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YIK 549.2

MaTepnanH KOHepeHOEA NOCBAADTCA HOBOMY, mausyqenuow
HAOpaBlEeHRD B HAYIHHX HCCJAGMIOBAHMAX — CAMODPONHOMY MEHEepano—
o0pasoBaHRD B MarMaTAvecKoM nponecce, [Ipapomumue faxTHIecKHe
. DAHHHE CBANETEABCTBYWT O GONBHOM pPASHOOOpPASHM CEMODOIHHX 2Je=-
MEHTOB B BHTEDMETAJUINNOB B MarMaTHYEeCKHMX OODOJAX CaMOr'o pas—
JMYHOT'O COCTABA M pasnugHof momuaonnoﬁ OpnHALIEXHOCTH, ITO
003BOJAAET NO-HOBOMY MOAOHTH K HHTEpOpeTAUMd OTAENLHHX BOMIDO=—
COB MarmoodpasopaHHs B DyIoreHesa.

PelARIMOHHAA KOJJIErnd:
B.B.Kopansckmft (oTBeTCTBEHHNH ‘pENAKTOD) ,
B.B.Onefinnros, K.A.Jlasednux, I'.H.Tamaunra, K.H.Hexzemos

" Axyrcraft Gunman
CO AH CcCCP, I98Ir.

CAMOPOJHbIE
3JIEMEHTBI

H HX
MHTEPMETAJIIMYECKHE
COEMHEHHS

B U3BEP)KEHHbIX
MOPOJAX,
FEHETHYECKOE
3HAYEHHME
CAMOPOJHOW

®OPMbl

HAXO)KIEHHS
3JIEMEHTOB

B PYJOTEHE3E



METAJUIVMSAII MATMATWYECKAX PACIDIABOB
1 EE TETPQIOTYMECKME M PYIOTEHETHYECKME CIEICTBIH

B.B.Onettuaxon '
Uncraryr reoaorsm A% CO AH CCCP,r.fAKyTck

TlonoxeHue O TOM, YTO IMIyOUHHOE MArMOOCDPASOBAHHE OCYUECTE~
JAeTCA Npd B3amMoie#cTBAM TBepnod $ASH ¢ NOTOKOM HHTpATELIy-
padeckoro (uiomna, pasieJsseTcs MHOIMMA® meTpoJoramm. B cocrase
Taxoro imAla MOMUHWDYRT KOMIOOHEHTH, OCecnevydBarmpe BOCCTAHO-
BUTEJbHHI XapaxTep NPONCXONAMEX H3MEeHeHHH,

[Ipn A3yYeHAN aKIEeCCOPHNX MUHEDAJOB Da3JMYHHX MArMATHTOB A
cpely HAX WHOIZA OTMEJAIOCh NPAGYTCTBUE CAMODONHHX 8JEMEHTOB
- Pe, Cu, Zn, Pv, rpaf@ra, a Taxkxe MyacCaHATa. BasyanbHO
HAGJKDIAeMHe CKOIUIEHHs CamOpOJHOrO Xejesa B GasHTax A3BECTHH
B pAne palfioHoB 3emHoro wapa: o.Jlucko y modepexsd I'peRnaHnuAR
[Vaasjoki, 1965], pafton Buas 63 Kaccens » OPT [Rsmdohr,
1952), ropa Osepias Ha Cacmpcxo#t miardopme [Baxenos m ap.,
1959] =n ap. ' ' _

HM3yderne armeCCOPHHX MAHepasjoB Tpanmnop Cromperolt maaTdo
MH NDMBPEJIO HAC ¥ OCHADYMEHAD B HiX GOJNBIOrO YACAA CAMOPOMHHX
3JEMEHTOB M MX MPAPOIHEX OMMABoB [CamoponENe ..., 1981 ] # nos-
 BOJMJIO BHCRA3aTh IOJIOXEHAE O WHMPOKOM NPOABNEHAN NPAKTHIECKNA
He W3y4eHHOr'O NMPHPOJHOrO Npomecca — MeTAIASAIMH CAAAKATHOTO
cyderpata. O cywecTBOBAHMM TAKOTO NPUPONHOrO ABNEHAA CTANO
BO3MOXHHM T'OBOPATH YBEDEHHO JMWE MOCAEe OGHADYREHAS CDELA aK-
LECCOPHHX MHMHEpanoB CaMOPOIHOI'O aJMMHHASA.

Cpena axuecCOpHHX MMHEpAnOB Ga3MTOB HApPALY C CAMODOIHHM
anompHnem, ycrasosiewn o~ Fe, 2n, Sn, Pb, Cu, C4 , mpRpon~
Awe cunasy Nip Fe, Cu 4 Zn; Pb, Sn u Sb @ IOPOAYKTH HX
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pacmana, B camopomHom Al cpel® OpOAYKTOR pachafia BHCOROTEMIE-
PaTypHOTO TBEDAOr0 PACTBODA OCHADYXSHH LOXKA eme ¢Aado A3ydeH-
Hee ¢asy Mg,81 n coenmmense Al ¢ Cy @ M& . Camopommue Me-
T&JUIH CONPOBOXIANTCA MyacCaHMTOM, I'padaToM, TDOBIATOM, ROI'e-
HATOM. BORDYT feppaTa NOCTOAHHO OTMEYAETCH OCOJNOWKA (beppomms-
HeJ#za, O9€Hb CJOKHOI'O XAMHIECKOro COCTaBa, colepxamas mo I4%
810, » He odpasymuero coSCTBeRHO# MuHepaabHOR (asw. deppur @
KaMacHT 3amMemanTCs RABMEHATOM M YALBOMIBHENABN, OIHOBDEMEHHO
¢ CamOpPOIHHM aJEMEHAEM JWKCHDYeTCA NMOARIEHEE KODYHIA, C IMH~ ¢,
ROM - IIMHKHTA, & BOKDYT CamMoponHoif Menz ofpasyercs Kafiwa Kyn=
pata. Kpome 'roro, B THX Xe MOpOIAX YCTAHABNMBAETOS DYTAN,paH-
HeMATMATHYECKMH XBapil, BRANICHHHE B NPOTORDAGTAANH IpaHaTa,
Gonblioe pasHOOGpasSHe WMAHEAHAOB, BIJIOTH NO XPOMATA, a TaKEe
margpifconepxamuft KAEMEHNT. B HAX Xe OTMEYADTCA CHJIAKATH A AJD-
MOCHJMKATH MpeMMyHecTBeHHO RAJBIHEBOI0 U MATHE3HANBHOI'O COCTa-
Ba - fopoTepaT M MATHe3MANBHHA XPASOQJMT, XpOMMOTHE mMoncan,
IacTeH, I'PAHATH ANBMAHIEH-IMPONOBOT'O PANA, BILIOTH A0 KHODDHH-
TATCONepEAMAX pasHOCTell, & TAK®e IpAHATH NUPANECOMTOROK CepHA
TBEPIHX PacTBOPOB, MHOINA KODAREDMT, MysT. Bce oTA MaHepasu
HepABHOBECHH K BAJIOBOMY COCTABY BMemammmx BXx 0asmTon., K yra-
3aHHO# accommamnMM NPUCOENMHAETCH QHODTAT-GHTOBHATORNM MIAIAO-
KAA3, :
B yabrpada3nTax caMoOpoiHAS MeTaJMYecKad fasa mpenCcTaBIeHA
OpeAMymeCTBeHHO OPMPONHHEME coelaHeHnaMA Fe ¢ Ni pHorma B
HAX OTMEYAeTCA OpHCYTCTBUE camOpOmHON Mezm, BOaBOyD B3BECT—
HOCTE Op#oCpena Haxomka B MecTHocT# [Jxosefuxa (Operos, CHA)
yHRKaNBHO# ropHo# nopomu mseqnuni-a, OCHOBHEM HOpPON00G pasyin-
M KOMIIOHEHTOM KOTOpOfi ABNADTCA NMPRPOIHHE CIMABH Ni .1 Fe,
a rakxe Co m Fe. Kpome TOro, B ClOXeHAM IXO3efWHATA YI2CTRYWT
SHCTaTHT, IMONCEN, KUpETEeHHMT (7), oauBMH M rpaHar. llocaemmmit
00 COCTaBY GOOTBETCTBYET aHNpAlATY M MpelcTaBlfeT CO00D [po-
LYKT pacmaja TBEPNOrO PACTBOPA B XeJe30HAKeJeBOM MpPAPOAHOM
ciiape [Bird, Weathers, 1979). Ha HCIINKHTENEHO BHCOKYD BOC-
CTAHOBATEJIBHYD M BHCOKOTEMNepaTYpHyD OGCTaHQEKY OCpa30BaHHA
npEpofHux Fe - N1 CILIABOB B BEMECTRBE NMEPHIOTATOBOIO MACCH—
Ba [lxosedwHa yKasupaeT He TONBRO (KT PACTBOPEHAS B XAZKOM
meTaymdeckom pemecTee Ca, ATl m Si , ofpasymmux 3aTem aHapa—
AT, HO H HAXOXJEHNE B 3TOH MECTHOCTH CAMODOEHOI'O KDeMHHA

t
BHYTpH XesqpakoR JIxO3edmEATA B ALANBAR PYYBA, APERADYRUErO
BNXORH mepmuoTHTa Maccupa lxosefuna [Bird, Weathers, 1975].
BepoATHO NOTOMY, YTO dJeMeHTapHuft Si Onn yoTaHORIEH He B
KOPEHHOM MECTOHAXOXNEHAN, 3TOT (AKT He MONYYEA NOJEHOTO IeT-
POJIOrAYeCKOro -OTKANKA, OCHADYReHHE CAMODONHOI'O KpeMimns, Hapf-
Iy ¢ ycTaHOBNEHMeM HeoOwqHo# fopMH NpOABNEHAA QHApANMTA, MO3~—
sonano JI.Bapny # M.Besepcy 0GOCHOBAHHO HOCTYJAHpPOBATH MAHTHf-
HOe HpoMCXOoXneHme nxosed@nnTa, & CAENOBATEJNBHO, M CJATANIAX
ero MEHEpaJioB CaMOPOIHHX SJeMeHTOR - Cy, cofepxame#ft mo 0,5%
Ni, Si, Ag, Au; Pe - NL CINABOB, OJMH M3 KOTODHX HAMEeT
62-66% N+ (rammr), a propo#t - 73-75% NL |, t.e. ormeuaer
maHepany asapynry - NizFes sampanta (Co,Fe), apceHETOB
Kin Pe. ;

B npoayrrax RmmOepIATOBOR MAIMATHYECKOR CHGTEMH MO RCCJENO-
panuft, ocymecTmnenEux B UT 1@ CO AH.CCCP, GHAN H3BECTHH CaMO-
pomHoe ¥e, Ni, (y, npupomumye Ni-Fe u Cu-Zn CILIABH.
39TOT CHMHCOX OHI CYyMeCTBEeHHO HomoaHeH Zn, Pb,Sn o cioxHmME
Po-Sn~Sb  CIUaBaMd B MPOAYKTAMM HX DACNAZA, ASTYHHD C MADO~
KEM JINanasoHOM B3MEHEHAS colepxaHMa B Het Zmi cmiapamm Zn
n Pe, a Taxme camopomaum _ 8& g Al

