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| YAK s.0s2

Gﬁom COIeP#UT HOBbIe OPHIHHAJILHLIC CTATHbM COBETCKHX H 3apyﬁemnux

B 00JaCTH PEHTIeHOCICKTPAAbHOT0 MHKPOAHAIN3A ¢ DJIEKTPOHHKIM 30H-
j10M. CTaThII OXBATHIBAIOT OOMIHE BOIPOCHL METOAMKN M3Y9YEHNS MUHEDAJIOB PeHT-
TeHOCHEeKTPAIBHEIM MUKDOAHANAZOM ¢ JICKTPOHHLIM 30H/IOM H ClIeINaTbHbE BO-
MPOCH MAKPOAHATN3A MO OTAETBHEIM IPYIIAM MIHEPATOB I OTJSHLHAIM XIMITIe-
cknM aaementaM. COODHHUK COAEP/KUT HPAMEPH IPNMEHEHHS MHKPO30H/{0BEIX
HCCJHeIOBaHNIl K KOHKPeTHBIM MUHEPAJTOTHYCCKIM M neTporpaduueckny sajauaM.

COOpHIK PEKOMEHYeTCH CIeIHAIHCTAM MITHEPAJIOTAM, TeOXHMIKAM If HeTpo-
rpaday, 3aHATEM NCCAEOBAHHEM MHUHEDAIBHOTO CHIPBA, & TAK/Ke CTYEHTAM
BHICIIHX yIe0HEIX 3aBeJleHHii.

The volume includes artikles on X-ray spektral eleklron probe mikro-
analysis, written by Soviet and foreign scientists. The athors consider ge-
neral questions of the above investigation method as well as special que-
stions of microanalysis of individual groups of minerals and chemical ele-
ments. Examples of the microanalytic;ﬁ investigations to solve particular
mineralogical and petrographic problems are also given.

‘The volume is intended for mineralogists, geochemists, petrographers
investigating minerals and for students of higher schools.
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YUK 549.082 [543.422.8 : 537.533.35]
B. A. Yepenanos, A. I'. Cvicoes (CCCP)

IMPOBJIEMBI JORAJBHBIX METOJ10B HCCIENOBAHHA
MHIHEPAJIOB

V. A. Cherepanov, A. G. Sysoev (USSR)

PROBLEMS OF MICROPROBE ANALYSIS OF MINERALS

The general review of the problems of development microprobe methods investi-
gation in mineralogy is presented. Special attention is given to conceptional
and metrological problems and the problem of aclive experiment as well.

IIpomna pcero JuMmL 4YeTBepTh BeKa mOCJe NePBOil myOaumKamum
Racrema n I'mnbo 0 npuMeHeHHH PEHTTEHOBCKOIO MHKPOCIIEKTpAdb-
HOTO aHAJIH3a ¢ HJIeKTPOHHEIM B0H0M K M3YYEHNIO TREPAOTO BEMIECTBA.
3a pTOT CPABHUTEIHHO KOPOTKUIL B MCTOPUH HAYKM NEPHOJ CO3JaHBl
copepiennnie Mojenm mnpubopos, paspaboTaHB HOBBEIE METOJUKIH,
TO3BOJHIONNE MOJYyYaTh 13 B3aUMOJEHCTBHA BIAEKTPOHOB ¢ BEIMIECTBOM
nadopManinio 06 HIEMEHTHOM COCTABE M KPHCTAIMICCKOR CTPYKTYpe.
Pacumpuance 3a aror mepuoj cooco0bl BOBJEHCTBHA HA BENECTBO:
HApAIY ¢ TPaAHIHOHHEIM yiKe DJIEKTPOHHEIM 30HIOM BOILIN B IPaK-
THKY HCC/IE/0BAHNI HOHHBI, ONTHYECKHH W PEHTTeHOBCKHUIl BOHJE.
Pacmmpuimcs BUA  PErHCTPHPYEMBIX AHAJTHTHYECKHX CHTHANOB:
HapAY ¢ TPaJMIIMOHIBIM PEHTIeHOBCKUM CIIEKTPOM ceiiuac perucrpu-
PYIOTCS HJIEKTPOHHBIC, ONTHYECKHI M MaCC-CHEKTphI.

ITporpecc noRadBHBEIX METOJIOB HCCIEOBAHUA BEIeCTEA eCTeCTBEeH-
HEIM 00pa3oM 3aTpPOHYJI I MHHEpaJorHdecKylo Hayky. C momombio
PeHTTeHOCIIEKTPAJIBHOTO0 MUKPOAHAAN3a ¢ JJCKTPOHHBIM 30HIOM OT-
KPBITH MUOTHE JIeCATKH HOBBIX MHHEPAJBHLIX BHJOB, JHCKPEINTHPO-
BaHBl M WCKJIIOYEHH W3 CHCTEMH MHHEPAJOB MHOTHE MUHEpAJH,
ABJAIIHECH TOHKOJMCIEPCHRIMI arperatTaMu yiie H3BeCTHHIX, yeTa-
HOBJIEHBI HOBBIE€ HaV4HbIe ([)ElKThl B3aUMOOTHOIIEHIS .\l]!l[(‘pa.’thI}IX
HHATBUAOB W 0CODEHHOCTEN NX AHATOMHH.
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ITprunna croas 2PeKTHBHOIO HCIMOJB30BAHIA TORATLHBIX METO-
/OB aHAJH3A B TOM, YTO OHN IO3BOJAIOT MCCIEN0BATEH HAIIM CJI0ZKHEIE
0 COCTABY ¥ CTPOEHHIO O0BEKTEI 0e3 HADYIIEHWs WX IeJ0CTHOCTH,
Gomee Toro, B COBOKYIHOCTH ¢ HEIOCPECTBEHHLIM BH3YAJBHLIM HUX
pabmaonenuneM. llpusmanneM poim MIKPO3OHIOBEIX METOJIOB B COBpe-
MEHHOI MIHEDAJIOTHH SBJISETCS BRAOUeHne B nopecTRy aus X | cnesma
MessaynapoaHoii Muiepasornieckoi accOmUAIn clenualbioil Hayd-
HOI mpoGuaeMbl, BHepebie 3a ABajatTiieTnion uncropuio MMA.

JlokanbHble METOIE aHANM3a — MOTYYEe CPEJICTBO HCCIe0BANNA
MHHEPaA0B, TeM 60Jee 4To 5TH MeTOB AKTHBHO PAa3BHBAIOTCH B OCHOB-
HOM LIS JOCTIDReHNs 1eeit pyrux obaacTeil NecaeoBans BenlecTsa,
CTHMYJIPYeMEIX TporpeccoM texmogormi. Ilporpecc upnvenenus
JOKAJIBHEIX METOJIOB B MIUHEPANOTHI ONpEJesseTcs, Mo maieMy Mie-
HIIO, TPeMs HayunsIMi npodiaemami.

[Tepras nmpodaedma— oro upobaema KOHIEHTYANbHAST.
Jlokaxbinie MeTOJB AHANH3A BENECTBA — HTO YHHBEpCAlIbHbie NH-
CTPYMEHTANBHBIE (U3nuecKHe MeToAnl. [las MUMHepaIorum OHU \[EHHBI
Jiih HOCTOABKY, MOCKOABRY BJIEKYT HOSRJICHHe H HAPAIIHBAHHE
HOBOTO 3HAHNA 0 MHHEpPajax, MOCKOJBKY 9TO 3HAHHE BHIPAKEHO Ha.
A3LIKE .\HIH(‘I}HJ’I()I'HH, HDCKOJILHY OHO BXOJHT (‘-OCTHBIIOI‘.I YacTbiO
B KOHIENTYaJbHYI0 0asdy MHHEDAJOTHH U pasBIBaeT ee.

HomkpernsiM 00BeKTOM MHHEpPATIOTHIECKOTO MCCIEI0BAHNA BCEr/a
SBIAETCSE MUHEPAIBHBI HHIUBH/ (HIAH YaCTh €T0), & B TACTHOM CIY4ae
arperaT MOHEpaALHLIX WHNABANOB. llowmMas MuHepaNbHEI MIHIHBIT
KAK 94CTh HNPUPOJLI, He HCICPILIBACMHM KOJXHTeCTBOM OTHOIHCHIT
¢ Heil csA3aHHYI0, MBI, aGeTparmpysichoT IPOINX, BEIIEIAEM OTHOIIE-
HEA KOHCTHTYIHH: eJHHCTBO ATOMHOTO COCTaBA M KPHCTAIJIHYECKOM
CTPYKTYpH. OTO0 OTHONIEHHe WHBAPHAHTHO OTHOCHTEILHO CIIOCO00B
u ycaosmit mabmogenns., OHO ABIACTCH OCHOBAHMEM CHCTEMEI MIHe-
pPAJbHBEIX BHJIOB.

Bnyg mmuepasa — sro Bug ero konernrynun., Cmerematnka Mine-
PATBHEIX BAJIOB — HTO KIACCHPUKATMA KPHCTATIOXAMUTIECKHX MOJ(e-
aeit ux roHcrurynum. M3 moHaTma MHHEpPAIbHOTO BHAA HE CJejyer
NPOCTPAHCTBEHHEIX W BPEMEHHBIX OTDAHMYCHUI, a BCE MUHEPAILHEIR
MHIUBHIE KOHCYIH, II0DTOMY, 3aHMCTBYA N3 (U3WKH DOHATHA O 3aMK-
HYTOH MOBEPXHOCTH PA3JeJa, MBI HAXOJHM CBA3L MERIY BHIOM I WH-
MHUBUIOM B MUHEpAJIOTHH.

Munepanbuiii WHAEBHL He jexuM o ompegenenmio. Om Bo Beex
CBOMX YacTAX MPHHAIEKAT OAHOMY H TOMY K€ MHHEPaJaLHOMY BHIY,
HHBIMH CJOBAMH, OJHOPOJAHOCTE €CTh (YHIAMEHTANBHOE CBOHCTBO
maansuga. Ho opmopognocts ormocmTennna. Munepanbnsiii MBI
OHOPOJCH II0 OTHOIIEHNIO:

— K MHHEepaIpbHOMY BHUIY, HO MO:;KeT OBITH HeoJHOPOjIeH MO OTHO-
MEeHNI0 K PasHOBHAHOCTH, PasHOCTH U T. II.;

— K BeJmunHe o0heMa yacTeil, Ha KOTOpble MEL MEICJI@HHO €0 pasje-
JHIA B OPOIECce MCCIAe oBaHMii,

ITporpece sokanpHEIX METOOB HCCISOBARISA, 0CO0CHHO PACTPOBOTE
DIEKTPOHHON MUKpOCKONWH, ¢ HeoOXOAmMOCTBI0 Baeder yrayOnenue
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m paspuTie (QYHIAMEHTATBHEIX MOHATHI MHHEPAJIOTHH, TaK Kak
00BEKRTOM ee HMCCIe0BAHHA CTAHOBATCA MIKpPOCKOIMIeckne 00HeMEl
BemecTsa, Ha MHOTO IOPSIIKOB MEHBIINe, 9eM 9T0 OLII0 A0CTYIHO paHee
JPYFHM CPEJICTBaM.

Eean 00beKTOM MCCHEOBAHUA SABJISETCH MUHEDAJIbHBIN WHIHBII,
TO TPEJMETOM NCCJAEOBAHUS MHOHEDATA JOKAJIBHEIMH MeTOfaMu
ABIACTCA €ro KOHCTHTYIHSA, T. €. COCTaB M CTPYRTYpA HA CAeIyIoIuX
VPOBHSX:

— MEHEepaJInioM (pasHoOBMAHOCTL, PA3HOCTD);

— aTOMHOM (XUMHYECKHE DIEMEHTH W M30TONE);

— JNEKTPOHHOM (XHMHYECKasd CBA3E).

Jra mepapxXms MCUEPOBIBAET TOJHHIA HADOD NpPEJAMETOB HCCIEI0-
BAHMA, JOCTIZRIMBIX B IPTHIIHIE Y5Ke CeTO/IHA JOKAJbHEIME METOTAMM.

Munepanoras — Hayka HCTOPWIECKAs, IOITOMY HEJNbI0 ee ABJA-
eTcs PeROHCTPYKIIIS TeHe3NCa MEHePAIIOB, T. €. SKCTPALOIANASNA B Teo-
IOrMYecKoe TPOILIoe CerojHambero mpeamera mceaenopanmit. Heob-
XOAUMBIMI YCJIOBHAME TAKOH OKCTPANOJAIMH SBIAIOTCH:

— HAJIMYHE TEeOpPeTHIeCKOr0 B3aKOHA, CBA3ZLIBAIOIIET0 HCKOMEIE
napaMeTphl PeKOHCTPYHPYEMOTo Tmpoiecca ¢ TOH il HHON ocobeH-
HOCTBIO KOHCTUTYIIE MUHepaa;

— Haxmyne oco0eHnocTedl KOHCTHTYHHM, ABIARMHXCA HeolXo/u-
MBIM CJEICTBHEM pPEKOHCTPYHPYEMoro IIpolecca.

IlocraTogmoe yeIoBHe PEROHCTPYKINN IeHEe3Nca MIHEPaJFa TOJILKO
OO KOWMCEePBATHAM B MacinTale TeoJOTHmIecKOTO BPEMEeHn dToi
XapaKkTepHoi, He0OX0IAMOoi 0c00eHHOCTH KOHCTHTYINH MWHEpPaxa
MU 7K€ 3HAHIIS BPEMEHHOT0 3aK0HA €€ W3MeHeHMs.

IlpuMvenenne JOKATBHBIX METOJ[0B K MCCJIEIOBATAI0 MUHEPAIOB KAk
00BEKTOR TEOJOTHYECKOH HCTOPHH OTKPHIBAGT MCKIIOYATENLHO IIHpPO-
KIE BO3MOJKHOCTH e¢ peRoHcTpyKnuu. HasoseM Tonpko onmu mpumMep:
pacmpejieienne XHUMIICCKHX IEMeHTOB B COCYIECTBYIOIMX MEHe-
PATBHEIX HHIMBHIAX MATMATHYECKAX H MeTAaMOPOUIECKHX TOPHHX
MOPOJL.

B arom 3aka09aiorTcs OCHOBHBIE ACIEKTH KOHLUENTYAJBLHOM Ipo-
GaemMbl JIOKANBHEIX METOJOB MuHEpajornm, Oes ydera KOTOPHIX He
Mo:ker OwiTh obecitedeno adieRTHBHOE MX HpuUMEHeHWe KaK HOBHIX
CPEeCTB M3YICHIA BEIIeCTBA.

Bropoi#h HayunHo#d mpobaemodl ABIAETCSHA
npofGareMa MeTpoaormueckaasn Pesyaprar mobore Jio-
KaIpHOTO METOJA Mec/ae/loBanusa (B TOM YUCJe PeHTTeHOCHeKTpaIbHOro
MHEKPOaHAIA3a ¢ QIEKTPOHHLIM 30HA0M) €CTH BCET/Ia Pe3yJIbTaT KOCBEH-
HOr0, HpubIMAEeHHOr0 W3MEepPeHHsd, NPHIeM H3MEepeHHs CJ0FKHOTO,
He caygaiimo moaToMy, 9T0 HH OJWH M3 MHKPO3OHJOB HE aTTeCTyercs
KaK CpejcTBO M3MepeHHA, Kak maMepurenbusii npuGop. Hu onpa ns
METOJIMK He aTTeCTOBAHA KaK KOJMYECTBOHHAS AHAIHTHYCCKAT MOTO-
aEka. 910 HpuOOPH W METOXH NCCIefoBaTeNBCKHe. YUHTHBAA, YTO
noTpedHOCTH MUHEPAJOTHIECKOR IPAKTHKHE, a OHE ¢ HeoOXOHMOCTEIO
caelyior u3 OOBEKTHBHEIX oco0eHHoCTell, B WacTHoCTH Macmrada o
CIIO/RHOCTH Te0JOrHIecKnX 00BeKT0OB, 00yCaoBIUBaT HE0OX0IIMOCTE
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MACCOBOTO aHANH3a MHHEPAJOB, HYy:KHO B Oumnkaiimme TONB MCKaTh
OYyTH MeTPONOTHYECKOTO ofecmedeHHs MHOKPO30HI0BOTO AHAIH3A.
PaccmoTpnM iBa acmeKTa MeTpPOJOTHIECKOi mpobaemsl.

ITepsbiii acmekT — HOBHIIEHHe Ipejera o0Hapy;KeHHS KOHIEH-
Tpamui XuMmdecKnX dieMeHTOB. CerofHANIHss NIpaKTHKA MAKpO-
S0HIOBEIX WCCJIEOBAHAN MHIHEPAJIOB IIO3BOJISIET BIOJHE YIOBICTBO-
PHTEJIBHO ONPEAeNATh KOHIEHTPANWI0 OCHOBHBIX XHMHTECKHX aJe-
MEHTOB, BXOJAAMHUX B coctaB muuepamos. Memee Graromomysmo o6-
CTOHT J(J0 ¢ ONpefieIeHmeM XUMHYICCKUX BIIeMeHTOB-IIPUMeceif, 9To
00yc/0BINBACT MOUCK HOBEIX HyTeil IOBHIIEHHs Ipejesna obHapyKe-
HEA KOHIEHTPANUH XUMHYECKHX BHIEMeHTOB. ITa 4acTh IPOOJIeME
HMCKJIIOYATENHHO BasKHA JJIA MHHePAJOTHIecKOil DPAKTHKE, B YaCTHOCTH
JUIsi peIleHHsi TAKMX AKTYAJbHHIX 3afad, KaK M3YYeHHe AHATOMUN
MEHEPAJILHHIX WHIUBHOB W 3aKOHOMEPHOCTeH pacimpemeleHus XuMu-
YECKNX 2JeMEHTOB-IIPUMECeid B COCYIIECTBYIOMNX MHHepaZax.

Bropoii actmexkT MeTposornyeckoii mpobieMsl 3aKI09aeTca B MOBE-
MEeHUN TOYHOCTH MIKPO30H{0BOT0 aHaAn3a. T0YHOCTE MHKPO30H/0BOTO
aHAJIM3a BBIPAKAETCH BEJIHYMHON IIOTPENIHOCTH OIPE/ENeHNA KOH-
MeHTPANHA XNMAYECKHX dJIeMeHTOB, BXOJANINX B COCTAB MHUHEpAala.
[lorpemuocTs 8Ta COCTOMT M3 JABYX HE3aBHCHMHIX YacTeil: morpem-
HOCTH 3aJla9d W TOTPEMIHOCTH METoja.

IMorpemsocTts 3amaunm ofycaoBjaeHa TeM, YTO AHAJHBHpPYEMasd
ofimacTh, cocrapaAnIasg He Golee HECKONBKAX KYyOHMYECKHX MUKPOH,
HECOM3MepPHMO Maja 0 CpaBHeHHo ¢ 00’beMOM WHIMBHIA WJIH €ro
TacTH (30HEI, THPAMUJIEL POCTA), K KOTOPHIM H TOJLKO K KOTOPEIM MEI
OTHOCHM [IAHHBI® 0 KOHIeHTpammi. K poMe TOTro, morpemHocTs 3amgadn
0o0yca0OBJIEHA TeM, UTO BCE H3MEPEeHHd BeAYTCA TOJBKO B OJHOM ILIO-
CKOM CEYCeHHN MIHEPATLHOTO nuanBma. [IyTn yMeRbmenua Beauamnsl
MOTPeNIHOCTH 3a/[a4l 3aKJII0YAI0TCA, 110 HAIIEeMY MHEHHIO, B ONTHMH3 A~
nuu BeIOpa CHCTEMBI BOHIMPOBAHMA.

ITorpemmocts Meropa oOyciaopjena NOTPENIHOCTH) ATTECTAIHN
CTaHJAPTHEIX 00Pa3I[0B, MOTPEIIHOCTHI0 (PH3MIECKOM MOJeJN B3aMMO-
JeHCTBHA JIEKTPOHOB ¢ BEIECTROM M IOTPENIHOCTBIO HEHOJHOTH Ha-
Gopa ompefeasaeMbIX X HMIIeCKIX 3I1eMeHTOB, 0T PeNIHOCTRI0 BLIYMCIe-
auA w cOOCTBEHHO MOTPEINHOCTHI0 M3MEPEHHs HHTeHCHBHOCTH peHT-
TEHOBCKOTO m3Iydenma. llyrm mopMaamsamim NOTPEeNIHOCTH MEeToja
U YMEHBIIEHUA ee BaRITI0YAIOTCA B COBJaHII MeJyHapOJHON cH-
CTeMBl CTaHZapTHHEX 00GpasmoB, CHCTEMEL IOBEPOK ammaparypHl,
2 TaK/Ke MalOIMHHOM CHCTeMHI YIpaBJeHUA MUKDPO3OH/OBEIM aHaJI30M
0 BBMUCJIEHMS AHAJIUTHICCKNX [IAHHBIX, KOTOPEE HO3BOJAT OLTHMH-
3MpoBaTh MX 10 METPOJIOTHIECKAM XapaKTepHCTHKAM.

Hopmanmzanmsa kadectBa aHaJHTIHMECKHX JAHHBIX MHKPO30HL0-
BOT0 aHAJMN34 MUHEPATOB SABIACTCA HEOOXOJUMBIM yCJIOBHEM MEZRIY-
HAPOJHOTO MCHOJB30BAHUA DTHX JTAHHEIX.

IToppimenne mnpejena oGHapyseHHs KOHIEHTPAIMHE XUMUIECKHX
9JIeMEHTOB M YMEHBIOIEHHEe MOrPeITHOCTH AHAJMTHICCKIX HaHHBIX
HeoOXOIMMBI JIJIsi BEIABICHASA TAKHX BasKHBIX 0cofeHHOCTEH KOHCTHTY-
IHH MPHepaja, Kak Hapymenue CTeXmoMeTpHIHoCTH HX COCTaBa, 4To
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B GONBIMIMHCTBE CJOYYaeB. 0CTAETCA HEeJOCTYIHBIM B COBPEMEHHOM WC-
caefloBagnm, Ho OE3YCIOBHO NPHHECET KAUYeCTBEHHYI0 HOBYI HH(OP-.
MAIUI0 0 IPUPOJE MIHEDATLOB. ;

Tperpeit Hayunmoit npobaeMoil MUKDPO3OHIOBOTO
aHanM3a ABJIAETCA NpodieMa «aKTHBHOTO sKcmepuMentay. Tepmun
«AKTHBHHI aKcnepuMeHT» yciaosed. OH mpejmosaraer, uro JOKaJIbHEES
METOJbl MCCJIe0BaHUA BIEpBHE JAIN BO3MOJKHOCTH Habaoaarh u
M3YYNTh COCTOAHUE MUHEPAJOB B CHeOUPUYECKHX HEePABHOBECHBIX
CTAIMOHAPHEIX VCJOBHAX.

Habmoiene pesyanTaToB MSMEHEHHs €r0 COCTOAHUS IPH HTOM
BO3JEHCTBHM, W3MepeHHe pesyJIbTATOB BO3JIEHCTBHA Ha COCTaB M
CTPYKTYDPY IO3BOJIAT HE TOJBKO YTOTHHTH IHATPAMMY COCTOSIHHA MITHE-
pajia (mpmyYeM B y3KOil o6aacTm H3MepeHHs COCTaBa), HO U ImyTeM nay-
gennA Koaddummentos guddysnn paccMOTpers MPOIECCH W3MEeHeHH s
COCTOSHMA MHHEpAaJOB B KUHETHYECKOM H JMHAMHYECKOM AaclleKTax,
a Omarogaps 9TOMY IIOCTPONTH JHHAMHYECKHE MOJIEIH TIPOHECCOB
MuHepanoofpaszoBaHusd, CJAEJOBATENLHO, MOIYIHTH KAYECTBEHHO HO-
BLIe 3HAHHA O IPHPOJAE W IeHE3MCe MHHEPAJOB, YIayOuTh U pasBuTh
KOHIENTYaJbHY0 0asy MuHepamoTHi.

Tpersa mpobGaema pasBuTHA JTOKAJILHBIX METO0B HCCICAOBAHMA
OPUHIMIHAJBHO HOBAfg M 3aCAY:KNBaeT TPHCTAIBHOIO BHHMAaHMA,

Pemenne tpex HamMeueHHHIX mpo0JgeM MO3BOJHT B YCIAOBHAX HPO-
TPeCCHPYIOIEr0 paclinpenis KPyra JOKAJAbHEIX METOJ0B HCCIe[0Ba-
HUs BMECTBA, & TAK/Ke BOBMOKHOCTeI I TeXHNYeCKUX XapaKTepUCTHK
npubopos Goxee sPpdheKTHBHO MCHOJAB30BATH JOKAJIBHEE METOJLI JJIA
TO3HAHMA TPHPOAK M TI'eHe3nuca MUHEepAaJoB.

VIK 543.422.8.068 : 563.12
B. H. Fopoawr, I0. I'. Jlas penmmves (CCCP)
0 HATPEBE MHHEPAJIOB HO]{ JENCTBHEM 3JEKTPOHHOI'O 30HJIA

V. N. Korolyuk, Yu. G. Lavrent'ev (USSR)
ON MINERAL HEATING WITH ELECTRON PROBE

For temperalure estimation of the samples under the action of the electron probe,
a mt:lthod taking into account heat generation in a cylindrical volume is pro-
posed. :

The radius of the eylinder is taken equal to the probe size on the sample
surface plus the lateral path of electrons, and the height is taken equal
to the depth of complete penetration of electrons into the substance. The method
allows to calculate the temperature distribution by the depth, and to find the mi-
nimum thickness of the polished section at which no melting of the resin pasting
the sample to the slide takes place.

For various working conditions the heating temperatures for 43 minerals
with known thermophysical characteristics have been calculated. By the data
obtained, a simple empirical formula has been derived and the ways of heating
sample reduction has been determined.

7



BoanmuHCTRO MEHEPAJIOB MI0X0 HPOBOJIAT TOIIO0, II0ITOMY BOTIPOC
00 WX marpese moji JeficTBHEM HJIEKTPOHHOTO BOHJA INpEJCTaBJIAET
HECOMHEHHBI MHTEPEC JUIA MPaKTHKN PeHTTEeHOCIeRTPAIBHOT0 MAKPO-
apasmaza. OOBYHO IS pacdera TeMIepaTyphl B IIEATpPe 30Ha HA I10-
BepXHOCTH MAmenn npumensaercsa gopmyna Kacrena (Castaing, 1960).

3IE
=——“‘2T€}\; 3 -2 (1.)

rae I — Tok 30mpa; d — ero amamerp; £, — YCKOpsAOmee Hampsike-
Hue; » — KodP(UIHEHT TemIonpPOBOTHOCTH (BCE BENMYMHEL B CHCTEMe
CH). 9o BrrpaskeHnme OLUIIO IMOJYYEHO IYTEM pPELIeHus CTalioHaPHOTO
YPaBHEHNHA TEILNIONPOBOJHOCTH JUIA NOJAYOECKOHETHOTO TeJa ¢ HyAeBol
HavaJLHOH TeMIepaTypoil IpH YCJIOBHUH, YTO BCA TEIIOTA OJHOPOHO
U paBHOMEPHO BEIleNAeTcs B moiycdepe ¢ THaMETpOM, PABHBIM JHa-
Merpy 30HJA.

Takomy Meroxy pacuera CBOMCTBEH paAJ OTPAHAYCHHUI, MOITOMY
€CTeCTBeHHO paccMaTpuBaTh Bhpaskenue (1) amms B kawecTse mepsoro
npubamkerna. Hanpumep, ZonmymeHnne o BEJIeIEHHN TeIia B mMOJIY-
chepuyeckoM ofbeMe MOKHO CUMTATH NPUEMIEMBIM TOJBKO B TeX Cly-
9afAX, Korja pajgumyc 30Hja 01M30K K TaybmHe npodera siIeKTPOHOR,
T. €. npu GECKOHEYHO Y3KOM TeoMeTpmiIecKoMm amamerpe 3oupa. Ocra-
eTCHA TaK/ke HeSICHEIM, 34 KAK0e BPeMs YCTaHABIMBACTCS CTAl[HOHAPHOe
pacupejieJeHue TeMIepPATyps 1 B KAKOW cTelmeHy cKaskBaeTcs He-
OHOPOJHOCTE OTEPH PHEPTHH BJI€KTPOHOB B TEHEPUPYIOMEM TeILIoTY
obmeme.

B nammoit pabore crenana nonnTRa Gosee 06Iero pemeHus 3aadn.
Bypem cunrarh, 4ro BHJ@IEHHE TEIIOTH MPOUCXOIAT B 00BeMe Kpyr-
JIOTO MPAMOTO IWIMHJPA ¢ BHICOTOH, COOTBETCTBYIOMEH Taybune moJ-
HOTO NPOHNKHOBEHHS JJIEKTPOHOB B BEMECTBO, M ¢ JIHAMETPOM, pan-
HEIM CyMMe IeOMeTpPHYECKOro JHaMerpa 30HAa M YBOEHHOI riayOHHEL
npoHukHoBeHnA., Bocmomsayemea npusefenauym B pabore I'. Rapenoy
m [1. Erepa (1964) serpamennem s TeMIepaTy pel TeJla B TOYKe ¢ KOOP-
OUHATAMA Z, I, Z B MOMEHT £, c03/lapaeMOil B MOMEHT £’ TO9eTHBIM HCTOY-
HEKOM TEINIOTHI, HAXOJANMMCH B TOYKe ¢ KoopjamuHaramm z', y', z'.
Ecam kolnuectso TEMNOTH, BHIJEJAOIEECS B e{UHMIY BpPeMEHH M
obwema, pasHo (, To
Ofz's yl 2zt th)dx'dy'dz’ de!

8pc [ra (¢ — t')]""

(z—2) 4+ =y’ P+ — )
X_exp[— 4a (t—1') ]’

dItam sty =

(2)

rjie P — IJIOTHOCTH Teja; ¢ — Y/AedbHAs TemI0eMKoCTh; a=A/(pe) —
roa(uienT TeMmeparyponpoROJHOCTH.

Orpammumvces BHAYajne CIyYaeM OXHOPOJAHOTO W PABHOMEDHOTO
BeenenndA renaots [Q (z', y', z’, t')=const ] B muanupe ¢ gHaMETpom
d n srcoroit k., Torma Q=4IE,/(nd*h). Ilepexons k IMIHHIPHYCCKAM
koopanuaram [dz'dy’dz' =r'dr'dbdz’; (z—z')*+(y—y')=(r—1r')?] u
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uarerpupys oo 0, r’, z° u ¢, mafigem pacmpejienenue Temueparypsl
Mumenn 1o ocu 3oupa (r=0):

t
7(z, t) = _iifpc S [1 — exp (— Tb‘%ﬂ [erf (%%) + er f(];;u )] du. (3)

B wactuocrn, na nopepxuoctn mmmenn (z=0) B menTpe souma
¢

T (1) :ﬂ—‘:—;—f;—cus [1 —exp(— %):le (‘/fau) du; (4)

erf (.‘l‘) o

<
7111"‘:‘

T
S exp (—y?) dy.
0

Uncaennoe HHTErPHPOBANHE HOJYHEHHBX BHIPaKEHHI HpPOU3BO-
aunocs mo Meroy Cummcoma. I'myGnHa nmpoHRKHOBEHHS DJIEKTPOHOB
Haxoaumaack no gopmymne, npempaoskentoir Hacrenom (Castaing, 1960):

-
h=0.033 — E§7 (5)

(h — B MM, p — B r/eM®, E; — B kB). VI3 pucynka (a) BupHO, 9TO
HOCTOAHHAS TeMIEPATYpa B IEHTPe 30HjA VCTAHABJIHBAETCS B Teue-
HHE THICAYHEX J071eil CeKYHIL OCae Hayajla ofJydeHns, TaKk UTo HA
IPAKTHKe MUKPO30H/J0BEI AHAINE BeIOTCSH B YCIOBUAX CTATIHOHAPHOTO
pacupepemenus TeMmmeparyphi. Takmm ofpasom, marpes o6pasmos
MOKeT OHITh B HPUHIAIE YCTAHOBJIEH ¢ MNOMOIBI0 TOIBKO OJHOH
Tenogu3nIecKoil TOCTOAHHON — Kod(umumenTa TeIJIONpPOBOJHOCTH,
9TO MO3BOJAET PACHIMPUTH prr BEINECTB, A KOTOPHIX BO3MOKHBI
BBITICICHA .

Ha pucysge (6) nmokaszano, 4ro Temmepartypa OBICTPO majgaeT B Ha-
MPaBJIeHn 0T IOBEPXHOCTH B TAy0b MmmeHH. TeMm caMbiM IIO/TBEp-
ARITAeTCA BO3MOKHOCTH MHUKDO30HI0BOTO WCCHeAOBAHNA MIHEDAJIO-
PHYECKUX TIIH(OB, IPeACTABIAIINX ¢000# IIACTHHKE IOPOLE TOJ-
munoit 20—30 MmEM, marjgeennsie Ha crexkigo. HeolXxogmmo TOaBKO
NPAMEHATH JIA CKJIENBaHOA JIOKCHjHYI0 cMoiy, a He GambzaM,
IOCKOJBKY 1PN MCCJAe0BAHEN TIOCTIEHEr0 4acrto HabmaiogaeTca Bemy-
quBanpe mandoB yjke OpH HX IIOMEIIEHAH B BAKYYM.

B ra6a. 1 cpaBHuBaOTCA PE3YALTATEHL pacuera TeMOoeparyphl Io
dopmyaam (1) m (4). B ofoux cayuasX mpmaEManock, uro d=dy-12k.
Bpemsa marpesa OBLI0 TOCTATOMHBIM JUIA JOCTIGKEHHA CTAI[MOHAPHEIX
veaopuit, B mejoM cormacme MeskIy cnocofaMmW pacgera MOKRHO IpH-
3HATD Y/IOBJIETBOPHTEJNHHEIM, TeM Gosee yro Tenaofu3niecKne XxapaKTe-
PHCTHKM MHUHEPAJIOB nce eme octanorcsa ciabomsydennsivm. [Ipum pac-
MUpPeHHA OY9Ka JIAEKTPOHOB (TAKOH WpmeM YacTo NpPUMEHAeTCA Ha
mpakTuke) gopmyna HacreHa jaer 3aumkennble 3HAUYEHUS TeMIepa-
TYPEI, OJiHAKO 110 a0COMOTHON BeJMIIHE pa(‘YO}I{JICHﬂe HeBEJINKO H3-3a
caaforo marpesa.



i i bt
7 RS g 0w 20 W0 W a0
t,c h, Mxkm

3asucAMOCTL TeMiepaTyps B HEHTPe HIeKTPOHHOIO 30HA HA IOBEPXHOCTH M-
MIeHIT OT BPEMEHN HArpeBa (a) W ee paciupeeienne 10 rayomue (6) Aaa MYCKOBHTa
(/) m pgnomeuna (2).

I=10"" A, E;=10 KB, dy=1 MEM,

U3 rabx. 1 sagro, w10 TeMmeparypa OTHOCHTENBHO ¢a1a00 3aBUCHT
ot E,, orpaskas OpOTHROPEYMBEIH XapaKTep /ieficTBHA IBYX (PaKTOpOB:
poCTa BHEPIUH HJICKTPOHOB NPH YBeIHUCHHH YCKOPAKIIETro Hampske-
HHA H OJIHOBPEMEHHOT0 YCHJICHHs NPOHHKHOBEHNS DJICKTPOHOB B MH-
meHb, 4TO BeJeT K YMeHbIIeHW0 00BeMHOH NI0THOCTH BHIJIEJIAEMOIl
~remyorel. Haw npaBmio, Qs cumikeHMsi Harpepa cJjejpyer paGorarthb
[Py ONTHUMAILHOM ¢ TOYKH 3peHHA FéHepamin PeHTTreHOBCKOTOo H3ly-
YeHHA HANPAKEHHM, YTO [[aeT BO3MOKHOCTE COOTBETCTBEHHO CHH3UTh
TOK 30HJA.

Tadoanna 1
Tenmega'rypa Harpesa Jaeiigura, °C, BHYACIEHHAR gaaﬂuqﬂum cnocodamn
[f==1 A=1.15 Br/(m- rpau), p = 2480 ®r/m
E,, rB 5 10 15 20 25 30 40
2h, MEM 084 2.7 5.5 8.9 13.0 17.8 29.0
do=0 iTo (1) 2417 151 114 93 80 70 57
[lo (4) 221 136 102 84 72 b3 52
dy=10 o (1) 19 32 40 43 45 45 42
ITo (4) 25 40 47 49 48 46 42
dy =50 ITo (1) 4 8 1 14 16 18 21
Ho (4) (] 10 15 18 20 20 24
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OcHOBHOI HEJ0CTATOK PACCMOTPEHHBIX MOJIEJEil TeNJI0BOro HCTOY-
HHKA 3aKJI0YaeTCA B HEOHPeeJeHHOCTH MOHATHA «HaMeTp 30HAay.
Crporo rosops, o61acTs, B K0TOPOil 2TeKTPOHK TEPAIOT CBOI BHEPTHIO,
He WMeeT Pe3KHX IpaHHIl, a pachnpejeleHne HHEPIeTHIECKHX NOTEPh
HEOHOPOJHO KaK 1o raybune MUNIEHN, TAK H B CEYCHHAX, MapalIe b
HEIX ee mosepxHocTH. IToaToMy nanbueiimee yrounenne MOTOa pacuera
TeMIepaTyphl 0JKHO OCHOBBIBATLCA HA YdeTe dTOM HEeOJHOPOJHOCTH,
Bynem cumrarh, wro pacupejieienne HHEPreTHIECKAX IIOTePh HMeeT
BEJ (YHRIAW HOPMAaJbHOTO paCHpeje]eHHs:

Q (', z') = const exp (—dr'® — gz'*). (6)

3navenue NMOCTOAHHON HaljeM H3 YCIOBUA HOPMHDOBKH

2% h d)2
IE == const S S e
00

xp (—dr'® — Bz’a) r'dr'didz’.
]

Wurerpupya Teneps Bupawenme (2) npm r=0 u z=0, naiinem
TemmepaTypy B IIeHTpe 30HJa Ha NOBEPXHOCTH MMIIEHH

Pl 22 VB IEED %
1:""-[1 — exp (— E%")il erf (hVE) pe

- Sy
—zd?
[1 —exp (_—wfzu ):| erf (h V%l) du

g

. M

0

rpe x=/4aua+1; y=4aup 1.

Bagannm « ® B, DpEHMMaA, 4TO HA HUKHell m GoKOBoOii HOBepX-
HOCTAX IWIHHIDPA IUIOTHOCTH BRIJIENAIOMEiics TemIoTH He IPeBh-
maer 19 OT COOTBETCTBYIOIEIr0 MAKCHMAIBHOIO 3HAYEHUA, T. €.

ad?
exp(——,;-)é0.0l mpr  z' =0;

exp (—Bh%) < 0.01 npm r'=0.

Torpa
4In100 18.42 In 100 .61
t=—m—=—g; b=—gg =77
H B HUTOre
: xd? ( "y_)
14.41E, [‘ = exp(wauﬂ“f hV ieg)dn ®)
T(t): dzh?c z VI!T »

0

Cnenagpme JIONVINEHHA cofepsKar B cefe M3BECTHYIO HeOIpeflesieH-
HOCTH, OJJHAKO OHa cnaﬁo CHRasbBaeTcsda Ha KOHEYHEIX peaynb'ra'rax, qT0

A



GHI0 BRACHEHO KOHTPOIBHEIMH pACUeTaMM, BHIIOIHEHHBIME TIpn G0~
Jiee JKeCTKUX YCJIOBHAX:

a

42
exp (— a—ll--) = exp (Bh%) =0.001.

C momompio BhpaskeHmsA (8) OBIIM PACCUMTALI TeMIEpaTyphl Ha-
Tpesa 43 MmHepaIOB B Juamas’oHe YCKOPAWINX nampsscenunit or 10
1o 40 k¥B. Tennofnanyeckne XapakTepUCTHKN MHHEDAIOB 3aMMCTBO-
Baguch m3 pabor @. Bepua u np. (1949), P. E. Kpwmwranosckoro
(1973). B raGua. 2 npuBenenst peayabTarsl BHYNCIEHHI IS HEKOTOPHIX
MUHEDAJOB, ABJAWIAXCA NPEJCTABATENAMI ONPeAEeTeHHHX BHUIOB
COeTHHEHMII: CHIMKATOB, OKACJIOB, CyabdaToB, kapfonaros, ropumos
n cyasduyon. Ilonryuennse JaHEBe HMEIOT ONpe/leaeHHBI TpaKTHIe-

CKHil WMHTepec.
Tadannga 2

Temnepatypa marpesa munepanos, °C, sprumenennas ¢ yuerom
HEOAHOPOJAHOCTH HHEPreTHYeCKNX notTeph axextponos (=107 A)

E,, B

5 10 | 16 | 20 [ 25 | 30 | 40 15 15
Munepasn Brj/(u - rpaj) Kﬁjms

dg, MEM
1 1 1 1 1 1 10 20
Jleitrur {45 2480 207 (172|147 (129|115| 95| 88 | 57
Ciiosta 2.47 2840 95| 80| 68| 60| 53| 44| 40 | 26
upon 3.18 3750 |104| 90| 78| 69| 62| 52| 38 | 23
Hpapn Tt 2650 32| 27| 23] 20| 181 15| .43 8
Maruoxposmut 2.54 4230 |1321116|101| 89| 80| 67| 47 | 28
Bapur 1.33 4500 | 203177154136 |122(102| 74 | 45
Ranemmnr 3.6 2720 88| 74( 64 56| 50| 41! 36 | 23
Dapoput 8.0 3180 80| a0l 261221 0] 17143 8
Xanekonupnr 8.2 4090 39| 34| 30| 26| 24| 20| 14 g

Cpasnenue pesyanratoB pacuera mo selpaskenuaM (4) u (8) moxa-
8aJi0, UTO TEMIEepaTypa CymecTBeHHO 3aBHCHT 0T 3aKOHA BHIIEIEH I
TeroThl B 06ayuaemom obpere. Temmeparypa, suunciaennas ¢ yaerom
HEOHOPOAHOCTI HHEPTeTHYeCKUX TOTEPh, OKA3AJach BHINE IpPH-
mepro B 1.9 pasa. Caegosarensno, s HpuGIMKeHHAX PACIETOB

MOKHO MCnoabs3oBaTh popmyay Hacrena ¢ ypeanuemmbiv koaddu-
ITHEHTOM:

IE,

7=095 9)

n yanTnBarh, yro d=d (d,, E,).

