


AKAJEMHIA HAYK CCCP

OPOEHA JIEHHHA
HHCTHTYT TEOXMMHUH MU AHAJUTHUUECKON XHMHHU
HM. B. . BEPHAIICKOTO

Cepus: «<AHAJIHTHYECKAS XHMHS 3JIEMEHTOBs

4
J

AHAJIUTUYECKAS XHUMUS
FAJIJINS

A M. Joumos, A. I1. Casocrun

s34
10258
.

U3OATEJIBCTBO «HAYKAs &
MockBa 1958



YIK 546.681 : 543/545

Cepus: «AHaauTud4eckas XuMua 34eMeHTO0B

F'napHwi pegakTop
axadesux A. I1. Bunozpados

Penaxuuouﬂaa KOJJEerH d:

H. I1. Aaumapun, A. H. Byces, A. Il. Bunoepados, A. H. Epmaxos,
0. A. 3oaoros, A. B. Kapsxuwn, I, H. Masedi, C. B. Cassun ,
H. B. Tananaes, M, I1. Boasirey (yuenwiit cekperaps)

Penakrop ToMa «AHa/HTHUECKas XHMHSA TajJIAf»
A.H Epamaros

Apgpec penlKoaneruu:
Mocksa, B-334, Bopo6resckoe mocce, 47a,
Opnena JlennHa HMHCTHTYT reOXMMHH H AHAJHTHYECKON XHMHH
um. B. M. Bepuajckoro
Axanemuu Hayk CCCP

2-5-5
276-68(1)



OT PEOKOJJIETHH

MHCTHTYT reOXMMHH W aHajuTHueckolr xumuu M. B. M. Bepuan-
ckoro AH CCCP ocyluecTBisieT H3laHHe CepHH MoHorpaduit o axHa-
JIATHYECKOH XMMHH OTHe/]bHBIX 3JEeMEHTOB. DTa cepusi — «AHaTHTH-
yeckas XHMHS 3J€MEHTOB» — COCTABUT OKOJIO MSITHIECATH TOMOB.
[TorpeGHocTb B mMoA0GHOTO poAa H3JAAaHHK JaBHO Haspenaa. Y Hac Ha-
KOMMJ/ICS OTPOMHBIN ONBIT MHOTOYHCJEHHBIX /1aGOpaTopHil H Tenmepb
CTaJI0 BO3MOMKHBIM H HEOGXONMMBIM €ro MOALITOXHTb, TakuMm oGpa«
30M, BO3HHKJO HacTosllee H3laHHe — CepHs « AHA/IHTHUECKAS XHMHS
3J1eMEHTOB»,— KOTOPOE OCYILEeCTB/sieTcsi BrepBble. AHaIHTHYECKAs
XuMHS J1060r0 37eMenTa U ero pasiHuHbBIX COeJIHHEHHH B HACTOsAIIEe
BpeMsl IpeJCTaBJIsieTCs Upe3BbiuaiiHo pasHOOOPAasHOH KaK BCJELCT-
BHE CJOMKHOCTH COBPEMEHHBIX OGBEKTOB MCCJAENOBAHHs H UIHPOTHL
AManasoHa KOHLEHTpalui, KoTopble ObiBaeT HEOOGXOAHMO Onpene-
JHTb, TaK M BCJEACTBHE PasHO00pa3Hs HCIOJb3YIOMHXCS METOMOB.

B cBsizk ¢ atuM aas moHorpadmit Gl paspaboraH OOLLHi NJaH
KaK B CMBIC/IE COMAEpPXKaHHs, TaK W MOC/eI0BaTEJbHOCTH H3/JIO0KEeHHS
marepuana. B moHorpaduax copepxatcs OGUIHe CBeIEHHS O CBOH-
CTBAX 3JeMeHTOB M HX COeJHHEHHi. 3aTeM M3laraloTcs XHMHYeCKHe
peaKIHH, SBJAAIONIMECs OCHOBAHHEM ISl aHATUTHIECKHX LeJIeH. Me-
TOAbl KakK ¢u3HuecKHe, TaK H (QH3HKO-XHMHUECKHE ¢ XHMHYECKHE
H3J1araloTcsi IMPUMEHHTENbHO [/ KOJHYECTBEHHOTO Olpe/le/eHHs
MAaHHOrO XMMHUYECKOTro 3JEMeHTa, HauMHas ¢ aHajusa Chipbs, Aanee
THIHYHLIX TNOJAYNPOLYKTOB TIPOM3BOACTBA M, HAKOHEI, KOHEYHOH Npo-
JYKIHH, META/JIOB HJH CIJABOB, OKHCEl, COJIeH H APYrHX COeIHHe-
HUil ¥ mMaTepuasnoB. Kak npaBuio, NpHBOAATCS NMPHHUHKIEL ONpeaese-
HHA M, TJe 3T0 HeoOXOAHMO, faeTcs TOYHOe ONHCaHHe BCero mpouec-
ca onpemenenus. HeoGxoxumoe BHHMaHHe YAEJSIETCS OBICTPHIM
MeTogaM aHaaH3a. CaMoCTOATEJbHOE MecTO 3aHHMaer H3J0XKeHHe
METOJOB ONpeje/ieHHs] TaK HA3HBAEMBIX 3/€MEHTOB-NpHMECe# B 4H-
CTBIX MaTepHaJjax.

OGpauaercs BHHMaHHe Ha TOYHOCTh M UYBCTBHTEJNbHOCTH METO-
OB B CBSI3U ¢ oOle#l TeumpeHuuell MOBLIIEHHS UYYBCTBHTE/IbHOCTH
METOJOB ONpeJeseHHsi CJeI0B 3JeMeHTOB-TPHMeceH.

