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1113BeCTHoe n011~M~Hepa11bHOe a11Maa-30110TO-peAK03eMe11bHO-peAKOMeTa11bHO- T~TaHOBOe
np05lB11eH~e lII\.1eTbIO He CpeAHeM T~MaHe paCn011aralOl1IeeCSl HaA KpynHblM T~TaHOBbIM n~>KeMCK~M
MeCTOpO>KAeH~eM np~B11eKaeT K ce6e BH~MaH~e HepeWeHHOCTblO Bonpoca 06 ~CTO~H~Kax PYAHblX
KOH~eHTpall~~. OA~H ~3 cnoc060B peWeH~5l :no~ np0611eMbl - ~3Y\.leH~e T~noMoP<P~3Ma M~Hepa11oB.

KonyM6MT npoSlB11eH~Sl \I1\.1eTbIO npeAcTaB11eH nO\.lTVI n011HbIM Fe-Mn ~30MOP<PHbIM PSlAOM

OT K011YM6~Ta (FeO.96,MnO.04)Nb206 /.\0 MaHraHoKo11YM6~Ta (MnO.81,FeO.19)Nb206 (pVlC. 1). T~no-
MOP<PHO~ oc06eHHocTblO K011YM6~Ta SlB115leTCSlHa11~\.IVle B 06beMe VI Ha nOBepxHocT~ Kp~cTa1111oB

06V111bHbIX BK11IO\.IeH~51Vl11bMeHoPYT~11a. Ha nOBepxHocTVI 3epeH K011YM6~Ta HaXOA5lTCSl MHO>KeCT-
BeHHbie TO\.le\.lHbie M~KpOBK11lOl.IeHVl51 Vl11bMeHoPYTVl11a, KOTopble nOA 6~HOKy115lPOM VlPVl3V1PYIOT
KpacHblM lIBeTOM. B Ka\.leCTBe APyrVlx BK11lOl.IeHVlII\B K011yM6i1'ITe C nOMOl1lblO MVlKpoaoHAa JSM-6400
6bl11~ A~arHocTVlpoBaHbl - KBapll VI M~KpoHHble BbIAe11eH~51 ra11eH~Ta. M~KP030HAoBoe
npo<p~11V1poBaHVle yeTaHoB~11o, \.ITO KpVlcTa1111bl K011YM6V1Ta 30Ha11bHble C \.IaCTolI\ CMeHO~ n0110e
MapraHlIoBVleTo~ VI>KeIle3~CTo~ pa3HoBVIAHocTe~.
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Pille. 1. CooTHOWeHl1e 110HOB
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I;1nbMeHOPYTMI1. KaK npaB\II11o. \IIHAVlBVlAbl Vl11bMeHopYTVlIla np051BIleHVl5l lII\.1eTbIO

npeACTaB11eHbl cI1a60 OKaTaHHblMVI YAI1V1HeHHbIMVI 3epHaMVI C OCTaTKaM\II rpaHelA npVl3Mbl, ~ T011bKO
peAK~e Kp~CTaI1I1bl ~I1bMeHOpYT~11a VlMelOT xapaKTepHbl1il CT0116l.1aTbllil TeTparOHa11bHblll\ ra6\11TYC.

3epHa ~I1bMeHopYT~I1a MO>KHOpa3AeI1V1Tb no lIBeTy Ha ABe COBOKynHOCT~ - cepO-l.IepHble ~ KpaCHO-
OpaH>KeBble. KpaCHble KpVlCTaI111bl ~11bMeHOPYT~I1a, KaK npaB~110, cOAep>KaT MeHbwe npVlMecell\, '"IeM
4epHble. CYl1IeCTBYIOT 30Ha11bHble Kp~CTa1111bl (P\IIc. 2), B KOTOpblX np~cYTcTBYIOT l.IepHble ~ KpacHble
Yl.IacTK~. \I13Y'"leH~e COCTaBa TaK\IIX 30HaI1bHb1X ~HAVlBVlAOB He Bbl5lB~I10 OT11~l.I\II1I\B Ha60pe ~

K011~'"IeCTBe np\llMeeelil B 3aBVlC~MOCTVI OT OKpacK~ Yl.laCTKOB 3epHa. lII11bMeHOPYT~11 npOSlB11eHVlSl

1114eTblO \IIMeeT nepeMeHHblt1 COCTaB: FeO OT 0.71 AO 14.50; Nb20S OT 3.90 AO 24.26; V20S - 0.58-

