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PaspaboTaHa MeToauka PeHTreHOCNEKTPaNbHOro 3N1eKTPOHHO-30HAOBOro MukpoaHanuaa (PCMA)
MUHEPAanoBs - KaCCUTEPUTOB WU TaHTano-Huobaroe. MaydyeH ¢asosblil U XMMUYECKWIA COCTaB Kaccure-
PUTOB peaKoMeTasbHbIX NerMaTtuTos BocTouHo-CasHCKOro nosca v BKIIOYEHW B HUX TaHTano-Hnoba-
T08. YCTaHoBNeHo, 410 Nb 1 Ta HaxoAsaTCs B KaccuTepuTax Kak B uaomopdHon popme, 3ameian Sn B
MaTpULE MUHEepana, Tak 1 B BUAE MUHepanbHbIX MUKPO- 1 CYBMUKPOBKNIOYEHWUIA pasMepom oT 2 A0
100 mkM. MokazaHbl 0COBEHHOCTM W XapakTep U3MEHeHWs COCTaBa BKNIOYEHWIA TaHTano-Huobaros
(rpynnsl KonymbuTta, MrukponuTa) 8 npouecce GOpMMpOBaAHUA PEAKOMETalNbHbLIX NermMaTuTos B pas-
NUYHBIX MErMaTUTOBbLIX Nonax BoctouHo-CasHekoro nosca.

BenosepoBa Onera OpbeBHa - KaHAMAQAET XHU-
MHYECKUX HAyK, CTapLuni Hay4HbIi COTPYOHWUK
HUncTutyTa reoxumum nm. A.l1. Bunorpagosa CO
PAH.

O6nacTs Hay4yHbIX HHTEPECOR: PEHTreHoCNeK-
TPanbHbiA 31€KTPOHHO-30HA0BLIA MUKpPOaHann3
npupoAaHbix 06LEKTOB, 3KOOrus, MccrenoBaHmne
MUKpOYacTHl, MUHEepPanorus.

ABTop 73 Hay4yHbIX ny6nukawmnid, B ToMm yucne 1
MoHorpadun.

Maxaron Bnagumup Mutpodanosu4d — KaHaM-
AaT reosioro-MMHEPanornyecKnx HayK, BeayLymin
Hay4Hblii coTpygHuk WHCTUTYTa reoxuMun UM.
A.M. Bunorpagosa CO PAH.

O6nacre HayyHbIX HHTEPECOB: reonorus, Mu-
Hepanorua, reOXuMUs ¥ FeHe3nc rpaHnuTHbIX ner-
MaTUTOB pa3nu4yHeix popmaLui.

Astop 190 HayuHbix ny6nukaynii, 8 TOM Yucine
7 MmoHorpadguii.

Kaccurepur otHocures k Munepanam, B koto-
PBIX COAEPIKUTCH IIMPOKHIA CIIEKTP 3/IEMEHTOB-TIPH-
Mece#, Takux kax Fe, Mn, Ti, Nb, Ta u W. I1pu usyye-
HMH €ro cocTaBa Heo6X0AUMO UMeTh 6oiee AeTalb-
Hy10 HH(OPMAIMIO 0 MEXaHH3MaX BXOMKEHSA 1 Xa-
pakKTepe pacripe/ieJIeH!dA 3/IEMEHTOB B 9TOM MUHE-
paste. [l KACCUTEPUTOB U3 PEAKOMETAIBHBIX Mer-
MaTHTOB XapaKTepPHbI BEICOKKE cogepikanusa Ta u
Nb. HaydeHue ¢GopM X BXOIKIEHHAS B KACCUTEPUT
BaKHO KaK /1A IOHAMAHHA KPHCTAVIOXHMHH 9TO-
ro MHUHepasa 1 0cobeHHOCTEH 9BOJIIOLMH CocTaBa
[IerMaTUTOB, TAK U JU1A PellleH’WA HEKOTOPBIX BONIPO-
COB TEXHOJIOT MU M3BJIeYeHHA Ta 13 OJIOBAHHBIX 1IUIA-
KOB.

Uensio HacToAmeH paboThl ABUIOCE U3YyYEeHHNE
METOA0M PEHTTEHOCIEKTPAJIbHOIO 3JIEKTPOHHO-
30H/I0BOr0 MHKpOaHanu3a (pa3oBoro  XMMHYECKO-
IO COCTaBa KACCUTEPHUTOB PEAKOMETANIBHBIX I[ETMa-
TUTOB BocTOWHO-CasHCKOro I10ACa M BIJIIOYEHHEH B
HHMX TaHTaJI0-HHO6ATOB.

O0BEeKTHI HCCEAOBAHMA
B BocTtouyHo-CasHCKOM MOSACE peIKOMETAIBHBLIX
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TIErMaTHTOB, COIEPIKAIIINX KACCHUTEPHTEI, BbIICIA-
IOTCH JIBE IPYTIILI TErMaTHTOBBIX [TO/IeH — I0T0-BOC-
TOYHAaA U ceBepo-3ananHan. [leppasa U3 HUX IIpes-
CTanJIeHa PeIKOMETAIBHEIMU IErMaTHTAMM CIIOLY -
MeHOBOU noagopmaumi. OHH OTHOCATCH K IUTHE-
BOMY, TAHTAJI-0JIOBO-TMTHEBOMY M K KOMIUIEKCHOMY
(Cs-Ta-Li) 9BO/IIOLIMOHHBIM F€OXHMHUYECKUM PAAM,
Kam/ablH U3 KOTOPBIX IIPEICTABIEH HECKOILEKHMU
napareHeTH4YeCKMMH THITaMM. B 3Toli rpy1imne HaMu
uayuyeHs! Ypurckoe (Li), Benbckoe u Kanruuckoe (Ta-
Sn-Li), ToneiioBoe u MajiopedeHCKoe (KOMILTEKCHEIE)
noJis. [lerMaTHTOBEIE TTO1A CEBEPO-3aliagHOM TpyI-
NBI IpUHAJJIeXAaT K IerMaTuTaM gocdop-Tanrtan-
JUTHEBOro (AneKCcaHAPOBCKOE) H KOMILIEKCHOTO
(BHIDHAKOBCKOE) 9BOTIOLMOHHBIX TEOXUMHYECKHX
PANOB NETATUTOBOH NoA(MopMAaLIiK, TAKIKE BIIIOYA-
IOLTHX FPYTIITh] TapareHe THUeCKHUX THIIOB.

O6paalib! HeCTe[yeMBIX KACCUTEPUTOB ObLIH OTO-
6paHbl B OCHOBHOM M3 IIETMATHUTORB CIIOAYMEHOBOH
1101popMaLH FOr0-BOCTOYHOM I'PYIIIBI IIErMATHTO-
BBIX I10/1€i ¥ B MEHBIIIeH — [Me TAJIMTOBOM noAdopMa-
LU B CeBepo-3ara HoM 9acTH rmosca.

