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BBEJEHHE

Hayuenne ¢uanuecknx CBONACTB H XMMHYECKOTO COCTABA KAaCCH-
TEPUTOB M BOJLGPAMHTOB, (POPMEl HaX0xAEHIsA B HHX 35JCMEHTOB-
IIpHMecel, B YaCTHOCTH TaHTaJa W HHOOHS, HMEeT He TOJbKO Hayu-
HOE, HO H IpakTHUeCKoe 3Ha4YeHHe, TaK KaK MPH COBPEeMEHHOM YpOB-
5€ Pa3BUTHS TEXHOJOTHM 3TH MHHEDAJbl MOTYT CJAV:KHTh HCTOYHH-
KOM NOJYUeHUS He TOJbKO 0J0Ba H Boabbpama, HO M 3HAUYHTEbHBIX
KOJIHYECTB BecbMa LEHHLIX PEAKHX Mera/aoB. ITHM I 00VCJI0BIEHO
NosIBACHHE B Hoc/aelHne rofbl Goabiioro 4icaa paboT, MOCBALLEH-
HbIX IEeTaJbHOMY HCCIeZOBAHHIO KACCHTEPHTOB H BO.Jb(GPAaMHTOB, HX
THIOMOPGHBIX ocobenHocTell 1 hopN HAXOXAEHHA B HIIX TaHTAJA H
HHOOHS,

HenonbzoBanue coBpeMeHHBIN MHHEPaJOTHUECKHX METOJ0B 1
IPUGOPOB OTKPLIBAET HOBLIE BO3MOKHOCTH I€TaJbHOTO HCCIeA0Ba-
HHsl (PH3HYECKHX CBOMCTB MHHEPAJOB B 32BHCHMOCTH OT HN XHMHYE-
CKOTO COCTaBa, 4 TaKiKe pelieHHs ponpoca o dopme HaxoKIeHus
TalTasa U HHOGHs B KaccuTepurax M Bodbpamutax. Taxlie neeae-
[AOBAaHHA U SABHJHCH 11€JbI0 HACTOAILEH PatoTHI.

[Tpu uayuennu KaccHTEPHTOE 11 B0Jgb(PaMHUTOB OLLT TIPHMEHEH
CJACLVIOUIHH KOMILIEKC METOA0B: HCCJAeLOBAHHA MIKPOTBEPIOCTH,
0TpaxKaTeapHoil CMOCOGHOCTH, V1eJAbHOTO Beca, MariHTHOH BOCHpH-
UMUHBOCTH B 3aBUCHMOCTI OT COCTABA, AHKPOPEHTIEHOCTPYKTYp-
HDLT I MHKPOCHEKTPANLULI aHAJN3B B TOUKE NOJHPORAHHOTO IIJIH-
ha, MEKTPOHHO-DEHTIEHOBCKUIL MUKPOAHAAN3, ZJIEKTPORHAT MHUK-
POCKOMUA, HHPpakpacHasl CNeKTPOCKONHS, onpeipedediie napaMer-
poB aaeMeutapHol Auelki, GazoBulil XUMHUECKUIl aHaJ U3, CHHTe3
HCKYCCTBEHHBIX AHAJOTOB NPHPOAHBIX MuHepagos. O6pasusl ms
icenel0BaHIN OLIH 0TOGPAHKE BO BPEMs NOJCBLIX pador 8 Kaszax-
crane, 3abahkaabe, Ha Haapwem Bocroxe. Hacrs o0pasuos Obiia
a0fe3no npenocrasiaena corpyanukamun MMIP2 (HO. . ®uannno-
soit, B. B, Msaunossim, H. H. INonosoi, H. T'. Cperenckoii), H'EM
AH CCCP (M. M, Tlopunafitue, Y. H. Kuraem) u TEOXH
(I". ®. VpanoBoit).

AsTop noamsyercs caydaem BuIpa3uts rayGoxym  Gaaromap-
noctb npod. C. A. HOmko 3a nocTOsHHYX nOMOULb 1 BHHMaHHE,
a taxe C. M. JleGexepoii 3a cOBeTH 1 2aMeyanug, CIeqannbe
B Tpollecce Bbinoanennsa pabotel. Cepaeunyio NpH3HATENLHEOCTh aB-
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top Beipaxaer YU, JI. Beasesoli u T'. A. Tyukoseit, B. B. Jluzepy n
K. B. IOpkuuoi, JI. C. JlybakuHoil 3a npopeieHHe COBMECTHBIX Pa-
€0T MO 3TEKTPOHHOH MUKPOCKOIHH i Ha 3JeKTPOHHO-PEHTTeHOBCKOM
MuKpoanaauzatope, a taxmke B. ®@. Hemoboii, . I. [Ipoxoposoil u
. I1. dunaroBo#i 3a onpejeneHde yAegbHOI0 BECA KACCHTEPHTOB I
BOJbGpaMiToB. ABTOP OCOGEHHO MPH3HATENEH COTPYAHUKAM XHMH-
ueckoit nadoparopurn MMI'P3: M. E. Bukroposoii, K. I'. Mcaesoii,
T. M. Mauuxuunoft, H. 3. Kyp6aunoroit, JI. E. Hosopoccosoi,
M. P. ITerepcon u JI. 1. IOnaw 3a BbINONHEHHe XUMUUYECKHX aHa-
JIM30B K 1aHHON pabore.



I. KACCHTEPHTbBI!

TJABA I

MHWHEPAJIbHBIE NMAPATEHETUYECKME ACCOLLMALLUH
KACCHUTEPHTOBbLIX PYJ

Kaaccugukalns oJ0BOpYAHBIX MECTOPOMIEHNN BRepBble Oblna
paspaborana C. C. Cuuprosein (1937). MM ke 6Gbl10 BBEIEHO MO-
HaTHe 00 0J0BOPYAHBIX (PopmMaungx, NOA KOTOPLIMH TIOZpa3yMeBa-
€TCSl  «TPYNNa 3HAOTEHHBIX 00pa3oBaHnl, OObeIUHEHHBIX OOIL-
HOCTbIO MHMHEPAJbLHOTO COCTAaRa, TeHeTHYeCKUX ocobeHHocTei, reo-
JIOTHYECKHX YCJOBHIl MPOABJAEHUS H CXOLHBIM 9KOHOMHYECKHM 3Ha-
yenneM». CornachHo 310# Kaaccudpukaunn soijeasercs tpi dopma-
L HH:

1) nmermatnToBasi; 2) KBapll-KacCHTEpHTOBasi ¢ pa3HooOpasHbI-
MH, T. H. NHEBMATOJMTOBBIMH MHHEpaJaMil — TONa30M, OepHJIION,
CAIOOAMH M IpP. U OU€Hb HE3HAUHTEJBLHO PACNpPOCTPAHEHHBIMU CYJb-
¢unami; 3) cyabpHIHO-KACCHTEPHTOBAS.

Knaccugukanusa oJ0BOPYAHBIX MeCTOpPOMKIEHHH, pa3paboTaH-
nas C. C. Cuupuoenim (1937), BnocaencTBuu gomogisaack pabo-
tamu O. 1. JleBnukoro (1947) aas oJ0BOPYIOHBIX MECTOPOKIEHHI!
1 IS MECTOpOXAeHHI KBapli-KaccuTepuTtoBol (opmaunn, E. A. Pan-
kepu (1951, 1956, 1968) masa mMecTOpO:xAeHHH CyabHIHO-KACCHTe-
PUTOBOH (opMauyu i A9 BCeX OJOBOPYAHBIX MECTOPOXKAEHHI,
M. T1. Marepukosa (1964), M. @, Crpeakuna (1947), Hs. ®. I'pu-
ropeeBa u E. M. doaomanosoit (1956). IMpennoxennas E. A. Pai-
kKesuu B 1956 r. KaaccH(HUKalHA OJOBAHHBIX MECTOpOKAeHHH Oblia
aeranuszvpoBada B 1968 r. Eio 6nian Bhgenenb: ¢opmalisi 0J0BO-
HOCHBIX TPaHHTOB, NErMaTHTOBAsl, KACCHTEPHT-KBApILEeBAasi, CKapHO-
Bas, KACCHTEPUT-CHINKATHO-CYIb(HAHAA H KAaCCHTEPUT-Cyab(hHAHAA
dopmanun. Ocobo BbifeaseTcs pHoauToBad GopMauns (MecTopok
1eHud aepessiHucToro onosa). Me. ®. Ipuropses, E. 1. Joaomano-
Ba (1966, 1969) prioensioT NATH ON0OBOPYAHBIX (Qopmauii: 1) Kac-
CHTEPHT-NETMAaTHTOBYIO, 2)  KacCHTEPHT-NOJEBOIUNAT-KBapPLEeBYIO.
3) KaccHTepHT-KBapuepylo, 4) KaccuUTepHT-KBapl-CyadbpHAHYIO (HJH
KacCHTEePHT-CHJIHKATHYI0), D) KaccuTepHT-cyab(puanyw. 1aa oTHe-
CEHHs M3YUEHHBIX KACCHTEPHTOB K TOMY HJAM HHOMY TeHeTHUYecKOMy
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THIY HAMI Henoab3opanach kaaccupikauus C. C. CmupHosa ¢ Je-
ramusaunei, npogefenitoit E. A, Pagkesnu (Pagkesuu, 1968).

HeoGxonumo oTMETHTH, uTo HeKOTOpbie (opmallni, HanpHMmep
TakHe, Kak KBapU-KacCHTEPHTOBAf, MO CYUECTBY NpPEACTABSIOT CO-
Goit rpynny opMAaUHil — 3TO [0.1eBOIIMAT-KBAPU-KACCHTEPHTOBA
¢ TOMA3-KBapI-KACCHTEPHTOBLIM THIOM MECTOPOAIEHHE u cobeT-
BeHHO KBaplepo-KaccHTeputonas. Kak H3BeCTHO, S MeCTOpOMKe-
nuit doprainil 0J0BOHOCHLIX If PeIKOMETAJbHLIX FPAHHTOB, OJIOBO-
HOCHLIX MerMaTHTOB, KBapil-kaccHTepHntosoli dopmaunHn apolecc
MHHEPA. 1008 a30palis XapakTepusyercd raasubiM  obpasoM  o0a-
HOH-ABYMA (OUeHb pefKo TpeMma) CTalllaMi MuHepaJH3auHH, B TO
BpEMS KaKk i B MECTOPOMACHHAN CHIMKATHO-KACCHTEPHUTOBOH (hop-
vauan (Hekpacos, 1960; Heanos, 1960; ®uaepos, 1969; Kuraii,
1966 1 ap.) npoiecc MuHHepa.T000pazopatis OblA MHOTOCTaAHHHBIN
U MHUEPAa.IbHbI€ MapareHeTHYeCKHe acColHallMi CYWECTBEHHO OTH-
walTess Apyr ot Apyra. Hume npuBoinTes cocTapBiICHHAS TaAaBHBIM
00pa3oN No AHTepPaTypHBIM AAHHBIM KpaTKasd XxapakTepucTHKa oJlo-
BOPYAHBIX opMauuil, n3 MecToposeHuii KOTOPHIX oTGHpaJHUCh
L5 Heeae10Balnga ofpasilkl KacCHTePHTOB.

$OPMALLKA OJIOBOHOCHBIX TPAHHTOB

Gopmating 0J0BOHOCHBIX FPAHHTOB, COUIACHO AaHHBIM HCCJE-
nosareneit (Py6, 1957—1962, [otman, 1960; [puropbes, 1940—
1957; Ho.omanosa, 1959; Jlyros, 1958 u ap.), orauuaercst MoBbi-
menneiM cofepxannem Si, Al, K, Na, Li, Rb, Cs, Sn, Ga, Nb, B.
F u nonmwmennbin coxepxantes Ca, Mg, Ti. Ilas 3THX rpaHHTOE
XapaKkTePHO TAKMKE HE3HAYHTEILHOE KOJIHYECTBO TeMHOUBETHBIX
KOMIIOHEHTOB, TJAaBHLiM obpasoM OHOTHTA, H HAJHUHE KacCHTEpPHTA,
TypMaauna it §uiiooputa cpein axkueccopubx Munepados. Hapsay
C BBILIENEPEYHCTEHUBIMI O0WIMY YePTAMH 0J0OBOHOCHbIE TPAaHHTHI
KaxX[o1l reoJorHieckoil [MPOBHUIME XapaxkTepusywTes W CBOUMI
crieqH(pHEeCKHMH OCOOEHHOCTSAMH, NpHCYIHME 3tomy paiony. Tak,
B rpanuTax 3abaikaaba, HOmxunoro I[Tpinopss, HyKoTkH oTMeUaeTCS
NoBBIIEHHOE codepxanite (pTopa, B TO BpeMsl KaK B rpaHutax Mso-
Yanckoro unTpysusHoro wommiaexca (XaGapoBckuii Kpaii) — Gopa.

Kaccuteput aBiaSieTCst XapakTepHBIM MHHEPAJOM OJOBOHOCHBIX
rpanutos, Ou MoxeT OblTb CHHTeHETHUEH I[opoJde HJAH 06paso-
BaThCS 1103zk€ B fpouecce rpefi3eHn3allii IPAHHTHBIX MACCHBOE.
Ocobento BhIcOKHE ero’ cofepmauns (1o 11,4 xr/r) orMevenn
B IpeH3eHH3HPOBAHULIX pa3HOCTAX Tpauutos. Opnaxko M B HauMe-
Hee H3MeHEHHBIX TpaHHTOMZaN cojdepraHHe Kaccurepura B O—
170 pa3s npesdlaer ero cpeAHee colepi:KaHue B8 OGUOTHTOBLIX rpa-
unrax, pasioe 0,2 r/t (JIaxoeuu, Bpycruusina, Makcumwk, 1968).

Kaccurepnr u3 rpefi3eHU3HPOBAHHLIN  0JIOBOHOCHBIX  TPAHUTOE
BCTpEUARTCH B BUIAC 3€peH HenpapiabHoll (opMbl, a TaK:ke KOPOT-
KOMPU3MATHYECKHX 11 YAJIHHEHHBIX RDHCTAJI0B, CPeIH KOTOPBIX
HanGoJbLIHM pacnpocTpaHereM 1101b3YIOTCA KPHCTAJIBl, 00pas’o-
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paHHBle KomOunauuned npusm (110), (100) n  aunupamus  (LL1),
(101). Hrorza ormeuaercs npHcyTCTBHE rpany nuHaxouma. Okpac-
Ka KacCUTepHTOB HepaBHOMepHAst — 0T 0eqdoii u CBeTJI0-0ypoi 10
TeMHO-Oypoli, kopuuHesoii. Kpucraainl KacciTepuTa HHOraa 30-
HAaJbHBI, YTO 00VCJIOBJGHO HepegoBAHHeM TOHKIX, PA3JIHYHO OKpa-
ilIEHHBIX 30E.

CrnexTpanbHbifi anajua Kpacuo-0yporo it cepo-6eoro KaccHrte-
pHTA NOKa3a]1, 4TO NepBHIl COAepUT HUOOUI u BoabhpaM, a go
BTOPOM KOHUSHTPHPYIOTCS MOIMOLEH il MbllIbSK.

B anrepatype (Py6, 1960; Jlaxosuu, BpycHuubida, MakcHMIOK.
1968 u ap.) umeercs orpaHHYeHHoe KOJHYECTBO AaHHBIX 0 COA&p-
JKAHHH TAaiTaga o HHOOHS B KACCHTEPHTAX H3 0J0BOHOCHBIX TpaHH-
TOB, NokasbiBatownx koaedanus Tas0; ot 100 10 2000 r/t, a NbOs;
ot 300 10 7300 r/t.

POPMAUHA PEAKOMETAJLHLIX FPAHUTOB

Cpeaii pegxoneTa LHLIX TPaHHTOB (amorpaxuTtos, no A. A. bey-
cy M JAp., 1962) nopblenHoll 0J0BOHOCHOCTBIO XapaKTepH3yioTcH
JMTHOHHT-2Ma30HHT-aab0HTOBble. B IpYyrux THOAX anorpaHuTos coO-
Jep:;kaHue 0q0Ba (KaccHTepHTa) HeaHayuteqabHoe (10 50 r/t). .

JIHTHEBO-C.TIOAHCTBIE  aMA30HHT-a1bOHTOBBIE  pelKOMeTaJbHble
FPAHHTHl TpeICcTaBaAsOT coboil  MeaKo3epHHCTBle Hop(HPOBHIAHbIE
MOPOAbLI 3€12HOBATO-TOMYy00ro uBeTda, 00YC/JI0BICHHOTO MPHCYTCTBH-
eMm amasonuta. Musepasabusiit cocras ux (8 %): aasbur — 35—30,
MUKpoKanE — 20—40, keapu— 25—35, autuessle ¢aogn — 05—
15, Tonas — 0.5—3, akueccopubie muuepadan 0,1—05. Tlocaexnue
npeacras/Iedbl  (UII0OPHTOM, KOJyMOHTOM, TaHTaJI0KOAyMOHTOM,
HHOGOTAHTA THTOM, [ATYETTONUTOM, MHUKPOJHUTOM, KAaCCHTEPHTOM i
cyapbuiamu, Pexe Berpeyalnres HHPKOH, CTPIOBEPHT, TOPHT, MOHa-
LHT, JOIAPHT, BOJAL(PAMHAT H APYyTHE MHHEPAIbL.

Mo x#uMIueckoMy cocTaBy peikoMeTaqblible IpaHdTbl  OTAHYA-
10TCSL OT OOBIYHBIX panutos OoJee BbicOkHM cozepiannem Al, Na,
F u foace nuzkuym — Si, Fe, Ca 1 K. as HUX XapaKkTepHo TMOBLI-
wenHoe coxepxanue Ta, Nb, Li, Rb, Sn u npeoGnrazanue Hatpus
naja kaaney. Coraacuo manuuiM A. A, CuTnuHa, cpenee coieprka- -
HHe MATHOKHUCH TaHTAJa B aMa3OHHTOBLIX TAHTAJOHOCHBIX FPaHUTAX
cocrapaser 0,008%, a B amuka/JbHLIX HacTAX MacCHBOB OHO YBeJi-
ynpaetcs 10 0,014%. Cpeanee cofepkaHHe NATHOKHCH HHOGHSI MpH
sToM coctagader 0,02% (Beyc u ap., 1962). Tauraao-unobuesoe
OTHOHIEHIIE COOTBETCTBEHHO H3MeHseTcs oT 1:25 B rayOHHHLIX da-
cTAX MaccusoB 20 1: 1,4 B anuKaabHBIX 4acTAX.

Faasepivit MHHepanaMy KOHLEHTpATOpaMil TaHTalda 1l HHOOHS
B JUTHEBO-C.TIOIHCTHX AMA30HHT-AABOHTOBLIX TPAHHTAX  CBA3AH-
HLIX ¢ HifMlI 3K30KOHTAaKTOBLIX Tpefl3eHax ABAAKTCH MUHCPAJIb!
CPpynn KoavMmGHT — TaHTa/JHTd, MHPOXJIOP-MHKPOJIHTA, CTPIOBEPHT,
KaCCHTEPHT.
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KaccurepuTsl 43  AWTHEBO-CIOAHCTHIN  aMa30HHT-aJdbOHTOBbIX
IPAHUTOB XapaKTEpPH3YIOTCH KPHCTAJNIAMH TETParoHadbHO CHHrO-
HUH WM 3ePHAMH HenpaBuJILHOI (GopMBl yepHoro, 6yporo M Kpac-
HOro IBETAa, Pa3MEpPOM B COThbIE — AECHATHIE AOJH MM.

B kaccutepnTax m3 pas3iHyHbBIX MAacCHBOB TAaHTAJOHOCHBIX rpa-
HuTOB cogepmanne Ta0s5 konedaercs or 1700 1o 38400 r/t (cpen-
nee 13300 r/r), conepxanue NboOs — ot 2700 no 73400 r/7 (cpen-
nee 17500 r/r) ppu TaHTano-HHOGHEBOM oOTHoweHMN 5:1—1:5.
B oranune 01 KacCHTEPHTOB OJOBOHOCHBLIX TIDAHHTOB KaCCHTEPHTLI
TAHTAJOHOCHBIX TPAHHTOB XapaKTepH3YITCA GOJIee BBICOKHM COAep-
JKaHHWeM TaHTajga H HHOOH# 1l 4acTo Gouee BHICOKHM TaHTa/l0-HHO-
OHEBBIM OTHOILEHHEM.

Kpome Toro, B KauecTBe aKIeCCOPHOTO MHHEpPaJa KacCHTEPHT
BCTpevaercss B GHOTHTOBBIX MHKPOKJAHH-a/lLOMTOBHIX TpaHHTAX, AB-
JSIOUIHXCA MPOH3BOAHBIMIT JICHKOKPATOBLIX GHOTHTORLIX TPAHUTOB.
XapakTepHbiM MPHMEPOM STHX TPAHNTOB SBJIAOTCH KOJVMEBHTOHOC-
nple rpanutsl Cesepuofi Hurepmn (nnaro [dwkoc). Conepxauune
Ta;Os B atux rpaunrax Koaebaerca or 0,001 go 0,02%. a NbyOsor
0,02 mo 0,2%. Kpome mMunepanoB rpynnbl KoJaymMOuUT — TaHTaqdTa
NOBHILIEHHBIE COAEprKaHUsA TAHTAdA W HHOOMs OTMEUAKTCH B Kac-
CUTEPHTE W BOJIb(paMITe, UTO CJAYKHT MOHCKOBbIM TNpi3HaKoM Ha
koaymGntonocnue rpauntet (Williams a. 0., 1956).

NErMATHTOBAS ®OPMALLHSA

OnoBoHocHbIe NErMaTHTL XapakTepH3YIOTCA JH0BOILHO WHPOKAM
pacnpoctpanenney. Ilo uasecTHoil KiaccHPHUKAUHI NErMaTHTOR
A. E. depcvana 010BOHOCHBIE MeTMaTHTE OTBEHAOT \' — HATPO-JH-
THEBOMY THIIY M XapaKTepH3yloTcs npueytcTsHem aandnuta. Haubo-
Jee XapaxTepHa OJOBSHHAS MHHepaau3auus 15 pelxkoMeTalbHbIX
nerMaTHTOB GepH/AIHA-THTHEBOro, OepUANHil-TauTal0BoTO 1 frop-
TanTaga-autHesoro psaos (Kysvmenko, Ecwkosa, 1968),

Pepxomeraabioe opyAeHeHNe B NermMaTHTax Oepuiani-JuTHeBo-
ro psifa NMpejicTaBJeHO CHOAYMEHOM, OepiHaioM, TaHTa10-HHOGATA-
MH W KaccuteputoM. Kaccurteput npuypouen raaBHbIM  06pason
K KBapil-MyckoButoBoMYy Komnaekcy. Coaepmanne TaOs B waccn-
teputax cocrtasaser 200—8700 r/r; Nb2Os;—200—11400 r/r npn
TanTano-H1nobGNeBON OTHOWEHNN, BJH3KOM K eJHHHLe,

Huas nermaturos 6epuanHi-TanTaI0Boro pAAA XapakTepHa KOM-
naekciiasi Li, Be, Ta, Nb, Sn, Rb n Cs wmunepanusauns, Pexe
scTpeuatorcs munepaant Zr, Y n U. :

Kaccurteput sBasiercsi XapaKTepHLIM  MHHepaaoM., ocofedHo
B MHKPOK.IHH-a1bGHTOBBIX W aabOHTOBBIX pasHocTax. HanGoaburas
KOHUEHTPAllHg KacCHTePHTA B MErMaTHTax 3T0To pnila oOBIYHO mpi-
VpoueHa K 3MI0KOHTAKTHBIM KBAaPL-MYCKOBHTOBBIM  KOMIIIEKCAM,
a4 B TOJOTONAAAWINX TeJlaX — TaKkke K KBapil-aibOHT-MVYCKORNTO-
BbIM KOMIJIEKCaM OceBblX yacrell: B neGolblunx KoJAUYECTBAN  OH
BCTPEUAeTcs W B JAPYrHX TEKCTYPHO-NApPareHeTHUECKHN KOMMICKCaX,
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3a HCKJOKUCHHeM MOHOMHHEPAJAbHBIX MHKPOKJIHHOBBIX H KBapUEeBbIX
30H.

Coraacso 1anublM XHMHYECKIX aHAJH30B KACCHTEPHTHI H3 [er-
MaTHTOB Oepuaanii-TaHTaloBoro pajga xapakTepH3yloTcs npeobaa-
aanvem Ta nag Nb. Coxepxaniie TazOs; B Hux kose6aerca ot 1700
10 32600 r/r, a NbsOs or 500 xo 30500 r/t, npn TaHTta’a0-HHOGHE-
BOM OTHOeHuu | :2—3:1.

Conepxanne nATHOKHCH TaHTada U HHOOHS B  KacCHTEPHTAX,
0TOOpPAHHLIX H3 Pa3/HUYHBIX MapareHeTHYECKHX KOMIJIEKCOB 0AHOr0
H TOTO K€ NerMaTHTOBOTrO TeJla, TaKme KoaeGaeTes B XOBOJLHO 311a-
YHTEJbHBIX Mpeaenax H 3aBHCHT OT MHHEpPAJbHOTO COCTABa KOM-
nnekca (rada. 1).

TaGauuwa |

CopepiaHHe TaHTala H HHOOGMSA B KaCCHTepHTAXx
PEeIKOMEeTANLHBIX NerMaruTo: Gepuiinii-TaHTasonoro paia
(no M. B. Kysbmenro, E. M. Ecbrosoi, 1968)

CTpVETYpHO-NApaTeHeTHHECKIL Koanzecr- = )
KOMILIZKC WM 30H3 EQ Ta,04 NB20, Ta:0:/Nb.O
aH4THIOE

JKIOKOHTAKTOBKIEC 30HBL . a1 2 0,43 0,77 Iol.8
OaHroknas-KBapi-MHKPOKIHUOBLE . ! 1,99 1,09 izl
KBapi-mMyckoBuTOBBIE . . . . . . 5 1,09 0,87 1.2%]
N BapU-MyCKOBHT-aNbOHTOBbIE . 4 1) 124 1,7 «1
KBapu-kaesenaninrtopoe , . . . ) 1,78 0,85 2 1
AnbOUT-TEMIIOAUTORLIE . 1 3,26 1,02 3.2:1

Hanbo.ee BbicOKoe cojep:kaiie TAaHTA1a CBOMCTBEHRO KacchTe-
pHTaM aJbOHTOBLIX U A b0UTCOAEPKALHX KOMIIEKCOB, B TO BpeMs
KaK B KaccuTepHTax KBapl-MYCKOBHTOBBIX KOMILIEKCOB OHO 3Haui-
TeJbHO HHike. COOTBETCTBEHHO Il  TaHTaJ0-HHOOHEBOE OTHOIIEHHE
B KACCHTEPHTAX KBAPI-MYCKOBHTOBLIX KOMMJIEKCOB GJH3KO K 1 wiu
HHE, 2 B KacCHTepHuTe aJbOHTCOAEPMALIHN KOMNJAEKCOB TOAHMMA-
etest 10 2—3. KaccurepuTsl 113 pasHbIX MaparcHeTHUeCKHX KOMIJIEK-
coB Mopdoaoruyeckn Huuen He orTauyalores. OHH  mpejcTaBJeHD]
IHIHPAMHIAJBHBIME KPHCTALIAMUE TeMHO-OYpOro, nO4TH  UYeploro
lBeTa.

[TermatnTel rop-TanTa. - 1HTHEBOro psijia H3yueHbl oueHb caabo.
MuHepaabHBIi COCTaB 1X OTJIHYAETCS OT BBIIICOMHCAHHBIX PELKOME-
TaJdbHBIX TernaTHToB. Kak npaBHJIO, NErMaTHTOBBE Tejla 3TOro TH-
M2 CAOKEHB KBapi-KAese aHINTOBLIM ArperaToMm ¢ JennicJHTOM H
py6enantom. [aBHbIM KOHIEHTPATOPOM TaHTajda SIBASETCH MHKPO-
ant. Kaccurepur pacnpocTpaied He3HauHTeIbHO H colepkut 0,17—
0,45% Ta0s B Jenu1cauT-aIb6UTOBBEIX TIErMATHTAX, HE COXEpIKa-
uux cnoayae, n 1,14-—2,33% Ta,0; u 0,86—1,86% Nb,O; B menn-
ROJHT-2IE6HTOBLIX nerMaTnrax co cnoayyveronm (Cpennssi Asud. no
pannuyM I B, MenenTresa).



NONEBOMNAT-KBAPIL-KACCUTEPHTOBASA ®OPMALLHA

Mecropomienus yroit  Qopmanin  GblAH  AeTaJdbHO H3YUEHE
Me. @. I'puropeensim (1945, 1957). Onn npeacrasaenn: neGobi-
MH PYAHBIMU HOJAMH, CAQMKEHHLIMH LeCATKAMH, pesKe COTHSIMH KU,
XapaKTepHayIOIHX sl HEeMoCTOAHCTBOM AMHHLL I MOUulHOocTH. JlanHa
aua Kodae@aercs or 25 po 150 M. MouwHocTs uaMeHnsercs ot 11—
3 cm a0 1,6 v JKuasl ¢jozieHbl KpapueM € NOMYHHEHHLIN KOJHYe-
CTBOM KAJIHEBOrO NMOJEeBOro LINaTta; HHOrJa MPHCYTCTBYKT aJbOHT H
MYCKOBHT., AKIleCCOpPHBIE MHHEpaJbl [pPeACcTABICHbl KacCHTEPHTOM,
B MeHBbIIEil CTeNeHH BOJb(MPAMHTOM, HHPKOHOM, aNaTHTOM, IIeel-
TOM, MOJHOGAEHHTOM, XaJAbKOMHUPHUTOM U Ip.

Kaccutepur B MeCTOpo:AeHHsX 3TOH (QOpMAaLHH BCTpeYaeTcs
B ABYX (MHOTAa Tpex) renepanusix. Hauboaee wmHpoko passuTa
neppasi remepais kaccurepura. KaccutepHT mnepBoii reHepaiui
B DYIHBIX XKHJIAX pacnpeje/eH KpailHe HepaBHOMEpPHO B BHIE OT-
DeJbHbIX 3epeH Hiu rHesq pasmepoMm ot | —2 mm mo 10—12 com.
CKomnJeHHsl KacCHTePHTA 3TOIl reHepalHH, H30OMETPHYHOTO HJH KO-
poTKocTOo1049aToro rabutyca, obbIYIO NPHYPOUEHBI K 3adb0aHLaM
AHJ, CJ0KEHHBIM MOJEBLIMH WIMaTaMH (MHKPOKJHHOM, OJIHTOKJA-
3oM). LlBer xaccutepHTa MeHsieTCsi OT pPO30BATO-KOPHYHEBOTO /0
yepHoro. Cyuaa no anteparypHeim nanieim (Boameipesa, 1941; Tot-
man, 1938, 1941; T'puropses, 1945, 1957; I'puropnes, Honomanosa,
1951 u mp.), KacCHTepHTH XAapPaKTEpPH3YIOTCA [10BOJLHO BBICOKHMH
CcopepAaHHIMH CYMMBbl TanTtana u  Huobus —otr 0,06 no 0,80Y%
(cpeatee mo 34 onpeneaenusm cocraBaser 0,36%). Hauuee o co-
JAep:KAHHK TaHTaga U wHobusa B Kaccutepurax Gonee NO3AHUX TeHe-
pauuil OTCYTCTBYIOT.

Tonas-kpapu-KacCHTEPUTOBbIE JKHABL H  OKOJIOXKHJABHBIE rpeH-
3eHLl OOBLIMHO PAa3BHTBl B 30HAX 3IKIOKOHTAKTOB PEIKOMETAJBHBIX
TAHTAJOHOCHDLIX TPAHHTOB M ABJAAIOTCA HX NPOH3BOLHBIMH. Mopdo-
JOTHST UX OHEHb CJI0KHAS, 4ACTO OHH 00pAa3yIT CePHH YeTKOBHIHBIX
JKHJI, He BbIZEPMKAHHBIX 110 MOIIHOCTH, ¢ H3BHJIHCTBIMHM KOHTaKTaMH
1 anopuzamy, ¢ pa3BHTHEM OKOJOMKHJILHBIX rpeiizeHoB. BuyTpeHHee
CTPOEHHE 3THX JKHJ J0BOMBHO ciozkHoe. OKOJI0KHIbHBIE TPEeH3eHbl
MpeACTAB/ACHB B OCHOBHOM KBaplleMm, TOMa30M H LHHHBAJBIHTOM
B pasqHUUBIX KOJHYECTBEHHLIX cootHomennAx. Tonaso-KactHTepuTo-
BblE JKH/Ibl CJA0MKEHB KPYNHOKPHCTA IHUECKHM GesbIM KpapLem U
MOJIOUHO-0@JBIM TOMA30M Il MEJIKO3EPHHCTBIM TOMA3-UHHHBAJIBILHTO-
BBIM ATPEraToM B pasJ/IMMHBIX KO/HYeCTBeHHBIX cooTHoureHHsAX. [Ipo-
YHe MUHEpaJbl NpexcTaB/enbl albOHTOM, KaJHeBbIM [OJeBLIM MINa-
TOM, KACCHTEPHTOM, BOJb(PAMHTOM, KOJIYMOHT-TaHTAIHTOM, apce-
HOMHPHTOM, MHPHTOM, cpajJepHTOM, XaJbKONHPHTOM, TAaJeHHTOM,
(ha0OpPUTOM, TPHILIMUTOM, anaTHTOM H Ip.

KaccurepHT B HJ1aX pacrpeje/sel KpaliHe HepaBHOMEPHO i
npeacTaBaeH HecKoabKHMH TeHepauusmu. Kaccurepur-1 ob6pasyer
3epHa YepHOro UBeTa, HeMpaBHALHON GopMmbl, pasmepoM A0 2—4 oM
B nonepeunure. OOGLIUHO OH MPHYPOUEH K MPHKOHTAKTOBOH OTOPOY-
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Ke, Tle TeCHO accolHupyer ¢ TomasoM. Pexe o BcTpeuaercs B LeHT-
pasbHbIX yacTax xua B ksapie. [To 1aunsty O. . JleBuuxkoro u ap.
(1963), comep:xkaunue (Ta, Nb),O; B nem cocrasaser 1,049%. Kaccu-
tepuT-11 BeTpewaercs peke B accouuauin ¢ TOMas’oM BTOPOIl rede-
paudH ¥ UHHHBaJbANTOM. CoZepzKaHHe 3J1eMeHTOB-IPHMECceH B Hew
u3MeHserca HeanauuTeabHo. PasdenbHele onpefe/ieHus TaHTald i
HUOOHS B KAacCHTEPHTAX MEpPBOfi TeHepauln H3 TOma3-KaCCHTePHTO-
BHIX KHJ mokasadu, uto cogepmainite TagO; B HEX Komedaercs ot
470 mo 530 r/t, NbyOs ot 10200 no 16 000 r/t. B kaccurepure BTO-
poit rerepaunn cogepxurca 3100—4900 r/r Taz0; u 4100—7000 r/1
Nb2Os (Hecreposa, Apanosa, 1962). KaccurepHTsl 3THX renepallilii
OKpalleHbl B KOPHUHEBbIf 1BET Pa3HUHLIX OTTEHKOB H OTJIHUYAKTCS
mopdonornyecky, Kaccureputsl BTopoil reHepalin (113 OKOJOXKILIb-
HEIX Tpefi3€HOB) XapaKTepH3VIoTCs AunHpamMiiaibHoll GopMoil, B TO
BpeMsa Kak I/ KacCHTEPHTOB MEPBOI reHepaiMu (N3 Tonas-Kacci-
TEPUTOBBLIX KHJ) XapaKTepeH KOPOTKOCTOI0YATEIl raGuTyC KPHCTA.I-
10B. Kpome TOro, CyHeCTBEHHBIM pa3/iHiHeM 3THX KacCHTepHTODn
SBNACTCS Pa3auuHoe cojep:KaHHe TaHTala i HHOOHM: ComeprKaHue
TanTajJa H TaHTaJl0-HHOGHEBOE OTHOIUIeHHe B KacCHTepHTAax BTOPOM
renepannn 3HayHTeNbHo 00.Jee BLICOKIE, HE:KeTl B  KACCHTEpHTAX
MepBoi reHeparui.

KBAPL-KACCHTEPHTOBASl ®OPMALLHSA

MecropozaenHs 3Toil QopMalHK (OPUMEPOM HX MOTYT CAyKHTD
nmectopoxaennsi Cesepo-Bocroka CCCP) o6biuuo  npepcTaBlaeHb
KPYNHBIMH XUALHLIMA 30HAMH, CAOKEHHBIME COTHAMH DYAHBIX KU,
BBHITIOJHAIOLIMX HECKOJbKO CHCTEM TpPellHH i XapaKTepH3YIOM[HXCS
PA3JIHYHBIMH 3JaeMeHTaMH 3aqeranus. HMuorza oHm umewT JHH3000-
pasHele QOPMBI ¢ MHOTOYHC/EHHBIMH anodusaMu # Kyaucoobpas-
HOoe pacnoJsoxeniie. KOHTaKTbl ¢ BMEL[AIOLWIHMI MOPOAAMH UTKHE,
[TpoTaseHHOCTb PYAHBIX KU1 HHOrga focturaer oOodee 2000 »,
MOLIHOCTB H3MeHsieTcs oT 0,5 10 3—4 .

CTpoeHHe pyAHBIX Tel OTHOCHTEIBHO [pOCTOE; HA KOHTAKTe
¢ BMELIAIUUMH TIOPOAaMH PA3BHTEl 30HBI MVCKOBHTOBOTO H MYCKO-
BHT-KBApLEBOTo I'peiizena MOMIHOCTLIO oT 0,5 10 5 cM, X0opomio npo-
CNEKIBAIOMINECH NO NPOCTHPAHHIO XKW1, OCHOBHBIM KHJALHBIM M-
HEpAJOM, cJaaraloluM pyaHoe Telo, HABIACTCA cepoBaTo-6elblil
CAMBHON Hau rpefGenyarThlil kKpapil, B KOTOPOM OYEHL HepaBHOMEpHO
pactupezeneHbl BoJbPAMUT, KAaCCHTEPHT, ¢WIWOOPHT, cyisduIbL.
Boasmyo poab B cTpoeHHH pyAHLIX Ted HrpaeT MYCKOBHT, ofpa-
3YIOUIMI OTOPOUKH BAOJAL 3aab0aHI0B, a TaKke HelnpaBHJbHbIE
CKOIIEHHsI H THe3la B KBapue., Yacto oH pazpuBaeTcs Mo TPELIHH-
KaM B BOJb(paMHTE H KaCCHTePHTE,

ITo namueim A, B. 3uanbepmunua (1966), Ha oaHoM H3 MeCTO-
poxaeHuil 3toll Gopmalun KaccHTepHT H Bogbdpamutr oOpasona-
JAUCL B MYCKOBHTOBYIO CTAlHi0 MHHEPATH3AWUNH BMECTe ¢ apceHo-
MHDHTOM U (PJIOOPHTOM,
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[lo 1aHuBIM JeKpenHTauiuy 1 roMoreHHsalud KaccHTepuTa, [o-
avuennblx B, B. HaymoBbim Aaa Hawnx oGpasios, OTJIOKEHHE 0OC-
HOBHO{I Macchl KaCCHTePHTa B MECTOPOMAEHHAX 3ITOTO THMaA Xapak-
Tepuayercs nHTepBaoM Temneparyp 250-—380°C, npuuem HauGo-
Jee xapakTepHbIM siBasieTcs HHTepsaa 320 360° C.

Kaccureput nabaojgaercs B BHAe X0poulo o6pa3oBaHHbIX KpH-
craaaos pasmepom or 0,1—0,3 10 10—15 cm no AJMHHOH OCH WJIH
B BHJe CKOmnJeHHil HenpasuabHoil (opmbl pasmepom ao 20—30 cn
B nmonepeynnke. LIBer ero nsmenserca or cBeTa0-0yporo 10 TEMHO-
Gyporo 1 ueproro. Okpacka YacTo NATHHCTaA.

Coaepxaniie Ta,05 B Kaccurepute koae6aercs or 10 a0 3000 /T,
NboOs — ot 20 10 9200 r/r npu cpeanHem ornoumeHnu TasOs/NboO;
Jigi8.

Cozepxanue ranrtala i HHOGHS B KacCHTEPHTaX MOBBLILACTCS
¢ YBeANHEeHNEAM HHTEHCHBHOCTH okpacki. Hanbonee BbicOKoe comep-
JaHie TaHTaJa il TAHTaJ0-HHOGHeBOe OTHOIICHHE CBONCTBEHHBI KAC-
CHTEPHTAM 13 OKOJOKUALHLIX MYCKOBUTORBIX TPeii3eHos.

KACCHTEPHT-CHIIUKATHAS
# KACCHTEPHUT-CYJIb®UJIHAA ®OPMALLHH

MecToposkaenisi KaCCHTEPHT-CHANKATHON W KacCHTepHT-CyJbL-
duanHol GopMaunil ABAAIOTCH OAHMMI  H3  OCHOBHBIX HCTOUYHHKOB
OJIOBAHHOIO CbIpbSl 1 HauGoJee KPynubiMH 10 Macwrabam 3anacos
ososa. Oun pacnpoctpanens B npeteiaax Axyrun, Hdansnero Bocto-
Ka 1 B apyrux mectax Coperckoro Cooza. [eHeTHUECKH MECTOPOIK-
JdeHHs 3THX (opMauuid MoryT ObITh cBfA3aHbl ¢ JIOOLIMH HHTPY3HB-
HBIMH (pa3aMH rpaHHTOMIOB, MO COCTABY OTBEHAIOUIHM TPaHOLHO-
pHTaN, MIardorpaHuTaM, OOBIMHBIM I AJSCKHTOBBIM TpPaHHTAM.
Mopdoaoruueckn MeCTOPOKACHNS NPEACTABICHLI KHJABHBIMH Teja-
MH, IITOKBepPKaMI, MHHEpPaJN30BAHHBIMH 30HaMu Apobnenus, Me-
TACOMATHUECKIM 3ajeaMi, a Take 30HaMH rpefi3eHu3auui
B MaTepHHCKHX TpaHuToHgax. 3aJjeraiot oHi JHO0 B MaTepHHCKHX
rpanirax, aubo BO BMEILAIOILNX OCAL0UHBIX H ocagouHo-3Pysus-
HHIX MOpOaax, AN YAAaJeHLl OT MaTepHHUCKHX HHTPY3HH Ha 3HauH-
TeJbHble paccTosiHus. PyaHuble Tena npociemHBaOTCH B JAHHY 10
1-—2 KM i Ha COTHH METPOR N0 NALCHHIO.

Crpoenne pyaHbIX Tea yacro OpeKuHeBoe HJH MOJOCUATOE, . KOH-
TAKTLI C BMeLLaloUWHMI NOpodaMi YeTKHE WM pachibiByaTbie. Py-
Abl, KaK MpaBHJo, NPeACTaBACHbl CA0MKHLIMH B MOP(OJOrHUECKOM
OTHOLLUEHHN KAaCCHTEPHT-KBapUEeBLIMH oOpPa30BaHMAMH, Colepralin-
MH MepeMeHHOe KOJAMUECTBO TYPMAAHHA, XAOpHTa, Huoria (GawopH-
T4, MHPPOTHHA, aPCEHONHPHTA, XadbKoOMHPHTA, cdatepHTa H APYrHx
MHHEepAaJIoB.

MecTopoaenns, Kak NpaBHJO, BKIOUAIOT PYAbl  Pa3aHYHBIX
3TAN0B 3HIOTENHOTO MHIepaaoo6paszopanis, HaunHas OT TpeHicHob
Yepe3s BLICOKOTEMNEpATVPHLIE KBApLeBhle M CHAHKATHO-KBAapieBbIC
10 KaccuTepiT-cv.Ibhuanbix. B npouecce popMHpOBaARHE MECTOPOMK-
JACHHI 3HAUHTEABHYIO POJL HIpPadH METACOMATHYECKHE TIPOILECChI.
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TlpuMepom 3TOro THMA MECTOPOKAEGHHIT SABASIOTCS MECTOpPOXKIe-
Hua Mso-Uanckoro pyanoro paiiona (XaGapoeckuii Kpai) H Heko-
ropeie MecTopozkaenns ITpuyopobs.

Kaccurepur B MecTOpoKIeHHAX 3THX TeHeTHYeckKdX Qopyauni
BCTPEYAETCHA B HECKOJLKIN MHHepaJbHBIX accounauuax (radua. 2).

Tabaumuwa 2

BeiecTBeHHbIH COCTAB MHHEPAAbHbBIX NapareHe3HcoB
MeCTOPOXIeHHH KACCHTePHT-CHAHKATHOH
H KaCCHTEPHT-CyAb(HAHOR dopmaluil

(mo B. B. Hsanosy, 1964)

Muuepanabnan accouHaumns Munepaa

. Ksapu-typmaannosas Typmaaun, kBapu, XAOPHT, KaccHTe-
pHT, (aoopuT, UHPKOH, aHATa3, NH-
PHT, apCeHOMHPHT H AP.

Il. Kaccurepur-kBapueras Kpapu, kaccurepuT, poabdpamur,
APCEHOMHPHT, XATLKOIHPUT H 1P,

{Il. MuppoTtHHoBas [TuppoTHH, XaJALKOMHPHT, CTAHHHH,
cpanepuT, apceHOMUPHT, KBApL, peaKo
KaCCHTEPHT H Jp.

[V. Kap6ouatrao-cyangunasn Cuzeput, chanepur, raieHuT, Ksapu,
NHPHT, HHOTAL  cyJdbdocoan — dpan-
KEHT W Ap.

B xauectse akiecCcopHoro MHHEpaja OH BCTPEYAeTCHA W B MaTe-
PDHHCKHX TPAaHHTOHIAX, MPHYEM COLEpiaHHe €ero YBeJNHUHBAETCs
B 30HaX rpeiisenusaliu. B rpei3eHoBHlil 3Tan KaccHTepuT oOpasy-
eTcst B He3HAUUTE/LIOM KOJHUECTBe B NapareHe3nce ¢ Keapuew,
OHOTHTOM H TypMajaunoMm B Buie meakux (0,1—0,2 MM) npuamartu-
HECKHX KPHCTA/JIOB, OKPAlIeHHbIX B CBETJIO-KOPHYHEBbIE TOHA.

