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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,

3



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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>260°C; npu stom obpazyercs NJOTHas MNJeHKa OKHCH, Mpegoxpa-
HAIOWIAA MeTaas OT JdajdbHedlnero oxHcaeHus. [IpH BBHICOKHX TemIe-
parypax rajJui cropaer Ao okHcH. Merass He B3aUMOLEHCTBYET C
BOJIOH, He cofiepaKallell pacTBOPEHHOTO KHCJAOPOJA; B MPHCYTCTBHH
JKE OKHCJIUTE/IeH MOBEPXHOCTh €ro MOKpbLIBaeTCs OKHCHOH MJEeHKOI.

NPOCTBIE H KOMIMJIEKCHBIE COEAMHEHHUSA TANJUA

Oxucaw raanuga— Ga0, GaO u Gay0s;. Haubonee ycroii-
YHB NpPH BCeX TeMmepaTtypax HOpMaJbHbiil Okucen GayOs — Genbrit
tyronnaskui (1. mi. 1900° C) kpucrananueckKnii nopoilox, CymecTsy-
IOIMH B NATH MoguduKkauuax (o, B, y, 6, €) [423, 1271]. Ga,05 noay-
yalot obe3pokHBaHHeM THApooKkHCH Gas0Oz-xHsO maum mpoka/iupa-
HHeM HHTpaTa Jaubo cyabdara ramiua. CuiabHo npokanensas Ga;0Os
IJIOXO PACTBOPACTCSA B KHCIOTAX H OCHOBAHUAX MOL0GHO OKHCH aJio-
munus. [Ipu narpeBanuu B Bakyyme cmecH Ga;O; ¢ MeTaliHuecKHM
rajJjiieM NpPOUCXOAUT 00pasoBaHHe TEeMHO-KOPHUHEBOro MOPOLIKA
GayO. Ipn oxkucaeHHH MeTaJyiHYecKoro rajains obpasyercs GaO —
COeJHHEHHEe Ceporo lBeTa, HEPacTBOPHMOE B BOJE, HO PacTBOPHMOe
B kucaoTtaXx. GaO MOMKHO MOJNYYHTH Tak¥Ke BoccraHosjaeHHeM GasOs
Bonopoaom npu 730—800°C. O6Ga HH3MHKX OKHCJIA — CHJIbHBIE BOC-
cranosutenu (E, cucremnt Ga*t/Ga?+ pasem —O0,65 g): BoccTaHaB-
JuBaloT cepuylo kucaory gno HyS (GaO toabko yacTHUHO BOCCTaHAB-
auBaer HoSO, g0 HsS).

F'HApoOOKHCH raJJus MoXKer ObITh moJiyyeHa NpPONYyCKaHH-
eM uepe3 pacTBOp rajjnata HaTpHSl yrJeKHCJIoro rasa, auGo HeHTpa-
JIH3alHel pacrTBopa raJuiata pa3baBJIeHHON COJISTHOH KHC/JIOTOH MJIH
pa3baB/eHHBIX BOAHBIX pacTBopoB coaeit Ga(Ill) pacrBopamu
NaOH, Na,CO; u NHOH. T'ugpookuch rajiHs BHJIEISETCS H3
pacTBopoB B BHIe (eJOro MenaTHHO3HOro ocajaka, amMopdHOro mo
peHTreHorpaduueckum naHHbiM [423]) u coaepxkamiero mepemMeHHoe
KonuyectBo BoAbl (Qas0;-aq uau Gag0;-xHp0) (1271). I1pu men-
JIEHHOM OCa’<JIleHHH M3 KHCJIOTO HJIH IeJ0YHOr0 pacrBopa MOXKHO
I0JYUYNTb MHKPOKDHCTA/IHUECKH# ocanok meraruapockucu Ga(III)
cocraBa GaO (OH).

Boigensemas 3 pacTBOPOB THAPOOKHCH Tajiius o6Jafaer Bhi-
COKOH COpPOLHOHHOH CMOCOGHOCTLIO 1O OTHOIIEHHIO K APYrHM KaTH-
onam, Tak, npu ocaxJIenHH ee aMMHAaKOM H3 pacTBOPOB coJel Co-
ocaxnaiorcsi Mg, Mn, Co, Ni, Cu, Zn, Cd u apyrue meraans. Hns
BBIJIeJIEHHST M3 PACTBOPOB YHCTOH THIAPOOKHCH MONbB3YIOTCS NMHPHAH-
HOM B mpHcyTcTBHH Gosbuioro Koiunyectsa NH4Cl (pH~6,5). Ilpu
3TOM MHOTHE MeTaJsJbl 06pa3ylT ¢ MHPHAHHOM pPacTBOPHMble KOMII-
Jgekcel tuna [MPyyPt, He ocaxpawoummecs ¢ ruapookuceio, Ocamok
THAPOOKHCH TaJI/IHS PAacTBOPSIETCS KaK B KHCJOTaX, TaK U B PacTBO-
pax cunbHbiX ocHoBauuit [902]. KpoMe storo (B oT/HUHE OT ruapara
OKHCH aJIIOMHHHS), THIPAT OKHCH ra/lius pacTBOPSETCs B 3HAYH-
TeJBHOM KOJIHYECTBEe KOHIIeHTPHPOBAHHOrO pacTBOopa ammHaka, I[1pH
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KHIITYEHHH aMMHAYHOTO pacTBOPa BHOBL BHWMajaer rHApooKHch, On-
HAKO NpH «CTapeHHH» PacTBOPHMOCTb THAPOOKHCH B LIEJIOYH H 0COo-
GeHHO B aMMHaKe OueHb pesko cHuxKaercs (178). Pacrsopumocts, no-
MHMO 5TOr0, 3aBHCHT OT KOJHYECTBA OCajaKa. 1o TOBODHT O TOM, YTO
THIPOOKHCE raJi/iisi PHCYTCTBYET B PACTBOPE He TOJBKO B MOJIEKy-
JIAPHO-AHCIEPCHOM, HO, YaCTHYHO, H B KOJLIOHLHOM COCTOSIHHH [423].

['uapookucs ranans, seigenennas wus PactBopoB B Buae GayOs-
-xH;0, o6aapgaer Gonee Bricokoi CKJIOHHOCTBIO K JerHAPaTAallHH, Yeum
THIPOOKHCH amoMHHEHs. [IpH duabTpopanuwu, NPOMLIBAHHH M BEICY-
LIHBAHHH FHAPOOKHCH I'aJ/UIHSL «CTapeeTs H MepexoaHuT OT CTYIEeHHCTOMH
aMOPQHOH CTPYKTYpH K MEeJIKOKpHCcTaMiHueckol, [Ipu stom momu-
THAPATBI MAJIIHS MOCTENEHHO TEPAIOT BOLY, MpPeBpallasich CHAYANA B
TPH-, 3aT€M JH- H MOHOTHJpAT.

®pukke u Mepunr [815] cunrator THAPOOKHCDH TaJIHSl «HIealb-
HBIM» aM(OTepHBIM BOJHBIM OKHCJAOM. DTOT BBIBOJI JIe/IA€TCH HMH
Ha OCHOBaHHH paCCYMTAHHBIX BEJHYHH BTOPHIX H TPEThHX KOHCTAHT
AHCCOLHALMH THAPOOKHCH 110 KHCJIOTHOMY H OCHOBHOMY THMaM, HMe-
10IHM OueHb GausKHe 3HaYenus. [{HCCOUHANHS MO KHCJIOTHOMY THNY:

H3GaO, =H* H,GaO;
3rp

2 [H*] [HGaO?~]
HyGaOy 2 H* 4 HGaOJ—; K, 0= —————— —4,8.40-11;
[HQGaOﬂ ]

(H*] [GaO}~]

HGAOL 2+ o GaOAy |, Ll L8 L
Sy L [Hao)

AHCCOIHALLHA 110 OCHOBHOMY THIY:
: Ga (OH), = Ga (OH); -+ OH~;
. _[OH~] [Ga (OH)™*]

Ga (OH), = Ga (OH)** + OH~ K’ . — =1,6-10-11;
(OH), ) i [Ga (OH)!]
: OH™] [Ga%+
Ga (OH)** 2> Ga®+ -+ OH-; Ka‘nac L _{_L:f_] —4.1012,

[Ga (OH)**]

[MocnenoBatenbuble H OGIIHE KOHCTAHTHI YCTOAYHBOCTH KOMIJIEKCOB,
06pa3yeMbIX rallJiHeM C FHAPOKCHI-HOHAMH, ONpPeAeNsIHCh TAKKe B
paGorax [16, 318, 436, 815]. OGuHe KOHCTAHTHI YCTOHYHBOCTH BhIpa-
KaIOTCH YpaBHEHHEM:

[Ga (OH)Z "]
 [Ga*] [OH]"

n

a NnocnenoBaTtesibHble MOryT GBITh BBIYHCJIEHBI H3 3HAYEHH[ ﬁn:
By = Kyllan o+ K.
14




B raba. 3 mpusenenbi BeaHuHHB JOrapu()MOB HANIEHHBIX KOH-
CTaHT.

Ta6auma 3
KOHCTaHTH YCTORYMBOCTH KOMIJEKCOB Tajiusi ¢ THAPOKCHA-HOHAMH

12 Bn Ig Kn  Jlurepa-
g8 | Ige, Ig B Ig Ky Ig K, lg Ky e
12,66 | 24,9 | 36,78 s s i [16]
13,56 | 26,76 | 39,7 13,56 13,20 12,95 | [436]
i i 36,30 o — 4 (318]
8] 2l 1% 11,40 10,80 4 (815]

Jlif nepBoil KOHCTAHTHI AMCCOLMAIHH CBEXKEOCAXKIEHHOI THIPO-
OKHCH ra/lJisi B KHC/IOH cpene Jlarnmep [318] npuBoput Bennunny
Kyt gue=1,0-10-15,

KucioTHble cBOHCTBA THAPOOKHCH ra/ljiusi BEPAXeHbl HECKOJIbKO
CHJIbHEE, YeM THAPOOKHcH ajioMuHHuA, [lostoMy mepsas Bhizessercs
H3 pactBopoB npu pH 3,4—9,7 [268, 269, 676, 814, 815, 1308], a BTO-
pas npu pH 4,1—10,6. Beanunna npouasemeHus PacTBOPHMOCTH
THAPOOKHCH raanns Ga(OH); xapakrtepusyercs 3HaueHHSIMH
7,1-10-% [1095]; 1-10-%4 [268, 269] u ~ 1035 [1123].

pH ocaxnenusi 1 pacTBOpeHHs THAPOOKHCH TaJuTHs, OJYUEHHEIE
[IpH THTPOBAHHHU KHC/IBIX pacTBOpoB 0,1 N pacTBopom eaxoro HaTpa,
Aaubl B Ta6a. 4. Ha puc. 1 npusenena saBicumocts Beauuns pH Ha-
4ajla BLIACJICHHS THAPOOKHCH Ta/l/IHs H THAPOOKHCEH G/IH3KHX K HEMY
3/JEMEHTOB OT KOHIEHTpAluH KaTHOHa B pacTBope [178].

Ta6auma 4

pH ocaxjenus, KoaryaAsuuu M pPacTBOpeHMS THADOOKHCH Tajius [220, 1123]

Hasano ocaxpennsa 3amernan Koarynsmust | Pacteopenne ocapxa
Pacteop cosm rammms N : E 3

NI e e T
0,005 M Gay(SOy); [3,40—3,45) 0,2 4,7—4,812,6—2,5(9,6—9,4]| 4,1—4,2
0,00 M GaCl; . .[3,48—3,50 2,6 [6,7—6,8/2,8—2,9(9,6—9,8 4,0

Kak BHAHO U3 pHC. |, IDH yBeJIHYeHHH KOHIEHTPALUHH raJIHs pH
BBIJIE/IEHHS €r0 THIPOOKHCH Cmelaercs B GoJsiee KHCAyio 06aacTh. [To
Mepe yBe/HYeHHs TeMneparypbl pH ocaaeHHss THAPOOKHUCH rajus
He3HauHTe/bHO cHHkaercs; npH 10° C ranauii ocaxknaercs U3 cepHo-
Kucabix pactsopos npu pH 3,03, a npu 40°C — npu pH 2,68 [178].

[IpucyTcrBHe B pacTBOpe MHOrOaTOMHBIX CIHPTOB JKHPHOTO PsiAa
OKasblBaeT HeGO/bIIOE MAaCKHDYIOlee NefiCTBHE Ha TaJUIHY B IIEN0Y-
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P HOM pacrmBope, CABHrast BeJHUH-
ca? Hy pH sauasa BbZeJeHHA THAPO-
OKHCH ranjausg B Gojee KHCAYIO
obnacte [416]. Tak, pH Brgenes
HHS THIPOOKHCH rajliusg H3 pa-
crBopos 06e3 KoMmekcooOpasy-
4 lowero peareura 3,4—9,7, B mpH-
\ CYTCTBHH 3ITHJAEHTIHKOAS 34—
\ 9,7, rnuuepuna 3,4—9,6; MaHHHTA
3,4—9,2. CnemoBaresibHO, MAHHHT
N oGpasyer c raaauem GoJee npoy-
& oH HBIH KOMIIJIEKC, WeM TJIHIepHH.
OcaxenHne THAPOOKHCH raJ-
Puc. 1. 3nauenus pH ocaxaenns raapo- JIHA H3 pacTBOPOB €ro XJopHJa
oKECefl pslla MeTaJJoB B 3aBHCHMO-  XapaKTepH3yeTCs [pHC. 2 [480].
CTH OT KOHUEHTPAUHH KaTHOHA B nmpucyrerehH 2,5—2,8 3KB.
uesqoun obpasyercsi HepacTBODH-
masi ocHoBHas coab Ga(OH)gs Clg,e, nmosHoe ocakjeHnue KOTO-
poit sakanunsaercsi npH 2,8 sks. Brauase 06pasyioTcsi pacTsopiMble
ocuosuble coau Ga(OH)Cl; u Ga(OH)2Cl, auccounupyiomue B pa-
CTBOpE cooTBeTCTBeHHO Ha HOHE GaOH2+ m 2CI-u Ga(OH);" u Cl-.
ITpu NaOH : GaCl;>3: |, ocagok Ga(OH)s pacrsopsierca ¢ o6paso-
panueMm raanata NaGaO, umn Na[Ga(OH)4 (rmzpatuposanHas
¢opma). HssectHbl raanathl moutH Bcex MerannoB [ u II rpymn
MepHOAHYECKOi CHCTeMBI 3JieMenToB. ['annathl WEN0YHBIX MEeTallIOoB
HJH AMMOHHS XOpOIIO pacTBOpHMbL. PacTBOpHI raanaTos no ¢usuko-
XWMHUYECKHM CBOMICTBAM OueHb HANOMHHAIOT aJIOMHHATHBIE pa-
CTBOpHI, HO Upe3BblYaiiHO CTaOHIBLHLI B IPHCYTCTBHH HEKOTOPOro H3-
GhITKA 11e104H. B IPOTHBHOM Cilyuyae OHH MOABEPraloTcs YaCcTHYHOMY
PHAPOIH3Y € OcaKJeHHeM TI'HIPOOKHCH.

B Kucablx pacTBOpax raJjiHii HaxomuTtcs B BuAe HoHOB Gadt,
0 (hopMe CYLIECTBOBAHHA TajJHA B LIEJOYHBIX PACTBOPAX HMEIOTCS
pasauyHble npeacras/ieHus. OnpiTaMu 1no AupQy3Hu pacTBOPOB ral-
JlaTa yepe3 le10baHoByio NeperopoaKy Gbuio onpeneseno [679], uro
MOJIEKYJSPHbIE Bec rajnat-HoHa paseH 270, 4TO COOTBETCTBYET
cocraBy Hona [Gap(OH)sl—. Idpyrue asropw [815] cumraior, uto B
LeJOYHBIX PACTBOPAX CYIIECTBYET rajiaT HaTpus, B pesyabTare JAHC-
conuaiuu Koroporo o6pasyiorca annoHsl GaOg®-.

Koucrautwe runpoansa: K, =3-10-%; K;=1,2-10-4.

B pa6Gorte [930] ykasbiBaercs, 4TO B LIeJAOYHBIX PaCTBOPAX raJulHi
cylecTByeT B BH/e Ge3BOJHBIX HJIH IHAPATHPOBaHHbIX HOHOB GaOg®~,
BO3MOMKHOCTb JMMEpH3alHH KOTOPLIX He NOATBEpIKAaeTcsi KPHOCKO-
nuyeckum anaan3oM. Ha ocHoBanuu Gu3HKO-XHMHYECKHX HCCAEA0Ba-
HHH YCTAHOBJIEHO, YTO B PACTBOPAaX HATPHEBOH ILUEJNOYH CYIIECTBYIOT
TOJBKO HOHB MoHora/iara [217, 221, 222, 480, 930]. ITpu stom He
OTPHLAETCsi BO3MOKHOCTb 00pasoBaHus rajatos c¢ OGojblled cre-

ST
T

Konyenmpayu s xaimuona, 842
NP oy ™
T
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| ICHBIO  KOOD/IHHALHOHHONO HACKIeHHs
- (tuma M;Ga (OH)6) u mannuns B pacr-
BOpax HOHOB rajsaTa HaTpus.
Jluteparypupie panune MOCJAeAHHX
JIET TOKa3biBalOT, YTO FajaThl Iejsoy-
HBIX METa/IIOB  CIEAYeT paccMaTpHBath
KaK  31exTposMTH, pacnamaommecs g

1
BONHBIX DacTBOpPaxX Ha HOHM Mo cxeme o N
[178): NaOM:6alls
o Puc. 2. Ocaxnenne THApO-
MGa0, = M* 4 GaO 2 OKHCH Ta/IHs H3 XJODHI-
HBIX pac‘rnopos

we (yen. ed)
S )
T

N
[
T

Lodeprearue Ga Bocad-

[Ipu B3aumozeiicTeun PacTBOpOB raJ- :
Jara H 6ukapGonara HaTpHAa npu pH 9,2—10 00pasyercs yeroiunshii
raanokap6onat matpus Na[Ga (OH),CO4]-aq (N0 - Gay05-2C0,-
-nH30) [401, 402). 3r0 Genuir MEJKOKPHCTA/INIHYECKHIT, c/lerka THTpO-
CKONMHYHBIA MOPOIIOK, JIeTKo Pasnarawouniica mox aefictuem KHCJIOT
# llesI0ueli; paspymaercs Takxke Kunsmes soxoir. [Ipu HarpeBaHHH

TPHs 00/1a1aeT HOHOOGMeHHbBIMK CBOHCTBAMH: HOH HaTpHA cnocoben
3aMEILaTbCA APYTHMH KaTHOHAMH, Tak, npu B3anmoneficTany raJjuo-
Kap6oHaTa ¢ PacTBOpoM HHTpaTa cepebpa moayuen rajJoKap6onar
cepebpa cocrasa Ag,0. Gaz05-2C0,-nH,0.

B pany nanpsxenni raanuii pacnosnaraercs MEXAY Keae3om H

| LHHKOM.
N

Ty, |

&

N, N

Coan ranausg

PacrBopenne raJjans nponoaxaercs, MET&JIJIH'-IECKHI:I raJ

PacTBOpsieTcs npH Harpesannn co cymechio 2 4. KOHUEHTPAPOBaHHOM i

CEPHOH KHCJIOTHI W | v, 72%-uomi XJIODHO# KHCJIOTHI [,
- or
JAYHWHX pacTBOPHTeNOR raJiiug — Hapckas Bogka. |

2 Ananutuveckan xmmms raanams



JleficTBHe Ha ramiui CepPHOM KHCJOTBI COMPUBGKIACICH BulLee-
HHEM HEKOTOPOro KOJHYECTBa 3/MeMEHTapHOIl cepbi, KoTopast 06BoJa-
KHBaeT MNOBEPXHOCTh MeTajJaa H TPENATCTBYET AajibHellleMy ero
pacrsopennio. Cepy MoKHO yIa/aHTh ropsiueit BOLOH, MOCJIe yero raJ-
Jui OyleT npoaoJKars PacTBOPATLCA B KucjoTe. PacTBopenue ras-
JIHA B TOPSIYEH a30THOH KHCIOTe IDOHCXONHUT GBICTpEE, UeM B TOpSTUHX
CEPHOH WJIH COJITHOH KHCJA0TaX. B CROMX COeIHHEHHUAX TaJlJIHH, Kak
NIPaBHJI0, TPEXBaICHTHBIH TOJ0KHTEN bHbIH {1358]. Coan ero Gecuper-
Hbl, GOMIBLIMHCTBO M3 HHX, 00Pa30BaAHHbIX CHJIbHBIMH KHCJIOTaMH, XO-
POIIO PACTBOPHMEI B BOAE, HO B BOJHOM pacTBOpe CHJILHO I'HAPOJIH-
soBauel. [Tosromy Bopubie PaCTBODbI COJIEH TaJiusi HMEIT ca1aboKHe-
JAyio peakuuio (930, 1123, 1273]. I'unpoans comeii ranius npoTeKaer
JICTHE, UeM co.eil aMOMHHHSA, N0 CIELYIOIIHM PeaKiuam [815]:

Ga®* -+ H,0 =2 GaOHz2+ -+ H*; (1)
GaOH** + H30 2Ga (OH); -+ H*; (2)
Ga (OH); + H,0 2 Ga (OH); - H*, 3)

[IPHYEM TIpOLeCC B LEJIOM Onpeme/siercs nepBoil peakuuedn. B ra6m. 5
MPUBE/CHEl KOHCTAHTHl THApOMH3a Gadt, TOMYYEHHbIE PAa3JHUHBIMH
METOZIAMH,
TaG6auuma 5
Koucerantut rugpoaunsa Gas+

K, £ K, Jluteparypa
1,4-107°3 3,5-10¢ — [815]

4.1072 1,79.10 2 7,6-1073 [16]
3,6-1071 1,6:1071 8,9-102 [436]

I'maponus coneft ramaus s Pa30aB/ICHHBIX KHCILIX PACTBOPAX Xa-
PAKTepH3yeTCs NHHEHHON 3aBHCHMOCTBIO MeX Iy seqHunHoll pH u no-
TapuPMOM KOHLEHTPALHH HOHOB TFaJLIHS [1123].

Cyabdar ranaus KPHCTA/NIH3YETCsl H3 PAaCTBOPOB B BHE
Gay(S0O4)3-nH,0, o6pasyst MATKHe Gelbie MIACTHHKH W 3BE31HI.
Konnuecrso monexkyn sogm B sron COCIHHCHHH 3aBHCHT OT TeMIle-
PaTypbl KpHCTamtusanuu. [pn KomuaTHOM TEMIEPATYDE H3 PacTBO-
POB ocaxpaercs cyabdar cocrapa Gay (SOy)3-20H,0. Ilpu uarpe.
BaHHH [I0UTH BCS BOJA YAANSETCS; GE3BOAHAS COMb Bhilte 520° C pas-
Jlaraercs ¢ orwenaenuem SO;. Ipu Bhicokof TEMIIepaType cyabdar
B SHAYMTENbHOH cTenenu Jeryu {423, 1254]. C CyJibpaTaMu OjlHOBA-
JIEHTHBIX METAJIJIOB H aAMMOHHS cynbar TaamHs Jerko o6pasyer
ABOHHBIE COMH THIA KBACLOB MGa(S04)2- 12H,0[74). Kpacus ranius
B Pa36aB/ICHHBIX pacTBOpax IPAKTHYECKH NONHOCTBIO THCCOUMHPYIOT
Ha HOHBI,
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Hurtpar ranausa kprcraaamsyercs wa asoTHOKHCAOro pac-
TBopa B BuAe okraruapata Ga(NOs)s-8H20. 1o pacnasisalomuecs
GecuBeTHble MPU3MbI, CHIBHO NPEJIOMJSIONHE CBET (T. na. ~65°C).
ITpu narpepanun B TOKe BO3ayXa npu Temnepartype ~40° C coenune-
HHE NepexonuT B 6esBoanyio conb Ga(NOj), {1254].

[lepxnopar rannus B saBucumocti or YCJIOBHIT KPHCTAJIH-
syercs ¢ 6 u 9,5 mosekyramu Boaw [806, 1063, 1205, 1209, 1273].

Fanorennan ranans. HspecTHbl rasorennn Tpex- H ABYyXBaJeHT-
Horo raamus. Bee onn, kpome GaFs, xopomo PaCTBOPHMEI B BOJE H
HEKOTOPBIX OPraHHYeCKHX PaCTBOPHTEJSIX.

JlHranoreHH bl OueHb JErKOMIABKH 1 PHIPOCKOIIHUNEL, HIPH BbICO-
KHX TeMNlepatypax pasiaraiorcss Ha MeTaldl M rajoreHiy Tpex-
Ba/ICHTHOrO ra/ius. I'aqoreHHAb rajjHs oueHb JdeTyun (rabm. 6);
3TO CBOHCTBO MCIO/IB3YIOT J/S OTAENCHHS TaJIHs OT npuMecei.

Ta6nuna 6

PuzHUeCKHE CBOMCTBA raJOreHHIOB raius [423, 804)
Tanorenupg B 1 L T. wun., *C et
GaCl, 77,9 201,3 Becupernnii g
GaCly 170,5 o35 To xe
GaBr, 134.5 279 Ny
Galg 212 346 Cna6o-xenTriit
GaF, >1000 Bosrousiercss | Beawit
npu 900—1000°

Xnopuag raanusg o6pasyeT AJiHHHBIE Gegble KPHCTalbl, pac-
[ILIBAIOIIHECS HA BJAXKHOM BO3NYXe C FHAPOJHTHYECKHM OTLIEMJIe-
HHEM XJIOPHCTOrO BOAOpOAa. B pacrBopax xiopum raanus VCTONUHB
npu pH <3,4. IIpu Gosiee BLICOKHX 3HAUEHHSIX pH on noasepraercs
THAPO/IH3Y C BBEIACTCHHEM THAPOOKHCH raaans. GaCly serko u Ges
pasnoxenus pacrsopsiercs B apupe. Mz 5—7 N HC] TPUXJOPH] TaJj-
JI51 XOpOLIO SKCTparupyercss spupamu, GyTHaAALETaATOM H HEKOTOpPbI-
MH IPYTHMH OPTaHHYECKHMH PaCTBOPHTESIMH, YTO HCIOMb3YeTCs A
OTACTICHHA ra;niusa ot Apyrux snementos [390]. GaCl, — GecuseThbe
KpHCTa/1bl, GYPHO pasiaraioliHecs: BOAOH ¢ BBIIEJCHHEM BO/10pOJia
[678].

Bpomun raaaua GaBrs u mwonwx Gal; Gecusetusl u mo
CBOHCTBAM H 3HAUHTENBHON CTENEHH MOXO0XKH Ha TPHXJOPHIL TaAaHA.
GaBr; o cBouM cBoiicTBaM aHajoruyen GaCls.

M3 Gpropunos ranaus ussecren Toanko GaFs; unauue ero
¢Gropuas He nonyuens, Oxuako B CIEKTpe MOIVIOMWEHHs ra3os, Noy-
HAIOLHXCA NP B3aHMOACACTBHH (PTOPHAA ATIOMHHHS ¢ METANLTHYE-
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CKuM rajaanem npw 1000° C, o6HapyxkeHo npucyTCTBHe ¢dropuna on-
HoBasnenTHOro raaaua GaF [53].

"Bessoubiit Gropua rasnus Gecuseten, maoxo PacTBOpHM B BOJle
H B pasbaBJeHHON KHCJIOTe J1a3Ke NpH HarpeBanud. ITpu Harpesanuu
zo 800°C Bosronsiercs, He maaBsch. [TIpu pacTBOPEHHH FHAPOOKHCH
rannHa’ Bo (TOPHCTOBOMOPOAHON KHCJIOTE WJIH TPH NEHCTBHH mo-
caennedi na OKHCh raauns [943] Bbizeasiercs tpuruapar GaFj-3H,0,
Xopowo pacrBopumblil B soze [480] w B pasGapneHHON CONSTHON KuC-
aore [423]. Honkl rasans npoyHo cBa3bIBalOTCS B pacTBOpax ¢ HOHa-
MH (TOpa, MOITOMY B MPHCYTCTBHH TMOCTENHNX HE YAAETCH AHANHTH-
UGCKH ONpPefeNHTb TaJJHi GOJBLIMHCTBOM H3BECTHBIX METOJON .
®TOpHA TaAAUA Mal0 AHCCOUMHPOBAH B PAcTBOPe.

‘H3BeCTHBl OKCHTaMlOTEHHAB TAJAAHS (OKCHXJIOPHI, OKCH
Gpomu, oKcuuoaua H okcHdTopua) [678a), a Takke xJopupausie 11,
451, 852, 856, 990, 1153, 1375], opomuaHsie [11, 451, 918], voguanbi.
[L1, 451, 918] u TopHIHBIE KOMMAEKCH TaJTHS [262, 451, 479, 849].
[TpounocTh rasoreHHAHBLIX KOMIJIEKCOB raJjuius ybbiBaeT B pAnLy
CI>Br>J [11].

B 1a6a. 7 npusesens BeamuHHLL JOrapHPMOB KOHCTAHT YCTOMUH-
BOCTH raJIOreHH/10B raJjl/ius, NoJdyYeHHble JTHOO ONBITHHIM NyTeM, JHG0
C HOMOLIBIO METOAOB CpaBHHTEJNBHOro pacuera [451].

Ta6awmua 7
3navenns Ig Kyer nas Ga*t A, (n=0)
n F= Cl- Br— - Ly n | i Cl= Br— Je
1 6,0* 1,0* | —0,2] —1,6 4 15,3 1,6 | —2,9| —17,8
2 10,1 1,2 | 14| —4.4| 5 16,8 1,7 |—3.3} -8,9
3 13,1 1,4 | —2,3] —6,3| 6 (17,8)**| 1,8 | —3,6] (—9,6)2*

" * BelMUHHEL NOJYYEHL! OTBITHLIM My TeM.
** [IpuGasKeHHble JHAYCHHS.

JetanbHo Bompoc o cocrase M JIPOYHOCTH (DTOPHIHBIX KOMIIEKCOB
Fa/llisl paccMatpusaercss B paGore [262]. B saucumocTH or KomueHTpa-
umi F--ona B pacrsope (n=0,5; 25°C) moryr CYIIIECTBOBATH HOHLI
GaF?*!, GaFy, GaFy, GaF:™, tropun GaF,. Jlorapudmer Korcrant yeroii-
UHBOCTH COOTBETCTBYIOIIHX Kommiekcos: 4,52; 3,80; 1,52; 0,30; 2,74.
B paGore [479] ais GaFy naetcst Ig Kyer —8,85. Jlorapum cymmap-
HOW KoucTantel ycroiumsoctit GaFi ™ pasen 13,89,

['anorennasl rasnms o6pasyior ¢ raJoreHHAaMu HEKOTOPHIX Me-
TaJJIOB KOMIJieKcHBle coenHenust Tana MsGal's u MGal, (B xom-
IJIEKCHBIX XJIOPHAAX, GPOMHAAX H HOAHAAX KOOPAHHALHOHHOE YHCJO
raaaus pasuo 4 [501]; B GoablHHCTBE K€ KOMIMJIEKCHBIX tdropunos
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oHo paBHo 6 [I1]). Hekotopbie H3 3THX KOMIIeKcoB BechMa yCTOi-
uuBbl. Hanpumep, xpucrasinveckuir NH,GaCl, XOpOIIO pacTBOpsieT-
cfl B BoJe Ge3 3ameTHOro ruapoausa. OcoGenno xapakrepHo obpaso-
BaHHe (TOporaanatoB oGuiei hopMysl M;GaF, rae M — menou-
HOH Metauu [877). M3Becten panx coemuHeHHi [869, 1241], Buimenen-
HBIX H3 BOJHBIX PacTBOPOB IpPH B3aHMOAEHCTBHH ()TOPHIA TaJNIHS
¢ ¢ropunamu Li, K, Na, Cu, Sr, Ba, Mn, Co, Ni, HanpuMep
KQ(G8F5-5H20), M(G3F42H20), rae M—Rb, CS; Ma(GElFs}z‘
- H;0, rie M — Ba, Sr. I1pn PacCTBOPEHHH KOMILIEKCHBIE COeMHHEHHS
Gropuna raaans QHCCOUMHDYIOT ¢ 0Gpa30BAHUEM LIENOYHOrO dro-
PHAa W (PTOPHIA ra/uTHs; MOCAETHHI, B CBOIO OuepeNb, THCCOIUHPYET
¢ obpasoBanuem nona GaFj . Ilpyrux noHOB, comepamux raamii,
B TaKHX pacTBopax He obGHapyxuBaerca [216]. ‘ - Wi
ITpu BBeneHHH B caaGoKHCBIH PacTBOp coJiH raanus ¢ropuma
HaTpusa  BBHIAEJNSIETCSs ocafiok coctasa  13NaF:5GaFs, 7. e.
NaF : GaF3=2,6 : 1 [480]. [MoanocTbio raianii NEPEXONHT B OCAJLOK,
ecsIH NaF : GaF;>8: 1. Kommiekcuuiit dropun rasms
13NaF : 5GaFs mano pactsopum B Boje (~0,31% mnpu 25°C), na
3TOM OCHOBaH METOJl oTAeseHHust raans ot Co, Ni, Cu, Zn, Mn u Cd,
QTOPHIBI KOTOPHIX HMEIOT 3HAYHTEJIBHYIO PaCTBOPHMOCTB -(CM.
ra. III). Tanouguble comu raaaus XaPaKTePH3YIOTCA  CHAbHOI
CKIIOHHOCTBIO K PEaKUMAM MPHCOeAHHERAs. MIX KpHCTaJJoTHApaTH,
BbILCJICHHEIE H3 DACTBOPOB, BCEI/la COAEPIKAT HECKOALKO MOJEH BOMM
H 4dile Bcero uMeior cocras Gals-6H,0. C amMmuakom: B BOIHBIX
PacTBOpax raJiHi KOMIIKCOB He 06pa3yeT, HO B 6e3BOLHOM COCTOS-
HHH HJTH B HEBOAHBIX PACTBOPAX HEKOTOPbIE COEMHEHHS Ta/IHs AI0T
AMMHAKAaThl Da3/JIHYHOrO coctaBa. Hanmpumep, npu AeficTBHH aMMHuar
K4 TOX NaBJEHHEM HAa 3QHPHBIA PACTBOD TPHXJIOPHIA TANIHSA BLAE-
agercsi ocanok GaCl;-5NHs. 3tu ammuaraTtin MTHOBEHHO ‘THAPOWIA-
sylorcs. Monoammuakar GaCly-NH; yeroiuns w mawniaer pazna-
FaThCs JIHLIB NPH TeMnepaTtype Bhitlie 450° C. MaBecTHo KoMmIeKcHoe
COelHHEeHH e, ABJIAIOLIeeCs IPOLYKTOM NPHCOEHHEH s MeHTAXJOPHAA
$ocdopa k xaopuny rammmsa PCls-GaCls (1210 - * |
Tpuxaopmn rannus Takxe cnocoben k pPeaxuysM IIPHCOe HHEHHS

€ PasqHYHLIMH OPraHHYECKHMH BEUIECTBAMH, CONEPMKANAMH a3or,
Kucaopon uiau cepy [859]. Muorue ns TAKHX TIPOJIYKTOB NpHCOEIHHE-
HUS TIIABATCS H 1aXe MeperoHsiorcs 6e3. pasnoxenns. Tak, ¢ HHTPO-
6enzonom GaCls o6pasyer JBa COENHHCHHS: KOHTDY3HTHO TIJIaBSIIIHHA-
s GaCls-CsHsNO, u GaCly-2CsH;NO, [504]. C nupugunom o6pa-
dylorca 1Ba xomnaekca: [Py,GaCly]GaCly u [Py,GaCl,]CI [219, 860]).
C aueronom, aneruaxmopuaom, Gensuaxnopuiom GaCl, faer coému-
HeHHsA cocTraBa | : 1 [858]. Coexnunenmue c MHPHIHHOM  pacTBOpsetch
B XOJIONHOH BOJle 6€3 3aMeTHOro THAPOH3a. BoabfiicTBO' 1pyrux
COENHHEeHHH, MONIOGHO aMMHaKaTaM, pasaaraiotest Booi [224] Tipu
06pa30BaHHH KOMILIEKCHBIX COEHHEHHI ¢ OpPTO(EHAHTPOAHHOM Xi10-
PRI TaJTHSL NPHCOGNHHSIET ABe MOJeKy/aH (eHantpomuna GaCls-
-2Phen, a 6pomun wu HOAHA — TpH: GaBrs-3Phen, ‘Gal, - 3Phén.
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Komnaexkcnpie 5pOMHﬂ ‘W HOQH] TaJJIHA HMEKT CTpPOeHHe
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Tae X — HOHBI GpoMa WJIH HOJA.

Crpoenne KOMIJIEKCHOro XJopHaa Gosee caoxHo. CoeluHeHHS
3TH JOBOJILHO YCTOHYMBBI — Fa/iIMH M3 HHX He oca)jaercd Iie-
Joubio [218].

Ilpu caiuBanun pacTBOPoB GE3BOAHBIX 3THICHIHAMHHA H XJOPHAA
rajaaus B aGCOIIOTHOM METHJIOBOM COHPTE MOJY4YeHBl COeqHHEeHHA
XJIOPHAA ra/VIHA C OJHOH, IBYMS H TPEMs MOJIEKYJaMH 3THJIeHHA MH-
ua. B Bojie oHH HeyCTOMYMBE H NIPH HATPEBAHHH DPa3/araioTcs c 06-
pasoBanHem xsopuia ramiua [282]. lanauii oGpasyer craGHAbHBIA
kommieke ¢ ¢prasonnanuaom (HSO4) — GaPeCl [50], a Taxkke KoM-
IJIEKCHbIE COMH ¢ HOHOM 2,3,5-TpHdenuarerpasonus RGaCl, [1244],
AMAHTHIHPHUIMETAHOM H JHAHTHOHPHIAGeHuaAMeTanom [95], monyuaro-
HHMHCH u3 KommoHeHToB B 6 N HCl. dkcrpakumus nocaeaneii couu
XJ0pOGOpMOM MOMKeT ObiTh HCHOJAb30BAHA KaK YAOOHBIH METOJ BHI-
Renaenus raaaus (cm. ra. I11).

@Docdar raaaus GaPOy-2H,0 BbigensieTcs B BHIE KeJaTH-
HOOOPa3HOro ocajKa NnpH HeATPaJH3allHH PACTBOPOB, TaJJHEBBIX CO-
neit B npucyrcrBul ocdaros. [Ipu snavenun pH ~5 ocaxienue
NPOXOAHT KosuuecTBeHHO. OcaloK pacTBOpAeTCS B MHHEpaJbHBIX
kucaorax. B npucyremsun u36HiTKa hocdOpHOH KHCIOTH 0obpasyercs
pacrsopumas kucaas coib GaPO,-H3PO,-H,0 [484]. ITpu  B3aumo-
neiictBuH pactsopa GaCly ¢ dochaTamu 1eI0UHBIX METaNJI0B H aM-
monus npu pH 2,5—7,5 u 25° C noayuen psix coennnennit [488, 1389):

M;HGa, (PO,)s-xH,0, rpe M — Na, K, Cs:
MGa (PO,)sOH-xH,0, rze M — Rb, NH{;
MGaPO,OH-xH;0,  rze M—Na, K, Rb, NH];
NagHGa (PO,)s- ¥Hs0;  K3H;Gay (PO,)s- xH;0.

Coau raasnns 06pa3yioT KOMILIEKCHBIe coeJHHEeHHs cocTaBa | : | Tak-
e ¥ ¢ noaudocaramu {25, 545].

Apceunat ranans GaAsO,-2H,0 obragaer cBoficTBaMu, ana-
JIOTHYHBIMH cBOiicTBaM (¢ocdara rannus. Hanbosee nosno on ocax-
naercs npu pH ~ 3, B wefitpasibHoOl cpejie ocaxaenue nenoanoe [780].

Cyabdunn rannusa Ga,S, GaS u GayS; moryr 6uTh moy-
YeHbl MPONyCKaHHEM MapoB CepHl HAJA MeTAJJIHYeCKHM ra/jHeM, Ha-
rpeteiM 10 1250° C, uau HarpeBaHuem OKHCH rajjus B TOKe Cepo-
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BoAopoaa [869]. I'anamit sHepruyno coequnsiercs ¢ Cepol TOJIbKO NpH
narpesanuu. OGpasyiowwmiicss npu 3ToM cyabpun GasS; npencTan-
JsieT coboit XKeNToe KPHCTAMIHUECKOE BELLECTBO (T. ma. ~1255°C),
MEJIEHHO passiaraiouleecs BOJOH fake HA XOJIOAY C BhIIeJeHHEM
ceposonopoaa. GaS; X0polo pacTBOpAeTCs B Lieq0Yax ¢ o6pasoBa-
HHeM rajnatoB. C cyabpHAaMH IeJT0UHBIX METAJIOB GaySs obpasyer
Thorannatel MaGapSy (MGaSy) — masopactBopumbie B BOe KOM-
MVIEKCHBIE COEJMHEHHs], aHaAJIOTHUHBIE rajtatram MGaQ, [178]. Tuo-
FaJJIaThl pA3JAraloTCs CHAbHBIMH KHCJIOTAMH C BBIE/NEHHEM Cepo-
Bogopoaa [222].

Cyabun asyxsaientnoro raaaus GaS 6bur NOJIyYeH CHHTE30M
H3 snemenToB [869], a Takxke Harpesannem Ga,Sy n0 800° C B TOKe
BO/LOPO/A H/IH OCaK/I€HHEM TaJlIHsl H3 YKCYCHOKHCJONO pacTBOpa C
MOMOILbIO CepoBOAOpoia. (GaS — BelWeCcTBO XKEATOro IBeTa, Hepac-
TBOPHMOE B BOJe U naapslleecss npu ~965° C [423]. ITpu nponycka-
HHH CEPOBOZIOpOJa HAA MeTa/UIHYeCKHM raanem npu 1000° C o6pa-
3yercss MoHocyibouy ranans Ga,S, pacnagaoummiics IpH Harpesa-
nin eie 800° C Ha GayS; n Ga. Ga,S Jerko pasnaraercs BOJoi u
pas0baBjeHHbIMu KHCa0TaMH [423, 835].

C aszorom u pochopom ranami o6pa3yeT COOTBETCTBEHHO
Harpuaet GaN u Ga(Ng)s 89, 183, 483, 870, 946] u dochung GaP
[445, 496, 1066).

C MBIIIBAKOM H CYpPbMO# ramiuii TakkKe obpasyer coenu-
HeHHda cocraBa | :1 [1088]. AHTHMOHHA raJuaHsi Jerko noJayyaercs
CILIABICHHEM HCXOAHBIX S/eMEHTOB. [l moayuenns apcennaa Takoil
CHHTE3 MPEACTABJsCT Cepbe3Hble TPYAHOCTH, TAaK KaK IpH TeMrepa-
TYp€ IVIdBJICHHS] apCeHH/la JaB/leHHe mapa MbIUbAKA OYEHb BEJHKO.
Ewe B Gosblleit CTENeHH 3TO OTHOCHTCA K ¢ochuny. ITostomy mo-
CAC/HHHA JIYULIe N0AYYaTh KOCBEHHBIM NyTeM, HAampHMep AeHCTBHEM
Ha mera/ui QocdoprcToro Bogoposa npu 900—950° C [445). Ipamoit
cunte3 GaP moxer GBITh OCYLIECTBIEH B pacl/aBe BHCMYTa, HCIIOJb-
3yemoro B Kayecrse HHAM(depentHOro pactsopuTeas [496]. GaN,
GaP, GaAs, GaSb — ycTONYHBBI 10 OTHOLICHHIO K KHCJIOPOlY H BJia-
I'€ BO3/lyXa H JIHWUb C TPYIOM pasiaraiTcsi KHcaoTaMi. OT HHTpHIA
K aHTHMOHHAY HalJ/0faeTcs NOCTeNeHHOe HapacTaHHe MeTaJuye-
CKHX CBOHCTB. Bce 5TH coelHHEHHs SIBASIIOTCA MOJYINPOBOLHHKAMH.

C Bomopomom raaamit o6pasyer THIDHJ, raiaaus (AHrajajioH)
GayHg [423). MaBecTHb CJ0XKHBIE THAPHAB TAJUIHA CO IIEJOYHBIMH
MeTaJsiaMH, obuwas dopmysaa kotopeix MGaH, [178].

CyraeponoM W KpeMHHEM ralinii HAKAKHX COeTHHEHHIL
He o6pasyer. C 60poM pearHpyer ¢ 0YeHb GOabIIHM TpyAoM, o6pasys
Merasonono6ublit 6opux GaBjp [719].

Fanmnit naeT KoMn/eKCHbIE COGUHENHS ¢ HEOPrAHHUECKHMH H op-
TaHHYECKHMH JiMraugamu [513)].

Fananii Moxer 6wIThb HEHTpaJbHBIM aTOMOM B rerepono-
AH-coenunueHuax. Hanpumep, npu npuGas/eHHH pacTsopa HHT-
PaTa ranqus K ropsueMy pacTBopy napamMoanGiaTa ammo-

23



HHSl o6pasyercs Geqblii ocanok rekcamoauHbporaniata amMMOHHA
(NH,)s FGa (HMoOy)]- 7H,0[223].

OnucaHn MOHOPOZAHMIHBM i KOMIJIeKC raaaus GaSCN2+
(lg Kyer=152+2,1; n=0,6: 20° C) [308].

Baxiyio ponb B anaauTHYeCKON XuMUM raJlJIHs UrpaioT ¢ep p o-
UHaHHuAb. Peppounanus ranaus Gay[Fe(CN)els moayuna eme Jle-
KoK ne ByaGoapan [1018] npu B zenenun rasmus H3 KHCJIBIX pPacTBo-
pos. Cocras 0CaKoB GblT MOAPOGHO Hsyuen Tananaessim [479, 481].
Jlo oTHOWEHHs M/Fe(CN)¢]: GaCl;=0,75 s HCXOJIHOM CMECH B CH-
cremax GaCl; — M [Fe(CN)s] — H,O (rne M — Li, Na, K, Rb u Cs)
o6pasyercss HOpMabHELH (beppouHanu raaaus GafFe(CN)gls. TTpu
H3obiTke M[Fe(CN)g] xumusm B CHCTEMAx YC/IOKHSETCH 1o Mepe
TIEPEXONA OT JIUTHA K Kanuio. Tak, npH 106b1x cootHomenusx GacCl,
n LiJfFe(CN)g) o6pasyercs HopMaibHas colb GagFe(CN)egl. Ipu
peakuun ¢ NayFe(CN)g] u KJFe (CN)g] obpaayiorcss cmemanubie
coma NaGa[Fe(CN)g] u KGa[Fe(CN)g] (u, NO-BHIHMOMY, TakKxe
RbGa[Fe(CN)g] u CsGa[Fe(CN)g]), NepBas U3 KOTODPHIX pasjaraer-
Csl BOJIO#, BTOpas, Golee, npoynas, PacTBOpHMa KOHrpy3HTHO. [Ipons-
Belenne pacrsopumoctu GaFe(CN)gk pasuo 1,5- 10-3%, 410 cooTBeT-
CTByeT pactBopumoctu 1,5°10-5 moa6/a [90]. C deppuunanu-
AOM raanMi ocaikos He o6pasyer.

Coenunenusrannasc OPraHHYECKHMH KHCJOTa-
MH. Ilpu npuGapnennu amerara HaTPHA K pPacTBOPy COJMH rajjius
BbINa/laeT GeJiblli MEeJKOKPHCTANIHYCCKU 0CaJl0K HEPACTBOPHMOTO B
BOJle OCHOBHOTO alerara Ga(CH;CO,) 2-3Gay03-6H;0. Coub 372
JIETKO pacTBopsietcsi B kucaorax. HopMasbHbie anerar ¢dopmuar
FaJITHsl 10 CHX TIOp He MOJyYeHH,

Ipu pacrsopenunu THAPOOKHCH TaJ/IHsl B PAacTBOpPax MOJOYHOIN,
BHHHO¥, IHMOHHOM ¥ INaBeJeBOl KHCJIOT 00pasyioTcst o/, KOTOpHIe
MOTyT GbITh Bbi/IGJIEHLl H3 PACTBOPOB B BHJE KpHCTaJsIOrHaApaTos. Bee
OHH PaCTBOPHMHEI B BOAE, a JIAKTAT H OKCAJaT TAKKe H B cnupre [780].
C nonamu raprpara B BogHOM PacTBOpe ra/uiui 06pasyer KOMIJIeKc-
HBIe HOHbI KATHOHHOTO H aHHOHHOT'O THIA [418, 438, 479]. [lepBrie u3
HHX 06pasyloTCs NPH OTHOCHTENBHO HH3KHX 3HaueHHAX pH u u36bIT-
ke GaCl,. Ipu srom cravana obpasyercst HoH Ga (HC4H,05) 2+, ko-
TOPELIi 10 Mepe noBbiwenns pH NepexoauT B 6o/ee YCTONYHBHI HOM
Ga(C{HsO5)+ 1 sarem mpH 3Hauenuax pH, Gmmskux k 7, &
Gaz (C4H205)2+.

CocraB aHHOHHBIX KOMIIEKCOB 1o Mepe moBbieHust pH pacrsopa
H3MEHSIETCH B CJICAYIONIEM MOPSLKE:

[Ga (HC,H,0,);]%-, [Ga (HC,H,04); (C4H,04)]7,
[Ga (C4H,O4)s (HC,H,04)], [Ga (C{H,04)q].
Ig Kyc,Ga (Tar), =9,760,05 [1347).

Boabues YCTOHYHBOCTBIO, II0-BHIAHMOMY, 06/1a/1a10T KOMIIJIEKCHBIE
HOHBI, COZepIKalllHe BO BHYTPEHHe} ctepe Hon CsH,O2~. Tenpenuus
K KOMIIIEKCOOGPa30BaHHIO Y ra/aus [IPH OIHHAKOBBIX YCJOBHSIX Bbi-
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paxena CHIbHee, ueM y asmomuuus [418, 438). THAPOOKHCH ramust
HAUHHACT OCaXAAThCH W3 BHHHOKHCJABIX DACTBOPOB NpH pH ~25,
FHIPOOKHCH a/oMHHHA — npu 3,6. Kak npaBuao, nanGosee YCTOHUHB.
BHHHOKHC/ILIA KOMIUIEKC TOTO 3/1eMEHTa, KOTOphiff obpasyer meHee
PacTBOPHMYI0 THAPOOKHCH (418).

B pacrsopax masenesoit KncioTh H ee comeli obpasyioress HOp-
Maabublit okcanar Gay(CyO4)3 H KOMIMIEKCHBIE HOHBI [Ga (Cy04) .}
i [Ga(Cy04)sP~, naxonsimmecs: B paBHoBecuu npu pH 1,6—7,4 [46,
170, 293, 437, 479, 889]. Ipu Gosee BbICOKHX 3HaueHusx pH pasmo-
BECHE CABHTaeTCsl B CTODOHY KOMIIEKCHBIX OKCAJIaTOB, MPH MEHBIIHX.
SHAYCHHSX — B CTOPOHY HOPMAaJIbHOTO OKCaJaaTa [437]. TIpu 3naye-
HuAX pHZ>=3 nomuHHpyer KoMmiekc Ga(C204)7 [170]. Ioasporpa--
(HYECKHM METOZOM TOATBepkKIeHO CyLIEeCTBOBAHHE KOMIJIEKCa
[Ga(C;0,)3P- npu pH 8,6— 10 [293]. Ycranosaeno takxke CYLLECTBO-
Banue B pacrsope Houa {Ga(C,0,)]+ mpu pH<1 [170, 1004]. Cym-
MapHasi KOHCTAHTA YCTOMYHBOCTH HOHA Ga (Cy04) ;paBna 1,71-10's
(g K=15,24 [170], no apyrum nammbM — 17,98+0,08 [1347]).

LluTpathblil KOMNJeKC rans oueHs npouen mpu pH 3,0—7,5
[660]. C yBemuuennem pH pacrBopa nocaenosarenbuo obpasytorcs
PasinuHbIe KoMn/ekcHble GOpMBI UHTpaTa ramms [313]:

[CsH,0Ga (COOH),J2+; B

[CsH,0Ga (OH), (COOH)s]0 (PH.~3);
[CsH,0Ga (OH)s (COO) (COOH)]=  (pH~4);
[CsH,0Ga (OH), (COO),J*- (PH>8).

Hanbrefiee no6apienne menoun npu pH>9—10 paspymaer xom--
[IIEKC; TIPH STOM raJllHii OCTaeTcs B pacTBope, NO-BHAHMOMY, B BHJIE
rajuara.

Hatpuesas u aMMonHitHas COMK TaMIHEBO-THMOHHOI KHCJIOTBI XO-
POIIO PaCTBOPHMEI B BOJle, caMa ke cBOGOIHAs KHCJIOTA pacTBopHMa
HE3HAYHTEJbHO.

Ta6auuwa 8

Koncrantsl ycrofiunsoctu KOMNJAEKCHBIX COeAMHEHHA raaans ¢ BOTA
H B-OKCHXHHOJHHOM

MeTtog

Komnuexe pacwera Ig K, Ig Ks lg K, lg By Ig B2 Ig Bs wa-

Ga-BOTA Pion6epra 10,57 | 10,34 | 9,92 | 10,57 | 20,90 | 30,82 [16]
Breppyma 10,22 | 9,99 | 9,83 [ 10,22 | 20,18 | 30,04

Ga-8-okcuxn- | PionGepra 14,49 | 14,08 | 12,26 | 14,49 | 28,57 40,82 | [435]
HOJIHH Breppyma 14,50 | 13,90 | 12,42 | 14,50 | 28,40 | 40,81

Iiopceena —
Cumunena 14,51 | 13,50 | 12,49 | 14,51 28,01 | 40,50




Ta6auma 9

Komnaekcel ranaus C HEKOTOPLIMH OPraHHYyecKHMH pearenramu

PearenT Ko(i‘o:;::ca pH n lg Kyer Jlureparypa
Tpuokcurayraposas
KHeqorgi diafieh L. L 174 2,0—-8,5 [503]
AckopGHHOBasi Kuc/oTa 2,56—5,5 [472]
CanununoBas Kuciora GaS}~ 5.7 [198]
14 3,5 [0,02—0,2| 2,54—3,98 [743]
Cyabtocanununosas
e S R AT [ T {4 3,0 0,02—0,2| 4,61—3,95 [1160]
Impokarexun-3,5-au-
CyJibhoKHCOTa (HaTpHe-
Bas COJlb) (THpOH) 1:1 0 7,24 [742]
Munpanbuas (Qperna- GaAt,
OKCHYK 7 o
CHYKCYCHasl) KHCIOTa Ga AT
GaAd~ [1339]
LR At U GaY - 0,1 20,27x0,1 [[439, 693,
52, 1310,
1312]
H[GaY] [439]
[GaY (OH)]2- 34,0-0,1 | (439,
1347]
Hurpunorprykcycuas
RHE s (G 1:4 3 [186]
GaX, 25,81+0,04] [1347)
1,2-JlnamuHIEK 0T K- Gaz 22,920,145/ [1312]
cau-N, N, N’, N’- GaZ(OH) 35,6+0,1 | [1347)
TeTPAyKCYCHask KHCJIOTA
Kapmunosas kncnora i:1 4.18 [765]
0,35+0,1
2-®ennnaso-1, 8- Auokcu- (s BozEe)
. Hagranuu-3,6-gHcyando-
RUCIOTH i, v 1 3.82i0,4
(B cHCTeMe
MeTaHOJ—EOfga) [1223]
1,2-noxcu-3-anrpa-
XHHOHCY.ThhOKHCI0Ta 1:2 3—5 9,48 [768]
J Y B 1:8 1,30 [1212)
Aunerunaueron . . . .
-0 lg K,=9,4 [711, 889,
lg Ky=17,9 (926, 1322,
lg Ks=23,6/ 1354
HurpoaneTunaueron 1:8 [757]
0, 0’-JlHoKcHa3o6enson 2:4 6,2 [1291]
CanHuHIHieH-0-aMHHO-
ebon’ TR {:2 4.5 [1290]
EEpORRRGR L s 1:3 [1140,
1141)



lanauit  o6pasyer HepacTBOpHMbIe BHYTPHKOMIVIEKCHBIE CO-
€JHHEHAAA ¢ N-GeH30HJIeHHIIHAPOKCHIa MHHOM (B®ra) —
Ga (Cy3H1002N) ; [16] 1 8-okcuxunoaunom — Ga (CeHgNO) 4 [417, 435,
709, 710].

