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,I(JI5IBCeCTOpOI!HerO IfCCJIe,I(OBamUI COBpeMeHHhIMIf MeTO,I(aMIf OT BOJIh,I(eMapa I1BaHyxa

- IIpO<peCCopa CaH-IlayJIoBcKOro YHIfBepCIfTeTa 6hIJIa IIOJIyqeHa KOJIJIeKIIIf5IIf3 25 KpIfCTaJIJIOB

aJIMa30B, IIpIf06peTeHHa5I y cTapaTeJIell, KOTophle ,I(06hIJIIf IfX If3 pocchIIIell If KopeHHhIX Tpy60K

KIfM6epJIIfTOBOro IIOJI5I)KyIfHa, IIITaT MaTO fpocco, Dpa3IfJIIf5I. Ha IIpIf60pHOll 6a3e I1HcTIfTyTa

reOJIOrHIf KOMIf HIJ. YpO PAH, <pIf3IfqeCKOrO <paKyJIhTeTa MfY If BH1111reOJIHepy,I(a

IIpOBe,I(eHhI IfCCJIe,I(OBaHIf5IKOJIJIeKIIIfIf aJIMa30B H3 DPa3IfJIIfIf [2, 3]. 113yqeHhI MOP<P0JIOrIf5I,

COCTaBIIJIeHOK If MIfHepaJIhHhIX BKJIIOqeHIfll, <pOTOJIIOMIfHeCIIeHIIIf5I,peHTreHOJIIOMIfHeCIIeHIIIf5I

If KaTO,I(OJIIOMIfHeCIIeHIIIf5I aJIMa30B. 11cCJIe,I(OBaHIfe MOP<P0JIOrIfIf KpIfCTaJIJIOB, COCTaBa

BKJIIOqeHIfll If IIJIeHOK Ha aJIMa3aX IIpOBO,I(IfJIOChHa CKaHIfpYIOIIIeM 3JIeKTpOHHOM MIfKpOCKOile

JSM-6400.

Bce KPIfCTaJIJIhI aJIMa30B KOJIJIeKIIIfIf 6hIJIIf ,I(eTaJIhHO OIIIfcaHhI IIO,I( 6IfHOKyJI5IpOM,

3aMepeHhI If B3BeIIIeHhI. KPIfCTaJIJIhI IfMeIOT He60JIhIIIIfe pa3MephI OT 1 ,I(O 5 MM, IfX Bec

BaphIfpyeT B IIpe,I(eJIax OT 6.2 ,I(O 78.3 Mr, Cpe,I(HIfll Bec - 30.2 Mr IfJIIf 0.15 Kap. AJIMa3hI B

OCHOBHOMOTHeC5ITC5IK TeXHIfqeCKIfM copTaM. B KOJIJIeKIIIfIf IIpIfCyTCTByIOT KPIfCTaJIJIhI II5ITIf

BIf,I(OBOKpaCOK: BO,I(5IHO-IIp03paqHhIe (6), 6JIe,I(HO-)KeJIThIe (8), )KeJIThIe (6), cephIe (4) If O,I(IfH

3eJIeHhIll. AJIMa3hI KOJIJIeKIIIfIf BeChMa He COBepIIIeHHhle co CJIO)KHOllIf pa3H006pa3HOll rpaHHOll

CKyJIhiiTypOll, MHoro CKOJIOThIX If 06JIOMaHHhIX. Cpe,I(If HIfX IIpe06JIa,I(aIOT KPIfCTaJIJIhI

KpIfBorpaHHOll <pOPMhI- 80 % If TOJIhKO20 % IIpIfXO,I(5ITC5IHa IIJIOCKOrpaHHhIe OKTa3,I(phI (111)
co CJIO)KHOll CKyJIhiiTypOll. DOJIhIIIIfHCTBO KpIfBorpaHHhIX KpIfCTaJIJIOB 56 % IIpe,I(CTaBJIeHhI

TeTpareKCa3,I(pOIf,I(aMIf (24-rpaHHIfKaMIf), MeHhIIIe OKTa3,I(pOIf,I(OB(20 %), Y ,I(BOIfXOCKOJIKOBHe

y,I(aJIOCh ,I(IfarHOCTIfpOBaTh ra6IfTyC. B 3TOM 6Pa3IfJIhCKa5I KOJIJIeKIIIf5I IIOXO)Ka Ha aJIMa3hI If3

yPaJIhCKIfX pOCChIIIell If KopeHHhIX MeCTOpO)K,I(eHIfll, IIpIfypOqeHHhIX K KpaeBhIM qaCT5IM

IIJIaT<popM aJIMa30HOCHhIX IIpOBIfHIIIfll.