B rpaHATORIRHX MATMATHTAX PA3MMIHHX perAoHOB CCCP MHEOIEMA
nceNenoBaTeNAMA YCTAHOBNGHH AKIECCOPHHE MUHEDAJNH CAMOPOJHHX
sJieMeHTOB Au, Ag, Cu, Bi, Pb, Fe, Sn, Zn . Bonnmoe
pasHoodpasge ux 3af@KCHpPOBANO B B rpaHRTORmAX Cepepo-BocToKa
CCCP B xome padoT, ocymecTmieHHHX B MI' fi® CO AH CCCP. Ocoler-
HO clellyeT OCTAHOBATHCA HA OCHADYXEHMM B I'DAHATOMTAX CAMODOll-
HOro Sn ¥ Zn , INA BOSHAKHOBEHAA KOTOpHX mpa b = I000°C
TpedyeTca Golee BOCCTAHORATENEHAA OCCTAHOBKA MUMHEpPANoofpaso-
BaHWA, YeM LA NoARJIEHHs Xehaesa, Mx oCHapymeHnme IOKaSHBAeT,
9TO HAYanbHAS CTANMA SBOJIIME TPAHNTOMIHHX MAIM TAKXE Xapak-
TepasyeTCs AOCTATOYHO HU3KAM OKHCAMTENBHHM NOTEHIHAANOM,Bos-—
HUWKOEe B CANMKaTHOR maTpuue KanenbHO-XMIRRe odocodnenma Fe,

Zn u Sn OKa3HBANTCA Kpajfiie HepaBHOBCCHHME K OKpy=Zan-
meMy CYGCTpPATY M OKACIADTCA ¢ OOpR30BAHAEM IPOCTHX M CHOXHHX
ORACJOB. BemecTBeHHHt cocTaB HPOLYKTOB OKMCJECHHA TeJUypAYEO—
KOro Xejie3a I'PAHATORAOB HEONHOKDATHO PACCMATDHBAJCA B JATE=
parype. [Ipm cpaBHeHAA MOXHO KOHGTATHDOBATH, WTO BHARIACTCH
Gonsioe CXOACTBO TEHNSHIMA NpeoCpa3OBAHMA BemecTsa (eppara
B KHCIHX A OCHOBHHX MarmaTHTax,
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PacomoTpeHHHe NpAMEDH JADT OCHOBAHEE Wl BOGCOSJAHAA NET—
POJIOTHYECKO} MOJieIl MEeTA/LIM3ANEA OCHOBHHX MATM,

B pesyarrarTe B3aumozeficTBAs o6pa3oBaHHOIO B P-T-ycaommmax
MaATAfHOT'O MeTporeHesHca CHJAMKATHOIO paciiasa ¢ MOTOKOM MHT-
paTejlypageckoro qumana, cocTOAMEro M3 BOUOPOIA, YIJIEBONODO-
Ios, CO B RpyTux raszoe, B Marme, B OepPBEYD OyYepells, BOCCOTAHAB-
JIEBANTCA JI0 CaAMOPOJHOr'0 GCOCTOAHMA MHOTHE I[BETHHE METAJLIH s
o0pasopaHas KOTODHX TpedyeTcd Gonee BHCORAR OKHMCAMTENBHHE MO-
TeHIAan, 4JeM IJiA OOABNEHAS CAMODOIHOI'C Xejes3a. OHE ofocadnm—
BADTCA B RaNeJbHO-XAIKNEe cerperamun. Ilo mepe nansHelimero mo-
BHWEHNA CTENEeHM BOCCTAHORIEHHOCTH PBOJNNI[MOHEDYHIErO BelecTsa
HAYMHAETCA METALNM3aIMA Xenesa, CONPOBORIANMAACA KaK Iogmie-
HpeM xuIkrAx as sTOro Merauia, TEK A ero GECKACJIODONHHX GOe-
IpHeHmft, Bce 5TO NpABOIAT K CHAXEHMD odmelf KOHIEHTpammMm M
SKTHBHOCTH XeJe3a B YacTHAUHO MeTAJUIASHPOBAHHOE CHAMKATHOH MaT-
pene. JansHefimee NoHMEeHHEe OKMCJMTENEHOIO NOTEHNHEANA XOTA OH
JIOKANBHO MOXET OGYC/AOBATH BOCCTAHOBIEHAE HeGONBNOf 9acTh anp-
MHHRA, @ CJeNoBaTeJBHO, # DANA IPYTHX BJEMEHTOB, HANDHMED LAH-
¥a # Kpemsnsg. ONHAKO TAaKMe YCJIOBHESA OCYMECTBIAADTCA PElKO M B
KpailHe orpaHMYeHHOM macmTade,

Ha cMeRy paHHeMAIMATHYECKOH METaLAN3AIMH IDAXONLAT pAHHE-
MATMATHYECKOE OKACAEHME, MpOTEKaKmee IMIABHHM OGpA30M 33 CYeT
PeaKIuy MeTaIOB C OKHMCEHD yIJIepoia ¥ oGpasoBaHWEM B IepPBYD
ovepelsk OKHQJIOB 3JEeMEHTOB, 0Gaajammux CoJee BHCOKAM CPONCT—
BOM K KHCJAOPOLY, d9eM Xelne30. JTO [PMBOIAT K NOABICHAD KODyH-
1a, pyrmia, KBapiia, OpDAXKTHYECKH 0e3 meJe3ucTHX munmpeseli, a
3aTeM yxe M ReJesS0CoTep®amux OXHCJOB — MATHESHAABHOI'O RJABME-
HATa, $EpPOMMAHENMNOB B XPOMIMMHEAMNOR CJAOXKHOTO COCTABA.

[locse Havana MAcCOBOrO OGPABOBAHAA CJOKHHX MIRHeJae# B mar-
MATHYECKOM DACIIARE HAUAHAET DEANM30BHBATHCA CYONEKBAALYCHOE
CRAMKATGOCpa30BaHRe, B De3yJbTaTe 4ero B o0CTaHOBKe HE3KOHA
aRTABHOCTH WeJe3a M3 GA3HTOBONO pPACIVIABA KDACTALIM3YNTCA HOp-
CTEDAT, MArHe3WaNbHHR XDH3ONMT, XPOMACTHE IMONCHAN, MAarHe3HANb—
HHE opronApoKceH, I'DAHATH CYWEeCTBEHHO DHPONOBOrO COCTAaEa,pell-
KO (MECADyeMHE B MATMATATAX CHARKATH: ILWCTEH, KODAMEDAT, Myi-
JIAT, & Tarkxe DAHHeMATMATHYecKRe cpPeH M amaTAT.

B Tex cayuaAx, KOrAa nponecc MRHTRRHOr'O OKHCJAEHMs (eppr—
THSAPOBAHHOr'O Ga3HTOBOr'O pACIVIABA B CHAY KAKAX-TO HPUYNH Oy=-

&

IeT OpepBiH B Takoli pacliaB NOCTYNHT HA 3EMHYD MOBE[XHOCTS,
OylleT EMETh MECTO H3VIAAHME KDeMHEKHOJHX Oa3MTOBHX MAT'M € IIO-

'BHUEHHOR MO CPABHEHMD ¢ OCHJHHM AHJGSNTOBHM DACIIABOM MATHE~

SBAJNBHOCTHD ¥ NORMECHHO! KAJBIAEBOCTHD DA YCAOBAA,UTO NFDEX
BE3PepECHAEM MA'M B HAX NTPOM3OWIA eme M MAccoBas KpACTaIM3a—
O#A OATOBHATA M AHOPTATA., OTO M MOXHO NMPOMLINCTPAPOBATE Ha
opAMEDe XeJe30COoIepxamMX CTEeRIOBATHX 6asansToB paitoHa o.JlncKo.
MeTaan@sanus CHAMKATHOTO CyGeTpaTa MMEET HECKOJABKO pylore-

_HeTAYeCK:X ONeNcTRuE. Ileppoe W3 HUX - METAILIM3ADOBAHHOE DY~

HOE BemecTBO HBONKOMOHADYHOMX MATCM — HMCTOYHAK METaLNOB WA
pynoodpasymmux pacTBOPOE DPA3BMBANIAXCHA ‘PYyRHO-MATMATHUECKAX
cucTeM, 060COGNEHne GAATODONHHX, IIBETHHX ¥ YEPHHX METALIOB OT
CRIBXaTHO! MATDAIM y®e HA DAHHeMATMATHYECKOH CTAIME NONXHO 06~
JeryaTh sKRCTparmen nx dnmmnHok fasoft, ormenmumedicd OT KpACTAN~
JAnsymmefics MarmE., 9T0 OCOCEHHO BAXHO B CAydYae SBOJKIHEA Gasp~
TOBHX MATMATHUECKHX CHCTEM, OCecneuuBammmX MAHTANHEE NCTOWHMK
‘PEMecTBA DYIHHX MECTODOXICHAR, MOCTYIMPyeMHl MHOTMME RCCJENO-
BaTelmMd LA TEIPOTepManbHEX MECTODORIECHA# Opexle BCEro xalb—
KOfUMABHEX 5JEMEHTOB [Cmpnon, 1969 n le.]. B sToM IJaHe BaXeH
TOT MOMEHT, 9YTO MHOrHe IBETHHEe M3BECTHHE METaUIH elle LIATeNE-
HOe BpeMd NPONOAXANT HAXOIMTHCA B PACKDUCTAJJIR3OBAHHOM Ca3ATO-

' BOM GWGTI)&TEI B pacinapleHHOM COCTOAHMA, 4YTO COXPaHAET BO3—

MOXHOCTH X CoJiee JIETROr'O WSBNgYEHMA B MOCTMATMATEYECKME oTam,
B TO BpemA KaK B IDRHATHOM BEmECTBE TaKhe 3JIEMEHTH OXOTHO pac-
CeMBAbTCH B MO3IHe- U NOCTMATMATHYECKAX MIHEpalax, B IepByk
ouyepens B GHoTHTE. '

DeppaTH3alEAs CANMKATHRX DACIVIABOB OCJIerdaeT A SKCTDAKIAD

‘Eenesa @3 METALIU3MPOBAHHOIO cyscTpaTa., BaxHy® DOJIB MpACYTCT-

‘BAS MeTajUigveckoif fopMH x®esnesa B marme IpM IIpormeccax pynore-
Hesa momueprnsan X.H.OmuurHukop [1959]. Moxso mozaraTs, uTO
IOCTATOYHO WUPOKOE pa3BATHE HA CAGMPCKOf IIATHOPME MECTODPOX-
IeHnit xenesa ABNAETCA CAENCTBAEM OTHOCHTENBHO 4YacTOi peain-
3anpn [ponecca MeTaIA3AOMA TpanMnopoif MAIMH E JOBHYTDAKaMep—
HH nepaoll B KOHKDETHHX MArMATH4YecKHx ovarax. OIHAxXo 3TOT
BONpPOC TpedyeT LeJeHANpaBNeHHOIO M3YyJeHnd. '

Bropoit acmerT npodnevH METAUIN3AIAN CHAMKATHHEX MAr'M A py-
IoreHesa 3aKJUYAETCA B/MMPOKAX BO3MOXKHOCTAX Mpolecca CyAbdy-
pusanmy 000COCNeHnE CAMOPOJHHX METAJUIOB OO Mepe BO3DACTAHEA



AKTHEHOGTE CepH IpM NpUBHOCE ee MHTpPATEIyDHYEeCKEM fumoenom.
Mocnemnnft BMecTe ¢ cepot NpABHOCHT B DA3BABANNMYNCA CHCTEMY H
YacTh DYAHHX ROMIOHeHTOB, ( HAanWYAR mpomecca CyALfypasanan
06OCOGHBIAXCH Kalejs MeTalla CBRIeTENBCTHYeT ofpasopaHse Rafd
CyALMIOR XeNe3a W HEKelds BOKDYT' Kalelhb CaMODONHOTO ReJesa.
Cyasdiypr3angs OGOCOCABIAXCHA METAJIPYECKEX §as A pacTROpPeHEEe B