B ra6a. 8 mannl mocsienoBaTesbHBIE IgK, u obmue 1gpn kou-
CTaHTH ycroiiuuBoctH BOTA ranaus n okcuxuHOMMHATA raJJIHs, BLl-
YHCTEHHbIE PA3JIHYHBIMH METONAMH.

B ra6ua. 9 npusepenn KOMIIJIEKCHI, o6pa3yeMbie rajjiHeM ¢ HEKO-
TOPLIMH OpraHHYeCKHMH peareHTaMH.

M3BeCTHbBI KOMI/IEKCHbIE COeNHHEHHS TaiHS ¢ 2-MEeTHIOKCHHOM
[897], 8-mepkanToxuHOIHHOM (THOOKCHHOM) [44] u ero ranorexompo-
U3BONHBIMH [43, 45], pasnuuHBIMH B-AHKETOHAMH {775, 788, 1127,
1307, 1349, 1441], N-merunana6asun-a’-aso-a-nadrosom [404], 1-(2-
THa30J11/1230) -2-Hadrosom [1157], 7- (2-mupunnn-azo-) 8-oKCHXHHOMH-
HoM [94], THaszomHa- (2-a30-6) -3-xumeTHIaMHHODEHOIOM (TAM)
[1112], 6!4!6-CE]J‘IHI_[IHJ‘Ia..’IbI[er‘HILTpHSTHJIEHTE'[‘paMHH'OM {744], wu3omep-
HBIMH (DeHHJIeHTHaPCOHOBBIMU KHeoTamu [1217], N-nuTHOKap6OHO-
BbIMH KHCIOTAMH TIJIHIHHA, aJaHWHA, BaJHHA W JeluuHa [1150],
7-METOKCHOCH30THOTHAPOKCAMOBON  KHCIOTOM (MBTHA) [1326],
MouesuHo# [1063), muokcanom [1209] w ap. [1297]. Onucanb Takke
KOMIIEKCHEIe coefnHeHHss Ga* ¢ B-IHKETOHAMH, CaJHIHIOBBLIV
AIbJCTHIOM H €ro OKCHMOM, ¢ MHPHAHHOM H IMITHPHIHJIOM, C AlleTH-
JIALETOHOM,  GeH30H/IAleTOHOM, STHJIEHAHAMHHOM,  JIHTH30OHOM
H T. 1 [610]



F'arasa ll
METOIbI OTKPBITHUS FAJIJIUS

XHMHYeCKHE DeaKUHH OTKDHITHS Ta/IHs Majo cneuHGUYHb: HM
MEIIAIOT HMEHHO Te 3JIEMEHTEI, KOTOpPhle OGLIYHO CONPOBOKIAIOT
ramui. [losromy nocaennnit Moxer GuTH OGHapyXeH JHIb rnocie
Npe/BaPHTENbHONO OTAEAEHHS OT HHX.

Haubonee nanexuo raamnii Moxer 6bTh OTKPBIT CIEKTPAJbHLIM
METOJIOM.

CNEKTPAJIbHBIE METO/LbI

lanamit nerko Bo3Gyxaaercs u naer yerkup cnekrp. O6HapyKe-
HHE MOXET GBITh NPOBENEHO B IVIaMeHH, B AyTe H B HCKpe. AHauu-
THUYECKHE JIHHHH OTKPBITHA Ta/UIHS B yre U B uckpe 4172,06; 4032,98:;
2943,64 u 2874,24 A [841].

Huxe ykasaubl snements, memaiomme HACHTHOHKALMY JTHHH
raliMs:

AHasuTHYECKHE
JNHREH ranmas, A Memaromue anementst

4172,06 Ay, Cr, Fe, Ir, Mn, Si, Ti, V,
Os, Pd, Rh, W, Co, Mo,
Ru, Sc, CN

4032,98 Co, Cr, Fe, Os, Sb, In, Mo,
Ru, V, Ir, Rh, Sr, Ti, W,
Mn, Nb, Ta, Re

2943,64 Bi, Mg, Co, Ir, Ni, Ry, Cr,
Fe, Mm; Ti, V. W, Ta

2874,24 Ag, Pb, Fe, Rh, Ru, Cu,
Ti, V, Sb, Cr, Ir, Mo, Os,
Pt, Re, Ta

OTKpBITHE raaauns B pacTBopax

Hnst o6napyxenns rasaus s pacTBopax HauGosee NpHroaeH Me-
TOA IVIAMEHHOH (DOTOMETPHH, HCNONB3YIOUWHE JHHHK 4172,06 u
4032,98 A [406, 779, 1074]. Ilorenuman BO306yxneuus 3,07 3. Me-
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ma(]a'r Maprauel, pajouui aunnn 4034,6; 4033,1 u 4030,8 A [750, 840,
841].

Jlns aHannsa MCNOJB3YIOT BO3AYIIHO-aleTHICHOBOE MJIaMs {611,
1074, 1412], auernaeno-kucaoponuoe [750], Boxopoamo-kKucaOpoxHOe
{880, 881, 887], a TakKe BO3AYIWIHOE MJaMf, HACHIIEHHOE CMECHIO
aprod — Bofopox (YyBcTBHTENbHOCTD 0,02 MKz Ga/ma )[1440a]. IMpx
HCTI0/Ib30BAHHH IIJTAMEHHOTO CIEKTPOPOTOMETPA HA OCHOBE MOHOXpO-
MaTopa ¥YM-2 M BO3JYUIHO-ALETHIEHOBONO IIAMEHH UYYBCTBHTEb-
HOCTb OTKPHITHA rajins (A=4172,06 A) pasua 2 mxe/ua [406]. Uys-
CTBHTEJIbHOCTD ONpe/eJIeHHsl Fajl/iis C aleTH/ICHO-KHCJAOPOLHbIM HIH
BOOPOJHO-KHCJIOPOAHBIM [/IAMEHEM 3HAUNTEJBHO NOBLIIAETCH NpPH
JM0GaBIEHHH K UCIIHITYEMOMY PacTBOpy auerona [664]. K coxkanennio,
TOYHbIe VKa3aHHS O IPaHHNAX YYBCTBHTENBHOCTH NPH OOHApYKEHHH
TaJJIHSE METOZOM (GOTOMETPHH IJIaMEHH OTCYTCTBYIOT. BMecTo Hemno-
CPeJICTBEHHOro OOHAPYXKEHHsA rajlius B CNEKTPe IJaMeHH ero pac-
TBOPOB MOXXHO NPHMEHHTb KATOMHOE OCaXKIEHHE ra//IHd Ha MEeIH HJH
Yraie ¢ nocaeyionnM analu3om B ayre [1296].

OTKphITHE TaNaHs B MeTalJax, coMsiX, MUHepaaax
H TOPHBIX MOpPOAAX

a5t o6HapyKeHHs rajaus B MeTa/l1aX oObIYHO HEeNoCpPENCTBEHHO
HCMOJMb3YIOT aHaJH3HPYEMOE BEIeCTBO B KaYecTBe 3JEKTPOAa H CHH-
MalOT CNeKTP B Ayre WiH HcKpe. TakuM nyTeMm rajuiuii onpefensior B
amomunHn [674, 840] u xkenese [875]. IIpu HeGOABIIOM KOJHYECTBE
MaTepHaJia, a TaKxKe NPH HCC/EL0BAHHH NMOPOLIKOOGPA3HBIX BELIECTB
W COJIEH HCIONb3YIOT BCTIOMOTaTeNbHbI 3/1eKTPOX H3 yras [784, 848,
882, 941, 1018—1020, 1061, 1086, 1192, 1269, 1401, 1405], koTopbiit
11e/1eco00pasHo NpeBapPHTEbHO OUYHINATh MPOKAIHBAHHEM B yroJib-
HO# TpyGuaToi neud npu 2700—2800° C [891]. Ananus Takke nposo-
JMTCS B yre HJH HCKPe, XOTs /A JIETKOJETYUHX COJEH MPEeAnouH-
TAl0T NJaMeHHO-(OTOMeTPHUECKOe OnpeleeHHe.

B MuHepanax u ropHBIX MOpPoJax KayeCTBEHHOE OTKPHITHE ra/ins
-JIy4ilie BCero NpPoBOAHThL B AYTOBOM CHEKTpe II0CJe OTAENEHHs OCHOB-
HBIX 3JEMEHTOB XHMHueckHM nytem [564, 871, 1152, 1192, 1304, 1417].

Mweromuecs B 1uTepaType yKa3aHusi 0 4yBCTBHTENBHOCTH OTKpbI-
THSl OTJAEJbHHIX JIMHHH He SIBJASIOTCH OJHO3HAYHBIMH, 4 3aBHCAT OT
BH/la Habmonenus (BH3yaabHblll, GoTorpaduueckuii), copra n1acru-
HOK H KOHCTPYKLHH cnekrporpada {750, 7562, 1192, 1296, 1330].

PEHTTEHOCNEKTPAJIBHBIE METO1 bl

[ananii nerko obuapyxusaercs dororpaduyecku B CHEKTpe BTO-
PHYHOTO PEHTTEeHOBCKOro HanyueHus [747]. dmum MerogoM GO mpo-
BEJIEHO ONpeJeleHHe ra/jHdg B MHHepaJax MPH COAEPXKAaHHH ero
<0,019% [848], a Takxke B xJopHmHOM pactBope [782]. Pesyasrarit
~ONpeJiesieHH# OblJIH MOATBEPIKACHHEl CNeKTPOCKONMHYECKHMH HCCIEe10-
BaHHAMH B ayre [848, 1086].
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XHMHYECKHE METOJbI

OTkpbiTHE raaaus «CYXMM» nyTem

Ilpn npokasusanmuy HEKOTODPBIX COJIell raJus (HuTpar, cyabpar,
CYJMbGHA M 1IP.) B OKHCJAHTEJIbHOM ll1aMeHH obGpasyercs Gebifi He-
IVIABAIUKACA  OKHCEJ, KOTOpBIi NpH  cMauHBaHHH pacTBOpPOM
Co(NOs)z 1 nosroprom NPOKa/JIHBAHHK [EPEeXOAHT B CMELIaHHYIO
OKHCb Tallinsg — KoGasabra or roay6oro no OJIHBKOBO-3€/I€HOr0 LiBe-
Ta. HyBcTBHTEIbHOCTL <0,1 M2 Ga [779].

[Ipn narpesanum Ga,O; B nepjie Gypul B BOXOPOAHOM MJaMeHH
NEPJ OCTaercs npospauHbiM g0 1365° C, 3arem MYTHEET, a MpH
1375° C cHoBa cranopuTes MPO3DAUHLIM, OJHOBPEMEHHO OKpAILH-
Basich B GJ1eHO-roary6oii user [1 166]. ITpu narpesannu conedr ramus
C CONOH Ha JpeBecHOM yrie B SanasHHoi TpyOKe uepes HeKoTopoe
Bpema obpasyercs HenviaBsiumiics KpacHbli mraxk [779),

OtkpeiTHe rannus s pacTtBopax

B pactBopax rasuit moxer 6sith 00HapyKeH TONbKO B Tpexsa-
JICHTHOM cOCTOAAHHH. COeIHHEHHS rajaus c 6oJsee HU3LIHMHU cTyne-
HAMH BaJIeHTHOCTH BBIAEEHBI JIHIIb B TBEPIIOM BHJe (Npu pacrsope-
HHH TIDOHCXONHT OKHC/IEHHE ra/liusi 1o TpexBaJeHTHoro). Onpuako
HMEIOTCsl paboThl, B KOTOPBIX AlOKa3bIBAETCA CYLIECTBOBAHHE B BOJ-
HBIX DACTBOpax coJeil ofHOBAa/JEHTHOTO rammus [728, 1306, 1437].
Honpt Ga3+ Gecuperipi.

Peakumnn coprannveckumn pearentamu

Peakuun ¢ anrpaxunonamu u XHHOHAMH, AMMUaun bl pac-
TBOp XHHAaJH3apHHA (l,2,5,8-Terpa0KCHaHTpaxuuoua) npu
ancopOLHH 0CaAKOM MMAPOOKHCH rajIHs o6pasyer coeuHenye cHie-
(uoseroBoro upera [577, 589, 712, 1215, 1216, 1432].

HyBCTBHTENIBHOCTD peakiuK MoBbILaeTes NpH CTOSIHHM pacTBopa
C OCajkoM, a TakikKe B [PHCYTCTBHH XIIOpHIa aMMOHHA. 3T0fi peak-
IHedl raJmi Moxer GhITh OGHAPYKEH B IPUCYTCTBHH GOJbIINX KOJIH-
IECTB aIIOMHHHS H UHHKA NPH 106ABICHHH K HCCJIelyeMOMY pacTBo-
PY COOTBETCTBEHHO STWJIAMHHA M NMHPHAMHA., MemaoT peakuun Pb,
Cu, Sn, Sb, In, Pt, Ge, V, Mo u Goabine KoJIH4ecTsa mxemnesza. Hu-
TPaT- H alerar-HOHbI s2MeAASIOT 06pa30BaHHE COENIHHEHHS].

Anmsapuu (I,Q-EHOKCHaHTanHHOH) C THADPOOKHCHIO TajlIHA
06pasyer CBeTI0-KpacHbIi Jak [577, 589, 712, 1227]. OTKpLIBaeMEbli
MHHHMYM 0,5 mxe Ga/ma. Cornacho paGore [589] uyBerBuTeabnOCT)
0,05 mke/ma. Tpenenbuoe pasGassienne 1: (2-106),

Merog YYBCTBHTEJBHBIH, HO MaJio CreunpHYHBIA, TaK Kak aqu3a-
PHH 06pasyer okpamennbie ocanku c PAAOM KAaTHOHOE W, Npexae
Beero, ¢ Al, Fe, In, Cr, Mn, Co, Ni u Zn.
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Kysnenosoit n Tananaenniy Pa3paGoTan mMeToN OTKPHTHA raj-
Aus B npucyrersun Al, Zn, In, Cr, Ti, Zr, V, Pb, Mg, Co, Ni, Tl, Ag
u Cd, Brmovamoummi PEABApHTE/IbHOE KOHUEHTPHPOBAHHE TraJiHs
Hd THAPOOKHCH aMioMuHHS [299] niau THAPOOKHCH THTaHA [298] u mno-
CAELylollee OTKPHTHE er0 B BHAE alH3apHHOBOrO naka. Ilocaennwni
H3BJIEKAIOT H3 aMMH4YHO-OKCAJ4aTHOrO Oydeproro pacrsopa (pH
8—10) s¢upom ua FPannlly pasnena ¢as. AmoMHuHj B ITHX ycJio-
BHAX CBfI3bIBAETCH B IPOYHBIN OKCA/ATHBI KOMIJIEKC H He naer
OKPAIUCHHOIO J1aKa ¢ anu3apunom [1227]. Bouburye KosHuecTBa Fed+
Boccrahasausaior 10 Fe?*. Otkprizaempiii MHHHMYM | mxe Ga/ma.

Onucana rakxe ysernas PEaKIHdA raamms ¢ 1,2-1uokcu-3-anrpa-
XHHOHCYJIbOKHCI0TOH, obpasyiomeil npH 3HaveHHsX pH 3—5
KOMILIEKC KpacHoro upera [768].

Terpaokcuxuuon CeH4Og (Bommmiii man STaHOJIBHBI pac-
TBOp) oGpasyer ¢ PaCTBOpaMu cosieit rasius npu pH 4—5 KpacHo-
(uoseTOBHI 0canok (mpH KOHUeHTpamuu Gaz=10-2 M) wuau KPacHO-
(HONeTOBOE  OKpamHBaHue (tpn  KoHuewtpaumm g0 10~ M )
[1277]. Ocaxzuenue YCKOPACTCS B NPHCYTCTBHH alleTaTa HaTpus,
dMMHAKa HJIH OPraHHYECKHX OCHOBAHHI, HcnonbsoBanne pacrBopa
PEareHTa B GOPHOM KHCJOTE aeT BO3MOMKHOCTD IPOBOJIMTL WBETHbIE
peakinn na Gymare. MEnuii Bener ce6s nono6o raman. B pac-
TBOpax oGpasyercsi BCEro OZMH  KOMILTEKC ¢ COOTHOLUEHHEM
pearent: Ga(In)=2:3. Coun ammoHus A4I0T B 3THX YCJIOBHAX.
CBETJIO-ME/ITOE OKPAIIHBAHHE, HO DPEAaKIUs MeHee UYBCTBHTEJbHA.

Peakuus ¢ daasonamu. Mopun (2’,3,4’,5,7-neHTaOKCH¢naBOH)
B IIEJIOYHOM PAcTBOPE B NPHCVICTBHH COMEll ramius ldeT HHTEHCHB-
HYIO 3en1enyo duyopecnenuuio. OTKpbiBaeMblf MHHEMYM TIpH JHEB-
HoM cBere 10 mrxe Ga/ma, p yiabTpaguonere ~0,05 mxe Ga/ma
{712, 779, 1251]. Tlpu NIPOBEJIEHHH peaKlHk B YKCYCHOKHCJIOH cpene
1YBCTBHTEJLHOCTb MOBBILaeTca (640, 642, 882, 1427]: OTKDLIBAEMEIi
MHHHMYM 0,17 mxe Ga/ma (npezensroe pasGasienue 1 :6-108) npu
AHEBHOM OCBelleHHH, B yabTpaduonere 0,003 uke Ga/ma (npenens-
Hoe pasGaBJaenne 1 : 3-108). Memaiomee HOefCTBHE aJI0MHHHS ycTpa-
HsleTCsl noGaBrenneM ¢TopHaa Hatpusi [641]. OTkphiBaembifi MuHNH-
MYM B NDHCYTCTBUH aJIOMHHHS: NMPH JHEBHOM ocsenteHHu 400 mke
Ga/ma, B ynbrpaduosere 8 sxe Ga/ma. O6rapy:xenue rasnus MOpH-
HOM TIDH AHEBHOM cBeTe cmeuudHuno, B vabTpadHoJeTe Memaior
Li, Be, Mg, Ca, Sr, Ba, Zn, Cd, Sc, Y, La, St EELAN T Sn, As, Sb,
Ni, In. do6asaenney ¢ropuza Harpus ycTpansieTcss (aayopecien-
uus Be, Sc, In, Ti, Zr: nocue npubasaerust 10%-uoj H.S0, ona
coxpausierca Ttoaeko y Zr, Ti, Th, Sn, As, Sb. Cm. takxe pa-
Goty [1201].

FCannuit Mmoxer GoiTh OTKPLIT MODHHOM C HCNOAB30BAHHEM METORA
Xpomartorpaduu na Gymare [1298]. Tlpu nomouu MOpHHA B MUHKOBOI
O0MaHKe MOKHO o6Hapyxutb 0,0007% Ga. Bauaune 4HHOHNB H3

OTKDPBITHE TAJITHS MOPHHOM ObLITO H3YyueHo B paborte [658].



Ksepuernu—mnsomep mopuna (3,5,7,3,4’-nenraokcudaason)
15, 144, 277, 976, 1099] naer xenTo-3e/eHyI0 (AYOPECUEHIHIO C CO-
JiamMH ramaua npd pH 2—4. OrkpoiBaembiii MuHHMYyM: 0,1 MK2
Ga/ma [5]; mpenenvroe pasGasaenne 1: (1,65-10%) [1099]. Memator
Oepuaanii 1 HHAKH, faome dayopecuenunio npy pH 2—6, a Takke
MHOrHe Jpyrue KaTHOHBHI.

Peakuun c 8-okcuxuHOAMHOM M GuxuHOaHAOM. 8 -O KCH X 1 H O-
JIHH 00pasyer ¢ HOHAMH TaJJIHst B YKCYCHOKHC/IOM pacTBope Giie/1Ho-
3€JIEHOBATLIA 0CaJ0K, PacTBOPHMBIH B MHHEPaNbHBIX KHCJIOTAX ¥
meqouax (838, 839, 898, 916, 1137]. UyscTBHTENbHOCTH peaKLuHu
TNIOBLILIAETCS TPH BbIAEPXKHBAHHH PACTBOPa ¢ OCAJKOM Ha BOJSAHOM
Gaue. [Ipenenpnoe pas6asienne 1: (1-108). Peakuua ne cnenuduu-
Ha, TaK KakK ApyrHe metaaanl (ocobenno In, Al, Zn, Mg) o6pasyior
¢ 8-OKCHXMHOJHHOM aHaJOTHYHbIE 0CAIKH.

Pekomennyior (158, 1283] orkpbiBaTh raanmit mgoGaBaeHHEM
8-okcuxuHOMMHEA K pacTBopy mpu pH 2,6—3, ¢ nocaenywomeit sKcr-
paxuuein xaopopopmom. XKearas ¢ayopecueHHs ¢ 3eJeHbIM OTTeH-
KOM TnOKasblBaeT MNpHCYTCTBHe raunns. HeGodbline KosHuecTsa
HHAMA He MEIIAoT, ecJH BSKCTPakuusa mpoBofuTcs mpH pH 2,6.
Fe (I1I) BoccranasnuBaior fo Fe (11) CONAHOKHCIBIM PHIPOKCHIAMH-
HoM. Ilpu pH 3 naxe 0,1 mxe Ga/5—10 ma paer cnabyio dayopec-
HeHuHio (06beM oprannyeckoit ¢asbl 1 x4). B onucaHHBIX yCHOBHSIX
He OOHapyXHBalOT (JyopecueHIHH lieJ0uHble MerTaaan, Cu, Ag,
Au, Mg, menounosemenpuble meramas, Zn, Cd, Hg (I) u (II), Y,
La, Ce (III), Al, TI(I), Ti, Zr, Th, Ge, Sn (II) u (IV), Pb, V, Nb,
Ta, As (V), Sb (III), Bi, Cr (III), Mo, Te, Mn, Fe (II), Co, Ni, Pt.
Kosnnuecra amomunus ot 25 1o 50 me Takke He MeIIaioT,

Ornenenvie rajumsi OT adIOMHHHS MOXKET GbiTh OCYIIECTBJIEHO
XpomarorpapHyecKiM METOJOM Ha CTeK/ISAHHBIX IJIACTHHKAX, MOKPbI-
ThiXx copOentoM (cuiukarenn-rumc) [1317]. B KauscTBe sJai0aunTa
NPUMEHSIOT CMech aleToHa M Konuentpuposanuofi HC1 (100:0,5).
IlsaTHa paccMaTpuBaioT B y/ibTpadHoseTe nocae NPOSBACHUS XpOMa-
TorpaMmel 0,5%-HEIM pacTBOpoM okcuxuHoMHHA B 60%-HOM 3TaHOMe
M BHAEDKMBAHHS B mnapax amMHaka. OTKpbIBaeMbli MHHHMYM
=1 mre Ga. JKenrbiit duryopecuupyiomuii ocagok obpasyercsa Tak-
e MPH B3aHMOJEHCTBHH TaJlIHs C 5-METHJ-7-HHTPO30-8-0KCHXHHO-
audom (pH 5,30—8,35) [898, 917, 919, 1390], 2-merua-8-0KCHXHHO-
aunom [898, 916, 917], 5-memun-8-okcuxunonrnnom [898, 916, 917] u ¢
7-metn-8-okcuxuHoanuom [898, 916, 917].

8,8 -Iluokcu-55-6uxuuoaua [650]. 0,1%-usii pactop
pearenta B AuMeTHAdopMaMule obpasyer ¢ Gat ocamok xearoro
usera. Uyscreurenbrocts 2 mxke Ga. Takue ke ocaaku paior Audt,
Al ot t, Cder Hedt, Zndr, Cutt, U0, Nigt,

Peakuun ¢ ocHOBHBIMH KpacHTeasiMH. A TIOM HH OH (aypHHTPH-
KapOOHOBOKMC/IBIN aMMOHHIT) OKpaIuBaeT pacmBop XJOpHMA TaJJHs
B KpacHblit uer, mu6o ofipadyer kpacHulii Jdak [352, 577, 589, 712,
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& 729]. UyBcTBHTEbHOCTS peakuun: 0,35 mxe Ga/ma [352, 577, 589];
- 10 ° e-uon/a npu pH 3,0; 104 e-uor/a npu pH 4,5 [712). Memator
HOHBl aJIOMUHHS H CKaHIHs, KOTOpbie 00pasyior amasoruuno OKpa-
| LICHHbIC JIaKH, BO3HHKaIOIlHe, 0IHAKO, SHAuUMTeJNbHO OLICTpee, yem
JaK ranaus. Muouit, Tanaui u TEPMaHHi B aHajorHYHBIX YCJIOBHSX
AAIOT C aJIIOMHHOHOM PacTBOPbI KPACHOTO IBeTa 0e3 ocaukos.

C Gonbiuedt uyBCTBHTENBHOCTRIO Ta/VIHA MOXKeT GhITh OOHaApYKeH
1I0 PO30BOTT  OKpacke NmsiTHA, BOSHHKAIOWef IIDH HAHECEHHH KaIlJH
. HCCJelyeMOro pacTBopa Ha ¢puisTPOBANLHYIO Gymary, ummnperuupo-
. BaHHYIO CTIHPTOBLIM PacTBOPOM TpPHMETHIAMIOMHHOHA (amomoKpe-

3o0Ha). YyectBHTEABHOCTS 0,065 mxe Ga, IpenenbHoe pasfaBiegue
1:8-10%[306].

Ponamun B o6pasyer c¢ ramimem B 6N HCl xaopraanar
polavuna B, sxcrparupyiomuiics Gensonom [1185]. Oxpawennsrii n
KP~CHBIT 1BeT ca0ii GeH3ona nposisasier B ¥ ®-cperte OpaHKeBo-Kpac-
Hy:0 dayopecuennuo. IloaoxuTenbuhe NoMexH o6yc/oBJaHBa-
fored nomamu Hg?+, Shs+, TeO;= u SCN- [1245]. Memaiomee Bu-
Anne Sb (V), Fe (III), Tl (IIT) # W yerpansercs nobaBiennem
TiCl; nepen npuGasnenmem Gensona. OrkphiBaeMbrii MHHHMYM
~0,1 mxe Ga. Peakuus mowxer OBITH BHIMOJIHEHA KameJbHLIM MeTo-
Jom [789].

O6 Hcnonb3osaunn npouaBoHbIx POlamMHHA B KauecTBe peareH-
TOB IUIsl KaneiabHOro OTKPHITHS 1l CNEKTpopoTOMeTpHUECKOrO Ompe-
ACJICHHS raIusa cM. paGoTy [1356].

Metuaosuit dnonetrosm i B KHCJIOM pacTBope B mpHCyT-
CTBHH XJIOpHAa (ponamuja) obpasyer ¢ raaren COeNHHEHHe, IKCT-
paripyomeecst x10popopmom nan Gersomom s NPHCYTCTBHH alge-
- Tona [300], yayumaromero paccaanpanme cmecH. OKkpauinBanue opra-
© HHYECKOro ¢J10s B:CHHC-(DHOJIETOBLI L[BET MOMKET GbiTh HCIIOJIb30BAHO
AN OTKPHITHA (H ONpEAeNeHHs) raJIus. ilpu Hanwuum B pacrsope
OOMbLINX KOMHYECTE aJIOMHHHS B KAUECTBE SKCTPAreHTa HCIO/IB3YIOT
XJ10poQopM, MOCKOIBKY aJIOMHHMI He SKCTPATHPYETCS MOCJEeIHHM B
 TDHCYTCTBHH MeTHJIOBOTO (hHONETOBOTO i He OKa3blBaeT 3aMETHOro
BJIHSIHHA HA CTENeHb H3BJCUYCHHS TaJlIHs,

Bpuanuanrosmii 3CHTEHBIH JaeT ¢ ramaHeM s
6 N HCI kommnueke, XOPOLIO SKCTPATHPYIOIUHACH GEH3010M obpa-
SOBaHHEM 3€JICHOro SKcTpakTa [297]. Mspaewenno rainsa GeH30J0M
cnocodcteyer AP+, He memaior LICJI0YHble U IIEJ0UYHO3eMedbHEe
Meranel, Al, In, Ti, Zr, W, Cr, Mo, U, Mn, Co, Ni, Cu, Zn, Cd, Hg,
Pb, As, Bi, Se, Te, Rh, Pd, Ru, Pt, Nb u Ta. Memaror 6oaburue Ko-
Jmuectea W, Ag, Hg (1), Ir, Sn (II), F; Fe (11I), Au (I11), TI (111),
Sb (V) npeasapurensno BoccTanasanBaloT pacrsopom TiCls, Merox
TMPHMEHACTCSA /11 OTKPHITHSA TANIHS B HebeJHHAX, YrobHON 3oie,
CYJIb(DHAHBIX MHHEpANaxX H GOKCHTAX.

Kcnaenonoswit opankenmi (3,3"-0uc-N,N’-1u (kap6-
oxcumemﬂ)aMHHOMeTpm-o-xpesoncynbtboq)raﬂenﬂ) NPEATOXKEH B
KatuecTse UyBCTBHTENbHOrO H M3GHPATENbHOrO peareHta past oTKphI-
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THA raamas [1235]. Merox ocHOBaH Ha 06pasoBaHHH HHTEHCHBHO
KpacHo-(hHos2TOBOrO Kommaekca B pactsope <0,3 M no HCI. Me-
waomee AEHCTBHE aJIOMUHHA YCTPAHSIOT 100ABJEHHEM TPHITAHOJ-
amuia # ¢ropuia ammouns. YyBcTBHTEAbHOCTH 20 M2 Ga/25 ma
(B npucytcrBun 71 me Al, 2,5 me Fe, 100-kparnoro u36utka In, Cd,
By Bion,o7n,; Co; NiiiHe Tl V. Th, Zrn 5-KpaTHOro H30bITKa
Menn). OTKPHITHIO He MEMIAIOT LIEJIOYHBIE H [eJ0UHO3EMEAbHEE 3/1e-
MEHTEL.

Onucana Takxe 1BeTHas pPeakIHs raJaud ¢ THMOJICyaIbhodrae-
KcoHOM, paiomum npu pH 6 cunee okpaimmpanue [1336).

MeTH/eHOBBI CHHHN B COTAHOKACIOM pactsope obpasyer
C raanneM coeauHeHne coctaBa l:1, okpammBaomee GeH30JbHLII
3KCTPAKT B sipko-roayboit user [302, 303].

UyscrBuTeabHOCTb peakuun 50 mxe Ga/ma Gensona. He Memaior:
Al, Zn, In, Cd, Cu?*, Ti*+, Pb, Sn (IV), As, Mn (IT), Cr (III), Co,
Ni, V (V), Mg, Bi, Sb (Ill), Zn, meaounble H MEIOYHO3EMEIbHEIE
Meraqanbl. Mewajomee Binsnne Fed+ yerpansior BoCCTaHOBJAEHHEM
ero 10 Fe’™ ackopGHHOBO# Kucaotoii. MemaloT cujibHbie BOCCTAHO-
BUTEJH H CHJIbHBIE OKHCIHTEIH. Peakuusa MoxKeT ObITh HCIIOAB30BAHA
JJIS OTKPBITHA raJiiiddl B Pas3/JHYHbIX NPOMBIILIEHHBIX OOBLEKTax
(B TOM uHC/e B aNIOMHHHH), CONEPKANIHX 3TOT METAJL.

Peakunu c asocoepunennsivu. B xauectse UyBCTBHTEJbHBIX pea-
TCHTOB Ha rajuufi mpeanoxenst [326, 327] kpacutenn, conepallie
Ccaelylollie rPyNNHPOBKH aToMoB [276]:

(I)H (])H II\’H,, Cl)H ?H (l)H
i e L 4 G N
b B conb bl b ka ik B |
(4] (1)
OH OH

| |
AN ot N G

(111)

B 3THX KpacHTensix MMeIOTCH NBe OKCHIDYINHl B 0,0 -NOJOXKEHHH K
asorpynne, 4to 00yC/JOB/IHBAET MX B3aHMOJCHCTBHE C COJMAMH Tal-
aus. OnHaKO Ha HyHe (HJIH OTCYTCTBHE) OKCH- WM aMHHOTDYINEL B
TNIEPHNONOHKEHHH K O-OKCHIDYINE TPHBOJHT K HEKOTOPHIM OCOGEHHO-
CTsiM o0pasylouluxcsl NPOAYKTOB peakumH. B taéa. 10 MPHUBEJIEHbI
PEATEHTLI, KOTOpbIe NO3BOJIAT o6HapyxuBath << 0,15 mx2 Ga/0,1 ua
pacTteopa (T. e. mpeaenbHasi KOHIEHTpallist 1:(6-10°) u menbie).
Pearentrt 1—5, coxepxauue rpynnnposky (I), mpu B3aumoneficTBan
C pacTBOPOM COJIH raJiliis 00pasyloT sipKO OKpallieHHLIe COeTHHEeHHS.
Pearentsl 6—9, cogepialiue rpynmupoBKy (I1) u (III), masor c
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ATHEM HE TOJIbKO OKpalieHible, HO H (GJyopeciupyIOlLHe TPOLYKThI
~ peakunu (B Ta6a. 10 npusesens Npeie/ibHble KOHUEHTPALHH TOJIBKQ
~ AJs (IYOPECUEHTHBIX peaKimii).
~ Comu ramms pearupyior ¢ YKa3aHHLIMH KDacHTEJISIMH (PEHMy-
- LWLECTBEHHO NpPH HH3KHX 3Havenusx pH. LlseTHoii peakiuy Ha raJaui
. C KPaCHTeJAMH MeIN3aiT IIaBHBIM o6pasom In, Sc, Th, a Takxe
- Fe**. Ilpn nuskux snavenusx pH wonn Zn, Ce, Y u La ne o6paayior
~ C HUMH OKPalUeHHBIX COeIHHEeHMUIT,
~ Psan npencrasureneir rPYNnL 0,0'-1HOKCHA30KpacHTeel (commo-
 XpOMOBLIe Kpacurenn) [64, 325, 366, 391, 407, 712, 988, 1005, 1006,
1247, 1426] n Tpuokcnasoxpacurenefi [325, 576] naer ¢ coasimu rad-
| JIHS YYBCTBHMTENbHbIE (JyOpecLeHTHbIe peakunu. B ta6xa. 11 npuse-
. ICHD! DEAKUHH Tal/isA ¢ STHMH KPACHTEJISIMH, YYBCTBHTEABHOCTD OT-
| KPBLITHA TaJaHd 110 HAOMIONEHNIO OPAHIKEBO-KPACHOTO CBEUeHHS npu
. O0JYYEHHH aHAJHTHYECKOT KBapuesok Jamnoi. Peakunu suinonnsior
. B IIPHCYTCTBHH GydepHbix cmeceil, pH 3—4. Kaxk suano u3 taéa. 11,
- HauGosiee NPUTOMEH A5 OTKPHITHS TaJ/iHs 1o ¢ayopecuenunn pea-
. rent 3. B npucyrcreuu CIHPTa C CONIAMH raJlIHs ToJyyaetcss GoJee
. fApKas daryopeciiennus. Pearents 6 u 8 Pearupyior ¢ CoasIMH rajansg
| C NepeMeHoji OKpackH, MpHYEM XapakTepHo, uto Al, a Takxke In, Mn,
B Ni, Co, Fe, Ti, Cr (III) u Zn ue nawt nopo6Horo addekra. M-
| HEHHe JKe OKPAaCKH BEHI3BIBACTCS MHOTHMH KaTHOHAMH; TaK, € Kp4CH«
. TeasmH 4 u 6 pearupyior coan Cr (111), Ni, Co, Ti, Zn u Fe (II),
~ € KpacHTeseM 8 — CoJln Tex ke SJIEMEHTOB, Kpome xpomz. [losromy
" Nepej npoBeieHieM PEAKUHH ralJIuil D0JUKeH ObITE OTZEJEH OT co-
. NYTCTBYIOLMHX METa/l/IoB.
B M3 conoxpomosbix kpacuresneii [712, 1247), korophie MOTYT GBITh
HCNOJIL30BAHBL A1l OGHAPYKEHHSA Tadaus, 0co6eHHO IPHIO/IeH MOHTA-
Xpom cHHe-uepHblit R [1245]. B taba. 12 MpHBEJCHBl peakuud
.~ OJyOpecUeHTHOTO OTKPBITHS a/aHs HEKOTOPBIMH TPHOKCHA30KPacH-
| TeqsIMH (MEWalT MHOrHe Kathonwl). [Ins Bcex coexmuenuii ycra-
_\ HOBJEHA YYBCTBHTEALHOCTH OTKPHITHA | a/insi HENOCPEJCTBEHHO B
| BOJIHOM PacTBOPE K NOCAe H3BAEYEHHS ofpa3oBaBiierocs KoMnjaexca
~ PaBHBIM 00GBEMOM H30aMHA0BOrO cnipra. ONTHMAdbHOe 3HauYeHHe
' pH pacteopa 3,5. Bee 1 COCANHEHNA He NaloT (GayopecleHIHd B
3 E OTCYTCTEHE raJlins.
. UyBCTBHTeNBHBIM, XOTH H He CCJAEKTHBHBIM MeTOZOM OOHapyKe-
- HUA MHKDOKOJHUECTR ra/jius sBASIeTCH KaneJbHas peakuus c 1-(2-
- NHpHAH1a30)-2-HadToaom (IMAH) wan 4- (2-nupuannaso) -pesopiu-
Hom ([1AP), aposonnmas mna KPYNHHKax HOHOOOGMEHHOH CMOJIBI
(aayske 50 W u nayske 1) B npucyrcrsun Gydepa ¢ pH 4,7 u 6,0
“CootBeTcTBEHHO [1090].
 LlBetnble peakusu ¢ rammem AAI0T TakKke 7,2-(nHpHAHAA30)-8-
- OKCHXHHOAMH [94], N-ME’PHJ]aHaGESHH-a’-a30-a-HH¢TOJI [404], 1-(2-
~ THascaunase) -2-nadpron  [1157],  THasonua- (2-a30-6) -3-numern-
- aMunogeron (TAM) [1112] u HEKOTOpEIE  A30COEAHHCHHS NMHPHIH-
~ HOBoro pana [159a).

B v,
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Ta6auma 10
LiBeTHbie ¥ uyOpecUEHTHbIE PeakUHH T'aijMs ¢ a30COeIHHEHHSMMU
Kpacu- Okpacka [penensuan
TeNb Coepiunenne Dopmyna pH coeuHenHs QJryopecienyusa KOHLEH TPaILHs
1 Tannnon OH OH NH, 2—3 | l'onyGasn - 1:(1+108)
cl | |===| 4—G6 | Cuusnn 1:(4-10%)
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NOy
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KpacHasi

Puoserosan

DuoneTosas

DHoJNeTOBO-
KpacHas

Duonetopo-

Kpacnas

Kpacnas

Kpacuas

$Sipko-poso-
Bag

| Amxe Ga/ma (1-108)
Memator: Al, Sc, T

h,
Y, Fe

1,4 mxz Ga/ma
1:(7-10%)
Memaror: Al, Fe

1,6 mx2 Ga/ma
1:(6-108)
Memator: Al, Fe

1,2 mxe Ga/ma
1:(8-10%)

Memator: Se, In, Y,
Fc




Ta6nnua 11

Peakunu 0,0’-AHOKCHA30KPaCHTENEH ¢ CONIMH Taaus

Ospacka pactsopa ¢

YyscTBHTE MR-

8 K.'p:::- i Sopuvas KPACHTe/ISMHE H raJIJiHeM 1‘1‘”;?&’,,"3‘33.’;.
Ga l XoJocroft pacteop e
1 4-Cyumbho-2-oxcunadranns-1-aso- AT Puonetosas | Kpacuo-¢uoue- 0,5
2,1-oxcHnadrannn ) NeTe TOBast
(conoxpomoBLIil yepH P e T i
oSS N
N A
OH HO Pl
R
2 | 4-Cymso-2-oxcrnadyrannn-1-aso- . OH To xe To xe 1,0
1, 2-okchnagranuu P N
HOSAC 75 Neldd N
N e
i P
OH N P
3 | 4-Cyano-2-okcunadranms-1-aso- Py Kpacnan Temno-xpacuas | 0,05—0,1
4-1, 3-inokcuGenson > = < St
(cyssgonagronasopesopuun) = R P
HO,S el N=N g OH
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[, QR L o
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4-1,3,5-TpuoKcHOEH30N 2 v Byt
HOyS—( \—N=N._< >—oH
Co e
OH HO




6€

.l 2-Okeu-4, 6-IHHATPOGEH301-1-230-
2,1-okcunadranun

1-Oxkcu-4, 6-nnunTpobenson-2-aso-
1,2-okcunagrannn

1-Oxcu-4, 6-nuHuTpoGensod-2-aso-
4-1,3- nHoKcHGeH304

1-Oxkcn-4, 6-uHuTpoGenson-2-aso-
1,2-oxcunadranuu-3 , 6- gucyindo-
KHcJsloTa

1-Okcn-4, 6- IHHTpPOBeH30-2-a30-
2-1,8- nuokcunadrandn-3 , 6-au-
cyJboKHCI0Ta

CepoBaro-puoneTonas

Kpacnasn JKearo-pozoBas

Kopuunesato-xearas

Masunoas | Kpacno-xentas

©uonerosas | Kpacno-throme-
TOBAsI
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@nyopecuenrﬂoe OTKPLITHE Taajusa ¢ TPHOKCHA3 0K PacHTENAMH

Ta6awna 12

YyBCTBHTE/IB-
Pearent Cpepa Duyopecnenmus HOCTh,
MK2/MA
2,2, 4"-Tpurokcu-1,1’-aso6enson Bopumii pactsop Kpachan 0,08
C;H,;;OH Opankenasn 0,01
2,2’,4’-Tpuoxcn-l,1'-a306euao.n—5-cynbcpoxuwora Bopueiii pacteop Opanxeso-Kpacnas 0,01
2,2’,-’1’-Tpuoxcu~i,1’-asoﬁeﬂaoﬂ-S,5-gﬂcynh¢omcno'ra To xe Opanzesas 0,004
2,2, 4 -Tpuokcn-5-uurpo-1 ,1’-asoGenson C;H,,0H 3eseno-xKearas 0,002
2,27, 4'-Tpuoken-5-uurpo-1 1’-aso6enson-3-cyabdoxncaora CyH,;;OH Kenran 0,0006
2,2",4'-Tpuoken-5-xmop-1,1’-azoGenson Boauuiit pacTeop Kpacuas 0,12
CsH,,OH Kpacuo-opanxenas 0,02
2.'_"A'-Tplioxcu-?a-x:lop-l,1'-azoﬁeuaon-ﬁ-cy.an;oxnmo'ra Boauwii pacrsop Opainxesas 0,02
2,2" ,&'-Tpuokcen-3-x7i0p-5-uutpo-1 ,1’-aso6enson CsH,,OH 3eneHo-kentan 0,02
2,2'.A’i'-TPHOKCH-S-X.’IOp-i,1.'-3306€H30JI-3-Cy.’IL¢0KHCJ10T& Boauuiit pacreop OpanxeBo-Kpacuas 0,002
(movoranauon UPEA) C;H,,OH To xe 0,001




Hpyrue kpacuteawm, paowmue HBeTHLe peaxkuuu ¢ raaauem
(7-HHTPOGEH301230IHPOKATEXHH, OCHOBAHHE Wupda, andennn-
Kap6ason), XoTs H ABASIOTCS BBICOKOYYBCTBHTEMBHBIMH, HO 061214107
OUCHb HE3HAUHTENBHON cneunduusoctbio. Oamnaxo HEKOTOpLIE M3 HHX
BCE e MOryr ObiTb HCIOJb30BaHLI A O0HapYKeHHs] Taaaus mph
YCTIOBHY: MPEABADHTENLHOTO OT/EJEHHS €er0 OT MeMAIONIHX 3/e-
MeHTOB [407],

Peaxkumu ¢ npouykramm kouzencanuu CANMUN/IOBOrO HJM PeE30p-
LIMI0BOTO ANLACTHAOB € MPOH3BOAHLIMH THADA3MHA M apOMaTHYe-
CKHMH aMMHAMH. [kl MOXeT GBITb OTKPBIT (onpenenen) opHo-
BpPeMeHHO CcO CKaHAWeM H ILIHDKOHHEM B IMPHCYTCTBHH [OYTH BCeXx
JAPYTHX KaTHOHOB (32 HCK/JIKYECHHEM aJIOMHHHS H J)KeJesa) no cuHell
(ayopecuennun B Y ®-cBere X KOMILIEKCOB © NPOAYKTAMH KOHIEH-
CalHK CaNHUH/IOBOTO HJH PE30PUHJIOBOr0 adbAerHIOB o IIPOH3BOI-
HBIMH TH/pa3iHa W apoMaTuyeckHMu amuuamu [899, 900, 1203]. Me-
TOA nospoasier onpeaenats 10 0,04 mxe Sc, 0,06 mxe Ga i 0,5 mxe Zr.

C nomourbio CaJHUHIHEeH-0-aMHHODeHOa (CaNHLMIAb-0-a MH-
HOEHON) Taldauii OTKPHLIBAIOT Mo 3C/ICHO-XKENTON  (Paryopecuennuy
npu pH 4,0—5,0 ¢ uysersuTensnoctoio 0,15 mre/ma [1203).

CeMukap6asoH caqHMIHIOBOrO anbaeria (canuuunancemnkaps-
asun) npu pH 3,0—4,0 naer ¢ raminem coepunenne c CHHE-roay06oil
(payopecuenuneii. YyBcTBATENBHOCTD 0,02 mxe Ga/ma [271].

HucanuunnanterpaMeTHACHAHAMAE K AHCANHIHNANITHIEH-
AHAMHH B BOJHLIX HJIH B BOJAHO-CIHPTOBBIX DacTBOPAax oBpasyior ¢
PAMIHEM  COCAMHENHS, IKCTPArMpyIOUlHecs GEH30NOM H3 BOLHOIO
pacrsopa mpu pH 3,8—9,0 [275] u JIOMHHECHHDYIOLIHE B HeMm
CHIbHee, yem B BOAe. [lucanuuuiaaterpaMeruaeniuaMu IPHTOAEH
A OTKDBITHS rananst B mpucytcrsud 100—200-KpaTHoro u3GHTKa
OonpumuHceTBa 3aeMentoB 11 u 111 TPyNn MepHOIHYECKOH CHCTEMBI.
Memaomee Bausuue uonos Cu?+ y Fed+ YaCTHYHO YyCTpaHseTcs
THOCY/Ib(aTOM HATpUs.

Ontumanbhoe 3HaueHue PH movHHecueHmum coeaumenui
raanus ¢ ofoumu peareHramu 3,8; OTKPLIBAEMBIH ~ MHHHMYM
50 mxe Ga/50 ma.

OGnapyxxenne raaans npu nomoun peakuuii ocaxuenus. T a -
H 1 H~Cr6H55045 06pasyer ¢ consmu ranus HepacTBopHMOe ancoph-
HHOHHO® COCAHHEHHE THAPOOKHCH Ta/VIHs C THAPO3OJAEM TaHHHHA
[135]. Tlo mosBaennio Geabix XJOMBEB MoKeT OBITh OGHapyMXKeHO
0,2 mxz Ga/ma [npenensuoe pasGapnenne 1:(5-108)],

Pearuusa wecneundmuna, Tak kax Ta, Nb, Ti, Zr, U, Th n apyrue
S/IEMEHTEl TAKKe 06pasyioT ¢ TaHHHHOM HepacTBOPHMbIE aacopo6i-
OHHBIe coeAHHenusd. B mpucyrersuu Cd, Be, Tl, Zn, NI Ca'Mn
PEATeHT MOXKET ObiTh IpHMeHeH JJisi OGHAPYKeHHSA raJJius.

Kymdepon (ammouuitnaa coap HHTPO30() EHHATHAPOKCHI-
aMHHa) o0pasyeT ¢ CONSAMH raj/IHs B CEePHOKHC/IOM pacTBOpe GeJkiil
XJOMbeBHNbIT ocanok [1138]. Meron npumenseres mns obHapyxKe-
HHA Taing B npucyTeTsun amomunus (1295, 1308).
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Kampapuas xucanora [1,2,2-rpumernaunkionesranankap-
Gonopasi kucyiora-(1,3)] B 0,6 N ykcycHOKHCJIOM pacTsope coH raJ-
JiMs Bbieasier ocanok (624, 626], OGpasosanue ocaaxa yckopfieTcs
npu HarpesaHuu. UyBCTBHTENBLHOCTL peakuuu He Hecaeaosana. OT-
KDBITHIO raJuiksi MeWaioT HHAHH, Xeae30 H JApPYrde MEeTaa/iul, ocax-
Aaiougnecss kamdapuoit kucaoroit; Zn, Cd, Pb, Mn, Ni, Co, Mg, Ca,
Sr, Ba, La, Ce, Pr u Nd ne memaror.

Mpoune pearentel. Pe3aopuuu (M-guokcuGenson) B amMmwuay-
HOM pacTBOPE AaeT ¢ HOHAMH TaJliHs CHHe-(DHO/IeTOBOE OKpaliHBaHHe
[1057], uHTEHCHBHOCTL KOTOPOTO 3aBHCHT He OT KOJIHWYECTBA raJJius,
a or koanuecTBa pesopuuna. O copepKaHHH raJjius MOMXKHO CYAHTH
JHLIb MO0 CKOPOCTH BO3HHKHOBEHHS OKpacku. OTKpbiBaeMmblil MuHY-
mym 10 mxe Ga.

[Tpu B3aumoneficTBHI cHHPTOBOrO pactsBopa AMOKCH-1,2-HagTa-
munandennakapbutosa (DNDC) ¢ consimu ranausa (Muausa) B caa-
Gokueaoit cpene [1278] npu konuentpauun Ga(ln)>10-2M o6pa-
3yeTcA KpacHO-(pHOJETOBLI OCajloK, a B cayyae pasbaBaeHHbIX pa-
crBopoB (10 0,5-10* M) npoucxoauT TOJALKO OKpalliBaHHE PaCTBO-
pa B KpacHO-(HONETOBbIH UBeT. AMMHaUHble PacTBOPLI HEOOXOAHMO
NMOAKHCAATL GopHoit kucyiotolt (HzBO3). [lasi oTkpeiTHA ranans (uu-
AHsl) K HCOBITYEMOMY pacTBOpy, cofepkatiemy DNDC, no6asasior
dAMMHAK, YTO BbI3blBa€T OKpallliBaHHe PacTBOpa B KpacHo-(puoseTo-
Boiil user. [Ipn npubasaennn HyBOg3 B npucyrersnu rannus (umana)
UBeT pacTBOpa He MeHSeTCs, B NPOTHBHOM CJydae pPacTBOp CTaHO-
BHTCA GJ1€JHO-JKEJTBIM, 4TO XapakTepHo Aas pactBopa DNDC B caa-
Gokucaoi cpene. UyBcrBuTeabHOCTL peakuun 1.4 mxz Ga/ma.

B pasGasneHHBIX pacTBOpax rauuii o6pasyer ¢ peareHTOM KOM-
nneke cocraa DNDC:Ga=3:1. B uucie MHOIHX JADYrHX HOHOB
g, Be, In, TP+, La, Ce¥*, Y, Zrtt, SeOt-, SeOQ}~, TeO:) raa-
A MOXeT ObiTh OTYETAMBO H ObICTPO MAEHTHOHIHPOBAH METOAOM
sneKkTpoMHurpauud Ha OGymare [756].

lannmit paer uBeTHble peakuwu ¢ aypHHMOHO- (2 MK2/mA)
H aypuHaH- (0,8 mke/ma) KapOGOHOBHI MM KHCJOTaAaMH
[577, 589], spuoxpomunauuriom R (0,6 mxe/ma) {577, 589,
spuoxpomasyponom (0,5 mxe/ma) [6577, 589), rucrasapu-
HoM (0,8 mre/ma) [577, 589], nypnypmuom (0,01 mke/ma)
[577, 589, 712], remartokcuamnom (10-° 2-uon/a mnpw pH
2,4—3,0 u 10~* 2-uon/a npu pH 4,5) [712], xpom-cunum [712],
npousBoaubiMH payopona [407), aKPHAHHOBHM KPacHBI M
[619], bnaBeosunom [619], Tuonupomunuom [619], dopma-
3aHamu [l68] mw ¢ 2-nHpUAKA- W 2-XWHOJAHJATHADaA3O-

HaMu KapOoHHJ3aMeUWeEeHHBX 8-OKCHXHHOJWHOB
[1394].
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PEHKHHH C HEOPDraHHUYECKHMH peareHraMu

Enkne menoun m ammuak OCaznaloT Oenblit XJONbEBUAHLIA oca-
JOK THApPoOKucH rananus [494] nerko pacTsopsitoliuiicss B H30LITKe
ocanutens. Ilpu KunsgYenum ammmaunoro pacrBopa ocajok cHOBa
MeAJeHHO BblAeaseTcs. Bununas kuciora NPENATCTBYET 0CaKIEHHIO
rannnst aMMuakoM. I'uapookuces ranaus o6pasyercs Takmke NpH PHI-
POTHTHYECKOM DAacIIEVIeHHH MHOTOYHCJEHHLIX COeJMHeHHH TaJIus
B pacTBope, ocoGeHHO npu Harpesanun. Kauecrsennoe obHapyKeHHe
la//Iis OCAXKACHHEM ero B BHJie THAPOOKHCH Hecnenuduuno [813].

PacrBopumbie kapGonathi BLIAEIAIOT Geaniii 0cajloK, KOTOpBI
pactBopsieTcsl B u3bbiTKe Kap6onata ammonus [494],

KapGorar 6apus nmojHocTbio ocamaaer rajiuii na xomony [494].

Kucabie cyabhuthl WENOUHBIX METAMIOB OCAYKAAIOT rasiuii M3
HEeHTPaNbHOTO WJIH ¢/1aB0KHCIOro pacTtBopa npH TeMmIepartype KHIe-
HHS B BHJE XJIONbEBHIHOIO OCaJAKa rHApPaTa OKHCH ra/lius (OTJIHUHE
oT uMHKa) {4941

AueTaTsl WENOUHBIX METANNOB TIPH KHIAYEHHH C pacTBopamMy co-
Jeit ranaust (pH 5,3) Bbixensior ocHOBHYIO coutp ragmus. Ocaxienue
HEnosHoe, ec/H pacTBOp Gosee KHCABI HIH 11enouHoi [494].

