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rEOXHMHY ECKHX 
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C O K O ~ O ~  C.B. C~pyt r rypb~ aHOManbHblX TeOXMMHqeCKHX none3 U flpOrHO3 OpyaeHeHHH. 
C~HIC-ne~ep6ypr:  1998. 154 c. (MHH-60 ~ P H P O A H ~ I X  pecypcoe POCCMACKOA Q e g e p a U ~ ~ .  KOMMT~T 
npnpoAHblx pecypcoe A ~ y p c ~ o R o 6 n a c r ~ .  rrfl ccA~ypreonor~~))). 

C H C T ~ M ~ T H ~ H ~ O B ~ H ~ ~  aaHHble 0 COCTaBe H CTPOeHHH aHOMaJlbHblX TeOXHMHCleCKHX noneR, CneUHanH- 
3HPOBaHHblX Ha WIIPOKH~ Kpyr nOne3HblX HCKOnaeMblX (Au, Ag, Pb, h ,  CU, Mo, W, Sb, Bi, Sn), O X ~ P ~ K -  
TePH30BaHbl 061.1&1e H WCTHble 3aKOHOMePHOCTH 380JlDuHH MHOrOYPOBHeBblX reOXHMHCleCKHX CHCTeM, 
BblAeneHa yHHBepCanbHa5l 0 6 b e ~ ~ a ~  ~ ~ O X M M H ~ ~ C K ~ R  30HaJlbHOCTb. P ~ C C M O T ~ ~ H ~ I  CTpOeHHe H QOPMH- 
POEaHMe BeweCTBeHHO-MMHepanbHblX 3KBHBaJleHTOB reOXHMHCleCKHX noneA - rHapOTepManbHO-MeTa- 
COMaTMreCKHX CHCTeM. Pa3pa60~a~ C ~ O C O ~  reOMeTpH3aqHH 30HanbHblX reOXHMHCleCKHX noneA, YCOBep- 
UIeHCTBOBaHa MeTOAHKa reOXblMHreCKOr0 npOrH03a H OueHKM PeCypCOB IlpOAyKfHBHMX rHAPOTepManbHO- 
MeTaCOMaTHCleCKHX CHCTeM Ha BCeX CTWHRX nOHCKOBOr0 npOqeCCa, OnHpaKI~aRCR Ha CepHlO TpaAHUH- 
OHHO HCflOnb3YeMblX KOHqeHTPauHOHHblX H BblflenReMblX CTPYKTYPHMeOXHMH'leCKHX nPH3HaKOB. 

f l n ~  reoxMMHKoe M reonoroe, eeaywux ~ O H C K H  M~CTOPOW~HIAA none3~blx HcKonaeMblx. 

Sokolov S.V. Zonal patterns of  anomalous geochemical fields as a tool for mineral exploration. 
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Regional Committee for Natural Resources. The State Geological Survey Enterprise ~Amurgeologiyan). 

The composition and internal patterns of anomalous geochemical fields related to Au, Ag, Pb, Zn, Cu, 
Mo, W, Sb, Bi, and Sn ore mineralization are discussed. General and local specific features in the evolu- 
tion of multilevel geochemical systems are characterized; the universal three-dimensional geochemical 
zoning is outlined. The structure and formation conditions of hydrothermal ore-bearing systems producing 
the geochemical fields are considered. The method for the zonal geochemical field geometrization is 
elaborated, and the technique of geochemical forecasting and resource estimation for productive hy- 
drothermal ore-bearing systems is proposed. This approach is based both on traditional concentration- 
related criteria and new indications resulted from the geochemical field pattern analysis. 

The book may be helpful for economic geologists and experts in applied geochemistry. 
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rEOMETPM3AqMfl M MEPAPXM3AqMfl AHOMNlbHblX 
rEOXMMMY ECKMX I l ~ J l ~ l d  

C M C T ~ M ~ T M K ~  M e T a n n o r e H w e c K M x   no^- 
p a 3 ~ e J l e ~ M i  A0 HaCTORuerO BpeMeHM H e  

MMeeT eAMHOr0 MeTOAMqeCKOrO I lOAXOAa K 

BblAeJleHMtO 0 6 b e K T 0 ~  pa3HOrO P a H r a  M CO- 

AepXaTeJ lbHb lM  OnpeAeJleHMFIM. BO MHOrMX 

m a c c ~ @ ~ ~ a u m x  npM r e o ~ e ~ p ~ s a u ~ n  o6be~ -  
TOB AOBJletOT 3KOHOMMqeCKMe KpMTepMM (py- 
AOHaCblueHHOCTb, YAeJlbHaFI PyAOHOCHOCTb, 

HaJlMqMe M ~ C T O ~ O > ~ ~ ~ H M ~  M T.A.) ~ P M  TaKOM 

nOAXOAe, B 3aBMCMMOCTM OT CM~OMMHYTHO~ 

KOHbtOHKTYPbl PblHKa H a  KOHKpeTHble nOJle3- 

Hb le  McKonaeMb le  M ~ P O B H R  r e o n o r ~ q e c ~ o i  
M3yqeHHOCTM, Mb l  ~ a 6 J l t O A a e ~  MHOrOqMCJleH- 

Hb le  T P ~ H C @ O P M ~ ~ M M  f lOTeHuMar lbH0 PyplO- 

HOCHblX O ~ ~ ~ K T O B  B PyAHble ,  M H ~ O ~ O ~ O T .  B 
3 ~ 0 i  CBFI3M 6onee CTPOrMMM npeACTaBJlFItOTCFI 

M e p a p x w e c K M e  m a c c ~ @ n ~ a u ~ ~ ,  ompato- 
tqMecR H a  r e H e T w e c K M e  npMHuMnbl, TO e c T b  

OCHOBaHHble H a  M3yqeHMM COnOAqMHeHHOCTM 

pa3HOpaHrOBblX reOJlOrM.leCKMX C O ~ ~ I T M ~  

(c~pylcryp) M COOTBeTCTBytOuMX MM PC [137, 
1391. O A H ~ K O  M npM TaKOM nOAXOAe OCTaeTCR 

npo6ne~a MeTOAOB reOMeTpM3auMM KOHKpeT- 

HblX aHOMaJlbHblX 0 6 b e K T 0 ~  M n o c J l e ~ y t O l ~ ( e i  

MX rPYflnMPOBKM TI0 YPOBHFIM OpraHM3auMM 

B e t q e c T s a .  

Ha~6onee O ~ ~ ~ K T M B H O  OKOHTyPMBaHMe 

PC OCyueCTBJlReTCR C MCnOJlb30BaHMeM 

AaHHblX TeOXMMMLleCKMX CbeMOK, C O M ~ C U I T ~ ~ -  

H ~ I X  p a H r y  B b l A e n A e M o r o  06bena. M M ~ H H O  
3TOT MeTOA nO3BOJlAeT flOJlyqMTb ~ a ~ 6 o n e e  
flOJ7HyKl M He f l pepb l sHyK l  XapaKTepMCTMKy 

p a c n p e A e n e H M A  c o ~ e p x a ~ ~ i  XMMMqecKMx 

3JleMeHTOB B KOPeHHOM C Y ~ C T ~ ~ T ~  H a  3Ha- 

VUmefi'bHblX no llJlOu(aAM TePPMTOPMFIX €?He 

~ ~ S U C U M O C ~ U  OT YPOBHFI ee reonoro-no~c~o- 
B O ~  M3YqeHHOCTM. no 3 ~ 0 i  I lpMqMHe reOXl4- 

~ ~ q e c ~ n i  cnoco6 r e o ~ e ~ p ~ 3 a u n ~  PYAH~IX  

O ~ ~ ~ K T O B  MMeeT BeCbMa WMpOKOe PaCnpO- 

CTpaHeHMe. B M ~ C T ~  C TeM, B nOAaBJlFItOu(eM 

~ ~ J ~ ~ W M H C T B ~  CJ lyqaeB TaKOe OKOHTYPMBaHMe 

npOM3BOAMTCR H a  OCHOBe aHaJlM3a flpOCTpaH- 

CTBeHHOrO COHaXO>yqeHMFI IlOJlOXMTerlbHblX 

OpeOJlOB 3JleMeHTOB PyAHOrO KOMnJleKCa 6 e 3  

Y W T a  OpeOJlOB BblHOCa, MMeIOLL(MX, KaK 6 y ~ e ~  

nOKa3aHO HMXe, BeCbMa LUMPOKOe PaCf lpO- 

cTpaHeHne  M ~ a x ~ e i w e e  reHeTMqecKoe  3 ~ a -  

W H M e .  T ~ K M ~  OpeOrlb l  MOrYT 6 b l ~ b  flpOCTpaH- 

CTBeHHO COBMeueHb l  C IlOJlOXMTeJlbHblMM 

aHOMaJlMRMM, OAHaKO HepeAKO OHM 3aHMMatOT 

o60co6ne~~oe  n o n o x e H M e .  B n o c n e A H e M  

cnyqae nnou(aAM KoMnneKcHb lx  a ~ o ~ a n ~ i ,  
BblAeJleHHble TO.nbK0 C MCnOJlb3OBaHMeM 

3JleMeHTOB PyAHOrO KOMflJleKCa, 6 y ~ y ~  3aHM- 

X e H b l  OTHOCMTeJlbHO MCTMHHblX pa3MepOB 

npMpOAHblX PC. B 3 ~ 0 i  CBR3M M A ~ H T M @ M K ~ -  

Pa3HOPaHrOBblX PC flpOBOAMJlaCb fl0 

AaHHblM I l J lOuaAHblX  XapaKTepMCTMK KOM- 

nJleKCHblX nPOCTpaHCTBeHH0 C ~ ~ M X ~ H H ~ I X  KaK 

IlOJlOXMTeJlbHblX, TaK M OTPMuaTeJlbHblX Ope-  

OJlOB, TO eCTb B IlPMHFITblX OflpeAeJleHMFlX fl0 

pe3yJlbTaTaM reOMeTpM3auMM COOTBeTCT- 

~ y r o u ~ x  Arn. 
B n p a n M K e  reoxMMnqecKnx  nov lcKoe B ~ I -  

AeneHMe  f?C PaHrOB PT, PM flPOM3BOAMTCFI C 

MCnOJlb30BaHMeM pe3yJlbTaTOB reOXMMMqe- 

CKMX KpynHO-, c ~ ~ ~ ~ H ~ M ~ c U J T ~ ~ H ~ I X  p a 6 0 ~  no 
IlepBMqHblM M BTOPMqHblM OpeOJlaM. T e x ~ o -  
JlOrMR OKOHTyPMBaHMR COOTBeTCTBYtOLL(MX A r l l  
H a  3TOM YPOBHe OpraHM3auMM Beu(eCTBa pas- 
p a 6 0 ~ a ~ a  AocTaToqHo  n o n H o .  r e o ~ e ~ p ~ 3 a -  

UMFI Arm CTaPUlMX PaHrOB (Pfl, PY, PP), KaK 

npaBMJl0, OCyueCTBJlReTCR fl0 AaHH b lM  JlMTO- 

XMMMWCKMX CbeMOK fl0 IlOTOKaM PaCCeRHMR 

~ a c W ~ a 6 a  1 : 200000-1 : 50000. P ~ C C M O T ~ M M  

pa3JlMYHble cnoco6b1 OKOHTYPMBaHMFI aHO- 

MaJlbHblX I l J l o l ~ ( a ~ e i  f lpM 3TOM BMAe 0np060- 
BaHMFI. 

B TpaAMuMOHHOM cnoco6e X M M M C ~ ~ C K M ~  

COCTaB M aHOMaJlbHble COAePXaHMA 3JleMeH- 

TOB B aJlJltOBMM OTPaXatOTCFI B BMAe J ~ M H M ~  

pa3JlM.lHOrO UBeTa M TOJlLL(MHb1.  TOT MeTOA 

PeKOMeHAyeTCFI M H C T ~ ~ K ~ M ~ ~  flo reOXMMMqe- 

CKMM MeTOAaM nOMCK0B [60] M WMPOKO MC- 

nOJlb3yeTCR H a  IlpaKTMKe, HO f lpM 3TOM H e  
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mureti pgAa HeAocTaTKoe: OH He oTpaxaeT 
nOJlHOCTbKl Bceh n0JlyclaeM0h M H @ O P M ~ ~ M M  0 

3aKOHOMePHOCTRX nOBeaeHMR 3JleMeHTOB; 

TaKMe MaTepMaJlbl TPYAHO COflOCTaBJlFlTb C 

T ~ O @ M ~ M C ~ ~ C K M M M  M TeOJlOrMqeCKMMM AaHHbl- 

MM; OHM He AamT nonHoro npeAcTaBneHm o 
c-rpytcrype reoxMMMclecKoro nom;  BblAeneHMe 

opeonos BblHoca TexHonorMrecKM T P ~ A H O  

OCy~eCTBMMO. 

B ApyrMx BapMaHTax oTpaxeHMe aHo- 
MaJlbHblX nOTOKOB OCYueCTBJlFleTCFl B M30JlM- 

HMFIX. B clacTHocTM, no cnoco6y, npeAnoxeH- 
HOMY r.M. XOPMH~IM M ~ p .  [193], npM no- 
CTpOeHMM KapT reOXMMMcleCKMX n0Jlei BO 

BHMMaHMe nPMHMMatOTCR TOJlbKO TOqKM OflpO- 

' ~ O B ~ H M F I  BOAOTOKOB 1 IlOPFIAKa C PaBHblMM 

~ ~ C C ~ ~ H ~ M P I  B O A O C ~ O ~ ~  nnouaAbto 3-5 K M ~ .  

B MCWItOclMTeJlbHblX CJlyclaFlX, a MMeHHO, AnR 
i BOAOTOKOB nepsoro n o p ~ l ~ ~ a  ~POTFIX~HHO-  

CTM 6onee 5 KM, nnouaAb Gaccei~a,  Ha 

Haw BJrJlRA, Pa~MOHanbHO YBeJlMqMTb A0 5- 
7 KM*.  TO AenaeTcg c uenbm McKnmcleHm 

np0flyCKa PYAHblX O ~ ~ ~ K T O B ,  HaXOAFIuMXCFI 

Ha CWlOHaX H M X H ~ ~  WCTM TaKMX BOAOTOKOB. 

I 
flanee q n R  npo6, pacnonoxeHHblx B KOHTY- 

pax TaKMX 6acce i~os ,  paCCclHTblBatOTCFl 
I c p e ~ ~ ~ e  c o g e p x a ~ ~ g  ecex a ~ a n ~ 3 ~ p y e ~ b r x  

3JleMeHTOB, KOTOPble OTHOCFlT K qeHTPY 3TMX 

6acce i~os.  B KaclecTBe npMMepa Ha p ~ c .  1 
npeACTaBneH @ P ~ ~ M ~ H T  T ~ K O ~  O ~ H O B ~ ~ ~ H H O ~  

KapTbl @am~clec~oro MaTepMana TeppnTopMM 
Ceeep~oro f l p ~ a ~ y p b ~ .  3 a ~ e ~  nposoAnTc9 

OKOHTypMBaHkle OpeOJlOB B M3OnMHMFlX CTaH- 

AaPTHblM C ~ O C O ~ O M .  

Apyr0i BapMaHT npeAnoxeH 6.A. AOC~HO- 
B O ~  M AP. 11471. Ero OCHOBy COCTaBnReT nOQ- 

CcleT no AaHHblM J ~ M T O X M M M ~ ~ ~ C K O ~  CbeMKM B 

K ~ > K A O ~  TOclKe 0np060Ba~MR yAenb~0 i  I lpO- 
AYKTMBHOCTM C n0CJleAYK)uMM MCnOJlb30Ba- 

HMeM 3TMX BeJlMclMH AJlR nOCTpOeHMFl KapT B 

M30JlMHMFIX. 

B.11. ~ O P O A M H  AnFl OTpaXeHMR nOTOKOB B 

M3OJlMHMRX IlpMMeHRJl MeTOA CKOJlb3RLL@rO 

oKHa c p a s n m ~ o i  nnoqaqbto ~ l c l e h ~ ~  ocpeq- 
HCHMFl 113, 141. flpM 3TOM MCIlOJlb3YtOTCFl CO- 

AepXaHMR 3neMeHTOB BO BCeX TOclKaX OIlpO- 

~ O B ~ H M R ,  nOnaAatOuMX B 3JleMeHTapHyKl 

~ l r e n ~ y ,  B TOM wcne M BOAOTOKOB BToporo- 
cle-rBepTOr0 nOpRAKOB. ABTO~OM YCTaHOBne- 

HO, c l~o  yBenMcleHMe pas~epos c~onb3~luero 

OKHa nPMBOAMT K YCMJleHMtO KOppenRuMM 
Mew)' COAepXaHMRMM B nOTOKaX M BTOPMcl- 

H ~ I X  opeonax paccemm OT ee OTCYTCTBMR AO 

3 ~ a c l ~ ~ o i  KoppenRuMM npM pas~epax ~ ~ c l e i ~ ~  
49 K M ~  M 6onee. H~CMOTPR Ha 3T0, I l p M  aBT0- 

M ~ T M ~ M ~ O B ~ H H O ~  0 6 p a 6 0 ~ ~ e  ~ ~ O X M M M ~ ~ ~ C K O ~  

M H @ O P M ~ L ~ M M  B PaMKaX A ~ ~ C T B Y K ) ~ M X  np0- 

rPaMMHblX CMCTeM (TEOCKAH, ACOM-T~O- 
norm, P e r ~ o ~  M ~ p . )  B OCHOBHOM ~cnonbsy- 

K2TCFI MCXOAHble AaHHble, nOnycleHHble npM 
OCpeAHeHMM C nJlOuaAbtO R c l e i ~ M  3HaclM- 

TeJlbHO ~ e ~ b l ~ l e i  49 KM'. 

K a w b l i  M 3  PaCCMOTPeHHblX C ~ O C O ~ O B  OT- 

PaXeHMR aHOManbHblX nOTOKOB B M3OJlMHMFlX 

MMeeT CBOM AOCTOMHCTBa M HeAOCTaTKM. T ~ K ,  
IlpMMeHeHMe nepBOr0 M 3  HMX, TI0 YTBePwe- 
HVIB A.n. Cono~osa, He noqKpenneHHoro Ka- 

~0i-flM60 a p r y ~ e ~ ~ a u ~ e i  [I 791, npMBoAMT K 

6onbwoi nOTepe M H @ o ~ M ~ ~ M M  M C ~ O C O ~ C T -  

ByeT IlOJlycleHMtO HeBepHblX pe3yJlbTaTOB. Mc- 
nOnb30BaHMe BTOpOrO M TpeTberO BapMaHTOB 

OcnoxHHeTcR TeM, c l~o CoAepxaHMFI 3 n e ~ e ~ -  

TOB B annmam He 06na~am-r CBO~CTBOM aA- 
AMTHBHOCTM, TaK KaK  I l J l O ~ a A M  6acce i~oe  
B O ~ O C ~ O ~ ~  TOcleK 0I lp060Ba~~R BaPbMPYtOT B 

LLJM~OKMX npeqenax, OT n x lo-' ~o nx 1 0' K M ~ .  

B a ~ o i  C B R ~ M  A.11. Conosos npeAnaraeT 
flPMMeHFlTb cnoc06b1 OTpaXeHHR nOTOKOB 

PaCCeRHMFl B M3OnMHMRX TOnbKO npM MenKO- 

M ~ C U J T ~ ~ H ~ I X  0 6 0 6 u e ~ ~ ~ l x  [ I  791. 
O ~ ~ ~ B M ~ H O C T ~  TaKOrO BblBOAa I l O  OTHOUe- 

HMIO KO BTOPOMY M TpeTbeMy cnoco6a~ OTpa- 

XeHMFl aHOManbHblX nOTOKOB He Bb13blBaeT 

COMHeHMR. O A H ~ K O  pe3ynbTaTbl flpaKTMcleCK0- 



ro ncnonb30sa~~~ l  cnoco6a T.M. X o p ~ ~ a  Ha 

O ~ L U M P H ~ I X  TePPMTOPMFlX f lanb~er0 BOCTOK~ 
(A~ypc~aFl ,  M a r a A a ~ c ~ a ~  o 6 n a c ~ ~ ,  Y ~ K O T -  
C K M ~  OKPYT) HaXOAFITCFl B FlBHOM IlpOTMBOpe- 

qMM C I ~ O C T Y ~ M P Y ~ M O ~  A.n. C O ~ O B O B ~ ~ M  TOCI- 

K O ~  3PeHMFl 0 HenpMrO,4HOCTM 3TOr0 cnoc06a 
B npaKTMKe reOXMMMCleCKMX nOMCKOB no nOT0- 

KaM paccemMR. K coxanetinto, M B pa6o~ax 
CTO~OHHMKOB aroro cnoco6a ero npMMeHeHMe 

apryMeHTMpOBaH0 HeAOCTaTOclHO. B 3TOM 

IlnaHe PaCCMOTPMM HeKOTOPble TeOpe-rMqe- 

CKMe aCneKTbl @OPMMPOB~HMR aHOManbHblX 

nOTOKOB PaCCeFlHMFl. 

M0~enb  MAeaJlbHOrO IlOTOKa OCHOBaHa Ha 

npeAcTasneHMgx o @ O ~ M M ~ O B ~ H M M  B pycne 
peKM <<cpe,q~ei npo6bl)) Bcero 6 a c c e i ~ a  Ae- 
HYAauMM, TO eCTb 0 PaBHOMePHOM IlOCTyIlJle- 

HnM Ma-repMana B BOAOTOK co ~ c e i  nnotqa,qM 

6 a c c e i ~ a  ~ o ~ o c 6 o p a ,  pacnonoxeHHoro sbl- 

W e  TOCIKM O ~ ~ O ~ O B ~ H M F I .  Ta~aFl MOAeJlb XO- 

powo co6nto,qae~c~l TonbKo B pycnax BOAOTO- 

KOB IlepBOrO, B ~ e ~ b l l l e i  CTeneHLI BTOPOrO 

IlOpFlAKa, clTO llOATBeP?K,4aeTCFl AaHHblMM On- 

peAeneHm KoppenHuMn M e w y  coAepxa- 
HMFlMYl 3neMeHTOB B CMCTeMe IlepBMcl~blfi 

opeon - B T O P M ~ ~ H ~ I ~  opeon - noToK pacceg- 

HMFl (~a6n. I). 
I ~ p M B e ~ e ~ ~ b l e  B ~ a 6 n .  1 AaHHble CBMAe- 

TenbcTBytoT o TOM, c l ~o  pacnpeAeneHne me-  
MeHTOB B KOPeHHOM C Y ~ C T P ~ T ~  O ~ ~ ~ K T M B H O  

OTpaXaeT TOJlbKO COAePXaHMFl M3 aJlJltoBMFl 

BOAOTOKOB I M ll nopgAKoB. Cne,qoea~enb~o, 

reOMeTpM3auMFl PYAOreHHblX CMCTeM, OueHKa 

@OPMBL(MOHHO~~ nPMHaAneXHOCTM M npOmO3- 

HblX PeCypCOB KOPeHHblX MCTOclHMKOB no- 

TOKOB, M3ycleHMe 30HanbHOCTM Am MOryT 

KOPPeKTHO OCYweCTBMTbCFI MCWltoqMTenbHO 

no AaHHblM O ~ ~ O ~ O B ~ H M F I  BepXOBbeB PeqHblX 

CMCTeM. 

M~ek3lqLIe MeCTO OTKnOHeHMFl XapaKTepa 
annlOBMFl B BOAOTOKaX BblCOKMX IlOPFlAKOB OT 

cocTasa c c p e ~ ~ e i  np06bl)) c ~ O J M ~ M ~  

A.fl. Conososa 06ycnosne~b1 ~ospac~ato tqe i  
ponbto B ero cocTase MaTepMana ~ ~ M X H M X  

ctcno~oe. B  TOM nnaHe npM oueHKe npor~os- 
HblX PeCypCOB (I4 T O ~ ~ K O ! )  A.n. COJ~OBOB~IM M 

K1.B. LUeapoeb~~ [I 771 npeAnoxeHa raK Ha- 

s b ~ e a e ~ a ~ l  peanbHaR MoAenb nororta, yclyl~bl- 

BatotqaFl, no MHeHMto aBTOpOB, ~ ~ c 6 a n a ~ c  B 

anntoem BOAOTOKOB B~ICOKMX nopAAKoB Ma- 

TepMana 6 n ~ x ~ e r o  cHoca M npMBHeceHHoro c 
sepxoebee 6 a c c e i ~ a  ~ o ~ o c 6 o p a .  AnpoGau~~l  
MoAenM npeMMyuecTseHHo B na~ ,qwa@~ax  
rOPHblX pafi0~0B CeBepa POCCMM, TO eCTb B 

MAeaJlbHblX yCJlOBMFlX no IlpMMeHeHHOCTM 

reOXMMMqeCKOr0 MeTOAa IlOMCKOB no IlOTOKaM 

paccemm, B qenoM Aana nonoxM-renbHble 

pe3ynbTaTbl. B M ~ C T ~  C TeM, Cyll@CTByeT PFlA 
C M T Y ~ L ( M ~ ,  npM KOTOPblX ~ a 6 J l t o ~ a t o ~ ~ F l  3Ha- 

CIMTeJlbHble OTKJlOHeHMFl @OPMY~POB~HMF~ no- 
TOKOB M OT 3 ~ 0 i  p e a n b ~ o i  MoAenM, a MMeH- 

HO: 

1. B TaeXHblX, JleCOTyHApOBblX, PeXe 

TYHAPOBblX TpaHC3JltoBManbHblX ~ ~ H A W ~ @ T ~ X  

nonorMx C ~ O H O B  M CK~OHOB c p e ~ ~ e i  KPYTM~-  

H ~ I ,  x a p a ~ r e p ~ 3 y t o ~ ~ x c ~  B ~ I C O K O ~  CTeneHbto 

3aAePHOBaHHOCTL4, 3aJleCeHHOCTM M 3a6ono- 

CIeHHOCTM. B TaKMX WMPOKO PaCnpOCTpaHeH- 
H ~ I X  na~,qwa@~ax, cocTaenntoqnx He MeHee 
50% TePPYlTOPMM PoccMLI, no AaHHblM 

~ O T O K  

II nopRp,~a 

- 0.32 
0.34 
0.47 
- 0.38 
0.29 
0.21 
0.21 
0.29 
0.34 

55.6 

~ O T O K  

I nop~(p,~a 

0.63 
- 0.42 
- 0.54 

0.63 
0.37 
0.48 

100.0 

~ O T O K  

Ill n o p ~ p , ~ a  
0.07 

-0.09 
0.21 
0.16 

-0.09 
-0.24 
-0.04 

0.02 
-0.12 

0.24 
-0.07 
0.32 
8.3 

BT~pkl'iHblfi 
opeon 
0.86 
0.78 
0.92 

100.0 

H0Mep 
o6bena 

1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 

Bnp, aHOManMH 

nepell'i~blfi opeon 

B ~ o p ~ r ~ b ~ f i  opeon 

I~OTOK l nop~p,~a 

~ O T O K  1 1  n0pRAKa 

% 3Ha'iMMbl~ ~ 8 ~ 3 e f i  
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A.A. M a ~ ~ e e ~ a  [196], AeHyAaunR pe3~o 3a- 

MeAneHa, ponb AenmsManbHoro cMblea Ha 
ABa-TpM nOpRAKa HklXe, cleM B MOAeJlvl 

A.n. C o n o ~ o ~ a ,  D.B. M ~ a p o ~ a .  APY~V~MM 
CJlOBaMkl, COAepXaHMR 3JleMeHTOB B aflfllo- 

BUM BOAOTOKOB BblCOKMX IlOPFIAKOB npeMMy- 

IqeCTBeHHO OnpeAenRlOTCFI MaTepMaflOM, 

IlPMBHeCeHHblM C BepXOBbeB 6 a c c e i ~ a  BOAO- 

c6opa, a He c ~ ~ M X H M X  CWlOHOB. 

2. B roptiblx p a i o ~ a x ,  xapamep~3ymunx- 

CR B UeJlOM PaCclJleHeHHblM penbe@o~,  BHM3 

no TecleHMm PeclHblX CMCTeM H Z I ~ ~ ~ O A ~ K I T C R  

aHaJlOrMrHble BblUenpMBeAeHHOMy CJlyclatO 

TeHAeHuMM, TO eCTb PaCclJleHeHHOCTb penbe- 

@a YMeHbWaeTCR, 6 o p ~ a  peK HepegKO MMeloT 

TeppaCOBOe CTpOeHMe, WMPMHa MX AOCTMraeT 

HeCKOJlbKMX COT MeTPOB. n o ~ a 3 a ~ e J l e ~  B 3TOM 

nnaHe npMMep C.A. Tpmropo~a [40] no Kn- 
s ~ n - a e p e u ~ c ~ o ~ y  no.nnMeTannMclecKoMy 

p y ~ ~ o ~ y  nonm Cesep~oro K a ~ ~ a a a ,  xapaKTe- 
PM3YtO~eMYCR pe3KOpaCclneHeHHblM penbe- 

@OM. 110 3TOMY aBTOpy, MeCTOpOX,4eHMe Kn- 
s~n-Aepe He oTpaxaeTcR aHoManbHblM no- 
TOKOM (PIC. 2) HeCMOTPR Ha X ~ ~ C T O M ~ T M ~ H Y ~ O  

CMTYauMtO: ABa PYAHblX Tens O ~ H ~ M ~ T C R  Ha 
IlOBepXHOCTkl B 6op~ax PyclbFI 1 1 1  IlOpRAKa M 

~en tO~L laJ lb~b l~  MaTepMaJl 6ecnpenR~c~Be~- 
HO nocTynaeT B ero noxe. 

3. 6 P ~ ~ O H ~ X  WlnpOKOrO pa3BMTMR POC- 

CblnHblX I lpoR~JleH~fi  nOne3HblX MCKOnaeMblX 

(Au, Sn M ~ p . )  6 TaKMx p a i o ~ a x  PRAOM MC- 

cne~oea~enefi [22, 70, 71, 95-99, 111, 117, 
1361 yCTaHOBJleH0, clT0 B IlepeKpblBatOuMX 

POCCblflM PblXnblX OTJlOXeHMFIX 0 6 p a 3 y t 0 ~ ~ ~ 1  

rnnepreHHble opeonbl wnpoKoro Kpyra me- 
MeHTOB (Au, Ag, w, CU, AS, CO, Ni, Y, V, Ba, 
Hg n ~ p . ) .  n p ~   TOM opeono6pa3ymu~e 

C B O ~ T B ~  poccblnei BO3paCTalOT OT BOAOTO- 

KOB I IlOpRAKa K BOAOTOKaM CTaPWMX nOpRA- 
KOB. B nocneAHeM cnyclae xapamepHa nonM- 
reHHOCTb MCTOclHMKOB IlOBblLUeHHblX COAep- 
X ~ H H ~  3JleMeHTOB B aJlJltOBMM. C O A H O ~  CTO- 

POHbl, 3T0 K O P ~ H H O ~  C Y ~ C T ~ ~ T ,  C A P Y ~ O ~  - 
rnnepreHHble opeonbr poccblnei. Peanb~oro 

MeXaHkl3Ma BblAefleHMR noJle3~0fi K O ~ ~ H H O ~  

c o c ~ a ~ n ~ m u e i  B HacToAuee BpeMR He cy- 
UeCTByeT, a MCnOJlb3OBaHMe nOnMreHHOr0 

cMrHana onpeAenReT eb~co~yro AncnepcMm M 

HeIlpeACKa3yeMOCTb 3HacleHMfi K O ~ @ @ M U M ~ H -  

TOE COOTBeTCTBMR nOTOK - ~~0pMc l~b l f i  Opeon 
[196], clT0 B KOHeclHOM MTOre pe3KO COKpaua- 
eT B03MOXHOCTM npOrHO3a PeCypCOB B TaKMX 

~ ~ C O H ~ X ,  npMBOAMT K CyueCTBeHHOMy MCKa- 

XeHMtO KOHTYPOB IlPMPOAHblX 31-IMreHeTMcle- 

CKMX PC B CTOPOHY 3aBblWeHMR. 

P ~ C C M O T ~ ~ H H ~ ~ ~  Bbllue yCflOBMR M CMTya- 

PHC. 2. Pacnpe~ene~~e C ~ M M ~ I  K O ~ @ @ M U M ~ H T O B  

MMHepanM3aUMM CKM(Pb, Zn, CU, CO, Ag) IlOTOKOB 

paccemm (no C.A. r p~ ropo~y  [40]): 
'I - 0.01-0.1; 2- 0.11-0.2; 3-  0.21-0.4; 4 -  
0.41-0.85; 5 - 6onee 0.85; 6 - MecTopo>yqeHMe 
KM3MJ-t-Aepe; 7 - MHTepBaJlbl o n p o 6 0 ~ a ~ ~ ~  BOAO- 

TOKOB. 

ublM B IlPMPOAe BeCbMa TMnMclHbl, a CJleAOBa- 

TeJlbHO, POnb aKKyMyJlRublM MaTepMaJla OT 

PYAHblX Ten ~ J ~ M X H M X  CWlOHOB B PyCf lO CO- 

BpeMeHHblX BOAOTOKOB BblCOKblX IlOpRAKOB B 

n p e ~ n o x e ~ ~ o i  A.n. C O ~ O B O B ~ I M ,  D.B. Mea- 
P O B ~ I M  p e a n b ~ o i  MoAenM npeyeenncletia n 
OTpaXaeT nMUb W C T H ~ I ~  ~Jlyc la i  ~ ~ 0 r 0 0 6 -  

Pa3HblX M CJlOXHblX IlpOueCCOB @ O ~ M M ~ O B ~ -  

HMR aHOMaflbHblX IlOTOKOB PaCCeRHMR. OTCYT- 
cTBMe peanbHoro ~ e x a ~ n a ~ a  ycle-ra s ~ a ~ o n e -  
PeMeHHblX O T W ~ O H ~ H M ~ ~  ~0,4epXa~Mi  3JleMeH- 

TOB OT ( ( c P ~ A H ~ ~  npo6bl)) CTaBlnT nOA COMHe- 

HMe IlpMMeHeHMe B nPOrH03HblX nOCTPOeHblFIX 

pe3yJlbTaTOB o n p o 6 0 ~ a ~ n ~  aJlJlloBMR BOAOTO- 

KOB BblCOKklX IlOpRAKOB. 

APY~MM BaXHblM YCnOBMeM IlpMMeHMMO- 

CTM Tor0 MJlM MHOrO cnoc06a OTPaXeHMR re0- 

X L ~ M M ~ ~ ~ C K O ~  M H @ O P M ~ ~ M M  FIBJlReTCR HaAeX- 

HOCTb BblAeneHMR er0 C MCnOJlb30BaHHeM PC, 
COOTBeTCTBytOuMX M ~ C U T ~ ~ Y  IlPOBOAMMblX 

reoxnMMclecKwx pa6o-r. Cornac~o ~ e i c ~ ~ y m -  

uefi MHCTPYKUMM [60] PaHrM M3yclaeMblX 061,- 

eKTOB flpM CbeMKaX no IlOTOKaM PaCCeFIHMR - 
3TO PY, PP. Cnoco6 OTpaXeHMR nOTOKOB B 



B M A e  J ~ M H M ~  p a 3 n M c l H o i  TOJlU&lHbl fl0 flJl0- 

q a n H b l M  n a p a M e T p a M  n o s s o n ~ e ~  ygoene- 
T B O P M T e n b H O  B b l A e n R T b  a H O M a J l b H b l e  f lOJlR 

3TMX P a H r O B .  

O q e H ~ a  H a A e X H O C T M  Bb lAeJ leHMF l  PC CflO- 

C O ~ O M  r.H. X O P M H ~  O C y q e C T B n F l n a C b  H a  

f l p M M e p e  C T a H A a p T H O r O  n M C T a  M a c l u T a 6 a  

1 : 200000 H a  TePPMTOPMM AMYPCKO~ O ~ ~ ~ C T M  

(N-51-IV). n n ~  x o r o  BCR nnoqaAb n M c T a  

pa36nsanacb H a  P a B H b I e  F l c l e c ~ ~ ,  fl0 flJlOU@- 

A M  C O O T B e T C T B y D ~ M e  MeJ lKOMy ,  C p e A H e M y ,  

KPYf lHOMy  MeCTOPOX,4eHMtO M C p e A H e M y  PYA- 
HOMY nonto. Aanee o n p e A e n R n a c b  A o n R  

C ~ M M ~ P H O ~ ~  f l J l O ~ a A M  FlCleeK KOHKpeTHOrO 

pas~epa,  c lacTMclHo (6onee 112) M n M  non~o -  
C T b D  C O B f l a A a t o q M X  C B b l A e n e H H b l M M  6ac- 
c e i ~ a ~ ~  B O A O C ~ O ~ ~  BOAOTOKOB I n o p A A K a ,  OT 

nnoqaAn ecero nMc-ra.  l l o n y c l e ~ ~ a ~  TaKMM 

o 6 p a 3 0 ~  BePOFlTHOCTb O ~ H ~ P ~ X ~ H M F I  PYAHOT0  

K ~ K  BMAHO M3 ~ a 6 n .  2, C ~ O C O ~  

r .M .  X O ~ M H ~  f l O 3 B O n R e T  CO 1 O ~ % - H O ~  B e P o -  

FITHOCT~D OKOHTYPMT~ PC patira Pfl M c B ~ I -  

C O K O ~  BePOFITHOCTbD (79-92%) - PC P a H r a  

PM, c lT0 f lOJ lHOCTbto  0 - r B e c l a e T  T P ~ ~ O B ~ H M F I M  K 

P a H r y  06betnoe flOMCKOB JlMTOXMMMcleCKMX 

C b e M O K  M ~ C U J T ~ ~ O B  1 : 200000-1 : 50000. f l p M  

3 T O M  C y U @ C T B y t o ~ a R  TOclKa 3PeHMR HeKOTO- 

pb~x ~ c c n e ~ o ~ a ~ e n e f i  [ I  791 o p e s ~ o i  n o T e p e  

M H @ O ~ M ~ ~ M M  H e  M M e e T  flop, co6oi p e a n b H 0 i  

f lOc(Bbl, T a K  KaK O C H O B a H a  H a  @ 0 p M a J l b H O M  

pacc le - re  0 6 b e M a  T a K  ~ a s b ~ e a e ~ o i  y c n o ~ ~ o i  
M H @ O P M ~ ~ M M  6e3 Yc leTa  p a 3 J l M c l H o i  f lOMCK0- 

B O ~  3HaclMMOCTM TOCleK o f l p o 6 0 s a ~ ~ ~ l  aJlJlto- 
BMR BOAOTOKOB p a 3 n ~ c l ~ o r o  n o p A A K a .  

P e 3 t o M ~ p y F l  B b l W e M 3 J l O X e H H O e ,  P a 4 M O -  

H a n b H O C T b  M f lPMOPMTeTHOCTb I l p M M e H e H M R  

M e T O A a  r .M.  X O p M H a  M Ap. n p M  OKOHTypMBa-  

HMM PC, M3YcleHMM MX 30HaJ lbHOC' rM M 1-IpOrHO- 

3a P ~ ~ O H O C H O C T M  o n p e A e n R t o T c q  A o c T o e e p -  

H O C T b D  0 4 e H K M  M H e l l P e P b l B H O C T b D  ~a6nto- 

~ e ~ ~ i i  p a c n p e A e n e H m  c o ~ e p x a ~ ~ i  3 n e ~ e ~ -  
TOB B KOPeHHOM C Y ~ C T ~ ~ T ~ ,  H a A e X H O C T b D  

B b l A e n e H M R  PC, H a r n F I A H O C T b D  M KOMf laKTHO- 

C T b D  M ~ O ~ ~ ~ X ~ H M F I  ~ ~ O X M M M ~ ~ ~ C K O ~  MH@OP- 

MaL(MM M M H @ ~ P M ~ T M B H O C T ~ ~ ~  f l p M  A a J l b H e h -  

WMX f lPOrH03Hb lX  f lOCTPOeHMRX. 

~ O C T O B ~ ~ H O C T ~  0 6 e ~ l l e c ( M ~ a e T ~ R  MCflOJlb- 

3 0 B a H M e M  T O W K  o f l p o 6 o s a ~ ~ ~  anJ l tOBMR 

TOJlbKO BOAOTOKOB f l e p B O r O  f lOpFlAKa,  ~ a ~ 6 0 -  
nee O ~ ~ ~ K T M B H O  X a p a K T e P M 3 Y t o q M X  Y P O B e H b  

C O J @ ~ X ~ H M ~  3 J l e M e H T O B  B KOPeHHb lX  f l O p 0 -  

Aax. 
H e n p e p b l B H ~ ~ T b  AOCTMraeTCR f l y T e M  

T P ~ H C @ O ~ M ~ L ( M M  C O ~ ~ ~ X ~ H M ~  B f l p O 4 e C C e  

OKOHTYPMBaHMFl a H 0 M a n M i  M e T O A O M  MHTeP-  

nOJlFlL(MM B CYqeCTBy toLL (Me  f l P O M e X Y T K M  M e -  

X,4y TeOXMMMWCKM O X a p a K T e p M 3 O B a H H b l M M  

6 a c c e i H a M M  ~ o ~ o c 6 o p a ,  a T a W e  H a  O T A e n b -  

H b l e  YYaCTKM, ClaCTMclHO I l e p e K p b I T b l e  aJlJ lOX- 

TOHHblMM OTJlOXeHMFIMM. 

H ~ A ~ X H O C T ~  Of lpeAeJ lF leTCF l  B ~ I C O K O ~  M 

A O C T ~ T O ~ ~ H O ~  BePORTHOCTb to  Bb lAeJ leHMF l  PC- 
P a H r O B ,  C O O T B e T C T B y t o ~ M X  M a c l u T a 6 y  f l p O B 0 -  

A M M b l X  nOMCKOB no I lOTOKaM PaCCeRHMFl.  

H ~ ~ J ~ R , ~ H o c T ~  f l p e , 4 f l O n a r a e T  B 0 3 M O X H O C T b  

O T O ~ ~ ~ X ~ H M F I  ~ ~ O X M M M C ~ ~ C K O ~ ~  M H @ O P M ~ ~ M M  B 

YAO~HOCI AJ lR BOCnPMRTMR @ 0 p M e ,  J l e r K O  CO- 

~ ~ O C T ~ B M M O ~  C reOJlOrMcleCKMMM, r e 0 @ ~ 3 M c l e -  

CKMMM M A p y r M M M  M a T e p M a n a M M .  

K O M I ~ ~ K ~ H O C T ~  ,4OCTMraeTCR O T p a X e H M e M  

f l p M  H ~ O ~ X O ~ M M O C T M  B f lOJ lHOM o6beue pe- 
3 y r l b T a T O B  JlMTOXMMMcleCKMX C b e M O K  M a C W T a -  

6a 1 :200000 H a  K a p T a x  ~ a c l u ~ a 6 a  1 : 500000. 
MH@OPM~TMBHOCT~ 0 6 e C f l e c l M ~ a e T ~ R  60- 

nee WMPOKMM n0 C p a B H e H M t o  C TpaAML(M0H-  

Hb lMM M e T O A a M M  , 4 M a f l a 3 0 H O M  f l P O r H 0 3 H b l X  

~ O C T ~ O ~ H M ~  f l p M  B ~ I C O K O ~  MX H a A e X H O C T M ,  B 

WCTHOCTM, f l p M  reOMeTpM3aL(MM P Y A O r e H H b l X  

CMCTeM, a H a J l M 3 e  @ O ~ M ~ ~ M O H H O ~  f l p M H a A -  

JleXHOCTM MCTOClHMKOB a H O M a J l b H b l X  I lOTOKOB, 

M3YcleHMM 30HaJ lbHOCTM,  0 4 e H K e  M ~ C U I T ~ ~ H O -  

CTM f l P 0 4 e C C O B  PyAOKOHL(eHTpa4MM. 

l l p ~ ~ e q a ~ ~ e .  No - o6uee KonMqecTBo w e e K  a a ~ a ~ ~ o r o  paa~epa B p a M K a x  nMcTa ,  npMxoAmuMxcR  H a  

I l n O u a A b ,  6 n a r O f l p M F I T H y ~  A n R  nOCTaHOBKM ~ M T O X M M M ~ ~ C K O ~ ~  CbeMKM fl0 flOTOKaM PaCCeFIHMFI, N1 - KO- 

JlMqeCTBO FlcleeK B H e  KOHTYPOB ~ ~ C C ~ ~ H O B  ~ o ~ o c 6 0 p a  BOAOTOKOB I nOPFIAKa. 
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:nonb- 

10BMR 

a1160- 

3BeHb 
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1yTeM 

Jecce 

HTep- 
I Me- 

HblMM 
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Inox- 

3 M 
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IOBO- 

IOCTb 

4MM B 

1 CO- 

w e -  
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iMeM 

I pe- 
WTa- 

000. 
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MOH- 

IHblX 

'M, B 

IHblX 

iaA-  I 
I 

KOB, I 

~ H O -  I 

I 

I Ha 

KO- I 

Bce 3T0 n03BOnReT PeKOMeHAOBaTb PaC- 
C M ~ T ~ M B ~ ~ M ~ I ~  MeTOA K 6onee WMPOKOMY 

BHeApeHmm B npammy reoxMMMclecKMx pa- 
GOT. 

Me~annore~~c lec~a~ c n e q ~ a n ~ 3 a q ~ ~  PC 

30n0~0-~epe6p~Hble, 3OJlOTO-KBap~eBble, 
K ~ C C M T ~ ~ M T - C ~ ~ ~ @ M , ~ H ~ I ~ ,  KaCCMTepMT- 

CMnMKaTHble nonMMeTannmecKMe npomne- 
HMR (Ce~ep0-BOCTOK) 

30Jl0~0-Cepe6pFI~ble (CeBep0-BOCTOK) 

C K ~ ~ H O B O - L L I ~ ~ ~ L I T O B ~ ~ ~  (Cpe~H5lFi A ~ H R )  
Meg~o-nop@~poeb~e (Ypan M ApyrMe pe- 
MOH bl) 

K o n q e ~ a ~ ~ o - r i o n ~ ~ e ~ a n n ~ q e c ~ M e ( Y p a n  M 

ApyrMe permonb~) 

Pe~K~MeTaJlflb~ble 

sancR cnoco6 m a c c ~ @ n ~ a u m ~ ,  MoAenMpym- 

4 ~ i i  @ ~ H K ~ M D  nnoTHocTM pacnpeAeneHMR i- 
xapatcrepMcTMKM B npocTpaHcTse ~ a 6 n ~ ~ e -  
H M ~ .  f l o ~ p 0 6 ~ o e  onMcaHMe   TO TO cnoco6a 
IlPMBOAMTCFI B pa3A. 7.3, 3AeCb >Kt? Orpa- 
HMclMMCR PaCCMOTpeHMeM pe3ynbTaTOB Me- 
papx~sauln~ Arm. 

Peanwaum more cnoco6a ocyuecTsnR- 

eTCR nyTeM rpynnMpOBKM no MaKCMMy- 

MaM claCTOTbl MX BCTPeclaeMOCTM (W) Ha 

m a n e  MHTepeanoe nnoqa,qei ( p ~ c .  3). K ~ K  
BMAHO M3 npMBeAeHHOr0 PMCYHKa, KOH@M~Y- 

paum r p a @ ~ ~ a  onpeAenReTcR H e  TonbKo 

npMpOAHblMM 3aKOHOMePHOCTFIMM, HO M KOJlM- 

cleCTBOM B ~ I ~ P ~ H H ~ I X  MHTepBanOB (I) M COOT- 

BeTCTBeHHO M ~ X M H T ~ ~ B ~ ~ ~ H O ~  KpaTHOCTbW 

(Kp) - napaMeTpoM, X ~ P ~ K T ~ P M ~ Y W ~ M M  ua r  
MHTepeana. 

T ~ K ,  npM ManOM KOJlMcleCTBe MHTepBanOB 

rpa@MKM MMeWT O , ~ H O - A B Y X M O A ~ ~ ~ ~ H ~ I ~  06- 

n M K  ( p ~ c .  3, a), x a p a ~ ~ e p ~ 3 y t o ~ c ~  OTHOCM- 

TenbHO nJlaBHblM M3MeHeHMeM 3 ~ a c l e ~ M i  W 
npM B ~ I C O K O ~  MX 064ei i  AlncnepcMln M oTpa- 

MamT ~al l60nee o 6 4 ~ e  no nnouaAHblM na- 
PaMeTpaM COBOKynHOCTM Arf l .  npln 60nbW0~ 

KOnMcleCTBe MHTepBanOB rpa@Ll~ npM06pe~a- 
eT nmnoo6pa3~ym @ o p ~ y  ( p ~ c .  3, B), @ n y ~ -  

TyauMM BeJlMCIMHbl W B 3TOM BapMaHTe MMeDT 

~Jlyclai~blf i ,  ~ ~ C C M C T ~ M H ~ I ~  XapaKTep. Y c ~ o i -  
clmble, TO ecTb x a p a ~ ~ e p ~ 3 y m u ~ e c  He Me- 

Hee cleM ABYMR TOclKaMM, 3KCTPeMYMbl w Bbl- 

AenmoTcR npM cpeAHMx ~ H ~ ~ ~ H M F I X  Kp M I 
(PMC. 3, 6). Jlor1/11.1~0 rlpeAnonoxMTb, c l ~ o  

MMeHHO TaKMe y~~0~'iMBble MaKCMMYMbl OT- 

paxat0-r ecTecTseHHble rpynnbl, a MMHMMY- 

Mbl- TPaHMclHble 3HacleHMR Memy HMMM B 

npeAenax Maccma 3 ~ a c l e ~ ~ i  ~ a p b ~ p y m u e i i  

xapanepMcTMKM. C aTMx n o s ~ u ~ i  no r p a @ ~ -  
~ y ,  npmeeAeHHoMy Ha PMC. 3, 6, OnpeAeneHbl 

HCTO~HMK 

f l a ~ ~ b l e  
aBTopa 

[ I  371 
[ I  371 

11 371 

[ I  371 

[ I  371 

nnoua~b PC (KM') 

PP 

nx l o 3  

2200 
2 000 

O3 

- 

1500 

PY 

350-900 

400 
500 

300 

230 

200 

p n  

1 0 4 0  

A0 80 
fl0 60 

flo 70 

~ X I O '  

25-70 

PM 

1-15 

fl0 5 
3-5 

4 

n x l o O  

2-7 



r r o  l o o  ro!o roooo 
nnoqaAb (KM ) 

PHC. 3. ~ H C T O ~ P ~ M M ~ I  pacnpeAenetinn nnouagen Ta6n~ua 4 
Ar f l  npM pa3nMqHblX 3HaCleHMFIX BenMclMHbl 1: 
a-I=5; 6-1=15; e-1=20. n n o u a ~ ~ b t e  napa~e~pb l  pa3~opa~ro~b txArn  (PC) 

p a s n ~ r ~ o f i  ~ e ~ a n n o r e ~ ~ r e c ~ o A  c n e u ~ a n ~ 3 a u ~ ~  

CpeAHMe 3HaWHMFl nnOuaAHblX IlapaMeTpOB 
pa3HOpaHrOBblX Ar l l ,  a 6 ~ 0 n t O ~ ~ b l e  M AOBepM- 
TenbHble MHTepBanbl MX ~0Jle6a~Mfi ,  rpaHMq- 
Hble 3HaCreHMFl Me>KAY Am COCeAHMX PaHrOB 
( ~ a 6 n .  4). 

C O ~ ~ ~ C O B ~ H H O C T ~  AaHHblX OueHKM I lnO-  

q a a e i  A r l l  (PC) p a 3 n ~ c l ~ o i  MeTannoreHM- 
q e c ~ o i  c n e u ~ a n ~ 3 a u ~ ~  no YPOBHF~M opraw- 
3auMM BeqeCTBa, FlPKO BblpaXeHHaFl 060~06-  
~ ~ H H O C T ~  rpynn Am no ~ ~ O U ~ A H O M Y  naps- flpblMeW~LIe. Mcflonb30BaHbl AaHHble no nn0- 
MeTpy CBMAeTenbCTBytOT 0 ~ C T ~ C T B ~ H H O ~  uaAH PC 30nOTOfi, 30n0~0-~epe6p~~Oi, ~ o n ~ 6 -  
CTaHAapTHoc-rM p a g ~ e p o ~  c a ~ o o p r a ~ ~ s y t o -  ~etioeoB, o n o s ~ ~ ~ o f i  M n o n ~ ~ e ~ a n n ~ r e c ~ o i  cne- 
~ M X C F I  PC. u ~ a n ~ s a u ~ ~ .  

P a ~ r  ATn (PC) 

PT 
PM 
pt7 
PY 
PP 
PO 

n n o q a ~ b  +SI A 
(KM') 

nxl0-' 
2.9k1.8 
5 0 f  25 

340f240 
4600f 1500 
32 000f 7 000 



) nno- t 
I 

0n~6- 
I cne- 

I 
I 
I 
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B COOTBeTCTBMM C IlPeACTaBJleHMRMM 

r.n. nocneJl0~a [ A  411 CJleACTBMeM Pa3BMTMA 

3BOnlOl(MOHMpytO~X IlOCTMarMaTMreCKMX 

( M H T ~ ~ T ~ ~ J ~ ~ ~ M ~ ~ c K M X ,  M ~ T ~ M O ~ @ O ~ ~ H H ~ I X  M 

~ p .  - npuM. asm.) npoUeccoB ABnAeTcsl no- 
3TanHOe 0 6 p a 3 o s a ~ ~ e  MHOrOypOBHeBblX rMC 
(PC) H COOTBeTCTBytO~MX MM A r c .  nocJleA0- 

BaTeJlbHOCTb 0 6 p a 3 o ~ a ~ ~ ~  OTAeJlbHblX clJle- 

HOB T a w x  cMcTeM OnpeAenAeTcA x o ~ o ~  reo- 
JlOrl l reCKOrO pa3BMTMR K O H K ~ ~ T H O ~  TePPMTO- 

PHH H B caMoM 0 6 w e ~  cnyrae x a p a ~ r e p ~ s y -  
eTCR CJleAytOuMM PAAOM (OT PaHHMX K nO3A- 

HHM): PC paHroB PP, PY-Pn-PM-PT. n p ~  
3TOM B KawOM KOHKPeTHOM CJlyclae AnR PC 
MOrYT 6 b l ~ b  IlpORBneHbl rJleHbl 3TOrO PRAa 
nOnHOCTbtO MJlM ClaCTM'4HO. T ~ K ,  MeCTOpOwe- 

HHR MarMaTMWCKOrO reHe3MCa 06pa3ytO~c~ B 

1-2 3Tana M COOTBeTCTBeHHO MMeWT OAHO- 

AByXypOBHeBytO CTpyKTypy PC M Arc. npM~e-  
POM OAHOyPOBHeBblX CMCTeM PaHrOB PY, Pn 
RBJlRtOTCR pa3JlMrHblX pa3MepOB . MHTPY3MM 

n ~ 6 0  OTAeJlbHble @a3bl MaCCMBOB He@enM- 
HOBblX CMeHMTOB, KOTOPble MOXHO PaCCMaT- 

PHBaTb KaK PyAHble TeJla Ha ~ ~ ~ O M M H M ~ .  

ABYXYPOBH~B~IMM CTPyKTYpaMM XapaKTepM- 
3)IlOTCR LUJlMPOBble 06pa30~aHMA TaHTanO- 

H H O ~ ~ T O B ,  nMKBaL(M0HHble MeCTOPOweHMFI 

n H ~ ~ @ l r l J l b ~ b l ~  M C M ~ ~ P O @ M ~ ~ ~ H ~ ~ X  3neMeHTOB 

(CU, Ni, CO M AP.), KOHqeHTpaUMM PyAHOrO 
XpOMHTa, MarHeTMTa B YJlbTPaOCHOBHblX no- 
poAax M T.A. A n ~ l  Tamx PC Ha I mane npoMc- 
XOAMT BHeApeHMe MHTPY3MM, Ha BTOPOM - 
flpOl(eCCbl KOHL(eHTpa4MM 3JleMeHTOB nPM 
KpHCTannM3al(MM MarMbI. T ~ K M ~  MeCTOPOX- 

AeHHFl (B 3KOHOMMcleCKOM ~ O H M M ~ H M M ) ,  CO- 

rnacHo t m a c c ~ @ ~ ~ a q ~ ~  no nnolqaAHblM na- 
paueTpaM, npeAcTaenfitOT co6o i  PC paHros 
Pl l ,  PIW. B KarecTse npMMepa TaKMx cMcTeM 

MOXHO IlpMBeCTM MeCTOPOweHMA XeJle3a 

MarMaTMrecKoro npoMcxoweHMA K a r ~ a ~ a p  M 

ryceeoropc~oe, x a p a ~ r e p ~ s y t o ~ q ~ e c ~  npanM- 
qecKul ~ e n p e p b ~ ~ ~ o i  a ~ o ~ a n ~ e i  rnaworo 
KOMllOHeHTa PYA C Y M M ~ P H O ~  IlJlOQaAbtO OKO- 

no 40 K M ~ ,  TO ecTb n p e ~ c ~ a s n ~ t O ~ e G  PC paw 
ra Pn (PMC. 4). 

C M C T ~ M ~ I  6onee cnoxrroro r e ~ e s ~ c a  @op- 

MMPytOTCR B TpM-'4eTblpe (pA~b l  py-PM, py- 
PT), PeXe nRTb 3TanOB (PP-PT). ~ ~ C T O ~ ~ H M K ~ -  

MM 3HeprMM B 3TOM CJlyclae MOrYT ABnRTbCFl 

pa3~006pa3~ble reonorMrecKMe npoueccbl: 

CTaHOBJleHMe MHTPY3MBHblX, cy6BynKaHMcle- 

CKMX MaCCMBOB M OTAeJlbHblX MX @as, TeKTO- 

HMrecKaA n e p e c ~ p o i ~ a  p a i o ~ a ,  ~ K T M B M ~ ~ ~ M R  

rMApOTepMaJlbHblX npOL(eCC0B M T.A. B Kaqe- 

CTBe IlpMMepa B ~ a 6 n .  5 IlpMBOAMTCA 3Tan- 

HOCTb 06pa30~aHMA rMC ~ Y ~ ~ L ( M H C K O ~ O  PYA- 
HOrO p a i 0 ~ a  M B ~ ~ ~ c T B ~ H H o - M M H ~ ~ ~ ~ I ~ H ~ I ~ ~  

COCTaB OTAeJlbHblX ee WleHOB. 

~ O ~ M B ~ P M ~ H T H O C T ~  CTPOeHMR PC (Arc) 
IlpeAOnpeAeJlAeT aKTyaJlbHOCTb OqeHKM OXM- 

~ a e ~ 0 i  3TanHOCTM @OPMMPOB~HMA TaKMX 

CMCTeM - H ~ O ~ X O A M M O ~ O  YCnOBMFl KOPPeKT- 

H O ~  OL(eHKM MX PYAOHOCHOCTM. B CaMOM np0- 

CTOM Cnyrae KOJlMcleCTBO Y P O B H ~ ~  KOHTPOJlb- 

Horo 06bena oUeHMBaeTcA no aHanorMM c 
a ~ a n o ~ ~ o i  PC aHanorMrHoro r e ~ e s ~ c a  M 

PHC. 4. C x e ~ a  reonorr/lqecrtoro CTpoeHm paA0Ha 
TMTaHOBO-MarHeTMTOBbIX M ~ C T O P O X Q ~ H M ~ ~  ryceB0- 
ropcKoe M Kaq~a~ap (no 3. Pynacoeoi B pa6o~e 
[I 571): 
I - annme~ii; 2 - nop$wp~~bi; 3 - a ~ $ ~ 6 o n ~ -  
Tbl; 4 - aflb6#~-~l l0pM~0~ble CnaHqbi; 5 - ra66- 
PO; 6 - flMPOKCeHMTbl; 7 - r0~~6neHfl~Tbl;  8 - 
pyAHble sanex~;  9 - KOHTYP~I PC paHra Pfl. 



c n e ~ p 1 a n ~ 3 a ~ ~ ~ ,  a TaMe no p e a y n b ~ a ~ a ~  

PeKoHcTpyKuMM xoAa reonorvlrecKoro p a 3 ~ ~ -  

TMR K O H K P ~ T H O ~  TePPMTOPMM. B M ~ C T ~  C TeM, 

OTHOCMTenbHO c n a 6 a ~  M3ycleHHOCTb Am 
pasnul r~o i  ~ e ~ a n n o r e ~ ~ r e c ~ o i i  cneuuanu- 
3 a 4 ~ ~  co c ~ p y r ~ r y p ~ b l x  ~ O B M ~ M ~  0 6 y c n o ~ n ~ -  
BaeT 3HaqMTenbHble CnOXHOCTM flpM eb16ope 

3TanOHOB M COOTBeTCTBeHHO npM Ol(eHKe PaH- 

rOBOCTM KOHTPOnbHblX Arc. 
B 3 ~ 0 i  CBFl3M BeCbMa IlepCneKTMBHOe Ha- 

IlpaBneHMe TaKMX OueHOK - BblFlBneHMe 06- 
U M X  ~ ~ K O H O M ~ ~ H O C T ~ ~ ?  CTpOeHMFl PC B 3aBM- 

CMMOCTM OT PaCnpOCTpaHeHHOCTM XMMMqe- 

CKMX 3neMeHTOB B 3eMH0i KOpe, YpOBHFl KOH- 

UeHTpauMM B IlPMPOAHblX aHOManbHblX CMC- 

TeMax, r e ~ e 3 ~ c a  M ~ e ~ a n n o r e ~ ~ c l e c ~ o i  cne- 
L \ M ~ ~ M ~ ~ U M M  Kotiecltiblx ee clneHos. 

3Ta- 
n bl 

I 

" 

'I' 

IV 

rlpoeeAeHa K ~ ~ C C M @ M K ~ ~ M H  xvlMnrecKMx 

3neMeHTOB no YpOBHto MX KOHueHTpaL&lM B 

PC no nnoTHocTM pacnpeAeneHm xapatcre- 

PMCTMKM Ha MHTepBanax KK ( p a 3 ~ .  7.3). no 
3TOMy flpM3HaKy BblAeJlFleTCR nRTb rpyfln 

3neMeHTOB OreHb H M ~ K O ~ ,  H M ~ K O ~ ,  YMepeH- 

H O ~ ,  B ~ I C O K O ~  M OWHb B ~ I C O K O ~  KOHueHTpa- 

~ M M  ( ~ M c .  5). MX xapamepMcTMKa npMseAeHa 

B ~ a 6 n .  6. 
Bblco~aFl AMcnepcMFI IlPeAenbHblX KK xn- 

MMcleCKMX 3neMeHTOB 06ycnoene~a CyUeCT- 

BeHHblMM pa3nMrMFlMM B MeXaHM3Me MX KOH- 

4eHTpauMM B PC. T ~ K ,  AnR KOH4eHTPaqMM 

~ ~ ~ M ~ H T O B  1-11 rpyflfl ~ p e 6 y t o ~ c ~ l  OTHOCM- 

TenbHO ~e60nbluMe 3aTpaTbl y ~ e n b ~ o f i  3Hep- 

rMM, c~pytcrypbr PC x a p a m e p ~ 3 y t o ~ c ~  npo- 

K ~ K  M3BeCTH0, XMMMreCKMe 3neMeH-rbl MO- 

TyT HaKaflnMBaTbCR B nPMPOAHblX CMCTeMaX B 

pa3JlMq~0i CTefleHM. K O ~ V I ~ ~ C T B ~ H H ~ I M  flaps- 

MeTpoM ~ P O B H F ~  HaKonneHm 3 n e ~ e ~ ~ a  MO- 

XeT CnYXMTb BenMclMHa IUlapKa KOHUeHTpa- 

~ M M  (KK) - oTHoweHm cpeAHero coAepxa- 
HMH 3 n e ~ e ~ ~ a  B PC K wlapKy C O A ~ P X ~ H V I ~  B 

3 e M ~ 0 i  KOpe (K). M ~ K C V ~ M ~ ~ ~ H ~ I M M  KK B PC 
xapatcrep~3yto~c~l KoHeCrHble ee clneHbl paw 
roa PT, PM. T ~ K M ~  npeAenbHble B npMpoAe 
KK B IlepBOM n p ~ 6 n v l x e ~ ~ ~  OTpaXatOT CpeA- 
HMe COflepXaHMFl 3neMeHTOB B B b l ~ e n R e ~ o f i  

MCCneAOBaTenRMM ~ K O H O M M ~ ~ ~ C K O ~  KaTerO- 

PMM - B PYAHblX Tenax. C MCflOnb3OBaHMeM 

AaHHblX B.M. CMMPHOB~ M AP. [I571 HaMM 

18 

reonorvlccec~vle npoqeccbl 

C T ~ H O B ~ ~ H M ~  ~ ~ ~ H M T O ~ ~ A H O ~  MHTPy3MM 

qy6accvl nporepo3o~c~oro Bo3pacra 

@op~v lpo~a~v le  KynonbHblx c~pymyp rpa- 
HVITO~~AHOA vlHTpy3nM 

6He~peHMe ManblX MHTPY3MBHblX Ten 
paHHeMenosoro soppacra 

flpoqec~bl noKanbH0h nno lqa~~on  aKTM- 
BM3a4vlM rvl~p0Tep~anbH0U ,!JeRTWlbHOCTvl 

@vlnbTpaL.!vlFl rvl~pOTepMarlbHblX PaCTBO- 

POB "0 TeUOHvl~eCKMM HapyUeHMRM 

PaHr 
rMc  
( ~ r n )  

P P 

py 

P I1 

pM 

PT 

nnouaAb 
rMc  (Am) 

(KM2) 

3600 

200-700 

22-70 

1-8'5 

O'n 

B ~ ~ ~ C T B ~ H H O - M M H ~ ~ ~ ~ ~ H ~ I ~ ~  
COCTaB 

Pervlo~anb~b~e anb6v l~~~b1 ,  
nponvlnnrbl, cKapHonabl 

Pervlo~anb~b~e rpei iae~b~, 
nponnnvlrbl 

Pervlo~anb~b~e 6epe3vl~b1, 
6epe3vl~o-rpeizie~b1, nponvl- 
JlvlTbl 

JloKanbHble 6epe3vlTb1, ap- 
rv lnnvl~~~bl ,  nponvln M T ~ I  

~ ~ O X M J ~ K O B O - X M ~ ~ H  ble Tens, 
30Hbl nvlpMTM3auvlvl 



;K XM- 

qeCT- 

Y KOH- 

D a w M  
HOCM- 

3Hep- 

npo- 

pKOB 

wax 
HH. 

CTblM OAHO-TpeXYPOBHeBblM CTpOeHMeM, KO- 

HerHble clneHbl MepapXMcleCKOrO PRna MMetOT 

nnoqanHble napaMeTpb1, cooTseTcTBymu(me 

paHraM Pn, PM Torna KaK BblCOKMe KK ane- 
MeHTOB 1 1  1-V rpyflll ~OCTMralOTCFI AJlMTeJlb- 

HblM MHOT03TanHblM flyTeM, clT0 0Tpa)KaeTCFI 

B 06pa30Ba~klkl TpeX-nFITMYPOBHeBblX PC, 
PaHr KOHeclHblX clJleHOB KOTOPblX PT (ripe- 
MMYqeCTBeHHO XMnbHble ~ e n a ) ,  PeXe PM 
(n~pC$klp~Bble, npOXMnKOB0-BKpanneHHble 

 PYA^^). 

1 McfloJlb3ye~aFI 6 ~ a 6 n .  6 BenMwHa KK no 
] AaHHblM 1.H. O B ~ ~ M H H M K O B ~  [I231 HaXOnMTCFI 

B 0 6 p a ~ ~ 0 i  C B R ~ M  c KnapKaMM c o n e p x a ~ ~ i  
3neMeHTOB B ~ € ? M H o ~  KOpe. P~CCMOTPMM 3TY 

3aBMCMMOCTb C TOclKM 3PeHMFI 3TaflHOCTM pas- 

BMTMR PC. 

B CYU(eCTBYI0uMX W ~ ~ C C M @ M K ~ ~ V I F I X  XMMM- 

qecKMx sneMeHTos no p a c r ~ p o c - ~ ~ ~ H ~ H H O C T M  B 

3 e ~ H 0 i  KOpe [11, 1391 BblAenFIDTCFI cleTblpe 

rpynnbl aneMetiTos: LUMPOKO pacnp0cTpaHet-i- 

Hble, c p e n ~ e i  paCnpOcTpaHeHHOCTM, Mano M 

MMHMMaJlbHO paCnp0CTpaHeHHble. OAH~KO 

t BaTbCR KaK eCTeCTBeHHaFl I-IPMPOAHaFI, TaK KaK 

1 ~ b l 6 0 ~  rpaHMclHblX 3~acle~klR Mew)' rpyllnaMvl 

3neMeHTOB BeCbMa cy6aemnee~, MHTepBaJlbl 
I ~ n a p ~ o e  c o n e p x a ~ ~ i  (K) a n e ~ e ~ ~ o s  B rpyn- 
I flax B HeKOTOPblX CJlyclaFlX IlepeKpblBamT Apyr 

Apyra. T ~ K ,  rpynna B no E.B. Ilnmuesy, 
B.B. LU~TOBY 11 391 (3J le~e~Tb l  c p e n ~ e i  paC- 
n p o c ~ p a ~ e ~ ~ o c ~ ~ )  xapamepn3ye~c~1 3~acle- 

HMRMM wlapKa 10-4500 r t ~ ,  a rpynna C ( ~ a -  
n o p a c n p o c ~ p a ~ e ~ ~ b ~ e )  - 1 .l-87 r t ~ .  B a ~ o i  

I CBRW H ~ M M  o c y u e c ~ s n e ~ a  W ~ ~ C C M @ M K ~ ~ M F I  
1 3JleMeHTOB no PaCnpOCTpaHeHHOCTM flyTeM 

MCnOJlb30BaHMFl cnoco6a K J I ~ C C M ~ M K ~ ~ M M  I l O  

I ~ ~ O T H O C T M  p a c n p e ~ e n e ~ ~ ~ l    pas^ 7.3). K ~ K  

HoMep 
rpynn bl 

3JleMeHTOB 

I 

II 

111 

IV 

v 

BMAHO ~3 p ~ c .  6, Ha rMcTorpaMMe clacToT 

BCTpeclaeMOCTM KnapKOB C O A ~ ~ X ~ H M ~ ~  Bblne- 

JlFIeTCR LUeCTb rpynfl aneMeHTOB, KOTOPble 

HaMM 0603~ac le~b l  KaK LUMPOKO PaCflPOCTpa- 

HeHHble, c p e ~ ~ e n  paCflpOCTpaHeHHOCTM, Ma- 

nopacnpocTpaHeHHble, penwe, oreHb pen- 
Klne M pe~claiwne (~a6n.  7). 

C o n o c ~ a s n e ~ ~ e  cpenwx 3 ~ a c l e ~ ~ i  K gng 

BblAeneHHblX rpynfl 3JleMeHTOB M COOTBeTCT- 

BYlOU(MX MM ZK - ~ J ~ ~ M ~ H T o B  B PY,4OreHHblX 

CMCTeMaX n03BOJlMJlO YCTaHOBMTb, clTO 3TM 

BennclMHbl C B F I ~ ~ H ~ I  n o r a p n @ ~ ~ c l e c ~ o  s a w -  
CMMOCTbm (~a6n .  7, pMC. 7). T ~ K M M  06pa30~,  

BblCOKOKnapKOBble 3neMeHTbl XapamepM3y- 

IOTCFI H ~ ~ H ~ C ~ M T ~ J I ~ H O G  CTeneHbtO KOHueHTpa- 

4 M M  B IlPMPOAHblX PYnOreHHblX CMCTeMaX, 

TOrAa KaK KOHueHTpauMM PeAKMX 3JleMeHTOB 

Y P O B ~ H ~  KoH- 

UeHTpauMM 

O r e ~ b  H M ~ K M I ~  

H M S K M ~  

Y M ~ ~ ~ H H  bl i  

B ~ I C O K M ~  

OWHb B~ICOKMU 

KK x 
MHTepBan KK 

- 

A0 5 
15x1.3*' 

10-30 
122x 1 .I*' 

.50-300 
1 0 7 5 ~ 1 . 2 ~ '  
400-5000 

6 0 ~ ~ ~ ~ ~ ~ * 1  

M e ~ a n n o r e ~ ~ r e c ~ a ~  c n e u ~ a n ~ -  

3auMFI PYAOreHHblX CMCTeM 

Si, A1 

Fe, Ti, V, Mg, Rb, P 

Zn, Th, TR, Mn, Ni, Co, Cu, Pb, 
Zr, Y, Sc, Ge, Pd, Nb, Ta 

Li, Be, U, Cr, Sn, TI, Au, Ag, Pt, 
Ir, Rh, W, Mo, In 

Re, CS, Sb, Hg, Cd, Bi 

I/lepapx~- 
W C K M ~  pRA 

PC 

PP, PS/-Pn 

PP, PY- 
Pn, PM 

PP, PY- 

PM, PT 

PP, PY- 
PM, PT 

PP, PY-PT 

Kon-BO 
y p o ~ ~ e i  

PC 

1-2 

2-3 

3-5 

3-5 

4-5 



(rpynnbl IV-VI) MOrYT AOCTMTaTb AeCFITKOB- 

COTeH TblCRq KIlaPKOB. ~ O ~ M O X H O C T ~  06pa30- 

BaHMR TaKMX YparaHHblX CBepXlUlapKOBblX 

c o ~ e p x a ~ ~ i  ~ ~ M ~ H T O B  npeAonpeAenAeTcA 
OCO~~HHOCTRMM @OPM MX HaXOweHMFI  B 

IlpMpOAe. 6 PRAY OT PaCnpOCTpaHeHHblX K 

PeAKMM 3JleMeHTaM npeo6naaatoua~1 @ O P M ~  
(~a6n. 7) MX HaXOmeHMR M3MeHFIeTCFI OT 

M ~ K ~ o M M H ~ ~ ~ J ~ ~ H o ~  (rpynna I) K MMKPOMMHe- 

panb~o i ,  ~ s o ~ o p @ ~ o i  (rpynnb~ 11, 111) M Aa- 
nee K 6 e s ~ ~ ~ e p a n b ~ o i  (rpynnb~ IV-VI). C M ~ -  
H O ~  @OPM OT M ~ K ~ o M M H ~ ~ ~ J ~ ~ H o ~  K 6 e 3 ~ ~ -  

HepaJlbHoi OnpeAenRIOTCR BO3paCTaHMe 

nOABMXHOCTM 3neMeHTOB npM IlOCTMarMaTM- 

WCKLnX npOueCCaX [125] M COOTBeTCTBeHHO 

PaCllJMpeHMe IlOTeHuManbHblX B O S M O X H O C T ~ ~  

MX MMrpauMM, nepepacnpeAeneHm M KoHueH- 

TpauMM. 

H o ~ e p  
rpynnbl 

I 

1 1  

Ill 

IV 

rpynna no 
pacnpo- 

CTpaHeH- 
HOCTM 

LUMPOKO- 
pacnp0- 
CTpaHeH- 
Hble ( n e ~ -  
p o r e ~ ~ b l e )  
C p e ~ ~ e i  
pacnpo- 
CTpaHeH- 
HOCTM 

npoc-rpa- 
HeHHble 

P ~ A K M ~  

OWHb 
peAKMe 

P e ~ q a i -  
uMe 

- 
K X E  * 1 

~ ~ ~ e p ~ a n  K 

124000~1.5*' 
1900M70000 

980x1.5*' 
3 7 0 4  500 

3 2 ~  1.2"' 
10-1 10 

2.5x1.1f1 
1.1-3.7 

0.1 1 ~1 .4 " '  
0.05-0.5 

0.0014x1.7*' 
0.0001-O.01 

XHMHWCKM~ 
3JleMeHTbl 

0, Si, Al, Fe, 
Ca, Mg, Na, K 

Ti, P, Ba, Sr, Zr, 
Mn, (H, C, S, 

Cl, F) 

Ni. Co, Cr, V, Li, 
Pb, CU, Zn, Th, 
N b ~  Y, T R ~  

Rb 

Cs, Be, Sc, Sn, 
W, Mo, Ta, Hf, 

Ge, U, As 

Sb, Cd, In, Hg, 
Se, Ag, 0 s  

Pd, Bi, Au, Pt, 
Re, Te, Ir, Rh 

npeo6na- 
AaDLLIaR 
@ o p ~ a  

 axo owe- 
HMR 

3JleMeHTOB 
% @ o p ~ b ~  

M~KPOMM- 
He iSg8 
MMKPOMM- 
HePanbHaR 

nx10' 

MMKPOMM- 
tie anbHaR 

,PxlO1 

6e3MMHe- 
panbHaR 

nx lo l  
6e3MHHe- 
p a n b ~ a ~  

nx10' 

/I 

I/ 

~ P ~ M M Y U ~ C T B ~ H H ~ I ~  

YpOBeHb KOHueHTpa- 
UHH 3neMeHTOB npM 
a n ~ r e ~ e 3 e  (~a6n .  6) 
h 

K ~ E *  ' I M H T ~ ~ B ~ ~  KK 

HLI3KMi 
AO 10 

H L I ~ K M ~  M V M ~ D ~ H H ~ I ~  

8 9 ~  1 .5*'/2-0300 

YMepeHHbli 
141 x1.3*'/30-840 

B ~ I C O K M ~  
965x 1.4" '11 50-5 000 

B ~ I C O K M ~  
M OqeHb B ~ ~ C O K M ~  

8914x3.4*'/5-0 
300 000 

B ~ I C O K M ~  
M O W H b  B ~ ~ C O K H ~  

2290x2.8*'/100- 
500000 

~ P O T H O ~ M -  
PyeMaR 

3TanHOCTb 
npoueccoe 
PyAoKoH- 

ueHTpauMM 

1 -2 

2-3 

2-5 

3-5 

4-5 

4-5 



ITKOB- 

ipaso- 
KOBblX 

ReTCFl 
HR B 

lblX K 

lopMa 
9 OT 

AHHe- 
n Aa- 
C M ~ -  
?3MM- 

aHHe 
laTM- 

eHHO 
' c ~ e i  
UeH- 

2.2. ~ ~ K O H O M ~ P H O C T H  3BOJlIO4HH XMMM'ieCKMX 3JleMeHTOB B 3 e ~ ~ 0 i  KOpe M 
! 

PYAOreHHblX CHCTeM pa3JlH.IHOrO PYAHblX 06betcrax MMeeT ~ a ~ b l i  0 6 ~ ~ 1 7  Xa- 

i r e ~ e 3 n c a  patcrep, T ~ K  K ~ K  on~pae- rm ~a C ~ ~ A H ~ C T ~ T M -  

CTMqeCKMe 3HaCleHMFl IlapaMeTpOB K M RK . B 
npor~03Mpye~aF l  3aBMCHMOCTb 3TanHOCTM KOHKPeTHblX CJlyclaFlX OAMH M TOT >Ke 3JleMeHT 

npoqeccoe p y ~ o o 6 p a 3 0 s a ~ ~ ~  M c o ~ e p x a ~ ~ i  B ~ ~ B M C M M O C T M  OT r e ~ e 3 ~ c a  KoHeclHblx rne-  

H o M ~ ~  
rpyfl- 
n b~ 

I 

I' 

'I' 

IV 

V 

"I 

VII 

Vlll 

IX 

r e ~ e ~ ~ r e c ~ ~ n  
TMn KOHeClHOrO 

rnetia PC 

M a r ~ a ~ ~ r e -  
C K M ~  

Ka~60tiarnTo- 
~ b ~ i  

MeTaMOp*o- 
reti~bln 

M ~ T ~ C O M ~ T M -  
recKMn 

C~apnoebli 

~ ~ ~ M ~ T M T O -  
B ~ I A  

CTpaT**OpM- 
HblL7 

rpeA3enosb1li 

T M ~ P O T ~ P -  
MaJlbHblA 

I lpeh~yuec~sen-  
H b l i  YPOBeHb KOH- 

U ~ H T ~ ~ U M M  3ne- 
MeHTOB flpM 3nM- 

re~e3e 
(~a6n.  6) 

KKXE* '  I 
MtiTepsan KK 

H H ~ K M ~ -  
V M ~ P ~ H H ~ I ~ ~  

43x 1 .6*'/2-200 
(6e3 ycre~a Cr) 

Y M ~ D ~ H H  b l i  

61 ~1 .4~~110-200 

Y M ~ ~ ~ H H  blL? 

134x2.1*'110- 
2 000 

Y~epeHHblfi 
142x1.3*'150400 

YMepeHHblG- 
B ~ I C O K M ~  

331 XI .9*'110- 
5 000 

YMepe~Hbln- 
~ICOKMFI 

439Sx2.6" 120- 
50 000 

YMepeH~blR- 
b I K H ~  

P:;x!.:E{84- 
100 000 

B ~ I C O K M ~  
2 115x1.8*'1400- 

5 000 

B ~ I C O K H ~ - - O C ~ ~ H ~  
B~ICOKHR 

1 673x 1.6*'169- 
500 000 

f lones~b~e 
MCKOflae- 

~ b r e  

Al, Fe, Cr, 
Ti, V, Ni, 
Co, Cu, 

Nb, Ta, Th 
Fe, Cu, Nb, 
T ~ ,  zr, ~ f ,  

TR, Th, P 

Fe, Mn, Ti, 
pb, ~ n ,  AU, 

U 

Be, Nb, Ta, 
Zr, Hf, 

U 

Fe, CO, CU, 
Pb, Zn, Sn, 
W, -rR, 

Au 

Sn, Li, Cs, 
Rb, Be, 

Nb, Ta, Ga 

CO, CU, 
pb, Zn, ~ b .  

Hg, Te 

Sn W Mo, 
B: Li 

Ni, Co, Cu, 
Pb, Zn, Sn, 
W, Mo, Bi, 
Sb, Hg, Be, 

TR, Ge, 
Re, TI, Cd, 
In, Se, Te, 
Au, Ag, U, 

Th 

flpeo6na- 
AalOuaR 
rpynna 
3JleMeHTOB 
no pac- 
flpOCTpa- 
HeHHOCTM 
(Ta6n. 7, 

1-1 11 

1-111 

11-IV 

I I-IV 

Ill-IV 

'''-Iv 

111-v 

IV 

"l-vl 

I ~ ~ O ~ H O S M -  
PyeMaFl 

~ T ~ ~ H O C T ~  

flpO~eCCOB 
P~AOKOH- 

UeHTpaUMM 

2-3 

24 

34 

3 4  

34 

3-5 

3-5 

3-5 

Mepapx~re- 
CKMe PRAbl 
rneHoB PC 

PY, PP-PY, 
PP-PY-pfl, 
PY-Pll, PY- 

Pfl-PM 
PP-PY-pn, 
PY-pn, PY- 

Pll-PM 
PP-PY-Pn, 
PY-Pll, PP- 
PY-Pfl-PM, 
PY-Pn-PM 
PP-PY-pn- 
PM, PY-~n- 
PM, PY-Pfl- 

PM-PT 

I1 

- 

PP-PY-P fl- 
PM, PY-PI--- 
PM, PY-Pfl- 

PM-PT 
PP-PY-pn- 
PM, PY-~n- 
PM; PP-PY- 
Pfl-PM-PT, 
PY-Pn-PM- 

PT 

I1 

PP-PY-pn- 
PM, PY-~n- 
PM,PP-PY- 
Pn-PM-PT, 
PY-PWPM- 

PT 

KOHer- 
Hble 
rneHbl 
P R A ~  

py, 

pn,  pM 

Pn, 
pM 

pn,  
PM 

PM, 
PT 

PM, 
PT 
- 

I1 



HOB PC MOXeT  KOHqeHTPMPOBaTbCFI KaK B 

np0CTblX OAHO-AByXypOBHeBblX, TaK M B MHO- 

rOypOBHeBblX CMCTeMaX. H a n p M ~ e p ,  HMKeJlb M 

~ 0 6 a n b ~  RBJlfltOTCR PYAHblMM 3neMeHTaMM B 

nMKBaqMOHHblX MeCTOPOweHMFIX (ABYXYPOB- 

HeBaFI PC), a T a m e  B CleTblpeX-nFlTMyPOBHe- 

B ~ I X  PC r M A p o T e p M a n b H o r o  n p o u c x o w e H M R  

6 3 ~ 0 i  CBR3M BaXHOe 3HaCleHMe ~ P M O ~ P ~ T ~ ~ T  

OqeHKa 3TanHOCTM 0 6 p a 3 o s a ~ n ~  CMCTeM pa3 -  

n M r H o r o  r e ~ e a ~ c a .  T ~ K ~ R  oqeHKa  npoeoAM-  

nacb c M C ~ O ~ ~ ~ O B ~ H M ~ M  C p e A H e r e o M e T p w e -  

CKMX 3 ~ a ~ l e ~ ~ h  KK ~ a ~ 6 o n e e  pacnpoc-rpa- 
HeHHblX nOne3HblX MCKOnaeMblX AJlFI OCHOB- 

HblX TeHeTMCleCKMX TMnOB KOHeclHblX ClJleHOB 

PC (~a6n.  8). 
6 I lpMBeAeHHOM B ~ a 6 n .  8 PaHXMpOBaH- 

HOM PRAY TMnOB M ~ C T O P O ~ ~ H M ~  no 3Hacle- 

HMRM KK OT I K IX rpynne nocTeneHHo  ~ 0 3 -  

PaCTaeT CJlOXHOCTb CTPOeHMFI (YPOBH~BOCT~)  

PC (Arc), OAHOBpeMeHHO nJ lOwaAM KOHeCl- 

HblX ClJleHOB PC YMeHbLLlatOTCFI OT COOTBeTCT- 

~ y t o q ~ x  p a H r y  Pf l  ( ~ e ~ o ~ o p b ~ e  M a r M a T w e -  

CKMe M ~ c T o ~ o X , ~ ~ H M R )  A0 PT ( r M ~ p 0 ~ e p -  

ManbHb le ,  HeKOTOpble C T ~ ~ T M @ O P M H ~ I ~ ,  rpeh- 
3eHOBble, I lerMaTMTOBble M~CTOPOXQ~HMR).  

CJleAye~ MMeTb B BMAy, clTO PaHrOBOCTb 

PC (Am)  o r l peAenReTcR H e  TonbKo r e ~ e 3 ~ -  

COM ee KOHeClHblX clJleHOB, HO M 3aBMCMT OT 

~ a C l a n b ~ 0 h  TOClKM OTCYeTa, TO eCTb OT CaMOrO 

KpynHOrO P a H r a  TaKCOHa B CMCTeMe, K O T O P ~ ~ ~  

ewe MOXHO OTO>Y4eCTBnFITb C KOHKpeTHblM, 

no TepMwHonorMM E.B. l l n t o u ( e ~ a ,  B.B. LUa- 
TOBa [ A  391, 3nMnOpOAHblM TeJlOM, o 6 p a 3 o -  

BaHHblM B p e 3 y n b ~ a ~ e  o n p e A e n e H H o r o  reono- 
rMCleCKOr0 ~06b l ' rMR.  n0 HalLlMM AaHHblM Ta- 

KMM TaKCOHOM B 60J lb lL lV l~~~~e  CnyClaeB RB- 

nge-rcq PY, 3 ~ a r ~ ~ e n b ~ o  pexe PP ( n p ~ ~ e p  B 

~ a 6 n .  5). Sonee KpynHb le  MeTannoreHurcre- 

CKMe nOAPa3AeneHM57, HaClMHaR C PO, ClaCTO 

PP, @ ~ K T M ~ ~ ~ C K M  I lPeACTaBnFItoT C O ~ O ~  

~ ~ M @ M ~ T M C ~ ~ C K ~ I O  CYMMY IlPOCTpaHCTBeHHO 

C ~ ~ M X ~ H H ~ I X  CMCTeM (Arfl) MnaAlL le rO p a H r a ,  

TO eCTb H e  0 6 n a ~ q a t O ~  ynOpFIAOCleHHblM BHYT- 

PeHHMM CrpOeHMeM. C YCleTOM p a 3 n M C l ~ o A  

TOC~KM OTccleTa PC (PP M PY) B nocneAHMx  

rpa@ax ~ a 6 n .  8 npeAcTaBneHb1  BapMaHTbl 

MepapXMCleCKMX PRBOB CMCTeMbl M P a H r  KO- 

HeClHblX ClJleHOB PC. 
T ~ K M M  0 6 p a 3 0 ~ ,  H a  OCHOBe pe3yJlbTaTOB 

@ O ~ M ~ ~ M O H H O ~ O  aHanM3a  H a  nto6oF1 CTaAMM 

JlMTOXMMMcleCKMX nOMCKOB B03MOXHa I l peABa-  

PMTenbHaR OqeHKa ypOBHeBOCTM A rc ,  r T 0  

MMeeT, KaK 6 y ~ e ~  n o ~ a 3 a ~ o  w x e ,  s a x H o e  

npMKnaAHoe s ~ a r e ~ ~ e  n p M  npor~ose PYAH~IX 

06ae~ros. 
M H T ~ ~ ~ C H O  OTMeTMTb, ClTO npMBeAeHHble  B 

~ a 6 n .  8 3HacleHMR KK MOrYT MCllOJlb30BaTbCR 

KaK KOCBeHHble flpM3HaKM nPOMCXO>yqeHMR 

HeKOTOPblX TMnOB M ~ C T O P O > Y ~ ~ H M ~  CnOPHOrO 

reHe3MCa. T ~ K ,  HM3KMe 3HacleHMR KK AnFI Kap- 

~ O H ~ T M T O B ~ I X  PyAHblX 0 6 b e ~ r 0 ~ ,  COnOCTaBM- 

M b l e  C KK I rpynnbl 3JleMeHTOB, I lOATBep- 

>KFlatOT MarMaTMcleCKytO n p L l p 0 A y  MX 0 6 p a 3 0 -  

BaHMFI. B ~ I C O K O ~  Xe 3HacleHMe CTaHAaPTHOrO 

MHOXMTenFI AJlR CTP~TM@OPMH~IX MeCTOPOX- 

~ e ~ k l h ,  BePOFITHO, CBMAeTenbCTBYeT 0 pas- 
nMclHOM TeHe3MCe OTAenbHblX MX IlpeACTaBM- 

~eneh, MMetOLL(MX KaK OCaAOclHOe, TaK M rMA- 

p o T e p M a n b H o e  npoMcxox,qeHMe. 

I 
06u 
CTa t 

CTP! 
M n n  

eCTt 

n p o :  

non 

q e c l  

PSK. 
Bno 
B TI 
'-lvlH 

a n b  

x a E  

COC 

Aer 
CKM 

Aer 
"PC 
H a 9  

naF 
C.E 
nab 
Pa3  

r MA 
BeF 
CTM 

n o 1  
H a l  

TFI): 

ra 
B b l  

c l e  

MM 

Bbl  

ue 



'n bTaTO B 

CTaAMM 

npeaea- 
rc, C1TO 

BaxHOe 

PYAHblX 

n 0 ~  c~pylcrypofi Am M A r c  nOHMMaDTCFI 

o 6 1 4 ~ e  M .laCTHble 3aKOHOMepHOCTM MX CO- 

CTaBa M CTPOeHMFI. B CaMOM 06u (e~  Cnyclae 

CTPYKTYPbl nPOFIBJlFIDTCR B YnOPFIAOcleHHOM 

Mnll HeynOpFIAOcleHHOM CTPOeHMM Am, TO 

ec-rb Ct)aunrec~ur x a p a u e p ~ 3 y t o ~  cTeneHb  

IlPORBneHHOCTM 30HaJlbHOCTM aHOMaJlbHblX 

nonei M CMcTeM. 

OCHOB~I C O B ~ ~ M ~ H H O ~ ~  TeOpMM reOXMMM- 

V ~ C K O ~  30HaJlbHOCTM 6blnb1 CC~)OPMYJ~MPOB~H~I 

AX. Cneppo~  [218] M B.X. ~ M M O H C O M  [208]. 
B ~ o c ~ ~ ~ ~ c T B M M  o H a  n o n y r v l n a  c B o e  p a 3 ~ ~ ~ m e  

B TpyAax  H.M. Ca@po~oea [ I  521 M .fl.H. OB- 
qMHHMKOBa, C.B. r p v l r 0 p R H a  [126]. 

B HaCTORLL(ee BPeMR nplnHRT0 BblAeJlRTb 

ABa rJlaBHblX TMna 3OHaJlbHOCTM- @auM- 

anbHyt0 M C T ~ A M ~ ~ H Y D .  n e p B a R  M3 HMX OTpa- 

XaeT  3aKOHOMepHOe M3MeHeHMe XMMMcleCKOrO 

cocTasa  PC, B OCHOBHOM p a H r a  PT no onpe- 
AeneHHblM HanpaBJleHMFIM, TO eCTb @ a K T ~ c l e -  

CKM RBJlReTCR B€?KTOPHO~ 30HanbHOCTbtO. Bb l -  

AenFIDTCR CJleAyDu(Me BMAbl 30HaJlbHOCTM: 

npoAonbHaR no npocTnpaHMto PT, nonepec l -  

Hasl BKPeCT nPOCTMPaHMD M BepTMKaJlbHaFl no 
naAeHMm. B 70-e r o A b l  fl.H'. OB~~MHHMKOB, 
C.B. ~ P M ~ O P F I H  [I261 H a  o c H o s e  o 6 0 6 u ( e ~ ~ ~  
AaHHbIX no 30HaJlbHOMY CTPOeHMD p a 3 ~ o o 6 -  

Pa3HblX PYAHblX M ~ C T O P O X ( ~ ~ H M ~  ( p a ~ r  PT) 
rl lApOTepMaJlbHOr0 reHe3MCa BblAeJlvlJlM YHM- 

B e p c a J l b ~ b l f i  pRA  B e p ~ M K a J l b ~ o i  3OHaJlbHO- 

CTM. Y C T ~ H O B ~ ~ H H ~ R  YHMBepCaJlbHOCTb ripe- 

AOllpeAeJlFIeT LUMPOKOe MCflOnb30BaHMe 30 -  

HanbHOCTM n p M  OUeHKe YPOBHFI 3P03MM, np0- 
TRXeHHOCTM H a  r n y 6 ~ ~ y  M ~ a c w ~ a 6 a  PC PaH- 

ra PT npM npOM3BOACTBe AeTaJlbHblX nOMCK0- 

BblX p a 6 o ~  no nepBMqHblM OpeOJlaM. 

C T ~ A M A H ~ F I  30HaJlbHOCTb ~ a M 6 0 J l e e  OT- 

cleTJlMB0 I lpORBJleHa B CBR3M C rPaHMTOM4Hbl- 

MM MHTPY3MFIMM. B CaMOM 06u (e~  BMAe OHa 

Bb lpaxaeTcR  B n o c n e g o s a ~ e n b ~ o i i  c M e H e  OT 

UeHTpa M H T P Y ~ M ~ ~  K MX n e p ~ C t ) e p ~ ~  M ganee 

BO BMeu(atOu(Me nOpOAbl  6onee BblCOKOTeM- 

nepaTypHblX MMHepaJlbHblX M COOTBeTCTBytO- 

u(MX MM TeOXMMMcleCKMX a ~ ~ 0 u M a u M n  HM3KO- 

TeMnepaTypHblMM 0 6 p a 3 0 B a H M F I ~ M .  B npMHM- 

~ a e ~ 0 i  HaMM TePMMHOnOrMM TaKaFl 30HaJlb-  

H O C T ~  n p e A c T a s n R e T  co6oh y n o p f i A o r e H H o e  

a a ~ o ~ o ~ e p ~ o e  n o n o x e H M e  PC p a H r a  PM B 

paMKax  Pn, PY n ~ 6 0  PT B npeAenax PC paH-  

ra PM. B c a M o M  o 6 1 4 e ~  BMAe o H a  xapaue- 
PM3YeTCR PRAOM, Bb lAeneHHblM B.X. ~ M M O H -  

COM [208]: W-As-Bi-Au-Cu-Zn-Pb-Ag-Au- 
Sb-Hg. B KOHKPeTHblX reOJlOrMcleCKMX 0 6 c ~ a -  
HOBKaX H a 6 . n D ~ a t O ~ c R  rlMLUb OTAeJlbHble We- 
H ~ I  3 ~ 0 r o  pqAa, o6paaytou(~e B e c b M a  paa~o-  
0 6 p a 3 H b l e  no COCTaBy M B H Y T P ~ H H ~ ~  CTPYKTY- 

pe 3OHaJlbHble CMCTeMbl [150]. H e p e ~ K o  Ta- 

KaR CMeHa reOXMMMWCKMX ~ C C O ~ M ~ U M ~  Ha-  

6 J l D ~ a e ~ c B  B paMKax  cmcTeM, cneunannaur- 
PoBaHHblx H a  OAHO n o n e 3 ~ 0 e  McKonaeMoe.  B 
qaCTHOCTbl, 6 npeAeJ laX  30JlOTOPYAHblX y3JlOB 

a a n b ~ e r o  BOCTOK~ ~ ~ ~ e p a n o r o - r e o x ~ ~ ~ r e -  
CKaH 30HaJlbHOCTb Bb lpaXaeTCR CJleAytOLL(blM 

O ~ U M M  PFIAOM n p 0 R B n e ~ M i  (OT UeHTpaJlbHblX 

~ J ~ ~ ~ O K O ~ ~ O ~ M ~ O B ~ H H ~ I X  c l a ~ ~ e i  TpaHMTOMA- 

H ~ I X  M H T P Y ~ M I ~  K mx n e p n a e p ~ ~  m Aanee BO 

BMeu(atOu(Me n0p0~bl): 30JlOTO-PeAKOMe- 

TaJ lnbHb le  (Au, Bi, Te), ~ o J ~ o T o - B o ~ ~ C ~ ) ~ ~ M O -  

s b l e  (Ag, W, As) - ~ O J I O T O - K B ~ ~ ~ ~ B ~ I ~  (Au, 
As, Fe) - 3 o n o ~ o - n o n n ~ e ~ a n n ~ c l e c ~ ~ e  (Au, 
Pb, Zn) - 30Jl0~0-~yJlb@0~0Jlb~ble (Au, AS, 
Sb, CU, Pb, Ag) - 30JlOTO-aHTMMOHklTOBble 

(Au, Sb). K ~ K  M B npegb lAyu (eM c n y r a e ,  H a  

KOHKPeTHOM 06beue 3TOT PBA H a 6 n t O ~ a e ~ ~ F I  

B YCecleHHOM B M A e  H a n p a B n e H M e  M3MeH'iM- 

BOCTM AJlFl T ~ K O ~  30HaJlbHOCTM B UeJlOM pa- 
AManbHoe  M HaMM OHa O ~ O ~ H ~ % ~ ~ T C F I  KaK 

0 6 b e ~ H a B  30HaJlbHOCTb. 

P ~ C C M O T P ~ H H ~ I ~  Bb l l ue  BapMaHTbl FIBJlFI- 

DTCFI JlMLUb ClaCTHblM npOFlBfleHMeM 0 6 b e ~ -  
H O ~  30HaJlbHOCTM A r f l  KPYnHblX PaHrOB (PM, 
Pfl, PY, PP). 6onee CnOXHble 3aKOHOMePHO- 

CTM CTPOeHMFl A r c  BblFIBnFItOTCFI npM aHaJlM3e 

H e  TOJlbKO H ~ , ~ @ O H O B ~ I X  C O A ~ ~ X ~ H M ~ ,  HO M 

opeonos sb lHoca.  B  TOM cnyrae s o ~ a n b ~ o e  

p a c n o n o x e H M e  r e o x m M w e c K M x  accounauni 



p a H r o s  PT, PM x a p a n e p ~ 3 y e ~  n M w b  HeoA-  

HOpOAHOe CTpOeHMe BHYTPeHHMX Y ~ C T & ~  Am 
Pn, PY. 

M ~ ~ e p @ e p e ~ u ~ R  npOCTpaHCTBeHH0 c 6 n ~ -  
XeHHblX OAHOPaHrOBblX Am, a TaKXe  np0RB-  

JleHMR Am MJlaAluMX L(JleH0B B KOHTYpaX no- 
net7 c T a p w e r o  p a H r a  O ~ ~ C J I O B ~ M B ~ ~ O T  Ha-  

CTOJlbKO ~J lox~b l f i ,  M H O T O B ~ P M ~ H T H ~ I ~ ~ ,  M03a -  

M ~ H O - R ~ ~ M C T ~ I ~ ~  PMCYHOK 30HaJlbHOCTM, qTO 

npM @ O ~ M ~ J ~ M ~ O B ~ H H O M  aHaJlM3e B c e f i  COBO- 

KYnHOCTM Pa3H03HaKOBblX aHOMaJlbHblX CO- 

Aepxa~kIfi UMpOKOrO K p y r a  3JleMeHTOB 

BCKPblTMe CTPYKTYPbl A r c  M OTAeJlbHblX ee 
'4JleHOB IlPaKTMqeCKM CTaHOBMTCR HeB03MOX- 

HblM, ~ a ~ b l f i  0 6 b e ~ ~  no reOXMMMWCKOMy 

CTPOeHMtO BblAeJlReTCR KaK ~ ~ M ~ a J l b ~ b l f i .  ~ P M  
TaKOM I lOAXOAe ' - IP~~B~I '- I~~~Ho TPYAHO M3 CMC- 

~ e ~ 0 0 6 p a 3 y t O u e r o  M H O ~ O O ~ P ~ ~ M R  M3BJleclb 

06une 3aKOHOMePHOCTM @OPMMPOB~HMR 

Arc.  ~ T M M  O ~ ~ A C H R ~ T C F I ,  HeCMOTPR H a  ' a ~ -  
TMBHble MCCJleAOBaHMR B 3TOM HanpaBJleHMM, 

K p a f i ~ e  cna6blt7 YpOBeHb M3YqeHHOCTM 0 6 4 ~ ~  
YHMBepCaJlbHblX ~ ~ K O H O M ~ ~ H O C T ~ ~ ~  CTPOeHMR 

M COCTaBa A r c  B u e n o M  M Am CTapWMX PaH- 

rOB B '4aCTHOCTM. 

B  TOM n n a H e  n o ~ a 3 a ~ e n e ~  onbm npme- 
HeHMR CTPYKTYPHOrO MeTOAa npOrH03a  

C.A. ~ P M ~ O P O B ~ I M  [4I-43] C MCnOJlb3OBaHMeM 

~ J ~ ~ O P M T M ~  AMHaMMqeCKMX C ~ Y U ~ H M ~ ~  

((Diday)). Ha OCHOBe aHaJlM3a AaHHblX pa3HO- 

M ~ C W T ~ ~ H ~ I X  reOXMMMqeCKMX p a 6 o ~  aBTOp 

cnpaeeAntmo A e n a e T  B ~ I B O A  o MHoroypoeHe-  

BOM 30HaJlbHOM CTPOeHMM reOXMMMCleCKOr0 

nOJlR, rAe ~amblt7 YPOBeHb KOHueHTpauMM 

MMHepaJlbHOrO B e u e C T B a  CJlyXMT A M C K P ~ T H O ~ ~  

c o c ~ a ~ n ~ t o ~ ~ ( e t 7  T a K o r o  nonq nocneAosa- 
TeJlbHO OTpaXaR MepapXMtO TeOXMMMqeCKMX 

TaKCOHOB. 0 6 b e ~ ~ a R  PaAMaJlbHO-RAepHaR 

30HaJlbHOCTb TaKMX CMCTeM, no aBTOpy, np0- 
RBJlReTCR B ~ ~ K O H O M ~ P H O ~ ~  JlOKaJlM3auMM TpeX 

 OH (OT UeHTpa  K nepn@ep~n): ~ ~ e p ~ o t 7  30- 

Hbl, 30Hb l  TpaH3MTa, @ P O H T ~ J ~ ~ H O ~ ~  30Hb l  KOH- 

UeHTpauMM ( ~ M c .  8). f i A C ? p ~ a R  M @ p o ~ ~ a J l b -  

HaR 30Hb l  XapaKTepM3ytOTCR aHOMaJlbH0 Bbl- 

COKMMM COAePXaHMRMM 3JleMeHTOB. P a 3 ~ e -  

J lRtOuaR MX 3 0 H a  TPaH3MTa MMeeT HeBblCOKOe 

3HaqeHMe CYMMbl KJlaPKOB KOHueHTpaL/MM. no 
3MnMPMqeCKMM AaHHblM C.A. ~ P M ~ O P O B ~ I M  

YCTaHOBJleHO, L(T0 6 0 r l b w a ~  '4aCTb KOHueH- 

TPMPOBaHHblX 3al laCOB nOJle3HblX MCKOnae- 

M ~ I X  C o c p e A o T o q e H a  B ~ A e p ~ o t 7  3 o ~ e ,  T o r A a  

KaK BO @ P O H T ~ J ~ ~ H O ~ ~  30He,  H e  ~ ~ ~ y l l a t 0 u e t 7  

no npoAy tnMaHocTM fiAep~ot7, A o n R  sanacos 
H e  n p e B b l w a e T  10-30%. KPMT~PMRMM JlOKa- 

JlM3auMM IlepCneKTMBHblX H a  0 6 ~ a p y x e ~ M e  

nOJle3HblX MCKOnaeMblX YqaCTKOB, no aBTOpy, 

PHC. 8. l l p ~ ~ q ~ n ~ a n b ~ a ~  cxeMa  c~pyrcrypbr  (B 

paspese)  reoxMMM'iecKoro n o n g  xMnbHoro M e m o -  
PON(qeHH5I (no  C.A. r p ~ r o p o ~ y  [40]): 
1 - PyAHble Tens; 2-4 - ~ P O H T ~ ~ ~ H ~ R  30Ha KOH- 
qeHTpMpOBaHMFl YpOBHg: 2 - PyAHOrO Tefla, 3 - 
MeCTOPON(qeHMH, 4 -  PYAHOrO IlOflR; 5- 30Ha 
TpaH3MTa; 6 - rpaHMua Am pa3nM'iHbIX Y ~ O B H ~ ~ .  