MeTomuxa PCMA MHHepaJiOB KACCATEPHTOB H

TaHTAN0-HHO6aTOB

ITodzomosica 06pasuos K UcCneto8aHLIO

J1A IpoBEeACHUA HCC1e[0BaHHMM 06pasiisl KacCH-
TEPHUTOB FOTOBUJIM B BH/l€ 3aIIPECCOBOK B STIOKCHI-
HOM CMOJIE, COIIAaCHO PEKOMEHIal[UAM ABTOPOB [1-
3]. IoiMpoBaTH IIOC/IOHHO C IOMOILBI0 a6pa3UBHBIX
MaTepPHAIOB A0 JOCTHIKEHHUA YIOBIETBOPUTENLHOMN
HoBepXHOCTH, Tpebyemol aysa ananmaa [2]. [1ns obec-
TeYeHMA 3/IEKTPOIPOBOHOCTH M CHATHSA 3JIEKTPO-
CTATHYECKOTO 3apAja ¢ UcclieAyeMbIX o6pasios,
METO/IOM HaNblIEHUA B BAKYYME Ha MX ITIOBEPXHOCTH
HAHOCH/HM TUIEHKY yI7lepoja TomuHon 20-30 1M [1].

Annapamypa u yciosust nposedeHUs AHaAUL3a

Hceeneposanmsa KacCHTEPHATOB U TAHTAIO-HHOGa-
TOB ITPOBEeHbl Ha MUKpoaHaIn3aTope Superprobe-
733 (JEOL Ltd, Anonus) c BOMHOBOH perucrpanueit
PEHTIeHOBCKOT0 M3Jy4eHus. [lna sBpibopa onTH-
MaJTbHBIX YC/IOBUH PErMCTPALIMA aHAJTUTUYECKOTO
CHUTHAMA [Pe/IBaPHTEIBHO GBIIM H3YYeHbI CITEKTPEI
HUCCJIElyEMBIX MUHEPAIOB, 3aBUCMMOCTH OTHOCH-
TeNbLHLIX HHTEHCUBHOCTEH OIIpele/IfieMEIX 3JIEMEH-
TOB OT Pa3HBIX HANIPAKEHHI U TOKOB 30HAA. YCio-
BHA aHaU3a BLIGPaHEI C y4eTOM CBOHCTB H3yJae-
Moro marepuasna. CorlacHO peKOMEHAAIAAM ABTO-
POB [4], onTHMAaNBHBIM /I AHAJHA3a KaCCUTEPU-
TOB ¥ TaHTaN0-HHOOATOB ABIAETCH YCKOPAIOIIEe
Hanps:xeHue 15 KB. PeaynbraTh! HAIIMX HCCIEN0-
BaHUH IOKA3aau, 9TO NPH MPOBELEHHUH aHAIN3A
npu 15 kB HanomxeHne aHATATHYECKUX TUHHHN B
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TaHTal0-HUo6aTaxX MpoABIAETCA MEHBIIIE, YeM IPH
20 kB. Ho npu 15 kB nabmogaeTcs 3SaHMIKEHNE CO-
Jep:aHui TanTaIaHa 10-15 oTH. % B MaTpULe Kac-
CHTEPUTA I10 CPABHEHHIO C JAHHBIMH, ITOJYeHHEI-
mu opu 20 kB, o6ycrioBinenHoe, Ha HALL B3WISA, BO3-
MOXKHOH Heollpee/IeHHOCTRIO MacCOBbIX KoaddH-
LMEHTOB MOIMoIeHud 1A TaMo-JIMHUY IpU pacye-
T€ MOITPaBOK Ha MaTpuyHkle apderTrl. [ToaTomy
KaCCHUTEPHTHI OLIIH TPOaHATH3POBaHEI IIPH YCKO-
psamolleM HanpaxeHHH 20 kB, Toke 30Haa 20 HA,
arameTpe 3oHAa 10 MEM, sKCro3unK cbeMiH 10 c.
Ji1st ipoBeieHUA aHAT3A TAHTATO-HUOGATOB, YIU-
TRIBafA MaJIblil pasMep HUX BbIJENEeHHUH, BEIGpaHhl:
ycropsAmouiee Hanps:xeHre 15 kB, Tok 3oHaa 20 HA,
AramMeTp 3oHaa 1-10 MKM, aKCcro3uiusa cbeMin 10 c.

B kayecTBe aHAJIMTHYECKUX JIUHHAHA 1 06pa3LioB
cpaBHeHHA ncnonb3oBatd (NaKa-) ansbur, (SiKa-,
CaKo-) rony6oit guoncus, (AlKo-) nupon C-153,
(FeKa-) mapon O-145, (MnKa-) Mn-rpasnar, (TiKo-)
pytui, (TaLo-, TaMo-) uucTsiit MeTana TanTtana,
(NbLa-) ciraB HHOGHA M amoMUHHEA, (SnLo-) kac-
CUTEPHT

Pacuem xoHuermpauuii onpedensemoix 31e MeH-
mos

INonpaso4nbie pakTOpbl HA MATPHUYHBIE 3¢ dek-
ThlyureHnl PAP-meTosoMm [5]. [TepecyeT oTHOCUTE B
HBIX MHTEHCHBHOCTEH B COZIEP:KaHHUA ollpeeise-
MBIX 2/IEMEHTOB BBINOJHEH II0 IIporpamme
MARSHELL [6], aganTHpoBaHHOH B MaTeMaTHYeC-
KoM obecrnieyeHUKM MHKpoaHanuaaTopa Superprobe-
733. KoahUurmeH ToI MOMIOIIEHUA PEHTIeHOBCKOro
U3JIyYeHUA paccYMTaHbl 1o MapeHkoBy [7]. PoHo-
Bbl€ HHTEHCHMBHOCTH OIPEEIEHBI PACYETHEIM CIIO-
cobom [8].