CepHHCTBIt BOJOPON He oCaK[AaeT TadTHi K3 pa3baBieHHBIX
KHCJIBIX pacTBopoB. OnHako HeGOJbIIHE KOJHYECTBA €ro MO-
TYT BBIAGMHTLCA B BHAE CYJNb(pHIA, €CTH ONHOBPEMEHHO 0CAMKAAETCS
KaKoli-Mu60 merann rpynnst mexu [494, 530).

Cyabtdun ammonus Boigenser cynbHI  TaJdaHsd  TOJBKO
TOTZa, KOr/la B PacTBOPE HMeeT MecTo 06pa3oBaHHe IPYroro Hepacrt-
BOpHMOro cy/ibhuga [494].

®eppounanun kaaus B 1—2 N HCl ocamnaer wus pacTBo-
PoB conel ramus Genpiit ocamok [494, 1018, 1021, 1051). B weii-
TPAJIbHOM pacTBope MPH N00aBJeHHH H3OBITKa OCAJHTENs OCAM0K
pacrpopsiercsi. PacTBopsercs OH TakKe B LIEJOYAX W B KHMAILeN
COJISTHOH KHCJIOT€, H3 KOTOPOI, OJIHAKO, BHOBb BbIAE/SETCH NOCTe OX-
JIaXKeHH B TeUeHHe HecKoJNLKHX yacos [1177]. Yacto Habamonaemoe
CBeTJIO-CHHee OKpalIHBaHHe ocajka OObSCHAeTcs cjelaMu coJel
Fe’* [814]). OrkpeiBaembiit munumym: 20 mxe Ga/ua (687, 1246].
Ipenenvuoe pasdasnenue 1: (2-105) [1018, 1021, 1051]. Peakuun
MelaioT HUTpaT-HoHbl {687] H KaTHOHBI, 06pasyiolLIHe OcaaKH ¢ pea-
FeHTOM, GOJIBIUIMHCTBO H3 KOTOPHBIX, MIPaBJa, PACTBOPSETCS B COMSHOMN
kucnore, Meronx MoxkeT GBITb HCIONB30BAH A8 OTKPHLITHA TaJUIHS B
canepure [1246] 8 npucyrereun Zn, Cd, Fe, Mn, Pb, Hg, Sn, In;
Cuy, Co, Ni, Mg, Ca He MeInaiorT 06HapyKeHHIO raJ/Iusl,

®eppoumanua M COab JABYXBAJEHTHOro Maprauua. [ anmuit
MOXHO JIETKO O6HapyXMTb MO €ro HHAYUHPOBAHHOMY jefi-
CTBHIO Ha ocaxjeHnue Oyporo ocaaka eppouuanuia AByX- HJIH
TpexpaJienTHOro mapranua {305, 420, 499, 789, 812, 1227], Otkpuiae-
Mbiif MHHEMYM: 5 mke Ga/0,04 ma; npenensuoe pasbasienue 1: (8-
-10%). He memaior Hg?+, Bi, Cd, As, Sh, Sn, Rb, Pd, Ir, Pt, Fe, W,
Nb, Ta, Al, pas, Y, Zr, Th, Be, TI3+, In, Zn, Mn, Ni, wenounose-
MeJIbHBIE H LIeJO0YHble METaJJIbl IPH NpeAeabHOM oTHOWEHHH 100 : 1.
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Houwt Ag*, Hg* u Pb?* oGpasyior ocaaku GeJoro uisera, noutH He
Memaiomue obnapyxennio raaaus. Honw Cu, Mo, V, Cr, U, Cet+,
Ti, Sc n Co pearupylor Tax e, Kak u ranauii; Honsl Se u TI* okpa-
IIHBAIOT PacTBOP B (PHOJICTOBHI 1BET, HOHEI XKeJe3a 00pasyloT cuHe-
seqenslit ocanok. L oTKpHITHA radjHs B LHMHKOBOH ofManke win
CBHHIIOBOM GJ€CKe OTAC/SMIOT TaJJHil OT CONYTCTBYICIIHX WIeMEHTOB
sKcTpakuueit 3QHPOM H3 COJIAHOKHCIOrO pacTBOPa, a 3aTeM Ocaxia-
10T ero 8-okcHxuHoaHHOM [838, 839].

MHKPOKPHCTANJOCKONHYECKHE peakuun OOHAP) ¥eHHHd raaausd.
MHKDOKPHCT&J’IJIOCKOHHHECKHE peakllHid ran WA TakxkKe He OTJAHYA-
I0TCA crneuHduuocTLIO.

Ocaxnenne B suae (NHy)sGal's. lHanGonee wuyBcTBH-
TeAbHLIM SBA9eTCsl O6HApYAKeHHe raNausl « BHAE KOMILIEKCHOro ¢ro-
puna (NH,)3GaF; (okrasapul), noaydaemoro npu Ao6asjeHun ¢ro-
pHa aMMOHHsSl K pacTBopy coaH rauanus (779, 836]. Peakuusi Buino.-
HAETCH Ha LesayJOHJAHON NJAacTHHKe, TAK KaK CTeKJO pa3befaercd
pearentom. OTkpbiBaeMelit MuEHHMYM: <100 mxe Ga/ma. AmoMuH#R
o6pasyeT aHaJOrHYHble IPO3payHble OKTa3ApHl [836].

OcaxpaeHHe B BHAE IEe3HA-TaAJHEeBH X KBacIlOB.
ITpn noGasnenun xJopupa, Gucyabdara uanm cyibdara nesus x
CEPHOKHCJIOMY PacTBOpY COsM rajaus o6pasyiorca Gnectaumne Gec-
IBeTHbIe KPHCTaM bl B (OpMe OKTasJApoB HJH B BHAE KOMOHMHALHH
Ky6o8 # 0kTasnpoB Gay(SO,);-CsyS04-24H,0 nan CsGa(SO4)e-
- 12H,0 [420, 647, 708, 752, 836, 1427, 1438], npuroansie Aas MHKPO-
XHMHYecKoro obHapykenus raaaus. Al, Cr, In o6pa3syioT ananoruu-
Hele kpucranasl, Monst Ag, Hg, Cu, Pb, Bi, Cd, As, Sb, Sn, Au, Rh,
Pd, Ir, Pt, Se, Te, Mo, W, V, Fe, U, Ce, Y, Zr, Th, Be, Tl, Sc, Zn,
Mn, Co, Ni, mesoyHoseMeNbHBIX H LIEJOUYHBEIX METAJJIOB MeLlaioT.
OTtkpbiBaemblii MEHEMYM ~4se Ga/ma. [Ipun no6asnennu 50%-Horo
CMHPTa K PacTBOPY OCAZAMTEJIA UYBCTBHTENBHOCTb peaKUHH MOMKET
OLITH CylllecTBeHHO nopbimena. OTKpbIBaeMblit MHHHMYM B 3THX YCJIO-
Busix ~ 10 mxe Ga/ma. ITo apyrum nauebim [647], npeseabHoe pas-
Gasaenne cocrasasier 1:(2-10%).

PactBopuMOCTb 1e3Hil-HHAHEBBIX KBACIOB B CNHPTOBOH cpele
3HAYHTEJNLHO BLILIE H 3TO MOXKHO HCHOJb30BATh AJS OTAEJeHHS raj-
JHS OT HHJHA (A TakKe OT IHHKa, MeAH H cBuuua) [1401].

Ocaxaenne B BHJe aMMOHHAHO-TAaJAJHEBH X
KBacuoB. [Ipu go6apieHHu K CepHOKHCJOMY pacTBOPY COJH raJ-
AMsi XJopuna aMmMmoHus o6Gpasylorcea kpucraaasl NH,Ga(SO,).-
-12H,0 [752, 836]. OrkpwmiBaembiii MuHHMyM: ~100 me Ga/ma.
B 70%-nom cnupTOBOM pacTBOpe PacTBOPHMOCTb aMMOHHMHHO-raJ-
JHEeBHIX KBACIOB MOHHKAETCA H YYBCTBHTEJIBHOCTb OOHApyKeHAs
ao:-}pacmer. OTkpbiBaeMbIii MHHHMYM B CIIHPTOBOH cpene: ~ 30 mk2

a/ma.

NONAPOTPASHYECKHE METOABI

Bonpexku ykasanusiM HEKOTOpPHIX HcciefoBareseit [1382], raauit
Moxer GuITh 0GHapyKen noasiporpaduuecku {892, 1442] B consaHo-
KHCJIBIX, 230THOKHC/IBIX HJAH aMMHAYHBIX PacTBOpax BIIOTL 10 KOH-
uentpaunn 1,3+ 10-° 2-axe/a,



F'arasa 1l

METOJbI OTAEJIEHUSA U KOHUEHTPUPOBAHUS
FAJIJI U

Otcyrerere cneunduueckux METOIOB OMNpeJe/NCHHS Ta/liiusg Tpe-
Gyer ero mpeiBapHTeNbHOTO OTAEACHHS OT OOJIBIIHHCTBA 3/1€MEHTOB,
HTO, BCIEACTBHE OYEHb MAJIOTO COAEPIKAHHS €ro B NPHPOJHBIX H MPO-
MBIIIEHHBIX 06BeKTaX, MPeACTABISCT OAKY H3 CAMBIX TPYAHBIX 3a-
Jau aHaJIuTHYeCKOl XuMHH. HauGosee yacto TpeGyercst onpeaensite
rannuit B mpucyrereun Al, Zn, In, Fe, Ge u Pb, obnanaomux 6oJn-
UITHM XHMHYECKHM CXOICTBOM.

METO/b! OTAEJNEHUSA FAJLIHUA,
OCHOBAHHBIE HA PEAKIHAX OCAX/IEHHA

Metoner orxenenus raanus, ocuoBanmbe Ha peakuusax ocaxkje-
S, IPHMEHAIOTCA MOBOJILHO pefiko, Kak NpAaBH/IO, OHH HCNO/b3Y-
10TCS 1S OT/JI€HHST OTHOCHTEJILHO GOMBIIMX KOMHUECTR rajjiug, 1. e,
TIpH BLIACJNCHHH €I0 U3 KOHIECHTPATOB, CIIABOB M HEKOTOPLIX JAPYIrHX
TEXHUTECKHX mponyKToB. Ilpu 3TOM npeamoutenme K0.1KHO oTza-
BATLCA TAaKHM MeTOJaM, NpH KOTOPHIX raJiHii ocaxiaercs, a co-
HYTCTBYIOLIIME 3JIEMEHTBI OCTAIOTCH B pacTtsope.

B Taba. 13 npusenens Metoan oTienenus FaJllTiA OT HEKOTOpPBIX
S/ACMEHTOB PeAKLHAMH OCAMICHMUS.

KOHHCHTDHPOB&HHC FaJJinsl ocaxKJaeHHeM ¢ HOCHTeJIIMH

Konuentpuposanue neGompinx KOJHYECTB Tal/IHA B IPHCYTCTBHI
GOMLIUINX KOJHYECTB APYTHX 3JIEMEHTOB OGBIYHO He JOCTHraeTes npH
OCAXKICHHH TPYIHOPACTBOPHMBIX COeIHHEHHI rajinsi; MO3TOMY J.isi
€r0 _KOHLEHTPHPOBAHHS HCMOJb3VIOT METOMbI CoOCaK/ACHHUS.

B pacrsopax, comepxanux CBOOOJHYI0 MHHEDAILHYIO HJIH opra-
HHUECKYIO KHCJIOTY, rajJuii He o6pasyeT ocaaka c CePOBOOPOIOM,
CCJIH OH NPHCYTCTBYET OAMH, HO MONHOCTBIO 0CAKLAETCS COBMECTHO C
cyabpumamu Ag, Cu, Zn, Cd, Hg, Sn, As, Mn, Fe u3s C/1a60KHCIIBIX,
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OTpenenne raiausi ot

Ta6auma 13

HCKOTOPLIX SJIEMEHTOB METOJAMH OCAXJeHHSA

Copgepxanue, M2

omigi Ga | OT/lenAeMbie SJeMEHTH Mo
Ocaxjenne rajinsg aMMHaKOM lesounsie meranns, Mg, | [138, 1024,
B npucyrersus NH,CI menoyHo3eMenbupie Metad- [ 1025, 1028,
au, Cd, Tl, Mn, Ni 1031, 1032,
1050}
OcaxjleHe raumus KapGoHa- Mn [138]
TOM Gapus Fe (1) [811]
Ocaxfenne rauma npH Hefi- Mg, Ca, Zn, Cd, Pb, Mo, | [535, 780]
TPaIH3aUHH CONAHOKHCTIRIX pa- Mn, Co—5; Cu, V—3
creopoB (pH 3), copepxamux
tocdar avmmonHs
Beijesienwe raainEs B BHIE Cu, Zn, Cd, Mo, W, [480]
KOMILTeKCcHOro (ropHia Mn, Co, Ni
Ocaxlende ramimua KHnsue- Be, Zn, Cd, Al, p3s, Tl,| [138, 733,
nuem ¢ CugO mam Cu(OH)q Pb, U, Mn, Fe, Co, Ni 3, 1027,3
B npucytcTBun SOq 1029,»105'0_]
Ocax iense raanus ¢eppouna- Be, Mg, menounosemens- | [138, 1027,
HHJOM KajHs H3 pacTsopa Hule metaanwt, Cd, Hg (I1), 1050 |
HCI(1:3) H3;BOj, Al, Sc, Y, pss,
T1, Pb, HsPO,, Sb, Bi,
Cr, Mn. Co
Ru, Rh, Ir [1035—1039
1042—1044 .
1050]
Buijienenne rasius B BHJe S [877]
Ga (OH)3 ruppoausom raanara
(MH{HKaTOp MeTH/OBRI Kpac-
HBEIH)
Brigenerne ranausi uaGbiTKOM Zn, Al, In, Fe [178]
CH3COOH
Tuaponuthueckoe Bujenenne
raaus
cyabHTOM H3 pacTBOpa 15—47 | Zn—350; 138,752,
NH,OH Ca 67, 811,
893,1230]
MOYeBHHON H3 pacTBopa Ca; Zn <1:10%; Mn, Cu, Al [1433]
HaSO, (pH 4-5,5)
aunamsom B npucytctsnn | £16—46 | FeCly — 5.10°+-5-108 [1136, 1138]
Q::Ssos
HHJTHAPASHHOM B TpH- F 1413
cytetBun NH HSO, . ( !
Ocax Jienne raijius OKCHXHHO-
JNHHOM
H3 TOpsero pacTeopa [lleaounnie metasam, V, [690]
NH,OH (5:95) (pH 6—8) Mo, W
mpn pH 3,5 (Gugreaarsmit | 9—30 | Mg, Ca, Cd, Pb—T; (534, 535]
HIH aueTaTHblil Gydephr) Mn—20; U—-0,5
Gudranatubii Gydep Al [535]
B NPHCYTCTBHH THOMOYEBHHEI Cu—5 [535]
B NPHCYTCTBHH aCKOPGHHOBOI V—1+:2 [535]
KHCJOThl H IHAPOKCHJIAMHHA Fe—20
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TaGgauua 13 (npodosxenue)

Copiepxanne, w2

Ocaxenne ranms
6POM-8-OKCHXHHANHHOM M3 K-
nsuwed 0,06 ¥ HCl B NPHCYTCT-
BHH aleTona

Ocaxgenne ranms Kynégepo-
HOM

Hz 2 N HgSO.

meii (NHg)ngO,‘

MeTog Jlurepatypa
OTRedsieMuie SJ1eMeH Th
5,7-nu- Ga:Al=1:1000 [831, 1120]
[Ilen0unbe Metamnsl, Cu, [690, 8335;
Mg, menounosemenbubie 1135, 1138,
MeTamisl, 7n; 1295, 1443]
3,2—56,2| Al—101 =+ 103; Se, Y, pss,
In, As, Cr, U, Mn, Co, Nj
H3 1 N HyC,0,, comepia- Ti, Zr, Th<100 [690]
Ulesounsie metamnm, Be, | [532, 833,

Ocampenne ranms Tanmmon
H3 Kunamero 1—29 -poro
pacteopa CH3;COOH,
cozepxamero NH,NO;
Ocax genwe rauiusg MHPH/IHHOM
B NPHCYTCTBHH cosiefl amMMOHHS

Ocax enue ramins Kamcpapuoi

KHCJIOTOH  man KamgopaTom
HaTpHs
u3s CH;COOH

#3 CH3;COOH s npHCyTCT-
BHH NayS,0,

Buigienenne rasans s BHJIe oc-

HOBHBIX KOPHYHOKHCJBIX coJeif

Oca ienne ranus AHAHTHITH-

PHANDONHAMETaHOM K3 5,5
N HCl

Ocazi ienre MeH HaGbITKOM
Na,S 13 4 M NaOH nay CepoBo-
Aopojom H3 pacteopa HaS0,

Ocaxnenne cepeGpa B Buge
AgCl man Ag,S

Briniesienne sonora Boceranon-
JerdeM HoS B pacteopax HCI,

4 TAKXKe NPH NOMOwULH H,S0,
any Cu®

Mg, LIeJI0YHO3EMEIbHble
MeTasinl, Zn, Cd, Tl, Mn,
Co, Ni

Ilenoykste  Mmetamim, Cu,
Mg, meJiounoseMenbybe Me-
Tanael, Zn, Cd, Mn, Co,
Ni

Ulenounsie  meramin, Be,
Mg, menounosemensuie
MEeTaJlbL;

Zn— 1 =+ 500;

Cd;

Al,O; < 10; Se, Y, pa3,
Tl, Ge

Pb — 1-+-200;

Th, V, Cr, U, Mn, Co, Ni
Fes03—1 + 500

Zn, Mn, Co, Ni

Cu, Mg, Zn, Cd, Al, In,
Bi, Mn, Co, Ni

Cu — meGosbmme  Koamye-
cTBa

Ag

Au

1135, 1138)

[219]

(624, 626,
631)

(628, 629]

(387, 388]
[100]

597
{964}

(1030, 1034—

1036, 1050]

(1030, 1034—
1036, 1050)
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TaG6aonuuma 13

(npodoancerue)

Conepanne, a2

Merop Jlureparypa
Ga OTACNACMBIE SJIEMENTH
Ocaxpiensie  HI@OUHO3EMEb- Ca, Sr, Ba [1028, 1050]
HBIX METAJJIOB B BHJE CyJibga-
TOB B NPHCYTCTBHH CIHPTA
Ocacpenne 1HIKa H3GbiTkoM | OchoBa | Zn — neGonburie  konnue- | [597, 811]
NayS s 4 M NaOH cTBa
OcaJenne IHHKA POJaHOMEp- Zn << 50 me/100 ma [752, 1076]
KypHaTOM KaqHsl H3 pasGasJieH-
HeiX  pactBopor HeSO;  man
HNOj4
Ocaxcniense pTYTH cepoBOLOPO- Ha [1030, 1034—
Jom u3 pacteopa HCI 1036, 1050
Boccranopnenne pryTtH Ao Mme-
Talla Mejblo Hg
Buinenenne pryTH npu  Aeil Hg [1246;
creun kunsmeid HCl wa onvecs
OKMCJIOB PTYTH H rajima
OcajieHre aJIOMHHHA W3 ro- Al — nesnaunrensupie  xo-| [ 781, 813,
psuero pac:popa H3GLIIKOM JIHUECTBA 814, 1138]
NH4OH (orpannuennoe npume-
HeHHe)
Bripenense amomunus wu3 pa- Al — neckonbko rpammos | [178, 625,
687, 752,

creopa HCl B Bujge
AlCly:6H0  auernaxnopuaom
B auerone, rasooGpasuniM HCI
B NPHCYTCTBHH AaleTOHA HJIH
stupa

Ocaxjenue Sc, Y H p3s us Ku-
MAUIEr0  pacTBOpa  H3GBLITKOM
NaOH wau KOH

OcaxjeHde MHAHS B BHJIE

In (OHj3) xapGouatom Hatpus
QOcaxpenne HHAXA H3GHITKOM
NaOH wm KOH

Ocakenne HHJHA reKcaMHHO-
KOGaIbTHXIOPHAOM B BUE
[Co(NHg)4)1InClg ma 2,5 N HCI

Ocamjenie HHAHA H3GHITKOM
BOJHOTO pacTBOpa TeKCaMeTH-
JeHAHaMHHA
Ocampiene uuAns B BHAE AHu-
STHIJIHTHOKAapGaMHHATA
pPH 3—5, B npucyrcTeHH
H30LITKA OKcanara
pH 7—11, B mnpucyrcramn
TApTpaTa WM IHAHHAA
Ocaxpenne T (1) ‘B Bije
T1,PtCl,

48

Sc,,. Y, pas

In
In

In

In

In:Ga=2:1

In:Ga=1:10

T1(I)

1295, 1354]

(273, 1028,
1050]

(628, 629]
(479, 752]
(1387

[274] !

(93]

[1204)
(1030, 1034—

1036, 1050]




Ta6auma 13 (npodosscenue)

Cozepxanue, sz

4 Ananutuueckas XEMHA rajanus

Mertog Jlureparypa
Ga OTAe/isieMble 3J1eMeH Thl
Ocampenne TI (11I) rexcamuno- T1 (111} [1387]
KOGaJIbTHX/JIODHIOM B BHJe
[Co(NH3)s]TICl; 13 0,5 N HCI
Brigenenne SiOz-n HoO Si 993, 1045,
MHOTOKDATHBIM BBINApHBaHHEM 5047, 1050]
ciHEL
Ocaxpenne THTaHa H LHPKO- | GayOy— | TiO4 — mMuore [690, 1257]
Hisl enrIapcoroBoil Kueaotolt | 104130 | ZrOg — 100 = 2300
u3 ropsgeit 2N H,SO,
Ocaxpenne Ti, Zr u Th xu- T Ze; Th [1028, 1029,
NAIEM PACTBOPOM LIEN0YH 1048, 1050]
Ocaxpenne Topus masenesoit | GayOs— | ThO, — 120 =+ 2400 [690]
- KHCJOTOH W3 pactsopa HCI, | 10130
He cojepxamero cyasdar-
HOHOB
Ocaxienne o0J0Ba CepoBOjo- Sn [964, 1026,
pojiom 1033, 1050,
1295]
Ocaxnenne osoBa B BHge SnQOq Sn [1026, 1033,
1050, 1246]
Ocaniensie cBHHUA H3GHTKOM [ OcHoBa | Pb— HeGosbmme —oanue- | [597, 964)
NasS w3 4 M NaOH wuan cTBa
CEepOBOAIOPOJIOM K3 pacTBopa
250,
OcaxjenHe CcBHHLA B BHJIE Ph [811]
PbSO, Bmmapupannem pactsopa
C HQSO‘
Ocaxpenne docdopa B BHIE H,PO, [1045, 1047,
tochopomonuGaara . 1050]
OcaxjileHHe CYpBMH  CepoBo- Sb [811, 964]
JoposioM H3 pactBopa HeSO,
OcaxleHHe BHCMYTa cepoBo- Bi [811]
HOPOJIOM C MHOTOKPATHHIM IIe-
peocaxJieHHeM OcajKa
Buimenenne BucMyTa coocai- Bi [933]
AeHHEM C OCHOBHBIM KapGoHa-
TOM KeJjesa
Brijenenne nuobus H TanTana Nb, Ta [811]
THPOJIH30M CEPHOKHCJIBIX pacT-
BOpPOB
Brijenenne nuo6us u TanTana Nb, Ta [1041, 1049,
06paGoTKOH nHpocyaLhaTHOrO 1050]
M/laBa OKHCJIOB HHOGHS, TaHTa-
Jla H TajllIHA KHNAmed Bojoft
Ocaxnenne cenesa H Tewtypa Se, Te [993, 1039,
JeiicTBHEM BOCCTaHOBHTeIefl 1040, 1044,
(H.S, H,S03) 1045, 1050]
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Ta6anna 13 (oxonwanue)

Copepaanue, s

Meroq JIarepartypa
Ga OTAe/IseMble 3eMeHTh
Ocamxpenne WOg4 Bhinapupanu- A1 (993, 1045,
em ¢ HCI 1047, 1050]
QcaxjienHe ypaHa H36BITKOM U [1024, 1025,
NaOH 1031, 1032,
1050]
Ocamjenne xenesa us rops- Fe 781, 813,
YEro pacTBOpa H3GLITKOM 14, 1138)
NH,OH (orpannuennoe npume-
HeHHe)
Ocax ienne xenesa H3GHITKOM 10 Fe—1000 628, 629,
NaOH ¢ o6s3atenbabiM nepe- 11 5.813,
OocaxK IeHHeM ocajlKa 1028, 1050,
1376, 1411]
Ocaxjlenne ixenesa B BHAE GagOg— | FesO3 — 88--590 [1138]
FeS B npucyrcrann cyindo- | 13-+-54
CaJIHIHIIOBOH KHCJOTH
Ocax genue xxelieaa o-HHTpPo30- Ga,03— | FeaOgy — 4=-44 [1191]
B-naronom w3 pacteopa 25
CH3;COOH
Ocaxjenne Ru, Rh, Pd, Os [MnatusoBEle MeTasIL! [1035—1039,
u Pt cepoBofoposiom Ha pact- 104120-5*(%]044'

Bopa HCI

Boccranoenenue popus u nan-
JIaJiHs MeTa/lNIHIeCKoll Mefbio
Ocaxienne HpHAHA KHnsyenH-
€M CepHOKHCJIOrO0 pactsopa ¢
KOH

HalpuMep yKCYCHOKMC/IBIX, pacTsopos [347, 425, 529, 562|. Koamu-
YECTBEHHbI 3aXBAT Tranms cyabhHIaMH TNPH BBHIAEJEHHH HX H3

C1260KHC/LIX PacTBOPOB
1029, 1050].

Psnom asropos mpemosxeno coocamxn
oTAe/ieHHs ero ot Be, HsBOj,
Cr, Mn [1028, 1029, 1048, 10
B nocniesneM ciyuae oTaenenne HeKOJHUECTE
Ta/I/IiH He 3aXBaTHIBAETCS C

Ha6uiofan eme Jlekok 1e ByaGoapan [1027,

4Th TaJdaHit ¢ As,S; mas
S¢, Y, p3s, Ti, Zr, Th, H3POy, Nb, Ta,
50] u Al [138, 993, 1135, 1138, 1192].
ennoe. M3 0,36 N H,SO,
YiAbDHAAMH MEIH, MLIULIKA H CYypPbMBI.

HI}H OTAEJIEHUH TaJlJIMA OT OCHOBHOH Macchl AJIIOMHHHA HCHOJb-

3YIOT B KayecTBe KOJIJIEKTO

Pa aKTHBHYIO JABYOKHCb Mapranua [178].

CopGuusi syuile BCero MPOHCXOAHT B CepPHOKHCBIX pacTBopax mpu
pPH~3 (90—93%). Maase Konmuectsa rajius MOTYT OBITb CKOH-

LEHTPHPOBAHBI H OTACJEHB OT |
OCAXMIEHHSA er0 H3 KHCJBIX HJH LI 0YHBIX
xKeqesa [178, 383, 700] uan agomunus [17
OCaXKIEHHe H3 KHCJBIX PACTBOPOB CJAEAYET I

pAfa APYrHX 3JIEMEHTOB NyTeM co-
PACTBOPOB C I'H/IPOOKHCHIO
8, 350, 455, 497, 1292]. Co-
poussoauTh npu pH

4,6—6, a u3 nenouHelx —npu pH 7—8. Ilpu pH>8,2 coocaxaenne
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raaaua yMenbiuaercs [353, 455). ITpu suinenenun raanus ¢ Al(OH)s
B npucyTetBun NapS nan ¢ CdS B npucyrcreun Fe (I11) nmonnora co-
oca)<ieHns aas raaans cocrasaser 80—90 u 90—100% cooTserct-
. BenHo [347, 454, 455], a npH MCMONB30BAHHH AKTHBHPOBAHHOIO YIJs

50—709, [454, 455]. :

: MHKpOKOTHUYECTBA TaJIHA COOCAXKAAIOT ¢ KamdopaToM Henaesa
npn pH 2—25 ®3 npenBapHTeJbHO HAarperoro pacTBOpa [2871.
OcafoKk 5KCTParupyior cmechio cnupra (6yTHAOBLIA, aMHJIOBBIf) C
austuaosuim adupom (1:1) # pesKkcTparHpyloT cmechio pacTBOpOB
NH,NO; n NH;OH; npu 310M ¥Kejie30 MepexoiuT B BOAHYIO hasy B
BHe TMAPOOKHCH, a FaJ/IMii B BHjAe rajijaTa aMMOHHS OcTaeTcd B
pacTBOpe, YTO MO3BOVISIET OTAENATH XKeJe30 OT raJiHs.

Mcnonbays pasianuue B YCJAOBHSX COOCAXKIAEHHS Tajuius W UHHKA
¢ Cas(POy)s, MoxHO oTAenTb raanuii ot 1000-KpaTHbix KOJHYECTB
uunka. M3 pacTBopos, collepxaluux 5 moae NH4NO3/2, rannufi xo-
auuecteenno coocaxpaercss npu pH 7.5, LIMHK HauuHaeT CoOCaX-
aatees auwb npu pH<C6. Jlaa noaHoThl pasfeseHHs rajjius u UHH-
Ka ocajoK pocara KajablUHsA PacTBOPAIOT B HEGO/BIIOM KOMHUECTBE
pa3s6asaensofi HNOg i noBTOPAIOT coOCaK/AeHHE Ga%t B Tex xe yc-
Exc%m]mx, Moc/ie yero ero BHIMBIBAIOT M3 ocaaka pacrsopom NH,OH
354].

Jlasi onpefeseHusi colepKaHHs rannusi B GOKCHTax ero Bbljaens-
1or Ha yactHuxo ocaxnenHoii Al(OH)s, a 3atem oTAeaslOT OT mo-
caennedi coocaxaennem amomunus c¢ Cas(POy)2 [357, 1413]. 05—
950 mic2 Al/ma xonuuectBenno coocaxnaiores ¢ Cag(POy)e npu pH
5,0—9,8 U3 pacTBOpPOB, COJAEPIKALIHX ~ 2.5 moas NH4Cl unu NH4(§H
8 1 2; Ga®*+ npu pH>7,5 u npu Tof Ke KOHUEHTPALHH NHNO; noa-
HOCTBIO OCT@€eTCs B PacTBOpe.

KOHLeHTPHPOBaHHE HA CHHTE3HPOBAHHBIX W MPHPOMHBIX hocdo-
pHTAX NpPeJ0XKeHO TAKKe IS pasje/ieHns MHKPOrpaMMOBLIX KOJIH-
qecTs TANNMS M TAJJIHS ¥ OT/AEJAEHHS HX OT aJIOMHHHA W HHAHA (355,
356). Ha puc. 3 npHBe/ieHa 3aBHCHMOCTh COOCaXKAeHHS YKa3aHHBIX

100 | ' L

s

A

Puc. 3. Coocaxnerne Al, Ga, In u
Tl ¢ dochaToM KanblUHA B 3aBHCH-
moctH ot pH pacrsopa

Konuentpanus Al, Ga, In u Tl or 1 mo

100 Mx2/20 Ma; KOAWYECTEO HOCHTEAN

20 m2 B pacyere Ha uou Ca't: KOHIeHT-
panus NH(NOs pasua 15N

oy
b
T

6a®*

Loocaxcienve, %

~3
A~
T

if 9
J 7 g ot
anementos or pH pacrsopa. Takum o6pasom, ecin ocaxnaath doc-
dar xansuust u3 1,5 N NH,NO;, conepamero Al, Ga, In u Tl npu
pH 4—7, To Tanauft KOTHUECTBEHHO OCTaeTcss B PAacTBOPE, a Al, Ga
# In nepexonsT B 0CafOK, U3 KOTOPOro ra/nii MOXeT GhITh Bbije/ien
ammuakom (1:5). [Tono6uoe pasienenne MOMeT GLiTh OCYUleCTBJe-
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HO TaKKe Ha XpOMAaTOrpa(HueCKol KONOHKE ¢ MCMOMAb30BAHHEM pH-
poiibix docopuros B Kavecrse copGenton [356]. Tamtui mecopou-
pyercs Bojtofi uan 1,5 N NHgNOs, a ranauit — ammuaxom (pH 10).
AmOMHHHIT B HHAHE KOJHYECTBEHHO copbupyioTest Gochatom Kagb-
IHA H HE MEWAIOT BBIJeJICHHIO Ta/JuHA H rajauusa. Pochar kambpuus
B KauecTBe HOCHTe/S Obl1 HCIOJbL30BAH TaKxKe JJsl H3BICUCHHS raJ-
JiHsl U HEKOTODBIX HAPYTHX 3JIeMEHTOB, BXOAMIIHX B COCTAB MOJAHME-
Tajanyeckux pyn [191]. ITpu pH 5—7,5 coocammenne rananus Hesa-
BHCHMO OT €ro KOHUeHTpauuH H KoHuentpauun NHNO; nporexkaer
KOMHIeCTBeRHO. [lanbHeiimee ypennyenne pH pacrsopa NPHBOAHT K
PESKOMY yMEHBUIEHHIO COOCAXKAEHHS, YTO CBA3aHO ¢ 06Pa3oBaHHEM
rannat-HoHa. B ykasamHoM uHTepBade pH rauuii MoxeT GbTh OT-
nenen ot TI*+, Hg?+, Aud* (Bo3aMOMKHO TaKiKe OTHEJEHHE Ta/IHS OT
Zn, Cd, Co u Ni). HaGosee u3abHpaTeqbHO COOCAKAAIOTCS AHHOHDI
GaCly, cymectByiomue B pactsopax =6 N HCI. B kauectse HHTpe-
AHeHTa coocaautens Msacoenosoit [359] mpeasioxen HHAy/IHH.

IKCTPAKULHOHHBIE METOJbI

OKCTPAKIMOHHBIE METO/Abl H3BJIEUCHHS TAJUIHA H3 CJAOKHBIX CMe-
CeH M OT/eseHHs! ero OT APYTHX 3J€MEHTOB MOJYYH/IH LIHPOKOE pac-
lipoctpanense 6Jarofapsi GLICTPOTEe H NPOCTOTE BHINOJHEHHS ONmepa-
uuit ¥ Gonbiiok m3GHpaTeabHocTH. OTAeseHHe ra/ius SKCTpaKiHeil
WHPOKO HCMOJB3YIOT AJsl aHAAH3a PAasJMYHBIX MaTePHAJOB TpH
IOArOTOBKE K BECOBOMY, 0GBEMHOMY, KOJIODHMETPHYECKOMY M MPO-
YHM MEeTONaM OmpefieeHus.

Bhizenenue rajiims MoxeT OLITb OCYIIECTBJIEHO SKCTPArHpOBAHH-
€M €ero raJIOTeHHIHLIX H POJAAHHAHBIX KOMIIJIEKCOB, TIaJIOTeHHAHBIX
COeAMHEHHH C OPraHHYeCKHMH OCHOBAHHAMM, BHYTPHKOMIIEKCHBIX H
HEKOTOPHIX JIPYIHX COeJHHEeHHH.

IKCTPAKLUHSA TaNOTEHHIHBIX H PONAHHIAHBIX
KOMIIJIEKCOB TaJlJIHs

Jlag oTAefeHHsl Ta/JaHs OT OOJBIIHX KOJHYECTB AJIOMHHHSI U
psiia APYTHX 3JE€MEHTOB IIHDPOKO HCIIOJAb3YIOT SKCTPAarupoBaHHe XJIO-
Hjla rajaams IHITHIOBBIM 3¢Hpom {856, 1376, 1411], HACHIIEHHBIM
HC1 (833, 1295, 1376]. T'ananii npw 3TOM NepeXOJHT B OpraHHue-
cKyio ¢asy B BuIe KoMmnuekcHoro coenuHenus HGaCl, 3xerpaxr,
KpoMe Ta/JIHsl, MOXKET colepxartbh GoabliHe Koamyecrsa Fe (III),
Au (III), Ti (I11I), P, nemnoro As, Sh, Mo, Te, V, In, pas. Cu, Ni,
Hg, Se, Ge, Sn; Be, Ti, Zr u Th skcrparuapyiorcs caabo [627, 630].
Maxkcumym sxcTpakuuu xaopuaa raanus (98%) mocruracrcs B 5,56 N
HCI [918] (puc. 4). ITocae TpexkpaTHO#i 3KCTPaKIlHK B BOAHOH (ase,
comepxauein 6,0 N HCI, ocraerca wuenssieuenunim < 0,1% Ga
[1176].

Ilisi ynanennsi COSKCTParupOBaHHBIX 3/1EMEHTOB MOXHO K 3(HPHOMY 3KCTpakTy
no6aBuTh HeGoabioe KoauuecTBo HoSO; (a4s paspywenns nepeKHCHBIX COeLHHe-
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Huit) [833], ynaaute sdup Brmapusanuew, pacteoputb ocratox B 09 N HCl u
06paGoTaTh PACTBOP NMPH OX/IAKICHHH cepoBogopoioM. Ilpn nocnenyromemM Harpe-
BAHUH Ha BOAAHOH GaHe ocaxpaalorea Mo, Au, Re u Ir [1411]. Cnenpr xenesa orie-
JAR10T 06paboTkoil puabTpara H36pitkom NaOH [1411], a ceibl amOMHEHES — 0CaXkK-
AcHueM ramnns Kyngepodom [1135, 1138, 1295]. Ommako ropasfio ynoOnee s
orjenenus ramiusa or Fe (ITI) BoccramaBiusath nociefiHee nepej sKerpakuuef 1o
Fe (II) meramnuveckoii pryrsio [1376]. B kauecTse mOCCTaHOBHTedeli HamGo.lee
uacro ucnonedywr TiCls (Boceranoesenne Fe, As, Sb, Mo, Tl, Au, V), pemxe —
MeTaJnyecknil Kajmuit (orgencine Sh u Sn nyTeM BhiZeleHHS H3 COJSHOKHCJIONO
pacTsopa na ry6ke merasmuveckoro xaamus) [1432] u tHocyandar HaTpHa.

JIByxBajieHTHas Mejb [EPEXOAHT NPH 3KCTPAKIMH B OpraHHye-
CKYyIO (hasy BecbMa HE3HAUHTEJbHO, a OJHOBA/JEHTHAS — B 3aMETHBIX
KomuuecrBax. [lisi M3BJIeUeHHA Tajliis M3 CJOST OPraHHYecKOro pa-
CTBOpHTE/IA INPHUMEHAETCS OTTOHKa KCTpareHTa (HCKJAYEeHHEe CO-
CTapager Oyruiauerat; T. kum. 126°C) uin pesxcTpakuus xmaopuia
raJiJIus BOJAOH.

Kosppuuments pacnpenenenns ramms mem iy pa3baBJaeHHBIMH
CONMAHOKUCALIMH pacTBopamu (<1 M HCI) u sdupom (a takxke u
APYrHMH OpraHHYecKHMH pacrsopurensimu) <1-10-2, Gaaromapa
UEMY BO3MOXKHO DEIKCTPATHPOBATH TaJ/IHI TAKHMH PACTBOPAMH H3
opranuyeckod aswl. Jlyumme pe3yabTaThl MO PeIKCTPAKIUA
AOCTHTAIOTCA TPH CMENTHBaHHH opradHueckoil ¢aswoi ¢ 0,1 M HCL
ITpu 5TOM Tanuii MPaKTHYECKH MOJHOCTBIO IEPeXOIUT B BOAHYIO
(hasy.

Bmecrto smunmoBoro sdupa npHMeHsIOT TaKiKe H3OMPOTHIOBbII
a¢bup (682, 1153] u BB’-muxaopstunosbii s(up (xaopekc) [30]. Onru-
ManbHad KHCJIOTHOCTb NMPH HM3BJEYEHWH TalJHs W3 COJSHOKHCIOrO
PACTBOpa H3ONMPOMHJOBLIM 3¢pmpom pasua 7—7,2 N HCL. Ilpu konu-
nenrpaunsix HCl Boime 7,2 M naunmuaercsi BolcaJdHBAHHE IAJIHA U3
obranudeckoil ¢pasul. Koadpuuuenr pacnpenencuna raiaus npyu co-
oTHoweHNH (as 1: 1 pasen 200 [532). IkcTparuposanue raaaus XJa0-
pexcom HauuHaerca 8 >2 M HCI, a npu koruenrpaunn HCI>6 M
TaJJIuii IPaKTHYECKH MOMHOCTBIO MePEXOAHT B OPranHuecKyl dasy.
Buecre ¢ raaauem skerparupytores Au (I11) u T1 (I11), a npu kon-
uenrpannn HCI>8 M Taike keleso n cypsMa, GOJBIIHHCTBO Y-
[HX 3JIEMEHTOB OCTAeTCst NPH 3TOM B BOAHOH (ase. [Ipenmyuiectsom
XJIOpeKca mepejl AMSTHIOBBIM H H3ONPOMHJIOBLIM 3(PHPOM sBjseTcs
Majias JIeTyuecTb, HeB3DbIBOOIACHOCTb H GOJBIIOI VAeabHbT Bec [30].
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3a noc/efHHe FOAB /ISl SKCTPATHPOBAHHS TaMIUA GbiH npeaJo-
ZKEHBI JIpYrHe KHCJ0POACO/epXKallHe OpTraHHYEeCKHE pPacTBOPHTEH,
Gonee s(deKTHBHBIE, UeM MHITHAOBBIN K HBOTPOTHJIOBEI  3(UPHI
(cnupThr, coXHble 3¢HpE 1 KeToHb) [73, 278, 289, 291, 448, 535,
666, 681, 682, 1109, 1187, 1429].

B Ta6a. 14 npusejenn Ko3hdHUHEHTDH pacnpefeseHus ranaus
MEXKIy CONAHOKHCILIMH PACTBOPAMH H OPraHHYECKHMH PacTBOpHTe-
JIAMH.

TaGnuna 14
Bansinne npupoasl pacTBopuTens Ha KostdHUMEHTH pacnpeaeneHus raaaus
[73, 535]
Koues- Kosdbruuent pacnpesienenns Kp
alHst
"?.,C,. . | mukno- | merna- 0] 4 H304aMH- | PeKCH- GeHsu- nero-
il | reica- [uso6ymae-laera | Gensoar aomid | nomit | nomt | ooy
2 230
3 240
4,7 64 20§ 0,95 20 18 21 125
5 140 500
ayl 300 110 i 110 160 110 140
6 400 2800
6,6 140 | 110 230 230 130 140
7 380 2500
8 80

B ra6a. 15 nokasamo noeexenue MOCTOPOHHHX 3JIEMEHTOB IIpH
SKCTParupOBAHHH [3/1EMEHTHI, B PABHON CTeNeHH XOpOIIO 3KCTPAar-

TaG6auua 15

KCTPArHpoBaHHe XJOPHIOB MeTAANOB PA3NHUHBIMK  OPTaHHYECKHMH
pacrsopureasmu * [535]

IKeTpakuus, %
3keTparenT
Fe (Il), Zn lCu (I} Cu (1)] ¢d |Ti (IV)ITl(lIl) LM In | VWV (V)
Husthnosstii
i R 0,01 0,210,05/20 10,0 0,0 — | — [Cuepnt|Crepet[Crean
MetununsoGyrui-
s 6,00 2,0 114,01 2000 [ b s — | =1 —] 40,0 25,0
axnorexcanon | 20,0 SOLGH ERL 051 o Bt L0 = b=t 1745,0{ ' 8.5
ByTunauerar 0,01 0,250,4 |0,7 [0,08 0,4 0,5 (6,0] 0,05 5,0 0,0

* Oxerpakuua w3 10—30 ma pacrsopa  HCI (npi onmraManbisiy yemopusx KHCJIOTHOCTH, CM,
Ta6a. 14), comepkamero [0 w2 Ga, | 2 Al, 50 m2 Fe, 10—20 M2 ocrambubX sMeMenToB, PaBHBIM
06BEMOM PACTBOPHTENs B Teuerme | M. (PaBuosecioe cocromume). Al, Co, Ni, Mn, Pb, Bi, Mg
i Ca ne skeTparupyiores.
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pylouecss AHITHAOBBIM 3(QHpOM (CM. BbIlE) W NPHBEAEHHLIMHU
PACTBOPHTENAMH, HEe yKasaHsbl].

DKCTPAKUHA raJaus (M HHIHS) METHAGYTHIOBLIM, METHJ/I-H STHJI-
reKCHIOBBIM, OYTH/IOBBIM H aMHIOBBIM 3QHPaMH BO3pacTaer C NIOBbI-
leHHeM KOHUEHTPALMH COJIHOH KucaoThl [682]. C noBbllieHHeM HX
AH3JIEKTPHYECKOH [OCTOAHHOH SKCTPaKUMA rajaus (M HHIHS)
yMeHbLIaeTes.

LInK/I0TeKCAHOH H MeTHAM300YTHAKETOH MaJjio CeJeKTHBHB H
N03TOMY He MOTYT ObIThb NPHMEHEHB MJIA TPYINOBOTO OTAEAEHHA
3JeMeHToB oT raaaus [532, 535, 666, 667, 681]. Llukiorexcanoa 6o-
Jee CeJIeKTHBEH, HO MeHee 3DdeKTHBEH, YeM UHKJIOorekcaHoH [666].
Ga, Vo+, Fed+ 'Audt Asd+ Sb, Mo, Ti, Ru (VIII), Sn (IV),
Pa’*, Nb, Ta, Np®+ skcrparupyiorcss Ha 75—99% ms 8 N HCI pas-
Hplv oObemom cvecn 83% 2-srunrexcanona u 179 mnerpoaeiHoro
s¢pupa; In —mna <<10%, uro MoxKerT OBITb HCHONb30OBAHO MJIs Pas-
JeJieHus ranaus @ uagad [1187]

Byrun- u avunauerar sBASIIOTCS CaMbIMH JeleBHIMH H BMecTe
¢ TeM OYeHb 3PeKTHBHBIMH (OcoGeHHO GYyTHJIALETAT) PacTBOPHTE-
asavu, HMabupartenbnocth GyTHaaleTaTa TMPHMEPHO TaKaa ke, Kak
U y JAH3THIOBOTO 3(Hpa, NMPEHMYIIECTBO €ro — MaJjas JeTy4ecTb.
Kosdduunenr pacnpenenerus rajsius Tpd 3IKCTPATHPOBAHHH H3
6 N HCIl npu coornomenuu ¢as 1:1 pasen 400 (cm. TtaGa. 14).
OrHowenune XKo3(QPUUMEHTOB pacHIpele/eHuss TaJJaust M aJIOMHHHSA
nocruraer n-10%, yro 06ycaoBAMBAET BLICOKOE H3BJEYEHHe TaJlHs
B OpraHuyeckyio thasy M BecbMa 3(Q{eKTHBHOE OTIENeHHE ero oT
amomunns. Pacnpeneaenue amomunns mexay 5 M HCl u 6yrua-
alleTaToM MpaKTHYeCKH He 3aBUCHT OT KOHUEHTpallud MeTajjaa B
HCXOJAHOM pacTBope, a pachnpeleneHHe rajiHs BO3PacTaerT ¢ yBe-
JHYEHHEM KaK ero COOCTBEHHOH KOHUEHTPALMH, TaK H KOHUEeHTpa-
uun aniomunus. Ilocaennee o6crosrenserso Boabmakos u Ceps-
koB [73] o6bacualor sbdexrom Buicanusanua. Fe (I1I) u V (V)
NPAKTHYECKH IOJNHOCTbIO IKCTPAarupyoTes OyTHIALETATOM H APYTH-
MH 3pupaMu, No3TomMy TPeGyIOT NPeABaPHTENBHOrO OTACACHHS (CM.
soiie), Ornenenne rannus ot Fe (II) u Cu (II) He BbIsbiBaer 3a-
TPYAHEHHH, TMOCKOJIbKY TOCJeJHHe IIOX0 IKCTparupyiorest OyTua-
aueratom u3 5 N HCI. Coznepxxanue xe Cu (1) B pactsope momax-
HO ObITb MHHUMaJbHBIM (cM. Taba. 15). Llukaorexcan o6Jaanaer
He3HAaYHTEJbHOH 3KCTparHpyiollell cnocoGHocThbio [666].

B tex cayuasx, Korza NpHMeHeHHe COJSIHON KHCJIOTHI HeXeJja-
TeJbHO (HamnpHMep, MPH Pas/OKEHUH MaTepHasa CEpHOH HIH as3or-
HOfl ¢ CepHOM KHCAOTaMH), TajJuii SKCTPATHPYIOT H3 CePHOKHC/IBIX
pactsopoB [278]. UrtoGul chenaTh BO3MOMKHON SKCTPaKUHUIO MeraJs-
JIOB M3 TAKHX PaCTBOPOB, NPHMEHAIOT pasjiHuHble KoMilIekcooGpa-
3ylOLlHe areHThbl, RAIOLHE C METaJJIaMu 3KCTparHpyeMble KOMIJex-
col. Ilpu sKCTpPaKuMK raniug HCHOAL3YIOT XJOPHI HATPHsA, oGpasy-
ownit komnaexe HGaCly, xopomo skerparnpyeMblii oprannyeckum
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2—2 2-uoHfa, 3 —3 e-uohfa; 4—4 2-uonfa

2F Puc. 5. Bumanwe KOHUEHTpauuu cepHoit
KHCJIOTH H HOHOB XJopa Ha lg K raanusa
/ NpH 9KCTPaKuHH ero GyTHIAUeTaToM
/ | Kouuentpauus Cl-uona: I — 1 2-uon/a;
|

e |

/ / : PacTBOPHTENSAMH. IKCTPAKUMSA TaJIus

i H3 (CepPHOKHCALIX pacTBOpOB B Opra-

| HHYeCKYI0 (pa3y 3aBHCHT OT KOHIEHTpa-

I IHH B HHX CEPHON KHCJIOTHI H HOHOB XJIO-

SISt i) pa (puc. 5) H MaJO 3aBHCHT OT KOHI(EH-

% WG R Tpauuu rajaus. [Ipu onTHMa’dbHBIX yc-

KamgenmpequstySoy, N 10BHAX (TN HpSO,, HachileHHas Xi10-

puAOM HaTpusi) Koa(dulHeHT pacnpeie-

Jenust amomunus pased 5°10-%, a u3BNeueHHne ero B OpPraHHYECKYio

thasy cocrapasier auuip 0,06%. Crenedb pasjaeneHHs TaJJHd H alio-
MHHHS B 3THX ycaoBusix gocruraet 1-10°.

MetonoM pafiHoaKTHBHBIX MHAHKATOPOB MOKA3aHO, YTO M3 raJjo-
reHH10B rajaust ayuilne Bcex 3skcrparupyercs GaCly n xyxe Gals
[1109]. TIpu oGpaGotke pasGaBJeHHOTO BOAHOTO PacTBOPa HOAHIOB
HHAHS ® raanus, cogepxamero 0,256 M KJ u 0,1 N HySO,, pasubin
06BbEMOM IHMKJIOTEKCAHOHA MPOUCXOJAHT KOJMUYECTBEHHAs 3KCTPaKILHA
In*+, a Ga%t nmoamnocthio ocraerca B BomHoit (ase. Kospduuuenr
pasnenennsi >10° [879].

M3 5,0—5,5 N HBr ranauit useaekaerca Ha 96,7% [663], uro
SHAYHTENBHO BhLILIe BeJHYMHBI, Haigennoi Hpsuurom u Poccorri
[918]. Okerpakuusi us 5 N HBr wucnosbzopaHa aas COBMECTHOTO
H3BJIeUEHUS] TAJIUST W HHAusA OyTHIALETaTOM C MOCAELYIOMIeH pe-
SKCTPaKIMel MHAHA CoAsfHOM Kucaotoi (1:1) [527], a Takxke aad
OTIEJNeHHs] TaJlJHusg OT HHOOHs 3HpOM HpH aHa/jlH3e HHOOHEBO-raj-
JIHeBBIX ciyaBos [334].

Onuncana 3KCTpakuua raaaus GpoMuaoM TeTpadeHHIapCcOHHS B
xaopodopme [1441].

Huaunit Moxer GbITH OTAeJ€H OT PaJJIMSl IKCTpPaKUHeH H3 pact-
BopoB (ropHcTOBOmOponHOi KucaoThl [322] Taaauit (a Takke
Al*, Fe’+ u Ti) o6pasyer B TakHX pacTBOpax MNpPOUHbIE HEIKCTPA-
rupylomuecss (pTopHIHbIE KOMIJIEKCHI.

Pomanup ranaus usBnexkaerca apupom Ha 993% wus 70 N
NH,SCN u 0,5 N HCI u na 97,6% npu pH 2—3 u T0il e KoHleHT-
panun NH,SCN [662]. Ilpu skcrpakunn cmeceio 20 ma sdupa c
30 ma rerparuppodypana [1335] uz 1,6—1,8 N pacrBopa NH,SCN n
4 N HySO,, cogepxamero 10—100 xe Al u 0,1 mz Ga, crenenb
H3BJICUEHHSI raJyus B OpraHuyeckylo ¢asy cocrasaser >99%,
NpHYEM aJNIOMHHHH TPAKTHUECKH TOJHOCTBIO OCTaercs B BOIHOH
hase. Ixcrparnpyemoii GOPMOH ABAAETCA He KOMIJIEKCHAS KHCJIO-
ta HGa(SCN)4, a Ga(SCN)3 [250—252].
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Pasauyne B BeauudHax KoucraHT ycroimunoctH Fe(SCN); u
Ga(SCN); (25 u 0,4 cooTBeTCTBeHHO) HCMOJNB30BaHO AJs pasfiene-
uust 10-2—10-3 moneit Ga u Fe skcrparuporannem m3 0,07—0,08 M
NH,SCN [251]. Onnako 3KCTpaKuus rajjiHsg u3 OPOMHIHBIX H pO-
JaHHIHBIX PacTBOPOB MeHee H3buparenbua, yem sxcrpakuus GaCls
M3 COJITHOKHCJBIX DacTBOPOB.

3nc1pa|(mm raJoreHHIHbIX COeJHHeHHH TaJJaus
C OpraHH4YeCKHMH OCHOBAHHAMH

Becbma y1o6HEIM MeTOZOM BHIZEJIEHHS TaJ/Hs CJAYKHT 3KCTpPaK-
IHs €ero TrajoreHHJ0B C JAHAHTHOHPHAMETaHOM H JAHAHTHIHDPH.-
ternnmeranom [95]. HauGouapluuii HHTEpEC TpEACTaBJAAET IKCTPAK-
M KOMIJIeKCAa rajjius ¢ THAHTHTHPHIADEHHIMETaHOM H3 CHIBHO-
COIHOKHC/IBIX DACTBOPOB; OHa mnpoTekaer Gonee H3GHpaTeanHO,
yeM M3 OpOoMHIHBEIX W WoAHIHBIX. Pacnpemenenue xjoprannara Ju-
anTHnupuadenuamerana mexny xaopodopmom u 6 M HCI ue zasu-
CHT OT KOHIEHTpaluH rajiua B uHTepBase 0,5—10 mxe Ga. [lpu
stom Al, Zn, Pb, Cd, Mg, Bi, As, In, Sn, Ge He 3xcrparupyiorcs.
Jxcrparupytores Fe (III), T1 (III), wactuuno Cu (II) u Sb, ognako
B npucyrctBuH TiCl; B 3KCTpaKT NepexoifT JHIIb HHYTOXKHBIE HX
kosnuecTBa. [IBykKpaTHoe NMPOMbIBaHHE IKcTpaKkra pactBopom 6 N
HCI, conepxamum TiCl; u nuantanupuadeHnIMeTaH, obecneyH-
BaerT NMPaKTHYECKH HX TOJHOe yaafdeHHe.