BHOOKOTEMICPATYTHOM OTRKEADOBAHHOM OYALJENHOM DEMECTRE MHO-

PEX OAMODOJHHX SJEMEHTOB B SHAYATEJNBHOR OTeleHn NONXHH Ompe-
IeNATH MEHEpPAJOTO-IeOXAMAYECKAe OCOCEHHOGTA CYABJMIHHX MECTO-
pOxneHAl MATMATAYECKOI'O I'eHesSAca, HANPHAMED. TakAX, Kax I'pynma
HODHIBCKMX MECTODORIEHER Ha cepepo-samajie CEGEPOKOR maaTdopmu.
O6mag mons camopolHoft JopMH HAXORNEHAA XAABROPUIBHHX B He-
ROTODHX CRAEpOfRIEHHX SJAEMEHTOB B MArMATHYECRAX O0pasOBRHBAX
BO MHOI'OM OLIpelelfeTCA KROHOEHTparmedl @ aKTHBHOCTHD CeH B
MAIMATAYECKOM Ipomecce. IIpa BHCORO ee ARTHMBHOCTH CamOPORHAS
fopMa HEXOXNEHAS TAKEX BJIEMEHTOB OyLeT CBelleHa N0 MEHEMyMA.H
BJEeMEeHTH, Iepexold BMeCcTe ¢ cepoft B COCTAB OTIEJNANNAXCHA JeTy-
9YpEX KOMIOHeHTOB, HNOKAHYT MATMATHYECKYD GHCTEMY, améo coenE-
HACH ¢ oepoft, COXpAaHATCA B MarmaTurax, HO ;me B cyasdamHEoR
fase. ;
Tperait acneRT paccMaTpEEaemoli mpodieMd ~ DO/ PAHHEMATMA-
THYECKOT0 ORECAeHHE meTaamuueckoft fasH » Gopmmpopanwm paHHe-
MAMATHYECKEX MECTOPOXISHA HOXOTODHX SJAEMEHTOB, IpEXe BCEe-
ro zenesa B xpoma, [IpEsHABad Conbuyp poss mpomecca fepparasa-
IWE CEJANKATHHX MarM, BAymero ¢ odpasoBaHMeM Ha paHHe# cransm
3HAYATEABHHX MACC CAMODONHOTO Xeje3a, JIOTEYHO JNONYCRATh BOB-
MOXHOCTE OTHENEeHRA ero OT CRJIMKATHOrO cyoeTpaTa ¢ NOABNEHEEeM
pecmiapa, pesko odorameHHOro xenesoM. llocnenymmee RHTEHOHBHOE
OKHOJEHEEe MeTala Ha KaKOM-TO 2Tale 9BOJINRN DyAHOMAIMATHIEC-
KO CACTEMH NOJXHO UDHBECTE K NOABIEHED DYIHOTO, CYMECTBeHHO
ORHCHOI'O paciiaBa, CONEpEAMEroc pasjiMyHNe BTOPOCTENeHHHE KOM-
NOHeHTH, VMEeHHO B3 TARAX pACIIABOB MOTJE GopMapoBATECA CERy-
mEe DYHOHOCHHE Teja, H3BECTHHE HA MECTOpOXNeHAsx KapyHemapa
(Cepepaas llpenas), Komnopoxom (Koabcku#t mosyocTpoB) B JDYTRX,
PAHHEMATMATAYECKUH DPeHe3HC KOTOPHX NpH3HAETCA MHOUEME HCCle—
nosaTelaMu. BepoATHO, ¢ mpoliaemoi deppaTH3an@A Mpexme BCETO
6a3uTOBOr0 pACINABa CBABAHO XOPONO M3PECTHOE NOARIEHWEe B pas-
JRYHHX pafloHAX SEeMHOr'O mApa LPEeBHAX M YeTBEeDTHYHHX MATHETHTO-
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BHX JaB, B YaCTHOCTE OHM YCTaHORIEHH B NocTpofikax ByAraHa Jla-
®o (Yua#.).P mexom mpodaema ONEHKE DOJH METAIASANEH BCXOMHO-
To cydcrpara B (JOpMUPOBAHRE DPAHHEMAI'MATHYECRAX MECTODOXIEHHH
pAfiA METALIOB emle XUeT ACCAeNOBAHRAM,

Taxum o0pasoM, H3yYeHHe HPONYKTOB METS/NESANAM CHAMKATHHX
MaTM MO3BOJAJNO OCHADYXRHTH DAJl HOBHX MPHODAJNOB CAMODOIHHX ayie—
MeHTOB: Cd, 81, Al, cmuEmpn M8 pasmooSpasmwe mpu-
POIHHE CIUIABH UBETHHX A YEDHHX METALIOB — A TeM CAMHM OTKDHTH
HOBYD CTPAHELY B MEHEDAJIOTHHM HAYAJNBHHX CTAIAZ SBOIKIAR MATMA-
TAYECREX pacianoB. MOXEO OXEIATE, 4TO IanbHefmee m3ydyeHHe
MRHEPAJI0OGPASOBARAA B YOJAOBAAX BOCCTAHOBATENEBHOR OGCTAHOBKH
opEBefieT X OCHADYRSHHN HOBHX Oe3KACHOPOAHHX MEHEDANOB - Rap-
OBNOB, CHIMOENOB, HATPUAOB, DPANMYHHX HHTE[METAIANOE A IP.,
B YTOYHAT COOTABH CAOXHHX PAHHEMAT'MATAYECKEX OKHCAOB.
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CAMDPOIHHE METAIH B PYIAX IVIPOTEPMAIEHOIO TEHESUCA

M. H.Hosroponosa
WTEM AH CCCP, r.Mockma

Hopas MPHepaJBHAS ACOONPALMA CAMOPOJHHX METAI0B, MX MpH-
POIHHX TBEDIHX DACTBODOB M MHTEPMETAJULMAOR YOTAHOBIEHA B Ne-
JI0M pATE 30MOTOPYHHHX MecTopoxneHM#t (Kymakckoe Ha IOmHoM Ypa-
ae, 3onckoe Ha Mazom Kaprase, MypyHTay B YadekacraHe) M HEKO-
TOPHX PYAONpOSBIEHHH} TamxuKECTaHA B cepepa XaGapoBCKOIO Kpas, -
.8 TAKXe B CKADHOBO-DYAHHX Tesax Tapop, Yammanasr B TaxMKBCTA~
He, PaRee B rampoTeMa/BHHX DYIAX, DOMAMO CamMOPOIHHX 30JI0-
Ta, cepedpa § cogEmHeHmlt Bx ¢ Te, Sbs Bi, S, OHAM A3BECT-
HH camopofine Bi, Sn, Ou,As,Sb 4 HEKOTODHE MX MHTEDMETAJLAYEC—
KH@e coenMHeHMd, oCpas0BAHMe KOTODHX OTHOCHJIOCH X NO3IAMM CTa-
JusM mponiecca PYROOTIOXEHAS M CBASHBANOCH C TBEPNOJASHEME
IpeBpameriamMi paHee O0PaSOBAHHHX COeNMHeHu#t, JmG0 C IMpoTera-
HHEM OKHCAMTENEHO-BOCCTAHOBATENBHHX peaxnafi., MAorme m3 camo-
POIHHX METaJUIOB [MO3NHMX cTamuit OKA3HBAKTCA YCTOXUNBHMA B OKMC-
JIATEJIBHOE OGCTAHOBKE B YCJAOBEAX MOBHUERHOR WeNoYHOCTH. '

3a mocsenHEe TOIH, GJAATONADA M3YYEHMD MUHEDAIBHHX A0COMAa—
Il 30JI0THX DPyA, CIHMCOK COCYWECTBYXWMAX COBMECTHO C 30JI0TOM M
cepeCpPOM CaMOPONHHX METAJUIOB MONOJHAJCH Al, Fe, Cr,Zn,Cd
MPAPONHHMA TREpIHMA DECTBODAMA B XeJese ~Co,¥n,T1,Cr,S1; B me-
Ii-Zn,Pou Bn; popune - Sn g B onope - Pb, a rakme uH-
TeMETAJINYECKIMA COENMHEeHAAMA — CEHHIIOBACTHM CTHECTAHTOM '
(PbSnSb) M OIOBAHHO~CBUHIIOBUCTHM KympocraouToM Cu, (8b,8n,Po)
B 2Ty accoupammn BXOUMT Taxme yraepoxn, Rﬁzc’rmsymnﬂca B
Bujie rpafUrTa BMecTe C CaMOPOIHHMA METAIAMA MMM B BAJe Heymo-
PARCYEHHOT'0 YTJUMCTOr'O BEMECTBA BMECTE CO GNOUCTHMA CHJIMKATA-
MA B METACOMATUYECKM M3MEHEHHHX GOKOBHX MOPOTAX.

OGHApyXeHH NPUPONHHE CPOCTKA CAMODOMHOIO AJMKMAHAA A CRMHIA
¢ EKBapeM, CTACTauTa M KyNPOCTHCMTA C AHKeDATOM A anaTHTOM,
CaMOpONHOr'O ®eJle3a B AJKMMEAA C XJODATOM ¥ MyCKOBATOM. BO BRJID-
UCHRAX B 30JI0T€ NPACYTCTBYET CAMODONHOE Eele30, YacTo ¢ NpAMe-
ckb Cr,81i pn Co. KoGanbTHCTOE Xe)e30 BRANNEHO TAKEE B MHKAC—
TyD mens (IpUpONHYD JATYHB), cofiepmaiyd no 1% mpumecs Au, Ta-
KOT'0 poZa BRIKMEHHS MPHIALT SOJIOTY H NEHKMCTOR MeIn MATHATHHE

12

>

crofictBa. MeTomamu nmpoceeunBammed SNERTDOHHOE MEKDOCKOIMA B
INACTAHYATHX BHIEJNEHAAX CAMODONHHX 30/10Ta, AJNKMAHMA, LMAKA
B IDYyT'MX CaMODOIHHX MeTAJI0B, YTOHEHHHX N0 Tonmuud I000-800 £ .
IMaTHOCTEDOBSHH EKINYCHHA OJIKI, GepreepuHa, aisdnTa, a TaKme
XNOpANOB mesioveit (CEJABBMHA B rajsra), 9TH JAHHHE MOJTHEDEIALT
OpAPONHOE NPOMCXORNICHAE DPACCMATDABAEMHX MIHEDAJIOB A HCKINGAKNT
BO3MOXHHE NOJIO3PEHEA HA TEXHOI'eHHOe 3arpasHeHWe MCCAeNyemoro
MaTepaaia. :

ApKo#k 0COGEHHOCTHD DACCMATDMBAEMHX MAHEDAJIOB SBIAETCSA CNO-
COGHOCTE MX K 00pa30BaHAD TOHYalmaX NOJAMIHEPAJBHEX cmecel,

' pASMED YACTHIl METALIOB B KOTODHX BapENDYeT OT HECKOIBKAX Nie—

CATKOB MRKDOH 10 I00-200 K. Cradmnpuocrs Taxmx omeceft B Tege-

HAe NOJroro reoJOTEYECKOro Bpemens (mo kpa#ine#t mepe B IO~

xeHmre 200-250 muH,neT) odecneumBaeTCA HANMIUEM HA NMOBE[XHOCTH
IMACTHHYATHX BuHAeacHH# mam,rnaBAEM O0pa30M HA ITOBENXHOCTH WH-—
IVBBIYaNBHHX 3€PeH MeTaloB,ToHvafmpx (B NepeHe COTHA R) mne-
HOK OKHCHOrO, Cyabf@miHOro, HATPAIHOI'O ¥ IUAHMIHOI'O COCTaBa.
Hcenenosanne MeX3eDHOBHX I'DAHAIl B TAKOI'0 POIA CMECAX TONBKO
HAYaTO: NpenBapuTe/bHHE JAHHHE peHTreHoBckoff PoTOaMeRTpOHHOMR
CIeKTpOCKommAM, nonydeHnue K.II.JAKOBHNM TOSBOJNAJNA, B YACTHOCTH,
BHAICHATH, YTO CAMODONHHE XDOM H XeJe30 OIeTH KaliMoi EXx ImaHMC—

THX coenuHeHRni#t.