Monorpatuu comepKaT OGIIHPHYIO JHTEPATypy, AOBELEHHYIO 10
nocaenHux Jser. OHM paccUMTaHbl HA ILIHPOKHH KPYr XHMHKOB,
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B NEPBYI0 OYepelb XHMHKOB-aHAJIUTHKOR HCCJIEIOBATENbCKHX HHCTH-
TYTOB H 3aBOJCKHX J1a60paTOPHAl, pasiHuHbIX OTpacaeli Xo3sficTBa,
4 TaKXe Ha XHMHKOB-NIpenofaBaTeneil u CTYACHTOB XHMHYECKHX BbIC-

CBET MOHOTpa(uH, NOCBAILEHHbIe TOPHIO, TaJJauio, YpaHy, pyTeHHio,
MONHONERY, KaJiHio, 6opy, UHPKOHHIO K raduuio, K0Ganbty, Gepui-
JHIO, TVIYTOHHIO, HHKEJTIO, HHOGHIO H TaHTany, MPOTAKTHHHIO, TaAJLIHIO,
TOTOBATCA K meyaTu MOHOrpadum mo aHamHTHUECKOH XHMHH TexHe-

KO BCEM 4HTaTeNs M mpHCHINATH cBOH 3AMEUYAHHS ¥ OT3BIBEL O MOHO-
rpagusx.



T'rasal

PU3HKO-XMMHYECKAS U XHMHKO-AHAJ]HTH‘IECKAH
XAPAKTEPHUCTHKA FAJUJTUSA U ET0O COEOHMHEHUM

HAXO)XXIOEHHE B IPHPOJE. PY1IbI, COCOBbI HX NEPEPABOTKH.
NONIYYEHHE METAJNIHYECKOrO FAJIJIUS

B 1870 r. . . Mennesneen MPEACKA3as CYyIecTBOBAHHE M CROI-
CTBA psila HEH3BECTHHIX B TO Bpems S/IEMEHTOB, B TOM YHC/Je 3Ka-
aMIOMHHHA — GHKaiiero anagora amomuuns. B 1875 r, $hpanuys-

AHAJIN3a B MUPHHENCKON UHHKOBOI 00MaHKe HOBHIi 3JIEMEHT, KOTO-
PHIi Ha3Baa B yecTh Ppanuuu rannnem (ot natmHckoro Gallia —
®panuus). CeolicTBa ero noyry TOYHO COBNAJIH ¢ MpeACKa3aHHBIMH
CBOHCTBAMH 3KaaJIOMHHHS.

lCanmuit orHocures x PaccesHHbIM 3aemeHTam [492, 975, 1318].
Cpennee conepxanme ero p 3€MHOH Kope cocrasisier 15 2/r, unu
1,5-10-2 Bec. 9 [117, 122, 134, 380, 563]. Teoxumuueckn raliui cBsi-
3aH TIPEHMYUIECTBEHHO CO CBOHMH COCeLsMH N0 NEPHOAHYECKOH CH-
CTEME, UTO BBIPAXKACTCH €r0 «reOXHMHUECKOT 3BE3JI0MH»:

Al

|
Zn—Ga —Ge
|

In

CamocrosTenbnpix MHHEepa/IOB raaimii He 06pasyeT 3a HCKMIOUCHHEM
Ha#aennoro B 1958 r. B loro-zananuoi Adpuke MHHEpaJsa raJjJn-
Ta CuGa$;, conepxaero 1o 35% Ga {119].

Kak ocrosroli xommonent raJIHi He BXOIHT B MHHEDAJLl APYrux
SnemenToB. Haubonee Gorathiii HCTOYHMK Ta/lVIsi — OYeHb peaKui
MHHepas repManut Cug(Fe, Ge)S,, conepxamuin 0,3—1,859% Ga
[468, 992, 993, 1062, 1314].

OcnoBnas ke Macca ramius HAXOAMTCSA B PACCEAHHOM COCTOS-
HHH, HaKaN/IHBasICh, BC/IENICTBHE CXONCTRA XHMHYECKHX H KPHCTAJJI0-
XHMHYECKHX CBOHCTB H GAH30CTH Pa3MEpoB aTOMOB H HOHOB raJJHs,
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47IOMHHHSI U IHHKA, B BHIe H30MOpPQHON MpHMecH B GOKCcHTax
(2-103—1.10-2 %) u canepurax (1—2.10-2 9) [178]. B ra6a. 1
NPHBENEHO cONEPIKAHHE TA/JIHSA B PATHYHBIX FOPHBIX NMOpoAaXx H OT-
HOUICHHE B HUX TaJLHS K amioMuuHio [339]. Taanuit sxomur TaKxe B
COCTaB MHOTHX ADYTHX MHHEPAJIOB H Pys (JKe/e3HbIX, MapraHieBblX,
CBHHLIOBBIX, MeHbIX) [80, 119], BCTpevyaeTcs B MouBax, CJIOZAX U B
Mopcko# Boze [117, 468].

TaGanuma 4
Pacnpoctpanenne ramaus B H3BEDEEHHBIX NOpoxax

Topogsr 1 MuHepa s %ﬁ%ﬁze Ga,0y : ALO,
EMTIORHTRR Y .o L T 1-1072 | 1:(2.109)
Fabtno- o coeoee of 144073 [ £:(2.109)
Hedennno-cuennter . . . . 2:107% | 1:(1-10%)
Epansinn L0 TN QN 1 2-1073 [ 1:(8-10%)
Munepanst nermaruroBnix wua| 1-1072 | 1 (3-10%)

Hapsany c repmanuem rammuii wacro COLEPKHTCA B KaMeHHOM
yrae (ot 1-10-% o 1-10-2 %) [279, 280]. Ipu rasudukaunu YIasd H
TPH €ro CXKMIraHHH TaJsHil BMECTe ¢ repMaHHeM KOHLEHTPHPYETCST B
CaXHCTHIX YHOCAX H JIETYYHX YacTsX 3048 [137, 339, 884]. Takas nbi-
MOBas MbL1b MOXKeT cofepxkars 1% GayOj u Gonee (B AHrinH AbMO-
Bas NbUIb CAYKHT HauGoJiee BaXKHBIM HCTOYHHKOM MOJIyUeHHsT raJ-
aus) [564].