Ilpu orHowennu ¢as 1:1 u Ga:Fe:Zn=1:200:200 rannuii
MOeT ObITb IIOJHOCTbI) OTHEJNeH H3 COJSHOKHC/IbLIX PacTBOPOB OT
Kenesa M UMHKA 29%-HbIM PacCTBOPOM TreNTHJIAMHHA B KepOCHHe R
Gensoae (raanuit B sKcTpakre), a Takxe 2%- -HBIM PacTBOPOM OK-
THIaMHHa B Kepocuse [317, 384, 561] u peskcrparupoBan 5% -HbIM
pacrsopom NaCl.

M3 BHICOKOMOJIEKY/IAPHBIX AMHHOB AJ51 IKCTPAaTHPOBAHUA TaJIHS
H3 XJOPHAHBIX PACTBOPOB NPHMEHSIIOTCS ~-TPH-H.TeKCHIAMHH B TOJIYO-
ae [726] u HekoTophie Apyrue ankuaamuubl [599, 851, 1316]. [Toaxoe
u3sievenne raaaus us 4 N HCl mporcxoauT npH HOMO/Ib30BAHHMW KCH-
JoJbHOrO pacmBopa N-nojlelleHHJATPHANKHIAMETHIaMAHa (ambepJanTa
L A-1) [1156]. Metox MoxeT OLITh TPHMEHEH [J151 OTAEJEHHS FaJJIHI OT
Cu (1I). 10%-me1il pacTBOp 3TOTO ke 3KCTPATeHTa B KCHJIOJIE HCIOJb-
syercst aas oraenenns Cu, Cd, Bi, Pb u In or Ga u Zn [1373, 1374].
H3 ceprokucasix pacrsopos, 0,6 M mo KJ, Cu, Cd, Bi, Pb u In sxer-
parupyiorcs Ha 99%; Ga, Fe (IIT) w Zn u3BIexalTCsa OYeHb He-
3HAYHTEIBHO.

JKCTPAKUHA BHYTPHKOMIJIEKCHBIX COeJHHEHMH rajuaus

Komnaeke ranaua c¢ 8-OKCHXHHOJNHHOM TIOJHOCTBIO 3KCTparH-
pyercsa xJopodopmom npu pH 3—10 [435, 1002, 1113]. Koncranra
sKcrpakuun I1gE=3,79 [1113, 1347, 1348]. Ddodexrusnoe orre-
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JeHne OT GOJbIUHX KOJNHYECTB aJIOMHHHSA AocTHraercs npu pH 2
(puc. 6) [712, 1002, 1347]. I1pu pH 3 ramauii MoxeT GbITh OTHeJCH
ot Cr (III), Co, Pb, Mn (II), Ni, Th, Ti u U [1002].

Ornenenne raanusi ot aaoMunus [720] u unnua [14, 509] Moxker
ObiTh OCYLUECTB/ICHO 3KCTParHpoBaHHeM KyndepoHaTa ralins XJo-
potdopmom u3 2N HCI u 2N H;SO4 coorBercTBenH0, B 3asucumo-
CTH OT KHCJIOTHOCTH Cpeibl KCTPaKuus KyndepoHaTta rajads Mo-
#eT ObTb NPOBEJEHAa MMITHAOBEIM 3(pHPOM, H30AMHIOBBIM CIHD-

w0 ikl TOM, OE€H30/10M, UHK/JIOTeKCaHO-

L ( (r Hom [14]. IllaBeneras u sTHJIEH-
sl .| nuHaMUHTeTpayKcycHas KHCJHOTH
YMEHBLIAIOT H3BJeUeHHe Kynde-
poHata ranaus [14].

oo D TR Komnaeke rammsi ¢ N-Gel-
S 30HI(QEHHJITHAPOKCHIAM H H O M
(B®I'A) KomHMuecTBEeHHO 3KCTpa-
rupyercss xjaopodopmoM u GeH-
soqoMm npu pH 2—9, usoamuio-
BeiM cnupToM nph pH 3—9 u
uuKkaorekcanonoM npu pH 3,5—9
[15, 509, 1077]. Hu3aTHAOBBIA
s¢up sxcrparupyer <<40% Ga
Puc. 6. 3aBHcHMOCTB 39KCTpaKUHH npa pH 3—9. Ilpn npumenetnn
okchxHHOAHHATOB Ga, In, Al or pH GeHsoJa i X0pO(OpMa IKCTPAK-

S
¥
Sof
s

Fhecmpaniu s, Yo
by
S
i

© 3
T T
e

pactBopa IUd IIpOHCXOAMWT TaKXe H3 pa-
Kounentpauus okcuxuwonuua 0,1 M: xou- CTBOPOB 20—24 N H,SO..
HeHTpanua Meraana 0,01 M STHﬂeHnHlaMLHHTE’FpaYKCyC Hai#s

KHCJIOT2 H OKCHKHCJIOTHL YMEHb-
WalOT U3BjeyeHHe raniauda. [1o cune BAHSAHHA Ha 3KCTPAKUKIO OHH
pacnonaralorcss B paa: Kommiaekcon Il > maseneBas Kuc-
J0Ta > IMMOHHAA KHCJIOTA >BHHHas xkucjaota . [15, 660, 1347].
DJieMeHTH, 00bIYHO Mellaioliue onpeaenenuio raaaus (In, Pb, Ge,
Sn), Moryt GBITb OTAE/NEHLI SKCTPArHPOBAHHEM KOMIJIEKCA TalIHS C
B®TI'A mpu pH 3,1. ®akropn pasgenenns: Gad3+/In3+—104,
Ga®*/Pb2+—104, Ga®t/Ge*+—10° u Sn*+/Ga®—103 [1077].

Bycesbim ¢ cormp. [93] mpenanoxken TPOCTON H HalAeKHBIE MeTOA
30 ¢eKTHBHOrO OTAEJeHHs Ta/IHA OT HHAWA, OCHOBAHHBIH Ha 3KCT-
PaKIHH JUITHAAMTHOKapOGaMHHATA MHIHMSA 3STHIanetatoM npu pH
3-—5 B npucyrerBuu H3GBITKA OKcasata. JHITHINMTHOKapGaMuUHAT
Ta/lind KOJHYECTBEHHO 3IKCTparupyercss 3Tujaaneratom npu pH
1,5—5, omHako WlaBeneBas KHCJAOTAa MellaeT H3BjaeyenHio. Jlas
KOHUEHTPHPOBAHHA TaJIIHA HCIIOJAb30BaHA CIOCOGHOCTL MHPPOJH-
JAHHAHTHOKapOaMuHaTa rajaus skcrparuposathes npu pH 4,8 xzopo-
(opmom [1357].

DKCTparupoBaHue rajiiis MOxeT ObiTb NPOBENEHO B BHJAE B-IH-
keroHatos (775, 1127, 1303, 1307, 1349, 1353, 1441]. HMssaeuenue
f-usonponuarponosionom npu pH <1 Raer Bo3MOKHOCTL OTHENHTH
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rananit copmecruo ¢ Fe (I11), Sc¢, Cu (II), In (III), Th, U (VI), Al
or Ag (I), Co (1I), Ni (IT), Zn, Cd, Y, Am (II]), menouHo3emeb-
HBIX H pelKOo3eMeJbHbIX 3J€MEHTOB.

BHyTpHKOMIUIEKCHEIE COEAHHEHHSI TAJJIHA ¢ OKCHA30COeAHHEHH-
AMH, COJAEpXKAIUMH OJHY Cy/1bOrpynny, MOryT GbITh HCMOJb30Ba-
Hbl /111 SKCTPAKUHH ero H. 6yTuioBeIM cnupTom [210]. M3 apyrux
a30COeAHHEHHH, NPHMEHsSeMbIX NJs H3BJGUEHHS ralJaus B BHIe
BHYTPHKOMIIIEKCHBIX COGAHHEHHH, c/lelyeT YNOMAHYTh AHTH30H (696,
1212]. Kospdpuuuenr pasmenenns napsl In— Ga B auneraTofi cpe-
Je NpH SKCTParHPOBAHHH PACTBOPOM AHTH30HA B YeThbipeXX/JIOPH-
crom yraepoje cocrasasger ~ 108 [1212]. Or GoabmuucTBa 3AeMeH-
TOB TaJUIMi MoXKet ObITh OTJAeJeH SKCTpaKuueid Kamdopara raj/ans
czmecmo[ﬁsy'r]moaoro‘ WM aMHJIOBOTO CIHPTA C JIMITHIOBHIM 3(HpOM

1:1) [287].

DKCTPAKLUHA NPOYHX COEAHHEHHH raJaus

Hu-H. GyrHadochaT B HETHIPEXXJOPHCTOM YrJepoje 3KCTParH-
pyer ramiauii u uuauit npu pH 4-—5 u3 CONAHOKHC/ABIX pacTBOPOB
[963]. TIpu pesxcrpakuun | M HNO; rannuii mepexoiuT B BOIHVIO
(asy, a uHAH{A OCTaeTcs B OPraHHYECKO#, H3 KOTOPOH MOXKET OblTh
peskcrpardpoBan JHIUE 9—10 M HNO;. Pasnenenne rannusi u HH-
AHsi MOXKeT ObITh OCYHIECTBJIEHO TakkKe aJKHAGOCHOPHBIMH KHCJIO-
TaMu H3 pacrBopos H,SO,, HCIO,, HNOs, H,C,04 HF, HJ, HCI u
HBr [321]. Onucana skerpakuus rasaus Tpu-H.Gyruadocharom B
KepocHHe H3 colsHOKueabx [1145, 1397] (ormenenue or xenesa) u
asorHokucaAsX [1396] pactBopoB, pacrBopom Guc-(2-3THATEKCH)-
(ocopHoit KHCAOTH M3 COMAHOKHCIBIX pacTBopos [960], pacTBopa-
MH TPH-H.OKTH/I(OCHHHOBLIX CYIb(HLOB B LHKIOTCKCAHE WIH HUTPO-
OeH3ose H3 COMAHO- M A30THOKHCJLIX pacTBopos [783], ¢propuposan-
HBIMH KapGOHOBBIMH KHCJIOTAMH H3 UIEJOYHBIX pactBopoB [160],
OKCHIIDOM3BOAHBIMH  XpoMoOHa B Xxjaopodopme mnpu pH 5,0—6,0
[1146].

Jlis paspenennss alnOMHHHS M TaJJIHs HCHOAB3YIOT pasiuyue B
SKCTPAKUHH HX HadrenoBbiMu KucaoTamu [3, 584]. B kauecrse pac-
TBOpHTeNIeH HauGOMbWHA 9B GheKT NaloT BHICHIHE CHHPTH, ITHAOBI
5Qup, 3THNALETAT, a TAKXKe CMecH GEH30J1 — 3THJALETAT H ITHJO-
eolil 3(pup — KepocuH. Koagpduument pacnpemesenusi cuabHO 3aBH-
CHT OT KHCJIOTHOCTH BOAHOfi (asbl, npuuYeM pesKoe yBeJdHYEHHE 3K-
cTpakuui HaGmonaercss npu 3uavenun pH, GauakoMm K Hayaay BHI-
aeenns ruapooknceit. Jlo pH 3 sxerpakuus ranana He mpesnimiaer
8%, or pH 3,14 ona cranosutca pashoit 41,6%, a npu pH 4,55 no-
cTuraer Makcumyma (93,7%) [584]. Boabmnie KoHueHTpauHu Xaop-
HOHA B BOJHOM PAacTBOpe NMOJAABISAIOT 3KCTPAKIMIO FajJHs, YTO CBS-
3aHo ¢ obpasoBaHueM ycroilunBelX KoMnaekcos [GaCly]-, me cmo-
COGHbIX 3KCTParHPOBaThesd HA(MDTEHOBbIMH KucaoTaMu. IIpucyrersue
CyAb(aT-HOHA NPAKTHYECKH He BJIHMSET Ha 3KCTPAKUHIO aTIOMUHHS,

59



OIHAKO AJs Tajaaus 06jacth 3KCTParMpOBaHMs CABHraercd B KHC-
Ay obaactb Gojee 4eM Ha OAHY eauHHIy (mo cpaBHenuio ¢ pH B
OTCYTCTBHE cyabara), uTo maeT BO3MOMKHOCTb PasiessiTh aJiOoMH-
uufi ® raaaui. [lpu coornomensun Al:Ga=100:1 wmakcumaipHOe
paspenenne HabGmopaerca npu pH pasnoBecnoit Boanoit dasn
3, 65 [3].

H3pieueHHe TaIHs MOMXKHO NPOBOJHTL CMEChIO, COCTOSAILE) H3
JABYX KOMILIEKCOOOpa3yolluX areHToB (HanpuMep, asoCoedHHEHHEe
# OeH30HIAUeTOH HJAH (JIaBOHOJM, HHTPO30(EHH/IrHIPOKCHIAMHH
W 1p.) B Xxaopodopme [167], a TakKe OpraHMUECKHMMH COEIHHEHHMS-
MH, cojepxxamumu rpymnel P=S u P(S)SH [876]. O6 oraenennu
rajdnausa KcTpakuuein cm. Takxke [1095].

XPOMATOTPA®PHUYECKHE METOIbI

Hapsay c skCTpaKUHOHHBIMH MeToAaMH GOJbIIOe PacipocTpaHe-
HHe TIONYYHIH XpoMatorpadHueckue MEeTOAbl OTAeJeHHS TaJJaHfA OT
MHOTHX 9JIEMEHTOB, B TOM 4YHCJe U OYeHb OJIH3KHX K HeMy Mo XH-
MHYECKHM CBOHCTBaAM (aJqIOMHHHH, IIHHK).

Becbma 3¢ dexTHBHE METOABI, HCNOAB3YIONIHE H3MEHEHHe K03(-
(bHUHEHTOB paclpemeseHHs pasaenseMblX JTEMEHTOB B CMeIlaHHBIX
cpenax (opraHHYecKHH pacTBopHTeab— Kucaora) [10, 12, 147, 148,
148a, 816, 821, 981, 983—987, 1214].

Anumapuneim ¢ corp. [10, 12, 148] meranbHo H3yYeHO HOHOOG-
MeHHOe MOBeleHHe TaJ/Hus Ha CHABHOKHCJAOTHOM KaTHOHHTe KV-2X
X8 B H*-dopMe B CONAHOKHCABIX cpemax, COXEPMKAIMX METHJIO-
BhIH, 3THJIOBbIi, NPONMHAOBLIA M H3OTPOINHJIOBBI CHHDPTHl, KETOHBHI,
auokcan. OTneneHne TaMIHS METOIOM HOHHOTO OOMeHa CHCTeMaTH-
3upoBaHo B Taba. 16. s oTAeneHHs rajjus HCIOJAb3YIOT TaKke
4JcOpOLUHOHHYI0 H pPacnpeleqHTeNbHYI0 XpoMaTorpadHio.

B kauectse copbenta B ajcOpOLHOHHOH XpomaTtorpaduu He-
MI0JB3YIOT Tpex3aMelleHHbll docdar Kaapuusd, a TakKxKe NPHPOIHBIR
(Bomkckuit) dochopur [356]. [Mpun npomyckammm uepes KoJOHKY
pactBopa, cofepxamero Ga, In u Tl, mocaemuuii JumIb yacTHYHO
copOupyeTcs, HO Jerko BbIMBIBaeTcsi Kak Bomo#l, Tak W 1,6 N
NH4NO;. Dawuposanne rananusg npoBoasaT aMmuakoM (pH 10).
HWuanit kKonmudecTBeHHO morgoutaercs ¢ocdhaToM KaJbLHf M He BhI-
MbiBaercss Boao#, 1,5 N pacreopom NH NO; n ammuakom (pH 10).
Anmomunnit Bener cebs mogo6HO HHIMIO.

Pasnenenue Ga, Tl, In u Al moxer GbiTh IPOBegeHO HA KOJOH-
Ke, 3amoJIHeHHOH LeJ/II0/1030#, 00paboTaHHOH pacTBOPOM JH-(2-
STHJATEKCHI) GochHOPHOji KHCIOTH B UHKJIorekcame. Tanmmit ¢ Ko-
goHkH BeiMbiBaloT 0,3 M HCI, raaanit —0,7 M HCI, ungnit —3 Al
HCI n amomuunii — 8 M HCI nocaenoBaresnsro [704].

- s KOHUEHTPHPOBAHHS MHKPOrpaMMOBBIX KOJHUECTB TaJaH H
OT/eJeHHsI €ro OT IHHKA (NPH aHa/JH3e BHICOKOYHCTOrO UMHKA) OBLT
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Ta6auua 16

OTjeqeHHe rajius MeTOAOM HoHHoro oGMeHa

sﬁgﬂm Houur Hexopublit pacTsop wan ’,‘Z‘,},’m wpaa ¥

Be Hayskc 1x8 B Cl™-| 6N HCl-nsonpona- [983]
opme HOJ

Zn | CBC B NH!<popwe |NH,OH (pH 9— (7

adop 10):|-BHHHaﬂ (mape-

JeBast, CyJbocasi-

1LHJI0Bas) KHCJI0Ta
CBC B Ht-gopme| 3ITA (pH 4—5) L’i]
KY-2 B NH}-¢opme| 2M (NH,)2CO4 _ (8,91
OAL u L, cozep-| 2N HCI 2N HCI (1207,
JKaugye  UETBEPTHY- 1208]
HLI aMHH
CBC B NH'-dopme | Bunnaa xuciora 525]

Cd 4 op (masenesast, cyasdo- [

cajMiHI0Bas,

ITA)

Al KY-2 8 H*-dopme | H,Co0,, SATA [522]
30340M s CI~-| 7N HCI H,0 [166]
thopme
AH-2® B Cl~dop-|3ATA 2N HA [522]
Me
To xe HyCq04 [522]
» ¥ CoNAHOKHCABIH 0,5N HCI [316]
OAL u L, conepxa-| TN HCI 0,4N HCI [1207,
IHe 4eTBepPTHYHbIH 1208]
aMHH

Sc Hayske 50 W X8 | Ceprokucaslii [998]

In Hayske 50 B H-| Consnoxucastit 0,7V HBr [965]
popme
Ky-2 8 H*-popme | Xaopuast MeTan- [147]

JIOB |- OpraHH4ecKHe
pacTBOpHTEH
Ti 37IC-1011 4,5N HJ iN HJ [41)
Sn (IV) | Bogarur L-150, co-| 4N HCI 4N HCI [939]
JlepKatiuii  HMHHO-
Tpynnsl
CBC 8 NH' Bunnas KHCJI0Ta 525]
Pb R e e (cyanpocanuuuno- [

Bad, ramaosas) (pH
9—10)
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Ta6anma 16 (npodosaceriue)

Omg;e Houur Mexogunii pacreop Ams: ',9:#;“ Jlg?aa-
L]
Pb CBEC B Ht-opme 1,3N HCI [525]
Hayske 1x 8 8 NO; - | Pactsop 909 rerpa- Pacteop 909 [982]
dopme # | ruppodypana- TeTparuapodypa-
P 10% 5N HNO, Ha--109,
5N HNO,
AG 1x8 B Br-[0,1—4,0 N HBr 0,4 N HBr [1361]
opme
U Tpudropxnopstume- 8 N HNO, [905]
HOBBI MosiHMep, no-
Kpuiteiii TOB
Hayske 1x8 5N HNOy+wmera- [Pactsop 95% we- [981)
HOJ TaHoMa+4-5%
5N HNO,
Pu Hayske 1x4 B CI™-| 5N HC 0,5N HCI [1115})
thopme
Re Hayskec 18 B Cl—- HCI4-SCN- 0,5M H,S0, [951]
(opue
Fe AB-17 HyCe0, 0,1 N NaOH [463]
AwmGepaur IRA-400 | 5N HCI H,0 [161{455,]
AumGepanr  IRA-400| HSCN 0,1 N HCI [988]
B SCN™-topme
Ilepmytur ES B H,C.0, 1N NaOH [661]
NO; -opme (pH 4)
Cd, Zn Hayske 50 Wx8 |0,5N8 HCI14-509; [816]
aieroHa
Sc, pas AG 50 Wx8 B H*|0,4 N HCI 1,75 N HCl (1360}
tbopme
In, Cu Cunukaresn, oGpa- 1N HCI [1249]
GOTaHHbLE 390/ -HbiM
PACTBOPOM AMHOHH-
Hadranuacynsgoxu-
CAOTLI B H. ren-
TaHe
In, Zn To xe 1N HCI [1249]
k.U Al Hayagc 1x8 B CI--|6N HCI-’—METOKCH- 1N HCI
qupme 3TaHoN
3N HCl4-aueron (209 3N HCI [984—
+80% auerona 986]

HCl+meranon (sra-
HOJ,  MeTHA- HJIH
STHIINJIHKO/IB)
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Ta6auma 16 (npodorscenue)

O;fe:m o Hounur Hexomuniit pacteop Miﬂ:m;u ﬂ:‘;t;];a-
In, Al JHayske 1x8 8 Cl™-| HCI4-CHyCOOH+- [984—986 |
thopume +HCOOH
In, TI Hayske 1 HCI 1N HCI [991]
Pu (IV), Th | Oayskc 1x8 8N HNO, [905]
Fe, Cu CBC B Ht-opwme NaOH 171
Ni, Mn Hayske 50 Wx8 |0,5N HCI-+-85% [816]
aleToHa
Ni, Fe Hayske 1x8 B Cl=-| HCl4-metna- wan [985]
topue ITHANVIHKOJIb
Zn, Cu, Ni (31310 I1 & CO:_- (NHy);COg+- 2,5N HCI (8,9,
(pOPMe N 4Us 523]
Zn, Cd, Cu |KY-2 B NH,gopwe | NH,OH+ranuns  [NH,OH-+rmuwsm| [476]
Zn, Cd, AuHOHHT, acteo-| HCI 10N HCI (6146, 617]
Sb (III) pernniii 8 HCI
Al, V, Ti 30310 1 B8 CI-|HCI4+1M LiCl [41]
opue
In, La, Zr |[[Hayskc 50x 8 H;0-+NH,SCN-- [1214]
--opraHHyeckuii pac-
TBODHTEJIb
Ti, Zr, W |AG 50 Wx8 <0,3 M H* [4359]
Fe, Cu, Zn |Bapuon ALl HCI !Konneﬂ'rpnpo- [967]
Bannas HCI
Cd, Pb, Cu,|CBC B Ht-(hopme 10%-nuifi  pacr-| [525]
Fe BOD I1EJ0YH
Hg (1), |Hdayskc 50 Wx8 B |0,3—0,5 N HBr [818]
Bi (111), Cd,|H*-opme
Sn (IV)
Al, Fe,Ni, Co| AB-17 B Cl -¢opme | 6 N HCI [360]
EZSn, Pb, Cd,|CBC » NH; -opue 4 N NH,OH [360]
n
U, Th, Y, pas| dayske 1 90—959 -ublit  npo- [987]
OHJIOBBIH (H30MpPOTIH-
JIOBRIH) cnupT4 10—
5% HNO4
gu. 83‘ In, | AB-47 8 CI-¢popme| 8 ¥ HCI 0,5N HCI [228]
,
Co, Ni, Zn |CBC B Na*-dopme |NaOH-+NH,OH [199]
Cu, Fe




Ta6auua 16 (oxonuariue)

Orpensiemoie R Anwant pas Jlurepa-
Mneueu‘l‘hl Houur Hexopuntit pactsop ran nuaM Typa

In, Sb, Pb, |daysxec 50 8 H*- [0,1—0,3 N HCl |1,3—1,5 ¥ HCl| [965]
Cu, Zm, (hopme
Fe (1)

Al, Zn, Cd, [dayskc 1x4 6 N HCI 1 N HCI [861]

Hg, T1, Sn, Bi

Al, Pb (1), |Honoo6mennnk 111 [3,5—4 N HCI 2%-nan HCI [1170]
B Cl™-thopme

Zn, Sn (II),

\(o> Sb(lI])

Ge (IV)

1), Mo(VI)

Cu, Cd, P33, Hayske 50 W B 2%-11:#: pacteop}  [659]

Y, Ca, Sr, Ba, + JIMMOHHOM  KH-

Tl, Na, K, Cs Ay o caorst (pH 3)

Al, Cd, Mo |dayskc 50 Wx8 B i1 M HF [820]

(VI), Nb (V), |H*-popme - uutpar
Cs,Sn (4+), |aMMOHHS  (XJOpHI
Ta (V), Ti, [3THIEHIHAMHHA)
EEHA U
Zr

VO,, MaOy, |Ausossr Diaion |HCI (pH>3) [1092]
CrO; , WO}~ [SA-100
MoO? ~ AsO;
AsO}, 800
Se07" TeOF ™
TeO}”

TAKJKe HCIO0Jb30BaH METOA KOJOHOYHOH pacrnpeaeqHTeabHOH Xpo-
matorpadun [4]. B kauecTBe HOcHTeNs opraHHueckoil dassl — Tpuoy-
THAdochara — npumeren ¢nopomaact-4. CocraB BogHOH ¢as3bl moa-
Gupajcsa Tak, 4ToObl BHayaJe IKCTPATHPOBAJICH TAJJIHH, a UHHK He
3ajepxuBaJjcsa Obl Ha KOJOHKe, 3aTteM cOCTaB BOXHOH (asbl MeH:-
¢ Tak, YToObl MPOXOJHJIA PEIKCTPAKIHS OCTABLIErocss Ha KOJOHKe
raanns. B KauectBe mMoABHiKHONH BoaHOH (asbl Hcmosabsyercd 3 N
HCI, nockonbKy B 3TOM cayuae K03 PHUHEHTHl pacnpemeseHns A/s
rafaaus H uuHka B cucreme TB® — HCl umeror nauGoabiine 3Haue-
aus [925]. Ilpu npombiBanuy Kosnouku 3 N HCI yuuk #a KoJoHKe He
3a/lepXKHBaeTCs H KOJHYEeCTBEHHO OoOHApyXHBaerTcs B MNepBOft ke
nopuku smoara. [annuii cMbiBaeTcsi ¢ KOJOHKH NPaKTHUYECKH MoJ-
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wocrbio 0,1 N HCI uau Bomoit. Xopouwue pesyabTaThi MOJy4YaloTCs
jaa 100—230 mke Ga [Ga:Znor 1:1 1o 1: (2-10%)] Kospouuuenr
oboralleHusi B mocaeAHeM cayuyae ~5- 104,

Otzaenenue rasamsi oT UHHKA METOAOM pacripefeHTeNbHOH Xpo-
~ marorpaguu moxer ObITh NpoBegeHO Ha Kusenbrype (HH]ysopHas
- 3emnd) u cuaukareae [1125]. PacrBopuresieM cayxut GyTHIOBBIi
cnupt, Hacoimennoit | M HCL. 3navenwe R; nna raaaus 0,1, nas
uunka 0,6 na cunuxarene u 0,9 Ha Kuseabrype.

ITtn Ke aacopOeHTbl, HAHECEHHble HA CTEKJAsHHbIe MAdCTHHKH,
HCIIOJL3YIOTC [/ pasfie/leHHs CNOMKHOH CMECH KATHOHOB METOJIOM
10HKOCJ0iHOrO HoHodopesa [1124]. Pasgenenne nposoaar s 0,05 M
MOJIOYHOH KHCaAOTe npu 46 8/cm B Teuenne 5 MuH. [dnuHa nytH M-
rpanun aaa Ga®t cocrasaser 55 M.

Ornenenne ranaus or Al, Be, In, Tl B Biae ux tpudropauerui-
alleTOHATOB MOKeT OBITh OCYLIECTBJIEHO METOAOM Ia30-»KMIKOCTHOM
xpomarorpacduu [1127, 1307]. Hdas pasmenenus cMecell KOMIJIEKCOB
npumened xpomarorpad ¢upmbl F&M (Momenn 500) ¢ katapomer-
poM B KauecTBe NeTeKTOpPa M rejuil B KauyecTBe rasa-uocurens. Ko-
JIOHKH 3aN0JHAIOT CTEKJAAHHBIMH Oycunkamu (60—80 mew) uau
«xpomocopbom W», cojpepxalluM CHIMKOHOBoe Macjo 710 kak ne-
noaBuxKHYyl0 asy. B Hzorepmuueckom pexknme cMmech Be—Al-—Ga
pasnensior npu 115°C, cmece Al —Ga—In npu 120°C. Cmech
Tl — Be — Al — Ga — In paspgeasioT npH nporpaMMHPOBAHHH TeM-
nepatypst ot 85—160°C.

Ot1jenenue ranaus
MeTOJ0M pacnpeieauTeqbHOH xpomarorpadun na Gymare

Pazauune Beanyns R ranius 0 HEKOTOPBIX COMNYTCTBYIOLIMX €MV
5J1eMeHTOB 0COOEHHO B NPUCYTCTBHH KOMIJIBKCOO0OPa3yIOLHX aTeHTO3
[1064] nenaer BO3MOMKHLIM pa3jefeHHe MX MNPH MOMOUIH XPO-
Matorpaduu na Gymare. B ta6a. 17 nanol npuMepsl pasiefeHHH He-
KOTOPBIX CMecei, copepxauinx rajaauid, a B taba. 18 — snavenus R
JJIS1 rajljius, noJiyyeHHblie Ui pAja pacTBOpUTened,

Ocobenno ypobGen merox xpomarorpaduu Ha Gymare aas pas-
NeJIeHHA CefloB PajaH03JeMeHToB, 00pasoBaBIUXCA B pe3ynabTare
AKTHBALHY HeHTpPOHAMH aHaausupyemoro obpasua. ITHM METOAOM
pasaensaioT ¥ H30TONLI APYTHX 3/7EMEHTOB NPH aHaJH3e TeoJOrH-
yecknx Matepuanos [731] u Beicokouncroro kpemuus [1404].

Has paspenenns Zn, Cu n Ga Gbia HCNOJb30BAH METOX BBICOKO-
BOJILTHOTO 3JeKTpodopesa na 6ymare Barman Ne 3 [637]. Pasaenenue
nposoaat B 0,1 M pacTBope BHHHOH KHC/JAOTBI NpH HANpAKEHUH
80 g/cm B Teuenue 28 mun. npu 25° C. DTOT Ke MeTO] HCMOMAB3YETCs
NS KOJIMYecTBEHHOro aHanau3a cMmMecH 38 HeopraHuyeckHMX HOHOB
(B Tom uncie Ga®t) na Oymare Barmau Ne 1 B | N smmounoii
kucaore npu 30 8/cm u cune roka 2—3 ma [1309].
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Otaenenve rasansa

OT CONYTCTBYIOL HX 3JCMEHTOB METOAOM XpomaTorpatuu ua Gymare

Ta6aunma 17

Cnoco6
Bara Cocras fg;gmmmoﬁ Cocras ql;:aoa;:fnmmﬂ T Ay e i Ry ;m: gar?pa
HHS
Ba-man Ne 1 Byranon—HBr—H,0O Ga—In—TI 0,04; 0,78; 0,93 | Bocxopa- [956]
(10:4:9) A
To xe To xe Zr—Sc—Ga—V—Be—In | 0,00; 0,02; 0,04; | To e [956]
0 12 0 33; O 78
> » Byranoa—HBr (10:6) Zr—Sc—Ga--V—Be—In | 0,14; 0,38; 0,62; [956]
0,47; 0,66; 1,00
Ol nefixep- Byranon, Ha(:bzmcmiuﬁ Zn—Ga—In 0,92; 0,74; 0,38 [927]
Myans BOJOH—36%-nas  HCI
Ne 2043b (9:1)
Jlu-(2-stHarekcua)poc- 8 M HCI Ti—Ga—Fe—Tl—U—Ba— | 0,0; 0,03; 0,1; [705]
¢popras kucsiota, 0,05 M —Ca—Ni 0,17; 0,34; 0,56;
pPacTBOp B LHKJOreKcaHe 0,78; 0,96
Hu-(2-sTuarexkcun)doc- 7 M HCI Ga—Y 0,05; 0,84 [705]
dopuas kacnora—0,1 M
pacTBop B IHKJOreKcane
To xe 7 M HCI Ga—Fe—Ba—Mn 0,01; 0,41; 0,68; [ 705]
0,98
» » 1,5 M HCI Y —-Ga 0,08; 0,92 [705]
Barvan Ne 1 1 M HCI Al=Ga—In—TI (1 » 111) - |:0,95: 0,95; 0,84 | Bocsorn: [704]
,80 it
To xe 0,1 M pactBop amu-(2- 1 M HCI Al—Ga—In—TI (I & IIT) | 0,0; 0,92; 0,32; | 10 xe [704]
THAreKcua)ochopHoi 0,78
KHCJIOTEI B HHKJIOTeKCaHe
> ) 8 M HCI Al—Ga—In—T1 (1w I1) | 0,79; 0,65; 0,90; > » [704]
0,74
Barvan Ne 110,14 M pacrsop - gn-(2- 8 M HCI Al—Ga—-In—TI (1 u 11I) 0,78; 0,04; » » | [704)
STHJITeKcH )pocopHoit 0,89; 0,17
KHCJIOThI B UHKJOreKcaHe
Batman No 10,025 M pacrBop Tpu-H.- 4 M HCI Ga*+—Th—TI+— 0,0; 0,26; > » [707]
tuna CBL/I | oktendocunokciia 8 0,57; 0,98
IIHKJIOreKCaHe




To xe
» »

bymara
KH «b»

Mmap-

Bartmau

Barman Ne 1

Batman
Ne 531

Ulnefixep-
ynae
Ne 2043b

To xe

Iunounasadraminse yibdo-
KHCJI0Ta

ConsiHOKHCABIA  TpH-H.-
OKTHIAMHH

Tpusyrundocdar

6 M HNO,
2 M H,S0,

45 ma 6ytanona— 12 ma
sopel—0,020 & xomn-
nekcona I11—0,92 ua
KOHILeHTPHPOBAHHON
HCI

Tentanon — 4 N HCI

0,25 M HCI
10 M HCI

Bytanon—H,0 (5% )—
HCI (0,88%);
Bytanon—H;0 (22%)—
HCI (4,4%)
Byranon—xouuentprpo-
pannaa HCl—H,0O
10:3:7)

Byrtunosniit compr-—HCI

1—4 N HCI
IMentanon —4 N HCI
(10 HachleHHst cnupTa)
uso-byranon—HCI
1:1)
uso-byranon—6 N HCI
(1:1)
byrason — nensinas
CHyCOOH—aueroyxk-
cycHbi#t 3pup —H,0
(9:1:0,5:3,5)

Us+—T3+__Fod+_ Ga3+
Hg?*—Bi—In3+—Ga%+

Ga—In—Cd—Zn

Ga—Cu—As—Al—Zn—
—Fe (I11) — Fe (111)

In—Ga—Zn
Ga—In—Al

Ga—In—TI

Be—In—Ge —Ga

Al—Ga—In—Zn

Ga—In—TI (I)—T1 (II1)
Al—Ga—In—TI

Al—Ga—In—TI (I)—TI (I1I)
Al—In—Ga—Zn—TI (I1I)
V (U, Mn)—Fe** (Zn)—

—Co (Ni)—Ga
Fe—Al—Ti—Ga

0,284; 0,089;
0,060; 0,242

Huexops-
LM

To e

Bocxons-
i

To xe

LH i

To xe

hiidaii

T0 e

Hucxopsa-

Bocxopsi-

[793]

[1288]
[1414]

(862]

[703]

[618]

[517)
[794]

[1161]
[1161]
[1327]




Ta6auuna 18

Beanunis R; raiiusi jas HEKOTOPhIX pacTBopuTeneii

Bymara CocTas :gan;)lfauxmoﬂ Coc-rasdr:;:ﬂxmoﬂ Rf ‘ﬂ!:;‘e-a
Barman Ne 1 2N LiCl ~1,0 | [635]
Barman AE-30 Amunostranemnono-| To ke ~1,0 [635]

3a
Batman JIE-20 » » ~1,0 [635]
(JIEAE)
Am6Gepaur 1RA-400 | 1N LiCl 0,4 [635]
To ke 0,0—6,0 N HBr 1,0 [635]
Batman Ne 1 ByTano/1 — KOHILEHTpH- 1,0 [ 9661
posaunas HCI (2:1)
Bunsep Ne 202 To xe 0,47 | [966]
Aunonootuennas | Lieanonosa 4N HCI >0,9 |[[1052]
JE-20
Barvan Ne 1 4N HCI 0,9 |[1052]
AnHoHOOOMEHHASA Ileamono3a 4N HCI 0,9 |[1052]
AE-30
Cmona SB-2 1N HCI 0,8 |[1052]
Barman Ne 1 Karuonnt amGepant |0,5N HSCN 0,85 | 1636]
SA-2 1 N HSCN 0,9
Ansionootmennas | Amunosranesmono-| 0,5 N HSCN 0,9 | [636]
AE-30 3a 1,75N HSCN 0,8
Auvonoobmennas | Llesmonosa 0,5 N HSCN 0,9 | [636]
MN 1,75 N HSCN 0,75
Barman 0,5N HSCN 0,75 | [636]
JIE-20 (IEAE) 1,75 N HSCN 0,67
0,060 M pacteop |4M HCI >0,8 |[[1289]
reKcajielHiaMuia B
CCl,
0,05 M pactsop auna-| 2 M HCI >0,8 [[1289]
ypUJIAMHHA HJIH TPH-
naypunamusa B CCly
0,060 M pacrsop|0,5M HCI >0,8 |[1289]
xJopHaa 4-MeTHi-
TPHKATPHIAMMOHHSA
8 CCl, (Aliquat—336)
Barman Ne 1 7N HCI <0,75 | [644]
1N HBr <0,75
7N LiCl <0,75
7,5N CaCly <0,15
0,1 M pactsop Tpu-|1 M HCI 1,0 [783]
H. oKTHApOCHHH- 3 M HCI 1,0
cymsduaa B umkao-| 5 M HC 0,44
reKcate 7M HCI 0,21
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Ta6numa 18 (oxonwanue)

0B Coctas NOZBHAKHOA Jlrepa-
Byaara Cocrae Hggsé HXHOR q)afu Ry s
KatnonooGmenHast 8N HNO, 0,55 |[1188]
SA-2 1 N HNOg4 ~0,1
AnnoHoo6GMeHHAS ! 1—8 N HNO; ~0,95 |[1188]
SB-2
Karuonnt-amGepant | 5—6 N HCIO, 0,3 |[1287]
SA-2 5N NaClO4 0,25
Barvan Ne 1 CRL/1| 0,04 M pacteop [ 0,0004—0,01 M HNO;g 0,92 | [706]
stua-n-THona (o, o-{0,1 M HNO, 0,93
JIH3THII-0-N-HHTPO- 1,0 M HNO,4 0,92
dennatHodocdar) 8| 5,0—10,0 M HNO;4 0,9%
ToJyoJie 14,7 M HNO, 0,70
To xe 0,02 M pacteop  |0,0001—0,01 M HNOs 0,91 [706]
stra-n-THoua 8 To-| 0,4 M HNOg 0,97
ayone 1,0 M HNO3g 0,88
5,0 M HNO4 0,90
10 M HNOy4 0,9
14,7 M HNO4 0,7

3JIEKTPOXUMHYECKHE METO/bI

DIeKTPOJAH3O0M BOAHLIX DACTBOPOB MOKHO OTICTHTH rajaauii oT
MHOTMX Merannos. [lopiep:kuBas KaTOAHBIH NOTEHIHAJ MEHbIIHM
MOTeHIHAa BBIICTICHHS ajiHus, MOXKHO BbIAGAHTL H3 pacrsopa 6o-
Jee 3JeKTPONOJOKHTeNbHbIe 3JeMeHThl, OCTaBAAdA rajJiMid d Jpyrie
31eKTPOOTPHIATEIbHBIE 3JIeMEHTE B PacTBOpE. Ecau 3arem MOAHATH
NOTeHIHaJ KaToiaa [0 3HAUEHHsl TOTeHIHaJa BbIACJNEHHS TaJJiHs,
10 OH OyJieT ocaxK/eH Ha KaToJe H TaKHM obpaszom oTaesaen or Gonee
3/1eKTPOOTPHLATENbHBIX 3JEMEHTOB. Tak pasgensiioT, HalpHMep,
menb (100—250 m2) W rananui (0,5—20 me) [146] B a30THOKHCIOM
pacreope (pH 1,1, morenuuan —0,3 8, 40—50° C). Bo Beex caydyasax
10/1y4aeTcsl MAOTHE CIeKTPanbHOYHCTHIH MEJKOKPHCTAATHYECKHH
ocanok Mmeid. Pasgenenne Moxer ObITb TPOBEIeHO BbIACICHHEM
MeH 3JEKTPOTH30M U3 CYJAb(aTHBIX PacTBOPOB, HE COAEPIKAIUMX €l
woHa mpH Hanpsxennn 2—2,2 6 [993].

Illupokoe pacnpocTpaHeHHe B I[BETHON METAJJypruH MOJy4HI
aMa/braMHBI MeToJl pa3/e/leHHs Pa3JHUHBIX 3/IEMEHTOB. Hexoro-
puie saementsl (Al, Be, B, Ti, Nb, V, Ta, Zr, P, menounsle, L1eJ1049HO-
3eMeJbHbBIe M PEAKO3eMelbHbie), HampuHMep, U3 c1aBOKHCIBIX
PacTBOPOB HA PTYTHOM KaTOJe He BBIIESIOTCS H raJJIHH MOXKHO OT-
Je/HTh OT HHUX 3aekTpoansoM. Ot 31eMeHTOB, NEpexoldllnx B
aMaJbraMy, rajauii MOKer ObITb OT/eJIeH MPH MEKTPOJIHTHIECKOM ce
paznoxenny. [loanep:xupas ONpeleJeHHble 3HAUCHHT aHOLHOTO
noTeHumana (puc. 7), W3 aMaabraMbl MOXKHO BBIAGIHTL [0Cje-
0BATENbHO GOMBIIHHCTBO MeTasios [526].
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[Tpu pasnoeHuH amaabraMm B NepByio ouepeab GyAyT mepexo-
AHTb B pacTBOp HauGojee 3JeKTPOOTPHUATENbHbIE 3JMEMEHTHI; ADY-
rHe sieMeHThl ¢ 0oJee 3/1eKTPONMONOKHTENbHbIMH MOTEHIHANAME,
ueM y rajuaus, ocTaHyres B amasbrame. ITojiepxuBas shayenue
AHOLHOrO MOTEHIHA/A HEeJOCTATOUHBIM A/ OKHCJACHHA ranus (0Ko-
a0 —0,55 8), MOXKHO OT/AEJNHTb €r0 OT OCHOBHOrO CMYTHHKA — LHHKA.
Ecap ke mocae OTHAeIeHHS LUMHHKA MOTEHIHAJ aMaJbraMbl yCTaHO-
BHTL 0K0a10 —0,48 6, To B pacTBOp MepelneT Bech rajiui, a Gosee

oo ‘

& cd ‘

ok 1 s ; Puc. 7. 3aBHcHMOCTh TOTEHLHANA
-1 Co | aHoja OT NJIOTHOCTH TOKa TMPH 3J/1eK-
= 6ot \re [ TPOJHTHYECKOM pAa3JIOXKEHHH aMalb-
P raM, cogepxaiunx | e-arom meranna
R wh Ni Zn B 1 2 prymn
y Cu T Jaektpoant: 0,1 2-uon Meranna u 1 e-aKke

20} \ ' | H.S04

a 1 1 i i 1 1 1
+gE a4 +82 0 -2 =44 -G96 08
Hemeyuan.

saekrpononoxutensisie meranas (Fe, Co, Ni u 1p.) ocranyres B
amanbrame. TakuMm o6pasoM, QpakKIHOHHBLIM DA3JOKEHHEM aMalb-
raMbl MOJXKHO Pa3/eJHTh 3AeMeHTH, HMeIOLUIHe pasauyibie 3IeKTPOA-
Hble TTOTeHnMabl, AManbraMublil MeTon oveHb 3 dexTHBEH NpH pas-
HeJAeHHH Ta/JHA H LHHKA — 3JE€MEHTOB, TDY/IHO pasesalomuxca Xu-
MHYECKHMH METOHaMH.

TpH onpene/elHbIX YCAOBHSAX W3 CHIBHOKHC/ABIX CPel FaJuiuil Ha
PTYTHOM KaTO/¢ He BBIACAACTCS H3-32 3HAUNTE/bHON KaTOMHOM MOvIs-
PH3aLUH, B TO BPeMs KaK IHMHK B 3THX YCJAOBUAX BbIIENACTCS MOUTH
konuuectsenno [378]. B 2N H,SO4 v njoTHOCTH TOKAa Ha Katone
0,03—0,05 a/cm? noutu 100% Zn u3Bnekaercs B amajbramy, raaius
e NMepexoiuT B Hee JHIIb HECKONbKO COTHIX J0Jel MPOIeHTa,

Tlpy aHoxHOM OKHCJeHHH cMemanHbix amanbram B | N HySO,
MOMKHO oTaeauth 20 me Ga or 1 me Zn, 100—250 me Cd, Tl u In
[328, 333].

Wapaeyenne rajdans 3 pacTBOpa MoxKeT ObIThb MPOBEAEHO LEMEH-
tauueli avanbramoii Hatpusi us 1—8 N pacrsopa NaOH [328]
Yekopenne HW3BJACUEHHSI JOCTHIAeTcs yBeJHYEHHEM KOHIEHTpauHd
aMasbraMul (0,256—1,5%) W CKOPOCTH nepeMenuBatua
(350— 1400 o6/mun) npn 20—80° C. B 4,5 u 8,5 N pacrsopax NaOH
yaercs MOoJHOCTBIO OTAEMNTh MaJl/IHi OT aJTIOMHHHSA H XpOMa; B NP#H-
cyTcTBHH 5 Me V BBIXOJA rajjiMs B amajbraMy yMeHbllaercd, a mpi
copepxannu 20 M2 V [[eMEHTALNA TaNIns COBCEM HE MPOHCXOMHT.

Otgesenie raJdanst OT CypbMbl JOCTHIAETCA LeMeHTalHel nocaen-
neit Metaaauyecknm Kaamuem uz 6 N HCI [457], a ornenenue ot Au
[1030, 1034—1036, 1050], Rh u Pd [1035—1039, 1042—1044, 1050] —
BOCCTAHOBJEHHEM MX METaNJHYeCKoil Me/blo.
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JIPYTHE METOJbl OTIAEJIEHHA

XA0pPHA rafiua MOKHO OTIAENHTh OT HEJNETYYHX XJIOPHIOB HJR OT
JOPH/I0B, KOTOPbIE YJIeTyYHBAIOTCA NPH 3HAUHTENLHO fosiee BLICO-
WX TeMmepaTypax, HarpesanueM B TOKe XJopa. Tak, GaCls (1. KHIL
15—220° C) ~ orgeasior ot InCls (Mea/ieHHO BO3rOHAETCS Mpd
00°C) [1076] u ZnCly (1. kum. 730° C) [1076] muctunasinueis 6e3BO-
pIX XJOPHIOB B TOKe CYXOro X/0pa MpH Temneparype okoao 230-—
55° C. LluHK MOKeT ObiTb OTJe]eH AMCTHIIALMeH ero B BaKyyme
HAM B TOKE BOAODOAA B PaCKaNeHHOM TpyGKe (rannuit He aeTyd 19
1000° C) [688, 1260, 1399]. Ornenedde OT TepMaHdHs NPOBOAHTCSH
aucruansuneii GeCly 13 KOHUIEHTPHUPOBAHHONO COJISIHOKHCJIOrO pact-
Bopa TokoM xaopa [993], or MbllIbAKE — guctuaaaunein AsCls us co-
~ jsmoxucaoro pacrsopa [811, 993, 1411].




TF'arasa lV
METOJAbl ONPENEJNEHUSA TAJIJIWUSA

BECOBBIE METO/J bl

Ilna BeCOBOTO ONpeneseHHs raJJIHsa fMoab3yIOTCs ero TpyAHopacT-
BODHMBIMH COEJHHEHHSIMH, KOTOpble MOryT ObiThb B3BellleHbl Hero-
cpexcTBeHHo (BecoBasi ¢opma) HJAM MoCJe MepeBoja B BECOBYIO
dopmy. TakuMu coeTHHEHHSMH SBJSIOTCS THAPOOKHCH, OKCHXHHOJIH-
HAT, NHPPOJHAHHIMTHOKapOGAMUHAT, CaJHUHITHAPOKCAMAT, AHAHTH-
NUPUJANpONHAMeTaHxaopraiat, N-GeHsou 1peHHArHAPOKCHIaAMUHAT,
OCHOBHBIE COJIH TaJJHs C IHKapOOHOBBIMH KHCJAOTaMH, pocdar, dep-
pOLHAHH/, FeKCaMHHOKOGaNbTHXJIOPTAMNAT, 3JEKDPOJIHTHYECKH BhI-
AeJeHHbIH MeTaJJHYecKuil TaJJHi.

Bui6op TO# MM HHOH (OPMBI CYLUIECTBEHHO 3aBHCHT OT COMYTCT-
BYIOLIHX 3JeMeHTOB. BecoBble MeTOMbI, KaK NPaBHJO, HCIOAb3YIOTCH
IS ONpeeIeHHs] OTHOCHTEIbHO GOMBbLIHX KOJNHYECTB raaInus (YHCThS
COJIH, KOHUEHTPAThl, CM/JaBbi, HEKOTOPble TEXHHUECKHe MPOAYKTHI).
Onpeje/ieHne Xe TajjiHs B MHHEPaJbHOM Chipbe M BO MHOTHX NpO-
AYKTax METaJJyprHYecKoTo NPOM3BOACTBA TpeOyeT OOJBUIMX HaBe-
COK, BbIJEJEHHS Ta/lJHA H3 CJ0XHOH IO COCTaBY CMeCH, YTOo HHOTAA
OBIBAET CBA3aHO ¢ NoTepej yacTu raaaus. [losromy B Takux caydasx
BECOBLIE METOIbl TIPHMEHSAIOTCHA PEIKO.

Onpeneaenne raaans B suge Ga,0;

Ins onpenenenuss B Buge GagO; BeIAENAIOT U3 pacTBOpa THAPO-
OKHCh raJjJHs, JHO0 OCHOBHBIE COJIH, aJACOPOLHOHHBIE COeIHHEHHS
THAPOOKHCH C KOJIJIOHJIHBIMH KHC/JOTAMH H/IH COJISIMH HJIH BHYTDH-
KOMIIJIEKCHBI® COeJHHEHHs C OpPraHHYeCKHMH KHCJI0TaMH., Brinenenune
ranaus B Buge ruapookucu Ga(OH); pasbaBiaeHHbIM pacTBOpPOM
aMMHaKa NpeiCTaB/sieT HeKOTOphle TPYAHOCTH, TIO3TOMY HHOraa
NPeANoYHTAIOT THAPOJHTHUECKHe MeTo/bl BblAesenus JHOO ocaxae-
HHE OpPraHMYecKMMH peareHTaMH, a Takxe o0pasoBaHHe TPYAHOpacCT-
BOPHMBIX aacopOuHOHHBIX coeauHenuit. [lBa mocaennnx cnocoba Go-
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lee YyBCTBUTEAbHBI H CENEKTHBHBI 110 CPaBHEHHIO C aMMHAYHBIM U
rugponuTHdeckuM, Jlas 030JeHHs H npoKaJMBaHHA 0CajKa, Toiy-
YEHHOTO OJHHM H3 YKa3aHHBIX Bbillie CrocoGoB, MPHMEHSIOT tdappo-
pOBble H KBApILEBble THIVIH H OKHCAHTENBHYIO atmocdepy. Ilpu npo-
KAJWBAHHH B BOCCTAHOBHTeNbHOH aTmocepe Hab/i0AaI0TCA noTepu
B Bece, O0OycJOB/IeHHbie 00Pa3oBAHHEM Ga,O, xortopas yxe mpiH
660° C samerso cyoanmupyercs [691].

[l1aTHHOBbIE THIVIH AAS NPOKAJIHBAHHUS He NpHMEHAI0TCS, TaK KaK
IpH BOCCTAHOBHTE/LHOM JEHCTBHH TMPOJYKTOB cropanus (GuabTpa
MOTYT 00Pa30BbIBATHCS CIIABBL Ia/lIHA C naatunoit [691, 815]. Oana-
KO NpPH XOpolleM JOCTyne BO3AyXa MOKHO HCNO0Jb30BaTh U INIATHHO-
sbie THrau, Hekoropbie aBTOPH, BO H30exaHHe BOCCTAHOBUTEJNIBHOTO
neficteusi GuabTPOBaNbHOM Oymarn M yris (GuabTpa, PEKOMEHAYIOT
POBOAHTh (PHIBTPOBAHHE OCALKa yepes papdoposslit THreab C M0-
PHCTBIM JIHOM, POKaJEHHBIH J10 NOCTOAHHOTO peca npu 850° C [1433].
[ToTepu ranaus MOryr HaGMIOaTbCA H B TOM CJYUAE, ecJIH ocaxie-
{iHe MPOBOAMNOCH B PACTBOPaX, COAepHKAILIX Cl—-10H, TOCKOJbKY
pH NpOKa/JHBaHHH 00pasyercs GaCls, o6nafatoulnil BbICOKOM JeTY-
yecrblo. Tak, HampuMmep, IpH NpoOKaANBaHHH Gay03 ¢ IBOHHBIM KO-
jauuecrsom NH,Cl npu 250° C naGaionaercs IOJHOE yJeTyunBaHue
ocazka [691]. [ToaToMy HYXKHO OOpallaTh ocoboe BHHMAaHHeE HA TILA-
TeNbHOCTb NPOMbIBAHMS 0CA/Ka MPH NOJYUIEHHH Ero U3 XJIOPUACOAED-
JKalluX pacTBOPOB.

Bo H3bexaHHe BO3MOMKHBIX MOTepb BCAEACTEHE o6pasoBaHus
JeTYYHX TPOLYKTOB 030JeHHe H TPOKaMHBAHHE, BIIOTh 10 IOJIHOTO
OKHCJIEHHSI COJepPKHMOr0 THIVISA, HYKHO MPOBOJAMTL OHEHb OCTOPOK-
Ho. [10CTOAHCTBO Beca AOCTHraercst MpH [POKalHBAHHM B CHJLHOM
naamenu ropeakn Tekmo (~ 1000°C) * (okucp raaansa GagOjz 3a-
METHO He yJeTyuHBaeTcs Aaxe NpH ~2000° C [1419]). ITomyuenHas
npu 1000° C GagO; oueHb THIPOCKONHUHA, fI03TOMY €e CJeNYET
B3BEIIHBATh OBICTPO M B 3aKPHITOM KPBILIKOA THIVIE Wi Ol0Kce [752,
815, 1135, 1191]. Ectb, oanaxo, cBefeHHs, HTO npoKajeHHasa MpH
1200—1300° C oxuch ranaaus He THIPOCKOIHYHA [1075]. Oxuch raa-
nus Genoro msera (ecau OHAa OKpalueHa, 3TO FOBOPHT O HaJHHHH
npumecei).

