyyae 30HAJbHOCTb XapakTepu3yloT rpaduku v.=f(z), B IBYX
APYTHX CJydasix — COOTBETCTBEHHO KapThl HM30MuHHA v=f(y, Z)
n v=f(x, z). [TosoxeHne BeKTOpa 30HAJBHOCTH Ha 3ITHX Kaprax
B J060fi TOYKe OMpeje/sieTcsi HOPMAJbio K Halpas/eHHI0 H30JH-
#ufi v. PaccMoTpeHHe NepBUYHOH 30HAJNBHOCTH OpPYICHEHHS Orpa-
HUYMBAeTCs KOHTYPOM 3aBelOMO aHOMaJbHBIX COJepXaHHuil 3Je-
MeHTOB Cx>>Ca. TlocKObKYy NOKasaTenu v BBHUYHCIASIOTCST 32 BHIYe-
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ToM (OHa, 3a npejesamu PYAHOM 30HH OHH He CYLIECTBYIOT. 3a-
KOHOMEpHble H3MEeHeHHsi ¢ TJYOHHOH BeJHYHH OTHOIUEHHH MeXay
COJEepKaHUAMH METaJJIOB B DYyAax 3HAOTEHHBIX MeCTOPOXAEeHHH
oTMeYajucb MHOrHMH aBTOopaMu eme B 30-e roaml, Hampumep,
yO6biBaHHe ¢ ray6uHoi nokasareieii Ag/Au umm Cu/As cootBer-
CTBEHHO /151 30JI0TOPYAHBIX H MeJHBIX MeCTOPOXKIEHHUHl.

ITo Benuunne nokasarteas v=Pb/Zn V. X. Bpayn ycranosua
npejpnosaraeMble NyTH [ABHXKEHHs THAPOTepPM npu (HOPpMHPOBaHHU
mecropoxpaenuss OcrunBwian B CIIA, Tlosanee anasnoruunble wuc-
clefloBaHHs Ha pyaHuke DBuaiikaunnen B I'pennanauu nposed
Y. X. Tpocc. TlonyueHHble uM BecbMa BbIpPAa3UTE/bHble JaHHbIE
(puc. 63) nokasHBalOT, YTO B PYAHOH 30He Ha NpoTsxkeHuy 300 M
BeJMYHHA 3TOro mokasartenss uaMensiercs B 20000 pas. Ha kapre
H30MUHAH vy, =Pb/Zn oTuernuBO ¢uKCUPyeTCss NOJMOKEHHe BeK-
TOpa 30HAJbLHOCTH, OTBeyaiolllee MaAeHHIO TeMIepaTypnl AEKpenH-
Talud KBapua.

ITpu reoxuMuyecKux MOUCKAx IMOKa3aTe/ju OTHOLIEHHH MEXIY
conepxanuaMu U, Mo u Pb ang xapakTepucTukuy BepTHKaJBHOM
30HaJBLHOCTH YPaHOBBIX MeCTODOXKAEeHUN Obliu BIEpBbIe PacCMOT-
peant A. 1. KabnykosuiM 1 I'. M. BeprenoBuiM B 1960 r. B nasb-
HefllileM pasjuyHble NOKaszaTeNu OTHOUICHHH MeX1y COJepXKaHu-
SIMH JBYX HJU HECKOJbKHX PYAHBIX 3J€MEHTOB CTaJH UIHPOKO MpH-
MEHSTbCS B NpPAKTHKe TEOXHMMHYECKHX MOHCKOB CJeNblX pPYyAHBIX
tes. HauGospuieli paspemaromeli cnocoGHOCTbIO, NO3BOJSIONIEH
yBepeHHO OpHEHTHPOBATbCsi B METPHKe DYyJHOH 30HBI, 006sanaloT
reoXxuMH4YecKHe MNOKa3aTe/H, YHCAUTeJb W 3HaMeHaTelb KOTOPHIX
copMHPOBaHB H3 3J€MEHTOB, 3aHUMAIOWIUX KpafiHHe MOJOXKeHHs
B 30HaabHOM papy. Hcxons us storo mpunuuna C. B. I'purops-
HOM 6B BbIGpaH TeOXUMHYECKHH NOKaszaTtesab JJsl OLEHKH Opeo-
JIOB CBHHLIOBO-IIMHKOBBIX MECTODOXK/eHHH

_ Ag-Pb-Zn
Cu-Bi-Co

Umnc/ieHHble 3HAYeHHsi 3TOro IOKasaTesi B HHTEpBaje [MyOuH
nopsinka 600 m ymenpwarorcs B 30000 pas, ycToHuMBO Xapak-
Tepusys 30HAJNPHOCTh HCCJAE€JOBaHHBIX NOJHMETANJIHYECKHX MEeCTO-
POKIEeHHH, CYIeCTBEHHO Pa3JIMYHBIX MO YCJIOBHSIM (OPMHPOBAHHA.
Ha puc. 64 npuBemeHH reoxuMHuYecKHe MOKa3arte/H, XapaKTepu-
3ylollHe 30HaJbHOCTb MefHOro pyromposiBaenust B lOxHom Kasax-
cTaHe. 31ecb B HHTepBaJjie OT HaJPYAHOrO 10 HHXKHEPYIHOTro rOpH-
30HTOB (=700 M) BesHuHHa MOKa3aTess 30HAJbHOCTH H3MeHseTcs
B 62 MJH. pa3. Uuc/leHHBe 3HaueHus NOJOOHBIX MoKasatesaefi AJ
XOpOINO pa3BeflaHHBIX MECTOPOXK/ICHHH INPHHHUMAKTCA 33 3TaJOH-
Hele. [Ipy reoXuMHYeCKHX NOUCKAX [AJs MNOcJAeAyIomel pasBeliKH
Ha rayOGuHY BBIACJAIOTCA aHOMAJNHMH C BEJIHYHHAMH TFeOXHMHYECKHX
nokasatenelt v, GJHU3KHMH K HX BepXHUM 3HAuUeHHSIM. AHOMaJHH
¢ MaJbMH BEJIHYHHAMH v, NPEANOJOXHTEJIbHO OTBedarmlllHe MNOA-
PYJZHBIM HHTEpBaJaM, ¢ YYETOM TIeOJIOrHYeCKHX [aHHHBX, NpH3HA-
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Puc. 64. Cpopnnifl npoduin (@) # rpaduKH reoXHMMHUECKHX IIOKasaTesefl 30HAJb-
HocTH (6) MeZHOTO DY AONPOSBJICHHUS.
I—Agn'eBHaﬁ NOBEPXHOCTb; 2 — PYRHOE TeJa0; 3§ — NepBHYMBIA opeod. Ipaduxu: 4—v=

= reh - . _ Pb-As As
Co Mo + VIV ==5,5-10% §—v= Mo vI/vV“=2,I~IO7; 6—v= T.Co’ vIVYIT=

=6,2-107. PHMckHe HH(PB — HOMEpPa rOPH3OHTOB

joTcs GecrmepcrneKTHBHBIMU. MeTOxH H3yueHHs IEOXHMHYECKOH 30-
HAJBHOCTH 3TAJIOHHBIX MECTOpOXAeHuiH, BHOOpa M MOC/IEAYyIOLIEro
npuMeHeHHst TOKasarteJeli 30HaJbHOCTH Gonee noapo6HO pac-
cMaTpuBalOTCs B CaeAylollleM pasjene. 31ech OTMETHM TOJBKO,
YyTO npu HAJHYHM JaHHBIX 00 W3MeHeHUM BEJIHYHH noKasaresei
30HAJbHOCTH C TJIYGHHOMN, MO HaKJOHY rpadukoB v,=f(z) K ropu-
30HTY MOXHO CYHHMTb O BeJHUMHE KO3(p(HuIHeHTa nopobus x=1,0
reHeTHYeCcKH OJHOTHIHBIX MECTOPOXJEeHHH, COrJIacHO 3aBHCHMOCTH

A= tg Glltg Qg. (95)

TeomeTpuueckoe 0GOCHOBAHHE 3TOH 3aBHCHMOCTH HJLIIOCTPHUPYCT
puc. 65. HesaBucumble omneHku Kos(duiuenta nopo6us npu ycio-
BHM TEOXHMHUECKOro ONpPO6OBaHHA JBYX OJHOTHNHBIX OOBEKTOB
B WHTepBaJje IPOMBIIIJIEHHOr0 OpyAeHeHHs, OT/araBIIerocst B yco-
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Puc. 65. Tpaduk# FeoxHMHuecKHX NOKasaTe/Jell 30HAMBHOCTH AJIA FEHETHICCKH
ONHOTHIIHBIX MECTODOMKZEeHHH DAa3NHTHON KPYIHOCTH.

| — nueBHAs MOBEPXHOCTH; 2— PYAHOe TeNno; 3 — NEPBUYHBIA Opeoy OCHOBHOTO  PYyAHOrO
NEeMeHTa
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BHSIX «HACHIIEHUS», WIH HA TOPHU30HTAX, ONHOHMEHHBIX B METPHKe
0,0—0,2, MOXHO NOJYYHTb U3 COOTHOLIEeHHH

%= (Mp)y: Mp)e =V (Pp): (Pp)a- (96)

[osinble 3amacel MeTaJJOB B Takux OObekTax OYyayT Haxo-
AHTbCSI B COOTHOLIEHHAX

Qy = %*Q,, 97
YTO CJeiyeT U3 NPHHIHNA reOMeTPHUecKOro nonobus reHeTHUecCKH
ONHOTUNHBIX OGbEKTOB Pa3JUYHON KpynHOCTH (cM. 1.6).

B KayecTBe OJHOro U3 NapaMeTpoB opyueﬂellmﬂ H. U. Cao-
POHOB NpENJOXHJ OUEHHBATHL HEPrHio PyAooOpa3oBaHusi, NO3BO-
JSIOIYI0 B CPaBHHMBIX YCJOBHBHIX e€IHHHIAX KOJHYECTBEHHO
XapaKTepH30BaTh pa3JHyHbHlE IO COCTaBy MHOrosJeMeHTHHe Treo-
xumu4eckue anoManun [36, 37]. Mcxoast u3 papa ynpomamouliux
JonylieHufi, pacyeT 3HepruH, 3aTpaudMBaeMofi Ha pyaoobpa-
30BaHHMe, BeJeTC N0 CcXeMe TepMOJHHAMHKH  H30TepMuye-
CKOro CaTusi (M pa3pexeHHs) MaeasbHBIX ra3oBblX cMeceil, B Ka-
yecTBe aHaJOroB KOTOPHIX PaccMaTPUBAIOTCA «IYCThie» TOPHBIE
nopoasl (Hampumep, rpaHHTOMAH ). B 3TOM ciy4ae 3arpaTth 3Hep-
rdd Ha (opmupOBaHue eRuHMIBL OO6beMa pyan E u3 pacuera Ha
OJIHH 3JIEMEHT COCTaBAT

E=KkInKy; (98)

n

E.=2Y (Ko):1In (Ky)i, ' (99)

=1
rie E,—noanas 3sHeprus pyaooGpa3oBaHusl C yueTOM 3Heprui
CKaTHsl U Pa3pexkeHHsi BceX KOMIOHEHTOB CHCTEMBI.

Becbma mpocTeHe M HardsigHble BhipaxeHus (98) u (99) aB-
JIIIOTCSl  aHAJIOraMH MEpHl YMeHbIUEeHHsi 3HTPONHH CHCTEeMBI, HC-
nosn3yemoii B Teopuu uHbopmauHu [8]. M3 Boipaxkenus (98)
BHITGKaeT HEBO3MOXHOCTb CYILECTBOBAaHHs HYJEBHIX cCOJepXkKaHHi
3/MeMEeHTOB, TIOCKOJIbKY TaKOe <«pas3pexeHHe» I0OTpPe6oBano Gbl
GecKoHeuHO GOJIbIIHX 3aTpaT 3IHEPrHH, YTO NOATBEPKIAET 3aKOH
Bepuajackoro (cm. 1.2). :

BuBenennoe H. M. CadponoBeim Bepaxkesue (99) anas
nojcuera 3HEPruH pyA006pas3oBaHHs MO3BOJseT 060CHOBATb Hu3HYe-
CKHii CMbic;1 NepeMHOXeHHst H JeJeHHs Apyr Ha Jpyra comepxa-
HUH IBYX HJIM HECKOJIbKHX PYAHBIX 3/1€MEHTOB B MHOTOKOMMOHEHT-
HBIX FeOXHMHYECKHX MOKa3aTe/six 30HAJbHOCTH v WJAH NPH MOCTPO-
eHUH MYJbTHIVIHKATHBHBIX OpeoJioB. Tak Kak BEJHYHHBl 3HEPTUH
BHIpAXKAWTC 4epe3 JorapupMbpl KOHUEHTPalui, NePEeMHOXEHHe H
JeJleHHe aHOMaJbHBIX COAEPXKAaHUH 3JEeMEHTOB OTBeyaeT COOTBET-
CTBEHHO CJIOXKEHHMIO H BBIYHTAHHIO BEJNHYHH, NPONOPLHOHAJbHBIX
speprunm  ux mnpuBHoca. CienoBartenbHO, (H3HYECKHHA CMBICK
JI0OKa3aTesst 30HaJbHOCTH v OTBeYaeT PAa3sHOCTH 3HEPrHu (B KOY-
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JSiX), 3aTpayeHHOll Ha OTJIOXEHHe HaAPYAHBIX 3JEeMEHTOB, ofpa-
3YIOIIHX €ro 4YHCJIHTENb, M 3HEPrHH OTJIOXKEHHs MOAPYAHHIX 3Jie-
MEHTOB 3HaMeHaTeJsl.

4.3. HCCNEAOBAHHE 30HAJIbHOCTU MECTOPO)KIEHHA

Ilpu reoXuMuYecKHX NOMCKax IIOKa3areju 30HAJbHOCTH OpyleHe-
HUSI cayXar Haubojee HaleXHBIMH KDHMTeDHSMH HaJAPYIHBIX nep-
BHYHBIX OpE€OJIOB, YPOBHSI 3DO3HOHHOrO Cpe3a MeCTOPOXKAEHHH H
NPpOrHo3a opyaeHeHuss Ha rayOHHy. ITosToMy MeToab BbisiBJeHHS
4 MOC/TEYIOUIero HCIO/b30BAHHSl 3THX MNOKasaTesdefl 3acjyXHBAalOT
110pO6GHOr0 paccMOTPEHHs,

lFeoxuMHuuecKHe NMOMCKH CJENMBIX MECTOPOXKAEHHUH M PYIAHBIX TeJ
0 MX MEePBHYHBIM OpeosiaM CJ1araloTcsl U3 [BYX B3aHMOCBSI3aHHBIX
BHAOB paboT: u3yueHHs TeOXHMHYECKOl 30HAJbHOCTH XOPOLIO
pa3BeflaHHbIX MECTOPOXKJEHHH JaHHOrO IeHETHYECKOro THIa H Mpo-
BeJeHHSI cOOCTBEHHO MOUCKOBBHIX #cCJ/eN0oBaHui. BHINONHAIOTCS 3TH
paboThl ¢ y4eTOM YCTAHOBJIEHHBIX KDHUTEpPHEB, NYTEM MaccoBOTrO
«06'beMHOro» - onpo6GOBaHUsA TOPHBIX IOPOJA, B OCHOBHOM CTEHOK
MOJ3EeMHbIX BbIpPAaGOTOK M KepHa CKBaXMH, B MNePBOM cCJjyuae IO
H3BECTHBIM DYAHBIM 30HaM, BO BTOPOM — Ha ¢uiaHrax u rayGoKHX
TOPU3OHTAxX PYyAHHIX MNOJell Tex Xe Mecropoxaenufi. Hakonaen-
HbIi 3a NOC/efHHe AecATHIEeTHS OOIUNHPHBIA ONMBIT MO3BOJSIET MPO-
BOJAUTb TIeOXHMHYECKHe MOHMCKH MO MNepBHYHBIM OpeosaaM, MHHYys
nepByio craauio pa6or. OnHaKo u3ydeHHEe TEOXHMHHECKOH 30HaJlb-
HOCTH pPa3BelblBaeMblX M IKCIIYaTHPYEMBIX NPOMBIIIIEHHBIX Mec-
CTOPOXKJEHHH OcTaeTcsi 0653aTeJNbHBIM, NMOCKOJbKYy OHO oOfecrequ-
Baer OoJsiee MpaBHJbHOE MOHHMAaHHe WX reHe3uca, CTPYKTYPH PYyI-
HOro noJsi u ero pe3epBoB. OQHOBpEMEHHO 3TH HCC/ELOBaHHS
YTOUHSIIOT reOXHMHYECKHe KDHTEPHH NOHCKOB, B nxaHHOM pasjaene
paccMaTpHBaeTCsl METOAMKA IEOXHMHYECKHX HCCAEAOBaHUM TONBKO
re0JIOTHUECKH [1€TajIbHO H3YUYEHHBIX (3TaJIOHHBIX) MECTOPOXKAEHHH.

OCHOBY 3THX HCCHENOBaHHH COCTaBJS€T MHOrOrOPH3OHTHOE
reoxuMHyeckKoe Onpo6oBaHue PYAHHX 30H MO NEpeceyeHHsIM uyepes
50—100 M, xemaaTelbHO C BHIXOZOM B 06e CTOPOHW B 06JacTh,
6/1M3KY10 K ()OHOBBIM COJEpIKAHHSIM 3/7eMeHTOB-HHAHKaTopoB. [lox
«re0XMMHYECKHM ONpOGOBaHHEM®» OOGBIYHO MOHHUMAETCs HelpephiB-
HOoe NYHKTHPHOe ONpo6oBaHHe I'OPHHIX NMOPOJ M PYA CEKIHAMH 0O
2—5 M (Macca npo6 300—350 r) c mocaeayOIHM 3KcIpecc-aHa-
Ju30M 3THX Npo6 Ha 35—40 xuMuueckux 3jeMmeHToB!. ITanoH-
Hble MeCTOPOXKIEHHS KeJaTeJbHO Onpo6OBaTh B NOJHOM KOHType
HX NEePBHYHBIX OpPEOJIOB, YTO AJS KPYTONAaJalolHX MeCTOPOKAEeHHMH
oTBeuaeT MHTepBaJy oT HaapyaHoro (I) mo moapyauoro (V) ropu-
30HTOB MHJIH, B- YCJIOBHOHi MeTpuKe pyaHo# 3onmn, ot 0,0 zo 1,0
(cM. puc. 59). D10 He Bcerja BO3MOXKHO — BepXHHE T[OPH3OHTHI
MeCTOPOXKACHHA Moryr OHTB Cpe3aHH 3po3ueii, OTpaGoTaHH H

{ BsaMeH NyHKTHPHOro ONpOGOBaHHA BO3MOXeH OTG60p HaBecok 50 r u3
Ly6nuKaTOB reoJIOropasBejOUHHIX (6OPO3LOBHIX) NPO6, YTO IPEANIOYTHTENBLHO.
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HelOCTYIIHB AJs ONpOGOBaHHs HAH pasBeJouHHe BHIPAaGOTKH H
CKBaXKHHBI He JOCTHralioT NoApyaHbix ropusoHToB. Ilostomy B pe-
aJbHHEIX YCJHOBHSIX CTABHTCS 3aj7a4Ya MaKCHMaJbHO IOJHOrO OXBaTa
H3YYaeMOro MECTOPOXKIEHHs JIMHHAMH TIeOXHMHYECKOro omnpo6o-
BaHus. B 6iaronpusTHHX YCJOBHSAX 3TO OmnpoGOBaHUE pacnpocTpa-
HieTcsl 3a mpejenbl NMEePBHYHOrO OPeoJia OCHOBHOTO DYLHOro 3je-
MeHTa, B 06JacTh OPeOJOB «HOAa» W «KoGa/ibTa», B YBsI3Ke CO
cxemoft puc. 57. Bonpoc 0 XOCTaTOYHOCTH reoXHMH4YecKoro ompobo-
BaHus Gy/leT pacCMOTPEH HHUXKe.

PesyabTaTel aHanusza npo6 usobpaxaircs B ¢$opMe rpadHKoB
H MOHO3JeMeHTHHIX KapT H30KOHLEHTpalMii Ha OCHOBe MapKIleH-
JepCKUX NOrOPU3OHTHHIX NJAHOB M pa3pe3oB, 0ObIYHO B Maciutabe
1:1000—1:2000. ITo 3TuM JZaHHBIM NPHHHMAIOTCS pellieHHss 06
HHTepBajax MoOJCYeTa JAHHEHHOH NpPONYKTHBHOCTH IJSl KHJbHHIX
3o (M, M%) unum epelHuX coOAepxKaHHH PYMHBIX 3JeMEHTOB

(Cx—Cyp) nnsi Ten NPOXHUIKOBO-BKPAIVIEHHBIX DYy H30MeTpHUe-
cKo#l (opmbl. PesysnbTaThl NOACYETOB CAYXAT BXOAHBIMY JaHHBIMH
JUIs aHaJu3a 30HAJbHOCTH M3y1aeMOro MecTOPOXKJIeHHS.

IlepBoHayanbHO ONPEAENAIOTCST PSAAB 30HAJBHOrO OTJIOXKEHHS
aneMenToB. B nefictByromet Mucrpykuuu [21] no reoxuMuuecKuM
MeTofaM TOHCKOB pYJHBIX ~ MeCTOPOXKAEHHH B MNpPHJIOXK, 26 mon-
po6HO H3/10XKEH MeTOA onpejeneHHs [0CAeZ0BAaTCIbHOCTH OTJIOKe-
HuS 3JEMEeHTOB N0 riy6HHe myTeM INepecueTa HX JHHEHHBIX IpoO-
JYKTHBHOCTEH B «MeTporeoOHbl» ¥ BEIYHCAEHHS [0 YPOBHSM
pyAHOH 30HBI OTHOLUEHWH MNPOAYKTHBHOCTEH KaXJ0ro 3JeMeHTa
K CyMMe NPOJAYKTHBHOCTell Bcex OCTa/bHHX. B pesynbrare moso-
JKE€HHe 3JeMEeHTa B 30HAJBHOM PpSAy OlpegessieTcs HOMepOM
YpOBHsl, Ha KOTOPOM €ro OTHOCHTeJbHas NPOAYKTHBHOCTb MAOCTH-
raetT MakcuMyMma, UHcJo paccMaTpuUBaeMBblX 3JIeMeHTOB (HampuMep,
10—12) Bcerna GoJsbile yncia OnpoOGOBaHHBIX YPOBHEH (Hampumep,
4—5), MaKCHMyMbl NPOAYKTHBHOCTEH 3JE€MEHTOB COBNAJalT [0
ray6uHe, MO3TOMY 1JIs1 MX PaHXHPOBAHHs JOMOJHHTEJIbHO BHIYHC-
JSIOTCS TPajHEHThl NPOAYKTHBHOCTEH.

Tor ke pesyjbraT MOXHO MOJYYHTb, paccMaTpuBasi rpadHKH
NapHHIX OTHOINEHHH MeXJy JHHeAHBIMU NPOAYKTHBHOCTAMH (cpel-
HHUMH COJepXaHHsIMH) 3JeMeHTOB mno ypoBHAM. Ecau BeanuHHa
OTHOWICHHS ABYX 3%J€MEHTOB v Najaer ¢ IyGHHOH, 3JeMeHT YHcC-
JauTess OTJarajcs BbILIe 3JeMeHTa, CTOSIIEero B 3HaMeHaTele, ecln
UX OTHOLIEHHE BO3pacTaeT — 3JEMEHT YHCJAUTENs OTarajics HUXKe
ajeMeHTa 3HaMmeHartessl. IlockosbKy rpaduku NapHBIX OTHOILIEHHE
MeX]y 3J7eMeHTaMH MOrLyT HMeTb CJIOXKHBIH BHJ, BBIUHCIAAKTCH KO-
OPAHHATHl 2 HX IEHTPOB TAXKECTH» COIJIaCHO 3aBHCHMOCTH

i
Z=Z vifi/Zv,, (100)

=1

riae f;— Homep onpoGOBaHHOro ypoBHs pyamoi 3oum (1, 2, 3,...,
f); vi— cooTBeTcTByIOLIME BENHUHMHBI OTHOILEHHH MEXKIY NPOAYK-
THBHOCTSIMH (CPeIHHMH COACpIKaHHAMH) [BYX 3JeMeHTOB. Lcau
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«IEHTpP TsXKecTHs rpaduka JeXHT Bhllie TOYKH ——1;H , TPadux
uMeeT yObiBalOmUA ¢ riayOHHON BHJ, €cH HUXKe — BO3pacTaIoHUi.
Bouuueasis z ¢ TouHocteio po 0,1 «ypoBHsa», umeem 40—50 wmect
IJIs paHKMPOBAaHHs 3JIEMEHTOB NpH TeX Xe 4—b Onpo6GoBaHHBIX
ypoBHsax. Ilpu sToM Her HeoOXOAMMOCTH TNePecYHTHIBATL NPOAYK-
THBHOCTH B MeTpOreod)oHB!, BBLIYHUCAATL HMX OTHOCHTE/NbHYIO BeJIH-
YHHY U PacCMaTpPHBATh PAJHCHTHI.

Crioco6 «IeHTPOB TSXKECTH» [03BOJIsleT BecbMa MPOCTO B Hail-
JIeHHOM 30Ha/JbHOM Py ONpPejfeJgHTb NOJOXeHHe HONOJHHTEeNb-
HOro pyjpHoro sJjeMenTa. Jas 3TOro AOCTaTOYHO HAafTH ABa CMeX-
HHIX 2JeMeHTa M3 HYHCja PaHee PAacCMOTPEHHHIX, ¢ OJHHM H3 KO-
TOPHIX HOBHIH 3J/ieMeHT, Oyayuu B uuciauTene, o6pasyer rpaduk v,
y6biBatomuii ¢ riay6uHO#N, a co BTOphIM — Bo3pacrawmui. ITo mep-
BOMY cNoco6y mnpu A06aBjeHHH HOBOro 3JeMeHTa Bce MepecueThl
JOJDKHB B TOJHOM 00beMe [eJaTbcsd 3aHOBO, NMOCKOJAbKY H3Me-
HAETCS cyMMa NPOJYKTHBHOCTeH BceX 3JIEMEHTOB-HHIHKAaTOPOB.

3areM BBIABJAAIOTCS OTHOWIEHHS MeXJAy MPOAYKTHBHOCTSMH
(cpeaHUMH COAEPXaHHSIMH) 3JE€MEHTOB, OZHO3HaYHO XapaKTepH3Y-
IOllHe 30HAJbHOCTb OpYyJAeHeHHs, DTUM TPeGOBaHHSIM HAHIYUILIHUM
06pa3oM yAOBJETBOPAIOT MeOXHMHYECKHe MOKa3aTeld 30HaJbHOCTH
Vx, Vy H V;, OJlHOHANPaBJeHHO (MOHOTOHHO) H3MEHsWoLlHecs B Ipe-
Jejax pYAHOH 30HB, BKJIOYash pPyAHOe TeJO M €ro nepBHYHBIH
opeos. Panee Gblio moka3aHO, 4to aOCOMIOTHBIE COAEPXKAHHS JIIO-
6oro OTAeJNbHO B3ATOTO 3JeMeHTa He MOTYyT XapaKTepH30BaTb
30HaJbHOCTL OpyAeHeHusi. Henpuroausl /st 3Tofi Lead M OTHOLUe-
HHSl MeX]y COAepXaHHAMH 3JeMEHTOB, KOTOpble B DPa3JHYHBIX
CeYeHHsIX DYAHOH 30HH NPHHHUMAIOT OJHMHAKOBble YHCJIEHHbBle 3Ha-
YeHHs. JTH yCJI0BHS BO3HHKAIOT, ecid yObiBaHHe (HJH POCT) BeJH-
YHHB! v BIOJIb 3aJaHHOrO HanpaBACHHA CMEHAETCA €€ Bo3pacra-
HueM (yObiBaHHeM) M TaKHe He3aKOHOMEpHble KoJeGaHMs MOBTO-
paoteda. I'padurk mnokasaTenss reoxuMHYECKOH 30HAJbHOCTH IIpH
nepexojie OT YPOBHSl K YPOBHIO MOXET HMeTh JIOMaHBI{l Xapakrep,
HO 3HAaK ero rpajHeHTa He NOJXKeH H3MeHATbcs. 3ajaua CBOAUTCA
K PpaccMOTPEHHIO  Pa3JHUBBIX OTHOIUEHHi MeXay 3JeMeHTaMH
¢ LeJbi0 BBIOOpPAa M3 HX YHCJa MOHOTOHHO H3MEHSIOINHXCS MOKa3a-
Tedefi 30HaJsbHOCTH. PemieHne 31Ol 3ajnauun yao6HO PaccMOTPETH
Ha TmNpHMepe KpYTONAajaloWero TrHApPOTEPMAJbHOTO OpYyAeHeHus.

Hanuuve 30HAJBHOrO psijla OTJIOXKEHHs 3JeMeHTOB I03BOJISeT
npensunerh yOHBaOIIMA HJIH BO3pacTalOlHil XapakTep rpaduKoB
v; IJsl KOHKDETHBIX [1ap 3JeMEeHTOB, HO He XapaKTepH3yeT HX
MOHOTOHHOCTH. [loHckH OnHO3HAUHBIX [OKa3aTeleli 30HaJbHOCTH
HAuUMHAIOTCA ¢ aHaju3a rpaduKoOB OTHOIIEHHl MEXAy ABYMs 3Je-
mentaMu. Cpenu 3THX NMOKa3arteseli I mopsijika HyXHble HaM MOHO-
TOHHBIE v; MOTYT OTCYTCTBOBATb, HX YHCJIO MOXKeT ObiTb HEBEJHKO,
a paspeliamnias cujia HenocraTouHa. B 3Tux ciayuasix HeH3GeXKHO
ob6pauiende K mokasareasam II (vII=2/2) u OGosee crapuiux
nopsinikoB (vI=3/3, vIV=4/4 u 1. p.), UHCI0 KOTOPBHIX mporpec-
CHBHO BO3pacTaeT H MHOrOKPAaTHO NPEBHILIACT YHCJIO MapHBIX
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OTHOILEHHH MeXay 3JeMeHTaMH, [eoxuMuyecKHe Nokasateiau vIl,
vUI [ gBjsisch NpPOHM3BeleHHeM COOTBETCTBEHHO [IBYX, Tpex HJIH
BoJiblllero yucsa mokaszaresedi | mopsiika, mo GU3HYECKOMY CMBICTY
OTBeYaloT Pa3HOCTH 3HEPruM pyno0o6pa3oBaHHA [JIsI 3JEMEHTOB
quc/auTeNs] M 3HaMeHaTeas, onpejensieMbix ¢opmydsoi  (99).
B mokasaresiu crapmux MOPSAKOB OJHH HJIH HECKONBKO 3J1eMeHTOB
MOTYT BXOJAHTb BO BTODOH, TpeTbell HJIH APYyroil Gojee BHCOKOH
CTemeHH, BIJIOTH A0 €e paBeHCTBa NOPSAKY I[OKasaTens. B uwacr-
HOM cJlyyae NpoM3BeJeHHe JABYX HEMOHOTOHHBIX MNOKa3aresefi Mo-
JKeT H3MeHsTbCsi ¢ TyOuHOH MOHOTOHHO. He Moryr cuuraTbest
HOBbIMH TOJIBKO MNOKa3aTeJH, SBJSIOUWIHECS NPOCTHIMH CTENeHsIMH
nokasaTenedl Maaamiux nopsaka tuma (v1)2, (v1)3, (vi1)2, (vI)¢
170 i

Paccuutanuble MO 3THM 3aBHCHMOCTSIM 4YHCJa PasjHYHBIX OT-
soweHufi or I po III mopsaka Mexiy coiepxaHusMu oT 3 IO

14 xumMuyecKux 3JeMeHTOB MOKa3aHbl B Tabu. 16. YxKe npu 14 xu- .

MHUYECKHX 3JeMeHTax obuiee umcao BO3MOXHHX v [—III nopsa-
koB mpubauxaercss Kk 100 Thic., YTO CylIeCTBEHHO MOBHILIAET BEPO-
SITHOCTb BHISIBJICHHsT MOHOTOHHO M3MEHSIIOIIHXCA NOKasaTeneii 30-
HaJbHOCTH MECTOPOXKIEeHHA NpPH KOPPEKTHOH MNOCTaHOBKe 3ajad.
IIpuGerath K paccMOTPeHHI0O TaKOro 4YHCJAa OTHOLIEHHH MexXay
COJIEPXKAHUSAMH 3/IeMeHTOB HeT HeO6XOAHMOCTH.

OnBako HEeBO3MOXKHO 3apaHee NpeiayrafaTh, Kakas M3 HX KOM-
GuHanuii O6ecneyHT MOHOTOHHOCTb H ONTHMAJIbHHIE XapaKTep No-
kasareJeil 11 uau 6osee BbicoKuX nopsiakoB. [lostomy coBMecTHBIH
aHanu3 A0 HEeCKOJbKHX cOTeH W 0oJiee ThicsiuM PasjJHYHBIX v OKa-
3bIBAETCsl BINOJHE ONpPaBIaHHbIM.

Tacauuwa 16
Yyeno BO3MOXKHBIX OTHOLICHHHA MeXAY 3ACMEHTAMH

- Topsagok v Beero *
HCAO . 2 3
XHMHUECKHX 1 2 S
37eMeHTOB 1 11 I (-'l)+( 2)+( 3)
3 3 6 9 12
4 6 21 38 53
b 10 55 170 215
6 15 120 505 610
7 21 231 1 281 1491
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 rpabe naHO YHCNO Pa3dHYHBIX vV Ge3 yuera NpOCTHX CremeHe#t nokasatene#t I mo-

paaKa.

182

PaccMoTpenne Takoro umc/ia reOXHMHYECKHX TNOKasaTeseil Ha
YeThbipex-nATH M OoJblieM 4YHc/je YpPOBHell PYAHOH 30HB HEBO3-
MOXHO 6Ge3 npuMeHeHus DBM.

Haunyyuinm o6pasoM HccllefoBaHue 30HAJBbHOCTH MECTOPOXKje-
Huii  BoinosHsercs mno mnporpamMe <«Hio-2», paspaboransofl
B. A. HukonaeBbim, Pesyabratst 06paGoTKu [0 3Toli mporpamme
Ha JOBM EC-1022 reoxuMu4YecKHX JAaHHBIX, TNPeNCTaBJEHHBIX
A. A. IlluranoBBIM, OKa3aHLl Ha puc. 66 u 67..

3os0TOpyAHOE MecTOPOXK/eHHe, YCJIOBHO HasBaHHOe «HOXHBIM>,
HCC/IE0BA/IOCh B KayecTBe OJHOr0 U3 3TAJOHHHX [Jis KBapLeBO-
XKHJIbHOTO THNA OpyJAeHeHHs. BMemamomumu nopogamu MecTOPOX-
JleHUs SIBJIAIOTCA HMHTPY3HBHbIE NOPOAB T'PAHOZHOPUTOBOrO Psiaa,
NPOpHIBAOIHE MeCcYaHO-aJeBPOJHTOBYIO TOJILy OpaoBuka. Opyie-
HeHHe TpEeICTaBJeHO KPYTONajaloMIMMH H OTXOASAIIMMH OT HHX
MOJIOTHMH KBapPUEBHIMH XHJIAMH CO CBOGOAHBLIM 30JI0TOM, THPHTOM,
apCEHOMHPUTOM H TOAYHHEHHBIM KOJNHYECTBOM JAPYTHX CYJb(HIOB.
HccnenoBanue 30HaJbHOCTH MECTOPOXKAEHHS, KaK 3TO BHAHO H3
3arojioBKa pacnevatku (cM. puc. 66), Gbjo Hauato 1 HOAGPs
1981 r. B 13 u 56 Mum.

Hna 06paboTKu NpeabsABIEHH [aHHHE NOrOPH3OHTHOTO T'E€OXH-

MHYECKOro ONpPOGOBAHHS TpPeX 30JO0TOPYAHBIX Xuja— I'naspsoit
(4 yposnsa), Tykenosckoit (3 yposHsi) u Ilomoroit (4 yposHs)
B (opMe JHHEHHHIX NPOAYKTHBHOCTEH BOCbMH THIOMOPGHBIX 3Je-
MeHTOB opyaeHenus. [lo 3apanuio npepycmaTpuBasoch OTHICKaHUE
noKasarejied 30HaJbHOCTH, OOLIMX M/l BCeX TPeX PYAHBIX KHUJI,
YTO OTPaXKeHO B 3arojioBKe cJ0BaMu <«00BbeKToB 3 (min 3)».
B 3aBHcHMOCTH OT NOXeJaHHi NOJb30BaTe]si, MPOrpamma AOINy-
CKaeT OTbICKaHMe NOKasaTesedt, oOMUX AJs1 m OGDBEKTOB u3 f, TAE
m<n. :
O6paGotka no nporpamme «Hio-2» Bexercs no uyersipem IHK-
JlaM, KaXXABlii U3 KOTOPHIX COCTOMT M3 00s3aTeNbHBIX Olepaluii H
YyeThipex — Mo BBIGOPY NOJb3oBaTens. B naHHOM clyuae 3aKasaHo
BHIMOJIHEHHE TPeX LHKJOB — HyJ/I€BOro, epBOro M BTOPOro, MOC/Aen-
HHH B COCTaBe TOJNIbKO NEPBOM M 4YeTBEepPTOil omepauuii, 4To OTpa-
¥KaeT nosBJeHHe ABYX HyJell B cMMBOJie 3Toro nukia. fanee 9BM
nedaTaer MNOJHYH TabJuLy BXOAHBIX JAaHHBIX JJsl €e CBepKH
¢ OpPHTHHAJIOM (Ha PUCYHKe ONylleHa).

HyneBoii nukn o6paGoTKH HOCHT XapakTep HCCJENOBaHHUS, NPH
KOTOPOM HHK4KHX 3apaHee YCTAaHOBJEHHHIX OrpaHUYEHHii Ha ero
pesyJsbTaThl He HaknajabiBaetcs. [loouepenHo ana Kaxaoro us o6b-
€KTOB M€eYaTaloTCsi MaTPHIB LEHTPOB TsKecTell NapHBIX OTHolle-
HHH MeXJAy NpPOAYKTHBHOCTSIMH 3/eMeHTOB B MeTPHKe ypOBHeH
CO CpefHMMH 3HAa4YeHHSIMH MO CTPOYKAM, Ha OCHOBe KOTOPHIX ycCTa-
HaBJUBAOTCA 30HAJbHble PAIB OTJOXKEHHs] 3JEMEHTOB (CHH3Y
BBepx). Besen 32 aTuM meuaTaloTcs KBajpaTHble MATPHIUbI BeJUYHH
OTHOLUEHUH MeX1y 3JeMmeHTamu | mopsgka c rpadukamu v! =
=f(z) B ycioBHOM MaciuTabe. Bce BenuuuHbl M rpaduku B npasoi
BepxHell YacTH MaTpPHL NMOBTOPAIOTCS B OGPaTHBIX 3HAUEHHSAX HHXKe
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OBMUG: 30HANbHbIA pas OTAOKEHUG IAEMEHTOB(CHHKIY BBEPX)
CU-2N-Cc0-pAs~PB-MO-AG- AU
Puc. 67. ®dparMeHT pacrleyaTKH pe3y/bTaToB 06paboTKH No mporpaMme «Hio-2».
Puc. 66. dparMeHT pacleuaTKH peayJbTaToB o6paGoTku mo mporpamme «Hio-2». Llukaer 11111 B 2.1001. Mecropoxienue HOxHoe.
Huka 0.1111, Mecropoxenre IOxu0e -
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HX JHaroHajel, YTo cO3faer ONpejeféHHble ya06CTBa AJs MOJb-
3oBaresns. PparMeHTH BCEX 3THX AAHHBIX NOKas3aHH Ha puc. 66
o6bekTa «xuia I'aBHasi». BoiBjeHHas MOCJAEA0BATENbHOCTb OT-
JIOXEHHsI 3/eMeHTOB, 3a HCKAwueHHeM Mo, He MOPTHBOpEYHT YHHU-
BepcaJibHOMy psily 3oHajdbHOcTH. Cpenu OTHOlNeHmii | mopsiaka
MOHOTOHHO YObtBalOT ¢ riy6unoii Benuuunsl Au/Ag, Au/Co, Au/As,
Au/Zn, Ag/Co u psAn Apyrux, xorsi oTHouwlenuss Au/Mo u Au/Pb
usMeHdawTcss HezakonoMepHo. Ilocie BHiaun aHaNOrWYHBIX JaHHBIX
no ABYM apyruM obGbekraM DBM shiunciaser paHroBbe Kosdduuu-
€HTBl KOPpeJsIMH MeXAy BHISIBJIeHBIMH YacTHBIMH psilaMu OTJIO-
JKeHHs1 3JieMeHTOB M OGIUMA 30HAJBHHIL psijg MO CyMMe MecT 3aHH-
MaeMBbIX 3/leMeHTaMH B YaCTHHX pAfax.

Ha npuBenenHoii pacneyaTke BHJAHO, 4TO M3 Tpex ko3bhHuIH-
€HTOB KOppessluH 3HauuM Ha O %-HOM mpeznese TOJNBKO ONHH
(0,76), X0Ts Bce OHH HMEIOT MOJIOXKHTEJNBHYIO BEJHYHHY H HacTHLIE
PAABl 3PHTENBLHO CXOIHB. B npefenax HUMeBIIHXCS TaHHBIX 06U
PSR 30HAABHOTO OTJIOXEHHs 3JEeMEeHTOB CcJeAyeT CYHTaTb YCTa-
HOBJIEHHBIM. \

VcrofiunBoe KpaiiHee cmpaBa MOJNOXEHHE 30J0Ta B YACTHHIX
pAZax W HajguuyWe AOCTATOYHOrO 4YHCJa HENpepuLBHO yObIBAWOMIMX
nmo ray6uHe OTHOMIEHHl 30/10Ta K 3JE€MEHTaM-CIYTHHKaM HCKJIO-
Yaer NpeANoJiOXKEeHHe O HaJHYHWH BTOPOro 3IIeJOHa OPYICeHEHHUS
B HeNOCPeACTBEHHOH G6JHM30CTH K HHXHHM ONPOGOBAaHHBIM YpPOB-
HAM KpyTomajawowmux Xui. [TosToMy pesyapTaThl HCc/l€10BaHUH IO
HYJIEBOMY LHKJy NMO3BOJSIOT NepPeliTy K MoHcKaM obmux A Tpex
06beKTOB MOHOTOHHO H3MEHSIIOIHUXCA TOKa3aTtenedl 30HAJbHOCTH,
He omacasich, 4TO 9TO YCJOBHE CNOCOOHO HCKa3UTb HCTHHHYIO
30HaJbHOCTh OpyZeneHHus. B Gosee obumieM miaHe NMOHCKH MOHOTOH-
HBIX TOKasaTejefl 30HaJbHOCTH JJisi 3TAJOHHBIX MECTODPOXKJEHHH
onpaBjaHbl MX OTHOCHTENbHO XOpOLleli pasBelaHHOCTbIO. B coue-
TaHuH ¢ 06pabOTKOM [aHHBHIX JETaJbHOrO TeOXHMHYECKOro OIpo-
f6oBaHus MO HYJeBOMy UMKay nporpammbl «Hio-2» 3to uckiouaer
TIPONYCK CJIENOro opyjaeHeHus Ha rayOuHe.

CozepxaHHeM Tpex CJeIYIOIHX LHKJIOB 06paGoTKH siBJsieTcs
TooyepefiHoe PaccCMOTPeHHe BceX FeoXHMMHYecKHx MOkasareneli I—
111 mopsimikoB ¢ BHAauyell Ha NeyaTb MOHOTOHHBIX OJHOBPEMEHHO
ANs Bcex 3afaHnbix 06beKToB. Ha puc. 67 nanm ¢parMeHTH pac-
MeYaToK HCCJIef0BAaHHS 30HasbHOCTH MecTopoxieHus «lOxHoe»
MO YeThipeM OnepalusM NepBoro IHKAa. B gaHHOM ciaydae, XOTs
HeoGXOAMMOCTH B 3TOM He O6blio, B yueOHBIX LeJsxX Ha Ne4aTb
BHIBOJMAHCH, TaKXe YCJOBHO MOHOTOHHbBle MOKasaTesu ¢ Hapyiue-
HHeM MOHOTOHHOCTH Ha OJHOM H3 YpoOBHell, Kak 3T0 Habawjaercd
Aas nokasateis Ag/Zn no xune [lonoroii. BoceMb XuMHYECKHX
3JeMeHTOB corjiacHo Ttab;a. 16 o6pasyior 28 mnokasareseit
1 nmopsinka, W3 KOTOPBIX MOHOTOHHBIMH H YCJOBHO MOHOTOHHBIMH
Ansi Tpex O6BHEeKTOB OKa3aduch 24, 4TO FOBOPHT O BBICOKOH TI'€OXH-
MHYECKOH YMOpSJOYEHHOCTH PYAHBIX Xua. [lo oTnenbHBIM 06beK-

_raM 6e3yc/JOBHO MOHOTOHHBIMH OKasajuch Anas Xujbl [aBHOR
10 mokasareseit, nias Tykeosckoit 18 y nas IMosoroii 7. OnHako
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Oo6UKMMH OJHOBPEMEHHO /s BCeX TPeX XKHJA OKasalucb TOJBKO
tpu mokasatess I nopsinka — Au/Co, Au/Zn u Au/Cu.

[ToMuMO uuc/IeHHBIX 3HaYeHHH MOHOTOHHHIX H YCJOBHO MOHO-
TOHHBIX TOKa3aTesefi Ha nmeyaTh BBIAAIOTCS BEJHYMHB HX Pasiuuuil
MeX/]y YPOBHSIMH [O OTHOIIEHHIO K Vmm, a TaKXe CTPOATCS HX
rpadukd. AHajorHuHBEIM 06pa3oM OBLIH HCC/AEA0BaHbl MOKa3aTelH
I1 mopsinka 6e3 yuera YCJIOBHO MOHOTOHHHIX M 0€3 MOCTPOEHMs
rpajpukoB v,. B pesysaprate 3 406 paccMOTpeHHbIX NoKasaTenei
MOHOTOHHBIMH JIJ1S BCeX TpPeX PYAHBIX XKHJ OKa3ajuch 32 Mokasa-
teas Il mopsiika, H3 KOTOPHIX JIErKO BbIGPATh HYXKHOe YHCJIO MOKa-
3aTesefi 1/ MOCJeAylolllero NpHMeHeHHs npu nouckax. Kceneno-
BaHHe 30HAJBHOCTH MecTopoxaenusi «lOxHoe» 3aKOHUMJIOCH.
B 13 u 59 MmuH, T. e. norpe6oBaJOCL OKOJO 2 MHH 7 ¢ MaLIHHHOrO
BpeMEeHH, KaK 3TO CJelyeT H3 3aBepluaiolleil pacineyaTKH «CTapT»
u «crom» (cM. puc. 67). B nanHoM cayuae o6paboTka 10O TpeTbeMy
IHKJY He IPOBOAUNAC.

LIlupokre BO3MOXKHOCTH JJisi BBISIBJICHHs MOHOTOHHBIX MOKa3a-
TeJeli 30HAJbHOCTH, KOTOpble OTKPBIIHCH ¢ IIePeXOJ0M K PaccMoT-
PEHHIO MHOrOYMCJEHHBIX OTHOILIeHHfi Mexay 3sJiemeHtamu II, III
u Gojliee BBICOKHX MOPSIAKOB, BBIABHHYJH BONPOC =0 KPHUTEPHAX
HecJayyaiflHOCTH TOJIyYaeMblXx pe3yJarTatoB. MoXHO B KauecTBe
BXOJHBIX TaHHBIX AJs 06pabotku mo nporpamme «Hio-2» npenJo-
XKHTb CEpHI0 CJAYYaHHBIX BEJHYHH, HMHTHPYIOUIHX pe3yJbTaThl
MOrOPHU30OHTHOIO reoXHMHYecKoro onpo6osanus. HecmoTpst na reono-
THYECKYI0 GecCMBICTIEHHOCTh 3THX [aHHbBIX, € ONpENeJeHHOH Bepo-
SITHOCTbIO CPelH PAacCMOTPEHHHX OTHOIIEHHH MeX1y 3THMH BeJH-
ypnaMu OyAyT BbISIBAEHH [I0Ka3aTelIH pAa3/IMYHBIX I[OPSIKOB,
HU3MEHSIOIHECS MOHOTOHHO M0 BCEM YPOBHAM (PUKTHBHOH DyJAHOH
30HBI.

OueBuJHO, UTO J0GOM Ha6op U3 [ OTHOWEHHH MeXAY CayyaiHbIMKE
BEJHYHHAMH Vi, Vg, V3...Vs MOXHO PaHXKHPOBaTb, PACIOJOXUB HX
B y6biBaiomleM HIH Bo3pacrawoomeM nopsake. K3 uncna Beex
OCTaJIbHBIX BAapHAHTOB, SIBJSIOUIMXCS HEYNOPsIJ0YEHHBIMH, TOJBKO:
3TH JBe MNOC/ef0BAaTeJIbHOCTH OYyAyT MOHOTOHHBIMH. BeposiTHOCTH.
CJAy4ahiHOro COGbITHS, KaKHM SIBJSeTCS [OsIBJIEHHe MOHOTOHHOH
NOCJAEN0BATENbHOCTH 1M | He3aBHCHMBIX BeJIHYHH, ONpeessercs
OTHOLIeHWeM uucJAa O6JaronpusiTHHX cjaydaeB (ABa) K obuemy
yycJly BOBMOXHBIX NepecTaHoBOK (f!) uiu

=21, (101}

rae fl— dakropuaa 4YMcia f, B HauleM cJyyae — uuciaa Omnpo6o-
BAHHBIX YPOBHEH.

[lpu mouckax TNoOKasaTejell 30HAJbHOCTH HAa HHX HaK/Iajbl-
BaeTcsi yCJOBHe OJHOBPEMEHHOH MOHOTOHHOCTH /s 06beKTOB, 06-
pasylomux KOMMO3HIHI. JIOMOJIHHTE/NbHBIM OrpaHHuYeHHeM s
MOHOTOHHBIX MOKasateneil (m— 1) OOBEKTOB sABJAETCS HX OAHMHA-
KOBBIHi ¢ NMEePBBIM OGbEKTOM YGLIBAIOIMHH HJH BO3PaCTAIOUIHA BHIA,
yTo B 2 pa3a CHMXKAaeT BEPOSITHOCTb HX mosiBjeHus. [nsi He3aBH-
CHMBIX CJAYYafiHbIX BEJHUYHH BEPOSITHOCTb CJOXKHOTO COOBITHS Ompe-
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AEJIAeTCsl IPOU3BEAEHUEM YaCTHBIX BepOHTHOCTeﬁZ

2 1 1 1
HKO = . . PP . 1 02
TR R frm! (102)

AnanornuHbiM GoJiee CJIOMHBIM BbIpaXKeHHEM OmpefesieTcs
BEPOSITHOCTb B c/yuae «0GBEKTOB 1, min m», rae n>>m.

Bruipaxenne (102) 1no3so/isier OLEHHTb YMCJIO OXKHLAEMBIX
C1y4YafiHO MOHOTOHHBIX NOcCJenOBaTenbHOCTe Ng; B COCTaBe BHI-
6panHOli KOMNO3UIHH [lkomn, €CJH OJHOBPEMEHHO paccMaTpHBAETCs
N HesaBucumbix mokasartenefi:

Nex = Nlkoun- (103)

Peasnusanus ciayyaiiHoro cOGBITHSI MOXKeET OT/IHYATBLCS OT MaTe-
MaTHYeCKOro OXHAAHMsl, OCTaBasChb C 3a/JaHHOH BEPOSTHOCTHIO
B onpenenennbix rpanunax. Coorsercrsenno stomy 0. B. Illsapo-
BBIM paccuyuTaHa HOMOrpamMma JAJsi OLeHKH no BenuuuHe NII uucsa
Nyp—oxunaembix Ha 95 %-HOM J0BepHTE/NBHOM mpefete CiIy-
YaifHO MOHOTOHHBIX MOKa3aTesefi v NpPH HE3aBUCHMOM XapaKTepe
BXOJHBIX 1aHHBIX (puc. 68).

BosBpamasicb K pe3yJbTaTaM HCC/AeA0BaHHs 30HAJbHOCTH Me-
cropoxnenns «lOxnoe», umeem mo dopmyme (102)

2 1
4 x3 x4 1728
Uy aasa mokasatedei 11 nopsizka cornacHo ta6a. 19 u dopmyie
{103) /

m=—%__ 0 o3
1728 .

nxomn et

OTKYAa N0 HOMOTpaMme HaxXxoAuM, uto N=1. Dakruuecku 6b1y0
BBHISIBME€HO 32 MOHOTOHHBIX MOKa3aTelsl, 4uTO YKa3blBaeT Ha HX He-
cayyaHHbI xapakrep.

Paccmorpennsie saBucumoctn (101)—(103) nossoasioT copmy-
JIMPOBATh KPHTEPHM JOCTATOYHOCTH HCCAEIOBAHHS 30HAJbLHOCTH
3TaJIOHHBIX MecTOpoXaeHui. [l yBepeHHOro BHIGOpa HYXKHOIO
YHC/Ia TeOXHMHYECKHMX MOKasaTesefl 30HAJbHOCTH v UYHCJAO BHSB-
JICHHBIX OOIMX MOHOTOHHO M3MEHSIOUIMXCS OTHOIUGHHH Mexay
37IeMEHTaMH JOJDKHO ObiThb 3aBeJOMO G6OJibilie YHCIa BO3MOXKHBIX
CayYaiinbix. JKenaTenbHo, 4TO6bl Nyp— OXKHAaeMOe YHMCJO Cayyafi-
HBIX 3HAYeHUH v He npeBHINAN0 2—3, NMOCKOJbKY NIPH Nyp> 10
HE3aBUCHMO OT YHCJa BBISIBJICHHBIX MOKasaTesell CHHXXAeTcsi Ha-
AEXHOCTb X BbIOOpa aJjsi mochenyloliero npumenenus. Ecam npu
UCC/Ie[0BAHHH KOHKPETHOr0 MECTOPOXK/AEHHMS YHCJIO BBIABJAEHHHIX V
paBHo N, TO 3TO He O3HauaeT, YTO HafiJleHHble MOHOTOHHbBIE OTHO-
WIeHHs MeXJy 3JeMeHTaMu SABJSIOTCS CAyYalHBMH, DTO yKa3H-
BA€T TOJNBKO Ha TO, YTO TAKOe YHCJIO0 MOHOTOHHO H3MEHSIIOUHXCS
nOKazaTesNel MO 3aKOHaM KOMGHHATOPHKM MOXHO OXHAaThb TNpPH
Cny4yafiHOM, TeOJIOTHYEeCKH GecCMBICIEHHOM XapaKTepe BXOJHBIX
JlaBHBIX.
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Puc. 68. HomorpaMMa a1 OueHKH KpH-
THYECKOro 4HCAA  CJydafiHO-MOHOTOH-

HHX TNokasaTeleft (95 % -Huit noBepH- P 3

TenbHeft npegen). Ilo 0. B. Lsaposy.

Puc. 69. Mopieib 3HIOTeHHOrO OPyeHeHHs (BEPTHKANbHHIE Paspes).

1 —rpadukyd COAGPXKAHHA DYAHBIX SJEMEHTOB; 2 — DyAHOe TENO H er0 MePBHUHHI oOpeol;
3 — 0—X ypOBHH (rOpPU3OHTH) PYAHOR 30HBI

BoiGpaHHbie MOKasaTesn 30HAJBHOCTH B MeTPHKE PYAHOH 30HBI
0,0—1,0 pomxHb 06aanaTh AOCTaTOYHO GOJBIIMM pa3MaxoM R,
PaBHBIM Vmax/Vmm, ¥ JAOJKHBl B 3TOM HHTEPBaje M3MEHSATHCS OTHO-
cuTebHO paBHOMepHO. Tlo cocraBy XMMHUYECKHX 3/€MEHTOB B YHMC-
JHTeJe M. 3HaMeHaTeje BBIOpaHHble v JOJIXKHB COOTBETCTBOBATH
YCTaHOBJIEHHOMY 30HA/JbHOMY PSIY OTJIOXKEHHS 3JeMeHTOB, a 110 Ha-
6opy  3/IEMEHTOB — MaKCHMAJ/bHO pPas3ju4YaTbCsl MeXAy COOOf.
O6blyno ni1a BHIGOpa MOKa3aTesell 30HAJbHOCTH OrPaHHYHBAIOTCS
paccMoTpenneM mokasarenedl II mopsaka (umukaw 0, I u II). Ipu
HeJllOCTAaTOYHOCTH MNOJYYEHHHIX Pe3yJbTaTOB HCCJAEJOBAHHS 30HAJb-
HOCTH 3TaJOHHOrO MECTOPOXKJAEHMS CJeAyeT MPOJOJIKUTL MyTeM
aHanu3a mnokasartesed IIl mopsagka HAM NpHBJAEYEHHS JOMOJHH-
TeJbHBIX JAAHHBIX IeOXHMHYeCKOro ompobGoBanusi, Jas HccaenoBa-
Hus no nporpaMMe <«Hw-2» He ciaegyer COCTaBAsiTL H3JMILHE
CJIOXKHble KOMIIO3HLHM, NMOCKOJAbKY yxe npu NI1<C0,051 cayuaiino
MOHOTOHHbBlE TMOKa3aTesqu He oxuaamrcs (Nxp=0). [Ipu nanvueit-
lieM yMeHblueHHH BeqHuuHbn NII HyXHbe NOKasaTequ 30HAJbHO-
CTH MOI'YT He€ BHISABJASTbCA B CHJY NPHPOAHBIX H TEXHMYECKHX
HOMEX,

O6beKkraMH, BXOIASIMMH B KOMIIO3HLMIO, MOrYT GHTb pyAHHe
TeJa OJHOrO MECTOPOX/EeHHs, ero pasJju4YHHE pa3BeloyHble MPO-
($UIH WA HECKONbKO TeHETHYECKH OJHOTHIHBIX MECTOPOXKAeHMH.

[Ipuponnbie reoJiorHieckHe MNpoLEccH HOCAT CTOXOCTHYECKH
JeTepMUHHPOBAHHBIA XapakTep, MHO3TOMY 3MIHPHUYECKHE jaHHBbIE
OTKJIOHSIIOTCA OT NPOCTHIX (DYHKIHOHAABHBHIX 3aBHcHUMocTel. AG-
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CTpaKTHasi MOJ€Jb 3HAOrMCHHOro OpyACeHEHHs, cBobonHAas OT npH-
POIHBIX H TEeXHHYECKHX IIOMEX, MO3BOJSAeT BBIIBHTb €r'0 IJiaBHbIC

3aKOHOMEPHOCTH H TPOBecTH uX YriyOJeHHbli aHanu3. Hakmaab-

Bag Ha UAeaJU3HPOBaHHYI0 MOJeJb 3apaHee 3ajlaHHble OrpaHuye-
HuUsl, cjyyaiiHBle TMOMEXH H OCJIOXKHEHHsl, MMHTHPYIOUlHe peasbHyIo
reoNorHyecKylo O6CTaHOBKY, YAaeTcst OLEHHTb HX POJib H obecme-
yuTh 6OJiee MPAaBHJIbHYI0 HHTEPNPETAlHI0 INTOHCKOBHIX TI€OXHMHYe-
CKHX JIAHHBIX.

Hccnenosantass Mojedb XapakTepusyer BepTHKajJbHOe pyJHOE
TeJjio, COMPOBOXIaeMoe NEPBUYHBIM OpEeOJIOM, OrpaHHYeHHOe BepX-
Heli M HUXHefi BHIKIMHKaMH H cQODMHPOBAaHHOe B pe3yJbTare
onHocraaufinoro mpouecca (puc. 69). ComepxaHHsi CeMH PYAHBIX
3JeMeHTOB TOJl YCJIOBHBIMH Ha3BaHHSIMH 3ajaHb 3a BbIUeTOM (oHa
B Opejesax OMHOro JorapugpMmuyeckoro HHTEpBaJja, XO0Ts HX abco-
JIOTHHEe COJlepXKaHHs He COBMNAAanT. ITO MO3BOJIUAOG COTJIACHO
dopmyse (90) npu mosyaorapudmuyeckoM Mmaclitabe NOCTPOEHHS
XapaKTepH30BaThb H3MeHEHHs! MOTOPH3OHTHHIX CPEIHMX CONEpPKAHHH
pYAHBIX 3JeMeHTOB c¢ riy6uHoli (lg C,) TmpsIMBIMH JIHHHSMH, OTJIH-
YaOUUMHCA TOJbKO CBOMM HAKJIOHOM H MOJIOXKEHHEM TOYEK H3-
jgoma. [sym pyaHbiM 3nementaM Zn u Cu NpHCBOeHa POJib OCHOB-
HBHIX (HOJIe3HbIX) KOMIIOHEHTOB, OTJIaraBLIHXCs B PYyIHOM Tese
B peXHMe HacblllleHHs, OCTaJbHBIM OTBEJeHa pOJb 3JIEMEHTOB-
CIIyTHHKOB. B BepXHHX H HHJKHHX BBIKJIHHKaX PYAHOro TeJja CoAep-
»KaHHs LMHKa GoJibllie COAEPXaHHH MejqHu, coiepxaHus As Hempe-
peiBHO yGbiBalotT, a cojepxanus Co HenpepuiBHO BO3PACTAlOT
¢ rayOuHo#i. [JaHHas MOje/sb OpyJeHeHHs COOTBETCTBYET 30HaJb-
HOMY psily OTJIOXKeHHst sJaeMeHToB (cHusy BBepx): Co, Mo, Zn,
Cu, Pb, Ag, As. Tlo reoxuMHYeCcKHM XapaKTepUCTHKaM Mojenb
06061iaeT ONBIT M3yyeHHs] MEJHOKOJYENaHHbIX MeCTOPOKIeHHH
IOxuoro ¥Ypana u Myroaxap.

Ilast amanusa Mojenu mo nporpamme «Hio-2» BeiGpano 11 ro-
pusontos uepes 0,1 B yc/ioBHOI Merpuke. I3 Hux nepsble jBa
XapakTepusylT Haapyaueiii opeon (0—I), cempb ropusontos (II—
VIII) — pynanoe Temo, a aBa HHKHHX  (IX—X) — moapyaublit
opeoJ. B pesysbrate HCCIeAOBAaHHs HCXOJHOH MOje/H HaiJeHHbIH
30HaJbHBIH Psijl OTVIOXKEHHs1 3JIEMEHTOB IO LEHTpaM THAXKEeCTH rpa-
(HUKOB MX MapHBIX OTHOIUEGHH{ OTBEUAeT HCTHHHOMY. HHCIO BbISB-
JEeHHBIX MOHOTOHHO H3MEHSIOIUXCs II0Ka3aTeNell 30HaJIbHOCTH
cocraBuno: 1 nopsaka—5 (u3 21 Bo3MoXHHX), II mopsiika —
29 (u3 231) u III mopsinka — 153 (u3 1281). CayuaiitHo MOHOTOH-
HBIX TOKa3aTeJei, corsacHo ¢opmyse (109), He oxupanocs.

Ha mogenbHble NOrOpH3OHTHBIE COAEPXKaHHS 3JE€MEHTOB HaK/a-
IbIBaMNCh caydaiiHbie noMexu e=1,1*t u 1,3*!, pacmpeneneHHbe
JIOTHOPMAJIbHO ¢ HyJ/IeBHIM MaTeMaTHYeCKHM OXHIaHHeM, MOje/b
HccaefoBasiach TPH Pa3iMYHOM YKcae ONPOGOBaHHBIX YPOBHeH,
B Pa3/IMUHBIX ee HHTePBajax M C YMEHbIIEHHbIM YHCJOM 3JEMEHTOB.
O6061eHHe TOJYYEHHBIX [JaHHBIX [O3BOJNHNO MPUATH K BBHIBOAY,
YTO HCTHHHHE PSibl 30HAJNbHOIO OTJIOKEHHS 3JIEMEHTOB BbISIBJAIOTCA
TONBKO NPH HCCJAEOBAaHHM MOJHOTO HHTEpPBajia DYHHOH 30HbI, OT
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BepxHero (0) o HuxHero (X) ypoBHeli Momenu. Ilpu 3TOM yci0-
BUM, HE3aBHCHMO OT HaJIOXKEHHs cJayuafinbix nomex, mpu 11, 9, 7,
6, 5 u naxe 4 onpo6OBaHHHIX YPOBHSIX BHISIBJIEHHBIE PAAbI OTIOXKeE-
HHSl 3/€MEHTOB COBNIAJAl0T ¢ HCTHHHOHM NOC/AEA0BATENBHOCTBIO HJIH
HE3HAYHTENbHO OTJAHYAIOTCAd OT Hee (uucliO HHBepcHil He Gonee
Tpex). Peskue OTKJOHEHHsT OT HCTHHHOrO psija OGHAapPYyXKHIHChH
NPpU BXOAHBIX JaHHHIX, OTBEUAIOIIUX MaJbIM HHTEPBaJaM Hccjenye-
Mo#i monenan. Tak, Npu pasjpeJbHOM HCCAENOBAHHH BepXHEro
{ypoBuu 0—IV) u Hikuero (ypoBHu VI-—X) untepBasoB Moaenn
BBHISIBJIEHHEE PsAB OTJOXEHHs 3JeMEHTOB CYIECTBEHHO OT/MYa-
10TCS OT 3aJaHHbIX, Bes ojHOBpeMeHHOro oxBaTa ONPOGOBAaHHEM
HaJpPyAHBIX, LEHTPAJbHBIX M MOJPYAHBIX TOPH30HTOB OOHapyXH-
BAlOTCA PSIAH 30HAJBHOrO OTJIOXEHHUsl JEMEHTOB, BECbMa JajeKHe
OT UCTHHHBIX.

HeraTtuBHoe BiMsiHMe c/yuyaHHBIX TIOMeX Ha pe3yJabraThl 06pa-
60TKH OYEBHJHO H OmNpejeserT HeOOXOIAMMOCTb CHHXKEHHS HX aMIli-
JUTYJH NyTeM YJAydlleHHsl KayecTBa TIeOXHMHUYECKOro ompo6osa-
HHA, aHaJu30B ¥ mojcyeroB. Ha mokasatenu crapiiux NOPsIKOB
BAHSAHHE CAyYaliHBIX MOMeX CHHXKaercsl, YTO YBEJIHYHBAET BO3MOXK-

HOCTb NpuoGpeTeHuss HMH MOHOTOHHOCTH. [IpuMep oGpasoBaHus
MOHOTOHHOTO mnoKasatens III mnopsinka v=_—AAg Tpex

; Pb-Mo-Co .
OCJIOXKHEHHBIX cJ/ydYaiiHoii momexo# 1,3*! HEeMOHOTOHHBIX MOKa3aTe-
Jdeéi I nopsinka mokasan Ha puc. 70. Peryaspnbie noMmexH, B OAH-
HAKOBOH cTeleHH H3MEeHsIolI¥e COJepXKaHHS BCeX PYAHBIX 3JeMeH-
TOB (pasiyBbl, IepeXUMBl, 3KPaHbl H AP.), Ha Oe3pa3MepHble MOKa-
3aTend 30HAJBHOCTH He BJIHSIOT.

HeynosneTBopuTe/bHbie pe3yibTaThl OBJIM  [OJAYYeHH NpPH
pa3jieJbHOM HCC/IEeJOBAaHHH 30HAJBbHOCTH TOJBKO BEpXHEro HHTEp-
Basa Mmogpenu (ypoBuu 0, I, II, IV), Ttonbko cpenHero (ypoBHH
I11, V, VI, VIII) u tonpko uuxHero (VII, IX, X). Hecmorps Ha
BHISIBJIeHHE MHOTQYHCJEHHBIX MOHOTOHHO H3MEHSIIOIIMXCS OTHOILe-
uufi I u II nopsakos (or 125 mo 219), ux NPOTHBOPEUHBHI BHA
u 6oJibIlioe YHCJAO0 BO3MOXHO CJAyYadHHX (BepXx M cepeinHa —
G6osee 30, vusz — Gosee 100) cpenanu NpakTHYECKH HEBO3MOXKHBIM
BHGOp TNOKasaresefl 30HaJbHOCTH. MexXay psaaaMu 30HaJBHOrO
OTJIOXEHHs! 3JeMEHTOB JJisi BEDXHEr0o M HHXKHEro MHTEpBaJoB
Mojenun OOHapyXXunachb OTpHLAaTeJbHasi paHroBas KoppeJsuus
r=(—0,54). B yc/10BHAX peaNbHOr0 MECTOPOXKAEHHS 3TO MOIJIO
npHUBECTH K OLIHGOYHOMY BHIBOAY O HaJdHuuM OGPaTHOHl 30HAJBHO-
CTH OpyJAeHeHHs.

B ycnoBuAX, Koria INO OTJAE/JbHBIM Pa3BeJOYHBIM  IPO-
GuasaM WM PYAHBIM TenaM eOXHMHYeCKHM ompoboBaHHEeM OXBa-
THIBAIOTCS TOJbKO OrpPaHHYCHHble HHTEPBaJbl PYAHOH 30HBI, OTYET-
JIMBO TPOSIBJISIOTCS JOCTOMHCTBa mporpaMmbl «Hio-2». O6benunsis
TPM HHTEpBajia HCCAEAYeMOH MojeJd B OJHY KOMIO3HIHIO
(puc. 71) mo cxeme «o6bektoB 3 (min 3)», o6HapyxuBaeM 5 06-
1IUX MOHOTOHHBIX MOKasarteJsefi | mopsinka u 29 — Il nopsisika npu
OJHOM BO3MOXKHO cJydaliHOM M OOmui PsiI 30HAJBHOrO OTJIOXKE-
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a Puc. 70. TpadHKH MOHOTOHHOTO IO- >
Kasatens IlI mnopsiaka, 06pPa3soBaHHOrO N -
H3 HeMOHOTOHHHX IIOKa3aredeii I mo- Y vl (AN A Mg 2] )5 5 9//

paaxa. ITo 3. H. Babaesy.

Puc. 72. Tpabuku nNokasaTejell TeOXHMHYECKOH 30HAJIBHOCTH H reoJIOTHYeCKHH
paspes OIHOTO M3 Y4YacTKOB Tep/MrxalicKOro  PTYTHOTO — MECTOPOXKAEHHS.
ITo I'. C. Cumruny.

1—3 — HUXKHEJICBOHCKHe BYJKAHUTE:: [/ — aHHLEe3UTO-JalluTOBble NOpGHPUTH; 2 — Tydobpek-
uyuH; 3§ — aUpPOBLIe aHAE3UTOBLle NOPQHPUTH; 4 — OCHOBHhie W BTOPOCTENEHHBle pa3phIB-
Hple HapylIeHHA; § — pyldHble Tela H HX HepBHYHBIA opeon B KoHType 3-107° % Hg; 6 —
nojiseMHule BBIPAGOTKH (@) H CKBaXHHBI (6)
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Puc. 71. BusBieHHe NOJHOH 30HAJb-
HOCTH MECTOPOXKJEHHS MO JAaHHHIM OIl-
poGoBaHuA pas3NMUHBIX HMHTePBaJIOB
opygsenennst  (nporpamma  «Ho-2»).
Ilo 3. H. babaesy.

HuTtepBanbnl DYAHOR  30HBI:  a — BEPXHHH;
- 6 — cpenHHil; 8 — HHXKHUI; 1 — pyaHoe
| TeA0 H ero NepPBHYHBIK oOpeoJ; 2 — YPOBHH
(rOPH30HTH), YYacTBYIOIIHe B uccaes0-
BaHHH
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HHsS 3JEeMEeHTOB B IOJHOM COOTBETCTBHHM C paHee MOJYYEHHBIMH
pesy/ibTaTaMM [pPH HCC/IEJ0BAHMM MCXOJAHOH MOJeNH MO BCeM
11 yposHsiM. B uesom 3t u Apyrue HCC/IELOBaHHs Mojeseit J0Ka-
3ajgu BHICOKYI0O 3(G(EKTHBHOCTb M HAaJeXHOCTb H3yuUeHHs 30HaJlb-

T

HOCTH MECTOPOXJeHu#l ¢ noMolbo nporpaMmbl «Hio-2».

Ha puc. 72—74 npuBejeHbl Te0JOrHYECKHEe pa3pesbl PTYTHOro, e 7 Loy
cTpaTHHOPMHOrO MOJHMETAa/JIHYECKOr0 U OJIOBOPYAHBIX MECTOPOXK- 4 ! ! é
JeHuH H mnoKa3aTeaH reOXYMHUYECKOH 30HaJbHOCTH 3THX MECTO- Puf. 73. T'padHKH H3MeHeHHs TOKA3ATENs TeOXHMHUYECKOH S0HAJIBHOCTH C ray6H-
poxjeHuil, HaiileHHble IyTeM OOPabOTKM TEOXHMHYECKHX [aHHbBIX IH3“~ M"Pra””gcté“gng MecTopomll)lefH"ﬂ. ~
no mporpamme «062-MTI'Y», fajbHefilinM pasBUTHEM KOTOPOH AB- BT Ol aemns apyeniy 5 pasmame Cearcns T o rpab vt o)
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Puc. 74. TeonorHueckHe paspesbi [BYX OJIOBODY/HBIX MeCTOPOXiEeHHA H rpa-
Bi%-Ag

(pI/lKI/l o0Lero AJ9 HHX reOXUMHYECKOrO NMokasaTess 30HAJbHOCTH Vz = —S_ 2. W .
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1 — nopdupHTEE, 2 — NIAFHOKNa30Bbie MOPQUPUTHI ¥ HX Tydui; 3 — addy3uBno-ocagoyHbe
nopoabl HHXKHEro Meja; 4 -— BepxXHelOpcKas MecYaHo-cJaHLEBag ToJlla; 5 — pyAHas 38oHAE;
6, 7—rpaduku v, AN MECTOPOKJeHHS Mepesanbhoe (6) u ®ecrupanbhoe (7); 8 — cKBa-

JKHHBE; 9 — roplble BHIPaGOTKH

asiercsi nporpamMma «Hro-2». Tlo uncay Hccief0OBaHHHIX pas3Befoy-
HBIX NpoQuiell u ONPOGOBaHHBLIX YPOBHEH OpyJeHEeHHs] B COCTaBe
BBHISIBJCHHHX [OKasareseil CAyyaHHO MOHOTOHHBIX He OXKHJIaJO0Ch.
[To KaXmOMy M3 3THX JeTaJbHO pa3BeJaHHBIX MeCTOPOXKIeHHI
6blai BeIGpaubl 8—10 pasiuyHBIX v, KOTOpHle 3aTeM INPHUMEHSIHCh
JJIsi OUEHKM TeHeTH4eCKH OJHOTHNHBIX NPOSBJIEHHI DYAHOH MHHe-
paiu3allid — FeOXHMHYECKMX aHOMaJuH, BBISBJASEMbIX MpH 1O-
HCKaX.

30nanbHOCT, Tepaurxaiickoro MecTopoxjeHus (cm. puc. 72)
HcclenoBatach B leoMm, Ge3 BBIAEJNCHHS OT/JENbHBIX KBapleBO-
KHHOBAapHHIX Tes, uTo OmpaBjiano cebs. [enesnc cTpaTHPOPMHBIX
MECTOPOXK/EHHI CUMTAETCs] CMOPHBIM: COrJIaCHO OJHOiI TOYKe 3pe-
HHS,, OHH SBJSIOTCS NePBHYHO-OCAJOYHEIMH, COTJIACHO APYroi, —
rHApOTepMaibHBIMU. [eoXxuMHuecKass 30HAJbHOCTb Muprannmcaii-
CKOTO I10JIMMETaJJIMUeCKOro MeCTOPOXK/IEeHHS OAMHAKOBO INPOAB-
JsieTcsi B ABYX KPblIbsix AHTHKJIHHAIM (CcM. puc. 73), 4TO yKashl-
BaeT Ha BO3MOXKHBI{I TOCJAECKIauaThlii XapakTep pyna0o6pasoBa-
HUSL M, C/JeI0BaTeJbHO, Ha €ro SIUreHeTHUeCKylo mpHpoxy. [lBa
OJIOBOPYAHBIX MECTODOK/EHUs, NIOKa3aHHble Ha pHC. 74, MpUHanJe-
KaT K OJNHOMY reHeTHYeCKOMY THNY CHIHKATHO-CYAbMuAHOH ¢op-
Mallui, paccTOsHHe Mex1y HHMH 1o mpsiMoii okono 40 kM. Kosg-
dunEeHT noao6usi » 3THX ABYX MECTOPOXK/IEHHH OKOJIO 1,0.
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Caenyer s Bcerja OXKHAaTh CYIULeCTBOBAHUSI MOHOTOHHHIX IIO-
KasaTejell 30HaJbHOCTH MECTOPOXKAEHHH B CHJIy NOCJeL0BaTeb-
HOr'o OTJIOXKEHHsi 3JeMeHTOB npu pynoobpas3oBannu? OTBer Ha 3TOT
BOIIPOC, HECOMHeHHO, Oyaer orpuuare]bHbM. Oana u3 HpPHUHH
HapylleHHsi MX MOHOTOHHOCTH — MHOTO3Ta’KHOe, HEepeiKo KyJHco-
o6pa3Hoe pa3MellileHHe CJenblX PYAHBIX Tes MO ray6uxe. B pesysb-
TaTe psiAbl 30HAJBHOTO OTVIOXKEHHS 3JIeMEeHTOB MOIyT HeOJHO-
KpPaTHO MOBTOPSITbCS, M NOAPYIHBI OpeoJ OJHOrO pPYIHOrO Tesa
MOKET COBMeIaThCsi C HaAPyAHHIM OpeoJioM APYyroro. 3TOT BaX-
HBbIH MPHU3HAK JOJKEeH YUHTBIBATHCS BO BCeX Caydasix.

Hdpyrasi npuudHa — Ha/JuYHe <UEHTPUKJIHHAJIbHOH» 30HAaJbHO-
CTH, CHMMETPHYHON OTHOCHTEJNbHO CpPeiHell YaCTH PYAHOH 3aJjlexXH.
Takyno 30HaJbHOCTH MOXKHO OXKHIaTh y BYyJKaHOTeHHO-0CaJ0YHBIX
MeCTOPOXKAEHHH, a TaKKe N0 NMPOCTHPAHHIO (Vy) MHOTHX XHJBHBIX
H IJIaCTOBBIX SHJOTEHHBIX MECTOPOXKIEeHHH, OT «ropsiueli» IeHT-
paJbHOA YacTH K HX <XOJOAHBIM» KoHuam. OTYeTIHBYIO LEHTpH-
KJAHHAJBHYIO 30HAJbHOCTH MeIHOKOJIYEaHHOrO MEeCTOPOXKICHHUS
«b0 ser Oxtabpsi» (CeBepuble Myromkapbl) BhisiBUn1 A. A. Mar-
BeeB.

Takyo e posib HUrpaer IOJIOrOe CKJIOHEHHe PYAHBIX TeJ, B pe-
3yJibTaTe KOTOPOr0 NO HEKOTOPHIM * Pa3BefOUHBIM Npoduism 30-
HaJbHOCTh OTCYTCTBYeT HJAH mnpuobGperaer OOGpaTHHi xapakrep
(puc. 75). HIMeHHO Takasi 30HaJbHOCTh Oblia OOHapyxeHa NpH

| \IV::_\\\\ v Vi
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Puc. 75. Cxema 0oOpaTHOM 30HAJBHOCTH IIPH MOJIOTOM CKJOHEHHH PYJAHOH 30MbL

1 — coBpeMeHHasi MOBEPXHOCTL, 2 — YCNOBHBIE <«H30TEPMBI®» DYAOOTVIONKEHHA; 3 — pa3Belou-
Hble npOdHUIH, TOYKH — mepeceYeHHe MJAOCKOCTH PYAHON 30HB CKBaXHHaMH; 4 — HalpasJe-
HHe JBHXKEHHS THADOTEPM .
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Hcce10BaHHd MeaHomopdupoBoro mecropoxienns Kokcai (HOx-
ubii Kasaxcran). TobKO B MepBOM HPHOIHIKEHHH H30JHHHH
YCHIOBHOH «TeMMeparyphl» pYJOOT/IOMKeHHs, OTPaXXEHHEM KOTOPOM
ABJSIIOTCS JIHHHM HM30-v, MOLYT B IUVIOCKOCTH pY/JIHOH 30HB Npen-
moJaraThesi NapaJulebHEIMH AHEBHOH MOBEPXHOCTH H MeXJy CO-
Goii. CIOBO «TeMIlepaTypa» YMBILJIEHHO B3ATO B KaBbIUKH M O3HA-
yaeT KOMIJEKC (DU3UKO-XHMHYECKHX YCJOBHH, H3MEHSIUXCs
¢ ray6uHoii. BropbiM npuO/IHKEHHEM MOXKET CJIYXHTb KapTHHA
«M30TepM», NOKa3aHHasi Ha puc. 75. B Gonee obulem ciyuae JHHUH
H30-v B IJIOCKOCTH PyAHOH 30HBI MMEIOT CJOXKHBIH KPHBOJHHEHHbIH
XapakTep, 3aMBIKasCb BOKPYr OTAEJNbHBIX «XOJNOIHBIX» H Gosee
«ropsiaux» OJIOKOB.

BoisiBlleHHe CBSI3H MEX1y paclpejejieHueM IOJNe3HbIX KOMIO-
HEHTOB OpY/JeHeHHsi M YHC/JEeHHHIMM 3HaUeHHAMH v HMeer BaxKHOE
npakTHuecKoe 3HadyeHue, B HYaCTHOCTH, As MPOrHO3a pYyAHBIX
CTONGOB M «BOHAHL[» HAa MeCTOPOXKAeHHsXx 30J0Ta. HecoMHeHHO,
qTO0 B NPHPOAHBIX YCJOBHSX pPas3iiuuHbe MNPHYHHBL, B TOM HHC]IE
MHOTOCTA[HHHBIT XapaKTep OpYyIeHEeHHs, OCJIOXKHSIOT 30HaJbHOCTD
3HIOTe€HHBIX MEeCTOPOXKAEHHH.

4.4, PEHIEHUE NOUCKOBO-OLLEHOYHBIX 3AJAY

KoueuHasi 1eJb HCC/ENIOBAHHH NepPBHYHbIX OPEOJIOB M 30HAJIbHOCTH
MECTOPOXKeHHi — OGHapyKeHHe HOBBIX DYIAHBIX TeJq H IPOrHO3
opyjieHeHUS Ha [ayGuHY. BBICOKOH 3((heKTHBHOCTH Tpu pelleHHH
sTux 3anau goctur C. B. [puropsin B pyaHbix paiionax Kapawma-
sapa (TagxCCP). M3 37 reoXuMH4eCKHX aHoOMaJuii, peKoMeHJ10-
BAHHBIX MM K Pa3BelKe, cjeroe NMPOMBILNIEHHOe OpyJieHeHHe Ghl10
06Hapyeno ropHo-6ypoBbiMu pa6oramu B 3l cayuae (84 %).
U3 15 passensiBaBIIMXCA aHOMauf, OLEHEHHBIX Kak fecnepcrek-
THBHBlE, HH B OJHOM CJyiae TNpPOMBIUIIEHHBIX pYA BCTPEUYEHO
He 6bu10. Ciemble pyaHble Teda ObUIM OTKPHITHL 110 JaHHBIM
C. B. I'puropstia na TMyGOKAX FOPH3OHTax CKapHOBO-TOJMMeETasl-
amueckoro Mecropoxienus apmen6epr B Isemuu [5].

Ha Bcex craausx NOHCKOB W Pa3BelKH YHHBepCa/lbHOe 3Ha4e-
HHe MMeeT OlLeHKAa II0 IeOXUMUYECKHM JaHHBIM OJHHOYHBIX DYAHBIX
nepeceueHHit MyTeM HX NMePeBOJa B METPHKY 3TA/NOHHBEIX MECTOPOX-

neHut. 910 0CO6EHHO BajKHO Ipu QlieHKe HENPOMbILIJIEHHOro Oopy-

JeHeHHs, KOTla PeliaeTcsi BONPOC O ero NMPHHALIEKHOCTH K Hal-
DYAHEIM, YEOTHM HEHFPEALHLIM WU TIOADYAHBIM HHTERBATAM PYA-
HOIf 30HHl (CM. puC. 59).

He MmeHee Ba)kHOiI SBJsieTcsi OlleHKa B MeTPHKe 3TaJIOHHOrO
MeCTOPOXKIEHHs] H NPOMHILICHHOro OpYy/IeHeHUs HA rOpH3OHTE ETD
06HApYXKEeHHs. NOUCKOBHIMH CKBaXHHAMH WJIH Ha COBPEMEHHOH TIO-
BEPXHOCTU, B FOM €Mfc/e MO BTOPUUHBIM OCTATOYHBIM OpeojaM pac-
cesuusi. B mocAeaHeM cAayyae 3ajaia CBOJAMTCA K OUEHKe YPOBHA
5PO3UOHHQrO Cpe3a MeCTOPOXKJIeHHs, B uucae JAPYFHX MNPHSHAKOB
onpejessiionlero ero MPOrHO3Hble pecypchl (cm. paspmen 6.24).

OneHKa («TakCHpPOBaHHE») YDOBHA OpyJeHeHHs NPOBOAHTCA MO
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MoKa3aTelsiM 30HaJbHOCTH V, TeHeTHYECKH OAHOTHIHOTO 3TaJOH-
HOrO MecTOpOxkKjeHus. [Ias 3Toro BHOpaHHBHEe MOHOTOHHO H3MeHs-
[OIIMeCS] MOKa3aTeld 30HAJbHOCTH H300paxalTcs rpaduyecKH
B KoopauHatax [logwv, 2], Kak 3TO NOKa3aHO Ha puc. 64, 72—74.
[To sTuM rpadukaMm, Kak no rpagydupoBKaM, HHCJ/AeHHble BeJHUHHB!
v; TAaKCHPYEMOTO CeUeHHsi TMepeBOAATCS B 3HaueHus z;. Haubosee
yno6Ho BeJHUYHHH 2z 3TaNOHA BHpaxark B WiKaje 0,0—1,0. Ecan
JJsi 3TOTO HeT AOCTATOYHBIX [AaHHBIX, OTCYET IJIYGHHHI BeJeTcs
B OTHOCHTEJBHHX HJAH abCOMIOTHBIX OTMETKax HJAH B <«YPOBHSAX®
(ropu30HTax) 3TaNOHHOTO MecTOpOxKAeHHUsi. Te e OLEHKH MOIYT
OLTe NOayyeHbl aHaJuTHYeCKH no Qopmyje noio6usa Tpeyrofisb-
HHUKOB:

Ig (va/vi)
Z2i—=a b—aq) =221 y 104
+( ) ig (Va/vp) ( )

rre @ U b— OTMeTRM (maH HOMepa) JABYX YPOBHeH 3TajOHHOrO
MECTOPOXKICHHUS, MeXAYy KOTOPHIMH (MM BOJM3M KOTOPHIX) JEKHT
z; (puc. 76).

Henocrarouno ypoBeHb OpyJeHeHHS ONIpeleNaThb N0 BeJHIHHe
OJHOrO v — NPH ITOM OCTAIOTCSi HEHU3BECTHbIMH CXO[HMOCTb H JAO-
BepHTeJbHble Npejeabl OLEHOK. QupeleseHHs CJIeAyeT BecTH IO
8—10 pasHpIM v, C OIEHKO#l CpeJHero apu(QMeTHYeCKOro z H
CTAHAPTHOTO OTKJIOHEHHs uepe3 pa3Max 3HauyeHHH $=fn(Zmax—
—Zmin), TAe Pn— TabAUYHBIA MHOXKHTEJNb, 3aBUCSILIMI OT uHCaAa
onpeneneHuit [42]. OueHkn ypoBHeii OpyjneHeHHst TpeiCTaBJISIOTCA
B 3HaueHmix z-s/)/n , rle n-—HHCAO HCHONBL30OBAHHBIX V.

BesnuuHbl J1OBepHTJbHbIX NpeienoB - s/} n xapakrepusyior Ha-
J€XHOCTh OIIEHOK M CJY:KAaT OJHHM H3 KpPUTEpPHEB reHeTHYecKOoM
6J1M30CTH OLlEHUBAEMOr0 OpYyAEHEHHS K 3TaJOHHOMY MeCTOpOxKie-
uuio. OLIEHKH CHUMTAIOTCH YAOBJIETBOPUTENbHBIMH, €CJIM OHH JIEeXAT
B mnpefenax =50 M, npu 66b-
KX JOBEpUTEJbHBIX Ipefenax
nejecoo6pasHo  mepecMOTpeThb
BLIGOD 3Ta/OHA. '

MerTo], OLUEHKH OXHAaeMHIX
Ha riayOuHe pecypcoB MeTaJslna
M0 XapaKTepuCTHKaM HaApyaA-
HbIX MEPBHYHLIX OPEOJIOB BIEp-
Bble mpednoxusa B. JI. Bapcy-
KOB JJf O0JIOBODYAHBIX MeCTO-
poxzaenud [lanbHero Bocrtoka.
B ocHoBe ero sexur aHaau3
NePBHUHLIX OPEOJIOB JIErKOJIeTy-
YHX 3JEeMeHTOB, O0cCBOOOXKAalo-
LMXCA MPH pacnajge KOMIJeKC-
?SLXH; O€ln 'HEHhH‘T ?Ie%)gggcep§?1- Puc. 76. Cxema OLEHKH YPOBHS OpY-

JleHEHHS] Z; 10 BEJHUMHE Vi B METDHKE
HBIX 3/J€MEeHTOB MNPH TUAPOTEP-  3TANOHHOTO MECTOPONKIEHUS

-1 z 3
10 1 1/ 0 /0/ Wy,
1
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MaJIbHOM PYH000pa3oBaHuH. B obuieM ciydae MexAy HaapyAHBIMH
opeoslaMH 3THX AAJAEHJOB M KOJHYECTBOM WeTanja, OTJI0XKMBIIE-
rocs Ha TAyGrHe, CymiecTsyeT mpsmas 3aBucuMOcTw. Ilpu dopmu-
POBAaHHU OJIOBOPYAHBIX MeCTOPOXKMAEHMH IepeHOC 0JI0Ba THAPOTEP-
MaJbHBIME PaCTBOpPaMH NMPOHCXOAUT B ¢opMe HTOP-rHAPOKCHUIbHBIX
KOMILTIEKCOB, 'MAPOJNH3 KOTOPHIX NpPH M3MEHEHHH KHCJIOTHO-11eJ04-
HBIX YCJAOBHH HJET 10 peaKIHH

[Sn (OH), F,J2~ -+ 20H= — Sn0O, -+ 2H,0 -+ 4F- .

OcBoGoXaaoIuicss npy 3TOM (QTOP-HOH BXOJHT B COCTaB Hal-
PYAHBIX OKONQXKHABHELX JIODOA B COAepKaHHAX, 3aBUCAIIMX OT
KOJIMUEeCTBa KaCCHTEPUTa, OTJOKHUBLIErocs Ha rayOwne [5].

B. J1. Bapcykos npensoxKun OLEHHBAThb HPOrHO3Hble DPECYPCHI
0JIOBA MO BEJHYHHE OTHOIIEHHMS MeXAy CPEeIHHMH CONEPKaHUAMH
dTopa B HAZPYIHOM HHTepBalle XKUJABLHOTQ BHNOJHEHHs (Fp) M
B OKOJMOpPYyAHOM opeode (Fop) € HOMOINBIO COOTBETCTBYIOILETO
ypaBHEHHsI perpecCHH. IJTH 3aBHCHMOCTH C IIePeMEHHBIM YCrexoM
GBIIM MCNOAb30BAaHBL B IpPaKTHKe paboT W BOLIIH B JAEHCTBYIOIIYIO
Uucrpykuuio [21]. dror BechbMa NepCneKTHBHBIA MeTO[ OLEHKH
NPOTHO3HbIX pecypcoB Sn, a Takxe W, Be u HEKOTOpHIX APYTHX
MeTaJJIOB 110 HaApPyAHHIM NEPBHYHLIM OpeoJaM JIETKOJIeTYyuux 3Je-
MEHTOB elle HyxKjaaercsi B L0palboTke.

Jipyroii BapHaHT pelleHHs 3TOil 3aJlaud paccuuTaH Ha OoJsee
orpaHHueHHbIi HHTEPBaJ HaAPyAHBIX OPEOJOB — OT FOPM30HTA, HA
KOTOPOM OCHOBHOH PYAHBIH 3JleMeHT OOHapyKHBaeTcsi B 3aBeJOMO
AHOMaJbHBIX COJepXKaHUAX, N0 TOPH30HTa INPOMBIINIEHHBIX PYA.
B npuHATOl MeTpuKe 3TO OTBeyaer MHTepBady 0,0<z<0,2. Hauu-
Hasi ¢ 2>=0,2, olleHKa pecypcoB Belercs IO NapaMerpam pyAHOro
tena. Haapyaubii nepBUYHBIA OpeoJ, HampuMep, CBMHIOBOTO Me-
CTOPOXKAEHHA MOXKHO XapaKTepH30BaTh NOCJeN0BaTeJbHHMH ypOB-
HSIMM, CXeMaTHYeCKH NOKasaHHBIMM Ha puc. 77. Ha yposue 0,02
OUeHb MaJeHbKyI0 0 pa3MepaM H IO NPOAYKTHBHOCTH JIHTOXHMH-
yecKylo aHoMajuio o6pasyer Toabko cBuHel. Ha ypoBHe 0,07
K HeMy I[pHcOeiHHAETCs Cepe6po, a Ha YPOBHe 0,11 — Menp, u
BhIAAB/JEHHblE pasMepbl aHOMaJjuii IOCJe/0BaTeJbHO BO3PACTAIOT.
Bosee paHHee NOsiBleHHe NEPBHYHOrO Opeojsa CBHHIa IO CpaBHe-
HHIO C opeosioM cepe6pa He O3Hauaer, 4TO cepe6po OTJIaranoch
HuxKe CBHUHIIAa, U CYJAUTH O MOoBeJAeHUY 3JeMEHTOB MO BbISBJCHHLIM
pasMepaM HX TeOXMMHYECKHX aHOManui B Jo60M Clyyae HeLOmy-
cruMo. Takas NOcCJAeNOBATENbHOCTb IOSIBJEHHs OPeOJIOB JIBYX 3Je-
MEHTOB OOBbSICHSIeTCA TeM, YTO 3TO CBHHIOBOe MeCTOpPOXKIEHHe, H
B KOJMYECTBEHHOM OTHOLIeHHH CBHHeIl CyLIeCTBeHHO Ipeobaanaer
Haj cepe6poMm.

Sra Heca0KHAs Mofedb TOJAbKO HallOMHHAeT, 4To 3(heKTUBHbIE
pa3Mepbl JHTOXHMHYECKHX aHOMAJi, COJepKaHUSA H MPOAYKTHBHO-
CTH 3/JEeMEHTOB yXe B HajpYyAHOM OpeoJie MOTyT H3MEHATbCs pas-
JUUHBIM 06pa3oMm — BO3pacTaTh, OCTaBaThCsi NMOCTOSIHHBIMH H y6BI-
BaTb ¢ TIJAyOHHOH. 3aKOHOMEPHOCTH pacmpejesieHusi B KOHTYpe
MOJLe/IH OpY/eHeHUsI OCHOBHOTO PYHOTO 3JeMenTa osee MOAPOGHO
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Puc. 77. Mogenb ypoBHe#l 9pOSHOHHOIO cpesa.

1 — BepTHKANbUBINT paspes pYAHOIO TeJa H €ro NEPBHUMOr0 Opeoja; MNePBHYHbIE OPEeoJbl
B njaHe: 2 — cBUHIA; 3 = cepe6pa; 4 — MelH

xapakTepusyer puc. 78. 34echb Ha BePTHKaJbHOM pa3pese PYyIHOH
JIMH3H TOKa3aHbl: yxe 0OCYxIaBUIMiACS paHee rpaduk coaepxa-
uuft pyasoro aaemenrta lg C,=f(z), rpadur namenenus c riayo6u-
HOH IJIOmajM JMTOXHMMYECKOH aHOMajauu S; u rpaduk OJHOTO
H3 TeOXHMHYECKHX II0Ka3aTejei 30HAJbHOCTH v, MO YCJIOBHIO
He MMEIOIIEro B CBOEM COCTaBe OCHOBHOIO PYJHOro 3JeMeHTa.
CoBMecTHOe pacCMOTpPeHHe 3THX AaHHBIX MO3BOJSET BBIACIHTD
B npejesax PyAHOH 30HH HHTepPBaJbl: HaJPyAHbIH, B KOTOPOM JH-
HefiHass M, M mJaomwanHasi Pp NpOAYKTHBHOCTH OpYAEHEHHs: OT
YpOBHS K YPOBHIO BO3DaCTaioT; PyAHble, B KOTOpbix Mp ocraercs
CpPaBHHUTENbHO NOCTOSHHOH; M NOADPYAHbIA, B KOTOPOM IPOJAYKTHB-
HOCTb yOBIBaeT, BIVIOTb [0 NOJNHOH BBIKJIHHKM OpYyHCHEHHS.
TTocKOMIbKy BelHuMHa NOKa3aTesi 30HAJbHOCTH V; MOHOTOHHO YOGbi-
Baer ¢ IMy6HHON, B HajpynHOM HHTepBaje Mexnay Mp u v, cyue-
CTBYeT OTpPHLATE/NbHAasi KOppeasius, B MOAPYAHOM — NOJOXKHTE/b-
Hasi, B HanOojiee NPOAYKTHBHOH YacTH pPYAHOH 30HB — MeXay
M, u v,— Koppeasinus; orcyTcTByer. IIpu reoxuMuueckom ompo6o-
BAHHH KOHKPETHOrO MECTOPOXK/EeHHS MO CepUH pPasBeqOouHbIX Hpo-
Gunell 3TH KOPpeNsilHOHHble 3aBHCHMOCTH MOTYT CIYXHTb JJ5
JHaTHOCTHKHM COOTBETCTBYIOIIHX HHTEPBAJOB DYAHOH 30HBL
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Puc. 78. Mopenb pynHo#i JIHH3H:

@ — BePTHKaNbHBI paspes; 6 — pasaHuHble YPOBHH cpe30B. [ -—— pyAHoe Teno; 2 — NepBHY-
HBIL opeot; 3 — rpaduk nAOWAfH AHTOXMUMHYecKol aHomanun S ,; 4 —rpadux colepXaHulf
pyaHoro snemedta [gC; 5 —rpaduk v ,; 6 — KOo3hdUUHEHTE KOppeasiudud Mexay Vv
H M, B DasnHYHBIX HHTepBajax PYAHOH 30HMI

2

B npasoii wactu puc. 78 NOKas3aHb PasjiMuHble CPe3bl PyHHOH
JUH3H, HauWHas ¢ HaapyaHblx yposueit 0,1—0,15. OueBnpHo, uTO
ofHapy:KeHHe CJEMOTO PYMHOTO Teja IIPH TeOXHMHYECKUX MOHCKax
BO3MOXKHO H Ha jJpyrux, G6oJiee BHICOKHX YDPOBHAX II€PBHUYHOTO
opeoJa C pasJMUHBIMH BecbMa MaJbMH NpPOAYKTHBHOCTAMH Pp
(8 M29% ). Cyaurh 0 IPOrHO3HHIX pecypcax MeTaajaa Ha TayOuHe
M0 BeJHuYMHe 3TOf NpPOAYKTHBHOCTH coraacHo ¢opmyae (87)
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MOXKHO TOJBLKO NyTeM ee nepecuera Ha yposeHb 0,2 ¢ mOMOLLbIO
NONpaBOYHOrO MHOMKHTENs, 3aBefOMO OOJIbIIero eJHHHIbL.

[IporHo3uble pecypchl MeTajsla Qm™ B CleNblXx PYAHbIX Telax
MO NPOAYKTHBHOCTH Pp HX HaJApyAHHIX OPeOJIOB CllelyeT OLeHHBaTh
COTIACHO 3aBHCHMOCTSAM

P,=nP,; (105)
* l *
Qu= - P,Ha, (106)

rie P,* —ucnpaBieHHasi NPOAYKTHBHOCTB; ;=[(z:)>1,0 (2i—
KOHKDETHBIli ypOBeHb HaJpyJAHOro OpeoJja, Ha KOTOPOM Ompeje-
nena Pp); . H — mpOTSKEHHOCTb pyAHOro HHTepBana or z2=0,2
10 2=0,8; a<1,0 —nonpaBOYHBI MHOXHTENb, YUYHTHIBAIOUIHHA
noai0 3a6alaHCOBHX pyA. B orinune or kosdduumenra n>1,0,
3aBucsmero or 2<0,2, NONpaBOYHHI MHOXHTelb a B (dopmyJe
(106) 3aBucuT B uyacTHOCTH oOT oOmux 3amacoB Meralla Qg,
COCpPeNIOTOUEHHBIX B 00beKTe.

OnbIT NOKa3LBAeT, UYTO BbIfiBJeHHasi <«LIMPHHA» IePBHYHOrO
opeoJia TPH IOCTOSIHHBIX GOPTOBOM H (DOHOBOM COflepKaHHH Ompe-
neasieTcsi CBOMCTBAMH pYAHOIO 32JeMEeHTa M pPyJOBMelalolmIHX
NOpOj M He 3aBHCHT OT pa3MepoB PyAHOro Tejga. B urore ¢ BO3-
pacTanueM OGIMX 3aMacoB Meraja Qm OTHOCHTENbHOE ero KOJi-
YyecTBO, COCPeJOTOYEHHOe B NMEepBHYHOM OpeoJe, CHUXKaercs u MO-
NpaBOYHBI MHOXUTEIh ¢ CTpeMHTcsi K eaunuie. CnpaBeniuBOCTb
TaKoH 3aBUCHMOCTH ¢ OT Qp MOXHO TNOKa3aTh Ha MNPOCTeillieM
npumepe chepuyeckod 3sagnexu. OO6o3Hauas pajuyc PYAHOTO

Tena r, cpefHee cojep:kaHue Mertanna B pyne Cp, MPHHHMAs SKBH-
BaJIEHTHYIO MOLIHOCThL TNEPBHYHOrO opeosa 3a 1,0 u cpeinee conep-
KaHue MeraJiia B opeode 0,2 Cp, nmeeM
r3
0,834+ 0,2 (r + 1)3

[TpunaBasi r pas/iuuHble 3HAuYeHHA Ha#geM COOTBETCTBYHOLIHE
BesnduHbl o (Taba. 17). Tlo Mepe yBequueHHs PasMepoB 3aJjexed
3amacel MeTaJjJia B [ePBUUHOM OpeoJie PacTyT, HO HX OTHOCHTEJb-
Has 7044 B o6mIHX (reOXHMMHYECKHX) 3alacax CHUKaercs.

Bosee caoxHO OOOCHOBaHHe YHCJAEHHBbIX 3HaueHHMH MHOXHTeNs
n;>1,0. Vcranopienne COOTBETCTBYIOUIMX (PYHKLHOHAJIBHbIX 3aBH-
CHMOCTeli siB/IseTca 3ajaueli Ouamkaliurero Oyaymero. 31ech MBI
OrpaHHYHMCSl PacCMOTPeHHEM YacTHHIX 3HAUeHHH 1;, MPEeNJIONKeH-
HBIX [J51 Hepecuera NPOAYKTHBHOCTH HaAPYyAHHIX NMEePBHUHLIX OpPE€O-
JIOB Ha YPOBeHb NPOMBILLIEHHBIX T'OPH3OHTOB (2=0,2) anas 0J0-
BSHHBIX MecTOpoxienuit KaBasepoBckoro paiioa (IIpumopcknit
Kpai).

OJIOBOpYHBle MeCTOPOXKJAEHHs 3TOr0 padoHa NpHHALIeXaT
K CyJb(HIHO-KaCCHTEPHTOBOH (hOpMalHUH, UX PyAHbIE Te/1a MPEeLCTaB-
JeHbl KPyTONMajaloUMMH JKHJaMH H MHHEPaJH30BaHHbBIMH 30HAMH
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Tabauuna 17

HNonpaBouHbie MHOXHTENH O AJA yuera 3SabataHcOBBIX PyA.
Cdepuueckas sanexp (Momesb)

YcnoBHBIE 3amachH MmeTranaa
B TOM 4YHcCJe!
O6BexT r Bcero o
W wppe | rapamos

PynponposiBnenue 0,3 0,461 | (0,027) 0,434 0,059
MecTopoxpenne:

MeJIKOe 1,0 2,4 1,0 1,4 0,417

cpefiHee 2,15 14,26 10,0 4,26 0,701

KpynHOe 4,64 115,88 100,0 15,88 0,863

YHHKAJIbHOE 10,0 1067,4 1000,0 67,4 0,937

Hamu ApoGJuenns. OpyleHeHHe XapaKTepu3yeTCsi HeTKOH BepTHKAb-
HOi 30HaJILHOCTBIO, OTPaXXeHHeM KOTOPOH CJIYKAT MOHOTOHHBIE Y6bi-

Baoline ¢ INyOHHON reOXMMHYecKHe NOKasaTeld 30HaJAbHOCTH THIMA
Pb As-Zn  Sb.Cu-Pb
Sm ' Snz ' T S
Huil paitona. Ha puc. 79, a, 6, 8 nokasaHna Monenb BepxHero mHTep-
Ba/la PYJHOA 30HBl C TEOPETHYECKHMH rpadMKaMu CPeIHHX COxep-
xaunit C, Tpex pyaHbIx aneMedToB Sn, Pb, Sb u otHOwenui Mexay
HHMHU v,. B oTsinune or BO3pacTamouiux copepxaHuii Sm, cpeiHue
copepxkaHua Pb Ha BceM NPOTSXKEHHH HaPYAHOTO HHTEPBAIa HMEIOT
YCTOUMBble 3HaYeHUs, a cofep:KaHHd Sb B TOM e HHTepBaJje
0,0<<2<<0,2 HenpepHIBHO IajaloT C riy6UHOR. YObIBaHHe C ITYGHHOI
BeJIMYHHBl T€OXHMUUYECKOr0 NMOKasarTeJssi nepBoro nopsinka v=Pb/Sn
B HaJAPyAHOM MHTepBaje 0053aHO TOJBLKO BO3PACTaHHIO CPEeIHHX
conepxaHuii (MpOAYKTHBHOCTefl) Sn u, CliefoBaTesbHO, SIBJSETCS
Mepoii nonpasoyHoro MHoxuresas 1. Huxe ormerkn 2=0,2 B ycio-
BHSX YCTOHYMBHIX cofepxanuii Sn npopo/xKaiomeecsi y6biBaHHe
YUC/AEeHHBIX 3HaueHnii v=Pb/Sn 06s3aH0 HauyaBleMycsi nagedHIo
¢ rayOuHOl cpenHux cojnepxxaHuit Pb. Bosee 6bicTpoe najgeHue ¢ ray-
6uHOK BeMMuMHBI OTHOLIeHHH Sb/Sn B HaapyAHOM UHTepBaJe 065132HO0
COYETAHHIO POCTa CPEAHHX COAePKaHUik Sn ¢ najgeHHeM cojepiKa-
HUA Sb, W Mepofi MONPaBOYHOrO MHOMKHTEJISI 1 CAYKHTb HE MOXKET.
Ha puc. 79, 2 noxasanel peajbHble rpadMKd H3MEHEHHS C IJy-
6uHoi BenuunH nokasareseit Pb/Sn u Sb/Sn pas Kasaneposckoro
PYAHOrO pailoHa, AOCTATOYHO GJIU3KO NMOBTOPSIIOUIHE MOAEJbHBIE MO-
" crpoenust (cM. puc. 79, 8). C yueTtoMm 3TOro mo peasbHOMy rpaduky
v=Pb/Sn uCX0As H3 3aBHCHMOCTH: 1] = V,<0,9/Vz—o.2 OBLTH Hall1eHbI
3Hauenust n=f(z), rpadux KOTOPHIX nOKa3aH Ha puc. 80. I[Ipu ypos-
HAX 3PO3HOHHOrO cpesa, GMU3KHUX- K HYJIO, 3HAUEHHS 1] CTOJb Obl-
CTPO BO3PACTAIOT, YTO HX OlEHKa CTAaHOBUTCH HeyCTOHYUBOI.
[osToMy npHMeHeHHe NOMPABOYHOrO MHOMKHTEJS H OLleHKa POrHO3-
HBIX pecypcos MeraJuta no ¢opmyaam (105) u (106) mpu 3po3uoH-
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, o0mue nJs TJaBHeHLIHX MeCTOpOkKje-

a 5b

\Sm - 50 Txyoned
/] T 1 /)
o1t o1
g2t oz
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z A
i
2
g
1
4921
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iy

o % all.
Puc. 79. Tpaduks coxepxkaunit Sm, Pb, Sb u OTHOWIEHHH MeXy HHMH B H
PYAHOM H x?epxnepynnom uHTepBaiax OJoBsHHbIX Mecropoxienndt. [To A. I1. Co-
aosoey u I1. A. Kypuesy:

. 1 — pynHOeE Teqa0;
a, 6, 8 — MoLenb;, &— peanbHble AJWHHLe Mo KaBajiepOBCKOMY paftony
2—nepBH‘le§1 opeous; §—4—quucneﬂﬂue anauenns u rpadukw Pb/Sn (3) u Sb/Sn (4)

in
60
Puc. 80. Tpaduxk pas OleEHKH 0O-
npasousoro  Muoxuteas m>1,0 7
npH Mmajaofi  riaybuue 5pPO3HOHHOIO el
cpe3a  0JIOBODYIHBIX TPOSIBIACHHH 7
KaBaJiepoBCcKOro palioHa. fTo g5l
A. M. Conososy u II. A. Kyp-~
uiesy. 2'0-
! — ocuoBHOlt rpadur MN=f(z); 2—oT- y)
HOCHTeJIbHEIE JIHHEHRHBIE NIPOAYKTHB- /,
HocTH M, 1O NpPOCTHPaHHIO ApceHbeB-

CKOTO MeCTOPOKIEHHA ANA wiecTH 3Haye- 0 -
Huft 2 or 0,02 go 0,16

T




HOM cpese 00bekTOB 2<0,02 He pekomeHAyercsi, mpu 2>0,2 MHO-
XKuTteab n paseH 1,0.