B pyaHeix 30Hax KacCHTePHT BbILEJASETCH B KBAPL-TYpPMaJHHO-
BYIO, KACCHTePHT-KRApUEBYID H cyabPuadyo crazuu muHepanood-
pPa3oBaHHA, MPHYEM OCHOBHOE €ro KOJH4YeCTBO 00pa3oBaqoch B Kac-
CHTEPHT-KBAPLEBYI0 CTaHIO.

B KBapu-TypmMajMioBbIX pydax KacCHTEPHT MPHCYTCTBYCT B KO-
anuectse 0,12—39 r/T B BuZe NPH3MATHUECKHX KPHCTAAJOB pa3me-
pom ot 0,1 MM mo 1| ¢M No AAMNHON OCH, OKpalICHHLIX B TEMHO-0Y-
pele, mouti uepusie ToHa. OKpacka pacnpenesena lepaBHOMEPHO.
Dogee TeMHOoKpalIeHUbIe PA3IOCTH KACCHTEPHTA COACPIKAT GoJiblile
Tantana u Huoous (Tax0s or 0,0029% B cBeTIOM KaccHTepHTe [0
0,024% B remuo-6yponm; NbyOs coorsercrento ot 0,018 xo 0,085%).
Kaccutepur-kBapueBas acconMalns XapakTepH3yeTCsl [0C/ed0Ba-
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TeJABHbIM BbIAGJCHHEM MHHEPAa0B, pydaM CBolCTBeHHA THIHLHO-
Mop(dHO3epHIICTas CTPYKTypa, MacCHBHAsl i OGpeKYHeBHAHAA TeK-
crypa. B 1aumnoii accounaniil yCTaHaBJIHBAETCHA YETKasl NOCAeJ0Ba-
TE/JLHOCTL BBILEAEHHS MHHEDAJ0B: TYPMaJHH, KBapll, KaCCHTEpHT.
B kaccuTepHT-KBaplUeBbIX pydaX KACCHTEPHT COLEPKHTCH B KOMHYe-
cree 200—520 r/r. Ou oGpasyer B HHX KPYHNHOKpHCTAJJIHYECKHE
BBIJEJEHHA Pa3MepoM A0 2 ¢M ho ANHHHON OCH, OKpalleHHbIE B TEM-
H0-OypHIA H YepHBIA LBETA.

Conep:xaHie MATHOKHCH HHOOHA B 3TOM KACCHTEPHTE COCTaB/IfA-
et 0,0569%, NATHOKHCh TaHTa.1a XHMHUYECKIM aHajmnzoM He ofHapy-
JKeHa.

OGpasoBaHHlio cJIeAyIOlLel, KACCHTePHT-CYJb(HIHON accoua-
UHH [pefmIecTBOBaJa He3HauHTeIbHasl TEeKTOHHYECKasi IesiTe/b-
1OCTh: MUHEpasbl NepBoil accounalli B BiLle 06J0MKOB Habmomga-
I0TCA Cpeil MHHEpaJoB KacCHTepHT-cyabPuAHoll accouuauuu. rta
accounanus 0OoJdee HU3KOTeMNepaTypHas H GoJee MPOoTOdMKHTEb-
#Hasg. Ona mpeiacTaslena TYPMAJNHOM, KBapUeM, KaCCHTEPHTOM, ap-
CEHOTIMPUTOM, MUPHTOM, MIPPOTHHOM, NabEOIHPHTOM, CTaHHHHOM
i ap. Kaccurepir techo accomunpyer ¢ cV.ib(QHAAMH, BHIIEIAACH
palbiie HX M0 BPEMEHH.

Kaccutepit B pyaax 3tofl accollllaiiyn pacnpocTpaleH He3Haui-
TeabHo. On na6.1101aeTcs B Biile BhlAeaeHnNil HenpaBHILHON GopMEb!
1 oueHb PegKO B BHIE KPHCTALINKOB npussmartnuecxoil gopmsl. [To
JAHHBIM XHMUUYECKOTO aliaania TaHTaad u HUoOHiI B HeM OTCyTCT-
BYIOT.

[Mo zaumsiyv T. M. Cyvuiesckoll, XBapl-KacCHTePUT-BOIb(pamil-
TOBBIE H KACCHTepHT-CVabsuanbie pyan (opyuposadncs u3 caabo-
LICTOUHBIX, O0JH3KHX K HEHTPaJbHBIM, pacTBopos (Beanunsa pH ko-
ae6aercsa B npeteaax 5,95—8,16). Martepsan oTHOCHTENBHLIX TeM-
nepatyp (OpMHPOBaHHS 0JOBOPVIAHBIN 30H MSO-Y3HCKHX MECTOPOZ-
JeHHH, No JAHHBIN JICKPEemHTAlHH OCHOBHBIX MIIHEPAJOB, MOJyUeH-
Heix T. M. Cymesckoil 1 B. . Haymoseint (Haymos, Cyuienckasn,
1966), aemut B npeaerax 100—400°C. Jaa pyaselx i1 auaao-
THYHBIX MecToposkaenuit [IpHyopbs no JaHEbINM JEKpenuTaunu i-
HepamoB KacCHTePHT-KBApUEROil CTaium HHTEpBAJ TeMNepatyp co-
orsercTByer 340—380° C.

FJTABA 11

OCOBEHHOCTH XUMHHECKOTO COCTABA
KACCHUTEPHUTOB '

Teopernueckitii xiMiYeckHil coctas kacentepura: Sn0Oq. — 1009,
Sn—78,77%. B ta6.. 3 npuseleHsl daHiible IBeHAALATH HOBBIX X!I-
MHUECKHX aHagan30s KaccuTepliTa, BhIIOJHEHHBIX Ha obpasuax ae-
Topa B xummuueckoll Jadopatopun HMIP3, w oanoro aunatmda kac-
CHTEpPHUTA, BLIOJAHEHHOTD B  Xiineckoit  aaGopatopunr MIEMa.
AHaamnspl nokasaan, 4to cojlep:kante SnO. B muiepane KomeGaer

14



cs B npegedaax 88,31 98597 IlanGoace BulCOKHE cojaepaKanis
SnQ; XapaKTepHbl s MeCTOPOKIACHHI KBapl-KacCHTEPHTOBOH, Cii-
JAMKATHO-KACCHTEPHTOBOH M CYy.1b(UAHO-KACCHTEPHTORBOH (opMaliiii,
Kpome TOro, B KaCCHTCPHTAX XHMHYECKHMIl aHaJH3aMH yCTaHaB.IH-
patotest npumecn Fe, Mn, W, Ti, Zr, Ta, Nb u ap. [1pucyrcrsue so
pcex aHaamsax Si, a taxkke Mg, Al u Ca MoxKHO 0OBACHHTE HaJil-
ypex B Npobax MexaHnveckoii mpumecu 10poaoodpa3syiomninx MiHe-
pAaJIoB.

HKeaeszo. Habamwnaercs s aHaau3ax KacCHTepHTa H3 MeCTo-
poxaenuil Beex renernuecknx dopmaumii. Copepxatne ero Kouaeo-
aercsi ot 0,04 10 1,419%. 3akoHOMEpHOCTL B ero pacrnpefe/elny He
ycTaHoBJeHa (cM. Taba. 3).

Mapranen cogep#urcs TONbKO B KacCHTEpHTaX H3 MErMaTi-
TOBLIX MECTOPOXN{ICHHH H B OJIOM aHaJH3e KacCHTepHTa H3 TOMas-
KaccuTepUTOBbIX Mectopostenitii. Colep:KaHHe ero cocTaBJsier
0,02——0,35% (cm. Tada. 3).

Boabdpan. Conepmanne Boibdpaya B KaccuTepurax MHiame-
usietes ot 0,02 1o 0,049% (cm, tada. 3). Kak sBugno w3 TaGaHIE,
ROJbdpay NapakTepeH TIaBHLIN 00pa3zoM I3 KacCHTEDHTOB H3 Me-
CTOPOMALHUIT KBAPI-KACCUTEPUTOROI, CHAMKATHO-KACCUTEPUTOBOL 1
cvasdnino-kacentepurosoil popaannil. Kpome toro, Boabppam xa-
paKTepeH 115 kaccHutepHuTa i3 nermatiHroBoro Mano-KyanuaHHcko-
ro sMecroposiienist Boerounoro 3abaiikanbs.

Coaepsanne turtana (TiOs) koaebaerca ot 0,001 10 0,523%
(car. Tada. 3), npuuen HanOoJCe BLICOKHE ero CoaepsKaHis Xapak-
TEPHBI 1] KACCHTEPHTOB U3 MECTOPO:KIAEHWIl KBapIl-KaccuTepHTo-
5of Gopallii.

ITo 1aHubIM CMEKTPAJABHBIX aHAJH30B B KACCHTEpPHTAX OTMela-
wortes takxke B, V. Cr, Ni, Co, Cu, Zn, Pb, Ga, Ge, TI, As, Se, Sr.
Y, Mo, Zr, Bi, Cd, In, Ag, Hf B xonuuecrBe coThlie — AeCATUTLICAY-
nele noan %.

B cBd3il ¢ naanydens J0BoJbHO obwHpHOoi nHdopmMalin o co-
Aepaanuy paga 3NeMeHTOB-NpPHMecel B KacCHTepHTax MpoBeieHa
OUEHKA 1IN CPeIHNX codepiKanuii 17si MecTOPOMICHHH pasAHUYHDIX
tdhopmaniil ¢ nenoabzosanuen paapadortannnix B HMMIPY wetoxos
martenmartuueckoli craruetuky (Poanoros, 1964). Menmoabaya  atn
MEeTOABI, OBITI PACCYHTAHBI CPEAHHE CTATHCTHUECKHE OLEHKH L4
FJAABHLIX 3JCMEHTOB-NpHMeceil — TanTada u HHOOHs, a TakiKe s
cKauust, rupxonng, raduug, unans o ap. [pu 31oM 6B HCNOJE-
30Bal Kak cobcToenHblll anaantivecknii matepuaa (160 uactHEX
XHMHUECKHX onpenedeHnil Hnobus u ranrtana, 500 cmexTpanbHBLIX
KOJHUECTBEHHBIN OMpeACTeHii CKauaus, UTTPHS, NHPKOHHA, rad-
LIS, WHUS, TanTusd, repManis, BHCMYTA, Tadausg u cepebpa), Tax
i anreparypusie gannvie (Forman, 1938, 1941; Hosomanosa, [y-
Avikiia, 1959, 1960; Bopucenko, 1959, 1961; Heanos, 1964; Beve
ioup., 1962; Pyé, 1960, 1962; YernipGonkas, 1966 u ap.).

Tantaa nw nuno®uit XapakTepH3VIOTCS YETKHMH 3aKOHOMEp-
HOCTSINIH pacnpeeaenis B kaccutepure. B tadu. 4 nmpHBejlenbl OlleH-
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XuMHuecKHe aHa

Cozxepia
Peruos, mectopoxienie,
Dopmanua N obpanua® -
§10, TiO, AlOg | Fe,04 MnO
PenkoMeraan- | Hurepug, miato [Lwoc,
HbIX TFpaHHTOB 007 « = & . . . . . 1,62 1 0209 { 048 | 1,304 0354
Bocroyuwiit  Kazaxcran,
Gakennoe, 2164 . . .| 1,67 | 0,09 1,16 | 0,79 | 0,015
. | Bocrounoe 3afaiikaane, l
O{f;if;ﬁf:ob;h Mano-Kynnunnnckoe,
R S R 2,13 [He oon.| — 0,83 0,25
[Mamup, 88 . . . . .. 1,42 |He o6u.| — | 0,15 | Caens
Bocrouuoe 3adaiikanne,
Ouon,. P8 & w6 - 1,33 [He o6u.] — | 0,082|He odn,
[Tonesownar-
KACCHTEPH- Bocrounoe 3abaiikanne,
ToBas Atwikunckoe, 81 . . .| [15 | 0,523 — | 0,67 | 0,11
Bocerounoe 3abaiixaane,
IteknHckoe, 83 . . .| 145 |[He o6u| — 0,04 [He o6n.
[Tpumopne Hanaes-
ckoe, 129 . . . . ., 1,20} 0,154 — ] 0,384 |He o6n.
Uykorka, WMyaptun, 124 | 1,06 | 0,466 — | 0,927 [[1e obn.
Ksapu-
KACCHTEPH-
TOBa# Yykotka, Wyabrun,
00—1 = ¢ = = 4« 5 0,96 | 0,48 263 | 1,41 |He o6n.
Uykorka, Hyabrin,
00—z . . -« « « . 0,85 | 0,45 0,42 | 0,58 | Caenn
Cuaukarno- | XabaposCckui Kpait,
KacCHTepH- Coaneunoe, 45 1,37 | 0,10 — 1082 |He oon.
TOBaf
Cynngunno- | Ilpumopoe, Jlndyaszun,
KaCCHTEPH- K-168 . . . . ... 0,60 — 0,58 | 0,64 -
TOBAA

* Bee ofpa3tii MpuRagdexar d4BTOPY, 3a HckAwuenHem o6p. K-168 (Hecreposa, Apa-
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AU3bLl KACCHTEpHTOB

Tadbnuuna 3

HHe, %
Ynean-
HBIA AHANINTHK
MgO Ca0 Nb,O; | Tay0s Sn0, WO; | Cymma Bec
— - 4,125 | 3,561 88,31 |He oon.| 99,91 7,0 K. I'. Ucaesa,
M. P.Iletepcau
0,37 0,14 | 0,39 1,13 94,03 |He o6n.| 99,79| 7,0 | JI. E. HoBopoccosa
- - 1,312 | 2,814 | 9291] 0,25 |100,49| 6,87 K. I'. Ucaesa
— — 1,12 112 | 96,35 0,004 |100,16| — | H. 3. Kyp6aHosa,
M. P.Iletepcon
— — 0,31 0,50 98,51 0,018 100,75 7.0 K. T. WMcaesa,
M. P. Ierepcon
N
>— | — | 1,02 | 0053 | 9567|0414 | 9961| 691 To e
—_ - 1,60 0,047 | 97,19] 0,032 |100,36| 6,92 ’
- — 0,085 | 0,018 | 97,58 0,27 9969| 7,0 :
0,27 1,13 | 0,039 | 0,010 [ 96,59 0,023 [100,52| 7,0 -
0,89 2,95 | 0,017 | 0,000 | 90,92 |He o6n.| 99,25| 6,9 .
He o6u.| 0,20 [ 0,007 |He o6H.| 97,35 - 99,86 6,9
— — 0,036 [(He o6u.l 97,55 0,168 110006| 7,0 .
0,05 | — |He o6n|Heo6n| 9728|012 199271 70 | 0. C. Hecrepona,
I". A. Apan0ba
nosa, 1962).
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CoaepxaHHe TaHTala B KaccHTepHTax

Tabaunna 4

H3 MeCTODOM/IeHHI Pa3IHYHBIX ONOBOPYAHBIX dopmarnil

Koau- Tay0s /7
Munepaa, coaepxalii ; | Tou-
OsoBOpyAHas Popmalns = Ta n Nli):l . Paiton ;{f{i}? m:cg:;A
308 or 0 cpeanee
QuosonocHbix rpannTos | Kaccutepur, soandpamur, | [Mpumopve, Cenepo-Bo- 5 100 2000 836 716
KOAYyMOHUT CTOK
PexxkoMeransubx rpanu- | Kaccurepur, Boasdpamur, | Boctounan Cudupt, Hu- 12 770 38 400 13261 (G169
TOB KOAyMOHT,  MUKPOJHT, repst
CTPIOREPUT
[TermarutoBas:
1. Bepunauii-ranta- Kaccutepur, Tantanut, | Karkaa 19 8600 32600 18499 2925
JOBble NerMaTHTB MHMKDOJHT, CTPIOBEPHT, | Kasaxcrau jli 8000 28 200 20110 3758
ONOBO-TAHTaauT  (mox-| 3abaiikanne 8 4200 23400 13 137 4680
WHUHT), TOpoaHT, Taun-| CpenHss Asus 8 1700 18 900 6112 4193
NOAKT Boctounas Cubupn 22 7500 21 000 14234 1477
CratuctHueckH paanopoi- | Kaskas, Nasaxcraw, 3a- | 30 8000 32 600 19 089 7396
1 P {
HbIE OIENKH CPelnnx Baiikaabe
aust Gepunani-tantano- | Cpeaoss Asny, Bocrou- 8 1700 18 900 6112 1193
BLIX MerMaTHTOB Has Cubups
2, bBepuaanit-matne- | Kaccurepur,  koaymbur-| Bocrounas Cudupe 2 200 800 500
BBIE MErMaTHTh TanTagut, (eprycosur,
raT4eTToONAT
e : = e 37
Monemomnat-kaccurepu- | Kaccnrepur,  koaymont, [ Bocroutoe 3adaiikanbe 7 1200 6200 3472 1370
TOBas TANHOMHT
» ¢ / ‘ =
Tonaa-kaccuTepHTOBas Kaccutepnt, Boab(pamur, | Bocrounoe 3adaiikanne 2 470 530 500
KOMYMOGHT, TAMHOMHT
e e e e e
KBapu-xaccutepurosas Kaccuteput, BOAb(PPaMUT L[eHT[)F!JIbRI;Iﬁ Kazaxcran 1% 1000 3100 12())8 3418
Cpennsis Aaus 2 — — 52 .
Bocrounoe 3abafikanbe 58 ]H) F{gﬁ 1)1[; é;
[Tpumopue ) 80 b “h
ﬂl?y'i'ﬂﬂp 5 120 1200 520 iO(?
UygoTka 23 | He o6H. 180 50 19
- - q saan il 9.
CratucTHaeckn pasiopol- | Bocrounoe 3abaiixaibe”| 68 10 1200 201 24
Hble OUEHKH CPeIHHX ITpumopbe, Hryrtus ) ) .
Jas mecTopoikienHii | Kasaxcran 12 1000 3100 1 6(%((‘)} Eh:t(i)
KBapu-kaccureputonoli | ‘lykorka 23 | He ofn. 180 a :
dopmann Cpeanas Azug 2 — — 52
o - s - o l)
Kaccureput, BoabGpavut | Xabapopckuii kpai 12 | He obu. 240 29 42
Bocrounoe Jadaiikanne 5 " = 1—20 )(; o
[Tpumopbe 10 e O0H. { 20 24
meer 16 . 50 25 6
CHAMKATHO-KACCHTEPNTO- = = : - = ” -
pas 1 CyabQHAHO-KAC- | CrarHcTHueckH paaHopoi- | XadaposCKui kpail, Bo- 17 | He o n. 240 a7 32
CHTEPHTOBAR Hble OLEHKH CPELHNX crounoe 3aGalikaipe - e &
L1 mectopoxaenud | [Tpumopbe 26 n Z e
CHAMKATHO-KACCHTEDPH-
ToBoit M cyapduano-
kaccuteputopoll  dop-
MaiHi
NMpumeyanue Kpome zvlarepuanos aBropa B taGayie yuremul pamkpe M. B. Kyspmenko, M. H. YetstpGoukod, B. B. llpanosd,

9. fi. Tormana, ¥in. ®. [puropnesa, B, W,

TlonoMatoRofl M JIPYTHX HeCIeLoBATETLT.




KH CpeJHHX COAepaluii TaHTaJa B KacCHTepUTAx M3 MeCTOpPOAe-
HHil pasauudblx Qopmaunii, Hauboaee BLICOKHe cpelHHe COAepra-
HHSI TaHTaJa XapakTepHbl [/ KACCHTEPHTOB H3 PEAKOMETAJbHbIX
rpanutoB — 13261 r/T n peakoMmeTra abHbIX mnermaTHToB — 6112—
20110 r/r: 1) Kaskas, Kasaxcran u 3abaiikaare — 19660 r/r u
2) mas mecropompaenuit Cpeaneir Asuum v Bocrounoit Cubnpu —
14234 rp/r. B ormauude OT HHUX KACCHTEPHTH M3 OJOBOHOC-
HbIX TPAHMTOB H GepH/IHI-THTHEBBIX MerMaTHTOB XaPaKTePH3YIOTCs
Go/1e€ HH3KMMH COLEp:KAHUAMH TaHTajna (coorBercTBeHHO 836 M
200—8700 r/t). ['opasmo GoJjee HH3KOe colep:xKaHHe TauTajna xa-
paKkTepHO A KACCHTEPHTOB M3 [MHeBMATONHMT-THAPOTEPMAJbHBIX
MecTopoXKAeHHH. 3aech HauOOJbLIHe CpelHHe COJepHaHHs Xapak-
TEpHBI [JI5 KACCHTEPHTOB M3 MECTOPOX{ICHHH [M0J/eBOILNAT-KaccHTe-
putoBofi dopmauun (3472 r/T) M KacCHTEPHTOB H3 OKOJOMHJbLHbIX
rpefi3eHOB TOMa3-KaCCHTEPHTOBBIX KHJ. B Kaccurepurax M3 MecTO-
POKACHHH KBaplU-KaCCHTEPHTOBOI (hopMalMH cpelLHee cojlepikaiue
TanTaja Kojebaercs B npepenax H0-—1606 r/r. Has mectopoxie-
nuii Bocrounoro 3abaiikaaps, [Ipamopes, Axkytun stoit Gopmaiuiu
cpenHee cojep:KaHHe TaHTala B KAacCHTepUTax coctamaser 172 r/t.

Ha ognom M3 mectopoxeuuil HyKOoTKH KBapu-KacCHTepuToBOH
(opmanui GblI0 H3YUEHO pacnpeje/eHHe TaHtaga M HHOOMS B Kac-
CHTEpPHUTAX, B3ATHIX H3 Pa3JHUHBIX PYAHLIX TEJ Ha Pa3HBIX TOPU3OH-
tax (Taba. d).

[TpuBementbie B Ta6G/a. 5 AAHHLIC TOKA3LIBAIOT, UTO B KACCHTEpH-
TAX H3 TPAHHTOB I M3 pyj FIyOGOKHX TOPH3OHTOB, PACMOJIOKEHHDIX
B6M3H rpannToB, cofepxkanua Ta u Nb Goaee soicokue (Ta,Os; —
100—160 /13 NboOs — 390—870 r/t), ueM B BepXHHX TFOPH3OHTAX
(TasOs — 10—60 r/1; NbeO5; —20—720 r/1). CpenHee oTHoUIEHHE
TaHTa/dd K HHOOHID B KACCHTEPHTAX H3 pYAHLIX TeJ Ha BTOPOM TOpPH-
3oHTe coctasister /24, wa tpetsenm /12, na uerseprom 1/6, Ha ns-
tom 1/5 M B rpaHuTax 1/4, T. €. 3aKOHOMEPHO YBeJHUYHBAETCH C Y-
OHHOH.

CaMble HH3KHE COJlep:KaHHs TaHTa/ja XapakTepHbl AJsi Kaccure-
pPHTOB M3 THAPOTEpMAJbHbIX MecTopoxmaenuil, CpelHee coldeprkaiie
Ta,05 nas mecropoxkaeHuit 3toro tHna B [lpumMopbe cocraBaser
20—25 r/r, a mas mecTopomiaenuit Bocrounoro 3abaiikanabs u .Xa-
HapoBckoro kpas — 55—060 r/T.

Huo6uii cxoien ¢ TaHTaloM 1o 06UIHM OCOOEHHOCTHM pacnpefe-
JeHust B Kaccutepure (taba. 6). OaHaKo U3MeHeHHE ero KOHUeHTpa-
MK B TOM K€ PALY MECTOPOXKACHHH MPOHCXOAMT HE TAK CYLLECTBEH-
HO, KaK y TaHTa/na. B kaccHTepuTax H3 MECTOPOXKACHHH KBApL-Kac-
cutepuToBoil opmaunu Llentpanvioro Kasaxcrana orTmedaercs
nHanbosee Bblicokoe cojfepxanue NboOs— 4342 rfr. Kaccuteputnt u3
KBapil-kaccuTepuToBhix »Ha Uykorku, Ilpumopbs, Bocroutoro 3a-
GalikaJbs xapakrepuayiores Gonee uuakum comepkatuneM NboOs; —
573 r/r. JIasi KACCHTEPHTOB M3 MECTOPOKAECHHI CHIHKATHO-KACCHTE-
putoBoit Gopmaunu Xabaposckoro kpas, Boctounoro 3abaiikanbs,
[Tpumopbsi coaepmanue nuobusa ne npeswiwaer 600 r/r. das ckap-
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Tab6anna 5
CopepiaHue TaHTala H HHOGHS B KACCHTEPHTE PYIHBIX Tell

(8 r/T)
Py.lllble 30HBLI CE‘BEPD-BOCTO‘”H)T() P_Vﬂ”blﬁ 3OHbI Ce[‘cpo-uaﬂuﬂ.”or”
TpOCTRp ANHSL NpUCTRPANNS
Fopu3onTh
Ta,0, Nb,O5 Ta,0,/Nb,05 Ta,0, Nb,O, Ta,0,/Nb,0,
60 460 {575 60 520 1:85
1 677 w* — 20 — 20
— 280
50 350 1:7
. 10 170 1:17 = = -
11 633 m 10 680 1:68
10 30 1:3
20 320 1:16 40 430 1:18
- 10 70 157 10 20 1:2
T 592 m — 950 - 30 140 1:45
— 680 _ 40 700 117
10 80 1:8 60 720 1:12
30 140 1:45
IV 540 u 60 720 1012
60 100 1:15
V483 m | 160 870 1:5
VII 350 M 100 390 19

7 OrmeTKa ropH30HTa Haj YPOBHEM MODS,

HOBbIX MECTOPOKAEHHH 110 HEMHOTQUHCJEHHbIM [QAHHBIM cOZepzKa-
nue Nby,Os B Kaccurtepure cocrapiaser 465 r/1.

Ecau A/na KacCHTEPHTOB M3 PEAKOMETaJbHEBIX FPaHuTOR W nerma-
THTOB XapakTepHbl GoJgee BLICOKHe CoJlep:KaHusi TaHTana u Gouee
BLICOKOC TalTano-HHOOGHEBOe OTHOIIEHHE, TO B MHEBMATOJHT-THAPO-
TepMaJibHbIX H THAPOTEpMAJIbHBIX MECTOPOKIEHHAX COOTHOLIEHHE
H3MeHsleTCs — BO3pacTaet colepsikanve uuobus, a TanTano-upodue-
BO€ OTHOILEHHEe YMEeHbIIAaeT s,

BrpimenpuBeieHHble JaHHbIe TOATBEP:KAAI0T paHee BLHICKA3aHHOE
npeanogo:xenne (BoameipeBa, 1941; Torman, 1941; Kysbmenxko,
1959, 1968; YernipGouxas, 1966) o ToM, 4TO B Tpoueccax sHAoOreH-
Horo MuHepanooGpaszopanus HabJAOAAETCST 3aKOHOMEPHOE YMeHb-
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Coueprkanie HHOGHA B KACCHTEPHTAX H3 MeCTOPOXJEHHH 0J0BOPYIHBIX (opmaumii

TabGnuuma 6

Kouu- Nb,0s. 1/t
Oaouipyaiian dopmanus .’\l‘h-mcpal’i:l;l zorrl‘?émzuum“t Pation ::::BH,_, T.f”“. :
i i T S HOCTh A
OuaosoHocHLX rpannTton | Kaccureput, soandpasut, | Ipumopse, Cegepo-Bo- 1 300 7 500 2672 3427
KOAYMOUT CTOK
Penkomeransuplx rpann- | Kacenrepur, sonedpavur, | Bocrounas Cubupn, Hu- 9 2700 73400 17 563 1577
TOR KOJAYMOUT,  MHKDOJMT, repHs
CTPHBEPHT
lTermaruroBasn:
L. Bepuanuit-ranra- | Kaccutepur, TAHTAIHT, | KaBias 18 500 19000 8270 2350
JOBBIE [1erMaTHThI MHMKDOJIHT, crpoBepnT, | Kasaxcran 15 7210 30 500 15185 3393
OJOBO-TAHTAMHT  (Boi- | 3abaiikanse 10 7700 19 100 16 250 2297
HHHUT), TOPOAHT, Tta-| Cpeansa Aaus 13 3 300 19 000 9 5496 2556
[HOJNT Bocrounas Cudupn 39 1150 25 000 9931 1548
Cratucriuecku pasnopon- | Kaskaa, Kasaxcrau, Bo- | 70 500 25000 9442 213
Hble OLEHKH CPeJiHNX crounas Cubupn
Jast OepuanHi-TadTano- | 3abaikaine, Cpeausia 25 7210 30 500 15611 566
BblX MerMaTHTOB Asng
2. Bepunanii-nurue- | Kaccuteputr, xoayumGut, | Bocrounas Cuéupn 2 240 700 470
BblE [EerMAaTHTH rTanTanut, (depryconur,
FATUCTTONHT
I
[fonesommnar-kaccurepu- | Kaccurepur,  koaymGur, | Bocrounoe 3abaiikanke 7 1870 5530 3620 1004
TOBaH TANHOANT
Tonaa-kaccHTepuTORas Kaccuiepur, goabpasur, | Boctounoe 3abaiikainbe, i 10 200 16 000 12 086 1784
KOJAYMOUT, TAHTAIHT Yexocaosakus, [P
KBapi-kiccHTepHTOBS Kaccurepur, soandpamur | Llenrpaanunifi Kaszaxcran | 32 800 | 9200 4 342 702
Cpennas Aans 2 Her jsaHnbix 1 700
Cpeansia Aaus 3 ) . 10 000
Boctounoe 3abaiikanne 5H8 500 2900 880 115
Ilpumopne 5 800 6 350 2 667 2091
SkyTna i} 50 1770 1074 649
YykoTka 34 20 870 330 68
Craructuueckn pasdopon- | Bocrounoe 3aGaiikanse, | 97 20 6350 879 9,3
HBIe  OIENKH CPEeIHHX IMpumopse, UykoTka
st Mecropowaenuil | Kasaxcrau 32 800 9200 4 342 702
Kpapi-Kaccurepuropoil | Cpeanas Asus 2 Her mannmx 1 700
hopmauu R . 3 R R 10 000
Kaccurepur, soawdpamut | Xadaposckuit kpaii 12 | He o06H. 850 248 118
Bocrounoe 3abaiikanne 8 Her sjanuanx 603
[Tpumopue  (Xpycraan- 7 | He ofn, Y50 256 259
noe, Jlndyznn u ap.)
[lpumopse (pocaanckoe | 23 | He o6, 200 63 21
CHINKATHO-KACCHTE PHTO- H oap.)
Bdfg M CYJAb(HIHO-KaC-
SUECRITBaA CraructaueckH pasHopof-| NabapoBckuil kpal, Boc- 27 e at6mn. 950 314 23
HBIE GUEHKH CpeaHHX TOYHOE 3a6aiikanne,
JJIST MECTOPOMKAEHHH CH- ITpnyopee (Xpycrans-
JTHKATHO-KaCCHTEPUTO- HOe M ap.)
BOH 1 cyanduano-kac- | Ipumopee (Hpocrasckoe | 23 | He obn. 200 63 21
cutepuToBOl  opmauui Hoap.)

[Ipuvmeuanne Kpome mMarepuanoB apropa b TaGauue wcnoansosann aamnpie M. B, Kyawmenko, M. M. YermpGoukoi, B. B. Hsanosa,
6 NpuBOAHTCA MO

si. O.

o M. B. Kyvabmenko n E. M. EcbkoBoft (19€8).

[=F]

Formana, He, @®. puropresa, E. M. Honomanopoii u apyrux wucceaeposatenefi. [lenenwe nermartHtTos

B Taba. 4
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lIeHHe Copepxans TanTaaa, HHOOHs H BEJIHUHHBI TaHTaJ0-HHOOHE-
BOIO OTHOLIEHHS B KaccuTepurax of 0oJee BhiCOKOTEMIEpaTypHbIX
TEHeTHUECKHX THIIOB MECTOpoXKAeHHil kK Oojee HH3KOTeMIepartyp-
HBIM.

Kpome ruaBHbIX 3JCMEHTOB-NpHMeCeH TanTana H HHOOMS HaMM
paccuuTaHbl CpelHHe CTaTHCTHUYECKHe 3HAYEHHSI CJAeAYIOIHX 3Je-
MEHTOB-IPHMECEH, ABAAIOIHNXCH IS KACCHTePUTA THIOMOPQHLIMK:
CKaHAHA, LHPKOHHSA, Ta(HHA, HTTPHSA, HHAHA H TaJIHs.

CKauauil XapakTepH3veTCs CXOAHLIMH € TAHTAJOM M HHOOH-
€M 3aKOHOMEpPHOCTAIMH pacnpejlejeHHs CONep/KaHHi B KacCHTEPHTE
(Bopucenxo, 1959, 1960). Oanaxo AaHHbIX 115 BblBOAA HaAeKHbIX
OIIEHOK CpeIHEero ero Coiep:kalus B KacCcHTepHTax 13 GoJbLIHHCTBA
MECTOPOXKAeHHIT pasanynblx QopMalHii eule Hegoctatoyno. MoxkHo
JIHIIb CKa3aTb, YTO HaHboJiee BbICOKHE KOHLEHTPaUMu CKaHAWA ([0
1660 r/T) xapakTepHbl A/ KACCHTEPHTOB H3 NMerMaTHTOBLIX H MHEB-
MATOJHT-THAPOTEPMAJIbHLIX MecTopoxkaeHui., Coxepyxanne ckanaus
B KACCHTEPHTAX M3 CHAHKATHO- KACCHTEPHTOBBIX H CYJIb(HIHO-KAC-
CHTEPUTOBBIX MeCcTOpoxaeHHii nanbognee Hu3Koe (0T «He OOH.» [0
120 r/t) u Tak:ke Becbma HeBblaep:kanHoe (Mpanos, MakcHMIOK,
1973).

Hupkounuit n rapuuii. Eile 6oablle cX0ACTBA ¢ TAHTANOM
H HHOoOMeM y LUHPKOHHA, COAep:KaHHe KOTOPOro B KacCHTEpHTe, Mo
IaHHLIM CcHeKTpaJbHbIX aHaausos [lyawikunoit (1959), sakonomep-
HO CHHAaeTcs 1O Mepe CHH)KeHHS TeMmepaTypbl pyao00pa3oBaHits
(ZrQs,, r/T):

KaccutepHT H3 010BOHOCHBIX nerMatutoB . . 2400
To #xe u3 rpefizedsos . . . . . . . 1000
» N3 KBADUEBBIX a1 . . : g 500
W3 MecropoxaeHnil CHITHKATHO- xaccmepu'ronon
i Cyab(GHIHO-KACCHTEPHTOBON (QopMauHii . 30

Ilo nocaennum gannwim A. B. Kocrepuna u ap. (1966), kaccu-
TEPHT Kpome HHpKOHHH cofepxut w raduuii. Conepmaune ero
B KACCHTEPUTAX W3 PA3JHUYHBIX THIOB OJIOBOPYIHBIX MECTOPOX/e-
uuit Jlansuero Bocroxa coctasasier (HiOs, r/T):

Ilermamuted &« . & & & o« o Al
pefizennr . . i w43
Kpapu- kaceu'rep;n‘onue KAAW . . 0,5

[TpoBeneHyBIi HamMH  KOJHYECTBEHHbLIH CHEKTPaJbHbIH aHaans
KaCCUTEPUTOBR W3 MECTOPOXKAeHHNH pasJuuHbIX (opMalMil 10oKasaJ,
uTo 1HanboJee BBICOKHE cOoJeprKaHHsa IIHPKOHHS W radHHs xapaktep-
Hbl I/ KACCHUTEPHTOB H3 nermMatHToB (coorteerctBenHo go 1000
240 r/t), MeHbIle WX B KACCHTEPHUTAX H3 MeCTOPOXKIEHHH KBapu-
KacCHTEpPHTOBOH (OpMalliH 1 He3HauHTeabHble Koanuecta (zo 160
H 10 r/T) 3THX 3/71€MEHTOB OTME4alTCH B KACCHTEPUTAX MEeCTOPOK-
JeHHH CHAHKaTHO-KacCHTEPHTOBOH H  CYJAb(HAHO-KACCHTEPHTOBOI!
dopmaunit (Msanos, Makcumioxk, 1973).

HrTpuiti. Bo Bcex H3yueHHBIX KaCCHTEPHTAX KOJHYECTBEHIBIM
CHEKTPadbHblM anaiansom Obl1 yCTaHOBJAEH HTTPHH B KOJHYECTBAX.
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HE3HAYHTEJILHO npeBblaOLLHX YYBCTBHTE/JbHOCTb dHdh3a

(0,0004%).

HauGonee BblicoKHe cOAepXaHHS HUTTPUA XapakTepubl AA% Kac-
CHTEPHTOB MErMATHTOBOH, CHJAHKATHO-KACCHTEPHTOBOH M Cyabghul-
HO-KACCHTEPHTOBOM opmaiii.

Mupuii pacnpocTpaHeH B KacCCHTEpHTe JOBOJIbHO IIHPOKO, HO
€ro pacnpeje/ieHHe H3y4eHO B OCHOBHOM JIJIf MECTOPOMK/ICHHH CH/li-
KATHO-KACCHTEPUTOBOH H CYJAb(PHAHO-KACCHTEPHTOBOH dopmaunii.
Jlnsi KACCHTEPHTOB H3 MeCTOPOXKeHHIH 3THX GopManHil B pe3yabTare
CcTaTHCTHIECKOH 06paboTKi BCETO HMEIOILErOCs MATEpUaa nodyueta
obulas HauboJlee BeposATHAs OUEHKa CpeNHero colepmaHHa HHIHS,
paspasa 20 r/T.

IJTH cojlepr:KaHHs HHAHSA XapakTepu3ylor Hanboaee WHPOKO pac-
npocTpaHeHHble KPHCTAJIJHYeCKHe Pa3HOCTH KaccHtepurta. B Heko-
TOPBIX TFHAPOTEPMAJIbHLIX MECTOPOKAEHHAX CYJIbGOHIAHO-KACCHTEPH-
ToBOH opmaunn, odpaszoBaBiiuxcs B Haubosee OJH3NOBEPXHOCT-
HLIX YCJAOBHAX, HHPOKO PACiiPOCTPANCH TaK Has3biBaeMbiii Aepensinu-
CTBIH KaccHTepHT Ko.auaoMopdHOl cTpyKTypbl. B oTauuue oT KpHc-
TAMJHYECKHX Pa3HOCTeHl AePeBSHHCTHIH KACCHTEPHT COILEPHKHT 3Ha-
yuTebHO GoJsee BhIcOKHe KoHueHTpauuu In— ot 100 no 13500 r/r
(Komaposa, Hosopoccosa, 1963). B oGpasuax ¢ Hauboee BbICOKHM
conepxandeM In B KonmomMophHOM KaccHTepHTe oOHapyxkeHa upH-
Mech HHJAHeBbIX mHHepaJdos ([enxkun, Mypasbesa, 1963).

["anHi TakxkKe NOCTOSHHO NPHCYTCTBYeT B KaccHTepute (Bepui-
KoBckasi, 1963; HMeanos, 1966). Ero comepzainie B KaCcCHTEPHTaX
H3 MECTOPOZKAEeNNl CHAMKATHO-KACCHTEPHTOBON M Cynb(HIHO-KAC-
cHTepHTOBOH (opmalliii MozKeT ObIThL OXapaKTepH30BaHO eJHHOI
CTATHCTHYECKOH olleHKoi, paBHoil 36 r/T.

[To MaHHBIM KOAMYECTBEHHOTO CHEKTPANbHOUO anajau3a BCe u3y-
YeHHbIE HaMH KAdCCHTEPHTLI COJAEpyKAT MOBbIIIEHNbIE KOJHYECTBA
BUCMYTa — B KaCCHTEpHTaX W3 TErMaTuToB copepxanne Bi xoned-
Jdercst ot 4 g0 80 r/r; B KaccHTepHTAX M3 MECTOPOMKIEGHHH KBApILL-
KacCHTepHTOBOI ¢opmalHn coaepxanne Bi B cpeanem cocTas.jaser
14 r/t (uyBcTBHTEARHOCTL anaqanza 0,0004%).

Kpome nepeuiic/eHHbIX 3J€MEHTOB-PHMECei, KOTOpble B KacCCH-
TEPHTE HMUPOKO pacnpoCTpanelni, B HemM oTwmevatores Heboabuine
KOJIHYeCTBA APYTHX 3JEMEHTOB, pacnpeleneHHe KOTOPbIX H3Y4eHO
ropasjo caabee, JTo, HanpuMmep, repManuil, colep;KaHHA KOTOPOro
COCTABJSIOT MepBhle r/t, a Takxe cepebpo u Ap., 3aKOHOMEPHOCTH
pacnpefeqeHns KOTOPbIX ClIe HE BBISICHEHDI.

E. U. HJonomaunora (bBepauua, Hosomanopa, 1967) npu usyde-
HHH KACCHTEPHTOB M3 pasinuHbiX (popMaluil yCTAHOBHIA MOBLILIEH-
Hble Co/lepanng ypana W TOpHA, NpHYEM B KACCHTEpHTAaX M3 ner-
MaTHTOB CO/lep:KaHHe ypaHa BLIIIE, YeM B KACCHTEPHTAX M3 MECTo-
POHICHHIT CHIMKATHO-KACCHTEPHTOBON H  CYJb(HIHO-KACCHTEPHTO-
Boit chopmaumit (7—21 r/T B NErMaTHTOBBLIX MECTOPOKIEHHAX I
6 r/r B KaccuTepurax M3 Cyab(HAHO-KACCHTEPHTOBON (opmalnit).
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Ipusenennbie qavtpie CBHICTENLCTBYIOT O TOM, YTQO KaCCHTEDHT
SIBJAAETCH KOHLEHTPATOPOM LeJoro psja XHMHYCCKHX 3JE€MEHTOB.
HaunbBosnee poicokne cogepaanus 1 nanbojee peskue KoJeGaHus
B COACpAHHN XapakTepHbl JUIA TanTtata H nuobusa. Kak noxaszanu
aHaJM3Bl, codepiaHue Tantasa u HHOOGHA B KACCHTEpPHTE HETKO 3a-
BHCHT 0T ycJ0BHII ofpasoBania  3ITOr0  Muuepana. KaccHTepuThl
peiKOMeTaabHBIX [PAHHTOB I [ErMaTHTOB CcojdepxaT HauboJee
BLICOKHE KOJIHYeCTBa TautaJda # HWoOHs, npuyem TanrtaJa npeobd.a-
fAaet Haa HuoOHem. KaccHTepHTHI H3 MECTOPOIeHHil KBapll-KaccH-
TepuToBoll opMaliuy & HEAoM coiepzKaTt bo/ee HH3IKHE KOJIHYeCTBd
TaHTaJjga ¥ HHOOuA, XOTd B pALC MECTOPOKIEHHH — [10JeBowNaT-
KACCHTEPHTOBBIX 1 TONA3-KACCHTEPHTOBBIX — 3T0  COAEpKAUHE N
TANTAJ0-HHOOHEBOE OTHOIUCHHE OCTAIOTCA  JIOBOJLHO  BLICOKHMH,
HanOonee nuskuyM cofep:KaHues MOATHOKHCH TaHTala H HHOOGHS Xa-
PaKTepPH3YIOTCA KaCCHTEPHTLI M3 MECTOPOMAEHHH CHJAHKATHO-KacCH-
TEpPHTOBOIl i CYIb(HAHO-KACCHTEPUTOBON dopmMaLunil.

FJAABA (1

KPUCTAJNJOXUMUUYECKHUE U dU3UYECKUE CBOMCTBA
KACCHUTEPHTOB

KPHCTAJINIOXUMHYECKHE CBOHCTBA

Kaccntepur  KpucTanansyercs B TeTparoHa bHON CHHTOHHH,
DyMp d/mnm=2, npunagaexur x rpynne pyruaa. OcHOBY CTPyK-
TYpbl cocTaBasioT okrasapbl RO, cuennenibie NPOTHBOMOIOHHBIMIL
HedpamMu B KOJIOHKH, NPOCTHPAIOIIHECs NapaaeqbHO YeTBepTOH OcH
KpHCTaaAIa H coelHHsOMMecs Mexay coboil pepunaamu. OKTasape
CJeTKd HCKaMKCeHBI, Ko3(P(HUHEeHT aHH30TPONHH CBf3€H B CTPYKType
0Kos0 2. ITOT THN UEMHOH CTPYKTYPbl VCTOWUME TIPH CPeaneM 3Ha-
yeHHH MexaroMunix paccrosiuui (1,9—2,3A) ([Tosapeunnix, 1966).
Paccrosnng Sn— 0 cocrasasior 2,03 w 2,07 A.

Onpejesienne napamMeTpoB MpoBOAHIOCH MeToloM nopoiuka. Js
onpejfeNieHtst TapaMeTpor 3JeMenTapuoil sYeHKH KaccHTepHTa H3-
MEpJIHCL MeKIIOCKOCTHbIE PACCTOSHHUA AAA ABYX JHHHHA dogy 1 doos.
Tak Kak y nekoTopuix 00pa3snos B o6aacTH GOJbLIIHX YIJOB JHHHH
ObLTH Ccaa0BIMH H Pa3MbITBIMH, HCMOJL30BAJMHCh JHHHH, pacnoga-
raioumuecs noja MaabiMu yraasi. [Ipn 3ToM TouHOCTb onpeje/aeHHs
napamerpos cocrasaset 0,005 A.

Hayuenne napamMerpor ajeMeHTapHOH AYEHKH KAaCCHTEpHTOB I
3aBHCHMOCTH HX OT reHe3Hca M cocTaBa MHHEpana npoBOAMIOCH Psi-
noM uccaenosateqeii (Bonawrpeea, 1938, 1941; Baur W, 1956;
Schécke, 1959; Hoaomanosa, 1969 u np.), 8 pedyabraTte vero Gblio
VCTaHOBJ/IEHO, YTO BeJMYHHA MapaMeTPOB OCTAeTCs MpaKTHUECKH O1-
HOH H TOH e MTaf BceX oOpazliop ¥ He BHIXOAWT 34 npeldesbl OLIH-
6ok onpenenennii. Jleransnasn padoTa N0 H3YYEHHIO 11APAMETPOB
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Oblna nposefena B aaGopatopin B. A. @pank-Kaveneukoro (JITY)
na pasHOOKpalleRHbLix 00pasiiax KacCHTepHTa 13 MEeCTOPOAACHUI
pa3auuHBIX TeHeTHuecknx Gopmaunit (Koaaexkuna E. H. Joaomano-
Boil). Ioayuennsie Jannpie NOKA3plBAOT, YTO @p H3IMEHSIETCH OF
4,7340 no 4,7367 A, a ¢; ot 23,1804 A no 3,1856 A (/losomanoBa
u ap., 1969).