OcajieHne rajaug aMMHakoM, Bnepsbie Ha BO3MOZKHOCTD BbIjLE-
JIEHHS THAPOOKUCH TaJjljnsi aMMHaKOM yKasal Jlexok ne ByabGogpaH
[1050]. Metoa aToT pamblue TPHUMEHSICA LOBOILHO yacTo; B HACTOSA-
Lijee 3Ke BPeMsl OH 3aMeHeH JYULIHMH METOLaMH, XOTs CLle 1 npume-
HsieTcs Ui BblAeJeHHs GO/bIINX KOJHYECTB Talins. TpyanocTH npH
pafore STHM METOIOM 3aKJIOUAIOTCS B TOM, YTO IHAPOOKHCH TaJlIHs
amporepna u obaanaer 3HAUUTENbHON PACTBOPHMOCTBIO HE TOJBKO
B KHCAOTAX M LieJouax, HO H B aMMHaKe, COJAX aMMOHHS M BOAE
[778, 1135], uTO MPUBOAMT K 3aHHKEHHLIM pesy/abTaTaM fpH ompee-
JIEHHH Tajljins.

* Meramuecknit ranmit npn 1000°C ne meryu [878].
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Paetsopumocts

Pacroopurtens Ga(OH),, M2/
7 b RNt 5 1,0
4,64%-nmit  NH,OH R e 820
0,00 M NH,OH +- 0,03 M (NH,),S0, 57,4
0,04 M pacteop (NH,)4SO, ) 5,2

PactsopuMocts ruapookncu raanus s aMMHaKe, Bo3pacralouias
B NPHCYTCTBHH aMMOHHHHBIX COJIell, KOTOphIe 06Pa3yIoTCs IPH 0Ca K-
ACHHH aMMHAKOM, 0GbACHACTCA 0Opa30BaHHEM ra/naTa. Pacreopu-
MOCTb OCajKa 3aBHCHT OT CTeNeHH ero crapenns. OcaxenHas aM-
MHakom cTynHeoOpasnas Ga(OH); npu kunsiuennu pacTtsopa npouHo
NPHIHNACT K CTEHKaM CTaKaHa M KOMHUECTBeHHOe MepEHEeceHHe ee
Ha QHIBTD OYEHB 3aTPYAHHTEJLHO. [lostomy npu ocaxiennn Hy)HO
u30eraTb u3GbITKa aMMHAaKa,

Ocaxnenne rHAPOOKHCH radaus U3 LIETOYHBIX pacTBOPOR raJja-
Ta KWSYEHHEM HX C COJIAMH AMMOHHS TaKiKe He SBJASETCH KOJHue-
CTBEHHbIM BCJeACTBHEe pactBopHMocTH Ga(OH); B coaax aMmonus
[1135].

MeTosuku BbijeCHUS THAPOOKHCH Tamiis aMMHuAKOM OIHUCaHbl B
paGorax [138, 752, 767, 811, 814, 815, 893, 1191].

CepHokHeablit pacTeop, conepamuii Ga(Ill), cBoGoamwili OT OpraHHuecKHX
BELLECTB, H3OLITKA AMMOHMMAHBIX COJEH M O0CAXKIAIOUIMXCH AMMHAKOM 3JIEMEHTOB,
pas6aBasior 10 200 M, BBOAAT HECKOIBKO Kanedb MeTHIOBOLO KpPacHoro u Harpe-
BAIOT 10 KHNeHHs. 3aTeM MEIeHHo npnGasisior pas6aBaeHHEIT 1 cBOGOAHBIN OT
Kap6oHaTa pacTBOp aMMHAKa N0 Hauaja o0pasosanns ocafka. Korza sbiiegenne
THAPOOKHCH raJIHsi NPEKpaTHTCH, A06aBJIAIT elle HEeMHOro pacTBopa aMMHaKa M
HarpeBaloT pacTBop Ao kKunenus. Tak nmpojomakaor 1o Tex nop, NokKa oKkpacka MH-
AHKATOPA HE CTAaHET JKeaAroifl (NPn MajoM CojepKaHHu raiius, nopagka n - 10—4,
PACTBOD OCTABJSIOT HA HOYb Ha Kpalo BOAsHOI Gawnu). [Tocae s1oro BBOJSAT HEMHO-
TO MaueprpoBanHofi Oymarm, KHnatar euie |1—2 Mum., QHALTPYIOT H nepeHoCAT
0Caf0K Ha (HALTP, TIATEJbHO CNOJACKHBAS CTEHKH CTAKaHa TOPAYHM HelTpab-
HBIM 2% -ueiM pacreopom NH,NO,, Boponky nakpuiBaior crexaom u Ghictpo pac-
TBOPAIOT OCTABIIMIACA HA CTEHKAX CTAKAaHA OCAOK B BOSMOKHO MEHBIIEM KoJ1HYe-
€TBE ropsueli pasGasaeHnoil cepHoll KHCIOTH. OcaMaloT raaiii AMMHAKOM, Kak
YKasaHo BBIlIE, OCA/0K OT(GHILTPOBHBAIOT Yepes TOT e GHABTP W TIaTeAbHO
npoMuiBatoT 2% -HuM pacteopom NHNO;.

Bnaxuwit duaetp ¢ ocankom NEPeHOCAT B MIAATHHOBHI THreJb, B3BEIUEHHBI
BMECTE C IUIOTHO NpuJieraiollefi KPBIKOIl, H OCTOPOKHO HarpeBaor (ne mokpniBas
KDBIIKO/), MOKa 0CafloK He BHLICOXHET. 3aTeM NPOKAMHBAIOT CHAYaJa [PH BO3MOK-
HO GoJlee HH3KOH TeMnepatype /0 cropanms YIJepojia, a 3aTeM B OKHCIHTENbHbIX
ycaoBHAX npu Temnmepatype okono 1000° C. 3akpwisamor THrems KpBIWIKOiT H Tpo-
AO/KAIOT NPOKANHBATL €lLE HECKOJbKO MHHYT. OXJaka410T B 3KCHKaTope Han cep-
HOH KHCA0TON Han (pocdopHbM AHTHADHIOM H IJIOTHO 3aKpPLITBI THreJb B3Belll-
BAIOT. 3aTeM THrelb CHOBa NPOKAJHBAIOT, OXMAXKIAIOT, Kak TNpexne, W, npenBapH-
TEABHO MOJOKHE HYKHEIE DA3HOBECH HA BECH, GHICTPO B3BEIIHBAIOT, [Mpokannsanne
NMPOLOIKAIOT 10 OCTIKEHHA NOCTOARHOrO Beca [138, 893].

BaBewenuniii ocazok 1eo6xo1uMo Heenenosath Ha COIepIKatiHe B HEM MOCTOPOH-
#HX OKHCJIOB, a NIPH NPOBEACHHH 0CO60 TOYHBIX AHAH3OB CARLYeT BHECTH MOTPABKY
Ha CONepxanHe npuvecefl, HAMPHMEP KPeMHEKHCAOTH, BBEJCHHLIX c peaKTHBaMH
WIH HSBJEUEHHHIX 3 cTekAa nocyawl. Al, Cr, Be, Ti, Zr, Th, p33, Fe, In u apyrue
SIEMEHTDBI, OCAKAAINHECH AMMHAKOM, COOCAKAAIOTCH ¢ FHAPOOKHCLIO Ta/LIHA,
MewarwT Takxe okcanar u raprpar [847, 10211,
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2 Fuapoantuyeckue mMeToam ocaxjenns raaaus s suie Ga(OH),
. #J1H OCHOBHBIX coqedl. Ocaxienne cyandutom [138, 752, 767,
- 811, 893, 1230]. Ilpu mefictBuu TBepgoro Na,SO;+7 H,0, pacTBopa
OucyabbuTa aMMOHHS, MOPHUTOTOBJIEHHOrO HaCHIIlEHHEM aMMHaKa
(1 : 4) rasoo6pasubiv SOg Han pacTBopa GHCymbOHTA HATPHS, TPH-
roToBIeHHoro HaceienneM 10%-1oro pactBopa Na,SOj; rasoobpas-
- #biM SO,, na pacTBOpHl COMeH raaaud MPOHCXOAHT KOJHYECTBEHHOE
sBI/IC/IEHHE [OTHOH TH/DOOKHCH TaJulHsA, KOTOpas XOpomo (HALT-
- pyercs.

K 100—200 52 cONsHOKHCIOTO WiH, Jyylle, cepHOKHEAOrO pactsopa, coiepxa-
. utero me Gonee 0,1 2 Ga (III) u cBOGOAHOrO OT MOCTOPOHHHX, OCAXKIAIMIHXCS
AMMUAKOM HIH GHCYJL(HTOM 3JeMEHTOR, NPHGABIIOT PACTROP aMMHaKa 10 caabo-
| 1LCJIOYHOH peaKlUlH [0 JakMycy H 3ateM 5 ma pactsopa (NHy)HSO;. Iocae aroro
~ pacTBOp TOYHO NMOJKHCAAKT MO JaKMycy pasGaBieHHONl COASHOI KHCJIOTOH, pas-
- GaBamwot 20 200 M4, HAKDHIBAIOT YACOBBIM CTEKIOM H CHABHO KHNATAT 5 MHH.
PuILTPYIOT yepe3 OyMaubii GUIBTP, OCaZOK TUIATEABHO NPOMBIBAKT BOAOH 10
noanoro ynanenuast Cl=-Howa n B NafbHefilieM MOCTYNAIOT, KaK NpPH 0CAXKACHIH
| FaqIHA AMMHAKOM.

s Mns npoBepKH NMOMHOTEI OCAMKAGHHA B GHABTPAT BBOAAT 1—2 Kam/id METHIO-
BOr0 KPACHOTO H 3aTeM PacTBOP aMMHAKa TOUHO JI0 MOMKEJITeHHS HHIHKaTopa. Me-
TOL GoJsiee uysCTRHTEbHBIH, ueM npeasaymuit; 0,2 sz Ga B 5 ma eme MOTYT GBITh
OCaMK[eHL! Cyab(uToM. PeayabTaTil aHaansos npu cofepxcanuu 15 n 47 mz Ga,0s
AaT ownbky 0,1 me [1230]. TMpuMeHsia nepeocamienHe ocagKka, MOXKHO STHM
METOJ0M ONpeAessiTh Tajl/IHii B NMPHCYTCTBHH HE OYeHb OOMBIIHX KOJHYECTB LHHKA
(15—47 me GasO; ua 350 me Zn) s storo ocanok pPacTBOPAKT B HECKOJbKHX
kannax HCl, pas6apasior Bomoii u nocle yiajgeHus H3OHTKAa KHCIOTHI BLIIAPHEA-
HHEM NOBTOPHO 0CaXAalT GHCYJIb(HTOM. YCTAHOBIEHO, YTO Jaxe NpPH TpPeXKpart-
1OM mepeocaJeHHH ocajka He Hab/oaaerces noreps raaans [1230].

Ocaxnenne aaunom Hatpusa NaN;[752]. K 250 ma caa-
~ OGoxrmuenoro pactsopa, copepxamero 0,07 e Ga, go6asasior 0,5 ¢ asu-
- na natpus. [Tocae 2—3-MHHYTHOTO KHNsIYeHHS! PACTBOPA BBLAEASETCH
xopouo huaprpytowuiica ocagok Ga(OH),. daurensnoe kunssexne
TIDHBOJHT K 00pa30BaHHIO 0CAJKa, CHJIBHO MPHAKNANIIETO K CTEHKAM
CTakaHa.

Henocratks MeTona — He Bcerga yAOBJITBOPHTENbHAS UHCTOTA
pearenTa, BBIACJICHHE NIPH KHINAYCHHH pacTBOPAa OUYEHbL SALOBHTOrO
A430THCTOrO BOLODOA.

Ocaxneunce GpoMua-6pomartHofl cMecbio KBr+
+KBrO; [1135, 1138]. B npucyTreTeuu cyabbaT-HOHA Ta/uIHi KOMH-
HecTBeHHO ocaxaaercsa npu [H¥]=0,02 N. Ocratousas KoHIeHTpa-
uua H* nonxkua Gbith okomo 0,5 N. Toayualomusicst MeakoKpHCTaI-
JIMYECKHIl OCAaLOK OueHb IIoxo (GuabTpyerca. B Tex ke veaoBuax
TIPOMCXOJINT KoaxuecTBenHoe coocaxaenue Al(OH)s.

Ocaxnenne ameratoM ammonmus [1135]. Ocaxaenne
HenoJIHOe, TAK KaK NPH BBICOKOH KOHLEHTPALHH auerata obpasyercs
PAaCTBOPHMBLIH KOMNJIEKC TaJIHS; TIPH MaJblX KOHIEHTPAlHAX are-
TaT-HOHA TaJJIHi ocaxjaaercs, B JydlleM cayuae, Ha 90%. B MIpHCYT-
CTBHH JKeJe3a H a/JlOMHHHA BbiNajaeT OCHOBHON alleTaT XKejesa, Ko-
JIHYECTBEHHO 3aXBaTbIBAOIIMIA raauii u amovuani [993],
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Ocaxaenne THocyabdartom wmatpus [767, 1138].
OcaxeHHe raaaus THOCY/JAb(aTOM HaTPHA MPOHCXOIHT He TOJTHO-
CTbi0, NMO3TOMY NPHMEHSIOT MOCJEAyIollee BbICAJHBAHHE AHHAHHOM.
Merox mpuMensiercd /s ONpefeseHuss rajjadd B MPHCYTCTBHU
JKenjesa.

Ocamxaenne moueBuHOfH [CO(NHz)o] [1433]. Ilpu narpe-
BAHHH CEPHOKHCJBIX PacTBOPOB raJJius, CBOGOAHBIX OT X/0p-HOHA,
¢ MOUEBHHOfI BbiZe/sleTCs MJAOTHBIH 0cafloK OCHOBHOTO cyabgara raij-
ausi (Ga:SO,=8:1). Ocanox Hammenee pacTBopuM mnpu pH~5.
PacrBopumocts ocagka ~0,2 sz Ga/a 3HaYHTeNLHO HHXeE, YeM b
cayuae ocaxkaennst ammuakom. [1pu npoKaauBaHHH ocalKa OCHOBHOH
cyabdar raains KoauyecTBEHHO MEPEeXOAHT B OKHCb raJsliHs Gay0s.

K ceproxkHcIOMy pacTBOPY raJguus, COAepikallemy ~3 MA KOHUEHTPHPOBaH-
poit HySO4 W He comepiamieMy XJOPHAOB, NPHOABAsiOT 3 2 MOYEBHHB, pasbas-
a0t Bofofl 1o 500 MA H A00ABJASIOT MO KanjAM aMMHak A0 00pas’oBaHMs He-
HCYyesaren MYTH. Pachop HarpesawT 10 KHIeHHA H KHOATAT A0 TeX mop, NoKa
pennuuna pH pactBopa me OGyaer HaXOAHTLCA B Npeaenax 4—5,5, T. e. MOKa cpe-
ia pacTBopa He CTaHeT WIeJOYHON MO MeTHJOBOMY OpaHKeBOMY. 3arem ocaiok
OT(HALTPOBHIBAIOT, NMPOMLIBAIOT XOJOAHOH BOAOH (B APYTHX NPOMBIBHEIX HHIL-
KOCTSIX OCa/loK pacTBOpuM 6oJiblue, 4eM B XOJOAHOH BOAE) H TEPEBOMAT B Gaz0s
No yiKe ONHcaHHOMY (cM. Bhime) cnocoGy. MunnmanwHas TemnepaTypa, neofxo-
nuMasi 1as nepesefenns ocamxa B GagOs, pasua 475° C [767].

KonopumerpuueckuM METOLOM YCTaHOBJIEHO, YTO B KaXMIbX 500 m2 ¢uabTpa-
Ta ocraerca 0,1—0,2 me GasOs; B 150—200 M2 npoMbIBEBIX BOIL PacTBOPSETCS
0,01 s Ga,0s Bospmine OWMOKH BO3HHKAIOT BCJCACTBHE MPHJAHNAHNA OCajdKa X
CTeHKaM CTaKaHa; HecMOTpPfA Ha HHTeHCHBHOE BbIMBIBAHKE, KOJHYECTBO TEpAEMOro
ocaaka Moxer cocraeaath oT 0,1 mo 0,6 me.

Onpenenenuto He Mewaior Ca (~0,2 2/500 ma), a Takxke Zn ®
Mn, ecan KoauuecTso kaxjoro u3 Hux <1 2. OmHako TmpH 3TOM
HeoOXOAHMO Nepeocaxienne ocajka [853, 1433].

[NpoBesenue peakiHii THAPOJHTHUECKOTO OCaXKICHHA raliis
MacKHpyercss MpHCYTCTBHEM HEKOTOPBIX KOMIJIeKco00pa3yolunx
pearentos. HafiieHo, uto MacKHpylollas CNOCOGHOCTL HCC/AEA0BAH-
HBIX KOMNJeKcooOpasyloluXx peareHToB yOblBaer B cJeyloleM
nopaake: JHMOHHAA KHCJI0TA > 3THJICHIHAMHHTETPAaYKCyCHA A
KHCA0Ta >y ab(pOocaIHIHI0Bas KHCI0Ta =BHHHAA KHCI0TAZ> llaBese-
Bas Kueaora>canuuuaar Hatpus [510]

Ocax/eHHe CaAa0LIMH OCHOBaHMAMH. [ anauii KOJHYECTBEHHO
0Ca:K13aeTcsl B BMJAE THAPOOKHCH WIpH AEHCTBHHM THAPOKCHIaMHHA H
nupuauna [219]. Ha ocajaeHud rHAPOOKHCH TrajHd MHPHAHUHOM
OCHOBaH METOJ, MPHMEHHMblji KaK J/Isi aHAJHTHUGCKHX LeJed, Tak
W A5 NpenapaTHBHOIO NMOJYYeHHs cOeJMHEHHH ra/lIns BLICOKOH 4M-
CTOTHI.

Ilpu peficTBHM MHPHAHHA HA PACTBOP ra/ljiug, cofep Kalui comu
Mn, Co, Ni, Zn, Cd u Cu, Bbifensiercss THAPOOKHCH, 3arpsg3HeHHas
stamyu snementamu, Coocaxaenne npumecedl 0co6eHHO XapaKTepHO
1473 Co, Zn u Cd. BBenenne B HCXOIHBIH PACTBOp XJOpPHAA aMMOHHS
crnocoGeTByer 00pa30BAHHIO PACTBOPHMBEIX KOMIJIEKCOB METa/JIoB ¢
nupuantom tHna [MPy.] Cl u uckaio4aeT BO3MOKHOCTb 0GPa30Bakns
HepacTBOPHMbIX rannatos. [losTomy ocaxaeHHe rHAPOOKHCH rajiud
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MUPHAMHOM CJeyeT NPOBOAUTD B NPHCYTCTBHH 60JBLIOr0 KOJTHYECT-
sa NH,Cl; npu sTom Aaxe OXHOKPATHBIM oca)KJeHHeM MOZXKHO Bble-
JINTh YHCTYIO THAPOOKHCH C HHUTOMKHBIM KONHUECTBOM npumeceit Co,
Zn, Cd u Cu. Bpenenne B pacTsop NH,Cl npusoaut Takxe K KOJId-
YeCTBEHHOMY OTAEIeHHIO TaHs OT MIeJOUHbIX MeTaJIJI0B, MarHin
W meqoyHo3eMeabHbix MeTasioB. MHAMi Beer ceba aHAJOTHIHO
rajJyuio.

Ocaxaenne Tannunom [1135]1 Xopoune pesynbrarsl Ader oCazms
JleHHe TaJJHs U3 YKCYCHOKHCJIOTO PacTsopa B IPHCYTCTBHH NHNO3
TAHHHHOM B BUJE TPYAHOPACTBOPHMOTO aACOPOLHMOHHOrO COEIHHE-
uusi. Merox sHauutenbHo Gonee yyBCTBUTENbHBIA, 4YeM OCaXKAeHHE
rajqJais aMMHakoMm (mo3BoJIIeT OTKPBIBATH 1 4, raaaus B 10 mMJH. 4a-
creit pactBopa). [aanuii ocaxnaercs AaxKe H3 pacTBOPOB KOMILJIEK-
coB (BHHHAA, Cy/1bhOCATUUHIOBAS KHCAOTEI, ALETAT amMmonus) [690].

K ciaBoyKCyCHOKHCJAOMY pacTBOPY COJIH ra s no6aBAAIOT HUTPAT aMMOHHA 10
nonyueunsi 2%-HOro pacTBopa, KOTOpblil HArpeBaloT 0 KHIIEHH:, H PHAHBAIOT
{10 KanasMm | TpH TNOMeUHBaHHA 10%-nbifi pacTBOp TaHHWHA (TOTOBAT PACTBOPE-
HHeM TaHHHHA B HACHIEHHOM Ha XOJIOAY PAacTBOpE auerara aMMOHHA) [0 mpe-
KpalleHns BhIAeJNEHHA OcaiKa. OcagoK OT(HILTPOBEIBAIOT H NPOMBLIBAIOT ropaueit
BOMOH, colepiKallel NH,NO; # HeckoJbKO XKanesb CH,;COOH, no yaaaeHud
voka xnopa. QGUILTP C OCAJKOM MOACYLIMBAIOT, a 33TEM npokanusaioT B dapgo-
poBOM THIJIe C COOJIOICHHEM BCEX OMHCAHHBIX BHIIE NPELOCTOPOMHOCTEd (CM.
c1p. 73 1 74). B mureparype ecTs cBeJeHHs 0 TOM, UTO NPOKaJHBAHHE MOXKHO BECTH
npn 520° C [767].

Ouenp cnabble OCHOBaHMSA, TAKHE KaK Fe(OH)s, Al(OH)s u Ap.,
OBBIUHO 0CAMAAIOTCA TAHHHHOM B YKCYCHOKHC/IOM PacTBOPE. B mpu-
CYTCTBHH OKCA/NaTa aMMOHHS THTAH OCAXIAETCAH TAHHHHOM, B TO Bpe-
Ms Kak rajJHii ocraercss B pacTBope [129]. [IByxBaneHTHble MeTa/-
i (Zn,'Ni, Co, Mn, Cd u Be), a TaKkXKe rajnifi COOCAMIAIOTCH.
Onuaxko NpH Nepeocak/eHuH ocalka (pacTBOpeHue B pasbaB/1eHHOIH
HCI u noBTopHOe OCaxIeHHE TaHHHHOM) TaJaHil MONHOCTBIO OTAE-
JAsieTcs OT 3THX 3JEMEHTOB.

Ocamnenne Kyndeponom [138, 1138]. Kyndepon KOJIHUECTBEHHO
ocayKIaeT Tajifji U3 CepHOKHCJBIX PacTBOpOB B BHIE CcoeIMHeHHs
[CeHsN (NO) OfsGa, nepexoasmero IpH npoKajHBaHu{ HE HHKE
745° C B Gay05 [767].

Pactsop, coiepaminii ~10—300 me Ga (B TpPHCYTCTBHH AMMOHHUAHBIX CO-
Jieit uau Ge3 HHEX), HEHTPaNH3yIOT OCTOPOIKHO cepHOit KHCJOTOH, C TAKHM pacue-
ToM, uTOGH Mocae pa3GaBieHns BOMOH [0 o6bema 100—500 ma (BapbHpOBaHHE
ofbeMa pacTBopa B npejelax 100—500 M4 He OKa3biBaeT BJIHAHHA HA TOUHOCTD
onpenenenns ramaus [811, 1135, 1138]) koHuenTpauus ee crajna 2 N. 3arem no-
GapjAlOT TMPH KOMHATHOM Temnepatype H TpH CHJIGHOM nomewmueanun 6% -ubiii
BOMHBLIIl pacTBOP KyndepoHa (na kamase 0,1 e Ga TeoperHdeckH HEOGXOLHMO
0,6 ¢ Kynbepona, Ho 06bIYHO OEpYT ~1 2 ero). [To HeKoTOPHIM APYTHM NAHHDLIM
[811] aas TOro JKe KOJWuEeCTBA raJliui tpebyerca 3—4,5 2 Kyndepona, cieio-
patensno, 50—75 Mma 6%-noro pacTBOpa (cpaBHH TaKKe [1295]). XnonbeBHAHBI
ocafok (uALTPYIOT uepes GyMaxublit (QUILTP, NPOMEIBAIOT ocanok 2 N H,SO,
[0 yAaJeHHs XJOp-HOHA, NOJACYWIHBAIOT, NpoKaJuBaloT B (papdoposom THrIE H
papemupator B BHae GasOs.
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Puastposanie obaeruaercs, ecan NpeaBapHTeNibHO pPacTBOp ¢ OCAaAKOM
OXJIafHTb B NMPOTOYHOH Boje B Teuemne 10 wmun [811, 1295]. Yacro ToTtuac xe
nocae GuJALTPOBAHHS HIH cnycts | yac B $uasrpare nossasercs myth. B Takom
Cilyuae caeiyer n06aBHTh B Hero 1—2 Ma pearcsta m BHOBBL OT(QHALTPOBATH Ye-
pe3 TOT Ke (PHABLTP.

Ocazmnenne KyndepoHoM mo3BoAsteT OTACAATH raaauit ot Al, Cr,
IngiSe ' Se,'Y, Er n UOA*. Wleppep [1295] otneasn rammmi (BMmecTe
¢ Cu, Ti, Zr, Sn, V u Fe) or amomunus s 0,5 N H,SO,, xors B pabo-
Te [833] ykaswiBalor, uTO 3aMeTHoe KOMHUeCTBO aMIOMHHHS COOCANK-
AAETCs aKe npu ocaxaenun u3 1 N HpSO,. s Koauwectsennoro
OTACJEIHA TalTHA OT aMOMHHUS HEOGXOMHMO BECTH OCAKIEHHe H3
2 N H;SO4 n npumensrs nepeocakIcHHE ocajKa.

[Tepeocaxnenne ocaaxa Tpebyercs Takike u s [IPHCYTCTBHU CKaH-
aus [690]. B NMPHCYTCTBHH HHIHA IJS YMEHBLICHHS PacTBOPHMOCTH
ocaaka n106aBasiioT K NPOMBIBHON KHKOCTH (2 N HyS0,) neckonbko
MHJJIHTTHTPOB pacTBopa KymdepoHa.

[lpu ocamxzenun rammus HeoOX0HMO, uTOOBl Bech ypan 6bl1 B
Buae nornos UOs*, mockoabky HEThIDEXBAJEHTHLIH YpaH KOJHUECT-
BCHHO ocaxnaercss Kyngeponom. Fe (I1) me memaer OIlpEeIeeHHIO
raanust [124]. Tannnit (3—60 me) Moxer GbiTh OfpeneseH B npHCyT-
CTBHH UHHKa (10 1,3 2) npu ocamgenun Kyndeponara us 1 N Hy,SO,
[833].

Boabuine koanuectsa HelTpaabHbix cogeii (NaCl, Na,S0,) ne
MEUIAIOT ONpEeaeNeHHIO, eC/IH TIATEJBHO MPOMbIBATL 0CAfOK. B npo-
THBHOM cJayvae IPOKaJeHHYI0 CMech, COLepAAULYI0 raTuil, o6pa-
OaTeiBaloT ropsiueii Bojoi, OTQHALTPOBHIBAIOT 0CALOK H MoCje TLIA-
TEALHOTO NIPOMBIBAHHS BHOBb 030JSII0T H TIPOKATHBAIOT [811].

Hs masenesokucarix pactsopos ocaxnenie rajauns Kyndeposom
tie mpoucxoaut [690], B 2 N H,SO, & NPHCYTCTBHH TapTpaTta 0CamoK
Takxe He oGpaayercs. [lisi noayueHHs ocanka KHCIOTHOCTE pacrBo-
pa ne nomxna ObiTh Bbie, yem 0,3 mosb/a H>SO4. Ho npu takoit
KOHUCHTPALUNH CEDHOH KHCIOTHI MOMKeT NPOHCXOIHTH ocaxIeHHe
amovunns. Ilosromy B npucyreruu Taptpata Tpedyercs ocobeHHO
TILATENbHOE Pery1MpOBaHHe KHCIOTHOCTH pacTBOpa [1308]. Ente ayy-
LIe nepes ocaxAeHHeM Pa3pyLIHTh BHHHYIO KHCJIOTY BEINAPHBAHHEM
(2o mapor SO3).

Ocaxnenne kambapHoii kucaoroii [287, 623—626, 629]. Kamgpap-
Has KHCIOTA KONHYECTBEHHO OCaKAAeT raaauil u3 HEATPAJNBHBIX /K
C1aB6OYKCYCHOKHCLIX PACTBOPOB B BHJe kampopara raaana, Ocanok
JHIIDL HE3HAYHTENLHO PACTBOPHM B ropsvejr soxe u 0,6 N CH3COOH.
Meton uyBcTBHTEABHBIE H AOBOJBHO CHeUHMHYHBIN, TAK KaK MO3B0-
JAeT otnenats 1—100 m2 Ga or MHorux Ipyrux saemeritos: 500 ae
Mg, 100—500 xz Ca, 500 ue Sr, 500 xz Ba, 1—500 xz Zidl e
300 me Cd, 100 u2 La, 100—200 x2 Ce, 100—200 xz Pr, 50—150 u2
Nd, 1—-200 xe Ph, 10—500 me Mn, 11—500 me Ni(Co), menounbix
meraJios, Ge, Tl, V, Cr, U, Be u Th.

1—5 me Al He Memaror onpenenenio 30—100 sz Ga [625]. Boss-
tIHC KOJIHYECTBA AMIOMHHHSI TpPEABAPHTENBHO OTACJNIOT B BHIE
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AlICl3-6 H;O ocaxpaennem razoo6pasHbiM XJopHCTHIM BOJOPOJOM B
S(UDHOM pacTBOpe M 3aTeM OTPeeNSAIT raiiuil B GHIBTPAaTe KaM-
(hapnoii xKucaoroh [625].

JMunnit u xene3o ocakaaoTcs KONHYECTBEHHO BMECTE C TaslTHeM.
Huauit otneasior ocaxkiennem ranaus Kap6oHatom HATPHA B BHIE
Ga(OH)s. Fe (IIT) npexsapurensno ocamaaior 1,5 N KOH wau
BOCCTaHABIHBAIOT THOCy/AbdaToM HaTpus [628, 629].

Fe (II) ne mewaer onpenenenuio rauaaus [1109]. Dpupnoir 3ker-
paxuHeli XJOPHIOB rananuii Moxer OwiThb oTaeden or Be, Ti, Zr, Th
[630], Cr, V u U [631] u 3atem onpenenen kavibapHoii KHCIOTOIL.

Ias ocaxnenus raanna o6bIYHO NMPHMEHAIOT pacrBop 25 e Kam-
Gapnoii kucaotet B 100 #2 cnupra mam  pactsop 10 2 peareHTa B
100 ma auerona; pacteop 25 2 kamdopara Hatpusi 8 100 42 BoIbI
AHG0 TBEPAYIO KaM(papHylo KHCJIOTY PeKOMEHAYIOT A/ OnpeieeHHs
GOJBbIIHX KOJNHYECTB raJJIHsl, YTo6bl H36exKaThb npudaBieHus 00Jb-
LWIHX KOJIHUECTB CIIHPTA HJH alleTOHA.

Hcenenyemsiit pactop coan raanus (Xa0pHa Ham HHTPAT) yNapHBAKOT A0CY-
Xa Ha BonsHol GaHe M pacTBOpAKT octatok B 100 sa 2%-woro NH,NO; uau B
100 m2 0,6 N CH3COOH, conepaxameit 2% NHNO, K pPacTBOpy npuOABAAIOT
~1—2 2 kampapHoii KHCIOTH (B BHAe pacTBOpa WJH TBePAbIi peareHt) W Ha-
TPeBalOT pacTBOP NPH CHJBHOM NEpPEMELIHBAHHH B TeueHue 10 MHH, Ha Kunsmei
BonsAHOM Gamne. 3aTeM OT(HILTPOBHIBAOT yepes GyMmamHbIf GHUILTP M NPOMBIBAIOT
OcanoK HeGOJIBIIMMH TMOPUHAMH MPOMBIBHOM JKHAKOCTH OOGWHM o6bemom 50 Ma
(10 #26 N CH;COOH, 20 s 10%-noro pactBopa NH4NOs, 80 x2 H,0). B cayuae
OCaMACHHA pacTBOPOM Kam(oparta HATDPHS MPOMBIBHAS MHIKOCTb, 1S YMEHblue-
HH# DAaCTBOPHMOCTH OCajika, N0JXKHa ObIThL HachlleHa TBEPAOH KamdapHoi Kuc-
aotod. [locse nomcymupanns ¢uabTpa ¢ 0caIKOM NOCAEANHIT BOIMOMKHO MOJHEE
OTAEJSIOT OT (HALTPA H 030JHI0T €ro OTAEJNBHO BO B3BelleHOM (haphopoBoM
THIJIe, Tmocae vyero 106aBasiioT ¢uibTP H npokadusawr no Ga,0;. MunuMaabuas
Temneparypa, HeoGXofuMan AJA nepeBedeHHs ocaaka B Ga;Os, pasHa 450—500° C
[767, 1109].

BocnpoussonHMOCTb MOJYUCHHBIX 3THM METO/IOM Pe3yJbTATOB BNOJHE YAOB-
JIeTBOPHTE/IbHAS.

B ToM cayuae, ecam rajumit 0caXaaloT H3 YHCTOrO PAacTBOpPA €ro COJH (B ort-
CYTCTBHE JDYrHX 3JEMEHTOB), TO OCTATOK, MOJYYEHHBIl MOC/IE ynapHBaHHS pa-
C1BOpa Ha BOAAHOH Oane, Jyulle PacTBOPATL B BOAE, YEM B YKCYCHON KHCJOTE.
B nportusHoM cayuae nosyyaercsi TPyAHO (GHALTPYIOWHACS M NAOTHO NpHJAHNAL-
WKl K CTeHKaM cTakaHa ocanok. Kpome Toro, ykcycHokicasiii (uasTpaT uacto
GHIBAET MYTHLIM H NO3TOMY TpeGyercs NOBTOPHOE (HALTPOBAHHE.

Ocanox, nosyueHuslil B OMHCAHHBLIX YCJAOBHSX, MOMET OBITH MPOMBLIT CITHPTOM,
aueTOHOM M 3tupoM, Beicymwed npu  94—110°C wu B3pemwen B BHAe
Gap[CsH4 (CO2)2)s ¢ daktopom nepecuera 0,189 [767]. ITo JIPYTHM  JaHHLIM
[1109], npn ocamaennn raanus us GydepHoro ¢popmuatHoro pactsopa (pH 3)
H BuicylHBanuu ocazka npu 110° C ¢pakrop nepecuera pasen 0,213.

Ocaxjienne KopuuHoii ((heHMIAKPUIOBO#) KHCAOTOI [387, 388].
Kopuunasi xHCIOTA HJAH KOPHYHOKHCAEI AMMOHHI KOJHUECTBEHAO
OCa)XK1al0T raJl/Ini B BHAe NJIOTHOrO ocanka cmecH conelt (CgHsCH -
: CHCOO); GaOH u CgHsCH : CHCOO Ga(OH)a) (~4:1) wus
CJ1a0OKHCIbIX PACTBOPOB NpH HArpeBaHWH. B npHCYTCTBHH H3GLITKa
pearenTta o6pa3yercs pacTBOPHMOE aMMOHMITHOE POH3IBOAHOE OCHOB-
HOrO KOPHYHOKHCJAOTO ranausi. [ToaHoTa Bbife/IeHHs TalddHs TOCTH-
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raercsi npH ocaxaennn B npucyrersin NH4Cl 1 npoMbiBaHHH OCaLKa
ropAuuM pa3baBieHHbIM pacTBOPOM KOPHUYHOfi KHCJIOTHI. Ocanok
NpoKaAMBAIOT 1 B3BELIWBAIOT B BHIE Gag0;. Mn, Ni, Co u Zn He
0CaXKAATCA B YCJAOBHAX BbIAEJACHHA ra/ijug H OYeHb He3HAUHTEJbHO
cop6upyloTest (CoThie J0/1M MHJITMrpaMMa) 00pasylomuMes 0CaaKoM,
Tak UTO TOJHOe OTJe/eHHe TajJiHi OT ITHX 3JEMEHTOB JOCTHTraercs
onHoKpaTHbIM ocaxkienneM, NO;~- n SO,2—-HoHbl He MENAalT ocax-
nennio. MeToa peKoMeHAyeTcs AJs aHa/lH3a pas/HuHbIX MaTepHaloB
M TPUPOJAHBIX COEIMHEHHH, B UaCTHOCTH /IS MOPCKHX MapraHIEeBbIX
KOHKpelnil (MOpcKHe LWIJIMXH H MapramiileBble OCajikH Mopeit) .
Ocaxjaenne GeH3OMHON KHCAOTOH W ee mpousBoiHbiMu [1337,
1338, 1340]. Benzoilnag KkucaoTa Ui 6eH30aT aMMOHHS KOJIHUECTBEH-
Ho ocaxnator raaauit npu pH 3,72—5,89 u ucrnoabsyioTea Aas onpe-
JleJeHHS H OT/eJeHHs TaJlJid OT MHOTHX MOCTOPOHHHX KaTHOHOB.

Anaausupyemstit pactsop (=15 me Ga) HeATpaIH3yIOT aMMHAKOM [0 MOsiE-
JieHna a0l MyTH, KOTOPYK YCTPaHsioT A0GaBJeHHEM HECKOJbKHX Kamedb YK-
CYCHO KHMCJOTH; 3aTeM BBOAAT aueTaTHbiil OydepHblit pacTBOp A0 NOJMyHeHHs
yKasanHoro Bhie 3Hadenns pH, pacrBop Harpesaior /10 ~ 80° C, npubasasior
95 ma Temnoro 2%-Horo pacTBopa GeH3ofiHON KHc/AOTH (Gensoata aMMOHHA) H
Hefitpanuayior pasbasiennbiM pactsopom NH4OH no meTnziosomy OpanKeBoMy,
METHJIOBOMY KpacHoMmy Hiau GpomgenonosoMy cuHemy. PactBop ¢ OCalKOM Bhl-
nepxusaior 30—40 MuH. Ha BoasHoi GaHe, OTQH/ILTPOBLIBAIOT OCALOK, NPOMbI-
Bal0T €ro BOMOH A0 YAaJeHHs XJA0p-HOHa, BhicymMeaiorT npu ~ 110°C, npokaau-

BAIOT M B3BEIIHBAWOT B BHIE GaIO;,.

Ompefie/ieHuio He MeIIalOT 3KBHBAJCHTHbIE KOJHUECTBA Zn,'Cd,
Hg?+, Ni2+, Mn2+, UO%+, Cu?*, wmenoyHO3eMe/bHble 3JeMEeHTDbl I

25—30-KE&THI:IE konnyectea Na u NHg+. Memawor Al, Bi, In®*,
Co?+, Fe?+, Fe3+, Be, Cr3+, TI3+, Ced+, Ti*+, Th u Zr*+. B npucyr-
creun Co?+, Fe?+, Be u Ce3+ ocaxpaior Ga®** mpm pH 3,72, ocanox
GeH30ata pPacTBOPSIOT B pPasbaBJeHHOH COMSHON KHCJIOTe H MOBTO-
psitor ocamaenne Ga®t. T3+, Fed+ u Ce*t BoccraHaBauBaloT Cep-
HUCTON KHCAOTOH A0 HH3IIMX BaJEHTHLIX COCTOAHMH H OCaxAanT
Ga®+ npu pH 3,72 (B IpHCYTCTBHH XKene3a H LePHA HEOGXORUMO
nepeocakaeHue).

JxBuBaNeHTHbIe raaanio Koauuecrsa Cri+ okucasior xo Cr (VI)
[eJOYHBIM pacTBOpoM OpoMa H ocaxaalor Ga®t moc/ie MoJKHCIeHHs
pactsopom CH3COOH.

Ilas otmenenus Tit+, Th, Zr4+, Cett u Fed* B aHaJU3UPYyeMBbIil
PACTBOP BBOAAT H3OBITOK LIE/IOUH, OCALOK THAPOOKHCEH OTALNAIT OT
MATOYHOTO PacTBOpa, pacTBOPAIOT B pa3baB/eHHOH COMAHOH KHCJIO-
Te i NOBTOPAIT OCaXAelne THAPOOKHCeH H3OLITKOM I1e/IOUH; 0Caa0K
oTaeasioT, a GuALTPAT 0OGBEAHHAIOT ¢ (HIBTPATOM IOC]e NepBoro
OCaKIEHHS W ONpeNeafoT rajjHH, KaK OfIHCAHO Bbllle.

Mceaenosanus, npoBeiennbie MHKpodoTOrpaguueckHM MeTooM
mpu 1000-KpaTHOM YBeJHYEHHH, a TaKXKe H3yyenue HH(PpPaKpacHoOro
aGcop6uuonnoro cnekrpa B obaactu 4000—7000 cx~', noxasaJiu, uro
COCTAB M CTPYKTypa OCajKa, 06pasylollerocs npu B3aHMONEHCTBHH
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GaCls ¢ Gen3ofiHoll KHCAOTOH, CHAbHO 3aBHcaT or pH pacrsopa.
IMpu pH<3,41 ocaxaenne Ga’t npoTekaer He IHOJHOCTLIO, OLHAKO
cocta ocanaka orseuaer gopmyne Ga(OH) (CsHsCOO)q. B untep-
Baje pH 3,7—4,0 Ga3* ocaxjpaercs B BHJE IVIOTHOTO, Jerko QuIbT-
pyemoro u Jerko pacrsopumoro B HCI ocanka, coctaB KOTOpOTo
takxke coorpercteyer ¢opmyae Ga(OH) (CsHsCOQ),. IMocnennuit
JIETKO OTMbIBA€TCSl OT U3OLITKa OCAJuTeNs OpraHHYecKMMH pacTBo-
purenamu (apup, CHCl;, CCly, CS,, aueron) u MoxKer CJAYKHTb B
KayecTBe BecoBoil (opMbl Ges npokamuBanusa go Ga,Og, [lpn pH
4,0—5,89 Ga’* KoauuyecTBEHHO ocazxK/JaerTcs B BHAE XJOINbeBHIHOTO,
TPYAHO IpOMbIBaeMoro u TpyaHo pacrsopumoro B HCI ocanxa, mpes-
crapasiomero cmeck Ga(OH); u Ga(OH) (CsHsCOOQO),. IMoayuen-
HBIA IPH 3TOM 0CANO0K JIerko MPHJIHIAeT K CTeHKaM CTakaHa, B KOTO-
pOM TNpPOBOAST OcaKieHue, U MeaneHHo pacrsopsercs B HCl mpu
HarpeBaHuH,

[Tpu pH>7,0 ocaxpaerca Ga(OH)s, npuuem yacTb rajaus ocra-
eTcs B pacTBOpe B BHAE raJjJjara.

BmecTo GeH30/iHON KHC/IOTH B KauyeCTBe OCAAMUTENs MOTYT OBITh
HCHO/BL30BAHLI €€ [IPOU3BOJIHBIE (M-TOJNYHIOBAS, M-HHTPO-0-XJIOpP- H
3,5- 1MHUTPOGEH30MHHblE KHCAOTH), HO OHHM 00/a1aloT MeHbllel 4yB-
CTBUTEJNBHOCTBIO, YeM OeH30fHas KHC/I0TA.

Ocaxaenne dranesoii kucaoroi [1342], dranepas Kuca0TA KOMH-
yecTBeHHO ocaxpaer raaauii mpu pH 3,4—6,0. Ilpn pH 3,0 Boi-
aensercs ocHosHas coab Ga(OH)CgHy (COO),, npu yBeaunuenuu pk
0CaJ0K COMEPIKUT nepeMeHHOe KOJIHUeCTBO THAPOOKHCH TaJliHd.

K anasnusnpyemomy pactsopy (=10 me Ga) npubasjsior no Kamism pas-
Gasaenunifi pacrBop NHOH no nossienns Jerkodi MyTH, KOTOPYIO pacTBOPsIOT
npubasiennem CHyCOOH, ycramapnupaior Tpefyemoe 3suauenne pH nmoGasue-
HHeM auerartHoit GydepHoii cmecu, HarpesaioT po 60—80° C, npubasagior 20 ma
10%-Horo cmHpPTOBOrO pacTBOpa (TANEBOH KHCJAOTH, HEHTpaaHsyloT pasbaBieH-
HbiM pacrsopom NH4OH mo GpomdenonosoMy cunemy u Harpesaor 30—40 mum.
Ha BOAAHON GaHe AJ1s KoaryJsauuH ocaaka. opauywno cmech QUIBTPYIOT, OCalOK
[POMBIBAIOT FOpsYeil BOJOH 10 MOJHOTO YXaJeHHSl XJOp-HOHA, NPOKAJMBAIOT A0
GayO3 W B3BEUIHBAIOT.

Ompenenennio ue Memaior Mg, Ca, Cd, Ni, Mn, Co, Cu (I),
Tl (I), CrO}, Zn, Ce (IV), a Takke Goablrne xoanyecrsa Na H
NH,*+. Memaior Pb%+, Ba, Hg?*, Bi, Sr, Al, Cr®+, Fe3+, Be, Cu?t u
TI8+, TI13+ y Cu?+ BoccTaHaBJAMBAOT cepHHCTOH Kucaorod mo TIF
u Cu* coorBercrBenno. XpoM okucasior 10 CrO4%— menouHblM pact-
Bopom Gpoma, Fedt ornenaior o6paboTkoii aHaIH3UPYyeMOro pacTBo-
pa u3bbiTKOM Ilenoun, Mnaui Bemer ceGsa anajOrHYHO raJuiHio.

Onpeenenne rajjus B BH/ie OKCHXHHOJUHATA
[417, 534, 690, 838, 839, 1121, 1138]

TaMinit KOMHUECTBEHHO OCaXAAeTcss OKCHXHHOMHHOM H3 caabo-
KHCJBIX, HEATPAJbHBIX H cla60aMMHAUHBIX PACTBOPOB B BHJIe 2KeJITO-
3eJIeHOTO 0Cajika, COCTaB KOTOPOTO mocje BICylMBaHuA npu 120° C
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10 nocrosgHoro Beca orsBeuaer Gopmyae Ga(CgHgNO)s (13,89%
Ga). dakrop mnepecuera mna raaaui— 0,1389, na Gas0;—0,1867.
IIP okcuxuuonuHata rannaua 8,7-10-33 [417].

B cHIBHOKHCIBIX, CH/IBHOLLEJOYHBIX W CHJIBHOAMMHAYHbIX PACTBO-
pax ocaznok qaubo BooGule He obpasyercs, JUGO OCaXKIaeTCa 4aCTHY-
Ho. OcaxeHne H3 aneratHoro 0ydepHoro pacTeopa TakxKe He KOJH-
UeCTBEHHOE.

Ocaznok npaktudeckH HepacTBopuM B Boge mpH 20° C (0,1—0,2 me
B 100 m2 H;0), Ho HeckonbKo pactBopum B ropsueis soge (0,6—
0,7 m2 B 100 m2 H,O) n B Bogubx pacmsopax cnupra (0,2—0,3 me
B 100 #2 5%-noro cnupra 1 40—45 sz B 100 #4 50%-noro cnupra).
Ilpu narpepanun ocafoK NJIABHTCA € PasOKEHHEM, NPUYEM FIPOHUC-
XOAUT 3HAYHTeNbHAsi cyOaHMalusl, I03TOMY IIPOKAaJHBAHHE 1 B3Be-
muBanue B Bume GayO; HeBo3MOxkHO. J[oGaBjeHHe LIABEJAEBO{ KH-
CJOTBI yMeHEIldeT NOTEpPH, HO He YCTPaHfAeT HX NoJHOCTBIO. Ecqn
BO3HHKaeT HeoOOXOAHMOCTh 3aKOHUHTb OIpeNlejeHHe raaJHA B3BellH-
BauueMm B BuJle (Gap,0;, To 0CaJ0K OKCHXHHOJIMHATA TaJijiMsl pacTBo-
paior B ropsivelt 2 N HySOy, ocaxpalor rannnit Kyndeponom u mpo-
KaauBAIOT 0CafoK Ao OKHcH, OnHchIBaeMBIi METOX OYeHb YYBCTBH-
TedeH, Jlas BecoBOTO OmMpeleieHus Ta/jJins B BHAe OKCHXUHOJHHATA
OpeJIoXKeHbl pa3/HYHbIe BADHAHTHL OCAXKAEHHS (OCaXkKIeHHE H3 KHC-
JIBIX, INEJOYHBIX, AMMHAUHLIX, TAPTPATHEIX pacTBopoB). B Kauectse
ocajgaTesiell HCNOJAb3YIOT 5Y%-HBI CHOHPTOBEIA pacTBOP OKCHXH-
HonuHa, 3%-HBI PacTBOP OKCHXHHONHMHA B alleTATe aMMOHHSA (mpH
onpejeseHHwH GONbIIHX KOJIHYECTB TaJJHA) HIH aMMHAYHBIA pacTBOp
OKCHXHHOJIHHA,

Ocaxnenne rannus 3 Kucaoro pacrsopa [838, 839]. Ananusu-
pPyeMBlii MHHEDaJbHOKHUCALIH pacTBOp pas3basiasior Bomoi mo 150—
200 Mz, no6GaBasiioT HEOGXOAMMOR JJISl OCAXKAeHHH KOMHUECTRO OCAH-
Tesisl ¢ HeOoJIbIIMM H3ObITKOM, a 3aTeM npH 70—80° C HeiTpanusyoT
pacTBop amMMHakKoM (caabblii H3GHITOK aMMHaka He Meuiaer). Cra-
KaH C ocagkoM BeepKHBAIOT B TedeHHe 0,50—1 uvaca Ha ropsuel Bo-
IaHof GaHe mpu yacToM nepeMemuBanuy. [locae oxnaxaeHHs ocTaB-
JAI0T 0caflok 1—2 waca Ha X0J101y, a 3aTeM QHIALTPYIOT uepes dap-
(oposuifi THreab ¢ TopucThiM AHOM, OCaj oK NPOMBIBAIOT CHAYadd
20 ma ropsiuell BOABI, a 3aTeM XOJOTHOH BOAOH JO MOJHOro obecupe-
YHBAHHS NPOMBIBHBIX BOJ. Brrcymusator npu 120° C u B3BelmHBaoT
B BHJE€ OKCHXHHOJHHATA,

OcaxpeHHe raanus u3 meJoYyHoro pacreopa [838, 839]. [Tpu
OCaK/JEHHH M3 CHJIBHOIIENOYHBIX PACTBOPOB 1esnecoobpasHo He Tpo-
BOJIHTb TIPEABADUTENbHOH HeHTpasusalud PacTBopa, a mo00aBAATH
neGoapmoli H36bITOK ocanutens (3%-Hblil PACTBOP OKCHXHHOJIHHA B
anerate aMMOHHs) M mocae nogorpepanus 1o 70°C n mpubapiaenus
MOJAXOAALIEr0 HHIUKATOPA (THMOJOBHI CHHHE MM 6pOMTHMOJ/IOBHII
CHHHH) HeHTpanu30BaThb PACTBOP KHCJOTOH 10 HGMEHEHHS OKPacK4
(ot cune-senenoft fo xeartoit). KonuuecTBeHHOe BHIIE/eHHe OKCHXH-
HOJIHHATA rajnus mpoucxoaut mpu pH 6—8.
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TmarteabHoe nNpOBEJEHHE HefiTPAAH3AUHE — OC'I0BA MOJYUYEHHA
XOpOUIMX Pe3yJbTaTo0B. ITOr0 JOCTHrAlOT TakkKe  CJeLYIOUHM
06pa3oM: [ocse HACTYNHBINEro HM3MEHEHHs OKPackH HHIMKaTopa
n06aBaAsOT eme HeOOJbLIIOH H3IDLIPOK KHCAOTH, 3aTeM JeJalior
pacTBOp aMMHAYHBLIM M MOCTYNAT JaJjee, Kak OMHCAHO BBILIE (cm.

cTp. 82).

Ocaxjenue raaaus w3 ammuadsoro pacrsopa [690]. Ocaxaenne
raJjus OKCHXMHOJHHOM H3 aMMHaYHBIX PacTBOPOB MO3BOJAET OTAE-
aate ero or V, Mo u W. Cravana B CHIBHOAMMHAYHOM pacrTBope
BHIIEISAIOT OCHOBHOE KOJIHYECTBO TaJJIHA, a OCTATOK €ro ocaxaalor
JOTIOJHHTEABHO H3 MOYTH HeATPaJbHOTO pacTBOpa.

HcenenyeMblii aMMuaunblii pacTBop raiius (5 M4 KOHUEHTPHPOBAHHOrO am-
MMaka Ha Kamase 10 Ma pacTBOpa) HarpeBalOT A0 KumeHHsi (Npu 3TOM THAPO-
OKHCh TaJHsi PAacTBOPAETCH ¢ OGPa3oBaHMEM ranjata) H A06aBJSIOT aMMHAYHbIA
pacTBOp OKCHXHHOJMNHA [0 NpeKpamlenusi Beiienenus ocaaka. [Tocse BHIZepKH-
BaHHA HAa BOASHON GaHe B Tedenwe 15 MHH. 0CafoK OTOHILTPOBHIBAKT uepes 6y-
MaXHbA (QHILTP B npomuiBaioT 1%-HEIM pacTBopoM ammuaka. QHJbTPAT aKKy-
PaTHO HeATPaJH3YIOT YKCYCHOH KHCJOTOH, 106aBasiOT | M4 HACBILEHHOro pacTBo-
pa (NH;):CO; u KunaTsT pacTBop A0 HEATPajbHOM PEaKUHH MO JaKMyCy.

IMocne oxaamKaeHus B TeueHHe 2—3 uacC. He3HauyHTeJbHOE KOJHYECTBO M0-
NOJHHTENLHO BbIAENEHHOr0 Ocajka OT(GHJALTPOBLIBAIOT H MPOMBIBAIOT aHAJOTHY-
no. O6a ocanka pacteopsior B ropsueii 2 N HySO4 n ocaxpaior rafimii Kyn-
deponom (cM. crp. 77 u 78). Oca/lok NPOKaJHBAIOT M B3BELIHBAIOT B BHJE Gag0s.

Ecau ocaIeHWe NMPOBOAWTCA B NPHCYTCTBHH BaHafHsl W JIONOJHHTEJIbHO BhI-
napmuit (B QuAbTpPaTe) OcaJloOK OKCHXHHOJIMHATA HMEET He CBETJIO-JKEJThIH, a
Tpsi3HO-KeATHIf 1BET, TO 5TO YKa3BIBAET Ha coocakienxe Banauus. B stom cay-
yae NOJYYEHHBI OCAfOK HEOOGXOMHMO PAacTBOPHTL B MHHHMAJbHOM KOJHYECTBE
ropsiueil cepHOil KHCJAOTH W MOBTOPHThL OcakaeHHe.