BHyTpIf KpIfCTaJIJIOB Ha6JIIO,I(aIOTC5I qepHhle HeIIp03paqHhIe If CBeTJIhIe BKJIIOqeHIf5I,

KOTophIe MO)KHOOTHeCTIf COOTBeTCTBeHHOK XpOMIIIIIIfHeJIIf,I(aM If CIfJIIfKaTaM. Ha IIOBepXHOCTIf

KpIfCTaJIJIOB IIpIf YBeJIIfqeHIfIf B 100 pa3 ,I(IfarHOCTIfpYIOTC5IM03aIfqHOCTh, cIIyIIeHIf Ha rpaH5IX,

HaJIIfqIfe BIfIIIfHaJIell, 5IMOK TpaBJIeHIf5I, MHOrOqIfCJIeHHhIe OTIIeqaTKIf, TpeIIIIfHhI If CKOJIhI,

,I(BOllHIfKoBhle IIIBhI If IIIfrMeHTHhIe II5ITHa. MHorIfe yrJIy6JIeHIf5I If IIOBepXHOCTh OTIIeqaTKOB,

KOTophIe MOrJIIf OCTaBIfTh Ha OTHOCIfTeJIhHO KpyIIHhIX KpIfCTaJIJIaX 60JIee MeJIKIfe IfH,I(IfBIf,I(hI

aJIMa3a II03,I(Hell reHepaIIIfIf, IIOKphIThI TOHKIfMIf IIJIeHKaMIf If HaJIeTaMIf 6ypOll rJIIfHIfCTOll

MaCChI. DhIJI OIIpe,I(eJIeH COCTaB 3TIfX IIJIeHOK If ,I(IfarHOCTIfTpIfBaHhI, CJIaraIOIIIIfe ee MIfHepaJIhI,

3TO 6hIJIa CMeCh KaOJIIfHIfTa If reMaTIfTa.

DhIJIIf IIOJIyqeHhI 3JIeKTOpHHO-MIfKPOCKOIIIfqeCKOe If306pa)KeHIf5I 06IIIero BIf,I(a Bcex

KpIfCTaJIJIOB IIpIf YBeJIIfqeHIf5IX OT x20 ,I(O x55. A TaK)Ke If306pa)KeHIf5I ,I(eTaJIell IIoBepxHocTIf

KpIfCTaJIJIOB IIpIf YBeJIIfqeHIf5IX ,I(O x22000 (Bcero 190 If306pa)KeHIfll aJIMa30B). B pe3YJIhTaTe

IIpOBe,I(eHHOll pa60ThI 6hIJIO C,I(eJIaHO ,I(Ba OqeHh IfHTepeCHhIX Ha6JIIO,I(eHIf5I. IlepBoe KaCaeTC5I

<pOPMhI OTIIeqaTKOB Ha aJIMa3ax. Ha p5I,I(e CHIfMKOB OTqeTJIIfBO BIf,I(HO [2], qTO OTIIeqaTKIf C

IfH,I(yKIIIfOHHOll IIITPIfXOBKOll Ha IIJIOCKOrpaHHhlx rpaH5IX OKTa3,I(pa 6hIJIIf OCTaBJIeHhI 60JIee

MeJIKIfMIf aJIMa3aMIf Ky600KTa3,I(pIfqeCKOrO ra6IfTyca. 113 3Toro Ha6JIIO,I(eHIf5I MO)KHO BhIBeCTIf

<pparMeHT 3BOJIIOIIIfIf ra6IfTyca aJIMa3a. 3a HaIf60JIee BhICOKOTeMIIepaTypHoll ra6IfTycHOll

<pOpMOll aJIMa3a OKTa3,I(pOMCJIe,I(yeT Ky600KTa3,I(p: (111) ~ (111 +100). IlpIf 3TOM yCTaHOBJIeHO