HononHuTebHO Ha puc. 80 HaHeceHb! 3HAUEHUS 1), PACCUHTAH-
Hble 1O BeJNHYUHAM JIHHEHHBIX NPOAYKTHUBHOCTell M BTOPHYHBIX Ope-
JIOB paccesiHusi Sn ApCeHbEBCKOrO MeCTOPOXKAEHHS IJIsl IIeCTH pas-
HBIX 3HaueHHil 2. [I/I1 MeCTOPOXKAEHHH HHBIX reHeTHYeCKHX THIOB U
pa3/HYHBIX METaJ/JIOB BO3MOXKHO OTHICKaHHe APYTHX COYETaHHH pya-
HBIX 3JIEMEHTOB AJIS1 OLIEHOK 1] PACCMOTPEHHBIM METO0M.

OueHka pecypcoB MeTaJ1a, 0XUAAeMbIX HHXKe FOpH3oHTa 2>>0,2,
BelleTCs C yYeTOM OcCTalomedcs 4acTH pyAHOH 3anexu H, cornacHo
IIPOCTOH NPONOPLHH:

H;: Huopn=(0,8—2;) :(0,8—0,2) nau

0,8—z
H;= Hrom s (107)

3/ech 2 MOXKeT OTBeuaTh yPOBHIO 3PO3HOHHOrO cpe3a OpyjeHe-
HUSL WK ry6uHe, JOCTHTHYTO!H pas3BelKOl, HHXe KOTOPOH MO AaH-
HbIM T'eOXHMHYECKOTO Onpo6OBaHUs 3TOrO TOPHU30HTA OLEHHBAKOTCSH
pesepBbel opynenenus. Ilpm 2;>0,8 nporuosnsle pecypchl paBHbI
HyJ110. TlosHas npOTAXKEHHOCTh PyAHOrO HHTEPBatda Hyons MPUHHMA-
€TCS U3 OTbITa MM NYTEeM MOJeJbHBIX NOCTPOEHHH Ha MPUHIIHIE reo-
MeTPHYECKOro MOMOOHS TreHeTHYeCKH OJHOTHIHLIX MeCTOPOXKAeHH
pasIuuHoil KPynHOCTH. Mopenb opylneHeHHS HOJKHA BHOHPATLCS
N0 TpH3HaKy Ouuxakiueh
aHaJIOTHH ¢ ¢OopMOi H 3Je-
MEHTaMH 3aJleraHHsl OxKHjae-

MBIX DYAHBIX Ted.
CpaBHHTENbHYIO  OLIEHKY
FeHeTHUYeCKH OJHOTHIHBIX Me-
CTOPOXJAEHHH MOMKHO 0060C-
HOBaTb MCXOAsi U3 HX Teo-
MeTpuueckoro nonobus. Takoh
IpuMep JaeT reoxXHMHUYeCcKoe
conocras/ieHHe JABYX MeIHO-
NOp(hHPOBLIX MeCTOPOKACHHE
CepepHoro  Ilpubaaxauibs.
[TepBoe M3 HHX, XOpOWIO H3-
BecTHOe MecTtopoxienue Ko-
A 4 yHpan, BTOopoe — CoKyp-
/A 107% 09 70y  KOI — OTKpPBITO BCKOPE MocJe
noGJHU30CTH  OT

Zm KoyHpana
)
(el [elz Hero W 3a HCTeKllIHe MOJBeKa
HEOZHOKDAaTHO 6e3pesyib-

2000

4000

6000

Puc. 81. Tpaduku pnas ouenrr xo3hdu- TaTHO pasBejgbiBajocb. Hc- |

nHeHTa NOA00HS MeXIy JABYMs MejHO- = .
MOpGHPOBLIMH  MecTopomaeHmamu.  [lo ~ C1eACBaHHe TEPBHYHOA 30
A. A. Maraeegy, HaJbHOCTH 3THX MeECTOPOXK-

1 — Koyupag; 2 — Cokypxo#t JleHHli, TpOBEJeHHOe B IO-
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cJeHHe TOfibl, BBISIBUJIO HX IOJHOE reOXHMHYeCKoe CXOACTBO. Psinni
30HaJbHOTO OTJOXkeHusi 12 pyaubix si1ementoB Koynpana u Cokyp-
KOSl UMEIoT paHroBblii Koadduuuent koppeasunu 0,65 (npu rs % =
=0,58), 3TH MeCTOpPOXKIEHUS HMEIT MHOro OOLIMX MoKasaTejei
30HAJILHOCTH v, MOHOTOHHO H3MeHsIouiMxcsi ¢ ray6uHoil. I'padukn
OJHOMMEHHBIX NOKa3aTesell reOXHMHYECKOH 30HaMbHOCTH A/ Ko-
yupaga u COKYpKOsi CylIeCTBEHHO PasJiM4aloTCsi 10 HAKJOHY K OCH
abcuuce, uto xopomo BuaHo Ha puc. 8l. Ilo coorHowenusim Tau-
reHCOB VIJIOB Hak/JoHa rpaduKoB ceMH 0OIHMX HOKasaTejed 30-
HaJbHOCTH COIJIacHO 3aBucuMmoctH (95) Oblia moJyueHa OLEHKa
KoadpuuuenTa reoMerpuueckoro mopobus mexay Cokypkoem H
Koyupamom »=0,27.1,07+!. Orciona, cornaceo (97), mosaxble 3a-
nack Mmeraina mecropoxaenu#t Cokypkoss Qc u KoyHpaza Qk Ha-
XoAaTCd B COOTHOWweHHAX Qc=x%+Qx=0,02 Qk. PaccuurniBath Ha
MOJIOXKHTEJNbHBE  pe3yabTaThl pasBedkn COKypKosi, OYEBHJHO,
Hesb3si. PynHble 3a/exud MeIHONOP(MHPOBLHIX MECTOPOXKAEHHA YacTo
UMeloT (GOopPMY ONPOKHHYTOH yald ¢ Ge3pyAHBIM fiApoM. B naHHOM
cJydae olleHKa Gblia MpoBeieHa Ha NpHHIHMe Tojaobus, 6es3 obpa-
meHusl K Gopme pyAHBIX TeJl.



Fnasa 3

BTOPHYHDBIE IUTOXUMHYECKHE OPEOJIbI
PACCEAHHUY PYJHBIX MECTOPO)XIAEHHNA

3.1. BBIBETPUBAHHUE H JEHYIOALIHUA

Topuble mMOpoAH, C/laraplliie 3e€MHYIO KOpY, MOABEpraioTca AEHy-
JallHH B pe3y/abTaTe HX HPEIBapPHTEJ]bHOTO BHIBETPHBAHHS, ITOT
npouecc MNPHUBOAAT K NOSBJEHHIO DPHXJBIX (AHCHEPCHBIX) HOBOOG-
PasOBaHHH 30HH THIEPreHe3a, CYLIECTBEHHO OTJIHYHBIX MO CBOHM
(GHU3HUECKHM CBOCTBAM OT HCXOAHBIX KODEHHEIX MOpOA.

W3 uHcaa raaBHefDIHX HOPOA0OGPas3yOIMIHX MHHEDPAJOB BHICO-
KOl YCTOHYHMBOCTBIO K XHMHYECKOMY BbIBETPHBAHHIO obaanaer
toabko kBapu SiO;. XuMHUecKOoe BBHIBETDHBaHHE IEPBHUHBIX
alioMo- H (eppOCHAHKATOB HIHPOKO HPOSIBJAEHO HX NEPEXOAOM BO
BTOPHYHble TJIHHHCTbleé MHHEpaJbl, OKHCJAB H THIPOOKHCHAH. B pe-
3yJabTaTe FHAPOJH3a NEPBHUHBIA aJIOMOCHJIHKAT TepsieT KaTHOHH
metanios (K, Na, Ca, Mg...), KoTopHe B BHJe YIJIEKHCbIX, rajo-
HIHBIX, CEPHOKHCJbIX H JAPYTHX cojefi PacTBOPSIOTCS H YHOCATCA
BogaMH. Ha 5Toil cTaZHH BbIBeTpHBaHHe BefeT K OOPa30BaHHIO
THAPOCJAIOX H T[JIHHHCTBIX MHHEPaJioB TPYNIb MOHTMODHJJIOHHATA
Al1,Sig0;6[OH]12- nH;0O, oTHOCHTENbHO YCTOHYHMBBIX B IIEJIOYHOH H
nefiTpaabnoit cpese (pH=7). Ilo Mepe BbIHOCa OCHOBaHHil U yBe-
Ju4yeHHsl KHcaoTHOCcTH cpennl (pH<7) MOHTMOPHIJIOHHT mepeXOoiHT
B raJJyasuT, a HOCAeIHHH, NPH nOTepe BOJAH,—B KaOJHHHT
Al1,Si;00[OH]s, KoTopHlli B KauyecTBe KOHEUHHX HPOIYKTOB 1ae€T
okcun amiomuuna Al(OH); u kpemuesem. OcBoGoxpaouiuics
NpH 3THX peakUHsX KOJJIOHAHHH KpevHe3eM B JaJbHeHIIeM
YacTbI0 BHIHOCHTCS BOJXaMH, a 4YacCTblo OCaX[aerTcsi B BHIE TBep-
ABX amop®bHHX ocaiko (rejeit) cocraBa SiO;-nHy0. ObesBoxn-
BasCb H KPHCTaJJIH3ysiCb, Telb KPEMHEKHCJOTH HpeBpallaeTcs
B OOBLIKHOBEHHBI KBapi., BTOpPHUHBIH KBapl XHMHYECKH TaK Xe
YCTOHYHB, KaK TNePBHUHBI KBapi( H3BepxkeHHbIx nopoj. Hesnaun-
TeqpbHAS YacTb THAPOKCHAa aJIOMHHHSI BBIHOCHTCS B DacTBODE,
a mpeo6iajaiomas yacTb ocaxjaercs B Buie reaefi Al,Os-nH;O.
BuiBeTpiBanHe (epPOCHIHKATOB B KOHEYHOM cyere JaeT KpeMHe-
3eM H COOTBETCTBEHHO  YCTOHUYHBBIE THAPOKCHAB  KeJe3a
Fe,O;-n HyO —rétur u  auMoHHT. YacTb KOJMJIOHZHOrO THAPO-
KCHJa XeJje3a OcTaercss B pacTBoOpe, BCTynas B pas/jHYHble MHHe-
pajpHble M OpTaHHYECKHe COeJHHEHHs, HJIH BBIHOCHTCH BOJAaMH.
OnncaHHass CXeMa XHMHYECKOrO BHIBETPHBaHHS CHJIHKATOB YKa3bl-
Baer HalpaBJeHHe Npoliecca, KOTOPBIH B 3aBHCHMOCTH OT MECTHBIX
yClOBHiT pa3BHBaeTcss B NOJHOM O0beMe HJIH TOJNBKO UYaCTHUHO.
JLnsi Haubosee MOJHOTO 3aBepLIEHHs MPoiecca XHMHUYECKOrO BBIBET-
pHBaHHsi TpefyeTcsi OrpPOMHOe TeOJOTHYECKOe BpeMs, H HOTOMY

85



SHAYHTE/IbHbIE MaCChl HEYCTOMYHBBIX MEPBHYHBIX NOPONOOGpPa3yio-
MHX H BTOPHUHBIX TVIHHHCTHIX MHHEDAJOB HEPEIKO HepPEHOCHTCS
K 0asucy JeHyNalHH elle [0 NEPEBOAa HX B COCTOSIHHe cBo6Oj1-
HBIX OKHCJIOB.

B. B. IonbiHoB BHAENHS HeTHIPE CTALAHH BLIBETPUBAHHSA, Xapak-
TEPH3YIONIHE eIHHBI HPOTeKAIIH: BO BpeMeHH HenpepHIBHbIH
npouecc rumepredesa. IlepBas cTaxms  xapakrepuayercs
npeobaafamomeii poabio (GHIHYECKHX ¢bakTOpOoB BHIBETpHBaHHS
¢ 00pa3oBaHHeM KPYNHOOOJOMOYHBIX H MEJIKO3ePHHCTBIX HNPOAYK-
TOB MEXaHHYeCKOTO pacmajla MacCHBHBIX FOPHBIX MOPoA. B ycio-
BUAX CYpPOBOTO KJIHMMaTa H aKTHBHOH JeHYJIauHH COBPeMEHHOe Bbl-
BETpHBaHHE HEPeIKO OrpaHHYuBaeTcsl 3Tofi MepBofl craxuedl, BTo -
pad CTalHsl XaDaKTeDH3YeTCs IIENOYHOH peakuuedi cpeibl
32 CUeT H3BJIEYEHHS B DACTBOP OCHOBAHHE NPH IHAPO/NH3E MHHEpa-
0B, Ha 3Toit cTagnn o6pasyiotess BTopuumble MHHEpaJbl B Pe3yib-
TaTe OKHC/EHHs, THADATALHH, THAPOAH3a M KapGOHATH3AUHH mep-
BHYHBIX MHHePanoB. CpeiH BTOPHUHLIX aJIOMOCHJAHKATOB Ha 3TOH
CTajHH NpeobAajaloT MHHePadb TPYNmbl MOHTMOPHJJIOHHTA H
HOHTPOHHT. [IIpH OTHOCHTeNbHOM H3GbITKE B HOPOAAX KAJIbIHS
B NpPOJYKTax BHIBETPHBAHHS NPOHCXOJHT HaKOIVIEHHe KapGoHaTa
KaJbius, HepeAKo O6pasyiomero KOPKy Ha OGJOMKax MacCHBHBIX
nopon, B. B. IloabiHoB umenyer 3Ty CTaJHI0 «O0bI3BECTKOBAHHOL
HJIH HACBIEHHOH CHAJJINTHOH KOPOi BHIBETPHBAHHS», HaHOOMbIIee
pacipocrpaHeHye OHa HMeeT B YC/IOBHSX YMEDPEHHOrO KJAHMAara NpH
BLIBETPHBAHHH H3BEPXKEHHBIX H MeTaMopdHuecKHx mopoa. B rop-
HEIX DaifoHaX COBPeMEeHHBIe DPhIXJible 06Pa30BAHHS Ha CKJIOHAX YaCTO
OTHOCATCS MMEHHO K 9TOMY THIY. o

Tperbss cTaZusi— OCTATOUHON HEHACHIIEHHON CHAIHTHOM
KOpbl  BbIBETPHBAHHSA — XapaKTePH3YeTCA JaJbHeHIIHM BHIHOCOM
H3 TPOAYKTOB BBIBETPHBAHHA IMIENOYHBIX H MIeJ0UHO3EMEAbHBIX
9JIEMEHTOB, BCJEICTBHE YE€ro peakuHS CpPedbl CTaHOBHTCS KHCJOIL.
B 3Toli 06cTaHOBKe Cpeiu BTOPHUHBIX a/JIOMOCHJAHKATOB npeobaa-
A2lOT Tajl/lyasHT H KaOJIHHHT. PasBHTHe 3TOH CTaiHH BHIBETPHBa-
HHSl MMEeT MECTO B YCJOBHSIX 3aMeJJIEHHOH AEHYAAUHH H OTHOCH-
TeJNbHO 00Jiee OOHJIBHOrO YBJAaXKHeHHS, B YeTBEePTOH CTalHuH
o0pasyercs OCTaTOYHasi aJJHTHAs KOPa BHIBETPHBAHHS, XapakTepu-
3yeMasy HaKOIICHHEM OKHCJOB KDEeMHHS, Kejde3a M AJIOMHHHS.
PasButne ee ompegensieTcsi coueTaHHeM AKTHBHOTO XHMHUYECKONO
BLIBETPDHBAHHSA C 3aMe/IEHHOH JeHYAalHell B YCJOBHSIX ¥aPKOTO M
BJIaXXHOrO0 KJMMaTa. B cOBpeMeHHBIX YC/IOBHSIX Ha TeppPHTOPHH
CCCP pasBHTHe aJJIHTHO KODH BLIBETPHBAHHS He HMEET MeCTa
H HaJHYHE ee OGHapYXKHBaeTCs TOJBKO 32 CYET MECTHOH COXpaHHO-
CTH APEBHHX KOp BLIBETPHBAHHS, OGS3aHHbIX KJAHMATHYECKHM 3IIO-
XaM npomioro. Biuke Bcero K a/IHTHOMY THIY BbIBETPHBAHHS
NPHOAHKAIOTCA KPACHO3EMEl BJIAXKHBIX CYGTPONHKOB 3aKaBKa3bs
(pafion r. Barymu), okpacka KOTOphiX 06si3aHa HAKONJEHHIO B HHX
TUAPOOKHCIIOB KeJe3a.

BaxHefllnM pesyJbTaTOM BHIBeTPHBAaHHs SHBJASETCS BO3HUKHO-
[B€HHE B 30He THIepreHe3a KOJUIOHAHO-IHCNIEPCHBIX OBpasoBaHHM,
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T. e. vactun AguamerpoM 1.10~'—1.10"3 mxm. Ilpn Takom pas-
Mepe HeOObiYaiiHO BO3pacTaeT HX Y/JeabHasi MOBEPXHOCTb, COOTBET-
CTBEHHO YeMYy BellecTBO NpHOGpeTaer HOBble CBOHCTBA, CBAI3aHHBIE
C 3JeKTPHYECKHM 3apsaoM YacTHI H JAeHCTBHEM MOBEPXHOCTHBIX
cri. KoanoHaHO-IHCIepcHble 06Pa30BaHHsi 30Hb T'HIeprenesa 00s-
3aHBl MeXaHHYeCKOMY pa3/po6JeHHI0 TOPHBIX HOPOA HPH BbIBETPH-
BaHHH, XHMHYECKHM NpEBpaleHHSM, NPOTEKAIONHM B 30HE BBIBET-
PHBAHHSA, H Pa3JOKEHHI0O OPraHHYecKHX OcTaTKoB. Hasmume 3iek-
TPHUECKOTO 3apsiia y KOJJIOHAHbIX YaCTHI[ OHpejessier COPGuHIO
HMH HPOTHBONOJNOXHO 3aPSI’KEHHbIX HOHOB H3 OKDYXalOIUX pac-
TBOPOB. B ycJoBHSIX BOAHOM Cpeibl, XapaKTePHOH /sl 30HBI THHEp-
reHesa, IVIHHHCTble H OPTaHHYeCKHe KOJUJIOHAb 06/ajaior OTpHLa-
TeJbHBIM 3JeKTPHYECKHM 3aPSA0OM M COPOHPYIOT KaTHOHb MeTasl-
JIOB; 3THMH Xe cBoiicTBaMu o6aajaior Kodaouzbl SiO; n MnO,.
[MosoXHTENbHEIMH  3apsijlaMH  00/1alaloT KOJJIOHAH fe(OH)g "
A1(OH)s. TauuucTele MuHepajbl 00JajaloT Pas3iHYHOH €MKOCTBIO
MOIJIONIEHHsI, OHa MAaKCHMaJbHa Yy MOHTMOPHJIJIOHHTOB M MHHH-
MaJibHa Y KaOJHHHTOB.

OG6pasoBanHe ClI0s BbIBETPEJBIX NMOPOL obJeryaer JAeHynalHIO
H OJHOBDEMEHHO 3aTPYAHSeT JajbHeRINHA NOCTYyN areHTOB BbIBET-
PHBAHHA K CBEXHM, HEH3MEHEHHBIM KODEHHBIM NOpoAaM. YaleHHe
NPOLECCaMH JeHYJalHH BBLIBETPEJOro CJosi aKTHBH3HPYET BBIBET-
pHBaHHe, UYTO B CBOIO OYepeb CO3MaeT YC/NOBHs A YCHJIEHHS
JeHylaluu. B HTore Mexjy BbHIBeTPHBaHHEM M JEHY/alHed ycTa-
HaBJHBaeTCs HNOABHXKHOe paBHOBecHe, OHpejesioliee MOIIHOCTb
NPOAYKTOB BBIBETPHBaHHS B 00JacTH IHOJOXKHTEJbHHX (OpM
peabeda. IloaBHkKHOe (AMHAMHYECKOE) paBHOBeCcHe He chmo-\
yaeT MOCTYNaTeJbHOTO pas3BHTHs, B CHJY KOTODOro paBHOBeCHe
CABHraercss B Ty WJAH HHyI0O cTopoHy. Eciu mnpeoGaajarouyio poJb-
npHOGpeTaeT NeHYNalHs, MOLIHOCTb COBPEMEHHBIX MPOAYKTOB ﬁabl-
BeTpUBaHHs K [JIsi HOBHIX YCJOBHH paBHOBecHsl yMeHbulaercs. llpu
3aMe//IeHHOH JieHyAallHH H, CJel0BaTe/lbHO, Gojee JHTEILHOM
BLIBETPDHBAHHH DPaBHOBecHe OyAeT NOCTHTHYTO HPH OOMbLIHX 3Ha-
qugg{e(Mf; T, xapakTepH3yiollee MPOJOJNKHTEIbHOCTD HpeﬁbIBaHIfI"ﬂ
B 30HE BLIBETPHBAHHS 3JEMEHTAPHOTO CJIOS DBIXJLIX o06pa3oBaHHii,
HAXOAAIIErOCs HAa IIyGHHe Z<h OT JHEBHOH MOBEPXHOCTH, Oyaer
onpeensiTbCsl THHEHHON 3aBHCHMOCTDBIO

=z (50)
T YR

BepxHHil TOPH3OHT pbixjoit Toamu (2=0), paHee Apyrux BCTY-
NHBLIH{ B 30HY BBHIBETpHBaHHs, OyJeT XapakTepH3oBarbCid HaB-
GoJblLIefl MPOJOJIKHTENbHOCTLIO BPEMEHH Y4aCTHs B Ipouecce

_ __h (51y
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HuxHeMy ropHsonTy Ha rayOuue h, T. €. Ha IPaHHIE CBEXHX,
HeH3MEHEHHbIX NOpoJ OyAeT COOTBETCTBOBaTb 7Th=0, MOCKOJIbKY
NpOLECCH! BHIBETPHBAHHUSA €llle TOJNbKO AOCTHIVIH 3TOH rayGuubl. [IpH
yCTaHOBHBLIEMCS mpouecce Haba0laeMasi KapTHHA OT BPeMeHH He
3aBHCHT H T, sIBAsieTC MapaMeTPOM, XapaKTepPH3YIOWHM MeCTHbIE
yc/a10BHS. MOXHO NMPHOGJIHKEHHO OLEHHTL NMOPSIIOK BpeMeHH Ty OT
Hawaja BLIBETPHBAHHSI MPOH3BOJILHOTO CJIOS KODEHHBIX MOPOA 0
MOMEHTa y/[la/leHHs! ero NPOAYKTOB BHIBETPHBAHHs cHaaMil JeHyna-
uuH. Mcxonsi, nanpumep, Hs cpejHeil MOIIHOCTH cJOsl AeHY[ailHH
ropHoro ckjaoHa Ah=0,25 MM/rog u OOBLIYHON IJAS 3THX yCJAOBH#A

MOLIHOCTH TJIHHHCTO-Ie6eHHCTHIX O6pasoBanuii A=1,5 M, HMeeM

h
TozA—h=6000.neT. st cpaBHeHHS] YKaxeM, 4To Mo paHHbiM B. 1.

ITerposa, GopmHpoOBaHHe [peBHell KaoJHHHTOBOMH KODB! BbIBETpHBA-
HHA Ha Ypaie norpe6oBasio mopsiaka 0,5—2,0 MAH. JeT, XapaKTe-
pu3ysi yCIOBHSl BBIpaBHEHHOro penbeda. Hacroe HaaHuWe Ha Trop-
HbIX CKJIOHaX TOJbKO (parMeHTapHbHIX H rpybOCKeJeTHBIX MOYB
YKa3bIBaeT Ha BbICOKYIO CKOPOCTb JEHY/aiHH.

BhiBerpuBanue H HeHyjauHsi BEAYT K NOSIBJGHHIO Ha MOBEPX-
HOCTH CyIIH PasjHYHHIX MO THIYy H MOIIHOCTH DPbIXJbIX 06pa3oBa-
HHIl, Da3BHBAIOWIMXCA Ha MECTe 3a CYeT MNOACTHJAAIOLIHX FOPHBIX
nopox. Huoe mpoHcxoxjeHHe HMEOT pasHOOGpasHble P bl X J bl e
(niH Gosee TAOTHBIE) OTJ10XK €HH S — NepeMelIeHHbE MPOLYKTH
BbIBETPHBAHHS, HepPeKPHIBaIOIHe KOPEHHbIE MOPOAbL! B IMOHHMKEHHBIX
yuacTkax. 3(QPeKTHBHOCTb JHTOXHMHYECKHX TNOHCKOB DYAHHIX Me-
CTOPOX/IEHHA MO HX BTOPHUYHBIM OPEOJNaM pacCesiHHsl B OCHOBHOM
3aBHCHT OT I'€He3HCa PBLIXJBLIX MOPOJ — HX B3aHMOOTHOIIEHHH C MO-
ponaaMu cy6erpara.,

B ycioBHAX BBHIDOBHEHHOro peibeda M B HauyaabHOH CTaAHH
BbIBETDHBaHHs O0pasyeTcs 3JI0BHH — OCTaBHIHECH Ha MeCTe CBOEro
00pa3oBaHHsl NPOAYKTH BBLIBETPHBAHHS KOpEeHHbIX Hopoia. C Mo-
MeHTa 00pasoBaHHs NepBOro 0GJOMKa Ha IOBEPXHOCTH HJOTHOH
TOpPHO# MOPOALI B pesyabraTe ee (HH3UYECKOrO BLIBETPHBAHHSA
YHC/I0 OGJIOMOYHBIX YacTHI[ GyleT HeHNpEepHBHO BO3PacTaTh, a HX
CpellHH# pasMep yMeHbLIaTbcsi. BeseacTBHEe HEOGPATHMOCTH 3TOrO
npoiecca 3JI0BHIO OOBIYHO CBOHCTBEHHA HaHMEHbLIAs KPYMHOCTb
yacTHL, BOJIH3H [HEeBHOH moBepxHOCTH. 1o BepTHKAaAbHOMY paspesy
3JI0BHH TOCTENEHHO HePeXOAHT B IJIOTHYI0 KOPEHHYIO IOPOAY
(puc. 25).

OTo#i Xe 3aKOHOMEDHOCTH B OOIlIeM cjydyae MOAYHHEHO MOCTe-
NeHHOe paspylieHHe H o6pa3oBaHHe OGJIOMKOB HEPBOHAYaJjJbHO MO-
HOJIHNTHOTO pyaHoro Tena. MHorla MeJaKO3epHHCTBIE MartepHas
BC/I€ICTBHE NPOBAJHBAHUA MEJKHX YacCTHL MeXJYy KPYNHBIMH OG-
JIOMKaMH H TepeHoca arMochepHbBIMH OCajKaMH HJH BLHIAYBaHMS
BEeTPOM pacnoJaraercs Ha HeKOTOpoit riay6uue. B 30He XOJONHOrO
H YyMEPEeHHOTo K/JIHMAaTa MOIUHOCTb JIOBHS OOBLIYHO He IpeBHIIIAET
HECKOJbKHX METPOB, a B YCJOBHAX BJAXXHOTO H XapKOro KiH-
mara— Moxer jgoctHrath 100 M. [lo cBoeMy cocTaBy 3a10BHM
OTpaKaeT COCTaB KODEHHBIX MOPOJA H HaJHYHE B HHX OPYHeHEHHS
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Puc. 25. Bepruraipumii paspes 3mo- Puc. 26. BepTHganbHEN paspes 3i1o0-
BHSL. . BHO-ZL€JIIOBHSI.

1 — NOYBEHHO-PACTHTENbHBIN cJioff; 2 — mec- 1 — nouBeHHO-PACTHTENbHBIY cJuolf; 2 — mnec-

YaHO-TVIHHHCTBle O06pasoBaniud; 3 — OGJIOMKH YaHO-IJIMHHCTHle  OGpa3oBaHHA €O Iue6GeH-

KODeHHbIX MNOPOA; 4 — KODEHHble MOPORBE Koj; 3 — KOPeHHBle MNOPORBI B HavaJbHOR
CTagHH BLIBETPHBaHHS

C TeMH H3MEHeHHMAMH, KOTODble BHOCAT XHMHYECKOe BBLIBETPHBaHHE
H GHOTeHHBIE IPOLECCHI.

TepmunoM «nenoBHA» NPHHATO 0603HAYaTh PHIXJAHE HOBOOGPa-
30BaHMA JUI0GOFG JieTporpadHuecKoTo coTTABA, ROKPHIBalOIIHe
CKJ/IOHB! BO3BBILIIEHHOCTEHl ¥ NPeACTaBJSIONHE coOOf NMPOAYKTHl BHI-
BeTPHBAHHs. KODEHHbIX IOPOJA, NepeMelleHHble JeHCTBHEM CHJBI TH-
KecTH M aTMocdepHblx ocaikoB. [lenioBuil, o6pasysi CHJIOLIHOH
NOKPOB Y OCHOBaHHS CKJOHZ, JOCTHraer BoJopasfiena, rie CJjaHBa-
BaeTcsl ¢ OJIM3KHUM K HEMy IO COCTaBy 3JI0BHeM. B pesyJbrare pbix-
Jibie 06pa3oBaHHs TUKPHIBAIOT BEiO MeCTHeerb, 00pasys ci1abo BoJ-
HHCTBIH  3JIIOBHO-/l€MIOBHAJNbHBIA MOKpOB. JIpH JIHTOXMMHYECKHX
NOHCKaX MECTOPOXKAEHHH HO HX BTOPHYHBIM OpEOJaM paccesHHS
Yalle BCero NPHXOAHTCH HMeTb AeJO HMEHHO C 3 J10B HO-1€J1 10 B H-
aJbHBIMH 00pa3oBaHHAMH — c1ab0 INepeMelleHHBIMH HPOAYK-
TaMH BbIBETPHBaHHS, [0 CBOEMY COCTaBy H MECTOIOJIOXKEHHIO ellle
COXPaHAIONHMH OTYETJIHBYI0O CBA3b C MAaTepHHCKHMH KODEHHBIMH
noponaMi. MoOIIHOCT 3J/I0BHO-[e/I0BHAJbHBIX 06pa30BaHHH B 60J1b-
IOl CTeNeHH 3aBHCHT OT CKODOCTH JeHyJalHH, OOLIYHO KoJel-
asicb ot 0,5—2 no 10—12 M, penko 6Goaee. CocraB 3JI0BHO-AENIO-
BHS B [aHHOH TOYKE OTpa)KaeT COCTaB KOPEHHBIX NOPOJ, PacmoJo-
EHHBIX THIICOMETPHYECKH Bbllle MO CKJAOHY. Ilo BepTHKa/JbLHOMY
paspe3y 3./I0BHO-JeJI0OBHaJbHble O0pa3oBaHHs Ha TIJyOHHE CMeHS-
IOTCSl 3JIIOBHEM, B CBOIO ouepellb NMepexOJsAlIMM B IJIOTHYIO KOpEH-
Hyio nopoay (puc. 26). B ocoObiii reHeTHUeCKHH THII JOJKHBI ObITh
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BBIJE/IEHBI COIH(IIOKIHOHHEIE 06pa3oBaHHsl, Pa3BUBAIOIIHECS B YC-
JIOBHSIX YCTOHYHBOH Mep3JOTHl H apKTHYeCKOro KiammaTta. Ilorpebas
oA coG0H KOpeHHBIe TOPHBIE HOPOJbl, NPOJIOBHaJbHbIE, aJ/I0OBH-
aJibHbl€ H JIEAHHKOBBIE OTJIOXKEHHS 0 CBOEMY COCTaBy H XapakKTepy
HaXONATCS C HHMH B CJIOXXHOH reHeTHYyecKkoit cBA3u. He umelot nps-
MOH TE€HETHYECKOH CBSI3H C HENOCPEeACTBEHHO INOACTHAAKIIHMH HX
TIOPOJAaMH Ppas3/iHYHbie 30JI0BbE, O3€PHBle, MOPCKHE H BYJKAHOTEH-
Hble OTJIOXKeHHS, 00pasylolHecs B YCJOBHAX, KOrJa AeHyAaiHs yc-
TynaeT MecTo OCaAKOHaKomleHHIO. OfiHaKO B 6/arONpHSITHEIX yCJO-
BHSIX BTOPHYHbIE OpPEOJIBI PacCcesiHHS MEeCTOPOXKAEHHH HOJE3HbIX
HUCKOMaeMBbIX, 3ajeralouux B mnopoaax (yHAamMeHTa, MOLYT HpPOsB-
JISITbCSl Ha TMOBEPXHOCTH H B COCTaBe HEPEKPHIBAIOIIHX AaJIbHENPH-
HOCHBIX OTJIOKEHHH OrpaHHYeHHOH MOUIHOCTH 3a CYeT SHHTeHEeTH-
YECKHX MPOLECCOB, KOTOpble OYAYT PacCMOTPEHbI HHKE.

3.2. KIACCU®HKALLUSA BTOPHUYHBIX OPEOJIOB PACCESIHUSA

B cocrase 3m10BHO-Ae/MIOBHANBHBIX OGPa30BAHHA PYHOHOCHBIX IO~
PO/ BHIBETPHBAaHHE HENPEPLIBHO CO3JA€T, a AEHYJalHs HeNpPepbIBHO
OOHOBJISIET JIMTOXHMHYECKHE OPEOJIEl PACCEesIHHS MeCTOPOXKIEHHIH,
PYIHBIE TeJia MJH HEePBHYHBLIE OPeOJibl KOTOPBHIX BLIBEIEHBI Ha ypo-
BeHb JIEHYJalHOHHOTO cpe3da (C¢M. pHc. 4, ypoBuu 5—TI'). Irtor npo-
IlecC, CTPeMSIIIHACA K PeryJsipHOMY pexXHMy, obecHeuHBaer cyle-
CTBOBaHHE BTOPHYHBIX OPEOJIOB PacCesiHHS MecTOPOXKAeHHI B Kade-
CTBe YCTOHYHMBHIX Te€OJIOTHUCCKHX OGpa3OBaHHil 30HLI THIEpPreHesa,
TIOAYHHSIONIHXCS BHOJIHE ONpeeeHHBIM 3aKOHOMepHOCTAM. Pop-
MHDYSl JIOKaJbHble aHOMAJHH THIEPIeHHOTO MOJS paccesHHS B ak-
THBHO JeHYJHpYeMbIX pafioHax, 3TOT OCHOBHOH mpoiecc o6pasoBa-
HHSl BTOPHYHBIX JHTOXHMHYECKHX OpPEOJIOB pacCesiHHs B TO e
BpeMsl ABJASETCAd He eNHHCTBEHHLIM. BcJefcrBHe MHOroo6pasus
H CJOXKHOCTH IIPOLECCOB pacCessHHs BO3HHKJAa HEOOXOJHMOCTb €0-
CTaBJ/IeHHs] KJacCHOHKalHH OpeoJoB paccesiHus. Buinenss B cocTaBe
C/JI0XKHOTO NpoOllecca OTHe/bHblE, JeXalllHe B €ro OCHOBE IPOCThHIE
fAIBJIEHHSA, YAaeTcd OOECNEUHTb HX BCeCTOPOHHee H YINIyOJIeHHOe
paccmorpenHe. XapakTepHble AJS1 T€X HJH HHBIX THIOB BTOPHUYHBIX
OPEOJIOB pacCesiHHs TeHe3HC, MOp(oJOorHsl H KOJHYECTBEHHbIEe Ha-
paMeTpnl OHpeAeNsioT HX IOHCKOBOe 3HAuYeHHE H TeOJIOrHYecKyIo
nuTepnperanuo. KiaaccHpHKalus BTOPHYHBIX OPEOJIOB PACCESHHSA
6bl1a npemioxkena H. M. Cadponosrim eme B 1936 r. [34] H, ¢ He-
OOJNBLUIHMH IONPaBKaMH, COXPaHsAeTcsl 0 HacCTOSILIETO BPeMeHH.

o ¢azosomy cocroanuto BropHUHBIE OPEOJIBI PACCESIHHS KAacCH-
$HIUPYIOTCA Ha MeXxaHHYeCcKHe, coJieBble H Ta3oBBLIeE.

B MexaHHueCcKOM OpeoOJe paccesHHS e€r0 MHHepaJbHbe
KOMIIOHEHTB! IDHCYTCTBYIOT B (pOpMe TBepJbIX BELECTB — YCTOHUH-
BHIX B 30He TI'HNepreHe3a MePBHYHbIX HJH BTOPHYHBIX MHHEPAJOB
H pyAHbIX oGjomkoB. OGpa3oBaHHe MeXaHHUYECKOro opeoJa paccesi-
HHAl 0013aHO (PH3HUYECKOH JH3eHTerpaldH pyAHOTO Teja, MoTrepe
PYJHBIMH MHHepajaMH H OGJOMKaMH CBSi3H C MOHOJIHTOM H IpH-
Oo0peTeHHI0 HMH NOABHXKHOCTH. OCHOBHBIMH TODH30OHTaMH pasBH-
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TH MeXaHHYeCKHX OpPEOJIOB paccesHHsl SBJSIOTCH COBPEMEHHbie
3/I0BHO-Je/II0BHaJIbHEE O0Pa30BaHUA H JpPEBHHE OCTATOYHBIE KOPHL
BLIBETDHBAHHA pPyAOBMEIIAIONIHX ToJIl. MeXaHHUecKHe OpeoJIbt
paccessHHs 0oO6pasyloT alCOJIOTHOe OOJBLIHHCTBO PYAHBIX MeECTO-
POXKJeHHI, B MEePBYIO oUepelb 30J10Ta, NJAaTHHBI, KACCHTEPHTA, XPO-
MHTa H MHOTHX APYTHX MHHEpaJOB.

B coneBOM OpeoJse paccesiHHS MHHepaJibHble KOMIIOHEHTHE
MEeCTOPOXKAEHHS NPHCYTCTBYIOT B (pOpME PACTBOPEHHBIX HJIH CJAOXKHO
CBSI3aHHBIX C IOPOJaMH BOAHOPacTBOPHMBIX coeiuHenHH. OGpaso-
BaHHEe BTODHYHBIX COJIEBBIX OPE0JIOB 00A3aHO ABHKEHHIO, AHDDy-
3HH, KamWJAJSPHOMY IIO[beMYy H HCHAapEeHHIO MHHepaJH30BaHHBIX,
BOJ, OGpasymIHXcd B pe3yabTaTe PacTBOPEHHS pPYIHBIX MHHepa-
JIOB, Yallie BCEro Ha CTaJHH HX THIEPTreHHbIX H3MeHeHHH. YdacTBys
B (OpDMHPOBAHHH CJIOXKHBIX (MEXaHHUECKHX H COJIEBBIX) OpeOJIOB.
B 3JIIOBHO-ZEJIOBHH, COJICBOE paccesiHHe MOXKeT PasBHBATbCAd yXkKe:
Ha CTaJHH CJENOro 3ajeraHHsl PyIHBIX TeJ H HX MEPBHUYHBIX Opeo-
JOB (cM. pHC. 4, ypoBeHb A) 3a cueT OMBIBaHHS NOA3eMHBIMH BO-
JAaMH BepXHHX FODH30HTOB OpYyJeHeHHs.

B GaaronpHATHHIX YCJOBHSIX COJIEBOE paccesiHHe CHOCOGHO pac-
HPOCTPAHATbCA Ha NEPeKPHIBalOlHe AaJbHEIPHHOCHbIE OT/IOMEHHS.
KOMIIOHEHTH C€O0J1eBOr0 OpedJa MOTYT ycBaHBaTbCAd KOPHEBOH CH-
CTeMON pacTeHHH, 06pa3yss OHOreOXHMMHYECKHE OpeOsibl B KHBOH
pactuTesbHocTH. Ilocaeldyioiias MHHeDPaJH3alHsi PaCTHTEJIbHOIO-
onajfa o0pasyeT GHOr€HHYIO COCTABJAILYIO CJAOXKHOTO JHTOXHMH-
yeckoro opeosia. CoJsieBble OpeOJbl paccesaHHsi o6pa3yloT, B yacT-
HOCTH, MeCTOPOXJI€EHHS] MeJHOKOJNYEHAaHHbIX pPyJ, ILJIaBHKOBOTO-
lmata H B TOH HJH HHOH Mepe Bce ApPYrHe THHB PyAHBIX MeCTO-
POKIEHHH. ’

O6pa3oBaHHe Ta30BB X OP€OJOB paccesinud o6a3ano Aud-
¢ysuH H 3ddy3uH rasoBbIX KOMIOHEHTOB MeCTODOXKIEHHH uepes
TOJIIYy TOPHBIX MOPOX K JIHEBHOIH MOBEPXHOCTH. ['a3oBble OpeoJbl
paccesiHHsl xXapaKTepHB! AJs MECTOPOXKAEHHH DPaJHOAKTHBHBIX DY
H PasBHBAIOTCHA. HE3aBHCHMO OT IPOLECCOB BbIBETPHBAHHA HJH OT
MOJOKEHHS] AEHYAaIHOHHON TOBEPXHOCTH I10 OTHOIIEHHIO K 3aJIeXKH.
Onn oGpasyloTcss B pesy/bTaTe CaMOINPOH3BOJBHOrO pajHOaKTHB-
HOTO pacrnaja 3JeMeHTOB, IPH KOTOPOM BBbIAEIAIOTCA rasoofpasHble
IMaHalMH — pajfoH H TopoH. HajaHuHe ra3oBHIX OPEOJOB paccesiHHs
JIOKa3aHo IS PTYTHBIX MECTODOXKJAEHHH, UTO CBA3aHO C BBHICOKOW
YIPYTOCTbIO MapoB PTYTH yiKe MPH OGBIYHBIX TeMIepaTypax 3eMHO
noBepxHocTH [46]. To HAH HHOE yyacTHe B THNEPreHHOM pPacCesiHHH
PYAHBIX MECTOPOXKJEHHH NapoB CBHHLA, MeJH, HHKa, OJI0Ba H JI0-
ObIX APYrHX MeTa/JJIOB B BHJAEe aTOMapHOTO rasa HWJH, HanpHMep,
B (opMe GoJsiee JIeTyUHX FaJOHAHBIX COEJHHEHHH HE MOIJIEXKHT COM-
HEHHIO, HO, OYeBHIHO, HIPaeT MOAYHHEHHYIO POJb, H TeXHHKa O0Ha-
DYKEHHSI Ta30BbHIX ODPEOJIOB 3THX DPYyJIHBIX 3/IEMEHTOB €llle HAXOAHTCA
Ha craiauu pa3paGoTku. [lojBeprasicb afACOPOLHH H OKKJIO3HH Ha
MOBEPXHOCTH YACTHI DPHIXJOH TOJIIH, raso00pasHble KOMIOHEHTH
y4yacTBylOT B 00pa3OBaHHH JHTOXHMHYECKOro Opeojia pacCesaHHs.
TakuM 006pa3oM, BTOPHUHBIE JUTOXHMHYECKHE OpPEOJIbl paCCeAHHS
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PYIHBIX 3/IEMEHTOB 00pa3yloTCsl B OCHOBHOM B TBepJo# (hase, MeHb-
Llee 3HAYEHHE HMEET COJIEBOE paccesiHHe H OYeHb MaJylo poJb HI-
paer paccesHHe B rasoo6pasHom cocrosudd. Humxe 6Gosaee mnon-
poOHO paccMaTpPHBAIOTCS TOJBKO BTOPHYHBIE MEXaHHYECKHE H CO-
JieBble Opeosibl paccesinuss. COGCTBEHHO ra30Bble OPEOJHl PacCesHHA
PYAHBIX MECTOPOXKAEHHHA PacCMaTPHBAIOTCH B IVI. 5 NpPH H3JIOXKEHHH
METOAHKH aTMOXHMHUYECKHX HOHCKOB.

BToprunbie opeosiBl B COBPEMEHHOM 3JIIOBHO-IEIIOBHH HJIH JIpeB-
Hell Kope BhHIBeTPHBaHWHH, 00pa30BaHHbIE 33 CYET HHTEPBAJOB pPYI-
HOTO TeJia HJH €ro MePBHYHOTO Opeosa, CYHIECTBOBABLIHX B MNpPO-
¢dusie KOpeHHBIX MOPOJ [0 BLIBETPHBAHHS, HMEHYIOTCS OCTaTO -
HBIMH OpPeOJaMH paccedHHA. B orauyme OT HHX BHIAEASIOTCA
Ha/llOXEeHHbI€ OpeoJabl, B KOHTyPax KOTOPbIX A0 pasBHTHA
BTOPHYHbIX HPOLECCOB paccesiHHs NepPBHYHAs PyJAHAs MHHepaJH3a-
IHsi OTCYTCTBOBaJa. BaxHelimias 0cO6GEHHOCTh BTOPHUYHBIX OCTATOY-
HBIX OPEOJIOB PACCEeHHS — 3TO HPONOPHHOHAJABHOCTb HX JHHEHHOM
M, M % u nnomannot P, M? % HNPOLYKTHBHOCTE}H TeM Ke mapamer-
PaM HCXOIHOrO KOpPeHHOro opyiaeHeHHs Mp, Pp, BbipaxkaeMas 3a-
BucumocTsamMHu (18) u (19). Bxoasumuit B 3t GHoOpMyJbl MHOXKHTEND
NPONOpPLHHOHAABHOCTH RZ=1,0, 3aBHCAIMMUNE OT MeCTHBIX mJaHamadr-
HO-FeOXHMHYECKHX YCJOBHH H CBOHCTB KOHKPETHOTO PYIHOTO 3Je-
MeHTa, JJIl 3THX OPeOJIOB HMeHyeTcs KO03(p(HUHEHTOM OCTaTOUHOH
TNPOLYKTHBHOCTH.

Ilo npusHaky JHOCTYNHOCTH A/ OOHapyXKeHHS pas/HYyaloTca
OTKPHIThie ODeOJb paccesiHHS, T. €. BHXOIAAIIHE Ha COB-
PEMEHHYI0 JHEBHYIO MOBEPXHOCTb, H 3aKPHLIThHle OpeOJbl, BH-
sIB/JsieMble TOJbKO Ha HEKOTOPOi riay6HHe ot moBepxuocTH. OGpa-
30BaHHEe 3aKPBLITHIX OPEOJOB CBA3aHO, HAalPHMeED, ¢ BHIHOCOM aTMOC-
GepHHIMH OCaJKaMH JIETKONOJBHXHBIX pPYAHBIX 3JEMEHTOB H3
BePXHHX [OPDH3OHTOB 3JIIOBHA HJH C MOCJELYIOINHM 32 Pas3BHTHEM
OCTATOYHOrO OpeoJa paccestHH H3MeHeHHeM 0asHca JeHy-
Jalud, HPHBEJHIHM K OTJOXEHHI0 4exJa JaJbHeNPHHOCHBIX
NIOPOJ H Nepexojy OCTaTOYHOrO opeosia B MOrpeGeHHOe COCTOSIHHE.
Hannune sTOro uexsa, aj/JOXTOHHOIO 1O OTHOHIGHHIO K DYHOBMe-
IAONHM NOpPOJaM H HX KOpaM BHIBETDHBAHHSl, B YaCTHOM cJjydae
MOXKeT He HoMeHlaTb AH(PPY3HOHHOMY, COPOLHOHHOMY, HCIApPHTEJb-
HOMY H (uJH) OGHOT€HHOMY HaKOIIEHHIO PYAHBIX 3JEeMEHTOB Y JIHEB-
HOH NOBEPXHOCTH H HPHBECTH K OOpPa30BAHHIO OTKPHITOrO Ha/lOXKEH-
HOI'O JIHTOXHMHYECKOTO opeosa paccesHHs (pHc. 27). B oranune
OT NIEpBBLIX [BYX KJacCH()HKALHOHHBIX NPH3HAKOB, NPHHAJIEKHOCTD
opeoJla pacCesiHHA K 3aKpbITOMy THIY HMeEET He TeHeTHUYecKHH,
a TOJbKO BpeMeHHbIi TexHHUeckHil cmbica. [IpH mepecMorpe ne-
peuHsi onpenenaseMbiX 3JE€MEHTOB, COBEPLIEHCTBOBaHHH METOXHKH
-aHaJH3a npo6 HJH cnoco06oB MareMaTHYecKOH OO6palOTKH HaHHBIX
JI060H «3aKpPHITHI», OpeOJ paccesiHHS MOXKeT HepefTH B Paspsx
«OTKpHTHIX». TlostomMy GoJiee crporoe ompejleleHHe TE€PMHHA «3a-
KPBITHII Opeos paccesiHHfi» TpeOyeT YKa3aHHs Ha HEBO3MOXHOCTb
ero o0Hapy:KeHHs] Ha JHEBHO! IIOBEPXHOCTH «C NPHMEHEHHEM cyule-
CTBYIOIIUX TEeXHHYECKHX CpeAcTB». KaXAblfi H3 pacCMOTPEHHBIX
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Puc. 27. Cxema 06pasoBaHHsi OTKPHTOIO HAJIOKEHHOTO JHTOXHMHYECKOLO Ope-
o/1a paccesHHs.

! — pynosMemaloiide MOPOXBI; 2 — APeBHSs KOPa BHIBETPHBAHHS; 3 — RaNibHENPHKOCHBle OT-
HOXKEHHSt MOLIHOCTBIO Ho; 4 — PYXHOe TeJO H ero MepBHYHBIR Opeod; 5 — morpeGeHHblli BTO-
DHUMBIA OCTATOUHBI OpeON PaCCeNHHR; 6 — BTOPHUHBIA HaJOXEHHBIH oOpeosi paCCesHHs
(cTpesKn yKasSHBalOT HampaBRieRHe AMMDQYSHH MHHEDAJbLHBIX KOMIIOHEHTOB); 7 — pacTeHHs,
CmocoGHble 06pasoBaTh OHOrEHHYI0 COCTaBJSIOILYI0 HAJOXEHHOrO OPeoia; 8 — FODH3OMTHI
BOSMOXHON HCHaPHTeNLHOH, COpPONHMOKNHON H OHOTeHHON aKKYMYJANHH DYAHBIX 3J€MEHTOB;
9 — rpadhhK pesy/NbTaTOB HazeMHOH JMTOXHMHYECKOH CHeMKH

KJIaCCH(HKAIHOHHBIX HNPH3HAKOB XapaKTEPH3YeT OCHOBHbIE OCOGeH-
HOCTH (OPMHPOBaHHA BTODHYHBIX OPE€OJIOB DacCesHHS B KOHKpET-
HOM paioHe, a pas/jHyHble COYETAHHS 3THX NPH3HAKOB ONPeNensioT
HX BO3MOXHBIE THIHL. B OCHOBY HX BbifleIeHHS MOJIOXKEHH KJaacCHH-
KauHOHHbIE IPU3HAKH, ONpeAesIonIHe T'eHeTHUeCKHH THI opeosa
{ocTaTounblfl, HaJOMKEHHBIA) H €ro AOCTYNHOCTb [Ji5i OGHAPYKeHHs,
a TaKxke HEKOTOphIe [OMNOJHHTEJbHbIEe XaPaKTePHCTHKH HX HPHPOAL
(nudGy3HOHHDBIH, BBHILENOYEHHBIH H T. 1.) HJH TNOJOXEHHEe OTHOCH-
TEJbHO KOPEHHOro opyleHeHHs. IIpH sroM 3apaHee aonyckaercs
(GbopMHpOBaHHE JHTOXHMHYECKHX OPEOJIOB pacCesHHS C OJLHOBpe-
MEHHBIM HJIH Pas3je]bHBIM y4acTHeM TBePAbIX, PAaCTBOPHMbBIX H Ta-
3006pa3HbIX KOMIOHEHTOB H POJib KaXJAOH H3 (a3 yTOuHsAeTcs mpH
ONHCaHHH OTHAeJbHBIX THHOB. IIpH3HAKH, onpelesIOIIHE THO Ope-
oJla, paccMaTpHBalOTCsl Ha OJHXKafilleM K JHEBHOH NOBEPXHOCTH
rOpH30HTE, Ha KOTOPOM OH INPOABJIEH: OTKPHITHIE OPEOJIE XapakTe-
pH3YIOTCSl Ha YPOBHe [HEBHOH HOBEPXHOCTH, a 3aKpPHTHle Ha MH-
HHMaJbHOA TyOHHe HX HAJeXHOrO Pa3BHTHA. B HpakTHKE reoxu-
MHYECKHX IJIOHCKOB 3TOT YpOBeHb HOJYUYHJ] HaHMEHOBaHHE <Ipej-
CTaBHTEJbHOTO TOPH30HTA JJS ONOHCKOBAHHSY.

B HHCTPYKUHH HO reOXHMHYECKHM MOHCKAM PYIAHBIX MECTOPOXK-
JeHHi B KayecTBe «HaHOoJiee BaxKHBIX B IIOHCKOBOM OTHOIIEHHH»
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oGcyxkaamorcd 13 THIOB BTOPHYHBIX JIHTOXHMHUECKHX OPEOJIOB pac-
cesinus [21]. IlpH onHcaHHH YacTH H3 HHUX YKa3aHO «HEe H3YyueH
H B NPaKTHKe FCOXHMHUYECKHX HOHCKOB HE HCIOJ/b3yeTcs», HEKOTO-
pble THHBI NpH OnHcaHHH oObeluHeHH. OueBHAHO, YTO 1Mo Mopdo-
JIOTHYECKHM OCOOEHHOCTSIM H B3aHMOOTHOIIEHHAM C pebedoM Xxa-
PaKTEPHCTHKH ODE€OJIOB PacCesiHHS MOTYT OblTh GeCKOHEUHO pasHO-
o6pasnbl. OfHAKO YHCJO TJIaBHEHHIHX THIIOB BTOPHYHBIX OpEOJIOB
paccesiHusl, ¢ KOTOPBIMH B IE€PBYIO o4epellb HPHXOJHTCA HMETh AeJIO
- B TEOPHH H NpPaKTHKE JHTOXHMHYECKHX NOHCKOB, HE CTOJb BEJHKO.
OnHcanHe TaKHX CEeMH THHOB OPe€OJOB paccesiHHsi (pHuc. 28), Bo-

menmee B GoJjee paHHol0 HMHerpykuuio (1965 r.), mpusoaurcs ~

HHXKe, C COKpAIeHHSMH H JONOJHEHHSIMH HOBBIMH JaHHBIMH. Pac-
cmarpuBaembie opeodnl |—IV npHHagsexar K OTKPHITOMY THIY,
B Hx uHc/ae opeoawnl 1I—IV sapasiorcs HanoxenbiMu, II[—IV —
HaJIOKEHHBIMH aKKyMyJasaTHBHbIMH. Opeonn V—VII npurapmsexar
K 3aKPHITOMY THIY, B HX 4HcJe opeoan V—VI sBasiorcs ocrarou-
HBIMH (3JI0BHO-A€JIOBHAJbHLIMH).

Haun6oablilee HOHCKOBOE 3HaYE€HHE HMEIOT OTKPBITHIE OCTaTOY-
Hble (3JI0OBHO-[€TIOBHAJbHbIE) OPEOJbl PACCESHHS MECTOPOXACHHH
(tun 1), HasHuHe KOTOPHIX OOeCHEYHJIO IMHPOKOe H 3((eKTHBHOE
npoBelleHde OOBIYHBIX (HA3€MHBIX) JHTOXHMHUCCKHX CHEMOK B DyX-
HBIX paifonax. Opeonbl 3TOrO THNA O6PA3ylOT MECTOPOXKIEHHS JIO-
ObIX TeHeTHYECKHX THIOB, 3aJ/eralolHe B BepPXHEM CTPYKTYDHOM
3Taye, BO BCeX AaKTHBHO JeHYAHpyeMblXx pafioHax. B monoGHBIX
YCJIOBHSIX Ha IMOBEPXHOCTH DY/JOBMeEUIAIONIHX NOPOJL PAa3BHTH TOMLKO
HX COGCTBEHHbl€ HPOAYKTHl 3JIOBHO-[€/MI0BHAJAbHOIO BbIBETPHBAHHS.

C-1e [ s
[Ty [a/l6

Puc. 28. Tnasueiilide THOH BTOPHYHHX JHTOXHMHYECKHX OpeOJIOB paccesHHsd
PYAHBX MeCTOPOXKAEHHH:

I — OCTaTOuUHble 3JIOBUO-LEMIOBHaNbHbe (@ H 6), II — puddysuonnnf, IIT — HaApyRHBIHA,
IV — oTOpBaHHbIH, V -— BBILIEJNOYEHHbI H MNpPeReJdbHO pa3yGoXKeHHbIH, V1 — norpeGeHubl,
VII — HaJIoXKeHHbIH norpeGeHHbIH.

| — MOYBCHHO-PACTHTEJbHBIH  clof; 2 — MajbHENPHHOCHBIE  OTJIOXKEHHS; 3 — COBPEMEHHBIX
3JIIOBHO-IEJIOBHY HJH ADEBHsis KOopa BbIBETPHBaHHs PYNOBMEIIAIOWHX TOPOA; 4 — PyLoBMe-
mammue HOpoabl; 5 — PyOHble Tejsa H HX [ePBHUHbIEe OpPeoJbl; 6 — BTOpHYHBIe OPeOJbl pac-
CesTHHS
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dOpMHpPOBAHHE OCTATOYHBIX OPEOJIOB B OCHOBHOM O0fI3dHU MEXaHH-
yecKOMy paccesinHio. HauGosee 6aaronpHATHE AJas HX 0o6pasoBa-
HHS TOpHBIE pafioHB, H 3TOT NPH3HAK INOJYEPKHBAeTCs] HaKJIOHOM
JIHEBHOM TMOBEPXHOCTH HPH H300paxKeHHH opeosoB 1 THma (cM.
puc. 28), uTo He HCK/IIO4YaeT HX 00Pa30BaHHSA B 3JI0BHAJbHBIX JaH[-
madrax AeHyJalHOHHBIX DaBHHH H IJIOCKHX BOJopasjesoB. I'naB-
Hefilie pe3yabTAaThl FEOXHMHUYECKHX TOHCKOB — OTKDBITHSI HOBBIX
IIPOMBIIIJIEHHBIX MECTOPOKIEHHH IBETHBHIX, PEAKHX METaJJIOB H 30-
sora B CCCP u 3a py6GeXoM NpPEHMYIIECTBEHHO 0Gs3aHBl O00HApY-
KEHHIO BTOPHYHBIX JIHTOXHMHUYECKHX OPEOJIOB pacCesHHSI HMEHHO
aroro THna. B ofmeM caydae ¢opMa BTOPHUYHBIX OCTAaTOUYHBIX Ope-
0JIOB paccesiHHsl B IIaHe NOBTOPSIET B YBeJIHYEHHOM pa3Mepe KOH-
TYpbl BHIXOZa OPYACHEHHS Ha HOBEPXHOCTb KOPEHHBbIX Hopod. B yc-
JIOBHSIX PACUJEHEHHOrO pejbeda OTKPBLITHIE OCTATOYHBIE OPEOJH
paccesiHisi MOTYT 0Gpa30BaTh TODH30HTAJNbHO 3aJjeralouiHe MecTo-
POXKIEHHS] OCaJOYHOTO IeHe3HCa HJH JApeBHeH KOpbl BHIBETPHBAHHSA
(cM. puc. 28, tun I, a), XoTs riaBHeHllee 3HAUEHHE OPEOJHl 3TOrO
THIIA HMEIOT [J51 NOHCKOB KDYTONMaJalolIHX 3JHAOTEHHBIX H oOca-
JOYHO-MeTaMOp(OreHHbIX MecTOpOXJeHHH (cMm. pHc. 28, Tunm I,6),
B TOM YHCJ€ B YCJOBHSX, KOTZa BBLIBETPHBaHHEM H JeHyJaiHed
3aTPOHYTH TOJBKO NEPBHUHBIE OPEOJibI PYAHBIX Tea. Tak, Hampumep,
MeJHOKOUenaHHOe MecTopoxaenHe Ha lOxnom Ypande 6bio oT-
KkpoiTo B 1958 r. Ha ray6une okogo 200 M HpH pa36ypHBaHHH BTO-
PHUHOTO OcTaTO4HOro opeoja paccesnuss Cu, Pb, Ag, Ni, Co, BH-
IBJIEHHOTO HA3E€MHO!N JHTOXHMMHYECKOH CbheMKOH Ha NOBEPXHOCTH H
06pa30oBaHHOrO 3a CYeT HEPBHYHOTO OpeoJa CJAenod pyAHOH 3a-
JAexH. BTopHuHbIe oCTaTOYHBIE OpeoJnl paccedHHss Pb Obiin obHa-
pYXeHBl IO HX BbIsIBJeHHS OypoBhHIMH paboramH Hajn 23-i CeBep-
ol u 29-i1 KOxuoli 3ajexaMH NMOJHMETa IHYECKOTO MECTOPOXKe-
uus AuHcall, HaXOSIMHMHCA B CJENOM 3ajeraHHH Ha IyOHHax
coorBeTcTBeHHO 240—350 M B 25—70 M.

OTkphiThle HasoXKeHHBle JHG(QY3HOHHBIE OPEOJbl PacCesHHs
(tun II) xapakTepHbl AJf DaBHHHHBIX PafOHOB C NOKPOBOM aJJOX-
TOHHBIX (JAJbHENPHHOCHBIX) OTJIOXKEHHH OrPaHHYEHHOH MOLIHOCTH,
r7aBHBIM O0pa3oM B yMEPEHHO BJAXKHOH H apHAHOR 30HaX (CM.
puc. 28). B atux opeonax pesko HPeo6JaafalOT HPOUECCH COJNEBOro
paccestHHsl DYAHBIX 3JE€MEHTOB, B OTJEJbHBIX Clyyasfx HabJjaona-
JIHCh HaJOXeHHBle MeXaHHYecKHe OpeoJibl pacCesiHHfl YCTOHUHBBIX
pyAHBIX MHHepaJoB. Mexay ¢opMoii HalOXKeHHbIX AHP(Y3HOHHBIX
OpEOJIOB paccesiHHs H KOPEHHBIM OpY/JeHeHHeM BO3MOMKHbBI CaMble
PasJIHYHbiE COOTHOLIEHHS. 3a CueT HePeMEHHOH MOIIHOCTH aJlIoX-
TOHHBIX OTJIOKEHHI OpeoJsibl 3TOTO THHA Jaxe B Hpefleax OAHOH
PYAHOH 30HB MOTYT IO NPOCTHPAHHIO NEPEXOAHTb B MorpebeHHOe
cocrosside (tHnel VI u VII), coueratbcsa ¢ HHTepBadaMH OTKPHI-
“TOFO0 OCTATOYHOrO opeosa (THN 1) HAH CMEHATLCS HaNOXKEHHBIMH
HaapyaubiMu opeosamu (tun III). TeoperHyeckast Ja/JbHOCTb AHG-
¢ysuu GesrpannyHas. C yueToM JIJHTEAbHOCTH T€OJIOTHUYECKOrO
BPEMEHH 3TO HE CTaBHT MPele/IOB AJI MOIIHOCTH Ra/bHEeNpPHHOCHBIX
OTJIOKEHHH, uepe3 KOTOpPHlE, B NpPHHIHIE, crnoco0eH pacmpocrpa-
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HATBCS HaJOXEHHHI Opeos pacCeslHHl KaKoro-aubo MecTopoxje-
HHA. C NpaKkTHYeCKOH CTOPOHB 3TOT Hpele Ompefelsiercss ObICT-
poIM yOBIBaHHEM HOKa3aTessi KOHTPACTHOCTH T'€OXHMHYECKOH aHo-
MaJHH — BeJHYHHbl <«OTHOLICHHS I0JIE3HOTO CHTHajda K YPOBHIO
HymMa», onpejensieMoro BblpaxenHeM (10). IIpu TpPOYHX paBHBIX
YCJAOBHAX IJIYOHHHOCTL JIHTOXHMHYECKHX [OHCKOB MOXeT OBITh
yBeJHYeHa 3a cyeT Gojiee COBEPHICHHON TeXHHKH BbINOJHEHHS pa-
60T, Kak Ha 3TO yXe ofpaulaJoch BHHMaHHe HpH (HOpPMYJHPOBKE
HOHSITHS] O «3aKPBITHIX» OPeOJIax.

O6pasoBanne Haapyaubx (tun I1I) u oropBammbix (Tunm IV)
HAJIOXKEHHBIX OpPeoJIOB INPOHCXOJHT B YCJAOBHAX, KOTJa COJeBOe
paccesiHHe COYeTaeTcsl C HPOTHBOMNOJOXKHOA TeHACHLUHeH €IHHOrO
npolecca MHTPAUHH PYJHBIX 3JeMeHTOB — HX THIIEPreHHOH akKKy-
myasiuueit. OO0beAHHAOMHNE HX NPH3HAK aKKyMyJSTHBHOIO IIPOHC-
XOXKJEeHHA OTpaxeH B HAHMEHOBAHHH ODPeOJIOB 3THX [BYX THIOB.
OTKpHITBle HaJOXKEHHble AaKKyMy/SITHBHble OpeoJbl HaJApyAHOro
tuna III otamyatoTcs or HaJMOXKeHHBIX AHGQY3HOHHBIX HaJHUYHEM
Ha IJyOHHE FOPH30HTAa AJJIOXTOHHBIX OTJOXKEHHH, B KOTOPOM C IpPH-
MeHEHHEM CYHIECTBYIOUINX TE€XHHYECKHX CPeJCTB OpeoJH He Ipo-
cJleXKHBaTCA N0 BepTHKaAH. C ONHOH CTOPOHBI HaJAPYIHBIE OPEOJLI
TPYAHO OTJIHYHMBl OT JaHAIa(HBIX TeOXHMHYECKHX aHOMaJui,
BO3HHKAIOMHX HA DA3JHYHBIX IEOXHMHYECKHX Gapbepax B pesyiib-
TaTe THMEPreHHOH aKKyMyJSHH METalJOB H3 OKpyXKawllel cpelbl
H He CBA3aHHBIX C HAa/JHYHEM KODEHHOro OpyJeHEeHHMs Ha riyOuHe.
[TogoOHBle reOXHMHYECKHE aHOMAaJHH IO NPH3HAKY HCYE3HOBEHHS
¢ ray6uHOH OOBLIYHO NPH3HABAJHCH O€3PYyAHbIMH, OJHAKO MOXKHO
npeAnosaraTb, YTO HEKOTOPble H3 HHX, OTOpPaKOBaHHbie NPH IIOHC-
KaxX, MOTJIH HMeTh CBOHM HCTOYHHKOM IPOMBILIJICHHOE OpyJeHeHHe.
YuHTBIBas IepBOCTENCHHYI0O BaXXHOCTb MOHCKOB INOrpeGeHHbIX Me-
CTOPOXKIEHUH B 3aKPHITHIX PYAHBIX palOHax, 3aKOHOMePHOCTH (op-
MHDPOBAHHSI H METOXIbB! BLISIBJEHHS HAJ/JOXKEHHBIX OPEOJIOB pacCesHHs
tunoB 1I—III noro6Ho paccmarpuBaloTcs B pasjene 3.8.

OTopBaHHBE aKKyMyJsATHBHBe opeoanl (tHn [V) 0Ju3km
K ONHCAHHBIM Bbille HAaJAPYIHBIM Op€0JaM, OTJAHYAfCh OT HHX 00-
pa3oBaHHeM NPH OTCYTCTBHH aJJIOXTOHHOTO NOKPOBa H OTYETIHBHIM
CMEIIleHHeM OT PYJHBIX TeJ B CTOPOHY COBPEMEHHOro CTOKa.B sTHX
YCJAOBHSIX MeCTOPOXKIeHHs 00pas3yloT OTKPBLITbIe OPeOJbl PacCesHus
(tun I), H ToMBKO pyJHble 3/7eMeHTH, o0/afalonibe B JaHHOH JaHA-
nadTHO-reOXHMHYECKOH OGCTaHOBKE BBLICOKHM KO3 (HIHEHTOM
BOJAHOH MHrpauHH, MOryT 00pa3oBaTb BBIIEJIOYEHHbIE C HOBEPX-
HOCTH 3aKpBITHe opeosbl (THn V). 3a cuer mocaelyiomed akkymy-
JISIHH PYAHBIX 3JE€MEHTOB € KOHTPACTHOH MHI'DalHOHHOM  Crnoco6-
HOCTbIO B 30He rumepreHesa (cM. 1.8) B H3MeHHBHIeHCA reOXHMHYeE-
CKOfl 0o0CTaHOBKe BO3HHKAIOT BTOPHUHbIE OTOPBaHHBLIE COJIeBble
OpeOJibl, HaJIOXKEHHble HA MECTHBle 3JIOBHO-JIOBHAAbHbIE H aJ-
JIOBHAJbHO-NIPOMIOBHAJIbHEIE OTJOXKeHHsA. B mocaenneM ciayyae aTH
OpeOJIHl MOTYT HENOCPEACTBEHHO NMEPeXOAHTb B COJNEBOH (JUTOXUMHU-
yeckHil) motok paccestuus. OtopsaHHbie opeosisl Mo u U orMeua-
JIHCb, HANPHMep, B FOPHO-TaeXKHbIX palioHax 3abaiikasba. B okuc-
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JHTeJbHOH O0GCTaHOBKE XOPOLIO IPOMbIBaeMbIX H YMEPEHHO Je-
HYJIHPYeMHX CKJIOHOB TyMHIHOH 30HBI 3TH 3JIEMEHTHl MEPEXOAAT
B PacTBOP H BbILIEJAYHBAKOTCS H3 BEPXHHX TODH30OHTOB OCTATOYHBIX
0peoJoB paccestHHs. IIpH CTeKaHHH aTMOChEpHBIX OCALKOB B 3a-
GOJOUEHHBIE JONMHbI JErKONOABHKHbIE 1ECTHBANEHTHbE MOJHGIEH
H ypaH OCa¥AaloTcsi Ha BOCCTAHOBHTENbHOM Gapbepe B 4YeTHIpEX-
pajienTHOHl (popMme. AHaJIOTHYHble AKKyMyJfALHH PYIAHBIX 3J€MEH-
toB (manmpumep, Cu) HMEIOT MeCTO NpPH Iepexoie OT HH3KHX 3Ha-
yeHHH pH 30HBI CEPHOKHCJOrO BLIBETPHBAHHS K HeATpaJabHOH ML
cnabo meaouHoll okpyxatwwel cpeae. OTopBaHHbIE COJeBbIE JUTO-
XHMHUECKHE OPeOJibl MOrYT GbIThb CBfI3aHbl C BHIXOAOM MOA3E€MHBIX
MHHepaJH30BAHHBIX (OPEOJbHBIX) BOJX, OMHIBAKWHX Ha rayGHHe
HEBCKpBITOE (caenoe) PYAHOE TeJo.

BropuuHbie JHTOXHMHYECKHE OPEOJIBl PACCesHHs THIIOB V—VII
NpHHALJAEXRAT K KaTerOpHH <«3aKPHITHIX». BrlliesoueHHble K IIpe-
NeabHO pasyGoxennsle opeosnl (THm V) 06pasyoTcs B SJIOBHO-
JEeJMIOBHH H TNPHHALIEXAT K KJaccy OCTaTOYHBIX OpeOJOB. Onn
CXOJHHB MO CBOefi XapaKTepHCTHKe, OAHAKO NPHUHHBI [ HX NpeB-
pallleHHsi B 3aKPHTHE OPEOJbl Pas/HIHBL O6pasoBaHHe 3aKPHITHIX
BHILIEJOYEHHBIX C IOBEDXHOCTH OCTATOYHBIX OPeOJIOB, KaK yxkKe yka-
3bIBAJIOCH, XapaKTEPHO [Js1 3JEMEHTOB aKTHBHBIX BOJAHBIX MHIpaH-
TOB B pafloHax TyMH[HOH 30HB TIPH 3aMelJIeHHOH JeHyRalHH.
B cOBpeMeHHOM 3JI0BHO-[/IOBHH Ha TE€PPHTOPHH CCCP MoHHOCTb
BBIIIIEJOYCHHEIX TOPU30HTOB PEAKO INPEBHIIAET 0,5—0,8 M, uHorza
B 3THX YCJOBHAX HaGmOfaercss akKyMmyJalHs JeErkoloABHKHBIX
5J7leMEHTOB Ha YPOBHE HJLTIOBHAJbHOIO MOYBEHHOrO rOPH30HTA «B>».
B smanmmagTax BJIAXKHOTO TPOMHYECKOTO KjHMara H B JIPEBHHX
KOpax BHIBETPHBAHHS BO3MOXEH BHIHOC PYAHBIX S/EMCHTOB, HANpH-
Mep, H3 OGEJEHHOrO KaOJHHOBOTO TOPH30HTA, MOWHOCTH KOTOPOrO
MoxeT gocturath 10 M H GoJee. OfHAKO IOJHOE BhILICJIAUHBAHHEC
faxe JIECKOIIOABHXKHBIX 3JE€MEHTOB, HalpHMEp ¢rTopa, moanbaeHa
W ypaHa, H3 OCTAaTOUHbIX ODEOJIOB pacCesHHs, M0-BUAHMOMY, IIPOHC-
XOMHT He croab uacto. ITo mamnmiM E. H. Bacuibesa, OTKPBITBIE
OCTATOUHblEe OpeoJibl paccesHus ¢ocdopa coOXpaHAOTCA B npoduJe
MOIIHON KOPbl BHIBETPHBAHHS B YCJIOBHSX CIVI&XKEHHOTO pesbeda

o

¥ TYMHAHOTO KJHMaTa B I0ro-3anagHol 4acTH 3KBATOPHAJBbHOR
AdpHKH.

3aKpHThe NpeJeNbHO pagybokKeHHbIe 0PEOIbl o6pasynTcs B pe-
3y/bTaTe 3aKOHOMEPHOrO MPOTEKaHHd MpoLecca pacCeitui B CcTO-
poHy HaHGOJIee MOJHOro BbIpaBHHBAHHA KOHIIEHTpaUHnil 3J1eMeHTOB.
Eciu np¥ 3TOM HCXOIHOE KOJHYECTBO MeTa/ja B CEUeHHH pyXz-
Hofi 30HBI Mp, M Y OBLIO OTHOCHTEJNBHO MaJo, MakCHMaJbHble
cOlepKaHHA Mera/jjla B BepPXHHX TOPH3OHTax opeoja MOIyT He
OTNHYATLCS OT OOBIYHBIX KOJIeOaHHH MECTHOTO TEOXHMHUECKOro
dona. B cuiy yObBaHHs ¢ TJyGHHON HHTEHCHBHOCTH THIIEpreHHOTO
paccesiHHs OCTaTOYHBIA OpeOJI Takoil PYAHO!H 30HH OGHApYXKHBa-
eTcst TOJIbKO HA HEKOTOPOil riyGHHE OT MOBEPXHOCTH H BCJCACTBHE
5TOr0 JOJKEH HMEHOBATHCHA 3AKPBITHIM OPEOJOM. 3aKpHITHIE OPEOJIbE
STHX THIIOB HA3bIBAIOT «OCJAA0JCHHBIMH Yy TOBEPXHOCTH. O6paso-
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BaHHE 32KPHITBIX BTODHYHBIX OPEOJIOB DACCESIHHS B COBPEMEHHOM
SJII0BHO-AE/IIOBHH HaHGoJiee XapaKTePHO MJs DYAONPOSBJAEHHH He-
BHAYHTE/NLHOTO MaculiTaba, B YaCTHOCTH, HJISI MEPBHUHBIX OpPEOJIOB
ClenbIX PYAHBIX TeJ. B Tex ke reoJOrHYeCKHX yCJOBHSIX Teso 60-
raThix pyA o6pasyeT OTKPHITHIH OCTATOYHbBIH OpeO..

IlorpeGenntie ocTaTounble opeosbl paccesnuss (tun VI) spas-
I0TCl  aHaJ/IOraMH COBPEMEHHBIX 3JII0BHO-AENIOBHAJbHBIX OpPEOJIOB,
OTJHYasiChb OT HHX O6PasOBaHHEM B NaJseoreorpapuuecKux yCaA0BHAX
H TOC/JeNYIOMHM IepeKphITHEM Gojiee MOJOABIMH ocankamu. Ope-
OJIbI 3TOrO THNA XapaKTePHb! [Js PyAHBIX PAfOHOB, NpeTepHeBHINX
AJMTEJbHOE KOHTHHEHTaJIbHOE Pa3BHTHE B IIEPHOJ, NPeIUIeCTBOBAB-
WHY HAKOIJIEHHIO MOJIOAbIX OCaJAKOB, B KOTOPLIX Ha IEHEIJeHH3H-
POBAHHOH MOBEPXHOCTH CKJaJ4aToro (yHIAaMeHTa COXPaHHJIAaCh
ApeBHAS KOpa BLIBETPHBaHHS. B BepTHKaJbHOM paspese KOpb! Bbi-
BETPHBAHHS HOrpeGeHHble OPeoJbl HMEIOT rpHGOOGPasHyI0, 4acTO
AaCHMMETPHUYHYIO (POPMy, ONpefeTAIONIYIOCs 3JeMEHTAMH 3aJeraHHs
PYAHBIX TeJ H HamNpaBjieHHeM HajJeocToKa. MaKchHMa/bHOe MJAOLLA-
HO€ PaCHpOCTPaHEHHE OHH HMEIOT Ha YPOBHE NeCTPOUBETHOH KOpPHI
BbIBETPHBAHHS, SBJAIONLIEHCS B JaHHOM CJ/y4Yae NpeACTaBHTEIbHBIM
TOPH3OHTOM ISl NPOBEJEHHs JHTOXHMHYECKHX IMOHCKOB. B ropu-
30HTaX IEOEHHCTON KOPbl BHIBETPHBAHHS IOrpeGeHHbie OCTATOYHbIE.
OpeOJIbI  pacCesiHH  HOCTe-
NEHHO CYXKaloTcsl, NPHMBIKas

Y/ . Ha riyOHHe K PYAHBIM Teaam
5l H HX HepPBHYHBIM OpeOJiaM.
ol B mepexpbiBaiomHux Kopy Bhi-
BETPHBAHHS  RaJbHENPUHOC-

15+ HbIX OTJIOKEHHSIX  OPEOJIbI
0 3TOr0 THIA He NpOCJeXHBa-
JrIEN /{/ jorcsi. KoHKperublfl mpumep
+ norpe6eHHOr0  OCTaTOYHOro

2 N | 4+ Opeosa paccesHns, o6Hapy-
Fian KEHHOT0 B  TPHAC-IOPCKOH
40—+ + + KOpe BLIBETDHBaHHA, IMepe-
sl T 1+ \\\:\\\ + 4+  KpbITO} HeoreH-yeTBepPTHY-
L+ 4 N Y 50 100 150 200 HBIMH CYTJIHHKaMH, IOKasaH

Ha pHc. 29. Hanuuue norpe-

[~]1 Iz g'|'z + 4|7 4 GeHHBIX OCTaTOYHBIX OPEOJIOB

paccessHHdA  pPYIAHBIX MeCTO-

BNs BE44s FH7 [Z s poxnennit B xpeBHHx Kopax

BbIBETDHBaHHUA onpeneauno
Puc. 29. TlorpeGenusii ocratounmii opeosq ~CO3AQHHE METONHKH TIJyGHH-
pacceauna (Cepepuniii Kasaxcrau). [To  HbBIX JIHTOXHMHYECKHX IIOHC-
A. H. Epemeesy u A. II. Coaososy. KOB B 3aKpPBITHIX PaBHHHHBIX

! — HeoreH-ueTBEPTHYHBIE  CYIVIHWKH; 2 — TDH- 5
ac-lopcKas KOpPa BHIBETPHBaHHS; 3§ — pynon?ue« paHonax.
Wakliie rpaHHTOMAb; 4 —30Ha Apobaenus; HOFpeﬁeHHbIe HaJIOXKeH-

5 — H30KOHUEHTPAaTH DPYAHOrO 3J€MeHT -
JIOBHBIX  efHHHIAX; G—CKBaxmﬂbxe n:nciog’:ia Hbl€ OpeOoJibl pacCesiHHs (THH

CbeMKH, mnpo#inenucie CYTII-10; 7 — ckBaXuHBI VII), B CBOI0 OuYepelb, SABJISA-
)

KOJIOHKOBOrO  GypeHHsi 8 — IpeficTaBHTEJNbHLI
TODH3OHT JJIA OMOMCKOBAHHS I0TCAl NaJjeoreorpadHuecKHMH
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aHAJOTaMH COBPEMEHHBIX OTKDBITHIX HaJlOXeHHBIX 0pe0JioB (tun II),
KOTOpHIE GbIM HePeKPHIThl MO3JHEHIIHMH OcafKaMH. 38 CUeT akKy-
MYJSIIHH PYJHBIX 3JE€MEHTOB B ONpe/e/eHHbIX JHTOJIOTHYECKHX TO-
DH3OHTaX ueXxJa B CBfI3H C HX BOJOHOCHOCTHIO, GHTYMHHO3HOCTbBIO,
KapOOHATHOCTBIO H JPYTHMH OCOGEHHOCTAMH BO3MOXKHO 00pa3oBa-
HHE HAJOMXKEHHBIX JHTOXHMHUECKHX ODEOJIOB, ABJAIOLIHXCA HorpebeH-
HBIMH aHaJoraMH HaJDYAHHIX H OTOPBaHHBIX opeoJoB III m IV TH-
moB. Bce ckasaHHOE OTHOCHTEJIBHO OTKPBLITHX HaJ0OXEHHBIX OPEOJIOB
MOXKHO DPAacCHpOCTPaHHTb H Ha MNorpefeHHble HaJOXEHHbIE OpeOJibl.
Ha rteppHTOpHH 3aKPHITOrO PYyAHOTO paioHa HaJH4YHEe HX HE/b3d
rapaHTHpOBaTh AJA BCell HCC/AeLyeMOl NJIOManH.

Hsobpaxenne OCHOBHBIX THNOB [—VII BTOpPHYHBIX JHTOXHMHUE-
CKHX OpeoJIOB paccesiHHsi (cM. pHC. 28) cJaelyeT paccMarpH-
BaTh B KauecTBe IeHePaJH30BAHHOH CXeMBI, OT KOTOPOH B peaib-
HOIl TreoJIOrH4ecKoii 06CTaHOBKe HeH30€XHbl pasJHYHble OTCTYH-
JIEHHS.

3.3. MEXAHHYECKHUH OPEOJI PACCESIHUS

Penlaiomas poJb B 06pa30BaHHH BTOPHYHBIX OCTATOYHBIX OPeEOJIOB
paccesiHHS DYJAHBIX MECTODOXKJEHHI NpHHAaJEXHT TBeploi dase.
[TapajsenbHo ¢ (QH3HUYECKOH AE3HHTerpauHed PyAHOro Tela H BMe-
AIOIHX TOPOA, HECYIIHX €0 MEePBHYHBLIH opeoJ, 00pasoBaBLIKecH
B 30HE BBHIBeTPHBAHHS OGJOMKH NpPHOGPETAlOT CNOCOGHOCTD- Ilepe-
MeIaThCsl OTHOCHTEJIBLHO MeCTa CBOEro MepBOHAYa/bHOIO 3aJera-
HHSA. DTa NOJABHAKHOCTb «YACTHI» TOPHBIX MOPOJ B 30HE BLIBETPUBA-
HHSl MPOABJSETCS B TPeX CaMOCTOATEJbHBIX BHAax: 1) Bes Macca
YaCTHI[ MOMKET MepeMellaThCsl MoJ, AEACTBHEM CHJIBI 3€MHOTO TArO-
TeHHs B ()OpMe NJIACTHUECKHX He(opMauui PBIXJOH TOIILH HJIH
MeCTHBIX Pa3pBIBOB €€ CILIOUIHOCTH; 2) OTAesbHBle YaCTHLBI rop-
HBIX MOPOJ C TMOBEPXHOCTH DPBIXJIOH TOMIH MOTyT OBITb yHaJleHbl H
3aTeM MepeOTNOXKeHbl, B YaCTHOCTH, NMepeMelleHbl B CTOPOHY MOHH-
KeHHA pesbeda K 6asHcy AeHYIAUHH H B 00/1aCTb OCaJKOHAKOMJIE-
HHUS; 3) CAMH YaCTHI(Hl BHYTPH TOJIIH PHIXJBIX O6Pa30OBaHHH MOTYT
HCIEITHIBATh B3AHMHBIE mepeMelleHHs. POJb 3THX Tpex BHAOB MOA-
BHXKHOCTH YacTHU B (OPMHPOBAHHH IOJIS PaCCesHHS CYLIECTBEHHO
pasauuHa. IIpxH 3TOM, MO 3aKOHY HE3aBHCHMOCTH IBHKEHHS, KaxK-
ias W3 STHX INOJABHXKHOCTeHl NPHBOAHT K BIIOJIHE ONpeAeEHHOMY
pesyJabTarty. S
I[lepememenne Bceil Macchl 4acTHi (e3 B3aHMHOro HX mepepac-
npejie/ieHHss He CIOCOGHO caMo No cebe HMPHBECTH K 06 pa3oBaHHIO
MEeXaHHUEeCKOro Opeosia paccesinusi. PesyabTatoM ero OyAyT TOMbKO
cmemenne H jgedopMaiHs OpeoJa, u4TO NOApoOHee paccMaTpHBA-
ercsi HHxe. Y/JaJeHHe YaCTHI[ H NepeHoC MX K 0as3Hucy JeHylaluw
onpenesaoT (HOPMHPOBAHHE JHTOXHMHYECKOrO INOTOKA pPaCCeAHHST
H Ty HJIH HHYI CKOPOCTb HENMPEPHIBHOTO OGHOBJEHHA Opeo.a. Ipu
M36HpaTeJbHOM YIaJeHHH YacTHIl 3TOT MpOUecc BeALT K obenHe-
HHI0 Wi oborameHuio opeoja. O6pasoBaHHe MEXAHHYECKOro Ope-
o/la paccesHHss 0053aHO B3aHMHOMY IepeMelleHHI0 4acTHI BHYTpH
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PHIXJIO TOJIINH MPOAYKTOB BHIBETPHBaHHA. J[eHCTBYIOLIUMH CHJIAMH
3TOr0 MpONECcca SBJSIOTCS areHTHl (H3HYECKOrO BHIBETPHBAHHS:
paculHpeHHe M CxKaTHe BCJeEACTBHe KoJeGaHHil TeMmepartypsl, 3a-
Mep3aHHe H OTTaHBaHHe BOJbB!, KPHCTAJIH3ALHA cOJel, AHHAMHyec-
KOe BO3JEHACTBHE NOXKNs, BeTpa, JAeHcTBHE KOPHEBOH CHCTEMbI pac-
TEHHH HJIH 3eMJ/epOIONHX XHBOTHBIX H GECHO3BOHOYHBIX H T. I
IlepeMemenns OTHeNbHOH YaCTHLBI MaJbl 1O CBOEH aMILIHTYHe,
HOCAT Xa0THYECKHH XapaKTep H MOTYT OBIThb yNOAOGJeHB GPOyHOB-
CKOMY [BHXXEHHIO YaCTHI HJH TeNJOBOMY JBHKEHHIO MOJIEKYJI.
Cpennas xBajipaTHyecKasl AJIHHA «CBOGOJHOrO MPoGEra» 4vacTHILI
PHIXJIOH TOPHOM MOPOJBI B MPOLECCE 3TOTO B3AHMHOIO NEPeMEIeHHS
OTBEYaeT 10 CMBICAY «KO3(DOHUHEHTY HX MEXaHHYeCKOro paccesi-
HHsi» 0. HauGonbHIyilo B3aHMHYIO HOXBHXKHOCTb YaCTHLHI HMEIOT
BOJH3H JHEBHOH NOBEPXHOCTH, COOTBETCTBYSI PE3KHM KOJe6aHHIM
TEMNEePaTypsl H BJAAXKHOCTH, OOHJHIO HACEJSIOIHX 3TH TOPH30HTHI
OpraHM3MOB, YMEHBIIEHHIO pa3MepoOB YACTHIL H T. M. AGCOMIOTHOE
YHCJIO TaKHX MepeMenieHHH OTAe/JbHOH YacTHUH INPOMNOPLHOHAJbHO
JUIHTEJbHOCTH BpeMeHH 7T, NpoLIeJIIero ¢ MOMEHTa €€ OTAeJeHHS
OT MOHOJHTa, H, CJeAOBaTeNbHO, GyAerT HaHOOJbUINM Yy JAHEBHOH
HOBEPXHOCTH M HAaHMeHbIIHM Ha riayOHHe. CXeMaTHYECKH 3Ta 34KO-
HOMEPHOCTb H306paxeHa Ha pHC, 30.

Hasi GOpMHPOBaHHSA NOJS PacCesiHHSl 3Ta MOABHAKHOCTb YaCTHIL
HMeeT 3HaYeHHe NPH HaJHYHH MeCTHOTrO rpajHeHTa KOHUEHTpalHi
XHMHYECKHX 37eMeHTOB. Ha orpaHHYeHHOM yuYacTKe pHIXJbIX 00pa-
30BaHHH, BOZHUKIIHX 3a cyer pa3pyLleHHS KakoH-1HGO OfHOH rop-
HOH HOPOJB, BCE YacTHIBI IO CBOEMY CpeJHEMY XHMHYECKOMY CO-
CTaBy OJHOTHNHBL. B 3THX yC/IOBHSIX B3aHMHOE IlepeMelleHHe dYac-
THL, TOPHOH HOPOAB He IpPHBeJdET K H3MEHEHHI0 KOHIEeHTpauHH
XHMHYECKHX  3JIeMeHTOB, IO-
CKOJbKY B3aMeH [epeMecTHB-
We#Cs YaCTHIUB! MPHIET Jpyras
YaCTHILA TOrO e 3JeMeHTap-
Horo cocraBa. Ha rpaunnme AByx
Pa3/HMYHbIX TOPHBIX IOPOX H,

°©o o o oso o o B YaCTHOCTH, Ha KOHTaKTe BMe-

L. . mapemuiell ropHoil nopoabl ¢ pya-

© e o o o o o HBIM TeJOM BCJ/IEJCTBHE IOX-

_°_c_c°gz° ° ° BHXKHOCTH YacTHI[ B3aMe€H mepe-

MeCTHBLIEHCS BO3MOXKEH NPHXOL
YaCTHILB APYroro MHHEPAJbHOrO
cocraBa. BaxHaa mas Hac cob-
+ 4+ o+ + o+ f+3l2 crBeHHo reoxhmHueckas mOA-

+ + o+ o+ BHXKHOCTb 3JIEMEHTOB (CKOPOCTb
+ 4+ o+ o+ o+ a J  MeXaHHYeCKOro paccesiHHS)
B HamnpaBJeHHH x OyJer mpo-

Puc. 80. Cxema rumepresdof mojpux-  [TOPLHOHAJbHA TpPagHEHTy KOH-
HOCTH YaCTHI PHIXJIOH TOJIILA. x

I — 3moBuil; 2 — KOpeHHble TMopoawr; 3 — U‘eHTan‘HH ox B/OJIb 3TOTrO Ha-
cayyaltHas TNOABHXHOCTH YacTHL Ha pas-

JHYHBIX YPOBHSAX HpaBJieHHS. B3aumuas NOABHU K-
100

HOCTb YACTHI, PHIXJIOH TOJILH 3aKOHOMEDHO NPHBOIHT K IepeMelle-
HHIO PYJHBIX YacCTHI[ H3 MeCT HX HaHOo/bLleH KOHLEHTPalnHH B 006-
JacTh 6ojee HHM3KHX KOHIEHTpauHH, T. €. K MeXaHHYeCKOMY pac-
CESIHHIO BelllecTBa MeCTOPOXKIEHHS.

[ToMHMO y:Ke YNOMSIHYTBIX CaMOpPOAHBIX Merajnos Au, Pt, xac-
CHTEPHTA H XPOMHTa, MEXaHHUeCKOMY pAaCCeAHHIO MOJABepraloTcs
MHOTOUHCJICHHBIE [T€PBHUYHbIE H BTOPHYHBIE YCTOHYHUBBIE B 30HE BHI-
BETPHBAHHS DPYAHble MHHEpPAJbl: IIeeJHT, BOJb(paMHur, OGepHJu,
XPH30KOJJ1a, MaJaXHT, a3ypHT, TaJeHHT, LePYCCHT, MACCHKOT, IJ1aT-
THEPHT H JPYyrHe CBHHUOBbIE MHHepaJbl, CMHTCOHHT H KaJaMHuH,
6apHT H BHTEPHT, KHHOBApb, aNaTHT, UHPKOH H OaAldeJHuT, PYTHI,
HAbMEHHT, MOHAIHT, KOJAYMGHT H TaHTAJHT, NMHPOJIO3HUT, OpayHHT,
psin BropuyHeix MuHepasoB Ag, Ni, Co, Mo, Bi, Sb n muorue apy-
rde. TH MHHepaJabl 00pa3yloT NPOMBILLIEHHbIC CKONJIEHHS B BHIE
MepPBHYHBIX PYyJ HJH CJaraioT pPyAHble TeJa Ha HX BBIXOAAX B 30HE
BLIBETPHBAHHS, H B 3THX MHHepaJbHBIX (OpPMax BXOAfAIIHE B HHX
PYIHBIE 3J€MEHTH 0GPas3ylOT OCTATOYHBIE JIHTOXHMHYECKHE OpeOJIbl
paccesinust B TBepao#i ¢ase. PaccMoTpeHHass Bbille B3aHMHas MOA-
BHXKHOCTb YaCTHII FOPHBIX MNOpPOJ B 30He BLIBETPHBAHHUS B OrpaHH-
YEeHHOM JAHAaNa30He YCJOBHI fIBJSeTCS AOCTATOYHOH MDUYHHON AJs
06pa30BaHHs BTOPHUHBIX MeXaHHYECKHX OPeOJIOB PacCesiHHdA, HaJo-
JKEHHBIX Ha OTJIOXKEHHS YexJa H OTBEeYalolHX NpH3HaKaM «aAuddy-
3HOHHOTrO» MpOHCcXOoxkAeHHs (cM. puc. 28, tun II). Ilpusectn K 3TOMY
pe3yJabTaty CHOCOGHO, HampHMep, KpHOTEHHOE MepeMellnBaHue
PHIXJIBIX OTJIOXKEHHH, KOTOPOe MOXKeT DPacnpOCTPaHATbCA Ha TIJIY-
6uny 10 3—4 M. B pafionax ¢ TEMJIbIM KJIHMaTOM 1O IIyOHHBI 8—
10 M OT MOBEPXHOCTH PACIPOCTPAHAETCS BJHAHHE Pa3HOOOPA3HBIX
3eMJIEPOIOIHX YKHBOTHBIX H O0€CNO3BOHOYHBIX, HACE/IAIOIHX BepX-
HHe ropH30HTH cyumiH. C yyeToM MJIHTEJbHOCTH CYIIeCTBOBAHHS
JKH3HH Ha 3eMJe 3TO onpefensieT HajJHuYHe GHOTEHHOH COCTaBJAIO-
ulell MeXaHHYeCKoro paccesiHHsl. PeasibHasi BO3MOXHOCTb 00paso-
BaHHSl BTOPHYHBIX HAJOMKEHHBIX OPEOJIOB paccesiHHs B TBep1oi ¢ase
He BbI3bIBAET COMHEHHMH, OflHAKO OCHOBHOE 3HAUCHHE MexaHHyecKas
MHrpalHs PyIHBIX MHHepaJoB HMeeT LI (HOPMHPOBAHHS OCTATOY-
HBIX OPEOJIOB pPaccesiHHS.

3.4 COJEBOW OPEOJI PACCESTHHST

O6pa3oBaHHe BTOPHYHOIO JHTOXHMHYECKOTO COJIEBOTO OpeoJia pac-
CesTHHSl MOJYHHEHO JBYM OCHOBHBIM YCJOBHSIM: 1) IPHCYTCTBHIO
DYAHBIX 3JEMEHTOB B (OopMe BOZHOPACTBODHMBIX COEJHHEHHI;
2) YCJIOBHIO BJIArOHACHIIIEHHOCTH Ccpefibl, B KOTOPO#H pasBUBAETCS
paccesnne. O6a 3TH yCJIOBHS B 30He THIepreHesa Bcerjga coGJio-
JieHbl. Pbixsble TPOAYKTHl BLIBETPHBAHHS BCelJda CojiepxaT BOLY.
HckiloueHHe B 3TOM CMBICJAE He COCTABJAIOT Ja)Ke MepsJble IO-
poasl. Ilo naunbiM E. M. Cepreepa, 3aMep3aHHe KaNu/JISPHOHA BORH
B AMCIEPCHBHIX MOPOJAax 30HBI BHIBETPHBAHHA IPH AHaMeTPe KamH/-
asapos 0,24 MM npoHcxoauT npH —13,6 °C, a mpu auaMeTpe KamHi-
aspoB 0,06 MM — nipu —18,5 °C, B To BpeMs Kak OCbIYHAS TeMIIe-
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parypa yCTOHYHBOH Mep3/oThl ceBepo-BocToka CCCP wame Bcero
Kosiebsiercss 0okono 5—6 °C umxke Hyas. CaMble cyxHe TPYHTH 3a-
CYLUVIHBBIX PAHOHOB MPOYHO YJepKHBAIOT B cefe BJary H CIOCOGHBL
MONOJIHATb €€ 3amachl NyTeM KOHJACHCALHH BOASIHBIX NMAapOB H3 arT-
Mocoepsl. TloBefenne BOTHOPACTBOPHMBIX COJIEH B 1OJIE PacCesHHs
NOJYHHSETCS CJIOXKHBIM MPOLECcCaM OGMEHHBIX XHMHYECKHX H (H-
3UKO-XHMHYECKHX Peakuui, ABJIeHHAM RHGODY3HUH H KANHJIAPHOrO
noj’beéMa pacTBOPOB H3 TJYOHHB 1O HANPaBJEHHIO K JHEBHOH
MOBEPXHOCTH, COYETAETCH C HCIAPHTENbHOH H GHOTeHHON aKKyMy./isi~
IHed H BBIHOCOM coJiefi aTMoc(epHBIMH ocankaMHu. Daarogaps or-
POMHOH NpPOAOJIKHTENbHOCTH I'e0JOrHYeCKOro BpeMeHH B 06pa3oBa-
HHH COJIEBOrO OpeoJia NMPHHHMAIOT yyacTHe AaxKe TPYAHOPACTBOPH-
Mble MHHEpaJbl N0Je3HOro Hckonaemoro. CoJieBoe paccesiHHe valle
Bcero CBsi3aHO ¢ 0OOpa3oBaHHeM MHHEPaJ/JH30BaHHBIX PacTBOPOB
B 30HE CONMPHKOCHOBEHHSl 3epKaJjia I'PYHTOBBIX BOJ C TEJOM I0Je3-
HOTO HCKOIIa€MOro NyTeM IPSIMOrO pPacTBOPEHHS IEPBHYHLIX MHHe-
paJioB 3ajieXXH HJH B Ipoiecce HX THMEPreHHbIX H3MEHEHHH, A0 Ie-
pexofa BO BTOpHYHBIE YCTOHYHBHIEe pasHOCTH. C TOYKH 3peHHs
MeTOAHKH JHUTOXHMHYECKHX MOHCKOB HaHGOJBLIHH WHTEpec mNpe-
craBiaser (GOPMHPOBAHHe COJIEBOTO OpeOJa PAacCesHHS OKHCJ/IA-
mwerocs cyapbuanoro Mecropoxaenus (Cu, Pb, Zn, Au, Ag, As, Bi,
Sb, Mo, Sn, Ni, Co u ap.).

Pa3BuTHe 30HBI OKHCJEHHs CYJbQHIHbIX MECTOPOXKAECHHH, IO
C. C. CmupHoBy [40], xapakTepH3yeTcs CJAEAYIOIHMH OOLIHMH 3a-
KOHOMEDHOCTAMH. 3aJierarmoliie BbIIlI€ MEePBOrO BOJOYNOPHOTO TO-
PH3OHTa [PYHTOBHE BOABI HAXONATCS B CBOOOXHOM BOROOOMEHe
C INOBEPXHOCTbIO. 3a cyeT HHOUJIBTPANHH aTMochepHBIX OCajKOB
H KOH/JEHCALHH NapoB TPYHTOBBIE BOJXBI MMOCTOSHHO TOMOJHSIOTCH,
a 3a CYeT HCTeYeHHS B OTKPLITYIO THAPOCETb H HCIIAPEHHS NPOMC-
XOJHT HX pasrpyskKa. B pesyabrare JHHAMHYECKOrO pPaBHOBECHS
MeXJy NPHXOJOM H PacxOJOM BOJH YCTaHABJIHBAETCS HEKOTOPHIH
IOCTOSIHHEIA YPOBEHb TPYHTOBLIX BOJ, IIOBEPXHOCTb KOTOPOro
B CrJa)XeHHOM BHJe TOBTOpAeT peabed MAHEBHOH MOBEPXHOCTH
(puc. 31). 3epKano rpyHTOBBIX BOJ NOJBEPKEHO CE30HHBIM H BEKO-
BHIM KoJieGaHHAM B 3aBHCHMOCTH OT KOJIHYeCTBA BBINAJAIONIHX aT-
MocdepHbIXx ocafkoB. [lo Mepe neHyNauHOHHOI'O MOHHXKEHHS YPOBHA
3eMHOH IOBEPXHOCTH M THIICOMETDHYECKHX OTMETOK TOYeK pas-
TPY3KH 3ePKaJjio IPYHTOBBIX BOJ MOCTENEHHO MOHMKAEeTCH.

ATMoctepHble OCAJKH HACBHINIEHBl KHCJAOPOLOM H YTJEKHCJIOTOM
H 006/afaloT OKHCJHUTEJbHBIMH CBOHCTBaMH, OObIYHasA MAOKAeBas
Boja uMeer pH 6,0 (TtexHoreHHble «KHCJble» HOXKAH 37eChb He 00-
cyxkpaaiorcsi). B pesysbraTe B3aHMOACHCTBHSL ¢ TOPHBIMH MOpPOAAMH
OHH NpPHOOPeTaT HEHTPaJbHYI0O HJH CJaaGOHIEJOYHYIO pPeaKIHIO
(pH 7,0—7,5). B 3one npocaunBaHms OGJarojaps IJieHOYHOMY H
KalmWIJASPHOMY COCTOSIHHIO BOJABI B OGHJBHOM KOJIHUECTBE COJEp-
xarcs aTMocdepHbie rasbl, YTO ONpeje/IsieT OKHCJAUTENbHYI0 o6cTa-
HOBKY 3TOH 30HBl. HHXe 3epKaja TPYHTOBBIX BOJ CBOOOIHBIA raso-
obomen c¢ armoctepoii ocnabepaer. B 30He 3aCTOMHBIX T'PYHTOBBIX
BOJ B pe3y/bTaTe O0eXHEHHA KHCJIOPOAOM H THAPOJH32 MHHEPAJIOB
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Puc. 31. Cxema 30HBI OKHCJIEHHS CYJbGHIAHOIO MECTOPOXK/EHHSI.

1 — 3m0BHO-ReMoBHH; 2 — ammosuii; 3 — pyRoBMelwaomHe NOPOAbl; 4 — cyibbHAHbBIE DPYOBI;
5 — OKHCJEHHBle PYABI; 6 — BTOPHYHBIA OCTATOUHBIH Opeos paccesHKA; 7 — IPYHTOBble BOIBI
' KamuangpHaa KafiMa; 8 —rpaduk H3Menewns pH no ray6uHe; 9 — gfjacTh aKTHBHOTO
TIPOTeKaHHA NPOLEcCOB OKHCJAeHHS; [0 — HampaBiieHHe NOR3eMHOTO CTOKA -

TODHBIX MOPOX YCTAHABJHMBAETCHA [IIeJIOYHAS peakUHd Cpefl
{pH>7) H rocnoacTByer BocCTaHOBHTE/IbHAS 0GCTAHOBKA.

FanaBHefimine cyapbdUIHBIe MHHEpaJbl H HX aHajoru o6JaajfaroT
HHYTOXKHOH NPAMOH PacTBOPHMOCTBIO B BOJe, Jexamel B mpejenax
10-3—10-22 r/;1, HO HEYCTOHYHBHLI B THIEPreHHBIX YCJAOBHSIX H B BO-
ISHO-BO3IAYIIHOH OOGCTaHOBKE 30HHI INpPOCaYHBAaHUS HHTEHCHBHO
okHcasiorcsl, Ilpomecc OKHc/AeHHS mnHpHTa, HaHGoJee pacnpocTpa-
HEHHOTO cyab(Hla, NpOTEKaeT IO C/eLylLIeld cxeme:

2FeS; 4 70, + 2H,0 = 2FeSO, + 2H,S0,.

B npucyTcTBHH CBOGOJHOrO KHCJOPOJa 3aKHCHBII cygabdar xe-
Jie3a HEYCTOHYHB H, OKHCJASAACH, IEPEXOAHT B CyJbdaT OKHCH:

4FeSO4 + 2H2$O4 + 02 = 2F62 (SO4 3 —I_ 2H20.

B caa6okucasix Bofax Fey(SO4); ruaponnsyercs, ocBoGoxKaasi
CEPHYIO KHCJIOTY:

Fe2 (804)3 —I— 6H20 = 2Fe (OH)s —l— 3H2$O4.

[

Fuppoxcuy kesesa, BeIM&Aas M3 pacTBOpa, B AajbHeHNIeM Ile-
pexonur B ycroiuMBHi auMoHHT Fy0snH,0O. OG6pasoBanne
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cBOOOJHOM CepHON KHCJOTH HMeeT TaKxKe MeCTO NpPH OKHCJIEHHH
pana Apyrux cyab¢punos. [IpucyrcrBHe cepHON KHCJOTH ONpefenser
KHCJIYIO peakLHio cpelbl H pe3koe INoHHkKeHHe pH y 3epkana rpyH-
TOBHIX BOJA BOJH3M pyiaHoro tenaa. Tak, HampuMmep, B BOJaX 30HBL
OKHCJIeHHST MeJHOKOJYelaHHOro MeCcTopoxJAeHuss DJisia comepxa-
e anvona SO,;~2 pocrurano 123 r/a, a sHauenus pH napanu jo
1,0—2,0. B Bogax u3 pasBeJOUHBEIX CKBaXKHH, MPOOypeHHHX Ha
T'afickoM MeZHOKO/JUELAHHOM MeCTOPOXKIEHHH, OTMeua/HCh 3Haye-
uug pH 3,2—4,0, a B cB93anHOM ¢ HHM «KynopocHoMm osepey — J0
pH 1,1 npu coaepxanun SO, 2 2,6 r/n [16]. OxHako 3TH HH3KHE
3Hauennsg pH, kak mokasa/ju MHOrOuHCJAeHHBIE HAOJIONEHHS, yalle
COXPaHAIOTCA TOJbKO B HeENOCPeICTBEHHOH OJIM30CTH K PyAHOMY
TeJy, 0OGbIYHO He BEIXOJs 3a ero KOHTyphl. BsaumopelicTBue c BMe-
HWIAIOIHMH T[OPOAAMH MNPHBOIHT K HEHTPaJH3aLHH KHCJHX BOJ
¢ o6pasosanueM cyabdaroB Ca, K, Na, Mg, Al. B pesyabrare yxe
B HENOCPeACTBEHHOH 6JH30CcTH K pyaHoMy teqy pH GsicTpo noshl-
HIaeTCs W HaJHYHe CHJIBHO KHCJBIX BOJ IO flepH(pepHH MecTopoxae-
HHH cyabhHIHBIX Py SIBJAseTCd CPaBHHTEJbHO PEAKHM cJyyaem.
HHTeHCHBHOCTD HEATPAJH3alHH KHCJAHX BOJ, 30HB OKHCJEHHS 0CO-
0eHHO BeJHKa B KapOOHATHHIX MOPOJAX.