st u3Bnevenus raaius ua NPOAYKTOB 3HEPreTHYEeCKOro HCIOJb-
S0BAHHSA H NMepepaboTKH yr/iei MPeiokKeHbl pasHYHble TeXHOIOTH-
HeckHe cxemsl [177, 180, 280, 903, 1084, 1231, 1232, 1255, 1301, 1380,
1381], Ho wame raanmit moayuaor B Kauecrpe noGOouYHOro MpoAyKTa
P KOMIIJIEKCHOMH mepepaboTKe aMiOMHHHEBBIX H CYJAbQHAHLIX py1,
B KOTOPLIX OH COMepXKHTCS B BHIe npuMecyu [187, 225, 270, 286, 348,
550, 552, 553, 790, 1065, 1154, 1199, 1351]. TIpu stom Ha nouio npo-
AYKTOB H OTXOJ0B MPOH3BOACTBA IVIHHO3€Ma H aJIOMHHHS IPHXOIHT-
¢ >90% Bcero 10GBLIBAEMOro KOJIHYECTBA Tajlius {178, 339].

HauGonee nepcnexrusubiM nerounnkom NOJIYUEHHA TaJIIHS SBJIS -
IOTCAA aMIOMHHATHBIE PacTBOPHL *, cozepauiHe raaiath., Uz ajoMH-
HATHBIX pAaCTBOPOB ra/LIHH MOMYYAlOT ABYMS MyTSAMH: 1) Bhzenenu-
€M H3 STHX PacTBOPOB ra/UIHEBOTO KOHLEHTPATA U 3aTeM U3 KOHIIEHT-
Para — mera/na; 2) 3JeKTPONH3OM PacTBOPOB B BaHHAX c PTYTHBIM
KaTO/IOM, pa3/OKeHHEM aMajbraMbl H BbEJACHHOM MeTaJJIHYECKOro
raJjius.

* PacTBoph, monyyamimecs s pesyabTate 06paGOTKH anlOMHHHEBbIX pya
PacTBOpaMH MieJiouelt ¢ MOCTEAYIONHM BhidedeHHEM THAPOOKHCH a/IOMHHHA.



I. Tannuesue koHuentpath noAyyaloT H3 o6orameHHBX raJJIHeM THAPATHHIX
OcanKkoB, o6pasyloupixcs npH $paKuHOHHOR (cramuitnofi) kapGoHH3alHH AJIOMH-
HAaTHBIX PacTBOPOB, OCHOBAHHOH Ha PA3/IHYHBLIX 3HAYEHHNX BeJHUHHBL pH ocaxne-
HHUS THADOOKHCEH rajaua H amoMunus. [IpH MeLneHHol HeHTPaJH3AUHH LIETOYHOTO
AMIOMHHATHOTO pacTBOPa YIVIEKHCJIOTOH BHauale BHIIEJfeTCH THAPOOKHCH aJIIOMH-
HHA C OYCHb HESHAUHTEJBHHM COjJepiKauueM rajins. OCHOBHAS IKe 4acTh FAJLIHS
BLUIEJIAETCS H3 pACTBOPa B KOHIe KapGOHH3ALHH BMECTE ¢ Moc/IeHAMH dpakuuaMH
THLPOOKHCH aMIOMHHHA H aJiOMOKapGoHarta, /A H3BNEYeHHS rajuiHs HS ruapar-
HOro ocanka Gosee GoraThix (pakumii paspaGoTaHO HECKOMbKO METOL0B KOHLEHT-
PHPOBaHHUA.

Kucnotnble MeTofn MOMyueHHs TaIHeBBIX KOHUEHTPaTOB 3aK/oualoTcs B 06-
paboTKe THADPATHEIX OCAJKOB COJNAHON HAH CEePHOH KHC/IOTON H H3BJIEYEHHH TaJJaHs
H3 KHCIBIX pacTBopoB Kyndeponom [339, 421, 422] uau skcrpakuun spupamu [178],
HIH OyTuaaueratom [598]. TIpn npokaanpamun OCaJiKa, CIJIABJEHHH OKHCH TaJJiHs
€ COJLOfi W BHIlleAYHBAHHH [J1ABA BOLOH B NIEPBOM CJy4yae HJIH. PeSKCTPAKIHH raj-
JIHA BOJON BO BTOPOM CJyYae rajulHll BHAEIFIOT snekTpoansom [339, 1402].
OKCTPAKIHOHHEI METOJ MO3BOJseT noJy4aTh O4YEHb YHCThie DPACTBOPH TraJuIHA,
4 CIeloBaTeJbHO, H YHCTHI MeTaJu.

Ilenountie METOAN MOMYYEHHS rajHEBLIX KOHIEHTPATOB OCHOBAHHl HA PACTBO-
PEHHH THADATHEIX OCa/JKOB B IUEJOYH H NOCAEAYIOLIEH ABYXCTafHAHON KapGoHH3a-
LHH NoJyueHHOro pactopa. Ilpn BTOpPO# CTafHH BHAEASIETCH TraJ/HEeBbI: KOHIIEHT-
par c comepxanHeM Jo 10% GayO; no OTHOWEHHIO K OKHCH amoMunua. Takas
TEXHOJIOTHA TIO3BOJISIET MOJYYaTh GOraThie ra/JHEM KOHIEHTPATH, HO XapakTepH-
3YETCsl HH3KHM H3BJIEYEHHEM METaslIa, TaK Kak C THAPOOKHCBHIO AMIOMHHHS nepeoi
Craxnd KapGonusauny tepserod 10 30—40% Ga,0,.

