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1IPOBJIEMBI I'EOJIOI'MH 1 OCBOEHUA HEJ[P
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(Oro-3ANAQHbIA NAMUP)
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*HayyHbil pykoeodumesb doyeHm O.B. Byxapoea
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rpaHPITH];Ie NErMaTuThl SABJIAIOTCA YHUKAJIbHBIMU TIPUPOJHBIMU na6opaTopm{MM, IMO3BOJIAOIIUMU HUCCJICI0BATh
MPOLIECChl MarMaTH4ecKoro (paklMOHUPOBAHUS W IOCIEAYIOIeH THAPOTepMallbHON Kpucraumszanuu. Cpenn
MHHEPAJIOB, Cjlararolyx IETMATUTOBBIC JKUJIbI, BBIJACIIAIOTCA CKBO3HBIC, K KOTOPBIM OTHOCATCS IIOJIEBBIC IIMATHI U
KBapll, a TaKXX€ BTOPOCTCIICHHBIC, ONPEACIAIONINE CIICINATINU3AIINI0 IErMAaTUTOBBIX TEII. I/Iccnenosaﬂne THIIOXUMH3Ma
BTOPOCTCIICHHBIX MHWHEPAJIOB HMEET 0OJIBIIIOE  3HAYCHHE JUIL NIOHMMaHUs IOBEACHUA PEAKUX METaJUIOB IIPpU
Kpuctajuimsanuun Hanbosee HU3KOTEMIIEPATYPHBIX NMETMATUTOBLIX U PEAKOMETANIBHO-I'PAHUTHBIX PACIlJIaBOB.

B BrIcOKOTOpBSX FOro-3amnaanoro ITamupa pacrionaraercs 1enbli psJ] yHUKaIbHBIX IETMAaTUTOBBIX XMW1 B uactHOCTH,
xmia Jlecxo30BCcKast, KOTopass OTHOCHTCS K HMErMaTHTaM MajorTyOMHHOI MuaposioBoi (opmanuu. XKuma BeIXOTUT
Ha mpaBoM Oopty peku lllaxnapa, B e€ cpenHeM TeueHHH, HANPOTUB Kuiuiaka benus. OHa oOHa)aeTcst B CKAJILHOM
CTEHKE M 3aHUMAEeT CEeKyIee MOJIOKEHHE 10 OTHOIICHHIO K THelicaM IIax 1apuHCKoi MeTamopduueckoii cepun. Konrakr
MerMaTUTOB C THeMcaMu pe31<1/1171. BHyTpI/I JKHUJIbI HaGJ’[}O)la}OTCﬂ OTACJIBHBIC YIJIOBATBIE U IMOBEPHYTHIC KCEHOJIUTHI
BMEIIAIONIMX [TOPOJI, CBUIETENbCTBYIONINE 00 aKTUBHOM BHEJPEHHUH TIErMaTUTOBOTO paciuiasa [2]. OcoOeHHOCThIO HTOM
JKWJIBL, SIBJISIETCS SIPKO BbIpA)KCHHAs 60pHa5{ MUHEpaJn3anus, Ha OCHOBaHUU Y€T0, OHA, HapsAay C HO}IOGHBIMH KUJ1aMu
FOro-3anaguoro ITamupa (IllaxrapuHckoii u Besnapuuckoil) kiaccuunupyercst kak typmanuHosas [1]. Tunnynas uis
IPAaHUTHBIX METMAaTUTOB BHYTPEHHsS 30HATBHOCTH BhIpaxkeHa B Jlecxo3oBckoil xwuie oueHs crnabo. C onpeneneHHON
JI0JIEl YCIIOBHOCTH B HEW MOXKHO BBIIEJIUTH TPU CTPYKTYPHO-MHMHEPAJIOIMYECKHX KOMIUIEKCA: IOJIEBOLINATOBBIM,
OKOJIOMHAPOJIOBBIN U COOCTBEHHO MHAPOJIOBBIH.

nOCKOJ'[be JKWja OTHOCUTCA K TYpMaJIMHOBBIM, 00BEKTOM HCCJICAOBAHUA HEC Cnyqaf/'mo cTaJl TypMaJIuH. bein
BBINOJIHEH PEHTIEHOCTIEKTpaNbHbIl Mukpoanamus uuauBuaoB (LIKIT MU UI'M CO PAH, r. HoBocubupck, LIKII
«AHanuTH4YecKuil eHTp reoxumun npupoAHeix cuctem» TI'Y, . Tomck), koTopsle B skuite JIecX030BCKOH BCTpeUaroTCs
B JIBYIOJIEBOLINATOBOKH 30HE KBapII-MOJEBONINATOBOIO KOMIUIEKCA M  OKOJIOMMAapOJIOBOM  CIIIOUCTO-aIbOUTOBOM