SapnCHMOCTH TeMIEPaTypH OoT paaMepa i (JopMEl TEIZIOBOTO MCTOY-
HIIKa, a TaKke OT 3aKOHA BEIIEJCHHA TelJa SHAYMTeNBNO OrpaHmId-
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BAET TOUHOCTH pacderor. [lanemeiimuii mporpecc B 5TOM OTHONICHNH
TECHO CBAB3AH ¢ PA3BUTHEM Teopud (pOPMHPOBAHNA B0HJIA ¢ TOMOILHH
KOHKDPeTHOI 8JeKTPOHHO-ONTAYECKOM CHCTEMBI M TEOPUH pPACCesHUA
JJEKTPOHOB B BEIIECTBE, T. €. ¢ BONPOCAMHE, HPeCTABIAIONAMI HEII0-
CPeJICTBEHHBIT HHTePeC /s BHACHOHUA JOKAIBHOCTH MUKPO30HAOBEX
uccaegopannii. K JpyraM orpammumBaommm @axropaM oOTHOCATCH
AHU3OTPOINA MHEHEPATOB, BABHCHMOCTL HX TEIJIOHPOBOJHOCTH OT
TeMOepaTyphl, a TaKKe HeJ0CTATOYHOCTE M HEOIIPeeIeHHOCTh HAHHEIX
n0 TemIoQU3HYECKNM XapaKTePHCTHKAM MHHEPAaJoB.
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BJIUAHHE DJERTPOIIPOBOJHOCTHI MITHEPAJIOB HA NMPABWIBHOCTDL
MHUKPO30H/IOBOTO AHAJIN3A

N. V. Troneva, A. I. Tsepin (USSR)

INFLUENCE OF ELECTRIC CONDUCTIVITY OF MINERALS ON
MICROPROBE

The microprobe analysis of typomorphic minerals must be especially precise
and senseltive when il comes lo studying the dependences of stechiometric
features on the forming conditions. For example, a definition of the temperature
of arsenopyrite formation (precision — 50° C) demands 0.5% rel. precision
in determination of As and S. As it had been shown in our previous work, the con-
ductive coaling of a sample does not wholly preclude the influence of the nega-
tive volume charges, accumulated in the region of probing. Its effect is translated
in decreasing depth of electron penetration, in a redistribution of the current
of the absorbed electrons between the sample proper and the coating (the latter
receives more) and in a drop of the working voltage E by A E value. The relative
value AE/(E—E,) depends on the energy of exitation in the series, where the ana-
Iytical line X to the examined element belongs. If not concidered and corrected,
tﬂis effect may result in overestimating the contents of the elements with small £,
(S in sulphosalts, Si in silicates, Pb in polibasite, etc.), the total being understated.
For instance, in sphalerite having a low conductivity, the total value drops
to 92% and the atomic content rises by 8% as compared to that of a conductive
sample. In a scheelite analysis the nominal working voltage £=20 kV dropped
to such extent that tungsten’s series did not exite (£,=12 kV). CaK, and WM,
analyses with CaF, standartds misrepresented the Ca—W correlations. The pre-
sent work gives the results of an experimental study of isochromates of a charac-
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teristic X-ray mineral spectrum compared to standards. We have elaborated
a technique of finding corrections taking into account the displacement of isochro-
mates (depending curves of specific intensity of the analytical lines v. voltage).
This technique consists of a comparision of isochromate of the conductive stan-
dard with the hypotetic line of the sample. Then the first approximation of a dis-
placement must be found as well as the hypothetic specific intensity of the stan-
dard, the displacement being considered. The iterative possibility of approxima-
tion of F;(C ;) by a linear function depends on the absence of a correction for fluo-
rescence in the discussed system.

The suggested technique has been approved in tests on different model com-
positions. It has been found that the relative difference between £ ; found

by the graphic method and that of calculated by EC according to the method
of 1. B. Borovski and V. I. Rydnik does not exceed 3% being less than 1%
in the majority of cases.

The time expended for the determination of all F; in a five-component

system does not exceed 5 min, wich is comparable to the time of #; calenlation
by a PDP-8F EC (about 1 min).

Wapectno, uro Goabmme oMIGKIE MEKDPO30H0BOT0 aHATN3a HADII0-
jawTes upu Goxpinoil pasHune cocTaBa, (E3MKO-XUMUIECKHX I MeXa-
HEYECKHUX CBOMCTB, a TaK/Ke HaPYIIeHAH OQHO3HAYHOCTH YCJIOBHH yCTa-
HOBKH B Jiep:Katese npunGopa amanmampyemoro ofpasma M sTaJoHOB-
penepos (Tponesa m nip., 1972a, 6). ITpencraBaser savacryio Henpeo-
JAOAHMEIE TPYJHOCTH Kak nofbop aTamoHOB OJM3KOr0 CcOCTABA W
CBOMCTB, TAK W pPeaibHas OleHKa ommOoK, 00YCIOBIEHHEIX KAGKIBIM
U3 9TUX PakTOPOB B OTALJBHOCTH.

B macroameii paGore Guia moctasiaena 3ajada paspaboTKm moJay-
aMIupuYeckoro cuocola ONEHKH U MCKIOUEHNA OmmO0K 3a cueT mio-
XOil BIACKTPHIECKONH NPOBOJMMOCTH B I[N TOKA IOTIOIIEHHHIX 2JIeK-
TPOHOB IPH MHKPO3OHIOBOM AHAIH3e MUHEPAJOTHYECKHX 00Opasion
Ha Mukposonge MS-46 KAMEKRA , pumonusaomeMes ¢ Hedbi0 BhisABIe-
HEA HAPYIIEHHH CTeXumoMerTpuiu.

OfperkraMu cay;Kuam MUHepajorndeckue o0pasibl ¢ M3BECTHRIM
COCTABOM I THIIOM IIPOBOIMMOCTH AHAJMIMPYEMEIX MHHEPAIBLHHIX (haa:
chamepuron, GiaeKABIX pyJ, cyabgocoaell cypbMEL I BHCMYTA, IIee1nTa,
CTEKO0JI, MOoponoo6pas3ywmux MmHepaxos. B kawectse 357alonoB lic-
MOJb30BAHBI YACTHIE METAJIE, OKHCILI, CYJAB(OHILI H JIPyrHe coei-
HeHUA ¢ W3BECTHOH CTPYKTYPOH, cocraroM, cpoiicteamMu. Pacuer mo-
npaBok nponspopmiaca ma IKBM HP-9830 A w wa 9BM BICM-6
no mporpammaym astopos (Tpomesa m xp., 1975; [lenun n gp., 1978)
merosiom ZAF,

OjiHOBpeMEeHHO CTAaBMIACH 3a/{aYa BLIABICHAA 0coOPHHOCTElH 2IIeK-
TPHYECKHX M IPYTAX CBOMCTB KaK CaMUX MHHEDAaJbHBIX (as, Tak u
DIEKTPHYLCKOI TPOBO/MMOCTH B I[EITH TOKA HOTJIOMEHHBIX 3JIeKTPOHOB
B 1enom. JtH QakTHYeCKNUe JAHHEE MOTYT IPeJICTABHTH HHTEpeC Jijis
Te0JIONOB BBIJIY TOTO, 9T0 CIOCO0OB MBMEPEHNH AJIeKTPOPu3nIecKux
mapaMeTpoB B MEHKpPOOGBEMAaX HA MHKPOHHOM YDOBHE HE CVIIECTBYET.
B o ke Bpema nas o6pasnos MuHepasos 60JBIIEr0 pazMepa M3BEeCTHE
3HAYATEJIBHEIe BAPHAIMA JHAIEKTPHYCCKON IPOHHIAEMOCTH, TEIJo-
HPOBOJIHOCTH, VAECJALHOTO CONPOTHBICHNSA, THOA MPOBOJAMOCTH B 3a-
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BHCAMOCTH OT yeadouit GOopMUpPOBAHHMA MeCTOpOHseHMil, COCTABORB
napareneaucos (Pakuees, 1976).

MuKpo30H/ ABIAETCA MPEICTABATEIEM CeMeCTBA DISKTPOBAKYYM-
ueix paerrponunx mpubopos (lymxsman, @pnapuxos, 1977), xua koto-
PHIX M3BECTEH CABHI AHOJAHON XapAKTePHCTUKE II0 TOKY IpPH IOjade
OTPHIATeNBHOTO CMEIEHAA Ha CeTKY U CBUT II0 NOTEHIHASY MHNICHW
npu ee MIoXoil HIEKTPUYECKO NPOBOJUMOCTH 3a CUET MOJAPUBAIIH,
HAKOIICHIS OTPHIIATENBHOT0 3apsaaa. B ofmacTn MaakX manpssKeHmi
COCTOSHNE CHCTEMBl ABJIACTCA HePABHOBECHBIM, CTeKanme 3apsja
nponcxoanT B GopMe xaoTmuynmX paspspoB. Ilpm sroM Hapymaercs
CcTafMIBHOCTE PAGOTHT MHEKPO30HIA, M KOJNYECTBEHHLIE H3MePeHHA
CTAHOBATCA HeBO3MORHEME. [ecTabnabHOCTH NpPOABIAETCA B TOM,
9TO (IPHITAeT» TOK, (HOJ32eTH, PACIIHPAETCA 30H[, MEHAIOT HOpMy H
CABATAIOTCS JIMHUH pEHTTeHOBCKOTO CHEKTpa. JTH CJABAIM CBA3AHE
KaKk ¢ HapylIeHHeM TreOMeTPHYEeCKHX YCI0BHI (OKYCHPOBRE JIHHWI,
TaK § ¢ pacIielllIeneM BHYTPeHHAX PeHTIeHOBCKUX Y POBHEIl BCIeICTBIe
MOJAPH3AINAA aTOMOB aHax@ampyemoro obpasna. Ilogo6usie ABIeHUA
1a0110anuch HeOJHOKPATHO U PAHee Jisi PEeHTTeHOBCKHX SMICCHOH-
HEX (MePBHYHBLIX) CIEKTPOB JErKHX HJIEMEHTOB IO CpABHEHHID CO
cnexrpamn gayopecnennnn (lemexnn, Biuoxun, 1964), a rarkxe B 06-
JIaCTH PEHTTeHODIeKTPOHHEX CIEKTPOB MOJUMEPOB, CHAMKATOB M T, II.
((Jorgensen, 1977).

Jlas ofecnedenns cTaOmIBHKIX YCJIOBHII NPOBEJIeHAA AHAIH3A HA
MHKPO30H/Ie Ha IOBEPXHOCTH 00pasina 00LYHO HAHOCAT TOKOIPOBOJs-
mee TMOKPHITHE, HAIPUMEDP YINepojHyl ILIeHKRy Toimuuoir 200—
500 A, a 0T aHATNBNPYEMOTO 3epHA MIHEPAIA K J[ePIRATENIO TPOBOJAT
IOPOKKMY U3 cepeOpPAHOME MY TBCHE. JTH IPOILEY PBl BHOCAT HEKOTO-
phie gonoauuTenbbie ommbku., Tak, caoil yraepoxa Toamusoi 100
saMeIAeT NyI0K anertpoHoB ¢ aneprueit 10 kB na 0.025 xB, a caoit
3007 Toit ke Toamunsl — Ha 0.2 kB (Huasccon, 1956). Co capuramm
HANPAKEHNA ¥ TOKA CBA3AHEl W3MEHEHHA KO3Q(HUIMEHTOB yIPYroro
¥ HEeyIpyroro paccesuusi dIEKTPOHOB, (YHKINM pacipejelieHHs HH-
TeHCHBHOCTH PEHTIEHOBCKOTO HM3JIy9YeHHsA 10 TayOmHe obpasna, mo-
rJIOmMeHne B CAMOM HOKPHITHH I T. A. JTH H3MEHEHHA HeoOXOoxmMo
yunTeBaTh upn pacuere monpasok (Kympmsmosa, Ceicoesa, 1978).

DusmIecKEMI TPUYAHAMIT CABHTOB TOKA M HAUPAKEHHI MOTYT
OBTH TaKMKe BarpA3HeHHe NOBePXHOCTH 00pasma, ero IopucToCTh,
miIoxas IPOBOJMMOCTE COIYTCTBYIOMUX 1 OKPYsKaonux fas, Hapyure-
HAA KoHTaKTa 00pasma ¢ Jep;KareleM, IUIOX0H KOHTAKT B IENH TOKa
TOIJOMEHHBX JIeKTPOHOB Ha pasbeMax.

Crexanme 3apsija B o6aacTm GOJBIMMX YCKOPSAIOIAX HANPSReHMI
Juis 06pasios ¢ GoabmuME Koad@uimenTaMn BTOPIIHO dSMUCCHI MO~
JKeT TPOMCXOAHUTH paBHOBeCHo u (63 HaHeCeHMs TOKOIPOBOLALLEI0
nokpeitaA. Kontakr ¢ jgep:karejeM B 9TOM cjydae Takike ofecmedn-
BAlOT TOKONPOBOMAIIEH «0poskKoi». PapHOBECHE YCTAHABIMBAETCSH
ME;K/1y NPHJIOKEHHBIM I0JeM i HoJeM o0beMHOT0 3apAjla cO CABHIOM
DHEPrMN ¥ TOKA IIOTJIOMEHHLIX 3JCKTPOHOB B CTOPOHY MEHBIIHX 3Ha-
qenuii.
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ITpu pacuere mompasok Ha pasHAIY cocTaBa o0pasna m ITAJONOB
smeropom ZAF Ba:kno 3naTh HCTHHHOE SHAYEHHME HHEPIHI HAJAIOIHX
DIERTPOHOB HA HoBepxuocrn obpasua. [lag aroro cienyer onpefeiuThb
BeJIHIAHY CABATOB TOKA M YCKOPAKIEro HANpAKeHAA BCIEICTBHE
IIOX0H dierTpuueckoil nposojgmmoctn. Jermian (Estill, 1972) nmpen-
JMORHIT MCHOJIB30BATE A 9TOIl 1M H3MEHEHHe IOJOKeHUA MaKCH-
MyMa HHTeHCHBHOCTH HEIPEPHLIBHOTO pPEHTTEHOBCKOTO CHERTpa JIA
JAMIEKTPHKA [0 CPABHCHHIO ¢ LOPOBOJHAKOM, & TAaK/Ke H3MEHEHHe
Hagana BO30Y/RACHHA XapaKTePUCTHICCKOT0 PeHTIEHOBCKOTO CHEKTPa.
MM Gputo naitfileno sxcIepUMEHTANbLHO, YTO OTPHIATENBHBI HOBEPX-
HOCTHBIH MOTeHIWAJ JIIA PAasHHEX 00pPasimoB-HIIEKTPHKOB MOKeT
pocrurath 4—8 kB npu mampskenuax 15—30 kB. T. A. Kynpusinosa
(1978a) mpumenmia amaxormumbii cmocod s YTOYHEHHA METOIIRA
BRCTPAIIOJANNA K DOTEHIHAXy BO3OY/KAEHHAS B CIydae INIOXO IPOBO-
pamux obpasmnos. Ona yuaa casurm msoxpomar ZnK, jpus charepuron
¢ PasHOil IPOBOAEMOCTHIO o cpapHennio ¢ araxonoM Zn 100%. Doiin
sapurcuposannt ¢jipuru or 0.2 1o 2 kB m Goxee u Ghiro MOKasaHo, 4To
OHH YMEHBIIAIOTCA IPH OCBEMPHHH 00pasna ¢ MOMONIBI0 OCBETHTE.Is
MHKDOCKOIIA BCJIC/CTBHE BO3HUKHOBEHHA (OTODIERTPOHHON IPOBOXN-
MOCTIL.

Onpejieienne CIBHTOB WHTEHCHBHOCTH, TOKA, HANPKEHHA pac-
yetHbiM c¢nocodom. [lpu pacuere mompasok meromom ZAF mo pesyire-
TaTaM M3MepeHmil JiA 06pasioB ¢ MI0XO0H JIEKTPUIECKON HPOBOIH-
MOCTBI0 TOJIYYAIOTCH BAHNKEHNLE 3HAYEHUS CYMM KOHIEHTpanmi
KOMIOOHEHTOB H HAOM0JAl0TCA HAPYUIEHHA CTEXHOMETPHIECKIX OT-
HOIIeHMIT KOMIIOHEHTOB. 9T0 IPOMCXOINT IOTOMY, ITO YCJIOBHS paciera
IOIIPABOK HE COOTBETCTBYIOT YCJAOBHAM H3MEPEHHS WHTEHCHBHOCTH.
ITpepraraemsiii B mactosmeii paGore cmocod YTOYHEHHmA OTHX YCJ0-
BHl OCHOBAH HA M3MEPEHNH CBHTOB TOKA M CONOCTABIGHUN H3MEper-
HOIL M O:KUJIaeMOil HpH HOMHEHAIBHOM HANPM/KEHUH OTHOCHTeNbHOIT
HHTEHCUBHOCTH KayKkI0I0 DIEMEHTa ¢ MPOBosaiiuM arartonom. Llpi srom
DPe/IIoJIaTaeTCA AKTHBHOe HCI01b30BaHIe YCIonusd HopMupoBry. [Ipn-
MeHEeHHe YCJOBHA HOPMEPOBKHM BHOJHe 000CHOBAHO (H3MYECKH It
MareMaTuiecKH. Be3 mero pemeHme cHCTeMBI OJHOPOJAHBLIX YPaBHeHITil
CBASH WMHTEHCHBHOCTH ¢ KOHIEHTPAIMEH HeOImpee]eHH0, a ecam
IOJyYaeTcs, TO TOAbKO OJarofaps CJAyYalHBIM U CHCTEMATHUECKIM
omnGram maMepenns. B yooMAnyTHX HporpaMMax aBropoB dT0 yCilo-
BHE MCHOJAB3YeTCs I CXOIAMOCTI HTepanunonnoro mponecca. B nemonm
pAje JAPYTHX IPOTPaMM MaTeMaTHIecKoil 06paboTKH MUKPO30H/IOBHIX
JIAHHBIX ¢ HOMOIIBIO YCJHOBHA HOPMUHDOBKM BEITHCIAIOT HEOHpe/lerse-
MBIe DJIEMEHTHI, HampuMep Kacaopofa. B mporpammax s pextreno-
dayopecnenTHoro anmajmuda ycJI0BHE HOPMHPOBKI HCIOJIB3YETCS eIle
Goee aKTHBHO, HALPHMED JUIA yYeTa BANAHHA MOTEPh IPH NPOKAIH-
BAHUM, MOPHCTOCTH, KPYOHOCTH YACTHI[, PA3JMIHON CTeIeHH pa3-
Oasnenns oGpasmoe u aramonos (Furmel e. a., 1978).

Crosur maupsskenus s ofpasme ¢ TI0X0il HPOBOANMOCTSIO TIO OT-
HOIMEHHI0 K HPOBOAANIEMY STAJIONY 03HAYAET, YTO MITHUMATLHAH DHEp-
risg, neoOxoguMasi I HOHMBAINE ATOMA HA JIAHHOM PEHTPEHOBCKOM
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yposue £, nomkaa ObITH yBeJuYeHa HA TMOPIHI0 AL, KOMIEHCHPYIO-
MY 9HePIHIO [0JA HABEJEHHOIO OTPHIATEJBHOTO 3apsaja HempoBo-
Aaniero odpasna. C y4eToM BO3MOJKHOCTEH BBOJA HMCXOJHBIX JaHHLIX
B nporpammax Juia OBM njeanbruivu 106HEL OBITH YCI0BUS U3Mepe-
Husi Hemposojsmiero ofpasina — yckopsiomee Hanpsikenme [ AF,
ecJu MPOBOJAINMIT aTajon uaMepen npu Hanpsxenun £, Ognako AF
sapaHee mHemamecTHo. Hpome Toro, Heo0XOJEMO yUecTh yMeHBIIEHHE
TOKA MNOTJIOMIEHHBIX BJIEKTPOHOB IJIA HempoBojsmero obpasma 1o
CpPaBHEHUIO ¢ UPOBOTAMMM sranonoM. HoMOuHUpY s peayanrarsl name-
peHHs WHTEHCHBHOCTEH, TOKOB HPH YCKOPSIONEM HATps/KeHmn [
H BRUHCJAEHNA mompanok s K, E—AE, E- AE, M0:RHO TOTyYUTH
onenky AE m perumesmTh coctas ofpasia, e npmberas K JONOJTHE-
TeAbHBIM m3MepeHusam npu £ AE.

Beenem caepyommne obosmavenwsa: N — Wiaciao 2ieMeHTOB B 00-
pasme; Z — aToMubLl HOMep ameMenta; Z* — pPeRTHBHBIL ATOMHbIG
momep obpasna; C — BecoBasi KOHIEHTPAIHs OLPEeIseMOro die-
menTa; / — abconroTHAsi MHTEHCUBHOCTH BHIXOJAAIIEr0o m3 oOpasina
HM3JyYeHus HTOro ajemenTa; P — mompaska ofpasma maM 9TajoHA
Juis ompefiesseMoro ajementa B merofe ZAF; FE — yceropsionee
HAUPSKERNe; i — TOK NOMNIOUEHHHIX dJeKTpoHoB; AFE — aueprern-
YeCKHil CJIBAT B HEIPOBOAAMEM 00pasie I0 CPaBHEHNIO ¢ MPOBOIATINM
aTajoHoM; Al — casur (abcoaoTHOe yMeHbIIeHUe) TOKa B HElPOBOJI-
meM o0pasie 10 CPaBHEHHIO ¢ IPOBOIANIEM TOIO yKe cocraBa; A —
OTHONIEHHE MHTeHCHBHOCTEH JUHN B o6pasne m aTajoHe, YMHOKEHHOe
Ha KOHIEHTPANWIO B DTAJOHEe; i, — OTHOIIEHNE TOKOB IOTJIOIMEHHBIX
paeKTpoHoB B oOpasne m aramone. Ilopcrpodnnie cmMBOJIBL «00pY |
«2T» OTHOCATCA K 00pasIy M 9TANONY, (HBM) I ¢BHIYY — K M3MEPEHHLIM
M BHYHCJIEHHBIM 3HaA4YeHHAM, ((H(']]p» — R ]-]C]:[paBHEIIH]ﬂM Ha cABUTH
SHATEHUSM.

Merog ZAF ocHOBaH Ha NPONOPHHOHAJLHOCTH BHIXOIAMEH WHTEH-
CHBHOCTH U KOHIEHTPAIIMHU OIIPe/IeIAeMOT0 DIIeMeHTa, KOTOPYIO MOJKHO
mpejcTaBuTh B opme

C L IE/PF= [E+AEIPE+AE: IE—AE/PE'—AB A (1)

B ucnoamszyeMmbix mporpaMmax ompefeisgeMas KOHIIEHTpPalus IpPoBO-
AAmux 00pasnoB HAXOAATCA MO COOTHOIMEHHSM, BHTERaomuM u3 (1):

E E-AFE o E+AE pE+AE
I56p Pf,. I56p Pf., il Iosp Piep
Cosp="Cor 7B pE_— Vet JE-AE pE-AE =Cy JETAE pEZAE *
sar ¥ ofp aT ofip ar o6p
Sannmwem (1) B apyroit dopme:
E E E E s B
JIoﬁrx Poﬂp Iubp Poﬁp P
= H - =3 = » »

E-AE E-AE E+AR E+AE

Ioﬁp Poﬁp ]oﬁp Puﬁp ~ =% _.f_,"

Paggenuy umcaurens u 3HaMeHatens JeBoit wactnm ma [E um ymuo-
&uM Ha O v g AR

9 PearreHoBCkuil MUKpPOAHAINA i L e L 5




IE : ]E'

obp o p
= E —=C E
Ifr o Poep - I:‘; 43 Pigp
JE-AE = pEAE JE+3E = pE+AE
ofip ofip ofip ofip
. E ‘ar E aT
Iar Iu

Yuursias npuaArsie 0603Ha9eHNA, 3a0HOIEM COOTHOEHHA, KOTO-
pEle MOTYT OHITEH HMCIHONB3OBAHBL JIfA HAXO;KAeHWA cipura AE u Kom-
HeHTpaun Coﬁp:

s » (KE—AE Ai
AN B3y Jucnp
Pohp == Puﬁp ————} (2)
BHY
E;AE
E-AEYAL AR Foro ol
[(Kua acnp]ncnp = Kiue Pl

ofip

ITponopumonansrocTs MHTeRCHBHOCTH U koHUeHTpanuu mo (1) moaso-
NAeT 3ammcaTh:

E+AE | pE+AE E+AE
Coﬁp K% Ioop l',‘Pnﬁp Jruﬁp Pf.l.
75 LI E [pE. B pE+AB *
Cor Iar"Pa'r 1w Poﬁp

Pasgeans umcamrens u suamenarens ua IE, m nepeneca B mpasywo
yacte C, , TOTyumM:
; PE
E-AENAi JAE BT
CUGP;[(KHM )ucnp noup PE+AE . (3)
o6p

Brunmenus o (2) PE-A%, womno maiitn E — AE u AE mo rpadury
aasucuMoctn Py (E). [Jlaa umcaennoro pemenus (2) myxHO Henpa-
E-AE
Buth KE-AF ma cppur Toka mo dopmyine
7%
(KE-AR)AE — KE-AE trown .

mam  Jmenp HaM T atar

i7" MOKHO ONPENeNTNTH ¢ TOMOIILI) PACYeTHHIX MOTPABOK HA ATOMHBI

nomep (R/S) (Tpomesa m gp., 19726):
(H!’S)r=air'

rie (R/S),=(R/S),,/(R/S)y, Rasa ycropsiomero Hampswenns £
i,:im/ i a=uoy~1 1as npoBofAmMEX 0GPAs3OB U HTAJAOHOB H o > 1
NI HEeIpoBOAAmMuUX 00pasmnos ¢ TpoBoAsmuMu dragonamn. g a > 1
HOJIYIaeTCA:

1
Air == a_o (‘H/S)r — Lrmann

pites o, (RIS) w1 e

B panmoit paGore miusa ompe/iesieHEs CIBUTOB TOKA CTPOMIACEH KaJin-
Gposounkie rpadEKm B3aBMCHMOCTH H3MEPEHHBIX OTHONIEHMIl TOKOB
OpOBOAAMEX CTamjaprunx o6pasmos K obpasny-pemnepy or afdex-
THBHHEIX aTOMHEIX HOMepos Z* arux o0pasnoB JIs1 CEPHN YCKOPHAIMAX
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wanpsoikennii. Crasgaproeivm  o0pasiamMn  CJAY/KHJIM 9HCTHE BJe-
MEeHTHI, a TaKk/ke OMHEapHbe W TPOIHbIe TPUPO/HEE I CHHTE3NPOBATHLe
COJMHEHIA ¢ W3BECTHOH CTPYKTYpoil u cocrapoyM. Ipderrasusic
ATOMHBII HOMED BBRIYMCJUAIN II0 ATOMHBIM KOHIEHTPAIUAM KasKI0ro
A3 KOMOOHEHTOB IO gopmyae

< €5 &; Cy

i ol et —_ —
Alzl i AzzerAaZs-%- +ANZN
G4 2 Cs oGy Cy 2
LAt TRt g

=

Hax Bujino n3 pue. 1, KannGpoBognsni rpaduk s TaHHOTO YCKO~
PAIOIMEro HANPSAAKeHNsa KPUBOJMHESH U IO cBoeil Gopme HamoMuaaer
kpunsyio R=R (Z). Touru nua KOHTPOXBHHX 00pPA3noB HM3BECTHOTO
cocTaBa ¢ INIOXOH OPOBOAHMOCTBIO (He HAUBIEHHEIX yraepomom C)
He N0;KATCA HA DTy KPUBYI0, a PACIOJAraloTcsi ropasfio Humke. 910
TaKKe COTVIACYeTCA ¢ pPe3KEM yMmenpmmenmeMm peanguns R (Z)=1—
— 1(Z) Becaepicreme yeaundenns koddduunenra o0paTaoro paccesHus
BJIEKRTPONOB sl 00pasioB ¢ MI0X0li TPOBONHMOCTEIO.

I'padmrn, mo06HbIe IpHBeJeHHOMY HA PHC. 1, CAyKUIA 1A HAXO-
maenns i,,,, npu gagEmx E m Z*. Ilepexoyx or asramoma-pemepa
Cu 100% r pabGoumm sTajoHAM, WCHOJH3OBAHHLIM IPH HM3MEPEHUAX
MHTEHCUBHOCTH OIIPE/IeJSIEMOT0 DJEMEHTA, MIPOU3BOAWICH N0 IPO-
CTOMY COOTHOIIEHAI)

Heobxomumo o0paTtuTh BHEMAHHE HA TO, YTO C/IBATH HAIUDSKEHHS:
U TOKA ABIAITCA OTHOCHTEALHBIMM BeJWYHHAME IO OIpPeesenuio,
T. €. OB PA3IEYHEl JJIA OJHOr0 M TOTO 7Ke OMpPEefieAeMOoTO dJIeMeHTa:
¢ pasHHEIMH OHTAJOHAMH M JIjisl PABHEIX SAEMEHTOB H DPAadHEIX CepMIi.

Comocrasjienne ¢ABHTOB JJIA DPA3HHX HEOPOBOAAMEIX 00pasiosn
H3BECTHOTO COCTABA ¢ OJHUM T TeM jke IPOBOMAIMIMM DTANOHOM JIIsH
JIAHHOTO DJIEMEHTA OTKPLIBAET BO3MOKHOCTH M3YYCHHS BIeRTpofusu-
YEeCKMX CBOMCTB M 0coOeHHOCTEHd CTPOEHHS ATOMHLIX PEHTTEHOBCKHX
yposHeii aTAX 00pasmos.

Menpapiaenne KaRylmiHXcsa HAPYIIEHHNH CTEXHOMETPHH M 3aHMGHE-
HUil cyMM B pesyasTatax MmEpo30m0oBoTo aHanmsa. OnenovnniMm
KPUTepHAMA HPABHIBHOCTH pesyJIbTATOB MHKDPO30HOBOTO AMAII3A.
CHAY/KUIAM CYMMBI KOHIEHTDAIUH KOMIOHEHTOB, MX CTeXHOMETpIde-
CKHE COOTHOIIEHNS, COOTHONIEHHS PEe3YJABTATOB ONPEIeIeHus KakI0r0-
U3 KOMIOHEHTOB IIPH PAa3HHX YCKOPAINX HANPAKEHAAX:

Ci+4Ca+- ..o 4 €y =1009;

Cyfdy: CofAy: cun 2 Cyfdy=(DK)y : (OK)yt oo i (OK) 3 (4)
B =cP=. =cf¥,
Cfl =CEZZ-" see =Cf].

L R T T e e
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Pue. 1. 3apHCHMOCTH OTHOIIEHHA TOKOB 0T HhQeKTHBHOI0 aTOMHOTO HoMepa JLIs
CTAHJIAPTHHIX 1IPOBOALINX H KOHTPOJBLHEIX INIOXO HPOBOAANMX 00pasmnos.
1— B; 2—C; 8 — LiF4+C; 4 — Al; 5§ — Cal,+C; 6 — FeCr,0,; 7 — Fe,0,; 8§ — FeS,;
9 — CuFeS,; 10 — V; 11 — Fe; 12 — Co; 13 — Cu; 14 — NiAs; 15 — GaAs; 16 — CdSe;
17 — Pd; 18 — Ag; 19 — Hg8; 20 — PbS; 21 — 8n; 22 — Sh; 23 — Te, 24 — PdBi; 25 —
W; 26 — Au; 27 — Bi; 28 — Si0,+C; 29 — Ti0y; 30 — BN; 31 — 8i0,; 32 — Se; §3 —
Mg.Si0,; 34 — AlLOp; 35 — MnCO,; 36 — CaF,; 37 — ZnS; 38 — CaWwO,+-C.

B radn. 1 mpumBefen mpmMep SKCOEPHMEHTAJLHOTO ICIPABICHIS
pesyJabTaTOB MHKDO3OHJIOBOTO aHA/IN3a, HE YIOBICTBOPAIONAX KPH-
tepusaM npasmabnoctn (4). OGpasimamm caymKmiu sepra chasepura,
VIAKOBAHHEIE B IOJICTHPOJOBYI IMAIIKY ¥ HANLUIEHHBIE YIJIEDOLOM.
Beaegersue ImIOXoro KoHTaKTa ¢ fAep:aresem ofpasma mpum aH. 1
NOJY4YHJNCH B3AHFKENHEIe TOKH, BAHIKEHHHEE CYMMEI KOHIEATDAIHil
n 00HAPY;RIIOCH Kaykylieeca napymenne crexmomerpun., OHo BuIpa-
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Tadtauma 1

Tlcnpasaenne MEKPO3OHIOBHIX aHaAN30B chareputa

Homep | SUeKTpO- [-jia]:s%:, CdL, FeKgq SK Znk,
ananusa | MPOBOI- kB, = | Mapamerp| (Casé) | (ret00’),) | (CuFeS,) | (zn100y)
HOCThL TOK, HA
1 Haoxan | 20, 40 K 0.17 10.67 31.30 22 .66
e 1.3463 0.9868 1.0902 1.1199
G 0.23 10.64 34.18 47.77
DK 0.002 049 1.072 0.735
2 Xopomas| 20, 50 H 0.12 12.05 30.19 47.36
{ P 1.3274 0.9867 1.1077 14141
& 0.16 11.89 33.44 52.76
DK 0.001 0.206 1.011 0.782

IMpumeuvanne. B ckofKkax yKasaH 9TaloH.

3II0Ch B 3apbilmeHuny GopMyIbHOTO KoamyecTBa cepsl noutm Ha 7%
I COOTBETCTBYIOIIEM 3aHN/KEHHM IMHKA U jkeqesa. B an. 2 9710 3aBhI-
meHue cepsl cocrasisier scero 1%, T. . IpaKTHYECKHN HE3HAYAMO MK
MOZKeT OBTH 00DbACHeH0 BIANMAHHEM HANLLICHRHA.

SaBHIIeHNe CepHl U 3aHIKeHNE [(MHKA I jKeJe3a I0JyJYaercs MpH
' HAPYIIEHHH 3JIeKTPHYCCKON IIPOBOANMOCTH PasimyHaEM H3-3a PasHoro
BKJIa/la CJIBUTOB TOKA U HANPSReHNA B MHTeHCHBHOCTH AHAJATHIECKIX
JUHAI K070 N3 HA3BAHHLIX daeMentoB. [l munka u skemesa aror
sryag 6osble, YeM JUIA Cephbi, TAK Kak YCKOPAIOIIee HANPAKeHTe Me-

Tadanmma 2

Briyncaenne cABHIOB TOKAa, HANUpMKennd, natencnsaoeTn WL,
(aramon W1009;) 8 meeante no dopmynam (2), (3) m pnme. 1

Palovyee panp#axenune, KB

Hannwe
HsMepenni
W BHITUCTeH 15 20 26.5
KEy % 42.68 49.13 53.37
KE. % 49.32 51.88 54.18
I'rmm 0.97 1.00 1.03
ik 1.31 1.31 1.31
Pl 0.5618 0.4798 0.4073
o S 0.6369 0.5952 0.5102
E—AE 12 14 17
AE 3 6 9.5
E -\ AE 18 26 36
pELAl 0.5089 0.4111 0.3270
KR 44 .67 44 .40 43.50
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Tabanuwa 3

Boumenenne cABHroB TOKA, Hanpmkenns, narencupuocrn Calk,
(aranon CaF,|C) s meeanre no dopmynam (2), (3) u pue. 1

Januse PaGouee nanpaikenne, kKB
H3MEeDpeHnii

H BRYHCIIEHNN 15 20 23’:-1
, .28 11.43 9.80 8.51
KE . o 11.42 9.34 7.45
R 0.56 0.68 0.70
L 0.927 0.927 0.927
PE, 0.3378 0.2430 0.1669
o 0.4740 0.3476 0.2465
E —AE 10.6 14.7 20
AE 4.4 5.3 6.5
E 4+ AE 19.4 25 33
PRIl 0.2440 0.1812 0.1160
KEHAE 8.24 6.96 5.18

'

Hee 4eM B 3 pasa NpPeBHIIaeT TOTeRIuax Bo30yKAeH A IMHKA I /Kelesa
(K-cepns), no Goxee wem B 10 paa — norennman Bos0yiKIeHuA CepPHI.
Tlpz rTakom ycKopsiomeM HaOpPAKEHHMH MHTEHCHBHOCTH XapaKTepH-
CTHYECKOTO CHEKTPa cephl JIOCTATAET HACHINEHHA, 0YeHb Me[JIEHHO
MEHAPTCHA ¢ yBeJAWYEeHHEM M yMeHbIIeHHeM Haups;keHHd, B T0 BpeMs
KaK JUIA NAAKA ¥ JKexesa oT0 M3MeHenHe NOJMHHAeTCH Iapaboiamge-
CKOMY B3aKOHY.

B rabn. 2—4 npusefens mpuMephl pacyeTHOTO HCHPABICHHA pe-
3yJBTaTOB MHKPO30HJOBOI0 aHAJN3a HANLIJIEHHOTO 3epHA CTEXHO-
MeTPUYeCKOr0 IieenTa NPH 3aHMKEHHOM TOKe IOIJOINEHHBIX JIeK-
TPOHOB @ TpeX pasiugHbIX 3HAYCHHAX YCKOPAIONMEro HaUpPANKEeHHA.
O6pasuoM caysKmi anmuing ¢ BRIOIEHNAME 3epel IIeejnTa B KBapie.
[Mososkenne 30Ha B mepeRpecTHn KOHTPOIMPOBAIOCH BU3YAJIBHO IO
MHTeHCHBHOI KaTOI0JIOMAHECTEHIIAN IIeeJuTa.

W3 tabi. 2—4 BugHo, 9TO CABUTH HAUDA/KEHHA CHIbHEe 3aBUCHT
0T YCKOPAWINEro HaOpsykeHus ¢ srajoHoM-merannoM. bBoavmas ab-
COMOTHAA BEJIHINHA OTPANATETBHLX DHEPTeTHYeCKAX C/IBATOB X0POIIO
COTIIacyeTca ¢ npeKpamenueM poabyienus L-cepmu Boxabfpama
B OTCYTCTBHE HANLUIEHHA 00pasna meenuta. Pasumnma c¢JBUTOB B 3a-
BHCHMOCTH OT BHIODAHHOTO 3TAJ0HA IPOABJAETCA TaKiKe B B XOJe
nsoxpomar WL _u CaK, 10 cpaBHeHHIO ¢ BHIYHCACHHHIMU OTHOCHTE/b-
HBIMI WHTeHCHBHOCTAME (pme. 2).

IToppimienne ayBCTBHTEIBHOCTH METO/IA K 0COOeHHOCTAM (uamye-
CKUX CBOMCTB HEHPOBOMAMNAX MAHepalbHLIX 00pasinos cnocoboM mao-
xpomar u cnocoboym auddepenmupylomero ajderra obparsoii ceAzH
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Pesynb'ra'ru ROJHYECTBEHHOr0 MAKPOIOHOBOI0 AHAAH3IA CTEXHOMCTPIYeCKOTro
meenTa ¢ HCNpaBiIcHueM Ha CABHTH HaANpAKeHHA, TOKA, WHHTEHCHBHOCTH

e WL, CaK, 0 Cyniva
1 uau. s 16.5 16.5 . oy
e S -— = —
" 15 15 s =
E + AE A ~ o
K 42.68 11.43 15.70 69.81
C 55.79 13.90 2011 89.80
DK 0.955 1.091 3.954 2
1 BHiu. i 16.5 16.5 e 5]
Yo 22.3 253 = —
o 15 15 5 i3
E -+ AE 18 19.4 = il
K 44 .67 8.24 14.95 67.86
G 63.79 13.46 22.02 99.27
DK 1.011 0.979 4.010 ki
2 #maMm. i 17 17 e il
e 22.3 22.3 & il
20 20 e =
E 1 AE <k o o
K 49.12 9.80 16.88 75.73
C 60.79 14.55 21.77 97.11
OK 0.963 1.058 3.964 u
2 BHIY. i 17 17 s =
" 22.3 22.3 = 23
oo 20 20 = o<
E 4 AE 26 25 2
K 44 .44 6.96 14.38 65.78
C 63.69 1391 | 2247 99.77
DK 1.000 1.002 3.999 55
3 maMm. i 17.5 17.5 — s
e 22.3 22.3 d -
14 26.5 26.5 il -
E AR 265 | 285 o =3
K 53.37 83t | 17.%5 78.93
C 63.14 15.63 22.72 101.49
DE 0.957 1.087 3.956 3
3 BHY. ty 175 17.5 — —
% 22.3 22.3 = 2
g 26.5 26.5 T e
E L AE 36 33 £
K 43.50 5.18 13.42 62.10
e 62.85 13.50 21.79 98.14
DK 1.005 0.990 4,005 =

INpumenannd. 1. B an, 1—3 Buq YACTHHIG TONPABKM JUIA HTANOHOB BSATHL NMDH
uanpaeanax E,
2, KoahuuuenTsl nornomenua no XeifHpuxy; ¢ = 2,39,
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Puc. 2. HsMepenHHe H BHYNCIEHHEE SHAYEHHA OTHOCHTEJLHBIX HHTeHCHB-
nocreit K pan CakK, m WL, B CaWO, npn ycropaoupnx HaupsxeHusx
15, 20 1 26.5 xB.