RBJlReTCR KaqeCTBeHHaR OueHKa CTeneHM 

YllOPRAO~eHHOCTM CTPYKTYP OPeOJlbHblX CMC- 

T e M  (ec~b MJlM H e T  ~ O H ~ ~ ~ H O C T M )  M IlPMYPO- 

cleHHOCTb K O H ~ ~ H T P M P O B ~ H H O ~ ~  MMHepaJlM3a- 

UMM I lpeMMyueCTBeHHO K FlAePHblM qaCTRM 

TaKMX CMCTeM. 

P a 3 p a 6 0 ~ ~ ~  C.A. r p M r o p o B a ,  I lpeACTaB- 

nm s a ~ e ~ ~ o e  m n e H M e  B n o ~ c ~ o ~ o t 7  reoxn- 
MMM, BMeCTe C T e M  MMetOT PRA CyueCTBeH-  

HblX HeAOCTaTKOB, pe3KO OCJlOXHRtOuMX MX 

npaK-rMqecKytO p e a n ~ 3 a u ~ t 0 ,  a MMeHHo: 

1. Cnoco6 BblAeJleHMR 3OHaJlbHOCTM aH0-  

MaJlbH blX CMCTeM TeHAeHUM03eH, OTCYTCTBYeT 

OAH03HaqHOCTb B OKOHTYPMBaHMM OTAeJlbHblX 

3 0 H  no CYMMaPHblM KJlapKaM K O H ~ ~ H T P ~ ~ M ~ ~  

MJlM CMeHe reOXMMMqeCKHX ~ C C O ~ M ~ U M ~ ~ .   TO 
nonoxewe MnntOcTpnpyeTcR H a  npMaoAMMblx 

MM PMCYHKaX (PMC. 9, 10) B pa6o~e [40]. 
2. K ~ ~ ~ C T B ~ H H ~ R  OueHKa PYAOHOCHOCTM 

Arc BeCbMa C Y ~ ~ ~ K T M B H ~ ,  TaK KaK OllMpaeTCR 

MCKJltoWlTeJlbHO H a  3pMTeJlbHOe BOCnpMRTMe 

CTelleHM ynOpRAO'4eHHOCTM CTpyKTyp OpeOJlb- 

HblX CMCTeM. 

~ T M  HeAOCTaTKM RBJlRtOTCR CJleACTBMeM 

@ o p ~ a n ~ s o a a ~ ~ o r o  noAxoAa n p M  a ~ a n ~ s e  
c o c T a e a  M CTpoeHMR Ar l l ,   TO H e  n o 3 ~ 0 n ~ n o  
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IOHa KOH- 
ma, 3- 
- 3 o ~ a  
POBH~A. 

:TeneHM 

AX CMC- 

'PHYPO- 
)anma- 
c(aCTFlM 

PUC. 9. Am T b l p H b l a y 3 ~ ~ 0 ~ 0  Pn (no C.A.rp~ro- 
POBY [401): 
1-2 - 0606~.pHHble KOHTYPbl 3HaCIMMblX COAep- 
M ~ H M ~ :  I - W, Mo, Sn ,  As, Bi,  Sb, 2- Pb, Zn,  
CU, Ag; 3 - MeCTOpO>KAeHMe T b l p ~ b l a y 3 ;  4 - YCIa- 
CTOK T~LLIOPYH; 5 - rpaHMqbl nnowaAM onpo6o~a- 
HMFI. 

aBTOpy H a   OH^ YaCTHblX ~ ~ K O H O M ~ P H O C T ~ ~  

~ b l ~ e n ~ ~ b  o 6 t 4 ~ e  ~ M ~ ~ e ~ 0 0 6 p a 3 y t O l l ( M e  

C B O ~ C T B ~  aHOManbHblX n0nei. KaX,qblk o6a- 
eKT, no C.A. r p ~ r o p o ~ y ,  FlBJlReTCR YHMKarIb- 

HblM no CTPOeHMtO, COnOCTaBMMOCTb XMMMcle- 

CKOrO COCTaBa aAeKBaTHblX 3 0 H  A r c  pa3nM.l- 

HblX Y ~ O B H ~ ~  OpTaHM3aL&lM M MeTaJlnOTeHM- 

c l e c ~ o i  c n e ~ ~ a n ~ 3 a ~ ~ ~  H e  n p o c M a T p m a e T -  

CS1. 

r n y 6 0 ~ M e  MCCJleAOBaHMFl aHOManbHblX 

reoxMMMqecKMx nonei n o 3 ~ o n ~ n ~  B.M. TIM- 
TynbKo, M.H. K p ~ u y ~  [I 371 cAenaTt ;  B ~ I B O A  o 
CyueCTBOBaHMM ~ C T ~ C T B ~ H H O ~ ~  MepapXMM PC, 
0 6 b e ~ M ~ F i e ~ b l x  O ~ L L ( H O C T ~ D  MeXaHM3Ma MO- 

~ H ~ H ~ ~ U M M ,  TpaHCnOpTa M OTJlOXeHMFl PYAHO- 

ro eeqecna B xoAe ~ a n p a ~ n e ~ ~ o i  ~ n @ @ e -  
peHuMaUr/rn c o c T a e a  3 e ~ ~ o k  KOP~I .  C o ~ o ~ y n -  
HOCTb reOXMMMcleCKMX 3KBMBaneHTOB TaKMX 

CMCTeM - Pa3HOPaHTOBblX ~ H O M ~ J ~ M ~  - 06- 
pa3yeT MHOrOypOBHeBble A m .  C ~ M ~ I M  Cy lqe-  

CTBeHHblM nPM3HaKOM Am H a  BCeX YPOBHFlX 

o p r a ~ ~ 3 a ~ ~ n  seuecma (PP-PT) M p a a n ~ r -  
H O ~  ~ e ~ a n n o r e ~ ~ ~ l e c ~ o k  c n e ~ ~ a n ~ 3 a ~ ~ ~  FIB- 

JlReTCR o ~ ~ ~ M H o - ~ o H ~ J ~ ~ H o ~  PaCnpeAeneHMe 

3JleMeHTOB M MX ~ C C O U M ~ ~ M ~ .  n p M  3TOM aB-  

TOPbl BblAeJlFltOT A B e  r p y n n b l  3neMeHTOB C 

AMaMe-rpaJlbH0 ~pOTMBOnOJlOXHblMM TeHAeH- 

qM5lMM nOBeF\eHMFl: UeHTpOCTpeMMTenbHble, 

KOHueHTPMpytO~MeCFl B UeHTpanbHb lX  CIaCTFlX 

A m ,  M U ~ H T ~ O ~ ~ X H ~ I ~ ,  0 6 p a 3 y ~ u p 1 e  nono- 
XHTeflbHble OpeOnb l  H a  nepM@epMM. no MHe- 

Hut0 aBTOPOB, B IlOCJleAOBaTeJlbHOCTM OT Am 
CTaPWMX PaHrOB K MJlaALLlMM clJleHaM CMCTe- 

Mbl 3aKOHOMePHO yBeJlMYMBaeTCFl YpOBeHb 

HaKOnJleHMFl PyAHblX 3JleMeHTOB, OTHOCM- 

TeJlbHO I l a A a e T  POJlb I leTpOreHHblX 3 n e M e H -  

PHC. 10. Am T ~ W O P ~ H C K O ~ O  YCIaCTKa ( p a ~ r  PM) :  
1-4 - BTOPMCIHble OpeOnbl: I - W, 2 - Mo, 3 - 
Pb,  4 - Ag; 5 - CTPylCryPHble rpaHMubl AT11 (no 
C.A. r p ~ r o p o e y  [40]). 

TOE, n p M   TOM OT p a H r a  K p a H r y  ~ a 6 n m ~ a e ~ c ~ i  

MHBePCMFi XMMMYeCKOrO COCTaBa UeHTpaJlb-  

H ~ I X  M n e p ~ @ e p ~ i ~ b ~ x   OH Arn, TO e c T b  c M e -  

H a  l l03MUMk 3neMeHTOB H a  npOTMBOn0JlOX- 

Hb le  ( ~ M c .  11). Ha OCHOBe yCTaHOBneHHblX 

~ ~ K O H O M ~ ~ H O C T ~ ~  @ O ~ M ~ ~ ~ O B ~ H M F I  PC, M B 

~ a c - r ~ o c - r ~  ATTI, a e T o p a M M  n p e A n a r a e T c F i  

~ ~ O ~ H O ~ H O - ~ O M C K O B ~ I ~  aJlrOpMTM, B KOTOPOM 

0 6 b e ~ ~ a F i  (no aBTOpy - n0J lF ip~aF i )  3OHanb- 

H O C T ~  RBJlFleTCFl B e A Y u M M  IlOMCKOBblM npM- 

3HaKOM npOrHO3a M ~ c T o ~ o X , ~ ~ H M ~ .  

~ P M  B ~ e i  C B O ~ ~  T ~ O ~ ~ T M Y ~ C K O ~  M npaK- 

T M C I ~ C K O ~  3HaCIMMOCTM HeKOTOPble IlOJlOXeHMFI 

M BblBOAbl aBTOPOB BeCbMa TMnOTeTMYH bl, TaK 

KaK OCHOBblBatOTCFl H a  BeCbMa  CKPOMHOM no 
o 6 a e ~ y  @ ~ K T M C ~ ~ C K O M  MaTepMane .  B YaCTHO- 

CTM, n p e A n a r a e M b l e  MMM M o A e n M  c T p o e H m  

pa3HOpaHrOBblX Arm, MHBePCMFl XMMMCleCKOrO 

COCTaBa Arm COCeAHMX PaHrOB MOrYT PaC- 

CMaTpMBaTbCFi TOJlbKO B KaCleCTBe p a 6 o ~ e i  
sepcm. 

T ~ K M M  o 6 p a 3 0 ~ ,  FlBHaR HeAOCTaTOYHOCTb 

B M3yWHHOCTM O ~ ~ M X ,  YHMBePCaJlbHblX 3aKO- 

H O M ~ P H O C T ~ ~  COCTaBa M CTPOeHMFl A r m ,  B 

PHC. 11. O C H O B H ~ I ~  3neMeHTbl-MHAMKaTOPbl Ope- 
onoe PYAOHOCH~IX CTPYKTYP paa~oro patira M MX 

MeCTO B PFlAaX J l a ~ e p a n b H ~ R  3OHanbHOCTM (fl0 

B.M. ~ M T Y ~ ~ K O ,  M.H. K p ~ u y ~  [137]): 
PK - 3neMeHTbl PyAHOrO KOMnneKCa; OP3 - OC- 
H O B H O ~  P Y A H ~ I R  3neMeHT; PCr - p y f l ~ b l i  C T O ~ ~ .  



O C O ~ ~ H H O C T M  CTapWMX PaHrOB (PP, PY, Pn), 
MMetOUMx ~ a x ~ e i w e e  3 ~ a c l e ~ ~ e  B pacKpbl- 

TMM MeXaHM3Ma M O ~ ~ M X  Y C ~ O B M ~  o6paao~a- 
HMFl PYAHblX M ~ C T O P O H ( ~ ~ H M ~  (OCHOB~I  Ha- 

AeXHOCTM llPOrH03HO-IlOMCKOBblX ~ 0 ~ e J l e i )  

npeAonpeAenqeT amyanbHocTb petueHm 
a ~ o i  aa~acln. 

Ha~6onee nonHo B HacTogUee Bpem 
MdYcleHbl COCTaB M CTpOeHMe A r f l  rMApOTep- 
ManbHoro r e ~ e a ~ c a  (TMC). P a c c ~ o - r p n ~  nx 
CTPYKTYPbl B IlOCJleAOBaTeJlbHOCTM OT MJlaA- 

LLIMX (PT, PM) K CTapuMM clneHaM (Pfl, PY, 
PP) CMCTeMbl. 

~ ~ K O H O M ~ P H O C T M  COCTaBa M CTPOeHMR 

A m  3TMX PaHrOB ~an6onee M3ycleHbl. B M ~ C T ~  
C TeM, TPaAMuMOHHO CJlOXMJlaCb IlpeMMyUe- 

CTBeHHaFl OPMeHTauMFl Ha aHaJlM3 B ~ K T O P H O ~  

3OHaJlbHOCTM. B 3TOM HanpaBneHMM, KaK yKa- 
3blBanOCb BblWe, IlOJlYcleHbl CTaTMCTMcleCKM 

Y C T O ~ ~ ~ M B ~ I ~  3aKOHOMePHOCTM M3MeHeHMFl XM- 

MMcleCKOrO COCTaBa IlOJlOXMTenbHblX OpeOnOB 

PYAH~IX  Ten pa3n~c l~oro r e ~ e 3 ~ c a  no MX na- 
AeHMtO, OTpaXeHHble B M3BeCTHOM PFlAe YHM- 

~ e p c a n b ~ o i  30HaJlbHOCTM 3JleMeHTOB [126]. 
C COBePWeHCTBOBaHMeM ~ H ~ ~ M T M C ~ ~ C K O ~  

6a3b1, HaclMHaFl C 70-x rOAOB, MHOrMMM MC- 

CneAoeaTenqMM OTMeclanocb, c l ~ o  pyAHble 

Tens COnpOBOH(4atOTCFl nOMMM0 IlOnOXM- 

TenbHblx OpeonoB Tame M opeonam B ~ I H O -  

ca. B M ~ C T ~  c TeM, nocneAHMe B noAaengtO- 

UeM ~ O J ~ ~ W M H C T B ~  CJlyclaeB PaCCMaTpMBa- 

JlMCb KaK  B T O P O C T ~ ~ ~ H H ~ I ~ ~  ~ O M C K O B ~ I ~  npM- 
S H ~ K ,  HepeAKo MX onMcaHMe orpaHMclMBanocb 

IlePeclMCneHMeM OAHOrO-AByX 3JleMeHTOB CO 

C C ~ I J ~ K O ~ ,  clT0 CYUeCTBYtOT M APYrMe. nMWb 

HeMHOrMe MCCJle,4OBaTeJlM (r.fi. A G p a ~ c o ~ ,  
C.B. ~ P M ~ O P A H ,  3.P. L a p a ~ o ~ ,  A.A. ~ O ~ O B M H ,  

T.C. Kpac~oea, B.M. ~ M T Y ~ ~ K O ,  M.H. K p ~ q y ~  
M HeKOTOPble A P Y ~ M ~ )  OpeOJlaM BblHOCa npM- 
AaBanM BaxHoe reHeTMclecKoe M npanucle- 
cKoe 3 ~ a q e ~ ~ e  [I, 3, 32, 44, 137 M ~ p . 1  B cla- 

CTHOCTM, A.A. ~ O ~ O B M H ~ I M ,  T.C. K ~ ~ C H O B O ~  
[32] Ha IlpORBJleHMFlX K o J l c l e ~ a ~ ~ o i  @ O P M ~ -  

uMM PYAHO~O AJl~ag YCTaHOBneHa O ~ ~ ~ T H O  

IlpOnOpqMOHaJlbHaFl 3aBMCMMOCTb KOHTpaCT- 

HOCTM OpeOnOB BblHOCa HeKOTOPblX 3JleMeH- 

TOB M 3JleMeHTOB PYAHOrO KOMnJleKCa. 3 ~ a  
3aBHCMMOCTb MMM MCnOJlb30BaJlaCb npM pa3- 

~ P ~ K O B K ~  reOXMMMcleCKMX ~ H O M ~ J ~ M ~  M BblAe- 

JleHklkl KOHueHTPMPOBaHHOrO OPYAeHeHMR Ha 

 OH^ MHOrOclMCJleHHblX 30H P ~ C C ~ F I H H O ~  PYA- 

PHC. 12. Pacnpe~ene~~e BenMrMH MynbTMnnma- 

TMBHOrO nOKa3aTenR MHTeHCMBHOCTM nM B BepTM- 
KanbHOM Ce'ieHMM 'iepe3 UeHTpanbHyH, 'iaCTb Mp- 
TblWCKOrO MeCTOPO>KpeHHR (no A.A. ~ O ~ O B M H ~ ,  
T.C. Kpac~o~ok [32]): 
1-3 - Benl4'iMHbl rpa~au~bi  n M :  1 - MeHbLLle 0.1, 

2 - 1 000-10000, 3 - 6onbwe 10000; 4 - pya- 
Hble Tena. 

H O ~  MMHeParlM3auMM. ~ P M  3TOM B KacleCTBe 

n o ~ a 3 a ~ e n ~  ~ a c t u ~ a 6 a  pyAHoro npouecca 
IlPMMeHFlJlCFl TaK ~ a 3 b l ~ a e ~ b l i  nOKa3aTenb 

MHTeHCMBHOCrM BMAa nM= PbZnCuIVCrMn, 
n p e , q c ~ a s n m o ~ ~ i  co6o i  oTHoweHMe npo~a-  
s e ~ e ~ ~ i  c o ~ e p x a ~ n i  rnasHblx aneMeHToe 

PyAHOrO KOMnJleKCa M 3JleMeHTOB, o6paayt0- 

U M X  OpeOJlbl BblHOCa ( ~ M c .  12). f l0 AaHHblM 

aBTOpOB 6onee Y C T O ~ ~ ~ M B ~ I M  M HaAeXHblM, n0 

CpaBHeHMtO C ~ ~ C O J ~ ~ O T H ~ I M M  3HacleHMFlMM nu, 
KPMTePMeM npOrHO3a npOMblWneHHOr0 Opy- 
AeHeHMFl FlBJlReTCFl OTHOUJeHMe I l J l o ~ a ~ e i  
IlOJlOXMTerlbHblX M OTPMuaTenbHblX OpeOnOB 

a ~ o r o  no~a3a~en~ l .  

APY~MM YAaclHblM IlPMMePOM MCnOnb30Ba- 

HMFl OTPMqaTeJlbHblX OpeOnOB B IlPaKTMcleCKMX 

UeJlFlX FlBJlRtOTCFl pe3ynbTaTbl p a 6 o ~  
r.fi. A 6 p a ~ c o ~ a  M AP. [I] Ha OAHOM M3 30n0- 

T O - C Y J ~ ~ @ M A H  b l ~  M ~ C T O P O H ( ~ ~ H M ~  YYKOTKM. 
MMM M3ycleHbl ABa YPOBHFl OPraHM3auMM Be- 

UeCTBa - PT M PM. B KaqeCTBe MHAMKaTO- 

poe YPOBHR 3 ~ 0 3 ~ ~  PT npeplnoxeHbl ~os@-  
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HbUe 0.1, 
4 - PYA- 

(ac(ecTBe 
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PHC. 13. ~ ~ ~ @ Y I K M  M3MeHeHHR C rny6~~oLi ~03@- 
@ M ~ H ~ H T O B  30HaJlbHOCTM nepBMrHblX OpeOJlOB: 
a - P ~ A ~ S ~ / C U * A S ;  6- CoNiMn (no r.F1. A6- 
PaMCOHy M flp. [I]): 1 - PyAHble TeJla; 2 - PyAHaR 
3 o ~ a  

@kluMe~~bl 30HaJlbHOCTM, YKOMnJleKTOBaHHble 

sneMeHTaMM pyAHoro KoMnneKca Tnna 
P ~ A ~ S ~ / C U ~ A S .  Ang oueHKM cpeaa p y ~ o -  
HOCHblX 30H (B ~aLLlei TepMMHOnOrMM rMC 
paHra PM) MMM Bnepsble B npaume reoxn- 
MklcleCKMX nOLlCKOB nPLlMeHFlJlLlCb OpeOJlbl 

BblHOCa 3JleMeHTOB (CO, Ni, Mn). 3~aCle~blFI 
npOM3BeAeHMFI C O A ~ ~ X ~ H M ~  3TMX 3JleMeHTOB 

He PearMpytOT Ha OTAeJlbHble PyAHble Tens, B 

TO He BpeMFl 3aKOHOMePHO YMeHbUlatOTCFI n0 

naAeHMm p y ~ ~ b l x  3 0 ~  (PMC. 13). 
H~CMOTPR Ha npLlBeAeHHble Bbllue nono- 

xnTenbHble npmepbl npaKrwecKoro Mcnonb- 

3OBaHMFI, 40 CMX n0p AaHHble 0 COCTaBe Ope- 
OnOB BblHOCa B rMC pa~ros'PT M PM He CMC- 

TeMaTM3MpOBaHb1, CBeAeHMFl 06 0 6 ~ 4 ~ ~  M Cla- 
CTHblX 3aKOHOMePHOCTFIX JlOKanM3auMM MX B 

npOCTpaHCTBe HenOJlHbl M IlPOTMBOPeClMBbl. 6 
3 ~ 0 i  CBFI3M HaMM flpOBeAeH C M C T ~ M H ~ I ~  aHa- 
nkl3 Pa3P03HeHHblX AaHHblX 0 COCTaBe M 

cTpoeHw AT11 pa3nnr~oro r e ~ e s ~ c a  no n M -  

TePaTYPHblM MCTOClHMKaM C npMBfleCleHMeM 

pe3yflbTaTOB C O ~ C T B ~ H H  b l ~  M C C ~ ~ ~ A O B ~ H M ~ ~  B 

A~J I~H~BOCTOC~HOM PerMOHe. ~ T M  CBeAeHMFI 

npMBOAFITCFI B ~ a 6 n .  9 no OTAeJlbHblM 30HaM 

A m ,  XapakTepMCTMKa M IlpOCTpaHCTBeHHOe 

nOJlOXeHMe KOTOPblX 6 y ~ y ~  PaCCMOTpeHbl 

HMHe. 3Aecb Xe OTMeTMM, ClTO FlAePHaFl 30Ha 

XapamepM3yeT ueHTpaJlbHble ClaCTM A m ,  30- 

Ha o 6 ~ e ~ a  - MX nep~@epnto. 

K ~ K  BMAHO ~3 ~ a 6 n .  9, ~ a 6 n t 0 ~ a e ~ c ~ 1  OT- 

W2TnMBaFI aHM30TPOnMFI XMMMCleCKOrO COCTaBa 

UeHTpanbHblx M n e p ~ @ e p w e c ~ ~ x  c lac~e i  
Am paHroB PT, PM BHe 3aBMCMMOCTM OT MX 

r e ~ e ~ ~ q e c ~ o i  npMHaAnexHocTn M MeTanno- 

r e ~ ~ ~ l e c ~ o i  c n e u ~ a n ~ 3 a u ~ ~ .  l l p ~   TOM HaMM 

BblAeflFIDTCR ABe rpynnbl 3neMeHTOB C AMa- 
MeTpanbHO npOTMBOnOnOXHblMM TeHAeHuMFI- 

MM [168], KOTOPble B PaCCMaTPMBaeMOM KOH- 

TeKCTe YAaClHO 0603~aCle~bl 6.H. nkl~yJlb~0, 

M.H. K p ~ u y ~  [I37 KaK ueHTpOCTpeMMTeJlbHble 1 
M L @ H T ~ o ~ ~ x H ~ I ~  . 

L ( e ~ ~ p 0 ~ r p e ~ L l ~ e n b ~ b l e  3neMeHTb1, TO 

eCTb KOHueHTPMPYtO~MeC B F I A ~ P H O ~  30He, 

C O ~ C T B ~ H H O  FIBJlFItOTCFI 3fleMeHTaMM PyAHOrO 

KoMnneKca M onpeAenRtOT T M ~ O M O P @ H ~ I ~  

O C O ~ ~ H H O C T M ,  MeTannoreHwecKytO cneukla- 
JlM3auMtO KOHKPeTHblX PC. 6 HeKOTOPblX Cf ly-  

ClaRX OTMeClatOTCFI OTpMuaTenbHble OpeOnbl 

ClaCTM 3TMX 3JleMeHTOB B ~ ~ P M @ ~ P M C ~ ~ C K O ~  

30He 0 6 ~ e ~ a .  T ~ K ,  npM MCnOJlb3OBaHMM Cne- 

uMaJlM3MPOBaHHblX MeTOAOB aHaJlM3a Ha 30- 

nOT0 A.O. K O ~ O ~ ~ ~ H M K O B ~ ~ M  [80] YCTaHOBne- 

HO cy4ecTBeHHoe ero nepepacnpeAeneHMe 
M3 ~ ~ P M @ ~ P M C ~ ~ C K M X  B ueHTpanbHble ClaCTM 

A m .  f l o ~ a 3 a ~ e n b ~ b l  B 3TOM nJlaHe AaHHble 

.n.M. n e 6 e ~ e ~ o i ,  A.A. C ~ b ~ c n o ~ a  [85] no 
K M M ~ ~ ~ ~ M T ~ M  M 6.M. ~ ~ € ? ~ ~ H ~ M K o B o ~  [38] no 
3OJlOTOpyAHOMy MeCTOpOmeHMtO, KOTOPblMkl 

ycTaHoeneHo n o p a m ~ e n b ~ o e  CXOACTBO cneK- 
Tpa 3neMeHTOB n0JlOXMTenbHblX OpeOnOB 

UeHTpaJlbHblX Clac~efi Am Ll OTPMuaTeJlbHblX 

MX n e p ~ @ e p w e c ~ ~ x   OH. O A H ~ K O  npM nc- 

n o n b 3 o ~ a ~ ~ ~  ~an6onee LUMPOKO pacnpo- 
cTpaHeHHoro nonyuonMqecTBeHtioro cneK- 
TPanbHOrO aHaJlM3a B 30He 0 6 ~ e ~ a  HaMM 

YAaJlOCb BblAenMTb OpeOnbl BblHOCa .nMLU b 

ClaCTM 3JleMeHTO6, KOHueHTPMPytOUl,LlXCFI B 

UetiTpe (Pb, Hg, Mo, Ba), cnemp K O T O P ~ J X  

xecTKo pernaMeHTMpyeTcR ypoeHeM ~ ~ B C T B M -  

TenbHocTM 3 ~ 0 r o  a ~ a n ~ 3 a .  

OTCYTCTBM~ C B ~ ~ ~ ~ H M U  06 OTpMuaTeJlbHblX 

opeonax P Y A H ~ I X  ~ ~ ~ M ~ H T O B  Ha nep~@epm 
Arf l  B ~ O ~ ~ ~ U I M H C T B ~  npMBeAeHHblX BblUJe 

AaHHblx, BepomHee Bcero, OnpeAenHeTcn 

a ~ a n o r n r ~ o i  n p ~ c l n ~ o i  Ha o 6 ~ 4 e ~  @ o ~ e  
n p e ~ e 6 p e x ~ ~ e n b ~ o r o  oTHoueHm K opeonaM 

BblHOCa KaK TaKOBblM. Bce 3TO n03BOnReT 

npe,qnonoxmb,  TO M ~ C W T ~ ~ ~ I  nepepacnpe- 
AeneHm aneMeHToe pyAHoro KoMnneKca B 

PC, HecMoTpA Ha KaxytqytOcFI MX orpaHnreH- 
HOCTb, BeCbMa 3HaClMTeJlbHbl. 

u e ~ ~ p 0 6 e X ~ b l e  3neMeHTbI TlpORBnFItOT 

npOTMBOnOnOXHble TeHAeHuMM nOBeAeHMFI no 
CpaBHeHMtO C ueHTpOCTpeMMTeJlbHblMM, TO 

eCTb 06pa3ytO~ OTpMuaTenbHbJe OpeOJlbl B 

~ 1 ~ e p ~ o h  3 o ~ e  M nonoxMTenbHble B 3 o ~ e  06- 

MeHa. E c n ~  ueHTpOCTpeMMTenbHble 3JleMeH- 

Tbl OTPaXatOT ClaCTH ble O C O ~ ~ H H O C T M  COCTaBa 

Ar f l ,  TO cnemp B T O P O ~  rpynnbl ~ ~ ~ M ~ H T O B  



1 

Me~anno- 
reHwecKan 
CfleL(ManM- 
~ ~ U M F I  PC 

Au, Ag 

o6n., 12 MeCTOpO- 
nc,qe~Mil) 

30Jl0~0py~Hble 

O o p ~ a u ~ n  ( T M ~ )  
~ec~oponc,qeti~h, 
MeCTOflOSlOXeHMe, 
~ a 3 0 a t i ~ e  PYAH~IX  
06be~roe(e TepMM- 
HOJlOrMM ~ B T O ~ O B )  
3ono~o-cepe6pn- 
 an 

~O~OTO-~epe6pg -  
~ a n  (Ceeepo-Boc- 
TOK: B ~ ~ ~ H M c T o ~ ,  
Ka P ~ M  K ~ H ,  YT~c -  
Hoe, @blHMLLI, 
Yqenb~oe, Hne- 
neHra, Tep~e~ei3) 

30no~o-cepe6pn- 
 an (Ceeepo-Boc- 
TO K) 

~ ~ J ~ O T O - ~ M ~ H T O B ~ I ~  

TM n 

~ O ~ O T O - K B ~ ~ U -  
cyn ~ C ~ ) M A H ~ F I  

3ono~o-~eapueean 

30Jl0TO-KBapu- 
cynbCt)MAHa~~ 

30no~o-~eapqeean 

30~10~0-cepe6p~- 
 an 

3 0 ~ 1 0 ~ 0 - K B ~ P ~ ~ B ~ R  
(Ceeepo-BOCTOK: 
LUKonbHoe, C B ~ T -  
noe) 

30Jl0~0-py~Hble 
( h ~ a e - C a n ~ c ~ a n  

PT 

P a ~ r  
AT11 

PT, PM 

PT, PM 

PT 

PT 

PT 

PT 

PT 

PM 

PM 

PT 

PT 
PI 

6e3~pratio0, Au, Ag, Sb, 

MCTO'IHMK 
MHC~)OPM~UHM 

UJynbr~~a, 
1988 [202] 

AaHHble 
ae~opa [160] 

Hec~epoe, 
1986 [116] 

T P ~ ~ ~ H U M K O -  
ea, 1994 [38] 

r o n b ~ ~ a x e p ,  
J l a ~ ~ a ,  1988 
1331 

He~~nenb~R,  
He~~nenan,  
1988 [115] 
@ ~ A O ~ O B ~  M 

ap., 1988 
[ I  881 

A ~ ~ ~ M c o H ,  
1982 [ I ]  

Len b q a ~ c ~ a ~ ,  
I l n ~ ,  1982 [8] 

AaHtible aBT0- 
pa 1168, 1731 

h a 6 ~ ~ ,  1988 

n ~ e p ~ a ~  
IlOnOXM- 
TeJlbHble 
opeonbl 

Au, Ag, 
Mo, Pb, 
As, Sb, Bi, 
Zn, Hg, Sn 

Au, Ag, Sb, 
As, Pb 

Au,Ag,Te, 
Sc, Bi, Sb 

Au, Ag, Sb, 
Pb, Zn, Cu, 
MO, W, AS, 
Sn 

Au, Fe, Cu, 
Zn, Pb, As 

- 

Au, Ag, As, 
Pb, Sb, Cu 

Au, Ag, AS, 
Mo, Sb, 
Hg, W, Cu 

Au, AS, Ag, 
W, Sb, Pb, 
Hg, CU, Bi, 
Mo 

- 

Cr'V I 

cocTas  OH 

s o ~ a  
IlOJlOXM- 
TenbHble 
opeonbl 

rpynna 
Fe 

Ni, CO, 
Cr, V, Mn, 
Ti,Y 

- 

- 

Ni, Co, 
Cr, V, Mn 
M AP. 

- 

- 

- 

- 

Ni, CO, 
Cr, V, Mn, 
Ti, Y 

- 

X W M L ~ ~ ~ ~ C K M ~  
s o ~ a  

OTPMua- 
TeJlbHble 
opeonbl 

rpynna 
Fe 

Ni, CO, 
Cr, V, Mn, 
Ti, Ba,Y 

Ni, Co, 
Cr, V 

- 

Ni, Co, 
Cr, V, Mn 
M ~ p .  

Ni, Co, 
Cr, V, Mn, 
Ti 
IVi, CO, v, 
Ba, Sr 

Ni, Co, 
Mn, Sc 

Ni, CO, 
Cr, Ti, Ba, 
Na, B 

Ni, CO, 
Cr, V, Mn, 
Ti, Ba 

Ni, CO, 

Ni, CO, M 

Ar f l  
o 6 ~ e ~ a  

OTPMUB- 
TeJlbHble 
opeonbl 

- 

Mo, Pb, 
Hg 

- 

Au, Ag, 
Te, Sc, 
Bi, Sb 

- 

- 

- 

- 

- 

Hg, Pb, 
Mo, Ba 

- 

- 



'OclHMK 

~ O P M B ~ M M  

lbTMHa, 
8 [202] 

lHble 
)pa ['160] 

TepOB, 
3 [116] 

~~HUIMKO- 
1994 [38] 

duaxep, 
la, 1988 

~nenb~i, 
InenaR, 
1 [I151 
Ipoea M 

1988 

IMCOH, 
111 

c(aHCKaR, 
1982 [8] 

ble aBTO- 
58, 1731 

HH, 1988 

IMHOB, 

Me~anno- @ O ~ M ~ ~ M R  (TMII) P a ~ r  X H M H ~ ~ ~ C K M ~  COCTaB 30H A r f l  I ~ C T O ~  H M K 

re~#c(ec~aq M ~ C T O P O ) ~ ( A ~ H M ~ ,  An1 ~ ~ e p ~ a s l  3 0 ~ a  30Ha 06MeHa MH@o~M~~MM 
cne4~an~- ~ e m o n o n o x e ~ ~ e ,  nonox~ -  o~puqa- n o n o x ~ -  o ~ p ~ q a -  
3 a q ~ ~  PC H ~ ~ B ~ H L I ~  PY)JH~IX TeJlbHble TenbHble TenbHble TenbHble 

o6aemoe (B ~ e p -  opeonbl opeon b~ opeonbl opeonbl 
MMHOJlOrMLl aBTO- 
poe) 

Au, Ag 30Jl0~0py~Hble Zn, Pb, AS, ~ p .  1988 [6] 
Ba 

PM Au, Ag, As, Mn, Ba, - - 6 y p ~ e ~  M AP., 
Pb, Bi, W, Sr 1986 11 71 
Mo 

PT - Ni, Co, - - K M T ~ ~ B ,  1986 
Cr, V, B, [671 
N a 

PT - Ni, Cr, V, - - ~PMTOPRH, 
Mn, Ti, 1982,1987 
Ba, Mg, [44, 471 
Ga, Sc, 
Li, Nb, Zr, 
Fe, Cs, 
Na 

Cu, Mo M~AHO-nop@Mpo- PM Cu, Mo, Ag - Ni, Co, - Msne~,  MMT- 
B ~ R  (AmoraR) Cr, V, Mn, PO@~HCKMR, 

Ti 1988 [59] 

Me~HO-M0flLI6fle- PM CU, MO Ni, CO, Ni, CO, - M ~ ~ K O C H H ,  
HOBble (APM~HMFI) Cr, V, Mn, Cr, V, Mn, T ~ ~ K O C R H ,  

Ti,Ba, Ti,Ba, 1988 [ loo] 
Ga, Sr, Ga, Sr, 
Ca, Hg, Ca, Hg, 
W W 

Me~HO-nop@Mpo- PM - Cr, V, Mn - - B ~ H R ~ x ,  
B ~ R  (Kasaxc~a~)  Con~uee, 

1988 [18] 

M ~ A H o - K o ~ ~ ~ ~ ~ H -  PM CU, MO Ni, CO, Ni, CO, - OaHHble 
Hoe ( ~ ~ K o T K ~ :  B M ~ -  Cr, V, Mn, Cr, V, Mn, as~opa 
Ka) Ti, Sc Ti, Sc, Au 

MeflHO-K~fl~e~aH- PM CU, Mo, Ag Ni, Cr, V, - - ~PH~OPFIH,  

HaR M AP. Mn, Ti, 1987 [47] 
Ga, Sc 

M ~ A H o - ~ ~ o ~ @ M ~ o -  PM Cu, Mo, Ag Ni, Cr, V - - ~PHTOPRH,  

Bble M AP. 1987 [47] 

M ~ A H O ~  PM CU, Pb, Zn, Ni, CO, - - ~OTPRKOB, 

Ag Cr, Pb, 1994 [ I  51 
Sr, Ba 



M e ~ a n  
retiwe 
cneumi 
3aUHg 

Bi, W) 

C 

.J 

- 
Fe 

7 

PeA 
3 e ~  

- 

Me~anno- 
reHMreCKaR 
c n e q ~ a n ~ -  
3aqMR PC 

CU, MO 

Pb, Zn 

P ~ A K M ~  
~ e ~ a n n b l  
(Sn, Mo, 

( ~ O P M ~ L ( M A  ( T M ~ )  
M~CTOPO)KA~HM~,  
~ e c ~ o n o n o x e ~ ~ e ,  
Ha3BaHMe PYAHblX 
0 6 a e ~ ~ o e  (B Tep- 
MHHOnOrMM aBTO- 
pos) 
HOBble (Ya~blpKynb) 

K o n r e ~ a ~ ~ o - n o -  
n ~ ~ e ~ a n n ~ r e c ~ a ~  
( T e ~ e n ~ e i c ~ o e  Pfl) 

K o n r e ~ a ~ ~ o - n o -  
nMMeTannMreCKaR 
( T Y B ~ )  

K o n r e ~ a ~ ~ o - n o -  
n ~ ~ e ~ a n n ~ r e c ~ a ~  
(3a~apna~be) 
l l o n ~ ~ e ~ a n n ~ r e -  
CKHe CKaPHOBble 

l l o n ~ ~ e ~ a n n ~ r e -  
CKMe XMnbHble 

C T ~ ~ T M @ O P M H ~ I ~  
CBMH~OBO-UMHKO- 

Bble 

K o n r e ~ a ~ ~ o - n o -  
n ~ ~ e ~ a n n ~ v e c ~ w e  
(LAM) 

K o n r e ~ a ~ ~ o - n o -  
n ~ ~ e ~ a n n ~ r e c ~ ~ e  
( P Y A H ~ I ~  A n ~ a i )  

K o n r e ~ a ~ ~ o - n o -  
n ~ ~ e ~ a n n ~ q e c ~ ~ e  
M MeAHO-qMHKOBble 
(AflTai, 10 MeCTO- 
P O ) K A ~ H M ~ ~ )  

flpoxmn~o~o- pa- 
n n e ~ ~ b l e  ~sapu- 
cynb@M,4Hble MeCTO- 
PO)KAeHMFI Pb, Zn, 
Cu, Mo, Au, W 

C ~ a p ~ o e o - n o n ~ ~ e -  
~ a n n ~ r e c ~ ~ e  
fler~aTMTbl (YKpaM- 
~ a ,  C ~ 6 ~ p b )  

P a ~ r  
Ar f l  

PT, PM 

PT 

PM 

PT 

PT 

PT 

PT 

PT, PM 

PT, PM 

PT 

PT, PM 

PM 

MCTO~HMK 
MH@OPM~L(MM 

TOB, 1985 
[ I  391 

Con H q e ~ ,  
( b p a ~ ~ o e c ~ a ~ ,  
1988 [ I  741 

Ky3e6~ bl i ,  

Ma~apoe, 
1988 [84] 

M ~ T K O B C K M ~ ,  
C ~ e n a ~ o e ,  
1988 [ I  011 
~ P M ~ O P F I H ,  

1987 [47] 

~PM~OPFIH,  
1987 [47] 

~PMTOPAH, 
1987 [47] 

~ P M ~ O P F I H ,  

Conoebes, 
1984 [48] 

T~O@MMOB M 

AP , 1988 
[ I  871 

~ O ~ O B M H ,  
1985 1321 

Uon~~apno r -  
KMH, 1981 
[I401 

r p ~ r o p ~ ~  
1987 [47] 
~ P M ~ O P F I H ,  

1982 [44] 

FlAepHaR 
nonoxn- 
Ten bH ble 
opeonbl 

Ag, Pb, Zn, 
C, Co, Sn 

Pb, Zn, 
Mo, As, Sr, 
Sn, P, Cu 

- 

Cu, Pb, Zn, 
Sn, Y, La 

Pb, Zn, M 

AP. 

Pb, Zn, M 

AP. 

Pb, Zn, M 

AP. 

Pb, Zn, As, 
Cu, Ag 

Pb, Zn, Cu, 
Ag, Ba 

Pb, Zn, Cu 
M AP- 

Pb, Zn, Cu, 
Mo, Au, W 
M AP. 

Pb, Zn 
M AP. 
Sn, Nb, Ta, 
Cs, Rb, Li, 

As, W 

X H M M C ~ ~ C K M ~  
30Ha 

oTpMUa- 
Ten bH ble 
opeonbl 

Ti, Ba, K, 
Na, Sr, 
Zr, P 

Co, Mn, 
Ba, Ti 

Ni, Co, 
0, V, Mn, 
Ti 

Ni, Co, 
Cr, V, Fe 

Ni, Co, V, 
Ca, Zr, Sr 

Cr, V, Mn, 
Ti, Ba, 
Ga, Zr, Sr 

Cr, V, Mn, 
Ca, Mg, 
Al, Si, K 

Cr, V, Mn, 
Ti, Ga, Zr, 
B, Sr, Mo 

Ni, Cr, V 

Ni, Cr, V, 
Mn, Ga 

Cr, V, Mn, 
Li M ~ p .  

Ni, Co, 
Cr, V 
Ni, CO, 
Cr, V, Ti, 
Ba, Sr, 

COCTaB 30H 

30Ha 
~ O ~ O X M -  
Ten bH ble 
opeonbl 

- 

- 

- 

- 

- 

- 

- 

- 

Ni, Cr, V 

- 

- 

Ni, CO, 
Cr, V, Ti, 
Ba, Sr, 

A r f l  
06MeHa 

o ~ p ~ ~ a -  
Ten bH ble 
opeonbl 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 



3,1985 
191 

flHUeB, 
aHKOBCKaR, 
j8 [ I  741 

e6~bl i ,  
KapOB, 
18 [84] 

TKOBCKM~, 
!naHoe, 
8 [ l o l l  
TOPFIH, 
7 [471 

ropg H, 
7 [471 

'OPFI H, 
7 [471 

OPRH, 
IBbeB, 
1 [481 

)MMOB M 
1988 

BMH, 

[321 

Kapnocl- 
1981 

PR H 
(4 71 
PAH, 

1441 

Me~anno- ~ O P M ~ L ( M F I  ( T M ~ )  P a ~ r  X M M M ~ ~ ~ C K M ~  COCTaB 30H A r f l  MCTO~HMK 
r e ~ ~ q e c ~ a ~  M ~ C T O P O W ~ H M ~ ~ ,   AT^ RAepHaR3OHa 30Ha 06MeHa MH@OPM~L(MM 
cne4~an~- M ~ C T O ~ O ~ O X ~ H  ~ e ,  nonox~ -  OTpMua- ~ O ~ O X M -  OTpMua- 
3aUMR PC Ha3BaHMe PYQHblX TeJlbHble TeJlbHble TeJlbHble TeJlbHble 

O ~ ~ ~ K T O B  (B Tep- opeonbl opeonbr opeonbl opeonbr 
MMHOJlOrMM aBTO- 
poe) 

Bi, W) Zr, Pb, Zr, Pb, 
Zn, Sc, Zn, Sc, 
Cu C u 

Pe,4~0~eTaJlJlbHO- PT - NI, CO, - - EXKOB, P ~ x M -  
CyJlb@M~Hble Ba, Sr, MOB, 1988 [53] 

Nb 
rpe i3e~b1  (Kapao- PM, PT Mo, Bi, Ag, Ni, Cr, Ti, - flntouee, UJa- 
6a, BOCT. KOyHpaQ) Sb, Pb, Zn, K, Na TOE, 1985 

Sn, Cu, C, [I391 
F 

OJl0~0pyQHble PT Sn, AS, Pb, Ni, CO, - - ~POBC~YK,  x0- 
Zn M ~ p .  Cr, V, U, PMH, 1981 [I61 

Pb, Li, 
Cs, F, Na 

K~CCMT~~MT-CyJlb- PT Sn, AS, Pb, Ni, CO, - - ~PMTOPRH,  

@M,4Hble Zn M ~ p .  Cr, V, Mn 1987 [47] 
rpe i i se~b~ PM W, Mo, Be, Mn, Ba, - - ~ P M ~ O P R H ,  

Sn, Bi, Zn, Sr, Mg, K, 1987 [47] 
Pb, Cu Na, Rb, 

L i 
M~AHO-BMCMYTO- PM Bi, Ag, U, CO, Cr, V, - - nntoue~ ,  
eble ~ e c ~ o p o ~ e -  As, Pb, Zn, Ti, K, F, 1981 [ I  041 
HMF~ (6epe3MTbl) CU, w Zr, Ga, 

w, sc, 
Be, Th, Y, 
Yb, Nb, 
Na 

M O J ~ M ~ A ~ H O B ~ I ~  PM, PT Mo, W, Bi, Ni, V, Mn, - - nntoues, 
(LUanr~~l) Pb, Cu, Sn, Ti, Sr, K, 1985 [ I  391 

Ag Na 
c K ~ ~ 6 e p f l ~ T b l  PM Kk1~6epnM~O~ble OKOJIOT~~~O~~HO~ Jle6e~esa, 

T P Y ~ K M  npOCTpaHCTB0 (nM- C M ~ I C ~ O B ,  
PMTM3MPOBaHHble 1988 [85] 
M~B~CTHRKM)  

, U, Th, Sr, Ni, Co, Cr Ni, Co, U, Th, Sr, 
Ba, Li, Rb, Cr, V, Cu Rb, Pb, 
Cs, Nb, Sn, Li, Zn 
Cu, Zn, Pb 

Fe C ~ a p ~ o e - ~ a r ~ e -  PM Fe M ~ p .  Cr, V, Ti, - - Ilntouee, Ula- 
TMTOBble Ba, Y, SC, TOE, 1985 

Sr, Zr [ I  391 
P ~ A K M ~  P e ~ ~ o 3 e ~ e n b ~ o -  PM, PT Y, Yb, La, Ni, Co, - - flntoues, 
3 e ~ n ~  ceMHuoeble (AK- Sn, Mo, Cr, V, Ba, 1985 [139] 

Tto3) Pb, As, Ag, Sr, Na, 
Bi, Zr, Nb, Ga 
F, Zn, Cu 



BHe 3aBMCMMOCTM OT reHe3MCa PC BeCbMa 

IlOCTOFIHeH. 6 ~ a 6 n .  10 CMCTeMaTM3MpOBaHbl 

AaHHble no qaCT0Te BCTpeqaeMOCTM UeHTPO- 

6 e X ~ b l x  3neMeHTOB B JlMTePaTYPHblX MCTOq- 

HMKaX (~a6n.  9). 
K ~ K  BMAHO M3 ~ a 6 n .  10, u e ~ ~ p 0 6 e X ~ b l e  

TeHAeHuMM ~ a ~ 6 o n e e  IlpOFlBneHbl AnFI Cr, V, 
Ni, CO, Ti, Ba, Sr, Mn. ~ T M  3JleMeHTbl HaMM 

PaCCMaTpMBaDTCR KaK YHMBepCanbHble MHAM- 

KaTOPbl 30HaJlbHblX Ar f l  PaHrOB PM, PT pas- 
n ~ q ~ o i  ~ e ~ a n n o r e ~ ~ q e c ~ o i  c n e u ~ a n w 3 a u ~ ~ .  

l l p ~   TOM cneAyeT MMeTb B BMAY,  TO cnenp 
3JleMeHTOB C ~ ~ H T P O ~ ~ X H ~ I M M  TeHAeHuMFIMM 

MOXeT 6 b l ~ b  CyueCTBeHHO PaCuJMpeH 3a CqeT 

CpeAHe- (Gal Zr, SC, Y, Li) M HeKOTOPblX PeAKO 
BCTpeqaDUMXCFI 3JleMeHTOB, a Tame 3Jle- 

MeHToB, OnpeAenHeMblx cne~p1an~3npoea~-  

H ~ I M M  MeToAaMM a ~ a n ~ 3 a  (Ca, Fe, Na, Mg, 
CS, F, Th, Rb). O ~ ~ B M A H O ,  'IT0 H ~ B ~ I C O K M ~  MX 

P ~ ~ T M H ~  B ~ a 6 n .  10 o 6 y c n o ~ n e ~  He IlpMpOA- 
HblMM C B O ~ C T B ~ M M  PC, a C Y ~ ~ ~ K T M B H ~ ~ M M  

IlpMclMHaMM - TpaAMuMOHHO c J ~ o x M B L U ~ ~ C F I  

npM npOrHO3HblX IlOCTpOeHMFIX IlpeMMyUeCT- 

B ~ H H O ~  o p ~ e ~ ~ a u ~ e R  Ha a ~ a n ~ 3  nosblueti- 

H blX K O H ~ ~ H T P ~ ~ M ~  PyAH blX ( ~ ~ H T P O C T P ~ M M -  

~ e J l b ~ b l ~ )  3fleMeHTOB, qTO HalLlJlO CBOe OTpa- 

XeHMe KaK B MHOrOqMCJleHHblX ~ ~ ~ J I M K ~ ~ M R X ,  

Ho- 
M ~ P  
n.n. 

I 

II 
Ill 

IV 

V 

VI 
VII 

TaK M B MHCTPYKTMBHblX T ~ ~ ~ O B ~ H M F I X  [60, n. 
2, § 3701, xecTKo pernaMeHTMpytoUux cneup 
aHanM3MpyeMblX 3JleMeHTOB (1 0-1 5) IlpM Ae- 
TanbHblX TeOXMMMqeCKMX pa6o~ax .  

C ~ p y r 0 i  CTOPOHbl, YHMBePCanbHOCTb TM- 

nMqHblX ~ ~ H T P O ~ ~ X H ~ ~ X  3JleMeHTOB He FIBJlFI- 

eTCR ~ ~ c o J ~ D T H o ~ ~  - B HeKOTOPblX CJlYqaAX 

qaCTb I43 HMX MOXeT MMeTb ueHTPOCTpeMM- 

TeJlbHble TeHAeHuMM IlOBeAeHMFI. T ~ K ,  B Me- 

cTopoweHMgx c ~ ~ e p o @ ~ n b ~ o i  rpynnbl m e -  
MeHTOB, B 'iaCTHOCTM CBFI3aHHblX C YJlbTpaOC- 

HOBHblMM KOMIlneKCaMM, HMKeJlb, ~ 0 6 a J l b ~ ,  

XPOM, TMTaH FIBJlFItoTCFI TJlaBHblMM KOMnOHeH- 

TaMM PYA M COOTBeTCTBeHHO KOHL(eHTPMPYt0T- 

CFI B R A ~ P H O ~  30He A r f l .  A H ~ J I o ~ M ~ H ~ D  n03M- 

~ M D  3 a ~ ~ ~ a e ~  MapraHeu B rMApoTepManb- 

HblX ByflKaHOreHHblX MeCTOPOweHMFIX Ce- 

pe6pa POAOHMT-pOAOXpO3MTOBOrO TMna. Ta- 
KMe n p ~ ~ e p b l  MOXHO 6blno 6b1 IlpOAOnXMTb, 

OAHaKO An54 PaCCMOTPeHHblX BblLUe MeCTOPO- 

) I < A ~ H M ~  IlpeMMyUeCTBeHHO rMApOTepManbH0- 

ro r e ~ e 3 ~ c a  M x a n b ~ o @ ~ n b ~ o R  cneu~an~aa-  
UMM OHM HeTMIlMqHbl, MX MOXHO PaCCMaTpM- 

BaTb KaK MCKJltoqeHMe M3 0614ero IlpaBMna, 

yHMBepCanbH0CTb ~ ~ H T P O ~ ~ X H ~ I X  T ~ H A ~ H ~ M ~  
Cr, V, Ni, CO, Ti, Ba, Sr, Mn He Bbl3blBaeT CO- 

MHeHMR. 

OQ 
CTaBa 

cleHbl 

HblX k 
norw 
HOCTb 

AOM C 

1. 
reoxw 
none6 

2. 
aHOMi 

HMR F 
3BOnR 

ca XMI 

3. 
nOTOK 

CKOn b 

TaTOB 

pasnv 
clneHc 

Kaxe t 
Hanbt 

HblX E 
ManMl 

cnent 

opeoJ 
no  31 

flpMB( 

XMTeJ 

HecM 

3 n e ~ 1  

'4eTnL 

K: 
COCTi 

paHec 

HMM / 
owel 
TOB: 

clacTt 

(reox 
6 e x ~  

AaHH 

anew 
clMBb 

sene 
TOPb 

sepc 
xant 

Me~annore~~c le -  
C K ~ R  cnel r~an~3a-  
~ H R  PC 

Au,Ag 

Cu, Mo 
Pb,Zn 

P ~ A K M ~  ~ e ~ a n n b ~  

Y c p e ~ ~ e ~ ~ b l e  

AaHHble (I-IV) 

~e~ 

P e a ~ ~ e  3 e ~ n ~ ~  

c2 
Ycpe~HeHHble 

AaHHble (I-VII) 

. 3Jle~eHTbl RO claCTOTe BCTPeclaeMOCTM 

TMnHclHble 

275% 

Ni, Co, Cr, V 

Ni, Cr, V, Mn, Ti 
Cr, V, Mn 

Ni, Co, Cr, Ti, Ba, Sr 

Cr, Ni, V, Co 

Cr, V, Ti, Ba, Sr, Sc, 
Zr, Y 

clam0 BCTpe- 

c l a m ~ ~ e c ~  
50-75 % 
Mn, Ti 

Co 
Ni, Co 

V, Sc, Zr 
Mn, Ti, Ba, Sr 

-I Ni -I Co _,  Cr _I V - Ba, a, Ga, Na 
Ni, Co, Cr, V, Cu 

C P ~ A H ~ ~  BCTpeclae- 
MOCTH 

25-50 % 
B a 

Ba, Sr, Ga, Sc 
Ti, Ba, Sr, Ga, Zr, Ca 

Pb, Zn, Cu, Nb 
Ga, Zr, Sc 

cr, v 

peAK0 BCTpe- 
c l a m u ~ e c ~  
< 25 % 
Sr, Ga, Sc, Zr, 
Y, B, Li, Nb, Fe, 
Cs, Na, Mg, Ca 

Zr, Na, Ca, K, P 
Fe, Mg, K 

Ca, Na, K, Fe, 
Mg,. P, Y, B, Li, 
Nb,'Cs, Pb, Cu, 
Zn 

Ni, CO, Ti, Ba, 
Sr, Na, Mn 

Ga, Zr, SC, Y, Li Ca, Fe, Mg, Nb, 
CS, Pb, CU, F, 
P, B, Zn, U, Rb, 
Be, Th, Yb, K 



IbHOCTb TM- 

B He RBJlR- 

IX cnyc l agx  

'POCTPeMM- 

T ~ K ,  B M e -  

bynnbl 3ne- 
yn bTpaOC- 

~ o 6 a n  b ~ ,  

KOMllOHeH- 

HTPH PYrOT- 

IHYD n03M- 

DTepMarl b-  

!HMRX ce- 
THna. Ta- 
2 ~ o n x u r - r b ,  

MeCTOpO- 

!pManbHO- 

3 u ~ a n n s a -  

3CCMaTpM- 

npamna, 
~ H A ~ H Q M ~  

J I B ~ ~ T  CO- 

0 6 u ~ e  M claCTHble 3aKOHOMeDHOCTM CO- 

CTaBa M CTPOeHMR A r f l  CTaPWMX PaHrOB M3Y- 

WHbl eqe B M ~ H ~ u E ~  CTeneHM, cleM JlOKaJlb- 

HblX Am.  TO 06ycnosne~o nOMMM0 TeXHO- 

nOrMreCKMX IlPMclMH ( H M ~ K ~ A  clYBCTBMTeJlb- 

HOCTb aHanM3a  HeKOTOPblX ~ J ~ ~ M ~ H T o B )  PA- 

AOM C Y ~ ~ ~ K T M B H  b l ~  @~KTOPOB: 

1. I l p e u l ~ y q e c ~ s e ~ W i  o p ~ e ~ ~ a u ~ e i  n p M  

TeOXMMMcleCKMX MCCJleAOBaHMFlX H a  aHaJlM3 

I l0neh KOHueHTPMPOBaHMR 3JleMeHTOB. 

2. O ~ P ~ H M ~ ~ ~ H M R M M  cnoc06a OTpaXeHMR 

aHOMaJlbHblX nOTOKOB PaCCeRHMFl B BMAe JlM- 

H M ~  p a 3 J l M c l ~ o i  TOJlqMHbl, K O T O P ~ I ~  H e  no- 
3BOnfleT HarJlFIAHO BblAeJlFlTb OpeOnb l  BblHO- 

Ca XMMHqeCKMX 3JleMeHTOB. 

3. M c ~ o J ~ ~ ~ o B ~ H M ~ M  n p M  OKOHTYPMBaHMM 

IlOTOKOB PaCCeRHMFl B BMAe M 3 0 J l M ~ k l i  MeTOAa 

c ~ o n b 3 ~ l q e r o  oKHa c n p m n e c l e H M e M  pesynb- 
TaTOB o n p o 6 0 ~ a ~ ~ ~  aJlJllOBMR BOAOTOKOB 

p a 3 n ~ r ~ o r o  nopRAKa,  B TOM clMcne CTapwMx  

'4JleHOB p e c l ~ 0 A  CMCTeMbl, clT0 IlPMBOAMT K MC- 

KaXeHMtO AOBOJlbHO TOHKOrO PMCYHKa 30 -  

HanbHOCTM Arf l ,  K MCcle3HOBeHMK) c 6 n ~ x e ~ -  
HblX B I lpOCTpaHCTBe 3HaKOnepeMeHHblX aH0 -  

~anbli F I A ~ ~ H o ~  3OHbl M 30Hb l  0 6 ~ e ~ a .  no- 
cneAHee m r r e H M e  c lacTo H~~J~KIAM?TCR A n R  

OpeOJlOB ~ ~ H T P O ~ ~ X H O ~  rpynnbl 3JleMeHTOB. 

no s ~ o i  npMclMHe B n M T e p a T y p e  B OCHOBHOM 

flPMBOARTCR AaHHb le  no 3OHanbHOCTM nOJl0- 

xnTenbHblx opeonos p y g H o r o  KoMnneKca.  

H ~ C M O T ~ R  H a  3T0,  B HeKOTOPblX n y 6 n ~ ~ a u ~ ~ x  
3JleMeHTbl CTpyKTyp A r f l  CTapWMX PaHrOB OT- 

'4eTnMBO IlpOCMaTpMBalOTCR (~a6n.  11). 
K ~ K  BMAHO M3 ~ a 6 n .  11-1 2, ~ a c l e c ~ ~ e ~ ~ b l h  

COCTaB AT11 CTapWMX PaHrOB COrJlaCyeTCR C 

PaHee I lpMBeAeHHblMM CBeAeHMRMM 0 CTpOe- 

HUM A m  PaHrOB PM, PT. M B 3TOM BapMaHTe 

oneTnMBo  BblAenFImTcR gee rpynnbr aneMeH-  

TOB: ueHTPOCTpeMMTeJl bHble,  OTpaXaK ,qMe  

'4aCTHble 3aKOHOMePHOCTM CTPOeHMR A r l l  
( r e o x ~ ~ ~ r e c ~ y m  cneq~an~aau~to ) ,  M UeHTpo- 

6 e ~ ~ b l e ,  xapamep~symq~e ~ a ~ 6 o n e e  06- 
UMe MX C B O ~ C T B ~ .  C P ~ B H M B ~ R  YCpeAHeHHble 

AaHHble ~a6Jl .  10, 12, MOXHO BblAenMTb CeMb  

3neMeHToB: Ni, Co, Cr, V, Mn, Ti, Ba c y c ~ o i -  
'4MBblMM ~ ~ H T P O ~ ~ X H ~ I M M  TeHAeHuMRMM no- 
BeAeHMR BHe 3aBMCMMOCTM OT P a H r a  Arf l ,  KO- 

TOpble HaMM M PaCCMaTPMBalOTCR KaK YHM- 

BePCan bHb le  MHAMKaTOPbl CTPYKTYP A r l l  
x a n b ~ o @ ~ n b ~ o i  c n e q ~ a n ~ 3 a q ~ ~ .  

B Ka>KAOM KOHKPeTHOM Cnyc lae  CTPYKTYPbl 

Ar f l  x a p a ~ r e p ~ s y m ~ c ~  p a 3 n ~ c l ~ o i  C T e n e H b D  

ynOpFIAOcleHHOCTM, APYrMMM CJlOBaMM, pas- 
AMCIHO~  IlPOFIBJIeHHOCTblO O B ~ ~ M H O ~  3 0 H a n b -  

HOCTM. Ha~60nee UMPOKO PaCnpOCTpaHeHbl  B 

npnpoAe A r f l  HeynopRAoc leHHoro  CTpoeHMR, 

H a   OH^ KOTOPblX CTPYKTYPbl 30HaJlbHblX Am 
n p e g c T a B n R m T  co6oi  a H o M a n b H o e  m n e H n e .  

OAH~KO MMeHHO IlOCJleAHMe, FlBJlRRCb npM- 

POAHblMM aKKYMYJlFlTOPaMM XMMMcleCKMX 3Jle- 
MeHTOB Bf lnOTb A0 CBepXYparaHHblX KOHueH- 

~paukl i  (B TOM ClMCne M ~ ~ P O M ~ I W J ~ ~ H H ~ I X ) ,  

m e m T  ~ a M 6 0 f l e e  B a x H o e  TeopeTMclecKoe M 

npamMc lecKoe  3 ~ a c l e ~ ~ e .  A e ~ a n b ~ o e  ~ 3 y c l e -  

HMe 30HaJlbHblX Am H a  BCeX YPOBHRX Opra -  

HM3auMH B e q e C T B a  n03BOnReT BblAenMTb TPM 

reHepaJ lbHb le  COBOKynHOCTM reOXMMMcleCKMX 

a c c ~ u ~ a u k l i ,  3aKOHOMepHO JlOKanM3OBaHHble 

B I-IpOCTpaHCTBe M 06pasytoq~e RPKO Bb lpa-  

X e H H b l e  CMCTeMbl TpeX30HHOrO CTPOeHMR. 

l l e p ~ a ~  s o ~ a ,  a a ~ ~ ~ a t o u a f i  UeHTpanbHb le  

ll03MuMM B Ar f l ,  HaMM Ha3blBaeTCR R A ~ ~ H O ~  

no aHaJlOrMM C 0 6 0 3 ~ a c l e ~ M e ~  UeHTpanbHb lX  

3 0 H  MeTaCOMaTMcleCKMX CMCTeM, I lpeAJ lOXeH-  

H o r o  r.n. f locnenoeb~~ [141]. B CaMOM 06- 
U e M  BMAe F lAepHym 3 0 H y  ATn nm6oro p a H r a  

MOXHO PaCCMaTpMBaTb KaK 06Jlac~b n0Bb l -  

WeHHblX C O A ~ ~ X ~ H M ~  ueHTpOCTpeMMTeJlbHbIX 

3JleMeHTOB M AeKOHueHTPauMM ~ ~ H T P O ~ ~ X -  

HblX 3JleMeHTOB. 

B T O ~ ~ R  3 o ~ a  - 3 o ~ a  0 6 ~ e ~ a ,  0 6 p a ~ J l R e ~  

RAepHytO 3 0 H y  M ~ 0 6 ~ - ~ B ~ H H O  @MKCMPY~T 30 -  

HaJlbHble Ar f l .   OH^ I lpeACTaBnReT co6oi 06- 
JlaCTb IlpOCTpaHCTBeHHOrO COBMeqeHMR no- 
JlOXMTenbHblX OpeOnOB ~ ~ H T P O ~ ~ X H ~ I X  3Jle- 

MeHTOB M OTPMuaTeJlbHblX ueHTPOCTpeMM- 

TeJlbHblX 3neMeHTOB, TO eCTb MMeeT AMaMeT- 

PaJlbHO ~ ~ O T ~ ~ B O ~ O ~ O X H ~ I ~  ~ ~ O X M M M C ~ ~ C K M ~  

COCTaB no CpaBHeHMlO C F I A ~ ~ H o ~  3 0 ~ 0 i .  

T p e ~ b R  a o ~ a  - @ n a ~ r o e a ~  a o ~ a  KoHueH- 

TPauMM, C B H ~ U H ~ ~  CTOPOHbl I lpMMblKaeT K 

3 o ~ e  0 6 ~ e ~ a  M npeACTaBnReT co6oi 06Jlac~b 
pa3BMTHR JlOKaJlbHblX, HepenKO KOHTPaCTHblX, 

IlOJlOXMTeJlbHblX a ~ o ~ a f l k l i  4eHTPOCTpeMM- 

TeJlbHblX 3JleMeHTOB n p M  C ~ ~ @ O H O B ~ I X  CO- 

AepXaHMFlX ~ ~ H T P O ~ ~ X H ~ I X  3JleMeHTOB. 

A H M ~ O T P O ~ ~ ~ R  CTPYKTYPbl TaKMX 30HaJlbHblX 

A m  C IlpOTMBOnOCTaBneHMeM XMMMcleCKOrO 

COCTaBa R A ~ ~ H O ~ ?  3OHbl M 30Hb l  0 6 ~ e ~ a ,  a 
T a M e  o6qne ~ ~ K O H O M ~ ~ H O C T M  MX COCTaBa 

OTcleTJlMBO IlpORBnRtOTCR npM KOppenRuMOH- 

HOM aHanM3e  ~ B R 3 e i  XMMMcleCKMX 3JleMeHTOB. 



3 3neMeHTbl nepeclMCneHbl AnR nOnO>KMTenbHblX OpeOJlOB B nOpRAKe Y ~ ~ I B ~ H M F I  KK, An54 OTpMUaTenb- 
HbIX - B nOpRAKe YBenMlreHMFl KK. 
4 no  aeTopy PY, no ~ a w e i  maccvl@vl~au~vl A r n  paHra PP (nnoua~b  A r n  I 830 KM~) .  

TaGn~ua 11 - 
M el 
reHl 
cne 
sau 
Her 
r n e  
7 

A 

- 

- 

Me~anno- 
reHML(ecKaR 
c n e ~ ~ a n ~ -  
~ ~ U M R  KO- 
Helr HblX 

WEHOB PC 
A U ~  

,4u3 

~0~ 

/4u3 

Au, Mo, 

Au, Sn, Ag 

P ~ A K M ~  
~ e ~ a n n b l  

Au, Ag 

Au 

l 
AeHI 
eMc 

Arn  
CTPC 

30Bi 

cem 
ope( 
BMcll 

ace: 
c061 

flbl 

KOPl 
HHX 

(Au, 
H ble 
A r r  
A r r  
CTP( 

cbe 

B KC 

pa31 

AnSI 
HMSI 

Mar 

@ O P M ~ ~ M R  

( T M ~ )  MecTopo- 
w e ~ ~ i ,  ~ e -  
C T O ~ O ~ O X ~ H M ~ ,  
Ha3BaHMe PYA- 
HblX O ~ ~ ~ K T O B  

30nOTO-KBap- 
ueeaR ( ~ P M -  
a~ypbe :  Bepx- 
H ~ M ~ I H C K O ~ )  

Cepe6po- 
cynb@ocon b- 
H b l i  ( ~ Y K O T K ~ :  
T H ~ K B ~ ~ M C K O ~ )  
Cepe6po- 
cynb@ocon b- 
H b l i  (YYKOTK~: 
Tep~e~eicKoe)  
~ O ~ O T O - K B ~ P -  
UeBaR ( ~ P M -  
a~ypbe :  To~yp-  
C K O ~ )  

MonM6AeH- 
n o p @ ~ p o e a ~  
( n p ~ a ~ y p b e :  
qy6alr~) 

~ O ~ O T O - K B ~ P -  
UeBaR ( ~ P M -  
aMypbe: 6aM- 
c ~ n i )  
~ O ~ O T O - K B ~ P -  
~ e e a ~  ~ o n ~ 6 -  
A ~ H - ~ o ~ @ M ~ o -  
Bag, 30n0~0- 

c e p e 6 p ~ ~ a ~  
30noTo-cepe6- 
pRHag, cepe6- 
p o - n o n ~ ~ e -  
TannMlrecKaR, 
KaCCMTePMT- 
CMnMKaTHaR 
Pe~KoMeTanJlb- 
HBR 

30~10~0-cepe6- 
PRHaR 

3ono~o-c~ap- 
HOBble (r0pHbli 
AnTai3) 

P a ~ r  
Am 

PY 

P n  

P n  

PY 

PY 

PY 

PP 

PP, 
PY 

P n  

PY 

P P ~  

MCTO~~HMK 
MH@OP- 
MaUMM 

AaHHble 
ae~opa 

// 

// 

AaHHble 
ae~opa 

// 

- 

/ I  

AaHHble 
ae~opa 

l3ap1-y~~- 
~ a ,  1986 
[I 91 

r p ~ r o -  
poe, K ~ K -  
JlMH, 
1986 [43] 
X o p n ~  M 

AP., 1992 
[I 961 
rycee, 
1994 [50] 

X M M M ~ ~ ~ C K M ~  COCTaB Am PaHrOB 

RAepHaR 
nonox~ -  
TenbHble 
opeonbl 

Au, Ag, Sb, 
Pb, Mo 

Au, Mo, As, 
Ag, Sb, W, 
Sn, Pb, Y 

Au, As, Ag, 
Sb,Mo,W 

Au, Mo, Ag, 
Sb, Pb 

Mo, W, Ag, 
Zr 

Ag, Ba, Zn, 
Pb, Bi, Mo, 
Ti, Zr, Y, Li, 
Au 
Ag, Au, Bi, 
Pb, Zn, Bi, 
MO 

Ag, Pb, Sn, 
Au, Zn 

Mo, Be, CU, 
W, As, Au, 
Ag, Sb 

Au, Ag, Pb, 
Mo, Zn, AS 

Au, Cu, Bi, 
Pb, MO 

Pn, PY, PP 

Xkl~Lllre~KM~ 
a o ~ a  

OTpMua- 
TenbHble 
opeonb! 

Ni, CU, CO, 
U, V, Ga, Zn, 
Be, Li, P, Ba, 
Cr, Ti, Nb, 
Sc, Mn 
Cr, Ni, Mn, V, 
Co, Ba 

Cr, Ni, Mn, 
Co,Zn,Ba, 
v, v, Pb 

Ni, U, Ga, 
Cr, Li, P, Co, 
V, Mn, Ba, 
Zn, Cu, Be, 
Ti, Nb, Sc 
Ga, Mn, Ge, 
Li, Co, Ti, 
Sn, CU, Zn, 
P, Nb, B, V, 
Pb, Ni, Cr 
Mn, V, Nb, 
Ni, Sn, Cu, 
La, Co 

Ni, Co, Cr, 
Cu, Mn, Ba, 
Sc, Sr 

- 

- 

- 

COCTaB 30H Am 
a o ~ a  

n o n o x ~ -  
TeJlbHble 
opeonb~ 

Ni, Mn, CO, 
Cr, V, Sn, 
Mo, Li, Sr, 
SC, Be, CU, 
Ti, Zr, U 
Co, Ni, Cr, 
Cu, Mn, V, 
Be 

Cr, Ni, Co, 
Mn,V,Cu, 
Ba 

Ag, Ni, V, 
Mn, Cr, Co, 
Sn, Sr, Ti, Zr 

Ni, Cr, Co, 
Ba, Sc 

Ni, CO, Cr, 
Zn, Au, Ba, 
Zr, Cu, Ti, 
Be, V 
Ni, CO, Cr, 
Zn, V, Zr, 
Ge, CU, Mn, 
Ga, Ti 

- 

Ni, CO, V, 
Mn, Zn 

Ni, Co, Cr, V 

Ni, Co, Mn, 
Ba, Ti 

o 6 ~ e ~ a  
OTpMUa- 
Ten bH ble 
opeonbl 

P, Zn, Ge, 
Ag 

Mo, Sn, Pb 

Mo, Ag, Sn, 
Pb,Y,Zn 

P, Zn, Ba, Ll, 
Mo 

B, Ga, Li, 
Nb, Ti, Cu, 
Ge, Mo, Pb, 
S n 

Ga, Mn, B, 
P, Ge, As, 
Nb, Li 

Nb, Li, Pb, 
B, La, Sn, Y 

- 

- 

- 

- 



MCTO~HHK 
MH@OP- - 
MauMH 

AaHHble 
aeTopa 

// 

/ I  

I, AaHHble 
aeTopa 

11 

11 

Aa~Hble 
aeTopa 

Bapry~n- 
Ha, 1986 

A P . ,  1992 

1994 [50] 

Me~anno- 
re~~rec~an  
cneu~an~- 
3auHFI KO- 

HerHblX 
rneHOB PC 

AU, 

Au 

B KaqecTBe npMMepa Ha p ~ c .  14 npme- 
AeHbl KOppeJlRuklOHHble AMarpaMMbl T H ~ K B ~ -  
e u c ~ o i  A r c  ( ~ ~ K o T K ~ )  nocneAosaTenbHo OT 

Arl1 paHra PY AO PT. l l p ~   TOM AnR no- 
cTpoeHm AMarpaMMbl A r l l  paHra PY Mcnonb- 

30BaJlMCb AaHHble CbeMKM no IlOTOKaM PaC- 
CeFIHMFI, PaHrOB Pn, PM - no BTOpMqHblM 

opeonaM paccemm, paHra PT- no nep- 
BMclHblM OpeOJlaM. K ~ K  BMAHO M3 PMCYHKa, Ha 

Bcex y p o ~ ~ ~ x  o p r a ~ ~ 3 a u ~ ~  BeUecTsa 060- 

C O ~ ~ M B ~ ~ ~ T C R  Aee aHTaroHMcTnclecKMe rpyn- 
flbl 3JleMeHTOB, MMeloUMe OTpkluaTeJlbHble 

KOppeJlRuMOHHble CB93kl. flepB0i M3 

HHX - ~eHTpOCTpeMMTeJlbHbIX 3neMeHTOB 

(Au, Ag, As, Mo, Pb, Cu) - ~ a ~ 6 o n e e  cmb-  

Hble M ~~~0f ic lk lBb le  CBR3M XapaKTepHbl AJlR 

AT11 paHros Pl l ,  PM. O~Jla6neHMe MX AnR 

Arfl PaHra PY eCTeCTBeHH0, TaK KaK npM no- 
CTPOeHMM AMarpaMMbl MCflOnb3OBaHbl AaHHble 

CbeMKkl I l O  IlOTOKaM PaCCeRHMR, COAepXaHMR 

B KOTOPblX ~aM60nee nOABepXeHbl BnMRHMK) 

pa3~006pa3~blx runepreHHblx npoqeccoe, 
AflA PT CBR3aHO C MMelolL(MMkl MeCTO CMelqe- 

HHAMM B ~ 0 ~ ~ 3 0 H ~ a J l b ~ 0 f i  IlJlOCKOCTM MBKCM- 

MaJlbHblX ~ 0 ~ e p X a ~ M f i  HaApyAHblX-BepXHe- 

TllnllrHble (1 75 %) 

Ni, Co, V, Mn, Cr 

PYAHblX 3JleMeHTOB (AS, CU) OTHOCMTeJlbHO 

3JleMeHTOB, HaKallJlMBalolqMXCR Ha 60Jlee 
rJly60~klx rOPM30HTaX (Pb, Mo, Au). 60Jlee 
Y C T O ~ ~ ' - ~ M B ~ I M M  CBR3RMM XaPaKTePM3YeTCR 

BTOpaR rpynlla ~ ~ H T P O ~ ~ X H ~ I X  3JleMeHTOB 

(Ni, Co, Cr, V, Mn, Ba, Y, Zn, Pb, Cu), XOTR B 

C B R ~ M  c rMnepreHHblMM npoueccaMn M B aToM 

cnyclae AnR A r l l  paHra PY OHM ~ e s ~ a q ~ ~ e n b -  

HO 0~Jla6Jle~bl. A~aJlorMcl~ble 3aKOHOMePHO- 

CTkl npOCJleXMBaloTCR M AJlR 0TpkluaTe.nbHblX 

c ~ R 3 e i  3JleMeHTOB, npM 3TOM AJlR A r l l  PY, 

PT @MKCMPY~OTCR JlMLUb TeHAeHuMM K OTpMua- 
~ e . n b ~ 0 i  CBR3M ~ ~ H T P O ~ ~ X H ~ ~ X  M UeHTPOCT- 

PeMMTen bH blX 3JleMeHTOB. 

B UeflOM BCe M3ycleHHble Am XaJlbKO- 

@ ~ n b ~ o f i  c n e u ~ a n ~ 3 a u u ~  M YPOBHR opraHn- 
aauvlvl BelqecTsa x a p a m e p ~ 3 y l o ~ c ~  @n~cnpo- 
BaHHblM COCTaBOM KOppenRuklOHHOrO RApa 
~ ~ H T P O ~ ~ X H ~ I X  3JleMeHTOB, LUMPOKO~~ M3MeH- 

qMBOCTbt0 CneKTpa RApa (MJlM HeCKOJlbKMX 

R ~ e p )  ueHTPOCTPeMMTeJlbHblX 3JleMeHTOB npM 
Y C T O ~ ~ ~ M B O ~ ~  O ~ O C O ~ ~ ~ H H O C T ~ ~  Ha KOppeJlRL\kl- 

O H H ~ I X  AMarpaMMax aTux ~ ~ y x  reoxmwecKMx 
rpynn. T ~ K M M  06pa30~ ,  Ha ocHose a ~ a n ~ s a  
KOPpeJlFIuMOHHblX ~ B R 3 e i  3JleMeHTOB B aHO- 

cbop~aum 
( T M ~ )  ~ e c ~ o p o -  
w e ~ ~ i i ,  ~ e -  
CTOflOJlOXeHMe, 
Ha3BaHMe PYA- 
HblX O ~ ~ ~ K T O B  

30no~o-K~ap- 

ueeawcepe6- 
po-nonn~e- 
~ a n n ~ q e c ~ a ~ l  
( c ~ B .  ~ ~ M O X O -  

Tbe: LUKoJlbHoe, 
MHFIK~H,  TeHb- 

KMHCKLI~, APAOK, 
AM~IH, 4an6bl- 

ra, Cse~noe, 
~ ~ B M T ~ R ,  Xo- 
J~O,~HMHCK~R) 

3ono~o-nonn- 
MeTaJlJlMqeCKaR 
(Cee. Kasax- 
C T ~ H )  

Y ~ C T O  BCTpeqatO- 

UMecn (50-75 %) 
Ba, Ti, Cu, Zn 

P a ~ r  
Ar l l  

PY, 
P I  

Pn 

C p e ~ H e i  BCTpe- 
qaeMocTM (25-50 %) 

Sc, Be 

MCTO~HMK 
MH@OP- 

MauMM 

DaHHble 

ae-ropa, 
1990 
[ I  60,168, 
171,1731 

l l ~ ~ y n b -  
KO, K ~ M -  
u y ~ ,  1990 
[ I  371 

P ~ A K O  BCTpeqatO- 
UMecg (5-25 %) 
Ga, U, Li, P, Nb, 
Pb, Y, Sn, Sr, Rb 

X H M M ~ ~ C K M ~  

EAklH~qHble 
cnyra~l (< 5 %) 
B, La, Ag, Au 

~ l ~ e p ~ a ~  
~ O J ~ O X M -  

TeJlbHble 

OpeOflbl 

AU, ~ g ,  AS, 
W,Sb,Pb, 
Cu, Bi 

Ag, Pb, Zn, 
Sn, CU, Mo, 
Sc, Mn 

cocTaB  OH Am 
s o ~ a  

OTPMua- 
TeJlbHble 
0pe0flbl 

Ni, CO, ~ r ,  V, 
Mn,Ti,Ba, 
Y, Pb, Zn 

Ni, Co, V, 
Mn, Ba, Ti, 
Sc, Rb, Pb, 

Zn, Ag 

s o ~ a  
IlOJlOXM- 
TeJlbHble 

OpeOflbl 

IV~ ,  CO, ~ r ,  V, 
Mn,Ti 

Ni, Co, V, 
Mn, Ba, Ti, 
Sc, Rb, Pb, 

Zn, Ag 

06MeHa 

OTPMua- 
TeJlbHble 

opeon bl 

- 

Ag, Pb, Sn, 
Zn, CU, Mo, 
Sc, Mn 



MaJlbHblX 0 6 n a c ~ ~ l x  BO3MOXHO PellleHMe 06- 
p a - r ~ o i  s a ~ a c l ~  - BblAeneHMe u e ~ ~ p 0 6 e ~ -  

HblX M ueHTPOCTpeMMTeJlbHblX 3JleMeHTOB C 

IlOCJleAytOuMM MX MCnOJlb30BaHMeM B npd- 
rHO3HbIX IlOCTPOeHMRX. 

A K l  HeynopgAocleHHoro CTpoeHMsl npeA- 
CTaBJlFltOT co6oi COBOKynHOCTb npOCTpaHCT- 

BeHHO C ~ J ~ M X ~ H H ~ I X  rpynn JlOKaJlbHblX aH0- 

~ a J l M i  ueHTpOCTpeMMTeJlbHblX 3JleMeHTOB 

npM C Y ~ @ O H O B ~ I X  COAePXaHMFlX ~ ~ H T P O ~ ~ X -  

HblX 3JleMeHTOB, TO eCTb no COCTaBy 3TM Am 
COflOCTaBMMbl C @ J ~ ~ H ~ o B o ~  3 0 ~ 0 i  KOHueH- 

TpauMM 30HarlbHblX A m .  B 3 ~ 0 h  CBFl3M re0- 

MeTpM3auMFl 3OHaJlbHblX Am Ha  OH^ Arf l  
HeynopgAocleHHoro CTpoeHMA npeAcTaenneT 
onpeAeneHHble CnoxHocTM. B TaKMx cnyragx 

OKOHTyPMBaHMe 30HaJlbHblX A m  B IlepBOM 

~ ~ H ~ J ~ M x ~ H M M  MOXeT OCYueCTBJlFlTbCFl n0 

B H ~ L L I H ~ ~  rpaHMue 30Hbl 0 6 ~ e ~ a .  

Mop@onorm PaCCMOTPeHHblX BbllLle 30- 

HaJlbHblX Am B PeaJlbHblX YCJlOBMFlX BeCbMa 

pa3~006pas~a ( p ~ c .  12, 15, 16). n p ~   TOM 

MOXHO BblAeJlMTb o 6 u ~ e  M WCTHble M O ~ @ O -  

J lOrMreCKMe C B O ~ C T B ~  3OHaJlbHblX A m .  06- 
uMe c e o i c ~ e a  x a p a ~ ~ e p ~ s y t o ~  0 6 b e ~ ~ y t O  
M n M  nnotqaAHytO @ o p ~ y  Am B UenoM, rac-r- 
Hble - O C O ~ ~ H H O C T M  BHyTpeHHerO CTPOeHMFl, 

TO eCTb @OPMY OTAeJlbHblX 30H Am B MX 

B3aMMOCBFl3M. 

no BHeUHeMy KOHTYPY Am BblAeJlsltOTCFl 

TPM M O P @ O J ~ O T M ~ ~ ~ C K M X  TMna CTPYKTYP: c@e- 
POMAHble (PMC. 15, a, 6, B, A; 16, a-B), yflJl0- 

UeHHO-AMCKOBMAHble (PMC. 15, r), J lM~e i~b le  

( ~ M c .  12). no aHaJlOrMM C 0603~acle~MFl~H 

~ o p @ o n o r ~ c l e c ~ ~ x  TMnoe PYAH~IX  nonei 11 781 
3HacleHMFl K O ~ @ @ M ~ M ~ H T ~  J ~ M H ~ ~ H O C T M  Am, 
TO eCTb OTHOUleHMe M ~ K C M M ~ ~ ~ H O ~  AJlMHbl K 

xapaKTepH0h LUMPMHe, AJlg C @ ~ P O M A H ~ I X  

IlpMHMMaeTCR PaBHblM MeHee 3, YllJlOueHHO- 

AMCKOBMAHblX - 3-1 0, J ~ M H ~ ~ H ~ I X  - 6onee 
10. no 3 ~ 0 i  KJ-I~CCM@MK~L(MM Arn paHra PT 
clawe Bcero MMetOT n ~ ~ e i ~ y m  @ o p ~ y ,  TorAa 
KaK Ang Am paHros PM, Pn, PY, PP pes~o 
npeo6na~ae-r C @ ~ P O M A H ~ I ~  TMn npM nogw- 
HeHHOM 3HaCleHMM YnJlOueHHO-AMCKOBMAHOrO 

M n ~ ~ e i ~ o r o .  
110 BHYTPeHHeMY COAePXaHMtO Ha COBpe- 

MeHHOM YpOBHe 3P03MOHHOrO Cpe3a @MKCM- 

p y t o ~ c ~ l  TPM Knacca c ~ p y ~ ~ y p :  npocTble 

(PMC. 15, a, r, A; 16, 6, B; 12), PM'rMMclHO 30- 

HaJlbHble ( ~ M c .  15, 6, B; 16, a) M CTPYKyPbl 

TMna KOHCKOrO XBOCTa (PMC. 16, a, 6, 6). K ~ K  
BMAHO M3 IlPMBeAeHHblX PMCYHKOB, HepenKO 
~a6JltO~atO~cFl K O M ~ H H ~ ~ M M  3TMX 3JleMeHTap- 

HblX TMnOB (PMC. 16, a, 6, B). H a n p ~ ~ e p ,  Ha 

PMC. 16, a npMBeAeHa c @ e p o ~ ~ ~ a ~ ,  PMTMM~-  

HO-3OHaJlbHaFl CTpyKTypa Am TMna KOHCKOrO 

XBOCTB. 

CJleAye~ MMeTb B BMAY, clTO TOJlbKO AJlR 

Am MnaAwMX PaHrOB (PT, B ~ e ~ b l L l € ? i  CTe- 

neHM PM) MMetOTCFl HaAeXHble AaHHble 06 HX 

PMC. 15 
PY, z- 
PY): 
7 - FlA( 
HCKOfla( 

o6aeu 
COOTBe 

yposet 

pyeTcrr 
BeAKbI 

nepebl 

BepTMk 

AecslTb 

B :  
rny6mt 

KOCBek 

OnPeA 
CBF13H 

o6aeru 
ro Hnv 

qeHHb 

saner; 
pex a 
Ha pu 



BbrAenmo~cfi 

~yrcryp: c@e- 
a-B), ynno- 

), n b l ~ e i ~ b l e  

3HaLleHMRMM 

nonefi [I 781 
IHOCTM Arm, 

I PHC.  15. C~pynypbr Am paHrOB PP, PY: a - ~ ~ M C K O ~ O  PY, 6 - ~ ~ ~ C K ~ H ~ U H C K O ~ O  PP, B - T O K ~ ~ C K O ~ O  
py, 2 - T~H~KHHCKO~O PY, d - A P ~ O K C K O ~ O  PY, t? - Arfl HeynOPRflO~eHHOrO CTpOeHMR O~'iyrcK0e (pa~r 

I PY): 
f -SIAepHaR 30Ha; 2 - 30Ha 0 6 ~ e ~ a ;  3 - @I~H~oB~R 3OHa KOHueHTPauMM; 4 - npORBneHMR nOJle3HblX 
HCKOflaeMblX: a - MeCTOPO)1(AeHMR, 6 - PyflOflpORBneHMR. 

O ~ ~ ~ M H O M  CTPOeHMM, TOrAa KaK AnR PC M 

COOTBeTCTBytO~MX M M Am CTaPUlMX PaHrOB 
YpOBeHb AOCTOBepHblX 3~aHMfi PernaMeHTM- 

PyeTCR TeXHM'ieCKMMM B03MOXHOCTFIMM pa3- 

seAK# M orpaHMclmaeTcg B ny'itueM cnyclae 
IlepBblMM KMnOMeTpaMM IlpM f lp0r~03Mpye~0~ 

0ep~~KanbHoa nPOTRXeHHOCTM TaKMX PC B 

AeCRTKM KMnOMeTPOB [I 391. 
6 3TOM CJlyclae PeKOHCTPYKL(MR CTPOeHMR 

~ Y ~ M H H ~ I X  clac~efi PC OCyUeCTBnReTCR fl0 

KOCBeHHblM AaHHblM, a CneAOBaTenbHO, B 

o n p e ~ e n e ~ ~ o i  cTeneHM rMnoTeTMclHa. B a ~ o i  
CBRBM ~ a x ~ e i t u e e  3 ~ a q e ~ ~ e  B ~ O ~ H ~ H M M  

O ~ ~ ~ M H O ~ O  CTpOeHMR MMeKlT A r l l  HaKJlOHHO- 

ro Hnln nonororo s a n e r a ~ ~ ~ .  C p e a ~  Bcex ~ 3 y -  

WHHblX HaMM Am CTaPUlMX PaHrOB TaKOe 

3aJleraHMe IlpOCMaTpMBaeTCR BCerO 6 cleTbl- 

peX Cny.lafiX, TpM M3 KOTOPblX flpeACTaBneHbl 

Ha PMC. 16. 0 HaKnOHHOM 3aneraHMM 3TMX 

Am CBMAeTeJlbCTByeT Q O ~ M ~  RAePHblX 30H M 
@ n a ~ r o ~ b ~ x   OH KoHUeHTpaqMM, aHanorM'itiaR 
CTpyKTypaM TMna KOHCKOrO XBOCTa HeKOTOPblX 

XMJlbHblX M ~ C T O P O ~ ~ H M ~  IlpM 3aKOHOMep- 

HOM nonoxetim npoAyqMpytoUero aTM A m  
MCTOclHMKa BeqeCTBa M 3HePrMM (6 OCHOBa- 

HMM ((xBocT~))). B IlpMBeAeHHbIX flpMMepaX 

KOpHeBble claCTM PC 6 y A y ~  PaCnOnaraTbCH Ha 
PMC. 16, a - B J"I~BoG, 6 - B HMXH~G, B - B 

npaeok qaCTl4 PMCYHKa. O ~ ~ B M A H O ,  qTO pa3- 

JlMclHble BaPMaHTbl BepTMKanbHblX pa3pe3OB 

BKpeCT flpOCTMpaHMtO IlpeACTaBneHHblX Ha 

p ~ c .  16 A m  6 y ~ y ~  xapamep~soea~b pas~o-  
o6pa3~b1e ~ o p a o n o r ~ r ~ b l e  T M ~ ~ I  ~OPMSOH- 

TanbHblX ~ecleH#G A r l l  KPYTOrO 3aJleraHMFI, B 

claCTHOCTM, M BCe nPMBeAeHHble Ha PMC. 15. 
H a n p ~ ~ e p ,  CecleHMe A r l l  B a n y ~ ~ c ~ o r o  Pn 
(PMC. 16, a) B c p e ~ ~ e i  ee clacw ~ o p @ o n o r ~ -  
cleCKH aAeKBaTHO PMTMMclHO 3 0 ~ a n b ~ 0 f i  Am 



PHC. 16. C ~ p y ~ ~ y p b l  A r f l  PaHrOB P f l ,  PM: a - B ~ ~ ~ H M C T O ~ O  P f l ,  6 - T H ~ K B ~ ~ M C K O ~ O  P f l ,  f3 - L U K O ~ ~ H O -  

ro PM: 
1 - RAepHaR 30Ha; 2 - 30Ha 0 6 ~ e ~ a ;  3 - @ n a ~ r O ~ a R  30Ha KOHqeHTpaqMM; 4 - npORBneHMR nOne3HblX 
vlCKOllaeMblX: a - MeCTOPO>YqeHMR, 6 - PYAOnpOFlBneHMR; 5 - PYAHble Tens; 6 - pa3nOMbl+MeCTvlTe- 
nvl. 

A Y C K ~ H ~ M H C K O ~ O  PY ( ~ M c .  15, 6). ~ P M B ~ A ~ H -  

Hb le  B b l U e  npMMepb l ,  OTpaXaR BCe OCHOBHble 

M O ~ @ O J ~ O ~ M ~ ~ ~ C K M ~  TMnbl, RBJlRKlTCR JlMLUb 

WCTbK3 Bb lAeneHHblX HaMM 30HaJlbHblX Arm. 
B u e n o M  napannen~3y~ ~ T M  AaHHble  c xopo- 
LUO M3yCleHHblMM MOP@OCTPYKTY~~MM PYAHblX 

M ~ c T o ~ o X , ~ ~ H M ~ ~ ,  ~an6onee T k l n ~ c l H o f i  @0p- 
~ 0 f i  Arm BCeX PaHrOB B BepTMKanbHOM pas- 
pese (no H a n p a e n e H M m  A B n x e H m  @ n t o ~ ~ o ~ )  
I lpeACTaBnReTCR @ a ~ e n 0 0 6 p a 3 ~ a R ,  HepeAKO 

YCJlOXHeHHaR J laTepanbHbIMM M HMCXOARLL(M- 

MM BeTBRMM @ J ~ K ~ M ~ O ~ O T O K ~  (CTPYKTYP~I TMna 

KOHCKOrO XBOCTB). 

U e c T s e H H o  n e p ~ @ e p ~ r e c ~ ~ x  c l a c ~ e i  RAep -  

H O ~  ~ O H ~ I  Arm cTapLue ro  p a H r a .  B MAeanb -  

HOM CJlyclae TaKOe MHOrOypOBHeBOe OT PT A0 
PY (PP) CTpOeHMe Arc M b l  MOrJlM 6b1 ~ a 6 n ~ l -  
A a T b  npM AeTanbHOM reOXMMMcleCKOM M3Ycle- 

HMM ( H a n p M ~ e p ,  M~CLIJTEI~EI 1 : 10000) BeCbMa 

O ~ L U M P H ~ I X  nJ loua/Jef i .  OAH~KO T ~ ~ ~ O B ~ H M F I  

~ K O H O M M ~ ~ ~ C K O ~ ~  ~ ~ J ~ ~ C O O ~ P ~ ~ H O C T M  npeA0- 
n p e A e n R m T  n o c ~ a ~ ~ f i ~ o e  BcKpblTMe CTPYKTYP 

Arm OT CTapLUMX K MJlaALUMM c lneHaM CMCTe- 

M ~ I  ny-reM n o c n e ~ o ~ a ~ e n b ~ o i  ~ e ~ a n ~ s a u ~ n  
reoXMMMcleCKMX M C C ~ ~ A O B ~ H M ~ .  M a c u ~ a 6  
reOXMMMcleCKMX pa60~,  a COOTBeTCTBeHHO 

nJlOTHOCTb TeOXMMMqeCKOrO O ~ ~ ~ O ~ O B ~ H M F I  

OnpeAenRtOT BePOFlTHOCTb O ~ H ~ P Y X ~ H M F I  PC 
p a 3 n ~ c l ~ o r o  p a H r a .  ~ M ~ M P M C ~ ~ C K M  y c T a H o s n e -  

HO, clTO MCCJleAOBaHMRMM KOHKPeTHOrO M a c -  

w ~ a 6 a  BblRBnReTCR OT ABYX A 0  cleTblpeX 

Y ~ O B H ~ ~  OpraHM3a4MM B e u e C T B a .  T ~ K ,  AMTO- 

XMMM'4eCKaFI CbeMKa no nOTOKaM PaCCeRHMR 

M ~ c L U T ~ ~ ~  1 : 200000 nO3BOJlReT BblAenMTb 

CO C T O ~ ~ P O ~ ~ H T H O ~ ~  r a p a ~ ~ ~ e i  3OHar lbHble 

AT11 PaHrOB PP, PY M CaMb le  KpynHb le  - 
p a H r a  Pn. DR 6onee n o K a n b H b l x  ATn  en- 
KMe P n ,  BCe PM) 3OHanbHOe CTpOeHMe H e  yC- 

TaHaBnMBaeTCR, BblAeJlReTCR JlMUlb RAepHaR 

3 o ~ a ,  T o r A a  KaK 6onee n o K a n b H a R  no nno- 
U a A H b I M  n a p a M e T p a M  3 0 H a  0 6 ~ e H a  TepReT- 

cn. Pesy. 
FlTHOCTM 

3aBMCMMI 

n p M s e A e  

H e o ~  
MX BeKT( 

n O C b  B b l  

ATn p a t  

rOpFlHOM 

H o B n e H  ! 
HOCTM nc 
r H A p o T e l  

B M A a  (CH 

Zn-Pb-f 
Ceep 

opeonoe 
c(UlBbl. C 
f l a M  TMAI 

BOAFlTCR 

npmne" 
30JlOTO- 

po-BOCI 
o c e ~ o i i  
n o B  ( T ~ Q  



3eTCTBeHHO 

P O ~ O B ~ H M F I  

'XeHMFI PC 
ICTaHOBJle- 

-HOT0 Mac- 

renipex 
T ~ K ,  nmo- 

~ ~ C C ~ ~ H M F I  

BblAenMTb 

OHarlbH ble 

PyflHble - 
Am ( ~ e ~ -  
we He yc- 
I WepHafi 
I no nno- 
a TepgeT- 

CR. Pe3ynbla~bl K ~ W C T B ~ H H O ~ ~  OueHKM BePo- 

RTHOCTM BblFlBneHHblX pa3HOpaHrOBblX PC B 

3aBMCMMOCTM OT M ~ c L I J T ~ ~ ~  M llJlOu(aAM p a 6 o ~  
IlpMBeAeHbl B ~ a 6 n .  13. 

H ~ O ~ H O ~ O ~ H O C T M  Ar f l ,  0 6 y ~ J l 0 B n e ~ ~ b l e  

MX B ~ K T O P H O ~ ~  30HanbHOCTbl0, KBK OTMeCla- 

JlOCb BblLue (c. 22), ~ a ~ 6 o n e e  M3ycleHbl AJlg 

Arfl paHra PT. Ha ~ T O M  ypoeHe C.B. r p ~ -  
TOPFIHOM, Jl.6. OBC~MHHMKOB~IM [I261 YCTa- 

HOBJleH y ~ b l ~ e p c a n b ~ b l i  pRA O C ~ B O ~ ~  3OHaJlb- 

HOCTM flOJlOXMTenbHblX OpeOnOB PYAHblX Ten 
rMApoTepManbHoro r e ~ e a ~ c a  cneAymu(ero 

BMAa ( C H M ~ Y  ~ ~ e p x ) :  U-Mo-Co-Nil6i-Cu-Au- 
Zn-Pb-Ag-Cd-llg , As, Sb-Ba. 

C B ~ ~ ~ H M F I  0 30HanbHOCTM OTpMqaTeJlbHblX 

OpeOnOB PYAHblX Ten HellOnHbl M flpOTMBOpe- 

WBbl. C B O A H ~ I ~  AaHHble no HeKOTOPblM TM- 

IlaM rMApOTepMaJlbHblX M B C T O P O ~ , ~ ~ H M ~  npM- 
BOARTCFl B pa6o~e B.M. nMTyJlb~0 [137]. C 
npmnereHMeM C O ~ C T B ~ H H ~ I X  MaTepManoe no 
3OJlOTO-KBapueBblM MeCTOpO>KF\eHMFIM C e ~ e -  
PO-BOCTOK~ OnpeAeneH 0 6 0 6 ~ q e ~ ~ b l f i  PFIA 
O C ~ B O ~  30HaJlbHOCTM OTPMUaTenbHblX OpeO- 

no6 (~a6n.  14). 

Macw~a6 
p a 6 o ~  

1 :200000 

1:50000 

f l0 AaHHblM ~ a 6 n .  14 CpeAM TMIlMCIHblX 

U ~ H T P O ~ ~ X H ~ I X  3neMeHTOB B IlepBOM npM- 
~ ~ M X ~ H M M  HaMM BblAeJlFItOTCFI TPM rpynflbl, 

XapaKTepM3yDu(Me MaKCMMyM OTHOCMTenbHO- 

r0 BblHOCa Ha TeX M n M  MHblX TOPM3OHTaX: 

HMXHepyAHble - Na, V, Ba, PyAHble - Ti, 
CO, Ni, BepXHepyAHble - Cr, Mn. Orpa~vl- 
cleHHOCTb MCXOAHOrO @ ~ M M ~ ~ ~ C K O ~ O  MaTe- 

PMaJla nO3BOn5leT PaCCMaTPMBaTb YCTaHOB- 

JleHHyD 30HanbHOCTb KaK OPMeHTMPOBOC1HYI0, 

~pe6ym~qym ~ a n b ~ e i u e r o  M ~ Y ~ ~ ~ H M F I  M ~TOCI -  

HeHMFI. 

C B ~ A ~ H M ~  0 B~KTOPHO~~ 30HaJlbHOCTM A m  
CTapLuMX PaHrOB npaKTMCleCKM B O O ~ L L ( ~  OTCYT- 

CTBYDT. f l p e ~ n o x e ~ ~ b l e  B.M. f l ~ ~ y n b ~ o  KO- 

3 @ @ M u ~ e ~ ~ b l  30HaJlbHOCTM OllMpatOTCFI Ha 

0 6 4 e ~ e o p e ~ ~ r e c ~ ~ e  B O ~ ~ ~ ~ H M F I  asTopa o 
CTPOeHMM Pa3HOPaHTOBblX Ar l l ,  HalUeALIJMe 

CBOe OTpaXeHMe B nPeAJlOXeHHblX MM MOAe- 

JlRX ( ~ M c .  11). OAH~KO f l p b l ~ e ~ e ~ ~ b l f i  HaMM 

@ a i c r ~ c l e c ~ ~ i  MaTepMan He noATaepx,qaeT 
MHBepCMOHHOrO XapaKTepa XMMMqeCKOrO CO- 

CTaBa A r f l  CMeXHblX PaHrOB, a CJleAOBa- 

TeJlbHO, M flpMMeHeHMe Ha flpaKTMKe 3TMX KO- 

M ~ c T o ~ o > ~ ~ ~ H M R  P~l.4bl30HanbHOCTM ( C H M ~ Y  BBepx) 

K ~ c c M T ~ ~ ~ ~ T - c ~ J ~ ~ @ M A H  ble C 0-V-N i-C r-M n 
M ~ A H O - K O J ~ ~ ~ A ~ H H  ble V-Ti-Ga, SC-Ni, Cr-Mn 
n o n ~ ~ e ~ a n n ~ r e c ~ ~ e  x ~ n b ~ b l e  V-Ti, Ba-Ga, Zr-Cr-Mn, Sr 
30n0~0py~~ble BblCOKOTeMnepaTypH ble Mg-V-Ga, SC-Cr-Mn 
30no~opy~~ble c p e ~ ~ e ~ e ~ n e p a ~ y p ~ b i e ,  Li, Nb-Ba-Zr, V-Ti, Cr, Fe 
30no~o-~~apueeo~ @ O P M ~ ~ M M  Zn-Ti-Ba-V-Mn-C&N i 
30n0~0pyfiHble HM3KOTeMflepaTypHble Li, CS, Na-V-Ti, Ni, Cr-Mn 
M ~ A H O - ~ O P @ M P O B ~ I ~  V-Cr-Ni 

0606~~1ennblR p9.4 ~ O H ~ ~ ~ H O C T M ~  Li, CS, Na-V-Nb-m, Zr-3, Ga, SC-CO-Ni-cr-Mn 

C T ~ H A ~ ~ T H ~ I ~  
nnouaAM pa60~ 

(KM2) 

n x 1 o3 M 6onee 

nx10~-nx10~ 

1:25000 
1:10000 - 
1:5000 
1:2000 

BCPOFITHOCT~ BblRBJleHMFI 

- 

AT11 3OHanbHOrO CTPOeHMR 

nx loO 

BblCOKaR (>90 %) 
PP, PY 
PY, pt7 

R A ~ ~ H O ~  30Hbl 3OHaJlbHblX A r f l  

HM3KaR (< 50 %) 
Pfl 
PM 

BblCOKaR (s90 %) 
P I1 
PM 

Pf l  
PM 

HM3KaR (< 50 %) 
PM 
PT 

PIW 
PT 

nxl0-' 

ppp 

PT 
- 

- 
- 

PM 
PT 

PM 
PM, PT 

PT 

PT 
- 



PHC. 17. M o ~ e n ~  PYAOreHHblX CMCTeM. 

a - MOAeJlb rLI~p0~ep~anbHoA CMCTeMbl fl0 r.n. nocneJl0By [141]: 1 - BOCXOAFI~MR nOTOK ~ J ~ Y ~ H H H O ~ O  

@nl€lM~a; 2 - H M C X O ~ F ~ ~ L I ~ ~  nOTOK BaA03HblX BOA; 3 - rMApOTepMaJlbHaFl CMCTeMa; 4 - M30TePMbl PaC- 

TBOPOB. 
6 - ~ ~ e a n ~ s ~ p o e a n ~ a ~  cxeMa TennoMacconepenoca no C.A. r t ~ r o p o ~ !  [40]: 1 - Hanpasneme Amme- 
HMFl rHAPOTePMaJlbHblX @ ~ ~ € ~ M A o B  B TepMOrpaAMeHTHOM none tl - t2...fn , PI ... P2 - @ M ~ M K O - X M M M C I ~ C K M ~  

napaMeTpbl CMCTeMbl; 2 - HanpaBneHMe ABMXeHMFl @ P O H T ~  CMCTeMbl; 3 - B M ~ L L ( ~ K ) ~ M ~  C Y ~ C T ~ ~ T .  

6 - ByflKaHD-TMApOTepManbHaR CMCTeMa Yaipa~eA (no K.Ax. 6aHy3ny [137]). M3~epeH~ble (~nn0luHble 

J ~ M H M M )  M 3KCTPaflOnMPOBaHHble (LLIT~MXOB~I~) kl30TePMbl Ha rfly6MHy 5 KM OT ilOBePXHOCTM. 