Yiuem HanosiceHUS QHAMUUIMUYECKUX TUHULL

Cepnesnol mpob1eMoii TpH aHAI3e KACCATEPH-
TOB ¥ TAHTAJI0-HUOOATOB ABJIAETCA HATIOKEHWE aHa -
JUTHYECKHX IUHHH. [IpH HCNONIB30BAHHH KPUCTAJI-
na-aHanusaropa PET Taly -nmuHus HajnaraeTcd Ha
Jmauio NbLo,, SnL, -munuu - va munuio CaKo, .
[Tpu ucnonb3oBanuy LiF B kavecTBe KpucTaia-
anamu3aTopa NbKB, ,-TMHHM HanaraioTca HA JTH-
HUO FeKo, TaMa -1MHAA HajaraeTcA Ha JIMHUAIO
SiKo, 1 SnLo -iuHuA - Ha HHMIO SiKo, Ha KpHc-
Ta/ule-asamuaarope TAP. Hanoxxenue aHanuTHyeC-
KHX JIMHUM YYTEHO C IIOMOUIIBI0 KO3(hDULIMEHTOB
HAIOKEHHWHA, SKCIIEPHUMEHTAIBLHO OIpeeleHHBIX Ha
ofpasuax H3BECTHOI0 COCTaBa M PACCYUTAHHBIX HA
1 % copepxaHusa HalaramoUeErocs KOMIIOHEHTA.
OmnpenenenHele 3HaYeHUA KO3 dOHUIHMEHTOB HATO0-
HEHHSA NPHBeAeHbI B Tab. 1.
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Tabnuuya 1

3kenepuMeHTaneHele KoathUUMEHTE HAaNoXEHUS aHanUTUYECKUX NUHWA, paccyuTaHHbie Ha 1 % cogepxaHins
HanarawLerocs KOMMOHEeHTa

Yckopsiolee Kpucrann- AHanuTuyecKas NMHWA AHanuTuyeckas NuHUA KoathbcpuumeHt
HanpsxeHue, kB aHanusaTop HanarawLerocs aneMeHTa | OonpeaensieMoro aneMeHTa HanoXeHus

TAP TaMe, S!Ka, 0,011

SnLay, SiKa, 0,001

15 LIF NbKB, , FeKa, 0,003
PET Taly, NbLo, 0,024

SnLp, , CaKao, 0,014

TAP Ta Ma, ka<{:-51 0,030

SnlLo, SiKa, 0,002

20 LIF NbKB; . FeKe, 0,004

PET Taly, NbLa, 0,029

SnLB, 4 CaKa, 0,023

IpoghunsHoe uccnedosaHue Kaccumepumos

Hecrenosanye (ha3oBOro ¥ XMMHYECKOr0 cocTa-
Ba MaTpHILBl KACCUTEPHTOB H MEIKHUX (Pa3oBbIX
BRKJIIOYEHHH TaHTa/I0-HHOo0aTOB IPOBEIEHO CKAHH-
pOBaHMEM IUIOIIA/eH TOBEPXHOCTH 3€PEH 10 B3alM-
HO NephneHAUKY/IAPHEIM JUHEHHBIM FOPH30HTAND-
HBIM U BEPTHUKAIBHBIM ITpoduiaM. [InuHa Kamaoro
npoduna B cpegHeM cocrasisia ot 1000 go 2000
MKM B 3aBUCHMOCTH OT pasMepa caMoro 3epHa. llar
ckanupoBaHuda 10 MEM. Pazmep BRITIOYEHHH OLICHU-
BaJI¥ B peHME PACTPOBOro 3JIEKTPOHHOIO MHUKpPO-
CKoI1a ciorpelHocTEI0 MeHee 10 % OTHOCHTEIBHEIX.

Memponoeueckue XxapakKmepucmuicu Memoouit

MeTposIoruyecKHe XapakTePHCTHRNA METOIHKH
olieHeHbl Ha o6pa3snax cpaBHEHHSA H3BECTHOTO CO-
CcTapBa, aTTeCTOBAaHHBIX KaK CTaHAAPTHEIE 00pa3iibl
npeanpuATHI B O6beAUHEHHOM HHCTUTY TE T'E0/I0-
UM, reoU3NKN U MUHEPaJIoTHH UM. A. A. Tpodpu-
Myka CO PAH B . HoBocubupcke. Ma-3a oTCyTCTBUA
o6pa3uoB CpaBHEHUA aIEKBATHOIO COCTaBA J1/14 OI1-
peAeNneHHbIX IHATa30HOB KOHLIEHTPAaIH, METPOJIo-
rUvyecKye XxapakTepUCTHURH 171 Sn, Ta u Nb nomnon-
HUTEJBHO OLIEHEHB! HA aHAIM3HPYyeMBIX ofpasuax
KaCCHTEPUTOB M BKJIIOYEHUH TAHTAI0-HUO6AaTOB 110
CpeIHEMY OIPEAETAEMOMY COJIEPIKAHUIO 9JIEMEHTA.
Ynic1o U3MepeHH [UIA KakJI0oro AHarnasoHa cocTas-
nsmno ot 5 go 20. JlaHasie ripuBeaeHE! B Tabi1. 2 1 3.

JU1 Kak0ro onpeAe geMoro aJIeMeHTa paccyi-
TaHkl cpegHee anavenue (C ). cTaHAapTHOE OTKIIO-
HeHMe (S), OTHOCHTEeJILHOE CTaHJapTHOE OTHIIOHE-
HHE (S ), OTHOCUTENBHOE CTAHJAPTHOE OTKIOHEHHE
UIA 2-M KaTeropMH aHaIH3a (G ), ZOBEPUTEILHBIH
nuTepsan (AC). B tabn. 2 u 3 Takike NpHBeIeHbI aT-
TeCTOBaHHBIE 3HAYeHMs cotepanuii (C, ), nomyc-
THMBbIE€ OTHOCHTE/IbHBIE CTAHJAPTHbIE OTK/IOHEHHA
(O, o) 2151 FOPHBIX [TOPOJ M| MUHEPAJIOB /IS COOTBET-
CTBYIOIIMX HHTEPBAJIOB cofepanuii [9] u (o, ) s

2-¥ kareropum aHanmaa [10].

JloBepuTebHbiE MHTEPBAJIL] OLIEHEHEI C I0BEPH-
TeJbHOU BepoATHOCTRI0 95 % 1A caydadn n uaMepe-
HHI:

AC=t-S/n . (1)

OTHOCHTEJIBHOE CTAHAAPTHOE OTKJIOHEHHE 1A
2-i1 KaTeropuy aHaAJIM3a OIpeieIeHo 1o popMyIIe U3
pabotri [10]:

o, =100-0,02.C*%4% C (2)

M3 rabmim 2, 3 BUIHO, YTO OTHOCHTEJABHEIE CTAH-
AApTHEIE OTKJIOHEHHS (S, 0). XapakTepusyole
BOCITPOHM3BOIMMOCTE ONPEAEICHH, HE IIPEBLIIIAIOT
AOIYCTUMBIX 3HA4YEHHH (O, M") JUIS BCEX OrIpefiesise-
MBIX 31eMeHTOB. [1pei/1o:KeHHAA MEeTOAUKA I10 BOC-
MIPOU3BOJUMOCTH U ITPABUIBHOCTH YAOBIETBOPAET
TpeGoBaHUAM, TPpeNLABIAEMEBIM KO 2-1 KATeropuu
aHanmu3oB [9-10].