KOMITJICKCE.
Taonuua
Cocmae mypmanuna u3 pazniudHylX CMPYKMypHO-MOPPOoN02UdecKUX KOMNIEKCO8 HCUTbL
u 6 npeoenax uHOusuoa, mac. %
KommioneHTHI l'[OJ'[eBIil:fIfI]:TOBBIf;I OKOHES:E?E;?(:OBHFI Tentp Hf:j;:;iﬂ caiiva
KOMITICKC
SiO, 34,22 37,35 37,485 37,165 36,51
TiO, 0,77 0,03 0,385 1,19 0,35
ALO, 32,17 39,44 37,07 32,22 37,155
CaO 0,26 0,37 0,31 0,515 1,045
MnO 0,64 0,88 3,105 0,43 2,47
MgO 0,07 H.ILO. H.ILO. 0,49 H.ILO.
FeO 16,41 0,19 11,125 17,22 4,615
ZnO 0,10 0,00 H.IL.O. H.ILO. H.ILO.
Na,O 2,02 2,15 2,17 2,305 1,915
K,0 0,05 0,01 H.IL.O. H.IL.O. H.IL.O.
Rb,0 0,06 0,06 H.ILO. H.IL.O. H.ILO.
Cs,0 0,01 0,01 H.IL.O. H.ILO. H.ILO.
F 0,52 1,30 H.IL.O. H.I.O. 1,36
B 10,00 10,00 10 10 10
Cymma 87,30 91,78 91,65 91,535 83,885
DopmynbHBIE K03()OUITUEHTH
Si 5,89 6,00 6 6 6
Ti 0,10 - 0,045 0,145 -
Al 6,52 7,47 7 6,13 7,35
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CEKLIA 2. MUHEPAJIOI'MA, TEOXUMUWA U IIETPOI'PADHA

IIpooonswcenue maonuywt

Keapu- .. | OxomomuapomoBsIit Wnsin

KOMIOHEHTEI | TOJIEBOIINATOBBII .

KOMILJIEKC Hentp niepuepust KaiiMa
KOMILIEKC
DopMyIEHEIE KOX(DDUIIMEHTEI

Ca 0,05 0,06 0,055 0,09 0,235
Mn 0,09 0,12 0,42 0,06 0,14

Mg 0,02 - - 0,115 -
Fe 2,36 0,03 1,475 2,325 0,18
Na 0,68 0,67 0,67 0,725 0,615

K 0,01 - - - -

Rb 0,01 0,01 - - -

Cs - - - - -
F 0,28 0,66 - - 1,36

B 2,97 2,77 3 3 3
Al (Y) 0,41 1,47 1 0,13 1,35

Al (Z) 6,00 6,00 6 6 6

AL(Si) 0,11 - - - -
Li* 0,01 1,38 0,12 0,23 1,33
m] 0,26 0,26 0,28 0,19 0,15

Ipumeuanune: KomuyectBo Oopa ycinoBHO mpuHsato 3a 10 mac. mpoueHTtoB; Li* — pacuérHblit koddduunent
3-(FetMg+Mn+Ti+Al (VI)); bopmynbHbie K0IDPUIMEHTH 15l TUTHHCOISPIKAIMX TYPMAaINHOB PACCUUTHIBAINCH Ha 6
ATOMOB KPEMHHSI, JKEJIE3UCTBIX TYPMAJIMHOB — Ha 15 aTOMHBIX KATHOHOB; O — BaKaHCHs B O3UIMH X; H.I1.0. — HIDKE Ipejena
0OHapyKEHHUSL.

[lo maHHBIM PEHTTEHOCHEKTPAIBHOTO MHUKpOaHanu3a (Tabi.) TypMaJdH NPeACTaBIeH H30MOP(HBIMH CMECAMH,
BKJTIOUAIONIMMHI TaKHe KOHEUYHBIE UIEHBI, KaK INEepI], APaBHUT, >Ab0AnT, OJEHUT U TCUIAM3UT. TypManuH KBapil-
II0JIEBOILITIATOBOTO KOMILJIEKCa SBISETCS IIEPIOM C JIOBOJBHO BBICOKMMHU COAEpKaHMsAMH mpumeced Mn, Fe u Ti.
TypManuH OKOJIOMHApOIOBOTO KOMIIIEKCA YKMIIBI TMPEUMYILIECTBEHHO YHUCTHINA 3nmp0aut. OH 00pa3yeT MoIuXpoMHbIE
KPUCTAJIIBI ITMPOKOH I[BETOBOI rAMMBI, OT PO30BOTO JIO KENTOT0 M 6ECIBETHOTO. J{/1 HETO XapaKTepPHBI MOBBIIIEHHbBIE
coxepkanusg Mn, Al, F u Li.