Hau6onee sdpekTusHEM H npocTHIM MeTozOM NOJYYEHHSA TaJJIHEBOr0 KOHIEHT-
pata H3 THIDATHBIX OCAJIKOB ABJIAETCS H3BECTKOBO-KApPGOHH3ALHOHHEI {176, 421,
<11, 656, 1302]. T'uapatHmi OCaJloK, penyJbNHPOBaHHMIA BOMOH, 06paGaThiBalOT
CYXOii H3BECTBIO HJIH H3BECTKOBHIM MOJIOKOM, OTIEJSIOT PacTBOp rajsiata H agio-
MHHATA HATPHA OT aJIOMOKAJIBUMEBOTO OCANKA H 3aTeM BHLAENSIOT TAJIHA BMecTe
C OCTaTkaMH aNIOMHHHA NpH KapGoHu3auuu pactsopa. s MOJIYYeHHS] METaJlJIH-
JIECKOTO TaJIIHA TAJIHEBbIH KOHIEHTPAT PAacTBOPSIOT B ropsuell WIEJA0YH, OYHIIAIOT
AMOMHHATHO-Ta/VIATHHI PACTBOP OT KPEMHHSA H3BECTHIO H NOABEPraioT 3/1eKTPOJIH3Y
C BhUIEJNEHHEM YePHOBOTO MeTasIa [48, 179, 1194],

2. DNIeKTPOXHMHUECKHI METO]l OCHOBAH Ha BHIIEJCHHH TaJl/IHS H3 aJIOMHHAT-
HLIX pacTBOPOB SJEKTPO/JH3OM Ha DTYTHOM Kartoze [173, 179, 253, 566, 675, 803,
1009, 1197, 1198]. IMocse pasnoxeHus aManbraMur NOJIyHaeTcss KOHUEHTPHPOBAHHKIH
pacrsop rannara HaTpua (10—80 2 Ga/a), H3 KOTOPOTO MeTaHYeCKHfl rafHf Bbi-
AEIAIOT MEKTPONH3OM B BAHHAX C HEOKHCJSIOMIHMCH KaTOMLOM {188, 189, 676].
MoxHo Takke H3BNEKAaTh rannMii Ha AMIOMHHATHEIX PACTBOPOB IleMeHTallHel
amaiabraMof Hatpusa [329, 547, 548], MeranHueckum aMIOMHHHEM, TaJJIaMoll aio-
munns [159, 549] unH 3MeKTpoIHTHYECKHM OCayIIeHHEM ero Ha TBepJHIX KaTomax
H3 csHhna H wmenu [178]. Ilpu o6paGorke karoma ropsvell KOHIEHTPHDPOBaHHOI
LEJI0UBIO ra/UIHA MepeXoQHT B IEJOYHOH PacTBop, OTKYylla MOXeT GHThL BhIje/neH
B BH/IE METaJI71a Ha KaToNle H3 Hep}KaBelomwell CTaH.

[Ipennioxen MeTon BbIAENEHHS raMiHA H3 ATIOMHHATHBIX pacrso-
POB pacTBOpoM 8-OKCHXHHONHHA B XJ0podopme (341]. ITpu B36anTh-
BaHHH aJIOMHHATHOTO PacTBOPA C PacTBOPOM OKCHXWHOMHHA B XJO-
podopme raamii nepexoguT B XJIOpOQOPMHBIH CJIOH B BHIe OKCHXH-
HOIUHATA. DTOT CNOCOG MO3BOAACT MOJAYUATH MeTala Gosee BBICOKOI1
YHCTOTbI, 4eM ONMHCAHHble BHIIIE CIOCOGH, HO OGXOXHTCH ropasao
d0poxe. j

Ilnst M3BNEUCHHS TaNIHs W3 AHOMAHOTO CrLIABA — ocraTtka, oGpa-
3YIOUIErocsi NpH 3JIEKTPOJIHTHYECKOM pPaQHHHPOBAHHH AMIOMHHHS,—
MPHMEHSAIOT 111e/104YHbIE H KHCJIOTHBIE COCOGHI [136, 178, 339, 810].



Paspa6oranbl Takke TeXHONOTHUECKHe CXeMbl H3BJIEYEHHsT raJj-
JHA H3 CTJIaBd, B OCHOBY KOTOPHIX MOJIOXKeHBl KYN(epoHOBbI MeTo
[178] u meTon amcopGumu rajaus Ha aKTHBHOMN ABYOKHCH Mapratia
[421].

[Ipn kyngepoHoBOM Meroge cmiap PacTBOPAIOT B eJlKoM HaTpe,
TEPEBONAT 3aTeM Tra/IHi B CePHOKHC/IBI pactBop (1,5—2 N HyS0;)
H OCaxIaloT KynpepoHoMm raJiHeBbifi KOHIEHTpAT, KOTOphiil 3aTeM
NpOKauBaioT, B Merone axcopOuum BeKphiTHe cniasa HPOBOAHTCS
SJICKTPONHTHYECKHM PaCTBOPEHHEM B CEPHON KHCJOTe ¢ MOCIEAYiO-
IIHM H3BJIEYCHHEM rall/IHsA M3 PacTBOpa ancopOLHell Ha aKTHBHOI
ABYOKHCH MapraHua. [lecopOuusi ra/ulHsa ocymecTBASETCH ofpabor-
Kol ocagka 10—12%-HpM pacTBOpOM Iie/iouw.

Hs cyabpumusix pyn Toasko FépMaHHTOBAas pyJaa CJAYKHT Hemo-
CPEACTBEHHEIM ChIpLEM /IS MOJYYEHHs Ta/lIHsl (MONYTHO ¢ repMaHH-
€M), OCHOBaHHOro Ha SKcTpakuuu GaCly s¢upom [423]. Opnako u3-
32 MaJoll pacnpoCcTPaHEHHOCTH TEPMAHHT Helb3s paccMaTpHBaThL B
KauecTse oAHOro U3 OCHOBHBIX HCTOYHHKOB MOJYYeHHS raJaus, Han-
GOMbIIAA HHTEpEC C 3TOH TOUKH 3peHHA NPEACTABAAIOT MOJHMETA-
JIHYECKHe CYJIb(HAHBIE CBHHIOBO-LMHKOBLIE PYAHI, ITpu nonyyenun
H3 HHX TAXKEJBIX LBETHBIX METa/JIOB Ta/lIHil M3BJEKAeTCs NOMyTHO ¢
APYTHMH DENKHMH H pacCessHHBIMH 9/1eMeHTaMH — KaJAMHEM, repMa-
HHEM, HH]IHEM, TaJ/IHEM, DEHHEM H Jp.