PeaynsTaThl ¥ UX 00Cy A HME

Ha muxpoanammaatope Superprobe-733 o pas-
paboranHoi Metoauke PCMA usydeH (has3oBblil B
XHMMHYECKHH COCTAB KACCUTEPUTOB PEAKOMETAb-
HBIX [IerMaTUTOB BocTouHo- CagHCKOro mnofca u
BHIIOUEHUH TAHTAIO-HHOOATOB B 9THX KACCHTEPH-
Tax. B pemxuMe pacTPOBOTO 3NEKTPOHHOI0 MHKPO-
CKOIIa BO BTOPUYHbBIX H 06paTHO pacCeAHHBIX 3/IeK-
TPOHAX HCCEeI0BAHbB] IOBEPXHOCTE, (POPMEI BRIJE-
JIeHHd (pa30BbIX BKIIOYEHHH, OLlEHEHBI pa3Mephbl 1
OJHOPOJIHOCTE UX PacTIpeie/IeHHA,

PeaynkTaThl MCCTIEA0BAHWN KACCUTEPHUTOB ITOKa -
3anu, uyto Tau Nb B HMX HAX0AATCA KaK B M30Mopd-
HOH popme, 3aMenrasg Sn B MATPHIE MUHEPaJa, TaKk
¥ B BUJIe MUKPO- U CyOMHKPOBIJTIOHEHUH TaHTAaJIO-
HHOBATOB Pa3IMYHOH OrpaHeHHOH hopMEI pasMe-
pomoT 2 no 100 MKM, PACTIOIOMKEHHBIX XA0OTUYHO B
o6’ beMe KPUCTAILIOB.
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Tabnwuua 2
MeTponaruyeckue xapakTepucTMKM METOAMKW ANA TAHTano-HMoBaToB NpU YCKOPSIOLEM HanpsxeHun 15 kB

OnemeHT okeua-l  MHTepean co- O6pasely G C. S |S,%| 6.% |C, 0 % O, pom 20| AC,
Has chopma) |aepxanui, mac. % | cpasHeHus |mac. %|mac. % (2kat)| [9] [10] |mac. %
Na,O 2-4.99 Ber-2g 3,27 328 | 0,047| 144 | 1,67 8,0 14,0-2,8| 0,023
Na,O 10-19,89 Ans6ur 11,82 | 11,75 | 0,113 | 0,97 | 1,38 35 |28-20| 0,055
ALO, 10-19,99 Ber-2g 13,80 | 13,65 | 0,173 | 1,26 | 1,35 35 |28-2,0( 0,167
SiO, 50-59,99 Ber-2g 54,11 | 54,10 | 0,578 | 1,07 | 1,10 08 (28-20/| 0,283
Ca0 5-9,99 Ber-2g 6,95 691 | 0,102| 148 | 149 50 |4,0-28( 0,049
CaO 5-9,99 Mupon-Yp92 | 7,54 751 | 0,088 1,17 | 1,48 50 |4,0-28] 0,063
CaO 20-29,99 Ouwoncua 25,84 | 25,70 | 0,105| 041 | 1,23 21 (2,8-2,0] 0,061
TiO, 24,99 Ber-2g 2,24 222 | 0,038| 1,75 | 1,77 54 [4,0-28| 0,019
Nb,O, 1-1,99 A* - 165 | 0,120| 7,24 | 1,85 75 [4,0-2,8) 0,072
Nb,O, 24,99 A* - 465 | 0,236 | 5,079 1,59 6,0 |4,0-28] 0,159
Nb,O, 5-9,99 A* - 667 | 0,295| 443 | 1,50 54 (4,0-28]| 0,170
Nb,O, 10-19,99 A* - 17,94 | 0407 | 227 | 1,29 - 12,820/ 0,235
Nb,O, 20-29,99 A* - 2728 | 0,323 | 1,186 1,21 - 28-20| 0,187
Nb,O, 30-39,99 A* - 3241 | 0,385 1,189| 1,18 - 128-20]| 0,223
Nb,O, 30-39,99 A" - 38,63 | 0485| 1,26 | 1,15 - 2,8-2,0| 0,280
Nb,O, 40-49,99 A* - 45,70 | 0,218 | 048 | 1,12 - [2,8-2,0] 0,126
Nb.O, 50-59,99 A" - 52,54 | 0,244] 046 | 1,10 - 12,8-2,0] 0,141
Nb,O, 50-59,99 A* - 59,42 | 0,597 | 1,006| 1,08 - 2,8-2,0( 0,361
Nb,O, 60-69,99 A* - 6343 | 0,511 ] 0,80 | 1,07 - 28-20] 0,343
Nb.,O, 90-99,99 Cnnas Nb, Al| 130,89 | 130,05 | 0472 | 0,36 | 0,96 - 2,8-20| 0,587
Ta,0, 1-1,99 A~ - 1,47 | 0,096| 6,55 | 1,89 50 [4,0-28] 0,101
13,0, 10-19,99 A* - 1863 | 0,798 | 429 | 1,29 - 28-2,0| 0,571
Ta,0, 20-29,99 A* - 2861 | 0,795 2,77 | 1,21 - 12,8-20] 0,534
Ta,0, 30-39,99 A* - 3511 | 0614 1,75 1,17 - 2,8-2,0| 0,390
Ta,0, 30-39,99 A* - 38,26 | 0421 1,10 | 1,16 - 2,8-2,0| 0,255
Ta,0, 40-48,99 A* - 43,12 | 0,482 1,12 | 1,13 - 12,8-20] 0,306
Ta,0, 50-59,99 A* - 5581 | 0,744 | 1,33 | 1,09 - 2,8-2,0( 0,450
Ta,0, 50-59,99 A* - 58,49 | 0,291| 0,50 | 1,08 - 2,8-20( 0,136
Ta,0, 60-69,99 A" - 63,19 | 0,557 | 0,88 | 1,07 - 2,8-20| 0,354
_Ta,0, 60-69,99 A* - 66,28 | 0,476 | 0,72 | 1,06 - |2,8-20]( 0,288
Ta,0, 70-79,99 A - 7141 | 0,600| 0,84 | 1,05 - 12820/ 0,332
Ta,0, 70-79,99 A* - 77,40 | 0,258 | 0,33 | 1,04 - 12,820/ 0,149
Ta,0, 90-99,99 MerannTa |122,09| 1226 | 0406 | 0,33 | 0,97 - 20 | 0,505
SnO, 0,5-0,99 A* - 062 | 0,021 343 | 2,15 75 [56-4,0] 0,011
SnO, 0,5-0,99 A - 0,78 | 0,035| 4,53 | 2,07 75 (56-4,0] 0,019
SnO, 1-1,99 A* - 1,67 | 0,042| 254 | 1,85 57 |4,0-2,8] 0,023
SnO, 90-99,99 SnoO, 99,99 | 99,66 | 0,071 | 0,071| 1,00 - 20 | 0,041
FeQ 5-9,99 Mwpon-C1583 | 7,59 751 | 0112 1,50 1,48 43 |14,0-28| 0,062
FeO 5-9,99 Mwpon-¥p92 | 7,20 718 | 0,067 ] 093 | 1,49 43 (4,0-2,8| 0,048
FeO 10-19,99 Mupon-O145 | 10,10 | 10,10 | 0,076 | 0,75 | 1,41 28 (2,820] 0,042
FeO 10-19,99 Ber-2g 12,04 | 12,05 | 0,158 | 1,31 | 1,38 28 (28-2,0| 0,075
MnO 0,1-0,199 Ber-2g 0,18 | 0,182 | 0,005| 2,57 | 2,59 | 11,0 |5,6-4,0| 0,002
MnO 5-9,99 Mn-rpanHar 9,94 989 | 0171] 1,73 | 142 2,0 [4,0-28] 0,109