9.59; W03 OT 0.0 AO 3.94; Cr203 OT 0.0 AO 2.58; Ti02 - 61.56-93.88%. B Ka\.leCTBe BK11lOl.IeH\II1I\B
lo1I1bMeHOPYTVl11e06Hapy>KeHbl: Nd- VI Sm-MoHall~T, a TaK>Ke Fe, FeMn, Ca, CaY, YCa, Pb, PbBa,
SaCa - K011YM6\11Tbl.YCTaHoB11eHo, '"ITO B KOHrn06peK\.I~5lX np05lB11eH~Sl lII\.1eTbIO K011yM6V1TVI Vl11bMe-

HOPYT~11HaKan11~BaIOTCSl COBMeCTHO C nOCTOSlHHblM COOTHoweHVleM -1 :3. B 3epHax \1111bMeHopYTVlI1a
B K8\.1eCTBe BKIllOl.IeH\IIt1 BCTpe\.leH K011yM6V1T, a B K011yM6V1Tax lII11bMeHoPYT~11. ilia Bblwe CKaa8HHoro

MO>KHOCAeI18Tb BblBOA, l.ITO Vl11bMeHopYT\III1 ~ K011yM6V1T SlB11SlIOTCSlaKlIeccopHblMIII MVlHepan8M\II
OAHOi4 \II TOi4 >Ke nopoAbl VI VlMelOT 0AIIIH KopeHHolil IIICTO\.lH~K.

PYTMn. OT KpVlCTaIlI10B \1111bMeHoPYTVl118co6cTBeHHo PYTVlI1 He OT11V1\.1aeTCSlHVI ra6l1lTycoM, HVI
lIBeTOM, CI1eAyeT TOI1bKO OTMeT~Tb, \.ITO cseT1100KpaweHHbllil PYTVlI1 (30110TVlCTO->Ke11TbllA,KOpVll.lHeSO-
KPaCHbl~, KpacHblll\) BCTpe'"laeTCSl 3Ha~\IITe11bHO \.Ial1le, \.IeM TeMHO oKpaweHHbllll. M~KP030HAOBoe

lo13Y\.leH~e COCT8Ba PYTVl11a nOKa3a110, l.ITO OH COAep>K~T TOT >Ke Ha60p 311eMeHTOB np~Mece~, \.ITO III
V1IlbMeHopYTVl11, HO B 3Ha\.l~TeI1bHO MeHbWVlX KOI1~l.IeCTBax.
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Pille. 2. 311eKTpOHHO-MIiIKpocKonIil4eCKoe 1i1306pa>KeHlilecna60 OKaTaHHblX 30HallbHbiX Kp\l1CTallllOB (a, 6)
IiIllbMeHOPYTIiIIla npO~BIleH\I1s:l It'14eTbIO \11YBeIl\l14eHHbie 1i1306pa>KeH\I1s:lY4aCTKOB 3TIiIX 3epeH C BKIlI04eHIiIs:lMM
KBap4a (4epHoe) iii KOIlyM61i1Ta(6eIloe). TeMHo-cepble nOIlOCbl npe,QCTaBneHbl PYTIiII10MC Hl'l3KIiIM co,Qep>KaHlI1eM
npliIMecelil (FeO, W03, NInOs), a cBemo-cepble co6cTBeHHo Hlilo61i1eBoIiIpa3HoBIiI,QHOCTblO- IiIIlbMeHOPYTIiIIlOM.

IIInbMeHMT np09lBIIeHl'191 it1yeTbIO Cl'1I1bHO I1eVlKOKCeHe3l'1pOBaH. nOIll'1pOBaHHble npenapaTbl
3epeH lIII1bMeHl'1Ta AeMOHCTpl'1pyIOT IIIX nOIlIIIMIIIHepaIlbHblVi COCTae. B Ka4eCTBe BKIlI04eHIIIVI B
lIII1bMeHl'1Te Alr1arHOCTl'1pOBaHbl: KBapll (cOAep>KaHlr1e Si02 B neViKOKCeHl'13l'1pOBaHHoM IIInbMeHme.
onpeAeIleHHoe C nOMOLl.lblO wlllpoKoro 30HAa, COCTaBm~eT OT 10 AO 20 %, B 6nlr13nOBepxHocTHblX
4aCT9IX 3epeH IIInbMeHVlTa KOnVl4eCTBO BKIlI04eHl'1V1 KBaplla CHl'1>KaeTC9IAO 3-7 %), cnlOAa (MyCKOBIIIT).