Ilox gmefictBHeM cepHOi KHCJOTH, o6pasylolllefics NpPH OKHCJe-
HHH THPHTA, MPOHCXOJHT JaJjbHellllee HHTEHCHBHOe PacTBOPEHHE
H OKHCJIeHHe Macch cyabGuaubix pya. CHJ/bHelililee OKHcJsIOLlee
H pacTtBopsiiollee JeHCTBHE OKa3blBaeT TaKXKe OKHCHBIA cyabdaT
xene3a Fey(SO4);. OkucNeHHe NONHMHHEPAJbHBIX PyJA AKTHBH3H-
pyercs 3a cuer Pa3HOCTH MOTEHIHAJOB 3JEKTPHUECKOH MNOJspH3a-
LMK PasJHuHBIX cyabduaoB [25]. Ob6pasyolinecss B X04€ OKHCJIEHHS
cyab(aTh TAKEABX METAJJOB, 38 HCKIlOYeHHeM aHrjesnta PbSO,,
06/1a1a10T BBLICOKHMH pacTBopuMocTsiMH (Tala. 12) u cnocoOHbE
K coJeBoMy paccesuuio. OJHako B ycJaoBHAX BospacTaHua pH stu
COeMHEeHHs] HeyCTONUYHBEL H OTHOCHTEJbHO TOJHBIH BBIHOC H3 30HHI
OKHCJ/IeHHs XapaKTepeH TOJbKO ajs cepbl. Ompenensiomee 3Haye-
HHe HMeeT o0Liasg HaNpaBJIEHHOCTb IOCJ€A0BATEIbHBIX XHMHYECKHX
npespallendii cyJbGHIHBIX MHHEDAJOB B 30HE OKHCJEHHS: CYJb-
¢ua—>cyabbar—kap6oHatsokucea (ruppocuankat, ¢ochar
7. .). B aTOM psly npeBpauieHHil npouecc NpoTeKaer B CTOPOHY
3aMeHbl JIETKO PAacTBOPHMBIX HEYyCTOHUMBHIX CyJab(aToB TPYAHO-
pacTBOPUMBIMH yCTOHUHBHIMH MHHepaiaMH — KOHEYHBIMH TMPOAYK-
TaMH Ipouecca OKHCJeHHS.

OKHCJIeHHEE PYAbl CYJAbQHIHBIX MECTOPOXKAEHHH Ha MOBEPXHO-
CTH KOPEHHBIX TOPOJ B Mpollecce BHIBETPHUBAHHS M JEHyIalUHH CO3-
20T B 3JIOBHO-AEJIOBHANbLHEIX 00Pa30BaHHSX MeXaHMUeCKHE Ope-
oanl paccesinusg. CosieBoe paccesiHHe B PasjiMYHOH Mepe JOMOJHSAET
s1oT. npouecc. IToCTOAHHBIM 0YaroM BO3HMKHOBEHHsl MHHEpaJIH30-
BaHHBIX PACTBOPOB B OKHCJsWleMcs cy/bQHIHOM MeCTOPOXKACHHH
COYXHT HHTepPBaJ PYJHOTO TeJa y 3epKaja IPyHTOBBIX BOA. OT-
Cl0Oa PacCTBODHMBIE COeJHHEHHS paclpocTpaHsloTCs B dopMe Ka-
MHJUISIPHOrO TIOAHATHS. PACTBOPOB K AHEBHOH NOBEPXHOCTH, muddy-
3MOHHOTO MepelIBHIKEHHsi coJiefl H MeAJeHHOro BBIHOCA PAacTBOPOB
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Tabnuma 12

PacTBOPHMOCTE B BOJE IMIaBHEHLIMX MHHEPAAOB 30HbI OKMCAEHHS CYIbQHAHBIX

MECTOPOKACHH i

Munepan

CocraB

PacTBOpHMOCTD,

MOJb/J

TIpousBepenue
PaCTBOPHMOCTH

A. Jleekopacmsopumsie cyrvdamer — nposexcymouse
(neycmotivusoie) coedunenus

Tocnapur ZnSO4-7H,0 531,2* —
Moperosur NiSOQ,-7H,0 274,8* —
Bubepur CoSO,-7H,0 265,8* —
Menautepur FeS0O,-7H,0 263,0* —
XanbKaHTHT CuSO,-5H,0 172,0* —
b. Tpyonopacmeopunbie, KoHeuHble npodyKmbr OKUCALHUS

AHrnesur PbSO, 1,35.-10-% 2-10—8
Bapur BaSO, 1-10—5 1.10-1e
Tlepyceur PbCOs 3,9-10-7 3,6-10—14
CMHUTCOHUT ZnCO, 1,7-10—4 2,7-10—8
Burtepur BaCOg 9.10—5 8,1-10—9
-ChepokoGanpTut CoCO, 1-10—¢ 1-10—12
Kepapruput AgCl 1,25-16—% 1,8-10—10
Manaxur 2Cu0-CO,-H,0O — 6-10—3
Asypur 3Cu0-2CO,-H,0 — 1,3-10—48
Hosensur CaMoOQ, 5,6-10—3 3,2-10—°
ByabgdeHur PbMoO, 3-10=8 8,5-10—16

MpuramMeuarnue PacrBopuMOCTb, OTMeyeHHas*, gaHa B I/

B HampaBJIeHHH HCTCUeHHS TPYHTOBHX BoZ. [lpomecc wucTeyeHus
MHHEPaJH30BaHHbIX DPACTBOPOB NPHHHMAaeT yyacTHe B (OpMHpoO-
‘BAHHMH THAPO- H JHTOXHMHUECKOTO IOTOKOB PAaCCesHHS.

B mponecce auddysnn pacTBOpHMBlE COJIH, YCTOHYHBBIE MpH
HHU3KHX 3HaueHusx pH, mnepeaBHraroTcs K [AHeBHOH NOBEPXHOCTH
U B cTODOHHI, rae pH GblcTpo Boadpacraer. B HaMeHHBLIeHCH TeOXH-
MHUeckoH oOCTaHOBKe M0 TepH(pEpPHH COJIEBOrC Opeosa MeTallih
BRIMAAAIOT H3 PacTBOPa B BHAE TPYAHOPACTBOPDHMBIX THAPOKCH/IOB.

Cepebpo H PTYThb COXpAaHSIIOTCS B pacTBope NpH cjaboliesou-
HO# peakuuu cpeinl. OnHAKO B MPHCYTCTBHH CTOJb OOGHIYHOIO XJOP-
HOHA OHH BHINAJAal0T H3 pactBopa — cepebpo B BHAE Kepaprupura
(AgCl), a prys — B Buae kajaoMenu (HgCl) u pasauunbix Ok-

‘CHXJIODHIOB. I[JIH 30HBI OKHCJEHHA PTYTHBIX MeCTOpO}K]_IeHPIﬁ Xxa-

pakTepHO obpas3oBaHHe caMopOAHON pTyTH [46]. B mupokom nua-
nasone pH B pactBope ycTofiuuB MOJHOAEH, PaCTBOPHMBIE COENH-
HEHHS KOTOPOTrO HeENOCPeJCTBEHHO BCJel] 3a HX BO3HHKHOBEHHEM
00pa3yloT TPYAHOPaCTBOPHMHIA MoJHGAAT KeJe3a — MOJHOAHT.
(FeyOs-3Mo0;- 7,56H,0) [40].

JIpyroli npHYHHOHN CBS3BIBAHHS BOJHOPACTBOPHMBIX KOMIIOHEH-
"TOB COJICBOTO OpeoJia fIBJsETCS copOINs KATHOHOB TsiXKeJhX Merad-
JIOB  pa3HoO6pa3HBIMH KOJUJIOMJAMH 30HH runepreHesa. HacThiM
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MHHEpaJOM 30HBI OKHCJICHHUSA CYJIb(pI/I]_IHbIX MeCTOpO}K,U,eHI/Iﬁ ABJISETCSE

ncuiomenal (MnO;-nH,0), obnanawomuii BEICOKOH axcopOUHOH-.

Ho#l crioco6HocThIO 1O oTHomeHH K Cu, Zn, Pb, Ni, Co u mHorum
IpyrimM KatHoHaM. IIpH 3ToM uyeThipexBaJIeHTHBIH MapraHel BbIIa-
JAeT yXKe H3 KHCJHX PacTBOPOB. AKTHBHBIMH COPOEHTAMH TSIXKEJbIX
MeTaJJIOB fABJAIOTCS [JIMHH, B IIePBYIO Ouepelb MOHTMODPHJJIOHHTO-
BOTO COCTaBa, XapaKkTepHble [/ PBIXJBIX NOPOA 30HHE BHIBETPHBA-
HHsA. M3BecTHB! TVIHHBI, coaepiKalllie B BHJE XHMHUYECKHX COeIHHE-
HHI H NPOAYKTOB copbuuH Ao 20 % Zn, Ko HECKOJbKHX NPOIEHTOB
Pb, cBuimie 1% Cu u 1. 1. A. A. Caykos [38] yKasbiBaer, 4T0 Kao-
JHH U3 cnabblX pacTBOPOB MOYTH HAleN0 H3BJeKaer Megb. B co-
CTOSIHHH aACOPOLMOHHO! CBSI3H KOMIIOHEHTBI COJIEBOIO Opeesia MpH-
o6peTaloT KayecTBa, CBOHCTBEHHEIE TBEPAHIM YaCTHUAM PBIXJBIX
NOpoJ 30HbI BLIBETPHBAHHS, H B TaKOM BHJE TaKXKe MNOAUHHSIOTCS
33aKOHAM MeXaHHUEcKOTO paccesHusl,

AxkruBHasi AuQQy3Hd cojiell B TOPHHIX NOPOAAX MPOTEKaeT BO
BCeX CJayyasix, KOorja JOCTHTHYTA IJIeHOUHAs BJAXKHOCTb CPelbl. TO
ycJoBHe XOTsl OBl NMePHOJMYECKH BO3HHKAeT B 30HE MPOCAUHBAHHS
NpH BHOAJAEHHH NOXKAeH HJH TasHHg 3HMHHUX 3amacoB cHera. O6-
MeHHble XHMHUYEeCKHe peaklMH, THIpaTanis H Ccop6uHsg BexyT
K «3aKDEeIJIEHHIO COJeBOro opeoJa» [34], npunaBas eMmy cBoficTBa
YCTOHYHBOTO TeO0JIOTHYeCKOro 0o0pPa3oBaHHs, MaJO 3aBHCALIETO OT
SMH30JMYECKOTO BHNAACHHA aTMoctepHBIX ocagkoB. Hapsany c atum
MapaMeTpPhl COJIEBHX OPEOJIOB paccesHHs] 3aBHCAT OT CTeNeHH apHi-
HOCTH HJIH TYMHJHOCTH KJHMATa, T. €. COOTHOIIEHHSI MeX 1y TOAOBBIM
KOJIHYeCTBOM aTMoc(epHHX 0CaJKOB H HCHAapseMOCTbIO, Xapakre-
PH30BAaTL 3aBHCHMOCTb COJIEBOTO paccesgHHd OT KJIHMaTa MOXKHO
6e30THOCHTE/IBHO K TFeHeTHUeCKOMY THIy BTOPHUHBEIX OP€OJIOB, TO-
HHMasi, YTO KOHTYpPhl OCTATOYHBIX MEXaHHUECKHX OPEOJIOB paccesi-
HHSI MOTYT CYLIECTBEHHO OT/JHYaThcsl OT H300paxeHHbIX Ha puc. 32
COJIEBEIX OP€O0JIOB.

B ycaoBHAX pe3koro npeo6jajaHHs KOJIHYecTBA TOZOBBIX ocaj-
KOB HaJ HCTapsgeMOCTbI0 BepxXiHe TOPH3OHTHI PHIXJBIX OT/IOXKEHHH
HHTEHCHBHO TPOMBBAIOTCH HOXKJAEBHMH BoaaMu (pH 5—6), Benen-
CTBHE Yero B 00CTAHOBKe 3aMeIJIeHHOH AEHyZallMH BO3MOXKHO BO3-
HUKHOBeHHe KucNOf peakuMu cpeanl (pH<7), orBeualmefl cuan-
JHUTHOH cTajHu BHIBETPHBaHH%. B 3a00/0ueHHOH MECTHOCTH 3a cyeT
CO/lePKAIIUXCS B BOJe OPraHHYeCKHX KHCJIOT Bo3MoxkzHo pH 4.,5.
B o6cTaHOBKe H3GLITOUHOTO YBJAXKHEHHS CYLIECTBYIOT YCJOBHSI AJd
006pa30BaHusl 3aKPBITHX COJIEBBIX OpPeoJIOB HA HEKOTOPOU TIaybuHe
OT AHEBHOH MOBEPXHOCTH, BBHIIIEJIOYEHHBIX OCTATOYHBIX HJH TOrpe-
OeHHBIX HaJoXeHHBX. He HCkIOUaeTcd W BO3MOXKHOCTBL CYIIECTBO-
BaHHUSl OTKPBITOTO COJIEBOTO OpeoJa, B UacCTHOCTH, 32 cueT GHOreH-
HOH HJIH COPOUHOHHON aKKyMyJsUHH DYAHBIX 3JIEMEHTOB B [1OUBEH-
HOM cJioe. Pa3BHTHe OTKPHITOTO COJIeBOTO Opeosa B PaHOHax 3TOH
KJIHMaTHYeCKOH 30HH obJeruaercs OOBIYHO HerJyOOKHM 3aJera-
HHeM 3epKaJa TrpyHTOBHIX BoOA. IlogoGHas reoxummuueckag o6cCra-
HOBKa XapaKTepHa, HampHMep, AJsl YCJOBHH ceBepa eBpOmeHCKOH
yactyu CCCP u npossjsiercd B IOYBEHHO-TeOJOTHYECKOM OTHOlE-
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Puc. 32. 3aBHCHMOCTD COJIEBOTO Ope0Jla paccesHHsl OT KAMMara.
1~ MoA30OAR H Cephle JeCHble IOYBHI; 2 — yepHO3eMbl; J — KalUTaHOBble IOYBBI, I0XHbIEe
CceposeMHl, CO/IOHOE H COJOHYAKH; 4 — DBIXNble OTAOXKEHHS; 5 — KODeHHble [MOPOAH; 6 —
rPYHTOBble BOABI; 7 — MepPBHUHBIE Cyabluauble DYADbl; § — OKHCJIGHHblE DyAbl, 9 — H30KOH-
eHTpaTH; /0 — H3OKOHIEHTDATHI BO3MOXHbIe

HHH Pa3BHTHEM THOHYHBIX [OA30JOB H cephiX JecHbX moys. Cosep-
IIeHHO HHbIE YCJIOBHS (DOPMHDOBAHHS COJIEBBIX OPEOJIOB pacCesHHs
BO3HHMKAIOT B paloOHax apHJHOH 30HBI ¢ Pe3KHM mnpeob/ajaHHeM
HCIapseMOCTH Haj KOJHYECTBOM aTMOC(epHBIX OCaiKoB. 37ecCh
nudy3HoHHOE pacnpocTpaHeHHe CoJieil 0T TOPH30HTA, TeHepHpylo-
Ier0 MHHEpaJIH30BaHHBIE PACTBOPbI, MOXKET HOMOJHSATHCS HaKoIJIe-
HHEM COJIeH B BePXHHX I'OPDH30OHTAX PHIXJIOH TOJIIH, B COOTBETCTBHH
C M3BECTHBIM fBJECHHEeM 3aco/leHHs NouB. bBaarojaps MajioMy KOJH-
yecTBY aTMOcepHBIX OCaJKOB MHHePaJH3allMs TPYHTOBBHIX H TOY-
BeHHHIX BOJ B 30He PYAHOrO TeJa M €ro COJIEBOrO OpeoJa MOXKeT
JOCTHraTb OFPOMHOH BEJHUYHHBI, @ B 3aBHCHMOCTH OT MHHEePaJOTHH
P4 H MECTHBIX YCJOBHi 3HaueHHs PH cpeabl Moryt H3MeHAThCH
B IIHPOKOM Tpefiese. Tak, B ycA0OBHAX 3aCyUNIHBBIX NycTHHb Cpen-
Hell A3HMH B 30He OKHCJEHHS MECTOPOXIeHHH CEpH HENOCPencT-
BEHHO Ha MOBEPXHOCTH OTMEUYAJHCh 3HAUEHHA pH<1,~?6HBaHHbIe
NIPUCYTCTBHIO B PHIXJBIX OTJIOMKEHHSX CBOGOJHOH CEPHOM KHCJOTHL
MaxkcuMaJgbible 3nayedus pH=10 Habuionannuce B TOH Xe KaUMa-
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THYeCKOW 0OCTaHOBKe B IeJouHHX noyBax Cypana [29]. Paionbk
YMEPEHHOro KJMMaTa CpelHell NOJOCH MO yCJOBHSIM COJIEBOrO pac-
CesIHHSI 3aHUMAIOT NMPOMEKYTOUHOE TOJIOKEHHE,

3.5. YPABHEHUE OCTATOYHOI'O PACCEAHHA

Hast pusuko-maTeMaTHYeCKOH XapaKTepHCTHKH COJIeBOrO pacces-
HHSi B OJHOPOJHBIX TODHHX MOPOAAaX C AOCTATOYHBIM OCHOBAHHEM
NPHBJIEKAIOTCS. XOPOWIO H3YYeHHble 3aKOHBl AHbdysuH., JlomycTH-
MOCTb DachnpocTpaHeHHs 3THX 3aKOHOB HAa JOMHHHpYIOIlee B ocTa-
TOUHBIX JIUTOXHUMHYECKHX Opeo/iaX MeXaHHYeCKOe paccesiHHe TBep-
ABIX TPOAYKTOB BHIBETPHBAHHS MeHee OueBHAHA M noTpe6GopaJa
JOTIOJIHHTEIbHOTO 00OCHOBaHHS.

Ha nepBhiit B3rasl, DTHCKPETHBIH XapakTep MOJS paccesHHs —
pasHooGpaske coctaBa H pa3MepOB OGJOMKOB IOPOJ M Py[, Hepas-
HOMEpPHOCTb HAaCHIIEeHHS TBEPACH (pa3bl BOIOH, BO3AYXOM, pacTH-
TEJNbHOCTBIO, OPraHu3MaMH HJIH HX OTMEPHIHMH OcCTtaTKaMH, Ka3a-
Joch Obf, 3aTPYAHAIOT HJIH HaxKe€ HCKIIOYAlT €ro CTPOTHi aHaJH3.
B 1eHcTBHTeJIbHOCTH 3TO He TaK, H BO3MOXHOCTb CO3JaHUsI (H-
3HKO-MaTeMaTHUECKOH TEOPHH THIEPTreHHOTO IOJI PacCesHUsa MOoj-
TBEPXK/JAETCA YCHEUIHHIM HCNOJb30BAHHEM 3aKOHOB MEXaHHKH
CIJIONIHBIX cPel AJIs pelleHHs peasibHBIX 3a/7aU NPaKTHKH, HECMOTPH
Ha OYEBHAHYIO JHCKPETHOCTb 3aNlOJIHEHHS NPOCTPAHCTBA aTOMaMHy
H MOJieKyJaMH TBePIAOro TeJa, XKHIKOCTH HJIH Ta3a. 3aKOHHOCTb
npejcTaBJeHHH O BellecTBE KaK O CIVIOUWIHOH cpefe BhITEKaeT M3
HECOH3MEPHMO MaJIOTO pasMepa MOJEKyJ H PAaCCTOfHMH Mexay
HUMH TI0 CPaBHEHHIO C pasMepaMH OOBIUHBIX NpPEeIMETOB OKPYkKalo-
Ilero MHpa, OTPOMHEIM YHCJOM 3THX MOJEKYJ gaxe B HeOOIbIIOM
o6beMe BELIECTBA, HECOU3MEPHMO MaJioH MPOJONKHTENbHOCTBIO:
BpEMEHH MeXIy OTAENbHBIMH TEIIOBBIMH JBHXKEHWSIMH MOJEKYJ
[0 CPAaBHEHHIO C NPOAOJIKHTEJbHOCTbIO OIYTHMBIX HaMH HHTED-
BaJOB BPeMeHH. AGCTparHPysiCb OT MOJEKYJSPHOrO CTPOEHHS Be-
IlecTBa, MBI paccMaTpHBaeM peasbHYIO XXKHAKOCTb HJH ras B Kaue-
cTBe (UKTHBHOH CIJIOWIHOHA CpeAbl, UTO MO3BOJAHJO, B YaCcTHOCTH,
CO3JaTh CTPOTHe 3aKOHB THAPOJHHAMHKH M a3pOAMHaMHKH. B niu-
POKOM [HAalasoHe TreoJOrHUeCKHX YCJIOBHH CBOHCTBA CIIOWIHOH
CpPelbl JOMyCTHMO YCJOBHO NMPHCBAHBATH H PHIXJHM HOPOAAM TNOJfA
paccesiHus, HE3aBHCUMO OT HX TOHKOAHCIIEPCHOTO HJH 00JOMOYHOIO
xapakTepa. Pemaioinee 3HaueHHe B 3TOM cJy4yae HMEIOT Makpo-
pasMephl OGBEKTOB HCCAEROBaHHS (Y4acTOK IOJs, OpeoJ, IOTOK)
Mo CpaBHEHHIO ¢ MHKPONpoUeccaMu B PHIXJOH TOJIE, HeOrpaHu-
YeHHO GOJBIIOe YHCJIO MHHepaJbHBIX YacTHI, HJIH 00JOMKOB, yua-
CTBYIOIIMX B Tpollecce, H OrPOMHAs reoJorHyecKas MPOAGJIKHTENb-
HOCTb BPEMEHH OLLYTHMBIX H3MeHEHHH NOJS MO CPaBHEHHIO C KpaT-
KOBPEMEHHOCTBbIO HalIHX HaGawojgeHui. JleficTBHTEJbHO, YHCIO-
mosekysa N B 1 cM3® Bogel paBHO 3,3-10%2; B 1 cM® rasa mpu aTMoc-
¢peprom naBneHnu N=2,7-10'". B kauecTBe MHHHMaJbHOro 00bEMA
PHIXJIBIX 00pa30BaHui, NOLJEXKAILECr0 PACCMOTPEHHIO, MOXKHO B3STh.
1 3. UHcJo TIJMHHCTHIX YacTHIl NPH cpelHeM pasmepe 1 MKM
B 3TOM oObeme, ouesHaHo, Oynger 1-10'% a nns Gosee TOHKHX KJac--
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COB 3HAUHTEJNbHO MNPeBHICHT 3Ty HHGPY. COOTBETCTBEHHO aMs yya-
CTKa 3eMHOH noBepxHocTH pa3mepom 1000 M X 1000 M mpu wmoiu-
HOCTH DPHIXJIOH TOJINM 2 M YHCJIO YaCTHI[ €O CPeIHHM JHaMETPOM
0,1 MM cocraBur 2-10'8, a nas yacrun guaMerpom 0,01 mm — 2-1021,
Unceso 06/10MKkoB IpH cpenneM pasmepe 0,1 M B ToM Xe 06beMe —
2-10%, opHaxko A/ KPYNHEIX YACTHI[ 9Ta NPOCTAsi aHAJOTHs CTa-
HOBHTCSl MEHee OUeBHIHOM. .

Has 6onee noJHOTO 0GOCHOBaHHS 3aKOHHOCTH aHAJOTHH MEXAY
CBOHCTBAMH XKHIKOCTH (MM Ta3a) H TOPHBIMH MOPOAaMH I0Js
paccesiHMg cJleAyeT HAIIOMHHTb 0 NPDHHIHIe NOAOGHSA B Me-
XaHHKe, XOPOIIO pa3pabOTaHHOM AJs pelleHHs (H3HUeCKHX 3aAay
H, B YaCTHOCTH, NMPHBJCKAEMOIO K MOJAEJNHPOBAHHIO TEOTEKTOHHYE-
ckux mnpoueccoB. CorjgacHO 3TOMy MpPHHIHNY, IS COGJMIOAEHHS
nonao6us MeXAy paccMaTpPHBAaeMBIMH SIBJCHHSIMH NpH H3MeHeHHH
OJHOHX M3 KOHCTAaHT OGBbeKTa BCE JPYTHE €ro KOHCTAHTHl AOJKHEBL
OLITb H3MEHEHHl C YU€TOM pa3MEpPHOCTH 3THX KOHCTAHT.
Hrave npu mpocTOM KOJNHYECTBEHHOM H3MEHEHHH OMHOTO H3 rapa-
MeTpoB o0beKkTa HeH3GeXKHO HacTylmaer Hpeaes, NPH KOTOPOM Be-
IecTBo nmpHOOpeTaeT HOBBlE KayecTBEHHblE CBONCTBA, YTO XOPOILIO
XapakTepH3yeT JHaJeKTHUCCKHil NPHHIHI Iepexoia KOoJHYecTBa
B KauecTBo.

PeanbHble xHAKOCTH 06/Mana0T K03)QUUHEHTOM AMHAMHYECKOH
BsiskocTH oT 10~* (adup) mo 10%? (xacroposoe macao npu 20 °C),
BA3kocTs BoAbl npu 20 °C cocraBaser npumepuo 1072 ITa. c. [Tose-
JIleHHE 3THX XKHJKOocTeH MH HAaOJIofaeM NpPH OOBLIUHHIX IJs HAac HH-
Teppajax BpeMeHd nopaaka 107! ¢— 103 c¢. IlpomomxuresbHOCTD
reoJIOTHUECKOTO0 BPEeMEHH H3MepsieTcsi BeNHUHHAMH COBEPIUEHHO
Ipyroro mopsaiaka H cocrasisier 3-107 ¢ (omum rom) mo 3105 ¢
(cotHH MHNIHOHOB JeT) H Gojee, PasMepHocTh ko3 dHIHeHTA
BA3KOCTH [p]=[ML-1T-1]) u, cnefoBaTenbHO, IPH YCJIOBHH COXpaHe-
HHSl TIOCTOSHHBIMH [JpPYFHX NapaMeTpoB cpeabl H JeHCTBYIOIIHX
CHJl TOJIBKO 3a CUeT H3MeHEHHsi MaciuTaba BpeMeHH CBoficTBa XHA-
KocTH OyAyT oOHapyXHBAaTbcsl Yy Tea ¢ KO3(p(HUUUEHTOM BHA3KOCTH,
yBeJIHUCHHBIM B KPaTHoe 4YHciao pas. MameneHHe JHHeHHOro Mac-
wra6a B 100 uian 1000 pas 1oNOJHATENBHO PACHIUPSET 3TH MpeAesH],
MIOCKOJIBKY YCJOBHE NOAOOMS B MeXaHHKe ODH TOCTOSHCTBE HPOUHX
napaMeTpoB MOJUHHAETCH COOTHOILEHHIO

p:?ﬂ:,

rae p— MacumraG H3MEHEHHSl BSI3KOCTH; A -— Macllta® H3MeHeHHs
JHHeHHBIX Pa3MepoB; T — MacllTaf H3MeHeHHs] BPEMEHH.

Taxum o6pasom, B HHTepBaJax Ie0JOIHUECKOro BpeMeHH H ¢ yue-
TOM pa3MepoB OOBEKTOB CBOHCTBA pPeasbHBEIX KHAKOCTEH MOXHO
OXHIATh Y TBEPABIX Tek, objajamumux Baskoctbio [08—1019 [fa-c
H Gonaee. Bce ckasaHHoe NO03BOJISE€T paccMaTpHUBaTb pHIXJHE NO-
POABI TOJIST paccesiHHs B KauecTBe CIJIQIIHOR Cpeibl, B KOTOPOH
TpoTeKaloT mpolecchbl, GJAH3KHe K AH(GOY3HH B XKuUIKOH (ase, He-
3aBHCHMO OT TOIO, YyUacCTBYIOT JIH B HHX DacTBODHMEIE HJH TBep/ble
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KOMIIOHEHTHl Opeosia. DTO NO3BOJISeT PACLUIHPHTbL MOHSITHE O THIEp-
FEHHBIX DYJHBIX «YacTHIAX», PACIIPOCTPAHHB €ro Ha OOJOMKH JIO-
Goro pasmepa H KOJJIOHJHO-AHCIEPCHYIO (PAaKIHIO, HECYIIYIO PYA-
HEIE 3JIEMEHTbI B COCTOSIHMH COPOIHH, H Ha MCTHHHBIE DAaCTBODHI,
B KOTOPHIX PyJHble 3JIeMeHTh HaxoAdTcsi B ¢opme HOHOB. Bee ua-
CTHUUBl TOA A€HCTBHEM AareHTOB BBIBETPHBAHHS HJIH MOJIEKYJSPHEIX
CHJl HaXOAATCH B COCTOSHHH HENPepEBHOTO GeCropsiioYHoOro ABH-
JKEHHs], TIpHPoAa KOToporo Guiia paccmorpeHa Boime (3.3). ITepe-
MellleHHe OTAENbHO B3ATOH YACTHUBI PHIXJOH TOJINH OTHOCHTEJNbHO
COBOKYIHOCTH OKPYXaIOUIHMX €€ yacTHl NPHHANJEXHT K paspsany
CJYYaHHBIX ABJEHHH, T. €. K UHCJAY TAKHX COOHITHH, KOTODHE B JaH-
HBIX YCJIOBHSIX M 3a JaHHHH OTPE30K BPeMEHH MOTYyT HAaCTYyIHTh
HaH He HacTynHuTh. CiyyafiHOe BO3HMKHOBEHHE MOJABHXHOCTH NPH-
MEHHMTEeJNbHO K OOJBLUIOMY 4HC/y 4YacTHI H 3a GoOJbIIOH OTPe3oK
BpeMeHH OyldeT HMeTb BIIOJIHE OfPeJesIeHHYI0 4YacTocTh, Xapakre-
PH3YIOIYI0 BePOATHOCTb CTATHCTHYECKOTO Iponecca. B mpHpoaHO#H
reoJioruyeckoft o0cTaHoBKe 06a ycsioBHsi cobuogeHb. [Tosromy pe-
3yJbTATOM CJAy4YalHO# NMOABHXKHOCTH OTHENBHBIX YACTHIL B KaxKIOM
cayvyae OygeT CTPOro 3aKOHOMEpPHOe HX pachpejeseHue. dTo pac-
npejeseHne DyAHBIX YacTHH B II0Jie pacCesiHUs H BOCTPUHHMAETCS
HaMH B KauecTBe BTOPHYHOIO JIHTOXHMHUECKOTO -Opeosa pPyAHOro
Tena. MareMaTHUeCKYl0 MOCTAHOBKY 3a4a4ydH O JHTOXHMHYECKOM
opeoJie paccesiHHs MOXKHO CBECTH K OTHICKAHHIO ()YHKUHH pacrpe-
JeJleHHs] PYAHBIX YacTHI, B 3aBHCHMOCTH OT JeHCTBYIOUIMX CHJ, Ta-
paMerpoB cpelibl, NPOCTPAHCTBEHHBIX KOODAMHAT H BPEMEHH.
PaccMoTpuM pacnpeseseHne yacTHi PyJHOr0 MHHepaJia B IJIOC-
KOCTH, CeKylle#l pyaHoe TeIO
NepNeHJHKYAAPHO €ro mpo-
CTHPAHHIO H JOCTATOYHO na-
JIGKO OT €ro KOHIOB, YTOOhLI
HCKJIOYHNTh  HX  BJHsiHHe
(puc. 33). Has npocroTH
JIHEeBHYI0 IIOBEPXHOCTb IIpH-
- MeM TOPH30HTaJbHOH H na-
pajjenbHON NJOCKOCTH Yox,
OCb PYJZHOIO TeJa, HMeIIero
dopMy TOHKOH BepTHKAJb-
HO#l KHJB, ¢ TOCTOSHHBIM
JHHEHAHLIM KOJHYECTBOM Me-
tanna M coBMecTHM c JiH-
HHeli 0z. B HauvandbHbil MoO-
MeHT Bpemend =0 (mo Ha-
r4 yaJjla BLIBeTPDHUBAHHSI) Bce
, % 2 3 L—ﬂ] ¥ YacTHIBl PYAHOrO MHHepaJja
£ 6511H CKOHLeHTP HPOBAHBI
BAOJNb NJIOCKOCTH yOZ B HH-
Puc. 33. K BHIBOLY ypaBHeHHS paccesHus. TepBaje npeHebpeKUTENILHO
I — smopuo-femosuli; 2 — kopemnne nopoxs;  MaJOf  MOUIHOCTH. 3aTeM

3 — pyaHoe Telo; 4 — MOJOXKEHHE  PYAHOro
Tela 10 BbIRETPHBAHHS (B CHJy BbIBeTpPIBaHPISI) qya-

110

CTHLIBl HayaJH JBHraThCsi, COBEplIas B HHTepBasne BpeMeHH 1>0
CKaYKH B IJIOCKOCTH X0Z Pas3JHYHOH JJIMHE H HanpasieHHd. B cuny
IPHHHMAEMOrCo MOCTOSHCTBA CONEPKAHHH Meraja B PYJHOM Teje
(Cp=const) u B okpyxaioule#i cpese (Cy=const) H, KaK caemcr-

. 0C aC
BHE 3TOro, CYIUECTBOBAHHA HauyaJbHBIX YCJAOBHH —a—za—=0,
y 2

npu T=0 paccedgHue pPyJHOro BeLlecTBAa BHYTPH 3JIEMEHTAPHOTO
c109 Az, B epBOM NpHOJHKEHHH, NONYCTHMO CUHTATh 3aBHCALLHM
TonbKo 0T X. Ilocaenyiomiue — npuObAbL H YOBIIL PYAHBIX YaCTHIL
3a cyeT BHIE- M HHXKeJEKAIIUX TOPH3OHTOB Opeosia AJs TAKOTO
3JeMEHTaPHOIO CJIOS MOXKHO CYHTATh B3aHMHO yPAaBHOBElEHHBIMH,
a TPaHHYHBIH CJOH Yy HHEBHOH NOBEPXHOCTH HCKJIOYHTb H3 pac-
CMOTpEHHNSI KaK NOCTOSHHO OOHOBJAAEMHH jeHynanuell. Benencrsue
CHMMETPHH YCJOBHH, OTKJIOHEHHS YACTHI, BJEBO H BIIPABO OT JHHHH
02, OYEBHJIHO, ABJSAIOTCH PABHOBEPOATHHIMH H (POPMHPOBAHHE JHTO-
XHUMHUECKOTO opeoJsa cJefyeT paccMaTpHBarb KaK mponecc 60Ko-
BOro paccesnus (cM. puc. 33).

B Ttakoiél nocraHoBKe Bompoca ¢H3HYeckadg CTOpPOHA IMpoiecca
JHTOXHMHUECKOTO pacCesiHHd M03BOJAeT YNOAOOHTL ero sagaue
0 pacnpeje/leHHH TeMIePaTyp B OKpyxXawouieHd cpeie, €cJH B Ha-
YyaJbHBIE MOMeHT BpeMeHH T=0 B MJOCKOCTH YOz BHJeJsiercd He-
KOTOpOe KOJIHYeCTBO TellJa, HJIH OAHOTHOHOH 3anade o AubdysuH.
Penienne ee cBOLUTCH K HHTETPHPOBAHHIO JNHHelHOro AuddepeHnH-
aJbHOTO ypaBHEHHs ¢ YACTHBIMH INPOU3BOJHBIMH BTOPOTO TOPsiAKa
napaGoJiHUuecKOro THIA, H3BECTHOrO MOJ HA3BaHHEM YypaBHEHHS
®ypre, KOTOpPOE A4 caydas OAHOMEPHOro (JIHMHEHHOro) paccesHHs
HMeeT BUI:

0Cr __ p OCy

=0,
oT ox?

rae D — xoadpduunent nudpdysun.

Pemrenne ero, ycraHaBJaHBamollee 3KCIOHEHIHAJbHYIO 3aBHCH- -
MocTb Mexay C, M x, UMeeTcsl B Kypcax MareMaTHYecKOi (DH3HKH.
Toabko ¢ nenbio Gojiee SICHOrO YCTaHOBJIEHHS IeOJOFHYECKHX 3aBH-
CHMOCTEell MeXJy JACHCTBYIOIIMMH CHJaMH, NapaMeTPaMH CcpeJHl,
MPOCTPAHCTBEHHBIMH KOOPAMHATAMH W BPeMeHeM NpDHBeJeM HarJsi-
HEIfl, HO He BIIOJHE CTPOrHH BHIBOJ (OPMYyJBl JHTOXHMHYECKOTO
paccesiHUs, pacyeThl IO KOTOPOH JalOT HaM Te Ke pe3yJbTaThl.
CoxpaHss NpexHHe YCIAOBHS 3a/auH, ONPEACNUM KOJHUECTBO PYI-
Horo BeiectBa dM, nmepememiaronierocs 3a BpeMsi AT depe3 mJo-
wanky AyAz B NPOH3BOJIbHON TOUKe Ha ocH X (cM. puc. 33), npH
X
X
3aMeTHM, YTO KOJIHYECTBO BEIIECTPA MOXKHO ONpeNeHTh yepes
YHCJIO YACTHI, HJIH uUepe3 BECOBBIE KOJHUeCTBA, uTo 0Oe3passiHyHoO.
Koanuectso 3toro semectsa dM Oyaer NponopiHOHANBHO TpajiH-
€HTY KOHIEHTPAUHH, pa3MepaM IJIOMAAKH, BPeMeHH HaOJlofeHHS
H o6paTHO MPONOPLUHOHANBHO KO3(D(HIHEHTY BA3KOCTH CpPelHl |,
HJIH:

rpajiiedTe KOHLEHTPAIMH DYZHOTO BElIECTBA B 3TOH TOUKe
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M= — 4G
1 " i AyAZAT.

rae & — KO3 GHIHEHT PONOPLHOHAJbHOCTH.

Ho, ¢ npyroit croponbl, B TOUKe X B JaHHbIi MOMEHT BpeMeHH
MOTYT HaXOAHMTbCA TOJNBKO YaCTHUE, ofsajaloliie HEKOTOPOH (HK-
THBHOH CKOPOCTBIO X/T, ABHrasch ¢ KOTOpOH oHH 3a BpeMs T mepe-
MECTHJINCh H3 MePBOHAYAJNBHOIO CBOEr0 MOJOXKEHHS B IJOCKOCTH
Yoz B MecTo paccMaTpuBaemoro ceueHus. CiaenoBarenbHo, dM mpo-
NOPIHOHAJNBHO YHcay yacTH Cy (KOHLEHTPAUMH) H MX (PUKTHBHOM
CKODOCTH, HJIH

dM = e,C, -7’; AyAzAT.

IlpupaBHuBas 9TH ABa BLIDAXKEHHA M NPOM3BOIA COKpAIEHHS,
HMeeM:

C, 2 — g1 9Cx

T p dx

’

rie e=ei/e; T — MeCTHBIH NapaMerp, XapaKTepPHU3YIOUWHH MJIH-
TeJIbHOCTDb TpOoLecca BHBETPHBAHHA.

IIpn 3TOM B CBf3H ¢ HECOH3MEPHMO MaJjiof MPOAOJKHUTEIbHO-
CThbI0 HAWIMX HaOJ/IOfeHHH HaJ OPe0JIOM IO CPaBHEHHIO C NMPOLOJ-
JKHATENBHOCTBIO Te0JIOTHUECKOrO BpeMeHH HabJloJieHHOE pacrhpene-
JeHHe yacTHL, 00d3aHHOE NHHAMHYECKOMY DaBHOBECHIO MEXKIY BhI-
BeTpHBAHHEeM H JeHyJanHeH, Mbl CUHTAaeM IOCTOSHHBIM, a CaMH
YaCTHIB /A NAHHOrO MOMEHTAa paccMaTpHBaeM KakK HeENOABHKHbBIE,
Paspensisi nepeMeHHble H HHTErPUPYs 3T0 AuddepeHIHalbHOE YpaB-
HEeHHe, HMeeM:

InC, = —-t 2
P x2+1InC,

rae In C — nocrosiHHAsi HHTErPHPOBAHHS.
OcBoboxpasicb 0T JorapugMoB H BBoAs OykBeHHOe 0GO3Haye-

eT
HHe 0%=-—"—, NOJy4uM
u
x?

C, = ce .

3HaueHHe MOCTOSIHHOH HHTErPUPOBAHHS ONpPENENHM 4Yepe3 BeJH-
YHHY KOHIEHTPAallHd B IEHTPa/JbHOH TOYKe opeosa. Bceiencrsue
cuMMeTpHH yeinoBuil npd x=0 uMmeeM Co=Cmax, HIH

x?

C. = Casxe . (52)

YacTHUbl PYAHOTO BelecTBAa B IOJeE paccesHHS He MOTYT Ipo-
H3BOJILHO BO3HHKATh HJH YHHYTOXKATBCA, a TOJBKO TOJBeprarmoTrcs
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nepepacipeaeseHHI0 BAOIb OCH X, OCTENEHHO NEPexXoas H3 COCTOs-
HHUS NEePBHYHOH KOHIEHTDAllMH B DyAHOM Teje B COCTOSIHHE BTO-
PHYHOTO pAaCCesHHs B TOJILe PHIXJIBIX o6pasoBanuii. CyMMapHoe
KOJIHYECTBO PYAHOrO BelllecTBA B Opeosie PacCesiHus JJsi HeorpaHH-
YeHHOH 06JIaCTH ¢ MOMEpeuyHbIM cedyeHHeM, PaBHBIM eIHHHIE, 6yner
ocTaBaThesl IOCTOSIHHBIM H PaBHBIM M, Hin

+oo o X
M: S dex: Cmax S (S 20 dx.

STo BHIpaXeHHe, H3BECTHOE MOJ Ha3BaHHeM HHTerpaJa ITyac-
COHa, paBHO oV 2n, uau

M=Cpaxo V21 ; : (53)

M
Cmax = e == . (54)
c '1/23:
Tloxcrasass 310 3HaueHHe Cmax B BHpaxeHHe (52) H yuHTHIBAs,
yto Cp5=0, HMeeM OKOHYATEIbHO!
xz
M e
O'V?.JT B
TaxuM 006pa3oM, paclpelesieHHe PyAHBIX YACTHI B OCTATOUHOM
JHTOXUMHUECKOM OpeoJie paccestHHs TOHKOH BEePTHKaJbHOH JXHJIBL
33 BHIUETOM (OHa MOAUMHSETCH 3aKOHY HOPMaJbHOroO pacnpeiese-
HHUs ¢ mapamMerpaMd M H 0, 3aBHCAIINMH OT XapaKTCPHCTHKH Opy-
JeHeHus H MecTHbIX ycsopufi. Ipu snauenusx Cp=0, M=11uo=1
BhIpaJKeHHe (55) mpHoGperaeT BHA
x2

C e 2

1
oA
Ji HOCHT Ha3BaHHe HOPMHUDOBAHHOH (YHKUHH HOPMaJbHOTrO pacrpe-
HeJeHus. 3HauenHs 3roit pyHkuHH Cr=[ (X} H COOTBETCTByIOUIEH
efi uuTerpaJbHON QYHKIHH

X x?

@ (x) = =

Ta6y/JHPOBAHBl B MaTeMAaTHUECKHX CIPABOYHHKAX [7]l. C HOopMaJb-
HEIM paclpefie/ieHHeM COAEepXaHHH 3JIeMEHTOB (unu ux Jorapug-
MOB) MBI BCTPETHJIHCb YK€ IIPH PacCMOTDPEHHH (QOHOBBIX COAEpHKA-
Huil Meraasa B npo6ax (cM. 1.3). OmHako 5TH ONHOTHIHBIE MaTe-
MATHUGCKHE 34KOHB B JAHHOM cJyuae He HMEIOT MexIy coboi
Huuero obmero. Boipaxenue (55) XapakTepusyeT 3aBHCHMOCTb CO-
nepxanug Meradna Cp B J@HHOH TOYKE OT €€ DACCTOSHUA X 1o
IeHTpa opeosa. DTO BHIPaXKEHHE YCTAaHABJIMBACT NPHUHMHHDIE (xay-
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3aJibHEIE) CBSI3H, ONpelelsIOliHe KOHKPETHBIE COAEpKAHUS MeTanaa
B TOYKaX HalJIONCHHUSA, ONHO3HAUHO 3aBHcAIlHE OT MECTHEIX mapa-
MeTpoB H KoopjpuHaT. B ¢dopmyne (3), xapaxrepuaylolel pacupe-
Jejenne GOHOBHX CONEpXKaHHH MeTanana, BeJuunHa xX==C; BHICTY-
naeT B KauyecTBe apryMeHTa, a (yHKIHeH fBJseTCA 4acTocTb (N;),
¢ KOTOpOH Ha ydyacTke cJyuyaiiHo (6ecnopsflouHo) BCTpeualoTcd Te
HJIH ViHble (OHOBHIE COJlepXKaHHS MeTaJlja, OGOJAblINEe HJIH MeHbIIHE
cpennero cogepxkanusi Cp. Ilpu 3T0M HEBO3MOXHO 3apaHee ykxa-
3aTh, Kakoe KOHKpeTHOoe cojep:xkaHHe Meralia Cy, OyAeT BCTPeYeHO
B TOYKE C 3aJaHHBIMH KOODAMHATAMH, MOXKHO TOJbKO OHEHHThL Be-
pOSITHOCTB, C KOTODPOH COZep:KaHHE Merajna B JI000H Touke Oyner
JexaTb B ONpeJie/ieHHHX npeflejlax H/AH BHIHAET 332 3TH MNpedeJbl.
B orJHuHe OT CTAaTHCTHUECKOTO paclpeenecHHs (OHOBBIX coAepxa-
Hul Meradana n;=f (C;), KOTopoe MBI NPHOJHKEHHO ONHCHIBAEM
(annpokcHMHpyeM) HOPMAJbHHIM HJH JIOTHOPDMAJbHBIM 3aKOHOM,
seipaxkenns Cy=f(x), Tunma (55) M eMy nonoGHBle, ABJATCA pe-
3y/JIbTaTOM pelleHHs MaTeMaTHYeCKHX 3ajfay O JeHCTBYIOUIMX CBS-
34X, J€XKAI[UX B OCHOBE TI'e0JOTHYecKOro mpomecca. JTH TeOPETH-
yecKHe (YHKIHOHAJbHBIEC 3aBHCHMOCTH XapaKTePH3YIOT NpOCTpPaH-
CTBEHHO YNOPSALOUEHHble (JeTepMHHHPOBAHHbIe) pacnpeneeHHs
XHMHYECKHX 3JeMEHTOB B aHOMAaJHAX.

N3 paccmoTpeHnss TabyJHpPOBaHHBIX 3HAUeHHH HOPMaJbHOTO
pacipenesieHusi CaelyeT, YTO OCTATOUHBIH JHTOXMMHUECKHH OpeoJ
paccesiHdsi XapaKTepH3yercs CHMMETPHYHOH, ~ObICTPOyOhIBaloLLeH
QyHKIMEH ¢ OZHHM MaKCHMyMOM B HauaJe KOODJAMHAT, KOTODHIH
NpPH TFOPH30HTAJbHON NHEBHOH NMOBEPXHOCTH H BePTHKAJIbHOM mnaje-
HHH PYIHOrO TeJa COBNAfaeT C SMHIEHTPOM 3ajexH. IlapameTp o
B BhHIpaxeHHH (55) HMeeT cMbica Ko3((hHIHEHTa paccesiHHs, onpe-
HLenqgiolero TOT HJAH HHOH BHA rpadHka KOHIEHTPaUH# MeTajiia
B opeose. Kak BHAHO H3 pHC. 34, ¢ yBejgHueHHeM KO3(hQUIHEHTA
paccesiHMs o NPH TMOCTOSHHOM JIHHEHHOM KosjuuecTBe Meramia M
B pyAHOM Tese (opMa BTOPHYHOIO OCTATOYHOTO OpeoJia CTaHOBHTCA
Bce O0Jee TOJOrOH, UYTO BbIpaxaeT NMOCTENEHHOe pacCEsiHHE YaCTHIL
MOJE3HOTO HCKONAaeMOro B Macce MPOAYKTOB BbiBETPHBAHHA BMe-
WaomiX NOPOL. VuHuThIBag, 4TO MOKasaTelb CTENeHH IIPH 3KCIO-

HEHTE

P BeJqHUHHA Oe3pa3MepHasi, oOHapyXHBaeM, 4To pas-
(0}

mepHocTh [0]=[x]=L. Belpaxas x B Merpax, NPHXOLHM K BbI-
BOJY, UTO BeJMYHHA KosdduilMeHTa paccesHHs H3MEPAETCA B MeT-
pax, xapaKTepH3ys cpefHee KBajpaTHuecKoe ylajleHHe PYIHBIX 4a-
CTHI B MpOIlecce THIIEPreHHOro paccesiHusi OT HX IePBOHaYaNbHOrO
MOJOXKEeHHs B PYJHOM TeJje, YTO COOTBETCTBYeT (PHU3HUECKOH Cyul-
HOCTH PACCMOTPEHHOTO HaMH JIHHeHHoro paccesiHusi. PH3HKO-reo-
JIOTHYECKH® cMBICJ napamMerpoB M BbITeKaeT H3 YC/OBHH, 4TO
3T0 — CyMMapHoe (JMHEHHOe) KOJNHUeCTBO DYIHOTO BemiecTBa (Me-
TaJJja) B opeose, pacnpefeleHHOe BJOJb OCH X, PaBHOE €ro KOJ/H-
yecTBy M, B TOM XKe CeYeHHH PYAHOro rtesa [0 Hayuasja BHIBETPH-
BaHud. B ueaJbHOM OCTATOUHOM OpeoJie paccesHHs 3TO onpele-
J5eT CyllecTBOBAHHE 3aBHCHMOCTH.
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Puc. 34. Tpaduxku BTOPHUHBIX oCTa-

TOUHBIX OpeOJIOB pACCesiHHs  PyHAHOH

JKHAH AAS Pa3/HYHBIX 3HAYEHHH KO-

ad¢uLueHTa paccesHUus O.

1 — 3a0BHO-ReNIOBHA; 2 — pyARHAs XKHJA;

3 — PYAOBMEILAOIIHE TIOPOAL!

] (] 2 B [ ] #

Puc. 35. Tpadux OCTaToOYHOro OpeoJa
paccestusi  Cx=[f(x) Hag MOUIHEIM
PYIHBEIM TeJIOM.

1 — smoBKH; 2 — pPyAOBMEILalOUIHe MOPOABI;
3 — pyAHOe TEJIO MOILHOCTBIO 2 p; 4 — 3Je-
MeHTApHBIA PYAHBIA I11aCT MOIIHOCTBIO dg

¢ meHTpoM B Touke &

M=M,=C,-2p, (56)

Tie p — MOJYMOUIHOCTh KOPEHHOrO OpyJeHEeHHsd, IOCJyXHBIIEro
JJas o6pa3oBaHus opeoJa.

Ecan, kak 3710 OOBIYHO NPHHATO B MNPaKTHKE, BbIpaxaTh Co
B NpOLEHTaX, a p—B Merpax, BejiHunHa M Gyrer usMepATbCA
B Merponpornestax (M %). C reoMerpHyeckol CTOPOHH MPH Co=0
(1. e. 3a Bbiuerom ¢ona) BequumHa M xapakTepusyeT MJIOWAAb,
orpanHuennyio rpagukom opeoia Cy=f(X) H ocblo a6cnuce. 3aBH-
cuMocth (56), BepHas 1Jd PYAHHX Tel JI0GOH MOUIHOCTH, IO3BO-
JseT YTOUHHTb [OHATHE O «TOHKOM» PYXHOM Tele, HJs KOTOporo

Cp-2p=Crmaxo V20 . (57)

CayuaiiHasi OABHIXKHOCTb YACTHIl HalpaBjeHa K BHIPaBHHBAHHIO
KOHIEHTPAIMil H NOTOMY MaKCHMaJbHOe COJepXKaHHE Meraja BO
BTOPHYHOM OpeOJie PACCEsSHHs HE MOXKeT NPEBEICHTb HCXOMHOTO CO-
nepxkanus B pyaHom tese, HIH Cp> Cmax, OTKYAA

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

C/iefoBaTeJbHO, <TOHKHMH» MOTYT CUHTaTbCsi pYAHBIE T€J1a
¢ moJymorHocTbio p<1,250. BTopuuHble OpeoJhl pacCefHus TaKHX
PYAHBIX Tel NOXYHHSIOTCA NPHHIHNY 5KBHBAJEHTHOCTH
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MOIIHOCTH OPYAEHEHHA M CONEPKAHHA B HeM MeTasa, MOCKOJbKY
BHJ OpP€0JIOB, coryacHO(56), 3aBHCHT He OT KamAOrO M3 3THX [IOKAa-
3aTe/iell B OTHAEJIBHOCTH, a TOJbKO OT BEJHYHHB HX TIPOH3BELEHHS.
CanenoBatesbHO, CyliecTByeT GECUHCJEHHOE MHOMKECTBO Pa3uYHBIX
nap sHauenuii Cp W 2p, OTBEYANUIHX NOCTOSHHOMY 3HAYEHHIO fiapa-
Merpa M M%, B CcOBepIIEHHO OJHMHAKOBHIE OCTATOYHHIE OpeoJIbl
paccesHHs MPH MOCTOAHHLIX 3HAYEHHAX G O6pasyloTcs 3a cueT cy-
UIECTBEHHO DPa3JIHYHBIX «TOHKHX» PyAHBIX Tejl. B OTiIHYMe OT HHX,
Op€OJbl pacCessHHs MOUIHHX PyAHBIX Ten (p>1,250) mepecralor
NOAYHHATLCA HOPMaJIbHOMY 3aKOHy (55), rpadukH 0peosioB npHOG-
PeTalT MJIOCKHH MakCHMyM M paBeHcTBO (57) Hapymlaercs.
Pellenne 3ajaun o MaTeMaTHUeCKOM 3aKOHE 06Pa30BaHUS OCTA-
TOYHOTO OpeoJia paccesiHHs PYyAHOro Tena JI060fH MOLIHOCTH OBLIO
navo P. U. Ily6osuim [20). Pynuoe Teso HeorpaxHueHHOH JAJIMHEI,
BLITAHYTO€ BAOJb OCH Y, MOILIHOCTBIO 2p ¢ LEHTPOM B Hayaje KOOp-
AHHAT H TOCTOSHHBIM cojepxaHHeM Metajia C, MbICJEeHHO Paso-
ObeM Ha TOHKHE IIACTBl MOIIHOCTBIO AE ¢ KOJHUECTBOM MeTajia
B HHX AM=CyAE (puc. 35). Toraa cocTaBasiomas paccesiHHs OT

KaxJoro H3 3THX MJIaCTOB, COrsacHo (55), ompesesNHTCs H3 BbIpa-
KeHHs

—x)?
Acx: CPAE- e—%ﬂ) ’
oV2n
rape g— paccrodHHe OT HauaJa KOOplII/IHaT A0 LeHTpa 3JeMeHTap-
HOrO mJjacra, KOTOpoe MOKeT NIPHHHMAaTb 3HayeHHe OT —p J0 +p.
CornlacHo NPHHUHMIY CylNepPHO3HIUH CoJepKaHMe MeTanana
B TOUKe X, 06yCJIOBJI€HHO€ paccegHHeM BCeH COBOKYIIHOCTH TOHKHX

I1aCTOB, 00pasyIOIUX DPyaAHOe TeJo, ONPeJeNuTCs KAaK CyMMa HX
Bausinuil. [lepexons k npeneny limAE—0, uMeem

+p

__ Gy
oY

=y
e 20% dg

p

Cs

Hasi sanaHHOf TOUKH HaGJMIOEHHs X sIBASETCS MapaMeTpoM,
NepeMeHHO! HHTErPUPOBAHMS 3Jechb CAyXHT &E. [loNyueHHbIt WH-

TErpaj MOXHO Npeo0pa3oBaTh K yJOGHOMy 1JSi BBHIUHCJAEHHS BHLY
— X

C TOMOILBIO MOJACTAHOBKH ——— =1 H d&=gdr. 3aMenss
o)
npenenibl HHTETPUPOBAHHS H BBIHOCH O 3a 3HAK HHTErpaja, HMeeM
p—x
C + ) _ T2
C,—= —=L. e ? dr=
Von
px
)
p—x p+x
C 9 g _ 12 9 o i 12
=L | —— S (S 2 dT —l“—: S (S 2 dT
2 \ Von Vin
0 0
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Crosimpe B KPyIVIBIX CKOOKax cjlaraeMble — 3TO HHTErpaJjibl Be-
posITHOCTEH, UHCHEHHbIE SHAUGHHH KOTODPBIX HMEIOTCH B MareMma-
THUECKHX cnpaBouHHKax. HMcnosbays o?menpunmme 0603HayCHHA
UHTErpaJoB BepOATHOCTeH Kak (QYHKIHI OT HX BEPXHHX NPENEJIOB,
MpeACTaBHM NOJyuYeHHYI0 (pOopMyJly B OKOHYATENbHOM BHIE

C. =2 [o(LE) o (L5 )]+ G (59)

2 o o

Takum o6pasoM, rpadHK cOAepXKaHHH MeTajja B OCTaTOUHOM
opeoJie paccesHHs MOIIHOTO PYAHOTO Tesa Mo npp(bnmo, yaaﬂeﬂ-
HOMY OT €ro KOHIIOB, 3aBHCHT OT TP€X NapaMeTpOB: Cp, p n o. Ilog-
crasasis B (59) snavenne x=0, HajjeM BeTHUHHY MaKCHMaJbHOrO
cojllepXKaHusl MeTajsia B LEHTPaJbHOH TOUKe Opeosa (3a BHIYETOM

doua) [7]
Crax = C, @ (—’;—) . (60)

U3 tabanunslx 3Hauvenuit O(x) BHAHO, YTO B HAeaJbHOM OCTa-
p
TOYHOM OpeoJie paccesHUsl yXKe NpH —0—>2,0 BeauuuHa Cmax OUYEHD

majo orauyaercsi o1 Cp. Ilepenecss Hauano KOOPAHHAT Ha rpaHHIy
DYZHOTo TeJa H NPHHHMAs 2p—-00, H3 BbIpaxKeHHs (59) HaPIlI];eI\;
ypaBHeHHe BTOPHUHOTO OPE€OJa PAaccedHHsl HAJ KOHTAKTOM A ya.
ropHbIX Mopoj ¢ BhicokHM Cp H HH3KHM Cy colep:xanHeM MeTasja:

C, :—(—;”—[l id)(%)]qtc@. (61)

3mech 3HAK IJIIOC Tepel HH-
TErpajoM BePOSTHOCTH OTBevaer 5,
c/yyalo, KOrjia nopoia C BHCO-
KHM colepxannem meranana Cp
pacrnoJioxxeda B 006/JacTH NOJO-

KHTeNIbHBIX 3HAuUeHHH X (pHC. £y
36), 3HaK MHHyC OTBedaeT nepe-
Xxoly B 3Toft o6JacTH X (HoOHO- s 1o s
BHM COLCPKAHHAM. / I y¥ o
[Tockoabky Jw60e pyaHOe Z7 /7% 7o &77e""8 & o0 < o'k
o (-]

TeJO OFPaHHYEHO MO [POCTHPA- +., el e o o o

HHIO, IpodUib HAGIIOLEHAS MO- T VAV ARV AR

XKer pacmosnaratbesl BOJNH3H OT 4+ & + + 4V v v v,V
v VvV VvV

ero KOHLOB. B 3rom cayuae +++++++++V AN

ac,
#0 u comepxkaHHE Me-
"y = [z [0
TajJga B opeoje mpHoGperaer 2%
xXapaxTep AByMe HOH 3aBHCHMO-
chIIJ C —Bf ()}cl yI)) [Mpocrefium Puc. 36. Tpadug opeona paccesiHus
. A HajJ KOHTAKTOM TOpPOL.
06p830M 5Ta 3ajlaua peIactcs 1 — smioufl; 2-— NMOPOABLL € CONEePIKaHHEM
AN PYIHBIX TeJd MPAMOYrOJdb-  geranna Cg; 3 — HOPOAM c COAEPHaHKeM

HOH (OPMBI CO CTODOHAMH 2px  weraana Cyp
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{momHoCTL) W 2py, (AaHHA no NPOCTHPAHHIO) C TMOCTOSHHBIM COAEp-
XaHHeM MeTanaa B pyaax Cp. [lomemas Haya/lo KOOpAHHAT B HeH-
Tpe PYAHOro Tesa H 0603HAauas & H 1 KOOPIMHATH IIPOH3BOJNBHON
TOYKH B DyJHOM Te/le 0 ero BbIBETPUBAHMA, 110 AHAJOTHH C NPEAbI-
AYUIUM, HAMHIIEM:

e +p, __GxPHm—y)

C 20?
Cy = P e :
¥ 2no? S S dgdn

~Py —P,

Pasnensis nBofiHON HHTerpan Ha aBa MNPOCTHX H IPOU3BOAS
COOTBETCTBYIOULYIO [OJCTAHOBKY, IOJYYHM OKOHUATEJbHO

co- S [0 252 o =)

a0 (2t o @

Orciona, npu x=y=0 HalizeM MaKCHMaJbHOe cojepxaHue Me-
Tajlla B EHTPAJIbHOM TOUKe Opeosa (3a BEYETOM (JoHA)

Conax= C,® (Z)o (). (63)

CuienoBaTe/bHO, pacnpelelleHHe CONEPKAHHA MeTaqna B oCTa-
TOYHOM Ope€oJie pacCessHHs PYAHOrO TeJa NPSIMOYTONBHOH (OPMBI
BaBHCHT oT vyeThipex napamerpoB Cp, px, py B 0. Ecam npoduis
HaOJIIOJIeHHs], DACTIONAraAIOUIMACS BKPeCT NPOCTHPAHHIO PYLHOIO
Tea, yhajeH oT ero OauMxailllero KoHUa Ha pacctosinue y> 20,
BhpaxeHne (62) 3aMeHseTcs ONHOMEPHOH 3aBHCHMOCTBIO (59),
4 AJis TOHKHX DYIAHBIX Tesl NpPH px<1,250 — HOpMaJbHBHIM pacnpe-
nenenneM (55). TeopernueckHe comepKaHHs MeTajaa B Opeosax
paccesHHd Haj TeNaMH C 3JJIHNITHYECKHM (B YaCTHOCTH, KPYrOBHIM)
CeueHHeM B TUIaHE OTJIHYAeTCs He Gonee uem Ha 10 9% or comep-
XKaHHM MeTa//1a B OpeoJaX Haj SKBHBAJNCHTHLIMH PYAHBIMH TeJaMH
NPSIMOYIOJIbHOH (B 4aCTHOCTH, KBaApaTHOH) (OPMEL, H 3TH PasJH-
YHg YMEHbUIAIOTCA C yMEHbUIEHHEM pa3MepPOB Tej [0 CPaBHEHHIO
€ BeJIHYMHOH MeCTHOro Koa(pduuuenrta paccesuus o [20]. Bosee
CTPOTHH aHaJH3 OCTATOYHBIX OPeOJIOB paccesiHusl (opmajibHO IMO-
TpeGoBas Obl peuleHHs TpexMepHoil 3amaun Cr.=f (x, y, 2), mo-
CKOJIbKY y3Ke C MEePBBIX MOMEHTOB BO3HHKHOBEHHsi opeosia (7T >>0)

0C,
yenosne — =0 HapymlaeTc B CHJIy 3aBHCHMOCTH napamerpos T,

a caeposatebio, H C;, or ray6uHB. OJHAKO COOTBETCTBYIOILHE
pacyeTel MOKAa3bIBAIOT, 4YTO pPACCMOTPEHHBIE pacnpeiesiceHus TpH
yeaosun Cp=const, Mp=const u [IONylEeHAH O MOHOTOHHOM YGbi-
BaHHH O; C TJIyOHHOH OTJIHYAIOTCH OT TPEXMEPHHIX 3aBHCHMOCTEH
MeHee yeM Ha 5 Y. Dro nosBoasier ans nesnell NPAKTHKH OrPaHH-
YHTbCS HAWACHHBIMH OJHOMEPHBLIMH H JBYMEDPHHIMH 3aBHCHMOCTSIMH.
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3.6. MAPAMETPBI BTOPUYHOI'O OPEOJIA PACCESIHHA

du3HKOo-MaTeMaTHUeCKHe 32KOHH THIEPFEHHOrO paccefHHs MoKa-
3BIBAIOT, YTO COJAEPXKAaHHe MeTalJa 1o NepHPEePHH OPeOJIOB acHMII-
TOTHYECKH NpHOMHKAaeTcd K YPOBHIO FeOXHMHYECKOro ¢oHa, NOa4H-
Hasgch 3aBHcHMOCTH Cx—Cy npH x—*+oo. CllefoBaTeJbHO, KHCTHH-
Hble pa3Mephi» BTOPHYHBIX OpEOJIOB paccedHHs He INOLJalTCs
CTPOTOMY OINpPEIeNEHHI0 H TeOpeTHUeCKH OECKOHEUHO BEJHKH. IDTO
JHUIHAH pa3 NOATBEPXKIAeT YHCTO YCJOBHBIH, TEXHHUECKHH  CMBICI
TeX BEJHYHH, KOTOPHle B NMPaKTHKE HMEHyIOTCA «pasMepaMu» opeo-
Ja0B (cM. 1.5). [TapamerpamH, 06bEKTHBHO XapaKTEPU3YIOUMMH BTO-
PHYHBIl OpeoJl paccesHHs, CBA3aHHOE C HHM KOPEHHOE OPYICHCHHE
H MECTHYIO FeOXHMHYECKyl0 OGCTAaHOBKY, fBJANTCA MaKCHMaJbHOE
conepxanue Merasjaa B opeosie Crax, KO3QGHUIHEHT THIEPreHHOTO
paccesiHUs O, KOJMUECTBO MeTaJula B opeoJe mo mpopumo M M %
WIH B TJ1aHe, KO3(QUUHEHT OCTATOUHOH NPOLYKTHBHOCTH R H DSl
APYTHX TeOXMMHYecKHX Nokasartesefl. OLeHKH YHCJEHHBIX 3HAUEHHH
9THX NapaMETPHYECKHX BEJHYHH YTOUHAKTCH OJHOBPEMEHHO C yBe-
JIHUEHHEeM TOUHOCTH HCcJeloBaHHi.

MakcuMagibHOe cojJepKaHHe MeTaja B LEHTPAJIbHOR TOUKe
OCTATOYHOTO OpeoJia paccesHHs COMIacHO BhipaxeHusM (54), (60)
H (63) mpH NOCTOAHHBIX NapaMeTpax KOPEHHOTO OpyJeHeHHs 3a-
BHCHT OT BE€JHYHHH MecTHOro ko3®dHuHeHTa paccegHHd O, T. €.
OT MHTPAlHOHHOM CIOCOOHOCTH HJIH TeOXHMHYECKOH MOJABHKHOCTH
DYAHBIX 3JEMEHTOB NpPH THIEPreHHOM oOpeosco6pasosanud. IIpo-
Hecc paccesHHs He CJelyeT CMelIMBaTb C BO3MOXKHBIM YacTHYHBIM
BBIHOCOM PYIHOTO 3JeMeHTa 3a MNpeJesh 0Opeosia, poJjib KOTOPOro
orpaxkaetT Ko3(@HUIMEHT NPOAYKTHBHOCTH k< 1,0, BXOAAmHiE B 3a-
sucumoctH (18) m (19).

[Ipu BhiBoge GYHKUHH paccesiHus (55) OyKBEHHBIi CHMBOJ ©
OblJI IPHHAT HAMH JJ/151 0003HaYeHHs BEJHYHHBI

o=/, (64)
l’l’ .
rie e — OPOU3BOJbHEIA KO3(QQHIHEHT NPONOPUHOHAIBHOCTH.

Jlns ycTaHOBJEHHS ero CMBIC/JA BOCIIONb3yeMCH «METOLOM pas-
MepHocTeii», uMes B BuLy, 4to [o]=L, [T]=T n [pl=mL~'T. Ilox-
CTaBasAs 5TH 3HaueHHs B (64) M peulas ero OTHOCHTENbHO [e],
HMeeM:

[e]=mLT-2

CuenoBaTenbHO, &€ HMEET Pa3MePHOCTh CHJIBI, HJH

e=EF,

rie F—cuna; & — 6espasMepHblil (UHCJEHHBIH) KOIQGHLHEHT.
B OKOHUaTeJbHOM BHAE BhIpaxeHHe 1J8 KodpduuueHnrta rumep-
TeHHOro paccesgHusi 6yLeT HMeTh BHJ
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3Havenns F, T u p oupefensioTcss MeCTHBIMH Ja”amadTHO-reo-
XMMHYECKUMH YCJ/IOBHSAMH, XapaKTePH3YSICb KOHKPETHBIMH BEJIMYU-
HAMH B NpEAeNax NaHHOTO MOJHUMHHEPaJbHOTO OPeosia pacCestHus.
WupuBuiyanbHble cBOACTBA PYAHBIX 3JEMEHTOB B npouecce rumep-
TEHHOTO paccesHHs OTpaxaeT YHCJAEHHAS BeJNHYHHA KoIDDHIHEHTA
§. OueBuIIHO, YTO Ta WJIH HHAS TOABHKHOCTD PYAHBIX «YacTHI»> 34-
BHCHT OT X (OPMEI H PasMepa, OT IJIOTHOCTH H NOBEPXHOCTHO-MO-
JIEKYJIIPHBIX CBOMCTB, T. €., B KOHEYHOM CYeTe, OT HX XHMHUECKOrO
H MHHEpaJIOTHYECKOTO COCTaBa, OT POJH Ge3aMHHEDAaJbHHIX (hopM
CYIIECTBOBAHHUS DYAHOTO 3JeMeHTa H T. M. B mupegenax ogHoro
Opeosia paccestHis 3HayeHHs § 1Js Pa3NMYHBIX METaJIOB M Pa3HHX
MHHEPAJIOB MOTYT CyLIeCTBEHHO Pa3J/IHuaThCsl.

Ipn BriBoze GOPMYJIBL IHTOXEMUYECKOTO pacCesHHs MH He CBA-
3and cebs KaKHMH-JHO0 AONOJHHTEJbHBIMH IpeANnoa0XKeH HIMHU
O XapaKTepe DyAHBIX YACTHL M, CJEN0BATENbHO, paccesHHe YacTHIL
qo6oro THMa Oy/eT NPOHCXOAHTL MO 3aKOHY HOPMaJIbHOTO pacrpe-
Aenenusi. BesenctBHe pasiMyHBEIX 3HaueHuil & naxe B opeosie OA-
HOro pyAHOro 3jeMeHTa KO3(DUIHEHTH paccessHUA /s YACTHIL
Pas/IHYHOTO MHHepaJbHOrO cocraBa OylyT pasiuuaTbesd. Tak, Ha-
NIpUMep, BO BTODHUHOM OCTATOYHOM OpeoJie PacCesiHUs CBHHIOBOIO
OpYyAeHEHHA MOXKHO NpeAnojarath OJHOBPEMEHHOE yyacTHe NepBHY-
HOTO rajieHuTa H PasHOOGPA3HBIX BTOPHUHBIX MHHEDAJOB CBHHIA:
4HrJIe3uTa, UEepycCHTa, MAaccHKOTa, WJAaTTHEpHTA, nupomMopdHra,
tocrenura, uesaposuTa, ByAbOEHHTa H MHOTHX ADYTHX, B TOM
uHc/ie GesmuHepandbHuix (opm. Kaxaoe 3 sTuX coeauHeHHi cBUHIA
CHOCOGHO pacnpenesTbcst B OPeose ¢ PasiHUHBIMHE Kospdunuen-
TaMH paccesiHusl Opbs, Opbso,, OPbCO, Opbo, Opbo, H T. A. Of-
HAKO 3TO He TIPHBEAET K OTCTYNJEHHSM OT HOPMaJbHOIO
3aKoHa (55) JAJss pacnpeieneHHs] OOIUMX CONEPKAHHI CBHHIA
B OpeoJie, KOTOpble Ge30THOCHTENBHO K (POPMaM ero HaXomAeHHs
ONPENEJSAIOTCA, HANPHMep, NPH 3IMHCCHOHHOM CIIeKTPaJbHOM aHa-
JIH3€ JIATOXHMHYeCKHX TNpo6. CorsacHo ueHTpPasnbHOR mHpesesbHOM
Teopeme JlsnyHoBa [8], cymMa Gouablioro uneaa n COH3MEPHMEIX
Cly4YadHbIX BEJHYHH, PaclpeieJeHHbX HOPMaAbHO ¢ TapaMeTpaMH
M;; o, Takxe pacmpefie/leHa HOPMAJbHO C MapaMeTPaMH

M=M Myt Myt . . . LM, g
SR T R

OTO CBOHCTBO YCTOHUHBOCTH HOPMAJIBHOTO paclpefeteHusi 06b-
FICHAA€T €T0 IIHPOKOe PacnpocTpaHeHHe B PHpOJe.

Beauyunn F, p u T, onpeiensiioliye 3HaueHHe O, H3MeHSIIOTCH
C IIyOMHOM, YTO BLI3LIBAeT H3MEHEHHe BeJHYMHBI KO3(QHIHEHTa
paccesiHisl TI0 BePTHKAJbHOMY paspe3y PbIXABX 06pa3zoBaHHil.
B obwmem cayuae BenuuuHa KoahdHIHEHTA BA3KOCTH TOPHBIX IO-
POA . 30HBI BHIBETPHBAHMsI MUHHMAaJbHAa BOJIHM3HM IHEBHOH [OBEpX-
HOCTH, COOTBETCTBEHHO HX HauboJjee PHIXJIOMY COCTOSHMIO, H MAaK-
CHMaJibHa Ha YPOBHe IVIOTHBEIX KOPEHHHX MOPOA B HayaJabHOH cra-
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JMH BHBETpUBaHHsA. BeaHudHa [eHCTBYIOlleH CHIIH F, OquI/IJI,I;%
y6niBaer C TJIyOMHOH COOTBETCTBEHHO 5bICTPOMy yMeHBIICH >
aMIIMTYAB KoJeGaHHH TEMIepaTypsl M BO3LCHCTBHS BHeIIIHI/IXéIEI:II-
HAMHYECKHX (DaKTOPOB NOJ NOKPOBOM BHIIIENENKAIEH TOJIIH, Y :
BAHHIO PoJM OHOTEHHBIX NPOLECCOB H T. I. Besnuuna mponosKu
TeJbHOCTH BHBeTpHBaHHS | Takke yObiBaer ¢ rJyGHHO#A M Ha rpa-
Hune KopeHHbX nopox I=0. 3aBHCHMOCTb €€ OT KOOpAHHATEI z-
OJHO3HAUHO ONpeJesercs H3 BblpaxeHHs (50) Las cayyas AHHA
MHYECKOr0 DPaBHOBECHS MEXJy BLIBETPHBAHHEM X nenynauuﬁeu_.
Ecau F u T y6uiBator ¢ ryOHHOH, 2 p XOTS H BO3pactaer ¢ Ny 1/1-
HOH, OJHAKO B BbIpaxkeHHH (65) CTOHT B 3HaMeHaTele, ClIeloBa
TeJIbHO, KO3((HUHEHT pacCesHHs O OT MaKCHMAJbHOH BeJII/ILIPIBH;I
HA [OBEPXHOCTH Oo= Omax MOJI)KE€H YGBIBATD C rayOHHOH H HA YPO 6_3
KOpDEHHbIX NMOPOJ NPHHHMAaTh 3HAYEHHE or=0. C yuetoM 3THX TIpa
HUUHBIX 3HaueHui, 6e3 KAKHX-JHOO JONOJHHTEJbHBIX npe%nono-
XKeHHH 0 xapakrepe QyHKIHOHAJIbHBIX 3aBHCHMOCTEH U, FuTor oz:
MOJHO JOMYCTHTb, UTO KO3()(UUHEHT DACCeAHHS ABJSETCH JHHEH
HOH (yHKUHeH 2, TMOAYHHAACH 3aBHCHMOCTH

0, =0, ———h;2 . (66)

MHOTrOYHCJIEHHBIE HCCJAEA0BAaHHS BEePTHKAJbHBIX paspesoB ocC-
TATOYHHIX OPEOJIOB paccesgHHs 3TO AOCTATOYHO XOPOLIO no,umepm:
nator. Unc/eHHBe 3HaueHHS ¢ MO Trpa¢HkaM AeTa/bHBIX JIHTOXH
MHUECKHX ChEeMOK, 3pHTeJIbHO CXOJHBIX C HX TEOPETHYECKHM BHIOM
A TOHKOro pyaHoro teaa (puc. 37), onpeieisioTcs <<MeT:}§10r1\(4)
Tpex ypoBHei#». TafysnpoBaHHble 3HAUCHHS ¢GbyHKIHHA HOpManéc %c-
pacnipefiesieHdst [7] MOKasbBAlOT, YTO PACCTOSHHE MEXKIy um{
caMH TOYeK C OpAMHATaAMH C,=0,607Cmax (3a BHlYeTOM (oHa) 116
TEOPETHYECKOH KPHBOH COOTBETCTBYET 20. Paccrosanne M§>K11y aac:
nuccaMu s opauHaT Cry=0,325Cmax COOTBETCTBYET % H pac
crosiaue Mexnay aocuuccaMi Aast 0,135 Cmax paBHO 40. dr0 naer
BO3MOMHOCTb II0 LIHpHHE OpeoJia Ha YPOBHE 3THX TPeX 3HaneEHm:f
C, TOJYYHTb TPH HE3aBUCHMBIX OIpEeeseHHs BeIJIPILIPIHbI o. Eca
HalijeHHble IO rpaduKy opeoJa TPH 3HAUYEHHHA O C%BHalLaIOT Memaz
co6oii B mpejesax norpemrHoctd ot =10 g0 +159% (uro H6e xym_
TOYHOCTH CIIEKTPAJBHOTO aHa/K3a), MPHXOAHM K BBIBOAY O yzxox;_
NeTBOPUTEJLHOM COBNaJeHHH HAGJIONEHHBX JAHHHIX C TeopeTepIqHO
ckofi dopmyaoit (55). Ecin HalleHHbE 3HAYEHHS G 3aKOHOM [;IM
yMeHbIIAIOTCA C yBeJHYEeHHeM HHTepBaja rpaduka, o KOTOP
OHH  oIpejeasanch, T. e HaGaojaercsd COOTHOIIIeHCP(I)(?
o (10 0,607Cmax) >0 (10 0,325Cmax) >0 (00 0,135Cmax), 370 Ao
OTBETCTBYET PYAHOMY Teay 60JbLIOH MOLIHOCTH, H TOTAA onpezﬁx ¢
HHe BEJHUYHHBl ¢ CAELYeT MPOBOJHTb C NMOMOILLIO MaJETOK Ily6oBa.

B OCHOBY TeopeTHYeCKHX MojeJeil 06pa3oBaHus BTOpPILIHhIXO;)I(-:I:r
TATOUHBIX OPEOJIOB DacCesHUsl MOJOXKeHb NONyLIEHHA O He?J(I:eTmeﬁ
cTBe mapamerpos opyaeHenns Mp, Cp, 2p mO majeHHio 3meTaJmei
D10 ompeeasieT MNOCTOAHCTBO MOrOPH3OHTHBIX KOJIHYECTB

121



81, o/a Lu C.z,yl.'ll‘ci‘

205

0§53

2w Y w

Puc. 37. K pacuery koaddunnenra
DaccesiHHs ¢ METOLOM «TPeX ypoBHei».

vV v Vv

Vv
F (0 7 [ #

Puc. 38. BepruranbHbii paspes M rpadHK HIEAIBHOTO OCTATOYHOrO Opeoa pac-
CeAHH.

1 —smoBHlt; 2— pyIoBMelaMe NOPOAB: § — pyaHoe Teno; 4 — H3OKOHUEHTPATH 3Jie-
MEHTAa B YCJIOBHBIX eJHHHIAX

M. B nieanbHOM OCTATOUHOM OpeOJie PACCESHHA N0 BCEMY BEPTH-
KaJbHOMY paspesy 3JII0BHO-AeNIOBHA B HHTepBase 0<<z<Ch. dna
yeaoBuii M;=Mp=const n y6riBaHHS X03(dHIHEeHTa paccesHHs
0z ¢ T1yGuHOR Ha pHc. 38 H306pa)eH BepTHKaJbHHIH paspe3 Ta-
KOro opeoJia paccesiHHs B H3OJHHHAX. PacyeTel NpoBeneHHl yepes
0,1h tpu 6o=1,0 1 h=150, AJs1 TOHKOrO BEPTHKAJbHOLO PYLHOTO
TeJa M TOPH3OHTAJbHON [HEBHOH NOBEPXHOCTH. B 3TOM mpocreii-
lIeM cJyyae BTOPHUHBIH JIMTOXHMHYECKHH OpPeosl paccesiHH HMeeT
B paspese BHJ Beepa, pacUIHPSIOLIErocs K IHEBHOH MOBEPXHOCTH.
Beauunna napamerpa M mIpH NOCTOSIHHOM pacCTOSHHH MeXAY
TOYKaMu npo6oor6opa Ax no npodumIo omnpenenasercs 1o Gpopmye
(15). Ilpn nepemenHOM wwiare Ha6JIOAEHHEH, UTO YACTO CBSI3aHO CO
CryllleHHeM TOYeK OnpoOOBaHHA B LEHTPAJbHOH UacTH OpeoJa, BH-
paxeHue (15) samensiercsi Gosee yHHBepcaabHOH (OpPMYyJiOH

n
X —Xi{—
M= Z (_J_HTL_L) C:—2aCy, 67)
i=1
TAe X;—albcuucca TOYKH ¢ cojepxkaHueM wmeraana Ci; 2a—3¢-
(peKTHBHAs IIHDHHA OpeoJa.

Ilpn 3stom 3a Haya/no orcuera paccrosHuii X,=0 NpHHHMAaeTcCs
nepBas KpaeBas TOYKa, OrpaHHYHMBalollasl OpeoJ cCJeBa 10 Mpo-
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¢umo, c cogepxanneM Co<<Ca. 3Hasi BeNUYHHY O, MOXKHO HJIS
opeoJia ¢ OJHHM YeTKO BLIDAXKEHHBIM MAaKCHMYMOM MOJACYHTATh
KonnyecTso MeTaqana M MY% u3 Bhpaxenus (57), cornacHo Ko-
TOpPOMY

M = (Cmax— Cy) 2,56. (68)

Oxnnako sta ¢opmyJa maer TONIbKO NPHOJHKEHHOE 3HAayeHHe M,
NOCKOJIbKY TIOJYYEHHBIH pe3yJabTaT HEMHKOM 3aBHCHT OT TOYHOCTH
CIIEKTPaJIbHOIO aHaJH3a, C KOTOPOH ompeleneHa BeduudHa Cmax.
B npaxTHueckHX LeJSX Bcerja cJeAyer NoJb30BaThcd (OPMyaamMu
(15) nam (67).

3aBucumoctb (56), yCTaHaBAHBaOllag PABEHCTBO KOJH-
YeCTB MeTanJa B HAcaJbHOM OCTATOUHOM OpEOJEe pacCesHHs
M H B HCXOZHOM KODEHHOM OpyJeHeHHH M;,, B peasibHBIX eOJOrH-
YeCKHX YCJIOBHAX HapylllaeTcf, 3aMeHssch NPOMOPLHOHANBHON 3a-
BacuMocTbio (18). o onbity BeauuHHa KO3(GHIHEHTa OCTATOYHOM
npoAyKTHBHocTH k=1,0, cBA3bBawllero Benuunusl M u M,, mo-
KeT H3MeHATbCA B [HeCATKH pa3, 3aBHC OT HHIMBHAYAJbHBIX
CBOKCTB XHMMHUYECKHX 3JEMEHTOB, OT MOP(OJOTHH OpyAEHEHHA H
MeCTHHIX JaHqmwapTHeX ycaoBHi. IToaToMy 3HaHue uuc/eHHOM Be-
JIMYHHBL 3TOrO MapameTrpa JJs ycJaoBUH paHoHa pabor M rJiaBHedi-
HIHX PYIHHX 3JeMeHTOB fBJAsieTcs 00sizateJbHEIM. Beauunpa ero
B ofweM cJydyae H3MeHsercs ¢ TayOHHOB, uan k,=f(2), rae
0<<z<Ch, onpepmensisich THNEPreHHLIMH MPONECCAMH HAKONJIECHUS
MeTaJla B TeX HJH HHBIX TOPH3OHTaX 30HHl BhHIBeTpHBaHHA (k>1,0)
HJIM ero BHIe/NaunBaHHeM H3 opeosa (k< 1,0). BrilnenoueHHmniit
MeTaJJl MOXKeT MOCTYHHTb B HOTOK paccesiHUs H KOHeuyHHH BogoeM
CTOKa, OH MOXKeT NMOJABEPrHyTbCs NMOJHOMY PacCesiHHIO B OKPYXKalo-
meM JgaHamadTe HAH o0pa3oBaTb BTOPHUHHIE AKKYMYJIALHH Ha
reoXHMHUecKHX Oapbepax B KOHTyPe opeoJa HJIH 3a €ro npeje-
Jamu. Hakonsienne merajina B OCTATOYHOM OPeoJie PACCESIHHS MPO-
THB €r0 MCXOJHOTO KOJIHYeCTBAa B KOPEHHOM OpPY/IE€HeHHH MOXKeT
OBITb, B YAaCTHOCTH, CBA3aHO C I'DaBHTANHOHHON AuddepeHnHanuei
MHHEpaJoB MO IIOTHOCTH, C TOBBIIIEHHOK DPacTBOPHMOCTBIO NOPO-
n000pasyrmuX MHHePaJoB, ¢ HcmapHTesJbHOH, GHOreHHOH W cop6-
HHOHHOH aKKyMyJsnHeH PYAHHBIX 3J1€MEHTOB y AHEBHO!H NMOBEPXHO-
cTH. MectHue 3HaueHHd £=1,0 B mpodH/Ie OCTATOUHEIX OPeOJIOB
paccedgHHd, NO-BUAMMOMY, YCTAHABJHBAIOTCS 34 OTHOCHTEJLHO Ma-
JIOe Te0JIOrHYecKoe BpeMsl.

Ecau ynaneHne pyIHBIX YacTHI C NIOBEPXHOCTH FOPHOTO CKJIOHA
CHJIaMH JeHyJanMH OoTcTaeT OT yJAaJeHHs Oe3pyIHHX YacTHIl, MPo-
H30HIET OTHOCHTEJbHOE HAKOIJEeHHe PYIHHIX MHHEepaJjoB B Bepx-
HHX TOPH30HTax opeoJa. BeJeacrBHe 3TOr0 B NOCJAEAYIOUIMH MO-
MeHT BpeMeHH YJajeHHe PYIHBX YacTHII B KOJHUYECTBEHHOM OT-
HOLIEHHH BO3PacTeT H HAKONJIEHHe 3aMeIJHTCd. DTH BCTPEUHbIE:
mpomecchl OBICTPO JOCTHrHYT paBHoBecHs. Takofi ke camopery-
JUPYIOWHA XapakKTep GyAYT HMeTb Ipollecchl H3GHpaTeJbHOrO pac-
TBOPEHHS DPYAHHX WJH TOpoA006pasyoliuX MHHepasoB. YTpolleH-
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_Hble pacueThl MOKAa3bIBAIOT, YTO AHHAMHYeCKOe PaBHOBeCHe INpPH
k=2,0 gocruraercs, Hanpumep, 3a Bpems MeHee 100 ser B ycio-
BUSAX, KOTJAa [IJKTeJbHOCTE (OPMHPOBAHHA BepXHero TOPU3OHTA
opeosna paccesHus cocrapaser 10 teic. met (7To).

O6ine 3aKOHBI I'eOXMMHH THlepreHe3a NO3BOJAT JaTb am-
PHOPHBIE OLEHKH 3HAUeHHAM KO03h(GHIUHEHTOB OCTATOYHOH NPOAYK-
TUBHOCTH kR B 3aBHCHMOCTH OT JaHAWA(QTHHX yCJAOBHH (POPMHUPO-
BaHUsI OPEOJIOB paccesiHUss H CBOMCTB PYAHBIX 3JI€MEHTOB.

1. B akTUBHO [eHyAMPYEeMbIX TOPHBIX palOHAX JOOHIX JaHI-
madTHO-TeOXHMHYeCKHX 30H Gjarofaps ObICTpoMy OGHOBJIEGHHIO
OpeoJIOB  pacCesiHMA HHAMBHAYaJbHblE pA3JHUHA MeXAy XHMHue-
CKUMH 3JIEMEHTAMH CIVIAXHBAIOTCA, W [Js BCeX DYAHBIX 3JleMeH-
TOB MO¥HO OXHAATb 3HaueHHs k= 1,0.

2. B palioHax ryMHAHOH 30HH CO CIJIaXKEHHBIM pesbeOM H 3a-
MelJIeHHOR AeHynande#l OJs 3J€MeHTOB, CNOCOOHHX K aKTHBHOMH
sonnoit murpanuu (F, Sr, Li, Cs, Rb, B B 6oparax, uorna U, Mo
H Op.), Clenyer oxuparb 3HaueHuii k<1,0. B pafioHax apHaHOH
30HBI AJIsSl T€X K€ YCJOBHH H TeX Ke 3JIeMEHTOB NMpH HAJHYHH NPO-
IECCOB HCTAPHTENbHOH aKKyMyJAIHH OYAYT OOHapyXKHBATbCs 3Ha-
yenus &> 1,0.

3. B pailoHax ryMHUAHOH 30HB CO CrJa)KE€HHBIM peJbepOM H 3a-
MeaJIeHHOH HeHyaanueH OJs PYIHBIX 3JE€MEHTOB, MpPeCTABJCHHBIX
TsXKeJAbIMH (d>4 r/cM®) H yCTOHYHBBIMM B 30He BHIBETPHBAHHSA
HepPBUYHHIMH HJIHM BTOpHYHBIMH MuHepajaMu (Au, Pt, Sn, W, Nb,
Ta, Zr u Ap.), MOXHO OXHAATb 3HaueHu# 2> 1,0.

4. B npoduie COBPEMEHHBIX 3JIOBHO-AEJIOBHANbHBIX 006paso-
BAHUM M JIPEBHHX KOpP BEIBETPHBAHHS BeJHYHHA Ko3(duuHeHTa OC-
TaTOYHOH NMPOAYKTHBHOCTH R==1,0 u3MeHsieTcsd Mo BEPTHKAJIH H HA
ray6ute z—h npubJHKaeTcs K CBOEMY TEOPETHUECKOMY 3HAYeHHIO
N5l HjeallbHBIX OCTATOUHBIX 0PeoJsoB pacceanus k=1,0. dtu 06-
LlHe JaHHHEe O BePOSATHBIX 3HAYeHHAX Ko3(hdHuuMeHTa NPONOpHHO-
HAJBHOCTY B B KOHKPETHBIX YCJOBHSIX TPeOylOT YTOUHEHHs s MO-
CJeyIOler0 HCMOJB30BAHHA INPH OLEHKE BbISIBIEHHBIX OpPEOJIOB
paccesaHHs. :

[psiMBIM METOLOM ONpeleseHHss MeCTHBIX 3HaueHH R ciayxar
CONOCTABJCHUST KOJUUECTB MeTajla B OpeOJax paccesdHus, IOA-
cuvtaHHHX 1o (opmynam (15) umam (67), C KOJHYECTBAMU Me-
Tajda B TeX JKe MeTPONPOIEHTaX, MOACUUTAHHBIMH MO JAHHBIM Go-
PO30BOTO H JIMHEHHOro ONpo06oBaHMsl KOPEHHOro OpyAeHeHHd,
BCKPHITOTO KaHaBaMH, MPOHAEHHEIM IO TeM XXe MPOQHIsAM C yue-
TOM CMelleHHa opeoJsia. IIpHMep TaKOro onpeaeleHHss Ko3(Quuu-
€HT2 OCTATOYHOH NPOAYKTHBHOCTH 0J0Ba AJdA  JaniimadpTos
KaBaJepoBCKOro paifoHa moKasaH Ha pHuc. 39 mo AaHHBIM OnpoGo-
BaHHA KaHaBbl, BCKpbIBIIeH OJIOBOpYAHble XUJbl JleTHwow u [le-
Kabpbckylo HoBoropckoro pyaonposs/eHHs. YYacTOK CJAaraloT mnec-
YaHHUKH H aJIeBPOJIMTH HHXKHErO MeJsa, PACCTOSIHHE MEXIY XKHJIAMH
e npesnimaer 25 M. ITo npoduiio XI onu o6pasyloT o6UIHA 0peo
paccesHHusi ¢ KoJluuecrBOM Meraaia M=1,36 M% Smo npu cymmap-
HOfl MPOAYKTHBHOCTH KOPEHHOTO opyAeHeHHst Mp=1,66 M 9% Sm.
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IMocne mpuBeneHHs >THX LHGPP K CEUEHHSAM, OTBEYAOLIHAM HCTHH-
HOY MOLUHOCTH PYIHOH 30HBI, HMeeM:
M 1,0 9
e Muen LMK 79

0
My (e 1,45 M %

Bcero no HoBoropckoMy pyAonposiBieHHIO OBIIO CHeJNaHO ye-

TBIPE ONpeNeNeHUs k, cpefHee H3 KOTOPHIX cocTaBuiIo kR=1,19.
Insi GoNbIIMHCTBA MECTOPOXKJAEHHH onpoboBaHMe KaHaB [aeT
AOCTaTOYHO HaleXHble NaHHBIE AJs OlIEHKH KosbhdHUHeHTa mnpo-

TOPIUOHANBHOCTH R MEXKAY OCTAaTOYHBIM OpEOJOM pacCesHHsl H

NMepBUYHBIM OpYAeHeHHeM. YUeT BO3MOXKHOrO mepepacnpeleseHus
PYAHHX 3JeMeHTOB B 30He OKHCJEHHA B CIeHupuueckux ciyyadx,
ecTecTBeHHO, HeoOxonum. Tak, Hanpumep, oineHka kKoagpduuueHTra
NPOMOPIHOHAJBHOCTH [JI1 BTOPUYHBIX OpeoJIOB paccesHua MenoH
Ha MeECTODOXKIEHHSIX NOPOHUPOBBIX MeIOHBIX pyA Tpebyer o06si3a-
TEJBHOTO YKa3aHWs, OTHOCHTCA JH HafileHHas BeJWuYMHAa B K KO-
PEHHOMY OpYVAEHEHHI0 Ha BBIIIEJOUYEHHBIX BHIXOAAX, BCKPHITOMY
KaHaBaMH, K DyAaM 30HB BTOPHYHOIO cyJjbdUAHOro oboralieHus
HAM X OeJHBIM NepBHYHBIM Dy aM, Ile€peceueHHbIM Pa3BEJOYHBIMH
CKBaXKHHAMH.

ITo mopdosoruu M ycjaoBusiM 3ajeranuss HauGogee GJaaronpu-
SITHBl AJISl ONEHKH KO3(p¢HIHeHTa NPOLYKTHBHOCTH R IO KaHaBaM
KpyTOnajaollie pYyIAHble Teaa npocToll (OpPMBI, AOCTATOYHO INPO-
TAXKEHHBHE H BBIIEDKAHHBIE MO NPOCTHPAHHIO H NajeHHo, AJA
KOTODHIX BEJIHYHHA £ HMeeT yCTOHUHBOE MecTHOe 3HaueHue. s pya-
HHX TeJ OGOJbluoH MOLIHOCTH, HaNpUMep WITOKBEPKOBHIX MeCTO-
pOXIeHHH u3oMeTpHUecKOH (opMbl (2pxy>>40), BeauyHHa Ko3o-
¢dbunHeHTa TPOAYKTUBHOCTH B CTAHOBUTCHA TOXKAECTBEHHO paBHA OT-
HOUIEHHUIO MeXAy CONepXaHUAMHU MeTalja B Opeojie pacces-

HHug B 06JacTH ero mjiockoro MakcuMyMa Cmax U B KODEHHOM OpY-
neHeHHH (cM. puc. 35). Bo Bcex ocTasbHBIX CAYyYasX, KOrga cojep-
JKaHHe MeTajjla BO BTOPHYHOM OpeoJie paccesiHus 3aBHCHT oT PJo,
omneHka k Tpebyer moacuera KOJHYECTB MeTajja B METPONpO-
ileHTax. JIOMOJHUTeNbHbIE CBECHHS O BEJUYHHE R JAIOT CPABHEHHs
M ¢ M; no cksaxuHaM pPas3BefoUHOro OGypeHHS HJU NOA3EMHBIM
BEIPaGOTKAM, BCKPHIBAIOUIHM II€PBHYHbIe PYJbl HHXKe 30HBI OKHCJIE-
uus. Takue cOmoCTaBJEHUST 3aKOHHH s Tea NMpocTol QOpMBI, /s
KOTOpHIX BeJHYMHa M, BHAep:KaHa N0 NAajAeHHIO H NPOCTHPAHHUIO
3a/lexKH.

BoJjiee nosHas xapaKTepUCTHKA KO3 (]HUHNEHTd IPOLYKTHBHOCTH
k pocrHraercss MyTeM H3YYeHHs er0 BEJHYHUHBI [0 BEPTHKAJBHOMY
paspesy opeosa. [IponsBoas nera’bHbI 0T60p MPo6 Ha PasnHUYHOH
riy6¥He OT HHEBHOH MOBEPXHOCTH U MOACUHTHIBAS KOJHUYECTBO Me-
TajJJa M Ha Kaxk[IOM rOpPH30HTe, MOXKHO NMOCTPOUTh rpaduk M,=
=f (2). Ilpumep u3MeHeHHs M; H, ciefoBaTeJbHO, R, ¢ TNyOUHON
N0 pa3pe3y BTOPHYHOIO OpeoJia pAacCesiHHsl ypaHa MOKa3aH Ha
puc. 40. 31ech HA JHEBHOR MOBEPXHOCTH OPeOJ 3aMeTHO ocialiieH,
BO3MOXKHO, 3a CuUeT TMPHMeCH aJVIOXTOHHOrO MaTepHasa, XapakTe-
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Puc. 40. BeprukanpHuii p'aspes opeosa paccesinust u rpaduk M,/M.

1 — NoYBeHHO-PACTHTEJbHBIA cJOf; 2 — ryuubl. JIpeBHAS Kopa BbIBeTPHBAHHA: 3 — IVIMHHCTAf;
4 — raMHUCTO-eOeHHCTasl; 5 — WebeHHCTasd; 6 — H3OJNHHHH raMMa-aKTHBHOCTH B  YCJAOBHBIX
efunnnax. CkBaXkHHbi: 7 — IIHEKOBOTO OypeHHA; 8 — KOJIOHKOBOIO OypeHHsa

pusysicb 3HaveHHAMH <0,3M. B unrepBame 2—3 M nabamopaercs
HEKOTOPOE HaKOIJIeHHe MeTaJJa, mopsaka 1,3 M, oueBHaHO, 33
CYeT ero THIEePreHHOro BBIILENAYHBAHHS H3 BEPXHHX TOPH30HTOB.
Haunnas c ray6unbt 4 M 1 po 10 M sHavenns M, ocraioresi mpak-
THYECKH TOCTOSHHBIMH, HECMOTPA Ha CJHOXKHYIO KOH(HIYpauHIo
BTODHYHOIO OpeoJia paccesiHHs, O6pPa3’sOBAHHOrO IBYyMs COJIHIKeH-
HBIMH DYIOHBIMH 30HaMH, 0060cO0JieHHE KOTOPBIX OOHAapyKHBAercs
Ha rayOuHe 14 M mo Mepe mMaJeHHS BeJHUYHHH o, Ha ypoBHe 8 M

OoTMedaercsi cHHxKeHHe M, no 0,82M, uTo, BepOsITHO, CBSI3aHO C AJIH-
TEeJbHBIM CTOSIHHEM Ha 3TOH rJyOHHe COBPeMEHHOro 3epKaJa rpyH-
TOBHX BOA. [laHHBIE KOJOHKOBOro OYyDeHHsI NONTBEPKAAIOT MPH-
MepHOe 3HayeHHe k=~1 B HHTepBajie yCTOHUHBHIX 3HAUEHHH M,.
He6saronpHsATHel AJ1 OLeHKH KO03((HIHEeHTa NPONOPLHOHAb-
HOCTH k 1O KaHaBaM pyOHBle TeJa 4YeTKOOOpa3HOH (GopMHI ¢ ua-
CTHIMH MepPeXXHMaMH H pasfyBaMH OpPYIEHEHHs, UepelyHOHMHCH
yepe3 HHTepBanbl MeHee 20. KosebaHHsi OLEHOK k; B OLHOPOAHOM
Janamiadre, CBA3aHHbIE C HePaBHOMePHBIM XapaKTepOM OpyAeHe-
HHSl, MOryT NOCTHTaTh NECATH-ABAAUATHKPATHOH Bequuuubl. OGyc-
JIOBJICHO 3TO paccessHHeM MeTajjla MO MPOCTHPAHHIO PYIHOM 30HHI,
B pe3ysibTaTe KOTOPOTO BO BTODHYHBIE ODEOJIHl HajA NEPeRKHMaMH
TOCTyNaeT MeTaJjlsl CO CTOPOHH PasfAyBOB H OJAHOBPEMEHHO 06elH:-
I0TCA Opeosbl HajJl GOraTHMH HHTepBaJaMH opyAeHeHus. ITpHaua-

Puc. 39. Ouenka KO3(GHUKEHTa OCTATOYHON NPOAYKTHBHOCTH £ mo mpodumo XI
Hosoropckoro pynonpossrenus. ITo I1. A. Kypuiesy.
a — BTODHUHBIf Opeon paccesHHs OMNoBa (My.. =1,04M % Sn); 6 —mraH xanasm K-65.

I — pynuste xuasl. ColepXaHHe 0J0Ba B 3JIOBHO-LEMOBHH (B %): 2—1-10°%—2.10%; 3 —
2:107—6-10"%;, 4—6-10"*—20-1077; 5-—20-10"*—60-10"%; 6 — GOpo3koBble HPOGHI
H HX HOMepa; 7 — M30THICH

Ias xuam Jlekabpbekolt My ..=025 M % Sn, pas xuaet JletHelt Myer=12 M % Sn
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KOM TaKHX YCJOBHH CAYXHT OTpHIATedbHas DaHroBas Koppejs-
must Mexay Mp H k. Bo Bcex TakHX cayuasx cpejHee reoMeTpuue-
CKOe H3 HafJeHHHX 3HAaueHHH k; He COOTBETCTBYET NPHPOAHOMY
3HAYeHHIO KO3} (HIHEHTa HPONOPUHOHANbHOCTH Ryucr. IIpH 3HAUH-
MOl OTpHIaTeJbHOH KOppeasilHH MexAy M, u A, a Takke npH
GOMBIIHX H HESCHBIX CMEUIeHHSIX OPeoJIOB paccesiHUs MPaBHJbHOE
3HaUYeHHe K MOJXKHO ONPENeJHTh IO BeJHUHHe OTHOWIEHHH MeXny
MJOMaAHBIMH TPOAYKTHBHOCTSIMH Ope0Ja paccesiHHS H KOPEHHOro
opyneHeHHs. JIJas cepuH pas3obuieHHBX KaHaB, MO KOTOPBIM OLEHKA
MJOMAAHOH TMPOAYKTHBHOCTH OpPyAeHeHHs 3aTPYAHHTEJNbHA, HCTHH-
HOe 3HauyeHHe R B MepBOM NPHOJHIKEHHH MOXHO HAHTH KaK OTHO-
IIeHHe CYMM BceX 3HaueHHH M; H Mp; U3 BHpaxkeHHd

ZM;
My )

kucr =

(69)

Has opueHTHpOBKH B TalJ. 13 mpHBeldeHH HEKOTOPHIE OMpefe-
JIeHHs] MECTHBIX KO3(QHIHEHTOB OCTATOYHOH NPOAYKTHBHOCTH AJIsi
Ba)KHeHIIHX MeTa/JIOB N0 NAHHBHIM DAa3JIHYHBIX aBTOPOB. JTH 3Ha-

YeHHA MOATBEPKAAIOT, HAPHMep, OTUETIHBYIO 3aBHCHMOCTh K (Pb)

H k (Zn) or naHAmadTHO-reOXHMHYeCKHX ycJjoBui. [las CBHHIA
B CONMOCTABMMBIX JaHAmadrax oOTMeuaercss Bo3pacTaHue Kosdpdu-

[HEHTa NPOMOPIHOHAJBHOCTH kB B KapOOHATHHIX MOPOAAX NO CpaB-
HEeHHIO C ero 3HauyeHHeM JJs CHAHKATHBIX nopod. O6bsacHseTCs 3TO
Gostee BeIcoKoii pactBopuMoctbio CaCOsz;, Ca(HCOs), u CaSO, no
CPaBHEHHIO C PaCTBOPHMOCTBIO TeX Ke COefHHeHHH Pb.

[TouTH NOJNHOCTBIO OTCYTCTBYIOT CBeleHU O Ko3(¢HuHeHTax
OCTATOYHOH NMPOAYKTHBHOCTH AJisi JaHAmadros 3apyOexHbX CTpPaH,
He nposisaennnx B npepenax CCCP, B uacTHOCTH, AJs yCJIOBHHA
TPONHYECKOH 30HB H JIATEPHTHOrO BbiBeTpHBaHHsL. [lJ1s1 MIOGEIX JaHA-
wadTOB CyUECTBYeT HEKOTOpOe MHHHMajbHOe 3HadeHHe (Mp)min,
HHXkle KOTOPOrO NPH MECTHBIX 3HAUeHHAX KO3(QUIHEHTOB Rk U o©
BTOPHYHBIH OpeoJ paccesHHs Ha MOBEPXHOCTH OGHApYXKUBATbCA He
Gyner. CBsi3aHO 3TO C peasH3alHeil yCJOBHS

k(Mp)min

o)/on
rle k MOKET 3aBeOMO OTJMuaTbhcsl OT HyJs. Beipaxenue (70) xa-
paKTepH3yeT Mepexoi OCTATOYHOTO OpeoJia PACCessHHS B 3aKphiToe
COCTOSIHHE ¢ O6Pa30BaHHEM <IPefeJbHO Pa3yb6oKEeHHOro opeoJia»
(cm. puc. 28, tun V). IlomytHO OTMETHM, YTO Jobrle  ompe-
JeleHHs1 k TPH OYeHb MaJsblXx 3HaYeHHAX Mp BO BCex cayuasx p0J-
JHB CUHTAThCS HeJOCTOBepHBIMH. Bhipaxkenue (70) orBeyaer pya-
HOMY TeJly HJIbHON (OPMBI, IJIsi MOWIHBEIX Tesd (2px, 2py>>56) OHO
ynpoliaercsi, npuobperas BHI :

k (Cp)min<<Cpr—Cy.

3aech (Cp)min 0003HAUAET TO HHKHee COLEpKAHHe MeTasjla

(71)
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Ta6nuuna 13

MecTHbie 3HaueHHst Kod(GHUHEHTOB OCTATOUYHOH NPOAYKTHBHOCTH K

Pyaoeme- & ;
Pafion TeoxHMHUeCKHe JaHAmadThL mamomHe I g n % | et
nopoau ;g%
3auauiickuft TFopHOTyrOBHIE — BHICO- I'panogn- Pb 12 10,07 | 1,41
Anaray KOTOPHBEIX BBHIPOBHEHHBIX OPHTHE Zn 6(0,32]1,68
BOJOpa3JeioB T'YMHJHOM
30HHI
To xe TopHonyrosbie — noJio- | dbdysusHo- | Pb 25 10,31 1,16
THX CKJOHOB CeMHapHA- | ocafoudble | Zn 25 10,37 | 1,15
HOH 30HbBL 110poJbt
» CrenHbie — KPYTBIX CKJO- To xe Pb 30 |0,6711,19
HOB apHJIHOH 30HEI Zn 30 |0,76 | 1,19
Mo 10 | 0,47 | 1,12
Au 26 /0,46 | 1,02
llentpanbubiit | Cyxue crenmn, Meaxoco- | Meramop- Pb | 107 | 0,71 1,15
KaszaxcTan TIOYHHK ¢duueckne
CJIaHIIb
sdysusHo-
ocalounble
Yramckui JIyroBo-crenHbie — Bbl- WsBectnaku | Pb 61,4411,25
xpeber POBHEHHBIX  BojJOpasje-
JIOB CEeMHT'YMHIHOH 30HBI
Pynubiit Anrait { FopHo-ecHEre dpdysusuo- | Pb 810,68]1,47
ocafounbie |- Zn 410,25| 1,12
BoctouHoe TFopHo-TaexHEIe Meramop- Pb 25108 [1,05
3a6aiikanbe H ¢HyeckHe
Jlaneaui CJIaHIbl
Boctok . )
BocTouHoe TopHo-TaeKHble Metamop- Pb 70 10,60 1,13
3ab6aiikanane ¢duyecKkHe
CJIAHIIBI
To xe To xe WspecTHsku | Pb 42 [ 1,02 1,20
Xpebet Cuxot3- | FopHo-JecHble Ilecuanuku, | Sn 62 {1,92]1,15
AnuHb CJIaHUbE

B KOPEHHOM OpyJeHEeHHH, NP KOTOPOM OpeOJ paccesHHsi He OCHa-
pyKuBaeTcsl Ha NOBePXHOCTH NpH k>0.