B uunkoBom nponssoxctse HanGosee GoraTsl rajinen IIHHKOBHIE
H CBHHIIOBbIC KEKH M peTopTHhle ocTaTKH. [lpoaykTnl CBHHLOBOrO
TPOUSBOACTBA COAEPIKAT 3HAYHTENBHO MEHbIUe AJLIHA; MOJy4yeHHe
€r0 MOMET paccMaTpHBATECS TONLKO KaK MOMYTHOE [IPH H3BJCYEHHH
APYTHX DEAKHX H PACCEAAHHBIX 3/1eMeHTOB. OJHUM M3 palHOHAAbHBIX
METOZI0B H3BJICYEHHS raJIHs U3 IIENOYHBIX PACTBOPOB, noayyaio-
HIHXCA NpH nepepaboTKe OTXOA0B CBHHIOBO-LHHKOBOIO [IPOH3BOJI-
CTBA, C OJIHOBPEMEHHBIM OT/e/ICHHEM €ro OT PAAa NpHMECced, sBJf-
€TCA CyNb(HAHBIA, OCHOBAHHKI HA COOCANKIEHHH cyabduna ramaus
C CynbOHAOM HMHKA npH 06paboTKe 3THX pPacTBOpoB cyJbhuIOM
HaTpus [379].

[Iponyxrsl unukosoro mpoussonctsa, o6oramensusie rajjiiem,
BLILIETAYHBAIOT CEPHOH KHCJIOTOH; NMPH 3TOM rajulnil, HHK H 3Ke/1es0
PACTBOPAIOTCH, CBHHEIl ocTaercsl B miame. [locse otenends maama
PACTBOp HEHTPANH3YIOT OKHCBIO LHHKA 10 PH 5 ¢ 1e/bio BEeICHHS
B OCaJIOK I'HAPOOKHCEH ra/lyIHa H Kese3a. PacTBopenueM ocaika B
Hien0UH pasneNsIoT rasiui u ene3o. MHOrOKpaTHOe moBTOpeHue
onepauui pacTBOPEHHS! H BBIJC/IEHHS 0CAJKa AAET BO3MOKHOCTD MO-
JydaTb KOHUEHTpAThl, cojepxaumie g0 10% GayOs, Konnenrpar
PAacTBOpAIOT B WEJIOUH H H3BJIEKAIOT ra/JHi  3JeKTPOaH3OM [178,
234].

Takum o6GpasoM, mnomyuenwe rammus saBepmiaercss Goablief
HacTblo SJIEKTPOJH3OM BOJHEIX PacTBOPOB. DNIEKTPONHTHICCKHA Me-
T4/l COREPKUT 06buHO 0T 1-10-2 no 3% npumeceit. Takoi MeTamn
npex e Bcero o6paGaTHBAaIOT ropsueli BOLOH a/s YAaneHHs ¢ ero
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NOBEPXHOCTH YaCTHYHO YBJEUEHHONO 3]eKTPOJIHTa, a 3aTeM I0ABep-
TalT XHUAKHA MeTaln QHAbTPALHH C IEJbI0 OUHCTKH OT BKJIOYEH-
HbIX B HETO pa3iH4YHBIX TBepAblX yacTH [178]. B pesy.abTaTte OTMbIB-
KH H QuIbTpalluH MeTassa-chlplia M0JyYaioT TEXHHUECKHH rajuinil
urcroroit 98,0—99,0%. [das ouHcTKH 3Toro MeTasda oT TpHMeced
NPHMEHAIOTCS XHMHYECKHe MeTOAbl (OYHCTKA KHCJOTAMH H Ilejoua-
Mu [1196, 1315]), nurpuansiit meton [1098], pTyTHBIE METOMBI, METOL
OTTOHKH Iajjiug B BHJIE OPraHHUYeCcKOTO COeIMHEHHs ¢ MOCAeRYIOLIHM
pPa3noxeHHeM 3TOTO COeNHHEHHs yabTpaduoaeToBriMu ayuamu [178],
METOJl BOCCTAHOBJIEHUSA TPHXJOPHIA rajjiHs aqioMunneym [751], metox
xJopuposanus ((ppakunoHHas AHCTHIANALHS X/JOpHaa rajnus [178],
cy6ranouanptit Meron [178]), samekrpoxumuueckue [1196] u dusnve-
ckue [118, 754, 895, 1258] meroan (pakuHOHHAS KpHCTAIIH3ANUSA
[392, 896, 999, 1444], BhiTaruBaHMe KPHCTaJIa u3 pacnaapa [441,
1444], sounas nnaska [392, 441, 754, 1060, 1196, 1258, 1428], TepMmu-
ueckas obpabGorka B BakyyMe [1060, 1425]). B HeKoTOpbix cayuasx
OYHIAIOT CaM MeTa/l, B APYTHX — ero coud. OnHHM KaKuM-1HGO
METONOM YyAaercsl OCBOOOAMTLCA JHIIB OT HeDOJBIIOro KOJHYeCTBA
npHMeceH, fa H To HenmoaHocTbio. C Uelbi0 TIyGOKOH OUHCTKH raJ-
JIHAL TIOJB3YI0TCH KOMOHWHHpoBanHbIMu Metomamu [1211]. Coueranuem
pPa3NMYHBIX METOLOB Pa(HHHPOBAHHS MOXKHO MOJYYHTL MeTa/1 He-
00GXONMMO# CTENEHH YHCTOTBHI, B TOM YHC/JE TIPUTOAHBIA J/Isi IPOH3-
BOJICTBA NOJynpoBoaHHKoB. OcoGoro BHHMAaHHS 3aC/AYKHBAT Me-
TOJBl 30HHOH nJaBkM M aucnponopunonuposanus GaCls, nozsoasio-
e mosnyyarth raaiani 99,99999% -Ho# 4HCTOTEL