3IIIfTaKCIfQeCKOe HapaCTaHIfe rpaHell Ky6a Ha OKTa3,I(p. Ha MHorIfX KpIfCTaJIJIaX [2] OTMeQaIOTC5I
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MHO:>KeCTBeHHble OTIleLIaTKI1, Ha O.IJ:HOMaJIMa3e .IJ:OHeCKOJIbKI1X .IJ:eC5lTKOBOTIleLIaTKOB. MO:>KHO

IIpe.IJ:CTaBI1Tb ce6e, LITO Ha O.IJ:HOMI13 3TailOB pOCTa KpI1CTaJIJIOB aJIMa3a B MaHTI1I1 C03.IJ:aIOTC5l

TepMO.IJ:I1HaMI1LIeCKI1e yCJIOBI15l .IJ:JI5l 6JIarOIIpI15lTHOrO pOCTa O.IJ:HOBpeMeHHO aJIMa30B

OKTa3.IJ:pI1LIeCKOro I1 Ky600KTa3.IJ:pI1LIeCKOro ra6I1Tyca. I103TOMy Ha KpyIIHble OKTa3.IJ:pI1LIeCKI1e

KPI1CTaJIJIbI aJIMa30B HapaCTaIOT MeJIKI1e KPI1CTaJIJIbI-IIapa3I1TbI Ky6ooKTa3.IJ:pI1LIeCKOro ra6I1Tyca.

,l],JI5l 3Toro CJIyLIa5l, BilOJIHe Bep05lTHO, MO:>KHO 6Y.IJ:eT paCCLII1TaTb HOHBapI1aHTHyIO

TepMO.IJ:I1HaMI1LIeCKYIOTOLIKy C cPI1KCI1pOBaHHbIMI1 P-T IIapaMeTpaMI1. B 3TO BpeM5l aJIMa3bI

BblfJI5l.IJ:eJII1KaK e:>KI1KI1.I1PI1 CHI1:>KeHI1I1P-T IIapaMeTpOB HapYIIII1JII1Cb 6JIarOIIpI15lTHble yCJIOBI15l

.IJ:JI5l3III1TaKCI1I1 I1 60JIbIIII1HCTBO MeJIKI1X aJIMa30B IIapa3I1TOB caMOIIp0I13BOJIbHO OT.IJ:eJI5lJIOCbOT

KpyIIHbIX KPI1CTaJIJIOJ!, Bep05lTHO, I13-3a pa3HbIX K03cPcPI1I1I1eHTOB TeIIJIOBOrO paCIIII1peHI15l

rpaHeR (111) I1 (100). Ha HeKoTopbIX KpI1CTaJIJIaX LIaCTO Ha6JIIO.IJ:aeTC5l3apaCTaHI1e OTileLIaTKOB,

OCTaBJIeHHbIX Ky6ooKTa3.IJ:paMI1. OLIeHb pe.IJ:KO Ha IIpI1pO.IJ:HbIX aJIMa3aX COXpaH5lIOTC5l MeJIKI1e

KPI1CTaJIJIbI IIapa3I1TbI.

BTOPbIM I1HTepeCHbIM Ha6JIIO.IJ:eHI1eM CTaJIO o6Hapy:>KeHI1e .IJ:OKa3aTeJIbCTB Toro, LITO Ha

IIJIOCKOrpaHHble aJIMa3bI HapaCTaeT IIOCJIe.IJ:YIOIIIa5lreHepaIII15l aJIMa3a rpI1BOrpaHHoro ra6I1Tyca.

PaHee 3TO Y.IJ:aBaJIOCbHa6JIIO.IJ:aTb Ha cpe3ax aJIMa3a C IIOMOIIIbIO KaT0.IJ:OJIIOMI1HeCIIeHIII1I1[1,2].