Hamu 65110 ii3yueHsr napaMeTpnl 3JeMeHTapHO aueidkH 5 o6-
pasloB KACCHTEPHTOB M3 MECTOPOKIEHH[l pasaudiblX opmaunii
(rabn. 7, 8), coxepykamiix pas/HyHble KOJHUECTBA TAHTAJTA U HHO-
Ous.

[Toayuenusie 1anible MOKA3LIBAOT, UYTO MapaMeTPbl 3/IEMEHTap-
HOH AYEHKH KaccHTepHTa H3MEHSIOTCA Tak:Ke B HeGOJbIIHX Mpese-
nax: qg o7 4,735 no 4,748 A, ¢y o7 3,183 mo 3,187 A (raGa. 7) u He
MO3BOJAIOT Ce1aTh BLIBOL O 3aBUCHMOCTH NapaMeTpoB OT XHMHYe-
CKOTO COCTaBa KacCHTEpPUTOB HWAN OT MX TeHesuca. [LefcTBHTE/bHO,
napameTpsl kaccHTepitos ¢ cogep:xanuen (Ta, Nb).Os 4,129 (oGp.
177) n mapamerpsl 00pa3ioB ¢ MPAKTHUECKH [OJIBIM OTCYTCTBHEM
TaHTana v HHoOHs (0Op. K-168) ovenb 6.1M3kH mexay cobof.

M. I'. Wupxesuyenm (1969, 1971) 6uii10 o6palieHo BHHMAaHHE Ha
TO, UTO OTHOLIGHIIe NapaMerpoB a:c¢ spjafercd (QyHKUHEH UYHCTOTB
MHHEpaJa — ¢ yMeHbUIeHHeM 3TOF0 OTHOUIEHHS YMEHBUIACTCHA H CyM-
Md 3JeMENTOB-NpiMeceil B KACCHTepHTe. JTO BecbMa HHTepecHoe
HabJ/01eHHe, W XOTsl CTPOTOrQ COOTBETCTBHA 3TOHl 3aKOHOMEpPHOCTH
/st H3YYEHHBIX Hamu o6pasiloB He HabuaiojaeTcs, HaJHUHE TaKoH
3aBHCHMOCTH MpPeACTABJACTCA BecbMa BepPOSTHRIM H TpebyeT dafb-
Hennei NpoBepKi.

PU3HYECKHE CBOHCTBA

Ia6utyc KpHcTanaos KACCHTEPHTA Upe3BbiYailHO pa3Hoodpa-
3eH — MHUpaMHaaabHLI, NpH3MaTHYeCKHi, c¢TOI0YATBRIH, HroJabua-
TbIH, OU€Hb peaKo TabauTuaThIi.

HM3zyuelino raduryca KaccuteplTa B CBS3M C Pa3aHUYHBIMH YCJO-
BHAMH €0 MPOHCXOZKIeHHA NOocBAlleHo 6oblloe KoanuecTBo paboT
(Andeann, 1931; Ulneitgep, 1937; Boanwipesa, 1941; l'orman, 1941;
IToanomanora, 1969 u ap.).

[To radurycy xpucraanos . 1. Fotman (Totvaun, 1941) swige-
JSIeT IBA THMA KaCCHTEpHTA:

1. KaccuTepur u3 merMaTHTOBBIX JKHJ — JAHMHPAMHIAIBHOIO Td-
6utyca. OcHosHoe passHTHe MOJYUHJIH rpanu nupamuust s (111) u
e (101). Tpann npusmel auG0 OTCYTCTBYIOT, AHOO pPas3BHTHL  OUelb
caabo, Ha puc. |, ¢ nokaszanbl KPHCTAJ1bl KAaCCHTEPHTa H3 [rerma-
TutoBoro mecropoxaenus. B. A. Kopuerosoit (Koprerosa, 1961)
B MErMAaTHTOBBIX KHaaxX ObLIH BCTPEYEHBl YIJIHHEHHbIE JOAKHOMPH3-
MATHYECKOTO raGuTyca KpHCTaJ/Ibl KacCHTepHTa, KOTOpPBe B CJayyae
HE3HAUHTENLHO TOJUHAB HMeIOT HroJbuaTvio (hopmy.

2. Kaccutepur i3 MECTOPOKIEHHH KBapll-KaCCHTEPHTOBOMH, CH-
JMKATHO-KACCHTEPUTOBOI 1 CYab()HIHO-KAacCHTEPHTOBOMH  (opma-
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63

3¢

TlapameT ppl 3JeMeHTapHON AYeHKH KACCHTEPHTOB

T

abauuma 7

Xumnyeckuft cocTap, %

[MapameTpor, A

ﬁn N Ouﬁﬂi:;a:uﬂ' dopmauns, paion
Sn0;, Ta, 0, Nb, 0 Fey 0y TiD, WO, a, o g
1 177 [lermatuToBas, Bocrou-
Hoe 3abalikaave , ., .| 92,91 2,814 1,312 0,83 - 0,25 4,744 | 3,186 1,4890
2 129 K sapii-KaccHTepnToBas, )
Ilpumopse . . . . . 97,58 0,018 0,085 0384 | 0,154 [ 027 4,747 | 3,187 1,4895
3 45 Temuwit | CuaugaTHO-KaCCHTEPH-
ToBas, XabapoBCkui
Epal ¢ ¢ ¢ @ ¢ = 4 & 97,55 | He o3n. 0,056 0,82 0,10 0,168 4,735 3,183 1,4876
4 45 Cretawii | To we . . . . . . . . He ofin. | He odH. — = i 4,735 | 3183 1 4876
5 K-168 Cyabduano-kacCcHTEPH-
toBas, [lpumopse 97,28 | He o6n. | He ofn, | 0,64 — | 012 | 4748 | 3186 | 1,4902
Ta6auuwa 8
XapaKTepHCTHKA 3HaYeHHH MEeXMIOCKOCTHBIX paccrosuuti (d)
u WHTeHCcHBHOcTeH (/) B pa3iHYHBIX KaCCHTepHTAaX
06p. N 177 abp. N 129 0bp. N 45 Temmai ‘06p. M 45 caeTasli ( 06p. Ne K-168
N
i ! d 1 d ! d ! d ! d
' | “ 33517
1 CuapHasn 3,3517 CuapHas 2,3517 CuabHas 3,3473 Cuapnas 3,3517 Cunbiad 3517
9 | Ouenn caabas | 3,2679 —- Cnadas 3,2706 — —
3 3,1789 Caaban 3,1776 i 3,1789 Cnaban 3,1789 Cunabas 3,2678
4 Cuaabasn 2,9423 . 92,9278 " 2,9500 . 2,938 . 29410
5 2,9211 — " 2,9245 E 2,9245 i 2,9278
3 f) &
6 | Ouens caabaa | 2,7605 Cnabas 92,7610 97595 . 2,7595 i 2,7631
7 Cnabas 2,6647 - 2,6729 . 2,6673 2,6628 = 26645
8 CHabHas 2.6445 Cunpiiag 26463 Cunphas 92,6420 CuabHas 92,6420 CHabHas 26464
9 = — Cnabas 2,6247 Cnafas 26245 Cnabas 2,6220
10 Cunaabas 94747 | Quens caubas | 2,4763 | Ouenb caabaa | 2,4715 | Ouenb caadas 92,4715 | Quens caadan | 24747
11 CpeaHas 2,3719 Cpeansist 23734 Cpenngsa 2,3676 Cpennas 2,3676 Cpennasn 2,3742
12 Caabas 23025 Canabas 2,3346 - = Caabas 2,3240 —_
13 2,2461 . 2,2468 Cnabas 2,2429 . 2,2394




1Ml — NPHIMATHUECKNIT ¢ PAa3BHTHEM TpaHeil npu3Mbl H NHpaMH/ibl.
Ha puc. 1,0 nokasans KpMCTaaibl KacCHTEpHTa 3 MECTOPOXKACHHIT
KBapu-kaccuteputosoii popmaunn. E. H. Josomanosoit (1969) ye-
TAaHOBJIEHO, YTO KpHCTA/J/Ibl KACCHTEpPHTa pa3noobpasubl mo (opme
e TOJILKO B mpefesaax GopMalnii, 1o H B npejleaax pasaHudblX M-
HepanbHbiX AcCOUHAUHN B OXIHOM MECTOPOHICH .

Ouenb yacto, 0cOGEHHO B MECTOPOMKIABHHIX KBapli-KAaCCHTEPHTO-
BOIl (hopMaumy, BCTpeualoTesa ABOMHHKH KaccHTepura, o6GBIYHO MO

Puc. 1. Kpucranau xaceurepura:
d— U3 MerMaTHTOBOTO MECTOPOXJAEHHH; ( — M3 Kpapuesmx upd YyKork

(101). Ha rpausx npuambl HabaoaaeTcs BepPTHKAIbHAR WITPUXOB-
Ka. B onucbiBaeMblX MeCTOpPOMAEHHAX HacTO KAacCHTEPHT BCTpeya-
eTCA B BHAe HenpasuabHoil dopmbl Beigenennil. Pasmepnl sblaede-
HHIl KaCCHTEPHTA caMmble pa3JHyHble —OT ThICAYHLIX [d0JEH MM
(B KBapL-TYpPMAaJHHOBBIX PY1aX MeCTOPOMAEeHHH CHJIHKATHO-KAacCH-
reputoBoit opmaunu) ao 10—I15 cm mo AnMHHON ocH (B MeCTOPOK-
JIIeHHAX KBApl-KACCHTEPHTOROI (GopMauun).

1. 1. Tormanom (I'otman, 1941) ycranosaeno, urto HaHOoJee
KPYMHBIE KPHCTAJJbl KaccHTepHTa Habmai0galoTes B MECTOpPOxie-
HHSIX KBapIil-KaCCHTEDHTOBOH (POpPMalMH, Melabye OHH B IerMaTHTO-
BbIX MECTOPOJK/IEHHSIX ¥ COBCEM MeJKHe (40 THiCAUHbIX AOJAeH MHA-
JHMETPA) B MeCTOPOMAEHHAX CHJIHKATHO-KACCHTEPHTOBOH H CyJlb-
(huaHO-KaccHTepHTOBOMH (Popmauuil.

I3y4aa kacCHTEPHTHI H3 MECTOPOXKAEHHH Pa3aH4HbIX dopMallHi,
MOJKHO BHAETb, UTO JAJs HHX XapaktepHo OoJblmoe pa3HooOpasue
OKPacoOK — OT YEPHOH, KOPHUHEBON pa3Holi HHTEHCHBHOCTH, OpaHKe-
BOH, /KeJTOil 10 CBEeTJo-KeaToH, noutH 6eoil Hau GeclUBeTHBIX yya-
CcTKOB B MHuHepaJqe. [Ipuuem B GOablLIMHCTBE CJyyaeB KacCCHTEPHTHI
pelKo oKkpawenbl pasHomepHo. Kak npasuao, nHa6aionaercs Hepas-
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HOMepHasi, MATHICTAs HAH 30HAJIbHAA OKPacka HX  KpHCTAAl0#
(pue. 2). HanGoaee TeMuooKpamenple pasiocti KACCHTEPHUTOD xa-
pakTepHbl A5 MECTOPOKICHHIl nervatuTosoil dopyain. 7o oGbli-
HO 4YepHble HJII TEMHO-KOpHYHEBLIC PAa3noOCTH, IAC OKpdcka pacipe-
aeaena 6ogee wau menee papHomvephno. Hanboabiiee pasznoodpaszuc
OKpacoK Ha6/0aeTcs B KACCHTEPHTAN 13 MECTOPOALICHNT KBapil-
KACCHTEPHTORON, CHANKATHO-KACCHTEPNTOBON W cyabdnano-racen-

Puc. 2. 3onansHoe okpaliuBanie KpHCTaldaoB kaccuteputa. Mukpodoro
noauposanHoro uwkga: ve. 50X, HukoamM

TepuToBoit dopmainid. B aTux kaccutepuTax oObiuHo Habaiogaercs
30HAJBHOE HJH MATHHCTOE paclpee/eHie OKPacKH.

C ueablo BLIABJIEHHA 3aBUCHMOCTH COJepsKaHHA B KaccHTepHTaXx
TaHTasna M HHOOHA OT lBeTa KpHCTaJIoB Obll  npoaHaH3HpoBaH
psiz o6paslioB H3 MECTOPOX/IeHHIi KBapl-KaccuTepHToBoil dopma-
uuH. PesyabTaThl anaau3oB cBelenvl B Taba. 9. Paccvorpenne tal-
JUULE TO3BOJRET CeNATD CACAYIONIHEe BhiBOLBI:

I. ConepKanHe nATHOKHCEH TaHTajla ¥ HHOOHA B KpHCTaajax
KacCHTEPHTOB OJHOro llBeTa H3MEHAETCS He3HauHTeNbHO, HO 3aMer-
HO yBe/JHYHBAeTcsi B TEMHOOKPAIIEHHbIX PAa3HOCTAX MO0 CPABHEHHIO
CO CBeTJIOOKPAIIeHHBIMH.

2. Ornowenue Ta : Nb Bo Bcex pasHOBHAHOCTAX KaccHTepHTta (mo
IBeTy) — Be/JHYHHA, CHJAbHO KoJebuiollascsa, 01HAKO MOMKHO 3ame-
THTb TeHAEHIHIO K YBEJHYEHHIO BEJHYHHBI 3TOT0 OTHOLIEHHS B CBET-
JIOOKpAIEHHbIX PAa3HOCTAX MO CPABHEHHIO € TeMHOOKDAUIEHHLIMH:
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Ta6aunua 9

CosepykanHe TaHTana W HHOOGHS B Pa3HYHO OKPAIWEHHBIX KACCHTEPHTAaX
u3 MectopowaeHua HysbTuH KBapu-KacCHTepHTOBOH dopmauuu

N ofpasua iiser Ta,0p Nb, Oy Tay05/Nb,O;4
118 MEATRA v o = o s « 5 & 0,001 0,008 1:8
Kopuunessitt . , . . . . 0,003 0,014 128

HepBtilfl & & v o o 5 & & 0,006 0,072 1212
68 Hearwlit . . . . . ., . 0,001 0,002 1:2
Kopuuneswiit . . . . , . 0,003 0,014 1.5

Yepuott . . . ., . ., . 0,006 0,072 1. 12

103 et , . o o« o« 0,006 0,010 1:15
UepHBI & » « 2 < = & & 0,016 0,087 L)
92 Kearwmit . . . . . ., . 0,001 0,003 158
Yepumt ., . . . . .. . 0,001 0,068 1:68

D — cpejiHee 3HAYeHHe JJIA JKEATHIX pa3HocTeH, | : 7 — AJ1s KOpHU-
HEBbIX, | : 15 — AaA yepHBIX.

Taxum obpasom, HadaonaeTcss HECOMHEHHAs 3aBHCHMOCTh  CO-
JlepKaHHil TaHTaaa M HHOOMA B KACCHTEPHTe OT LBeTa MHHEpaJa.
O6parHasi 3aBHCHMOCTb BPSI JIH HMEET MecTO, T. K. H3BecTHhl 00-
pasubl YepHbIX KPHCTAJJI0B KaCCHTEPHTA, NPAKTHYECKH He comep-
Jalle 3THX 3/JEMEHTOB, OJHAKO WHTEPECHO OTMETHTh CleAyiolee:
NMpH CHHTE3e KaccHTepuTa 6e3 BBOJA KakHX-1HO0 106aBOK Obl/IH M0~
Jy4eHbl KpHCTaJ bl Oeoro lpera, B TO BpeMs KakK I[pH BBeJEeHHH
100aBOK HHOOHA CHHTE3HPOBAHHble KPHCTAJMbl HME/JH YepHHI UBeT,
T. €. QUEeBHAHO BJIHsiHHe HHOOHSI Ha OKPACKy KaCCHTEpHTA.

Onruveckue ceoiictéa Kaccurepurog, O6pa3ibl KacCHTEPHTOB I3
Pa3/JNYHbIX MECTOPOXKACHHH ObIIH HCCNELOBAHbl HAMH MOJ MHKpO-
CKOMOM B NPOXOAfAileM H oTpazenuom csere. B npoxoasuiem csere
I(BET KAaCCHTEPHTA H3MeHseTcsl OT GeclBeTHOro A0 6yporo M KopHu-
HEBOFO Pa3/jHuHbIX OoTTeHKOB. Kak npapuio, KacCHTEpHTbl OKpa-
eHs HepaBHoMepHo. HaOuronaercs cHABHBIN NI€OXPOH3M OT CBeT-
J1O-7KENTHIX 10 KOPHUYHEBO-KPaCHBIX TOHOB.

HaunGosee cuabHbIH naeoxpoHim HabJulofaeTcs A5 KacCHTepH-
TOB N3 NMErMaTHTOBBIX MecTopoxaenuit (no N.— KpacHoBaTto-6y-
potit, no N, — 3eneHoBartbliil), Gosee caabblii 115 KaCCHTEPHTOB H3
MECTOPOKAEHHII CHIHKATHO-KACCHTEPHTOBOH H CyJb(HIHO-KAaCCHTE-
puTOBO# hopmaiiuii. KaccHTepHT OXHOOCHbIH, MOJOMKHTEAbHbIH, HHO-
raa anomasbHo ABYocHBI ¢ 2V 1o 38°. B orpaxenHom cBerte Gejo-
BATO-CEPLIH C XapakTepHoil AMUATOl NOBEPXHOCTbIO. Buicokuil pennb-
eh. OrpazkaTenpHasi cnocobHOCTh HeBeJHKa, HeCKOJIbKO Bbillle KBap-
11a, ACHO BBIpa<eHa anuzoTponHs. B noauposauublx wiiHdax Ha-
6/1101al0TCA TOHKHE MJacTHHYaTble ABOMHHKH, 4acto HabJuiofaercs
30HaJbHOE cTpoeHHe. BuauMbiilt yros1 BpalleHHst MNJ0CKOCTH MOJHPO-
‘atiHoro orpaxenHoro csera A,=1,46+0,1 npu A=>589 um (Ksome-
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poH, 1966). Onthnuyeckne CBOHCTBA KaCCHTEPHTOB ObLIN  CCIEL0-
saust . JL. Cormanom (1941), A. H. Bunueason (1953) [1. B. bao-
KM (1960), Tapcenom n Bepmanom (1965), E. M. osomaHo-
BOJ (19691 i J.|)

Kaccureputor ua mectoposkaenuil pasandHbix QopMaunii  oblaIH
Heeaeposaiol Hamu cosmectHo ¢ A. JI. Pakueessim (MIY) Ha cre-
IHaTBHOH [OHHOMETPHUYECKON YCTAHOBKE KOHCTPYKLUHH PakueeBa
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Puc. 3. Kpusnie aucnepcun otpaxa- Pue. 4. Kpusble amcnepcun orpama-
TEJbHOIT CMNOCOBHOCTH KACCHTEDHTOB H3  TEJbHON CIPCOOHOCTH KACCHTEPHTOB H3
OMOBOHOCHBIN 1 pPeJKOMETA/bHEIX Tpa- NerMaTHTOBHIX MECTOPOKAeHHUiL.
HHTOB I—R,, R, ofp. 177; 2—R_, R, oGp. 2164
I—R,, R, c6p. 135: 2—R,, R, oOp. 1007—1; 1
3—R,. R, o6p. 1007—2

(Pakuees, 1960) u B abopatopun muxeparpadguun MMTP2 ua yc-
ranoske [TOOC-1.

[oayuennsie snauenns noxazareneit npedomaetus N, u N,
a TaxkxKe BbluHCaeHHble 3uavenus N,—N, R. un R, npHsencHbl
g Tabn. 10. [Tpu pacemotpennn 310l Tadauukl Had wgaeTca He3Ha-
YHTeNbHAN [HCTIepPCHS 3HAUCHMIL MOKasaTedeil mnpegoMJeHHST s
BOJIH PasHOi AJHHBI, mpuueM 0onee BLICOKHE NOKa3aTeJqH [1pesioM-
nennst (mo 2,19) xapakrepubl 1151 KOPOTKOBOJHOBOI 4ACTH CMeKTpa.
HauGosee puicokne nokazategn NMpeJoMJEHHS XapaKkTepHbl JJs Kac-
CHTEPHTOB H3 MeCTOpo:KAeHHil cyIb(PHIHO-KaccHTepHToBON (hopMma-
UHH H OJOBOHOCHBIX PeIKOMETAJbHbIX I'PaHHTOB.

3navenus ABYMPEJOMJCHNA )51 PasHBLIX OOPA3IOB 3aMETHO OT-
JUYAIOTCA, HO, KaK [PaBujio, [ABYNpejoMJeHie He3HaulTeabHo
YMeHBIIAGTCH B CTOPOHY AJHHHOBOAHOBOI UacTH cneKTpa.

Jucnepeus orpa)kateabHol cnocobrocti (puc. 3, 4, 5, 6, 7)
HMCET HOPMaJbHbll Xapakrep M HeBejquKa. Boublune 3uauenus or-
pakarenabHoil cnocodnoctn R n R, Xxapaktepupl .11 KOPOTKOBOJI-
HOBOI yacTH cnektpa. 3Havennsi R.” KaCCHTEPHTOB 13 MECTOPOKIE-

3 3ax. 92 33



ve

P

ge

OnrTHYyecKkHe CBOHCTBA KACCHTEPHTOB

TaGawma 10

Koueranth
Ne e N(’ N(J J A & 'Nu
an | opasua DopMas 1 B
| 472 I 527 ’ 579 [ 670 472 527 579 670 | 172 \ 597 T‘m ‘7 6T
. |
1 135 ONOBOHOCHBIX TPANNTOR 216 | 2,12 209 | 205 | 1,99 | 1,96 1,92 | 1% | 017 | 0,06 ] 0,17 } 0,15
2 1007 Peakomeransusix rpauntos | 2,17 | 2,13 | 2,10 | 2,05 | 2,07 | 2,03 | 1,99 1,96‘ 0,10 0,1”‘ 0,11 i 0,09
3 2164 [TersiarnroBas 208 | 207 2,02 | 1,98 2,07 | 205 | 200 1,93 | 001 | 002 | 002 l 0,05
4 177 212 2,101 2,09 | 2,07 | 2,01 | 200 | 1,9 | 195 | 0,11 | 0,10 | 0,13 | 0,12
|
il h:'l KBapu-gacciurepnrobas 2,09 207 | 2,05 | 2,04 203 1,99 1,98 | 1,97 | 0,06 | 008 | 0,07 ‘ 0,07
G 83 208 | 206 | 201 | 203 | 1,94 | 1,92 1,90 | 1,89 | 0,14 | 0,14 | 0,13 | 0.12
{ 128 2001 2041 2021 2001 2001 198 1,9 | 194 | 0,09 | 006 | 006 | 006G
3 129 2,10 [ 207 | 2,05 203 ] 205 ] 2,00 1,98 | 1,97 | 0,05 | 0,07 | 0,07 | 006
9 100—1 207 | 202 1,99 1,96 202 | 1,9 ([ 1,96 | 1,94 | 0,05 | 0,03 | 0,03 002
10| 1002 206 | 211 | 207 | 205 | 201 | 1,99 | 198 | 197 | 045 | 0,12 | 0,00 | 0.08
il 1017 210 2071 2031 200 196 | 193 | 190 | 1,88 1 o808 | 008 | o042 |
12 63a 205 203 200 | 198 | 200 | 198 196 | 1,94 | 005 ] 0,05 | 004 [ 00l
13 27 Cyabunno-kaceuteputoBas| 2,17 | 2,13 | 2,09 | 206 | 2,03 | 2,00 | 1,96 | 1,94 | 014 | 0,13 | 0,15 | 012
14 K-168 219 2,13 | 210 | 205 | 200 | 1,98 1,96 | 1,93 | 019 | 0,15 | 0,14 | 0,12
Tpogonxenne Tada. 10
KoHetanthl
N N Re Ro ‘ i B
m/n ofpaaia bopmanig X, M
472 597 579 l 670 l 472 L 527 l 579 l 670 l 172 ] 527 \ 579 [ 670
1 135 OJIOBOHOCHBIX TPAUHTOB 13,48 | 12,80 12,44 | 11,85| 10,96 | 10,52| 9,93 | 9,63| 0,19 [ 0,18 | 0,20 | 0,10
2 1007 PeakoMeTaabHbIX TPaHdToB | 13,62 13,03] 12,59 11,85) 12,15} 11,56) 10,96} 10,52 0,11 | 0,11} O3 | 011
3 2164 [TermuTuToBas 12,29 12,15| 11,41 10,81 | 12,15] 11,85] 11,11 10,07 0,01 | 0,02 | 003 | 0,07
4 177 12,89 [ 12,59 | 12,44 12,15 | 11,26 11,11 10,52 10,37 0,13 | 0,12 | 0,15 | 0,11
5 81 KBapi-KaccuTeptToBan 1244 12,15| 11,85| 11,70 | 11,56 | 10,96 | 10,81 | 10,67| 0,07 | 0,00 | 0,09 | 0,00
6 83 12,29 12,00] 11,56| 11,26 10,22 993| 963| 948| 0,17 | 0,17 | 0,17 | 0,16
7 128 12,44 11,70 11,41 ] 11,11 11,11} 10,81 10,52 | 10,22} 0,11 | Q08 \ G081 008
8 129 12,59 | 1215 11,85 | 11,56 | 11,85 | 11,11 | 10,81| 10,67| 0,06 | 0,08 | 0,09 | 0,08
9 1001 12,15 | 11,41 10,96] 10,52 | 11,41 | 10,96 | 10,52 | 10,22 | 0,06 | 0,04 | 0,04 | 0,03
10 100—2 1348 12,74 | 12,15 11,85 | 11,26 | 10,96 | 10,81 | 10,67 | 0,16 | 0,14 | 0,11 | 0,10
11 1017 13,59 12,15] 11,56 | 11,11] 10,52 10,07| 9,78] 9,34 0,16 | 017 | 0,15 ] 0,16
12 634 11.85] 1156 | 11,11] 10,81 11,11 | 10.81] 10,52 | 10,22| 0,06 [ 0,06 | 0,05 [ 0,05
13 27 Cyabduaio-kaccutepnrtosas| 13,62 13,03 12,44( 12,00] 11,56 | 11,11 ] 10,52 ] 10,22| 0,15 | 0,15 [ 0,15 0,15
1 K-168 13,92 13,03 12,59 11,85] 11,11 | 10,81 10,52 10,07 0,20 [ 0,17 | 0,16 | 0,15




unit pasauueblix GopMaumit (A=579 HM) KoJaeGmioTCst OT 10,96 n0
12,599%, R.,"— ot 9,63 10 11,11%. Hauboabune 3HaueHns orpaxa-
teapnofl crnocoBHocTi (13,629 n 13.929% cooTsercTBeHHO) Xapak-
TepHBI A5 KACCHTEDHTOB H3 MECTOPO/KCHHIl CYab(HIHO-KACCHTE-
PHTOBO# (hopMaLiHH. )

JLJst KACCHTEPHTOB M3 MECTOPOIeHHH pasiaHyHbeiX (opMali
GbITM CHATH CHeKTpul AMPPy3noHHOID OTPaKEHHss Ha aBTOMAaTHUe-
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Puc. 5. Kpusble aucnepcHn otpaxa- Puc. 6. KpuBble IHcnepcHH o1pama-
TEJAbHOH CMOCOGHOCTH KaCCHTEPHTOB H3  TebHOIl CNOCOGHOCTH KACCHTCPHTOB H3
MECTOPOMAEHN  NONEBOMINAT-KACCHTE-  MECTOPOJAeHH KBAapI-KACCHTEPHTOBO

puTOBOi#t hopMalHH thopmamn
I—R, R, obp. 81/60; 2—R,, R, obp. 83/60; [/ —R,, R, o6p. 100—2; 2—R , R, obp. 20iT;
3—R, R, o6p. 128 i—R_, R, o6p. 129; 4—R_, R, o6p. i00—1;

5—R,, R, o6p. 63

CKOM /AByX.yueBoMm crnexkrpodoromerpe CP-10%*. Ius Bcex KpHBBIX
Xapakrepen OoAbeM B AJHHHOBOJHOBOI YacTH crmektpa (puc. 8).
[To a6coaorhoil Beanyude Andy3nonuoro orpakenus o6pasibl 3a-
METHO OTJIHYAIOTCS APYL OT Apyra,

Bricokoil crenenpio orpamenus (37,0—64,5%) xapakrepusy-
[0TCS1 KACCHTEPHTHI M3 KBAPLU-KAaCCHTEPHTOBOI (opmaunu (o6p. 129)
i H3 MECTOPOMKAEHHH Cy/b(phHiHo-KACCHTEPHTOBOH (Gopmalti (00p.
K-168, 30—559% ). Jasi KacCHTEPHTOB H3 MOJEBOIINAT-KACCHTEPHTO-
BBIX JKHJ Il M3 MECTOPOMIEHHII CHIHKATHO-KACCHTEPHTOBOI (opma-
IHH XapakTepHbl cpelHne 3HaYeHHs IH(PDY3IHOHHOTO OTpaKeHHS,
‘ooTBeTeTREHHO: 00p. 128 (25—46%) u 00p. 45 (22—48%). Kac-
CHTEPHT M3 MerMaTHTOBBLIX MEeCTOPOZKAeHHIT XapaKTepH3yercs caMoii
HU3KOI CTeneHbio oTpamenis —obp. 177 (20—44.5%). Hasa kaccu-
TepuTa H3 Cyab(UAHO-KACCHTEPHTOBOTO MectopoxiueHus (o6p. 27)

# CrmexTpbl CHEMAMHCh U3 NOPOIUKOBHIX P00,
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pabnogaercda aHomanabHaa KpHBas AHGQVIHOHHOTQ OTpamKeHus,
11 KOPOTKOBOJHOBOI yacTH CHEKTpa XapakTepHa KpaliHe HH3Kas
cTeneHb OTpameHHs (mpH A= .

=400 um R=23%), B To Bpens
KaK B JJIHHHOBOJIHOBOH uacTii
ciekTpa HabJiojlaercs caMmoe Bhl-
CcOKOe oTpaxkenHe (mpu L= &
=750 uM R=65%).

Ha ocHOBaHHH 1OJy4YeHHBIX
AABHHBIX MOMKHO CUWTaTp, uTO
koHcTauta auddysnonHoro or-
paMeHHs] MOMKET CJOVKHTb 10- 4
NOJIHHTEJ/IbHbIM THHOMOPCDHLI_\[
MPH3HAKOM, XdPaKTepH3VIOLLINM
FeHE3HC MecTOpOMKIeHHUH. e M

KaccutepuTsl  xapaktepusy- )

JOTCS 30HA/ILHBIM CTPOEHIEM, Bbl-

12

Jeasercs HHOrga HeCKoOJdbKO 30H,
OKPAWeHHbIX B DPa3AnuHBE OT-
TEHKH — OT NPaKTHYEeCKH benbix,
CJerKa XKeJTOBATbIX 10 * TéMHO-
KopHuHeBbX. Ha MHKpocnekTpo-

Puc. 7. Kpusble aHcnepcun orpaxa-

renbHoll CnocoBHOCTH KACCHTEPHTOB 13

MECTOPOKACHHIT CyIbMHAHO-KACCHTEPH-
TOBOI (hopMaliH

I'—R;: R, cbp. 20 2—R,. R,

obp. K-168

doTtoMeTpuueckoit ycradopke B aadopatopun MIV Geio n3mepeHo
cBeTorioryiolilenye pasHerx 30 (puc. 9). Kpuewe II n V xapakrepn-

fponyckanue u
omga wexue, %

a0 e
LT - [ 1]
i 27K
=18
50 |
i = 168
i LT L 27K
— = .--r' ] ?thff
40 | /J 1 = -: 1177
bl = T 1
= |
K-168 =1 -
128
77 i
400 27% 500 500 700 A, M

Puc. 8. Kpusrpie cnekTpoE anH(Qy3HOHHOIO OTpakKe-
HHS KACCHTEPHUTOR 13 MECTOPOXKAENHIT pasiHYHBIX
thopmaumi

3yI0T «benbley 30Hb KaccHTepntos, | n IV — xenrtwe, a [11 — remuo-
KOPHUHEBYIO 30HY.

ITonpoas Htorn H3yuyeHHs ONTHYECKHX CBOINICTB KacCHTePHTOB —
noKasareqaeil npegoMIenys, 1BVIPeTOMIeHHs, OTPaxare bHOol cro-
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co6HOCTH, 1BVOTpaxeHHs, OTUeTAHBO BHAHO, UTO KaKOMH- JA160o 3aBi-
CHMOCTH Mez Ay XHMHUECKIIM COCTaBOM MUHepaja H ITHMH CBOWCT-
BaMM He Hao.fomaercs. MoskHo TOJbKO OTMETHTb, u4ro HauboJee
BRICOKHE TMOKa3aTeJH MPeoMIeHHsT H 3HAMeHHS orpa}KaTeano:
cnocoOHOCTH XapakTepHbl 117 KACCHTEPHTOB H3 \1emopomneﬁau CH-
JAHKATHO-KACCHTEPHTOBOH M CV/IbOHIHO-KACCHTEPHTOBOIH dopma-
LHH.

Muxporsepdocte Kaccureputos. Havu aerajibHo  HCcael0BaHa
TBepAoCTh 34 0Opa3iloB KaCCHTEPUTA H3 MECTOPO:KAEHHH pasjHu-
HBIX reHeTHueckKHx dopmauuii. Hameperus npoH3BOAHIHCH HA TPH-
Gope TIMT-3 npu narpyskax 150—200 r (Jlebepesa, 1963). Crasu-
JHCh CJaelylonlHe 3ajfavyu: a)
H3YUHTb 3aBHCHMOCTb TBEPIO-

g% [l CTH KDHCTAJJIOB KaCCHTEDPHTa

"oy OT HX KpHCTaJIorpadHyecKol
& [ OPHUEHTHPOBKH [JA XApagTe-
40

PHCTHKH CTeleHH aHH30TpO-
W TBEPAOCTH H 0) BHIAICHHTH
3AKOHOMEpPHOCTH  H3MEeHeHHs
Jf TBEPADCTH  KACCHTEPHTOB B
- .o .—o—-—0—-—0—-—2"—  (BA3H C H3MEHEHHeM HX XHMH-
50 500 50 500 650 A, 4ECKOrO COCTaBa.
Bel1o  ycTanoBJeHO, UTO
Pric. 9. Kpusbie THcnepcuu ceronorgotie- Kaccutepur obJaazaer caaboi
HES RACCHTERHTOR aHusorponueir rteepaoctu 1l
pona ¢ x03Gh(HIHEHTOM AaHH-
sorponun Ky=1,06 u coBepuieHHO He3HAUHTEALHOH AHU3OTPONHE(i
I pona, koTopoil MOKHO npeHedpeus. B HcclenoBaHHbIX KPHCTAMLIAX
ACCHTEPHTa TBEPJAOCTh HA TPaHAX NPU3MbI WMeeT OOabluMe 3Haye-
HHst (Hep=1050 Krc/mm?), uem Ha cpe3ax H ILIOCKOCTAX CIIalHO-
o1H, napamienbHsx 6asonunakonny (001) (Hcp=920 xkrc/mm?). Ort-
MeYaToK HMeeT (opMy KBajpaTa, OT VIVIOB KOTOPOTO pPAaCXOASITCA B
pasHbie HaNlpaBJAeHHs MeJKHe TPEeLIHHbl pasphiBa.

Las na’abHeHIUX Hcc/el0BaHNil H3rOTOBJAAIMCH MOJHPOBAHHbBLE
OpHKeThbl H3 1POOJIEHBIX 3epeH XHMHYECKH MpoaHaJH3HPOBAHHLIX 06-
PAa3LOB KACCHTEPHTOB H HA PA3HOOPHEHTHPOBAHHBIX CEUEHUAX [PO-
H3BOAHIOCHh Mo 13—15 3amepoB, a B HEKOTOPBIX Cayyasx — Mo 25—
30 zamepos.

Jas kaxzaoro oGpasita BHIUHCAAIOCE CpelHee apH(MeTHYecKoe,
KOTOpOe npuHHMaioch 3a Tepaocts (H.p) zanHoro obpasua. B psa-
Je Cnyyaer cpellHee 3HauyeHHe Onpe/lens]och CTATHCTHYECKHM MeTo-
IOM TiyTeM TIOCTPOCHHA BAaPHAUHOHHLIX KpuBbIX H3 250—30 3amepos
(Korma Hccae10BaJHChE HepaBHOMepHO OKpalleHHble o6Gpasnnl). Xa-
paKTepHCcTHKA MHKDPOTBEPIOCTH BCeX HCCJIe/0BAHHBIX KACCHTEPHTOR
H COHNEPAAHHSA [JaBHBIX 3J€MeHTOB-lpiuMecell npuBeneHa B ta6u. L1.

B pe3yabTaTte ycTaHaBIHBAeTCH, UYTO TBEPAOCTh KACCHTEPHTOE
H3MEHSIeTCA B LIHPOKHX npexenax — ot 731 xo 1528 kre/mwm?,
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Hanbo.1¢c sbICOKHE 31madelds MHKPOTBEPAOCTH XapaKkTeptbl A5
KACCHTEPHTOE 113 0J0BOHOCHLIX rpaunrtos (f.,=1417 kre/mm?)
KACCHTEPHTOS H3 MeCcTOpPOMRAeHHI Cyab(HIN0-KACCUTepHuTOBON (op-
smauud (10611528 kre/ymm?, cpeanee 1313 kre/nmm?).

Ha noctpoensow rpaduke (puc. 10) HaHeceHwl cpefHue 3Haue-
i MHKDOTBEPIOCTH KAaCCHTEPHTOB H3 MeCTOPOAAEHHH pPasMHYHbIX
dopmaunii. Ha rpaduke 8HAHO, 4TO MUKPOTBEPAOCTH KACCHTEPHTOR
Bo3pacTtaeT OT opMallii PEAKOMeTadbHbIX TPAHHTOB K CYJb(HIHO-
KACCHTEePHTOROH hopmattiiu,

H,Kzc/mm®

1500

rm[ ?

1300} 'J

1o} |

1100} ; {
wogt | 1
ot | |

2 o

Puc. 10, MameneHne MHKPOTBEPIOCTH KaccHTEpH-
TOB B MECTOPOM/eHHEX Da3JIHYHBIX QOpMaLitil

t — 0/IGBOHOCHLIS TPAHHThI; (7] — pe/lKoMeTaJ ibHbIE TRAHH-

VAl 8 — merMaTHTOBAaN; 2 — KBapu-KaccHTepHTOBaA; a—

SHIHKAaTHO-KAaCCHTEPHTOBASA; e — cynhdBIHO-KaccuTepH-
TOBAaY

Kposie 1070, 151 BhIsiBJGHHSI CXOACTBA HJN PASIHUHA B CPEMHHI
SHauYEHHAX MIUKDOTBepPAOCTH OBLIH PACCMOTPeHbl [apaMeTpHYeCKHIl
Kputepuit — 1 — yeros CTblOACHTA W [BAa HeNapaMeTpH4ecKux Me-
roaa: W — kpurepuii Buakokcona u H — kpurepuit Kpackaia — ¥aa-
auca. Ha ccnosanuy cratucTuyeckolt ofpadoTiu  JaHHBIX  MHKpPO-
TBEPIOCTH BbLIILJIAETCSI TPH TPYNNbl MECTOPOKIEHHIT KaccHTepuTa,
pPa3nUYA0LINNCA N0  MHUKPOTBEPAOCTH: | — MecTopomacHNA  Cyab-
(pnano-kaccureputoBoil dopmaiuy; Il — vecTopoiKIeHHs CHIHKAT-
HO-KACCHTeDITOBOI W KpBapil-KaccHTepHToBoil dopmaunit; 11— me-
CTOPOZKACHHHA NeryMatuTopoil (GopMauuu u dopmauln peakomMerab-
HLIX TPAHHTOB.

Hecmotpa Ha To, uTO cpellide 3HAUEHHS MHKPOTBEpPIOCTH pa3-
HblX 00pazilo8 KaccHTepHTa H3 OAHOH H TOH e QopmaluH KoJjeot-
JI0TCS B 10CTaTo4HbIX npefenax (cM. ta6a. 11), 6oiee HH3KHe 3HA-
qeHirst MHKPOTBEPMOCTH XapaKTepHel [Jisl  BHICOKOTEMNEepaTypHLIX
MECTOPOAICHUE W Hao6opoT. Takum oOpasoM, MHKPOTBEPAOCTb
KACCHTEpITa MOXKHO HCMOIb30BATh KaK OJHH H3 THIOMOPQHBIX Mpit-
3HAKOB.

[Mpu comoctas/ienny TBEPAOCTH M3Y4YEHHbIX 00pasloB KaccHTe-
PHTOB € X COCTABOM Mbl NPHULIH K BBIBOAY O TOM, UTO H3MEHEHHE
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XapaK'repum'm«:a MUKPOTBEPAOCTH KACCHTEPHTOBR PAZAMYHOLO TeHesuca
H cOoaepXaHHe B HHUX :-).nemenron-npnmeceﬁ

Ta6auwua 11

Conepxauue 31eMenTon (Bec. %)

MuporsepaocTh

LTpnseyanne

Bruouenna marnetuta

EnvHuyHble BKJIIOYE-
Hud pyTHIA
OyeHp MHOrO BKJlO-
ueHuit korymbuTa

E .
3 . s
8 [lBer = g Y
. PopMians MHIepani = 5 ‘U B
= 2 7} e e
l 135 | Oaosouocuble CRreTno- L0021 0,013 [ 0,015 {He oupl 13 | 12041780 | TLL7
FPasiThl KOPHUHEB b
2 | 1002 | Peakomerain- YepHolit 0,18 0,97 1,15 [Heonp.| 17 | 1039—1186 | 1124 ‘l
Hble TPIHHTHI 1072
3| 1007 To we 351 | 4,125 | 7,635 | 1,304 | 15 | 731—1386 | 1020 |
4 177 | TlermaTutoBasn Yepuwiit 2,814 | 1,312 | 4,126 | 0,83 35 | 1068-=1270 | 1173
5 1—3 . ” 2,66 0,74 3,40 |He onp.| 13 900 1287 | 1071
6| 2118 5 } . 2,08 0,74 | 282 | 5 . 18 754—1034 | 8§89
7 | 2164 = . 1,13 | 0,39 1,52 | 0,79 17 | 10391317 | 1128 | 04
8 ] 2040 " " 1,48 0,925 | 2,405 [He onp) 16 8301060 981 4 2
9| 2219 B " 272 =078 3,50 |, 15 787—1143 | 969
10 150 . 1,702 | 1,016+ 2,72 3 13 9001101 | 1078
11 ] 1013 098 | 0,21 ke 13| 9211346 | 1078 |
12 128 | Moaesownar- Hepunii 0,50 0,31 0,81 0,082 | 2] 10181270 | 1112
KBCCHTQPHTOBEH l yr
13| s To we | Kopuanessit| 0,053 | 1,02 | 1073 | 067 | 14 | sgo—1101 | 1022 {1083
14 83 = Yepami | 0,047 [ 1,60 1,647 | 0,04 13 | 890—1310 | 1085

BraoueHns KoaymoHTa
. 3

" n

MUpHTa

15 125 K napit- RKopuuauesniil 0,018 [ 0,085 [ 0,103 | 0354 | 11 10741270 | 115¢ Her sraouciinit
KACCHTEPHTOBA
16 | 68—2 To ke HKearni 0,001 | 0,002 [ 0,003 [Heonp.| 13 | 1101--1291 | 1228 . .
17 | 68—3 S Kopuuneswit| 0,003 | 0014 | 0,017 | | 13 | 1025—1401 | 1157 i
18 | 68—1 I YepHsbiit 0,006 | 0,072 | 0,078 | , , 13 | 1061 —-1419 | 1244 i 5
19 | 1017 L. Wearnit  [He odi| 0,003 | 0003 | , 13 | 1061—1291 | 1179 (1200 ;i
20 | 1018 - 5 5 h 0,007 | 0,007 | , 13 900—1309 | 1205 » »
21 {100—1 o @ 5 0,001 | 0,017 | 0,018 | 1,41 13 | 1101—1442 | 1261 " .
22 ]100—2 = Yephbtil 0,003 | 0,030 | 0,033 | 0,58 13 963—1291 | 1177 . .
23 | 76—2 = HKeatniit 0,001 | 0,007 | 0,008 |He onp.| 13 | 10611346 | 1203 Quenb MHOTO
24 | 76—1 = Hephni 0,004 1 Q073 ) 0077 |, 13 | 10251401 | 1200 RK AU i
XAABKOMHPHTA
95 45 | Cuaukarho- Yepuwiit  |He o6n.] 0,056 | 0,056 | 0,82 9 [ 1018—1242 | 1104 ) Ejuuuunble 3epHa
KACCUTEPHRTOBAR pyTHIA
26 | 323 Keareit | 0,002 | 0,018 | 0,020 |[Heonp.| 12 | 11441333 | 1274 Her nraouenui
27 | 322 To xe Kopuuueserii| 0,020 | 0,043 | 0,06 | , 13 | 1038—1252 | 1125 17t Menkne HempaBH.Ih-
28 | 32—1 - K Yepuiprit 0,024 | 0,085 | 0,11 5 9 | 1109—1158 | 1132 § HOIT opMbl
Jepia MarineTHTa
29 190 o Okpacka ne-| 0005 | 0,02 {710,215 ) [ 13 ] PHI6-—1346 ) 1221
UJLI{(JPD,"[EIHH
| |
30 | K-168) Cyappuano- Yepnpili  |He ofn.jHe o6n.He o6u.] 064 12 ‘ 1366—1528 \ 1416 | Enudnyusie BRI Ue-
KACCHTEPHTOBAN HHA MHPHTA
31 | /1212 ; . . | 0006 |, Heonp| 14 | 11461488 | 1334 [ ;4 Her ramuennii
32 27 To xe 5 0,001 | 0,009 | , . . 13 | 1146—1401 | 1234 ‘ . R
33 241 T " He o6u,|He obn.| , L 13 } 10611465 | 1268 Brkawuennda XalbKo-
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Puc. 11. 3aBHcHMOCTE MHKDPOTBEPAOCTH KAaCCHTEDHTOB OT COXEPHKAHKS
Ta;05+4-Nb:0Os

KaccHTepHTBl: @ — PasAMYHBIX (opMmauuft, § — cvabhiEAHO-KACCHTRPHTOBOR dopManuy, 5 — Ci-
AHKATHO-KAaCCHTepPHTOBO! GOpMAlHH, ¢ — KBApU-KACCHTEPHTOBOA (hopMamHi

Ha ocHOBaHHH JaHHbIX, IpHBeAeHHLIX B Taba. 11, Hamu no-
CTPOGHBI TPA(HKH 3aBHCHMOCTH TBEPLOCTH KACCHUTEPHTOB OT COAep-
KaHHA B HHX CYMMBbl TaHTagla u HuoOus — odwnii rpaduk 1J4 Beex
daHHbiXx (puc. 11,a) u oraeabHo Aas Kaxao# dopmauuu (puc. ll,
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g, €, &). Ilpit paccMOTpeHHH HX BHIHO, YTO B JIeBoil 4dactH rpadu-
kor na6.aiogaercs oOpaTHO MPONOPLIIOHATLHAN 3ABHCHMOCTL TBEp-
JOCTH KACCHTEPHTOB OT COAEpPHaHHsi B HHX CYMMbI TaHTa’la W HHO-
ous: npu veeanyenuu Ta05+Nb,O; or 0,001 z0 0,1% TBeprocts
vMeHblIaeTca B cpeatenm oT 1417 10 1104 krc/mm? [Jaaee snpaso
‘papUKH HMEIT BHI NpPAMOI, NOYTH napaJlieq]bHoil ocH adcuuce,
npu yBeaundeHnn XTa.0; n Nb.Os B npemenax or ~0,1 g0 7,62%
rpeplocTh (Hep) KaccHTEPHTOB NMpaKTHYECKH HE H3MEHSeTcs 1 Ha-
xoauTca B npefenax 1124—1173 kre/mm2,

Conep:kanue ApyrHX 371eMeHTOB-DHMeceH B KaCCHTepHTax —
Aieqesa, Maprasila, THTaHa If Bo.dbgpama — Koae6/1eTcs 3HauHTe.Ib-
HO MEHbLUIe, YeM coaepzkaHiie TaHTa.aa H HuoOusa (cM. taba. ll), u
lle OKasblBaeT CKOJIbKO-HHOVIb 3aM@THOTO BJHAHHS HAa MHKDPOTBE]-
10CTh KacCHTEpHTA.