[loacueTsl MJIOW(AAHOH NPOXLYKTHBHOCTH P TNpH paBHOMEPHOH
ceTH Ha6JIOAeHHH Jydlle BCEro BeCTH IO KapTe ¢ YHCJAEHHBIMH pe-
3yJIbTATAMH CIIEKTPaJbHOTO aHanu3a npo6 no dopmynam (16) win

(17).

[IpH mepeMeHHOM pPACCTOSIHHM MeXAY NPOQHUISMH CbeMOU-

HOHl ceTH BhIpaxenue (16) samensiercss Gosee obuied HopMmyJoii:

P =i yi+2yi+1 Miy

i=]

(72)

Te Yy — paccTosiHMe B M 10 HOPMaJH OT MEePBOro Npoduias 10
GamxKafero npoduss, Jexaliero 3a npeiejaMH opeosa, AMd KO-
tToporo M,=0.

5 3ixaz Ne 405
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st XapakTepHCTHKH IJIOLALHOH TPOLYKTHBHOCTH opeoJia B3a-
MeH BeMHYHHBI P, M?% yno6eH nokasaTeapb g, BHIpaKeHHHH B TOH-
Hax MeTajsa AJd cos B | M. YMHOXKasl BelHYHHY P Ha MJIOTHOCTD
FOpHBIX MOpox d, A/ MPOCTOTH MPHHHMaeMylo d=2,5 1/M%, H neJs
wa ‘100 nas nepexoxa OT NPOLEHTOB K TOHHAM MeTajsa, HMeeM

qg=Pd-10—2= P/40 1/m. ' (73)

XapaKkTepH30BaTb OPeOJIBl PACCESHHS B YACTH BHIHeJaYHBAHHS
HIH 2KKYMYJIAIHH MeTaVIOB B DA3JHYHBIX FeHETHUECKHX TOPH3OH-
Tax NOYBEHHOro mpoQuis B obuieM Ciyyae MOIYT TOJBKO rPadHKH
M.=f (2), P,=f (2) u 3nauenus k, Teosoruueckyio OLLEHKY BHISIB-
JIEHHBIX PYAHHX OGbEKTOB MO HX OPeOsaM DACCEsiHHA B UHCJE MpOo-

YHX HPH3HAKOB XapaKTepH3YIOT BeJHUHHB M, P W MecTHble 3Ha-
YeHHS k.

3.7. CMELUEHHA U JESOPMALIHM OPEOJIOB

Honoxenne mneHTPaJbHOH TOUKH BTOPHYHONO JIHTOXHMHHECKOTO
opeona pacceaHHsi Cmax COBHANaeT C SMHIEHTPOM BBIXOAA OpYle-
HEHUsl Ha MNOBEPXHOCTb KOPEHHBIX MOPOA TPH BEePTHKAJIBLHOM €ro
NaJeHHH H TOPH3OHTAJbHOH NHEBHOH MOBEPXHOCTH (CM. PHCYHKH
39—43). B ocrajbHBIX Cly4asx LeHTPaJbHAS TOUKA opeoJa cMela-
€TCs1 OTHOCHTE/IbHO 3MHIEHTPA OpyHeHEHHsI Ha DAcCTOSIHHe, 3aBH-
Csilllee OT 3JIEMEHTOB ero 3aJjieraHusi, pejbeda MeCTHOCTH, MOLIHO-
CTH DBIXJIBIX 06pasoBaHui, rayCHHB ONPOGOBAHHA M PAXA APYTHX
npHyHHE. [IpH ropusoHTa/bHON NHEBHOH ROBEPXHOCTH TeOMeTpHYe-
CKO€ MECTO LEHTPAJbHBIX TOYeK (OChb) OCTATOUHOIO OpeoJia B pas-
pese 3JII0BHA ONpPeNeNHTCS MyTeM DEeKOHCTPYKIHH BHIBETPEJOH H
paccesiBuleficsi YaCTH Tesia, OT ero BHIXOAA HA MOBEPXHOCTh KOpPEH-
HEIX NOPOA, B CTOPOHY BOCCTAHHA,— JI0 €€ TePECeUeHUs ¢ MHEBHO
NOBEPXHOCTBIO. B mpocrefiiem ciyuae, KOria BHIBETPHBAHHE MPO-
TeKaeT Ge3 M3MeHeHHs 06beMa HCXOAHOH ropHOH MOpOMHI, pacces-
HHE OT SMULEHTPAa PYAHOIO Teld A0 TOYKH Crmax Ha TOBEPXHOCTH
OMpEeAeJUTCA U3 NPOCTOH 3aBHCHMOCTH

Sg=hctgB, (74)
rae B<90°—yrosa mnajgeHus PyAHOTO TeJa.
Ilpu onpoGoBanun Ha HeKOTOPOH ray6uHE 2<Ch OT AHEBHOM

TIOBEDXHOCTH H BBIBETPUBAHHH C H3MeHeHHeM ofbeMa BHpaKeHHe
(74) npuoGperaer BHA

Sy=B (h—2)ctgh, (75)

rie B — KospdHIMEHT NPONOPIHOHaIbHOCTH.

Ecan BhiBeTpHBaHHe NMPOHCXOAMIO C yBeJHUeHHeM 06DbeMa, pa-
fieé 3aHUMaBllierocs KOPeHHOH ropHoi mnopomoft, To B<1,0; npa
BbIBeTPDHBAHHH C YMeHbuieHHeM o6bvemMa B>1,0; 3Hauenne B=1,0
OTBEYAET BBIBETPHBAHHIO NPH NOCTOSHHOM O6TheMe.

Hpu yriax nagenuss pymnHHIX Tes B>>45°  BHIBETDHBAHHH C yBe-
JuyeHHeM ob6bema(B<1), cMeleHHe LeHTPAJbHBIX TOYEK Opeosa
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10 BOCCTAHHIO OT IPOEKIHH KOPEHHOro BBHIXOAA DYAHOro 1;3eJ1a Sg
Beerga Oyaer <M M Ha NPaKTHKE MM 4acTO MOXHO MHpEHE perell{nl:d.
Hanporus, npu yriax P<45° M BhIBETpHBaHHH C yMCHbUICHHE
o6beMa cMelleHHE opeojia N0 BOCCTAHHIO MOXKeT JAOCTHTaTbh Cy-
lecTBeHHOH BeJHuHHbl Sg > h. Haubosbliee yMeHbIICHHE o6beMa
NpH BHBETPHBAHHH CBOHCTBEHHO KapPGOHATHBIM NMODOAAM, a'TaK}E)e;
H3BePIKEHHBIM NOPOAAM OCHOBHOTO COCT2Ba. B o6buHBIX ycgor:m ;
yMepEeHHOrO K/IHMaTa BBIBETPUBAHHE I'DAHUTOB MPOTEKAET Oe3 M3
MeHeHHs1 o6beMa. PaccunTaHHBIN COrJIACHO 3TOMY C YHeTOM 3aBH-
cHMocTH (75) JIHTOXHMHYECKHi ope;)ln paccesHHa II0JIOromnanaro-
HOro TeJja moKas3aH Ha puc. 41.

mergbll))szll.mce)r 3JIOBHO-IEJIOBHANbHLE 00pa30BAHHA HA TOPHOM
CKJIOHE [aKe NPH CAMOM HE3HAYHTEJIbHOM YKJOHe MECTHOCTH HAaXO-
ISATCS B COCTOSIHHH MeJJIEHHOrO HENPEPEIBHOTO ABWXXEHHS K NOLHO-
JHIO CK/IOHA. J[BHXKEHHe 3TO NPOHCXOAHT MOA AEHCTBUEM CHJBI T~
eCTH H TposBJsiercs: 6/1aroaaps OrpOMHOH Ie0JOTHIECKOH _nponon:
JKHTEJbHOCTH mponecca. VIMeHHO BejeACTBHE NJIHTENLHOCTH Bpe
MeHH [aBJjeHHe, opMHpYIonieecs NOA AeHCTBHEM co6CTBEHHOTO Bxf]cei
TOMIH DPHXJAbiX NOPOJA 30HBI BBIBETPHBAHHS Ha CKIIOHE, pasgesﬂa_
etcss B (popMe Heynpyrux AedopMainui, He HabJ0 aeMbIX 1D ;
WHTEJbHO GOJBIIHX, HO KPAaTKOBPeMEHHBIX HArpyskax. oB npouecb?
ABIJKEHHs] PBIXJble 00pa3oBaHHA YBJEKalT 32 cobofi passngﬂg
B HHX OPeOJIbl PACCESHHSA, H TOJNOKEHHEe IEHTPATbHEIX TOUEK Ope

Cmo.z:

Puc. 41. BepTukajbubli paspe3 H rpaduk OCTATOYHOTO Opeosa é)élighe;;ﬂug:np)u,
[OJOTOM TAJeHHH PYHHOro Tena (BBIBETpHBanHe Ge3 H3MCHEHHS ,T ane:
! — smoBHil; 2 — pyAoBMellaloilHe MOPOAR 3 — pylHoe Tello; 4 — H3OKOHIEHTPATHE
MeHTa B YCJOBHBIX eAHHHIIaX
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OKa3bIBaeTCsl CMEUICHHHM K NOAHOXHIO CKJOHZ OT 3MHIEHTPOB
pyAHBIX Tes. HajuuHe 3THX NMepeMelleHHA MOATBEP:KAAeTC MHOro-
YHCJIeHHBIMH HAO0JIOeHHAMHE HAJ TOJOMEHHEM OPEOJIOB PYAHBIX
TeJl W MNPOSABJAETCS XOPOUIO H3BECTHBIM SBJeHHeM 3arH6a roJIOB
KPYTONAaAAIOWHX MJACTOB Ha TOPHBIX CKJOHax (cM. puc. 26).
IBuxeHne, T. e. CNOJ3aHHe DHIXJbIX 00pa30BaHHH MO CKJOHY,
NPOUCXOAHT KpaliHe MeJJIEHHO, H B COOTBETCTBHH ¢ NPHHIHIOM MO-
nobus (cM. 3.5) MoxKeT paccMaTpHBAaThCH KakK JaMHHADHOE Teue-
HHe XKHAKOCTH C Upe3BHYaHHO GONBIIHM K03 (PHIHEHTOM BSI3KOCTH.
JBu:KeHHe MJIOCKOrO CJOS JKHAKOCTH OCTAETCs JaMHHAPHEIM B TIpe-
Jleslax yCJIOBHH, ONpenesseMblXx BeJHYHHOH Ge3pasMepHOro 4HcJa
Pefinonbaca Re<C700—900, BbIYHC/IAEMOr0 H3 BHIPAIKEHHA:

Re_—_—hv—-’
v

v

rae h-— TOMNIIHHA CJIOsi XKHIKOCTH; v-— KHHeMaTHuyecKHi Ko3ddu-
I HEHT BA3KOCTH; U— CPelHAS CKOPOCTh.

Hna nawmero cilyyas, I'ile v OYeHb BEJAHKO, & U OYeHb MaJo,
3aBeloMO cobJofieHo yciaoBHe Re<k700. JlamuHapHoe, T. e. cBo-
60o1HOe OT monepeyHblx BHXpeH (He TypOYJEHTHOe) ABHKeHHe 3JII0-
BHO-JIC/IIOBHSI He MOXKeT NPUBECTH K (POPMHPOBAHHIO OpeoJia pac-
CesIHHSl Ha CKJIOHe. Pe3ynbraToM ero siBasercsi TOJbKO CMelleHHE
opeona 0e3 H3MeHeHHA XapakTepa pacnpeleleHHsi (pacCesHHs)
PYAHBHIX MHHEPAJOB BHYTPH KaXKIOTO CJ0S DHIXJBIX 06pasoBaHuil H,
ciefoBaTeNbHO, rpaduka opeosna C, Ha TMOBEPXHOCTH HJH HA TO-
CTOSIHHOH ray6uHe !. DTOT, Ha MNepBBIfi B3IVIAA HEAOCTATOYHO OYe-
BUJUIHH, BEIBOJ BBITEKAeT H3 yXe YNOMHUHABLIErOCs BhHIE 3aKOHA
He3aBHCUMOCTH JABHIKEHHS, COIJIACHO KQTOPOMY B3aHMHAS TMOABHXK-
HOCTb HACTHL, PHIXJIOH TOJIIH, BeAylmas K PacCesiHHIO PYAHHIX 3Jie-
MeHTOB, He 3aBHCHT OT MOCTYNAaTeJbHOTO ABHIKEHUsS BCefl MacChl
YACTHIL. '

MexaHHYecKoe paccessHHE DYAHBIX YACTHI HAH OHGGY3HOHHOE
pacnpocTpaHeHHe COJNIEBOrO OpeoJia HA CK/JAOHE NPOHCXOAMT PaBHO-
MEePHO BO BCe CTOPOHBI, B TOM YHCJIEe H BBEDX O CKJIOHY, H CNOCOGHO
onepexkarhb CIOJA3aHHe 3JI0BHO-IAENIOBHANBHEIX 0O6GPa30BaHHiI K ero
MOAHOXKHIO. TO NPUBOAUT K BAaXKHOMY BHIBOLY, UTO KpaeBbie (IepH-
¢epHyYecKHe) HaCTH OCTAaTOUHOTO OpeoJa paccesHHd, a B O0COOBIX
cJydasfx H ero LeHTPajbHAas TOUKA, HA JHEBHOH MOBEPXHOCTH HJIH HA
TylyOHHe MOTYT JIeXKaTb THIICOMETPHUECKH BBIIIE KOPEHHOro BBIXOAA
PyAHOro TeJa.

3agaya o xapakTepe MABHXKEHHS 3JIOBHO-IEIOBHSI Ha CKJIOHE
HMeeT JIOCTATOYHO CTPOrOe aHaJHTHUeCKOe peleHHe. PaccMoTpHM
NOBeJleHHE PBIXJBIX O0pa30BaHHH Ha MJOCKOM CKJIOHE C yIVIOM Ha-
KJ0HA ¢ K FOPH3OHTY. IIpOTAXKEHHOCTb CK/IOHA NMPHMEM [JOCTATOYHO

1 TIpuyHHBI BO3HHKHOBEHHS ACHMMETPHUHHX JHTOXHMHYECKHX OpEOJIOB pac-
CesiHHst Ma BOTHYTHIX CKJIOHAX PacCMATPHBAIOTCA HHXKE M He CBS3aHH ¢ JBHKe-
HHeM 3JIIOBHO-ZeNoBHA (cM. 3.9).
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Goabliof, 4TOOB  HCKJIOYHTH
BJIHSHHE €ro TpaHHL; PYIHOE
TeJo B pOpMe TOHKOH BepTH-
KaJbHOH XKHJBl INPHMEM BbITA-
HYTHIM  BIOJb TOPH3OHTAJEN
CKJIOHA, UTO TO3BOJIHT PaCCMOT-
peTb pellleHHe INJIOCKOH 3afayH.
Ilagenue pyIHOro Teja HpHUMEM
[epNeHIHKYJIAPHEIM K IMJIOCKO-
CTH CKJIOHA. MONIHOCTb 3JIOBHO-
AEJIOBHA N0 HOPMAJH K CKJIOHY
h upumeM 1JA paccMmarpusae-
MOFO y4acTKa MOCTOAHHOH, Ha- '
yaJjao KOODJHHAT BHGepeM  Puc. 42. CMemenne OCTATOYHOrO JMTO-
B TOUKe, SBJsMOUIEHCS mpoOeK- ’;’J‘I‘;g:g;“ggmng?e°“a paccedeHHs Ha
ITHEH KOpeHHOFO BBIXO/4 Pyll- 1 — 3JI0BHO-AEJIIOBHY; 2 — pyjaoBMellaloumHe
HOro TeJqaa Ha NOBEPXHOCTDb nopoasl; 3 — pynHoe Teso
ckiaoHa (puc. 42). Ha xaxawih
GeCKOHEYHO TOHKHH CJIOH DHIXJBIX OGpa30BaHHM, JexaUulHH Ha TIay-
GHHE 2 OT MOBEPXHOCTH H IBHXKYILIHHCA MO CKJOHY CO CKOPOCTBIO U,
HeHCTBYIOT OBe CHJIB: 1) KacarelbHas K NMOBEPXHOCTH CKJIOHA CO-
cTaBJdpLIAs [AaBJeHHs Bceli BHIIedexalleH ToOJILH, paBHAas
dgzsina, rae d — NJIOTHOCTb MOPOJ, HA FOPH3OHTE 2, g — YCKOpeHHe
CHJIBI TsAXecTH; 2) o6paTHO HampaBJeHHAas CHJIA BHYTPEHHErO Tpe-
HHS1 CPelbl, paBHasi IPAJHEHTY CKOPOCTH MO HOPMAaJIH K Hampa.Jie-
HHIO ABHxKeHHd du/dz, yMHOXKEHHOMY Ha KO3(D(HIHEHT BSI3KOCTH
cpennl p.

JBHXKeHHe PHIXJBIX 06pa30BaHHH 110 CKJIOHY IIPOHCXOAHT B yCJO-
BHSX PABHOBECHS IBYX 3THX CHJ H, CJI€IOBATENbBHO,

dgzsina= —u—z:—. (76)

3HaueHde AHHAMHYECKOro Ko3hdHIHeHTa BSI3KOCTH CPeABl | H
CBA3aHHOTO C HHM KHHEMATHUECKOro Ko3(pGHLIHEHTa BA3KOCTH v=
=p/d He SIBASIOTCA BEJHYHHAMH NOCTOSHHBIMH. I3MeHssiCb MOHO-
TOHHO ¢ TyGHHOH, p U d MHHHMAJbHH BOJIH3H JHEBHOW TMOBEPXHO-
CTH, Tie IpolleCCh BLIBETPHBAHHS NMOJYYHJIH HaHOoJee MOJIHOe pas-
BHTHE, W JOCTHTalOT HauGoJbliell BeJHYHHB HA IJyOHHE NJIOTHHIX
KOPEHHBIX MOPOJ, He 3aTPOHYTHIX BHIBETPHBAHHEM.

B ofmeM ciyyae 3aBHCHMOCTb v=@(2) Ham HeusBectHa. [ljs
_pelieHHsl 3ajlaud CHeNaeM AONMyLIeHHe, YTO KHHEMATHUeCKHH Ko3d-
(HIHEHT BS3KOCTH CPefbl, B yBfi3Ke C MPEABIAYIIHM, H3MeHsAeTcs
¢ ray6HHOH TO yXKe HCIOMb30BAHHOMY HaMH TunepGosHyecKoMy 3a-
XOHY, MOJYHHSASICH B HHTepBase 0 <z</h 3aBHCHMOCTH

voh

V= -,
h—z

rie vo— KHHEMAaTHYeCKHH K03 (hHLHEHT BSI3KOCTH BEPXHEro FOpH-
30HTa PHIXJBX 06pa30BaHHH.
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Ara 3aBHCHMOCTb BHIpaXKaeT NePBOHAUAJNLHOE Me[JIeHHOe H3Me-
HeHHe CBOWMCTB CPeJbl OT MOBEPXHOCTH Ha rAyOHHY, a 3aTeM NpH
3HaueHHAX 2, GJH3KHX K A, — OHICTpOe BO3pacTaHue v 0 3HAUeHHH
Vmax.S>vo. [10106HOe n3MeHeHHe KO3(¢HIHeHTa BASKOCTH 3JIOBHO-
HenoBHs HaiGosee BEPOSTHO H3 FeOJIOTHUECKHX cOO0paKeHHH H co-
OTBETCTBYET CPABHUTEJIbHO PE3KOMY NePeXOAy OT COOCTBEHHO DhIX-
JIOH TOJIIIH K IVIOTHBIM KOPEHHBIM TOPOAAM.

Broas kHHeMAaTHYECKHI KO3 HIHEHT BA3KOCTH, MEpenHieM yc-
JIOBHSI PABHOBECHS OPOJ] HA CKJIOHE!

’Voh dv

int= —(——m .
g2s h—z dz

Paspenss nepeMeHHBle H UHTErPUPYA 3TO yPABHEHHE, HMeeM:

3 3 2
gsinag ¢ 2% hz )=v+c,

v ch 3 2

rae ¢ — NOCTOSIHHAs HHTErPHPOBAHHA. 3HAUEHHe ee HaligeM H3 ycC-
Jgoeuit v=0 npu z=~h, oTkyaa

gsina
v=-830% (953 3p2p),
6Voh
3a Bpemsa T, npouwejliee OT HAayaJa mpouecca A0 MOMeHTa HabJIo-
JieHHs, JIo00H H3 TOPH3OHTOB DPHIXJHX O6pPa30BAHHA CMECTHTCS MO
CKJIOHY OT CBOErc NepBOHAUAJbHOrO MOJOKEHHS Ha BeJHUHHY:

i
Se=[0dT,
0
rae aJjs yCJIOBHfI YCTaHOBHUBUIIEroCsl NOABHXKHOIO paBHOBECUS
h—z
T=T,—%.
h

3necs T, siBAseTcs napaMeTPOM, XapaKTEPH3YIOIHM MECTHEHIE
YCJIOBHA H, corsiacHO (51), paBHO BpeMeHH OT HAauaJia BbIBETP HBAHHS
NPOM3BOJBHOrG CJIOS KOPEHHBIX NMOPOA [0 MOMEHTa YAajeHHs ero
TPOJYKTOB BHIBETPHBAHHS cuJamH OeHynaaumuH. OcyliecTsisss nol-

CT2HOBKY dT=——;1T° dz u 3ameHsas npenesH HHTerpndeaHHﬂ,
HMeeM: ’
4 __ons — .
o =200 g KoM 2B =2 _ 4 dina, (77)
12’V0 h2
rie A =1L2T°———napameTp, 3aBHCALIHNA OT MECTHEIX YCJOBHIH;
Vo

x=¢(h, 2) — QyHKIHA, onpelensiollas reOMETPHYECKOE MECTO TO-
UeK LEHTPOB MOCJHONHBIX CEUeHHI opeoJa B TOJUIE PHIXJHX 00pa-
30BaHHH. '

W3 Boipaxenus (77) nOACTAHOBKOH 2=0 HAXOAMM BaKHOe IJIs
NPaKTHKH CMelleHHe OPeoJia B MOBEPXHOCTHOM CJMIO€ 3JI0BHO-ANI0-
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BHSI OTHOCHTEJIBHO NPOEKIHH KOPEHHOro BbIXOJa PYIAHOTO TeJla Ha
IIVIOCKOCTh CKJIOHA:

Se, = AR?sin . (78)

Buj kpHBO#l, ompelessiomell NOJOXKeHHe UEHTPAJLHBIX TOYeK
OpeoJia B BEPTHKAJbHOM pa3pese 3JI0BHO-IEJIOBHS, HAJEM, BbIYHC~
JsAsl 3HaYeHHs] MHOTOWIeHA ¥, moJaraa h=1 u BHIpaxas 2z B 1oN9X A.
CootBercTByOIAasi UM KpuBasA u3obpaxkena Ha puc. 42. C reoMer-
PHYECKOH CTOPOHBI OHA NpeACTaBjAeT COGOH MapaGosy ueTBepTOro
NOpsAKA.

Ha puc. 43 noxaszansl B H30KOHLEHTPALHSAX METAN1a BEPTHKAb-
HBI€ pa3pe3nl TPeX OPEOJOB, PACCUHTAHHBIE IS IJIOCKOTO CKJOHA.
Pacuern npousBeneHs no Gopmyne paccesHus s TOHKOTO nJIacTa
_LX;SL.L_ , Ile Sa
202 (1 — 2)2
pnpellessiercs BbipaxeHHeM (77) W 3HAaueHHAMH MHorouwiena y. M3
PHCYHKa XOpOLIO BHJHA NOCTeNeHHas JedopMmalus opeosa mo Mepe
yBEJHUYEHHS AMIVIHTY AR CMellleHHs Sqs.

3aBucumoctH (77) u (78) xapakTepH3yOT CMeIleHHS OCTATOY-
HBIX ODEOJIOB PACCEAHHS HA CKJIOHAX B NpeAesax YIJIOB eCTeCTBeH-
HOro oTKOoca. OHH HAapyHIaloTCA B YCJAOBHUSAX CKAJbHOrO pejbeda Bhi-
COKOTODHBIX DPAHOHOB, NPH HAIHYHH OGBAJLHO-OCHIIHBIX SIBJIEHHH,
COMUGIIIOKIHOHHBIX Teppac H B pafioHax, rlie HapsAy ¢ IJOCKOCTHOI
JeHypanueil npeobaanaer JHHEHHBIH cHOC, BeAymHUHA K 06pa30BaHHIo
Ha CKJIOHAX TaK Ha3biBaeMBIX «JleJsyiefl», HIH 6e3pyCIOBHX JOKGHH
CTOKa. 32BHCHMOCTh S,, OT KBAaJApaTa MOLIHOCTH PBIXJBIX 06paso-

BaHHUif, 2 C yUeTOM MECTHOro kKo3dhduuHenTa A, NpoNOpLUHOHAILHOTO

€ NoKasareJieM CTEeMeHH NPH IKCINOHEeHTe —

h
BeJIHUHHE Toz—m,name oT Ky0a UX MOIIHOCTH, MPHBOIUT K OT-

CTYTJIEHHAM OT Ka3aJ10ch Obl OUeBHAHOMN NPSIMON 3aBHCHMOCTH MEXKLY
KPYTH3HOH CKJIOHA H BEJHYHHOH cMelleHHS opeoJsa. IIpuunHOl 3TOrO
ABJISIETCS yBeJIHYEHHe MOIIHOCTH 3JIOBHO-AETIOBHS H ONHOBPEMEHHO
YMEHbIICHHEe €XeroJHOro CJos JeHyIalUuH AZ IpH MajblX yraax a,
B pesyJbTaTe yero pocT Ah? Moxer onepexath yOuBaHHE BEJIHYHHDI
sin a or KpyThIX K Gojee mojoruM ckjoHaM. Tak, Hanpumep, npu
yrie HasKJIOHa MecTHOCTH a=~12° h=7,0 u Ah=0,2 MM/rol, BeJu-

YHHa

kK
; 6yner noutH B 7000 pas GoJbile TOro Xe NMOKA3aTess s

KPYTOro ckjoHa ¢ yrjoM o=37°, upu h=0,5 v u Ah=0,5 mm/roz,
B TO BpeMs KaK Sin o B 5TOM HHTePBaJje YIVIOB BO3PacTaeT TOJbKO
B TPH pasa. ITO XOpouwio OGBACHSET «NAPAAOKC KPYTHX CKIOHOB»—
OTCYTCTBHE 3aMETHBIX CMEIIEHHA BTOPHYHBIX OPEOJIOB PACCEsSHHA Ha
OYeHb KPYTHIX, AKTHBHO JeHYNHPYEMHX TOPHBEIX CKJOHax. MaJbie
BesTHUHHBL A H h, Daxke npu GOJbIHX YIiax «, NPHBOASAT B STHX yc-
JOBHSIX TOJBKO K HHYTOXKHBIM CMelUeHHsSIM. Hekorophle naHHBIe
O CMELeHHSX OPEOJIOB pacCesHHs HA CKJIOHAX MO HAlUM HabJjiofe-
HHAM H NyOJHKAUUsM J[APYrHX AaBTOPOB INpHBeleHH B Taba. 14.
Bsigko-niacTuyeckOe mepeMelieHHe («JIe(JIOKIHSA») PHXIbIX 06pa-
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Puc. 43. PaspesH 0CTaTOUHHIX OPEOJIOB DACCESTHHA (@, 6 M 8) Ha CKJOHE, CO-
OTBETCTBEHHO, IIPH PA3THYHLIX CMemeHHAX: Sgq=10, Sg

_8,
-

0= B Sap =

1 — 3MOBHO-AEMOBHA; 2 — pPyAOBMewaIOHe TOPOAb; 3 — PyAHOE TeN0; 4 — H3OKOHUEHTpaThi
3JIeMEHTa B YCJOBHHIX eAUHHUAX

Ta6auma 14
Cmewentst 0peosyios paccesiHUsl Ha TOpHBX cKJoHaX [22, 25, 30]

Pation , rpagyc h, m saov M ABTOpHI
IleHTpanbHbIA 5—20 0,5—2,0 | Ouens | C. 1. Musrep, B. A. KnHunn-
Kaszaxcran MaJIo KOB H JIp.
Tsaus-lllaun 30—35 0,5 Hert B. A. Jocanosa, A. I1. Codo-
BOB
BocTtounoe fo 25—30 | 1,0—4,0 | 30—50 | E. M. KBATKOBCKHI,
3abatikanse H. H. Kpuuyk u 1p.;
B. B. lloaukapnoukus
CesepHoe Pasnuunbie ? Ho 80 [ M. Il. Bespepxuuii
3a6aiikaibe
TlpuGaiixanse | Pasauunbie ? Ho 200 | E. U. 3arockHHa u Jp.
To xe Ho 35 1,5—2,0 Het B. T. Kapgam, B. K. Mac-
JIOB :
Bypsarckas KpyTbie ? 250—300| B. H. Tapacos
ACCP YMEpeHHo
KpYTbie
YykoTKa 4—5 2—10 Jo A. TI. Conosos
' 130—150 :
BocTounas 15—18 2—3 20—30 | I'. C. Baxpomees
Cuéupnb
TIpumopre 20—40 2—3 10—20 | T1. A. Kypues

30BaHUH NPHBOAHT B HHUXKHEH YaCTH CKJIOHA K NMEPEXOAY OCTATOYHHIX
OpeoJIoB paccesHHa B norpeGeHHOe cocrosiHHe. B HTOre moMHMO
NVIOLaAH, 32HATOH a/I0BHANBHO-NPONIOBHAJBHEIMHE OTJIOKECHHIMH
IOJTHH BAOJIb NMOJHOXKHI CKJIOHOB B NOJNOCE WHPHHOHA S, BTOpHY-

Hble OpPe€OJIbl paccesiHMsi Aa)ke B TOPHBIX pafoHaX MOryT pPasBH-
BaThCsl MO THIY 3aKPHITHIX (pHc. 44). OpHAKO TrOPHBHIM paioHAM
CBOWCTBEHHO YaCTOe YePeNOBAaHHE HHTEPBAJOB OTKPHTHIX CKJIOHOB
'C HHTEDPBAJNaMH 3aKPHITHX JOJHH M NOAHOXKHA. B 3THX ycloOBHSAX,
K3aK NMOKa3bIBAIOT CHENHaJbHble PacyeThl, Jaxke MPH 3aKPHITOCTH
75 % BepOSTHOCTH MPOMyCKa KPYIHHX MECTOPOMKAEHHI OCTAeTcs OT-
HOCHTEJIbHO MaJOH M yMeHbUIEHHe YHCAA BHISIBJISEMBIX OGBEKTOB
NPOHCXOMHT 32 CYET MEJKHX MECTOPOXKAEHHH H HempOMBIUIICHHHX
pynonposisyieHH#. ['Ty6HHHOE reOXHMHYECKOe OMOHCKOBAHHE 3aKphl-
‘ThIX NOJHOXKHH TOPHBIX CKJOHOB 1eJ1ec006pa3HO TOJIBKO HA CTAaAHH
HdeTaJbHEX DAboT B npefeaax PYAHBIX NOJeH NPOMBIUNIEHHHX Me-
cropoxaeHui. OueHb OOJIBIIHE CMEUIEHHS OPEOJIOB pACCEsHHS HA
CKJIOHaX MOTYT CAeNaThb HCHAAeXHHIM MOACUET KOJUYEeCTBAa MeTaJsa
M B opeosie mo NPODHIIO H OLEHKY NMOJOKEHHS LEHTPANLHOH TOYKH
opeosia Cmax, B CBA3H C MOJIOKEHHEM OCH 0Ope0Jia B BePXHHX TOpPH-
30HTAX PBIXJBIX 00Pa30BaHHI MOYTH NapasjeldbHo NPODHUIIO CKIOHA.

Bripaxenus (74) u (78) yYHTHIBAIOT Pa3deNbHO CMEIEHHS Ope-
014 paccesiHAs MO BOCCTAHHIO PYAHOTO Tesa Sy NPH rOpPU3OHTAJb-
HOW JIHEBHOH MOBEPXHOCTH H K MOAHOXKHIO CKIOHA Sg, NPH YCJIOBHH
najeHHsl PYAHOTO TeJla MO HOpPMaJH K CKJIOHY. B mpakrtHKe Heo6Xo-
JUMa OLEHKa OOLIero CMeIleHHS OpeoJia PacCesHUd IIPH HOJOTOM
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Puc. 44. BropuyHble OCTATOUHEE ODEOJH DACCesHHS HAa TOPHOM CKJOHE.

1 — anoBHO-JeMIOBHI; 2 — aJTIOBHE; 8 — pyAOBMellaiollHe MOPOAH; 4 — pyAHOe TeNo; 5§ —
BTODHYHBIHt Opeos paccesdHHs, NYHKTHPOM NOKadaHa oCb opeosla. MHrepBaam ckiona: I —
opeoJibl OTKPEITOro THha; 11 — opeod mpeHMyliecTBeHHO 3aKPHITOrO THIA

NageHHH PYAHOTO Teja H HErOPH30HTAJbHON NHEBHOH NOBEPXHOCTH.
CMenieHHst opeosia S, H Sy HOCAT HANMpPaBJIeHHBIH XapakTep H ABJA-
I0TCSl BEKTODHBIMU BeJHYHHAMH. KaxkJoe cMelleHHe He 3aBHCHT OT
Apyroro u ofiee cMelieHHe opeosa Sy paBHO BEKTOPHOH cyMMe

§2 :§a+§6

-
3nech pe3yibTHpyomas Sy — AHAroHaJb Mnapajiiesorpamma,
MOCTPOEHHOTO Ha COCTABJSAINHX Si H Sg.

Jlns ycaoBHE TOPHOrO CKJOHA B BhIpaxeHHH (74) H3MeHseTcs
CMbICA yria f, KOTOpHIf ClleflyeT OTCYUHTHBATH He OT FOPH3OHTAJb-
HOH MOBEPXHOCTH, KaK 3TO NPHHATO B TOPHO-TEOJOTHYECKOH Npak-
THKe, 2 OT MOBEPXHOCTH CKJIOHA MO JHHHH NPOGHJIA, HANPABJICHHOIO
0 HOPMaJH K NPOCTHPAHHIO PYAHOro Teja, MpHHuMMAsdA, yto f=90°,
eC/IH PYJHOE TelO MEepNeHRHKYAAPHO K MJIOCKOCTH CKoHA. Bo Becex
clyuasix aKTMBHO NEHYIHPYeMHIX CKJIOHOB, TNl 3JII0BHO-JIETIOBHH
npejcraBieH meGeHHCTHIM MAaTePHAIOM, A 3HAUeHHe mnapamerpa B,
BXOJSLero B Bbipaxenue (75), MOXKHO cuuTaTh paBHHM 1,0.
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3.8. HAJIO)KEHHBIE OPEOQJIBI PACCESIHH A

B oTyHYHe OT OCTATOYHHIX OPEOJIOB paccesHHs, 06pa30BaHHLIX 32
CYET HHTEPBAJIOB PYAHOH 30HBI, CYLIECTBOBABIIHX B HX KOHType IO
BbIBETPHBAHHSI, BTOPDHYHBIE HAJOXKEHHbIE OPEOJIBl paccesiHHs o6pasy-
I0OTCSl B TOJILIE AAJbHENPHHOCHBIX (aJJIOXTOHHBIX) OTJIONKEHHI MyTeM
nocaenywouero nHGGY3HOHHOrO NOCTYMJIEHHS PYAHBIX 3JEMEHTOB H3
rayCHHBL. MaTeMaTHYeCKOe DelleHHe STOH 3aJaUH YK€ B [IeDPBOM IIPH-
G/HKeHHH Tpefyer paccMOTpeHHst ABYMepHO#H Moaenu Cy=f(x, z)
Ana 3Havenuit 0<h>ho, rae h-—ray6uHa NO HCTOUHHKA DYAHBIX
3JIEMEHTOB; fig — MOIHOCTD JAJbHENPHHOCHEIX OTJIOXEHHH; 2 — riy-
OnHa onpo6oBaHHsA. [IpH THTOXMMHYECKUX MOHCKAX KOJHUYECTBEHHAs
UHTepIpPeTalHsi HAJOXKEeHHBX OPeOJIOB PACCeSHHSA He NOJMYYHJIA elle
NPHMEHEHHS B CBSI3H C OOJbIIHM Pa3HOOOpa3HeM TPYHAHO yUHTHIBaAE-
MBIX YCJIOBHH, ONpPeNesSoOUIHX ee pe3yabrar. [10sToMy orpaHudnMcs
paccMOTpeHHeM TOJIBKO MpocTefiiell MOAENH Ipouecca.

Ilycts mop 4exioM HabHENPHHOCHBIX OTJOXKEHHH MOILHOCTBIO
ho (puc. 45) sajeraer xpyronajamouiee Te10 CyJAbOHIHBX Py, NOI-
Beprapllueecss aKTHBHOMY COBDEMEHHOMY OKHCJEHHIO Y 3epKaJa
FPYHTOBHIX BOJI, PACIOJNOXKEHHOro Ha rayOuHe A3 Ay OT MHEBHOH mO-
BepXHOCTH. Bynem cuntaTh, 4t0 06pa3oBaHHE JerkopacTBOPHMEBIX
BTOPHYHBIX MHHEPAJOB H OTBOJ PACTBOPEHHBIX KOMIOHEHTOB JO-
CTHUIJIH PEryJIAPHOrO PeXKHMa M HaXOASTCS B AMHAMHYECKOM PABHO-
BECHH C IIPOleCCAMH BeCbMa MeIJIeHHOH [eHYHauuH IHEBHON IO-
BepXHOCTH. [ mpocTOTHl NpeHeGpexeM BJHSHUEM KalHJJASAPHON
KafMBl, BCIO TOJILIY MOPOJ OT MOBEPXHOCTH A0 MIIYOHHHEL A ¢ TOYKH
3peHHsl paccMaTpHBaeMoro npouecca 6yleM CUHTATb OJHOPOLHOH H

/7 /;// /4 I
~ > ~

70 000,

(X2

XX KRN X

T HIRIQLRXRXN

Puc., 45. Mogeas dopmupoBanHs HadoxeHHoro AxudysuonHoro opeosa pac-
CesTHHS.

I — paNbHEOPHHOCHBE OTVIONKEHHS; 2 — pPyJAOBMellalolie NOpOAb; 3 — IPYHTOBHE BOAbI; 4 —
OKHCJICHHBle DYAM; 5 — cyiabbHAHBle DyABl, 6 — HCTOYHHK pacTBopa H HampasieHHe AHDPY-
suH; 7 — oHGQY3HOHHBIY Opeos OT AEHCTBHTENbHOrO H (UKTHBHOTO (NYHKTHP) HCTOYHHKOB
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U30TPONMHOH, JAHEBHYI0 NOBEPXHOCTb M MNapaJiesibHOe ef 3epKaJo
FPYHTOBBIX BOJ NPHMEM TOPH30OHTAJBLHBIMH. [locnenHee mnosBosser
HCKJIIOUHTb H3 PACCMOTPEHHS HCTeYeHHe MHHEPAJNH30BAHHHX BOA H
OTPAHHYHTHCA AHAJIH3OM AHPPY3HOHHOro 06pPa3OBaHHA HAJMOKEH-
HOTrO opeoJia paccesnus (cM. puc. 28, Tun II). [TpHHATBEIM ycJa0BHAM
MaTeMaTHYecKOd 3aJayH OTBeuaeT pHC. 45, HA KOTOPOM, B YBS3KE
C paHee PacCMOTPEHHOH CXEeMOH OKHCJAeHHS CyAb(DHIHOIO MeCTo-
poxnaenus (cMm. pHc. 31), mo o6pa3yIOIUM IMJAHHADPA, BBHITIHYTOIO
BIOJb OCH Yy, BBIAEJSIETCA 32 €AHHHIY BPEMeHH MOCTOSHHOE KOJHYe-
CTBO PACTBOPHMBIX KOMIOHEHTOB. JlHaMeTp LHJAHHADPA, PaBHBINA MOIL-
HOCTH PYAHOro Teja, Mo CPaBHeHHIO ¢ rVyOHHOR ero 3aJjeraHus
NpHMeM NpeHeOpeRHTEeNbHO MaJbIM. Hanuune 3eMHOH MOBEPXHOCTH,
orpanpyuBatoniell nuddysHuio, onpeaeasier HEOGXOIHMOCTh OJHOBpE-
MEHHO YYMTHIBATH AeHCTBHEe (PHKTHBHOTO HCTOUHHKA, SBJSIONIErocs
3epKanbHEIM OTOODPaKeHHEM OKHCJAsoulerocss pynHoro tenaa. [lo
B. C. TonyGeBy, nuddysHoHHOe GOPMHPOBAHHE Ope0Ja paccesHHA
B miaockoctH x0z or JHHEHHOr0 HCTOUHMKR, NMapajjedbHOro OCH Y,
B OJHODPOAHON cpefie TMPH OTCYTCTBHH NOIVIONIEHHS M HAJHUHH rpa-
HHIB! pasfena «3eMJsi — BO3AYX», MOJUYHHAETCH 32BHCHMOCTH:

o= (1]
+Ei[_£%(5.;_@i]}, (79)

rle 0 — «MOUIHOCTB» HCTOYHHKA B Kr/M-¢; D — kKosdduunent aud-
(y3uH; A — MOLHOCThL MEPeKPHIBAOHIEX OTJ0XKeHuH; I — Bpewms;
Ei(U) — uHTerpaspHas nokasarelpHas (YHKIHESA OT BBIpaXKEHHS,
crosiulero B CKOOKax, 3HAUEHHS KOTOPOH TabyJHpOBAHH B CHPABOYU-
HHKAaX.

Pemenne 3ajaun ynpouaerca npu 2=0, 4TO COOTBETCTBYET NMpPO-
6oor6opy Ha DHEeBHOH MOBepXHOCTH. B sTOM cayuae

90 . x2—}— h?
= Eif —-X . 8
Ce 24D : ADT )+ Co (80)

L Tx2 4 p2
Jaa manibix 3HaquHH~ﬁ———H COOTBETCTBEHHO 60JbiHX T BHI-

paxeHue (80) MOXHO MPHBECTH K BHAY

8 DT\ 81
Ci =% [1n( x2+h2) c]+c¢, 81)
rae C=0,5772 ... — nocrosguHas ditaepa [7].

I'padux 3Toli 3aBHCHMOCTH NpelCTaBjfeT co60# CHMMETPHYHYIO
KPHBYIO C OIHUM MAKCHMYMOM B TOYKe x¥=0, aCHMITOTHYECKH NPH-
6aHXKaoUYI0cs K YPOBHIO reoxHMHueckKoro ¢oHa. PacueTsl, mpose-
JIeHHBe Mo 3ToH ¢opmyde pis GonbliHXx 3HaueHHd I, XxapaxkrepH-
3ylT «Cr0a0000pa3Hy» (OPMY HAJOKEHHOTO OpeoJa B BEPTH-
KaJbHOM paspese, UTO He MPOTHBOPEUHT HMEIOLIEMYCS OMBITY. DTHM
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HaJI0KEHHBIE OPEOJIBl PACCESIHHS PE3KO OTJHYAIOTCHA OT OCTATOUHHIX,
HMEIOIHX B paspese BeepOOOPA3HYIO, PACIIHPSIOLIYIOCH K JIHEBHOM
NOBEpPXHOCTH ¢opmy (cM. puc. 38). YpaBHeHHs (79)— (81) xapaxk-
TEPH3YIOT COJMEBYIO COCTABJAIOLIYIO THTOXHMHUECKOTO 0peosa, B KO-
Togoﬁ REGOYHAUDYIOWHIT PYAHBIA 3JEMEHT COXPaHSETCs B MJEHOY-
HOH BJIare, HACHIAIOMWE]l NaJbHENPHHOCHHE OTJIOKEHHS. DTH pacT-
BODHMEIC KOMNOHEHTEl CMOCOGHBI K HCIAPHTEJbHOH aKKyMyJASiHH H
copOuHY y IHEBHON NOBEPXHOCTH, a TaKiKe K PasJHYHBIM OOMEHHBIM
XHMHYECKHM DeaknHsM C MEePeXOAoM B TBepAyI0 a3y, 4To, ecTect-
B€HHO, NPHBOJHT K OTCTYIJIEHHIM OT NMPHBEJEHHBIX 33BHCHMOCTeI.

B npuponmHbix ycaoBHsSX (HOPMHPOBAHHE HAJTOXKEHHBIX 0peoJioB
PACCeAHHS JONOJHHATENBHO OCJAOKHAETCA GHOTEHHBIMH TNPOLECCAMU
H TOPH3OHTAJbHO-CIOHCTHM XaPaKTepOM NePeKPHIBAIOLINX OTIOMKeE-
HHM C TIepeMEHHBIMH 3HAYeHHsIMH Ko3pduuueHra nuddysun. Ana-
JHTHYECKOEe DeleHHe 3allaYH B 3THX YCJIOBHSX CTAHOBHTCS HEBO3-
MOZKHBIM, H /I MOJEJIHPOBAHHS HAJIOMKEHHBIX OPEOJIOB DacCesHHS
TpebyeTcsa HCNOJb30BAHHE YHC/ICHHEIX METON0B H DBM.

Ha puc. 46 nokasan BepTHKa/AbHBIE pa3pes H rpadHK HalokKeH-
HOrO OpeoJia pAcCesiHHs,, PACCUMTAHHOrO IJIsi YNPOUIEHHOH MOMEJIH.
o ycnoBuo pynusiii sleMeHT aKKYMyJHpPYeTcs y JHEBHO noBepX-
HOCTH M B OJIHOM H3 JIHTOJIOTHYECKHX TOPH3OHTOB uexJa. [lo naH-
HoiM I. H. 3acyxnHa, BecbMa ueTKHE OTKpPHITHIf T PY3HOHHBI
OpeoJ paccesHHsi MoMHOneHa (M MeHee uetkHii Cu, Pb) 6w ycra-
HOBJICH HaJl Me[IHOKOJIYEeJIaHHEIM MEeCTOpOXKAeHHeM MakaH npu Mou-
HOCTH NePCKPHIBAIONIHX IOPCKHX OTJIOXeHHH 10 30 M. HajoxKeHHBI
opeos paccesnnss Cu, Ba, Ag, Pb, Ni u Co npu mommoctn nepe-
KPHBAIOIHX NaJEOreH-HeOreHOBBIX H YeTBEPTHUHHIX IMIHH 15—75 M
BHISIBJIEH Hal MEIHOKONYEAAHHEIM MecTopoxAeHHem «Mmenu XIX

G, 467,66,

G TN S SR LU S o
NSRS 222 i L ok

hand ~~

vvﬁ
vvvv7

Puc. 46. PacuerHaf Mojenb Ha/OKEHHOTO ODeosa paccesHHS H rpapHK waszem- -
HO¥U CBHEMKH.
1 — fanbHENPHHOCHBle OTJIOXKEHHs; 2 — FODH3OHT AKKYMYJALOMH DPYAHOIO sJeMeHTa; 3§ —

PYAOBMeIalomHe MOPOAL; 4 — DYAHOe Tejo. 3HAYEHHA KOHUEHTPANHH pYAHOTO 3J]eMEHTa —
B YCIOBHBIX eJHuHLaXx: 5 — >50; 6 — ot 30 ;o 50; 7 — ot 20 mo 30
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THaprcvesnas (Henabuunckad objgactb). Ha IajickoMm MeXHOKoJue-
JNIAaHHOM MEeCTOPOXIEeHHH, no AaHHelM M. A. [Ja3oBckolt, npH Mou-
HOCTH IOPCKHX TIVIMH, ECKOB, KOHIVIOMEPAaTOB H HEOTCH-4eTBEPTHYHAIX
cyraueKoB o 70—100 M, OTKPHITHI HAJOMKEHHBI! OPe0J PacCesTHUA
Menu momanbio okoldo 1,5 km? ¢ comnepxanuem po 1,0 % Cu Gbia
obHapyxeH B 2—2,5 KM K IOTO-BOCTOKY OT 5-0H pyAHOH 3aJeXH.
DTa yHUKAJbHAS JHTO- M THAPOXHMHUECKas aHOMaJus 06A3aHa BH-
XOlly Ha MOBEPXHOCTb BHICOKOMHHEPAJH30BAHHBIX CYJb(GATHBIX BOJ,
06pasyomux 34ech IMHPOKO H3BECTHOE «KyNOPOCHOe 03epo». B oT-
JIHUHe OT COGCTBeHHO NHG(Y3UOHHBIX, 3TOT OpeoJs AOJKeH OHTb OT-
HeceH K 6oJiee PeKOMY THIY «THIAPOMOp(HEIX», o6pasysach B ycJo-
BHAX Pa3rpy3KH OpPEOJBHBIX BOA B COBPEMEHHYIO THIPOCETb. ITH
NAaHHBIE TOATBEPXKAAIOT BO3MOKHOCTh 06PA30BaHHS HAJOMKEHHBIX CO-
JEeBbIX 0peosioB paccesinHd Aupdy3HoHHOro (H 6oJiee CJAOKHOrO)
THT2 HAJ MECTOPOXKAEHHSIMH CYJb(HAHHX (KOJNUeNAHHBIX) PyA NPH
HAJHYHU YeXJa JaJbHeNPUHOCHBIX OTJIOXKEHHH MOLIHOCTBIO 10 30—
50 m u naxe Gosee 100 M. B mpOTHBONOJNOXKHOCTE 3TOMY, IO JaH-
HelM B. A. ByrpoBa, AByXMeTpPOBHI CJ0[i HEOreHOBLIX INVIMH B JIAH[-
magTax CyXHX cTened MOJHOCTBIO SKPAHHPYET OCTATOYHBIE OPEOJIH
paccesHust Mo u W Haj peAKOMeTaJbHLIM HPOXKUIKOBOBKpAIJIEH-
HBIM (IITOKBEPKOBEIM) OpyIeHeHHeM B TPABHTOMIAX, H 06pasoBa-
HHE HAJOXKEHHOro opeoJia 3axsarthiBaer Toabko 0,5—0,6 M dexia.
A. C. Muasie u A. H. ®okuH cunutaior 3 M 4exJa npeneibHOH MOLI-
HOCTBIO AJis 00pa30BaHHsI OTKPBITHIX HaJOXKEHHHX OPeOJIOB pacces-
HHSl YPaHO-MOJUOAEHOBEIX MECTOPOXKIEHHH B JaHAmadTax CyXHX
crenefi CeBepHoro Kasaxcrana. Bce mnpuBefeHHHe AaHHHE OTHO-
CATCSl K pe3yJbTaTaM NpsIMOro CHeKTPasbHOro (BaJOBOro) aHaJH3a
npo6. B nesoM o6HapyeHHe BTOPHYHEIX HAJOXKEHHBIX OPEOJIOB pac-
CesIHHS HaJ MOrpeGeHHBIMH MECTOPOKIAEHHAMH NPH JHTOXHMHUYECKHX
CbhbeMKax N0 CTaHJapPTHOH METOAHKe ¢ BaJOBbIM aHAJH30M NPo6 He
MOKeT OHTbh NapaHTHPOBAHO YiKe NPU MOLIHOCTH AAJbHENPHHOCHBIX
OTJOXKEHUH, U3MePAEMON NIEPBLIMH METPaMH.

ITo panusm IO. H. IOmkoBa, JHTOXHMUUYECKHE CHEMKH C aHAJH-
30M KHCJOTHBIX BBITAXKEK H3 npob [25] mo3BOJSIOT B YCJOBHAX BOC-
TOYHOTO cKJOHa Ypaja oGHADYKHBATh AUGDDY3HOHHEE HATOXKEHHEIE
OpPEeOoJIbl PacCestHHs] MEIHOKONYENAHHBIX MeCTOPOXKACHHA IPH MOLI-
HOCTH 4exJia 25—35 M, OpoTHB 5—7 M NPH BaJOBOM CHEKTPaJbHOM

_anaJause. JI. B. AHTpONOBa CYHTAET BO3MOXKHHIM BHIABJICHHE HAJO-
JKEHHBIX OPEOJIOB PacCesiHHS Hal MeJHO-HHKEJNEBbIM OpyIeHEHHEM
B foKemGpufickom GpyHnamenTe BopOoHEKCKOH aHTEKJH3B, MO CEJeK-
THUBHO H3BJEKAaeMHIM MeTaNJOOPraHHYeCKHM COeJIHHEHHSIM MEIH,
IPH MOLIHOCTH INE€PEKPHIBAIOUIMX NaJe0o30HCKHX H 6ojiee MOJOAHIX
ocaakos a0 100—140 um [2] (nmomoGHble Opeosbl, BEPOATHO, NPHHAN-
Jexar K 11 tuny). CrnenuajibHble HCCIEeNOBaHHS HAJOXKEHHBIX OPEo-
JIOB PACCesiHUS MOTPeGeHHBIX CYAbGOUAHBIX MECTOPOXKACHHI C aHau-
30M Ha CYMMy METAaJJIOB aneTaTHo-Oy(pepHHIX BBITSDKEK MNpPOBe
I0. E. Caer. Ilo gaHHbIM ONyGJIHKOBAHHOH HM CBOJKH, BTODHUYHEE
OpPEeOJIBl paccesiHUsl B MOYBaX C MPHMEHEHHEM COOTBETCTBYIOIIHX BbI-
TsxKeK HabJI04aJuCh PA3JMYHBIMH aBTOPAMH MPH MOIIHOCTH Oepe-
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KPBIBAIOIIHX OTJ0KeHHH ot 8—10 mo 100—130 m [33]. 3anauu BH-
ABJeHHs caa0biX FeOXHMHYECKHX aHOMAJHH PelialoTcsl TaKXKe MEeTo-
OOM H3BJeYedHs H aHAJH3a TePMOMArHHTHHIX (pakuui, npezno-
’KeHHBIM H. A. BODOWIHJOBBEIM, H METOJOM YaCTHYHOrQ H3BJIEUEHHS
meradaqaa (UMM). BosMOXKHOCTL BBISIBJEHUS C IOBEPXHOCTH BTOPHY-
HBIX HaJOXKeHHBX Ope0JOB paccesHHs Haj norpeGeHHEIMH MeCTO-
POXJECHHAMH NyTeM H36HPAaTeJbHOro (YacTHYHO-(A30BOr0) aHa/H3a
npo6 B MPHHIHIE He BEI3BIBAET COMHEHHH.

IIpsAMBIM METOZIOM NOBHINEHHS KOHTPACTHOCTH BechbMa CJalhIX
HaJIOXKEHHBIX OpPEQJIOB pacCesiHHs ABJASETCA CNenHadbHAs MATEMATH-
yeckas o6paborka Ha DBM aaHHBIX OOHIYHOrO («RaJOBOro») aHa-
Jau3a npo6. [To MUHHMAaJbHBIM 3aTpaTaM BpeMeHH H CPeNCTB Takas
06paboTKa MOHUCKOBHIX T'€OXHMHUECKHX NAHHBIX BCErfa NPeAmOuTH-
TeJbHa MO CPaBHEHHIO C JIOOBIM CeJeKTHBHBIM 2HAJH30M npob, Kak
NPaBHJO TPYAOEMKHM H JOPOrOCTOALIHM.

M3BecTHo, 9TO KOHHUrypanusa H pa3Mepnl cJaabBlXx reoxHMHye-
CKHX 4HOMAaJHH 1eIHKOM 3aBHCAT OT TeXHHKH TIeOXHMHYECKHX
CbeMOK. JIerko AOMyCTHTb, 4TO B3aMeH BHellHell H30JHHHH 20 yci.
ell., KoTopas Ha pHc. 46 OKOHTypHBaeT HaJIOXKEeHHBIH OpeoJ pac-
cesiHHS, NpH Jpyrofi TexHHKe paboT 3TOT Ke OpeoJ MOr OHIThb
OKOHTYpeH Ha HHxKHeM ypoBHe 30 yci. el. B 3TOM BapHaHTe reoxH-
MHYecKas aHOMaJHs B paspese Uexsa pasielunach Obl Ha TPH pas-
O6IIleHHBIX KOHTYpa — Yy [IHEBHOH MOBEPXHOCTH, Ha ypoBHe OGJiaro-
IPHATHOIO JIHTOJIOrO-CTpaTHrpadHuecKoro rOpu3oHTa U Ha riy6buHe,
B 30He, NpHJeratpoueli K pyaHomy tedy. [lo npuHATON KaaccudHKa-
uH Takol opeod u3 Il tuna nepeuies 6w B III THM, ¢ mepcnekTHBOM
€ro olHGOYHOr0 OTHECEHHS K 4HCJAY Ge3pyaHBIX («3aBHCLIHX») aHO-
manuit. Ho #He ToJMBKO KOHGHUTypauus, camMa BO3MOXHOCTE O6Hapy-
KEHHS HaJIOXKEHHOTO 0peosa paccesiHHA Hajn norpeGeHHBIM MecTo-
POXKIEHHEM pelIaEM 00pa3oM 3aBHCUT OT TEXHHKH MHOHCKOBHIX
CBEMOK.

PeanpHo cymecreyoomas caabas aHomanius He OyneT oOHAapy-
JKEHa, eC/H 10KasaTesb ee KOHTpacTHoctH y< 1,0, u mpocraiM cry-
HIeHHeM ceTH npobooréopa (mpH CTAaHAAPTHOH MeTOJHKe NOHCKOBHX
CHEMOK) 3TO NOJOXKEHHe UCMPAaBHThL HeJb3sl. B 3THX YCAOBHAX cja-
Gasi aHOMaJIHsl CKPHITA 332 YPOBHEM IIyMa, IJ1d ee BhISIBJEHHS HeoO-
XOJHMO MOBBICHTh AMIJIHTYAY aHOMAaJUH H CHH3UTb YPOBEHL IOMEX.
Ara 3agauva uMeeT oOLeTeXHHUECKOe 3HAUYeHHe H s ee pellieHHd
CYLLECTBYET MHOXKECTBO CIOCOOOB.

[TpocTeHIIMM MeTOAOM ' CHHXKEHHsS] YPOBHS CAYYaflHBIX NpPHPOA-
HEIX M TEXHHYECKHX NOMeX SIBJASEeTCS CrJaKHBaHHE NaHHBIX CIOCO-
60M «CKOJB3SILIEr0 CpPeJHEro», ¢ UHCJAOM TOYEK B OKHe 1, GJIH3KHM
K HX 4YHCJY B KOHType OxHHaeMmoil cnaboli anomanuu. B stom cuy-
yae peryJasipHasi cocTaBJjsiomas nojs (NOJEe3HBH CHrHaJd) coxpa-
HAeT CBOIO AMIUIMTYAy, a cJyuafiHas cocrasisioumas (moMexa)
yMeHbuaerca B}/ 1 pas, B HTOTe OKa3aTelb KOHTPACTHOCTH c/1aGol
aHOMAJIMH BO3DacTaeT B Takoe ke uyHcao pas. Ilockonbky pynHbie
JUTOXHMHYECKHE aHOMAJHH HEH3MEHHO SBJISAIOTCA KOMIOJEKCHBIMH,
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aHaJoru4Hoe yBeNHYeHHe HX KOHTPACTHOCTH JOCTHIaeTcs MyTeM He-
peMHOXKeHUs1 (MYJbTHIVIMKALHM) COAepKaHMil /M 3JEMEHTOB THIO-
Mop¢Horo KoMmiaekca. B caabbix aHOMa/MsiX NPEBLIIEHHS CoJep-
XKaHuH OTAeJbHbIX 3JeMEHTOB OTHOCHTEIbHO MX (GOHA COM3MEPUMBI
MeXIy co6O0M, MO3TOMY aMIJINTYyAa MYJAbTHNJAMKATHBHON aHOMAJHu
Bo3pacTaeT npuMepHo B m pa3. OnHOBpeMeHHO CTaHIapTHOE OTKJIO-
HEHHE MYJbTHIJIMKATHBHOTO ()OHA, COTJACHO TEOPEME O CJIOXKEHHHU
Ancnepcuil, yBeJqHYMBAETC TONBKO B )/ M pas M KOHTPacTHOCTb
MyJIbTHINIMKATHBHON AHOMAaJiMM BO3pacTaeT B TAKOE Ke YHUCJIO0 pas.
B pesyabrare coueTaHus MyJbTHIJMKAUMM H CIVIAXKHBaHHS NOKa3a-
TeJb KOHTPACTHOCTH HOBO# aHOManuu y* BoapacTaer B )/ mn pas mo
CPaBHEHHIO ¢ KOHTPACTHOCTBIO MCXONHBIX MOHO3JIEMEHTHBIX aHOMa-
JIUH Y, U

Y ="V mn. (82)

ITO0 BbIpAXKEHHE XapaKTepH3yeT BO3MOXKHOE YCHAEHHUE
cjaboii aHOMaJHMH TNPH NOJHOH HEe3aBHCHMOCTH CJIy4aiiHbIX TMOMEX,
B JEHCTBHUTENbHOCTH OHO MEHbIIEe B CHJIY UX CJIOKHOH KOPPEIANHOH-
HOIl 3aBHCHMOCTH MEXJAy COGOH M Pa3HbIX 3JE€MEHTOB M HAJHUHSA
pajuyca aBTOKOPpeNfillHH, COU3MEPUMOTO € marom npobooTdopa.
C yu4eToM 3TOrO MOXKHO TOJIBKO OPHEHTHPOBOYHO ONEHHTb, KAKHMHU
JOJIKHBI ObITh 3HAUEHHUS M M N, 4TOOHI MPEAeNbHO Clabbie MOHO3JIE-
MeHTHble aHOMaJIUU ¢ NoKasaTeseM KOHTpacTHOCTH 0<Cy,<C1,0 nocie
MYJbTHILIMKAHHHM H CIVIAKMBAHMS MCXONHBIX JAaHHBIX 06pasoBatn
HOBYIO aHOMAaJIMIO ¢ KOHTpactHocTbio y*>3,0. Coraacho (82) u 3a-
JAaHHOH BeJHYHHE HMEEM:

mn = ( v )2 =2 (83)

Yo v

Hna cayuass y,=0,4 Haxomum mn>56. JTOMY YCJAOBHIO NpU
MYJAbTHIIMKALNHN COAEPXKAHMH NATH PYAHBIX 3JEeMEHTOB OYAET OpH-
€HTHDOBOYHO YAOBJIETBOPATh CrAaXKHBaHWe ¢ 15 TOYKaMH B OKHE
(nanpumep, Tpu npoduIs N0 NATH TOYKaM Ha npoduie), NOCKOJbKY
5-16=75>56. Ilpn yo=0,3 ¥ MyJbTUIIMKALMH COAEPKAHUH IIeCTH
5JIEMEHTOB pa3Mep CKOJIb3AIIEro OKHa I1eJecoo0pasHo NPHHATD
3X7 touek (uau Gogbllle, €CIAM 3TO HE NMPOTUBOPEIUT Pa’3Mepy OXKH-
naemoit anomaauM). Tak Kak y, OCTaeTcs HeU3BECTHLIM, NDUBEAEH-
Hble pacyeThl UMEIOT TOJAbKO OPHUEHTHDYIOLIee 3HaYeHHME. B mpakTHKe
Lenecoob6pasHo MHOTOKpAaTHOE ycpeJHeHHe ¢ MaJbiMH OKHaMH (Ha-
npuMep n=2), NPUMEHEHHE HeJUHEHHBIX «OKOH», KPUTEPHS ONTH-
MaJdbHOCTH ¥ T. 1. [20]. BoiGop pyAHBIX 3JeMeHTOB IJI5i MYJbTHIJIH-
Kallud ONpenesioT HX MaKCUMaJbHble KIapKH KOHHEHTPAHUH B Py-
Jax N0 CPaBHEHHI ¢ MeCTHBIM (DOHOBBIM COAEPXKAHHEM B MOPOHAX
yexsna. B 3mameHarenb MYyJbTHINHMKATHBHOTO NOKa3aTesss MOryT
BBOAMTbCA 2JIEMeHTH U co 3HaueHMAMEH K «1,0 T. e. HaxomdmKecs
B pe3kom AedpunHute B pyAax. C Leabo nofasieHHs Oe3pyAHbIX
JaHamadTHHIX aHOMAaJdUf, OCHOXKHSIOIUX BHISBJACHHE HaJOXEHHBIX
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OpEOJIOB  paccesiHMsI TOrpe-
GeHHBIX MeCTOPOXIeHH,
B 3HaMeHaTeJb TeOXHMHUUe-
CKOro  mokaszatens moryt 47
TaKXKe BBOIUTbCS 3JEMEHTH,

He gBJasioliHecs TUNOMOP(-

HBIMH LI OXHAAEMOTo Opy- g7}
neHenust, OXHAKO uYucao WU

,”)\'-

T 1

oBers NOAEIHIEME

CMBICJI XHMHYECKHX SJjeMeH- \;o,“ _ _,,,,,.,.‘.,...;.v.v.v.vzm:"&::’g:i::.
TOB, 00pa3yoIux MYJbTH- AR MY MM LN TLK LY T BPCTHR 2558

TJIMKA THBHBIH nmokasarenp, § U, T wm
HDOJIKHBL TINATEJBHO KOHTPO-,

JHPOBATLCA. JTO TOJOKEHHE  p. 47 Homorpamma nas ouenkH pesysb-
HJIIOCTPUPYIOT CHEHHAMb-  71a70B MyABTHIIMKALHH. '
HblIe HOMOTrpaMMBbl A4 m‘zq:lcio MYJbTHILTHOHPYEM BIX S, TOB;
OLEHKH TOJESHOCTH MyJIbTH- o e Lo e
NJANKaL U, Hekpurnueckoe

NepeMHOXEHHEe  CcOolepXKanHui

Go/bILOrO YHCIa XUMHYECKHX 3/MEMEHTOB 6e3 yyeTa HX «BKJIaja»
B HaJIOXKeHHbI# opeon (puc. 47) W BeJMYHHbBI MaKCHMAaJbHOH KOH-
TPaCTHOCTH MOHO3JIEMEHTHBIX aHOMAJMI CIOCOGHO NMPUHECTH TOIBLKO
Bpes.

. ®. Macnukos B pesysbrare o6paboTku Ha DBM no nporpam-
mam l0. B. IlIBapoBa JaHHBIX HA3eMHOH JHTOXHMMYECKOH CBEMKM
Macuraba 1 : 25 000—1 : 50 000 BBIABAAM HAJOXKEHHBIE OPEOJIH pac-
CestHUsl Haj morpeGeHHBIMH KOJNYeNaHHO-NONHMETANINISCKUMH Mée-
cTopoxAenusiMu Pyanoro Aaras (PCOCP) npu MomHocTH uexJga
Gosee 100 M. MyabTHOIMIUPOBANHCH cofepxkanua Pb, Zn, Cu, Ag
¥ Ba no naHHBIM OGLIYHOTO CTEKTPaJbLHOrO aHaAu3a, Craa)KHBaHHe
NpoBOAMAOCh N0 15—21 ToukaM B cKoJb3siueM okde. ITo mepsud-
HbIM JAHHBIM OpeoJibl He BbiABASIUCh. [Ipu HeobxoaumocTu oGpa-
GoTkn Ha OBM Moryr moiBeprathCsi AaHHBlE YAcTHYHO (DA30BOTO
4Ha/lu3a reoOXHMHUYECKUX NMPo6, YTO COCOGHO MOBHCHTh TVIYGHHHOCTD
NIOMCKOB, JNOCTHTHYTYIO NPU- pas3fesbHOM NPUMEHEHHH MaTeMaTrHye-
CKOrO METOJd H CeJIEKTUBHOTO U3BJEYEHUs MeTaJJIOB.

3.9. BBAUMOOTHOIIEHHNS OPEOJIOB H ITOTOKOB PACCESIHUSA

B npoduae ropuoro ckioHa BHAEASIOTCS CAEAyIOUNHEe IATH HHTEp-
BasoB (puc. 48): I — naockuii Bogopasmen; 11 — BLINyKabifl CKIOH;
IIT — nsockuit ckaon; IV — BOrHyTBHI CKJIOH, mepeXxoRsHfi B J0-
auny V. B saBucumocTn oT MecTHIX ¢opm peabeda B mpoduie
CKJIOHA MexXAy BOJOpas3AeloM M HOJHHOH MOXKET mpeobaasarhb
TOJILKO OJAMH H3 MHTEPBAJIOB — BBLIMYKJbIH, NIOCKHHA HJIM BOTHYTHIH,
o6pasysi pasiudHble THIbl CKJIOHOB. [Lsi MOJOABIX TOPHBIX CTPaH
XapakTepHbl V-o6pasHble DOAMHBI C KPYTHIMH NJIOCKMMH M. BBHIMYK-
JAbIME CKIOHAMH. [IJIs paHOHOB ¢ «APAXJAbiMH» GopMaMu peabeda
Gosiee xapakTepHsl MONOrHe MJOCKMe u U-06pa3Hbie BOTHYTHI®
CKJIOHBI, NPUOMHKAIOIHECS K NPODUI0 PaBHOBECHs, U T. I
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Puc. 48. OGoGwennuiii npoduis rop-
HOTO CKJIOHA,

1 — 3JMI10BHO-AENIOBHY; 2 — aJIOBHHA: 3—
KODeHHble NOPOAH; 4 — IPaHUNN HHTEPBAJOB
CKJOHA; & — rpaHHOpl TNOSACOB. PHMCKUMH
uHbpamMiH 0603HaUeHnl HMHTEPBAaJel FOPHOTO
CKJIOHa

Ilpu BHnapmeHnu atmocdep-
HbIX OCAJKOB 4acTh BJaru mnoj-
Bepraercs HHpHAbTpanUu (npo-
CayHBaHHIO) B TOJIUY TOPHBLIX
nopoA. Eciu HHTEHCHBHOCTDb BbI-
najeHuss aTMochepHbX 0CanKoB
TIpeBBIIIAET HH(HUILTPANHIO,
Bcaell 3a of0pa3oBaHHEM CJIO%
MOBEPXHOCTHOrO  3ajepKaHust
BO3HHKAeT BOJIHOOG pasHoe
(nyJabcupyioniee)  MOBEPXHOCT-
HOe cTeKaHHWe ocajgkoB. B 3aBu-
CHMOCTH OT of0bemMa u KHBOH
CHJIbI TIOBEPXHOCTHOE CTeKaHue
crnoco6HO  cOBepliaTh pas3Jud-
HyI0 JeHyaupymouiyro paboty.
B6ausyu niaockoro Boaopasiena
CKOPOCTb ¥ 00BEM MOBEPXHOCT-
HOro CTeKaHus npuobpeTaior Io0-
CTAaTOYHYI0 BeJIHYHHY HJs OT-
phiBa H NepeHoca 4aCTHI TOJILKO
B caydae Haubosee HHTEHCHB-
HBIX JIMBHEBBIX 0CaJKOB. JTO OI-

penessieT CYUleCTBOBaHHE MOfACA
3aMeJUIeHHOH neHyAauuu, oxBaThiBawmero I u yacrs 11 uatepBana
CkJIOHa. B GoJiee KpyToil HacTH CK/IOHA JKMBas CHJIa MOBEPXHOCT-
HOro CTEKaHHs BO3PACTaeT, BO3MOXKHOCTb OTpPbIBA M mepeHoca 4a-
CTHIL, BO3HHKAaeT yiKe NPH MeHblIeH WHTEHCHBHOCTH BHINAAEHHS O0Cal-
KOB, 06pa3ysa mosic akKTHBHOH HeHydauMH, OXBaThIBAOWME yacTh 11
u Bech II1 unrepBas ckiaoHa. B mpesiesax mepBbIX TPeX WHTEPBAJOB
CK/JIOHA OTJIOXKEHHs MEPEHOCHMMOro MaTepuasna He NMPOHCXOAMT, Tak
KaK Macca BOAbI /M, y4acTByOIlefi B MOBEPXHOCTHOM CTEKaHHHM, He-
[pephIBHO BO3pacTaeT OT Bojopasjesna K NOJHOXKHIO CKJIOHA, IPO-
NOPUHOHAAbHO JJIHHE TOPH3OHTAJILHOTO NPONOJKEHHSI CKJOHA,

a CKOPOCTb CTEKaHHst BO3PacTaeT WM OCTAeTcst NocTostHHO#A. Henpe-
muy?

PbIBHOE YBEJAHUYCHHE ‘}KI/IBOI':I CHJIbI TOBEPXHOCTHOI'O CTE€KAHUs

IomyCKaeT AajbHefillee HACHIIIEHHE BOAB!I TMEPEHOCHMBIM MaTtepHa-
JIOM IIyTeM OTpPbiBa OT NOBEPXHOCTH CKJIOHA BCE HOBBIX M HOBHIX Ya-
crun. IIpu nmepexome K BOTHYTOR 4acTH CKJIOHA CKOPOCTh NOBEpX-
HOCTHOTO CT€KaHMs 3ameAnsercs. EcIu NpuH 3TOM HHTEHCHBHOCTb
BEIMAafeHnst aTMOChEpPHbIX OCAJKOB HEBelHKa, »KUBasi CHIa MOBEPX-
HOCTHOTO CTEKaHHMs NajaeT, U HACTYNaeT OCaxJAeHHE YacTH TepeHo-
cUMOro Matepuana. I1pH HHTEHCUBHBIX JHBHEBBIX OCafkaXx Bo3pac-
Tanue oO6beMa IOBEPXHOCTHOTO CTeKaHHsl Ha)Ke B Npefelax BOTHY-
TOrO CKJOHA MOXET MepeKphiBaTh yGbIBaHHEe CKOPOCTH CTEKaHMS, H
TOrja ocCax/[eHHe yCTymaeT MecTO AeHydauMu. [103ToMy BOTHYTHII
HHTepBaJ ckJoHa IV dBjsercs NMofcoM uYepefoBaHHUA OTJIOXKEHHA U
JleHynanuM. B ponMHe moBepXHOCTHOE (CKIOHQBOE) CTeKaHHe Iiepe-
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XOIUT B PYCJIOBOW CTOK (BpeMEeHHbIH WM NOCTOSHHBI), B Npolecce
KOTOPOr0 MaTepHal, CHeCeHHhIi cO CKJIOHA, CMEIIHBAETC ¢ MmaTe-
pHaJIoM, NOCTYNMBLUIUM 1O pPyCJy.

Ha miockux ¥ BBLIMYKJIbIX CKJAOHAX, UMEIONIMX LIMpouaiilliee pac-
TPOCTpaHeHHe, NEHYAauMs NpoTeKaeT (€3 mONyTHOro OTJOXKEHHS
CHOCHMHIX B HOJIMHY NPOAYKTOB BbiBeTpHBaHMs. Ha TakuX cKJIOHAX
rpaduk JUTOXMMHYECKOro OpeoJia MOXYMHAETCS OOBIYHON (hyHKIMH
paccesiHus, COXpaHsisi CHMMETPUYHLIH, OLICTpOYOLIBalONNE BUA. YiKe
Ha pacCTOfHWH OT WEHTPaJabHOH TOYKH OpeoJa, paBHOM =30, Han-
(oHOBOE cOfepxkaHUe MeTaNaa B moJe paccesHus napaer po 1/100
Cmax M JNajlee MPAaKTHYECKH CTAHOBUTCA (GoHOBHIM. B ToM e cede-
HHH Ha[A(QOHOBOE COoAepKAHHE B AJJIOBHAJbHOM MOTOKE PAacCesiHus,
cornacHo (32), coctaButr P[Sy M MOXKeT MHOTOKPaTHO NPEBHLILIATH
HUXKHee aHoMmadbHoe. Ilocie GOHOBHIX CoOfepxKaHuii MeraJsia Ha
CKJIOHE COJiepXKaHue Merajla B NoToke paccesnns Cx' BHOBb BO3-
pacTaer, M HMKAKOTO HENMpPEPLIBHOrO, NMOCTENEHHOro yObIBaHHS CO-
AEpXKaHUil PyNHBIX 3JEMEHTOB OT LEHTpa opeoja B CTOpPOHY O6.iu-
XKafuied TOYKM NOTOKA paccesHHs Ha IVIOCKHX MJIM BBIMYKJbIX CKJO-
Hax He HabJaiofgaerca (puc. 49).

Huoe neno, ecan npoduiab CKIOHA BOTHYTHIE. B 3THX ycaoBuAX
OTOPBaHHbIE OT IIOBEPXHOCTH CKJOHA B 30HE Opeosa pyjaHble dYa-
CTHIibl MOTYT OLITb OCaXJAEHbl THUICOMETPHYECKH HUXKE IO CKJOHY.
3a BpeMs MeXAy NpeAbAYIIUM H Gojee aKTUBHBIM CJIEAYIONINM BO3-
HEACTBUAMM AEHYNALHH OCaXKJeHHble YacTHIbl PYAHBIX MHHEDAJOB
pacceuBalTCs B TOJIE pBHIXJAbIX OTJIOXEHHA U Becb HHTEpBAJ

Puc. 49. B3auMOOTHOWIEHHs OpeOJNa W IOTOKA PACCeSHHS IIPH TJIOCKOM CKJIOHE

JOJUHHL. -

a4 — nnaH MeCTHOCTH; 6 — pa3pe3 N[O HOPMAaJH K CKJOHY. [/ — HanpaBJfenHe CTOKa;, 2 -— 5JI0-
BHO-ZEJNIOBHA; 3 — alulOBHH; 4 — KOpPeHHBle IOPOAH; & — DYIHOe TeN0; 6 — BTOPHUHBLH
opeosl paccesHHst (3<n<125)
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IPuc. 50. nefipw opeonos paccesHUS HA BOTHYTOM CKJIOHE.
DYAHOE TENO M er0 MePBHYHBIE Opeon; 2 — PYAOBMeInaOmHUe TNOPOABI; 3 — 3JMI0BHO-xE-

JMIOBHAJNbHEIE  O6pasoBanus; 4 — a
; — ANMOBHAJBHO-NIPONIOBHANBHEE O
DanMu DYAHOrO SMEMEeHTa B YCAOBHBIX eAHHHNAX: 5—or | gxo 31-.”()6”(-5“:1'&3 I;Igox;ca}_m;m-
’ i -

or 10 p: ] 30; 8 —>30; 9—rpan OCTATOUHBEIM ODEOJOM paccesguua T -
T M PaHHOa MexAay ATOUYHBI H ero uief
A D
q)OM, 10 — HHTEpBAN nepexofa OCTAaTOYHOTrO opeona paccesiHHSA B norpede}moe COCTOSIHHE

CKJIOHA HIKE LEHTPAIBHOH TOUKH Opeoia NOCTENeHHO, HA TV M
HHYIO TAy6HHY, NPUOGPETAET aHOMAAbHO BBICOKOE cone’p}KaHn}; Me-
Taana. B pesyapraTe rpaduk Opeojia paccesiHHst Ha BOTHYTOM
CKJIOHE HMeeT aCMMMETPUYHBI BHI, M BCIO NOBEPXHOCTb CKJIOHA
HHXKE€ LEHTPA/JIbHOH TOYKH OpeoJsa Caefyer paccMaTpuBaTh B Kaue-
CTB€ 006J1aCTH AHOMAJbHBIX CONEpKAaHMH MeTalJa, 3aHuMawUleH
HPOMEXKYTOUHOE MOJIOKEHHE MEXAY OPEOJIOM M TNOTOKOM paccesnus
B NPAKTHKE JHTOXHMHYECKHX TIOHCKOB €€ MPUHATO HMEHOBATH
«uIeHdoM opeosiar, OMPeLeSIONIUM MEPY ero acumMetpuu. Cozuep-
XKaHHSl MeTa/ja B npefenax uuieiidha nocTeneHHo u He3aKOHOMEpHO
YOLIBAIOT B CTOPOHY pyCJ1a, OHH MOTYT HENOCPeACTBEHHO CMBIKAThCS
C alOMaNbHBIMH COAEPXKAHMSMH MeTalla B NOTOKe PACCESHHS HJH
OTAGIATLCS OT HMX HHTEPBAJIOM (DOHOBBIX COMEPKAHMIIL.

ITpumep THnuyHbIX MTEHPOB, CONPOBOXKAAOUIUX BTOPHYHBIE OC-
TaTOYHbIE OPEOJIbl pacCesHUst PYAHBIX TeJ, NOKA3aH Ha cXeMaTHye-
CKOM pHuC. 50. B ocHOBe ero JexaT peasbHble faHHbE O pacnpepnese-
HUH CBMHNA, BLIABJCHHbIE JHTOXMMHUYECKOH CHEMKOH MacliTaGa
1:10000 #a yuacTke Bepkapa (Uentpanbubii Kaszaxcram) [42)
ITpu onenke npornosuuix pecypcos u IPYTHX TApaMeTpoB aHOMalb-
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Hble COJAEpAKAHMSI METAJIOB B IIeAdax opecsoB B MOACYET MPOAYK-
THBHOCTH BTOPHYHBIX OCTATOYHBLIX OPEOJIOB pacCesHust BKIIOYaThb
HEJb34.

3.10. PELIEHUE NPSIMbIX H OBPATHDBIX 3AJ1AY

[psamas 3ajlaua JMTOXHMHYECKHX TIOHCKOB OTBeYaeT (Gopmy.u-
POBKE: PacCYMTaTh OXKHUAAEMbIHl BHJ BTOPHYHOTO OpeOJaa PACCEFHHSE
N0 3apaHee 3aJlaHHbIM NapaMeTpaM PyMHOro Teja H MECTHBIM reo-
XuMudeckuM KoaddunuentaMm. Heo6XoguMOCTh B 3TOM BO3HHKAET,
Hanpumep, NPH OLEHKE MHHMMAJbHBIX PasMepoB PYAHBIX TeJ, HO0-
CTYNHBIX A5 oGHapyKeHHs NP 3aJlaHHbIX TapaMerpax reoXuMHyue-
ckoro (houa W NaHHON TexHHKe paboT. JTa 3ajaya peliaeTcs BNOJHE
OHO3HAYHO.

O6paTHas 3aja4a MOMCKOBON I€OXMMHH CBsI3aHa CO 3HAYHTEIbHO
6onee TpyaHO# mpobJeMOH: MO XapaKTEPUCTHKE BbISIBJAEHHOrO BTO-
PHYHOTO Opeosa pAaccesiHHs PACCYHTATb OXHIAeMble TNapamerpht
PYIHOro Tesa, KOTOpoe 06pa3oBajio HaHHbI opeos. Pemenue 3ToH
3a7aun ABJAAETCA BaXKHEHIIMM MTOrOM JIHTOXMMHYECKHX TMOUCKOB,
onpeneasisi HX reoJOrHYeckHe pesyJbTaThl. [Jo106HO perieHHsIM ApY-
rux obpaTHbIX 32734, HalileHHbIEe OLEHKH NapaMerpoB pyJHOro Tejaa
He SBJAIOTCS €AUHCTBeHHBIMH.

Hasa pacyera rpadyka OXHA2EMOro BTOPHYHOI'O Opeosa paccesi-
HHA TIO NPOGUIIO CIAYXKAT TeopeTHueckne sapucumoctd (55) u (59),
ecly 3apaHee 3ajaHbl MOIIHOCTb PYIAHOrO Tejad 2p W COAep:KaHHE
Meraina B pyrax Cp a u3 onbiTa paGoT B TOM XKe pailoHe HIH
B CXOAHBIX YCJOBHSIX M3BECTHH MecTHble 3HauyeHus k u ¢. B srom
cAyyae MaKCHManbHOEe COLEpPXKaHHe MeTasjla 3a BHUETOM ¢oHa
B OpeoJie «TOHKOTO» PyAHOrO Te/la, OrpaHHYEHHOro yciaoBHeM 2p<
< 2,50, HalileM W3 BHIpAKEeHHS

Conax = 228 (84)
2,50

Conepxxanue Merajsa B OCTANbHBHIX <«OCOOBIX» TOYKax opeosa,
[0 4HAJOTHH ¢ OLeHKOH KoadduuueHTa pacCcesHUs «METOJOM Tpex
ypoHeil» (cM. puc. 37), HafiieM 4Yepe3 Cmax 1O TabyJHPOBAHHBIM
3HaueHHM (GYHKUMM paccesHds. [lo npusefleHHHIM B Ta6Ja. 15 Tou-
KaM MOXKHO IOJHOCTbIO MOCTPOUTb IpaduK OXUAAEMOTr0 Opeosa pac-
CesiHHSI B OXHOM M3 OOGLIENpPHHSATHIX MacmiTaboB, BbIOHpas ero 3 Co-
otHolleRu# o~ 1,0 cM, Cmax~5—6 cM.

JlJs MOWHOrO pyHHOTO Tela npH 2p>2,50, 3Hauenus Cx 1%
NSTH-IIECTH TOYeK OAHOH M3 BETBeH opeoja HaiaeMm no ¢opmyJae
(59), ucnobayst 3HAYEHUS MHTErpana BEPOSTHOCTEH, yMHOXas Bbl-
yypcIeHHble 3HaYeHust na k u npubasass Co.

Ha puc. 51 nokasaH nmpuMep TAKHX DACUETOB HJs TPeX PYIHbIX
Te]l pasNMyHOro pa3Mepa, CXEeMATH3HUPYIOUIUX «OCHOBHBIE» 3aJEXH
KPYIHOro, CPEIHEr0o M MEJKOrO MEeCTOPOXIEeHHA CBHHIOBBIX DYA
B FODHO-TYTOBHX JaHAuia@Tax BblPOBHEHHBIX BOLOPasiesoB 3aH-
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HHUOBLIX pyld B JaHA~
copepxanni

rpadnk
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3 — pyAHoe Temo (C

5 — TeopeTHYECKHH

2 — pyAoBMeHIAIOUlHe CHAMKATHBle NOPOABI;

4 — YCNOBHBI{ KOHTYDP BTOPHUHOTO OpeoJ/a paccesiHdg B paspese;

iickoro Anaray [25]

it 3agaud masi kpynworo (a), cpepmero (6) M Meakoro (8) MECTOPOXKAEHH

5 M), pasmMepnl B MeTpax;

B ODeoJIe

I — 3JII0BAH ¢ XOpOIO PAa3BATBIMH TIODHO-JIYTOBHIMH IOYBAMH;

wagTax BHPOBHEHHBIX BOAOPA3A&/a0B 3auJu

Puc. 51. Peulenue npsiMo

()

Ta6auuwa 15
K pacuety opeona paccesiRus

}13332 x, M Cy» yecn. ex. }18“?,?5 X M Cy» yer. en,
0 0,0 Crmax +Cop 1 +0,50 0,883 Cinax + Co
2 +1,00 0,607 Crax + Co 3 +1,5¢0 0,325 Crpax -+ Cg
4 +2,00 0,135Cmax+Cp I 5 +2,5¢ 0,043 Crpax + Cg
6 =+3,00 0,011 Crax - Cd, Bcee + o Cq,
. Hpo.
ype

Jaufickoro Anatay. B KayecTBe HCXOAHBIX MAHHBIX ObIIH IPUHATHI
cofepKaHus Mertanna B pyRHoMm Tene Cp=2,0% Pb (psnosne
pyabl), dopmMa PYAHBIX TesJ — KPYTONajaouiyie IJAacToBble (JTHH30-
obpasnble) 3a/exH, ABASIOUIHECT IeOMeTPHYeCKUMH ¢(urypaMu 1mo-
no6usl IJIsT MECTOPOXKIAEHUH pasJUyHbIX KAAaCCOB KDPYIHOCTH B CH-
cTeMe JecATHYHOH Kaaccubukauuu no 3anacam. V3 ombita paGot
B palioHe MeCTHHIH KO3(pdHLUEeHT paccesiHHs AJs CBHHIA OblI NpHU-
HAT 0=05,0 M u KoapdunueHt nponopuuoHanbHoctu k=0,1, oTBe-
Yaloluil XapakKTepHbBIM JJs AaHHBIX JaHAIAPTOB ocaabaeHHbIM
opeosaM paccesiHus Pb. PacueTsl a4 KpymHOro MecTOpOKIEHUS
npoBoguanch no ¢opmyste (59), niasa Menkoro -— mo dopmysae (55)
u JaHHbIM Ta6J. 15, nya cpeaHero no mMacuraby MeCTOPOXKIEHUA —
no o6eum GopMyaam, NoKas3aBUIUM XOPOUIYIO CXOAMMOCTH [25]. Teo-
perunueckuii rpaduk opeoJsa paccesHus Pb paa cpegHero mo mac-
wraby 3anacoB oObekra (cM. puc. 51, 6) mocraTouHo GJU3KO CO-
BlajaeT ¢ peajbHbIM BTOPUYHBIM OPEOJNIOM paccesiHus MOJUMEeTasl-
JIHYECKOTO MecTopoxIenusi UuHackuicall, HaXoJAILEToCd B TOM XK€
pafione. BepTukanbHble pa3pe3bl TEOPETHYECKM pacCYMTaHHOroO (a)
H peanbHOro (0) BTOPUYHBIX OPEOJOB paccessHUst MNOKa3aHbl Ha
puc. 52 aas cayuast 6aM3KHX 1m0 BUAy 3aBHcumocTelt M,=f(2) u na-
IEHUH DYNHBIX TeJ, OTK/IOHSIOUHXCS OT BepTHKaabHOro. CXOACTBO
opeosioB paccesinus (@) U (6) BIOJHE OYEBHAHO, YTO HOKA3bIBAeT
NPaBUJILHOCTh HAaHIEHHBIX TeOPETHYECKUX 3aKOHOB HX (GOPMHPpO-
BaHHS.

AHanuTHYeCKOe pellieHWe NpsAMO# 3axadu no ¢GopmyJsaM CTaHo-
BUTCSl BeCbMa TPOMO3ILKHM JJsl CJOXKHBIX PYIHBIX 30H C HEOJHO-
KPaTHO M3MeHSIOMIMMCA CpeJHUM COAepXKaHHEM MeTajjJa B pynax,
CONPOBOXKAAEMbIX TEPBHYHBIM OPEOJOM H NPOMENKYTKAMH «IYCTBIX»-
nopoxa. Pacuer oxupaemoro rpadnka BTOPHYHOTO OpeoJia pacces-
HMSL IJIS1 CJAOXKHBIX PYAHBIX 30H NMPOU3BOAHTCA C MNOMOLIbIO NPENJIO-
x)ennoit P. M. [ly60Brim cnenuansHoOil JuHefiku. [as AeTajbHOTO
H300paXkeHUsI 0XKUJIAEMOro OpeoJa paccesiHus B I1aHe, B M30KOH-
LEHTPALHAX, OKOHTYPUBAIOIIUX 3aaHHOE OPYJEeHEHHe, CNYXKHUT pac-
cuutannas P. U. Jly6oBbiM KpyroBasi najetka [42].

ITo TeopeTuyecKH pacCUMTAHHbIM IpadukaM M KapTaM H30KOH-
LeHTPaluil OPEOJIOB paccesiHUs C y4eTOM NapaMeTPOB MEeCTHOTrO reo-
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Puc. 52. BepruKanbHbHiE DA3pesH DACYETHOTO (a) u peanphoro (6) BTOPHYHHIX
0DeOJIOB pacCesHUs.

{ — nepexphiBaOIqMe UYeTBePTHUHble OTJNOMKEHHS. Kopa BuBeTpHBaHHA: 2 — rAMHHCTAR, 3§ —
ueGeHHCTan; 4 — H30KOHIEHTPATHI B YCHOBHBIX eAMHHNAX; 5 — GypoBble CKBAXHUHEL 6 —
PYAHOe TeNo; 7 — pynoOBMeInamoinie [HOpOABI

XHMHYECKOro GoHa NPOH3BOIHUTCA OLEHKA HX 3(deKTUBHBIX pasme-
POB, KOHTDACTHOCTH ¥ JPYTUX IOKa3aTejel, BAXHBIX NI OGOCHO-
BaHHA METONMKH NOHUCKOBBIX PaGoT. VYcnemHoe peuleHue NPAMBIX
341aq sABASETCA OOHUM H3 JMOKAa34aTeNbCTB BO3MOMKHOCTH KOJHYECT-
BEHHO# MHTEPIPETAUHH BTOPUYHBIX OPEOJOB PACCESHHS, T. €. peuie-
HUsL PasHOOGpasHbIX OGpaTHBIX 3amad. [JoACYeTHl NPOLYKTHBHOCTH
OCTAaTOYHOr0 Ope€osia paccesiHUs ¢ ydeTOM MeCTHOro KoadduiueHTa
NMPONOPLHOHANBHOCTH XAPAKTEPU3YIOT KOJHYECTBO MeETakIa B KO-
PEHHOM BBLIXOZE OpyHeHEHHs! GE30THOCHTENbHO K €ro HaXOXKIEHHIO
B GoraThiX Win B GeNHbIX (HEKOHAMUMOHHBIX) pyiAax H B NePBUYHOM
OpeoJIe 3aJI€XKH, 4TO, €CTECTBEHHO, OYeHb BaxHo. [lostomy nas
OUCHKH BBISIBJEHHBIX OPEOJIOB PACCESHUS HMeeT 3HAYeHHE pasieb-
HOE onmpeleJieHHe MOLIHOCTH PYAHOH 30HBI 2p U CPeAHEro CojaepKa-
HHUsl B Helt Meraasa Cp eme 10 mepexonia K pa3BeNOYHbIM paGoTaM.
B cryuae «roHKmx» pymHsix Ten (2p<2,5¢), cormacHo «NIPHHLHIY
SKBHBANICHTHOCTH», 3Ta 3ajla¥a ABJSETCA HepaspewnMoi. J{us Mo~
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HBIX DYNHBIX 30H AeHCTBHE NPUHLIHMNA SKBUBAJEHTHOCTH TpeKpamia-
eTcsd ¥ AJIs1 Ten MpocToit ¢opMbl pasfenbHoe onperenenue Cp 2p
H ¢ 10 OCTATOYHBIM OPEO0JaM pacCesHUS BO3IMOXKHO C MOMOILBIO HH-
TEPOPETANUOHHLIX NaJeTOK, npelaoxenHeix P. Y. Jly6osuim [20].

st yncienHoro peweHust a1oi xe 3agauu E. M. KBATKOBCKHII
NPEANOKUL CrenHaNbHy0 HoMorpammy [22). K uaTepnperamuu mHo-
TOBEPINMHHBIX, COXKHbIX, HENPABUALHOH GOPMbI rpa@UKOB HIH U30-
METPHYECKHX B I/JaHE OPEOJIOB PACCEsIHHs TMaNeTKH W HOMOTpaMMa
HenpuroiHbl. KosnuyecTBeHHast MHTEPNPETauHst OCTATOYHBLIX OPEOJIOB
paccessHUA ¢ NOMOMIbIO NMANeTOK W/IM HOMOIpPaMMEI, HECOMHEHHO, Mo-
Je3Ha, HO OHa He MOXKET 3aMeHHTb 60pO310BOro ONmpoGOBaHUA Py.
B KODEHHOM 3aJ/leraHuH.

3aBepliaercs reosioruyeckas, reOXUMHUECKAs U (UIUKO-MaTeMa-
THYECKast HHTEPNpeTauus BTOPHYHBLIX OPEOJIOB pACCesHHA OHEHKOMH
BLIIBIEHHBIX OGBEKTOB B HH(Pax NPOTHO3HBHIX pPECypcoB MeTanna,
onpeznessiounel 3GeKTHBHOCTb MOUCKOBEIX PaBOT M COCTABJAONIEH
OCHOBHOE€ coJ€epxkaHue oOpaTHOi 3afaiM MOHCKOBOH reoXxuMmuu. Pe-
lapulee 3HayeHHe AJisi HTHX OLECHOK HMeeT aHaJAu3 TeHeTHYECKOTO
THIIA H TeOJIOTO-CTPYKTYPHBIX YCJIOBHH JIOKaJU3aLHH OpyAeHEHHs.
31eck Mbl OrpaHHIUMCH PACCMOTPEHHEM TeX CJyd4aeB, KOTa IO Ieo-
JIOTO-CTPYKTYDHBIM YCJIOBUSIM XapaKTepHCTHKAa Macilitaba opynene-
VMA Ha TIOBEPXHOCTH PYAOBMELIAIOUIMX NOPOJ OTBEYaeT ero mpo-
VBIIJIEHHON oueHKe. K 4uciy Takux 0G6BEKTOB OTHOCATCS Pymo-
VDOSBJEHU H MECTOPOXIEHHA OTHOCHTEJIbHO HNPOCTOH (BOpMBI,
BCKPBITbIe COBPEMEHHBIM WM 0o0Jiee NAPEBHMM 3PO3HOHHBIM CPE3OM
Ha ypOBHE NPOMBIULIEHHBIX TOPU3OHTOB OpyJdeHeHus (He cjenble) —
IJIaCTOBOTO, JIMH3000PA3HOIO, XUJIbHOIO HAH LITOKBEPKOBOTO THIA.
Bhixonbl pyaHbIX Tes Ha MOBEPXHOCTb PyLOBMENIAIONIHX TMOPOJ, KAK.
NPaBUJIO, YACTHYHO WU NMOJHOCTBIO NEPEKPHITH NPOAYKTAMH BhIBET-
pUBaHHS, 3aTPYyNHAIOWUMY HJIH HCKIOYAIOUUMH HX [PAMYIO-
oneHky. OGbeKTUBHLIM NOKa3aTeseM OLEHKM macuitaba KOPeHHOro
OpyNeHEHHs CJIYXKHT NJOWAAHAS NPOLYKTUBHOCTb €ro 3JIOBHO-LE-
JIOBHAJABHOTO OpeoJia paccesinusg P M29Y,. PacnoJiarast JaHHBIMHU O Be-
JHYUHE MECTHOrO KO3(dullMeHTa OCTATOYHOH NPOLYKTUBHOCTH R,
MOKHO €llle 0 NPOU3BOACTBA T'OPHBIX pabOT ONEHUThL KOJHYECTBO
MeTaaaa (B T/M) B KOPEHHOM OPYIEHEHHHU:

P 1
== 85y
/) 0% % q (85)

Hcxons u3 310ro nMporHo3Hble pecypesl MeTasla MOTYT GbITh NOJ-
CYUMTAHBl Ha raAyOuHy H B COOTBETCTBUH C reOJIOTHYECKHMH Npen-
CTaBJICHUSAMH O BEPOATHON (OpMe, YPOBHE 3PO3HOHHOIO CPe3a U yC-
JIOBUSAX 3aJI€raHUst PyNHBIX TeJ:

Qu=—gH. (86)

Kosnnuectso meraJsa B ocTatoyHom opeosie P B M29% unu gBT/M
XapaKTepU3yeT BLIXOJA PYIHOH 30HBI HA BHAHMYIO MOIIHOCTL B IJIOC-
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Puc. 53. K ouenke IpOTHO3HHIX DecypcoB Merajia 10 BTOPHUHOMY OCTaTOYHOMY
OpeoJy paccesiHusl.

/| — smoBHA; 2 — PyZOBMel[alolUMe NOPOAB; J — pYAHOe TeJO H E€ro nepsuYHbIl  Opeo;
4 — YHTEDBAJ DYAMOro Teja, CyMeCTBOBABUIMA xO BLHIBETPHBAHMHA; 5 — H30KOHLEHTPATH CO-
JepXKaHHS MeTajjJa B OpeoNe DacCessHHs Ha INOBEpDXHOCTH M B Dpaspese B YCJIOBHHIX e/H-
HHnax

KOCTH HabiiofeHHsA. DTO He BAUSIET Ha pe3yJbrar nojcdera Qu, ecid
ray6uHa H nmpHMMaeTcss 1O HOPMaJHM K 3TOH IJIOCKOCTH, KakK 3TO
caenyer ua puc. 53. Ecau e OpH OTHOCHTENbHO MOJOTOM 3a/ieTaHHH
PyAHO# 30HBI IMyOuHA noicuera H npuHuMaercs N0 NajeHHUIo, Be-
JIHYHHY ¢ HEOGXOAUMO NMPHUBECTH K HCTHHHOH MOIIHOCTH.

PeaysbTaThl mojcdeTa NPOTHO3HBIX pecypcoB Qu mo opmyse
(86) orpaxarwT obliee KOJHUECTBO MeTajna 6e3 yyera ero KOHIH-
UHMOHHOTO WJH HEKOHAMLHOHHOrO COJAepXaHusi B Mopoxax u pynax.
Mexny TeM Ta WIM HWHas 4acTb 3TOTO METaJJIa, OYEBULHO, COCPENO-
TOueHa 3a npejeaaM¥ KOHTYpa NPOMBIULIEHHbIX pyld. ['eosorudeckue
H TeoXUMHUUYecKHe NPHHUHUNBI BhGOpa LeaecoobpasHbiX rayOHH MOA-
cueTa TPOTHO3HLIX PECYPCOB ¥ MONPABOYHBIX MHOXKHUTEJEH A Ie-
pexosa OT reOXMMHUYECKHX K OKHAaeMblM KOHIMUHOHHBIM pecypcam
MeTala B 3aBUCHMOCTH OT THIA MECTODOXMIEHHH, paccmaTpuBa-
forest B a1, 6. TIporHo3Hbe pecypehl, MOJCYHTAHHbIE O MapaMeTpam
BTOPUYHLIX OCTATOYHBIX OPEOJIOB PACCEsHHUS, B 3aBUCHMOCTH OT Mac-
mwraba JUTOXHMHUECKHX CHEMOK U IeOJOTHYeCKOH H3YYEHHOCTH Bbi-
IBJEHHOTO ODYAEHEHHs, COracHO NaHHBLIM TalbJ. 9, MOLIeRKAT OTHe-
cenyio K kateropusm Pe uan Py



IF'masa 2

JIMTOXUMHUYECKHE MOTOKH
PACCESIHUA

2.1. TBEPIbIA H PACTBOPHMbIN CTOK C CYLIH

Hactb semnoil Kophi, o0pasyiomas cymy, Bo Bce NEePHOJBI TeO0JIOTH-
YECKOH MCTOPMH 3eMJH fIBASJIACh apeHOl PasBUTHA B3aNMOCBSI3aH-
HBIX NPOLECCOB BBIBETPUBAHMA H JeHyAALHH. DopmHpys Tunepren-
HO€ moJie paccesiHUsl MECTOPOXKJAECHHUI IOJE3HBIX HCKOIIaeMbIX, 3TH
TIpoNecchl OMPeAeNA0T pa3sBHTHE BaKHEHIINX s [PaKTHKM IIOHC-
KOB BTOPHYHBIX JIHTOXMMHYECKHX OPEOJIOB M MOTOKOB paccesHus Me-
CTopoxaeHu. Macmrago ACHYAAUHOHHBIX IPOLECCOB, NOJL KOTO-
PbIMH TIOHMMAETCSt ylaJ/eHHe W NepeHOC NPOLYKTOB BHIBETpUBaHuA
B 30Hy 0CaaKo06pa3oBaHMs, XapaKTePH3YIOTCH MHOTOUHCACHHbIMH
A2HHBIMH T€0JIOTHH, (H3MYeCKOH reorpaduu u THJPOJIOTHH,

M3 510 MaH. KM2? MOBEPXHOCTH 3eMHOTO apa coBpeMeHHas cya
sanumaer 29 %, uan 149 man. kM2 TobKo 0,8 MaH. kM2 3eMHOl TI0-
BEPXHOCTH JIEKHUT HUXKe YPOBHA Mops. CpefHss BHCOTa cyumm co-
cTaBasier 875 M, ¢ pa3HOOGPA3HbIMH YepefOBAHHIMY HM3MEHHOCTeH,
IIIOCKOTOPHH M BBICOKMX TOPHBIX XpeGTUB. Penved semuoit nosepx-
HOCTH HenpephiBHO npeoGpasyercsa. Cuisl, dbopmupyromye penaved
3€MHOH IIOBEPXHOCTH, IO CBOef npupoAe BecbMa Pa3HOOOPA3HHI.
C omuoli CTOPOHH, HX HCTOUHMKOM Cay>kaT BHYTPEHHHE IPHYHHBI,
OnpeAe/IsIone NepeMeIleHHe KPYNHbIX GJOKOB 3eMHOM Kopol. [lox-
HATHS OTAE/IBHBIX €e YYacTKOB H FPAaHAHO3HbBIE TEKTOHHUECKHE nepe-
YCTpOHCTBA NpHBENH K 06pa3oBaHHUIO TOpHBIX COOpYZKEHHH, T. €. Io-
JIOXHUTENBHEIX opM peabeda. C Apyroi cTopoHsl, IPHYHHAMH Tnie-
PeyCTpoiicTBa pesbeda SIBJSIOTCA BHELIHHE CHJIbI, onpeAensoune
Pacu/eHeHHE W pa3pylleHHe BO3BHILICHHBIX YYaCTKOB 3eMHO HOBEpX-
HOCTH, MEPEHOC PaspyLIeHHOro BEIIECTBA M OT/IOXKEHHE ero BO Bra-
AMHAX. ITOT NPOTHBONOJOXKHMIH NpoLece BCeoGIero BbIpaBHUBaHUA
(HuBeIMPOBKM) 3eMHOM TNIOBEPXHOCTH, pa3BUBAIOWIMICA B psfe CJy-
Jacs uepes ycJoXHeHHe peibeda, NMOAYHHEH 3EMHOMY TATOTEHHIO.
Ero nanpasasiomet cuiloi siBasieTcst KocMmuuecKas 3HEpTHs COJHey-
HOTO M3JlyyeHus,

3emHas moBEpXHOCTH HA rpaHHUe aTMOCQEepH 3a oA moJyyaer
7-10* Ik tenna B dopMe COJNHEYHOrO H3JYYCHHS WIH B CPefHEM
oKosio 2,1 Ik Ha | cM2 B MuHyTYy. M3 3TOrO Koauuecrsa 492 % or-
paxaercs o6paTHO B MHPOBOE MPOCTPAHCTBO, a 58 % nornomaercs
3EMHO! NOBEPXHOCTBIO U aTMochepoii I. Ao rpomMajJiHoe KOJiNnuecTBo

! BesieicTBHe BCTPeuHOro TemoBOro (4/IHMHOBOMIHOBOIO) H3JYYeHHS 3eMJH
¢ TEIIOBOE COCTOSHHE B CPellHEM He MeHSeTcs, TaK Kak MOJyYeHHe Temia ot
CosHIla H ero packoX B3aHMHO YPaBHOBEIIEHH.
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SHEPTHH COBEpLIAeT K0JOCCaJbHYI0 paboTy Ha NMOBEPXHOCTH 3§MJ1;11:
onpejieAeT TEIVIOBOH peXHMM OKeaHa M aTMocdepsl, dopm Bp)}fm
KJAMMAaT W CJAYyXKHT HCTOYHHKOM XKH3HH HaUSeM.ne. OkoJi0 nomx:n !
COJIHEYHON SHEPTHH, TIOTVIOLIAEMOH 3eMHOH MOBEPXHOCTHIO, pacech_
eTcsl Ha mcnapeHdue Bjaru. B pesysbprarte nocjaeayiolled KOHIla ca
UMy napos B aTMocepe, Ha NOBEPXHOCTb 3€MJIH BhINAAAIOT OCALKH,
Ha 3eMJe.
onpepeasionye 6aganc Biaara )
pHa NIOBEPXHOCTb CYIIM €XETOAHO BbiNajaeT B BHAC aTMOCQ)e];
HBIX OCafKoB OoJbllle BJIaTH, HEXENH pacaxonyeTcsx Ha ncnapcexi;l“.
Aror u3bbITOK, cocTasasommil 36 Thic. KM?, 06pasyer CTOKJI(E,; c}'Iané
Crox arMoc(epHBIX 0CaJKOB BeAeT K JAeHYAAlu{ CYLIH BCT 1:{ reme
pacTBopsouleH AeATENbHOCTH BOAbI H ne(gememeﬂmx €10 9acTu p
eqbeda.
HBIX TIOPOJ B CTOPOHY NMOHHXKEHHUSA P
PeKIzI 3€MHOTO LIapa NMePeHOCcAT OrpOMHOE KOJNHYECTBO TBepn%r;)
BellleCTBa B BuJe TOHYailleH B3BECH M BJEKOMBIX NO JHY gaﬂc});eﬂz
06 beIMHAEMbIX N0 Ha3BaHHEM «TBepAblil cTok». Ilo npnﬂgnHMblx
HBIM MOJICYETaM, €KErojHbii 00beM TBEPAbIX OCAAKOB, 'CE ;{ Ry
peKaMH B MHPOBO} OK€aH, JOCTHIaer IOpsiKa 20 M.H7pll. T. o
HBIHl TIPUTOK COJIeH B OKeaH C CyIIH OLEHHBAETCS B 2," 1\41.11511. A
NJIOIAH BHYTPHMATEPUKOBOTO CTOKA, CocTaBisoulei 41,8 min. HeM,
uan 27 Y% COBpEMEHHOH CyliM, MacuTab 3THX NPOLECCOB B CPel
n.
OlICHHBAETCH TEMH XKe IHuppam . )
. Tonbko B pesyJabrare 3pO3HOHHOH neﬂTenbl}(i)oOc(')rg I()EeKl/IJIIII/CI)Bee}i)é
/ aercsa Ha | M 3a Jer -
HOCTb CYILIH B CPEAHEM INOHHXK " e
TOAHO Ty(ipHeT 260 T TBEpABIX BELIECTB HA KaXAblH KBa;l;HalgbleHmK:-
% BeJIMYHHa, HOCALLAadg Has
JoMeTp cBoell miomand. dra ! ¢ )
I‘OILH%I‘O cJaos AeHydaluy, LIS pasjNyHbIX TEPPHTOPHH OLe
HuBaercs CeAyOUWUMH LHdpaMu (B MM/TOL):

Asnsa . ..
Espoma . . . . . . . . . .
Pycckasi paBHHHA . . . . .
Paeuunn CIHA

Boabwoln Kaskas .
Aapmet . ¢ . ...