B - MoAenb Am B ~ P X H ~ M ~ I H C K O ~ O  PY (Cee. n p ~ a ~ y p b e ) :  1 - sHepreTMrecKMe MCTOCIHMKM 06pa30~a~k l~1  

A r f l  PaHra: a - PY ( ~ a J l e 0 3 0 ~ ~ ~ L l e  rpaHM~bl), 6 - Pfl (nafle030~~KMe rpaHOAMOPMTbl, HMXHeMenOBble 

AaUMTbl, aH,4e31/1~bl); 2-3 - CTPYKTYPa A m  PaHra PY: 2 - 30Ha 06~eHa-06flac~b pa3BMTHR nOJlOXM- 

TenbHblX aH0~anklfi ~ ~ H T P O ~ ~ X H ~ I X  3JleMeHTOB, 3- FlAepHaFl 30Ha (a, €9, @JlaHro~aR 30Ha KOHUeHTpa- 

UMM (6)--06na~~b pa3BMTMR OTPML\aTeflbHblX OpeOflOB L \ ~ H T P O ~ ~ X H ~ I X  3JleMeHTOB pa3nMCIHofi MHTeHCMB- 

HOCTM; 4 - FlAePHaFl3OHa Ar f l  PaHra Pn; 5 - OCHOBHble HanpaBneHMFl ABMXeHMFl @ ~ D M ~ O ~ O T O K O B ;  6 - 
npogsnetim Au: a - pyAonpomneHMg, 6 - MecTopoweHMg. 



16pa30ea~~~ 
KneMenoBble 
THFI nonoxm- 
I KOHUeHTPa- 
l i  IIHTeHCMB- 
IOTOKOB; 6 - 

~ @ @ # L & ~ ~ H T o B  30HaJlbHOCTM MOXeT IlpMBeCTM 

K HenpeACKa3yeMblM pe3yJlbTaTaM. 

B HaCTOHu(ee BpeMFl, IloXaJlyfi, eAMHCT- 

B ~ H H O ~  B03MOXHOCTbtO BblFlBfleHMFl BeKTOP- 

H O ~  30HanbHOCTM A m  CTaPUlMX PaHrOB FlB- 

JlFleTCR M3yWHMe M3MeHqMBOCTM COCTaBa no 
nPOrH03MPYeMblM HanpaBfleHMFlM ABMXeHMFI 

@ n n w ~ o ~  Am HaKnoHHoro s a n e r a ~ ~ ~ l .  
Ha p ~ c .  17, s npeAcTasneHa peanbHan 

MOAeJlb AT11 B ~ P X H ~ M ~ I H C K O ~ O  PY nOflOrOr0 

sanera~m. Mop@onor~qec~Me O C O ~ ~ H H O C T M  

A m ,  HaJlMqMe K P Y ~ H O ~  MH'rPY3MM B tOr0-38- 

n a ~ o i  clacTM - npeAnonaraeMoro MCTO~HM- 

Ka 3HeprMM C O O T B ~ T C T B ~ ~ ~ ~ ( ~ ~  PC n03BOflFltOT 

PeKOHCTpyMpOBa-rb OCHOBHble HaIlpaBJleHMFi 

flBMXeHMFI @ ~ ~ O M A O B .  B UeflOM 0 6 ~ 4 a ~ 1  Ha- 

npaBneHHOCTb @ J ~ ~ ~ M ~ O I ~ O T O K O B  B PaCCMaT- 

pMsaeMoM cnyqae xopouo cornacyeTcn c 
aHaflOrMC1HblMM AaHHblMM, IlOnyqeHHblMM npM 
~ 3 y r e ~ n ~  r.n. l l o c n e n o ~ b ~ ~  [I411 rnApoTep- 
MaflbHO-MeTaCOMaTMWCKMX CMCTeM (PMC. 17, 
a) M C.A. ~ P M ~ O P O B ~ I M  [do], K.A)K. 6 a ~ y 3 J l 0 ~  

(1371 T ~ ~ M o @ M ~ M W ~ C K M X  n0flei ( ~ M c .  17, 6, 
8). 

Ollpe~eJ'le~Me B ~ K T O P H O ~  30HanbHOCTM 

pacchnarpimaehnoro A r l l  npoeogMnocb no 
C T ~ H A ~ ~ ~ H O G  MeTOAMKe [ I  781 OTAenbHO AnFl 
npaeoi h s a  s a p ~ a ~ r a )  M n e ~ o i  BeTBM 

@ ~ ~ O M ~ O ~ O T O K O B  (ra6n. 15). 
K ~ K  BMAHO M3 ~ a 6 n .  15, IlOJlyqeHHble PFIAbl 

3OHaJlbHOCTM AJlFl JleB0G M IlpaBoi BeTBM A m  
~ J I M ~ K M ,  qTO KOCBeHHO CBMAeTeJlbCTByeT 0 

H ~ C J ~ Y W ~ H O M  XapaKTepe YCTaHOBneHHblX 3a- 

K O H O M ~ P H O C T ~ ~  OTHOCMTeflbHOrO BblHOCa 

3JleMeHTOB. 

A H ~ ~ o ~ M ~ H ~ R  OUeHKa 3OHanbHOCTM OTPM- 

qaTenbHblx opeonoe npoBeBeHa AnH Am 
paHroB PI1 M PM ( ~ M c .  16, 6). Pe3ynb~aTbl 

T ~ K O ~  OqeHKM IlpMBeAeHbl B ~ a 6 n .  16. 
C0n0CTaBflFlFl AaHHble ~ a 6 f l .  14-16, He- 

TpyAHO 3aMeTMTb 0 6 q ~ e  TeHAeHqMM Ilpe- 
MMyu(eCTBeHHOr0 BblHOCa C HMXHMX rOPM30H- 

TOB Arm - Ba M V, ~3 cpeAHnx qac~eA - Co 
M Ni M C BePXHMX rOPM30HTOB - Cr M Mn BHe 

~ ~ B M C M M O C T M  OT paHra ~ s y r a e ~ o r o  o 6 a e ~ ~ a .  
l l o n y c l e ~ ~ b ~ e  pe3ynb~a~b1, B cMny orpaw- 

cleHHOCTM MCXOAHOrO @ ~ K T M ~ ~ C K O ~ O  MaTe- 

PMaJla, He IlpeTeHAytOT Ha ~ ~ C O ~ ~ O T H ~ K I  YHM- 

BepCaJlbHOCTb, MX CJleAyeT PaCCMaTpM BaTb 

KaK IlpeABapMTeJlbHble. OAH~KO AaXe B Ta- 

KOM BMAe OHM MOrYT 6b l~b  MCIlOJlb30BaHbl AJlFl 

OPM~HTMPOBO~HOG OqeHKM YPOBHFI 3P03MM 

A rn  cTapwMx patiroe - OCHOB~I nepcnelc- 
TMBHOrO npOrH03a HOBblX 06ae~roe PaHrOB 

PM, PT, B TOM wcne M cnenoro s a n e r a ~ ~ ~ l  
Ha nnou(aAgx Pn, PY, PP B qenoM. 

PRAM 30HaJlbHOCTH 

CU-Zn-6a-Pb, Co-V-Ni-Cr-Mn 
Ba-P b-Y-Zn-Co-Ni-Cr-Mn 

0 6 b e ~ ~  M3y'-leHHSl 

T H ~ K B ~ ~ M C K O ~  
Tep~e~efic~oe - 

P a ~ r  Am 
pn 
PM 



CTPYKTYPbl WlAPOTEPMAJlbHO-METACOMATML1ECKMX 
CMCTEM 

M3ycleHMlO 3TMX BOnpOCOB 60nbw0e BHM- 

MaHMe yAengnocb B pa6o~ax E.B. f l n m u e ~ a  
M CoaBTopoB [104, 1391. B peaynb~a~e MHO- 

roneTHMx ~ c c n e ~ o ~ a ~ ~ i  MMM pa3pa6o~a~a 

0 6 0 6 u e ~ ~ a 9  MoAen b rMApOTepMaJIbH0- 

MeTaCOMaTMcleCKMX CMCTeM. 0 6 p a s o s a ~ ~ e  
3TMX CMCTeM PaCCMaTpMBaeTCFl KaK  MHOTO- 

3~arlHbli I lpOueCC, M M ~ K ) L L ( M ~  ~JlM~eJlbHbli 

nepMOA @ ~ H K ~ M O H M ~ O B ~ H M ~ .  ~ T ~ ~ H O C T ~  npo- 
UeCCa 0 6 y c n o ~ n ~ ~ a e ~  ~ o H ~ J ~ ~ H o - c T ~ ~ M ~ H ~ I ~  

COOTHOlueHM9 pa3HOpaHrOBblX rMC B PaMKaX 

~ A M H O ~  CMCTeMbl, OnpeAenFIlOuMX MX CTPYK- 

Typy, KOTOPaR PaHXMPYeTC9 n0 MepapXMcle- 
CKMM YPOBHF~M o p r a ~ ~ 3 a u ~ u r  BeuecTBa. f l p ~  
3TOM BblAenRlOTC9 rMC AByX PaHrOB: no- 
KaJlbHble (Jl~~aJlb~ble MeTaCOMaTMCleCKMe 

@ O P M ~ ~ M M )  M PerMoHanbHble ( p e r ~ o ~ a n b ~ b ~ e  

MeTaCOMaTMYeCKMe @op~aqMM). E c n ~  flep- 

Bble M3 HMX, nPeACTaBneHHble OKOnOPyAHblMM 

~OJlHOnp09BneHHblMM MeTaCOMaTMcleCKMMM 

IlOpOAaMM, 9BJl9lOTC9 TpaAMuMOHHblM 0 6 ~ ~ -  

TOM M C C J ~ ~ ~ O B ~ H M ~ ,  TO BTOPble aBTOpaMM 

BblAen9lOTC9 BnepBble. O T ~ M ~ ~ M T ~ ~ ~ H O ~  OCO- 

~ ~ H H O C T ~ W  PerMOHanbHblX MeTaCOMaTMcle- 

CKMX @ o p ~ a u ~ i  (PMO) 9enReTcfi MX  pass^- 

TMe Ha 3HaclMTenbHblX nJlOuaA9X (nx I 0'- 
n x I o3 K M ~ )  npM H M ~ K O ~  CTefleHM MeTaCO- 

MaTVlcleCKVlX npe06pa3o~a~lr l i  OTAenbHblX ee 
clneHOB. 

n o  TMny TeOJlOTMcleCKMX C O ~ ~ I T M ~ ,  OTBeT- 

CTBeHHblX 38 0 6 p a a o s a ~ ~ e  TeX MALI MHblX 

PMO, OHM no,qpaa,qen~to~c~ Ha nnyToHoreH- 
Hble, ByJlKaHOreHHble M TeKTOHOTeHHble. An9 

Bcex aTMx @ o p ~ a u n i  ~ a ~ 6 o n e e  0 6 u ~ e  3a~0-  

HOMePHOCTM llPORBnRlOTC9 B ABYX3OHHOM 

CTPOeHMM. ABTOP~I BblAenRlOT ueHTpaJlbHyD 

M nepn@ep~clec~yro a o ~ b ~  TMC. mepea9 ~3 

HMX claue Bcero npeAcTasneHa ~sapu-CB~T-  
JlOCnlOAMCTblMM MeTaCOMaTMTaMM (rpei3e- 

HaMM, BTOPMclHblMM KBaPuMTaMM, aprMJlnM3M- 

TaMM, ~ ~ P ~ ~ M T ~ M L I ,  C ~ P M ~ M T O ~ M T ~ M M ) ,  MHO- 

rAa npomneHmMM noneeownaTosblx acco- 
u ~ a u ~ i  ( ~ ~ ~ ~ M T M T ~ M M ,  KanMwnaTMTaMM M 

~ p . )  nep~@ep~c lec~ag  a o ~ a  -  TO 06nac~b 

IlpeMMyueCTBeHHOrO pa3BMTMFl TeMHOuBeT- 

HblX ~ c c o ~ M ~ ~ L I ~  ( ~ P O ~ M ~ M T O B ,  ~MOTMTMTOB,  

CKapHOB, TypManMHMTOB M AP.), B ByJlKaHO- 

reHHblx PMO - noneeoLunaTosblx MeTaco- 
MaTMToe (@enb~luna~o@~poe,  KanMwnaTo- 
@ M ~ O B ,  a n b 6 ~ ~ o @ ~ p o ~ ) .  

B MeTannoreHMclecKoM nnatie PMO claue 
MMelOT ~anb~~@MJlbHylO (Au, Pb, Zn, CU, Mo, 
Ag, Sn, Sb, Hg, Bi), PeXe J IMTO@M~~HYD (W, 
U, Be, TR, Nb, Ta) c n e u ~ a n ~ 3 a u ~ m .  

.flo~aJlbHble MeTaCOMaTMcleCKMe @ O P M ~ -  

uMM (JIIv@) no MMHepanbHOMy COCTaBy BO 

MHOrOM 6nM3~M K PMO. CpeAvl HMX BblAeJl9- 

lOTC9 npORBneHM9 npeMMyueCTBeHH0 KMCJlO- 

ro, cy6uenocl~oro M uenorHoro MeTacoMa- 
T03a, CJlOXeHHble COOTBeTCTBeHHO KBaPu- 
CBeTJlOCJllOAMCTblMM, TeMHOuBeTHblMM M none- 
BOLUnaTOBblMM aCCOuMauM9MM. 

36~aJ lbHo~~b  KBaPu-CBeTnOCnlOAVlCTblX 

MeTaCOMaTMTOB ( B T O P M ~ ~ H ~ I X  KBaPuMTOB, ap- 
rMJlJlM3MTOB, ~ ~ P ~ ~ M T O B ) ,  a TaKXe uenOCIHblX 

~ Y M ~ ~ M T O B  npMHuMnManbHo aHanorMqHa B ~ I -  

I J J ~ ~ ~ C C M O T ~ ~ H H O ~  30HanbHOC-rM PMO.  OH^ 
npomnHeTc9 B ~ ~ K O H O M ~ P H O ~  n o ~ a n ~ 3 a u ~ ~  

3TMX MeTaCOMaTMqeCKMX nOpOA B UeHTpanb- 
H O ~  claCTM rMC M Pa3BMTMM np09~neHMa 

TeMHOuBeTHblX accouklau~i, B OCHOBHOM 

nponHnMToe, no MX n e p ~ @ e p ~ ~  [124]. Turn~r- 
Hble npMMepbl T ~ K O ~  30HanbHOCTM npMBefle- 
Hbl B ~ a 6 n .  17. 

JlM 
CTaBnC 

LUMPOK 
puclecr 

@OPME 
Tbl, KO 
TMC, : 
HeHMFI. 

H O ~  ac 
eTCFl I 

p a s n ~ r  

( ~ P M M E  

HaMM K 

M, 
Tbl, w 
~ b l )  07 

MepHOl 

qeHTpa 

COMaTY 

X ~ F  
uenocll 

onpeAE 
an~3au  

npoger 

q~aqmt  
MeCTOF 

@bInb~( 

Zn, MI 
nponMr 
KoncleA 

AeHeHV 

30H PI 
~o@Mnl 
~o@mnl 
Sn, BE 
coMani 

CTOPOM 



ECKMX 

nnyToHoreH-  

)reHHble. nn.9 

o614~e 3 a ~ o -  

ABYX30HHOM 

L(eHTpaJlbHyKl 

. n e p ~ a ~  n 3  

KBapu-CBeT- 

MM (rpeise- 
I, a p r n n n ~ 3 ~ -  

H T ~ M M ) ,  MHO- 

ITOB~IX acco- 
InaTMTaMVl M 

3T0 06nac~b 
TeMHOLlBeT- 

~MOTMTMTOB, 

, B ByJlKaHO- 

3blX MeTaCO- 

KanMunaTo-  

? PMQ, qaue 
Zn, Cu, Mo, 

P M n b ~ y t o  (W, 
I t o .  
KMe @ o p ~ a -  
COCTaBy B 0  

HMX BblgenFl- 

IeHHO KMCJlO- 

1 MeTaCOMa- 

!HHO KBaPu- 

~ ~ I M M  M none- 

lOCJltO,4MCTblX 

IP~MTOB, ap- 
e LqeJlOrlHblX 

noruwia B ~ I -  

I PMQ,.  OH^ 
i o ~ a n n s a u n ~  
B UeHTpaJlb- 

n p o g ~ n e ~ ~ i  
I OCHOBHOM 

1241. T ~ n m -  
TM npmege- 

TaGn~ua 17 

~ P M M ~ P ~ I  30HanbHOrO CTPOeHMFI rMAPOTePManbHO-MeTaCOMaTHL(eCKMX CMCTeM 
X a n b K ~ C / l ~ n b ~ o R  CneL(ManM3aL(MH (JloKanbHbl~ yp0BeHb) 

JIM0 TeMHOuBeTHblX ~ c c o ~ M ~ ~ M C ~  flpeA- Be, Nb, Ta, TR, Rb, CS, Zr, U, Th, Hf, Sn, Mo, 
c-raenenbl n p o n M n m a M M  M cKapHaMw. n p ~  P, Ti, Fe). 
WMPOKOM pa3BMTMM nPOnMJlMTOB B flepbl@e- ~ O ~ B O ~ ~ F I  MTOr KpaTKOMY 0 6 3 0 ~ ~  30HaJlb-  

PMWCKMX 3OHaX K C O ~ C T B ~ H H O  ~ P O ~ ~ M ~ M T O B O ~  HOCTM rMC B CBFI3M C MX M ~ T ~ J ~ J ~ o ~ ~ H M ~ ~ c K o ~  

@ O P M ~ ~ M M  OTHOCFlTCR JlMLUb T e  MeTaCOMaTM- ~ n e u M a J l M 3 a ~ M e i ,  BaXHO OTMeTMTb CJleAyto- 

Tbl, KOTOPble COCTaBJlRtoT BHYTpeHHMe 30Hb l  wee: 
TMC, m n m c b  ~ ~ e u a t o ~ e i  cpegoi opyge- - TMC x a n b ~ o @ ~ n b ~ o i  c n e ~ p 1 a n n 3 a q ~ n  KaK 

HeHHR. C K ~ ~ H O B ~ R  @ o p ~ a u M F l ,  qaCT0 B TeC- H a  PerMOHaJlbHOM, TaK M H a  JlOKaJlbHOM 

H O ~  aCCOqMauMM c npOnMnMTaMM, JIOKNIM~Y- YPOBHFIX B f lO~aBnRK l l l@M 6 0 J l b l u M ~ c ~ ~ e  

~ T C R  B npegenax ~ ~ P M @ ~ P M . ~ ~ C K O ~  3 0 ~ b l  cnyqae~ X ~ ~ ~ K T ~ ~ M ~ Y ~ O T C F I  O T ~ ~ T ~ M B ~ I M  

pa3nMqHblX TMnOB IlJlyTOHOreHHblX PM@ 30HaJlbHblM CTPOeHMeM. ~ P M  LUMPOKMX Ba-  

(npMMep H a  PMC. 18, a) M PaCCMaTpMBaeTCR PMauMFlX MMHepaJlbHOrO COCTaBa u e H -  

HPMkl KaK C O C T ~ B H O ~  3JleMeHT 3TMX 30H. ~ p a J l b ~ 0 i  3OHbl 3TMX CMCTeM COCTaB ne- 
M, HaKOHeq gJlR UeJ lOqHblX  nM@ ( 3 k M -  pM@epM.lecKok 3OHbl OTHOCMTeJlbHO no- 

Tbl, C t ) e n b g L U f l a ~ ~ J l ~ ~ b l ,  @ e ~ M ~ b l ,  K ~ ~ G o H ~ T M -  CTOFIHeH. f locJ le,4~FlFI  B OCHOBHOM I- lpeg- 

~ b l )  O W ~ T ~ M B O ~  30HanbHOCTM, KaK 3aKOHO- CTaBJleHa TeMHOuBeTHblMM MeTaCOMaTM- 

MepHor0 f lpOCTpaHCTBeHHOr0 COOTHOLUeHMR WCKMMM aCCOuMaqMFIMM, B ByJlKaHOreH- 

qeHTpaJlbHblX M f l e p M @ e p M q e ~ ~ M ~  3 0 H  MeTa-  HblX PM@ - KBapu-flOneBOLUnaTOBblMM 

COMaTMTOB, KaK npaBMJl0,  H e  ~ a 6 J l t o f l a e ~ c F I .  MeTaCOMaTMTaMM. 

Xapamep ~ e ~ a c o ~ a ~ o s a  no KMcnoTHo- - grin TMC n u ~ o @ ~ n b ~ o i  c n e u ~ a n ~ 3 a q ~ ~  

U(en0qHblM CBO~CTBBM BO MHOrOM 30HaJlbHOCTb MOXeT  6b lTb  flpOFlBJleHa H a  

0npebenqe-r ~ e ~ a n n o r e ~ w e c ~ y t o  cneum- pe rMoHanbHoM y p o s H e ,  T o r g a  KaK H a  no- 
anM3auMlo COOTBeTCTBytOWMX nM@. 4JlFl KaJlbHOM - 3OHaJlbHble CTPYKTYPbl, KaK 

~ P O R B ~ ~ H M ~  KBapu-CBeTJlOCJllogMCTblX aCCO- ~ P ~ B M J ~ O ,  ~e H ~ ~ J - I ~ O ~ ~ ~ O T C F I .  f l p ~   TOM 

qMaqMil, a T a W e  T Y M ~ ~ M T O B  TMnMqHbl CJ legyeT MMeTb B BMRY, qTO AJlFl HeKOTO- 
MeCTOPO)tC4eHMFI I-IPeMMyweCTBeHHO XaJlbKO- PblX J ~ M T O @ M ~ ~ H ~ I X  3JleMeHTOB 6 0 n b ~ a ~ l  

~ M ~ ~ H O T O  npo@nng (Au, Ag, Sb, Cu, Hg, Pb, q a c ~ b  sanaco~ peannsye~c~~ B M~CTOPOX-  

Zn, Mo, Sn, Bi, AS, W); C C O ~ C T B ~ H H O  AeHMRX, H e  CBF13aHHblX C rMC (MBTM~TM- 

~ P O ~ M ~ M T O B O ~  @ O P M ~ U M ~ ~  C B F ~ ~ ~ H O  M ~ ~ H O -  qeCKMe, J ~ M K B ~ ~ M O H H ~ I ~ ) .  ECT~CTB~HHO 
KOIlcle,4aHHOe M M ~ ~ H O - ~ O P @ M P O B O ~  OPY- AJlFI TaKMX PC MeTaCOMaTMqeCKaFI 30 -  

A ~ H ~ H M ~  [124]; K C K ~ ~ H ~ M  ~ ~ P M @ ~ ~ M . ~ ~ C K M X  HanbHOCTb H e  MMeeT MeCTa.  

30H PM@ I lpMypOqeHbl  npORBJleHMR XaJlb- P~CCMOTPMM M L I K P O ~ J ~ ~ M ~ H T H ~ I ~  COCTaB 

~ ~ ( t ) M n b ~ b l ~ ,  B M ~ H ~ L J J ~ ~  CTefleHM, .nM- MeTaCOMaTMTOB 30HanbHblX  rMC XaJlbKO- 

~o(t)Mnb~blx 3JleMeHTOB (CU, Pb, Zfl, Mo, W, @bIJlb~or0 flpo@MJlFl (~aJlee B TeKCTe 6 e 3  

Sn, Be, Au, B, Fe); C weJlO.IHblMM MeTa-  YTOqHeHMFl c ~ ~ ~ M ~ J ~ M ~ ~ L \ M M )  C n03MuMi  MX 

COMaTMTaMM aCCOUMMPYtoT B OCHOBHOM Me-  KOPpeJlRqMM C P a H e e  OXaPaKTePM30BaHHblMM 

CTOPO>Y4eHMR J~MTo@MJ~~H~ Ix  3JleMeHTOB (Li, 30HaJlbHblMVI A m .  

I ~ ~ C T O ~ ~ H H K  
M H @ O ~ M ~ ~ M ~  

L ~ c T ~ P H ~ B ~ ,  
1982 [200] 
TEXOMHPOB, 
1 98 1 [ I  861 
PYHAKBMCT, 
1975 [I501 
PYHAKBMCT, 
1975 [ I  501 
r e  H AP., 1981, 
[ I  371 
O a H ~ b l e  aBTOpa 

M e ~ a n n o r e ~ ~ q e c ~ a s  
c n e q ~ a n ~ 3 a u ~ ~  rMC 

O~OBO (Man bl A 
X M H ~ ~ H )  

30~10~0, O ~ O B O  

~ o ~ o T C - C ~ P ~ ~ ~ R H ~ R  

CYP~MRHO-PTYTH~FI 

M ~ A H O - M O ~ M ~ ~ ~ ~ H O B ~ R  

30~10~0 
(KoJlbl~a, n p k l a ~ y p b e )  

~ O H ~ ~ ~ H O C T ~  rMC OT YeHTpa K n e p ~ C / l e p ~ ~  

K B ~ ~ ~ ( - c ~ ~ M ~ M T O B ~ I ~  MeTaCOMaTMTbl+npOnMnMTbl 

B~opMclHble KBaPuMTbl-3 K B ~ P ~ - ~ H O T M T O B ~ I ~  

MeTaCOMaTMTbl-3 nPOnMnMTbl 

B~opMqHble  KBaPuMTbl-3aprMnnM3MTbl-3 nPOnMnMTbl 

K B a p u - ~ e p M ~ M ~ ~ ~ b l e ,  KBapu-KaOnHHMTOBbIe 

MeTaCOMaTMTbl-3 aprMJlJlH3MTbl-3 np0n MnMTbl 

C e p M u ~ ~ o B b l e  MeTaCOMaTMTbl4 aprMnnM3HTbl-3 

-3 n p o n ~ n n ~ b l  

6€?pe3H~b l+  npOnMnMTbl, TYpManMHMTbl 



H a ~ 6 o n e e  nOnH0 M BCeCTOpOHHe MHOrO- 

qMCJleHHble AaHHble no XMMMWCKOMY COCTaBy 
rMApOTepManbH0-MeTaCOMaTMqeCKMX o6pa- 
3 o ~ a ~ n i  0 6 0 6 u e ~ b l  B p a 6 0 ~ a x  E.B. llnlo- 
u e e a  M ~ p .  [104, 1391. C B ~ A ~ H M F ~  no reoxw 
MMM MeTaCOMaTMTOB KOJlWAaHH blX MeCTOpO- 
W ~ H M ~  YpaJla, K a ~ ~ a 3 a  M PYAHO~O A J ~ T ~ R  
IlPMBOAFITCFI B p a 6 0 ~ e  n.H. OB~MHHMKOB~,  
B.M. PM@TMH~, A.A. ~ O ~ O B M H ~  [I21]. ~ T M  

AaHHble C AOnOJlHeHMRMM aBTOpa no TypMa- 
JlMHMTaM CBeAeHbl B ~ a 6 n .  18. 

K ~ K  BMAHO M3 ~ a 6 n .  18, B UeJlOM ~ a 6 n m -  
AaeTCsl aHTarOHM3M MMKpO3JleMeHTHOrO CO- 

CTaBa rMApOTepMaJlbH0-MeTaCOMaTMCIeCKMX 

30Ha rMC 

fl;~~lepHaR (no 
E.B. flnlowe- 
BY - ueH- 
Tpan bHan) 

06hneHa 
(flepM@epM'ie- 
CK~F I )  

IlOpOA F I f lep~o i  3OHbl M 30Hbl 0 6 ~ e ~ a .  C Ycle- 
TOM OXaPaKTePM30BaHHblX BblLUe O ~ ~ M X  38- 

K O H O M ~ P H O C T ~ ~  CTPOeHMFl r M C  JlOrMqHO 

npeAIlOJlOXMTb, L(T0 KOHueHTPMPYDuMeCFI 'B  

nOpOAaX F I~epHo i  3OHbl 3JleMeH'rbl MMeDT 
UeHTpOCTpeMMTenbHble TeHAeHuMM, AeKOH- 
~eHTPMPYlouMeCFl- U ~ H T ~ O ~ ~ X H ~ I ~ .  KaK M 

IlpM PaCCMOTPeHMM A m ,  OTMeWDTCFl CyL&- 
CTBeHHble BapMaUMM COCTaBa L(eHTP0CTpeMM- 
TeJlbHblX 3JleMeHTOB B 3aBMCMMOCTM OT Be- 
UeCTBeHHO-MMHepaJlbHOrO COCTaBa r M C  npM 
OTHOCMTenbHO C T ~ ~ M ~ ~ H O M  CneKTpe UeHTpO- 
6 e x ~ b l x  3JleMeHTOB. B ~ a 6 n .  19 CMCTeMaTM- 
3MPOBaHbl AaHHble ~ a 6 n .  18 I lO  WCTOTe 
BCTpeWeMOCTM U ~ H T P O ~ ~ X H ~ I X  3neMeHTOB. 

K ~ K  BMAHO M3 ~ a 6 n .  19, COCTaB UeHTpO- 
6 e x ~ o i  rpynnbl 3JleMeHTOB B r M C  HaXOAMTCH 

B nonk 
BeTCTB 
B bl llle 
HOCTb I 
CTPY m 
HHWCK 
WeKBa 
MH, A r  
neHTaru 
cnycrae 
AaTb H 
Ta~oe 
npHBoA 
AaHHblll 
flPHHRT 
HblM fli 

HanbHb 
MO>KHO 
(pwc. 1I  
@ o p ~ a ~  
pan roe 

Pao 
UHK) Al 
cKoro F 
1 000 Kn 

HOBOL~ 1 
npeAen 
P Y  (n: 
MeTann 

rM~pO~epMaJlbHO-Me- 
T ~ C O M ~ T M ~ ~ C K M ~  

n o p o ~ b ~  

B T O P M C ~ H ~ I ~  KBaPuHTbl 

AprMnnM3MTbl 

r p e i a e ~ b ~  

6 e p e 3 ~ ~ b l  

hb6MTMTbl 

Kankl~uflaTMTbl 

C e p ~ ~ ~ ~ - ~ s a p u e s b l e ,  
nnpo@nnnwr-rsapqe- 
Bble 
~ ~ M ~ O T M ~ M ~ O B ~ H H ~ I ~ ,  
XJlOpMTM3MpOBaHHble, 
K ~ ~ ~ O H ~ T M ~ M ~ O B ~ H H ~ I ~  

np0flMJlM~bl 

T Y P M ~ ~ M H M T ~ I  

hb6MTO@M~bl, 
@en b~LLIfla~O@Mpbl 

PHC. 19. 
P a ~ r  PF 
~HHCKOM 

n o p o w  
AP. 1137: 
HHRMH). 
nponnnH 
cepHunT: 

K o H ~ ~ H T ~ M ~ ~ ~ O ~ M ~ C R  
3JleMeHTbl (KK > 1) 

Pb, Zn. Cu, As7 Ag, 
Hg, Sb 

Au, Ag, Sb, Hg, As, 
Pb, Zn, Cu, U, Mo, Fe, 
Ba, (pexe - TR, Zr, 
Be) 

Sn* Wl Be* Nbl 

Ta~ Zr! F, R b 9  L i9  Cs 

P b ~  Z n ~  Auf Agv B i ~  As? 
Sbg Hgl Mol Snl 
(pexe - TR, Th, Zr, 
Nb, F, Rb, Be, B) 

Nbl Snl Mol 
TR, Zr, U, Th, Li 

M ~ ,  Sn, Wl A". Ag, Biv 
As, Pb, Zn, Cu 

W, Sn, Mo, Ni. Co. Cu 

V, Cr, Mn, Ga, Sc, Ti, 
(Ba, Sr, Ni, Co) 

Ni, Co, Cr, V, (pexe - 
6, Pb, Mn, Ti, Sr, SC, 
Ga) 
B. Co. Ni. Cr. Sn. Mo. 
Ga, Sr 
Cr. Cot Ni. Sc, Ti, Mn, 
CU, Zn, Pb, MO 

~ ~ K o H ~ ~ H T ~ M ~ ~ I O -  

UMeCR 3JleMeHTbl 
(KK < 1) 

Cr, Sc, Mn, Zr. Y. Be. 
Nb 

Ba, Ga, Mn, Ni, Co, 
Cr, Pb 

Cr, V, Ti, Pt, Co, Ni, 
Ba, Sr, (pexe - Sc, 
Gat B, P, Mn, Y) 

co, cr, Ti, v, sc, Ni, 
(pexe - Ba, Sr, Ga, 
Mn) 

Ba, Sr, Cr, Ni, Co, 
Mn, Sc, (pexe Ti, 
Sc, Ga, Pb, Zn, Cu) 

cr, ~ i ,  co 

V, Cr, SC, Mn, Ti, Ga, 
(Sr, Ba, Co) 

- 

CU, W, MO 

Be. Pb. Zr. Cu, Sc. 
Zn, Nb 

y, Sr, Sn, Zr 

MCTO~HMK 
M H @ O P M ~ ~ M H  

flnlouee M ~ p . ,  
981, lg85 

1104, 1391 

To x e  

// 

// 

// 

// 

OB~HHHMKOB M 

~ p . ,  1986 11211 

// 

flnmqee M ~ p . ,  
1981, 1985 
[ I  04, 1391 

RaHHble aBTopa 

f l n t ~ u e ~  M AP., 
1985 [I391 



MCTOC~HMK 
bl~C$~pMal(Mkl 

Intolqee M ap., 
981, 1985 
104, 1391 

To xe  

11 

/I 

I1 

I1 

IBWHHMKOB M 

p., 1986 [I211 

T~nllr~ble (275%) clac~o ~c~peqa lou~ecn  C p e ~ ~ e n  ec~pecrae~o- Pea~o ~crpec la lo~~ecf i  
(50-75 %) CTM (25-50 %) ( C  25 %) 

Cr, Mn, Sc, Ni, Co V, Ti, Ba, Sr, Ga Y, Pb Zr, Be, Nb, Pt, Zn, Cu, B 

i 
i 

COCT~B l(e~Tp06eX~09 rpynflbl 3neMeHTOB rMC ~ a n b K ~ @ M n b ~ ~ n  CneuManH3auMM 
no WCTOTe BCTpeClaeMOCTH 

1 
1 
t 

B IlOflHOM COOTBeTCTBMM C COCTaBOM COOT- POTePManbHO-MeTaCOMaTMreCKMe 06pa30~a- 

BeTCTByDuklX 3neMeHTOB B PaCCMOTPeHHblX HMFl B HMX IlpeACTaBneHbl IlpeMMyqeCTBeHHO 

Bblllle pa3HOpaHrOBblX Arfl. C O ~ ~ ~ C O B ~ H -  6epe3M~aMM M ~ ~ ~ ~ ~ M T ~ ~ ~ M P O B ~ H H ~ I M M  nOp0- 

HOCTb llJlOu(aAHblX IlapaMeTpOB, M O ~ C # ~ O J ~ O ~ M M  AaMkl, KBapL(eBblMM MeTaCOMaTklTaMM, OKBap- 

npyayp, xuMMrecKoro coc-raea, MeTannore- UoBaHHblMM nopoAaMM, nponMnMTaMM, ~ y p -  
H H ' ~ ~ C K O ~  CneL(MaJlM3aL(MM nOATBep)rS9atoT MaJlHHMTaMM, ~POnMJlMTOBblMM napareHe3M- 

WeKBaTHOCTb A r l l  M rMC. ~ ~ P Y ~ M M M  CnOBa- CaMM KOHTaKTOBblX POrOBMKOB [68]. B ~aM60- 

MU, A r f l  FlBJlFltoTCFl TeOXMMMcleCKMMkl 3KBMBa- 

MHTaMH COOTBeTCTBytOuMX rMC. 6 TaKOM 

cnyqae, no atianorm c Ar l l ,  cneAyeT OXM- 

AaTb bl AnFl rMC ~ - ~ - Y ~ O B H ~ B O ~ O  CTPOeHMFl. 

Ta~oe npeAnonoxeHMe He npoTMBoperm 

npUBOAHMblM E.B. f lJlt0ue~blM C # ~ ~ K T M ~ ~ C K M M  

AaHHblM (PMC. 18, 19). B COOTBeTCTBMM C 

IIPWHFITO~ H a m  T ~ K C ~ L ( M ~ ~  A m  no nnouaA- 
HMM napaMeTpaM (~a6n.  4) B p ~ l ~ y  perMo- 
HanbHblX MeTaCOMaTMCleCKMX C# l~p~a~k l f i  
MOXHO BblAeJlMTb rMC PaHrOB PP, PY, Pn 
(pl.rC. 18, 19). COOTB~TCTB~HHO JlOKaJlbHble 

@ O P M ~ ~ M M  MOXHO nOAPa3Ae.nMTb Ha rMC MI m2 ~3 m4 ~5m6 

pa~roe PM ( p ~ c .  19) M PT. P ~ c . 1 8 .  Moqen~ rMC patira PY (no 

P~CCMOTPMM 6onee ~ O ~ ~ O ~ H O  KOppeJlFl- E.B. flntolqeey M ap. 11041): 

41110 Am M rMC Ha npMMepe Bepx~ea~yp -  a - r p e h e t i - 6 e p e 3 ~ ~ o ~ a ~  nnyrotioretiHaR perMo- 

cKoro PP. P~AH~IFI p a f i o ~  n n o u a b t o  6onee HanbHaR MeTacoMa~wiec~an @ O P M ~ ~ M F I  B Mano- 
aHHble aBTopa 1000 KM2 HaXOAMTCFl B 3 0 ~ e  COqneHeHMg c ~ a -  KeM"cKOM paRoHe Gee. K " ~ r M 3 M ~  6- npOnM- 

J - I M T - ~ ~ ~ ~ ~ M T O B ~ R  TemotioreHHan PerMoHanbHafi 
n ~ u ( e ~  M ap., H'B'' ' MoHrono-oxorc~oA 06nacTeR' 

~ e ~ a c o ~ a ~ ~ q e c ~ a a  @opMau~a: 1-6 - ~ e ~ a c o ~ a -  
985 139 nPeRenax BblAeneHo rMC paHra ~ ~ q e c ~ ~ e  1 - ~ a n ~ , f l a ~ o n ~ ~ o ~ ,  2 - rpei- 

PY (nxl 02 MMeDqMX 30n0T0PYLV"'~ JeHOB, 3 - ~ ~ ~ ~ J M T O B ,  4 - CKapHoB, 5 - nponM- '1 nPMHfiTblMM ~ e ~ a n n o r e ~ ~ r e c ~ y t o  c n e ~ ( ~ a n w 3 a ~ ( ~ t o .   MA- IMTOB, 6 - nponMnMToMAoB. 

j ~ e ~ a .  C yre- 
le o6u(nx 3a- 

MC norclrtio 
IpymuMecg B 

leHTbl MMeDT 

iL(MM, AeKOH- 

Hble. K ~ K  M 

.lamTcsi cywe- 
eHTp0CTpeMM- 

MOCTM OT Be- 

raea rMC npu 
!KTpe L(eHTP0- 

9 CMCTeMaTM- 

no racToTe 

3neMeHTOB. 

CTaB L(eHTP0- 

dc HaXOAMTCFl 

PHC. 19. Moaen~ rMC PaHrOB Pfl H PM (BepTMKanb~blL? pa3pe3): 
P a ~ r  Pfl: a - @enbauna~on~~- rpe i3e~o~af i  perMoHanbHan MeTacoMaTMqecKag @OPM~UMR B Kapao- 
GHHCKOM pa9o~e L (e~~panb~oro  Ka3axc~a~a (no E.B. flnmlqeey M np. [104]). P a ~ r  PM: 6 - MeAHblx Me- 
C T O P O ) ~ ( ~ ~ H M ~ ~  (no A. K ~ ~ ~ c o H ,  n ~ .  ~ X ~ H H ~ P  [137]), 6 -  M O ~ M ~ ~ ~ H O B ~ I X  M~CTOPOW,Q~HM~ (fl0 r.r. r e  M 

~ p .  [137]), s - 30no~blx M ~ C T O P O W ~ H H ~  (no M.C. Pa@aanoemr, A.M. Boc~po~pyroeoti [I431 c ynpoue- 
HMFIMM). 7-11 - MeTaCOMaTHVeCKMe 30Hbl: 1 - @ ~ ~ ~ ~ u ~ ~ T M T o B ,  2 - rpen3eHoB, 3 - CKapHOB, 4 - 
nponunMToB, 5 - 6epe3~~oe, 6 - ~ M O T M T O B ~ R ,  7 - x J ~ o ~ M T - K ~ ~ ~ o H ~ T H ~ ~ ~ ,  8 - KanMurnaToBaR, 9 - 
cepuumToeaR, 10 - ~ ~ ~ M ~ J - I M ~ M T O B ,  11 - aaynnpoeafi; 12 - xMnbHoe Teno. 



nee 0 6 t q e ~  BMge 30HaJlbHOCTb rMC paHra 
PY MoxeT 6 b l ~ b  npeAcTasneHa cnegytotqnM 

PRAOM (OT UeHTpa K nepkl@epMM): KBaPUeBble 

MeTaCOMaTMTbl - 6epe3~-rbl, 6 e p e s ~ ~ ~ s n p o -  
BaHHble IlOpOAbl- IlpOnMnMTbl, TypMaJlMHM- 

T ~ I ,  n p o n ~ n ~ ~ o ~ b l e  n a p a r e ~ e s ~ c b ~  KoHTaKTo- 

BblX POTOBMKOB. Ann KOHKPeTHblX rMC IlpeA- 
C T ~ B ~ ~ H H ~ I ~  pRg npORBneH B peAyL(Mp0BaH- 

HOM BmAe. 6 KaqecTse npMMepa Ha pnc. 20 
npmeAeHa cxeMa s o ~ a n b ~ o c ~ u  Cono~bee- 

C K O ~  rMC (200 KM*), COOTBeTCTBYtotqaR 04- 

HOMMeHHOMy 30JlOTOPYAHOMY Y3JlY. B nPMHR- 

 TO^ HaMM TePMMHOnOrMM 3AeCb BblaenRtOTCR 

RAepHaR 3 o ~ a  (6epe3M~bl), 3 o ~ a  o 6 ~ e ~ a  
( ~ p ~ ~ M n M ~ b l ,  TypMaJlMHMTbl, KOHTaKTOBble PO- 

~OBMKM), @ J ~ ~ H ~ o B ~ R  30Ha KOHL(eHTPaL(MM (OK- 

BapUOBaHHble nopo~bl) .  

Y C T ~ H O B ~ ~ H H ~ I ~  3OHbl B UeJlOM CJlaratoT- 

CR c J ~ ~ ~ o ~ ~ o R B J ~ ~ H H ~ I M M  ( ~ e ~ e e  30% HOBO- 

0 6 p a 3 0 B a ~ ~ i )  MeTaCOMaTMTaMM, Ha @OH€? 

KOTOpblX BblAenFItoTCR YclaCTKM pa3BMTMFl 

CMJlbHO- (30-80 %) M ~OJlHO~pORBJleHHblX 

(6onee 80 %) MeTaCOMaTMCleCKMX 06paso~a- 
H M ~ .  ~ O C ~ ~ A H M ~  OTpaXatoT eCTeCTBeHHble 

@JltoKTyaL(MM CTeneHM 3aMetqeHMR I lOpOA 30H 

TMC paHros PY, Pn, a Tatwe MeTacoMaTwe- 

CKkle CMCTeMbl MnaALuMX PaHrOB (PM, PT). 
C L l J l b ~ ~ n p ~ R ~ n e ~ ~ b l e  MeTaCOMaTMTbl, 06- 

pa3OBaHHble Ha CTaAMM @OPMMPOB~HMR rMC 
CTapWMX PaHrOB, @ M K c M ~ ~ ~ ~ T c R  npM npoM3- 

BoAcTse He c n e ~ ~ a n ~ 3 ~ p o e a ~ ~ i l x  Ha ~ 3 y ~ l e -  

HMe MeTaCOMaTMCleCKMX nOPOA CTaHAaPTHblX 

reonorocbeMoCliiblx M noMcKoBblx pa6o-r. 3 ~ o  
n o 3 ~ o n ~ e ~  B nepBoM npM6flMXe~MM no npo- 
CTPaHCTBeHHOMY nOnOXeHMto 3TMX 3KCTPe- 

MYMOB OKOHTYPMTb 06nac-r~ pa3BMTMR cna6o- 
npORBneHHblX MeTaCOMaTMTOB, TO eCTb Bbl- 

AeJlMTb CTPYKTYPbl rMC CTaPLuMX PaHrOB 

(pnc. 20). 
C k l n b ~ ~ n ~ ~ R ~ f l e ~ ~ b l e  MeTaCOMaTMCleCKMe 

nOpOAbl rMC PaHrOB PM M PT (no 
E.B. rhtolc(e~y - PyAHble M 0 ~ 0 J l 0 p y ~ ~ b l e )  

FIBJlRtoTCFI TMnMClHblMM 06beKTa~kl M3YcleHMR 

Ha Bcex CTaAMRx reonoronoMcKoBblx pa6o-r. 

CbaKTMClec~kl OHM FIBnRtoTCFI BeLL(eCTBeHH0- 

MMHepanbHblMM 3KBMBaneHTaMkl nepBMClHblX 

opeonos PYAH~IX Ten, PYAH~IX  OH M MecTo- 

po>yqe~Mi. 
r n a e ~ b l e  pasnncln~ PaccMoTpeHHblx ABYX 

TMIlOB CMnbHOnPORBneHHblX MeTaCOMaTMCle- 

CKMX 0 6 p a 3 0 s a ~ ~ i  s a ~ n t o ~ l a t o ~ c ~  B cnegyto- 
WeM: 

1. Mx pacnpeAeneHMe B npeAenax rMC 
CTapUklX PaHrOB MMeeT ~ R T H M C T ~ I ~  XapaKTep, 

OTAenbHble TaKMe nRTHa ~ p a i ~ e  OrpaHMCleHbl 

no nn0tqaAM M ~ a 6 n t O ~ a t o ~ c R  BHe npOCTpaH- 

PHC. 20. C ~ p y u y p a  rMC C O ~ O B ~ ~ B C K O ~ O  PY (Ces. 
flpna~ypbe): 
1-2 - RAepHaR 30Ha: 1 - 06Jlac~b KOHL(eHTPaL(MM 

KBapL(eBblX XMn M JlOKaJlbHbIX 6epew~os; 2 - 6e- 

pe3MTM3MpOBaHHble nOpOAbl; 3-5 - 30Ha 0 6 ~ e ~ a ,  
npeAcTasnmowa9 o6nac~b ~ ~ ~ B M T M R :  3 - nponM- 
nMTOB, 4 - TypMaJlMHMTOB, 5 - npOnMnMTOBblX 
napareHe3MCOB KOHTaKTOBblX POTOBMKOB; 6 - 
@na~roBaR 30Ha KOHL(eHTpaL(MM - 06JlacTb nJl0- 
WaAHOrO M H ~ M ~ C W T ~ ~ H O ~ O  XM~bHOrO OKBapL(eBa- 
HnR; 7 - npomnenm aono~a: a - nynmbl Mme- 
paflM3aL(MM M PYAOnPORBJleHMR, 6 - MeCTOPOwe- 

HMR. 

C T B ~ H H O ~  CBR3M C rMC PaHra PT. T ~ n o -  
M O P @ H O ~  O C O ~ ~ H H O C T ~ ~ ~  nOKanbHblX CMJlb- 

HOnpORBneHH blX MeTaCOMaTMTOB (0.n-n KM') 

PaHrOB PT, PM FlBJlReTCR TeCHaR FIPOCTpaH- 

CTBeHHaR CBR3b C nPOAYKTaMM KOHeClHblX 

3TanOB @ O ~ M M ~ O B ~ H M R  rMC, TO eCTb C PYA- 
H ~ I M M  Tenam. 

2. C M n b ~ ~ n p ~ R B n e ~ ~ b l e  MeTaCOMaTMCle- 

CKMe 06pa30Ba~MR rMC CTapLuMX PaHrOB, B 

OTnMclMe OT JlOKaJlbHblX MeTaCOMaTMTOB (PM, 
PT), x a p a ~ ~ e p ~ 3 y t o ~ c ~  6onee H M ~ K M M  YPOB- 

HeM KOHUeHTPaUMM UeHTPOCTpeMMTenbHblX 

3JleMeHTOB M H ~ B ~ I C O K O ~  MX O T H O C M T ~ ~ ~ H O ~  

gncnepcnei. BblAenRto~cR cneAytotqMe Konw 
CleCTBeHHble KPMTePMM MX IlpMHaAneXHOCTM K 

rMC c~apu-lux paHros: 
- CyMMa KnapKOB KOHL(eHTPaL(MM 4eHTPOCT- 

PeMMTenbHblX ( K O H L ( ~ H T P M P Y ~ ~ ~ ~ M X C F I )  3Jle- 

MeHTOB (CKK') He npeBblWaeT 30; 
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n p ~ ~ e c l a ~ ~ e .  TaGnuua cocTaeneHa c ~ c n o n b s o s a ~ ~ e ~  nepe~lr H ~ I X  MaTepuanoe ~ . n  . KOBTOHOK~; K ,,, - cpenHereoMeTpmclecKoe npo~3~eaeH~e  coflepxaHHR 
Ni, Co, Mn, V, Cr; KK 45 - CPe~HereOMeTPM~eCKOe npOM3BeQeHHe KnapKOB KOHueHTPaL/H# 3TMX Xe 3ileMeHTOB. 



n p u ~ e c l a ~ ~ e .  B clncnHTene - KK, B s ~ a ~ e ~ a ~ e n e  - no~a3a~enb ~ O H ~ ~ ~ H O C T M .  Cnnour~oFI n ~ ~ ~ e i i  noAclepKHyrbl MaKcHManbHble ~ H ~ C ~ ~ H M F I  no~a3a~ens1, nyHK- 
THPHOR - MHHHManbHble. 

3 o ~ a  06Me~a 
npOnHnMTbl 

Y-Be-Ti-Cu-Sr-Cr-Ni-CeV-M n 
PbSc-Zn-AgS n-Mo 

X a p a ~ ~ e p  
30HanbHOCTL-l 

l l p ~ ~ ~ o c a  
Bbl~oca 

f i ~ e p ~ a ~  30Ha 
KBapqeBble MeTaCOMaTHTbl 

Mo-Ag-Zn-Sn, As 
Zr-Ga-Cr-Ti-Ba-Be-N b 

6epe3H~bl 
Sc-Nb-Pb-Ba-Ga-Zr 
Sr-V-Cu-M n-Ni-Co-Y 



COMaTMreCKMX nOpOA B ~ ~ x H ~ ~ M ~ ~ c K o ~ o  PP. 
no  HMM OnpeAeneHbl reoxMMwecKMe cneK- 
~ p b l  nopog (~a6n.  20), 0 6 a e ~ ~ o - r e o x ~ ~ ~ r e -  
CKaR 30HaJlbHOCTb 0 6 0 6 u e ~ ~ o i  MoAenM rMC 
paHra PY (~a6n .  21). n p ~  M ~ Y ~ ~ H V I M  3o~anb- 
HOCTM MCnOJlb30BaJlaCb MeTOAMKa Ol(eHKM OT- 

HOCMTeJlbHOrO 06e~He~klFI MJlM 0 6 o r a u e ~ ~ ~ 1  
XMMM'4eCKMMM 3JleMeHTaMM OTAeJlbHblX Bbl- 

6 0 ~ 0 ~  H.H. Coresa~osa, E.K. r o p e n o ~ o i  
[178], WMPOKO ~ c n o n b s y e ~ a ~ ~  B npanme npM 
BblAeJleHMM B ~ K T O P H O ~  30HaJlbHOCTM PYAHblX 
Ten. 

Ha OCHOBe YCTaHOBJleHHblX PFIAOB 30- 

HaJlbHOCTM BblAeJleHbl CJleAytOlqMe TPM rpyn- 
I-lbl 3JleMeHTOB (~a6n .  22): 
- l (e~~p06eX~b le  3JleMeHTb1, XapaKTepM- 

3YDuMeCFI OTHOCMTeJlbHblM BblHOCOM M 3  

FI~epHon 3OHbl (K~apl(e~ble MeTaCOMaTM- 
Tbl M 6epe3M~bl) M K O H L ( ~ H T ~ ~ ~ ( M ~ ~  B 30He 
0 6 ~ e ~ a  (np0nMJlM~bl); 

- UeHTpOCTpeMMTeJlbHble 3JleMeHTb1, MMeD- 
UMe IlpOTMBOnOJlOXHble TeHAeHuMM IlOBe- 
AeHm no o-~HOU~HMD c n e p ~ o i  rpynnoi 
3JleMeHTOB; 

- 3neMeHTbl noKanbHoro nepepacnpeAene- 
HMFI, XapaKTepM3ytOuMeCFI OTHOCMTeJlb- 
HblM IlPMBHOCOM MJlM BblHOCOM B MeTaCO- 
MaTMCleCKMX nOpOAaX F I A ~ ~ H O ~  30Hbl. 
B KaCleCTBe nOKa3aTeJlFI MHTeHCMBHOCTM 

MMrpal(MM 3JleMeHTOB B rMC HaMM MCIlOJlb- 

soeanc~ K O ~ @ @ M ~ M ~ H T  nepepacnpeAeneHm 
(Kn), n p e ~ c ~ a ~ n m u ~ i  co6oi oTHoueHMe 
KJlapKOB KOHl(eHTpal(MM AJlFI IlOpOA FI~epHoi 
so~br ( c p e ~ ~ e a p ~ @ ~ e ~ ~ r e c ~ o e  s ~ a r e ~ ~ e )  M 

30Hbl 06~eHa  (AJlFI 3JleMeHTOB JlOKaJlbHOrO 
nepepacnpeAeneHm - Ksapuesblx MeTaco- 

HblMM AaHHblMM M3YcleHMR COCTaBa Am 
(~a6n.  12). npM 3TOM ~ a ~ 6 0 n e e  KOHTpaCTHOe 
nepepacnpeAeneHMe xapanepHo Ann TMnMr- 
HblX M W C T O  BCTPWatOuMXCR 3JleMeHTOB (Cr, 
Mn, Ni, CO, V). YHMBep~aJlbHbli XapaKTep 
IlOBeAeHMR 3TMX 3JleMeHTOB B rMC pa3JlMcl- 
HO~I ~ e ~ a n n o r e ~ ~ q e c ~ o i  c n e ~ ( ~ a n ~ 3 a q ~ ~  npLn 
B ~ I C O K O ~  KoHTpacTHocTM nepepacnpeAeneHMR 
n o 3 ~ o n ~ e ~  MX ~ c n o n b 3 0 ~ a ~ b  npvl a ~ a n ~ s e  
30HaJlbHOCTM pa3~006pa3~b l~  rMC. 

T ~ K ,  Ang paccMaTpMsaeMoro PP 3 ~ a r e -  
HMFI ~ I P O M ~ B ~ A ~ H M F I  c o ~ e p ~ a ~ ~ i / q e ~ - r p o ~ e ~ -  
HblX 3JleMeHTOB (KuS) M3MeHFItOTCFI OT 1 . 3 ~  
x 10-17 AO 1 .6x10-lo (~a6n .  20), npM  TOM MH- 
Tepeanbl K O J I ~ ~ ~ H M ~  s ~ a r e ~ ~ i  3~0ro  KOB@- 
@kll(kleH~a AJlFl TJlaBHblX TMnOB MeTaCOMaTM- 
reCKMX nOPOA He IlepeKpblBaDT Apyr Apyra. 
 TO n03BOnFleT no AaHHblM O I ~ ~ O ~ O B ~ H M F I  Me- 

M~TVITOB).  PHC. 21. C T P Y K T Y ~ ~  Am C O J ~ O B ~ ~ B C K O ~ O  PY ( C ~ B .  
P ~ H X L I ~ O B ~ H H ~ I ~  no 3TOMY K03@@klqMeH- np~a~ypbe) : ,  

TY PgAbl ~ - I ~ M ~ H T O B  B BblAeneHHblx rPYnnax 1-3- RAepHaR aoHa. 3 ~ a r e ~ ~ ~  K,, BMAa 
n p e ~ c ~ a ~ n e ~ b l  B ~ a 6 n .  22. CrNiCoMnV (nx10-'~): 1 - ~ e ~ e e  1  x10' ( p a ~ r  

KaK BMAHO 143 ~ a 6 n .  22, cneKTp qeHTpo- PM), 2- ~ X I O ' ~ . ~ X I O ~  ( p a ~ r  Pn), 3 - 
6eXHblx 3JleMeHTOB B rMC PaCCMaTPMBaeMO- 4 . 4 ~  10'-1 x l o4  ( p a ~ r  PY); 4 - @ P ~ ~ M ~ H T  30HbI 

ro p a i o ~ a  xopouo cornacyeTcg c 0606ue~-  o 6 ~ e ~ a .  K~~ 6onee I x  I o4 ( p a ~ r  PY). 



Ti, Be 

-0Ss I 

asa Ar f l  
iTpaCTHOe 

nFI TMnHcl- 

SHTOB (Cr, 
xapamep 

2 p a s n ~ r -  
~ ~ L I H M  npM 

e A e n e H m  

a~anmse 

'P 3 ~ a ~ l e -  

! H T P O ~ ~ > K -  

I OT 1 . 3 ~  
3TOM MH- 

)ro KOB@- 

raCOMaTM- 

)Yr APYra. 
3aHMFI Me- 

TaCOMaTHTOB C B ~ ~ C O K O ~  CTefleHbtO HaAeXHO- 

CTH BblAeJlMTb CTPYKTYPY Am (PMC. 21), KO- 

Topa9 xopowo cornacye-rcn co c ~ p y ~ ~ y p o i ~  
C O O T B ~ T C T B ~ ~ ~ ~ _ ( ~ ~  rMC ( ~ M c .  20). 

f l p b l ~ e ~ e ~ ~ b l k  I l pMMep  HarnRAHO MJlJltO- 

CTPHPYeT IlOTeHqMaJl bH  ble B03MOXHOCTM One-  

~ ~ T M B H o ~ ~  reOMeTpM3aqMM 3OHanbHblX rMC 
Ha HaClaJlbHblX CTaAM5lX flOMCKOB C MCnOnb30- 

BaHHeM pe3yJlbTaTOB reOXMMMLleCKOr0 OflpO- 

~OBPHMR, B AaHHOM CJ lyqae KOPeHHblX IlOpOA, 

a B npHHqMne M p b l x n b l x  o ~ n o m e ~ ~ k .  Oco- 
~ ~ H H O  3T0 BaXHO, B CB5l3M C p e 3 ~ 0 k  HeaAeK- 

BaTHOCTbtO O ~ ~ ~ M O B  reOXMMMqeCKMX p a 6 0 ~  
no noToKaM M B T O P M ~ H ~ I M  O p e o n a M  p a c c e A -  

HHFl M ClleqMaJlM3MpOBaHHblX M c c J ~ ~ ~ o B ~ H M ~  

MeTacoMaTMqecKMx nonei, B n n a H e  pe-rpo- 
CfleKTHBHOrO npOrHO3a IlpOAyKTMBHblX CMCTeM 

CTapUMX PaHrOB (PP, PY, Pfl). f l p M  BCeM 

3TOM He Bbl3blBaeT COMHeHMFI H ~ O ~ X O A M -  

MOCTb CMHTe3a MMHepaJlOrMcleCKMX M reOXM- 

MHVeCKMX MeTOAOB rlpM nOCJ'leAytOu_(eM M3Y- 

WHHM 30HaJlbHblX Am, KaK HenpeMeHHOe 

YCilOBMe HaAeXHOCTM npOrH03a.  

P ~ C C M O T ~ ~ H H ~ I ~ ~  Bb lWe  MaTepMaJl  flO3BO- 

nReT BblAenMTb o 6 q ~ e  M M C T H b l e  3aKOHO- 

MePHOCTM COCTaBa M CTPOeHMA rMC XanbKO- 

@ I J ' I ~ H O ~  CneL(MaJlM3aqMM M, COOTBeTCTBYtO- 

UMX HM Am. MX o 6 4 ~ e  C B O ~ C T B ~ ,  BHe 3aBM- 

CHMOCTM OT p a H r a  n p o A s n m o T c g  B ~ ~ K O H O -  

MePHOM PaCnpeAeJleHMM B flpOCTpaHCTBe Me-  

TaCOMaTMWCKMX ~ c c o ~ L I ~ ~ M ~  M OpeOnOB 

npMBHOCa-BblHOCa L(eHTp0CTpeMMTeJlbHbIX M 

~ ~ H T P O ~ ~ X H ~ I X  3neMeHTOB, O ~ P ~ ~ Y ~ O L L ( M X  TO- 

nOJlOrMCleCKM 3aMKHYTble CMCTeMbl O ~ ~ ~ M H O -  

3OHanbHOrO CTPOeHMFI. 1 1 ~ ~  3TOM 30Ha  o 6 ~ e -  
H a  TaKMX CMCTeM XapaKTepM3yeTC5l IlPMHuM- 

f lManbH0 OAHOPOAHblM COCTaBOM MeTaCOMa- 

TMCleCKMX 0 6 p a 3 0 ~ a ~ M h  M OTHOCMTeJlbHO CTa- 

6 M J l b ~ b l ~  CneKTpOM KOHqeHTPMPytOlC(MXC5l 

~ ~ H T P O ~ ~ X H ~ I X  3JleMeHTOB. q a ~ ~ ~ b l e  3aKO- 

HOMePHOCTM nPOFIBnFItOTC5l B M H O ~ O O ~ P ~ ~ M M  

MeTaCOMaTMCleCKMX nOpOA M COCTaBa qeHTp0 -  

CTPeMMTenbHblX 3JleMeHTOB 5 lAep~0i  30Hbl, 

oTpaxatOu(Mx r e o x M M w e c K y t O  c n e q ~ a n ~ 3 a -  

UMtO CMCTeM. 

3 a B e p w a 5 l  PaCCMOTpeHMe 0 6 b e ~ ~ 0 k  30-  

HanbHOCTM, CneAyeT  OTMeTMTb 060co6ne~- 
H o e  f lOnOXeHMe no MMHepaJlbHOMy COCTaBy 

rMC p a H r a  PT. Ann H n x  q A e p H a q  3 o ~ a  npeA- 
c T a s n g e T  co6ok mMnbHble  T e n a  M 6 n ~ m a i -  
LUMe ~ O J l H O ~ p O R B n e H H b l e  MeTaCOMaTMTbl. 30- 
H a  0 6 ~ e ~ a  npeACTaBJleHa nPeMMyLL(eCTBeHH0 

3OHaMM nMPMTM3aqMM (I~MPMTOB~IMM OTOPOL1- 

KBMM) B 3K30KOHTaKTaX PYAHblX T e n .  OHM 

yAOBJleTBOpMTeflbH0 @MKCMPY~OTC~~ reOXMMM- 

CleCKMMM OpeOJlaMM IlpMBHOCa ~ ~ H T P O ~ ~ X H ~ I X  

aneMeHTos ,  cnemp KOTOP~IX npmHqMnmanbHo 

H e  OTJlMqaeTC5l OT COCTaBa KOHqeHTpMPYtO- 

uMXC5l 3JleMeHTOB B 30HaX 0 6 ~ e ~ a  rMC 
c T a p m x  paHroe .  



YCJlOBMFl M MEXAHM3M OEPA30BAHMFl 
rMnPOTEPMAJ1 bHO-METACOMATML1ECKMX CMCTEM 

Y H M B ~ ~ C ~ ~ ~ H O C T ~  CneKTpa U ~ H T ~ O ~ ~ X -  

HblX 3neMeHTOB npM ~ ~ K O H O M ~ P H O ~  JlOKaJlM- 

3auML-l MX I lOnOXMTenbHblX M OTPMuaTeJlbHblX 

OpeOJlOB B npOCTpaHCTBe FlBJlFleTCFl CJleACT- 

BMeM CTaHAaPTHOCTM ~ c J ~ o B M ~  M MeXaHM3Ma 

@OPMMPOB~HMFI rMC pa3JlMclHblX TMnOB M 

PaHrOB. B ~pOTMBOnOJlOXHOCTb ~ ~ H T P O ~ ~ X -  

HblM 3JleMeHTaM CneKTp ~eHTpOCTpeMMTeJlb-  

HblX 3JleMeHTOB OTpaXaeT T M ~ O M O P @ H ~ I ~  

O C O ~ ~ H H O C T M  B I l e p B y m  OclepeAb COCTaBa M 

MCTOclHMKOB rMAPOTepMaJlbHblX PaCTBOpOB. C 
n 0 3 M u M i  YCTaHOBJleHHblX ~ ~ K O H O M ~ P H O C T ~ ~  

COCTaBa M CTPOeHMFl A r l l  PaCCMOTPMM HeKO- 

Topb le  reHeTMclecKMe acnenbl 0 6 p a 3 0 ~ a ~ ~ ~ l  

TMC. 

Cornac~o n p e A c T a e n e H m M  A.C. KOPXMH- 
CKOrO [77, 781 r J l a B ~ 0 i  I ~ P M ~ ~ M H o ~ ,  Bbl3blBaH)- 

u e i  PeaKuMM rMApOTepMaJlbHblX PaCTBOpOB C 

nopoAaMM M n o ~ a n ~ 3 a u ~ t o  T e x  MnM M H ~ I X  XM- 

MMcleCKMX 3JleMeHTOB, FlBJlFIeTCFl M3MeHeHMe 

KMCJlOTHOCTM IlPMPOAHblX @J~H)M~oB.  M~M€?H€?- 
HMe KMCnOTHOCTM 06ycnoene~o O ~ ~ M M M  38-  

KOHOMePHOCTRMM @YHK~MOHMPOB~HMFI TMAPO- 

TepMaJlbHO-MeTaCOMaTMcleCKMX CMCTeM. Ha 
HaclanbHblx 3~anax rMApoTepManbHoro  npo- 
UeCCa IlOCTMarMaTMCleCKMe, MHTpaTeJlJlypM- 

cleCKMe ,PaCTBOPbl, 0 6 0 r a u e ~ ~ b l e  JleTyclMMM 

KMCJlOTHblMM KOMnOHeHTaMM, AatOT B IlOTOKe 

BOCXOAFIuMX @ J ~ D M , ~ o B  BOnHY KMCJlOTHOCTM. 

P e 3 y J l b ~ a ~ 0 ~  B ~ ~ M M O A ~ ~ C T B M F I  MX C BMe- 

U a m u M M  C Y ~ C T ~ ~ T O M  FlBJlFleTCFI KMCnOTHOe 

Bb luenac lMaaHMe nopoA. B xoAe s ~ o r o  npo- 
MCXOAMT IlOBblWeHMe UenOclHOCTM PaCTBOPOB 

BCJleACTBMe CHMXeHMFl TeMnepaTypb l  M 3KC- 

TpaKuMM M3 B M e u a t O u M X  IlOpOA ueJlOclHblX M 

ueJlOclHO3eMeJlbHblX MeTanJlOB. ~ P M  3TOM 

6 o n b w o e  3HacleHMe MMeeT K M C ~ O T H O - @ M ~ ~ T -  

p a u ~ o ~ ~ b l i  a@@ercr, o n p e ~ e n ~ m u ~ i  803- 

HMKHOBeHMe 0 n e p e x a H ) u e i  BOJlHbl KMCJlOT- 

HblX KOMnOHeHTOB, @ M ~ ~ T P Y H ) ~ M X C F I  6 b l c ~ p e e  

OCHOBHblX KOMnOHeHTOB. 

B nOJlHOM COOTBeTCTBMM C B ~ I A B M H Y T O ~  

4.C. KOPXMHCKMM MOAeJlbH) KMCJlOTHO-ue- 

J ~ O C I H O ~  3BOJlH)uMM rMAPOTePMaJlbHblX PaC- 

TBOPOB HaXOAMTCR 30HaEbHOCTb rMC, Bb lpa-  

XatOuBFICFI no KMCJlOTHO-ueJlOclHblM C B O ~ C T -  

BaM B CMeHe OT nepM@epMM K UeHTPY rMC 
nposlene~mii 6onee uenoworo MeTacoMaTo-  

3 8  IlpOFlBJleHMFlMM 6onee KMCnOrO. 

B e ~ y u a ~  POJlb KMCJlOTHOCTM rMAPOTeP- 

MaJlbHblX PaCTBOpOB B npOueCCe MMrpa4MM M 

JlOKaJlM3auMM XMMMcleCKMX 3neMeHTOB, B Ha-  

IlpaBneHHOCTM M XapaKTepe B ~ ~ M M O A ~ ~ C T B M F I  

c a ~ e u a t o u e i  c p e ~ o i  o n p e A e n q e T  ~eo6xo-  
AMMOCTb K O ~ M ~ ~ ~ C T B ~ H H O ~  OueHKM ee BeJlM- 

clMHbl H a  OnpeAeJleHHblX BPeMeHHblX MHTeP- 

B a n a x  CTaHOBJleHMFl rMC. He~0~0pble 04eHKM 

p H - y c n o ~ ~ i  0 6 p a 3 0 B a ~ M F l  ~ a ~ 6 o n e e  pac- 
IlpOCTpaHeHHblX rMApOTepMaJlbH0-MeTaCO- 

MaTMclecKMx nopoA npeAcTaeneHb1 B 

~ a 6 n .  23. 
K ~ K  BMAHO M3 ~ a 6 n .  23, OueHKM pH-YC~O- 

B M ~  0 6 p a 3 o s a ~ ~ n  OTAenbHblX MeTaCOMaTM- 

TOB BeCbMa HeOAH03HaclHbl. H a n p ~ ~ e p ,  BTO- 

PMclHble KBaPuMTbl no C.M. Ha6o~o @OPMM- 

PYtOTCFI B C M J ~ ~ H O K M C J ~ O ~  CpeAe,  no E.B. rh t0 -  

ueey-  B 6onee WMPOKOM ~ ~ a n a 3 o ~ e  OT 

c M J ~ ~ H o K M c J ~ o ~ ~  A0 c y 6 ~ e i ~ p a J l b ~ o i .  T ~ K ~ R  
c y u e c T e e H H a R  p a 3 ~ ~ u a  B oueHKax onpeAe- 
JlFIeTCFl 3aBMCMMOCTbH) p H - y c n o a M ~  0 6 p a 3 0 -  

BaHMFI rMC OT MHOrMX @~KTOPOB ( C O C T ~ B  

p a c T a o p o e  M a ~ e u a l o u e i  cpeAbl, TeMnepa-  

Typa,  AasneHv le  M ~ . n . ) ,  TPYAHO noptAamuMx-  

CFI ycl€?Ty B 3KCnepMMeHTanbHblX M IlPMPOAHblX 

ycnoaMqx.  B 3 ~ 0 i  CBF~JM B KaclecTae xaparcre- 
PMCTMKM KMCnOTHOCTM CpeAbl  O ~ ~ ~ ~ O B ~ H M F I  

MeTaCOMaTMTOB PauMOHanbHO MCnOJlb3OBaTb 

YCPeAHeHHble 3HacleHMFI aKTMBHOCTM BOAO- 

POAHblX MOHOB no OqeHKaM pa3HblX aBTOpOB 

(~a6n. 23). f l0 3TMM 3HacleHMFlM PaCCMaTpM- 

BaeMble  MeTaCOMaTMcleCKMe IlOpOAbl XapaK- 

TePM3YIOTCFI CJleplyH)LL[MM PRP,OM (OT KMCJlblX K 

6onee u e J l 0 c l ~ b l ~ ) :  BTOPMclHble KBaPuMTbl- 

c e p ~ u ~ ~ o n ~ ~ b l - a p r ~ n n w ~ b l ,  6 e p e 3 ~ ~ b l - r p e i -  

3eH bl-IlpOnMJlMTbl. 



IABMHYTo~ 

OTHO-Ll@- 

H ~ I X  pac- 
!C, Bblpa- 

bl C B O ~ C T -  

1TPY rMC 
BCOMaTO- 

'MApOTep- 

IrpaqMM M 

OB, B Ha- 

A ~ ~ C T B M R  

r ~eo6xo- 
ee Benn-  

IX MHTeP- 

le OL(eHKM 

lee pac- 
-MeTaCO- 

eHb l  B 

pH-ycno- 
aCOMaTM- 

dep, eTo- 

C#IOPMM- 
i.B. llnto- 
3 3 o ~ e  OT 

i. T ~ K ~ R  
onpege- 
06pa30-  

(COCT~  B 

remepa- 
Aamu(Mx- 

'MPOAH blX 

xaparcre- 
D O B ~ H M F ~  

lb30BaTb 

'M BOgO- 

aeTopoe 

:CMaTPM- 

11 xapaK- 
(MCnblX K 

SPuTb l -  

rbl-rpei- 

Ta6n~qa 23 

pH-YC~OBMF~ 0 6 p a 3 o s a ~ ~ ~ l  rMApOTepManbHO-MeTaCOMaTMreCKMX nopop, 

n p ~ ~ e ' 4 a ~ M e .  H ~ ~ B ~ H M F ~  30H QaHbl B COOTBeTCTBMM C T ~ P M M H O ~ O T M ~ ~  r . n .  n 0 ~ f l e J l 0 B a  [I411 kl nPMHFlTblMM 
HIM# 0603~aqeHk lF l~k l  3JleMeHTOB CTPOeHMFl AT f l .  

COOTBeTCTBMM C KMCJ~OTHO-~en0rl~0i nOPOA ( K M C ~  b l ~  M C Y ~ L L ( ~ ~ O ~ H ~ ~ X ) ,  3 8  MCKJltO- 

3 ~ 0 J l ~ ~ ( k l e i  rMAPOTePMaJlbHblX PaCTBOPOB qeHMeM MeTaCOMaTMTOB weJ lOqHOr0  ( ~ a J l M e -  

II~OHCXOAMT M c M e H a  reoxMMMclecKMx acco- B O - ~ a ~ p ~ e ~ o r o )  p R A a  f l n ~  n o c n e A H M x  reo- 
4#al(Mfl. 6 0 3 B p a w a R c b  K P a H e e  PaCCMOTpeH- XMMMqeCKMe KPMTePMM OueHKM p H - y c n o ~ ~ i  
HOW CMCTeMe (c. 44) KBapueBb le  MeTaCOMaTM- 0 6 p a s o ~ a ~ ~ 5 1  no AaHHblM TPaAML(MOHH0 MC- 

~ b k e p e 3 M ~ b l - n p o n M n M ~ b 1 ,  OTMeTMM, q T 0  f lOJlb3yeMOrO B ~ ~ O M C K O B O ~  reOXMMMM CfleK- 

~a~6onee 0 6 w ~ e  3aKOHOMePHOCTM TeOXMMM- TpanbHOrO a H a n M 3 a  MMKpO3neMeHTOB H e  Bbl- 

rec~oi i  g~@@epe~u~auln l l  n p o R s n g t o T c g  B genH toTcg .  

YBeJlMcleHMM YPOBHFl C O A ~ P X ~ H M ~  UeHTPO- 

6 e l H b l ~  3JleMeHTOB npM BO3PaCTaHMM we- pH 
JlOrHOCTH MeTaCOMaTMqeCKMX nOpOA. f l e~a-  
JlH3MpyeM yCTaHOBJleHHyt0 TeHAeHUMtO C npM- 

9- 

BJleCleHMeM reOXMMMcleCKMX AaHHblX fl0 Apy- 8- 
MM TMflaM MeTaCOMaTMqeCKMX 0 6 p a 3 0 s a ~ ~ i i  

7- 
C MCnOnb3OBaHMeM AaHHblX ~a6J l~ub l  no- 

CTpOeH r p a @ M ~  B KOOPAMHaTaX pH, KKug 6. 
(PHC. 22). Y ~ o B ~ ~ T B o ~ M T ~ J ~ ~ H ~ R  anflp0KCM- 

M~L(HFI ToqeK H a  rpa@l)~~e npwoh n ~ ~ ~ e f i  5- 

CBHAeTenbCTByeT, clT0 3TM n a p a M e T p b l  CBR- 

3aHbl J ~ o ~ H o ~ M ~ J ~ ~ H o ~  3aBMCMMOCTbtO. C ee 
t ~ c n o n b s o e a ~ ~ e ~  n p o e e A e H a  o u e H K a  pH-yc- 
n o s d  0 6 p a 3 o s a ~ ~ n  MeTaCOMaTMTOB Bepx- 
HeaMypcKoro pa i io~a (~a6n. 25), p e 3 y n b ~ a ~ b 1  2- 
K O T O P O ~  XOPOUO COrJlaCytOTCR C AaHHblMM 

hl 
onpeAeneHm 3 ~ 0 r o  n a p a M e T p a  ApyrMMM Me-  1 
TOAaMM (~a6n. 23). 1.1'0~ ' l m i o 2  ' l . ioO ' im;02- KKu. 

T ~ K M M  o 6 p a 3 o ~ ,  npeanarae~b~h reoxM-  PHC. 22. ~ ~ B ~ ~ C M M O C T ~  ypOBHR C O A ~ ~ X ~ H M ~  ueH- 
M'4eCKMt( MeTOA n03B0nReT A°CTaTOqHO T P O ~ ~ X H ~ I X  3JleMeHTOB (KKUE) B MeTaCOMaTklTaX 
oflepaTMBHo M H a A e X H o  oueHMTb CpeaHMe 0, pH-ycno~~A MX 0 6 p a 3 0 ~ a ~ ~ g .  
3HaqeHMR MHTepBanbl K0ne6a~Mi aKTMBHO- B - BTOPMqHble KBaPqMTbl, K - KBapueBble MeTa- 
CTM BOAOPOgHblX MOHOB B flpOl(eCCe 06paso- COMaTMTbl, 6 - 6 e p e 3 ~ ~ b 1 ,  A - a p r ~ n n ~ 3 ~ ~ b 1 ,  r - 
BaHMFl p a 3 ~ 0 0 6 p a 3 H b l ~  MeTaCOMaTMqeCKMX rpeA3eHb1, n,, n2 - nponMnMTbl. 

30Hbl rMC 

RAepHan (no 
E.B. nnnqeey - 
& H ~ p a J l b ~ a ~ )  

O~MI?H~  (nep~- 
$ e p ~ r e c ~ a ~ )  

r k l ~ p o ~ e p ~ a n b -  
HO-MeTaCOMaTM- 
q e ~ ~ ~ e  n 0 ~ 0 ~ b l  

B~opk luwb le  
KBaPqMTbl 

Ap~MJlnbl3M~bl  

C ~ P M ~ M T O ~ M T ~ I  

r p e G 3 e ~ b 1  

6 e p e 3 M ~ b l  

n p o n ~ n ~ ~ b l  

no 
A.n. n a e n o e y  

[ I  301 

1-3.5 

3-5.3 

2.4-4.4 

- 

- 

5-1 0.1 

10 
C.M. Ha6o~o 

[112] 

1-2 

- 

- 

- 

6-8 

no 
6.M. O ~ e n b -  
FlHeHKO [ I  271 

2-5 

- 

556 

3.5-5.5 

- 

no 
E.B. llnro- 
U e B y  [ I  041 

2-6 

5-6 

- 

- 

- 

> 8.5 

Cpea~ee 
3 ~ a . c e ~ ~ e  
M H T ~ P B ~ ~  

2.6 - 
1 - 6 

4.4 - 
2 - 6  
3.4 

2.4-4.4 

- 5.5 

5 - 6  
4.5 

3.5 - 5.5 
7.8 

5-10 



M ~ T ~ C O M ~ T L I T ~ I  

Keap~(e6ble 
MeTaCOMaTklTbl 

BTOpklqHble 
KBaPL(klTb1 

AprklnnLI3klTbl 

6epe3LITbl 

P~HXLIPOB~HH~IR PSIA 3JleMeHTOB no KK (B 3HaMeHaTene K*S & ) 

Mo P S n B Cr Pb Sr 

1.86f0.29 0.91f 0.45 0.87k0.64 0.82f0.70 0.34k 0.06 0.33f0.08 0.29k0.10 
Sc Nb Mn C u Co Ni Be 

0.26k 0.05 0.26f 0.05 0.2350.04 0.23k0.03 0.22k 0.05 0.22k 0.03 0.20k 0.06 
V Ti Y Ga Ba Zr 

0.18f 0.07 0.17f0.02 0.15f 0.06 0.14f a09  0 11+0.06 QO9+006 
Cu Pb Mo Sc Zn Ti Y Ag Zr Sn Mn Ga Nb Y Co Be ---------------- 

2.50 1.25 1.20 1.20 1.00 0.96 0.81 0.80 0.70 0.67 0.56 0.55 0.52 0.50 0.40 0.33 
Ba Ni Cr V ---- 

0.28 0.27 0.19 0.08 
Cu Zn Pb Mo Ag Sc Y Mn Ti Zr Co Nb Sn Ga Cr Ba ---------------- 

6.05 2.87 2.40 2.10 2.00 1.42 0.87 0.87 0.80 0.62 0.56 0.55 0.54 0.50 0.40 0.35 
Ni V Be --- 

0.33 0.23 0.20 
Mo Sn Zr Pb B Zn As 

2.19f 0.25 1.9950.50 1.90f0.16 1.90f 0.50 1.86k0.90 1.80k0.50 1.79k0.51 
Sb Ga C r B i Ba Ag Sc 

1.62k 0.50 1.61+0.11 1.50f0.65 1.14k 0.25 1.10f 0.28 0.98k 0.57 0.90+0.16 
Nb Ti Be S r C u V Y 

0.82f0.16 0.79f0.11 0.77+0.10 0.7250.11 0.54k0.14 0.36k0.07 0.33k0.04 
Mn Ni Co 

0.27 f 0.06 0.20 f 0.04 0.15 k 0.02 

Kon-Bo 
npo6 

2 5 

31 

6 3 

29 

pH 

2.6 

2.6 

4.4 

4'5 

6 4 6 x E * 1  

K K ~ s  m i n & K U 6  max 

5. lo4. 12.7" 

4 x 10"-6 x 10" 

9x 1 o4x6.6*' 

1 x 1 04-6 x 1 o - ~  

1.5 x 10-~x6.6*' 

2x 10"-1 x lo-' 

5x 10-~x8.8" 

6 ~ 1 0 ~ - 5 ~ 1 0 - ~  

MCTO~HHK 
MH@OPM~L(MM 

KoBToHloK, 
1989 

I l n l o~ee ,  
Wa~oe, 1985 
[ A  391 

I l n l o~ee ,  
Wa~oe, 1985 

391 

KoBToHwK, 
1989 



npH~e.laHkIe. C ~ ~ A H M ~  3HaqeHMFI pH CM. B Ta6n. 2 3 A n ~  BTOPMClHblX KBaPUMTOB M aprMnnM3MTOB AaHHble 0 3Hac(eHMFIX & B nepBOHCTOqHHKe OTCFCTByDT, HC- 
nonbao~anocb CpeAHereOMeTpM'-leCKOe 3HaCleHMe & no nRTM npHBeAeHHblM B ~ a 6 n ~ u e  MeTaCOMaTMTaM. npM COCTaBneHMM B ~ I ~ O P O K  HCnOnb30BaHbl p e ~ y n b ~ a ~ b l  
a ~ a n ~ 3 0 ~  npo6, coAepxaunxcR B noneeblx MaTepHanax ae~opoe. 

5.5 

7'8 

i(?( u6x&*1 

KKu6 rninKKu6 rnax 

3 x lo-' x 3.4" 

gx10-~-.1.1 xloO 

2.3 x 10' x 5 . 0~ '  

1 . 3 ~ 1 0 ~ - 3 . 1 ~ 1 0 ~  

2.5 x 10' x 6.8" 

3.7 x lo0-4.2 x 1 o2 

MCTOL(HMK 
HHC~)OPM~L&~H 

C T ~ M X ~ ,  1995 

KOBTOHDK, 

1989 

KoBToHloK, 

1989 

P~HXMPOB~HH~IR PRA 3neMeHTOB no KK (B 3HaMeHaTene  IS & ) 

C u Ga C r Mo Nb Pb Sc 

1.22k0.14 1.09f 0.04 0.95k0.06 0.94k 0.09 0.89k0.08 0.88k0.15 0.85k0.04 
Y Co Mn Zr Be S r Ni 

0.84k0.210.77k0.030.76k0.070.73k0.230.65k0.07 0.63k0.08 0.61k0.09 
V Ba 

0.60 k 0.06 0.52 f 0.33 
B Co Ni Sn Mo C r Ga 

45.3k1.0 5.43k0.38 4.81k0.88 2.58k0.27 2.18k0.37 1.91k 0.37 1.56k0.21 
Sr Ag Be V Pb Mn Zr 

1.20k 0.42 1 .05k 0.02 0.83k0.35 0.78f 0.37 0.69k 0.19 0.64k 0.31 0.60k0.39 
C u Sc Zn Nb 

0.49k 0.17 0.46f0.25 0.35k 0.10 0.08f0.01 
Mn C r V S r Ni As Ga 

2.66k0.35 2.64f 0.45 2.09k 0.39 1.70k 0.41 1.33k0.45 1.28k0.21 1.25k 0.30 
C u C o Zn S n Pb Be Ti 

1.20k0.55 1.18k0.17 1.12k0.15 0.97k 0.12 0.85k 0.47 0.83k0.24 0.79k0.17 

Ag Nb Mo Zr Y Sc Ba 
0.65k 0.21 0 .65f0.18 0 .62f0.15 0.58k 0.20 0.48k0.11 0.42k0.14 0.31k0.12 

M ~ T ~ C O M ~ T H T ~ I  

T p e R 3 e ~ ~ 3 ~ p o e a ~ ~ b l e  
rpaHMTbl 

T ~ P M ~ ~ M H M T ~ I  

np0nHnMTbl 

Kon-Bo 
npo6 

48 

2 7 

17 



@ O ~ M M ~ O B ~ H M ~  TMC IlpOMCXOAMT B He- 

p a e ~ o ~ e p ~ o - n o p ~ c ~ o i  cpeAe npeMMyuecT- 

BeHHO TBepAblX CMnMKaTHblX IlOpOA, B MeHb- 

UJei CTeneHM npM 3aMeueHMM K ~ P ~ O H ~ T H ~ I X  

IlOpOA. npM BCeM M H O ~ O O ~ ~ ~ ~ M M  MMHepaJlb- 

HOrO COCTaBa CMJlMKaTHblX nOPOA Kpyr H ~ M ~ O -  

nee PaCnpOCTpaHeHHblX nopo~oo6pa3yt0u~x 

MMHepanoe secbMa orpaHMcleH. K TaKMM MM- 

HepanaM OTHOCRTCR K B ~ P U  nonewe wna-rbl, 

CJltOAbl, a~@M60nbl M IlMpOKCeHbl. ~ P M  WMPO- 

KMX BapMauMFlX MX KOJlMcleCTBeHHblX COOTHO- 

L U ~ H M ~ ,  BllJlO'rb A0 OTCYTC'rBMFl B OTAeJlbHblX 

IlOpOAaX HeKOTOPblX M3 HMX, MOXHO rOBOPMTb 

B UeJlOM 0 K ~ C ~ ~ C T B ~ H H O ~  OAHOPOAHOCTM Cpe- 
Abl C#~OPMMPOB~HMFI  TMC. B TaKOM CJlyclae 
BeCbMa BepOFlTHO, clT0 npM OAHOTMnHOM B03- 

A ~ ~ C T B M M  rMAPOTePMaJlbHblX PaCTBOPOB Ha 

KacleCTBeHHO O A H O P O A H ~ I ~  C Y ~ C T ~ ~ T ,  B claCT- 

HOCTM npM KMCJlOTHOM BblLL(eJlaclMBaHMM, np0- 

ueccbl B ~ ~ ~ C T B ~ H H O - ~ ~ ~ e p a n b ~ o r o  M reo- 
XMMMcleCKOrO MX n p e o 6 p a 3 0 ~ a ~ ~ ~ 1  AOJlXHbl 

0 6 n a ~ a ~ b  O ~ ~ M M M  clepTaMM M HanpaBJleHHO- 
CTbtO. 

P~CCMOTPMM X M M M ~ ~ ~ C K M ~  COCTaB CpeAbl 

@OPMMPOB~HMF~ TMC Ha MMHepaJlbHOM YpOB- 
He. K a w b l i  MMHepan roptiblx nopop, MOXHO 

IlpeACTaBMTb KaK COBOKynHOCTb rJlaBHblX KOH- 

CTMTYuMOHHblX XMMMcleCKMX KOMnOHeHTOB M 

KOM~OH~HTOB-npkl~ecei  [I 391. KOHCTMTY~M- 
OHHblMM KOMnOHeHTaMbl MMHepaJla FlBJlFlDTCFl 

XMMMcleCKMe 3neMeHTb1, YclaCTBYtOuMe B 

CTpoeHMM ero ~ p ~ c ~ a n n ~ r e c ~ o i  peweTKM M 

@ M K C M P ~ ~ M ~ I ~  B er0 K ~ M c T ~ J ~ J ~ o x M M M ~ ~ ~ c K o ~  

a o p ~ y n e .  Cornac~o ~ P M H F I T O ~  H a m  mac- 
C M @ M K ~ ~ M M  XMMMcleCKMX 3JleMeHTOB no PaC- 
IlpOCTpaHeHHOCTM B 3 e ~ H 0 i  KOpe (c. 18, 
~ a 6 n .  7), rJlaBHble KOMnOHeHTbl nopo~oo6pa- 
3YtOuMX MMHepanOB OTHOCFlTCFl K rpynne WM- 

POKO PaCnpOCTpaHeHHblX. C O ~ ~ ~ X ~ H M F I  3TMX 

3JleMeHTOB npM LUMPOKMX BaPMaL(MFlX, KaK 

npasnno, 60nbWe 1 %. C o ~ e p x a ~ ~ e  KoMno- 

H~HTOB-np~~ece i i ,  npMHaAnexalqMx K Il-IV 
rpynnaM PaCnpOCTpaHeHHOCTM, 3a PeAKMM 

MCKJlDYeHMeM MeHbllle M 3HaclMTeJlbHO MeHb- 

W e  1 %. C ~ ~ ~ H ~ C T ~ T M C T M ~ ~ ~ C K M ~  AaHHble no 
MaKpO- M MMKP03JleMeHTHOMY COCTaBy rJlaB- 
HblX ~ O P O A O O ~ ~ ~ ~ Y ~ O ~ M X  MMHePanOB npMBe- 

AeHbl B ~ a 6 n .  26.' 
KaK BMAHO M3 ~ a 6 n .  26, no OTHOCMTenb- 

HOMY YPOBHtO KOHueHTpauMM MMKP03JleMeH- 

TOE BbrAenFltOTcFl TPM rpynnbl nop0~006pa- 

S Y ~ O ~ M X  MMHepanos. K n e p ~ o i  rpynne H M ~ K O ~  

KOHueHTpauMM (1 KK+= 16-25, KK'z2.84.0, - 
S +KK= I .8-2.5) OTHOCF~TCF~ n e i ~ o ~ p a ~ o e b l e  

MMHepanbl: Ksapq ~ a n ~ e s b ~ i  nonesoi MnaT 

M nnar~oma3. B T O ~ ~ F ~  rpynna y ~ e p e ~ ~ o i  
KOHueHTpauMM (1 K+=82-I  72, KK+=4.6- 
-8.6, %'KK=6.2-8.4) IlpeACTaBJleHa TeMHO- 

UBeTHblMM MMHepanaMM - ~ M O T M T O M  M POTO- 

B O ~  O ~ M ~ H K O ~ .  K TpeTbei rpynne B ~ I C O K O ~  

KOHueHTPauMM CpeAM PaCCMaTpMBaeMblX MM- 

Hepanoe OTHOCMTCF~ MYCKOBMT. B BblAeneH- 

H ~ I X  rpynnax HaMeclatoTcA OnpeAeneHHble 

p a a n ~ c l ~ ~ l  B cnewpe KotiqetiTpMpytOuMxc~ 
3JleMeHTOB: BO 11 rpynne - 3TO KaK UeHTPO- 

CTpeMMTeJlbHble, TaK M ueH~p06eXHble 3ne- 

MeHTbl, B 1 M 111 - npeMMYueCTBeHH0 ueH- 
TpOCTpeMMTeJl bH ble. 

C MCnOJlb3OBaHMeM CpeAHeCTaTMCTMcle- 

CKMX AaHHblX ~ a 6 n .  27 M pe3yJlbTaTOB M3ycle- 

HMF~ pacnpeAenetiMfi aneMeHToe B aKueccop- 
H ~ I X  MMHepanax [93] MOXHO nerKo OueHMTb 

Aonm s n e ~ e ~ ~ a ,  npMxoAAuerocA Ha KOH- 

~ p e ~ ~ b ~ i  MMtiepan, OT o64ero coAepxaHwi 
ero B nopoAe. T ~ K o ~  paccleT n p o ~ 3 s e ~ e ~  Ha 

IlpMMepe rpaHMTOB (~a6n.  27), MMetOuMX no 
3. Jlapce~y [83] c n e ~ y m u ~ i  cpeAHecTaTM- 
C T M ~ ~ ~ C K M ~ ~  ~MHepanbHblfi COCTaB: KBap4 
(q) - 25%, ~ a n ~ e e b l i  noneeoi WnaT (fsp) - 
40%. nnar~oma3 (pl) - 26%, ~ M O T M T  (bt) - 
5%, a~@m6on (amf)- 1 %, MarHeTMT 



Ta6n~ua 26 

C ~ ~ ~ ~ H ~ C T ~ T M C T M C ~ ~ C K U ~  MaKpO- kl M V I K P O ~ J ~ ~ M ~ H T H ~ I ~  COCTaB ~ O P O A O O ~ ~ ~ ~ Y I O ~ M X  

THOCMTenb- 

'Ha TeMHO- 

a e m x  MM- 

KHble 3Jle- 

TaTMCTMCle- 

I Ha KOH- 

- MHHepan 

f'oro~a~ 
06wan~a 

~ H Q T ~ T  

fhar~o- 
ma3 

Kanneeblfi 
noneeoi 
unaT 

Keapu 

MYCKOBW 

MMHepaSlOB rpaHMTOklAOB 

blX TOClHblX 

PaCcllbI~aHbl fl0 COAePXaHMFIM, COOTBeTCTBYlO~klM K ~ M C T ~ J ~ J ~ O X M M M W C K O ~ ~  @opMyJle. 
' ~ a ~ ~ b l e  B.B ~ R X O B M ~  [94]. 

PHA~I KJlaPKOB 
~arpoane~ewrb l "  

Mg, Fe Ca Al 

7.8-fi-1.6- 
Si Na ---- 
1.1 0.4 

Mg, Fe Al K ------ 
9.1 2.7 2.6 
Si -- 
I .2 

Ca Al Na Si ------- 
3.2 3.1 2.1 1.9 

K Si 

- 2.4 - 2.0 

Si - 
46.7 

AI K Si ----- 
5.0 3.5 1.4 

K O H L @ H T ~ ~ ~ M ~  XMMMCleCKMX 3JleMeHTOB 
M L I K P O ~ J ~ ~ M ~ H T ~ I ~  

Sc Zn Sn Y V Ti Be -------------- 
26 14 8.5 4.9 4.4 3.2 2.8 
Mo CO,B,Nb Ni Cr,Th Zr,U --- ------- 
2.7 2.0 1.8 1.6 1.4 
Ga Au Cu,Cs Li Sr Pb Ba ----- - -- 
1.3 1.2 1.0 0.8 0.5 0.4 0.2 

Li Cs Sn Ni Zn Sc Th Nb ----- - --------- - 
28 24 22 20 13 10 9.5 7.4 

Cu Co V Ga,Mo Ti W ------- ------ 
6.2 5.3 5.0 3.9 3.8 3.1 
U Sc,Be,Cr Ba B Pb Zr --- --------- 

2.2 1.3 1.1 1.0 0.7 0.6 
Au Sr ---- 
0.5 0.2 
U Sr Be Cs Ga,Sn Pb ------------ 

6.9 3.4 3.1 3.0 2.6 1.2 
B,Mo Co Li,W Au Nb Ba ----- -------- 
1.1 1.0 0.9 0.6 0.4 0.3 
Y -- 

0.2 
Ba Sr Sn Pb Ga Mo U 

6.8 4.1 2.9 2.3 1.7 1.3 1.1 
Cs W B Zn Cu,Ni Li,Be -- 
1.0 0.9 0.8 0.7 0.6 0.5 
Au Nb Th Y - 
0.4 0.3 0.2 0.1 

sc Sn MO w Sr.Cu B ---- 
6.6 5.7 2.4 1.3 0.7 0.5 
Li,Pb,U Be,Ni,Th,Sc Ba,Nb,Ti Ga --- - -- 

0.4 0.3 0.2 0.1 
Sn Cs Li Mo W Be Ga -------- 
113 104 72 52 14 13 7.6 

U Nb Au Cr V Ti Zr ----- ---------- 
4.4 3.9 3.2 2.7 1.7 1.4 1.3 
Co Sc Ni Pb,Zn Sr --- 
0.9 0.6 0.4 0.2 0.03 

S + K K  

6.2 

8.4 

1.8 

2.0 

2.5 

40.1 

EKK+ 
83 

172 

25 

20 

16 

394 

- 
K K +  
4.6 

8.6 

2.8 

2.9 

4.0 

28.2 





MMHepanbl ,  OT MX o6qero c o A e p x a H m n  B no- 
K ~ K  BMAHO 143 ~ a 6 n M L ( b l ,  pacnpegenewe poAe npwseAeHb1 B ~ a 6 n .  27. 

~ M ~ W M H C T B ~  MMKP03neMeHTOB B MMHepanb-  C pa3BMTMeM BblCOKOTOclHblX MMHepanO- 

#CO( KOMnOHeHTaX BeCbMa HepaBHOMepHO. rMCleCKMX M XMMMqeCKMX MeTOAOB M3YCleHMFI 

H ~ ~ ~ B H O M ~ ~ H O C T ~  PaCnpeAeneHMA XMMMqe- (npewe BCerO MMKpO3OH,4OBOrO M PaAMO- 

-m ~ ~ M ~ H T O B  B cpege C~)OPMMPOB~HMA rpaCt)~crec~oro a ~ a n ~ 3 0 ~ )  cne t c rp  aneMeHTos ,  
rh!c OnpeAeflReT K ~ C ~ ~ C T B ~ H H ~ I ~  M KOnMCleCT- 0 6 p a 3 y t o u ~ x  C O ~ C T B ~ H H ~ I ~  MMHepanbl ,  rpa- 
B C H H ~ I ~  COCTaB M O ~ M ~ M ~ M P O B ~ H H ~ I X  B TMAPO- HMubl PaCllPOCTPaHeHHOCTM MX B rOPHblX no- 
T ~ a J l b ~ b l f i  PaCTBOp 3neMeHTOB B npOueCCe POAaX C y ~ e C T B e H H O  PaCUlMpFItoTCFI [139]. 
~ e A O B a T e n b H O r 0  3aMeqeHMFI  IlePBMClHblX Ha6ntoflalo~c~ p a 3 ~ 0 0 6 p a 3 ~ b l e  CBepXTOHKMe 

MnHepanOB H O B O O ~ ~ ~ ~ O B ~ H H ~ ~ M M ,  B KOHeCl- MMHepanbHble  BblAeneHMFl MHOrMX MMKPO- 

HOM UTOre - TeOXMMMCleCKMe O C O ~ ~ H H O C T M  3JleMeHTOB B ~ O P O ~ O O ~ P ~ ~ Y ~ ~ L ~ M X  MMHepa- 

P~HOpaHrOBblX rMC, OTJlMClalouMXCFI ClleK- flax. B CBFI3M CO CBepXManblMM pa3MepaMM 

TPOM 3aMeUeHHblX MMHepanOB M CTeneHbto TaKMX B b l ~ e n e ~ M i  MX M3BJleCleHMe npM o~6ope 
MeTaCOMaTMCleCKMX n p e o 6 p a 3 0 s a ~ ~ i  (PP, M O H O C ~ ) P ~ K L ( M ~ ~  n o p 0 ~ 0 0 6 p a 3 y t o q ~ x  MMHepa- 

py, PI1 - c J ~ ~ ~ o ~ ~ o F I B ~ ~ H H ~ I ~ ,  PM, PT - n O B  TPaflML(M0HHblMM MeTOAaMM H e  npeA- 
MMO- H ~ O ~ H O ~ ~ O R B ~ ~ H H ~ I ~ )  CTaBnReTCR B03MOXHblM. no 3 ~ 0 i  npM.1MHe B 

A p y r ~ ~  BaXHblM @~KTOPOM, OnpeAenFIto- HaCTOFIqee BpeMA H a A e X H b l e  CTaTMCTMCle- 

U(HM IlOBeAeHMe XMMMCleCKMX 3neMeHTOB B CKMB AaHHble  0 COOTHOUleHMM B MMHepanaX 

06pa3ytoqurxc~l rMC, FIBnAeTCFI @ O P M ~  MX M ~ O M O P @ H ~ I X  M CBePXTOHKMX MMHepan  bHblX 

Haxoyqetiw. P a 3 n ~ c l a l o ~  CleTblpe TaKMe oc- @ o p ~  Ann noAasnfitouero ~ O ~ ~ U J M H C T B ~  

HOBHble @OPM~I:  MaKpOMMHepanbHylo (n0p0- 3neMeHTOB OTCYTCTBYtoT. 