Mpumedanue. A" — aHanuMaMpyemoe BKNKOYeHWe MUHEepana TaHTano-HuobaTa,
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a

MeTponoruieckue XapakTepucTukiu METOAMKW ANS KACCUTEPUTOB NPU NPY YCKOPSIOWEM HaNpPshKeHnn 2?&(5]3“” ’
OnemeHToKcHa-|  WMHTepean co- Obpazey C,. C - S S, % o % |o, nm% o, mb% AC,

HaA popma) |aepwaHuii, mac. %| cpaeHeHus |mac. %| mac. % (2kar)| [9] [10] |mac. %
SnO, 90-99,99 SnQ, 99,99 | 99,89 | 0,431 | 0,43 | 1,00 - 20 | 0221
Ta,0O, 0,5-0,99 A* - 083 | 0019| 230 | 2,06 65 |56-40] 0,012
Ta,0, 2-4.99 A* - 239 | 0076| 320| 1,75 | 43 |40-28]| 0,042
Ta,0, 2-4.99 A* - 4,639 | 0,067 | 1,45| 1,69 | 43 |4,0-28]| 0,039
Ta,0, 5-9,99 A* - 6,35 | 0,069 1,09 1,51 35 |4,0-2,8| 0,044
Ta,0, 90-99,99 MerannTa |122,09( 122,86 | 0,331 | 0,27 | 0,97 - 20 | 0412
Nb,O, 0,5-0,99 A* - 067 | 0024 | 358 | 2,12 93 |564,0] 0,016
Nb,O, 1-1,99 A* - 124 | 0,035| 2,78 | 193 75 |4,0-28] 0,023
Nb,O, 90-99,99 Cnnas Nb, Al 130,89 | 129,95 | 0,766 | 0,59 | 0,96 - 12,8-20] 0,804
TiO, 0,5-0,99 Bir-1g 09 | 096 | 0,055| 573 | 2,01 90 |56-4,0| 0,039
TiO, 2-4 .99 Bhvo-2g 2,71 275 | 0,043 1,568| 1,72 54 |4,0-28] 0,033
TiO, 90-99,99 Pytun 99,99 | 99,54 | 0,637 | 0,54 | 1,00 - 20 | 0,341
FeO 5-9,99 Mupon-C153 | 759 | 7,36 | 0192 261| 148 | 43 |4,0-28| 0,201
FeO 10-19,99 Mupon-O145 | 10,10 | 10,10 | 0,206 | 2,04 | 1,41 28 [28-20] 0,145
MnO 0,1-0,199 Mupon-O145| 0,17 | 0,17 | 0,018 | 1048| 2,61 | 110 |56-4,0] 0,019
MnQO 0,2-0,499 Mupon-C153 | 0,32 | 033 | 0,011 | 3,50 | 2,37 80 |56-4,0| 0,014
MnO 5-9,99 Mn-rpaHaT 9,94 986 | 0,124 | 1,26 | 1,42 20 |4,0-28| 0,096
CaO 2-4,99 Mn-rpaHat 224 | 221 | 0047 | 212 | 1,77 68 [4,0-28| 0,030
Ca0o 2-4.99 Mupon-C153 | 3,40 | 3,71 | 0,128 | 3,44 | 1,64 6,8 |4,0-28] 0,134

Mpumedarue. A" — aHanu3vMpyemoe BKMIOYEHME MUHEpana KaccuTepura.
OCHOBHAA YaCTh H3YUEeHHBIX BKIIOYUEHHH [Ipe/- Heo6X0AuM0 OTMETHTE HEUTHYHE TIPAMOM Koppe-

CTaBJIeHa TAHTAIO-HHoGaTaMHi IPYIIIbl KoTymbuTa  sAnuK Mexngty Ta u Mn, a taksxe mesxay Nb u Fe, oj-
(puc. 1) c uameHeHHeM cpeiHUX cofepannii Nb,O,  Hako To Haba0AaeTca TOJNBKO B CiIydae MaKCcH-
o1 16,92 1063,65mac. %uTa,0,-0121,231067,24  MaJbHBIX U MUHUMAJIBHEIX COEPKAHNN 9THX 3J1e-
% (Tabu. 4), TPy 3TOM B € IMHUYHBIX OlIpejle/leHUAX  MeHToB. Hanbonee Boicorne cojepiannd Mn n Ta
copeprxanue Nb,O, mommixaercs 1o 13,57 %, aTa,0,  xapaKTepHBI JUIsl BKIIOYEHHWI B KACCHTEPUTE 10~
noBeruaeTcd 0 70,47 %. 3[JHET0 KBapll-MyCKOBHUTOBOI'O arperara BJIMTHEBOM

- : nerMatuTe MallopeyeHCKOro HoJif, NpeacTaBIeH-
HBIX MAHTAHOTAHTAJINTOM (pHC. 2).