Bacceitd p. Boaru

Bacceily p. HyHasa .
Baccefinnl pex Pownl u Ilo .
Bacceitd p. AMyaapbH .

Bacceiln p. Baxm .

OcTpoe fBa . . . . . « « . . .
Octpor Kanumauras (Bopweo) . .

cCoocoooCoee
S WO
[si}

NOON—OENOC O~
@ W~

b3l
O -
@

a3
Pazanuadch Aas OTAEIbHBIX y‘{aC6TKOB cylin ng:g:les cz)(x)a(x)l(;npaﬁ;
7 i MoxeT GbITh MHOTO M , b
€XKeroJHbIA CJIOH AeHYyAaluH nat
WK 3HAYHMTENBHO NPEBHIIATD cpe;uugro Bennqngzegﬁ;):z}g:& Beek
B ron). Hakomnen, o
nosepxnoctu cymx (0,1 MM e Sy e~
bTaTe TOro € TBEPAOoTro C
Hble 00/1aCTH CYyILIH B pe3yJl Toa oy
g BCJEACTBHE HAKOILIEH )
MbITHIBATDL TOBHIIIEHHE YPOBH T Scakos.
TC €AMHCTBEHHOH MpH
JeaTeqbHOCTh PeK HE fABJAE AHHOR HHBe-
¥ . HepaBHOMEpHOE HATDEB
OBKH 3eMHOi nosBepxHocTH. H
g)yégu colHeyHOH pajnanuell B pasiHyYHbIX IIMPOTAaX, a TaKXe Hal
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Cymle# u Haj MOPeM, NPUBOAUT BO3AYIUHBIE MACChl B HelpephiBHOE
ABHXKEHHE, T. €. K 00pa30oBaHHIO BeTPoB. Berep mopxsatniBaer u me-
PEHOCHT BO B3BCIIEHHOM COCTOSIHHH OTPOMHOE KOJHYECTBO MbIJIM HJIH
nepemenaer 6ojee Kpynuble MHHEPaJIbHble YACTHIE NYTEM nepexa-
ThIBaHHA. [lesTeqbHOCTL BETPA YAaCTHUHO MPOTHBONOJIOXKHA TpaHc-
NOPTHPYIOLIEH NEATEJbHOCTH DPeK, NMePeMemaomuX CHOCHMbIH Ma-
TepHaJs BCErIa TOJIbKO B IIOHHXKEHHble 06/JacTH U, B caMoM oGLiem
cjlyyae, B MHPOBOH OKeaH.

OGpasoBanne JTHTOXHMHUECKHX NOTOKOB pacCesHus MECTOpPOK-
IeHUI TIOJIE3HEIX HCKONAeMbIX NPOTEKaeT Ha I0BEPXHOCTH CYlUH 3a
CUeT JKHMBOH CHMJIH H DacTBOpsiOlIeH cnocoGHOCTH BOIb B pesyib-
TaTeé 3aKOHOMEPHOrO MNepeMelleHHs! NPOAYKTOB BLIBETPUBAHHUS CH-
JlaMH TPAaBHTAUKMH B CTOPOHY NOHHXEHHS pelbeda H B 30HY OCALKO-
HakomnJeHus. BoJsiee mofuHHeHHOE 3HAUEHHE HMeET NeATeNLHOCTD CO-
BPEMEHHBIX JIEAHAKOB, OJHAKO B KJMMAaTHYECKHE 3NOXH IPOILJIOTO
B CeBEPHLIX paHOHaX eBponeiickux crpan, Kanaaw n Ansickn posb
JIeIHUKOBBIX NPOHECCOB OblJa YPe3BbIYAWHO BEJHKA W CJEbl ee CO-
XpaHHJUCh N0 HAIWHX JHeH. B BBICOKOTOPHBIX paoHax 3aMeTHYIO
posib B OPMHPOBAHMH NOJIS PACCESIHUS HTPAIOT OCHINH, KAMHENa Ibl
H KaMeHHbIE NMOTOKH, B NPHIOJSIPHBIX palioHAaX Crenu(UIECcKoe 3Ha-
YeHHe npuobperaer conudJoKuUs. TpaHCNOPTHpYyoWas cuila BETpA,
33 O4UEHb PEIKHMH HCKIIOYEHHSAMH, He CcrnocobHa 06pasoBaTh OTUET-
JIABBIX JINTOXHMHUYECKHX TOTOKOB PaCCEsIHHS.

IIpeoGnananue JnToXnMuueckux Gopm paccesHus PYLHBIX 3Je-
MEHTOB H NOAYHHEHHAs POJib THAPOXHMHUECKHX NPOIECCOB 0COGEHHO
OTHETJIHBO MNPOABJAIOTCH NPH (OPMHDPOBAHHHM TOTOKOB pPacCestHHS
GOJIBIIMHCTBA PYAHBIX MECTOPOXKMAEHHH W B GOJBIIHHCTBE PalOHOB.
Pacnipenesienne XHMHUECKHX 3/IEMEHTOB MEXAY pacTBOpUMOH W
TBEPIOH (pa30i CTOKa XapaKTEPH3YIOT HX K03QMHUHEHTH BOAHOM
MUrpanun u ranaccoduibHocts (cM. taba. 8). Kpome xucnopona u
BOJIOPO/la K/IAPKH OKEaHHWYECKOH BOJLI NpPEBHIIAIOT KJIAPKH JIHTO-
coepnl ToBKO no Tpem sjementram — Cl, S u Br. Bce ocrasbubie
SJIEMEHTHl HE MPOABJAIOT CIIOCOOGHOCTH K HAKOMJIEHHIO B THApOchepe
¥ OCHOBHBIE HX KOJIHYECTBA COCPENOTOYEHBbI B NPOAYKTAX TBEPAOTO
cToKa. PaccmartpuBasi JeMUHT MHOTHX XHMHUECKHX 3JIEMEHTOB
B runpocdepe, A. A. Caykos nucan: «Ecan 6b1 B 3emHuoil kKope me
6bl10 (DaKTOPOB, PEry/IHPYIOIIKX MOCTYNJIEHHE XHMHYECKHX 3J1eMeH-
TOB B MODSl H OKEaHbl, H €C/i Obl BCe 3JIEMEHTbl M3 TOPHBIX MOPOJ,
NpH WX BLIBETPHUBAHUM OECNPENATCTBEHHO NOCTYNAJH B THAPOCHEPY,
TOFHa COCTaB nocaeljHeH Oblin Gbl COBCEM IPYTHM, YeM €CTb B NEfi-
CTBHTE/JBHOCTH. B yacTHOCTH, B Hell 6LIIO Gbl B COTHH 1 THICAYH Pas3
boJsblle UMHKA, CBHHNA, DPTYTH, MBILIbSIKA, MeIH H ceaeHa» [38,
crp. 115]. K mepeuHio 3Tux 3/€MEHTOB MOXKHO NOGAaBHTH Sm, W, Ni,
Mo, Cr, Au, Pt, Th u mHorue npyrue sjaeMeHTHI, MECTOPOXKACHHS
KOTOPBIX SIBJSIIOTCH OOBIYHBIMH OOBEKTAMH €OXHMHUYECKHX TOHCKOB.
B annoBnasbHOM TIOTOKE paccesHH§, TaK e KaK 1o nepudepuu
3JII0BHO-AE/IOBRANBHOTO OpeoJia PYNHOTO MECTOPOXKIAEHHs:, npeobaa-
AaHHe JIUTOXHMHYECKHX (GOPM paccesiHusl ONpelensieTcsi CJenyio-
UMK paxTopamu:
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1) HanpaBjeHHOCTbIO OGMEHHBIX XHMHUYECKHX peaKuuil B BOLHOH
:pefle B cTopoHy o6pasoBaHusi Haubojiee TPyAHOPACTBOPHMBIX H
€1a60AMCCOMUUPYIOLINX COEHHEHHH;

2) BbINajeHHeM H3 PacTBOpPa THAPOKCHLOB GOJIBIIHHCTBA TsXKe-
JBIX MeTaJlJioB yxe npu sxauenuax pH<5,5, B To BpeMs Kak BOZLEI
PYYbeB H DeK TODHBIX PafOHOB HMeloT OObluHble 3HaueHns pH>T7;

3) copbuHeil KaTHOHOB METAJJIOB MHHEPAJbHLIMH H OpraHuye-
CKHMH KOJIJIOHJaMH TOHKOAHCIIEPCHBIX HJIHCTO-TIMHHCTBIX (ppaKuui
aJJIIOBHA.

CrapelliuM METOLOM HCCAeOBAHHS MEeXaHHYECKHX IIOTOKOB pac-
CestHHS B TOHCKOBBIX LEJISIX ABJISETCS WIIHXOBas cbheMka. ONHAKO
TIPUMEHAMOCTb €e OrpaHHyeHa IIOHCKAMH MeCTopomne?nn, MHHe-
pasibl KOTOPHIX 1O CBOeH BBICOKOH mJoTHOCTH (>4 r/cm?), a raxike
XMMHUECKOH W MeXaHHYeCKOH YCTOHYHBOCTH CIOCOOHBI K KOHHEH-
TpauuH B IIIHXax. DTO 3acTaBujo, BCJel 3a CO3/laHHEM METOLOB
JIMTOXHMHUECKHX TOHCKOB OpPe0JIOB paccesiHust PyAHBIX MECTOpOXKAe-
Huil, o6paTHTbC K pa3paboTKe METOAHKH IIOHCKOB IIOTOKOB pac-
CeslHUs TeX MECTOPOXKJAeHHH UBETHHIX M DEIKHX MeTaJJoB, MuHe-
pajibl KOTOPHIX He TpHHAAJexaT K THnuuHo WwanxosbiM (Cu, Ni, Co,
Ag, Pb, As, Zn, Mo, U n ap.). Llesecoo6pasHocTh Hcc/A€A0BaHHS
¢ 3TO# LleJIbI0 HMEHHO MPOAYKTOB TBEPAOTO CTOKA BBISIBHJIACh OUEHb
6eictpo. ITo mannmiv H. M. Crpaxosa [44] o gopmax mepeHoca B pe-
KaX OCHOBHBIX KOMIIOHEHTOB 0caikoB (pHc. 13), Murpauust pyaHbix
3JIEMEHTOB B HCTHHHBIX DacTBOpax HIpaeT BecbMa MOAYHHEHHYIO
posib. Ofliee COOTHOLIEHHE MEXKAY CyMMOH BJIEKOMbIX N B3BEIICH-
HbIX HAHOCOB PEK M CTOKaM pAaCTBOPEHHLIX BElECTB /19 TOPHBIX
crpan ouenuBaercs uM Uudpamu 7,66 : 1,0. [Ipeobnanaer pacrsopu-
MBIl CTOK TOJIbKO B paBHuHHBEIX pekax (Hesa, Boura, HuxHee Tede-

nue Jlewnl W Jp.), B paHoHax

HBIX MECTO- : N
KOTOPBIX TOHCKH PYAHBIX 2 88 | 3z | Uommme | NN/
pOXIEHH MO MX NOTOKaM pac- | 2.1 32 | 3& | Jron]
cesHHSt He mnposoasrcs. B me- | &% Se | 25 [racu-[rerace
JOM MeXaHHuecKas H XHMHUe- | QS |27 | S5F |ler- uieriie AL

CcKasl JIEHYyJIauHd MaKCHMaJbHbI
B pafioHax TYMHJHOrO KJIuMaTa
€O CpenHel rofOBOH TeMmepary-
poit Beime +10 °C u npAMbIM
06pa3oM 3aBHCHT OT CTENEHH

pacuseHEHHOCTH penbedpa u TeK- W
TOHHYECKON aKTHBHOCTH DaHOHa.

Tlpn 3ToM y ropHBIX pex B psifie :‘,:o:q?f \\/
cJayyaeB MEXaHHMYECKHH TpaHC- M 3 s
nopr Fe, Mn, P u Manbx sJje-

mentos (V, Cr, Ni, Co, Cu Puc. 13. dopMbl TepeHoca B peKax
W ap.) «sooGlie CTAHOBHTCH  cyopypix koMIoHeHTOB ocCaikoB [44]
CUHCTBEHHO 3HAUUMOH POPMOH»  ; _ yuuepanm ;2 wunepans  anes:
nepenoca [44’ T 1, CTp. 32] Bee [é)ooncpgoog. Héor;[i‘x:;.l(gg' wacth eHMbeoanemeuToé
CKa3aHHO€ HE CTaBHUT NOJ COMHE- (V, Cr, Ni, Co, Cu...); 4— kapGonarsi Ca,

Mg; § — xqopuam d cyastdater K, Na, Ca,
HHe BO3MOKHOCTH o6pasosaHm{ Mg

N
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AHOMAaJIbHbIX KOHUEHTPAUHH pYIHBIX 3JEeMEHTOB B PEYHbIX BOAAX
B COOTBETCTBHE C B3aHMOCBA3aHHOCTBIO H B3aHMOOGYCJOBIECHHOCTBIO
BO3HHUKHOBEHHS F€OXHMHUYECKHX aHOMAJIMii B pas/IHYHBIX reocdepax
(cm. 1.7), B paHHOM ciiydae TOJIbKO YKa3HIBaeTCsi Ha Npeol.JajaHue
TBepAOH (asbl B NOTOKAX PACCESHHS PYMHBIX MecTOpoxiaeHHui. Cy-
IeCTBEHHAA POJib NEPEHOCa PEKAMH B PACTBOPEHHOM COCTOSIHHH OT-
MeuaJjach A9 As u Mo B 3abaiika/ibe, OHa HECOMHEHHO 3HAYH-
TeqpHa u aas B, F, Sr u Li; B dopme cynboar-uona murpupyer
B peuHBIX BOAAX cepa CyJab(OUAHBIX MecTopoxaeHHH, O6o6iias BOM-
poc O METOIMKE [eOXHMHYECKHX MOHCKOB PYIHBIX MECTOPOKIEHHI
N0 HX NMOTOKAM pAaCCesiHHS B FHAPOCETH, MOXHO YTBEpPXKAaTb, 4YTO
OnpoGOBAaHHIO B NMOHCKOBHIX LEJAX MOLJENKAT «CTEHKH COCYAa», 3d-
KJIIOYAIOIIero TOT WX HHOH BOJOHMCTOYHHK, T. €. TBEpABI MaTepHal
TOpHBIX NOPOJ, C/AAraloIuA Gepera ujn AHO PYuybeB, PeK W POLHH-
KOB. DTOT BBIBOJ HE HCKJIOYAeT CYIIECTBOBAHHS TAKHX TeOXHMHYE-
CKHX YCJIOBHMH, B KOTOPBIX TOMCKH ONP€eJEHHBIX MOJE3HBIX HCKO-
naeMbix Haubojiee IeJecO06pa3HO BECTH THAPOXMMHUECKHM METO-
nom (cm. 5.1).

2.2. YPABHEHHS HIOEAJIbBHOTO MMOTOKA PACCESAHHS

Ilpoussenem pacuer comepkaHuii MeTajla B JMTOXHMHUECKOM IO-
TOKE DACCeAHHs /s NPOH3BOJIBHOTO MECTOPOXKAEHHS, BTOPHYHBI
OCTATOYHBIH OPEOJI PACCesTHHAA KOTOPOTO IOABEPraeTcsi COBPEMEHHOM
AcHYNal¥K HAa TOPHOM CKJIOHE KaKo#-1ubo noJiuHbl. Bynem umeno-
BaTh NOTOKOM | mopsifika Jio6yi0 peKy (pyuedl, LOJIMHY), HE HMEIO-
11y10 GOKOBBIX NPHTOKOB. COr/acHO TOH K/I1aCCH(MHKANUH, IBE PEKH
I nopsnxka, camuBasice o6pasyior peky 11 nopsiaka; ase peku II no-
psilka, cinBasicb obpasyioT peky Il mopsinka, KoTopast B CBOo Due-
penb MOXET NPHHHMATh B KayeCTBe GOKOBBIX IIPHTOKOB APYTHE PEKH
ToJibKO I u 11 nopapxos u T. 1.

Bacceiinbl Bogoc6opos pycen I nopsinka uaiie BCEro uMewT rpy-
WeBHAHYI0O QopMy M IJIOIAlb HX Sy AJs JIIOGOH TOYKHM pycia BO3-
pacraeT npONOPHHOHAJbHO KBaJpaTy pPacCTOSHHS X OT BEePUIMHBI
Bojopasfena 0 (puc. 14). IlycTp Ha ckJ/OHe 5TOH MOJIHHBI PAaCIOJO-
XeH BTOPHYHBIA OCTAaTOYHBIH OPEOJ PACCEsIHHS C MJIOMIAJHON INPO-
nyktuBHOCTBIO P M? O meranja. 3amaua 3ak/i04aercs B YCTAHOB-
JICHHH 3aBHCHMOCTH COAepxkKaHHH meranna C,'* B pycJaoBbIX OTJO-
XKEHHAX OT KOOPAHHATH TOUKH ONpoGOBaHHA:

Ce=F(®) =1 (P, Sy, (30)

rie P umeer cMmblca MecTHoro napamerpa; Sy=¢(x). B coorser-
CTBHH C NpHBEJEHHbIMH BbIle€ JAHHBIMH AONYCTHMO CYHTATh, UTO
(opMupOBaHHE NOTOKA pPacCesHUS LEJHKOM ONpelesisieTcsi TBEpAbIM

cTokoM. B pycse pyubsi, nzobpaxeHHoM Ha puc. 14, cienyer pas-

JHYaTh TPH HHTepBajia: NepBHIH, Pacrno/OXKEeHHHH Bbllie TOYKH R,
B KOTOpOH DYAHLIA MaTepHa/l H3 OpeoJja pacCesiHHsl He IOCTynaer,

* DykBeHHble 00O3HAYeHHS BeJHYHH, OTHOCSMIMXCA K IIOTOKAM paccesHus,
NIPHHATO JOMOJIHATL 3HAYKOM «IUITPHX» (CM. NIPHJIOMKEHHe).
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Puc. 14. K pacueTy JHTOXHMHYECKOTO NOTOKA PacCesHHS.

a — noJsoXKeHHe PYAHOro Tena B GaccefiHe BoAocGopa; 6 — rpadHKH [OTOKOB paccedHHS;
1 — BTODHUHBIE OCTATOUHBI OPeoN PpacCesHHS ¢ MPORYKTHBHOCTHIO P, M? %; 2 — TOYKH OL-
PoGOBAHHA aANIOBHAJBHLIX OT/JAOXKEHHA; 3 — HampaBNieHHe CTOKa; 4 — FpaHHOB Bogoc6o-
pos Sx' PHMCKHMH HH(paMH 0Go3HaYeHH HHTeDBaJjbl, OTpaHHYEHHble TOYKAMH Hayasa (Ro)

H OKOHYaHHa (R) mOcTyINeHHss MeTajajna B Pycno H3 opeoJsa

BTOpOH, MeXAY ToukaMH Ry M R, Ha NpOTSAKEHHUH KOTOPOTO CHOCH-
MBIH B PYCJIO C JIeBOTO CKJIOHA «OPEOJIbHLIHY» 3/I0BHO-AEJNIOBHH OI-
pelleifieT MOsABJAEHHE aHOMAJbHBIX CONepXKAHHA MeTalljia B a/lVIlOBHH
H TpeTHH, HHXe TOUKH R, Ha KOTOPOM 3TOT a/VIIOBMH NONOJHAETCH
TOJIbKO MaTepHajoM, CHOCHMBIM ¢ 00oux 6e3pyJHbIX CKJIOHOB, B pe-
3yJibTaTe 4ero aHOMaJbHbBle COMEepXKAHHS MeTra/Ja IOCTeNEHHO Ma-
JAaloT.

Bo Bcex Toukax ompoGosaHus B I uHTepBase pycla comepxa-
HHMA MeTajljla, OYeBHIHO, ocTaloTcs GOHOBHIMM, H 3aBHCHMOCTE (30)
npuobpeTaer BHI TOXKIECTBA

Cy=Cy (31

AnmoBrasibHble OT/IOXKEHHUSI B TMePBOM MNpPHOJIHKEHHH MNpencTas-
JAI0T  coG0H TPHPOLHYIO CpefHio Npoly, XapaKTepH3yoILyo
Bce pasHooOpasye TOPHBIX MOPOJ W HaJlMuHe PYLHBIX Tea B Oac-
ceiine JeHyAallHuu AaHHOTO BOJOTOKaA.

B IIl unTepBasie pycia comepKaHug Mera/sla B aljlioBud 6y-
JYT npeBbINaTh (POHOBBIE Ha BENHYHHY

AC, = - .100%,
grn

TILe ¢ue — IONOJIHUTENbHOE KOJHYECTBO METa/ja, MOCTYNaIOIIEro

B PYycJO 3a CueT JeHYJalHUH opeosia paccesHHud; §rn — obllee KOJiu-

YecTBO MaTrepuala TOpHBIX TOPOMA, CHOCHMBIX 32 TOT e OTPE30K

BpeMeHH CO Bceli momagu BojocGopa Sy, OTBeyalolledl TOYKe

ONpOOOBaHUS Ha PACCTOSHHUH X OT BEPILUHHBHI BoJAopasiena.
O0o3navas cpeaHuil cjol AeHynanuu Ah, nMeem:

" Que= PAhd-10-%;
Grn = S,Ahd,
rrne d — obbeMHass Macca CHOCHMOro B pycjao 3M10BHO-AE€/I0BHA.
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OTtcrona AC,=P/S,;

Cy= .SP +Cyr (32)

Bo II unTepBaje B pycio OYAyT MOCTYNnarh pasjMuHbie KOJHYE-
cTBa MeTaJJla, 3aBHCAILHE OT INPOAYKTHBHOCTH P, TOH 4YacTH
opeosia paccesiHHsi, KOTOpas yyacTByeT B (OPMHpOBaHHHM TBEPLOro
CTOKa TOYKH ornpoGoBanus x. CuMTas /I TIPOCTOTHI, YTO JIMHEHHAS
NPOLYKTHBHOCTh OpeoJa Ha BCceM HHJgpBaje R—Ro ocraercs
nocrostHHolM,  uMeeM  Pi/P= (x—Ro)} —Ry). Orciopa  co-
ryiacHo (32)

4 Py 4 P(x-—Ro) '
Cy= Cy= ——2% L Cy 33
s, TC= 5 r—ry T (33)

Toxnectso (31) u ypasuennst (32) u (33) xapakTepusylOT
pacnpesiesieHHe CcojepXKaHuii MeTalia B HICaJbHOM JIMTOXHMHUE-
CKOM TNOTOKe paccesnusi. Kaxjoe H3 3THX YypaBHeHHH OTBEYaeT
Onpe/e/IEHHOMY HHTEpBajly pycila M aHAJHTHYECKH OHH HECOBME-
CTHMBHI.

Pemas ypaBHenne (32) OTHOCHTENBHO P, nmeeM:

P =38,(C,—Cg)- (34)

Papencrso (34), xapakrepusys ujeaslbHBIH TOTOK pacCesHus,
B IPHPOIHBIX YCJIOBHSIX 3aMEHSeTCH NMPONOPUHOHANBbHOH 3aBUCH-
mocTbio. OGO3Hauasi NpaBYKd YacTh BHpaxkenus (34) CHMBOJIOM
P’ u uMeHys ee, 110 aHAJOTHH C TAKHMH XKe NapaMeTpaMH OpeoJsoB
H pPYyAHBIX Tel, MPOJAYKTHBHOCTbIO NOTOKa pacced-
H ¥ §, MOXKHO C TOJIHBIM OCHOBAHHEM HaIHCaTb:

P'=8,(Cy,—Cy) =k P =const, (35)

rae k= 1,0 — ko5QPHUKEHT NPONOPUHOHANBHOCTH, 3aBHCALIHA OT
MECTHBIX  OPOTHAPOTpadHUECKHX YCJIOBHH H HHIHBHIYaJbHBIX
CBOHCTB XMMHUECKHX 3JIEMEHTOB, B YacTHOCTH, OT peajbHBIX COOT-
HOLIEHHMI MEXJY HX TBEpPABIM H PACTBOPHMBIM CTOKOM.

Ecjn OTHOCHTE/NbHAas BeIWYnHA OOLLEro CTOKa 3JIEMEHTOB I10-
pon006pa3yIollnX MHHEPAJIOB MpeBblIIaeT OTHOCHTEJIBHBIH  CTOK
PYAHOTO 3/1€MeHTa TI0 CPaBHEHHIO C HX COOTHOUICHHSMH B 3JIO-
BHO-/1e/IOBHH, a/IIOBHi 00OTaIlaeTcsi PYAHBIM 3JEeMEHTOM H 00beM
ero CTOKa TPOTNIOPHHOHANBHO BO3pacTaer. YpPOBeHb COACPKaHHH
Mmerasnna B aisoBun C,', Ha KOTODOM [OCTHTAETCS AHHAMHYECKOE
PABHOBECHE MEXKJYy €ro NPHXOAOM H DACXOJOM, ONPENE/ALT BejH-
yuny k’>1,0. Ecam scaencrsue MaJiofl TJIOTHOCTH, CIOCOGHOCTH
K TepeH3MeJbUeHHI0 HJIH BbICOKOH pPacTBOPHMOCTH PYIHBIX MHHE-
paJioB, OOLIHA CTOK PYAHOTO 3JI€MEHTAa ONepexaer CTOK MeTPOreH-
HBIX 9JEMEHTOB, MECTHBIH KO3(p(uIHEHT NpONOpUHOHAIBHOCTH
npuoGperaer 3Havenue k' <1,0.

TToCKOMIbKY TP YCTAHOBJIEHHH 3aBHCHMOCTEH (32) — (35) wmnl
He CcBS3bIBajJHM ce6si KAKHMH-JIHGO TNpPEINOJIOKEHHAMA O ¢opme
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Boloc6OpHOTO GaccefiHa, JeHcTBUE MX, B NPHHIHUIE, MOXKHO pacnpo-
crpaHuTb Ha pycia II u Gosiee BhICOKHX NMOPAAKOB. COOTBETCTBEHHO
3TOMy B JIIOGOM HJAeaJbHOM JHTOXMMHYECKOM TOTOKE paccesiHus
MOXKHO BHIIE/ATb: HHTEPBaJ (OHOBHX COJAEpXKaHHH PYLHOTO 3Je-
MeHTa ¥<CRo, B KOTOPOM [Jisi BCeX TOYEK NPOAYKTHBHOCTb MOTOKa
paccesnus Py’ TOXIeCTBEHHQ paBHAa HYJIO; HHTEPBAJ aHOMAaJbHBIX
cojepXKaHHH Merajlia Ro<x<<R, o6a3aHHBIX €ro MOCTYIJIEHNIO
CO CKJOHa B pYCJo, B KOTOPOM IPOAYKTHBHOCTh INOTOKa Hempe-
PHBHO BO3pacTaeT; MHTepBaj x>R, B KOTOPOM aHOMaJbHBHIE CO-
JepXKaHHS MeTajjla TNajaloT, AacCUMITOTHYECKH NPHOIMXKaACH
K (oHy, a MPOAYKTHBHOCTb IOTOKa PAacCesiHHS OCTaeTC MOCTOsH-
HOM. DTH 3aBMCHMOCTH XapaKTepusyioT rpaduki Ha puc. 14 u nan-
uele taba. 10. . '

ITo rpagukam C,'=f (x) no mpusHaKy C.’=C4’ onpenensercs
TOJIBKO TOJOXKEHHE TOUKH R, — Hayajo MOCTYIJIEHHS PYAHOTO 3Ji€e-
MEHTa- H3 opeoja paccesHus B pycio. OnpenenTb IOJIOXEHHE
Toukn R, yKa3aTb YHCJIO PYAHBIX TeJ HJH ONEHHTb CPaBHHTENbHBIA
Macmtab opyAeneHHsi B Gacceiine BOjoc60pa no rpagukaMm coaep-
KaHHH MeTajjia Hejb3sl JaXe NpPH onpoGoBanuu pycest I mopsika.
D1 BaXKHble NONOJHHTE/IbHBIE CBEJIEHHS IJis Y4acTKOB C aHOMaJb-
HHMH CONEpXKAaHWSAMH Meralja B pycie obecneyuBaeT aHau3
rpaQuKOB NPOLYKTHBHOCTH IOTOKOB PACCEAHHS P,/ =f (x).

CorslacHo BhIpaxeHMi0 (35), MPOAYKTHBHOCTb NOTOKa pacces-
nua B Il uHTepBaje pycia TEOPETHUECKH OCTaeTcd IOCTOSIHHOH
(cM. puc. 14), ¢ oGuielr TenieHUHell K YOBIBAHWIO B peasibHbIX MO-
ToKax paccesiHus. Ilostomy Ha rpaguke NpPOAYKTHBHOCTH IIOTOK2
paccesiHHs 1O NPU3HAKY NpeKpalleHus pocTa P,/ moxHO omnpele-
JMTh TOJOXeHue TOuKM R, a mo BenuuyuHe P’y=const ¢ yueroM

Ta6auna 10
XapaKTepHMCTHKH HACANLHOTO NMOTOKA PAaCCeAHHS

>3

CopepXaHHe Merannia T1poaYKTHBHOCTE IOTOKA

Wnrepsas 3aHayeuHi B MOTOKE PaccestHus , pacceanus
x c, P=5,(Cy —Cg)
10<x<< Ry C; = Ct'b (doHOBOE) P; =0
11 Ry~ x< R C;=P(x—‘Ro) _}_C('b
Sx (R — Ro)
(aHomanpHOE -— BO3pacraer H P; —— BO3pacTaer
y6riBaeT)
M x>R C;:P/Sx—I—C:b P, k' P= const

(aHoManbHOe — yGLHIBAeT, ACHMII-
TOTHYECKH NPUGAHKAsCh K QOHY)
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MECTHOTO 3HaueHHd K’ -—OUEeHHTh IJIOWIAAHYI0O NPOAYKTHBHOCTD
BTOPHYHBIX OPEOJIOB paccesHHsl, Pa3BHTBIX B MpeAenax AaHHOTO
Bofoc6opHOro Gacceiina. [locnennee uMeer npsamoe 3sHaueHue AJIS
OLEHKH MacmTaba O0XHAaeMOTo KOPEHHOrO OpyHeHeHHs, COTJiacHO
3aBHCHMOCTH

=1 p

Po= P (36)

Paccmotpum Goliee neTasbHO OXHIaeMHH BHA rpadukos C'y=
=f(x) B 3aBHCHMOCTH OT MNOJIOXeHHs BTOPHYHOTO OpeoJa pac-
CessHHA B Gacceftnax Bofoc6opa pasanuHofi dopmbl. Jas pelllenus
3TOM 3ajaud YHOOHO JIMHHMIO pyc/ia B NJaHE COBMECTHTb C OCBHIO
abcuuce, cuurasi ee OJHOBPEMEHHO OCbl0 CHMMETPUM JOJHHH,
a JaJaa JIMHHH BOJiOpasjesia, OKOHTypuBaioileHl 6GaccellH cTOKa
noaooépa*rb ajreGpanyeckuii MHOTOWIEH y=@(x), annpoxcnmnpyro:
mui dopMy peanbHoro BomocGopa. B atom cayuae Heo6xopumas
MJig pacyeTa MOTOKa paccedHMs MJAOILaAb CTOKa S, Aas J06Goh
TOUKH pyc/ia BbIpa3MTCA yepe3 HHTerpas npocTefiuiero Buza

x;
S,= 20Jcp (%) dx,

Tax, manpumep, Gaccefiunl pycen I mnopsmka, mogoGHBlE H30-
6paxenHoMy Ha puc. 14, yIOBAETBOPHTENBHO OKOHTYpHBaeT

—_ 2 )
KpuBag y=x— X" u, CAeAOBaTeNbHO, IUIOMIagH BOxoc60POB

IJii COOTBETCTBYIOMIHX TOYEK ONpPOGOBAHHA MOTYT BBIYHC/IATBCA
U3 BBIpaXKeHHA

1
S,=x2— —x*
: =, (37)
rae 2b —pnuna pycna (3aMeTHM, 4TO b MMeeT pasMepHOCTb AJHHbBI
H NOTOMY mNpaBas YacTb MNOC/JENHEr® BbIPaXKEHHS COXpPaHAET pas-
MEpHOCTDb IUIOUIANH ). '

TToTok paccesiHus pyaHOTO Teja, PacIOJIOKEHHOro B GaccefiHe
Takoro vogoc6opa, npu b=10, nas uHrepBata pycia Ro<<x<<R
Oyner coraacHo (33) ompenesiTbcs ypaBHeHHEM

3P (x —Ro)
(3x* — £%) (R — Ro)

, Ilpu mocTosiHHBIX 3HaueHHAX P rpadukm comep:kaHuil Merasia
C’; B NOTOKE pacCesiHHsl, B 3aBHCHMOCTH OT TOJOXEHHS TOueK R,
u R, GyAYT uMeTh cyumiecTBeHHO pasauuublii Bua. Cnenanmoe pomy-
wenne (37) o ¢opme GaccefiHa, CXeMaTH3HpYIOLUlee 3PO3HOHHOE
pacuieHeHHe 3eMHOM NOBEPXHOCTH, He MNOBJHSET Ha XapakKrep
JanpHeidwnx BHBOAOB. C TakuM ke ycmexom ¢opMy GaccefiHOB
Boa0COOpa MOXKHO YHOJZOOHTb TPEYrOJAbHHKY, KBaipaTy HAH 3J-
JIANCY, TMJIOIMAaJH KOTOPHIX BO3pPacTaloT MpPONMOPIHOHAJIBHO KBaj-
paty OfHOTO M3 JIMHEHHHX pa3MepoB. BecbMa BeIpasuTe/bHBIN BHJ
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+Co (38)

AMeeT CeMeHCTBO KPHBBIX, PACCUMTaHHHX Il PA3/IHYHBIX TOJO-
JKeHH# TOYKM Hayaja NMOCTyIUIeHHs MeTasla B pyciao R,=0,0; 0,1;
0,2...0,9 npu NMOCTOAHHBIX 3HAYEHHAX R=1,0u P=100 (puc. 15).
OCOGEHHOCTbIO HX fABJAETCH HaJH4YH€ PE3KO BBHIPAXKEHHOTO MAaKCH-
MyMa CONEpXKaHHA MeTajl/la B BEpXHEM TeYeHHH BOJOTOKa. Ioso-
XKEeHHe TOUEK C MaKCHMaJlbHbIM COJAEPIKAHHEM METalja H BeNIHYHHY
sror0 copepxanus C'yax B NOTOKE paccesiHus HaigeM, AHpdepeH-
uupys Bblpaxkenne (38) u npHpaBHMBAA MPOHU3BOAHYIO HYJIO.
B wurore Jerko yGemIuTbCs, 4YTo [EHCTBHTENbHBIH MaKCHMYM rpa-
uKH cojepKaHHil MeTa/sla B NOTOKE pacCesHHs HMEIOT TOJIBKO
a5 3HaueHus R,<0,35R, Tak KakK yxke NpH 3HAYEHHAX Ro=0,35R
SKCTpeMajibHas TOuKa MMeeT KOOpAHHary x>R H, ClIeloBaTe/lbHO,
JexXur B MHHMOH o6jactu. CxomHOoe CceMEHCTBO KPHUBBIX C MAaKCH-
MajbHBIME 3HauenusiMd C, B obnacth x< 0,35 o6pasywor rpadHku
conepxanuit meramna Cx =f () mpu NOCTOSHHOH MNPOTAXKEHHOCTH
opeona paccesiiusi R—Ro=1,0 # COBMECTHOM TOC/Ie0BATE/NLHOM
nepeMemenns To4eK Ro, R OT BepuiMHbl BOLOCOOPA B CTOPOHY YCTbA
JOMuHBL. [lefCTBHTENBHOrO MaKcuMyMa Tpaduku COfepkKaHuE Me-
tamna C, B HUXKHEM TeueHWH pycia He uMmeror. s Bcex TOUeKk,
ylaJeHHBIX OT BepUIHHBI BOAOpA&3j1eNa Ha pAaCCTOAHHE *>R n,
CJlefIOBATEIBHO, JIeXKAIIMX HHXe HEeNOCPEACTBEHHOTO NPHBHOCA
PYJHOTO MaTepHa/ia, CONepkKaHHe MeTajla B NOTOKe paccesHHus
Oyjaer- NporpeccHBHO YOHBaTh, INOAYHHAACH YPABHEHHIO (32).
C reoMerpHyeckoll CTOPOHB 3Ta 3aBHCHMOCTb INPENCTaBJAET coGo
runep6ony ¢ apryMenToM Sy CoOTBETCTBYIOIIHH eif OTPE3OK M5
ciyyasi, KoTna Sy MOAUHHseTCs 3aBHcumocTn (37), n3obpakeH Ha
puc. 15. dra runepbona spjsercd OO HM NPOAOJNKEHHEM
JJis Bcex KPHBHIX ceMeitcts (38), ¢ KOTOPBIMH OHH HMEIOT OGILyIO
Touky x=R.

HejpocraTounocTh aHajiM3a TIpaduKoOB COAEPKAHHH PYIHOTO
37€MEHTa KW Ba’KHOCTb aHa/iW3a MpPOJYKTHBHOCTH MOTOKOB paccesi-
HHS MOXKHO WJJIIOCTPHpOBATbh CiexyiomnM npumepoM. Ha puc. 16
CXeMaTHUYECKH H300paXKeHbl aBa C/lydyas DPasjHUHBIX IOJIOXKEHHH
BTOPHUYHHIX OpEOJIOB paccesHnsi B Gacceifne Bojgocopa. [Mnowman-
Hasi NPOAYKTHBHOCTb NEPBOTO OpeoJsia NpHHSTa B 2 pasa MeHblUE
sroporo. s KaXJ0ro M3 3THX Cjyuaes IIpH k’=1,0 npoussenex
pacuer cojepxanuii Meraina C’x B mpoGax H IPOAYKTHBHOCTEH
P’, notokoB paccesinusi. V3 npHBeNeHHBIX TPadHKOB CJeAyeT, uTO
NPH PacCMOTPEHHH TOJbKO COAEpXKaHWA MeTas/la mnepBoouepefHoe
BHHMaHHEe OIIMGOYHO MpHBJEeK Obl NMEPBBHIH Cyyai, XapaKrepusye-
MBIi GoJiee BBHICOKHM YpPOBHEM H OOJblIeH MPOTSIKEHHOCTbIO daHO-
MaJbHBIX cOJepXKaHui Merasjaa B pycie. TONbKO aHa/lH3 rpaduxoB
NPOAYKTHBHOCTH IIOTOKOB pPAacCesiHds MO3BOJHI Obl TPaBHABHO
OEHHTb GOJBIIYIO TNEPCIeKTHBHOCTL OPYAEHEHHS, OTBEYalollero
BTOPOMY C/1yuaio. JIIOGONBITHO, YTO NPH OLUEHKE pe3y/bTaToB LIIH-
XOBOH CbEeMKH JOHbLIHE TOCIOJACTBYET IPHHIMIL <«BECOBble KOJIH-
yecTBa (PYAHOTO MHHEpaja B IIKXE) — 5TO XOPOWIO, eJHHHYHBIE
3HaKH — IJIoXo». HepocTaTouHOCTb 3TOTO  KPHTEpPHA, HMEIOLIEro
MHOTOBEKOBYIO J1aBHOCTD, BIIOJIHE OYEBHIHA.

* 67

[



Gz ,yca.cd.

Puc. 15. CemefictBo KpuBHX C'e=f(x)

S00] st
PAa3JIMYHBIX T00KeHHE TOUKH R, =
r =
c.l =/0'30 =0,0, Orl; 0)2; “oe 0,9 HPH C,Q=0; P=
1
=100; R=1,0u Sy = x2——x8
i . ’ s
TPEJAKOfi Ha DH
oroka PHCYHKe mnOKa3aHO HanpaBJeHHE
Joon
20
Puc. 16. HBa cayuas mnosoxmenus pya-
ol HBIX Tesq B OacceiHe BogocGopa (a) u
: rpagukH TOTOKOB paccessHust (6).
! — BTODHUHBIe OpeONn DACCeSIHHS ¢ HPOAYK-
THBHOCTBIO P,=2B,; 2 — TOYKH onpo6ogaHXn;
3 — HalnpaBieHHe CTOKa; 4 — IpaHHIA GaccelHa.
0 [ >l ‘l;g:d)m(g: 5)—6conep)xaﬂﬂn MeTania (3a Bhl-
oM (oHa); 6 —n .
05 40 ,z’yaﬂ.gﬂ, conang POAYKTHBHOCTH [OTOKa pac

Plruc.m® %

[ G, yoned. T S
} ~
100 - "
20
501
m
alo

TloTokH pacceannd, cBfi3aHHHE ¢ OGIIMPHBIM N0 TWIOMWAAH PYA-
HbIM YYaCTKOM, MOTYT Pa3BHBaTbCsi B HECKOJbKHX CMEXHbIX pyc-
~Jaax. O6WYy0 NPOAYKTHBHOCTb TAKOH IPYNNbl TOTOKOB paccesHHs

ONpEAe/HT CyMMa MPOAYKTHUBHOCTEH He3aBHCHMHIX NOTOKOB C ydye-
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TOM IOCJeAOBATENbHOTO CAHAHUA pyceal CO 3HaYCHHAMH P,/ =

m
=const. Tlokasarens Poom= 3. P, xapakTepusyeT yXe He OT-
=i

JlefbHOe PYCJIO, a KOHKPeTHHH TIeo/IoTHYecKHiA OGBeKT — pyAHOe
MecTOpOXKIeHHe, 06pa3oBaBilee MOTOKH PacCesHHs B /M CMEXHbIX
pycnax. OueHKOH HOBOTO OGBeKTa MPH IOHCKOBBIX paboTax Cay-
KaT LUOPH MPOTHO3HHIX PecypcoB Meraina Q'u, NOLCYMTAHHBIE
Ha Heaecoo6pasnylo riay6uny. Taxue noAcuerbl AONMYCTHMH TOJMBKO
1oCJ/ie TeO0JOTHYECKOTO OCMOTPa yyacTKa Ha MECTHOCTH, B pe3yiib-
TaTe KOTOPOTO YCTAHABJIMBAIOTCA TEHETHUYECKHH THII M YCJAOBHA
3ajieraHus BHIABJAEHHOro opynaeHenus (cM. ri1. 6). B ocHoBy olieHKH
{IPOTHO3HHX PECYPCOB MeTa/ula IO TeOXHMHYECKHM JaHHLIM MOJO-
KeHa INPONOPUHOHa/IbHA 3aBHCHMOCTb (36) Mexay NpPORYKTHB-
HOCTbIO KOPEHHOro OpYyAeHeHHs Pp W NPOAYKTHBHOCTBIO JIHTOXH-
MHUECKHX OpEOJIOB M TNOTOKOB paccesnns (P; Z P/ M2 %), Oasa
OTHOCHTENBbHO KPYTOMaJaoliux (He TOPH3OHTAJbHbIX) PYAHBIX 3a-
Jnexeit (cM. puc. 9) 3TO NO3BOASET OlEHKY Pp pacnmpocTpaHHTh
10 0GOCHOBaHHO BbIGpaHHOM rJyGHHH H COTIacHO 3aBHCHMOCTH

2 l 1 m '
U SR S p.
U= =7 Htgl g (39)

rne ¥ u k=1,0— MecTHHe K03(QQHIHEHTH NPONOPLHOHANBHOCTH,
onpejensemMbie M3 ombiTa paGoT. [enenne Ha 40 orseuaer mepe-
X0y OT KBalpaTHbIX METPOIpPONEHTOB K TOHHaM MeTaslja.

2.3. POPMHPOBAHHUE PEAJIbHBIX MOTOKOB PACCESIHHA

3asucumoctH (32)—(33) ¥ BHTEKallLlee H3 HHX YycjoBHe Ply=
=8,(C’x— C’g)=const npn x>R wuMeOT OYHIaAMEHTA/bHOE
3HaueHHe B TEOpHH (HOPMHPOBAHHsA JHTOXHMHUECKHX TMOTOKOB pac-
cesiHMsi PyAHBIX MecTopoxjeHuH. OCHOBaHBI OHH Ha JONYIIEHHH,
yTo0 B JI060H TOYKE Pyc/ia AJLIIOBHE NO CBOEMY XHMHUYECKOMY CO-
cTaBy sBasieTcs NpHPoIHORE cpeamedi ppoGoi, Xxapakrepusyouett
coctaB mopon (¥ pyA), ciaramoliux ee 6accein nenynanmm. B rop-
HBIX palioHaXx 3TO YCJOBMe He TMpOTHBOpeuuT OGLIeMYy XOay mpouec-
COB: MHTpalusi METPOTEHHBIX M PYAHHIX 3JEMEHTOB B OCHOBHOM
nporekaer B (opMe TBEPAOro CTOKa. B pycnax ropHox pek mnpo-
HCXOAHT TypOyJEeHTHO® TmepeMelluBaHHe 3JI0BHO-AE/I0BHAJIbHBIX
POJlyKTOB BbIBETPHBAHHS, MOCTYNMAMOMHUX CO CK/IOHOB, a Qopmu-
PYIOLIMHACA TPH 5TOM aJJIIOBHH B LeJIOM BBIHOCHTCA 3a MPEACHI
TOPHOH CTPaHHI,

B JoJsinHax TOopHBIX peK Beerfa HMeeTcd BaJYHHO-T/ILIGOBHIH,
HecyaHO-rajleyHbli M TJIMHHCTO-MJMCTHI MarepHan, u3 KOTOPOro
IIpH JHTOXMMHUECKHX CheMKaX OTGupaeTcs npoba MejKo3eMma. O1-
JOXeHHe aJJIIOBRAJILHOTO MaTepualjia, €CTeCTBEHHO, He BeJeT
K NMOCTENeHHOMY 3arloJIHEHHIO pycea TOPHBIX pek. B reuenne na/u-
TeJIbHBIX Te0JOTHYECKHX IEePHOJOB 3PO3HOHHOE DPa3BUTHE TOPHBIX
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CTpaH NpPOTEKaeT B peXHMe [HHAMHUYECKOTO paBHOBECHS MEXIY
NOCTYIJIEHHEM MaTepHajia CcO CKJAOHa B PYC/J0 H €ro BHIHOCOM HJIH,
IpH HAJHUHH HEOTEKTOHHUYECKHX SABJICHHH, CTPEMHTCH K pery/sap-
HOMY pEeXHMY. ‘

Ilpu hopMHPOBaHAH JINTOXMMHUECKHX TOTOKOB PaccessHUS PyCao
PEKH SABJIFETCH HE TOJbKO 00/1acTbi0 IlepeMeIlNBAHHA H TpPaHC-
NopTa DHIXJIOTO MaTepHalsa, HO W BPEMEHHHIM Ga3uCOM THEHYEE~
IHH, T. €. 00JlacTbi0 €ro OTJOXeHHA. TIpH 3TOM B MECTHOM aJlIio-
BHH IIpeyBeJHUEHHYI0 poJb TO CPaBHEHHIO C HJAEANH3UPOBAHHOR
KapTHHOH Hrpaer wMarepHan OJnKaHllux ckjoHoB. Bceaencrsue
3TOro B HHTEPBajé NPHBHOTA B PYCI0 pPYLHOr0 MarepHasia Co
CKJIOHOB BbluuCJeHHad no Qopmyse (34) Beauuuna P’, mpepslmaer
HCTHHHOE 3HaueHHe INPOAYKTHBHOCTH IIOTOKAa paccesiHHd, a HEXKe
10 TeYyeHHIQ), B3aMeH MNPUHOODETEHHs IOCTOSIHHBIX 3HayeHudH, P/,
6bicTpo najaer. B pesysbraTe OTcueTr YCTOAYHBBIX 3HaueHHH TPO-
AYKTHBHOCTEH NOTOKOB PaccesiHusl H OlleHKa IPOTHO3HBIX PECypCoB
Meralnia no QopMmyde (39) CTAHOBATCH HEBOIMOXHEIMU. B asrux
yc/0BHAX 3HaueHus Py, Bbluuc/ieHHbe no dopmyse (34), caexyer
HMEHOBaTh KaXYI[€HCH INPOAYKTHBHOCTBIO IOTOKAa DaccesiHmi,
HCTHHHOE 3HayeHWe KoTopoki P’y ocraercd HEU3BECTHBIM.
Jdna npeoponenus stux 3arpyasenuii A. H. Boroao6osbsim [25]
u B. B. INonukapnoukuubim [25, 30] mpemsarajnch COOTBETCTBYIO-
mue pewenusa. [IpoH3BOACTBEHHOTO TIPHMEHEHHS 3TH METO/b
He mnoJjyuniad. Huxe paccmMaTpuBaercsi pelleHHe, OTBeyaiollee
3anpocaM mpakTthHku [43]. '

Crénenb OT/IHYHA onpoGyeMblX OTJIOKEHHI OT COcTaBa NpPUPOJ-
HOH cpeaHed npoObl Bcero GaccefiHa AEeHyJAalHH 3aBHCHT OT MHO-
xectBa npuuuH. IlombITKH pas3jpe/ibHOM OLCHKH BJIMSHHS KaxKJIOH
U3 HHX Ha (GOPMHpPOBaHHE JINTOXHMHUYECKHX IOTOKOB pacCesHHs:
Oblin Gbl 3aBefoMO Oe3HaleXkHbl. EIMHCTBEHHO peajibHHM B 3THX
YCJIOBHAX fIBJASETCA XapaKTepHCTHKa CJI0KHOA 3aBHCHMOCTH C IIO-
MO0 0c060r0 KoaddulmeHTa, OTpaxXalollero BCO CYMMY neHcT-
pylomux ¢axkrapos. B paHHom ciyuae BBeaeM OespasMepHHN
kosdduunenT o’>=1,0, xapakrepusyomwuii KpaTHOCTb Y4YacTHs
B a/JIIOBHKH MaTrepHasa OJHXKAHIIHX CKJIOHOB MO CPaBHEHHIO C €ro
O0XujpaeMol joJiefi B COCTaBe NpHPOAHOH mnpobbl. B paabHei-
iwemM OyjeM HMEHOBaTb « <«CKJIOHOBBIM KoadduineHToM al-
JIIOBUA> . '

O6o3naunm uepes Cy u C,_; comepKaHHa pYyAHOTO 3Je-
MEHTa B CMEXHBIX TOYKaX ONpoOOBaHHA, M3 KOTOPHIX BTOpas
JIEXKHUT BBIlIE 10 TEYEHHIO PEKH H COOTBETCTBEHHO HMeEeT IJOaib
Bogocbopa Sx—;<Sx. B anioBHabHBIX OTJOXKEHHAX JaHHOTO
pycja poJib MECTHOTO CKJIOHOBOIO MarepHasia B o pa3 OoJblie
HEXeJIH 5TO CJ1e0Bajio Obl M3 NpeJCTaBJeHHH O NMPUPOIHOH Cpel-
He#i npoGe. IlosToMy comepKaHHe pyJHOTO 3JIeMEHTa B TOUKe X
6yner oTBevYaTb CPeIHEB3BEIICHHOMY 3HAUEHHIO, MPONOPIHOHAJBHO
NOCTYIVIEHHIO MeTalia 1o pycay Cy_;-Sy—y ¥ C IpHJIETalouero
orpeska CKIOHa Sy — Sy =AS:. IIpunumas, yto Ha 3TOM OTpe3sKe
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CK/JOHA HMeIOTCS BTODHYHBIE OPEOJH pacCesiHHs C MPOAYKTHBHO-
cTbi0 APy ¥ yuuThBasg (DOHOBHE KOJIMYECTBAa MeTajlla, HMeeM

C= €, *Sy_;+a AP, +a CyAS . (€0)

= Sx_l—l—aAS

Jlerko BHEeTb, uTo NpH 3Havenusx Cx_1=C¢p & =1,0 n AP, =P
37O BhIpaXKeHue NPHBOAHMTCA K BHLY (32). M3 BHpaxeHus (40)
raKKe caenyer, uto Tpu Sy_=0 Benuwunna C,’ NepecTaer 3aBu--
ceTb OT @/, M MPH MOGHIX €ro 3HaueHusax cobJofaeTca MPOCTeHINas
3aBHCHMOCTb (35). DTOT BBIBOJ IOJNHOCTBIO COOTBETCTBYET HaGIO-
JEeHHSM, COLVIACHO KOTOPHIM IPH MalblX Haua/lbHBIX BOj0cGOpax
S,  xapakrepumx pas pycea I—II mopsnxos, rpa¢uKu npoAyK-
THBHOCTEll pealbHbIX TOTOKOB DAcCesHHs JIOCTATOYHO GJHM3KH
x naoOpaxennomy Ha puc. 16. Tlpunumas Cy'=0, uro mo cmeicty
orBeyaer 3Hauenuio C, 3a BbIUETOM (DOHOBBIX COJAEPXKAHMH, OCBO-

Goxpanch OT 3HaMeHaTeldss W BBoAsA 00o3HaueHHe Cx—Cx_Tl——-ACx.
AmeeM

Sy-1:ACy+ 0o C.AS—a AP =0.

Tocne nenenus Ha AS n nepexona K mpeneay AS—-0, npu xoro-
poM Sy —>S,, moayunM AHPepeHUnabHOe YpaBHEHHE Mpolecca,
KOTOPOMY TiOMuuHseTcsi (OpMHPOBaHHe PeasibHOro MOTOKa pacces-
HuA

dc, o . dP, )_ il
S, s, +a (Cx s, 0. 41)

Sra dopMysa OMHCHIBAET CBSA3b MEXAY NPOAYKTHBHOCTBIO BTO-
DHUHOTO OPeOJia paccesHHs Ha CKIOHe M COACPKAHHEM DPYAHOrO
sjeMeHTa B a/UIIOBHH Ha BCeM TNPOTAXKEHWH pycaa, MOKa CK/IOHO-
BBl K03(duiMeHT ¢ OCTaeTcs NOCTOSHHBIM, HE3aBHCHMO OT Ha-
JMYMs WIM OTCYTCTBHA aHOMajuu Ha cKioHe. Ha BceM mHTepBaje
pycia OT TOUKH Ro 10 TOYKH R MOCTYIJieHHe MeTallla O CKJIOHA

dp
COTJIaCHO IPHMHATOM MOJENH NPOHCXOAMT DABHOMEDHO, WIH — o =

= P . MoncraBasis 5To BHpaxeHune B (41) u paspenss
Sr— SRre .
nepeMeHHble, HMeEeM
dc, ey 35
' P Sx
€= Sg—%z,

UHTerpupysa 3TO ypaBHeHHe H OCBOGOXKAAACh OT JorapudMos,
HMeeM:

' P v
P  _AST¥, (42)
Cx SR — SRo x

rae A—-peBy.ﬂbTaT NOTEHUUPOBAHHSA NOCTOSIHHOR HHTETPpUPOBAHHUA.
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3navenne A nHaligem ana  Toukn  S,=Sp, B KOTOpOH

Cy'=0. Toxcras/sist 3Hauenue A B BHpaXeHHe (42) u pemas ero
otHocHTebHO Cy/, ¢ yueroM Cy=0 uMeem:

' SRy & '
o [ () e
Sr—Sgry S,
Ha Bcem nporaxenun pycna nuxe touku x=R, B III HHTEp-
dp dc, , dS,
BaJe noToka paccesnus —— =0, orKyna =—a —.
ds C; S,

Hurerpupys 310 BBIpaXKeHMe, HMeeM
InCy=—o InS,+B,. (44)

rie B —rmocrosiHHas uHTErpupoBaHHS.
3HayeHne ee ONMpEAENHM A0 TOUKH x=R:

B=1InCg +o In Sg.

Honcrasass snauenne B B BHpaxenne (44), ocBoGoxnasich oT
JorapudMoB M pewas ero ornocurenbHo Cx ¢ yuerom Cy'540,
HMeeM
— (Cr=C)

* (S«/Sp)*

3aBucuMoctn (43) u (45) ABAAOTCH YypaBHEHHSMH peaJibHOTO
JIATOXHMHUYECKOTO I0TOKa PacCestHHs, COOTBETCTBEHHO sl ero Il u
I1 wnrepsanos. Ha puc. 17 nsoGpaxens rpaduku cofepKaHui
pyanoro smementa Cy'=f(S:) u npoaykruBHocTelt Py =f(S,)
IIOTOKOB  paccesHus JJist pas/iMuHbIX 3HaueHHH a'>=1,0 mnpu
Sre:Spr=0,, Bolunciiennte mo atuM dopmysnaMm. B nammoMm chay-
yae MaKCHMa/bHble 3HAUCHHs Kaxyllelcd NPOAYKTHBHOCTH B JBa
pasa npeBHINAIOT €€ HCTHHHOE 3HayeHHe.

CemeiicTBO KpuBbiX P’/P’ycr, noKasanHoe Ha pHe. 18, ycranas-
JIABAeT 3aBHCHMOCTb KaXyLeHCAd NPOAYKTHBHOCTH OT IIOJIOKEHMS
TOukKH Ro. Tak mpn Sz =0 POAYKTHBHOCTb IOTOKA pPacCestHus
B TOYKe R paBHa MCTHHHOH, x0T npu a’>1,0 yciosue P,’=const
He coGMoaeTcsl 1 HuXKe R 0OHAapyXKuBaercs xapakTepHOe najieHHe
npoayktuBHoCTH. Ilpu snauenusax Sp/Sp=0,8 nas 3aganHoro
anayenna a'=10,0 KaxKymascs NpoAyKTHBHOCTb NMOYTH B NATH pas
NPEBBIIAET HCTHHHYIO W ¢ npubnuxkenuem Sp/Sp  x 1,0 3rt0
TNpeBLIllIeHHe IIPOTPECCHBHO yBeauyuBaerca. KoauuecTBeHHas uH-
TePNPETANHs TAKHX IOTOKOB paccesiHusi TPeGYeT onpejefeHusi ux
HCTHHHOH NPOAYKTHBHOCTH, Il €€ yueTa B cocTaBe XP’;, ompese-
JS0Ied 00IyI0 MPOAYKTHBHOCTb BHIIBJAECHHOTO OG'HEKTA.

Peulag ypasuenue (45) oTHOCHTeNbHO o, HMeeM

Ig (*—C’} —% )
c,—C,
o= ¥ _ 76 7 46)
1g (Sx/SR)

+Cy- (45)
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o, yen.ed, Ps yened
» 200
200 /, w10
7 /N
[ 73
100 100+
a'=7
—_ \\ .
* R
I/ anllliflfll\\ll\l\ﬂ\‘l ol W0 111

025 g4 05 07 /0 /% 20 3040 425 0% 05 07 [0 /% 20 S, yoned

1 r
Puc. 17. Tpaduku C’x=f(Sx,) u P/ Pier
P’ =[(Sx) HCTHHHOH (TIpH (,1=1)
u xraxymefica (npuo'=3 u o'=10) 40}
MPOAYKTHBHOCTe TIOTOKOB paccesi-

HHA. 301
CTpenKkaMH noKa3aHo HanpasJeHHe (3 "
CTOKA o '=
a0t
o'=
Puc. 18. Tpabuxu xaxymeiica [}
NPOXYKTUBHOCTH  P'x/P’mex  TIPH R =

a’=10 u a'=1 npu pasiIHUHHX
3nauenHix Sgy/SR

| ‘
9z 0% 06 08 [0 /2 1% Sgy/5n

B nepsoM npuG/IHXKEHHH MOXKHO INpPHHATb, UTO IOJOKEHHE
Toykn R ompejeisercs NepexojoM rpaduka Kaxyllencs MPOAYK-
TUBHOCTH IOTOKa paccesnus P,'=[(Sx) uepe3 MaKcuMyM, KOTO-
poMy oTBeuator 3nauenuss Cp’ u Sk Honcmsnj{g B Bpra)KeHI:f
(46) snauenns Cx’ m Sy [Jg TOUKH, nAexalled HUXKe (Mo Teqm
HHIO) TOYKH R, HajaeM MECTHYIO BEJIHYHHY o !Iomopsm 3TH BBI-
yncsleHus aJds Touek R+2, R+3..., MoXHo HaiTn 3—4 snaqeﬂyf{
@/, B3 KOTOpbIX 3aTeM BBIUHC/AETCA CpeflHee T€OMETPHYECKOE a.
3Has o/, MOXKHO HalTH HCTHHHOE 3HaueHHe nponyxl’rDHBHocm
noroka paccesHus. Pewas ypasnenue (43) OTHOCHTENBHO F, HMEEM

, C(Sp—S
R,
1—( S )

VMHOKAS ¥ [e/is YHCAHTENb 3TOTO BbIpaXKeHHs Ha Sg M YuMTHIBaAS,
910 Cr’Sgp=Pgr’= P’ max, UMeeM OKOHYAaTEJNbHO:

. 1—(Sg/S .
Pnc1'=Pmax ( R R?Z, i|=7\« Pmax. (47)
1— (Sgr,/Sr)
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Takum 06pasoM, HCTHHHYIO BENMYHHY TPOAYKTHBHOCTH JIHTOXH-
MHYECKOTO MOTOKA pACCesiHMd, He TONUMHAIONIErocs —YC/OBHIO
P,’=const, MOXHO HaliTH MO MaKCUMaJbHOH BeJHYHHe Kamymeﬁcsq
NPOAYKTHBHOCTH P’max € NOMOIIBIO NMONPABOYHOTO MHOXKHTEAS A
3aBHCAIIETO OT MECTHOTO.3HA4YeHHS o' W COOTHOILEHHS MEXKAV pas-
MepaMu Iomajne# BOLOCOOPOB B TOYKaX Hayada Sp n};opnua
Sr TOCTYI/IEHHs MeTa/ila co CKAoHa B pycio. Il oonpeﬂeneﬂm
BEJIMYHHBI 3TOTO MONPAaBOYHOTO MHOXKHTENA A'< 1,0 no HaliienHOM
3HAYEHHI0 &’ H KOHKPETHOMY COOTHOLIEHHIO Mex(’ﬂy Sgo ¥ S,Z

COCTaBJIEHa HOMOTpaMMa [43], mocTpoennas Ha ocHoBe (OpMYJIb
(47). PaccmoTpeHne 3TOM HOMOTpaMMBI (puc. 19) noxasbiBaer
uto Npu  Sp,=0 HAu /=1 umeeM A’=1,0 u coGaroLaercs yeao-
Bue Py=const. !

KosHuecTBeHHAass  HHTePNpETANUs JHTOXHMHYECKHX IOTOKOB
paccestHusi M3JIOXKEHHHIM CIOCOGOM pacCYHTAHA Ha <«PY4HOl CueT»
C TNpHMEHEHHEM MHKPOKaJIbKYJIATOPOB THIa «DeKTpOoHHKa B3-18»
HIM 10 COOTBETCTBYIOLIUM nporpaMmMaM aas «B3-21» uin
«MK-46»> [10]. [das uuTepnperauun moTokoB paccesnus Ha DBM

B. llIBaposriM 6blma cocrasiiena mporpaMma «IloToK», OCHO-
BaHHas Ha OTBICKAHWH CPENHEB3BEIICHHOH CYMMBHI Kamirmeﬁcn
IPOAYKTHBHOCTH P.’ v «cratuueckoii» cocrasisiomed IPOLYKTHB-
Hoctn P.”, orpaxaioulefi OT/IOXeHHs B pycje MaTepHala CHOCH-
MOTO CO CKJIOHA, COTVIACHO 3aBHCHMOCTH

lﬂcr—ﬂlx‘l'(l ﬁ')l;’
7
Tle P’ — MHOXKHTeNb, Ha3BaHHHA <«KO3)ODUIHEHTOM BHIHOCA». IO
2

CMBICJIy OTBeuaeT ycaosuio f'=1/a’.
r__ Py
Ipu §'=1,0 umeem cayuali HEeaNbHOrO NOTOKA paccestHUs.

Pem®,
, . 160
b @=Ll
/ 0L
- /'Z -
98\ 120
i & B
00
g6+ 20 -
i N 8ok
2 | 14 1

0'4 I~ Fll’-l-‘T=)"Fl:’ﬂ.X ® 3 50 B P‘I =‘/0de
- J wl
921 /0 i
. . 201
0 l I 1 I 1 i 1 0 I

1
62 0% 06 085,/ 10 12 1S m?

Puc. 19. Homorpamma aas omenwku A’ P /
p uc. 20. K wunrepnpera
no 3HAueHHAM &' M Sp,/Sp[43] paccesiHUs Ha SBI\I/)L pHo u}lg BH.O}IOII;%?
posy.
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TIpu p’=0 norok paccesHusi B pycje NOBTOpSET CPeIHHE CONEp-
skanusi Merajaa Cy— Ha CKJIOHAX TO JIHHHSIM TpajueHTa peibeda
NOJIMHBl, COENMHSIOIMM TOUKH ONPOGOBaHHA C BOJOpA3AC/laMH.
CraruyecKas COCTaBAfIONIAf ONpefesercd BEJIHYHHOR HHTErpaja

s
P,= [ (C,—Cy)dS, MOHOTOHHO BO3pacTaiolleH K yCTbIO BOLO-
0

toka. IlOoCKOJIbKY Kaxylilagca IMpOAYKTHBHOCTb HHXKeE TOYKH P
MOHOTOHHO YObiBaeT, OThicKaHne P’ H P’ycr BO3MOXHO HCXOOS H3
ycnoBusi Pyer=const. Jlag yTouHeHHst STHX OUEHOK NMyTeM HCIO/b-
30BaHHA JaHHBIX 1O BceM TOuYKaM OnpoGoBaHHs ¢ aHOMaJb-
HbIMH COAEpXKAHHAAMH MeTajlla MNporpamma «ITorok» mpoBoOAHT
ANMpOKCHMALHI0 CPETHUX cofepXKaHuii Ha CKJIOHAaX HOPMajbHBIM
pacnpeesiendeM, B3aMeH  NPSMOYTOJbHOTO, TNPHHATOTO HaMH

panee. OTbiCKaHHe TIapaMeTpoOB 3TOrO pacnpepeneHust — Cmarx,
.6 W KOOpIMHAThl ero UeHTpa S’— NpOH3BOJUTCH  COBMECTHO
¢ onpenejienneM B u P'ycr METOJOM HaMMEHbIIKX KBAainparos,
¢ BHjayeil 5THx JaHHBIX Ha meuaTh. Ha puc. 20 moka-
3aH TNpuMep, NOACHAINKA CKa3aHHOE. OGa Meroja HHTEpIpeTa-
LHH, W <PYYHOH», ¥ MailHHHBIH, nal0T NPAKTHYECKH OJANHAKOBHIE
pe3y/bTaThl W OCHOBaHbI Ha IMpPELINOJIOKEHHAX, YTO Ha BCEM HH-
TepBaje pycia or x=Ro A0 x=R BTOpHYHBIE OPEOJH pacCeAHHns
Ha CKJIOHaX 06pa3yioT ofiHy o0Illyl0 aHOMAJHIO, H3 KOTOpPOH IpOHC-
XOAWT NMOCTYIUIEHHE DYIHOTO 3JeMeHTa B pycJo, M 3a MNpenesaMu
3TOTO . HHTEpBaja JOMNOJNHHTEJIbHBIX AHOMAJHH HE HMEeTCs. J10
He WCKJIOuaeT HaJMuHsi APYTHX pPYyAHbIX OOBEKTOB B Oaccehne
BojgocGopa MaHHOTO pyc/ia IpH YCJOBHH, YTO HAXKE TOUKH R conep-
JKaHMe pYAHOTO 2JeMEeHTa B aJJliOBHH Iajaer 1o ¢oHoBOrO H
HoBasi aHOMaJHs JONycKaer ee HE3aBHCHMOE pacCMOTpeHHE.
B npakTHKe NMOHCKOB 3TO YCJOBHE 4acTo HapyllaeTcs H B IPEIe-
Jax OjHOTO pycia HabmojanTcs CO/HKeHHHe aHOMaJyH, B pas-
JWgHOM cTemenu HakjaislBalomuecss npyr Ha apyra. Ilpnmepn
TaKoro poja Mokasaue Ha puc. 21. Ecan Ha BCEM TNpOTAKEHHH
pycia o'=10 ¥ TNOTOKH paccesHHs TNOAUHHSIOTCS  YCIOBHIO
P/ =const, oneHka cyMMapHOH NPOJAYKTHBHOCTH BCeX aHOMaJsluf
onpeneisercs HHXHEH IO TEUEHHIO (MakcuMaJlbHOM) BeJHUHHOH
ee ycroiiuusbix 3Havenuid. Ilpu 3TOM MNPOAYKTHBHOCTH Kaxpoil or-
JeJLHON AHOMAa/MM ONpefeNiseTca KaK pasHOCTb MeXAy ABYMA
CMeXHBIMH YCTOHYHBBHIMH 3HaUCHHAMH (Pt')m= (Pi)uaGJl_(Pi—l)Haﬁn'
Tlpu smauennsx o/>1,0 rpadukn MOTOKOB paccesHud, o6pa3oBaH-
Hble COJIHMKEHHBIMH OOBEKTaMH, CYIIeCTBEHHO ocloxusiorces. Hu-
TepnpeTanus JABYyX HJIH HECKOJbKHX ~COJHXKEHHDBIX aHOMaJlui,
MeXIY KOTOPHIMM COJlepXKaHHE PYAHOTO 3J€MEHTAa IIpH a’>1,0
OCTAIOTCsi AHOMAaJIbHBIMH, BO3MOXHa METOJIaMH <DYYHOTO CHETa».
Jlng 3TOrO TPOAYKTHBHOCTb TOTOKa, OOYCJIOBJEHHYIO BIHSHHEM
nepBoil aHOMajuh (CuMTas OT BEPUIHHDI BojOpasziena),  caeayer

BbIYECTb H3 Pmax 2 HIH

r ’ [ ’ ’ a’l—l] :
Pﬂc'r2=7"2 PR?"_PRI (SRl/SRZ) . (48)
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Puc. 21. Pacuethble rpadukH KakymeHcs NPOAYKTHBHOCTH MOTOKOB paccesHus

IpH Da3JHYHBIX PACCTOSHHAX MeX[ HBIMH 001Bex I '=1,0;
3,0 u 10. 7o A. I1. Hoixeomy. il vepun 1 11 mpht o”=1.0;

CTpekaMH MOKAa3aHo HamnpaeJeHHe CTOKa

3pecp MHAEKCH 1, 2 03HAYalOT NPUHAJJAEXHOCTh JaHHOH BeJnu-

YHHBI COOTBETCTBEHHO K MepBofi Wiu BTOpoH aHoMma/iuH. AHajoruy-

HBIM TyTeM MOTYT HHTePHpeTHPOBAaThbc TPH MM OGOJblilee YHUCIIO

c6/MKeHHBIX aHOMaJjufi B npenenax ofHoro pycia. Cymma Bcex

HCTHHHBIX, B TOM YHCJe YCTOHUHBBIX, NPOAYKTHBHOCTEH HNOTOKOB

paccessHHs MO JAHHOMY W 1O CMEXHBIM PyCjlaM Onpejesisier OGILyIo
m

NPOAYKTHBHOCTb PYAHOTO OObEKTa > P, BXOAAILYIO B dopMyJy
- =

(39), 10 KOTOPOH NOACYHTHBAKTCSA NPOTHO3HBIE Pecypcsl Merada.

2.4. METOIHKA MMOUCKOBBIX CbEMOK

ITouckn pynHBIX MeCTOPOXKIEHHH IO HX JIMTOXHMHYECKHM INOTOKaM
paccesaHus BeLyTcs B TOPHBIX palioOHaX Ha MNEPBOH CTAaluH Cbe-
MOYHO-IIONCKOBBIX paGOT MyTeM CHCTEMaTHUECKOTo ONpoGOBaHHA
aJJIIOBHAJIbHBIX OTJIOXKeHul rujapocer. IlpoGbl OepyTca u3 asniiio-
BHAJIbHHX OTJIOXKEHHH B Tpefenax CyXoil MOMMEHHOH yacru pycia
¢ ray6unn 10—15 cM, pexe u3 Boan. B mpoby orGupaercs mec-
yaHo-IVIMHKCTaag (paKuus aJJlioBHfA, NpPH ee OTCYTCTBUH HJHUCTO-
IJIHHHCTAs, a TpH OTCYTCTBHM 3TON (PaKUuH TpaBHHHO-IApeCcBAHAA,
T. e. oTOUpaerca TOT MaTepHaj («MelKo3eM»), B popme KOTOPOTrO
B MECTHBIX YCJOBHAX [pOTeKaeT TBEPAbH CTOK. YacTo# cMeHbl
Xapakrepa Npo06bl B Npeiesax OJHOro pycia cleayer H3Gerarb,
TaK KaK 3TO CHHXKAeT BOCIPOH3BOJHMOCTb aHAJUTHYECKHX JaHHBIX
H yBeJuuuBaer aucrnepchio ¢ona. Macca npoGsl B NPaKTHYECKHX
yedsix npuauMaercs 150—200 r, uTo Tpebyer mpu mpoGoorGope
yiajleHHsl H3 ee cocTaBa KPYNHOOGJOMOYHOrO MaTepuasa. DTOH XKe
LeIH CJAYXKHT NOCAEAYIOWHA NPOCeB BO3AYWHO-CYXOH MPOGHL.
Bonpoc o nawiyyuiefl ¢pakuuu, KOTOpyio CJAEAyer OTCeBAaTb U3
npobbl jJifi  ee Tmepefayd Ha aHa/lu3, OJHO3HAYHOTO pELICHHSA
ne umeer. Hekotopble pyAnble 3J€MEHTHl B (opMe TANKEJBIX YCTOH-
yHBbIX MHHEpasoB (mampumep, SnO,) cnocoGubl oforamars rpy6o-
3epHHUCTble (PAKUHH ajlJllOBHA, APYrHe KOHUEHTPHPYIOTCA MpEHMY-
IIECTBEHHO B WJHCTO-IVIHHHCTHIX (pakuusX, yacTo B Ge3MHHEpalb-
Hoit dopme (nanpumep, Mo, U). OGorauenue Kakoi-i1ubo ¢pax-
UMK PYAHBHIM 3JEMEHTOM elle He TOBOPHT O €€ MOHCKOBBIX mpe-
HMYILECTBAX, IPH 5TOM BO3MOXEH OJHOBPEMEHHbIH POCT POHOBHIX CO-
JlepXaHufi W CTAHAAPTHOTO MHOXMHTEJS, T. € CHHXKEHHC KOH-
TPAaCTHOCTH TEOXHMHUECKHX aHOMAJHH. Haxonen, ognH #
TOT K€ PY/HbIH 3J€MEHT B HENOCDEACTBeHHOH ONH30CTH K MECTO-
poXJeHHi0 oforaumlaer Kpynuble (paxuuh aJJIOBHA, a 10 Mepe
yaajleHHst OT KOPEHHOTO MCTOUHHKA KOHTPACTHOCTb aHOMAJHH BO3-
pacraer B ToHkux ¢paxuusx. Ilockosbky npu nouckax nosoxenne
06beKTa 3apaHee HEH3BECTHO, OTAaTh MNpPEANOYTEHHE Kako#-1H60
(¢paKuuu ¢ THX MO3HLHKA HEBO3MOXKHO. BeaencrBue Takol Heormpe-
JIeJIEHHOCTH pellienue 3TOr0 BOTMpoca MEePEeHOCHTCS B JPYyryro IJoc-
KOCTb: OTCEBaThb JJs MNepefaud Ha aHa/u3 Cjleiyer Ty MEJKYIo
dpakuuio MOJEBbIX NPOOG, H3BJIEUEHHE KOTOpPOH He BCTpevaeTr 3a-
TPYAHEHHIl W BBIXOJ KOTOpOH B KOJHYeCTBe NOpsAjka 50 r oGecne-
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YeH 6e3 yBeJHYeHHs Macchl HCXONHBIX NMPo6. B uTore mpwu JuToxu-
MHYECKHX MOHCKAX MO THNEPreHHBIM OpeoslaM M NOTOKaM pacces-
HHS dallle BCEro Ha aHajdu3 mnepenarntcs ¢pakuuy —1,0 wau
—0,5 MM. Bosee noxpo6Horo o6ocHoBanus tpeGyer BOIIPOC O CETH
npoboor6opa [1].

JIATOXMMHYECKHe CheMKH 0 MOTOKAM PaccesHHs, Kak [PaBUIIO,
NMPOBOAATCA B IeOJOrHYeCKH c1ab0 H3YYeHHBIX, S5KOHOMHUECKH Me-
Hee Pa3BHTHIX H YaCTO TPYAHOLOCTYNHHEIX paioHax. B aTHX reoJoro-
SKOHOMHYECKHMX YCJIOBHSIX Ha INepBOH CTafuM CTPaTerHYecKoi
LeJIbI0 MOMCKOBEIX pafoT siB/IsieTcst OGHApyXKeHHe TONBKO KPYMHBIX
Mectopoxienuit. [lonyTHoe BHIsIBNEHHE MENKHX MeCTOPOXK/IEHHHA
ClellyeT paccMaTpPHBaTh KaK HexesNaTeNbHbli «HMH(POPMaLHOHHBI
wym». OnpoGoBaHHWe a/lJIOBHAJBHO-TIPONIOBHANBEBIX OTJIOKEHHI
BPEMEHHBIX BOLOTOKOB C MaJIbIMM MJOIAaAAMH BOZOCGOpOB (Sy—-0)
CHOCOGHO NPUBECTM K OGHADYXKEHHID HMEHHO MeNKHX MeCTOPOXK-
Z€HUH M HEMPOMBILIEHHBIX PYIONPOSBIEHHH, YTO MPOTHBOPEYHT
CTpaTeruyeckoii LeJH MOMCKOB M OECIVIOLHO YBENMUYHBAET TPYO-
eMKocTh pabor. OueBHAHO, YTO NE€TAJBHOCTL NPOGOOTGOPa LOIKHA
ONpeneIATbCA HCXOAsl U3 MHHMMAaJbHOTO pasMepa MeCTOPOXKIEHHI,
nopsexamux o6Hapyxenuio. Ha mnepBoii crammm npm mouckax
MECTODOXIGHHI ~C  «JErKo J0Ka3yeMbIMH 3amacaMu»  (CM.
puc. 10, @) ux pasmepn OmpefeNsIOT MVIOMANHHE MPOAYKTHBHOCTH
Op€0JIOB M NOTOKOB paccestiuss P, P/, mpomopuuoHalibHble MPOLYK-
THUBHOCTH KOPEHHOTo opyZAeHeHus P, M2 % wna ypoBHe coBpeMeHHOM
noBepxHocTH. OGHapyXeHHe 06bEKTa NOUCKOB NMPH IeOXHMHUUECKHX
c¢beMKax onpenensercss ycioBueM C,=Cpy=Cgye’. B mnortoke pac-
CesiHHsl MaKCHMaJjlbHble COIEPXaHMs PYyAHBLIX 3JeMEHTOB B HauGO-
Jee ofleM clyyae NPUypOYeHH K TOUKe R, HHMXKe KOTOPOH aHO-
MaJipHBIE COJep2KaHHsl TOJbKO MafaloT. 3afaBasich YCJAOBHEM

Crmax > Cye® = (PISR) + Cy  nMeeM

P
SR < . T = SKpnmq- (49)
Cy(°—1)

OTa 3aBHCHMOCTb, OTBEYAIOINAs HAEANLHOMY NMOTOKY DACCesHHs,
TIO3BOJISIET ONPEAENUThb, NPH KaKOH MaKCHMAaJbHOH IJIOWAAM BOIO-
c6opa Swxpurus O6DBEKT C 3aJaHHOH NPOLYKTHBHOCTBHIO BTOPHYHOTO
opeoJia paccessHus P M? Y, Oyner oGHapyeH myTeM onpo6oBaHUS
aJIMIOBHAJIBHBIX OTJI0XKEHuH. OObeKT Tol e MPOAYKTHBHOCTH, Ha-
XONAIMACH BHYTPH MJAOMAAM Si> Skpnrua, THTOXUMHUECKHUMH ChEM-
KaMM TI0 NMOTOKaM paccesiHUs BHSIBJEH He GyaeT, XOTS OOGDBEKTH
¢ BeIHYMHOH P> Pypyrpy B TeX XKe YCNOBUAX OYAyT BBHISIBJEHBI.
C yueroM yObiBaus S,y K BepliMHaM BOJOCGOPOB  YCIOBHE
Smin<Sxpurws NPH 3afaHHOM P, onpexesier JOTYCTHUMOCTD
npekpanleHus npo6oor6opa mo Mepe NpUGJIMKEHHs K BOZOpasje-
JiaM 06e3 CHHXKEHMS] MOHCKOBOH 3(P(PeKTHBHOCTH JHUTOXUMHUUECKHX
¢beMOK. B TOYKax mpekpamenus npo6oorGopa npH S;<<Smin
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npuHsATO OTGHpaTh OBe NMPOGH C PacCTOSHHEM MeXay HuMu 20—
30 M. Ipu mewexoqHoH cbeMKe npo6ooT6Op OOBIYHO BEAETCS C Ila-
rom 500—1000 M, yuuTHIBas, 4TO TPyLOEMKOCTb PaboT B OCHOB-
HOM ONpenensierTcss NPOTSXKeHHOCTbIo MapuipyTos. [lpumep Iuene-
coo6pa3Horo pasMellleHHs ToueK Npob6oorGopa mpu CbheMKax, OTBe-
yaromux Macmraby 1:500000, mokasan Ha puc. 22. 3n1ech
Smin<<10 kM, Co'=1:10"%, e=144 n Cy'=3-10"%. Orbop
npo6 npekpalnaercs B ycThsix pek Il mopsaka; pekm 1 mopsiaka
onpo6yioTcs TOJNBKO NPH MX BHAJEHHH HENOCPENCTBEHHO B PEKH
Il u crapmux nopsigkos, mar npoGoorGopa 500 M. Ha yuacrke
HMeIOTCS [Ba MHHHMAJIbHO-TIPOMBILIJIEHHBIX PYAHBIX 00beKTa
C NpPOLYKTHBHOCTSMH BTODHUHBIX OpeOJIOB paccesHus Pmin=
=400 M2 9% xkaxgawii. B mpexenax 100 xm?, mpexcTaBasOLLMX
co6oli (parMeHT TWIOMIaAM CbEMOK, oroGpaHo 22 _PsA/IOBBIX ¥
9 npoitabix mpo6 3a NeNe 1—40, uro oTBeyaer cpeaHeli MIOTHOCTH
1 npo6Ga Ha 2,5 kM2, T. e. pacueTHO# cetn 5X0,5 KM.

Pynueifi o6bekr A HaleXHO BBHIBISETCS JUTOXHMMHIECKHMH
cheMKaMu. 3Toro MaciirtaGa. Ero BrophuHbie Opeosibl paccesiHust
pacnpenelsiloTcs TPHMEPHO NOPOBHY MEXAY IBYyMs Bonocéopang
I—II mnopszkoB, MWiIoOWAanblo Ses 0~5 KMZ u S, 34==10 KM2,
B pesysabrate B mpobax 28 u 29 conepxaHusi PyLHOTO 3JeMeHTa
cocraBar 5-10-5%, B npobax 33 u 34—3-10~°%. Kpowme T0TO,
B BocbMH mpoGax (21, 22, 25—27 u 30—32) conepxkanus MeTana
Gyayr 2—2,5-1075 %, T. €. aHOMAJbHLIMH MO KDHTEPHIO Cye3Vm .
Pyanmii o6bekr B, okasapmmiics B Gacceiine pycaa IV mopsika,
B YCJOBHAX HA€ANbHOTO MOTOKA paccesHHsi, CbeMKaM# He OOGHapy-
skuBaercsi. Touke R B 3TOM clydae COOTBETCTBYET IJIOLIaAb BOJO-
c6opa Spr=Sx=T74 KM>>Sipuruu=20 KMZ, MaKCHMMalbHOe cOjep-
xKaHue cocrapasieT C’max=Cr =1,5-10"%% <Ca. B., npenenax
puc. 22 2 Smin cocraBiser npuMepHo 75 % or ofiedi nJollanu
yuactka. JIOCTaTOUHO OUEBHIHO, UYTO MPOAJIEHHE OMPOGOBAHHS
B CTOpPOHY Bofopa3sfienoB Obuio Ol 6ecuno.71e3HblM. Srtu pacuersl
0XHIAeMbIX Pe3yJbTaToOB JHTOXMUMHYECKOH ChbeMKM GBHUIM OCHOBaHbI
Ha 3aKOHOMEPHOCTAX (pOPMHMPOBAHHS MIAEAJbHHX IOTOKOB pacces-
HHsA. B NMPUPOJHBIX YCJOBHSAX Haémoaa}orlcs; OTCTYMJIEHHS] OT 3THX
3apucuMmocteil. Hapywenue ycaoBus P, =const, ocnoxusollee
MHTEPIPETALMIO MOTOKOB paccesiHusi, OLHOBPEMEHHO MIpaer mnosH-
THBHYIO DPOJib, YBEJIHUMBAsi NMOMUCKOBble BO3MOXKHOCTH JIHTOXHMHYE-
CKOHi CheMKH. JTO [MOJIOMEHHe WIJIIOCTPUPYIOT TPH ~KDHBHIE

< =f (Sx), nokazanuble Ha puc. 23. [Tpu sHauenusx o’= 1,0, Koraa
MOTOK paccesiHdss (popMHpPYeTCs MO 3aKoHaM Hﬂeaﬂ;:};OHAMO,U,eJII/I,
pyOHOE MECTOPOXKJEHHE C MPOLAYKTHBHOCTDHIO 400 M2 9% Ag (wanH
Hg) npu Sg=50 kKm? 3aBeqoMO He BBHIABJIACTCS, MOCKOJbKY
Sypurwa =20 KM2 M CcOAepkKaHHUs PYAHOro 3JIeMEHTa BO BCEX TO‘IKa)E
onpo6opanus ocratorcs Huxe Ca’ (Ha pHC. 2§ NOKa3aHHl nyﬂxém
poMm). ¥Yxe npu o’=3 B AByx npobax, a Npu a'= 10 B cemu mpo a)f
COZlepaKAHUs MeTa//la CTAHOBSATCS AHOMAJBHHIMH H 3TOT Ke DY
Hbll O0GbeKT HajexHo ob6HapyxuBaercs. O6o6was 3TH JaHHblE, HA
OCHOBe 3aBHCHMOCTH (47) YCTaHaBJHMBaeM, YTO B PeajibHBIX IOTO-

79



PN N
_/,lr/ Ne—r 14m
|
\\
\I \ /I \\
{
/ L) /
4 <7 1z /
/ 7, .
! \ W /(\ /o
\ IR - —="\ A
\ \ 125 1320%-=7" \
| I 241 77 i
r B s 7 11l /
// \ 2z / 77 7 7/['—//_—-\ /
{ (NN e //\ /
{ II are ,~ 2N //
!
\I /
\ I
e
//\\
/ \ //

Puc. 22. Tlpumep pasMewenns Touek mpoGooTGopa NpH cbheMKax Macuitaba
1 : 500 000.

Toukn orGopa npo6: ! -— gBofiHBIX; 2 — PAIROBHIX; 3 — BOZAOPASKeNH; 4 - DYAHHe OGBEKIH;
§ — nampaBneHye CTOKa
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Puc. 23. Tpadukn OGHApYKeHHss OObEKTA NOHCKOB MpH Si>Sypmr ¥ b3,
Qio0=1000 T, P"=400 M2 %, Skpur=20 kM2, kb u k=1.

CTpenkofi nokasauo HanpaB/ieHHe CTOKa

KaxX paccesHusi Skpurug WIH NPH 33LaHHOM Cr — conepxanue Me-
Taina (C'max — Cy’) yBenwunsaercs B 1/A/ pas npoTHB wueals-
HBIX YCJIOBHi. B 3aBHCHMOCTH OT MECTHBIX 3HAYEHME a’ U COOTHO-
LIeH il SRO/SR 9TO MNpeBbIleHHe MOXeT Jocturate 20-, 30-

H faxe 50-KpaTHOH BENHYMHBI, UTO CYIIECTBEHHO MOBBIIAET MOUC-
KOBLIE BO3MOXKHOCTH JIMTOXMMHYECKOH CBEMKH 0 NOTOKAM pac-
cessnust. O6pamasick K puc. 22, MOXKHO NOACYHUTATh, YTO PYIHBIHA
00beKT B, He BHIIBASIEMBI B YCJAOBHAX HAEadbHOTO II0TOKa pac-
CeAHHs, NPH MMEIOIEMCs COOTHOLIEHHH BOLOCGOpPOB SR.,/SR=0,88,

HaleXHO OGHAPYXKHMBaeTCsi N0 aHOMAJbHHIM COLEDIKAHHAM Me-
Tanna, HauuHas ¢ a'>=4,7. HomonnutenabHbie pe3epBH BO3HHKAIOT
mpu £>1,0 (manpumep, Au, Sn), NOHUKAIOTCH TOHCKOBHE BO3-
MOXHOCTH mpu k’<1,0. Takum o6pasom, npo6oor6op ¢ warom
05—1,0 kXM mo pyciam pek crapumx NOpsIIKOB ¢ BoAocGopaMu
AO HECKOJIbLKMX COTeH KBaJAPATHBIX KHJIOMETPOB CJeIyeT CUHTATh
1es1eCOOGPa3HBIM, H HET HEeOGXOAMMOCTH JHTOXMMHUECKHE CheMKH
M0 IOTOKaM pacCesiHusi A0 MOJNYYEHHs UX PE€3yJbTaTOB AOMNOJHSThH
MPOPUIbHBIM  ONPOGOBAHHEM  3JIOBHO-IEIIOBHS NpHUJErauiuX
CKJIOHOB.

Onpenenenne MecTHO! BenHuHHH k' NPOM3BOLHTCH HA yuyacTKax
BBISIBJICHHHIX TOTOKOB PACCEsiHMSI PYIHBIX 3J€MEHTOB, Ha KOTOPHIX
3aTeM MNPOBOLHTCH JMTOXMMHUYECKAs cbeMKa Maciitaba 1: 100000
MY KpyNHee O BTOPUYHBIM OpeosaM paccesHus. ns OLEHKH
JaCTHBIX 3HAvYeHMii k' MO NaHHBIM 3THX CbEMOK MO (opMyJe (16)
NOJCYHTHIBAIOTCS MIOMWAAKBE MPOAYKTHBHOCTH TOH YacTH BTOPHU-
HEIX OpeOJIOB paccesHusi, KOTOPbe MO YCJOBHAM CKJIOHOBOH JEHY-
AallHH TATOTEIOT K ONPeNeNIEHHBIM TOYKaMm Npo6oot6opa u3 pycIo-
BBIX OTJ0OXKeHuA. [l Tex ke TOYeK onpo6OBaHHs Mo tdbopmyae
(35) momcuuTHIBaETCS MNPOAYKTHBHOCTb MOTOKOB paccesiHus ¢ 06-
MepoM miomanu Bofoc6opa S, Mo TOMOrpaduuecKHM KapTam HIu
no  aspodorocHMMKaM. 3Hauenus k' BBIUHCAAIOTCH [0 BTOPOI'O
S8HAaKa Noc/e 3amATod Kak 4aCTHOe or AelieHHs Plyey Ha P, Idas
HafileHHBIX £ 3HaueHufi &/, OTBeUAIONMUX OAHOTHIHBIM YCTIOBHSM,
BLIYMC/IAETCA CpellHee reOMeTpHYECKOoe R’ M mo BeJUUHHe pa3Maxa
k' max/k min — CTaHAAPTHBIH MHOXHTE/b €, ONpele/sIoulHil L0BepH-
TeJbHEIE Npenesbl OLeHKH k'-e*!, rie e=antls S/} n. An-
IPOKCHMAlMsl CTATHCTHYECKOro pachpejeseHuss k' JIOTHOpMaJbHBIM
3aKOHOM OCHOBaHa Ha TOM, YTO CPEIHMM M3 JABYX DPaBHOBEDOST-
HBIX 3HAYEHHH MHOXKMTE]S MponopuuoHajbHoctH 2,0 u 0,5 sB-

asercss 1,0=712.0,5, a ne 1,25=1+2L’5-.

Ilpumep onpenenenuit &’ 14ns NOTOKOB paccesiHUs CBMHIA
B yCJIOBHSX BHICOKOTOPHOTO pejibepa Yramckoro xpebra (IO. Ka-
3axcTaH) nokasan Ha puc. 24. O6wee cpelHee TreoMeTpHIECKOe
3Hauenue 1Jst Ph, HaiinenHoe u3 81 ompenesnenus mo atomy paii-
OHY, OKa3asochb NocTaTo4Ho 6au3kuM K 1,0. KoHkperHble 3HaueHus
k' 175 HEKOTOPHIX PYAHHIX PaflOHOB NMpHBedeHbl B Taba. 11.

B ycnoBusix aKkTuBHON BOAHOH (TMAPOXMMHUECKO!) MHUTpalUH
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Tabanuwa 11

3uavenusa &’

L] L] ' o= F .

E ég §§§ Ouenka E %% EE‘E OueHka

2 AR T 5= 2 &5 558

1 Pb 7 1,21-1,39%! 11 | Ag 2 | 0,88-1,63%!
2 | Ag 8 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%1
4 | Sn 6 1,46-1,37+! 14 | As 21 1,17-1,59%1
5 | Pb 11 1,61-1,18%! 15 | Pb 8 1,11-1,10%!
6 | Zn 9 0,86-1,31%! 16 | Zn 6 1,12-1,41%!
7 | Mo 10 92,06-1,08%! 17 | Ag 5 1,30-1,26%1
8 | U 7 1,13-1,12%! 18 | Mo 4 92,23-1,15%!
9 | Pb 25 1,06-1,74*!1 19 | As 3 1,47-1,21%1
10 | Zn 25 2,75-1,71%! 20 | Ba 2 3,77-1,15%!1

* Naunuwe: 1—4 — A, JI. Axan4YeHko 10 ceBepy Kamuarcko#t o6nactH; 5—8 —

A. H. Borosawo6osa no CpegHeit Asun; 9—14 — B. Il. BopoguHa no OMcyKuaHCKOMY pafi-
ony Marapgancko# o6aactw; 15—20 — C. A. Mussesa ro ropHem paitomam Kasaxcrana.

3JIeMEHTOB INpPM pPEe3KOM H3MEHEHHH OOCTAaHOBKHM BO3MOXHO HX
ocax[eHHe B pycie Ha reoxuMuueckux Oapbepax. Bosnukaromue
Ip¥ 3TOM BTOpHUHble (THIEPreHHble) aKKyMyJsIMH 3JEMEHTOB
co 3HaueHUsMH B>>1,0 Moryr 3aTpyAHATb KONHYECTBEHHYIO HHTED-
npeTanyio NOTOKOB paccesiHHs.

O6pa3oBaHue MX Ha HCHapHTe]bHOM Oapbepe OTMeYaJoch AJd
Sr, B, F, unorna Mo, Ha BoccranoBHrenbHOM Gapbepe — misa U
n Mo. B mpenene runepreHHble aKKyMyJsilMM HOCTHTAIOT IPOMBILL-
JeHHoro MacmitaGa, mnpuoGpeTas 3HaueHHe 3K30I€HHHX MeCTO-
pOXneHHil MOJE3HBIX HCKOMAEeMBIX.

Hpyryio rpynny PyAHHIX 3J]eMeHTOB, MOTOKH PacCesiHHs KOTO-
pHIX CIOCOGHBI XapaKTepu3oBaThcsi 3HaueHHAMH k>>1,0, obpasyioT
30J10TO, IJIATMHA M APYTHe JEMEHTHl, NPeACTaBJIeHHbIE TSXKENIbIMH,
yCTOHYMBHIMM B 30He BBIBETPHBAHHMS MHHEpa/laMM, TaKMMH, Kak
KAaCCHTEPUT, MOHAIMT, KOJYMOMT, TaHTA/JUT, HIbMEHHT, PYyTHJT,
ortyacTy Boabpamur. Biarofaps BBEICOKOH IJIOTHOCTH H MeXaHH-
yecKOH IIPOYHOCTH 3TM MHHEpalbl CNOCOOHB K HAKOMJIEHHMIO Ha

Puc. 24. K oueHke KO3(QHIHEHTOB NPOMOPLHOHAJBHOCTH k' MEXAY KOJHYECTBOM
CBMHUA B MOTOKAX M Opeojax paccesHuss Aas BOLOTOKos ~Calt Ne 13 (a, 6) u
Cait Ne 10 (8). fTo A. II. Coaososy u H. fl. Kynuny.

Tpabuku: [ — cosepmanntt Pb; 2 — ycpeAHeHHHX 3HaUYeHHH P,’; . Opeosnm paccesnus: 3 —
Pb >002 %; 4—Pb>01%. 5— ToukH oONMpo6OBaHHs TOTOKa; 6 — BHYHC/CHHBIE 3HAYe-
HHst P,; ; 7~ P'/[P=Fk'; 8 — KOHTYD GaccefiHa AeHYRALUH
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TPaBUTallMOHHOM Gapbepe, 06pa3yst B OTIONKEHHSX THAPOCETH aJi-
JIOBHAJILHbE pacChli C GOJNbUIHM U BECbMa HEMOCTOSTHHBIM KO3(-
(uuvenToM oboramenns. Oco6eHHO GOMbWIAS MIOTHOCTD (d=
=19,3 r/cM®) u caoxmocTh mpoleccos THAPABIHYECKOH COPTH-
POBKH Jl€/1al0T HenpefcKa3yeMhIMH MeCTHble 3HaUeHHs k' 1Jsi 30-
J0Ta B Kax]oM KOHKperHom pycie. IlostoMy B Hacrosmee Bpems
OLCHKA NPOTHOSHEIX PeCypCcoB 30JOTOPYZHBIX MECTOPOXKAEHHH IO
NPONYKTHBHOCTH INOTOKOB pacCesiHUs 30J0Ta no dopmyae (39)
‘HE TIDOM3BOAHTCH. JIMTOXMMHMYECKHe NOTOKM paccesiHusi IJIATHHH
(d=21,4 r/cM®) eme OueHb MNOXo M3yueHbl. s GOJBLIHHCTBA
OCTaJIbHbIX PYLHBIX 3/IEMEHTOB B YCJOBHSIX TODHOTO peibeda AJIs
OPMCHTHPOBOUHLIX PacCyeTOB MOXKHO NPH HeJOCTaTKe AAHHHX IPH-
HEMaTh k'=1,0, cudras, 4TO HefiCTBHTENbLHbIE 3HAUEHHS K03 dhu-
LHEHTa MDONOPUHOHAJILHOCTH HE MOTYT W3MEHHTh NOPSAAKA OXKH-
AaeMHlx UHOpP. B ycaoBusix cnabo pacuseHEHHOro u GJH3KOrO
K DaBHUHHOMY pejibetha BO3MOKHOCTb KOJHYECTBEHHOL HHTEpIIpe-
TallMH JIUTOXMMHYECKHX IIOTOKOB DAaCCeSHHS CTAHOBHTCH COMHU-
TeJNbHOH.

CamocrosiTenbHyo npo6ieMy cocTaBisieT METONMKA JHTOXHMHU-
UECKHX MOMCKOB DYAHBIX MECTOPOXKAEHHH B palOHAX CO CHJIOLIHBIM
TIOKPOBOM MODEHHO-JIe[HHKOBBIX OTJIOXKEHHH OTPAHHYEHHOH MOIIL-
HOCTH, K 4HCly KOTOPBIX NPHHANJIeXKAT 3HAUHTENbHble TEPPHTOPHH
Kosbckoro noayocrpoBa, Kapennn, @uaiasuguu u Kanagckoro
muta. OnbT NOKa3biBAaeT, 4TO B 3THX YCJIOBHAX BO3MOMKHO OGHA-
PyXeHHE JIEJHUKOBEIX MOTOKOB DAaCCESiHHS DPYAHBIX MECTOPOXK-
JeHHUH.

Hanpapniennoe paccesinue BHpakeHo OCOGEHHO YETKO B JIeTHH-
KOBOM Beepe DpYyIHHIX BaJyHOB, NyTeM PETHCTPAllMM KOTODPHIX
B NpOIIIbIe TOABl ObIJIM OTKPBITH MHOTHE MECTOPOXKeHHss DUHASH-
AuM. B oTHX caydasx OcTaToOuHBI (MexaHHYecKii) Xapakrtep JHTO-
XHMHYECKOH aHOMAa/lHH B MOpEHe He BHI3LIBA€T COMHEHHH. B Jpy-
rHx ciydasx, no Muenmwio H. @®. MaitopoBa [25], Bropuunbe
Op€OJIbl ¥ NOTOKH PYAHBIX MECTOPOXKIEHHH B MOPEHHO-JeIHHMKOBBIX
OTJIOXKEHUSX HMeIOT HaJIOXKEHHYI0 cojieByl0 mnpupoay. HauGouaee
OMU3KH K TOTOKaM pPacCesiHhs JHTOXHMHYECKHe AHOMAJNHH B MO-
peHe, TPaHCMOPTUPYEMOH B OCHOBAHMM [OJHMHHBIX JEIHHKOB. TH-
[MYHbIE JIHTOXUMHYECKHE IOTOKM DacCessHHS DYAHBIX MECTOPOXK-
A€HU MOTYT BO3HHKAaTb B COCTaBe (IIOBHOTMSLUANBHBIX OTIONKE-
HHA  MEXJIEAHMKOBBIX INE€PHOLOB WIH B DPYCJIOBHX OTIOXKEHHSAX
COBPEMEHHOH DEUHOH CeTH, pacu/eHsomedl OTJOXEHUS NOHHOH
MOpEHEl Ha OOLUMPHBEIX NMPOCTPAHCTBAX JIEHHKOBHIX PABHHUH.



F'nasa b

FTMAPOXUMHWYECKHHA, ATMOXUMHYECKUM
M BUOTEOXUMHYECKHHM METOIbI MOUCKOB

Paznyuunble reoxHMyuecKHe METOIb HOHCKOB MECTOPOXK/IEHHH noJse3-
t1:1:1)( HCKONAeMbIX — JINTO, THAPO-, ATMOXHMHYECKHI H GHOTEOXHMH-
o;CeI:{PII(I:)ﬁHpHMeHH}OTCﬂ B oé%eMax,u onpefesieMblX KOHKYPEHTHO!
HX Te0JIOrO-3KOHOMHYECKOH 3¢ dexTHBHOCTH. Ecau nas mo-
HCKOB MOTYT YCHEWIHO NPHMEHSTbCSA [ABA, TPH WIH BCe UYETHIPE Ieo-
XAMHAYECKHX METOMa, BHIOHpAeTcsi OfMH, Pexe nenecoobpasHoe co-
U€TaHHe IBYX METONOB, C NMOMOLIbIO KOTOPHIX re0JIOrHYeCKasi 3ajaya
pelnaercsi. HaK6oJ/ee MONHO M ¢ HAHMEHBLIHMH 3aTpaTaMu. Baaumo-
CBSI3aHHOCTh H B3aHMOOOYCJIOB/IEHHOCTL FGOXHMHUECKHX aHOMAaJHi
B PasJHuHBIX reocpepax (cM. pasmen 1.7, puc. 11), nossoasior
NPEABHIETL ONpele/eHHYI0 CTeNeHb CXOACTBA MEXKIY p’esyanaTaMH
FEOXHMHYECKHX CBEMOK Pas/in4HbiMH MeTogamu. OIHAKO [POCTOE
izinﬂaqlziﬂie 4HOMAJIHH, BHIIBJISIEMBIX ABYMS HJIH HECKOJBKMMH Teo-
HKMH METO,
Xiiriec AaMH, He MOXET ONpaBAaTb HX COBMECTHOE NpH-

Hanb6onee mWHPOKO reoxumuueckne MeTombl NPHMEHSIOTCA TIPH
HMOHCKAX MECTOPOXKIEHHH TBEPIHIX IMOJIE3HHX HCKONAaeMHX, B OCHOB-
HOM 3TH paboThl BeRyTCs JIHTOXHMHYECKHMH METONAMH. ,Ho 3apy-
OexHbIM NaHHHIM [50], B MHpe €XKerofHo ¢ 3TOH Mesbio orbupaercs
nopsiika 18 MJIH. reOXHMHYECKHX Npob, u3 Kotophix 97,5 % — suro-
XxuMuueckne, 2 % — rugpoxumuueckue u 0,5 % — 61’40reox14Mqu-
CKHe. ATMOXHMHYECKHII MeTON IPHMEHSeTCs HIPEeHMYIIeCTBEHHO NPH
NIOHCKAX MeCTOPOXIeHHH HedTH H rasa, JaHHHeEe O TONOBBHIX O0b-
eMax 3THX pabor orcyTcTByI0T. CyMMapHBe 06beMb aTMOXHMHUe-
CKHX CbEMOK, BBINOJHAEMBIX C I1eJIbi0 NOHCKOB MECTOPOXKAEHHH TO-
PIOYHX, PYAHBIX H HEPYAHBIX MNOJIE3HHIX HCKONAEMbIX, [OKAa 3HAYH-
TEJIBHO yCTynalouiie oO0beMy JHTOXHMHUECKHX CHEMOK, B G1HxKaliiee
BpeMsi CylIeCTBEHHO Bo3pacTyT. IIpu obuieit TeHmeHIHH K MelJeH-
HOMY YBEJHYEHHIO TONOBLIX 00bEMOB TOHUCKOBLIX JIHTOXHMHUECKHX
THAPDOXHMHUECKHX U OHOTEOXHMHUECKHX CHEMOK COOTHOU.IeHHH’
MEKIY HHMH, [I0-BHAHMOMY, CTa0HIH30BAIHUCE.

IIponopnuoHaNpHO PONH W [EPCHEKTHBAM AaJbHEMINEro PasBH-
THS KaXXAOT0 H3 FeOXHMHEYCKHX METOJOB NOHCKOB KPATKO paccMmar-
PHBAIOTCS NMPHHIHUNHAIBHBIE OCHOBH THAPOXHMHUYECKOrO H OHOr€OXH-
MHUYECKOTO METOAOB U HoJsiee nmoApoGHO — ATMOXHMHUECKOTO METOHA.