~oo6pasytoq~e a n e ~ e ~ ~ b l ) ,  MMKPOMMHe- & ? n e ~ M e  3neMeHTOB H a  ~ 3 0 ~ 0 p C t ) ~ b l e  M 

PaflbHyto ( a ~ L ( e c c 0 p ~ b l e  MMHepanb l  M CBepX- PaCCeFIHHble I3 CaMOM 0 6 q e ~  BMAe MOXeT  

TOHKMe MHHepanbHble  B ~ I A ~ J I ~ H M F I ) ,  M30- OCy~eCTBnRTbCs l  H a  OCHOBe KpMCTannOXMMM- 

MOP(~)HYD M PaCCeFIHHYto (H~CTPYKTYPHY~~) .  CleCKMX ~ ~ K O H O M ~ P H O C T ~ ~ .  K KpMCTannOXMMM- 

CylI$~TBytolqMe B HaCTOFIuee BpeMFl MHOTO- CleCKMM @ a t c r o p a ~ ,  O n p e A e n F I l o ~ M M  IlOTeH- 

qHCJleHHble flaHHble no XMMMCleCKOMY COCTaBY uManbHyKl  B03MOXHOCTb 3 a M e q e H M R  B KPM- 

n o p o ~ o o 6 p a 3 y t o q ~ x  MMHepanos ,  c o c T a e y  M c ~ a n n ~ q e c ~ o i  peueme OAHMX aneMeHToe  

YpOBHto C O A ~ ~ X ~ H M ~  aKueCCOpHblX MMHepa- APYrMMM, OTHOCFITCA 6 n M 3 0 c ~ b  C B O ~ C T B  aTO- 

flOB B rOpHblX I lOpOAaX f l03BOnRtoT B nepBOM MOB M MOHOB ( M O H H ~ I ~  PaAMyCbI, BaJleHTHOCTb 

n p ~ 6 n ~ x e ~ ~ u  OueHMTb npeo6na~atoq~e  M ~ p . ) ,  x a p a t c r e p  M cTpoeHMe M M H e p a n a  ( T M ~  

@OPM~I HPXOXJ,eHMFI 3neMeHTOB. XMMMCleCKMX C B F I ~ ~ ~ ,  CTpyKTypa P ~ u ~ T K M ) ,  

O f l p e ~ e f l e ~ M e  C O ~ C T B ~ H H O  MMHepanbHblX TepMOAMHaMMCleCKaFI O ~ C T ~ H O B K ~  MMHepanO- 

@OPM B BMAe OTHOCMTenbHO KPYnHblX MMHe- O ~ ~ ~ ~ O B ~ H M F I .  C YCleTOM 3TMX @~KTOPOB 

PaJlbHblX B b l A e J l e ~ M i  AOCTaTOClHO HaAeXHO B.M. B ~ ~ H ~ A C K M M  [21] Bb lAeneHb l  M ~ o M o ~ @ -  

OCylqeCTBflFleTCFl CTaHAaPTHblM MMKPOCKOnM- Hb le  PFIAbl, KOTOPble C AOnOJlHeHMFIMM aBTOpa 

qeCKMM MeTOAOM. Ha~6onee nOnH0  M BCe- no HeKOTOPblM BaXHblM B reOXMMMCleCKOM 

CTopotitie pacnpegenewe aneMeHToB B MU- CMb lcne  3 n e ~ e ~ ~ a ~  npnBeAeHb l  B ~ a 6 n .  28. 
~epanax-a~ueccop~nx ~ s y q e ~ o  B.B. J ~ F I X O B M ~ ~  H a x o x q e ~ ~ e  s n e ~ e ~ ~ a  B r o p ~ o i  n o p o ~ e  
1931. f l a ~ ~ b ~ e  more a e T o p a  o KorlMCrecTse B  TO^ MnM MHOG Ct)op~e o n p e A e n A e T c H  MHO- 

fleMeHTOB, IlPMXOAFIqMXCR H a  aKL(eCC0PHble rMMM npMClMHaMM, r J l a ~ ~ 0 i  M3 KOTOPblX FIBnA- 

Ta6n~qa 28 

k l 3 0 ~ 0 ~ C t ) ~ b l e  PFInbl ~ O ~ O A O O ~ ~ ~ ~ ~ K I U ( H X  3JleMeHTOB 

flf,bi~eqa~Me 6 C K O ~ K ~ X -  BeJlM.lMHbl MOHHblX PWMyCOB n0 B . r  ~ o I ~ ~ , ~ u M H ~ T Y  [34]. AJlFi sn2*, cr3*,  
U -no r. ~ O K M K )  [83]. 
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I 

eTCR ~ a ' i e ~ ~ ~ e ~ ~ b l f i  M K O ~ ~ M ~ ~ C T B ~ H H ~ I ~ ~  CO- KM MMHepafla-X03RMHa, AnR qer0 T P ~ ~ Y ~ T C A  
CTaB M C X O A H O ~  MarMbl. O ~ O ~ ~ ~ ~ H H O C T ~  Mar- 3HaYMTeflbHO 6 0 n b ~ e  a ~ e p r m ~ .  L 

Mbl n 0 ~ 0 ~ 0 0 6 p a 3 y D u ~ M ~  3fleMeHTaMM on- Han6onee MHePTHblMH C JHepreTMeCKMX f 
PeAeJlReT WMPOKyD PaCnpOCTpaHeHHOCTb B I l 0 3 M ~ ~ f i  RBJlRDTCR C O ~ C T B ~ H H O  MMHepaJlb- B 
nOpOAaX MaKpOMMHepaJlbHblX @ o ~ M .  A K ~ ~ c -  Hble @OPM~I. flpM 3TOM OTHOCMTeJlbHaR nOA- 
COpHble MMHepaJlbl 06pa3ym-r~~ npM 3HaqM- BMXHOCTb KOHCTMTYL(M0HHblX KOMflOHeHTOB f 
TeJlbHO 6onee HM3KOM YPOBHe ~0,4epXa~Mfi nopo,qoo6pa3y~u(~x M aKqeCCOpHblX MMHe- f 
3JleMeHTOB. M ~ O M O P @ H ~ I ~  @0pMbl BO3HMKatOT PaJlOB Cyu(eCTBeHH0 pa3nMqHa M OnpeAenR- 
rlPM COAePXaHMRX, HeAOCTaTOcIHblX PJlR 06- eTCR B OCHOBHOM Y C T O ~ ~ ' ~ M B O C T ~ K )  KOHKPeTHblX 

pa30BaHMR C O ~ C T B ~ H H ~ I X  MMHepaJlOB. 6e3- MMHepaJlOB B CpeAe @ O ~ M M ~ O B ~ H M R  rMC M 

MMHepanbHaR @ o p ~ a  xapanepHa AnR HaM- p a 3 ~ e p a ~ ~  MnHepanbHblx e b l ~ e n e ~ ~ f i .  flep- 
6onee PeAKMX XMMM'4eCKMX 3JleMeHTOB, BXO- Bblfi @aKT0p OcleBMAeH M He ~ p e 6 y e ~  KOMMeH- i 
WeHMe KOTOPblX B BMAe M ~ O M O P @ H ~ I X  npM- TapMeB. ~ ~ B M C M M O C T ~  IlOABMXHOCTM OT pas- 2 
~ e c e f i  B n o p o ~ o o 6 p a 3 y ~ u ~ e  MMHepaJlbl MepOB MMHepaJlOB IlOATBepWaeTCR 3KCfle- & -: 
I-lPOTMBOPe'4MT KPMCTaJlJlOXMMM'4eCKMM 3aKO- PMMeHTaJlbHblMM AaHHblMM. T ~ K ,  H .a. qeJlM- - 

HaM. UeBblM [I971 YCTaHOBneHO, qTO npM a n b 6 ~ -  f & 
C 3TMX n03ML(Mfi IlpOBeAeHa OpMeHTMpO- TM3aqMM MMKPOKJlMHa M MOHHOM 0 6 ~ e ~ e  Na M 

BO'4HaR OqeHKa AOnM pa3JlMclHblX @ O ~ M  Ha- K B CaHMAMHe npM YMeHbWeHMM 3epeH MMHe- 

X O w e H M R  3JleMeHTOB Ha npMMepe CTaHAapT- PaJlOB B 20 pa3 (C 1 MM A0 0.05 MM) CKOPOCTb 

HOrO rPaHMTa (~a6n.  27), pe3yJlbTaTbl KOTO- p e a ~ u ~ f i  BOspaCTaeT, a BpeMR COOTBeTCT- 

p0fi IlPMBeAeHbl B ~ a 6 n .  29. BeHHO YMeHbWaeTCR B 1500 pa3. CJleAoBa- 
fl~Jly'-le~~ble AaHHble XOpOWO COrJlaCytOT- TenbHO, 3HeprO3aTpaTbl Ha pa3pyWeHMe KPM- 

CR C ~ C T ~ H O B ~ ~ H H O ~  E. M. KBRTKOBCKMM CTaJlJlMqeCKMX pe WeTOK CBepXTOHKMX MMHe- 

(~a6n.  7) 3aBMCMMOCTbD @OPM~I  HaXO)KAeHMR PaJlbHblX ~ b l ~ e f l e ~ ~ f i  BO MHOrO pa3 HMXe, a 
3JleMeHTOB OT paCnpOCTpaHeHHOCTM MX B IlOABMXHOCTb XMMMqeCKMX KOMnOHeHTOB Bbl- 

3 e ~ ~ o f i  Kope. we, cleM AnR n o p 0 ~ 0 0 6 p a 3 y ~ ~ ~ x  M OTHOCM- 

@ 0 p ~ 0 f i  HaXOweHMR XMMMqeCKMX 3Jle- TeJlbHO KPyllHblX aKL(eCC0PHblX MMHepaJlOB. 

MeHTOB npM npOqMX PaBHblX yCJlOBMRX Onpe- no  3 ~ 0 f i  npM'4MHe npM OTCYTCTBMM, KaK OTMe- 

AeJlReTCR MX IlOABMXHOCTb B rMApOTepMaJlb- CIaJlOCb PaHee, AaHHblX 0 COOTHOLUeHMM n0A- 

H O ~  CMCTeMe, KOTOPaR B CBOD OqePeAb o6y- BMXHOCTM M ~ O M O P @ H ~ I X  M CBePXTOHKMX MMK- 

CJlOBJleHa 3HepreTMWCKMMM 3aTpaTaMM, He- POMMHepaJlbHbIX @ O ~ M  HaXOweHMR 3JleMeH- 

O ~ X O A M M ~ I M M  An54 3KCTpaKL(MM 3JleMeHTOB M3 TOB B n o p o ~ o o 6 p a 3 y ~ u ~ x  MMHepanaX 3TM 

IlePBMqHblX IlOPOA B rM,4po~epMaJlb~blfi PaC- ABe @OPM~I  I70 IlOABMXHOCTM HaMM YCJlOBHO 

TBOP. Ha~6onee IlOABMXHblMM RBJlFItOTCR O ~ ~ ~ ~ M H R ~ O T C F I  B OAHY rpynfly. 
PaCCeRHHble 3JleMeHTbl [123], TaK KaK AJlR MX T~KMM 06pa30~, C YqeTOM pa3JlMq~ofi YC- 

M O ~ M J ~ M ~ ~ ~ M M  He HyXHO TpaTMTb 3HeprMD Ha T O ~ ~ ~ M B O C T M  MMHepaJlbHblX KOMnOHeHTOB 

pa3pyLUeHMe K ~ M c T ~ J ~ J ~ M ' - I ~ c K o ~ ~  PelueTKM MM- CPeAbl @OPMMPOB~HMFI rMC 3KCrPaKqMR XM- 

HepaJlOB. Me~bwyD IlOABMXHOCTb MMetOT MMWCKMX 3JleMeHTOB rMAPOTePMaJlbHblMM 

M30~0p@~ble 3JleMeHTbl-npMMeCM, TaK KaK MX PaCTBOpaMM XapaKTepM3yeTCR cne~yDu(efi 

3KCTPaKL(MR M3 nepBMclHblX IlOpOA COnpOBOX- nOCJleAOBaTeJlbHOCTbtO (OT IlOABMXHblX K 60- 
AaeTCR ~ ~ @ O P M ~ G M F I M M  MJlM AaXe YaCTMCI- flee M H ~ P T H ~ I M ) :  

H ~ I M  p a 3 p y w e ~ ~ e ~  K P V I C T ~ ~ ~ M ~ ~ C K O ~  peweT- 

6e3MM~epaJlb~aR -) M~OMOP@H~FI  M MMKPOMMHepanbHaR -) Ma~po- M MMKpOMMHepanb- 

@ O P M ~  ( C B ~ ~ X T O H K M ~  Ilpkl~ecM) Hble (a~L(ecc0p~ble MMHe- 
~ O P M ~ I  panb~) ~ O P M ~ I  

Mi-Mn M I 

-) .,. -) M ~ O M O P @ H ~ R  M MMKPOMMHePaJlbHaR -) Ma~po- kl MMKPOMMHePaJlb- 

( C B ~ P X T O H K M ~  ~ P M M ~ C M )  H ble (a~qecc@p~ble MMHe- 

@ O P M ~ I  panb~) @OPM~I  

Mn 1 

rAe M1...Mn - nopo~oo6pasy ro~~e  M aKqeccopHble MvlHepanbl B nopRAKe ~ 0 3 p a c ~ a ~ n ~  yc- 
T O ~ ~ ~ M B O C T M  B KOHKpeTHblX @M~MKO-XMMMC~~CKMX YCJlOBMRX. 
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OMflOHeHTOB 

eTcR s~cne- 

COOTBeTCT- 

IHKMX MHHe- 

)HeHTOB Bbl- 

IX H OTHOCM- 

TOHKMX MMK- 

lMFl 3neMeH-  

3MllOHeHTOB 

~ P K O  f l p0R~J leHHb lk  aHTarOHH3M XMMMcle- 

W O  COCTaBa 3aKOHOMePHO JlOKaJlM30BaH- 

HbU B IlpOCTpaHCTBe R A ~ ~ H O ~  30Hbl  M 30Hbl  

0 6 ~ e ~ a  TMC CBMAeTeJlbCTByeT 0 reHeTMYe- 

W M  eflMHCTBe IlPOMCXOWeHMFI OpeOJlOB 

l@HTpOCTpeMMTeJlbHblX M ~ ~ H T P O ~ ~ X H ~ I X  

WMeHTOB M MX 0 6 p a 3 0 ~ a H M M  B Pe3YJlbTaTe 

BGTpelrHOrO B ~ ~ M M O O ~ M ~ H ~  KOHKpeTHblX 318- 

W H b l X  COCTaBJlRtOuMX. f l p M  3TOM BeKTOPbl 

MHVaL(MM L ( e ~ ~ p 0 6 e X H b l ~  3JleMeHTOB Ha-  

IlpaBneHbl OT L(eHTpa K I-IepM@epMM TMC, 
~TpOCTpeMMTeJlbHblX - B O ~ ~ ~ T H O M  Ha-  

IlpameHMM. 

~ O A T B ~ ~ ~ ~ H M ~ M  TaKOrO MeXaHM3Ma MM- 

ml(kltl HBJlReTCR XOpOLllaR CXOAMMOCTb Oue-  

HOK KOJlMCIeCTB ( ~ P O ~ Y K T M B H O C T ~ ~ )  BblHeCeH- 

HW( H3 f l f l epH0 i  30Hb l  M IlPMBHeCeHHblX B 30-  

HI 0 6 ~ e ~ a  L ( ~ H T P O ~ ~ X H ~ I X  3JleMeHTOB Jl,JlF( 

pa3HOpaHrOBblX A r f l  3OHaJlbHOrO CTpOeHMR. B 
M C T B e  l l pMMepa  B ~ a 6 n .  30 I lpMBeAeHbl  

WHble no OqeHKe npOAyKTMBHOCTM nOJlOXM- 

TeJlbHblX M OTPMuaTeJl bHblX OpeOJlOB A r f l  4y- 

~ ~ W ~ H C K O ~ O  PP. 
0 6 p a s o ~ a ~ ~ e  30HaJlbHblX A r f l  B pe3yJ lb -  

TaTe p a 3 ~ o ~ a n p a s n e ~ ~ o i i  MMrpaunM BblAe- 

JlReMblX AByX rpynfl 3JleMeHTOB XOpOUO o6a- 
RCHReTCFl npM 0 6 p a u e ~ n ~  K K O H B ~ K T M B H O ~  

c x e M e   enn no-~acconepe~oca [215, 2161. Co- 
rJlaCHO 3 ~ 0 h  CXeMe OCHOBHblM YCJlOBMeM 

@ Y H K ~ M O H M ~ O B ~ H M R  CMCTeMbl RBJlReTCR Ha-  

n t w e  s ~ e p r e ~ n ~ ~ e c ~ o i - o  MCTOCI H ma, KOTOP~IM 

MOrYT RBJlRTbCR p a 3 ~ 0 0 6 p a 3 H b l e  reOJlOrMre- 

CKMe C O ~ ~ I T H R ,  nPOAYL(HPYDLL(Me aKTMBM3a- 

UMK) @J~K)MAoB: CTaHOBneHMe MHTPY3MBHblX 

MaCCMBOB M 06pasosa~~e OTAeJlbHblX MX 

@as, BYJlKaHM3M, Tel'TOHMcleCKaR llepec~pofi- 
Ka, M ~ T ~ M O P @ M ~ M  M T.n. f l e p e H 0 ~  3JleMeHTOB 

B TePMOrPaAMeHTHOM none OCyLL(eCTBJlReTCFi 

B KOHBeKTMBHblX F I C ~ ~ ~ K ~ X ,  O ~ ~ C ~ ~ ~ C I M B ~ I O ~ ~ I X  

MHOTOKPaTHYD uMPKYJlRuMD PaCTBOPOB B no- 
POBO-TPeUMHHOM IlPOCTpaHCTBe no 3aMKHY- 

TOMY L(MKJlY, f l p M  3TOM H a  OTAeJlbHblX YClaCT- 

KaX CMCTeMbl H ~ ~ J ~ ~ O A ~ ~ O T C F I  KaK BOCXOAFILL(Me 

@nto~,qono~o~n, TaK M n a T e p a n b H b l e ,  HMCXO- 

ARu(ne m H a n p a s n e H H b l e  BHYTP~,  TO e c T b  B 

CTOPOHY TennOBOrO MCTOCIHMKa ( ~ M c .  17, 6). 



PHC. 23. C X ~ M ~  O ~ ~ ~ ~ O B ~ H M F I  n f l p o ~ o r e ~ ~ ~ f i  
TMC c T a p w e r o  p a H r a .  
1 - rPaHMTOMAHaFl MHTPY3MFl; 2-3 - rMn0TeTMcle- 
C K M ~ ~  Oclar 3 a p o ~ e ~ ~ ~ l  @ n m ~ , q o ~ ,  0 6 p a 3 y t o ~ ~ p 1 x  
TMC: 2 - c T a p u e r o  p a H r a  (Pfl), 3 - M n a n w e r o  
P a H r a  (PM); 4-5 - TPaHMUbl nOPOBO-TPe~MHHOrO 
npOCTpaHCTBa B ~ e p ~ 0 6 a p M c l e c K o ~  none flpM 06- 
p a s o e a t i ~ ~  TMC: 4 - c T a p w e r o  p a H r a ,  5- 
M n a a u e r o  paHra ;  6 7  - H a n p a e n e H m  n e M x e t i m  
@ n t o l r ~ o n o ~ o ~ o e  B TMC: 6- c T a p w e r o  paHra ,  
7- M n a A w e r o  patira; 8 -  s o ~ a  n o ~ b ~ w e ~ ~ o f i  
npOHML/aeMOCTM; 9 - B ~ e L l @ m ~ M f i  C Y ~ C T P ~ T ;  I& 
12 - CTpOeHkle rMC: 10 - FlnepHaR 30Ha,  11 - 
3 0 H a  0 6 ~ e ~ a .  12 - @ J l a ~ r o B a F l  3 0 H a  KOHUeHTPa- 
UMkl; 13 - OpLleHTMpOBOclHble YPOBHM CMeHbl @M- 
3MKO-XMMMcleCKMX ~ C J ~ O B M ~  @ Y H K ~ M o H M ~ o B ~ H ~ ~ F ~  
CMCTeMbl. 

P~CCMOTPMM B ~ P O F I T H ~ I ~  M e X a H M 3 M  M a c -  

c o n e p e H o c a  H a  n p M M e p e  n n y ~ o ~ o r e ~ ~ o f i  
TMC p e r M o H a n b H o r o  M n o K a n b H o r o  y p o s ~ e i .  

06pa3osa~ne I l J l yTOHOreHHb lX  rMC C T a p -  

LUMX P a H r O B  (PP, PY, Pfl) npOMCXOAMJl0  B 

~ J ~ Y ~ M H H ~ I X  yCJlOBMFlX M CBFI3aHO C npOFIB f l e -  

H M e M  KOpOBOrO r p a H M T O M A H O r 0  M a r M a T M 3 M a  B 

c p e A H M e  M n o 3 g ~ ~ e  a T a n b l  ~ ~ ~ B M T M F I  reo- 
c M H M M H ~ J ~ ~ ~ ~  M B I l e P M O A  TeKTOHO-MarMaTM- 

L ( ~ C K O ~  aKTMBM3aqMM [I 57, 124 M ~ p . 1  Kncnble 
MarMbl, C KOTOPblMM CBFI3aHbl  rMC, no 064e- 
M Y  MHeHMtO,  ~peJl,CTaBflFItOT co6oi  n a J l M H r e H -  

H b l e  pacnnasbl, B O ~ H M K U M ~  n p ~  nnasnewn 
6onee P ~ H H ~ C  K O H T M H ~ H T ~ J ~ ~ H O ~  KOPbl. B 
npoqecce n e p e M e U e H m  M a r M  K noBepxHoc- rM 

bl CTaHOBneHMFl  MHTPY3MM I lPOMCXOAMT H a -  

rpes, T e n n o s o e  p a 3 y n n o ~ ~ e ~ ~ e  M KaK  cneA- 
CTBMe POCT n p O H M u a e M O C T M  [125, 2151 KaK 
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I l O p O A  C ~ M O ~  MHTPy3MM, T a K  M HaA-, OKOnO- 

MHTpy3MBHOrO BMeLqatOLL(er0 C Y ~ C T ~ ~ T ~ .  B 
r p a H M U a X  T e p M O r p a A M e H T H O r O  I lOf lF I  MHTPY3MM 

CO3AaeTCFI  nOpOB0-TPeLL(MHH0e n p O C T p a H C T -  

B O  C MaKCMMYMOM nPOHML@eMOCTM no  OH- 
T y  ABMXeHMFI  M a r M b l  (PMC. 23). n0~0~b l  3a 
n p e A e n a M M  a T M x  rpawu FIBnFItOTcFI c B o e r o  

P O A a  ~POHMPY~OLL(MM 3 K p a H O M ,  TO e C T b  o6pa- 
3YeTCFI 3aKPb lTaF I  CMCTeMa,  B K O T O P O ~ ~  M np0- 
MCXOAMT UMPKY~FIUMFI ~ ~ P O > K A ~ ~ O L L ( M X C H  BHYT- 

p M  MHTPY3MM @J~~OMJI,OB. 

f l o ~  ~ o s ~ e i c r s ~ e ~  r p a A v l e H T a  A a s n e H m  

M T e M n e p a T y p b l  H a r M H a e T C F I  @ M n b ~ p a q M F l  

M ~ K ~ O O ~ ~ ~ M O B  @ ~ D M A O B  OT orara sapowe- 
HMFI no BOCCTaHMtO CMCTeMbl  (PMC. 23, MHTeP-  

B a n  1-2). fl0 @POHTY MX A B M X e H M R  B B e p X -  

~ e f i  r a C T M  3 0 H b l  ~ O B ~ I W ~ H H O ~  n p O H M U a e M 0 -  

CTM B03HMKatOT B T O P M r H b l e  H a n O p H b l e  H B f l e -  

HMFI ( M H T ~ P B ~ ~  2-3). @ J l t O M ~ b l  B b l A a B J l M B a -  

D T C ~  B M e H e e  n p o H M U a e M b l e  a n a ~ r o e b ~ e  30- 

H b l  CMCTeMbl  C n p e 0 6 f l a ~ a ~ M e ~  J l a T e p a f l b H b l X  

M HMCXOAFILL(MX BeKTOPOB T W ~ H M F I ~ .  f l p M  ne- 
peMeLL(eHMM BOJlHbl @ ~ ~ O M A O ~ O T O K ~  C M H T e P -  

Bans 1-2 H a  M H T e p B a J l  2-3-4 B H M X H ~ ~  r a C -  

TM 3 0 H b l  ~ O B ~ I L U ~ H H O ~  n p O H M ~ a e M O C T M  C 0 3 -  

A a e T C H  06nac~b p a 3 p F I X e H M H ,  r T 0  B b l 3 b l B a e T  

CTFIrMBaHMe @ J l t O k l ~ 0 ~  K q e H T P Y  CMCTeMbl  (MH- 

T e p e a n  4-216. 
T ~ K M M  06pa30~, H a    OH^ P e r M O H a n b H O r O  

r p a A M e H T a  A a s n e H M A  M T e M n e p a T y p b l  H a -  

6 n t 0 ~ a e ~ c ~  J lOKa f l bHaF I  aHM30TPOnMFl T e p M O -  

6 a p ~ r e c ~ o r o  I lOJlR BCJleJl,CTBMe B 0 3 H M K a t O u M X  

B 3 a K p b l ~ 0 f i  H e p a B H O M e P H O  ~ O P M C T O ~  CMCTe- 

M e ,  F I ~ f l e H M f i  C X a T M R  (~anopa)  M p a 3 P F I X e H M R  

( B ~ K Y Y M ~ ) ,  r T 0  no COBOKynHOCTM A ~ ~ ~ c T B M H  M 

npMBOAMT K UMpKyf lFIUMM @ f l t O M ~ o ~  no 3 a M K -  

HYTOMY U M M Y .  

B n p O U e C C e  AJ lMTeJ lbHOrO Pa3BMTMFI @ n ~ -  
MAHblX CMCTeM [I411 O T  B03HMKHOBeHMFI nep- 
B ~ I X  n o p y i  n o A e u l x H o r o  @ n t O ~ ~ a  AO nontio- 
r0 MCre3HOBeHMFI  T ~ M ~ ~ P ~ T Y P H O ~ ~  aHOMaJ lMM 

A B M X e H M e  @JI~OMAOB no 3aMKHYTOMY K p y r Y ,  

0 ' 4eBMAH0,  npOMCXOAMT MHOrOKPaTHO. 0 no- 
~MUMKJIM~HOCTM npoueccoe U M ~ K ~ ~ F I ~ M M  KOC- 

B e H H O  CBMJl,eTeflbCTBytOT C ~ O X H ~ I ~  X a p a K T e p  

B ~ ~ M M O O T H O U ~ H M ~  M Pa3HOnOPFIAKOBaFI H e -  

O A H O ~ O A H O C T ~  c o c T a B a ,  nopo>KAaeMb lx  @ n o  

5 
C k l ~ y a U M m  MOXHO CpaBHHTb C UMflklHAPOM ABLlra- 

T e n g  B COCTOF~HMM c x a T w ,  rne o rpaHMreHHo  npo- 
~ M u a e ~ b l f i  UMJlMHAP - 3 0 H a  ~ O B ~ I U ~ H H O ~  nPOHM- 
UaeMOCTM, IlOpLlJeHb - ~ a ~ p 0 0 6 b e ~ b l  @ J l t O l r ~ ~ B .  
6 0 HaflMclMM TecleHMFl @ ~ ~ O M A O B  OT nepM@epklM K 
UeHTpaJlbHblM ~an6onee HaPYlLleHHblM YclaCTKaM 
CBMaeTeflbCTBytOT AaHHb le  3aMepOB ~ a B n e ~ M i  80 

@ n m n ~ ~ b l x  BmtOcleHMRx M p a c n p e A e n e H M g  B HMX 

ra3OBblX KOMnOHeHTOB [113]. 



~TCFI cBoero 

aHrOBble 30- 

?MOCTM C03- 

0 Bb13blBaeT 

MOHa.nbHOr0 

)B no 3aMK- 

I aHOMaJlMM 

IeHMR B HMX 

MOM, MeTaCOMaTM'ieCKMX I lOpOA Fl~epHoi 
30Hbl M 30Hbl 06~eHa  TMC. B O C O ~ ~ H H O C T M  

[ TaKaR HeO#lOPOp,HOCTb XapaKTepHa AJlR 

' W ~ P H O ~  30Hbl M IlPOFlBJlFIeTCFl B ~ ~ o r o o 6 p a -  
MI4 CflaraDLl&lX 3Ty 30Hy MeTaCOMaTMTOB 

( ~ a n p ~ ~ e p ,  noKanbHble BKntO'ieHMR S~CMTOB,  

WJlRpMTOB CpeAM 6 e p e w ~ o ~ ) ,  B pe3KO He- 

~ ~ B H O M ~ ~ H O G ~  CTeneHM 3aMeueHMFl BMe- 

I uloll&lX nopop, MMHepaJlbHblMM ~ o ~ o o 6 p a -  
WaHHFIMM, B IlpOCTpaHCTBeHHOM paso6ue- 
#nu MMHepanos ep ,n~o i  accouMauMM (B 6e- 
V H T a X  MeTaCOMaTM'ieCKaFl CepMuHTM3a4HFl, 

I lolpqeBble npOXWlKM, 060co6ne~~n  ~ap60- 

i HaTa, BblgeneHm xnopnTa no TpeuMHaM 

msaxa M ~ .n . )  [I 391. 
: nocnegy~tqag s ~ o n m u n ~ l  TMC perMo- 

HanbHOrO YpOBHFl IlPOFlBJlFleTCFl B nO3TanHOM 

nepexoAe paccemHoro B ~OJI~UJOM o 6 a e ~ e  
@fllo~~ono~o~a K 0 6 0 ~ 0 6 n e ~ ~ m  Ha OrpaHM- 
WHH~IX no nnoua,qM y'iacmax n o ~ b ~ w e ~ ~ o i  

WHML(aeM0CTM BCe 6onee JlOKaJlbHblX M 

SHePreTMC(eCKM BCe 6onee MHTeHCMBHblX 

CTpyi. ~ T M  CTPYM, FlBJlFlRCb HOCMTeJleM 3Hep- 

IUM, C O ~ C T B ~ H H O  M npOp,yuMpytOT 06paso~a- 
HneJlOKanbHbIX TMC ( p a ~ r ~  PM, PT), Mexa- 

H H ~ M  MacconepeHoca KOTOP~IX npMHuMnM- 
W O  He OTJlM'iaeTCFl OT BblWePaCCMOTPeH- 

WO. 

B 3a~epwatouni nepnop, O ~ ~ ~ ~ O B ~ H M F I  

I N C  cTapuero patira npoMcxop,MT nap,eHMe 
MOWHOCTM M 0 6 b e ~ a  @ntO~p,ono~o~a. T ~ K M ~  
U O T ~ ~ ~ O T ~ H H  ble)) @JltOMp,bl CO3AatOT Hatlop- 
me ReneHng nMwb B c a ~ o i  ~ e p x ~ e i  'iacTM 

MeMbl (ypo~eHb5) C nOCJlep,yDuMM MX 

ewenMBaHneM 13 ~ a ~ 6 o n e e  yp,aneHHble 

m ~ r o ~ b l e  o 6 n a c ~ ~  ( u ~ ~ e p s a n  5-6). 
P ~ C C M O T P ~ H H ~ I ~  MeXaHM3M MaCCOnepe- 

ma OT UeHTpa K nep~@ep~ur M onmb K ueH- 
lay XOpOWO O ~ ~ F I C H F ~ ~ T  aHM30TPOnMtO XMMM- 

W O T O  COCTaBa 3JleMeHTOB CTPYlCTYPbl 30- 

nanbHblx TMC, HO Ha nepeb~i  ~3rn~1 ,q  Haxo- 
WCR B nPOTMBOPe'iMM C CyueCTBytOU(MMM 

npeACTaBJleHMFlMM [77, 127, 104 M AP.] 0 60- 
llse PaHHeM 06pa30~aHM~ nt?pM@epkliHbl~ 

WCOMaTMTOB CTaAMM cy6ueno'i~oro MeTa- 

dMaTO3a (30Ha 06~eHa) no OTHOWeHMtO K 

W A a M  CTaAMM KMCJlOTHOrO BblueJla'iMBa- 

mR, 3aHMMaDuMX UeHTpaJlbHble n03MuMM B 

m e M a x  ( f i ~ e p ~ a g  so~a ) .  ~ T M  npomeope- 
BIR MOrYT 6bl~b CHFlTbl, eCJlM PaCCMaTpMBaTb 

WqeCCbl M O ~ M ~ M ~ ~ ~ M M  ( ~ K C T P ~ K ~ M M ) ,  nepe- 
tl OCa>yqeHMFl BeueCTBa, B MeHFlDqeM- 

ff KHCJlOTHO-ueJlOC1HOM PeXMMe 06pasoea- 
rMC, KaK @ Y H K ~ M ~ O  nOp,BMXHOCTM XMMM- 

W X  KOMllOHeHTOB. 

C 

IlpM K ~ ' ~ ~ C T B ~ H H O ~  0,4HOpOAHOCTM CpeAbl 

O ~ ~ ~ ~ O B ~ H M F I  TMC (pasp,en 5.2) peanbHaR 

IlOABMXHOCTb 3JleMeHTOB Onpe~eJlFleTCFl 

npewe BCerO KMCJlOTHO-UeJlO'iH blMM yCJl0- 

BMFIMM @ ~ H K ~ M O H M P O B ~ H M F I  CMCTeMbl, CBO~CT-  

BaMM CaMMX KOMnOHeHTOB (Mx @OPM MMrpa- 

~ M M ) ,  a Tame YpOBHeM KOHueHTpauMM 3Jle- 

MeHTOB B B O ~ ~ , ~ ~ C T B Y ~ O ~ ~ M  @JltOMp,e [78, 123 
M ~p.1.  

CpeAM CyueCTBytOuMX TO'ieK 3PeHMFI 0 

@ O ~ M ~ X  MMrPauMM XMMM'ieCKMX 3JleMeHTOB 6 

@J l tO l I~a~  ~ a ~ 6 o n e e  nOnyJlRpHblMM FlBJlFltOTCFl 

rMnOTe3bl 0 MMrPauMM B BMAe MOHOB [78, 19 M 

~ p . 1  M KOMnJleKCHblX C O ~ A M H ~ H M ~  (xJl0p-, 

r ~ p , p o ~ o ~ n n e ~ c o s )  [28, 124 M ~ p . 1  Aonyc~ag 

~~0r006pa3Me @ O ~ M  MMrpauMM, PaCCMOTPMM 

MX nOp,BMXHOCTb B pa3JlM'iHblX KMCJlOTHO-qe- 

JlO'iHblX YCJlOBMFIX. 

I ~ O ~ B M X H O C T ~  ~ J - I ~ M ~ H T O B  B M O H H O ~  @op- 
Me Onpe~eJlFleTCFl KMCJlOTHO-ueJlO'iHblMM 

C B O ~ C T B ~ M M  KaTMOHOB, AJlFl OueHKM KOTOPblX 

A.C. KOPXMHCKMM npep,JlOXeHO MCnOJlb3OBaTb 

BeJlM'iMHy nOTeHuMaJla MOHM3aqMM [78]. no 
ST OM^ no~a3a~ent0 c y'ieToM npeMMyqecT- 

B ~ H H O ~  MMrpauMM 3JleMeHTOB nepe~eHH0i 

BaJleHTHOCTM B BMAe KaTMOHOB MX HM3UJMX 

B ~ J ~ ~ H T H O C T ~ ~  [39] pFl4 3JleMeHTOB OT OCHOB- 

HblX K KMCJlblM 6 y ~ e ~  MMeTb cJlep,ytO~kli BMA: 
Cs'- Rb'- K'- Na'- Li'- A '- Cu'- Ba2'- 
s++ - Ti2' - v2+ - sn2+ - M j '  ,pb2+ - ~ n ~ ' -  
Fez'- c p -  co2'- zn2'- Ni2'- Be2'- Hg2'- 
Th3'- y3'- sb3+- Bi3+ - AS3+ - AU3+ - Ga3'- 
zr4' - w4' - B3' - Nb4+ - si4+ - Ge4' - Mo4'- 
p5+. 

K ~ K  BMAHO ~3 npMsep,eHHoro pma, B pe- 
XMMe KMCflOTHOrO BblueJla'iMBaHMFl 6 y ~ y ~  
llOp,BMXHbl B CMJly CBOMX OCHOBHblX CBO~CTB 

KaTMOHbl cna6blx M CMJlbHblX O C H O B ~ H M ~ ,  

6onbwa~1 WCTb KOTOPblX C O ~ C T B ~ H H O  M OTHO- 

CMTCFI K rpynne ~ ~ H T P O ~ ~ X H ~ I X  3JleMeHTOB. 

Ha 3 ~ 0 i  CTaQMM npM 0 6 F I 3 a ~ e n b ~ 0 ~  YCJlOBMM 

p,e@MuM~a 3TMX 3JleMeHTOB B KMCJlblX PaC- 
TBOpaX I l p O M C X O ~ M T  MX 3KCTPaKuMFI M3 KOpeH- 

Horo C Y ~ C T ~ ~ T ~  c nocnep,ytOuei ~ ~ r p a u ~ e i  
B nepM@epM'ie~~kle 'iaCTM CMCTeMbl. OC~~BMA-  
HO, ClTO 3TM IlpOueCCbl MOrYT nPOXOp,MTb KaK 
6e3 M3MeHeHMFI MMHepaJlbHOrO COCTaBa 

BMeuatOqnx nopop, B cny'iae BKcTpaKuMM 

~ a ~ 6 o n e e  nOp,BMXHblX 6e3~MHepaJlb~blx 

@OPM HaXO>KAeHHFI 3JleMeHTOB, TaK M C o6pa- 
3OBaHMeM KBapu-CBeTJlOCJltO~MCTblX MeTaCO- 

MaTMTOB pa3JlM'iHblX C T W ~ H ~ G  3aMeueHMFl 



flpM M O ~ M ~ M ~ ~ U M M  PaCTBOpaMM MaKPO- M 

MMKPOMMHePaJlbHblX @OPM. B ueJlO'4HblX YC- 

JlOBMRX npM aHaJlOrMqHblX OTPaHMqeHMRX no 
ypOBHtO C O A ~ ~ X ~ H M ~ ~  3JleMeHTOB B B O ~ A ~ ~ C T -  

BytOuMX PaCTBOpaX CMTYa4MR IlpOTMBOllO- 
JlOXHaH: ~06LlJ lb~bl  KaTMOHbl C KMCJlblMM 

C B O ~ C T B ~ M M  npaB0fi rlaCTM BblUleflPMBefieH- 

HOrO PRAa, TO eCTb qeHTpOCTpeMMTenbHble 

3JleMeHTb1, MHePTHbl - C OCHOBHblMM ( L ( ~ H -  

~ p 0 6 e x ~ b l e  3 J l e ~ e ~ ~ b l ) .  

~ ~ O A B M X H O C T ~  3neMeHTOB B @ O P M ~  KOM- 

nneKctiblx c o e ~ ~ ~ e ~ ~ i  onpeAenReTcn MX yc- 
T O ~ ~ M B O C T ~ I O  B pexme naAeHmn TeMnepaTy- 

pbl, AasneHmn M ~ e i ~ p a n ~ a a ~ m ~  ct>mnb~pym- 

UMXCR PaCTBOpOB, nPMBOAFIuMX K MX pa3nO- 
XeHMH) M OCaXAeHMtO KOMnOHeHTOB KOMllJleK- 

COB [I 561. B Karecree n o ~ a 3 a ~ e n ~  Y C T O ~ ~ M -  

BOCTM K.6. ~ U M M M P C K M ~  [no pa6o~e 1231 
npefiJl0XMn MCnOJlb3OBaTb pa3HOCTb Mewy 

llOTeHL(MaJlaMM MOHM3a4MM aTOMa M TenJlOTbl 

rMApaTaqMM MOHa. no 3TOMy flOKa3aTeJltO MM 

BblAeneH cnefiytou~h ~ F I A  (OT MeHee K 6onee 
~ C T O ~ ~ M B ~ I M ) :  Au' - Ag' - Cut - Rb' - Cs' - 
Kt - Na' - Li'- Hg2' - pb2' - cU2'- zn2' - 
Ni2' - cO2' - Fez' - Mn2' - Mg2' - S? - Ba2' - 
ca2' - Bi3' - cO3' - Fe3' - cr3' - A13' - La3'. 
K ~ K  BMAHO M3 IlPMBefieHHOrO PRAa, 6onee YC- 

TO~NMB~I, a cneAoeaTenbHo, M noAeMxHbl 

4 e ~ ~ p 0 6 e x ~ b l e  3neMeHTb1, PaCnOnOXeHHble 

B npasoh ero r a c w  Mewy ~ i ~ '  M cr3', no 
CpaBHeHMtO C L(eHTp0CTpeMMTenbHblMM 3ne- 

MeHTaMM. 

0 COCTaBe M KMCJlOTHO-uenOqHblX C B O ~ -  

cTsax @ n t O ~ ~ o s  B nepMog MX s a p o > r ~ r l e ~ ~ ~  B 

~a~0f i -TO CTeneHM MOXHO CYAMTb no AaHHblM 

T ~ ~ M O ~ ~ ~ O X M M M ~ ~ C K M X  M 3KCnepMMeHTanb- 

H ~ I X  ~ c c n e ~ o e a ~ ~ h .  
Pe3ynb~a~bl  M3YCleHMR ra30B0-XMAKMX 

BKJltOc(e~Mfi B MMHepanaX CBMfieTenbCTBytOT, 

c(T0 BblCOKOHarPeTble r J l y 6 ~ ~ ~ b l e  PaCTBOPbl 

MMetOT X ~ O P M ~ H O - H ~ T P O B ~ I ~  COCTaB, COAep- 
XaT yrne- M KPeMHeKMCJlOTbl, @TOP, ~aJlMi,  
~anbl(M2, M ~ T H M ~  M PeAKMe ueJl0clL-l [156]. 
M C C ~ ~ A O B ~ H M R M M  r.6. M 6.6. H~YMOB~IX,  
B.A. fiopoct>eeBa (1 975, 1977) YCTaHOBneHO, 

cr~o TaKMe xnopMAHble, a Tame yrnewcnble 

pacTaopbl n p ~  B~ICOKMX TeMnepaTypax m n H -  

tOTCR 6onee UeJlOqHblMM, q€!M WCTaFI BOAa, 

TO eCTb MMetOT cy6~efiTpanb~yt0, cna6owe- 
norHytO peaKUMtO. 

0 MMKpO3neMeHTHOM COCTaBe OTAeJlflto- 

UMXCR OT MarMbl @ J ~ ~ O M ~ ~ O B  MOXHO CYAMTb no 
pe3ynbTaTaM CMCTeMaTM3a4MM M 0 6 0 6 w e ~ ~ R  

3HaqMTeJlbHOrO no o 6 a e ~ y  3KCnepMMeHTaJlb- 

Horo MaTepMana, nposegeHHblx H.M. X ~ ~ a p o -  
BblM C COaBTOpaMM [I881 M r.6. H ~ Y M O B ~ I M  

[113]. f l0 3TMM AaHHblM B ~ ~ B H O B ~ C H O ~  CMC- 

TeMe r p a ~ ~ ~ ~ b l f i  pa~l' lJla~-@JltOM~ TaKMe 
3JleMeHTb1, KaK W, Sn, U, TR, Sr, Ba (B OC- 

HOBHOM 4eHTPOCTPeMMTeJlbHble - IlPUM. 

aem.), HaKannMsatOTcg He BO @ntOnAe, a B 

rPaHMTHOM pacnnase, TOrAa KaK Fe, Mn, CIA, 
CO, Nil Cr (~MIlMq~ble u e ~ ~ p 0 6 e x ~ b l e  3ne- 

M ~ H T ~ I ) ,  H ~ O ~ O P O T ,  IlePeXOART BO @ntOMfl. 

~ P M  3TOM COAePXaHMR B rPaHMTHOM PaCflJla- 

Be no CpaBHeHMtO C @ ~ ~ O M A O M ,  HaflpMMep 

Ann onosa, ppesblwaw B 5-200 pas, Ansl 

YpaHa - B 10-50 pas. ~ T M  AaHHble nnOX0 

yBR3blBatoTCR C flpeACTaBneHMFlMM 0 py~006- 
pasytouei ponM @ n m ~ ~ o e  npM 06pa30Ba~MM 

M ~ C T O ~ O > K A ~ H M ~ ,  CBR3aHHblX C TpaHMTOMA- 

HblM MaTMaTM3MOM. T ~ K M ~  IlpOTMBOpeclMFI 

3KCflepMMeHTanbHblX M TeOpeTMqeCKMX MC- 

~JlefloBa~Mh MOrYT M, BePORTHO, 06ycnoene- 
Hbl TeM, qTO npOBeAeHHble 3KCnepMMeHTbl He 

YqMTblBatOT C ~ O X H ~ I ~ ~  M MHOTOCTOPOHHM~ Me- 

XaHM3M MMrpaqMM M OTJlOXeHMR PYAHOrO Be- 

UeCTBa; OHM MOAeJlMpytOT nMUb ~e60nbl~10i1 

B P ~ M ~ H H O ~  MHTepBan, npMc(eM OAHOrO M3 

PaHHMX 3TanOB 06pa30Ba~MR rMC ( p a ~ r ~  PP, 
PY, PIT) B PaMKaX AJlMTenbHOrO M MHOrO- 

YpOBHeBOrO flpOl(eCCa pyAOKOHL(eHTpaUMM. 

T~KMM 06pa30~, IlpeACTaBneHHble AaH- 
Hble 0 COCTaBe M KMCnOTHOCTM @ ~ ~ O M A O B  no- 
3BOnRtoT npeAflOnOXMTb, qT0 B flepMOA MX 

aapoxqqe~mn M B Haqane ct>~nb~paqnn B Mar- 

MaTMqeCKOM Oclare OHM MMeIOT cy6~e i~paJ lb -  

Hyto cna60uenoq~yt0 PeaKUMtO, OTHOCMTeJlb- 

HO HaCblueHbl cJla6bl~b-l M CMJlbHblMM OCHO- 

BaHMFIMM, TO eCTb He C ~ O C O ~ H ~ I  IlPOM3BOAMTb 

KMcnoTHoe BbluenacrMBaHMe. 

flpM 3TOM YCJlOBMM B COOTBeTCTBMM C Bbl- 

WePaCCMOTPeHHblM MeXaHM3MOM KOHBeKTMB- 

Horo ~enn06apo~acconepe~oca ( p ~ c .  23) 
MMHepanOrO-TeOXMMMqeCKaR 3BOJltOqMfi nny- 
ToHoreHHblx TMC npeAmaanReTcfi B cne- 
AytOueM BMAe. 

B ~ a r a n b ~ b l c  flepMOA @MJlb~paqMM cy6- 
~en~panbHblx @JltOMfl0~ ( M H T ~ P B ~ ~  1-3) KM- 

CJlOTHOe BblUenaCIMBaHMe B TPaAMqMOHHOM 

nOHMMaHMM C 06pa306a~Me~ KBapq-CBeT- 

JlOCntOAMCTblX MeTaCOMaTMTOB He flPOMCXO- 

AMT. ~ P M  3TOM1 KaK CJleAyeT M3 3KCflepMMeH- 

TaJlbHblX AaHHblX, BflOnHe B03MOXHa 3KC- 

TpaKUMFI ~ a ~ 6 o n e e  flOABMXHblX 6 e 3 ~ M ~ e -  
PanbHblX @OPM H a X O w e H M R  3JleMeHTOB 6e3 
M3MeHeHMR MMHepaJlbHOrO COcTaBa BMe- 

watouero cy6mpa~a. P R ~  ~ P O C T ~ I X  onblToa 

flOKa3blBaeT, c(T0 AaXe BOAFIHO~~ nap He TOJlb- 

KO flpM BblCOKMX (600°C), HO M OTHOCWfenbHO 

yMepeHHblx TeMnepaTypax (300°C) B  TOM 

OTHOLUeHMM BeCbMa arpeCCMBeH. 6 qaCTH0- 



3ecHoi CMC- 

OHA TaKMe 

; Ba (B oc- - npUM. 

imuAe, a B 
:e, Mn, Cu, 
!)KHble 3ne- 

30 @nto~q. 

OM pacnna- 
HanpMMep 

3 pas, AnR 
Hble nJlOXO 

I o py~006- 

i p a 3 0 s a ~ ~ ~  
TPaHMTOMA- 

ITMBOPeClMR 

leCKHX MC- 

16ycnoene- 
MMeHTbl H e  

) O H H H ~  Me- 

YAHOrO Be- 
ie6onbuoa 

OBHoro M3 

( p a ~ r ~  PP, 
H MHOrO- 

Tpaum. 
+Hble AaH- 

ionAoe no- 
1epHoA MX 

L(MH B Mar- 
i ~ e i ~ p a n b -  

'HOCMTeJl b- 

aIMM OCHO- 

OH3BOAMTb 

'BHM C B bl- 

(OHBeKTM B- 

(puc. 23) 
O ~ H F ~  nny- 
FI B cne- 

a q m  cy6- 
1 1-3) KM- 

HL(HOHH0M 

apwBeT-  
npoucxo- 

:nepmeH- 

OKHa 3KC- 

6 e s ~ ~ ~ e -  
~ H T O B  683 

1Ba BMe- 

X OnblTOB 

He TOnb- 

lckkenb~o 

) B 3TOM 

3 qaCTH0- 

CTH, npM ~ o s ~ e f i c - ~ B M M  napa Ha rpaHm B ~ I H O C  

~3 Hero V, Ti, CO, Ni, Cr, Be, Pb, Rb, TO ecTb 

I flpeHMylL(eCTBeHH0 ~ ~ H T P O ~ ~ X H ~ I X  3JleMeH- 

Toe, cocTaenReT 6onee 50% McxoAHoro co- 
1 AepXaHMFI B IlOpOAe [I&!]. 
I F\aflb~eiLUee CHMXeHMe TeMnepaTypbl M 

' AaeneHtw no x o ~ y  @nnb~paqm @nto~Aos 

t ( ~ ~ ~ e p e a n  3-41 npnsoAnT K BcKMnaHMm pac- 
[ ~eopoe BcneAcTsMe yAaneHm M ~ ~ ~ I T O C ~ H O ~  

, YrfleKHCJlOTbl B C O ~ C T B ~ H H Y ~  @a3y M COOT- 

BeTcTBeHHO YMeHbWeHMR ee COAepXaHMR B 

pacrsope (Aopo@ees, H a y ~ o s ,  1974).   TOT 
npoqecc B COBOKY~HOCTM c npoqeccoM Ha- 

CblUeHMR PaCTBOPOB ~ n a 6 b 1 ~ ~  OCHOBaHMRMM 

( H H T ~ ~ B ~ J ~  1-3) B KOHeClHOM MTOre nPMBOAMT 

K 06UeMy CHMXeHMtO KMCnOTHOCTM PaCTBOPOB 

H Pa3BMTHD CTaAM M cy6ueno~l~oro MeTaCO- 

MaTosa (no A.C. KOPXMHCKOM~ - paHHm 

uenor~afl) C 06pa30BaHMeM Ca-Mg-Fe Me- 

TaCOMaTklTOB (30Ha 0 6 ~ e ~ a ) .  Ha 3 ~ 0 i  CTaAMM 

reoxMMMqecKan ~ B O ~ ~ O ~ M R  CMcTeMbl npog~ -  

JlReTCFl B aKTLl~H0fi 3KCTPaKL&lM XMMMCleCKMX 

KOMflOHeHTOB C KMCnblMM C B O ~ ~ C T B ~ M M  ( u ~ H -  

TPOCTpeMMTenbHblX ~ J ~ ~ M ~ H T o B )  M3 BMe- 

4aloUMx nopoA M n o ~ a n ~ 3 a ~ t - 1 ~  cna6blx oc- 
H O B ~ H M ~ ~  ( L @ H T P O ~ ~ X H ~ I X  ~ ~ ~ M ~ H T o B ) ,  KaK 
6 y ~ e ~  flOKa3aHO HMXe, 6 OCHOBHOM B TeMHO- 

UeeTHbIx Ca-Mg-Fe antoMocmnMKaTax. 

B xoAe nocneAytOlqero CTRruBaHwi pac- 
TBOPOB B L(eHTpanbHble WCTM 06pa3ytouefic~ 
CMCTeMbl ( M H T ~ P B ~ ~  4-2) n0A BnMRHMeM 

BHelUHMX @ ~ K T O P O B  (P, T) M HaCblueHMR MX 

KHCnOTHblMM KOMnOHeHTaMM BO3paCTaeT KM- 

CJOTHOCTb PaCTBOPOB. ~ P O M C X O A M T  KMCJlOT- 

Hoe BbllL(enaClMBaHMe IlOpOA C 0 6 p a 3 0 s a ~ ~ e ~  

Ksapq-CBeTnOCnmAMCTblX MeTaCOMaTMCleCKMX 

accoq~aqni ~ ~ e p ~ o f i  ~ O H ~ I .  npoqecc conpo- 
BOwPeTCfl OCaWeHMeM KMCnblX KOMflOHeH- 

TOE H ~ K C T P ~ K U M ~ ~ ~  OCHOBHblX. 

4aJlbHefilUaR uMpKyJlfluMfl PaCTBOpOB no 
3aMKHYTOMY UMKJlY MOXeT HeOAHOKPaTHO no- 
BTOPFlTbCfl BnJlOTb A0 MCcle3HOBeHMR TepMO- 

rp@HeH~~of i  aHOManMM flpM flpMHuMnManbH0 

aHaSlOTMClHblX rlpOqeCCaX M O ~ M J ~ M ~ ~ ~ M M ,  

~ H C l l O p T a  M O C a w e H M R  XMMMCleCKMX KOM- 

IlOHeHTOB. B 3TOT IlePMOA 06pa30~a~t- l~ CMC- 

TeMbl OTnOXeHMe BeLqeCTBa CBR3aHO He 

TOnbKO C kl3MeHeHMeM @ M ~ M C ~ ~ C K M X  IlapaMeT- 
PO0 B 06nac-r~ TeCleHMR @ J ~ ~ O M ~ O ~ O T O K ~ ,  HO M 

C Cy~eCTBOBaHMeM HeflOABMXHblX TeOXMMM- 

recKux 6apbep0~ [I31 M ~p .1 .  T ~ K M M M  6apbe- 

PaMH B @Mnb~py tOue~~f l  nOTOKe KMCJlblX 

PacTBOpOB Anfl ~ ~ H T P O ~ ~ X H ~ I X  3neMeHTOB 

RMROTCR paHee 06pa30BaHHble cy6ueno~l- 
Hble MeTaCOMaTMTbl, TOrAa KaK AnR UeHTPO- 
CTPeMMTeflbHblX 3JleMeHTOB - KMCrlble MeTa- 

COMaTMTbl. 

B eue 60nbuefi cTeneHM ~ o s p a c ~ a e ~  
POnb MeTaCOMaTMCleCKMX ROPOA KaK HeIlOA- 
BMXHblX reOXMMMCleCKMX 6apbepoB' flpM o6pa- 
30BaHMM nOKanbHblX rMC B IlpeAeJlaX CMCTeM 

PerMOHaJlbHblX yp0BHefi. flpM CXOXeM XapaK- 
Tepe ~ ~ ~ e p a n o r o - r e o x ~ ~ ~ ~ l e c ~ o f i  3 ~ 0 n t o u ~ ~  

MnaAmure KaK npamno, p a s s n s a t ~ ~ c ~  
B pe3KO H ~ O A H O ~ O A H O ~ ~  I l O  KMCnOTHO-LqenOCl- 

HblM C B O ~ C T B ~ M  CpeAe rpaHMclHblX o 6 n a c ~ e i  
RAepH0fi 30Hbl M 30Hbl 06Me~a rMC CTaPLUMX 

patlros, n o p o ~ b ~  KOTOP~IX M fiBnRmTcR COOT- 

BeTCTBeHHO KMCJlblMM M UenOClHblMM 6apbe- 

paMM. 

~ ~ O M M M O  MeTaCOMaTMTOB reOXMMMCleCKMMM 

6apbepaMM O C a W e H M R  KaK  ~ ~ H T P O ~ ~ X H ~ I X ,  

TaK M ueHTpOCTpeMMTenbHblX 3neMeHTOB MO- 

TyT 6b l~b  pa3~006pa3~bie MarMaTMCleCKMe M 

OCaAOClHble flOpOAbl. flpM 3TOM B 3aBMCMMO- 

CTM OT CpeAbl I lpOueCC KMC~OTHO-uen0ClH0fi 

3BOJltOqMM PaCTBOPOB MOXeT MMeTb OTHOCM- 

TenbHO IlnaBHblfi MJlM ~~ac l~006pa3~b l f i  Xa- 

PaKTep. T ~ K ,  Ha XeCTKMX UeJlOClHblX 6apbe- 

pax ( K ~ P ~ O H ~ T H ~ I ~  nopo~br) ~ a 6 n m ~ a e ~ c ~ i  
p e 3 ~ a ~  ~ e f i ~ p a n m a u ~ g  Klncnblx pacTsopoe. 
f l p ~  3TOM 06pa3yt0~cfl pa3~006pa3Hble CKap- 
Hbl M CKaPHOMAbl. ~ T M  MeTaCOMaTMTbl TMflMCl- 

H ~ I  AnR ~ O H N  o 6 ~ e ~ a  TMC paHros PY, Pll. 
MFITKMMM lqeJlOclHblMM 6apbepa~M MOrYT RB- 

nflTbCR MarMaTMCleCKMe 06pa306a~m~ (,4afi~M, 
LUTOKM, cMnnbl m T.A.) UenoC(Hor0, ynbTpaoc- 

HOBHOTO, OCHOBHOrO, 6 ~eHbLUei CTefleHM 

cpeAHero cocTasa. Ha Tawx 6apbepax Ha- 
6 n m ~ a e ~ c ~  noKanbHoe ~ o s p a c ~ a ~ ~ e  cTeneHM 
MeTaCOMaTMCleCKMX 3aMeueHMfi B rpaHMuaX 
MeHee KoHTpacTHoro apeana ~ ~ ~ B M T M F I  KOH- 

K ~ ~ T H O G  M ~ T ~ C O M ~ T M C ~ ~ C K O ~  aCCOuMauMM. 

~ P M  3TOM MHTeHCMBHOMY MeTaCOMaT03y n0A- 

BepratOTCR KaK CaMM 6apbepHble IlOpOAbl, TaK 

M MX 3K30KOHTaKTOBble 30Hbl. T M ~ M C I H ~ ~ M  npM- 
MepOM MRrKOrO 6apbepa RBJlRtOTCR O ~ ~ ~ C T M  

~ ~ ~ B M T M R  AaeK cpeAHero cocTaea B nep~@e- 
pMCleCKMX ClaCTflX rMC ~ ~ M C K O ~ O  PY (CeB. 
n p ~ a ~ y p b e ) ,  K KOTOPblM flpMypOCleHbl 

((BcnnecKm) n p o n ~ n ~ ~ ~ s a q ~ ~  Ha @ o ~ e  cna- 
~ O ~ ~ P O F I B ~ ~ H H ~ I X  MeTaCOMaTMCleCKMX IlOpOA. 

P ~ C C M O T ~ ~ H H ~ I ~  o 6 l q ~ e  3aKOHOMepHOCTM 

~ ~ ~ e p a n o r o - r e o x n ~ ~ c l e c ~ o f i  3 ~ 0 n m u ~ ~  KOH- 

KpeTM3MpyeM I l O  YPOBHHM OpraHM3aqMM rMC 
Ha cTaAw KMcnoTHoro BbluenarwaaHulfl M 

cy6~qenor~of i  cTaAMM. 



n p ~ ~ e q a ~ ~ e .  q - Ksapq fsp - ~anmeeblb nonesob LunaT, pl - nnar~o~na3 (on~romaa), bt - ~ M O T M T ,  

arnf - a~@160fl, py - nMpOKCeH, mu - MYCKOBMT, ab - anb6MT, SrC - CePMUMT, ad - a ~ ~ a n y 3 M ~ ,  
chi - XJlOpMT, Ca - KaflbqMT, mm - MOHTMOPMnnOHMT, kl - KaOflHHMT. 

M ~ T ~ C O M ~ T H T ~ I  
rpet73e~br 

6epe3MTbl 

BTOPMC(H~I~ KBaPuMTbl 

AprMnnM3MTbl 

TonbKo o 6 p a 3 0 s a ~ ~ e  MnaALuMx clneHoe B 

npeAenax TMC cTapuvlx patiroe, HO M cTe- 
neHb nOpO>KAaeMblX nOTOKOM MeTaCOMaTMCle- 

CKMX flpe06pa30Ba~Mi1 KOpeHHOrO C Y ~ C T P ~ T ~  

Ha KOHKPeTHOM YPOBHe OpraHM3auMM. B 3TOM 

cnycrae cneAcTsMeM nocneAosaTenbHoro 

o 6 o c o 6 n e ~ ~ ~ l  3HepreTMclecKM Bce 6onee MH- 

TeHCvlBHblX C T ~ Y ~  FlBnFleTCR 30HHOe CTpOeHMe 

MeTaCOMaTMqeCKMX 06pa30~a~MiI.  6 OCHOB- 

HOM OH0 XapaKTepHO An54 MeTaCOMaTMcleCKMX 

I lOpOA JlOKanbHblX TMC M npOFlBnFleTC5l B On- 

p e a e n e ~ ~ o i  n o c n e ~ o e a ~ e n b ~ o i  cMeHe Me- 

TacoMaTMclecKMx  OH pa3n~cr~oGi c-reneHM Me- 

TaCOMaTMCleCKMX npe06pa30~a~Mi  OT HeM3- 

MeHeHHblX flOpOA A0 flOJlHOflpORBfleHHblX Me- 

KOHWH~IM nPOAYKTOM MX 3aMeLUeHMFI npM 
LUMPOKMX BaPMaL(M5lX IlPOMeXYTOclHblX MeTa- 

COMaTMcleCKMX MM HepaJlOB FIBn ADTCF! MYCKO- 

BMT, ero rlrApoaHanorM (~MAPOMYCKOBMT, ce- 

PML(MT) 10 KBaP4 T ~ K M M  06pa30~, B 0606- 
lL(eHH0M BklAe BHe 3aBklCMMOCTM OT TMna 06- 
pa3yDtqMXCFl KMCnblX MeTaCOMaTMTOB MOXHO 

BblflenMTb CneAytOLL(ytO nOCneAOBaTenbHOCTb 

T M ~ M ~ ~ H ~ I X  pea~umi  3aMetqeHMn: 

I) bt(amf, py)+(chl, ca, mm)+mu(src); 
2) pl-+ab+mu(src); 
3) fsp+mu(src); 
4) mu(src)+(ad, kl)-+q. 

K a w o k  M3 BblAeneHHblX pea~L(Mh COOT- 

BeTCTBYeT CBOFl MeTaCOMaTMcleCKaFl 30Ha, 

MMeIOU(aFl 3~aqMTenb~bl i  B ~ ~ M ~ H H O ~  MHTep- 

Ban @ O ~ M M ~ O B ~ H M ~  [139], B paMKax c-rawo- 
HapHoro vl BecbMa AnwenbHoro @YHK~MOHM- 

posaHm r r / r ~ p o ~ e p ~ a n b ~ o - ~ e ~ a c o ~ a ~ w e -  
C K O ~  CMCTeMbl B L(eJlOM [8'l]. B 3TOM KOHTeK- 

CTe TaKMe BpeMeHHble MHTepBanbl MOXHO C 

H ~ K O T O ~ O ~ ~  ~ 0 n e h  yCn0BHOCTM PaCCMaTpM- 

BaTb no aHanOrMM C O ~ O ~ H ~ ~ ~ ~ H M H M M  MHTep- 

BanoB reonorMclecKoro BpeMeHM MarMaTMcle- 

C K O ~  AeFITenbHOCTM, KaK OTAenbHble @a3bl 

npoqecca KMcnoTHoro B ~ I  ~ ( e n a c l ~ ~ a ~ ~ ~ l .  Ha- 

MMHepanbHblfi COCTaB 30H 

1. q, fsp, pl, arnf ( r p a ~ ~ ~ )  

2. q, fsp, ab, mu 
3. q, fsp, mu 
4. q, mu 3 rpefi- 

5. q 3 3eHbl 

1. q, fsp, pl, bt ( ~ P ~ H M T )  

2. q, fsp, pl, src 
3. q, fsp, ab, src 
4. q, fsp, src 
5. q, src 6epe- 

6. q 4 3MTbI 

1. q, fsp, PI, bt (TP~HHT) 

2. q, fsp, ab, src 
3. q, fsp, src 
4. q, src 4 e ~ o p ~ q -  

5. q, ad 4 Hble 

6. q 4 KBapuMTbl 

1. q, fsp, PI, arnf ( ~ P ~ H M T )  
2. q, fsp, pl, chl, ca 
3. q, fsp, ab, src, rnrn 
4. q, kl, src apr~n- 
5. q, kl + nM3M-  

6. q + T ~ I  

P~~KI.IMM 3aMeUeHMR 

pl-ab, bt-mu 

ab-mu 
fsp-mu 
rn u-q 
- 

b t-s rc 
pl-ab 

a b-s rc 

fsp-src 
s rc-q 
- 

PI-a b, bt-S~C 
ab-src 
fsp-src 
src-ad 

ad-q 
- 

bt, amf-~hl, ca 
pl-ab, chl, ca-rnm 
fsp, ab, mm-src, kl 

src-kl 
kl-q 
- 



i ~ ~ 1  npM 
IX MeTa- 

I MYCKO- 

BMT, ce- 
B 0606- 
-ma 06- 

I MOXHO 

JlbHOCTb 

I (src); 

h COOT- 

I 3 o ~ a ,  

MHTeP- 

CTaqno- 
KqMOHM- 

flaTMre- 

KOHTeK- 

OXHO C 

:MaTpn- 
MHTep- 

damre- 
@a3bl 

19. Ha- 

I HeHHRM nOpOA. 
I lep~aa @ass (01) oTpaxaeTcn B 0 6 u e ~  

I oceeTnetiMM n o p o ~  B p e 3 y n b ~ a ~ e  P ~ ~ B M T M F I  

[ CBeTJlblX CnDA no TeMHOuBeTHblM MMHepa- 

naM (bt, amf, py). n p 0 l - p ~ ~  H O B O O ~ ~ ~ ~ O B ~ H -  
i 

HblX MMHepaJlOB AnFI TMflMclHblX CMJlMKaTHblX 

Cpefl npbl CTOflPOqeHTHOM 3aMeueHMM TeM- 

HOuBeTHblX MMHepanOB ~0fle6ne~CFI OT eAM- 

H#u flO 30% (AnFI rpaHMTOB A0 6%), TO eCTb 

06pa3ytoul~ec~ MeTaCOMaTMTbl no CTefleHM 

MeTaCOMaTMCleCKMX n p e 0 6 p a 3 0 s a ~ ~ i  [I 391 
OTHOCFlTCFl K C J ~ ~ ~ O ~ ~ O F I B J ~ ~ H H ~ ~ M .  

B T O ~ ~ R  @asa (0,) x a p a ~ ~ e p ~ a y e ~   pass^- 
m e  cae-rnblx cntoA no nnar~omaay, n p ~  
aHanorMrHblx KaK M B @a3e 0, ycnoBmx 38- 

MeqeHMFl O ~ P ~ ~ Y K I T C F I  cna6o- M n M  CMnbHO- 

IlpORBneHHble MeTaCOMaTMTbl (A0 32 %). 
T P ~ T ~ R  @a3a (Q3) COOTBeTCTBYeT PeaKuMM 

3 a ~ e q e ~ m  CBeTnblMM CntoAaMM KanMeeoro 
nonesor0 LunaTa c 0 6 p a 3 0 s a ~ ~ e ~  CMnbHo- 

IlpOFlBneHHblX MeTaCOMaTMTOB (A0 72%). 
Y e ~ s e p ~ a ~  @ass (a4) OTBeraeT MeTaco- 

MBTMWCKMM IlpO~eCCaM 06pa30~a~MFI KBap- 
L(a no CBeTnblM CJltoAaM B PaMKaX npeo6pa- 
3OBaHMfl MeTaCOMaTMTOB ~ p e ~ b e i  @a3bl. 

f l p ~  CyuecTBytouMx npeAcTaenewax o 
B03PaCTaHMM CTefleHM MeTaCOMaTMcleCKMX 

~ s ~ e ~ e ~ n i  n o p o ~  n p ~  nepexone OT TMC 
cTapurMx patiroe K MnaALuMM clneHaM [I041 Ha 

YPOBHflX PP, py 6 y ~ e ~  flpORBneHa OAHa (00) 
HA# flee ((~CJ-@~) @a3bl Pa3BMTMFI KMCJlOTHOrO 

~ e ~ a c o ~ a ~ o s a ,  Pn - ~ e e - ~ p m  @ a m  (Oo-Ol, 
00-02), PM M PT - CleTbIpe-nRTb @a3 (00- 
031 @ 0 - ~ 4 ) ,  

B TaKOM Cnyclae Ha OCHOBe npeACTaB- 

AeHHblX BblWe AaHHblX 0 nOABMXHOCTM pa3- 

flUrHblX @OPM HaXO>I<AeHMFI 3JleMeHTOB 

(c. 58) kl TlOCJleAOBaTeJlbHOCTM p e a ~ u ~ i  3a- 

MelqeHMFl B03MOXeH ~e0pe~Mclec~Mh flpOrHO3 

COCTaBa nO,4BMXHblX ( ~ ~ H T P O ~ ~ X H ~ I X )  3ne- 

MeHTOB flpM KMCJlOTHOM BbluenaC1MBaHMM Ha 

KOHKPeTHblX 3TallaX pa3BMTMFI MHOrOYPOBHe- 

B O ~  rMC. B ~ P H ~ M C B  K PaCCMOTPeHHblM B 

paw. 3.2. rpaHMTaM, KaK K ~ a ~ 6 o n e e  kl3ycleH- 

H~IM nopoAaM c n o 3 ~ u ~ i  pacnpeAeneHMa 
MaUpO- M MMKpO3neMeHTOB B nopofioo6pa- 

SYDUIMX MMHepanax (c. 56, ~ a 6 n .  27) n no 
$ O ~ M ~ M  MX HaXO>KAeHMFI (c. 59, ~ a 6 n .  29). 
C x e ~ i y  onpeAeneHm Aonu sneMeHToB B no- 

TeHuManbHO ~ O A B M X H O ~ ~  @ O P M ~  OT 06uer0 
er0 COAepXaHMFI B TpaHMTHOM C Y ~ C T P ~ T ~  no 
@ a 3 a ~  Pa3BMTMFI flpOueCCa KMCJlOTHOrO Bbl- 

uenarMsaHMa nponnntocTpMpyeM Ha npMMe- 

pe CTPOH~MFI. 

Ann 3 ~ 0 r o  3 n e ~ e ~ ~ a  ~ a ~ 6 o n e e  noAeMx- 
Hag paccenHHan @opus npeAcTaeneHa B 

MeX3epHOBOM flpOCTpaHCTBe M KBapue M CO- 

cTaBnaeT 6% OT ero o6uero KonMrecTsa, co- 
Aepxaueroca B rpaHMTe (~a6n.  29). M30- 

M O ~ @ H ~ F I  @ O P M ~  M 6 n ~ 3 ~ a ~ 1  K ~ e h  fl0 n 0 ~ -  

BMXHOCTM ( p a 3 ~ .  5.2) MMKPOMMHePaJlbHaR 

( C B ~ ~ X T O H K M X  MMHepaJlbHblX f lpbl~ecei)  no- 
KanM30BaHa B TeMHOqBeTHblX MMHepaJlaX, 

nnar~omaae M KanMesoM noneeoM LunaTe B 

KOnMCleCTBe 94% (~a6n .  29). B @a3y pa3BM- 

TMFI 00 flOTeHuManbHO flOABMXHa PaCCegHHaH 

@ o p ~ a ,  TO ecTb 6% OT o6uero KonMrecTsa 
CTPOHUUFI. IlpM pa3JlOXeHMM TeMHOqBeTHblX 

MMHepaJlOB (@a3a 01) B ~ I C B O ~ O > K A ~ ~ T C H  OKO- 

no 3% aneMeHTa, nnar~omaaa (@aaa 02) - 
32 %, KanMeeoro noneeoro LunaTa (@ass 
04 - 59% (~a6n .  27). A ~ a n o r ~ r ~ b l e  onpe- 
AeJleHklR n 0 ~ e ~ ~ M a f l b ~ 0 ~  IlOfiBMXHOCTM np0- 

BeAeHbl M AnR ApYrMX 3JleMeHTOB, pe3yJlbTa- 

Tbl KOTOPblX flpeACTaBneHbl B ~ a 6 n .  32. 

A ~ H H  ble ~a6JlMubl CBMAeTerlbCTBytOT 0 

B ~ I C O K O ~  TIOABMXHOCTM MHOrMX MMKpO3ne- 

MeHTOB YXe Ha C ~ M O ~  p a ~ ~ e i  @a3e pa3BM- 

TMFI (00) KMCJlOTHOrO BbluenaclMBaHMFI. Ore- 

BMAHO, qTO 3TM IlOTeHuManbHble BO3MOXHO- 

CTM He peaJlM3YtoTCFI AJlR 3JleMeHTOB, HMetO- 

u M X  KMCnOTHble M ~ M @ O T ~ P H ~ I ~  C B O ~ C T B ~  

(Au, B, U, W, Mo, Ga, Nb, Th, Y), aTaKmeHe- 

KOTOPblX O C H O B ~ H M ~ ,  HepeAKO CO,4epXauklXCFI 

B M36bl~0c l~b l~  KOJlMCleCTBaX B rMAPOTeP- 

MaJlbHblX PaCTBOpaX. Cpe~kl  flOCJleflHMX, MC- 

XOAFI M3 YCTaHOBneHHblX flOBbllLleHHblX KOH- 

q e ~ ~ p a u ~ i i  B ~ n e p ~ o i  a o ~ e  Arn M rMC 
(~a6n.  9, 11, 20), ClaCTO OTMeclatOTCR K, IVa, 
CU, Zn, Sn, CS, Li. O c ~ a n b ~ b l e  3neMeHTbl 

(Ca, Mg, Fe, Ni, Co, Sc, Cr, V, Ti, Sr, Ba) MO- 

rYT ClaCTMCIHO tBFI3blBaTbCFI B ~ 0 ~ 0 0 6 p a 3 0 -  

BaHHblx Mutiepanax MrrM B cMny CBOMX OCHOB- 

HblX C B O ~ C T B  M O ~ M J ~ M ~ O B ~ T ~ C F I  @MJlb~pytO- 

uMMMCFI KMCJlblMM PaCTBOPaMM. COOT HOW^- 
HMFI MX KOJlllCleCTB B flePBOM flpM6nMXe~MM 

MOXeT 6 b l ~ b  OnpefleneHO flyTeM CpaBHeHMR 

~0f iepXa~klk 3neMeHTOB B H O B O O ~ ~ ~ ~ O B ~ H -  

H ~ I X  M 3 a ~ e u a e ~ b l x  MMHepanax. 

K ~ K  OTMeranocb BblWe, H O B O O ~ ~ ~ ~ O B ~ H -  

H ~ I M  MMHepanoM B peaKqnnx a a ~ e u e ~ m  npw 
KMCJlOTHOM BbluenaClMBaHMM FlBJlReTCFl MYC- 

KOBMT M ero rMApoaHanorM. He pacnonarag 

HaAeXHblMM AaHHblMM 0 XMMMCleCKOM COCTaBe 

MYCKOBMTOB MeTaCOMaTMcleCKOrO reHe3MCa, 



Qa3a 
P ~ ~ B H T H R  

Q0 

Q2 

Q3 

~ O ~ B M X H ~ F I  @ 0 p ~ a  
~ ~ ~ M ~ H T O B  

6 e 3 ~ k l ~ e p a n b ~ a ~  
Ma~p~MklHepaJlbHaFI 
kl H~OMOP@H~FI B 

TeMHOUBeTHblX MH- 
Hepanax 
Ma~pO~kl~epaJlb~aFI 
kl bl30~0~C1)HaR B 
nnar~o~na3e 
M a ~ p ~ ~ k l ~ e p a n b ~ a F I  
H H~OMOP@H~FI  B K- 
noneBoM wnaTe 

~ ~ O U ~ H T  ~ 0 ~ 0 0 6 p a -  
~ O B ~ H H ~ I X  ~ n ~ e p a -  
nos B r p a ~ ~ ~ e  

OKono 0 

A0 6 

AO 32 

AO 72 

Qa3a 
Pa3BHTHR 

(Do 

Q2 

Q3 

M ~ T ~ C O M ~ T M T ~ ~  I70 
c ~ e n e ~ ~  ~ ~ M ~ U ~ H H F I  

(no E.B. Ilnmulesy) 
HenpoFIBne~~ble 

CnaGonpo~sne~~b~e 

CclrJlb~~flp~FI~Jle~~ble 

n o n ~ o n p o s ~ n e ~ ~ b ~ e  

K O ~ ~ H ' ~ ~ C T B O  3neMeHTa B nOTeHUklaJlbH0 ~ O ~ B ~ ~ X H O R  @0pMe 
OT o6t4ero c o ~ e p x a ~ n ~  B nopo~e  (%) 

flp0UeHT ~ 0 ~ 0 0 6 p a -  
30BaHHblX MMHePaJlOB 
(~P~HMT-AHOPHT) 

OKOJlO 0 

A0 6 

AO 32 

AO 72 

~ O A B H X H ~ R  @ 0 p ~ a  
3fleMeHTOB 

6e3~HHepaIlbHaR 
Ma~pOM~~epanb~aR 
H H ~ O M O P C ~ ) H ~ F I  B 

TeMHOUBeTHblX MH- 
Hepanax 
Ma~p0MH~epaJlb~aR 
H H~OMOP@H~FI B 

nnaruoma3e 
M ~ K ~ O M  HHepaJl bHaR 
H bl30~0~C1)~aR B K- 
nonesoM wnaTe 

P a ~ r  
A r n  

PP, PY 

PY, pn 

Pn, PM 

PM,PT 

K O ~ M ~ ~ ~ T B O  3 f l e ~ e ~ ~ a  B IIOABHXHO~I @ O P M ~  M ~ T ~ C O M ~ T ~ A T ~ I  no 
CTefleHH 3aMeqeHklR 
(no E.B. l lnloule~y) 
HeI lpOR~ne~~ble 

CJI~~OII~ORBJI~HH~I~ 

C ~ J l b ~ ~ f l p ~ R ~ f l e ~ ~ b l e  

~ o J ~ H o ~ ~ o R B J ~ ~ H H ~ I ~  

Mg, Fe 
- 

100 

- 

- 

K 
- - - - -  

6 

- 

94 

OT o6uero :%) 

Ca 

8 

92 

- 

Ti 
- 

23 

15 

24 

C O ~ ~ ~ O X ~ H H F I  B nopone 
Sn 
67 

1 

12 

- 

Na 

1 

99 

- 

Al 

8 

42 

50 

MO 
97 

- 

- 

- 

Ni 
39 

61 

- 

- 

Th 
70 

2 

28 

- 

CS 
61 

29 

- 

10 

Si 

4 

29 

46 

Ga 
2 

13 

43 

42 

SC 
49 

51 

- 

- 

Li 
28 

72 

- 

- 

Sr 
6 

3 

32 

59 

Zfl 
43 

52 

- 

- 

Y 
79 

11 

10 

- 

V 
21 

25 

21 

33 

Au 
=loo 

- 

- 

- 

CO 
76 

24 

- 

- 

Zr 
- 

13 

21 

CU 
62 

38 

- 

- 

Pb 
6 

19 

57 

Nb 
83 

- 

- 

- 

B 
15 

36 

39 

Ba 
2 

3 3 1 0 2 9 8 1  

2 

94 

Cr 
25 

26 

40 

Be 
92 

- 

- 

U 
15 

44 

- 

W 
=lo0 

- 

- 

- 



Ta6nmua 33 
COOTHOU~HH~ KflapKOB K O H ~ ~ H T ~ ~ I ~ M R  B MyCKOBMTe kl B paHHeMarMaTkl'4eCKMX MklHepanaX rpaHMTOMAOB 

MaKp03Jle~eH~bl 

bt-tmu(mu/bt) Al K Si Mg,Fe --------------- 
1.9 1.3 1.2 <0.01 

K Al Si Na _ 
>> 3.2 1.2 O.On 
Mg,Fe Ca ---- 
0.02 c 0.01 

p l - tmu(mu/~ l )~  Al Si Ca ------ 
1.6 0.7 0.02 

Na 

0.02 

Al Si K 

2.1 0.7 0.7 

HlMH HCflOJlb30BanMCb CpeAHeCTaTMCTMCle- AeKOH4eHTPMPYtOTCR, TO eCTb IlepeXOART B 

CKIle COAepXaHMR B MarMaTMCreCKOM MYCKO- PaCTBOp 6 KOnMCleCTBaX, HepeAKO COCTaB- 

sme (~a6n .  26). T a ~ a g  3 a ~ e ~ a  norMqecKM nRtounx 90% M 6onee OT 06uero coqepxa- 
AOllyCTMMa, TaK KaK MYCKOBMT MarMaTMWCKO- HMR B 3aMeLUaeMblX MMHepanaX. T ~ K M M  06- 
r0 llpOMCXO>yqeHMR, RBnRRCb ~ a ~ 6 0 n e e  n03A- pa3OM, Ha CTaqMM KMCJlOTHOrO Bbltl@naqMBa- 

HHM I lO BpeMeHM BblAeneHMR MMHepanOM HMR PeaJlbHO IlOABMXHblMM 3JleMeHTaMM C 

ropHblX flOpOA, B O C O ~ ~ H H O C T R X  CBOerO XklMM- L ( ~ H T P O ~ ~ > K H ~ I M M  TeHAeHL(MRMM RBJlRtOTCFI 

YecKoro cocTasa oTpaxaeT 060raue~~oc-rb  Ca, Mg, Fe, Ni, Co, Mn, Sc, Cr, V, Ti, Sr, Ba, B 

nOCTMaTMaTMWCKMX PaCTBOPOB PYAHblMM M OTAeJlbHblX CJlyclaFlX - K, Na, Pb, CU, Zn, Sn, 
PeAKUMU 3JleMeHTaMM [94], B KOHeclHOM MTO- CS, Li. ~10JlycleH~bl~ T ~ O ~ ~ T M W C K M ~  CneUp 
re, TeOXMMMWCKYH) CneLiMaJlM3aL(MtO rMAp0- L ~ ~ H T P O ~ ~ X H  b l ~  3JleMeHTOB HeCKOnbKO LLlMpe 
TepMaJlbHO-MeTaCOMaTMqeCKMX o6paao~a- yCTaHOBJleHHOr0 3MnMpM'ieCKOrO (~a6n.  10, 

12, 19).  TO CBR3aHO C TeM, clTO npM CMCTe- 
Pe3ynbTaTbl paC.teTOB COOTHOLLleHMR CO- MaTM3aL(MM 3MflMPMcleCKMX AaHHblX CTaTMCTM- 

~ e p m a ~ ~ G  aneMeHToe B MycKoeMTe M pawe- qec~oG 06pa60~~e  noAeeprnMcb MaTepManbr, 

epanax npMseAeHbl B asTopbl KOTOP~IX qeneHanpasneHHblM ~syqe-  

HMeM OTPML(aTeJlbHblX OpeOnOB ~ ( e ~ ~ p o 6 e x -  
K ~ K  BMAHO M3 ~a6nML(bl, npM pa3BblTMM HblX 3neMeHTOB He 3aHMManMCb. ~ ~ C T O  MH- 

MyCKOBMTa no nopo~oo6pa3yt0u(~~ MMHepa- @oPM~L(MR 0 HMX nOBepXHOCTHa, OTMeratOTCR 
JlaM PaCCMaTpMBaeMble cna6ble OCHOBaHMR JlMLLlb ~ a ~ 6 0 n e e  TMllMclHble 3JleMeHTbl CO 

' C O K ~ ~ ~ ~ H H ~ ~ ~  CneKTp B CB93M C OTCYTCTBMeM AaHHblX no COAepXaHMtO PflAa 3neMeHTOB B nJ7arklOMa- 
3ax II Kanmeeblx nonesblx wna-rax. 

MklKp03ne~e~~bl 

K O H L I ~ H T P M P Y ~ O ~ M ~ C R  

Mo Be Au Sn 
13 10 6.4 5.1 
W Cs Zr Cr --------- 
4.5 4.3 2.2 2.1 
U Ga ---- 

2.0 1.9 
Cs Li Mo W Sn ---- 
104 90 19 16 13 
Ga Be U Au 

5.8 4.6 3.1 2.7 
Nb Cr ---- 
1.9 1.7 

Li Mo Cs Nb W ---------- 
80 49 34 19 15 

Au Ga Be 

5.6 4.5 4.2 
Li Cs Mo Sn - - - - - - - - 

145 104 42 39 
IUb,Be W Au Ga -------- 

26 15 8.0 6.9 

~ ~ ~ K O H ~ ~ H T P M P Y D ~ M ~ C F I  

Nb Ti V Pb -------- 
0.53 0.37 0.34 0.29 

Co Sc Sr ------- 
0.17 0.06 0.04 
Ni, Zn 

0.02 - 

Zr Pb Co Ti 

0.93 0.50 0.45 0.44 

- ------ V Ni Sr 
0.38 0.22 0.10 
Sc Zn ---- 

0.02 0.01 
U Pb Sr - 

0.64 0.17 0.01 

Ni Zn U Pb - - - - - - - - 
0.60 0.29 0.25 0.04 

- Sr - 
0.01 



T ~ o ~ ~ T M . ~ ~ c K H ~  COCTaB L ( ~ H T P O ~ ~ > K H O ~  rPYnnbl3neMeHTOB nO @ a 3 a ~  Pa3BHTMFI 
npouecca KHcnoTnoro sblu\enawaaHHsl 

C C ~ I ~ K O ~  (M T.A., M T.n.), ClTO CYU-(eCTBYtOT M 
ApyrMe. 6 3 ~ 0 i  CBR3M Y C T ~ H O B J ~ ~ H H ~ I ~  TeOpe- 
T M W ~ C K M ~  CfleKrp ~ ~ H T P O ~ ~ X H ~ I X  3JleMeHTOB 

HaMM paCCMaTpMBaeTC5l KaK ~ a ~ 6 o n e e  nOJlH0 

xapamepmytoq~ i  3 ~ y  rpynny sneMeHToe, B 

npeAenax K O T O P O ~  An9 Mn, Co, Ni, V, Cr ueH- 
~ p 0 6 e X ~ b l e  TeHAeHuMH IlPOFIBJlFIDTCR ~aM60- 

nee KOHTPaCTHO. 

H a p ~ ~ y  C K ~ ~ ~ ~ C T B ~ H H O ~  OAHOPO~HOCTbtO 

ClleKFpa ~ ~ H T P O ~ ~ X H ~ I X  3neMeHTOB CTaAMM 
KMCJlOTHOrO BblU-(eJlaClMBaHMR B UeJlOM, HaMe- 
ClatOTC5l M HeKOTOPble Pa3JlMclMFI COCTaBa 3TMX 

3JleMeHTOB no OTAeJlbHblM @ a 3 a ~  Pa3BMTMFl 

npouecca (~a6Jl. 34), a cnegosaTenbHo, M Ha 
pasnuwblx MepapxwecKMx ~POBHRX opraw- 
3auMM rMC. TaK, QJlFI PerMOHanbHblX rMC 
PaHrOB PP, PY, PI1 (Oo, 01, 02) THllMclHblMM 

~ ~ H T P O ~ ~ X H ~ I M M  3JleMeHTaMM RBJlFltoTCR Mg, 
Fe, Co, Ni, Sc, (Mn), TorAa KaK Ann noKanb- 

HblX CMCTeM PaHrOB PM, PT (03, 04) nPMOPM- 
Ten1 CMewatoTcH B CTOPOHY Ca, Sr, Ba, Cr. 

Y C T ~ H O B ~ ~ ~ H H ~ I ~  0 6 t 4 ~ e  M qaCTHble 3aKO- 

HOMePHOCTM ~ ~ O X M M M ~ ~ C K O ~ ~  3BOJltOuMM B 

mass pa3BHTMq 
(PaHr CHCTeMbl 

Oo (PP. PY) 

0, (PY, Pll) 

0 2  (Pn, PM) 

0 3  (PM, PT) 

flpOqeCCe KHCnOTHOrO BblqeJlaCIMBaHMFI CTaH- 

AaPTHMX rpaHMTOB C B M C O K O ~ ~  CTeneHbtO Be- 

POHTHOCTM CoxpaHmoTcn M AnH ApyrMx c M n M -  
KaTHblX CpeA @OPMMPOB~HMF~ rMC. T a ~ o e  
npeAnonoxeHMe ocHoebleaeTcn Ha cne,iqytO- 

qeM: 

1. C H J ~ M K ~ T H ~ R  CpeAa @OPMMPOBBHMR 

rMC Ha MMHepanbHOM YpOBHe KacleCTBeHHO 

OAHOpOAHa. 

2. f l 0 ~ f l e , 4 0 6 a ~ e n b ~ 0 ~ ~ b  peaKuLIi 3aMe- 

W e H m  npu ~ e ~ a c o ~ a ~ o a e ,  TO ecTb Haripas- 
neHHOCTb @a30~0r0 pa3BMTUFI IlPOueCCOB KM- 

cnoTHoro BblqenacrMaatiMn, onpeAenneTcn He 
CooTHoueHueM MuHepanoa B nepew~oG no- 
poAe, a MX ~ C T O ~ ~ M B O C T ~ ~  B ~ ~ c n o i i  cpe,qe. 

3. I ~ O ~ B M X H O C T ~  pa3~lMClHblX @OPM HaXO- 

WeHMFI 3JleMeHTOB M nOCfleAOBaTeflbHOCTb 

MX 3KCTPaKuMM TMAPOTePMaJl bHblMM PaCTBO- 

PaMM He 3aBMCslT OT MMHepaJlbHOrO COCTaBa 

cpeabl. 

4. I~PH H3MeHeHMM COOTHOUleHMR nOp0,40- 

06pa3y to~~x  MMHepaJlOB B nepBMclHblX nOp0- 

AaX M3MeHRDTCR M a 6 ~ 0 n t O ~ ~ b l e  3HaCleHMFI 

~ 0 ~ e p x a ~ M f i  3JleMeHTOB B HMX. T ~ K ,  6.A. K03- 

JlOBblM, 3.H. BO~OBMKOBO~ [69] AnFI TPaHMTO- 

MAOB 3a6anKanbFl YCTaHOBJleHO, .IT0 C yBe- 
JlMcleHMeM KOJlMCleCTBa MMHepana ( ~ M o T M T ~ )  B 

nopoAe ypoeeHb c o ~ e p x a ~ ~ i  aneMeHToe B 

HeM naAaeT (pmc. 24). ~ T M M  onpeAengeTc9 

OTHOCMTenbHOe IlOCTOFlHCTBO AOJlM KOHKPeT- 

Horo 3 n e ~ e ~ ~ a  B nopo~oo6pa3ytoule~ MM- 

Hepane OT o6qero ero KonMClecTBa BHe 3aBM- 

CMMOCTM OT COOTHOUleHMFl MMHepanOB B no- 
pone. B PaCCMOTPeHHOM HaMM IlpMMepe npM 
5- M 20%-HOM YPOBHe C O A ~ ~ X ~ H M ~ ~    MOT LIT^ 
TaKasl AonR msl  Zn (K=60 x 1 o"%) 6 y ~ e ~  co- 
CTaBJlRTb COOTBeTCTBeHHO 46 M 60%, An9 Li 
(K=40 x 1 o-~%) - 71 M 75%. 

THnHq~ble ~ e ~ ~ p 0 6 e ~ ~ b l e  3JleMeHTbl 

Co, Mn, Sc, Ni, Cr. V 
Mg, Fe, Co, Ni, Mn, Sc, V, Ti (Cr, Ca) 
Ca, Sr, Cr, V (Mg, Fe, Co, Ni, Mn, Sc, Ti) 
Sr, Cr, V, Ti, Ba (Mg, Fe, Co, Ni, Sc, Ca) 

B O ~ M O X H ~ I ~  qe~~p06exnble 3JlebIeHTbl8 

Cu, Zn, Sn, Cs, Li 
Cu, Zn, Cs, Li 
Na (Cu, Zn, Cs, Li) 
K, Pb (Cu, Zn, Cs, Li) 



lHFl CTaH- 

?Hbto B e -  

HX CklnM- 

;. Ta~oe  
cneAyto- 

!ti s a ~ e -  
Hanpae- 

!CCOB KM- 

FleTCFl H e  

q ~ o i 7  no- 
c p e ~ e  . 
3M HPXO- 

!flbHOCTb 

PaCTBO- 

cocTasa 

nopoAo- 
~ I X  nopo- 
HaCleHMR 

3.A. K03- 

-paHblTO- 

c yee- 
O T M T ~ )  B 

eHTOB B 

en F ~ ~ T C R  

(OHKpeT- 

(eM MM- 

ie 3 a s ~ -  

IB B no- 
zpe I-IPM 

 MOTL LIT^ 
IAeT CO- 

, AnR Li 

Ha~6onee PaCflpOCTpaHeHHblMM MeTaCOMa- 

THCleCKklMbl flOPOAaMM c y 6 u e n 0 ~ 1 ~ 0 i  CTaAMM 

RBnFItOTCFl XJlOPMT-3nMAOTOBble M aMMHOJlMT- 

snHAoTosble n a p a r e ~ e 3 ~ c b 1  n p o n M n m o s  

(~a6n. 35), a T a m e  BeCbMa p a 3 ~ 0 0 6 p a 3 H b l e  

I70 COCTaBy ~ ~ o ~ ~ M J ~ M T o ~ o A o ~ H ~ ~ ~  MeTaCOMa- 

THTM (WIOPMTMT~I, 3nMJ,03MTbl, nOPOAbl anb- 
~ H T - ~ ~ ~ H , ~ o T O B O ~  @aL(MM KOHTaKTOBblX pOr0-  

BHKOB H ~ .n . ) ,  C O A e p X a u b I e  BKpallJleHHOCTb 

T H ~ O M O P @ H ~ ~ X  MbIHepanOB flpOllMJlMTOBblX 

a c c o q ~ a u ~ i  (ep, chl, act). Pexe c p e A M  nopon 
30Hbl 0 6 ~ e H a  OTMeclatOTCA ~MOTMTMT~I ,  TYP- 

ManUHMTbl, CKaPHbl M CKaPHOMAbl, ~ 0 ~ 0 ~ 0 0 6 -  
MaHKOBble M nMPOKCeHOBble MeTaCOMaTMTbl, 

HeKOTOpble @al(MM KOHTaKTOBblX POTOBMKOB 

( ~ O ~ O B O O ~ M ~ H K O B ~ I ~ ,  ~ M O T M T O B ~ I ~ ,  IlblpOKCe- 

H O B ~ I ~ ) .  
f l p ~  BCeM M H O T O O ~ ~ ~ ~ M M  nOPOA 30Hbl  06- 

MeHa MX O ~ ~ ~ A M H R ~ T  nPblCYTCTBMe B KaqeCT- 

Be n o p o ~ o o 6 p a 3 y m ~ ~ x  MMHepanoB  Ca-Mg- 
F ~ + ~ J ~ ~ ~ M o c M ~ M K ~ T o B  - XnOpMTa, 3nMAOTa, 

~ p e ~ o n m ~ a - a ~ ~ ~ ~ o n ~ ~ a ,  TypManMHa (uep- 
fla), ~ M O T M T ~ ,  ~ O ~ O B O ~  O ~ M ~ H K M ,  AMOflCMAa- 

r ~ e ~ 6 e p r ~ ~ a .  Coc~as  KOHCTMTY~MOHH~IX KOM- 

IlOHeHTOB M M ~ O M O P @ H ~ I X  3neMeHTOB-npM- 

~ecei! B ~ T M X  M M H e p a n a x  (~a6n. 36) e OCHOB- 

HOM M O n p e A e n A e T  reoxMMMclecKyto cneuMa-  

JlM3aL(MO PaCCMaTpblBaeMblX flOpOA. 

0 6 0 6 u e ~ ~ b l e  AaHHble  no XMMMcleCKOMy 

COCTaBy npOnMJlMTOB M TYPMaJlMHMTOB P a H e e  

IlpMBOAMnMCb HaMM B ~ a 6 n .  18. f l p M H ~ b l f l ~ -  

a n b H 0  C X O A H ~ I ~  COCTaB KOH~eHTPMPYlOlL(MXCR 

3JleMeHTOB OT'4eTJlMBO flpOCMaTpMBaeTCR no 
O ~ ~ ~ ~ M K O B ~ H H ~ I M  AaHHblM [54, 132, 139, 145, 
1921 M A n R  APyrMX TMnOB TeMHOuBeTHblX aC- 

~ 0 l ( M a u M i  MeTaCOMaTMTOB. B UeJlOM n0pOAb l  

~ O H ~ I  0 6 ~ e H a  TMC x a p a ~ r e p n 3 y m ~ c ~  npe- 
MMYueCTBeHHblM HaKOnneHMeM Ca, Mg, Fe, 
Ni, Co, Mn, Sc, Sr, Cr, V, Ti (pexe Ba, Ga, Cu, 
Be), TO eCTb 3JleMeHTOB, AeKOHl(eHTPMPYt0- 

UMXCFI H a  CTaAblM KMCJlOTHOrO Bb lUenaqMBa-  

HMR B R A ~ P H O ~ ~  30He  CMCTeMbl. 

B M ~ C T ~  C TeM MMetOT MeCTO CJly'-iaM, KO- 

rAa Bb lUenpb lBeAeHHble  3neMeHTb l  B flOpOAaX 

30Hbl  0 6 ~ e ~ a  0TMe.laIOTCR B C ~ ~ @ O H O B ~ I X  

c o A e p x a H m x  MnM gaxe B~IHOCRTCR. OCO- 
~ ~ H H O  3 T 0  XapaKTepHO An54 CKapHOB M CKap- 

HOMAOB, B M ~ H ~ w ~ C  CTeneHM nPOnMnMTOB. 

T ~ K ,  HanpblMep,  AJlR CKapHOB npM IlOBblUJeH- 

HOM YPOBHe KOHueHTPauMM Mn M CO 



E.6. n n ~ w e ~ b l ~ ,  6.6. L ~ ~ T O B ~ I M  (1 985), 
A.A. Kocanco~ (1971) YCTaHOBJleHbl nOHM- 

XeHHble OTHOCMTenbHO @OHB COAePXaHMFI Cr, 
V, Ti, Ni, SC, TorAa KaK H.C. O C T ~ ~ ~ H K O ,  

6.r. M O M C ~ ~ H K O  (1994), r.H. @ e ~ c l M ~ a  (1 989) 
@MKCMPY~OT HaKOnneHMe 3TMX 3neMeHTOB. 

T ~ K M ~  IlpOTMBOpeclMBble AaHHble, OcleBMAHO, 

CBFI3aHbl C claCT0 ~ a 6 n t o ~ a e ~ b l ~  COBMeue- 

HMeM B npOCTpaHCTBe C O ~ C T B ~ H H O  C K ~ ~ H O B O ~  

~ ~ ~ e p a n ~ s a 4 ~ ~  M npoAymoB 6onee n o 3 ~ ~ e -  
r0 KMCnOTHOrO BblLL(enaclMBaHMFI. APYTMMM 
CnOBaMM, IlOpOAbI 30Hbl 0 6 ~ e ~ a  rMC PaHHMX 

3TaflOB (no A.C. KOPXMHCKOMY - p a ~ ~ e i  
ueJlocl~0i C T ~ A M M )  MOrYT M HepeaKO 54BJlFItoT- 

cn ~ ~ e l q a t o u e i  c p e ~ o i  06pasytol~(nxcg KMC- 

nblX MeTaCOMaTMTOB F I A ~ ~ H o ~  30Hbl rMC 
MnaAuero paHra. n p ~   TOM, KaK 6blno noKa- 
a a ~ o  sblue, yxe Ha c a ~ o i  p a ~ ~ e k  @aae pa3- 
BMTMFI CTaAMM KMCJlOTHOrO BblueJlaclMBaHMFI 

(00) PFIA MMKP03JleMeHTOB (CO, Mn, SC, Ni, 
Cr, V), HaxoARuMecg B ~ O A B M X H O ~  paccem- 
H O ~  M M ~ O M O P @ H O ~  @ o ~ M ~ x ,  MOXeT 6bl~b 

3KCTparMpOBaH KMCJlblMM PaCTBOpaMM M Bbl- 

HeceH Ha nep~@epnto 06paaymueicg HAep- 
H O ~  30Hbl.  TOT IlpOueCC MOXeT IlPOMCXOAMTb 

683 3aMeTHOrO M3MeHeHMFI MMHepanbHOrO 

cocTaea cKapHoe ( n p o n ~ n ~ ~ o s ) ,  a cneAoea- 
TenbHo, KoppemHoe BblAeneHMe Mwepano- 

rMcleCKMMM MeTOAaMM CKaPHOBblX IlapareHe- 
~ M C O B  ( (c l~c~ok  nMHMM)) Ang nocneAytouero 
MX TeOXMMMcleCKOrO M3YcleHMFI He npeACTaB- 

JlFleTCFl B03MOXHblM. 

B a ~ o i  CBFI~M o xapamepe M HanpaeneH- 
HOCTM ~ ~ O X M M M ~ ~ ~ C K O G  3BOnOqMM CMCTeMbl Ha 
4enocl~oG cTaqlnM MOXHO C Y A M T ~  nMub KOC- 

BeHHO, PaCCMaTpMBaFI CTaAMK) KMCJlOTHOrO 

BblueJlaclMBaHMFI M WeJlOclHytO CTaAMtO KaK 

B3aMMOCBF13aHHble claCTM eAMHOr0 flpO4eCCa 

@OPMMPOB~HWFI rMC. B TaKOM BapMaHTe M3- 

MeHeHMFl BO BpeMeHHblX KOOpAMHaTaX COCTa- 

Ba OCaX(4atouMXCFI 3neMeHTOB flpM cy64e- 
JlOclHOM MeTaCOMaT03e aAeKBaTHbl COCTaBy 

3KCTParMPYeMblX PaCTBOpaMM 3JleMeHTOB no 
@ a s a ~  ~ ~ ~ B M T M R  KMcnoTHoro Bbluenaclma- 

HMFI (~a6n.  34). Tor,qa npM 06pa3oea~w~ rMC 
c-rapmx paHros (PP, PY), xapamepvl3yto- 

UMXCFI @a30i pa3BMTMFI Oa, BMAMMblX MeTa- 

COMaTMcleCKMX M ~ M ~ H ~ H M ~  nePBMclHblX IlOpOA 

KaK F I A ~ P H o ~  30Hbl, TaK M 30Hbl 0 6 ~ e ~ a  Ha- 

6nto~a~bcFI He 6 y n e ~  npM BeCbMa aK7vlBHOM 

nepepacnpeAeneHMm ( ~ n g  rpaHlnTos Ha ypoe- 
He 21-76%) Co, Mn, Sc, Ni, Cr, V (~a6n.  32). 

T ~ K M ~  3OHanbHble CHCTeMbl He AMarHOCTMPY- I 
tOTCA MaKpO- H MHqOCKOflHcleCKMMM MeTOaa- 

MM, HO owetnwo BWenfitoTcA npu MenKO- 

M ~ C I A T ~ ~ H ~ I X  reomMHrecKMx chewax. Ang 

rMC paHros PY- H Pfl, x a p a ~ ~ e p ~ 3 y t o u ~ ~ x c ~  

~ n a 6 b l ~ ~  MeTaCOMaTMcleCKMMH M3MeHeHMFIMM 

(00-@I), npH B ~ ~ C O K O ~  IlOABHXHOCTM BblLUe- 

IlpMBeAeHHblX MHKpO3neMeHTOB1 pe3KO 803- 

pacTaeT n o n e ~ m o c ~ b  Mg H Fe. n p ~  nepexo- 
ge K INC paww PM H PT (@o-@2, 00-03, 
0 0 - 0 4 )  CTeIleHb MeTaCOMatM'4eCKMX npeo6- 
pasoea~n6i nopon yeenHclneaeTcfi ,qo cmb-  

HO- M non~onposlane~~oii  npM o 6 q e ~  ~ o a -  
pacTaHMM nowmotxu  Ca, Sr, Cr, Ba. 

B COOTBeTCTBWW C H3JlOXeHHblMM BblLLle 

n p e ~ c r a ~ n e ~ ~ r n ~ '  o ~ ~ ~ e p a n o r o - ~ ~ O X M M M -  
clec~oc 3eonnc@ln r K  =Ha o 6 u e ~ a  no OT- 

HOLUeHMtO K ~ ( P Y A H ~ I M )  3ne- 

MeHTaM slBnWCII 06Itd~~btO nMTaHMFI, FIAeP- 

Hag 3 o ~ a  - p w r p y 3 ~ ~ .  I3 mom oclepeAb Ang 

Q ~ H T ~ O ~ ~ X H ~ I X  WIeMeHTOB MMeeT MeCTO 

AMaMeTpanbHO n~THBOnOJlOXHaR ll03MuMFI 

3TMX o6nac~eh. 6 TWOM Cflyclae <(CTFITMBato- 

UMecm) K s l~py 06pa3y10ue6ic~1 rMC KonneK- 
TMBbl MMKPOclaCMu ' ueHTPOCTPeMMTeJlbHblX 

3JleMeHTOB Ha peM0HanbHOM YpOBHe (PP, 
PY, Pll) onpeaenRroT reoxMMMclecKym cne- 
4ManM3aL(MK) CH-, Ha JlOKaJlbHOM - KPO- 

Me TOTO, MOrYT CflyX@Kb AOllOnHMTenbHblMM, 

a B HeKOTOPblX CflyVaRX H OCHOBHblMM [3, 17 M , 
~ p . 1  MCTOclHMKaMCl KOHueHTPaL(MM 3TMX Me- 

Tannoe B MeCtOp~etiMnx. 

Bo~MoXHOCT~ TaKOrO MeXaHM3Ma PyaO- 
KOH4eHTpa4MH KOCBeHHO nO~Bep>KAaeTCR 

3KCflepMMeHTanbHMMH AaHHblMM. T ~ K ,  no 
OL(eHKaM P Y ~ O O ~ P ~ Y ) O ~ M X  B O ~ M O X H O C T ~ ~  

@ntonAos [151, 1881 ycTaHoenetio, c l~o  Ang 

0 6 p a 3 o s a ~ ~ ~ 1  ~ e c r o p o m e ~ ~ G  Cu, Pb, Zn, 
MO (nx105~)  B pesynb~a~e M O ~ H ~ M ~ ~ ~ M M  

PyAHOrO BeueCTBa H3 T ~ Q H M T H O ~ ~  MHTPYSMM 

AocTaToclHo MeHee 10% o6u(ero conepxaH l/rg 

MeTannos B ~ e i  npH 06aeue o 6 n a c ~ ~  ~ 0 6 ~ -  

n ~ 3 a 4 ~ ~  OT 4 no 1000 KM', c l ~o  BnonHe pe- 
aJlbH0 B IlPMPOAHblX CMCTeMQX. M H T ~ ~ ~ c H ~ I ~  
B 3TOM IlnaHe 3KCnepHMeHTaJlbHble pe3yJlb- 

TaTbl nonycleHbl r.n. f l o c n e n o ~ b ~ ~ :  n p ~  
B C T P ~ ~ ~ H O ~  AM@@Y~MH PeareHTOB BO BJlaX- 

HOM IleCKe 06pasosanacb MOHOMMHepaJlbHaR 

xmKa ion~mok  pryr~,  npoMseoAmqan sne- 
clamewe C @ O ~ M M ~ O B ~ B U ~ ~ C F I  ny-reM B ~ I -  
flOJlHeHM5l TPeuHHbl[141]. 