09978 25KV  SU

Puc. 1. Brnioyerus konymBuTa-TaHTanuTa pasHoro coctasa 8 Puc. 2. HeopHOPOAHOE BKNIGYEHUE MEHFaHOTaHTanuTa 8
kaccutepure. WaobpaxeHue B 06paTHO paccesHHbIX aneKkTpo- kaccuTepuTe. MaoBpaxeHue B 0BPaTHO PACCESRHHLIX 3MNEKTPOHAX.
Hax. Yckopsioliee HanpskeHue - 25 kB. Paamep mapkepa - 5 Mkm. YekopRiolee HanpsxkeHue - 25 kB. Paamep mapkepa - 5 Mkm.
®otorpachus eeinonseHa A. Begenons (KOAP) ®oTorpachus BeinonHeHa A. Beaenonk (KOAP)
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Tabnwuua 4
CocraB MUKPOBKNKOMEHWA TaHTano-HuobaTos rpynnel konymbura 8 kaccutepuTax BoctouHo-CanHekoro riosica
OBONOLMOHHBIA FeoXu- MapareHeTu4eckuit Cocras BknioveHuii, mac. %
MUYECKNIA pag, ™n Nb,O, Ta,0, SnO, | FeO MnO
IuTuessiin Mo3gHWIA KBAPL-MYCKOBUTOBLINA 16,92 66,52 0,41 H.O. 15,12
MycKoBUT-KBapLEBbIA 39,52 38,80 0,39 12,50 4,47
% 50,24 30,09 0,89 17,45 0,74
Ta-Sn-nuTuess i AnbGHUT-MyCKOBUT-KBADLEBLIA 4736 | 3080 | 1,03 | 453 | 1159
4440 34,90 1,48 14,87 2,59
AnsBUTOBbINA CO CNoAYMEHOM 23,85 58,44 0,62 5,21 9,94
y 52,02 26,62 0,98 11,67 6,07
AT M DOMOREIR () 4641 | 3203 | 098 | 1131 | 554
. 39,76 38,19 0,46 7,52 9,16
AT T 3783 | 4078 | 057 | 1207 | 407
63,65 21,23 H.O. 10,96 | 6,58
MyckosuT-kBapLeBbii (O6LL) 53,49 28,21 0,25 9,88 7.1
(>kvna c nonnyuMTOM K 32,69 49,89 0,64 12,46 3,25
KomnnekcHbi# crnogymMeHom) 25,46 58,04 0,56 11,29 4,16
17,78 67,24 H.O. 9,10 6,58
MyckoeuT-keapuesbiii (P) 50,82 29,56 H.0. 11,71 5,58
(kuna c nonnyuuTom u 39,66 42,24 0,70 10,71 | 5,16
CrnogymMeHoM) 23,83 58,86 0,56 8,92 6,02
My CKOBIT-KEAPLOBLI (TT) 53,13 29,87 0,27 11,69 5,54
44 58 37,96 0,56 13,40 3,04
{xuna c nonnyuuTom u
cnoaymetom) 30,60 55,27 1,00 13,90 1,50
21,31 58,38 0,31 10,78 5,31
MuKpoKnUH-anbBUTOBbLINA 24,63 57,04 3,34 7,10 7,94
P-Ta-nutuestii 42,58 36,86 0,68 3,19 13,96
Keapuesoe sapo
32,63 45,56 1,14 1,86 14,10
Mpumeuarns. (P) — paHHUiA TEMHOOKpPaLIEHHLIA KaccuTepwT; (1) — NO3OHUA CBETNLIA kaccuTeput; (OBL) — BKMIOYEHWS B HEPA3AEneHHoM

obpaaue; H.0. — He obHapyxeHo (0603HAYAET OTCYTCTBUE 3HANEHWH).

B HeM rio/THocTEIO OTCYTCTBYeET Fe, XoTs oTHOIIe-
Hue Ta,0,/Nb,O, naMeHAeTcA B IIMPOKUX IIpeenax
(oT 3 1o 5). ITpu 3TOM KOPPEeALMA MEKAY COAEPIKA-
HuAMHA Ta 1 Mn wiu Nb 1 Fe orcyTerByeT. B pannem
TEMHOOKPAIIEHHOM KaCCHUTEPUTE U3 MYyCKOBUT-
KBapLEBOM MPUKOHTAKTOBOH 30HBI KOMIUIEKCHEIX
TIErMaTHTOB [DJIBIIOBOTO ITOJIA OTMEY€eH (DEPPOKOIIYM-
61T c Haubollee BRICOKMMH coiep:xaHuAMuU Nb u Fe.
AHam3 60IBLIOr0 KOIMYECTBA BKIIOYEHNH MUHe-
paJioB rpymmel KOTyMOGHTa H3 KACCHTEPHTA 3TOr0
NerMaTHTa MoKasaJl, YTO MX COCTaB H3MEHAETCH B
LUIHPOKUX MPEJesiax, HO HE3aBHCHMO OT COOTHOILIEHHS
Nb u Ta nabnopaercs npeo6aagasue Fe uag Mn. B
HEKOTOPhIX ofpasnax kaccurepura ua Ta-Sn-Li ner-
MatuTa (aTbOHMTOBLIH CO CrIOAYMEHOM rermMaTuT, Kan-
THHCKOE 110/1€) OTMeYaroTCA OYeHb IIMPOKHEe BapHa-
nH otHoteHUA MnO/FeO (ot 0.8 no 6,2) npu noutH
He MaMeHsAroumxes cogepranuax Ta,0, u Nb,O,