1 — usmepennsa; 2 — pacuer ZAF (E, K); 8 — perpeccna 1, 4 — perpeccusa 2.
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Pnec. 3. Visoxpomaris senpepuisaoro (/J) n xapaktepncrmdeckoro (I11) cnekrpos
npu Adune poanst CukK, 8 Cu 100%C (g CuFeS, (2), CuySbySi4 (3), CuyShS, (4)
n CuBiS, ().



no Toky. B mpoiecce mccaemosamus
LDOTPENIHOCTEH 3a cHYeT INIOXOil mposo-
OUMOCTH W IPYTHX cBoiicTB o0pasma HA
pe3yJbTaThl KOJMYECTBEHHOI0 MHKPO-
30HJ0BOTO AHAJIN3A MHHEDAJIbHEIX (a3
ObLIN BHABIEHE 0COOGHHOCTH HX DJICK-
TPOPH3AIECKAX | JAPYTHX CBOICTB mpu
BOBJIGHCTBHE IYYKOM BIPKTPOHOB Bhi-
corux ameprmit. C aroit membio Guia
HCI0JB30BaH CHOCO0 IOCTPOPHHS U30-
XPOMAT PA3HEIX MAHEPAJbHLIX a3 B oj1-
HOM 00pasie u ¢ OJHUM I TEM ;Ke dTa-
JroHom. B raGamie 5 npuseiensl peayib-
TATH KOIATeCTBEHHOT0 AHAI N34 HeCKOIb-
KUX cyabgocoieil ¢ aramonom CuleS,.
Amannzs He 00HApPY/KHBAKT HUKAKUX
ocofeHHOCTell, yRA3LIBAIOMINX HA BJIMS-
HHe HeA0CTATOYHOH  IPOBOXHMOCTH.
Anamna  QamMaTmHuTa HOJTBEP/KIAeT
LIPAaBUJABHOCTh JUCKYTUPYEMLIX B JH-
Teparype CTeXHOMETPHYECKHX COOTHO-
meHnii Gmexnoil pyan. B ro ke npems
©0COOEHHOCTH H30XPOMAT OTHX MHHE-
paanubIX a3 00HADYKUBAOT KOpPpes-
I[AI0 ¢ UX THIIOM TPOBOAUMOCTH (PHC. 3).

Rak sugno n3 puc. 3, msoxpomars
sHenpepuiBuoro (//) m xaparrepucruye-
ckoro ([II) cnekrpa Cuk, oGmapy-
SHEBAIOT He3HATNTEAbHEIE cBurH (0).2—
0.6 kB) B o6pasnax no cpasuennio ¢ ara-
gqorom Cu 100%. Hoppeasinus ¢ Tamom
WPoBOIMOCTH (0JIee OTIETIHBO BhLIAB-
JAETCH, TOCHE TOTO KK pPesyibrarhi
HeIIoCPeICTBEHHEIX M3MePeHUI H30X Po-
MaT TepecYNTHBAIOTCSA HA 3HAYEHHH
K=I,/l,, n wanpasisiorcs Ha 07-
HONIEHHEe TOKOB iy /i,,. Jlaa momympo-
BOJIHEKA p-Tana (01eKa0it pyas) Kpm-
pas K/C oxasanace Gosee mosoroit,
geM I OCTaldbHEIX ()asz ¢ n-THIIOM
NPOBOAMOCTHE (XaJbKOIMPAT, SMILIEK-
™aT, Qavmarunut). 3aMeueHO TaKike,
uro gias $az n-Tuna odpasyerca ger-
KOHd Harap ot 30H4a, B TO BpeMs
Kak a8 GIerJoif pyjasl OH He HoJay-
YAETCH.

Ha pumc. 4 mo:xHO BHIETH KaimKy-
IIYIOCH (IATHHCTOCTEY OJEKJI0N pyas,

Tadbamma 5

Peaynb’ra’ru KOJAHYEeCTBEHHOT0 MHEPO30H[0BOTO aHaam3a DaeRaABIX pya, tb&Mﬂ'l‘lIHllTa H OMILJIEKTHTA

NpH HAJANYHH CJABHTOB H30XpoMaT
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HNpumevanne. O6p. KB-4, Cpepnana AsudA, konnexknua B. A. Kosaneuxepa, ananutux H. B, Tpouesa.

o
o



Tabanua 6
PesyanTaThl KOJMYECTBEHHOr0 MHKPO30OH0BOro aHammsa Gaexmaoii pymsr

MecTa aA aHannsa

AeMenT 1-1 1-2 1-3 6-1 6-2 6-3 64
c DK c DK C DK (o DK c DK (o DK (o DK
29Cu 38.7610.267 | 38.50 [10.233 | 39.40 |10.294 | 39.20 |10.087 | 39.00 |10.079 [ 39.36 |10.127 | 39.02 |10.101
47Ag 0.21 | 0.003 0.27 | 0.042 0.29 | 0.045 0.21 | 0.032 0.23 | 0.035 0.23 | 0.035 0.27 | 0.041
26Fe 3.45 | 1.040 | 3.43 | 1.037 3.40 | 1.011 3.47 | 1.016 3.47 | 1.020 | 3.48 [1.019 | 3.46 | 1.019
30Zn 2.81 | 0.723 2.88 | 0.744 2.88 | 0.731 2.91 | 0.728 2.89 | 0.726 2.84 | 0.710 2.85 | 0.717
80Hg 2.56 | 0.215 | 2.49 | 0.210 | 2.46 | 0.204 | 2.36 | 0.492 | 2.51 | 0.206 | 2.58 | 0.206 | 2.51 | 0.206
33As 4.01 | 0.901 4.05 | 0913 | 4.42 | 0.913 | 4.19 | 0.915 | 4.16 | 0.912 | 4.06 [ 0.886 | 4.13 | 0.907
51Sb [24.05] 3.325 | 23.99 | 3.328 | 23.83 | 8.250 | 24.34 | 3.269 | 24.02 | 3.240 | 24.22 | 3.253 | 23.89 | 3.228
52Te He oGpapysenn
168 23.80 [12.496 | 23.71 |12.492 | 24.24 l 12.553 l 25.02 |112.762 | 24.95 [12.782 | 25.03 l 12.765 | 24.91 [12.782
Cymwuma |99.65)29 99.32 |29 100.62 |29 101.70 |29 101.23 |29 101.75 | 29 101.04 |29
Nouepue- Cepoe Benoe Yeproe Bemoe Cepoe Yeproe Temuo-cepoe
wa pic. 4

Hpumeuanne, O6p. «Hanapa», marepwan H. A. O3epoBoil, aHATHTHE A, W, HenusH,
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Puc. 5. BpeMeHHBIC 3aBHCHMOCTH TOKA HOIIOMEHHBIX 3JEKTPOHOB 15 HATLLIOH-
HBHIX 00pPa3noB-AHAJICKTPHKOB IIPH HEHOJBHKHOM 30HJe, HAYIMHAS C MOMEHTA 110-
mawt odopasua nop sosyg (0) B pesknme oOpaTHO cpasi.

1 — K-crerno, 2 — Hedeawn; 3 — MgO, 4 #h%mnn; § — AlLO,; 6 — 8i0y; 7 — Sn0,;
8 — ¥

KOTOpYI0 Heab3sl o0bAcHATh BapHanuaMmu cocrasa (tadbm. 6), wo
KOoTOpas oOYeHb Xopomo obbacHAeTca Auddepenimpyomeil peak-
umeit o0paTHOH CBA3H HA CJAyYallkie CKOMLIEHHS OTPHIIATEILHOTO
3apaja.

Iuddepennmpyomee feiicTeue nemnm o0GpPaTHON CBA3H MOKHO BH-
JIeTh W HAa KPUBHIX BPEMEHHON 3aBHCHMOCTH TOKa OPH HEIOJBIZKHOM
30HJe WM OpH 3a0ACH HA CAMONHCE]] KPHBHX IIArOBOT0 CKaHHBpOBa-
AanA (puc. 5). Bemteckn Toka na 3THX KPHBBIX COOTBETCTBYIOT HAYANb-
HOMY MOMEHTY VCTAHOBKHN 30H7a B JaHHyl0 TOYRY. PaBuosecue moctn-
raercs B Tedenne 2—3 mud. Coemmduueckas gopma Kpnpoil nedemnn-
HOBOTO CTeKJia MoskeT OmTh ofbacnena muddysueil m BOBroHKOM HAT-
pHsi 13 30HBI 30HANPOBAHNA. JPOEKTHBHEIA aTOMHBI HOMED YBeJIuIn-
BaeTcAa MO Mepe BO3rOHKE Na, 4TO OPHBOJAANT K YMEHLIIEHMI0 TOKA.
O6Gpasosanne Kparepa IPHBOJNT K YBeJnYeHnio ToKa. Peaxmna o6par-
HOH CBA3W NoKasmBaeT, 4to »PdeKT ypeImdIeHHs KpaTepa cHIBHEe.
Jlas kaameBoro crekyaa Qopma KpuBoii o0bscHAeTes npeobiaagannem
apderra atoMHOTO HOMepa Hal obpasosanmeM Kpartepa npu Auddysun

27



Ranus na3 amagusmpyemoro ofmema. Peaxnmsa obparnoit cBasm B na-
YaJALHBIT MOMEHT HANPABIEHA B CTOPOHY YMEHbLINEHWS TOKA.

Boisogbi. 1. Ilpejiosken monysMuupuueckuii ¢iocod ONEHKH Ouln-
00K ¥ HCOpaBIeHNA pPesyJabTaToB anajamsa 06pasioB ¢ HEJOCTATOTHOI
IPOBOJMMOCTBIO Ha CABNTH TOKA, HANDMKEHNS, OTHOCHTEIBHO HH-
rercusiocT. Cmocod ocHOBAN Ha COMOCTABICHIHN BRMHCJEHHBIX Me-
TogoM ZAF m M3MEPEHHHX OTHOCHTEJBHLIX HMHTEHCHBHOCTEH ILIOXO
npoBojsmero odpasna u NPOBOJANET0 HTAJOHA ¢ NONPABKOI Ha
C/IBUT TOKA 34 cUeT INIOX0H mposojnmmocTi obpasna no ero sddexTnn-
HOMY aTOMHOMY HOMEpY.

2. Ilorkaszano, 9ro mpm MHKPO30HJOBOM AHAJM3E MOIYT BO3HHK-
HYTh KQEYIIHECH HapyHIeHUsA cTexmoMerpnm, o6ycJOBJIEHHEE Hello-
CTaTOYHOH IpoBoAEMOCTEI0 o0pasna. Vcmpasienue Hpeasos;ieHnbIM
cnocoboM ycrpauser mojobmoe Hapynienme.

3. Yeranopaena Koppeasinust ocofenunocTei m3oxpoMmar cyabo-
coneii Meam B cpactanmm m oOpasoBammsa marapa moj JeficTBmem
ICKTPOHHOTIO B0HJA ¢ MX THIOM IPOBOXMMOCTIL.

4. llorasano, 9T0 MOKHO HCIOJIB30BaTh pPe:KEM 00pATHON CBA3H
MS-46 ¢ menbio He TONBKO CTAOMANBANAE YCIOBHI IBMEPOHIA, HO I TI0-
BBIIIEHNS TYBCTBUTEIBHOCTH PACTPOBBIX m300paskenmit B TOKe IO-
TIOMEHHAIX DIEKTPOHOB W BPEMeHHBIX 3aBUCHMOCTEHl HHTEHCHBHOCTH

K 0cOo0CHHOCTAM dICKTPOPUIUIECKIX W JIPYTHX CBOMCTB MIHEPAJIOIW-
qecKux 00pasios.
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SABHCHIMOCTh MHTEHCHBHOCTH PEHTTEHOBCKOT'O M3JIYYEHNA
OT ¥YTJA HOAJIEHNA 3JEKTPOHOB

G. B. Edelstein, L. V. Kazakov (USSR)

DEPENDENCE OF X-RADIATION INTENSITY ON ELECTRON INCI-
DENCE ANGLE

The method of a quantitative microanalysis at the arbitrary incidence angle-
of an electron probe onto a sample plays an important role when studying admix-
ture contents on various faces of minerals by means of an X-ray spectrum micro-
analysis. To work out such methods there has been carried out a theoretical
and experimental study of the characteristic radiation intensity dependence
on electron incidence angle to the sample,

The calculations carried out on the basis of ZAF technique take into account
the energy distribution of the non-elastically reflected electrons which were-
obtained on the basis of experimental distrigution for transmitted electrons,
there have been determined expressions for R-backscattering factor as well
as for @ (pZ)-function of depth distribution of an ionization number in a massive
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sample at an arbitrary angle of an electron probe incidence ona sample.
The @ (pZ) expression is then applied to modification of Philibert’s absorption
function.

There has been designed an attachment to a microanalyzer to study experi-
mentally the dependence of X-radiation intensity upon an incidence angle.
The attachment provides the change within a wide range of an electron incidence
angle onto a sample while an X-ray take-off angle being kept unchanged.

Jlasa uccienoBauus coJep/KaHAA IpHMeceil HA PasdiNYHAX IPaHAX
MHUHEPAJIO0B ¢ IMOMONIbI0 PEHTTEHOCIEeKTPAaJBHOTO MHKPOAHAIN3A Ba-
HYI0 POJb HTPAET METOAMKA KOJNIECTBEHHOTO MEUKPOAHAIH3d HPH
OpPOU3BOJABHOM YIVIe HAJeHNs HICKTPOHHOro 3omia ma oOpasern. Pas-
paboTka Takoil MeToJMKH HeoOXOoAMMa TaKike JuIA pemenms OoJee
obmeii 3aaTu: COBMENCHUA KOJANYECTBEHIOT0 MHKPOAHAIN3A ¢ PacT-
POBEIM DPEe/KHMOM B PacTPOBHX BJIEKTPOHHHIX MHKpOcKomax. B ma-
CTOAIE® BPeMs HTa 3a7ada pemaercs TOJABKO HA OCHOBE pACUETOB
merogom Momre-Hapao (Bishop, 1968; Duncumb, 1971; Bolon,
Lifshin, 1973). Pacuers: merogom Monte-Kapao rpymoemkn, m moatomy
€CTeCTBeHHE! IOIBITKA pacupocTpanntsh Merox ZAF na ciaygaii Kocoro
majieHnsa aJeKTpouHos Ha obpaszei. B pamxax aroro mojxona Obiim pas-
paGorausl ¢dakTOph 00PATHOrO PACCEAHHWA JUIf yriaa magenus 45°
(Reed, 1971) m pmusa mpomsBoabHoro yriaa majenus (JIyreaEuenko
u ap., 1976). llpenupuaEManich DOUBITRA OPUCIOCOOUTH (aKTOP IO~
raomennsa [ (y), paspaboraninii AaA HOPMAJLHOTO Tajenns, K KO-
COMY MaJieHmI0 IyTeM Beefenus Macmradmoro smmoskmredns y (0)=
=m (8)y, rae 0 — yron mageuns. Onmaxo u oueBUHaA 3aBHCHMOCTD
m (0)=cos 0, n npepnosxennas Bumonom (Bishop, 1965) sasucumocts
m(6)=1—0.5 sin® § ogasanucsy Heygosiaersopurensammu (Abelmann,
Jones, 1966). Paccmorpenne furyopecnennnm Ipm KOCOM IaJeHHH,
HACKOJABKO HaM H3BECTHO, HE NPOBOIUIOCH.

Teopua. C neanio pacupocrpanenus meroia ZAF ma xocoe najenne
QIEKTPOHOB B HacTOAmed pabore 1POBe/IeH pacueT HHTEHCHBHOCTH
XapakTepPHCTUIECKOTO PEHTTeHOBCKOTO WBJIYIeHHs B 3aBHCAMOCTH
©T YCJOBRil TeHepAIEN: YCKOPAKIIEro HANPSA/KeHNA W yIia IajleHus.
Jlasi ompenenenusa (axropa MOTJOMEHHA OPUH HOPOMSBOJBHOM YTJIe
najgenua OyjeM HMCXOXATH U3 MOAHPUKAINM TOJHOTO BHpPAKeHHA
Duaubepa, npenomennoit B padore Pyer (Ruste, 1977) u cupases-
JNBOI KaK JUIA CPeJIHAX M TH/KEJABIX, TAK U JUIA JEIKHX DIeMeHTOB:

Pt Roh %
SR =L Rhig
s dat—r, W
(H—? (H 1—|—h_a)
rje
pis ; Z2.5

Qi Tl N} z2
Ka ) n=—1.65- l.OSexp(—m);



6 - C Aj
h—4.6 - 10~-%E].5 2 =5 3
0 17z (3}
Ry,=3; (4)

R, — QyHKIuA MOHH3AIAE NOBEPXHOCTH.

Ha ocmopanmum ¢usuveckoro cmuicia mapamerpos R, u h u me-
N0Jb30BAHMAS 9KCIEPHMEHTAJBHEX JAHHHX IO YIJIOBOMY pacupene-
aermio npomexmmx daektponos (Cosslett, Thomas, 1964) Grum
yrounensl Qopmyast (3) u (4):

Z1.5\-1
- J .
h=4.6. 10_GE5"’( Cj "‘E) . (Jﬂ)
Rose—=3.31: (4a)

3amena gopmyx (3) u (4) ma dopmyns (3a) m (4a) ynydmaer coema-
Jlenne 3HAYEHHIl f (¥) ¢ PKCIEPUMERTAIBHBIMI Pe3yILTaTaMH H CO 3Ha-
geHnAMN, moxydenasiMi Metogom Monte-Rapio.

B suipaskenm s [ () or yraa najgenns § sasncar mapamerpn K,
u 5. MoskHO moKasare, 4T0, HanpmMmep, 2 He JoJiKeH 3aBmceTh ot 0.
Yrolbl ompejiesnTh 3aBUCAMOCTh & OT Yria majeHus 0, Mpefnosioikmm,
9T0 DJAEKTPOHE ABUTAIOTCHA TPAMOJNMHEIHO 10 TeX 10D, IIOKA He Ipoii-
JAYT 0yTh, paBukil raybune monHol auddysnn z;, mocae 4ero oHu IBH-
raioTcA M30TPouHo. [Ipm 9ToM oHu JOCTHTAIOT TiyOHHLL

P3=zdcosﬁ+P—zl,=P|:1+%(ccsﬁ—‘[):|, (5)
rae P — npofer ssextpona nmpm HopMaabHOM najeHun. Ha ocnose
amanmsa oxcunepuMmenTtanbheix fanHeix  (Cosslett, Thomas, 1964)
HOJY9eno:

12
n=z7g Pp (6)

rge Py — npober mo Bere. Torga

12k
P3=P[1-|—z—+8(cosﬂ—-1):|, (7

rae k= Pg/P. lockonsry o ~ P, To

a

; (8)

S 12k
i+ 75 (cosb—1)

Honcranra k ompeneiena ma cosmafeHma smadenmit f (y), pac-
canTanskx mo popmyaam (1), (2), (3a), (4a), 8 mus Cu npn £,=20 kaB
m 0=0, 45, 70, 80°, co smavyenusAMH, mOJIYYeHHEME MeTogoM Monre-
Rapao (Duncumb, 1971): k=0.7.

s onpenenennsi R, Tak e Kak n juis gaxropa ofpaTHoro pac-
cesnmsa R, neo0X0oAUMO pacHogarath JHEPreTHYECKAM pacupejiese-
HUEM HeYIPYro OTPajsKeHHBIX 2JIEKTPOHOB IPH HPOU3BOJBHOM YIJe

B
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Hajenus. JT0 pacupejieieHne yaajdoch DOAYYHTH TEOPETHICCKI, OMu-
pasich na (EHOMEHOJOTHYECKYIO TEOPHIO DHEPreTIHIECKOTO pacipejie-
JACHUA HEYHPYTO OTPaMKeHHBIX JEKTPOHOR NPR HOPMAJSLHOM  majie-
uun, passutyio 8 padore U. b. Boposckoro n B. . Puianaka (1967).
B pesyaprarte aaa R, noayueno pmhpaenne

Vin V., (1 pF-wyFcosd
—d o i"'—u)}‘cusﬂ ’ (9}

R,—secl [l + ¢os 0 ¢sec ") yoond

0

rje 1 — KodhdHIMeHT HeYIPYTOro oTpaseHns ICKTPOHOB; p ¥ n —
mapaMerph B 3akone wnpoxoienna anexrpouos (Fitting, 1974);
—

2

Bl SRR , a* 3] & a2 e 3
(sec B -:z..s.sLi + 3T oot WQUJ. at =681 - 10 5. (10)
o

Ha puc. 1 npusepgenn smavennsn f (y) paa Cu npn E,=30 xaB
n =0, 22.5, 45, 67.5°, paccunranuse merogom Monre-Kapuo (Bi-
shop, 1968), mpefjaraeMniM MeTOOM M H3MEPEHHLIC JKCHEPHMEH-
taapno (Green, 1964). [oayueno coornercrByoinee Bupakenne u s
daxTopa obparHoro paccesnna K.

Ixcnepument. [iis dRCHEPUMENTANBIOrO U3YYCHUA 3aBHCHMOCTH
WHTEHCHBHOCTA PEHTTEHOBCKOTO H3JAYUYEHMs OT yIrJa HaJeHus Obia
pagpaorana NpUCTaBKAa K MHUKPOAHAJIH3ATOPY, HO3BOJIAONMANA H3Me-
wstrh yroa magenud or 0 go 90° npu nensmennom yrae orGopa. Hpun-
N geicTBHsA HTOM NPUCTABKE OCHOBAH Ha Bpallenuu 00pasa BOKpYT
ocH, coBmajialomeil ¢ HanpasaenneM oT6opa PEHTreHOBCKOTO M3ayde-
aas, Msvepenua mpoBoiiNCh Ha OJHOKAHAABHOM MHKPOARAINZATO PO
CAMEBAX. Bakyym cocrasiasa 107% ropp. Mcnoanszosanack anrtn-
KOHTAMHNAIWORNAS [IPHCTABKA.

Peayasrarsi. Ha puc. 2 mpusegena mamMepennas 3aBHCHMOCTE
ckopoctn yvera maaydennsa Junun Cul s Cu or yraa majgenus 0
amexTponos na obpasen npu Ey=5 u 45 ¥aB. Ha stom pucyuke npu-
BEJleHhl peayJabraThl pacueToB. Bhumcaennoe 3maveHue HpupaBHeHO
akcnepuMenTaabHomy npu 0=0, E,=45 kaB. Pacuer npoussouica
mno dopmyae

n
N~ < Tilg)s

Has seapcaenus gaxTopa TopMosKenns S HCHOJLIOBAIOCEH Bhipaske-
ume, noayuennoe B pabore Jlas u np. (Love e. a., 1978).

B ofaactn yriow majienus o 75° TeOpPeTHYECKHE N SKCIEPUMEH-
TAJBHEIE KPUBLIE KAYECTBEHHO XOPOMIO COTJIACYIOTCA IPYT ¢ JPYroM.
MagcuMyMBl KPHBBIX COOTBETCTBYIOT OJHHM H TeM 3K YIJIaM mnajenns.
Cyemenne TeopeTniIecKOl KPHBOH OTHOCHTEJLHO JKCHEPHMEHTAJLHOM
npn E,=5 xaB moxer 06bACHATECA HETOYHOCTHIO BHIPAKEHHA Kak
naa $akropa TopMmoikenns S, Tak u s axropa noraomenns [ (y)
OPH HOPMAJbHOM IaJIeHn.
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VK 549.082 [543.422.8 : 537.583.35]
A. C. Asdorwur, . H. Jucmarosa, B, €. Coaoaeves (CCCP)

K METOJIMHE KOJHYECTBEHHOI'O AHAJIU3A KHUCJIOPOJA
B HEKOTOPBIX IPYINIAX MHUHEPAJIOB
PEHTTEHOCHEKTPAJBHBIM JOKAJBHBIM METOHAOM

A. S. Avdonin, N, I. Chistjakova, V. §. Soloviev (USSR)

ON THE TECHNIQUES OF QUANTITATIVE ANALYSIS OF OXYGEN
IN SOME GROUPS OF MINERALS

The quantitative analysis of oxygen is often necessary in the study of minerals.
The delermination of thiselement along with some others, was carried out on iron
minerals (magnetite, hematite, goethite), tin (cassiterite, hydrostannates) molyh-
den}lm. on quartz, uraninite and others, with the aid of a CAMEBAX micro-
analyzer.
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Principal problems of the analytical technique are discussed. Specimens
were sprayed with copper. The assessment of the amount of relaxation of K, oxy-

gen line (,=23.6 A) in the sprayed layer was done on the line TiL (=27.39 1),
The value is 10—15%. The coefficient of intensity variation for the most remote
areas of the sample is within 0.7—1%. There was recognized no displacement
of the maximum for lines in the spectrum for the listed minerals. The optimum
operation potential was 10—15 kV, probe current — 70—150 nA. Anhydrous
minerals and those containing water in the form of (OH) remain stable under
these conditions.

Tne results obtained were compared with the methods of correction calcula-
tions suggested by Borovsky—Rydnuk, Philiber—Heinrich and the present
one with Ruste’s modification. In the latter case 77, 55, 5;, parameters for the
samples of complex composition were determined as 1= E nCs

i
8= 3, Cy; 3, =35, - 10/E#. Absorption coefficients msed were taken from

t

Henke. It has been shown that when astandard was selected from the same group
asthe analysed minerals, the errors of analysis for minerals with an average
Z exceeding 10, were caused mainly by experimental data and incorrect values
of the absorption coefficients, and not by the choice of the method of correction
calculations. The results of mineral analyses are given. The reproducibility of
the determination of oxygen in oxides of iron with the change of all opera-
tions of specimen preparation is 0.6—2%, for uraninites 5—10%. The results
obtained agree well with the data of chemical analyses. The correctness of
uraninite analyses was assessed by the oxygen coefficient.

IIpn mcciaefoBannu MHHEPAJOB M DY ¢ IOMOINBI0 3JEKTPOHHOTO
3014 9aCTO BOBHUKAeT HOTPEOHOCTH B KOJHIECTBEHHOM OIpe/ieTeHAN
KHca0pofia. 9T0 Heo0X0/IuMO, HalpaMep, IPH anaamse BOLOCO/epiKa-
OIX MEHEPAIOB jkese3a, oxosa. Ompelemenne Kmcaopojia B TAKHX
00beKTaX MO3BOJIAET KOHTPOJMPOBATH IPaBHIbHOCTD AaHAJH3A IO
cyMMe IIOJYYeHHBIX KOMOOHeHTOB. JlnA 0Oe3BOJHEIX MHHEDAJOB 0HO
jlaeT JOIOJHUTENBHEIH KpaTepnil KOPPeKTHOCTH Aamajiu3a: Imo cyMue
KOMIIOHEHTOB ¢ YIeTOM KUCI0POJa, OIpe/ieJIeHHOTO HA MAKDPOAHAJN3a-
TOpe, ¥ ¢ yUeToM KHCI0POJa, ONPeledeHHOr0 IO BaJeHTHOCTH KaTHO-
nop. HaroHeN, KOJMYECTBEHHOE OIpeje]eHne KUCIOPOa IMO3BOJAET
HEmOCPeICTBEHHO OLEHHTH CTeNeHb OKHUCJIEHWHA DPasHOBAJEHTHHIX die-
MEHTOB, KOTOPas s HEKOTOPHX MHHEPAJOB ABIsgeTcd OJHOM M3 oc-
HOBHEIX XapaKTepUCTHK.

Ilexs wnacrosmeii paboThl — BEIABATH AHAJUTHYECCKHE BO3MOK-
HOCTIH OIpeeJeHIs KICIOPoa B MIIHepaIax skejaes3a (TeTHT, TeMaTaT,
MarHeTuT), 0JA0Ba (KaccuTepnT, FHAPOCTAHHATEH), ypaHa, orpaborarhb
OT/le/bHBIE BOIIPOCH METOJHKH AHANMN3A, TaKk KaK HMEIOIHecs B JHTe-
parype JaHHEE TI0 dTOMY Bompocy HefgocTarouno moiamne (Lave e. a.,
1974; Ruste, Qanlois, 1975; Shiraiwa, Fujno, 1970). IIpensapurensno
VCJI0BHA aHAJN3A W MEeTOJIhl paciera HOIPaBoK oTpabaTwBalnch Ha 00-
pasmax TMPOCTHIX ¥ CIO/RHEIX OKHCJIOB HM3BECTHOI0 XHMHYECKOTO cO-
crasa (cwm. tabmx. 2). Mecnenopanma mpoBOJHJINCHE HA MEKDOaHaju3a-
Tope RAMEBAKRC

OGpasusl HAULIIAMICE 30J0TOM. JKCIEPHMEHTAIBHO OIpe/eleH
wospdunument ocaadienna B HANBIAEMOM CJ0e HHTEHCHBHOCTH PeHT-
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TeMOBCKOT0 MBAYIEHAA ¢ AIHHOR BoMHb, OAWSKON K aHadHTHIeCKOiF
mmman Kkuexopora. Jlasa oroit meam memoansosaizach L -IWHus Bana-

masa (A=24.26 A). Koadduuent roxeduaercst or 8 10 16% B sasucumo-
CTH OT HABECKI B30J0Ta.

I{HE HecyegyeMbIx oﬁpaauon IpoBO/(MIAChH 3ANNCEHL YIaCTHA CIHEKTPa

B JHanaszone JanH Boan ot 22.5 go 30 A IpH HENPEePEIBHOM I JHCKPeT-
HOM IepeMemienun cuexrpomerpa. B pesyabrare OLLIO YCTaHOBIEHO,
10 noaomenue K -iumuumm KucJIopoja Ha cuekrpe, ee gopma me 3a-

BueAT ot tuma MuHepasa (pume. 1). Hpomeroro, ormocmTenbHas mu-
TEHCHBHOCTh LI OTAGIBLHEIX 00pasioB OLpeAessnach IO CKOPOCTI
cUera Mpi HacTPOiiKe CIEKTPOMETpa HA MAKCHMYM JHHOHU, 110 MaKCH-
MAJIBHBIM BHAYEHMIAM, B3ATHM I3 3aIIHCH, M 110 WHTEIPAABHBIM HHTEI-
CHBHOCTSIM, HM3MEPEHHBIM IIPH MEICHHOM CKAHEDOBAHHH CHEKTPO-
MeTpa B ITpefejax IMUPHHEL JAHAK KHCJ0POJa Yy ee OCHOBAHMA.
[Monydenbie OTHOCATENBIEE MHTEHCHBHOCTH OTINYAINCH B TIpeenax
HOMYCTHUMEIX OIOOK H3MepeHus.

JECHepUMenTaNbHo0 Haifilena BeamdnHa padodero HapPsREN,
COOTBETCTBYIOIMAS MAKCHMAILHON HATEHCABHOCTH JMHUK KICJI0POJA,
Ha pue. 2 npusejiena 3apHcuMOCTL Y@XBHOH HHTOHCHBHOCTH aHAJI~
THIECKOM JIHHAN 1T WHTEHCHBHOCTH (JOHA OT YCKOPHIOMETO HAIpSKe-
uua. Onrumanbuas sennunmHa Hanpszkenus pasaa 10—12 kB, Tora
souia — 80—120 gA. B orux youoBuAX Jisi HEKOTOPBIX MUHEPAJIOR
(kBapi, HPKOH, TETHT U APYTHX) OTMETaeTcs H3MeHeHHe HHTeHCHB-
HOCTHM JIHHHN KUCJI0POJa O BPeMEHeM BO3/IelcTBIA 30H/A Ha obpaserl.
ITooromy mamepernsi peKOMEHYeTCS IIPOBOJUTE IIPU TIEPEMEIeHHIE
ofpasia min upu pachoKycHpPOBAHHOM 30HJIE.

Mertopnka mojroroBku o6pasnop (IOAMPOBKA, MOHTANS, HAILLIE~
HIlE) B TeXHUKA N3MEePEeHU MO3BOJIAIT HOJIYYHTh YA0BISTBOPUTEIBHYIO
BOCHPOM3BONMOCTH IT0 OTHOCATEbHOHE mHTeHCcHBHOCTH (K). Ilo pesynb-
TaTaM, MOJYYEHILIM B PasHoe BpeMsA, ¢ PasHLIM HANBIEHHeM, BOC-
MPON3BONMOCTh Xapakrepusyerca ros@dummenrom sapmarum 1.3—
4.5%. Bonpinee ero snauenme OTHOCHTCS B 06pasiaM ¢ MEHBLIIHM CO-
Iep:RaHueM KHCI0POAA M YacTHYHO 00YCJOBJIEHO HEMOCTATOMHLIM Ha-
fopoM MMIOYIBLCOB.

ITpn ananmse kuemopoja Goxee ocTPO CTOMT BOOPOC YUeTa WIN
HCKJII0UEHNs HAJNOKeHUsA JTHUHH [PYTAX DIeMEHTOB UM IIPABHIBHOTO
ounpefenenns Gona. B raGu. 1 faner AnHnM, 9acTAYHO HIK IOJHOCTHIO
HAaKJIaZRBaIuecs Ha A -IuHHi0 KHCI0POa WM MeNaione ompese-
nenmio (oua.

OcofeHHOCTH KOHCTPYKIIHHM HCIOJAbL3YEMOTO MHKPOAaHAIN3ATOPA
He M03BOJAIOT OHpeeaaTh (ol ¢ KOPOTKOBOIHOBOI CTOPOHL OT JiH-
Hud. VHTeHCHBHOCTE JUANK ¢ JIMHHOBOJIHOBON CTOPOHBL IS HEKO-
TOPHIX 0GpPABIOB yMeHblIaercs A0 yposHa (ona ma yraaxsin 0 =0.30.
B srom ywacTKe cmeKTpa HMHTEHCHBHOCTH (JOHA MOKET CYMECTBEHHO
oramuarTecA ot ona Ha JuHEn KRcaopona. oaromy dou onpepeanncs
caejylomum obpaszom.
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Tadanmga 1
daemenTs! W NX HANOOJCE HHTEHCHBHBIE JIFHIN, Mellaomue
npu onpejeiennn kmcaopopa (A= 23.62 A; B, —=0.53 kaB)

Memawmas JHHui
DiaeMenT Bun;ln(gylxsn Exs
CuMBoT p iy A, A
11 Na KIBl I 11.5% 23.19 £.06
K, 1 11.885 23.70 ;
12 MF JC T 9.869 29.600 1.30
13 A Kﬁ 111 7.965 23.80 (.56
K, 10 8.320 25.00 £
22 T S5 | 27.39 27.39 0.45
23V Ly 1 23.85 23.85 0.52
bl 24.26 24.26 5
Ly I 21.28 21.28 0.72
24 Cr L1 21.67 21.67 0.60
25 Mn LTl I 21.80 21.80 0.55
L1 22.30 22.30 0.57
29 Cu Lﬁl 1I 13.05 26.10 0.96
A% 13.33 26.66 0.93
30 Zn Lﬁl 11 11.985 23.97 1.05
L, 1l 12.257 24.50 1.02
L, 1 6.852 20.56 1.94
38 Sr L,] 111 7.501 22.50 =
L, 1l 7.819 23.46 —_
I9Y Lﬁl v 6.199 24.80 216
Ly IV 6.440 25.76 o

Ilasi Beex amammsupyembix 00pasmos muamepenne goHa IpPOBOIH-
Jock B moioykenmm cmerrpomerpa sin0=0.300. llaa HeckoIbKEX
00pasios, He coJepiamumx KHCI0poja, doH H3MePAJCA Ha JHHIN
u naxogmica woadpumment Iy /I, o =0 Haiinennoe na yrie
sin 0=0.300 snauennme ona yMHOKAJIOCH HA o. YUHTHIBas, YTO HH-
TEHCHBHOCTH HEINPepPHIBHOTO CHEKTPA B JTOM j{HANA30HE [IHH BOJH
caafo BABICHT OT CPEJHEro MOPAIKOBOTO HOMepa o0pasia, GoH MOKHO
HAXO/UTHh HA JIMHAH KHCIOPOAA II0 MIHEpAdaM, He cOJle/RaliM dTOro
AEMENTA, HO ©O CPe/IHEM HOPATKOBHIM HOMepoM, GIHBKEM K Tako-
BOMY B HCCJeJ[yeMhIX MHHEepajax.

Pacuer copepianna ocymectsaanca merofom ZAF. Jlus nonpaBkn
HA IOTJ0MEHHe MCO0JB30BAJOCH IoJHoe [¢ yueroM QyHEKIIN I0-
sepxnocrHoit monmsammn @ (0)| m ympomennoe [rorga @ (0) npm-
uuMaercsas papHoit mysio] srpaxkenme @Ominbepa mpm pasiMUHbIX
3HaYeHusAX Kodpuruentos m, n u B (taba. 2), B Tom umcae u Opn
«ONTEMAJBLHEIX», peKoMengosaHEEX B pabore (Lave e. a., 1975).

o= (2 ) D)o )
m - 108 A

St - . =P g
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Tabannga 2
Juavenns kodppunmentos m2, n n B fas pacueTa NonpaskH HA NOrJOICHNE

Tlonuan dopmyna Vnpomennaa gopmyna
m 4.65 6.8 6.8 10.35
n 1.65 1.86 1.86 1.95
B 1.2 0.85 0.85 0.85

MynkiEA DOBePXHOCTHOH MoHW3anum Haxommaachk mo Peiitopy

(Reuter, 1972)
O (0)=1+42.8(1—0.9/U)7,

e U=E,/E; 1 — wosddunuent o6paTHOro paccesnus dieKTPOHOB.

B kauecre crampaprmoro obpasna mcnoansosagcs ksapi. Ilo-
NpaBKa HA IOPATKOBHIL HOMep paccumThBalachk no mMerory Hacrenma—
Puna.

Bo Beex caydasx pesyaprartel OIpeNefeHHA KHCJIOPOJa UMET
IpPUMEPHO OJMHAKOBYIO morpemHocTh. OTHOCHTEIBHOE CpelHeKBafpa-
THYHOEe oTKJIOHeHme cocrasiager 11—13% B 3aBmcuMOCTH OT MCHONE-
ayemoit opmyiint. aa pasnumdnsix obpasnos ommlka amanimsa He-
TOCTOSTHHA: OHA M3MeHsercs ot 3 7o 20% oru. (rabua. 3). 3a mexuo-
yenmem MgO pas Bcex ofpasmos ommOKa mMeer OTPHIATENbHOE
3HAYEHIE.

[Ipn memonbsopanun mepeMeHHHIX 3HAUeHHilt KoaddumEeHTOB M,
n U B, 3aBHCAMAX OT COCTABA, PE3YJABTATH AHAIN3A KHCIOPOa YI0B-
JZeTBODPHTEABHO COTJIACYIOTCA ¢ MCTHHHBIM cofiep:anmem. Hoaddmmu-
enT Bapmanmm cocrasisier 3% (rabm. 3).