ILnsa - ofnscHeHAs yonoBa#k o6pa3osaHmMA paccMaTpEBaemolt accomma-
Ipp WA BHIBAHYTA I'MNOTESa IAa30KOHASHCATHON MX KpACTALIM3Aa-
IPE B cpelle BOCGTAHOBMTENBHHX I'a30B HpeNNONOXATENEHO BOJOPOL-~
JTJeBOLOPOIHOr0 cOCTaBa, CymecTBEHHO I'a30BOE COCTOAHAE MeTal—
JIOBOCHHX (W1NAOB Mpenronaraloch HAa TOM OCHOBAHMM, 9TO OO TEp-
MOIZHAMAYEOKAM JAHHHM IOJNA YCTONIMBOCTH TAKAX METALIOB, KAk
CamMOpONHHE IMHE M anoMuHB#, DPACIOJATAKTCA HAXS JIMHAN SJNEKT—
poxumirieckoff yoTONIMRBOCTH BOIH, CNENOBATENBHO, OCAXNeHRe Ta-

" KX MeTaJoB (a Tak®e M BCEX MpodMX, HAXONANEXCA C HEME B

TECHHX CPOCTHaX) U3 BOJNHOIO PAcTBOpPA HENONyCTMMO. AHAIA3 COC-
Tapa rasa, 3aKINYEHHOTO B IIACTHHYATHX NOCTATOYHO KPYIHHX '
(~1 cM) BHUENEHAAX NOJNMMETAJUIMYECKMX CMecelf, MpelNpBHATHE C

TIOMOMBD MACC~CIeXTPOMETPAYECKOT0 METONA, MOKasal, YTO OKACIEH-
HHe (QOpMH rasoBHX COCTABJIAMUMAX (002, HZD. 802) npeoGiananT

san Boccramomneinmm (CHy, Hy , Hy 8, CO mn ¥ ). To-pumn-
MOMY, HANM3WpPYeMHe I'asH ARAAWTCA OTpAGOTAHHEMA, BGO B DABHO-
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PECHE C HEME yKASGHEHE METAIH CyNecTBOBATH He MOryTr. nd Bh-
SCHeHmA cocTasa meppauHoro rasa M.J.PACYAROBNM CHAY HHOONHE-
HH pac4yeTH, B KOTODHX OH MOXOIRJ A3 JNIONymeEH:,9TO B COCTAB
rasa EXONAT yTaepoll, BONOPONL, KHCJOPOM B-cepa B 4Te dumap Aa-
XOMMTCA B PABHOBECRA 0 Al , A103, Po , Pb8  # TEODNEM yTae-
pormom npa 327°C m I2 Mla, BuGop IpREAYHHX YCJAOBEZ DACYETOR
ompe;eAANcsa TeM, UTO PACCMATpABAEMHE MECTODOXIeHEA diopmmpopa~
Jnch NpA CPABHHTEJABHO HEBHCOKEX Temmeparypex (He donee 350-
400°C) # HemncoxEx DamneHmsx (He Gomee 0,I-0,2 IMa). Buno yo-
TAHOBJAEHO, YTO I'a3, DABHOBEeCHHE ¢ MeTalnEgeckaMm Al, Pb »n
SJIeMOHTADHEM JTJIEPOZOM, DA DACCMATDRBAEMHX YCJIOBASX COCTOAT
NOYTH NEJNROM B3 YIVIeBONOPONOB (METAHA NpR ODHHATHX NOINyme-
HAAX EAM BO3MOXHO GOJIee TAXENHX YINEBOIODOLOB). YIJeBOAODOMH
yoroluBN B MEPOKOM HETepBaie JeTygecrell Kuonopoma (1o £0.=
I0‘4°).. saTeM BOSPACTAET PONb BONN ¥ Jmms mpa £0, < I0
NOARNADTCA 38MEeTHHE KONAYeCTEA 002. TlopoGHNE CymEeCTREHHO yIAe—
BOJIOpOIiHe GuOBAN MOPYT OHTH HNEepEeHOCUMKAMM DANA DYIHHX MeTal-
J0B, NPACYTCTEYNIEX B BHUE METALNOOPIAHAYECKEX COESLMHEHER ¢
cepoft, xXNOpOM B IDYyTEMA JETYYEMA KOMIOHEHTAMH, B IACAO KOTO-
pHX MOIJIa BXONATH rpymmaposra (CN ), ABIAKNASCA XAMEYECKHAM
aHaNOTOM TaJoreHOB,lIpellcTaBAAETCA,ITO OCAXUeHAe TOHRAX MeTal-
JAYEeCKHX cMecell MOTJIO IPOMCXORMTH IpA ORACAATEIBHOM pacnaje
TAKAX MeTANJIOOPIaHHAYeCKEX COeRNHEHM#. B rRavyecTme OmHOrO M3
areHTOB HADYmEHASA DARHOBECHOT'O COCTOSHEA MeTaJAOHOCHHX {uina-
IOB MOXET SABATHCH KHCJOPON, A3BISYEHHHE H3 ANNMOCHIEKATOB RN
KBapoa GOKOBHX IOPOZ BCAEICTBEE HeM3OexHHX peaknplt BOCCTAHOBA-
TeJBHNX I'a30B C BMENAKMUME [OPOEAMH B y9aCTKAX MX TOHKOrO Apod-
JieHAd, B 4acTHOCTHA, Y/OBIEHH H3MEHEHHS OCJNOMKOB XAJIBHOIO KBap-
o8, CHEeMEHTHDOBAHHHX METAJUIAYECEKEMA CMecimm. [0 JAHHHM peHT-
PeHOCHEeXTPaJIBHOTO aHajm3a Taxofl KBapi XapaKTepASYeTCA De3KEM
IedunuToM Kmcaoporma. llocienun#t PO3BHAKaeT 8a GYeT O0pASOBAHAA
Ha nmepudepns oGnOMEROB CcBOEOODPE3HOR COHABWIEBOR CTPYKTYDH, XA~
pakTepusymEeitcs gepenoBaHueM Ipocyoen TOJmRHO} B NepBHE COT-
ud R 510, (smemmmt ono#) - S0 - 81 - 810 - 810, (mmyr-
peuHpft cnoR)., OtE EamHENWe monyveHs D.II.JAROBHM C HOMONBN MeTO-
I0B peHTI'eHOBCKOM $OTOSMHCCHOHHO# CNEXTPOCKONAH.

BHIO BHCKAS3HO SAKANYEHME O IAYGHMHHOM OPORCXOXUECHAR MeTal~
JIOHOCHHX BOCCTAHOBHTEMBHHX (VIOMIOB. MOXHO yTBEDRIATH TaKEe,

I4

. YTO OHA 3AKOHOMEDHO POSHEEADT B XOJle Ipomecca pyHooCpasoBaHEA,

sapepmas CTANMD KECAOTHOT'O EHNENAYMBAHAA H IDeMNECTEYA MACCO-
BOMy OTAOXeHED cyabfnop. OCHOBAHEEM HTOrO SaRINIEHRA CAYEAT
MPHEDAJOTHYeCKEe HAGNDNEHHs, CBEAETENBCTBYMINE O HANOXCHHH
MEHEPAJOB DACCMOTPEeHHO# accompan@s HA OKBAPHOBAHHHE MeTAcoMA-
THYECKE MMEHeHHHEe IODOJH B KBapieBHe XWiH. C TeYeHEReM Ipomec-—
ca DyHOOTJIOXeHAs CAMOPOJHHE MeTA/UH NONBeprawTcs Cyindypasa-
I#A, 3aMemadch CYALJAJAME TeX X MeTalJoB, WA [epeOTAOXESHAD

B TOR uam mHOE Popme. '

B sax/wgeH#se OTMETHAM, YTOC SHAJOI'EYHAA ACCONMANAA CaMOpOl-—
HHX MeTaaloOB BOTpEUEeHA B COCTaBe AKIECCOpHEB OCHOBHHX H REGCJHX
PHTDYSEEHHX NODOJ, JABAX KECJIOIO H OCHOBHOT'O GOCTaBa B OCHADY-
xeHa Ha lyne. Mo-BRaAmOMy, CJleLyeT RCRATH ofmue NDAYMEH ee

. BOSHHKHOBEHAA, BBQOMHBE BCEr'o, CRA3AHHHE O ARICHAAMA Herasa—

Iu# TAYCRHHHX 30H 3eMid. B yosnopmsx seMmHOR KOpH IVIyOMHHHE [IO-
TOKA BEWeoTsa MOMBEpralTCs CYNEeCTBEHHHM NpeodpasopanusM. B
PABHOBECHA ¢ CAMOPOIHEHMA METALIAMM HA DAHHAX CTANRAX PyAoos-
pasymux MpONecCOB COCYMECTHYDT yTIEBOLOPOMHHE rasH, OMEeHAD-
mAecs yTMEXACAO-BONHEMA C XJIODHIAME meJodefl DyAOOOpAsyRuMMA
pacTeEOpaMd,

AKI[ECCOPHHE CAMOPOJHHE METAJUIH B MATWATHYECKAX TMOPOJAX
_ OCHOBHHX CTPYKTYPHHX SJIEMEHTOB SEMHOM KOPH

P.T.Kcynos
06¢zeppHenne Tamreurreonorsa YsCCP,r.TamkeHT

Boratad MEJOpMAINA O COGCTBEHHO MATVATAYECKEX CHCTEMAX,
dumazax, "Ieecnoco0HOCTR" pPACIJABOB M T.H. 3aKINMEHA B aKLEC-
CODHHX CaMODORHHX MeTaulax. B asrepaType mpodiema MAHe paJIo00-
Pa30BAHMA AKNECCODHHX CAMOPOJHHX METAIOB DaCCMATPABANACH HE-
ONHORPATHO, ONHAKO RHOPMATABHOCTE STOrO Iponecca # COOCTBEH-
HO aKJeCCOPHHX MRHEPAJOB B BONPOCAX PYNOHOCHOCTH MATMATAYEC-
KX CHCTEM QCTABANACH PACCMOTDEHHOR HEeJOCTATOWHO NOIHO. Hapa-
Ay C BHACHeHMEeM CONEpmAHRRt "MAJHX" SJEeMEHTOR B OTHIENBHHX [O-
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DOTIAX MATMATAYECRAX KOMILIEKCOB [CmmpHom, 1947] B cBasm ¢ Bompo-

caMM HX DYAOHOCHOCTH, O0pamaXyoch BHAMAHHE Hecieloparesefll Ha
N3y9eHne aKXNEeOCODHHX MUHEDANOB ¢ HOCJENyXmUM CpaBHATEBHHM
CONOCTABIEHAEM MX C SNEMEHTHHM M AKIECCOPHHM COCTaBOM pACH=-
POCTpaHEeHHHX B palfoHe pymHux nposmneHgit, B 5Tolt cmasu mpel-
CTARNSAET MHTEDPEC ONpelieieHHe TePMMHA AKIECCOPHHA MuHepai
[Xaumdaen. 1969]: "AKueccopa: - MUHEPAIH PeIKUX, I MAJIHX
SJIeMEHTOB, WIM B3CHTOUHHX MOpuuit riaBHEX (MOpoA006pasyrimmx)
BJEMEHTOB, O0pasymmuXCA B MAIMATHYECKYD IR MOCTMAIMATHUECKYD
¢Tamuw, .." Havano BHOeNeHAs AKIEeCCODHHX MUHEpANOB HAXONMTCA
B 34BACUMOCTA OT IIPENEJNOB HACHNECHAA WA KPUTHYECKONR KOHIEHT-
pelEd OTHAENBHHX KOMIOHEHTOR, IAXS DM OYeHH MAJINX KOHIEHTpa-
IBAX, NCXONA U3 KOHKDETHHX YCJOBMR M OT TeOXUMUYECKHX CROHOTH
3JIEMEHTOB, ' S