W3 taba. 11 BHOHO Taku#e, UTO MHKPOTBEPAOCTL KACCHTEPHTOB
VMeHbIIaeTcsd OT CBETJIOOKPALIeHHbIX pa3HocTell K TeMHOOKpaLleH-
HBIM, YTO HAXOIHTCSl B MO.JTHOM COOTBETCTBHH C 3aBHCHMOCTBIO, YyC-
TAHOBJIEHHOH MEMKIY 1[BETOM MHHepa.Ja H coAep/KaHHeM B HeM MpH-
viecell NATHOKHCH TaHTaaa H HHOOHA.

Voeaonoui sec. Onpenenenne yaeqbpHOro Beca KacCHTEPHTOB H
BOIb(PAMHTOB MPOM3BOAHIOCE ABYMA METOAAMH: THAPOCTATHYECKO-
ro s3pemnsaHus (Bonmrear-Kynaerckas, 1960) u u3 mMukpoHase-
cky, npexaoxenusiM H. M. Pyaenko u M. M. Bacuaesckum (1957).
ITOT METOI HMEeT XOPOLIVIO CXOAHMOCTb C THAPOCTATHYECKHM H
npuMensieTcd ¢ GOJbIIHM YCIeXoM B CJAy4ae MaJjJoro KoJH4YecTBa
vunHepaaa (5—10 mr) (JIedenera, Ipoxopora, 1963). OtHoCHTeIE-
Has TOYHOCTh MeToga ~ 0,1%.

FlamepeHus yfenbHOro Beca KacCHTEPHTOB H3 MECTOPOKIEHHH
pasybIX hopMauMil H Pa3HOOKPAIUEHHBIX KACCHTEPHTOB M3 OLHOTO
MEeCTOPO K ISHHS NMOKA3a/i, YTO 5Td BeJHYHHA B LeJ0M H3MeHSeTcH
OveHb He3HauHTeNnbHO, Koaedisick B npexenaax ot 6,87 no 7,2 rfem®
(taGa. 12). I'. I1. Bapcanosuim 1 K. M. Kysneuossin (1971) orme-
HAETCS, YTO «MPHCYTCTBHE B KACCHTEPHTE TaHTaJ0-HHOOATOB 3aMert-
HO CKasbiBaeTcs Ha ero yaeabHoM Bece. C yBeanuennmem TasOs+
+NboOs vieabHblil BeC KacCHTEpPHT2 VBeJHYHBAETCH», B [0Kas3a-
TeIbCTBO Yero MPHBOAATCSH IaHHbIE H3MEepPeHHi ueThipex o0paslos
KaccHTepHTa. .

Panee E. U. Jonomaunosoii (1969) npeamoaaranaock, 4T0 yAe.lb-
Hbl#l BEC KACCHTEPHTA 3aBHCHT OT KOJHYECTBA BKJIIOYEHHH B HEM M-
HepaJloB-mpHMecei U ux cocrasa. lanubie, npusegeHuble B Tadn. 12,
TaKoll 3aBHCHMOCTH yJeabHOTo Beca oT cogepxanuil TasOs n NboOs
He AokasbiBalT. OTCYTCTBHE TaKOH 3aBHCHMOCTH BHAHO H Mo 00.b-
IOMY YHCJIV aHaJH30B, MPHBOAHMBIX B pfle JHTEPATYPHBIX HCTOY-
HWKOB, B uactHocTH ¥ A. M. Boazsipesoit (1941), . . Tormana
(1941) u ap.

Jror dakr, He cornacywmuiics ¢ MHenuem [, [1. BapcaHoBa u
K. M. KyaHeuosa, MOXHO 00BACHUTL CJIeAVIOIHM 00pa3oM: Kak
fyneT moxa3aHO HHXe, OCHOBHAfA 4acTh TaHTaJa H HHOOHA B KacCH-
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TaGaunnpa 12

XapakTepHCTHKAa V1elbHOTO Beca KaCcCHTePHTa

Popmalns Oépl?faua Llper kaccuTepHTa Tay05 Nb, O Fe, O, | ¥a. sec
Onososocuux | 135 | CBeTao-kopiyHEBbIH 0,002 0,013 — | 69
rPaHNTOB
Peakomertaas- | 1007 | Yepnmit ., . , . . .| 3,50 4,124 | 1,304 | 7.0
HBIX I'PAHHTOB 121 | Kopwureswiit . . , . — = — 6,9
|
TMervatutopas | 2164 | Yepuwit . . . . . . 1,18 0,39 0,79 7,0
177 . L 28 1,31 0,83 | 68T
INoaepommnar- 128 | Yepumit . . . . . . 0.5 0.3 0,082 64
KACCHTEpPHTOBAA
Kpapu- 129 | Kopnuueswit . ., . .| 002 0,04 038 | 7,0
wacenteputopas| 49 | WMearwii . . . . . .| 0,001 0,007 | — | 7.1
HepHBIM - « & ¢ = 0,001 0,068 - 7.1
79 ) Mearwin . . . ., . — — — 7.0
Kopuusesnn . . . . — — - 6,9
Uepnsl#t . . , . . ., 0,006 0,052 — 0,9
118 | Kearwtit . . . . . . 0,001 0,008 — 7,0
Kopuuneswit . . . .| 0,003 0,014 — 7,2
Yepubiit . . . . . .| 0,006 0,072 - 7,0
92 Kearwit . . . . ., 0,001 0,003 - 6,96
Yepnwiit , . . . . .| 0,001 0,068 - 7,0
99 | Kenrwiii . . . . . . — — 6,9
Yepuwiit , , . . . . 0,005 0,036 = 7,0
68 | Kearwmii . . . . . . 0, 001 0,002 — 6,98
Kopuunessiit . . . . 0003 0014 — 7,03
Yepuetid . ., . . . 0.006 0,072 - 6,92
Cuaukarho- 32 | Xearwitt . . . . . : 0,002 0,018 — 6,91
KACCHTEPUTOBas Kopnunesein . . . .| 0,020 0,043 — | 689
H CVabduaHO- Yepuerit , . . . . “| 0,024 0,085 — 6,92
xaccureputopas | 45 : o Eivasn He obu. | 0,06 082 [ 70
K-168 " B o o K0 0 5] W2 He o6un. | 0,64 | 7,0
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TepHTe MPHCYTCTBYET B BHIE BKIKUEHHI COOCTBEHHLIX MHHEpPAJOB,

1aBHbLIM \JGPE]'%()M npuHalieAalWix Kk rpvnne I\'O.l}',\Il’JliT-Till{Téi.liX-
ra. Yjeabiblil Bec MOCJACIHHX H3MelUfAeTess B oueHb 00JbLINX Tpeie-
dax (or 5,15 a0 8,20 rfcm®) n ymenbliaeTcs Mo Mepe YBeJaHYeHHs
coliepakaHusa HHOOHA. YeapHbli Bec KOJAYMOHT-TAHTAAHTA C MNpH-
MEpPHO PaBHBIMH COZCp:KAHMAMH TaHTaga u HHOOHA KogaedJsercs
3 npefenax 6,2—6,7 rfem?, 1. e. He npepbillacT YACABHOTO Beca Xu-
MHYECKH YHCTOr0 KACCHTEpPHTA, HCKYCcCTBeHHO moayueHHoro [do6ps.
[TocKoMbKY B KACCHTEPHTAX H3 MeCTOpO:KIAeHHIl mouTH BCex dopma-
uHA (32 HCKJAIOYeHHeM MermatHToBoll) comepaanne Nb,Os Bbile,
uem TazOs, T0 TeopeTHUYeCKH BKIIYEHHs MHHEPaJsoB I'PYNNbl KOJyM-
OWT-TaHTAMITA J0OJXKHBE, HA0G0POT, CHHMKATL YAEJbHHI BeCc KaCCH-
TEPHTA TEM CHJbHEE, UeM 3THX BKJIO4YeHHIT Oouabmie. [IpakTHueckn
A€ O6JH30CTb Y/eJbHblX BECOB KACCHTEPHTA Il KOJAYMOUT-TAHTAJUTA
He [ldaeT BO3MOKHOCTH YCTAHOBHTb Kakylo-1H00 3aBHCHMOCTb Ye/lb-
HOTO Beca KACCHTEPHTa OT COAepXaHus B HeM TaHTajla H HHOOHS,
BJWSIHHE KOTOPBLIX MEHBLIE, YeM M[pexel TOUHOCTH onpexedeHns
VIEJbHOTO Beca.

Hecnenosanue uHHBpakpacHbix CnekTpos noraoienus. B wune-
panorud MeToA HH(PaKpacHoil COeKTPOCKOMHH HCMOJbL3YIOT A4 pe-
IeHHsT psifla BOMNPOCOB: AHATHOCTHKH MHHEpPAJIOB, H3yueHH: Xapak-
Tepa mpHMeceH, onpeie/eHHs NMOJOKEHHA BOAbI B CTPYKType MHHe-
pana u T. 1. (Axmanosa, 1959; Connuesa, 1961; Ceprees, ®enopo-
Ba, 1962; Torman n ap., 1963; Boageipes, [Tosapennwix, 1968; do-
JdoManoBa, Pyauuukas, 1969; ITmocuuna u ap., 1969; AxmaHnosa,
Anexuna, 1971 u gp.).

IMpu H3ydyeHHH 3aBHCHMOCTH (DH3HYECKHX CBOMCTB KACCHTEDHTOB
il BOJb(PAMHTOB OT XHMHYECKOrO COCTA4BA A4aBTOPOM COBMECTHO
¢ E. B. Baacosoii (MCEM AH CCCP) 6blia npefnpHHATa MOIbIT-
Ka HCMOJb30BATh 3TOT METOM /51 YCTAHOBJEHHs PasyiHuHil KaccH-
TEPHTOB ¥ BOJAL(PAMHTOB M3 MECTOPOKICHHH PaslHuHBLIX eHeTHYe-
ckux tHnos (Makcumiok, Baacosa, 1973). HK-cnektpsl noraouge-
HHE CHsATBI Ha mnpubope UR-10 B auanasone 400—1600 cm-!
(npuambl KBr u NaCl). O6pasibl 415 ¢CheMKH FOTOBHIHCH METOAOM
ocayKJeHH® TOHKHX (He Gosee 5 MK) uacTil MUHepada Ha Ia-
cruuky NaCl u3 cycnensuit 8 nsobytuiosom cnupre. B obaactn
KBr B KaHal cpaBHeHHs MoMellajach A5 KOMNeHCAUMI MNaa-
CTUHKA. _

beiu necnenopannt MK-cnexrpu nornouenus 22 o6pasiuor kac-
CHTEpHTA Pa3HOro XHMHYECKOTO COCTaBa.

Tlonyuenunie gaHueie (Tada. 13) nokasbiBawT, UTO NOTSH KACCH-
TePUTLI H3 MECTOPOZKAEHI Pa3IHUHBIX TeHeTHUECKHX (opMalHil xa-
DARTEPH3YIOTCA HE OAHOI, a HecKoaAbkuMI (opmamu Kpuebix MK-
CMeKTPOB MOIr/OLEHHs, NMOCAeAHHe BCe Ke MOryT OblTb HCHOJb30-
BaHBl JA VCTAHOBJEHIUS [PHHALICKHOCTH MUHepansa K TOMYy Wau
HHOMY THIY MECTOPOKIAEHHH,

B uesom AJsi KACCHTEPHTOB MO0 BBLIAEMHTh TPH Pa3HOBHAHO-
CTH CIEKTPOB:
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Tatauwma 1:

CpaBuurenbHas xapakrepuctuka MK-clieTpos noriomeHust KaCCHTePUTOB B AManaszode 1600—100 cm |

XHUMHUecKkHIT coctap, %

Margcumym

]
)

IJ:?H ufl|;:\|gm.‘a Popsanns Pition B . . ?ﬁ;ﬁgx:g:ﬁ c-rl;:el:cl- NAPAKTEPHCTHEA CICK ]
Ta, 04 Nby,O; | SnO, | Fe,05 | TiO, WO, =1y | Tpa
mika, e~ )

1 1007 Penko- Hurepus 3,51 4,125 | 88,31 | 1,304 | 0,209 [He o6u. 625 | (OCHOBHAS NOJOCH 101 -
METaldbHBLIX pounleHns mmpokan. Ha-
FpaHuTOB aionaetcs naeuo 50—
560 em~!. Chaaduie mmpo-
KIE MOJOCHL MOTTOIein

60 1 1100 cm™!

v 1002 o we SIKyTHSE 0,182 | 0,972 — — - — 620—640 | 11 OTHOCHTEABIAT 11T
CHBHOCTH  OCHOBHOIT  {10-
aockt  neseadra. llhipo
Koe maeyo 500 D50 ey !

3 1010 " B'3C1‘j-"'THOE 625—640 | 111 OTHOCHTRABIA HHTCH-

3abaiikanbe CHBHOCTh OCHOBHOIT  1O-
Jockl Hereanka. |llnpo-
koe naeuo H500—550 ey,
OTME"IHBTCH [‘ﬂ]lﬁ?lﬂ IH-
I')OK}]H noJanca ¢ Makci-
mymowm 1100 en !

4 2161 IMermatnto- | Boctounwit | 1,13 039 | 94,03 0,79 | 0,09 |He o6n,| 480—620 | 11 OCHOBRBIE TOAOCHE 11TH

o Kasaxcran POKHE  dCHMMETPHUIIbIC,
) Chnabast HHPOKAS noaoc:
= 1100 cm™

‘ | \ |

5 162 To me To e 1,48 0,03 - (2D 11 FROAOCH Do g i
METPHUHAY  ©  Tlodoliy
miedom 5150500 cu L
Caabasg WwHpoKad  1oiu-
ca 1100 en™!

6 1013 . Bocrouunia | 0,98 0,21 — = == = I Herko RhIPAKCIHHAH

Casn 625 ACHMMETPHYHAN  NOJ0CA

1 1-=3 . Bocrounoe | 2,66 0,74 - — 1| ¢ naeuom 550 ey~ Caa-

Jabaiikanne Oast eTKal HOJOCH
1100 cm™!
8 | 39066 - Boctounioe | 2,08 0,74 475—620 | 11 Hlupokie ACHMMET -
3adaiikaabe prunpie nogocel. Caiahau
ouellb  WHPOKAH NOAOC
HOO cu?
9 1710 = Cesepo- 299 0,78 - o = 630 [ Vakau HICTEICHBIAN
Boctounoe noJoca ¢ HUSKOM-
ITpu- CTOTIHON  coCTABMHONLCT
Oatikanbe 560 cMm~L  OTtuerainas
HOA0Ca  CPejLiein HiTel-
custocti 1100 ev™!, Caa-
Gast moaoca 960 cm™!

10 | 81,60 KBapu-kac- | Boctownoe | 0,053 | 1,02 | 9567 0,67 | 0,523| 0414 [ IlBe mnoJockl Moraoiie-

cutepHToBas| 3adaiikanbe HHS, OTHOCHTEALHAT IH-

11 | 49/63¢ YykoTka 0,001 [ 0,007 | — — — —" | 530—625 | I | TeHcusHOCTD MO0 CH

12 | 92/63c To we ” 0,001 | 0,003 | — — — — I | ¢ makcumynmom 680 ey

Beerjga Goabuie. [lupo-
Kasl nojaoca cpejued Hi-
TEHCHBHOCTH 1080 —
1090 em~L. Quenn caa-
Gasi nonoca MOTIOMCHHS
940 —960 cm~1
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XHMHYECKHIT COCTAB,

%
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0,018
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10Ca 1or-

JOLIEHHA IIHpOKad C ae-
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4h¢

CHrnkario-
KaCCHTEPH-
TOBas M
Cy abp(Huano-
KAaCCHTepH-
TOBAaf

Xadapos-
cknii kpai

To we

He o6h.

0,056

97,55,

0,82

0,10

0,168

530—625

HIse uerkHe
MOrAOIIEHHH,
€ MaKcHMYMOM

[MOJOCH
lHogoca
625 cm™!

fonee uHTencunnas, Her-

Kasi acHMMETpH'liasi

11O=

Joca cpejiHel HHTeHCHB-

Hocth —.1100 cm~t

Cna-
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He o6u.

He o6u.

H40—630
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e uerTxune
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e
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Ciit-

:

oSS
w 18
5 19
20
21
22

6%

27c
9T

241c
JI-217

K-168

Cuankatno-
KACCHTEPH-
TOBas H
cyabdiaHo-
KdCCHTEPH-
TOBast

To we

Tipnmopbe
To ke

He obn,
0,001

He obn.
0,009

i Mnrencunnas
MOrAONEH  C
550 oML

nonoca
NAEYOM

Jlge caabuie

fnonochl noraouieHus 960

u 1100 cmt

He of.
0,002

He o6n.
0,011

530625

Jlse HHTEHCHBHBIC

JOCHL  MOraoue
aoca ¢
625 cml

no-

HHd, 10~

MaKCHMYMOM
XapakTepHay-

eTca Oodbiiell HHTEHCHD-
nocThio. Jlse odeun caa-

6ble  T0JAOCH
gust, 970 u

fnoraomre-

1100 cm™L

B o6p. JI-217 nossager-

¢ oyeilb cJa
meHb 480 ¢yt

Gast cry-

He o6u.

He o6n.

97,28

0,64

0,12

485—0615

Jre moaocet
HHS
noctu, foaoca

[orjaoue-

pPasHoil  HHTEHCHB-

€ MaKcH-

mMymoMm 485 cm~l Hmeer

HeboabIoi
TeIbHbIH
51571, Caxaadure
noraoierns 96
1090 em™!

JOMNOJHH-

MaKCHMYM

T10J10CEL
0 n




. OCHOBHON MAKCHMYM TOIJIOLUIEHHs PacrnoJaracTcs B HHTeppade
600—650 cv—! (muk 625 cv '), On conpsizken ¢ GoJee HH3KOYACTOT-
Hoil moJocoil nan maevonm okoao 530—540 cm—'. B odaactn NaCl
B GoJblIHIICTBe 00PA310B KACCHTEPHTOB 3TOr0 THNA MOCTOSHNHO MMPH-
CYTCTBYET 10.10Ca MNOIoLelnns 1100 ecm—!. Ee uHTeHCHBHOCTH TakK-
JKe MEeHSeTCs, NO-BIJIMMOMY, B 3dBUCHMOCTH QT CTEmeHit paspelue-
s noaoc 530—626 em—.

II. Bropoil THO CHEKTPOR NMOTOLICHHA HE3HAUHTEJAbHO OT/IHYA-
eTCSl OT NepBoro rJaasHbiM 06pa3oM CABHIOM  HH3KOUACTOTHON IMo-

gocul noraotenus 530 em~! k 480 oyt

IPH paBHOH HHTEHCHBHOCTH 3TOTO MaK-

cuMyMa ¢ noaocoil 630 ¢m~! 1 oueHb

caabo npoasieHHol anddysHoil 10-
wgy Sccoit 1100 cv—

L [II. Tperuii THm CNeKTPOB NOIJIO-

i letusi KacCHTepHTOB XapaKkTepHayer-

et 00HLHM 3HAUHTEAbHLIM GOHOM TO-

FJIOHIEHHST BO BCEM HecaelyeMoM AHa-

- nasote uacror. Ha svom doue caado

T W S S BLILEAAIOTCH  UPE3BBLIMANNO  [IHPOKHE
%oz 0 87 6 & #m ponock nordoments 630—660 oMl u
520—570 cv~! (nocaenndas oObLIYHO B

~ ] s ¢ s ThT -
Puc. 12. WK-cuiektpsl norioute-  pyno nojororo naeua).
HHSl KACCHIEPHTOB H3 pPEIKOME- .
TaJIbHBIX rpaliToB (LHPH 0603~ Koporko octanosuMmcsl Ha xapak-

HauaioT HoMepa oGpasuos) TepHCTHKe HMH(pPakpacHblX CIEeKTPOB

NONJIONIEHHST KaCCHTEDUTOB N3 MEcTo-

poKACHHIl pasanuHblX GopMaunii, TaK KaKk OCHOBHAs HX XapaKTepH-
CTHKa NpHBOANTCH B Tadd. 13.

Kaccureputel M3 peiKOMeTablblX I'PAHHTOB XapaKTepH3yHTCs
asyms tunamu MK-cnektpos noraomenus (pue. 12, I Tin—
o6p. 1007 n TII Tnn—oo6p. 1002 1 1010). Boaee pa3HooGpasnbl
THIBI KPUBbLIX NOTJIOLIeHNSA Y KACCHTEPHTOB M3 NErMaTHTOBBIX Me-
cropoxaenuit (pue. 13,1 Tun—o06p. 1013, 1—3 u 1710; II tnm—
06p. 2164 u 39/66 u 111 thn—o6p. 162). Ilaa oGpa3ios KaccHure-
PHTOB H3 MECTOPOZKAeHNIT KBapIl-KaCCHTEPUTOBOH dopmaliuy xapax-
TEPHb!, KaK INpasialo, Kpubnle noraowenus I rtuma (pne. 14, oGp.
81/60, 49/63 c., 92/63 ¢, 129 1) n peme KpuBLIe NorJgomenus 1 THna
(cm. puc. 14, o6p. 49/63 T u 92/63 T). O6pasunl 49 u 92 npexcras-
JIEHDLI CBET/ILIMH H TEMHBIMH PasHOBHAHCCTSMH KAaCCHTEPHTAa M Xd-
PaKTePE3YIOTCA PasaMuUHBIMH KPUBLIMH Toraoumenus (cM. pue. 14 u
taba. 13). Caenyer otmMeTHTh, uto no ganupim E. M. Jloaomanorof
(donomanosna, Pyanunuxan, 1969) ne nabmonaerca pazanung s VK-
CTeKTpax MOorJomeH s /18 pa3nooKpanleHHbIX Kaccnteputos. Hau-
Goaee cTaGH/AbHL CHEKTPLl NOTrJOUIeHHs 06pa3lLoB KacCHTEPHTOB H3
MECTOPOMACHIUN CHAHKATHO-KACCHTEPUTOBOH 1 CyabguIAHO-KacCHTe-
puTOBOIl opMauHil — BCe OHM OTHOCATCA K | TNy KpHBLIX MOIJI0-
HieHis, Ho B pajge obpasuos — 451, 45¢, 27¢, 241c, JI-217, K-168
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(cx. Tadu. 13, puc. 15) HOCTOSIHHO YBEJIHUYHBACTCH OTHOCHTE1bHAdA
HHTCHCHBHOCTL nodoch 470 cam—!) nogpasioweifics BHavase Kak He-
snaunTeapioe naevo (o6p. 241c¢), oinospemMeniio HECKOILKO YMECHb-
maeres paspeweniie noaoc H530—625 en !y namsaeT HITCHCHBHOCTD
nodgockt 1100 ex—1

2164

62

1013

860
=7

“9sp

]

39/66
i 92fs3p
1297

1710

sy
92537

<

(= s |

L =
s 1 12 10 8

L |
& 5 gxmoen!

B8
7

Puc. 13. WUK-cnekrpor norao-
WeHUsl KACCHTEPHTOB N3 Mer-
MaTHIOB

e

; i L I L e

16 14 1210 87 6 § 400!

Puc. 14. MK-cnekTpsl mo-
CI0WEHUA  KACCUTEPHTOB
H3 .\Il?i,“l'()I]()Z‘I{,’ICI-IIIl"i KBaplL-

KaccHTepHToBOI (popMalHu

Has cpapienns Opian cHATL  MK-cnektpel norgoluenus ABYX
cunTerTnueckux xaccurepuron: uncroro SnOs; u  Nb-cojepuxaltero
(0,44% NbyOs). Kak sugte uz puc. 16, cnexrp uucroro SnQs Bnoa-
He waeHTHuen I TNy KpPHBbIX NMOTJOUIEHHS MPHPOAHBIX KaccHTepH-
10B, Nb-coaep:kaminit SnO,, naer cnexkrp III tuna. Moxno npeano-
Jararth, uTo OCHOBHLIC moJockl noraowenis 625 n 530 cv—! cooTBeT-
CTBYIOT BaJeHTHBHIM KoaebGanuam csasn Sn—O.

CpapheHniie moay4eHHbIX AaHHbIX ¢ HHQpPaKpPaCHBIMH CHEKTpaMH
NOTJOLEHHST MPHPOAHBIX KACCHTEPHTOB NoKasago, yto Aas obpas-

4* 51



OB H3 MECTOPO/KAEHHI CHIMKATHO-KACCHTCPHTOBON H CYab(IiHO-
KaCCHTEpHTOBOH (PopMaLHil, MOUTH HE COAePIKallHX 3JIEMEHTOB-NpPH-
Meccil, CnekTphl MOIOLLIeHHS aHaJdorHylbLl CnekTpy Oe3npHMecHOTo

45T

45¢

27¢

27T

241c

A-217

K-168

ceREe

1 1 L | L

1 1 L J
15 14 12 10 87 6 & 4xmoem”’

Pue. 15. MK-cnexkTpel norJo-
UWEHHA KacCHTEPHTOB H3 Mec-
TOPOXKIEHMT CHIMKATHO-Kac-
CHTEDHTOBOIT M  CyJbDHIHO-
KaccHTepaTOBON (opmalluii

cunTeTHYecKoro Kaccutepiirta, Crek-
Tpbl MOIVIOLIEHHS KACCHTEPHTOB H3
penKoMeTaJbHbIX TPaHHTOB H Mer-
MaTHTOB, OTJAHYAIOULHNCA CaMbIMH
BBLICOKHMH  COAEepKaHusiMu  NATH-
oxHceli TaHTaJ]a H HuoOus, OGo.Jee
pasHoo6pasHbl H XapakTepHsyloTed
HECKOJLKHUMH THIAMH KPHUBBIX.
Has UK-cnexTpoB noraomieHus
Pa3HoOKpaAlIeHHbIN  KACCHTEPUTOB
1i2 MeCcTopoKIeHHIT KBapl-KaccHre-
putoBoit ¢opMmauui Habaioraercs
ne3K0e OTJAHUHe CNeKTPOB, B TO Bpe-
M5l KaK CHeKTPbl PA3HOOKPAIUeHHbIX
K4CCHTEPHUTOB H3 MECTOPOKIeHHH
CHJINKATHO-KaCCHTEPHTOBOI U Cy/b-
GHAHO-KACCHTEPHTOBOH (opMauuil
NpPaxTHUECKH OJHHAKOBLI.

| S— 1 1 L L L L J

16 14 12 10 87 6 5 4xmgen’!

Puc. 16. HK-cnektpsi normoulenns
CHHTETHYECKHX KaCCHTEDHTOB

I — 8Sn0O; — uncTniit Kaccurepit Ge3 npH-
mecefi; 2 —Sn0O; ¢ Nb — kaccurepur ¢
npHMechbio HHOGHS

I'JIABA IV

®OPMA HAXO)KAEHHUA NMPUMECEH TAHTAJIA
H HHOBUA B KACCUTEPHTAX

Pazsutne mertonos MHHEpaJorHyecKnx HCCJ/IeIOBAHHI € HCMOJb-
30BaHHEM COBpPEeMEeHHbIX ﬂpliGOPOB Mo3L075eT HAlTH HOBble OyTH

peleHHA OIHOit H3 Hanbogaee CAOKHBIX H})Oﬁ.’!QM
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o dopMe HaxoxACHHI 3JeMCHTOB-NpHMecell B MuHepaaax. Jlasa Bbl-
scenis (JOPMBI HaXoxdelils TaHTala H HHOOHA B KacCHTepHTax
NHMMYECKH NpoaHatil3HpoBaluuiil MaTepHaa TUATeJAbHO [CCJeL0-
BajcAd B ONTHYECKOM MHKPOCKONE (OTpaKeHHbIl CBEeT) C yBeJHYe-
nusMu ~ 710 9003<; B 3MCKTPOHHOM MHKpPOCKONe (yBeJHYeHHE OT
7800 no 20000 ); ¢ noMollBI0 MHKPO3OHAA (3JEKTPOHHO-DEHTre-
HOBCKOTO MHKpOaHannsaTopa) TPOBOAHJOCE H3y4YeHHEe COCTaBa
B Touxe paameponm |—2 mx. Kpoye Toro, npoBoauaoch H3yueHHe 3a-
BHCHMOCTH TBEpPLOCTH KAaCCHTCPHTOB OT COLCP:KAaHHS B HUX NpHMe-
cell TauTaga u1uebust (nocTpoeiie 1 aHaaus rpaduuecKkoil 3aBuCH-
MOCTH «COCTAB — TBEPAOCTb» ), Gbijl NPOBELeH CHHTE3 UUCTOro Kac-
CHTEPHTA H € NPHMEChIo HHOOHA o CONOCTaBACHHE HX CBOHCTB € NpH-
POLHBIMH.

Canm no cefe Hil OZMH B3 3TIX METOLOE He MOMET [a7h OJHO-
3HAUNOro pelieHua sonpocos o opMe HAXOMKICHHT 37CMENTOB-TPH-
Mecell B Munepase, oAlaKo HCCJIeI0BaHHs, NPOBCACHHLIE ¢ MODPUMe-
HEHHEeM KOMIVIEKCA PasaHulblX METOL0B, J1210T A0CTATOUlO AANHbIX,
COMOCTAaBJCHIe KOTOPbIX NO3BOJMACT NPHITH K yOeIHTeNbHBIM BbIBO-
Aan.

[Tpn nomomuln oNTiMEeCKUX HCCJAeIOBalikil B MOJHPOBAHULIX TLIH-
dax B KACCHTENITAX M3 MEryMATHTOBLIX H KBAPL-KACCUTEPHTOBLIX
MGCTO])(J}'.;L(:;il!l"l. (‘(J,"i@[)'/!\'@[[il',\ no XHMHYeCKIIM aHaJH3aMm [‘]J!i"&‘JECH
tanTaaa o Hiiolhs, OLLIM YCTAHOBJCHLI COBCTBEHHBIE NI'HEPaJbl
ITHX  SJCMCHTOL: KOAYMOHT-TAHTAJNT, TANHOJHT, OJORO-TaHTa-
JHT, NEPBLLE i TpeTHil B BHIE MHKPOBKIIOYEHHI pasn VaAMH 0T
0,0062—2,005 zo C,05—0,1 mat (puc. 17) u BTOpPOSi — B BHAE pacna-
1a TBepjoro pacteopa (puc. 18).

MikpoBKIloueHst KoayMONT-TallTa lTa B OTpasKeHHoM  CBeTe
XapaKTepH3YIOTCA OJHBKOBO-3€7CHLIM LUBETOM H  KPacHbIMH BHYT-
pennnvu pedaexcamit, [Tokazaters npesomaenns N - coctapasier
2.42—2 58: nokaszateas noraoueting K ot 0,06 no 0,12 ona paznsix
seped (usmepennt A. 1. Pakueentnim, MI'Y). Paccunrarnas no (op-
smyae Openeas orpamarenbHan cnocobHocTh coctasaser 20,07Y%.
Ts:DILO(‘Tb onpeieaelHas MO MHKPOBAABAHBAHUIO, COCTAaBJfAET
680 xre/nar2, Mo rpadiiky 3aBHCHMOCTH TBEPAOCTH OT COCTAZa KO-
ayubur-rantaantos (JleGenena, Pasenkopa, 1961) no Beanunne
H onpeneaeno npumepnoe cojepanue TasOs+NboOs B 371X MHK-
poskalouennax: 40—60% Ta.0; n 20—409% NbeOs. [Tpu amwGesnom
conefictenn A. JI. Tenkuna n» nadopatoprn muneparpadun MTEMa
GLLIM CAeaAb MHKPOPEHTTEHOCTPYKTYPHLIT H MHKPOCHEKTNaJLHBIH
aHANN3Ll OJIHOTO M3  MHKPOBKIIOHEHHH — KOJyMOHMT-TANTaIHTa, H
roAyuennbie JaHHLIC MOATBEPAHIN ero Anarnoctuky (Mixees,
1857).

B monupoBailbix WaH(pax KaccHTepHTa M3 mermarutos BocTou-
noro Kazaxcrana mamn Guian oBuapyrkedbl BKJIOUEHHS HeNnpaBHJb-
HOit hopMLI, MHKPOCKOMHYECKH Hanomuunawomue koaym6ur. Mune-
paabl XapakTepusyiores cepopaTo-Geaoii okpackoil, saMerio aHH30-
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Puc. 17. MukpoBg/aouennst K0ayMOHT-TaHTaaHTa B Kaccurepure. Mikpo-
¢oto nojuposannoro manga. ¥Ye. 150%
K — gaccurepur, K-T — koaymOnr-tantaanr

Puc. 18. CrpysTypa pacnaja TBeporo pactsopa KaccHTEpHTa H TaliHo-
anra. Mukpodoro noanposaunoro widda, ¥Ye, 150X



Tponnnl. Koanuecrsendbiil anaina nposojinics METoloM cpaBHeHust
HHTCHCHBHOCTEH XapaKTepHCTHUCCKHN PEHTreHOBCKHX H3JIyueniii on-
PEACAACVMBIX 3]EMEHTOB-3Ta/J0HOB 1 liccaeaiyeMoro obpasua. Jrado-
HaMmit cay s uueroie meraaas (Ta, Nb, Sn, W, Fe, Mn) uan coe-
JHHeNHs u3BecTioro coctapa. Ilo xumuueckomy cocraBy, onpeie-
Jeniomy ita mukpoanaanszartope J-3A K. B. IOpxkuwvoit  (BHMC),
OINH MuHEpaa MeXKeT ObITb OTHECEH K 0J0BO-TAHTAJMHTY (XHMAue-
ckuit coctan B Bec.%), a BTOPOl — K TAUTAAUTY C BLICOKHM COAEp-
JKannem poabgpama.

I BrawueHne Il B10uenHe

Ta,0y 56 634
NbyO, - 8,5 25

SﬂUg }5,;-1 0.“}
MnO L5 21
FeO 15 6,5
TiOy 04 0.5
WO, 3,0 6,3
Cymma 92,4 99,2

Kpone Bkmouennii nogo6uoro tima B KaccHTEPHTAX H3 ITHX Ke
MeCTopo#AeHHil 00HAPYIKEHbLL MIOTOUHCACHHBIE Meabyaliiiie BRAIO-
UeHHA (TBICSYHBIC 10M MM) Tannogura (?), obpasyiollero ¢ KaccH-
TEepPHTOM CTPYKTYpY pachiana Teepjioro pactsopa. Bmeppnle TamHo-
ant Opla obnapyaen B kaccutepurtax E. M. doaomanopoii (1951).
B u3syuenublx HayMy mangax KacCHTEpHTa  BhIZEJAEHHH TanHoJIHTA
HaO/I0AAI0TCH B BILC MOJOCOK, Henpasianioll (opmbl  cronieHni,
KOHUEHTPHPYIOULIXCA B OrPaHHUCIHbIX YHACTKAX 3€pHa KaccHTepil-
Ta, OCTABMASNS 3HAMHTEABHYID UACTL €ro YHCTOH OT BKAOUEHIT (CM.
puc. 18). HM3-3a ouenb MaJblX PasMEpPoB 3epeH  3TOr0  MuHepala
(ThICTYNBLIE AOTH MM) He yAAJ0Ch NPOBECTH ero NoJylo JAHarHocTi-
Ky. Tlo nusery oH HanoMHHZET Ko.yMOHT-TAHTAJHT, OJHAKO OTIHYA-
eT7Cs HecKoJbko (oJiee  BHICOKOI  OTpamarenbloill  cnocobHoCTLIO.
Teepaoeth 1o MuKpoBaaBauBatino — 929,19 kre/yn2 (P=150 r).1lo
(usmuecknyM csolicTBAM 3TOT Muliepaa GoJblle BCEro HamoMHHaeT
TaNUoINT, KOTOPLI H30CTPYKTYPEH € KaCCHTEPUTOM M MozeT obpa-
30BBIBATL € HUM CTPYKTYPY pacnaia Teepabix pacteopos (Newha-
us, Noll, 1949).

Taxkum gOpaszoM, B noJApPOBAHHBIX WIH(EX KaccHTepHTa H3 ner-
MATHTOBLIX M TOMA3-KACCHTCPHUTORLIX MECTOPOMKIEHNIT yCTanapJil-
BalOTCH TPH cOOCTBEHHBLIX MUHEpaaa Tautaja M HHOOHA — KOJVAM-
GuT-TalTANT, OOBO-TAUTAANT H TATHOANT,

B noauposanubix wmaudax waccuteputa, uzydaemuix A. Bopma
i JI. Cinnpona (A. Vorma, J. Siivola, 1967), Ouin  obnapyvixens
BKIIONEHHs Milepasa, onpeicIeHHOr0 Ho CocTaBy H CTPYKTYPEC KAK
polmuniT, e npneoasTen coctasni 3toro Muuepana (tpi ana-
Jau3a):
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1 I LIt

Ta,0, 65 60 ol
Nb,O, 9 16 13
SnO, 010 10
MnO 5 2 2
FeO by 6 7
TiQ, 7

3 4
Cymva Yy 97 97

Hecnenopareasamn na @uuaanann (A. Vorma, J. Siivola, 1967)
B KACCHTEPHTaX MPH H3yYeHHH 1HX Ha MHKpoaHaau3zaTope KpoMme
y#e ynoMmlHaBlierocsd BOAxHHUTA Obla obHapyiKeH HOBBIl 0J10BO-
TanTaJdoBLI MuEHepaa — cykyaauT TasSn:0;, Idror munepana obpa-
3yeT y3KHe KAaCMKH BOKPYT BK/IIOUCHHH BOMKMHHTA B TaHTaJCOACP-
Kauem KaccuTepure. B oTpakeHloM ceReTe MHHepaJ CBETJI0-cephifl
C KpacHOBATLIM HJM JHJ0BaTLIM OTTeHroM. Ortpamartenabnas cro-
cobroctb ero 13% B macae u 54% B X, csere. Tsepaoctb swllle,
yeM y KacCHTepHTa M BOAKHHHTA. XHMHUYECKHII COCTaB CYKy.aaHTa,
YCTAHOBJACHHLI Ha MilKpoanaausatope (B Bec. U ): Ta0; —47;
NbeO5; — 8; TiOg— 1; MnO — 2; FeO — 1,7; SnOy-—40. B paGote
A. Bopma u JK. Cuupoaa (A. Vorma, J. Siivola, 1967) npusoastces
JaHHbIE PEHTreHOrpauieckoro HCCASOBANNSA CYKyaauTa,

Bechma Bo3MOMKHO TaK#ae NPHCYTCTBHE B KACCHTEPHTE BKlOYe-
HHA U ledaBno yeTanoaennoro B nermaturax  Cesepo-BocroiHoil
Bpasuaniu Hosoro MmMuHepana — ctapunruta (Fe, Mn)gs(Sn, Ti)ys
(Ta, Nb) ;002 (Burke a. o., 1969). 2tor MuHepaJ TerparonanbHoil
CHHTOIH ¢ mapaMerpaMu: as— 4,742 u ¢, — 9535 A. Xumuue-
CKHIl cocTaB, olipefle/ieUHbIl Ha MHKpoanaansarope (B Bec. %)
Ta.05 —21,5; NboOs— 1,8; SnQ.— 73,3; TiO;— 0,03; FeO — 3,7;
MnO — 0,3. MukporsepiocTs crapuuruta (P=100 r)— 1033—
1187 kre/mm2; oTpakaTeabHas cnocoGHocTh npu A=>589 HM: R, —
13,7%: R,’— 12,0%. Bbluncnenusiii yaeasumit pec—7,17  rfem3,
Ilo zauubIM 3THX HceaefoBaTesei CTAPHHIHT 3aHHMAET MPOMEKY-
TOHHOE TOJOIKEHWEe MEMy KacCuTepuroM M TanmHoauTom. Ero co-
CTaR pacCMaTPHBAIOT KaK pe3yJbTatr 3aMelleHHs:

3(Sn, Ti)** = 1 (Fe, Mn)** — 2(Ta, Nbpt.

Tecuas accoumnauust cTapuHrHTa ¢ TAMNHOJHTOM 1 KacCHTEPHTOM
CBIIETENLCTRBYET B HOAB3Y BLICKA3AHHOIO BHIUE [PEANOI0eHHs
0 BO3MOMKHOCTH BKJIOUEHHH cTApHHrHTAa B Kaccurepure. C  mo-
MOUILI0 MHKpQ30Haa ObLLIH HCCJAeN0oBaHBl  o6pa3lbl  KacCHTEDHTA
C pAZANYIiBIM COAEPHANUeM NATHOKUCSH TaHTana W HHOOGHA — OT
0,001 no 4,126%. Hceneaoeaunsn nposefedbl Ha nprGope JXA-3A
B HMuecrutyre xpucraanorpapuu cosmectHo ¢ B, M. Jlugepom #
B BMUMCe cosmectno ¢ K. B. Opkunoii. Cepus cHuMEOB, noJyUeH-
HLIX € MOMOUIBIO CKAHMPYIOIIEro YCTpPOIlCTBA, NoxasskiBaer uzobpa-
JKEHHME YYaCTKa KacCHTepuTa (Noauposanusiit mimng) ¢ MUKPOBKIIO-
YeHHeM KOJYMOHT-TAHTAIuTa B XapakTePHCTHUECKOM PEHTIeHOB-
cKoM H3ayyeuun Sn, Ta, Nb, Fe, Mn u Ti, xapakrepuzysa niouan-
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Puc. 19. KaccnTepHTt ¢ MUKPOBKTIOUEHHAMAKOAVMGHT-TanTaHTa B Ta Nb, Mn, Fe,
Ti-xapakTepHCTHUCCKOM H3JAVUCHUH MUKDOAHATHIATOPAL

1 — panGpakenile ywacTka noahpoBaHioro miTH(a; G — pacnpejeaeHne Tautasa (dactue Geabie)

TOMKH) B npeaenax Mukporkawodennft keaymGuT-rapTanuTa; 4 — pacnpeicaenne kencsa (Genoe)

npejenax Tex JKe MUKPOBKAOYenni; 2 — pacnupeieienie maprania (Genple TOMKH) B npeje-

1aX Tex Ke MUKPOBKANcHNA; d — npodiiib coie] i HioOus, npopedennbil no amunuw f—I;

e — npoduas cofepkatit TUTARA, Tnpotelethull no auuuy 1—1. ¥n. 480 %
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Hoe pachpeiejgcHHe 3ITHX 3JCMENTOB la noBepXHocTd wJHda
(puc. 19). Ha cuuMKax OTYETJIHBO BIAHO, YTO KOH(HIYpalHs BK/IIO-
qeHHH KOAyMOHT-TAHTAMHTa YETKO BbIpHCOBbIBAeTCH  GJaarogaps
npucyteTenio B Hem Ta, Fe, Mn (Geawie Toukn Ha puc. 19, 6, 8, Zl,
Nb (puc. 19,0), Ti (puc. 19,e) u orcyTcTBHIO Sn.