Vxazanusie Koahdurments onpegeasuncsh no Pycry (Ruste, 1977):

m = 4.65 - 8.95 exp (—2Z2+5/500);
n=1.65 - 1.08 exp (—Z2%/100);

E1.5
B =0.46m e

Haa o0pasnos ciaomHoro cocraBa sHadeHme /M ONpPeedAlochk
0 cpejHeMy HOPAJKOBOMY HOMEpY, KOTODHIA HaXo[WIcA Kak

Z=73 2,
3
dnavenue Koapdmimenta n HaXOAUIOCH IIYTeM BECOBOTO YCDERHCHHA

fi= Z R‘C.'-

Maccopsie KoaduimenTs MOTAOMEHTA UCIOAH30BAMNCE N3 pador
(Ruste, Qantois, 1975; Lave e. a., 1974).
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Tatauna 3

PesyabraTsl aHajmsa KHCJA0OpPOa B MUHEpaaax

Venosua anannsa: E,= 10 kB, yroa Beixoaa 40°

Pacuer nonpasKu Ha 10rI0MeHRe 110 nojnoil popmyne Ounubepa

m=4.5, n=1.65, B=1.2

KxoadPunnentsl m, n u B sasucar or Z

MuBepan ;‘c‘: c| S | F@ | Fww |C hpen| m=j@ | "TEM B=sm) | F i) |C,0% pen. c,;—'c, . 100%,
MgO 48.0 39.7 1.004 1.141 41.9 8.96 2.03 0.246 1:153 41.4 -+4.3
MnCO, 45.7 41.8 1.084 1.146 36.8 4.86 1.97 0.164 0.99 42.7 +2.2
FeCOy4 45.1 41.4 1.078 1.131 37.0 5.49 1.97 0.188 0.976 42.9 -+3.6
FeO(OH) 50.0 36.3 1.133 1.246 35.4 4.86 1.84 0.158 1.196 36.8 41.7
Fe,04 40,7 30.3 1.156 1.218 28.9 4.69 1.82 0.147 13451 30.6 41.0
Fey04 37.9 27.6 1.164 1.210 26.9 4.66 1.81 0.150 1.149 28.3 +2.5
ZrSi0, 19.8 34.8 1.156 0.625 27.4 4,52 1.87 0.129 0.506 33.8 —2.9
Y,Si0; 17.7 27:8 1.213 0.577 25:3 4.50 1.82 0.110 0.533 27.3 —1.8
SrMoO, 14.0 25.9 1.272 0.500 22.0 4.50 1.80 0.104 0.447 24.9 —3.9
Sn0, 12.9 21.3 1.364 0.461 20.5 4.50 B 0,081 0.447 241 —0.9
CaWo, 14.9 222 1.356 0.509 21.6 4.50 1.78 0.069 0.484 22.7 -+2.3
SrwWoO, 13.8 £9.1 1.427 0.534 18.1 4.50 1.76 0.069 0.927 18.4 30
U0, 11.4 11.9 1.716 0.583 11.4 4.50 1.72 0.045 0.602 11.0 —17.6
S5i0, Crampapr| 53.3

IIpumeuann e. F(Z)— nonpapka Ha nopaakoswil nomep; F (i/p) — nonpaBKa HA TOTJIOMICHHE.




Jlaa moimbena, 0JioBa 1 BOab(paMa 0HM GBI NCITPABJIEHBI TI0 DKC-
nepuMeHTaxbHBIM AanubM: pMo=17 050, ufr=23 160, p, W =19 440 cM/r.
Bee nenpasiennbie 3HATEHNA HAXOAATCA HA KPAAX CKAYKOR HOTJOMme-
HEA.

ITo aroit merogmke OBLIM OOCUHTAHBI IKCHEPHMEHTAJLHEC JTaHHLIE
maa 10 kB us padors (Lave e. a., 1974). PesyabraTsr pacdera coraa-
CyIOTCA ¢ HCTUHHBIM COfleprRanueM s O0JBITMHCTBA 00pa3loB B Ipe-
penax 1—5% oTH., 32 HCKIOYEHHEM TeX, KOTODHIE COJIepPsKAT THTAH.
B orux MmHepanax pesyabrarhl sashiment. Ilorpemmocts Bozpacraer
¢ ypeaumuyeHmeM COfiepsRaHus THUTaHa. DB03M0OKHO, YTO BTO CBA3AHO
¢ YaCTHYHEIM HaJIOskeHueM [ -1uHun TnTana #Ha K -JHHH0 KHCJI0POJa.

[Ipu onpepeneHNH KHCIOPOJA B OKHCJIAX jKele3a W ypaHa B Ka-
gecTBE CTAHJAPTHHIX 00pa3iioB HMCHOIb30BATINCH MATHETHT W CHHTE3H-
poBanmusiit UO,. OgeBmjxo, B 3ToM ciaydae IPaBHABHOCTE aHAIH3A
yayanmres. [lorpemmocts Gyner ompefelsaThes TIaBHEIM 00pasoM
HKCIEPUMEHTANBHEIMI [[AHHEIMI.

ITo pesyapraraM HDOJHOTO XUMHYECKOTO aHAJIM3A HA MHKDO3OHJE
IUIA MIECKOJIBKHAX 00pasioB OKHCJIOB ypaHa O HAeH KUCJI0POIHLIL
roapgumment. Anamusmpyembie 00pasibl CYMECTBEHHO OTINYAIHCDH
0 COfeps;KaHni0 IPUMECHHX KOMIOOHEHTOB: CBHHIIA, KaJBINA, KpeM-
HufA, ;kexesa u Jp. HoamyecTtBo Kuesaopofa, cBA3aHHOE ¢ ATHMH BJe-
MEHTaMH, ONPEJeIAd0Ch ¢ YIeTOM HX BAJIeHTHOCTH. SHAYEHIS KHCIO0-
popuoro koadpunuenra, ompejeleHHEE Ha B30HJE W XHMUYCCKHM
METOJIOM, Y/IOBJETBOPHTEIBHO COTJIACYIOTCH.
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VK 549.271.3.082 [543.422.8 : 537.535.35]
H. II. Janymuna (CCCP)

JOKAJIbHBI PEHTTEHOCHOEKTPAJIBHBIII AHAJIN3 MWHEPAJIOB
IJIATHHONTIOB

I. P. Laputina (USSR)
MICROPROBE ANALYSIS OF THE PLATINUM GROUP MINERALS

The correctness of microprobe analysis acquires a particular value while explo-
ring the composition of the platinum group minerals, their stehiometry and
the limits of the isomorphic substitution. The essential distinction of values
of the mass attenuation coefficients in the longwave range of spectrum according
to different authors, the influence of the atomic number and fluorescence by cha-
racteristic lines for a lot of combinations of the elements brong significant uncer-
tainties in the accuracy of the measured concentrations.

One can explore the influence of these factors only with the help of specimens
of definite compositions. For this, some artificial specimens were selected
in which the effect of the absorption of the atomiec number and fluorescence
due to characteristic lines were great. The compositions of the binary alloys
in the systems Pt—Rh, Pd—Sn, Au—Ag and in the specimens PdAg, AuPd (40),
PtS, Pt (Fe, Ni, Cu) were studied; accelerating voltage was from 7 to 30 kV.
The calculations were carried out according to ZAF program with different
values of the mass absorption coefficients and of other parameters. A plot of K/C
as a function of k for each measured X-rays line shows the precision of single
measurements. Plottings of experimental intensity ratios (as well as the calcula-
ting concentrations of the measured elements and the values of corresponding
correclions) as a function of accélerating voltage were performed for each alloy.
The differences between C,,; and €, give an indication of the accuracy of the theo-
rethical correction procedures Wi’li(&h are widely used at present. The plot
of the ratio I,/1 < i.,/i, as a function of E, was extrapolated to the excitation
potential. This allowed to determine one more value of concentration of the ele-
ments in the specimens.

Munepasibt INTATHHOBLIX MOTAIIOB — HHTEPMETANIN/IE, CYIbOUILL,
TeJIY PUJIBI, APCENNIkl, AHTHMOHN/L — HACYATHIBAIOT B CBOEM COCTABE
Gostee 20 saemenToB (0T CEpHI JI0 BHCMYTA) B Pas/iMYHBIX COYETAHHAX
u coorHomenusnx. OCHOBHBIM METOJOM OIPeJIEJEeHUs COCTABA ATUX
MHHEPAJIOB U3-32 MAJOT0 pasMepa 3epeH M CJOJRHOCTH WX CpacTaHmil
B HACTOMAINEe BPEMs SBISETCA JOKAJNBHBIL PEHTIeHOCIIEeKTPaTbHLLIL
MeTo) amamusa. Mayuenme cocraBa U CTEXHOMETPUH ILJIATHHOBBHIX
MANEPATOB CI0HHOI0 U LHePeMEeHHOT0 COCTaBa, MPeJleoB H30M0PPHEIX
BaMEIMIeHnil 9JIeMeHTOB B HMX Tpe0yeT 3HAHMA IPABMIBHOCTH BTOTO
anannza. Cosepuienno ocofoe sHaueHwme BOLUPOC HPABHILHOCTH ana-
Jusa mpmobperaer IpH yCTaHOBJEHHEN (OPMYJI HOBHX MHHEDAIOB
IPYING IAATHHE, KOT/a B PACHOPAKEeHNH HCCIe[0BATEs He HMeeTcs
CHHTE3NPOBAHHKIX AHAJOrOB A HCIOOJAB30BANNA WX B KATECTBe BTa-
Jgouon. JImreparypunie JaHHEbEE IO TOYHOCTH pacyera KOHIEHTPAIit
BJICMEHTOB IPYIOLI IJATHHE B Asoiinnix cmeremax Ag—Au, Ru—Ta,
Rh—W, Au—Pd u ap. (ITyx, 1973) csumerenscreyior 0 GOJXBIINX
ommnbrax anaansa (10—30% orn.) snemenros Az, Rh, Ru, Pd B Bumie-
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HA3BAHHLIX COYETAHMAX, BCJAEJACTBAE Yero CTABUTCH MO/ COMHEHHE
BOBMOJKHOCTH PeINeHMsI MHOTHX MHHepaJormuecKnx 3agad. B mormname
ma VII Memwgymaponnoit kouepennnnm IO ONTHKE pPEHTIEHOBCKIX
ayueit Kk mukpoanainsy (Jlamyrmma, 1974; Jlanytuna u ap., 1976)
naMu OHJIO HOKA3aHO, YTO OCHOBHYI0 OIMMOKY IpH OUPEJeZeHUH KOH-
HeHTPAHE HTUX JIEMEHTOB CJEAyeT HPHONCHBATE He 3(PQHeKTy arom-
HOro HOMepa, Kak mpexmoaararock (Pauserra, Crorr, 1973), a Heompe-
JEIeHHOCTH 3HAYEHUIT MACCOBEX KOI(D(QUIHEHTOB OTIOIMEHHA B JUIHH-
HOBOJHOBOH 06acTH CIEKTpa, KOrja pedb miaerT o GoibmoM adderte
NOTJIOIEHAS PeHTIeHOBCKOTO HW3Iyiennd. DBIo mokasamo, 9T0 IpH
HCI0JB30BAHAN MACCOBHX Koapdmmumentor moraomennsa mo P. Jlpion
(Dewey, 1969) nas orux saementoB ommOKH pacyera yMeHBINAITCSA
10 3—5% otn. B macrosmeili paGote Ipo0KAIHCH JCCJIELOBAHIA
00 W3YYEeHHID OUIMOOR aHaJm3a HEKOTOPBIX DIEMEHTOR, BXOMAIIAX
B COCTaB IJIATHHOBEIX MHHEPAXoB U CyAbQUI0B TPYONHl ;Kexesa.
Opun 13 aTux OMUOOK BO3HHKAIT B IIPOIECCe H3MEePeHMHil, JpyTue —
IpH pacdyere NOINPaBOYHBIX KodpdummenTon.

XaparTepucTHiecKoe PEHTTEHOBCKOE M3TyYeHme MHOTHX dJeMeH-
TOB NIATHHOHOB JEKHT B JIINHHOBOJIHOBOM obnactu (3—7 A).
Comocrapienne 3HAYEHHIl MAcCOBHX KOA(QOUINIENTOB NOTIOIIEHHS,
B3JTHIX W3 PABHBIX JHTEPATYPHBIX HCTOYHAKOB, IIOKa3BIBAET, YTO
B MATKOIl 001acTH PEeHTIeHOBCKOTO CHeRTpa AuA L ,-m3iaydeHus aie-
MEHTOB, B 9aCTHOCTH OT PYTeHMsA J0 Tearypa, a Takske jus K j-us-
AYUEHISA CEPH H APYTUX 3JIeMEATOB Ha0aI0fal0TCA CYI[eCTECHHEE Pas-
amgnA 9THX 3mavenmit (cm. Tabamuy). B Hekortopeix caydasx uHabnio-
naercs pacxosrperue 10 300% (+/¢c PdL, B ocmum mo paansiM [{pion
u Taiisena), B gpyrux — 20—25% orn. A rax morasamn X. Axosur
u K. Xeitmpux (1973), anaansupysa panArne ommooK BO BXOJHEIX Hapa-
MeTpax Ha TOYHOCTH pacdera IMONPABKM HA IOTJIOMCHHEE, OTHOCHTEb-
HasA aHAJANTHYECKas ommOKa paBHA IO BelmdnmHe ommOKe B ompejeJie-
HHH MaccoBBIX KoohdummenrTos moriomenns. [[ocKOabKY ONEHHTH
OpaBIIBHOCTE AHAJN3A MOKHO TOJBKO Ha 00pasiax H3BeCTHOIO CO-
cTaBa, MBI IPOAHAJH3UPOBAIH C DTOI MEIBI0 HECKOJIBKO JIBYXROMIIO-
HEeHTHHIX cnaaBoB 1 MuHepanos. CnennanpHoe BHHManue o0pamanoch
Ha MaKCHMaJabHOe coKpamenue omunbok sxcnepuyventa. Ilpn wrammom
HaupsKeHnn Ha obpasme maMepsaxock 50 TOUEK.

Mccaepopanue UpoBOJIJIOCE LPH YCKOPAIOOINX HaOPAKEHHAX
or 7 mo 30 kB ma wmmrpoamammsatope MS-46 KAMEHA ¢ 6=18°.
HeGoasmoe KoangecTso M3Mepenuit uimoiameno Ha mpubope Muxpo-
cran-5 (0=75°) B. B. Epuunossiy no upocnbe asropa. B kauectse
9TAJNOHOB UCHOJB30BAIMCEH YHCTHE MeTajansl. Pacuer mompaBOYHBIX
koapdunmentos Bemoamen mo nporpamme ZAF ma IRBM ¢upmm
«Xpronerr-Ilakkapay, moxeas 9830 A. Iaa pacuera mCIOJIB3OBAIHCH
dopMy B, HPAHATEE KaK HanboJee yIOBIeTBOPITEIbHEIE B HACTOAIIEe
BpeMs B JIPAKTHKe MHKPOAHAIN3a H IOJYYHBIINE IIAPOKOE DAacIpo-
crpanenne. Ilonpasognsie Koamumenth: Ha morjomenne (A) pac-
cunTHBaICh o Gopmyae K. Ouanbepa, momudummposannoi 1. [{an-
rambGom i I1. Inape (Duncumb, Shields, 1966). Ilompaska ma arom-
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MaccoBsie koadhunuenTs MOraoMenna 1L/p HEKOTOPLIX HIEMEHTOR IO J[AHHLIM
PA3HBIX ABTOPOB

ngﬁjﬁgﬁﬁe uoﬂgﬁggﬁn Xeitnpux | Mapenros Heion Taiisen | @pesep
Pd L, 76 Os 2379.8 2460 2885.409 930 2291
77 Ir 2056.3 2330 2553.099 1140 2185
78 Pt 2144 1 2460 2666.96 1900 2284

79 Au 2231.9 2460 2778.631 1750 1958.7
Ag L, 79 Au 1958.7 2170 2415.442 1350 2109
Sn Ly, 46 Pd 1758.5 1720 2040.79 — 1490
Sb L., 46 Pd 1552.7 1810 1793.4 1445 1323
SK, 51 Sbh 1319.0 1330 1444 .57 11060 1299
76 0s 2921.4 3200 3498.0 1380 2815
78 Pt 3175.0 3540 3844.3 1850 3068
80 Hg — 2460 4021.29 1720 932
82 Pb 1020.0 961 1342 .42 1420 974
83 Bi 1049.0 1020 1425.89 1120 1020

unptit Homep (Z) 6panxack mo II. JlaukamGy u C. Py (Duncumb, Reed,
1968), na xaparrepmcrmgeckyio (Quwoopecuernmio (F) — mo C. Pugy
(Reed, 1965). Ucnoarzosan aaropurm nporpamyu UIT'EM AH CCCP
(Tpouesa, Jlanytuua u xp., 1975) ¢ MarpmauniM BBeJeHIEM 3HATCHMIT
MaccoBuX Koo(ppunuentop mnoraomenms. Ilporpamva maas 9HBM
momenn 9830 A mammcama A. M. llemmusm m B. A. Bopomnxunasim
(1978). CocraBieHE MaTPUILL ¢ MACCOBHIMI KO3(PHINEHTAME IOTJIO0-
menuss no K. Xeitapuxy (Heinrich, 1966), ®pesep (Frezer, 1966),
P. Ison (Dewey, 1969), O. C. Mapemrkosy u b. I'. Homxosy
(1978). Roaddumenrsr P. Taitzena (cm. tabuanmy) B LINHHOBOIHOBOIM
ofaacTh CHeKTpa CHJIBHO OTAHYATCA OT 3HAYEHHIl IPYTrAX aBTOPOB.
Hcenoabaosanne ux B mporpammax ZAF no BeimenaszsamasiM Gopmyiam
J1aeT CHJIbHO 3AHOKEHHLIE PE3YJIhTATHL.

B rauecrse 0Gpasios ¢ cHAbULIM 3()PEKRTOM HOIJIONWEHHES B THIKE-
JILIX Meraxnax OB HCCaeloBaHK OmOapHbie CIUIABEL H3BECTHOTO
cocTaBa B CHCTEeMax IuIaTMHA—poAmil (¢ copep:kanmem pomma 6, 10,
20, 30 u 40%), cepeGpo—somoro (¢ comep:xammeM cepeGpa 26.65,
34.28, 49.47 u 71.6%) n sonoro—namnangmit, copepsxamuit 40% mama-
Jafud.

Koutpoas sa NpaBmIbHOCTHI0 MOJYYEHHLIX HKCIEPAMEHTATBHBIX
JIAHHBIX OCYIIECTBJIAJICA NBOAKO. SABECHMOCTH MEJRKAY OTHONIEHHEM
K/C n K (K — namepeHHoe 3HaYeHIE OTHOCHTEIBHON MHTEHCHBHOCTH,
C — RoumenTpanus) Ags cepum 00pasmoB miaatmHa—popnmi (pme. 1)
u 30JM0TO—Cepefpo NpH KaikA0M HampsykeHunm Obira JHHERHOI.
C ppyroit cTOpoHKI, KpHBAs BABICHMOCTE OTHOCHTENLHOH HHTEHCHEB-
HOCTH OT YCKODSIONEro HANPs/KeHUS MMeJa INIapHEi Xof. Pacuer
KOHIEHTpaumil Ui BceX HKCIePHMEHTAJLHUEIX BHAYEHWI BHIOTHEH
¢ PAasIMYHBEIMI 3HAYCHUAMH MACCOBHIX K0oo(P@UINEHTOB NOTIOmMEHH:.
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Pue. 1. 3apucnmocts ornomennst K/C or K Juis pojus, A3MepeHHoro 10 JIMHEIIT
RhI,, B ciiaBax miaTuna—pojii NPl PasiiyHbIX YCKOPAONIX HallPsKeHnAX.

[loxyuennsie pe3yJinTATH MPEACTABIEHE B BHJE FHCTOIPaMM OMBOOK
Ha pmc. 2.

B kauecrse KpuTepHsa OPaBHIBHOCTH BEIIOJHEHHBIX AHAIH30B
PACCMATPHBAIOCH OTKIOHEHHE MOJYYeHHLIX KOHIEHTPAIUil OT Teope-
TiuecknX. HoOHHeHTpanua TA/KEINX DICMEHTOB 10 L ,-H3IYIeHHIo
OLIPeesACTCS ¢ BRICOKOM TogHOCTRIO (ommOka onpenenenus + 1% orm.,
puc. 2, d). llockoapry 3navenns MaccoBBIX KoadummenTos noraonie-
HUA B KOPOTKOBOJIHOBOI 00JacTH N0 JAHHKIM PA3HBIX aBTOPOB IpaK-
THYCCKN HE PA3INdalorcs, MH OPHBOJEM DPe3yJLTaTH TOABKO ¢ p/p
no Xeiinpuxy., OmmuOkn B ompejleleHHA dIeMenTa-mapruepa, aHaIn-
THUECKOE MBJAYIeHHe KOTOPOTO HMCHBITHBAET 3HAYHTEILHOE MOTJIOMEe-
HHE B TSHKEJION MATPHIE, 3HAYNTeNbH0 O0XbBINe M CYIECTBeHHO pas-
mranTea ¢ pasapMn p/p. Peayawsrare, manGosee Gauskme K HCTHH-
HEIM, moaydenst ¢ p/p mo Jlpion (orHOCHTENBHAA OIMMOKA HE NPEBH-
maer 3% npH Beex YCKOPAIONMX HAUPAMKEOHEAX 1 JJIA HIHPOKOTO
HHTepBaJA cocTaBos — pue. 2, 2). Moxao orMernTs HEKOTOPOE HE3HA-
YnTeNHHOe 3aBhiMienue peayasrarTos. [las smagenmit p/p nmo Mapen-
KOBY ONMAOKN yBeXmauBaorea 10 —5 % oTa. mus popma uuo —(2—3) %
orH. pus cepebpa m madaagms (pue. 2, 6). C p/p no @pesep B cpeaem
pemmimHa omuOkn Bripactaer jjo —(7—8)% orn., xorsa jus cepedpa
OHA MO-TPeXKHEMY ocTaeTcs pasHoit —3% oru. (pme. 2, 6). 3uHaum-
TeapHO Bo3pacranT ommbku ¢ p/p no XelHPAXY 1A BCEX 2JEMEHTOB
(puc. 2, a). Ha puc. 3 npeficrapieHa aaBuCHMOCTH Koafidummenta
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Puc. 2. Tuerorpamma oTHOCHTENBHEX OMIKGOK ONpeJeaeHUs KOHUEHTPAINH POANSA, NALIAANA U cepefpa B cllapax IJIATHHA —
pojit, 304010 —cepeldpo I 30J0TO—TaJJIaJHil.

Maccosble Koap@MUMERATH NOrJOmEeHnsA: @ — no Xeldupuxy, 6 — m)\fli)‘peaep, & — 10 MapeHKoBy, ¢ — m0 J[bion, 8 — 10 e Aag PtLy m AuL, oo
Xeiltnpuxy.
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Puc. 3. 3aBHcnMOCTE KO- o)
afunenTa BapHanin O~
G0R mpn onpejieieRn  po-
JUA.
w/p: 1 —no Xeftupaxy, 2 —
o Jipion, § — no XelHpPHXY
(A1 TJATHHBL), 5

Bapuanuam  abcodTHOTO
OTKJIOHEHNA KOHIEHTPA-

[T, PacCInTANHONM ¢ p./p t

no Xeitmpuxy u Jlsiom,

ot teopernueckoit. Ecre- 2 Sa $ie i
CTBEHHO, C POCTOM KOH- p | 1 1 tasy
nearpannn  Gojee Jjer- 20 40 g[) 80 100
KOTO 2JIeMeHTa B TsiKe- €15 7o Rh

JI0ji, CHABHO TOTJOIIAIONIEH MaTpuie Bexmduia omndoK 3aMerHo
YMeHBIIaeTcH,

Munepansr Daagagua ¢ 0JI0BOM I ¢ CYPBMOI I0CTATOYHO TITPOKO
pacupoctpanensl B npmpoje. [lompasounsie KoaddmmmenTsr Ha aToM-
HEIE HOMEpP 1 XapakKTepucTmieckyio (ayopecnennmio B obpasmax
Takoro cocrasa HezHaunTenwbHbl. (CHOBHOM BEJIAJ B CyMMapHYIO I0-
npapKy IpH pacuere KOHIEHTPAIIH 0J0BA WIH CYPBMEI TAKAKE BHOCHT
atheKT Ha TOIJOIMEHHme, NPABANLHOCTE yYeTa KOTOPOr0 3aBHCHT
OT TOTHOCTH 3HAYEHHI MacCOBHIX KOIHPUIMEHTOB IOIIOMEHHA.
Opmako suavenus p/p paa SnL, uw ShL, B mammagmm  (raGamma)
10 JaHuBIM PasHBIX asTopos pasamyaiorca o 30—40%. Ilas roro
q9ro0Hl oleHnTh HanGonee GiM3KHe K HCTHHHBIM 3HAYCHHS p/p A
ATHX 2JIEMEHTOB, BHIIOJNHEHH M3MEepeHis Ha CHHTe3MpOBAHHEIX 00pas-
max cocrasa Pd,Sn, PdgSn,, PdSh, Pd,Sb, PdTe. Ha Bcex oGpasuax
BHIIOJHEHO 10 4 He3aBHCHMEIX Cepri H3MePeHmil WHTeHCHBHOCTH
npu yeropanmux Hanpsrennax 10, 15 m 20 kB npn aramornposanmn
ancreiMm Metasravi. Ha pme. 4 npmseens snadennst Koaddnimenra
BAPHAIII PACCYHTAHHBIX KOHINEHTpAIHi, XapakTepHsylomme OTRJIO0-
HEeHHe 110;YYeHHBIX PesylIsTaToB 0T Teoperndeckux swadenmif. Orno-
cureabHas omulKa ompefeNeHnsA NAJIAAAA IAA JOOHX p/p He mpe-
pumaer 1—1.5% ors. Koumentpanms axeMmenrta-maprTHepa ompese-
JAeTcs ¢ TAKOil ke, JOCTATOYHO BHICOKOM TOYHOCTHIO TOJABKO HpH
WCIOMB30BAHNI MaccoBHIX Koafiunmentor mormomenns mo Dpesep.
Oumobra yseamunsaercst g0 5—10% oTu. B CTOpOHY 3aBHIIEHAS
¢ p/p no Xeitupuxy u Mapeuxkosy u 3madurelarHo Gomee — ¢ p/p
o J{wiou.

ITo janHBEIM PA3HEIX ABTOPOB HAOMIOTAIOTCSA 3HAYNTEIBHEE PACX0ik-
Jenust M B 3HAYEHMAX MaccoBHIX Koaddummentos nornomenus K ;-n3-
Jy4enns cephl B Tazkeanix Merananax (ratamial). Ilockoasry B co-
cTage Cyab(puI0B IIATHHOMIOB BCTpPeYAlOTCS KpPOME THAMKENIBIX die-
MEHTOB, TAKHX KaK IJaTHHA, HpUUi, ocMMil, W JpyrHe MeTaJIIhI
TpPYNOBl 7Kesie3a, a TaK:AKe DJIeMeHTH CpeJHeil JacTH Nmepuofuveckoi
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V, % Puc. 4. 3apncumocTh Koaddrm-

eHTa BapHaiun ommboK B ompejie-
JIeHII ROHUEHTpalin  0jo0sa,
5t CYPBMEL W TeJypa (B COeMHEHNAX
¢ nmajiajuem).

p./p 1 — no Xeitapuxy, 2 — no dpeaep;
— AJIA TDaNJIajgus ¢ pasianIHeIMn 1/p.

2 U TaOAUME, TPABMIBHOCTL aHA-
TO00—os ! 3 JIm3a OpOBepANach HaMH Ha
1 1 - fowa T 2
0 o7 i o Yo pasamgHHX cyaspumax: Tpom-
C,, /e JUT, OUPAT, XaJbKONHPHT,
?

Ky0aHNT, MHIIEPHT, AHTH-
MOHAT, TAJEHHT, KHHOBADH H BHCMYTHH. JTAJOHHPOBAHWE CEPHl
BEIIOJHEHO ¢ IOMOINBI0 CYJIB(YU0B TPYHIEL JKEIeaa I MeJil, HCIOJIb-
3yeMEIX Hau(oJee 9acT0 B KAYeCTBe YHHBEPCATBHEIX ATAJ0OHOB HA CEpPY.
MuorokparHO DOXy9YeHHKE pe3yAbTATEl HA pPAa3INIHRX o6pasuax
IPeJICTABJIEHE B BUJE THCTOTDAMM OTHOCHTEIBHEIX OIMHOOK OIpefie-
JeHHA cepsl (pmc. ).

Ilpusogarcs peayabratsl 16 HezapmcHMEIX oupejesieHuii cepsi
B aETHMONMTE, 37 OIpEAe]eHHml Cepsl B CyInpuaax pryTH, CBHHIA,
pucmyTa n 41 onpenenenne B cyasdumax rpynusr senesa. CymMmymapras
omnbKa B OIpeJeleHnn KOHIEHTPATHH Cepsl B cyab(uuax srexesa,
Meju u Hokexs He mpessimaer 1—2% orH. I mpaKTHYECKN ompejens-
eTCST TOYHOCTEHI0 HOJYYeHUs JKCIepHMeHTANpHHX HaHmbix. Hamvens-
mne OmuOKH pacuera KOHIEHTPAINHE CePH B CYIB(UAAX THIKEIBIX
meraianos noxydenst ¢ p/p mo Xeimpuxy (B cpeguem —3% orm.,
puc. 5, 6), Xyse peayJbTaTHl pacuera TeX jKe M3MepeHHBIX 3HadeHMil
¢ p/p mo Mpezep (mo —6% orm., puc. 5, @) u no Mapenrosy. Omunbxa,
pasHas 6% OTH., B COCHHEHUSIX COPHI C THKEABIMIT METAIIAMI MOJKET
OPHBECTH iK€ K 3aMETHOMY MCKa/KEHHIO CTEeXIOMETPHYCCKHX COOTHO-
mennmit. Bo3M0oyKHO, A TAKHX COYETAHOII DJEMEHTOR, KAk cepa
C PTYTHIO, CBEHIOM, BHCMYTOM, IJIATHHOIN, OCMHEM, ciefyer Goiee
CTPOTO NPOBEPHTH IPABMIABHOCTH ydera afieKra aTOMHOTO HOMEpa,
HCOonbp3yeMoro B pacyere. Jlamee mcciaefoBannch OIMNOKI B H3Mepe-
HIH OTHOCHTEJILHON MHTEHCHBHOCTH MBAYIEHNs, CBA3AHHLIC KAK C XII-
MHYECKEM CABHIOM aHAINTHYCCKAX JHHU, TAK I ¢ BO3MORILIM ofpa-
jopanpeM JOIOJHHUTEJBHOTO JIOKAJBRHOTO 3ap#ajia B AHAJHINPYyEeMOoM
yuacTke nuinda BCIEJCTBHE PABINIHON HIERTPONPOBOJHOCTIE H3yda-
eMbIXx MuHepanoB m artamonos (Hynpmsamosa, 1978).

XnMAUeCKOe COCTOSHIE DIEMEHTOB B PasiMYHEIX MEHEpalIaxX 3ia-
YOTeJILHO Pa3im4aeTcs, 9TO MOJKET IPHBECTH HE TOJBLKO K CMCIICHIIO
PEeHTTeHOBCKUX JHAnil, BHIOPAHHEIX B KadecTBe AHAJMTHYCCKHUX, HO
U K usMeHenunio X (OPME IIH IMHPUHE, B Pe3YJILTATE UEro MOKer
U3MEHATHECA BeIHYNHA IHKOBOII MHTEHCHBHOCTH, SABIAIONIAACH MEpPOI
KonmuecTsa snemenTta B oOpasme. Mayuenme arnx afiekToB BHIIOI-
meno mno JnEEn FeK ; ma cyasfmpax skemesa: XalbKonmpure, mu-
‘puTe, apceHonmpHTe, Tpomante, kybanure. Ha puc. 6 mo ocm z otio-
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Pue. 5. I'mcrorpamMma OTHOCHTENILHHX OmNGOK oONpejeJeHna KOHIEHTpPAanii
cepsl B cyabdujaax.

1 — PbS, HgS, Bi.S,;; 2 — Sh,S;; 3 — FeS, NiS, CuFeS8,, CuFe,S;, FeS,; 1/z: a — mo ®peaep,
6 — 1o XeHpNXY.

sReHbl 3HAYeHUA DOJIYMNpPHEL auamn :kexesa (AEK ,, B, puc. 6, a)
n ee sHeprermieckoro cmemenus (8 K ,, pue. 6, 6) B anaansupye-
MBIX MOHEpagaX OTHOCHTEJIBHO €e HOJO0KeHIsS B Merajuie. JTH JaHHEe
noaysenst K. WM. HapGyrrom (1972) Ba 2-MerpoBOM pEHTTEHOBCKOM
duoopecnenTHOM cuneKTpoMerpe BHcororo paspemenns. Ilo ocm y
OTIIOKEHO OTHONIEHHEe NUKOBOM mHTeHcHBHOCTH gumnnm FeK , x mn-
TerpaibHOIl, H3MepenHoe HaMu Ha MuKpoanaxuzatope MS-46 B Tex e
cyandumax.

Habamojaerca Koppeaaiis Memay BeJIYHHoll OTHONIEHHS IHKO-
BOIl MHTEHCUBHOCTI K MHTerpaabHoil 1A muamit FeA ; m anauenmem
noaymupuusl. Yem Vike amnna FeK ;, Tem BhmIe smadenns THKOBOIL
WHTEHCHBHOCTH IIPH HEH3MEHHOM 3HAYCHHNM WHTEHCHBHOCTH MHTE-
rpaapnoii m, caefopartennHo, Goapme suavenus ornoumenus [ /1.
Y mnwmpura m apcemommpura nojaymupuna K -IMBOT MeHBIIE, YeM
y menesa, coorsercrsenno Ha (.60 m 0.5 sB. ¥V xaxskommpura m Ry-
Oaunrta monymmpuua FeK , Goapme, wem y skeiesa, M OTHOIIEHHE
umzke. IlpumepHo B aroii ske moCHeZOBATETBHOCTH IPOMCXOHT M CMe-
menne jguunii FeK ;, mo ma Memee smaunrennnylo seauuuny (or 0.1
a0 0.2 2B npu moxynmpume 2—3.5 aB).

Takum oGpasom, sraaj cmemennst anaun FeK , B mavenenne Be-
JMYMHBl UKOBOM MHTEHCHBHOCTH MeHee 3HAUWTeleH II0 CPABHEHHIO
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Pnc. 6. 3asncumocts ormomenua oo /1. or moxymmpuns gnamt FeX,, (a) u
0T BeMYMHLL ee cMemenn# (6).

¢ mameneHneM ee opmel m mupunel. CaeoBaTeapio, MpH TPOBEIeHI
BEICOKOTOYHOTO KOJIMYECTBEHHOTO aHajinsa X BHOOPY MuHepaion
B KA4ecTBE VHNBEPCAJLHEIX HTAJOHOB HA JKEIE30 HYHKHO OTHOCHTHCSH
¢ HEKOTOPOIl 0CTOPOKHOCTHIO, 0CO0GHHO KOT[IA pEeYb WAeT 0 NHPHTE
u apcemonupnre. Benmumma ommlKE npum A3MEPEHHN IIMKOBOI HH-
TEHCHBHOCTH WM, CJeJ0BATeJIhHO, IPH OIPeJeJeHHH KOHIEHTpPAI{HN
TOJLKO BCJAGICTBNE PA3INUN B KPHUCTATIOXHMHYICCKOM COCTOSHIN
sxenesa moser gocrurats 4—5% orm. Ormomenme 7. /1, =~ oxasbi-
BAeTCs JIOCTATOYHO YYBCTBHTEIBHOM BeJUYNHON K N3MEHEHWI0 XIMHUYe-
CKOTO cOCTOSHMSA dieMeHTa. B 9acTHOCTH, COMOCTABIEHNE DTOH BEIn-
IHHEL ¢ HOJYIIIPHHOR A \-THHUK B ORHCIAX 7KeJIe3a 03BOIILI0 INATHO-
CTHPOBATH MHUKPOBRIIOUEHNs pasmepoM okoio 30 MEM B 3epHe ayu-
HOTO OJUBHHA KaK MATHETHT, HaWJeHHHIH HaMH B JYHHNX o0pasmax
BIIEPBEHIE.

ITockonbry maMeHeHHe NHKOBOH HHTEHCHBHOCTH BO3MOYKHO 1 IIPI
o6pasoBaiuy JONOJHATEABHOTO JOKAIRHOTO 3apPALA B aHATHZI]DYEMOM
yJacrke mamuda BCIeJCTBHE HEIOCTATOMHON JIEKTPOIPOBOJHOCTH
H3yYaeMbIX MHHEPAJOB M H3MEHEHHA SHEPIHN HajalnimuXx Ha obpaser
BIERTPOHOB, ME HccaegoBann u aror addexr. Bran mocrpoens rpa-
(UK 3aBHCHMOCTH HHTeHCHBHOCcTH m3aydenus FeK ; or yckopsio-
mero HanpsA:ieHHA B pailoHe morteHiuaga BoaOy:xpenna (puc. 7)
B Tex ke cyasumgax. Ha ocHoBannn nonydeHHbIx TaHEBIX HaM He yja-
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Puc. 7. 3asncumocth WH- FeKgyq

rencusHocTn Jgnann  FeK J, aM'n/c

B pPa3InuHEEX cyabdupax or

YCROPAKIIET0 HAOPAKCHNA

BOaN3n OOTeHIHala  BO3-
OyIeHNA JHHAN,

a0ch 0OHAPYKUTH 3aMeT-
HOTO, C TOYHOCTRIO J{O
0.1 xaB, mamenenus snep-
THH Tajawmux Ha obpa-
3e1] 2JIEKTPOHOB BO BCEX
aHaJu3upyemeix obpas-
nax. CregosaTeapno, Ha-
GaomaemMoe  H3MeHeHHe
NTKOBOH WHTEHCHBHOCTH
mumnn FeK , obycaos- 500
AeHO TEeJHKOM XAMITYe-
CKUM CJBHTOM.

IHogo6Guoe ke mceme-
HOBaHNe BHIIOJAHEHO W
ga nuamn PtM ,, B cnep-
puante PtAs,, kymnepure
PtS, cmmase Pt—Rh u
IIATHHE MEeTaJIMIeCKOIl. HE AK ehi g R
Hesmaunrtennnoe OTKI0- 0 .}’; T Bl -1

: .0 E,H
HEeHIe BeJIMYUHEl OTHOIIe-
gna I /I, vycranosieno jasa cneppuauta. OHo cocrapaser okomo

HHE mmT
2% oTH. IO CpaBHEHHIO ¢ ILIATHHON Merajimieckoit. Menmoanzopanne
CUCPPUIATA B KaYeCcTBe OTaJOHA Ha IJIATHHY NP ONpejelieHunn
ee KOHHEHTPAINI B JIPYTHX MHHEPAJax MO/KeT NPHBECTH K HeDOIBIION
ommubKe, o0yCIOBACHHOH XuMuuecKnM ciapuroy gmunu PLM .

Ha ocuopanny BHIOJTHEHIHEX HCCACTOBAHNI YVCTAHOBICHLI ONTH-
MaJbHEIE 3HaYeHHuss MacCOBBIX KOD[IJ(I]II[IHE“TOB norJdomenud MHOTHX
DJAEMEHTOB, BCTPETANINXCS B MUHEPAJAX MJIATHHOHAOB, UTO MO3BO-
JAMJI0 YMeHBIMHTH OMMOKH pacdera KoHmenrpanmi 0 2—5% orm.
Cocrapmena cmenmanbuaa uporpamma «llaarmmomu» mas  pacwera
KOHIEHTPAIMIL BJIEMEHTOB [0 [AaHHKM MHKDO30HIO0BOTO aHaJIu3a.
ITpaBunsHOCTH pacdeTos, BEITOIHEHHLIX € IIOMOIIBIO 2TOH IPOTPAMMEL,
OpopepeHa Ha OOJBIIOM KOJMIECTBE J(BYXKOMIOOHEHTHHEIX I MHOIO-
KOMITOHEHTHRIX MHUHEPAJ0B, COCTAB HEKOTOPLIX JIBYXKOMIOHEHTHHX
MUHEPAJOB KOHTDPOJMPOBAJICH IO COAEP/RAHMI0 TAMEIOTO METAJLia,
ommOKa ONpPeeaenns KOTOPOro B GOABIIMHCTEE Clydae He NPeBHaeT
2—3% ora. B kadecTBe JONOJHATENRHOI0 KOHTPOJHA A APYIHX
HCIOJIb30BAJICH METOJ[ DKCTPAHOJANNET K KPHTHUCCKOMY MOTEHIHATY
poabympenns (Kynpmsmosa, {unman, 1970).

Aprop BEHIpasKaer mckpemmiolo Gmaronapmocts B. B. Epumiosy
3a mccJaeoBanne HeKoTopex o6pasnos ma Murpockane-d, 10. A. Boa-
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KOBY 8a Jji0Ge3H0e MpefocTaBlIeHne IIPOAHATUSHPOBAHHLIX CILIABOB
sonoro—cepedpo, a rakme T. JI. Escrurneesoit m A. 10. Manesockomy
3a mpeflocTaBJICHIE CHHTE3MPOBANHLIX 00PA3IOB B CHCTEMAX HaJLia-
JAHIE—OJM0BO M IAJIajimii—cyphbMa.

Cnueor ARTEpPATYDPmM

Kynpunamosa T. A. — Annaparypa W MeTOJH PeHTIEHOBCKOTO aHa/ u3a,
1978, Bem. 22,

Rynpuarosa T. A, ONunmanm C. A. — «3as. 7dab.», 1970, Ne 11,

Jdanyruwma W I. — VII Mesgynapojsas kKorpepenijis o ONTHKe peHtre-

HOBCKHX Jyueit m mukpoamanudy. Tesmest. M., 1974, c. 14
Janyruera U.II., Tumoxmnra P.M.,, EpxoBa I.Il. —B kn.:
Hopoe » MuHepagorndeckux nccaeposannsx. M., 1976, c. 184.
Mapeunxos O0.C., Komrop B.T. Tabanns moJdakx MaccoBrX Koapdn-
LJ(Iuenimn ocmalIenns XapakTePuCTAYecKOT0 PeHTICHOBCKOTO H3JIyYeHMd,
« 1978.

Hap6yrr K. H., CMupuosa HN. C. — Hae. AH CCCP, cep. ¢nus.,
1972, 7. 36, Ne 2, ¢. 354—365.