‘B.B.llaxos#g [I967 | cooraBmn HauGoseé NOJHYD CBONKY MO aK-
LileCCOpHEM MAHEpaJaMm A3SBepEeHHHx I'OpHuX nopoll CoseTcroro Comsa.
B pesysbTaTe B M3BEDXKCHHHX NOPOJAX OHAN BHSBJIEHH MHOTOYACHEH-
HHE aKNecCOpHHe MAHEpallH, BRINuAmNue IPYUNy .CaMOPOIHHX MeTal-
JIOB, Cpelld KOTOPHX NPeAcTAaBNAWT MHTEepec Au, Pb,Sn,Bi ¥ Jp.
3T # mocNeNyHmMe NCCJEJIOBAHA MATMATHYECKUX CHCTEM MO3BOA-
Jl yCTAHOBUTEH YHUBEDGANBHOCTH M NPUHIMIAANBHYD PACTDPOCTDAHEH=
HOCTH Hporecca akneGCODHOI'o muémoodpasoaaam 0aMOPOJIHHX
META/LNOB B W3BeDEeHHHX NOpOIAX BO BCEX [UIAHETADHHX CTPYHTY-
pax 3emuo#t xopw (Tacn.I).

Insa naaTfopveHHHX Ca3BTOB M yARTPAGA3HMTOB XAPAKTEpHH dora—
THE BHIEJEHHA I pasHoolpasie BRIOB AKIECCODHHX CAMODOIHHX Mée—
Tayop rpynnd Fe n Cu, BCTpevaeTcA GaMOpOIHHH AL B HEKOTODHE
Ip.

Ins Cepepo-Amepikancroll n KEno-AmepuraHckoll JmTocde pHEX
mwiaT, Ypano-TAHBUAHBCKOTO M TAXOOKeaHCKEX NOACOB, ABCTpanmi-
‘ckoit m AfpuxaHckoif MeramnMT ¥ IpPyTMX CTDYKTYD 3emHoff KopH,
ofJajAKmEX MOWHHEM Ga3aJbTOBHM CJIOEM B XApAKRTEpH3YKMMXCHA Dpu-—
CYTCTBAEM WEJOYHHX (a3albTOMIOB KaJmeBoro mpodund, THUOIMYHO
axneccopHoe MUHEPAN0OGpA30BaHAe CAMODOIHHX MEeTalNop pana Au
~ Ag , nonpmeTaswioB A Hg,Bi, Sn W MHOTOYRCJEHHHX RHTEpMe-
TA/MIO0B Sn, Pb, Zn, Cu , KOTOPHM HOCTOFHHO CONYTCTEYDT CaMo-
POIHHE METalllH pAla Au-Ag, Au-Pd. B 3TiX MaadeTapHHX CGTDYR-
Typex mesiovHHe 0asaibTOMIHHE BHIVIABKA M Ax JnddepeHnmaTH -
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Tacdarna I

CamopomiHHe METAMMN B HSPEDMSHHHX NODPOIAX

R

TREMH CTPYKRTYD- AxmeccopHue
HMX SJIEMEHTOB OcHOBHHE gggfgmoo'rn CaMOPOJIANE
seMHOfl KODH Marne MeTanH
Fo,Pe(Ni),N1,
H.Emsmm YnbTpacasaTH, CasETH E AP. A1.Cu,Pb,Zn
JomnarfopmeRHEe 00pasSOBaHAA — Pe,Au,Cu,Pb,
InbfepeRimaTH OCHOBHOR MAaIMH Bi
Nlporeposofickre  BasansTo marmMaTasM (axcT— Pe,Pe(NL),Cu,
8BNAKOTEeHH pysusHHTE) ,nafikn NRacasoB H Aun
Ap. .
QorpopHHe nyr#  ToueHTO B cyOmenogHue O Fe,Cu,Pb,Zn,
e 3aJ5TH (IOABOMIHHEe A3JRAHAA) Sn,Bi,du,Ag
TOJIENTOBHE GasanbTH (cydappaib—
HHf 7 MONPONHHE MArMATH3M),aH-
Je3nTo-0a3anbTH B aHJe3SATH,
racépo-1AOpHTH, ARODHTH,IPAHO~
ImOpATH (HA ssnenoﬂ cTanEn pas-
BATHA OpOT'eHA); CYOByJARaHAIEO-
KAe JIAOATH, CRAIH B madxm oo-
HOBHOT'O COCTaBa
AXTEBHHE OKpap- EasanbTH,aHNe3MTO-0a3a/bTH, o(-ret!e(cr).
HH KOHTHHEHTOB A4HNESATH,JADADATO-JANATH, HAa- Grllu Pd),
IRTO-JIRDAPATH ® Ip.; raéopo, Au(Fe,Cr gu,
MOHIIOHHTH, TOHAJHMTH, I'DAHO~ Ag,Bi,8n,
. IAODATH, OOCTKYHEMATHYECKRE
T TH A Ap. (xopmaasepcruit
TRI), SKCTPYSHA DHOJRATOR M
dens3nrop (ammnficka#t Tam),
KANBHHE HWHTDYSHH OCHOBHOIO,
CpelHero M KHOJOT'0 GOCTaBOB ¥, ® n o=
S0HH CTONKHO-  AHNESHTH, AHNE3ATO-JAIHATH,aC— o -Fe,Cu,Au,
PEHAA OCTPOBHHX CONRADYNMEE G BKCTDY3MAMH Ag,Pb,2n,Bi,
IyT C KOHTHHEH- CpeIHero B CYOmeJOYHOr'O COC- Sn
TaMi TaROB. I'DAHATH MAJINHTEHHHO; Fe(N1), o~Pe,
B TEKTOHHYECKEX IBax - Mej- Pt.Pa.Au,Sn
KHe ITpOABNEHEA yABTPRGasHTOB PRI
n dasnToB

meJI0THHe raGCpOMNH A rpaHATOMAN Gopmmposaymcs DOR Bo3ledcTBAEM
BOCXOJAMEX NOTOKOB A CTPyl MAHTEAHOrO BemecTBa (aKTHBE3AUAS
"GasansToporo” cnos JanTocfepn). C IVIABHHMA THOAMA N3BEDEESHHEHX
TOPHEX NMOpOJ YCTAHARIEBAETOR ITPOCTDAHCTBEHHO-BPEeMEHHAA OBASH
SHIOreHHO! METALIOTEHME S0J0TO-~CepeCpmiof MuHepaJASanps, HO-
JEMeTALNOB, MEIE B HEKOTODHX APYTEX XAIBKODAABHHX MeTAIIOB.
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B OTHEJBHEX IMAHETADHHX CTPYRTypax semuHof xopu (sKeaTopaanb—
gad 4acTk AfpmraHcroft ¥ meHTpaiEBHRE OCAACTRE ASHaTCROR meramiur,
BHYTpeHHEEe 06nacTa Kxmof AMepuxd B HexoTOpHe DafloHN CHAHIMHABAM),
KOTOpHE XAPAKTEDASYDTCA AKTUBMsan@eit COGCTBEHHO T'DAHATHOR XODH
(momEOCTS "rpaERTHOrO" MO 3eMHOR KOpH Mo 20 KM B Conee) =
IOpOARNEHANAME TRTAHTCKAX IPAHATHHX GCATONMTOB, 30H I'DAHATHBAIMA .
7 CYOmeJNOYHHX X WEJIOYHHX TI'paHATHHX MACCHBOB, PACIDPOCTPAHEHH
AKIEeCCOPHNEe CAMODOIHNE METALIH Pb, Sn, Bi. JHTEpecHO OTMETETS,
9T0 MEeTANIOTeHAYeCKAf OGJHK BTHX CTDYKTYDHHX S/EMEHTOB 3eMHOM
KODH XAJAaKTEDH3YeTCHA PASBATHEM MECTOPOXUSHHR naTOfMANBHHX Me-
TAJIOB, -

Teoxnmmgecras CHeNEANB3AIAS N3BSPEEHHHX TI'OPHHX [OPOR X' Mpo-
NlecCH AKIIECCOPHOT'O CAMOPOIHOI'O MAHEepanooGpasOBaHAA OO0aaTAKT
onpefeNeEHO! B3aPMOCBASAHHOOTED (Tadn.2). B ORAAANATHX TOXBHX-
HHX [O0fcaxX MeXaHM3M AKNeCcCOPHOr'O MEHEpAJNooGpasOBaHHA CaMOpOl-
HHX METAJJOB OCOCGHHO WyTKO pearmpyeT HA MpefieliH HACHMEHWd H
KDHTHYECKHe KOHIEHTDAIMA MAJIHX DYHIHHX KOMIOHEHTOE B MATMATH-
YeCKEX CHCTEMAX ,. [[pexie Bcero, ®T0 YCTAHARINBAGTCH IIA Me-
TAN0B ima Au-Ag, Pb-Sn .Cgnepmamwe aerywsx (¥,Cl,Br,B,P,C)
» QunospHER pexaM MATMATHYECKEX CHCTEM — OIMH A3 BaxHeHmmx
TeOXEMAYECKAX MHAMKATODPOB H Norasareielt fusERo-x@madeckoit mo-
Nl akUecCOPHOr'0 MAHepas00dpa30BaHHNA CaMOPONHHX MeTaloB.AX-
IMeCcCOPHOe MEHEDANoo0pasoBaHne CAMODONHHX MeTa/I0B paceMaTpH-
BAeTCA KAk NOTEHIUANLHO pyjoodpasyniuee COCTOAHAE MATMATHYEC-
Knx cucTem. Tarum o0pasoM, MEHepanOOCpPA3OBAHHE AKIEOCOPHHX
CAMODOIIHHX METaJJIOB — ABJCHAE, TECHO CBA3AHHOE G OCOGEHHOCTA-
MA PASBHATRS MATMATHYECKAX OPONECCOB M {UNBAHOro pexama u Oiu3-
KO CONDABEHHOE ¢ SHIOTEHHEM pyloospesopammeM,llaHANe IO AXIEo—
CODHHM CaMOPOJHHM MeTallaM B N3BEeDXEHHHY NOpOlaxX NpPeACTAaBILANT
BHTEpeC JUIA T'eONOr'MA ¥ MpAKTEIeCKHX nedeff - mpa BHpACOTKE Mi—
Hepanoro-reOoxaMiYeCKAX KDATEDHER MOTEHIMANBHO DYMOHOCHHX HA
ompelieNieHHN? KpyT' METa/JOB B HEepyNOHOCHHX MATMATHIECKHEX KOMI-
JIERCOB B Np¥ PEerHOHAJNEHHX IPOTHO3HO-METALNOTEHAYECKEX HCCHE—
JOBaHHAX,

. IrnreparTypa

Iaxosmu B.B. AxmeccopHye MEHEDAJH B IPAHATOBNAX
Coserororo Comsa. M., Hayxa. 446 c. i

CuMupuosn C.C. O COBDeMGHHOM COCTOAHEM TEOpMA 0Gpas3o—
BAHUA MATMATOI'GHHHX DYZHHX MecTOpoxmeHa#f. - 3amn.mmEepanors-
Yeckoro o6-pa, 1947, 2-a cepmg, 4.76, Bum.I.