B HaCT05lIIIeR KOJIJIeKIII1I1 eCTb HeCKOJIbKO KpI1CTaJIJIOB, Ha IIoBepXHOCTI1 KOTOpbIX BI1.IJ:HO

IIOCJIe.IJ:OBaTeJIbHOe HapaCTaHI1e Ha rpaHb OKTa3.IJ:pa KaK 6Y.IJ:TO"aMoPcPHoR" cPa3bI 6e3 LIeTKI1X

KPI1CTaJIJIorpacPI1LIeCKI1X IIoBepxHocTeR. Ha .IJ:pyrI1x KpI1CTaJIJIaX Ha6JIIO.IJ:aJIOCb 3apaCTaHI1e

IIJIOcKorpaHHblx OTileLIaTKOB OT Ky600KTa3.IJ:pOB KpI1BOrpaHHbIMI1 ra6I1TycHbIMI1 cPopMaMI1:

TeTpareKCa3.IJ:pOI1.IJ:OM (065) I1 OKTa3.IJ:POI1.IJ:oM(365). TaKI1M 06pa30M, MO:>KHOIIP0.IJ:OJI:>KI1Tb

3BOJIIOIII10HHbIR p5l.IJ: ra6I1TycHblx cPOPM aJIMa30B, r.IJ:e IIpI1 eIIIe 60JIee HI13KI1X IIapaMeTpax

Cpe.IJ:bI B MaHTI1I1 IIOCJIe IIJIOcKorpaHHbIX POCTOBbIX cPOPM HapacTaIOT KpI1BOrpaHHble: (111) --)-

(111 +100) --)- (065, 365). TaKI1M 06pa30M, IIOJIyLIeHbI HOBbIe .IJ:OKYMeHTaJIbHble .IJ:OKa3aTeJIbCTBa

Toro, LITO KpI1BorpaHHble ra6I1TycHble cPOPMbI (065, 365) 5lBJI5lIOTC5lcPopMaMI1 pOCTa, a He

TOJIbKO paCTBOpeHI15l.

Ha rpaH5lX 6Pa3I1JIbCKI1X aJIMa30B o6Hapy:>KeHbI cPparMeHTbI 26 BI1.IJ:OB TOHKI1X

MeTaJIJII1LIeCKI1X IIJIeHOK CJIe.IJ:YIOIIIero COCTaBa: Au-Ag-Cu, Ag(CI), Fe, Ni, Ti, Fe-Cr,

_Fe_-_C_r-_M_o,_Fe_-_Z_n, Ni-Fe, ~Fe->,.(C~d~),_Fe_-_Z_n_-M_g.,_Sn_-_F_e,_Fe_-_N_i_-_C_u,Cr-Fe-Ni, _Fe_-_C_u,

Fe(Ni,Pt), Zn, Pb, AI, Cu, CU2Zn, CU3Zn2, Cu-Zn-Sn~ (Ce,La,Nd,Al,Cah03~ Zr- Yb,

(Ce,Nd,La,Y)203. B COCTaBe IIpI1pO.IJ:HbIXCIIJIaBOB I13yLIeHHoR KOJIJIeKIII1I1B CaMOpO.IJ:HOMBI1.IJ:e

HaR.IJ:eHbI 23 MeTaJIJIa. I1O.IJ:LIepKHyTbI O.IJ:I1HHa.IJ:IIaTbHOBbIX BI1.IJ:OB,BCTpeLIeHHble TOJIbKO B

Epa3I1JII1I1 [1- 3]. HaI160JIee paCilpOCTpaHeHHbIM BI1.IJ:OMMeTaJIJII1LIeCKOM IIJIeHKI1 5lBJI5leTC5l

I1HTepMeTaJIJII1.IJ:Fe-Cr C 10-16 % Cr. Pa3MepbI BbI.IJ:eJIeHI1RMeTaJIJIOB He OLIeHb 60JIbIIII1e 3-40

MKM. BIIepBble (B 1999 r.) TaKI1e MeTaJIJII1LIeCKI1e IIJIeHKI1 Ha KpI1CTaJIJIaX aJIMa30B o6Hapy:>KeHbI

HaMI1 [1] B KOJIJIeKIII1I1Cpe.IJ:HeTI1MaHCKI1XaJIMa30B IIp05lBJIeHI15l I1LIeTbIO.