ITya JI. — B gu.: Ousnyeckne OCHOBH PeHTIeHOCIIEKTPAJLHOTO aHAJAH3A. —
M., «<Hayra», 1973, c. 54.

Panmserra I, Crort B.— Tam ke, c. 158.

Tpouesa H.B.,, Janyruma H.II.,, Hennu A. ., Hrambep-

anes M. X.— Aaropnrmer i uporpamusr, Tamgenr, 1975, Bum. 23.
Hennuuw A.U.,, Boporuxnn B. A. — Tpynm {THUTPH, 1978, Bem. 135.
fixopun X., Xeifimpux K. — B wa.: @uangeckiue 0CHOBH DPEHTTEHO-

crexTpagbaoro amamusa. M., «Hayra», 1973, ¢. 179.

Dew egy 9}{. D. Handbook of X-Ray and Microprobe Data. Pergamon Press,
1969.

Duncumb P.,, Reed S.J.B. Quantitative electron probe microanalysis.
NBS, Sp. Publ., 1968, p. 198.

Duncumb P., Shields P. K. — In: The Electron Microprobe. N. Y.,
Willey, 1966, p. 284.

Heinrich K. F. I. — In: Electron Microprobe. N. Y. Willey, 1966.

Reed S.J.B. — Brit. J. Appl. Phys., 1965, 13, p. 913.

VK 549.6.082 ; [543.422.8 : 537.533.35]
B. A, Yepenanoe, A, I'. Cotcoes, H. JI. Maredon (CCCP)

OHNTHIMHUBANNA METPOJOTNMYECKHX XAPARTEPUCTHR
B MIKPO30HJIOBOM AHAJIN3E
TNOPOJTIOOBPAZYIONNX CHJIMKATHBIX MHIHEPAJIOB

V. A. Cherepanov, A. G. Sysoev, I. D. Makedon (USSR)

THE OPTIMIZATION OF METROLOGICAL CHARACTERISTICS IN
ELECTRON PROBE MICROANALYSIS OF ROCK-FORMING SILICATE
MINERALS

The value of the mineralogical application of the electron probe microanalysis
of rock-forming silicate minerals is determined by the lowest limit of detecting
the concentration of chemical elements, not exceeding 0.01 of the crystallochemi-
cal coefficient and with accurasy of determination of concentration no more
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than 5% (relative). The elaborated method of optimisation includes the system
~ of standard samples, the method of analysis of errors of both the method and

‘problem, and the programme of computing the experimental data of contens

~ of chemical elements, methodological characteristics and evaluations of longitu-

dinal and transverse locality.
The proposed method contains a new algorithm for computing the correction
factors and for evaluation of adequacy of any algorithm.

O0BeKTOM HIEKTPOHHO30HOBOTO pPEHTTEHOCHeKTPAJBEHOTO aHa-
ansa (93PA) mnopomooGpasyomux CHIAKATHEX MHEHEPAIOB SABISA-
‘ercHd MUHEPAILHLI HH MBI, IPEACTABIeHHEIl OfHAM U3 ero IJIOCKHX
CeYeHNI TOBEPXHOCTRI0 MPO3PATHOTO WM IOJMPOBAHHOTO ILTHpa
(ammandga).

IlpepmeroM amammsa ABIAETCA KOHIEHTPANWA HATPHA, MATHAA,
AMIOMIHIT, KPeMHNS, Kaiis, Kajbiinsd, TATAHA, MAPranna 1 Kejxeaa.
Bopopox HeBo3MoKRHO, a KHCIOPOJ I (rop HenerecoodpasHo analIn3m-
posath Merosom J3PA. PacnmpocrpaneHHOCTH YKABaHHHX XHMIYe-
CKHIX DIEMEHTOB B OP0/1000PadyomuX CHANKATHHX MHHEpaJax: 0JIH-
BHHAX, TpaHaTax, Imipokcenax, amdnGosax, caogax, IIOJeBHX IIma-
Tax — oneHena mo janusv tabamy Tupa.

YEKasauase TPyNNLGl MUHEPAJOB IpeodIagaioT Mo pacupocTpaneH-
HOCTH B COCTAaBE TOPHEIX TOPOJ, a 110 ANANA30HY KOHIEHTPAIIIN IeTpo-
PEHHBIX XHMHYCCKUX OJIEMEHTOB WCYepHOBIBAIOT ero pasmoolpasue
B APYTHX MeHee pacupocTpaHeHHHX IpyImax.

CocraR MHIHEpPAXIa ONPEJIeIeH, ecJi JJIA Hero BEMMHCJIena KpHucTai-
Joxumueckass popmyna. TounocTs npeAcTABICHNA KPUCTALIOXHMH-
yecknx (Gopmya B cupasousmx Tabmmmax cocrasaser (.01 egmmmmn
KpHcTaJIoXuMuuecKoro rosddunumenra. Croenosatensno, mpemerx ob-
HapymeHna me jomken onre Gomee 0.005 sroit meamammni. Mexomusn
M3 9TOTO YCIOBHS, JIIA OJNBUHOB, PPaNaTOR, NIPOKCEnon, aMpubo10s,
CI10/1 1 MOJeBEIX IMNaTOBR BLIYuCaAeH npene:{ OﬁHﬂpyH\'GHﬂﬂ B MacCOBEIX
HPOHBIITH.‘( JJIA HarTpmdg, MarLsvsd, adloMiIHuA, Raludg, KalabIWuA, TI-
Tapa, Mapranma u sremnesa (tabma. 1).

Tadbanma 1

[Ipepen obHapy:keHNA KOHUEHTPAIMN XHMIMECKHX DIeMCHTOR
B 10POIoodpasyoimnx ciankaTax (HeodXoauMslii A HAJEKHOTO ONpeieienns
0.01 gpuerasaoxnmuueckoro soaduunenta)

Xumnuecknit anement, 107* 9%, mace.
Munepasns

Na Mg Al K Ca Ti Mn e
OnuBuuL 6 6 i 9 10 12 13 13
I'pamaTi 2 2 3 4 4 5 6 6
Maporcent 5 6 6 9 9 1 13 13
Ampubormer 1 | 1 2 2 3 3 3
Conoan 2 2 3 4 4 H 5 5
onessie mnaTn 4 4 5 7 7 9 10 10
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Taxum o6pasom, I3PA mopomoolpasyromux CHIHKATOB 3aKII0-
vaerca B ompepenenmn rRomnemrpammu Na, Mg, Al, Si, K, Ca, Ti,
Mn, Fe ¢ npepenom obnapyskenuns, ykazagusMm B Tabm. 1.

Peayaprar 93PA wapmenaa mopooofpasyomero CHJINKATHOTO
MEHEpaIa upejcraBiaser coboil Beerga upuOIIKEHHYI0 BEIHYHHY,
OLUPeJeNIeHHYI0 ¢ Toil Wam wHOil morpemmocteio. llorpemmocts ama-
JIM34 MOYKHO PAasjieJnTh Ha Ba KJIacca: MOrPemIHOCTh 3a7add H II0-
I'PENIHOCTE METOJIA.

IHHorpemumoctrs 3agaqdnm 00ycaoBIABAETCA: BO-TIEPBHX,
TeM, YTO B HOJABJIANMEM GOJNBUIMHCTEE CJaydaeB anaxmampyemas ob-
JIacTh, COCTABIAINIAA HECKOJBKO KYOHIECKNX MUKDOMETPOB, HA MHOTO
MOPSAIKOB MenbIle 00heMa MIHePaJbHOTO HHANBI/A, K KOTOPOMY MBI OT-
HocuM (Ko Bcemy oOmeMy!) maHHBE 0 KOHINEHTPATHHE XUMHIECKIX
2IEMEHTOB; BO-BTOPEIX, TeM, YTO BO BCEX CJyYasgX aHAJIH3 MIPOBO-
JIATCA TOJABKO A OJ{HOTO III0CKOTO CeYeHNA MIHePAJIbHOT0 MHIANBH/A .
Jlonymenne o0 OfHHAKOBOH KOHMEHTPAIHA XHMHYECKOTO HJIEMEHTA
B PasHLIX TacTAX MHHEPAILHOI'0 MHAHBH/IA, KAR IPABIIO OpPHHIMAe-
MO IIPI MaccOBOM AHAIM3E HOPOoR000PaABYIONHX MIHEPAIOB, HEe HMEEeT
JIOCTATOYHBIX OCHOBAHNE M B RasKAOM ciaydae TpedyeT CIEnmaIbHOIO
pACCMOTPEHIA IIyTeM aHajm3a, B YACTHOCTH, MAHHHIX KPHCTAJIO-
ONTHYECKNYX HabII0Iernnil.

ITyrs yuera morpemHocTH 3aaum M KOHTPOJS HAJ €e BeJHImHOM
JEEHT, IO HAIeMY MHEH@io, B BHOOPE CHCTEMEl 30HANPOBAHUA:

— KOJTHYeCTBO AHAJIMBUPYEMBIX 00JacTeil BHYTPH CEYeHNs OJ(HOTO
MHHEPAILHOTO WH/IHBHIA;

— obmem Kammoit obrmacTm (DpPOZOJMBIAA H HMONEPEYHAS JIOKAIb-
HOCTH aHAIm3a); .

— pacupejiejeHne aHAJMBUPYEMBIX oOmacTeil BHYTPH CedYeHHSA
OJIHOTO MHHEpPAJNHHOTO HHIMBH/IA B 3aBUCHMOCTI OT €T0 aHaTOMUI
(30HATBHOCTE, CEKTOPHAILHOCTE).

Hax morasaj ommiT meeaefoBaHma CTaHAAPTHHIX 00pasnoB, OTHO-
CHTEAbHASA HOTPENIHoCcTh 3aadd NPH MHOTOKPATHOM 30HIHPOBAHIT
Moser cocrapaaTh Oosee 10% mpm KomnenTpammm XUMHYECKOTO dJe-
menrta oroso 15%.

MHorpemuocTs MerToa Hommenrpanms XAMIIECKOTO
DIEMEHTA B aHAJMBIPYEMOM MUKpPooOTLeMe 1opoxooldpasyiomero Mo-
uepajia OHpegeNseTca B pe3ylbTate OTHOCHTEABLHOTO, NPHOIH;KeH-
HOTO, KOCBEHHOTO M3MEPeHITsT, MPHYeM He BCeX XUMHYECKHIX HIeMEeHTOB
(Bojiopon, kmcaopos u grop me ompespenaioTcs). Takoil xapakrep ma-
MEPEeHUA ONpEeJleJAeT TPH COCTABHEIE YACTH IOTPEITHOCTH METOa:

— IOTPeIHOCTs (PHBMYeCKON MOJeNH;

— IOTDeITHOCTh BEYUCICHHS;

— HOTPEeITHOCTh HEeNOJHOTH HAa00opa OupefenAeMBEX XHMHYCCKHX
9JIEMEHTOB.

[Torpemuocts ¢usmdeckoi MOJIONH, TOM WM HHOH MOJEJNHN B3AHMO-
JIGHCTBH MyYKA IEKTPOHOB ¢ MHUIIEHBIO (AHAIH3MPYEMEIM 00pasIoM)
34BUCAT OT HEMOJHOTH HAIMUX BHAHME O NIPHPOJe B3AMMOJEHCTBHA
n o6ycaoBaena nen3be;KREBIME YIPOMEHIAMY [IPH IOCTPOCHHEN MOJIENH.
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B a1y e norpemHocTs €CTECTBEHHEIM 06pa30M BRIOTACTCH HAYATHHAS
0T PENTHOCTH KOHCTAHT (IIaBHEIM 00pasoM MacCOBEIX Kop(h(uiinentos).
IlorpemirocTs (U3AIECKO MOJETN PeATI3YeTcs IpaKTHIecKH B gopme
MOTPeNIHOCTH  AJTOPUTMA BRIYHCJICHUA IONPABOYHKIX MHOKATEIEH
W HOCHT CHCTeMaTHUeCKMil Xapakrtep.

ITorpemuocTs BEMUCIEHNA ONPEICIACTCA TEM, YTO BeJAYAHA KOH-

HEHTPAIIN BCETAA BRIYHCJIACTCS IYTEM DEIIeHNs CHCTeMH HeJmHei-
HEIX axrefpamdecknx ypasHeHmil oTHOocmTeanno C,; (i=1, 2, .. ., a)
I Z;(C) A:(C) Fi(C)

Iy 23(C7)  Aj(Cs) Fi(C¥)’

Ci=C3-

rae C; — KoHneHTpaunus i-ro saemenra C=C,, . .., C, 3Ha90K S AB-
JsieTcs UHIEKCOM crapjaprHoro obpasua.

Huddepennupys ypasHenme, moJyymM, 4T0 OTHOCHTEILHAS II0-
TpPEeIHOCTh BHYUHCACHHA KOHIOEHTPAIMH i-T0 XHMHYECKOT0 BJIeMEeHTa
€CTh CYMMa OTHOCHTEJIBHHIX HOTPEemIHOCTEIl:

— cTaujapTHOTo 0Gpasia;

— M3MepeHHs MHTEeHCHBHOCTH B aHAIH3UDPYeMOM o00pasiie;

— H3MepPeHHA HMHTEeHCHBHOCTH B CraHpaprHoM obpasie;

— BBIACAEHNA IONPABOYHBIX MHOKHTENCl B aHAJIH3UPYEMOM
n cTaHZapTHOM obpazmax.

Pacemorpny ot norpemuocta. OTHOCHTEIBHAS IOTPEIIHOCTH CTAH-
gaprooro o0pasifa ecTh BeIHIHHA ATTECTYeMas, OHa COCTABISET OKOI0
1%. OrHocuTedbHEIE MOTPENIHOCTH M3MEPEHNs MHTCHCHBHOCTH Xapak-
TePUCTHIECKOTO PEHTTeHOBCKOTO MAIYUYeHIIA B AHAJIUBNDYEMOM I CTaH-
JjaprHOM o0pasnax 3aBUCHAT OT HHCTPYMEHTANBHBIX IIOTPemHOocTei
npubopa, peskuMa M3MepeHmnsa, KauecTsa mpenapara. B onrumansHOM
cayugae oun jgocruraior me menee 1%. Cocrapasmomme norpemsocTH
UBMEpPeHns NHTEHCHBHOCTH XapaKTePHCTHYeCKOTO PeHTIeHOBCKOTO M3~
JYyYeHHs] HOCAT KaK cJyvaiHblii, TAK W CHCTeMATHYECKHIl XapakTep
H HY/EIAITCA B CICMHATBHOM PACCMOTPEHHI.

OrHocuTeNBHEE NOTPENIHOCTH BBRIYHCICHUA TOIPABOYHBIX MHOMH-
Tejell B aHAIHM3WPYEMOM I CTAHAAPTHOM O0pAaBiax ecTh CJOMKHEE
(YHEONN NPAHATHEIX 1A BEMYUCIEHHSA KOHIEHTPAIIMI aJTr0pHTMOB.
Ocobo caeayer 1o0aBuTh K MOTPEITHOCTH BBHIYHCICHNA KOHIEHT DA
0CTATOYHYIO IIOTPENTHOCTH WJIH MOI'DENIHOCTH KOPHSH, TAK KaK W KOH-
NeHTpaldsd, I HONPABOYHBIE MHOMHTET BBIYHCAAIOTCA H3 CHCTEMBI
HeJUHENHKX ypaBHEeHH METOOM IOCJeI0BATENLHLIX IpuOIImKRennii.
D1Ta HOTPEITHOCTE MWHUMUBNPOBAHA B IPHHATON HAMH [TpOrpaMMe
peraacaennit 7o 1073%.

Tarmym o6pasoM, TOYHOCTE MEKPO30HZAOBOTO anaansa mopogoodpa-
SYIOMUIX CHINKATOB 3aBHCHT OT MHOTHX W pasHooOpasHuXx obcros-
TeJBCTB, TPeOYyomuUX 06A3aTEIBHOT0 yYeTa HA CTANN IIAHIPOBAHIA
Ka7K/J0r0 MAKPO30H0BOT0 AHAIHAA I OIEHKH CyMMapHOI 10T PeITHOCTH
IIOJYYeHHOTO Pe3ylbraTa B KaskI0M KOHKPeTHOM ciaydae (Kanibli Xn-
MHAYeCKUil 3IeMeHT B KaskaoM ananuse). Bea cobaonenns sroro Hempe-
MEHHOT0 IPAaBHJIA Pe3yabTaT CIOKHON W TpyAoeMKoi paborel Gymer,
BEpOATHEE BCETo, HPOCTO HEIPABHILHEIM B CHIY CAOMHOTO COUCTAHHA
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ppwani, 0OYCAOBIANBAIOMUX TY WM HHYO MOTPEMHOCTh. Jajgaua
onTHMI3anmn Kavdecrna peayabsraros J3PA mopojoobpasyomunx cuan-
KaTOB 3aKJ0YaeTcs, TakuM o0pasoM, B pazpaboTke Kputepns ONeHKH
TOYHOCTH aHAIN3a U paspaboTKe TPONEAyp BEYNCICHUA aHaANTHIC-
CKHX JIAHHBIX.

OfmenssecTno, YTO €IUHCTBEHHHIM KPATePHeM ONeHKH TOTHOCTH
PasAMYHEIX NMOTPABOK CIY/KHT aHanmns o6pasioB M3BECTHOTO COCTABA
([Ipakrmyeckast pacTpoBas saeKTpoHHAA MuKpockomnms, 1978).

PaccmoTpenne THCTOTpAMMBEI De3yJbTATOB AHAJIN30B, HPOBE/EH-
HHIX B PasjaugubiX JabopaTopusax H ¢ HCHOJH30BAHHEM pa3jiMIHBIX
METOJ0B, NPUBOJNT K BEIBOAY, UTO JYIIIHE H3 MMEIOMAXCH B HACTOA-
1ee BPeMs MeTOIME 00ecIednBaioT JI0CTATOYHYI0 TOYHOCTD 110 CpaBHe-
HII0 € NOTPeITHOCTHI0 M3MePeHHs HHTEHCHBHOCTH PEHTIeHOBCKOTO
naayuennsa. OronvarejbHBle 3HAYEHUS KOHNEHTPAINT MOIYT B JVd-
meM caydae HMeTh TAKYIO jKe TOYHOCTH, YTO W MAMEPeHHOe OTHOMICHe
maTeHcHBHoCcTed. [IpHm 5TOM cjelyeT OTMETHTE, YTO CHCTEMa CTaujiap-
TOB ABJIACTCA HEOTHeMIeMoil JacTe dioboit m3 Meroank D3PA.
CrereMa eTaHZapToOB ¢ HE0OXOJUMOCTBIO JOJKHA COJIePAATE 00 pasIkl
CJ0FRHOTO COCTaBa A METPOJOTHYCCKOTO KOHTDOJA Pe3yabIaTon
suanmsa. Cramgaprubii ofpasery npescTaniser coboil Mepy auas Boc-
NPON3BEJIeHUA BeJIMUNHE KoHNeHTparun B yeaosnax I3PA m cpen-
CTBO JIJIA MOBEPKH I HOPMAJN3ATIN H3MEPUTEIhHOH CUCTeMBI.

Ipn neiGope MHHEpanoB JIA CHCTEMHl CTAHJAapTHHIX o0pasnos
Geuir yurensl TpeboBamus, obecnegmBaiomine BOCIPOM3BOIHMOCTH
NBMEPEHHii Ha HUX. JTHM TpeGOBaHNAM YAOBIACTBOPIIN 8 MIHEDAIOB,
npupejileHapx B rtada. 2.

Faasupiv rpedoBanneM K CTamgapTHOMY 00pasny SBIAETCH TOMi-
JAECTBEHHOCTH COJIeP/KRAHIA JAHHOTO XHMITYECKOTO 3JeMEeHTa B Ji000M
obseme mopaaka 1 MrM?, Ba3gToM B M06OM cedenun, JEHCTRUTEIBHOMY
SHAYEHUIO COJICP/KAHMA, YCTAHOBICHHOMY JUIsi ofneMa HopsjiKa JoJeit
KyOMIecKroro camTHMETpa.

OnTngeckas OSHOPONHOCTH MHHEPAJLHEIX UHIHBUIOB, B3ATHIX
B KavecTee CTaH{apTHBIX OﬁpﬁBIlOB, nmosBoJmjia OPHHATH Takoe 10-
MYOIEHHEe I IPOBePUTE €r0, HCTOJAR3YA CHEeKTPOMeT] ¢ AHEePreTHYecKoil
muacnepeneii gupmsr ¢Tpaxopy. IlpoBepka cocrosna B BEMHCIEHHIT
JHCIIEPCITNT  MHTEHCHBHOCTRH MeKAY CJAYYAHHBIMH TOYKAMH OIHOTO
caydaiino BRIOPAHHOTO 3epHA W MEMKIY CAydIailHO BHIOpPAHHLIMHE 3ep-
mamu nopu jguamerpax somga 1 m 50 mmm. ITpm srom 6Guuto mpmmsTo,
q9TO NPH OEMIaeMeX He0oapImX auanasonax M3MeHeHs KOHIEeHTpa-
MU B cTangapTHoM o0pasie 910 maMeHeHNe NPONoPIHOHAIBRHO HaMe-
HEHNI MHTeHCHBHOCTH XAPaKTePHCTHUECKOTO PEHTTEHOBCKOTO M3JIY-
genndA. [TooroMy s mCKIIOUEHNA MOTPENTHOCTH METOMA CPABHIBAINCE
OLEHKHM HHTEHCHBHOCTH, A& HEe KOHIEGHTPAT|IH.

Hansmeiimee paccMOTPEHHE COCTOSIO B IPOBEPKE IHIOTE3H 0 HOP-
MaJIBHOCTH Kaskloit u3 BHOOPOK mo kpaTepmio Ilupcona. las suibo-
POK € HOPMaJBLHBEIM pacrpesesnenneM ObII IPOBEJIEH o/tHO- I AByXfak-
TOPHEIl JIUCTIepCHOHHEI aHaans. DRI BEMUCIEHH  CIeIyionime
OIEHKE KOMIIOHEHT JHCHEePCHH: BAPHAHT (OIHOPOAHOCTE)
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‘Ta6anma 2

ATTEeCcTOBAHHBIE XAPAKTOPHCTHEH CTAHTAPTHBIX 06p831l08

Munepan ?,,gg:r Goﬂepgf’:ﬂHﬂe, Munepai ?ﬂgg; Cone[_;;;tamte,
HanGypur Si [23.2940.20| Cden Si | 17.424+0.20
Ca [15.42%0.20 Ca ( 20.24F0.17

Marneznoputernt | Si [25.2940.12 Ti | 24.36+0.29
Na | 5.4240.12 | ®ropdaoronnt Si | 19.204+0.10

Fe |19.73%50.49 Mg | 16.48%0.35

Canujpna Si |30.81+0.13 K 8.2840.25
Na 2.23+0.09 || X poMpguoncuy Si | 25.9840.23

Al 9.894+0.14 Mg | 10.584-0.17

K [10.02+0.13 Ca | 17.53+0.50

CrieccapTig Si |17.03+0.09 ) Mopaomur Si | 15.174-0.20
Al |10.93+0.15 Ti 4.544+0.20

— JUCOEPCHA MEYKIY TOYKAMH,

— JNCOEpPCHs MEKIY 3epHaMH,

— JHCIepCHA BOCIIPOU3BOREMOCTH (0CTATOUHAA),

— ofmasA Jaucmepcus;

BAPHAHT «IHAMETP»

— JHCTIePCHA MKy JimaMeTpaMu,

— JUCHEPCHA Me;KAY TOYKAMH,

— JECHEpPCHA BOCHPOU3BOAMOCTH (0CTATOTHAS),

— ofmas pmcmepcHd.

Ilposepra rumoTessr 00 OJHOPOJHOCTH HPOBEJEHA [0 KPHUTEPHIO
@umepa opu 5%-som yposne sHaummoctn. Heopmopommuie B mioHoM
13 BAPHAHTOR BHIOOPKN HMCKJIWOIEHH H3 JAJbHEHNIero paccMoTpeHus.
JLas 0HOPOJIHEIX 38 BHIOOPOTHYIO OIEHKY ANCIEPCHH naMeHeHUs KOH~
HMEeHTpPAIUN OPHHATA onenka obmeil nmemepcmn. M3 wee no Ilupcomy
BHIYUCIEHE BepXHAA 95 %-mas joBepuTeabHAA TPAHHIA HEM3BECTHOM
reHepaiabHoil JUCIeDCHH I COOTBETCTBEHHO KOD(GQOUIImenT Bapuaiui.
N3 xoadpunmenToB Bapmanmmil JJag BapHAHTOB  «OJIOPOIHOCTEH)
1 «amaMerp» B3AT Hamboaemmii. Ilpu cpapHennn HanGonpmmx Koad-
dummenToB Bapmanmn ¢ KoddHIHeHTAME BapHANAl, XapaKTepa3yio-
IMEME [OTPENTHOCTh XHMITIECKOTO aHaIm3a, OHATH Ke BHOpaH Hau-
oonpmmit. COBOKYIHOCTH 9THX KOI(QHUIMEHTOB NPHHATA 334 ONEHKY
OTHOCHTEIBHOH IOTPEITHOCTI CTangapTHEX oOpasmos. Wa armx pan-
HEIX U CPEIHHX COAep;RaHuUil 110 Pe3yIbTaTaM XHMHIECKOTO aHaIu3a
COOTBETCTBYIOINHUX XWMHUYCCKHX DJIEMEHTOB BBRITHCJICHLI 3HaTeHIs aﬁ—
CONMIOTHON IOTPENIHOCTH CTAHAAPTHHX o0pasuos (taba. 2), sBIAL-
TIIECH UTOrOM I POJeJaHHOM pasoTEr.

Ilpouenypa BHYHCIEHHA aHAJNTHICCKHX [AHHHX pealmsoBaHa
B cHCTeMe MaTeMaTmdeckoro odecmevenma ua O0asze ABM «Mumck-32».
Cucrema oOmegumuser 18 opurmnanemsix mporpamm m 20 mporpamm
obmero MareMarmueckoro obecmedenms ¢ o0muM obmemom 12 THC,
roMauy. Heornemiemoit 4actpio ODPOrpaMMEl ABIAETCH MACCUB KOH-
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CTAHT, BANHCAHHKI (CaMOil TPOrpaMMoil) BMecTe ¢ Heil Ha MarluTHOM
aenre (MJI), oGwemom okomo 10 Thic. ymeesn. Ympapienne cHCTeMOil
OCYIECTRIALTCH « Y NPABAAIOMHM KOAOM), KOTOPHIl HPeIcTaBifer co-
Ooif TpexsHauyHOe JeCATHYHOE YMCJA0 M HaxojnTcs B 0J0Ke JaHHBIX.

Ilepras nnppa «Yupasasiomero Kopa» obecrednpaer HCIOIL30-
panme Bapmantop «['mmorermkay. Bapmant «'nmorernka» BEAO9aeT
B cels:

1) BemECaeHHe TONPABOK MJIA TMOCJAELOBATEIBHOCTH COCTABOB,
OLpPEIENACMBIX TI0 TPABAIY

kA kA
(Cy 4 k4), Cg(i—m)....,cn(l—m-l),

rie k=0, 1, ..., 20; A=(C,—Cy)/20; C, — xoHeuHOe 3HAYeHHe
ROHIEHTPATHH IePBOTO aaeMenTa (ompefensieTca noab3osaTesieM), mi
IPYTOMY, OTPEeAeseMOMY [OJIL30BATETeM 3aKOHY;

2) BLYHWCJAEHNE IMOMPABOK JIJIs 3aMaHEEIX 9JEMEHTOB If COCTABA KaK
$yERIUME yeKopsaiomero manpskenns ot £, mo 30 kB marom 1 &B;

3) BhIUmcJgenne nonpasok s 3agasaemnux (o 30, me Gonee 20 Kom-
HOHEHTHRIX) COCTABOB C BO3MOKHOCTHIO MCIOJIBH30BAHUA PASITHYHBIX
YCROPAIOIIX HANPAKENMl JUIA Pa3INYIHbIX DAEMEHTOB, JUIA OHOI
us mectn K, o, L, o, M, , anaanTudecknx Jauninii. JTa BeTBh CHCTEME

obecIeunBaeT KOPPEKTHPOBRY ITOCTABJIEHHON 3ajadil I BHOOD OTHO-
CHTENBHBIX YCAOBIH HKCHEPHMEHTA, MO KOTOPBIMI MBIl ITOHHMAaeM:
1) pabouee Hampsi;KeHHEe, TOK 30HA, BPeMA DKCOO3UIHE, 9ICI0 T3-
Mepenuii; 2) ajgropuT™M KOpPPEKIEH N MaccoBnie Koaiurments;
3) nabop cTangaproB H TECTOBEHT 00BERT.

Bropas nosnmua «Yupapasiomero Koja» 00ecnednBaer pPerkuMbl
BEMHCIEHIsT KACJIOPOIA Tepes3 BaJeHTHOCTH HIN Yepe3 AHHOH-KaTHOH-
HEIE COOTHOMICHIIA.

Tperhsa MO3UIHA OUpPEAEIAT BHOOP aIropuT™Ma Kopperint. ¥ nac
peaansosano TpH momyasipunix Meroxa: 1) kaaccmueckmii meron Jlan-
kamba, Ouandepa—Xeiupuxa, Puga; 2) merog Bemca-Anom; 3) meroj
addertunnoii raybunsl Bepamuesckoro—dJlaBpenTneBa ¢ BO3MO-
HOCTBIO HCHOJB30BAHIA MaccOBHIX Koaddummentos Xefnpuxa min
Mpesepa.

- Bﬂif\‘[”:”[ BOIIPOCOM HCITOJNIB30BAHUA TOr0 NI HHOTO ajJropmarya
BLIYHCJACHIIA ABIAETCH €ro COBMECTHOCTH € KPHCTALIOXTMITeCKIIMIL
COOTHOMICHUSIME B HOPOL000PA3yIONUX CITHKATAX.

Jlaa rourpoas MBI upejpiaaraeM WMCIOIB30BATH OJUBIN — MIFE-
Paix ¢ MUPOKHM JIMATIA30HOM H3MEHEHHA MOJCKYJIAPHOE Macchl, CoO-
AlepiRammii KaK JerkKne, Tak W TAMKeIBe dAeMCHTH I HMEIONHA pak-
THYECKH OJIHY CTemeHb CBOOOJB M3MEHEeHHA COCTapa, 9T0 I03BOJAET
TpeGoBaTh 0T METOAA KOPPEKIMH BEHIIOJHEHHA ClejyIOmero yClIoBms:

Kygyg + Kpytpe

Kgjag;

=24 0.04
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(K — oTHOCHT@NBHLIC MHTEHCHBHOCTH  COOTBETCTBYIOIMUX  BlleMern-
TOB, & — X Hompapounsie mMuomurenn). Hpome moro, neobxopmmoi
npennocsuikoit  addexrusnoro Bpidopa  yeJa0BHiE  DKCHepHMenTa
ABJIAETCA IMPOCTOTa  (PUBMIECKON WMHTEPHpeTANNH  PACXOKACHMIT
MEKJ{Y BBIUHCJISAEMBIMI 3HAYEHHAMN M HKCICPAMEHTATBLHEIMHE JlaH-
HBIMI.

Ilepegncaenubie BHINE METOAE HE YJOBJETBODHJIN HAC B DTOM
cmbicare. [loatoMmy mur mosyannu coferBennoe BelpaRenune juid Koad-
(HIIenTa BHX0/la PEHTIeHOBCKOTO M3JIYYeHus U3 00pasia, annpoKc-
MHUPYA pacmpeeneiiie PeHTTeHOBCKOT0 M3Jy9eHua 110 TayOmHe M-
IMEeHH TayCCOBEIM:

¢(z) =expB(q+z) (1 —2),

rjae z — rayOmHa, BHpasKeHHAsg B XapakTepHCTHYECKUX eHHUIAX
02, Bn — unrencusnocTs Ha mopepxmoctn Mumenn; 0.5(1—7) —
TAyOnHa MAKCHMAJAbLHON HHTEHCHBHOCTH.

TOI‘,T.I,EI ImocJieé HeCJTOARHOr0 MHTErpHPOBAHMA ¢ YUeTOM IOTTOIEeHHA
OKOHYATEJIbHOe BHIpajkeHne jaA Kodadduimenra BRIXOJA NPHHUMAET
BILJT

el (a) 4 erf (2 —a)
f (:".) =exp (ﬂ' == b') erf (b) = erl (2 A b) ’

rie  b=0.5(1—m); a=b—1/,y p2,,/B; y=rcosech; B — mapa-
MeTp.

[Toaxyuennoe sripamenne spafgerca QYHKIMENR JBYX IepeMEHHBIX:
b — momomReHNA MAKCUMATLHON MHTEHCHBHOCTH W pZ,, — TayOums,

HA KOTOPOH HMHTEHCHBHOCTL PaBHA WHTEHCHBHOCTH H30JMPOBAHHOTO
cnosa. ITompaska ma morjomenue, kakx ykazano B padore (Bepamues-
crnit m ap., 1977), wacro sisnsercs onpepensiomeii 8 I3PA. Cpanun-
TeJNBHAA IPOCTOTA BRIPAREHUA W ACHLIA (U3NYECKWA CMEICT BXOJA-
X B HEr0 HapaMeTpPoB MO3BOJAIOT HCHOJIL30BATH 9TO BRIPA/KEHHE
I CPAaBHUTENBHON olenki aaropmrmon. [Ipuuem mapamerpsr, Bxo-
JIAIHe B BEPasKeHme, MOrYT OBITH BRIYACJIENB METOOM MUHIMH3AINT
KBAJPATOR OTKJIOHEHMS OTHOCHTENBLHRIX nHreHcHBHOCTedl (Bepmmues-
cRmit m ap., 1977).

IpenosxenHas cucTeMa ONTHMHBAINN pPeajn3oBaHa B aBTOMATH-
3IPOBAHHON CHCTEME aHaJn3a Mopoo0dpasyiomnx MIHePaIoB, H103BO-
JAOMEH MOJYyYaTh ONEHKH KavyecTBa Kaujoro aHajansa Hne TOJBKO
¢ 1{eJbI0 KOPPEKTHPOBKY Pe3yJIbTaToB N0Jb30BATEIeM, HO H MPAMeHe-
HHA B IepCHeKTHBe JIIA NJaHHPORAHUA yejaoBHWil anannsa. B peayanb-
Tare A KajkI0TO XIMHOTECKOr0 JleMeHTa B KakIoM MiImepaie
BHIYHCIAITCA HE TOJIBKO 3HAYCHNA KOHIEHTPAIMIT, HO W ONeHKH MWHH-
MaJABHOH IOTPENIHOCTH, HpeeJakl 0DHAPY:KeHHA, HPOJOJLHAA M TO-
mepedHas JOKAJBHOCTI.
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APPLICATIONS OF ENERGY DISPERSIVE ELECTRON MICROPROBE
ANALYSIS IN THE STUDY OF MINERALS

A. I'. Cuum (Kamaja)

NPUMEHEHHUE MUKPO30HIOBOTO AHAIIM3A C OHEPTETUYECKON
JIMCIIEPCHEHR [JIA HM3VUEHHA MHHEPAJIOB

Si (Li)-zterekropsl A8 JIEKTPOHHBIX MHKDO30HIOB HOABININCH OROIO JECHTH-
aetia Hazajl, OjHaKo AHATHTHUECKHE BOBMOMKHOCTH dTOTO O0OPYAOBAHMA CTAJIM
NIIPOKO HCHOJB30BATLCA TOJAbEO HeaBHo, OCHOBHRIMIT IPEAM YIICCTBAMI AHAJH3A
¢ sHeprerTudeckoil aucnepenei (IJ1A) apiraorea ynodeTso, CTOMMOCTE I CKOPOCTD.
Beaepersne cralWIbHOCTH XOPOMIO YCTAHOBICHHON 1 oTaamentoit JJ[A-cucTeMEr
1 KpaiHeil NpocTOTEL YUPABICHNs 0HA MOMEET YCHCHIHO HCHOIbIOBATHCH JHHAMIT,
AMEIOTIIMH MaJEl OnKT paboTsr B ofaacTn MuKpoanaanaza., CTONMOCTH CHEKTPO-
MeTpa € DHEPreTHYeCKOIl JNMcTepenei fABISeTcA TOABKO YaCThI0 CTOMMOCTH I10JI-
HOCTEI0 000PYI0BAHHOI CHCTEMEL ¢ BOJHOBOIL JHCHepeneii, ¢nocoiHoil BHIOAHATH
AHAJNOTHYHOE YNCJ0 AHAJN30B 33 OANHAKOBHIL nepmog. 9JIA nossonger cpasy
OJIYYHTh NOJHEIT PEHTICHOBCKIIT CHOERTD 11, CAEA0BATEILHO, OIPEACANTE 0HOBpPEe-
MEHHO BCE DIEMEHTH. JTa 0COOEHHOCTH B COYETAHUN CO CTADIIBHOCTBLI0 1 HEYYB-
CTBHTEILHOCTRIO K A3HOCY (TaK Kak HeT ABMKYHINXCH YacTeil) MO3BoIALT yIyIiinTh
CROPOCTL, TOMHOCTH 1 IIPABINIBHOCTE., UyBCTBUTEALHBIE 0GpPasiikl, KOTOPEE 0THO-
CHTEJBHO JIErKO Pa3laralorTcd JIeKTPOHHEIM [YIKOM, HAUPHME]p IeOJnTH, MOJIe-
BEE TITATHI, TJNHEL 1T KapOoHATLI, O0LIMHO JYYINE AHAJINBNPYIOTCSH ¢ HOMOMIILIO
DJLA. 910 OFBACHALTCSI TEM, YTO TOK 30HOA YACTO MOKET OBITH YMeHpinen Ooaee
"eM Ha HOPAZ0K 10 OTHOLICHIO K BeanyiHe, TpedyeMoil HpH anaJnse ¢ BOJHOBOIT
mucnepeneii (BJLA), Beaencrsue sricokoii afderrnsroetn aerexropa. Touno rak e
BO MHOTHX CIyYafX NYY0OK MORET ObITh pac(oKycHpoBaH WIH CKaHNPOBAH 110 HE-
00JBIOI IIom@AAN. JTO YMEHBIIAET NMOBPEHJICHIE BCJICJCTBIE YMEHBIIEHI 110~
TORA AIEKTPOHOB HA CJMHIIY IVIOI@AJN, He BHIBRBAg JeQOKYCHPOBKI CHEKTPO-
MeTpa, Koropas npouncxojia Our 8 BIIA. ITosydenne penTreHOBCKHX cKaHNPYI0-
mEX M300PazkeHnii Tak/Ke fBJLgeTcs upenMymecrsom 9J1A.

Henoabayemetii B mpocteiimeii gopye DA gBaseTcs HeONEHIMbIM CPEICTBOM
A HAeHTHGHKANHA MOHEPAJIOB, PasiNYeHNH HECKOJbBKHX BOBMOGKHEIX BHIOB
WIN PA3HOBHAHOCTEIl, KOTOPOE YACTO HPOBOANTCA B CYNTAHHEIE CeKYH/ L. OH MOMeT
OKa3aThesl TAKKE HEOLEHNMBIM B TOYHOM IeTPOrpad)uuecKOM OINHCAHHH HOPOJL.
IIpn HEHONb3OBAHIE KOMIBIOTEPaA JiA yupasaeHns npuGopom n obpaborkn jau-
HbIX MOKET IIPOBOANTHCA TOYHEIL ABTOMATHUECKIIT MOTANbLHbIT AHATHZ, AHANOTH Y~
HEIIl METOIY TOYEYHOIr0O CYETA B ONTHYECKOI MuKpockonnn. B npoersix mo cocrasy
MHUHEPAJbHRIX TPYNIax, TAKUX Kak IeJI09HbE IOJeBBe MIIATH N OJNBHHH,
IOJIYKOIHYeCTBeHHEE ONpejelieris 0o KpaiiHeil Mepe TaKoil ke TOYHOCTH, Kak i
OPH WMCHOJAB30BAHMI CJHOKHOME 11 Tpedyiomeit GoJblIoro BpeMeHHN ONTHYeCROIT
METOANEH, MoryT OHITh CJiellaHbl MEHee eM 3a MHUHYTY Ipu 06paboTke NAHIEIX
C IOMOMBI0 HACTOJBHOTO KAJBKYJIATOpPA.