Xaumpaodaes HX. Herponoro-reoxuMigeckie KpuTepan
PYAOHOCHOCTA MAT'MATHYECKHX KoMUIekcoB. TamkenTt ) Q®AH, 1969,

JOKASATENECTBA MPYPOIHOIO ITPOMCXOEIEAMA
CAMOPOIHLYX SJIEMEHTOB
Il VHTEPMETAJUDAZIOB B SHIOTEHHHX OEPABOBAHMAX

M.M.Homropomopa, E.B.OxefHokoB

WI'EM AH CCCP, r.Mocxsa
WucraTyTr reonorum f® CO AH CCCP,r.fixyTcx

Hanmngue cpens MUHepaJOB CAMODONHHX SJE€MEHTOB B HHTEpMETAN-
JEYeCKEX COEeIMHEHNH 5JeMeHTOB, KOTOpDHE MOT'YT O6pa30BATHCA B
SHMIOT'eHHHX Ipomeccax, COCYmEeCcTEBYsA ¢ HecBAsaHHo# Bomoft, odwuHo
He BH3HBAET BOSPAREHMW, B 9TO uncjo BXOmAT OnAropoiHHe MeTat—
JH 0 AX MHTepMETALIAYECKAEe COeNWHeHHs, camoponuwe Hg,Bi,Cu,Ni
B HEROTODHe IpyTme. BveoTe ¢ TeM Cpeil pPABHOOCPASHHX DHIOIeH-
HHX NPOAYRTOB JABHO M3BECTHO TEJUIYPAYECKOE Xese30, Jmbo Gec—
OpAMEcHOe, JIAGO ofpasymmee CIJAB C HMKeJeM. BOSHUKHOBEHHE €ro
OCOCHOBHBAJIOCE MHOI'MMH ACGCJEOBATENAMA BOCCTAHOBJIEHHEM OKHC—
JIOB B CyNB{WIOB ®esjesa YTJEepOIOM MR BOMOpOAOoM. OnHaxo dmxca-
@7 B CaMODOZHOM COCTOSHAH B XOJe SHIOI'CHHOI'0 MEHEpPanoodpaso-
BaHUA BJIEMEHTOB, JJ1A BOCCTAHOBJEHAS KOTODHX HeolxonEm Gonee
HE3KEfl OKACJATENBHO-BOCCTAHOBRMTENBHHHE MOTEHIMAN,9eM TpelyeTod
U KpHCTAJLIA3AIMA camopoirore Pe , HepellKO BH3HBAJA COMHEHHA.
910 KacaeTcd, Npexie BCero, Zn , HAXOMNKN KOTOPOrO M3BECTHH
Cpelly aXIecCOpHHX (a3 pasIMyHHX mMarMaTAaToB. Eme Cosee KaTero-
pHUYECKOe BO3paxeHMe CHIO CAENaHO MpoTmB faxTa HAXORUEHHS ca-
MoposiHOTo Al cpefin aRNEecCOPHHX MAHEPANOB TPAINOBHX IOPO
[cosones, 1979]. -
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Bo3HHRHOBEHRE CAMODONHOI'O Al BOSMOXHO B 0COG0 BOCCTAHOBE-
TEeABHOR cpelle, KOI'TA MAOT'EE IpyTHE SJEMEHTH, B HX WHCIE BCe
IBETHHE MOTAJIH, BRAMNAA Zn , a4 TAREE Dl DOpONOOGpAsSyNmEX
SJEMEHTOBR ~ Mn,Cr, T4 ¢ JAxe Si , IONXHH HAXONETECH B TOf
Xe DHUOTeHHOR cmerTeme B saemeHTapHOR fopme BaR xe OPACYTCT-
BOBATE B BHJI® GECKBOJODOJHHX coelmHeHH#. IlosTOMy NORasaTedb-
CTBA HAXOXICHAA MpAPONHOIO AJNMUHAA B Metamiaveckoft dopme,
CHEMAET OI'DAHAYEHHMs HA BOSMOXHOCTH HAXOXICHMA B camoponHof da-
3¢ 2n,Cr, Mn,T41,81 @ §x PBHTEepMETAIMYECRAX coelnHeHER A
OpAPONHEX CIIABOB.

B manroe Bpemd caMopomHERt Al A3BeCTEH B M3PePXEHHHX HDOpO-
Jlax MBHTHRHOIrO NPOECXOXNEHHA R PANE METACOMATHTOB M.TEApPOTED-
meaaToB., Haxomx# ero A.B.OXpDyTRHHM ¥ B.B.OneftunKkoBHM Cpemn
aKIeCCOPHHX MBHEDAZOB Tpammosux nopon # M.M.Homropomomo B
TAApOTEDMANLATAX OHIHM CIEJSHH HDARTHYECKM OIHOEpeMeHHO B I977 r.
B nepsom caygae camopopAuit AI Oun OCHApY®EH COBEDNEHHO caydall-
HO B TAXEJOR HesJeKTpOMATHHTHOR dpexmmm ECKYCCTBEHHOrO MIAXa
8HOPTOBHTOBHX IadOpo-IoaepaToR BMnssxCroro mpTpysssa. K aTo-
My Bpemern B MI fi® CO AH CCCP OHn0 yCTaHOBJEHO, YTO CPEeld aK—.
IIECCOPHHX MEHEpalOB NOpOJ TPANNOBHX MHTDYSHBOE ODHCYTCTEYNT
MEHEpaJH ranepdasdToOBOrO napareHesnca - (OpeTEpHT, MATHE3HANb-
HHfY XpE3ONAT, XPOMIMAHENMIH, BRINGAA XDOMAT, AJbLMAHIAH-IHDPOMIC-—
EHe I'PAEATH BIIOTEH N0 KHODpp@HrATCONep=amero, a Takxe deppur,
MyacCaHBRT B DAN ApyTEx. OHE HepABHOBECHH, KaK K BAJOBOMY XHMA-
YEeCKOMy COCTaBy GasmTOBOrO ¢ydcTpara, Tak B K (H3MKO-XHMAYEC—
KHM YCJOBMAM BHyTpRamepHO#l KpucTainmsampm marmy, BHA clenan
BHBOJ, 9YTO BOSHAKHOBEHAE STHX BK30TAYECKHX IIA GA3ATOROI'O Be=
mMecTBa MAHEPAJNOB AMEJO MECTO B OGCTAHOBKE HM3KOT'O OKACJATEN D~
HOT'O [OTEHIEANa MATMATAYECKoft CACTeMH, KOTZLA SKTABHOCTH Xeje-
3a GHIa OTHOCATENBHO HedonbmoRt. MmeHHO mosToMy ciydaitHoe oG-
HapyxeHne Al He GHIO WIHODHPOBAHO, & OWIM MPOBENEHH HeJeHall-
paBNeHHHEe [ONCKH MeTawlddecKoro Al B mopojax ApyI'MX Tpammo-
BHX AHTDY3MEOB. MEHepas Owi 3afmKCRpPOBAH B NOPOJAX elle IeTH-
pex TeJ, NpaYeM B NOCTOAHHOR accompan@n ¢ MyaccaHmTOM, fep-
pATOM, IBETHHMA METAIAMA M UX NOPAPOAHEMA oliamams, Haxomxn
camopomHoro Al mocjie ycTaHOBREHEA ero B MCKYCCTHEEHHHX WUIA-
xax GHIM DOBTODEHN HA ONHOM B3 o0bexToB (mafika 0B-255) B moje=
polt 06cTAaHOBKE, I'le MEHepan OHI ABBRIEYEH M3 SJANBHAJILHO NE3AH~

L]

TErpEPOBAHHOR NpecEN radépo-loJepATa, BSATOR M3 3aKONYyWKE.
Ilpecra ONpOMHBAJACH HA JEDERAHHOM JOTKE B pafiore ordopa B OT-
naneHHoft HeHEaceJeHHoft MecTHocTH, [Ipoda saTem Omia Ges Kaxo-
ro-améo odorameHHA OPOCMOTDEHA NOJ, GRHOKyAApoM B B Heft Haft-
IleH MeTa/nmveckal ansmvmERf. _

OGpadoTRa GONBEMHCTBA APYTHX OpOC OCYmECTRAANACH B Aadopa-
TODHHX YCAOBHSX NO OOHYHO METONAKRe OCOrameHRs, H BHIEJEHHA
AKMEeCCOPHHX MAHEPANOE ¢ COOJNAEHEEM BCEX MED IpeloCTOpOXHOC-
TH, NpeAOTBpAMANMAX 38COpeHHe HX IOCTODOHHEMA ODOIYKTAMH A
TeXHO/OTHYECKEMA MaTepRanamd. Taroft cnocod M3mnevYeHHS axmec—
cOpAeR BN3BAN GONBUOE COMHEHWE KK OTHOGHTENBHO OGOOHOBRHHOO- -
T8 mpapomEoro mpomcxoxueras AL [CoGones, I979], tak B mpa-
HAIVIEEHOGTR (a3HETaM IpyI'iX SK3O0THAYECKAX MRHEDaNOB —~ CaMoponi-—
Horo ©Cd, wMyaccaHETa, XPOMECTOrO IBpONa B XDPYTHX. Omraxo Ta-
KOe COMHeHEe MIHOpApyeT TOT faKT, 9TO B ASAEARA oforaTdTeNb-
HOTO OGODYAOBAHAR HEe EXONAT NeTamn, CHeJAHHHe B3 CGecIHpuMec—
Horo Ye, ugmcroro Zm, Cu, Cd | CrnenoBaTeNBHO, TEXHOIEHHHM
nyTeM ofpadaTHBaeMHe OpOCH DTHMA METALIAaME ZapaXeHH OHTH HE
Moryr. Kpome TOro cpelil NpHPOIHHX METAJUINYSCKHX CIJIaBOB yoTa-
HOBIEHH DA3HOBMNHOCTA, He OTBEvANmMe OO COCTABY M3BECTHHM HC-
KYCCTBEHHHM CILIABAM, JTO NPEMO YRASHBAeT HA OPEPOIHOE MPOHC-
xOxneHne Taxex das. AJOMAHER xe OHA OCHADYXeH HMEHHO B 8CC0-
nEangER ¢ BHUEHASBAHHHMA METAJUIAME A HX HHTEDMEeTAJLIAYeCRAMHA )
coenmHeHPAME. HawxoHen, HAKAR HeABSH HASBATH cayvafiHiM B O0BAC—
HETH TEXHOJNOTAYECKEME NpuumHamp axT pesroro (Ha IOPAINOR A
danee) BOSpaCTAHEA CONEPXAHEA MEHEPANOB, OCPASYHUMXCA B OCO~
60 BOCCTaHOBATEABHOff OCCTAHOERE, B MOpOZAX KOHEpeTHOR IpymnH
MHTDY3EBOB ~ TeJl ¢ QHOPTO3MTOBO# TeHiernEeR spommmy cdopMe—
pOBABIMX BX DACIUIABOB. B Mopojax MMEHHO STHX MHTPYSHBOB Hau-

‘folee 9aCTO BOTDEUAETCA M ocamopopHuit ammmuall. Hadannaewmmuft

reoJOTHUECKA#t ROHTDOAL HeAb3s HrHOpEpoBaTh, OH ABAgeTCA yoe-
IATEeABHHM B HEOCHODAMHM APCYMEHTOM B NMOAB3Y NpAPOIHOIO HpOMC—
XOXICHASA MHHEDAJOB CAMODOIHHX METajlOB MATMATAYECKOI'0 reHe-
sHca.