IlVlpKOH (ZrO.98,Hfo.02)Si04, nl'1pVlT Fe(S1.96,Aso.04h, PYTIr1I1, Ir1nbMeHopYTl'1n. COAep>KaHl'1e Ti~
(PYTl'1I1+aHaTa3) B 1r13MeHeHHOM (MeTaMoPtPVl30BaHHoM) VlIIbMeHl'1Te, no AaHHblM HOpMaTIr1BH~X
nepec4eToB, Kone6neTC9I OT 31 AO 55 %. B VlnbMeHl'1Te npVlCYTCTByeT nOCT09lHHa91 l'130MOPtPH8:S'
npVlMecb MnO OT 0,21 AO 2,17 %, 4TO 06eCneYIr1BaeT 1f130MOPtPHYlO nplf1MeCb nlf1p0tPaHVlToBoro
MVlHana MnTi03 OT 0,44 AO 4,62 %. CIIeAyeT OTMeTVlTb BblCOKoe cOAep>KaHVle AI203 OT 0 AO 0,90 ok
(BKIllOyeHIf191 CIlIOAbl) l'1 1f130MOPtPHylO nplr1MeCb V20S OT 0,19 AO 1,09 %. Bce nepe"lVlCIIeHH~
nplf13HaKl'1 n03BomiIOT CAeIlaTb BblBOA 0 nOIlHoVi aHanOrVlIf1 COCTaBa VI CBOritCTB lf1I1bMeHIr1Ta

npOs:lBIIeHl'1s:1it14eTbIO l'1 nlll>KeMCKOro MeCTop0>KAeHVlst
l1eMKoKceH. 4e4eBlf1l1e06pa3Hble, neneWKOBVlAHble >Kemble l'1 6I1eAHO-KOpl'1"lHeBble 3epHa

I1elilKOKCeHa pa3MepoM 0.3-1.0 MM - Hal'160Ilee pacnpocTpaHeHHblVi PYAHbllil KOMnOHeHT Ts:I>KeIloro
WIIVlxa np0s:lBneHlIIs:I it1yeTbIO. COAep>KaHVle neViKoKceHa B Ts:I>KeIlOIII tPpaKIll'11f1 KparitHe HepaBHoMepHo

OT 2-3 AO 65 %. CQAep>KaHVle neViKoKceHa B KOHm06peK4l'1s:1x pe3Ko YMeHbwaeTcs:I K ceBepHblM
rpaHVlllaM nVl>KeMCKOVIAenpeccVlIII l'1 HapacTaeT K lleHTpy VI lOry pYAHoro nOIls:l. lleViKoKceH COCTOVITH3
MIr1KpOKpl'1CTaIlIIOB KBaplla VI careHl'1TOBOVI PYTl'1I10BOVI peweTKVI, C He60Ilbu1oVl npVlMecblO aHaTa3a
no XIr1MVlyeCKoMY cocTaBy, MVlHepaIlbHblM BKIlI04eHVls:lM (KaonVlHl'1T, MyCKOBIf1T, Q:>I10peHCLIT.

VlnbMeHopyTIIIII, KBapll) l'1 BceM APyrVlM npVl3HaKaM neViKOKceH 1113KOHm06peK4V1V1 it1"leTbIO HVI"leM He
OTIlVl"laeTCs:I OT neViKoKceHa HVI>Kene>Kalllero nlf1>KeMCKOro TViTaHOBoro MecTOpO>KAeHII1s:1. B CB9I3V1C

3TVlM MO>KHO npeAnOnO>KIf1Tb, 4TO VlCT04HVlKOM 3Toro pYAHoro KOMnOHeHTa s:lBIIs:lIOTCs:I VlMeHHO
nlf1>KeMCKllle TViTaHOHOCHble neC4aHII1KIiI. B Vl3Y4aeMoM perllloHe TonbKO naMnpotPVlpbl VI MeTaCOMaTIr1Tbl

BOKpyr HViX IiIMelOT nOA06HYlOiHIll06I11V1-TII1TaHoBYIO VI peAK03eMenbHYlO aKlIeccopHylO MVlHepaIlVl3alllr1lO.
n03TOMY cIIeAyeT npeAnOIlO>KVlTb, 4TO IIIMeHHO I1aMnpotPVlpbl 6blIlIII KopeHHblM II1CT04HIIIKOM PYAHOK
MIIIHepaIllil3allllllll np0s:lBIIeHlIIs:I Lt14eTbIO VI nlll>KeMCKOro TIIITaHOBoro MeCTopO>KAeHVls:I.