THOCTMPY- 

I MeToAa- 
M MeJlKO- 

Kax. Anfi 
YDuMXCfi 

?HeHMFlMM 

'M BblWe- 

?3KO 603- 

I nepexo- 
21 00-@3, 

x npeo6- 
A0 CMJlb- 

qeM 603- 

;a. 

flM BblMe 

TeOXMMM- 

la no OT- 

AM) 3ne- 

~ r r ,  AAep- 
3eAb A n A  
r MeCTO 

n03MuMA 

TgTMBatO- 

; KonneK- 
ITenbHblX 

3He (PP, 
cyto cne- 
Ilr - KPO- 

!JlbHblMM, 

1[3, 17 M 

)TMX Me- 

la PYAO- 
IwaeTcfi 
T ~ K ,  no 
X H O C T ~ ~  

 TO 

Pb, Zn', 
flM3aL(MM 

IHTPy3MM 

spxatinfl 
TM ~ 0 6 ~ -  

m e  pe- 
3pecHble 

pesynb- 

w:  npM 
D Bnax- 
pa11 bHaH 

lag me- 
eM B ~ I -  

i Cornac~o npeAcTaenetivlm r..ll. nocne- 
nOBa 114'11 MeCTOpOweHMe eCTb K O H ~ ~ H ~ I ~  

L 
npOayKT ~MTeJlbHOrO M n03TanHOrO pa3BM- 

W I  ( t ) f l tok l~~bl~ CMCTeM (PC, rMC - /7pllM. 

aem.), ~ o c J ~ ~ ~ o B ~ T ~ J ~ ~ H o c T ~  0 6 p a s o ~ a ~ ~ ~ l  
OTflenbHblX clJleHOB MHOrOYpOBHeBblX CMCTeM 

B caMoM O ~ L L ~ M  sMAe xaparcrep~3ye~c~l cne- 
&'lawklM PFlAOM (OT PaHHMX K ~ O ~ A H M M ) :  PC 
(TMC) patiroe PP, PY-Pn-PM-PT. B 3 a e ~ -  

CHMOCTM OT reHe3MCa KOHeC1HblX 'iJleHOB TaKMX 

CHCTeM n p e ~ c ~ a ~ n e ~ ~ b l i  PFIA MOXeT 6b l~b  

IlpOIBneH fl0nHOCTbtO MJlM qaCTMrH0 (rn. 2). B 
COOTBeTCTBMM C 3 ~ 0 i  IlOCJleAOBaTeJlbHOCTbtO 

IlpOHCXOAMT nO3TanHOe KOHueHTPMPOBaHMe 

PYflHblX 3neMeHTO6, BnnOTb A0 06pa30~a~MFl 

YparaHHblX (AJlFl HM3KOKnapKOBblX 3JleMeH- 

TOB), B TOM qMCJle M nPOMblWneHHblX COAep- 
XBHM~. Y C ~ ~ ~ H H O C T ~  I lOnHOrO UMKJla pa3BM- 

M I  PC, BblnaAeHMe OTAeJlbHblX WEHOB CMC- 

TeMbr ~PMBOAMT K ee s a ~ y x a ~ ~ m ,  a cneAoea- 
TeflbHO, BblCOKMX K O H ~ ~ H T P ~ ~ M ~  3JleMeHTOB B 

3TllX CnyqaFlX He AOCTMTaeTCFI. 

r n a e ~ b l ~  ycnosMeM AnMTenbHoro @ ~ H K -  

4MOHklPOBaHMFl PC, a COO-rBeTCTBeHH0 M 06- 
pa30BaHMA M ~ C T O P O > K A ~ H M ~ ,  FlBnFleTCFl no- 
3 ~ a n ~ w i  no~eop, K HMM ~3 BHeuHero M C T O ~ -  

HHKa BeueCTBa M 3HePrMM [86], C O M ~ C ~ J T ~ ~ -  

H ~ I X  paHry oGpa3ytou(~xc~l PC. Haw6onee 
$ ~ c I ~ ~ o c T ~ ~ H ~ H H ~ ~ M  MCTOrHMKOM BeUeCTBa B 

CHCTeMaX ABnFltOTCFl rMApOTepMaJlbHble PaC- 
reopbr - ~ a x ~ e i w ~ i  M ~ e n p e ~ e ~ ~ b ~ i  areHT 
(~)OPMMPOB~HL/IFI MHorMx reHeTMrecKMx rpynn 
M ~ C T O P O ~ ~ H M ~ ~  nOJle3HblX MCKOllaeMblX. no- 
MMMO C O ~ C T B ~ H H O  rMAPOTepMaJlbHblX MeCTO- 

~ o X # H M ~  6 3Har~~eJlbHoi  CTeneHM OHM yqa- 

CTBYIOT B 06pa30~aHMM CKaPHOBblX [54], Kap- 
~ O H ~ T M T O B ~ I X  [30, 631, rpei3eHoBblx [204], 
M ~ T ~ M O ~ @ O ~ ~ H H ~ I X  [I561 M IlerMaTMTOBblX 

M ~ C T O P O ~ ~ H M ~ ~  [118]. 8 3 ~ 0 i  CBFl3M C HeKO- 

T O P O ~  ~ o n e i  ycnosHocTM PC, sasepuam- 
qMecg 06pa30~aHMe~ Bcex nepewcneHHblx 

BbllUe Tun06 M ~ C T O P O ) K A ~ H M ~ ,  MOXHO PaC- 

CMaTpMBaTb KaK rMApOTepMaJlbH0-MeTaCO- 

MaTM'4eCKMe CMCTeMbl. ~ ~ P ~ B O M ~ P H O C T ~  TaKO- 

ro noAxoAa noATsepwaeTc9 ~ a n ~ r  M ~ M  06- 

UclX ~ ~ K O H O M ~ ~ H O C T ~ ~  COCTaBa M CTPOeHMFl 

PC BHe 3aBMCMMOCTM OT reHe3MCa KOHeqHblX 

ee crnetios (paa~ .  3.2, 3.3). 
KaK 0TMe.lanOCb PaHee, MCTOqHMKOM 

3HePrMM MOrYT FlBJlFlTbCFl pa3~006pa3Hble 

reonornrecKne npoueccbl. Ponb 3 ~ e p 1 - u ~  on- 
peAenFleTcg c o s ~ a ~ ~ e ~  6 n a r o r 1 p ~ ~ l - r ~ o i  @M- 

3MrecKoi CpeAbl @YHK~MOHM~OB~HMF~ rMC, 
ee HanMrMe mngeTcg 0 6 ~ 1 3 a ~ e n b ~ b 1 ~  ycno- 
BMeM ~ K T M B H O ~  uMPKYJlFluMM rMAPOTepMaJl b- 

HblX PaCTBOPOB - rJlaBHblX nOCTaBwMKOB 

BeUecTBa B 06pa3yt0~yt0c~ CMcTeMy. 

V l c x o ~ ~ l  143 n s n o x e ~ ~ o r o ,  norMrHo npeg- 
IlOJlOXMTb, clTO M ~ C L U T ~ ~  MCTOqHMKa 3HePrMM, 

M ~ C W T ~ ~  COnpFIXeHHOrO C HMM rMAPOTeP- 
MaflbHOrO IlpOueCCa M KOJlMVeCTBO npMBHe- 
CeHHblX PaCTBOpaMM PYAHblX 3JleMeHTOB Ha- 

XOAFlTCFl B @ Y H K L ( M O H ~ J ~ ~ H O ~  3aBMCMMOCTM. 

no ~ p a i ~ e i  Mepe Ase nocneAHMe xaparcre- 
PMCTMKM flOAAatOTCFl K O ~ M ~ ~ C T B ~ H H O ~  E O X M -  

M M ~ ~ C K O ~  oueHKe [161, 168, 1731. f l o ~ a s a ~ e -  
JleM KOJlMqeCTBa IlPMBHeCeHHblX B CMCTeMy M3 

BHeLLlHerO MCTOqHMKa ~eHTPOCTPeMMTe~lbHblX 

3JleMeHTOB FlBJlFleTCFl IlPOAyKWlBHOCTb aH0- 

~ a J l M i  (P) MJlM npOrHO3Hble PeCypCbI MeTpO- 

BOrO CJlOFl (q), BblC1MCnFIeMble no CneAytOUMM 

M3BeCTHblM @ O P M Y ~ ~ M  [[176]: 

rAe k - K O ~ @ @ M ~ M ~ H T  COOTBeTCTBMFl Mew)' 

IlPOAYKTMBHOCTbtO BTOPMqHOrO M nePBMqHOT0 

OpeOna; k' - K O ~ @ @ M ~ M ~ H T  COOTBeTCTBMFl 

M e w y  nPOAYICTMBHOCTbI0 nOTOKa M BTOPMqHO- 

ro opeona paccemm; d=2.5 T / M ~  - cpegtie- 
63~eUleHHblfi 0 6 b e ~ ~ b l i  BeC OKOJlOPYAHblX 

MeTaCOMaTMqeCKM M3MeHeHHblX nOpOA, a yM- 

HoxeHMe Ha lo-* 0Tserae-r nepexoAy OT npo- 
UeHTOB K TOHHaM MeTaJlJla. 

O u e ~ ~ a  M ~ C W T E I ~ ~  rM,qpoTepManbHoro 

npouecca onMpaeTcR Ha npeAnonoxeHMe, 

JlOrMCleCKM BblTeKatOUee M3 BblLLleM3JlOXeHHO- 



ro MaTepMana: cleM 6onbue M ~ C I J J T ~ ~  npo- 
L(eCCa, TeM aKTMBHee B O ~ A ~ ~ C T B M ~  THAPO- 

TepManbHblX PaCTBOpOB Ha BMellpDwym 

CpeAy, COOTBeTCTBeHHO MHTeHCMBHee 3KC- 

TpaKQMR L ( ~ H T P O ~ ~ X H ~ I X  3neMeHTOB M3 3 ~ 0 n  

cpeAbl, MX MMrpaum M nepepacnpeAeneHMe. 

6 TaKOM Cnyclae M ~ C U T ~ ~  rMApOTepManbHOr0 

npouecca onpeqenReT cTeneHb ynopRAocleH- 

HOCTM CTPYKTyP Am MnM,  APyrMMM CJlOBaMM, 

YpOBeHb npO5lBneHHOCTM 0 6 b e ~ ~ o f i  30Hanb- 

HOCTM. O Q ~ H K ~  CTeneHM ynOpRAOcleHHOCTM 

CTpyKTyp A T n  B n0AaBnRtOweM ~ O ~ ~ U I H H C T B ~  

Cny'iaeB OCHOBblBaeTC5l Ha 3PMTenbHOM BOC- 

IlpMRTMM, TO eCTb BeCbMa M BeCbMa cy6be~- 
TMBHa (pa3~.  3.1). B M ~ C T ~  C TeM, YCTaHOB- 

JleHHble o6wme M raCTHble 3aKOHOMePHOCTM 

cocTaBa M CTpoeHm A r f l  n o 3 ~ o n ~ n ~  paspa- 
6 0 ~ a ~ b  cnoc06 reOMeTpM3al(MM M KOJlM- 

' ~ ~ C T B ~ H H O ~ ~  OQeHKM YnOPRAOCleHHOCTM MX 

c~pymyp [161, 163, 168, 1731. 
Ha~6onee HaAeXHO 3OHaJlbHble A m  Bbl- 

AenRDTCR C MCnOnb3OBaHMeM MynbrMnnMKa- 
TMBHblX l l0~a3a~eJle i  (KU6), yKOMflneKTOBaH- 

HblX TMnMclHblMH L ( ~ H T P O ~ ~ X H ~ I M M  3neMeHTa- 

MM (Ni, CO, Cr, V, Mn, Ti), OTpMQaTenbHble 

opeonbl KOTOP~IX @MKCMP~K)T RAepHym ~ O H Y ,  

nonoxtmenbHble - 3 o ~ y  o 6 ~ e ~ a .  f l p ~   TOM 

6onee acpcpe tc r~~~o  npnMeHetivle MHoroKoM- 

IlOHeHTHblX f l0~a3a~eJlei (4-6 ~ J ~ ~ M ~ H T o B ) ,  

 TO n o 3 ~ 0 n ~ e ~ :  

- YBenM'iMTb KOHTPaCTHOCTb COnPRXeHHblX 

IlOnOXMTenbHblX M OTPMQaTenbHblX OpeO- 

n0B; 

- CHM3klTb HeraTMBHOe BnMRHMe na6opa- 
T O P H O ~  qMcnepcw onpeqenewn coqep- 
x ~ H M ~  OTAeJlbHblX 3neMeHTOB [44, 471; 

- ~en~panM306a~b MMetOu(Me MeCTO B OT- 

AeJlbHblX CJlycla5lX OTKnOHeHMFl B COCTaBe 

Q ~ H T P O ~ ~ X H ~ I X  3JleMeHTOB OT YHMBeP- 

canbHoro cnempa (c. 31); 
- YMeHbWMTb BJlklFIHMe B ~ K T O P H O ~  30Hanb- 

HOCTM 3neMeHTOB B R A ~ P H O ~  30He 

(pa3~.  3.4.2), TO eCTb BblAenqTb 3OHaJlb- 

Hble A m  BHe 3aBMCMMOCTM OT MX YPOBHH 

s p o 3 ~ o ~ ~ o r o  cpesa. 

B KaqecTBe 6a30~blx no~a3a~ene i  cTene- 
HM yflOpRAOcleHHOCTM CTpyKTyp A r f l  HaMH MC- 

nOnb30BanMCb npO,4ylCrMBHOCTM OTpMuaTenb- 

HblX (-Pu6) M IlOJlOXMTeflbHblX (+Pu6) BHOMa- 

J l M i  KU6, OTBeClaDuMX COOTBeTCTBeHHO KOnM- 

cleCTBy L ( ~ H T P O ~ ~ X H ~ I X  3neMeHTOB, BblHeCeH- 

HblX M3 F~A~PHOG 30Hbl M IlpMBHeCeHHblX B 30- 

HY 06~eHa. npM 3TOM IlPMMeHFlnMCb HOPMM- 

POBaHHble 3HareHMR Ku6, ' iTO n03BOnklnO Hkl- 

BenMpOBaTb YPOBHM C O A ~ P X B H M ~  L(eHTP0- 

6eXHblx 3neMeHTOB B pa3JlMqHblX IlOPOAaX, 

CHM3MTb BnMFlHMe C H C T ~ M ~ T H ~ ~ ~ C K O ~ ~  na6opa- 
T O P H O ~  M B ~ ~ M ~ H H O ~  ouu6~n [ I Z I ] .  6enm.r~- 
Hbl +PU6 H -Pu6 no aH&-IOrMH C HOPMMPOBaH- 

HOG nnou(aA~04 nPOAYKTMBHOCTbK) MOHO- 

3neMeHTHblX OpeOnOB MOrYT 6b l~b  OqeHeHbl 

no cneaylou(uM a o p ~ y n a ~ :  

- - 
rAe + K 46 M - K ~ ( 6  - CpeAHereoMeTpwecKMe 

3HaqeHMFl IlOnOWlTenbHblX M OTPMuaTenbHblX 

a ~ o ~ a n ~ i i  Ku6; Kum - ~ O H O B O ~  3 ~ a c l e ~ ~ e  
Ku6; +S M -S- nnOu(mH IlOnOXMTenbHblX M 

OTPM4aTenbHMX a~0ManllA Ku6; ll - flOp53AOK 

K O ~ @ @ M ~ M ~ H T ~  ~ ~ H T P O ~ ~ X H ~ I X  3JleMeHTO6, a 
~ o 3 ~ e ~ e ~ ~ e  B cTeneHb l l n  n o s ~ o n ~ e ~  COW 

MePMTb BnUFlHMe Ku6 M S Ha K ~ ~ e c l ~ b l G  pe- 
3YrlbTaT (+ Pu6, -Pq6). 

~ M ~ M P M ~ ~ ~ C K M  yCTaHOBneH0, qT0 3Haqe- 

HMR BeJlH'iMH +Pu6 bl -Pu6 AnR A m ,  BCKPbl- 

TblX 3~03Hei, BeCbMa 6n~3~t-l ( ~ a 6 n .  32), TO- 

rAa KaK WFl ma60 H CHJlbH03POAMPOBaHHblX 

nonei m a  ~ ~ K O H O M ~ P H O C T ~  HapyuiaeTcR. 
~ P H  3TOM, KaK I-IpaBMnO, +Pu6>>-Pu6. 6 3TOM 

cnyrae o4eHKa ~ a c u ~ a 6 a  npoueccoa nepe- 
PaCnpeAeneHMFl ~ ~ H T P O ~ ~ ) K H ~ ~ X  WeMeHTOB, 

a cneqoBaTenbHo M ynopFlAocleHHocTM C T ~ ~ K -  

Typ Afn 6 L(eJlOM, C MCflOnb308aHMeM I l O  OT- 

AenbHOCTM BenMclHH +PU6 M -P46 He npeA- 
crasnHeTcH AocraTocrHo ua,qex~oi. B 3 ~ 0 f i  

CBR3M npe4naraeTCFl nPMMeHFlTb KOMflJleKC- 

~ b l i  llOKa3aTellb, Y'~MT~IB~K)U(M~~ OAHOBpe- 

MeHHO IlPOAYKTMBHOCTH KaK IlOnOXMTenbHblX, 

TaK M OTPML@TenbHblX ~ H O M ~ J ~ M ~  KL(& ~ P M  
3TOM B KaYeCTBe XaPaKTePMCTMKM OTPMUB- 

~ e J l b ~ 0 k  aHOManMM MCnOnb3YeTCFI TaK Ha3bl- 

BaeMan ycnoBHaR n p o q y l ~ r ~ ~ ~ o c ~ b  (-plU6), 
sbr'iMcnfieMag no cne,qyrou(ei aopuyne: 

B BapMaHTax (3), (5) 3 ~ a c l e ~ ~ e  +Pu6 
60nb~~le bl 3Ha'iMTeflbHO 6onbwe eAMHML(bl, - 

Pou= - MeHbllle H 3HaclMTenbHO MeHbllle BAM- 

HMQbl. T o r ~ a  COOTHOllleHMe 3TMX BeJlM'iMH 6 ~ -  
qeT x a p a ~ r e p ~ 3 o ~ a ~ b  ~ a c w ~ a 6  nepepacn pe- 
4eJleHMR Q ~ H T P O ~ ~ X H ~ I X  3JleMeHTOB, CTe- 

neHb IlpORBneHHOCTM 06beM~0g 30HanbHO- 

CTM, B KOHe'iHOM MTOre M ~ C U I T ~ ~  rMAPOTeP- 
ManbHOrO npOQeCCa: 

rAe hU6 - no~a3a~enb cTeneHM ynopqAoueH- 

HOCTM CTPYKTYP Am. 
O ' i e ~ ~ q ~ o ,  ' i ~ o  B MCKOMOM no~a3a~ene He 
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30BaHMeM aHaJlOrMqHblX no CMblCJly M CnOCO- 

6y o n p e ~ e n e ~ ~ ~  senMwH +PHs -PI,,,, hH. 
P~CCMOTPMM COOTHOLUeHMe BblLLlePaC- 

CMOTpeHHblX BeJlMYMH Ha KOHKPeTHblX npMMe- 
pax. 

B npeAenax A M ~ ~ ~ M O - K ~ H Y ~ ~ ~ H C K O ~  
~ Y A H O ~  30Hbl BOCTO~~HO-~YKOTCKO~O ByrlKa- 

HMcleCKOTO IlOFlCa npM M3YcleHMM rMC PaHra 
PM Ha ngTM AeTanbHblx yracwax, xapame- 
pM3ytouMXCR pa3nMCIHblM M ~ C W T ~ ~ O M  npOFlB- 

PHC. 25. Opeoflbl Ku6 BHna CrVCoMtl TIV Ha yva- 
CTKaX A M ~ ~ ~ M O - K ~ H ~ ~ ~ ~ ~ H C K O R  P Y A H O ~  30Hbl: 
1-2- OTpMqaTeflbHble OpeOnbl Ku6; 3 - @OHO- 

Bble 3Ha'ieHHR Ku,; 4 5  - IlOJlOXHTeflbHble OpeO- 
nbl KU5; 6 - opeonbl 30no~a (6onee 0.1 TIT); 7 - 
M3BeCTHble PyAHble Tens ( ~ ' ~ ~ c T o K  L(eHTpaJlb~bl0). 

CneAyeT MCKaTb CKpblTbli @ M ~ M C ~ ~ C K M ~ ~  

CMblCJl, OH FlBJlFleTCFl nPOflYKTOM @0p~anM30- 

BaHHOrO nOflXOQa K Ol(eHKe y~OpFl~Oc leHHOCTM 

CTpyKTyp Arm. 
~ O M M M O  PaCCMOTPeHHblX Bblllle BeJlMclMH, 

npM n p o r ~ o 3 ~ o G  oueHKe pecypcos Ha nnoua- 
, ~ R X  c y c ~ a ~ o s n e ~ ~ o i 7  ~ e ~ a n n o r e ~ m c l e c ~ o i  
c n e q ~ a n ~ 3 a ~ y e G  BecbMa ~ @ @ ~ K T M B H O  npm- 
MeHeHMe 6onee CflOXHblX MyJlb-rMnJlMKaTMB- 

HblX Il0Ka3a~enei - K O ~ ( ~ ) @ M ~ M ~ H T O B  MHTeH- 

CMBHOCTM, clMcnMTenb KOTOP~IX KoMnnemyeT- 
CR TM~~OMOP@H~IMM 3JleMeHTaMM 4eHTPOCT- 

p e ~ ~ ~ e n b ~ o i  rpynnbl ( p y ~ ~ o r o  ~ o ~ n n e ~ c a ) ,  
3HaMeHaTen b - ~ ~ H T P O ~ ~ X H  ~ I M M  3JleMeHTa- 

MM. 6  TOM cnyclae oueHKa cTeneHln ynopRAo- 
WHHOCTM CTPYKTYP flPOM3BO,4MTCR C MCnOnb- 

n e ~ ~ o c - r ~  3 o n o ~ o - c e p e 6 p ~ ~ o i  ~ ~ ~ e p a n ~ s a -  
4MM, 6blna IlPOBeAeHa JlMTOXMMMcleCKaFI 

CbeMKa no BTOpMclHblM OpeOnaM PaCCeRHMFl 

no CeTM 100x20, 200x20 M. no pe3yJlbTaTaM 

M3YYeHMFl XMMMcleCKOrO COCTaBa KOPeHHblX 

~ o J ~ o T o - c ~ ~ ~ ~ ~ F ~ H ~ I x  npoFl~SleHMi, BTOPMY- 

H ~ I X  OpeonoB paccemm M a ~ a n ~ 3 a  Koppe- 
JlFluMOHHblX C B F I ~ ~ ? ~  3neMeHTOB 6bln BblAeneH 

CneKTp ueHTp0CTpeMMTenbHbIX (Au, Ag, Pb, 
Mo, AS, CU, Sn) M U ~ H T P O ~ ~ X H ~ I X  (Cr, CO, V, 
Ni, Mn, Y, Ti, Ba) 3JleMeHTOB. C YcleTOM 3TMX 

AaHHblx npM reo~e~pm3aum~ ATn paiira PM 
MCnOnb30BanMCb OpeOnbl Ku6=Cr V CO Mn Ti 
Y (PMC. 25) M KH=Au As Mo PbICr V Co 
Mn Ti Y. f l p ~  3ToM c uenbto ~ e i i r ~ p a n ~ a a u ~ m  
BJlMFlHMR Jla60paTop~oi M npMp0~~0f i  AMC- 

nepCMM C O A ~ ~ X ~ H M ~ ~  3JleMeHTOB llPOM3BOflM- 

JlOCb YCpeAHeHMe nepBMqHblX AaHHblX MeTO- 

AOM c~onb3~1uero oKHa ( ~ c l e i ~ a  100x100 M). 
Pesynb~a~b~  napannenbtiblx pacqe-ros 

PAU+~g ( C Y M M ~  I ~ ~ O ~ ~ K T M B H O C T ~ ~  AU M Ag), 
+Pus, -PIu6, hU6, +PM, -PIH, hM Ha M3YcleHHblX 

nRTM YqaCTKaX (~a6n.  37) CBMAeTenbCTBytOT 0 

TOM, clTO 3TM BeJlMclMHbl HaXOARTCR B KOppe- 
J ~ ~ ~ ~ M o H H o ~  3aBMCMMOCTM (~a6n.  38, 39). 



A ~ a n o r ~ c l ~ b ~ e  pacreTbl npoeeAeHbl AnR 
Pa3HOypOBHeBblX 30JlOTOPYAHblX 0 6 b e m o ~  
(PM, Pn,  PY) ~ ~ H O - K O J ~ ~ I M C K O ~  ~ K J l a ~ c l a ~ o n  
CMcTeMbl ( M a r a ~ a ~ c ~ a F i  06nac~b), xapame- 
PMBYtOLI(MXCFl npeMMyLI(eC*rBeHHblM pa3BMTMeM 
n p o ~ s n e ~ ~ f i  a o n o ~ o - ~ s a p u e ~ o i  @OPM~L(MM. 
B C K P ~ I T M ~  CTPYKTYP Arm PaHra PY OCyu(eCT- 
BJlFlJlOCb no AaHHblM J ~ M T O X M M M ~ ~ ~ C K O ~  CbeM- 
KM no noToKaM pacceFiHMFi, P n  M PM - no 
B T O P M ~ ~ H ~ I M  opeonaM ~ a c w ~ a 6 a  1 :50000 M 

1 : 10000 C MCnOJlb30BaHMeM OpeOJlOB KH BM- 

Aa Au As Ag W/Cr V Co Mn. 
KaK BMAHO M3 PMC. 26, Ha BCeX M3YcleHHblX 

YpOBHFlX OPTaHMBa4MM BeueCTBa ~ a 6 n t 0 ~ a -  
eTCR yCT0ficlMBaFl CBFl3b BeJlMClMH hM M q. ~ P M  

3TOM IlPMBeAeHHble Ha rpa@MKe HeKOTOpble 
A m ,  COOTBeTCTBytOLI(Me TaK Ha3blBaeMblM 
[44] ~ O H ~ M  P ~ C C ~ F I H H O ~  ~ ~ ~ e p a n ~ s a u ~ ~  (Jlo- 
KaJlbHaFl, Yc~b-oMcl~r~KaFl, Ce~epHaFl), npM 
pa3JlMclHoi IlPOAYmMBHOCTM 30JlOTa (q), B TOM 

qMCJle M C O O T B ~ T C T B ~ ~ O ~ C ? ~  nPOMbllLlneHHblM 
0 6 b e m a ~  (Yc~b-O~clyr,  C e e e p ~ a ~ ) ,  xapaK- 
TePM3YtOTCFl OTHOCMTenbHO HM3KMMM 3Hacle- 
HMFIMM n o ~ a 3 a ~ e n ~ l  AM, TO ecTb MMetOT Heyno- 
pRAoretiHoe cTpoeHMe. 

n0nyreHHble pe3yJlbTaTbl nOATBepwatOT 
M pa3BMBatOT TeOpeTMcleCKMe B033peHMFl Ha 
HeKoTopble s a x ~ e i u e  acnetcrbl @ o p ~ ~ p o -  
BaHMFl ~ec~opo>yqeH~f i ,  a MMeHHO: 

HOMep n.n. 

I 
I I 
Ill 

IV 
V 
VI 

PHC. 26. ~ ~ B H c M M o C T ~  CTeneHH ynOPRAOcleHHOCTM 
CTpylcryp pa3HOpaHrOBblX Am H npOAylcrHBHOCTM 
opeonoe sono~a: 
I - Arl l  paHra PM: 1 - C e e e p ~ a ~  (3PM), 2 - 
D~O-BOCTOCIH~R, 3 - Ceeepc+3ana~~a~, 4 - 
3 a n a ~ ~ a ~ ,  5 - D X H ~ R ,  6 - D r o - 3 a n a ~ ~ a ~ ,  7 - 
u e ~ ~ p a n b ~ a ~ ;  2- Ar l l  patira Pn: 1 - XonoA- 
HMHcuag, 2 - ~ ~ B M T ~ R ,  3 - C e e ~ n a ~ ;  3 - AT11 
paHra PY: 1 - J l o ~ a n b ~ a ~  (3PM), 2 - 4an6blra, 
3 - AM~IH, 4 - WTOK, 5 - AYCK~H~HHCK~F I ,  6 - 
MHFIKBH, 7 -T~H~KHHCK~FI ,  8 - YcTb-OMclyr (3PM). 

Oop~ynb~ 3 a e ~ c ~ ~ o c ~ e A  r e o x ~ ~ ~ c l e c u ~ x  napa~e~poe 

P~u+~~=antln[0.618ln(+ PU6)+0.564] 
PAu+Aq=antln 1-0.868 ln(-P'U,)-O. 1471 

PA,+,,= antln [0.592 ln hu6-2.8401 

~ ~ ~ + ~ ~ = a n t l r 1 [ 0 . 2 9 0 l n h ~ +  1.1351 
+ P,,=antln [-1.340In (-P1,,)-0.5441 
+PM= antln[-0.393111 (-PM)+6.270] 

C T ~ H A ~ ~ T H O ~  
OTWlOHeHMe 

0.385 
0.320 
0.172 

0.239 
0.566 
0.509 



eT, qTO OTAeJlbHble 3Tanbl pa3BMTMR rMC 
B3aMMOCBR3aHbl M B ~ ~ M M O O ~ Y C J ~ O B J ~ ~ H ~ I .  

3. M ~ c T o ~ o X , ~ ~ H M ~  eCTb npOAyKT AnM- 

TeJlbHOrO M n03TanHOrO Pa3BMTMR r M C .  Ero 
3apO>tCqeHMe He OrpaHMqMBaeTCR BPeMeHHblM 

MHTepBaJlOM 0 6 p a 3 0 ~ a ~ M ~  rMApOTepManbHblX 

CMCTeM JlOKaJlbHOrO YPOBHR (PM, PT), a np0- 
MCXOAMT 3HaqMTeJlbHO PaHbLUe, Ha CaMblX Ha- 

qaJlbH blX (AOPYAH b l ~ )  3TanaX CTaHOBJleHMR 

M H O ~ O ~ ~ O B H ~ B O ~  rMC. 



rlPOrHO3 M OUEHKA PECYPCOB M E C T O P O ~ E H M U  

P ~ C C M O T P ~ H H ~ I ~  BbllLle o 6 1 4 ~ e  M claCTHble 

3aKOHOMePHOCTM COCTaBa M CTPOeHMFI A m ,  
KaK c n e A y e T  ~3 ~ a 6 n .  9, 11, xapatcrepHb1 A n R  

rMC x a n b ~ o @ ~ n b ~ o i  c n e u ~ a n ~ ~ a u ~ ~ ,  @op- 
MMpOBaHMe KOTOPblX nPeMMyUeCTBeHH0 CBFI- 

3aHO C KMCJlblMM-CPeAHMMM-OCHOBHblMM no- 
POAaMM HOpMaJlbHOrO M c y 6 u e n o c l ~ o r o  pFIAa 

(~a6n.  40). B f l peAeJ laX  x ~ J ~ ~ K o @ M J ~ ~ H o ~  

rpynnbl no npMypOcleHHOCTM K T e M  MnM MHblM 

TMnaM M ~ c T o ~ o > ~ C ~ ~ H M ~  MOXHO BblAenMTb TPM 

K n a c c a  reHeTMrecKM poAcTBeHHbrx s n e M e H -  

TOB ( K n a c c  1-3). K 3 ~ 0 ~ 7  Me rpynne oTHeceHb l  

HeKOTOpble J l M ~ ~ @ M n b ~ b l e  3neMeHTb l  (Knacc  

4 ) ,  KOTOpble CO CTPYKTYPHblX n 0 3 M u M i  B Ha- 

CTOFIuee BpeMFl M3yCleHbl HeAOCTaTOclHO. 

B M ~ C T ~  C TeM, OTcleTrIMBO npOFlBneHHble ueH-  

TpOCTpeMMTenbHbIe C B O ~ C T B ~  BTMX 3JleMeH- 

TOB KaK CnYTHMKOB rJlaBHblX KOMnOHeHTOB PC 
K n a c c a  1-3 (~a6n .  9), ~ O ~ B O ~ F I ~ T  npeAnono- 
X M T ~  aHanorMc lHoe cTpoeHMe Arn, cneuna- 
JlM3MPOBaHHblX M H a  3TM 3JleMeHTbl. 

B T O ~ ~ R  rpynna - 3TO J l M ~ o @ M n b ~ b l e  

3JleMeHTb1, 0 6 p a 3 y ~ q n e  MaKCMMYMbl KOH- 

UeHTpaLlMM B ueJlOclHblX, B ~ e ~ b l L l e i  CTeneHM 

B C ~ ~ ~ ~ ~ O C I H ~ I X  nOpOAax  (~a6n .  40). Mec~o-  
PO>tC4eHMFI BTMX 3neMeHTOB claCTO CBFI3aHbl C 

n p o g s n e H u l e M  U e n o r H o r o  ~ e ~ a c o ~ a ~ o 3 a .  

~ O H ~ ~ ~ H O C T ~  COOTBeTCTBYtOuMX Am KaK 38 -  

KOHOMepHOe COOTHOlLleHMe OpeOnOB IlPMBHO- 

c a - ~ b ~ ~ o c a  B H a c T o g U e e  B p e w  ~ 3 y c l e ~ a  He- 

AOCTaTOclHO. B HeKOTOPblX CJlyclaFIX, B claCT- 

HOCTM, n0 AaHHblM E.B. nn loue~a,  C.B. r p M -  

rOpFIHa, AJlB Am ~ ~ A K o M ~ T ~ J ~ ~ I ~ H o ~  M PeAKO- 

3 e ~ e J l b ~ o i  CneL(ManM3aL(MM ~ a 6 n l o ~ a l o ~ c F I  

0 6 b e ~ ~ 0 - 3 0 ~ a n b ~ b l e  CTPYKTYPbl, aHaJlOrMcl- 

Hb le  P a H e e  PaCCMOTPeHHblM ( ~ a 6 n .  9). 
0 6 o c o 6 n e ~ ~ o e  nOnOXeHMe 3aHMMaDT 

~ M ~ e p ~ @ M J l b ~ b l e  3J leMeHTbl  (KJlaccbl 6, 7). C 
O A H O ~  CTOPOHbl, OHM IlpOFIBJlFIDT L(eHTP0CT- 

PeMMTenbHble  C B O ~ C T B ~  B 06benax CMAePO- 

@ ~ n b ~ o i  c n e u ~ a n ~ 3 a u ~ ~ ,  c ~ p y r o i ,  r e p H o -  

MeTaJlJ lbHble 3J leMeHTbl  ( K ~ ~ c c  6) FIBJlFIloTCFI 

TMnMclHblMM L ( ~ H T P O ~ ~ X H ~ I M M  3neMeHTaMM 

TMC x a n b ~ o @ ~ n b ~ o r o  npo@nng. f l e p ~ b ~ e  
OTnMra toTcg  OT BTOP~IX no c n e A y l o u u l M  I-IPM- 

3HaKaM: 

78 

- c M ~ e p o @ M n b ~ b l e  3neMeHTb l  B CaMOCTOFI- 

TerlbHblX 06bemax KOHueHTPMPYDTCFI B 

F I A ~ ~ H o ~  30He  Am M AeKOHueHTPMPYDTCFI 

B 3 o ~ e  0 6 ~ e ~ a .  B K a r e c T s e  M n n D c T p a U M M  

Am clePHOMeTaJlJlbHOr0 npo@MJlFI H a  

PMC. 27 ~PMBOAMTCR reoxMMMclecKoe none 
TMTaHa 30Hbl  C T ~ H O B O ~ O  pa3J lOMa H a  Ce- 

~epo-sana~e A~ypc~oi ; r  o 6 n a c ~ ~ ;  
- HepeAKO Am P a H r a  PP MMeDT J ~ M H ~ ~ H O -  

B~ITFIH~TYD @OPMY, H A e p H a g  a o ~ a  KOTO- 

PblX nPMyPOWHa K 30HaM ~ J ~ Y ~ V I H H ~ I X  AOn-  

rOXMByuMX pa3JlOMOB; 

- YpOBeHb C O A ~ ~ X ~ H M ~  clepHOMeTaJlJlbHblX 

3neMeHTOB CyueCTBeHHO BbllLle B PYAHblX 

o 6 b e ~ ~ a x  no CpaBHeHMtO C 3 0 ~ 0 i  0 6 ~ e ~ a  
rruc; 

- KOHeclHblM ClneHOM Arc W?PHOMeTaJlJlb- 

H O ~  c n e ~ ( ~ a n ~ 3 a u ~ ~  FIBnFItOTcFI A r l l  p a H r a  

PM M AaXe Pn ( ~ M c .  4), KOTOPble B 3KO- 

HOMMcleCKOM IlOHMMaHMM M FIBJlFIDTCFI 

nPOMbllUneHHblMM 0 6 b e K T a ~ M .  

An9 BCeX PaCCMOTPeHHblX T p e X  rpynn 
3JleMeHTOB I lpeAJlaraeTCFI MCnOJlb3OBaTb 

c n e ~ y l o ~ ~ i  anropn-r~ MHTepnpeTauM M reo- 
X M M M C ~ ~ C K O ~  M H @ O P M ~ ~ M M :  

1. O u e ~ ~ a  n a p a M e T p o s  a H o M a n b H o r o  M 

HOpMaJlbHOrO reOXMMMreCKOr0 IlOJlFI, Bb lAe -  

JleHMe MOH03JleMeHTHblX OpeOnOB H a  n a H A -  

1~a@~~o-reoxn~ulclec~oir l  OcHoBe,  o u e H K a  MX 

np0AyKTMBHOCTM. 

2. r e o ~ e ~ p m a u ~ ~ ~  pa3HOpaHrOBblX A r l l ,  
OueHKa ynOpFIAOreHHOCTM MX CTpyKTyp. 

3. O U ~ H K ~  tlPOrH03HblX PeCypCOB Ar f l .  
4. no COBOKynHOCTM reOXMMMCleCKMX, MM- 

HepanorMrecKu lx ,  c~pytc ryp~b~x M A p y r M x  no- 
MCKOBblX flpM3HaKOB npOrH03  PyAOreHHblX 

CMCTeM C BblAeJleHkleM IlepCneKTMBHblX yra- 
CTKOB I M 1 1  OclepeAM M3YCleHMFI. 

n p k l  3TOM B COOTBeTCTBMM C YPOBHeM M3y- 

WHHOCTM ~ ~ K O H O M ~ P H O C T ~ ~ ~  0 6 b e ~ ~ 0 - 3 0 -  

HaJlbHOrO CTpOeHMFI AT11 npOrH03 PC X a n b -  

K O @ M ~ ~ H O ~  CneuManM3auMM OCyUeCTBJlFIeTCFl 

no COBOKynHOCTM KOHueHTpauMOHHblX (np0- 
AYKTMBHOCTb, L(M@pbl nPOrH03HblX PeCypCOB, 

YpOBeHb C O A ~ ~ X ~ H M ~ ,  AMCnepCMFI 3neMeHTOB 

M T.A.) M CTPYKTyPHblX ( Y ~ O P F I A O C ~ ~ H H O C T ~  



npM~eclaHMe. rJlasHble TMnbl nPOMblUJleHHblX M ~ C T O P O ? K , ~ ~ H M U  IlPMBOARTCR no AaHHblM B.U. CMMPHOB~ 
M flp. [157], B.L/I. CHHRKOB~ [I%], A.r. 6eTeXTMHa [g]; BblAeneHMe rpynn POACTBeHHblX n0 nPOMCXO?K,4e- 

HMtO 3neMeHTOB OCHOBblBaeTCR Ha K ~ ~ C C M @ M K ~ ~ M F I X  3neMeHTOB A.E. O ~ P C M ~ H ~  [83] M MeTaJlJlOreHMcle- 
CKMX @ O P M ~ ~ M ~  fl.H. OBC~MHHMKOB~ [124]. 

Knaccbl 

B~eLLlatoulMe 
rOpHble nOp0~bl 

K~cnble-CP~Q- 

H H ~  n n y r o ~ ~ c l e -  

C K M ~  M B Y ~ K ~ -  

HHrecKMe, oc- 
HOBHble BynKa- 

HMqecKMe nopo- 
flbl HOPManbHO- 

ro M cy6uenor- 
HOrO PRAa 

Cpe~~t Ie-OC- 
HOBHble-YnbT- 

PaOCHOBHble 

nOpOAbl We- 
nocltror0 P R A ~  

Y J ~ ~ T ~ ~ o c H o B -  
~ b l e  nnyro~u-  
. r e c ~ ~ e  M syn- 

KaHMcleCKMe, 
OCHOBHble nny- 
TOHMWCKMe 

nOpOAbl HOP- 

MaJlbHOrO PRAa 

CTPYKTY~) nOMCKOBblX flpM3HaKOB. BJlFI Am 
JlMT0@MnbH0~ M ~k l~epO@MJlbHO~ Cflel\MaJlM- 

3auMvl flpOrH03 nPOBOAMTCR fl0 COKpaqeHHO- 

MY OnePauMOHHOMy LlMlVly 3a BblcleTOM fl. 3 M 

@ o p ~ a n ~ a o ~ a ~ ~ o ~  noAxo,qe npvl reoMeTpM- 

3al(MM IlPOAYKTMBHblX Am ( T O J ~ ~ K O  no OpeO- 

naM n p ~ ~ ~ o c a ) .  
MeT0Abl M cnoco6bl PelLleHMR nep60G 3a- 

AaC1M pa3pa60TaHbl B ~ O C T ~ T O C ~ H O ~  CTeneHM M 

He ~ p e 6 y t 0 ~  K ~ K M X - ~ M ~ O  KOMMeHTapMeB. 

O C H O B H ~ I ~  npMHL\klnbl reOMeTpM3aL\MM 

Am M KOJ~M'-I~CTB~HHO~ OueHKM ynOpFIAO'-IeH- 

HOCTM MX CTPYKTYP M3JlOXeHbl B IlPeAblAY~MX 

TJlaBaX. 3Aecb Xe  OCTaHOBMMCR Ha HeKOTO- 

PblX MeTOAMqeCKMX O C O ~ ~ H H O C T F I X .  

reHeTMreCKM POACTBeHHblX 

T e o x ~ ~ ~ r e c ~ a ~  
rpynfla 3neMeHTOB 

no [34], npeMMy- 

LUeCTBeHHO KOH- 

ueHTPMpYtOLLlMeCFI 
3neMeHTbl 

XaJlbK~@MnbHble 

Pb, Zn, CU, Au, Sn, 
W, Mo, Ag, Bi, Sb, 
Hg, As, (Li, Be, 
Ga) 

flMTo@MflbHble Nb, 
Ta, Zr, Th, TR, Sr, 

P, (Ti, Fe) 

CMflep~@MnbH ble 

Fe, Ti, Ni, CO, V, 
Cr, Mn, rp. Pt, (P, 
CU) 

B ~ ~ B M C M M O C T M  OT paHra o6ae~ra  noMc- 
KO6 vl M ~ C L U T ~ ~ ~  TeOXMMMcleCKMX MCCneAOBa- 

H M ~  MOXHO BblAenMTb ABa MeTOAMcleCKMX 

noAxoAa npvl r e o ~ e ~ p ~ a a u ~ ~  ~ O H ~ J - I ~ H ~ I X ,  a 
cneAosaTenbHo, M npoAyKrvleHblx [40, 43, 
138, 161, 168, 173 M AP.] AT11 xaJlb~o@MJlb- 

3neMeHTOB M MX 

Knaccbl reHeTMre- 

CTPYKTYPHaR fl03MUMFI B 

rnas~b te  TMnbl 

IlPOMblLLIneHHblX 

M ~ c T o ~ o ? K , ~ ~ H M ~  

rpeh3e~o~blR, 
rMApOTepManb- 

~ b l h ,  C K ~ P H O B ~ I ~  

r ~ a p o ~ e p ~ a n b -  
Hbla, CTPaTM- 

@OPMH~IR, ~oncle- 
~ a ~ ~ b l h  

r ~ a p o ~ e p ~ a n b -  

Hblh, CTpaTM- 

@ O P M H ~ I ~  

~ ~ ~ M ~ T M T O B ~ I ~ ,  

rpeh3e~o~blh  

K ~ ~ ~ O H ~ T M T O B ~ I ~ ,  

MeTaCOMaTMcle- 
CKMR, IlerMaTMTO- 

Bblh, JlMKBauMOH- 

Hblh 

M ~ ~ M ~ T M C ~ ~ C K M R ,  
J ~ M K B ~ ~ M O H H ~ I ~  

MarMaTMClec~Mfi, 
~ M K B ~ ~ M O H H ~ I ~  

CKM 

3neMeHTOB 

HOMeP 

KnaCCa 

1 

2 

3 

4 

5 

6 

7 

PYaOreHHblX CMCTeMaX 

CTPY~TYPH~R n o 3 ~ -  

4MFI B PC (TMC) 

T M ~ M ~  Hble UeHTPO- 

CTpeMMTenbHble 

3neMeHTbl rMC 

/I 

/I 

B~PORTHO, 4eHTPO- 
CTpeMMTenbHble 

3neMeHTbl TMC 
fl03ML&lR He YCTa- 

HOBneHa [B HeKOTO- 
PblX CnYClaFlX UeH- 
TPOCTpeMMTenbHble 
3neMeHTbl TMC 
(c. 30)] 
TMnMclHble UeHTPO- 

6e~Hble 3JleMeHTbl 

TMC, UeHTpocTpe- 

MMTeJlbHble 3neMeH- 
Tbl PC clePHOMe- 

~ a n n b ~ o h  c n e 4 ~ a n ~ -  

3 a ~ i ~ ~  

L ( ~ H T ~ o c T ~ ~ M M T ~ ~ ~ -  
Hble 3neMeHTbl PC 

~ ~ ~ T M H O M ~ H O ~  Cne- 
u ~ a n ~ s a u ~ ~  

POACTBeHHblX 

3neMeHTbl 

Mo, W, Sn, 
B i 

Au, Ag, 
Pb, Zn, 

Cu, As 

Sb, Hg 

Li, Be, Ga 

Nb, Ta, Zr, 

Th, TR, Sr, 
P, (Ti, Fe) 

Fe, Ti, Ni, 
CO, V, Cr, 
M n 

Pt rpynna 



PHC. 27. r e o x ~ ~ ~ c l e c ~ o e  none TMTatia ~ O H ~ I  CT~HOBO~O pasno~a: 
1-3 - nOJlOXMTenbHb1e OpeOnbl; 6 5  - OTpMuaTenbHble OpeOnbl; 6 - 30Hbl ~ J ~ Y ~ M H H ~ I X  pa3nOMOB ( 6  

TOM wcne: 1 - C ~ a ~ o e o r o  pasno~a). 

H O ~  c n e u ~ a n ~ 3 a u ~ ~ .  B OCHOBY nepaoro n3 

Hnx nonoxeH npnHuMn atianornn, KorAa npo- 
rHO3Hble IlOCTPOeHMFl OCYueCTBJlFltOTCFl C MC- 

nOJlb30BaHMeM MMeDuMXCFI reOXMMMCleCKMX 

XapaKTepMCTMK 3TaJlOHHOrO 06bena. K ~ K  
npaBMn0, ~ a ~ 0 f i  I lOAXOA IlPMMeHFleTCR Ha 

YPOBHFlX P I ,  PM npM npOM3BOACTBe CpeAHe- 
K ~ ~ ~ ~ H O M ~ C U T ~ ~ H ~ I X  reOXMMMCleCKMX pa6o-r. B 
3TOM CJlyClae MHCTPYMeHTOM BblAeneHMFl 30- 

HaJlbHblX A r f l  RBJlRKITCR aHOMaJlMM Ku6 M KM, 
yKOMllJleKOBaHHble ~ ~ H T P O ~ ~ X H ~ I M M  M ueH- 
TPOCTPeMMTenbHblMM 3JleMeHTaMM 3TaJlOHHO- 

ro 06bena. 

B~opofi noAxoA pauMoHaneH npu npons- 
BOACTBe PerMOHaJlbHblX reOXMMMCleCKMX pa- 
6 0 ~  Ha 3HaClMTenbHblX no llJlOlL(aAM TeppMTO- 

PMRX, x a p a n e p ~ 3 y t o ~ ~ x c ~  necTpblM cneK- 
TPOM M3BeCTHblX M llPOrH03MPYeMblX PYAHbIX 

06ben0~ .  B 3TOM CJlyClae npM BblAeJleHMM 

3OHaJlbHblX Am x ~ J ~ ~ K o ( S ) M ~ ~ H O ~ O  npo(S)MJlFl 
( P ~ H ~ O B  PP, PY) CJleAyeT OpMeHTMpOBaTbCFl 

Ha YHMBePCaJlbHble reOXMMMCleCKMe 3aKOHO- 

MePHOCTM rMC, ~POFlBJlFlH)LL(MeCR B IlOCTORH- 

cTBe cocTaea ue~- rp06ex~of i  rpynnbl me -  
MeHTOB. no pe3yJlbTaTaM a n p o 6 a u ~ ~  pas- 
JlMClHblX BaPMaHTOB Ku6 B paf io~ax AaJlb~er0 

BOCTOK~ HaMJlyClUMM o6pa3o~ 3apeKOMeHAO- 

BanM ce6g opeonbl BMAa CrMnVNiCo. 
B BblAeJleHHblX TaKMM o6pa3o~ 3OHaJlb- 

HblX A r f l  CTaPWMX PaHrOB reOMeTpM3auMR 

MJlaAWMX ClneHOB CMCTeMbl (Pn, PM) OCyue- 
CTBJlReTCFl C MCnOJlb30BaHMeM OpeOJlOB KuC M 

Kn. npM 3TOM ~b l60p  K O ~ ( S ) ( S ) M ~ M ~ H T O B  npOM3- 

BOAMTCR c ycleToM ~e~annore~n . rec~o i?  cne- 

u n a n n s a u ~ ~  ~ayc lae~b~x  n n o ~ a ~ e i I  M reHe- 
TMCleCKOrO CPOACTBa XMMMCleCKMX 3JleMeHTOB. 

B ClacTHoM cnyclae npM HanMrMM TonbKo reo- 
XMMMCleCKMX AaHHblX 0 ( S ) O P M ~ ~ M O H H O ~ ~  npM- 
HaAJleXHOCTM npOrH03MpyeMblX MCTOClHMKOB 

aHOManbHblX nOTOKOB PaCCeFlHMFl KuC M ClMC- 

JlMTeJlb KH MOrYT 6b l~b  yKOMnJleKTOBaHbl no 
BblAeneHHblM KJlaCCaM reHeTMCleCKM POACT- 

BeHHblX 3JleMeHTOB (~a6n.  40). f l p M  3TOM 

CJleAyeT MMeTb B BMAY, ClTO CYueCTBYtOuaR 

nJlOTHOCTb 0 n p 0 6 0 ~ a ~ ~ F l  npM MenKOMac- 

U I T ~ ~ H ~ I X  reOXMMMCleCKMX pa6o~ax n03BOnFleT 

nOKaJlM3OBaTb JlMWb FlAepHble 3OHbl Am 
MJlaAWMX PaHrOB (~a6n.  13). 

T ~ K o ~  BblAeneHMe PaHrOB Pn, PM 
MOXeT llPOM3BOAMTbCFl Ha OCHOBe npeACTaB- 
n e ~ ~ i  H.M. Ca(S)po~o~a [I521 06 3 ~ ~ p o n ~ i -  

HOCTM 3HAOreHHOrO P Y A O O ~ ~ ~ ~ O B ~ H M F I ,  CJleA- 
cTBMeM KOTOPO~ FlanReTcFl nocneAosaTenb- 

Hoe KOHL&?HTpMpOBaHMe PyAHOrO BeweCTBa B 

npouecce n o a ~ a n ~ o i I  aeontouMul MHoroypoe- 
HeBblX PC. B COOTBeTCTBMM C 3TMMM flpeA- 
CTaBneHMFlMM CYLL(eCTBYt0T ( S ) Y H K L ( M O H ~ ~ ~ H ~ I ~  
CBR3M M e w y  KOHueHTpauMRMM 3JleMeHTOB M 

pa3MepaMM YClaCTKOB HeAp. APY~MMM CJlOBa- 

MM, K a w O M Y  YPOBHK) OpraHM3auMM BeueCTBa 

COOTBeTCTByeT 0npe~eJ le~~b l f i  MHTepBaJl CO- 

~ e p x a ~ ~ f i  KoHueHTpMpytoueroc 3neMeHTa. 

M ~ X ~ H M ~ M  n03~an~o f i  KOHueHTpauMM n0A- 

TBepwaeTCR 3MnMpMCleCKMMM AaHHblMM 

A.6. K a w a ~ a  C C O ~ B T O P ~ M M  [61], KOTOPblMM 

YCTaHOBJleHbl MMHMMaJlbHble COAePXaHMR 

MeTannoe Ang AT11 pasn~cr~b~x  Mepapxwe- 
CKMX Y ~ O B H ~ ~  ( ~ M c .  28). ~ T M  AaHHble MOrYT 
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PHC. 28. H O M O ~ ~ ~ M M ~  MMHHMaflbHblX CO~ep>tta~kIi 
3JleMeHTOB B Ar l l  Pa3flMC(HblX MepapXMCleCKMX 
Y P O B H ~ ~  [61]. T ~ K C ~ ~ M R  ATfl no nflOuaAHblM na- 
PaMeTpaM IlpOBeAeHa B COOTBeTCTBMM C ~ P M H R T O ~  

Ham ~ n a c c ~ @ ~ ~ a u ~ e i  PC. 

MCnOnb3OBaTbCFI AJlFI 0PMeHTMPOBOL.IHOrO Bbl- 

AeneHm r p a ~ a u ~ i  M ~ O ~ M H M ~  OpeonoB PYA- 
H ~ I X  ~ ~ ~ M ~ H T O B ,  nocneAoBaTenbHo noKanM- 
~YK)LL(MX reoxMMMclecKoe none OT CTapLUMx K 

MnaA lum clneHaM Arc .  
O A H ~ K O  6onee KoppeK-rHo BblAeneHMe 

pa3HOypOBHeBblX OpeOJlOB MOXeT OCYqeCTB- 

~ R T ~ C R  Ha ocHoBe M ~ Y ~ ~ H M F I  pacnpeAeneHMg 

C O A ~ ~ X ~ H M ~  MJlM yCJlOBHblX ~ ~ o A ~ K W ~ B H O C T ~ ~  

no MX MHTepBanaM. B  TOM cnyclae Ang no- 
CTpoeHVrfi rMcTorpaMM pacnpeAeneHm co- 
~ t?p>r<a~Mi  MJlM K O ~ @ @ M U M ~ H T O B  MCllOJlb3YtOT- 

CFI AaHHble O ~ ~ O ~ O B ~ H M F I  M3BeCTHblX PYAHblX 

O ~ ~ ~ K T O B .  6 KacleCTBe npMMepa Ha PMC. 29, 
a, 6 IlpeACTaBneHbl TaKMe TMCTOrpaMMbl, no- 

3@@kluMe~~a, n - KOnMqeCTBO npo6 Ha MH- 

Tepeane, S - nnoqaAb n r e i ~ ~  onpo6o~a- 
HMFI) FIBJlFIIOTCFI TpaHMclHblMM 3HacleHMFIMM - 
Kuc MeWy COCeAHMX PaHrOB. McnoJlb- 

30BaHMe B T M X ~ H ~ ~ ~ H M ~  ll03BOJlFIeTyBepeHHO 

OKOHTYPMTb Pa3HOpaHrOBble A r f l  A0 PM 
BKJltOclMTeJlbHO (rJl. 8). 

M a c w ~ a 6  reOXMMMcleCKMX pa60-r~ paHr 
BCKPblBaeMblX A r f l  OllpeAeJlFItOT He TOJlbKO 

MeToAMclecKMe a c n e m l  npor~osa, HO M Tex- 

HOJlOrMtO OKOHTYPMBaHMFI 3JleMeHTOB CTPYK- 

TYPbl 3OHaJlbHblX A m .  
f l p ~  n o ~ a n ~ 3 a u ~ ~  3 0 ~ a n b ~ b l x  A r f l  paHroB 

PP, PY no noToKaM paccewm pauMoHanbHo 

MCnOnb3OBaTb aHOMaJlMM KU6 M KH, BblAeneH- 

Hble no cnoco6y r.M. X O ~ M H ~  M Ap. [I931 B 

M30JlMHMFIX. npM 3TOM AOnOrlHMTenbHblX One- 
p a ~ k l i  no YCpeAHeHMtO AaHHblX He llPOM3BO- 

AMTCFI, TaK KaK 3T0 TIPMBOAMT JlMWb K nOTepe 
M H @ O P M ~ ~ M M  0 30HaJlbHOM CTPOeHMM Am. 
T ~ ~ A M U M O H H ~ I M  C ~ O C O ~ O M  683 OCPeAHeHMFI 

ocyqecTBngeTcg r e o ~ e ~ p ~ s a ~ p ~  A r i l  patira 

PHC. 29. KpLI~ble yCflOBHblX PeCypCOB KuC (qy6aClMHcKMi PP): 
a - AuAg PbZnMO ( ~ B M C K M ~ ,  A ~ C ~ K ~ H C K M ~ ,  T O ~ ~ H ~ C C K M ~  PY), 6 - YCeLaYb ( ~ ~ M K ~ H c K M ~  PY). 



PT no nepBMqHblM M BTOPMqHblM OpeOJlaM. 
flpM BblAeneHMM A m  PaHrOB Pn, PM no BTO- 

P M ~ ~ H ~ I M  OpeonaM paccemm HepeAKo Ha- 
6n to~qae~c~  HapyweHMe cnnowHocTM me-  
MeHTOB CTPYKTYPbl Am. B O C O ~ ~ H H O C T M  3T0 

TMnMclHO AJlR 30Hbl 06~eHa,  KaK npaBMJl0, Xa- 
p a m e p ~ 3 y m u e i c ~  nonocclaTblM qepeAosa- 
HMeM nOJlOXMTenbHblX OpeOJlOB KU6 M cy6- 
@OHOB~IX 06nac~e i .  O A H O ~  M3 BePORTHblX 
IlPMclMH TaKOrO CTPOeHMH OpeOJlOB RBJlReTCR 
BJlMFlHMe pa3~006pa3Hbl~ nPMPOAHblX @aKT0- 
pos n TexHonorm 0np060BaHMH Ha coAep- 
XaHMH 3JleMeHTOB B PblXJlOM 3JltOBMO-AeJltO- 
BMM ( ~ O P U ~ O H T  O I ~ ~ O ~ O B ~ H M F I ,  HanMClMe Opra- 
HMcleCKMX OCTaTKOB B npo6e, @OPM~I  MMKPO- 
penbe@a M T.A.). B aToM cnyclae yeepeHHoe 
BblAeneHue sneMeHTos c ~ p y n y p  A r f l  pauMo- 
HaJlbHO OCyueCTBnHTb C npeABapMTeJlbHblM 
ocpegHeHMeM ( c p e g ~ e r e o ~ e ~ p ~ c l e c ~ o e )  nep- 
BMclHblX AaHHblX C R c l e i ~ a ~ M  0 .5~0 .5  KM (Pfl), 
0.25~0.25,  0.1 ~ 0 . 1  KM (PM). 

I 
Q=a- PXHX~XIO-' ,  

k x k '  

rAe a - K O ~ @ @ M ~ H ~ H T  6ana~cosblx (3a6a- 
J~~HCOB~IX )  PYA; k M k' - K O ~ @ @ M ~ M ~ H T ~ I  OC- 

T ~ T O C I H O ~  nPOAYKTM BHOCTM BTOPMCIH b l i  Ope- 
0Jl-nep~M.1~bl~ Opeon, ~ O T O K - B T O P V I ~ H ~ I ~  

Opeon; P - IlPO~yKTMBHOCTb aHOMaJlMM; H - 
n p o r ~ o 3 ~ p y e ~ a ~  r n y 6 ~ ~ a  p a c r ~ p o c - r p a ~ e ~ ~ ~  
opyAeHeHm; d =2.5 r / ~ '  - c p e ~ ~ e s 3 ~ e l u e ~ -  
H b l i  0 6 b e ~ ~ b l i  BeC OKOnOPyAHblX MeTaCOMa- 
TMcleCKM M3MeHeHHblX nOpOA, a YMHOXeHMe 
Ha 10-2 oTseclaeT nepexogy OT npoueHToe K 

ToHHaM MeTanna. 
K ~ K  BMAHO M 3  @0p~ynbl ,  OueHKa npOrH03- 

H ~ I X  pecypcoB onpeAenReTcR napaMeTpaMM 
a, k, k', H, a Tame 3aBMCMT OT pe3yJlbTaTOB 
onpeAeneHM9 YPOBHR ~ P O ~ M O H H O ~ O  cpesa M 

@ O P M ~ ~ V ~ O H H O ~  rlpMHaAJleXHOCTM OpyAeHe- 
HMH. Ha CTaAMM AeTanbHblX nOMCK0B npM np0- 
r ~ o 3 e  M oueHKe pecypcoB eaxiioe s ~ a c l e ~ ~ e  
MMeeT AOCTOBepHOCTb OnpeAeJleHMFl ~ c J ~ o B M ~ ~  

s a n e r a ~ ~ ~  p y g ~ b ~ x  sanexei c HeqeTKMMM 
pa3Ma3aHHblMM KOHTYPaMM n ~ 6 0  CJlenOrO 3a- 

7.2.1. O y e ~ ~ a  donu 6ana~c08blx pyd 

3 ~ a c l e ~ ~ ~  more n o ~ a 3 a ~ e n ~  06ycnoene- 
Hbl MHOrMMM @aKTopa~M, rJlaBHblM M3 KOTO- 

PblX HBJlReTCH MepapxMclecKM~ YpOBeHb Oue- 
HMsaeMoro 06aema. P a ~ r o ~  PC onpegem- 
eTCR M MeTOAMKa OnpeAeJleHMR K O ~ @ @ M ~ U -  
eHTa a. 

npM M3ycleHMM A f n  paHra PT OueHKa 6a- 
JlaHCOBblX pya nPOM3BOflMTCH no AaHHblM . 
~ O ~ H O ~ ~ ~ O B ~ I X  p a 6 o ~  ~3 CneAytouero COOT- 
HOWeHMR [179]: 

rAe MKOH (PKOH) M MOSU ( P o s ~ )  - KOflMqeCTBO 
MeTanna B K O H A M ~ M O H H ~ I X  pyAax M o6uee 
KonMqecTBo MeTanna, B TOM wcne  B nepBMcl- 
HOM opeone. 

Ha O TOM ypoBHe o p r a ~ ~ 3 a q ~ ~  BeuecTBa 
BenMcfMHa a B OCHOBHOM OnpegenHeTcFl Mac- 
W T ~ ~ O M  M reOJlOr0-TeHeTMCleCKMM TMnOM Me- 
CTOPOweHMH. 6 claCTHOCTM, A.fl. COJ~OBOB~IM x 

YCTaHOBJleHa npRMOnpOnOp~MOHanbHaR 3a- 
BMCMMOCTb 3Ha~leHM~ 3TOr0 K O ~ @ @ M ~ M ~ H T ~  M 

~ a c w ~ a 6 a  OpyAeHeHMFI. Ha  TOG OCHOBe npM 
OueHKe PeCypCOB cJla60~3ycle~Hblx IlnOua- 
~ e i  MM PeKOMeHAYeTCFl IlPMMeHFlTb 3HaCleHMFI 
a An9 KpynHblx no sanaca~ MecTopome- 
H M ~  - 0.9, CpeAHMX - 0.7, MeJlKMX - 0.5 
[60]. B oTnnclMe OT more aeTopa 
C.6. ~ P M ~ O P R H  [47] CclMTaeT rflaBHblM @ ~ K T O -  
POM, onpeAenRtouMM BenMwHy a, reonoro- 
np0~blluJleHHbl~ TMn MeCTOpOX,4eHMR 
(~a6n.  41). 

H ~ T ~ Y A H O  3aMeTMTb, clTO npMMeHeHMe 
npeAnaraeMblx ~ T M M M  asTopaMM s ~ a q e ~ m i  a 
IlpMBOAMT K BeCbMa Pa3JlMclHblM pe3yJlbTa- 
TaM. T ~ K ,  3HaCleHMR 3TOr0 K O ~ @ @ M ~ M ~ H T ~  M 

COOTBeTCTBeHHO uM@pbl nPOrH03HblX PeCyp- 
COB AJlR nPOrH03MPYeMblX KPYnHblX MeCTOPO- 
w e ~ ~ i  cBMHua xMnbHoro nonMMeTannMqe- 
cKoro TMna 6 y ~ y ~  no A.m. Conososy (a=0.9) 
B 4.5 pasa sblwe, cleM no C.B. ~ P M ~ O P F I H Y  

(az0.2). O~ctofla CJlegyeT, clT0 K O P P ~ K T H ~ I ~  

~b160p  3TOr0 K O ~ @ @ M ~ M ~ H T ~  npM OueHKe 
cJla60~3ycleHHblx IlJlou(a~ei BO3MOXeH n M W b  

npn yreTe cosoKynHocTM @amopos, onpeAe- 
JlFI tOuMX er0 3HacleHMH. T ~ K o ~  nOAXOA MOXeT 
6b l~b  peaJlM30BaH Ha OCHOBe M3YcleHMH BJlMFI- 

HMR M ~ C L U T ~ ~ ~  opyAeHeHm Ha BennclMHy a 
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AJlR K a M O r O  KOHKPeTHOrO TMna MeCTOpOX,4e- 

H M ~ .  B KaclecTBe npMMepa paccMoTpMM pe- 

3yJlbTaTbl OnpeAeneHMR CX AJlR XMAbHblX 30- 

JlOTOPYAHblX 06beKT0~ AanbHer0 BOCTOK~. 
Ha M3YCleHHblX 06benax no CepMM no- 

BepXHOCTHblX rOPHblX B ~ I P ~ ~ O T O K  BblFlBneHbl 

3HaclMTeflbHble K O ~ ~ ~ ~ H M F I  BeflMclMHbl a (OT 

0.18 A0 0.96) npM CpeAHeM 3HacleHMM - 0.44. 
B KaqeCTBe Mepbl ~acLLITa6a ~ O ~ ~ T C T B ~  PYA- 
H O L ~  ~ ~ ~ e p a n v l s a q ~ v l  ncnonbaoeanacb nn- 
H e i ~ a R  HOpMMpOBaHHaR IlpOAylcl-MBHOCTb 

nepBwHblx OpeonoB s o n o ~ a  (MH). B pe3ynb- 

TaTe cpasHeHMR napannenbHblx onpeAene- 
H L I ~  BenMclMH CX M MH YCTaHOBneHO, ClTO OHM 

ca~3a~b1  M e w y  co6ofi n o r a p ~ @ ~ n c l e c ~ o i  
3aBLICMMOCTbtO (PMC. 30). 

O C ~ ~ B M ~ H O ,  ClTO CTeneHb KOHueHTPMPO- 

BaHHOCTM 30JlOTa, M ~ C U I T ~ ~  OPYAeHeHMR B 

KOPeHHblX nOpOAaX OnpeAenRtOT YpOBeHb CO- 

~ e p ~ a ~ k l i  B COOTBeTCTBYtOqMX BTOPMClHblX 

Tnn MeCTOPO>yqeHMR 

C K ~ ~ H O B O - W ~ ~ J ~ M T O B ~ ~ ~  
C~ap~oeo-nonn~e~annurec~ni 
Konre~a~~o-non~~e~ann l l r e c~ I / IR  
M € ? ~ ~ H o - M o ~ M ~ ~ ~ H o B ~ ~ ~  

X n n b ~ b ~ i  n o n ~ ~ e ~ a n n ~ q e c ~ ~ i  

)t(~JlbHbli K B ~ P ~ - ~ O ~ O T O P Y , ~ H ~ I ~  

)t(nnbHbli 30nO~O-~epe6pR~bli 
Ypa~-non~~e~annnqec~n i  

opeonax paccemnn. B TaKoM cnyclae MOXHO 

flpe,4llOJlOXMTb, .IT0 K O ~ @ @ M ~ M ~ H T  6ana~co-  
B ~ I X  PYA M cpeAHee coAepxaHMe s o n o ~ a  BO 

BTOPM~~HOM opeone HaxoAmcn B @ Y H K ~ M O -  

HanbH0i 3aBMCMMOCTM. A n R  nOATBepX,4eHMR 

3 ~ 0 r o  npeAnonoxeHm pacccln-rblBanocb 

cpeAHee coAepxaHne s o n o ~ a  B opeone, 

OKOHTyPeHHOM M30JlM~Mefi 0.1 TIT, TaK KaK 

MMeHHO Ha 3TOM YPOBHe ~ a ~ 6 0 n e e  cleTK0 no- 

KaJlM3YtOTCFI aHOManbHble YClaCTKM, COOTBeT- 

CTBYtOqMe OTAenbHblM PYAHblM TenaM MAM 

PYAHblM 30HaM MeCTOPOX,4eHMR. npM 3TOM 

yclMTblBanocb,  TO r e o n o r o - n a ~ ~ u a @ ~ ~ b ~ e  

ycnoem n o ~ a n ~ s a u n ~  BTopMclHoro opeona 
( K P Y T M ~ H ~  CWIOHOB, COCTaB C Y ~ C T ~ ~ T ~  M T. n.) 
OnpeAeJlRtOT 3HacleHMR K O ~ @ @ M ~ M ~ H T ~  COOT- 

BeTCTBMR ~ ~ ~ ~ M c l ~ b l f i - ~ e p B M c l ~ b l ~  Opeon 
( p a a ~ .  7.2.2), a cneAosaTenbHo, BnnntOT Ha 

coAepxaHMe s o n o ~ a  BO B T O ~ M C ~ H O M  opeone. 

C ycleToM p a s n ~ v ~ b ~ x  r e o n o r o - n a ~ ~ ~ u a @ ~ -  
HblX O ~ C T ~ H O B O K  B OTAeJlbHblX ClaCTFIX BTO- 

pncltioro opeona paccleT cpeAHero coAepxa- 

HMR 30no~a (C) B O ~ M O X ~ H  no c n e ~ y m q e i  
@op~yne :  

rAe Ci - coAepxaHne s o n o ~ a  B K O H K ~ ~ T H O ~  

reonoro-na~,qwa@~~ofi  O ~ C T ~ H O B K ~ ;  ki - KO- 

~ @ @ M ~ M ~ H T  COOTBeTCTB MR B T O P M ~ ~ H  b l i  Ope- 
~Jl-nepBMcl~bl~ Opeon; n - KOnMcleCTBO aH0- 

ManbHblX npo6; Ill - KOnMcleCTBO reOnOr0- 

JlaH~Lua@THblx O ~ C T ~ H O B O K ;  N - o6qee KOflM- 

CleCTBO aH0~aJlbHblx npo6 B opeone. 
PaccclMTaH~ble TaKMM 0 6 p a s o ~  CpeAHMe 

coAepxaHnn s o n o ~ a  BO BTOPMCIH~IX opeonax 
CpaBHMBanMCb C pe3ynbTaTaMM 0flpe~eJleHkli 

a no AaHHblM T O P H O ~ Y P O B ~ I X  p a 6 0 ~ .  Y ~ 0 ~ n e -  

TBOpMTenbHaR anIlpOKCMMauMR TOcleK ~ P F I M O ~ ~  

n ~ ~ n e i  H a  r p a @ ~ ~ e  (PMC. 31) noATBepwatOT 

~peA~OJlOXeHMe0 HaJlMClMM @ Y H K L ( M O H ~ ~ ~ H O ~ ~  

flOne3Hbli KOMnOHeHT 

w 
Pb 
Zn 
c u 
Mo 
Pb 
AU 
AU 
U 

a 
0.5 
0.3 
0.3 
0.8 
0.6 
0.2 
0.3 
0.3 
0.4 



PMC. 31. ~ ~ B M C M M O C T ~  3HaqeHMfi K O ~ @ @ H ~ M ~ H T ~  

6ana~coeblx p y ~  OT cpeAHero coAepmaHMR sonoTa 
BO BTOPHLIH~IX opeonax paccewm. 

CBFI3M M e w y  3TMMM BenMclMHaMM. YCT~HOB- 
JleHHaR 3aKOHOMePHOCTb n03BOnReT npOM3- 

BOAMTb K O P P ~ K T H ~ I ~  ~ b l 6 0 ~  3~ac le~L l i  a npM 
npOrHO3e 3OJlOTOpyAHblX 06betno~ XMnbHOrO 

TMna Ha HaclanbHblX CTaAMRX reOXMMMcleCKMX 

nOMCKOB. f l o n o ~ ~ ~ e n b ~ b l e  pe3yJlbTaTbl anPo- 
6 a i - p ~  npeAJlarae~0i MeTOAMKM OUeHKM a 
ll03BOnFItOT PaCCclMTblBaTb Ha BblRBneHMe 

aHanorMclHblx ~ ~ K O H O M ~ P H O C T ~ ~  npM ~aycle- 
HMM ApyrMX TMnOB M ~ c T o ~ o > ~ ~ ~ H M G .  

l lpa tn~c lec~oe npnMeHeHMe ~ b ~ w e ~ s n o -  

XeHHblX pe3yJlbTaTOB OnpeAeneHMR a Orpa- 
HMclMBaeTCR YPOBHeM PC PaHra PT. flpM ne- 
pexoAe K 6onee KpynHblM MeTannoreHMcle- 

CKMM eAMHMuaM OueHKa 3TOr0 K O ~ @ @ M L ( M ~ H -  

Ta no T ~ ~ A M ~ M O H H O ~  MeTOAMKe Bbl3blBaeT 

3HaclMTenbHble 3aTPyAHeHM54, TaK KaK  WIOT- 

HOCTb CeTM ~ O P H O ~ Y P O B ~ I X  pa6o-r AaXe B 

npeAenax xopowo ~ 3 y c l e ~ ~ b l x  PM, Pfl, PY, 
PP He nO3BOnReT YcleCTb BCe HepeAKO MHO- 

roclMcneHHble npomneHMR p y ~ ~ o i  MMHepa- 

JlM3al(MM He~pOMblWneHHOrO ~ a c w ~ a 6 a .  
B CBR3M CO CnOXHOCTFIMM MeTOAMcleCKOrO 

xapatnepa AaHHble o 3 ~ a c l e ~ ~ ~ x  a Ann o6b- 
eKTOB KPYnHblX PaHrOB BeCbMa OrpaHMcleHHbl. 

Ha r n 0 6 a n b ~ 0 ~  YpOBHe ( K O H T M H ~ H T ~ I  - PY) 
onpeAeneHne Aonn npoMblwneHHblx p y ~  
ocyUecTsneHo B.B. M B ~ H O B ~ I M  M P.P. f l a ~ -  
@ M ~ o B ~ ~ M  [57] RyTeM CpaBHeHMR anpMOpHblX 

OqeHOK IlPOMblWJleHHblX 3anaCOB M TeOXMMM- 

clecKMx pecypcoB (PMC. 31). Ann 6onee no- 
KanbHblX PC TaKaR OueHKa IlpOBeAeHa 
r.M. XOPMH~IM M aBTOpOM [I941 Ha OCHOBe 

AaHHblX 0 pa3BeAaHHblX 3anaCaX, npOTFIXeH- 

HOCTM M3BeCTHOrO OPYAeHeHMR Ha rny6M~y M 

reOXMMMcleCKMX PeCypCOB, BblRBneHHblX IlpM 
JlMTOXMMMcleCKMX nOMCKaX no BTOPMclHblM 

PMC. 32. ~ ~ B M C M M O C T ~  K O ~ @ @ H U M ~ H T ~  HaKO(lne- 
HMR KH pyAHoro 3 n e ~ e ~ ~ a  OT nopRAKa MeTannore- 
HMLIeCKMX tl0~pa3~efleH~fi ( ~ a ~ ~ b l e  B.B. M B ~ H O B ~ ,  
P.B. na~cp~noea [57]): 
I - MMPOBaFl CyLUa, KOHTMHeHTbl; 1 1  - IlPOBMHUMFI; 

1 1 1  - PYAOHOCHble ~JIOKM B IlpeAeflaX flPOBLIHUMM; 
IV - OTAeJlbHble flJl)TOHbl. KH - OTHOUleHMe flp0- 
MblLLlJleHHblX 3aflaCOB M reOXMMMqeCKMX PeCypCOB. 

Pe3yrlb~a~bl T ~ K O ~  OueHKM 06betno~ 30- 

n o ~ o p y ~ ~ o i  c n e u ~ a n ~ s a u ~ ~  Aanb~ero Boc- 
TOKa C YcleTOM ~ P M H F I T O ~  HaMM K ~ ~ C C M @ M K ~ -  

~ M M  MeTannoreHMclecKMx TaKcoHoB no nno- 
UaAHblM IlapaMeTpaM (~a6n.  4) npMBeAeHbl B 

~ a 6 n .  42. 
f l 0 ~ 0 6 ~ b l e  onpeAeneHm AonM 6ana~co-  

BblX PYA nPOM3BOARTCR Ha OCHOBe AeTanbHO- 

ro a ~ a n ~ 3 a  K O H A M ~ M O H H ~ I X  KonMclecTB Me- 

Tanna B PaMKaX XOpOWO pa3BeAaHHblX Me- 

TannOreHMcleCKMX eAMHMu. Bb160p TaKMX 

06betno~ M3ycleHMR - Betqb AOBOnbHO CJlOX- 

HaR M KpOnOTJlMBaR. Y C T ~ H O B J ~ ~ H H ~ I ~  CpeA- 
HMe 3HacleHMR a WFI 3OnOTOpyAHblX o6be~-  
TOB rlpeAcTaenfitOT co6oi npoAyu MHoroneT- 

HMX ~ c c n e ~ o ~ a ~ ~ i  aeTopa Ha A a n b ~ e ~  Boc- 
TOKe. K COXaneHMtO, CTaTMCTMcleCKM y ~ ~ d i c l k l -  
~ b ~ i  M C X O A H ~ I ~  MaTepMan no P Y ~ H ~ I M  0 6 b e ~ -  

TaM ApyrMx c n e u ~ a n ~ s a ~ ~ i  B HacTogUee 

BpeMR OTCyTCTBYeT. K O H K P ~ T M ~ ~ ~ M F I  HaMe- 

W H H O ~  TeHneHUMM naAeHMR AOnM 6ana~co-  
B ~ I X  pya npn nepexoAe K 6onee KpynHblM Me- 

TannoreHMclecKMM TaKcoHaM AnH 06betnoe 
Apyrurx mnoe etqe ~ p e 6 y e ~  Aar~b~ei tuero 

p a s p e w e ~ ~ n .  
B M ~ C T ~  C TeM, MMetOTCR PeanbHble 603- 

MOXHOCTM OPM~HTMPOBOCIHO~ OueHKM AOnM 
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6ana~coBblx PYA PC pa3JlMclHblX paHroB M 

cne~p1an~3al(vl~ H a  ocHoBe paHee paccMoT- 
~ ~ H H O R  TeOPMM ll03TarlHOTO KOHL(eHTPMP0Ba- 

HMFl PYAHOT0 BeueCTBa (pa3~ .  7.1). B ~ P H ~ M -  
CFI K r p a a ~ ~ y  A.6. Kax,qaHa M p,p. [61], npeA- 
CTaBJleHHOMy Ha PMC. 28. ABTOP~MM BblAe- 

JlFlOTCR cleTblpe rpyflfl bl 3neMeHTOB, XapaKTe- 

PM3ytOU(MeCFI Pa3JlMqHblMM CPeAHMMM COAep- 

WHMRMM (FA) Ha KawOM KOHKPeTHOM 

YpOBHe OPraHM3auMM BeUeCTBa. Ansl K ~ W O ~  

T ~ K O ~  rpyflflbl HaMM PaCCClMTaHbl CpeAHereO- 
MeTpwiecKMe a ~ a c l e ~ ~ ~  mapKa cop,ep~a~Mk 

B BIMHO~ KOpe (K),  KOTOPble flPMBOARTCR B 

Hbl i7 M K K A  MMeloT 0 6 p a ~ ~ y m  CBR3b. ~ Y T ~ M  

HeCJlOXHblX PaCcleTOB 3Ta 3aKOHOMePHOCTb ... - 
K -KKA T ~ ~ H C @ O ~ M M ~ O B ~ H ~  B rpa@MK 3a- 

BMCblMOCTM (PMC. 33). C MCflOJlb3OBaHMeM 

3~0ro rpaan~a Ang Tpex penepHbix aneMeH- 

TOB (Au, Pb, Ti), pea~o p a s n ~ c l a m ~ ~ x c ~  
KnapKaMM c o ~ e p x a ~ ~ i  B s e ~ ~ o i i  Kope, B ~ I -  

AeJleHbl MHTepBarlbl aH0ManbHblX COAepXa- 

H M ~  (KK) A ~ R  KaWoro paHra PC. B KaclecTse 
npMMepa TaKMe MHTepBanbl npMBeAeHbl Ha 

rAe AP, - p,on~  ycnoBHblx pecypcoB no paw 
raM PC; KKmax M KKmin - Ma~~LlMaJlbHbl$ M 

M M H M M ~ J ~ ~ H ~ I ~  WaPK KOHL(eHTpaL(MM 3JleMeH- 

Ta Ha KOHKPeTHOM YPOBHe OpraHLl3aL(MM Be- 

qecTBa; s - cpep,Hslg nnoUaAb (KM~)  Me- 
~ a n n o r e ~ ~ c l e c ~ o f i  eAMHML(bl. 

O q e ~ ~ a  AonM 6anaH~OBbl~ p y ~  OcyqecT- 
sngnacb no cne~ymule i  aop~yne :  

- 
rAe a i - yCpeAHeHHaR AOnR 6ana~co~b l x  

pyp, PC i-~oro paHra; APPT - Aong pecypcos, 
COCpeAOTOcleHHblX B PYAHOM TeJle; B 3HaMe- 

HaTene - cyMMa pecypcoB PC ~o i-~oro 
paHra BmmclMTenbHo. 

B KarecTse npwepa B ~ a 6 n .  43 npeA- 
CTaBneHbl pe3yJlbTaTbl OllpeAeneHMR ai A I R  

PC 30no~opy,q~ok c n e u ~ a n ~ 3 a q ~ ~ .  



P a ~ r  PC s (KM'-) K&in-KKmax APi ai 
PP 3 000 6-1 5 27 000 0.0098 
PY 300 15-35 6 000 0.038 
Pfl 30 35-120 2 550 0.10 
PM 3 120-350 0.34 
PT 0.3 350-1 200 1 
PTn 0.03 1 200-3500 1 
YW~CTKM PT 0.003 3 500-1 2000 25 
PyaHble ~ ~ 0 n 6 b l  0.0003 12 000-35 000 8 
P y ~ ~ b l e  r ~ e 3 ~ a  0.00003 35 000-1 20000 3 

Y ~ o s n e ~ ~ o p ~ ~ e n b ~ a ~  CXOAMMOCT~ AaH- 
HblX ~ a 6 n .  43 M pe3ynbTaTOB IlPRMblX PaCcle- 
TOB K O ~ @ @ M Q M ~ H T ~  CX B PeanbHblX PC 
(~a6n.  42) B o n p e ~ e n e ~ ~ o i  cTeneHM  no^- 
Teepx,qaeT npasoMoclHocTb npeAnaraeMoro 

cnoco6a onpeAeneHw a ( p ~ c .  34). I1paK-r~- 
clecKaR p e a n ~ 3 a ~ ~ ~  y c ~ a ~ o e n e ~ ~ o i  sas~cn-  
MOCTM MOXeT OCYqeCTBJlRTbCR AJlFl UlMpOKOrO 

Kpyra 3JleMeHTOB. flpM 3TOM AJlR aneMeHTOB, 

MMeK)U/MX flpOMeXyTO'iHOe 3HacleHMe K no 
OTHOUleHMK) K PeflepHblM 3neMeHTaM, npM 
OueHKe a npOBOAMTCFi I ~ ~ O C T ~ ~ U J ~ R  MHTepnO- 

ngqm.  

H~CMOTPR Ha TO c l~o ~ O M C K M  no rMnepreH- 

HblM OpeOJlaM BHeApeHbl B IlpaK-rMKy MHOrMe 

AeCFlTMneTMR Ha3aA, CBeAeHMR 0 'iMCJleHHblX 

3HaqeHMRX K O ~ @ @ M L ( M ~ H T O B  k M k' B pa3nMr- 

HblX flPOBMHUMRX CTPaHbl HenOnHble, flpOTM- 

BOpe'iMBble kl HeAOCTaTOClHble.  TO CBR3aHO C 

TeM, 'iTO MX 3Ha'ieHMFI FIBnRtOTCR @ Y H K U M ~ ~  

BeCbMa MHOTOClMCneHHblX @BKTOPOB ( J ~ ~ H A -  

w a @ ~ ~ b l e  ycnosm, BMeuatoqaR cpeAa, @M- 

3MKO-XMMMcleCKMe XapaKTepMCTMKM PYAHblX 

Ten, TexHonorMR n p o 6 0 n o ~ r o ~ o ~ x ~  M T.A.), 

YcleT K a W O r O  M3 KOTOPblX B OTAeJlbHOCTM - 
sa~acla ~ p a i ~ e  cnoxHag. B B T O ~  C B R ~ M  ~ 3 y -  

CleHMe CTefleHM BJlMFlHMFl 3TMX QaK-ropoB 

IlpeACTaBJlReT OAHy M3 IlepBOOclepeAHblX 3a- 

AaCl ~ O M C K O B O ~  TeOXMMMM. B naJ lb~eB0~~0c l -  

HOM perMoHe POCCMM pa60~bl  B  TOM tianpas- 
J leHMM IlpOBOAMnM 6.M. MOPO~OB, 6.M. f l M -  

TYJlbKO, A.A. M a ~ ~ e e e ,  6.B. A o M ~ ~ ~ K  M MHOrMe 

ApyrMe [I 09, 136 M ~ p . ] .  
B HaCTORqee  BpeMR ~ a ~ 6 o n e e  AeTanbHO 

M3YCleHbl 3aKOHOMePHOCTM M3MeHeHMFl 3Ha'ie- 

H M ~  k ( B T O P M ~ ~ H ~ I I ~  opeon-nepe~cr~bii opeon), 
B 3aBMCMMOCTM OT J ~ ~ H A U ~ ~ @ T H O ~  O ~ C T ~ H O B -  

KM. K ~ K  flpaBMJl0, flpM 3TOM 0rPaHMClMBaK)TCR 

BblAefleHMeM TpeX TMflOB 3neMeHTapHblX 

n a ~ ~ u a @ ~ o s :  eo~opas~enoe  M nonorMx npm- 
BOflOpa3AeJlbHblX CKnOHOB ( ~ e ~ e e  1 oO),  
CKJlOHOB c p e ~ ~ e i  KPYTM3Hbl (I 0-25O), KPYTblX 

c m o ~ o s  (6onee 25"). 6 UenoM ycTaHosneHo 
YBenMcleHMe 3~a'ieHMfi 3TOrO K O ~ @ @ M ~ M ~ H T ~  

MFl MHOrMX 3neMeHTOB C B03paCTaHMeM PaC- 
clneHeHH0CTM peJlbe@a (~a6n.  44). 

3 ~ y  3aKOHOMePHOCTb MOXHO O ~ ~ H C H M T ~  

OCO~~HHOCTRMM n p O ~ e C C O B  BblBeTpMBaHMFl B 

pa3flMrHblX J l a ~ ~ t l J a @ ~ ~ b l ~  O ~ C T ~ H O B K ~ X .  C 
YBeJlMcleHMeM PaCclJleHeHHOCTM peJlbe@a 

BO3paCTaeT MHTeHCMBHOCTb AeHYAaqMM nPM 
ecTecTeetitioM s a ~ e ~ n e ~ ~ ~  ~ e s ~ ~ ~ e r p a q ~ ~  
s n o e ~ o - ~ e n o ~ ~ a n b ~ o r o  MaTepMana. Cnen- 
CTBMeM 3TOr0 FlBJlFleTCFl OTHOCMTenbHOe 

O ~ ~ A H ~ H M ~  ~ ~ ~ C C ~ ~ H O - ~ J ~ M H M C T O ~  @paK~(Mei 
3JltOBMO-AenBBMFI KPYTblX CKnOHOB no CpaB- 

Hewto c nonorMMM @ O P M ~ M M  penbeaa. n p ~  
 TOM Ha KPYT~IX CKnoHax P ~ ~ P Y L L I ~ H M K )   no^- 
BepraoTcg nMt.ub HaMMeHee Y C T O ~ V M B ~ ~ ~  npM 
BblBeTpMBaHMM MMHepanbl, KOTOPblMM AJlR 

MHOrMX TMflOB M ~ C T O P O X , ~ ~ H M ~  RBnRtOTCR 

c y n b @ ~ ~ \ b l  PYAH~IX Ten. 6 p e 3 y n b ~ a ~ e  npom- - 

I 
I 

XOAMT OTHOCMTenbHOe 0 6 o r a ~ e ~ ~ e  cynb@M- 1 
AaMM M COOTBeTCTBeHHO PYAHblMM 3JleMeH- 

TaMM MeJlK03eMa, K O T O P ~ I ~  flpM Cyu(eCTByt0- I 
U e i  TeXHOnOrMM flOMCKOB fl0 BTOPMClHblM 

opeonaM M noABepraeTcn O ~ ~ O ~ O B ~ H M K J .  

O T H O C M T ~ ~ ~ H O  cna6oii Y C T O ~ ~ ~ ~ M B O C T ~ K )  B 

30He rMflepreHe3a ~yJlbCt)bl~Hbl~ MMHepaJlOB 

MOXHO O ~ ~ R C H M T ~  IlOBbllLleHHble 3HacleHMR k 
AJIR ~ y J l b @ k l ~ ~ b l ~  PYA no CpaBHeHMK) C Mano- 

M Y ~ O ~ O C Y ~ ~ @ M A H ~ I M M .  3 ~ a  3aKOHOMePHOCTb 

OTCreTJlMBO IlpOCMaTPMBaeTCFI B ~ a 6 n .  44: 
3HacleHYIR k fl0 BCeM 3neMeHTaM AJlR 30nOTO- 

cepe6pn~oi, npeMMylL!eCTBeHHO MaJlOCyJlb- 

@ M A H O ~  @OPM~QMM 3aMeTHO HMXe, YeM AnFl 
6onee C Y ~ ~ @ M A H ~ I X  npomne~ur i  cepe6pa M 

onosa. 
Ha~6onee AeTanbHO 3aKOHOMePHOCTM 

M3MeHeHMR 3~ac le~Mh k B 3aBMCMMOCTM OT 
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n a ~ ~ u a @ ~ o s  M C ~ ~ ~ @ M A H O C T M  PYA npocne- 
XeHbl An54 30nOTOPYAHblX rlp0FIBne~Mh Aanb- 

Her0 BOCTOK~ ( ~ M c .  35). AnFI IlOCTpOeHMFI 3TO- 

ro rpa@n~a ~cnonbaosan~cb AaHHble no 11 
npORBneHMFIM 30n0~0-~epe6pFI~0~ @ O P M ~ -  

UMH (Au-AS), 12 - a o n o ~ o - ~ ~ a p l l e ~ o i  (Au- 
Q) L l  14 - ~ o ~ o T o - c ~ ~ ~ @ M ~ H o ~ ,  30nOTO- 

~ s a p q - c y n b @ ~ ~ ~ o h ,  ~ O ~ O T O - n o n m ~ e ~ a n n ~ -  
'iecK0h @OPM~L(MM (Au-S). B KacleCTBe MePbl 

C Y ~ ~ ( ~ ) M , ~ H O C T M  PYA IlPMMeHRnCR TaK Ha3bl- 

~ a e ~ b l i  K O ~ @ @ M ~ M ~ H T  C Y ~ ~ @ M A H O C T M  (SS), 
paBHblh CyMMe C O A ~ ~ X ~ H M ~ ~  B UITY@H~IX M 

6 0 ~ 0 3 ~ 0 B b l ~  npo6ax C~JI~@MAOO~~~~~KIL~MX 

sneMeHTos (Pb, Zn, Cu, As, Sb, Bi, Co). Yc- 
TaHOBneHHaFI 3aKOHOMePHOCTb ll03BOnReT 

npM HanMclMM c s e a e ~ ~ h  o reonoro-re~e~~cle- 
CKOM TMne nPO~H03MPYeMOrO OpyAeHeHMR MUM 

AaHHblX 0np060BaHMFI PYAOHOCHblX 06pa30- 

B ~ H M ~  llpOM3BOAMTb K O P P ~ K ~ H ~ I ~  Bbl60p 3Ha- 

c l e ~ ~ i  k B npoqecce oueHKn pecypcoe aHo- 
~ a n n i .  

Eue  B ~ e ~ b w e i  c-renew ~ s y c l e ~ o  snm- 
HMe pa3~006pa3Hbl~ @akTOpOB Ha 3HacleHMR 

K O ~ @ @ M U M ~ H T ~  O C T ~ T O ~ ~ H O ~  nPOAYkTMBHOCTM 

~OTOK-BTOPMCIH~ I~  Opeon (k'). B 3 ~ 0 h  CBFI3M, B 

O C O ~ ~ H H O C T M  AnFI cna60~3yc le~~blx  IlnOua- 
Aei ,  MCllOnb3yKITCFI CpeAHeCTaTMCTMcleCKMe 

3HacleHMR 3TOr0 K O ~ @ @ M ~ M ~ H T ~ .  T ~ K M ~  AaH- 
Hble AnFI TOPHO-TaeXHblX ~ ~ H A U J ~ @ T O B  B 30He 

Pa3BMTMFI BeclH0i Mep3nOTbl no AaJlb~eB0- 

CTOclHOMY PerMOHy IlpMBeAeHbl B ~ a 6 n .  45. 
AaHHble ~ a 6 n .  45 J I ,M@@epe~~blp~~a~bl  

no O C O ~ ~ H H O C T R M  TeXHOnOrMM npo6onogro- 
TOBKM: CTaHAaPTHaR MeTOAMKa BblAeneHMFI 

@paKqblM MeHee 1 MM C M T O B K O ~  B B O ~ A ~ L L I H O ~  

cpeAe c nocne,qytou(ei cyxo i  O T A ~ B K O ~  opra- 
H M ~ ~ ~ C K O ~  c o c ~ a ~ n ~ ~ t o u e h  M MoKpaB cenapa- 
~ M R  B B O A H O ~  cpeAe. 6 nepeoM cnyclae ~3 

npo6bl ygangeTcR McKntoclMTenbHo OpraHMcle- 

CKOe BeLqeCTBO, BO BTOPOM - BMeCTe C HMM 

M TOHKaR @ ~ ~ K L ( M R  annt0BMR. no AaHHblM 

~ s y c l e ~ ~ ~  pacnpegenetim c o ~ e p x a ~ ~ i  me -  
MeHTOB B Pa3nMclHblX @ P ~ K ~ M F I X  annKIBManb- 

HblX O T ~ O X ~ H M ~  YCTaHOBneHO 0 6 0 r a u e ~ ~ e  

MMeHHO T O H K O ~  @ p a K q M M  (<O.1 MM) 60nb- 

UMHCTBOM PyAHblX 3JleMeHTOB [196]. no 3 ~ 0 i  

npMclnHe ~a6ntop;ae~oe 06e~HeHMe 3 n e ~ e ~ -  

TaMM JlMTOXMMMcleCKMX npo6 (kIo/ kVM), n0A- 

BeprHyTblx M O K P O ~  cenapaqm (~a6n.  45), 
BnOnHe 3aKOHOMePHO. HeraTMBHble CneACT- 



n p ~ ~ e r a ~ ~ e .  AaHHble no M O K P O ~  CMTOBKe 0 6 0 6 u e ~ b l  aBTOpOM, no CTaHAapTHOMY MeTOAy npo6ono~ro- 
TOBKM MCnOnb3OBaHbl AaHHble r.H. XopMHa, A.A. A H ~ H ~ ~ H K O ,  B.11. 60pOAM~a ,  B.A. KOHOHOB~, 

A.A. Ma~eeeea, A.il. none~oro; B rMcnMTene nepeA ccep~oi k', 3a r e p ~ o i  E*', B s ~ a ~ e ~ a ~ e n e  - KonMcce- 

CTBO o n p e ~ e n e ~ ~ i .  

BMR TaKOrO O ~ ~ A H ~ H M A  ~an6onee KOHTpaCTHO 

npORBJlRtOTCR AJlR 3JleMeHTOB, I lOpOr clyBCT- 

BMTeJlbHOCTM aHaJlM3a KOTOPblX Bb lWe  MX @0- 

HOBblX C O A ~ ~ X ~ H M ~ .  M 3  I lpMBeAeHHblX B 

~ a 6 n .  45 3JleMeHTOB - 3TO 30JlOTO (0.00% 
0.004 r /~ ) ,  B ~ e ~ b ~ e f i  CTeneHM cepe6po 
(0.06-0.1  IT). A o n y c K a R ,  '4TO TaKOe p a 3 y -  

6 0 x ~ ~ a ~ n e  npo6 30JlOTOM IlPOMCXOAMT B 

P ~ B H O ~  CTeneHM H a  BCeX YPOBHRX 

aHOManbHblX C O A ~ ~ X ~ H U ~ ~ ,  @aKTMclecKM npM 

k'o/k'M=2.0 nOpOr  clyBCTBMTenbHOCTM aHa-  

nM3a  IlOBblCMTCR A0  0.006-0.008 r / ~ ,  TO eCTb 

COCTaBMT, HanpMMePI  B rJlMHMCTblX CJlaHuaX 

(K=O.OOI  IT) 6-8 IUlapKOB K O H ~ ~ H T P ~ ~ M ~ .  

C n e A c ~ e ~ e ~  s ~ o r o  AenReTcR yeenwewe 
BepORTHOCTM I lpOnyCKa y 6 0 r 0 ~ y J l b @ M ~ ~ b l ~  

30JlOTOPYAHblX M ~ C T O P O > K A ~ H M ~ ~ ,  B claCTHOCTM, 

MHOrMX TMnOB ~ ~ J ~ o T o - c ~ ~ ~ ~ P F I H o ~  @OP- 

MauMM, XapaKTepM3ytOlL(MXCR OTHOCMTenbHO 

C ~ ~ ~ O K O H T P ~ C T H ~ I M M  aHOMaJlbHblMM IlOTO- 

KaMM 30JlOTa M IlOHMXeHHblMM OTHOCMTenbHO 

eAMHMubl 3HacleHMRMM K O ~ @ @ M ~ M ~ H T ~  k 
(PMC. 3 6 ) .  

A P Y ~ M M  HeraTMBHblM CJleACTBMeM npMMe- 

HeHMR M O K P O ~  CenapauMM RBnReTCR BblCOKaR 

A M c n e p c m  s ~ a r e ~ w i  BenMclMHbl k' n p a w w c l e -  

CKM ,qnR BCeX 3JleMeHTOB (~a6n .  45). T ~ K ,  Ha-  

I lpMMep,  no AaHHblM B.B. A o ~ c l a K a  (1978) H a  

MeCTOPO>KAeHMM ~ ~ M C K O ~  ( C ~ B .  n p M a ~ y p b e )  

B CXOAHblX J ~ ~ H A L U ~ @ T H ~ I X  M reOJlOrMcleCKMX 

yCJlOBMRX 3HacleHMR k1 AJlR nRTM BOAOTOKOB I 
I lOpRAKa OTJlMclaloTCR 6onee cleM H a  TIOPRAOK 

(7.2; 3.2; 0.3; 1.6; 0.8). T ~ K ~ R  BblCOKaR AMC- 

nepCMR, BePORTHO, 06ycno~ne~a  HeCTaH- 

,qapTHocTbm ycnosni npouecca M O K P O ~  ce- 
I lapauMM B CBR3M C H ~ C T ~ ~ M ~ ~ H O C T ~ D  rMAp0-  

AMHaMMcleCKOrO P e X M M a  nOTOKa ( B O A H O ~  

cpe~bl),  B KOTOPOM nPOM3BOAMTCFI OTMyclMBa- 

HMe M npOCeB J ~ M T O X M M M ~ ~ ~ C K O ~  npo6bl. 
C ~ ~ A C T B M ~ M  ~ a K 0 6 l  H ~ C T ~ ~ M ~ ~ H O C T M  RBJlReT- 

CR p a 3 J l M c l ~ b l i  YpOBeHb I lOTepb  ~ a ~ 6 o n e e  
n p e ~ c ~ a e ~ ~ e n b ~ o i  T O H K O ~  @ P ~ K ~ M M  annm- 
BUR. B 3TOM CJlyclae npM MCnOnb30BaHMM 

M O K P O ~ ~  cenapauw H e  cne,qyeT OpMeHTMpo- 

BaTbCR H a  eAMHMclHble OnpeAeJleHMR 3Hacle- 

H M ~  k', 6onee KOPPeKTHO I lPMMeHRTb CpeAHe-  

CTaTMCTMcleCKMe AaHHble  ~ a 6 n .  45. T o r ~ a  KaK 

npM C T ~ H A ~ ~ T H O ~  MeTOAMKe n p o 6 0 n o ~ r o ~ o ~ -  
KM cne,qyeT oT,qaeaTb npeAnoc lTekMe  MecT-  

H ~ I M  o n p e , q e n e H M m  k' M T o n b K o  npM MX OT- 

CYTCTBMM - CPeAHeCTaTMCTMcleCKMM AaHHblM.  

Y ~ o B ~ H ~  3pO3MOHHOrO Cpe3a  (Z) RBJlReTCR 

~ a x ~ e i w e i i  x a p a w e p ~ c ~ ~ ~ o i ,  BO M H o r o M  

~ n p e ~ e n R t O l L ( e i  npOMblWneHHyt0  3HaclMMOCTb 

n p o r ~ o 3 ~ p y e ~ o r o  opy,qeHeHurR M nepcneKTM-  

B ~ I  P ~ ~ H O P ~ H ~ O B ~ I X  PC B u e n o M .  Cnegye~ 
BblAeJlRTb OueHKy YpOBHR 3pO3MOHHOrO C p e 3 a  

C O ~ C T B ~ H H O  PYAHblX T e n  (PYAH~IX 3 0 ~ )  M PC 
CTapWMX paHrOB (PM, Pn, PY). M ~ T O A M K ~  
OueHKM 3P03MOHHOrO C p e 3 a  PT MMeeT O n p e -  

A e n e H H b l e  c n e ~ c ~ @ ~ c l e c ~ n e  clepTbi B ~ ~ B M C M -  

MOCTM OT BMAa reOXMMMcleCKMX pa60~.  P ~ c -  
CMOTPMM H a  KOHKPeTHblX npMMepaX  IlPMHuM- 

nbl M MeTOAMcleCKMe nOAXOAbl OnpeAeneHMR 

s ~ o r o  n a p a M e T p a .  
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PHC. 36. ~30Jlvl~MM K O ~ @ @ M ~ M ~ H T ~  30HaJlbHOCTM 
A ~ S ~ '  P~CUIWMO B ~ C O  ~i B nnocKocTw pyAHoro 
Tena 1 : 
1-6 - none s ~ a q e ~ ~ f i  K3: I - 6onee I x 1 o', 2 - 
IXIO~-IXIO~, 3- 1 ~ 1 0 ~ - 1 ~ 1 0 ~ ,  4 -  1x10~-  
1x104, 5-  1 ~ 1 0 ~ - 1 x 1 0 ~ ,  6- MeHee 1x10~ ;  7- 
HanpaBfleHMe PYAH blX ~Tpyfi; 8 - CKBaXMHbl. 

O y e ~ ~ a  y p o s ~ ~ l  ~ ~ O ~ U O H H O ~ O  cpesa PT no 
nep6UVHblM OpeOJlaM. B HaCTO5lqee BpeMR 

MeToAMKa onpeAeneHm ~ P O B H A  cpeaa no 
flepBHqHblM OpeOJlaM ~ a ~ 6 o n e e  AeTanbHO 

pa3pa6o~a~a M LUMPOKO anpo6nposa~a B 

flpaKTMKe reOXMMMcleCKMX IlOMCKOB.  OH^ OC- 

HOBblBaeTCR Ha Y C T ~ H O B ~ ~ H H O ~  C.B. rpMr0- 

PRHOM M Jl.H. OB~~MHHMKOB~IM yHMBepcanb- 

H O ~  30HaJlbHOCTM reOXMMMcleCKMX OpeOJlOB 

[126]. M ~ T O A M K ~  OqeHKM Cpe3a CBOAMTCR K 

flpeABapMTeJlbHOMy yCTaHOBneHMK, Ha 3Ta- 

AOHHOM 0 6 b e ~ ~ e  T ~ O X M M M L ~ ~ C K O ~  30HaJlbHO- 

CTM PYAHblX Ten C IlOCJleAyIO~MM BblAeJleHM- 

eM MOHOTOHHO M KOHTPaCTHO M3MeHFIIO~MXCFI 

Ha rny6n~y K O ~ @ @ M ~ M ~ H T O B  30HaJlbHOCTM Kg. 
Aanee CTPOFlTCFl TP~@MKLI  3aBMCMMOCTM K3-Z, 
KOTOPble MCflOJlb3YK)TCR AJl5l OflpeAeneHMFl 

CTeneHM 3pO3MM KOHTPOJlbHOrO 06be~ra.  ~ P M  
T ~ K O ~  MeTOAMKe AOflyCKaeTC5l, clT0 aAeKBaT- 
Hble CecleHMR EHeTMcleCKM POACTBeHHblX 06- 
pa30~a~MiI MMeKlT 6nM3~Me 3HacleHMFI Kg. 
A ~ ~ C T B M T ~ ~ ~ H O ,  AJlR MHOrMX TMflOB MeCTO- 

P O ) I ( A ~ H M ~ ~  flOJle3HblX MCKOflaeMblX 3TOT @aKr 

MMeeT MeCTO. P ~ C C M O T ~ M M  6onee C ~ O X H ~ I ~  

~JlyWi,  KOrAa n o g o 6 ~ a ~  3aKOHOMePHOCTb 

HapyUaeTC5l. T ~ K M ~  OTKnOHeHMFl TMflMclH bl 

AJlR M ~ C T O ~ O > ~ ~ ~ H M A  HM3KOKJlapKOBblX 3ne- 

MeHTOB (30Jl0~0, cepe6p0, OnOBO M Ap.), KO- 

Topble, KaK npawno, x a p a ~ ~ e p ~ 3 y t o ~ c ~  ~ p a i -  
He HepaBHOMepHblM PaCflPeAeneHMeM no- 
Jle3HOr0 KOMflOHeHTa B KOHKPeTHblX PYAHblX 

Tenax [44, 153 M ~ p . ] .  
B KaclecTse npMMepa Ha pnc. 36 npeA- 

cTaenetio pacnpeAenetiMe 3 ~ a c l e ~ ~ i  K3 BMAa 
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~o-~sapUeeoi;l @op~aqnn. K ~ K  BMAHO ~3 PM- 

CyHKa, ~a6JlloAae~cR C ~ O X H ~ I ~ ~  Y30P M30JlH- 

HMA 3~0r-o K O ~ @ @ M ~ M ~ H T ~ ,  a cneAosaTenbHo, 

KOHKPeTHble rOPM30HTbl OPyAeHeHMR XapaK- 
TePM3YtOTCR pa3JlMclHblMM 3HacleHMRMM Kg. B 
TaKoM cnyclae HaAexHaR oUeHKa ~ P O B H R  cpe- 
3a PYAHblX Ten fl0 eAMHMclHblM CecleHMRM C 

MCflOJlb30BaHKeM TpaAM4MOHHblX ~ ~ ~ @ M K O B  

3aBMCMMOCTM K3-Z He flpeACTaBn5leTC5l 603- 

MOXHO~.  