OKOHUATENBEHYD TOYKY B STOM BOIpOce CTABAT Haxomka B.K.Map-
MPENEBHM TeJAAypEYecKoro Al Bo BRANYeHRR B nopfpoBOM KpHCTas-
ne doperepura (9,5 Pa) xamGepanTa TPyOKE YnauHas, KOTOpad
NOINTBEpIMJA PaHHeMATMATHYeCKM# reHes3sHc 5TOr0 MEHepana.
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B ragporepmanRTaY B MeracomaraTax DmHoro Ypana HeGONHEOe
sepHo camopojuoro Al Omno OCHADY®EeHO Tagxe CAyJafiHO B Ipo-
TONOYRe aMfECORNSEPOBAHHOTO raéépo ¢ IIPOXHJKOBO-BEpAMLACHHOR
30a0T0-CyARfRARO-KBapnepof MuHepannsanuet. IIpa mocaenyxmen
TeNeHANpaBISHHOM NOROKe OHAM YCTAHOBAGHH BRANMEHAS KDYIHHX
(0,5-1,5 o) MeTAaLNMYECKEX IIACTAHOX B KBAapmenoRt mmne, B ee
KOPEEHOM BHXOXE HA HOBEPXHOCTEH Cpeld JesbAmnIaTH3MpOBAHHHX
BYARQHOTEHHO~OCANOYHNX IODOA l; 5. Meralinveckse MWIACTHHEE
OpenoTaBiAll co6off TOHRYD NOAMMMHEDAJBHYD CMeCh, B COCTape
EOTOpOR KOARYECTBEHHO NpeoGnalain CAMODONHHE ANDMAHME B oBA-
Hel, CpacTaxm#ecs ¢ caMopomHmmu PFe, Or, Sn,Bb ¥ panoM Apy-
I'ax MeTamioB., B oToff CMEeCH IpRCYTCTBOBANM TAKES OCJOMRH XANE-
HOr'0 KBapp. CpacTaHms YRASAHHHX CAMODPOJHHX METAJIOB O MHHE-
pajaMf, 9Ybe HOpAPONHOE MPOACXOXIEHAEe He BHSHBAET COMHeHHE, AB-

* AAETCA ONHAM A3 yOeNATENBHHX NOKasaTelbCTR AX NPEPONHOI'O IPOHC-
xoxyienas. OCHADYEEHO, YTO B COCTABE 30JOTO-CYALIAARO-KBATIIEBHX
'IPOXAJROBO-BXPAINEGHHEX DYA MeCTOpOXNeHAs Dxuoro ypaza camoponi-
HHe Al, Pb, Zn,Cu, S8n, CuZn § pAN JPyTHEX METALIOB 00pasynT
JOCTATOYHO pAcHpOCTPAHEHHYD YCTORMMEYD aCCONPAIAD G CAMOpOli-~
HEM 30JOTOM, 8 He SBIADTCH CIMHMYHHMA SK30THAYECKAMA HAXOJKA~
ME.ABTODH pacnonarant dororpadEaMs MEEDOCDECTAEEE YIOMAHYTHX
METALNOB C AHEKepATOM, AmaTHTOM, HarpaftcollepEAmMMM MYCKORATOM,
MerToname mpocpeumBarmefl SNERTPOHHOf MAKDOCKONEE B GACTALAX
CaMOpOJIHOT'C aNXMAHEAS OCHADYXREeHH BRADYEHAA CJNA, alb0HTa, Cep-
NeHTRHOBHX MEHepanos, rpafura, ranata B CRABBAHA.

Kpome yOOMAHYTOrO MECTOPOXICHNA ACCOMEALMA CAMODONHEX Me-
TAUIOB B EX OPMPOIHHX TBEDIHX DACTBODOB YCTAHORNEHA B pAne
SOJIOTODYAHHX MECTODOXAeHMft A pymomposmiensft Manoro Kaerasa,
YsCerucrana, Tammmkacrasa, crapgsx Tamxarmcrana B cTpaTRfOpM-
HHY NONMMeTa/UIMYeCKHX OpOARIeHAAX c¢epepa XadapoBokoro Kpad,llps-
POIlEOE IPOMCXOXNEHAe BCEX HAXONOR CAMODOIHHX METALIOB OOATBED-
XISHO MX CDACcTAHAAMA G MAHEpAnaMd, OCNYHHMM JUIA paccMaTpaBae—
MHX DPyA. K BacTosmemy BpemeHR B IOCTMATMATHIECKHX DYIHHX o0pa-
B0BAHHAX C JOCTOBEPHOCTED YCTAHOBJIEHH camoponuye Al, Pe, Cr,.
Zn,Pb,8n, Sb,Bi, C4,Cu rpageT, TBEpmHe pacTBOpH CO,Mn,Ti,Cr,
Si, ¥ B ®xenese, Zn, Pb,Sn B MENH, Sn BPb B Pb B Sn
B pAN AHTEpMeTAINNYECEAX coelmHeHn#.

CamopomHoe TFe B accomwalnMn ¢ KOI'eHATOM, MyacCaHATOM,
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CaMOpoJHEEM Zn U Fe-Zn HHETepMeTAIIEION, 8CCOIBRADYImee ¢
BOZIOPOZCONEPXAMAM GETYMOM-KEDETOM, ONHOCAHD B DYNAX OMHOT'O A3
mMeoTopoxnernt Cepepo-Booroxa CCCP [Koorupxo, Pomamerwo,IS80] .
" Bonsmas ramva CaMOpONHHX (a3 OHia yCTAHOBNEHA NDH H3YJEHHER
ayEmoro matepraia [®pornexs, I1978). Meps MpellOCTOpOXHOCTH TDE
B3ATEH, TDAHCHODPTHPOBKS, COPTHDOEKE B IOCAGYXHEM ESYYEHAN E€ro
TAKOBN, YTO ORJ AOINHH WCKIDNATH BOSMOXHOCTH TEXHOTEHHOTO Sa-

. PAXCHEA JYHHOI'O BemecTBa. HamomumM, 9T0o B HeM OHA HaliieH B me-

Tantavecka Al [Amexsma » mp., I979].

Haromenm, B mocneliHMe I'QMH. CAMODOJHHE METAJLIH B pasHoodpas-—
HHe NpEpONHHEe CIUIABH - Pe,Zn, Pb, Cu,Sb H MHATEMETALIANYESCRAS
coenpHeHEs Cu ¥ Zn ¢ npaweckn Au, Sn,Sb 4 As,Pb,Sn ¥ Sb
OCHADYXSHE B BHCOKOKDEeMHEOTHX IEGIRTAX SHAOIEHHOI'0 IPOACXOXMEe—
mus [Toraupanz # mp., 1980; Uxemnse B Xp., 1980] . Haxmame cpe-
I# HEX CINABOB, HEe OTHEUYANNAX IO COCTABY RCKYCCTBEHHHM COeNA-
HEHHSM B CMeCAM, ONHOSHAYHO yKasHBaeT HA OTCYTCTEEE B B NAH-
HOM CJIy9ae TEXHOTEHHOTO 3arpasHeHMA TAEeNux (pexma mopon
cTpatTfopMHEX MECTOPOXIECHA HEOIRTOB.

[pupelieRHNe MATEPHEANH TOSBONANT ¢ YBEPEHHOCTED YyTBe®uaTh,
YTO PECCMOTDEHHHE META/IH, BX TBEDIHE DAcTRODH M HETEDMeTALILE-
YecRHEe GOeJMHOHAS ABAANTCH NpOAyETAMd OPADOJNHHX pearmmlt, Opo-
TERABINX OpA CTAHOBACHAN CAMHX PASANYHHX I'eCJOTHYECKEX 00pa-
soBaHAl, '

InrepaTypa

AmmpnxmpnHAa HA, n ap, [lepeasd Haxolxa 9Ja0THI] METAIIE-—
YeGHOI0 QJINMEHES B JAYHHOM rpynre. - JowriAH CCCP, I979. T.246,
k4, 0.958-96I,

Torgpwmenanm BI.,Yxernnse PI.,JomMyxOB
¢ km #f B.I., CamopolHHe METALIH 2 MHTeDMETAJIAIECKAe COeJaHEe~
HES B BHCOKOKDEMHMCTHX Heoimtax I'pysmm. - CoodmerEs AH I'pys.
ccp, 190, r.97, ¥ I, ¢.I33-136, )

Kocrupro HA., PomasneHrEKo WM Camopomuue
Xeneso § IMAK B3 GIR3NOBEPXHOCTHOI'O MECTODOXNSEAA 0xoTCRO-4y-
KOTCKOrO ByJAKGHAYEeCKOr'c Hofca. — B KH.: MarepsanH mO reojoOrzd
n nonesHEM mcxonaemum Cesepo-Bocrora CCCP,BHD.25. MaramaH,
1980, ¢.234~235,
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Codonesn B.C. HoBaad onacHOCTE Ne3AHPODMANNE B pE3yib—
TaTe 3aCOPeHHA NMpoC MOCTODORHAMA MAHEDAJAMA A TEXHUYEOKHMH
mponyxTaMu. - 3am.BMO. 1979, % 6, ©.69I-695.
porneans Jx Masapanoras Jyuu, M.: Mup, I978 334 C.
Yxemnse PI.,,JomMyxoBcxkr@ BI,,Tor n-
wBuau BT. KwaHepanoran camopolHHX METAJIOB A WHTEDME~
TALNAYECKAX COEeIMHEeHN# BHCOKOKDEMHACTHX IEOMATOB.. — COOCmMeRus y
AH T'pys.CCP, IO, 9.97, % 2, ¢.38I-384. )

BO3MOEHHE ‘FCTOUHNKY TEXHOJNOTWUECKOIO 3APARFHI
AKUIECCOPHHX ®PAKIMI MATMATHMYECKIAX IIOPOX
B [IPOLECCE OBEPABOTHHM I[TPOB

T'.H.Tamarmu, A.B.Okpyrms, B.B.Oneltrmxos,
) 0.5.Oneitrnxos, B.J.loxosanken, B.2.MaxoTko

HucTaTyT reonorum Axyrcroro Gmnmana CO AH CCCP,r.fIkyrcx

Haxonge mOGNeNHETO BPeMEeHH B pA3HOOCPASHHX MAIMATHYECKHX
DOpPOJiAX PA3JMYHHX AKHNeCCOPHHX MAHEDAJIOB CAMODPOIHHX BJEMEeHTOR
A BX CILIAHOB, B TOM YACJNE M TaKWX Ka¥k Al, Zn, JaTyHb A Ipy-
e, BHSHBAOT HelOBepMe HEKOTODHX MCCJejopaTeself B CBA3M ¢
BOSMOXHOCTBE TEXHOJIOTMYECKOrO 3apaxeHss Npod TexXHOI'eHHHMY rrpo—
nyxramm [Codoxes, 1979).