Breietpeiit n nosmeli KoanuecteeHmHil JJ/[A mmpokoro Kpyra MuHepaion
CTaJl BO3MOYRHBIM OIArofapst nporpeccy B HpnOOPOCTPOCHNN W PABBUTHIO YCH0H-
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HCHHBIX KOMIILIOTEPOB ¢ THOKOI clCTeMoii MatemaTndeckoro obecreuennsa. Tou-
HOCTh, OCTHTAeMAs [IJIA TJIABHLIX 1l BTOPOCTCICHHAIX BJIeMEHTOB, CPaBHIMA ¢ TOY-
HocThio, focturaemoii B BJIA. Ilpenen obmapyskenns po 0.05% wsomer ofwramo
JoCTHTaTheA LA GOJLIIMHCTBA DJIEMEHTOB, XOTA TOYHOCTH CHJLHO TNAjaeT IpH
HIBKNX cofiepaannax. OcHOBOI yCHeUHOl H MHOTOCTOPOHHEH MPONIeIypH A
Koanuecrsennoro JJ[A spiagercsa nporpaMma obpaborrn gaunex. B ponogneHme
K HHTETPHPOBAHNIO WHTEHCHBHOCTEH JNHNIT I npoBejeHNI0 BCEX MATPHTHBIX
HOUPABOK (aTOMHEIT HOME]D, HOIVIOHIEHNe, XAPAKTEPHCTIIeCKas 1 HelpepPhBHAL
¢unoopecHennnn) Takag cucTesMa MaToOeCHeYeHHA JTOJKHEA TOYHO BHIYNCAATH (OH
Ha o0pasiie Bo BCeM JHEPTCTHUECKOM JIHANA30He, HCRIYAThH ITNK I OTepPh, BBOTHTD
HONPABKY HA MEPTBOE BpPeMs, CTPOIO YUNTHLIBATE CAOHHBIE BO3MOZKHOCTI HEpe-
KPLITHA JHHIH, YUNTRBATL Jwobne UyKTyalln Toka 30HAa BO BpeMs aHAIN3A.
Hensbemno, 910 CHCTEMBI, KOTOPHIE MOTYT YIORICTBOPHTEN LHO BEIIOJIHATE BCE BTH

3ajjavu, ABISIOTCA [0BOABHO OOXBIINMI I CHOFKHBIMH, M HMEETCH TOJLRO He-
CROABKO mopxopamux oporpayy. Iporpavsma «3JTATA» na @OPTPAH 1V Gsuma
paapafoTana Ui 9TOH HEJn I HCTHITHBAJACE OKOJZO TpPeX JeT. JTa nporpaMma

Ona memuoro mopaupumupopana Kamajcroii gaGopaTopmeil ¢ HCMOAL30BAHHEM
OBEPIeIHOI TEXHAKM I INCKOBOI MaMATH, MTOGH paforaTh Ha CHennaauanpoBat-
HOM MUHIKOMIIBIOTEDE, OCYMICCTBIAIIIEM Takse OJHOBPEMEHHBLH OTICPATHOHHLI

KOHTPOJB HaX JABYMI MIIKPO3OHTIAMI 11 PEHTreHOBCKHM @HIOOPECI[(_‘HTI[HM aHa-
JN3aTOPOM.

Since its introduction to the Earth sciences at the end of the
1950’s, the electron microprobe has played a role of ever increasing
importance and has been applied in virtually all branches of the
discipline. Its importance to mineralogy must be ranked with such
instrumentation as the optical microscope or with X-ray diffraction
equipment. It has provided the means of obtaining rapid, inexpen-
sive, accurate and nondestructive in situ analysis and has also
afforded the opportunity of studying quantitatively such features
as compositional zoming, exsolution, reaction and alteration pro-
ducts.

Over the last decade, two distinct and different developments
have to some extent competed with one another for the interest of
the microanalyst. On the one hand conventional crystal spectrome-
ter-equipped instruments have been automated to the point where
virtually all instrumental control can be exercised by a computer
and its terminal, so that very greatly increased work loads can be
reliably handled. On the other hand, the introduction of, and techni-
cal improvements in, energy dispervise spectrometers (EDS), per-
mited the entire X-ray spectrum to be sampled at one time, thereby
also offering very rapid analysis and, additionally, the opportunity
to obtain qualitative information from a glance et the X-ray energy
spectrum displayed on an oscilloscope. Although these trends have
been viewed as alternatives, most microprobes sold today are equip-
ped with both kinds of spectrometer, reflecting the realization that
each has its uses, its strengths and its weaknesses. Furthermore,
many scanning electron microscopes (SEM’s) can be turned into
powerful analytical tools, essentially into electron microprobes,
by the addition of an EDS. This paper, then, reviews some of the
important applications of the EDS in mineralogy.
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Advantages of the energy dispersive spectrometer. The advanta-
ges of the energy dispersive spectrometer over the crystal spectro-
meter lie principally in cost, convenience and efficiency. The cost
today remains well below that of the several crystal spectrometers
and their associated electronics that are necessary to carry out ana-
lyses with about the same rapidity. Because the EDS has no moving
parts there is essentially no wear and tear and consequently excel-
lent stability can be achieved and main tained over long periods.
The instrument is easy to automate and can be used by persons with
little microanalytical experience after a very small amount of training.

Apart from these general considerations, certain other specific
features make the EDS an attractive addition to a microprobe or SEM.
All elements are determined simultaneously and at exactly the same
point on the sample. The detector has a high efficiency and can be
placed close to the sample and will, therefore, receive a larger part
of the cone of emitted X-rays than would normally be the case for a
crystall spectrometer. Consequently, an adequate counting rate can
be obtained with very low probe currents (e. g., 1 nA) and quanti-
tative analysis can be achieved for minerals which are normally
very sensitive to damage by the beam (e. g., feldspars, zeolites and
carbonates). This feature can also be advantageous where X-ray
scanning images are required from small, beam-sensitive particles.
Furthermore, the lack of focussing requirements for energy disper-
sive spectrometers, permits good quality X-ray images to be obtai-
ned even at very low magnifications where normal vertical crystal
spectrometers would produce images that were severely out of focus
at the margins.

Qualitative analysis. Used in this role, the EDS can be expected
to provide very rapid answers to such questions as: what elements
does this mineral contain? What, in broad terms, is the composition
of this reaction rim? What is the essential difference in composition
between this alteration product and the adjacent parental material
or between this exsolved material and its host? Does this mineral
contain a certain element of interest — e. g., does this zircon con-
tain significant amount of uranium or that grain of gold carry a sig-
nificant silver content? Answers to such questions are usually obtai-
ned very easily and rapidly — often in a matter of a few seconds.

Mineral identification on occasion requires only that the con-
stituent elements be identified. For example, barite, wulfenite,
molybdenite, cinnabar, alabandite, zircon can be identified une-
quivocally by the presence of the constituent elements. In other
cases distinction between a few possibilities snggested by optical or
physical properties, can be made on the basis of the elements pre-
sent and/or their approximate proportions. An interesting example
of the application to mineral identification was recently provided
by Kelly e. a. (1978) who showed how combined SEM photography
and energy dispersive analysis (EDA) can be used to identify many
of the minerals found growing within fluid inclusions. The inclu-
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Fig. 1. Ni—Fe calibration curves (a) and histogram of kamacite and taenite
compositions (b) for the Innisfree chondritic meteorite.

sions were opened by cleaving the mineral immediately prior to
examination.

Most energy dispersive spectrometers now available have the
capacity Lo store one or more reference spectra in memory and to re-
call and overlay them on an unknown as an aid to identification.
We may expect to see more substantial computer aids to identifica-
tion developed in the coming years with, perhaps, a chemical index
of minerals available on disc, with which the analysis of an unknown
can be compared. This could be considered analogous to the powder
index which is used widely in X-ray diffraction work.

Modal analysis of rocks has long been considered an important
aspect of their description. Traditionally, it has been performed
using the optical microscope and a counter with the petrographer
making the identification at each point of the basis of the optical
properties. Such a procedure is not only extremely tedious, but is
also subject to errorsofmisidentificationand the overestimation of
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high relief or opaque constituents. The latter group, in fact, are
normally not separable into different phases by the optical methods
used. On the other hand, Chodos e. a. (1977) described the use of an
energy dispersive spectrometer-equipped microprobe to carry out
such a procedure rapidly, automatically and objectively. Using
computer control of the instrument, large amounts of modal analysis
can be performed without intervention of the analyst and during
periods of low instrument usage, e. g., overnight. Furthermore, such
analysis can be combined with quantitative analysis of individual
pha?;!s, to provide an accurate measure of the whole rock (Albeee. a.,
1977).

Semi-quantitative analysis. Semi-quantitative analysis can be
performed by direct reference to standards without correction for
matrix effects. It can also be carried out by reference to standard
intensities measured at an earlier data («library values», «ghost
standards» or ¢default standards»), or even without standards at all,
by using values calculated on theoretical grounds after an initial
instrument calibration (e. g., Russ., 1978). Most commercially
available energy dispersive instruments can now be supplied with
software packages which perform on-line analysis, but even without
these, energy dispersive systems lend themselves ideally to the cali-
bration curve approach advocated for simple systems in the early
stages of the development of microprobe analysis by workers such
as J. V. Smith (1965). A typical example of this type of application
is illustrated in fig. 1 which shows the Ni/Fe ratio measured for
205 points chosen at random on kamacite/taenite grains in the In-
nisfree chondritic meteorite (Halliday e. a., 1978), using a series
of simple Ni—Fe alloys and the pure end members to construct
the curves. The data shown in fig. 1 took slightly over two hours
to gather. _

Quantitative analysis. For many years EDA was regarded as
a promising tool for qualitative or even semi-quantitative analysis,
but as unsuitable for more accurate work. However, pioneering
work by Reed and Ware (e. g., 1973, 1975) and others, showed that
it is not only possible to carry ont fully quantitative analyses by EDA
but that the technique offers some real advantages over the well
established wavelength dispersive analysis (WDA) even when the
latter is performed using an automated instrument.

At the present time, a haundful of laboratories around the world
are performing such fully quantitative analyses routinely on a wide

Fig. 2. Schematic flow chart for EDATAZ as used for processing an unknown.

Note that everything within the dotted line is iterated until convergence is achieved. When
used for processing the spectrum of a standard, only one iteration will be required because
the composition in known. Also, the same program can be run by inputting a different code,
to produce the ‘normalised background’ (Smith e. a., 1875), the overlap coefficinets and the
default standard values. The « ADJUST» process permits elements which cannot be analysed
(e. g., H, Li, C or O) to be calculated within the program for example by difference, or to be
input in fixed amount. The « RECALCULATE», process permits reformatting of data after
corrections — e. g., as oxides, or recalculated to 100%, or recaleculated H,O-free, elc.
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range of geological materials from minerals to glasses. Reed and
Ware (1975), Albee e. a. (1977) and Dunham and Wilkinson (1978)
have all compared results obtained by both EDA and WDA on series
of well characterised standard materials. The conclusion to be drawn
from these studies is that, in terms of the accuracy which can be achie-
ved for major components, there is little to choose between EDA and
WDA, provided always that suitable hardware and software are
available and sufficient care is taken in all aspects of the analysis.
Indeed, even minor components, present in concentrations greater
than, say, 0.2%, appear to be determined very satisfactorily
by EDA.

There are now available several programs which are designed to
produce fully quantitative analyses from energy dispersive spectra.
However, interlaboratory testing of programs for EDA, although
quite feasible, is likely to prove much more difficult than was the
case for WDA. Thus, it may be a long time before the strengths and
weaknesses of each program touted as being suitable for fully quan-
titative analysis can be proved by thorough testing or by constant
use.

The FORTRAN IV program EDATAZ2 (fig. 2) is a recent develop-
ment from EDATA (Smith, Gold, 1976), a program that was designed
in the author’s laboratory with the object of wringing the maximum
accuracy out of energy dispersive spectra, while at the same time
requiring the very minimum amount of user interaction. In addition
to integrating peak intensities and making full matrix corrections
(atomic number, absorption, characteristic and continuum fluores-
cence), EDATA accurately calculates sample background throughout
the energy range of interest, strips escape peaks, makes deadtime
corrections, deals rigorously with complex overlap possibilities,
determines system resolution at the time analysis, corrects for
miscalibration in the energy of spectra acquired and takes into ac-
count any fluctuations in the probe current during analysis. EDATA
was designed primarily to cope with the analysis of silicates and
oxides and can deal only with elements from Na to Zn inclusive, plus
Zr and Ba. On the other hand, EDATA2 has all of the facilities of
EDATA but additionally can process data for any elements and can
handle either energy or wavelength dispersive data — or a mixture
of both. This last feature is becoming increasingly important hecause
new microprobe installations commonly have an energy dispersive
spectrometer in combination with one or more automated crystal
spectrometers. Crystal spectrometers remain essential to produce ac-
curate results in the presence of certain severe interferences (e. g., Pb,
Mo, S; U, Th, K; Sr, Rb, Si; Ba, Ti; REE-I, Lp) or when accurate
determination of trace to minor constituents is required. It is te-
dious and, indeed, awkward to have to process data from EDA and
WDA separately and then combine the two. Clearly, several manu-
facturers of EDS systems have already recognized this trend and
now offer software packages for the integrated automation of EDA
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and WDA — both in terms of instrument control and the reduction
of data. We may expect that such integrated systems will vary,
at least over the next few years. quite substantially in their sophi-
stication, convenience and cost.

Although fully quantitative EDA may be achieved using virtually
any microprobe, the addition of an EDS to a SEM will permit fully
quantitative analysis only if particular attention is paidto the
control of two important parameters — short term fluctuations in
the probe current, and the angular relationships of the electron beam,
the sample surface, the X-ray path to the detector, and the detector
surface. Fluctuations in probe currenl tend to be much more se-
vere in the SEM than in the microprobe and consequently it is par-
ticularly important to determine the integrated probe current du-
ring analysis. This may be achieved by monitoring the current col-
lected at the final aperture and by making periodic measurements
of the ratio of aperture current, using a Faraday cage in the sample
position. The control of angular relationships is equally important
since the matrix corrections which must be applied to achieve quan-
titative analysis depend on these relationships being both known
and constant. In fact, reliable data on parameters required, for
example in the so-called atomic number correction, are available
only for certain very specific angular relationships. In this situation
it is necessary to be able to determine accurately from the instru-
mental controls what angular relationships obtain and to be able
to adjust these to certain preferred values. At sometime in the future
when more data has been obtained on the effect of non-normal beam
incidence, it may be possible to tolerate a complete range of atti-
tudes of the sample relative to the electron beam and X-ray path,
ete. However, the computer software which will permit this latitude
will necessarily be a great deal more complex than the most compre-
hensive currently available since not only is the calculation of all
the various ZAF corrections affected, but also the size of escape
peaks, background intensities, overlap coefficients and «default»
standard intensities are changed.

In the short time since the potential of fully quantitative energy
dispersive analysis has been realized, publications have appeared
with analytical results for a broad range of materials. Papers repor-
ting silicate and/or oxide analyses include those by Reed and Ware
(1973, 1975), Desborough and Heidel (1974), Smith and Gold (1976),
Scarfe and Smith (1977), Corlett (1977) and Smith and Cavell (1980).
Papers with sulphide, sulphosalt and/or sulphate analyses include
Desborough and Heidel (1974), Smith and Gold (1976) and Corlett
(1977). Results for natural and/or synthetic silicate glasses, have
been published by Nicholls (1974) and Smith and Gold (1976).

With the increasing ease of data acquisition resulting from the
simplicity of operation and high degree of computer control and data
processing that has become possible, there will undoubtedly be
a burgeoning of energy dispersive analyses for which fully quantita-
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tive accuracy is claimed. Indeed, it may well be that a major pro-
blem will be assessing the real rather than the imagined accuracy
of such data. Here the need for a series of diverse, homogeneous,
well-characterised and carefully chosen test materials is apparent
so that laboratories around the world may measure the performance
of their instrumentation and computer software against outside
standards. Only in this way will incertainties surrounding the ac-
curacy of such analyses be minimised and their usefullness maxi-

mised.
Acknowledgements. This work was supported financially by
Grant 4+ A4254 from the National Research Council of Canada.

References

Albee A.L., Beaty D.W., Chodos A.A.,, Quick J. E. Quanti-
tative measurement of petrographic properties by Computer Controlled
energy-dispersive analysis. — Geol. Soc. Amer. 1977 Ann., Mtg. (Seatile)
Abstr. with Progs., 1977, 9, p. 874—875. k

Chodos A.A., Albee A. L, Quick J. E. The use of energy disper-
sive analysis for the study of phase aggregates. — Proc. 8th Intl. Conf.
X-ray Optics Microanal. and 12th Ann. Conf. Microbeam Anal. Soe.
(Boston, 1977), p. 181A—181D.

Corlett M. Tron oxides and pyrrhotites from lgdlukunguaq, Disko Island,
Creenland. — Can. Mineral., 1977, 15, p. 540—545.

Desbhorough G.A.,, Heidel R. H. Energy dispersive spectrometry
for quantitative mineralogical analyses — an ancillary system on an elec-
tron microprobe. — J. Research U. 8. Geol. Surv., 1974, 2, p. 441 —446.

Dunham A.C., Wilkinson F.C.F. Accuracy precision and detection
limits of energy dispersive electron-microprobe analyses of silicates. —
X-ray spectrom., 1978, 7, p. 50—o6.

Halliday I., Blackwell A. T., Griffin A. A. The Innisfideé
meteorite and the Canadian Camera Network. — J. Roy. Astronom.
Soc. Can., 1978, 72, p. 15—39.

Kelly W.C.,, Neabitt B.E., Metzger F. W.,, Essene E. I,
Scanning electron microscopy od ancient geological fluids and their
crystallisation products. — Proc. 13th Ann. Conf. Microbeam Anal. Soc.
(Ann. Arbor, 1978), p. 94A—94C.

Nicholls I. A. A direct fusion method of preparing silicate rock glass
for energy dispersive electron microprobe analysis. — Chem. Geol.,
1974, 14, p. 151—157.

Reed S.J. B, Ware N. B. Quantitative electron microprobe analysis
usixfl’g a7iithium drifted silicon detector. — X-ray spectrom., 1973, 2,
p. 69—74.

Reed S.J. B.,, Ware N. G. Quantitative electron microprobe analysis
of silicated using energy-dispersive X-ray spectrometry. — J. Petrol.,
1975, 16, p. 499—519.

Russ J. C. A fast, self-contained, no standards quantitative program
for EDS. — Proc. 13th Ann. Conf. Microbeam Anal. Soc. (Ann. Arhor,
1978), p. 46A—46F.

Scarfe C.M., Smith D.G. W. Mineralogy and chemistry of secondary
phases in some basaltic rocks from DSDP Leg 37. — In: Initial Reports
of the Deep Sea Drilling Project, 37, 1977, p. 825—831.

Smith D. G. W.,, Cavell P. A. Electron microprobe analysis of clay
minerals. This volume.

Smith D. G.W., Gold C. M. A scheme for fully quantitative energy-
disggrisivgoénicroprobe analysis. — Advance in X-ray Anal., 1976, 19,
p- —200.

68



Smith D.G.W.,, Gold C.M.,, Tomlinson D.A. The atomic num-
ber dependence of the X-ray continuum intensity and the practical
calculation of background in energy dispersive electron microprobe analy-
sis. — X-ray Spectrom., 1975, 4, p. 149—156.

Smith J. V. X-ray emission analysis of rock-forming minerals, I: Experi-
mental techniques. — J. Geol., 1965, 73, p. 830—864.

Steele I.M., Smith J.V.,, Pluth J.J,;, Solberg T.N. Quan-
titative analysis of zeolites using an energy dispersive system. — Proe.
10th Ann. Conf. Microbeam Anaf'r. Soc. (Las Vegas, 1975), p. 37TA—37D.

VIOK 549.082 [543.422.8 : 537.533.35]
JI. C. Rucklidge (Canada)

A UTOMATIC QUANTITATIVE MICROANALYSIS OF MINERALS USING
SI DETECTOR AND CAMAC INSTRUMENTATION

Hoawe. K. Paraudx (Kanaga)

ABTOMATH3MPOBAHHBI KOJHYECTBEHHBIM AHAJH3
MHUHEPAJIOB C HCHOJIB30BAHHEM Si(LI)-AETEKTOPA H MOJVJIENA
KAMAK

Basopas mogeas npubopa ETEC Auloprobe, comepskaman cToiuK 06 pasios ¢ ne-
PEMELIEHNEM 110 £Yz- OCHM, ONTHYECKMiT MIKPOCKOI (HA OTPasKeHue), KOJOHHY
€ BJEKTPOHHOI IyMKOo#H U penTrenoseknit getertop dupmu KEVEX, Gbuia noj-
KIKYeHa K MuankoMusoTepy PDP 11/10 uepes natepdeiicane moayan KAMAK-
craggapra. Si (Li)-jieTekTop pacnodoskeH Ha MecTe, 3aHIMAEMOM O00LIYHO BOJIHO-
BEIM CIIEKTPOMETPOM, U MOKeT, TAKHM 00pasoM, OHTH OYeHB CHJILHO NMPHGIAKER
K oOpasny. B 5T0M NHONOKeHHN IIOJYYeHA HKCTPEMAJbHAA YyBCTBATEILHOCTH
npubauaureasno 3000 myu/c mpn Toke 3oHga 1071° A, Takum ofpasom, adder-
THBHO HCKIOYaeTcs paspymenne obpasma un auddysns menoueii. HaGop Touex
JUIA aHANN3a MOKeT ORITH IpeJBapHTeJILHO BHIOpPAH H 3aHeceH B Buze ¢aiiza Ha
JINCK, ROTOPHIl HOCTEJOBATEIbHO CUHTHIBACTCH, a JAHHEE HAKAIUVINBAIOTCH aBTO-
mMarTnueckn. JlaHHEIE KOPPERTHPYHTCH HA MHHHKOMIBIOTEDE II0 CIEIHaJn3npo-
panHoil nporpasye. [Iporpavma paspaborana s odpaborkn ganusix ot Si (Li)-
JETeKTOpa M HCHOJB3YeTCH JUIA OIpPeJesIeHs cocTaBa Muuepaaos. Bricokokaue-
CTBEHHBIT AHAJN3 MOJYHaeTcH JUIH 22 DIEeMeHTOB B KayK10il Touke. JIerkocrh Ha-
KomIeHnsa GOJBIINX KOJNYECTH JAHHKEX TO3BOJAET N3YYaTh TPEH/LI H 1IPOBONTE
CTATNCTHYECKYIO 1POBEPKY THIOTE3.

A basic ETEC Autoprobe fitted with a KEVEX Si detector has
been interfaced to a PDP 11/10 computer made by Digital Equip-
ment Corporation. The computer has a 28k memory and controls the
microprobe through an interface consisting of CAMAC modules.®
The three stepping motors for stage control are driven from Borer
modules, which have been modified slightly to allow manual joystick
control as well as computer controlled operation. Control of lens cur-
rent is from a Kinetic Systems 8 channel 12 bit D/A converter and

* CAMAC is the name of an international standard of Computer Automation
for Measurement and Control.
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measurement of beam current and probe is through a K. S. 16 chan-
nel stepping 11 bit A/D converter. The signal from the Si detector
is processed via a Canberra linear amplifier and LeCroy QVT multi-
channel analyser. This latter, which is a NIM module, has a CAMAC
interface which lets it be started, stopped, read out, written into
and cleared by the computer. The display of the memory is provided
through a laboratory oscilloscope. Beam blanking control is provi-
ded through one line of a CAMAC output register, and detector count
rates are monitored by one channel of a KS 6 channel 24 bit CAMAC
scaler. A CAMAC live time clock completes the instruments required
to operate the system. Figure is a schematic of this layout. The
Branch Highway, shown in this diagram, is the CAMAC data trans-
fer route which connects to Branch concroller, and ultimately to the
PDP 11 Unibus.

Two PK@5 disk drives are included in the computer system,
which is run under Digital Equipment Corporation’s RT-11 opera-
ting system. Programming is done mainly in FORTRAN with
minor use of Assembler and advantage is taken of the overlaying
options provided by RT-11 for running programmes which require
memory in excess of that available in the computer.

Operation. The mode of operation of the instrument is domi-
nantly on suites of similar minerals for which good quantitative
analyses are required, but which rarely present any problems in
the identification of the elements present. Consequently little atten-
tion is given to the display and interpretation of spectra, and the
normal mode of operation is to select a point for analysis, collect
a spectrum, and store it for subsequent reduction. Remote control
and sensing of the beam current and count rates allow for collecting
spectra at a constant count rate rather than the more convenlional
constant probe current. We have found that maintaining the count
rate constant gives superior analysis, probably because operating
conditions for the detector, which is the most sensitive part of the
system, remain constant. Use is made of a Faraday cage to provide
calibration measurements from which the probe currents can be cal-
culated for all spectra. Element standards may also be used but
stored default standard values are usually adequate. It is however
necessary to establish the calibration of the detector with each run,
so that channel numbers and X-ray energies are accurately related.

Data Reduction. Data Reduction is performed off line by a mo-
dified version of EDATA (Smith, 1975).* The modifications have been
made in order to adapt it to run on the minicomputer and to allow
for the rather specialised method of collecting and storing spectral
and beam current data. The reduction is relatively slow, taking
3—4 min per spectra, but out of this come high quality analysis
with positive data on 21 elements each time. The elements are Na

*Smith D. G.W. An approach to fully iuantil.ative energy dis-

gersiva electron probe microanalysis. — Proc. M. S. Conf., Las Vegas,
975, Paper # 21,
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Schematic layout of the essential components and interconnections for automatic
control and E. D. A. data collection of an ETEC Autoprobe, using the CAMAC
interface standard.

to Zn, Zr, Ba, which are selected for their geochemical affinities.
Programmes are also avialable for subsequent interpretation of data
through plotting, tabulation etc. A revision of EDATA (EDATAZ)
recently developed by D. G. W. Smith (unpublished) is able to handle
all X-ray detectable elements in the periodic table, and this program
will be implemented shortly.

Conclusions. The flexibility offered by CAMAC interfacing and
a superior Fortran based operating system, gives rise to a wide range
of hardware and software possibilities in running laboratory instru-
ments. The system described above is only one third of the total con-
figuration; the other two thirds consisting of a Siemens SRS XRF
spectrometer, and another energy dispersive detector on an ARL—
EMX microprobe. All three of these instruments may be operated
simultaneously, and even under these conditions, the computer
is underused in time, though memory limitations prevent much ex-
pansion with the present CPU. When time and money permit, the
‘CPU can be updated to larger and faster model, while the rest of the
system, both hardware and software, will, be unaffected by the change.
It is precisely this built in non-obsolescence which has paid and will
continue to pay dividends
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PEHTTEHOCHEKTPAJIBHOE HCCJEJIOBAHHUE BOKCHTOB

L. §. Dubakina, K. S. Ershova, O. V. Scherbak (USSR)
ELEKTRON-PROBE INVESTIGATION OF BAUXITES

The quantitative determination of chemical and shaft composition of bauxite
minerals is one of the tasks, without solving of which it is impossible to work
out the optimal scheme of technological treatment of ores. One of the most per-
sgective method of investigation of mineral composition and of the character
of mineral aggregates in ores is the electron-probe analysis.

The composition of bauxites minerals: boehmite, gibbsite, diaspore, caoli-
nite and shamosite was investigated along with the form of presence of some
accompanying elements. It is established that the composition of the investiga-
ted minerals is constant and that the accompanying elements are in the form
of admixture of other minerals. 3

The determination of water in these minerals was carried out by the exchange
of intensivity of analitical line K, Al according to the hydration of these mine-
rals under the electron probe. The relative error of determination is not greater
than 10—15%. The investigations were carried out at the working voltage
of 20 kV and specimen current of 40—50 nA.

The artificial crystal of corundum and the metallic Al were the standards.
and they were prepared with simultaneous coverage with carbon.

[leppiile MHKPO3OHIOBHIE WHCCIEOBANNA MIHEDPAJOB TJINHO3EMa
oniin nposejienst asropamu B 1969—1970 rr. npn naygennu GoxcnTon
HMA. Ilpn amanmse rOMOTeHHBIX YYACTKOB JIOCTATOYHO KPYIHBIX —
no 1 MM — sepen MEHEpPaJOB riamHOo3eMa — Oemura, rubbcmra, Jma-
CIODA, BEIIEJEHHAKX U3 9THX DY/, OLIJIH OTMEYEHBl PACXOKICHHUA B pe-
8yILTATAX, IIOJYYAEMEIX NpPH MBMEPEHHAX B TOUKAX H IIpH Hepeme-
meanu 06pasuos 0oj 30H0M, KoTopsie npnsejenst 8 padore JI. C. [ly-
Gaxmuoii m B. [I. Brkosa.* Ot pacxosk/iennsa coCTABIAMN g Geyvura
n amacmopa jo 15, ru6bcmra — g0 50%.

Jlast Brgcuenus NPAYAH HTHX PACXOMKIEHMIT ABTOPAMA OBLLIN TIPO-
BEJIGHEl HCCJEOBANAA TePMAYECKOT0 BO3JEMCTBUA  DJIEKTPOHHOTO
30HJIa HA MUTEPECYION{He Ha¢c MUHEPAJLI M er0 BINAHUA HA N3MEHEHUe
unTencueHocTH Juamid K Al, mockoJabKy, Kak msBectHo, rufbcur,
Gemur m jguacmop upm Harpesammm o 250—500° C repsor momy,.
nocrenenno mepexons B Gespomubie (asnr Al,Og.

Hccnenosanus nposofmanch NpPU  YCKOPAIOIMEM HANPA/KeHUE
20 ¥B m Toke wepes obpaser; 40—50 nA. Bpema pmeiicteus 3012 J10-

* Hosble merofnl uccaepopanns GoxcutoB, M., 1972,

72



i

S
T

I
~ g o ﬁﬂ”
S 15 / Vi i
z Jiig
3 |
= |
)
3
5 1 L 1

1 1 1 1
0 60 120 180 240 0 80128 ¢

Puc. 1. Tpaduk sapncumocru unrteHcnpHOcTd jnmami K Al or ppemenm peii-
5 CTBHA DJIEKTPOHHOTO B0HJA.

300 ¢, nansienme yroabHoe. DB KavecTse 9TAJOHOB HPHMEHAJINCH
METAIMYeCKNIT aTlOMUHNIT H KPHCTAJ CUHTETHIECKOr0 KOPYH/A.

Ilonyuenusie pesyabTaThl MO3BOJRJIM YCTAHOBHTL 3aBUCUMOCTH
ypeandeHns naTencusHocTH JuHmi K Al Gemura, ru60cura n qmacmopa
0T BpeMEHH BO3JIeficTBHS dJeXTPOHHOro 3omAa Ha obpasen. Cormacuo
puc. 1, murencusrocts gunuii K Al Kopysia npu nsMepennsx B ToUKe
ocTaeTes MOCTOAHHOI, TOrIa KAk B 0eMuTe OHA YBEJIUIMBAGTCH OTHO-
CHTEJNbHO HAUaIbHOM Ha 13—15, B rubcure — Ha 45—50%. ITpn atom
nanboapuiee ypeaudenne parencusHoctH JuHmd K Al mumsepasnos
npoucxoxgur B uepsuie 60 ¢, mocae 180 ¢ uMATEHCHBHOCTHL HTHX JHHEIE
OpaKTHIeCKH JIOCTUTAeT MaKcHMyMa. B 1o ;ke BpeMsi upm mepemenie-
HIH Hccae/lyeMoro o6pasiia 10]] 30HA0M ¢o ¢cKopocThio 10—20 mrm/Mun
nuTencusHocTh Jaunpmii K Al munepanon ocraercs mOCTOAHHOI, TpPH-
yeM paBHoil HAYANBHONH WHTEHCUBHOCTA HA KPHUBOHM, 3alHCHIBAEMOM
Ipu aHAJN3e MUHEDPAIOB IO TOYKaM», PaccuuTaHHLEIN cocTaB MAHepa-
JIOB TJIHHO3eMA IPH JTOM COOTBETCTBYET TEOPeTHIECKOMY.

ComocraBieHne pPesyabTaTroB, HOJYIeHHBIX IPH PasublX cHocofax
3aMHCH AHAJNTHYECKHX KPHBHIX, IMO3BOJNIO CJEJAaTh BHIBOL, 4TO
naMenenue muTeHcusmocTn JamEmii K Al B Mumepanax riaumoseMa
o0yCJaoBIeno JerngpaTanueii oTuX MUHePATOB [0/ JIEKTPOHHEM 30H-
Jom m nepexojiom ux B Gespopunie Qasnr AlyOj.

Jlust HpOBEPRU HPABUIBHOCTH IPEAIOIOKEHIA 0 BIANAHUE TH/pa-
TalUl MIHepasos Ha 1 yseanuenne nuredcusHocTH dmumit K Al npn
HX aHajnse B Touke mo ypasHenmio (DuambGepa O TpOBeIeHbBI
pacdersl MOUPAaBOK Ha morJiomenne f () B MCXOAUBIX U JerHpaTHpO-
BAHHEIX MHOHEpPajJaX © HalijleHa MNpHBEJeHHAs HHTEHCHBHOCTH
0 =J /[ {z).

HeoOxouMuiM  ycaopmeM 'JUIA  JI0KA3aTeJIbCTBA  BRICKA3AHHOTO
NPEANOJI0/KEHHA FABIAETCSA TOCTOAHCTBO  COJEP/KAHUS]  AJIOMITHUA
B aHajauampyeMoM ofbeMe MEHEDAJOB IOJ 30HAOM JI0 M IOCHe HX
permppartanuu B xoje anaimusa. [lonyuennwie pesynwrarter (em. Tab-
JHIY) TOKA3BIBAOT, YTO NpPHBEJeHHEe HHTEHCHBHOCTH juHmi K Al,
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HMamepennkie # NPHBEJACHHBIE HHTEHCHBHOCTH K,Al n cocras Mupepazos o
| mocae WX JersjApaTanuH MoJ JAEKTPOHHBIM 30HIOM

£ &

Cocras, %| oF ) 2

SRE = = g

Muuepan 2oF g E = =

o e R S - - Y B

ilofEE) S |S8| S[ <] S

Al meramnnueckuil 100 | — 216020 — — — — —

HKopynsa 53| 47 | 71934| 0.478 150489 — 100 | —

BeMHT HCXOHEI 45] 55 | 56381| 0.450 (125291| 1.20 [ 85 | —

Bemur geragparnpopannbiil | — | — | 67647] 0.522 |129059]  — 87 2

TI'u66cuT Mexomaw 35| 65 | 39531| 0.417 | 94798| 1.48 65 —

nGGenr permpparmpoBas- | — | — | 58710( 0.592 | 99173 — 69 5
HHi

a TaK:e PacCYNTAHHBIE C YYETOM IONMPABOK KOHIEHTPAIMHE adiOMHHUA
B HCXOJHBIX i 00€3BOKEHHEIX 10/ B0HOM YIacTKAX MIHepanos OaAusKu
(orHOCHTENBHAs omHOKA ompejeseHHil cocTamBaser Aad Oemmra +2,
rubbcnta +5%), 970 HOXNTREPHRIAET BEIBOJ O 3ABHCHMOCTH W3MEHEe-
HHUA HHTeRcHBHOCTH Junmii K Al Munepanos ramHo3eMa 0T KOJHIECTBA
TepAeMO HMM BOJEIL.

YeranopieHHASA BABHCHMOCTH MOMKET OLITH HCIOJb30BAHA LIS
onpe/ieJenusA KOMUIECTBA BOJII, YAAJIAIOIEIca U3 MHHEPaJoB B pe-
3yJbTare JeTHApATAOUU IOJ B30HAOM B Xoje aHaxmsa. Jlag sroro
cTpomics rpadmK 3aBHCHMOCTH OTHOIIGHHMA HHTEHCHBHOCTEH JIWHMIA
K Al mecxommpix o JerufpaTHPOBAHHEIX MHHEPAIOB IJIMHO3EMa OT
TEOPeTHIECKOT0 COJleP:KAaHAA BOJAK B COOTBETCTBYIOIINX MCXOHLIX
munepanax. Ompejenns s HCCAEAYEMOT0 MHHEPAJA NHTEHCHBHOCTH
aunmit K Al 10 m mocne mermaparanud, OTKJIALBAIOT 3HAUYeHHEe HX
oTHONIeHNs Ha rpaduk (puc. 2) mmo ocm abCmuCe OMPEALNAIT KOJH-
YeCTBO YAAJNAIONEHCH BOJIEL.

Pesyasrarst mpoBeJileHHEIX HCCIC0BANNI IIO3BOJTHIN ABTOPAM yT04-
HUTH TaKMKe MHHEepPaJbHylo QOopMy INIMHO3eMa B AHAJIUBHDPYEMHX 00-
pasnax GOKCHTOB.

PazpaGoranHas MeTOJMKA aHAIN3A BOJHEIX MHHEPAJOB IJIHHO3EMA
OBlIa MCI0JAB30BaHA MpH uaydenun Gokcmros us 10 orevecTBeHHLIX T
4 sapybeskusix MecTopo;imenmit OokcmToB. Ilpm sroM yeramosiemno,
uto cofep:kanne Al,O; B Gemmre, quacnope mw ruGOcuTe IpaKkTHIECKH
BCErIa COOTBETCTBYET TEOPeTHIeCKOMY. Y CTaHOBIGHO TaKike, 4TO
AKesie30, KpeMHMil, TATAH, NUPKOHMI H Ipyrue dJIeMeHTH, onpese/se-
MBIe XHMHYECKHM AHAJM30M B (MOHOMHHEDAJIBHHIX» (QpPaRIuAX, Kak
LPABHJIO, BXOJAT B COCTAB CAMOCTOATEIbHBIX MEHEPAJIOB (BRIIOIEHHIL),
KOTOpHEe He (WKCAPYIOTCA KAK TAKOBLIE JPYTAMH METOaMH U3-3a
He0OMBLOIOro HX cofjepsradms B o0pasiax u KpaiiHe MaJbiXx pa3MepoB
(puc. 3).

Ocoboro BHEMaHHA B CBASH C BTHM 3ACJHY/KUBAIOT DPe3y.JabTAaTH,
MOJIy4eHHEIe aBTOPaMI IIPH uccAefoBaEnn mamo3utos. [lo cymecrByio-
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Pne. 2. I'padmk saBHCHMOCTH OTHOIIE- &
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UM IIPEJCTABJIEHAAM 0C00euHo-
CTBI0 XHMIYECKOTO COCTaBa MaMo- p : 1:0 . Y 3:9 ‘—,;'E
BUTOB SBIAETCA €r0 HemoCTOAH- %, Hal)

CTBO, KOTOpPOE CBHA3LIBAETCHA CO L
CTPYKTYPHBIMH OCOOBHHOCTSAMEH MHHEpaJa, JOMYCKAKMUMH BO3MOM-
HOCTh H30MOP(HOTO 3aMelen s AMIOMUHNH Keae30M I KpemuneM. [lo-
JyueHHLIE ABTOPAMH Pe3yJbTaThl MIKPO30HI0BOI0 AHANNS3A YHCTHIX M-
HEpaJoB (MOHOMHHEPAJBHLIX BhIJleJeHuil) I0Ka3kBaloT, 9T0 COCTAB BCEX
n3yveHHKX 00pasIos maMo3uTOB ONNHAKOB H COOTBETCTBYET B IIpejiesax
omuGKI ONpeJe eHnA mWaMo3uTy co cpefHEM coflepskanmem Al,Op —
25, Si0, — 21, Fe,04,q,, — 39—40%. Otm nanubie B paje cayuaes
pacxoxAaTcs ¢ UPHBOAMMBIME B JHTeparype AAHHEIMH XHMHYECKHX
aHAJIN30B IIAMOBHTOB, OIHAKO IPHINHOI DTAX PACXOMKIEHNIL ABIACTCH
mpese BCero HPHCYTCTBHE BKIOYEHMI MAHEepPaXoB-IpHMeceid, maMe-
HAIINX BaJ0BOI cocras oOpasuos. O0mee KOJAMYECTBO TAKHX BKIIIO-
yenmit He mpessmmaer 109%, scaepcTsme wero (mam mx amopdHOCTH)
oun ne durcupyiores uu MKC, nn jmdparromerpueii.

Murpo3onioBEIM AHAIA30M B TOMOTEHHLIX YYacTKaX IIAMO3HTOB
u3 mecropoxnennii Cpemmero Tumana, Cpepneit Asun u gpyrax Obuid
o0Hapy#eHsl BKJIOYCHHSA MHHEPAJOB, IO cOCTaBy OJMBKMX K KpPOH-
WTeATHTY W HAbBMEHHTY, a B o0pasmax m3 Mectopomgenuit KHMA —
BKJIIOUGHHA, B COCTAB KOTOPHIX BXOJAT B PAa3JUYNLIX KOJHIECTBAX
Kpemuuii, asloMunnii, sexeso u mMarnuii (pue. 4—06). Taxne pxioTe-
HHf, CTeCTBEHHO, He MOraH OBTh BEJIEJEHH IPH IOJTOTOBKe Hpob
Ha XHMHYCCKMIl aHaju3, IMOITOMY COCTABIAIONIHE MX 3JJIeMEHTh HA
OCHOBE JIZHHHIX 9TOTO aHaj u3a 00LTHO BK/IIOYAJHCE B COCTAB HIAMO-
3UTOB.

[Tpusepennuie B pammoM coo0mEeHHH pe3yJabraTsl yOeuTeJbHO
HOKAa3LIBAIOT TIHPOKHE BOBMOKHOCTH HPHMEHEHUA JAHHOTO MEeToJa
aHaJIM3a OPH JIETAIBHOM H3YYEHAN JHCUEPCHHIX PY/l CAOHHOTO CO-
crasa. Oco0yl0 neHHocTh JaHHBI MeTo[[ HIpHOGpPeTaeT MPH ero panuo-
HAaTBHOM KOMILIEKCHPOBAHNE ¢ PAAOM APYrEX (Qu3NYecKuX u (uauKo-
XMMAYECKIX MeTO/10B, 00ecnednBaioIeyM PeIeHue Kak TeHeTHIecKHX,
TaK H MUHEPAJOT0-TeXHOJIOTHYECKNX BOIPOCOB.
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J. B. I'oay6amnuxoe (CCCP)

MHKPO30H/IOBOE HCCIEIOBAHHME NPOJIYKTOB
JAEBHTPHOHMKAIIMA KHCJIBIX BYJKAHWUTOB

D. V. Golubyatnikov (USSR)

MICROPROBE INVESTIGATION OF THE PRODUCTS OF
DEVITRIFICATION OF ACID VOLCANITES

Products of devitrification form the main part of the majority of paleotype
acid volecanites. Mierogranularity and indistinct individualization of minerals
in them highly restrict the application of precise methods for crystallooptic
diagnostics. Microprobe methods allow to investigate in clear polish sections
concentration and distribution of chemical elements in various structural com-
ponents of rocks with high exactness and to observe and to fix their morpholo-
gical pecularities and relations. The use of microprobe in complex with the tra-
ditional analytical methods opens new possibilities in reconstruction of the gene-
sis of acid volcanites.