,l],JI5l Bcex KpI1CTaJIJIOB IIOJIyLIeHbI I1306pa:>KeHI15l IIBeTHoR KaTO.IJ:OJIIOMI1HeCIIeHIII1I1.I10.IJ:

B03.IJ:eRCTBI1eM3JIeKTpOHoB aJIMa3bI CBeT5lTC5lCI1HI1MIIBeTOM (a30THbIR IIeHTp N3), LIaCTb I13 HI1X

o6Hapy:>KI1JIa II5lTHI1CTYIOoKpacKy I13 )l(eJITO-3eJIeHbIX I1 KpacHblx II5lTeH, KOTopble .IJ:eKOPI1PYIOT

BbIXO.IJ: Ha IIoBepxHocTb rpaHeR MaHTI1RHbIX IIJIaCTI1LIeCKI1X .IJ:ecPopMaIII1R. BbI5lBJIeHO, LITO

HaI160JIee II03.IJ:HI1e reHepaIII1I1 aJIMa3a, HapaCTaIOIIII1e Ha paHHI1e, KaK IIpaBI1JIO I1MeIOT :>KeJITO-

3eJIeHYIO KaTO.IJ:OJIIOMI1HeCIIeHIII1IO.

,l],JI5l yCTaHOBJIeHI15l TI1IIOMOPcPHbIX oco6eHHocTeR CBeLIeHI15l 6Pa3I1JIbCKI1X aJIMa30B

I13yLIeHa I1X cP0TOJIIOMI1HeCIIeHIII15l, IIOJIyLIeHbI cIIeKTpbI CBeLIeHI15l(77 I1 3000K) I1 B036Y)K.IJ:eHI15l

(PI1c. 1, 2). <!>OTOJIIOMI1HeCIIeHIII15lB036y:>K.IJ:aJIaCb CIIJIOIIIHbIM cIIeKTpoM KceHOHOBOR JIaMilbI.

,l],I1amOCTI1TpOBaHbI CJIe.IJ:YIOIIII1eIIeHTpbI CBeLIeHI15lN3, S3 (496.7; 515; 529), GR-l (746),604.

I10LITI1 BO Bcex KpI1CTaJIJIaX Ha6JIIO.IJ:aeTC5l KpaCHa5l JII1HI15l (746 HM) Pa3HOR I1HTeHCI1BHOCTI1,

IIPI1III1CbIBaeMa5l IIeHTpy GR-l - I130JII1pOBaHHoR HeRTpaJIbHOR BaKaHCI1I1, B03HI1KaIOIIIeR IIpI1

pa.IJ:I1aIII10HHOM 06JIyLIeHI1I1 KpI1CTaJIJIOB. Ha p5l.IJ:y C HaI160JIee pacilpocTpaHeHHbIM CI1HI1M

a30THbIMI1 IIeHTpoM N3 (BcTpeLIeHHbIM BO Bcex KpI1CTaJIJIax), BO MHOrI1X OKTa3.IJ:pI1LIeCKI1X



KpIICTaJIJIaX l1pIIcyTCTByeT lJeTKO ,I.(IIarHOCTIIpyeMbIM )l(eJITO-3eJIeHbIM HIIKeJIeBbIM IIeHTp S3.

3aMelJeHO, lJTO )l(eJITO-3eJIeHOe CBelJeHIIe Ha rpaH5IX OKTa3,I.(pOII,I.(OB(S3 - HIIKeJIeBble IIeHTpbI)

KOppeJIIIpyeT C HaXO,I.(KaMII HIIKeJIbCO,I.(ep)l(aIIIIIX MeTaJIJIIIlJeCKIIX l1JIeHOK Ha 110BepXHOCTII

KpIICTaJIJIOB. 3TOT <jJaKT51BJI5IeTC5IeIIIe O,I.(HIIM,I.(OKa3aTeJIbCTBOMCIIHreHeTIIlJHOCTII aJIMa30B II

MHOrIIX BII,I.(OBMeTaJIJIOB, l1pIICyTCTByIOIIIIIX KaK B BII,I.(e BKJIIOlJeHIIM BHyTpII KpIICTaJIJIOB

aJIMa3a, B BII,I.(e l1JIeHOK Ha 110BepXHOCTII IIX rpaHeM, a TaK)l(e II30Mop<jJHoro (Ni) B

KpIICTaJIJIIIlJeCKOH peIIIeTKe.
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