Tor0 cl~06b1 O ~ ~ F I C H M T ~  n 0 ~ 0 6 ~ 0 e  no- 
BeAeHMe K3, PaCCMOTPMM OTAeJlbHO M3MeHe- 

HMe 3~acle~Mfi KOMllJleKCa HaAPYAHblX (clMcflM- 

Tenb K3) M flOAPYAHblX 3JleMeHTOB ( 3 H a ~ e ~ a -  

TeJlb K3) B 3aBMCMMOCTM OT M ~ C L U T ~ ~ ~  PYA- 
HOG MMHepaJlM3aqMM Ha pa3JlMclHblX rOpM3OH- 

Tax p y ~ ~ b l x  Ten. An~ l  s ~ o r o  6 b l n ~  c @ o p ~ ~ p o -  
BaHbl B ~ ~ ~ O P K M  C MCflOJlb30BaHMeM ~ Y C T O ~  Ce- 
TM napannenbmlx npo@nnefi no TpaHueRM 

(146 Ilepececle~Mfi), PaCnOnOXeHHblX BKpeCT 

npocTMpaHua pyg~brx Ten, a Tame pRAa 6y- 
poeblx nepececle~ni (12 CKB~XMH).  . K ~ K  BMAHO 

M3 PMC. 37, Ha BepXHepyAHblX rOpM3OHTaX flpM 

OTHOCMTenbHO BblCOKOM YpOBHe C O A ~ ~ X ~ H M ~ ~  
3JleMeHTOB clHCJlMTeJlFl M HM3KOM 3HaMeHaTe- 

n R  OT 6 e ~ ~ b l x  PYA K 6 0 r a ~ b l ~  pe3KO BO3pac- 

TaeT BenMclMHa n p o n s e e ~ e ~ n ~  c o ~ e p x a ~ ~ i  
HaAPyAHblX 3neMeHTOB (OT 1 XIO' A0 



PHC. 38. ~ ~ B M C M M O C T ~  BeflMqMHbl OTHOCMTen bHOrO 

YpOBHFl 3P03MOHHOrO Cpe3a Z OT 3~a'-ie~MR KO@- 

@ M ~ M ~ H T ~  30HanbHOCTM A ~ S  ~ ' P ~ C U / W M O B ~  
C0lu I M KOHL(eHTPMP0BaHHOCTM P Y A H O ~  MHHepanM- 
3auMM: 
1-3 ;-- HOMepa rOPHblX B ~ I P ~ ~ O T O K :  1 - T P ~ H W ~ ~  

M npo@Wlen,  2 - CKBaXMH, 3 - KaHaB; 4 1 0  - 
TOVKM H ~ ~ J ~ I O A ~ H M ~  Ha KOHKPeTHblX YPOBHFlX Cpe3a: 
4 - pyAHoro Tena  5, 5 - pyAHoro Tena 3, 6 - 
BocToqHoro @ n a ~ r a  pyAHoro Tena 1, 7- qeH- 
~ p a n b ~ o R  q a c m  pyAHoro Tena 1, 8 - a a n a ~ ~ o r o  
@ n a ~ r a  pyAHoro Tena  1, 9 - r n y 6 0 ~ M x  ~OPMBOHTOB 

pyAHoro Tena  1, 10 - pyAHoro Tena 6. 

1 x I 013) npv l  He3HaclMTenbHOM YBeJlMcleHMM 

I lOApyAHblX (OT 2x10' A0 4x 10'). Ha 6onee 
r n y 6 0 ~ ~ x  r o p n 3 o ~ ~ a x ,  rAe y p o e e H b  coAepxa- 
H M ~  HaAPYAHblX 3JleMeHTOB O'THOCMTenbHO 

H M ~ O K ,  a ~ H ~ C ~ ~ H M F I  ~ ~ O M ~ B ~ A ~ H M F I  coAepxa- 
H M ~  nOApyAHblX  3JleMeHTOB BblCOKM, rpaAvl -  

eHT M3MeHeHMR 3HaMeHaTenR (G3) OT 6 e ~ ~ b l ~  

K 6 0 r a T b l ~  P y A a M  pe3KO BO3paCTaeT npM 

yMeHblueHvlv l  rpaAMeHTa M3MeHeHMFI CIMCJlM- 

TeJlFl (G4). M M ~ H H O  3aBMCMMOCTbH) G q  M G3 OT 

YpOBHFI K O H ~ ~ H T P ~ ~ M ~  PaCCMaTpMBaeMblX 

rpynn 3JleMeHTOB M O ~ ~ F I C H F ~ ~ T C H  BblFIBneH- 

HaFI 3aKOHOMePHOCTb IlOBeAeHMFl K3 B flJlOC- 

KOCTM PyAHblX T e n :  H a  BePXHePyAHblX TOPM- 

3OHTaX OT @ J ~ ~ H ~ o B  K OCFIM PYAHblX C T O ~ ~ O B  

(no HOpMaJlM K OCFIM) G q > G 3  M COOTBeTCT- 

BeHHO 3HacleHMFI Kg B03PaCTaH)T, H a  rOPM30H- 

T a x  PYAHOrO-HMXHePYAHOrO Cpe3a  G q 5 G 3  M 

3HacleHMR Kg IlpaKTMcleCKM H e  M3MeHFIH)TCFI, H a  

HMXHePyAHblX I lOAPyAHblX rOPM3OHTaX Gq<G3 

vl 3 ~ a c l e ~ v l ~ 1  Kg naAatoT.  

Y C T ~ H O B ~ ~ H H ~ F I  3aBMCMMOCTb OTcleTJlMBO 

npomnetia H a  rpa@n~e M ~ M ~ H ~ H M F I  Kg OT MH 
(pnc. 38), TaK KaK s ~ a q e ~ ~ ~ l  n o c n e A H e r o  na- 
P a M e T p a  OTpaXatOT YpOBeHb KOHueHTPMPO- 

saHHocTM p y ~ ~ o i  ~ n ~ e p a n n 3 a u ~ ~ .  C MC- 

n o n b 3 o ~ a ~ ~ e ~  a T o r o  rpa@n~a paccc lMTat ib l  

3 ~ a c l e ~ n ~ 1  y p o e ~ ~ l  cpesa Z o p e o n b H b l x  cec le -  

~ n i  P Y A H ~ I X  T e n .  MX M ~ O ~ M H M M  B nnocKocTM 

T e n  B u€?nOM ~ y 6 ~ e p n e ~ ~ k l ~ y J l F I p ~ b l  K Ha -  

f lpaBneHMFlM PYAHblX C T P Y ~ .  T ~ K M M  o 6 p a 3 0 ~ ,  

YCTaHOBneHHaFl 3aBMCvlMOCTb nO3BOnHeT MC- 

WIH)clMTb HeTaTvlBHOe BJlMHHvle HepaBHOMep-  

H o r o  p a c n p e A e n e H M n  nones~b~x  KoMnoHeHToe  

B PYAH~IX T e n a x  H a  oueHKy  nx cTeneHM apo- 
3 m ~ .  B TaKoM c n y c l a e  K o p p e m H a n  o u e H K a  

YpOBHFI 3pO3MOHHOrO C p e 3 a  B03MOXHa  yXe H a  

HaclarlbHblX CTaAMFlX nOMCKOBblX p a 6 o ~  C MC- 

nOJlb30BaHMeM eAMHMclHblX n e p e c e c l e ~ v l i  

OpyAeHeHMFI n0BepXHOCTHblMM rOPHblMM Bbl- 

P ~ ~ O T K ~ M M .  

O U ~ H K ~  YpOSHFl 3pO3UOHHOZO cpesa PT 
no smopuvHblM OpeonaM paccewufl. M ~ T o -  
AMKa OueHKM YPOBHFI 3P03MOHHOrO C p e 3 a  

o p y A e H e H n g  no B T O P M ~ ~ H ~ I M  o p e o n a M  pac- 
CeRHlnR 6 a 3 ~ p y e ~ c n  H a  yCTaHOBJleHHblX 3aKO- 

HOMePHOCTFlX 30HaJlbHOrO CTPOeHvlFI I lepBvlcl-  

H ~ I X  opeon06 ~ T ~ ~ O H H O ~ O  06bema, npv l  ero 
OTCYTCTBMM - H a  MCllOJlb30BaHMM YHMBeP- 

c a n b t i o r o  pgAa s o ~ a n b ~ o c ~ n  C.B. r p v l r o -  

PFIH~-1.H.  OB~~MHHMKOB~. n p v l  3TOM 3Hacle- 

HMFI & PaCCclMTblBatOTCFI M3 OTHOLUeHvlFl np0- 
~ s e e ~ e ~ n i  npoAymcrMBHocTn B T O ~ M ~ ~ H ~ I X  ope- 
OnOB HaApyAHblX-BepXHepYAHbIX M I lOApyA-  

HblX-HMXHepyAHblX 3neMeHTOB. B 3aBMCMMO- 
. 

CTM OT M ~ C U I T ~ ~ ~  J ~ M T O X M M M ~ ~ ~ C K O ~  CbeMKln 

n n o u a A M  TaKnx opeonoe c o c T a e n R t o T  OT CO- 

T ~ I X  Aonei ( M ~ C W T ~ ~  1 : 10000) ~o nepeblx 
KBaApaTH blX KMJlOMeTpOB ( M ~ C W T ~ ~  

1 : 25000). B aToM cnyc l ae  B Kac lecTee o6be~-  
T a  T ~ K O ~  OueHKM PaCCMaTpMBaeTCR H ~ K M ~  yC- 

P ~ A H ~ H H ~ I ~  YpOBeHb 3pO3MOHHOrO C p e 3 a  CO- 

B0K)TIHOCTM PYAHblX T e n ,  JlOKaJlM30BaHHblX B 

npeAenax o u e ~ ~ ~ a e ~ o i  aHoManMM. OAH~KO 
IlOMMMO C O ~ C T B ~ H H O  PYAHblX T e n ,  H a  TaKMX 

OTHOCMTenbHO KPynHblX YclaCTKaX H e A p  LUMPO- 

HenpOMbl luneHHblX K ~ t l u e ~ ~ p a u v l i  PYAH blX 

KO I lpeACTaBJleHbl MHOrOclMCneHHble M B e C b M a  i 
p a 3 ~ 0 0 6 p a 3 ~ b l e  0 6 b e m b l  I lOBbll l leHHblX, HO . 

3neMeHTOB, TaK Ha3b lBaeMble  [44] 3 0 H b l  PaC- 

C ~ F I H H O ~  ~ Y A H O ~  MMHepanM3auMM (3PM). no- 
nn nocneAHmx  B Ar f l  p a H r a  PM (plnc. 33) MO- 

X e T  AOCTMraTb 80-90 % (a?=(). 1-0.2). O T C I O A ~  

cneAyeT ,  c l ~ o  r e o x ~ ~ ~ c l e c ~ ~ i  cnemp ~ ~ o p ~ c l -  

HblX K O H ~ ~ H ' T P ~ ~ M ~  3JleMeHTOB BO MHOrOM 
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OnpeAeflReTCR MX COAePXaHMFIMM B 3PM.  TO 
m e e T  npMHuMnManbHoe a ~ a r e ~ ~ e  npM oueH-  

Ke 3p03 l lM PYAHblX YCIaC'rKOB, TaK KaK 3PM Xa- 

paKTepM3ytOTCR B OCHOBHOM HM3KMMM 3HaCIe- 

HMAMM Kg, OTBeCIatOqMMM PYAHblM-HMXHe- 

PYAHblM rOPM30HTaM OPYAeHeHMR [47]. B Ta- 

KOM cnyqae n p M  o u e H K e  ~ ~ O B H F I  cpeaa opy- 
AeHeHMR no BTOPMCIHblM OpeOnaM PaCCeRHMR 

CTefleHb 3p03MM c J ~ ~ ~ o ~ ~ o ~ M ~ o B ~ H H ~ I x  YCIa- 

CTKOB 6 y ~ e ~  3aBblLLJaTbC54, a H e  BCKPblTble 

3p03Me i  PyAHble  06beKTb l  MOrYT 6 b l ~ b  Oqe-  

HeHbl KaK 3POAMPOBaHHble HenpOMblWneHHble  

n p o R s n e H m ,  T.e. nponyu(eHb1. B~POFITHO, 
3 ~ 0 i  ~ P M C I M H O ~ ~  06ycnoene~a HM3KaR 3@C#le~- 
TMBHOCT~ n p o r ~ o 3 a  H a  a a n b ~ e ~  B o c ~ o ~ e  no 
B T O P M ~ H ~ I M  o p e o n a M  npo~sne~mn cnenoro 
3 a n e r a ~ ~ ~ .  

P e w e ~ ~ e  n p 0 6 f l e ~ b l  npor~osa o p y A e H e -  

HMR cnenoro ~ a n e r a ~ ~ n ,  n o s b l u r e H m  H a A e x -  

HOCTPI oueHKM cpeaa B p a 3 n ~ r ~ o f i  cTeneHM 

3POAMPOBaHHblX O ~ ~ ~ K T O B  B03MOXH0, Ha  

H a l l  B3rnAA,  eCnM PaCCMaTpMBaTb aHOManMtO 

PyAHOrO YCIaCTKa H e  KaK C ~ M O C T O R T ~ ~ ~ ~ H ~ I ~ ~  

O ~ ~ J ~ K T ,  a KaK COBOKynHOCTb AMCKPeTHblX 

aHOManbHblX TOCIeK (ToCI~K O ~ ~ O ~ O B ~ H M H ) .  6 
~ a w o f i  ~ a ~ o f i  T o w e  c o A e p x a H M e  s n e M e H T a  

o n p e g e n R e T c A  c n e A y m q n M  Bb lpaxeHMeM:  

C =CQ+ACPT+AC~PM, (1 3) 

r A e  Co - @o~osoe  c o A e p x a H M e  aneMe t iTa ;  

ACPT M AC3PM - KOJlMWCTBO M e T a f l n a  B TOCIKe 

O ~ ~ O ~ O B ~ H M F I ,  nocTynMBWee  3 a  c r e T  AeHyAa-  

QMM COOTBeTCTBeHHO PYAHOT0 Tens  en) M 

COl lyTCTBYKl~MX 3PM. 
O'-~~BMAHO, clT0 TOqKa O ~ ~ O ~ O B ~ H M F I ,  MaK- 

CMManbHO n p t 4 6 n M X e H ~ a F I  K PyAHOMy T e n y  

MnM ero ~ a ~ p y g ~ o i  a o ~ e ,  6 y ~ e ~  xapamepw 
3OBaTbCR B I l peAeJ laX  OpeOna  MaKCMMaJlb- 

HblM 3HaqeHMeM OTHOLUeHMFI Tee .  

MMHMManbHblM MCKaXatOU\MM BnMFIHMeM CO- 

flYTCTBytOqMX Hel-IPOMblLUneHHblX I lpORBne- 

H M ~  H a  c o a e p x a H M e  aneMeHTa.  Torga M OT- 

HOlUeHMFI ~ 0 f l e p X a ~ M f i  WleMeHTOB, B C(aCTH0- 

CTM, 3HaCIeHMFI K3 B 3TMX TOCIKaX 6 y ~ y ~  Onpe -  

AenFlTbCFI B OCHOBHOM reOXMMMCIeCKMM CO- 

CTaBOM PYAHblX Ten .  MHAMK~L(MFI TaKMX TOWK 

Ha  npaKTMKe MOXeT. OCYqeCTBJlFITbCFI no no- 
KaJlbHblM MaKCMMYMaM C O A ~ ~ X ~ H M ~  rnaBHblX 

KOMnOHeHTOB PYA (MnM KM) B BblCOKOaHO- 

Ma.nbHblX o6nac~~1x .  P~CCMOTPMM pa3nMCIHble 

BapMaHTbl OnpeAeJleHMR YpOBHR 3pO3MOHHOrO 

Cpe3a PYAHblX YqaCTKOB C MCnOnb30BaHMeM 

C O O T H O W ~ H M ~  C O A ~ ~ X ~ H M G  3neMeHTOB B 

aHOManbHblX TOCIKaX B 3aBMCMMOCTM OT CTe- 

new reonoro-~~OXMMMCI~CKO~~ M3Yr(eHHOCTM 

o q e H m a e M o r o  o6aema. 

OTHOCMTeJlbHO M3YCIeHHblX MeCTOPO- 

X A ~ H M ~  OueHKa PIX aJlaHr0~ OCHOBblBaeTCA 

H a  P a H e e  YCTaHOBneHHblX 30HanbHOCTM nep- 
BMCIH~IX O p e o n o B  PYAH~IX T e n  M MOHOTOHHO 

M3MeHFItOqMXCFI C r n y 6 ~ ~ o i  K3. B 3TOM Cny-  

qae nocTpoeHMe rpaan~oe K3-Z ~ P O M ~ B O A M T -  

CFI C MCllOJlb30BaHMeM AaHHblX OnpeAeneHMFl 

no n e p e M w b l M  o p e o n a M  ~ ~ O B H R  cpeaa 143- 

BeCTHblX PyAHblX T e n  M ~ H ~ ' - E H L I ~  Kg, PaCCCIM- 

TaHHblx no BTOPMC~H~IM o p e o n a M  B conp~ -  
XeHHblX C PYAHblMM TenaMM aHOManbHb1X 

TO'-iKaX. n p M  ~ ~ O B J ~ ~ T B O ~ M T ~ J ~ ~ H O ~  annp0K-  

cmaqtw ToqeK H a  r p a a ~ ~ e  K3-Z n p ~ ~ o i  nm- 
~ M e k  IlpOBOAMTCFI OqeHKa YPOBHFI Cpe3a np0- 
r ~ 0 3 ~ p y e ~ b l x  PYAH~IX Ten .  B KaqecTBe npM- 

M e p a  H a  p ~ c .  39 n p M s e A e H  r p a C # l ~ ~  ~ ~ B M C M -  

MOCTM K3-2 MeCTOPO>KAeHMR 30JlOTO-KBaPL(e- 

B O ~  @OPM~L(MH, C YCneXOM I l p P I ~ e ~ ~ e ~ b l f i  

npM npor~oae o p y A e H e H m  H a  ero ana~rax .  
~ H ~ C I M T ~ ~ ~ H O  6 o n b w ~ e  TPYAHOCTM B03HM- 

KatOT npM OqeHKe YPOBHFl 3P03MOHHOrO Cpe3a  

opyaeHeHMn H a  r e o n o r w c l e c m  M r e o x M M w e -  

CKM C ~ ~ ~ O M ~ Y C ~ ~ H H ~ I X  y'4aCTKaX. B 3TOM BapM- 

aHTe r lpM OTCYTCTBMM C B ~ A ~ H M ~  0 3aKOHO- 

MePHOCTFIX CTPOeHMFI I lepBMqHblX OpeOnOB 

o q e H m a e M o r o  o6aewa onpeaenewe ypos- 
HFI c p e 3 a  OpyAeHeHMR 0 6 b 1 ' 4 ~ 0  OCYqeCTBnFI- 

eTCR C MCnOnb30BaHMeM Kg, YCTaHOBneHHblX 

H a  3TanOHHOM 0 6 b e ~ ~ e  C O A H O T M ~ H O ~  MMHe- 
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t 
paJlM3auMei. TaKaR MeTOAMKa B HeKOTOPblX 

CJlYqaRX MOXeT IlpMBeCTM K HeyAOBneTBOpM- 
TeJlbHblM pe3yJlbTaTaM, nOCK0nbKy nOMMM0 

o6qnx reOXMMMCleCKMX C B O ~ T B  AByX reHeTM- 
'ieCKM ~ ~ M ~ K M X  O ~ ~ ~ K T O B  Y HMX BCerAa eCTb M 

OTJlMc(MTeJlbHble O C O ~ ~ H H O C T M .  ~ T M  O C O ~ ~ H -  

HOCTM 06y~J l0~nk l~a lC)~  T M ~ O M O P @ H ~ I ~  AJlR 

KOHKPeTHOrO IlpOFlBneHMFl MOHOTOHHO M3Me- 

HFltO~MeCR K3. ECT~CTB~HHO, TaKMe ~03@@M- 

UMeHTbl, YCTaHOBneHHble Ha OAHOM 06beue, 
HenpMMeHMMbl An54 OueHKM YPOBHR Cpe3a 
OpyAeHeHMFl Ha APYrOM. B CBFl3M C 3rMM MC- 

nonb30sa~~e Ha cna60~3yqe~~b1x  npomne- 
HMFlX 3TaJlOHHblX ~ ~ ~ @ M K o B  3aBMCMMOCTM Kg- 
Z no B03MOXHOCTM Tpe6yeT IlpeABapMTerIb- 

H O ~  IlpOBepKM YCTO~~CIMBOCTM MX MOHOTOHHOrO 

xapauepa M ~ M ~ H ~ H M R .  B  TOM cnyqae onpe- 
AeJleHMe30HaJlbHOCTM M YPOBHFl3P03MOHHOr0 

Cpe3a MOXeT 6blTb npOM3BeAeHO n O  AaHHblM 

J~MTOXMMMWCKO~ CbeMKM no BTOPMqHblM Ope- 
onaM. 

P~CCMOTPMM MeTOAMKY TaKOrO OflpeAene- 

HMF~ Ha npMMepe sono~o-cepe6p~~oro Me- 

CTOPOweHMR B ~ J ~ ~ H M c T o ~  (YYKOTKB).  TO 
MeCTOpOmeHMe IlpMypOqeHO K A M ~ Y ~ M O -  
K a ~ q a n a ~ c ~ o i  ~ e ~ a n n o r e ~ ~ q e c ~ o i  3 o ~ e ,  

p a c n o n o x e ~ ~ o i  B npeAenax BOCTO~HO- 
YYKOTCKO~ a n a ~ r o e o i  ~ O H ~ I  OXOTCKO- 
Y ~ K O T C K O ~ O  BynKaHMcleCKOrO n0RCa. 3 ~ e c b  

BblRBneHO HeCKOJlbKO PYAHblX Ten, KOTOPble 

BCKPblTbl eAMHMqHblMM IlOBePXHOCTHblMM rOp- 
HblMM B ~ I P ~ ~ O T K ~ M M .  Mn~epan~3aU~R PYA- 
HblX Ten OTHOCMTCR K 30nOTO-aPreHTMTOBOMY 

TMny ~ o J ~ o T o - c ~ ~ ~ ~ ~ R H o ~  @ O P M ~ ~ M M .  Ha 
MeCTOPO>KAeHMM flPOBeAeHa JlMTOXMMMqeCKaR 

caeMKa no B T O P M ~ H ~ I M  opeonaM pac- 

ce5lHMR ~ a c u ~ a 6 a  1 : 10000. 
B ~ P T M K ~ ~ ~ H ~ F ~  reOXMMMqeCKaR 30HaJlb- i 

H O C T ~  ~3yclanacb Ha MHTepeane ~ ~ ~ B M T M R  Ha 

A H ~ B H O ~  IlOBepXHOCTM B pa3JlMq~on CTeneHM 

MMHepaJlM3OBaHHblX o6pa30sa~~t1, K O T O P ~ I ~  

coc~aen~e~'o~ono 200 M. f l n ~  onpegeneHm 
3OHanbHOCrM 6 b l n ~  C @ O ~ M M ~ O B ~ H ~ I  cleTblpe 

i 
B ~ I ~ O P K M ,  KawaR M3 KOTOPblX COCTOMT M3 2-5 
TOWK O ~ ~ O ~ O B ~ H M F I  PblXJlOrO 3JltOBMO-AentO- 

BMR, pacnonoxeHHblx Ha onpeAeneHHoM rMn- 
COMeTpMcleCKOM YpOBHe (~a6n.  46) M no 
YpOBHtO coflep~a~blf i ,  COOTBeTCTByKI~MX 

npOMblllJneHHOMy OpyAeHeHMtO. npM 3TOM B 

Ka'ieCTBe MHAMKaTOpa KOH~eHTPMPOBaHHOCTM 

p y ~ ~ o i  ~ ~ ~ e p a n ~ s a q ~ ~  ~ c n o n b s o ~ a n c ~  KO- 

~ @ @ H ~ M ~ H T  MHTeHCMBHOCTM BMAa 
AuAg2Asp ~ M O I C ~ V C O M ~ T ~ Y ,  MaKCMMyMbl 

KoToporo BO B T O P M ~ H ~ I X  opeonax (6onee 
1 x I o ~ )  HaAeXHO JlOKanM3ytOT M3BeCTHble 

PyAHble TeJla; aHOManbH0 BblCOKMe 3HaqeHM5l 

(1 x I 0-'-I x I 03 - HenpOMblUneHHOe Opy- 
AeHeHMe; OTHOCMTenbHO ~na60 f l0~b lL lJe~~b le  

(1 x 1 0-15- 1 x 1 0-') - n ~ ~ e i ~ b t e  3PM M 06- 

nacm nnoqaAHoro ~ e ~ a c o ~ a ~ o s a  (~sapu- 
I 

rM~p0CntO~MCTble M ~ T ~ C O M ~ T M T ~ I ) .  1 - - 
C MCnOnb3OBaHMeM MeTOAMKM H.H. COW- 

BaHOBa, E.K. r o p e n 0 ~ 0 i  [I 781 YCTaHOBneH 

PFIA ~ O H ~ ~ I ~ H O C T M ,  K O T O ~ ~ I ~  npeAcTasneti B 

~ a 6 n .  47. C O ~ O C T ~ B M M  30HaJlbHOCTb PaC- i 

CMaTpMBaeMOrO M 3TaJlOHHOrO 3OJlOTO-Ce- i 

pe6pR~blx M ~ C T O ~ O X A ~ H M ~ ~  no HaJlMqMtO M n M  

OTCYTCTBM~O pa~roeoii  Koppengum Memy 

flOp5lAKOBblMM HOMepaMM 3JleMeHTOB B COOT- 

BeTCTBytO~MX PRAaX. O U ~ H K ~  3 ~ a c ( e ~ M i  KO- 

~ @ @ M Q M ~ H T ~  p a ~ r o e o i  Koppengum rxy B O ~ -  

MOXHa no ~ J l e ~ y t O q e i  M ~ B ~ C T H O ~  @ O P M Y ~ ~  



IlpMMeCla~kle. Ann 3TaflOHHOrO MeCTOPOX,4eHMR, PaCnOnOXeHHOrO B ~PMOXOTCKOM OTpe3Ke OXOTCKO-~~-  
KOTCKOrO ByflKaHOreHHOrO IlOFlCa, npMBeAeH pR4 O C ~ B O ~  30HaJlbHOCTM PYAHOT0 Tefla (COKO~OB, 1982). 

[I 761: 

r,= I -[6~A~/n(n~-1) ] ,  

rAe n=9 - KOJlMqeCTBO 3JleMeHTOB B PRAY 
3OHaJlbHOCTM; C A ~  - CYMMa KBaAPaTOB pas- 
H O C T ~ ~  IlOpRAKOBblX HOMepOB 3neMeHTOB. 

B HaweM cnyclae r, paetio +0.817, CA' - 
22 npM K ~ M T M ~ ~ C K O ~  C!'%lMe KBaApaTOB pa3- 

H O C T ~ ~  IlOpAAKOBblX HOMepOB 3neMeHTOB 

~6~ ,,,, =40 [I 761. T ~ K  KaK CA2<CA2 ,,,,, TO Me- 

ABYMFI BTMMM PFIABMM CyueCTByeT 3Ha- 400 

whnag nonoxMTenbHan Koppengunn. 0qe- 

BMAHO, c l ~ o  TaKoe MX coenaAeme ~ e c n y c l a i ~ o  0.1 1 $43 100 K3 
M B03MOXHO npM AByX YCnOBMFlX: 

1. PyA~ble Tena paccMaTpMsaeMoro Me- 
0 1  02 

CTOPOX(4eHMFI M KOHKPeTHble MX rOPM30HTbl PUC. 40. ~ ~ B M C M M O C T ~  YPOBHR 3P03MOHHOrO Cpe3a 

( s e p x ~ e p y ~ ~ b ~ i i ,  P Y A H ~ I A  M T.A.) pacnonoxe- O P Y A ~ H ~ H M ~  M 3 ~ a ~ l e ~ ~ i  K O ~ C ~ ) C P W M ~ H T ~  30~a~lb-  

Hbl B CTPOrO @MKCMPOB~HHOM MHTepBane Bbl- H°CTM BMAa A g A s B a S b l ~ o ~ b ~ u ~ n  Ha M ~ C T O ~ O -  

COT.  TO YCJlOBMe He IlPOTMBOpeclMT AaHHblM 
X,4eHHM 30noTo-cepe6pR~oi Ct)opMal(MM: 

reonorwecKMx Ha6Jlm~qeHMii, no KOTOP~IM 
1-2 - aH0ManbHble TOClKM (B ClMCflMTefle - HOMeP 

CeqeHMR, B 3HaMeHaTefle - 3HaCleHMR KM, n~ 1 o-~) :  
pypHble KoHqeHTpaLlmm 3 a @ ~ ~ c ~ p o -  I -, C ~ B ~ P H O ~  racm MecropoWenMn (rpynna I), 
BaHbl Ha OnpeAeJleHHOM rMnC0MeTpMqeCKOM 2 -, mxH09 (rpynna 11). 

YpOBHe. 

2' OceBa' 30HanbH'cTb PYAHblX Ten 3Ta- PMC. 40 BblAeJlRmTCR ABe rpyflnbl TaKMX TOqeK 

nOHHOro ' M3yqeHH0r0 MecTopoweHMA B c e ~ e p ~ o l n  (I) M m x ~ o A  (11) qacmx M~CTOPO- 
MAeHTMqHa. 

>yqeHMR. I/lx reOXMMMCreCKaR XapaKTepMCTklKa 
3T0M cnyqae An' OueHKM YPoBH' 3P0- 

npMBOAHTCg 0 ~ ~ 6 ~ 7 ,  48. 
3llOHHOrO Cpe3a M3BeCTHblX M npOrHO3Mpye- K ~ K  BMAHO 143 ~ a 6 n .  48, rpynna aHoManb- 
~ b l x  P Y A H ~ ~ X  ~ e ~ l  M J Y ~ ~ H H O ~ O  06bewa B ~ O J ~ H ~  

H blx ToqeK I no CpaBHeHnm c rpynnoi I I B qe- 
KOppeKTHO npMMeHeHMe K ~ ~ @ @ ~ ~ ~ ~ ~ ~ ~ ~  nOM XapaKTePM3YeTC. OTHOCMTenbHO HM3KM- 
HanbHOCTM, YCTaHOBneHHblX Ha 3TanOHHOM 
MecTopoweHMM f l e i c ~ ~ ~ ~ e n b ~ o ,  JHaqeHMfl MM 3HaqeHMRMM 09-4x ' 
opHoro ~3 HMX BMAa Ag As BaSb/Mo PbCu Sn T- e. COOTBeTCTBYeT HenPOMbl WneHHblM npo- 
MOHOTOHHO M KoHTPaCTHo M3MeHfimTCFI B Bep- gBneHMRM. npeAenax rpynnbr MOxHO Bbl- 

THKanbHOM Cpe3e ~ Y A H O ~  KOnOHHbl PaCCMaT- AenMTb TPM nOArpynnbl aHoManbHblx T o w .  

pMBaeMOr0 MeCTOPOX(4eHMFI (~a6n. 46). 3Ha- T O q ~ M  ne~eOR nOArpynnbl (59, 75, 11) 
qeHMn 3TOr0 K O ~ @ @ M U M ~ H T ~  PaCCqMTblBa- pacnonoXeHbl qaCTFIX penbe- 
JlllCb AnFI BCeX TOcleK O ~ P O ~ O B ~ H M F ~  PblXnOrO @a (h=400470 lIMemT HM3KMe jHaqeHMFl 

3JmBMo-AenmBMRl ~waKTePM3YmwMXC' 3Ha- K3 (0.2-2. I), i? M M nu M COOTBeTCTByDT 

qeHHFIMM KH 6onee 1 ~IO- ' ,  T. e. CoOTBeTcT- IlpOABneHMslM KOpHeBblX W C T ~ ~  PyAHO-rMA- 
ByDulMX BblxoAaM Ha AHeBHym noBepxHocTb poTep~anbH0i KOnOHHbl C nOnMMeTannMqe- 

KaK M3BeCTHblx, TaK npOrH03MPYeMblx npo- C K O ~  ~MHepankl3auMe~ M HenPOMblLUneHHbIMM 

MbllUJleHHblX ( K M ~  1 x 1 04) M HenpOMblWneH- COAePXaHMFIMM 30no~a M cepe6pa. T o c r ~ ~  
H ~ I X  (KM = 1 x 10-'-9 x 1 o -~ )  PYAH~IX Ten. Ha B T O P O ~  noArpynnbl 11-2 x a p a ~ r e p ~ 3 y m ~ c ~  

a6nnqa 46 
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l e o x ~ ~ ~ . c e c ~ a ~  xapatmepMcTMKa rpynn aHoManbHblx ToqeK B cesep~o i  M tox~017 ClacTRx 

MecTopo>yqeHm B a n y ~ ~ c ~ o e  

HblX TOCleK 

klc. 39 
HblX TOCleK 

Clwcno i(M cAu R R' Xapatmep X a p a ~ ~ e p  
TOWK M M H ~ P ~ ~ M ~ ~ U M M  30HaJlbHOCTL4 

no BepTMKanM 

Henpo~blllrne~Hoe Cna6o 20 1 . 8 ~ 1 0 ~  0.32 32 0.13 
neHeHMe npo~lene~a 

3 1 . 0 ~ 1 0 ~  0.10 fl0Ap~AHble YPOBHM 
p y n ~ b ~ x  Ten 
f l ~ ~ ~ b l l l r n e ~ ~ b l e  
PyAHble Tens, ClaCTb XOPOUO 

10 2 5 . 0 ~ 1 0 ~  1.12 1 172 9.0 ~an6onee o6ora- npo~ene~a ,  

LUeHHblX AU M Ag KOHTPaCTHaR 

HerlPOMblUneHHblX 

5 2.5x104 0.63 HaApy~Hble YPOBHH 

/ pyf i~b~x  en 
1 

KMMM i? M M 6 3 ~ 0 i  IlOArpynne HBXOART- 

CFI BCe M3BeCTHble M nPOrH03MPYeMble PYA- 

M eAu M JlOKanM3yeTCR Ha CaMblX BepXHMX 

rMncoMeTpMqecKMx ~ ~ O B H F I X  (540-575 M). Jlo- 
rwHo npeAnonoxMTb,  TO ~ T M  T O ~ K M  COOT- 

BeTCTByDT BblXOAaM Ha AHeBHyKl IIOBepX- 

HOCTb HaAPYAHblX 30H PyAHblX Ten CJlenOrO 

3 a n e r a ~ ~ ~ .  

X a p a ~ ~ e p  pacnpegenetim aHoManbHblx 

ToqeK Ha PMC. 40, a Tame AaHHble onpeAe- 
JleHMR K O ~ @ @ M ~ M ~ H T O B  R M R' (~a6n .  48) no- 
3BOJlFItOT CAenaTb O A H O ~ H ~ ~ H ~ I ~  BblBOA: AnFI 
PYAHblX Ten B rpynne 11 TMnMqHa KOHTPaCTHaFI 

30HanbHOCTb, AnFI HellpOMblWneHHblX npOFIB- 

J l e ~ M i  B rpynne I - He30HanbHOe CTpOeHMe. 

flpM.le~ OTCyTCTBMe aHOMaJlbHblX TOqeK B 

npOMe>KyTKax Me>yqy O ~ ~ ~ C T F I M M  I M 1 1  
(~Mc.  40) CBMAeTeJlbCTByeT 0 c~aq~006pa3-  

HOM M3MeHeHMM XapaKTepa 30HaJlbHOCTM C 

BO3paCTaHMeM KOHueHTpaL(MM PyAHblX KOM- 

IlOHeHTOB B ~ P O S ~ B ~ ~ H M F I X .  Ha PMC. 41 npMBe- 

AeHbl Kpimble qacToT ~ c ~ p e q a e ~ o c - r ~  3 ~ a q e -  

H M ~  KM no MHTepeanaM Ang rpynn aHoManb- 

HblX TOWK I M 11-2. ~ T M  KPMBble pe3KO CMe- 

WeHbl OTHOCMTeJlbHO Apyr Apyra, qT0 o6y- 
CJlOBJleHO Y C T ~ H O B ~ ~ H H O ~ ~  3aBMCMMOCTbtO 

3~acle~Mf i  AaHHOrO K O ~ @ @ M U M ~ H T ~  OT KOH- 

ueHTPMPOBaHHOCTM P Y ~ H O ~  MMHepaJlM3auMM. 

H a ~ e q a e ~ c q  nMub ~ B K M ~  MHTepsan nepeKpbl- 

TMFI 3 ~ a q e ~ M i  KH (1 x 1 o - ~ - ~ x  1 o-~),  COOTBeT- 

C T B ~ D ~ M ~ ~  npOFlBJleHMFIM C BblCOKMM, HO He- 

KOHAMuMOHHblM YPOBHeM KOHueHTpauMM 30- 

noTa M cepe6pa. T ~ K M M  06pa30~ ,  npomne- 
HMFI, x a p a ~ ~ e p ~ 3 y m ~ ~ e c ~ 1  ~ H ~ ~ ~ H M R M M  

K ~ > ~ X I O - ~ ,  30HaJlbHb1, KM< 1 XI o - ~  - ~ e 3 0 -  

HaJlbHbl, KLI= 1 X 1 o - ~ - ~ x  1 o - ~  MOrYT MMeTb KaK 

30HaJlbHOe, TaK M He30HaJlbHOe CTpOeHMe. 



we- 
rpa- 
1CO- 

Be- 

cle- 
nb- 

we- 

GY- 
'bto 

OH- 

MM. 

)bl- 

eT- 

ie- 
30- 

ie- 
M M 

30- 

:a K 

PHC. 42. r p a @ ~ ~  pacnpeAeneHm aHoManbHblx 
TO'ieK 30nO~O-Cepe6pFI~bl~ flp0RBfleH~i AMQ'3M0- 
K a ~ Y a f l a H c K O i  30Hbl no annflMKaTe: 
1-7- aHOMaJlbHble TOYKM np0R~neHkl~: 7 - Tep- 
K ~ H & ,  2 - YafiHblO, 3 - B ~ ~ ~ H M c T o ~ ,  4 - CflaA- 
K C I ~ ,  5 - rop~blh, 6 - ~ O ~ A H M ~  (3ana~Hblfi), 7 - 
~ O ~ A H M G  (BOCTOY H bli). 

fl0JlyqeHHble AaHHble n03BOnFItoT npOM37 

BeCTM TaKCaqMto yp0~Hefi 3pO3MOHHOrO Cpe3 

I? KOHL(eHTPMPOBaHHOr0 OPYAeHeHMR Z (PMC. 4 ) 
B MeTPMKe, npe~Jl0xeHH0fi A.n. C O ~ O B O B ~ I M  
[176]: Ha~pyAHbli Cpe3 - z=0.0-0.2; BepX- 
~ e p y ~ ~ b l i  - 0.2-0.4; p y ~ ~ b l f i  - 0.6-0.8; 
f l 0 ~ p ~ ~ H b l i -  0.8-1. Ha 3 ~ 0 i  OCHOBe B ripe- 

AeflaX M3YqeHHOrO MeCTOPOweHMR OL(eHeH 

YpOBeHb 3P03MOHHOrO Cpe3a M3BeCTHblX PYA- 
HblX Ten, reOMeTPM30BaHbl ABa npOrH03Mpye- . 
M ~ I X  P ~ A H ~ I X  Tena BepxHepyAHoro cpeaa 
(Zz0.3-0.4), ABa - TOflbKO HaCIMHatouMX 

B C K P ~ I B ~ T ~ C R ,  ~ e a  - cnenoro s a n e r a ~ ~ ~  
(2~0.2) .  

P ~ C C M ~ T ~ M B ~ ~ M ~ R  MeTOAMKa MOXeT C yC- 

neXOM IlPMMeHRTbCR M npM OL(eHKe CTeneHM 

3P03MM OAHOTMnHOrO OpyAeHeHMR Ha He- 

CKOflbKMX YqaCTKaX, 3HaqMTenbHO pa306tqe~- 

HblX B npOCTpaHCTBe. O A H ~ K O  npM 3TOM Cne- 
AYeT YclMTblBaTb TeKTOHMcleCKOe pa3BMTMe 

KPYnHblX YclaCTKOB 3e~H0f i  KOPbl, OnpeRe- 
ngtotqee MX 6no~osoe cTpoeHMe. B  TOM Ba- 

PMaHTe OpyAeHeHMe MOXeT 6b1~b  JlOKaflM30- 

BaHO Ha Pa3JlMclHblX rMnCOMeTPMqeCKMX YPOB- 

HFIX. COOTB~TCTB~HHO Ha T P ~ @ M K ~ X  K3-H Ha- 

6nto~ato~cR CMeU@HMR aHOManbHblX TOqeK 

OTAeJlbHblX YqaCTKOB no OCM OpAMHaT. B Ka- 
rec - r~e  npwepa Ha p ~ c .  42 npeAcTasnetibl 

r p a @ v l ~ ~  pacnpegenetim aHoManbHblx ToqeK 

CeMM YqaCTKOB A M ~ ~ ~ M O - K ~ H . ~ ~ ~ ~ H C K O ~  30- 

H ~ I ,  x a p a ~ ~ e p ~ 3 y t o t q ~ e c ~  ~ ~ ~ B M T M ~ M  ~ O ~ O T O -  

cepe6p~~o f i  M M H ~ ~ ~ ~ M ~ ~ L ( M M  3ono~o-apre~- 

Tmosoro (cepe6p0-apre~~u~o~oro)  Tuna. K ~ K  
BMAHO M3 PMCYHKa, aMnnMTYAa TaKMX BePTM- 

Kanbtiblx n e p e ~ e l q e ~ ~ i ,  onpegenReMaR no 
pa3HMqe rMnCOMeTpMcleCKMX OTMeTOK npM 
@ M K C ~ ~ ~ O B ~ H H O M  3HaWHMM Kg, COCTaBnFleT 

OKOnO 350 M. npvl 3TOM rpaAMeHTbl M3MeHe- 

HMFI 3HacleHMfi Kg no OTneflbHblM YqaCTKaM 

pa3nMclaloTCFI HeCytqeCTBeHHO, qTO CBMAe- 

TenbCTByeT 0 6 n ~ 3 ~ o i  ~ O ~ H O G  flpOTRXeHH0- 

CTM (683 YcleTa ~ P O / J ~ P O B ~ H H O ~ ~  C ~ ~ C T M )  OPY- 



AeHeHMFl no BepTMKaJlM [1?9]. T o r ~ a  TaKCa- 

UMR YPOBHFl 3P03MOHHOrO Cpe3a OpyAeHeHMFl 
MomeT 6b l~b  npoBeAeHa nyTeM nepeMeueHm 

~ ~ ~ @ M K o B  aHOManbHblX TOWK OTAenbHblX 

YqaCTKOB no OCM OPAMHaT A0 MX MaKCMMaJlb- 

HOrO COBMeueHMFl (PMC. 43). Aanee Ha CO- 

BMeueHHOM rpa@M~e H-K3 flPOM3BOAMTC';I 

BblAeneHMe MHTepBaJlOB nOApyAHOr0 M HaA- 
pyAHoro y p o ~ ~ e i  cpesa 110 Y C T O ~ W B O  ~IOHM- 

XeHHblM COAePXaHMRM rflaBHOrO KOMnOHeHTa 

pya ( M n M  KM), OTBeClatOuMM HenpOMbILLlneH- 

HOMY OPYfleHeHMtO M COOTBeTCTBeHHO pe3KO 

flOHMXeHHblM M ~OBblWeHHblM 3Ha'leHMFlM Kg. 
3 a ~ e ~  @ M K c M ~ ~ ~ T c F ~  B ~ ~ X H M ~  M H M X H M ~  YPO- 

BeHb BblKnMHMBaHMFl OPYAeHeHMR C n0CJle- 

qymue i  ~a~cauv leh y p o ~ ~ e i  s p o 3 ~ o ~ ~ o r o  

Cpe3a ( ~ M c .  43). C MCnOnb30BaHMeM YCTa- 
H O B ~ ~ H H O ~  3aBMCMMOCTM K3-Z reOMeTpM30- 

s a w  n p o r ~ o 3 ~ p y e ~ b l e  pyAHbre Tena ( ~ o H ~ I ) ,  
B TOM wcne  cnenoro sane ra~m,  oqeHeH 

YpOBeHb 3P03MOHHOrO Cpe3a KaK OTAeJlbHblX 

PyAHblX Ten  O OH), TaK M PyAHblX YqaCTKOB B 

L(eJl0M. P e 3 ~ J l b ~ a ~ b l  T ~ K O ~  OueHKM no OAHOMY 

M3 PaCCMaTPMBaeMblX flp0Fl~Jle~Mi MJlJlloCT- 

PMPYmTCR Ha PMC. 44. 
I l pa tmc rec~a~  peanm3aw~ M ~ ~ O X ~ H H ~ I X  

Bbllue FlpMHuMllOB OL(eHKM YPOBHR 3P03MOHHO- 

ro cpesa n p o r ~ o 3 ~ p y e ~ o r o  opyAeHeHm MO- 

xeT OcyuecTBnfiTbcg no c n e ~ y m u e i  cxehne: 
1. Bbl~eJle~Me MHTepBaJlOB BTOpMCrHblX 

K O H L ( ~ H T P ~ ~ M ~  rnaBHOr0 KOMnOHeHTa PYA 

(MnM KM), COOTBeTCTBymuMX MMHepanM3aUMM 

pa3JlM.IHOrO MacLU~a6a M YPOBHFl KOHueHTPM- 

POBaHHOCTM (Ilp~MblLLlne~~ble PyAHbIe Tens, 

HenpoMbluneHHoe opyAeHeHMe, rMApoTep- 
ManbHO-MeTaCOMaTMWCKMe O ~ ~ ~ ~ O B ~ H M R ,  

JlM~eh~ble 3PM M ~. f l . ) .  

2. Bb160p MOHOTOHHO M3MeHFllOueM3CFl no 
BepTMKaJlM K O ~ @ @ M ~ M ~ H T ~  (-TOE) 30HaJlbHO- 

CTM no AaHHblM M3YCleHMFl 30HanbHOCTM 3Ta- 

nOHHOr0 o6be~ra C O A H O T L ~ ~ H O ~ ~  MLlHepanM- 

3auMei. fl0 B03MOXHOCTM BblAeneHMe K3 
flPOM3EOAMTCFl Ha OCHOBe OflpeAeJleHMR 30- 

HaJlbHOCTM OPYAeHeHMFl no BTOPMqHblM OpeO- 
JlaM PaCCeRHMFl Ha M3yqaeMOM IlpOFlBJleHMM. 

3. P ~ c W ~ T  K3 B aHOMaflbHblX TOqKaX, CO- 

OTBeTCTByKluMX IlPOMblLUJleHHOMY M HenPo- 
MbllUJleHHOMY OpYAe HMm. n o ~ r p 0 e ~ M e  

~ ~ ~ @ M K o B  PaCflpeAeJl HMFl aHOMaJlbHblX TO- 

WK K a w O r O  YWCTKa ~ H O M ~ ~ M L ~ )  B KOOPAM- ie 
HaTaX H-K3 C f l ocne~ymqe i  MX T ~ ~ H c @ o ~ -  

~aUMen B C B O A H ~ I ~  rpa@MK 3aBMCMMOCTM Kg- 
Z M T ~ K C ~ L ( M ~ ~ ~ Y P O B H ~ ~ ~ P O ~ M O H H O ~ O C ~ ~ ~ ~ .  

4. fl0 rpa@MK# 3aBMCMMOCTM K3-Z Onpe- 
AeneHMe YPOBHR 3 ~ 0 3 ~ ~  PYAH~IX Ten (30~1, a 
TaWe YCpeAHeHHOrO Cpe3a OpyAeHeHMFl B 

UenoM no yqacTKy M n M  aHoManm no cne- 
~ y m u e i  @op~yne: 

rAe 2 - Y C ~ ~ A H ~ H H ~ I ~  YpOBeHb Cpe3a PYA- 
HblX Ten Ha YqaCTKe; Zi - YpOBeHb Cpe3a 

KOHKPeTHOrO PYAHOrO TeJla; n - KOJlMW3CTBO 

o n p e ~ e n e ~ ~ t i  YPOBHR cpesa PYAH~IX Ten. 
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TH03MPYeMblX PYAHblX Ten ( 3 0 ~ ) ~  B blBeAeHHblX 
1 10 

3p03Mei Ha AHeBHytO IlOBepXHOCTb, M CnenO- x 1 a 2 0 3 '  

ro 3 a n e r a ~ ~ ~ .  PHC. 47. C o s ~ e u l e ~ ~ b ~ f i  rpa@n~ H ~ M ~ H ~ H M F I  c rny- 
6 ~ ~ 0 f i  K O ~ @ $ M ~ M ~ H T ~  30HanbHOCTM BMAa 

O Q ~ H K ~  YPOBHR 3P03UOHH020 cpe3a no Ag PbIMo Bi 30nOTOPyAHblX flonefi ~ ~ M C K O ~ O  py: 
n o r n o ~ a ~  p a c c e ~ ~ u ~ .  B n p a ~ ~ m e  r e o x ~ ~ n r e -  7-3 - P Y A H ~ ~ ~  nong: I - napgar 2 - Ea~c~oe ,  

CKMX nOMCK0B OUeHKa Cpe3a OpyAeHeHMR no - OneKoH, 

nOTOKaM PaCCeRHMR, KaK npaBMn0, npOM3BO- 

AMTCR Ha KarecTBeHHoM ypowe, no HanMrnto cTpoeHMg r p a @ ~ ~ o s  pacnpsAeneHvlR aHo- 

M n M  OTCYTCTBMD aHOManbHblX nOTOKOB HaA- ManbHblX TOreK KOHKPeTHblX ~ H O M ~ J ~ M ~  PaHra 
PyAHblX-BepXHepyAHblX M n M  nOApyAHblX- P f l  B KOOpAMHaTaX H-K3 ( ~ M c .  46) C I lOCne- 

HMXHepyAHblX 3neMeHTOB. BMecTe C TeM, C MC- ~yDLl.@6l MX ~pa~c@opMauMefi B rpa@M~M 3a- 

ilOnb30BaHMeM B ~ I L L J ~ Y K ~ ~ ~ H H O ~  MeTOAMKM BMCMMOCTM K3-Z (PMC. 47). 
B03MOXHa ~ ~ M ~ ~ M X ~ H H O  KOnMcleCTBeHHaR B IlpMBeAeHHblX BblWe npMMepaX OUeHKa 
OUeHKa CTeneHM 3P03MM PYAHblX O ~ ~ ~ K T O B .  YPOBHR 3P03MM PYAHblX O ~ ~ ~ K T O B ,  KaK M B 

B YnPOLL(eHH0M BapMaHTe TaKaR OL(eHKa IlpeAblAy WeM pa3Aene pa60~b1, 6 a 3 ~ p y e ~ c ~  
npOrH03MpyeMblX Mec~opo>yqe~Mfi KOHKpeT- Ha OnpeAeneHMkl 3 ~ a c l e ~ M i  Kg B aHOManbHblX 

HOrO @OPM~L(MOHHO~O TMna OCYLL(eCTBnReTCR TOclKaX. B COOTBeTCTBMM C MCnOnb3yeMblM 

C MCnOnb30BaHMeM 3TanOHHblX T ~ ~ @ M K O B  Kg- HaMM C ~ O C O ~ O M  OKOHTYPMBaHMR ~ H O M ~ J ~ M ~  

Z. I ~ o c T ~ o ~ H M ~  TaKMX ~ ~ ~ @ M K o B  flpOM3BOAMT- npM CbeMKe no IlOTOKaM PaCCeRHMR 

CA IlyTeM CpaBHeHMR AaHHblX 06 YCpeAHeH- (pa3~.  1.1) aHOManbHaR TOqKa XapaKTepM3yeT 

HOM YPOBHe 3PO3MM XOPOLUO M3YcleHHblX Me- 6acce6l~ ~ o ~ o c 6 o p a  3-5 K M ~ ,  clTO COOTBeTCT- 

C T O ~ O > ~ ~ ~ H M ~  M ~ H ~ W ? H M ~  Kg B npo6ax M3 an- ByeT nnoWaAM Ar f l  paHra PM. ECT~CTB~HHO, 
JlloBMR BOAOTOKOB, ApeHMpytO~MX 3TM o6ae~-  AnR TaKMX OTHOCMTenbHO KPYnHblX n n o u a ~ e i  
T ~ I  (PMC. 45). snMgHMe 3PM Ha c o ~ e p x a ~ ~ e  B npo6e n3 

B pRAe cnyclaes TaKcaum y p o ~ ~ e i  spo- anntoem s ~ a r ~ ~ e n b ~ o  M He nowaeTcR ycle- 
3MOHHOrO Cpe3a C MCflOnb3OBaHMeM AaHHblX Ty. 6 3 ~ 0 i  CBR3M OueHKY Cpe3a npOrH03Mpye- 

o n p o 6 0 ~ a ~ ~ ~  a n n m m  B O ~ M O X H ~  nyTeM no- M ~ I X  O ~ ~ ~ K T O B  no n p e ~ n a r a e ~ o i  MeToAMKe 

7 3 a ~  642 97 



CJleAyeT PaCCMaTpMBaTb KaK IlpeABapMTeJlb- 

HyM, ~ p e 6 y ~ u y m  ~aJlbHeiLUer0 yTOC1HeHMFl 

flpM flpOM3BOACTBe 6onee AeTaJlbHblX pa6o-r. 
T ~ M  He Metiee B cnyrae BblmneHMn yAoBne- 

T B O ~ M T ~ ~ ~ H O ~ ~  aflnp0KCMMauMM aHOMaflbHblX 

TOWK ~ P F I M O ~  nu l~k le i  B KOOpAMHaTaX H-K3, 
y~blTblBaR O P M ~ H T M P O B O C ~ H ~ I ~  XapaKTep OUeH- 

KM PeCypCOB fl0 KaTerOpMM P3 [60], IlPaKTM'ie- 
cKoe n c n o n b 3 o ~ a ~ ~ e  npe~narae~oCi MeToAM- 

KM IlpeACTaBnHeTCFl PauMOHanbH blM. 

O U ~ H K ~  C m e l l e H U  3P03UU P Y ~ O Z ~ H H ~ I X  

CUCmeM CmapLi lUX p a H Z 0 6 .  M ~ T O A M K ~  OueHKM 
YPOBHFl 3P03MOHHOrO Cpe3a PC PaHrOB PM, 
Pfl, PY B HacToqqee Bpem npamMclecKM He 

pa3pa60~aHa. B M ~ C T ~  C TeM, TaKaH OueHKa 

MOrJla 6b1 6 b l ~ b  BeCOMblM apryMeHTOM B 

nOJlb3y IlpOBeAeHMH 6ypoBb1~ pa6o~,  OpMeH- 
TMPOBaHHblX Ha flOMCKM rny60~03aneratolq~x 

PYAHblX 06beKT0~ B TlpeAerlaX H3BeCTHblX 

PYAH~IX nonei M yanoe. C aTMx noa~un i  pac- 
CMOTPMM peanbHyto MoAenb TMC Bepx~e-  
MblHCKOrO PY ( ~ M c .  17, r). K ~ K  BMAHO M3 pH- 
CyHKa, IlPaKTMcleCKM BCe M3BeCTHble IlpORBne- 

HMFl 30JlOTa IlpMYPOCleHbl K OTHOCMTenbHO Y3- 

K O ~  n0nOCe. H ~ ~ o B ~ M  ee ~ P O A Y K T M B H O ~  30- 

H O ~ .  Tor43 B Cnyclae 3p03MM CMCTeMbl B 

~epxHe6l WCTM 3~oCi 30Hbl 06~apyXeHMe m y -  
60~03aneraroq~x PYAHblX O ~ ~ ~ K T O B  flOTeH- 

4MaJlbHO B03MOXH0, B H M X H ~ ~  'iaCTM 30Hbl M 

B KOPHeBblX claCTHX - MaJlOBePOFITHO. He 

MeHee aKTyanbHa M oqeHKa 3 ~ 0 3 ~ ~  PC paHra 
PM, n o 3 ~ o n ~ l ~ q a ~ l ,  KaK 6blno flOKa3aHO Ha 

KOHKPeTHOM IlpMMepe (PMC. 13), OueHMTb 

IlepCneKTMBbl Ha r n y 6 ~ ~ y  MeCTOPOX,4eHMFl B 

UenoM. 

Y C T ~ H O B ~ ~ H H ~ I ~  3aKOHOMePHOCTM CTpOe- 

HHFl A r f l  CTaPUlMX PaHrOB (rJl. 3) flO3BOflHk3T 

HaMeTMTb nyTM PeUleHMFl 3 ~ 0 h  3aAaqM. O U ~ H -  
Ka 3P03MM TaKMX CMCTeM B03MOXHa Ha OCHOBe 

a ~ a n m a  ~op@onor~ rec~u l x  o c o 6 e ~ ~ o c ~ e i  
A r f l  M B~KTOPHOG 30HaJlbHOCTM OpeOJlOB Bbl- 

HOCa L @ H T P O ~ ~ X H ~ I X  3JleMeHTOB B F I A ~ P H O ~ ~  

3 o ~ e .  

P~CCMOTPMM pa3JlMrHble BapMaHTbl flp0- 

C T P ~ H C T B ~ H H O ~ ~  JlOKanM3aL&lM 30H A r f l  B r0- 

P M ~ O H T ~ ~ ~ ~ H O ~  IlnOCKOCT B 3aBMCVIMOCTM OT f YPOBHR ee ~ ~ O ~ M O H H O , ~  cpesa. Ha ypostie 
cpesa 1 ( p ~ c .  48) 6y~eS\Ha6nro~a~bcn e A w -  
CTBeHHaFl @JlaHroBaFl 30Ha KOHL(eHTPaqMM, M 

npor~o3 rny60~03aneraroq~x p y ~ ~ b l x  0 6 b e ~ -  

TOB B 3TOM CnyWe, BMAHMO, HeB03MOXeH. Ha 
YpOBHe 2 6 y A e ~  ~ ~ @ M K c M ~ o B ~ H ~  AByX3OHHaFl 

CMCTeMa C Jlo~aJlM3a~Mei B UeHTpe 30Hbl 06- 
MeHa M no ee n e p ~ @ e p n ~  @ n a ~ r o ~ o i  ~ O H ~ I  

KOHueHTpallblbl. 30HaJlbH0~~b T ~ K O ~  CMCTeMbl, 

B CBFl3M C <<JlOCKYTHblM)) CTpOeHMeM @JlaHro- 

B O ~  30Hbl KOHUeHTpauMM, AOJlXHO 6 b l ~ b  Cna- 
60 BblpaxeHa. Ace TaKMe CMCTeMbl flpeA- 

CTaBneHbl Ha PMC. 15, (c. 36). Ha YPOBHFlX 

3P03MOHHblX Cpe3OB 3-5 A r f l  ~ Y A ~ T  MMeTb 

3a~epUleHHbl~ BMA C ~ ~ K O H O M ~ P H O ~  flOCJle- 

, ~ o B ~ T ~ J ~ ~ H o ~  C M ~ H O ~  OT MX UeHTpa K flepM- 

@epMM Fl~epHoi 30Hbl30~0i  0 6 ~ e H a  M @Jla~-  
~ O B O ~  3 0 ~ 0 i  KOHueHTPauMM. ~ ~ O ~ H O C T ~ D  3PO- 

AblpOBaHHble CMCTeMbl (YPOBHM 6, 7) no MOP- 

@0n0rMM aHaJlOrMclHbl CMCTeMaM, TOnbKO Ha- 

YMHaK)LI(MM BCKPblBaTbCFl ( Y P O B ~ H ~  2). flpM- 
MepOM TaKMX CMCTeM MOXeT CJlYXMTb npMBe- 

AeHHOe Ha PMC. 15, e A m  O~clyrc~oe.  T ~ K M M  
06pa30~, no M O ~ @ O J ~ O ~ M ~ ~ ~ C K O M ~  flpM3HaKy 

A r l l  clemo ~ O A P ~ ~ A ~ ~ H I O T C F I  Ha TPM rpynrlbl: 

H ~ ~ O H ~ ~ ~ H O T O  CTpoeHMfi cnenoro a a n e r a ~ ~ ~ l  
(yp0BeHb I), ABYX30HHble cna6o- bl r f ly60~0- 
3pOAMpOBaHHble flOJlFl ( Y ~ O B H M  2, 6, 7), )'Me- 

peHHO3pOAMpOBaHHble TpeX30HHOrO CTpOe- 

HMH (YPOBHM 3, 4, 5). 
6onee ~ p o 6 ~ a n  f l ~ @ @ e p e ~ u ~ a y ~ ~  ATTI 

no CTefleHM 3p03vlM B03MOXHa Ha OCHOBe yC- 

TaHOBneHHblX ~ ~ K O H O M ~ P H O C T ~ ~  30HaJlbHOrO 

CTPOeHMFl OpeOnOB BblHOCa ~ ~ H T P O ~ ~ X H ~ I X  

3neMeHTOB. H ~ ~ O M H M M ,  '4TO 3Ta 3OHaJlbHOCTb 

no BOCCTaHMtO @ J ~ K ) M A O ~ O T O K O B  XapaKTepM- 

ayeTcR cneAytOtyM PFIAOM (c. 40): Ba, V-Co, 
Ni-Cr, Mtl. C MCnOnb3OBaHMeM 3TOrO PHAa 
Anfi  A r f l  HaKnoHHoro a a n e r a ~ ~ ~  Bepx~e-  
MblHCKOrO PY M T H ~ K B ~ ~ M C K O ~ O  Pfl ( ~ M c .  17, 
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r; 16, e) BblAeneHbl MOHOTOHHO M3MeHRtO- 

UMecR no yAaneHMto OT n p o r ~ 0 3 ~ p y e ~ b 1 ~  MC- 

TOCIHMKOB 3HeprMM PC K O ~ @ @ M L ( M ~ H T ~ I  30- 

HanbHOCTM (PMC. 49, 50). flpM 3TOM, KaK M npM 
oueHKe PT no B T O P M ~ ~ H ~ I M  opeonaM M noTo- 

KaM PaCCeRHMR, Kg PaCCclMTblBanMCb B aHO- 

MaJlbHblX TOclKaX, B AaHHOM CJlyclae npMyp0- 

cleHHblX K MMHMMYMaM OTPML(aTeJlbHblX OpeO- 
nOB K y .  

l l p a ~ ~ ~ r e c ~ o e  npMMeHeHMe a - r ~ x  r p a @ ~ -  
KO8 AnR OL(eHKM Cpe3a KOHTPOnbHblX 06be~ -  

TOB OrpaHMclMBaeTCFI OTCYTCTBMeM AaHHblX 06 
~ C T O ~ ~ ~ M B O C T M  MOHOTOHHOrO XapaKTepa M3Me- 

HeHMR BTMX K O ~ @ @ M L ( M ~ H T O B  AJlR CMCTeM 

pa3nMclHOrO PaHra, BeueCTBeHHO-MMHepanb- 

Horo CocTaBa M ~ e ~ a n n o r e ~ ~ c l e c ~ o i  cneUMa- 
J- IM~~L(MM. B 3 ~ 0 i  CBFI~M npeAnaraeTcR MX MC- 

nOJlb30BaTb npM aHanM3e 3P03MM TOnbKO 30- 

JlOTOPYAHblX y3nOB ( ~ M c .  49) M 3OnOTO-Ce- 

pe6pR~b l~  P Y A H ~ I X  nonei ( p ~ c .  50). l l p ~   TOM 

CneAyeT MMeTb B BMAY, clTO BblAeneHHble KO- 

~ @ @ M L ( M ~ H T ~ I  KOMIlneKTYDTCR qe~-rpo6ex- 
HblMM 3JleMeHTaMM, CneKTp KOTOPblX YHMBeP- 

CaneH (rn. 3), B OTJlMclMe OT MCnOnb3yeMblX 

npM npOrH03e PYAHblX Ten L(eHTP0CTPeMM- 

TenbHblX (PYAH~IX) 3JleMeHTOB, OTpaXaDuMX 

MeTannoreHMclecKyHs c ~ ~ L ( M ~ ~ M ~ ~ L ( M D  PC. B 
TaKoM cnyclae MOXHO I - i p e ~ n o n o x ~ ~ b ,  rTo 

c@epa IlPMMeHeHMFI BTMX K O ~ @ @ M L ( M ~ H T O B  B 

flepCneKTMBe MOXeT 6b l~b  CYueCTBeHHO 

paculMpeHa. 

PHC. 50. C O B M ~ ~ L ( ~ H H ~ I ~  rpa(13blK kl3MeHeHklF1 KO- 

3(13(13klukle~~a 30HaJlbHOCTkl BMAa Ba Mn NiCr no 
HanpaBfleHMRM ( ~ ~ J ~ D ~ ~ , ~ o ~ o T o K o B  rMC T H ~ K B ~ ~ M -  
cKoro Pl l .  

O n p e ~ e n e ~ ~ e  y c n o ~ ~ i  s a n e r a ~ m  PYA- 
HblX 3aJleXen TeOXMMMcleCKMMM MeTOAaMM 

~ P O M ~ B O A M T C R  B cnyclae a a ~ p y ~ y e ~ ~ i  npM MX 

oqeHKe no reonorMrecKMM A ~ H H ~ I M .  Yau(e 

BCerO TaKMe CJlOXHOCTM B03HMKaDT npM On- 

peAeneHMM B ~ I X O A R ~ M X  Ha AHeBHyto noeepx- 

HOCTb PYAHblX Ten C HecleTKMMM ((pa3Ma3aH- 

HblMM)) KOHTypaMM n ~ 6 0  ((CJlenblX)) - no MX 

HaApYAHblM 30HaM. 

6 IlpaKTMKe reOXMMMcleCKMX MeTOAOB no- 
MCKOB nOne3HblX MCKOnaeMblX CYU(eCTBYt0T 

Ass OCHOBH~IX K ~ Y ~ C ~ S ~ H H ~ I X  cnoc06a 
OueHKM 3~0 ro  napaMeTpa opyAeHeHm. 

f l e p ~ b l i  M3 HMX OCHOBaH Ha M3YcleHMM 

O C O ~ ~ H H O C T ~ ~  nonepecl~oi 3OHaJlbHOCTM 

IlepBMclHblX OpeOnOB 3JleMeHTOB-MHAMKaTO- 

p o ~  opyAeHeHMg [44]. P l c c n e ~ o ~ a ~ ~ ~  noKa- 

3blBaDT, clT0 BOKPYr PYAHblX Ten BepTMKanb- 

Horo naAeHm nepBMclHble opeonbl xapame- 
PM3YK)TCR C M M M ~ T P M ~ ~ H O ~  30HanbHOCTbD. 

~ P M  3TOM MaKCMMYMbl ~0 f l epXa~Mi  BCeX 

3neMeHTOB-MHAMKaTOpOB OpyAeHeHMFl CO- 

BMeu(eHbl MeWY c060i M COBnaAaDT C PY- 
~ O K O H T P O ~ M P Y D ~ ~ ~  CTPYKTYPO~. H a w l ~ ~ ~ b l e  

pypble s a n e x ~  x a p a ~ r e p ~ a y t o ~ c ~ i  cAeMroM 
MaKCMMYMOB OCHOBHblX KOMnOHeHTOB PYA M 

HaAPYAHblX ~ J ~ ~ M ~ H T O B  OTHOCMTenbHO Apyr 
APYra. 6 3TOM Cnyclae MaKCMMYM HaAPYAHblX 

3JleMeHTOB @ M K c M ~ ~ ~ T  B M c F I ~ ~ M ~  6 0 ~  PYAHOrO 

Tena. 



H ~ A O C T ~ T K O M  3TOrO cnoco6a RBJlReTCR 

CJlOXHOCTb BblAeneHMR MaKCMMYMa HaAPYA- 
HblX 3JleMeHTOB HaKJlOHHOrO PYAHOrO Tens Ha 

 OH^ 3HAOreHHblX OpeOnOB AOPYAHblX CTa- 

 AM^ ~ ~ ~ e p a n o o 6 p a s o ~ a ~ ~ ~  M, KaK npasmno, 
MHOrOrMCJleHHblX 30H P ~ C C ~ F I H H O ~  P Y A H O ~  

~ ~ ~ e p a n ~ a a u n ~ ,  conposowamuwx npo- 
MblWJleHHOe OpyAeHeHMe. K ~ o M ~  TOrO, C MC- 

nOnb30BaHMeM 3TOr0 cnoc06a B03MOXHa 

TOJlbKO KacleCTBeHHaR OueHKa 3JleMeHTOB 38- 

neraHm p y ~ ~ b l x  Ten. 
B ~ o p o i  cnoco6 ocHoeaH Ha onpeAeneHMM 

n0ABMXHOCTM 3neMeHTOB B A M @ @ Y ~ M O H H ~ I X  

opeonax opyAeHeHm [176]. B  TOM cnyclae 
COBnaAeHMe PRAOB IlOABMXHOCTM 3JleMeHTOB 

B 3K30KOHTaKTaX P Y A H O ~  3aJleXM CBMAeTeJlb- 

CTByeT 0 ee C Y ~ B ~ ~ T M K ~ ~ ~ H O M  IlaAeHMM, MX 

pasn~c l~e  - o HaKnoHHoM 3 a n e r a ~ ~ ~  opyAe- 
HeHMR. K HeAOCTaTKaM 3TOrO cnoco6a OTHO- 

CRTCR He3HaclMMOCTb pa3JlMclMi K O ~ @ @ M ~ M -  

eHTOB nOABMXHOCTM OTAeJlbHblX 3neMeHTOB B 

BMCRcleM M JleXacleM 6 0 ~ a x  HaKJlOHHblX PYA- 

HblX Ten [176, C. 1461, HM3KaR KOHTPaCTHOCTb 

MX 3 ~ a c l e ~ k l i  B 3aBMCMMOCTM OT M ~ M ~ H ~ H M ~  

yrnos naAeHm PYAH~IX  3anexei. ~ T M M M  

nPMclMHaMM 06ycno~ne~a  HeBblCOKaR Haflex- 
H O C T ~  M T O ~ H O C T ~  OnpeAeneHm ~ ~ ~ M ~ H T O B  

3aJleraHMR OpyAeHeHMR npM MCnOJlb3OBaHMM 

s ~ o r o  cnoco6a. 
P ~ C C M O T ~ M M  pe3yJl bTaTbl ~ ~ O X M M M C ~ ~ C K O ~ ~  

oueHKM y c n o ~ ~ i  s a n e r a ~ ~ ~  p y ~ ~ b ~ x  Ten ~ T M -  

MM AByMR CIIOCO~~MM Ha KOHKPeTHblX IlpMMe- 

pax. 
Ha PMC. 51 IlPMBeAeHbl BTOPMclHble OpeO- 

Jlbl PaCCeflHMR 30JlOTa M 3JleMeHTOB-CnyTHM- 

KOB Ha OAHOM M3 Y c l W K O B  ~ O ~ O T O - c e p e 6 p ~ -  
HOrO PYAOnPORBJle MR MWMCTO~ ( K ~ ~ ~ M K M H -  d C K M ~  p y ~ ~ b l i  pa i0  3. H a n ~ c l ~ e  KOHTPaCTHblX 

OpeOnOB TMnMclHblX HaflPyAHblX (Sb, Hg) M 

BepXHepyAHblX (Ag) 3JleMeHTOB npM OTHOCM- 

TeJlbHO HeBblCOKMX KOHqeHTpauMRX 30JlOTa M 

OTCYTCTBMM OpeOJlOB HMXHePYAHblX-nOAPYA- 

HblX 3neMeHTOB (Pb, Zn, CU, Sn), WMpOKOe 

P ~ ~ B M T M ~  npoqeccos a p r ~ n n ~ 3 a q ~ ~ ,  xapaK- 
TePHblX AJlR BepXHMX rOPM3OHTOB PyAHOMeTa- 

C O M ~ T M ~ ~ ~ C K O ~  KOJlOHKM, n03BOnReT npeAn0- 

JlOXMTb, clTO PaCCMaTpMBaeMaR Am TOJlbKO 

HarMHaeT BCKPblBamrbCR. I ~ P M  3TOM ~ a 6 n m ~ a -  
eTcR oTreTnMBoe cMelqeHMe opeonos Sb, Hg, 
B M ~ H ~ L L J ~ ~  CTeneHM Ag, OTHOCMTenbHO Ope- 
OnOB All M AS, clT0 CBMAeTenbCTByeT 0 Ha- 

KJlOHOM 3aJleraHMM I ~ P O ~ " H O ~ M P Y ~ M O ~  HaAPYA- 
H O ~  30Hbl. ~ ~ ~ ~ c T B M T ~ J ~ ~ H o ,  no AaHHblM re0- 

norMcleCKMX H ~ ~ J ~ I O A ~ H M ~  ( K ~ ~ ~ H M H ,  1981) Ha 
YclaCTKe BbIRBneHa KBapueBaR XMna MOUHO- 

CT~ IO  10 CM, MMetOUaA nagewe B ceeepo- 
B O C T O ~ ~ H ~ I X  p y ~ 6 a x  noA yrnoM 45". C n e ~ o ~ a -  
TeJlbHO, B AaHHOM CJlyclae l l e p ~ b l i  M3 pat- 
CMOTPeHHblX BblWe C ~ O C O ~ O B  OnpeAeneHMR 
sneMeHTos sanera~ ln~  p y g ~ b ~ x  Ten AocTa- 
TOclHO ~ @ @ ~ K T M B ~ H .  

OAH~KO Cyll@CTByIOT M ApyrMe IlpMMepbl. 

6 claCTHOCTM, no AaHHblM M3ycleHMR nepBMcl- 
HblX OpeOnOB HaKJlOHHblX PYAHblX Ten (146 
nepececle~~i)  s o n o ~ o p y ~ ~ o r o  MecTopowe- 
HMR ~ K o J ~ ~ H O ~  3aKOHOMepHOrO CABMra MaK- 

CMMYMOB ~ 0 ~ e p X a ~ M f i  HaApyAHblX-BepXHe- 

PyAHblX 3JleMeHTOB (Ag, Sb, CU, Pb) M OC- 

HOBHblX 3JleMeHTOB PYA (All, AS, W) He YCTa- 

HOBJleHO. T ~ K M M  06pa30~, CJleAyeT HMeTb B 

s n ~ y ,  c l ~o  oueHKa ~ ~ ~ M ~ H T O B  3 a n e r a ~ ~ ~  nep- 
B ~ I M  C ~ O C O ~ O M  He BcerAa HaAexHa M ~ p e 6 y e ~  
llOATBepX,4eHMR APYrMMM AaHHblMM. 

Ha 3TOM Xe MeCTOPOmeHMM IlPOBeAeHa 
a n p o 6 a u ~ ~  BToporo cnoco6a. no pesynb~a- 

TaM M3YcleHMR XapaKTepa M ~ M ~ H ~ H M ~  COAep- 
X ~ H M ~  BCeX 3JleMeHTOB MHAHKaTOPOB OpyAe- 
HeHMR YCTaHOBJleHO, clT0 KOHUeHTPaUMM Ag, 
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PHC. 52. rpaC@M~ M3MeHeHMFI C O A ~ P X ~ H M ~ ~  cepe6- 
pa no npoC@MntO 85 BKPeCT nPOCTMPaHMFl HaKJlOH- 
Horo pygtioro Tena I. 

Sb, Cu M Pb MOHOTOHHO naAatOT no yAane- 
H M ~ O  OT p y ~ ~ b l x  T e n ,  T o r A a  KaK A n R  Au, As, W 
M3MeHRtOTCR, KaK npaBMJl0,  B O J I H O O ~ ~ ~ ~ H O .  6 
TaKoM cny'iae o n p e A e n e H M e  BenM'iMH MMrpa- 

L (Y IOHHO~ IlOABMXHOCTM paqMOHanbH0  TOJlbKO 

AJlR AM@@Y~MOHH~IX OpeOJlOB Ag, Sb, CU M 

Pb. 
O q e ~ ~ a  3 ~ 0 r o  n a p a M e T p a  n p o e o A M n a c b  

AnFI 0 6 0 ~ ~  3K30KOHTaKTOB PYAHOT0 Tens no 
c n e ~ y o u e i  ~ s s e c ~ ~ o i  @ o p ~ y n e  [I 761: 

rAe 1 /A - K O ~ @ @ M ~ M ~ H T  M M T ~ ~ ~ M O H H O ~  

noABMxHocTM 3 n e ~ e ~ ~ a ;  a - yron, 0 6 p a 3 0 -  

B a H H b l i  OCbtO a 6 c ~ y c c  M J lMHkle i  3aKOHOMep- 

H o r o  n a A e H m  c o ~ e p x a ~ ~ i  aneMeHTa  OT OCM 

K @ n a ~ r a ~  p y A H o r o  T e n a  ( p ~ c .  52); K - KO- 

~ @ @ M ~ M ~ H T ,  y ' i M ~ b l ~ a t O u M f i  COOTHOUleHMe 

M ~ C W T ~ ~ O B  no OCRM KOOPAMHaT. 

AJlR KOHKPeTHOrO M ~ C U I T ~ ~ ~  IlOCTpOeHMR 

r p a @ ~ ~ a  M ~ M ~ H ~ H M R  c o ~ e p x a ~ n i  aneMeHTa  

BKpeCT IlPOCTMpaHMtO PyAHOrO Tens 3TOT KO- 

a@ctjnl/ne~-r o n p e A e n R e T c R  no c n e ~ y m u e i  
a o p ~ y n e  [I 761: 

rQe  Y -  I lpMHRTblh n0 OCM OPAMHaT MOAyJlb 

Aecmn ' iHb ix  n o r a p ~ @ ~ o ~  c o ~ e p x a ~ ~ i  me -  
MeHTOB, ~ b l p a x e ~ ~ b l i  B J l M H e f i H ~ i  M e p e  

~ a c l u ~ a 6 a  OCM P ~ C C T O A H M ~  X. 
B p e 3 y n b ~ a ~ e  TaKnx  o n p e ~ e n e ~ ~ i  KO@- 

~ M ~ M ~ H T O B  IlOABMXHOCTM 3JleMeHTOB YCTa- 

HOBJleHO, C1TO QJlR BMCR'iMX 60~06  HaKnOHHblX 

PHC. 53. ~ ~ B M C M M O C T ~  3Ha~leHMfi CYMMaPHOrO KO- 
~C@C@ML(M~HT~  IlOABMXHOCTM CyPbMbl M Y C J ~ O B H O ~ ~  

npoAyrcrMeHocTM n e p e M w o r o  opeona. 

PYAHblX 3 a J l e ~ e i  3Ha'ieHMR 3 ~ 0 h  BeJlM'iMHbl B 

q e n o M  s b l w e ,  r e M  A n A  nexa'inx. B TO x e  
BpeMFl3HareHMR 1 /h AJlR KOHKPeTHOrO PYAHO- 

r0 Tens HenOCTORHHbf M 60 MHOrOM OnpeAe -  

JlRtOTCR YpOBHeM cOAep>rtaHkl~ 3JleMeHTOB B 

ero KoHKpeTHoM nepece'ieHMM. Ha p ~ c .  53 
I lpMBeAeH rpa@MK M3MeHeHMR CyMMaPHOrO 

K O ~ @ @ M ~ M ~ H T ~  IlOABMXHOCTM CYPbMbl BMCR- 

'iero (I /AB) M nexa'iero (I /An) ~ O K O B  HaKnoH- 

~ o r o  p y ~ ~ o r o  T e n a  I OT y c n o ~ ~ o i  n p o A y m M B -  

HOCTM COOTBeTCTBYtO~MX flepBM'iHblX OpeO- 

noe. Y A o ~ n e ~ ~ o p ~ ~ e n b ~ a ~  annpoKcMMaqnR 

T o r e K  H a  rpa@n~e n p ~ ~ o i  n n ~ n e i  csMAe-  

TeJlbCTByeT 0 n p R M 0  ~ ~ o ~ o ~ ~ M o H ~ J ~ ~ H o ~  3a -  

BMCMMOCTM 3TMX BeJlM'iMH. Y C T ~ H O B J ~ ~ H H ~ R  

3aKOHOMePHOCTb 0 6 y c n o ~ n e ~ a  T e H ~ e H ~ t l e i  

YBeJlM'ieHMR rpaAMeHTOB M ~ M ~ H ~ H M ~  COAep- 

X ~ H M ~  CYPbMbl no HOpManM K OCM PyAHOrO 

Tens C I lOBblUleHMeM YPOBHR MaKCMManbHblX 

K ~ H q e H ~ p a q M i  3TOrO 3JleMeHTa.  APY~MMM 
CJlOBaMM, B I l peAeJ laX  KOHKPeTHOrO PYAHOT0 

T e n a  A n R  C T O ~ ~ O B ,  r ~ e s ~  rpa@n~ M ~ M ~ H ~ H M R  

c o ~ e p x a ~ ~ i  a n e M e H T a  6onee K P ~ T O ~ ,  COOT- 

BeTCTBeHHO 3HareHMR l / h  HMXe, 'ieM AJlR 

Y'iaCTKOB OTHOCMTeJlbHO 6 e ~ ~ o r o  OpyAeHe-  

HMR. 6 TaKOM CJly'iae K a ~ a R - J l M 6 0  KOJlM'ieCT- 

BeHHaR OqeHKa 3JleMeHTOB 3aJleraHMR PYA- 
HblX T e n  C MCnOJlb30BaHMeM a 6 ~ 0 J l t O T H b l ~  

3Ha' ieHMi 1 /h HeBO3MOXHa. 6 CBR3M C 3TklM 

r lpM onpeAeneHMM naaetim p y ~ ~ o i  s a n e x ~  
HaMM I lpeAJ la raeTCR MCnOJlb3OBaTb OTHOUle- 

HMe K O ~ @ @ Y ~ ~ M ~ H T O B  IlOABMXHOCTM 3JleMeH- 

TOB BMCR'ierO M JleXa' ierO 60~06  OpyAeHeHMR, 

TO eCTb 6 o n b w e r 0  no 3Ha'ieHMtO K MeHbWeMy:  



PHC. 54. ~ ~ B M C M M O C T ~  MOHO3neMeHTHblX M Mynb- 
TMflnMKaTMBHblX floKa3a~enefi aCMMMeTPMM nAn OT 

yrnoe naAeHm PYAH~IX  Ten. 

rAe llAn - no~asa~enb aculMMeTpMvl noAeMx- 

HOCTM 3 n e ~ e ~ ~ a  BMcnclero M nexaclero ~ O K O B  

OpyAeHeHMA. 
K o n e 6 a ~ ~ ~  3Toro n o ~ a s a ~ e n ~ l  An9 cere- 

H M ~  KOHKPeTHOrO PYAHOT0 Tens C Pa3nMclHblM 

YpOBHeM K O H L ( ~ H T P ~ L ( M ~  Ag, Sb, CU M Pb, On- 

peAenfieMble ~ e n u l r ~ ~ o f i  + s 1 & ~ e s ~ a r ~ -  
TeJlbHbl (~a6n .  49), rT0 n03BOnAeT MCnOJlb30- 

BaTb BenMclMHy nAn IlpM OqeHKe 3JleMeHTOB 

s a n e r a ~ ~ ~ l  opyAeHeHMq. 

6 ~ a 6 n .  49 M 50 IlpMBeAeHbl AaHHble On- 

pe~ene~u l l i  a ~ a r e ~ ~ i  llA, Ag, Sb, Pb, Cu AnR 
HeKOTOPblX PYAHblX Ten (Mx K Y ~ M C )  MeCTOpO- 

WeHMR, oTnMramuulxcg no aneMeHTaM sane- 
TaHMA. C ~ ~ B H ~ H M ~  3TLlX BenMrMH OCYqeCTB- 

JlRnOCb C nOMOqbD ~-KPMT~PMFI C T ~ D A ~ H T ~ :  

eCnM fOAK>fTASn, pa3JlMclMFl MeWy CpeAHMMM 

BenMrMHaMM flAn cytqecTseHHb1, ecnvl 
foAK<fTAsn, Pa3nwMfl  Me>KAY HMMM He3HaYM- 

TenbHbl M 06e B ~ I ~ O P K M  IlpMHaAneXaT K OA- 

H O ~  COBOKynHOCTM AaHHblX. Pe3ynb~a~bl  MX 

COnOCTaBneHMFl CBOARTCFl K CJleAytOlL(eMy: 

1. A n A  PYAHblX Ten (KyJlMc) OTHOCMTenbHO 

nonororo a a n e r a ~ n ~ ,  HO cytqecTseHHo oTnM- 

ramqMxcA no yrnaM naAeHurrr (42 n 61°), 
pa3JlMclMFl BenMclLlH flAn 3HaqMMbl (~a6n.  50). 

2. ' np~  ~e60nbWoi  p a s ~ ~ q e  yrnoe naAe- 
HMFl (3--lo0) HaKnOHHblX PYAHblX 3aJlexefi 
p a 3 n ~ r ~ r r  sTnx no~a3a~enef i  HecylqecTseHHbl 

(~a6n .  49). 
3. 3 ~ a c l e ~ ~ ~ l  llAn AnA PYAH~IX Ten KpyToro 

a a n e r a ~ n ~  c y r n a w  naAeHm 6onee 60" 
npaKTMcleCKM He M3MeHAtOTCR (PMC. 54). 

T ~ K M M  o6pa3o~, C MCnOJlb3OBaHMeM MO- 

H03JleMeHTHblX l l 0 ~ a 3 a ~ e n e i  aCMMMeTpMM 

~OABMXHOCTM BOSMOXH~ ~ ~ @ @ e p e ~ q ~ a q m  

p y g ~ b ~ x  3anexei H a  OTHocMTenbHo nonoro- 
IlaAaDuMe M KPYTOrO C ~ ~ B ~ ~ T M K ~ J ~ ~ H O ~ O  3a- 

neraHm. 
C qeJlbD IlOBblWeHMA HaAeXHOCTM M PaC- 

WMPeHMA AMana30Ha KOJlMcleCTBeHHOTO Onpe- 
AeneHulg sneMeHTos s a n e r a ~ v l ~  p y ~ ~ b l x  Ten 
HaMM IlpeAJlaraeTCFl MCnOnb3OBaTb MynbTMn- 

nMKaTMBHble llOKa3aTeJlM aCMMMeTPMM n0A- 

BMXHOCTM. QJlA KOHKPeTHOrO CereHMFl P Y ~ H O ~  

3 a n e x ~  BenMclMHbl BTMX n o ~ a 3 a ~ e n e i  oqeHM- 

BaDTCA M3 COOTHOUleHMA npOM3BeAeHMA 

6 o n b ~ ~ x  3~ac le~M i  K O ~ @ @ M L ( M ~ H T O B  nOA- 
BMXHOCTM OTAeJlbHblX 

6 0 ~ )  K MeHbWMM (nexaclMi ~ o K ) : ,  

rAe fl'~, - M Y ~ ~ ~ T M ~ ~ M K ~ T M B H ~ I  nOKa3aTenb 

aCMMMeTpMM IlOABMXHOCTM ~ - T O ~ O  IlOpAAKa; 
1/hls2 IB - ~03@@klL(Me~~bl IlOABMXHOCTM 1, 
2.. ~ - T O ~ O  3neMeHTOB BMCAYerO 6 0 ~ a  P Y A H O ~  

3aneXL-l; 1 1 ~ " ~  - K O ~ @ @ M ~ M ~ H T ~ I  IlOABLIX- 

HOCTM 1, 2. .  . i-TO~O ~ ~ ~ M ~ H T O B  nexaclero 60- 

Ka p y ~ ~ o i  aanex~ .  
K ~ K  BMAHO M3 ~ a 6 n .  49, TaKMe nOKa3aTenM 

no CpaBHeHMD C MOHO3JleMeHTHblMM AJlA 

py,q~blx Ten OTHocMTenbHo nonororo sanera- 
HMFl MMetOT CyueCTBeHHble pa3JlMrMR yXe 

np.M p a 3 ~ ~ u e  B yrnax MX naAeHm 3-5" M 06- 

JlaAaDT 3HaclMTenbHO 60nbwei KOHTpaCTHO- 

CTbtO ( ~ l l k ~ ) .  c MCnOJlb30BaHMeM AaHHblX 

3 ~ 0 h  ~a6JlML(bl B J ~ O ~ ~ P M @ M M ~ ~ ~ C K O M  MaCWTa- i 
6e IlOCTpOeHbl rpa@MKM M3MeHeHMFl CMHYCOB 

yrnos naAeHMA opyAeHeHm OT s ~ a r e ~ n i  
MYnbTMnnMKaTMBHblX Il0Ka3a~eJlefi aCMMMeT- 

PMM IlOABMXHOCTM 3JleMeHTOB (PMC. 54). Mo- 
H O T O H H ~ ~ ~  M K O H T P ~ C T H ~ I ~ ~  XapaKTep 3TMX 

r p a @ ~ ~ o ~  B UMPOKOM ~ ~ a n a s o ~ e  a ~ a r e ~ ~ i  
nO3BOnFleT MX IlPMMeHRTb AJlA OqeHKM YrnOB 

naAeHMn PYAH~IX Ten He TonbKo nonororo, no 
M KpyToro 3 a n e r a ~ ~ ~ l  (AO =70°). B TO x e  epe- 
MR, KaK BMAHO M3 PMC. 53, AJlR CY~B~PTM; .  

KaJlbHblX PyAHblX 3aJlexefi 3HacleHMA nAn ad- 
Xe BblCOKMX nOPFlAKOB 6nM3KM K eAMHMqe, 
rpaAMeHTbl MX M3MeHeHMA B MHTepBane 70- 
90" HM3KM ( ~ n ' ~ ~ = 0 . 0 8 ) ,  nO3TOMy OqeHKa yCJl0- 

B M ~  3aneraHMA TaKOrO OpyAeHeHMFl B03MOXHa 

TOJlbKO Ha KareCTBeHHOM YpOBHe. 

C v l cnonbsoea~~e~  npe,qnaraeuoro cno- 
co6a n p o m ~ e ~ e ~ a  oqeHKa 3neMeHToB aane- 
raHm M ~ B ~ C T H O ~ O  M n p o r ~ o 3 ~ p y e ~ o r o  py4- 
HblX Ten P Y A H O ~  30Hbl K)XH~H PaCCMaTpM- 

BaeMOrO MeCTOpO>yqeHMH (~a6n.  51), AJlA KO- 

TOP~IX npM reonorMrecKoM KapTMpoBaHMM 

 TOT napaMeTp onpeAenfieTcg ~ p a i ~ e  Heyee- 
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peHHo. n o n y r e ~ ~ b ~ e  AaHHble n o s e o n ~ n ~  
CKoppeuMposaTb HanpaBneHMe reonoropas- 
BeAOrHblX p a 6 0 ~  npM M3yWHMM 3TMX Ten H a  

rny6n~y. 
I l l3n0~eH~ble BblLUe MaTepMaflbl n03BO- 

nm-r cAenaTb B ~ I B O , ~ ,  r ~ o  n p e ~ n a r a e ~ b r i  

HaMM M Y ~ ~ T M ~ ~ ~ M K ~ T V I B H ~ I ~  nOKa3aTenb 

aCMMMeTPMM IlOABMXHOCTM 3JleMeHTOB FIBflR- 

eTCR OnTMMan bHblM reOXMMMCleCKMM naps- 
MeTpoM y c n o ~ ~ i  s a n e r a ~ ~ ~  P ~ A H ~ I X  sane- 
Xei .  no CpaBHeHMD C M3BeCTHblMM EOXMMM- 

WCKMMM C ~ O C O ~ ~ M M  C MCllOJlb30BaHMeM 3TO- 

r0 nOKa3aTenFI BO3MOXHa KOrIMCleC'rBeHHaR 

oueHKa yrnoe nageHMsl HaKnoHHblx P ~ A H ~ I X  

Ten; KareCTBeHHaR M ~ ~ H T M @ M K ~ ~ M F I  OpyAe- 
HeHMR KPyTOrO M ~ y 6 ~ e p ~ M ~ a n b ~ 0 r 0  3aflera- 

HMR 6onee HaAexHa. 

@ O ~ M ~ ~ M O H H ~ R  IlpMHaAneXHOCTb MeCTO- 

po>lC4eHMfi, HapRAy C 3anaCaMM, RBnReTCR 

OAHMM M3 BaXHblX KPMTePMeB er0 IlPOMblW- 

fleHH0i 3HaclMMOCTM. AOCTOB~PHOCT~ npOrH0- 

3a @ O ~ M ~ ~ M O H H O ~ O  TMna Ha HaClanbHblX CTa- 

AMFIX reOXMMMWCKMX nOMCKOB BO MHOrOM On- 

PeAenReT npa~MnbHbli ~ b l 6 0 ~  ~ H ~ W H M ~  KO- 

~ @ @ M L ( M ~ H T ~  O C T ~ T O ~ H O ~  IlPOAYKTMBHOCTM k 
(paan. 7.2.2), a Tame 3TanOHHblX O ~ ~ ~ K T O B  

npM onpeAeneHMM ~ ~ O B H R  a p o a ~ ~  M npoTn- 
XeHHOCTM OpyAeHeHMR Ha r n y 6 ~ ~ y  
(pas& 7.2.3). Bce 3TO B KOHeclHOM MTOre OKa- 

s b ~ ~ a e ~  pewamqee s ~ a r e ~ ~ e  Ha oueHKy 
~ a c w ~ a 6 a  n p o r ~ o s ~ p y e ~ o r o  06bema. Ore- 
BMAHO, YTO T ~ K O ~  npOrH03 AOnXeH OnMpaTbCR 

Ha C M C T ~ M ~ T M ~ M P O B ~ H H ~ I ~  CBOA C B ~ A ~ H M ~  0 

reOXMMMcleCKMX C B O ~ C ~ B ~ X  M ~ C T O ~ O > ~ ~ ~ H M ~  

p a s n w ~ o i  @ O P M ~ ~ H O H H O ~  npMHaAnexHo- 
CTM. B  TOM nnaHe OrpanMclMMcfl pacchno-rpe- 
HMeM rMAPOTePManbHblX M ~ C T O P O ) ~ ( P ~ ~ H M ~  30- 

n0Ta M cepe6pa, 3aHMMaDu(MM Ha Aanb~eM 

BocTo~e nMAMpytolqee nonoxeHwe B c ~ p y u y -  
pe 3anaCOB M npOrH03HblX PeCypCOB. 3TM Me- 

cTopox,qeHM~ x a p a ~ r e p ~ 3 y t o ~ c ~ 1  cneAytoun- 
MM OCO~~HHOCTFIMM: 

- KOHBepreHTHOCTbD XMMMCleCKOrO COCTaBa 

~ e c ~ o p o x , q e ~ ~ i  p a s n ~ r ~ o r o  TMna (@op- 
M ~ ~ M M ) ,  ~ P O R B J ~ R D ~ ( ~ ~ C R  B K ~ C ~ ~ C T B ~ H H O ~ ~  

OAHOPOAHOCTM CneKTpa 3neMeHTOB, CnyT- 
HMKOB 30no~a (AS, Pb, Zn, Cu, Mo, Sb, Bi, 
w, Hg); 

- M H O ~ O O ~ ~ ~ ~ H ~ M  TMnOB MMHepaJlM3auMM, 

HanMClMeM IlepeXOAOB K MeCTOPOweHMRM 

ApyrMx MeTannoe (Sb, Pb, Zn, Hg M ~ p . ) ;  
- HanMrMeM CJlOXHblX B ~ ~ M M O ~ ~ ~ ~ X ~ F ( O B  

Mewy POACTBeHHblMM @ O P M ~ ~ M O H H ~ I M M  

TMnaMM, ClTO O ~ ~ C ~ O B J ~ M B ~ ~ T  BeCbMa TOH- 

KMe MX p a 3 n ~ r ~ ~ 1 .  

~ T M M M  OCO~~HHOCTFIMM OflpeAenReTCR 
I 

H ~ O ~ X O A M M O C T ~  TMnM3auMM 30nOTOPYAHblX 

M ~ c T o ~ o > ~ C ~ ~ H M ~  Ha K O ~ M W C T B ~ H H O ~ ~  OCHOBe 

C MCnOnb30BaHMeM C O O T H O L U ~ H M ~  COAepXa- 

H M ~  rnaBHblX M TM~~OMOP@H~IX  KOMnOHeHTOB 

p y ~  K coxaneHMD, B cyu(ec-rBymu(nx mac- 
C M @ M K ~ ~ M F I X  KOnMWCTBeHHble TeOXMMMW- 

CKMe XapaKTePMCTMKM MCllOJlb3YDTCR He B 

I ~ o ~ H o ~  Mepe. T ~ K ,  npM BblAeneHMM KPYnHblX 

rpynn (@op~auMfi, cy6@0pMauMi) BynKaHO- 

reHHblX M ~ C T O ~ O > ~ C ~ ~ H M ~  3OnOTa LUMpOKOe 

npMMeHeHMe HaxoAMT sono~o-cepe6pn~oe 
OTHOlLleHMe [74, 75, 113, 146, 155, 1901. 0 ~ -  
HaKO 6onee ~ p 0 6 ~ 0 e  AeneHMe TaKMX 06be~- 
TOB B PaMKaX BblAeneHHblX rpynn OCyu(eCTB- 

nneTcR no MMHepanorMrecKoMy n p ~ s n a ~ y .  
J l o~anb~oe  s ~ a r e ~ ~ e  MMeeT M Tennypcene- 
HOBOe OTHOLJJeHMe, KOTOpOe MCnOflb3yeTCR 

HeKOTOPblMM aBTOpaMM [Ago] AnR BblgeneHMR 

~ e c ~ o p o > l ~ c l e ~ ~ ~  s o n o ~ o - ~ e n n y p ~ ~ ~ o r o  M so- 
nOT0-CeneHMAHOrO MMHepanbHblX TMnOB 30- 

no~o-cepe6psl~oi1 @ O P M ~ ~ M M .  

6 HaM60flb~ei CTeneHM KOnMYeCTBeHHble 

reOXMMMYeCKMe XaPaKTePMCTMKM peanM3OBa- 

Hbl B.T. H ~ B C T ~ Y ~ B ~ I M  [249] npM TMnM3auMM 



Ta6n~ua 51 

O u e ~ ~ a  yrnoe naAeHMn p y n ~ b ~ x  Ten PYAHOW ~ O H ~ I  K)XH~FI 

Yron M ~ a -  
n p a e n e ~ ~ e  

n a n e ~ ~ ~ l  

4 4 " ~ a  C 

48" ~a C 

85" ~a K) 

M ~ ~ e p e a n  P y ~ ~ o e  ~ e n o  
AgxSb py,q~oA ( H O M ~ ~  KaHaBbl, 

~ O H ~ I  ~ p a ~ w e m )  

1 lh 
c e e e p ~ b ~ ~  3 ~ -  I O X H ~ I ~  3 ~ 3 0 -  n ~ n  

3OKOHTaKT KOHTaKT 

AgxSbxPb 

U ~ H -  
Tpan bHaR 

WCTb 

B o ~ o ' ~ H ~ R  
'4 aCTb 

Yron M ~ a -  
n p a e n e ~ ~ e  
nanetim 

45" ~a C 

57" ~a C 

75" ~a C 

Cpen~ee 
3 ~ a ~ e ~ ~ e  
yrna M ~ a -  
npaenewe 

n q e ~ n n  

45" ~a C 

52" ~a C 

C Y ~ B ~ ~ T M -  
KanbHoe 
naAeHMe 

n ~ n  

6.3 

1.9 

1.4 

I lh 

5 (TP. 6) 

5* (TP. 6) 

5A (K-82) 

ceeep~b~h 3 ~ 3 0 -  

KOHTa KT 

0.01 0 

0.015 

0.0008 

I O X H ~ I ~  3~30-  

KOHTaKT 
0.016 

0.008 

0.001 1 

0.14 

0.085 

0.009 

0.038 

0.03 

0.008 

3.7 

2.8 

1.1 



~ o ~ o T o - c ~ ~ ~ ~ ~ F I H ~ I x  o6aem-OB. B KarecTse 
ocHoeHoro w l a c c ~ @ ~ ~ a u n o ~ ~ o r o  n p ~ 3 ~ a ~ a  

aBTOp MCnOrlb3yeT PFIA MynbTMnJlMKaTMBHblX 

K O ~ @ @ M ~ M ~ H T O B  (Au/Ag, PbZn CU Mo, 
PbZnCu, PbZnICu, PbZnICuMo, AgICu, 
AsSb, As+Sb-0.2Ag-0.5Cu), KoTopble no- 
3BOJlFltOT OqeHMTb C Y ~ ~ @ M A H O C T ~  PYA M re0- 

norocTpymypHytO n o 3 ~ q ~ t 0  paccMaTpMsae- 

MblX M ~ C T O P O ~ ~ H M ~ .  B M ~ C T ~  C TeM, npeA- 
JlaraeMaFl aBTOpOM TMnM3auMFl He MOXeT FIB- 

JlFITbCFI ~ O J ~ H O ~ ~ H H O ~  O C H O B O ~  npM 6onee 
A P O ~ H O M  AeJleHMM M ~ C T O P O ~ ~ H M ~  30JlOTa 

Ha YpOBHe MMHepaJlbHOrO ( ~ ~ o x M M M . ~ ~ c K o ~ o )  

TMna B CBFl3M C HeAOnYCTMMO Y3KMM CneKTpOM 

a ~ a n ~ 3 ~ p y e ~ b l x  aneMeHTos ( ~ e  paccMaTpM- 

BatOTCFI Bi, W, Hg, Sn M AP.) M HeAOCTaTOrHO 

O ~ O C H O B ~ H H ~ I M  B ~ I ~ O P O M  reOXMMMcleCKMX no- 
Kaaa~enei, KOTOPble He n03BOnFItOT  AM@@^- 
PeHuMpOBaTb HeKOTOpble PaCnpOCTpaHeHHble 

mnbl n p o ~ ~ n e ~ u l i  aono~a (sono~o-~sapue- 
Bble, 30JlOTO-aHTMMOHMTOBble, 30nOTO-Ce- 

pe6pFI~ble M AP.). 
B CBFI3M C F I B H O ~  HeAOCTaTOclHOCTbtO re0- 

x u l ~ m r e c ~ o i  M H @ O P M ~ ~ M M  Harm npoBeAeHa 
CMCTeMaTM3auMFl AaHHblX no 78 3OJlOTO-, Ce- 

pe6poco)qepxau~~ npomneHulm Aanb~ero 

BOCTOK~. C60p C B ~ A ~ H M ~  no 3TMM 06beKTa~ 
OCyueCTBJlFlnCFl KaK npM HenOCpeACTBeHHOM 

npOBeAeHMM aBTOpOM nOJleBblX pa6o~,  TaK M 

B @OH~OXP~HMJ~MU@X BOCbMM 3K~lle~kluMi 

PerMOHa. f l0 KawOMY TaKOMy 0 6 b e ~ ~ y  @OP- 

MMpOBaJlMCb ~bl60pKM M3 30 M 6onee LUTY@- 

HblX M n M  6 0 ~ 0 3 ~ 0 ~ ~ ~  npo6, XapaKTepM3ytO- 

' u M X  npOAylcrMBHble MMHepanbHble aCCOuMa- 

uMn. Aanee paccrnTbleanMcb cpeAHMe map- 
KM KOHueHTPauMM AnFl OAMHHaAuaTM BeAyuMX 
3JleMeHTOB (Au, Ag, Pb, Zn, CU, AS, Bi, W, 
Sn, Mo, Sb), KOTOPble IlpMMeHFlnMCb npM no- 
CTpOeHMM PaHXMpOBaHHblX reOXMMMcleCKMX 

PFIAOB. fl0Jlycle~Hble TaKMM o6pa30~ YCpeA- 
HeHHble reOXMMMcleCKMe XapaKTePMCTMKM MC- 

nonbao~an~cb Ann pacreToe pa3n~cl~blx reo- 
XMMMclecKMx no~a3a~eneF1, no KOTOP~IM rlpo- 

BOAMJlOCb BblAefleHMe @ O P M ~ ~ M O H H ~ I X  I lOA- 

p a s ~ e n e ~ ~ i  (T~KCOHOB). l l p ~   TOM PYKOBO- 

ACTBOBanMCb CJle,4ytOuMMM OCHOBHblMM no- 
JlOXeHMFIMM: 

- TaKCOHbl K J ~ ~ c c M @ M K ~ ~ M M  AOJlXHbl XapaK- 
~ e p ~ s o ~ a ~ b c ~  cTporo onpeAeneHHblMM 

MHTepeanaMM 3 ~ a c l e ~ ~ i  BapbMpytOlqero 

w l a c c ~ @ ~ ~ a L ( ~ o ~ ~ o r o  n p m ~ a ~ a ;  
- rpaHML(bl M e w y  TaKCOHaMM OnpeAenFltOT- 

CFl npM C T ~ T M C T M ~ ~ ~ C K O ~  o 6 p a 6 0 ~ ~ e  Mac- 
CMBa AaHHblX M AOJlXHbl MMeTb KOHKPeT- 

Hble 3HacleHMFI reOXMMMcleCKOr0 nOKa3aTe- 

ng. 