Wsyuenue mpojiyK10B JeBATPAPUKATEA ABIAETCA HEOTHEMJIEMOIT
9aCcThi0 PEKOMCTPYKIIMKM TeHe3Hca NaJeoBYJIKaHATOB. Mukpoxpu-
CTAJINYHOCTL ¥ HescHas WHANBAAYaJN3alis MIHEDAJOB B paccre-
KIOBAHHHIX 000c00JeHHAX, M3 KOTOPHIX MHOTHEe, B CBOI0 0Yepeb,
PA3JIMIAMEL TONBKO IO MHKPOCKONOM, O0OYCIOBJHBAKT BechMa Hu3-
Ky s(QferTHBHOCTE TPAZHOUOHHBIX METONOB JHATHOCTHKIL.

Muxposongosuit anammsarop MS-46 (KAMEHKA) mossoaser pa-
6oraTh ¢ NPO3pPAYHO-TOIHPOBAHHEIME IIIAPAMI U TeM CAMEIM Koppe-
JUpPOBATH JAHHLIE MUKPO30Ha ¢ HAOMIONeHuAMY B 00LIYHLLT ToXsApH3a-
nuoHHLE MAKpockom. Haubosee GaaroZlaTHEIMI B METOHYECKOM
OTHOIIEHHN 00BeKTAMA NCCAe0BAHNSA ABIAIOTCH UTHUMODUTE U CLHEK-
mueca Tye, B Ipemaparax KOTODHIX MOKHO OJHOBpPEMeHHO HADIIO-
JaTh MHOKecTBO 000cobJeHNil, H3BECTHHX MO/ Ha3BAHHEM IEHIOBHIX
qacTHI, (B JaabHeimeM MEKPOTACTIHII).

Ananns ofpasna U3 TOJNH JIEBOHCKEX NIHAMOPHTOB M CIEKIIAXCH
Tydos mommpocTei0 OKoJ0 1500 M B paitome r. Hymamwp (Cesepo-
Bocrounaa Bermak-Jlana, Hasaxcran) nmokasaa Bo3MOMRHOCTH HaDII0-
penus ¢ noMomslo mpuGopa MS-46 mopdonormueckux ocofennocreit
TOPOMAL B KATOAHKIX JYy4aX W HHTePHpETAlHH MIHEDPAIBHOTO COCTABA
pPasaMuHbBIX CTPYKTYPHLHIX KOMIOHeHTOB ee. Druo ycramosieHo
(puc. 2, 3) caemgyomniee:

— no nepudepun MUKPOYACTHII (B TOM 4YHC/JEe BOKPYD cojepika-
mMUXCA B HHEX Ta80BEIX Ny3kIpeii] paBHOMEPHO CKOHIEHTPHPOBAH
CYINecTBeHHO KaJNINIIATOBHIL arperat;

— B AApax MHKPOYACTHI] JOMHHHDPYeT CYNIeCTBEHHO KBAapPIeBLIH
(BO3MOKHO, TPHAMMATOBEI WIN KPUCTOOATHTORKIA) arperar;

— HOJI0CTH TAa30BHIX HYSLIpedl W Mes0CTasmc, NeMeHTHpYomui
MHKPOTACTHI(R, BHTOJHEHA KBAPLH-aab0HTOBBEIM arperarom;
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Tadamma 1
XapakTepHCTHRA PEKHMOB

TapameTpbl 80R/A
yexopao- | Ila0mans
Buj| ncenefoBanns AnamMerp CKaHupo-
v mee
MEM TOK, A Hanpae- | BAHUA, MM
uue, kB
HaGmogenne B KATO[HOM HBJIy4e- 300 5.10-% 20 =
HHH
Permctpanud  XapaKkTepuCTHYe- 2 15408 20 2003% 200
CKOTO DPEeHTI'@HOBCKOTO MBJIyde- -
HHST
HonunuecTpenHLIil aHaIna 2 (5=10). 10-8 20 -

— nmHpopMaTABHOCTE MOpdoIOTIIecKAX HaOMIONeHIIT B KATONHOM
naaydesnn o0ycJOBJICHA APKOH CPABHATENBHO ¢ JIPyruMpm MAHepa-
JaMH JIOMOHECIeHImell KaJuImara;

— BENmECTBO MHUKPOYACTHI[ B Ipolecce ux (GOPMUpOBAHAA Mpe-
TepHeno XPYyHKyl0, a 3areM IjacThuecKyio pedopMmaimio.

B sapauy caemywomero sTana paGoT BXOAMIO0 BHABICHHE:

— THUHRYHOCTH pe3yJbTATOB HEpPBOTO OOHITA JJA AHAJOTHYHEIX
II0 COCTABY M CTPOEHHMI0 MOPON TOJINH B IEJI0M;

— B3aAMOOTHONIERWIT MHKpowacTur Me:xay coboit m JApyraMu
CTPYKTYPHBIMA KOMIIOHEeHTAMH;

— BOBMOKHOCTH NPHMEHCHAS  KOJMYECTBEHHOTO  (TOYETHOIrO)
MHKPO30HJIOBOTO AHAJMW3A JIA YTOYHEHHs BENIECTBEHHOTO COCTABA
CTPYKTYPHEIX KOMIIOHeHTOB. :

Wccaenosanue Bejock B IPO3PadHO-IONMPOBAHHEX mamdax To-
HmMHO0H 0K0s0 50 MKM ¢ HANBIIEHHOH YTIePOAHON INIEHKON TONMIMHON

oxono 300 A. Hapruna xarommoit moMunecreHnum (UKCHPOBANACH
dororamepoii Tnma ¢3eHnTy HA OOHYHY HeTaTHBHYH mieHKy. Hom-
IEHTPAaIA U paclpeflejeHne XAMAIECKHX 2JeMEHTOB PerHCTPHpPOBA-
JUCH HA CKAHOTPAMMAX MX XapaKTepHCTHYECKOr0 PEeHTTeHOBCKOIO
N3JIYYeHNA ¥ KOHIEHTPANWOHHKX KpuBHX., HoawmdecTsemnwil anaana
NpPOM3BOJWICA IO CTaHAapTHEM o0pasnaM m MeTofuKe, paspaboran-
ueivm B0 BCETEW. Venosma paGorst mpuGopa B pasimuHbIX PeKHMAX
orpaskensl B Tabm. 1.

Beero nayueno 12 o0pasnos, mpeicTaBiIAKNIIAX pasjudiHbie I'OpH-
souTH Toumu. Iloposikl XapakTepuayloTes TeMHO-CePMH (¢ JAXOBa-
THIM OTTEHKOM), JMJIOBATO-KOPHYHEBHIM ¥ (HOJETORLIM IBETAME W
YeTKOil OPMEHTHPORKOH MaTepmaja i HampasJeHHH Tedenmnsa. Cocras
HX JIANAPUTOBHU wuim Jnmapur-ganmroswit. Ceame 75—80% mnx
o0peMa COCTABJSAIOT MEKPOYACTHIH M ME30CTASHC, 0KOoIo 8% — 3epHa
KBapma, KaJamuara, aas0uT-0anrokaasa u peske 6morura. Ocransnan
9acTh HPHAQUICHHAT (BAMME H eJNHHIHBIM YTAOBATEIM OOIOMEKAM
Kucamx Jgas. XapakTepHa WHTEHCHBHAH cepunuTHsanma (bamme
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Tabauna 2 H BechMa caabasg — CBA3y0me
Xusmwecknii cocrap kaammnara, O sec. Macch. (DpamMMe mocTEraioT
B pasmepe 1.5—2 cM, sepua
munepamos — 0.5—1.5
MugpogacTHIB PeKO IPEBEL-
maior B pasmepe 0.1—0.2 mm.

K -
Oxucen GT‘,’,&“L‘;?,?&’;“; Monoxpucrann

iiIOE’) %gg ?;32 Oun mveror gopmy cepmoBmj-
K.b® 15. 14 14 41 HEIX WJIH JIyroo0pasuuix po-

$ : IYJeK WIH  HeIPaBIIBHBIX
Cymua 99.50 99.80 MHOTOYrOJAbHAKOB  (puc. 1),

CHIOKeHBl  KPHUIITO3ePHUCTHIM
HIH  MHKPOTPaHo0IacTOBBIM
arperaToM u TMOTpy#ieHB B KPHOTO3epPHUCTHIE Meaoctasmc. Habamoje-
HIE IPenapaTos B KATOMHEIX Jy9ax yeTaHABIMBAET CAeLYI0NHe Xapak-
Tepibie 0cOOEHHOCTH CedeHmii MUKpodacrur (puc. 3, a, 4, a—a):

-~ HOBCEMECTHOE YCTOHYMBOE OKOHTYPUBAHUE MX HMBHYTPH APKO
MOMIHECHHPYOIIEM KaJUIOIIATOBEIM AarperatoM (mEpWUHaA KaiiMbl
2—4 MEM);

— MHHUMAJABHO  pPa3iMunMBId  pasMep CeYeHmid  COCTABJISET
2—4 MEM;

— HajJu9@e CJeJ0B Ta30BHIX Iy3sipeil (mpemMymecTsento B Honee
KPYHHBIX YacTHIAX);

— Ppe3roe COYJeHEeHHE B KOHTYPAX IPAMBIX JMHHU W BOTHYTHIX
JIYT, CBHIETEJIBCTBYIOMAX O B3aMMHOM HePECedeHHH ILIOCKAX TpPem{iH
I Iepecevennu MMM I'a30BLIX myssipeit (puc. 2, a, puc. 4, a);

— CJIe/Ibl IIacTH4ecKoil JegopManun: a — IPH CONPAKOCHOBEHIN
¢ sepHamMm MmHepasioB (puc. 6), 6 — Ipn B3phiBe ra30BLIX Iy3krpeil
(puc. 4, 0, a);

— pasanynag NHTeHCHMBHOCTH INTACTHYCCKOM medopManmm aske
B Ipefenax oauoro o6pasuna;

— B3aUMi0e COIPHKOCHOBeHMEe Haubo0Jee MEIKIX MHKPOYacTHIL,
KAk IpaBHI0 JHIIEHHBIX I'a30BHIX LIY3HIpeil.

Amanus cepum CKAHOTPAMM XAPaKTePUCTHUECKOTO PEHTTEHOBCKOIO
H3IYYCHAA XHMUTOCKHX 2JEMEHTOB IMOKasbBaeT o0MIHOCTH COCTABA M
XapaKTepa pacmpejieleHHA MHHEPAJbHBIX arperaros, YCTAHOBIEHHLIX
OepPBLIM OILITOM HCCAeJOBAHMSA, /IS BCEX pPacCMATPHEBAGMEIX IIOPOJ
gamroit tonmpr (pmue. 2, 5). PeKOHCTPYKIMA CTPOEHMA PAasIMIHBIX
yuacTkoB Hpenapara (pmc. 6) tpefyer o0f3aTesbHOrO NpPABIEYSHAT
HAHHEIX KATOJHOW J/IIOMUHECHeHIHH BO H30eKanme HOTPENIHOCTel
DOCTPOSHHAA BCISCTBHE XAPAKTePHCTHIOCKOr0 PeHTTeHOBCKOrO H3IYy-
9eHNA BTOPHIHEIX KalmeBbIX MHHEPAJ0B, Hampmmep cepmrura. Cos-
MemeHHH KoumeaTpanmoHusii mpofmae I—I (pme. 6) yxaswmsaer
Ha yCTOMYHBOE H CPABHATEILHO HEBRICOKOE CO/lep/RaHme HATPISA B Me30-
cTasmce (MCKJ04Yas eJAHAYHBE MAKCHMYME), a TAKKe HaIuIne ero
B arperaTe, BEIIOJHABIOIEM I'a30BHIl IY3LIPh.

Cpasnenme pesyJabTaToOR KOJMIECTBEHHOTO (TOMETHOTO) AaHAIM3A
KaJAIIIATA B KaiiMe W MOHOKPHCTAJIE IHOKA3HBAET HX MIGHTHIHOCTH
(taba. 2), 9T0 MO3BOJAET CYMTATH ATPEraT KaiiMBl MOHOMHHEDPAIBHBIM,
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Pue. 6. 7 PeROHCTPYKINH CTPOGHHH
MHKEPOYACTHIH B KOHTAKTe C 3€PHOM
KaJnniiara.

1 — KpeMHeseM-aJab0HTOBEIL arperat meao-

CTAZNCA M BANOJHEHMA PasOBOr0 INY3HIPH;

2 — KammmmaToBas Kalima; 8 — cYIecTBeHHO

KPeMHe3eMICTOe Apo; 4 — 3ePHO KAJMINIATA;

5 — KOHIEHTPAIHOHHEIE KpuBble (@ —
KaXnAa, 6 — HaTpnA).

a TaK/Ke BHICKA3aTh IPE/NOJIO-
JKeHne, IT0 MeTOJ KOJIMdecTBeH-
HOTO AaHaJIW3a, paspaboTaHHEIl
M TOMOTEHHBIX MOMOKPHCTAI-
J0B, TMPHMEHHM H Iy aHAIA32
MOHOMAHEPaJIBHEIX arperaTon
C pasMepoM B3epeH, 3HAYHTEIHHO
MEHBIDEM jmamerpa 3somjpa. Ho-
JUYECTBCHHBIH AaHAJIHZ Me30CTa-
smca, fAACP MHKPOYACTHI[ U ra- o wied T T
BOBBIX ILY3bIPeil KOPPEKTHLIX pe- I I
ayabraTos He faix. Ommako oTHO-

CHTeTbHEe MHTeHCHBHOCTH Xapak- | 1 (%2 [v w13 [AFshl4

TEPHCTHYECKOTO0 PEHITeHOBCKOTO o
H3IYIeHHA HATPHA, Kalusa, KpeMm- 5
HOA H AJIOMUHHA CBHUJIETEJbCT-
BYIOT 0 HAJIWYUH STHX HJIEMEHTOB B HA3BAHHBIX CTPYKTYPHHIX KOMIIO-
HEHTAX I0DPOJ, YKaBhBas, B YaCTHOCTH, HA IMOJMMAHEPaIbHLIA COCTAB
Afep MUKPOYACTHL, M TeM CAMLIM JONOJHSIOT JaHHLIC CKaHOTI paMMEL.
Wrag, nosyyennnie GaKkTH HO3BOJIAIT CINTATH, YTO MEPBOHAYAND-
Hoe oGocof.1eHne MHKpPOYACTHI] IPOM30NLI0 [0 INIOCKUM TpeImuHAM,
BOZHHRIINM B IIOTePABIIEM IIACTAYHOCTH BeIecTse, (oraroM JeTy-
YIMHI KOMIOHEHTAMH, B Pe3yabTaTe B3phHIBA HJHN yAapa OpH HaJileHAn.
[TnacTuaeckasn nedopmamusa Moraa uMerh MECTO TOJIBKO B pe3ayibTaTe
namenenna p— I-ycaosnit # TOABKO B IIACTUYHOM Cpefie, 0 4eM CBH-
JIeTeIBCTBYIOT OTYETAHBEIC CJEALl B3PHBA rasoBhX mysspeil. Pasami-
Hafl MHTEHCHBHOCTH INIACTHYECKOM AefopMamuE MWKPOYACTHI] MOKeT
CBUJETeNECTBOBATL (IPH HMPOYAX PaBHBIX YCJOBHAX) O Pa3HOBPEMeH-
HOCTH UX BhHIIAJIEHHA AN 0 PA3IHYHOI IIACTHYHOCTH MaTepuaia B MO-
ment BapuBa. Takmm o6pasoMm, OKoHYaTeJIbHOMY BaTBEpJ/IeBABHIO
MHKPOYACTHI] HPeJmecTROBAIM:
— DKCINIOBHBHHEI BEIOpoc Maccel, Goraroil JeTydYEMH KOMMNOHEH-
TaMut BeJsiesicTsEe nepsuvanoil (Hacenkmn, 1975) rmjjpaTanmu pacuiasa;
— BTOPHYHOE YACTHYHOE MepeIJiaBleHue, CONPOBO/AIIIEecs
notepeil JeTyudmXx (Jermjpararmueii). ‘
JTH TMONOKEEHA MOATBEPAKAAIT runoTedy 00 o6pasosanum HIHEM-
OpuroB Kak «cBapemmux Tydos» (Mapwmama, 1934; 3asapmmxmii,
1947), npuuyem cobcTBeHiio «cBapuBaHWE» NPOAQIIKAIOCH BIJIOTH JIO
yeranosiaenusi GapoMeTpuYecKoro pPABHOBECHs MEKAY MHKpPOYACTH-
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maM@ B pacmaaBoM Me3docrasmca. BechMa mmTepecHa B OTHOIISHHN
rene3auca nofobHEIX mmopojx rummoreaa oJmioyca (1963), coraacmo
KOTOPOil BHIODOIIEHHEIH B3PHIBOM BBEPX TOHKHH M XOJOJHEII Mare-
puaj; majfiaeT B PacKAJeHHYH JABHHY, MOABYINYIO IO BeMJe,

Cregyer OTMETHTH, ITO BO B3AUMIOE COINPHKOCHOBEHME IIPUXO/AT
TOJABKO MHEKPOYACTHIE, 00CTHCHHBIE JOTYYHMH U He IPEeBHIOIA0Nie
B pasmepe 30—40 mmm (pumec. 4, @), T. €. HAXOAAIMECS HA IPEJeJe
paspemaiomeil cmocofHocTH OOBIYHLIX HOJMAPH3ANUOHHBIX MHKPOCKO-
nos. BaamMHOTO conmpmKocHOBeHHs Dojee KPYIMHEX 4acTHUI] HE BCTpe-
4ero, 4T0 00BACHARTCA, O-BHANMOMY, o0mieil TexpeHimeil mx mare-
puasa K pazofImeHnio IPH mOTepe TadoBoil cocTasaAwmei (puc. 4, 6, 6).
91 00cToATEABCTBA W O0YCIHOBIMBAIOT, BepOATHO, OHTYIOIee mpei-
CTABJIeHHE O. B3ANMHOH HECONPHKACAEMOCTH (HEIIOBHIX) WTaCTHI]
(Creiinep, 1963; Koponosckmit m np., 1975; ITonos, 1977).

ObGpamaer Ha cefd BHEMaHHWe YCTOHYMBAA 3AMKHYTOCTBH CHCTEME
Kask/10 MEEpovYacTHIE! (Kak B INIACTHYECKOM, TaK M B TBEPAOM COCTOA-
HUM) 10 JOCTHReHUN €10 GapoMeTpHYecKoro paBHOBECHS ¢ ME30CTa3H-
com. O aTOM CBHJIETEIBCTBYIOT:

— TOBCeMECTHAf YeTKOCTH KOHTYPOB MEKPOYACTHI[, OTCYTCTBIE
B HHX CIe[0B MeracoMarosa (B YacTHOCTH, CEPHIINTH3AINN) WIH ac-
COMIVIADME B KOHTAKTEe ¢ ME30CTA3HCOM H KOHTAKTAX C JPYIHMHU
MIKPOYACTUIIAME W BepHAMI MHHEDAJIOB, BHB3BABIMNX WX IJIACTHIE-
cKyi0 gedopManuio;

— YCTOHYUBO PABHOMEPHO® pACIIPe/leIeHne MOHOMIIHePaIbHOT0
arperata Raxmmmara mo mepufepun HX.

Takas BaMKHYTOCTH, IO-BHIUMMOMY, €CTHh CJIC/ICTBHE HEIPOHHITAe-
MOCTH BHEINHEH 000JOYKH MUKDOYACTHI[, BO3HHUKINEl B peayiabraTe
00paboTKE BemECTBA Ta30BHIMU THAPOTEPMaMH IIPH OIpeejaeHHOI
TeMIeparype W jasieHmn. Duaropaps oroit o6odoure Kaumii OBLI
safiepskan BHYTDH MHEKDOYACTHI, HpH er0 MHTPAN@E U3 HX fAjep,
a4 MHOKPOYACTHIILI B 1[@J0M W30JHPOBAHEI OT IIPONECCA BTOPHYHOIL
rugparanmn crekaa. CymecrsoBammem takux upoueccos (Hacemknn,
1975) obbAcHAeTCHA, CKOpee BCEro, HWHTEHCHBHAA W30HpaTeabHas
cepuiTHdannA (bAMME, FBUBIMIUXCA, MO-BHAMNMOMY, KOJIEKTOPOM
(mm ogumM H3 KOJJEKTOPOB) KaJusg IPH ero BEIHOCE 113 Me30CTasnca.

Huartepecusiii MoMeHT 3ameuaTien Ha puc. 4, 6. [locme Ba3phiBa Tpex
TasoBEIX Iy3mIpeit obpaayercsa WacTHI@a B BHJE BOTHYTOro cdepmue-
CKOTO TPeyroJbHHKA — OJHOH M3 XapakTepHHIX (OPM MUKpPOTACTHI
peymux mraumOpurossix rtex (pme. 1, 6). Bmonme Bo3smoixkmo, 4T0
HMeHHO (iarofaps ra3oBeIM Iy3HIPAM B pacmiase cosfiaiorcs oboco-
GxennsA, nveiomue B nLIH@ax BUJL TPEYTOJIBHEKOB H MHOTOYTOIBHHKOB
¢ MaKCHMAIbHO COJH/KEHHHIMH CTOPOHAMH, COCTOANIEME 13 BOTHY-
THIX YT, OI4BHO COMPS/REHHKX ¢ mpAMuMa Juuuavm. O6paszosanme
TAKEX MUKDOYACTHI, MHOTHE HCCTefoBaTesNd O0BACHAIT SABICHUAME
makpanun (Creitnep, 1963; Mummu, 1966; Koponosekmit m ap., 1975,
1976) wam opbmrynsproit kpueranmusanan pacmaara ([lomon, 1977).
YauThBasg OPAYPOYEHHOCTS «HEILIOBHHEIXY CTPYKTYP K AIHKAIbHEIM
I KPAaeHEIM 9acTAM KHUCIALX CyOByJARAHWYECKHX TeJ, CHIAbHO ofora-
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menHbM JerytnmMn kommnorentamn (Hacemkmn, 1975), npencrananercs
nauGojiee NPABHILHEIM CYHTATH MHKPOYACTHIH B DTOM Caydae pe-
JUKTAMH WHTePCTHIHI Ta30BHIX ITysupeil. YCcTOWYMBOCTH cocTaBa
TaKAX MEKPOTIACTHI] JETKO 00BACHAETCA COO0payKeHMAMH, aHajoTHI-
HBIMI BHIIIEN310KeHHEIM.

Bece crasannoe mofrBep:kmaeT HeobxofmmocTh Oozee MEPOKOTO
IPIMEHeHAs NP H3YIeHHN IIAJe0BYJIKAHATOR MUKPOBOHIOBLIX METO-
JIOB, OTKPHLIBAIOIIAX HOBEIE BO3MOKHOCTH B HCCJEOBAHMM COCTABA U
OHTOTeHHH TPOAYKTOB HeBUTpuHKAINM.
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MUKPO30HIOBOE M3YYEHHE IIOPOJOOBPA3YIONINX
N PYIHBIX MUHEPAJIOB HA IPUMEPE IEJIOYHO-YJ/JBTPAOCHOBHBIX
MACCHBOB ROJIbCKOI'0 IOJIYOCTPOBA

E. A. Bagdasarov (USSR)

MICROPROBE STUDY OF ROCK-FORMING AND ORE MINERALS BY THE
EXAMPLE OF ALKALINE-ULTRABASIC MASSIFS IN KOLA PENINSULA

Microprobe study of rock-forming and ore minerals of alkaline-ultrabasic rocks
taking into account the dynamics of crystal growth in coordinates of space and
time has allowed to obtain some new data revealing the peculiarities in ontogeny
of minerals depending on thermodynamic and physico-chemical conditions
of their formation. Moreover, it is possible to determine reliably the stages
of mineral-formation and petrogenetic differences of monotypic rocks on the ba-
sis of mineral composition.
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Hoaperuil nonyoctpos ABIASTCH KAacCHUeCKUM pailoOHOM pacmpo-
CTPAHEHHsl MEJI0YHO-YAbTPAoCHOBHLIX mopoj. Onu obpasyior shech
CJI0KIO0 MOCTPOCHHBI® MACCHBLI TaK HA3KBAEMOr0 NMEHTpPaJAbHOr0 THIA
¢ ofmeil mocJe0BaTeNbHOCTEI0 (POPMHPOBAHMA: OJNBAHATEI—IIHPO-
Kcenuth (uurpysupHas ¢aaa); HeeIuHOBLIC IIHPOKCEHHTH —Melh-
TeHTATH, HIHOIHTE —IEI0THNe  HerMaruThl, mitonur-nophupr
(2 marpysusHan ¢aza); cepusa METACOMATHYECKUX IIOPOL—TYPBAUTH —
IOTONUTOBEE CJIOANTH —ANATHT-POPCTePUT-MATHETHTOBEIE PYIBI—
pasmoofpasmeie @0 cOCTaBy KapOOHATHTHI (mOCTMArMaTHYecKmil pram
topmuposanusn). Bompock merpo-pyjorenesa m MmHepasoofpasosa-
HOfl B 9THX KOMILIEKCaX mopoj mpro0peraloT B IOcJejHue TOJLL Juc-
ryccmoruntit xapaxrep (Bopoamn, 1962, 1963; Kyxapenxo, Barjgaca-
pos, 1961; Kyxapenxo u ap., 1965 u gp.).

OfpexTaMa M3ydeuusi SABAIACH OJHEBHHBI, THTAHOMATHETHTHL W
LHePOBCRITH W3 Pasiandubix Tuoos mopon maccusos Jlecuas Bapaxa,
Adpuranga n Horgopekoro.

Onwmsuup. 9710 OCHOBHBE MNOPOL00OPABYION(HE MUHEPAJLE
ONUBUHHETOR U LIEPUIOTATOE U OJHE U3 TJIABHEIX B TIOPOJIAX METACOMA-
TAuecKoii cepun. B yapTpabasmrax OJMBHHE KPUCTALIM3YIOTCH
MepPBHIMI 1 BaKAHYUBAIOT €€ BMECTe ¢ MepPOBCKHUTOM W THTAHOMAarHeri-
TOM, 00pasyonMMim B KPAEBLIX HACTAX KPYIHLIX 3€PeH OJNBIHA
BRJIKIeHnA. Mukpo30HJ0BOe H3YIEHHE OJUBAHOB PA3JIHYABIX TeHe-
Pamn@ii ¥ 30H KPUCTAJIOB 3TAX MOPOJl YKa3WsaeT Ha JAHTeJBHOCTL I
BBOJIOTIHOHH Y HANPABICHHOCTh KPHCTAIN3ATHA MIHEPAIOR B IPO-
mecce dopyMuposanus mopof. AHAIN3 NOJAYYEHHHLIX AauHbX (Tada. 1)
HOBBOJISET YCTAHOBUTH PAJ 0co0eHHOCTEI.

Ilo cocraBy OAMBHHEI pAacCMATPHBAEMBIX HOPOJL COLOCTABHMBI
¢ TAKOBLIMH THUMMABIX PACCJOEHHHKIX MHTpPY3uil (koMmjerce Crmiayo-
Tep, Bymseax u Ap.), B KoropeX (opcTepuTOBLIT KOMIOHEHT COCTA-
Bager 85—95%, W cymecTBeHHO OTAMYAITCA OT OJHBHHOB AJNLITHHO-
TAnHLIX yabrpamaduaecknx mopop (Mitra, 1973). IIpu arom coormo-
menne MgO/FeO mmuepaaa coramacyercst ¢ tTakoseiM mopoj. ITpmue-
9aTeabHOl 0c00eNHOCTHI0 MCCHEJOBAHHBIX OJUBHHOB Yabrpabasnton
ApjaAeTcA HeoOkYHAA 30HAJIBHOCTE — BO3DPACTAHHE MArHE3HATBHOCTH
MpHEpaJa 0T IeHTpa 3epHa K mepadepHm ¢ pasHHNedl B colep/HAHHR
doperepurosoro munana o 4 mox.%. B maccuse Jlecmasn Bapara
TPeH/ BO3PACTAIINSA MATHe3HAIbHOCTH OJHBUHA HPOJO/KACTCH U YCU-
JmBaercss B Gollee No3jHeR regepanun MuHepaia (aH. 2—4) — BKmi0-
YeHHAX B TATAHOMATHETHTAX, KPHCTANIHBYIOUMXCA HA TOCIEHHX
aTamax gopmupoBapunA mopoxsl. Tawkad «perporpagHasy 3IRONIOUHA
COCTABA OJWBUHOB B MarMaTH4ecKOH KDHCTAIIM3ALHN Mo:keT OHTH
CBABAHA ¢ TEpelajioM /aBJIeHHA I MOHATA B CBETE BEIACHEHHA Ie0Jo-
ru9ecKoil mosmumm u MexaHmsMa (opmmpoBaHms Maccnsos. Oamem-
HATHI, 3aPOAIAIONMIEec H HATAHADIIHECH KPHCTAJIH30BaTECA B TIy-
GUHHOM MarMaTMYeCKOM ogare, 3aBepmanT (opMEpoBaHHE B 30HAX
KOHCOTHIAINA Rak Tunndao Tpemuaake Teaa (Hyxapesko n np., 1965).

Pasmuane cocraa onmsuna oxmeummToB JlecHoit Bapaku B some
CePIeHTHHM3AINN 1 TPOABICHHUA JOJOMUTOBHIX KaploHATHTOB CBf-
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TaGaumna 1
Xumudeckuii coeTaB oapBnHoR, Bec. g, M KpHCTATIOXHMHUCCRAR (hopmyaa

Homep
003:3- Maccus Ilopona Mg Fe Ca Si Hpucramioxumuieckas Gopmyna

1 | Jecmas Ba- | Pyauwie onmpummtei, cpegmee ma | 28.36 8.32| 1.80 [18.92| (Mg 7s1Feq.221C80 ga8)2.0005104

2 P s e 7 8.69| 1.83 [18.83| (M F G Si0
0 7te, T@HTPANIBEAA 30HA KpHeTaa | 27.72| 8. .83 83| (Mgy e00F €5.232Ca0. 068)2.0005 104

3 Kpaesan ‘la[(]}'l'b Kpnc’rannap 28.97( 7.79| 0.92 [19.00| (Mg 700K €.208 33.33;)2.003 0,

4 To e, 3 BKmOIeHHA THTaHOMar- |29.56| 7.07) 0.74 |19.10 (Mg; 7877 €4.186C.027)2.0005 104
HOTRTOB, TO3IHAA TeHepalms

5 To ske, soma woHrarTa ¢ mmpoxce- |29.01 8.23| 0.49 [18.99| (Mg 7saFeq.218Ca.018)2.0005104
HATAMI

6 OnmBruATH, Oejane pyAuenm Mu- |28.52 8.03] 1.33 [18.95 | (Mg, 73sFep,213Cap, 049)2.0005104
HepamaMu

7 Pyqmsie onMBRANTH, cepuentamman- |29.91) 7.12 0.22 19.14 | (Mgy_spsF ey 15002, 0ps)2. 0005104
POBAHHHE BOHHI

PynHme ONMBAHATH ¢ npospnenmsa- | 29.78 7.07| 0.44 [19.12] (Mg, 0sFe5.250C2.010)2.000510s

ME JOJOMHTOBEIX KapOOHATHTOB

9 | Appuranga | Pyjnsie MeqKO3PHHCTHE OJMBHHUTE 27.79] 9.47] 1.34 [18.82 (Mg1 705 F€0.245C.050)2.000510u

10 To sxe, Goee kpyumee (1 yw)sepra, |27.36| 9.73| 1.44 |18.74| (Mg ess eo.2m a9, g54)2.0005 104
HeHTpaNEHAA 30HA KPHCTAILIA

11 Kpaesas uacTh KpHOTalIa 28.16| 8.63| 1.29 |18.88| (Mg, 723F e5.236Cy.048)2.0005 104

12 HopdrpoBuAEKe OJTMBHEATEL 26.11{11.79( 1.37 {18.52( (Mg soeF'eg 329G 052)2.0005 104

13 To e, menTpaNLEas 30na Kpuerasma [ 25.99111.60 1.69 18.51 | (Mg; q21F eq.315C80.084)2.0005 104

14 To se, Kpaesas wacth kpueramma | 26.50(10.911 1.59 18.61 [ (Mg1.sa5Feq.295C a0, 080)2.0009108

15 PyjHBe OJHBAHETE 31.25| 4.36] 0.78 [19.40| (M) ss0Fe0.113C00, 028)2.000510s

16 To e, TenTpaXBEAA sona kpuerasaa | 30.95 4.31{ 1.49 {19.32( (Mg _sasFeg.120C80.058)2.000510s

17 To se, Kpaesad wacth kpueramma | 31.30| 4.09) 0.91 19.42 | (M1 ge1Feq.106C2.08)2.0005104

18 | Kosmopexmit | Omusmmntia/ memtpaseroro  sppa | 31.90 3.26| 0.56 | 19.47 | (Mg, sssF €0, 084C0,020M1o, 008)2.000 510
raaBEoil BaeKH 2 -

19 ®noronuT-monecuA-onuERnoBHe no- |31.47( 5.85| 0.39 |19.37 (Mg; 576 F 8910000 014MDo 010)2.000 5104
POJIE MEJIKO3OPRHCTES

20 MDJ10ronuT-THONCHI-0THBHHOBHIE 110~ 31.18| 4.62| 0.28 [19.37 (Mgl_SS,Feo_lzﬂCaO_umMno_ﬂu)g_mSiO.
PORM CPeAHE3ePRMCTHE

21 To ke, KPYNHO3EPHACTER 31.00| 5.00( 0.17 (19.33 | (Mgy,s52Fe0.100C0.000M 1y, 012)2.0005104

IIpume

yamue. B o6p. 18, 19, 20, 21 nOnOMEATENHHO ONPENEIIGH Mn COOTBETCTBEHHO B Konmgecrsax 0.30, 0.38, 0.42,

0.45 Bee.%s



3aHO, IO-BUAHMOMY, C BO3JEMCTBHEM IOCTMAIMATHYECKHX PacTBOPOB,
OpEBOIAMNY K Audy3MOHHOMY IEpeMemeHni0 HIeMEeHTOB M H3MeHe-
HHI0 WX COOTHOIICHMHII.

CocTaB 1 DBOJIONNA OJIMBAHOB B MOPOJlaX METACOMATHIECKOH COPUI
OTIMYAIOTCA OT YKABaHHLIX BHIIE W COOTBETCTBYIOT 0OIMEH3BECTHOI
HOCJEIOBATEILHOCTI BO3pACTaHMIl JKEJe3UCTOCTH OJMBHHOB ¢ Haje-
HUEeM TeMIepPaTyphl.

Ilo comepsxanuio Ca 0OMUBUHEL PACCMATPHBAEMEIX IOPOJ] OTINIAIOTCH
OT TAKOBHIX M J[DYIHX CXOAHHIX THHOB. BaarompmsarnriMm gaxropamm
BXO/RIAPHAA KaJbIUA B OXuUBHH (IpH HachIeHHOCTH cucrembl Ca o
nefocemennoern Si0,) ABAAKTCA BEHCOKAA TeMmepaTypa M HH3KOe
mapienue, VMenno aTH yCIOBHA U XapaKTePHH 1A (GopMIpoBaHIA
OJIUBHANTOR PaccMaTpHBAeMHIX KoMmmiekcon. Heckonnko ornmyamorces
no copepiiannio Ca 0MMBUHLI B OJUBHHATAX HA KOHTAKTE ¢ MHPOKCE-
auramn (Jlecmas Bapaxa). Dr1o Momer OwiTh 00BACHEHO peakmueir
CaMgSi0,-Si0, > CaMgSi, 04, 1. e. ypeamuenne axrupaoctn Si0,
Oypmer cmocoGCTBOBATH YMEHBIIEHMIO MOHTHYEIIHTOBOM COCTABISIO-
meit B OJHBHHE.

C memonnaopanumem cmeremir goperepur Mg,SiO, —MmonTnyesinr
CaMgSiO,; rax reorepmomerpa (¥Ypycos, 1978) onpemeasercs, uro
TeMmepartypHblii uHTEPBaa (OPMHPOBAHNA OJIMBUHATOB MAaCCHBOB
Jlecnas Bapaka u Adpuranpa cocrapaser 1175—1075° C, a nepenag
TEMIIEPATYP C MOMEHTA 3apo:i/eHusA (nenTp 3epHa) 1 BEIeTenus (kpait
sepua) oxmsmua — 75° C. _

B oamBumax wmeracoMarmgeckoil cepmm mopox copep:kamme Ca
PE3KO NOHIZKEHO M 0HO BAKOHOMEDHO majaeT B MHHEpPAJie B HOCIEI0-
BaTeabHOM psny, oOHapy:xmsag ofparnylo Xxoppensnmio ¢ Fe.
B a1nx ke oJusuHAX ycTanasamBaercs Mn, IOJOKHTENBHO KOppeIn-
PYIOIHICA © }KeJe3NCTOCTRI0 W OTPHNATeNBHO — ¢ Kanbnuem. Taroe
conpszrennoe mopegesne Mn n Fe B onusunax ompejeisercs nx XuMmi-
YECKNM POJICTBOM.

TuranomarumernT B KoMmiekce mero9Ho-yIbTpaocHOB-
HBEIX HOPOJT BTOT MHHEPAT ABIACTCA «CKBOSHEIMY, KPUCTAIIABYIOUITMCH
Ha pcex aramax gopMmMmposanus MaccmoB. B mauboasmmx rosuge-
CTBAX OH NPUCYTCTBYET B OJMBUHUTAX W NHPOKCEHHTAX, TJle OH CO-
BMECTHO C IIEPOBCKUTOM BEIIENACTCHA II035Ke CHIMKATOB B COOCTBEHHO
MarMaTmieckyio cragmio dopmmpoBanusi mopop. HaumGomee panmme
remepamnnm Mimepajia B 3THX IOPOJaX YCTAHABIHBAIOTCS B BHIE
BRJIIOYEHHIT B 0JMBHIE W mEpPOKceHe. B mocTMarmMaTm9ecKux mopojax
HOBOOOPABOBAHHEI THTAHOMATHETAT BHIIEIAETCS HEOIHOKPATHO, IPH
9TOM BRJIOUEHWs €r0 B CHJINKATHHIX MHHEpaJax ABJIg0TcsH Goiee
HO3JIHAMA W BO3HHKAIOT B IPONECCe M3MEHeHH: MOCHeJHEX,

PesyabraTil MOKDPO3OHIOBOIO aHAJM3a THTAHOMATHETHTOB I HX
KpucralipoxuMmaeckasa gopmyna nmpmeomaTcsa B taba. 2. Hax supmo
u3 Tabaunsl, B pyjAunX ojmBuHEETAX MaccuBa Jlecmas Bapaka B ma-
HPAaBJICHUN OT KOHTAKTOBOH 30HE ¢ NHPOKCEHATAMHA K IEHTPY MacCcHBa
TuranoMarseTnt oGoramaercs Mg m Ti m o6egusnercs Fe. Takaa aso-
TIOIAsT COCTABA THTAHOMATHETHTA B IIPOCTPAHCTBE W BO BPEMEHH
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00BACHACTCA COBOKYIHOCTEI) (AKTOPOB — JIATENBHOCTHIO CTAHO-
BJIEHISI OJJMBHHATOB, HX BHICOKOH TeMIEpPaTypoil N MO3JHEM BHeje-
HUEeM PY/HBIX MHHEpPalOB B IpPOIecce KpHCTadau3anuoHHoH audde-
PEeHIHANUE, — «CHOCOOCTBYIONIX) KOHIEHTPAUMM M  HAKOINIEHTIO
PY/AHEIX KOMIIOHeHTOB, B ocobennocru sHeproemknx Mg m Ti, B na-
HpaBJeHuN 0T XOJOJHHX KPAeBHIX vacTell KO BHYTPEHHHIM (TOPAYHMY
gacTAM KaMmep.

AHajornyHOe N3MEHeHHe COCTaBa THTAHOMATHETHTOB YCTAHABIH-
BAeTCA JUIA PasHHIX €ro reHepaniii B mpegenax OGHOTO H TOro ke 06-
pasna: BRIKNYEHNA THTAHOMATHETATOR B OJIMBHHAX , ABJAI0muecs Goxee
pPAHHHEMH H BHICOKOTEMIEPATYPHEHIMH B OTJIHYHe OT CAMOCTOATENbHHIX
€ro BLIJIeJEHHHE B CHIEPOHATOBOM IIEMEHTE HOPO/hl, XapaKTePU3YIOTCHA
NOBEIMIEHHEIM COJIePikaHueM YIbLBOMITHHEIRBOI COCTABIAIOME.