Ilpu comep:xkanuu B pactBope <20 me Ga ocaxmenHe NPOBOMSAT
cleayomMM 06pa3oM: K CHJIbHOAMMHAYHOMY PacTBOpy A00aBJaAIOT
OKCHXHHOJHH H, He OPQHUIBTPOBbIBAs OCaNKa, aKKypaTHO He#ATpajH-
3YI0T yKCYCHOIl KHCJIOTOf; 106aBAsI0OT pacTBOP KapboHaTa aMMOHHA,
KHNATAT H QHABTPYIOT.

IlepeBesenne OKCHXHHOMHHATA TaJans B KyndepoHAT H B3BeIlH-
paHue B Bujae Gay0; MCHOAb3yeTcsl TOJABKO JJd NpenapaTHBHEIX le-
Jeft; AJs TOYHOrO 3Ke Ompe/ie/ieHHsl TalJus PEeKOMEHAyeTCs B Kaue-
cTBe BecoBOH (HOpPMbI OKCHXHHOJHHAT.

Merton sBasercs TounbiM. Pe3yabTaTel aHa/ H30B, MPOBEAEHHbIX C
1—20 me {811] u 3—70 me Ga [838, 839], oTKIOHAOTCA B CPeiHEM
Ha ~ +0,1 x2 oT TeopeTHUeCKoil BeaHYHHBL. MemaioT onpeaeNeHHI0
Al, Fe, In, Zn n apyrue 31eMeHTbi, OCaXk1al0IHECs OKCHXHHOJIHHOM
[690, 1138].

OcaX/lieHHe TaJJusi B NMPHCYTCTBHM TapTpara MMO3BOJAET OAHO-
BpeMEHHO OCYLIECTB/IATh HEKOTOpBIE pasaenenus [838, 839].

TTpHCyTCTBHE MHOTOATOMHBIX CIHPTOB XHDPHOTO psila (MaHHUT H
rJIMLUEPHH) He OKa3blBaeT BJIHAHMS Ha NOJIHOTY BBIIGJNEHHS TaJuiHs.
Jlas mosmHoro Mackupopawusi MoRa Gad* oGommu cmupramu pH
pactBopa 10/1HO ObiTh 13 [416]. Ocaxnenue raaius BHrojgHee npo-
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BoauThL npu pH<6, utoOul u3bexarb ocaxaeHus APYyrux MeTaJJioB.
Bausiume pH Ha nonHOTY oOca/ieHus rajaus 10Apo6Ho GbLIO
nayuyeno Yepxammnoi (534, 535]. Ocaxmenne mpoBOAHIOCH M3 Ou-
(hbranaTHbIX WK auneTaTHIX OydepHbIX pactopoB (pH 2,5; 3; 3,5; 4)
5%-HbIM PACTBOPOM OKCHXHHOMHHA B 2 N ykcycHol kucaore. Bouio
[I0Ka3aHO, YTO MOJHOE OCaKIEeHHe OKCHXHHOJIMHATA Tajausa J10-
cTHraercs B pactBopax co 3HaueHnem pH we mmxke 3,5. Has oca-
penus 5—20 me Ga cnenyer BBoauTh 309 -Hbll H3OBITOK OCaXHTEJA,
NpH MEHBLIMX COJEpPKAHHAX TlaJyIHA HeoOXoAHM 2—3-KpaTHbIH
#u3buirok. anauit oraensiercs ot Ca, Mg, 7 m2 Pb u Cd, 20 me Mn,
0,5 e U. [Ipy Hanuyum OGOAbIWIKX KoaHuecTB Tpebyerca mepe-
oCaxKIeHHe.

Al, Fe(IIl), Cu u V(V) ocaxpaaiorcsi BMecte ¢ raanueMm. Opna-
KO B NPHCYTCTBHH (ranar-uoHa (OudranatHeiii Oydep) rauaaui
yAaeTcs OTAENUTh OT OCHOBHOI Maccel amomunusg. Mz 300 me Al
B ocajok nepexonur 0,3—0,5 me. BoegeHuem B pacTBop THOMOYEBH-
Hbl npeaynpexjaaercs ocaxaenue 5 me Cu; npu GOJbIUHX  KOJIH-
yecTBax Tpebyerca nepeocakieHue., B NpHCYTCTBHH acKopGHHOBOM
KHC/JIOTHI H THAPOKCHJIAMHHA TaJJIHil yAaeTcsl OTAENUTh OT OCHOBHOH
maccel xesesa (M3 20 me Fe c ranauem ocaxnaerca 0,05—0,1 me)
Hor 1—2 me V.

[Tpu onpenenenun HeGOJBIIHX KOJHYECTB TaJjjiHs MOJHOTA BhI-
JeJIEHHsI €ro He YAOBJeTBOpPHTeJNbHAa. ['OMorenHoe ocaxjeHHe ero
npu ruapoaunse 8-auerokcHxuHoanHa [945] Takke He Jajo HYXKHBIX
pesyJibTaToB.

Bosbuelt H36HpaTeabHOCTHIO 0 CPABHEHUIO ¢ 8-OKCHXHHOJIHHOM
o6nanaer 5,7-1HOPOM-8-OKCHXHMHOJIMH, KOTOPHIl  KOJHYECTBEHHO
ocax<naer raaauit u3 pas6asaennoit HCI, conepxameit auneron [831].
Ocanok Moxket GbiTh BhicymieH npu 100—224°C u B3BelueH B BuIC
Ga (CoH BryNO); [767]. Pearent nossoasier onpejienaTh rajiuil B
npucyTcTBHH amioMuHEA (Al:Ga=1000:1). Memaior In3* u Fe3+,
TaKiKe oca)KJalollHecs NPH [AefCTBHH 3TOTO peareHTa.

Onpeneaenne rajdjusi B BH/e NHPPOIHAMHIHTHOKapOaMuHaTa
[837, 843, 1357]

Fannuit KoaHyecTBEHHO OcaKAaeTcs MHPPOTHAHHAHTHOKApGaMH-
Hatom Hatpus npu pH 3,8—4,0 B nmpucyTcTBHH BHHHOM KHCJIOTEL
Ocanoxk BeicymuBaior npu 110—120°C u B3BewHBalOT B BHIE
Ga (CsHgNS2) 3. Metog otniHyaercss BeICOKOH TouHOCThIO, 0,5—10 m2
Ga onpenensiores ¢ omubkoit +0,05 me. ITytem spupuoil sKcTpak-
uun u3 pacrsopa 5,5—6 N HCI u skcrpakuuu ¢ nomouisio CCly au-
STHAANTHOKapOaMHHATOB M3 BOAHOro pacrsopa npu pH 8—9 nocru-
raercsi oOTAeJNeHHe BceX 3JeMeHToB, KpoMe Asd+ Sn?+, Sntt,
Se(IV) u Mo(VI), koropsie Bblensiior B BHAE cyabbunos. XKeaeso
BOCCTaHaBAHBalOT A0 3Kcrpakuuu pacrBopom TiCl;. Menee uem
10 me Al ne memalor onpeaenenuio 5 uz Ga.
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Onpene.neﬂue ranaua B BUaE canuuunrunpoxcamara
[1218]

20-kpaTHblii H3GBITOK peareHta Ocaxaaer Ga(C7H;0sN) (OH)
npu pH 5,5—6,5. Ocanok BbiAEpKHBAIOT B TeyeHHe 2 yac., 3aTeM
GUABTPYIOT Yepe3 CTeKJSIHHBIH (UIBLTP, MPOMBIBAIOT ropsiueil BoJOM,
BbicymupaioT npu 110°C 10 nocTosiHHOrO Beca W B3BELIHBAIOT.

Onpesie/eHHI0 MeIaloT aJIOMHHHH H HHAMH, TaK KaK oGpasyioT
ananoruunsle ocaaxku npu pH 6—7,5 u 4,5—5 coorBeTCTBEHHO. He
memaer PO?~, eciu TONBKO MOBbIIEHHe BEIHUHHEL pH no Heobxo-

JAMMOro 3HAUEHHs NMPOM3BOJAMTH Iocje A00aBKH peareHTa.

Memaomee neiicreue Cu, Fe, Ti, V u Mo ycrpansiior npeaapH-
TeJbHON SKCTpaKIHeH HX CaJHIHATHAPOKCAMATOB xJopodopMOM H3
PACTBOPOB ¢ BHICOKOM KOHLIEHTpaLHeH H.SO0,.

OHDEII,EJICHHE rajgjJuss c nuaumnupn.nnponunme'raﬂom
[100]

MeTo XapaKTepH3yeTcs: BBHICOKOH CeJeKTHBHOCTBIO. Ocaxnenue
ranmusa naunHaerca u3 3 M HCl u konmuuecTBEHHO 3aKaHUHBAeTCH
B 5,5—6 M HCI. Cocras ocazka CosHaO2Ns-HGaCls, hakrop nepe-
cyera ua rajuaui 0,1084.

K anaqn3aupyeMoMy pactBopy MNpHGaBJIAIOT 1%-HBIiT pacTBOp pearenTra
5 CH;COOH (1:10) mo 1 m2 Ha KaXABIH MHJJIHIPAMM rajlins H paBsHEI 06BEM
konnentpupopanrofi HCl. Ocagok OT(QHALTPOBLIBAIOT Hepes CTeKJIAHHEIA (QHIBTP
Ne 3, mpommBaior chavana 6 M HCl, comepxkaueit 0,05% pearenra, a 3aTeM
6 M HC|, swcymusaior npu 100—110°C 1 B3BENIHBAIOT.

Tpu onpenenenuu 3—17 ue Ga ommnbKa <2,0%. Onpeaenenuio
He memaior Mn2+, Mg, In3+, Co?+, Bi, Fe?*, Zn, Cd2+, Cu2t+, Al,
Ni2+. Memaior TI®+ u Fedt+, Ilocaeanee npeaBapHTe/NbHO ClAeAyeT
BoCCTaHOBHTL a0 Fe2+. Meron mMozxer ObITh MCMOJb30BaH AJs OTAE-
JEHHs] TANJHS OT COMYTCTBYIOLIHX 3JIEMEHTOB.

Onpenenente ranaus ¢ N-Genzon-N-deHHATHPOKCHIAMHHOM
L [13, 741]

N-BenzouadeHuaruipoKCHIaMHH (B®TA) ocaxnaer raajui 3
CONISTHOKHCABIX H XJOPHOKHCJIBIX PacTBOPOB (pH 1,6—3,5) B BHIE
Genoro ocanka coctaBa Ga(CysHgOgN)s, Mano pacTBOPHMOrO B
CCl,, CoHsOH, (C.Hs):0, CH3COOH, pas6asnennoii HCl u moxn-
noctwio pactsopumoro B CHCl;. ®Pakrop mepecuera Ha raJni
0,0987.

B HccaenyeMOM pacTBOpe VCTaHABAHBAIOT HeoGXoauMoe 3HATCHHE pH, mno-
JOrpeBalT pacTBop MO 40—50°C u NpHJAHBAIOT ~2,5-Kpamr§ﬁ u30LITOK CHHP-
TOBOTO pacTBOpa pearenta. BrilepKHBAIOT CMECh Ha poAHOIl GaHe B TeyeHwe
~45 MuH., QHABTPYIOT, OCajOK NPOMBLIBAIOT H BHICYIIHBAIOT NPH 110—120°C.
Bapemmupator B Buge Ga(CisHpO2N)s. Onpenenenue MOMHO 3aKOHYHThL TaKKe
NpOKANMBAHHEM OCA/Ka 10 OKHCJa.
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OTHM METONOM TrajliHii MOMKeT GHITh KOJHUECTBEHHO onpejeaeH
B npucyrcreun Al, Be, Zn, Fe(Il), Cu, Th, Ce, U u In ¢ owu6Kkoix
+1%. TFannuit ocaxpalor 3 Harperoro no 50°C COJISTHOKHCJ/IOT0
pacrBopa nmpu pH~23 (npu stom pH uckaouaercs ocaxJaeHHe
THAPOOKHCEH H 06pasoBaHHe MOJNMMEPHBIX HOHOB Ta/lIHs), peakiH-
OHHYIO cMech BbiaepxkuBaior 30—45 MuH. Ha BoasHOfl GaHe, BEIje-
JIHBIIHIACS OCA/I0K OTQHILTPOBBLIBAIOT M BLICYIIHBAIOT. Fed+ Memaer
ONpPENENEHHIO, MO3TOMY @ro IpejBapHTENLHO BOCCTAHABIMBAIOT
aCKOpPGHHOBOH KHCJIOTOI.

ITpu onmpenenenun rainus B MPHCYTCTBHH THTaHa aHaJH3Hpye-
MBIl PACTBOD MOAKHCAAIOT COJSIHOH KHCJIOTOM no 0,2 N, seogsaT
CIHPTOBOM pacTBOp peareHTa, NepeMelHBalOT cMech B Teyenue 40—
50 MuH., BBIDaBUIHI GeH30M/I(pEeHHATHADOKCHAAMHHAT THTaHA OT-
¢uIbTpOBEIBalOT M nMpoMbiBaoT 0,2% -HbiM pacTBOpOM peareHTa co
sHauenneM pH~0,5. ®uiptpar ynapusaior, ycraHaBaHBaIOT pH
2,5—3,0 u ocaxaaior ranamnii. OnpeneneHHio ramuHs u HHIHG Me-
AT GoJblIHEe KOoJHYecTBa F-,

Onpenenenne raaius ¢ AUKapGOHOBBIMH KHCJIOTAMH
[1345]

AselauHOBast W CeGALMHOBAs KHCIOTH KONHYECTBEHHO OCAKI1a-
I0T Ta/VIiil B BHAe GeJOr0 KPHCTA/JTHYECKOTO OCANKA OCHOBHBIX
coseit cocraBa (CH;)7(CO0),GaOH u (CHz)5(C0O0);GaOH npu
pH 4,0—5,5 u 4,0—6,0 cooTBeTCTBEHHO. Ocankn HepacTBOpHMEH B
BOZe H B OOBIYHBIX OPraHHYECKHX PACTBOPHTeasX. OHH He MJIaBSTCS
BILIOTE 210 250°C u He H3MEHSIOTCA B Bece mpu HarpeBaHHH B Teye-
HHE HECKOJbKHX uacoB mpu 100—110°C.

Huxuuit npenen onpesesenus cocrasasier 15 me Ga. SDKsupa-
JedaTHble KonmyectBa Na, K, NH}, Ca, Sr, Cd, Mg, Mn2+, Ni2+,
Gosk 'Courl Tl iy CrO;~ ompenenennio He Memaor. Memaior Zn,
Cett, Cr3+, T+, Bi, Fe¥+, Fe?+, Cu?+. Memaromee neficTaue Crit:
T3+ u Cu®* yerpansior okuciennem Cré+ o CrO~ menoynem pac-
TBOpOM OpoMma u BoccTanaBaenuem T3+ go T+, a Cu2+ go Cu+ cep-
HHCTHIM Ta3oM.

Onpenenerne ranius B Buae tocdara
[485—488, 534, 780]

Ocanok dochara raniua KoTHIECTBEHHO BHIAGAAETCS H3 pacTBo-
pos npu pH 2,5—7,5. Beanunuaa TP GaPOy cocraBasier ~ 1,0-10-21
TpH HOHHOM cHie |. B kauecTBe ocanurensi MCHOMB3yiOT tdocdar
amMonus [488]. Ilns ocaxnaenus ¢ocharta raiius CTeXHOMETpHYe-
CKOro cocraBa TpeGyerca H3GBITOK OcaguTe/s, B POTHBHOM cayyae
U3 pacTBopa BBIAEJAIOTCS OCHOBHble (ocaThl rajaus nepeMeHHOro
cocraea. Komnyecteo ocagutens Banser TakxXe M Ha thopmy ocajka.
Kpucrananseckuit ocagox moayuaercs npH ocaxaennn 20-KpaTHEIM
H30BITKOM ocara u3 pactsopa ¢ pH 2,5—3,5 noce BhIJIepKHBa-
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wusi B Teuenue 30 MuH. Ha BoasHO# Gaue [534). Ilpu Harpepanuu
GaPOQ,-xH;0O (rae x=3 npu 25°C u x=2 npu 75°C) nOMHOCTLIO
peruapatpyerca npu <<200°C u NpH_JanbHeflIeM MOBHILUCHHH
TeMIepaTypsl He M3MEHseT CBOH BeC; GaPO,, mpokaneHHbli npd
=550" C, He THrPOCKONHYEH.

K consHokHcaoMy (a TaKike CEPHOKHCJIOMY HJH A30THOKHCJOMY) PacTBoOpy
coan rannus npubasisior 10 ma 10%-woro pacrsopa NHH,PO,4, pas6apisior
gof10i1 mpuMepHo A0 50 A4, HArpEBAalOT 1O KHIMEHHd, NpHOABJSIOT M0 KarmjisM MpH
nepememusanun pactsop NHOH no pH 3—5 u cnycrs 5—10 MuH. ocagok OT-
()HJIBTPOBHIBAIOT Yepe3 MIOTHLLH Gymaubii (UABTP, TMPOMBIBAIOT 5%-HbBIM pac-
teopom NH;NOjz 1m0 OTpHILATE/IBbHOM peakunH Ha Cl—, BBICYWIHBAIOT, TpOKaJH-
pawT npu Temneparype =550°C u B3BEUIMBAKT B BHIC GaPQ,. ®aktop nepe-

cuera Ha raminii 0,4232.
Ipu comepmxannn 30—150 x2 Ga craHJapTHOE OTK/JOHEHHE COCTaBJACT

0,45 me.

MeTojl MOJKHO HCIOJB30BATH AJS ONpeleseHHs [avus B IpH-
cyreTBuE (ocdara, MEUAIOUIero MNpaMoMy KOMIIJIEKCOHOMETpHYE-
CKOMY ONpEJeJIeHHI0 TallIHsl, OCaXKJIeHHIO €ro THIPOOKHCH M Jp.
OnpefieseHHI0 He MEWAoT Ca, Mg, Mo, no 5 x2 Zn, Mn, Pb, Co,
Cd, 3 sz Cu u V. Ocaxpaeune ¢ocdara ranius MOKET GBITE NPO-
BeJeHO TAKXKe HarpeBaHHEM pacTBopa ¢ MOYEBHHOH.

OnpeneJenue ranins heppounaHHioM Kaaus
(481, 623, 811, 1135, 1191, 1192, 1401]

Buinesnenue rajans B puae GagfFe(CN)els 3 cHAbHOKHCILIX pac-
TBOpOB GbLIO BBEJEHO B TMPAKTHKY KOIHUECTBEHHOTO aHaju3a ele
Jlexox ne ByaGoxpanom [1018, 1022, 1023, 1027—1029, 1033—1035,
1044—1046, 1050, 1051] u MHOrOKpaTHO HCHOJAbB30BAIOCH. Tloapnee
3TOT METOJ B 3HAYHTENbHOM cTeneHn Gbu nepepaGoran [811], onnako
[0 CPABHEHHIO C APYTHMH METOAAaMH OH HMEET MHOTO HEJ0CTATKOB —
0CaZ0K [/10X0 HALTPYeTCst, HEOOXOAMMO NPOBEACHHE CTOKHBIX OIE-
pauuil st NepeBefleHHst COfepKaluerocs B HEM raj/Hsi B BecOBYIO
dopmy u 1. A. TlosToMy MeTOX MOYTH yTPaTHI 3HAUCHHE JIJIT BECo-
BOTO OMpeeseHns rajns, oaHako Graroaaps crenuGUIHOCTH €eme
MpHMeHseTcsl [l OTAeNeHHs Ta/lJas OT APYTrHX 37eMeHToB, obora-
Ulenus raJans mpd mepepaGoTKe MHHEpanoB M LI HOTEHIHO-
MeTPHYECKOTo OMpeleneHus ero [481, 962]. UyscTBHTENbLHOCTH
merona 0,1 mz Ga/l0 ma 12%-HoH HCl. PacrBopuMOCTh
Gagy[Fe(CN)e)s B BO1E MPH 95° C coctapaser 1,5+ 103 moas/a, IIP=
=1,510-% [482].

OmpefeNeHHIo Ta/IHs MELIAIT OKHUCJAUTE/H, B TOM ypcJae HHT-
paT, a TakXe BCe MeTa/bl, KOTOpbie B AHAJOTHUHBLIX YCJIOBHAX
ocaxkaaioTess B Buie ¢deppounanuaos (Zn, In, Zr). Ocaxpenue
raJsius, 0JHAKO, BOSMOXKHO B IPHCYTCTBHH Pb, Hg, Bi, Cd, Sb, Co,
Mn, Al, Be, p3s, Rh, Ru, Ir, me/109H03¢METbHbIX meTtaJiiios, bopara

u docdara.
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Onpenenennde rajins B BHJe reKkCaMHHOKoOa bTHdTOpPraaaara
[1385]

lanauii KONHYECTBEHHO OCAXK/1aeTcsi reKCaMHHOKOGaJbTHXJIOPH-
nom npu pH 3,5—5,7 us pactBopos, comepxkamnx ¢ropux. Ocanok
BoicymHBaiT nipH 110°C u B3Bewusaior B BHAe [Co(NHs)gGaFs.

4—15 me Zn, T+, Ti**, Mn?*, Ni** He MewmalOT ONpeje/ieHHUIO;
MellaloT MHIIHTpaMMoBbie KoJuuectBa In®+ m TI3+, ocamxmawuiue-
ca us 2,5 u 0,5 N HCI cooTBeTcTBeHHO, a TaKiKe aJIOMHHHI.

DJeKTPOJHTHYECKOE ONMpeNe/eHHe rajijiHs

Hopwmausbubiii (cTaHmapTHBIN) 3JeKTPOMHBIN NMOTEHIHAJ] [aJlJIHs,
H3MepeHHbI o otHowenuo K | N Gay(SOy);, pasen —0,58 6 [1259]
(mo apyram gpanaeiM —0,52 8 [725]), BcaeAcTBHE uero BLIAEJCHHE
raJl/Idsl U3 KHCJIOT0 PacTBOpa 3aTPYAHHTENbHO, OJHAKO H3 IIEJOYHO-
To pacTBopa BO3MOXKHO. B amMMmuayneix pacrBopax, coiepiKallux
cyJabaT aMMOHHKS, MOTCHIHAJ BhIIeNeHHs raaaus 2,6 ¢ mpu 20° C
u 2,4 8 mpu 75° C [12561].

s monydenus nuotHoro GJecTsllero ocajka MeTaJjJa HeoOXo-
AMMO CHJbHOE NepeMelnluBaHHe pactBopa (B 120 ma nomkHO OBITH
He meHee 20 me Ga). Ilpn anekTposuse B IeJIOYHBIX pacTBOpax
MJIATHHOBBIH aHOJ YAaCTHYHO pa3pyllaeTcsi W Nepexojsiiiasi B pac-
TBOp ILIaTHHA paspsiyKaercda Ha KaTtome. Bo uaGexanue 3TOro u 144
MOJIyYeHHs NPaBHIbHBEIX Pe3yJbTAaTOB MOXHO MO0 BHOCHTL TIONpaB-
K [1251], miGo noGasaste cyabdar rHApasHHA, KOTOpBIA B 3HAYH-
TeJbHOH CTENeHH MPEensiTCTBYeT BBIAENEHHIO IJAaTHHEI Ha KaTojle
[1252], nu6o BecTH 3/€KTPOIM3 Ha IIATHHOBOM CeTUYATOM KaToje,
OMEIHEHHOM paHble HJIH OJHOBPEMEHHO C IPOLIeCCOM BLIAEJEHHS
raJ/lJiisl H3BECTHHIM KoauuecTBoM Menu [1393].

K ceprokucaomy pactsopy, comepxamemy 0,05—0,2 2 Ga (HHTpPAaT-HOH B
OyeHb HeGOJBIIHX KOJHYecTBaX He MemaeT), AoGaBasior 50 M4 KOHUCHTPHPO-
BaHHOro pacteopa ammuaka, 10—40 ¢ (NH,):SO,4, 6 e rugpasuncynsdara u pas-
Gasasior po 130 ma. DnekTpoau3 BeLyT Ha BoastHoi Gane npu 60—80° C, ucnoan-
3yA KaroXx B BHIe ABoiHOf cerku H3 Pt —Ir (Ir —5%) n nmpumenss nmepememn-
eanne (1200 o6/mun). Ilpn mocTosHHOM CHJe TOKAa 5 a H HaNpIKeHHH ~3,3—4 &
BhlJleJleHHe Ta/JIHS 3akaHunBaercsi B Teuenne 30—60 mum.

Jlns npoBepKH MOJHOTHL BBHIJEJEHH:A TaJHsA HeGOJbLIOe KOJIHYECTBO 3JEKTPO-
JiMTa NogKHCAAKT pasbasgaenHofi H.SOg no Tex mop, moxa OKpacka CMEUIAHHOrO
HHIHKAaTOpa, COCTOfILIEr0 H3 PaBHLIX HacTefi HeATPalbHOrO KPacHOro H GPOMTH-
MOJIOBOTO CHHEro, N0GaBJeHHOro K npofe, He mepefiieT H3 3eM€HOH B PO30BYIO
(pH ~7—72). Ecau npu 3TOoM uepe3 HeKOTopoe BpeMsi He Gymer HaG./i01aThes
Boiiestenns Ga(OH)s, To 3/1eKTPO/IH3 MOMKHO CYHTaTh 3aKOHYeHHbiM. [locie 3TOro
GXJaMKAaI0T 3JEKTPOJHT XOJOQHOH BOJOM H, He BHIKJIOYAas TOKA, BHIHHMAKOT
SJIEKTPOAL, OMYCKAlOT HX OLICTPO B XOJOAHYI0 AHCTHLIHPOBaHHYHO BOLY, a4 3a-
TEM NPOMLIBAIOT TOCAeAOBATEIbHO HECKOJLKO Pa3 BOAOH, aGCOJIOTHEIM CHHPTOM
H 3¢upoM. BricymHBaoT B CYWIHABHOM WKady HJIH OCTOPOKHO Haj HeGOJbUIHM
IVIAMEHEM TOpeJIKH, OXJaX/IalT A0 KOMHATHOH TEMIEpaTypel M B3BElIHBAIOT.
B KHAKOM cOCTOsHHM rajiHii B BHIe cepeGpHCTOrO Hajera oueHb XOPOIIO OCaXK-
JpaeTcs Ha CeTYaTOM KaTojle; eCJHH Toc/je OXJaxKAeHHs OH He 3aCThiBaeT BCJel-
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CTBHE nepeoxna}xnennﬁ, TO KPHCTB.HJIHHAH.HEO BbI3BIBAKOT OCTODO)KHHM NPpHKOCHO-
BeHHeM K HEMY KycOYKa TBEpOro raijs. IMoayuennufi TakuM 06pasoM MeTalt
umeer roayGoBaTo-cepHft LBET H 3aMeTHO HE OKucisiercs Npd XpaHenHd B
skcukaTtope. Ilocie B3BeNIMBAHHS METall pacTBOPAIOT B KOHILEHTPHPOBAHHOH
HNO;; BOsHHKalomee NPH 3TOM TeMHoe OKpallHBAHHE 3.EKTPOAA YCTpaHAKT IHo-
rpyXKeHHeM ero Ha KOPOTKOE BPeMs B LApCKylo BONKY HJH JKe OueHb HELOMTHM
[POKa/HBAHHEM B [JIAMEHH TOPEJIKH.

TlpH Gosbimeii NPOAOMKHTENBHOCTH 3JEKTPOJIH3A PEKOMEHAYETCs 106aBaATb
B 3JEKTPOJIHT elle HeCKOJIbKO rpaMMoB TBEpAOro l‘HﬂpaEﬁiHC)’dejaTa.

T[lps mnpoBeleHHH 3JEKTPOJH3d Ha OMEJHEHHOM KaTone 0,02—02 2 Ga B
sune Gay(SO04)s pactropsior B 100 xa BoAbl, npuGasasior 10 xa 5 M pactsopa
NaOH, 3—5 2 (NHy),SO, u 0,02—0,04 2 Cu (crannaprastii pacteop CuSOy). Ha-
rpeatoT pacTBop 0 60—70° C i BHUIEIAIOT MeAb NPH MOTEHIHATe 2 g; 3aTEM CHJAY
TOKA YBEJHYHBAOT 10 4—5 4 ¥ BBUENAIOT raaaui. Ilo OKOHYAHHH 2JIEKTPOJH3A
NPOMBIBAKT KaTOA BOAOMH, CTHPTOM (HJH aIeTOHOM), BLICYLIHBAOT B TeuyeHHe
10 mun. nmpu 110°C u B3semupaior. Ms cymMmaphoro Beca Ga+Cu BHYHTAWOT
H3BECTHOE KOJHuecTBO Bhjeampimeiics mean. Oba MeTofa 37EKTPOJAHTHIECKOrO
BRULCJIEHHS] Fa/idsl AAI0T XOPOIIHe PesyJbTaTH, HO MDHTOAHBL TOJBKO JHGO AJs
YHCTHIX PACTBOPOB TajuiHs, AAGO AJs OTAC/CHHS €ro oT GoJee AKTHBHLIX MeTall-
.n'%s. Bl/lemzalm WM uacTHUHO Bhensiorces mecte ¢ rammem Cu, Co, Fe, In, Ni,
Pd, Tl m Zn.

TUTPUMETPHYECKHE METO/bI

O6BbeMHELIE METOABl ONpelejeHHs] TajiHsg Pa3sBHThl HEAOCTATOq-
no. Hanbosee H3yueHO THTPOBAHHE TajiHs (eppoUHaHHAOM Kalwd,
GpoMaTOMETPHYECKOe H LEPUMETPHUCCKOE THTPOBAHHE OKCHXHHOH-
HATA TaJUIHsl, BaHALATOMETPHYECKOE THTPOBaHHE JHODOMOKCHXHHO-
JIMHATA Talius H KOMILIEKCOHOMETPHYECKOE THTPOBAHHE TaJlHA.

[lepBLie TpH MeTOAA MOBOJBHO AJHTENbHBI, TPYIOEMKH H CTJIH-
qAIOTCS HEBGOJIBIION CeeKTHBHOCThIO. TpeGoBaHHAM MPaKTHKH GOb-
le OTBeYaloT KOMILIEKCOHOMETPHUECKHE MEeTOJbl, NOJy4YHBIITE B
HacTosillee BpeMs LIHPOKOE pacnpocTPaHeHHE.

TurposaHHe (eppoUHAHHAOM KaaHs

Meron THTpPOBaHHS rajius GepponHaHUuIOM B IPHCYTCTBHH dhep-
punmannfa Oe mpepnoxen & 1928 T Kupmuimanom u Pamsaem
[962] u u3yuen Aro [623]. Kouen THTpOBAaHHS ONPEAENAETCs MOTEH-
wmoMerpudeckay nytem. ITo nannbim Kupuimana o Pawmsasa [962]
JyuiiHe pe3yabTaThl MOJyYaloTCsl B 0,03 N HCI; Ao [623] cunraer,
YTO KHCJOTHOCTH PacTBopa HEOGXONMMO MOLIEPKHBAThL B Mpeje/ax
0,005—0,0025 N HCl, Tak Kak TOJNbKO TOf/la €OCTaB OCajKa Jef-
crsurennno coorsercrayer dopmyte GagdFe(CN)gh. B cnabHOKHC-
asix (>0,1 N HCl) u B caumkoM c1aGoKHCIBIX (<0,0005 N HC1)
pacTBopax, a TaK¥Ke B pacTBOpax, COJepKallHX MHOTO HeATpanb-
HHIX cOJieii, TIO ero MHeHHio, He Habal0faercs Pe3Koro HIMEHEHHT
MOTeHIlHaJIa.

TurpoBaHHe pacTBOPOB C temmeparypoii >40° C mpHBOANT K
paspyLIeHHIO OCaJKa M OKPaillMBAHHIO PAacTBopa B rosy6oii IBET.
B KauecTBe HHAHKATOPHOro 3JEKTpOja NPHMEHAETCA MVIATHHOBAs
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TNPOBOJIOKA; 3JEKTPOAOM CPaBHEHHSI CAYMKHT KaJOMEJbHBIH 3/eK-
tpox, THTpOBaHHe NPOBOXMTCH KOMMeHcalHOHHBIM MertofoM. Ilpu
nenonbzoanun 0,01 uau 0,05 M pacrsopa KgfFe(CN)gl, conepxa-
utero 0,5—1,0 2 Ky[Fe(CN)g] 8 1 2, nonyyensl ya0BJETBOPHTENbHbIC
peayabraThl onpenenerus 5—20 e Ga [623] u 33—130 xz Ga [962].
Metox onpenenenns rannsa MPHMEHAM TOJNbKO K YHCTHIM PacTaopaM,
TpH OTCYTCTBHH JAPYTHX 3J1€MEHTOB.

Yepkauunoi [534] Gb1d yTOUHEHD! YCAOBHSI THTPOBAHHA M BLIsiC-
HeHO BJIHSHHE IOCTOPOHHHX 3JeMeHTOB. THTpoBaHHE NPOH3BOMH-
Joch no KommencauuonHoit cxeme 0,025 M pacrsopoM ¢epponna-
HHJAA Kajausi. BblJI0 VCTaHOBJEHO, YTO ONTHMAaJbHOH KHCJIOTHOCTBIO
npH THTpPOBaHuH raaaus asasercs 0,015 N HCI u 60°C (+2°). Kon-
WeHTpAlHA Ta/iusi TPH THTPOBAHHH He JO/KHA ObiTh Bolle
0,15 m2/ma. B HaliileHHbIX ONTHMAIbHBIX YCJOBHSIX MOXKHO Ofpe]e-
19Th oT 5 10 26 me Ga. Omu6Ka Metona ne npesbimaer 1,5% npu
conepxanun 5 2 Ga u 1% — npH GOJBIIHX KOJHUECTBAX.

B caa6okucaoit cpene Fe, Zn, Cu, Ni, Co, Cd, In, Mn u V o6pa-
3yIOT HepacTBOpHMbie (eppOLHAHH/Ibl H MEUIAIOT ONPEeEJNCHHIO ra-
aus. AmoMuHEil He ocaxjaercs (deppolMaHHIOM, HO JaeT ¢ HHM
MAaJIOMHCCOLHMUPOBAHHOE COeJHHeHHe. B TPHCYTCTBHH 3-KPaTHOro
H36BITKA aJIOMHHHS ONpeJeJenne rajius Hesosmoxno. He memaior
Bi, Sb, Sn, As u Mo (no 3 s#2), 1—2 2 U u Pb, a Takxe Ca, Ti'd
TI. Cyabtars u xaopuasl (2,5 me/#a) TakKe He MEMIAIOT. Boubiune
KOJIMYeCTBA ITHX 3JEMEHTOB M HEHTPajbHBIX COJMEH PE3KO CHHIKAIOT
CKayoK MOTEHNHAJa H JeJAloT ompejejeHHe HeTOUHBIM HJIM HEBO3-
MoxubiM. B mpucyTceTBun mona NH]  pesysbrarthl cllerka sapbillle-
"Bl [792].

Jlyunine pesy/ibTaThl ONPEAENEHHs IajIHsA NOJAYYalTCs IpH 3a-
MeHe (eppollHaHuia Kaius (eppolHaHHAaMH JHTHS HIH HATpHS
[481]1. Monbl amoMuHHSI Aa)Ke NPH OTHOCHTENbHO BLICOKOH KOHIIEH-
Tpauun He oGpasyloT (mo KpaiiHedl mepe cpasy) ocaika ¢C
NagdFe(CN)gl. ¥YaoBaeTBopuTebHbIE PE3YAbTAThl NOJAYYAIOTCH JlaXkKe
B npucytcrBud 100-KpaTHOro H30bITKA aqIOMHHHSA. Onpenenenne
rainusi B TPHCYTCTBUH OOJBIIMX KOJHYECTB aJIOMHHHSA, a TaKike
B IPHCYTCTBMH METa/UIOB, He O0OpasylOIlHX OCafKa ¢ HOHaMH
{Fe(CN)gl*-, Momer GOHTb NpOBeAEHO AMNEPOMETPHUECKHM METO-
Jowm [481].

Busya/nbHOE THTPOBaHHe rajliHd (pepponHAHHIOM KaJlHs NPOBO-
JAUTCA B TPHCYTCTBHH peloKc-uHANKaTopoB — 3,3'-AHMeTH/AH AP THH-
Ha 3,3'-nuverniHadTHARHCYAb(DOKHCAOTH (646, 1109]. Konen THTpO-
BaHMsi YCTAHABJIHBAETCS MO MepPexopy OKPacKH OT KpacHoit B ma-
JICBO-3€JIeHYI0. JTHM METOJIOM MOXKHO ONpEeNATh 0,74—2,94 me
Ga c ommu6koit +0,25%.
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bBpomaTo- H LUEPHMETPHYECKOE THTPOBAHHE
OKCHXHHOJIMHATA TajaJaus

Onpeje/eqye rajjidsi OCHOBAaHO Ha OKHCIEGHHH OKCHXHHOJHHA,
oBpasyiolerocs MpH PaCTBOPEHUH OCAJlKa OKCHXHHOJHHATA raJHs B
coNsiHO KueaoTe, cBoboaHbIM Gpomom [49, 690, 838, 839, 1267], nubo
B XJIOPHOH KHCJOTe cyJbdartom Lepus B MPUCYTCTBHH KaTajH3aTo-
pa [864].

Kownell THTPOBaHHs B IEPBOM C/yuae ONpeNe/sieTcsi ¢ MOMOIIBIO
COOTBETCTBYIOLIEro HHAHKATOpa, paspymlaiouierocs H3ObITKOM 6po-
Ma (uoakpaxma/ibHas Oymara — BHEIUHHH HHAHKAaTOp), AHOO HOZO-
METpHUYECKH.

Tanaufi 0caXKaal0T OKCHXHHOJHHOM 10 METOAHKE, TNPHBEAEHHOH Bhime (cM.
BECOBOJI METOJl ONpeleNeHHs Ta/IHA ¢ 8-OKCHXHHOJIHHOM, cTp. 81—84). Ocanox pa-
CTBOPSIOT HemocpencTsenHo Ha ¢uabtpe B Temaoil 10—15%-noit HCL Beoast 8
¢uabtpat 1—2 2 Teepaoro KBr u mesnauntenbuuiii nabeirox 0,1 wau 0,2 N KBrOs,
Jerko OGHApyKHBaeMHl T0 TosBAeHWI0 cBoGoaHoro Gpoma. 3aTeM A06aBaAIOT
KJ H Kpaxman ¥ BbUIEJHBIIHICS HOJL OTTHTPOBHIBAIOT THOCY/b(ATOM.

Ipn onpenenenun 14,07—28,15 m2 Ga mOrpeurHocTb cocrTapiser +0,21%.

[IpH LepHMETPHYECKOM ONpe/leJeHHH KaTaJH3aTop TOTOBAT PacTBOPEHHEM
28 ma 50%-noro pactsopa Mn(NOs), # 3 2 AgNO: 8 250 sa 1 N HCIOs. Ias
apurotopaenus pacreopa Ce(SOs)s 7,4 mmn 14 e Ce(HSO4)4 cMemnBaioT COOT-
BETCTRBEHHO ¢ 5 uau ¢ 7 ma 98%-woit HoSO4, cMech HarpeBaioT 5 MHH. u A06aB-
AAIOT BOMY, comepxautyo 82,5 ma 72%-unoit HCIO4 1o ofurero o6bema 1 4.

BuinosiHenue onpedeaenus. Tpody, cofepxamyio 0,12—0,60 ne Ca®+, cmemwn-
BAIOT B LEHTPH(YKHON NpoGHpKe ¢ H3GLITKOM 2%-Horo pacrsopa 8-OKCHXHHOJH-
Ha B 16%-noit CHsCOOH, cmech HefiTpaausyioT pasfaBjieHHBIM DacTBOPOM aM-
MHaKa no (eHOJOBOMY KpacHOMY H Harpesawor 10—15 muH. Ha BoasHOW Oawe.
Ocanok uentpudyrupyior, npomuBaior 40%-uniM pacreopom CH3;COONH,, pac-
reopsior B 50 sa 2 N HCIO,, npu6asasor 100% -Hbiii H3GHTOK Ce(SO4) | ma
KaraJmsatopa, Harpesaior 4o 95°C, BHAepXKHBAlOT, MOKa DAacTBOp HE MOKpac-
neer (3—5 MuH.), GHICTPO OXJIaX[1aloT, MPHOAB/AIOT 10—15 a2 6 N HoSO4 n
THTpyloT M3GuToK Ce(SO4)2 0,01 wan 0,025 N FeSO; B npucyTcTBHH deppouHa.

Cpennsis omnbka onpenenenus raxaus 1%.

O6a Metona TpeGyIOT Npe/BaPHTEJNLHOTO OTAEJNCHHS TajIHs OT
371eMeHTOB, 06pa3yIOIHX OCaJAKH C OKCHXHHOJHHOM B TeX XKe yCJ/o-
BHAX, YTO M Ta/lIHIL

BanajaToMeTpHYeCKOe THTPOBaHHe
NMOPOMOKCHXHHOJNMHATA TAJJIHsA
[121, 364]

B npucytersun Al, In, Pb, Cd, Mn, a Takke HeGO/bIIAX KOMIH-
yeers Sb u W, ocaxjaenue rajjiusi IHOpOMOKCHXHHOJIHHOM H NOC/IE-
jyloliee BaHaJaTOMeTPHYECKOE €ro ONpe/eieHHe MOXHO BECTH 6e3
npeaBapHTeabHOrO OT/IENeHHs IaJlIHd [121]. Ecnu ke ONHOBpPEMEH-
#o npucyrersyior Fe, Cu, Zn, Sn u Mo, To mpefBapHTE]ILHOE OTHe-
JleHHe rajiaus o6szarenbHo. IannHil ocaxjiaioT B BHAEC THAPOOKHCH
MUPHIMHOM C AJIOMHHHEM B KauecTBe KOJJIEKTOpa a0 oTHensoT
SKCTpakiHeil B BH/e TPHXJOpPHIA 3DHPOM.
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IIpu THTpOBAHWH BHIAEJHBIIEroCs JHOPOMOKCHXHHOJIHHA B Ce€p-
nokucnom pacrsope V (V) Boccranasmmsaerca xo V (IV), a an-
GPOMOKCHXMHOMHH OKHMCAsieTcsi A0 MHPHAHH-2,3-1uKapGoHoBOH (XH-
HOJIMHOBOI) KHCJIOTH C OJHOBPEMEeHHbIM 06pa3oBaHHEM MYpaBbH-
HO{I, YTOJIbHON U OPOMUCTOBOAOPOAHON KHCJIOT.

Ha oxkucnenne | wmonsi JAHOPOMOKCHXMHOMHHA pacxojyercd
10 2-3KB. Banajarta. BeqHuuHa rpaMM-3KBHBAJIEHTa TaJiHs HeGONb-
mas (2,324), uTo MO3BOMNAET OMPENENSATL MHIIH- H CYOMHJIHTpaM-
MOBBHIE KOJIMYECTBA TraJjliisg MAKPOXHMHUECKHM METOIOM.

K 100 sa pacrsopa rauuus, cogepmxautero 4 sa 6 N HCl, noGasasior 20 ma
alleToHa, HATPEBAOT /0 KMIEHHA H NPHIHBAIOT 15—25 #a 0,3%-noro pacrBopa
AUGPOMOKCHXHHOAHEA B aderoHe. OCTOpoHO KuUmsTAT 15 MUH, a 3aTeM Harpe-
BAlOT Ha BoasHOll Gane 1 yac, QUJILTPYIOT B TopsiueM COCTOSIHHH M IPOMBIBAIOT
90%-upM TopsuuM pactsopom auetosa B 0,05 N HCI, a sarem Bopoii. Ilpombi-
THIL OCafOK BMecTe ¢ (HIBTPOM TEPEHOCAT B COCYd, TAe TPOBOAHIOCH Ocamie-
nue, npuanpaiot 75 ma 10 N HoSO4 u narpesaior o pactBopeHusi AHGPOMOKCH-
XHHOMHHATA, 3aTeM NPHIHBAIOT PacTBOP BaHajgaTta ammouus (25—50 ma 0,05 N
pactsopa MeraBanagarta ammonnus B 6 N H;SOu). KoanuecTso mocieiHero poax-
KO ObITb TaKHM, 4TOGHI MOC/IE OKHC/JAEHHA JAHOPOMOKCHXHHOJHHA OCTaBajCcs H3-
GuITOK Bananata He Menee 5—6 ma. CMech HarpeBaloT 10 KHIEHHA H KHNATAT
] MHH., Toc/e Yero BHIIEPIKUBAIOT HA KHNsiled BoAAHo# Oaxe B TeueHue yaca.
OxJaAaloT ¥ OTTHTPOBLIBAIOT H3OHITOK BaHanara pactsopom comt Mapa (0,05 N
pactsop B 6 N H,SO4) B npucyTcTBHM (eHHJI2HTPAHHJOBOH KHCJIOTEL Omnpene-
asemble Koauuecrna: 0,20—4,656 me Ga.

MeTon npuMeHHM S ONpeJeNeHHs TajjHuA B aHOAHBIX CIJaBax.

KoMniekcoHOMeTpHYecKoe THTPOBaHHe

Boupliie BO3MOXKHOCTH 0GBEMHOTO ONpEAeaeHHs Tajind MOABH-
JIUChL ¢ BBEJEHHEM B AaHAJIMTHUECKYI0 XHMHIO KOMILIeKcoHoB {414,
1234].

KoMmieKcOHOMEeTPUYECKHE METOAbl B OTHOLIEHHH CEJeKTHBHOCTH,
ObICTPOTL BHIMTOJHEHHS M TOYHOCTH Pe3Y/IbTATOB IPEBOCXOAST BCE
NpoYHe THTPUMETPHUECKHE METOMbl ONpe/ejeHus TaJlIHs.

KoMmiekcoHoMeTpuueckoe olpejesieHue OCHOBAHO Ha MPaKTH-
YeCcKH MIHOBEHHOM OOpa30BaHHH HE3HAUHTEIBHO JIHCCOIHHPOBAH-
HOTO KOMILJIEKCa TaJJiHs ¢ THTPOBAHHBIM PacTBOPOM KOMILIEKCOHA.

Hon raaaus pearupyer ¢ KommiaekcoHoM III B MomspHOM OTHO-
menun 1:1. Coennnenne GaY— cymecrsyer eme mpu pH 2 {1106].
pu pH 1,8—2,5 rannuii pearupyer ¢ KOMIJEKCOHOM B CTEXHOMe-
TPHYECKOM COOTHOUIEHHWH JHLIb TIpH HarpesaHud; npu pH 2,5—4,0
peakuua HAeT H Ha xosaomy [532].

Jlnst 3KCepHMEHTAJLHOTO ONpe/e/eHHsl TOUKH 3KBHBa/JIeHTHOCTH
NpH THTPOBaHHH KoMILIeKcoHoM III nonb3yloTest BHYTPEHHHMH HHJIH-
KaTopaMu (MeTaJJOHHAMKATOPH), B KayecTBE KOTOPHIX NpPHMEHs-
I0TCSl pasnHyHble OPraHMYecKHe KpacHTelH (MOPHH, 3PHOXPOM 4ep-
Hetil T, anuzapun S u T. A.) M Apyrue coeJHHEHHd, KOTOpble 00pasyior
¢ rajJjiHeM MHTEHCHBHO OKpallleHHLe KOMIJIEKCHBIE COEIHHEHHS, HO
MeHee TIpOYHBIE, YeM COOTBETCTBYIOUIMH KOMIIEKC C KOMIJIEKCco-
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som I11. TTostomy nocseHni BO BPeMA THTPOBAHMS BBITECHSET HOH
MeTasasa M3 KOMIJIeKca C HHAHKATOpoM. B MOMEHT JOCTHIKEHHS
SKBHBAJIEHTHO! TOYKH MPOUCXOAUT Pe3Koe H3MeHeHHEe OKpacKH pac-
tBOpa. Omnpejesenne rains MOKeT GbTb NpoBeJeHO B ClaGOKHC-
JIbIX, HeHTpadbHbIX H aMMHAUHO-TAPTPATHBIX pacTBOpax KaK METO-
JoM mpaMoro, Tak M (Gosbluei yacTblo) 0GpPaTHOrO THTPOBAHHSA.
[Tocienuee mpHMeHsieTcsi TOrJa, Korja NPsAMOe THTPOBAHHE KOMII-
JiekconoM [II HeBO3MOMXKHO WM He [aeT XOPOLIHX pe3yJabTaToB,
B OCHOBHOM H3-33 OTCYTCTBHSI MOJAXOJASAIIHX HMHAMKaTopos. B 3TOM
ciyyae BBeieHHbiit H3GHTOK Kommiekcona Il orrurpoBeIBaeTCs
pacTBOpOM coii Jpyroro metaina. [lonyyaemele pesyJabTaThl B
GOJBIIMHCTBE CJAYYaeB OTJHMYAIOTCS BBICOKOH TOuHOCThIO. Ecau TH-
Tposanue nposoauts 0,001 mau 0,1 M pacTtBOpoM KOMILIeKCcOHA 111,
7o owHGKa ONpejeneHidss Makpo- M TNOJYMHKPOKOJIMYECTB TaJius
cocrasaser npumepro 0,1—0,5%, a MHKPOKOJIHYECTB — 1—3%.

MuauKaTOpul NPH KOMNJEKCOHOMETPHUECKOM
THTPOBAHHU Fanausd

MopHH B NPHCYTCTBHH Falnus COO0LIaeT PacTBOPY HHTEHCHB-
HYIO 3eJeHyI0 (JIyOPEeCeHI IO, PaCHYILYO MpH NpHGaB/IeHHH SKBU-
BAJCHTHOTO KOJIHuecTBa KoMmiekcona III [169, 761, 1201, 1202].
Peakuusi OueHp UYBCTBHTE/]bHA, HO He ClenH(HYHA, MOCKOJBKY B
stux ycaosuax Quyopecuupylor takxke In, Al Be, Th; ‘Se = op.

K 40—860 ma anamMsupyemoro pacrsopa, coxepxautero 0,1—50 me Ga, mpu-
Sapasor 2 2 NaCl, 2 2 CHsCOONa, 1 ma nepsHoit CH,COOH u 05 ma
0,1 %-#oro pacTsopa MopnHa B 3THIOBOM cnupre. pH pacrsopa ponked ObITb 4,5—
©,0. Turpywot B yasTpaduomserosom ceere 0,01 M pacrBopoM KoMmJexcoHa III no nc-
yesHOBeHHs 3e/eHoil dJyopecienuun pacrsopd. HeGosblnne KOJHYeCTBa eJesa
# asomuuus (5—10 M2) MackHpyOT AobaBieHHEM pacTBopa tropobopara (1,8 e
KpHCTAJIHYecKoil 6ypsl pacTBOPSIOT BMeECTe C 3,2 ¢ NaF B Boje u mocje MOAKHC-
JIeHHs yKCYCHOl KHCJIOTOl [0BOAAT Bonoi mo 100 ma). OcTanbHble KATHOHBL (Kpo-
Me HIeJOUHBIX METAJJIOB) MeLIaloT ONpeLesieHHIo Tallind.

HenocTaTok MeTOAHKH — HeGoqbliasi CKOPOCTb peakund KOMIIEKCOHA HIi'c
raJjiieM, CBA3aHHBIM C MOPHHOM, H HEDe3KHil KOHEl THTPOBaHMSL. Jo6aBnenne K
HCCae1yeMOMY PacTBoOpy Tepej THTPOBaHHeM MeTaHoJa HJH aueroHa NPHBOJNT
¥ ycuneHuio GIyopeclerluH KOMIIeKCa Ta/iHa ¢ MOPHHOM H GoJiee YETKOMY Ompe-
feJeHHI0 TOYKH SKBHBAJEHTHOCTH. DTOT YJyHIIEHHBIH BapHAHT MPHrOJEH AJs onpe-
JleieHHs TaAaHA B NPUCYTCTBHY GOJBIIAX KOJHYECTB aJIOMHHHS, KOTOPHIT NpeaBa-
PHTE/LHO OTAEJSETCS HA aHHOHOOOMEHHO! KOJOHKe [861].

B .ureparype onucaH TakKxe METOJ MHKDOJIOMHHECUEHTHOro
onpejenieHusi MaJbix COAEPMKAHHi TrajiHs B 10—50 me amnaaH3u-
pyemoro Marepuasa [463]. Metox npoct u objanaer BBICOKOH 4YB-
cruteqaboctbio (1,0—10,0 mxe Ga/2 na).

K anaJu3HpyeMOMY DACTBOPY B ILIOCKOMAapallIebHOl KiOBeTe (I=1 cm) npHu-
Gasnsior 1—2 xanau 0,02%-Hore CIHPTOBOrO pacTBOpa MOpHHA, Pas3baBJsloT N0
9 ma ameraTHhiM GydepHeim pacrsopoM ¢ pH 3,5—4,0 u THTPYIOT U3 MHKpoGioper-
%1 (0,2 x2) 0,05 N (uaH, B 3aBUCHMOCTH OT COJAEPIKAHHA raailn, GoJiee pasbas-
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JICHHBIM) pacTBOpoM KoMmiekcona III mo HcweaHOBeHHA CBeueNHs JHOMHHECION-
LIHH, BO3HHKAIOLIEH NpH o6ayuennn Kommiekca Yd-ayuamu npu 365 s,

B npyrom Bapuante B pactBop BBOAAT M3GLITOK THTPOBAHHOIO pacTBopa KoM-
nnexcona III, pacteop Mopuma u ameraTHmil Gydep. Tlonyuenusiii pacrsop THT-
PYIOT caaGoKHCJIBIM PAacTBOPOM COJH Ta/JHs H3BECTHOMN KOHUEHTpauHy A0 NoJay-
HCHHS MAKCHMYMa JIOMHHECHeHUHH (IOJHOe CBSSLIBAHHE MOPHHA B KOMI/IeKC).

Onpene/neHe raxius STHM METOAOM MOXKET GhiTh MPOMIBEAEHO TOIBKO npu
YCJIOBHH MPeABAPHTEJLHOr0 OTAGNCHHA €r0 OT 3JeMeHTOB, 06pa3yIowHX CBeTsIHe-
CA KOMMJIEKCEl C MODHHOM H yCTOMUHBBIE KOMMJeKcoxaTel mpn pH 3,0—4,0.

Anusapun S (anuzapuHOBHIT KpacHbii S, 1,2-nnokcuanTpa-
XHHOH-3-Cy/Ib(hOKHCI0Ta, HATPHEBAS COJIB). ITpuMenenue sToro uH-
AHKATOpa J/1 THTPOBAHHS Ta/Hsl leTalbHO H3yueno UepKalumHOM
[532, 534]. ITpu npamoM THTpoBaHHH Nepexos, OKpacoK B KOHEUHO#t
TOUuKe HeweTkuil. [Tostomy Gbur mpuMeHeH MeTox 06paTHOro THTpO-
BaHHsi KoMmniekcona III pactBopom Hutparta Topusi. B Touke 3KBH-

BANEHTHOCTH MPOHCXOAUT Pe3Koe H3MEeHEHHe OKDacKH M3 KeaTol B
KpacHylio.

B pacteop, comepmammit ranauii, BeoasT usGHTOK Kommaekcoma 111 He
BCTYMHBIINI B PEAKIIHIO KOMIIEKCOH OTTHTPOBHIBAIOT PACTBOPOM COMH TOPHA. BHiI0
Hafineno, uro npu pH 2,5—4,8 na 1 moa» Ga npuxoautea 1 Moab KoMmmiekco-
Ha II1. 310 coorHowenne napymaercs, ecan pH <2,5; Tax, npu pH 2,2 ono pas-
no 0,948, a npu pH 1,8 —0,82]. Oanako 3ro BEpHO /IHUIb IPH THTPOBAHHM pac-
TBOPOB Ha X0JIOA4Y.