Pe3ynbTaThl MPOBEEHHOTO aHAIN3a TYPMAINHOB BBISIBUIN TEHACHIUIO PACIIPEICICHUs] XUMUYECKHX 37IEMEHTOB B
3aBHCUMOCTHU OT M3MEHEHMS peXMMa KPUCTAIM3AIMU, KOTOpas 3aKitodaeTcs B Oonee IHUPOKOM TMPOSIBIECHHHU IIepia
u wepn-apasurta (FetMg) BO BHEIIHMX KOMIUIEKCAX MErMaTHUTOBBIX KM M pacnpocTtpaneHusu dnpbauta (LitAl) u
Tcunansuta-onenuta (Mn+Al) B OKpy»KaroIiX MHAPOIIbl KOMITIICKCAX.

Kpome TOrO, BBISBIECHHBIE 3aKOHOMEPHOCTH DPACIpPEAENeHNs] 3JIEMEHTOB MPOCMATPHUBAIOTCS TAaKXkKe B Iperenax
OTAENbHBIX 3epeH. Yacto B xmie Jlecxo30BCKOM MOXXHO OOHApyXHTh HMHIMBHUIBI TYpMaJIMHOB C XapaKTEpPHOU
MIOTIEPEYHON 30HAIBHOCTBIO0. DTO KPUCTAILIBI ¢ YEPHBIM SAPOM M XKENTOU KaiiMoii oOpactanus. [IpoBeneno uccnenopanme
LEHTPaIbHOM YacTH 3epHa, 00macTu Ommxke K neprdepun 3epHa U HEMOCPEACTBEHHO KaitMblI (Tal1.).

OTMeyaeTcs 3aMETHOE MOBBIINIEHHE PEIKOMETANbHOCTUH OT ILEHTpa 3€pHa K ero mepudepuu, uTo IMO3BOISIET
BBIJIETIUTH J[BE TeHepaluu TypMmanuHa. Ilocie mpoun3BeneHHOro pacueTa MHHAIOB BBICHEHO, YTO TypMallMH MEPBOi
reHepaliH MpeCTaBIseT co0Ooil mepi, a TYpMaJIMH BTOPOil Mo3/iHeil reHepanun — Gprop-31b60auT U TCHIAN3UT-OJICHUT.
Panuuii typmanuH 3ametHo oboramier Fe*', Ti 1 Mg, 4To COOTBETCTBYET IIEpiTy KBapIl-IOJIEBOLINATOBOTO KOMILICKCA.
B mosmHeM TypManuHE WX KOHIIEHTpAlUs yYMEHbIIAaeTcss M HaOiionaercss 3HauutenbHoe cozepkanue Al, Li u F.
[TogoOHBIN XUMHYECKHIA COCTaB COOTBETCTBYET AbOANTAM OKOJIOMHUAPOJIOBOTO KOMILIEKCA.

[TpoBeneHHbIE NCCIEAOBAHMS TTOKA3AIH, YTO TypMaldH MHApPONIOBBIX METMaTUTOB JIecX030BCKOM JKHIIBI 00MasaeT
SIPKUMH THITOXUMHUYECKUMH OCOOCHHOCTSIMH, KOTOpbIE BBIpaKaroTcsi B TeHaeHumH Hakoruienus Li, Al, Rb u Cs k
KOHILy Ipollecca KPUCTAIIN3alNH, YTO CIIOCOOCTBYET MOBBIIIEHHIO PEIKOMETATbHOTO (JOHA B MO3AHUX KOMIIIEKCAX.
MuHepaibl 6onee paHHHX KOMIUIEKCOB CYIIECTBEHHO oborarensl Fe*', Ti u Mg, KOHIEHTpAIHUsI KOTOPBIX K KOHILY
mpolecca 3aMeTHO CHIbKaeTca. K KoHIly mpornecca KpHCTaUTH3alMK METMAaTUTOB MPOMCXOJUT HAKOTUICHUE JIETYUHX
KOMIIOHEHTOB, 4TO BBIP)KaeTcs B yBEIUUEHHHU conepxanus F B Gosee mo3aHux Qaszax, a TakKe METOYHBIX METAIIIOB,
KOTOPOE MPOSIBIISAETCS B YMEHBIICHUH ACPUINTA LIEI0UeH 110 Mepe POoCTa PEAKOMETAIbHOCTH.
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