Cnoco6 ~naccu@u~auuu xapaKmepucmuK 
u npu3~a~oe no nnomHocmu pacnpedene~uff. 
B npawMKe w l a c c ~ @ ~ ~ a u m ,  TO ecTb npouecc 
BblAeneHMFl B nPM3HaKOBOM IlpOCTpaHCTBe 

eCTeCTBeHHblX KJlaCCOB (T~KCOHOB),  HepeAKO 
OCyueCTBnFIeTCFI MHTYMTMBHO 'Ha KacleCTBeH- 

HoM, B nyrweM cnyrae dYKonMrecTBeH- 

HOM, YPOBHe. C J ~ ~ , ~ C T B M ~ M  TaKOrO cy6ae~- 
TMBHOrO I lOAXOAa FIBJlFIeTCFI HeOAHO3Har- 

HOCTb K ~ ~ C C M @ M K ~ ~ M ~ ,  HepeAKO BblAeneH- 

Hble pa3JlMclHblMM aBTOpaMM tUlaCCbl ( T ~ K C O -  

Hbl, TMflbl, rPYnnbl M ~ . n . )  HeCOnOCTaBMMbl 

Mewy co6oi1, B HeKOTOPblX CJlyclaFlX MHTep- 

Banbl 3~acleHMn K O H K ~ ~ T H O ~  XapaKTepMCTMKM 

B CoceAHMx wlaccax nepeKpbreatOT Apyr ~ p y -  
ra (~a6n.  52). 

B M ~ C T ~  C TeM, CyueCTBytOT kl 6onee CTpO- 

rMe IlOAXOAbl K K ~ ~ C C M @ M K ~ ~ M O H H ~ I M  no- 
CTPOeHMFIM. OAHMM M3 HMX FlBJlFleTCFl @OP- 

~ a n b ~ b l i  cnoco6, ~ o ~ e n M p y t O u ~ 6 l  @ Y H K ~ M ~ O  

nnoTHocTM pacnpeAeneHm i - x a p a ~ ~ e p ~ c ~ ~ ~ ~  
(npM3HaKa) B IlpOCTpaHCTBe ~ a 6 n I O ~ e ~ v l i .  

f lpam-~rec~an p e a n ~ 3 a u ~ ~ 1  3 ~ 0 r o  cnoco6a 
OCyueCTBnFIeTCFI IlYTeM IlOCTpOeHklFl TMCTO- 

rpaMM pacnpeAeneHm c nocnenymuMM ee 
p a 3 n o x e ~ ~ e ~  Ha noKanbHble cocTaenntOuMe 
(KJlaccbl, TaKCOHbl, rpynnbl, ~Mnbl) no MaKCM- 

MYMaM claCTOTbl BCTpeclaeMOCTM i-xapaKTe- 
PMCTMKM Ha wKane ee MHTepeanoe. 

OCHOBH~IMM napaMeTpaMM npM noc-rpoe- 

HMM TaKMX rMCI%lrPaMM FIBJlFIK)TCFI TMn LUKanbl, 

cnoco6 3aAaclM MHTepBanOB M rpaHML(bl 3Ha- 

c l € ? ~ M i  ~ - - X ~ ~ ~ K T ~ P M C T M K M .  f lep~ble  ABa naps- 
MeTpa onpeAengtOTcR B OCHOBHOM ~ ~ K O H O M  

pacnpeAeneHm xapanepMcTMKM ( ~ o p ~ a n b -  

~ b l i ,  n o r ~ o p ~ a n b ~ b l i ) ,  ~ o c J ~ ~ A H M ~  - o6be- 
MOM MaCCMBa AaHHblX M nOCTaBneHHblMM 38- 

AaraMn. 

Ann LUMPOKO ~cnonbsye~oro  B npawme 
reoxMMMrecKMx noMcKoB n o r a p ~ @ ~ ~ c l e c ~ o r o  
pacnpeAeneHMg o 6 n ~ ~  rpa@vl~a B KoopAMHa- 
T ~ X  W-XI (W M XI - COOTBeTCTBeHHO claCTOTa 

BcTpeclaeMocTM M CpeAHereoMeTpMclecKoe 
a ~ a c l e ~ ~ e  xapaKTepulcTMKM Ha i-TOM MHTep- 

sane) onpeAenneTcR He TonbKo npMpoAHblMM 

3aKOHOMePHOCTFIMM, HO M KOJlMcleCTBOM Bbl- 

6 p a H ~ b l ~  MHTepBanOB (I) M COOTBeTCTBeHHO 

M ~ x M H T ~ ~ B ~ J ~ ~ H o ~  KPaTHOCTbK) (Kp). no- 
CneAHFIR BeflMclMHa B K a w O M  KOHKpeTHOM 

Cnyclae FlBJlFIeTCFI IlOCTOFIHHblM IlapaMeTpOM, 

x a p a ~ ~ e p ~ s y t ~ u ~ ~  war MHTepeana: 



?H- 

lb- 

IT-  

'UK 

1FI. 

'CC 

Be 

,KO 
!H - 
!H- 

!K- 

ICI- 

!H- 

:o- 

Ibl 

'P- 
KH 

'Y - 

r,4e Xi M Xi+, - Cpt?,4HeMHTepBaJlbHble 3Hacle- 

HMR BeJlMCIMHbl X Ha COCeAHMX HHTepBanaX. 

~ ~ B M C M M O C T ~  C#~YHKL(MM IlJlOTHOCTM PaC- 
npeAeneHm OT BenMclMHbl I M Kp npomnmc-r- 
pMpyeM Ha npMMepe 3ono~o-cepe6p~~oro 

OTHOLLleHMFl ( ~ M c .  55). K ~ K  BMAHO H3 PMCYHKa, 

npM ManOM KOJlHcleCTBe HHTepBanOB (I MeHee 
10) rpaC#lH~kl MMetoT OAHO- MflM ABYXMOAanb- 

~ b ~ i  06flM~ ( p ~ c .  55, a) M xapa~~epm3yto~csl 
OTHOCMTeflbHO nJlaBHblM M3MeHeHHeM 3Hacle- 

H M ~  W npM B~ICOKO~;~ MX o64ei;r AMCflepCHM 

( ~ H c .  56). IlpH 6 0 J l b ~ 1 0 ~  KOJlMCIeCTBe HHTep- 

canoe r p a @ ~ ~  npmo6pe~ae~ n~noo6pa3~ym 
C#lop~y ( ~ M c .  55, B). @fltoKT~a~(blM BeJlHCIMHbl 

W B 3TOM BapMaHTe MMeloT ~JlyCIaiHbli 6ec- 
C H C T ~ M H ~ I ~  xapatcrep, AMcnepcm a ~ a q e ~ ~ i  

W OTHOCMTeJlbHO HeBblCOKa (PMC. 56). YCTO~I- 

c(mble, TO ecTb xapa~ rep~3y to~~p1ec~  He Me- 

Hee cleM ABYMFl TOclKaMH, 3KCTpeMYMbl w Bbl- 

,qenfltoTcR npn cpeawx ~ H ~ C I ~ H M R X  Kp M I 
( p ~ c .  55, 6). . I l o r~c l~o  npe,qnonox~-rb, CITO 

MMeHHO TaKMe Y C T O ~ C I M B ~ I ~  MaKCMMYMbl OT- 

PaXaloT eCTeCTBeHHble KnaCCbl ( T ~ K C O H ~ I ,  

rpynnbl M ~ . n . ) ,  a MMHMMYMbl - rpaHMclHble 



PHC. 56. ~ ~ B H C M M O C T ~  ~ H ~ W ? H M ~  ~MCflepCMM 30nO- 

T C - C ~ ~ ~ ~ ~ R H O ~ O  OTHOWeHMR OT KOJlM'4eCTBa HH- 

TepBaJlOB 1. 
~ H P H O ~  J ~ H H M ~ ~  Ha rpaCt)#~e 0603~aqe~bl OflTM- 
MaJlbHble 3HareHMR BenMCIMHbl 1 AnFl BblAeneHMFl 
ecTecTseHHoro pacnpeAeneHm xapamepMcTmM. 

3HaWHMFl MewY HMMM. Ta~vle OnTMMaJlbHble 

AJlR K ~ ~ C C M @ M K ~ ~ M O H H ~ ~ X  ~ ~ O C T ~ O ~ H M ~  PaC- 
npeAeneHm W no MHTepBanaM sono~o-ce- 
p e 6 p ~ ~ o r o  oTHoweHMFl PacnonaratoTcR Ha 

neperm6e rpaam~a s2-1 (1 = 13-1 5) M xapame- 
PMSYDT ~ ~ a n a s o ~  C T ~ ~ M ~ M ~ ~ U M M  3 ~ a ~ . l e ~ ~ i  s2 
( p ~ c .  56). 

Ha ocHoee a ~ a n w a  cepm rpaan~os W-l 
6onee AeCFlTM pa3JlMqHblX XapaKTepMCTMK yC- 
TaHOBJleHbl CJleAylOuMe KPMTePMM BblAeJle- 

HMFl OnTMMaJlbHblX ~ H ~ W H M ~  BeJlMC.lMH I M Kp: 
1. ~ T M  3HaqeHMFl COOTBeTCTBYlOT neper~6y 

rpaan~a  s2-I, aHanorMCrHo BblwenpMBeAeH- 

2 3 4 
KPATHOCTb (Kp) 

PHC. 57. ~ ~ B M C M M O C T ~  3~are~HA KPaTHOCTM OT 

rpaAMeHTa i -xapamepnc~~~n.  

108 

rAe Ni M No - KOJlMCreCTBO ~ a 6 J l t o ~ e ~ M i  Ha 
KOHKPeTHOM MHTepBane ~ H ~ W H M ~  XapaKTe- 

PMCTMKM M o6uee KOJlMCreCTBO ~ a 6 J l t o ~ e ~ M i .  

5. ~ O C T ~ O ~ H M ~  rMCTOrPaMMbl PaCflpeAe- 
JleHMR XapaKTepMCTklKkl B IlpOCTpaHCTBe Ha- 

6 n t o ~ e ~ ~ i .  

6. Bbl~eJle~Me no rMCTOrPaMMaM eCTeCT- 

BeHHblX KnaCCOB, TaKCOHOB MJlM rpyflfl. 

P e s y n b ~ a ~ b ~  a n p o 6 a u ~ ~  npeAnaraeMoro 

cnoco6a CBklAeTeJlbCTBylOT 0 TOM, qTO C erO 
klCllOJlb30BaHMeM BO3MOXHa OllepaTMBHaR M 

10 20 
KOAMYECTBO 

HHTEPBPJlOB (I) 

PHC. 58. ~ ~ B M C ~ ~ M O C T ~  KOJlMreCTBa LlHTepBaJlOB 01 
rpaAneHTa i - x a p a m e p n c ~ ~ ~ ~ .  



PHC. 59. P a c n p e ~ e n e ~ ~ e  sono~o-, c e p e 6 p o c o ~ e p x a ~ ~ x  n p o ~ e n e ~ ~ i  Aanb~ero B o c ~ o ~ a  B reoxMMHre- 
CKMX KOOPAMHaTaX: 
1-4 - rpynnbl np0FI~neHMi: I - ~ a n o r n y G ~ ~ ~ b ~ e ,  2 - c p e ~ ~ e r n y 6 n ~ ~ b l e ,  3 - r n y 6 ~ ~ ~ b l e ,  4 - HeRcHo- 
ro re~ewca .  M a n o r n y 6 ~  H H b ~ e  npogBneH MFI: 2 - n e n e ~ s e e ~ ,  3 - C n a ~ ~ ~ i , 4  - r o p ~ b ~ i ,  5 - Kon- 
XMP,a, 7 - KyGa~a, 8 - KpaCHblfi, 10 - Y T ~ C H O ~ ,  11 - Kyno~, 20 - Mpera~P,>Ka-l, 21 - OpaHxeBbli, 
24 - I ~ O ~ A H M ~ ~ ,  25 - TepKeHen, 26 - KaHP,bl.laH, 27 - OypOp, 28 - YrpIOMbll&2, 29 - AlTblxaH, 31 - 
HFIeneHra, 33 - YrpIOMbli-1, 35 - HFIpKa, 36 - P O ~ O B ~ W K ~ ,  37 - XMnbHblfi, 50 - Kap~ ,  51 - Copy- 
KaH, 55 - Y n a x a ~ 4 ,  57 - 03ep~b1 i ,  60 - Wax, 61 - Ceeepo-3ana~~b1F1, 62 - ~MH~M~~K-I ,  65 - 
r o n b ~ o ~ o e ,  66 - ~ O K ,  67 - X M B O ~ H C H ~ I ~ ,  68 - r a i r a ~ ,  70 - BanyH (Ag), 71 - X ~ K ~ H ~ R ,  82 - M~BM- 
~ e i ,  83 - Mepsnbli, 84 - Ilo~poec~oe.  C pe~Herny6MH ~ b ~ e  npoHeneHMg: 17 - I lpor~o3~oe,  30 - 
A p ~ o ~ - l ,  32 - 6epe306bli, 38 - 6aMCKOe (A), 39 - ~ ~ M C K O ~  (2), 40 - 6aMCKOe (3), 49 - C K ~ ~ M C T O ~ ,  
59 - Te~rKenM, 63 - OCaP,O'-IHblfi, 64 - A~AOK-2, 73 - M e ~ e n ~ q a ,  81 - MHK~H. r n y 6 ~  H H ble n PO- 
RBneHMFI: 1 - WKOnbHOe, 6 - YTMHK~, 9 - CBeTnOe, 13 - CMBarnkl, 14 - KMpoec~oe, 15 - fleP,FI- 
Hoe, 16 - KOn'-IeP,aHHbl~ Y T ~ C  (A), - K ~ H K ~ P ~ H ,  28 - Yrp~3Mblfi-2, 42 - Y H ~ ~ H ~ H K ~ H  (Au), 43 - Ca- 
rj'pCKOe, 44 - P ~ I ~ K M H C K O ~ ,  47 - fl)'XKM, 48 - KMpoec~oe, 52 - KOnre~aHHbla Y T ~ C  (2), 53 - EPHMCI- 
H b l i ,  54 - AOMHHMK~H, 69 - Bany~  (Au), 74 - XananM, 75 - YH~J~M'-IMK~H (AuW) , 76 - ~ C H O ~ ,  77 - 
Aamyii, 80 -Mano~b~p. I l p o ~ e n e ~ ~ ~ l  HeRcHoro r e ~ e 3 ~ c a :  12 - Aec-1, 18 - ToonclaH, 34 - He- 
O X M A ~ H H ~ I ~ ,  41 - Aec-2,421- n ~ o ~ e p c ~ o e ,  46 - ~ ~ X M Y ,  56 -Ynaxa~-7, 58 - f l e c ~ o i ,  72 -Xe~a. 

KOPPeKTHaR K J ~ ~ c c M @ M K ~ ~ M F I  He TOJlbKO re0- 

xMuMrecKMx ( c o ~ e p x a ~ n ~ ,  Knapw xmnre-  
cKnx sneMeHToe, nnouaAvr a ~ o u a n ~ i  M T.A), 
HO kl reHeTMCleCKMX ( n J l 0 ~ a ~ M  pa3HOpaHrOBblX 

PYAOreHHblX CMCTeM M YPOBHM ~ 0 ~ 4 e ~ T p a 4 k l i  
3JleMeHTOB B HMX), ~ ~ O @ M ~ M ~ ~ ~ C K M X  (AT, Ag) M 

npowx napaMeTpMrecKMx XapaKTepMcTMK. 

MepapXMreCKMe YpOBHM @ O P M ~ ~ M O H H ~ I X  n0A- 

p a 3 ~ e n e ~ n i :  rpynnbl - c e ~ e i c ~ ~ a ,  PFIA~I  - 
TMnbl. 

rpynnb~ xapa~~epn3yt0~ ~ a ~ 6 o n e e  Kpyn- 
Hble c o o 6 u e c ~ ~ a  n p o ~ ~ n e ~ ~ i  sono~a M no 
CBOeMy CMblCJlOBOMy COAepXaHMtO COOTBeT- 

C T B Y ~ T  PYAH~IM @ O P M ~ ~ M F I M ,  p a 3 n ~ r a m ~ ~ p 1 ~ -  

CFI I l O  yCJlOBMFIM ~ J ~ ~ ~ V I H H O C T M  py~oo6paso~a-  
HMFI [134]. B c n e ~  3a H . 6 .  ~ ~ ~ T ~ O B C K O ~  M Ap. 
[I 341 HaMM BblAeJlFItOTCFI TpM rpynnbl: MeCTO- 

POWeHLIFI ManblX, CpeAHMX M 6onburvrx my-  



~ M H .  TaKaR AM@@epe~unauMR n p o ~ s n e ~ ~ i  
IlPOBOAMnaCb B KOOpAMHaTaX Au/AcJ-SS 
(~Mc. 59), rAe SS - K O ~ @ @ M ~ M ~ H T  cynb@MA- 

HocTn, n p e ~ c ~ a ~ n ~ t o u u i  co6oi CYMMY CO- 

AepxaHMi c y n b @ ~ ~ o o 6 p a 3 y t o ~ ~ x  aneMeH- 

TOB Pb, Zn, Mo, Bi, Cu, As, Sb. 
K ~ K  BMAHO M3 AMarpaMMbl ( p ~ c .  59), Bce 

IlpORBneHMR, OTHOCMMble n0 KOMnneKCy re0- 

JlOrMCleCKMX npM3HaKOB K IlJlyTOHOreHHblM, TO 

eCTb c @ o ~ M M ~ o B ~ B L U M M M C R  B YCnOBMRX 

60nbLUM~ r n y 6 ~ ~ ,  XapaKTepM3ytoTCR n0Bbl- 

L U ~ H H O ~  3OJlOTOHOCHOCTbto, IlpeMMyueCTBeH- 

HO MaJl~~~Jlb@kl~~bl M COOTBeTCTBeHHO PaC- 
IlOnOXeHbl B B ~ P X H ~ ~  qaCTM PMCYHKa. B HMX- 

HeGI claCTM AMarpaMMbl 0 6 0 ~ 0 6 ~ n ~ c b  6n~3no- 

BePXHOCTHble IlPORBneHMR, B OCHOBHOM CBR- 

3aHHble C ByJlKaHOreHHblMM 06pa30~aHMRMM. 

OHM x a p a ~ ~ e p ~ 3 y t o ~ c ~  n o e b ~ t u e ~ ~ o i  cepe6- 

p o ~ o c ~ o c ~ b t o  M WMPOKMM ~ ~ a n a 3 o ~ o ~  cynb- 

@MAHOCTM p y ~  B c p e ~ ~ e i  qacm pncyHKa 
BblAenReTcR nonoca, B K O T O P O ~  HaxoAmcR 
06beKTbl I ~ ~ ~ M B ~ J ~ K ~ H M C ~ ~ C K O ~  30Hbl ByJlKaHO- 

reHHblX nOFICOB, a TaKXe npOCTpaHCTBeHH0 

IlpMypOqeHHble K C ~ ~ B ~ ~ K ~ H M ' - ~ ~ C K M M  MHTPY- 

BMRM. 3 ~ e c b  me pacnonoxeHb1 npoReneHm 
HeFlctioro r e ~ e s ~ c a .  Bce OHM OTHOCRTCR HaMM 

K rpynne ~pe~Herny6MHHbl~. 

C e ~ e i c ~ s a  06be~MHRto~ npo~sneHm no 
ypoe~to c o ~ e p x a ~ ~ i  cynb@~Aoe. no   TO MY 
npM3HaKy H.B. ~ ~ T ~ O B C K O ~ ~  BblAenRtoTCFI y60- 
r o c y n b @ ~ g ~ b ~ e  ( c y n b @ ~ ~ o s  MeHee 1 %), Ma- 

J l~~yJ lb@kl~H ble (1 -5 %) M yMepeHHOCyJlb- 

@ M A H ~ I ~  (6onee 15-20%) p y ~ b ~ .  Cynb@n~- 

HOCTb np0RBne~Mi OTqeTnMBO BblpaXaeTCFl B 

3HaCleHMRX K O ~ @ @ M ~ M ~ H T ~  C Y ~ ~ @ M ~ H O C T L I I  

SS. no   TO MY no~a3a~ento y6oro-, Mano- 

c y n b @ ~ ~ ~ b ~ e  p y ~ b ~  x a p a ~ r e p ~ 3 y t o ~ c ~  3~acle- 

HMFIMM SS MeHee 2 2 5 ~ 1 0 - ~ % ,  YMepeHHO- 

cyJlb@LI~Hble - 6onee 2 2 5 ~  I o - ~ %  ( ~ M c .  60, 
a). 

r e o x ~ ~ n r e c ~ ~ i  p ~ p ,  oTpaxaeT 0 6 u l ~ e  

C B O ~ C T B ~  reOXMMMqeCKM POACTBeHHblX ~ 0 0 6 -  

UeCTB M ~ C T O P O ~ ~ H M ~ ~ .  ~ T M  C B O ~ C T B ~  np0- 

RBJlRtoTCFI B ~ C T O ~ ~ M B O  IlOBbllLleHHblX COAep- 
XaHMRX OAHOrO M n M  HeCKOJlbKMX ((CKBO3HbIX>> 

AnFl KOHKPeTHOrO PRAa 3JleMeHTOB. YpoBeHb 

K O H ~ ~ H T ~ ~ ~ M ~  3TMX 3JleMeHTOB OnpeAeflFIeT- 
CR ~ y J l b @ k l ~ H ~ ~ ~ b t o  PYA M COCTaBnReT AJlR 

y60r0-, MaJlocyn b@kl~Hblx np0FIBneHkli 3- 
100 KK, AnR ~ M ~ ~ ~ H H O C ~ ~ ~ @ M ~ H ~ I X  AO- 

CTMraeT COTeH M TblCFIq WlaPKOB. C 
~ c n o n b a o s a ~ n e ~  n o ~ a 3 a ~ e n e i  BMAa Pb/As 
(pnc. 60, 6), As/W, Sb/W, PbxCu/MoxAs 
BblAeneHO BOCeMb PFIAOB, 3aHMMatouMX 

snontie onpeAeneHHble ~ O S M ~ M M  B pac- 

CMOTPeHHblX BblWe rpynnaX (~a6n .  53). T ~ K ,  K 

M ~ J ~ o ~ J ~ ~ ~ M H H ~ I M  OTHOCRTCR npORBneHMR MO- 

J ~ M ~ ~ ~ H - M ~ I L U ~ R K O B O ~ O ,  CYPbMRHO-MblWbRKO- 

Boro M y6oro-, ~ a n o c y n b @ ~ g ~ o r o  nonwe- 
TannwecKoro pRAa (Pml); yMepeHHo- 

c y n b @ ~ g ~ b ~ i  ~ o ~ M M ~ T ~ ~ ~ M ~ ~ c K M G I  PRP, (Pm2) 
npeAcTaeneH npoRsneHMRMM Manblx M cpeA- 

HMX r n y 6 ~ ~ ,  M ~ I w ~ R K - ~ o ~ M M ~ T ~ ~ ~ M ~ ~ c K M ~  - 
IlpeMMyueCTBeHHO ~pe~~erJly6MH~blMM o6b- 
emam; npoRsneHm 6onbw~x  r n y 6 ~ ~  xapaK- 
TepM3ytoTCR MblLlJbRKOBblM, B O ~ ~ @ ~ ~ M O B ~ I M  M 

XeJle3MCTblM PRAOM. 

r e o x ~ ~ w e c ~ ~ i  TMn oTpaxaeT qacTHble 

O C O ~ ~ H H O C T M  np0RBJle~Mi B PaMKaX BblAe- 

netitiblx reoxMMMrecKMx p ~ ~ o e .  O ~ K T M ~ ~ C K M  
OH RBJlReTCR reOXMMMqeCKMM 3KBMBaJleHTOM 

IlPOAyKTMBHblX MMHepanbHblX ~ c c o ~ M ~ ~ L I ~  M 

COOTBeTCTBytouMX MM MMHepanbHbIX TMnOB. B 
KaqeCTBe KJ~~CCM@MK~~LIOHH~IX llPM3HaKOB 

~ c n o n b 3 0 ~ a n ~ c b  Bce n o ~ a 3 a ~ e n ~ ,  npMMe- 

HFleMble npM BblAeneHMM 6onee KPYnHblX 

@ O P M ~ ~ M O H H ~ I X  TaKCOHOB, B TOM clMCne M 30- 

no~o -cepe6p~~oe  O T H O L U ~ H ~ ?  ( p ~ c .  55), a 
TaKXe TPM AOnOnHMTeJlbHblX K O ~ @ @ M ~ ( M ~ H T ~  

sMAa Ag/Bi, SnIBi, Ag/Sn. Bcero B nay re^- 
HOM MaCCMBe AaHHblX BblAeneHO 24 Tuna 

C O ~ C T B ~ H H O  30JlOTblX M cepe6p~~b l x  np0RB- 

n e ~ ~ i  M 5 Tmos sono~o-, cepe6poco~ep- 

xaqMx. 
MX 0603HaqeHMe npOM3BOAMnOCb C yqe- 

TOM YPOBHR C O ~ ~ ~ X ~ H M ~  T M ~ ~ O M O P @ H ~ I X  3ne- 

MeHTOB-CnyTHMKOB. T ~ K ,  AJlR ~p0F IBne~L l~  

~ M ~ ~ ~ H H O C ~ J ~ ~ @ M A H O ~ O  C ~ M ~ ~ C T B ~  TaKMe 

3JleMeHTbl I l O  KJlapKy KOHueHTPaqMM COllOC- 

TaBMMbl C 30JlOTOM M cepe6po~. B 3TOM CAY- 

qae OHM HenOCpeACTBeHHO @klrypMpyto~ B 

H ~ ~ B ~ H M M  TMna. H a n p ~ ~ e p ,  Ag BiPm - ce- 

PHC. 60. f l p ~ ~ e p b l  BblAeJleHMR rpynn I~~ORBJ~~HMA 

Ha YpOBHe C ~ M ~ ~ C T B ~  (a), reOXMMMCreCKOr0 PRAa 

(6): 
a - ceue ic~ea  npoRsne~~A: I - y6oro-, Mano- 
cyJlb@klA~ble, 1 1  - YMepeHHO CyJIb@Mfi~ble; 6 - 
TeOXMMMCreCKMe PRAbl: I - M~~LLI~RKOB~I~ ,  1 1  - 
M ~ I L U ~ R K - ~ O ~ M M ~ T ~ ~ ~ M C ~ ~ C K M ~  (Pm2), 1 1 1  - nOnM- 
~ e ~ a n n w e c ~ ~ i i  



r e o x ~ ~ ~ q e c ~ ~ i  cneup (B 3 ~ a ~ e ~ a ~ e n e  KK ) 

Au As Ag Sb W Bi Mo Cu Pb - -  - - - -- 
14782 987 65 45 I 8  4.7 2.8 2.6 1.6 

Sn Zn 

1.2 0.9 
AU W AS Sb MO CU Ag Pb - - - - - - - - - - - - - - -- 

2793 2010 1320 894 6.0 4.5 4.3 2.3 

- Bi, Sn, Zn 

1 .o 
Sn As W Bi Ag Cu Mo Zn - - - - - - - - - - - - - - - - 

2230 1238 54 26 16 5.7 3.7 1.6 
Au,Sb Pb 

1.0 0.6 
Au Ag Bi W As Cu Mo Pb Zn 

5195 118 20 9.1 8.2 6.3 4.8 3.3 1.4 

-- Sn, ~b 
1.2 

Au W Mo Bi Ag Pb As Cu Sn,Sb - 
3370 88 38 27 18 9.9 8.9 6.5 1.5 

Zn -- 
0.6 
Au W Ag Cu Mo Pb As Bi Sb 

4020 176 167 24 21 8.3 8.0 6.6 3.7 
Sn Zn 

0.5 0.4 

n p ~ ~ e p b ~  
n p o m n e ~ ~ A  

K a ~ ~ a p a ~ ,  
To~yp ,  Ma- 

Hnp, 

YHrJlM'ikl~aH 

~ T M H  

K0nqeAa~- 
H ~ I A  Y ~ e c ,  
neAnHoeM 
AP. 

K M ~ O B C K O ~  
(U~HTP), EP- 
HMqHOe 

6aMCKoe 

~ o n - ~ o  
npom- 
Jl€?HMh 

11 

1 

1 

8 

2 

3 

r e o x ~ ~ w e c ~ ~ i  
TMn 

)r 

AuAs 

AU WAS 

SnAs(Ag) 

AuFe 

Au[W] 

AUAS[W] 

@OPM~UM% T H ~  

no npenwec-r- 
BeHHMKaM 
3ono~o- 
KBapL(eeaR, ap- 
C ~ H O ~ M ~ H T O B ~ I ~ ~  

---- 
30~70~0- 
Bonbq,paMoBaR 

KaCCMTepMT- 
KBapueBaR 

3ono~o- 
~ s a p u e e a ~ ,  
n ~ p u l ~ o e b ~ i  

30~10~0- 
~ s a p u e e a ~  

3ono~o- 
K B ~ P ~ ~ B ~ R  

~ ~ O X M M M -  
q e c ~ ~ i  
PflA 
M ~ I W ~ F I K O -  
B b l i  

X e n e w -  
C T ~ I ~  

BonbQpa- 
M O B ~ I ~  

rpynna 

Sonb- 
WMX 

~JIY~MH 

Cpen- 
HMX 

r n y 6 ~ ~  

C e ~ e i c ~ s a  

Mano-, 
YMepeHHO- 
cynb@M~Hble 

\> 
l5 

{, : 

1J 

Manocynb- 
@MAHble 



n p ~ ~ e p b ~  
n p o ~ ~ n e ~ m i  

Flctioe 

TeHrKenM, 
6epesoeblA 

np. 

Xananm, 
BanyH (Au) 

Ynaxa~ 
(PT 71, 
n03nHMfi 

nP. 

Xe~a ,  
Mpemtiefi 

KYMY~YH, 
C O ~ ~ K ~ H  

~ ~ O X H M M ~ ~ C K H ~  CneKTp (B 3HaMeHaTene KK ) 

Au As Zn Bi Pb Sb Cu W Mo - - - - - - - - - - - - - - - - - - 
1735 354 53 38 35 32 27 16 10 

Ag Sn ---- 
6.0 1.8 
Au AS Ag Pb Bi CU Zn Sb 

12397 3803 2133 198 49 26 14 7.7 
Sn Mo W 

3.3 2.6 1.0 
Au Bi Ag As Mo Cu Pb Zn - - - - - - - - - - - - - - - 

72295 13040 659 21 7.2 2.8 2.6 1.2 
Sn W,Sb ---- 
1.1 1.0 

Au Ag As Pb Zn Cu Mo Bi - - - - - - - - - - - - - - - - 
7904 2707 710 384 35 6.4 4.2 2.0 

Sn Sb W 

1.7 1.5 1.0 
Au - Sn - Pb, Zn,Cu ' 

300-20000 300-1500 10-100 

Ag Pb Sn As Zn Cu Au Sb 

5350 968 880 825 355 280 101 17 
Bi Mo,W 

16 1.0 
Sn Ag AS CU Sb Pb,Bi Zn MO 

960 327 127 94 40 32 27 13 
W Au 

8.0 1.0 

K0n-m 
n p o m  
fleHMfi 

1 

5 

3 

4 

1 

2 

2 

~ ~ O X H M H C ~ ~ C K H ~ ~  

THn 

AuAsPm 

AuAgAsPm 

AuBiAsPm 

AuAgPrn 

AuSnPm 

AgSnPrn 

SnPrn(Ag) 

QOPM~L\MFI, T H ~  

no npegwec~- 
BeHHklKaM 
30no~*~~apL\-  
c y n b @ ~ n ~ a ~  

~ O J ~ O T O - K B ~ ~ ~ -  

c y n b @ ~ n ~ a ~  

30no~o-pen~o- 
MeTannbHaFI 

30n0~0- 
cepe6p~~blR 
30nOTO- 
c@anepn~- 
raneHHT0~bln 
3ono~o- 
OJlOBFIHHaFI 

Cepe6po- 
OJlOBFlHHaFl 

K ~ C C H T ~ ~ M T -  
c y n b @ ~ n ~ a ~  

~ ~ O X H M H -  

c(ec~mi 
pgP, 
M~ IW~FIK -  
nOnklMe- 
Tannwe- 
CKMR 

n o n n ~ e -  
Tannwe- 
CKMR 

rpynna 

Cpen- 
HMX 

r n y 6 ~ ~  

C ~ M ~ R C T B ~  

Y u e p e ~ ~ o -  
CyJlb@H~~ble 



- 

n p ~ ~ e p b l  
n p o ~ s n e ~ ~ W  

KaHablraH, 
K a p ~  M Ap. 

B ~ ~ Y H  (Ag) 

Ynaxa~ 
(PT 61, 
raWra~ M ap. 

Me~3nb l i  

MHK~H, 
n e c ~ o n  

@op~allMfl, TMn 
no npe4uec~-  
BeHHMKaM 
K~ccMT~~MT-  
CMnMKaTHaFI 

C ~ P ~ ~ P ~ - P ~ L I -  
KOMeTann bHaR 

CepeGpo-non~- 
MeTannMqeCKaFI 

3ono~o<epe6- 
PFIHaFI, nPyCTMT- 
nk lpaprb lpb l~~~bl~ 

~ O ~ O T O -  

aHTMMOHMTOBaFl 

3ono~o- 
aHTblMOHMTOBaR 

~ O ~ O T O - ~ T ) T H ~ R  

Ken-~0 
npom- 
JleHMi 

5 

1 

10 

1 

2 

1 

reoxmM~qecKl/r~ CneKTp (B 3 ~ a ~ e ~ a ~ e n e  ) 

Sn AS Ag W Zn CU Pb AU Bi 
- - - - - - - - - - - - - - - - - - 
8617 89 72 27 12 8.2 6.3 2.0 1.8 
Mo Sb 

1.2 1.0 
Ag Bi Au Mo Pb W Zn As - - - - - - - - - - - - - - - - 

4651 770 237 218 217 133 38 7 
Sn, Sb -- 

1 .o 
Ag Au As Pb Bi Cu Zn Sn - - - - - - - - - - - - - - - - 

9590 410 287 110 106 49 37 18 
Mo Sb W 

7.4 5.0 1.4 
Sb Cu As Pb Au Zn Bi - - - - - - - - - - - - - - - - 

14000 16500 1000 700 600 24 20 14 
Mo Sn W 

10 1.9 7.8 
Sb Ag AU AS Pb CU Zn Bi 
- - - - - - - - - - - - - - - - 
3894 2298 2010 992 112 23 22 11 

Mo Sn W 

5.2 2.1 1.0 

Au As, Ag,Sb Pb,Bi, W Cu - - -- 
>I000 100-1000 10-100 1-10 

AU - Hg, Sb - As, Ag - 
300-30000 100-10000 10-100 

- Pb, Zn, Sn, Cu, Bi, W 

< 10 

~ ~ O X M M M ' ~ ~ C K M ~  

THn 

Sn(Ag) 

AgBiPm 

AgPm 

AgSbPm 

AuAgSbAs Pm 

AuSbAsPm 

AuHgSbAs 

~~oxMMM- 
r e c ~ ~ W  
pfia 
n0nMMe- 
TaflnMCle- 
CKMW 

CypbMa- 
MblUbRKO- 

~ b l i  

rpynna 

Cpea- 
HMX 

r n y 6 ~ ~  

Manblx 
rny6m~ 

C ~ M ~ ~ C T B ~  

Y M ~ P ~ H H O -  
Cynb@M~Hble 
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npHMeraHHe. 6 c~on6ue < < ~ ~ o x H M H ~ ~ c K M ~  THnD B KBaApaTHble C K O ~ K M  3aWItOC(eHbl MeMeHTbl, OnpeAenRtO~Me reOXHMHreCKytO c n e u ~ a n ~ 3 a u ~ t 0  y6orocynb@~+q- 
HblX np0~BJleHHh; 30JlOTO H cepe6po B KpyrnblX C K O ~ K ~ X  0603Halcae~ nOBblWeHHble COAepXaHHFI 3THX 3JleMeHTOB B MeCTOPOweHMFIX ApYrHX MeTaJlnOB. n o  AaH- 
H ~ I M  H.C. O C T ~ ~ ~ H K O  (I), t0.B. H ~ ~ o n a e ~ a  (2), B.A. C ~ e n a ~ o e a  H B.T. Mowcee~~o  (3,4). 

r e o X ~ M ~ q e C K M i  cnemp (B 3HaMeHaTene ) 

AU Ag AS MO CU Pb Bi Sn 
- - - - - - - - - - - - - - - - 
21585 8753 22 13 8.4 5.3 3.0 2.6 

Sb,Zn W 

1.5 1.0 
Au Ag As Cu Pb Sn Zn - - - - - - - - - - - - - - 

106019 21932 17 16 9.4 3.6 3.0 
M0 Big WISb 

2.8 1.0 

~ ~ o x H M H ~ ~ C K H ~  

TH n 

AU Ag [CU MO AS] 

Au Ag [Cu Pb As] 

~ ~ O X H M H -  
r e c ~ ~ F l  
PR A 
n o n ~ ~ e -  
TannHre- 
C K H ~  

npHMepbl 
n p o ~ s n e ~ ~ n  

KapaMKeH, 
HRBJI~H~~, 
) t ( ~ n b ~ b l n  

H AP. 

BaJlyHHCTbl~ 
H AP. 

rpynna 

Manblx 
r n y 6 ~ ~  

C ~ M ~ ~ C T B ~  

y60r0-, ~ a -  
n o c y n b @ ~ ~ -  
H ble 

Ken-BO 
npom- 
JleHHn 

5 

3 

Q)opMaUHR, THn 
no n p e ~ w e c ~ -  
BeHHHKaM 
30n0~0-cepe6- 
PRHaR, nHPHT- 

C ~ ~ ~ @ O ~ H T H M O H M -  
T O B ~ I I ~  

3ono~o- 
Cepe6pflHafl, 
30nOTO- 

apre~THT0Bbli 



I l p u u e r a ~ ~ e .  B ~ a w o h  rpynne nepebw McnonbsyeTcR K O ~ @ @ H ~ M ~ H T ,  no KOTOPOMY npMseAetibl 3~acle- 
HHR An9 ecex reoxMMurecKMx mnos rpynnbl. 1 

rpynnb~ npo- 
~ s n e t i ~ f i  

30JloTble y60- 
ro-, ~ a n o -  
cynb@~~Hble 
3ono~b1e yue- 
PeHHO-Cynb- 
@ H ~ ~ b l e  

3ono~o-ce- 
pe6p~1-1 b ~ e  
y6oro-, ~ a n o -  
cyJlb@M~Hble 

~OJIOTO-C~- 
pe6pw b ~ e  
YMepeHHO- 
cyn b@MAHble 
Cepe6p~~b le  
y6oro-, Mano- 
cynb@kl~~ble 
Cepe6pRHble, 
YMepeHHO- 
cynb@M~~ble 

OJl06R~~ble 
cepe6poco- 
a e p x a u ~ e  

p e 6 p o - ~ ~ c ~ y ~ - n o n ~ ~ e ~ a n n w e c ~ ~ i  TMn M 

T.A. AnFI y60r0-, ~ a J l o ~ y n b @ M ~ ~ b l x  IlpOFIB- 

n e ~ ~ i  no coAepxaHMto ~ T M  a n e ~ e ~ ~ b ~  p e s ~ o  
OTJlMClalOTCFI OT rJlaBHblX KOMnOHeHTOB PYA 
(Au M Ag), oTpaxa9 MX reoxMMn.recKym cne- 
uMaJlM3auMtO. B 3TOM BapMaHTe TM~OMOP@- 

Hble 3JleMeHTbl 3aWllOcleHbl B KBaApaTHble 

C K O ~ K M  M 0603~aClalO~~FI CnOBOM ((CneuManM- 
3a1.4~51)). HanpM~ep, Au Ag [MoAs] - sono~o- 
cepe6pFI~bli TMn M O ~ M ~ ~ ~ H - M ~ I W ~ R K O B O ~  

c n e u ~ a n ~ s a u ~ ~ .  
P e s y n b ~ a ~ b ~  C M C T ~ M ~ T M ~ ~ ~ M M  sono~o-, 

cepe6poco~epxal~(~x n p o ~ ~ n e ~ ~ ~  Aanb~ero 

BOCTOK~ npMBeAeHbl B ~ a 6 n .  53, a KPMTMcle- 

CKMe 3HacleHMFI reOXMMMCleCKMX naPaMeTPOB, 
XapaKTepM3ylOLL(MX KOHKPeTHble TeOXMMMCle- 

CKMe TMnbl, - B ~ a 6 n .  54. 
P~CCMOTPMM 3aKOHOMePHOCTM M3MeHeHMFI 

reOXMMMcleCKMX XapaKTepMCTMK Ha BCeX Bbl- 

AeneHHblx YPOBHFIX n o a p a 3 ~ e n e ~ ~ i .  Ha 

YpOBHe reOXMMMCleCKOr0 TMna BOCnOnb3yeMCFI 

YCPeAHeHHblMM AaHHblMM ~ a 6 n .  53. 6 KaCleCT- 

Be XaPaKTePMCTMKM reOXMMMCleCKOr0 PFlAa MC- 

nonbsye~ c p e g ~ ~ e  ~ H ~ C ~ ~ H M F I  KK, paccw- i 
TaHHble no CyMMe BXOARLL(MX B Her0 TeOXMMM- 

CleCKMX TMnOB. O ~ ~ H K Y  CpeAHMX napaMeTpOB 

rpynn n p o ~ 3 ~ e ~ e ~  no C O B O K ~ ~ H O C T M  ycpeg- 1 
HeHHblX AaHHblX COOTBeTCTBylOLL(MX TeOXMMM- 

CleCKMX PRAOB. C ~ ~ B H ~ H M ~  IlOnyCleHHblX Ta- I 

KMM o6pa30~ YCpeAHeHHblX XapaKTepMCTMK i 
t rpynn M PFIAOB (~a6n. 55, 56) IlpOBOAMnOCb C I 

MCnOJlb30BaHMeM cnoc06a OUeHKM OTHOCM- 

~enbH0 i  KOHL(eHTPBUMM 3JleMeHTOB B ~ b l 6 0 ~ -  

KaX, flpeAnOXeHHOr0 H.H. C O C ~ ~ B ~ H O B ~ I M ,  ! E.K. r o p e n o ~ o i  [I781 An9 onpegeneHm 30- 

HanbHOCTM OpyAeHeHMFI. I 
I 

K ~ K  BMAHO M3 ~ a 6 n .  56, Ha YpOBHe rpynn 
OT IlOBePXHOCTM Ha rny6n~y CMeHa reOXMMM- I 

! 
CleCKMX ~ c c o L ( L I ~ ~ M ~  IlpOMCXOAMT B n0nHOM i 
COOTBeTCTBMM C YHMBePCanbHblM PRAOM 30- 

H o ~ e p  
CeKUMM 

H a 
PMC. 57 
1, I I 

Ill 

IV, V 

VI 

VII, 
VIII, XI, 
XI1 
IX, X, 
XIII, 
XIV 

~ ~ O X M M H C ~ ~ C K M ~  

TM n 

AU [W] 
Au As 
AU Fe 
Au WAS 
AU AS Pm 
AU Bi Pm 
AuSbAsPm 
Au Sn Pm 
Au Hg SbAs 
Au Ag [Sb Mo As] 
Au Ag [Mo As] 
Au Ag [WMoAs] 
AU Ag [CU MO AS] 
AuAg[Cu PbAs] 
Au Ag [W] 
AU Ag Pm 
AuAgAsPm 
AU Ag SbAsPm 

Ag[MoAs] 
Ag [PbMoAs] 

Ag Sb Pm 
Ag Pm 
ACJ Sn Pm 
Sn Pm (Ag) 
Sn (A@ 

L / I H A M K ~ T O P H ~ ~ ~  3HaCleHMR KO~@@M~LI~HTOB @ O P M ~ ~ U O H H O ~ ~  

PbIAs 

>0.08 
~0.08 
~0.08 
~0.08 
0.08-1 
> 0.8 
0.08-2 

> 1 
~0.08 

> 1 
0.08-1 
0.08-1 

, 

AsMl 

~ 0 . 7  

>0.7 
<2 

>2 

AgIBi 

> 00.7; 
~00.7 
~00.7 

> 1 

n p ~ ~ a ~ n e x ~ o c ~ ~  

SbIW 

>I00 

>I0 
0.08-1 

0.01-0.08 
0.01-0.1 
0.01-0.1 
~0.01 

< 10 
> 100 

> 100 
<lo 

SnIBi 

> 1 
~0.01 

- PbxCu 
MoxAs 

< 10 
<lo 
<lo 

10-1 00 
> 100 
>lo 

<I0 
> 50 

AglSn 

>5 
25 

0.05-0.5 
0.002-0.05 

< 0.002 
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rpynnbi 

5 
0 5 
LD 

'Ox 
X 

2 
a 
0 

I 
s 

E 

C; 

r e o x ~ ~ c l r e c ~ m h  T M ~  

Au As 
Au AsW 
AuFe 
Au[W] 
Cpen~ee 
HOPMMPOBAHME 
ABO~;IHOE HOPMMPOBAHME 
AuAsPm 
AgSnPm 
AuAgPm 
AuAg[W 
AusnPml 
AuBiAsPm 
AuAgAsPm 
Cpeg~ee 
HOPMMPOBAHME 
A B O ~ H O E  HOPMMPOBAHME 
AgPm 
AgSbPm 
AgBiPm 
AuAgSbAsPm 
AuAg[WMoAs] 
AuAg[SbMoAs] 
AuAg[MoAs] 
Ag[MoAs] 
Ag[PbMoAs 
AuAg[CuMdAs] 
AuAg[CuPbAs] 
Cpen~ee 
HOPMMPOBAHME 
A B O ~ H O E  HOPMMPOBAHME 

Pb 
1.6 
2.3 
3.3 
9.9 
4.2 
0.0099 
0.0276 

35 
968 
383 

8.3 . 

30 
2.6 

197 
232 

0.6948 
0.1388 

109 
600 
21 7 
11 1 

1.6 
0.5 
1 .O 
1.9 

16 
5.3 
9.4 

97 
0.2923 
0.0715 

As 
987 

1320 
8.2 
8.8 

58 1 
0.0050 
0.0140 

354 
825 
71 0 

8.0 
3.0 

2 1 
3803 
81 7 

0.4993 
0.0997 

287 
700 

7.0 
992 
2 1 

2190 
36 

31 7 
7.0 

2 1 
17.0 

238 
0.1457 
0.0356 

W 
17 

2010 
9.1 

8 7 
531 

0.01 59 
0.0444 

16 
1 .O 
1 .O 

176 
3.0 
1 .O 
1 .O 

2 8 
0.0496 
0.0099 
1.4 
1 .O 

133 
1 .O 

12 
1 .O 
1 .O 
1 .O 
1 .O 
1 .O 
1 .O 

14 
0.0244 
0.0059 

S n 
1.2 
1 .O 
1.2 
1.5 
1.2 
0.0052 
0.0146 
1.8 

880 
1.7 
0.5 

700 
1.1 
3.2 

226 
0.9804 
0.1959 

18 
1.9 
1 .O 
2.0 
0.5 
0.3 
1.3 
1.7 
3.2 
2.5 
3.6 
3.3 
0.0142 
0.0034 

Sb 
45 

8 94 
1.2 
1.5 

235 
0.0005 
0.0014 

31 
17 
1.5 
3.6 

30 
1 .O 
7.7 

13 
0.0058 
0.0011 
5.0 

16500 
1 .O 

3894 
1 .O 

1835 
2.0 
1.9 
1 .O 
1.5 
1 .O 

2022 
0.8904 
0.21 79 
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3 0 ~ a n b ~ o c ~ b  ~ O ~ O T O - ,  c e p e 6 p o c o ~ e p x a u ~ ~  npo~snet i~ f i  Ha ypostie rpynnbl M reoxMMMrecKoro pRaa 

l l p ~ ~ e c l a ~ ~ e .  M ~ ~ e p a n b ~ b ~ e  QIOPM~I: As1 - cynbQIocon~, rpynna aypMnMrMeHTa, As2 - apceHonMpm, 
Snl - CTaHHMH ( x a p a ~ ~ e p e ~  arm AgSnPm ~ ~ n a ) ,  Sn2- KaccMTepMT, Cul - 6fle~nble pyab~, Cu2- 
XaJlbKOnMpMT. 

Ag [MoAs] 

AgSbPm 

/ C P E A H E ~ J I Y ~ M H H ~ I E  

rpynna 

Manblx r n y 6 ~ ~  

C p e g ~ ~ x  r f l y 6 ~ ~  

60Jlb~klx rny6w~ 

HanbHocTM B.X. ~ M M O H C ~ ,  C.B. r p ~ r o p ~ ~ ~ a -  A ~ a n o r ~ c l ~ a ~  onepa~pvi n p o s e ~ e ~ a  A ~ F I  

1.H. O B ~ ~ M H H M K O B ~  [126,208]. O ~ ~ ~ B M A H O ,  clT0 np0FI~Jle~Mfi Ha YpOBHe reOXMMMcleCKOr0 TMna 

M pacnpeAeneHMe npomne~wfi reoxMMMcle- (PMC. 61). Ha n p e ~ c ~ a e n e ~ ~ o i  cxeMe pacno- 
CKMX PFIAOB TaKXe nOAclMHFleTCR YHMBepCaJlb- JlOXeHMe reOXMMMcleCKMX TMnOB B CTPYKTYP- 

HblM 3aKOHOMePHOCTFIM (~a6n. 56). HblX L@nOclKaX no BeAyqMM M T M ~ O M O P @ H ~ I M  

KOHL(~HTPMPY~O~M~-  
CFI 3JleMeHTbl 

Ag, Sb, Cul 

Pb, Zn, Bi, Asl, 2, Snl 

Au, Mo, W, C U ~  

30HaJlbH0~Tb PFI- 
,406 ( C B ~ ~ X Y  B H M ~ )  

SbAs 
Mo As 
Pm1 
Pm2 

As Pm 
Fe 
W 
As 

KOHL(~HTPMPY~O- 
U#leCFI 3JleMeHTbl 

Sb, As1 
Sb, Asl, Mo 

Ag 
Pb, Zn, 

CUZ, Snl, 
Ag 

Bi, As2 
MO 

Mo, W 
As2, W 

Y~M~ep~anbHblf i  
PFIa 30HaJlbHOCTM 
11 26, 1281 (ceepxy 
B H M ~ )  

Sb, Asi, yg 
cu l  
A!3 

Pb, Zn 
Snl 
cu2 
Bi 
MO 
9 7 2  

As2 
W 



3JleMeHTaM-CnyTHMKaM H a  KareCTBeHHOM 

YpOBHe COl lOA~MHeHO C y H k l B e p ~ a J l b H 0 i  3 0 -  

HaJlbHOCTbtO, o ~ p a x a t O u e f i ,  KaK 6b1no n0Ka-  

3aHO Bb lWe,  ~ J ~ ~ ~ M H H O C T ~  @OPMMPOB~HMFI 

06aemos. 
n o n y r e ~ ~ a g  TaKMM o 6 p a 3 0 ~  c x e M a  30- 

HaJlbHOCTM B OTAeJlbHblX ee @ P ~ ~ M ~ H T ~ X  XO- 

pow0 K o p p e n M p y e T c g  c p e a n b H o  c y u e c T -  

BYtOuMMM B f lPMPOAe C T ~ ~ ~ M ~ H O - ~ O H ~ J ~ ~ H ~ I M M  

B3aMMOOTHOLUeHM5lMM TeOXMMMCleCKMX TMnOB 

KaK B I l peAeJ laX  KOHKpeTHblX, B OCHOBHOM fl0- 

J~M@OPM~L(MOHH~IX ( ( ( T M ~ P M , ~ H ~ I X > > ) ,  MeCTOPO- 

W ~ H M ~ ,  TaK M OTHOCMTenbHO M H T P Y ~ M ~  (WTO- 

KOB, C ~ ~ B ~ ~ K ~ H O B )  no n a T e p a n M  B p a M K a x  PY, 
PI1 (~a6n.  57). 

O C H O B H ~ I ~  BblBOAbl no I lPOBeAeHHblM MC- 

c n e A o e a H M m :  

I. ~ ~ O X M M M W C K M ~  KOnMqeCTBeHHble Xa- 

PaKTePMCTMKM OTpaXatOT H e  TOnbKO B e u e C T -  

B ~ H H o - M M H ~ ~ ~ J ~ ~ H ~ I ~  COCTaB OpyAeHeHM5l, HO 

M 5lBJlFItOTCFI H a A e X H  blMM MHAMKaTOpaMM re0- 
n o r M r e c K M x  ycno~nFi @ o p ~ ~ p o e a ~ ~ g  MecTo -  

pox,qe~ni. 
2. M C ~ O ~ ~ ~ O B ~ H M ~  reOXMMM'ieCKMX XapaK- 

TePMCTMK B KaCleCTBe rJlaBHOrO K J ~ ~ c c M @ M K ~ -  

UMoHHoro  n p ~ 3 ~ a ~ a  n o 3 ~ o n f i e ~  H a  KonMrecT-  

BeHHOM YpOBHe HaAeXHO paCWeH5 lTb  COBO- 

KYnHOCTb Pa3HOTklnHblX n p 0 5 l B n e H M i  H a  KOH- 

KpeTHble COCTaBn5ltOukle, OUeHMBaTb BeCbMa 

T o t i m e  MX p a 3 n ~ r ~ ~ 1 ,  n p o c n e x m a T b  cnox- 
Hb le  M ~ ~ 0 r 0 0 6 p a 3 H b l e  B3aklMOnepeXOplbl OA- 

HMX TMnOB B ApyrMe,  BblAen5lTb KOPPeKTHble 

KPMTePMM MX M ~ ~ H T M @ M K ~ L ( M M .  

3. B p a c n p e A e n e H M M  sono~o-, cepe6po- 
COAepXaUlMX f l p 0 F I ~ J l e H M i  M COOTBeTCTBytO- 

u M X  MM reOXMMMcleCKMX BCCOL(MBL(M~ no my-  
6 ~ ~ e  MX 06pa30BaHMFI H a  BCeX Bb lAeneHHblX 

ypOBH5lX (rpynna, p5l4, T M ~ )  OTCleTnMBO np0- 
5lBJlFleTC5l YHMBepCanbHaFI 3OHaJlbHOCTb. 

l l p e ~ n a r a e ~ a g  cMcTeMaTMKa sono~o-, 
cepe6poco~epxau~x n p o g ~ n e ~ ~ i  tie ripe- 
TeHAYeT H a  MCTMHY B nocne~t ie i  MHCTaHUMM. 

He~0~0pble TMnbl 30nOTOPyAHblX O ~ ~ ~ K T O B  B 

CMny OrpaHMreHHOCTkl M C X O ~ H O ~  @ a ~ ~ y p b l  H e  

HaWJlM B H e i  OTPaXeHMFI ( ~ o ~ o T o - M ~ ~ H ~ I ~  

MeCTOpOX,4eHM5l, OTAeJlbHble MMHepanbHb le  

TMnbl 3 0 n 0 ~ 0 - C ~ ~ ~ ~ P F I H O ~  @OPM~L(MM). B M ~ -  
CTe C TeM, OHa BnOJlHe MOXeT  6 b l ~ b  KapKaCOM 

rlpM CO3AaHMM K J ~ ~ C C M @ M K ~ L ( M M  30JlOTOPYA- 

HblX M ~ C T O P O ~ ~ H M ~ ,  a T a m e  CJlYXMTb n0n- 
H O L ( ~ H H O ~  O C H O B O ~  npM OUeHKe @OPMBL(MOH- 

H O ~  npMHaAJleXHOCTkl KOHTPOnbHblX 06be~-  
TOB no reOXMMM'ieCKMM AaHHblM. 

Ha OCHOBe M3YcleHM5l O ~ U ( M X  M claCTHblX 

~ ~ K O H O M ~ ~ H O C T ~ ~  COCTaBa M CTPOeHM5l aHO- 

MaJlbHblX TeOXMMMreCKklX n0nei 6bln c @ o ~ -  
MMpOBaH ~ ~ O ~ H O ~ H O - ~ O ~ ~ C K O B ~ I  a n r 0 p M T M  

(rn. 7), o ~ p a x a t m q ~ i  c o A e p x a H u l e  ul nocne- 

0 6 b e ~ r  
Mec~opOX(4eHMe 
~KOJlbHOe 
(CeBep0-BOCTOK) 
M ~ c T o ~ o X ( ~ ~ H M ~  KM- 
POBCKOe (npbla~ypbe) 
I l p o ~ s n e ~ ~ e  B a n y ~  
(CeBep0-BOCTOK) 
Mec~opo>yqe~Me 
I l e n e ~ s e e ~  ( Y ~ K o T K ~ )  

K ~ ~ ~ M K ~ H C K M ~  p y  
(CeBep0-BOCTOK) 

~ ~ M ~ I L L I C K M ~  PY 
(CeBep0-BOCTOK) 
B ~ ~ ~ H M C T O ~  P n  
(YYKOTK~) 

30HaJlbH0~Tb TMnOB (CHM~Y BBePX MJlM OT UeHTpa K nepkl@epklM) 

AU Bi AS Pm-AU AS-AU Ag AS Pm-AU Ag SbAs Pm 

Au BiAs Pm-Au Fe-Au Ag SbAs Pm 

Au BiAs Pm-Ag Bi Pm 

Au Ag [Cu Pb As]-Au Ag [Cu Mo As] 

Au BiAs Pm 
/ (2;::;g)) 

( B ~ ~ Y H  (AN) 
Au Ag [Cu MoAsl-Ag [MoAs] 
(KapaMKeH, r a i r a ~ )  (Kyno~) 

Au As Au Fe AuAgAs Pm AuAgSbPm 
(KOHT~KTOB~I~)  (CKaJl bH bli) (OCa~Or~b l i ,  TeHrKeJlM) (.nee. TeHrKeJl M) 

AU Ag Pm AU ACJ [CU PbAs] AU Ag [Mo AS] 
( ~ o ~ A H M R )  ( B ~ ~ ~ H H c T o ~ )  (r0pHbli) 
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AOBaTeJlbHOCTb 0nepa~Mi  B npOL(eCCe MH- 

TepnpeTaqMM ~ ~ O X M M H ~ ~ C K O ~  M H @ O P M ~ ~ M M .  

f l pam~c lec~a~  p e a n ~ 3 a u ~ ~  more anropMTMa 

BO3MOXHa C MCnOJlb30BaHMeM PRAa BeueCT- 
BeHHblX llpM3HaKOB PYAOreHHblX CMCTeM, KO- 

TOpble no CMblCJlOBOMy COAepXaHMK) MOrYT 

6b l~b  0 6 b e ~ ( M ~ e ~ b l  B ABe rpynnbl (~a6n. 58). 
f l e p ~ a ~  rpynna c ~ p y m y p ~ b ~ x  ~ P M ~ H ~ K O B  xa- 
paKTepM3yeT 3aKOHOMePHOCTM CTPOeHMR Am, 
Arc M COnPRXeHHblX C HMM rMC (PC). BTO- 
paR rpynna KOHL(eHTpal(M0HHblX npM3HaKOB 

OTpaXaeT MHTeHCMBHOCTb M M ~ C U I T ~ ~  KOH- 

UeHTpal(MM XYIMMcleCKMX WeMeHTOB, a Tame 
rYIApOTePManbH0-MeTaCOMaTMcleCKMX np0- 

ueccoe. B TOCI M n M  M H O ~  CTeneHM coAepxa- 
HMR npM3HaKOB, TeXHOnOrMR MX BblAeJleHMR M 

CYLL(eCTBYK)LL(Me OrPaHMcleHMFI no npMMeHe- 

HMK) PaCCMaTpMBaJlMCb B n p e ~ b l ~ ~ L L ( M ~  pa3- 
AeJlaX pa60~bl. 3Aecb 3TM nPM3HaKM npMB0- 

ARTCR B KOHl(eHTPHPOBaHH0M BMAe (~a6n.  58) 
co ccbm~ot7 Ha pa3~enb1, r,qe OHM pacKpblea- 

K)TCR 6onee no)qp06~0. 
l l p e ~ n a r a e ~ a ~  TexHonorm BblAeneHm 

IlOMCKOBblX npM3HaKOB M MX peaJlM3al(MR npM 
npor~ose npeflcTaenRtoTcR ~ a ~ 6 o n e e  pal(M0- 

HaJlbHblMLl. B M ~ C T ~  C TeM, He MCKJltOqaeTCR 

IlpMMeHeHMe M APyrMX MeTOAMcleCKMX llOAX0- 

AOB. B claCTHOCTM, Ha JlOKaJlbHOM YpOBHe 

BCKPblTMe CTPYKTYP A r f l  MOXeT OCYLL(eCTB- 

JlRTbCFl C MCtlOJlb30BaHMeM pa3JlMclHblX MO- 

, ~ M @ M K ~ ~ ( Y I ~  MeTOAa MHOrOMePHblX n0Jlei. B 
KarecTse npMMepa Ha pnc. 62 npmeAeHa 
CTpyKTypa aHOMaJlbHOr0 n0JlR MeAHO-nOp- 

@ M ~ O B O ~ O  MeCTOPOweHMR Amoran [59]. f l0 

aCCOL&lal(MRM KOHL(eHTPMPYtOLL(MXCF1 3JleMeH- 

TOB OTcleTJlYIBO IlpORBJleHa 30HanbHOCTb: 

IlepBaR M BTOPaR aCCOL(MaL(MM COOTBeTCTBytOT 

R A ~ ~ H o G  30He, TPeTbR M cleTBePTaFI - 30He 

0 6 ~ e ~ a .  
K BblAeJleHMK) 30HanbHblX A r f l  CTaPUMX 

paHros (PP, PY, Pll) ~ a ~ 6 o n e e  np~cnoco6- 
neH naKeT nporpaMM ACOA TEOflOJlE, o p ~ -  
~ H T M ~ O B ~ H H ~ I C I  Ha no~an~3aqnto nepcneK- 
TMBHblX YclaCTKOB no npM3HaKy B ~ ~ C O K O ~  AMC- 

nepCMM XMMMcleCKklX 3JleMeHTOB, B claCTHOCTM, 

o~pa)KaK)l~(ei npOl(eCCbl IlpMBHOCa-BblHOCa. 

O A H ~ K O  npM 3TOM HaAO YrMTblBaTb no ~ p a h -  
~ e i  Mepe ABa O ~ C T O R T ~ J ~ ~ C T B ~ ,  3aTPyAHFltO- 

LUMe BblAeneHMe c~pymyp PyAoreHHblx CMC- 

TeM. 

60-nep~bl~,  - 3TO UMpOKO IlpORBJleHHble 

RBneHMR M~~ep@epe~qMM Ar f l  KaK Ha OAHOM 

LlepapXMcleCKOM YpOBHe, TaK kl no BepTMKanM 
B PaMKaX MHOrOypOBHeBblX A r c  (pa3~.  3.1). 
Hei~panMsal(b4~ HeraTMBHblX ~ o c J ~ ~ ~ c T B M ~ ~  

3TOrO @aKT0pa B K ~ K O ~ - T O  CTeneHM B03MO)K- 

PHC. 62. C~pylrrypa aHoManbHoro reoxuMurecKoro 
flOJlR MeCTOPOweHHFI A~~o ra i I  [59]: 
1-4 - reoxMMvlrecKlne accouMauvlvl: 1 - Cu, Ag, 
Mo, 2 - Pb, Zn, Bi, As, 3 - Co, W, (Fe, S) ,  4 - 
Cr, V, Mn, Ni, Co. 

Ha nyTeM pa3~enb~o ro  a ~ a n ~ 3 a  aHoManbHblx 

nonet7 no A B ~ M  rpynnaM sneMeHToe ( ~ ( e ~ ~ p o -  
6 e x ~ b l e  M ~ ( ~ H T ~ o c T ~ ~ M M T ~ J ~ ~ H ~ I ~ ) .  

Bo-BTOP~IX, ~ s y c l e ~ ~ e  A r f l  cTapulnx paH- 
rOB no MTOKaM PaCCeRHMR AOnXHO OCyLL(eCT- 

BJlFlTbCR C MCnOJlb30BaHMeM K ~ ~ ~ C T B ~ H H O ~  

@a mypbl, O ~ ~ ~ K T M B H O  o ~ p a x a t o ~ ~ ( e i  pacnpe- 
AeJleHMe 3JleMeHTOB B KOPeHHOM C Y ~ C T P ~ T ~ .  

K ~ K  6blno n o ~ a 3 a ~ o  B p a 3 ~ .  1.1, npo6b1 M3 

aJlJltOBMR BOAOTOKOB CTapUMX IlOpRflKOB He 

OTBeClaKlT 3TOMY YCJlOBMtO M M3 o 6 p a 6 0 ~ ~ ~  
AOJlXHbl MCKnK)'-taTbCR. T ~ K ,  npM aHaJlM3e 30- 

HaJlbHOCTM HeraTMBHOe BnMRHMe TaKMX npo6 
HaCTOJlbKO BeJlMKO, L(T0 BblAeJleHMe AOBOnbHO 

TOHKOrO PMCYHKa CTPYKTYP 3OHanbHblX A r f l  
CTaHOBMTCFl HeB03MOXHblM. f l0 HaUMM AaH- 

H ~ I M ,  ~aM60nee paunoHanbHaR MeToAnKa 

@ O ~ M M ~ O B ~ H ~ ~ R  6 a ~ ~ a  MCXOAHblX AaHHblX ny- 
TeM rpynnMp0BKM npo6 B PaBHblX Gaccek~ax 
~ o ~ o c 6 o p a  BOAOTOKOB nepeoro nopRAKa 
(pasq. 1.1) sanoxe~a B cnoco6e oTpaxeHMrr 
aHOMaJlbHblX nOTOKOB B BMAe ~ 3 0 J l ~ ~ L l i  11 931, 
KOTOpaR M PeKOMeHAyeTCR AnR MCnOJlb3OBa- 

HMFI. 

f l p e ~ n a r a e ~ a ~  TexHonorMH BbrAeneHug 

BeueCTBeHHO-MMHepanbHblX nPM3HaKOB (30- 

HaJlbHOCTb rMC, MHTeHCMBHOCTb MeTaCOMa- 

-rwecKMx M ~ M ~ H ~ H M ~ )  HM B KoeM cnyclae He 



rpa~blubl npMMeHeHM5l 

1.   PO THO^ MeCTOPOwe- 

H H ~  3fleMeHTOB XaJlbKO- 

@MnbH06l rpynnbl Au, Ag, 
Mo, CU, Pb, Zn, Bi, Sb, 
Hg, W (Sn) 
2. A n p o 6 a u ~ ~  n p ~  np0- 

rHO3e M ~ C T O ~ O > K C ~ ~ H M ~  

C M A ~ P O @ M J ~ ~ H ~ ~ X  3ne- 

MeHTOB (C MCnOJlb30Ba- 

HMeM Ku6) 
3. BOBMOXHO ~ P M M ~ H ~ -  

H M ~  ~ P M  npor~03e M ~ C T O -  

P O > K A ~ H M ~ ~  nM~0@MJlbHbl~ 

3fleMeHTOB C HeYCTaHOB- 

n e ~ ~ o i  noanu~ei7 B rMC 
(nocne ee ~TOCIH~HMFI ) .  

A~anl l3  nOflHOTbl CTPYK- 

TYPbl nPOBOAMTCR A0 On- 

pe4eneHHoro y p o e ~ ~ ,  
3 a ~ ~ c ~ l U e r 0  OT pa3pe- 

L L I a D ~ e ~  C ~ O C O ~ H O C T M  

M ~ c L L I T ~ ~ ~  nOMCKOB 

1 :200000 - Pn, PM; 
1 .50000 - PM; 
1 :25000 - PM, PT; 
1~10000 M ~ p y n ~ e e  - PT 
(~a6n. 13) 

O U ~ H M B ~ ~ M ~ I ~  
x a p a n e p n c ~ ~ ~ ~ ,  
napaMeTpbl 

 POTH HOB, 
M ~ C U T ~ G ,  
YPOBeHb Cpe3a 

 POTH HOB, 
M ~ C U T ~ ~  

Co~epXaHMe f l p ~ 3 ~ a ~ a  

B rMC npORBflReTC5l B ~ ~ K O H O M ~ P H O ~  

n03ML(MM OpeOflOB npMBHOCa M BblHOCa 

~ ~ H T P O ~ ~ X H ~ I X  M ueHTPOCTPeMMTeJlbHblX 

3JleMeHTOB. B PC ~Mf l ep~@Mf lbH~r~  

npo@MJlR - 0 6 p a ~ ~ a 9  30HanbHOCTb 

~ ~ H T P O ~ ~ X H ~ I X  3JleMeHTOB ( K O H L ( ~ H T P ~ -  

UHR B R A ~ ~ H O G  30He, AeKOHueHTpauM9 B 

30He 0 6 ~ e ~ a ) .  AJlR MaJlOnpOAylcrMBHblX 

CMCTeM-HeynOpRAOcleHHOeCTpOeHMe 
(3.2-4). M o ~ @ o ~ ~ o ~ M ~ ~ c K M ~  O C O ~ ~ H H O C T H  

Am OTpaXaDT Ha KareCTBeHHOM YpOBHe 

CTeneHb 3P03MM PC (7.2.3.) 

~ ~ O R B ~ R ~ T C R  B ~ ~ K O H O M ~ P H O ~ ~  nOCfleA0- 

~ a ~ e f l b H 0 i  JlOKaJlM3auMM MflaAUMX We- 

HOB C M C T ~ M ~ I  B npe~enax A r i l  c~apuero 
p a ~ r a  B p ~ ~ y  OT PP, PY AO PM, PT 
BKJlDrllTeJl bH0 (6) 

rpyflna 

~ ~ M ~ H ~ K O B  

C ~ p y ~ r y p -  
Hble 

T ~ X H O ~ O ~ M R  B ~ I A ~ ~ ~ H M R  n p ~ 3 ~ a ~ a  

1. BblAefleHMe T M ~ O M O P @ H ~ I X  3JleMeHTOB ueH- 

T ~ o c T ~ ~ M M T ~ ~ ~ ~ H o ~  rpynnbl H3BeCTHblX M np0- 

rH03MPYeMblX TMnOB OpyAeHeHMFI @OPMMPOB~-  

HMe KuC, BblAeJleHMe OpeOJlOB KuC 
2. Bb l~ene~Me OpeOflOB THnMrHblX ueHTp06eX- 

HblX 3JleMeHTOB (Cr, V, CO, Ni, Mn, Ti) B MOHO- 

3JleMeHTHOM H MYJlbTMnnHKaTMBHOM BapMdHTaX 

(Ku6 KM) 
3. C HCnOJlb30BaHMeM OpeOnOB KuC, Ku6, KM 
reOMeTpM3auMRJOHaJlbHblX Am M ~ H O M ~ J ~ M ~  

HeynOpRAOlreHHOrO CTpOeHMR (7.1) 

1. O U ~ H K ~  PaHrOBOCTM npOrHO3MpyeMblX PC no 
aHaflOrMM C 3TaJlOHHblMM 06belcraMM MJlM Ha 
ocHoBe 0 6 4 ~ ~  ~ ~ K O H O M ~ P H O C T ~ ~  nepapxMM PC 
B ~ ~ B M C M M O C T M  OT npo r~03~pye~o ro  r e ~ e ~ ~ r e -  
CKOrO TMna KOHerHOrO WeHa M H O ~ O ~ ~ O B H ~ B O ~  

CMCTeMbl MflM PaCnPOCTpaHeHHOCTM PYAHOrO 

a n e ~ e ~ ~ a  B 3 e ~ ~ o i i   ope (2) 
2. n03Tan~oe BblAeJleHMe WleHOB MHOrOypOB- 

H ~ B O ~  TMC. npM MenKO-, C ~ ~ ~ H ~ M ~ C W T ~ ~ H ~ I X  

pa6o~ax - c~apwwx r n e ~ o ~  no n p ~ 3 ~ a ~ y  o6b- 
eMHO-30HaflbHOrO CTPOeHMR, MflaALLIMX B CBR3M 

C HeflpORBfleHHOCTbtO 3OHaJlbHblX CTpylcryp npH 
Mafl06l flflOTHOCTM 0np060~aHMR - no npns~a- 
Ky nOnHOTbl M ~ P ~ P X M ~ ~ C K O ~ ~  CTPyKTyPbl KOHueH- 

TpauMM 3neMeHTOB (CM. H M X ~ ) .  (7.1, 7.2.1, 
~ a 6 n .  1 3) 

~ P M ~ H ~ K M  

0 6 b e ~ ~ a ~  
30HaJlbHOCTb 

ATn 

Mepapx~re- 
CKaR CTpyK- 

~ y p a  Arc 



T p a ~ ~ u b ~  npMMeHeHMR 

 POTH HOB M ~ C T O P O ~ ~ H M ~ ~  

3neMeHTOB xanb~o@MJlb- 

HOG rpynnbl 

B ~ P O U ~ C C ~  ~ ~ o x M M M . ~ ~ -  
CKMX pa60~  MCI-IOJI~~~~TCR 

npM HanMCIMM AOCTOBeP- 

H ~ I X  o n p e ~ e n e ~ ~ i  ~ e ~ a -  

COMaTMCleCKMX nOpOA npM 
nPOrH03e MeCTOPO>KAe- 

H M ~  3neMeHTOB XanbKO- 

@ ~ n b ~ o n  rpynnbl 

Ha ypowe PT orpatiwe- 
H M ~  HeT. f lnR CTapWMX 

PaHrOB OueHKa Cpe3a Ha 

cTaAuM anpo6aun~ 

OrpaHMCleHMA HeT 

T e x ~ o n o r ~ g  B ~ I A ~ ~ ~ H M R  n p n 3 ~ a ~ a  

BM3yanbH0e BblAefleHMe. ~ P O C T ~ ~ H C T B ~ H H ~ ~ ~ ~  

aHanM3 AMCnepCMH 3HaCleHklA Ku6 C BblAeneHM- 

eM pe3KOrpaAMeHTHblX 06nac~ei ,  COOTBeTCT- 

BYIOqHX 4enOclHblM 6apbepa~ 

Pe3ynb~a~bl ~ ~ O ~ O ~ M ~ ~ C K M X  H~~JIIOA~HMG. rl PM 
M ~ Y C ~ ~ H M M  TMC C T ~ P W M X  P ~ H ~ O B  (PP, PY, Pn) 
no AaHHblM HeCneuMaflM3MpOBaHHblX pa6o~  
( reonorocbe~o~ l~b~x ,  ~ ~ O X M M M C ~ ~ C K M X  M T.A.) 

BblAeneHMe 30H cna6blx MeTaCOMaTMCleCKMX 

M ~ M ~ H ~ H M ~  MOXeT nPOBOAHTCR no 3KCTpeMy- 
MaM npORBJleHHOCTM MeTaCOMaTQ?a B PaMKaX 

06pa30Ba~MR TMC c~apwero p a ~ r a  ( n p ~ ~ e p  ~a 
PMC. 20) 
B b ~ ~ e n e ~ n e  Ha yposHe PT ~ ~ O M ~ B O A M T C R  c nc- 
nOnb30BaHMeM ~ M H ~ ~ H o ~  nPOAYlCTMBHOCTM 

OpeOnOB no C T ~ H ~ ~ ~ ~ T H O G  MeTOAMKe, Ha ypOB- 
HRX PM, Pn, PY reoxMMMclecKne n o ~ a s a ~ e n ~  

PaCCClMTblBaDTCR no COAePXaHMRM B aHOMaJlb- 

H ~ I X  T O C ~ K ~ X .  Ouen~a cpesa ATn c~apunx   pa^- 
TOE MOXeT nPOM3BOAMTbCFI Ha OCHOBe CJleAyD- 
WerO PRAa 3OHaJlbHOCTM ( C H M ~ Y  B B ~ ~ x ) :  Ba, V- 
Co, Ni-Cr, Mn (3.4.2, 7.2.3.) 

O U ~ H K ~  npOAyKTMBHOCTM, nPOrH03HblX PeCyp- 

COB ~ H O M ~ J ~ M G  C MCWIDCleHMeM KOnMCleCTB Me- 

Tanna, KOHueHTPMPYtO~erOCR Ha PaHHMX 3Ta- 
naX pa3BMTMfl PC, nOCpeACTBOM MCnOnb3OBa- 

HMR K O ~ C ~ @ M L ( M ~ H T ~  a (7.2) 

O u e ~ ~ s a e ~ b ~ e  

x a p a m e p n c ~ n ~ ~ ,  
napaMeTpb1 

 POTH HOB nPOAYK- 
TMBHblX MJlaA- 
LLIMX ClneHOB ATC 

 POTH HOB, 
M ~ C W T ~ ~  

Ypoee~b cpeaa, 
npOrHO3, 

@ O P M ~ ~ M O H H ~ F I  

npvlHaAnex- 
H O C T ~  

Macw~a6 

C o ~ e p x a ~ n e  n p n 3 ~ a ~ a  

PT B A m  PM, Pn npMypOcleHbl K FIAep- 
HblM 30HaM, B npeAeJlaX KOTOPblX, - K 

OTPMuaTeJlbHblM OpeOnaM KuS cna6oA, 
~ M ~ ~ ~ H H o A  MHT~HCMBHOCTM.PT, PM B 

Am PY noKan~3yDTcR B OCHOBHOM B 

npMrpaHHclHblX o6nacr~x R A ~ ~ H O ~  30Hbl 

M 30Hbl06~eHa (Ha WenOClHblX 6apbe- 

pax) 
30HaJlbH0e CTpOeHMe TMC Ha YPOBHRX 

PP, PY, Pn, PM IlpORBnReTCR B 3aKOHO- 

M ~ P H O ~  CMeHe OT UeHTpa CMCTeMbl K fie- 

p~@epmn n p o ~ ~ n e ~ ~ i  ~ ~ c n o r o  ~ e ~ a c o -  
MaTO3a (B~~pMcl~ble KBaPuMTbl, 6epe3n- 

~ b l ,  rpeG3e~b1, a p r ~ n n ~ 3 ~ ~ b l  M ~ p . )  np0- 

R B ~ ~ H H R M M  6onee uenocl~or0 - ~ P O ~ M -  

nMrbl M Apyme TeMHoueeTHble accoqMa- 

~ M M )  (5) 
Ha ypoeHe PT sblAenRtoTcR noneperHaR, 
np0AOnbHaR M BepTMKanbHaR ( Y H M B ~ P -  

canb~afl) 30HaJlbHOCTH nOnOXMTeJlbHMX 

opeonoe aneMetiTos uetiTpocTpeMM- 

T ~ ~ ~ H o R  rpynnbl. m f l  3PM tie npomne- 

~ a .  Ha ypostie PM, Pn, PY ao~anb- 

HOCTb OTPMuaTeJlbHblX OPeOnOB UeHTPO- 
~ ~ X H ~ I X  3neMeHTOB (3.4.2.). 

Macw~a6 M YpOBeHb KOHueHTpauHM PYA- 
HblX 3neMeHTOB Ha KOHeClHblX 3TanaX 

pa3BHTHFI PC OnpeAenReT npOMblWJleH- 

HyD 3HaClMMOCTb 06bena 

Tpynna 
~ P M ~ H ~ K O B  

C ~ p y ~ p -  
Hble 

KOHU~H- 
TPaUHOH- 
H ble 

~ P M ~ H ~ K H  

n03M~Mfl 

MnaAlLlMX 

clneHoB B 

Ar f l  CTap- 
wMX paHrOB 

~ O H ~ ~ ~ H O C T ~  

rMC 

B e m o p ~ a ~  
30HanbHOCTb 

 AT^ 

C~f lepXaH~f l  

PyAHblX 
3neMeHTOB 



rpynna 
npM3HaKOB 

K o H ~ ~ H -  
Tpa4MOH- 

Hble 

Coaepma~ne n p n 3 ~ a ~ a  

n o a ~ a n ~ o e  KotiueHTpHpoeatiMe sneueH- 
TO6 B flpOL(eCCe Pa3BMTHSl CMCTeMbl np0- 

FlBJlSleTCSl B HaJlMClHM @MKCMPOB~HH~IX 

HHTepBanOB co~ep>ttaHklfi 3JleMeHTOB Ha 
KamOM YPOBHe OpraHkl3al\MM Arc, 6 Bbl- 

COKOA MX AMCnepCMM (7.2.1) 

f l~0Fl~JlFle~~Fl AnFl pa3HblX @oPM~L(H~;~ B 

pa3n~' i~b lx  y p o ~ ~ ~ l x  c o a e p m a ~ ~ i  ane- 
MeHTOB, B M3MeHeHHH HX C O O T H O W ~ H H ~  

( K O ~ @ @ M ~ M ~ H T O B  @ o P M ~ ~ H o H H O ~ ~  npM- 
~ a ~ n e m ~ o c ~ m ) .  Pesynb~a~b~ onpeaene- 
HHFl @ O P M ~ ~ M O H H O ~ ~  flpHHaAneXHOCTH no 
reOXMMHreCKHM AaHHblM OflOCpeAOBaHHO 

'iepe3 YpOBeHb 3pO3MOHHOrO Cpe3a M KO- 

B@@MLJM~HT~I  nepepacnpeaeneHHfl ane- 

MeHTOB B 3 d ~ e  rMflepreHe3a (k), BnMSlIOT 

Ha o4eHKy ~acurra6a (7.3, 7.2.2, 7.2.3) 

npbI flepeXOae OT rMC CTapWMX PaHrOB K 
M ~ ~ A W M M  r n e ~ a ~  B O ~ P ~ C T ~ ~ T  c ~ e n e ~ b  

MeTaCOMaTHYeCKMX bl3~eHeHblfi flOpOA 

~ P M ~ H ~ K M  

Mepapx~re- 
CKaFI CTPYK- 

Typa KOH- 

L(eH~pauMfi 
PYflHblX 
3neMeHTOB 

~ O P M B ~ H O H -  

Hag npmaa- 
JleXHOCTb 

PC MJlaAWHX 

pa~ros 

MHT~HCMB- 
H O C T ~  ~ e ~ a -  
COMaTHW- 

CKHX H3Me- 

H ~ H H ~  

O q e ~ ~ s a e ~ b ~ e  

XapaKTepHCTMKM, 
napaMeTpb1 

n p ~  ~ s y r e ~ ~ n  
Mepap~M'ie~Kofi 
CTpyKrypbl A rc ,  
npOrHO3 

~ O P M ~ ~ V I O H H ~ F I  

npmaanem- 
HOCTb, KO~@@H-  

UMeHT OCTaTOCI- 

~ o f i  npogyn~e- 
HOCTM (k), 
YpOBeHb Cpe3a, 

M ~ C U T ~ ~  

Macur~a6 
, 

T ~ X H O ~ O ~ M F ~  sblaenetim n p ~ 3 ~ a ~ a  

AHanM3 AHcnepcm c o a e p m a ~ ~ i  PYAH~IX  3ne- 

MeHTOB. BblaeneHMe MHTepBaJlOB co~ep>ttaHMi 
AnFl Ka>KAOrO YpOBHFl OpraHM3aL(HH Arc C MC- 

nOJlb30BaHMeM 3MflMpMreCKMX (Hanp~ep ,  HO- 

MOrPaMMbl Ha PMC. 27) MJlM MeTOAa K J ~ ~ C C M @ M -  

KaL(MH nPM3HaKa no nJlOTHOCTM PaCnpeAefleHMR. 

rpa@M'iec#oe BblaeJleHMe B M30JlMHMFlX YPOB- 

HeA C O & ~ ~ X ~ H L I ~ ~  ATfl no MkIHMManbHOMy 3Ha- 

reHMlo HHTepeana coaepma~ui Kamoro paHra 
(7.2.1., 7.3) 
M c ~ o ~ ~ ~ o B ~ H H ~  MH)JHKaTOPHblX 3HacleHMA KO- 

~ @ @ H U H ~ H T O B  Q O P M ~ ~ M O H H O ~ ~  npmtiagnextio- 
CTM. BM3yanbHoe CpaBHeHHe paH>KMpOBaHHblX 

no KK PFlAOB KOHTPOJlbHOrO H 3TaJlOHHblX npo- 
f i e n e ~ ~ i i  (7.3.) 

O L ( ~ H K ~  COOTBeTCTBMFl PaHra TMC M MHTeHCMB- 

HOCTM MeTaCOMaTMqeCKMX nP04eCCOB 

T P ~ H M Y ~ I  npHMeHeHnR 

Te me, rTo n npM a ~ a n ~ 3 e  

Mepap~Mre~K0A CTPYW- 

pbl Arc (CM. ~bll l le) 

OrpaHHreHklR HeT 

OrpaHMcleHMi HeT 



FlBnFleTCFl KOHKYPeHTOM CYueCTBYlOuMX Me- 

TOAMK C I I ~ U M ~ ~ M ~ M ~ O B ~ H H O ~ O  n3yqe~m~l Me- 

TaCOMaTMqeCKMX 06pa306a~mi [I 04, 139 M 

AP.]. B TaKOM BapMaHTe OHa MOXeT npMMe- 

HFlTbCR nOnyTH0 npM npOBeAeHMM TeOXMMMcle- 

CKMX p a 6 o ~  nPOM3BOACTBeHHblMM OpraHM3a- 

UMFIMM, KOTOPble, KaK npaBMJl0, He YKOMnneK- 

ToBatibl cneuManmcTaMm MeTacoMaTnqecKoro 

npo@MnFl, a M H @ o ~ M ~ ~ M F ~  0 MeTaCOMaTMTaX, 

B O C O ~ ~ H H O C T M  C J I ~ ~ O ~ ~ O F I B ~ ~ H H ~ I X ,  B reono- 
rOCbeMOqHblX OTLleTaX PeAKa M HeOAHOpOAHa 

no KaqeCTBy. 

0 nnaHe npamMqecKoro M C ~ O ~ ~ ~ O B ~ H M F I  

npM aHanM3e 30HanbHOCTM rMC BeCbMa MH- 

TepeCHble pe3yJlbTaTbl IlOJlyqeHbl 11.D. OB- 
~ M H H M K O B ~ I M  11 231 npM onpeAeneHMn no ceTM 

aKTMBHOCTM BOAOPOAHblX MOHO6 Ha nJlOLlJaAM 

MeCTOpO~eHMFl ( ~ M c .  63). H~CMOTPR H Z  TO, 

 TO Tame OnpeAeneHm npoeoAMnMcb B 

PblXnOM 3JllOBMO-AeJllOBMM, OTqeTJlMBO Ha- 
6 n m ~ a e ~ c ~ l  3aKOHOMepHaR n03MuMFl P Y A H O ~  
30Hbl B OpeOne IlOHMXeHHblX 3HaLleHLli pH 
(<6.2), OTKyAa CJleAyeT, qT0 3HacleHMFI 3TOrO 

napaMeTpa OTpaXalOT He CTOJlbKO KMCJlOTHO- 

~ ~ J ~ o c ~ H o ~  PeXMM @OPMMPOB~HMFI 30Hbl 

OKMCJleHMFl, CKOJlbKO KMCJlOTHO-UeJlOqHble 

c e o i c ~ e a  n p o ~ ~ n e ~ ~ i  r ~ ~ p o ~ e p ~ a n b ~ o i  

AeFlTenbHOCTM. 

B OCHOBy npM3HaKa nOJlHOTbl MepapXMqe- 

C K O ~  CTpyKTypbl K O H L ( ~ H T ~ ~ ~ M ~  3neMeHTOB 

nonoxeHb1 npeAcTaeneHm B.M. f l ~ ~ y n b ~ o  o 
nO3TanHOM KOHueHTPMPOBaHMM PYAHOT0 Be- 

qecTsa B npouecce 3sonmUMoHHoro p a 3 ~ ~ -  

TMFI MHOrOYPOBHeBblX CMCTeM [I 371. Bbl~ene- 

HMe C O A ~ ~ X ~ H M ~ ~  KOHKPeTHblX Y ~ O B H ~ ~  ATIT 
nPOM3BOAMTCFl no qaCT0THblM r p a @ M ~ a ~  PaC- 
npeAeneHm c o ~ e p x a ~ ~ i  Ha urKane MX MH- 

TepBanOB. flpM nOCTPOeHMM TaKMX TP~@MKOB 

amop cnpaeeAnlnso 3a~ec lae~ ,   TO MccneAo- 
BaHMlO AOflXHbl IlOABepraTbCFl TOJlbKO CTBTM- 

CTMWCKM Y C T O ~ ~ M B ~ ~ ~  PaCnpeAeJleHMFl. K0p- 

pemHoe M O ~ ~ ~ K T M B H O ~  peueHMe noc-rae- 
n e ~ ~ o i  3 a ~ a q ~  06ecneq~sae~c~ l  B npeAna- 
raeMoM HaMM anropMTMe cnoco6a ~ n a c c ~ @ ~ -  
KauMM XapaKTepMCTMK no IlJlOTHOCrM PaCnpe- 
AeJleHMFl, B KOTOPOM KOnMqeCTBO MHTepBaJlOB 

npM3HaKa PaCCMaTpMBaeTCFl KaK @YHK~MFI  er0 

AMCnepCMM (pa3~ .  7.4). 
B b ~ ~ e n e ~ ~ b ~ e  ~ m ~ e p a n o r o - r e o x ~ ~ ~ q e -  

CKMe KPMTePMM npOrH03a n03BOnFlKlT YBepeH- 
HO n o ~ a n ~ 3 0 ~ a ~ b  nnoqaAM m c c n e ~ o ~ a ~ ~ i  Ha 
YpOBHe, COOTBeTCTBYlOqeM pa3petUalOueh 

C ~ O C O ~ H O C T M  ~ a c u ~ a 6 a  IlpOBOAMMblX n0MC- 

KOB (~a6n. 13). B ~ e c ~ e  C TeM OLleBMAHO, clT0 

c npMsneqeHMeM reonorwecKMx, r eo@~swe-  
CKMX, MOP@OCTPYKTYPH~IX M APYrMX KPMTePM- 

PHC. 63. ~ ~ ~ O J ~ M H M M  3~a'-Ie~Mn BKTMBHOCTM BOAO- 

POAH~IX MOHOB (no MaTepManaM l1.B. O B ~ H H M -  
KOB~):  
7 - pa3JlOM; 2 - PyAHaR 3OHa; 3 - M30nMHMM 
snare~~i7 pH; 4 - n p o @ ~ n ~ .  

eB HaAeXHOCTb llPOrH03H0-n0MCKOBblX OUe- 
HOK MOXeT 6b l~b  CYLlJeCTBeHHO nOBblLLleHa. 

OAMH M3 reOJlOrMcleCKMX KPMTePMeB - 
BblAeneHue MCTO~HMKOB 3 ~ e p r ~ ~  Ha Bcex 
3TanaX Pa3BMTMFl MHOrOYPOBHeBblX PC - He- 

nocpeAcTseHHo aanoxe~  B anropMTM npo- 
rHO3HO-reOXMMMqeCKMX ~ O C T ~ O ~ H M ~ .  1 1 ~ ~  
reOMeTpM3auMM30HaJlbHblX PC CTaPUlMX PaH- 
rOB (PP, PY, PIT) ~ @ @ ~ K T M B H O  KOMnneKCHOe 

PaCCMOTpeHMe O C O ~ ~ H H O C T ~ ~  re0XMMMqeCKMX 

n0Jlei M 3JleMeHTOB pa3pblBH0i TeKTOHMKM 

(~0Jlb~eBblx CTpyKTyp M J ~ M H ~ ~ M ~ H T O B ) ,  Ae- 
L U M @ P M P Y ~ M ~ ~ X  Ha ~ ~ ~ O @ O T O - ( K O C M O - ) C H ~ ~ M -  

Kax M n M  npM a ~ a n ~ 3 e  ~op@oc~pymyp.  B03- 

MOXHOCTM n p a ~ ~ ~ q e c ~ o i  peanmsauuln ~ T M X  

KpMTepMeB PaCCMaTpMBalOTCR B ~ J l e ~ y l O u e i  

rnase. 
B a x ~ o e  a ~ a q e ~ ~ e  B ~ O ~ H ~ H M M  c~pymyp 

PC MMeKlT Pe3YflbTaTbl O ~ ~ ~ M H O ~ O  MOAeflM- 
poeaHm ~ ~ O @ M ~ M ~ ~ C K M X  nonei. T ~ K ,  
M.K). H O C ~ I P ~ B ~ I M  [I 191 AnFl YpaHOBblX np0- 

n e n e ~ ~ i  S y p e ~ ~ c ~ o r o  MaccMea Aanb~ero 

BOCTOK~ BblFIBJleHa OT'-leTJlMBaFl ne~p0@M3M- 

qecKag ~ O H ~ ~ ~ H O C T ~  (PMC. 64). B HanpaBne- 
HMM OT UeHTpa K nep~@epm TMC MM sblAe- 

nmoTcg TPM n e ~ p 0 @ ~ 3 ~ c l e c ~ ~ e  ~ O H ~ I ,  oTnM- 
claKlqMeCFI KaK B ~ J ~ M ~ M H o ~  ~ ~ ~ T P O @ M ~ M ~ ~ C K M X  

IlapaMeTpOB ( ~ J ~ O T H O C T ~ ,  MarHMTHaFl BOCnpM- 

MML~MBOCT~, yAenbHoe 3 n e ~ r p ~ q e c ~ o e  conpo- 
TMBJleHMe M &I.), TaK M XapaKTepOM MX M3- 

MeHqMBOCTM. Y C T ~ H O B ~ ~ H H O ~  3aKOHOMepHOe 

M ~ M ~ H ~ H M ~  ~ I ~ T P O @ M ~ M ~ ~ C K O ~ O  nonn o-rpaxa- 
eT 3OHaJlbHOe CTpOeHMe rMC, AnFl KOTOPO~ 

BblAenRlOTCFI rMAPOTePMaJlbHO-MeTBCOMaTM- 

qecKMe 0 6 p a s o e a ~ ~ ~ 1  p a ~ ~ e i  q e n o q ~ o i ,  KM- 

cnoTHoro BblqenaweaHnR M n o s ~ ~ e i  qe-  
J ~ o ~ H o ~  C T ~ A M ~ .  

Y C T O ~ ~ M B ~ R  KOPpeJlFluMFl MeTaCOMaTMW- 

CKMX M ~ ~ O @ M ~ M ~ ~ C K M X  nonei omeranacb 

A.0. K O P O ~ ~ ~ H M K O B ~ I M  M AP. I801 npM M3yqe- 

HMM 30JlOTOPYAHblX M ~ C T O P O X A ~ H M ~ .  n o  MX 



PHC. 64. f l e ~ p o @ ~ 3 ~ c r e c ~ a ~ l  MoAenb rHApoTep- 

ManbHO-MeTaCOMaTMcleCKMY CMCTeM Y ~ ~ H O B O ~  

c n e u n a n ~ 3 a u ~ ~  Bra 6ypeM~c~oro MaccMea ( A ~ H -  

Hble M .0 .  Hocblpeea [119]): 
1-3 - CTpOeHMe aHOManbHOr0 ~ ~ T ~ o @ H ~ M ' - ~ ~ c K o ~ o  
nonfi: I - 3 o ~ a  p y ~ o n o ~ a n ~ 3 a u ~ ~  - o6nac~b 

pe3~o ~ ~ @ @ e p e ~ q ~ p o ~ a ~ ~ o r o  ne~po@~3~crec~oro  
nOnFl ( I ~ ~ O T H O C T ~ ,  MarHMTHaR BOCnPMMMclMBOCTb, 

OCTaTOClHafl HaMarHMCleHHOCTb, Ka>KyuMeCR 3JleK- 

TpMreCKOe COIlpOTMBneHMe, I~OPMCTOCT~); 2 - 30- 

Ha 0 6 b e ~ H 0 i  ~ L I A P o T ~ P M ~ J ~ ~ H o ~  npopa60~KM - 
06nac~b cna6o ~ ~ @ @ e p e ~ u L I p o s a ~ ~ o r o  n e ~ p o @ ~ -  

3MYeCKOrO IlOJlFI; 3 - 30Ha JloKanbHofi rMApOTep- 
~aJlbH0R npopa60~KM - 06Jlac~b CpeAHe AM@@e- 
peHuMpoeaHHoro n e ~ p o @ ~ 3 ~ r e c ~ o r o  nom;  4 - 
PyAHble TeJla; 5 - )"iaCTKM JloKanbH0~ rMApOTep- 
~aJlbH0i npopa60~KM. 

AaHHblM 30Hbl LL(eJlOCIHOr0 MeTaCOMaT03a, 

npeAwecTBoeaeluero opyAeHeHwto, MMetoT 

IlOHMXeHHble 3HacleHMR HaMarHMcleHHOCTM. 

110 Mepe n p ~ 6 n ~ ~ e ~ ~ n  K P~AOHOCHOMY yra- 
CTKY HaIlPRXeHHOCTb MarHMTHOrO nOnR M 3H- 

TPOnMR npLIpaueHMR HanpRXeHHOCTM CHM- 

XaK3TCFI, a HaA PYAHblMM YraCTKaMM nOBbl- 

waloTcR (PMC. 65). A n R   OH ~ a r ~ e s ~ a n b ~ o r o  

~ e ~ a c o ~ a ~ o s a  xapaK-repHa 0 6 p a ~ ~ a R  30- 

HaJlbHOCTb @ M ~ M ~ ~ ~ C K M X  IloJleh, npORBJlRt0- 

LqaRcR B cMeHe OT UeHTpa K nep~@epm rMC 
30Hbl aHOMaJlbHOr0 HM3KOrO MarHMTHOrO nOJlFl 

3 0 ~ 0 h  aHOManbHOr0 BblCOKOrO M YMepeHHOrO. 

A ~ a n o r L l ~ ~ b l e  pe3yJlbTaTbl IlOJlyreHbl 

A.B. ~ ~ O X H M K O B ~ I M  (1989) npM M3YcleHLILI 6aM- 

CKOrO 3OnOTOpy,4HOrO MeCTOPO>1C4eHLIR. 3 ~ e c b  

PyAHbIe 3OHbl M nJlOLl(aAb pa3BMTMg 6epe3~-  

TOB npMypOcleHbl K O ~ ~ ~ C T R M  IlOHMXeHHblX 

3 ~ a c l e ~ ~ h  AZ, TorAa KaK B n e p ~ @ e p ~ r e c ~ ~ x  

PHC. 65. C~pyKTypa MarHMTHOrO nOnFl 30nOTOPYA- 

Horo MecTopo>Y4eHm (no MaTepManaM A.0 .  Kopo- 

~ ~ ~ H M K O B ~  M Ap. [80]): 
1 - ~ o J ~ o T o - K B ~ ~ ~ - c ~ J ~  ~ @ M A H  ble XMn bl; 2-4 - I 
O ~ ~ ~ C T M  nOJlOXMTenbHOr0 M HyneBOrO MarHMTHOrO 

nonq ( f l ~ e p ~ a ~  so~a) :  2 - AT 6onee 15, 3 - 5- 
15, 4 -  (-5)-(+5); 5-6- o 6 n a c ~ ~  OTPMua- 

TeJlbHOrO MarHMTHOrO nOJlFl (30Ha 06~eHa): 5 - 
(-5)-(-15), 6- Metiee (-15). 

claCTRX MeCTOPOX,4eHLIR OTMeClatoTCR nono- 
XMTenbHble nonn AZ (pnc. 66). n o c n e ~ ~ n e ,  
no HaUJMM AaHHblM, Y C T O ~ ~ ~ M B O  KOppeJlMpylOT 
CO BTOPLlclHblMM OpeOJlaMbl ~ ~ H T P O ~ ~ X H ~ I X  

3JleMeHTOB ( 3 0 ~ a  0 6 ~ e ~ a ) .  

I l p M ~ e ~ e ~ ~ b l e  IlpMMepbl CBMAeTenbCTBy- 

KIT 0 TOM, ClTO K O M ~ ~ ~ K C H ~ I ~  aHaJlM3 MMHepa- 

n o r o - ~ ~ O X M M M ~ ~ C K V ~ X  M ~ ~ O @ M ~ M ~ ~ C K M X  no- 
Jleh OTKpblBaeT B03MOXHOCTM PeKOHCTPyKUMM 

CTpyKTypbl rMC I l O  ~ ~ o @ M ~ M . ~ ~ c K M M  AaHHblM 

Ha TeOXMMMcleCKM HeM3ycleHHblX YclaCTKaX M B 

qenoM n o 3 ~ o n g e ~  6onee HaAexHo no~annso- 
BaTb IlpOAyKTMBHble PC. 

3 o n o ~ o p y ~ ~ o r o  MecTopoweHM~ (no MaTepManaM 
A.6. .~OXHMKOB~):  

1 - KBapueBble XMJlbl H PYAHble Tens; 2- 06- 
JlaCTb pa3BMTMR 6 e p e 3 ~ ~ o ~ ;  3-5 - 06nac~b IlO- 

JlOXMTenbHOrO n0nR AZ, HTn: 3 - MHTeHCMBHO- 

C T ~ B  0-50, 4 - 50-1 00, 5 - 60nee 100; 6 - 06- 

naCTb OTpMuaTenbHOrO n0nFl. 



P~CCMOTPMM pe3ynbTaTbl flpaKTMclecK0fi 

p e a n m a u ~ ~  npeAnaraeMoro npor~o3~o-no- 

MCKOBOrO aJlrOpMTMa no CTaAM5lM reOnOr0- 

nOMCKOBOr0 IlpOueCCa Ha KOHKPeTHblX npMMe- 

pax. 
B nepeoM npmepe nporHoa PC 0cyuec-r- 

BJlFleTCFl C MCllOJlb30BaHMeM AaHHblX J lMTOXw 

M M ~ ~ C K O ~ ~  CbeMKM no IlOTOKaM PaCCefiHMR 

M ~ c L U T ~ ~ ~  1 : 200000 Y Y ~ ~ ~ ~ M H C K O ~ O  PYAHOrO 

pa f io~a  ( C ~ B .  l l p ~ a ~ y p b e ) .  

P a c c ~ a ~ p L I ~ a e ~ b l f i  p a i 0 ~  HaXOAMTCA B 

npeAenax A n ~ a ~ o - C ~ a ~ o ~ o r o  reo6no~a Cw- 
6 ~ p c ~ o f i  l l J l a ~ @ ~ p ~ b l .  OKOJ~O 30% IlJlOuaAM 
CJlaraloT C T ~ ~ T M ~ L I ~ L I ~ O B ~ H H ~ ~ ~  o6paao~a- 
HMR, npeACTaBfleHHble M ~ T ~ M O P @ O T ~ H H ~ I M M  

IlOpOAaMM H M > K H ~ ~ ~ ~ O T ~ ~ O ~ O ~ C K O ~ O  BO3paCTa, 

HMXHeMeJlOBblMkl OCaAOCIHblMM M BynKaHO- 

EHHO-OCaAOCIH blMM TOJlLL(aMM. WMPOKO np0- 

FlBneH MarMaTM3M OT flPOTeP030R A0 PaHHerO 

Mena BKJltOCIMTenbHO. B qeH~pa.nb~0fi qaCTkl 

kl3ycle~Hofi I l J l O ~ a A M  BblAenReTCA KpynHaR 

rpaHMTOMAHaR MHTPY3MA I ~ ~ o T ~ ~ o ~ o ~ ~ c K o ~ o  

BOspaCTa, K K O T O P O ~  IlPOCTpaHCTBeHHO npM- 
YpOreH  p a c ~ ~ a ~ p k l ~ a e ~ b l f i  P Y A H ~ I ~  p a f i 0 ~  

( ~ M c .  67). Kpyn~ble n03AHetOpCKMe-PaHHe- 

MenOBble rpaHMTOMAHble MaCCMBbl B M A M M O ~ ~  

CBR3M C OpyAeHeHMeM He O ~ H ~ ~ Y > K M B ~ I O T ,  3a- 

HMMatOT ceKyuee nonomeHMe no oTHoueHnlo 

K PYAHOMY P ~ ~ O H Y .  C MHOrOclMCJleHHblMM Ma- 

I nblMM MHTPY3MBHblMM M C Y ~ B Y ~ K ~ H M C ~ ~ C K M M M  

TeJlaMM PaHHeMenOBOrO BO3paCTa CBR3aHbl 

npamvlrecKvl Bce M ~ B ~ C T H ~ I ~  Ha nnouaAM 

I npoRsneHm none3~b1x McKonaeMblx. 

1 P Y A O H ~ C ~ I ~ ~ H H O C T ~  TePPMTOPMM AOBOnb- 
1 HO BblCOKa. B ee IlpeAeJlaX BblSlBJleHbl Me- 

CTOPOX(4eHMR 30JlOTa ( ~ ~ M c K o ~ ) ,  ~0 f lM6Ae~a  
(YyGar~) ,  MH0rO.lMCneHHble npORBneHMR 3TMX 

MeTannos, a Tame pyAonpomneHm M nyw-  
T ~ I  ~ ~ ~ e p a n ~ s a q ~ ~  p e ~ ~ o 3 e ~ e n b ~ b l x  3ne- 

MeHToe, cepe6pa, MeAn, nonMMeTannos. 