B ropsuux pacteopax (~80°C) coorHowenne kommaexcoma III K raimmio
1:1 coxpausercs name mpu pH 1,8, Takum o6pasoM, OnpegeneHHe raJjiHs Me-
TOAOM 0GpPATHOTO THTPOBAHHS TOpHeM Bo3Moxkuo npu pH 1,8—4,8. Hesasuchmo
OT TEMIEPATYPLl PACTEOpa HaHGoJee PesKuil Mepexon OKPacok HaGmomaeTcs mpi
pH 2,8—3,5, no HauGoabluas WAGHPATE/NbHOCTL METOAA HMEET MecTo npu pH 2.
Ipn onpenenenn 10 | mz Ga memoawsyior muxpoGioperkn u 0,002 M pactsopkt
koMnaekcona I11 u topusi; ot 1 me go 10 mz — nonymukpoGioperkn u 0,01 M pac-
TBOPEL 145 Koanuects >10 me — obbrunbte Glopetkn u 0,02 M pactsopsi.

Maxcumaneias own6ka TPH COAEPKAHHAX TaJiHs OT 0,1 no 0,5 me co-
cTasaser 6%, ot 1 xo 10 sz —0,5+0,3%, a or 10 mo 50 Mz —0,1%.

U3 06LIYHO COMyTCTBYIOMHX TaMHI0 371€MEeHTOB JOTyCcKaercs
npucyterBue a0 7 me Al, no b npn pH 1,8—2, Tak Kak B 3THX
YCIOBHAX aMIOMHHUE 06pa3yeT OYeHb HEeyCTOHYMBLII KOMMJEKe c
Kommiekconom III. Tlpu Gonee Beicokom suauenuu pH amoMumnuit
06pasyer KOMIJIEKCOHAT M MOXKeT GhiTb NMPHHST 3a TajlIHil,

Fe (II) ue obpasyer kommiekconata npu pH<2. Onnako npu
HarpeBaHUH pacTBOpa MOMYYalOTCA 3aBHINIEHHbIE Pe3y.bTaThl (Ha-
TpeBaHHe CrocoGeTBYeT 06pasoBaHMI0 KOMIJEKCOHATa jkese3a).
Fe (III) tutpyerca Bmecte ¢ raamuem. [Las BBeneHus NONPAaBKH Ha
KEIe30 pacTBop mocae THTPoBaHuMs moakucasior 1N HCl (no
08N no HCI) u onpenensiior xeneso KOJIOPHMETPHYECKH II0 peax-
LHH ¢ POLAHHIOM.

Sn (II) u Sn (IV), Ni, In u Cu memaior ONpegeneHHD Jaxe B
HHYTOXKHLIX KoaHuecTBax. Buamsiuue menu (~2 me) B pacTtBopax

¢ pH 2 MoxkHO ycTpauHTh CBA3LIBAHHEM ee B KOMIIEKC C THOMOYe-
BHHOT.
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Ca, Ba, Mg 1 Mn He MewarwT NpH THTPOBAHHHU B PacTBOpax ¢
pH 3 u nuxe, Zn, Cd, Pb u Co B pactBopax ¢ pH 3 wactuuno Tu-
TPYIOTCSI BMeCTe ¢ rajJiHeM, NpH AajdbHefimieMm cHmXeHHH pH ux
BausHue ymenbwaercs. IIpu pH 2 atu saementn ne memaior. He
Memaior takxke Ge, Sb (V), As (V), U (VI). Turan, xorts u obpa-
3yeT MaJIOyCTOHUHBBIE KOMILIEKCOHAT, H3 KOTODOrO OH BHITECHSETCS
TOpHEM, HO PeaKlHs 3aMellleHHs HAeT O4YeHb Me/JeHHO U KOHell
THTpoBaHHA HeorueTyuB., V (V) uacTHYHO THTpyeTcs BMecTe C raJ-
auem npu pH 2, npu Gosnee Bricokom 3Hauenun pH BaHammit He
mewmaer, Mo (VI) Bausier ua onpenenenne. Annonm Cl- u NOj
He Memator; SO}, F~, tapTpar- u OKcaJaT-HOHBI BJHSAIOT, daxKe
€CJIH NPHCYTCTBYIOT B MaJblX KOJHYECTBaX.

lFanaonmuaHuu (7-nuMeTHNaMHHO-4-0KCH-3-0KCO-3-heHoK -
asuH-1-kapBonoBas Kuciaora, mopmant roayGoir 10) Ci;sHoN:Os.
Fannonuanun okpauleH B KPacHO-OHOJETOBBIH LBET B KHCJIOM pac-
TBope H oOpasyer cHHe-(HOJETOBbIE PAacTBOPHI B ILIEJIOYHOH cpefe.
C rannseM B KHCJIOM pacTBOpe JaeT HHTEHCHBHO OKpAIUeHHBIH CHHHI
JlaK, Jerko pearupytomuii ¢ kommiekcoHom III ¢ ob6pasoBannem
NepBOHAYaJJ bHOH KpacHoH OKpacku rajiouxanusa [1105, 1335]. Me-
TON MaJo H3GHpaTeseH, MOITOMY MOMKeT ObITb HCIONb30BaH JIHIIb
mocje 3KCTPAKUHHM raaius 3¢GHpOM H3 KHcjaoro pacrsopa [1109]

[MupokxarexunoBbli uoanerosw it (PV)(3,3"-4"-Tpuok-
cupyKkcoH-2”-cynpdOKHCIOTA; NHpOKaTexoJcyaAbdoH(pTalenH; KaTe-
X0J0BbIH (HOMeTOBBIH; nHpokatexosasuoser) CioH,4;0;S. Pearenr
pacTBopsieTcsl B BOJe, OKpallliBas ee B JKeJTHIH 1BeT, 06pasyer CHb-
HOKHC/IbIe PACTBOPH], B KOTOPLIX NPHCYTCTBYET aHHOH HMHAMKAaTOpa
H:;PV-. B mienounbix pacTBOpax MHAMKATOp HMEET OKpacKy oT duo-
JIeTOBOH 110 KpacHo-uosneroBoi. MameHenue 1seta 06yCc/I0BIEHO 11O~
CTEMeHHOH AuccouHanHeldl (GeHOJNBHBIX IPyNN ¢ 06pa3oBaHHEM HOHOR.
BOJIOpOJA:

Ry kg k3
H3PV~ — Ho,PV?~ — HPV?~ — PV4~
HeNThit ¢HONETOBLIH  KPacHO- KpacHO-
¢uonerToBbllt  ¢HONETOBLIA

B cuabHOKHCIOM pacTBOpe o0pasyercsi ellle OKpalleHHBIH B Kpac-
HBIH 1Ber KaTHoH HsPV+ [414].

C HeKOTOpPHIMH KAaTHOHAMH NHPOKAaTeXHHOBLIH (HOMETOBBIH Aaer
HHTEHCHBHO OKpallleHHble KOMIJIEKCHble coefquHeHusd. OGBIYHO [J5
THTpoBaHus npuMmensioT 0,1%-HEIfi BOAHBIN pacTBop HHAHKATOPA,
YCTOHUHBBIH B TeueHHe HeOTPAHHYEHHOrO BpeMeHH. B IIeNI0YHBIX
pacTBopax MNHPOKAaTeXHHOBEIH (HOMETOBHIH IpeTeprneBaeT OTHOCH-
TeJIbHO JIETKO OKHCJIEHHE KHUCJIOPOLOM BO3AyXa. B aToM OTHOLIEHHH
OH MeHee yCTOHYHB, ueMm 3pHoxpoM uepHblii T (cm. HuKe). Ompe-
JeieHHe rajjus ¢ MHPOKaTeXHHOBBIM (DHOJIETOBBHIM H3ydasaoch psi-
Jom astopos [169, 761, 802, 818, 1201, 1202, 1366, 1367]. ITpamoe
THTpoBaHHe B aueratHoi cpene (pH 3,8) Mano usGuparesnbHo u
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OTPAHHYHBAETCS] B OCHOBHOM pAacTBOPaMH, COIEPKAUIHMH esno4-
Wble MeTabl. ECaH NPHCYTCTBYET aJIOMHHHH, €ro MacKHPYIOT NpH
nomoum Qropbopara {818, 1201, 1202, 1366, 1367]. O6paTHoe TH-
TpOBaHHE NPOBOJAAT PAaCTBOPOM HHTpaTa BHCMYTa [802, 1366].

K MCTHTYeMOMY a30THOKHCJAOMY PacTBOpy npuGaBisioT nabuitox 0,01 M pac-
TBOpa Kommaekcona III, ycramapausaior pH 2—3, noGaBasioT 2—3 Kamau pac-
TBOpa HHJHKAaTOpa, pa3(aBJfioT Bomoli mo 80—100 ma u tutpylor 0,01 M
Bi(NOs)s, mo GHoMeTOBOM (BO3MOKHO CHileii) OKpackH pacTBopa. 3arem u30bI-

TOK pACTBOPA COJH BHCMYTA OTTHTPOBHIBAKT OGPAaTHO PacTBOPOM KOMIJIEKCO-
sia 111 no nmepexosa OKpacKH B UHCTO-XKeATYIO.

Ilpu turposanux 0,1 M pacTBopoB B 3HAUATENBHO Goaped
cTeleHn mposBAsercss coOCTBeHHAs OKpacka MOCTOPOHHHX HOHOB, a
TaKyKe BO3HHKaer THAPOAH3, CONMPOBOXKNAMUIHACA TOMYTHEHHEM
pacTBopa BCIEICTBHE MECTHbIX mepechlienni. ¥ X0oTs1 pesyIbTaThl B
0BOHX Cayuasx XOpOWO COBNAJAIOT, ayuile paGoraTs C pa3baBJel-
HBIMH pacTBOPaMH.

Onpe/ieleHAI0 Ta/UIHsE MeTO0M 00paTHOrO THTPOBAHHA € IHPO-
KaTexHHOBBIM (roseToBbiM MemaloT In, Fe, Bi, Th, V4*; He mMemaiT
neGoabime Koauuecrsa Cu, Pb, Ni, Co, Ca, Zn. Bausnue Xxenesa
W 010Ba MOKHO TOAABHTb TOJBKO OOJBIIHM H3ObITKOM (TOPHAA
pan ¢GropGopaTa, OIHAKO B 3TOM Clydae TOYKAa SKBHBAJEHTHOCTH
NpH TUTPOBAHHH Tajuius CTAHOBHUTCH OUEHb HeorueTHBOH. Memaio-
jilee JeficTBHe CyJbdara YCTPAHAIOT OCaKIeHHeM ero pacTBOpPOM
HuTpaTta Gapus, a PTYyTH — A00aBIeHHEM NaCl.

KcH/1eHOROBHH OpaHKeBHH B KHCGIBX pacTBopax
(no pH 5,5—6) KCHIEHOJOBBIH OpaHIKeBblil OKpallleH B MKeaThli
[[BET, B LIEJOUYHBIX PACTBOPAX OH HMeET HHTEHCHBHYIO KpacHO-(HO-
AeToByIo Okpacky. C HOHOM TaJUIHA B KHCJOH cpene 0Gpasyer Komi-
JIeKCHOe coequHeHHe KpacHoro msera [392a, 961, 1115, 1119]. Tlpwu
NPAMBIX THTPOBAHHSIX OKPacka B KOHEUHOH TOYKe M3MEHSETCd H3
KpacHOil B KeJITYl0, HO OYeHb Me/JIeHHO. IMosToMy OGLIYHO MNpHME-
HSIOT O6paTHOe THTPOBaHHe M3OLITKA KOMILIEKCOHA II1 cranpapt-
upivu pactsopamu coneit T1Cls, Th(NOg)s, Zn(CH;COO),, ZnSO0,,
Bi(NOs)s: ycranapausator pH 3—5 (auerarHeri Gydep), mpubas-
AstoT H3GHTOK Kommiaekcona 111, 0,2%-Helil BOAHBIH PacTEOp HHIHM-
KaTopa, HArpeBalT pacTBOp H OTTHTPOBBIBAIOT H30LITOK KOMILJIEK-
cona 111 omHOil M3 3THX cogeil. Meton Mano n3bupatesnen H Tpebyer
NpeBapHTebHOTO OTAENEeHHsi GOMBbIIHHCTBA KAaTHOHOB.

Hemoab3ysi KCHIEHOJOBBIH OpaHKeBblil, MOXKHO ONpeNeaTh Ta-
Juit ¥ MEAEA B TpHCyTcTBHM ApPYr apyra. [l 3TOro MpHMEHSIOT
ABOiiHO® THTPOBAHHME CMECH TaJlJIHf M HHIAHMS CHayana KOMIJIEKCO-

wom III, a 3aTeM TPHITHIEHTETPAMHHIEKCAYKCYCHOH KHCJIOTOH
(T3TTA) [1236].

Tanauii w wHgHii o6pasyor c kommiekcoHom III Kommuexcel cocraBa e h,
uaauit ¢ TOTTA paer KOMIJIEKC TaKoro e COCTaBa, a ranauft — coctaBa 2: 1.
jlas onmpeaenenus rajiius ¥ HHAHA K OfHOM aJHKBOTHON YacTH pacTBopa, coiep-
WAller0 CMech STHX 3JEMEHTOB, npuGapasior W3dmTok 0,05 M pactsopa Kom-
naekcona 111, K Apyroil aqHKBOTHOH UacTH — TaKOil e H30BITOK 0,056 M pacrso-
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pa TITTA, ycraHapauBaioT C MOMOLIBIO TBEPAOro ypoOTPOMHHA pH oboux pac-
TBOpPOB 5—5,5, HarpeBaloT PACTBOPHL MOMTH X0 KHUEHHs, A0GaB/AAIOT 0,5% -nutfi
pactBop Humukatopa m tHrpyior 0,05 M pacrBopom ZnCl, 1o MHTEHCHBHOM Kpac-

. wofi okpacku pacrsopa. Ilo pesyabraTtam ABYX THTPOBAHHA PACCUHTHIBAIOT COLEP-

JKANHE TaJUIH W WHLAS, TPHHUMAs BO BHHMAHHE, 9TO NpH THTPOBAHHH H3CEITKA
komnaexcona I11 pacreopom ZnCly oGpasyerca komieke cocrasa | :1, a npa THT-
posanun TITIA — xomnaexc cocrasa 2: 1.

Meton MoxeT ObITh HCMOJB30BaH [AJs ONpe/le/ieHust rajjusi B
NpHCYTCTBHH MeTannos, Aawomux ¢ TATTA komnaekcn cocrasa 2: 1.
Jlpyro#t croco6 onpefeneHHs rajius B NPHCYTCTBHH HHAHS 3AKJIO-
yaercs B npaMoM TutpoBanuu rauaus DJTA B Kunsuem pacreope,
COlepIKalleM BHICOKHE KOHUEHTPAllMH XJIOpPH1a aMMOHHs AJd Mac-
KHPOBaHHsl HHIHs B BHAe XJopokommiekca. Ilepexon okpacku oT
KpacHo# K wucto XKeaTod. Xopoliue pesysnbTaThl MOJY4aioTcs A0
MoasipHoro otHourenus In: Ga=~300 [801]. B npucyTcTBHM aniOMH-
HHSl W HEKOTOPBIX APYTHX 3JIeMEHTOB TajlJIMi NPEABAPHTEJLHO OT-
NensoT SKeTpaKuuelt uzonponuaosbim agupom us 7 M HCL

B NpHCYTCTBMH APYrHX MHOIOBaJIEHTHHIX HOHOB rajiIHi MOMeT CHITh onpese-
ZeH CeJeXTHBHO caefyiomum myTem. CHauaja THTPYIOT CyMMy rajulis M APYrHX
MHOCOBANEHTHBIX HoHOB pacteopom DJATA npu pH 3—7. 3arem pH pacrsopa
‘seqHuuBaiorT a0 10,5, npu aToM o6pasyercd rajjiat H O/JHOBPEMEHHO BhIIE/IACTCH
SJITA us ee KoMmmaekca c¢ ramaueM. Boigenennyio 3JITA THTpyioT pactBopoM
CBHHIA C KCHJEHOJIOBHIM OpaHKeBblM B KayecTBe HHAHKATOpa 716].

[luporannonoBbji KpacHbBH u OpomMmuporasio-
0B KpacHslif, [IHporaaioNoBeii Kpackblil (IMHPOraI0/Cy/ib-
dodranenn) obiazaer CXOAHBIMH CBOHCTBAMH ¢ NMHPOKATEXHHOBBEIM
¢uoseTossM, HO OoJiee yCTOAYHB B LIEJOYHOM PAcCTBOpE. B kucio#
06/1acTH €ro0 OKpPacka MepPexXOAHT W3 OpaHKEeBO-KeATOi B KPacHyio,
B IIeJOYHOl 00/1aCTH — M3 KpacHoil B pHoneToBy0. B 3aBUCHMOCTH OT
pH pacTBOopa MHPOraJJIONOBbI KpacHbIH obpasyer HHTEHCHBHO OK-
palleHHble KOMIJIEKCHble COEJHHEHHs CO MHOTHMH KaTHOHaMH, B
TOM UHCJE ¢ KATHOHAMH UIEJOYHO3EMEeJbHbIX MeTasioB, GepH//nd,
aJIOMHHHS H T. I

BpoMnuporaa/ioNoBelii  KpacHbli (zu6pomnuporaioncyibdo-
(rasenn) ofpasyer ¢ PANOM KAaTHOHOB OKpAIUeHHbIE KOMILJIEKCHBIE
COoeNMHEHHS AHAJOMMYHO NHPOKATEXHHOBOMY (HOJIETOBOMY.

PacrBopbl 000HX HHIHKaTOPOB TOTOBAT PAaCTBOPEHHEM 0,05 e
pemectea B 100 ma 50%-uoro cnupra. laniui onpenensior oGpar-
HEIM THTPOBAHHEM H30BITKA KOMIUIEKCOHa PpacTBOpaMH HHTpaTa
pHCMyTa H HUTpaTa csurua [936, 937, 1082, 1083, 1368, 1369].

[Ipu THTPOBAHUM HHTPATOM BHCMYTa AJA 0,3—85 me Ga cpeanss
omubka cocrasaser +0,14%.

Onpefenelnio He MEWIAIOT OJAHO- W JABYXBaJEHTHLIE HOHbLI, KOMII-
JIEKCOHATHl KOTOPHIX NDH TAKHX HH3KHX BeJMYHHAX pH noanocteio
JMCcCOlHHpOBaHbl, a Takxe Ge u pas. Bosburofi H30BITOK aMMOHHH-
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Heix coneit ue memaer. Co, Cu, Ni, Cr u U B 60o/plux KOHIEHTpA-
uugx Meimaior coberBennoft okpackoit. Ni, Cu, Al u Hg npu wc-
nosb3yeMoit BeanyuHe pH o0pasyior KOMIUVI€KCOHATbI, KOTOpHIE,
O[HAKO, HEJOCTATOUHO YCTOHUHBLL. IIpH THTPOBAHHM NpH NOBLILLEH-
HOl TeMIepaType 3TH KOMILIEKCOHATH DaspyIIAOTCs BCJAEACTBHE
BBITECHEHHs] METa/JioB BHCMyToM. Hg?+ qyume npeaBapHTeNIbHO
BOCCTAHABJHBATL aCKOPOHHOBOH KHCJOTOH.

Hurparts u nepxJopathl Aaxe npu Gosbiiom H3ObiTke (1:1000)
He MelIalOT onpejeseHdio. B Takux Ke yc/IOBHsX, KaK H TaJlJiHi,
turpytores Pd (1), Tl (1II), In (III), Fe (III), Bi.

[Ipu TarpoBanun HHTpaTOoM cBHEuIa ais 3,0—13,0 me Ga cpex-
Has omubka cocraBasger +=0,24%. OnpeneneHH0 rajans MemIalOT
Pd, Ni, In, Bi, Tl, Fe, V, Cu, Th, Co u Pb.

Ca, Sr, Ba 1 Mg He MemaloT, ecJiH THTPOBaHHe NPOBOAUTL B MPH-
CyTCTBHM NepBoro mHAuKartopa. He memaior ompenenenmio K, Li,
Ag, Goabioii H3GBLITOK aMMOHHHHBIX COJeH, a TaKxe HeGoMBITHE
KOJHYeCTBa Xpoma. XJOPH/BIL, MepXJOpaTHl H HHTPATH He BJHAIOT
no coorHoutenus 1:1000, cyasdatst — no 1:500; npu Gosee BhiCO-
KHX KOHIEHTpAalHsx Nepexox OKPacKH HEOTYETJIHB.

8-OKCHXHMHOJHH C rajyiieM Jaer coeluHeHHe, (JyopeciH-
pywoiee nojx AeficTBHeM OOJYyYeHHS Y/AbTPA(QHOJIETOBHIMH JIy4aMH.
Onpejenensie OCHOBAHO HA THTPoBaHHH KommuekcoHoMm III pacrBopa
raJIHi-OKCHXHHONMHATHOrO KOMILIEKCa 10 HCYe3HOBeHH:A uyopec-
nenuuH [732]. Touka KOHIIa THTPOBAHHS ONpeesencs OYeHb OTYEeT-
auBo (=0,1 x2 0,01 M pacrBopa kommiekcoHa III npu obuiem
o6beMe ~ 20 ). Pacnas oKCHXMHOJIHHATA TAJJIUsS MPH N00aBleHAH
kommiekcona I11 mpoucxomur GLICTPO B OTCYTCTBHE CNHPTA H XJIOPO-
dopma (cnEpT «racut» QJyopecHeHNHI0o; XJaopodopM Menaer He-
BO3MOKHBIM OMNpeJie/ieHHe TOYKH KoHLUa THTpoBaHuA). ITpu u3bGniTKe
pacrsopa kommiekcona IIl wmaGaionaercs cnabas ocratounas ¢ay-
OpECHeHHHS, NMO3TOMY THTpPOBaHHe CJEAyeT MNPOBOAMTL B NPHCYT-
CTBHH <«CBHETENA», KOTOPHIM CJYKHT NPEIBapHTEIbHO OTTHTPO-
BaHHBIfl PacTBOP.

ATHM MeToAOM MOXHO onpefeastb or 50 mo 1000 mxe Ga npu
pH 2,5—3,5 (¢ranatusii 6ydep). Ilpn <50 mxe Ga nosyuaiorcs
3aBuimenHble peayastatel. Onpenenenuto Memaior Cd, Cu, Fedt,
Mn, Ni, Pb, Zn, nosromMy HeoOXOAHMO NpEeABAPHTENbHOE OTHEJeHHE
rajuius, HanpuMep 3KCTpakuuedl H3 cyJabdaTHO-XJIOPHAHOrO pac-
TBopa (cM. cTp. 55 u 56).

K HeneiTyeMOMY KHCJIOMY PacTBOPY COJIH ralians B o6bemMe ~5 ma npubas-
AT 5 Ma 4%-HOro pacrBopa Oudranata Ka/iMs H, eciH HeoGxoaumo, 10%-ubi
pacteop KOH no mocruxenns pH 2,5—3,5. 3atem npu6apasior 1 xa 20%-noro
pacTBopa coJISHOKHCAOTO THApokcuiamuna, | ma 0,05%-noro pacrBopa OKCHXHHO-
jguHa B 0,5%-noit CH3COOH H, ucnonbsys ¢JyopecileHTHy0 Jammy, THTPYIOT
0,001 M pacreopom kommiekcoHa III, npuGasissi €ro co CKOpoOCTbIO, COOTBETCT-
BYWOIefi CKopocTd ociabiaenus (iyopecueHuHH [0 NOJHOrO ee HCYE3HOBEHHMSA, 4TO
JIETKO HabJio1aTh cpaBHEHHEM THTPYEMOro pacTBOpa C NpeaBapHTEJNbHO OTTHTpO-
BaHHHM PACTBODOM TaJlHA.
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[IpH HH3KHX KOHUEHTPALMSIX ra/iius HEOOXOAHMO NPOBOLHTH XOJOCTOH OMBIT

. (mompaBKa HAa HHAHKATOP).

1 ma 0,001 M pacrBopa xomiiexcona I1I skensanenten 69,7 mxe Ga.

TOuHOCT THTPOBAHHA MOMKeT ObITH MOBBILIEHA NPH HCMNOAb3OBaHHH Gojee
pasbaBienHOro pacTBOpa HHAMKATOpa, HO ONPE/e]eHHe TOUKH KOHUA THTPOBAHHA
CTaHOBHTCA Torjaa GoJiee TPYAHLIM.

B nacrosimee Bpemsi HanGosee MHPOKOE NPHMEHEHHE HAUIIH HH-
JHKATOPHl — a30COeAHHEHHS.

dpuoxpom uepusii T [coroxpom uepnnit T, HaTpHeBas
€OJIb (1-okcu-2-nadrunaso) -6-aurpo-2-Hadros-4-cynbhokucaA0oTH ]
[414]). B saBucumoctu or pH pacrBopa CyUlecTBYIOT TPH OKpalleH-
uele dopMel 3Toro Kpacurens: npu pH<6 BHHHO-KpacHasd, NpH pH
7—11 — cuuss u npu pH>11,5 — Kearo-OpaHxkepas, 4T0 0ObACHS-
[elTSCIH ]nocrenenﬂoﬁ AWCCOIHAIIHEeH NPOTOHOB 06eUX (PEHONBHBIX TPy

1].

Tanani B HeliTpansHbiX w mesounsx pactsopax (pH 6,5—10)
B NPHCYTCTBHH TAPTPaT-HOHA, MPELYNpexaloulero ruAposHs, 00-
pasyer ¢ HHAMKAaTOPOM CHHEBATO-(HOJETOBOe KOMIJIEKCHOE COC1H-
nenue. Ha xonojy okpacka He H3MeHseTcs OT NpHOaBiexus jlaxe
H36bITKa Kommaekcona III, uTo ykaseiBaer Ha MEHBUIYIO TPOYHOCTB
coefHHeHus: ranaus ¢ Kommaekconom I, uem ¢ HHAHKaTOPOM. [Ipu
no6asaenun Kommiaekcona III kK ropsyeMy pactBopy BOJH3H TOUKH
3KBUBAJIEHTHOCTH CHHEBATO-(DHOJETOBAs OKpacKa MEpexXoiMT B Tro-
ay6yio, IpHCymylo cBoGoanoMy HHAnKaTopy. Ilepexon okpacok He-
JOCTATOYHO OTUETJIHB, HO MOXKeT GbiThb MCMOJIb30BAH JJIS OPHEHTH-
POBOYHOIO YCTAHOBJEHHSI HEOGXOMMMOrO KOJHYECTBA pPacTBOpd
Komiiekcona 111, BBoguMoro aas o6paTHoro THTpoBanns. OGpaTHoe
THTPOBaHHE OCYIUECTBISIETCS PAacTBOPAMH COMeH Zn, Mg u Pb.

Ony6auxoBano Gosiplioe YHCI0 PaboT MO ONpPELC]eHHIO raliHnd
¢ mpumeHenueM 3pHoxpom uepHoro T B KauecTse HHANKATOPA [334,
532, 534, 537, 539, 541, 797, 1392].

Huxe npuHBOAATCS METOJIHKH, DPEKOMEHAOBaHHbIE YepkauuHnoi
[532, 534] u Paaumkoit [797].

K pactBopy, cojepiaulemy HeH3BeCTHO® KOJHUECTBO raiis, n06aBaAg0T
BUHHYIO KHCJOTY H HeHTPAa/[H3yIOT ero aMMHauHbIM 6ythepurm pacrsopom (pH
10) no onpeaenessoro pH (koHTpOJIApOBaHHE 11O pH-merpy). Pacrsop Harpe-
BAlOT, 106aBNAIOT HeMHOro spHoxpom uepnoro T (cMech 1:200 nnaukatopa B
NaCl) 'm ndcreneHHo BBOAAT M3 GOPETKH KOMILIEKCOH 111 mo mosBaenus roJayGo-
ro OKpalIHBaHHA, NOCIe uero AOGABAMIOT elle 92—3 ma ero. M3GpITOK KOMILJIEK-
cona 111 oTTHTpoBHIBalOT uuHKOM. KoHell THTpOBaHHsA OMNpPEAEJISANT 110 NoABJAEHHIO
BUHIO-KPACHON OKpackH KOMIUIEKCa MHHKA C HHAHKaTOPOM. Takoe THTpOBaHHE
BoamoxHo B unteppaie pH 5—9. Hamaywmmii nepexon okpacok naG.iionaercs
npu pH 6,5—8. YcTofuMBOCTL BO3HMKIIEH OKPACKH C NOBBILIEHHEM BEAHIHHEL pH
nagaer, npu pH 9 oHa coxpansieTcsi HECKOJNBKO CEKYHA, a npH pH 10 mcuesaer
MTCHOBEHHO M OCTAercd IMOCTOAHHOH JIHIIL TNPH 3HAYHTEJIbHO GoabuleM pacxone
IHHKA, uYeM 5TO COOTBETCTBOBAA0 GH TEOPETHYECKOMY COACPIKAHHIO  [ajuTHA.
Tpwmn6ua [414] oO6bsicHAeT 3TO FABJIEHHE peaknueil BHITeCHEHHS B TOUKe SKBHBA-
JIEHTHOCTH:

GaY~ 4 Zn¥*=ZnY?" | Ga’t.
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Komel, THTpOBaHHA OGHAPY)XHBAeTCH MOC/HE HACTYNJIEHHS PABHOBECHS PeaKIHM,
KOTOpOe CHJIBHO CABHHYTO Bnpaso. Cyas no BeqHuMHAM KOHCTAHT YCTOHUMBOCTH
kommaekconaros rasns u marana (1gK g, =203, 1gKpy,y =8,69), peakuus Bbi-
TecHenus He NOJMKHA Ghiia Gbl mpoTekath Aaxe B Buae caeqos. OnHako Takoe
HECOOTBETCTBHE Mexkay Teopueil H (pakToM asTop 0OBACHAET TeHJeHIHeH Tpex-
BAJEHTHEIX KATHOHOB 06pa3oBuiBaTh B IIEJOYHOM pAacTBOPE MajoyCTOHYHBHIA
oxcukoMmmiekes (B pannom caydae GaOHY?-). ITosToMy MPOHCXOMHT BHITECHEHHE
TpeXBaJeHTHEX METa/JI0B H3 HX KOMIJEKCOHATOB PAa3/IM4HLIMH [IBYXBAJEHTHLIMH
KaTHOHAMH, 06Pa30BaHKHEM OKCHKOMILIEKCOB KOTOPHIX MNPaKTHUYECKH MOMKHO mpe-
ne6peub.

Onpesesienne rafausi B STOM cayuae BOOOMIE CTAHOBHTCH HEBO3MOMKHBIM.

AHAOTMYHO MOMKHO NPOBOIAMTH THTpoBaHHe Marmwem npu pH 8—9; mnpu
pH<8 maruufi He JaeT OKPALIGHHOTO COGNMHEHHS C SPHOXPOM UEPHEIM T, a mpn
pH 10 maGaomaercst, KAK W NP THTPOBAHHH IHHKOM, MTHOBEHHOE HCHEIHOBEHHE
‘okpackd. OnpenenseMble KOJWYeCTBA Ta/qisi NPH OGPaTHOM THTPOBAHHH IHH-
xom or 0,1 mo 50 m2, a mpu THTpoBaHMM Marmhem —oT 1 g0 50 xe.

OummGka onpefesennii me npesbimaer 5% npu cosepxanud 10 05 M2 Ga;
or 0,5 10 3 me — 1%, npu GoJbUIHX KOJHYECTBAX 0,1—0,2%.

®nawka [797] pekomenayer BBOAMTb H3GHITOK KOMIVIEKCOHA B KHCABH pac-
TBOpP COJM raJjuHs, a sateM ycramasausath pH cpeant 8—9,5 GydepHbIM pacTBO-
pom (54 ¢ NH,Cl u 350 ma KOHIEHTPHPOBAHHOIO NHOH B 1 2 Guaucmaaasra).
TMocae pasbasaenns 10 50—80 s NPHGABASIOT SPHOXPOM UepHbli T 1o nosiBJIeHHA
xapakTepHofl cuHe/i OKPAacKH M THTPYIOT PAcTBOPOM COJH LHHKA HIH CBUHUA 10
TI0ABJIEHIS KPACcHOi OKPacKH H CHOBA THTPYIOT PacTBOPOM KOMIIEKCOHA I11.

Meron ®aawkH, ONHAKO, HECKOJLKO OCJIOMKHAET THTPOBAHWE PpacTBOPOB ¢
HenasecTHHIM comepikannem ramns. Al, Fe, Zn, Cd, Cu, In, T1 (1II), Pb, Bi, Cr,
Ti, Mn, Co, Ni u menouHo3eMeJbHbEle METa/JIBl MEIAIOT ONpENEe]eHHIO, TaK Kak
06pasyloT YCTOHYHBbIE KOMIJIEKCOHATE. [To panubiM Paawku [797], npu TATpOBA-
#uH M30bITKA pacTBopa KoMiulekcona I1I coubio CBHHIA OMpede/eHHe raina Mo-
3KeT GuTh mpoBeneno B npucyrersud Zn, Cu, Co, Ni u Fe, ecam cB3aTh HX B
[HAHHAHbE KOMIAEKCH NOoC/Ae MPEeBapHTENbHOTO BOCCTAHOBJICHHSA IKEJE3a acKOp-
GHHOBOH KHCJAOTOH., BeposiTHO, MOMKHO MOBBICHTb CEJEKTHBHOCTH OMpEfeJeHHs ra-
JIHA BBEJEHHEeM B PACTBOP AHTHOKApGAMHHOYKCYCHOH KHCJIOTLI B KauecTse MacKH-
pyiomero arenra. [locnennuit npu pH 2—6 oGpasyer BecbMa YCTOHUMBLIE pac-
TBOPHMBIE B BOJE KOMIVIEKCHble COEMMHEHHs C PAAOM HOHOB smerassios (Bi, Ir
(I11), Cd?#, Pb*, Hg (II), Cu**) n naer, Takum 06pa3oM, BO3MOIKHOCTb OTpe-
AeMATH KOMIJIEKCOHOMETPHUECKH APYTHe MEeTajanl (B TOM uHC7e ranauft) B HX
npucyrcrsuu [694]. B pacteopax ¢ pH 7—9 Mo (VI), Sn (IV), Sb (V), As (V),
V (V) He 06pasyioT KOMIJIEKCOHATOB. OpnHaKo ecyu 3TH 3JEMEHTH MPHCYTCTBYIOT
B GOMLIIHX KOJNHYecTBax, TO HHmuKaTop paspymaercsd. Ilpu onpenenesdn rajvius
ponyctuMele KosmuectBa Mo H Sn—5 M2, As u Sb— 10 me, V— 1 me. He wme-
maer onpefeienuio repmanuit. Bausnue 1—2 me Ti MOXHO yCTpaHHTb I'HAPOAH-
THUECKHM oOcaxcienueM o mpuGasaenus komniexcona IIT (TuTpoBanue nposo-
OWTCA B NMPHCYTCTBHH Ocajka). Booflie iKe NPH aHajuse CAOKHBIX MPo6 raiviui
Jyullle OTAENATH OT COMyTCTBYIOWHX 3/1EMEHTOB SKCTpaKIHeHd GyTHIaleTaToOM.

1-(2-Tupuanaaso)-2-Haproa (MAH) u 1-(2-nm-
pUAMJIA30) PE3OPUHH (ITAP). TIAH ofpasyer c rajjiueM
B KHCJIOH Cpejie MaJMHOBO-KPaCHbI KOMILIEKC 1:1, mmoxo pacTBo-
pHMbI{i B BOJE, HO XOPOIIO PACTBOPHMHIH B METaHOJE, 3TaHONE,
SBICIIMX CMNHUPTAX H UYETHIPEXX/JOPHCTOM YIVIEPOLE. Hanpotus, Kpac-
ubifi kommaeke ITAP ¢ raaauem (1:1) XOpomo pacTBOpHM B BOAE
U BhiCIIMX COHPTAX, HO HE pacTBopuM B 3dHpe, xI0podopwe, GeH30-
Jie, YeTHIPEeXXJOpPHCTOM YIVepoJe.

O6a wuuaukatopa TNpeicTaBafioT OOMBIIOH HHTEpPEC, TaK Kak
[03BOIAIOT BecTH THTpOBaHWe mpu Hu3KoM 3nauenun pH, korna
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MeHpIIe CKA3BIBAETCs BJMSIHHE TMOCTOPOHHUX 3JIeMEHTOB. Viosner-
BOPHTEJIbHbIE PE3YAbTATHI MONYUEHbl IIPH pH 2,0—2,6 [96].

Kucauiit pacTBop coay Tajnms, comepaunii 1,25—10 me Ga, HefiTpa/lu3yioT
ammuakom o pH ~2 no yHHBepcajbHOMY HHAHKAaTORY, noGapasior 20—25 ma
Gudranatioro Gydepuoro pactsopa ¢ pH 2,0—2,6 U HECKOJMIBKO Kamnesb 0,1%-noro
cnuptoporo pacreopa [MAH naM soaHOro pacrsopa [TAP, narpesaloT pacTBop A0
70—80° C u turpytor 0,01 M pactsopoM KoMIJIEKCOHA 111 no nepexona OKpacKH
01 MaJHHOBO-KPACHON K WHCTO-XKENTOHl B NPHCYTCTBHH TIAH muau or OpaHKeBO-
KpacHOH K KenTofi B MPHCYTCTBHH [TAP. TMepexos OKpPA4cKH B TOYKe SKBHBAJEHT-
HOCTH O4YeHb DT‘leTﬂHBbII‘;l.

Ommbka ne npessimaer 0,9%.

C TIAH Mo¥XHO NMPOBOAHTE NPSIMOE THTPOBAHHE rajjus NpH pH
45—5 u 70—80° C B nmpHCYTCTBHHM alleTaTa aMMOHHA H BHHHOH KHC-
JOTH, TmpejoTBpamaiomeli ruapoans. OnpeneneHuio ranaus mpel-
IeCTBYET BBIAEJeHHE ero ¢ JAMAHTHIHPUITNPOMHIMETAHOM [100]. ITe-
pexoj OKpacKH 3/ech, OJHAKO, HE Ouelb yeTKuil, YTO MOXKHO 00D-
SCHNTb, TO-BUAHMOMY, 06pPa30BaHHEM JOCTATOYHO MPOYHBEIX KOMII-
JIEKCOB TaJiMsl ¢ TapTpaT-HOHAMH.

dnamka pexoMeHayer Meroa 0oOpaTHOro THTPOBAHHS H30bITKA
kommaekcona 111 pacTeopom cyibdara mean (Wi uunka) (797, 799),
TAK KaK B KHC/ABIX pacTBopax Melb o0pasyer ¢ ITAH 6ouaee ycrofi-
uUBHI U GoJee MHTEHCHBHO OKpalleHHBIH KOMIUIEKC, 4eéM KOMILIEK-
cbt Apyrux Meranos. [Tostomy KoHeunas TOUKA THTpOBAHHI noay-
yaerTcss 60Jiee OTYETJHMBOM, YeM NMpPH MPSAMOM THTPOBaHHH.

Jlns onpenefenust rajaang K NPUGAUIUTENBLHO HeilTPalbHOMY anaJu3HpyemMo-
My pacTBopy NpuGaBasioT H3GLITOK KOMILIEKCOHA 111, pasGasasior no 50—80 mz,
MONKHCIAIOT PACTBOP 3 KATJAMH YKCYCHOH KHCJIOTHL H MOCIE no6apnenus | Kan-
an TIAH Turpyior 0,01 M pactBopoM cyabaTa MeH RO MOABJCHHI ¢uoneToBoit
okpacky. Heo6XonHMO BBOAHTb MOMPABKY Ha wHauKaTop, cocrapiswoutyio 0,05 aa
0,01 M pacrsopa CuSO,4 na 50—100 ma THTpyEMOTO pacrsopa. Ho moxno u He
YUHTHIBATH STOH TMOMPABKH, €C/H MO OKOHHAHHH turposanas pactBopom CuSOy o7-
THTPOBATL TOT K€ PACTBOP KOMILIEKCOHOM MpH HArpenaHifi 10 JKeaTolt (MaH cBeT-
JI0-3eJ1eH0i1, B 3aBHCHMOCTH OT COMEpKAHHT Menn) OKpackH. Meron NMpHMeEHHM 3
iTpH'C)"‘FC‘TBHH Kaabuusg H MarHHA.

BapuantoM nocneHero MeTofa ABIAETCA TPAMOE THTpPOBAHHWE TaJJHA pac-
teopom Kommiekcona III B mpucyTCTBHH Cu — ITAH-gomnnexca B KauecTBe HH-
aukartopa [722, 798, 800, 817, 1094].

K moutn nefiTpa/bHOMY aHAMH3HDYEMOMY DACTBOPY npu6aBagoT HECKOJbKO
Kameab HACHNIEHHOro pacTsopa anerara Hatpua H 50 Jp-uriii pacteop CHCOOH
1o pH 3—3,5. 3arem npuGasasior 9—3 ganmm pacrsopa Cu—3JTA, monyuae-
MOFO CMeIHBAHHEM SKBHBAJEHTHHIX KOJMUECTB PacTBOpa KOMIJIEKCOHA I1I u pac-
teopa CuSOy, a TaKXke HOCTATOUHOE KOJHHCCTEO [TAH 1o noJdyueHHs HHTEHCHB-
110 (ro/eToBOM Okpackd, PacTBOp HArpeBaioT A0 KHMCHHA W THTPYIOT CTaHAapT-
HBIM PacTBOPOM KOMILJIeKCOHa Il mo mepexofa OKpacku B UHCTO-eENTYIO. Me-
mator onpenenennio Pb, Cd u Zn, koTopble THTPYIOTCH TaKk JKe, Kak M rajjiui.
Turpopanue MOMeT OHTh MPOBENEHO H B ammuaunofi cpeme. Jlas 5TOTO MpHME-
pstor amMuaunsii 6ydep (pH 10) m pacTBop nepes THTPOBAHHEM HarpesaoT 1o
~50°C [798].

CeJleKTHBHOCTb, 4 TaKIKe TOUHOCTb M CKOPOCTB OTPEE/NCHHs TALIHR NoBHIIA-
JOTCSl MPH MPOBEICHHH THTPOBAHHS B TOpAuEM PacTBOpE npu pH 1,6—2,0 {1094].
B oTHX ycJOBMAX HAGMOAAeTCA UYeTKOe MOCTHIKEHHE TOUKH KOHUA THTPOBaHHA H
NoNHAA MACKHPOBKA AMIOMHHHA  (iTOPHJOM. Kicapifi pacTsop, CoJepauini
~10 e Ga, pasbanasior 0 40 ma, npubaBasioT 3 gansu pacrsopa Cu— DJITA,
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8 kaneaws 0,1%-noro cnuproBoro pacteopa ITAH u, mosbaysch HacCLILEHHBIM pac-
TBEOPOM AaneTaTa HATPHA HJH pa3baBJeHHbIM pacTBOPOM 6udranara Kajaud M
BOMHBIM pacTBOpoM aMmuaxa (l:1), ycraHasinsalor pH 1,6—2,0. Harpesaior
pacTBop A0 KHMNEHHS M THTPYIOT HACBHIUIEHHHLIM DPAacTBOPOM KOMILIEKCOHA II no
repexoja OKpacku oT (rosneropoit K XKearoil, Ecan npucyTcTByer aJIOMHHEMA, TO
K pacTBOpY C VCTAHOBJeHHEIM 3HaueHHem pI npubaBJIgIOT OAHO- WJH ABYKpaT-
Hoe kosmuectBo TBeproro KF, meoGxommmoro aas obpasosanua AlFg*—. Ilpu Ko-
nnuectax radiaus or 6,6 go 10,53 me ero MoxHO onpeaessiTh B pacTBopax, Co-
nepaamux ot 5 1o 50 moset Al na 1 moab Ga, wecmoTps Ha oGpasosatie Ge-
noro ecaaka BepoatHoro cocrasa IKaAlFs.

A30coeAHHEHHA HA OCHOBE 8-KCHXHHOMHUH-3-CY b
poxHcAOTH H Ha@THIAMHHA (asoxcunn). B mouckax
crenuduyeckoro HEAHKATOPa HA HOH TajulMs NMPH HHSKMX 3HAuC-
ausix pH Bycesbim ¢ cotp. [98, 99, 478] Gbl10 CHHTE3HPOBAHO H H3YUe-
HO 41 aszocoeauHeHHe ¢ 8-OKCHXHHOJHHOM, 5-HUTPO30-8-0KCHXHHOJH-
HOM ¥ 8-0KCHXHHOMHH-5-CYab()OKHCIOTOM.

W3 mux nanbonee cenekTusHbl 7-(1-HadTHAA30) -8-0KCHXHHOINH-
5-cynbdokucaora (I) u 7- (4-cyabto-1-HadTHIA30) -8-OKCHXHHOIHH-
5-cyaboxucaora (II), pearupyiolne ¢ HOHOM rajiisg B MOJASPHOM
orHomenuu 1: 1.

Onpefenenye rajjus ¢ HHAHKATOPOM I MPoBOASAT C/ieAYIOULHM o6pasom [99]:
AHAJHAHPYEMBI KHCABI PAcTBOP COMM TaMIHs HeTPATH3YIOT aMMHAKOM J10
pH ~ 2 (no yuMBepcaJbHOMY HHIHMKATOPY), noGasasior 10 sa OudranarHoro
Gygpepuoro pacrsopa ¢ pH 2,2, narpesawr 10 70—80° C u turpyior 0,01 M pac-
TROpOM KOMmJekcona I B mpHCYTCTBHH HECKOJBKHX Karmejb 0,1%-noro pacrsopa
wraEkatopa I B aumeruwadopMamuie A0 OTYETJHBOTO TNEpeXoaa OKPACKH H3 HH-
CTO-0KenTol B PO30BO-(hHOJETOBYI.

Mpr pH 2,2—30 B WHCTHIX PACTBOPAX MOXKHO ONpPEAE.ATH 3,37—16,87 me
Ga ¢ makcumaabHoii omuOkoft 1,3%. TurpoBanHe MOMKHO TNpPOBOJHTE W IPH
pH 2,250, npauem npu BECOKHX 3Hauenusx pH Bo maGexkanue reApoAH3a HoHA
raJliHs THTPOBATh HEOGXOAHMO B MPHCYTCTBHM TapTpaT-HOHOB.

Tlpu wmskux suavenusx pH oKpacka mepexofut W3 iKeatoil B (QHONETOBYIO,
npu nosemuenns pH naGmogaercs ¢HoJETOBas OKpacka C PO3OBLIM OTTEHKOM.

[lnoxas pacTBOpEMOCTh peareHTta I B BOje HECKOJNLKO OTpaHHUH-
BaeT BOSMOKHOCTD ero npumenenus. [Toatomy Gonee yroGeH HHAHKA-

top IT [98].

K xucaomy pacrsopy, copepxamemy 2—10 me Ga, 106aBAsfioT HECKOILKO Ka-
neab 0,1%-woro Bopsoro pacrsopa pearenta II u mpuGaBAsOT aMMHMaK 0 MOsB-
MeHHst JKeJATON OKPACKH KOMIJEKca raJuius ¢ a30COefMHCHHEM. YCTaHaBJIHBAIOT
pH pacrsopa pas6asaennmivu HCl wam NH,OH, pasnmim 2,0—26 no meaxkaTop-
woii Gymare. Harpesaior pacrsop mo 70—80°C u rurpyior 0,01 M pacteopoM
kommuekcona 111 o mepexoja oKpacku u3 Keartoil B (Hoserosylo (oKpacka HH-
mukaTopa). [as cosjawds HyKHOro sHauenwsi pH MOXHO, Kak W B ciyuae ¢
unpuKatopom I, HeflTpaJiu3oBaTh KHCHBIH PacTBOP COJM TauiHsd AMMHAKOM J10
pH ~ 2 (mo ynuBepcaJbHOMY HHIHKATOpY), a 3aTeM noGasuth 15—20 ma Gudra-
Jarioro Gydepnoro pacrsopa ¢ pH 2,2—26. Tlpn GoJsee BLICOKHX pH (2,6—3,2)
YAOBJETBOPHTEAbHbE Pe3yJbTATE NOJydaloTcs NPH THTpoBannu B  ALETATHBIX
GydepHrx pactsopaXx. B MPHCYTCTBHH BHHHOH KHCJOTEHI, npejoTBpamannes
THADOJIN3 NpH BLICOKHX 3HaueHHsX pH, mepexoi OKPacKH B TOUYKE SKBHBAJIEHTHO-
CTH HEUeTKHf, oueBHIHO, 3a cueT 06pa3oBaHHfA MOCTATOYHO MPOUHBLIX KOMIIIEKCOB
raJJHsl C TapTpaT-HOHAMH.
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Onpeje/ieHnio rajins npu pH 2,0—2,2 ¢ uHAHKATOpPaMH (I) n
(I1) He MewapT AOCTATOYHO GoJpliIHe KoJHuecTBa MeJ09HO3EMEb:
guix Meramgos, Zn, Cd, Mn, a Takxe allOMHHHS B NPHCYTCTBHH

rop6opata uau ¢ropuia. [TocsieHHil TakKe XOpPOIIO MAaCKHPYET
Be, Sn(IV), Ti(IV) u Nb(V). Becbma BaxkHoe NpeuMyLIecTBO Ha-
@THIABHEIX a30KCHHOB — BO3MOKHOCTb HX HCIOJMb30BAHHA LI OMpe-
JeieHusi Pajus B KHCJBIX DacTBopax, COACpKAIUHX (ocdar-HOH.
Tax, HanpuMep, NpH THTPOBAHAH rajlIis C HH/IKATOPOM (II) moay-
yeHbl Y/I0BJETBOPHTENbHbIE Pe3y/IbTaThl IPH co/lepaHHH B pacTope
no 100 e KoHPO,-3H0/2. Onpejenennio rajiiusi MelaioT 3JeMeH-
THI, 06pa3yiollie ¢ HHAHKaTOpaMH B KHCJIOil Cpejle OKpalleHHbIe KOM-
maekes (Fedt+, T3, Ind*, Bin Iap.).

C unpuxaropom (IT) MoxHO OnpeneasiTh rajuit npu pH 4,5—5
(aneratHbiil Oydep) MeTOLOM 06paTHOr0 THTPOBAHHS H30bITKA KOM-
naexcona 111 pacTBopom comH MelH 10 TEpexoia OKpackH OT fIPKO-
pO30BOi B XKEATYIO [863].

M3 ApyrHX a30KCHHOB, HCMOJIb3YEMBIX B METOE NpsiMOro THTPO-
BAHHA TaJJHsA, 3aCAyKHBAIOT BHHMaHHA 7- (5-cynbcpo-2-ﬂaq)mnaso)—
8_OKCHXHHOJIHMH-5-CYIbMOKHCIOTA (NEepexof OKpacKu OT KeJATOH K
masusosoit mpu pH 2,0—2,2), 7-(4,8-nwcyan)o—‘2-naq>'mnaao)-8—01(-
CHXHHOMMH-5-Cynb(okuca0Ta (mepexoa OKpacKu oT XKeartoih K
KpacHO-MaJMHOBOH IpH pH 2,0—2,6), 7-(5,7-nucynbdo-2-naprua-
aso)-8-excanHonﬂﬁ-S-cynbcpoxncno’ra (nmepexoi OKpacku OT XKed-
TOl K KPACHO-MaJMHOBOH MpH pH 1,9—2,6) [98, 478), 7-(6-cynbdo-
2-Hacpmnaao}-8-oxcnxmnon-uH-5-cynb¢>ommn0'ra (nadpTHIA30KCHH S)
[817). C mocieAHHM HHAHKATOPOM ranauit Moxer ObITb OMpeine/eH
MeTOJIOM KakK NpSMOro, Tak H 0GpaTHOTO THTPOBAHHA npu pH 6 (ame-
TaTHO-NHPHIHHOBbIH 6ydep). [Ipu npamom MeTolC epexosl OKpacku
B TOYKEe 9KBHBAJIEHTHOCTH OT sesrolt K pososoil. OGparTHoe THTPOBA-
nue HaGuTka komnaekcona Il mpoBOAAT 0,05 M pacTBOpaMu
Cu(NOs)2 uan Zn (NO3) 2, HCTONIB3YS 0,5% -Hblit pacTBOp HHIHMKATO-
pa. OnpejieieHuio TajHsl MELAIoT MHOrHe sjaeMeHTHl. [Lasi npaMoro
KOMII/ICKCOHOMETPHUECKOr0 ONpe/IeNen s ra/liusi B KauecTBe HHAHKA-
TOPOB MOTYT OBITH HCHO/B3OBAHBL TAKIKE KOMIIJIEKCHbIE COeHHEeHHS
MedH ¢ a30KCHHaMH, Jaiolie Gomee yeTKHil TNepexoj OKpackH
B TOUKe KOHLA THTDOBAHHS, YeM COOTBETCTBYIOLUHE 430KCHHBI
[478].

[Ipoune a30MHAHKATOP DL Jlisi BbISICHEHHsT BO3MOYKHOCTH
HCTIONb30OBAHMSA B KAauecTBe KOMIIJIEKCOHOMETPHUCCOKHX WHHKaTOpPOB
KopeHmMaHOM ¢ COTP. [276] OblW HCTIBITAHbL a30KpACHTeNH, H3 KOTO-
pBIX 3aCJYKHBAIOT BHUMaNHs rananon (8-amuuHoO-2- (3-xs10p0O-2-OKCH-
5-Hmp0¢)eum-aao)-l-Hat’pTo.u-3,6-nucym:cpoxncnm'a, AByHATpHEBA
coann) (l); majaTue XpoM 3eJIeHblit (S-HM-HHO-Q—(2-0KCH—5-H‘HTp0(be-
Hi1a30) - 1-HadToa-3,6- 1ucyapdoKHCa0Ta, JByHaTpHEBas €0oJab) (KHC-
JOTHBIL XpoM TemHo-sejenblil «G» uaH «J»; XpOM TPOUHBIH
seqeHbiii «G»; spHoxpom 3eieHbiji «H»; rHApPOH 11 (skpanupo-
BaHHBI HA(TOJIOM XKeaTbiM); OMera Xpom seqennit «F») (I1) u
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8-aMHHO-2- (2- OKCH-3- HUTPO-5- cyabdodennnaso) -1- naproa-3,6-au-
cyabgokucaoTa, TpHHAaTpHeBas coab) (III).

I1pu no6GaBneHHH K OKpallleHHOMY NPOAYKTY PeakUHu rajuins c
yKasaHHBIMH KpACHTEJIsIMH pacrBopa komnuekcoHa III ma xonoay
nepexosia OKpackH He Habjawmofaerca. Ecan xe BECTH THTPOBaHHE
NpH HArpeBaHHH, TO MOXKHO 3aMETHTb Nepexo] CHHell OKPacku B po-
sopylo. Ilepexon oxpackn mpoucxonut npu pH 2 B cayuae Kpacure-
aeit (I) n (I1I) 1 pH 3 gaa xkpacureas (II). C naHHBIMH HHAHKATODA-
MH MOKHO onpenensaTts ot & no 300 mxe Ga/ma.