NMPHMEHEHHE TAJJIHA

Tannufi ucnoab3yeTcss B TEXHHKe [OKa elle HeJOCTATOYHO WIMPOKO, YTO CBH-
3aHO, BO-NIEPBBIX, C MajbiM O06bEMOM NPOMBILIIEHHOTO IPOH3BOLCTBA M BBICOKOH
CTOHMOCTBIO H, BO-BTODBIX, ¢ HE[OCTAaTOYHOH H3YUEHHOCTHIO BOSMOMKHBIX o6Jacrell
ero npumeHenHd. Opnaxko B Oyaymem Gaarofaps UEHHBIM (PH3MKO-XHMHUECKHM H
MOJYNPOBOAHUKOBBIM CBOHCTBAM Ta/lIHA M HEKOTOPHIX ero COeJHHeHHI, a Takke
BCJIEJICTBHE pPeasibHOH BOSMOMKHOCTH PE3KOr0 YBEJHUEHHs NPOh3BOACTBA 3ITOT Me-
Ta/a Haier mHpokoe nprimerenue [270, 442, 492, 665, 1065].

l'amnni — eXHHCTBEHHBI MeTalJl, KOTOPHA B IIHPOKOM AHATIA30HE TeMmepa-
Typ (ot 30 1o 2300° C) HaxoauTes B MKHAKOM COCTOSIHHH, TIPHHEM YIPYTOCTB NMapoB
€r0 FPH BEICOKHX TeMIllepaTypax odeHb MaJja. IT0 JelaeT ero NPHToAHEIM [JIS BHCO-
KOTEMIIepaTypiLiX TePMOMETPOB H MaHOMETPOB, 3/eKTPOILIABKEX NpPeToXpaHuTeed,
NOKapHLIX CHTHAJOB H T. A. [E2, 779].

Fanmifiu ero okuch 06/1a/al0T CNOCOGHOCTEIO YBeIMUHBATh KOS(MMHIHEHT npe-
JOMJ/IEHHSI CTEKJI2 H NPHMEHAKTCH [O3TOMY B MPOH3BOJACTBE ONTHYECKHX CTEKON H
3epkas. I'asnneBnie ONTHYECKHe 3epKaja OTAHYAIOTCH BHICOKOH OTPaxKaTelbHO!
€nocoGHOCTHIO H YCTOHUHBBI IPH BBHICOKHX TeMmepatypax [102, 131]. '

Ypenuuenne o6bema rajjHs NP 3aTBEPACRAHHH NPENIOKEHO HCIOAL3OBATHL
Il CO3JaHUA CBEPXBBICOKHX nasienuit (314, 315] u B moaurpaduu [1409]. ITpen-
N0J1arajoch HCMOMb30BATh MHJKHA TajilHii B KauecTBE TEMJOHOCHTENA B aTOMHBIX
peakropax. Onmako WMpoKoMy BHEJPEHHIO TaLIAA B TOH OGJACTH MPEmATCTBYeT
BbICOKasl XHMHYeCKad aktusHocThb. Ilpu narpeBanuu go 600—800° C raaamii s3anMo-
iedcTByeT ¢ GoJbIIHHCTBOM MeTasanoB [665, 695, 1091, 1167].

Merannuueckuit rajiuii siBisieTcss Bo36ynuTeNeM (GJIYOPECHEHTHOrO CBEYCHHS
docopos, nosToMY GHLIO TIPEIOAEHO HCNOJB3OBATH €0 B KAYecTBe aKTHBATOPA
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B momuuopopax [995, 1014]), B MOMHHECUCHTHBIX JIAMIIAX M CBETALIHXCH Kpackax.
ATHOAKTHBHBIH H3oTon Ga’™ npegaaraior HCIIOJIb3OBATh /11 AHATHOCTHKH H Jeye-

[394] i npu CHEKTPAJILHOM OMNpe/eleHHH ypaHa {1167], a raxxe B Kauecrne aKTHB-
HOTO KOMINOHEeHTa AJ5 MOKPHITHik NOJYIPOBOJHHKOBBIX npuGopos {822]. Okuce rau-
JIHA MOJKET HaiTH NPHMEHEHHe B KayecTBe OrHeymopa [493].

XJA0pHA rammms Henodbayercs m KaUECTBe KaTanusatopa B peakmusx o6paso-
BAHHA DasJHUHBIX IOJUMepor [563, 1167], npuyem KaTaJHTHYeCKOe AeficTBHe ero
CHJIBHEE, 4eM XJOpHAA amoMunus, Cyabdua rasina NPHMEHSIOT JJISi H3rOTOBIEHHS
JIOMHHECHEHTHEIX MaTepuanos [21],

Muorue cnias na ocmoe ramus Ouenb Huskoniasku [380, 492, 665]. Ipx
TNPHGABACHHH HEGO/bIIKX KOJIMYECTB rafius YBEJHUHBACTCH NPOYHOCTb H TBEPAOCTh
MarHHEBbIX CIUIABOB, MOBHIIIAETCH YCTORYHBOCTE HX TDOTHB Koppoauu [434, 665,
1107, 1300]. [Tpucangka no 3% ranHa k Fe—Ni-ciuiasy ypeanuupaer ero KOBKOCTh
H IPOYHOCTD, HE H3MEHAS MIACTHYHOCTH [1167]. Takue cmnasm Menbme OKHCJ/ISIOTCSA
Ha BO3Xyxe.

Fannuit uenonvayior pas JICrHPOBAHHSA TePMaHHA H KPEMHHA H 15 MOJTyYeHHS
TOJIYIPOBOAHHKOBLIX COEHHEHHIL, HnrepMeraniuueckue coennnenns raanns (GaAs,
GaSh u GaP) COXPAHAIOT CBOHCTBA MOJYNPOBOAHHKOB NPH [OBBIUCHHBIX TeMIepa-
TYpax, uto oGecreyHBaer HX HCMONB30OBAHHE B BHICOKOTEMIIEPATYDPHEIX TepMo3Je-
Menrax [1116, 1117],

HspecTanr taxe MOy pOBOAHHKOBbIe NPHOOPE, HArOTOB/EHHHE W3 COeJlHHe-
gﬂégt})ﬁmeﬁ dopmyanr MNX,, rpe M—Cu, Ag; N—Al, Ga, In, Tl & X—Se, Te,

MoanynposoannkossMi  coficrnamu XdpaKTEpPH3YIOTCA  TpOfHHE cmIaBH
Ga—Al—Sb u Ga—Al—As, Ony HMEIOT HECHMMETPHYHYI0 NPOBOLHMOCTE 1 npH-
MEHSAIOTCA B KauecTBe BBIIPAMHTCJN H Tpansucropos [1434]. Tpofiunie cnaassr
HMEIOT HH3KYIO TEMIepaTypy NJaBJeHHS H 0611218107 GOJBIIEH CTORKOCThIO MpOTHB
KOPPO3HH 10 CPaBHEHHK) ¢ GHHADHBIMH CTIIABAMH GaSb umu AISh.