5.1. THOAPOXHMHYECKHA METOJ

I'napoxnMuyeckne MOHCKH MECTOPOXKIEHHH NOJNE3HBIX HCKOIAaeMhX
OCHOBaHBI Ha HCC/IE[IOBAHHH XHMHYECKOTO COCTABA NPHPOAHLIX MO-
BEDXHOCTHBIX H TOA3eMHBIX BOA. [IpHHIMNHANBLHYIO OCHOBY 3TOrO
MEeTOJa COCTaBJSIOT CIIOCOGHOCTH BOABl K DPACTBOPEHHIO TOPHHIX
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TIOPOJ, ee aKTHBHOE YuacTHE B XMMHYECKHX INPEBPAlIEHHsIX MHHEpa-
JIOB M CBOHCTBA BOIbI KaK MOMBHKHON cpelnl. CBSI3b MEXIY XHMH-
YyeCKHM COCTABOM BOAH H Ha/juu#eM BOJH3H BOJIOMCTOUHHKA 3aje-
el TOJe3HHX MCKONaeMBX He BbI3bIBA€T COMHEHHA H SIBJISIETCH
ONHOM H3 IPHYHH BO3HHKHOBEHHsi THAPOXHMHYECKHX aHoMaJu#,
HMeIolHX noxcKoBoe 3HaueHne. CnocoGHOCTb BOAB! K NEPEMENICHHIO
13 TyGOKHX TOPH3OHTOB K 3€MHON [IOBEPXHOCTH H €€ BCENPOHHKAIO-
LIHe CBOMCTBA M3AaBHA IPHBJIEKA/H BHHMaHHE K ONPOOOBAHHIO MPH-
POIHBIX BOA B NOHCKOBHIX HeJsX. -

Han6osee 6JaronpHATHEIMH OOBEKTAMH VISl THIPOXHMHYECKHX
OHCKOB SIBJASIIOTCSI MECTOPOXKAEHHS MHHEDAJbHEIX COJeH — pasind-
HBX NPHPOIHBIX XJIOPHAOB H cy/ibparoB. CymMapHOe COIEpKaHHE
5THX COeQHHeHHHl B IPHPOIHEIX PAaccojax MOXKeT NpeBhaTh 350 r/a,
¥ OHM CHOCOGHBI YCTOMYHBO COXDaHATBCS B PACTBOpaX, OMpeaesss
B KOHEUHOM CueTe COJIeBOi COCTaB OKeaHHYecKol Bombl (X coned
35,6 r/a1). YuntbiBasi, 4T0 00umasi MHHEpaIH3alysi NPHPOJHBIX TPEC-
HbIX, B TOM UHCJle PEUYHBIX, BOJ OOBIYHO COCTaBJISIET 1,0—0,5 r/m,
JIeTKO OI€HHTbh TOT OOJBIIOH JHaNas3oH, B KOTOPOM MOTYT JexXaTb
aHoMaJsbHbBle COAEpKAHHS cOMelt B MOBEPXHOCTHEIX H NOA3EMHBIX BO-
Iax CyHIH.

B cniy ocobeHHocTell (OpMHPOBAHHS COJNEPOAHBIX GacceilHOB
B KauecTBe KPYIHBIX H CTpaTHrpauueckn (QHKCHPOBAHHBIX TeOJIO-
rHuecKuX o6pasoBaHuii THAPOXHMHYECKHE IOHCKH MECTOPOXKACHHH
MHHepa/JbHBIX COJIell He TOJNYYWIH UIHPOKOrO DPacmpoCTpaHeHus,
XOTSi IPOTHO3BI XapaKTePa COJIEHOCHBIX OT/IOKEHHH 10 XHMHYECKOMY
cocTaBy mpHpomHbix Box menaucs H. C. Kypuaxoseim u IT. Y. Ilpe-
oGpakeHCKHM elle B Hauale Beka. BeccriopHoe MpAKTHUECKOE SHA-
YeHHe COXpaHsieT THAPOXHMHYECKHHA METON NOHCKOB MECTOPOXKAEHHH
kanuiHbix coJtefi, paspaborannnii M. I'. Bauasko. A dexTHBHOE
npHMeHeHHe THAPOXHMHYECKOTO MeTOJa BO3MOXKHO NpPH MOHCKAX MH-
HepaJbHHX HCTOYHHKOB, B YaCTHOCTH NPOMBILIIEHHBIX GPOMHBEIX BOJ
W MeCTOPOXKJeHH# Goparto. B unc/e ApYyrHX aKTHBHBIX BOLHBIX MHI™-
PAHTOB 3TH 3JEMEHTH XapaKTePH3YIOTCsi TOBbIECHHEIMH BEIHUH-
HAMH KO3 (QHIHEHTOB Ta/1acCcOPHIBHOCTH (Br—1,=30; B—1,=0,4).

AKTHBHOE Pa3BHTHE THAPOXHMHYECKOTO MeTOAd NOHCKOB PYAHBIX
MECTODOKAEHHI Hauajoch B Hallefi cTpaHe B Hauane 50-x romaos,
nocae nepBux ny6iukauui E. A. Cepreesa u O. A. Anékuna. Oc-
HOBHHIE HCCienoBanus B 3Toil o6nactn mposomuan C. IL. AnGya,
A. A. Bpoackuir, B. B. Iloankapnoukuh, I1. A. YnoonoB, 3ateMm
[. A. Tonesa, C. P. Kpainos, C. JI. IllBapues n MHOTHE IpYTHE.
['HAPOXHMHYECKHE METOAbl NOHCKOB MeCTOPOXAeHHA HedTH H rasa
paspab6atmiBasn B. A. Cyuus, B. A. Kosma, II. C. Cnasun,
JI. A. T'yngaesa.

Cpefin pyAHBIX MECTOPOXKAEHHH Haubosee 61aronpHATHEIMHA 00D
eKTaMH THIDOXHMHYECKHX IOHCKOB SBJSIOTCH cyabduaHbE, B N€p-
BYIO Ouepelb KOJIueTaHHO-NONHMETAJIHIECKHe H ocob6eHHO Oorathie
AHCYbbUAAMH MEIHOKOTYeNaHHble MeCTOPOKACHHS. ITpuponHbie
BOJbl OGOramaTcsa PYIHBIMH 3JE€MEHTaMH T/aBHHIM 06pa3oM NpH
THTepreHHOM OKHCJeHHH CyJbQuAHBX PYH, B XOA€ KOTOPOrO TpyA-
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HOpacTBODHMBIE, HO HEYCTOMYHBBIE CYJLOHAE A0 NpeBpauieHHs
B YCTOMYMBEIC H TPYAHOPACTBOPHMbE BTOPHYHLIE MHHEPAJbl [POXO-
AAT CTANHIO JIETKOPACTBOPUMBIX CYabdaToB. [ToapoGHO 3TOT mpo-
liecc paccmorped B pasn. 3.4, maHHbe O PacTBOPUMOCTH MHHEPaJIoB
npuBeneHs! B Taba. 14.

B nomsemuBIX BOAax, oMbIBaomHX OKHCISIONIEECS cyaphunHOE
MECTOPOXKIEHHE, 06Pa3yIoTCA THAPOXHMHUECCKHE OPeOJbl M NOTOKH
paccesinns pyIHBIX 3J€MEeHTOB i CyJibdat-HoHa. ComepKaHus pyl-
HBIX 9JIEMEHTOB B KHCJBIX DYAHHUHBIX BOAAX AKTHBHO OKHCJSIIO-
IIHXCst KOMUCAAHHBIX 3a/leKed MOTyT HOCTHIaTb OIPOMHON BeJH-
unHel (B Mr/a): Cu— 45600, Zn— 50300, Ni— 30000 u 1. m. [27].
B pesysbraTe B3aumomeicTBHS ¢ OKPYKAIOMAMY BOAAMH H MHHepa-
JIaMH TOPHBIX NOPOJ, OOMEHHBX XHMHYECKHX peakilyil, Cooca eHHs
W COPOLHMH PYAHBIE 3JIeMEHTHl H3 PACTBOPOB NePEeXONAT B TBEPAYIO
$asy u comepxaHHsi HX OBICTPO MAZAIOT AO ¢ouoBuix. Hanpasnen-
HOCTDL 3TOTO Npolecca OTpaxaloT UUPPH CPETHHX COAEPKAHHH PYI-
HBIX 5/IEMEHTOB B NPHPOAHBIX BOJAX 30HHI THNEpreHesa, Jexaiue
B mpefiesiax n-1072—n-10-5 Mr/n u oco6eHHO HX KO3 HIHEHT B
TanaccodunbHoctH (Tabia. 18).

Lndpu 1. nokaswBawTt, uto comepmanus PYAHBIX 3J1€MEHTOB
B JIHTOChEpe B COTHH Pa3 H Aaxe B JECATKH ThCSYU pas o6oablile,
ueM B ruapocdepe. OmHa H3 NPHYHH, ONPENESIOMUX 3TH COOTHO-
WICHNA, — BEIMA/IeHue THAPOKCHIOB OGOJILLIMHCTBA METANIOB YiKe
npy sHauenusx pH<7,0, B To Bpemss Kak npHpomHbie Bombl uame
BCET0 MMEI0T HEHTPAJIbHYIO0 HIH CJ1A60 11e0YHYI0 peakuuio. Tpyato
PACTBOPHMBIE OKCHAM, KapOOHATH, CHIHKATH, (ocdaTel pyIHBIX
SJIEMEHTOB H NPyrHe KOHeUHble NPOIYKTHl OKHCJEHHS CyAbMHIHBIX
MHHEPAJIOB XapaKTePU3YIOTCS HHYTOXKHBIMH 3HAUYEHHSIMH TPOH3Be-
AeHHS pACTBOPHMOCTH. CYmECTBEHHYI0 POJNb B Mepexofe pyIHLIX
SJEMEHTOB M3 pacTBOpa B TBepAylo (asy Hrpaer coocaxkueHue
¢ rufipokcuaamu Fe m Al, BoinajeHyue KOTOPLIX HAYHHAETCS B KHC-
Abix pacrBopax: Fe(OH); npu pH 2,5, Al(OH); npu pH 4,2. Vuu-
Beépca/blioe 3HaUYeHHe HMEIOT NPOIECCH COPOUHH PYAHBIX 31EMEHTOB
Ha OpraHHYeCcKHX U MHHEDPAJbHBIX KOJJIOHAAX, B YACTHOCTH NPH KOa-
TYJsUHMH reiedl KpeMHesdeMa, Ha FHAPOKCHAaX Mn M MHOrOYHCJeH-
HBIX TJIHHHCTHIX MHHepasax. IIpH MHOroc/ofHON cOp6UHH aHHOHOB
H KaTHOHOB nNepBOHAYAJbLHHH 3HaK 3apsifla KOJJICHAHOH YAaCTHILLI
POJIH He HWrpaer.

HecmoTpsi Ha Bce 3TH mpollecCh «CaMOOUHICHHS> TIPHEPOSHBIX
BOJ OT COAEPKAHHH PYNHBIX 3JE€MEHTOB, HX NOBBLIICHHLIE, AHOMAaJb-
HBl€ KOHIEHTPALHK COXPAHSIOTCS B PEUHBbIX H MOA3EMHBIX BOAaX Ha
paccrosiiuax mo 500—1000 M, HHOrZla HO HECKOJbKHX KHJIOMETPOB
OT MecTopoxjenuit. Onpefensiercs 3To pasHooGpasueM ¢GopM Ha-
XOXKAEHHS DYAHBIX 3/1€MEHTOB B CJOMKHBIX MHOrOKOMMOHEHTHBIX CH-
CTEMaX, KOTOpble NPelCTaB/siioT co60H NpHPOAHbIe BOAL. Murpauus
PYAHBIX 5/IEMEHTOB B BOAAX NPOTEKAET B BHAE NPOCTHIX HOHOB, KOM-
TJIEKCHBIX HEOPTaHHYECKHX COEJHHEHHH C PasJHYHLIMH JHFaHIAMH,
B YACTHOCTH B AaHHOHHOW (opMe, a TaKkKe B BHJIE PA3JHYHBEIX MC-
Ta/VIOPTaHHYECKAX COeNHHEHHWH NOBLILIEHHOH pPacTBOPUMOCTH [24].
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18
I'uapoxuMuyecKne XapakTepHCTHKM PYAHBIX 3jieMeHTOB [27, 29]
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[IpakTHKA HAPOXHMHUECKHX HCC/IENOBAHHA NONTBEDPKAAET HECOM-
HEHHYI0 PeasibHOCTb OGHAapyKeHHs MPH NOHCKAX BOMHBIX ODPEOJIOB
H NOTOKOB PACCesiHHS PYAHBIX MECTOPOXKJAeHHH. B Teuenne mocnen-
HAX 30 J1eT IHAPOXHMHUYECKHE TIOHCKH B TeX HJIH HHBIX 06'bEMAX IIpo-
BozaTcA B pyAHBIX paioHax CCCP. Ilpu mposepke rumpoxuMmuue-
CKOH aHoManuH, BhisiBaenHo# E. E. KysbMuHeM B moamHe p. Xa-
paenax (KpacHosipckuii Kpait), mnepBble Ke CKBaKHHH BCKPBLIH
Cylb(HIHBIE PYAH, YTO CHOCOGCTBOBAJO OTKPHTHIO MEIHO-HHKEJe-
BOTO MECTOPOXKIECHHS.

Heictyiomas Huerpykuusi [21] ykaswiBaer Ha 1esecoobpas-
HOCTb NIPHMEHEHHS THAPOXHMHUECKOTO METOJA B 3aKPHTHIX palioHax
NPH NOHCKaX IMy60K03a/eranimix PyAHBIX MECTOPOXKIEHHI B Mac-
wiragax 1:200 000—1 : 25 000, uro HecomHeHHO ompaBmaHo. OCHOB-
Hbl€ THIBI BOJHBIX ODEOJIOB DACCESiHHSI CKPHITOTO OpYyJEHEHMS, Bbl-
nensieMble TIPH THAPOXHMHYECKHX MOHCKAX, NOKa3aHH Ha puc. 82;
CXOIHbIE NauHbBle npuBefeHu B MHcTpykuuu [21, puc. 5]. Ilpomoa-
KAalTCA NONBITKH NPOBENEHHS I'HMIPOXHMHUYECKHX I[IOHCKOB H B OT-
KPHITBIX TOPHBIX paiOHAaX B KauecTBe KOHKYPHPYIOUIHX C JHTOXHMH-
YeCKHMH CbeMKaMH. I10TOKH paccesinHs PyOHBIX MECTOPOMKAEHH,
BBHIXONAIHX Ha ITOBEPXHOCTb, GOPMHPYIOTCA B TOPHBIX paioHax 3a
CYeT CKJIOHOBOH JeHYNAlUH H Ae(IIOKIHH OCTATOUHEIX OPEOJIOB pac-
CesiHHs, 06pPa30BAHHBIX YCTOMYHBHIMYE MHHEPANAMH OKHCJEHHBIX P/
Conepasi cocraBisiomas 3THX JHTOXHMHYECKHX NOTOKOB PaCCEsHHS
WIPaeT MOAYHHEHHYI0 posib. PacueTel moKaswiBaoOT, 4TO HOJS pac-
TBOPHMOTO CTOKa PYAHBIX 2/IEMEHTOB B TODHBIX pafioHax Cubupu
NexHuT B npefenax 0,1—0,5 % or o6bvema ux obmero croka [25, 42].
JList TOPHBIX peK apHIHOM 30HB H0JIsi PACTBOPHMOTO CTOKAa MHOTO-
KpaTHO yMeHbiuaercs. B 3THX yc/oBHSIX NMpenMymecTBa onpo6oBa-
HHSL B MOUCKOBLIX 1le/isiX TBepAOH (as3nl CTOKA BnoJiHe OYEBHAHEL.

IIps o6cyxaeHns METONMUECKHX BO3MOMXKHOCTEH THAPOXHMHYE-
CKHX MOHCKOB HEDENKO CChLIAIOTCS HAa WX MOBBLIIEHHYIO TJ1yGHH-
HOCTb, 6e3 yyeTa B3aHMOCBSI3aHHOCTH THAPO- H JHTOXHMHUYECKHX aHO-
Manui, 06ycaoBaeHHON (a30BLIMH nepexogamMu. TesHc O «IOBbIlIeH-
HO# IJyOHHHOCTH» THAPOXHMHYECKOTO METOJA TOHCKOB Gbli BbIIBH-
nyr B. M. KpacHukoBuM B 1956 . 1 3aTeM MHOTOKPAaTHO NOBTOpEH
B paboTax apyrux aBtopoB. Cxemer B. M. Kpacuukosa, uiaoctpu-
pyloiine 3Ty MOBBILEHHYI0 TINyGHHHOCT, OMNYyGJHKOBAHHLIE HM
B 1959 r., HEONHOKPATHO IepeneyaTHBAJIHCL H BOUJIH B yueGHbIE
nocobus /s By3oB [28], H nOTOMYy HX paccMOTPeHHe ABJSETCS HeoB-
xonumbiM. Ilpeacrasnenns B. M. KpacuukoBa (pHuc. 83) 6uin 6wl
BEPHBI, €C/IH Obl HE CYHIECTBOBAJIO B3aHMOJAEHCTBHE MEXIY MPHPOI-
HbIMH BOJaMH W BMEILAIOUIHMH MX TOPHBLIMH NOPOAaMH. Mexay TeM
Ha BCEM IIyTH ABUKEHHS OPEOJbHBIX BOX H OCOGEHHO HA MX BBLIXO-
Aax K NOBEPXHOCTH B (opMe POAHHKOB MPOHUCXOIST NMPOLECCH, NPH
KOTOPBIX DaBHOBECHe B pacHpefiefleHHH DYIHBIX 3JE€MEHTOB CIBHIa-
eTCsl B NoJb3y TBEpAOH daspl. FIMeHHO Te peaklHH, KOTOPLIE HOJO-
JKEeHBl B OCHOBY METOJOB AaHaJjH3a BOZHBIX Mpo6, — coocaxaeHHe
¢ ruapokcuiom amomuHus uan ¢ CaCOs;, 3KCTpakuMs Ha pasiuy-
HbIX OPTaHHYECKHX W MHHEDaJbHBIX cOpOeHTax B NPHPOAHOH ofcTa-
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Puc. 82. OcHoBHble THIB BOJAHBIX opeoJoB paccesuus. flo I'. A. T'oaesod.

— opeosb (THnbl I1—1V); 6 — 3akpbiThle opeossl (THnbel V—VII).
‘f—g;;ﬁl:;”feng H er<() NepBHYHBI oOpeoJ; 2 — BTODHYHBIA opeoJ paccesHHs; 3—013@:1;3
Hble pyabl; 4 — KOpa BLIBETPHBAHHS (BOMONPOHHUAEMa); 5 — pynoBMeILaloliHe brllgpozé b o
ocajouHble BOJAOHOCHBle NOPOAbI; 7 — BOAHBIL Opeoa pacCesHHs; B—Bonoynopg:x S;eBeHTOB:
8, 10 —ponHukd c (oHOBBIM (9) M aHoMaabHbiM (/0) colepXaHHeM pYAH ;
11 — HanpaBJieHHe ABHXEHHs BOA; /2 — MecTHBIA GasHC 3pO3HH

HOBKe IIPOHCXOMST HENPEPHIBHO H CAMOMNPOH3BOJBbHO. [ToaTOMYy CTaH-
JIapTHOE JIMTOXHMHUECKOe ONpOGOBaHHE a/IIOBHS PeK, CTEHOK H JHA
PONHHKOB FapaHTHPYyeT NOJyueHHe TeX »Ke pesy/bTaToB, KOTOpEIE
CrocOGHO JAaTh THAPOXHMHYECKOe OnpoOOBaHHE, W HET OCHOBAHHH
TIpeanoaaraTh ero NPeHMYIeCTBEHHYI0 I/1yGHHHOCTD.

CkasaHHOe 1eJMKOM OTHOCHTCS K HNAHHBIM PHC. 82: OTKpHITHE
BOAHHEe opeoan THna [—IV ¢ ycmexoM MOryT GHTb OGHapYMKeHHI
JUTOXHMHUYECKHM ONpOOOBaHHEM, W NPHMEHEHHE THAPOXMMHUYECKOro
MeToJa MOHCKOB PYyIHBIX MECTOPOXKAEHHH B 3THX YCJIOBHAX BO3-
MOXKHO, HO HelesnecooGpasHo. HanpoTs, ansi OGHapyXeHMs 3a-
KPBITHIX BOAHBIX OpeosioB Tunma V—VII ruipoXMMHYeCKoe Omnpo-
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Puc. 83. Cxemst B. 1. KpacukoBa Aaa J0Ka3aTeJbCTBa NOBHIIIEHHOH ray6HHHO-
CTH THAPOXHMHYECKHX TOUCKOB.

;1 ~— & — pas/HuHble YCJIOBHS 3aJleTaNds PYRHBIX TeJs.
~- pyAoBMewmaolide NOPOABI; 2 — MepPeKphiBalOlide OTJIOXKEHHA, 3 — PYAHb ;

H ) e Tema; 4 — ar-
MocdepHble ocaiKH; 5 ~— nudGY3HOHHBI TeOXHMHYECKHA Opeos; 6 — TOUKH npoBoor6opa (a)
H HalDaBJeHHe ABUIKeHHs Bogpl (6)

GoBaHHE MOA3EMHBIX BOJ, BO3MOKHO, BJSIETCS HanGo/ee HAMEKHBIM
METOLOM ITOHCKOB CKPBITOLO OpyJAeHeHHs. [HIPOXHMHUECKHe aHoMa-
JHA POPMHPYIOTCS B PE3YAbTATE COKHOTO mpouecca, B KOTOPOM pe-
lapmasi posib NPHHAAJNEKHT DACTBOPSIOMIEMY MEHCTBHIO H BOCXO-
AsleMy JBHXEHHIO MNOJA3EMHHX BOJ, YTO CO3/4deT BO3MOMXKHOCTb
0GHApYKeHHsI MECTODOXKJCHHH, 3aJIeralomux HHXKE COBPEMEHHOro
6asuca 3po3un. ?

XapaKTepu3ys THAPOXHMHUYECKHH METON MOMCKOB, CJeAYeT OTMe-
THTb 3aBHCHMOCTb €r0 Pe3ybTaTOB OT CE30HHBIX KOJNeGaHHi yPOBHS
TPYHTOBBIX BOJ, BblaJeHHsi aTMOCHEPHBIX OCafKOB H peKMMa THJ-
pocTOKa pek, 3a KOPOTKHH OTDPEe30K BpEMEHH H3MEeHSIOWErocs
B COTHH pas. ITO onpelessieT HEYCTONYHBOCTb KOJHYECTBEHHBIX Ha-
PaMeTPOB rHAPOXHMHYECKOrO (pOHA — MEepeMEeHHBlE M YacTO «HyJle-
Bbley (H. 0.) sHaueHusi Cy, GOMBUIYIO HIH HEHSBECTHYIO BEJHUHHY
CTAHAApPTHOrO MHOXKHTEJS €, MJIOXYI0 BOCNPOU3BOAUMOCTb H MAJYIO
KOHTPACTHOCTh THAPOXHMHMECKHX aHOMaJsui. Kax npaBuno, B moHo-
rpagusx W MeTOAHYECKHX DYKOBOACTBAX IO THAPOXHMHYECKOMY
METOMly IIOHCKOB CBEJEHHS O MECTHBIX 3HAYEHHSX & OTCYTCTBYIOT,
a B3aMeH nokKasaTeJisi KOHTPACTHOCTH y NPHBOASATCA AAaHHBIE O MaK-
CHMA/bHOH BeJMuHHe KOaddHuIlHeHTa KoHueHTpaumu (Ky), BbUHC-
JIEHHOTO IO OTHOIIEHHIO PYNHHYHBIX (TEXHOreHHLIX) BOA K ¢oHo-
BBbIM, BEJHYHMHA KOTOPOTO [€lle He XapaKTepH3yeT MOHUCKOBBIX BO3-
MOXKHOCTEH CcbeMKH. Bce 3To 3aTpymHsier KOJMUYECTBeHHLIH aHaJH3
FHIPOXHMHYECKOrO MOJs H CO3MaHHe HaJeXHBIX MEeroJ0B OLEHKY
NPOTHO3HBIX DECYPCOB MeTallsla IyTeM HHTEPNpPETalHuu THAPOXHMH-
YeCKHX aHOMaJHH.
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M3BecTHO, YTO BaxKHEHIIUM METOJOM TIIOHCKOB PYIHHX MeCTO-
POXKIEHH B TODHHIX PAaHOHAX SABJSIOTCH JHTOXHMHYECKHE CBEMKH
110 IIOTOKAM paccesiHus ¢ mWIOTHOoCThio | 1poba Ha 1 KM2. CToHMOCTE
U pe3yJabTaTH 3THX paboT cjelyeT CONOCTaBJATh C IHAPOXHMHUE-
CKHMH CbEMKAMH [PH TOH K€ IVIOTHOCTH npo6oor6opa. OT6OD #
aHAJH3 JIATO- H THIPOXHUMHUECKHX Npo6 B OJAHHX H TEX XKe TOYKax
COBPEMEHHOH THAPOCETH HHUKAKHX NPEHMYINEeCTB THAPOXHMHUYECKOTO
MeTo[a He o6Hapy:KHuBaeT.

Slpuafiiiel THIPOXHMHYECKOH aHOMaJHeH, (HKCHPYIOWEH CKpbl-
TOe MeAHOKOJUeNaHHOe MeCTOPOXKJAEHHe MOJ YEeXJIOM IOPCKHX KOH-
TJIOMEpaToB H IajleoreH-4eTBEPTHUHBIX IVIHH MOMHOCTbIO A0 100 M,
siByisieTcs cyJdbdatHoe o3epo ['ahi Ha FOxkuom ¥Ypane (pH 1,1, co-
Jepxanue Mein — g0 | r/n1). B HCTOpPHH OTKPBITHA 3TOrO MECTO-
POXKACHHSI TUAPOXHMHUYECKOMY MeTONy OTBOJHTCH ONpeaeseHHast
poJib DpH OGHapyXKeHHH nsATOH cjenof 3anexH. HemocpemcrBenHo
Haj morpeGeHHbIM ["aifiCKHM MECTOPOXKIEHHEM PAa3BHT UPe3BLIYaHHO
SIPKHA M OGIUHPHLIN HaJOXKeHHbIl JUTOXMMHUYECKHH Opeos paccesi-
Hud, pertaabHo H3yueHHbi M. A. I'naszosckoli. O6GHapyKeHHe 3TOrO
MEeCTOPOXKAEHHST NOHUCKOBBIMH JIHTOXHMHYECKHMH CbEMKaMH GblJio
rapauTaposaio Ge3 ofpanieHss K 6oJsee CA0KHOH TeXHHKE THAPOXH-
MHUYECKHX CbeMOK. Pa3Belika GypeHHeM caMoH APKOI THAPOXHMHYE-
cKoii aHoMaJsuu B IleHTpanbHoM Kasaxcraue, H3BeCTHOH MoJ Hassa-
uuem YKopra, ¢ CepHOKHUCJBIMH, MEeAbCOACDPKAIUMH BOJaMH He MpH-
BeJla K OTKPBLITHIO MNPOMBILIJIEHHBIX Dyd. B pesyabrate npoxoiku
IeCATH pasBeNOYHLIX CKBAXKHH ObLIJM BCTPEYEHbl TOJIBKO NMHPHUTHU3H-
poBaHHbBIE MOPOJBl C COAepKaHueM meln He Gogee 0,1 %.

B nanHoM cayyae sipKOCTb TMIPOXHMHYECKOH aHOMAJHH MOIJa
GbITh OGYCJIOBIEHA OTHOCHTEILHO OGHJIBbHOH NHPHTH3AUHEH NOPOX
1 MaJblM KOJHYECTBOM aTMoc(epHbIX OCaJKOB B YCJIOBHAX apui-
Horo kjaumara. CsraGocTh annapara KOJNHYecTBEHHOW HHTEPIpeTaluu
FHAPOXMMHUYECKHX aHOMaJHi, PeACTaB/A0IHX COO0N CI0KHYIO KH-
HETHYECKY10 CHCTEMY, He NO03BOJsieT Aarb OAHO3HAYHYIO OLEHKY pe-
3yabTatoB 31oro Gypeuus. [IpHypouenHas x 3ToMy yyacTky GenHas
JUTOXHMHYECKAs aHOMAJHsl HUMesa BeCcbMa CKPOMHbIE pasMephl.

Bonpoc 06 >ddexTHBHOM NPHMEHCHHH THAPOXHMHYECKOTO Me-
TOAa NOHUCKOB NO-NPeXKHEMYy CTOMT BechbMa OCTPO, H 00JIacThb TaKUX
reoJOTHYECKHX 3ajay, HECOMHEHHO, CyllecTByeT. JTO, B YaCTHOCTH,
TMOHCKH MECTOPOXK/IEHHH KaJHiHBIX coJefl H, OYeBHAHO, GpoM- H
HOJ-COJEPKAIUX MHHEPAJIbHbIX BOA. MeCTOPOXKAEHHs KaJHHIIbIX
coJeli 06pasyTCs B 3aKJAIOUHTENbHYIO CTAfAHI0 Pa3BUTHS COJEPOA-
ubiX 6acceliHOB, MOC/e OTJNOXKEHHS M3 CTyIIamencss MOPCKOH BOMbI
Kap6OHATOB H CyJb(aTOB Ka/blys, MOJAABJAIOIIEH YACTH raiuTa H
yacTu cyjbdara marHHus. B cTpaturpaduueckoii KoJIOHKe HOpMaJb-
HBIX COJISIHLIX OTJIOXKEHHH KaJHUHBbIe COJIM 3aHHMAIOT BepXHee N0.J10-
KeHHe H NOACTHIAIOTCS MOUIHBIMH OTJOXKeHHsMH rajiuta. [Ipu stom
I8 peasH3alHH Ipolecca OTIOXKEHHs KaJHAHBIX CoJed Heo6xo-
JHMBl COOTBETCTBYIOIHE T€0JOrHYECKHE YCAOBHUS.

M. I'. Bansmko ycTaHOBHJ, 4TO NPH3HAKOM HACTYIJIEHHS 3THX
6/1arONPHATHBIX yCJIOBHI sIBJsIETCS Pe3Koe BO3pacraHue GpoM-XJop-
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Br o
HOTO OTHOUIEHHS (E—-lO“’) B XXHJIKOH (ase crymammuxcs pacco-

JI0B OT 3—13 eHHHIl B CTAJHH OTJOXKEHHS HOPMAJLHOIO rajuTa a0
14—17 enunun B cTaguH OTJOMKEHHS KaJHAHHX coneil. Hemocpen-
CTBEHHAs [0JIeBasi OLlEHKA BeJHYHHBEI 3TOTO MoOKasaTess, NO-BHIH-
MOMY, NOJKHA ObITh OAHHM H3 YCJAOBHH THAPOXHMHYECKHX OHCKOB
MECTOPOXKAEHHH KaNHAHBIX cosed. Kanuit npHHANERHT K 4HCHAY
YMEPEHHO aKTHBHLIX H CJaOONOABHKHBIX BOAHHIX MHIPAHTOB, €T0
KOs duunenTel BoaHOA murpanuu Kx jnexat B unrepsane 0, n—n,
a Ko3pQHIHEHT TajaccoHIbHOCTH Tx paBeH 0,016 [29].
HanbHefilieMy pasBHTHIO NONJIEKAT THIPOXHMHUYECKHE METOJbI
TIOHCKOB NOrPeOEHHBIX PYIHBIX MECTOPOXKAEHHH, B TOM YHCJE Me-
TOAB! TOHCKOB IyTeM onpoOOBaHHsl BOJ H3 CKBAXKHH M 1yp¢oB,
[POHIEHHBIX B PHIXJIHX NaJbHENPHHOCHHX OTJIOXKEHHSX H B KOpEH-
HbIX DYyJOBMeIIAOMHX HOpoAax. DiaronmpusiTHble yCJaOBHS AJsi pe-
IieHHs IOHCKOBLIX 3aJay C IOMOINbIO THAPOXHMHUYECKOrO MeToja
BOSHHKAIOT B YCJIOBHSX, KOTAA B OCHOBAHHH UeXJa JIEXKHT BOJIOHOC-
HHH FOPH30HT, 4 B NEPEKPHBAIOIINX €r0 OTJIOKEHHSAX HMEIOTCS BO-
JoynopHele ropu3oHTH. [IpuMepHO Takyio CHTyalHI0 OTpaxKaer
puc. 84, u3 KOTOPOro BHEHO, 9TO Ha TasJHAaXCKOM MeIHO-HHKEJIEeBOM
MECTOPOXK/EHHH BOJOHOCHEIE JIEAHHKOBHIE [eCUaHO-raJeyHble OTJOo-
JKEHHS [I€PeKPBHITHl BOJOYHNOPHBIMH CYTJHHKAMH. JIHTOXHMHYECKHH

r_r

2 B, [y [T P
NNy VA, [B&8, BEds EHw

Puc. 84. Cxema ¢GOpPMHPOBAHHSI BOJHBI
. 84 X OpeoJIOB paccestHHs Ha TaJHAaXCKOM
mecropoxaenunu. Ilo C. JI. llsapyesy.

IH;—.JleéxHﬂléOBBIe BOJOYIIOPHBle CYTAUHKH; 2 — JleIHHKOBBle MeCYaHO-TaJeUHHKOBble OTJI0MKe-
x S; E a3aJbThl Pa3JHMYHOrO CcoCTaBa; 4 — aJIeBPOJIMTHl, APFHJJIMTBI, NeCYaHHKH: 5 — ra6-
Hg}o-zma a3bl; 6—7 — BOIHBIL Opeoy paccesMHs B PHIXJABX o6pasoBaddsix (6) H B KOpeH-
on cr;%;;%x::blﬂ); g—HCTO‘lHHKl{ C aHOMaJbHbIM CoJdepXKaHHeM THXKeJblX MeTaJoB; 9—
- , BCKDBIBUIHe aHOMaJlbHble BOJAbl B DHIXJIBIX OT. )
noponns (10} ) OTJIOXKEHHAX (9) U B KOPEHHBIX
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(HaJI0KEHHbII) OPeoJ paccesiHus 3TOr0 MECTOPOKJAECHHS B ITHX yC-
JIOBHSIX MOT' HE NPOSIBHTHCS Ha JHEBHON MOBEPXHOCTH. 3aMETHM, YTO
HaJMuHE POJHMKOB, NOKA3aHHBIX B JeBofi yacTh pHc. 84, HeoGs3a-
TeJbHO, H THAPOXHMHYECKHH OpeoJ MOT MPHHAIIEeXKaTb K 3aKphl-
ToMy THiy. Kax yxe yKasniBajoCh, NOHUCKOBble THAPOXHMHYeCKHE
CBHEMKH CHIFPaJiH OJIOXKHTEbHYIO POJb NPH OTKPBHITHA PACHOJOKEH-
HOro B TOM € pailoHe MeIHO-HHKEJEBOr0 MeCTOPOXKIEHHUS.

BopoHocHble TOPH3OHTHI, 3aJeraiouHe B OCHOBaHHH 4YexJa, Cro-
coOHbI HAXOAHTLCS B aKTHBHOM BOJOOOMeHe ¢ TPEUIHHHBIMH BOAAMH
dGyHIaMenTa, YTO yBeJHYHBAET TEOXHMHYECKYI0 HH(OPMATHBHOCTH
WX OnpoGOBaHHSI IPH NOHCKAX morpeGeHHHIX MeCTOPOKAeHHH. F30-
JISLUS STHX -TOPH3OHTOB OT NPSIMOTO BO3JAEHCTBHSL aTMOC(HEpPHOro
KHCI0pOAa, OT OPraHHYeCKHX H MHHEpaJbHBIX KOJJOHAOB NOYB, He-
pefKasi «IIPOMBITOCTb» BOHLOHOCHHX KBapLEBLIX MECKOB CHOCOGHLE
CIBHraTh PaBHOBECHE B pacnpefleeHHH PyIHBIX 3JeMEHTOB B 0Jb3Yy
KHAKOR (hasbl. DTHM reOXHMHYECKHE yCJIOBHS NOA3E€MHBIX BOJ OTJH-
yajoTcs OT YCJIOBHH Ha JHEBHOH NOBEDXHOCTH IIPH HX pasrpyske
B ¢opMe ecTeCTBEHHBIX DPOJHHKOB. '

YpessuiuaiiHo 3 exTHBHasi 06.1aCTh NPHMEHEHHs THAPOXHMHYE-
CKOrO MeTOJa — [IOHCKH MEeCTOPOXK/EHHH 30H IJIacTOBOrO OKHCJe-
uus. PymHple Tesla STHX MeCTOPOXKIEHHH, IT0JYYHBUIHE HA3BaHHE
«po/i10B», HOPMHPYIOTCS H3 IPHPOAHBIX BOJ HA BOCCTAHOBHTE/ILHOM
Gapnepe (puc. 85). BoraThle KHCIOPOAOM aTMOCEpHbIE OCANKH,
HABTPYSCh uepes NOPOAB IPAHHTHOrO MacCHBa, CNOCOGHH obora-
IAThCSl LIECTHBAJEHTHHIM YPaHOM, XOTS COAepKaHue B HHX 3TOro
3JleMeHTa Juub HeMHoro Bhiue ¢onosoro (n+1073% U). ITocrynas
B BOZOHOCHBIH TOPH3OHT OCAJOYHBIX OTJIOXKEHHH NPEArOpHOH paB-
HHHBI, 3TH BOJbl PACXOAYIOT CBOH KHCJOPOX Ha OKHCJEHHE Opraiu-
YEeCKOro BelecTBa, 3aKHCHOTO Xkese3a U MHPHTA — OObIYHBIX KOMIIO-
HEHTOB mecuaHbiX (alui, 0TJaraBUIHXCS B BOCCTAHOBHTEJBHBHIX YC-
JOBHSIX MOpCKOro mHa. Ha rpaHuile MexIy OKHCJIEHHOH YacThbio
[J1acTa M ero HCXOJHHIM COCTOSIHHEM BO3HHKAeT pe3Kas cMeHa reo-
XHMHUYECKHX YCJIOBHI H Ha BOCCTAHOBHTEJNbLHOM Oapbepe IPOHCXOANT
oCaK/eHHe UeTHIPeXBAJEHTHOTO ypaHa, BILIOTh A0 (YOPMHPOBAHHMS
npombliisieHHbXx pyA. ConepxaHue ypaHa B NJACTOBHX BOAAX,
oCJIe TIPOXOKAEHHSI HMH BOCCTAaHOBHTEJLHOTO Gapbepa, maaaeT Ha
el NopsifoK — Ao n+ 1076 r/u.

B sajgauy rHAPOXHMHUECKHX TOHCKOB BXOAHT JIOKAJH3aUHs Hil-
TepBajia MOA3EMHBIX BOJ, B KOTOPOM MPOHCXOJHT CMEHa OKHCIH-
TeJbHLIX YCJIOBHH Ha BOCCTAHOBHTEJBHBIE, COMPOBOXAAEMast CHHXKE-
HHeM COJEPXKAaHHs ypaHa B Bojax. JTa 3ajaya YCMEUIHO pelaercs
nytem GypeHHsi MOHCKOBBIX CKBaxHH MO NPHHIHKIY AHXOTOMHH C HX
FHIPOXMMHUECKHM onpoGosanneM [42].  AHaJOTHYHBIM obGpa3om
MOryT OpPMHPOBATBHCS THAPOTEHHbIE MECTOPOKACHHS monubaeHa u
ceJieHa — 5J1eMEHTOB C NepeMeHHOl BaJeHTHOCTbIO, CNOCOGHBIX K OT-
JIO’KEHHIO Ha BOCCTaHOBHTEJbHOM Oapbepe. B atux ciyuasx raipo-
XHMHUYECKHi MEeTOI He3aaMeHHM NpH PelieHHH INOHCKOBOH 3alauH.

B TexHuueckoM IVlaHe NOABHKHOCTh BOABI IPH FHAPOXHMHUECKHX
MIOHCKAX MOXKHO (POPCHPOBATH NMyTeM OTKayeK H CO3/laHHSi BOPOHOK
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Puc. 85.0Cxema HH(HJALTPAIIHOHHOTO MeCTOPOXK/EHHs ¢ rpadukaMi Eh u co-
JepKaHHHA ypaHa B NacTOBbLIX BOAax [42].
1 — aTMochepHble OCafKH; 2 — ueTBEPTHYHbIe OTJIOXKEHHA; 3 -— IVIHHBL, 4 — CyrJIMHKH, § —

TeCKH; 6 — rpaHUTOHNBI, 7 — OKHCJEHHBle ;
nopoibl; &8 -— opyAeHeHHe: 9 — uarn -
JKeHHS| NIIaCTOBRIX BOX; 10 — MOMCKOBBIE CKBAXKHUHbI P ’ papienile su

a I 5

CE=dy 2] 12y

t
Puc. 86. TlosoxeHne BOAHOTO OpeoJa pACCesHHA 10 OTKAYKH (@) M nocie OT-
Kauku (6). fTo I1. A. Ydodosy u dp.

I —ckBax<nHa He J0GypeHa 10 30HB MHHepaauaauuu; ! — ckBakHHA npo#jpeda B CTO-

DPOHe OT 30HbBl MHHepand3allHH; | — ypoBeHp MOA3EMHBIX BOJ:; 2 — 3
B 3 — 30Ha MHHEpaJH3alluy;
3 — KOHTYD BOJHOro opeoJia paccesHHs ' ’ o

menpeccud. B pesyintate opeosbHble BOABL MOTYT NPHOJH3HTBCS
K CTBOJIY CKBa)KHHBI H 0Ka3aTbCs B 30HE THAPOXHMHYECKOrO ONpO-
GoBanusi (puc. 86).

B uesnom, He nepeoneHnBas caMOCTOSITE/IbHbIE BO3MOXKHOCTH THJI-
POXHMHUYECKOTO MeTOAA TNMOHCKOB, CJAeNyeT CUMTaTh 006f3aTesbHbIM
THAPOXHMHUECKOe OnpoboBaHHe MOOLIX GypPSLIHXCS CKBAXKHH B Ka-
YeCTBe yCJIOBHSl HX reoJlorHueckoii noKymeHntauuu. [losiBienue Ho-
BEHIIIMX CPEACTB aHaJH3a NPHPOAHBIX BOX C NMOMOILIbK HOHO-CEJeK-
THBHBIX 3/IEKTPOAOB H CII€NHAJLHBIX 3JEKTPOHHBIX yCTPOHCTB C LHb-
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pOBOJ1 BBIIAuell Pe3yJbTaTOB CIOCOGHO DPE3KO MOBHICHTb 3 (heKTHB-
HOCTb THIPOXHMHUYECKHX TOHCKOB.

Onpo6oBaHiie B MOHCKOBHIX 1eJIfIX IIPHPOJHBIX BOJ H MOArOTOBKa
npo6 K aHanu3y noAuHHsAeTcs TpeGoBaHusM HHCTPYKUHH [21]. Or-
60p npo6 H3 OTKPHITHIX BOJAOHCTOYHHKOB HE NPEACTABJAET TPYAHO-
creit; onpo6GoOBaHHE NOJ3EMHBIX BOJIOHOCHBIX TOPH3OHTOB MPOHM3BO-
JHUTCS CHelHaJbHBIMH [POGOOTOOPHHKAMH NOC/AE MPOMbIBKH CKBa-
JKHH ¥ OTKAuKH.

HerocpeAcTBeHHO y BOAOMCTOUHHKA HOMHMO ompefesends pH,
uHorga *Cu, Pb, Zn, noayuuBiliefi Ha3BaHHE «CyMMbl MeETa/JIOB»,
cogepxanni SO2-, Cl- u HCO;™ nponsBoAXTCS KOHIEHTPHPOBAHHE
MHKpo3s/eMeHToB. Hame Bcero AJsi 3TOTO MPHMEHSIOT METOHbl CO-
ocaxkjeHus, paspa6oraHHble B TomckoM M JIEHHHTPaACKOM MO.IH-
TeXHHUYECKHX HHCTHTyTax, H3BECTHHE NOJ HA3BAHHAMH «METOL TIT >
u «meton JITU-BUTP». Kouienrpuposanse no merony TITH ocHo-
BaHO Ha COOCAXKJAEHMH MHKDO3JIEMEHTOB ¢ THAPOKCHIOM aJNIOMHHHSA
B DPHCYTCTBHH CyJab(Hlda HATpHs, OCHOBHbIE KOMMOHEHTH MHHEDa-
JM3alMM BOAbBl LPH 3TOM B 0caioK He BhnagawoT. Merox JITU-
BUTP ocHOBaH Ha COOCAaXIEHHH MHKDOJEMEHTOB C CyJab(HIOM
KaJMHS B IPHCYTCTBHH XJIOpHOro xkejesa. [Ipy HEKOTOPHIX pasi-
YHSX B IepeuHe KOHIEHTPHPYEMBIX JEMEHTOB, OCOHMH MeTOAaMu
u3BJekamores B ocamok Zn, Cu, Pb, Co, Sn, Ag, V, Cr, W, Sb, As,
Hg, Ti, Nb — B ka)moM cjlydyae 0kojo 20 3/1eMEHTOB. Ocanku oT1-
(bHILTPOBLIBAIOT, CYIIAT H HANMPABJAIOT HA CNEKTPAJbHBIA aHA/IH3.
Ilns ocaxpaenus Li, Rb u Cs npHMeHsI0TCS HOHO-OGMEHHBIE CMOJIBI.
I[Ipu npsMOM J1a60PaTOPHOM aHaju3e BOLHBIX NPOG, ONMPENesIoTCst
o6masi munepanusanus soist (M), Eh, pH, conepxanne Cl-, SO,
HCOs_, Feoéu.x., 02, Caﬂ’, N‘gﬂ", HQS 51 C02

5.2. ATMOXUMUYECKUA METOLL

ATMOXHMHUECKHE (Ta30Bble) NMOHCKH MECTOPOKAEHHH MOJIe3HBIX HC-
KoraeMBiX OCHOBAHBLI Ha HCCJIEJOBaHHH COCTaBa MNOM3EMHOH aTMO-
cepsl — XHMHUECKOTO COCTaBa Ta30B, HACHILAIOMMX TOPHEE 1O-
pONEl BGJIH3H AHEBHO! nosepxHOCTH. Ecii rasoBeri npo6oor6op Be-
JeTcsi ¢ MaJoil raybunb (1—3 M), IPHHSATO TOBOPHTH 00 HCCJEN0-
BAaHHH MOJIIOYBEHHOro Bo3ayxa. CoBpeMeHHbI€ ra3oBble Chb€MKH BHI-
HOJIHSIOTCS ¢ Ny6uHoi npo6oot6opa 20—600 M. Pexe uccnenyercs
rasoBLIll COCTAB NPH3eMHOH aTMOCc(epH, XOTs HMEHHO B 3TOM Ba-
pHaHTe CyIECTBEHHO BO3PaCTAE€T 'ONePaTHBHOCTH aTMOXHMHUYECKOH
cbeMKH. A3p030JbHbIE ChbeMKH 6oJjiee NPaBUIBHO OTHOCHTD K HHCIY
JIUTOXHMHYECKHX METOJOB IIOHCKOB.

3emHyl0 aTMocdepy B OCHOBHOM cJaraipT TpH rasa — asor
(okono 78 %), kHcaopox (oxono 21 %) u aprox (0Kos0 1 %),
B cymMme cocraBasomue 99,94 % ee maccol. B mepemenHbiX KOJIH-
yecTBax B aTtMmocdepe NPHCYTCTBYIOT Napbl BOAB; COAEpKaHHE
CO, — okoao 0,03 %, comep:xaHue OCTaJbHLIX FasoB 10—4—10-% %
1 Menee [28]. Huskuii reoxumuueckuit pOH U BbICOKAsA NOABHKHOCTL
XHMHUYECKHX 3JEMeHTOB B ['a30BOH ¢ase CO34al0T HCKIIOUHTENbHO

217



OnaronpusTHHIE yCJIOBHSA IS HOPMHDOBAHHS ATMOXHMHUECKHX
OpeOJIOB paccesiHus J0ObLIX MECTOPOKIEHHH NOJE3HbIX HCKONAeMBbIX.

BosnnikHOBeHHE aTMOXHMHYECKOrO METOHA MOMCKOB, MOA INEpBO-
HayaJbHBIM Ha3BaHHEM «la30Basi CBbEMKa», OTHOCHTCA K Hadasy
30-x rojioB u cBsid3aHo ¢ umeHem B. A. Coxososa [12]. O6aactbio
NIPHMEHEHHST 3TOT0 METOJA, MO 3aMbICJy €ro aBTopa, OBIH MOHCKM
MECTOPOXAeHHI He(TH M rasa myTeM ONpeleseHHsi CONep:KaHHM Yr-
JICBONIOPOAIHBIX TA30B B Po6ax NOANOYBEHHOrO BO3Ayxa. K ToMmy ke
NEepPHONY OTHOCHTCS BO3HHKHOBEHHE MeTOJa SMaHAalHOHHOH CheMKH,
IpH KOTOPOH B NOMCKOBLIX LEJSIX B [OYBEHHOM BO3HYyXe ONpefess-
I0TCSi COACPKAHHMSI paJloHa H TOpoHA. B mpexBoeHHbIe TOAL Fa30BBIE
CBEMKH C TI€PEeMEHHBIM YCIIEXOM BEJHCh BO MHOrMX He(TeHOCHBIX
pafioHax H B HeGOJbUIHX O6bEMaX HAa YrONbHBIX MECTOPOKIEHHSIX.
OMaHalHOHHAS ChEeMKa BOULIA B, COCTAB PATHOMETPHYECKHX METO-
JIOB TIOHCKOB DAfHOAKTHUBHHIX PYHA, COCTABJSIOIHX CAMOCTOSTENb-
HYIO, XOPOIIO pa3paboTaHHyio 06JacTb NPHKAATHON TEOXHMHH.

[TosnHee onpenenninch HOBbe 0GJACTH NPUMEHEHHS aTMOXHMH-
Yeckoro Meroia mouckos. ITox Bamsinuem wuneii A. A. Caykosa
B 1956 r. E. A. CepreesniM Hauara paspaboTKa raso-pTyTHOrO Me-
Tona [14] nouckoB PyAHBIX MeCTOpOxKAeHHH. B cosganuH 3TOro Mme-
Toma Goiblwylo poab curpadn  paborst B. 3. ®ypcosa [46],
W. U. CrenaroBa u psga 3apyGexunx aBTopds. Torma ke G
Ha4YaTel HCCIECNOBAHHSA N[O NPHMEHEHHI0 aTMOXHMHMYECKOTO MeToxa
K TIOHCKaM DPyOHBIX MECTOPOXKAEHHII IO KOCBEHHBIM rasaM-HHIHKA-
topam (CO,, O;). B naneHefimem B 3Toli 06JacTu paGortanu
H. H. Kysnkosa, A. 1. ®puaman, C. A. Bopo6res, B. A. JlocaHosa
H Jpyrue HCCIeLOBATENH. YCHemHoe Pa3BHTHE HOJIYYHJ MeTon Te-
JaueBoi cveMku (M. H. Sanuxuéi u np.).

K HacrosiueMy BpeMeHH aTMOXHMHYECKHH METON NOHCKOB Me-
CTOPOXKAEHHI TBEPIABIX MOJE3HHX HCKONAEMBIX [POIIE] NepPBYI0
CTaJHI0O ONBITHBIX PAbOT, H yKa3aHHS N[O IPOH3BOACTBY MOHCKOBBIX
ATMOXHMHYECKHX CBEMOK B 3aKDLITEHIX PYAHBIX pafioHax BOLIJIH
B neicrByomyo HMucrpykuuio [21]. TToBHueHHb ! uHTepec K aTMO-
XHMHYECKHM METOJaM NOHMCKOB NOTPEGEHHBIX PYIHBIX MECTOPOXKIe-
HHI NPOsiBAsieTCs H 3a py6exom [48]. OnHOBpeMEeHHO NOHCKOBHIE
ATMOXHMHYECKHE CBHEMKH DA3JHYHON NeTaJbHOCTH B HedTerasoHoc-
HBIX pafioHax 6Jarofapsi MHoroJeTHHM pa6ortam I1. JI. AHToHOBA,
B. A. Coxkonosa, JI. M. 3opbkuna, C. JI. 3y6aitpaesa, A. B. Ilery-
X0Ba H MHOTHX HADPYIHX HCCJeoBaTeNeldl 3aHs/IM NPOYHOE MeCcTO
B KOMIJIEKCE CbEMOYHO-NOHCKOBHIX pabor [4, 12, 13].

[eosornueckre W reoxHMHueckHe OOOCHOBaHHMA aTMOXHMHYe-
CKOr0 MeTOoJla NOHCKOB MECTOPOXKIeHUH HedTH u rasa HauboJee oye-
suaHb. [lpuponHasi HedrsiHas 3ajexb NpeacTaBisieT co6OH CMech
KHIKHX H rasoo0pasHuIX yriieBopoponos (YB), meraHosoro, nadp-
TEHOBOrO H aPOMATHYECKOTO PSfOB C NPHMECHIO CEPHHCTHIX, a30TH-
CTHIX, KHCJIOPOAHBIX COENHHEHHH W 30JIbHBIX OCTAaTKOB. B 3aBHcHMO-
CTH OT YCJOBHH 3aJleraHusi OHA MOXKET NpeCTaB/sith OGO JH60
0/1H0()a30By10 Ta30HACHILIEHHYI0 XHAKOCTb, JHOO pacmagathbes
Ha XKHIKy0 ¥ Ta3oBywo ¢asbl, 06pasys B BeDXHHX TOPH3OHTAX 3a-
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JeXXu TaK HA3HBAEMYyI0 <«rasoByl0 WIANKy». B cocraBe HedTsiHOrO
rasa npeo6nagaioT Meran (CHi) n ero Tsixejble roMoJorys — sTay,
nponan, 6ytan ¢ obueit popmynoh CpHonio. B KauecTBe npumecen
COePIKATCS NePEeMeHHble KOJIHUECTBA a30Ta, YIVICKHCIOTH, re/us H
APYTHX T430B, COAEPKAHHS MeTaHa OOLIYHO NMPEBHIUAIOT CyMMY CO-
fepxauuil TaKeAHx yriaesogoponos (TYB). AHanornuHbidl cocTas
¥MeIOT coBGCTBEHHO ra3oBble MECTOPOXKAEHHS NPHPOLHOrO roproyero
ras3a H rasbl yTOJbHBIX MECTOPOXKACHHH.

Conep:kaHHe yrieBOJAOPOJOB B He(prIHI:IX raszax gocruraer 80—
95 %, B TO BpeMsa KaK HX F€OXHMHYeCKui (OH B NOAMOYBEHHOM BO3-
Ayxe He mpeBbimaer 2--4-107* %. JTa orpoMHas pasHOCTb KOH-
LEHTPANHil OnpefelsieT IPOTeKaHHe NPOLECCOB PACCEsiHHS YI/IeBO-
JOPOJIOB B OKPYXAIOWHX TOPHBIX MOpoAax. Jlobble ropHbie NOPOADI
06/1a1a10T ra30NPOHHUIAEMOCTbI0 Gs1arofapsi HAJIHUHIO B HHX c006-
mapImHxes Mexay co6oit mop u tpemuH. ITox aefictBheM JuTOCTA-
THCTHUECKOTO NABJEHHS JBHXKEHHE ra3oB B CBOOOAHBIX MOpax H Tpe-
UIHHAX TPOMCXONST B CTOPOHY [HEBHOM TNOBEPXHOCTH B Q)Upéme
3¢ ¢ysnn. B BoJOHACHIIEHHHX NMOPOAAX PACHPOCTpaHeHHe ra3a 00s-
sano guddysuu u onpenes-
ercsi TPANHEHTOM €ro KOH-  Cyypsp yened
IIeHTpaLHUH. .

ITpocrefiluasi cxema obpa-
30BaHUs ~ aTMOXHMHYECKOTO
opeosia paccesiHus HegTera-
30BOf 3aJ€XH I10KaszaHa Ha
puc. 87. Ha Hem mpuBefeHbl
IBa BapHaHTa rpauKOB cO-
JepKaHHA yrJ1eBOAOPOJIOB
B TOANOYBEHHOH atmocdepe:
C OIHHM MAaKCHMYMOM Haj
3aJeXbl0o, TakK Ha3piBaeMas
«mpsMas aHomaJusi», H
¢ AByMs MakCHMyMaMH, pas-
JeJeHHBIMH OKOJO(OHOBBIMH
COJePKAHHSAMH B 3NHIEHTPE
MecTopoxkaeHus. Bo BTOpOM
cayyae B IJaHE OGHapyXH-
BAIOTCHA <«KOJbIEBbIE aHOMa-
JAuu», BecbMa dacTo BCTpe-

yaolllHecss B NpPakKTHKe. Ta- C T
Kasi (opma rasoBbHX aHOMa- e, VAEA? J
¥ s s

Jul OODbSCHSETCS MNOBBILIEH-
HOHl TPEIHMHOBATOCTHIO NOPOL

BOIN3H TIepHKIHHAIH 4 6o- Puc. 87. Cxema aTMOXHMMHYECKOro opeosa
Jee c¢Jaboil B CBONOBOM UYa-  paccesnus raszonedTHHOH 3anexH.

CTH CTPYKTYPpHL. Ananoruu- 1 — nepexkpbiBalollide  OTJOXenHsi: 2 — NPOAYK-

Toia; § — HedThb; 4 -— «raszomas wan-
HBIH XapakTep HMEIOT raso- ;:fl:aé—uanpanneﬂne adodysun u audbdysun

% . 6§ — rasochbeMoYHble CKBa)XHHBl ¥ Tpa-
Bhie Opeo'mﬂ MGCTOpO}KJ.IeHI/II/I (;a:x?:' cojepKaHHf yrieBOAOPOAOB (ABa BapH-

requs, 3ajJexeHd YIJIEKHC-  anra)
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JIOTH, CEPHACTOrO rasa W APYTHX NPHPOAHBIX TA30BHIX CKOIUIEHHI,
obocobiisiromuxesi B autochepe. Conepxansie resiusi B ero MecTo-
POXKACHHAX MOXKeT pocTHrath 6—8 % mnpu knapxe atmMochepnl
52:10* 9% He, B 3anexax YTJIEKHCJIOTO rasa ero cojepxaHue
socruraer 99 %  mpn  kaapke  aTMoctheps 3. 10-2 % CO,,
COJiepKaHHEe BOAOPOAA B Tra3oBbIX BHIAEJNEHHSX MOMKET COCTABIATDH
50 % npu (OHOBBIX KOHUEHTPALMSX B NOYBEHHOM Bo3ayxe 2,1X
X104% Hy u 1. . [ToaTOMy aTMOXHMHUECKHE CheMKH $BJSIOTCS
TIpSIMBIM METOJ0M TIOHCKOB HEe(TSIHEIX M Ta30BHX MeCTOPOKLCHHH.

l'asopryTHble CheMKH — KOCBEHHBIN METON NOHCKOB MeCTOpOK-
JleHH}l TONE3HBIX HCKONAeMBIX, H TOJDBKO NPHMEHHTEJNBHO K cO06-
CTBEHHO DPTYTHHIM MECTOPOXACHHSIM OHH NPHOGPETAIOT 3HAYEHHE
psiMoro meToAa. TecHOe reoXHMHUECKOe CPOACTBO PTYTH ¢ cepoi
ONpE/leNsieT ee NPHHANNEKHOCTD K YHCHY XaJbKOMHIbHBIX 3JeMeH-
ros (Cu, Ag, Au, Zn, Cd, Hg, In, T, Ge, Sn, Pb, As, Sb, Bi, S, Se,
Te). B cynpdunnbix munepanax u MECTODOKIEHHSIX 3TOH T'pYIIibl
3J€MEHTOB OOHADYKHBAIOTCS CYIIECTBEHHO NOBHIIEHHbIE comepxa-
Husi pTyTH. Tak, comepxauue pTyTH B HepyccHTe — IPOJYKTE OKHC-
JICHHS TajieHuTa — Moxer focturath 0,1 %, 4To B AECSTKH THICSY
Pas npepblmiaer Knapk Jjautocdepsl. CrnocoGHOCTD K HAKOIVIEHHIO
PTYTH OTMeEUaeTCs M M/ MeCTOPOXKAEHHH APYFHX MOJIE3HBIX HCKO-
NaeMblX, B TOM YHcle HedTH M rasa. [pyrHMH 3ameuaTeNbHBIMH
CBOHCTBAMH PTYyTH SAIBJSIOTCS €€ BLICOKAS JETYYeCcTb H CHOCOGHOCTD
K BOCCTAHOBJICHHIO B THNEPreHHBIX YCIOBHSX AO CaMOPOAHOrO CO-
CTOSNHS C TEPEXOAOM MyTeM NpsiMofi BO3rOHKH H3 e MPHPOIHBIX
<OCHVHEHHH B COCTOSIHHE aTOMapHOro rasa.

Bce 310 Hapsizy ¢ ouenp HH3KHM (1,33-107° Mr/a) u ycroiiun-
BhIM (e=1,02) reoXumuueckum (oHom PTYTH B aTMochepe obecre-
INBACT IasOPTYTHHIM CBEMKAM POJb OJHOTO M3 BAXKHEHIINX H, B M3-
BECTHOII Mepe, YHHBEPCa/JbHOTO METOHa TeOXHMHYCCKHX MOHCKOR
TOJIESHLIX HCKONAEMBIX Ha 3aKDBITBIX TePPHUTOPHsX. IlIpumep pe-
SYJAbTATOB Ta30PTYTHOH CBEMKH HaJi MOrpeGeHHEIM 30/10TOPYAHBIM
MECTOPOKACHHEM NOKa3aH Ha pHc. 88. 31ech NPH MOILHOCTH JECCO-
BUIHDBIX CYMIHHKOB 40 M B MOYBEHHOM BO3IyXe 3aDHKCHPOBAHA aHO-
Ma/ud, B TO BpeMsi KaK B JHTOXHMHYECKHX IPOGAX COMepKaHus
DPTYTH OCTasnch HOHOBLIMHU [46)].

JleficTBHTENIbHBE BO3MOXKHOCTH 3TOrO METOMA MOHCKOB pac-
KPBITB IaJIEKO HE NOJHOCTBIO. Bosee nonpo6Horo o6ocnosanus Tpe-
OYI0T NPUHUKIE aTMOXHMHYECKHX MOUCKOB PYAHBIX MeCTOPOXKIeHH
10 KOMIJIEKCY CONYTCTBYIOUIHX Fa30B.

MHoroyncienHbe JaHHbIE NOATBEPKAAIOT HaJlHUHe BOKpYT pyI-
HBIX 3a7exell CBOe0GPasHOi Ta30B0i aTMOCHEpHI, CONIPOBOKAAIOMLeI!
MECTOPOKIEHNS B TEUEHHE BCEro NMEPHOAA MX CymiecTBOBaHHs. CH-
CTEMATHUYECKHE CBELEHHS O COCTABE STHX Ta30B HMEIOTCSH B paGoTax
A. W. Kpasuosa, A. 1. ®punmana [45], OOIIUPHBIE JaHHBE M0
aroMy Bonpocy co6pan C. A. BopoGees. Cpefin ra3oB pPyAHLIX Me-
CTOPOXMICHHH BBLIAEJAIOTCS TPH OCHOBHBIE FPYIIIBL: 1) rasmi, cusre-
HeTHUHbIE npoleccy pyfroo6pasoBaHusi; 2) ra3oBble KOMIIOHEHTH 30H
TEKTOHMYECKHX HApyuieHuid; 3) rasel TIHNEPreHHBIX NPOIECCOB.

220

[

198 me/n
[a3bl — KOMIIOHEHTH IIpO- 70_5,% )

mecca  pyaoo6GpasoBaHHs
cojepxaTcsd B BHAE BKJIO-
yeHHH B DPYAHBIX H XKHIb-
HBIX MHHepanjax, cJjaraio-
KX pyAHBle 3ajexH. s
OOLIHPHOHA TPYNIH THAPO-
TePMaJbHEIX MECTOPOMK Je-
HHH 3TO YILJEKHCAHH Tras,
CepPOBOXOPOJ,  CePHHCTHIH
ras, MeTaH, BOLOPOA, JIEeTy-
yHe COeIHHEeHHS raJIoreHOB
H Jpyrue rasel, HaJu4yHe
KOTOPhIX B DPYIHHX TeJax

JI0Ka3aHo  MHOTOYHCJIEH-
HBIMH HCCJIEJIOBAHHSMH Ta-

30BO-XKHJKHX  BKJIOYEHHH == [y - AP
B MuHepanax. Haubonee == v 1o LA s L&

pacnopocTpaHeHHHH KOMMo-

u =1 01537 s
HEHT pyaoobpasyomes

CPEAb — YIICKACABIR * Ta3, ) o - gg CpaBHUTe/bHHE De3yJbTaThl Tas0-
3HAYUTEJBHBIC COACPRKAHNA  pryrgoli u  JUTOXMMHYECKOH CBEMOK HAJ
KOoTOporo OTMEUAIOTCSA  morpeGeHHBIM 30J{l;)g]0pyﬂﬂblM MeCTOPOXK Je-
JbIIHE-  HUeM. Y36ekucTaH .
B TIORAB.TAIOMEM 60 - ! — néccoBble  CYTJIHHKH; Z—aHneaﬂTo-naumosble_z
CTBE ra30BO-XKHIKHX BKJIIO nopdupuThl; 3 — gafikd aHaGa3oBBHIX nopcbn;zg'ro;,
% % — - ple 30JOTODYyAHBle Tedia (GJek-
HEHHH. erIeKHCJII:II/I ras iuenggllxlbf,ym,r?:{%}xﬁ, XaJleOIIH%HT); 5 —rauna o
BOJoOpoOn, 3AKJIOUCHHBIC  Gpexuus; 6 — TexTOHHYeCKHe HApylIEHHS: 7 — co-
aB- nepXKaHds PTYTH B DHIXJBIX OTJOXKeHHsiX (B %);
B PYAHBIX MHHepaJjax, e P
JAIOTCA IIPOAYKTAMH XHMH-
YeCKHX peakiuil, npoTeKaouHx B Marme [45], ux o6pasosanHe I1po-
HCXOAHT B pe3yJabTare BBaHMOHEﬁCTBHH yrJjepoaa ¢ napamMyu BOAbBL.
C+2H,0=C0;+2H,. IIpennoaaraercs, uTo o6pasoBaHue BOJO-
poaa TnpPOHCXOAHUT TakKxkKe IPpU B3aUMOJACHCTBHH BOAAHOTO napa
¢ okcugamu xenesa: 3FeO+HyO=Fe;0,+H,. IloBhiieHHble cO-
AC€p)KaHHA BOAOpPOAa XapaKTEpHH AJIA BI:ICOKOTEMHepaTyprIX r'ujg-
poTepMaJbHBIX MECTOPOXKAEHHH.

O6pasoBaHHe MeTaHa B IMyOHHHBIX 4acTaX 3eMJIH MOXKeET NpoTe-
KaTh npH BBaHMOHEﬁCTBHH AHOKCHAA yrJepoja ¢ MOJIeKyJIHprIMTI?O'
JOPOJIOM B COOTBETCTBYIOIIHX (DH3HKO-XHMHUECKHX ycaoBuax (T=
=600°C, P=104 kIla). B npucyTcTBHH KaTa/JH3aTOPOB peakIHus

oC.
MOXKeT HIATH npH Temnepartype 475°C:

COg + 4H2 = CH4 + 2H20.

B03MOKHBl H IPyrHe CXE€Mbl PeaKIui:

C+2H2:CH4;

CO + 6H2 - CH4 + Hgo.

HpI/IBElIEHHbIe peakKnuy ONHCBHIBAIOT Oép&BOBaHI/Ie YIJIEKHCI0Io

ra3a, BOJIOpOJa M Me€TaHa B MAarMaTH4YeCKHX H TUAPOTEPMAJIbHLIX
npoieccax. BoJibliine KoJHYeCTBA 3THX KOMIIOHEHTOB TE€HEPHPYIOTCS
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IpH TepMOMeTaMOp(u3Me OPraHH4ECKOTO BEHIECTBA, PacCEsTHHOTO
B PYIOBMEILAIOIHX TIOPOAax. BricBOGOXKAeHHe THIIOTEHHHIX Fa30BHX
KOMINIOHEHTOB, 3aKOHCEPBHPOBAHHBIX B DYIHOM BEIUIECTBE M B PYHAO-
BMEUIAIOUINX NOPOJAAX, NPOHCXOAHT HENPEPHBHO IO Mepe BCKPLITHS
(ReKpenHTanuu) rasoBO-MHIAKHX BK/IOYEHHH [PH BHIBETPHBAHHH,
A¥HAMOMeTaMOp(GH3Me M NPOYHX BHEIIHHX BO3AEHCTBHSX.

Bropyto rpynny cocTaBasioT raskl IJyGHHHOTO TPOMCXOMKIEHHS,
MHUIDHPYIOIHE [0 DPYAOKOHTPOJHPYIOUIHM TEKTOHHYECKHM 30HAM,
B KOTOPBIX JIOKAJNH3YIOTCs pyAHble Tena. Dt rasel (CO, CH, He,
H;) sBAsil0TCA npOAYKTaMH MarMaTHYecKHX NPOLECCOB, a TAKKe XH-
MHYECKHX N SIIEPHBIX DEaKIIHi, NIPOTeKAUHX B 3eMHBIX Hexpax. [To
NPOHCXOXKACHHIO OHH OJIM3KH K ras3aM nepBO# TpyNnel M B ciaydae
JIOKAJIN3alHH PYAHHIX TeJ1 B 30HAX Pa3JOMOB COCTABJSAIOT C HHMH
ennHoe 1esoe. XapakTepHbl NpHMep NOJOGHOH B3aHMOCBSI3H — ra-
30BBlJE/IEHHSI HA 30J0TOPYIHOM MecTopoxieHuH Baneii. 3xecn, no
naunbiM H. H. KyankoBo#l, na6Gaofanuch CHOHTAHHLBIE BHIXOXH
rasa, noutu Hamesno cocrosimiero u3 CO,;. Beicokoe comepxanne
CO,, CHy n npyrux ra3oB B BO3AyXe MHOTHX PYAHHKOB CBHETENb-
CTBYeT O IIOCTOSIHHO NpOTeKawouel pasrpyske GOJbLUIHX KOJHYECTB
IIPHPOJHOrO Ta3a B NOA3eMHYI0 aTMocdepy.

HnTencuBHHe BbimeJeHHs rasa, coctosimero usa CH, (99 %) u

CO; (1%), nvMenn mecTo npu paspaboTKe MeIHO-HHKENEBHX Me- -

cropoxaeHut Hopuibckoro pailona. JlauTeJsHOEe rasupoBaHHe
(6—7 neT) oTHeNbHBIX pAa3BENOYHHIX CKBAXKHH HMeJIO MecTO Ha
YDylCKOM MeIHOKO/YeNaHHOM MeCTOPOXKAEHHH. [a30BHi MNOTOK
C BBICOKAMH CONEPKAHHAMH YIVIEKHCJIOrO ras3a, MeTaHa, rejiusi u ce-
poBozOpOaA B TEYEHHE BCEro NMepHOJa ra3oBBIACNEHHS NPAKTHUECKH
He H3MEeHHJ cBOero cocrtana [45]. A. I'. BerexTHH B H3BECTHOH MOHO-
rpadun «Munepasorusi» coobmaer o6 06HIbHOM BHAeseHHH HoS
coBmectHo ¢ COz; n AsH; npu paspaGoTke aypHIHIMEHTHBHIX Py
Ixynedunckoro mectopoxienns. Ha HapmexmuHckoM 30J0Topyn-
HOM MeCTOPOXJEHHH OTMeuaJoch MCTEYEHHE ra3a, COCTOSIIEro
(8 %) u3 CO, — 67,9; CH, — 8,6.

K Tperbeli rpynne oTHOcATCs ra3oBue KoMnoHeHTH (COg, Oy, Hy
U Jp.), obpasylimHecs B pe3y/bTaTe MPOIECCOB, NPOTEKAIOUHX
B 30He THIepreHesa pyAHbIX MecTopoxiaeHHH. HanbGosee aKTHBHO
¢usMKo-XuMHUECKHe NpPeo6Pa30BaAHHST PYAHBIX MHHEPAJOB NpOTE-
KaloT B 30HE OKHCJIEHHS Cy/JbQHIHBIX MECTOPOKIEHHH (CM. pasp.
3.4). O6pasyrousiecs IpH 3TOM CBOGOAHAsSI CepHAsi KHCIOTA H KHC-
Jble Cyab(aThl METAJJIOB NPH HaJHYHH KapOOHATOB HJH KapOGoHAT-
HbIX BOJ BCTYNaloT B DEAKIHH C BblJeJeHHeM CBOOOJHOTO YIJIEKHC-
JIOTO Tasa.

Bsanmo/ieficTBHE CEDHON KHCJOTH C PSIAOM CYJAbGHAHBIX MHHE-
pasoB (mUpHT, rajieHHT, cpasiepHT H AP.) DPH HH3KOM NapuHab-
HOM J(aBJIEHHH KHCJIOPOJa NMPHBOANT K 06pasoBaHHIO CEPOBOAOPOJA
no ¢opmaasHoil cxeme MeS - H,SO, - MeSO, -+ H,S.

O6pasoBanyie CEPHHCTOTO ra3a MPOHCXOAHT NPH B3aHMOAEHCTBHH
MeJIaHTePHTa ¢ NHPHTOM NPH HaJH4YHH cBoGOAHOro xucjiopona [40].

Peakuns oxucijennsi cyabpHuos TpeGyer GOJBIIHX 3aTpar CBO-
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6onnoro xuciaopoxna. IToacuer B. C. u C. C. I'1e60BCKUX NOKAa3bl-
BaeT, 4To mpu nodHoMm okuciaeHun no Fe (OH)s; u HpSO, na ray-
6uHy 1| MM DHPHTOBOTO Tesa mwiomwanbio 1 M? cBsisbiBaercs jo 3,5 M3
cBo6GoaHoro kucjopoga. Croap Oosblioe MOTpebJeHHE KHCJIOPOAA
[IPHBOOHT K 3aMETHOMY NOHHKEHHIO €ro COAEpKaHu# B MOJNOYBEH-
HOM BO3JyXe HAaJ OKHCJSIOUIHMHCS CyJbQHAHBIMH MECTOPOXKIE-
HHSIMH.

[ase Bcex Tpex rpynn B CyMMe ONpefeasioT (POpMHpOBaHHE
MHOTOKOMIIOHEHTHBIX aTMOXHMHYECKHX OPEOJIOB PACCEAHHS PYAHBIX
MEeCTOPOXKAeHHH; NoseBbie HaOMI0eHHs NOATBEPKAAIT PeasbHOCTD
HX BhigBJeHusa. Ha puc. 89 nmoxasaHsl pe3yJbTaThl aTMOXHMHYECKOH
CbheMKH 110 TMPOPHII0, NepeceKanomeMy 30Hy NHPHTH3AlHH, Hal KO-
TOPOH B NOYBEHHOM BO3AyXe (HHKCHPYeTCS aHOMAaJbHO HOBHIIEHHbIE
cogepxannsi COy u noHuxeHHble Oj. IDTH NEpBHE JIaHHHE HMEIH
MeToJuYeckoe 3HayeHHe. B mpakTHKe aTMOXHMHUYECKHE MOHCKH Ie-
J1eco06pasHbl TOJBKO B 3aKPHTHIX palfioHax; NpHMEpLl TaKHX pabot
OpHBeJeHHl B riase 6.

V6ennrenbHble pesyJbTaThl ATMOXHMHUYECKHX CBEMOK ObLIH [O-
ayuenst A. . ®puamanom (puc. 90). ITo npodumo Boprycran —
Eccentykn npu chemkax c¢ marom 100 M u raybuHe rasoor6opa
1,5 M 6bH BHISIBNAeHH aHoMaabHbie comepxanus CO; no 4,5 Y% npu
mectHoM ¢oune 0,33 % CO,. 3ananHas mo 5THM JaHHBIM Ha ONHOH
H3 aHoMaJiuii OypoBasi CKBa)KHHA BCKpHJIa Ha ray6uie 600 m 3a-
JeXb YrJEKHCJIOoro rasa noj AasieHxeM nopsiaka 60 kIla. asoswie
anomanann COy, CH,4 Hs, He npu aTMOXHMHUYECKHX CheMKax OBLUIH
BCTpEUEHDbl B CBSI3H C PA3/JHUHBIMH MOJE3HLIMH HCKONIAEMbIMH, H pe-
aJIbHOCTh HX CYUIECTBOBAHHS He BBHI3BIBAET COMHEHHH.

Brifopounble NaHHBIE [0 Pe3yJbTaTaM aTMOXHMHYECKHX HCClie-
JoBaHuil pHBeneHs B Taba. 19.

Teopusi HOpMHPOBAHHS T'A30BHX OPEOJIOB paccesiHHsi OCHOBAHA
Ha paccMoTpeHuu AuGdepeHIHaNbHEX ypaBHeHuH XH(GQysHH B ro-

Ta6auna 19
XapakTepHcTHKa Ta30B-HHAMKATOPOB

FeoxHMUYECKHI}
dou | TIloxasatens
Tone3noe HCKomaeMmoe Tas Cmax*: "i| xonrpacruocrn
Cp% s i
PyaHble MECTOPOXKIEHHS H CO, 0,3 1,5 3,0 5,68
KUMOepJaHTDI CH, 1,3-10-% | 1,5 0,01 10,7
H, 2,1-10—4 2,0 0,01 5,57
[ O, 20,640,21 — 15,0 26,7
MiuHepasipHble BOJbI CO, 0,33 2,38 4,5 3,01
Q, 20,4 1,01 | 17,3 16,5
Hedtb u ras CH, 0,25%* 2,1 1,67%* 2,5
TYB 0,01%* 1,6 0,14%* 5,6
* ins O2 AaHo Co..
** BplpaxeHO B CMS/KT,
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Puc. 89. Tasosulit opeon nap sonoil muputusauuu, ITo B. C. u C. C. Tie6os-
CKUM.

| — rueficel; 2 — rpaHuThl; 3 — KBapieBble nNopdHphl; 4 — 30Ha NHPHUTH3ALUHMH; 5 — pHXJbe
o6pasopauus; 6, 7 - rpadHKy copepxanuit CO, (6), O (7). I'ny6una npoGoorGopa 1,56 M
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Puc. 90. Tpadux cogepxanuit CO, u reosmornueckuit paspes no npodumo Dbop-
ryctan — Ecceutyku. fTo A. H. ®pudmany.

| — 4eTBCPTHUYMBble CYIJIMHKM, TIJHHB; OTJOKEHHs MEJOBOro BO3pacra; 2 — H3BeCTHSKH; 3 —
apruJadThl; 4 — NeCYauHKH; 5 — IOPCKHe KOMIJIOMeparhl; 6 — rpadHuThl; 7 — CKBaXXHHa; 8§ —
PasjoMbl, YCTAHOBJEHHbIE 110 JIAHHBIM aTMOXHMHUYECKOA CBHeMKH
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PH3OHTANIbHO-CJIOHCTON cpefie. C METOAMYECKOH CTOPOHB HAaHGOJb-
WM HHTEpEeC MPeJCTaBJisieT OPHEHTHPOBOYHASI OIEHKA PACCTOSIHHS
Ho, Ha KOTOpoM comepxkaHHe rasa B IOJ3eMHOH aTmocdepe co-
CTABHT ONpeIeNEeHHYI0 HOJI0 OT COAEPXKAHHS ITOTO rasa B 3ajexH
nosesHoro uckonaemoro (Cp), ecnn auddy3HOHHBIA IpoLECcC NmpoTe-
KaeT B TeyeHHe BpeMenH I B cpele ¢ Koadduuuenrom auddysun D.
PeleHne 37Ol 3a[a4H, H3BECTHOE H3 KyDCOB T€OPETHUECKOH (HH3HKH,
A5 GeckOHeuHO MJIMHHOTO JHHEHHOrO HCTOYHHKA B H30TPOMHOH
cpelie onpenensieTcs BulpakeHneM

_ Cp T (Ho+2?
C, = 7 El[ T ] (108)
4DT

rie C, — KOHIEHTpalHs ra3a 1o ocH opeoJa Ha raybuue 2; E — un-
TerpajbHasi [OKas3aTe/lbHasi (YHKUHS OT BbIpameHHsi, CTOSLIEro
B cKoOKax. 3HaueHHs 3ToH QyHKuuu TabyJupOBaHH B MaTeMaTHUC-
CKHX CNIpaBOYHHKAX. VICXOAs M3 GM3KMX 3HaueHHH KO3 puuHeHTOB
nuddysun aas CO, u CHy, oueHnBaeMuix BeawunHo#i D= (1—5) X
% 108 cm%/c, C. A. Bopo6bes paccuntan no dopmyne (108) oxu-
Jaemble pe3yabTath AudGysHH 3a BpeMs, OTBeuaioulee reosoruue-
CKOMY BO3DACTy OJMKANHWIHX CTPAaTHrpaHUYECKHX MNOApa3ieseHHi
ocagousoro uexna (ta6sa. 20). Comepxanusi CO, u CHy B pyAHHU-
HBIX BbiAeJeHusix MoryT pocturatb 0,5—5 Y [45], a B rasosmwx 3a-
nexax npubauxaworcea k¥ 100 %, nos3ToMy nosnydeHHble JaHHBIE NMOA-
TBEPKAAIOT BO3MOKHOCTb OGHAPYKEHHs Ta30BbiX aHOMaJHi Hal no-
rpe6eHHbBIMH MECTOPOXKACHHAMH NPH MOUIHOCTH NEPEKPHBAIOIIHX OT-
N0KeHHA OT HEecsaTKOB N0 Thicsiu MeTpoB. Taroi uHTepBan rayGuH
OTBeuaeT 3afauaM HePTENMOHCKOBBLIX PA6OT H IOJHOCTBIO TEPEKpHI-
BaeT riy6uHy, 10 KOTOPO#l B COBPEMEHHBI# NMEPHOL BeAyTCs IOHCKH
norpe6eHHbX pyAHbIX MecTopoxaenuit (Ao 500 m). ITpu Gosbiioft
MOIIHOCTH YeXxJia BO3PACT OTJIOXKEHHH, KaK NpaBHJIO, GOoJblie.
CxofHble pesy/bTaTH HalOT pacyeThl no ¢opmysne aas 3saze-
Kefl, usoMeTpHueckoil GopMbl, B IaHe OTBeyawuledl HEPTAHBIM H
ra3oBBIM MECTOPOXKAEHHSM MM pPYAHBIM HITOKBepkaM. Bunskue

Tabauuwa 20

MowHocTb NepekphBalou(HX oTaoXenuii Hy (B M), NpH KOTOPOH Ha MOBEPXHOCTH
yexJa oxupaiorca anomaiun €O, u CH, (muennwil ncrounux). Ilo C. A. BopoGresy

c B poasx C
OTNOMeHHS Eg:p%c;r, max D

’ 0,001 0,01 0,005 0.2
TosnoneHoBbe 0,01 55 43 33 03
YeTnepTHYHEIE 0.7 403 990 ron 2
HeoreHOBLIE 25 2980 1570 570 10
[TaneoreHoBbie 67 . 3680 2510 1590 ao0
MesioBrIe 137 5200 3540 2190 780

1/58 2agaa Ne 405 225



AaHHple Oblid monyuedel I1. A. AHTOHOBEIM. B npupoaHoii o6cra-
HOBKe (popMHpOBaHHe [H((DY3HOHHBLIX Ta30BBIX OPEOJIOB OCJIOMKHS-
eTCsl HEONAHOPONHOCTAMM JIHTOJIOTHYECKOTO COCTaBa YexJa, HaJju-
YHeM BOJOHOCHBIX TOPH3OHTOB M TEKTOHHYECKMX HapylleHHi. 3a
nocJjejHee BpeMs BBICKA3biBAIOTCS MHEHHS O (pOPMHPOBAHHH ra3o-
BbIX ODEOJIOB paccesiHusi MPeHMYILeCTBEHHO 3a cueT 3hdysun rasos
IO TpellMHaM, NPH NOXYHHEHHOW ponn nuddysun. B nomabsy sTol
TOYKH 3peHHsl TOBOPUT Hajiiude «KOJbLEBHX» aHOMaJuil Hal Hed-
TAHBIMH CTPYKTYpamu (cM. puc. 87). OnHako npeojosieHne raso-
BBIM MOTOKOM BOJIOHOCHBIX TOPH3OHTOB IIPOHCXOAHT B pe3yJ/bTaTte
Iupdysun.

PasButne aTMOXHMHYECKOrO METONA IOHMCKOB IOJIE3HBIX HCKO-
NaemMblX MPOTEKA/IO CJOXKHBIM MNyTeM, H TPYAHOCTH ero BHeIpeHHs
ellle He npeojoJsienbl. J[Be OCHOBHHIE ONepaldu — IOJEBOH NPOGO-
o16op H 3KCmpecc-aHaMH3 NPOG CO3AAIOT Cepbe3Hble MEeTONHYECKHe
npo6seMbl NIPH aTMOXHMHYECKHX CheMKax.

['a3oBblii MP0o60OT60OP mPH aTMOXHMHYECKHX CBhEMKAxX MpPOBO-
AUTCA H3 CKBaXHH C INTyOHHBl HHX€ TOPM30OHTA AKTHBHOrO TIa30-
o6MeHa IOYBEHHOTO BO3AyXa ¢ aTtmoctepofl, CrelHasbHBE HCC/e-
NOBaHHS OIpeNeJNsIoT NMOJOXKEHHe 3TOr0 IOpPH3OHTa Ha ryybuHe —
1,5 ™, npakTHueckH NpH NMOHCKAX PYAHBIX MECTOPOMKIEHHH MPoGhl
or6upaiotes ¢ ray6unnt 3,0 M, IpH NOHCKAaX HepTH M rasa — C Iy-
Ounbl 20—25 M, uHOorna Goamee 200 M. IIpu HebTemomckoshx pa-
60Tax CheMKH BELYTCS NyTeM OTGOpa KepHa C ero repMerusalineii
H mocjenyiowed nerasanuelt B JabopaTopud IJisi aHa/n3a Ccolep-
¥KallluXcs B HEM rasos. '

IIpu monckax pymHbix MecTOpoxneHult uame or6upaioTes
npoGel CBOGOLHOrO MOANOYBEHHOTO BO3LYXa B CHELMANbHBIE AMITYJbl
(250 ma1, puc. 91). Aro BHI3BLIBAET HEOOXOAUMOCTL M3OJAUHH 33605
CKBaXHH OT arMoc(epsl M ynaseHuss H3 npu3aboiHOH Kamephl
NepBbIX NMOPLHA BO3JyXa, He OTPaXKAaIOU[UX COCTaBa NOANOYBEHHBIX
razoB. O6beM OTKAaYKH BO3JLyXa H3 CKBAXKHHBI IpPH 3aNoJiHEHHH
amIny/bl He JNOJIKeH OblTb MeHblle NATHKPATHOrO 06beMa NpH3a-
GoiiHolt kamepbl. He caepyer pomyckaTh moncoc arMocpepHoro
BO3Jyxa 3a CueT BbIXOJAa Ha IOBEPXHOCTb HJH INEPeceyeHHs CBO-
GOHOrO CTBONA CKBaXXHHbBI PaHHIEl 30HB 3Bakyamuu (Ha puc. 91
nokKaszaHa NyHKTHpom). [Ipu momckax TBepABIX MOJE3HBIX HCKOMae-
MbIX B IHponecce raszoor6opa omnpepensiiorcs copepxkanus CO,
¢ momolupi0 waxTtHoro uHtepdepomerpa (LIM-10). OcranbHble ra-
30Bble KOMIIOHEHTH M NOBTOpHO CO, ompexneasiores B saboparto-
puu.

[Tpo6oorGop mpH ra3opTyTHHIX CbEMKAaX BELETCS C MOMOUIBIO
CeLHa/bHOro 30HAa ¢ 3070TbiM copbentoM. [locie mpokauku 3a-
AAaHHOrO O0bemMa MOYBEHHOrO BO3AYyXa NPOBOJAUTCS BO3LOHKA IO-
IJIOLIEHHOH PTYTH NyTeM HarpeBa cOp6eHTa 3JEKTPHYECKHM TOKOM
H TOJIEBOH aHaJ/U3 ee CONepIKAaHHUI.

B nepBble mecATH/ETHS C MOMEHTa NPHMEHEHHS He(TENOHCKO-
BOH Ta30BOfi CHEMKH IPOH3BOJACTBO PaBoT TOPMO3HJOCH CJIOIKHO-
CTbIO W HH3KOH TOYHOCTHIO METOJOB TrasoBOro aHajiu3a. TOJbKO
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Puc. 91. Cxema
C. A. BopoGeesy.

1 — npusaGofinasg Kamepa; 2 -— Gypomoff cHapaa-nmpoGooT-
Gopuuk; 3 — GuAbTP; 4 —rasosas aMnyaa; §-— pecusep-
Hasi ©MKOCTb, 6 — BaKyymMMeTp; 7 - rasoanaiusatop COsi
KpIl—1V — ra3oBhle KpaHH

razoporo mpoGoor6opa. [Ilo
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Puc. 92. Cxema xpoMaTorpadu4ecKoro aHajnausa rasos.

H -_ JOMKA, SaloJHEHHag copGeuToM; 3—
] — rasopslfi IINPHI-A08aTOpP; 2 - pasAeauTeabHast KO .
HAeTeKTop; 4 —cguonumymﬂﬁ pernctpatop. A, B, B — KOMIIOHEHTB aHaJu3UPYEMOro ras3a

C MOSIBJIeHHEM COBPEMEHHBIX METOJOB XpoMaTorpapuueckoro aHa-
JIH3a Ta3oB BMEPBhle OTKPBIIACH NMEPCHEKTHBBI IIMPOKOr0 HCNOJb-
30BaHHs aTMOXHMMHYECKHX CHEMOK INIpH IOHCKAaX PasHOOGpasHbIX
HNOJI€3HbIX HCKOIlaeMBIX. '

[Ipu xpomartorpaduueckom ananuse (puc. 92) mHOTOK HHEpPT-
HOTO ra3a-HOCHTeNd C INOCTOAHHOH CKOPOCTbIO HpONyckKaercs depes
pasjenuTeNbHYI0 KOJOHKY, 3anojiHeHHylo copbentom. C IOMOMIBIO
LINpHIA-103aTOpa B NOTOK BBOAMTCS aHaJH3Mpyemas rasoBas
cmech B obbeme 2—5 cm3. Pasnenenne npoGbl Ha coCTapJsiouine
ee KomnoHeHTsl A, b 1 B mpoHCXOIHT BCJIEACTBHE Pa3NHuMH B HX
du3HKO-XUMHYECKHX CBOHCTBAX M MHOTOKPATHOrO MOBTOPEHHS dJe€-
MEHTapHBIX 4KTOB copO6uuH H necop6uud. B pesysnbTaTe KOMIIO-
HEeHTH! CMecH C Pa3HOH CKODOCTBIO INepeiBHraloTcs BJOJb Pasienu-
TeNbHON KOJIOHKH M PasfelibHO NMOCTymalmT K JAerektopy. [oproune
KOMIIOHEHTBl CMECH OMNpeJesIioTcs 10 TelJlore CTrOPaHHs HJIH
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HOHHU3aLMOHHOMY 3¢ (eKTy, Heropioyne — M0 TeNJONPOBOAHOCTH HJIH
ONTHYECKHM CBOMCTBAM, TOK B CETH JeTEKTOpa pEerucTpupyercs Ie-
PONHULYILIHM MOTEHLHOMETPOM.

JasbHefillee COBEPIICHCTBOBAHHE METONBKH ATMOXHMHUECKHX
TIOMCKOB, B TIEPBYI0 OUepefb MECTOPOXKJAEHHH HedTH W rasa, CBs-
34HO C TEPEXOOM Ha Jia3epHbIe ra30dHAJH3aTOPHl MeTaHa H IpY-
THX KOMIIOHEHTOB, B TOM 4HCJe INPH a’3po- H aBTOMOOMJIbHBIX
CheMKax C HMCC/EJOBaHHeM NPH3eMHOH aTmocdeps. CrenHasbHbE
rejreBble ChEMKHU BBINOJIHAIOTCS C NpHMEHEHHeM IOPTAaTHBHBIX
marnutopaspsiaibeix npubopos MUHI'EM-1. Hoshle mnepcnekTHBBI
OTKPHIBAIOTCA INepeJ] aTMOXHMHYECKHMH INOHCKAMH pDYIHBIX MecTo-
POXKIEeHHl B CBSI3H C MOCAEIHHMH PabOTaMH HeUICKHX I'eOXHMHKOB
0 OmpeJesieHHI0 B IOYBEHHOM BO3Ayxe conepxkanuit Zn, Pb, Cu
u F [49].

HecomHeHHO, UTO OCHOBHOR 06/1acCTbi0 MPUMEHEHHS ATMOXHMH-
YeCKOro MeToJla’ IO-IpPeKHeMy OCTAHYyTCH INOHCKH MeCTOPOXIEHHH
Hedtn u rasa. KpatkoMy paccMOTpeHHI0 NMPAKTHKH 3THX T€OXHMH-
yeckux pa6Gor nocssiuieH pasn. 6.3. ATMoXuMHuecKHe NOHCKH Dyn-
HBIX MECTOPOXKJEeHHIl B 3aKpBITBHIX palioHaX MMeIOT peaJjibHbie Iep-
CIEKTHBBEl OBICTPO OllepeluTb N0 00beMy THAPO- H 6GHOreoxuMuue-
CKHe NMOHCKH.

5.3. BHOTEOXHMHUYECKHA METON

BuoreoxuMuueckne MOUCKH MECTOPOMKIEHHHA MOJIE3HBIX HCKONAaeMbIX
OCHOBAaHBl Ha MCCHAEJOBAHHH XHMHYECKOTO COCTaBa MXHBOTO Bellle-
CTBAa, KaK IPaBWJO, COCTaBa pacTeHui. MexXny XHMHYECKHM CO-
CTaBOM JXHBBIX OPraHU3MOB H COCTABOM cpeIbl OGHTaHHS CYILeCT-
Byer GeccriopHas 3aBHCHMOCTb, B TPENEJbHBIX CJyyasix NpPOSIBJIEH-
Hasi CMEeHO#l HX BHIOBOTO COCTaBa, YCHJIEHHBIM HJIH YTHETEHHLIM
pa3BUTHEM H IOsIBJIeHHeM MOp(OJorHuecKux ocobeHHOCTeHd. Ymo-
MHHAHHS O CBSI3H MEXJy TIeOJIOTHYECKHM CTPOCHHEM MECTHOCTH,
HajidygeM TMOJEe3HHX HCKOMaeMEX H COCTaBOM pacTHTEJIbHOCTH
BCTPEYAIOTCH YKe B CPEJHEBEKOBOH JiHTE€pPaType IO FOPHOMY Jedy.
CoBpeMeHHble GHOreOXHMHYECKHE NMOHCKH CBS3aHbl C XHMHUECKHM
aHaJIM30M BeillecTBa, HaOMIOfeHHA HaJ BHIOBBIM COCTAaBOM H MOp-
donoruueckuMu 0COGEHHOCTIMH PACTUTEBHOCTH COCTaBJSIOT Mpel-
MeT reob6oTaHHuecKHXx HccaenoBanuil. [lTogo6HO MHKpo6GHOMOTHYE-
CKHM cbeMKaM, MpH KOTOPBIX B MOHCKOBHIX ILeJSIX HCCJAENYETCS BH-
JOBOH €OCTAaB NOYBEHHBIX GakTepuil, reo6oTaHHueCKHe METOLbI
K YHC/Iy TEOXHMHMYECKHX He OTHOCATCA H 3JleCh He paccMaTpHBa-
I0TCS.

B Haule BpeMs HHTepec K GHOT€OXHMHUYECKOMY METOAY IOHCKOB
TPOSIBWIICA B CepelHHe TPHALATBIX T'OJOB, BCJEN 32 IEepBBIMH HC-
CJEI0OBaHHSAMH JHTOXMMHYECKHX OpeosioB paccesnus [34]. B CCCP
pa3BUTHEM OHOTEOXMMHYECKOTO METOJA IOMCKOB PYIHBIX MECTO-
poxnuennii 3aanumannce C. M. Tkaany, A. I1. Bunorpapnos, 1. I1. Ma-
miora, B. B. INlonukapnoukun, A. JI. KoBasneBckuit [14, 23], 3a py-
6exxom — H. Bpyuaun u C. [Taamksucr (HIeenns), X. B. Yoppen u
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P. E. llenaBo (Kanana), X. JI. Kennon (CILA), P P. Bpyke (Ho-
Bas 3eJaH]us) W LPYTHE T'€OJOTH.

B pesynbrate HcciefoBaHHHA HEH3MEHHO IIOILTBep)KILaJIOCb Ha~
Juine GHOreOXMMHYECKHX aHOMaJHii B XMMHYeCKOM COCTaBe pacre-
HHUH, TNPOM3pACTAIOI{HX HAJ MECTOPOXKAEHHSMH MeJIH, IHHKa,
CBHHIA, ypaHa, MoauGreHa, Hukesas, 6opa, 3010Ta H APYTHX MO-
Je3HbIX HckonaeMmblX. OObIYHO 3TH GHOreOXHMHYIeCKHE CBHEMKH IpO-
BOAMJHCh MyTe€M ONPOGOBaHHMS OJHOTO MJH HECKOJbKHX TOCHOJ-~
CTBYIOUIMX BHJOB pacTeHHi, 030JIEHHS DACTHTEJbHOTO BEIECTBA W
CIeKTPa/bHOIrO aHaJ{3a NOJYYEHHOH 30JHI.

CBsi3p MEXIy XMMHYECKHMMH COCTaBaMH IOYBH H IIPOH3pacTaio-
el Ha Hell PacTHTENLHOCTH HMeeT CJIOXKHBIH xapakrep. B cocrabe
3eMHOH 6uHoMacchl OOWIHH 06beM KHBOTHBIX OPraHH3MOB BeCbMa
He3HauuTeJeH, H KJapku Guocdepsl AOCTATOYHO GJAM3KO Xapakre-
pPH3YIOT cpeiHHH# XHMuHYecKH# coctaB pacTturenbHoctd. CorgacHo
DaHHBIM Ta6a. 1, nepsble 10 XHMHYECKHX 3JE€MEHTOB B CyMMe 06-
pasyior 99,96 % Guocgeptr, a mepseie 3 makposaementa — O, C
n H cnaraior 98,5 9 Bceit 6uomacch. Ha om0 Bcex oCTasbHBIX
82 muxkposnementoB npuxoxntcs Bcero 0,04 % xuBOro Belecrsa.
Boanee 50 9, Mmacchl XHBOro BelllecTBa COCTaBJseT BOXA, B KOTO-
poil cBsi3aHbl 3HauHWTe/bHBIE KOJHYECTBAa KHCJIOPOJAa H BOAOpOAA.
I'azoobpa3ubie a1eMeHTHl OHoceph, 3aHMCTBOBAHHblE H3 aTMO-
cepbl, BO3BpaLIalOTCA B Hee B Ipouecce OHOJOTHYECKOrO Kpyro-
BOPOTA BeUIECTBA. '

JlAs. XapaKTepHUCTHKH TeOJIOTHYECKOH pOau OHOT€HHOH MHrpa-
uun MuKpoajemenToB B. B. [loabiHOB npennoxus BeAHUHHY OT-
HOIIEHHSI MEXIY COIepXKaHHSAMH 3JeMeHTa B 30J€ pacTeHHs
H B IOYBe, Ha KOTOPOH OHO IpoH3pacTaeT. DTOT NMOKa3aTelb MOJY-
4uJl Ha3BaHHe KoadhHuiMeHTa GHOJOrHUECKOTO MOTJOUEHHS H 060-
3Hayaercs Ag:

A, =S, (109)

rae Cy — collepaHHe 3JeMeHTa B 3oie pacTenusi, %; C; — comep-
JKaHHe 3neMeHTa B nouse, Y [29].

MHorouncieHHble CBeIeHHS O COJEPKAHHAX MHKPO3JEMEHTOB
B pacTeHHsX, XKHUBOTHBIX OpraHu3amMax M nounsax npuBoiuT B. B. /106~
poBoabckuit [18]. M3 paHHBIX Taba. 21 BMAHO, YTO IJAS PYAHBIX
saementoB, kpome Ti, Be, S, koapdunnentsr Ax Goabuie 1,0, uto
yKa3biBaeT Ha HX CIHOCOOGHOCTb K HaKOIJIEHHIO B BEPXHHX TOPH3OH-
Tax MOYB B pe3yJbTaTe MHHEDPAJH3aUHH €XKEroJHOTr0 pAaCTHTENb-
HOTO Omaja.

B 3one pacrenuii, npouspacraloniux HajJ pyAHBIMH TeJaMHu, Ha
CTapBlX PYAHHUHBIX OTBaJaxX NPH BHICOKHX CO/EPXKAaHHUSAX METaJJIO0B
B NOYBax OTMEUAJIMCh COJEPXKAaHHS DYIHBIX 3Je€MEHTOB, B JECATKH
H B COTHH Pa3 IpeBbIMIAIOUINE HX CPeXHUH ypoBeHb. K HanboJbuiei
KOHIIEHTPALHA METAJJIOB CIIOCOGHBI ONpejAe/eHHbie BB PacTEHHH,
B 30Jl¢ KOTODBIX COJAEpKaHHSl OTAENbHHIX METa/JoB MOTYT JOCTH-
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Ta6nuns 21
Cpennne coiepxanna MeTa/lioB B 3oae pacTeHuit [18]

DJIeMeHT Cye 104 % Ax DJieMEeHT Cys 10—% % Ay
Mn 4800 6,86 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 12,5
Ni 40 1,54 - Hg 0,25 7,58
Co 20 2,74 Sb 0,1 0,5

raThb HEeCKOJbKHX npouentoB — Goaee 20 % Zn, no 8 % Ni, Goaee
1% Cu, Pb, As, Be. OnHako Takue paCTeHHs-KOHIEHTPATOPLl He
MMEIOT MOBCEMECTHOTO pPAaCIpPOCTPAaHEHHS, OHM CIMOCOGHHB HaKailJH-
BaTb METaJjJlbl AaxKe IPH (POHOBBIX COAEPXKAHHMSX B IIOYBE M, KaK
TpaBWIO, MaJo NPUTOLHBEl IJs1 NpPOBefeHHs] GHOTEOXHMHUECKHX MO-
uckoB. Hauayuwinx pesy/JbTaToB IOMCKOBBIX GHOT€OXHMHYECKHX
CBEMOK CllefyeT OXHIAATb IIpH ONPOOOBaHMH TaKHX BHAOB pacre-
HuH, 30Jia KOTOPHIX B 06JacTH GHOreoXHMHYecKoro (oHa Xxapakre-
pH3yeTCsi YCTOHUMBO HM3KHMH, HO ONpPeJeIHMBIMH COAEpKAaHHAMH
3/1IeMEHTOB-HHHKATOPOB, ObICTPO BO3pACTAIONIMMH IO aHOMaJbHBIX
BGJIH3H MECTOPOXKIEHHA. DTo onpexnensier Heo6XOAUMOCTD TILATENb-
HOMl OmeHKH NMapaMeTPoB MeCTHOTO poHa Cyp M & M HHXKHETO aHO-

MaJIbHOTO COAEpIKaHHS PYIHBIX 3JIEMEHTOB (Ca m=C4,s3/V'" ) B 3071€
MECTHBIX BHIOB pacreHHH, a Takxke Bbl6Opa OLHOTO-IBYX H3 HHUX
JJIS. TOUCKOBOTO onpoboBaHHuS.

3aBHCHMOCTb MEX]Y COLEPKAHHAMH PYJLHBIX 3JIeMEHTOB B cpejie
06HTaHHS U B 30J1€ pacTeHHH ONpeaessieTcss UX BHIOBOH NpUHALI-
JIEXKHOCTBIO, OHAa H3MeHsiercsi AJIS Da3J/IMYHBIX OPraHOB pacTeHud
B CBfI3M C BO3PAacTOM M BereTaTHBHBHIMH (pa3aMu pasBuTusi. B 06-
LeM Cayyae OHa HMeeT CJIOXKHBIH, 4acTo HeJHHEeHHbIH XapakTep, ol-
peneasieTcs CBOHCTBAMH 3j1eMeHTa W B OOJbLIOH CTeNeHH 3aBHCHT
0T abCOMIIOTHOTO YPOBHSI €r0 COLEpXKaHHH B IOuBe. YCTaHOBJICHH
JBa OCHOBHBIX THNa 3TuX 3aBucumocteii (puc. 93). Ilepsbit THI
oTBeyaeT NPHONHKEHHO JHHEHHOMY BO3pacTaHHIO ColepXaHHH pya-
HOTO 3JleMeHTa B 30Jle PACTEHHS, NPONOPIHOHANBHOMY YBEIHYEHHIO
€ro coJlepXKaHHs B NouyBe., DTH pacTeHHs 6JaronpHsaTHB IJS OHpPO-
60oBaHMsA NpH GHOreOXHMHYECKHX IOHCKAX MECTODOXKAECHHH JaHHOTO
sneMeHTa. BTopoil THI XapakrepusyeTcd INPONOPIHOHAJBHONH 3aBH-
CHMOCTBbIO MEXJY CONEPXAaHHEM METajjla B mOuYBE W B 30J1€ pacTe-
HUS TOJBKO IPH €ro MaJjblX colepxaHuax. [Ipm aHOMAaJbHO BBICO-
KHX CONepXKaHHSX MeTajlia B [OYBE HaCTymaeT IPOrpecCHBHOE
cCHHXKeHHe Ko3(duuueHTa 6HOTOTHUECKOrO NOIVIOLIEHHS, BIJIOTh [0
orpunarenbHoil koppeasuun Mmexay C; m C, Ota 3aBHCUMOCTD
OODBSACHSIETCST HAJHYHEM Yy 3THX PacTeHHil 3alUTHBIX (PH3HOJOrHYE-
ckuX 6GapbepoB, NMPENSTCTBYIOUIMX H3OBITOYHOMY HOCTYIJIEHHMIO TeX
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HJAH HHBIX XHMHUYECKHX 3J€MEHTOB L[
B OpraHu3M. PacreHHsl, Y KOTOpPHIX
takue Oapbephl 0OOHAPYXHBAKOTCA

y*e BGJH3H (DOHOBHIX COJlEPKAHHM 1
PYAHBIX 3JieMEHTOB, HENpHUIOAHBI
JJas  mpoBefeHusi Ouoreoxumuye- 2

CKHX INOHCKOB. YDOBeHb IOBBIILIEH-
HEIX CONepXKaHHA MeraJJoB, IPH
KOTOPOM TPOABJsSeTCS CYUECTBO-
BaHHe GHOXHMHUYecKoro Oapbepa,
passiuueH IS OTHEbHBIX BHAOB H
OpraHoB pacTeHHH, OH HHXKe MJIA- 0'
JHCThEB H BETOK M CYILECTBEHHO 1
Bbillle JJIi KOPBI M KOpHel pacre-

nuli [23]. Tlepeuenp 6uHOOGBEKTOB  Puc. 93. Tpaguxku sasucHMOCTel
passimyHOK MOMCKOBOM HH(pOpMa-  CONEPKaHMil  PYIHHIX  SJEMEHTOB

. B 3oxe pacrennit (Cg) OT ux copep-
THBHOCTH IO OTHOLUEHHIO K KOH anuit B nouse (Cy).

KPETHBIM DYIHBIM 3/IEMEHTAM TIpH- 1 — nponopuuoRanbLHOE GrojoruuecKoe
BelleH B HHCTPYKIII/II/I [21] mornomesHe; 2 — HaauuHe  OGHONOTHYE-

BropuM TpH3HAaKOM, ompese- O™ 62PEePe

JAIOIHAM BO3MOXHYI0 3¢ ®eKTHB-
HOCTb GHOT€OXHMHUECKOTO MeTojJia IIOHCKOB SIBJiAeTcs IiyOHHA, HA
KOTOPYIO pa3BHBaeTcs KOpHeBas cucreMa pacrenuil. Kak mpasuio,
5Ta ry6HHa MHHHMAaJjibHa B PafOHAX yCTOHYMBOH MEpP3JIOThI, HMeeT
YMEpEHHYI0 BeJIHYHHY B YCJOBHAX TYMHIHOTO KJHMaTa H MakcCH-
MasbHa B pafioHaX apHAHON 30HH, H3MeHssach oT 0,2—1,0 m B ce-
BepHO# 30He 10 20 M B I0XKHOH. Jlisi OTAENbHBIX BHIOB PacTeHHH
¢ Ty60KOMPOHHKAIIMMHE KOPHSMH OHA JOCTHraer GOJbIIHX BesH-
yuH,  HALIPHMep, y NecuaHoii moabiHn 25 M, y cakcayna 37 M,
y Bep6aioxbeil Komoukn 40 M, Y HEKOTOPBIX paCTeHHHl B 3apyGex-
HBIX cTpaHax — Jo 70 M.