Jlaa Gogee mOaHOro BHISIB/EIIA KAUCCTBEHHOTO COCTABa MHKPO-
BKJIKOUCHHI KOAYMOMT-TAHTAIHTA € OJHOrO 113 HHUX CHATA CHEKTPO-
rpaMma (puc. 20), Ha KOTOpoIi yeTaHOBJIEHbl CIeAYIOLIHEe 3JeMEeHTH,
BXOASIINE B cocTap KoaymGut-tantaanrta: Ta, Nb, Ti, Fe un Mn.
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Pie. 20, CnexTporpasaa, no.nnueHnas na MHkpoanaaildalo-
pe, OTpaKaILAN KayecTreHHLT COCTAR B TOYKE MHKPO-
BEJIOUENHA KOJIyMOHT-TANTaanTa



st yeranos/iennss KaueCTREHHOIO COCTABA 3JCMEHTOB, CBA3AHHBIN
HEMoCPeACTBEHHO ¢ KACCHTEPUTOM, B 3TOM e HLiidie ¢ HOBepPXHOCTH
YUCTOrQ KacCHTepHTa, He WMEIOUIero MUKPOBKIIGUenu, Opina cHgTa
BTOpan cnextporpamma (puc. 21), na xoropofl zapnxcupoBano
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, 2. KTporpaMma, NoJVueHHas Bd MUKDOAR 4 H3ATO-
Pue. 21. Cnextpory ) I § o
pe, OTpaxKalouias KauecTBEeHHLIl COCTAR B TOUKE KaccHTe-

pura, cojepmamero Tas0s;+NbOs 4,126%.
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B OCHOBHOM 0J10BO (MHOKECTBO MHKOB Ha CHEKTPOrpaMMe) H TOJb-
Ko B HeGo/bLIOM KOJYecTBe — TaHTa] H HHoOuH (caabble MHKH).
[Tocnesnee AaeT ocHOBaHHE MOJaraTh, YTO MOMHMO 0/10Ba B COCTAB
AaHHOTO KaCCHTEpHTA TaKzKe BXOLAT TAHTAJ M HHOOMI, XOT# coiep-
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Puc. 22. CpektporpaMsa, nosyueinas Ha MHKpPOAHAIN3ATO-
pe, OTpaKalolan KAYECTBERHLII COLTAB B TOUKE KACCHTE-
pura, conepmamers TagO;+NbiOs 0,819

#KaHHe 3TUX 3JeMelTOB HeBeJlHKO, Hi, NO-BHAMMOMY, OHH H30MOpdHO
BXOAAT B pemerky waccurepura. Kpome Ta u Nb nenocpeinctsenno
C KacCHTEpPHTOM CeiH3albl Takxe Heboablile Koauuecrsa Fe u Ti.
CnektporpaMmel, oTpakaioliie KauecTBCHHBIT c€OCTaB B TOUKe,
OBLIIT CHATHL HaMit ¢ YeThipex obpasnos kaccurepura (puc. 21—24),
XapasiTepH3YICIIHXCS PasJHUbIMY COAEPKAlHIMH TAHTAJAA H HHO-
Ous — o6p. K-168: Ta,O; n Nb,O; ne o6H.; o6p. 129: Ta,05+
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Puc. 23. Cnektporpamma, mnoay-
YeHHAs Ha MHKPOAaHAJNH3IATOPE,
oTpazalonias KAayecTBEHHLI Co-
(TAB B TOYKE KACCUTEDHTA, CORep-
wattero Ta,0s5+NbsOQp  0,103%
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+ NbpQx—0,103%: 06p. 128 — Tas0s-+ Nb0;:—0,81% u obp. 177
Taz05+Nbo05—4,126¢.

Kpowme Tanraaa o Huo0Hs XHMHUECKHMM anaan3oM B 3THX 00pas-
Lax ycTAHOBJeHbl NpUMecH xKede3a, THTana u Bodab(pama. sKeaeso
H THTQl OTMEUAWTCH TAKXKe M Ha CHeKTporpaMmax, CHATBIX ¢ ITHX
ofpazuon.

Paccvorpente nodyuenilpiX COEKTPOTpaMi  NOKa3biBaeT, 4To
B TEX ¢JAyuaaX, Korixa 1o JanHLIM XHMHYECKOro anajiu3a coleprka-
Hile MATHOKHCe! HHOGHS W TaHTaJ a. 3HAaUHTe b0 (CyMMapHo 0KOJO
1% n Gojee), 3T 3JCMEHTHI HMEIOT N CBOe rpaduuyecKoe Bblparke-
HHE HA CHICKTpoTpamMMe, Tem GoJee UeTKOe, YeM BLILE CoAepiKaHue
T8205.

TloaBoAst HTOrH HALIHM HCCJACLOBAHHSN KACCHTEPITA HA pPeHTre-
HOBCKOM MHKPOAHAAN3ATOpE, MOXKHO OTMETHTL, 4TO TAHTad H HHO-
Ouil IPUCYTCTBYIOT B HEM, MO-BHAHMOMY, B IBOsIKON Gopme — B BH-
e MUKPOBK/IOUEHHI coDCTBEHHBIX MHHEPAJIOR Il B BHILE KOMIOQHEH-
TOB, BXOAALIMX B COCTAZ MUHEPANa-Xo34lHa (Kaccurepura), oue-
BUAHO, H30MOpP(HO.

Hasn obnapymxenns HauGodee MeJTKHX MHKPOBKJIOUCHHE B Kac-
CHTEDITAX HECKOJBKO 006pa3uoB ¢ pasiMyHbBiM COAEp7KaHueM Tal-
Taja u HKOOHs OLIM HCCAeLORAHKBI HA JEKTDOHHOM MUKPOCKOIEe —
Tesla BS-242 cormectno ¢ M. JI. DBenaeBoil wmeTOAOM YrOJABHBIX
PEnINK,

JKceMepHMEeHTAMbHO YCTAHOBIEHO, YTO TPH H3YUEHHH B 3JEKTPOH-
HOM MHKDOCKONE KacCCHTepPHTOB H BoJb(PAMHTOB, HBJASAIOIIHXCH
MACCHBHBEIMH H, CJCLOBATE/bLHO, HEMPO3PAUHLIMH 15 3JEKTPOHHOIC
ayya o0beKTAMH, XOpouiHe Pe3yibTaThl AOCTUra0TCH IpHMEHeHHeM
METOHa OAHDCTYMeHUATHIX YrOJAbHBIX DMK ¢ NpPelBaAPHTE bHbBIM
orrelcniem (KOHTpacTipopanueM) 00pasiloB TsOKEJIbIM MeTaanom
(rmraTHHOM, 20J0TOM, Xpomom). Penankw nHanocaTca na obpaseu
TEPMHYECKHM HCOApPeHHeM VIV W MeTalda B BAKyyMe H Jerko ofT-
geastiotes xenatiunolt (beasesa, Tyukoga, 1965).

B kaccurtepute, le coleprkauienm TaHtana u guodus (no AaHHLIM
XHMHUYECKOTO anaanza), NMpH HCCAEeNOBAaNIM TOBEPXUOCTH U3JNOMOR
B 3JEKTPOHHOM MHKPOCKONE le ObL10 06HapyKeHo HHKAKHX MHKPO-
BRJIOYeHHH (puc. 25). :

B apyrux obpazuax ¢ coacpKanueM CYMMbl NATHOKHCEH Tanra-
Ja ¥ HuoGusa 0,11 u 4,126% nab1oganTed MHOTOUHCICHULIE BR/IO-
4eHHs HOCTOPOHANX MHHEPANoR ABYX BHAOB: BEPETEHOBUAHLIC Bhijie-
JenuR, npeactaBasouine cobofl, OUEBUAHO, CTDYVKTYpPY pacnaina
TBepAoro pacrsopa (puc. 26,e,0) M BKTIOYEHHH [pPYroro THMA,
HMEIOLe HelpaBUabuy GopMy W pacrogaraloniiecs BAOJAb 301
pocTa Kpucraanor kaccurepura (puc. 26,8). Inardocuupoarh aTit
CyOMHMKDOBKAIOHCHHS TI0Ka He NMPeACTABHIOCH BO3MOMKHLIM, HO aHa-
AoTHUHBIE CYOMHKDOBKJAKOUEHHS B KAaCCHTEPHTaX W3  KOJJEKIHH
E. W. Hoaomanosoii B 3JeKTpoHHOM MHKpocKone Habaogann
I'. C. I'pnuaenko u P. B. Boapckas (1965). TlepBslil THI 9THX BKJIO-
vennil (BepereHooOpasHble) HMH ONpeAe/aeHbl M0 MHKPOAHDpaKLHH
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Kak TanuouT, ITo ananorun ¢ sTHMH ONpeieseHnsMH MOZKHO Mpei-
M0J10KHTEILHO OTHOCHTL Bepereioodpasibie  cyOMHKDOBKIIOYEHH
B H3VYEHHBIX HaMi Ka4CCHTEPHTAX TaKiKe K TanHOJIHTY. ITO KOCBeH-
HO HOATBEPMKIAETCA H TEM, UTO BKIIOUEHHs TannoauTa uacto obpa-
3VICT CTPYKTYPY pacmaga TEepAoro pacTBopa ¢ KACCHTePHTOM, TaK
KaK KACCHTEPHT H TAMHOJIHT H30CTPYKTYPHBDI.

Pue. 25. DieKTpOHHOMHKPOCKOMHYECKHIT CHHMOK ¢ H37oMa ob6pasua xaccuiepita,
He CcojepiKallero TaHtal H HEOGHI. ¥VB. 700X

Bropoii THn cyGMHKPOBK/IIOUEHHH, BO3MOMKHO, SIBJISETCH KOJYM-
OHT-TAaHTAJHTOM HJH APYruM Ta-mMHHeEpaJioM, T. K. TAKHe e Hempa-
BHJIbHDbIE BbIeJeHHs, TOJIbKO Gojee KDPyNMHbIX pa3Mepos, Hab.wona-
JHCh B ONTHYECKOM MHKPOCKOIIE.

HsBectHo, uto amaJH3 aHarpaMM «COCTaB — CBOHCTBO», MOJYy-
UeHHDLIX AJf DaBHOBECHLIX HCKYCCTBEHHBIX CHCTeM, [aeT BO3MOXK-
HOCTb CYyAMTb 00 HX (H3HKO-XHMHUecKoH mpupope. Tax, nanpumep,
no xapaktepy H BHAY rpauKoB 3aBHCHMOCTH TBEP/ACCTH OT COCTA-
Ba MOHO YCTAHOBHTB COCTOSIHHE HCCJeLOBAHHOro BEILlecTBa: Heor-
paHnyeHHbIH TBepJAbll pacTBOp, MexaHmueckass cMech /IByx (a3
u 1. 1. (Kypuakos, 1940). C. H. Jle6enesa (1963, 1972) ormeuaer,
uTo NoAOoOHBIT aHaaH3 B psAlde clyyaeB MOXKHO NPHMEHHTb H K npi-
POAHBIM MHHEpPAJbHBLIM CHCTEMaM: ecJH 3IJEMEeHTHI-IPUMEecH u30-
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MODPHO BXOIAT B pelIeTKy MHHepaJaa-HOCHTe]s, TO TBEpPAOCTb Mo-
CAEIHETD UIMEHACTCH NPONOPLHOHANBHO COLEP/KAHIIO ITHX MpHME-
ceil.

Muorue uccnenoBarenu (Newhaus, Noll, 1949; 'unsGypr, 1956;
Kysbmenko, 1959; Baacos, 1963, 1964 u ap.) cuntaloT H3oMop(u3m
TanTajla H HHOOHS C 0JI0BOM B KAaCCHTEPHTAX OrpPaHHYEHHbIM, He
yKa3piBast KOJIHUECTBEHHble Npefesbl HX H30MOP(HOH CMEeCHMOCTH.

Anaaus rpaHKoOB «coCTaB — TBEPAOCTb», MOCTPOEHHBIX HaMH
LIl KACCHTEDHUTOB H3 MeCTOPOAEHHIl pa3anyHblX Gopmauui (cm.
puc. 11, a), 1aer ocHopanue mpenonaarats, uto Hsomoppuam Ta u
Nb B HCCIeI0BaHHBIX KacCHTEPHTAX KpaiiHe orpaHnvyeH — mpuGau-
suteabto 10 0,1% Tay0s u NbyOs. Lo sroro mpenena Ha rpadukax
BUIHO MOCTEMEHHOe CHHKEHHe MHKPOTBEPAOCTH KACCHTEPHTOB MO
Mepe YBeMHUEHHS coAep:aHus B HUX cyMmbl nsitHokuceil Ta u Nb,
Npu fanbHelleM yBe uueHHH CyMMbl TaHTa1a U HIHOOHSA MUKPOTBEP-
10CTb KACCHTEPHTOB H3MeHsieTca He3HaunTeabHo. [lo-suanmomy.
TaHTa.l it Huoduil He MOryT GoJblie H30MOP(HO BXOAHTb B peLUETKY
KaccHTepHTa M 00pasyloT coOCTBeHHbIe MHHEpaJbl B BIAE MHKPO-
BK/ovennit. CiieroBaTte1bHO, MOMKHO CUHTATh, YTO H30MOp(H3IM TaH-
Tana i HHOOMA C OJ0BOM B KACCHTEPHTAX BO3MOXKEH /HIUbL B Ipeje-
Jax JIo MepsblX JecsaTeiX goJell npouenta. [ToaTeep:ieHney HamHX
lanHbIX AsAg0TCA (a30BO-XHMHUYECKHE HCC/aeJoBaHHA KaCCHTepPHTa,
nposetexune JI. B, 3yokoseim (1971). MM Obinn u3yueHnl Tpu 06-
pasila KacCHTePHTOB H3 anorPaHHTOB YKPaHHCKOIO0 KpHCTaJ/lIuue-
ckoro wiura, cogep:amie TaOs or 0,41 mo 4,54% u NboOs or 3,90
10 8,20% B pesyabraTe ¢azoBo-xumuyeckoro anaansa JI. B. 3y6-
KOB HperoJaraer CyllecTBOBaHHe OTPaHHYEHHOro u3oMopduaMa
Tantanta u Huobus ¢ onosoM: aas TasOs mo 0,19% u maa NbyOs; no
0,6%.

Jlnsa u3yueHHs Xapakrepa BXOmAeHHS HuoOua (TaHTana) B KpH-
CTAJVIMUECKYIO pPelleTKy KPHCTa/la KacCHTepHTa OBLIH MOCTAaBJEHH
ONbITHl M0 CHHTE3y KACCHTEPHTA ¢ MPUMechblo HHOOHA (COBMECTHO
c I'. A. MesanoswiM, Hucrutyr paanosaektpounkn AH CCCP). B ka-
YecTBE METOAA NMOJy4YeHHsi KPHCTAJJIOB Kaccutepura Obll  BeIGpaH
METOJ NApPOTO3HOH peaklHH, OCHOBAHHBIH Ha B3aHMOAEHCTBHH MpPH
Bbicokoit Temneparype (1250—1300°C) napos H,O u SnCly:

SnCly + 2H10(ra3) = SnOs(rg) +— 4HCl(1g3)-

[Tposece ocyiecTBAAACH B KBAPUEBOH TPyOKe, NOMEUEHHOR B naa-
THHOBYIO medb ropusontaapHoro tina. [laper SnCly u HyO tpanc-
noptHpoBatuch u3 Koaonok co SnCl: n HoO cootBeTcTBeHHO a3o-
ToM H Kucaopodaom, npuuem napst HeO no BuyTpenueit TpyGke no-
CTYNaJH HenocpeAcTBeHHo B 30Hy peakiun, Cxopoctb nopauu SnCl,
# HoO B 301y peakiiin W COOTBETCTBEHHO CKOpOCTh pocta SnO, on-
DEEIATHCE TeMIepaTy poil KOJOHOK H NoTokaMmu rasoB. Kpucranub
SnQ, 00LHHO BHIPACTAIOT HA KOHLE NOABOASLIEH BOAY TPYOKH B BH-
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JC ApY3bl KPHCTAJJ0B, H3 KOTOPBIX MOIYT OblThb BblAe/eHbl OTHAeldb-
Hble MOHOKpICTAIabl. JlernpoBanune Kpuctaaioe SnO, unobuem
OCYILECTBJISIIOCEH B Mpoliecce pocTa KpuerananoB. B stom  cayuae
coab NbCl; (Gezpognas) noyeuianach B peaklHoHHON KBapleBoil
TpyGKe Ha NyTH caegoBaHls MOTOKa asota 1 Bmecte co SnCly napol
NbCls aocraBasance B 30oHy peaxunu. KoanuecTso A0CTaBJASAEMOTO
HHoOHs B 30HYy peakunu onpereassoch Ttemneparypoil mox NbCls.
CHHTe3HPOBAHHLIH TaKiuM 00pasoM KaCCHTePHT COJepskan Nno 1dH-
HbIM XuMHueckoro anaansa 0,449% NbsOs.

[Tpu BBEeAeHHH HHOGHS OTMEYAJIOCh M3MeHeHHe GOpMbl KPHCTAJI-
JOB KaccuTepurta (0HH CTAHOBMJIMCL MIOJbYATLIMM), LBeT npHobpe-
TaJ YepHylo OKpacKy, KOTopas pacnpeiensnach HepaBHOMEpHO.

[Tpu nayuernn noJHpoBaHHBIX LIIHGOB 3THX KPHCTAJIOB KacCH-
TepHTa B ONTHUECKOM MHKPOCKOIE He yAaJoCh yCTAHOBNTH BKJIOYE-
HUI Kakux-1160 MHHEpaJoB, OLHAKO NPH HCCJASOBAHHAX Ha 3/1eK-
TPOHHOM MHKpOCKOne Gulin  oOHApyzKeHbl BKJWYEHHA MHHepaJa
(puc. 27), aAuarnocuiipoBaTh KOTOPLIH MOKa He MpelcTaBH.I0Ch BO3-
MOZKHBIM,

Beaencrsie 6.1130CTH HOHHBIX PajHyCOB H 3J€KTPOOTPHILATE/Ib-
HoeTH HHOOHIT M TanTa] BXOAAT B KACCHTEPHT B BHIE H30MOp(dHOIl

Puc. 26, 3.eKTPOHHOMHKPOCKONHYECKHE CHUMKH ¢ H3J0MOB 0OPAdIloB kacchiepira
¢ cojepraHueM TaHTaza u HHoOus 4,126%:

a, O — cTpYKTYypa pacnajia TBepAOTO PAacTBOPa Tanmoanta (?) » kKaccutepnte; 8 — cyGMIIKpPoO-
BKJIOYEHHS KONYMGHTa-TanTaauta (?), CKOHUEHTPHPOBAHHLIC BJOAL 30H POCTA KACCHTEPHTA.
¥B. 7500*
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npuMecH Ha MecTo ogopa. [Ipu 3ToM [peANoaaraeTcs BXOMKAEHIE
nonos Ta = (Nb>") oanospemento ¢ Fe * no cxeme:

2Sntt « Tatt - Fest,
Ba:xneiitipMu cBoficTBAMH aTOMOB ABJAIOTCH HX pasMepsl, Xapak-

Tep BHELIHHX 3JEKTPOHHBIX 060J04eK (S—p—d, opGutr) u MNOTeH-
unaJgael vonudauwnu (Jlebemes, 1967). Ecau npuHATe BO BHUMAaHHE

Puc. 27. SnexTpoHHOMEKPOCKOMMYECKHIT CHHMOK CHHTETHYECKOTC KACCHTEPHTA, CO-
Jepiauwero HHoOui, Y. 7500%

NOTEHLHAIGI HOHH3ALMH 3aMel[aeMblX i 3aMellaloluX 371eMeHToR
(ComomoB, 1967), to npuBefeHHasi Boillle cXeMa H3oMoptH3Ma He-
PaBOMOUYHA, TaK KaK sHepreruyeckas spPexTHBHOCTD peakuny noay-
yaerca orpuuarensHoi. ([Torenumnan wuwonuzaumn Sn*t— 40,57 3s;
Ta’t — 44 8 3B; Fedr — 33 3p; 81,14«-77,8. Jueprernyeckas spdex-
THBHOCTbL — 3,34.) .
Onnaxo B pa6ore M. M. HaymoBoit (1968) meTomoM 3/1eKTpOH-
HOTO MapaMarHHTHOTO Pe3pHaHCa B PYTH/E YCTAaHOBJEH B KauecTse
H3oMOp(HOH npuMecH HHOOHI B YeTbipexXBaJeHTHOM COCTOSIHHH.
B cBa3u ¢ TeM, UTO KAaCCUTEPHT KPHUCTANIU3yeTCs B TON e CTPYyK-
TYPHOH TpYIIIe, YTO H PYTHJ, MOMHO MPEANOJNOKHUTL, UTO H B Kac-
cuTepuT HHOOHi MOxeT BXOAMTL B BuAe Nb**, u, Takum obpasonm,
cxema H3oMopduamMa TaHTasa H HHOOHS C OJOBOM VIPOLLAETCH:

Nbt+ (Tat*) — Snt+,
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Takuym o6pa3som, B pe3ysbTaTe NpHMeHeHs! KOMIJeKca vKa3aH-
HBIX BbILIE METOA0B YCTAHOBJIEHO HAJH49le B KaCCHTEPHTax BKIKOUe-
HHE coOCTBeUHBIX MHHEpPATOB TaHTada u HHOOHA — Koy MOWT-TaH-
TaJuTa, TAamHOJHTA, 0J0BO-TAHTAJNTA, BOMKHHHTA N CYKyJauTa
(Vorma, Siivola, 1967), crapunruta (Burke a. o, 1969), a Taxxe
He TOJbKO MOATBEPIKAEHO CYHIeCTBOBaBLIee paHee NpPeInoJoXKeHHe
00 orpannyeHioM H3oMOp(H3Me TaHTaJa H HHOOHA C 0J0BOM, HO H
NPpHOJH3HTENbHO YCTAHOB/AEHBl KOJHUYECTBEHHbIE Mpefe/bl ITOTr0 H30-
Mop(H3Ma B MPHPOAHBEIX 06pa3uax H3 PasJHYHLIX THNOB MECTOPOK-
qenuii. TakuMu npexgenamu aBASIIOTCS NePBbie 1eCATHIC 10AH NpPO-
lleHTa, 4YTO He npesbimaer 1—59% obuero koanuyecTsa TaHTana H
HHoOus, 00HapYIKHBAEMEIX B KAaCCHTepHTe.

TJIABA V

THNOMOP®HBIE OCOBEHHOCTH KACCHTEPHTOB
H3 MECTOPO)XIAEHHH PA3JIHYHDbIX
OJIOBOPYIAHBIX ®OPMAULUNA

TunomophubiM 0COOEHHOCTAM KACCHTEPHTOB MNOCBSilIEHbl pa-
oorol HO. A, Illueiizepa (1937), 4. O. I'ormana (1938, 1939, 1941),
A. M. boaawipesoin (1939, 1941), . JI. Bas6yuxoro (1941),
Hs. @. I'puropeesa (1945, 1957), Hs. ®. I'puroprera, E. H. Hoo-
manosoli (1951), E. M. Hdoaomanosoit (1959), . B. PynaksucTa
{1959), I'. B. Kunuuckoro (1955) u MHOTHX ApYrux. )

[MpoBenenHble HaMH HCCJAEL0BAHHA MOATBEPAHIN H YTOUHHJHN He-
KOTOpble THNOMOpP®hHbIE 0cOGEHHOCTH KaccHTepHTOB. Kpome Toro,
VCTaHOBJEHO, UTO TBEPAOCTb (MHKPOTBEPIOCTH) KACCHTEDHTOB SABJA-
€TCs HOBBIM THNOMOP(QHBIM IPH3HAKOM.

KaccurepnThl H3 MeCTOpOXAeHHH pa3anunbix dopmaunii xapak-
TEPHU3YIOTCA CaeAVIOUIHMHE 0coBeHHOCTAMHE.

OnoBoHOCHBIe TPAHKTHL. KACCHTEPUT B OJOBOHOCHBIX TPAHHTAX
MOJKeT OBITh CHHT€HeTHUYEH IOpoJe HJIH HAJOoMKeH B npolecce rpefi-
3eHM3anuu rpannTa. KacCHTepHT H3 rpefi3eHH3HPOBAHHLIX pPa3HO-
cTell TPaHUTOB BCTpeuaeTcss B BHIE KODOTKONPH3MaTHYECKHX H VI-
JHHEHHBIX KpHCTaJ'I.;"IIIKOB. a4 TaKX€ B BHAE 3epeH HenpaBH.ﬂbHOﬁ
dopmbl. HauGoapmum pacnpocTpaHeHHeM MOJAbL3YIOTCS KDPUCTAIbL,
nGpasoBannsie komOuHauueid npuam (110), (100) n aunHpamun
(111), (101). HMuorpa oTMeuaeTcs NPUCYTCTBHE TpPaHH THHAKOKAA.
Paamepsl Bbl/lesieHHII KACCHTEPHTA He MPEBBILIAIOT COTHIX A0JEH MM,
OueHb pPeaKo 3To aecAThie noau MM. Kaccurepur okpauler HepapHO-
MEepHO B cBeTJsio-Gyprie, Oypble 1 TeMHO-Oypble (KOpHUHEBEHIE) TOHA.
Muorna sonaJesn.

OHTHHEC!\'HC CBOHCTBA KaCCHTEpPHTA M3 (OJOBOHOCHBIX TpPaHUTOB
xapakrepusyiorcss (npu A=>579 um): N, —2,09; N,—192; R.—
1244%: R,—9,93%. Jlucnepcuss orpaxarelbiioil cnocoGHOCTH He-
Be€JIHKA H HMEeT HOpMﬂ.'leb]ﬁ Xapakrep, NlHKpOTBeleOC'Tb Kaccure-
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puTta Ko.1ed.aercs ot 1204 1o 1780 kre/mm2, B cpedHeM cocTaBilss
1417 kre/siv?, Viaeabuotit sec 6,9, Tlo aaHHbIM XHMHYECKHX aHalH-
30B B KACCHTEpPHTE H3 0.10BOHOCHBIX rpaHiToB Hykorkn n [Ipumopbs
colepiKaHHe MATHOKHCH TaHTaaa koaedqaercs ot 100 mo 2000 r/T.

PeakomeransHble rpaHuThl. Kaccurepiur B MECTOpoXKIeHHSAX pel-
KOMeTa/IbHbiX TPAHHTOB CBSI3dall IV1aBHBIM 00Pa3oM € JHTHEBO-CJIO-
LHCTBIMH AMA30HHT-AJAbOHTOBBIMI 11 OHOTHT-MUKDPOK/IHH-a/bOHTOBbL-
MH Da3HOBHIHOCTSMH.

KaccutepHTsl H3 pasiHuHLIX MACCHBOB JHTHEBO-CJIOAHCTHIX aMa-
30HHT-aJILOHTOBLIX IPAHUTOB XAPAKTEPH3YITCH KOPOTKOCTO/NGYATHI-
MH KPHCTA/JJIaMH TeTParoHaJbHOro radurtyca MM 3epHaMH Hempa-
BH/ILHOH (hOpMBI 4YepHOTO, OYPOrO  HJH KPAaCHOrO 1BeTa, pasMepom
B coTble — fecAThle o MM. Kaccutepur okpamed B pas/iH4HBe
OTTEHKH KODUYHEBOIO LB€Td, MHOILA BCTPEYAloTCs pPasHOCTH, OKpa-
mieHHbie B Kpachblil nser. [Tokasatenn npesomienus yepHoil pasHo-
BHAHOCTH KaccHrtepura coctaBaswr: N,.—2,03; N,—1,96 npu A—
579 HM; oTpamkarenpHasi crmocobHoctb R.—11,56%; R,—10,529.
Y KpacHO#l PA3HOBHIHOCTH KaCCHTEPHTA [P ITOH JKe AJHHE BOJHBL:
Ne—2,10; N,—1,99; R.—12569%; R,—10,96%. Xapakrep nucnep-
CHH OTpazKaTe/IbHoll CnocoOHOCTH HOPMAIBHDLH.

MukporsepfocTh  KacCHTepHTa  COCTaBJseT B cpefHeMm
1020 xre/mm?, npenednl koaedbanus 731—1386 kre/mMm.  YeldbHbLH
Bec uepHoii pasHoctn — 7,0; kpacuHoii — 7,1. HK-cmektp mnoraomuze-
HHA XapaKTepH3yeTCs OCHOBHOH WIHPOKOH TMOJOCOH MOTJIOUIEHHS.
Hab6monaerca naeuo 540—560 cv—!. Ciaaduie mIHPOKHE TOJOCH T0-
raomenna 960 u 1100 cm—'.

Cogepmxanue Tas0; B KacCHTepHTAX M3 ITUX [PaHHTOB KoJjeo-
aercst oT 770 mo 38400 r/t, NbyOs; — o1 2700 mo 73400 r/t. B kac-
CHTEPHTAX 5TOTO THMA TaHTaJ/ H HHOOMII MPHCYTCTBYIOT B ABYX ¢op-
Max —B BHIe COOCTBEHHbIX TaHTAJd0-HHOOHEBBIX MHHEPAJIOB — KO-
JAYMOHT-TAHTAAHTA H, BO3MOZKHO, APYTHX H B BiAe H30MOP)HONA mpH-
MECH.

Kaccutepur U3 OMOTHT-MHKPOK/IHH-2,1b0UTOBBIX FPAHHTOB Xapak-
TEPH3YeTCHA TeMH Ke camMbiMH OCOOEHHOCTAMH, YTO M KaCCHTEPHT H3
JHTHEBO-CIHIHCTEHIX aMa30HHT-aJb0HTOBEIX TrpaHuTOB. MHKpOTBeEp-
JOCTb 3TOr0  KaccHTepHTa Kosebjetcs B npeaeaax 1039—
1186 krc/mm2, B cpeaHem coctapasisi | 124 kre/Mm2,

Kpusaa HMK-cuekrpa norJoleHHs XapaKkTepH3YeTCs OTHOCHTEb-
HO He(oJbLIOoil HHTEHCHBHOCTBI OCHOBHOII MOJOCH, HIHPOKOE MJeU0
500—550 cam 1.

B mamewm pacrnopsiaennu uMeercs JAHWL OJAHH aHaJHM3, Xapakre-
pusyrouuii cogep:kanve TasOs 1 NbyOs B Kaccutepute M3 3THX rpa-
nuToB. [lpoanaauanpoBaHHbIil HAMH KACCHTEPHUT H3 OHOTHT-aJbGH-
TOBHIX IpaHuTOB MmaaTto J[#oc moxa3sa. ouyeHb BHICOKOE COMEepiKaHie
3THX 3/MeMeHTOB B Kaccutepure — Tags0;—3,51% u NbOs;—4,125% .

Tpyauo ckasarh, ABAAOTCA JH CTOJMDL BLICOKHE COAECPKAHUS TaH-
Tana M HHOOHMA B KAaCCHTEPUTE THIHYHLIMIL I 3THX CPAHHTOB, OL-
H4KO NOBBILUEHHLIE HX COACPIKAHIS B KACCHTEPHTE CJAYIKAT MMOHCKO-
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BLIM [PHSHAKOM Ha KodaymoutotocHble rpanutol (Williams a. o,
1956).

MMermaturosan opmaunsa. /11a KacCHTEPHTOB 13 OepHJAME-I-
THEBBIX MErMATHTOB XapaKTepeH AHNHPAMHIAbHLII 00HK KpHCTaT-
108. O xapaktepusyeTcs TeMHO-OYpbIM, [OUYTH UYEPHBIM  [(BETOM.
Pusznueckue CBOMHCTBA ITHX KACCHTEPHTOB, K COMKAJEHHIO, OCTAJIHCH
HEH3YUEHHLIMA H3-3a HejocTaTKa MaTepHaJa.

Conepu#iauue mMATHOKHCEH TaHTaJa H HHOOMS B KaccHTepHTax H3
ITHX MErMaTHTOB HEBBICOKOE MO CPABHEHHIO € COACPKAHHEM 3THX
9/1€MEHTOB B KaccHTepuTtax M3 Apyrux mermatuton: TasOs ot 200 mo
800 r/T. a Nb2O5 ot 240 no 700 r/T.

Kaccurepur siBisieTcss xapakTepHbIM MHHEpAJIOM /st GepHIInii-
TanTaJgoeslx nermatuTos, OcHOBHAsI Macca €ro npHypovyeHa K 3HAO-
KOHTAKTOBBIM KBapIL-MYCKOBHTOBBIM KOMIJIEKCAM, a B M0J0ronaaa-
IIHX Teddx — K KBapil-aJbOHT-MYCKOBHTOBBIM KOMIIEKCAM OCEBBIX
uacredi. Kaccuteput U3 3THX NMErMaTHTOB XapaKTEPH3YeTCs AUIHpa-
MHAAJBEBIM 00JHKOM KpHcTtanaios. OCHOBHOE pasBHTHE [OJYYHIIH
rpanu mipamuast s (111) u e (101). Kaccurepur oxpaiued B tem-
HO-Oypbie, MO4TH yepible TOHA. Kak mpaBu/o, okpacka pacnpefene-
Ha Go.1ee I MeHee paBHOMEPHO.

ITox MitkpoCcKOTMOM 3TH KaCCHTEPHTLl XapaKTepH3YIOTCH BHILHE-
30-0ypoH (MOY4TH KOPHYHEBOI) OKPACKOH, pacnpesedenHoll Tak e,
KAX M B MAKPOCKOMHYECKHX 00paslax, OTHOCHTEILHO paBHOMEpHO.
[Mokasate.1ir npegoMJeHHA KAaCCHTEPHTOB H3 PAa3HBIX MECTOPOMKIe-
Hul uamenawres: N, ot 2,02 go 2,09, N, ot 2,00 1o 1,96 npu A—
079 um. a 3HayeHHs oTpakateabHoH cnocobHoctw R. ot 11,41 1o
12,44%: R, ot 11,11 mo 10,52%. MukpoTBep10CTh KaCCHTEPHTOB H3
PA3HBIX VeCTOPO/KAeHHII H3MEHSIeTCs MOBOJBHO CYLIECTBEHHO — OT
754 mo 1317 wrc/mm? (cpemnee 1042 gre/mm?). ViaeabHbIH Bec
6,9—7.0.

Jlas KaccHTepHTOB M3 MErMaTHTOB XapakTepHo G0JblIOE pa3HO-
obpasue [1K-cnekrpos noraouterus. Kpusnie MK-cnekrpos normaoie-
HUSA H3VUYEHHBIX KACCHUTEPHUTOB XaPAKTEPH3YIOTCS TPeMsl THIIAMH: 3TO
UETKO BbipaMeHHas y3Kasi aCHMMeTpHYHas nojoca ¢ naeuom H550—
560 cyM~'. nau OCHOBHBIE MOJIOCHl — IIHPOKHE acHMMETPHUYHBIE H/IH
3T0 MIIPOKAas AaCHMMETPHYHAsS MOJ0CAa C NOJOTHM  maeyom 515—
550 em~!. s Bcex THNMOB KPHBHIX XapaKTepHa OTUET/HBAA MOJOCA
pasnoit unrencusrocra 1100 em—t,

KaccurepnTsl 3THX NEerMaTHTOB XapakTepH3yKOTCs oueHb BbLICO-
KHMI codepaanusiMu Tanrana o nuodus. Cogepxanne TayOs B Kac-
CHTEPHTAX i3 MerMaTHTOB Pa3/JHYHBIX MECTOPOKAeHHil Ko.ebaercs
ot 1700 10 32600 r/t, a NbaOs — ot 500 1o 30500 r/T.

KaccutepuTsl M3 3THX MECMaTHTOB XapaKTepPH3YIOTCH HaJHUYHEN
GOABIIOTD KOJHYECTEA BKAOYCHHH COOCTBEHHBIX MHHEpAJ0B TAHTA/la
n HHOOKHA. HabdaoLaeMbiX TOA MHKpockonom. [Ipuuem B kaccurepu-
Tax M3 MerMaTHTOB pa3HblX PAHOHOB HAGMIOAAIOTCS XapaKTepHble
TONLKO 115 HHX TaHTalo-HHoOHeBble MuHepaJbl. Tak, HarmpuMmep,
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B nerMatutax 3abaiikalba B KacCHTePHTAX Haba0AAIOTCR B BHAC
MUKPOBK/IIOMCHHH KOJAYMOHT-TAHTAJHT U Tanuoant. B kaccutepurax
i13 nermatToB Kaszaxcrana KpoMe KOJyMOHT-TAHTAAHTA ¥ TaMHOJIM-
Ta HaOJalogaeTcs elle H OJOBO-TaHTAIHT — MHHepaJl, BCTpeyakuliics
B COCTABE VKa3aHHbIX NErMaTHTOB.

MuxkpoBx.IroueHus 3THX MHHepaJoB Ha01101ai0Tcd  HE TOJBKO
B 3JEKTPOHHOM MHKDOCKOMNE, HO H B ONTHYECKOM MHKDOCKOME HpH
O0JIBLIKX YBEJHYeHHSIX.

Noaesouwinar-kaccnTeputoBas hopmauns. KaccutepuT us mecro-
poXJieHni 3TOH (opMalHH BCTpeyaeTcsa B ABYX, HHOLAA Tpex ree-
pauusx. HauGosee pacnpocTpaHen W HMeeT NMPOMBILJIEHHOS 3HAYE-
HHe KaCCHTePHT Neppoil reHepauy. BbileseHHsi 3TOT0 KaccHTepHTa
XapakTepH3yIOTCs KpHCTAJIaMH H30METPHYHOH (OPME  KOPOTKO-
cronbyatoro rabutyca. Okpacka KaccHTepHTa OUYeHb HeoIHOPOL-
Hasi: OT PO30BAaTO-KOPHYHEBOH 10 UepHOH.

ITox MHKPOCKONOM B NPOXOJASALIEM CBETe KACCHTEPHT 13 3THX Me-
CTOpPOKIAeHHII OKpalleH B KOPHYHEBRIN 1IB€T PAa3HBIX OTTEHXOB — OT
CBETJIO-KOPHUYHEBOTO 10 TeMHO-KOpHYHEBOro, noytu yepuoro. IToka-
3aTeqH IpejoMJeHns Kaccureputa npu A=3579 um: N.—202; N,—
1,96; orpaxarenbHas cmnoco6Hocts (R.—11,70%; R,—10,52%) wue-
BeJIHKA W XapakTtep ee AHCIEepPCHH HOPMaabHblH. JIJIsS 3TOTO KaccH-
TepHTa XapaKTepHo cpelHee 3HaueHne cnekrpa auddysnonsoro or-
paxenus (25—46%).

MuxkpoTeepaocTe  Kaccutepura Koaebaercs ot 1018  Ho
1270 krc/mm2, cpennee 3HaueHHe coctamisier 1142 krc/mm? Viene-
Heli Bec — 6,9. "

Coaep:aHusa TaHTajda H HHOGHS B KACCHTEPHTE AOBO.JBHO BbICO-
kue: TasOs konedaercs ot 1200 mo 6200 r/t  (cpemnee 3500 r/F),
a NbyOs ot 1900 no 5500 r/t (cpexnee 3600 r/t). (

B onTHueckoM MUKPOCKOIE B KacCHTepHTe HabGJI0daloTes Hempa-
BHJABHOH (hOpPMbl BKJIIOUEHHA KOJyMOHTA.

Kaccureput B TONAa3-KaCCHTEPHTOBbIX MECTOPOMKIEHHAX Mpel-
cTaBJeH AByMs redHepaunaMu. HauOosdee pacnpoctpaHed u H3yyeH
KaCCHTEPHT nepBoil renepaunn. Kaccurepur nabaiolaeTcas B BHAE
TIPH3MATHYECKHX KPHCTAJJIOB HJH 3epPeH HeNnpaBHJIbHOH (ODMbI, HHO-
ria o 2—4 cM B nonepeunuke. Oxpallen KacCUTEpHT HepaBHOMEp-
HO B KOpPHUHeBbLle, Oypble, TEMHO-KOPHYHEBLIE TOHA.

ITox MHKpPOCKONOM KACCHTEPHTBI IIEPBOIl reHepally XapaKTepH-
sytoTest GoJbIuHM pa3HooOpasHeM OKPAcoK, YTO SBJSETCS OTJAHYH-
TEJBHOM YePTO KACCHTEPHTOB KBAPI-KACCHTEPUTOROH (HopMauuu.
[Tokaszatean npenomaenus npu A—>579 um: N, —2,03—2.05; N,—
1,90—1,98; orpaxartenbHasi cnocoGHOCTL cocTaBaser: R, —11,56—
11,85%: R,—9,63—10,81%. o

MuKpoTBepIOCTE KacCHTEPHTOE KoJebaetcs B npezedax 890—
1310 xre/mm?, cpeanee cocraBaser 1085 kre/mm2 MK-cnektp norao-
LIeHHA XapaKTepH3yeTcs IBYMs MoJOCAaMH NOTJOMEHHs, OTHOCH-

72



TeJbHAf HHTEUCHBHOCTL noJockl ¢ MakciuMyMmom 630 cm ! Beerna

doapmie. Mlupokas nodoca cpeaneit nutencuproctn 1080—1090 cm—'.

Coxep:kanne naTHOKHCH TaHTala B KacCuTepuTe Kogebaercs o1
470 go 530 r/t, a natnoxkucy HHEOGHS — o1 4100 mo 7000 r/r. B atux
HaCCHUTEPHTAX MPH ONTHYECKHX HCCJEAO0BAHUAX, a TAKKe NpH Hecae-
I10BaHHAX Ha 3JEKTPOHHOM MHKDOCKONE YCTaHABJIHBAIOTCA B BHIE
MHKPOBK/IIOYEHHH cOGCTBeHHble MHHEPAJbl TaHTaJa H HHOOHA H3
TPYNNbL! KOMYyMOHT-TAHTAJHTA.

Ksapu-kaccutepurosas dopmauus. Kaccutepur n3 Ksapii-Kacch-
TePHTOBbIX MecToposiiennil HabaloLaeTcs B BHAe Xopollo o6paso-
BaHHBIX KpHcTaaios pasmepom oT 0,1—0,3 xo 10—15 em no pommni-
HOH OCH MJIH B BHJE CKOIJIEHHI HenpaBH.IbHOH (DOPMBI pasiMepoM 10
20—30 cm B nonepeunnke. KaccHTepuTsl M3 3THX MECTOPOKJEHHIl
XapaKTepH3yloTcs caMbIMH KpynHbIMH pasmepamH. Okpacka Hepag-
HOMepHas, YacTo NATHHCTAs OT CBeT/I0-0yporo 4o TeMHO-Oyporo, Io-
4TH YepHoro usera. OcoGeHHO HEOAHOPOANA OKPACKa KaCCHTEPHTOS,
HalJaroxaeMplx B WH(pax B NPOXOAAILEM CBETe.

Ias KacCHTEPHTOB 3THX MECTOPOKAEHHI XapaKTepHO 30HaJbHOE
cTpoeHHe, NpHYeM pas/inyHble 30HBl OKpAIleHbl OT CBET./I0-#eJTOro
IBeTa Yepe3 MpOMe:KYTOYHLle 10 TeMHOo-KOpHuHeBoro. Ilokasartein
npeioM/IeH s npu =579 HM AJA KAaCCHTEPHTA H3 KBApLEBBIX KH.I
Yykorkn koJaebawoTtes: N ot 1,99 10 2,07; N, or 1,91 10 1,98. Orpa-
KareapHas cnocobHocTh 3THX oGpasuoB cocrapaser: R, ot 10,96 ao
12,15%: R, or 9,78 no 10,81%. Xapaxkrep AHCNEPCHH OTpParKaTesb-
20 cnocoGHOCTH HOpMaJabHBIA. KaccHTepuT M3 KBapll-KacCHTepHTO-
Boix 41 IlpuMopbsi XapaxkTepuayeTcs BLICOKOI CTENEHbIO OTpaiKe-
aus (37,5—64,5%). MHUKDPOTBepAOCTL KACCHTePHTOB H3MEHSIETCs
B npeneaax 900—1442 kre/mm? (cpeanee 1200 kre/mm?). ViensHblit
Bec KaccHTepHToB Koaeb.aercs ot 6,9 no 7,2.

Kpuseie HK-cnieKTpoB NOrJIoWEHHs XapakTepH3yIOTCa UIHPOKOi
OCHOBHOI 10.10c0# moraolenus ¢ miaedom 520—560 cu—! u cnaboi
mHpoKoll noJjocoi moraouenus 960—1090 cm—!. Kaccutepursl, 0ok-
DalleHHble B pa3/jHyHble LBeTa, xapakrtepusyiorcs pasneiMun  HK-
CeKTPaMH MOIIoLIeHHS.

Conepmanus Tas0O; u NboO; nepenuxu: Ta,O; xomebnercs or
<10 10 180 r/T, NbsOs; — ot <10 mo 870 r/T.

B KaccHTepHTax 3THX MECTOPOXKIEHHII MpH ONTHYECKHX HCCIe-
10BAHHAX He HaballaeTcs BKAIOYEHHH COOCTBEHHBIX MHHepaJaon
TaHTaJa W HHOOHS, a BCTPEYAlOTCH JHIIb PeIKHe BKJIIOYEHHS CYIIb-
$HI0B.

CuaukaTHo-KaccuTepuToBas 1 CyJabguaHo-KaccuTepuToBas op-
MauuH. Kaccutepur B MeCTOPOKAEHHSAX 3TOTO THTIA BCTPEUARTCS B HE-
CKOJIbKHX MHHEpaJbHBIX accouHalHsX. B pyIHBIX 30HAX KacCHTEPHT
BBILEJAETCS B KBaplL-TYpPMa/lHHOBYIO, KaCCHTEPHT-KBADLEBYIO H
cynbGHAKYIO CTalnn MHHepanoo6pa3oBaHHs, MPHYEM TIJapBHas ero
macca obpasyercsi B KBapl-KaccHTepPHTOBYW crTamauio. Kaccutepur
ofpa3syeT MeJKHe TNpPH3MATHYECKHE KDHCTAMJHKH pa3MepoM OT
0,1 MM 1o | ¢M Mo LIHHHOI OCH, OKpalleHHble HepABHOMEpHO B TEM-
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HO-Oypble, MOYTH uYepHble TOHA. Do.gee TeMHOOKpalleHHble Pa3HOCTI
KaccHTepHTa cojep:kart 0o.blie TaHTaga u HHodus. [log MHKpOCKO-
NMOM B MPO3pauHblX WIH(AX KacCHTEPHT OKpaileH Takke KpaHHe
HepaBHOMEpPHO B Ke/Tble, CBET/]0-KOpHUHEBble, KOpHUYHeBble H Kpac-
HoBartble Tona. [Tokasatean mpesaom.eHist 1 oTpaxKarteabHas CIO-
COOHOCTb 3TOIO0 KACCHTEPHTA He H3YYeHbl.

MHKpOTBEPAOCTb KACCHTEPHTA H3MEpeHa /IS Pa3sHOOKpAILeHHbIX
pasHocTell — /s CBeTJ0H (:KeaToH) oHa kKoJdebaercs B mpeaenax
1144—1333 krc/mm? (cpemnee 1274 krc/mMm2), Oas KopH4YHEBOH —
1038—1252 krc/mm? (cpeanee 1125 kre/mMm?) W aas  yepHO#H —
1109—1158 wre/mm? (cpennee 1132 krc/mm?).