B maccuse Adppuranma cocTaB THTAHOMATHETHTOB I1OCJIE0BATOILHO
GopMEPYIOIIUXCA TOPOJ 3aKOHOMEPHO DBOJIOLIOHHPYET, 00eIHAACH
Ti u Mg (Barmacapos, 1975). Hak sunso n3 taba. 2, B TnTamoMarme-
THTAX IEPBHYHBIX IOPOJ Y/ACJbHBIL 00BeM HpHMecedl BEIINE, UeM
B TAKOBHIX H3 HNEPEKPUCTANJIH30BAHHBIX IOPOI.

B KopjopckoMm Maccnee B IOCJEOBATEARHOM PAJY METacoMaTHde-
CKHX II0POji COCTAB MATHETHTOBRIX BKJIIOYEHHIl TAKIKE HBOJIONHOHU-
pyer, oboramasch MarHeamoQeppuTOBEIM KOMIOHEHTOM H MapraHIeM
n obejussacs tnranoM. Takas dBOJIONHEA COCTABA MArHETUTOB 00LAC-
HACTCH MHOI TeHeTHYecKOH MPHpofoll MX 00pa3oBaHHA — BO3SHHKHO-
BEHHEM 3a CUeT OJHBHHA B IPOIECce aBToMeTacoMaTndeckoro mpeodpa-
30BAHHA OMUBHHATOB. JTO MOJATBEPIKIACTCH W HAXOKEHHeM B Ilapa-
reHesnce ¢ MaTHETHTOM MATHOTeMaTHTa W MATHOHJLMEHHTA.

B maydeHHHIX THHAX IIOPOJi THTAHOMATHETHTH 00HADYHRUBAKOT
pasaudnoro pojxa gaszosyo HeoAnopoaHocTs, B inanasone ontuueckoii
MHKPOCKONMH YCTAHABIHBAIOTCS CTPYKTYPH pacmaja TBepiodasoBEX
PacTBOPOB THTAHOMATHETHTA M IeMOMJIBLMEHHATA C OIPeeJIeHHoil moce-
JIOBaTeIbHOCTEI0 Bo3HUKIOBeHNsA. OOImMell 3aKOHOMEPHOCTEI0 B 9BOIIO-
nuu MopdocTpyRTYpHEX ocobenHocTeil (had pacmajia ABIAETCA Cerpe-
raiusa, YKpyInHeHne 0 BUJI0U3MeHeHNe NX CO CTYNeHYaTHIM XapaKkTepoM
mocTmikennsi papHoBecus. B mociejoBarentno o0pasylomuxcsa CTPyK-
Typax cocrasil as compsiKeHHo NBMEHAKTCA: THTAHOMATHETHT CTa-
HOBHTCA BCE 0oJee ;ReJe3MCTHIM (BOBpacTaeT MATHETHTOBHIL MHHAI),
a TeMOMJLMEHHT BCe (0Jee MarHesmalbHhIM, T. €. OCYIIEeCTBIAETCS
peaxmus tuma (Mg)™+(Fe)*=(Mg)*+(Fe)’, mmporo npoasasemasn
B RJIacCe CIJIMKATOB NPH IOHNKEHHH TeMOepaTyphl.

B pmanasone pacTpoBoii MUKPOCKONHN B THTAHOMATHETHTAX yCTa-
HaBJHBAIOTCA eme 0Oojee TOHKme CTPYKTYpPHl pacliaja, CIOKeHHEIe
(hasaMm MATHETHT-YJbBOIIMAHEJEBOTO PANA, K KOTODHIM IpHMENIHEBA-
J0TCS BIBMEHHT ¥ mMunHeab. B aasmcuMocTn 0T NI0CKOCTH cpesa OTHO-
CATENHHO KPHCTAMIOTpaduIecKnx OCeH CTPYKTYpPHBIM PHCYHOK cpa-
cTaHmii ()a3 MarHETAT-IIIIMHEJCBOTO PAA M3MEHARTCHA OT NPHYYIIABO
B3aEMOO0YCIOBIEHHEX BaMKHYTHX KOHTYPOB B CIAYTAiHEIX Cpesax
mo pemerdathix crpykryp B maockoct (100) w (111) (pme. 1, a, 2).
Pasmepsr a3z cpacrannii, BX 0JHOPOJHOCTh W NEPHOAWIHOCTE CBHE-
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Tadbamma 2

Xummuecknii cocrap THTaROMAarHeTHTOB, Bec. 0, u KpHeTajaoxXnmudeckas gop

Homep
Oﬁllrgi- Maccus IMopopa Mg Fe
1 |Jlecman Ba-| Pyanstii oauBummr, Braouenus B omam-| 2.52 65.10
paka BHHAX
2 To xe 3.27 60.63
3 Tor e obpasen, caMocroatenvusie Bh-| 2.65 62.09
[eJIeHUs .
4 Pyamwii onmBummt, Braouenns B onu-| 3.06 61.00
BHHAX |
15 To ke 3.45 59.60
6 Tor e ofpasen, caMocronTenpuse Bh-| 3.64 60.43
Jenenud
7 Pyannii oamsmmur, Braouenna B oim-| 3.34 5847
BHHAX
8 Tor ;xe obpasen, caMoctomTennHLe Bhi-| 2.90 60.03
MeTeH I
9 Pypubtii onusummt, Brawuenuma B omu-| 4.55 56.19
BHHAX
10 Tot ke ofpasen, caMocToATeNLHLIE BLI- 4.15 57.48
| menemma
11 |A¢puranga | Pypmmii MOJIKO3ePHUCTEIL OJMABHHAT 1.62 62.68
12 PyAHEl KPYNHO3ePHECTHIA OJIHBHHIT 1.28 63.74
13 MemkozepHHCTHIT PyARKIT nerMaTuT 0.95 64.45
14 Kpynmroaepracrerit pyfamsiii nermarar 0.60 67.40
15 DAOTONAT-THTAHOMATHE THTOBA A pyAa 0.93 64.00
16 Pypaelii onOBEEAT, CAMOCTOATEILHEIE Bhi- 2.42 64.50
JleJIeHA A
17 | Hospoperuii| ONMBEEAT NEHTPaNLHOTO AApa raasHoit |  2.74 67.88
3aNeRH
18 Meukozepaucraa duoronnr-puoncu-omu-|  3.52 66.51
BHHOBAsA I0pOfa, BKJIIYEHHA B OJIU-
BHHAX
19 Cpenneseprucran Gaoronnt-groncua-|  3.62 66.26
OJTUBHHOBAA MOPO/A, BRIIYSHHSA B 0JIH-
BAHAX
20 Kpynnoseprmcran  quoronur-gmomcmg-|  3.69 66.16

HDpumeuanue, B obp. 7, 8.9, 10, 15,
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OJINEHHOBA A nopoja, BKNIYeHHUA B 0JIx-
BHHAX

16, 17, 18, 19, 20 nononHWTEnsHO oONpepene

Myaa
Ti Al Kpueranmoxummaeckan gopmyna

3.45 0.16 (Mgo, 251 F 651530 )1. 161 (F e 6T 1o, 161 ALo. 029)1. 54004

5.19 1.44 (Mgo.anzFen.Ms)l.235(Fel.4!4Ti0,235A10.113)1_73504

5.55 0.66 (Mgn.moFel.015)1.255(F51.435Ti0.255mo.054)1.74404

552 110 (I\Igu.274Feﬂ.97B)l.252(Fel.407TiD_252AIO.DBg)],74804

5.85 1.51 (Mgo.30s 1" €0.954)1.260( P €1.355 Ti0,260A 10, 124)1 . 7290

5.10 1.28 (Mgn.suFeo.907)1.231(F31.433Tio.zslAIu.103)1.7&904

7.46 0.46 (Mgo,300F €1.100M 10, 010)1,410( F €1, 213 Ti0.380A L0, 037)1. 5900
7.29 0.39 (Mo, 262F €1.001MD0. 011)1.334(F 1,302 Tio.534A10. 081)1.606 0
9.02 0.29 (Mg, 403F ey .oaaMnn.nm)Lms(F31.uasTio.403A]o.023)1.5m04
8.19 0.26 (Mgn.a«sFeo.oaaMﬁo.om)l.370(F31.‘zsuTiu.a:oAlo.n'zz)l.eaoo;
5.81 . 1.10 (Mgo.usFel.121)1.259(Fel.smTiu.aeuA]o.ou)l.73104

a9.57 0.83 (Mgo,usFel.u:)J.2eo(Fe1.411Tiu.2snAIu.uag)1.74004

5.08 1.025 (Mgn.oavF_ax.151)1.235(F31.439Tio.zssAlo.oss)x.szg

2.80 0.93 (MgD.OSGFel.O?T)l.lH(FBI,OEOTEO.lsaAIU.Dﬂs)I.Bssoﬂ

4.82 0.96 (Mgo,0s6Mnp, 020 F €1, 097), .220(F e 471 Tio. 226 A0, 083)1, 78004
2.73 0.98 {Mgo.ezoMﬂo.oero.ara)x.wa(FﬂLasaTio.zeaAlo.oso)l.sn204
0.10 0.04 (Mgo, 25:M 09,025 €0,728)1.000( 81, 003 T1 0,004 A0, 030)2. 00004
0.50 0.02 (Mgo,320MD0, 022185, 675)1.017( F €1, 90T 10,023 A1 0, 001)1 98404
0.39 0.12 (Mgo_ssuM“o.ozwFeu.eel)l.ms(Fel.nssTio.msAlo.ooe)l.98204
0.33 0.07

(Mgo,335Mn, 030 F €0, 650)1.015( F€1.985T 10,0154, 008)1.985 0

Mn COOTEETCTBEHHO B KOMMUECTBAX 0.25, 0.28, 0.26, 0.42, 0.5t, 0.45, 0.61, 0,55, 0.67 u 0.75 Bec.%,
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Tabanna 3 :

Cocrar aamrannjes B neposckntax macemsa Adpuranga, sec.0f,

Ce Nd La/Ce La/Nd
Iopopa, rexepauns
1 K 1T K 11 K 1T K 11 K
MenrosepruCTE PYgHLIH ONHBHHUT 1.29 |1 1.30 | 0.62 | 0.62 | 0.64 | 0.62 [ 0.48 | 0.48 | 0.97 | 1.00
IMermaTougasil OMEBEART 0.58 | 053 10.25| 022 | 048 | 047 | 0.42 | 0.41 | 1.39 | 1.29
Menxozepamerhili pyfnii nmpoxcennt 062|062 (0.29 | 0.29 | 0.20 | 0.25| 0.47 | 0.47 [ 1.45 | 1.16
Kpynuosepuucrtiit nupokcennt 0.66 | 0.55 | 0.29 | 0.27 [ 0.32 | 0.34 [ 0.44 | 0.49 | 0.91 | 0.79
Menkosepauctiiit pyanmil nermatnt 0.92 | 1.02 | 0.47 | 0.52 | 0.56 | 0.63 | 0.51 | 0.51 | 0.84 | 0.83
Hpynnosepumertii pyanmii nermarar 1.09 | 1.17 [ 0.60 [ 065 | 0.62 | 0.44 | 0.55 | 0.56 | 0.97 | 1.48
Impokcen-nedemunopuii nerMarur, kpynuase Kpucramama| 1.15 | 1.02 | 0.67 | 0.65 | 0.73 | 0.79 | 0.58 | 0.64 | 0.58 | 0.52
Kansnur-auduGon-pguoncupgoran nopoga, wpynmee kpu- | 1.53 | 1.59 | 0.87 [ 0.83 | 0.97 | 1.60 | 057 [ 0.52 | 0.90 | 0.83
cra/uE (10 1 ¢M B nomepevyHHEKE)
To #e, MenkosepHucTHe BHmenenns (MM H goxm mm), | 0.65 | 1.04 | 0.47 | 058 | 0.33 | 0.47 | 0.72 | 0.56 | 1.42 1-23
NO3AHAA TeHepailHs
Meaxroseprucras ¢noronuT-THTAHOMArHETHTOBAR pyAa, | 0.64 | 0.64 | 0.36 | 0.35 | 0.46 | 0.37 | 0.56 | 0.55 | 0.78 | 0.95
paHHAA TEHEepaIus
Hpynnosepuncras guoronnt-raranomarserntosas pyaa, | 0.52 | 0.56 | 0.38 | 0.32 | 0.20 | 0.41 | 0.73 | 0.57°| 1.90 | 2.91
MO3[HAA TreHepama

IIpumeuanue. Il — uenrpansuas, K — Kpaesasa 30HA KPHCTAIIA.
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TeJBCTBYIOT O CHMHOJANBHOM Xapakrtepe pacnajga. Ilo memmanme a3
W HUX PAcCJOCHHI0 THTAHOMATHETHTH OJHBMHNTOB Maccumpon Jlecmadg
Bapaka n Adpuramga obGmapy:kusaior cxopcrso. Cymecrsennoe
pasjnuie yeraHaBJIMBAeTCA ITO HTUM NapaMeTpaM U XapaKTepy CTpyK-
TYPHOTO PHCYHKA CpacTaHmit ¢as MeskAy THTAHOMATHETHTAMH MEIK0-
sepHHCTHIX (pue. 1, @) m mermaromgusix ojusuHuTOoB (pume. 1, 6).
B mocaegmmx pacmasmmecs ¢assr Goee MHAHBHAYAIM3HPOBAHLL I
yBeamuensl B pasmepax. B mocmemosatenpHocTH 00pasoBamms mopof
paamepsr fas (A, cM) B TRTAHOMATHETHTAX MaccuBa AQpuKania TAKOBHI:
pynasie omusuHATE — 0.7-1078% mermarompusie ommsunnte — 1.5X%
%1073, garoronnT-rnTanoMargeTATOBL nerMatut — 4-10°2, 1w man-
HEIe TOBOPAT O CPABHUTENBHO BEICOKMX CKOPOCTAX OCTHIBAHUA IOPOJ
(Xnmcuna, 1977).

ITeposcrur. B mexogno-yaprpaocHoBHEIX mopogax Hoab-
CKOTO TOJYOCTPOBA IEPOBCKHT SIBJAETCS XapaKTePHBIM MIHEDPAIOM,
BCTpPEYAeTCA B IapareHes3mce ¢ THTAHOMATHETHTOM M 00HAPY/KHBAET
CXOJIHYI0 ¢ HEM HCTOPHIO PasBHTHA. MAKPO30HI0BOE M3YyYEHHE NEPOB-
CKHTOB PAa3JMYHBIX HNETPOTeHeTHIECKHX THIIOB HA IPHMEPe MaccHBa
A¢puranjga IOKasaxo CYMECTBeHHOe PA3JIHYNe WX 110 CTeHeHH OIHO-
POIHOCTH MHHEpaja I 3aKOHOMEePHOCTAM H3MeHeHH: cocrasa. B mopo-
JlaX MHTPY3UBHHIX (a3 MepPOBCKUTH MePBHYHOI CTAIHH KPHCTALIN3A-
nun Gomee ofHOPORHEL o cocTasy. [Ipumevarennno, uTo m oTHOMEHNSA
TARAX WHAMKATODHHIX map siaementos, kak La/Ce, La/Nd, o scem
o0beMe KpueTamnos nMeroT Gnmskme 3navenns. lleposckurs m3 cxom-
HEIX II0 COCTABY, HO II€pPEKPHCTATINZ0BAHHBIX IOPO 3HAUNMO Pasid-
TapTcA Kak o o0beMy IpuMeceil, TPajueHTy KOHIEHTpAIHi, TaK o
II0 BX HampapieHHoOCTH. AHann3 Talia. 3 MoKassBaeT, 9T A Kam[oro
THTA IOPOJ YCTAHABIMBAIOTCA CBOHM O0COOEHHOCTH, OIIPEIeJIAIONIHe
ABTOHOMHOCTH IIeTpoTeHeTmIeckoro mnpomnecca. Ilo cooTmomenmio
La/Ce m La/Nd B pnnaMmuke pocta KpHCTAJLIBI IEPOBCKHTA OJ[HOTHII-
HBIX II0 COCTABY, HO TeTepOTeHHEIX H0Poj (IepBHIHEIX U IepPeKPHCTaI-
JM30BAHHEIX) T6TKO PABJHTATOTCAH.

ITepoBcKUTH IOPOX IOCTMATMATHYECKOTO 3Tama (GopMHpOBAHHA
XapaKTepu3yTcA OOJbIIed CTENEHBI0 HEOAHOPOJHOCTH COCTABA.
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ELECTRON MICROPROBE ANALYSIS OF CLAY MINERALS

H. I'. Cowum, II. A. Keiigear (Kanana)

MHUKPO30OH/IOBBIM AHAJIM3 IIIMHHCTBIX MHHEPAJIOB

AnaJiuTudeckue Ipolejypsl, OMHCAHHLE Huke, ObIN paapaforansl Ha upobax

crapfiaprauX rapd APT. Mannael asanusupylorea MeTo oM JHEPreTHYecKoil amc-
© Hepenn npH CKAHIPOBAHUT HJICKTPOHHOTO JIyYa 110 IA0mAA okoo 125X 125 MEM.
Anamnz na 22 saemenra (Na—Zn srmountensno, mioce Zr n Ba) BuImomHseTcs
npuyepno 3a 500 ¢ 1 -dareM HePeHOCHTCH HA MAaTHUTHYIO JICHTY /A JAajdbHeiinei
obpaborkn ma KomuboTepe, IIpn amaanse nupoGu He MOABEpTanTEs PaspylieHHI>
I TAKHM 00pasoM MOTYT HCHOJB3OBATBCH Jisi peHTreHorpadnuecKuX HecaeoBa-
HUIl, ecJl TAKOBRE NOTPedyIOTCs.

AnannTuiecKne JaHHbe KOPPEKTHPYIOTCA ¢ NOMOIbIo mporpaMMer «JJ|ATAy
(POPTPAH 1V) ma dou, nepenanps:xenne, NOKN MoTeps 1 T. . 0 Ha ZAF (Mma-
Tpuunbe)-adderTe. BansaHme N3BeCTHRX KOJINYECTH HPHCYTCTBYMIOImEro rpadura
BRIMHCASICTCH B IIpejnojoenny romorennoctn obpasna. Cojiepskanne BOhL
B nUHAX onpefeasercs no pasnuie. dag Fe*' : Fed*-ornomeHus mpegycMoTpena
BOBMOKHOCTE €10 BBGJICHIA B 1pOrpaMMy BMecTe ¢ MH(OPMAanueil, TOJyYeHHOI
JUTH KOHIEHTpammii mpounx njemMeHTos, manpumep Li, kKoropsii Moker mpucyT-
crBoBath B ofipasne, Ho He MO;KeT OHTh NpoaHAXN3upoBaH. J{ONOJHHTETLHEE
HOIPaBEN JIeIaloTes Ha IIPOYRe mpHMecH B KoaxomnjmoMm rpadure m ma docdop,
KOTOPHIT HOJBIINHCTBO TIHH TOTTOMAET N3 JCIepraTopa.

Metox Teneps yellemHO HPUMEHsETcsi Ui IINPOKOTO PAJa JAPYTHX TVIHH,
BRIKYAA PAJB KaHJHTa, CMEKTHTA M NAJWTOPCKHTOBHIX Tpymm. Ero caexyer
HIHPOKO HCHNOJB30BATH TPH HB3YYEHHH IJIHHHCTHIX MHHEPANoB, HCCAEI0BAHHE
JipareHesa nmponeccos 0GpasoBAHIA M N3MEHEHIS TJIIH, HCCIEOBAHIA H3MEHEHMIT
B COCTaBe ININHACTBIX MUHEPAJOB B 3aBHCHMOCTH OT CPeOsl OCAJKOHAKOIJIEHHT
I M3YUEHHH MEXAHMYCCKOTo NpeofpasoBaHms TJINH B PABIMYHBIX HPHPOJHKIX
YCAOBHAX.

Over the last two decades the electron microprobe has been suc-
cessfully applied to the study of a very wide range of minerals, but
one particularly widespread and abundant group, the clay minerals,
has remained virtually untouched. The few papers that have appeared
(e. g., Springer, 1974; Velde, 1976; Bodine, Standaert, 1977) have
dealt either with relatively coarse-grained clay minerals or with
those that occur in lithified materials. Several reports of the use of
the microprobe in a semi-quantitative or a qualitative role in clay
mineral investigations have also been published (e. g., Cole, Lan-
cucki, 1975; Mudroch e. a., 1977; Eggleton, 1977).
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Chemical data for clays obtained by other techniques are also
relatively scarce because of the characteristics of these minerals.
They are invariably fine-grained, and often extremely so; they
commonly occur as mixtures of both the mechanical and the inter-
layer type; impurities are ubiquitous and, because of the fine grain
size, they are extremely difficult to separate. All clays contain struc-
tural (OH) and many also contain interlayer H,O in amounts varying
with chemical composition, the environment of formation and the
preparative treatment received. Our initial understanding of compo-
sitional variations of most minerals came from the results of classical
wet chemical analysis, but the uncertainties surrounding the inter-
pretation of data obtained for clays has inhibited the extensive
application of these methods. Weaver and Pollard (1973) brought
together many of the more reliable chemical data that are available
for the various clay mineral groups and species, and Deer e. a.
(1962) also compiled a useful selection of analyses in their treatment
of the clay mineral group. An earlier fundamental source of data,
the report on A. P. I. Research Project 49 (Kerr e. a., 1951), included
analytical results for a wide variety of selected clays.

Thus, although the general chemical characteristics of the clay
mineral groups and species are established, available chemical data
are far too limited to answer questions about the extent of possible
chemical substitutions; the relationship of chemical composition
to the environment of formation; the compositional changes which
occur in clays during weathering, transport and diagenesis; the
effects of grain size variation on composition; and the compositional
changes that may be effected by preparative treatments commonly
used in the laboratory study of clays. A prerequisite for the acquisi-
tion of extensive new data is the development of rapid, inexpensive
and accurate methods for analysis. In view of the proliferation of
the electron microprobe in recent years, it was felt that the potential
of the instrument in clay mineralogy should be explored more fully.

Experimental. Electron microprobe analysis is now a well establi-
shed technique and many reviews of the subject are available (e. g.,
Reed, 1975; Smith, 1976). The work reported here was performed on
an elderly A. R. L. «<EMX)» instrument, more recently fitted with an
Ortec energy dispersive spectrometer which has a resolution of 156 eV
(at 5.9 keV and 1000 pps, full spectrum).

A preliminary survey indicated that several analytical problems
would have to be solved before fully quantitative microprobe analy-
sis of clays might be carried out routinely.

1. The hydrous nature of clays, with both H,0 and (OH) being
present and not directly measurable by the microprobe. Dehydration
data on clays (e. g., Grim, 1968) suggested that some of the H,0
would be lost from the sample during analysis due to heating by the
electron beam.

2. Since many clays occur as sub-micron particles and because
the microprobe has a limit of X-ray spatial resolution for quantita-
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Fig. 1. Exploded cross-section of the suc-

tion device, showing the ceramic disc

and the well into which it fits. The O-ring

in the upper section just seals the upper

edge of the disc when dthe screws are tighte-
ned.

1 — cap nul; 2 — O-ring seals; 3 — ceramic disc;
4 — rubber ring seal; &§ — suction flask.
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tive analysis of about 1 pm, the me-
thod should be suitable for analysis of
agoregates of grains.

3. Clays are commonly mixtures
of clay minerals and other minerals
(‘“impurities’). To obtain an analysis
reflecting the true clay mineral com-

2
position, rather than that of the clay
as a whole, a preparation method must
be used which eliminates or drastically
4 \ﬂ ~ reduces impurities.

4. Clay minerals often occur as mix-
tures of two or more species or else as
S R either a random or an ordered inter-
: layering of units of one species with
units of another. If such mixtures are to be recognized and false
conclusions from the analytical data avoided, the identical samples
prepared for microprobe analysis should also be suitable for X-ray
diffraction investigations which will reveal the presence of mixed
clays, whatever their type.

5. The ion exchange capacities and absorptive properties of
many clays will result in their being sensitive to treatment they
undergo during preparation.

Since mineral impurities in clays tend to be strongly concen-
trated in the larger grain size fractions, the 1 pm fraction was
chosen for analysis. This fraction was obtained by standard set-
tling techniques (Folk, 1959), after disaggregation of the raw
material in distilled water in a common blender or, where ne-
cessary, a blender followed by an ultrasonic vibrator of the probe
type (Genrich, Bremner, 1972). Flocculation, a common problem
with many clays, was countered either by adding a chemical disper-
sant (NaPOj), (Grimshaw, 1971), or by repeated washing and centri-
fuging to remove all electrolytes. The 1 pm fraction was deposited
by suction onto a porous ceramic disc, using a method similar to
that described by Shaw (1972). The apparatus designed for this
purpose is shown in fig. 1. It is primarily intended for use with
standard suction flask, but the upper portion is carefully machined
and balanced to allow the option of its use in a centrifuge. The discs,
which were cut from «cristaly bisque tile (H. R. Johnston Ltd.,
England), are 24 mm in diameter and the under surface is ground
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until a thickness of 3 mm is obtained. Thus they can be accommoda-
ted in the sample holders of most modern microprobes and are suffi-
ciently large for use in an X-ray diffractometer. It is advisable to
check the permeability of each disc prior to use by drawing some
distilled water through it. Using the suction flask and the labora-
tory line vacuum, typically a film of clay is deposited in about
5—10 min. SEM photographs of the upper surface and cross-sections
of such films showed them to be well oriented and to display no size
seggregation.

After being washed with 5 ml of distilled water to remove any
trapped chemical dispersant, the ceramic disc with the deposited
film is removed from the holder for drying. A problem often encoun-
tered in drying clay films for X-ray diffraction studies is the ten-
dency to crack and peel from the mount because of the great reduction
in volume that occurs with loss of water (up to 60—70% in some
cases). This problem was almost completely eliminated by placing
the film face down on a fluorotelomer-coated glass slide after it had
dried face-up for 10 min. The weight of the ceramic disc (2.5 mg)
is usually sufficient to keep the film packed down and well oriented
during drying, while its porous character allows water to evaporate.
The fluorotelomer combined with the initial drying prevents the
clay from sticking to the glass while still preserving the very smooth
upper surface required for microprobe analysis.

Before they can be analysed by the microprobe, samples must
be made conducting. Usually this is accomplished by depositing
a very thin (< 200 A) carbon film on the surface. However, this
routine procedure proved totally unsuccessful in the case of clay
mineral films. Indeed, even gold coalings twice as thick as normally
used in SEM work (and quite unsuitable for quantitative analysis)
proved to be only just adequate. It would seem that although con-
ductivity may be established in two dimensions across the film sur-
face, individual clay particles, which are much thinner than the depth
of penetration of electrons, are not sufficiently tightly packed to
give conductivity in the third dimension. To resolve this problem,
a totally different method of ensuring conduclivity was developed:
the<”1 pm clay mineral suspension is mixed with a colloidal graphite
suspension before it is introduced into the suction device. The gra-
phite suspension is prepared from Acheson «aquadag» using only the
portion that has not centrifuged down after one hour. Tests showed
that the amount of graphite required to ensure adequate conducti-
vity depends on the clay and is in the range 4—14 wt. % (commonly
10—12 wt.%). The concentrations of clay and of graphite in the
suspensions are determined by weighing portions dried at 105° C,
and then the volumes of clay and graphite suspensions required to
give a film of 50—60 mg total weight are calculated and mixed.
The clay/graphite films are prepared in the same way as pure clay
films. When dry, their conductivity is checked using an ohmeter.
For the operating voltage and probe current used, a resistance of
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Fig. 3. X-ray diffractometer trace of Macon, Georgia kaolinite-graphite film,
taken with Cuka radiation.

< 50 M@ from edge to edge of the disc is entirely adequate to pre-
vent charging. SEM photographs of the surface and cross sections of
clay/graphite films prepared as outlined (fig. 2) show an even distri-
bution of graphite throughout with no tendency for concentration
at the surface or as knots within the film. Samples thus prepared
are ready for microprobe analysis. They may also be studied in an
X-ray diffractometer since the graphite does not interfere with
the basal reflections from the clay minerals. In fact, despite rather
low intensities due to the colloidal dimensions, the graphite actually
proves to be a useful internal standard (fig. 3).

Tests were carried out using the microprobe to determine the
stability of the films beneath the electron beam. Much of the energy
introduced via the beam is dissipated as heat, and calculations sug-
gest that the temperature beneath a focussed beam using the chosen
operating conditions may be in the range of 200—250° C (Friskney,
Haworth, 1967). D. T. A. and dehydration data (Grim, 1968) indicate
that at such temperatures absorbed water and part of any inter-
layer water will be driven off. The electron flux per unit area
per second, and hence the temperature, can be reduced if the beam is
rastered over an area rather than remaining stationary. Experiments
were carried out on films of two of the A. P. I. reference clays to
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Table 1

Variation of indicated water content with Rastering area for Alttapulgite,
Gadsden Co,, Florida

Oxide | Wt. % oxides (H,O by difference) | ™ gt mrcmiores fom deciome F | Element
5005500 pm{125% 125162 62|31 31|5003< 500125 125|62<62{31 % 31

Si0, 49.96 54.34 |56.30156.37| 31.43 | 31.44 |31.46|31.49 | Si
Al Oy 9,13 10.65 {10.96(10.94 6.93 6.98 6.93] 6.92 | Al
Fe, 0y 3.14 3.01 3.621 3.63( 2.96 3.04 3.03| 3.03 | Fe®*
MgO 9.29 9.88 (10.19110.32 7.54 7.38 |- 7.35| 7.44 | Mg
CaO 0.87 0.97 1.04] 0.99 0.84 0.86 0.89| 0.85 | Ca
Na,0 0.42 0.46 0.46| 0.42 0.42 0.42 0.41]1 0.37 | Na
K0 0.63 0.68 0.70] 0.68 0.70 } 00.70 0.69] 0.67 | K
TiO, 0.28 0.31 0.39]| 0.33 0.26 0.23 0.28] 0.24 | Ti
P,0, 1.19 1.24 | 1.34| 1.33| 48,92 | 48.95 |48.96|48.99 | O
H,0 24.50 17.96 |15.00|14.99

[ Table 2

| Variation of indicated water content with Rastering area for kaolinite,
Macon, Georgia

E Oxide Wt.%, oxides (H,O by difference) Wt.“égn&31g{?gsn;gol;%%a:ggéatgd“gﬁ:er Element
500500 pm| 125512531 31115 15(5003<500{125 12531 31|15 15

Si0, 45.79 47.14 |49.77]|49.13| 25.46 | 25.50 |25.40(25.53 | Si
Al;04 34.76 35.70 |37.87|37.34| 21.88 | 21.87 |21.88|21.97 Al

- Fe,04 0.41 037 | 045| 0.36| 0.34 030 | 0.34| 0.28 [ Fedt

I MgO 0.49 055 | 054| 0.58| 0.35 038 | 0.36( 0.39 | Mg

B CaO 0.49 0.49 | 0.52| 0.48| 0.42 0.40 | 0.41| 0.38| Ca

P Na,0 0.05 0.05 | 0.05] 0.05| 0.04 0.04 | 0.04f/ D.04) Na
K,0 Trace Trace K
TiO, 2.08 244 1240 2.03] L1.49 1.46 | 1.57| 1.35| Ti

B P05 0.24 0.25 | 0.22| 0.28]| 50.02 | 50.04 |50.00(50.05| O

B H,0 15.69 13.34 | 8.18| 9.75

]

determine the effect of beam rastering. The results are reported in
~ tab. 1 and 2. The compositions shown were obtained by the methods
- outlined in subsequent paragraphs, the water content being deter-
~ mined by difference from 100%. It will be noted that larger raster
_ areas are clearly correlated with a greater retention of H,0. As the
l taster area is reduced, the indicated H,O content falls but levels off
once a certain area is reached. These results, and D. T. A. and de-
hydration curves for attapulgite and kaolin, suggest that with
a rastering area of 125125 pm, interlayer water has been Ilargely
retained although all absorbed water has been driven off. Other
tests with smectites indicated that for these minerals a substantial
part of the interlayer water is lost even with a rastering area of
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500500 pm. Tabl. 1 and 2 also show that when analyses are recal-
culated on a water-free basis, excellent consistency is obtained for
the results from the different raster areas, indicating that, in terms
of the relative proportions of metallic elements, it is of little impor-
tance whether the films are analysed in a fully hydrated or semi-
hydrated state. However, to standardise procedures, a rastering area
of 125 X125 pm was adopter for further work, and samples were rota-
ted slowly while under the beam to increase the total number of
particles analysed and reduce dehydration due to continuous scan-
ning of a single area.

Energy dispersive techniques (Smith, 1976) were used to deter-
mine twenty-two elements (Na to Zn inclusive, plus Zr and Ba)
simultaneously. An operating voltage of 15 kV was employed with
a probe current (the beam current at the point of impact on the
sample) of approximately 20 nA. The data were processed by the
FORTRAN IV program EDATA (Gold, Smith, 1975) which, as well
as integrating peak intensities and making full corrections for matrix
effects (atomic number, absorption, characteristic and continuum
fluorescence), accurately calculates back-ground, stripsescape, makes
deadtime corrections where necessary, and deals rigourously with
complex possibilities for peak overlap (i. e., interference). The
program also determines system recolution at the time of analysis,
corrects all spectra acquired for any energy miscalibration and takes
into account possible fluctuations in probe current during acquisi-
tion.

Certain elements which are, or may be, present in clay minerals
(e. g., H, Li, C, O and F) cannot be determined by the analytical
technique used. Nor can elements in different valence states (e. g.,
Fe?* and Fe®*) be distinquished. Thus some provision must be made
to enter values for the concentrations of these elements, or else to
calculate them from parameters such as the analytical total or the
structural formula, during the iterative correction procedures.
A special subroutine was developed for this purpose which permitted
the concentration of colloidal graphite to be entered as well as an
oxidation ratio for the Fe, fixed amouths of the elements such Li,
and, finally, the calculation of H and O from stoichiometry and by
difference of the analytical total from 100%. This subroutine is
important to the success of the correction procedures because of the
abundance of light elements in the clay mineral/graphite films and
their effects on matrix corrections. The subroutine was further modi-
fied to permit the minor impurities present in aquadag to be removed
from the reported clay composition a f t e r iterative corrections are
completed. Print-out from the program can be made to show both
the ¢hydrous» composition and also the results after they have been
recalculated on a water-free basis.

Results and discussion. To test precision and accuracy, twenty
discs of Fithian illite (Kerr e. a., 1951) were prepared and
each was analysed in two different locations on the film. Statistical
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Table 3

Fithian illite analyses (wt.%, elements, recalculated water and
phosphorus-free to 1000/,

Weaver, Pollard (1973) W“"cﬁhf"‘" Microprobe analysis
Oxide
Average Range wt.%, Mean wt.%/ %":‘,"}gﬂgﬂ Stﬁg;lg:d

Si 26.59 23.24—29.35 25.93 25.96 0.06 0.010
Al 13.95 10.80—17.74 14.01 14.17- 0.06 0.009
Fe3+ 3.51 3.15— 5.48 2.81

Fer* | 0.93 0— 1.88 153 } 4.60 | 006 1 0.008
Mn — - { 0.02 - — —
Mg 1.32 0.85— 1.84 1.58 1.46 0.03 0.004
Ca 0.76 0.12— 1.66 1.08 0.86 0.05 0.008
Na 0.30 0.44— 0.46 0.29 0.07 0.04 0.006
K L 4.22— 5.1 5.49 5.65 0.04 0.006
Ti 0.45 0— 0.62 0.54 0.46 0.03 0.004
(0] 47.09 — 46.72 46.76 0.03 0.004

#* A, Stelmach, analyst.

treatment of the data did not indicate any significant differences
between inter- and intra-sample variances for any element present.
Tab. 3 summarises the results of these tests and includes the average
and range of previously published values as well as a new wet chemi-
cal analysis performed on the same material used for the probe sam-
ples. Previously published values show much scatter, presumably
because of factors such as the different samples and size flactions
used, different analytical techniques and analysts employed, the
presence of impurities, differences in preparation techniques and,
not least, the variability of the H,O content. In terms of accuracy,
we believe that one element reported in tab. 3 for the probe average
is significantly in error, i. e., Na. This element, which is at best dif-
ficult to analyse in low concentrations by energy dispersive techni-
ques because of the poor detector sensitivity for such soft radiations,
was underestimated in all of the analyses as a result of slighlty erro-
neous values for certain overlap coefficients.

The results shown in tab. 1 and 2 indicate a consistent and signi-
ficant P content. Previous analyses of these clays (Kerr e. a., 1951)
report no P and it became clear that the clay minerals were retaining
P from (NaPO,); added as a dispersant. Corrections can be applied
for the contamination with P in the special subroutine described
earlier, and this was done for the Fithian illite (tab. 3). Preferably,
however, the problem is completely avoided if, instead of using
a chemical dispersant to prevent flocculation, the alternative of
repeated washing and centrifuging is employed. This latter procedure
was therefore adopted in all later work.

The techniques that have been outlined here have now been suc-
cessfully applied to clay minerals from several different groups in-
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cluding the illites, kandites, smectites and palygorskites. In view
of the drief time required for analysis (typically 10 min including
data reduction), and hence the relatively low cost, it is believed that
the technique should have considerable potential for investigating
compositional variations in clay minerals.
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K cem. H. B, Tponesoir, A. H. [{enuna (c. 25).

Pue. 4. Pacrposbie usofpaenius (B TOKe NOTVONEHHBIX 3IeKTPOHOB B pe-
sKume obpartroil cssan yuactkos 300X 300 mem) sepma Gueruoit pyast B oop.
«Ranagay.

Mecta naa apaausa 1-1, 1-2, 1-3 (a) u 6-1, 6-2, 6-3, 6-4 (6).

I 3ak. 1504



K em., J. C. Jubarunoii u dp. (c. 74).

Puc. 3. Pacnpejflesenne npucyTcTBYIONNIX 27€MeHTOB B 3epHe Gemura npm nio.-
majaHoM craunposaann. ¥Yp. 1200,



Puc. 4. Pacnpejiesienne npucyTeTBYIOLIIX 2JCMEHTOB B HIAMOBNTE ¢ BRIIOYCHIIEM
MATHIICOAe PARANero MilHepaja OpH mI0majanoM ckanuposagnn, Y. 2000,



K em, J. C. Jy6akunoi w dp. (c. 79).

Pue. 5. Pacnpejenenie NpHCYTCTBYIOINX DJICMEHTOB Ha yuacTke 1H2MO3NTA
€ BRAKYCHICM IJIBMEHNTA IPH ILI0NAIHOM cKaHuposannn. Y. 800,



K em. J. C. AyGarunoti u dp. (c. 75).

Puc, 6. PacupejeneHue OPHCYTCTBYIOIHX 3JEMEHTOB Ha YUacTRE 1aMO30Ta
¢ BKIWYEHHEM KPOHIITEATHTA LpH IVIOMAIHOM cKaHuposasui. ¥s. 1200,



R em. JJ. B. loay6amnukosa (c. 78).

Puc. 1. Mukpocrpykrypa cBAsyomeil Maccsl nrEHEMOPUTOB paiiona r. Kymagsip.
¥B. 80, Ges amamizatopa.

a — UrHAMOPHT N3 MOKPOBA; 6 — MrHUMOPHT H3 PBYIIEro Teja,



K em. . B. loay6amuurosa (c. 78).

Puc. 2. CkamorpaMMBel XapakTepHCTHYECKOTO PEHTIeHOBCKOIO H3JAYYeHHA XH-
MHYECKHX BjeMeHTOB (cropona ksajapara 100 mxm).

@ — Kammit; 6 — Harpnii; ¢ — amomuuuii; ¢ — wpemuunii,



K em. JJ. B, TNoay6amuurosa (c. 78).

Puc. 2 (npodoaaxcenue).



K em. J. B. I'oay6amnurcea (c. 78).

Pme. 3. CrpoeHne MHKDOYACTHI, B KaTOAHHEIX lIy4aX (CTOpoHAa KBajpaTta
200 MEM).

@ — MOKPOB; § — pPBYMeEe Temo.



K em. J]. B. Toay6amnukasa (c. 78).

Pne. 4. Caeant pedopmarymm Mukpogactan (cropoHa Ksajpara 200 MkM).

a — Xpynkag gepopMannn; 6, ¢ — naacTndeckan pedopManua (BMAHB cIefbl B3PEIBA TA30BHIX
y3asipeit).



K em. 4. B. Foay6amnukrosa (c. 78).

Pnc. 4 (npodoamenue).



K em. J. B. ToayGamnurosa (c, 78).

Prc. 5. CxamorpaMmul XapaKkTepHCTHYECKOT0 PEHTICHOBCKOrO H3JIydYeHns sie-
MenToB (cTtopoHa Kpagpata 200 MEM).

a — Kanufi; 6 — HaTpmil; e — amoMUHNIL, 2 — KpPeMHHII,



K em. A. B. I'oay6amnurosa (c. 78).

Puc. 5 (npodoamenue).






K em., 3. A, Bazdacaposa (c. 85).

Pue. 2. WabMeHnT nm THTAHOMATHETHT,
ILnockoeTs: a — (100), 6 — (111).



K em. 4. I'. Cauma, II. A, Keligeaaa (c. 94).

Fig. 2. SEM photographs of a kaolinite-graphite film showing a) top serface
and b) edge view of the upper part of tfhe film. Both illustrate homogeneity of
the films.
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