JlaHHble GHOT€OXMMHUYECKHX CBHEMOK [0 CHX IOp OCTalTCid Ha
ypoBHE KAaueCTBEHHBIX pPe3y/bTaToOB, YTO 3aTPYyAHSET peEIIEHHEe OC-
HOBHOT'O BOIPOCA — O MPeHMYLIecTBaX GHOre0XMMHYECKOro MeToAa
TIOHCKOB, ONPEIeAI0UUX Iieaecoo6pasHOCTb €ro npruMeHeHHs B3a-
MEH LPYTHX TeoXHMHuecKHX Meronos. [lefictByiomas HHCTPYKLHSA
10 TeOXHMHYECKHM METOJaM IIOMCKOB pYAHBIX MECTOPOXKIEHHH
NPAMO YKa3blBaeT Ha HelenecooGpa3HOCTb NPHMEeHEHHs GHOreOXHMH-
YeCKHX MEroJOB NMOHMCKOB B TOPHBIX, aKTHBHO JE€HYIHPYEMBIX paH-
OHaX JM106bIX KAMMAaTHYECKHX 30H, a TaKxe B APYTHX paifioHax, And
KOTOPBIX XapaKTePHBl BBIXOASNIME HA NOBEPXHOCTL MEPBHUHBIE H
BTOPHUHBIE JIMTOXHMHYECKHE opeon» {21, crp. 12”6]. Henenecoo6-
pa3Hbl 6HOreOXHMHYECKHe CBEMKH B 3aKPBITHIX PaHOHAX, L€ MOLL-
HOCTb AaJIJIOXTOHHBIX OTJIOXKEHHH, IePeKpbIBAIOLINX PYIOHOCHBIH
cy6cTpaT, 3aBeJlOMO NPeBHIIAeT INyGHHY POHHKHOBEHHS KODHeBOH
cucremul pacrennii. CorsacHo MHCTPYKIHH NPHMEHEHHE Guoreoxu-
MHUYECKOT0 MeToJa 1enecoo6pasHo B 3aKPBITHIX pailoHaX T'YMHIHOH
30HB ¢ MOUHOCTBIO uexaa 2—10 M. OxHako 3a reoJIOrH4ecKoe
BpeMsi O6GHJbHAS DACTHTENbHOCTb, Pa3BHBAIOM(AfCS TPH XOpOLIEM

8* 231




VBJaXKHEHHH, 33 CUeT MHHEPaJH3alHH €XEeFoIHOr0 PaCTHTENbHOrO
onajia MPHBHOCHT B TOUBY OTPOMHBIE KOJIHYECTBA 30JIbHBIX OCTAT-
KoB. [TpHHHMAas, YTO cOBpeMeHHble KJIHMAaT H PaCTHTENbHOCTb yCTa-
HOBHJIUCHb C Hauana roJoiueHa (10 Twic. ner Hasanm), MOXKHO -npef-
HOJIOXKHTh, YTO MEXK]IY COLepPXKaHUSAMH DYJHBIX 3/1€MeHTOB B IOYBE
H B 30Jle paCTeHHHl yXKe CYIeCTByeT NOJBHXKHOe paBHOBecHe. Ho-
Jlee TOro, NPH yKA3aHHOH MaJsof MOIIHOCTH YeX/Ja NOMHMO GHOTeH-
HOH («30JbHOMN») COCTaBJISIIOILEH JIHTOXHMHYECKHX OpPEOJIOB pacces-
HHSL 32KOHOMEDHO OXHJaTh NPOABJEHHS Ha IOBEPXHOCTH Me-
XaHHYeCKOfl M COJIeBO COCTaBJSIOUUX oOpeosla 3a cyer Jud-
¢y3un MuHepaJibHBIX KOMIOHEHTOB oOpyleHeHusi. DoJjee moJHbIe
JlaHHbIE B 3THX YCJOBHAX CIOCOGHBI OGECIeunTb JUTOXUMHYECKHE
CBEMKH. :
[TpumeHenne 6HOreOXHMHUECKOrO MeETOJAa NOHCKOB IPeRNOuTH
TeJbHO B 3aKPHITBIX PYAHBIX pafioHax B JaHamwadrax NOyCTBIHb Y
MOJIyNyCThIHL apuIHOH 30HBL I'71y6OKas KOpHeBas cHCTeMa pacre-
HUH W pa3peXeHHBIH pacTHTENbHHH IOKPOB MNO3BOJAIOT HpeAroJo-
JKHTb pa3peiB MeXAy COAEPXKAHHAMH DYAHBIX 3JIeMEHTOB B 30JI€
pacTeHHii ¥ B BepXHHX TOPH30HTAaX [aJbHENPHHOCHBIX OTJIOXEHUH,
onpo6yeMbIX NMpH Ha3eMHBIX JHTOXMMHYECKHX cbemkax. IIpu mom-
HoctH uexsaa A0 40—50 M u (OHOBBIX COZepKAHHAX METAJJIOB
B JIMTOXHMHYECKHX mpoGaXx BO3MOXKHO HOsIBJleHHe Haj mnorpebeH-
HBIMH PYAHBIMH MECTODOXKIEHHSMH OTYETIHBHX GHOr€OXHMHYECKHX
a”Homasnut. -
[Mpumep Takux pe3y/bTaTOB, HOKAa3aHHHI Ha pHC. 94, WIIOCTPH-
pyer IOHMCKOBble INpeHMyllecTBa OHOr€OXHMHUECKHX CBEMOK Ha
(nanre NOJMMETAJNIHYECKOr0 MecTOpoxIeHHs Y3yHxan (Llent-
paabubiii KasaxcraH). 3to MecTOpOXJIeHHe OBIIO OTKPHITO B pe-
3yJbTaTe IIOMCKOBBIX JIMTOXMMHYECKHX CBHEMOK IIO BTOPHYHOMY
OCTaTOYHOMY Op€0JIy paccesiHus CBHHIIA OKOHTYDHBAIONIETO BBIXOJ,
DYNHOTO Tena K COBDEMEHHOM [HEBHOH IOBEepXHOCTH  (CM.
pasn. 6.2.2.). Ilpeo6najarollias uyacrtb DPYJHOH 30HBI NEPEKPHITA
HeoreH-YeTBEPTHYHBIMH OTJIOXKEHHUSIMH MOIHOCTbIO 40—50 M, Ha 1o-
BEPXHOCTH KOTOPBIX BTOPHUHBIA HAJIOXKEHHBIH OpeoJ paccesiHusi IpH
CTaHAAPTHBIX JHTOXHMHYECKHX CbEMKax He GBI oGHapyxeH. Jlu-
TOXHMHYECKHH OpeoJ paccessHHs OKOHTYPHBAET TOJIbKO HeBOJbIIYIo
IOXKHYIO YacTb 3a/I€XH, TAe YeX0Js a/VIOXTOHHBIX OTJIOXKEHHH OTCYT-
cTByeT. BHOreoXxuMHueCKHil Opeosl paccesHHs IO HM30KOHIEHTpaTe
0,005 % Pb okoHTypHBaeT BCIO 3aJieXb, IPH 3TOM Haj norpeGen-
HOH ceBepo-3alajiHOi 4acTblo MECTOPOXKIEHHsS COJepKaHHe CBHHIA
‘B 6uoreoxuMuueckux mpo6ax cocrasuio 0,07 % mnpu” poHOBHIX cO-
AepxaHusx B mouse okoso 2-10-% %. TMnomans 6noreoxuMuueckoi
aHoMaJuu B 5—6 pa3 mpeBbluiaer OGLIYI0 miomalns BBIXOZA PYyX-
HOTO T€ja Ha IMOBEPXHOCTb KOPEHHBIX MOpOJ, MaKcHMaJ/bHOe CO-
JepaHue CBHHIA B OGHOr€OXHMHYECKOM Opeosie paccesiHHss B OT-
KpBITOHl YacTH JHTOXMMHueCKoro opeosia cocraBunol % (mpu 1,25 %
Pb B mouse). B mouckoBeIX Ile/sX ompoGoBanach noJbiib (Arte-
misia), 030/1eHHe MPOBOAMIOCHL B Mydese npe rTemneparype 500—
550°. Caieayer OTMETHTb, YTO CRELHaJbHbIE IHTOXUMHYECKHE CheMKH
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Puc. 94. CpapHuTenbHHE pe3yNbTdTH JHTO- H OHOTEOXHMHYECKHX CBhEMOK Ha
MecTopoXaenun Yayuxaia. [To B. O. etmandyry.

BLIXOX DYHHOro Tefa: [ — Ha NHEBHYIO NOBEPXHOCTb; 2 — NIOJ YE€XOJ HeOreH-YeTBEPTHUHBIK
OTnOMeHHH:; W3OKOHIEHTpalun cBuuma (B %): 3 —B 3ome pacreunéi; 4—B nouse

C MyJbTHIIMKALHell H Cria)KMBaHMEM NaHHBIX JJISl BBIABJIEHHS Ha-
JIOKEHHBIX OPE0JIOB paccesHHus B TO BpeMs He NPOBOAMJIHCE.
A6conoTHOEe OOJIBLIMHCTBO OHOreOXMMHUYECKHX CHEMOK. IPOBO-
AHJIOCh Pa3JHYHBIMH aBTOPAMH B <OTKPBITBIX» DYIHBIX paloHax
NPH HAJHYAH OCTATOUYHBIX JIHTOXHMHYECKHX OPEOJIOB paccesiHus
B 3JII0OBHO-N€JIOBHH. B 3THX YCJOBHSIX HET OCHOBAHHH JJisi NpHME-
HeHUs OHOTeOXMMHYECKOro MEeTOola IOHCKOB, HECMOTPA Ha BO3MOXK-
HOCTb OGHApYXKEeHHsi aHOMAJbHBIX CONEPXKAaHMA PYLHBIX 3/1E€MEHTOB
B 3one pacreHuii. JIi1s n0KasaresbCTBa NPHMEHHMOCTH 6uoreoxu-
MHUECKOTO METOAa MOHCKOB PYIHBIX MECTODOXKAEHHH 4acCTO YKa3bl-
BAlOT HAa CHJBHYIO MOJOXHTENbHYI0 KOPPEJsIHIO MeXIy aHOMalb-
HBIMH COJIEPXKAHHUSIMH METa/JIOB B MOYBe M DACTEHHSX. Mexny tem
HMEHHO 3TOT NpPH3HAK TOBOPHT O Helesneco00pa3HOCTH IPUMEHEHHS
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GHOT€OXMMHYECKOTO MeTONa, IOCKOJbKY Te e G6oJee HaLekHO
HHTEpIpEeTHpYeMble IOUCKOBbiE JaHHble C MEHBIIMMH 3aTpaTaMH
MOTYT GHITb NOJYYeHbl THTOXHMHUYECKHM METOJOM.

Taxnm o6pasom, cienyeT cuMTaTb, YTO OCHOBHBIM KpHTEpHEM
3(PEKTHBHOCTH GHOT€OXHMHHYECKHX IOHCKOB SIBJISETCS OTCYTCTBHE
CTATHCTHYECKH 3HAYHMOH KODpe/SIUH MEXIY aHOMAaJbHHMH CO-
INepXKAaHHSMH METaJJIOB B pacreHusX H B npobax Ha3eMHOH JHTO-
XHMHYECKOH CBEMKH HajJ MNOrpe6eHHBIMH DYLHBIMH MECTOpPOXKIe-
HUsIMH. Takne yc/loBHS MOTYT BO3HHKAaThb B 3aKPBITHIX PYLHBIX
pafioHax, B 4aCTHOCTH, B JlaHAIIa(Tax apHIHOH 30HH, Ha 3a60JO-
UEHHBIX TEPPHTOPHSAX, NPH HAJMYUH MOPEHHO-JECIHHKOBHX OTJOXKe-
HHit H B IPYruX oco6mx caydasx. O6mactb 9THX yCJIOBHH, mperelb-
Hble MOLIHOCTH NE€PEKPHBAIOMINX aJJOXTOHHEIX OTJ0XKEHHH H BHIHI
PacTHTENILHOCTH, NPUTOAHBIE IJsi BeleHHs GHOreOXHMHYECKHX IIO-
HCKOB, HCCJIE[[OBaHH eille HeJOCTaTOYHO.

3a mocnennue roabl GHOr€OXHMHYECKHI METOJ MOHCKOB IOJIYYHII
npumeHeHHe B pynHBIX paiioHax Bypsrckoit ACCP. 3jech, o paH-
HeiM . ®. )K6anosa, no 10 % TeppuUTOPHH 3aKPHITO 30JIOBHIMH
OTJIOXKEHHUSIMH MOLLUHOCTBIO OT 2 710 50 M, B CBA3H C YeM OCTATOU-
HBle JIHTOXHMHYECKHE OPEOJIbl PACCESHHSI PYJHBIX MECTOPOXKIEHHH
nepexoisit B NOrpeGeHHOe COCTOSIHHE, a OGHApYMKeHHe HaJIOXKeH-
HBIX JINTOXMMHYECKHX OpEeOJiOB He rapaHTHpoBano. [lo nanpmadr-
HBIM YCJIOBHSIM DaHOH OTHOCHTCSI K TOPHO-Ta€XHOM 30He.

[louckoBbie GHOreoXHMHUYecKHe CheMKH B Bypsatuu mnpoBopu-
aucb B Macwitabe 1:50 000 mo ceru 500X50 M, uvactuuno
200X20 M; ompo6oBasnuCh KOpa M WIHIIKH COCHBI; CNEKTPaJbHBIMN
aHa/Ii3 PACTHUTENBHBIX MNpo6 BHINOJHSAJCA TOCTAE HX O30JEHHS.
B pesysnbTate npoBepky OJHOH H3 6GHOTEOXHMHUYECKHX aHOMAJIHI IPH
copepxanuax Mo B 3one 0,01 % G6b10 BBISIBJIEHO MECTOPOXKIEHHE
MOJMH6IEHOBHIX Dy, HasBanHoe )Kapuumxunckum. Ilpu awroxumu-
YECKHX CheMKaX 3TO MeCTOPOXKACHHE OTMETHJIOCH TOJbKO He3HAUH-
TeJbHOH aHOMaJ/ineH, kKoropasi Jerko Morjaa G6HTh NpPONylIeHa.
OrkpoitHe JKapuMXMHCKOTO MECTODOXKIEHHS, NpHHAIJIEKALIErO
K THIY IUTOKBEPKOBHIX, fIBJSETCS NEPBbIM NPaKTHUECKHM pe3yJb-
, TATOM 3a BCe BpeMsi NPUMEHEHHS GHOreOXHMHYECKOTO METOAA I10-
uckoB B CCCP. B nByx HenaBrHX nyGankauusix B. I'. Opsos apry-
MEHTHPDOBAHHO OCIapHBaeT poJib GHOTEOXHMUYECKOTO MEeToda
H B OTKPBITHH JKapunXuHCKOrO MeCTOPOXKJEHHUS.

[TpoGooT6op mnpn GHOreOXHMHYECKHX MOHCKAX HOJKEH OHTb
CTaHAapTH3MPOBAH IO NPH3HAKaM IOCTOSIHCTBA BHJA, OpraHa u ¢e-
HoJiornyeckol ¢asmel onpobyeMblx pacTteHuid. Broo6bexThl I On-
po6GoBaHusi BHIGHPAIOT W3 uHCJa HauboJjee pacnpoCTpPaHEHHBIX BH-
JOB, ¢ INTyOOKOH KOpHeBO# CHCTeMOH H «6e36apbepHbIX» K CoJepKa-
HHSIM PYAHBIX 3J€MEHTOB B KOpHeoOutaemoMm ciaoe [21, 23] Ilpu
BLIHYXKJICHHOHA CMEHe BHIOBOH NIPHHANJEXKHOCTH pacredui, 60Jb-
IIOM paspbiBe BO BPEMEHH H B JPYTHX CJydasix, KOrAa HapylIalTcs
CTaHJAapTHBIE YCJOBHSI CBeMOK, HEOOXOJAMM IepeKphIBalomnil ABY-
KpaTHb npo6oor6op B o6beme He MeHee 30—b0 Touek. [NoayueHn-

HbI¢ IO 3THM AaHHBIM NEPEXOAHBLIE KOSqf)qf)I/IIII/IeHTbI CJAyx¥Kart a4 npu--
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BeJEHHST CHEMOK K OJZHOMY YPOBHIO. Macca BO3AYLIHO-CYXHX Npo0
pacTuTebHOCTH O6bUHO ycraHaBiuBaercs 30—40 r, uto obecrnevu-
BAae€T BHIIOJIHEHHE CIEKTPAJbHOTO aHajW3a Mmocjde HMX O30JEHHS,
SlnepHo-pH3nYeCcKHe METOABl MOTYT IDHMEHATbCA JAJs aHasau3a
6uoreoxuMuUecknx npo6 6es 030J€HHS, XOTS OHBIT B 3TOH obsactu
ele HeJOCTaTOYeH.

TlonbITKH BeleHHss GHOTEOXHMHYECKHX NOHCKOB MyTeM HCCAeNo-
BaHHMA COJdepXKaHMH pPyAHBIX 3JE€MEHTOB B IeueHH Qopend
(X. B. Yoppen u np., Kanana), nogo6Ho 60Jee paHHHM HCCAEN0-
BaHHAM meyeHn a6 Ha IOxHoMm Ypase (cm. pasn. 1.7), He 3acay-
KHBAIOT 06CYXKIEHHUS.



I'maBa 6
NPAKTUKA FTEOXUMHYECKHUX MONCKOB

6.1. OBIUNE NPUHL HUTIbI

Hokasannasg 3(GhEeKTHBHOCTb NOHCKOBHIX I'€OXHMHYECKHX HCCJEI0-
BaHHH PasNUYHOIC [eJIeBOI'0 HAasHAYEHHS I[03BOJSET CTaBHTb BOI-
poc 0 MOBCEMECTHOM MpPOH3BOACTBE MHOTOJETHHX IOCYRapCTBEHHHIX
CbEMOK MOCNEAOBATENbHO YKPYNHAOWHXCA MacwTabos. B 3aBucu-
MOCTH OT TeO0JIOTHYECKOrO CTPOEHHS, H3YYEHHOCTH H 3KOHOMHUYECKOM
OCBOEHHOCTH TEPPHUTOPDHH METOAHMKH, OYEPENHOCTb H JETalNbHOCTb
TeOXHMHYECKHX CheMOK OYAYT CYLIeCTBEHHO pas/nyaThCs.

ITo xapakrepy 3azay, KOTOpbie CTABSATCH NPH IIOUCKAX, BBILEJS-
I0TCA TPH OCHOBHBIX THIA TE€PPUTOPHIL:

I —ropuo-ckianyathle COOpPyXeHHS d ApPEBHHE I[IPHUIIOAHATHIE
IIUTH, CJIOXKEHHBIE pPA3HOBO3PACTHHIMH OCRJ0YHHMH, H3BEpIKeH-
HHMH H MeTaMopdHYECKUMH MNOpPOAAMH, IpeTepleBLUIHe HEOIHO-
KPATHYI0 TEKTOHO-MarMaTHYeCKYI AaKTHBH3aLHK, C KOMIJIEKCOM
pasHooOpasHBIX PYAHLIX H APYTHUX TBEPIHIX MOJE3HHX HCKOMAEMHIX,
NpEeHMYILECTBEHHO B YCJOBHAX CyOBepTHKAJbLHOIO 3aJjeraHus,
C MOKPOBOM TOJIbKO COOCTBEHHHIX 3JIIOBHO-JEMIOBHAJNbHBIX 06paso-
RPaHH# H OrpaHWYeHHHIM pAa3BHTHEM NAJLHENPHHOCHHX OTJIOKEHHH
{«OTKpHTEIE TEPPUTOPHHY);

I1 — BHIpaBHeHHHe NpPOCTPAHCTBA C YeXJOM MOJOJABIX 0CaJIKOB
MOIIHOCTBIO 20 500 M, mepekpHBAIOIIUX CKJIag4yaTHi (GyHiaMeHT
(«3aKpHITHE TEPPUTOPHUHY); ,

IIT — obaacTu AJHTEIBLHOTO HAKOMJIEHHS PAa3HOBO3PACTHBIX OCa-
LOYHBIX TOJIL GOJBUICH MOIIHOCTH C KOMILIEKCOM PasHoOOpasHHX
NIepBHYHOOCAJOYHHIX H 3IMHIEHETHYECKHX MeCTOPOXKJAEHHH I0Jes-
HBIX HCKOMAaeMbIX, MPEHMYLIeCTBEHHO B YCJIOBHSIX CYOrOPH30HTAJ/b~
HOTO 3a/leraHusl, B TOM YHCJIEe MECTOPOXKAeHHH He(dTH H rasa, yrid,
OCalOYHHIX XKeJe3HbIX pPyA, PasiHYHbIX pOCCHINell, cTpoiiMarepna-
JIOB U Jp., IpH rayOuHe 3ajeraHds ck/Jandaroro yHiaMeHra, mpe-
BBILIAIOILEH ero COBPEMEHHYI0 I'OPHO-NPOMBIIIEHHYIO JOCTYMHOCTb.

B paitonax 1 tana o6bekTaMH MOHCKOB fABJAIOTCSA MeCTOpPOXKIe-
HUs, 3ajleraluiie B MOPOAax CKJAaA4aToro KOMIJIEeKca, B palHoHax
Il Tuma — MecTOpoXK/IeHHs B MopojAax dexsaa H ¢HyHLaMeHTa, B paii-
onax IIl Tuma — TOJBKO MECTOPONKIEHHSI B IOPOAAxXx OCaLOYHOTO
uexyia. COOTBETCTBEHHO 3TOMY H3MEHSIIOTCSl IepeueHb MNOJE3HBIX
H2KOMAeMbIX H METOAHKA FeOXHMHYECKHX NOHCKOB B 3THX paiHOHax.

[To onenxkam B. Y. KpacuukoBa, k pafionam [ Tuma orHocATcs
30 % reppuropum Hauteir crpanb, [l tHma-— 13 %, III Tuna —
57 9. Tokasannwbiii Ha puc. 95 mpene/bHO YNPOLIeHHBIH [eOJOTH-
YeCKHi paspes OTBeuaeT pealibHEIM ycaoBdsiM. OT rocynapcrBeH-
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HOi rpamuubl ¢ Kuraem B pafionax Cesepuoft Kuprusuu yepes
ropubie coopyxenus Tsaub-lllang u Kasaxckuil MenkoCONOuHUK,
ABHrafCh NPUMEPHO N0 MepHAHaHy 75°, NepeXOAHM K 3aKpHTHIM
pyanbM pafionam Ceseproro Kasaxcrana, a 3ateMm Ha oGuHpHbe
paBHUEH 3anaaHo-CHOHPCKON HH3MEHHOCTH C ee raso-He(PTAHLIMH
MecTopoxeHusaAMH. CXOAHBIA TeOJOTHYECKHH Pa3pes MOXKHO mpo-
CIeHTb 10 MEpPHAUOHANbHOMY mnpoduio or Boabmoro Kaskas-
CKOTO Xpe6Ta C BHIXONOM Ha PycCkyl PaBHHHY MM N6 INHPOTHHIM
npopunam or Ceseproro u Iloasproro Ypasa Ha BOCTOK WK HA
samaf.

OueBuaHO, Ha BCell TEPPHTOPHH CTPAHLI PA3HBIE TeoJIOrHYECKHe
3alayd MOTYT pellaThes C MOMOILBI0 23DOre0XHMHYECKHX ChEeMOK
TNOC/IEN0BATENbHO YKPYNHAIOIIUXCS MacliTaboB. B oTkpuTHX pait-
OHax | THMa reoxWMHYeckHe MOUCKH TBEPAHIX MOJE3HHX HCKOMAe-
MbIX TPOBOASATCA [0 HX THOePreHHBIM JHTOXHMHUYECKHM I[IOTOKAM
(ropuble pafiOHB) H OCTAaTOYHHIM OpEOJAM paccestHHs (Bcs TEppH-
TOpUsA), @ 3aTeM — N0 NePBHYHEIM OpeoiaM. B ycaousx appek-
THBHOTO BeJleHHs JUTOXUMHYECKHX IOHCKOB TOJBKO OTpaHHYEHHOE
NpHMeHeHHe MMEIOT THAPOXMMHYECKHH ¥ aTMOXHMHUYECKHH MeTOHH
NIOHCKOB, a OHOT€OXHMHYECKHE NOHCKH 4Yalle BCEro HEHeIecoos-
pasHel. B sakpuThix pafionax Il THma moucke norpeGeHHBIX
PYAHBIX MECTOPOXKIEHHH B CKJI2A4aToM (yHTAMEHTe H HEKOTOPHIX
THIIOB TOJIE3HBIX HCKONAae€MBIX B IEPEKPHLIBAIOIIHX OTJIOXKEHHSX,
B YAaCTHOCTH HHQUJIbTPANHOHHBIX H DOCCBHIMHBIX MeCTOPOXKAEHHU,
BO3SMOXHBI NIPH Ha3eMHbIX CheMKaX MO HX BTOPHYHBIM HAJOKEHHBIM
COJIEBLIM U F'a30BBIM OpeO0JIaM pacCesiHHusl, NPOSBIECHHEIM HA NOBEPX-
HOCTH 4eXJia WJH IJIyOHHHBIME MeToJaMHd. DTH 32[a4d peumarTcs
Ha OCHOBe COYETaHHWsS JIUTO-, aTMO-, HHOTJA IHAPOXUMHUYECKHX U —
B apHAHBIX pafoHAaX — OHOTEOXHMHUYECKHX CheMOK. B pafionax
IIT Tuma B COOTBETCTBYIONUIMX IEOJIOTHUECKHX YCAOBHAX OCHOBHOE
3HaueHHe NPHOOPETAIOT TIeOXMMHUYECKHe MOHCKH MeCTOPOXAeHHi
HeTH ¥ rasa npv ZOMHHHPYIOHIEH POJH ATMOXHMHUECKHX CHEMOK
U BCIIOMOTaTEJbHOM pOJIM NMPOUYHX FeOXHMHYECKHX METOAOB.

HeusMenHbIl NPHHIUN T[€OXHMHYECKHX MOHCKOB — IHOCJAEAOBA-
TEJbHBIH NePEXoA OT MEJKOMAaCHITAaOHBIX CBEMOK GOJbBIIHX TeppH-
TOPHA K BHIGODOYHOMY IIPOBEAEHUI GoJiee AETAJbHBIX CHEMOK H
YBA3KAa 3THX DPabOT CO CTAaAHSAMH €AHHOTO [EOJOTOpPas3BELOYHOIO
npouecca. Kaxaofi us npunsiteix 8 CCCP cragumii m moxpcraguit
3THX PabOT COOTBETCTBYeT CBOH MaciiTal CbeMOK, B COCTaBe KO-
TOPBLIX OJHOMY H3 T€OXUMUYECKAX METOLOB NPHHAAJEXKHUT pOJb
OCHOBHOTO BHJa pabot (rtaba. 22).

B Harmeil cTpaHe rocyzapcTBeHHblE Te0JIOTHYECKHEe CheMKH Mac-
wraba 1:1 000 000 saxkoHueHnl Ha BCeli TEpPPUTOPHH H B HACTOS-’
ulee BpPeMs OCHOBHbie paboThl Beayrcs B Macwrabax 1: 200000 u
1:50000. ITostoMy Bk/IOueHne B Taba. 25 CbeMOK MacmTaba
1: 1000000, a Takxe maJjonpuMeHseMbix Mmacmrabos 1 : 500 000
# 1:100 000, cMexHBIX K OCHOBHHM, HMeeT YCJAOBHHH XapakTep.
Bce mnepeyncieHHble BHABI F€OXHMHYECKHX CHEMOK HMEIOT [OHC-
KOBYIO HaNnpaBJIEHHOCTb, YTO HEe HCKJAUYaeT npoBeaeHue JAI00BIX
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Puc. 95. Pafionnposanue Teppuropun CCCP mo ycnoBHSM TIeOXHMHYECKHX I1O-

] — coBpeMeHHBIH 3JIOBHO-LEJNIOBHH M JIpeBHAs Kopa BLIBETPHBAHHS; 2 — JECCOBHAHBle CY-
pyAnble Teia M HX [ePBHYHbie OPEOJH; 7 — BTOPHYHble OCTAaTOYHHE OPEOJH pacCesHus;
yecKHX (6) npo6; 10 — upodunau

MEJIKOMACIITA6HbIX TeOXMMUYECKHX CHEMOK PErHOHANBHOTO Xapak-
Te€pa, B 4YaCTHOCTH, BOXHOTENHEBOH, JIHTO-, THAPO- HJIH aTMOXHMHYe-
CKHX CBEMOK B IIOPSJKe OXPaHH OKPYXKalomel cpelbl, s pelieHus
METa/JIOrEHHYECKHX HJIM arpPOXHMHYECKHX BONPOCOB H C APYTHMH
CNENHANBbHBIME HENAMA.

6.2. TOMCKH TBEPAbIX NMOJIE3HbIX
HCKONAEMBIX.

OcHoBH COBDEMEHHOl METOAHKH TI'EOXMMHYECKHX IOHCKOB MECTO-
POXKAEHUH TBEPABIX MOJE3HLIX HCKOMAEMBIX CJOKHJNCH 32 MOCHE-
HHe 50 Jer B DE3yJbTATE I€OXHMHYECKHX DPAGOT, MPOBOAMBLIHXCS
B PYAHLIX DaHOHAX, IVIABHHIM 06Pa30M C NENbI0 MOHCKOB H ONEHKH
MECTOPOXKAEHHA UBETHBIX, DeJKHX MeTalsioB M 3ojota. Obuide
NPHHUHIBL 3TOH METOAHMKH, TPeGOBaHHA K OLEHKE BHIABIAEMHIX
aHOMAJNHH W JPyrHe YCJOBHS BEAEHUS DPaboT B PyAHBIX paiioHax
pacmpocTpaHAOTCS Ha TEOXHMHUYECKHE MOHCKH HEePYAHBIX . [10JIe3-
HbIX HCKOmaeMbix (docdoputos, 6opa, acbecta, GOKCHTOB, rpa-
¢ura, anMasos, CIIOAL, cephl, Tbe30ONTHIECKOTO ChIPbS).

Ha paHaux crajusax paboT MOWCKM BO BCEX CIYHasX BeAyTCs
KOMINIEKCHO H Ha GOJbIIHX TEPPHTOPHAK, YTO 3aCTABJISET 3apaHee
AONyCKaTb BOSMOXKHOCTb TEPPHTOPHAIBHOrO COBMEUIEHHS MeCTo-
POXKAEHUA Da3NHYHBIX MOJE3HBIX HcKOmaeMbiXx. BoJee cymiecrsed-
Hasg 3aBHCHMOCTb METOAHKH I€OXHMHYECKHX CBEMOK OT Xapakrepa
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HCKOB.

rARHKY; 3 — annioBuli; 4 — ocajouHblfi wexos; 5 — NOPOAB CKAaAYATOro ¢dynsaMenTta; 6-—=
8 — HanoXeuHble Opeoabl paccesHHs; 9 — ToukH orT6opa JAHTOXHMHYecKHX (a) # GHOTCOXHMH-
JAUTOXHMHYECKOA CheMKH

MHHEDAJbHOTO CHIPbSl JJIS JIOOBX T€HETHYECKHX THIIOB MECTOPOXK-
IeHull oOHApyXKUBaeTcs Ha CTAAHAX AeTaJbHBIX M OLEHOYHBIX pa-
6or.

Vrounenusi Tpe6yeT CMLICT TePMHHA <IOHCKOBblE TIeOXUMHYe-
CKHe CheMKH». I[IOHCKOBHIME HasbIBaIOT JI06ble BUAB CHEMOK, MpPO-
BOAUMBIX C IleJIbI0 BBLIABJEHHS HEH3BEeCTHOrO paHee OOBEKTa IIOHC-
koB. CbeMOYHble CeTH MNMpPH IOHCKOBBIX PaboTax pacCYMTHBAIOT IO
dopmyaam (25)—(26) BeposTHOCTH 0OHapyXeHUs 0OBLEKTOB IOHC-
kKoB. Kak ToNbKo OGBLEKT NMOHCKOB HalAeH, KalbHeHlIHe re0XHMHYe-
CKHEe CheMKH c¢ 6oJiee BHICOKOH MJIOTHOCTbIO HAOJIOAEHHH 1O OTHO-
IIEHHI0 K HEMy yike He SIBJSIOTCS MOHCKOBBIMH, MX 3aJadeldl CTaHO-
BATCA AeTaJbHOE H3yYeHHe W OlleHKa O0beKTa, Ha onpeleseHHON
cTafHi—o06ecneyeHne HauIyyero pasMeleHls ropHbIX BhIpaboToK
H NepBHX CKBaXdH. B 3THX YC/IOBHAX B KOHTYPe T'€OXHMUYECKOH
AHOMAaJIMH, (UKCHpYOLLell XaHHBIA O0bEKT, MOTYT pasMellaTbes
MHOTHE JeCATKH U [axKe COTHH TOYeK HAOJIOLCHHH, YHCIO KOTOPHIX
3aBHCAT OT MOP(}OJIOrHH U YCJIOBHH 3aJieraHHs MOJE3HOTO HCKOMae-
MOTrO, OT CJIOXKHOCTH IeOXHMHYECKOro MoJif, MOAJeRallero KoJsnye-
CTBEHHOH HHTEPIpETAalldH, W ONbITa HcnofHHTesed. [TonbiTKH KPH-
THKOBaTb 3TH CETH C NO3HIH{A BePOATHOCTH OGHADYKeHHs 00bekTa
JIMIIeHB OCHOBaHHA. [leTanH3alHOHHO-OUEHOUHBIMH MOTYT OHITh
cbemkr Jioboro (He cmexmnoro!) Gosee kpymHoro macmraba. On-
HOBPEMEHHO CBHEMKH JI000H AeTajbHOCTH, BIVIOTH 10 Macuiraba
1:10 000 u xkpymHee, MOryT OBbITb NOHUCKOBBIMH MO OTHOLICHHIO
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Ta6nuuwa 25
lle'ranbnue JHTOXHMHYECKHE CBEMKH

To BT°§:§;‘;‘:“‘:{P3°“3M Tlo mepBHYHEM Opeosam *
Macuta6
MaoTHocts, MaorsocTS,
Cetb, M npo6jkm:® - Cetb, M npo6 kM2
1:10 000 100X 20—25 500—400 100X 50—25 200—400
1:5000 50X 10—20 2000—1000 50X 25—10 800—2000
1:2000 25X 10 4000

\
* CpeMKH IO NMEepBHYHHM OpeosaM B Macwitabax 1: 2000 u KpynHee BRINMONHAWOTCA ¢ He-
NpePHiBHLIM ONIPOBOBAHHEM B 3aBHCHMOCTH OT HAJAHUHSA TOPHHX BHDPaGOTOK M CKBAXKKH.

MacuTaboB U CTOAMOCTh aTMOXHMHUYECKHX CHEMOK, KOTOpPHIE NIPOBO-
JATCs TOJMBKO B 3aKPBITHX PaHOHAX ¢ MOUIHOCTBIO yexsaa ao 100—
200 m.

Huxe paccMaTphBalOTCS KOHKDETHHE pe3yJbTarhl MOHCKGBHIX
H Gollee NeTaJbHBIX reOXHMHYECKHX CheMOK B YBS3Ke C NPHHATOMN
NOCJIeI0BaTeNbHOCTLIO HX BHINOJAHeHHd. [IpuMeps pemends mowc-
KOBHIX M OLEHOYHBIX 3a/1a4 IJf PAasJHYHBIX T'eQJIOTHUECKHX YCJIO-
BHII M Da3HLIX BHIOB MHHEPAJbLHOIO CHIpbsl CJAYKAT 0GOCHOBaHHEM
MeToaHuKH pabor.

6.2.1. TlouckoBbie cheMKH

Ha puc. 96 noxasan npuMep pesysbTaToB MeJKOMACHITAGHBIX THj-
POXHMHUYECKHX CHEMOK, BHINOJHEHHLIX B IOr0-BOCTOYHOH yactH Cu-
6upcko#t nuardopmul [15]. CbeMkH NPOBOAMNHCL B ABYX BapHaH-
Tax: 1) ¢ onpo6oBaHHeM NOBEPXHOCTHBIX BOA (IUIOTHOCTB HaGoze-
HHit — 1 npo6a na 300 kM2, macumrab, Gauskuit k 1:1 500 000);
2) ¢ onpo06OBaHHEM INOA3EMHBLIX BOJ (IJIOTHOCTb HAaGBJIOLCHHUH ~ -
1 mpo6a ma 50 kM2, macimiraé 1:700000). [Tromans HcchenoBa-
HHE cocTaunia Gomee 40 thic. kKM% PalioH ciaraer ropHsoHTaJIbHO-
CJOHCTasi TOJMIULA KapOOHATHBHIX H MEeCYaHO-aJEeBPOJUTOBHX MOPO.

Puc, 96. T'uapoxumuueckne KapTl 10TO-BOCTOUHOH 4aCTH Cu6bupckoli niaTgopMHL.
Ilo H. C. Jlomonocosy u ap.

@—reoJOrHyeckas cxema: /— KapGoHaTHble, MeCTaMH COJeHOCHHe OTAOXeHHA
€1—€,; 2 —meprems  n aneBPOJHMTHI C TMPOCJHOSAMH [eCYAaHMKOB # runca C,— €4 83—
fleCYaHHKH H JONOMHTH C TMPOCJOAMH aplHJINHTOB H aneBpoautos O;—0, 4 — aneBPOAHTH
H aPTHAAHTH C NPOCNOAMH MECYaHHKOB M H3BECTHAKOB O,—Q;; 5 — OCH aHTHKIHHaJjel; 6 —
pasnoMsl ycTaHOBJEHHBie (a) M mpennonaraeMuie (6).

ITopepXHOCTHDLIE® BOJMIB, [JOTHOCTL ONpoGoBaMHs 1 TouKa Ha 300 kM2 6 — ofuiast
MHHepaausau¥Msa (8 r/n): [ — 15—24; 2—3,5—15; 3-—0,8—3,5: 4-— 0,2—0,8: 5—0,1—-02;
6 — meHee 0,1; 6 —cepebpo (B MKr/m): I —19—33; 2—3,5—19; 3 —0,4—35; 4— MeHee
0,4; ¢—Mexb (B MKr/m): I-—1,6—22; 2—0,6—1,6; 3 —0,15—0,6; 4— MecHee 0,15.
floRsemub e BOMM, IJOTHOCTL oOmpoOoBaMuss 1 TOYKa Ha B0 KM% O — cepe6po
(8 MKr/n): !—8-22; 2-—25-8;, 3—05—25; 4—0,07—05 5— meHee 0,07.  e— Meib
(8 Mkr/n): 1 —0,8—1,6; 2—0,3—0,8; 3 — 0,15—0,3; 4 — MeHee 0,15
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KeMGpHsI — ODIOBHKA C MPOCJAOSAMH THIIC2 H MECTaMH COJIeHOCHad.
Tlocnennee HAXOAHT YETKOE OTpPaKeHHe HAa Kapre obuieit MHHepa-
JIH3AIHA TMOBEPXHOCTHBIX BOX (cM. pHC. 96, 6), KoTOpas U3MEHsSETCs
or 0,1 no 24 r/n. OxHOBPEMEeHHO A0 2HOMAJbHO BBICOKHX BO3pa-
cralor Konuentpaudn noHoB Cl~ m SO?%,, yro JNHIWIHUA pa3 nox-
TBEPXKAAET BO3MOXKHOCTD THIPOXHMHUYECKHX MOHCKOB 3anexeil
MHHEpPa/JbHbIX colied. BecbMa BbIpasUTENbHBIE JaHHHIE GBI MOMY-
YeHbl B Pe3yJbTaTe ONpefeNeHHs B BOAAX COAEPKAHHUE MHKpPO3JIe-
MeHTOB, BkJwuas ¢ocop u MHorme Meranan. Ha puc. 96,8 n 0
H COOTBETCTBEHHO & H e INPEACTaBJeHbl KapThl COAEPKAHHIA" ce-
pebpa ¥ MeIW AJs IBYX BAPHAaHTOB TIHAPOXHMHYECKOH CBEMKH.
B o6oux caydasix BblsiBJeHBl OTYeTJHBble anoMmaiud Ag u Cu, 3a-
CJyXKHBAOIIKE AanbHelillero n3yyeHds. ONHAKO THAPOXUMHYECKUE
AHOMaJ{H, BBIIBJEHHBIE MPH Da3HbIX BapHAHTaX CbEMKH, MEXAY
co6oH He coBMazalT, oObICHEHHUI 3TOMY aBTopH He aator. Iomyt-
HBEI OTGOp JHTOXMMHYECKHX NpPOO, K COXAJNEHHIO, HE IPOBOXHJICH.
Ha puc. 97 noxasan ¢hparMedT KapTh, COCTABJEHHOH [0 pe3yJbTa-
TaM JHTOXUMHYeCKOH cbheMrn MacuiTaba 1:200 000 B ropHopyaHoM
patione. Ha kapty HaHeceHBl 3HaYeHHs COMEPKAHHE ABYX 3JEMEH-
TOB — 30JI0Ta U MBIIIbSK?, XOTd B NPAKTHKE, KaK MIPABHJO, COCTAB-
JIFIOTCS TOJNbLKO MOHO3JEMEHTHBlE KaJbKH, YAOOHBIE NJIS KOJHYECT-
BEHHOH HUHTEPIPETANHH U COBMeNIeHHs Mexxay coboil. Teppurophs,
YyacTb KOTOPOH oTpaxeHa Ha puc. 97, xapaxrepuayercs pacyjeHeH-
HHM peibedoM ¢ aGeooTHEME Beicotamu ot 1300 zo 1800 m. Ilo
JauIIIapTHBIM YCIOBHAM pafioH OTHOCHTCA K 30HE TYHApH C yc-
TORYUBOH Mep3JIOTOH; B €ro recJOrHYECKOM CTPOEHUH MPUHHMAIOT
yyacTHe Mec4ano-cJaHieBble OTJOXKEeHHs] BEPXHEro 1aneosos H mpo-
pHiBaIlKe WX IPaHHTOMAH. PaccMoTpende TeOXHMHYECKOH KapTH
O6HapyXKHUBAET OTYETJIHBYID I'OPH3OHTAJNbHYIO 30HAJLHOCTb OPYAEHE-
HHS, BHIPAXKEHHYI0 CMeHOH MpeMMYIIEeCTBEHHO 30JI0TOHOCHHIX IOTO-
KOB paccesiHHs B 3amafHOH YacCTH y4acTKa 30JI0TO-MBIIIbKOBHMH,
B CEBEPO-BOCTOYHOH — MBIIIbAKOBBIMH. KoJIHYeCTBEHHAs HHTEpIIpe-
TAlHsl 9THX H CMEXHBIX C HHMH NOTOKOB paccesHus Au m As mos-
BOJINJIA OUEHHTb PECYpchl 3TOrO Y4acTka M NPHHATL PEIIEHHE O €ro
JalbHEdleM UW3yuYeHHH. Pe3yJbTaThl JIHTOXMMHYECKOH CbEMKH
macuraba 1:50 000 mo BTOpHYUHBIM OpeOJaM pacCesHds MOATBEp-
LM 3Ty OLEHKY.

JIuTOXMMHYECKHe CHEMKH II0 IOTOKaM paccesHHs ¢ IJIOTHO-
cThi0 Habuofenuit 1 mpoba Ha 1 kM2 (pacyerHas cetb 2X0,5 kM)
IJIaHOMEpHO BeAyTcsl B CceBepo-BoctouHHx paiionax CCCP u zo-
Ka3aJid CBOIO BHICOKYIO 3(()EKTHBHOCTS.

ITpuMep COBMEINEHHBIX De3yJbTATOB JHTOXHMHYECKHX CBEMOK
uo norokam paccesiHds (mar npo6oor6opa 100 M) # mo BTOPHYHBIM
opeoiam paccesnds B Macumtabe 1:10 000 ma yuacrtke ThIKXKOJ
(puc. 98) nokashiBaeT NOJIHOE KOJHYECTBEHHOE COBMAJEHHE IOJY-
YeHHBLIX AAHHBIX. Pe3yJabTaThl 3THX CEMOK MOCHYKHJIH JJIs OLEHKH
MECTHBIX 3HauYeHHH KOo3(pQHIHEHTOB IPONOPIHOHANLHOCTH k' MEXKLY
NPOAYKTHBHOCTSIMH OPEOJIOB H IIOTOKOB paCCesiHHsi COrVIaCHO 3aBH-
cumoctam (16) u (35). Hekoropele u3 HaiifleHHbIX AJjisi J[KyHrap-
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Puc, 97. PeayabTaTH JHTOXHMHYECKOH CbheMKH Macmrtaba 1:200000 B ropHoM

paitione (pparment). [lo B. A. Konoxosy.

1 —ToukH npoGooT6opa: B YHCAHTeNle COAepXaHHe Au (B 10~7 %), B 3HaMeHarede — As
(B 10 %), mpouepk i Au osmadaer Meublle 10, ans As — MeHee 5; 2 — KOHTYP BOJO-

c6opa

ckoro AJiaTay CpeIHHX 3HAuYeHHH k' JJig OCHOBHBIX PYJIHBIX 3Jie-
MeHTOB OblJId MpHBeneHbl B Tab/. 11.

BaHeAIAM BHIOM IOHCKOBBIX TeOXHMHYeCKHX pabBoT B pyX-
HbIX  pafioHax ABJIAIOTCA  NJIZHOMEPHble ChEMKH  Maculraba
1:50 000 u cMexXHBIX MaciiTa6oB. B «OTKPHITHX» palloHaX OHH Be-
AYTCS JIHTOXHMHYECKHM METOJOM, MyTeM TMOHCKOB MeCTOPOXKIEHHH
IO HX BTODHYHBLIM OCTATOYHBIM OPEOJIaM paccesHHs B COBPEMEH-
HOM 3JIIOBHO-JEJIOBHH. B JIOGBIX JaHAmMAaQTHLIX 30HAX 3TH JIHTO-
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Puc. 99. Ilnomaguas
cxeMma IHpOBEJIEHHs IOHC-
KOBHIX reoXHMHYeCKHX
CBEMOK B DPYIHOM Dpail-
OHe B TeueHHe pAAa
JIET.

1 —monopme  ocankH; 2 —
& & & Haonaxurta 200 M; 3 — MOPOABL
s E* DYHLOHOCHOH  TOMUIH; 4 — 30-
<4 &= o Ha OpyAeHeHHs; 5 —7 — Ha- + +
= § % 3eMHLie ﬂH’onnl\;Hqse(;:l(()g:
ki CbeMKH Macluitaba : n
g a° 32 1983 1. (6), sa 1984 . ==== il
,  TIPOEKTHPYeMble : S
= =§ 8 — mpoeKTHpyeMasq  aTMOXH- :]; 5 ?: e 1 Qf +
£ 23 uieckan - coema maciTaba = 2, S
5 g8 : LAY, 5 %, A A+
X 23
-0 =] 17
R 4573, ]+
2 - —
) NN T * +
o] [=] 500
D ¥ ..
£ 98
ol & g%
[=¢
v 88 XUMUYecKHe («MeTasllIoMEeTpHYECKHE») CBEMKH XapaxTepH3YIOTCA
10 g J: cl> BLICOKOH 3((ekTHBHOCTBIO, H Mo A2HHHM HMEHHO 3THX CBEMOK, Ha-
g T~ yuaas c 1935 r. B Haule#l cTpaHe OTKPHTH MHOIHE [IPOMBILINEHHBIE
@ > By Mectopoxaenus. [ToHCKM KPYMHBIX MOrpeGeHHBIX MeCTOPOXKAeHHH
\ s gi 0 HX HAJOXKEHHBIM COJIEBHIM OpecJaM paccesHUsl B 3aKPHTHIX
\ £ 88 paffoHax MOTyT NpOROJKATbCS OPH MoOUHOCTH yexna Ao 100 —
} =8 & 120 M. B 3THX yCJIOBHSAX OHH COYETAIOTCS C Ha3EMHBIMH aTMOXHMH-
S % z9 YecKHMH ¥ BBIGOPOYHO C IIYOHMHHBIMH JIHTOXMMHUYECKAMH ChEMKaMH
4 W E S macura6a 1:100 000.
| ~ 8l O6s3arenbHOE yCAOBHE MPOUSBOACTBA ITHUX PABOT — BBINOJHE-
\\ 1 & 7= HHe BCeX BHJIOB CbHEMOK B paMKax Tpanendit COOTBETCTBYIOILEH
\ [l oy Eee pasrpakd, 6e3 NPOH3BOJLHBIX NPONYCKOB H H3BATHH, B yBA3Ke
\ITQ § ey ¢ MuoroserHumu mianamu (puc. 99). IlpuMep obHapyxeHHs JH-
]
/ I[ 2 Had TOXHMHYECKHMHE cheMkaMu Macimraba 1:50 000 onosopyasoro Me-
| - 8.9 cropoxnenus B IlpuMmopbe moxasan Ha puc. 100. Mecropoxnenue
/l 5 SE. 6biI0 MPOMYLIEHO MpPH LIJHXOBOH ChbeMKe, B pe3yJbTaTe KOTOPOH
/o E 58% paHee OblJH OTKPHTH ApPyrde ONOBOPYAHbIE MECTOPOKIAEHUS 3ITOrO
/ “é‘h 43 paiiona. O6bsicHsAETCS 9TO MaJbiM (BHICOKHM) 3DO3HOHHBIM BCKpBI-
oS edx THEM [ 2HHOTO MECTOPOXKAEHHS, YTC OTYETIHBO HPOSBJEHO CYILECT-
~ & 2% ggg BeHHbIM IpeoBiananneM opeosnoB paccesHus Pb max opeomamu Sn.
ES .98 B nanHoM caydyae, Kak H B APYTHX OJIOBOPYAHBIX padOHaXx, CBHHIY
ng’ gé’% NPHAHAANERKHT POJib HAAPYRHOTO 3aeMeHTa (cM. pHuc. 79).
: S Yenmex MOHCKOBHX MeOXUMHYECKHX CheMOK 3aBHCHT OT NPaBHJb-
L 14| HOH OLEHKH BHISBJSEMBIX AHOMAaJIHil, MPOBEJEHHE KOTOPOH MOMYH-
o eVE HsIeTCSl CepHH o6si3aTeNbHBX Tpe6oBaHHi. BaXKHeAUIAMH H3 HHX
¥ . .a8le o
N SRR ABJIAIOTCS TeOJOrMYeCKHH OCMOTP aHOMAaJIHi HA MECTHOCTH C MOB-
& E~nE TOPHO-KOHTPOJIbHBIMH H J[€Ta/H3alHOHHBIMH ChEMKAMHU TEM XKe Me-

TOJOM, KOTOPHIM 3Ta aHoMaJjus Gbia BhIsiBAeHA. DTo TpeboBaHUe
pacnpocTpaHsieTcss Ha MNEPBUUHYI0 OWEHKY JIHTO-, THAPO-, aTMO-
HIH OHOreOXHMHYECKHX AaHOMAJIHH, peasJbHOCTh KOTOPbIX NOJIKHZ
ObiTh OATBEPKAEHA TEMH XKe NOBTOPHBIMH ChHEMKAMH 10 Nepexoia
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Puc. 100. Teonoruueckasi cxeMma (@) M BTODPHUHHE OPEOJH PACCEsHHS 0JI0BA (6)
H cBuHIA (6) MO pe3yJbTaTAM JHTOXHMHUYECKOH CheMKH MacwiTtaéa 1 :50 000
B Ipumopre. [To I1. A. Kypuesy.

] — aJuTIOBHAJIbHBIE OT/IOXEHHs; 2 — NeCYaHHKY H aJIeBPONIHTHE HHIKHEro Meja; 3 — Halku
H cyOBynKauHyecKHe TeJla KBapUEBHX nophHpOB; 4 — pYAMBe XHIAH; 5—8 — colepKanis
METa/uloB B SJIIOBHO-JeMOBHH (B H° %); 5~8n 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 BupzaMm pabor. KaMepaJibHoe paccMOTpeHHe HMEILIHXCS
BaHHBIX TIO3BOJISIET YCTAHOBHTL OYEPEJHOCTH OCMOTpPa aHOMAJHil HA
MECTHOCTH; OTOpPakOBKa aHOMAJHi 6e3 TIeoJIOTHYECKOTO OCMOTpa
cuHraercs Heponycrumoii. Haubosee nosno paspaboTanbl mpHH-
HHUNH OLEHKH THIEePreHHHIX JIHTOXHMHYECKHX AHOMaJuf, KOTOpbIe
¢ HeoOXOAHMBIMH MONMPABKAMHU MOTYT NPHMEHATbCS NPH paborax
JADPYrUMH METOAaMH.

Cpenu rumepreHHbIX aHOMAJRH, BBISIBASEMBIX JHTOXUMHYECKHMH
CheMKaMH, CJeAyeT pasjHYyaTb TPH OCHOBHHIX kaacca. K mepsomy
KJIaCCy OTHOCATCS pyOHble QHOMAAUU — BTOPHYHBIE ODPEOJIH U IO-
TOKH paccesiHdss KOPEHHOTO OPYACHEHHS, KO BTOpoMY — bOe3pydnble
aHomaAuu, cpeiu KOTOPHIX Ieiecoo6pasHo pasnuyarth MOPORHHE
aHOMAJIHH, NpHypOYeHHBIe K IGPH30HTAM [OPHBIX NOPORA C MHOBHI-
HIEHHLIMU KJapKaMH DPYAHHX 3J€MEHTOB H TUIEPreHHLIE AKKYMY-
JAUUY DYAHBIX 3J€MEHTOB Ha TeOXHMHUYECKHXx Oapbepax. Tperuit
KJacc 06pasyoT TexHO2eHHble JUTOXHMHUYECKHEe aHOMAJHH, TIPHYpPO-
YeHHBlE K OTJOXKEHUAM KyJAbTypHOro ciaos. IIpupomsbie 6e3pyanbie
H TeXHOTeHHBle 2HOMAJIMU IPH NOHCKOBBIX paborax MOAJexXar OT-
OpakoBke ¢ oOs3aTeNbHBIM YKa3aHHEM HX JHToJOronerporpaduye-
CKOH XapakTepHCTHKH, THIA reOXHMHYeCKOro 6apbepa HJIH NPOHC-
XOXK/AEeHHU.

B kjacce pyOHBIX JUTOXMMHYECKHX 2aHOMAaJHH CXOAHHE Tpebo-
BaHHA NPeAbABIAIOTCA K Ie0JOTHYECKOMY OCMOTPY H KOJHYeCTBEH-
HOH HHTEpIIpeTallHd MOTOKOB pPACCEdHUS] H OTKPHITHIX, T. €. NPOAB-
JIEHHbIX HA COBPEMEHHOI MOBEPXHOCTH BTOPHYHHIX OPEOJIOB pacced-
HUSl, OCHOBHblE THIHI KOTODPBHIX OBLIM MOKasaHel Ha pue. 28. Ilpu
9TOM HAaJOXeHHBIe OpeoJbl H OpPeOJbl 3aKPHITOrO THIMA, BRJAOYAA
YaCcTHYHO mnorpeGeHHble, MOAJEXAT H3YYEHHIO INIYOHHHBIMH JIMTO-
XUMHYECKHMH CheMKaMH C OHEHKOfl Mo mapaMerpaM OCTaTOYHBIX
0peoJIoB paccesiHud. B 3amauy olleHKH THNEPreHHbIX PYAHBIX aHO-
MaJulil BXOAHT ONpEAENeHHe T'eHETHYeCKOTO THIMA H BO3MOXHOIO
IPOMBIIIJIEHHOTO MacuITaba CBSI3aHHOIG ¢ HHMH KOPEHHOTO OpyXe-
HEHHsA, BHIPAXEHHOr0 B LH(pax NPOTHOSHBIX PECypcOB MeETalia.
B wurore npuHHMAalOTCs peLleHHs O 1LeJecoo6pasHOCTH M OvYepen-
HOCTH 60Jiee JE€TaJbHOTO H3y4YeHHs BBISIBIEHHHX 00bekToB. COOT-
BETCTBYIOIIHE OLIEHKH MOATBEPKAAIOTCS JAETAJH3ALHOHHBIM, MOB-
TOPHO-KOHTPOJBHBIM H LITY()HBIM HPO6OOTOOPOM, IEOJIOTHYECKHMH -
CX€MaMH ¥ NOAPOGHBIMHU PacyeTaMH. ,

Ha o6bexrax, olleHKa KOTOPHX OTBEUaeT KPYMHOMY HJH cpel-
HEMY MECTOPOXKIAEHHIO, paboTH cleAyWIlel CTaguu OpraHH3yIOTCs
B nepsylo ouepegb. OODBeKTH, MPEANONOKHTENbHO OTBEYAIHe
MeJKHUM MECTOPOXKIEHHSM, H3y4alTcsi BO BTOPYIO Oouyepe/lb, Helpo-
MBILIIJIEHHble PYAONPOSBJIEHHS OTOPAKOBHIBAWTCA MO pe3yJbraraM
reoJIorHYecKoro ocMorpa. IlosiHoTa reoslorHyeckoil MHTeprpeTantu
reOXHMHYECKHX AHOMAJHH MOBHILIAETCH, ©CJAH MOoJeBas NOKyMeH-
tauus npoboorbopa Bejerca mo aspoporocHamram. Ilepes ux
nemn(ppUPOBAHHEM HA MECTHOCTH Ha CHHMKH BBIHOCATCH aHOMAaJb-
Hble cojepiKaHHs PYAHBIX 3JeMeHToB. IIpuMep Takoro popa H/LIIO-
crpupyer puc. 101. B pesysibraTe JHTOXAMHYECKOH ChEMKH Macul-
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Puc. 101, Teonornyeckass cxema, COCTaBJeHHass M0 pPe3yNbTaTaM OCMOTPA aHO-
MajguH M jpemndpHpoBanus aspodortocuuMkos. [To JI. M. Duaunckomy.

1 — neoreH-ueTBePTHUHEE OTNOXEHHA; 2 — MeJKOTaleyubie KOHIJIOMepaThl (KDPYKKH) | rpa-
BeAUTH (TOYKH); 3 — aJeBPOJIHTH M aJIeBPONECYaHWKH; 4 — H3BECTHAKH; 5 — TEKTOHMUECKHe
HapyleHHs (@ — npocnexenHMe, 6 - npeAnonaraeMme); 6 — MHKeTH  JHTOXHMHYECKOH
CbeMKH MacwmtTaba 1 : 50 000 ¢ aHOMAaAbHBIMH COREPKAHHAMH METaJI08

taba 1:50 000, mnocneayrome jgerasbHOR cheMKH Macirtaba
1:10 000, ropabix u 6ypoBHIX paboT, 6bIO BHABIEHO CTPATH(HOPM-
HOe MOJHMETANJIMYECKOe MECTOpOXKAeHHe, TI0 MPOTHO3HOH OlieHKe
uMewllee CpeJHHH pasMep. YYacTOK pAacnoJioKeH B 30HE CYyXHX
CTened co criaaxKeHHbIM pejbedoM H caabo obHaxeH. OcTaTouHbe
opeoabl paccesiHus Pb ocnabaensr (kB menee 1,0).

Crenyer BBIIENHTb OCHOBHEIE MOP(ONOrHUECKHE THIB BTOPHY-
HBIX OpEOJIOB DaccesHHs, KOTOPble BBISIBIAIOTCS NMPH TEOXHMHuec-
KHX MOHCKax B PYAHBIX padonax (puc. 102). B ropucroii «oTkphl-
TOH» YacTH pafOHa MOHCKH BeLyTCsS JHTOXHMHYECKHM METOIOM,
opeosikl pacceanud THnoB A u B gBasiorcs ocratounbiMu. B mpex-
TOPHO# 3aKPBITOH YaCTH paloHa ¢ YeXJOM JZaJbHENPHHOCHBIX
(«a/lIOXTOHHBIX») OTJIOXKEHHH Ha3eMHHIMH CheMKAMH BhbIAEJASIOTCS
Ha/JIOXKeHHble OpeoJibl paccedHHs (Tun B), kKoropbie B 4YacTHOCTH
MOTYT ObITh JIHTOXHMHYECKHMH, QTMOXHMHYECKHMH, B TOM YHCJE
ra3opTyTHBIMH HJIH OHOTeOXMMHYECKHUMH.

B reonoruyeckd c1a60 H3yueHHBIX PYAONMEPCNEKTHBHLIX PafOHaX,
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Puc. 102. MoporeneTHueckKne THNB BTOPHYHHIX OPEOJIOB DacCesHHSA:

A — ocTaToYHBIH (S710BHO-ZEAlOBHAABHEI),. TOAHOCTBIO OTKPHTHHA, B — ocraroymniil, ua-
cTHYHO noTpeGenunifi; B — HaNloXeHHmit; [ — NMpearopuas paBHHHA; 2 — NPOQMAM JHTOXH-
MHYecKOH CheMKH

B KOTOPHIX JHTOXHMHYECKHe CheMKH BeAyTCs BIepBBIe, JONYCTHMO
OpHEHTHPOBATHCS HA BHIABJEHHe OOHIHPHBIX H OOTraThlX OCTATOYHHIX
OpeOJIOB paccesdHHs THIA A, M IpakTHKa 3TO NOATBepxKgaer ybe-
JUTeNbHBIMA OTKPHTHSMH. B craphx FOpHOPYHZHBIX paficHax, Leo-
JOTHYECKH H Te0XHMHYECKH OTHOCHTENIbHO XOPOHIO H3YUYEHHBIX,
TPYAHO PacCYUTHIBATL HA OTKPHITHE HOBOIO KPYNHOIG MECTOPOXKAe-
HHSl, BBIXOAAUIEr0 Ha MNOBEPXHOCTh HA YPOBHE NMPOMBIUIIEHHHIX DY,
II0 ero BecbMa SIPKOMY M NPOTSXKEHHOMY OCTaTOYHOMY OpeoJsy pac-
cesnus. Bosee BeposAiTHO oOHApYyXKeHHe HOBHIX O0ObEKTOB B HaYaJb-
HOM CTaJHH 5PO3HOHHOTG BCKPBHITHS IIG HX OTHOCHTEJNbHO OeIHBIM
HaAPYAHBIM OpeosaaM paccesHHs (Tunm A) HIH HAXOAALIHMCSH B He-
6/1aroNpHUATHHIX reoMopdonornyeckux yciosusax (tun B). dto 3a-
CTaBJIsIET BO3BPAaIIATbC K MOBTOPHOH OLIEHKE YaCTH PaHee BHISAB-
JEeHHbIX OGefHHIX JHTOXHMHYECKHX AaHOMAJHH, B CBOe BpeMd He
NMPHUBJEKIIMX BHAMaHHS. B TO Xe BpeMs CielyeT CUHTAThCA C TeM,
4yTO Oflllee YHCJIO THIOEPreHHBbIX JUTOXAMHYECKHX aHOMAaJIUH, BHI-
ABJIAEMBIX B OTKPHITHIX DYAHLIX pafiOHaxX, 3aBeJOMO H MHOTOKPaTHO
[pEeBHILIAET YHCJIO NMPOMBILIIEHHBIX MECTOPOXKACHHH.

Baxuefiniass reosoro-skoHOMHAYecKass 3ajada — IOHCKH [MOrpe-
GeHHBIX MECTOPOXKIEHHH HAa 3aKPBITHIX TeppUTOpUsAX. B mpenenax
CCCP k #X 4HCcJOy OTHOCATCA paioHbl BOPOHEKCKOA aHTEKJ/IH3HI,
rae Ha naowazad 200 Teic. KM2 MOIIHOCTL OC4[KOB, NEPEKPBIBaIO-
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WUX KpHCTa/ulndeckKH# ¢yHAaMeHT, He mnpesblmiaer 200 M, Gojee
600 Taic. kM? TeppuropuH Kasaxcrana ¢ TO# XKe MOLIHOCTBIO YexJa,
paitoHbl YKPaWHCKOIO KPHCTa/THYECKOTO MacCHBa, PafioHH pas-
BUTHs CHOMPCKHX TPanmoB M APYrHe PyLONEpCIIEKTHBHEE TEPPHTO-
puH, ofuiefl MIOIALbI0 OKONO 3 MJH. KM2.

Hokasannas NpUHUMNHAJIbHAS BOSMOXKHOCTb ATMOXHMHYECKHX
TIOHCKOB MOTPeBeHHbIX PYJAHBIX MECTOPOXKAEHHH MO OpeosaM pac-
CEeAHHA KOMIJIEKCA NMONYTHBIX ['a30B NMO3BOJHJIA B 3aKPHTHIX paio-
HaX KasaxcraHa HayaTh ONBITHO-NPOHM3BOACTBEHHBIE CHEMKH MACIHI-
Taba 1:100 000 c weiabio OTPaGOTKM METORMKH M TEXHHKH 3THX
cbeMox [19]. PesyuabraTsl Takol cheMkH Ha yyactke 500 kM2 B BoC-
TOYHOM Gopry Typraiickoro mporuba nokasassl ma puc. 103.
Ckiagyarsit GyHIaMeHT 5TOr0 y4acTka CJaraloT MOPOAbl MaJeo-
304 U JoKeMOpHUd, Yexoa MoumHoctbio ot 10 go 100 M ciaraior mec-
Y2HO-TVIHHHCThIE OTJIOXKEHHs I1aJIeoreH-YeTBEPTHYHOIO BO3pacTa.
Paiion ornocurcs K 30He cyxux cremeil. ATMOXHMHYECKHEe CHEMKH
BBITIONHANHUCE 10 ceTd 1000X 100 M ¢ rasoor6opoM H3 IIHEKOBHIX
cxBaxuH Tay6unoi 3,0 m. OIHOBPEMEHHO Ha 3TOH MJOWAXH Gba
npoBejleHa Ha3eMHag JIUTOXHMHAYecKas cbeMxa Maciitaba 1:50 000
¢ ray6usoli nmpo6oot6opa 0,3 M, ¢ NOCIEAYIOUIAM CIIEKTpAJbHBIM
4HAJH30M, C MYJbTHIIHKANMEH U CIVIaKHBAHHEM COAEPKAHUH py.-
HBEIX 3JIEMEHTOB.

B pesyibrate aTMOXMMHUECKOH CheMKH 6bUIO BHSABJIEHO 14 mpo-
TAXKEHHBIX Ta30BbIX 2HOMAJIMHA, 00pa30BaHHBIX Pa3/IHYHLIMH COYe-
TAaHHAMH aHOMaJbHbIX COJAEPKAHHUH YINEKHUCIOro rasa, MeTaHa, BO-
A0poAa H KHCJIOPOAA, YaCTb H3 HHX COBNAJaeT C MyJbTHNJIHKATHB-
HEIMH JIMTOXUMHYECKHMH opeosiaMu (cM. puc. 103). MakcuMaJsibHEE
cojepxanusa szpecb cocraBuan (B %): CO,—3,6 npu ¢one 0,2;
CH¢—530-10~* npu ¢one 1,5-10~% Hy—350-10~* npu thone2- 10~%;
MHHHMaJabHOE cofepxanne O,—18,2 mpu ¢one 20,2. TIposepka ra-
30BLHIX AHOMAJHH T[JIYORHHBIMH  JHTOXHUMHYECKHMH ChHeMKaMH
(puc. 104) c nocieayOmuUM KOJOHKOBbIM GypeHHeM NpHBeJa K OT-
KPBITAIO ABYX CTPATU(OPMHBLIX NOJHMETA/VIHYECKHX PYAOMPOSBJIe-
HHiL, HasBaHHBIX Anbic 1 ApbIKGaKchl, B AajibHefduleM 6blia NOATBED-
XJeHa DyAHas mpHpona OONbUIHHCTBA Ta3OBLIX aHOMaJHil. XoOTsd
NPOMBIIIIEHHAS [EHHOCTh 3THX OOBLEKTOB elille HesICHA, MOJyYeHHbIe
pesysnbTaThl OTMEYANT MNEPBLIA CJAyYalh OTKPBITHS MOTPeGeHHOro
OpyJleHeHHS IO JaHHBIM ATMOXHMHYECKOH CHEMKH.

PeanbnocTb BHIAB/IEHAs! HAJOKEHHHX JHTOXHMHUECKHX OPEOJOB
paccesiHHs PyAHBIX 3JIeMEHTOB HajJ MOTrPeGEHHBLIMH MOJHMETaJJIH-
YECKUMH MeCTOPOXKIEHHAMH Obljia NOATBepKIeHa B Py6HOBCKOM
paiione Pynnoro Anras. PynoBMemaromne sd)(pysuBHO-0Caf0YHBIE
MOPOJIbl MaNe030s 3/1eCh MOTPYKAIOTCS MOJ 4eX0Jd Me30- H KaHHO-
30MCKHX OTJIOXKEHHH, MOIIHOCTb KOTOPBIX Ha HCCJEJOBaHHOH Tep-
puropun nocruraer 100—120 M. Pynnble MecTopoxmeHHs 3Toro
pafioHa npHHAANEXKaT K UIHPOKO H3BECTHOH KOJYELaHHO-MOJHME-
Ta/lHyeckoit popManuu AnTafickoro THIA, ¢ MacCUBHBIMH CYJib-
GuaHEIME pyfaMH, BecbMa O6JaronpusiTHBIMH i (DOPMHPOBAHHUA
HaJIOXKEHHBIX COJIEBBIX OpeoJioB paccestHusi. [To manmmagram pation
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Puc. 103. PesyabrTaThl aTMOXMMHYECKON CheMKH macmraba 1 :100000. Typraii-
ckuit nporu6. ITo B. A. Hocanosod, B. H. Koaecnuxosy, C. A. BopoGeesy.

1 — oTaqoMeHdst Me3030d .H KaliHozos; 2 — moponabl maneo3od M KOKeMGpHA; 3“.— KOHTY DB
COBMellleHHbIX Ta30BHIX aHOMaJMii M WX HOMepa, 4 — 7 — OCH rasoBulXx aHoManuii: 4— CH,,
Hy; 5-—CO; CHs Hz; 6 —CO; Hi 7—CO, CH4 H,, 0;; 8 — HANOXKeHHue Jm'roxsnMuqe&
CKHe MYJbTHIJIHKAaTHBHble Opeotdul paccesiius (Pb, Ag, Hg, Co); 9 — npoduap rayGHaHO
JIMTOXHMHYECKOH CbeMKH

PZ-PR

OTHOCHTCH K 30HE IOXKHBIX YE€PHO3EMHBIX CTenefl ¢ yMeDeHHBIM yB-
Ja:KHeHHeM, npeobjafamolias 4acTb TEPPUTOPHH 3aHATA MOCEBAMH
CeNbCKOXO3AHCTBEHHBIX  KyJbTyp. IHaseMHuble JHTOXMMHYeCKHE
CbeMKH NpoBOAMJHCH B MacumitaBax 1:50 000—1:25 000 c rayGu-
Hoft mpoGoorbopa 20—30 cM, HAAECKHBIX DE3YAbTATOB IO IEPBUY-
HBIM JaHHBIM Ha y4acCTKaX OMBITHBIX paboT mojydeHo He 6bu1o. [Las
BLISIBJICHHS HAJOXKEHHBIX OPEOJIOB paccessHUS HaA H3BECTHBIMH Me-
CTOPOXKJAEHHSMH NPHUMEHSJIHCh METO/IbI aueTaTHo-éy(peanbxx BHITS-
xek ¢ onpenenesdeM cymMbl Cu, Pb, Zn [33] 1 BasioBblit cieKTpasb-
Hbli asa/Jid3 ¢ MYJbTHNJHKaUHed H CcriuaXHBaHWeM COJAEDPXKAHHH
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Puc. 104. TpadukH aTMOXHMHHYECKOH CBEMKHM M TeOJOrHYeCKHH paspes no jxau-
HBIM TJNyOHHHOH JHTOXHMHMUECKOH CBHEMKH Ha y4yacTKe Asmic. (INpopuns II, cm.
puc. 103). '

1 — necyaHO-IIMHHCTHe OTMOXeHHs (P 5—No); 2 — raHam (P2); 8—xopa suiBeTpHBaHHA

(MZ); 4—neckn (Jy); §— yramcro-Kap6oMaTHHE CAHUH; 6 — USBECTHAKH (D3); 7 — okpeM-
HCHHble H3BeCTHIKH, & — H3OKOHMIEHTPauUHH CBHHLA (B %); 9 — CKBaXHHBI IIHEKOBOTO Gy-
peHHs

Pb, Cu, Zn, Ag, Ba na 3BM. Otuernuspie HAJIOXKEHHBIE OpPEeOJIbl
paccesHHst GblIM OGHApyKeHH 0GOHMH METONAMH Hajx TaJOBCKHM,
Py6uosckuM, KpioukOBcKHM MOrpeGeHHBIMH [OJIAMETadARICCKAMHI
MECTOpOXIeHHAMHU. B fanbrefiineM NMOHCKOBHE CHEMKH B 3TOM paii-
OHe OblTM NpOBefleHH BTOPHIM, 60Jee NMPOCTHIM M 3KOHOMHYHBIM
MeronoM Ha miomaznu Gosee 2000 km? B pesyibrate Takoit obpa-
GOTKM TNePBHYHLIX MAHHHX ObITH BHIABIEHH MHOTOUHCJEHHLIE
JHUTOXHMHYECKHE AHOMAJIHH Pa3JUYHOrO remesuca. [Iposepka rary-
OUHHBIMH JINTOXHMHYECKUMH CBEMKAMH H KOJOHKOBLIM OypeHueM
TOATBEPAH/IA NPAHA/IEKHOCTE OOMBHIHHCTBA 3THX A2HOMAJHH K HAa-
JIOXXEHHbIM opeosiaM morpeGedHoro opynesenus. OpHOBpeMeHHO
BbISBUNACL Tpynma Oe3pyiaHbIX aHOManuil, OGPa3OBAHHBIX MyTeM
THNEPreHHOH aKKyMYJISUHH DYAHBIX 3J1eMEHTOB B MECTHBIX JIAH-
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wagrax. Has nmonasienns Oe3pyAHBIX aHOMaJHiA Obll MPEAJIOXKEH
o Pb-Cu-Zn-Ag-Ba I
IMIIHPUYECKHH MOokasatedb Iy= T ) puMep
HAJIOXKEHHBIX OpEeoJOB paccesHus Ha ydacTke «Ilorepsesckuii»,
B dopme pacneuatkH, BeianHoi IBM, mokasan na puc. 105. Pyx-
Hasf MPHPOA2 3TON HHYEM He IIPOABJEeHHOH HA AHEBHOH MOBEPXHOCTH
aHOMaJHH JA0Ka3aHa TJYOHHHBIMH JIHTOXHMHYECKHMH CheMKaMH.
ITo aBym npo¢uisM, ONpoAAECHHHM Yepes aHoMa.nmg, YCT2HOBJIEH-
HHe coaepxanng nuaka A0 0,2 %, memn mo 0,15%, ceurma ao
0,08 %; u3 21 mpoGypeHHBIX 37ech CKBaXKHH B 17 OblIM BCTpeYeHH!
aHOMaJbHble CONEPIKAHHA PYAHBIX 3JeMeHToB. MoliHocTh uexJga
RaJbHEPUHOCHBIX OTJOXKEHHH Ha 5TOM ydacTke cocrapiser 80—
90 M, HeoGXOAMMOCTb NPOROJKeHHS pabGoT Ha OOBEKTE BIOJHE

ouyeBHaHA.
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Puc. 105. ®dparMeHT pacneyaTKH pe3yJpTaToB 06pa6oTkn HAa DBM jpanHHX H
3eMHOH JIMTOXHMHUeCKOH cbheMkd macmTa6a 1 : 25000, Jannvie H. D. Mackukosa,

o6padorka MI'Y.

Pb-Zn-Cu-Ag-Ba .
1 — 3maveHHe mTOKasaTens 19=———MoB—————— 5
aHOMajMH; 3 — KOMTYD aHOManHH; 4 — npoduiaH rayGHHHOH JAHTOXUMHYECKOH ChLEeMKH, MOA-

TBepAMBIINE DYIHYIO MIPHPOLY aHOMaAHH .

2 — pocTOBePHbBIE JHTOXHMHUECKHe
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Haun6osee HaleXXHBHIM MeTOJOM IeOXHMHYECKHX NIOHCKOB Ha 3a-
KPHITBIX TEPPHTOPHAX, NPH HAJHYHH Ha IOBEPXHOCTH (YHAaMeHTa
JpeBHEH KOpbl BHIBETPHBAHHS, SIBJSIOTCS IVIyOHHHBIC JHTOXHMHYEC-
KHe cbeMkH [26]. [To norpeGeHHBIM OCTATOYHEIM OpeoJaM paccesi-
HHS. BO3MOXHO OOHaDyXXeHHe MeCTODOXJEHHH JIOGBX TeHeTHYec-
KHX THIOB H MaclITa60B OpYAEHEHHS HE3aBHCHMO OT MOILIHOCTH
yexsia H COBPEMEHHBIX JaHAA(THBIX YCJHOBHH, HMEIOLIHX IepBO-
CTelleHHOe 3HayeHWe I/ (HOPMHPOBAHHS HAJOXKEHHBIX OPEOJOB.

OcHOBHBIM TIpenATCTBHEM IJis UIHPOKOTO IPOBEJeHHS IyGHH-
HBIX JIHTOXHMHYECKHX CBEMOK SBJISIeTC HMX BBICOKasg CTOHMOCTb,
KOTOpas BO3DACTaeT C yBEJHYEHHEM MOINHOCTH JaJbHelPHHOCHBIX
or/ioxenHi. [TosToMy B coBpeMeHHO# NpaKTHKe IiiyGHHHBIE CheMKH
BeflyTcsi B NPOGHJIbHOM BapPHaHTe C LEJBI0 IIPOBEPKH reoXHMHYec-
KHX aHOMaJ/iMH, BBHISIBJICHHBIX Ha3eMHBIMH aTMOXHMHYECKHMH, JHTO-
XHMHYECKHMH HJH OHOT€OXMMHYECKHMH CheMKaMH Ha IIOBEPXHOCTH.
yexna. Tonpko mocse moATBepPXKAEHHS PYAHOH NPHPOABI 3THX aHO-
MaJ/iMfi Ha OrPAaHHYEHHOM YYaCTKe BBHINOJHSIOTCSA I[MyGHHHBIE JHTO-
XHMHYECKHe CheMKH MacluTaba 1:25 000 no npsMoyrosibHOH ceTH,
C MHHHMAaJbHEIM BBIXOJOM 32 KOHTYD OCTATOYHOIO OpeoJia pacces-
HHs. M3yyenne norpeGeHHBIX OPeOJIOB PacCesiHHs JOJXKHO HOCHThb
00beMHBI XapakTep ¢ Nepe6ypHBaHHEM H ONpPOGOBAHHEM IIOJHOTO
npodusis Kopel BbIBeTPHBaHHA., I10 3THM JaHHBIM CTpOsATCH KPYI-
HOMaclmTaOHEle NOrOPH3OHTHBIE TeOXHMHYeCKHe IIAHE H pa3pesl
B H30KOHLEHTPAIHAX, MOAOGHEIE NOKa3aHHBIM Ha pHc. 106 H panee
Ha puc. 29, 40. ITo napamerpaM norpeGeHHOr0 OCTATOYHOTO OPeoJia
paccedHHs INPOBOJHTCA MNOJCYeT INPOTHO3HBIX DPECypcoB MeTaJlia,
Ha OCHOBAHHH KOTODOro NDHHHMaercs pellleHHe O Lesgecoo6pasHo-
CTH H o4epenHOCTH OypeHHs Oojiee IyOOKHX pa3BeJOYHHIX CKBa-
2KHH,

B kayecTBe JONOJTHHTENBHOIO IPHMEpPa BO3MOXKHOCTEH TeOXHMH-
YECKHX IIOHCKOB HAa 3aKpBIThIX TePPHTODHAX Ha pHc. 107 noxasaHul
Pe3yJbTaThl ONBITHOH JHTOXHMHYECKOR CbheMKH Haj IorpeGeHHOA
KHMOepJHTOBOH TPYOKOH, NepekpHITOll TpalllaMH H TeppPHIeHHBIMH

oTnoxeHHAMH. Ha rpaduke MyJbTHIJIHKATHBHOIO NOKa3aTeus
Ca-Mg-S-P-Co-Ni
I,= »  BHIODaHHOrO Ha OCHOBe COIIOCTaBJIEHHS
Al-V.Ga
reOXHMHYECKHX XapaKTeDHCTHK KHMGepJHTOB, BMelIalOUHX H3Be-
CTHSIKOB H IePeKpHIBAIIIHX OTJOXKEeHHH, o6HapyKHBaeTcsl aHOMa-
JIHsA, (PHKCHPYIOlLas NoJioxeHHe TPyGkH. YHCAHTe b 3TOr0 IOHCKO-
BOr0 reOXHMHYeCKOro IOKa3aresss o0pasyeT INpOH3BeleHHe COAep-
KaHUH 3/7eMEeHTOB, HaxoAfluxci B H30BITKE B KuMOepJaHTax IO
CPaBHEHHIO ¢ BMellalOIIHMH H IepeKpPHIBAIOIIHMHE IOPOJAMH, 3Ha-
MeHaTesNb II0Ka3aTessi— 3JeMeHTH, HaxoJslupecs B KHMOeDJIHTaX
B neduuure. Ilpn ¢opMaibHOM CXOACTBe C IIOKa3aTeseM 30HAaJb-
HOCTH v TNIOHCKOBHIH IOKasaTtendb [, BolOHpaeTcs Ha OCHOBe APYTrHX
npHHUHNOB. TpeGoBanHe 6Ge3pa3MepHOCTH Ha Hero He pacIpocT-
paHsercsi. [IByrop6Ouiii xapakrtep rpaduka (cm. puc. 107), coxpa-
HUBIIKHACA TOCTe CrJAa)XHBaHHS AAHHBIX ¢ OKHOM n =23, He INIPOTH-
BODEYHT IIPEACTaBJIEHHUSM O HauGoJibllell IOJBHIKHOCTH XHMHYECKHX
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Puc. 106. TlorpeGenHbie OpeoJsl paccesiHis MeXH MO MaHHHIM JAyGHHHOK AuTO-
xuMuveckoit cbeMku. ITo B. A. Byzposy.

1 — nanbHeNPHHOCHBIE OTJIOXKEHHS; TODHSOHTHI JpeBHedl Kopbl BBbIBeTPUBAHHA; 2 — OGeseH-
HBIH TJIMHHCTHIY; 3 — IAIHHHCTO-lU(eGeuucThiil; 4 — weGeHHCTHH; 5 — anbGUTOGHDH; 6 — 3¢-
&y3HBB OCHOBHOTO COCTaBa; 7 — rPaHOLHODHTHI;, 8 — JHMOHHTbI; 9 — 0GOXPEHHOCTb H JPO3H-
TH3allMsi; 10 — ugoKoHmeHTpaThi MeXH (10 %); /I — cKBaXHHH IWIHEKOBOro GypeHHs
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Puc. 107. PesyabTare HaseMHOH JHTOXHMHYECKOH CBEMKH HajJ KHMOEpJHTOBOH
Tpy6koit. ITo C. A. Bopoboesy.

l — mepegphiBalOllie TepPpHreHHble OTJAOXKeHHs H Tpanmul Caps —Ti; (2: — I&lanesacg-lsgm NC;Q—S.;
a.-Mg-S-P.Co-
3 — kuMGepnuThl; 4 — rpad)uK MYJbTHIJHKATHBHOIO NMOKa3atenas Ix = ﬁ—h——

371eMeHTOB B IIPHKOHTAaKTOBOH 30He TpPYyOKH, 06 <«yHac/eJ0BaHHH»
NepeKpPHIBAIOIIHMH OT/IOXKEHHSAMH IOATPANNOBOA TEKTOHHKH H O ee
OTpa’KeHHH B T'HIIleDreHHOM I'eOXHMHYECKOM IIOJIe.

6.2.2. letanbHbie U OLeHOYHBIE PAGOTHI

Llenecoobpa3HocTh Mepexoga K AeTatbHHM paboTaM, Kak IIPaBHIO,
OIlpefiesisieTcsi pesysabTaTaMH IpeJllIeCTBOBABUIHX IIOHCKOBBIX TIeO-
XHMHUYECKHX CBEMOK H Te0JIOTHYIECKOH OLEHKH BHISIBJEHHBIX OGBeK-
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toB. [To pesyiabTaTaM IIOHCKOBBIX CBEMOK IIOACYHTHIBAIOTCA IIPO-
THO3HBIE pecypchl KaTeropHii Ps; H Pj, BbiOHpaeTcss MeTOmHKa Je-
TaJbpHBIX pa6oT, pa3Mephbl Yy4acTKa, ODHEHTHPOBKA CHEMOYHOH ceTH
H IepeyeHp ONpejensieMblX 3JeMeHTOB. Ec/H IOHCKOBbe CheMKH
BO3MOXKHEI JIOGHIM H3 TeOXHMHYECKHX MeTOJOB, TO JeTajbHHe
CBHEMKH BeIYyTCS IPeHMYINEeCTBEHHO JHTOXHMHYECKHM METO/LOM,

B HaseMHOM HJH IVIyOHHHOM BapHaHTaX, OOBIYHO COBMECTHO C Ieo-

(H3HYeCKHMH HCcaeJOBaHHAMH. [/ JeTaJbHOrO OKOHTYPHBAHHS
Ha3¢MHBIMH CheMKAMH BTODHYHBIX OCTATOYHBIX OPEOJIOB DacCesHHS
NOJHMeTaMJHYeCKHX, MeJHbIX, OJIOBOPYIHBIX H GOJIbIIHHCTBA PEJKO-
MeTaJpHEIX MECTOPOXIEHHH H IlepeXofa K ropHO-6ypoBHIM pabo-
taM Macmrab 1:10000 o6biuHO siBAsieTcss AOCTATOYHLIM. Ha 30s0TO-
PYAHBIX, GepHJIHEBHIX, cOOCTBEHHO KOOaJbTOBHX, PTYTHHIX 00bek-
TaX H NPH IIOHCKaX CJeNbIX PYAHBIX TeJ II0 HX BTODHYHBIM OpeoJaaM
paccesiHHsl C’BeMKH MOTYT JOBOAHTbcsl o Maciutaba 1:5000, pexe
1:2000. ITpu ray6HHHBEIX - JHTOXHMHYECKHX ChEMKaX, CBSI3aHHbBIX
C OKOHTYpPHBaHHeM H OLEHKOH IOrpe0eHHBIX OCTATOYHBIX OpEOJIOB
paccesHus, macumrab 1:25000 o6bYHO sBJseTCS 3aBeplIAIOIIHM.
[ToHCKH clenslX Tea IO NMEePBHYHEIM OpeoJiaM NPOBOAATCA C JIOGOH
BBICOKOH [eTaNbHOCTLIO, OlpelessieMOH reOJOTHYCCKUMH YCIOBHSMH
H HaJH4yHeM JOCTYIHBIX AN OMpPOGOBaHHS T'OPHBIX BHIPAOOTOK H
CKBAXHH. _

B pesysnbTare nmepexoja OT IIOHCKOBHX K A€TaJbHBIM JIHTOXHMH-
YeCKHM CheMKaM YHCJIO OTHAeJNbHBIX AHOMAJHH yBeJHYHBaeTcs, HX
CpellHHe reoMeTpHYecKHe DasMephl yMeHbINAalOTCsd H dopma HX yc-
JOXKHSeTCsl, a MAaKCHMaJlbHble COJlepXKaHHS PYJIHBIX 3JIeMEHTOB BO3-
pacraiot. [Ipu 5T0M 06wwias IJIolla Hass NPOAYKTHBHOCTb aHOMaJIHH
B Npejejax JaHHOH Iuomain He uaMeHsercs. ONHAKO NPH MaJjbX
pasMepax aHOMaJHA M B IOJY3aKpHITHIX paiOHAaX YCTOMYHBOCTH
OIEHOK IIPOJYKTHBHOCTH HapyllaeTcs.

[Ipumep Takoro poga HJIIOCTPHPYeT OTKpPHTHe B Kasaxcrane
MOJHMeTa/MJHYecKoro MecTopox geHHs. [IOHMCKOBBIMH JIMTOXHMH-
YecKHMH cbeMkaMu Macuita6a 1:50 000 3mech GLIIH BBHI3BJEHEHl 10-
CTATOYHO OCIIHDHBIE H CPABHHTEJNbHO GeJIHLIE OPeOJHl DacCesiHHS
¢ MaKCHMa/bHBIMH cofepxauusmu Pb 0,04—0,07 %, npuypoyen-
Hble K KapGOHATHBIM OTJIOXKEHHSM BepXHero AeBoHa. Hu oguH u3
STHX OpeOoJIOB 0COGOro BHHMAaHHs He IpPHBJEK, He3aoJ/ro Iepex
STHM Ha JaHHOH MJollanH Oblia NpOBeleHa Ie0JOrHyeckas CbheMKa
TOro e Macurraa, IPH KOTOPOH 3TO MeCTOPOXKIEHHe TaKKe He
OBLJIO BHISABJIEHO. : :

Paflon xXapakTepH3yercs CrJaX<eHHBIM XOJMHCTHIM peabedoM H
ciabo o6HaxkeH, Mo JjaHAIA(THBIM YCJOBHAM OTHOCHTCS K- 30HE
CYXHX CTellell ¢ MOJIbIHHO-3/1aKOBOH PacTHTeJbHOCTbIO. TONMBKO B pe-
3y/JbTaTe AETAJbHOH JHTOXHMHUYeCKO# cheMKH Macmraba 1:10 000
3llech ObLT BBISIBJIEH JIOKAJbHBIA OpeoJ pPaccessHHs C COMEPXKaHHAMH
CBHHIIA B 3J10BHO-AeJI0oBHH 0,6 % 1O TpeM CMEeXHBIM IPOPHIIM
H Cyax=1,25% Pb (puc. 108), mpuypoyeHHBI!l K HeOOJbLIOA H30-
JHPOBAHHOA COMKE OKPEMHEHHBIX H O0XKeJe3HEHHBIX H3BECTHSKOB.
[TpoifiseHHpie 3[ieCh KAaHABBl BCKPBHIJIH L@PYCCHTOBBIE DYIBI H yCTa-
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Puc.u108. PesyabTaThl JeTaNbHON JHTOXHMHYECKOH cbeMku Macmrtaba 1: 10000
B pafioHe MecTopoxJeHus Ysyuxkan. Ilo B. A. Kauunuxosy.

1 — HeoreH-4eTBEPTHYHble OTJOXEHHS H HX [PaHHLla; 2 — HSBECTHSKH, NECYaHHKH H CJAaHOB
HHXKHero KapGoHa; 3 — DyAOBMeIlaloOltHe H3BeCTHSKH, MJOJOMHTbHl H YIJIHCTHIE H3BECTHSKH
9TpeHa; 4 — H3BECTKOBHCTbie IleCYaHMKH H H3BECTHSKH (raMeHa; 5 — KOHIJoMepaThl, mec-
YaHHKH, Tydolecuannkn ¢paa; 6 — nopdHPHTH, KBapueBble NPOPHUDHI, TECYAHHKH IHKH-
BeTa; 7 — pasphiBHble HapYLIEHHSI; 8 — CKBaXHMHhl DAa3BeNOYHOrO GYyDeHHs; BTODHYHble oOpe-
oabl paccegiuss (B %): 9 — cBuuma; I0 — qHuKa

HOBHJIH NIOTPYKEHHe DYIHOH 3a/jeXH B ceBepo-3alla/[HOM Hampas-
JIEHHH TIOJ YeXOJi HeOTeH-YeTBepTHYHHIX OTJoxKeHHH. [locaenyrouiue
GypoBble paGOTHl MOJTBEPJAMIH MPOMBIILIEHHOE 3HAYEHHE 3TOrO
MeCTOPOXKIeHHUS.

BTOpHYHEBIA OCTaTOYHBII Opeosi paccesHHs 3TOTO MeCTOPOXKJe-
HHS — THIHYHBIH [IPe[ICTABHTe/Nb YACTHYHO IIOrpeGeHHBIX OpeoJsioB
(cM. puc. 102, 6). Takue opeosibl He MOTYT XapaKTepH30BaTh Macll-
Ta6 KOPEHHOro OpyJAeHeHHs Ge3 yueTa MorpeGeHHOH YacTH PYyAHOR
30HBl. MOIIHOCTb HEOTeH-YeTBEPTHUHBIX OTJIOKEHHH 3/ech JOCTHraer
30—40 M. 3TOT MpHMep — TOJBKO OJHH H3 Pe3yAbTATOB IOHCKOBBIX
H Oosee NETaNbHBIX JHTOXHMHYECKHX («MeTalJOMeTpHYECKHX»)
CHEMOK, IIHPOKO NpPOBOAuBUINXCS B KasaxcraHe, HayHHasd ¢ 1949 r.
CoBpeMeHHBIH apHAHBIH KJIHMAT, peobJiajjaHie CTellHbIX JaHAmad-
TOB, TeCHOE COYETAHHE TeOXHMHYECKHX CBEMOK C TeOJIOTHYECKHMH
H reopU3UYECKHMH HCCJeJ0BaHHSAMH o0ecneunsn BHICOKYIO 3dhdek-
THBHOCTb 3THX paGot [14, 25].
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Ha cragun neranpunx AEOXUMUYECKHX CHEMOK H IOCJELYIO-
IHX TOPHO-OYPOBBIX PabOT HAKallJIHBAIOTCHA CBENCHHA O MeCTHHIX
KO3(P(PHIHEHTAX OCTATOYHOH TIPOAYKTHBHOCTH, 6OJIbIIHX H MeHbIUHX
1, HeoGXOLMMble LS NPABHIBHOM QUEHKH BHSBISEMEIX ODEOJIOB pac-
S Aasi KaXaoro M3 BaXKHEMUIHX MeTAaILIOB, NPOMBIILICHHbIE
MECTOPOXKAEHHS KOTOPHIX Pa3BHTHl B JaHHOM pafioHe, HafJeHHble
cornacHo ¢opmynam (18), (19) uaum (69) 3nayenus R uesecoo0-
pa3HO TPYNIHPOBAaTb N0 OCHOBHBIM THIIAM TI'eOXHMHYECKHX JaHI-
mwadToB, XapaKTepHBIX AJs HcciaelyeMoii TeppHTOpHH. [Ipumep Ta-
KOro poja nokasaH Ha pHc. 109 [25]. TopHble coopyxeHHS 3TOrO
xpe6Ta CBSI3aHBl C aJbNHACKHM OPOreHe30M H XapaKTepH3YITcs
YyepeJOBaHHEM CTYNeHYaTHIX IOAHSATHHA CTOJIOBOTO THMA C TMIYOGOKO
pacusieHeHHBIMH 3pO3Hefi KPYTHIMH CKJOHaMH. B 3THX ycJOBHAX
KO3((}HIHEHTBl OCTATOYHOH NPOLYKTHBHOCTH BTOPHUHBIX ODEOJIOB
paccesiHHs Pe3KO H3MeHSIOTCS IIPH Mepexojie OT BHIPOBHEHHBIX BOJO-
pasienoB ¢ aGCOJIIOTHHIMH OTMeTKaMH Hopsaka 2500 M H ropHo-
JYTOBLIMH TNOYBaMH (Rpp=0,07) K aKTHBHO NeHYAHPYEMBIM CKJO-
HaM I0XHOf 9KCNO3HHHH C IIJIOXO DPa3BHTHIMH IeGeHHCTBHIMH IIOY-
BaMH (kpy=1,0). C yMeHblIeHHeM a0COJIOTHOA BEICOTHL MECTHOCTH
Pa3/IHYHS Mex/Ay CKJIOHAMH MOXHOH H CeBepHOM 3KCIO3HIMH CIJa-
JKHBalTCqd. BaxXHBIM sIBsleTCSl HaJHYHe B 5TOM pafioHe 3aKPBITBIX
TepPHTOPHH — YYaCTKOB COXPaHHBUIHXCS H3BECTHSIKOB HeoreHa H
COBpPEMeHHBIX <«IIPHCJOHEHHBX» JéccoB ¢ k=0. ®opMmupoBaHHe Ta-
KHX TaGJHYHBIX CIPABOYHBIX HAHHBIX HEOGXOJHMO JJisl JIOGBIX pYyA-
HBIX pafoHOB.

|
Apulnas soud | J0pHaA eymuGHas-cemuapuinas Joua

} flpedeopran apudnas sona
0 y——>C I . I

|

|

M
3000

/000

R, Pl B s (s B

Puc. 109, CxeMa pasBUTHA BTODHYHHIX OpeOJIOB paccesHHA CBHHLIA ana Teke-
JAUACKOH TPYINE MecTOPOXK AeHHH [25].

1 — pynopMemamiiye I10pOJAb NaNe030a H JOKeMGDHS; 2 -— 3JI0BHIl BBIPDOBHEHHBIX BOJOpa3-
AeNOB C TODHO-JIYTOBBIMH IOYBAMH; J — 3JIIOBHO-IEJIIOBHIl CKJOHOB CeBepHOH 3SKCIO3HIHUH
¢ XOPOWIO DPa3BHTHIMH INOYBAMH; 4 — 3JIOBHO-NEJIOBUH CKJAOHOB I0KHOH 3KCIO3HIHH ¢ rpy6o-
CKeJICTHHIMH [(eGeHHCTBIMH TIOYBAMH; 5 ~— SJIIOBHO-IEJIOBHI TIPeArOPHOTO  MeJKOCOTNOYHHK a
¢ TJIOXO Pas3BHTHIMH HOUBAMM CYXHX CTemleil; 6§ — «NPHCJIOHeHHbie» JIECCOBHJHBIE CYIJIHHKH;
7 — MeprenucTbie H3BEeCTHAKH
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BecbMa HarnsaHB pe3yJabTaThl [eTaJbHON JIHTOXHMHUECKOH
cpeMkH Mmacmraba 1:10000, noxkasaudele Ha puc. 110. 3gecy BTO-
PHUHBle OCTATOYHBIE OpeoJibl paccesiHH Pb 4eTko oTpaxkalT Mac-
WTa6 K YCNOBHS 3aJeraHus 'PyAHbIX TeJd MeCTopoxpaenus Tekenn
(Oxynrapckuii Anatay). BaxkuHocTp M MHOroo6paske reoJorHye-
CKHX BBIBOJIOB, KOTOpBIE IIPH 3TOM MOXET IPHHECTH aHAaJH3 THIep-
FeHHOrO IOJI paccesiHHs, HJIocTpHpyer pHc. 111. PynonposBienue
JleBoGepexHOe, OTHOCALIEECS 'K PYAHOMY TIOJIO TOTO XKe MECTOPOX-
JeHHs, NPHYpPOYeHO K KapOOHATHO-CAAHLEBHIM INIOPOAAM TeKeJHfic-
KON CBHTHI H JIOKaJH3yeTCAd B JBYX TeKTOHHYecKHXx Osokax. Maciu-
Ta6 NOJHMETANJHYECKOr0 OpYAEHEHHA Ha JHEBHOH II0BepXHOCTH
XapaKTepH3YyIOT BTOPDHYHBIE OpeOJbl pacCesiHHA CBHHILA, AOIOJHH-
TeNbHYI0 HHGOPMALHIO HECYT MYJbTHINIHKATHBHBIE OPEOJBI pacces-
Husg Ag-Sb (Hampynmas accouHauusi) ¥ Mo-Cu (nogpynmast ac-
counauusi). B samagnoM TekTOHHueckoM 6J0Ke BechbMa c1aGo Mpo-
SIBJIEHB OpeoJisl paccessHHss Ag-Sb H JOCTATOYHO YETKO OPEOJIbI
Mo-Cu. B mpenenax BocTo4HOro G/10Ka OGHAPYKHJIHCH SIPKHE Ope-
onbl paccesHdss Ag-Sb npu HOMHOM OTCYTCTBHH aHOMaJbHBIX CO-
agepxauuit Mo u Cu. HabaloneHHble COOTHOUIEHHS OJHO3HAYHO YKa-
3bIBAIOT Ha TIJYyOOKHH 3pDO3HOHHBIA cpe3 3amajHoro G6JOKa H Ha
NepPCIIeKTHBHOCTh OPYAEHEHHSI BOCTOYHOro G6JIOKa.

ITpuBeseHHbli TpHMep MNOKa3blBaeT HEOGXOAHMOCTb IOCTOSH-
HOTO BHHMaHHSI K «TeOXHMHYECKHM CIIeKTPaM» KOPEHHOro OpyieHe-
HHf H JIHTOXHMHYeCKHX AaHOMaJIH#, BHIABIAEMBIX NPH IIOHCKAX.
OTHM TepMHHOM INpPHHATO 0003HayaTh rpadHYeckoe H306paxKeHHe
XHMHYECKOTO cOocTaBa O0beKTa, OINpenesNeHHBIM o0pa3oM yIopsno-
YeHHOe H NPHBEIeHHOe K BHAY, yAOOHOMY /s CpaBHEHHS CO CXOJ-
HeIMH 00bekTaMu [25]. [lJst MOCTPOEHHS TreOXHMHYECKHX CIIEKTPOB
BelGHpaeTcss (PHKCHpDOBaHHOe (HamnmpHMep, YNOpPSAOYEHHOe IO KJap-
KaM) paclloJIoXKeHHe PYAHBIX JE€MEHTOB N0 OCH alCLHCC MpH JOra-
pHpMHueckoM Macmitabe H300pa)KeHHS HX CPelAHHX COJepXKaHHH
(uaH NPOAYKTHBHOCTEH) IO OCH OpPAHHAT. B 3TOM ciiyyae pas3anHyHs
HJIH CXOJACTBO MeX]y 00beKTaMH BHISIBJSIOTCA MyTeM IlepeBHKeHHS
OJHOTO H3 rpa¢HKOB BJAOJb OCH OPAHHAT A0 HX COBMeLIEHHS IO OC-
HOBHOMY PYAHOMY HJH JI0OOOMY ADPYroMY 3JeMeHTy. IJTO HCKJIO-
yaerT BJHsHHe He HMeIOLIHX T'eHEeTHYECKOr0 CMBIC/IA TOKasaresed
«6eJHOCTH» HJIH «BOraTCTBa» COIOCTABJsSeMbX 00BEKTOB.

Pasjnuus MexAy ABYMS CXOAHBIMH OObeKTaMH MOXHO BHIpa-
3HTb C MOMOIIbID (e3pa3sMepHOr0 NeOXHMHYECKOro IoKaszarteas v,
YHCJIHTEJNb KOTOPOro O6pasyeT coOle; KaHHS 3JIEMeHTOB, HaXOAd-
nuxcs B 06bekTe A B H30BITKE OTHOCHTEJAbHO 00beKTa B, 3HaMeHa-
TeJIb — COJEPIKAHHS 3JeMeHTOB, HaXoJAmHXcsd B 06beKTe A B OT-
HOCHTeJbHOM fedHuuTe. Mepoii pasyHynl IpH 3T0M GyAeT BeJIHYHHA
OTHOINEHHS Vmax/Vmin.

[To uHc/IeHHBEIM 3HAYeHHSAM v; BO3MOXHA CPaBHHTEJNbHAS OLEHKa
YPOBHsSI 3PO3HOHHOTO cpe3a TeHEeTHYECKH OAHOTHIHBIX OGBEKTOB,

XOTS 1Js GoJee HaleXHOH OUeHKH Z; HeoGXOIHMO o6pallaThes
K II0OKa3aTeJsiM 30HAJbHOCTH 3TAJOHHOIO MeCTOPOXKAeHHS (CM.
ra1. 4). DTH Ke NIOKa3aTesH CAYXKaT JJd onpellesleHHs FeHeTHYECKOH
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NPHHAJJIeXKHOCTH K Da3/JHYHBIM NMOJATHNAM GJH3KHX IO XapaKTepH-
CTHKe OGBeKTOB B IIpeAIoNOXKeHHH 00 HX cxomHoMm cpese. [lo-
CKOJIbKY IO OJHOMY IIDH3HaKy He MOTYT OAHOBDEMEHHO peIlaThCs
JBa BOIpOCca, AJS YCTpaHeHHs HeONpPeJeNeHHOCTH CJefyeT IPHHH-
MaTh BO BHHMaHHe a0COJIOTHble COAEPIKAHHS IVIaBHeHHIHX PYIHBIX
9JIeMEeHTOB HIH HX MPOAYKTHBHOCTH (Cmax, M: P;). Ilo anagorum
¢ JHHeHHBIMH TeOXHMHYECKHMH CIIeKTPAMH CTPOSATCS KPYTOBHIE
cnexTpnl (pHc. 112). IIpu 3ToM crniocobe s/jieMeHTaM THIIOMOP(HOro
KOMILJIeKca OTBOASITCS (PHKCHPOBaHHBIe MeCcTa Ha OKPYxHOCTH. Ort-
HOCHTE/JbHEIE COJEDPKAHHS 3JeMEHTOB MOc/e JeNeHHd Ha COAepKa-
HHe OCHOBHOTO MeTaJsja H3006paxaloTcs B JorapHpMHYecKOM Mac-
mTabe MO COOTBETCTBYIOWIHM pajnycaM. s conocraBnenus o6bek-
TOB M BBHI6OpDa v KPYroBble TeOXHMHYECKHe CIeKTPH COBMEIIaloT
10 HEHTPY MaJoro Kpyra H OJHOHMEHHBIM PaJHyCaM.

Ins xapaKTepHCTHKH MeJHODYAHBIX 06'beKTOB II0 KPYTOBBIM reo-
XHMHUYECKHM cIleKTpaM OblJ BHIOpPAaH TeOXHMHYECKHH IIOKa3aTelb
v=%%§—. UnceHHble 3HaYEHHS €ro OTHOCHTENBHO. [OCTOSHHEL
JJIS MECTOPOXKJAeHHH oJHOH dopmanuH, HanpuMep 1 u 2 uau 5 u 6
(cM. puc. 112). BenHYHHBI TOTO XKe INOKaszaTesds IS MECTOPOXKie-
Hu#i | u 6, oTHocAlHXcAd K pasHeIM QOpMaHHsIM, pasjHYaloTCs
B 145—600 pas. [Io BeqHuYHHe 3TOro NOKa3aTens KJIacCHPHUHDO-
BaJiiCch MeJHble OOBeKThl HesICHOH INPHHAIJIEXHOCTH.

MeTo/ reOXHMHYECKHX CIIEKTPOB IPHUMeHsieTCS [JIS YCTAHOBJE-
HHS DasJIHuUi MexXAy CXOAHBIMH OOBEeKTaMH — JIJISi COMOCTaBJEHHS
Da3sHBIX CeYeHHH OJHOTO MeCTOPOKAEHHS, JBYX HJIH HECKOJbKHX Ce-
YeHHH reHeTHYeCKH OJHOTHIIHBIX MeCTOPOXKAEeHHH, CXOJHBIX TeOXH-
MHYECKHX aHOMaJHH, neTporpadHyeckH Hepas3JHYHMEBIX MOPOJ, H T. II.
3ajayH, CBs3aHHBle C MHOTOMEpPHOH KJjacCH(OHKalHeH CXOJHBIX
reOXHMHYECKHX aHOMAJHH, ycneliHo peinaioTcss Ha IBM c npume-
HeHHeM (aKTOPHOTO H KJIACTEDHOrO aHAJH30B, IIyTeM HCCJieJOBaHHS
KOPPEISHHOHHBX 3aBHCHMOCTEH MeX/y reOXHMHUYECKHMH CIIeKTPaMH
HJIK MaTpHHaMH koaddunueHToB koppensuun [42]. Has paspene-
HHSl OJZHOPOAHBIX I'eOXHMHYECKHX AAHHHIX 3(p¢eKTHBHO NpPHMeHeHHe
JHCKDHMHHAHTHOIO aHaJ/IH3a, YIPOLIEHHBIM aHAJ0rOM KOTOPOrO
sIBJIIeTCSl METOJ NeOXHMHYeCKHX crekTpoB [25].

OZuH H3 KDHTepHeB KjacCU(pHKAUUH H OLUEHKH THIIePreHHbIX
JHTOXHMHYECKHX AaHOMaJui — HX KOHOWrypaluHs B IlJiaHe H IIpH-
YPOUeHHOCTE K (OpPMaM COBpeMeHHOro pefbeda, uto oOHAPYXKHBa-
€TCd IpPH PacCMOTPEHHH KapT H30KOHHEHTPALHH pYAHBIX 3/eMeHTOB
B ToJie paccesHHs. EcjH och aHOMaJuMH Ha TOPHOM CKJIOHE ceyeT

Puc. 110. Teonornyeckast cxema (A) H BTOpHUHBIE OPEOJH paccesHus cpuHua (5)
pyauoro noasi Tekenn#ickoi#i rpymnel Mectopoxpenufi. [lo B, E. Paeposy u
C. A. Muasesy.