VaenbHBI Bec KeJATOH pPasHOCTH KaccHTepuTa cocrasJaser 6,91,
kopHuneBoil 6,89 u uepuoit 6,92. Conepxanue Ta,Os B kaccurepu-
Tax H3 KBapU-TYPMaJHHOBBIX Py1 O4YeHb He3HauuTedabHoe: or <10
o 200 r/T.

[Tox MHKPOCKONMOM B 3THX KACCHTEpPHTAX HHOrZa HaAOJKIATCH
BK/IIOYEHHS MarHeTHTa HenpaBHIbHOH QopMbi.

KaccuTepur M3 KacCHTepHT-KBApleBbIX pya o0pasyeT KpymHO-
KPHCTA/JIHYEeCKHE BblIeeHHsT HelpaBuabHOH GOpMBI I KPHCTAMIL!
npu3MaTHYecKoro rabutyca 1o 2—2,5 cm no aauHHOH ocH. Okpacka
KACCHTEPHTA OYeHb HEPABHOMEPHAA — OT KEeJAThIX 10 TEeMHO-KOPHY-
HeBbIX TOHOB. [log MHKpocKomoMm B npo3paunbix mwaudax nHadawoga-
ercsl Takxe 0oablioe pazHooGpasme okpacok kaccurteputa. [Tokaza-
TeJH mpejomieHust npu A=>579 am: N,—2,10; N,—1,96 u oTpama-
TeabHas cnocobHocTh cocrasaser: R.—12,59% u R,—10,52%. duc-
nepcHsi oTpaxaTenbHol CNocoGHOCTH HeBeIHKAa H HMEeT HOPMab-
HbIX Xapakrep.

MHUKPOTBEpPAOCTL KACCHTEPHTA XapakTepH3yercs Haubo/ee Bbi-
COKHMHU 3HAueHHSIMH H Koueb.1etcs ot 1061 zo 1528 kre/mm2. Viens-
HBlH Bec — 7,0.

HK-cnekTpbl NOrJOMEHHA KaCCHTEPHTOB 3THX MECTOPOMKAEHHI
HanbGogaee crabuapHbl. OHH XapaKTepH3YIOTCA ABYMSA YeTKHMH MOJO-
caMH morJolleHHs, oObUHO Gojee MHTEHCHBHA N0J0CA C MAKCHMY-
mMoM 625—630 cm—'.

ConepxaHie TaHTaJa B KaCCHTEpHTe M3 3THX PyI KpaliHe HeBbl-
cokoe, HHzKe 10 r/t (4yBCTBHTEJBLHOCThH MeToda), HHOOHS He OoJee
600—800 r/r. Tak ke, KaK KAaCCHTEPHTbl JAPYTHX MECTOPOKICHHII,
TEMHOOKpAILEHHblE PA3HOCTH KacCHTEPUTA 3TOH MHHEpaJabHOH acco-
LHalLHH colepxxaT GoJsiee BHICOKHe KoJuyecTBa HHoOus. Kak mpasu-
70, B 3THX KacCHTEpPHTAX MOX MHKPOCKOMNOM HaO/IH0Ial0TCH MHKPO-
BKIIOYEHHS CYJIb(HIOB.

Kaccuteput u3 cyab¢uaHOll MHHEPAIbHOH accolHallHi TeCHo ac-
counHpyer ¢ cyabpuaamu. Ou pacnpocTpaHeH He3HAUYHTeAbHO, H H3-
3a HeJloCTaTKa MaTepHa.a, K COKaJeHHI, He MNpPeACTAaBH/IOCh BO3-
MOKHOCTH H3YYHTDb €ro.

Takum o6GpasoM, MpH H3y4eHHH KAaCCHTEPHTOB H3 MECTOPOMIe-
HHIT Pa3JHYHBIX OJIOBOPYIAHBIX hopMalHil YCTAHOBICHO, YTO XHMIYe-
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CKHHA COCTAER KaCCHTEPHTOB pas/uyeH 175 MECTOPO#AACHIH pasHoro
regesnca. [.1aBHbIMH THIOMOPMHBIMH 3.1€MEHTAMU-MPHMECHMH ABJISA-
IDTCA TAHTAT I HHOOGHH, XapaKTepH3VOLIHecs YeTKHMH 3aKoHOME]-
HOCTSAIMH pacnpeienenns, KaccutepnTsl pelkoMeTaJdbHLIX TPaHHTOB
il OJIOBOHOCHBIX TErMaTHTOB, KaK Obl10 OTMeuYeHo, cogepxar Haubo-
Jlee BBICOKHE KO/HuecTBa TaHTana H HHoOHA (1o 70000 r/t). Hdas
HHX  CBOWHCTBEHHO  rnpeod.ajlaHHe  TaHTajna  Hajl  HHoGHeM
(Taz0s5:NbsOs or 1:1 mo 5:1). KaccHTepHTh H3 MeCTOPOKIAeHHH
M01eBOINAT-KACCHTEPHTOBOH (opMalLHK TaKke XapaKTepH3yloTCs
MOBBLIIIEHHBIMH H NMPHUMEPHO PaBHBIMH COJEP/KAHMAMH TaHTala M
inobus (0,n%), Ho Gosee HH3KHMH, fUeM KACCHTEPHTHI H3 peaKoMe-
TAJbHbIX [PAHHTOB H OJIOBOHOCHBLIX MErMaTHTOB.

B Kaccureputax u3 mectopoIeHHi KBapll-KaccuTepuToBOil (op-
MALHH COAep:KaHHs TaHTaja u HHoOHA Oomaee Husxve (0,0n—
0,00n%), a H3 MeCTOPOKIAEHHI CHINKATHO-KACCHTEPHTOBOH M CYJb-
(upHo-KaccHTepHTOBOH opMalUi COolep:KaHHA 3THX  3JeMeHTOD
COCTABJAIOT TBHICAUHBIE J0JH MPOLEHTA H MeHee, HHOOHI Bceraa npe-
oGaalaer Haj TaHTagoM B cooTHomenuu 5:1—10: 1.

B xkaccutepurax u3 MecTopomAeHHH pasaHYHLIX Qopmauuii B on-
THYECKOM [f 3/IEKTPOHHOM MHMKPOCKONAX yCTaHaBJKBaeTcA O0/bILOE
KOJI4eCTBO MHHEPaJOB-MHKpOBK/IloueHHi. Tantaa u HuoOuit obpa-
3YI0T, Kak OblJIO MOKA3aHO Bbille, cOOCTBEHHbIE MHHEPaJ/Ihl — KOJIyM-
OMT, TaMHOJIHT, 010BO-TAHTA/IHT, CYKYJaHT H, O4EBHIHO, JAPyTHe TaH-
TaneBble MuHepaJabl. Kak npasu/o, 3TH MHHepPaJ/bl-MHKPOBKIIOUCH K
HaGn01a0TCA B KACCHTEPHTAX H3 peAKOMeTaJbHLIX rpaHHTOB, 0J10-
BOHOCHBIX MerMATHTOB H HEKOTOPBIX [0J/1€BOWINAT-KACCHTEPHUTOBBIX i
TONA3-KaCCHTEPHTOBLIX MECTOPOKAEHHI, T. €. Tex MeCTOPOMKIEHHH,
B MiiHepa/JbHOM COCTaBe KOTOPBIX MPHCYTCTBYIOT cOOCTBEHHbIE MHHC-
panil TaHtaaa H HHoOHs. Mbl He Ha6Ga0IaIH B ONTHYECKOM H 3JeK-
TPOHHOM MHEPOCKONAX BK/IOYEHHH TalTa/Jlo-HHOOMEBbIX MHHEpa/a0B
B KACCHTEPHTAX M3 MECTOPOXIAECHHH KBApI-KAaCCHTEPHTOBOH, CHJH-
KATHO-KACCHTEPHUTOBOI H CyIbQUIHO-KACCHTePUTOBOH QopMaliuit,

IMpu uccnegoBannu (PU3HYECKHX CBOHCTB KacCHTEPHTOB yCTaHAB-
JAMBAETCS, YTO HEKOTOPble H3 HIX ABJAAIOTCH THOOMOPGHHBIMH.

Tak, nanpumep, HanOOJ/IbIIHE 3HAYEHHA OTPAKATENbHOH CIIO-
cobHocTH ¥ HauboJee BLICOKHE MOKa3aTeqau IpeJoM/eHds xapakrep-
Hbl [IJs] H3YYEHHbIX KACCHTEDHTOB H3 MECTOPOKAEHHIT CHJAMKATHO-
KacCHTEPHTOBOH M cyabdHIHO-KaccHTepuTOBOi (popmauui. [Ipu uay-
qeHlH CrMexkTpoB AH(GY3HOHHOTO OTPaKeHUs BBIAACHEHO, YTO KOH-
cranTa AHO(Y3HOHHOrO OTPAMKEHHA MOXKET CJIYKHTH AOMNOJHHTEb-
HBIM THOOMOP(MHEIM [PH3HAKOM — BBICOKOH CTENEHbI0 OTpazeHHs
XapaKTepH3VIOTCA KacCHTePHTBl H3 CVJAb(MHIHO-KACCHTEPHTOBLIX Me-
cropoxaenuit. Kaccurepur H3 MerMaTHTOB XapaxkTepH3yercs caMofi
HH3KOH CTEeMeHbIO OTParKeHHd.

MuKpoTBepA0CTh KaCcCHTEPHTOB AB/IACTCH HOBBIM THNOMOP(HBIM
npusHaKoM: Gojiee HH3KHE 3HAYEHHA XapaKTepHbI A7 KacCHTEPHTOR
BBICOKOTEMITEPATYPHBIX MECTOPOMKIAEHHIT 1 Gojee BBICOKHE 3Haye-
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HHA — 175 KaCCHTEPHTOB 113 HH3KOTEMMEePaTyPHBIX MECTOPOXKACHHH.
Hekamouennear apasercs OIHH oépaseu KaCCHTepHTa 13 OJOBOHOC-
HBIX TpPaHHTOB, TBEpPAOCTb KOTOporo o4eHb Beauka (Hep=
= 1416 kre/mm?). :

MuppakpacHbie cnekTpsl NOTJOWEHHs KACCHTEPHUTOB XapaKTepl-
3VIOTCsl HecKoJabKHMH (opmamu KpuBbix. HanGosee pasHoo6pasHel
CTIEKTPH MOIVIOIEHHs] Y KacCHTEPHTOB 13 peKOMEeTa/IbHBIX I'PaHH-
ToB U mermatHtoB. Hauboaee crabuabnel HH(paKpacHele CHEKTPEH
MOTIOMEHHs KACCHTEDHTOB H3 MECTOPOKIACHHI CHINKATHO- KaccuTe-
DHTOBOH H CYJAbOHIHO-KAaCCHTEDHTOBON (hOpMaLHIL.



II. BOJIb®PAMHT bi

IJTABA Vi

MMWHEPAJIbHBIE MAPATEHETHYECKHE ACCOILHALHHU
BOJ/Ib®PAMHUTOBLIX PY]

TTOMHMMO KACCHTEpPHTA TAHTAI U HHOOMH KOHUEHTDHUPYIOTCA B MH-
HepaJax BoJb(ppama — BojbdpamMuTe H LIEeTHTE,

MectopokaeHus Bodab(ppama MpeacTaBIeHbl pasIHUHbIMI  (op-
MaUHAMH, KOTOpble XapaKTepH3YKTCA Pa3jHYHbIMH YCA0BHAMH 00-
pa30BaHHs, BEUECTBEHHLIM COCTaBOM, MopdoJsorueit u 1. 1. 3a mo-
cJaefHue rogbl pa3paboTaHo HeCKOAbKO KaaccH(ukauuil Boabdpa-
MOBBIX MECTOpOZ<IEeHHIl, OCHOBAHHBIX HA pa3HBIX MpHUHIUNAX: HA Be-
U[eCTBEHHOM COCTaBe py[, CBA3H BOJb(PAMOBHIX MECTOPOXKIAEHHMH
C onpeleleHHLIMH TEKTOHO-MarMatHyeckuMu KoMiiexkcamu (ILer-
a0, 1964); reneTHyeckHx 0COGEHHOCTAX BOJB(PAMOBLIX MECTOPOH-
aenui (BeiGoukun, 1965, 1968). B. T. Mareeerko (1959) Ha ocHOBe
kaaccuukannu E. A. Pankesuu (1956), paspaGorannoii aasa oJo-
BOPYAHBIX MECTOPOX/IeHHUI, Npejiaaraer pa3jJHuaTth liecTbh Boabdpa-
MOBOPYIHBIX opmanuii: 1) Bonb@paMOHOCHBIE NEerMaTHThbl; 2) rpei-
3€HOBYIO, B KOTOpOJi BbIIE/JIAIOTCA COOCTBEHHO rpeH3enbl, KBapli-lo-
JIeBOILUMATOBLIE H KBAapLeBble :KHJBI, H KBAapLeBble :KHJIbl C O0KO0JO-
AKHJAbHBIMH rpefideHaMi, reHeTHYeCKH CBA3aHHbIE C OJ0BOHOCHBIMH
rpaHuTaMi; 3) 30/07T0-KBapueByio; 4) MOAHGAEHHT-KBApLEBYIO;
5) weeqHTOBble CKapHbl; 6) CHIHKATHO-KaCCHTEPHTOBYIO.

B cB3H ¢ Tem, YTO MPOMBILIJIEHHble KOHIEHTpALHH BOJIb(paMH-
Ta XAPAKTepHL A1 MECTOPOMKIeHHI rpeiiseHoBOll dopmauun, HaMll
oHn HauboJee JleTaJbHO H3YUEHBI.

B so0s0TO-KBapLeBOi, MOJHOICHHT-KBAPILEBOIl H CKapHOBOH ¢op-
Mauugx sogab(pamMcofeprkallHM MHHEPAJOM  SfBJSETCH 1IEe/HT,
B CBA3H ¢ ueM 3TH (opmaiuiy HAMH He H3yya.anck. OGmHPHBIA Ma-
TepraJ no BoabgpamMuTaM Obl1 COOpAH MpPH H3YUEHHH MECTOPOXK/AE-
HHH HauGo/ee BaxXHOH B NPOMBILIIEHHOM OTHOIIEHHI rpeii3eHoBOIl
dopmanni. 3HAYHTEIBHO MEHBIUHM (GaKTHYECKHM MaTepHAJOM ML
pacrmoJiarasii NpH H3y4eHHH BOJbMPAMHTOB H3 MeCTOPOKIAEHHH CH-
JMKATHO-KacCHTEpPHTOBOH (opMaliH, rae Boab(paMHT NPHCYTCTBY-
eT JHIIb B HE3HAUHTENbHBIX KoaHuecTsax, K coxadennio, Mbl He pac-
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noaaradi o0pasiami BodbppaMuTa H3 KpallHe peiKko BCTpevaembIx
8 npepesax CCCP Boab(paMoHOCHBIX NErMaTHTOB.

Beriwe, npu paccMOTpeHHH KaCCHTEPHTOBBIX MECTOPOAACHHH, Ha-
MH OBIVIM OXapaKTepH30BaHLl Takzxe (opMalil 0JOBOHOCHBIX H pel-
KOMeTalbHBIX FPAHHTOB (amnorpaHirToB). XoTsa 3Tu GopMalUy U He
ABJISIOTCH BOJAb(PaMOBOPYIHBEIMH, HO B 3THX IDAHHTax NPHCYTCTBY-
eT BOJb()paMHT, H OH OBl HAMH H3YUeH.

KpaTkas xapakrtepuctiika GopMaluii 0.JJOBOHOCHBIX 1 peAKoMe-
TaJdbHbLIX FPaHHTOB Gblla JaHa B Meppoii 4acTH Hactosaulell paBoThl.
BoabdpaMut B rpanutax sTHx GopMallil XOTS H BCTPEYaercs NOUTI
NOCTOSIHHO, HO JiIillb B He3HAUNTEIbHbIN KOJHUECTBAX B KayecTBe ak-
ileccopioro Muuepana. Boabgpasmur npeacrasiaen MeaKHMH, He 60-
jgee | MM B Iomepeuliiike, 3epHaMH HenpaBHAbHOIN (opmel, Oosee
HAH Melee paBHOMepPHO paccestnbiMil B nopoge. Hauboabline xo-
JAHYeCTBAa BOAb(pAaMUTA MPHYPOUEHB K rpel3eHH3HpPOBAHHBIM vya-
CTKaM IpaHHTOR, MPHYEM OTMeuena npsaMas 3aBHCHMOCTL MeKIY Co-
aAep:kaHHem BOab@paMiTa B rpaHHTax I CTeNeHbl HX TpeH3eHu3a-
LLHH.

Kak ykasbiBaioch Bbillle, MeCTOpOxiieHNs rpeiisenoBoil dopma-
IIHH NPEACTABJAEHBl PasvnyiibiMi FeHeTHYECKHMH THIAaMH: LIHPOKHM
pacnpocTpaHenieM M04b3YI0TCA 30Hbl TPeli3eHOB ¢ NOAYHHEHHbBIM
pa3BHTHeM KBapleBbiX #H/. MecToposiennsi 370r0 THna o6GBIYHO
NPHYPOUYEHBl K amHKaJbHbiM YacTaM MacCcHBOB FPAHHTOHIOB H 3aJfe-
raloT Jnbo HeNOCpeACTBEHHO B caMlX rpanurtax, nu6o B mHopopax
MX KpPOBJH. 30HLI TpeH3eHH3alH H3MepsIOTCA ThiCAuaMH KBagpart-
HBLIX MCTPOB H B Pfle C.IVUAER NMPOCACKHNBAIOTCH HA IECHTKI METPOB
B ray6uny. Boabdpamnt B 30Hax rpeliseHoB nalaioaaercd B Buie
MEJKHX 3epen HenpasiiibHOll popMbl OVPOBATO-YE€PHOTO 1lBETA, pas-
vepon o 1—2 ymM. B conposoiaooux rpei3ens KBapleBbIx -
Jax oH oBpasyer KpyNHBEIE CMOJSHO-UEDHBIE KPHCTAAdbl ToJacToTad-
JHTYaTOrO raburyca, pasMepom Ae 5—7 cM MO AJIHHHOH OCH  HJH
KPVIHBIE CKOMJEHHs KpHCTamaoB (10 25—50 cm).

Kpapi-nosegomnartopuie, a Takzie KBapleBble (dalie Oepu/Io-
KBapleBbie) Tesa I ;KHJL MECTOpo:KAeHHil rpeiidenopoil Gopianuu
H3BECTHbI B OOJBILOM ulicJae palioHOB cpeln TrpeH3eHH3HpPOBaHHBIX
rpaHUTOB, XapaKTepU3YIOULIXCS HaauuyMeM pejKoMeTajbHoM, Tfpe-
HMYULECTBEHHO OepH.aHeBoli Mutiepaansaunu. Boab@paMHuT H3 3THX
KT BCTpEyaeTcsl B Biide xopollo 00pa3oBaHHBIX KPHCTAMIOB 10
1—1.,5 M no aauHHON OCH, MPHYPOYEHHBIX K KBapuy. B mectopos-
JAEHHAX 3TOrO THIa BOAbGPAaVHT HAXOAHTCA B TECHOH napareHeThye-
CKOH acCOLHAIlMI ¢ KBapLeM, MVCKOBHTOM. (JIIOOPHTOM. TONA30M,
OepPH/IOM, KACCHTEPHTOM, MOJAHOLCHHTOM H APYTHMH MHHEpaJaMmil,
IIPHYEM CpaBHEHHE mapareieriyeckiix accouuauMii  rpeiseHor i
KBAPIEBBIX JKHJ YKA3LIBACT Ha MPEeMCTBeHHOCTh W YCTOHYHBOCTH
naparenesucoe (Meanopa, 1972).

BoabpaMHT H3 KBapleBbiX AN (KBapUeBblil THI MeCcTopomae-
HHI), TEHEeTHYECKH CBA3AHHbIX ¢ OJOBOHOCHBIMH TPAHHTAMH, HAXO-
JAMTCS B NlapareHesnce ¢ KBaplieM, KacCHTEPHTOM, MYCKOBHTOM, ap-
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CeHONHPHTOM, MOIHO1eHHTON 11 ApyruMH MuHepadavu. Kak npasu-
10, OH OPHYpOUYeH K KBapuy H oGpasyer oJHHOYHLIE KPHCTAJJBI HJH
pa3iu4noll (JOPMBEI MOHOMINHEPAJbHbIE arperarhl, KOTOpble BechMa
1ePABHOMEPHO pacrnpejeelsl 0 NMPOCTHPAHHIO H  NaACHHIO JKHIL.
Pa3mepsl KpHCTAL108 Boab(pamuTa Bapeupyior or 0,5—1 1o 5—

CM MO AJHHHOI OCH; pa3Mepbi MOHOMHHEPAJIbHLIX BbideJeHHuil Jo-
cturalor 25—30 cn B nonmepeynuke. OTI0KeHHe OCHOBHONM — Macchl
B0Jb()paMHTa XapakTepHU3Yerca Mo AaHHBIM [eKPeHHTAallHH H TroMo-
reiusauni, noayuenneix B, b. Haymosbint  aaa  nammx  o6pasuos,
¢ nntepsagom temnepatyp 320—360°C

B 0KO.102KHIBHBIX Tpeii3eHax 3THX MECTOPO:KACHHIT BOJAb(PaMHT
oOpasyer Me/JKHEe KPHCTAJNJIHKH HJAH BBJIEJIEHHA HelpaBHJbHOIN
thopmot pazmepom 0,1—0,2 ¢M, B naparenesnce ¢ MyCKOBHTOM, KBap-
e, (pJIopHTOM H KaCCHTEPHTOM.

B MecTopoiKAeHHSIN CHANKATHO-KAacCHTePHTOBOM (opMalui BOb-
()paMOBOEC OpyAeHeHHe NpeJCcTaBJCHO BOJIb(PAMHTOM H B MEHbIIeH
CTCTICHH — [eeauToM. Boab@paMuT B MeCTOPOXKIACHHAX 3TOrO Te-
HETHUECKOI'O THNA BCTPEUAeTCA 3HAYMTEIbHO pelKe, YeM KaCCHTEepPHT.
B pyanwix Teax on pacnpeienen KpaiiHe HepasHOMepHo, o6pasys
3bl1eTenls HenpapnabHoil GopMbl, peske nJjaacTHHYaTOll  opMbI,
TeMHO-0yporo upera, pasMepom 10 2-—3 CM MO JAJHHHOIN OCH.

TJTABA VII

OCOBEHHOCTH XHMHWHYECKOIo COCTABA
BOJIb®PAMHTOB

BoabdpaMur — 310 1POMEKYTOUHBLH uaeH u3oMopdHoro psda
depbepur (FeWO,) — riodnepur (MnWQO,). Muorounc/eHHble XH-
\MYECKHE aHagHu3bl MHNEpaJoB IPYNNbl BOJIb(PaMHTa MpHBEIEHbI

paomax Uypnkosa B. C. (19589), [Tosuaaiituc M. M. (1960), ba-
,1at)auond B. @. (1961, 1966, 1967), Cuipuito JI. &. (1963, 1966,
1968), T'aneepsa M. I'., Counnoit H. IT. (1960), YertuipGoukoit M. 11,
(1966, 1967), Hukutuna B. 1., Pynaksucra J1. B. (1967) u ap.

JlaHuble 3THX aBTOPOB 1OKA3bIBAIOT, UTO COCTAB BOJIbL(PaMHTOB
OUCHbL HENOCTOfHEeH H MOKeT H3MEeHATbCS He TOJLKO B TMpejeax oj-
HOTO MECTOPOJKAeHHS, Ho M B NPefeaax Kbl H Jake MOHOKPH-
craana. [To mMHeHHio HeKoTOpbIX Heeaenosatedei (Leutwein, 1951;
Schricke, 1960 i 1p.), cocTas BoAb(GPAMHTOB 3aBHCHT OT TeMIiepa-
TVpet 11X o6pasoBanid, B BbICOKOTEMNEpPAaTYPHBIX MECTOPO/KISHHSAX
nadaiolaercs rioGHepHT, a B HU3KoTeMmepatypubix — depdeput. Pe-
waiuy QakToponM, onpelefoIlHM  cocTaB  BOJALPPAMHTOB, [0
smuennio B. @. Bapa6anosa, aBasercs xapakrep BMellalUINX No-
DO, 3 KOTOPBLIX B Npollecce TpelH3eHH3alunn H3BJeKalTCca raasible
ocaanTenn Boab(pPaMOBOr0 aHTHIAPHAA — Mapranell, Kejae3o HJii
kaasinii (bapadanos, 1961).
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PaGotwet B. K. Henucenko (1971) noka3saau, uto cyllecTBVeT 3a-
BHCHMOCTbL MEMKY COCTABOM BOJIb()paMHTa H CTEMEHBIO «iKeae3HCTO-
CTH» aCCOLMHPYIOUHX C HUM MHHEpaJoB.

Ha npumepe soabppamoBbix Mectopoxaenuii Monroaun (Mpa-
Hosa, Makcumiok, 1971) paccMoTrpeHa poJab XHMHUECKOTQ COCTaBd
PYZOBMELIAIOUINX NOPOX ¥ TeMmmepatypbl B oOpasoBaHuu BoJbhpa-
MHTOBOIl MHHEpa/JH3alHH pasIHyHOro coctasa. [lokasano KpanHe
OorpaHHYeHHOE BJHSHHE COCTABAa BMEILAMOUIHX MOPOJ HA XHMHUYECKHH
cocraB Boabdpamura. Ha ocnoBanuu naHubix o Temmepatypax o00-
pa3oBaHHUs Pa3JHUHBIX [0 COCTABY BOJAb(PAMHTOB OT THOGHEPHTA 4G
thepbeputa n3 BOAbPAMOBLIX MeCTOPOKAGHHIT pAa3IUUHLIN THIOE
BEIICHEHO, YTO HE3aBHCHMO OT COCTABA OHH 0BPAa3yIOTCA MpakTHYE-
cku npu oannakopoi temnepartype. Ilpuuunoii obpaszoBaHus Oogee
pPaHHMX Kene3HCTelX H Oosee MO3AHHX MapraHlloBHCTBIX BOJbGpa-
MHTOB, BHIIIMO, SIBJASIETCA HX PasHyHas pacTBOPUMOCTb, a [Jas-
HEIM  ¢aKkTopoM, MO-BHAHNMOMY, fBJISETCH YPOBeHb OKICIMTEIb-
HO-BOCCTAHOBHTE/IbLHOTO MOTEHIIHA a M IIeJOYHOCTH FHIApOTepMalis-
HEIX PacTBOPOB, ONpefeasiolux akTurHOCTH F2, Mn’* HeoOxomii-
Mble AJ5 ocaxaenus BOJb(PaAMHTOB.

B rabn. 14 npuBonaTcs HOBbIC XHMHYECKIe aHAJIH3b! BOJbdpa-
MHTOB, OTOOpaHible HAMH 13 MECTOPOMKAEHHII pa3iHuHBIX Qopma-
umil u BBINOJHEHHBIe B XHMHUecKOI mabopatopun UMIP3. Oduapy-
AeHHble B pAde aHaJaH30B He3HauuTeabHble cogep:anisg SiOs, AlO,,
CaO u MgO, oueBHHO, cBsI3aHbl ¢ MeXaHHYECKHM 3arps3HeHHeM
npob KBapuem, NoJeBbIMH LIMATAMH, CTOL0H H T. 1.

JLONOMHUTENbHBIMH CHEKTPAJBHBIMH H XHMHUECKHMH aHaJu3amMi
3THX npo6 B Boab(pamuTax OwIAM ycTaHoBJeHbl npumecn Ta, Nb,
Ti, Se, In, Ga u apyrux smemMeHTOB.

HaubGosee BaKHbIMH 3JeMEHTAMH-IPHMECAMH SBJIAIOTCA TaHTall
¥ HHOOHH, NaHHble 0 COldepxaHHH KOTOPHIX B BOb()paMHTe MNpHBE-
nensl B Taba. 15, 16. Ilpu oGpaborke MMeOIUXCH NAaHHLIX ONHCaH-
HEIMH BbIIIE METOZAaMH MaTeMATHUECKOH CTATHCTHKH MBI HCMOJb30-
BAJH TAaKXKe BCE H3BECTHBIE HaM JHTEpPATypHble CBEJeHHs 0 pas-
JAEJBHBIX OMpefeNeHHaX TaHTada u HHOOMA B BoabpamMuTax, mpu
YCJOBHH, YTO AHAJH3HPOBABLUHECs oOpasubpl MiHepasa HMETH 4Het-
KYI0 TeHEeTHYECKYI0 MPHBA3KY.

B cBssu ¢ Tem, uTo TaHTaa M HHOOHE COMYTCTBYIOT ADYT APYry
BO BCeX MPHPOIHHLIX MpolieccaX H reoXHMHuyeckas cyaeba ux Oau3-
Ka, Mbl PACCMOTPHM 3TH 3JIeMEHTbI COBMECTHO.

HaubGosiee BbicOKHe cofep:kaHus TaHTaJda H HHOOHS OTMeUalTCs
B BOJb(paMHTAaX rpeii3eHOBLIX MeCTOPOMKIAeHH, MpeacTaBICHHBIX
30HAMH Tpefi3eHOB B TpaHUTaX, C NOAYHHEHHBIM Da3BUTHEM MOJEBO-
HMAT-KBAPIUEBBIX 0 GePHIIO-KBAPIEBBIX HHI.

AkueccopHblil BOJbYPaMHT H3 OJOBOHOCHBIX PPAHHTOB COJEPHHT
8 cpennem 300 r/t Ta,Os u 4530 r/tr NbyOs (cm. Taba. 15, 16).
B BoabdpamuTe H3 peAKOMETaAbHLIX FPAHHTOB (ATMOTPAHHTOB) Cpe-
Hee cofep:kanue cocrabiser 3300 r/tr Ta;Os u 6235 r/tr NbyO;.
Cpennee conepxanue TaOs u NbyOs B BoabdpamuTax U3 30m rpeii-
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JeHOB, MOJEBOLUNAT-KBAPUEBbIX H OepHII0-KBAPLUEBBLIX KHJ Tpefi-
3eHOBOi (OpMauUMH MHOrZa Bo3pacrtaer Oojee uem B [ABa pasa Mo
CpaBHEHHIO ¢ BOJbQpaMHTOM H3 pelkoMeTanbHbix rpauutos. Cpex-
Hee copepxanue Tay,O5 Komebaerca ot 1100 mo 5670 r/t, NbyOs —
or 2100 no 13950 r/r. Kak cBuserenbctBytor gannsie H. H. Yetbip-
Gouxoii (1966), 1715 omHOTO H TOro iKe PYAHOrO y3Jja COlepiKaHue
TaHTa/Ja H TaHTalo-HHOOHMEBOe OTHOIIeHHe B BoJb(pamHTax OoJee
BBICOKOTEMIIEDATYPHBIX MOJIEBOINNAT-KBAPLEBBIX KNI fABJAseTcsa 06o-
Jiee BHICOKHM, ueM B BOJbgpaMHTax ©Oo/jee HH3KOTEMOepaTypHBIX
KBAapleBbIX K.

B BoabdpamuTax KBapueBbIX JKH/, CBA3aHHBIX C OJIOBOHOCHBIMH
rpasuTam, cpeaiie copepxanus Ta,Os Gonee HH3KHE M COCTaB-
J41I0T 418 rpynnsl mectopoxkiedHii Bocrounoit Cubupu H UyKoTku
222 r/t, a ana mectopoxjennit Kazaxcrana —423 r/r. HauGoaee
BbICOKOE cpenHee copepkanue Ta0s (690 r/r) xapakrepHo mus
BONL(PAMHTOB HeKoTOphIX MecTOpoxIeHH# Kasaxcrana. CpeaHee
cojepxkanue HHOOHA B 3TOM THIE MeCTOPOKIeHHH TOKE CHHIKAeTCs,
HO He B TaKOH 3HAaYHTEJbHOH CTeNeHH, Kak aas TaHramaa. [Las mecto-
poxteniii Kaszaxcrana ono cocrabaser 2545 r/t NbsOs, a camoe Bbi-
cokoe cpeaHee cofep:xkanne Na,Os (7433 r/T) xapakrepHo 145 BOJb-
GpaMHTOB H3 KBAPUEBBIX XHJI.

s BOAbGpaMHTOB H3 CHJHKATHO-KAaCCHTEPHTOBOH Qopmaliu
MMeeTcsl KpafiHe orpanuyeHHoe KoJan4ecTso JdaHHbix. [lposenennoe
HaMH H3Y4YeHHe BOJb(PAMHTOB H3 MeCTOPOKAeHHI 3ToH Qopmaliu
NMOKAa3bIBAET, UTO TaHTaJ H HHOOMH B 3TOM MHHEpaJe COAepHATCS
0ObIYHO B KOJIHUECTBAX, MEHBLIHX, YeM [peles] YyBCTBHTEJbHOCTH
xumuueckoro ananauaa (0,001%, wau 10 r/T).

Takum o6pasom, 11 OCHOBHBIX 3/1€MEHTOB-PHMECed TaHTajaa u
HHOOHS YCTAHABJHBAIOTCA YeTKHE 3aKOHOMEpPHOCTH: HaHboJee Bbl-
COKHE KOHIleHTpallhi TaHTaja H HHOOMA Halai0Aa0TCs B BOAbDPA-
MHTaX H3 IpeH3eHOBLIX MECTOPOXKIeHHI, a TakxkKe H3 MoJeBolunaT-
KBAapUEeBLIX I OepH/ITO-KBapUeBLIX KuI1. B Boabpamute H3 Kpap-
LLeBBIX KW/, MMPOH3BOLHBIX OJOBOHOCHBIX TPaHHTOB, COAEPHAHUA
TanTajla W HHOGHS pe3ko cuukamtes. B poasdpamurax rugportep-
MaJbHBIX MECTOPOMAEHHH CHJIHKATHO-KaccHTepHTOBOH dopMaluu
conepranne ob6oux snementoB HHxe 10 r/T.

BaskHElyM 3/€MEHTOM-NPHMEChIO B BOJALPPAMHTAX SIBJASETCA TAK-
JKe CKaHIHil, BCTPeualoUHica B 3TOM MHHepaJe H3 MEeCTOPOAIAeHHIl
pazauuHbix ¢opmaunit (dyavikuua, 1959; bBopucenko, 1958, 1960
u ap.). MiMeercst HesHaunTeabHOE KOJMYECTBO AAHHBIX MO COJepKa-
HHMIO CKaHius B BOJb()pPAMHTAX H3 METMATHTOBBIX MECTOPOKIEHHII,
[To M. §1. Hekpacosy, B NerMaTHTOBBIX KHJ1axX MecTopoxAienHit Bo-
crounoil CHGHpH Ccpe/lHee cofepiaHHe CKaHIHA B BoJb{pamure co-
crasaser 1200 r/r. HauboJiee BbICOKHe COAepsKaHUs CKAHIHS Xapak-
TepHb 15 BBICOKOTEMIEPATYPHBIX TPeH3eHOBBIX MecTOpoX AeHHi He-
xocaoBakiu (2600 r/t), CuGupu (2000 r/T) 4 HEKOTOPHIX MECTOPOXK-
aenmin 3abaiikaabs (10 730 r/t) 1 Kasaxcrana (10 1200 r/t B Bosb-
dpamuTe H3 Mectopoxkaenus Axuatay). B MecTOpOKIeHHAX CHAN-
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XHMHYeCcKHe aHaJH3bl BOJL(PAMHTOB

Ta6aupa 14

dopmanus Ne
(THn MecTo-| 006pas-

CoflepxanHe, %

%0

€8

poOMALHHA) 1a Ta,0; Nb,O TiO, MgO Ca0 ALO, AHATHTHE
[peiize-
HOBas
Ipeiize- | 9,65 | 5,62)17,86] 0,41 1,07 ' ]
HOB b 0,07 He o6n. | He o6n. | He o6, T. V. MauuxuHa
To xe 229 17,321 0,40 0,92 0.07
Eggglfg: 78 1o60; ;31 00 e o6u. | He onp. | He onp. | He oup. ¥
Boiit | 2266 19,66 0,39 0,66 ’ He o6u. | He odu. | He o6n. %
23,66 0,15 0,65 i
38,66 19,20, 0,17 0,59 . He onp. | He onp. | He omp. )
IToaeso- | 1006 85 : c
wnar- Oiped L0 (08 He o6u. | He odn. 0,20 K. I'. Hcaena
KBapILE-
B
Keapue- | [1p. 1 0,013 0,0 6
BbIH 4 ' 8 Sl o " He oom. T. M. Maauxuna
Ilp. 2 0,02 0,016 : , .
NG = o
2057 I!,]a‘ 13,27) 0,02 0,33 He onp. | He onp. | He o6i. | He onp. K. I". Mcaesa
2043 91,39|He o6n.| He obH. - . R M. M. Tlosu-
aaiTre, 1960
2036 16,49 0,07 1,15 R - R K. ', Kcaesa
2063 12,76/ 0,03 0,87 » 5 » w "
2041 11,26| 0,04 1,35 3 z . 5 "
204 14,17| 0,34 0,36 He obu. 0,38 0,37 0,92 H. 3. KypbaHoBa
205 14,07| 0,093 0,20 N 0,08 0,14 048 .
94 12,21| 0,004 0,02 He oup. | He onp. | He onp. He onp. T. A. Kanuro-
HOBA
73 11,35 0,006 0,05 " = i » n
6 10,95 0,04 0,45 0,05 | He odu. | He o6u. | He obu. K. I'. Hcaera
80 8,000 0,03 0,018 He onp. | He omp. | He omnp. He onp. "
50 4,57 0,111 0,46 He o6n. | He o6n. | He obn. He o6 5
32,67 13,351 0,01 0,03 He onp. | He oup. | He onp. | He oup. T. M. Mauunxnua
142/67 12,88| 0,13 0,52 . . . . "
4a'68 23,27 0,003 0,025 0,10 He o’u. | He ofn. | He obw.
Cuan- | 2006 4,52|He 06u.| He 06H. He o6u. | He o6u. | He o6u. | He obm. o
0=
erye. | BOBa 374 00031 001 . . . .
RUTOEAR | 9583 2,79|He o6#.| He o6n. . " ,




Ta6anna 15

Conepxanue Tantana B BoabdpamuTax M3 MEeCTOPOIKIEHHH PasNHUHBIX (opmalHii®

g

Tay
T : P Koau-
dopmaing Mec'rnpnl’:r?nenun Munepa_;:é ;o,;‘egmumnn p— :i?rfﬂu(.‘ ‘ Tou
Has ar 10 L'!IJ:E.'I- HOCTb = A
OnoBoHocHBIX Boand Uy
paMuT, Kaccutepur, | IvkoTka 3 i
rpaHnToOB KOV MGHT L 2 260 360 300
PenkoMerans- Boang "
3 paMHuT, Kaccureput, | Bocrounass Cubupn 10 3
HbIX TPAHHTOR KOAYMOHT, MHKpogm. p 3300
CTPIOBEPHT
['peiizenonas ["peitzenoBuii B()J-]bd}'paMHT, Kaccntepur, | Boctounas Cu6ups 57 1520 8540 1115 341
KOAYMGHT [Tpumopre 2 3710 7600 | 5670
ARy THs 1 1100
[Tonepouwrnar- Boasdpamnt, xaceurepur, | Bocrounas C 39
KBapuensnlii KOAYMOHT P Sl 2 40 2400 | 5658 674
—— - -— - — |
lepuaao- Boangpamnr, kaccurepur | Bocrownas Cnoupsb 56 800 6000 3261 250
KBAPIEBbI
KBapuespiii Boasgpamur, kaccuteput | Bocrounas Cudups 27 | He o6u. | 1600 220 151
Kaszaxcran 57 30 1600 690 76
: 19 | He o6n. | 1780 257 220
- 32 110 650 256 15
ITpumopne 6 230 480 440 79
YyKoTKa 10 30 1110 227 218
AkyTus 9 30 b 43 a
CTaTHCTHUECKIT PA3HOPOJHLIE OLEHKH Bocrounas Cudupn, 37 | He o6u. | 1600 222 27
CPeJHAX BOJIb(PAMHTOB H3 KBapLEBOIro UykoTKa
THNA MecTOPOW IeHHH Kasaxcran 108 5 1780 423 8
[TpuMopbe 6 230 480 440 79
Ayt 9 30 55 43 5
CHaukaTHO- Boawbhpamut, xaccutepur | Xabdaposckuii kpail 3 | He obu. |He o6u.|He o6mn.
KiCCHTEPHTOBARA
* TabaWua cocraBieHa ¢ Y4Ye€ToM paHHbIX asropa M. B, Kysbmerxko, B. B. Hpanopa, I1. H. YerppGouxoii, A. M. BoiGoukuHa u apyrux

Hecaeanparened.
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Coznepxtanue HHOGHSI B BOJL(PAMHTAX H3 MeCTOPOMIEeHHH Pa3JHYHBIX ¢hopmMaHi™

Ta6nanuwua 16

18

Nb,Os. r/T
Tun M Koan-
Popmanng MeCTOpOKAL HHIE ]mep?l:qa‘ ;nf\l'ebpmamuﬁ Panon ::gl?l? Lo A
308 or 10 cpeatee ROCTHE=A
ON0BOHOCHBIX Boabdpamut, kaccure- | HUykoTka 1 4530
IPaHUTOB PHT, KOXYMOHT
PeikomeTann- Boashpamur, kaccure- :
HBHIX TPAHHTOR pH‘lL'l?pKUJ’IYMGHT, - | BocTounas Cubips 14 3300 10000 6235 1031
POJHT, CTPIOBEPHUT
["peiizenonas I'pefizenonsiii | Boasdpamur, kaccnte- | Bocrodnas Cudupb 57 4000 18 400 9 464 699
PHT, KOAVMOHT [TpuMopbe 2 11900 16 000 13 950
AxvTra 1 2100
[Moaesownat- | Boabdpamur, kaccure- | Bocrounas Cudups 32 130 18000 8658 1487
KBapleBblii PHT, KOIYyMOWT
e puano- Boasdpamitr, kaceure- | Bocrounan Cudupn 59 3300 12 000 2008 411
KBapueshlii pur
Kpapuesniii | Boabgpamut, kaccute- | Bocrounas Cubupb 27 | He o6u. | 11020 2951 1041
pHT Kasaxcran (Kapa 57 800 10 600 4910 476
O6a)
Kaszaxcran (Axman) 19 480 9500 2700 1099
Kasaxcran (Kyy) 30 2060 13 450 7433 997
I1pumopbe 6 2700 6 750 3375 1278
UykoTKa 10 180 4700 1 286 911
SlKyTHA 2 130 500 315
CratuerHueckH pasnopoansie ouenxn | Kasaxcran (Kapa- 57 800 10 600 4910 476
CpenHHX a4 BOAbL(PaAMHTOB O6a)
3 KBADIEROrO THHA MecTopowjennit | Kasaxcran (AxMas 52 | He ofn. | 11020 2545 155
u ap.), [lpumopoe,
Bocrounas Cudupb
Kasaxcran (Kyy) 30 2060 | 13450 7433 997
UykoTka 10 180 4700 1286 911
Axyrus 2 130 500 315
CHAHMKATHO- Boabdpasmut, kaccute- | NadapoBeknii kpa 3 | He o6u. | He o6n. | He obh. =
KACCHTEPHTO- pHT
Bas
* Kpome matepuancs apropa B Talullle ydTeHsl AaHHbIE M. B. KyssMmenko. B. B. IMBawosa, I1. M. UeTmphouxoft, A. M. BuiGouknHa

APYTHX HcchenoBatenefi.




KATHO-KACCHTEPHTOBOH (OPMaLHN CKAHAKHH B Boab(ppamurax obdpa-
3yeT He3nauuTeabHble KOHUeHTpauun. CpelHee colepiKanue ero ue
npepplinaer 4 r/t (Makcumiok, MBanos, 1973).

KoanuectBo cpefenuil no pacnpeielennio B BoJdbdpamure Apy-
IHX 3JeMeHTOB-pHMeceli elle Oonee orpannuenno. B auteparype
NPHBOAATCA JaHHBIE O HAJHUHH B BOJb(pamuTtax Gepu/ins.

B BoabdpamiTax rpeiizenosoil GopManiy B HE3HAUHTEAbHLIX KO-
JHYECTBAX MPHCYTCTBVIOT Taddaui, cepedpo, raadnii, nuauii. Jlanubie
N0 COMEPKANMUIO ITUX 3AEMEHTOR WMEIOTCS AWllb 18 OZHOrO THNA
mectopoxaennii (IMomosa u ap., 1967). Muanii 1oBoibHo xapakTe-
pen AJ8 BOJAb(MPAMHTOB MECTOPOXKACHHH CHAHKATHO-KaCCHTEPHTO-
BOil opMalMH, APpHYEM €ro cpeaHee coaepxkanie aas  HAxyTun
(5 amanuaos) cocraBaser 8 r/t (Makcumiok, Hsanos, 1973).

Jast Boab()paMHTOB HEKOTOPLIX THIIOB MECTOPOMKIEHHIT Xapak-
TEpPHO NMPHCYTCTBHE PEAKO3eMesbHbIX 3JeMeHTOB HTTPHEeBOH CpyIlilbl
a0 300 r/r («TeoxuMus peakux sneMmeHToB», 1964), HOo nanawie no
COJIepKAaHHI0 ITHX 3IE€MEHTOR KpaHHe MalouHCIeHHb.

TJTIABA VIII

KPHCTAJINIOXUMHYECKHE U ®U3HYECKHE CBOHWCTBA
BOJIb®PAMUTOB

KPHCTANJTOXHMHYECKHE CBOHMCTBA

BoabpaMuT  KpHCTAaAaH3yeTcd B MOHOKAWHHON  CHHTOHHN
Con*—P2/c. B nutepatype OTCYTCTBYIOT AaHHLIE O CTPYKTYpe BOJb-
dpamura. CTpykTypa BobpaMHTa pacCUHTLIBAETCA MO AaHAJIOTHH
co crpykrypoii MgWO, nan NiwO,.

HIrpynu (1962) npuBOAKT AaHHBIE O MapaMeTpax jIeMeHTapHoH
sueiikn (epbepura FeWO, : ap—4,71, be—>5,70, ¢o—4,94 A; Boabdpa-
muta (Mn, Fe)WO, :ay—4,79, be—5,74, ¢—4,99 A; rwoGuepnra
MnWO, : ap—4,85, bo—>,77, cp—4,98 A.