Kpome TanTan0-HH06aTOB rPyIIILI KOJyMOUTA B
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KacCHTEPHTE BCTPeYeHbl MUKPOIMT U TAHTAIO-HH-
ob6atel Ca— (depcMUT 1 pUHEPCOHHT (Tabi1. 5). Muk-
POJIAT OCOGEHHO XapaKTepPeH IIA KacCUTEPHUTa
KBapLeBoro saapa (pochop-TaHTaI-IUTHEBLIX IerMa-
THTOB [ETAIMTOBOM noadopManuy (AnekcaHIpoBC-
KOE IT0JIE€), XOTA YacTh BRIIOYEHHH 3/16Ch U ITPE/ICTAB-
JIeHa TaHTano-HHobaTaMM rpyTIE] KOyMbHUTa, TeM
HE MeHe€ BK/IIOYEHHMA MUKPOJINTA PACIIPOCTPAHE-
HEI B BUZIE CAMOCTOATE/IBHOI0 MUHEpaAJIA, H HAX0MXK-
[eHHE ero B BHIe BKIIOYEHWH B KACCHTEPHUTE BIIOJI-
He 3akoHoMepHo. IIpu aToMm 18 KaccuTepuTa 60-
Jiee pAaHHUX MUKDOKJIMH-a/Ib6UTOBEIX IETMATUTOB
B 3TOM I10JI€ XapaKTepPHEl TAHTAI0-HUO0ATHI rpyT-
bl Konymbura. B criongymenoBoi noadopmanmu
MHUKPOJUAT HAOII0laeTCA TONBKO B KACCUTEPUTE
KOMIUIEKCHBIX IETMATHATOB [D/ILIIOBOTO ITOJA, A OH
pacmpocTpaHeH ropasjio pexe, 4eM TaHTAaI0-HHO-
GaTel rpynIisl KOMyMGHTA, ABISAOIUECH NIABHLIMH
MWHEpaJaMU BEITIOYEHWH.
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Tabnuua 5
CocTas MUKDOBKMIOHEHUI MUKPONUTa W hepcMuTa-puHepcoHuTa B kaccuteputax BoctodHo-CasHekoro nosca
Ne Copaepxanue, mac. % :
obpasuya | Na,0 | ALO, | SiO, Ca0o TiO, Nb,O; | Ta,0; | SnO, FeO MnO Cymma
1 6,03 H.O. H.0. 9,93 0,35 1,97 77,32 | 0,69 H.O. H.0. 96,29
2 5,37 H.O. H.0. 10,71 | 0,41 1,92 81,88 | 0,31 0,10 H.O. 100,80
3 545 H.0. H.O. 11,23 | 047 4,80 72,29 | 4,08 H.O. 0,17 98,49
4 3,90 0,16 1,69 12,36 | 0,83 4,87 71,92 | 3,29 H.O. H.O. 99,02
5 5,71 H.O. 0,12 12,52 | 1,80 6,29 68,89 | 1,74 H.O. H.O. 97,07
6 5,61 H.0. H.O. 12,05 | 1,58 6,98 68,74 | 1,04 H.O. H.O. 96,00
7 5,86 H.0. H.0. 10,86 | 1,06 2,80 7722 | 0,67 H.O. H.0. 98,47
8 H.O. H.O. H.O. 15,34 | 0,62 59,58 | 20,24 | 0,53 H.O. H.O. 96,31
9 H.O. H.O. H.O. 13,44 | 0,67 43,79 | 40,04 | 0,63 H.0. H.0. 98,57
10 H.O. H.O. H.O. 13,27 | 1,18 40,76 | 40,64 | 0,55 H.O. H.O. 96,40
11 <0,2 H.0. <0,1 1400 | 1,71 4526 | 39,78 | 0,83 H.O. H.O. 101,70
12 H.O. H.O. <0,1 14,68 | 0,89 63,20 | 1895 | 0,33 H.O. H.O. 98,10
13 H.O. H.O, <0,1 13,28 | 2,09 4588 | 37,13 | 0,78 0,19 H.O. 99,44
14 H.O. H.O. 0,59 14,18 | 1,92 40,60 | 43,23 | 0,76 <0,1 H.O. 101,32
15 H.O. H.O. 0,11 1346 | 1,96 4409 | 3749 | 064 H.O. H.O. 97,75
16 <0,2 H.O. H.O. 15,05 | 0,41 8,88 75,33 | 1,51 0,51 0,12 101,87

MpumeyaHus. 1 — 4 - MUKPONWUT M3 MYCKOBWT-KBAPLEBOTD arperara KOMMNecHoro nermaruta (CnoayMeHoBas noadopmauns);
5 — 7 — MAKPONWT U3 KBapuesoro agpa Gocdop-TaHTan-NMTUeBoro nermaruTa (netanurosas noagopmaumns); 8 — 14 — depcmut 13

KanbumT-nIopUT-MUKPOKNUH-ansBuTosoro nermatuTa; 15 — chepcMnT M 16 — PUHEPCOHUT U3 MYCKOBWT-KBAPLIEBOrO KoMNnekca
(8 — 16 — Ta-Sn-Li papa, cnogymexoeas nogcopmaums); H.o. — He oBHapyxeHo (0603HauaeT OTCYTGTBUE 3Ha4eHUn).

KasibpiineBsle TaHTad0-HHOBATEI — (PEPCMHUT
(CaNb,O,) u punepconut (CaTa,0,) B rpaHUTHBIX
TerMaTUTax oueHb pejkH, ocoberHo gepcMuT B
nermaTutax BocrouHo-CaAaHCKOro nogaca (pepemMur
IIMPOKO PACIpPOCTPaHEeH TOJBKO B KACCHUTEPHUTE
HauboJiee MO3AHEr0 KanbIHUT-(II0PUT-aTb0UT-
MHKPOKJIMHOROTO arperara Ta-Sn-Li nerMmaTuTos
Besnbcroro rnons. UMeHHo B Ioc/ielHeH acCoryauy
KACCHUTEPUT COJIEPIKUT TOJIBKO BRIIIOYEHNS (hepeMu-
TA KaKk B pAHHUX TEMHOOKPAaIll€eHHBIX, TAK U B I10-
3IHUX CBETILIX 30HAX. B KaccuTepuTe MYCKOBHT-
KBAapIIEBOro arperara Hab/moJarnTCA BRIIOYEHHS,
COCTaB KOTOPEIX H3MEHAETCA OT PUHEPCOHHUTA K
(epcMHUTY, HO OHH peJKH, & B aJlbOHUT-MYCKOBHUT-
KBapIEeBOM KOMIUIEKCE OHH OTCYTCTBYIOT. B 9THX
KOMILIEKCAX PACIIPOCTPAaHEHbI BKIIOYEHUS TAHTA-
JIo-HHOBATOB rPYTIIkI KOIyMbuTa.

ConoctaBsneHue copepaxanuii Ta, Nb, Mn u Fe,
TIOIYYEeHHBIX TPH aHATM3E MATPULIBI KACCUTEPHUTOB,
OKa3aJI0, YTO B CTPYKTYPY 3TOro MUHepaia BXOJUT
010,34 10 1,23% Nb,0,, 010,37 50 6,35 %Ta, O, oT
0.22100,77% FeOuor0,11 mo 0,77 % MnO, Takse
WMHOIJIa oTMedYaeTcda Hanuuue copep:kanua Ca0O,
namensouerocs ot 0,07 100,15%uTiO, o1 0,10 no
0.48 % (Tabax. 6). [Ipu aTom Nb, Mn u Fe B wacTu 00-
PasLIOB ITOJHOCTLIO OTCYTCTBYIOT. Pacnipesienenne Ta
u Nb B MaTpuIie 4acTo HepaBHOMEPHO, U IIePBLIH B

Hel 3Ha4YUTeNLHO npeobnaznaeT HaJ BTOpbIM. [1pu
BBICOKHX cofiepxanusax Ta,O, HHOOHY OTCYyTCTBYET,
IIPH 3TOM MOTYT HabTI0AaTHCA OYEHb MeJIKHUE TOMKH
MUKPOBK/IIOMEeHHI MaHraHoTasTanuTa,. Habmopa-
I0TCH 3HAYHTeNbHbIE PA3/IMYMA coaepxaHnil Ta n
Nb B KaccUTEpHUTAX U3 ITETMATUTOB Pas/JIMIHEIX 9BO-
JIIOITHOHHBIX T€OXHMHWYECKHX PAJIOB M NapareHe TH-
YEeCKHX TUIIOB.