Meromsxa ordopa axieccopHhx mpod, Tem Gosee B paftoHax,sHa-
UATENBHO FHAJNEHHNX OT OCRATHX B TPOMHIUIEHHOM OTHOWEHAH MeGT,
CHHMAET BOMPOC O 3apaXxeHHOCTA NMpoG B Ipomecce mx oTdopa, 38a
AMCKIDYEHAEM BEpPOATHOCTH 3apaxel " "
e mﬁ; xfa ik yma EeaesHo#™ cTpyxxoit or reo-

Crenymias onepanps mo o6padoTKe aKNECCOPHHX MpoS, CBA3AH=
HAA C AX USMEJBYEHNEM IO HeOoOXOIMMOPO KIACCA KPYNMHOGTH, Ipons— t.
BOJANACH B DASHHE FOAH AAGO B YYTYHHOR CTYNe HEMOCDENCTEEHHO ;
B nmone, a860 ¥ MEKORO# B BAIKOBOK NPOGHIKAX B OTAINMOHADHHX
YCJOBMAX NPOGANBHOIO mexa. Jns MpOCEeNBaHUA ACHONb30BANACH CH~—
Ta ¢ a1DMIHREEHM OGOIKOM M MmelHol ceTxoff, OIHAKO NpA KOHTDOJIB~
HHX padorax ¢ LEJBD MepenpoBepKd HAXONOK CAMODONHOrO aJloMAHAS
‘omepanas npocennafmn A3 UpKAa paCoTH MCKARMAJNACh M mpoda moc—

Jle ApoGieHAs HA BaJKOBO# ApOCHIREe OTMyddBanach B CTERIAHAOR
nocyze. MTpo6H I'DRHMTORNOB IOGAe APOCJNEHMS odoramanuCh HA KOH-
[EeHTPAIMORHOM CTONe, [IpoCH 6aspToB Tarol omepamad He MOMBEpra-
nEch, TakuM o0pa3soM, TEODETHYECKH He CJeNyeT MCKINYATH BOIMOE-
HOOTH SapaxeHAs NOAYYAeMHX MAHepaXbHHX (paxumi yacTAIAMA TeX-—
HOPEHHHX CILIABOB OT JieTaneft oCOraTRTE]BHOr0 OGODPYLOBAHMA.

Crpyxxa MaTeprana JAPOCHJOR ABIABTCH HepsOexnolt  olmen3BecT-
HOR mpumecspd, sapazammeft mpodH. Omaxo cnermdedeckaft OCJEK H
JlerKan OKHECJAAEMOCTS: IO3BOADT IOGTATOYHO YBEPEHHO IMAIHOGTA-
pOBATH €e B MOKYCCTBEHHOM Iuxe., Mexanmeck@e CBOACTBA COCTAB-
HEX neTaneft ouT (amoMuRHeBui#t 000, MeNHAR CETEa) M AHTEHOHB-
HOCTH CWIOBHX HAI'DY3OK Ip# MpOCeMBAHAM 3aTPYMHADT BOSMOXHOCTE
sapaxeHAs Hpo0 B XOIe Onepalis MpOCEeMBAHAA KOMIOHEHTaM# CHT,
OcodeHHO OGJOMEAME HX MATEepRaJOB MARPOCKONMYECKHX DASMEPOE.
Tem HEe MeHee TO He MCRnwuaercd. M OJHARIH HAMA B HE3JEKTDPO-
marunTHOft dpaxmup HaGABAAJACEH BMECTE C ARIECCOPHEMA MAHEpAa-
M# MelHas IPOBOJIORE CHTA, HMENNAs XapaKTEePHYD IANAHIDAYECKYD
BOJHRACTO-A30IHYTYH fopMy.

Jcxons m3 BOBMOXHOCTE 3apaxeHNA MpoS mpa OpOBEJICHAA BHUE-
HA3BAHAHX onepamaft, G oTOGpaHH O0PASIH CTaNBHOR CTPYXKH OT
o6enx TPOGHIOK,"XECTH MpPHEeMHHX AAKOB K HAM, AJIMAHMEROrO ogo-
na ¥ cerky cur. OHA HMCCJENOBAHH MOJ MRKDOCKOMOM M ITpOaHANA3HA~
POBAHH B TeX X yCAOBMsX, YTO U IpAPONHHE o0pasis, Ha MAKPO-
aHannsarope JXA-50A.

PesynbTaTH M3ydYeHUs COCTABA TEXHOI'CHHHX MATEpAANOB H 0CO-
GeHHOCTA XEMASMA GJIMBKHNX AM OPEPOJIHHX 0Cpasmopy MOMENeHH B
radapue. [lpd CpapHeEMA BRAHO, WTO BOe NpUPONHHE MeTaLLidecKie
dasH, CBelleHNs O HAXOIKAX KOTOPHX ONYOJIAKOBAHH COTPYAHAKaMA

. Wncraryra reonorws A® CO AH CCCP, He MMENT AHANOIOB Cpefd M-

Tepuasop neranedl oGOraTATENBHOI0 060pyROBaHNA,

Mpz omepalpax MO pPa3JeNeHMD 2KUECCOPHHX NpoC B TANEJHX XAZ~
KOOTAX MexaHudeckoe 3apaxenpe ncwixdaeTcf. OIHAKO B BTOM CJy-
uae 0GTAKTCHA MO KOHIA HEACHHMA BONMPOCH B3aMMOMEHCTBAA CAMOPOML-
HHX AKOEeCCOPHHX METAUIOB C EANKOCTHD Kaepwud. Pan arTreHOCTEM
MeTANJIOB IPHMEHUTENEHO K BOJHHM COeIMHEHNAM NOKasHBaeT, 4TO
ramnall B 9TOM DALY MOXeT BHTECHATH QJIOBO ¥ CBuHel. OGHapyme-
HHe TalAAEeBOl OGONMOUKH Ha AKIECCOPHOM CBUHNE KaK CymTO MOAT-

_pepxnaeT aTo. OIHAXO HACKOABKO NANEKO SaXOMMT BTOT IMponece i



CpaBHeHme cOCTaBa MeTAMA NPOCAILHOTO M OGOTATHTENBHOIO
O0OpYIOBAHAA, HCIONE3YeMOro B MHCTHTyTe Ieonorss, A
OpADONHEX MeTaJlddecrEx fas

OOBeKT moonenoBaHAd

0COGEHHOCTHE XEMPYIECKO—
T0 cocTama #iis

I

2

Jlaryas
IIpoBosnioka m3 ceTku cmra % I

Ipoponioxa m3 ceTkd cuta ® 2

Camgoman Mels n3 Ga3BTOBHX IO-
poxn Cnénpoxot muardopmu

Il JIaTyHb A3 CA3SHTOBHX [MO-

pgg Curompcrof mnarTgopmu

2n =22%, HpyTHe NpEMech
ndoranomery . T

Zn =20,4%, IpyTEe npame-
CH He YCTAaHORJIEHH-

Muorma co Bl Ni
A 1o I,25§eg:ﬂmm2§6m—
HO He OCHADPYXMBAETCH
Zn=35-38%, mgoru;a 0
1,2 B nd,Igpe %

Ipapofias JaTyrb U3 KUMOEIATOBMX  2Zn =28,6-37,6%, mHOTIa
.5 8

nopoxn AxyTaa

JaTyHb M3 yABTpaGasnTOB

IIpaponHasn
cepepa Cuoupcxolt miaTHopmu

IIppOEHAA JATYHE M3 IPAHATOMIOB
Ctauaepo--]?vm::'rcmgtH fixyTran &

Anovmarnit

OGomox cmT

Jlera KOHLIEHTPAIMOHHODO GTONA

Camopojisuit anxvueRf A3 GasSHTOBHX
nopon, CaéupcKoit mwiaTdHopMy

Camoponuuft anmMunmit -
an-rogocmnpcxnn mangpggwpada

CamopozHuit anmmuni #3 KumGe -
TOBHX Nopox fRyTHn

Cranb
Crans Banka BankoBOi#t MPOGHIKM

10°0,1%

Zn =36-38%, o0HYHO npnm;'

Jd_gﬂ gwcy'rnggnm.no aadgm—
A CILIAB ¢ N0GaBKO
fn (3,5-8,5%)

Zn =I7-31% ‘A€ [pAME=
CH He oduapixgggr e

Jernposa Cr (%34%) » Apy-

I'he OpAMECH He HA DYREHH

S0 o8 (B:38 "oy

T'le NpAMECH He OOHADYXEHH

Mn y Cr He OCHADYReHH
WHOT'lA NMpHCYTCTBYDOT .

ILYKTH pa TBEpHAOI'0
pacTeopa TaBa Mg,81 U
AL,Culg 2

BecnpumecHu# A3
BecnopumecHHik A1

i |
G T RN

1 | 2

Iermposana cor (I,4%)
Jégrnf:g:nig%)m (0,6%) n

BecnpavecHuft deppnT

Crant mexn mexoBOR HpPOCHIKM

EecTh JOTROB i IDAEMRA pasli-~
POGNEHHOT'O mwepﬂw;’g n3 nggdmon
GeppaT B3 GasETOBNX mopox Cuéap-
cnggn mardopmu

JeppAT B3 KEMOEDIRTOBHX HODPOL Mn =0,4-0,5%, W1 10
ﬁn.%):n - ma a 0"1?) ;

Qe n3 TpadasATOR GeBe

Cngnpcnoﬁ ng DV " ¥n =0,7%, st =0,I7

Kamacur n3 6asuToBHX Hopofn Cu—
Opporoft mnaTdopmH '

Camopongoe Xese30 N3 TPAHATOHIOB
Cepepo-BocTora ARyTEH

¥ 10 5,04, Co 10 2%, Cu
.noO.S%'%’ ekl

OCGHYHO HDDACYTCTEYyeT Oec—
npumcmg] deppur. B pen-
KOMETaNEHHX T'paHATax :
Jieso conepxaT mo I1,46% mi

Ha Rawoff cTANME omepamuy paspencHEs (meneHne, TPOMHERA B I'O-
pAdeM AMCTHISTE, 'CyUKa Tamenoft pAKUAE) OH HMEET MeCTO, HeSICHO
0e3 MOCTAHOBKM CHEIPAABHHX WCCJAeNoBaHMi,

B acmerTe BOSMOXHOI'O H3aumone#CTBAA KOMIOHEHTOR XHIKOCTH
Knepius ¢ CaMOPOJHHMN MeTSANAMM KEAMGEIMTOBHX IIOpPOL MHTEpec-
HO OCHADYEeHRE METAJUIAYECKOI'0 TAINA B HESJEKTpPOMATHHATHOHK
dpaxous xuméepiuToB. OH yoTaHORIEeH B mMpodax U3 TDYGOK % 3 n
¥ 4 nocne pasmeneHna ux B muIkocTH Hnepmum, Yame Boe-
ro po fparump Hadawopanoch I-3 mapoBMAHHX 060COGJNEHHd, DEnRo
AX 9o poxommao mo I0, a B omHo#f m3 mpod cofepxaHEe ero I0OC—
THPANO0 MHOTEX JIECATKOB MHIMBANOB. Tawm#t ofpasyeT mapoodpas—
Hee fopv pasmepom 70 I mv. IlBeT meTawnmgecxolt dasH cepedpuc-
TO-Cesinft ¢ CEepoBATHM OTTEHKOM. Ha BO3Nyxe OH CHOTDPO ORHCIAST-
CA B Ha NOBE[XHOCTH CBeXer'c paspesa cfeponnTa MOABIAETCA IO-
GemanocTs, Tanimesoe Anpo, 3aHMMammee Gonee 90% obnema Buue-
JIeHEA, OKOHTypMBaeTcsa yskoft sorkoft GecmpeTHOro KapdoHaTa Taj-
ams - T€,C05, KoTopas cmensercs Kafhvoft oxuen meramna - T€0s.
Hanmgpe Bcex Tpex das 30HaAABHHX ¢epOETOB MOATBEDNIEHO DEHT—
reHOMETDAYECKAM 8HANM30M, BHOOJHEHHHEM H.B.3asxmHoft, MeTramin-
uecknft Tasnuft cfeponnTor H3yIeH HAa MAKpoaHammsaTope JXA-S0A
H.B.leckosoff., 3To ¥cecaeloBaHme [NOKA3ano, YTO B HEM OTCYTCT-—
BYDT NpAMECE NOPOACOCPA3YRUMX AIEMEHTOB. i
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