CepHsi XHMHYECKH NMpOaHAJAH3HPOBAHHBIX 00pa3loB BoJbHpaMii-
T4, XapaKkTepu3ywuluy Bech n3oMophublil psax o7 epbepHra 10
rioGuepuTa, 6bI1a CHATA HAMH METOJOM NMOpOIIKa Ha AH(PaKTOMET-
pe YPC-50H. TounocTe onpene/enist napaMeTpoB peIIeTKH COCTaB-
aser 0,005 A, O6pasusl cuumannch ¢ sraaonon NaCl. TTosayuennbie
J1aHHKE OblIH 0OpaloTanbl Tpaduuecku, rae no ocH abeuuce oTKI2-
ALIBAJHCH 3Havennsa 20, a 1o ocH OpAMHAT — HHTeHCHBHOCTL (1),
Mz rpaguka, nocrpoeHHoro ajs 3tanoHa, MOJVUHIN TONPABOYHLIf
koappuuuent NaCl (ucxons us toro, uyto staqon 20 NaCl —40°117)
JJ15 KaxKaoro obpasila u 3aTtem BLIUMCSIH 3HaueHns ag, by, ¢y 13
COOTBETCTBYIOUWIMX ITHM 3HaueHnssM rpaHKoB.

Bee paccunTanible H3 3THX rpadHKoB napaMeTphl  npupegeHbl
B ta6n. 17 aas Beex uienos waomopdHoro paaa depdeput — riodHe-
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put. M3 1abanum n rpaduxa (puc. 28) caedyer, 4To ¢ TOBbIMIEHH-
eM Loﬂepma}mﬂ MnWQ, yBeanunpalTCs napaMeTprl ag, fo, ¢o—a
ot 4,741 0o 4,829 A: by ot 5,70 1o 5,758 A u ¢, ot 4,956 no 4,991 A.
Han6Gonee cHabHO H3MeHAeTCs @p, Menblle Mensercst by W .

o
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Mnw0,

Puc. 28. 3apucumocTe napaMeTpoB  3JeMeHTapHolt
AYEHKH MUNEPAJIOB pafla GepiepuT — rHiHeRHT 0T
XHMHUYECKOro COCTABA

3aBUCHMOCTDL H3MEHEeHHs TapaMeTpoB 3jeMenTapholl Auefiky of
coNepXKaHHd B BOJb(paMHTe Maprasiia I ;Keje3a HACTOJbKO Cyllle-
CTBEHHA, YTO M0 KPHCTANIOXHMHUECKHM IapaMeTrpaMm (0coBeHHO Mo
BeJAHYHHE @) MOMKHO ¢ ZOCTATOYHON TOUHOCTBK ONpEeNHTh colep-
JRAHHEe JKesdeaa W mapranitia B Munepadax. Coaeprkanue B Boabdpa-
MUTE 3JeMeHTOB-NIpHMeceld TanTtaJga, HHobusl, CKaHaAuda U Ap. HE OKa-
3bIBAIOT BJAHAHMA HA H3MeHeHHe napaMeTpOB 3JeMEHTapHOH AUeHKH.
E. M. Huxutuna u ap. (1968) npeaaaraior uenosab3oBaTh Aas onpe-
NeAEHHA XHMUUECKOTO COCTaBa Boab{pavmuta TONbKO napamerp by,
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06

Tadanua

3aBHCHMOCTh KPHCTANIOXHMHYECKHX H (DH3HYECKHX CBOMCTB BOJIb(PAMHTOB
0T XHMHYECKOro cocTaBa

Ne

afpasia

XumHyeckuit cocTas, B Bec.

16

Kpretasaoxinaieckas Gopayaa
Mn0 | FeO | WO, | Ta0, Nb,O; S¢ 110,

168 | 2327 L74[ TA7L] 0,003 | 0025 | 0003 0,10 | (Fey Mgt (NbowsTis oo Wo s 60O,
2043 21,391 2,60| 76,07 | He o6u. | He o6n. | 0,005 | He odn. (Feq 10Mny go)1 .00Wi, 90O,

np. 1| 2062| 250| 7501 0013 | 008 |0004| . (Peq, 1M1y 50)1 .00 (NBo oo 20, 0002 Wo. 08201 0604
np. 2 | 20,87 | 2,87| 7455 0,02 0,016 | 0,004 = (Feg,1oMny go)1 02 (Nby 002 Tag e Wi, 60)0,650,
2266 | 1966| 509| 7282| 0,39 066 | 0004 (Feg,.tMg s o0 (N onsTa0,00s Wo66)0.060
1766 | 19,60| 511] 7483| 0,31 035 | 0004 (Feo oMy 83)1 00 (Do 00sTa0_00s Wo o). 150,
3866 |1920| 630]7393| 0,17 059 | 0004 O i u)s e (N Bt T8, 30 W e
2366 | 1811| 7,12| 7383| 0,15 065 | 00014 (Feu,aMitg 1)1 05 (NBy_ o Tag e Wo.a5)o.:0
9565 | 17.86| 562| 74,39| 0,11 107 | 0,005 007 | (Fey95Mng 25,0 (Tin,aNbo, 11T a0, 00sWo g2l 0O
229 | 17,32| 568|7513| 040 092 {0005 007 | (FessiMna 708 (Tio.00sNBs asT 0,06 Wo s)r.0sO
2036 | 1649| 7,18| 75,12 0,07 L15 | 0,004 | He o6m. | (Feq s0Mity zohw (NDy Ty w0 Wo or)i nO,
200 | 1417 10,49 7242|031 036 | 0004] (Few, Mg o)1 06 (Do T 005 Wo, 7)o, 680,
205 | 1407{ 9,12| 75,09| 0,093 0,20 | 0,003 " (Feq,39M0,1)1,00 (NDo,005T a0, ou W g0, 02 O
1006 | 1378| 11,68| 7217| 085 1,00 | 0004| 005 | (FeyMng s o (Tio,eoNbo,oTao,Wo, e)o, O
2057 | 13,27| 11,15] 7571] 0,02 0,33 | 0,005 He o6n. | (Fey My s0i on (NDy o Ta0, 0016 Wo )0 66O
99067 | 13,35| 11,17| 75,86 | 0,01 003 o003 (Feu,a:Mung e on (NDo o Wo 0)a.6604
14-.2.57 12,88 | 11,55| 7500| 0,13 052 | 0003 (Feq sMiy, 50100 (NDo o T2 e Wo st 6O,
0063 | 12,76 | 10,63] 75,71 003 | 08T | 0,005 (Feo.gsMito su)o.sn (NDa.ix W1 i)t 104

91 | 1221 12,89| 7488| 0004 | 002 |0004| (Feu 5 Mg sadt 06Wo 904

73 | 11,35 1332 7528| 0,006 | 005 | 0004 (Feu,ssMitg_ss)i.oc (NDy, 00 Wo,e8)0, 0504

9041 | 11,26] 9,22 78.13| 0,04 155 |0005 (Feg soMmy.is)o, sz (NDy 3 Wi 00,0104

6 | 1095| 1220|7561 004 | 045 |0003] 005 | (Fey Mo (TinweNDuoWo.mo.sO:

80 8,00| 17,87 7412 0,03 0,013 | 0,004 | He o3, | (Feq Moy 01,1 (NDy o Wi 6)O

50 4,57 15,84 | 7803| 0,11 0,46 | 0,004 ; (Feg,asMna_so)a,s0 (NDo o1 Tag o W1 a0, 04
2006 | 452| 18,90| 76,62| He o6m. | He o6u. | 0,003 (Feg oMty io)o.00W1.mO4

635a 3,741 20,36 | 75,88 | 0,003 0,01 | 0,004 . (Feo,sMno,15)1,00 (Do, o0 Wi 0) O

9583 | 279| 21,41| 75,80 | He o6, | He oon. | 0,004| (Feo,1Mig 12)1,0sW1,000:




IMpoxomkenne taba. 17

[lapaMeTps 3JAeMeHTapHO

. | x e, & Ommmareagg caoecgioen | WSty | e | wontno |
;lfn nﬁp;:ma = 3 ,ll;:'éléjlihm
a ba & Re Rp Y R A i
1 4a/68 = - - - = 329— 367 346 50 He onp.
2 [ 2043 | 4829 | 5758 | 4991 |He onp.| 1601 |He onp.| 260—342 304 15 7,16
8 | Rl 4824 | 8753 | 4091 1550 | 1475 0,05 321—412 363 — 7,05
4| np. 2 | 4825 | 5753 | 4981 15,55 15,20 0,02 342—402 372 7,01
5 22 66 4,810 5,750 4,987 | He onp. | He onp. - . — 6,74
B e : : 388533 i 9 709
T 3866 | 4810 5,717 1987 375 191 43 30 700
8 053 66 1,510 LY 1,087 05— 177 138 or 685
9 9 65 1,510 5,717 1,987 16,66 16,25 0,02 38247 114 22 6,87
10 229 4,806 5,747 4,987 16,80 16,20 0,04 329473 402 28 6,84
1 2036 4797 | 5744 4,987 17,65 14,50 0,18 269—620 398 45 6,97
12 201 1,787 5,730 1,979 17,55 17,18 0,02 346—562 161 36 7,20
e —————— - = — “”"""‘"’f' - .H..,:._g-_.._-
13 205 4,782 5,730 1,971 16,80 16,00 0,05 277—573 157 39 7,15
14 1006 4,782 5,736 4,983 18,05 16,30 0,10 321--188 421 32 6,70
15 2057 4,782 5,730 4,974 18,30 16,00 0,13_ 232—512 349 55 7,18
16 22 67 4,782 5,736 4982 | He onp. 4021496 M7 24
17 142 67 4,782 5,730 4,974 = 387446 434 36
18 2063 1,782 5,736 4,982 — 16,75 — 325—5H1Y 425 26 700
19 94 4,780 5,725 1,968 16,50 15,50 006 311—3u7 354 15 7,46
20 73 4,780 5,727 4974 18,15 17,30 0,05 321597 387 42 7,33
21 2041 7,780 5,733 4,979 18,15 16,50 0,09 - — = 6,85
22 6 4,782 5,733 4,974 - 17,11 = 307 —430 371 23 7,28
23 80 4,765 5,719 5,071 - 17,42 - 320492 425 24 7,39
24 50 4,771 5,727 1,970 18,10 17,10 0,05 329—496 105 37 7,49
25 | 2006 4,750 5,716 4,960 18,50 16,90 0,09 300436 383 35 i
26 635a 4,748 5,714 4,958 — 18,27 i 300 — 436 359 32 7,30
27 2583 4,741 5,705 4,956 18,15 16,50 0,09 354—436 392 15 7,32
&




YUHTLIBAA 3aBHCHMOCTL NAPaMEeTPOB Qg 1 €y OT VIda MOHOKJIHHHOCTH
B (aosin B, ¢psin ). Hamu ncenenosanns, a takze clielHaabHble
neeaenosanus T, A. Cocenko (1971) nokasanu, uto gepbeputr gaer
KapTHHY MOHOKJAHHHOTO MuHepasa ¢ yraom B=90° (6au3ko K poM-
Ouueckoii). Jlna riooGHepuTa oTMeueHo pasiapoenie pediekcos hol
U hkl, utTo Takike XapaKTepHO A/ MOHOK/JIMHHOIO MHHepa/ja C yr-
aom B, Gauskum K 90°. YuuTbiBas, uYTo Hauboablune H3MEHeHHs
B 3HAueHHsIX MapaMeTpoB OTMEYeHbl /5l Nnapamerpa dp, Mbl CYHTa-
€M, UTo cOjlepiKaHHe jKeaesza W mMapranua boaee ueaecoo6pasHo on-
pesensiTb Mo BeJdHYHHE Q.

[Toayuennble Januble X0powo corJacytoTea ¢ danavivmu A, Sasaki
(1959), n JI. B. Yepnbimesa (HMucturyr reoxivun CO AH CCCP),
YCTAHOBHBUIHMH UETKYI0 3aBHCHMOCTb ME€KAY NapaMeTpaMH KpH-
CTAMIHYECKON PCWEeTKH H  XHMHYECKHM COCTABOM  CHUTETHHECKHX
BOIb(PAMHTOB.

®HU3UYECKHE CBOHCTBA

Ontuyeckue csonctea. BoabhpaMiT U3 MeCTOPoAICHHHA pa3iany-
iblx Gopmauuii 6bl MCCIeoBaH MOA MHKPOCKONOM B OTPAMKEHHOM
csete. LlBetr Munepaaa B oTpazkeHHoMm cBeTe cepbniii. Buytpenniie
pedaeKkcsl TeMHO-KOPHYHEBO-KpacHLle (KopuuHeBble 145 ¢depbeputa
H KpacHble st rio6nepura). AHH30TponeH. XapakiepHa COBeplleH-
Hasa cnaiinocth no (010) u HecoBepwennas cnaiiocTs no (100) n
(102) u mpocTule ABOHHHKH. B mpoxoasiien CBeTe ONTHUYCCKH I10J10-
AHTEeAbHLIL. 2V 630K K 75°.

Boasdpamur npospayen B uH(pakpacHon c¢sete, a TOOHEpHT
npospaven B BiuMoii yactn cnektpa. Ilo nannwn R, Bailly (1947),
HabJaroaaercst TecHas 3aBHCHMOCTb MeMIY XHMHUECKHM COCTaBOM
BOJLMPaMHTOB i 3HAYEHHAMH NOKaszaTeael npeJoMIeHHs, HaMepeH-
HLIMH B IH(pakpaciom csere: Ng uamenserca ot 2,414 gasa depbe-
puta po 2,283 nas rwodHepura. CoorseTcTEeHHO NV, H3MEHAETCs OT
2,305 no 2,195 u N,, —or 2,255 no 2,150. Bpawareabnuie cBoiicTBa
A rwbuepura A, (A—589 um)=2,03+1: a1as ¢epbepura
A, (A—589 um) =2,19+0,1 (Kamepon, 1966).

Kak npapuio, nanHble oTpazarenbHoil cnocoGHOCTH MHHEpanon
Ipynnsl BOJb(ppaMHTa B JHTEPATYPE NPHBOAATCH 1/ OLHON AJHHLI
BOJHbI (Oenoro cBera — A=2590 nm) (Bunuveaa, 1953; Kamepon,
1966; Beugnies, 1966—1967 n ap.). Hamn 1as Beex n3yuenubix o6-
pasioB BOAL(pPaMHTA, NPEACTABJASAIINX H30MOD(QHBIH PAL OT Iiob-
HepHTa 10 depbepura, Oblna H3MepeHa OTpazKartelsHas CMOCOOHOCThL
npH caenyioOUINX AJMHaX Boad: 435, 450, 486, 520, 546, 590, 620 n
656 nm. das ucenenoBannilt GblIH HCNOJAb30BaHLE GPUKETBI MOJHPO-
BAHHLIX PA3HOOPHEHTHPOBAHHBIX 3epeH BoJab()paMuTa, NpHYeM A5
H3MepenHs BbIGHpAJHCh 3epHA ¢ MAaKCHMaabHOI atu3oTponue. dra-
JoRoM cayxinno crekiao CTO-2,

Has ¢epdepuros (taba. 18) ormeuatorca 6o.ee BLICOKHE 3HAuUe-
HHS oTpazKarteabHoil cnocobnoctu. Tak, aas oGpasua, xapakrtepH-
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aywwerocs coctasom 12% MnWO,, npu 2=590 nm R/

18,50 %

n Ry’ —16,70%, a nas o6pasua, coctae kotoporo 90% MnWO,,

npH Toli ke AJAHHe Boambl Ry — 15,04%, a R,/

12,969 .

R e
—— —— 1

— .--_""'—-—-—.__2

— e if
s e 2
\-._____________— ===
'—-—-—..____.______3

.’0 1 l 1 1 =)

450 500 550 500 A, HM

Puc. 29. KpuBbie JAHCNEPCHH OTPAAATEILIOIN Criocob-

HOCTH MHHEPAJOB psia epdepnt

Fofeph

@epbeputhl (puc. 29) xapaxrephusyloTes GoJee NMoJOrHMH KpH-

BbLIMH AHCTICPCHH, B TO BPEMA KaK V I'K')ﬁllt’?[)“'l'()li

KpHBLIE THCIED-

cun Goaee kpytoie. H. M. Ulymckas (1971) npeanaraer ucrnonnsc-

30BaTh KPHBbIE AHCHOPCHH MHHE-
paJoB TpPYNIb BOJb(paMHTa B
KauecTBe NOTOJHHTEIbHOTO IHa-
rHOCTHYECKOTO TIPH3HAKA.
OnHaxo oTpaxarteabHas Clo-
COOHOCTL BOJALGPAMHTOB H3Me-
HSIETCS B 3aBHCHMOCTH OT COCTa-
Ba MHHEpPaJoB  (coleprKaHus
MnWO,). Ecan noayuensuie Ha-
MH TPH H3MEPEHHH OTpaKaTelb-
HO# crmocoGHOCTH 3Hauchusa K, o
Ry npu pnune sBoanu A=>590 nm
HanecTH Ha rpauK 3aBHCHMOCTH
HMX OT XHMHUYECKOTo cocTaBa (mo
OCH OPIHHAT OTJOMKEHBLI 3Haue-
s R, w Ry 8 %, a no ocn a6-
cuueec — snavense MnWO, B Mo-
JSIDHBIX  NIPOLEHTaX), TO, Kak
BHAHO U3 rpaduka, R, ymMeHblla-
erca ot 18,5% nas depbepura
10 16% y rwobuepura, a R, co-
OTBETCTBEHHO  HM3MeHsercs  OT

i L ! 1 L L

! ]
40 020 g
Fewo,

90 50 60 70 80 90 MWD, %

Pue. 30. 3asnenMocTtb 0TpaKaTenbHoIl
CnocodnocTn BOALPPAMHTOR OT XHMH-
yeekoro cocrasi npn A=>590 nm

18,3% nas depdepura a0 169 y rioduepura (puc. 30).

Murporeepdocre soabppamuros.

Hayuennem mukpotsepaoctit

BOJB(PAMHTOB B 3aBHCHMOCTH OT COCTaBa 3aHHMaJcs psj HCCAeL0-
pateaeill (Maouncknii, 1962; Ceipuuo, 1963; Young and Millman,
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Jlucnepcus 0TpaartedbHOH CNOCOOHOCTH H ABYOTPayeHHA BOAbGPAMHTOBS 9

Tadauna 18

OTtpamares- ;
Hag Ay MM
Ne Mo 3 7 Cnoco6HO
n‘r!: obpasila Mﬂkgo' T?\IEBJ (nl?g HHR;T;)
U ““Y‘ﬁlﬁ)’“"“e 435 450 486 520 546 590 620 656
1| Mx-96 90 0,038 Ry — 16,70 = — — 15,04 14,70
R, — 14,95 — — — 12,96 e 13,30
2 | Hx-240 79 | He onp. R’y = 16,70 - ~ - 15,60 15,10
R, — 15,10 — — - 13,80 = 13,20
. ' R 18,00 17,90 17,60 17,40 17,15 16,80 16,65 16,40
3| 29 73 1,32 R, 17,50 17,25 16,90 16,60 16,50 16,20 16,00 16,00
AR 0,08 0,04 0,04 0,05 0,04 0,04 0,04 0,02
Ry 19,00 18,40 17,90 17,80 17,75 17,65 17,60 17,60
4| 2036 74 1,22 R, 15,90 15,35 14,95 14,95 14,85 14,50 14,40 14,30
AR 0,16 0,17 0,16 0,16 0,16 0,18 0,18 0,19
) Ry 17,90 17,65 17,80 18,00 18,10 18,05 18,00 17,90
5| 1006 56 1,85 R’y 16,35 16,00 16,05 16,40 16,45 16,30 16,26 16,19
AR 0,09 0,09 0,10 0,13 0,09 0,10 0,10 0,10
| 1 |
-]
@ _ R, 17,55 16,99 16,56 16,58 16,60 16,50 16,30 16,20
& 6 94 52 0,024 Ry 16,35 15,85 15.50 15,50 15,50 15,50 15,40 15,20
S AR 0,07 0,07 0,05 0,07 0,07 0,06 0,06 0,05
R’y 19,30 18,70 8,50 18,55 18,55 18,15 17,50 17,85
7 73 48 0,011 R 18,30 17,70 17,40 17,50 17,40 17,30 16,80 16,70
AR 0,05 0,05 0,05 0,05 0,05 0,05 0,06 0,06
R’y 19,30 18,85 18,50 18,45 18,35 18,15 18,00 17,75
§ | 2041 48 1,39 R, 17,85 17,30 16,80 16,70 16,70 16,50 16,10 16,05
AR 0,08 0,08 0,09 0,09 0,09 0,09 0,11 0,10
B 19,05 18,50 18,40 18,70 18,95 18,10 18,30 18,60
9 50 20 0,57 R, 17,60 17,35 17,20 17,20 17,20 17,10 16,50 17,00
AR 0,08 0,05 0,07 0,08 0,09 0,05 0,08 0,09
R’y 18,50 17,9 18,15 18,75 18,75 18,50 18,55 18,55
10 | 2006 19 He o6, R’ 17,20 16,60 16,60 16,90 17,00 16,90 16,95 16,95
AR 0,07 0,07 0,09 0,10 0,09 0,09 0,09 0,09
R, 17,55 17,35 17,50 17,90 18,10 18,15 18,15 18,10
11| 2583 12 He o6u. R, 16,22 16,10 16,20 16,45 16,50 16,50 16,42 16,40
AR 0,08 0,07 0,07 0,08 0,09 0,09 0,10 0,09
12| Brl 12 1,12 Rg - 1540 - - - 18,50 - 18,40
& R’y = 17,00 — — s 16,70 = 16,70




1964; Beugnie, 1967; Maxcumiok, 1971), KoTopnle nojayunan Heol-
HosHaunble pesyabratel. JI. @, Coipuuo u I'. Al Habnackuii ycrato-
BHJIH NPAMYIO0 3aBHCHMOCTb TBeP/JOCTH BOJbL(PAMHTOB OT cOlepiKa-
Hua B uux MnWQ,s. PatGorsl Aura u Muaamauna, a takxke beubu no-
KasaJn, uTto rpauK 3aBHCHMOCTH TBep/lOCTH OT cocTaa B H30-
Mopgrom psaay (epbeput — riobuepur umeer Gosee CJAOMKHBIH Xa-
pakrep; (epbeput umeer GOMLIIYID TBEPLOCTD, UeM TIOOHEPHT, OIl-
H4KO HanboJbllIas TBEPLOCTh XapakTepHa A/ CPeLlHX YIeHoB H30-
mMopdHoro psaa.

Hamu Ha xuyHUECKH NPOaHaIH3HPOBAHHOM MarepuaJge Obi1a Mo-
JyueHa TBEpLOCTb BOJLGPaMHTOB BCex UJaeHOB nzoMop(HoTo pAna
H3 MECTOpO:KICHMIl pas3jHUHLIX TreHeTHYeckux TunoB, Iamepenund
NPOH3EBOIHINCL O METOAYy MHKpOBAaBJuBanus na npudope [TMT-3
Ha noaupoBaniuux Opukerax uz ApoGacHulx dpaxkuii soasdpamura
npu narpyske 50 r (peixe 70 r). Ilposoanaocs ot 17 1o 45 3amepos
Ha pas3/IMYHBIX CedeHHsIX OJAHOro u toro e oOpasuna (JleGexena,
1963). Takoit cnocob no3soJasier oXapaKTepH3eBaTh BCe KouebaHus
3HavyeHnii MHKPOTBEPOCTH MHHEpaJaa B 3aBHCHMOCTH OT KPHCTA/I0-
rpaHuecKoro ceueHus.

B pesyabraTte nposefenubix H3MEpeHHH yCTAHOBACHO, UTO BOJb-
¢panmiut obrazaeT OTHOCHTEILHO cpeAHeil aHH30TpoOmHell TBEPLOCTH
Il pora (pasnas TBepAOCTb Ha pasiblX rpansx) ¢ xovpduuuenTom
auuzorponun Ky, =1,15.

s nonyuenus cpeaHero 3HauveHHss MHKPOTBEPHOCTH IS Kazk-
foro obpasua Obll HCNOAB30BAH OAHH H3 METOJAOB MaTeMaTHUeCKO
CTATHCTHKH — MOCTPOCHNE rpaduKka cnpsiMJAeHHbIX Kpuphix., M3 3to-
ro rpafuka BLIYHCISETCH CPeIHee 3HadeHHe MHKpoTBepaoctH (H.p)
H CTanjapTHoe OTKJoHeHHe (==0). XapaKkTepHCTHKa MHKPOTBEpIO-
CTH HCCaedoBalbIX Boab(paMuTOB MpHBeaeHa B Taba. 17, H3 KoTo-
poii caedyer, YUTo TBEPLOCTb BOJL{PAMHTOR H3 MecTopo:kacHili pas-
uplx Gopmaunii kKoaebaerest or 232 a0 626 kre/mMm?, a cpeanne 3na-
yenus namensiiorest ot 304 go 465 kre/mm?. Ha ocliopanni moJyuen-
HBIX AaHHBIX HAMH 1IOCTPOEH rpa(uK 3aBHCHMOCTH TBEPAOCTH BOJb-
(ppamuToB OT 11X cocTana (comepmanun MnWQ,) (pnc. 31). U3 pac-
cMoTpenus ofulero rpadHKa BHAHO, UTO MO MEPe yBeJIHUYeHHS COjlep-
wanug MnWO, ot 16 o 34% TeeprocTh yeeanunsaerest or 359 o
425 xre/mm2, 3aTeM NPOHCXOJAMT NajedHue TBeploctH ot 425 1o
354 xkre/mMm2%, B TO Bpema Kak cofep:xanne ManWO, ysenuunpaercs
ot 34 1o 52%. Ilpu comep:kanun MnWO, ot 52 1m0 61% TBepaOCTD
pe3ako BospacraeT ot 354 10 464 krc/mMM2, a zateMm cHOBa HabJIOAa-
eTcs najenne Teepaoctd oT 465 1o 304 krc/mMm2 npu yBeaHueHHH Co-
nepxanna MnWO, ot 61 no 909%.

Kak ormeuasoch BeIIe, npH cocTtasielinn obinero rpaduka na-
MH ObliAH HCNONbL30BaHb Aallble H3MepeHHs MHKPOTBEPAOCTH MHHe-
paJjos Bcero nzomopguoro psjaa pepbepuT — rioGHepUT H3 GOJbIIO-
ro upcjaa MEeCTOPOKIACHHH pasnnuilbiXx reHerHyeckux qopmaunii, Ec-
TECTBEHHO, YTO B KOHKPETHLIX MECTOPOMKICHHSIX Mbl HE BCTpeuaeMm
CTOJIb IIHPOKOII TAMMDLI MHHEDAJIOB 3TOr0 H3oMop(HOro psijla H Kpu-
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BLIC MHKPOTBEPAOCTH BOALMPAMHTA, NOCTPOCHIbI 17 OTAENbHLIX
MECTOPOKACHH I, MPeACTaBAAioT co00il JHIIb ydyacTKH obueil KpH-
BOH It MMEIOT NPEMOJHHEHHLIT XapakTep, YTo OTYETIHBO BHAHO HA
puc. 310,s.

Taxknm 06pazoM, M0JAYYEHHBIC Pe3yabTaTbl COOTBETCTBYIOT JaH-
sty Aura, Muaavana (1964) u Denbn (1967), Xorsa oueBuiano, uro

a

H kec/mm?

500

450

400

350

Jog . A L L s L L )
0 1w 20 30 40 50 60 70 40 90 MW

FeWl, Mn W0, %
6 6
H ke’ H, Kac/ mm
500,
450
400 \
50 >
o300 30 50 60 70 &0 90 100
FeWo, MnW0, % FeWO, MnW0,,%

Puc. 31. 3aBHcHMOCTD TBEPAOCTH BOAL(PaMH-
TOB OT XHMHUYECKOrQ COCTaBA:

a — oGuuit rpaduk; O, 8 — jaas BoantpaMHTOB H3
OTALILHLIY MECTOPOMACHUR rpefizenopol dopmanuu

s OT/IebHBIX MECTOPOIKACHHIT rpadHKi 3aBHCHMOCTH MHKPOTBEp-
JOCTH BOJL(PAMHUTOB OT COCTABA MOTYT MMETb NPAMOJHHEHHbIH Xa-
pakrep.

Ha rpaduxe (cm. puc. 31) nynkTHpom nokas3ano, Kak [poJKHA
Oblia Obl H3MEHATBCH MHKPOTBEpPAOCTb B caydyae HempepbiBHOH H30-
Mopduoit cMecHmocT AByX KomnoHentoB FeWO; n MnWO,. Moxx-
HO NpeanoeaoKuTh, uro 5 obaactn 50—20 moa. % MnWO, B 3TOM
MecTe Ha rpaduke Ha6/101aeTCs pe3Koe MoHHMKeHHe MHKPOTBepo-
CTH N0 OTHOMICHHIO K OXMHIAACMBIM 3HAUCHHSIM. DTOT (dAKT MOMKET
CAYAHTL yKasaniem Ha BO3MOKHBI pacnaj uzoMopdHON cMecH
MnWO,—FeWO, B s10ii 0Ganactu coctaBor. CTpPyKTYpbhl pacnaja
TBEPALIX PACTBOPOB B JAPYrHX H30MOpPGHHLIX pAgax, B HacTHOCTH
B H3oMmoptHoM  psgy  KoayMOHT — TanTanaura,  Hab/a01aJHCh
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C. 1. JleGenesoii (1968, 1972). TlposenenHnie HaMi COBMECTHO
¢ B. C. ¥Ypycossin 1 H, P, XucHHOH 3JeKTPOHHO-MHKPOCKOIIiHeCKHe
ucc1czopaiua (Makcumok n ap., 1972) na obGpasuax poabdpasn-
Ta, npeacrasamontix uzomopdubiii paa or 12 a0 90% MnWO,, no-
Kasa.u, uTo B o6pasiax okoao 30 moa. % MnWO, nabmonaiores
cBocofpasHbie KapTuhbi peibedoB cKOJ0B, Mopdoaoriieck Bbipa-

Piic. 22, 2NeKTpoHHOMHK] OCKOMNYECKHT CHUMOK ¢ najioMa olpasud Boib{pasira
coctaa 31% MnWO,. ¥roapnaa penauka. ¥s. 15000%

JKEHHLIE CHCTEMOM NMepeMbiYeK pasHoro THna (¢ npenMyllecTBeHHOM
OpHeRTalilicil B 0AHOM HampaBJcHHH, pewietiatsie H  obpasyloutke
mMosanuiblft ysop) (puc. 32). Ulnpuda nepembliek ABAAETCH [OUTH
MoCTOsENONH M cocTak.iser oko.o 600 A. TMoao6hbiil xapakTep MHK-
popeaseda ABALCTCA ONPEACASIIOILEM A9 BOJB(PAMHTOB [aHHOrO
cocTaBa, B TO BpeMf Kaxk B 06.acTH CPeIHHX M KpailHHX cOCTaBoB
OH MOJIHOCTBIO OTCYTCTBYET. TaKylo CTPYKTYPY MOMKHO OGDBACHHTEL
yepeloBaliHeM onpeneeHHLM 06pa3oM OpHEHTHPOBAHHBIX JaMeJek,
oTJanualiExea no cofepmanuio Fe n Mn u siBagiomuxca npoayx-
Tami pacnajia H3oMopQHoI cMecu, Mpoxodsulero no ocofoMy —
cnunofaabHomy mexanusmy (Xucuua, ¥pycos, 1972).

Yoeasnold 6ec BObPPAMHTOB SIBJAACTCH BEJHYHHON, 3aBHCALLEH
OT HX XHMHYECKOTO COCTaBa.

B. ®. Bapa6anosbim (1960) ycranoBaera 3aBHCHMOCTb yIeabHO-
ro peca BOJb(PAMHTOB OT COJEPKaHHs B HIX Kele3a H MapraHila

100



103 06pa3loB, npaktuueckH CBOGOAHBIX OT NpHMeceil APYrux 3fe-
meHtos. B Gosee mozanux paborax B. ®. bapabanos NPHXOANT
K BbIBOAY O TOM, 4TO MPHCYTCTBHE B bOJlb(ppaMHTd\ npHMeceil HHO-
Ous, TaNTAJa H CKaHAHS cluKaeT ylAejabHbll Bec poabgpamuTos,
npiiem UM ycranosiena obpaTHas BeJAHYHHa Y/AelbHOTO Beca OT
conepziaiing niodua. 1lpn neboabmiX coieprraniax cKanius {Tbi-
caunbie goad %) u rtantana (zo 0,5 %), NpaxkTHYCCKH HEe BJAHAIO-
IUHX Ha BEJHYHHY Y/AeJbHOro Deca, CoJAep:iKallie B BOJ b(bpd\un‘ax
0/1HOTO BECOBOTO MPONEHTA [ITHOKKHCH HHOOHA HONWKACT Y/1e/bHbLH
BeCL BOALGOPAMUTOB NpH-
6anzurteabHo ua 0,1 r/emd
(bapaGanos, 1966). Pe-
3yJabTaThl NPOBEASHHLIN Ha-
MU onpeneseniil yaeanubx
BECOB BOJbLPAMHTOR pas-
JHYHOTO XHMHUCCKOTO CO-
crasa nzobpakeHsl Harpa-
duke (puc. 33), wa KoTO- , L
POM BHIHO HEYETKO Bblipa- 5’590 1020 30 40 50 60 7‘,:; 80 90 1o
JCHHOE YMEHDBIICHAR YCIb-  FeW0, MnWO0, %
HOTO Beca MHHepaJda 1o
Mepe yBeJHUCHHS B HeM  Pue. 33. 3asucuMoCcTb y/abHOTO BCCA BOIb-
cojiepKanus MnWO,. Ha (hpAMHTOB 0T NHMHYECKOTO COC1d8a
3IT0T Ke Tpaux HaxHeceHbl
TEOPETHUECKHE VIEAbHDbIE BECa I/ CHHTeTHUeCKH X Tlo0HepuTa u gep-
Gepiita H 175 BOAbQPAMHUTOB, B COCTABE KOTOPBIX NpaKTHUECKH He
COAEPHTCA npuMecedi Tanrana u HHOGHS, paccuHTaHHbBIe O opiye
1,66-M-2

iy Uy 6y

rie M — moaekyaapuulil Bec; z— uncao Moaexya B sueiike; ag, by,
Co — napaMeTpbl sjieMedTapHoH sueikn. Ecan coeluiuTh TOUKN TEO-
peTHYecKoro cocrasa (Ha rpaduke oTMeYeHbl KPCCTHKAMH), TO IO-
JYHHTCA NpAMas JHHis ¢ He3HaUUTEJAbHBIM HAKJIOHOM K ocu ad-
CILMCT.

Kpoxe toro, 13 nocrtpoersoro rpaduka BuiHO, YTO B €0 NpaBoi
YACTH HAHCCEHE! TOYKH, COOTBETCTEYIONLHe 06pasiam, COAepKallum
NbsOs 5 Koamueerse 0,6% (taba. 17). B aeeoit yactu rpaduka o6-
pasilil, KaK NPaEnjao, He COAePKAT NATHOKHCH HHOGHA Man cojep-
aiar ee 5 koanuectse g0 0,5%. Taxum oGpaszoM, nekoropoe cuixke-
e yAeJbHOro Beca, OUeBHIHO, HA/0 CBA3LIBATbL HE TOJbKO C yBe-
JuuenneM cofep:kanns MnWO,, Ho 1 ¢ nprCyTCTBHEM CYLLECTBEH-
nof npumecu Hitobus. Touwxn 11 (o6p. 1006) u 16 (oGp. 9/65) wHa
rpaduke cooTBeTCTBYIOT 00pasuaM BOJb(paMiUTa ¢ BBICOKHMI CO-
AepKaHuAMI nATHOKIcell nnobus u Tantana (B o6p. 1006 TazOs+
Nb:O;=1,85%, a B 06p. 9/65—1,48Y%, (taba. 17).

Takim 00pasonM, HeTKON 3aBUCHMOCTY VACILHOrO Beca poabQpa-
MHTOB OT MX XMMHUECKOro coctapa He Halal0laeTcs, XOTs HeKoTo-
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CpaBHuTensuag x1p IRTEDHCTHRA

—_—

Ta6baunga 19

K-crner
HX-cncxrpos nornomenns BOMLHpaAMHTOR B nuanazone 1600—400 cm!

N No @ Xyaurcckmit cocrag o Makenmyy
¥ Gl OpMannn, i 101
mi |nGpasua q\ln w;uv1.5{,‘:,';_2{_,””{' HIL?:}I:;;?O'_
K Xap CTHE,
' M0 Fed) W, — _— - :]:I:;llo APAKTEPUCTHKA CnekTpa
_ - i E e
1| 2043 | Fpefisens- | 3a afiaise | 21 ¢
e 34 ankanane | 21391 250| 76 Gk .
A, X 76,07 | He ¢dn. | He o6n. 0,005 S-'JD Are nonoces MorJAouenns; fno-
KBapHEHL 625 MOI0Ca € MAKCHMyMoM 840 ¢y
Y3Kkas, HWHTeHCHBHAA, noOJAOCA
C MakcumysMosm 625 eyt HPO-
Kif  TOd e HITeHCHBHOCTH.
Caabee  mosoct 1050 cm,
" 525 eM™1, 460 cu-?
2 231,6 IMpeiiaeno- To e 1 ;
/ : (e 9661 509 72,82 0.39 ; ‘ !
Bad, lp\_lf- % 2 0,66 0,004 llse nonocw HOrJAOIeHHS: To-
3en0BhHi Joca ¢ MakcaMymom 830 cmt
n (ipll.ﬂﬂo- Y3Kas, HBHTeHCHBNAR, [oJoca
KB ipILeBbIii C MaKcumymom 625 cm~1 1Hpo-
Kaii W 6ojee HUTEHCHBHA
830 Chadse  noaocst 1100 e
6f25 (06p. 32/65) u 455 emt
(‘PBJIIHA nojoca Sl0—
: J 515 emt
3 965 Ts we ;
" l 1785 | 5, ,Q‘ TLJQr 0,41 ' ' 0,005
41 229 :
# . [ 17,32‘ ] 5,13 I 0,40 } l 0,005
| \ |
] |
- l ‘ ] ‘ I | /
5| 2036 | TIpeitzeno- | Kasaxcer n | 1649| 7,18] 75,12 0,07 15 0,004 825 Ige TONOCH  MOrAOHISHHS:
Bif, KBap- 625 825 em~! yakas, moaoca 625 ey
1eBbIi IHHPOK2s PaBHOl HWHTEHCHBHO-
cru, Cnadele nosocwr 520 cmt,
| caadnle nonocw 465 cmt
6| 204 To we 14,17 10,49‘ 72,42 0,34 0,36 0,004 825 e nonoch  MOrJaouieHud:
\ 825 eyt yakag, 630 cm! wu-
pokag Gonblleidl HUTEHCHBHO-
cru, 1370 cm™! caafaa nodoca,
71 205 To xe . 14,07 912| 75,09 0,093 0,20 0,003 630 1050 cm~'  caaBas  mosoca,
525 em™1, 470 cm!
81 1005 | Tpeiizeno- | 3a6aiikenpe | 13,78 11,68 | 72,17 0,85 1,00 0,004 825 [Be nonocwe MOrJAOMEHH:
Bas, 825 cMm7l yakag, 625 cm”! mm-
10aeBOINAT- pokas Goablled HHTEHCHBHO-
KRapueshiil cru. llmewo 930 cv™l. Caadne
nosocet 520 el w 460 cmL
9| 2057 | Ipeiazeno- | Kasaxcran | 13,27) 11,15 75,71 0,02 0,33 0,005 830) JBe noaochl noraoNeHua: no-
10| 2063 Basd, R 1276 | 10,63 75.71 0,03 0,87 0,005 625 Joca 830 cm™! OUeHb y3Kas;
11| 2041 | krapuesbLil " 11,26 9,22| 78,13 0,04 | Bt 0,005 nojgoca 625 cmt LIMPOKasl
Ooasmieii uaregcupnocrn. Caa-
GIJE noaochl HOTHOIICHHUHA:
1050, 525 u 465 cm~t
121 94 To xe UykoTKa 1221 | 12,89 74,88 0,004 0,02 0,004 dse  noxocbl NOrAOUIEHUN:
13| 73 R , 11,35| 13,32 75,28 0,006 0,05 0,001 830 cM~l ouenb yakas; 625 cm L
14| 50 L : 4,57 15,84| 78,03 0,11 0,46 0,001 430 WHPOKas Golnirell HHTEHCHB-
- nocrd. Cnaduie  nonocs 970
u 465 cm~l. Cpeanss nojoca
2y 525 em1
ﬁ
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ITponomyenne taén, 19

XuMHuCCKII Coctas, B 9% Marxcunym
noraoiile-
Ne N Popmanni, Pation HIf (1 J0-
n/n [obpasua THIT MECTOPOMN LIRS IKET e Xapawrepuernka cekTpa
MuD | FeO | WO, | Tao0, NbyOp se o
15 6 [peiizeno- Yykorka 10,951 12,20 75,61 0,04 0,45 0,003 e HOROCH NOMIOWIEHHA: N10-
B, aoca 830 cu7l yskasm, 625 cm1
KBAPIEB it urHpoKan OoablIed  HUTEHCHB-
16| 80 To xe = 80 | 17,86] 74,12 0,03 0,013 | 0,004 830 gocty. Cpabrie nonocw: 1100
7 970 cu!. Cpennaa noaoca
520 cmt
17| 2006 | Cunankatno-| Boctounoe 4,52 ( 18,90 76,62 He o6u. | He o6n, | 0,003 835 JIBe MOJ0CH MOrAouIeHud: No-
Kaccdrepu- | 3adaiikanbe 630 aoca 835 cm™! ouenb yaxag;
TOBAA 630 cm™?  mmpokas  moaoca
Goabueit uurencunnocTi. Cpej-
HAg noaoca 535 em~l
181 635a To xe Aryria 3,741 20,36 | 75,88 0,003 0,01 0,004 830 [lee @©oaocy  noraomeuus:
191 2583 - 3 2791 21,411 75,80 | He obu. | He o6u. | 0,004 650 nonoca 830 com7t yakag;

630 cm™! wwpoxag Gojaee uu-
rencuBnag.  Coafas  noaoca
465 cm™l. Cpemnas noaoca
52 cu1



pas TeHAEHLHs yMEHbIIeHNs YAEJBHOTO Beca MO Mepe VBeaHueHHs
B HHX cojep:kanns MnWO,, a Takxe TaHTajsa U HHOOHA HMERTCH.
OrcyTcTBHE TAKOH 3aBHCHMOCTH OOGbsCHAETCH, NMO-BHAHMOMY, OHO-
BpEMeHHBIM  BJHSHMEM Ha
yIeJabHbll Bec psga nmepemMen-
HbIX BEJHYMH, B UACTHOCTH
FE\VO% f\dﬂ\NO;g, Tag()s, NbﬂO;.,
H, BEpPOSTHO, TpPexXBaJ/IeHTHOrO
jeqesa, yBeJaHUeHHE Ccoaep-
JKauug KOTOPOro B BoJb(pa-
MHUTaX TaKyKe NPUBOLUT K CHH-
KEHUo HX YAeABHOTO Beca
(Cmensnckas, JoGpoBOab-
ckas, 1971).

Hccaeposanue nuhpa-
KpackbiX CIIEKTPOB MoOTJOL{e-
uusg. Mayuenne WK-cnextpos
NOrJMOLEHHS  BOJAb(pPaAMUTOB
nposoanaoch Ha oGpasuax
uzoMopdroro paga depobe-

2043
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pUT — rioGHepuT, OTOGPAHHBIX
13 MEeCTODOXIEeHHH TpeH3eHo-
BEOIl M CHJAHKATHO-KacCHTEDH-
toBoil (opmauuil (Tadua. 19).

Hu@paxpackble CHEKTPLI
NorJoieHusi  BoabQpaMHTOB
OTJIHYAIoTCH 3HAUHTEABHOI
CTaOUABHOCTHIO KPHBBIX [10-
rJOIIeHHs, [O03TOMY HPHBO-
LHTCA 00ul~e Onucanue CrIexT-

e o
Y

A\

-

W

-
S ¢

pa B ananasone  400—
1600 en—!.

Bee BoandpaMmurel (pHC.
34) xapaxTepu3yloTCH AByMA
CH/IBHBIMH, HHTEHCHBHBIMHU 110~ # ,; f,} ﬂ'g 5‘. 7 é 5' 4[‘.’,_@%1' ,L “’ ‘,‘J 5} ‘; % ;Wam‘
JOCAMH TIOTVIOUIGHHS — y3KOH
¢ makcumymom 830 em~! m Puc. 4. HK-cnextpu  morgoumenns
fdosee LIMPOKOH C MaKCHMY- BO/b()paMUTOB
Mom 620 cm~!. DtH monocw
COXPaHAIOTCH BO BCEX CNeKTpax, NpHYeM OTHOCHTEJLHBIE HHTEHCHB-
HOCTH HX TepepacmpenesioTess Tak, uto mogoca 620 cm—! ycuansa-
erca B Fe-conepmallux pa3HocTsX.

B Buzme ToHKON CTPYKTYPHl HAa HH3KOYACTOTHOM IJieue [OJOCHI
620 cyv~! NOCTOAHHO MPHCYTCTBYIOT YETKHE MOJOCH HeBOJbINOH HH-
TencueHocTH — 520 1 460 cv—!. Creneup paspemieHyss 3THX [OJIOC
H3MEHARTCS, MPHUEM MOXKHO 3aMETilTh TEHIEHIHMIO K MOBBIILEHHIO
obutero (ona norzoilenus B fogee Keqe3HCTEIX Pa3HOCTAX, a Tak-
7K@ HCKOTOpOe VCIJIeHHe B HHX HHTEHCHBHOCTH nodockl 520 cm—.

3
b
N
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B 6o.iee BLlcoKOuacTOTHON 006.14CTH B psdc 0OpasioB npHCYTCT-
BYIOT ciabbie nogdocsl nordowenns 1040, 1100, 1170, 1200, 1300 ey~
o0yCI0BACHIBIE, BHANMO, HE3HAYHTEIbHBIMI TPHMECMHU.