3axnoueHue

Paapa6orana metoguka PCMA MuHepaioB Kac-
CUTEPUTOB M TaHTaI0-HHOGaTOB. I1peioxeHHast
MEeTOAMKA 110 BOCIIPOM3BOAUMOCTH M ITPaBHILHOCTH
yAOBIEeTBOpaeT TpeGoBaHUAM, [TPEIbABIAEMBIM KO
2- KaTeropuu aHaIM30B. C HCIIoIL30BaHUEM pas-
paGoTaHHOMI METONMKH U3y4deH (PasoBhIi 1 XHMH-
YEeCKHIH COCTaBbl KACCHTEPHUTOB PEAKOMETAIBHBIX
nermMaTHToB BocTouHO-CagHCKOro 1osca ¥ BRIIoYe-
HHI B HHX TaHTaJI0-HHA00aTOoB.

B pesynwTrare Uccaef0BaAHUNA KACCHTEPUTOB pe/-
KOMeTaJIbHBIX IerMATHTOB YCTaHOBIEHO, YT0 Nb 1
Ta HAXOAATCA B KACCUTEPUTAX KAK B M30MOP(}HOH
dopme, sameras Sn B MaTpUIEe MUHEPAJA, TAK U B
BHUJIe MUHEPAJIbHbBIX BRIIOYEHHUH (TAHTRINT-KOIYM-
GUT, MUKEPOIUT, (PEPCMHUT, PHHEPCOHUT). B H3oMopg-
HOM BU/Ie B KaccuTepHuTax Ta yacTo rpeof/iafiaet Haj,
Nb. PaclipeziesieHHe MX B MaTPHILe MUHepaJia 00bI4-
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HO HepaBHOMepHoe, HabmoaaloTesa 3HaYUTeIbHEIE
pasnMumuA ColepIKAHMI 9THX SJIEMEHTOB B KaCCH-

TEPHUTaX M3 [IErMATHTOB pa3HbIX 3BOJIOITMOHHBIX
TEOXHMHYECKHX PAOB M ITapareHeTU4eCKHUX THIIOB.

Ta6bnuua 6
Coctas MaTpuLbl KECCUTEPUTOB U3 peaKOMeTanbHbiX nermatuTtos BocTouHo-CasHekoro nosica
Tun noa- | 3BONOLMOHHBIN MapareHeTryeCcKuin CopgepxaHue, mac. %
copmaLmm| reoxMMU4ecKiin | Tun NerMaTUTOB B 3BOMIO- sn0, | Ta,0,| Nb,0,| TIO, |FeO |MnO|ca0 C'YMME
pAQ NerMaTuToB LIMOHHOM pRAyY
| 9844 | 0,83 | 0,34 |048 | 0,28 |H.0. |<0,07| 100,40
I 97,85 | 0,95 | Ho. [0,14 | 0,22 |H.0. |0,07 | 99,23
NuTuesbii 94,37 | 257 | 069 10,28 | 0,53 |H.0. |H.O. | 9843
m 9952 | 0,86 | Ho. |0,10 | 0,22 |H.0. | 0,08 | 100,78
Cnogyme- 9769 | 221 | 048 |Ho. [0,38 |H.0. |0,07 | 100,83
HoBas vV 97581 091 | 057 |0,19 (0,31 |H.O. |H.0. | 9956
93,76 | 3,17 | 1,23 | 0,17 | 0,77 |H.0. | <0,07| 99,13
o 96,43 | 241 | HOo. |HoO. [HoO. |0,33|0,10 | 99,27
KoMnnekcHbii Vv
93,70 [ 470 | HoO. |HO. |HoO. |049 |010 | 98,99
Vi 98,33 | 0,71 | H.o. | 0,19 |H.0. |H.0. |<0,07]| 99,28
91,03 | 6,35 | H.o. |0,19 | <0,10| 0,77 | <0,07| 98,42
Vil 96,35| 201 | Ho. |0,12 |0,23 |H.0. |0,07 | 98,78
Metanuto- | ®occhop-TaHTan- 9523 | 348 [ Ho. [0,10 |0,36 [0,11 |0,15 | 99,43
Bas NATUeBbIN VIl 100,59 0,37 | H.o. [<0,10| H.0. |H.0. |<0,07| 99,02
9364 | 466 | HO. |<0,10|<0,10| 0,52 | 0,07 | 99,02
Mpumeyanus. MNapareHeTMHECKMA TN NErMaTUTOB B 3BOMIOUMOHHOM pAdy: | — CnoAyMeH-KBapu-MUKPOKMUH-NNAaroKkNasoBbId,
Il - cnopymeH-Kksapu-ansBuT-mukpoknuHoBbIA, |Il — aneBuT-KaapL-cnogyMeHoBbId, [V — cnoaymeH-ans6ruT-KBapL-MUKPOKNTMHOBLIA,

V - keapy-ansbutosbid, VI - nenuaonut-keapuy-ans6utoswid, VIl - keapu-knesenaHguTossii, VIl - aneLbuT-nenvaonuUT-kBapUessIn;

H.0. — He obHapyxeHo (0Bo3HauaeT OTCYTCTBUE 3HAYEHUN).

HsyueHHe XMMHUYECKOro cOCTaBa BRIIOYEHHH
TaHTAJIO-HIO0ATOB MOKA3a/10 0CO6EHHOCTH M XapakK-
TE€P M3MEHEHMA UX cocTaBa (rpynnel Komymbura,
MMKPOJIKTa) B IIpolecce GOPMUPOBAHUSA MTErMaTH -
TOB B PA3JIMYHEIX [IETMaTHTOBBIX ITOJIAX.

ABTODEI BeIpaaloT 6narogapaocTts A. Begenons

(FOAP) 3a BRINIOJTHEHHEIE U TI06€3HO ITPEI0CTABIeH-
Hble GOTOCHUMKHA MHKPOBKJIIOYEHHWIA TAHTA/IO-HU-
06aTOB B KACCHTEPHTE.

Paboma swinonreHa npu noddepicke PODU,
epaHm Nt 02-05-65293.
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INVESTIGATION OF COLUMBITE-TANTALITE INCLUSIONS IN CASSETERITES OF RARE METAL
PEGMATITE BY X-RAY ELECTRON PROBE MICROANALYSIS
O.Yu.Belozerova, V.M.Makagon

The X-ray electron probe microanalysis (EPMA) technique is developed for the minerals of casseterite
and columbite-tantalite. The phase and chemical composition of rare metal pegmatite casseterites of
the East Sayan Mts and their inclusions of columbite-tantalite were studied using the EPMA technique.
The results of investigations show that niobium and tantalum are contained both in isomorphous form,
substituting the tin in the matrix of mineral, and as mineral inclusions with size of 2-100 mm. The detailed
study of phase and chemical composition of columbite-tantalite inclusions indicates the features of their
compositional variations (columbite group and microlite) in the process of rare metal pegmatite formation
in different pegmatite fields of the East Sayan Mts.
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