COCT~B aHOMaJlbHblX nOTOK0B paCCeRHM5l 

oTpamaeT MeTannoreHMrecKytO cnequranur3a- 

UMtO TePPMTOPMM. 3Aecb YCTaHOBneHbl KOH- 

TpaCTHble nOT0KM paCCeRHM5l Au, Mo, TR, Zr. 
M e ~ e e  KOHTPaCTHble aHOManbHble nOTOKM 

xapamepHbl AnR Pb, Zn, Cu, As, W, Ni, Co, 

Cr, V, Ti, Mn, Ba. 
C MCnOJlb30BaHMeM T P ~ ~ ~ M ~ M O H H O ~  MeTO- 

AMKM llPOrH03a Ha nJlOll(aAM BblAeneHO OKOnO 

Tpex AecgTKoe a ~ o ~ a n ~ f i  paHra Pll ,  no npo- 
rH03HblM PeCYPCaM COOTBeTCTBytO~MX IlpO- 

MblUJleHHblM MeCTOPOweHM5lM Au, Ag, Mo, 
TR, Zr. n e p ~ b ~ e  Tpn s n e ~ e ~ ~ a  5lBnRtOTCR TM- 

nMclHblMM B rMC (m. 3), l lO3MuMR TR M Zr B 

TaKMX CMCTeMaX B HaCTORLl(ee BPeMR He YC- 

TaHOBJleHa. B CB5l3M C 3TMM ~aJlb~efitlJa5l 

, q u l @ @ e p e ~ u ~ a ~ ( ~ ~  a ~ o ~ a n ~ i r l  Au, Mo, Ag no 
flepCneKTMBH0CTM npOM3BOAMnaCb Ha OCHOBe 

CTpyKTypHO-reOXMMMcleCKOr0 MeTOAa npOrH0- 

3a, TR M Zr - no y n p o u e ~ ~ o f i  cxeMe. 

6cKpbl~Me CTpyKTyp rMC OCyLl(eCTBn5lJlOCb 

C MCflOJlb30BaHMeM MYJlbTMflJlMKaTMBHblX Ope- 
onoB BMga AuAg PbZn Mo ( p ~ c .  68), 
AuAg PbZnMolCrVMn NiCo ( p ~ c .  68), ~ K O M -  

IlneKTOBaHHblX 3neMeHTaMM C YYeTOM YHM- 

BepCanbHblX ~ ~ K O H O M ~ ~ H O C T ~ ~ ~  COCTaBa M 

CTPOeHM5l A r l l  ( u e ~ ~ p 0 6 e X ~ b l e  3 J l e ~ e ~ ~ b l )  M 

reOXMMLl~eCKMX O C O ~ ~ H H O C T ~ ~ ~  ( ~ ~ H T P O C T ~ ~ -  

MMTenbHble 3 n e ~ e ~ ~ b l )  M3BeCTHblX Ha fln0- 

uaAM I l p ~ R ~ J l e H k l f i  nOJle3HblX MCKOnaeMblX. 

B pe3yJlbTaTe reOMeTpM3OBaHbl OAHO 

KpynHOe 3OHaflbHOe Ar f l  (3600 KM'), n5lTb B 

er0 IlpeAeJlaX M ABa CaMOCTOFlTeJlbHblX Am 
3OHaJlbHOrO C T ~ O ~ H M ~ ~  llJlOLL(aAbtO COTHM 

KBaApaTHblX KMJlOMeTpOB, a TaWe 6onbwoe 

KOnMcleCTBO HepeAKO KOHTPaCTHblX ~ H O M ~ J I M ~  

HeynopnAoreHHoro CTpoeHm ( ~ M c .  67). no- 
cneawe no n p ~ 3 ~ a ~ y  ~ O H ~ ~ ~ H O C T M  OTHece- 

Hbl K Pa3P5lAY HenepCneKTMBHblX Ha o6~apy-  
XeHMe flpOMblUJleHHOr0 OpyAeHeHMR. 

no nnoqaAHblM napaMeTpaM Ass BblGe- 

JleHHblX YPOBHR 30HaJlbHblX A r f l  OTPaXatOT 

n p o r ~ o s ~ p y e ~ b ~ e  rMC paHros PP M PY 
(~a6n .  4). I/lx 0 6 p a 3 0 ~ a ~ ~ e  x a p a ~ ~ e p ~ 3 y e ~  

ABa PaHHMX 3Tana 3BOntOl(MM TePPMTOPMM 

(PMC. 70). 
f l e p ~ b l i  3Tan CBR3aH C BHeApeHMeM Yy- 

~ ~ W I H C K O ~ ~  MHTPY3LIM, C K O T O P O ~  IlpOCTpaHCT- 

BeHHo conpAxeHa TMC paHra PP B npo-repo- 
30fic~oe BpeMA. ~ O H ~ ~ ~ H O C T ~  CMCTeMbl np0- 

flBJlAeTCR B perMo~anbH0fi aJlb6~~~3aqMM no- 
pOA MHTPY3MM (SlAepHa5l 30Ha) M pa3BMTMM 



PHC. 67. n p o r ~ o 3 ~ o - r e o x ~ ~ ~ l r e c ~ a ~  KapTa 4y6alrHHCK0r0 pyAHoro pano~a ( C ~ B .  n p ~ a ~ y p b e )  

1 - BHelLlHHe KOHTYPbl Am PaHra PP (4 - '-Iy6aclHHCKaR); 2-3 - BHeUJHHe KOHTYPbl Am PaHra PY: 2- 
npOrHO3HpyeM blX nPOAYKTMBH blX PC (a - B T.cl. COBnaAatOuHe C KOJlbueBblMH MOP@OCTPYKT~~~MM) ,  3 - 
HenPOAYlCrHBHblX H MaJlOnPOAYKTHBHblX PC (I - ~ ~ M C K O ~ ,  11 - A ~ C ~ K ~ H C K O ~ ,  111 - flap6klHC~oe, IV - 
~ ~ H K H T C K O ~ ,  V - T ~ ~ ~ H O C C K O ~ ,  VI - 4y6alrMHcKoe, VII - Ka6a~rc~oe); 4 - BHeUJHHe KOHTYPbl nPOrHO- 

3HpyeMblX llpO,4ylcrHBHblX Am PaHra Pn, COBnaAatOuHe C KOJlbueBblMH M O ~ @ O C T ~ ~ K T ~ ~ ~ M H  (1 - 6 a ~ -  
CKOe, 2 - O ~ ~ K O H ,  3 - he sac la^, 4 - Jlap6a, 5 - Aec, 6 - A ~ C ~ K ~ H C K O ~ ,  7 - CHPMKCKO~, 8 - rJly60- 

KOe, 9 - ATyren, 10 - T ~ ~ ~ H c K o ~ ,  11 - ~ Y P K H T C K O ~ ,  12 - 4y6acl~); 5-7- 3 0 ~ a  06Me~a Am paHra: 
5- PP (a - YCTaHOBJleHHaR, 6 - YCJlOBHaR HJlH npe)Jll~Jlarae~aR), 6 - PY, 7 - COBMeueHHaR PP H 

PY; LC9 - RAepHaR 3 o ~ a  A r l l  paiira: 8 - PY, 9 - Pfl H PM; 10 - Am HeynopRAocleHHoro CTpoeHm H 

@Jla~ro~ble 30Hbl KOHueHTPauHM 30HanbHblX A m ;  11-12 - npeAnOJlaraeMble HCTOrHHKH 3HeprHM o6pa- 
30BaHHR rMC PaHra: 11 - PP H py (qy6aclH~C~aR HHTPY3MR I ~ ~ O T ~ ~ O ~ O ~ C K O ~ O  B O ~ P ~ C T ~ ) ,  12- Pfl  
(HMX~eMeJlo~ble ByJlKaHOreHHble 06pa30~a~MR H MaJlble MHTPY3MBHble ~eJla); 13 - rPaHMTOMAHaR MH- 

TPy3HFl BePXHetOPCKOrO-HHXHeMeJlOBOrO BOspaCTa, ~ e @ ~ p M L I p y t O ~ a ~  CTpylcrypy Am 4y6arHHCK0r0 PP; 
14 - MeCTOPOX(4eHHR: a - 39JlOTa ( ~ ~ M c K o ~ ) ,  6 - MoJlM6~eHa (4y6acl~); 15 - PyAOnpORBfleHHR 30flO- 

Ta (cepe6pa); 16 - B H ~ U H H ~  K O H T Y ~  A m  paHra PY p e ~ ~ o 3 e ~ e n b ~ o i  c n e ~ p 1 a n ~ 3 a u ~ ~ ;  17 - yclacToK 
p e ~ ~ o 3 e ~ e n b ~ o n  c n e u ~ a n ~ 3 a ~ ~ ~  (CM. PMC. 71). 
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PHC. 68. ~ ~ O X M M M ~ ~ C K O ~  none AuAg PbZnMo 4y6arkl~c~or0 pyAHOr0 pai I0~a: 

1-3 - 3HacleHHFI K O ~ @ @ M ~ H ~ H T ~  (nx nOJlOXMTeJlbHblX OpeOJlOB: 7 - 0.75-7, 2 - 7-40, 3 - 60nee 
40; 4 - 3KCTpeMaJlbHble 3HaCleHHFI. 

MeHHOM OTPblBe OT IlepBblX AByX B ~e3030i -  

CKOe BpeMFl M CBg3aH C BHeApeHMeM c y 6 ~ y n -  
KaHMqeCKMX TeJl M MeJlKMX rPaHMTOMAHblX MH- 

TPYBM~. OH npomngeTcg B p e r ~ o ~ a n b ~ o i  

6 e p e 3 ~ ~ ~ 3 a q ~ v 1 ,  OKBapueBaHMM IlOpOA ( f l~ep- 
Hag 3 0 ~ a )  M 06pa30~aHMM K ~ J ~ M U J I ~ ~ T O @ M ~ O B  

( a o ~ a  06~eHa). P a ~ r  0 6 p a a y t o ~ ~ x c ~  rMC - 
Pn. OHM OTqeTJlMBO @MKCMPY~OTCR IlOBblLLleH- 

H blMM 3HacleHMflMM qeHTPOCTpeMMTeJl bHblX 

3JleMeHTOB (~Topafl rpaAaqMR OpeOJlOB 

AU Ag PbZn Mo) M COOTBeTCTBYtOUMMM MM 

KOJlbueBblMM ~op@ocTpylcrypa~M ( ~ M c .  67). 
10 3TOMy IlpM3HaKy TPM M3 CeMM BblAeJleHHblX 



PHC. 69. ~ ~ O X M M M ~ ~ ~ C K O ~  none Au Ag PbZn MolVCrNiMnCo 4 y 6 a l r ~ ~ c ~ o r o  pyBHoro p a i o ~ a .  
3HareHMfI K O ~ @ @ M ~ M ~ H T ~  (nx lo-"): 1-2 - OTPMuaTeflbHblX OpeOflOB: 1 - MeHee 10, 2 - 1040;  3-5 - 
n0nOXMTenbHblX OpeOnOB: 3 - 500-2 000, 4 - 2 000-1 0000, 5 - 6onee 10000. 

r l w  3OHanbHOrO CTPOeHMFl 3aBepLUMnM C B O ~  

uMKn Pa3BMTMR H a  YPOBHe PY, TO eCTb M3 

p a 3 p R A a  nepCneKTMBHbIX O T ~ ~ ~ K O B ~ I B ~ ~ O T C R .  

B npeAenax OcTaBuMxc f i  c leTblpex reoMeTpM-  

3OBaHbl A B e H a A u a T b  I lOTeHuManbHblX PYAHblX 

n0Jlefi ( ~ M c .  67), B AeBRTM M3 KOTOPblX np0- 
FlBJleH c l e ~ ~ e p ~ b l f i  3 T a n  3BOJltOuMM CMCTeMbl 

( T ~ ~ T ~ F I  rpaAaum opeonos Au Ag PbZn Mo), 
C@OPMMPOB~BLUM~ rMC P a H r a  PM. 

 TOT 3 T a l l  CBFl3aH C M H T ~ H C M B H O ~ ~  rMAp0-  



30- 

:o i  
?A- 
AM, 

M !4 

30- 

/eT 
TO- 

WI, 
ieii 

PHC. 70. 3Tanbl06pa30Ba~MR M H O T O Y P O B H ~ B O ~  rMC ~ ~ ~ ~ ~ ~ M H C K O T O  PYflHOrO paR0~a: a - PaHra PP, 6 - 
paHra PY, e - paHra Pn, s - paHra PM, d - paHra PT. 
1-3 - MCTOllHMKM 3HeprMM06pa30Ba~MR rMC PaHra: 1 - PP, p y  ( ~ P ~ H M T O I I I ~ ~ H ~ R  MHTPY3MR n ~ 0 T e ~ 0 3 0 ~ -  

. c~o ro  ~oapac~a) ;  2-3 - P n  (2 - c y 6 e y n ~ a ~ n l l e c ~ a ~  M 3 - rpaHMToMgeaR Manbre MHTPY~MM paHHeMeno- 

BOrO B03pacTa); 4 - rPaHMTOMflHaR MHTPY3MFI (J3-K1), ~ ~ ~ C ~ ) O P M M P Y ~ O U J ~ R  CTPYKTYPy rim; 5 - BMeuatO- 

UMe r ~ e i c b l ,  r p a ~ k l ~ ~ r ~ e m ~ b l  (AR2); 6-7 - 30HaJlbHOe CTpOeHMe rMC: 6 - RflepHaR 30Ha, 7- 3 o ~ a  06- 
MeHa; 8 - PerMOHaJlbHble anb6M~M~bl; 9 - npOnMJlMTOBble napareHe3MCbl KOHTaKTOBblX POrOBMKOB; 10 - 
r p e i 7 3 e ~ ~ 3 ~ p o ~ a ~ ~ b l e  nopoflbl; I1 - perMoHanbHble nponMnMTb1 M ~ a n ~ w n a ~ o Q ~ p b ~ ;  12 - perMoHanb- 

Hble 6epe3MTbl; 13 - JlOKanbHble MHTeHCMBHO OKBaPuOBaHHble 6epe3M~bl; 14 - ~Jla60flp0FIBne~~ble 

6epe3MTbl C XJlOpMTOM ( ~ 0 3 ~ 0 ~ ~ 0  ~p0ill lJlM~bl); 15 - 06nac~b Pa3BMTMR MHTBHCMBHO OKBaP40BaHHblX 

6 e p e 3 ~ ~ o e ;  16 - JloKanb~ble 3 0 ~ b l  nMpMTM3auMM; 17 - ~ ~ o X M J ~ K O B O - X M ~ ~ H ~ ~ ~  M XMnbHble PyflHble Tefla; 

18 - Konbueeble p a a n o ~ b ~ ,  Q ~ ~ c ~ p y t o t u ~ e  TMC paHra PY, Pfl. 



C ~ O C O ~ H O C T M  J ~ M T O X M M M ~ ~ C K O ~  CbeMKM M a c -  

w ~ a 6 a  1 : 200000, H e  FIBnFIeTcFl 0 6 ~ 1 3 a ~ e n b -  

HblM YCJlOBMeM 0 6 p a s o s a ~ ~ ~ 1  I l pOAymOB 3a -  

sepwatouero maria ~ ~ ~ B M T M F I  M t i o r o y p o e H e -  

B O ~  CMCTeMbl - C O ~ C T B ~ H H O  PYAHblX Ten .  no 
3 ~ 0 i  I lpMqMHe B pa3pFIA IlepCneKTMBHblX H a  

0 6 ~ a p y x e ~ u l e  npOMblUJ leHHOr0  OpyAeHeHMFl 

BblAeJleHbl  BCe A B e H a A u a T b  A r f l  P a H r a  Pn. 
B c e x  a m x  a ~ o ~ a n ~ i  o n p e A e n n n M c b  

npOrHO3Hble PeCypCbl  3JleMeHTOB (~a6n.  59) 
no MeTOAMKe, M ~ J ~ O X ~ H H O ~  B pa3A .  7.2. n p M  

3TOM OueHKa YPOBHFI 3P03MM nPOBOAMJlaCb C 

~ c n o n b s o ~ a ~ ~ e ~  r p a @ ~ ~ a  2-K3, n p e A c T a s -  

n e H H o r o  H a  p ~ c .  47 (c. 92); o n p e A e n e H M e  

~ o J ~ H o ~  IlpOTFIXeHHOCTM npOrHO3MpyeMOrO 

OpyAeHeHMFl H a  r n y 6 ~ ~ y  - H a  OCHOBe IlpMH- 

u M n a  n o ~ o 6 ~ ~ 1 ,  o T p a x a e M o r o  B c n e A y t o u M x  

COOTHOUleHMFIX [I 791: 

rAe X - K O ~ @ @ M ~ M ~ H T  n o ~ o 6 ~ ~ 1 ;  PK M P3 - 
IlPOAYKTMBHOCTb KOHTPOJlbHOrO M 3TaJlOHHOrO 

( M ~ c T O ~ O ~ ~ H M ~  ~ ~ M C K O ~ )  O ~ ~ ~ K T O B ;  HKnOnH 

M H3non~ - nOJlHaFl IlPOTFlXeHHOCTb H a  my-  
~ M H Y  KOHTpOJlbHOrO M 3TaJlOHHOrO 0 6 b e n o ~ .  

f l0J lyqe~~ble  ~ M @ p b l  nPOrH03HblX PeCyp-  

COB B a 6 ~ 0 J l t o ~ ~ b l ~  3HaqeHMFIX M B CpaBHeHMM 

C pa3BeAaHHblMM 3aI laCaMM M3BeCTHblX PYA- 
HblX O ~ ~ ~ K T O B ,  pe3yJlbTaTbl  OueHKM BePOFIT- 

HOCTM O ~ H ~ P Y X ~ H M F I  PyAHblX T e n  B 3aBMCM- 

MOCTM OT M ~ C L U T ~ ~ ~  P a H e e  I lpOBeAeHHblX no- 
MCKOBblX pa6o-r' HaJlMqMe MJlM OTCYTCTBMe 

npmblx r e o n o r w e c K M x  ~ ~ M ~ H ~ K O B  o p y A e H e -  

HMFI FIBJlFlJlMCb OCHOBaHMeM I lpM OKOHTypMBa- 

HMM YqaCTKOB, PeKOMeHAyeMblX AJlFI AaJlb- 
~ e i u e r o  M B ~ ~ ~ H M F I .  Bcero H a  nnouaAn B ~ I -  

A e n e H b l  Ass yqacTKa  nepeoi o q e p e A M  sa~ep-  
KM ( A ~ ~ c ~ K ~ H c K o ~ ,  C M P M K C K O ~  Am P a H r a  Pn), 
I ~ F I T ~  - B T O P O ~  oqepeAn (Jlap6a, rny6o~oe, 
A ~ y r e i ,  T O ~ ~ H ~ C C K O ~ ,  ~ S ( P K M T C K O ~ )  M OAMH - 
~ o ~ s y q e ~ u l ~ l  ( H e ~ a q a ~ )  ( p ~ c .  67). 

n e p c n e m ~ ~ b ~  TepplnTopMln H a  p e ~ ~ o 3 e -  

MeJlbHOe OpyAeHeHMe CBFI3aHbl C IlOTeHUM- 

aJ lbH0 PYAOHOCHblM y3JlOM I l J lOuaAb to  

475 KM' (PMC. 71), BblAeJleHHblM npM c b e M K e  

no nOTOKaM ~ ~ c c ~ F I H M F I  ( A o M ~ ~ K  M AP., 1984). 
B pesynb~a~e nocneAytouero r e o n o r w e c K o -  

r0 OCMOTpa 3TOT y3eJl  6 b m  npM3HaH 6ecnep- 
CneKTMBHblM. IACTO~HMKOM aHOMaJlbHblX IlOTO- 

KOB, no MHeHMto aBTOPOB, FIBJlFleTCFI PaCCe- 

FlHHaFI BKpanJleHHOCTb aKueCCOpHblX MMHepa- 

JlOB ( M O H ~ ~ M T ,  ~ M P K O H )  BO B M e u a t O u M X  aHO- 

PHC. 71. r e o x ~ ~ ~ r e c ~ o e  cTpoeHMe Y ~ n b r ~ t i c ~ o r o  
flOTeHL(MaflbH0 PYAOHOCHOrO y3Jla: 
1 - COBpeMeHHble M BepXHereTBepTMrHble OTnO- 
XeHMFI; 2 - H H X H M ~  f l p o ~ e p 0 3 0 i .  Ky~ynl lKaHcKaFI 
CBMTa. A ~ @ n 6 o n o e b l e ,  ~ M O T M T - ~ M @ M ~ O J ~ O B ~ I ~  
KpMcTannMrecKne CnaHUbl M r ~ e i c b l ;  3 - H M X H M ~  

f lpo~ep030A.  YMnbclklH~KaFI CBMTa. ~ M O T M T O B ~ I ~  

r ~ e k b l ;  4 - PaHHeMeJlOBble MHTPY3MM TPaHMTOB; 
5 - PaHHeMenOBble MHTpy3HM rpaHOAMOpMTOB; 
6 - Manble HHTPY3MM rpaHMTOMAOB (Kt); 7- ~ a b  
KM rpaHMTOB, f l a ~ f l p o @ M p ~ ~ ,  AMOpMTOBblX  flop@^- 
PMTOB; 8 - p a ~ ~ e f l p 0 ~ e p 0 3 0 i ~ ~ M e  A ~ ~ K M  aflflMTOB, 
flerMaTMTOB, OpTOTeKTMTOB; 9 - ~ P ~ H M T O ~ H ~ ~ C ~ I ;  

10-13 - MeTaCOMaTMreCKMe M3MeHeHMR: 10 - 
MYCKOBMTM3aUM9, 11 - XnOPMTM3aUMR, 12 - OK- 
BapUesaHMe, 13 - ~ M P H T H ~ ~ U M F I ;  14-16 - w n ~ x ~ ,  

0 6 0 r a w e ~ ~ b l e  n o n e 3 ~ b 1 ~ ~  MnHepanaMM: 14 - 
MOHBUMTOM, 15 - OPTMTOM, 16 - UMPKOHOM; 
17 - TeKTOHO-KyflOflbHaFI CTpylcrypa; 18-27 - 
MHTeHCklBHOCTb OpeOnOB Y Ge La Yb (n x 1 0-15): 
18 - 160-620 ( p a ~ r  PP), 19 - 620-7060 ( p a ~ r  
PY), 20- 7060-15890 ( p a ~ r  P n ) ,  21 - 6onee 
15890 ( p a ~ r  PM).  

rAe PC - npoAymMBHocTb  n e p B M q H o r o  opeo- 
Jla; P' - nPOAyKTMBHOCTb COnPFIXeHHblX C 

3TMM OpeOJlOM aHOMaJlbHblX IlOTOKOB PaCCeFI- 



HMFI; k M k '  - K O ~ @ @ M ~ M ~ H T ~ I  O C T B T O ~ H O ~ ~  aAeKBaTHOe IlPOAYKTMBHOCTM YCTaHOBneHHblX 

IlPOAYKTMBHOCTM. nOTOKOB PaCCeFIHMFI. 
6 CBOto OclepeAb nPOAYKTMBHOCTb MOXHO ~ O A C T ~ B M B  (28), (29) B (27), MMeeM: 
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IlpeACTaBMTb CJleAytouMM o6pa30~: 
- (C-cl, )Sf 

P,= ( C ,-KC) x S, (28) ( C C-KC) x S= 
kk' 

I 

PI= ( C' -c',) x s', (29) 

rAe C' M C', - cpeAHeopeonbHoe M @OHO- 

eoe coAepxaHMe B noToKax paccegtivq; S M 

S' - IlJlOuaAb pa3BMTMFI P ~ C C ~ F I H H O ~  MMHe- 
p a n ~ 3 a q ~ ~  M nnouanb cooTBeTcTeytoqero 
opeona B noToKax PaccemMg; KC - mapK 
co,qepxa~.lni Ang r~e f i coe  M KpMcTannMqecKMx 

cnatiqee [179]; Cc - pawewoe cpeAHee 

coAepxatiMe a n e ~ e ~ ~ a  B KopetiHblx nopoAax, 

Pn 

~ ~ M C K O ~  

O n e ~ o ~  

H e ~ a q a ~  

Jlap6a 

Aec 

A ~ C ~ K ~ H C K O ~  

CMPHKCKO~ 

r ~ l y 6 o ~ o e  

Tory~acc~oe  

~ Y P K M T C K O ~  

Y y 6 a r ~  

~ H ~ ~ ~ M H C K O ~  

A O ~ Y C K ~ R ,   TO nnouaAb ~ ~ ~ B M T M F I  nno- 
u a ~ ~ o f i  ~ ~ C C ~ F I H H O ~  ~ u r ~ e p a n ~ 3 a q u r ~  6 n ~ 3 ~ a  

K nnoqaAM cooTeeTcTeytouero opeona, B ~ I -  

AeneHHoro no noToKaM paccemm, T.e. S=S' 
(30) MOXHO 3 a n ~ c a ~ b  B cneAytoueM BMAe: 
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- 
XIO-~%, c1=6.4x ~ ~ = 2 . 7 ~ 1 0 - ~ % ,  

k=026, k1=1.2 BenMYMHa Cc  6 y A e ~  pasHa 
1 9 . 4 ~  3~aFl ,  clT0 CpeAHee H~A@OHO- 

aoe coAepxaHMe ~ T O ~ O  3 n e ~ e ~ ~ a  (KM) B 6 ~ 0 -  

TMTOBblX T H ~ ~ C ~ X  PaBHO 4 ~ 1 0 - ~ %  ( A o M Y ~ K ,  

1981), MOXHO onpegenmb Aonw MTTPMFI, 

CBFI3aHHOrO C P ~ C C ~ F I H H O ~  ~ O P O A H O ~  MMHe- 
- 

paJlM3auMei, M3 COOTHOUJeHMFl KM M C C, KOTO- 

PaFl COCTaBMT 19 %. 
T ~ K M M  06pa30~,  Ha npMMepe MTTPMFI no- 

Ka3aH0, ClTO HapFlAy C ~ ~ C C ~ A H H O ~  MMHepa- 

JlM3auMei B T H ~ ~ C ~ X  AOnXeH nPMCYTCTBOBaTb 

M A P Y ~ O ~  MCTOYHMK aHOMaJlbHblX nOTOKOB 

peAKO3eMenbHblX 3JleMeHTOB. A e i c ~ ~ M ~ e J l b -  

HO, npM PaCCMOTPeHMM MynbTMnJlMKaTMBHblX 

~ H O M ~ J ~ M ~  3TMX 3neMeHTOB C n03MuMi MHOrO- 

aTanHoro p y ~ o r e ~ e 3 a  ( p a 3 ~ .  7.1 ) OTqeTnMBo 

BbIAenRIOTCR YeTblpe YPOBHFI KOHueHTpauMM 

pyAHoro BeuecTsa OT patira PP ~o PM smm- 
YMTeJlbHO ( ~ M c .  29, 6, C. 76). ~ P O C T P ~ H C T -  

BeHHaR nO3MuMFI COOTBeTCTBYIOuMX 3TMM 

YPOBHFIM a ~ o ~ a n ~ i  B reonor~c lec~oi  cpeAe 
( p ~ c .  71) n o 3 ~ o n ~ e ~  npeAnonoxMTb cne- 
AylOuMe CleTblpe 3Tana @OPMMPOB~HMFI 

~ M J ~ ~ C ~ M H C K O ~  Arc. 
n e p ~ b l i  3Tan KOHueHTpauMM ( p a ~ r  PP) 

o 6 y c n o ~ n e ~  CMHreHeTMCleCKMM HaKOnJleHMeM 

peAKO3eMeJlbHblX 3JleMeHTOB B ~ M O T M T O B ~ I X  

r ~ e i c a x  C ~ M ~ ~ ~ ~ M H C K O ~  CBMTbl. ~ T M  nOPOAbl 

OTYeTJlMBO @MKcM~~IOTCFI MYnbTMnJlMKaTMB- 

HblMM OpeOnaMM KUC B KOHTYPaX M3OJlMHMM 

nepeoi rpaAauMM ( p ~ c .  71). B ~ o p o i  M ~ p e ~ ~ i  
3Tanbl ( B T O ~ ~ F I  M TPeTbFl rpaAauMM KUC) CBFI- 

3aHbl C BHeApeHMeM np0r~03Mpye~oi  no 
~ ~ o ~ o ~ o - ~ ~ o @ M ~ M Y ~ c K M M  AaHHbIM MHTPY3MM, 

TOJlbKO ~aClM~alOuei BCKPblBaTbCFl B CBOMX 

anMKanbHblx racmx.  Xapatcrepe~ clew0 npo- 
F I B J ~ ~ H H ~ I ~  C T P Y ~ ~ ~ Y P H ~ I ~ ~  KOHTPOJlb pa3Meue- 

HMFI Am paHra Pn. 3 ~ o  oTpaxaeTcg B npM- 
YPOCleHHOCTM Am ~ y r o o 6 p a a ~ o i  @ 0 p ~ b l  K 

KOJlbqeBOMy pa3JlOMy ( ~ M c .  71), @MKCMP~~O- 

ueMy TetcrOHO-KynOJlbHylO CTPYKTYPY. T a ~ a ~ l  
O ~ C T ~ H O B K ~  FIBJlFIeTCFI T M ~ M C ~ H O ~  AJlFI MeCTO- 

P O ~ ~ H M ~  pe,4KOMeTaJlJlbHOrO M peAKO3e- 
MeJlbHOrO npo@MnFI, CBFI3aHHblX C aJlb6M~M- 

TOBblMM MeTaCOMaTMTaMM. bl HaKOHe4 B KOH- 

Typax opeon06 paHra P n  BblAenmoTcR OTHO- 

CMTeJl bH0 JlOKaJl bH ble (n x I 0' KM') B blCOKO- 

aHoManbHble opeonbl re- rsep~oi  rpagaum 
KUc (PMC. 71), COOTBeTCTBylOuMe Am PaHra 
PM. 

0 nepcnetcrMBHocTm p a c c ~ a ~ p ~ s a e ~ o i i  
Arc CBMAeTenbCTBylOT Tame npFIMble M KOC- 

BeHHble reOJlOrMYeCKMe nPM3HaKM. B YaCTHO- 

CTM, CJleAyeT OTMeTMTb WMPOKOe Pa3BMTMe Ha 

PHC. 72. I~OTOKM PaCCeRHHR MTTPMR YMn ~ ~ M H C K O ~  

nnoqaAM ( ~ a ~ ~ b l e  B.B. A o M ~ ~ K ~ ,  1984): 
1-2 - aHOManbHble nOTOKM PaCCeRHHR MlTpklR, %: 
1 - 1.5-3x 1 03, 2 - 6onee 3x 1 o - ~ ;  3 - KOHTYP 

aiioManbHoro reoxMMMqecKoro yana. 

nnouaAM ner~a-~MTOB, AaeK annwos, KOTO- 

pble B nOTeHL(MaJle MOrYT FlBJlFlTbCFl MCTOYHM- 

KaMM nOBblLUeHHblX C O A ~ ~ X ~ H M ~  peAKO3e- 
MeJlbHblX 3neMeHTOB, ClTO OTMeYaJlOCb Ha CO- 

~ ~ A X ~ H H O ~  TePPMTOPMM. no AaHHbIM WJlMXO- 

B O ~  CbeMKM B IOXHO~ YaCTM pa f io~a  (Kncng- 

KOBa, 1961) B BOAOTOKaX, ApeHMpylOu(MX 

y3en, YCTaHOBneHbl WJlMXOBble OpeOJlbl M He- 

npOMblWJleHHble POCCbInM MOHauMTa M OPTM- 

Ta. 

n p ~  aToM nnouaab Arc xapatcrep~3ye~c~ 

~ p a i ~ e  cna6oi M3YYeHHOCTblO. B YaCTHOCTM, 

UeneHanpasneHHble noMcKM p e ~ ~ o 3 e ~ e n b ~ o -  

ro OpyAeHeHMFI B.B. A O M ~ ~ ~ K O M  6blnM COCpe- 

AOTOCleHbl npeMMyueCTBeHH0 B ~OXHO~,  Hakl- 

MeHee n e p c n e t c r ~ ~ ~ o i  clacTM yana, YTO, Be- 

POFITHO, CBFI3aHO CO cna6oi np0FIBneHHOCTblO 

Am MnaAUJklX PaHrOB npM TpaAMuMOHHOM 

OTPaXeHMkl MOH03JleMeHTHblX IlOTOKOB B BMAe 

~ M H M ~  pa3JlMClHoi TOJluMHbl ( ~ M c .  72). Bce 
3T0 n03BOnFleT OTHeCTM aHOManMlO B pa3PFIpl 

HeAOM3yCleHHblX, ~ ~ ~ C ~ ~ K T M B H ~ I X  Ha o6~apy-  
X ~ H M ~  nPOMblUJJleHHOr0 OpyAeHeHMFl 

(~a6n.  59) M PeKOMeHAOBaTb AnFI AaJlb~eh- 

WMX nOMCKOB. 



AeHHble L(M@pbl HarJlFlAHO AeMOHCTPMPYtOT 

IlPMOPMTeTHOCTb M TeOJlOrM'ieCKYK) 3(t)(t)e~- 

TMBHOCTb IlpMMeHeHMFI Ha IlpaKTMKe COBMeCT- 

Horo a ~ a n ~ 3 a  noBblueHHblx c o ~ e p x a ~ ~ i  
3JleMeHTOB M CTPYKTYP aHOManbHblX TeOXM- 

MMqeCKMX fl0Jlei. 

f l p 0 ~ ~ 0 3  flPOAYKTLlBHblX Arf l  I10 CTaAMFIM 

reoxMMuqecKMx noMcKoB npo~nntocTpMpyeM 

Ha flpMMepe T ~ H ~ K M H C K O ~  I l J l O q a A M  ( C e ~ e -  
po-BOCTOK PO). 

P a c c ~ a ~ p m s a e ~ a ~  nnoqaab pacnonoxe- 
Ha Ha COClneHeHMM ~ ~ H o - K o J ~ ~ ~ M c K o ~  ClUlaA- 
W T O ~  06nac-r~ Me3030MA M B H ~ L U H ~ ~  30Hbl 

OXOTCKO-Y~KOTCKO~O BynKaHOreHHOrO IlORCa. 

K a w o i  M3 3TMX PerMOHaJlbHblX CTpyKTyp CO- 

OTBeTCTBYeT C B O ~  CTPYKTYPH~I~ FIPYC. HMX- 

H M ~  RPYC CnOXeH MHTeHCMBHO AMCJlOUMPO- 

BaHHblMM OCaAOclHblMM TOJlqaMM B ~ P X H ~ ~  

nepMM M TpMaCa M MHTpy3MBHblMM 06pa30sa- 
HMRMM n o 3 ~ ~ e t o p c ~ o r o  ~ o a p a c ~ a  oporeHHoro 
3Tana pa3BMTMR Me3030MA. Bepx~Ll i  - 
IlpeACTaBJleH flO3AHeMeJlOBblMM ByJlKaHMTa- 

MM M KOMarMaTMqHblMM MM MHTPY3MBHblMM 

O ~ ~ ~ ~ O B ~ H M R M M  pawe- M n o a ~ ~ e ~ e n o e o r o  
eoapac-ra. 

B CTPYKTYPHOM IlJlaHe 60Jlb~laR claCTb 

nnolqaAM pacnonoxeHa B npeAenax oAHoro 
&@ 6 .:+!: 7 0 8 a. 6. 9 a 10 M3 OCHOBHblX C O O P Y X ~ H M W  ~ H O - K O ~ ~ I M C K O I ~  

~KJla,Ll,cla~oi o 6 n a c ~ ~  - ARH-~PRXCKO~O aH- 

PHC. 73. f l p o r ~ o 3 ~ 0 - r e o x ~ ~ ~ c l e c ~ a ~  KapTa mro- TMWMHOPMR, B MeTaJlnOreHMqeCKOM OTHOCMT- 
B O C T O ~ H O ~ ~  'iaCTL4 ~ ~ H O - K O ~ ~ I M C K O ~ O  30nOTOHOC- CFI K ~~HO-KOJ~~IMCKOMY 3OJlOTOHOCHOMY nOR- 
HOrO flOFlCa ( T ~ H ~ K M H C K ~ R  flnol~(anb): Cy, flpeMMyu(eCTBeHH0 C 30JlOTblM, B MeHb- 

1-2 - BHewHMe KoHTYPbl Arl1 PaHra PY: I - M3- weii CTeIleHM C OnOBFIHHblM, B O ~ ~ @ P ~ M O B ~ ~ M ,  
BeCTHblX, 2- llPOrH03MPyeMblX (I - A Y C K ~ H ~ M H -  c y p b M ~ ~ b l ~  OpyAeHeHMeM. 
CKaR (PP), 11 - ~ H F I K ~ H C K ~ F I ,  111 - ~ ~ M O H ~ P C K ~ F I ,  Ha flJlOqa,4M M3BeCTHbl ABa 30flOTOpy~- 
IV - YanGblra, V - Apno~, VI - OMC~~K) ;  3-5 - 
CTpOeHMe Am PaHra PY: 3 - 30Ha 06MeHa, 4 - HblX y3Jla (~Mc. 73) - flM0~ep~KMfi ( M ~ C T O -  

RAepHaR ao~a,  5 - opeonbl a n a ~ r o e o ~  ~ O H ~ I  KOH- 
pox,qeHm M r e ~ e ~ o e c ~ o e ,  P o ~ n o ~ o e c ~ o e )  M 

UeHTpauw M Arn  HeynopRnoreHHoro CTpoeHMg; A Y C K ~ H ~ M H C K M ~  ( M ~ C T O P O W ~ H M ~  LU~onb~oe); 

6 - RneptiaR a o ~ a  AT11 paHra Pfl; 7 - npennona- UMPoKo nPOfiBneHa PoccblnHag 3OnoToHoc- 
raeMble MCTOcl HMKM 06pa30~aHMR rMC PaHra PY; HOCTb. 

8-  n p o ~ s n e ~ H ~  p e n ~ ~ x  ~ e ~ a n n o e  (Sn, W, Mo); l l p o r ~ o a  A r f l  Ha YpOBHe PY n p o e o ~ ~ n c ~ ~  
9 - nPoRBneHM9 3onoTa: a - MeCTOPOmeHMR (B ll0 AaHHblM J ~ M T o x M M M C ~ ~ C K O ~  CbeMKM n0 no- 
~ . c l .  1 - U I K O ~ ~ H O ~ ) ,  6- pyAonPoRBneHMR (B T.r. ToKaM pacceFIHMR M ~ C L U T ~ ~ ~  1 :200000. - - oMraK-l); lo-  YqaCToK 3 ~ e c b  BblRBneHbl KOHTpaCTHble OpeOJlbl Au, 
c ~ ~ ~ H ~ M ~ c L L I T ~ ~ H ~ ~ x  p a 6 o ~  ( ~ M c .  74). Ag, AS, W, YMepeHHO- M C ~ ~ ~ O K O H T ~ ~ C T -  

Hble - Pb, Zn, Cu, Sn, Cr, Co, Ni, Mn. 
B UeJlOM, no M3YcleHHOMY P ~ ~ O H Y  npMMe- CfleKTp aHOMaJlbHblX IlOTOKOB PaCCeRHMFI CO- 

HeHMe CTPYICrYPHO-reOXMMMcleCKOr0 MeTOAa OTBeTCTByeT M ~ T ~ ~ ~ O T ~ H M C ~ ~ C K O ~ ~  CneuManM- 
flPOrH03a fl03BOJlFleT JlOKaJlM30BaTb I l J ' l O ~ a A M  3auMM TePPMTOPMM. 

Ha YpOBHe 4%, B KOTOPble BXOART BCe TPMHB- u 3 y C l e ~ ~ e  CTpykTyp Am OCyqeCTBJlRJlOCb 

AL(aTb nOTeHUMaJlbH0 M PeaJlbHO PYAOHOCHblX C MCllOJlb30BaHMeM OpeOJlOB Kw BMAa 

A r f l  paHra Pfl M 2.8% - 3a BblCreTOM paHee AuAsAgW/CrVCoMn, B COCTaB KOTOpOrO 

M3BeCTHblX Pfl. C Y M M ~ ~ H ~ R  flnOu(aAb BCeX BXOART T M ~ O M O P @ H ~ I ~  UeHTPOCTPeMMTeJlb- 

nepCIleKTMBHblX reOXMMMCleCKMX y3JlOB, BblAe- Hble M ~ e ~ ~ p 0 6 e X H b l e  3JleMeHTbl M38eCTHblX 

JleHHblX TPaAMuMOHHblMM MeTOAaMM flpOrHO3a 30JlOTOPYAHblX 06beKT0~ U ~ H T P ~ ~ ~ H O ~  KO- 
( A o M ~ ~ K ,  1981), COCTaBJlFIeT 19.3%. flpul~e- JlblMbl M YYKOTKM [162]. CTefleHb yflOpFIA0- 



cleHHocTM c ~ p y ~ ~ y p  Am oqeHMeanacb Ha oc- 
HOBe 3aBMCMMOCTM hH -q (PMC. 26, C. 72). Ha 
ypome PY ycnoeHo rpaHMclHoe s ~ a c l e ~ ~ e  hH 
Am 3OHanbHOrO M HeynOpFIAOreHHOrO 

CTPOeHMFl COCTaBnFIeT 2~ 1 016. QPY~MMM CnO- 

BBMM, BHe 3aBMCMMOCTM OT BenMClMHbl np0- 

AYKTMBHOCTM flpM hH<2x I 016 A m  COOTBeTCT- 

BYKIT ~ O H ~ M  p a c c e ~ ~ ~ o i  ~ ~ ~ e p a n l n s a u l n ~  M 

HenpOMblLUneHHOMy OpyAeHeHMtO. TMnMcl~bl- 

MM IlpMMepaMM TaKMX A r f l  FIBnFIKITCFI Yc~b- 

OMclyr ( ~ M c .  26), Q Y C K ~ H ~ F ~  M OMclaK-1 

(PMC. 73). Bce OHM X ~ P ~ K T ~ P M ~ Y K I T C F I  B ~ I C O K O ~  

IlpOAyKTMBHOCTbm nOTOKOB PaCCeFIHMFI 3010- 

Ta, C O O T B ~ T C T B ~ ~ O ~ ~ ~  IlpOMblLUneHHblM o6b- 
eKTaM, a TaKXe ~ O B ~ I L U ~ H H O ~  ~ O C C ~ I ~ ~ H O ~  30- 

JlOTOHOCHOCTbm. OAH~KO,  KaK  M CneAOBanO 

OXMAaTb, aKTMBHble nOMCKM KOPeHHblX MeCTO- 

po>yqe~Mi B KOHTYPaX 3TMX ~ H O M ~ J I M ~  K no- 
JlOXMTenbHblM pe3yJlbTaTaM He npMBenM. 

3 0 ~ a J l b ~ o e  CTpOeHMe YCTaHOBneHO AnFI 
UleCTM A r f l  ( ~ M c .  73), ABe M3 KOTOPblX COOT- 

BeTCTBytOT M3BeCTHblM PYAHblM y3naM, reTbl- 

pe - ~ P O ~ H O ~ M P ~ ~ M ~ I M .  n o c n e ~ ~ ~ e  no MOP- 

a o n o r ~ c r e c ~ o ~ y  n p ~ 3 ~ a ~ y  ( p a a ~ .  3.4.1) 
~M@C#epe~uMpOBa~bl no YpOBHm 3pO3MOHHO- 

ro BCKPblTMFI. T ~ K ,  Am M H F ~ K ~ H C K ~ R  M 4an6b1- 

ra x a p a ~ ~ e p ~ 3 y t o ~ c ~ 1  n p g ~ o i  06beM~o i  30- 

HanbHOCTbtO (PMC. 48, Cpe3bl 3-5, C. 93), TO 

eCTb OHM BblBeAeHbl 3~03Mei Ha AHeBHytO 

IlOBepXHOCTb. QJlR AT11 A~AOK,  OMWK np0- 

FIBneHa 06pa~~aFI  30HanbHOCTb (PMC. 48, 
cpesb~ 2, 7), c l ~o  xapamepHo Ang cna6o- M n M  

CMnbH03POAMPOBaHHblX PC, ~103M~MFI 3TMX 

Am no IlepMC#lepMM TPE1HMTOMAHbIX M H T P ) ( ~ M ~ ~ ,  

n p o r ~ o 3 ~ p y e ~ b r x  aHepreTMclecKMx MCTO~~HM-  

KOB (PMC. 73), pa3BMTMe OTHOCMTenbHO HM3KO- 

TeMnepaTypHblX 30nOTOCOAepXa~MX MMHe- 

PanbHblX M COOTBeTCTBytOu_(MX MM TeOXMMMW- 

CKMX a c c o u ~ a u ~ i  (Au, Ag, Pb, Zn, Cu, Sb) B 

CpaBHeHMM C IlpOFIBneHMFIMM YMepeHHO 3pO- 

AMpOBaHHblX Am (Au, AS, W, AS) n03BOnFIeT 

IlPeAnOnOXMTb, clT0 PaCCMaTpMBaeMble Ar f l  
TOnbKO HaclMHatOT BCKPblBaTbCFl (PMC. 48, 
cpes 2). 

B npeAenax 30~anb~b l x  A r l l  paHra PY 
r e o ~ e ~ p ~ 3 a u ~ ~  Am paHra Pn (mx FIAepHblx 

3 0 ~ )  IlpOBOAMnaCb no KOHTYPY M30nMHMM BTO- 

p o i  rpaAaulnln opeonos KM. B b ~ g e n e ~ ~ b ~ e  TPM 

M3BeCTHblX M TPM llPOrH03MPYeMblX PyAHblX 

nOnR (PMC. 73) B CyMMe COCTaBnFIlOT 2.3% OT 

nJ OuaAM TePPMTOPMM. C YcleTOM ~ e o 6 x o ~ ~ -  
M JCTM IlPOBeAeHMFI 3aBePOclHblX p a 6 o ~  Ha 

orAenbHblr yclacmax B npeAenax cna6ospo- 
AMPOBaHHblX Arm APAOK M O M ~ ~ K  YpOBeHb 

n o ~ a n ~ 3 a u ~ ~  T ~ H ~ K M H C K O ~  nnoqaAM AnA no- 

MCKOB COCTaBnFIeT OKOnO 3%. 
P~CCMOTPMM pe3ynbTaTbl ~ O C T ~ A M ~ H O ~  

no~an~3au t -1~  Arc Ha npmepe Q ~ C K ~ H ~ M H -  

cKoro PY (pmc. 73). 
P y ~ ~ b l i  ysen pacnonoxeH B npeAenax 

T a ~ x c ~ o i  CMHKnMHanM AFIH-K)PFIXCKO~O aHTM- 

KnMHanm. f l n o q a ~ b  ysna cnoxeHa ocaAocl- 
HblMM OTnOXeHMFIMM I ~ ~ ~ M c K o ~  CMCTeMbl, 

npOpBaHHblMM ~ ~ B O T ~ H ~ K M H C K M M  TpaHMTOMA- 

HblM MaCCMBOM. K O C ~ B O ~  ClaCTM n0Jl0r0~ aH- 

T M M M H ~ ~ ~ H o ~  CKnaAKM rlpMypOreH 6yprarm~- 
C K M ~  LUTOK rpaHMTOMAHOr0 COCTaBa, C KOTO- 

P ~ I M  napareHeTMclecKM C B F I ~ ~ H O  3 o n o ~ o p y ~ -  

Hoe MeCTOpO>yqeHMe L U K O ~ ~ H O ~ .  f l 0 ~ 0 ~ b l  

woKa B p a 3 n ~ c l ~ o i  cTeneHM rMApoTepManb- 

HO M ~ M ~ H ~ H ~ I  (rpeise~naaumg, 6 e p e 3 ~ ~ ~ 3 a -  

UMFI, aprMnnM3MTM3af&lFI, X ~ O P M T M ~ ~ ~ M R ) .  

~ P O A ~ K T M B H  ble KBapueBO-XMn bH ble PyAH ble 

Tena no~anm3ym~c~ npemMyu_(ecTseHHo B 

npeAenax w-rorta, B eAMHMclHblx cnyrafix - B 

er0 6 n m x a i u e ~  3K30KOHTaKTe. 

Pnc. 74. ~ p o r ~ o 3 ~ o - r e o x ~ ~ n c l e c ~ a ~ l  KapTa pyg~o- 
r0 nOnR W K O J ~ ~ H O ~  ( c o c T ~ B J ~ ~ H ~  C klCilOJlb30BaHM- 
eM MaTepnanos J.H. Senbcla~c~oi): 
1 - B H ~ w H L I ~ ~  KOHTYP Arm PaHra Pn (LUKonbHoe); 
2-3 - cTpoeHne Am paHra Pn: 2 - ao~a  o 6 ~ e -  
Ha, 3 - OpeOJlbl @JlaHr000fi 30Hbl KOHL(eHTPaL(Llkl; 

4 - RAepHaR a o ~ a  AT11 paHra PM; 5 - npegnona- 
rae~b~f i  MCTOCIHMK s~eprnlr 06pa30sa~n~ TMC paw 
ra Pn (Syprarbl~c~ni WTOK); 6 - MecTopoxqeHHe 
W~onb~oe; 7-8 - pygonpoRsneHnR: 7 - sono~a, 
8 - ~0Jlkl6~eHa; 9 - YclaCTOK AeTaJlbHblX pa60~ 
(pnc. 75). 
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PHC. 75. C X ~ M ~ T M ~ ~ C K ~ R  npOrHO3HO-reOXMMM- 

'IeCKaR KapTa MeCTOPOWeHMFI L U K O J ~ ~ H O ~  (no CO- 

CTOFIHMH) M3YCleHHOCTM Ha 01.01.86): 
I -  etieulHMe K O H T ~ P ~ I  A r l l  paHra PM: I-  UeH- 
TpaJlbHaA 30Ha, 11 - OXHaR 30Ha; 2-3 - 30HaJlb- 
Hoe CTpOeHMe AT11 PaHra PM: 2 - 30Ha 0 6 ~ e ~ a ,  
3 - OpeOnbl @Jla~roBofi 30Hbl KOHqeHTPaqMM M 

ATil HeynopHAoreHtioro CTpoeHMq; 4 - A r l l  paHra 
PT ( p y ~ ~ b l e  TeJla M PYAHble 30~bl); 5 - nJlOLqaAb 
pa3BMTMR JloKaJlb~ofi 6epe3~~~3aqMM; 6-7- PYA- 
Hble Tens: 6 - M3BeCTHble, 7 - npOrHO3MpyeMble; 
8 - 30Hbl HenPOMblLUJleHHOrO OpyAeHeHMR M PaC- 
C ~ R H H O ~ ~  MMHepanM3aUMM; 9 - pa3Banbl KBapUe- 
B ~ I X  xMn. 

M ~ Y C I ~ H M ~  Am PyAHOrO n0JlR ~ K o J ~ ~ H O ~  

npOB0,4MJlOCb no AaHHblM J ~ M T O X M M M ~ ~ ~ C K O ~  

CbeMKM I l O  BTOPMrHblM OpeOJlaM PaCCeRHMR 

~ a c w ~ a 6 a  1 : 50000. B pesynb~a~e  aTnx pa- 
6 0 ~  YCTaHOBJleHO TpeX3OHHOe CTpOeHMe Am 
M Ha 3TOM YPOBHe OpTaHM3auMM BeLL(eCTBa 

(pmc. 74). B npeAenax 3 ~ 0 i  CTPYKTYP~I no 
B T O P O ~  rpaaaum opeonoe KuC sMAa 
A u A ~ A s W  BblAeneHa RAepHaR 30Ha Am 
PaHra PM M COOTBeTCTBeHHO YqaCTOK AJlR no- 
CTaHOBKM AeTan bHblX pa6o-r. 

AHan0rllCIHaR MeTOAMKa IlPMMeHRJlaCb 

npM n o ~ a n ~ s a u ~ ~  nnouaAM pyAHoro nonR Ha 

YpOBHe PM no nepBMCIHblM ( M ~ C W T ~ ~  

1 : 2000) M B T O P M ~ H ~ I M  opeonaM ( ~ a c w ~ a 6  
1 : 10000). no  3TMM AaHHblM Ha AeTaJlbHOM 

YqaCTKe reOMeTpM30BaHbl ABe 3OHanbHble 

A m  PaHra PM Ha  OH^ MHOrOqMCneHHblX 

a ~ o ~ a n ~ i  HeynopRfloqeHHoro CTpoeHm 

( p ~ c .  75). B npeAenax 3OHanbHblX Am B ~ I -  

AeneHbl OpeOnbl, COOTBeTCTBytOuMe M3BeCT- 

HblM M llPOrH03MPYeMblM PYAHblM TenaM M 

~ O H ~ M ,  n p o ~ 3 ~ e ~ e ~ a  oueHKa MX ~ ~ O B H R  apo- 

3MOHHOrO Cpe3a M IlPOTRXeHHOCTM Ha r n y 6 ~ ~ y  
[167, 169, 1701 no MeTOAMKe, M ~ J ~ O X ~ H H O ~  B 

p a a ~ .  7.2.3. 
Pe3yJlb~aTbl ~ O C T ~ ~ W ~ H O ~ O  M3ycleHMH pas- 

HOPaHrOBblX reOXMMMcleCKMX n0Jlei CBMAe- 

TeJlbCTBytOT 0 n03TanHOM KOHueHTPMPOBaHMM 

pyAHoro BeuecTsa B npouecce 0 6 p a 3 o ~ a ~ ~ g  

M H O ~ O ~ ~ O B H ~ B O ~  Arc A Y C K ~ H ~ M H C K ~ F I .  flpM 
3TOM BblAenRtOTCFI WTblpe 3Tana 3BOJltOuMM 

CMCTeMbl. 

nep~b lh  3Tan CBR3aH CO CTaHOBJleHMeM 

~ ~ B O T ~ H ~ K M H C K O ~ O  MHTPy3MBHOTO MaCCMBa 

~OPCKOTO ~ o s p a c ~ a  - n p o r ~ o s ~ p y e ~ o r o  atiep- 
reTMqecKoro Mc-roqHMKa A r f l  paHra PY 
(PMC. 73). Ha BTOPOM 3Tane, O ~ ~ C ~ O B ~ ~ H H O M  

npomneHMeM n o 3 ~ ~ e ~ e n o e o r o  ~ a r ~ a ~ n s ~ a  
( ~ Y ~ T ~ ~ M H C K M ~  WTOK), 06pasoeanacb A r f l  
PaHra Pf l  ( ~ M c .  74). ~ O H ~ ~ ~ H O C T ~  COOTBeTCT- 

sytouei rMC BbrpaxaeTcR B p e r ~ o ~ a n b ~ o i  

rpeh3e~M3aL(MM I lOpOA WTOKa M Pa3BMTMM 

~ M O T M T - K O P ~ M ~ ~ M T O B ~ I X  M ~ M O T M T O B ~ I X  OPO- 

rOBMKOBaHHblX I lOpOA B er0 3K3OKOHTaKe. 

TpeTMi 3Tan CBR3aH C pe3~0h ~ K T M B M ~ ~ L ( M ~ ~ ~  

r M ~ p 0 ~ e p ~ a J l b H 0 ~  AeRTeJlbHOCTM C 06pa30- 

BaHMeM nOJlH0npORBJleHHblX 6 e p e 3 ~ ~ o ~  M ap- 

rMJlJlM3MTOB B UeHTpanbHblX qaCTRX o6pa- 
syroueicg A r l l  paHra PM vl x n o p ~ ~ n s ~ p o -  

BaHHblX nOPOA Ha nepM@epMM. Ha qeTBepTOM 

3Tane, no BpeMeHM, BePORTHO, 6 ~ 7 ~ 3 ~ 0 ~  K 

TpeTbeMy, I lpOMCXOAMna aKTMBHaR @MJlb~pa- 

uMR rMAPOTePMaJlbHblX PaCTBOpOB no TPewM- 
HaM C 06pa30Ba~Me~ C O ~ C T B ~ H H O  PYAHblX 

Ten. Ha  TOM ypoBHe gAepHaR 3 o ~ a  npea- 

CTaBJleHa IlPOXMJlKOBO-XMJl bH blMM, XMJl bH bl- 

MM TeJlaMM M OKOJlOPYAHblMM 6epe3M~a~M, 

30Ha 0 6 ~ e ~ a  - flMPMTM3MPOBaHHblMM MeTa- 

COMaTMTaMM, 06pa3y tO~(M~~ B HenOCpeACT- 

B ~ H H O ~  ~ ~ M ~ O C T M  K P ~ A H ~ I M  TenaM (nep~bre 

~ e ~ p b l )  IlMPMTOBble OTOPOCIKM. 

n p 0 B e ~ e ~ H b l i  ~ O C T ~ ~ M ~ H ~ I ~  aHanM3 re0- 

XMMMqeCKMX n0nei Arc A Y C K ~ H ~ M H C K ~ ~ ~  C fl0- 

~ M L ( M ~  fl03TanHOrO KOHqeHTPMPOBaHMSl PYAHO- 

r0 BeueCTBa nO3BOrlMJl Ha KaWOM M3ycleH- 

HOM YPOBHe OpraHM3a~MM MaKCMMaJlbHO JlO- 

~ a n n s o ~ a ~ b  nnouaAM Ann ~ a n b ~ e i u ~ u x  no- 
MCKOB. f lpatmqec~ag p e a r 1 ~ 3 a u ~ ~  npor~os- 
H ~ I X  p e ~ o ~ e ~ ~ a u ~ f i  noATBepA1na reonorwe- 
CKYKI ~ @ @ ~ K T M B H O C T ~  npeanarae~oi  MeTo- 

AMKM ~ ~ O X M M M C I ~ C K O ~  OueHKM C MCnOnb30Ba- 

HMeM CTPyKTYPHO-KOHL(eHTPauM0HHblX npM- 
3HaKOB flPOAyKMBHblX PC. 

K ~ ~ T K O  OCTaHOBMMCR Ha 6onee CnOXHOM 

BapMaHTe npOrHO3a PC B M3BeCTHOM TOPHO- 

PYAHOM p a i o ~ e ,  x a p a ~ ~ e p ~ 3 y r o w e ~ c ~  B~ICO-  

K O ~  CTeneHbtO M3YqeHHOCTM (TOKY~CK~FI  nn0- 

~ a ~ b ) .  



PHC. 77. r e o x ~ ~ ~ c l e c ~ o e  none sonoTa: 
1-4 - MHTeHCMBHOCTb reOXMMMCleCKOr0 nOnR, TIT: 7 - 0.002-0.01, 2 - 0.01-0.05, 3 - 0.05-0.25, 4 - 
6onee 0.25; 5 - Am PaHra Pn: I - B ~ ~ X H ~ M ~ I H C K O ~ ,  11 - A~renbcKOe, 111 - Y ~ V M H C K O ~ ,  IV - OCMHO- 

IX - ~ ~ B O M ~ I H C K O ~ ;  6 - MeCTOPOweHMFI 30nOTa. 

i BOe, V-7 - T O K Y ~ C K O ~ ,  V-2 - 6aiKanbcKOe, VI - C ~ M M ~ T ~ K C K O ~ ,  VII - C O ~ ~ H O ~ ,  VIII - 6 0 ~ 0 ~ ~ 9 ,  . 

V l s y r e ~ ~ a ~  nnoqaAb ( l l p ~ a ~ y p b e )  pac- 
nonoxeHa B u e ~ ~ p a n b ~ o i  qacw Bepx~ece- 
JleMAXMHCKOrO 30nOTOPyAHOrO p a i 0 ~ a .  B 
c ~ p y l ~ r y p ~ o ~  nnaHe otia HaxoAMTcn B Ce- 
J ~ ~ M A X M H O - K ~ ~ ~ M H C K O M  6 n o ~ e  Mo~rono- 
OXOTCKO~ r e o c n ~ m ~ ~ a n b ~ o - c t m a ~ r a ~ o f i  
CMCTeMbl. 

n n o u a ~ b  cnoxetia sepx~enaneo30f ic~~-  

MM, B p a s n n r ~ o i  c-renew M ~ T ~ M O P @ M ~ O B ~ H -  

H ~ I M M  n e c c l a ~ o - ~ ~ ~ B ~ O ~ M T O B ~ I M M ,  aprMnnM- 
TOBblMM, ByJlKaHOreHHO-KpeMHMCTblMM n0PO- 

AaMn. M a r ~ a ~ ~ r e c ~ n e  0 6 p a 3 0 s a ~ ~ ~  npeA- 
CTaBJleHbl ~ o ~ ~ H ~ ~ ~ J ~ ~ o ~ o ~ c K M M M  MHTPY3MFI- 

Mn Kncnoro, cpeAHero M ocHoeHoro coc-raea, 
a TaKXe PaHHeMenOBblMM UTOKBMM rpaH0- 

~ M O ~ M T - ~ O ~ @ M ~ O B  M nOKpOBaMM aHAe3MTOB M 

Aal(MT0B (PMC. 76). 1 T~PPMTOPMFI x a p a ~ r e p n 3 y e ~ c ~  sbrco~ofi 

PYAOHaCblueHHOCTbtO. 3 ~ e c b  BblRBneHbl POC- 

CblnM M KOpeHHble IlpORBJleHMFl 3OJlOTa, B .la- ' 

CTHOCTM KpynHOe MeCTOpO>yqeHMe To~yp,  a i 
TaMe HeCKOnbKO MeJlKMX - ~ H H O K ~ H T ~ ~ B -  I 

CKOe, T ~ ~ H ~ x c K o ~ ,  B ~ ~ X H ~ M ~ I H C K O ~ ,  B o ~ o -  
U.lMnOBCKOe. 

no AaHHblM J ~ M T O X M M M C ~ ~ C K O ~  CbeMKM no 
IlOTOKaM PaCCeRHMfl ~acLIJTa6a 1 :200000 Ha 

nJlOU@AM BblAenRtOTCR aHOMaJlbHble n0JlR 

l(eHTp0CTpeMMTeJlbHbIX 3JleMeHTOB AU 
(pnc. 77), Ag, W, Mo, As, Pb, Zn p a 3 n ~ r ~ o r o  

M ~ C L U T ~ ~ ~  M MHTeHCMBHOCTM. COCT~B 3TMX 



PHC. 78. ~ ~ O X M M M ~ ~ ~ C K O ~  none L ( ~ H T P O ~ ~ X H ~ I X  3neMeHTOB CrVMn NiCo: 
1-2- MHTeHCMBHOCTb OTPML(aTenbHblX ~ H O M ~ J ~ M ~  (~XIO-~): 1 - MeHee 0.5, 2- 0.5-10; 3-4 - MHTeH- 
CMBHOCT~ nonoxMTenbHblx a ~ o ~ a n ~ f i  (n x I o-'): 3 - 80-500,4 - 6onee 500. 

PHC. 79. ~ ~ O ~ H O ~ H O - ~ ~ O X ~ ~ M M C ~ ~ C K ~ R  KapTa TOKYPCKOL~ IlnOUaAM: 
1 - BHeLLlHMe KOHTYPbl Am PaHra PY: I - B ~ ~ X H ~ M ~ I H C K O ~ ,  11 - C ~ M M ~ T ~ K C K O ~ ,  111 - T O K Y ~ C K O ~ ;  2- 
3 - CTpOeHMe ATn PaHra py:  2 - RAepHa9 30Ha, 3 - 30Ha 0 6 ~ e ~ a ;  4-5 - Arm PaHra Pn: 4 - M3BeCT- 
w e ,  5 - npor~o3npye~ble; 6-7 - A m  paHra PM: 6 - M ~ B ~ C T H ~ I ~ ,  7 - npor~o3~pye~b le ;  8 - peKo- 
MeHAyeMble YWCTKkl AflR flOCTaHOBKM C ~ ~ ~ H ~ M ~ C ~ U T ~ ~ H ~ I X  3aBepOclHblX pa6o-r: 1 - 6afiKafl, 2 - C0t03- 
Hblfi, 3 - O C ~ ~ ~ K ~ H C K H ~ .  

PHC. 80. ~ ~ O X L I M M C ~ ~ C K O ~  none ~eHTpOCTpeMMTeJlbHblX 3neMeHTOB AuA~AsWMO: 
1-4 - MHTeHCMBHOCTb reOXMMMCleCKOr0 nOflR (~XIO-~~): 1 - 1-10, 2 - 10-100, 3- 100-1 000, 4 - 
6onee 1 000. 



3JleMeHTOB RBJlReTCR T M ~ O M O P C # I H ~ I M  AJlR 

wnpo~o  npoRsneHHoro Ha nnouagn sono~o- 
Mblu-lbflKoBoro reoxnMnclecKoro Tnna (~a6n .  
53). Cna6o- I4 CpeAHeKOHTpaCTHble aH0- 

MaJlbHble nOTOKkl YCTaHOBneHbl AJlR CJle,4ylO- 

u b l X  3neMeHTOB ~ ~ H T P O ~ ~ X H O ~  rpynnbl: Cr, 

V, Mn, Ni, Co, Ti. 
B C K ~ ~ I T M ~  CTpyKTyp Am PaHrOB PyAHOrO 

y3na OCyueCTBnRnOCb C ulCnOJlb30BaHkleM 

OpeonoB K q ~  Bnga CrVMnNiCo (pnc. 78). n o  
3TMM AaHHblM BblAeneHbl ATn T O K ~ ~ C K O ~  Pl 

~ ~ ~ X H ~ M ~ I H C K O ~  ynOpRAOcleHHOr0 CTPOeHVlR Pl 

Am C ~ M ~ ~ T ~ K C K O ~ ,  AnR KOTOpOrO 30Hanb- 

HOCTb npORBneHa OTHOCklTenbHO cna6o 
(pnc. 78). 

r e o ~ e ~ p n 3 a u n ~  PC patira Pn, PM ocy- 
UecTsnRnacb no KOHTYPY n3onn~n i  B T O P O ~  n 
~ p e ~ b e i  rpagaunn opeonos s o n o ~ a  (pnc. 77) 
I4 KuC (.PVIC. 79). M3 AeCRTkl a ~ o ~ a n k l i ,  BblAe- 

neHHblX no 3TOMY nPkl3HaKyl Tpkl npklypO'4eHbl 

K C# Ina~ ro~o i  3 o ~ e  KoHueHTpaunn (11, VIII, IX, 
PMC. 76) I4 PaCCMaTpLIBalOTCR K a K  HenepCneK- 
TklBHble Ha 06Hapy~eH~e npOMbllLlneHHOr0 

OpyAeHeHulFI. M3 OCTaBlLlklXCR CeMkl, COCTaB- 

nRtOunx 6.4% OT n 3 y ~ l e ~ ~ o i  nnouagn, npo- 
AyKTklBHOCTb ~ ~ ~ X H ~ M ~ I H C K O ~ ,  Y y c l n ~ c ~ o i ,  
TOKYPCKO~ VI C ~ M ~ ~ T ~ K C K O ~  ATn aAeKBaTHa 

MaclLlTa6y kl3BeCTHblX KOPeHHblX ~ ~ o R B ~ ~ H L I ~  

sono~a,  TO ecTb npnpocT 3anac0~ B nx KOHTY- 

pax ManosepomeH. B npegenax 6a i~anb -  

C K O ~ ,  O C M ~ ~ K ~ H C K O ~  t4 C O K ~ ~ H O ~  Arm (3.8% OT 

M ~ Y C ~ ~ H H O ~  nn04aglrl) BblAeneHbl YclaCTKkl g n R  

nOCTaHOBKM C ~ ~ ~ H ~ M ~ C U T ~ ~ H ~ I X  reOXklMMcle- 

CKMX pa6o-r. Ha IlepBOM M3 HMX ( Y ~ ~ ~ C T O K  6a i -  
Kan) IlpOBegeHa JlklTOXMMMcleCKaR CbeMKa n0 

Y c l a c ~ o ~  6aiKan (pnc. 81) cnoxeH B pas- 
nulclH0i CTeneHM C # I M ~ ~ M T M ~ M ~ O B ~ H H ~ ~ M V ~  rJlkl- 
HMCT~IMM CnaHuaMn, anesponnTaMn, Ksapu- 
nOJleBOW~aTOBblMlrl IleCClaHklKaMlrl, CpeAln KO- 

TOPblX OTMeclatOTCR MenKMe UlTOKlrl Irl ~ a i ~ k l  
PaHHeMenOBblX KBapueBblX gklOpulTOB I4 nna- 
rMOrpaHMTOB. O~ag~clHble IlOpOgbl HepegKO 
IlOgBepXeHbl OKBapqeBaHklH, I4 Kap60~a~LI3a- 

4 M M .  M H T ~ H C M B H O ~  OKBapqeBaHkle I4 aH0- 

ManbHO BblCOKlrle COAePXaHlrlR 30nOTa ripe- 
MMy4eCTBeHHO Ha6ntOgatO~~~ B IlnaCTaX 

IleCClaHMKOB, KOTOPble 3aneraH)T CpeAM CpaB- 
HklTenbHO MOuHblX Tonu rJlVlHVlCTblX CnaH- 

uee. 
6 ~ O X H O ~  claCTVl YclaCTKa HaXOAklTCR 30nO- 

TopygHoe npogsnewe C e ~ y p  (pnc. 81), 
BCneACTBlle HM3KOrO COgePXaHMR 30JlOTa VI 

~ a n o i  MOU(HOCTM xnn, OTHeceHHoe K pa3p~-  

AY HenpOMbllLlneHHblX. B CeBepHoi claCrM 

Pmc. 81. C x e ~ a ~ ~ c r e c ~ a ~  reonorMcrecKaR KapTa 
yccac-rlta 6a i~an:  
1 - COBpeMeHHble aJlJlloBManbHble OTJlOXeHMFI; 2- 
3- IlOpOAbl ~ K M M C ~ ~ H C K O ~ ~  CBMTbl Pz2ek: 2- 
aneeponmbl, aprMnnMTb1, K ~ ~ M H M C T O - ~ ~ M H M C T ~ I ~  

CnaHubl, 3 - fleCC(aHHKM; 4 - UITOKM KBapueBblX 
AMOPHTOB paHHeMenoBoro ~ o s p a c ~ a ;  5 - pa3- 
PblBHble HapyUIeHMFI; 6 - 30Hbl IlnO~aAHOrO M 

flpOXMJlKOB0-XMJlbHOrO OKBapueBaHMFI; 7 - flp0- 

rH03MPYeMble HaflpaBJleHMR @ J ~ ~ ~ ~ ~ ~ o ~ ~ o T o K o B  ( ~ a  
pa3pe3e); 8 - PyAOIlpORBJleHMe CeKyp. 

yracTKa B passanax xnnbHoro Ksapua ycTa- 
HOBneHbl COgepXaHklR 3OnOTa A0 nepBblX Ae- 
CFITKOB rpaMMOB Ha TOHHY. 

no p e 3 y n b ~ a ~ a ~  reoxnMnclecKnx nccne- 
A O B ~ H M ~  Ha YclaCTKe BblAeneHbl OpeOnbl ueH- 
TPOCTPeMVlTenbHblX (PMC. 82) VI ~ ~ H T P O ~ ~ X -  

HblX (PMC. 83) 3neMeHTOB, 06pa3ytoune ABe 
TononorwecKn ~ ~ M K H Y T ~ I X  Am paHra PM 
( S a i ~ a n ,  Dpax~oe)  ynopgAocleHHoro cTpoe- 
HMR (pnc. 84). 

Xapatcrep~oi O C O ~ ~ H H O C T ~ H )  A r l l  6aiKan 
(2.4 KM2) RBnReTCR IlpOCTpaHCTBeHHOe CO- 

BMeueHne opeonos sono~a  n qeHTpocTpe- 
MklTeJlbHblX 3neMeHTOB C 3 0 ~ 0 i  0 6 ~ e ~ a  

(pnc. 84), TO ecTb nx n o ~ a n n s a q n ~  Ha u e -  
noclHoM 6apbepe. reo~e- rpnsaqn~ A r l l  paHra 
PT ( ~ Y A H O ~  30Hbl) OCYueCTBnFlnOCb no BTO- 

p o i  rpagauklkl OpeOnOB qeHTp0CTpeMklTenb- 

HblX 3JleMeHTOB (PMC. 82). no nOJlOXeHkltO 

oce i  aTnx a ~ o ~ a n n i  B penbeae npegnona- 
raeTcR nonoroe nagewe B B O C T O ~ ~ H ~ I X  PYM- 

6ax npo r~osnpye~o i  p y g ~ o i  ~ O H ~ I  B sanag- 
HOG ClaCTVl YclaCTKa ul cy6~ep~klKaJlb~oe - B 

BOCTOCIHO~ (pnc. 81). B nepBoM cnyclae pyg- 
Hag 3 o ~ a  cornacyeTcR co CnoncTocTbm oca- 



Pnc. 82. r e o x ~ ~ ~ r e c ~ o e  none UeHTpocTpeMM- 

TeJlbHblX 3JleMeHTOB A u A s A ~  PbM0W: 

1-3 - MHTeHCMBHOCTb OpeOflOB (~xIo-'~): 1 - 
0.05-0.5, 2 - 0.5-5, 3 - 6onee 5. 

AOClHblX nOpOQ, BO BTOPOM - KOHTPOJlMPYeT- 

CFI cy6BepTkl~aJlb~blM pa3JlOMOM. 

Am Apax~oe  (7. I KM') x a p a ~ ~ e p ~ 3 y e ~ c ~  

~ M T M M ~ H O - ~ O H ~ J ~ ~ H O  CTPYKTYPO~ (PMC. 84). 
B ee npeAenax r e o ~ e ~ p w o s a ~ b ~  T ~ M  A r f l  
patira PT, oAHa ~3 KOTOP~IX npMypoqeHa K 

R ~ ~ P H O ~  s o ~ e ,  Ase gpyrmx- K nepur@ep~ur. 

no  COBOKyflHOCTM KOHqeHTpaL(M0HHblX M 

CTPYlCrYPHblX nPM3HaKOB npOMblWneHHOe 

opygeHeHne oxvlAaeTcg TonbKo B n e p ~ o i  n3 

3TMX Tpex Arn .  
Ann K ~ W O ~  M3 BblAeneHHblX npOAyKTMB- 

HblX A r l l  npOrH03Hble PeCypCbl COOTBeTCTBy- 

tOT MenKOMy no 3anaCaM MeCTOPOweHMtO. 

Pnc. 84. f l p o r ~ o 3 ~ o - r e o x ~ ~ ~ q e c ~ a ~  KapTa yracT- 
Ka LaU~an: 
1-2- CTpOeHMe Arf l  PaHra PM: 1 - FlAepHaR 

soHa, 2 - 3 o ~ a  o 6 ~ e ~ a ;  3 - Arl l  paHra PT (pya- 
Hble 30~bl); 4 - BHelllHMe KOHTyPbl Ar f l  PaHra PM: 
I - ba i~a f l ,  1 1  - A ~ ~ x H o ~ ;  5 - PeKOMeHAYeMble 

YraCTKM Af lR IlOCTaHOBKM AeTanbHblX pa6o-r; 6- 
PyAOnpORBJleHMe CeKyp. 

Pnc. 83. r e o x ~ ~ ~ c r e c ~ o e  none U ~ H T P O ~ ~ X H ~ I X  

sneMeHTos CrVMn NiCoTi: 
I - MHTeHCMBHOCTb OpeOnOB BblHOCa (~XIO-15)  - 
MeHee 100; 2-3 - MHTeHCMBHOCTb OpeOflOB npMB- 

Hoca (nx10-15): 2- I 000-10000, 3 - 6onee 
10000. 

B MX npeAenaX PeKOMeHAyeTCR npOM3BOACT- 

BO AeTanbHblx reonoro-reoxn~~qec~vlx pa- 
6 0 ~  M ~ C L U T ~ ~ ~  1 : 10000. 

I l p ~ s e ~ e ~ t i b ~ e  npmepbl npor~o3~0-reo-  

X M M M C ~ ~ C K O ~  OL(eHKM HarJlRAHO MnnK)CTPMPY- 

H)T npeMMy4ecTsa n p e ~ n a r a e ~ o h  MeToAnKM 

npor~osa PC xanb~c@~nbtiof i  c n e q ~ a n ~ s a -  

q M M  no CpaBHeHMK) C C T ~ H ~ ~ ~ P T H O ~  (MHCTPYK- 

T M B H O ~ )  [60], KOTOPble OflpeAenFIKlTCFI ROCTO- 

BePHOCTbH) nPOrH03HblX ~ O C T ~ O ~ H M ~  M 6onee 
xecTKMM ypoBHeM ~ O K ~ ~ M ~ ~ L ( M M  n n o l ~ ( a ~ e i  

Ann ~ a n b ~ e i w ~ x  noMcKoe. 
f l o c ~ o s e p ~ o c ~ b  0 6 e c n e ~ s a e ~ c 9  Mcnonb- 

3OBaHMeM He TOnbKO o ~ ~ ~ I ~ P M H F I T ~ I x  KOHL(eH- 

TPaL(MOHHblX, HO M BblAenFIeMblX CTpywPHblX 

npM3HaKOB PC. H ~ A ~ > K H O C T ~  n0CneAHMX On- 

PeAenneTCR CTaTMCTMqeCKM ~ C T O ~ ~ M B O ~  no- 

3kluMei kl3BeCTHblX O ~ ~ ~ K T O B  B KOHTYPaX 30- 

HanbHblX Am Ha Bcex YPOBHF~X o p r a ~ ~ 3 a q ~ ~  

BeUecTsa [40-42, 137, 160, 168, 171-1731 M 

MX oTcyTcTsMeM B npeAenax HepeAKo npo- 
AYKTMBHblX ~ H O M ~ J ~ M ~  HeYnOPRAOCleHHOrO 

CTPOeHMFI. Pe3yJlbTaTbl npaKTMqec~0k PeanM- 
3aqw p e ~ o ~ e ~ , q a ~ ( ~ k  AnR g a n b ~ e i ~ u ~ x  no- 

MCKOB noATsepx,qatoT reonorwecrcym s@- 
@~KTMBHocT~ flpOrHO3a PC no COBOKynHOCTM 

CTPYKTYPHblX M KOHL(eHTPaL&lOHHblX npM3Ha- 

KO6 OPYAeHeHMFI. 

6onee B ~ I C O K M ~  ypoBeHb n o ~ a n ~ 1 3 a q ~ ~  

n n o w a ~ e i  AocTMraeTcn, 60-nepeblx, 3a cqeT 

MCKJlKNeHMR M3 ~aJlb~ef iLUer0 nOMCKOBOr0 

npoqecca npoAynulmblx a ~ o ~ a n u l i  Heyno- 
PFlAOcleHHOrO CTPOeHMFI, KaK COOTBeTCTBYIO- 



C O ~ ~ ~ C H O  UIMPOKO PaCnpOCTpaHeHHblM 

npegcTasneHmM xmwiecKme aneMeHTb1 no 
flpM3HaKy reOXMMMqeCKOr0 CpOgCTBa, TO eCTb 

MX C O B M ~ C T H O ~  KOHueHTPauMM B OflpeAeneH- 

H ~ I X  n p ~ p o g ~ b l x  CMcTeMax, n o g p a 3 g e n ~ t o ~ c ~  

Ha xanb~o@Mflb~ble, nM~o@Mnb~ble, CMge- 

po@Mnb~ble, aT~o@Mnb~ble. P y ~ o r e ~ ~ b l e  

( P Y A H O - M ~ ~ M ~ T M ~ ~ C K M ~ )  CMCTeMbl XanbKO- 

@MJlb~~fi, B ~ e ~ b ~ e f i  CTeneHM J ~ M T o @ M J ~ ~ H o ~ ~  

c n e ~ ( ~ a n r n ~ a u n ~ ,  @ o p ~ n p y t o ~ c ~  npn amm- 
HOM YclaCTMM @JlloM~o~ I4 PaCCMaTpMBatoTCR 

HaMM KaK rMAPOTepManbH0-MeTaCOMaTMcle- 

CKMe CMCTeMbl (rMC). 
X a p a m e p ~ a ~  clepTa rMC - s a p o x g e ~ ~ e  

M 3 ~ 0 n m u ~ ~  B pemvlMe n o 3 ~ a n ~ o r o  nogBoAa 
BeueCTBa M 3HePrMM M KaK  CneACTBlle MX 

MHOrOypOBHeBOe CTpOeHMe. n o c f l e ~ o ~ a ~ e f l b -  

HOCTb 06pa30~a~MR OT,4enbHblX clJleHOB TBKMX 

cucTeM x a p a ~ r e p ~ 3 y e ~ c ~  cneAytouMM PRAOM 

(OT PaHHMX K I~O~AHMM): rMC PaHra PyAHOrO 

pa f io~a  (PP), pygHoro ysna (PY) - pygHoro 

n0nR (Pn) - PyAHOrO MeCTOPO>KAeHMR 

(PM) - PyflHOrO Tena (PT). ~ T ~ ~ H O C T ~  360- 

nmum onpegenReTcR r e ~ e a ~ c o ~  KoHeworo 

WeHa rMC M PaCnpOCTpaHeHHOCTbto PyAHOrO 

sneMeHTa B 3 e ~ ~ o f i  Kope. P a s ~ o p a ~ r o ~ b ~ e  

rMC 06begM~Rto~~R O ~ U ( H O C T ~ H ~  CMCTeMHblX 

(y~k l~epcanb~b lx )  CBO~CTB COCTaBa M CTpOe- 

HMR, ~ ~ ~ e p a n o r o - r e o x ~ ~ ~ c l e c ~ o f i  asontounn, 
MeXaHM3MOB MaCCOnepeHOCa M PYAOKOHueH- 

TpaunM. 

~ P O & M T M B H ~ I ~  rMC x ~ ~ ~ ~ K o @ H J ~ ~ H o ~ o  

n p o @ ~ n ~  Ha ecex YPOBHRX o p r a ~ ~ a a u ~ ~  B 

noAaBnRtoueM ~ O ~ ~ U I M H C T B ~  cnyclaes xapaK- 
TePM3YtoTCR OTcleTJl MBblM 3OHanbHblM CTpOe- 

HMeM, BblpaxatoqeMcn B cMeHe OT ueHTpa K 

flepM@epMM f l p 0 R ~ n e ~ M i  IlpeMMy~eCTBeHHO 

KBapu-CBeTnOCJltoAMCTblX B C C O L & ~ ~ ~ M ~ ~  (ap- 
rMnnM3MTOB, BTOPMclHblX KBaPuMTOB, 6epe3~- 

TOB, r p e f i a e ~ o ~ ,  ~ Y M ~ ~ M T O B )  IlpOFlBneHMRMM 

TeMHOqBeTHblX a ~ ~ ~ u ~ a u ~ f i  ( I l p ~ ~ M n k l ~ a ~ M ,  
~ L ~ O T M T M T ~ M M ,  flPOflMJlMTOBblMM flapareHe3M- 

CaMM KOHTaKTOBblX POrOBMKOB M ~ . n . ) ,  B ByJl- 

KaHOreHHblX rMC - nOJl€?BOUlnaTOBblMM Me- 

TaCOMaTMTaMM (anb6~~0@Mpa~M,  KaJlMUIna- 

T O @ M ~ ~ M M ,  @ e n b A w n a ~ o @ ~ p a ~ ~ )  Ann rMC 
J ~ M T O @ M ~ ~ H O ~  CfleuMaJlM3aL(MM 30HanbHOCTb 

MOXeT 6blTb nPORBneHa Ha PeTMOHanbHOM 

BYlOuMX aHOMaflbHblX reOXMMMrleCKMX nonek 
(AT1-l). 

Ha OCHOBe aHanM3a 3 ~ a c l ~ ~ e . f l b ~ 0 f i  fl0 

0 6 b e ~ y  MH@OPM~L(MM (CO-~HM Am) YCTaHOB- 

neHbr c ~ c ~ e ~ o o 6 p a 3 y t o u ~ e  reoxMMur.recKMe 

csofic~sa TMC x a n b ~ o @ ~ n b ~ o i i  c n e ~ n a n ~ 3 a -  

UMM. OHM ~PORBnRtOTCR B ~ ~ K O H O M ~ P H O ~  no- 
3MuMM reHeTMcleCKM POACTBeHHblX OpeOnOB 

nPMBHOCa-BblHOCa L(eHTP0CTPeMMTeJl bH blX M 

~ ~ H T P O ~ ~ X H ~ I X  3neMeHTOB, 06pa3ytou~x 

TOnOnOrMcleCKM 3aMKHYTble CMCTeMbl 0 6 b e ~ -  

HO-3OHaJlbHOrO CTpOeHMR. OT UeHTpa K ne- 
pM@epMM BblAenRloTCFl TpM 30Hbl: 

- RgepHaR 30Ha - 06naCTb KOHueHTpauUlkl 

ueHTpOCTpeMMTenbHblX M AeKOHueHTpa- 

4MM ~ ~ H T P O ~ ~ X H ~ I X  3neMeHTOB; 

- a o ~ a  o 6 ~ e ~ a ,  x a p a ~ ~ e p ~ 3 y t o u a ~ c ~  AMa- 

MeTpanbHO flpO~rMBOflO~OXHblM CneKTpOM; 

- @Jla~ro~aR 30Ha KOHueHTPauMM - 06- 
naCTb IlOBbIlJJeHHblX ~ogep>i<a~Mfi UeHTPO- 

CTpeMMTenbHbIX 3neMeHTOB npM cy6@o- 
HOBblX L ( ~ H T P O ~ ~ X H ~ I X .  

C O C T ~ B  L(eHTp0CTpeMMTenbHblX 3JleMeH- 

TOB o'rpaxae-r MeTannoreHMclecKyto cneuna- 
JlM3auMto COOTBeTCTBytouHX rMC. CneKrp 

~ ~ H T P O ~ ~ X H ~ I X  3neMeHTOB BHe 3aBMCMMOCTM 

OT paHra Am yHMsepcaneH [Ca, Mg, Fe, Ni, 
Co, Mn, Cr, V (Ba, Ti, Sc, Sr)], C~TO npegonpe- 
AenReT BO3MOXHOCTb UIMPOKOrO MCnOJlb30Ba- 

HMR Y C T ~ H O B ~ ~ ~ H H O ~  3aKOHOMePHOCTM B np0- 

rH03HblX flOCTPOeHMFIX. 

~ P M  K ~ ~ ~ C T B ~ H H O ~ ~  OAHOPOAHOCTM CfleK- 

Tpa ~ ~ H T P O ~ ~ X H ~ ~ X  3JleMeHTOB AnFl A r f l  
cTapuMx p a ~ r o ~  (PP, PY, Pll), npegnonoxM- . 
TenbHo 6onee xapamepHbr Mg, Fe, Co, Ni, 
Mn, Sc, Torga KaK gnn nonei;r noKanbHoro 

ypoBHFl (PM, PT) flPMOPMTeTbl CMeU(atoTCFI B 

CTOPOHY Ca, Sr, Ba, Cr n p ~  C K B O ~ H O ~  nosm- 
L(HM V M Ti. Ha KOHKPeTHOM YPOBHe OpraHM3a- 

L(MM CTpylcrypa YCnOXHReTCR B ~ K T O P H O ~  

3OHaJlbHOCTbto no BOCXOARuMM HaflpaBneHM- 

RM @J~K)MAO~OTOKOB B R A ~ P H O ~  30He. Ha 
YpOBHe PT 3Ta 30HanbHOCTb IlPORBflReTCFl 

AnR OpeOnOB npMBHOCa ueHTpOCTpeMMTenb- 



HblX 3JleMeHTOB M XaPaKTepM3yeTCR M3BeCT- 

HblM YHMBePCaJlbHblM PFiAOM [126]. A n R  A r l l  
CTapWMX PaHrOB YCTaHOBJleH I l peMMyueCT-  

B ~ H H ~ I ~  BblHOC ~ ~ H T P O ~ ~ X H ~ I X  3JleMeHTOB: C 

r n y 6 0 ~ ~ x  rOpM3OHTOB - Ba M V, M3 CpeAHMX 

c l a ~ ~ e i  - CO M Ni, C BePXHMX rOpM3OHTOB - 
Cr M Mn. B b l 5 l ~ J l e ~ ~ a 5 l  3aKOHOMePHOCTb MMe- 

e T  TeHAeHuMM K YHMBePCaJlbHOCTM. 

A H T ~ T O H M ~ M  XMMMcleCKOrO COCTaBa RAeP- 

H O ~  30Hb l  M 30Hb l  0 6 ~ e ~ a  A r l l  XOPOWO 06b- 
5lCH5leTC5l C I l03k luMi  KOHBeKTMBHOrO TellJlO- 

M a c c o n e p e H o c a  [215,216]. Xapamep~oi  oco- 
~ ~ H H O C T ~ ~ O  K O H B ~ K T M B H O ~  MOAeJlM 5lBJl5leTC5l 

HaJlMCrMe KaK BOCXOAFIuMX @ ~ ~ K ~ V I ~ O ~ O T O K O B ,  

TaK M n a T e p a n b H b l x ,  HMCXOARLL\MX M tianpas- 
JleHHblX BHYTPb CMCTeMbl. Ha n p M M e p e  nJly- 
T O H O ~ ~ H H O ~  rMC nOKa3aH0, ClTO TaKOe pas- 
HOOpMeHTMpOBaHHOe ABMXeHMe ~ a ~ p 0 0 6 b e -  
MOB @ J l t O k l ~ 0 ~  MOXeT  6 b l ~ b  06ecnecre~o CO- 

BOKYnHblM A ~ ~ C T B M ~ M  PerMOHaJlbHOrO rpaAM-  

eHTa  T e M n e p a T y p b l  M AaBJleHMR M J l o~aJ lb~o i  
aHM30TpOnMM ~ e p ~ 0 6 a p M q e c ~ o r o  IlOJlR, 

BCJleACTBMe B03HMKatOuMX B ~ ~ K P ~ I T O ~  He -  

PaBHOMepHO ~ O ~ M C T O ~  CMCTeMe R B J ~ ~ H M ~  

c x a T m  (~anopa) M p a 3 p ~ x e ~ n ~  ( ~ a ~ y y ~ a ) .  
M H O ~ O K ~ ~ T H ~ ~ ~  uMPKYJlF14MFI PaCTBOPOB no 

3aMKHYTOMY UMKJlY B 3aKOHOMePHO MeHFIK3- 

uMXC5l KklCJlO-rH0-ueJlOCrHblX YCJlOBMFIX Onpe -  

AeJl5leT B ~ ~ L ( ~ C T B ~ H H O - M M H ~ ~ ~ J I ~ H ~ I ~  COCTaB 

M IlpOCTpaHCTBeHHO-BpeMeHHble COOTHOWe- 

HM5l 06pasy tou~xc~  MeTaCOMaTMqeCKMX no- 
pOA 5 l ~ e p ~ o i  30Hb l  M 30Hb l  0 6 ~ e ~ a ,  XapaKTep 

M HanpaBJleHHOCTb I lpOueCCOB M O ~ M J - I M ~ ~ ~ M M ,  

TpaHCnOpTa M OCa>yqeHMR XMMMqeCKMX KOM- 

n0HeHTOB. f lpM 3TOM BeKTOPbl MMrpauMM ueH-  

TpOCTpeMMTeJlbHblX 3JleMeHTOB HanpaBJ leHb l  

OT nepM@epMM K UeHTPy CMCTeMbl, UeHTPO- 

6 e X ~ b l ~  - B O ~ ~ ~ T H O M  HanpaBJleHMM. B Ta- 

KOM CJlyclae no OTHOWeHMtO K ueHTPOCTpeMM- 

TeJlbHblM (PYAH~IM) 3J leMeHTaM 30Ha  0 6 ~ e ~ a  
5lBJl5leTC5l 0 6 J l a c ~ b t O  nMTaHMR, 5lAepHa5l 30-  

H a  - p a s r p y s ~ ~ .  
3~0J lK3uM5 l  MHOrOyPOBHeBblX rMC B no- 

c n e A o s a T e n b H o c T n  OT C T ~ P W  MX K MnaALuMM 

clJleHaM CMCTeMbl B P e X M M e  M H O ~ O ~ ~ ~ O B O ~  

~ 0 6 ~ n ~ s a u ~ ~  PyAHOrO B e u e C T B a  M3 BMe-  

LL(atOLL(er0 C Y ~ C T P ~ T ~  OnpeAeJl5 leT 3TanHOCTb 

~ P O u e C C O B  PyAOKOHueHTPauMM. ~ T ~ ~ H O C T ~  

nOATBep>yqaeTC5l B 3MnMpMcreCKM YCTaHOB- 

JleHHOM KBaHTOBaHMM ~ C l ~ e p X a ~ k l i  PYAHblX 

3JleMeHTOB no P a H r a M  MHOrOypOBHeBblX CMC- 

TeM, qTO npORBnReTC5l B IlOJlMMOAaJlbHOM 

o 6 n ~ ~ e  KPMBblX nPOrH03HblX PeCypCOB. 

K O H ~ ~ H ~ I M  nPOAYKTOM n 0 3 T a I l ~ 0 i  KOHueH- 

TpauMM PyAHblX KOMnOHeHTOB 5lBJlRtOTC5l B 

p a 3 J l M q ~ o i  CTeneHM MMHepaJlM3OBaHHble 

YClaCTKM (Am PaHrOB PM, PT), B TOM ClMCne M 

MeCTOPO>yqeHM5l. fl0 3MllMPM'-IeCKMM AaHHblM 

YCTaHOBJleHO, ClTO M ~ C U I T ~ ~  P Y A H O ~  MMHepa- 

n ~ s a u ~ ~  (P, q) o n o c p e A o s a H H o ,  crepes Mac -  

w ~ a 6  rMApOTepMaJlbHOr0 I lpOueCCa,  CBR3aH C 

MHTeHcMBHocTbm n e p e p a c n p e A e n e H M R  u e H -  

T P O ~ ~ X H ~ I X  3JleMeHTOB H a  BCeX YPOBH5lX OP- 

r a ~ n s a u ~ ~  cMcTeM (PT - PIM - Pfl - PY, PP), 
a COOTBeTCTBeHHO M CO CTeneHbtO npO5lBJleH- 

HOCTM 0 6 b e ~ ~ 0 i  T ~ O X M M M ~ ~ ~ C K O ~  30HaJlbHO- 

CTM. Y C ~ W H H O C T ~  IlOJlHOrO UMKJla Pa3BMTMFI 

TMC, @ ~ ~ c ~ p y e ~ a f i  B n o m n e H m  q n e H o s  c 
XaOTMqHblM CTpOeHMeM, npMBOAMT K 3aTyXa- 

HMK3 rMAPOTePMarlbHOr0 r l p O ~ e C C a ,  BblCOKMe 

KOHueHTpauMM PyAHblX 3JleMeHTOB, COOTBeT- 

c T B y m u n e  cMcTeMaM M n a A w e r o  p a H r a  (PM, 
PT), H e  AOCTMratOTC5l M M ~ C T O ~ O > ~ ~ ~ H M ~  H e  

0 6 p a 3 y e ~ c g .  B 3 ~ 0 i  CBR3M CTeneHb  YnOPRAO- 

qeHHOCTM CTpyKTyp pa3HOpaHrOBblX AT11 M 

KBaHTOBaHMe C O A ~ ~ X ~ H M ~  PYAHblX 3J leMeH- 

TOB B MHOrOYPOBHeBblX CMCTeMaX PaCCMaT- 

pMBatOTC5l KaK B ~ X H ~ ~ W M ~  M H e n p e M e H H b l e  

npM3HaKM KOHueHTPMPOBaHHOrO OpyAeHeHMFi 

x ~ J ~ ~ K o @ M J ~ ~ H o ~ o  npo@MJlR H a  BCeX CTaAMFIX 

nOMCKOB. 

k l 3 J l o X e ~ ~ b l e  B M W e  TeOpeTMcreCKMe B03- 

s p e ~ ~ ~ i  n e x a T  B o c H o B e  n p e ~ n a r a e ~ o i  M e -  

TOAMKM 1-lpOrHO3a IlPOAYKTMBHblX PyAOreHHblX 

cncTeM,  onnpatoueic~ H a  cepMtO TpaAnuM-  

OHHO MCnOJlb3YeMblX KOHueHTPauMOHHblX M 

BblAeJl5leMblX CTPYKTyPHblX TeOXMMMqeCKMX 

npM3HaKOB. 3 ~ a  MeTOAMKa npeAyCMaTpMBaeT 

CJl€?AytOLL\ytO IlOCJleAOBaTeJlbHOCTb OCHOBHblX 

onepau~i :  
1. B b l A e J l e ~ M e  MOHO- M nOJlM3JleMeHTHblX 

opeonoe H a  ~ ~ H ~ W ~ @ T H O - ~ ~ O X V ~ M M ~ ~ ~ C K O ~  

OCHOBe, OueHKa MX nPOAYKTMBHOCTM. 

2. r e o ~ e ~ p n 3 a u ~ ~ i  p a s ~ o p a ~ r o ~ b ~ x  Ar l l ,  
OueHKa ynOP5lAOcleHHOCTM MX CTPYKTYP. 

. 3. O U ~ H K ~  nPOrH03HblX PeCypCOB Ar l l .  
4. no COBOKYnHOCTM reOXMMMqeCKMX, Be-  

UeCTBeHHO-MMHepaJl b H  blX, T ~ H ~ T M ~ ~ C K V I X  

( a ~ a n m  MCTO~~HMKOB B e u e c T B a  M a ~ e p r ~ ~ ) ,  
~ o p @ o c ~ p y t n y p ~ b ~ x ,  reo@ns~crec~~x  M Apyrrnx 
IlOMCKOBblX rlpM3HaKOB I-lPOrHO3 PC C BblAe-  

JleHMeM YqaCTKOB I M 11 OqepeAM M3yqeHM5l. 

reo~e~pnsaunh A r l l  n p e A c T a B n g e T c R  

p a u M o ~ a J l b ~ 0 i  C MCllOrlb3OBaHMeM OpeOJlOB 

~ ~ H T P O ~ ~ X H ~ I X  3JleMeHTOB (Ku6 M KH) MJlM 

nocne H ~ ~ H ~ C I M T ~ ~ ~ H O ~  a A a n T a u w -  B p a w  
KaX CyueCTBytOu(MX n p 0 r p a M M H b l X  CpeACTB 

(ACOA TEOllOJlE). C T e n e ~ b  ynOp5 lAO~eHHO-  

CTM c ~ p y ~ ~ y p  A r l l  n p e g n a r a e T c R  oueHv leaTb  

no COOTHOWeHMtO ~ ~ O A ~ K T M B H O C T ~ ~  OpeOJlOB 

IlpMBHOCa-BblHOCa ~ ~ H T P O ~ ~ X H ~ I X  M UeHTPO- 

CTPeMMTeJlbHblX 3JleMeHTOB (kHz+ PH/ -~ 'H ,  



hub=+ Pu6/-pfuS). 

J l o ~ a n ~ 3 a q ~ ~  M n a g w M x  q n e H o e  A r c  (MX 

RAePHblX 3 0 ~ )  npM MenKO- ( A m  P a H r a  P I ,  
PM), c ~ ~ ~ H ~ M ~ c L U T ~ ~ H ~ I X  (PM) MccneAoBa-  

HMRX PauMOHaflbHa C n 0 3 ~ 4 M i  n03TanHOrO 

KOHueHTPMPOBaHMFI PyAHOrO BeU(eCTBa B 

npouecce p y ~ o o 6 p a 3 o ~ a ~ ~ ~ ,  c ~ c n o n b s o s a -  

HMeM n p e A n a r a e M o r o  a n r o p m h n a  cnoco6a 
K J ~ ~ C C M @ M K ~ ~ M M  XapaKTepMCTMK no nnOTHOCTM 

p a c n p e g e n e H m    pas^. 7. 4.). 
O ~ ~ H K Y  nPOrH03HblX PeCypCOB IlpeAJlara- 

eTCR OCyU(eCTBflRTb B TPaAMuMOHHOM BapM- 

aHTe  [60], onnparrcb H a  c n e A y t o u M e  ycTa-  

HOBfleHHble 3aKOHOMePHOCTM, PeKOMeHAYe- 

M b l e  cnoco6bl M I lOJ lyWHHble  pe3yJlbTaTbl  

o n p e A e n e H m  qacTHb lx  n a p a M e T p o B  M xapaK-  

TePMCTMK JlMTOXMMLlcIeCKMX ~ H O M ~ J I M ~  M np0- 
r ~ o 3 ~ p y e ~ o r o  o p y A e H e H m :  

1. n o n ~  6 a n a ~ c o ~ b i x  p y ~  a H a x o A m c R  B 

@ Y H K ~ M O H ~ ~ ~ H O ~  3aBMCMMOCrM OT P a H r a  

(nJ l oU(a~M)  Am M PaCnpOCTpaHeHHOCTM 

r n a e H o r o  KoMnoHeHTa n p o r ~ o 3 ~ 1 p y e ~ b l x  p y ~  B 

XMHO~ KOpe. 

2. ~ H ~ V ~ H M R  K O ~ @ @ M ~ M ~ H T O B  O C T ~ T O ~ ~ H O ~  

. IlpOAyKTMBHOCTM k M k' OnpeAenFltDTC5l MHO- 

rMMM @ ~ K T o ~ ~ M M ,  BJlMRHMe KOTOPblX 6 0  MHO- 

TOM eqe HeAOCTaTOClHO MCCJleAOBaHO. A n R  

30JlOTOPYAHblX 06beKT06 YCTaHOBneHa 3aBM- 

CMMOCTb k OT KPYTM3Hbl CKJlOHOB M c y J l b @ M ~ -  

HOCTM PYA. ~ H ~ ~ ~ H L I R  k' CYueCTBeHHO 3aBM- 

CRT OT MeTOAa ~ ~ O ~ O ~ O ~ ~ O T O B K M  ( C T ~ H A ~ ~ T -  
H a g  PaCCMTOBKa M MOKPaR c e n a p a ~ M R ) .  n p M  

M O K P O ~  CenapauMM B HeCTa4MOHapHOM BOA- 

HOM ~ O T O K ~  npOMCXOAMT ~ ~ C C H C T ~ M H O ~ ,  H e  

nomatoweecsl ycteTy p a s y 6 o x ~ ~ a ~ ~ e  npo6b1, 
qTO HeraTMBHO CKa3blBaeTCR H a  HaAeXHOCTM 

n p o r ~ 0 3 ~ 0 f i  OueHKM. 

3. B aHOManbHblX TOqKaX ( T O ~ K ~ X  onpo6o- 
~ a ~ ~ r r )  rMnepreHHblx  opeonoe ycTaHoBneHa  

oTlreTnMBaR ~ ~ @ @ e p e ~ q ~ a q ~ f i  r e o x M M w e -  

CKMX ~ C C O L ( M ~ L ( M ~  B KOOPAMHaTe BblCOT, COOT- 

BeTCTBytOuaR YHMBepCaJlbHOMY PRAY 30 -  

HaJlbHOCTM (PT) M PRAY OTHOCMTeflbHOrO Bbl- 

HOCa U ~ H T ~ O ~ ~ X H ~ I X  3JleMeHTOB (PM-PY). 
3 ~ a  3aKOHOMePHOCTb peaJlkl3yeTCR B npeAJla- 
r a e M o M  cnoco6e oUeHKM y p o e ~ ~  cpesa PT M 

A r l l  c T a p w n x  pawoe. 
4. O n ~ M ~ a n b I i b l ~  reOXMMM.leCKMM naps- 

M e T p o M  y c n o s ~ i  sane ra~~ r r  PYAH~IX  3 a n e x e i  

RBllReTCR nOKa3aTenb aCMMMeTPMM IlOABMX- 

HOCTM 3neMeHTOB (IAn), C MCnOnb3OBaHMeM 

KOTOPOrO B03MOXHa KOJlMcleCTBeHHaR 04eHKa  

YrJlOB naAeHMR HalUlOHHblX PYAHblX T e n .  Ka- 
WCTBeHHag  M A ~ H T M @ M K ~ ~ M F I  OpyAeHeHMR 

KPYTOrO M c ~ ~ B ~ ~ T M K ~ J ~ ~ H o ~ o  3 a n e r a ~ ~ r r  60- 
nee H a A e x H a .  

5. no pe3ynbTaTaM M3YLleHMR TeOXMMMCle- 

CKMX XapatcrepMcTMK 78 s o n o ~ o p y ~ ~ b r x  npo- 
R B J ~ ~ H M ~ ~  yCTaHOBneH0, clTO KOnMqeCTBeHHble 

COOTHOLUeHklR C O A ~ ~ X ~ H M ~  XMMMCleCKMX 3Jle-  

MeHTOB RBJlRtOTCR HaAeXHblMM MHAMKaTOPa- 

MM ~ J ~ Y ~ M H H O C T M  MX @OPMMPOB~HMR M B e w e -  

CTBeHHO-MMHePaflbHOrO COCTaBa. C 3TMX 

~ O J L I L I M ~  I lPOBeAeHa CMCTeMaTM3auMR M3Y- 

CleHHblX 06betcr06, i lpeACTaBnRtoU(aR co60i 
PeanbHytO OCHOBy HayqHO O ~ O C H O B ~ H H O ~ ~  

W l a ~ ~ M @ k l ~ a ~ k l M  30JlOTOPYAHblX MeCTOPO>KAe- 

H M ~  M K O P ~ ~ K T H O ~  OueHKM @ O P M ~ ~ M O H H O ~  

npMHaAnexHocTM n p o r ~ o 3 ~ p y e ~ o r o  opyAe- 
HeHMR no TeOXMMMLleCKMM AaHHblM. 

n p a t c r ~ q e c ~ a n  p e a n ~ s a ~ l ~ ~  p a 3 p a 6 0 ~ a ~ -  

H ~ I X  M e T o A w e c K M x  IIOAXOAOB n p o r H o s a  npo- 
AyKTMBHblX PYAOreHHblX CklCTeM n03BOnReT 

CyueCTBeHHO nOBblCMTb YPOBeHb JlOKaJlbl3a- 

~ M M  OqeHMBaeMblx n n o w a ~ e i  no cpaeHeHMto 

C TPaAMuMOHHblMM MeTOAaMM (B 4-5 pas) npM 

OAHOBpeMeHHOM IlOBblLUeHMM HaAeXHOCTM 

npomosa. ~ T M M  OnpeAenr reTcR reonoro-~KO- 
HOMMreCKag ~ @ @ ~ K T M B H O C T ~  npeAJlarae~0i 

MeTOAMKM. 
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