Taxum obpasoM, B pesyabTate usyuenus HK-cnekrpos norJo-
LIeHHs BOJb(GPaMHUTOB YCTAHOBIEHO, UTO 001Ias KOH(UTYpalltia Kpii-
BLIX HH(PAKPACHHX CReKTPOR MOTJOLICHHA BOAL(PaMHTOB HMPaKTi-
YyeCcKn 0jJMHAKoBa AMs Bcex o0pasloB, HECMOTPA Ha TO, UTO COCTAR
Bo.1b(paMHTOB H3MeEHseTCA OT Todueputa 10 depdepura.

Hamn pannsie noarsepsxaatores necaegosanusayu H. I1. JOniku-
na (HOwxun, Bymyesa, 1971), xoTopuili npy uecaesosanun obpas-
1o H3oMophHoro paga pepbepur — riobueput obHApPYKII Hecyllle-
CTBEHHOE M3MCLCHHEe MOJ0YKEHHIT COOTReTCTBVIONHX 0aJloc  1OTI0-
ey 8 MK-coektpax pasiHuHLIX YJICHOB 3TOrO psja, o0LACHS
370 OJH30CTLIO ATOMHBIX Macc xeneza 1 mapranua. Momno orme-
THTL TOJbKO oblilee Hapacranue norJoienns Kk qepdepury npu Ic-
pexole B HH3KOUACTOTHYR oOnacrth. He nckaoyeno, uto Ca0mKHoOC
crpoeite kpunoit MK-cnextpos B obaactu 400—800 cv—!, obaanaio-
UIMX MHOCHMH MaJOHHTEHCHUBHLIMH [0J0CaMH NOTJoLLeHs, o6bsc-
HSIETCS CJAOZACHBIM COCTABOM MUHEpasd, o0yCIoBAMBAWILNM Hepas-
nonpounocth cesazeil M—O B Tpex coprax okrasapos (bBoaawpes,
[Topapennsix, 1968). ITo zanusin H. H. [Tonwcuuuoi (1969), chomk-
Hoe cTpocHHe KpHeblx HK-cnektpoB noraoueHusi BoaL(paMuTon
CBSI3AHO C TEM, YTO HOHBl B CTPYLTYpPE BOJbdpaMHTa 3HAUHTEABHO
aecdopmuposanel. E. M. Huxutinofi u ap. (1968) B pesyabrare nay-
yennst HK-cnexrpoB noraowenis 80ab(PaMHUTOB NOJAYUYEHLl AaHlibIC
0 TOM, YTO NPHCYTCTBRE HHOOHA B KoJauuectse Goaee 0,59, craamn-
BaeT UHTEHCHBHOCTL NO.10¢ noTJdoulenus 425 u 460 cv—'. Tlo naoimal
TAHHBIM, OPUCYTCTRIE NATHOKNHCE! HI0OHA N TanTaaa B BoJbgpaMu-
Tax B Koauuectee 40 2% He BJIHSET Ha HHTEHCHBIOCTb CNEKTpa Mo-
raouteHns B obaacrn 460 eal.

JNEKTPOHHO-MHKPOCKOMMHYECKHE HCCIELOBAHHA

OGpa3sibl BOAL(PPAMATOR M3 PA3HLIX MECTOpOXKAeHHil Gblin H3y-
YeHbl MOA 3JEKTPOHHBIM Mukpockonom «Tesla BS-242». Boasdipa-
MHUTH!, ofJajalolye coBepuienHOll cnailloCTbhio, HCCaeJoBaJdHCh Mu-
“TOAO0M OAHOCTYNEHUATBEIX VIOJBHBIX PEMJHK ¢ H3J0MOB, [epHeHil-
KYJAPHBIX CTaiiHOCTH, B € eCTEeCTREHHLIX [VIAAKHX CKOJ0B, napad-
JeJBbHBIX MJIOCKOCTAM cnaiHocTy MuHepadaa.

I1a  snexTpoHHO-MUKPOCKOMIYECKHX — CHHMKAX,  NOJYyYeiblx
¢ IJoCKecTeld, napaaaegabHbix cnafiHocTi Bodb(paMuToB, HabmoLa-
JIICh QUelb TOHKHE CKyAbITYPHBIe OWHHH ¢ TOHKHMI cTyneHeobpas-
HBIMH OUEPTaHHAMI, OTpa)kafoIinusil AH00 XapakTep Hapactanis
MHHEPaJbHLIX CJoeB (cTyneub pocta Kpucranios), qanbo ancioka-
LHOHHBIC AIBJAENUHS, BOZHUKAIOIIHE B KpPHCTAJMIC B Hpoliecee ero 00-
pasoBauis. Mnorga onn xapakTeplusyores rpyoLiM uepeniieodpas-
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Puc. 35. Mukpockyqbntyphl pocra Ha = IIOCKOCTH craftroeTn  Boab(paMuTa
(06p. 1001); 31eKTPOHHOMHKPOCKOMHYECKHIT CHNMOK, YrObiast periiig, yB. 7500%

AneaoKauiil, csa3ali-
. 100Y): — pyubenoil
7500

Puc. 26. DaeKTPOHIOMIKEOCKOTHUECKIT CHIMOK HTHET I
ML CO CROIOM Ha TAOCKOSTH cnaimocTh BoabhpamiTa {0
i erpyilvaTel yaop; yroapliie peiLimii, yb.
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Pue. 37. Crpyktypo-moponoruzeckne ocoleMNoCTH H3I0Ma, BETMRHINKVIAPIONO
K IUIOCKOSTH CliaiiocTn poabpamura (o0p. 1001 n BJ); 278 7oomioMusposioni-
YECKiie CHUMKH, yrodbHule peminkm, yB. 73004

MO3, HADMeNIHKYIARHEIY K MACCKCCT cnafiHolTi  BOJbL)paMITOs.
3hech MLI 12i20i1 K2K 6bl TOPLOEYIO CTYKTYPY KPHCTAIIINYECKOro
arperata ¢ 07i0zHauyHol oOpHeHTHporKofi uHAMBHAOB (puc. 38),
Kam ALl {3 KOTOTEIY HECCT ¢jiefbl MONepeuHhLIX CTyneHex, 00yC/08-
JHBAWLIHX XOpPOWYID cnailHocTh MULcpana BA0Jb HX MJI0CKOCTEl.
2t H3JOMLI BOJLOZAMMWTOB HACTOJLKO XdpaKTeprhl, 4To B Kakoil-
TO MEp€e MOUyT CAyxUThb AcCaBOuHBIM KDUTEpHeM [pH AHAarHOCTHKE
Muepana,

MaruuTiag BCCAPUHMYUBOCTS XaPAKTEPHIYET UTEHCHBHOCTL Ha-
MATIHNMUBAHNEG ASLNOTO BEUISSTEA B MaililTHON TN0.J¢ Dnpeae’teHnoi
ranpaiientocti. B gacToslise cpewMst nmoayueHHe TaKHX  IAHHLIN
npencTanatet Getnuiofl KHTeNeC Aaf MUHepanorus | TeXHO Tori.
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Puc. 38, Crpysrypro-Mopdoaorineckie ocodeHHocTH H3a0Ma, OUI3KOro K mepned-

JIHKYJASPHOMY MO OTHOWEHHIO K II0CKOCTH cnaiigoeTh (o6p. 50), wabmojaetcs

cronbuatast OTAEMLHOCTE. DIEKTPOHHOMHKPOCKOIHYECKHIT CHEMOK, VrodbHas [en-
NHKa, yB. 7500%

MaruiTtias SOnPHUMEHBOCTE  BOAbGP2MUTOR, HIMEreHuas BO
BCeM H3oMopgHOM paay (tabGa. 20), aABIseTcA BeJIHYHHOH OTHOCH-
TeIbil0 MOCTOSHHON H HE 3aBHCHT OT cooTHowela #HoHos Fe?r n
Mn# (Cewmenos, Anupec, Jlebegesa, Makcnmiok, [Tocomxkora, 1973).
Bennunna marHuTHOI BOCOPHEMUYMBOCTH BOMb()pAMHTOB KoJaeGaeTca
or 43,5 10 48,0- 10~

Takoe MoCTORHCTEO 3HAYEHHIT MArHUTHON BOCTPHHMYHBOCTH 00-
VCJIOBNEHO, BEPOSITHO, OAN30CTHIO 3(MPEKTHBHLIX MarHHTHBIX MOMEH-
TOB 7KeJie3a W Mapraiua.
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Ta6banuima 20
MarHHTHAS BOCHIPHHMYHBOCTh BOJAL(IPAMHTOB

Ne N MnWo,. Ne A MaWO,,
nn obpaana o * n/n afpaalla % *
1 [Tp-2 90 45,4 17 Hx-19 57 46,6
2 bu-50 40 454 18 Yx-7 57 4.5
3 Ilp-1 &9 455 19 1006 56 43,6
4 bu-9 9 47,0 20 94 o2 47,9
5 Mx-214 &8 47 4 21 73 48 472
6 22 66 83 45,1 22 6 47 45,6
7 17 66 83 45,3 23 Yx-17 44 45,0
8 3866 80 46,8 24 M -39 38 48,0
9 Mx-226 77 46,6 25 S0 34 46,0
10 23 66 76 46,4 26 La-13 33 46,3
11 229 74 46,2 27 50 20 48,0
12 91,65 73 45,6 28 2006 19 45,8
13 Nx-270 73 46,4 29 635a 16 45,6
14 TM-22 7% 45,2 30 2583 12 4:,6
15 Mx-5la 71 43,5 31 br-47 12 44,8
16 TM-2 58 45,0
FJIABA IX

®OPMA HAXO)KIAEHHS MPUMECEW TAHTAJIA
W HHOBHUSI B BOJIb®PAMHTAX

Hayucnnem Gopmpl Haxomaenus 318MEHTOB-IPUMECEH B BOJb-
(pamurax (ranraqa, nHoOHH, cKaHAWil) 3aHMMaJ/JHCh MHOrHE HCcJe-
popatean (Leutwein 1951; Bopucenko, JInsyuos, 1959, 1960; Ky3n-
menko, 1959, 1964; Tanees, Ceunna, 1960; bapadauos, 1965-—1966;
3yes, 3y6kos u ap., 1966—1966; Hductaep, 1967; Uerbipbouxas,
1966, 1967 u ap.). Jlas usyuenus GopM Haxo:mKiaenud Taurtala i
HHOGHS B BOJAb(PAMHTAN XHMHYECKH MpOaHa/JH3UPOBAHHLIN MaTe-
pHaJa HCCACAOBAJCS HAMH B OOTHYECKOM MHKPOCKOMe (OTparkeHHbli
ceetr) ¢ yseanueHusimi 900% 1 B 371eKTPOHHOM MHKPOCKOMNE € YBeJIH-
uehnamu ot 60007 go 200007, a Takke ¢ NOMOMIBIO 3JCKTPOHHO-
PCHTTEHOBCKOID MUKpPOAHANHW3aTOPa M3yuaJcs cOocTan BOJL(PaMHu-
Ta B TouKe aHuLInga pasmepom |—2 MK H NpOBOLHJIHCE ONLITHI MO
(pazoBoMy aHaau3y BOJb(pamMuUTA.

HeeaenoBanus B onTHHECKOM MUKPOCKOOe ¢ GOAbMIMMH  yBedu-
YEHHSIMH NOKA3a.H, YTO B BOAb(paMHTAX H3 MECTOPOKIACHHIT I'peii-
3eHopoil opmaunn (rpefiseHoBble, no/eBOIINAT-KBADLEBLIE H TONA3-
GCepPHIAN0-KBAPLUEBBIC MECTOPOXACHHS, CBA3aHHBIE ¢ PeAKOMETabHbI-
MH FpPaHHTAMI), COAEpAllHX 10 XHMHYECKHM aHa/JaH3aM NpHMecH
TaHTaJda H HHoOus B Koanuectse okoao 1% uaun Goaee 1, nadawaa-
I0TCA pellkne BKJAYeHHS coOGCTBEHHLIX MHHepaJaoB TaHTajga H HHO-
Ousi, ocobenHo X0powo  pas3auulMbele Tocjde  TpasJieHHA wIHQOB,
4 TakiKe NpH CHIbHOM AuadparMHpOBAHHH CBeTd, ITH MHKPOBKIIO-
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Pue, 39. Kpynueie Beiiegenusi MHHepanta HENMPaBHABHON (GopMLL DIeKTPOHHOMH-
KPOCKOMAYECKHH cHNMOK ¢ M3j1oMa o0pasila Boab(ppamiTa, coiepmamero 0,30
Ta205+Nb205. ¥B. 7500

PHMOrQ OCaZKa BOJAL(PAMHTOB H KAYECTBCHHBIM  ONpeICICHiAM,
BLIIOJHCHIILIM Ha MHKPO30OH/IE, BCPOSTHO, 9TO KOAYMOHT H HKCHOINT.

Jas oGnapyaenns Oosee MEJIKHX MHKPOBK/TIOUCHHI HECKOIBKO
00pa3uos BoAbLDPAMHTA, COACPAAIMNX PAZTHUYHLIC KOJIHYCCTBA TaH-
TaJja i HHOOH, OblIH HCCJACA0BAHLI HA  3JEKTPOHHOM MHKPOCKOTC
«lesla BS-242». B poabdpamute, He CONEPIKAIEM 1O TAUULIM Xi-
MHYECKOTO anaJu3da taHrtala M HHOoOHs, npu HecJdeloBankn MoBepx-
HOCTH H3J0MOB He GbLl0 o0HAPYKEeHOo KaKHX-A100 MHKPOBKI0UEC-
nufi. B aApyrux o6pazuax ¢ cofepmKaHHeM CYMMbl MSITHOKMCEIT Tan-
Tana H HuoGusa Goaee 0,59 ycTaHoBaeHbl CyOMUKPOBKJIIOUEHHS [10-
CTOPOHHHX MHHEPaJIOB pa3gHuHoil (OpPMEIL.

Oxuy THN MHKPOBK/IIOUCHHIT  XAPAKTepPH3YeTCsl HempaBH/bHON
PopMoll 1 IOBOJBHO KPYNMHBIMH pasMepaMu ~ a0 1—2 vk (pue. 39).
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Puc. 40. Paccesnnnie Menpualiime OKPYribie BBUIGJARHHA  MHIEDAId
B BOABb(pamMuTe. INEKTPOHHOMHKDOCKOMHUECKHI CHHMOK ¢ H3joMa o06-
pasita Boasdpamuta, coxepmamero 0,489% TasOs+ Nb:Os.

a— yg. 7500%; 6 —ym. 210 X

XoTsi AHArHOCTH®A HTHX MHKPOEKOUEHHI B HacTosllee BpeMs
He TPEACTABASETCs BOIMOMKHON H3-3a OTCYTCTRHI B 3JCKTPOHHON
MHKPOCKOTIIH COOTBCTCTBYIONU[HX MCTOAOR, BAXKHO OTMETHTL, UTO MpH
COJAEpIKAHUAX B BOJb(paMHTe CYMMBI TATHOKICEH TaHTana u HHO-
6us Goaee 0,5% B 3ToM MUHepaje NOsBAAIOTCA BKJAIOUCHHHA CaMo-
CTOSITENbHBIX TAHTAJO-HHOOHEBBIX MiiliepaJoB.

JLns yeTaHOBAEHHS BO3MOZKHOCTH H30MOP(HOrO BXOMK/IEHHS TaH-
Tana i unobHs B KpHCTAAJHUYECKYIO DEIUETKY BOJb(panuta HaMu
OBl NPOBEIEHLl HCCJIELOBAaHHA C TLOMOLILK MHKpPOALalH3aTopa.
Buin weenenosansl 1Ba o6pasua eoabdpamuta: obp. 2006, ne co-
neprKaWuil no JAaHHBIM XHMHUECKCro alaji3a TaHTala M Huobwus,
H 06p. 229, conepxamni 0,4% Ta0s u 0952% NbsOs. Mertomom
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Puc. 41. Boienenus MuHepana, NPHYPOYEHHbIE K JBOMHHKOBBIM '1BaM BOJIb{pa-
MHTA. DIeKTPOHHOMHKDOCKONMHMUECKHIT CHHMOK ¢ H3fnoMa o0pasua, coAepiKallero
Tas05—0,40%, Nb:0s—0,92%. ¥B. 4400%

Puc. 42 Boutenenwns Mmunepana, nNpHVpoueHHble K 30HAM POCTd BOJL(PAMHTI.
INeKTPOHHOMHKPOCKONMHUECKHIT CHUMOK o6pa3dua soasppamuta. Vs, 4400*

8 3ak. 92






Pie. 43, Haobpamenie
YHACTKa  NOJHPOBAHHOTO

wanga BONBHPAMHTA
(oGp. 2006) npH cKapeH-
POBatHL:

M— B cOpaTHO pacCeAHHbLIX
sJleKTpoHax; O — B Xapakre-
pHCTHHGCKOM najayveHud Fe;
8— B XapaKTePHCTHIECKOM 113~
aydenup Mn; @ — B xapakTe-
PHCTHHECKOM  HATYHCHHH w

¥Yu. 300~




la6auna 21

CpaBHHTe/lbHAA XapaKTepPHCTHKA COCTaBa BOALDHD IMHTA

o 1aHHBIM XHMHYECKOro aHanuisa H

NOTYYEHHLIM H 1

MHKpO ‘H1JH3aTope

B Pa3JHYHBIX y4YacTKax marpHust (ebp. '” )

Hanusie MEKPO 0D 1BaH 17 MUTDHILN
Hanuuie Mukpoyuacrox 1* M-mpwuncr_;w i
KoMnouenTh, % Bec. XUMHYECKOrO
aHaAHa nepecin - nepecur-
B MeTaddig a0 W MeTataax Tan
1B 0K ICAb B OKHCAHW
MnO 17,32 14,4 18.6 10,3 13,3
FeO . 5,68 24 3,1 70 9,0
WO, 75,13 51,4 65 5 54,4 08,5
Tasos 040 0,3 0,37 03 0.37
Nb,O; . 0,92 0,25 0.3, 0,27 0,38
Zr0, He oup. 0,3 04 0, 0,40
CyMma 99,4 91,24 91,95
AHAIHTHK T. M. Mauuxuna J. C. Jly6 kuna
CKAaHHPOBaHNA NOBEPXHOCTH 3THX 06[)331103 BOJIBCppaMHTOB 6bL10

VCTaHOBJCHO, YTO HX MaTpHUa He OJHOPOAHA, a COCTOHT M3 foJee
JKeae3HcTolX u 0oJee MapraHUOBHCTBLIX MHKpPOYYdCTKOB; pachnpejle-
JcHne Boab(pama Goaee pasHomepnoe (puc. 43a,6,8,2). ABtoma-
THYECKAd 3allHChb KPHBbIX KOHUEHTpaluil, nposeleHnas oJHOBPeMEH-
Ho Ha Fe u Mn npu nepeceyeHHH 30HIOM 3epeH  BoJb(pamMHTa
B BbIGpalHOM HaNpaBJeHHH, NOKa3aJja CHHXPOHHO-NPOTHBONOJOWK-
Hblil XapakTep pacnpejejedns COAep;kaHuil 3THX 3JeMeHTOB B pas-
JHYHBIX MHKpOyUYacTKax Marpuubl (pre. 44).

15t ycTaHOBJACHHA cOCTaBa MATPHIL BOJAL(PAMHTOB ObIIH CHATLI
criekTporpaMmel B Toukax mangoB. Ha cnekrporpamme o6p. 229
KpoMe ocHOBHBIX 37emenToB W, Fe u Mn ycranopiens Takixe cia-
Oble MHKH TaHTaJ/a, OTCYTCTBYIOLLHE Ha cmekTporpamme ob6p. 2006
(puc. 45, 46). B 06p. 229 6bl1 npousBeleH TAKKe KOJHUECTBEHHbINH
aHaJH3 COCTaBa BOAb(MPAMHTA B JABYX DPa3/JHUHBIX N0 COAEPIKAHUIO
JKejesa U Maprasila MHKpPOyYacTKax MaTpHUbl, THlaTeabHOE HCCJe-
JdoBanie KOTOPbIX M0J MHKPOCKONOM MOKa3ajo OTCYTCTBHE 3/ecCh
Kaknx-a16o BKJAOUeHHll. Buiiio onpeaeneno kojnuecTseHHoe Comep-
JKaHHe Kak rJaaBHLIX KOMIOHEHTOB, Tak W 3jementoB-mpumeceil Ta,
Nb u Zr (rada. 21). dtatonaMmn CIyKHIH YHCTHIE METANIbl YKa3aH-
HBIX 3/7eMeHTOB. Pacuer nonpasok NpoBOAHJICH Ha MOMVOLIEHHE M Ha
aTOMHBIH HOMEp 10 METOAY THNOTeTHYeCKOro cocrasa. PeayabraTwl
aHaJan3a ABYX MHKDPOYYacTKOB MaTpHilbl NMpeacTasiensl B Taba. 21:
copepaanue nATHOKNHCEH TauTana u HpobGua B oGeHX HCCeloBaH-
HLIX Toukax wanda npakTHUecKH olHHakoBoe, Ho GoJee HH3Koe,
dem ofllee cojlepsianie 9THX ICMCHTOR B JannoMm o6pasue. IT1o
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JaeT ocHoBaHHe MpeAnoJoKHTh, UTO B 3THX TOYKAX JEHCTBHTENBbHO
HeT MHKDPOBKJ/IIOUYCH Hii coOCTBEHHLIX TaHTaA0-HHOOHEeBbIX MHHEpa-
J0B, 4 YCTAHOBJICHHBIE KOJHMYECTBA TaHTaJ/Jla H 1nuobHa l{liOJ\‘IO[J(pHO

BXOIAAT B peueTKy Bojbdpa-
muta. B nmannom cayuae 310
COCTABIALT PUMEPHO NOJOBH-
Hy 0OIero cojgepmanus Tau-
Tala M HHoOHMA B obpasue.
OcranbHas 4acTb 3THX 3Je-
MEHTOB, BepOfATHO, obpasyer
MHKDOBKJIOUGHHS  COBCTBEH-
HbIX MHHEpasos.

B. B. Jucraepom (1967)
Ha OCHOBAaHHH H3yueHHs psila
00Opa3uos BOJALMPAMHTOB Ha
MHKPO30He yCTaHOBJEHO, YTO
BEPXHHIl Tnpeaen KoJHYeCTRA
TanTana, H3oMophHO BXOLS-
{ero 8 BOJb(PAMHT, He Mpe-
soimraer 0,4%, a HHOOHS —
0,3%. B. H. 3yes u ap. (1966)
noJaralT, ogHako, UTO Bepx-
Huil npefen H3oMopGhHON NPH-
vecn Tas0O; He npesblnaer
0,19%.

Ilpu neenenosanun hopMbl
HAXO0AK/eHHs TaHTaga H HHO-
oust B. H. SyeBbim u gp. (1967)
OBIJIM  TIPOBEJAEHLI OMNBITHI 10
(ha30BOMY PaCTBOPEHHIO BOJb-
dpamuToB. AHaau3upoBaIHCh
BOIbGPAMUTBI ¢ Pa3aUIHLIMH
conepxannamn TaO5 u yera-
HOBJEHO, 4TO BOJb(PAMUTLI,
coaepKaline 0,23—0,25%
Tas0s5, NOTHOCTLIO pacTBOPH-
I0TCS; HEPACTBOPHMBII 0CAaLOK
orcyrerayer. B Boabdpamu-
tax, cogepxamnx Ta,05 0,5—
0,6%, B GuabTpar mepexojgHT
0,26—0,28% Ta»0;, a ocTaib-
Has 4dcTh CKOHUEHTPHPOBAHA
B COOCTBEHHBIX MiiHepaaax
TaHTa/la H HHOOGHS, onpenee-
uoix  B. H. 3yeBbim kak ko-
IVMOHT H MUKDPOJHNT.
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Puc. 44. Kpussie pacnpenesenns Fe n

Mn npu nepeceuennn 3oumom pasamu-

HBIX  MHKPOVYHACTKOD MaTpHuubl  BOJb-
¢pamura (o6p. 229)

O6pasel Boabpamuta ¢ coaepzkannem Ta0; 0,8549% u NboOs
1.00% wnamu Takme Gbl1 NOABEPTHYT (ha30BOMY pactsopenuio. Pac-

L7



TBOPEHHE MPOH3BOAHIOCH B KOHLEHTPHPOBAHHON COMRHON KiiCaAOTE
npH HarpeBaHuu. [Ipn MOsIBJCHHH B CTAKaHe KeJaToro ocajika paci-
BOp C/JAMBAJICH, 4 B OCTATOK NPHJANBAJIACH HOBAs MOPUHSA KOHUEHTpH-
POBAHHOI COJAHON KUCJAOTHL M TaK OOBTOPAJIOCH NATHKPATHO.
DuABTPATHI, OCTAIOUHECH NOCIe KaK L0 onepalnil, GbiIH MpoaHaIi-
supoBanbl Ha TaxOs u NbyO; (taba. 22). OGiwee comepikanue Tam-
Tana B (uabtpate cocrasJser 0,239%, a nuodua — 0,88%, ocraas-
Has YacTb ITHX 3JEMEHTOB CKOHLUEHTPHPOBAHA B HEPaCTBOPHMOM
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Puc. 45. CnextporpamMma, noJayueHHasi Ha MHKpOAHAIH3A-
TOpe, OTPAKAIONLA® KAYECTBeHHEI COCTAB B TOUKE BOb-
¢pamura Ta;05—0,4%, Nb:0;—0,92%

Pe3yabTaTbi pacTso

Snan
Cuaepmanue Coaepaanie 1 1
Ne Ta,04 Nb, Oy
ol pailla B ofpasue. ® o0pazie, |
Ta,0; Nb,O, Ta,054 Nb, 0O, ‘
1006 0,854 1,000 0,05 J 0,28 0,113 0,053 |
| |
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OCTATKE, PEHTreHOCTPYKTYPHBIH aHadH3 KOTOPOTo TMoKasaJ, uTo Ha-

paay ¢ BOMb(pPaMHTOM
1160 KOJayMOUT-TaHTaAMUTA.

peHHs BoJabgpaMuTa

OPpHCYTCTBYIOT cnabble JUHHUH  HKCHOJ HTa,
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Pue. 46. CnekTtporpaMma, mosyueHHasi Ha MHKpOaHalnza-
KAYecTBeHHBI COCTAB B TOYKe BOJNb-

TOPE, OTpamawouan

¢pamura, "e conepxaulero Ta u Nb

Ta6auma 22

Tpat HCI
i v v Obwee carepxadue
B (uabTpaTe, %
TayOs Nb,O5 Tag0y NbyO, Ta,04 Nb,O; Ta,04 Nb,O
0,025 0,04 0,040 0,03 Caeapt | Caenm 0,23 0,88
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Takum 06pa3om, NpHCYTCTEHE MHKPOBKJIIOUEHHIT TaHTa10-HHOOHE-
BLIX MHHEPAJIOB YCTAHABAHBAETCH PA3JHUHBIMH METOLAMH, H IpoBe-
[EHHBIE HAaMK MCCACAOBAHMs JONOJHAIOT W NOATBEPKAAT AAHHbIC
B. B. Ducraepa (1967), B. H. 3yesa u ap. (1967) o asyx ¢opmax
BXOKACHHS TaHTa a W HHOOHMA B BoJb(pamutol. OQHako mHHEpaJb-
nas ¢opma Ta u Nb, npeacrasJientias B BHAEC MHKPO- H CYOMHKPO-
CKOTHYECKHX BKJ/IYEHHH, TpedyeT AaabHeflIuX yTOUHCHHI,

Xots cogepaanus TasOs u NbyOs B Bosbppamutax mo maHHbIM
XHMHUECKHX aHaan30B JoBoabHO Beankd (TagOs 1o 0,859% u NbaOj
nepeako npeespimator 1,00%), KoauuecTBeHHbIH NpeLes UX BXOXKIE-
HHS B BHAE H30MOPOHON MPHMECH A0JKeH CUHTAThCH 3HAUHTENBHO
HIKE M, BEpOSATHO, He npesbiinaet B cymme 0,6—0,7%.

[To skcmepumenTanbubiM aanioim Foasammuara (Goldschmidt,
1960), B nsaTHOKHCH HHOOHS MoKeT ObITh pactBopero 10 509 WO,
¢ «Ma/JblM HCKayKeHWeM CTPYKTYpbl», HO B TO e Bpems [oabi-
WMHAT obpalaeT BHHMAHNE HA TO, YTO M3oMOP(hHAA eMKOCTL BOJL-
(¢pamMa no OTHOUIEHHID K HHOOHIO KpaiiHe orpaHHyYeHHa.

Hzovophusym nuodusa (ranrana) u Boabhpama BO3MOXKeH BCael-
cTBHE OJM30CTH MX HOHHBIX paauycos (Nb*t—0,69, W—0,62).
Kpoye Toro, ofa saeMeHTa 00pPasyioT OKTAIAPHUYECKYIO KOOP/HHA-
HI0 B OKHCHBIX COEAHHEHHSIX.

Cunrator, uto H3oMophH3M TanTala u HHOGHA C BoJbLPpaMOM
MPOHCXOINT N0 CXeMe:

Fert — Wit e §c3+ — Nb+* (Ta?*).

Oanako BeposTHee, yTto BmecTo Sc*t yuactByer Fe®t, kotopoe,
KAK MPaBUIo, IPHCYTCTBYET B BOAbGpPaMHTax, ITO Ke NOATBEPHKAd-
eTcs NpH pacuerTe peakulud no moTeHuHaJsam HoHusauud. B cayuae,
koraa smecte ¢ Nb® B peaxkuuyn yuwacteyer Sct, noveHiumad WoHW-
zauun Fe?t 16,24 3B, Wé+—61 3B., Sc3+—24,6 38., Nb3—49.3 38.
AuepretHucckasn spdexrusHocT orpuuateavnas (—3,34). Korna
se Bvecto Scit B peakunu yuactsyer Fedt (moteHunman uonusa-
Wi — 33 3B.), 3HepreTHyeckasn IPQEKTHBHOCTL MOJOMKHTENbHAN
(+5,06). M3 3atoro caeayer, 4to NpH H3oMop(H3Me TaHTaaa (HHO-
ous) ¢ BoabdpaMOM KOMIEHCHPYOIULYI pPOJb, BEPOATHEE BCEro, Hr-
paet ne Sc*, a Fe3, u, Takum o6pazom, npapoMouHa cxema

Fert — Wet o Fed* - Nba+ (Ta#*).

K rakum ke Boiogam npuwan JI @. Bopucenko (1958),
H. I'. I'anees, H. Il. Ceynna (1960) c momouibto 3KcnepHMeHTa I
NPHMEHEHHA METO/I0B MaTeMaTHYeCKOH CTaTHCTHKH (MeTol Koppe-
JALHK), KOTOpble TaKzke A0Ka3zann OTCYTCTBHE CBA3H MeXKy HHO-
6HeM M CKaHIueM B BoJabdpamHTax.

[Tpu geTanbHOM H3YYEHHH BOJb(MPAMHTOB H3 MECTOPOKAEHHII
pasnblX opmalnil He ylaaoch BbIAEJHTb HX THIOMOp(HbIe 0co6eH-
HOCTH AJs1 Kaxaol GopmMaln. YCTaHoBJIeHo, YTO KPHCTAIJ0XHMH-
yeckHe (mapameTpbl 3JeMeHTapHOil suelikn) W (H3HYeCKHe CBOHCT-
ga BobdpamMHTOB (OTpazkaTesabHas cnocoOHOCTb, Vedbhblil Bec,
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MIKPOTEEPAOCTL) 3aBHCAT OT  XHMMYECKOrO cocTasa  MHHEpPaJoB
(raasnpiM 00pasomM COAEpHAHHS Kejesa M Mapranna), KoTOpblid
JHAUNTCALHO H3MEHsleTesl He TOJALKO B npejeanax (opmaiuil, no u
B onpejenax MecTOpoKAeHHl W Jae OTAeJbHBIX MOHOKPHCTAIOB.

FCunomop®ubinit s1eMeHTaMH A8 BOJBGPAMHTOB ABISIOTCH TaH-
Tan, HHoOHIl, cKaHauil, poJab OCTaJblbIX 3JeMEHTOB-MpHMecel —
HHAMS, OCpHJINS M Ap. — u3ydyeHa Kpaiine caabo. Tantaa u nuobiii
11aubo/ee BLICOKHE KOHLEeHTpallnH o0pasylor B BoabppaMuTax rpei-
3eHOBOI OpMaUHM, B MECTOPOKACHUAX (rpeil3eHoBoro, [0JEBO-
IIMAT-KBAPLUEROro, 0epuiao-KBapleBoro THIOB), TIEHeTHUYECKH CBsl-
JAUHBIX € peAKoMeTadbHbIMH TpanuTami. BojbdpamMurel U3 KBapie-
BbIX I, TEHCTHUECKH CBA3AHHDBIX C OJOBOHOCHBIMH TpaHHTaMH, Xa-
DAaKTepHIVIOTea 3naunTesibio 60Jee HH3KHMH COJC/AKalusgiMHd TanTa-
Ja u 1uoonsa. B BonbgpaMHTax H3 CHJAHKATHO-KACCHTEPHTOBOM (op-
MAlUME TaHTa] H HHOOHIT XHMHYECKHMN anaausami obblYHO He 00-
HAPYAKUBAIOTCS,

Otnonrenne TapOg: NbyOs, cofep:kaliuxcsd B BOJALGPAMHTAX TMO-
UTH BCEX THIOB MECTOPOIK/eHHil, H3melsaercs He3HauuTebHO H KO-
aednerca s mpegenax |:1,56—1:3. Hekatouenussii, 1o nammum aati-
HBIM, ABJSIOTCA OJ0BOHOCHBIE TPAHHTLE M KBAPIEBLI THII MECTOPOZK-
JeHHIT rpeiizenoBoil opMaluuH, B BOAL(PAMHTAX H3 KOTOPBIX HIO-
Ol pesxko npeoGaagaer Hal  TAaHTAJOM  NpH COOTHOMIEHHI
Tas05: NboQs mo 1 : 10—1 : 20.

3AKJJIWYEHHE

Ha ocnoBanun nposenensoro uayuennsi (U3HYECKHX CBOHCTH
KaCCHTCPHTOB I BOJbHPAMUTOB H3 MECTOPO/KACHHH pasaHyHBIX POp-
Maunii i HeeaejoBaHus (OPMBI HAXOXKAEHUA B HUX TaHTaJa H HHO-
0118 MOZKIO C1eaaTh CAeLYIOUIHe BLIBOLI:

1. Jetanpnoe usyuenue (PU3HUECKHX CBOICTB  KACCHTEPHTOB 11
BOJAbMPAMUTOR NyTeM KOJHYECTBEHHOTO H3MEPEHIst LHCHepCHH OT-
pakareasHoll cnocoGnocTH, MHKPOTEEPAOCTH, yAeAbHOro Beca, Ui-
(hpaKpacHbIx CHEKTPOR [OCJOLIeHHS, HapaMeTpOB  3JMeMeHTapHoll
AYCHKM TIO3BOJINIO YCTALOBUTL B3aHMOCBA3L (uiliteckux CcBoliets
¢ ocobennocTaM XuMuueckoro cocrasa. Tak, dasg kaccurepuros
OblJIO BBISIBJAEHO, UTO:

HauGoabllliie 3Hauclua oTpamareanHoil cnocodnocrn 13,6 n
13,99 xapaxrepHpl A KAaCcCHTEPUTOB H3 MECTOPOXIEHHH CHAHKAT-
HO-KACCHTCPHTOROMN I Cy/b(PHIHO-KACCHTEPHTOROI (hopMannii;

MUKPOTBEPAOCTb  KACCHTEPHTOB  u3meHserca ot 700 go
1600 kre/mMmM* 1 sBasiercsn THOOMOPMHLIM [PH3HAKOM — §oJee HH3-
i€ 3HAUCHIS XAPAKTePHBI AJ5 BBICOKOTEMMEPATYPHLIX MECTOPOIK-
AeHnil 1 Gogee BHICOKHE 3HAUCHHA — A5 KAaCCHTepHTOB M3 GoJee
HIIBKOTeMNepaTypHLIX MECTOPOXKIAeHHH;

HHpaKpacHple CNeKTphl JIOIIOMEHH KACCHTEPHTOB XapaKTepii-
3VI0TCA HECKOJALKHMH Tunamil Kpupbelx. HanGonee pasnooOpasHbl
CIEKTPLl MOTJQILEHHA Y KACCUTEPHTOB H3 PEAKOMETANLHLIX Tpanu-
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ToB u nermatutos. Haubonee cTaOHAbHBL CIEKTPbI MOTJOLIEHHA KaC-
CHTEPHUTOR H3 MECTOPOAKLCHHH CHIHKATHO-KACCHTEPHTOBON I CYJlb-
(puaHO-KaccHTepUTOBOH opmallHil.

[laa 80ashpanuros: oTparkareabHas cnocodHOCTb BOAb(paMH-
TOB 3aKOHOMEpPHO H3MEHsIeTCs B 3aBHCHMOCTH OT cocTaBa; Ry yMeHb-
mwaetca or 18,569 nas depbepura go 16% y riobuepura, a R, coort-
BeTCTBeHII0 Hamensercs oT 18,3% ans depdepura no 169, y riodne-
puTa.
Teepaocts Boasdpamutos kodebaerca or 230 go 620 xre/mm?,
[pHYeM YCTAaHABIHBACTCA CJOMKHAA 3aBHCHMOCTb TBEPAOCTH OT CO-
craBa.

Yienbiibiil Bec BOALPPAMUTOB YMEHLITACTCH HE3HAUHTEALHO MpH
vBeandennn cogepxannss MnWO,.

O6mas xKoHpurypalis KpHBLIX HH(PAKPACHLIX CMIEKTPOB MOIJIO-
mienus BoJabGPpaMUTOB NMPaKTHYECKH OJAHHAKOBA 115 BceX 00pas3log,
HECMOTPS Ha TO, YTO COCTAaB BOJb(PAMHTOR H3MEHAETCs OT riodHe-
puta mo (epbepura. Moxno ormMeTHTh TOAbLKO oOlee HapacTaHue
norJoiieHdss K GepbepuTy Npu nepexoie B HH3KOYACTOTHYIO 00-
J1acThb.

Ilpu uayvennu ponbPpaMuToB Tak:xe ObIJIO VCTAHOBACHO, YTO

napameTpbl 3JeMenTapHoll syelikd BOJb()paMHUTOB C NOBbLINIEHHEM
cojepxaHug B muuepase MnWO, yseauunpawtca: a; or 4,741 no
4829 A, by or 5,70 mo 5,758 A, ¢p oT 4,956 no 4,991 A . Veeanuenne
mapaMeTpPOB 3JCMEHTapHOoll Adeilki BOIL(GPAMHTOE He 3aBHCHT OT
collepanns npuMeceil TauTana, HHOOHA, CKalAusl, a CB3al0 TOb-
KO C pa3jHuHBLIM cojep:KaHHeM KeJe3da u wmapranua. lloayuennbie
[JaHHble MO3BOJAAIOT ONpefeadTh COCTaB MUHEPaJOoB 3TOro pafa 1o
napamerpaM 3JeMenTapHON fYeilkH, rNaBHbBIM 006pazom 1o napamer-
Py Qo.
2. M3yuenne XHMHUECKOr0 COCTaBA KACCHTEPHTOB i1 BoJAbGpamiu-
TOB H3 MECTOPOKACHHIT PA3IHUHEIX (hOopMalHil NO3BOANHI0 BHIACHHTD,
YTO TaHTaJl B HHOOHI SIBJAAIOTCS OCHOBHLIMH THIOMOPMHBIMH  3.e€-
MEHTAMH-TPHMECAMH B 3THX MHHEpaJax K I0ATBEPILHI0 VCTAHOB-
JeHHYIO TIPebIAYIIIMA HCCAGAOBATEAsIMI 3aKOHOMEPHOCTL O YeTKOM
pacrnpeieJeHHH TaHTada W HHOOHS: KacCHUTEPHTLI PeAKOMETasbHBIX
TPaHUTOB H OJOBOHOCHLIX NErMaTHTOB XapakTepH3VIOTcs Hanbomaee
BBICOKHMH CoJep:KaHHAMH TaHTaqaa u Huobus. Kaccireputsr 13 me-
CTOPOKACHHI NOMEBOLINAT-KACCHTEPHTOBOMH (hopMalLiil TakKe Xxapak-
TePH3YIOTCA XOTS M MOBBILEHHLIMH COAEPHanHsIMI ITHX 1EMEHTOR,
HO MEHLUIHMH [10 CpaBHEHHIO ¢ KAaCCHTEPHTAaMU H3 pelKOMeTaJbHbIX
rpaHuToB M nermatuToB. KaccurepuTnl 13 KRapu-KaccHTEPHTOBOM
opmauiy XapakTepH3yloTca enle 6oJiee HHAKHME CoJdeprHalusMu
TanTtana u nuobua. Kpaiine nHeanaunTe/nLHLIC COAEp/KaHs 3THX 37€-
MEHTOB B KaCCHTCPHTAX H3 MECTOPO#JICHMI CHJIHKATHO-KACCHTEPH-
TOBOH H CYJAb{HIHO-KACCHTCPUTOBOM (opmannii.

Haubonee phicOKHEe KOHUEHTpALHM TaHTasa H HUOOUA Xapak-
TepHbI A1 BOTL(GPAMHTOB H3 Trpefi3eHOBBIX MECTOPOKAEHHH, a Tak-
JKe TMOJEBOIINAT-KBAPUEBLIX M KBApIEBLIX JKHJ, I'€HETHUECKH CBi-
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3aHHBIX € PeKOMETabHLIMI rpanuTaMu, B Boabdpamurax uz xsap-
IIeBbIX KWJ, CBS3aHHBIX C OJOBOHOCHBIMH TPaHHUTAMM, COJAEpHaniie
TaHTana H HHOOMS pPe3Ko yMeHbINAeTcsl 0 THICAUHBIX — COTHIX [10-
Jieii mpoueHTa. B Bosb(pamuTax THAPOTEpPMAaJbHLIX MeCTOPOZKAEHHI
CHINKATHO-KACCHTEPHTOBON (OPMALMH TaHTal H HHoOMIl OTCyTCT-
BYIOT WM BCTPEUAIOTCA B KpaKHe HE3HAUHTENbHLIX KOJAHYeCTBAX —
HUAKe CYHNECTBYIOUIeH UYBCTBHTEILHOCTH XHMHYECKONO aHa/H3a
(10 r/t).

3. Mcenenosanne gopmbl HAXOKACHUA TaHTana W HHOOMSA B Kac-
CHTEPHTAX M BOJAb(paMHTAX ONTHUYECKHMH HCCJACNOBAHHAMH TP
GOJBIINX YBEJHUYEHHAX, JIEKTPOHHO-MHUKPOCKOMHYECKHMH M 3JeK-
TPOHHO-PEHTIeHOBCKHMH, MHKPOCIEKTpPaJbHbBIM 1 MHKPOPEHTreHOo-
CTPYKTYPHBIM dHAAH3aMH H (PAa30BbIM XHMHYECKHM aHaJ/i30M Aaer
OCHOBaHHe TMoJiarartb, YTO TAHTAJ H HHOOHH B KacCHTepHTAax H BOJb-
(hpamHTax HaxXoAATCA B ABOsIKOH QopMe: B BHIE MHKPO- H CyOMHK-
POBKJ/IIOUEHHIT COOCTBEHHBIX MHHEpAJoB H B BHIE H30MOPGHOH mpH-
veci. M3omophuam tantana u nnobus ¢ ONOBOM B KacCUTepHTax,
OUEBH/NO, Kpajile orpannyed — JO NepBbIX AECATBIX L0Je€H MpoleH-
Ta CYMMbl NATHOKHCEl Tantaja M HuoOus. B obpasuax c comepka-
uuem TayO0s u NboOs Goaee 0,1%, Kak npaBHJo, 31€KTPOHHO-MHKPO-
CKOMHYECKH TIOCTOAHHO 00HAPYIKHBAIOTCH MHKPO- M CYOMHKPOBKJIO-
ueHHsl cOOCTBEHHLIX MHHEpaJoB TaHTana H HHoOus. HM3somopdusm
Tantaja u HHOOHA ¢ BosabdpaMoM B BoJb(paMHTAX TaKKe, MO-BH-
JIMMOMY, OTpaHHYeH — KOJIMYeCTBEHHBIN mpeaes] H30MOPGHOH mpH-
mecn Tas05 0,2—0,3%, a NbyOs To4HO noka He ycTaHOBJEH, HO, ove-
BHIHO, HECKOJBKO BhIlIe, B obpa3znax ¢ cogepxannem cyMMbl Ta,0Os
i NbeOs Gousee 0,5% onTHUeCKH H 3JeKTPOHHO-MHKPOCKOIHYECKH
0OHaAPYKHBAOTCH MUKPO- H CYOMHKPOBKJIOUYEHHsT COOCTBEHHBIX MU~
llepaJioB TanTtaJga H HuoOus.

Cozep:kanne TaHtajda, H30MOP(HO BXOAALLErO B PEUIETKY 3THX
MHHEPaJoB, He TMpPeBbIIIAeT JeCsAThiX jpoJell MpoUeHTa H CcocTaBaser
25—30% B BoabtbpamMuTe, a B KacCHTEpHTE, TO-BHAUMOMY, He GoJjee
1—5% oT oblIero KoJHuecTBA TaHTaJa, COJLEpIKallerocss B 3THX
MHHepanax,

4. B cBfi3au ¢ TeM, 4TO KACCHTEPHTBH M BOJb(MPAMMTHI, COLEpHa-
llHe BLICOKHE KOHIEHTpallud TanTtaJga i HHoOHSA, MOTYT CJOYKHTh 10-
MOJHHTEIbHBIM HCTOYHHKOM MOJYUEHHS 3THX 3JE€MCHTOB, BaxKHBIE
11 TeXHOJIOTHH BOOPOCH! (DOPMbI HAXOXKAEHHS 3/1eMEHTOB-TpuMeceil
B 3THX MHHepanax Haubouee 3(PPEKTHBHO MOTYT ObITL PeLIeHEl TOJb-
KO 1PH HX KOMILIEKCHOM H3YYeHHH ¢ TMOMOLIbIO ONTHYECKHX HCCe-
JloBaHuil npu GoAbIINX YBeJIHYEHHAX, 3JTeKTPOHHOH MHKPOCKONHH H
3/IeKTPOHHO-PEHTIeHOBCKOTO MHKpOanaau3atopa u (ha3oBoro ama-
JIH3a.
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