1 — u3BeCTHAKM TNOADPYAHON mnadkH; 2-— NepecnaHBaHHe H3BeCTHAKOB, TIJHHHCTHIX CJIaHIleB
PYAHQH TauKH; 3 -— YIJHCTO-KPEMHMCTBIE, YIVIHCTRIE, YIJIHCTO-TJIMHHCTbIE CJaHIBl HaapyxHOH
TaykH; 4 — FAHHHCTO-KPEMHHCTble CJAHIB;, & — NeCYauHKH; 6 —- aHJeSHTOBble MOPQHPHTHI;
7 — rpauMT-nopdHps; 8 — nHaGasoBble NOPGHPUTH;, 9 — BHIXONHI DPYAHMBIX Ten Ha JIHEBHYIO
MOBEPXHOCTh (@) H TPOeKLHsa CJelbiX DYRHRIX Ten (6); 10— sneMeHTH 3ajeraHHd MODOX
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C/laHIeB;
4 — YIVIHCTble
7 — rpa-

PUTHL;
9 — 3JIeMeHTRI 3ane-

pynonposiBienust Jleso-

GepexHoe, Ilo P. A. Heerapeay u C. A. Muasesy.

1 — nepecsanBaHHe H3BECTHSKOB,

2

H3BECTKOBO-TVIHHUCTBIX

3 — yruiHCTBie CitaHbl;
— nuaGasoBble nopodu

; 8 — TeKToHHYecKoe HapylleHHe;

6

pd

b,16%%.~

P
e

5 — aHHLe3UTHI;

111. TeonorHyeckast cxeMa W BTODHYHBIE OpPEOJIBI

10 30 100 Ag-$
— TJIHHHCTBIE H3BECTHSAKH;

paccedHHd NOJHMETAJJHYECKOro

HUT-nopdupot
TaHHS NOPOA,

3
Puc.
H3BECTHSIKH;

VYVJ-

4
MAs Pl L7 6y

J

N Kz

Paznuyus
Pb
Pb Co
Co
Ba Ba
5 Mo Sr Mo
Ag i Ag Mn
n Hg
S Zn  As  Hg As
£ v=0005 v=250
L
=3
&N Pb  Co
RS
Ba
Sr
Ag Mn
Zn TS g
s
y=0,012 =420 y=7280

Puc. 112. Kpyroenle reOXHMHYECKHe CIIEKTPHl MENHBIX MECTOPOXKAEHHH Crracckoit
pyZHO# 30Hb. OTHOIIEHHe CpeJIHUX COJEepKaHHH 12 pymHBIX 3/IEMEHTOB K CO-
LepxaHusM Mes; Auamerp kpyra pase Igl0. [To H. A. Koweasesoil.

®opmanuu: 1, 2 — MOAHGLEHOBO-MeJHas noc.ﬂecpezmezlexacmcl(asxl-5 3,A x;—-nr.xezmopyzmasx nocne-

cpeZHefleBOHCKas; 5, 6 — MeJHOpyIHas cpejHeleBOHCKas V = Mo.C
0-Co

FOPH30HTaJH pesbeda MOA OCTPHIM YIJIOM H COXPaHAeT CBOK Nps-
MOJIHHEHHOCTh NMpPH Ilepexoje yepe3 NOJHHY HJH BOAOpa3jesa — 3TO
XapaKTepHHI TpPH3HAK OCTAaTOYHOTO OpeoJsa pacCesHHs Kpyrona-
Aawollell pyaHo# 30HbI. Ec/H H30KOHIEHTPAThl H OCh aHOMAJHH IIO-
BTOPSIIOT H30THICH penbeda — 3T0 NPH3HAK TOPH3OHTZJIBHOTO 3a-
JleraHusi pyaHo# 30Hbl. VI370M ocH aHOManHH TPH IepeXoje uepe3
BOZOPA3/AeN HJIH JOJNHHY IO3BOJISET ONpPeNeNHTb a3HMYT NafeHH#
pyAHOil 30HB. Ec/IH aHOMaJHs MPOSIB/IeHa TOJbKO H4 OAHOM CKJIOHE
H BBITAHYTA [0 rpajHeHTy penbeda, uacrtb ee, NPHYPOUEHHAs
K HHMXHEMy BOTHYTOMY HHTepBajy CKJIOHA, BepPOATHO, fABJSETCS
nreligoM opeosia M He HMeeT Noj co0O0d KOPEHHOTro OpYAeHEHHST,
KOTOpOE CJIeJlyeT OXHAATh TOJBKO B PailoHe BePXHEro OTpeska aHo-
MaJaui (cM. pasgern 3.9).

Bce 3TH 0cOGEHHOCTH T€OXHMHYECKOTO IOJS IPOSBJSIOTCS NPH
YCJIOBHH TPABHJBHOTO TNPOTATHBAHHS H3OJUHHH, H CTaHAapTHAS
MHTepIOJIALNS 1O KpaTyallleMy PpacCTOSHHIO MeXAy CMEXHBIMH
npouAIMH He Bcerga Jyunas.

IIo pesyibTaTaM AETaJbHBIX H OLEHOYHBIX PabOT B 30HE reo-
XHMHUECKOfi AHOMAJHH 3aJaloTCs IepPBEe TIOpPHble BHIPaOOTKH H
CKBaXXHHBI C LeJbI0 BCKPBITHS H ONPOOOBaHHs MOJIE3HOr0 HCKOMae-
9  3axas Ne 405 265



MOTO B KODEHHOM 3aJeraHuH. PasBellky BTODHYHEIX OCTATOYHBIX
OPEOJIOB paccesiHUA NPH MOUHOCTH DHIXABIX OGPa30BaHHi Melee
3 M BO BCeX CAyYasx CJeJyeT BecTH KAHABAMK. Menee HanexHa
basBelKa TeOXHMHYECKHX aHOMaJHil mypdamu, mpH KOTOPO# BO3-
MOXEH IMPONYCK IIOJIE3HOr0 HCKONAEMOTO MeXLY BHIPaBOTKaMH,

Benen sa ropurME paGoTamm maM HesaBHCHMO oOT HHX, ecJH
T€OJIOrHIeCKHEe YCJHOBHS HX HCKJIOYAIOT, B 30HE TeOXHMHUECKON
aHOMAsHH, TONYYHBIIeH OJIATONPUATHYIO OUEHKY, 3aaloTcs I0-
HCKOBO-Da3Be/lOYHEIE CKBAXHHH. B0 BCceX ciyuasix CIUIOLIHOEe reo-
XHMHYECKOE ONmpoOOBaHHE KaHaB, myppoB KepHa CKBaXuH 06s-
3aTeJIBHO.

Ecau mapamerps mosesnoro HCKOIIAeMOT0, BCTPEYEHHOrO BEI-
paGoTKaMH, M OLEHKA MPOTHOSHBIX pecypcoB o06beKTa oTBeqaloT
POMBILIIEHHBIM TPeGOBAHHAM, CTABHTCS BONPOC O nepexosie K €ro
NpeABapHTeNbHON pasBefke. J[aHHBIE [eOXHMHYECKOrO onpoboBaHus
KODEHHOTO OpyJE€HEHHS NPH 5TOM YTOYHSIOT OLUEHKY ero 3D O3UOH-
HOro cpesa W NporHo3 Ha ray6HHy. B panipHelinieM reosornyeckie
8ajaid M KOHKDETHOe COJePXaHHe TeOXHMHYECKHX HCCJIeIOBAHUN
ONpPELe/IAIOTCS XOAOM pasBelOYHBIX pabor. B MeHee OaaronpusT-
HOM cayyae BbIPa0OTKH MOTYT BCTPETHTH TOJBKO HEIPOMBIIIJICH-
HYI0 MHHEDAJH3alHIO H TOTAA, HCXOAS M3 ee TeHeTHYeCKOTO THIA M
MECTHBIX CTPYKTYDHO-T€OJIOTHYECKHX YCJIOBHH, CTABHTCS BOIIpOC
O BOSMOXKHOM €€ MPH3HAHHH Ha/IpyJHBIM NEPBHUHHIM OPEOJOM CJe-
Moj 3ajexu (cM. pHC. 55). [TomoxurenpHoe pelleHHe 3TOrO BOI-
poca Tpebyer GypeHHs AOMOJHHTEJbHHX GoJee IIyGOKHX TIOHCKO-
BBIX CKBaXHH. B 06oHX ciyyasiX yclex reoxHMHYECKHX Hccienopa-
HHH OIpenensieTcs 3HAHHEM INePBHUHOM 30HAJILHOCTH, 3aKOHOMep-
HOCTH Da3BHTHS HaJPyAHBIX OPEOJOB M APYFHX TeOXHMHUECKHX
0COGEHHOCTel IeHeTHUYeCKH OIHOTHITHBIX MECTOPOXK JeHH.

6.2.3. Ot6op, 06paGoTKa U aHaIN3 npoo6

He noinexut cOMHEHHIO, UTO JYYIIMMH ZOJKHHL CYHTATBCH Teo-
XUMHYECKHE METOIbI, ¢ NMOMOIIBIO KOTOPHIX IOHCKOBHIE CHeMKH Bbi-
TIOMHAIOTCA B JBHXKEHHH, 6e3 npo6ooT6opa, ¢ JHCTAHIHOHHBIM HJIK
KOHTAKTHLIM HENPEPBIBHLIM ONPe/e/ieHHeM COAEePIKAHHE XHMHYECKHX
9JIEMEHTOB. K YHCIy TaKHX MeTOJOB TpHHAIJIeKAT, HalpHMep, ram-
Ma-CNEKTpasbHble BO3AYUIHBIE, aBTOMOOHJAbHBIE H IIelIeX0Hbe
CBEMKH, BKJIIOYAs INNYPOBEIE, IMyGMHHBIE H KAPOTaXKHblE HCCJeNO-
BaHNi, TpH KOTOPBIX HEMPEePHIBHO HJH B JHCKPeTHHX TOYKAX, Ha
NOBEPXHOCTH 3eMJIH HJIH B CKBAXKHHAX ONpeessioTcs CoflepKaAHUS
U (mo Ra), Th u “°K, o6HIYHO B aBTOMATHUECKOM pexume. Bes
nPo6ooT6Opa BHIMOMHAIOTCS ABTOMOGHJIbHbIE X nelexXo/Hble CHEMKH
¢ OepHinoMeTpaMH, (TOPOMETPHUECKHe K dochopomerprueckue
HEeATPOHHO-AKTHBAIHOHHBE CheMKH, BO3MOMKHEI BopoMeTpHUECKHe,
raso-pTyTHLIC BO3AYUIHEIE H B IPH3eMHON aT™Mocdepe, JasepHble aT-
MOXHMHYeCKHe (BO3AYUIHBIE) H aBTOMOGHAbHBIE O MeTaHy, a3poreo-
XHMHUECKHE 10 METaJNO0OPraHHYeCKHM COEAHHEHHSM U HEKOTOpHIE
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apyrie. Bece 3TH MeTOABl HMEIOT Da3/iHYHBIE NepPCIEeKTHBBI nans;x;:};
lIero pasBHTHS M NPAKTHYECKOTO NPHMEHEHHs JJIS reoXHMH4Ye (Hx
NOHCKOB TBEPJBIX INOJIE3HBIX HCKoNaeMhelX. Hekoropele H3 HHX :
3aMeHHMBI JJISl PelleHHs] CIeLHaJbHbIX 3ajay (HampHMep, asporeo
XHMHYeCKHe IIOHCKH MeCTOPOXIEHHH paJHOAKTHBHBIX PYN) WJIH Ha
CTaJ(HH JleTaJbHBIX PaGOT H TeoJIOTHYECKOrO OCMOTPa reoXHMHYe-
ckux aHoMaaufi, OHAKO 3aMeHHTb I'eOXHMHYECKHE ChEMKH C IIpO-
OpPOM OHH IIOKa ellle He MOTyT.
600;{6mie KPAaTKO paccMaTpHBaeTcsi XOpOINO OTPabOTaHHAs TeX-
HHK4 MaccOBOro oréopa, o0pabOTKH H aHaJW3a PassHYHBIX JIHTO-
XHMHYECKHX Mpo06, CIOXHBUIascs B pe3yJabTaTe MHOTOJIETHETro
Onb.lﬁi'Tongnqecxne CheMKH N0 NOTOKAM DACCessHHA MOAYHHAITCA
MEeCTHOH THJPOCeTH H BeAyTcsl Ge3 TonorpagHyeckoi nouromgm
¢ NoJeBO#l AOKyMeHTanHell npoboor6opa Ha KapTax MaclITaboB
1:100000—1:50000 Him Ha KOHTAKTHBIX OTHEYaTKax aspodoro-
cbemku (06biuHO 1:30000). IIpo6GooT6op mpH cpelHeMaclITaGHBIX
JUTOXHMHYECKHX MOHCKaX II0 BTODHYHHIM OpeOJiaM paccesiHHs Be-
JeTcsl ¢ MOMYTHBIM MHKeTaXkeM II0 CHCTeMe NapaJ/elbHBIX NpodH-
Jieff, OMHpaIOIHXCs Ha 3apaHee TeOJE3HYECKH INPOJIOXKEHHbIe Meﬁz:
crpanH, yepes kaxjable 10 cM B paGoueM MaciuTabe CHeMKH.
TaJIbHble JHTOXHMHUECKHE CbheMKH B Macutabe 1:10 000  xpymnuee
BBHIIONHSIOTCS NO TOTOBOH TonorpadHuecKOH ceTH NpodHJIeH H IH-
keroB. Hanpasnenue mpo¢uaefi BO Bcex clydasix BelbHpaercs
BKPECT TOCINOJCTBYIOIIEr0 IIPOCTHPAHHA  PYAOKOHTPOJHPYIOUIHX
CTpﬁ{gngOHCKOBbIX JHTOXHMHUECKHX ChHeMKaX IO NOTOKAM H 06peo-
JiaM paccesiHHs B POoGy OTGHPaeTCs MECTHEIA «MeJKO3eM» ¢ cobJio-
JEeHHeM CTaHJapPTHEIX YCJIOBHA H MHHHMAaJbHOH IJyOHHBHI, ONpene-
JsieMOi * NOJIOXKeHHEM IIpeJCTaBHTeIbHOr0 ropH3oHTa. IIpo6nl mo-
MeIlaloTCs B 3apaHee HyMepoBaHHble MelloukH. Mcxomnas Macca
okoqo 200 r. .
Hpogzléoml BeJlyTcs B JIETHHH NepHOX. BpHraja mox pyKOBOJACTBOM
cTapuiero KoJuiekTopa (MJsajuiero reosora) orlOHpaer 3a CMeH%I
B 3aBHCHMOCTH OT K4TErOpHH MeCTHOCTH H3 ajaoBHsa 20-—30 mpo
npu mare 500 M, 3 smoBHO-AemoBHs 100—200 npo6 npu mare
50—20 M. 3arpyaHeHusi ¢ Ipo6ooT6OPOM MOTYT BO3HHKATh B pPaio-
Hax Kpalinero Cesepa, riie B pesy/bTaTe MOPO3HOTO BbIBeTpHBaHIf
Ha NOBEPXHOCTH TOPHBIX CKJOHOB HEPEeIKO pPa3BHTHL KypYMBI N
CIUIOINHOK TOKPOB Tpy6oo6ioMouHbIX 06GpasoBaHui. Jpyro# BO :
MOKHOH NPHYMHOH 3aTPYAHEHHH NpH mpobootbope B Tex Ke paHoO
Hax SBJISETCss PasBHTHE Ha CeBePHBIX CKJIOHAX MOIIHOrO Moxosog_
IIOKPOBA, HENOCPEACTBEHHO NOJ KOTOPHIM Jaxe B KOHIe JieTa goﬁ
HAapyKHUBAETCS YCTOHYHBAS Mep3JoTa. B I0XKHBIX NYCTHIHAX apul :
30HBEI B 3JIIOBUANbHO-ANI0BHAJIbHbE 06pPa30BaHUs NPHBHOCHTCA IIbi-
JIeBHAHH{ MaTepHasJ 30JI0BOTO IPOHCXOMKIEHHS, pasyéomlis%xomgn
BTODHYHbIE OCTATOYHEIE OPEOJIBl PACCEeSHHS MECTOPOXKJeHHH. B ar e)é
pafioHax H3 npo6 cielyeT yAaJATh TOHKYI (pakuHIO myTem
otcena uepes cuto 0,25 mMM.
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B 06bIYHbBIX yc/10BHSX NPOGEHL, OTGHpaeMble IpH JTHTOXHMHYECKOH
CBEMKE, I0CJIe CYLIKH MpOoceHBaloTes yepes cuto 1,0 MM (#an 0,5 mm)
C yAaJleHHeM KPYNHOH (pakuuu B O0TBajt. Mcc/eZOBAHHS THIEpreH-
HOTO TIOJIT PACCESHHS MO TOHKOK (PAKUHH TNPOAYKTOB BHIBETPHBaA-
HHS 0GeCreYHBAIOT XOPOUIYIO BOCIPOH3BOJIHMOCTH Pe3yAbTATOB JIH-
TOXHMHYECKOH CheMKH.

IIpH moHckax No MePBHYHBIM OpeOsaM BEAETCS CIVIONIHOE omnpo-
60BaHHE CTEHOK TOPHBIX BHIPAaGOTOK H KepHa CKBaXXKHH MeTO[OM
€IYHKTHPHOH GOpO3ABI», MyTeM OG'befHHEHHS B OIHY npoby 8—10
CKOJIKOB IIOPOJbL C 33aJaHHOrO HHTepBasa. OGblYHasi AJHHA HHTep-
Basa OmpoboBaHHus 2—5 M, HA MepHbepHH pyanoro moast 10—20 u,
Macca npoGsi 300—350 r. IMepex HeTHpaHHEM STH NPOGH IIPOXOAAT
ApoGJieHHe H cokpamenue a0 50—100 r.

IIpH copeMKax JIIOGHIM H3 TeOXHMHYECKHX METOJOB npo6ooTop
MOKyMEHTHDYeTCH B IIOJIeBBIX XKYDHA/MaX H, €CJH He HCIOJb3YIOTCS
a’POQOTOCHHMKH HJH IUIAHB TOPHBIX BBIPAGOTOK, ¢ rJiazoMep-
HBIM cocTaB/leHueM afOpHca MecTHOCTH. JI/IS OLeHKH KayecTBa reo-
XHMHYECKHX CBHEMOK IIPOBOJHTCS €XeMeCAUYHB [OBTOPHO-KOHT-
posbHBI MPOGOOTEOp B 06beMe He Memee 3 % [21].

Pemiaiomee 3HayeHHe JJii De3YJNbTATOB TFeOXHMHUECKHX IIOH-
CKOB HMeEeT aHalH3 IPOo0 JIOOBIM MeTOLOM, Y(OBJETBODSIOLIHM
CJIEYIOIHM OCHOBHBIM TpeOOBaHHSAM: 1) 4yBCTBHTEJNBHOCTh aHAJH3A
MOMxKHa OBITh JOKNAPKOBOH; 2) BOCIPOH3BOLHMOCTH — JOCTATOYHON
AJIA peUICHHS TIOCTABJNCHHBIX TEOJIOTHYECKHX 3alay; 3) 3KcIpec-
CHOCTb — BBICOKOH, CTOHMOCTb — MHHHMaabHOH. K HHM MOXHO J0-
0aBHTb TakHe TPeGOBAHHS, KAK BO3MOMKHOCTh BHIIOJNHEHHS AHAIH3A
Npo6 Ge3 XUMHYECKOH TMOATOTOBKH H B NOJEBBIX VCJOBHAX, B TOM
YHCJIe C MOPTATHBHBIMH INPHOOPAMH, OJHOBPEMEHHOE OINpejeJieHHe
MaKCHMasbHOrO YHC/I4a 3JIeMEHTOB, OXBaT OGOJBUIOTO [HAIa30Ha
collepxannii — 10 5—6 u Gonee MaTeMaTHYECKHX INOPFLKOB, BO3-
MO2KHAsi POCTOTA H OObEKTHBHEL XapaKTep NOKYMEHTALMH De3yiib-
TaToB, NOJIHAS aBTOMATH3ALHUS aHAJIH3a U NPSAMOIl BBOJ PE3YJabTATOB
B 9BM u ap. HekoTophie H3 3THX TpeGOBaHMH HOCAT NPOTHBOPEYH-
BBIl H TPYAHO COBMECTHMBIi XapaKTep — HATIPHMep, BHICOKAS UYB-
CTBHTEJILHOCb H TOYHOCT NPH HHSKOH CTOMMOCTH aHaJH3a HJH IOp-
TaTHBHOCTb aNNlapaTypbl H MaKCHMaJbHbIH lepeueHb onpe/esseMbX
3J1eMeHTOB.

B cBoe BpeMsi OCHOBHBIM H3 INepeYHCIEHHBIX Tpe6OBaHHI B Hau-
JAydiley CTENEHH YHOBIETBOPAJN SMHCCHOHHBIH CNeKTpaJibHbI aHa-
nu3, Ha 6ase koToporo 50 JieT Hasal B Hawel cTpaHe BOSHHK/IH H
MONYYHIH 3¢ PeKTHBHOEe NPHMEeHEeHHe TeOXHMHYeCKHEe METOMb MOMC-
KOB TBePJABIX INOJIE3HBIX HCKoNaeMbX. CmeKTpaJbHBIH aHAaJH3 He
TOTepsJl CBOETO 3HAYEHHS /ISl FEOXHMHUECKUX IOHCKOB, OJHAKO Pas-
PBIB MEXNy COCTOSHHEM aHaJIHTHYeCKOH 6aswl ¥ TPeGOBAHHSMH IO-
HCKOBOH IPaKTHKH OLIyIIAeTCA BecbMa OCTPO H MPOAOJIIKAET Yriy6-
JAAThcs. B HacTOfIlee Bpems cHeKTpasbHBI aHadH3 Ha 40 XHMHYe-
CKHX 5JIEMEHTOB MeTOJOM BJYBaHHA (<NPOCBHIIKH») I[OPOINKA
NpoObl B CTabUAH3HPOBAHHYIO AYTY IepeMEHHOrO TOKA BBHITIONHS-
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eTcsl Ha OTeYeCTBEeHHHIX AHGpaKUHOHHBIX cnekrporpadax JPC-13
(unu JOC-8) BRICOKOH paspelnalomiell CHIHL.

PacuindpoBka crnexTporpaMm B GOJIBIIHHCTBE 3KCIIeJHIHOHHBIX
JnabopaTopHil BejeTcs BH3YaJbHO. [laHHBle aHAJH3a BO BceX JHana-
30HAX COJepKaHHH, HAYHHAHA OT NOPOra YyBCTBHTE/NBLHOCTH, BhIDa-
JKAIOTCS JecSAThl0 JHCKPETHHIMH HH(PaMH Ha KaXAbH MOPSNOK:
1; 1,2; 1,5; 2; 2,5; 3; 4; 5; 6; 8. D10 oTBeyaeT paBHOMEDHON IKaJje
B JorapupMHuyeckoM MacluiTaGe H fABJAsfeTcd 00513aTeNbHBIM IIPH
reOXHMHYECKHX IIOHCKaX. B TNepedoBHX Jga6opaTOpPHAX BeJIHYHHA
cpelHell OTHOCHTENBLHOH NOTPEUIHOCTH HEe3aBHCHMBIX KOHTDOJBHBIX
AHAJH30B He BHIXOJAHT 3a mnpedein 1,25%—14%! (npu pomycke
1,5%1). 3a cuer BBHICOKOH cnelHaNH3alHH HCIIOJHHTENeH H pasjelne-
HHSl TPYAa MaKCHMajbHad MPOH3BOJHTENbHOCTh B KDYMHEIX TOJe-
BHIX J1abopaTopHAX reodH3HYecKHX SKCIeAHIHH KasaxcraHa B JeT-
HHe IlepHOAH HoCTHrajda 2—4 Tbic. mpo6 B CYTKH INPH TOMOBBIX
o6beMax o 600—800 Thic. npo6 [25], B oTaeJabHBIE TOABL — A0
! Man.

CyluecTBeHHBIMH HeJIOCTAaTKAMH pPSJOBOTO CIEKTPaJbHOrO aHa-
JIH3a ABJSIOTCS HEYAOBJIETBOPHTEIbHAS YYBCTBHTEJIbHOCTb OIpefe-
aennss Au, W, Sb, Ta, Nb, As, P, Hg u HeoGecneueHHOCTh T€OXHMH-
YecKHX J1abopaTOpHH YCTPDOHCTBAMH [/ aBTOMAaTHYeCKOTO BBOJA
HaHHBIX B DBM. Hapsily ¢ 3MHCCHOHHBIM CIEKTPaJbHBIM aHAJH30M
NIPHMEHSIOTCS JPYTHe METOMHL.

1. AToMHO-aGcopOIHOHHBIH aHAaJH3 Ha DPTYTb — BREICOKO 3¢ dek-
THBHBIfl, VHHBepCaJbHEII H HauGoJiee HaleXHBHIH MeToJ, IOJy4YHB-
IIHH IIHPOKOe NpHMeHeHHe IpH JIOOGLIX BHAAX T'eOXHMHUYECKHX
CHEMOK, BKJIOYasd aHaJH3 TBepABIX, BOJHEIX H Ta30BHX Ipo0,
a Takxke PacTHTEJbHOCTH 6e3 ozojeHHs. OnpelesneHHs BeLyTcs IO
HHTEHCHBHOCTH IIOIVIOLIEHHS De30HaHCHOH JHHHH pTyTH 203,7 HM
B rasoBol (pase HccielyeMofi npoGel. ATOMH3auHsl PTYTH IIpH aHa-
Jause TBepAbx npo6 Bexercs H3 HaBeckH 0,0—1,0 r mytem ee Har-
peBa no 700°, HCTOYHHKOM H3Jy4YeHHS CJIYXKHT DTYTHO-KBaplieBas
siamna. Tlpy aHaiHse Napel PTYTH NPEJBAPHTENBHO OCAXNAIOTCH
Ha 30/0TOM copbeHTe C MoOC/Ielylomedl aBTOMaTHUECKOH jecops-
nMeHl B 3aMepoM ee cOAepXKaHHA INPH BH3yasabHOH HH(pOBOH HIH
MepONHINYyIIe# perHcTpalHy. ‘

2. XHMHKO-a6CcOpOIHOHHBIH aHAJH3 Ha 30JI0TO CO CIEKTPaJbHBIM
okonuanHeM, npensoxennsiii H. Y. Cadpponosbim B 1955 r., MEPOKO
npumensercd B CCCP i APYrHX COIHAJHCTHYECKHX CTpaHax. UyseT-
BHTeJBHOCTL ompefenennii 5-1077 % Au jumb HeMHOTO yerynaer
HeoO6xoAuMoli. C IpHMeHeHHEM 3TOr0 MeTola aHa/lH3a B Halled
CTpaHe BHIIOJHSIOTCS BCE 30JI0TOMETPHYECKHE CBEMKH H CHeJIaHHI
OCHOBHEIE IIPOMBIIIJIEHHEIE OTKPEITHSA. . .

3. AToMHO-a6cOPGUHOHHBIH NVIAMEHHBIH CIEKTPaJbHBA aHaJH3
Hia OGIIHPHYIO TPYNIY PYAHBIX 3JIEMEHTOB OCHOBaH Ha H3MepeHHH HH-
TEHCHBHOCTH IOTJIOLIEHHS MOHOXPOMATHYECKOro H3Jy4YeHHS JaHHOTO
37 €MeHTa NMApAMH aHaJH3HDYeMoH NpoOnl, BBOAHMO! B IJIaMs ra-
30BO#l ropeskH B ¢opMe pacTBOpa. MICTOUHHKOM H3JIyYEeHHS] cnyma;
HaGOpHl CIIEMHAJbHBIX JaMN C IOJBIM KaToAOM, OObYHO Ha TP
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PYMHBIX 3JeMeHTa Kaxnas (Hampumep, Cu, Ni, Co). Ilpu amanuse
Ha OAHH 3JleMeHT IPOH3BOAHTENBHOCTh JAOcTHTaeT 600 sjeMeHTO-
ONpEJeNeHnl B yac. YcTynas SMHCCHOHHOMY aHAJH3Y MO TeXHHKO-
SKOHOMHYECKHM TNOKa3aTeNsAM, NpPH OJH3KOH YyBCTBHTeNBbHOCTH,
STOT METOJL HMeeT CYIIECTBEHHO GoJiee BBICOKYIO TOYHOCTS.

4. Slnepno-dpH3HYecKHe METOAH ONpeje/leHHS COJIePIKAHHA OJ-
HOr0 KOHKDPETHOTo 3JjeMeHTa. K HHM OTHOCHTCH (OTOHEHTDOHHBIH
aHajgu3 Ha OepHJLIHI, OCHOBAHHBIA Ha SNEPHOH peaKIHH 'Be+y
kBaHT —%Be + n. Slapa Gepu/uus 065afaloT HaHMeHbIIeH SHeprue
CBSI3H HEHTPOHOB — 1,666 M3B, 6aHxalilIHy HH3KHI nopor ¢oro-
HEHTPOHHON peakUHH HMeer medTepHii — 2,296 MsB. O6ayuas
MPOGLl HJIH TOPHBlE NOPOABI B €CTECTBEHHOM 3aJIeraHHH y-Jy4aMu
C 3HeprHeit GoJbuie 1,666, HO MeHplue 2,226 M5B, ynaercs o6ec-
MEYHTh BBICOKYI0 H30UPATeNbHOCTb (OTOHEHTPOHHOH peakuuu Ha
Be. Takum HCTOUHHKOM ClYXHT paJHOAKTHBHEI H3otonm !24Sh
C 3HeprusMH HsaydeHus 1,7—2,1 MsB, smuccus HeHTPOHOB H3Me-
psieTcs NMPONOPIUHOHATBHEIME CYETYHKAMH.

HelTpoHHO-aKTHBAIIHOHHEIM MeTOOM C NOJIOHHH-6epHIHEe BHIM
HCTOYHHKOM ONPE/eNAIOT CONepxaHus (TOpa W KOCBEHHO — (hoc-
dopa. MeToi ocHOBaH Ha sIepHON peaKLUH YF(n,a)'®N, mpore-
Kapowei Ha OBICTpHIX HeliTpoHax. [aMma-u3aydenne KOPOTKOKH-
Byllero u3oTona N H3MepseTcs CHHHTHIISLHOHHBIM CIIEKTPOMETPOM.
UyBCTBHTENPHOCTD  ONpelesneHull NpH InypoBod  (TopoMeTpHye-
CKOiI cbeMKe 6e3 1pobBooTGopa cocrasiser 0,1 %F, T. e. nocra-
TOYHA TONbKO I/ pasBelkH. AnaaH3 Npo6 Ha ¢docdop OcHOBaH
Ha TeCHOH KODPENSLHH ero COAEPKaHHH ¢ COofepXKAHHAMH dTopa
B (ochopHTaX, OCHOBHEIM MHHEPasOM KOTOPHIX sBJsgeTcs ¢rop-
anatiut — Cas[PO.LF.

HeATPOHHO-3KTHBAIlHOHHBIH aHAJH3 Ha 30JI0TO IO H30TOIlY
"SAu ¢ JNOKJIAPKOBOf YyBCTHTEJNBHOCTbIO £+ 10-8 % BBINOJAHSETCH
C MOIIHBIMH MCTOYHHKAMH HEHATPOHOB.

5. BHICTPO pacumupsieTcss NpuMeHeHHe NPH TeOXHMHYECKHX IIO-
HCKaX H pPEHTTeHOpaJAHOMeTpHYecKoro aHaJjusa (PPA). Merog
OCHOBAH Ha OOJyYeHHH BEUIECTBA y-KBAHTAMH H H3MepeHHH Xapax-
TEPHCTHYECKOrO BTOPHYHOrO H3JyYyeHHs 3JeMeHTOB. [IpemMmyinect-
BaMH PPA gBisiorcsi mpocToTa H NOPTaTHBHOCTD anmnapaTypsl, Ipu-
FOJHO! JJisi pa6oTHl B JIOJEBHIX YCIOBHAX.

Ilpn PPA aToMnl B036yxaatorest Ha K- u L-ypoBHsX 3J1€KTPOH-
HO# 0GosioukH. [JJst 06aydeHHS NPHMEHSIOTCS H3OTONHBIE HCTOY-
HHKH, pexe INOpPTAaTHBHBIE pPEHTreHOBCKHe TPY6kH. Ksmepsiorcs
Haubosiee HHTEHCHBHble JIHHHH XapaKTepHCTHUECKOrO H3JIyYeHHS
K-cepun —a; ¥ as, L-cepun—a; u B, aas perucTpanHH BTO-
PHUHOTO y-H3JMYYeHMS CJIYKAT CUMHTWUISLHHOHHEE, IPONOPIHO-
HaJbHBIe H MOJYNPOBOJHHKOBHE cueTunkd. CmennansHo aas PPA
IpH reOXHMHYECKHX IIOHCKaX BBINMYCKAIOTCH JBYXKAHAJbHBlE MpH-
Gopot PPHIA-1, PPK-103, «[loHck», OIHOKAHA/IbHbIe BPA-6,
PIIC4-01 «I'arapa», PPK-102 «Munepan-6» u ap.

BosmoxHocTh onmepatuBHOro mosesoro PPA peanusyercs nyTeM
ONpeleNieHHsT CYMMBbI COJEpKaHHH XaJdbKOPHABHBIX SJEMEHTOB
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¢ OJUSKHMH 3HEPrHSMH XapaKTepHCTHYECKOro Hajaydyenus. Ilopor
O6HApyXeHHsd CYMMBl Xa/JbKOQHJIbHBIX 3jeMeHToB NIpH PPA co-
crasiasier 0,005—0,01 %, ocHOBHO! BKJIaj BO BTOPHYHOE PEHTreHOB-
CKOe H3JIyYyeHHe AAIOT Mejb, IIHHK, CBHHEI H MBIIIbSIK.

IIpumenenne PPA nenecoo6pasHo Ha CTajHH JeTaJbHBIX JIHTO-
XHMHYECKHX CbheMOK IIPH OlLleHKe TeOXHMHYeCKHX aHOMaJHH H3Be-
CTHOTO 3JIEMEHTHOTO COCTaBa. 3aMeHHTb JAPYrHe METOAb aHaJH3a
Ha CTaluAX MeJKOMAacIUTaOHbIX TeOXHMMHUYECKHX cbeMOK PPA He
MOKeT.

6. 3a nocneaHHe roAbl BO3OGHOBHJCS HHTEPeC K IPHMEHEHHIO
NPH TeOXHMHYECKHX IOHCKAaX HOHO-CEJEeKTHBHHX 3JIeKTPOJOB, Hc-
NOJIb30BaHHBIX /s 3TOH LeaH eme B 1932—1937 rr. [34]. Heocno-
pHMble NIPEHMYIIECTBA CHEKTPAJbHOrO aHajlH3a B TO BPeMs MpH-
BEJIH K MpeKpalleHHo paboT ¢ 3THMH 3JeKTPOAAMH, OJHAKO COBpe-
MeHHHE JOCTHXKEHHS B TeXHHKE -HX IPHMEHEHHS O0YCJOBJIHBAIOT
IepecMOTP 3TOTO BOIIpoOCa.

B Gunxafimem OymyiieM AOMYCTHMO OMKHAATh NOSBJAEHHS NPHH-
IHIHAJIbHO HOBBIX METOJOB H3MEPeHHs TreOXHMHYECKOro MoJd,
CIIOCOGHBIX TOBLICHTh 3((EKTHBHOCTL IOHCKOBHIX paboT. Bmecre
C TeM B IOBCEJHEBHOH IIPaKTHKe He CJeiyer MpeHe6peraTh cTa-
PEIMH, NPOCTEHIIMMH METOJAMH II0JIeBOTO0 XHMUYECKOTO U MHHepa-
JIOTHYECKOr0 aHaJju30B. IIpH reosordyeckoM OCMOTPe OCTATOUHBIX
Op€0JIOB pAacCesiHHSl CBHHIA H JOKYMEHTALHH NPORJEHHHIX B HX
KOHType KaHaB COBEPUIEHHO 00s3aTeJbHO INpHMEHeHHe I10JIeBOil
MHKDOXHMHYecKO#d peakuuu Ha Pb c¢ 10 %-ubpiM pactBopom HNO;
(pactBopuTesnnb) u 3 %-upiM pactBopom KI (nmposiButens).ITo cBoeit
3(QpeKTHBHOCTH 5Ta NpocTeflas PeaKuHs NPEBOCXOAHT JIOBHE IOp-
TATHBHbIE aHAJIH3ATOPHI HOBEHIIHX Moje/ef.

B n06oM cnyuae xenartesbHO aHaMH3 MPo6 MPOBOXHTH HA MHHH-
MaJpHOM yJAaJIeHHH OT y4yaCTKa IIOJIeBBIX PaGOT W pe3ysnbTaThl HX
nosyyaTh HeMelJieHHO Inocje NpofooTbopa. ITO ONpaBABBaeT IO-
MLITKH CO3JAHHUSI TOJIeBbIX 1abopaTophii B aBTo6ycax H aBTONMpHIe-
Tax ¢ aBTOHOMHBIM 3HepPTOocHaleHHeM. B Heo6XKUTHIX paHoHaX
NpHMeHeHHEe TaKHX Mepe/(BHXHBIX JabopaTopHil MOXKeT OBITh BecbMa
3¢ ¢dexTHBHEM. OAHAKO NepejBHIKEHHe HX OrpaHHYeHO YCJIOBHSIMH
NPOXOJHMOCTH, a NPH pelKOi CEeTH MOHCKOBOro mpo6ooTGopa Bceraa
BBITOJHEe JOCTaBHTb NpoOy B /1ab0OpaTOpPHIO, HeXKeJH MOABO3HTH
n1a60paTopHIo K MeCTy ee B3ATHA. PalHKanbHOe pelleHHe NpoGJeMbl
CPOKOB aHa/jH3a 00ecleYHBAIOT TOJbKO eOXHMHUYECKHe CheMKH G6e3
npo6ootbopa.

HecomHeHHY10 11e/1ec006pa3HOCTh ObICTpeiililero MOJyYEeHHS pe-
3y/IbTATOB aHa/H3a MPo6 HHOTAA OUIHGOYHO CBA3HLIBAIOT C HEMeJJIeH-
HbIM II€DeXOJIOM K J[eTaNH3allHH KaX/ON BHIABIASEMOH aHOMAJHH.
Taxko#l MOAX0OA NMPOTHBOPEUHT pallHOHAJBHON NpakTHKe paboT. Eciau
reOJIOTHYECKHM 3aJaHHeM IPeJyCMOTpPeHBl TIeOXHMHYECKHEe IIOMCKH
Ha OOJbIIOH TEPPUTOPHH, IIEPEXOJHTh K AEeTaJdM3ALHH aHOMaJuH
CJeAyeT mnocjie 3aBeplueHHsl cbeMOK Ha 30—40 % nuomazan, xkoraa
BO3MOXXHa CPaBHHTEJNbHAs OLEHKA IOJYYEHHBIX JAHHBIX.
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PasHooGpasHble MeTO[B! 3KCIpecc-aHalH3a MPo6, NMpHMeHseMEle
MPH reOXHMHYECKHX NOHCKAX, B TOH HJIH HHOH CTelleHH Pas3/HYaloTcs
IO CJOXHOCTH H 3aTpaTaM BpeMeHH Ha HX BHIOJHeHHe. OLHAKO
BO3MOXHOCTDb IIOJIYYEHHSI Pe3yJIbTaTOB aHaJH3a Npo6 B TOT e JeHb,
yepes Mecsl HJIH yepe3 IIOJroja He siBJseTcs CBOHCTBOM MeToxa
aHa/lu3a, a LeJHKOM 3aBHCHT OT OPTaHH3alHH paboT.

CaMocTosTeIbHYI0 3334y, He CBSI3AHHYIO C MACCOBBIM aHAJH30M
FeOXHMHYECKHX MP006, COCTaBasgeT H3yueHHe GOPM HaXOMAEHHS
PYIHBIX 3JIeMEHTOB B TeOXHMHYECKHX aHOMAJHSAX PasJHYHOTO re-
HesHca. I H3yyeHHs] MHHepaJbHOTO COCTABAa JHTOXHMHYECKHX TO-

TOKOB H OCTAaTOYHBIX OPEOJOB DaCCeAHHSA YaCTH PYAHBIX 3JeMEHTOB,

NPEACTaBJCHHBIX TSKEeNbIMH YCTOHYMBBIMH MHHepasJaMH, IpHMe-
HAeTcAd aHa/NH3 UIHXOB IOCJe IIPOMBIBKH B J0TKe 10—12 Kr aJjuio-
BHA U3 ToYeK C’'max HIAH 3JI0BHO-AENIOBHS H3 061aCTH Cmax. ONHAKO
IITHXOBOA aHalH3 He NPHroJieH AJs H3YyYeHHS cosleBHX ¢(opMm pac-
CesHHsI, a TaK¥XKe JIeTKHX H Hanbosee TOHKHX (pakuHii MeXaHHYe-
cKO#l cocraBasomed. TpaAHIHOHHO 3TH 3aJlayH pellajiHCh MeTO-
AaMH (a30BOro XHMHYECKOrO aHaJH3a, De3yJAbTaThi KOTOPOTO He
MOTYT CUHTATbCA OAHO3HAUYHBIMH.

HoBble BOSMOXHOCTH B 3TOi 06JIaCTH OTKPBLIHCh C IOsIBJEHHEM
3JIeKTPOHHBIX MHKDO30HAOB [32].

[eoxrMHYecKHe NOHCKH MeCTOPOXK/EHHI — 3TO BO BceX Cayyasix
HayyHOe HCCIeJOBaHHE H, NPHMEHAS B NOBCeJHeBHOH pabore Te
HJIH HHBIE aHaJUTHYeCKHe MeTOAMKH, I0JIe3HO NOMHHTb, YTO «BCEra
CYIeCTBYeT JIYYUIHH MEeTOM».

6.2.4. OueHKH NPOrHO3HLIX PECYPCOB

OneHKy NPOTHOSHBIX PECYpCOB IO KATETrOPHSAM JOCTOBEPHOCTH Ps,
Py, P; BelyTcs No JDaHHBIM TEOJIOTHUECKHX, T€OXHMHUYECKHX H Teo-
(Gu3HYeCKHX HCCIeJOBAHHH B COYETAHHH C TOPHBHIMH paBoTaMH H
OypenneM. B cocraBe 3THX paboT BaxHas pOJib MPHHAIJEKHT
HMEHHO TeOXMMHYeCKMM JaHHBIM, KOTOpPHE BHIpa)KaloTcs B Luppax
COlepKaHHH LEHHLIX 3JeMEeHTOB Iojie3Horo Hckomnaemoro. [ToHcko-
Bhie¢ reOXHMHYeCKHe CheMKH II0C/Aed0BaTeNbHO Bo3pacTamllell je-
TAaJIbHOCTH B COYETAaHHH ¢ 06paboTKofi AaHHHX Ha IBM nossoasior
NOBTOPATh 3TH IOJACYETH Ha pa3HBIX CcTaAudx pabGor. Pemamomee
3HayeHHe [Js1 OLUEHKH IIPOTHO3HLIX PEecypcoB HMEIOT TeHeTHuYeCKas
NPHHAAJIEKHOCTh H CTPYKTYPHO-TeOJOTHYECKHe YCJIOBHS JIOKAJH3a-
LMK BHISBJEHHBIX MectopoxaeHH#l. [Ipexnonaras, yto Bce Heo6Xxo-
AMMBle Te0JIOTHYeCKHe JaHHble NPHHSATH BO BHHMaHHe, PacCMOTPHM
KOJIHYECTBEHHBle [OKa3aTeJH, KOTOPHle CJYyXKaT IJsf TeOXHMHYec-
KOro 0OGOCHOBaHHsS 3THX OLEHOK. ’
KonnyecTBenHass HHTepnpeTaliis JaHHBIX IIPH perHOHAJBbHBIX,
IOHCKOBHX H JeTasJbHBIX JHTOXHMHYECKHX CBeMKaX IOAYHHSETCS
NoCJieJ0BaTeJbHOMY PaCCMOTPEHHIO COAEPKaHHH MeTasjia B TeOXH-
MHYECKHX aHOMaJHAX — OpeoJsiaXx H NOTOKAaX paccesHHs, HX IPOAYK-
THBHOCTel H pecypcoB MeTajla B O0BbeKTaX IIOCTEleHHO BO3pa-
cTalomei JocToBepHOCTH (TabJa. 26). Ha nmpHHUHnNax stoif mocnexno-
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Ta6auuna 26

MocnexoBaTe/bHOCTL PACCMOTPEHHS NapaMeTPOB JTHTOXHMHYECKHX TIOTOKOB H OPEOJOB
paccesuusn [31]

Pasmep-
Howmep Tokasarenb noc-n? dopmyna
o r
1 | MakcuManbHoe —cofepKaHHe % Cnaxs Crax
MeTaJIa
n
2 | Konuuectso Meranana Bope- | M % M=Ax (), Cx—nCq)=
OJle paccesiHUf MO MPOGHUIIO x=|
(nuuefiHas npOXYKTHBHOCTB) = Mpk

3 | IlpoayktusHOCTs mOTOKa pac- | M2 % P =38, (Cx — C:b) =kP

cesuUs N
Ipoayx THBHOCTD opeosa M2 9% P = Ax2! (Z Cy— NCq,) =
paccesHUs x=1
= ka
,_ P P
KoauuecTso metanna Ha 1 M /M g =—; ¢g=—
yray6xu 40 40
4 TIporHosHbie pecypcChi: i
) ’ 1 m
P T U= k -k i-z_—:xq‘.H
1
pz T OH =7 'q' H
k
1
Py T Qy =a " .q* H*

BaTeJIbHOCTH BO3MOXKHO MOCTPOGHHE CXeMbl HHTEPIpEeTaldH IIpH
reOXuMHYECKHX NOHCKaX JAPYTrHMH METOJaMH.

BenuunHbl, BXoAsmHue B GOpPMYJIBL, M0 KOTOPHM NOJCYHTHIBAIOTCH
IIPOTHO3HbIE pecypchl BCeX TpexX KaTerophi, kpome raybunsl H, on-
HO3HAYHO ONpelesseTcs NPH JHTOXHMHYECKHX CheMKaX; METOABl HX
OLIEHKH NOJAPOGHO oOcyxkAanuch. [T OTHOCHTENBHO KpPYyTOMajalo-
mwux (He rOPH30HTAJBHBIX) 3ajexedl riyOHHa IojcyeTa BhIOHpaeTcs
10 reOoJIOTHYECKHM [JaHHbLIM C Y4eTOM reHeTHUecKOro THIa M YpOBHA
SPO3HOHHOTO cpe3a OpYJeHEHHsi, HIH OrpaHHYMBaeTcs (HUKCHPOBaH-
HBIM HHTepBaJjoM. QuUeBHAHO, YTO NPaBHJIbHOCTD OLEHKH IIpOr-
HO3HLIX pecypcoB B GOJBINOH Mepe 3aBHCHT OT BbIGOpa INTyOHHBI
noacyera. OQHAKO OCHOBHBIMH IIPHYHHAMH HENMOATBEDKAEHHS IpOr-
HO3HBIX OIEHOK NPH IeOXHMHYECKHX IOHCKaX SfBAsAI0TCA Hebsaro-
npHATHLIe MopdoaorHueckHe OcCOOEHHOCTH OpYJeHEHHs, HH3KOe H
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HEPABHOMEPHOE COJAEPKaHHe MeTaJsljIOB, HHOT/JA — CHCTEMATHYeCKOe
SABBILICHHE DE3yJIbTATOB CNEKTPANBHOrO aHajiu3a. B psne ciyyaes
HermpaBHJIbHOE TPeACTaBjieHHe O (opMe H Ie0JIOTo-CTPYKTYPHBIX
YCJIOBHSIX 3ajleraHust pYAHBIX Tesl BEAYT K NPeXKIeBPeMEHHOMY TIpeK-
PAIlCHHIO PAa3sBENOYHHIX PaloT Moc/ie HeyAaYHOH MPOXOAKH IepPBHIX
BHIPAGOTOK U CKBAXKHH, OCTABJSISi HESCHOH NpPaBHILHOCTD IPOTHO3-
HOM oueHKH. [IpHMepsl NMOATBepkKAeHHS IepPBOHAYANBLHON T'eOXHMH-
YECKOH OlEHKH IIPDH INOBTOPHOH pasBefKe TAaKHX MeCTOPOXK/IeHHUH
H3BECTHHI,

Bei6upas BenuunHy H B pasymHBIX (H ZOCTAaToOuHO CKpPOMHBIX!)
lipejeiax, mocrefyiomee CONOCTaBIeHHe HU(DP MPOTHOZHEIX pecyp-
COB C pasBefaHHbLIMH 3aMacaMH MOXKHO OrPAaHHYHTb HMEHHO 3TONH
TJyGHHOM, HE3aBHCHMO OT IMYGHHBI, O KOTOPOH IpPOCJIEREHO Npo-
MbILIEHHO OpyeHeHHe. [T03TOMY moAcyeTsl MPOTHOSHBIX pecypcoB
Qr’ # Qm NPH HeloCTaTKe APYTHX AAHHBEIX HepeIKo OTpaHHYHBAIOT
rayGunoit 100 M ansi Mectopoxpennit Be, Co, Ta, Ag, Au, Hg, Bi
u 200 M _nia mecropoxpmenuii F, P, Ni, Cu, Pb+Zn, Nb, Mo, W,
Sn, Sb. B nocaenywomeM, oneku Qigp HJIH Q200 MOTYT OBITbH YBeJH-
U€Hbl B KPaTHOe YHCJO Pas, B 3aBHCHMOCTH OT YTOUHEHHHIX JAHHBIX
O MPOTSXKEeHHOCTH PYA Ha rayOHHY. BeposATHOCTL 3aBHIIIIEHHBIX Ole-
HOK 34 CYeT IpeyBeJIHYEHHOH TIJIyOHHEI NOJCYETa NPH STOM CTAHO-
BHTCSI MHHHMAaJBHOH,

OLeHKH TIPOTHO3HBIX DeCypCOB 10 NPHBEACHHHIM (OPMYnaM
«IIOJIOTHOM» 10 TJIyOHHBL H SKBHBAJEeHTHb NOJCYETAM <TPeyroJb-
HHKOM>» 0 r/1yOunsl 2H. TlofcueTs: 10 GUKCHPOBaHHBIX ray6uH 100
H 200 M OTBEYalOT NMpeACTABJIEHHSM O BHIKIHHKE Dy Ha raybune
coorBeTcTBeHHO 200 n 400 M, 06bIYHOA MJISL MeECTOpPOMKAeHHI cpel-
Hero Macumraba. Mexay TeM NpPH reOXHMHYECKHX IIOHCKaX He He-
Kj1ouaercst OGHapyxenue 6osiee KPYIHEIX MECTOPOKICHHH, Py bl KO-
TOPBIX MOTYT NPOC/IEXKHBATHCS Ha 3HAYHTENBHO GOJIBLIYIO TJyGHHY.
IIpoTsi:KeHHOCTh TPOMBINIJIEHHOTO OpPyIeHeHHs OT IOBEPXHOCTH Ha
ray6uny no 1000—1200 m u GoJee AJisi KPYIHBIX MECTOPOKIEHHI
UBETHHIX, PelIKHX METAJJIOB H 30JI0Ta He SIBJISETCS HCK/IIOUEHHeM.
CiiefloBaTesbHO, MOACYETH A0 YKA3aHHBIX (HKCHPOBAHHBIX TJIyGHH,
KOTOpble MOXHO XapaKTepH30BaThb KaK OCTOPOXKHHIE, AJs 06beKTOB,
NPEBHINAIONHX pasMephl CPeIHHX MECTOPOXAeHHH, GyAYyT 3aBefOMO
3aHHKeHbl. B HTOre OlleHKH NPOrHO3HEIX PecypcoB, B 3a4aqyy KOTO-
PBIX BXOJAHT MPaBHJbHAsS OPHEHTHPOBKA IIOHCKOBBIX PaboT, He J0-
cTurHyT uend. ITostomy ray6uHy noicuera iesnecoo6pasHO BapbH-
pOBaTh — YBeJIHYHBAS €€, eCJIH OXKHAaeTCsl KPYITHOe MECTOPOXKAeHH e,
H YMeHblllasl, eCJH OXHAaeTcd MeJNKHH OO0beKT. ['eoXHMHUeCKHM
KDHTepHEM TaKOro BbHIOOpa YHOOHO cHeslaTh MVIOWIAJHYIO IPOAYK-
THBHOCTb OpyZAeHeHns P (B M2%) u stor moaxon peanansoBan
B JIGHCTBYIOLIed HHCTPYKUHE [21].

CorsiacHO NPHHLHIY reOMETPHYECKOr0 H IeOXHMHYECKOro IOJ0-
GHsl TeHeTHYeCKH OJHOTHIHBIX OODBEKTOB pasiHYHON KDPYNHOCTH
HMeeM

Hi o Huonn, o1 ZVPpi:PPST ’
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rae Hinonu B Huonu. 51 — NPOTSIKEHHOCTH {-TO H 3TAJOHHOTO OGbeK-
TOB Ha ryy6uHy ot ypoBHs 0,2 1o yposHs 0,8.

IIpHHSB 3a 3TaOH MesKOe NO MacluTafy 3amacoB MECTOPOXK/e-
HHE C 3a/1aHHBIMH NapaMeTPaMH, MOXHO 7TQ BeJHUHHE NPOAYKTHB-
BOCTH OlIEHHBAEGMOTO OGBEKTa ONPEIEVHTb €ro OXHAAeMyIo IpOoTs-
XKEHHOCTb Ha rJIyOHHY. Peanbnas ray6una nomcuera H; onpenens-
eTCd 5PO3HOHHBIM Cpesom opyAeHeHHs 2>>0,2 u coryacso ¢popmyse
(107) Oyzer menbuie H;poms. IIpH HaJ[pPyIHOM Cpe3e MeCTOpOxK/ie-
HHS BeJHYHHA (Pp); MOAJEKHT NepecyeTy Ha ypoBeHb 0,2, COrIacHO
3aBHcHMoOCTH (105).

3anauy Bbibopa IVIyGHHBI NMOJCUETa NPOTHO3HEIX PECYPCOB KAk
(GYHKIHH MPOAYKTHBHOCTH OPYAEHEHHS MOXHO PELIHTb aHAJHTHUE-

ckH. O6o3Hauast Hpoma=PV qp, umMeeM mas cayuas 2=0,2

Qu=BgVap , (110)
rie
ﬁ = Huonn. s1 /\/"_‘—Hnonﬂ' * (1 1 1)
QHOJIH. 3T
P
3necp gp = %— NPOAYKTHBHOCTL KODEHHOTO OpyJeHeHHs Ha

YPOBHe ero ycToduuBoiX 3HayeHHH (0,2<2<0,8) B TOHHaX Ha OLHH

MeTp yrayOku. 3allaBasicc MOIENbHbIMH IPeACTABIEHHIMH O NOJ-

HbIX 3aIacax MeTasia W TOJHOH IPOTSXKEHHOCTH DyZHOTO HHTep-

Basa JJIs1 9TaJOHHOrO MeCTOPOXKAEHHS HaHHOrO IeHeTHYeCKOro THIA,

MOXKHO HaWTH YHCJeHHble 3HauyeHHs B. B 3aBHCHMOCTH OT crajuu

paboT gp MOXET OmnpefensiTbCA Uepe3 CYyMMapHYIO NPOAYKTHBHOCTD
m

CMEXKHBIX ITOTOKOB paCCQHHI/IHZ P,;, yepes npoAYKTHBHOCTb BTOpUY-
i=]

HbIX OP€0JIOB P HJIH HEMOCPENCTBEHHO N0 BeJHUHHE MPOAYKTHBHOCTHU
KOPEHHOTO OpyJieHeHHs: Pp, BKJI0uas HaAPyIHble CEUeHHs IepBHY-
HOT'O OpeoJsia C NMPHMEHEHHEM COOTBRTCTBYIOUIHX IepecyeToB. Jlas
reOMeTPHYECKHX QHUryp Mojo0us 4HCJeHHble 3HAUEHHs P He 3aBHCAT
OT KJlacca KPYNHOCTH MectopoxiaeHunit. [JocTouHcTBa (GopMYyJIsl
(110) sakaioualoTcss B €e yHHBePCaJbHOCTH M mpocToTe. OXHAMKIHI
CllellaHHBIE XOopouwo 0OJyMaHHBIH BLIGOP MOJENH YCTPaHSET Heob-
XOIAMOCTb MHOTOKPATHBIX CYG'h€KTHBHBIX pelIeHHHl O LieJecoolpas-
HOH rnyOuHe mopcyera H, IPH KOTOPSIX BHOCHTCS IepeMeHHas I0-
IPelIHOCTh.

®opMyna (110) oTBeyaer moAcYeTy NPH YPOBHE 3PO3HOHHOTO
cpe3a mecropoxpaenus 0,2. Bo Bcex Apyrux caydasix HeOGXOLHM ero
yuer. Ha cTajiuu MHTOXHMHYECKHX CbheMOK Mmaciitaba 1 : 200000 mo
MOTOKaM-PaccesHus HpsMas OleHKa 3PO3HOHHOTO Cpe3a OpyleHeHHs
He TOJIBKO 3aTPyJHHTeNbHa IJs Bcell IUIONIAJH BHISBJEHHOrO 00b-
exta (HHorJa GoJee 100 xm2), HO B JocraTouHo GecnoJiesna. Hesa-
BHCHMO OT DPe3yJbTaTOB OHUEHKH Z HOBHIA 06BEKT ¢ GOJbIIOH Bead-
YHHOH XP; NOAJEXHT 6e30roBOPOYHOMY JaJjbHEHIEeMy H3yUEHHIO
JHTOXHMHYECKHMY CBEMKAMH IO BTOPHUYHBIM OpeoJiaM paccesHus.
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IlosToMy Ha nepBo#l CTaiMK FeOXHMHYECKHX MOHCKOB JONYCTHMO AJif
00beKTa B LEJNOM YCJAOBHO NPHHHMaTh 2 paBHbM 0,5, cnipaBeiinBo
npeanosiaras, 4To B npejiesiax OOMHPHOrO PyJHOTO HOJST BO3SMOXKHBI

TEKTOHHYeCKHe 6JOKH C Pa3jiYyHBEIMH 3HaueHuaMu 2. I1pu GoJee fge-
TaJbHBIX JIHTOXHMHYECKHX CBEMKAX HO BTOPHYHBIM OCTATOYHBIM
OpeosiaM paccesHMs HJH HO NEPBHYHBIM OpPEO0JIaM OLIEHKA 3PO3HOH-
HOTO Cpe3a SIBJSETCS 06A3aTeNbHOH.

Jasa noacuetoB pecypcoB no Kateropusim P; u Py o6g3aTenpubim
ABJISETCH T'€0JIOTHYECKHH OCMOTpP y4yacTka Ha MecTHoctH. i mof-
CYETOB MO KaTeropuu P; 06s3aTebHO BCKPHITHE PYAHBIX TE€J H OI-
po6oBanue pyJ B KOpeHHOM 3aJjeranud. Ilo CyIIeCTBYIONIMM MpPAaBH-
JiaM pe3yJibTaThl MOJACYETOB NPOTHO3HBIX PECYPCOB PEKOMEHIyeTCs
OKPYrJaTh o NePBOH 3Hadalnedl uudpe. dTo TpeGoBaHHe HE COTVA-
cyercs ¢ JECATHYHOH, T. €. JIoOTapHpMHYECKOH KIacCHOHKAIHEH Me-
CTOPOXKJEHHA IO 3amacaM © JAeJaeT OUEHKH He pPaBHOTOYHLIMH
BHYTPH KaxJoi Aexkaibl. Bosiee npaBuibHO OKpyIJEHHE BECTH JO
creayomux Gamxkaimunx uudp: 1; 1,2; 1,5; 2; 2,5; 3; 4; 5; 6; 8,
B MOJIHOH AHAJIOTHH C JAHUCKPETHBIMH 3HAYEHHSMH, TPHHATHIMH AJS
pesyJbTaTOB SMHCCHOHHOTO CHEKTPaJbHOrO aHaJjiu3a.

6.3. TOUCKHU MECTOPO)XXIEHHN HE®TH U FA3A

B ocHOBe reoXMMHYECKHX METONOB MOHCKOB Ta30HE()TSHBIX MECTO-
DOXK/ICHHH JIEXXHT TEOPHS 0CAJ0YHO-MHTPALMOHHOTO N POHCXOXKACHHS
He(TH, COTJIAacHO KOTOPO#l paccessHHOE OPraHHUYECKOe BEIIECTBO 0Ca-
JOUHBLIX TOPHHIX HOPOA B YCJHOBHAX AJHTEJILHOrO MPOTHOAHHS KPyIl-
HbIX yYacTKOB 3€MHOIl KOPBI CHYKHT HCTOUHHKOM 0Gpa30BaHHs yT-
JeBoJopoJoB (YB). B Tom uiu HHOM KOJHYECTBe paccesinHble YB
COAEPIKATCHA BO BCEX MOPOAAX CTPATHCGEPHI, ONPeensss NOBCEMECT-
HOE CyLIeCTBOBAHME HX (POHOBBLIX COIAEPKAHHI B T€OXHMHYECKOM
nodie. Murpaunss KHUAKAX W TascobpasHux YB H3 MaTepHHCKHX
HOPOA B HJACTHI-KOJJIEKTOPHl H JIOBYIUKH NPHBOIHT K (DOPMHDPOBAa-
HUIO Ta3oHeTaHBIX 3anexeit. ConyTcTByIoIee W HOCAenyioliee pac-
cesnue YB Bener k o6pasoBaHuio HAA 3aJEKAMH TCOXHMHUYECKHX
aHoManuii B TBeploH, XuIAKOH M rasoobpasHoil ¢asax. Murpamus
VB rasoHedTsiHoil 3ajieXH Yepe3 NepeKphBaiollive NOPOoAbl H3Me-
HAET HX (PH3HKO-XHMHUYECKHE XAPAKTEPHCTHKH H Tas0BHHA COCTas
HOA3eMHOH arMocdepnl, BeleT K (pOPMUPOBAHHIO 30HB AHOMAJBLHBIX
COJilepKaHUH MHKPO3JEMEHTOB H K MOSIBJEHHIO MHHEDAJbHEIX HOBO-
o6pasoBaunii. ['eoxummnueckue noucku Hedru u rasa (IITHT) Be-
JyTC HyTeM BBLIBJIEHHS STHX AHOMAJHA MeETOJAaMH Pa3JHUHBIX
cbeMok. Hanuume rasoHedTsSHBIX 3asexel SBJSETCS TOJbKO OAHOH
H3 NPHYHH HOABJIEHHS T€OXMMHUECKHX aHOMAJuil B noje ¥YB H BH-
SABJISIEMBIE AHOMAJHH NO/JEXKAT OLIEHKe C YUeTOM TeOJIOrHYECKHX H
reodusnyeckux AaHHbix. COUeTaHHs pPa3JHYHBIX BHAOB H MaciuTa-
6OB reOXHMHYECKHX CBEMOK MPH MOHCKAX MECTOPOXK/IeHHH HedTH
H rasa, a TaKKe pasMepnl HccelyeMblXx nuouiafeil ObuIH TIpHBe-
JeHsl B Taba. 22. Ha cragusgx cpenHeMacwiTaOHbIX H J€TaJbHBIX
CBEMOK, KaK NPABHJIO, MOUCKOBBIE eOXHMHUECKHE HCC/IENOBAHKSA Be-
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AYTCS Ha HECKOJIbKMX T'OPH30HTaX, OJHOBPEMEHHO C ONpOGOBaHHEM
KepHa B 1iaMa 6yPOBBIX CKBaMKHH.

W3 uncna pasanubeix MetonoB [TIHD Baxueiiinee smnauenue
HMEIOT aTMOXMMHYECKHE CHEMKH, OCHOBAHHble Ha ONpENEJEHHH CO-
Aepxauuit YB rasos. Ha puc. 87 6nina npuBelieHa cxeMa o6pasopa-
HHSl TA30BOr0 OpeoJia paccesHus HaJ HedTSIHOH 3aJI€XKbI0O aHTHKJIH-
HaJIbHOrO THIIA B BADHAHTAX <«IPAMOH» H <«KOJBUEBOI» aHOMAaJHil.

B CCCP uncno szanexeit HeTH W rasa, He CBA3aHHBIX C AHTH-
K/JIHHAJISIMH, cocTaBasier Bcero 5—6 Y%. B orpenbuuix pafionax CIIA
J0Jist noOLIYH He(TH H rasa H3 TaKHX 3axexkell cocrasiaser ot 17 jo
80 % [4]. ITpn momckax MecTOpoxeHHil, He CBA3AHHBIX C AHTHKJIH-
HaJIbHBIMHM CKJI&IKaMH, POJib TeOXHMHYECKHX METONOB CYIIECTBEHHO
Bospacraer. [IJIHTeNLHO TOCNOACTBOBABIIAS Te€OPHS NH((Y3HOHHOTO
(GOpMHPOBAHHA Ta30BHIX OPEOJNIOB pAaCCesHHS 3a IOCJIENHEE BPEMS
coueraercsd ¢ Teopueil HHQWIbBTPANHOHHOTO O6pa3oBaHHs aHOMAJHiL.
B nonbsy cOBMECTHOTO MPOTEKAaHMS NPOLECCOB (QHIbTPALKH H JuD-
¢ysnu roeopHuT 6bICTPOE HOPMHPOBAHHE YIVIEBOJOPOAHBIX AHOMAJIHMIL
HaJ| MOJA3EMHBIMH HCKYCCTBEHHBIMH T'a30XPaHH/HIIAMH.

FeoXxuMHUECKHE METOABl IOHCKOB HEQTAHBIX MECTOPONKJAECHHH
Bosuukan B CCCP oAHOBpEMEHHO ¢ METOJAMH TeOXHMHYECKHX MO-
HCKOB PyJHBIX MecTopoxaenuii. OnHAaKo B HACTOsIlee BPEMS YPOBHH
HX Pa3BHTHS, IUHPOTA NPHMEHEHHS H POJNb B re0JOrOpasBelOYHON
OpaKTHKE CYLECTBEHHO pas3JnyHBl. Hapsjy ¢ reoslorniecKuMu Mero-
JlaMHu, peliampoulas poJb HPH HOHCKAX MECTOPOXKJAEHHH HedTH Hrasa
H MNOATOTOBKE HE(TENEpCHEeKTHBHLIX CTPYKTYpP K Iay6okomy Gype-
HUIO TPUHANJIEKHT METOJAM pas3BeJouYHOl reodH3HKH — B HEPBYIO
ouepelb CeHcMO- H rpaBupasBeske. CoBpeMeHHbie METOHB CEeHcMO-
pasBellku o06ecrneyuBaOT C BLICOKOH JE€TaJbHOCTBIO TOCTPOEHHE
CTPYKTYPHO-T€OJIOTHYECKHX pPa3pe3oB Ha IIyOHHY [0 HECKOJILKHX
KHJIOMETPOB, B CPABHEHHMH C YEM PE3yJbTaThl F€OXHMHYECKHX ChEMOK
BHINVIJAT BECbMa CKPOMHO.

9To onpepeanIo NOJUHHEHHYIO POJb F€OXHMHUECKHX CHEMOK MPH
NOHUCKAX MECTOPOXAeHuH HedTH, o mocjeanero BpeMeHH HPOBOJH-
JHCb B OCHOBHOM 0e3amaciitabHble ChbeMKH Ha MHOTOUHCIEHHBIX Pas-
OOMIEHHBIX YYaCTKAX WIH N0 cepuH npoduaeit W ONBITHO-METOLHYE-
cKHe paboTnl 6e3 peryJapHOi CeTH.

ITonnMaHpe POJIM FeOXHMHYECKHX METOHOB AJs IOBLIIUEHHS 3(¢)-
(HheKTHBHOCTH IOHCKOB MECTOPOXKJECHHII HedTH M ras3a onpelenuso
MepecMoTp CYIIECTBOBABINEH MPAKTHKH H MEPEXOA K PeryJsipHbM
CheMKaM OOIUHpHBIX muollageil. B Hacrosmee Bpems oOulenpu-
3HaHA HeoBXONHMOCTDb YETHIPEXCTAJMIHOr0 HPOH3BOJCTBA I'€OXHMH-
YecKHX NMOMCKOB HedTH W rasa CONNIACHO clelyiollell cxeme [4, 12,
13]: 1) peruoHajJbHBIE TeOXHUMHYECKHE CBEMKH  Macluraba
1:1000000—1 : 500 000; 2) nporHO3HO-pEKOrHOCIHPOBOYHBIE CHEM-
ku macmraba 1:200000; 3) noHCKOBO-OIEHOUHBIE CHEMKH MAC-
mwraba 1: 50 000; 4) peranwHble cheMku macuwraba 1: 25000 u 6e3-
macmrabueie paGorul (puc. 113). UernpexcrafuiHBIE NOHMCKOBHIH
UMK/ elle He HCOBITAH HH B OJHOM He(TerasoHocHom Oacceiine
(HI'B) [12]. 3ameTum, 4TO TpexcTaAnilHOE NPOU3BOIACTBO NMOHCKOBBIX
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Puc. [13. OGbexTsl HCCNeIOBAHHS NMPHU TEOXHMHUECKMX MOUCKAaX HedTH H rasa
[11].

I — noponbl dyHaaMeHTa; 2 — 06BbEKT TreOXUMHUYECKHX MCCAeHOBaHHH MAHHOH CTajMH; 37
OOBbEKT, BBIAGIAEMBHIN IJ NOCHeAYIOWHX paGoT; 4 — npejnofaraeMuil (a) u yToYmennslii (6)
YYaCTKH pasMEIlEeHHs1 CKBAXHH; 5 — BEPXHssl Te€OXHMHUYECKas 30Ha; 6 — HUXKHSS TEOoXHMHYE-
CKasl 30Ha; 7 — NepBblil PErHOHAJIBUO BHIJEpXKAHHBIH BOXOTra3soynop

JHTOXHMHYECKHX C¢BeMOK 1o cxeme 1: 200 000—-1 : 50 000—>1 : 10 000
OTB€YaeT MHOTOJIETHEH npakTHKe paboT B PyNHLIX pajioHax. 3apy-
OexHbIH, raaBHBIM o6pasoM amepukaHckuii onwit [TIHI B 3maun-
TEJLHOH Mepe OCHOBAH HA COBETCKHX METOAHYECKHX pa3paboTkax.

Meroanka 'TTHT unamensercs B 3aBHCHMOCTH OT CTA[HH HX NPO-
Befenns. Ha nepBo i crajud BHINOJNHAIOTCS aTMOXHMHYECKHE (ra-
30BLIe) CBEMKH C onpejlesieHHeM COoAepxkKaHui meraHa H TYB B He-
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r1y6okux (fo 25-—30 M) CKBaXKHHAX MO CeTH (5—10) X2 kM. 3a
nocseiHue roibl Ha 3TOH CTAJAHMM MPHMEHSIOT Ja3ePHBIE aTMOXHMH-
YECKHe aBTOMOOHJIbHLIE H BO3JYIUHBIE CHEMKH.

l'eoxumnueckas nasepnast naGoparopus [JIA-1, CKOHCTPYHPO-
BaHHas B Mucruryre sinepHofi reodusukn u reoxumuu (BHUHSIT),
CMOHTHpPOBAHA Ha aBTomaiinHe I'A3-66 u nmossoastier BectH Hempe-
PLIBHBIE H3MeDEHHs COJEPIKaHHi MeTaHa B NpoGax, OTOHPAEMBIX H3
IIPH3EMHOTO CJI0S aTMOCdepbl, MPH CKOPOCTH NBHIKEHHS K0 50 KM/d.
HyscrBuTeMbHOCTD annapatypet 1075 % CH,, onicTpoaeiicTere 10 c,
UTO 06eCrneynBaeT HafeXHyI0 DETHCTPALHIO (HOHOBBIX CoZlepKaHuUit
METaHa ¥ YJHOBJIETBOPHTE/NbHYIO BOCHPOH3BOAHMOCTb PE3YJILTATOB.
ABTOMOGH/IbHEIE ATMOXHMHYECKHE CHLEMKH MO Mapuipyty Mockpa —
TawkeHT BHIABHIN Psifi PETHOHANBLHLIX [A30BbIX AHOMAJHIL, AOpuypo-
UCHHBIX K KPYHHBIM 3JI€MEHTaM T€OJIOTHYECKOH CTPYKTyphl. Iloay-
UCHHDbIE DE3yJbTATHl NOATBEPKIAAIOT I1eNecO06Pa3HOCTh DPA3BHTHA
NOMOOHBIX HccnenoBaHul. OIHAKO NPOH3BOACTBO ABTOMOGHJIBHBIX
TEOXHMHYECKHX CHEMOK OFPAHHYEHO YCJOBHSMH NPOXOLHMOCTH Tep-
pUTOpHI ISt ABTOTPAHCNOPTA. DTH OrpaHHUEHHS HE PACHpPOCTPAHS-
I0TCS HA Jla3€pHbIe a3POT€OXMMHYECKHE CHEMKH, NPOH3BOJACTBO KO-
TOpLIX HaHGO/ICe 5Q(eKTHBHO HA CTAJHH PETHOHAJBLHOTO H3yUEHHS
HTI'B. . ‘

JlasepHbie MeTOALI 30HIHPOBAHHsS aTMOC(EDPH MOJYYHJH NEPBO-
Hava/JabHOE NPUMEHEHHE NPH SKOJOTHUECKHX HCCIEJOBAHHAX C IEIBIO
BLIAB/JICHAS HCTOUYHHKOB 3arpsisHEHHs OKpyxamowefi cpeps (CO;
SO,, Hg) u yreuek u3 rasonpoBojfioB. Pasmauunbie JlasepHbIe HCTOY-
HHKH H MeTOJbl OOHApyMEHHS TI'a30-HHAHKATODOB OBbUIH INpeJIo-
JKeHpl /I NOHCKOB MECTOPOXKJCHHH MOJEe3HBX HCKOmaeMblXx., B Ha-
CToslllee BpeMs C JOK/IapPKOBOH UYYBCTBHTENBHOCTbIO B aTmocdepe
onpenedasiorcs colepxanust CHy, TYB, HsS, SO, Iy, Hg u npyrux
rasos. [l I'TIHT sTu MeTOAEl NMoJyunin npuMeHeHHe B (hopMe Ja-
3CPHBIX METAHOBHIX CBEMOK, JBA BAPHAHTA KOTOPHIX NOKa3aHbl Ha
puc. 114.

AsporeoxuMHYECKHe H aBTOMOGH/IbHBIE J1a3ePHBIE CHEMKH C HC-
NOMbL30BAHHEM TONOTPA(PHYECKHX OTpayKaTesiel HJIM CHelHadbHBIX
3epkaJs (cM. puc. 114, @) OCHOBaHB Ha M3MEDEHHH CPaBHHTENBLHOMN
HHTEHCHBHOCTH OTPAXKEHHOTO H3JydYeHHS ABYX OAH3KHX JJHH BOJH
H3JIyYaTeJs A; U Ag, U3 KOTOPBHIX A, OTBEYAeT JHHWH De30HAHCHOTO
TNOTJIOIIEHHST ONPEJEISEMOro rasa, a Ag JEKHT 3a €€ npefelaMu.
Msmepenns Ha ABYX GIM3KHX JJIHHAX BOJH HCKJIIOYAIOT BJHSHHE
Quayxryanuit cocrapa aTmocdepbl. MeTon paccesHHOro H3JIyYeHHS
(cMm. puc. 114, 6) COCTOMT B M3MEPEHHH MOIIHOCTH ABYX aHaJOTHu-
HBIX JIA3€PHBIX HMIYJIbCOB A H A, PACCEAHHHIX B 06paTHOM Hanpas-
JICHHH HNPHCYTCTBYIOLUIHMH B aTMocdepe aspo3ossiMH Ha nepeiHex
(R1) u 3anHesn (R;+AR) rpaHHuax 30HAHPYeMOr0 ydacTKa aTMOC-
¢epul. IlporsienHocTs paccTosuuii Ry H Ri+AR OT u3jiyyaresis
Onpejie/IsieTCst BEIHUNHAMH BDEMEHH 3ana3iAbiBaHHA NPHXOAA 06part-
HBIX JAa3€PHBIX HMINYJAbCcOB. IIpH aBTOMOOHJIBHON JiasepHOH TreoXu-
MHUECKOHl CbEMKEe C 3epKaJbHbIM OTpaxareseM mno mnpoduiIo
yepe3s AHacTacueBcko-TPOHIKOE Ta3oHedTAHOE MECTOPONKEHHE HA
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Puc. 114. Jlazepuas reoxumuueckas cbemia. fTo H. M. Hasaposy u 0p.
a — C HCIOAb30BaHHEM TOHOl‘padJH’-IeCKHX o‘rpaxa‘reneﬁ; 6—c¢ H3MEpEeHHEM pacCeaHHOTO
OTpaKe€HHs

OTpe3ke OKOJIO 2 KM OTMETHJIACh YeTKasi METaHOBas aHomanus. Jla-
3epHblE a3pOreoXHMHYECKHe CheMKH OblJIM YCIHElIHO NPOBEACHB Ha
oBmupHOfl TeppuTOpHH B ceBepo-BocTounoM Ilpukacmun. HauGosee
6aronpUsATHLl AJS aTMOXHMHYECKHX CBEMOK, B TOM 4YHCIE /S
a3poCheMOK, paiioHbl apHAHON 30HEI;, HaA 3a00JOYEHHBIMH TEPPUTO-
DHSMH BOSHHMKAIOT CylIECTBeHHbe noMexu nmo merany. B CILIA u3sy-
yaioTesl BO3MOXKHOCTH Ructanuuonnbix [TTHI us kocmoca myTtem or-
pesieieHHst B NMPHIOBEPXHOCTHBIX CJIOSIX aTMOChEpl COlepKAHMK
HOJa 1O ONTHYECKOMY CHEKTPY OTPaXKeHHBIX OT 3€MJIH COTHEYHBIX
ayueit. COOTBETCTBYIOUINE HCCIEIOBAHHS COCTaBa Hedrel MOKa3wbl-
BAIOT, UTO AHOMAJbHLIE KOHIEHTPALHH HOLA B NPH3EMHON aTMOC-
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¢epe crnocoGHB HHKCHPOBATL 3a/exH yrvIeBofoponos (YB) ma ruy-
Oune [4]. :

Ha Bropoii craguu ['TIHI BuinosHsiioTcs Te ke aTMOXHMHUe-
CKue CheMxH ¢ TayOHHoi mnpo6oorGopa Ao 30 M B Macwrabe
1:200000 B mpenenax miomanei ¢ aHOMaJbHBLIMU XapaKTepHCTH-
KaMH MoKasaTesiell HepTera30HOCHOCTH HJIH CTPYKTYPHBIX NOAHSTHIL.
He 3amensii 3THX HaseMHbIX CBEMOK, OHM MOTYT JOMOJHATLCS a3po-
F€OXHMHYECKHMH M (HJIH) aBTOMOGH/LHBIMH CHEMKAMH TOTO ¥Ke HJH
Gauxkalimero Gosiee KpymHOro maciitaba. ATMOXHMHYECKHE CHEMKH
3TOH CTaJHH BLIGOPOYHO MOMOJHSIOTCS THAPO- H JHTOXHMHUYECKAMH
HCCIEAOBAHUSAMH. B/IaronpusATHBIMH THAPOXHMHYECKHMH NOKa3aTe-
JSMH He(TEHOCHOCTH fBJSAIOTCA GeccyabdaTHOCTb BOJ, BLICOKHE CO-
AepXKaHusg HoJa W pacTBopeHHBX YB rasos. B 3ajzauy nporsosuo-
PEKOTHOCHHPOBOYHLIX CBHEMOK BXOJHT BHAEJEHHE IJIOMAfel s
NOCTAHOBKH TNOMCKOBO-OLEHOUHBIX TEOXHMHYECKHX paGoT H mocie-
ILYI0LIETO HMOHCKOBOTO OypeHns.

Ha Tperbei cragun [TIHT aTMoxumuueckne cheMKH Ha Hed-
TENEePCHEKTHBHLIX IVIOIAASX BeAyTCS Ha HECKOJbKHX ONOPHHIX To-
PH30HTaX, HHXKE 30Hb AKTHBHOIO BO3JIEHCTBHS METAHOKHCJSIONINX
Gakrepuit u aTMocdepHOro KHCIOPOAA, B MHTepBaste rayGuu or 30
no 200 m. CpeMKu BBIMOJMHAIOTCS B MacTabe 1 : 50000 npu umcae
npo6 5—20 B mynkTe npo6ooT6opa, BK/IOUAsh OnpoGOBaHHE KepHa,
6ypoBoro pacTBopa H IJIactoBmx BoA. Ilomumo Merana u TYB
B npobax ONpele/sioTca COAEPKAHHS HEYr/eBOoNOPOAHHX TIa30B
(COs, Hp, He, Ar, H;S), BeayTcsi GHTYMHHOJNOTWUECKHE THAPO- M
JHTOXHMHYECKHE HCCIeNOBAHHS.

ITepBEIM OT NHEBHOH MOBEPXHOCTH NPENCTABHTENLHEIM TOPH30H-
ToM At ITIHDI cumTaeTcs BepXHMH DErvMOHANBHO BLIAEPIKAHHBI
B paspese HI'b Bomorasoynop. Ha nonCKoBO-O1l€HOUHOfI CTafiu aT-
MOXHMHYECKHE ChEMKH OPHEHTHPYIOTCS Ha onpoGoBaHHE BCEH MOLI-
HOCTH MNpPEACTABHTENIbHOrO ropusonra. Ilpu o6HApyKeHHH JOKaJb-
HBIX aHOMaJiuii YB rasoB mpoBOAATCS NONOJHHTENbHBIE CBHEMKH [0
ABYM-TpeM OMOPHBIM TOPH30HTAM T'HIICOMETPHYECKH HHXKE MEPBOTO,
NpH HeoGXOAMMOCTH H0 rayOHHE 600—700 m. I[Ipu aTMoxuMuye-
CKOH cbeMKe no npoduiio uepes HedraHoe mecropoxienne Kapa-
xkambac (3anaaubiit Kaszaxcran) coapepxkanns CH, X TYB u He
OnpefiesiIich B Npo6ax KepHA u3 HENTyOOKHX CKBaXKuH (25—
30 m), npofinenHnx ¢ warom 800—400 M. Ha rpadukax momoxe-
HUe He(TSHOH 3a/eKH H TEeKTOHHYECKHX PasioMOB (PHKCHPOBAJOChH
BBICOKOAHOMA/ILHBIMH COAEPIKAHUAMHU Ta30BLIX KOMIOHEHTOB. AHo-
MaJbHble COAEPXKAHHA MAPOB PTYTH OBIIH OTMEYEHH B [OYBCHHOM
BO3/lyXe U3 CKBa>KUH raybunonn 1—2 M Hapn ITanbsgHOBCKHM HedT-
HBIM MECTOPOKAeHHeM NPH raybune a0 sanexu 2500 m [46]

Ha uerBepTO#l craguu BuinOJHSIOTCS A€TaJbHble €OXHMHYE-
CKHE CheMKH B Maclutabe [ :25000 uau Ge3maciiTaGHO C 4HCAOM
1po6 no 20-—60 Ha Touky HabaofeHHua. 3anaveis [TIHT ma sroii
CTaIWH #BJSETCA ONTHMH3ALHUS DaSMEUIEHHS NIOHCKOBBIX CKBAJKHH
B mnpejienax BHIABJEHHOH rasoHEPTAHONH CTPYKTyphl M OGOCHOBAHHE
BLI6OpA TOyeK AJd IIy6oKoro GypeHus.
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IlonckoBbiME  reoxumuueckumu  pa6oramum  1970—1980 rr.
B CCCP BuisiBreno 320 He(TenepcrneKTHBHBIX AHOMAJHI, H3 KOTO-
priX 46 mposepsanuch rayGokum GypenneM, B 80 9% CJ/Iy4yaes C MoJo-
KUTEJILHBIMA PE3Y/NbTATAMH. DTOT BBLICOKHH NPOLEHT yCleXa B 3HA-
YHTENbHON Mepe CBA3aH C TeM, YTO OGOJbINHHCTBO PEeKOMeHaanui
T€OXMMHKOB COBNAAAJ/IO C PEKOMEHJALHSIMH reodusHKoB [12].

HauGosbine nepcnekTusnl A8 JadbHEHINEro DasBHTHS MeTO-
muxn I'TIHT umetor suTOXHMHYECKHE HCcnenoBaHus [4, 13]). Murpa-
uust YB u3 rasonedTaHOM 3a7eXH MO MPOAOIKHTEILHOCTH COH3Me-
puMa C NEPHONOM €€ CYIIeCTBOBAHHMA H NPHBOAHT K TIAYGOKHM
MHHEPAJIOTO-TCOXHMHYECKHM NPeo6pPa3OBAHHSAM  MEPEKPHBAIOLIHX
nopon. Yuactue YB B OKHC/AHTENBHO-BOCCTAHOBHTEIBLHBIX npoiec-
cax BellerT K noseienuio pH u cumxennio Eh, B pesyanrate wyero
BO3HHKAIOT MHHEPA/IbHbIE HOBOOOPA30BaHHS H IPOHCXOIUT Hepepac-
npeneseNHe MHKpoaiemeHTOB. IIpH 3TOM, B OTJHUHME OT rasoBbIX
aHOMaJIHi, GHKCHPYIOUIHX XOJX PacCestHusi, 06pasyiolHecs JHTOXH-
MHYECKHE AHOMANHH SIBJSIOTCA HHTErPaJbHBIM DPe3yJbLTATOM [IJIH-
TEJILHO MPOTEKABINEro mpouecca. B umcie MuHepasibHbIX HOBOOGpa-
30BaHHi B KOHTYPe MOPOA Hal HE(QTAHBLIMH 3aJeXaMH OTMEYaIOTCH
CylbuaN3aluNsd, OKPeMHEHHE, KapOOHATH3AINS, JNOJIOMHUTH3AIHS,
HaKON/IEHHe DANHOAKTHBHBIX 3JeMeHToB, Mn, V, Pb, Cu, Co, Ba u
HEKOTOPHIX NPYTHX MHKPO3JEMEHTOB. YOeNuTeNbHbIE JaHHbBIE O Hed-
TENOHCKOBOM 3HAYEHHH KaPOGOHATHOH CBEMKH GbIIH OMY6JHKOBAHbI
B CIIIA. 3a 38 ser BegeHHs 3Tof ¢heMKH Ha muomand 320 THC. KM2
(875 ThIC. aHaNH30B 1IOYB) BHIABJIEHO 160 IeoXMMHYECKHX aHOMA-
JHH, TIPOBEPKA KOTOPHIX GypeHHEM NpHBeNa K OTKPLITHIO 38 Hedre-
Ta30HOCHBIX CTPYKTYp. COBpEMEHHEIE METOJbl ABTOMATH3HPOBAHHOMN
06paGoTkn nanHbiXx Ha IBM CMOTYT CylIeCTBEHHO MOBLICHT ahPpek-
THBHOCTb JHTOXHMHYECKHX TMOHCKOB TVYGOKO3A4JEraiolinX MeCcTo-
poxJenu#l HedTH U rasa.



3AKJIIOYEHHUE

3ajauu B c6JacTH JajbHEHLIero cOBepLIEHCTBOBAHUS TEOPHH U LUH-
POKOTO NPAKTHUECKOTO NpPHMEHEHHs €OXHMHYECKHX METOJOB IIOHC-
KOB BecbMa MHOT0OOpasHBl M JOCTATOYHO OueBHAHBL. Heobxomumbl
JanbHellllee TOBHILIEHHE TI'€0JOT0-3KOHOMHYECKoH 3¢ (deKTHBHOCTH
MOHCKOBBIX [€OXMMHYECKHX paboT BO Bcex pafloHaX HX MPOBeJeHHS
W paclUHpeHHe NepeuHsi 1oJe3HBX HCKOTAaeMBblX, NPH TIOHCKAX KOTO-
PHIX 3TH MeTolbl npuMeHsiioTcs. IlepBocreneHHoe 3HaueHue Oyner
HMeTh yBeJHuYeHHe T1YOHHHOCTH IeOXHMHUECKHX IIOHCKOB B JIOOBIX
reoJIOrHYeCKHX U JaHAapTHHIX YCIOBHAX, a4 TAKXKe IOBHILEHHE Ha-
JeXXHOCTH OIIeHKH BBISIBJASIEMBIX IeOXHMHUYECKHX aHOMaJuil. Peue-
Hue nochaejHedl 3anauu norpedyeT pa3BHTHS CYILECTBYIOILHX H CO3-
JaHHsT HOBBIX, 0oJlee TOUHBIX METOHOB NOJACYETAa NMPOTHO3HHIX pecyp-
COB TMOJE3HbIX HCKONAeMHBIX C YUeTOM IeHeTHUeCKHX OCOOGEeHHOCTeH H
reoJ0TO-CTPYKTYPHEIX YCJOBHH 3aJleraHHsl OCHOBHBIX IPOMBIUIIEH-
HBIX THIOB MECTOPOXK AeHHH.

B Onmxaiilige TOABI ITPeACTOUT BBHINOJHATbL BO3pacTaioOlHe 00D-
€MBl TIOHCKOBBIX [€OXHMHUYECKHX CBHEMOK MO CTaHZAPTHOH MeETOJLHKE
B Pa3JHYHBIX MacluTabax H ¢ pa3JHYHBIMH ['€0JOTHUECKHMH LEJIAMH.
B ropuopyaHbix pafionax Cubupu u Cesepo-Bocroka CCCP mnpexn-
CTOMT 3aKOHYHTHL JIHTOXHMHUECKHe cheMKH Macluraba 1 :200 000 no
MOTOKAM pAaCCesHHs M NMPOLOJKATL TMJAaHOMEpPHBE JHTOXHMHUYECKHE
cpeMkn Maciutaba 1:50000 u KpynHee 1O BTOPHUHBIM OpeoJam
paccesHus. B reosiornueckn MeHee H3y4eHHBIX PYAHBIX pailoHax pas-
BuBapollnxcsi crpad Asuu, Adpuxu u JlaThHcKO# AMepuKH npel-
CTOHT B TOH Xe NocC/leJoBaTeJbHOCTH MPOBECTH NOHCKOBHIE JHTOXH-
MHUYECKHE CbeMKH HauuHasd ¢ macwraba 1: 1000 000.

Ha 3akpBITHIX TEPPHUTOPHSX PYAHBIX PAHOHOB € OrpaHHYEHHOH
MOIIHOCTBIO NE€PEKPHIBAIOIINX OTJIOXKEHUHH, B TOM YHCIe B «CTAPBIX»
ropHopyaubix pafionax CCCP u apyrux pa3BHTHIX cTpaH, B Onxal-
pe rofbl B BO3pacraiolux o0beMax OyAyT IPOBOJHTLCH TEOXHMH-
yecKre NOHCKH NMOrpeOEHHBIX MECTOPOXKAEHHH IO HX HA/I0XEHHBIM
opeoJiaM paccesiHHsl Ha NOBEPXHOCTH ueXJla, B TOM 4Hcjle N0 Opeo-
JaM Tajousios. B npelenax pyAHBX NOJEH NPOMBILJIEHHBIX MECTO-
poxkaeHHi GyAyT MPOROMKATHCA MOUCKH CJENHX PYAHBIX TET M0 HX
NepBUYHBIM OpeoJaM, OAHOBPEMEHHO ¢ METaJbHBIMA HCCIEN0BA-
HHSIMH TIepPBHUHOl 30HA/JBbHOCTH TEOJOTHYECKH XOPOINO H3yUCHHDIX
(sTanoHHBIX) MecTOpoxAeHHMil. Hakonen, Ha OOIIHPHBIX MPOCTPaH-
cTBaX HedTe- W rasoNepCHeKTHBHbIX TEPPHTOPHH TMPEACTOUT PACIUH-
PHTL CHCTEMAaTHYeCKoe TNPOHU3BOJCTBO PA3JHUHLIX TeOXHMHYECKHX
CbeMOK, 10 NpHMepY KX 3(h(HEKTHBHOTO NPOBEAEHHS NPH MOHUCKAX
TBEpABIX NOJIE3HBIX HCKOMaeMBbIX. ’

BoinoJiHeHHe OOJbLIHX 06BHEMOB MOWCKOBBEIX T€OXHMHUECKHX
paboT GyHeT COMPOBOXKAATHCS M3MEHEHHSIMH COCTaBa INPHMEHAEMBIX
MeTOZ0B. MOXXHO yBEepeHHO MpeABHAETh OLICTPOE pa3BUTHE ATMOXH-
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MHYECKOTO MeTOJa NMOHCKOB PYAHBIX MECTOPOXKIEeHHH Ha OCHOBe HO-
BeHIIHX CpefCTB AHAJHTHUECKOM TeXHHKH, BKJIouasi NpsMoe Oompe-
JleleHHe NapoB TSXKeJbX METalJIOB U CO3[LaHHE BHICOKOUYBCTBHUTE/b-
HBIX pelenTopoB Ha NPHHLMIAX, 3aHMCTBOBAaHHHIX H3 00/1acTH
6nonuku. Ilporpecc B ob6sacTu TeOXMMHYECKHX METOJAOB MOHCKOB
caeyeT CBS3BIBAThH C KOPeHHBIM yJyylleHHeM aHaIHTHYecKOH 0a3bl
3THX pabor. Pemente 3Toli npo6ieMbl MOXKHO OXKHAATH NpH nepe-
X0Jie K TMOJHOCTBbIO aBTOMAaTH3HPOBAHHOMY HEHTPOHHO-aKTHBAIMOH-
HOMY aHaJu3y JHTOXHMHYECKHX Mpo0 ¢ MPSIMBIM BBOAOM HNaHHBIX
B namsath OBM. 9To Ke OTHOCHTCS K aBTOMAaTH3AIMH Ta30BOTO,
B YacTHOCTH, XpOMaTOrpaduueckoro, 1a3epHOro u Macc-ceKTPoMeT-
pHUECKOr0 aHaJH30B aTMOXuMuuecKux npob. ToJbKO Npu JHKBHAA-
UM pa3pbiBa MEXJIY aHalu3oM Hpo6 M BBOJAOM AaHAJMTHYECKHX
paHHbix B 3BM oTKpooTCS BO3MOXHOCTH aBTOMATH3HPOBAHHOM
cucTeMbsl 00paboTku reoxuMuueckux paHueix (ACOT' ). Ilupokas
aBTOMAaTH3alus mpoleccoB c6opa, oOpabOTKH, XpaHeHHA H KapTo-
rpadupoBaHust NMOWUCKOBHIX JaHHHEIX, BK/Ii0Uass MOCTpOeHHe MHOIO-
[BeTHHIX U TpeXMepHBIX (00beMHBIX) reOXHMMHUYECKUX KapT H paspe-
30B, cOCTaBJ/sieT Ge3oTyaraTe/ibHyio 3ajauy OnuKaMllero BpeMeHH.

B 6amxafimel nepcrniekTuBe ClefyeT IpeJBUAETh YCNEIHYIO pas-
pabOTKy NMPHHIMNOB ONTHMH3AlHKH pelleHH#, MpHHUMAaeMbIX NpH Be-
JleHHH NOUCKOBBIX Te0XMMHUECKUX paboT, 4To notpedyer obparleHust
K 3ajaiaM JHHEHHOro mporpaMMHpPOBAHHS, TEOPHH CTpAaTErHYecKuX
UTPp B JAPYTHM CHelHaJbHBIM pa3fienaM cOBpeMeHHOH Marema-
THKH. B nesoM pias JanbHeflero pasBHTHS H LIHPOKOrO NPHMEHe-
HHA TeOXHMHYEeCKHX METOLOB IIOHCKOB CYILECTBYET MHOXKECTBO
pa3nnuHBIX BO3MOxHocTell. O6uine HepenleHHBIX 3ajau AesJaeT HC-
ClefoBaHusA B 3TOH 00MacTH Ype3BbIYaHO NMIONOTBOPHLIMH H yBJe-
KaTeJbHBIMH.

YueHne o reoXuMHYeCKHX MOHCKAX MECTOPOXKIEHHH MNOJe3HBIX
HCKOMaeMBblX — OIMH K3 CaMblX JHHAMHYHBIX Pa3JieJIOB TeoJorHue-
CKHX HayK. DTO MOATBEp}KA2eTCs HAyYHOH AKTHBHOCTBIO B 3TOH 006~
JIaCTH, OTPa¥KEHHeM KOTOPOH C/lyxKaT MHOTOUHCJ/EHHblEe BCECOIO3HbIe
W perHoHaJbHble COBellaHHA, KOH(pepeHLHH W CEMHHAPB, OpraHu-
3yeMble B Pas3JHUHbIX TOpofax Hamieil cTpaHbsl u 32 pybexom. Cre-
HHaabHas TOACEKIHSA TeOXHMHUYECKHX METOJOB MOHMCKOB BXOJHJA
B CTPYKTYypy 27 ceccun MeXIyHAapOJHOTO Te€0/J0rH4eCKOro KO-
rpecca B Mockse (1984 r.).

Cpenn MOJOJBIX TEOXHMHKOB HHOTZA OBITYeT JIOXKHOE MHeHHe,
4TO HccaefoBaHHe (popm HaxokJeHHS MbIlIbAKAa B o0pasie JHMO-
HHTA — 3TO HAyKa, a aHa/lu3 HAHHBIX O cojepxaHuax 12—15 pyn-
HBIX 3JeMenToB B 100 THIC. reoxumnueckux npob — 3ToO 3ajaya reo-
JIOrHYeCKOro TPOU3BOACTBA, Jajexkas OT leleH HCTHHHOH HAyKH.
OmwuGoYHOCTh 3THX TMPeJACcTaB/JeHHH BroJHe ouyeBHAHA. OrpoMHbLIH
o6bem HHGOpPMAlMH, 3aKAIOUEHHBIH B OOBEKTHBHLIX JAHHLIX MOMC-
KOBLIX T€OXMMHUECKHX CbeMOK, Tpebyer OT uccaefoBarens ray0o-
KOro HAayuyHOTO M TBOPUYECKOro ocMeicauBaHusA. Eciam npu 3sTtoM
BCECTOPOHHHU# Te0J/IOTHUECKull, FreOXUMHYECKH M (PH3HKO-MATEeMATH-
YeCKHH aHAIH3 3THX JAHHBLIX NPHUBOJAHT K OTKPHITHAM KPYMHBHIX MPO-
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MbIIIJIEHHBIX MeCTOPOKAEeHHH MOJEe3HBIX HCKOMaeMbiX — pPe3yJbTaThl
5THX HCCJAEJOBAHMI NPHHOCAT yUYeHOMY HH C YeM He CPaBHHMOE BHI-
COKoe MopatbHOe yaoBJerBopenune. ['opona Ha kapre CCCP — bu-
au6uno, I'y6kud mau JlyTyruHo HasBaubl B uectbh 0. A. Buinbuna
(1901—1952), HU. M. T'y6kuna (1871—1939), JI. M. Jlyryruaa
(1864—1915) He TOJIBLKO MOTOMY 4TO, MOXOOHO MHOTHM IPYTHM, OHH
ObUIE KPYMHEHIIUMH yYeHBIMH-TeoJoraMH. OTy 4YecTb OHH 3aciay-
XHJIM MOTOMY, YTO NpOCJAaBuau Hamy PoJuHy BBAAIOLIHMHCS OT-
KPLITHSIMK ee MHHepaJbHBIX 60TaTCTB.
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NEPEYEHb OBO3HAYEHHUA

Huxe npusoasTes raasuefimme 0603HaueHus, NpHHATHE B HacToflleH paGote M
PEKOMEHAYeMEIE K YNOTPeG/EHHIO B JIHTEpaTYpe NO FeOXHMHYECKHAM MeTonaM Mo-
HCKOB H reoJIOTHYeCKHX OTyeTax.
A —MecTHHit napamerp, oOupeeNSIOUIHA CMemleHHe opeoJia paccesHHs
Ha CKJIOHE
Az —K03(DpHunenT GHOreHHOrO NOTJOMIEHNs (3axBara)
2a —>0bhexTHBHAT WIHPHHA TEOXHMHYECKOH AHOMAJIHH B M.
@ — yrOJl HaKJIOHa MECTHOCTH K TOPH30HTY, yroa
@ — CKJIOHOBHI KO3 (GHUHEHT a/mOBHS
B —koaddunpent namenenns oGrema NOpOA NpPH BHIBETPHBAHHH
2b — >0 deKTHBHAS AMMHA TeOXHMHYECKOH aHOMAJIHH, B M
P —yron namemus pymmoro Tesa, MHOXHTeNb st OLEHKH CTaHjgapra
0 pasMaxy onpejefeHnit '
Cx —conepKaHHe XHMHUECKHX 31eMEHTOB, OTBEUAIONIee ero KJapKy
Cs —(}oHOBOE COnepKaHHe 3eMenTa
Cx —conepxanue 3JeMeHTa B TOYKAX 10 npoduio

Cx —cpeHee apupMeTHIeCKOe COLEpKaHHE

Cx —cpemnee reoMeTpHuecKoe COJepKAHHe
Cmax —MaKCHMAJIbHO® COZIEPIKAHME MEMEHT4 B TeOXHMHUECKOH aHOMAJHH
Cp -~coflepKaHHe SNeMEHTa B [0Je3HOM HCKONAEMOM
Cx’ —comepxaHHe 2/IeMeHTa B MOTOKe PaccesHHs
C,, Cai-—HUXHee aHOMaJbHOE coJiepxKaHHe 3JIeMeHTa
Ca, m —COJePKaHHE 3MeMeHTa, NPUIHABAEMOE AHOMAJBHHM nPpH M KOppesH-
pylomuxces Toukax (m=9)
d —mnnorHoets (0Gbemuas Macca)
E —sneprus pynoo6pasoBanus
€ — CTaHJaPTHHI MHOXHTENb (e=antlg Sig)
1 —MONPABOYHEIK MHOXKHTENb 1/l TepecyeTa NPOAYKTHBHOCTH HaIpY-
HOTO NEPBHYHOTO Opesia Ha YPOBEHb NPOMBIIUJEHHOTO OpyAeHeHHs
F —cuna
[ —uncio onpoGosanmeix yposreii (rOpH30HTOB) OpyZeHeHHS
®(x) —uuTerpaN BePOSATHOCTEH AJS npefesioB +x
Y —mNoKasaTenb KOHTPACTHOCTH CJafblX T'eOXMMHUECKHX AHOMAJHI —
OTHOILIEHHE NOJIE3HOTO CHIHAJIA K YPOBHIO WyMa
H —rny6una no seprukasu (B M), Ha KOTOpYIO BeleTcs MNOACYEeT Ipo-
THO3HHIX PECypCOB
P — MOUIHOCTD 3JIOBHO-EMOBHALEBIX 06Pa30BaHHil
ho —MoOmHOCTb YexNa AaJbHENPHHOCHBIX OTIOMEHHIl
I — MyabTHINHMKATHBHENT TIOKA3aTeb
Ah —exeronusiil cnofl nenyxanun
[, ] —TOpAKOBbHIE HOMepa NpH OyKBeHHHX 0603HAUEHUSX BeJHYHHB!, HO-
] Mepa Touek HalbJoJeHHs
K —xosdpdunrent sonnoit Murpanuu snementon
Kx — KNapK KOHIeHTPauHH
k —xosdhHuKeHT OCTATOUHOR NPOXYKTHBHOCTH, XapaKTepH3YIOUHi 1po-
[OPUHOHAMLHOCTD MeXAY KOJHYeCTBOM MeTa/Ja B Opeoie H B KO-
perHoM opynewennu (M:Mp; P: Py g:qp)
k’ —k03(hHuMEHT MPONOPUHOHANBHOCTH MeXAY NPOIYKTHBHOCTHIO opeo-
JIOB H NOTOKOB pacCesHHs
% —KO3(QHIHEHT NONOGHS, XapaKTepH3YIONIHil FeHeTHIECKH OIHOTHIHHE
MeCTOPOXAEHHS
L — pnuna o6mekTa (reoXHMUUeCKoil aHOMaJIHH)
2/ — paccrosHne MeXKAY NPOGHIIMH CHEMOYHON CeTH
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1/A — MurpanuoHHas CROCOGHOCTb (NMOABHXKHOCTb) 3JMEMEHTA B NEPBHYHOM
opeoJie, B M i
A’ —TNONPABOYHHIA MHOXKHTENb A OUEHKH HCTHHHOH NPOAYKTHBHOCTH
JIATOXHMHYECKOr0 [HOTOKA paccesHHs .
M - Haa}poHOBOE KOJHYECTBO MeTasuia no npodumo (AuuHelHass NPOAYK-
THBHOCTb aHOMaJHK), B M % i .
Mp — KOJIMYUeCTBO MeTaia B CeYeHHH py;mgm 30HH. JInHefiHas npoAyk-
THBHOCTb NOJIE3HOTO HCKoNaeMoro, B M %
m, N, n—4ucno TOYeK, YHCIO NPol, yacToCTh H T. 1.

’ v —TreoXUMHYECKHH NOKasareJb 30HaJbHOCTH — Ge3pasMepHOe OTHOLIE-
HHEe MeXIy COAePKaHHAMH (KONMYeCTBAMH) ABYX HJH HECKOJNbKHX
XUMHYECKHX 3JeMEeHTOB IeOXHMHYeCKOoil aHOMAJHH, MOHOTOHHO H3Me-
Hslolleecst IO 3aJaHHOMY HalpaBJIeHHIO

® —yroJa .
P —yuandouopass nJolllagHaf NPOJYKTHBHOCTL TEOXHMHYECKOH aHOMA-
Jguy, B M2 Y e
Pp —naowafuass NPOAYKTHBHOCTD KODEHHOTO OpyJeHeHHd, B M2 .
P; —noauas (ycroHumpasi) TPOAYKTHBHOCTb BOTOKA paccesHHs, B M2 %
P’y —Kaxymascs IpOIyKTHBHOCTb NOTOKA PaccesHHs
2p, 2px — MOIIHOCTb PYZHOTO TeJd, B M
2py — AJHHA PYLHOrO TeJa, B M
T1 —BepoSTHOCTD CIy4affHOrO COGHITHSA
Q —KonHuyecTBO (3anachi) MeTajaa, B T
Qu —TpOrHO3HbIE (TeosOTHYECKHe) pecypcH MeTasia B pYIOnpOsiBICHHAX
1o raybunst H :
g — KOJIMYECTBO METajia B Opecsie paccesHHs AJs cod 1 M, B T
gp — KOJHYECTBO MeTaJlia B KODEHHOM OpYleHeHHH AIs caos ImBT
Agp — yZenbHasl IPOAYKTHBHOCTb OPYAEHEHHS, B T/M/KM ,
R —paccTosinde OT BepIUMHEI BOZOpasiena N0 TOYKH P’nmax, pasmMax Ha-
6o 1eHuit
* Ro —paccrosiuue OT BepIIHHBI BOAOpasiena 10 TOUKH Hauaja MNoCTyIJie-
HHSl META/Ia H3 OpPeoJia B PycJo
r —K03bHHUKEHT KOppPesIuuH; pajnyc
8. — nnomans Bogoc6opa (Gaccefina AenyAanuu), B M2
@ — CMElIeHHe Opeosia paccesiHis K NOJHOXDLIO CKJIOHA, B M
Sp — cMeleHHe OpeoJia paccesHAs Mo BOCCTAHHIO, B M
§ —CTaHJapTHOE OTKJOHEHHE
0 — K03 QHUHEHT THIEPreHHOro PacCesHHus, B M
T —Bpems
Tx —K03(h(HIHeHT TanaccOPHILHOCTH
x —HalipapJienne no NpoUMmo (BKpeCT NPOCTHPAHHIO PYAHOTO Teda),
HallpaBJeHHe BAOJb PycJa N0 HaNpaBJEHHIO CTOKA
Ax — mar onpo6oBaHHS N[O NPOGHIIO, B M
— HanpaBJieHHe N0 NPOCTHPaHHIO PYyJHOro Tena .
Z——Hangasneﬂne o n%nemgo pymggro Tesa, NO HOPMAJH K IHeBHOi TO-
BEePXHOCTH, ryOHHA, B M
Huzesen 5 1. % 0 5 £ 1 28, nps epenm otosisienne Jiosnoon
YTO [aHHAs nepeMeHHas BeJHYHHA HJH NapaMerp p;(c)gmiglgg e (0, 2. vpa-
BETCTBYIOIUEr0 HAMpABJeHHs (X, y WM 2),Ha HHBeBTO‘XP;(e 0 HI())MepOM jon A
HHue KopeHHHX rnopon (h), B PYAHOH 30HE (p),
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