Tak xe kak n MetamHueckii TaJI/IHH, NIerKON/IaBKHE CIIABHL ero HCIIOJIB3YIOT-
CAl B KAuecTBe HANOJHHTENS B BBICOKOTEMNIEPATYPHHX TepMOMeTpax u MaHoMeTpax
[52, 665, 779].

CrocoGHoCTs 3KHAKOrO ramius Ero JIErkoMIaBKHX CIIABOB XOPOIIO CMAYH-
BaTh TBEPALle MaTepPHAJH HCIOMB3YeTcs B BAKYYMHOH TeXHHKE — ¢ HX MOMOMbIO
CO3MAIOT JKHAKHE 3aTRODPH B BAKYYMHBIX dnnapatax H nH¢yaHoHHHX Hacocax,
4 TAKXKe B ClNelHaJbHEIX SNEKTPOBAKY yMHUBIX ipuGopax [665], Iaamif i ero CILIaBH
C'HHIIHEM H 0JIOBOM NMPHMEHSIOT B KaYecTBe S4TBOPOB B ra3oBLIX CHCTEMAX, HANDH-

MEHST JIErKOKHMSILYIO PTYTh, Gaaronapst uemy sty npuGOpsl MOryT paGorats npH
ELICOKHX Temneparypax, mo 400°C). 31ty xe ennasm NMPHMEHSIOT B KauecTBe CMa-
30K H TNpPOKMAJOK NPH CORNHHEHHH meTasefl Hs KBAPIa, CTeKJa H KePAMHKH mof
ZABJICHHEM, a TaKikKe [JA CKICHBAHHS MX [677). Cnnae rammsa ¢ unmnen HpHMe-
HACTCHA B KAYECTBE MOKPHITHI HA MOANIHIHHKH [178], a Takke kax Y-HOCHTeNb Aas
PalHalHORHLIX KOHTYPOB [255]. JKumkuit rasami u €ro CIVIABEI C HHAHEM, LHHKOM,

TaKHE BHNPAMHTENH PaGOTAIOT CO 3HAYHTENbHO GOJIbIIHME HATPYSKaMu | NPOH3BO-
JHUTEIBHOCTRIO, ueM pTyTHEIe [178]. MKumkui cinas Ga—Al npumensercs p Kaye-
CTBE KATONA B BAKYYMHBIX JaMmnax. Cruasnl Ga—Cd—Sn npumensioreq Kak TpH-
Callki K KaToaM S/eKTPOHHBIX Jiamm, KOTOpHie MoryT paGoTats mpu cpapHuTenbHO
HHSKHX Temnepatypax Guarofapsi cnocoGHocrH YKa3aHHBIX CIVIABOB HCmycKaTb
SJIEKTPOHL NIPH MOHHIKEHHBIX TeMIeparypax.

B KaaMmueBo-nyrosux msamnax HCNO/B3YETCA CIAIAB Ta/UIHA © KagMHem [825].
Huskonnaekue cnnapm Ga—Zn—Sn Ha ocHope ramnua HCNIOJIB3YIOTCA KaK TepMo-
OFpaHHYHTENH B TEpMOperyaaTopax [645].

Cnnasel Bi—Sn—Ga [393] u Co—Ga [1329], a Takke cniapw raJJiHa ¢ 0J10-
BOM H cepefpom [1409], uuxenem u Kpemuuem [695], sonotom [665] npumensior B
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senuine. Cnapel 3TH HETOKCHUHB H 06JafaloT He3HAUNTEJLHBIM PACIHIHDEHHeM
TMpH CXBATHIBAHHH, GJarofiaps Yemy HCHOJb3YIOTC B 3yGoBpaueGHOM jene aaa
H3rOTOBJIEHHA NJAOMO.

OTHOCHTEILHO TOKCHYHOCTH Faj/iHs B JHTEPAaTYPe HMEKTCH PAsHOPEYHBHE CBe-
nenust [405, 492]. C oaHON CTOPOHH, YKA3HIBAETCSH, YTO TOKCHYECKOE AefiCTBHe raJ-
JHSA NON06HO AEHCTBHIO PTYTH H BHCMYTa [285], ¢ Apyroft — uto COeAHHeHHS raaius
OU€Hb MaJI0 TOKCHYHbBl H TOSTOMY CIElHaJbHBE MEpbl Npei0CTOPOMHOCTH He HB-
JAs0Tea Heo6xoAHMBIME [975].

®H3HYECKHE H XUMHYECKHE CBOHMCTBA TAJIJIHA

lannuit — cpaBHHTe/IbHO MATKHI H XPYNKuit Meras cepe6pHCTO-
Oesoro uBera ¢ CHHEBATHIM OTTEHKOM, HMEIOIIH pPOMOHYECKYIO
(TceBOTETPATOHANBHYIO) PELIeTKY ¢ mapaMerpaMu: a=4,5167; b=
=4,5107; ¢=7,6448 A [178]. Ero xpucra/inyeckas pemerka o6paso-
BaHa He OTANbHBIMM aTOMaMH, KaK OGbIYHO y METa/JIOB, a JBYX-
aTOMHEIMH MoJieKyanaMu (d=2, 44 A), uTo ABAseTCA PEAKHM cayyaem
COCYLIECTBOBAHHA JBYX CTPYKTYP (MOJIEKY/JSIDHOH M MeTa//IHye-
ckoit). Hmuxke npuBeneHsl HeKOTOpble (H3HUECKHe XapaKTepHCTHKH
TBEPLOro TaJJHs:

TopankoBufi HOMEp . . . . . . . . . 31
ATOMBEIBEe . B L e 69,72
AroMERT pARHYC . o Uy . b e 1,39 A
ATOMHRE SOREM | &« bR e b e 11,8 cm3/2-amom
Yaemuuft pec 4 .. .. .. hne 5,907
ST o AL s
i ni., 7 bl 1y i e I 0 Db NS LL SR % 29,7810,02
RS0 e G R g b 2300 [178]
2516 [468]
1983 [975]

Hopmanbusii snexTpousil noTennuan, { —0,52: [651, 975]
(snektponnas peaxums Ga** +-322Ga) | —0,96* [178,1281]
Ga + 4 OH™ = H,GaO; + Hy0 43¢ —1,22, [563]

* Ilo OTHOWEHHIO K BOXOPOAHOMY SAEKTPOXY.

OO6b1unbiil rasIHit HMeeT cpenHuil aToMHbI Bec 69,72 U mpeacTaB-
JseT co6oi cMech ABYX YCTOMYHBBIX H30TONMOB ¢ ATOMHBIMH BeCaMu
69 u 71 (~60,5% nepsoro u ~39,5% Broporo u3orona). Hspecr-
Hbl H palHOAKTHBHbLIE H30TOMNBI C aTOMHBIMH Becamu 64, 65, 66, 67, 68,
70, 72, 73 u 74 [48, 975] (cM. Taba. 2).

[annuit upe3ppluaiino CKIOHEH K nepeoxnaxaennio. Pacnaasien-
HBIH raanii cnocoGeH I/HTe/NbHOEe BpeMsi (B TeyeHHe MHOTHX Mecs-
IEB) OCTABATbCA B MHIKOM COCTOSHHH MPH TEMIepaTypax HHXKe
TOYKH 3aTBepAeBanusa. IIpH BHeceHHH B Takoil NMepPeOXJiasKAeHHBIH
KHAKHE METall «3apoj/bilia» B BHAE KPHCTAJJa TBEPAOro raJjjus
HJIH TIPH TiepeMelUHBAHWH MTHOBEHHO HACTYNMaeT KpPHCTAJIH3ANHS,
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Xapau'repucmxa PaJlHOAKTHBHBIX H30TONOB raaans

Ta6auna 2

Sueprua H3NYdeHus1, Mag
Hsoron Tlepuop monypacnaga Xapaktep Hanyuenns *
YacTHI] Y-ayueit
64 48 muH, gt . 2
65 15 wuH. K, e — 0,54; 0,117
66 9,4 uac. B+ | LT
67 83 uaca [48] K, e — 0,09; 0,18;
,a0
78 wac. [975] K, t, e oL -
68 68 mun. B* [48] 1.9 i
Bt K, v 1975] A T
T0%* 20,3 muu. [48] Bl ¢ 1,68 -
21 mun. [975] B — o
722+ 14,3 yac. [48] 48-, Ty, 2¢ 0,64—3,15 | 0,63—2,5
14,2 uac. [975] By —_ —
14,1 wac. [1095] B~ v 0,7; 1,0 [0,83%*; 2 58+
H 1p. 0,63%* u np.
73 5 uac. B~ 48] 1,4 -
B~ [975] - -
T4 9 wac, B: 8 —

* € — INeKTPOHL BHYTpeHHER KOHBepcHH; K

HacTHIB! (NO3HTPOHK) H OTPHIATE bHBIE YaCTHIN (neratponn:).
** HaoToms ananmTHYecKoro amavems.

** Cumech ABYX H Gosee Y-JTyueil.

npHuemM Metann obpas
3aTBEPAEBAHHH Ta/LIH
Ha 3%), uro oranua

TePMaHHsl H BHCMyTa).
Fanauit umeer  swicmyio pasentrocTs TPH B COOTBETCTBHH O

CTPYKTYPOH 3JIEKTPOHHOMH 060J0YKH: 15%2522p
rojapsi 6IH30CTH HOHHBIX paguycos (0,62 A g,

€T ero or

Fa/lIHA M aJIOMHHHE CNOCOGHEI H30MOp(hHO

B Da3/IHUHbIX COGJHHEHHSIX, YeM M 0GbACHSE
XOxaenne B npupoae. Okncen TpexpajenTH
CTa/I/IN30BATBCS 110 THNY KO

— 34XBaT sJeKTPoHa; B+, B~ — MOMOKHTENLHLE

YeT KpynHble poMOGHUYeCKHe KPHCTAJIbI. [Ipu
i JIOBOJIBHO CHJIBHO pacuupsiercss (nmpuMepHo
APYTHX METa/JIOB (3a HCKIIOUEHHEM

63523p83d1%4s%4p!, Boa-
Jasg Ga u 0,57 A ans Al)
3amemarte Apyr Apyra
TCS HX COBMECTHOe Ha-
Oro raJiiisi MOXKET KpH-
YHIA, B YeM TaKikKe NPOSBJAeTCH GJH3-

KO€ POACTBO ¢ aMiOMHHHEM F423]. lanauit oranyaercs or amomunus
HH3KOi TeMnepaTypoit niasaenns, oco6oi MATKOCTbIO, COCOGHOCTBIO
JIETKO BOCCTAaHABJHMBATBCS 10 COCNHHEHMI HH3IIed BAJIEHTHOCTH.
XHMHUecKHe CBOHCTBA Ta/IHsl 3aBHCAT OT €r0 YHCTOTHL: 4eM OH
‘HILE, TEM XHMHYecKH Gonree cToeK. Ha Bosayxe NpH KOMHATHOH TeM-
NEpaType ra/iiuii He OKHCJASETCS; HAYHHAST 3aMeTHO B3aMMOJEHCTBO-
BA4Tb C CYXHM KHC/JIOPOAOM H BO3AYXOM JIHIUb NpH TemmnepaTypax
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