K HcneiTyeMOMy a30THOKHC/AOMY pPAacTBOPY COJH rajums obGeemoMm 1 a2
nipubasaisoT 1 ma GypepHoro pacreopa u 1 kammo 0,1%-moro BoaHoro pacreopa
0AHOTO H3 HHAMKaTopoB. PacrBop narpesalor 1o 60—70°C u THTpPYIOT H3 MHKpO-
Gioperku 0,01 N pacreopom komnuiekcona III no mepexoma okpacku M3 cuueil B
pO30BYIO.

Omnpenenennio memaior Sc, Al, Zn, In®+ u Fe?+, nostromy neo6xo-
JHMO MpefBapUTe/bHO Ta/iIuil OTAENATh IKCTPAKLHEH.

Jas npsMOro KOMNJIEKCOHOMETPHYECKOr0 ONpEAeqeHHs Trasis
B KayecTBe HHAHKaropa npeanoxeH 4-(2-N-mernnanaGaszusasope-
3opunH) (MAAP) [1]. OxpaiueHHbli B MaJHHOBBIH IIBET B ILEJOYHOM
cpene (A=490 wm) u B XKeaTelt —B KHCAOH A=380-390 mm),
MAAP o6pasyer ¢ HOHaAMH TaJlJIHs B KHCJOM Cpejie KOMIJIeKcHoe Co-
eIHHeHHe KPacHOro 1BeTa, paspyuaiomeecs npH 100aBaeHHH H3GLIT-
ka xommiekcoda III. Turpoeanue npoBoaaT npu 3HaueHusx pH
2,6—3 (CH3COOH 1:1) u3 marperoro mo 70—80°C pacrsopa
0,01 M pacrsopom kommaekcona III 1o mepexona okpacku or Kpac-
HOIl B yncTO-KeaTyio. [Tepexox okpacki B KOHEUHOH TOYKEe THTPOBA-
HHSI YeTKHH H JIeTKO 3aMeTHBIH.

Mertop orimyaercsi BLICOKOW CeJ€KTHBHOCTBLIO, €r0 ONpeeseHHIO
He MEIIAoT IeJOYHbIEe H lilesloyHo3eMenbHEle MeTamaasl, Mg, Mn, Cr,
cyJabgpar-,apcenut-,pocdar-,Moanbaar-,Boabdpamar- u propobopar-
HOHBI, 4 TaKkKe THOMOYeBHHA. Bauanue vexoropuix nouos (Al, Cu, TI
H JIp.) MOXHO YCTPaHHTb N0GaB/NeHHeM MAacCKHDYIOUIHX DEareHTos.
LlurpaT-HOHBI NMpensATCTBYIOT peakunu raaus ¢ MAAP pcaexcrsue
006pa3oBaHHs JIOCTATOYHO NMPOYHLIX LUTPATHBIX KOMILIEKCOB TaJlJIHs.
DTO CBOHCTBO HCMOJAb30BaHO AMsi Pa3paGOTKH METofa PasebHOro
THTPOBAHHs Ta/UIHA ¥ HHAHS B HX cMecH. CHayajna THTPYIOT CyMMY
HHJHS M rajjaus pacTBopoM kommiaekcona III B mpucyrerBun MAAP,
a 3aTeM B Jpyrodl uyactd pacrtBopa cBs3nBaOT raanani 10%-HbiM

" PAcTBOpPOM JIMMOHHOH KHCJIOTEI M OTTHTPOBLIBAIOT HHIMH C TEM Ke
HHInKaTopoM. PasHocTs o6beMoB pacTBopa Komnaekcona 111 mexay
MepBLIM M BTOPHIM THTPOBAHHEM COOTBETCTBYET KOJHYECTBY TraJ/lIHS.

Hs npyrux asocoeiuHeHuil, HCNOMb3YEMbBIX B KauecTBE HHIIHKA-
TOPOB IIPH KOMIIIEKCOHOMETPHYECKOM OMpeAeJeHHH Tajljiusl, MOKHO
OTMeTHTb AuTH30H [1068], nupennnkap6ason [1095], nudenuakapba-
3oH- (VO (3 TA)3-) [1276, 1331, 1332] u apcenaso [256].
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Jlasi KOMINJIEKCOHOMETPHUECKOTO OTIPeJIe/IeHHa Ta/ius pexe npu-
mensiorcs HadTtuann [797), mypekcun [797], GensoruapookcaMar Ka-
aus [1106], ponannn aMmmonus {534], ponannn xanus [1383, 1384] u
asuj HaTpus [1344] ,

HcnonbsoBanue amoMHHOHA 1 XMHAAH3aPHHA B KayecTBe KOMIIeK-
COHOMETDHUYECKHX HHIHKAaTOPOB He AaJO YAOBJETBODHTENbHBIX pe-
3yabTaToB [534].

SJIEKTPOXHMHIIECKKE METOIH
KOMNOJEKCOHOMETDPHYECKOro ONpeaeNeHHA TralJud

BHCTPHM H IOBOJIBHO TOYHBIM METOIOM ONpEJeJeHHs rajjHd B
UHCTBIX PACTBOPAX €ro coJefl ABASeTCs NOTEeHIHOMETPHYECKHHA METO
{819, 828, 957, 1253]. Bo Bcex cayuyasix HCHOJAb3YIOT 0OPATHOE THTPO-
BaHHWe H30biTKa KoMmmiekcona III pactsopamu coneft Zn [828, 1253],
Hg?+[957] unu Ca[819]. CranmapTubiM 3J€KTPOAOM CJAYAKHT KaJo-
MEJIbHBIH, HHAMKAaTOPHLIM — pTyTHEI [1253] uau cepeGpsiumiii [819,
957] snexTpon.

B cayuae pryTtHOro snektpoga k 5 sa 0,02 M pacrsopa raamma (~7 sz Ga)
npubasasior 10 xa 0,02 M pacrBopa kommaekcona III, 10 ma 0,2 M aneratHoro
6ydpepa (pH 4,6) u narpeBaior pactBop. Ilocae oxiamiaeHHs BBOAST pacTBOP
KoMrjekcHoro coennnenuss Hg — kommnnexcor IIT (1 kanas 10—3 M pacrsopa na
Kaxjaeie 50 ma KoHeuHOro 06beMa) H THTPYIOT H3GHTOK KoMmmiekcowa III pacrtso-
POM COJIH IHHKa.

Onpepenennio mematr Al, Bi, Cd, Cr(III), Cu, Fe(IIl), Hf,
Hg (1I), In, La, Mn (II), Ni, Zn, Pb, p33, Sc, Y, Th, Zr, V. (IV).

B To BpeMsi Kax NMOTEHNIHaJ PTYTHOIO 3JIeKTPOAa B GOJMBIIHHCTBE
Cny4dyaeB 3aBHCHT OT KOHCTAHTHI YCTOﬁqHBOCTH KOMIIJIEKCHOTO COeni-
HeHHS TUTPYEeMOTO MeTajja ¢ KOMIJIEKCOHOM, MOoTeHmHasa cepebps-
HOrO 3JICKTpPOIa HE 3aBHCHT OT THTPYEMOTO BEIIECTBAa H OUCHbL 6BICTp0
JAOCTHTaeT nocTosinHoro 3Hayenusi. [ToatoMy npumeHenue ero Gojee
HaJaeXHOo.

K HccremyemMoMmy pacTBopy (HHTpaT uaM nepxJopar), cogepxamemy 0,050—
0,5 mmoas HoHA rajnms, npubaBJAIOT TOYHO OTMepeHEbi H3GuTOK 0,05 M pac-
TBopa kommuekcowa III, 50 ma 0,1 M GopatHoro Oydepa u pasGasjsiT J0
~ 100 ma. 3atem ycranasausaior pH pacrteopa ~9,2, ssogsar 0,05 xa 0,008 M
AgNO; (nnm obecneueHHsl paBHOBECHOTO NMOTEHIHANa C cepeGpsHBLIM 3/EKTPOAOM)
H OTTHTPOBHIBAIOT He BCTYNHBLIEE B PeaKNHI0 KoJHuecTBO Kommuekcona III cram-
naptaeiM pactsopoM Ca(NOj)s.

Onpenenennio mewaior Al, Bi, Cd, Co, Cu, In, Fe®+, La, Pb, Mn,
Nd, Sm, Th, VO2+, Y, Yb, Zn.

Meton ob6patHoro THTpoBaHHs KommJaekcoHa III pacrBopom HH-
tpata prytd (II) B menounoir cpepe (pH 9,5) npumenen mjs cym-
MapHOro ompenesnenus 3aementoB B cMecix Ga — Cu u Ga — Cu—
Hg [957].

AMnepoMeTpHuecKoe THTpOBaHHe rajutns Kommiaekconom IIT 6ulio
Hayueno Yepkamuuoii [534]. Turporanue 0,01—0,025 M pactBopamu
komnzaekcora III npoBoaar B pacrBopax ¢ pH 2—3 no auddysnon-
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HOMY TOKY raaausi. MHIAHKATOpHBIM
3/1eKTPOAOM CJAYKUT PTYTHLIH Kamneib-
HBI1 3JEKTPOJ, 3JEeKTPojoM cpaBHe-
HHUST — HACHILEHHbI i KaJIOMeJIbHbIH
aneMeHT. KoHeuHyI0 TOUKY Ompejes-
ioT rpaduyecku (puc. 8). Omubka on-
penerenns aasa 0,48—1 me Ga—4%,
st GoarblIMX KoaudecTs (10 9,6 me) —
1% . AmmepomerpHueckoe THTpPOBAHHE
npu pH 3 majo usbuparesbHO.
Boaplinit WHTEpec TMpeAcTaBJder
tuposanne npu pH 1,7—2: B 31HX yC-
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oL il 45 | JIOBHSX OIpEJeJIciie BOSMOKHO B npH-
sbven G0tk pacmbopa xow ~ CyTCTBHE Ca, Mg, Mn. He wMemaloT:
anexcona I, mn 1o 30 me Al, 10 5 2 Zn u Co, 1 me

Puc. 8 AmMmepomerpHuecKoe Cd. Memaior Pb, Ni, Mo, Sn, Th, Zr,

THTPOBAHHE Ta/IHs KOMILIEK- V, Ti Bi u Cu, Buausane Meau

corom III (~0,5 M) ycTpausioT BBEJEHHEM
THOMOYEBHHLI.

Touyka 3KBHBAJIEHTOCTH NPH THTPO-
pauuu ranaus xommiaekconom III moxer ObiTh ompejeneHa ¢ To-
MOIIbI0 BhICOKouacToTHoro Turpumerpa [171, 172].

| MA HCOBITYEMOTO PacTBOpa, COAEpIKALLEro 0,25-—1,5 Mme-3ke ranaus, pas-
Gapasior no 150 ma Bomoir u pactsopom NaOH ycranasimeaior pH 8. 3arem
turpylor 0,15 N pactBopoM KOMILICKCOHA III npy TMOCTOAHHOM MNepeMelrdBaHiy.
Onpejieiende BLIOIHAIOT HAa BBICOKOWACTOTHOM THTDHMETpE cucremnl ITydropa
(tun 930 Pazeskuc) ¢ NpPHMEHEHHEM SKPaHHPOBAHHON H TEPMOCTaTHPOBAHHOMH
stuefiky  (UMAMHADHUECKHHE CTAKaH M3 OPraHHYEcKoro crexna) mpu 20°C u pac-
CTOSIHHEM MEMKAY KOJbIEBHIMH 3JIEKTPOAAaMH 30 mm.

Ec/i HEH3BeCTHO, B KAKHX TpeielaXx HaXo/AWTCS KOHUEHTpAaLus Taliud, 10
NpPOBOASAT TIPEfBAPHTENbHOE THTPOBAHHE B o6patHom mopsiake. [lis sToro B seii-
Ky THTPHMETPa MOMEIIAOT OMpe/e/ienHoe KOJIHUCCTBO pacriopa xomnaexcona 111
(10 m2 0,15 N pacTBopa KOMILIEKCOHA 11 pasGasastor popok o 150 ma) u
THTPYIOT €ro HCCJEAyeMbIM PacTBOPOM Ga(NOj)s. Ilo Toukam nepernba Ha KpH-
BOIi THTPOBAHHS YCTAHABJAMBAIOT MOMEHTLI KOMILJIeKcoo6pa3oBaHHa W mocje pac-
yera KOHUEHTPAlHH KATHOHA CHOBA THTPYIOT €ro NpH ONTHMA/BHLIX YCJAOBHSX.

Jlpyrue THTPHMETpPHUECKHE METOAb! ONpPeeeHHs ra/LIHs

ORHUM H3 HOBBIX METOOB ABJSETCH apCEHATHO-HOLOMETPHIECKOE
ornpefe/eHKe rajius, OCHOBaHHOE Ha ocaxaennn Gaz(OH)3(AsO4)s
g 0,02 N HCI, pactBopenns ocajika B HySO4 (2:5) u nogomerpuye-
CKOM THTPOBAHHH BbIJEIHBIIErOCs Asf+, Merop GbICTp H TOUYEH: OIl-
penenenuio He MemaioT K, NH, Na, Mg (551}

Onucano AMIepOMerpHYeckoe THUTPOBAHHE Trajaus pPacTBOPOM
kyngepona B 0,001—0,1 N cepHOKHCJBIX paCTBOPAX. [anauii npeasa-
PUTeJBHO SKCTPATHPYIOT OyTHIANETATOM H3 6 N HCl (oraeneHue or
Fe2+) [520]. AnoMuEHiT H LHHK HE MEIIAIOT 10 BECOBOIO COOTHOIIIE-
una Al: Ga u Zn : Ga, He mpesbimatomtero 50:1 u 200: 1 cootser-
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“ ersenno. He Memalor onpejie/ieHHIO TaKxKe BHHHAA H JHMOHHAA KHC-
JIOTHI; lllaBeJjieBasi d MOJIOUHAS KHCJAOTBHl CHJABHO CHHZKAIOT pe3yib-
TATHI.

BausiHie PAa3MHUHBIX 3JEMEHTOB HA ONpE/e/eHHe MajIid METO-
JIOM aMIepOMETPHYECKOro THTPOBAHHS N-6en3oungpeHHarnApoKcHiI-
aMuHOM 6buio uaydeno [annait u AnuMapHHBIM [132]. Onpenenenus
nposoaunuck ¢ 0,4—6 #e Ga 8 10 ma pacrBopa Ha ¢one consHas
KUCA0Ta — OGudTanat Kajaus. B MPHCYTCTBHH aJIOMHHHS yI0B/ETBO-
pUTeJbHBIE Pe3yabTaTbl OblIH MOTYUeHBl MPH pH 2,4—3,0 mo coort-
nowenus Al: Ga = 65: 1. Lluuk u Mapraney He ocaxuaiorcs BOTA
i He MEIIAIOT OMpEeaeJeHHIO 0 COOTHOLIEHHS 500:1. Ilpu pH 24
100-kpaTHEe KOJMHUECTBA HHAHA He BJAMAIOT HA PE3y/bTATLL onpeje-
JIeHHS ra/Hs. B mpuCyTCTBHH CBHHIA ONpeJe/ieHHe NPOBOAAT HPH
pH 3,0—4,0 na aueraTHO-aMMHaYHOM (pone, BO H30exKaHHe OCAKIL-
HHSL XJOPHAA CBHHIA. YJOBJETBOPUTE/BHbIC PE3YJbTAThl MOJYHEHDI
1o copepxanug 500-KpaTHBIX KOMHYECTB CBUHIIA.

Fe(Ill) memaer onpejeneHHio H A0JHHO OLITh BOCCTAHOBJEHO
4CKOpPOUHOBON KHMCIAOTOH.

Te e apropsi [133] npu onpe/ie/ieHHH rajiisg B apCceHije 1 (poc-
(uae ranaus B KauecTBe HHAHKATOPHOTO HCIONL3OBAIH rpaduro-
Bblfl syekTpoA. THTpOBaHHE NPOBOANIN NPH pH 3 no TOKy OKHC/IEHHA
B®I'A npu morednuane rpapuToBOro 3JEKTPOLA +1,1 8 (oTHOCH-
TeJbHO HAC. K.9.). MBIbSK # ¢ochop He Memalor OnpeieaeHHio 10
cootnomenus Ga:3 = 1:1,5.

®OTOMETPHUYECKUE H ®JIYOPHMETPHYECKHE METOAbI

Vemeunoe pasBuTHe (DOTOMETPUYECKHX H  (IYOPHMETPHHECKHX
METO0B OMpe/leIeHusi Tajulisi CBSA3aHO C yCTAHOBJEHHEM JUId Hero
() YHKUHOHAMbHO-AHAJTHTHYECKOH TPYMIbL, a TaKKe ¢ BBISICHEHHEM
NPUPOJILl XPOMOGOpa 1 XHMHUECKOH CBS3H ATOMOB B MOJIEKYJIe.

Peakuuonuas cnoco6HOCTL peareHToB HA HOH allTHA ofecneyn-
paercs komGunauuei xsyx rpymn OH i OH n COOH B opro-no-
JIOJKEHHH, €CJM B COCTaB (YHKLHOHANbHO-AHANUTHYECKOH Py Ikl
pxonsT =C< HIH reTepoIHKIIHYeCKHH —0O— u atomul N, S, urpato-
mue poan xpomodopa (288, 290, 307, 590, 595].

JLJst raaJua H3BECTHO JIBE I'PYMMILI BETHDLIX peaxuuit: o06pasoBa-
HHE BHYTPHKOMILJIEKCHBIX coenunenuit nona Ga®t ¢ opraHHYECKHMH
peareHTaMM M 5KCTPAKUHOHHO-(OTOMETPHUCCKHE METOLEI, 3aK/104ai0-
liecsl B 3KCTparpoBaHui KOMIJIEKCa GaCl,~ ¢ OKpauieHHbIM OpTa-
HHYECKHM KATHOHOM cMechlo OeH3oaa M 3dupa H (GoToMeTpHPOBAHIH
skcrpakrta. OTAaTh npennoyTeHue Kaxoi-nu60 H3 3THX TIpynm Ao-
BOJbLHO TPYAHO, MOCKOJbKY aHANHTHICCKHX pa6oT, MOCBAIIEHHBIX
CPABHEHHIO H3BECTHBIX METOJ0B (POTOMETPHUECKOTO I ¢bayopHMeTpHU-
YeCKOTo OMpE/IETCHHs rajlJiusi, MoKa HEeAO0CTaTOUuHO [37, 38, 47, 576,
577).

Onpeje/iende rajins ¢ aHTPaXHHOHAMH. Xunanuzapuu o6-
pasyeT ¢ TajneM JaK, OKpauleHHblH OT po30BOro J0 aMEeTHCTOBOTO
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IBeTa, MPHTOAHBIA AJA KOJOPHMETPHYECKOT0 ONMpelefeHHs ra/aus
[589, 712, 1432]. Peakuus BecbMa UYBCTBHTeNbHA (MOJKHO OTKPHITH
0,02 me Ga/a), Ho He cneuudHyHa, H MPH ee NPHMEHEHHH TpeGVeTcs
NpeABapHTENLHOE OT/e/eHHE OT TajJIHA MHOTHX IIOCTOPOHHHX MeTa-
70B. Jlyuinne pesyabraTthl moayvaiores npu pH 5 u comepxanuu B
pacrsope 1 N CH;COONH, u 0,5 N NH,CI. B stux ycaopusx Bans-
uue Al, Be, Ti, Zr, Th, p3s, Sn (IV), Tl (III) u apyrux s1emenToB
yCTpaHserca BBeleHHeM (TOpHJA, KOTOpHIN, OAHAKO, HE Tpenst-
CTBYeT peakuwu xuHasmusapusa c Fe (III), Sn (II), Sb (III), Cu,
Pb, In, Ge, V (IV) u (V) u Mo (VI). )Kene3zo u uumuii oTAEASAIOT
u30biTkOM NaOH, a repmaHuil OTrOHSIIOT H3 CHABHO COJISHOKHCJIOIO
pacrsopa B puae GeCl,. Ilpu pH 5 Mg, Mn, Fe (II), Hg (II),
T1 (I11), Cd, W, U (VI) u As (V) He 1al0T OKpPacK# ¢ XHHAJH3apH-
HoM. Ni, Co u apyrne memaior okpackoit cBoux HoHos. Ag, Hg (1),
Bi, Nb ocaxnaiotca npu ruaposuse ux coseft HIM B BHAE XJIOPH/IOB.
LlnTpaTel, OKcasaThi H TApPTpaThi NPENATCTBYIOT PeaKIlHH, a tdochars
MIOHHKAIOT ee YYBCTBHTEJbHOCTD.

ANHKBOTHYIO 4YacTh PacTBOpa, cBOGOMHOTO OT MEINAIOUHX 3JEMEHTOE H CO-
JlepxKalero cCOOTBeTCTBYIOUIHE KOJHYECTBA XJOpuAA M auerata HaTpHs, u 0,001—
0,005 sz Ga, nepenocat B npoGupky Heccaepa. B apyrue Takme ke npoGHpKH
BBOAAT COOTEBETCTBYWOUIHE KOJIHYECTBA THIOBOro pacTBopa raJuIHfi H TexX Xe Co-
JNeil, KakHe COAepXaTCcd B AHAJMH3HDYEMOM pacTBope. Pacrnopu. HaxonsUIHecH
B npo6upkax, Hefitpaausyior g0 pH 5 (c moMoubio XHHTHAPOHHOTO 3JEKTPOAE),
B Kamabifi H3 HEX BBOAAT mo 1 ma 0,01%-noro cnuproBoro pacteopa XxuHaau3a-
pHHA H 3aTeM pasbaBaslOT [0 onpenenenHoro oGbema. MHTEHCHBHOCTL OKpacKu
cpaBruBaloT cnycts 2 MuH. TIpu HCMoABL30BaHHH (OTOMETPHUECKOTO METOma ompe-
lesenuHe BOAAT TpH A=530 Am; MoAspHHH KosdpdHUHENT norameHHs e=
=1,1-10* [38]. CooTercTBylOUIHE BEJHYHHE 1A CBOGONHOTO peareHTa HMEKT
3HaveHHs: A=470 um; e=3 - 10°, g

MeTo/ HeCKONMBKO ycTapes, HO MpPH OTAENEHHH MELIAoUuX 3Je-
MeHTOB MeTofaMmu 3KcTpakuud [1081] mam xpomartorpacdum [1170,
1352] nponosnkaer ycnemHo MPHMEHATHCS Ha NpaKTHKE.

Aawsapun S naer c ranamem npu pH 3—5 u 5—-90° C ycroii-
uHBbIA KpacHbIH KoMmieke (g Kyer=9,5 npu 25° C) B mosnsipHoM o7-
Howenuu Ga:R=1:2 [Ga(ARS):] ¢ makcumymom npu 490 wa
[768, 1432].

MakcumanbHas HHTEHCHBHOCTb OKPACKH KOMIMJEKca JOCTHLAeTos!
B TeYeHHe 5 MHH. H HE H3MeHseTcs B TeueHHe 48 uac. npH KOMHaTHOM
Temnepatype. 3akon bBepa coGmionaercs npu 3Havennn pH 4 nas
0,55—14 mxz Ga/ma. Monspusiit Ko3¢pdunuent noramenns 4,710,
gyBcTBHTENbHOCTE (no Cenmeny) 0,07 mke/cm?,

ITo Axmennn [38] cocras oGpasyiomerocss komnaekca Ga:R=1:3
H e=775-10° npn A=480 mm. [as pearenta e=1-10° npu
A=420 um.

Onucano cnekTpopoToMeTpHYecKOe ONpeeNeHHe raiusa ¢ a J U-
3apHHOM, o6pasyiollHM TpyAHOpacTBOpuMBIA aak [37, 712, 1263].
Meton maJo cneuuguues.

Onpejenenne raaans npu noMomu 8-0KCHXWHONHHA H €r0 MPOM3-
BOAHBIX. PayopumeTpuveckutl apuanr. PactBop 8-okcHXHHONHHATa
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raanus B XJopodopme B OauKHEN yabTpadHoseroBoit obaactu
HMEET HHTCHCHBHYIO KeaATyio dayopecuenuuio (40, 66, 446, 713, 923,
1283, 1284, 1285]. Kpome nHaus u CKaHIHS, OKCHXHHOJHHATHE ApY-
FHX METaJJIOB He COOOWAIT (ayopecueHnu XjiopoopMy mocae
SKCTpakuuu mpH pH 2,6—3,0 (Bo3aMOMKHBIM HCKITIOYeHHeM SIBASETCS
JHTHH ¥ GepHANHA B GOJbLIHX KonuyecrBax). Ilpu pH 3 unrencus-
HOCTb  (DIYODPECLEHUHH HHIMSA COCTABJSIET ~s00, @ cKaHguA —
OKOMO '/49000 OT MHTEHCHBHOCTH (uryopecuenunn toro xe Kosuue-
crBa raanud. [lpu pH 2,6 uurencuBHOCTS GayopecueHIun HHAHA
MEHbIUEC HHTEHCHBHOCTH (MyOpeCHeHILHH: Fajius NPHOIUSHTENbHO B
10000 pas. Amomunnit g0 30 mz He dayopecuupyer, npu Gospunx
KOIHUeCTBax oGa smeMeHTa sKcTparupyior npu pH 5,7 pacTBopoM
OKCHXHHOJIHHA B X/I0POGhOpPME H ONpPeNeAIoT KaXKAblil B OTeAbHOCTH,
HCIO/Ib3yAl PA3/IMUHS B HHTEHCHBHOCTAX (hIyopecueHiuy, BO3GyKaae-
Moit ipu 365 u 435,8 num [723].

Fe (III), V (V), Cu (II) u Mo (VI) obpasyior okpauenusie, o
HEQJyopecUUupYIOIHe PACTBOPhI, YTO NPHBOAHT K 3aHHMKEHHBIM pe-
SynbTaTaM NpH ONpefleJieHHH rajuus. Melnatouee aeficTBue Kenesa
H BaHaHsA YCTPAHAIOT BOCCTAHOBJIEHHeM HX COJSIHOKHC/IBIM THIPO-
KCHIaMUHOM. OKCHXHHO/IMHAT THTAaHAa HepPacTBOPHM B xmopopopme
B YCIOBHAX onpeaeneHHs u o6pasyer smyancuio. Ocaabasier thayo-
PECLEHUHIO TalHA TaKkKe H UHHK. DTOD NMOHHIKAGT UYBCTBHTENb-
HOCTb peaKlHH, eCiH OJHOBPEMEHHO He TIPHCYTCTBYIOT SKBHBAJEHT-
Hble KoJHYecTBa amoMuHHsA. LIuTpatei samepasior peakuuio, a He-
Gosbiune KomuuecTBa GochaToB AHWb c1abo BAHSIOT Ha ee YYBCTBH-
TeJbHOCTD,

ITosromy B mpucyTCTBHYM MemalOmHX 5/1€MEHTOB BHAuaJe raimii
SKCTPAarHpyiot B BHAE XJOPHAA 3QHPOM H3 CONAHOKHC/ION Cpeabl B
NPHCYTCTBHM BOCCTaHOBHTENA (meraqnnueckne Cd, Ag, pacrsop
Na,S,03, pacrsop TiCls). B xauecrse IKCTPATEHTOB MOXKHO NpHMe-
HATb TaKkKe OyTH/AUETAT, H30AMHJOBBI CIHPT, aMHJIALETAT, H30-
nponuaosblil apup. ITockonbky Mmomubaen ao HEKOTOPOH CTeneHH
JKCTparupyercss 3(HpOM, KOJHYECTBO €ro He NOMKHO MPEeBHIIATH
30 mxe.

[lpu otcytcTeun enesa or6upaior 5 wian 10 ma aHa/NH3HpyeMoro pacrsopa
H HeHTpPaausyior a0 3uavenns pH 3, ecam npucytcreyer menee 0,05 sz In, u mo
pH 26, xorna comepxanne munus cocrasaser 0,05—1 mez. HoGasasior 0,25 ma
0,1%-Horo pacrsopa okcuxHHoaHHa B 0,04 N CH3COOH u snepruuxo B3GaaThi-
Baiotr ¢ 1,0—2,0 ma xmopodopma B mIocKOmOHHOM npobupke (18X 150 mm) c
nputepToil npobkoi. IMogolHuiM e cnocoGom 06paaTHiBaloT CepHIO CTaHAapT-
HBIX pacTBopos, cogepxawux ot 0,1 xo 1,0 mxe Ga, HMelomux TaKyl0 e KOH-
UEHTPALHIO HOHOB BOAOPOAA H TakKoil Ke OGbEM, KAK aHaJH3HDPYeMbil pactsop,
H COAEPIKAUIHX MO BOIMOMHOCTH OJHHAKOBHIE C HHM KOJMYeCTBA HEHTPadbHbIX
conefi M T. m.

Ilocae oTaesenns XMOPOGOPMHBIX IKCTPAKTOB CPaBHHBAICT B YJbTpadHo.ie-
TOBOM CBETE HHTEHCHBHOCTb (h/yopecueHuHH aHaJausHpyemoro o6pasma co wIKa-
70/ 3TaNOHHLIX PacTBOPOB BH3YaJbHO HJH C NOMOLIBIO dayopumerpa, Bumecro
METOAa CTAaHIADTHBIX CEPHA MOMNHO MO0/B30BATHCA METOAOM KOJOPHMETPHYECKO-
ro tHtpoBauua. UyBcTBHTennHOCTH peakumn — 0,1 mkz Ga/ma xJaopodopma
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Gonbias uysersuteasocth (0,03 mxe Ga/sa xnopodopma) nosyuaercs npH He-
MO/Mb30BaHHH COOTBETCTBYIOUIEro (huiyopHMeETpa.

[lpu comepmannn 30—40 sz Fe (III) B 5 ma ananusupyemoro pactBopa A0-
Gapasior 0,5 2 CONAHOKHCIOro rHApoKcuaamuna, 3arem 10%-nuiit  pacTsop
CH3;COONa no nosiBiexnst 6ypoii 0Kpackd W ocraasioT Ha 10 MHH. 10 noJA#oro
RocCTaHOBJEHHS 3Kenesa. ITpn stoMm pacrsop oGecuseunsaercd. osoast phl pac-
tsopa fo 3,0 uam 2,6, B 3aBHCUMOCTH OT COAGPMAHMA HHAHSA, H B AaibHereM
MOCTYNalT KaK yKasano Beimle. B 5ToM ciyyae pacTeop He Clle/lyeT CiadiuKkoM
NPOAOJKHTEALHOE BpeMsi B3GANTHBATL ¢ XJOPOQOPMOM, TAK K4K (IPH 3TOM Me-
J1e30 MOJKEeT CHOBA OKHCJHTbCA.

Jl151 npUrOTOBJIGHHS PAcTBOPA OKCHXHHOJMHA HarpesailoT 0,1 & OKCHXHHOJHHA
¢ 1 ma 4 N CHyCOOH go pacTBopeHns H pasGaBasior sogol o L ad.

MeTos HPOKO MpHMEHAETCS /15 ONPEe/eH s Tanaus B pasiny-
Heix oObekrax [139, 149, 158, 344, 774, 921—923, 1003, 1010, 1011,
1154, 1172].

Doromerpudeckuli sapuant. OfHa H3 METONHK OCHOBAHA HA 3KCT-
paxiuH 8-OKCHXHHOJIHHATa rammusi xaopodopmom mpu pH 3.5 [40,
1121, 1122, 1347]. MemaoT MHOTHE METa/lIbl, TO3TOMY TaJUIHi mpe/i-
BaPHTEJLHO 9KCTPATHPYIOT 3HPOM H3 COJITHOKHCJIONO pacTBopa, co-
nepxkauero TiCls.

B apyroit MeTojaHuKe /i MacCKHPOBKH psiia 3/71€MEHTOB HCMO/b-
3YIOT 3KCTPAKIHIO M3 IIEJNOYHOH CPeabl B MPHCYTCTBHH LHAHHMIA
[1072]. Onpenenenuio He MEWAIOT CJIEOBbIE KOJIHYECTBA XKejesa, KO-
TOpbIE MOTYT CONYTCTBOBATH TAJJIHI0 NMPH SKCTPAKUHU 3(HPOM B
npucytersun TiCly. Ecan xomuuecerso Fe (I11) n Mo (VII) maimo, T0
MOMKHO TIPHMEHSITh SKCTPaKUHIo 3hHpoM H 6Ge3 HCNoNb30BaAHHA BOC-
craHoBuTeasl. 25 mxe Ga Xopolmo ompejelsieTcsi B IPHCYTCTBHH
100 mxe Fe (111), Mo (VI), V (V), Sn (IV), Zn, Se, Te, Re, Ge,
T1 (II1) u Apyrux METa/JOB [OC/e SKCTPAKIUHA 3(PHPOM.

TMpuMepHo 25 M4 pacTBopa amanusupyemoro o6pasuna (<40 mxe Ga) B HCI
(1:1) ofpaGarhiBatoT 25 M4 uHCTOrO 3THIOBOTO 3(pHpA, NPEABAPHTENLHOrO Npo-
muitoro HCl (1:1), comepxamedi HeGoJblIne Kounuectsa cymbdura. OrGpachi-
RAIOT BOAHBIL cjofi W B3GanrsiBawr aduprylo hasy c AByMS TOPLHIMH HCI
(1:1) mo 2 ma kakpas; KHCAOTY cauBaioT. BerpsxuBaiorT sQupHyiO thasy c
15 4 BOILI, YTOGH TepeBECTH Ta/iHil B BOAHYIO (hasy; NOBTOPAT PESKCTPaK-
whio ¢ 10 ma Bopsl. O6bennHenHble BOJHBIE (asbl HArpeBaioT B TEUEHHE HECKOJIb-
KHX MHHYT [0 McyesHOBeHHs 3amaxa 3dupa. OxiaxaioT M MEepeHocit B JEH-
TENLHYI0 BOPOHKY. Baoasar 1 xamio pacTBopa HHIMKATOpa M-KPE30JIOBOrO myp-
nypoBoro, a 3aTeM [00aBJAIOT aMMHaK /10 OKpalllHBaHHA pacTBODA B WKeNTHI
nper. Hemennenuo npususaior 5 sma 10%-noro pacrsopa NaCN, nepememrpaior
H noBapasior 20 ma 1,0%-Horo pacTeopa 8-oKcHXHHOJMHA B Xd0podopme. BsGas-
thBatoT B Teuenne 30 cex. JlaoT (asaM pasiennThCA H H3MEPAIOT CBETOMOrJouIe-
Hue x70podopMHOro KcTpakra npu A=393—402 ru; £=6,5 - 108%. CoekTpsl morJo-
HIEHHS OKCHXHHOMHHA M OKCHXHHOMHHATA rajyius NPHBEICHE Ha pHC, 9.

TIpeaBapHTe bHOTO OTACJACHHS TajIusi SKCTpakuued S(pHpom
MOIKHO H36eKaTh, ec/iH MPOBOAHTDL ONpee/eHHe B YCIOBHAX, TIPH KO-
TopbiX yerpanserca pausune Al, Fe, Cuu V. Ilns smoro B pacTBop ¢
pH 3,5—3,6 sBonsT GutpranaTHblit Gydep, KOTOPHIA MOAABISCT BJIHS-
nue amomunns; Fe (I1II) Boccramasmusator go Fe (II) ackopGuHo-
BOfI KMCJOTON, Melb CB3HBAIOT B KOMIUIEKC THOMOYEBHHOH, a Me-
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niamoilee AeHcTBHE BaHafHA VCTDA-
HAIOT BBEJIEHHEM THADOKCHAAWHBE
[528, 539]. B KauyecTBe OprauHic-
CKOTO pacTBOpHTEJs A OKCHXHHO-' 2
JUHATA TaJIHs Jydlle HCnon3o-
BATh UeTHIPEXXJOPHCTHIH yruepoa, 48
MOCKOJIbKY ONTHYECKad MJIOTHOCTD
OKCHXHHOJIHHATA rajjud B XJopo- “
dopme cocrasasier npumepno 60% oL 1 !
OT ONITHYECKOH IJIOTHOCTH €ro B 9e- J00 350 400 450 S00Amm
Teipexxopuctom  yraepoge. Ilpu o o CreKTpsl cBETOMOTJIOMIE-
HaBecke | 2 YYBCTBHTENBHOCTb M€-  uug oxcuxumonmra (I) W OKCH-
Tona cocrapager 0,001%, a tou- XHHOMHHATA Tanaus (2)
HOCTBE *+5%.

OnucaHHBII MeTON ABJISETCS OAHHM H3 HauOosiee UYBCTBHTEJb-
HbIX KOJIODHMETPHUECKHX METOHOB ONpeaeeHHs Taius H IIHPOKO
IIpHMEeHsieTcsI MPH aHaJH3e TaJHHCOLepIKAIIero Chipbs.

Onpenenenne ranausa ¢ 5,7-nu6pom-[1006, 1120, 1172, 1173], 5,7-
auxaop-[143, 1007, 1173), 5,7-aunon-[143], 5-uurposo{143] u 2-meTH-
8-OKCHXHHOMHHOM (8-OKCHXMHAJBIWH, O-OKCHXHHAJbIHH, METHJOK-
cun) [920, 923, 973, 1172, 1173, 1321] Gosee uyBCTBHTENBHOE, HO
MeHee H30HpaTe/NbHOE 0 CPaBHEHHIO C 8-OKCHXHHOJIHHOM.

Omnpenenente raaaus ¢ 5,7-1u6poM-8-OKCHXHHONMHOM B NPHCYT-
CTBHH aJIOMHHHS OCHOBAHO Ha OCaXKJeHHH rajnus u3 cpensr HCl—
aueroH [831] pearenTom H cnekTpoOTOMETPHPOBAHHH PACTBOPa Ocall-
ka B xnopodopme [1120]. Ocaxnenne NPOXOAHT YCHeMIHO Haxe TPH
otHomenuu Al :Ga = 1450: 1. IIpu 3ameHe oca)[eHHs SKCTParupo-
BaHHEM TaJ/IHsl 3THM e peareHTOM M3 aneratHoro GydepHoro pac-
tBopa ¢ pH 4,5 nabaronaerca HeloJHOE H3BJASUEHHE raJJIHA, XOTA caM
AMIOMHHHH H He 3KcTparupyercd. yKesneso Memiaer ONpefeNeHHi0 H
[I03TOMY [AOJKHO OBITH IpeJBapuTeNbHO oTAeneHo. IamepeHue
CBETOMOIJIOUIEHHS 2KeJITOT0 pacTBOpa NMPOAYKTa B XJopodopme Mpo-
u3BoaAT npu A=410 #u (puc. 10). Okpacka pacTtBopa moJYHHSETCSA
3akony Bepa 1o konuentpaumii 1 me Ga/a.

®dayopumerprueckuit Bapuaur merona [1006, 1172, 1173] sakiio-
yaercs B H3BJeUeHHH TaJuiusi u3 OHdTanmaTHOrO pacTBopa B IPHCYT-
CTBHH COJISIHOKHCJIOTO THAPOKCHJIaMHHA 5,7-A1HOPOM-8-0OKCHXHHOJH-
HOM B XxJopodopme u u3mepeHuu dJayopecueHnuu. Murepsas ompe-
nensieMbiX KoHuentpauuii — 0,25—2,5 mxz Ga B 6 ma xaopodopma.
Onpenenenuio memaer 1000-kpatubiit u36eiTok Al, Co, Cu, Fe (IT u
I1I), Ge, Mo, Pb, Ti, V, nostomy HeoOX0AUMO NpeaBapuTeIbHOE OT-
JleJieHHe raaaus 3KcTpakiuneid 3GpupoM. AHAJOTHUHO TIPOBOJAT (Jayo-
ane'rpuqe(ixoe onpefeneHHe ra/Hs ¢ 5,7-1HXJI0P-8-0KCHXHHOJHHOM
1007, 1173].

Jlna ¢nekTpodOTOMETPHYECKOro OnpefeteHHs raaaus c 5,7-AHXJ0p-8-OKcHXH-
noaunoM (I) K HccaenyemoMy pactBopy, cogepxkamemy ot | mo 30 mke Ga, B ne-
JnutenbHOR Boponke npH pH 3—4 npuGaBasior 10 M4 HacHIeHHOro pacTBopa
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pearenta B xJopojopme H B3GanTHBAKT B Teuenue 3—4 MHH. (OTHOLIEHHE BOJHOI
tasu k oprammueckoft 1:1) [143]. Oraessiior opraHHYecKHil CJIOfi W H3MEPAIOT
ONTHYECKYI0 MJOTHOCTL HCCJIeAYeMOro pPAcTBOpa MO OTHOUIEHHIO K Boge NPH A=

=412 um (puc. 11, xpupas 4). Uyscrsureabnocts peakuun 0,0001 sz Ga/ma npu
Toauuse caos 1 oM.

K oxpauieHHbiM pacTBOpaMm npuMeHHM 3akon Depa B unteppane
koHnentpauuit or 1 go 30 mxe Ga. Coennnenust uHAHs M wuHKa ¢ (1)
HMEIOT MaKCHMYM CBETOMOTVIOUICHHS TIpH AJMHe BOJAHBI, GJIH3KOIH X
MAKCHMyMY cBeTonoraouenus raanus ¢ (I) (puc. 12). Coenunenue

anmomuuua ¢ (I), xoTa H He HMeer
| MaKCHMYyMa CBETOTOIVIOIIEHHS, HO

TaKiKe MellaeT Onpejie/IeHHIO raJ-
| JHs, TAK KaK OKpallleHHble PacTBO-
i pol amoMuHus ¢ (I) umelor cuian-
' Hoe noryowenne. Xeaeso ¢ (I) o6-
\ pasyer CoeIHHEHHE TeMHO-KOpHY-
\ HEBOTO 1lB€Ta, KOTOpOe MeIlaer ofl-
‘l penenenurd raanusa. HMcenoassora-
% HHE MACKHPYIOUIMX BeILeCTB (OKCH-
|
|
|
|
|

7

aq30

a20

kucaAcTel, kommiekcon III u nap.)
JJIs yeTpaHeHHsl MellalomHX HOHOB
, He JaeT VIOBJAETBOPHTENEBHBIX pe-
1 2YJBTATOR.
80 A HM‘ [Ipu B3aumopmeiicreuu 5,7-1u-

A non-8-okcuxunonuna (II) ¢ ranau-
Puc. 10. Cnekrpst csetonoraowesns  em npu pH 6 monyyaercs okpaiues-

5,7-nubpom-8-vkeuxuroanna (1) poe coegumeHHe € MaKCHMYMOM

it ero coenusierua ¢ raaaue (2)  cperonorsomenns npu 415 #m (pHc.

11, kpupas 5) [143]. ¥caoBusa onpe-

JeJIEHH Te Ke, UTO H JJIf peareH-

ta (1), 3a uckimoueHneM BeanyHHbl pH oOpasoBanus coelHHEHHA.

K okpaliedHblM pacTBopaM fpuMeHHM 3akon Bepa B uHTepBane

konuentpauuit or 1 no 20 mxe Ga. UypcTBHTENBHOCTh peaKLHu
0,0001 me Ga/ma.

Amomuunil, uaanit (puc. 12), a Takxe xeme3o MeIIaT onpeje-
aenunio. Luak (no 100-kpaTHOro H36LITKa) B 3THX YCJIOBHAX HE 06pa-
ayer coepunerus ¢ (II) u He memaer onpeje/eHHIo raJus.

HacbimeHHEI pacTBOp 5-HATPO30-8-0KCHXHHOMIHHA B XJI0podopme
(I11) obpasyer c¢ rammuem npu pH 5—5,3 OKpaileHHOe B XKeJThIH
LIBeT PaCTBOPHMOE COEIMHEHHE C MAKCHMYMOM CBETOMNOT/IOLUEHHS IPH
432 um (puc. 11, kxpusas 6) [143]. Peaxuns rammus c (III) Gonee
uyscrsureabta (0,00001 me Ga/ma), uem peaxuys ¢ rajoHZONPOH3-
BOAHBIMH 8-okcHXHHOAMHA. K OKpalleHHBIM pacTBOopaM NPHMEHHM
sakon Bepa B uurepsane xoumentpauuil or 0,1 10 8 mxe Ga B 06peme
10 ma. YenoBus peakinu Te xe, 4TO H U1 PACCMOTPEHHBIX BBINUE ra-
JIOHJOTMPOU3BOJHBIX 8-OKCUXHHONMHA (34 HCKIIOUEHHEM BeJTHUHHEI
pH). Al, In u Zn B 31HX yeaoBusix o6pasyior coeaunenus c (I11) ¢

4q10
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MaKCHMYMOM CBETONOIVIONLEHHS B 00/acTH, GJH3KON K COeJHHEHHIO
raaaus (puc. 13). JKeseszo Takime MellaeT onpejeseHHio rajjius,
o6pasya okpamentoe coegunenne ¢ (II1).

Has cnekTpodoToMeTpHYeCcKOro
OnpeaeJeHusa TajdJus ¢ 2-MeTHJ-8-
okcHxuHouHOM [973] K cmabo co-
JITHOKIIC/JIOMY pacTBOPY, COJepiKa-
LleMy raJiiui, NpUOaBasaIoT CONAHO-
KHCJIBI THAPOKCHAAMHH, pPacTBOp
pearedTa B YKCYCHOH KHCJIOTe, ale-
tatubiit 6ydep (pH 4,1) u skcrpa-
TUPYIOT KOMIWIEKC TaJIusl XJOpo-
jpopmom. Hamepenue ceeromnorso-
(leHHs OKpalleHHOro pacTBopa Ipo-
u3BOAAT npu A=495 nm. Ilpucyrer-
BHC B aHaJH3HPYEMOM pacTBope
9 sz Fe. 0.1 a2 Vo T, Sn.Shin Si
ONpeAe/eHHI0 Ta/IMsi He Mellaer.
[lpu OGoJbWHX KOJHYECTBAX Me-
[A0IUX HOHOB HeoOXxoaHMa Npes-
BApHTEJNbHAM 3KCTPAKUMS Tajius
spupom uz 6,5 N HCl B npucyrer-
puu Ti%*, goGaBiasieMoM JJs BOC-
cranopnenus Fe?t no Fe?t.

Tlpn  dayopuMeTpHdecKoM BapHaHTe
Merojia Ompefe/ieHHs ramans ¢ 8-OKCHXH-
HaJIbJAMHOM 4yBCTBHTENLHOCTh PEAKUHH II0-
BullIaeTcA HA MOPAKOK MO CPaBHEHHIO ¢
8-okcHXHHONMHOM H coctasaser 0,01 mra/ma
xnopodopma [920, 921, 923, 1172, 1173,
1321]. Cnextp ¢ayopecueHiHd KOMIJIEKca
ra/Hs ¢ 8-OKCHXHHAJbBIHHOM JIEKHT B 00-
aacti 450—580 HM M HMeeT MAaKCHMYM
npu A=492 mm. 3eneuo-okearas (ayopec-
LleHIMS 5TOTO KOMILJIEKca B XJopodgopme
yeroitunsa B teuenne 2 wac. Onpenensemasn
konuenrpauus — 1—30 mke Gafo0  ma
CHCla; omu6ka onpemenennss =0,2 mxe
Ga. Komnaexe raaauit — 8-oKCHXHHAJIbARN
3KcTparupyercs XxaopodopMoM HauwHas ¢
pH 2,3; sxcTpaknns DOCTHraeT MaKCHMalb-
noro anauennsi npu pH 3,9—5,5, nocae uero
HayHHAeT yMeHblIaTbcfl, OnTHMaJBHOE KO-
JIHYeCTBO B8-OKCHXHHAJBIHHA paBHo 1 M4
1%-noro pacteopa Ha 50 ma xnaopocdop-
ma [921].

ITpu pH 3,9—4,1 onpenenenuio
vemator 10-kpatusiii usbuirok Cu,
In, Tl u 100-KpaTHbIfl H3OBITOK JIH-

Jr—
a5
6\
a4 \
43¢ |
q2r
a1t
\
\\1 I S 1
400 450 A, um
Puc. 11. Cnektpu cBetomnorao-
LIeHHd
1 — 5,7-guxnop-8-okcuxuuoaun (I):

2— 5,7-puuon-8-okcuxuuwoaun (1I); §—
b-HUTpO30-8-oKcHxHHOMKH  (III); 4 —
Gaal, 6—Gac Il; 6 —Ga c III

v/
J4

| |

00 480 A, HM

Pue. 12, CrieKTphl cBETONOTJIOLLE-

HHSL 3JeMeHTOB ¢ B,7-aHXa0p-8-

okcuxunomuuom (I) u 5,7-auxon-
8-okcuxunoannom (II)

1 —Alel; 2—AlclIl; 8—Znc I

d—Incl; §—Incll

MOHHOI KHCa0Thl. MoHbl BaHaaHeBOH KHC/IOTHI M Kejle3a TaKKe Me-
WAOT ONpeleJeHHI0 TajjIHsdg, OAHAKO HX BIHAHHE YCTpaHsAeTCs
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Puc. 13. CnekTpul cBeTOmoraole-
HHA 3/JeMEHTOB C 5-HHTpO30-8-
OKCHXHHOJMHHOM

1—Gay 2—1In; 3—Al; 4—Zn

S

TODECYERY UL
~
S

(39

2 IA ' 8 70

oH

Puc. 14. 3aBuCHMOCTL HHTEHCHB-
HOCTH (/yOpECUeHUHH OT BeJH-
yuuel  pH  skcTpakumm  OKcH-
xHHaabauHaroB Ga, In u Be
1—20 mxe Ga; 2—100 mxz In;

3—1 mre Be

no6asaennem 1—2 ma 1%-noro
pacTBopa COJSHOKHCJIOrO THJAPO-
KcunaMuHa. B ciyuae onHoBpe-
MEHHOro NPHCYTCTBHA B PacTBO-
pe Ga, In u Be BOo3MOXKHO pas-
JIeJbHOE ONpefeNeHHe KaXKaoro
M3 3JeMEHTOB, OCHOBAaHHOE Ha
pasauunn pH sKcTpaKuHH coean-
HeHHH HX C 8-OKCHXMHAJbJAMHOM
xaopopopmom (pH 3,9; 5,5 u 8,1
cooTBeTcTBenHo) (puc. 14) [922].

OnpeneneHne rajaus MNpu
nomow caaoHoB. [leHHBIMH
peareHTaMH Aaa (oOTOMETpHYe-
cKoro H (ayopHMeTpHYECKOro
ompeneseHus rajJins SBJSIOTCH
mpeacTaBuTe M Kiaacca (Jaso-
noe: Mopuu [32, 33, 38, 101, 568,
570, 571, 640, 712, 888], kBepie-
tuu (5, 34, 38, 567, 568, 570, 571,
1229], natucuerus [571] u pyTus
[568, 571].

PearedTn 3TH He cneunudHy-
HbI, ONpe/eJaeHHI0 Memaer 60/b-
[I0e YHCJIO 3/JeMEHTOB, H Jaxe
5KCTpParupoBaHHe rajjiusi B BHJe
€ro raJjIoOH/JHbIX COeJIHHEHHH He
ycTpaHsieT TMOJHOCTBIO BJHAHHA
Mewrarmux anementos. [Tpeumy-
IIECTBOM ONpEeJeNeHHA fBJAET-
csi, O/lHaKo, GoJbllasi YYBCTBH-
TeJbHOCTh peaklui, NOo3BOJAIO-
masi MCMOJb30BATh MaJjble Ha-
BeCKH.

[Ipu pH 3,0—5,0 ¢aaBoub
06pas3yloT ¢ HOHAMH Trajaud
OKpallleHHble B KeJATHIH MM
JKENTO-3e/IeHbll I[BEeT coeJHHe-
HHA, SKCTparhpylouiuecss 3gu-
pom, 3THJ-, GyTHJI-, aMHJaleTa-
TOM, H3OMPONHJIOBLIM H OYyTHJO-
BbIM COIHPTAMH ([IBa MOCJEAHHX
ABJAIOTCA HAWJYUYIIMMH 3KCTpa-
TeHTaMH).

YeTblpexxJA0pHCTHIH yryepon,
xaopodopm, TOayONd, GeH30s
(JIOTHPYIOT COeJIMHEHHSI TaJl/Iug
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¢ ¢aasonamu [101, 567], a npucyrctsue GTOPHAOB, XJIOPHIOB, BHH-
HOM, JIHMOHHOM, l1aBeJeBOH, CAMHUHJIOBOH M CyJab¢hocaTHLHI0BOH
KHCJ0T, nHpodocdara HATpHsA, Kommaekcona III nmpensarcTByer HX
obGpasoBauuio [571].

B ofpasoBaluu coefnHEHHH TraJaua ¢ GaaBoHaMH MPHHHMAIOT
yuacTHe KapGOHH/JbHAS H THAPOKCHJIBbHASA T'PYNINBl B MOJOXKEHHAX 4 H
3 coorpercTBeHHO. DYHKIHOHAJILHO-aHAJHTHYECKON TIpPYNMHPOBKOMH
Ha raJjJikil, HMelolleficss B 3THX peareHTax, caIyXur [571

f0-—‘£=C——C-—-
L8 3| 4||
HO O

Cseronorsiomenne Ha6aoaaerca B yabTpaduonerosoi u 6au3kof
BHIHMOH 06s1acTax cnekrpa. KpuBble CBETONOINIOLIEHHS] HMEIOT OJHH
MaKCHMYM, NOJIOXKeHHe KOTOPOro He MeHseTcsl ¢ H3MeHeHHeM 3Haue-
Hus1 pH, KonueHTpauuil pearHpyOMIHX KOMIIOHEHTOB H HX MOJAPHBIX
orHowenHui [571]. PacTBopbl coeannennit HMeOT APKYl (ayopecues-
uuio, yousatomyio B pasry Ga — mopun>Ga — natucuetHn>Ga —
KBepuerHH [571].

MopuH paer ¢ rannnem Kommaeke coctara 1 :1, 1g Kyer=4,37
[38, 568, 571]. MakchuMaabHOE CBETONOIVIONIEHHe HaGa0aaercsa B 00-
aactu AauH BosH 415—420 wn npu pH 3,6 (amerarumifi Gydep)
(puc. 15) [101, 568, 571].

) {F e s T T T

Puc. 15. CnexTpsl cBeronorJolle-
HHfl DPAacTBOPOB COeJHHEHHA raJ-
JIHS C MOPHHOM

{—pH 36; 2—pH 4,0; 3 —pH 46.
Konyentpauuss mopuua 2,6 10—4 M;
Bydepuas cMech CH3COOH—

CH,;COONa; cnekrpodoromerp C®-4,
I=1 cm

L 1 1

| | l 1
J80 400 420 40 460 480 A, Hm

CBeTONOrI0UIeHHe YBEJIHYHBACTCA NPH NOBBLILIEHHH KOHLUEHTpa-
uun MopuHa no 1,76-10~4 M, nocse uero ocraercs mocrosHHbIM. KpH-
Bas 3aBHCHMOCTH D OT KOHLEHTPALM{ Taj/Hsg HMeeT nepern6 B TO4-
Ke, COOTBETCTByIomell KoHmentpauuu 2,5 mxz Ga/l10 ma (puc. 16).
Moansipuble K03(@HUHEHTH NOTAlleHHs! 0 TOUKH NMepernGa H mocie
Hee paBHBI COOTBETCTBeHHO ~7,14-10% n (4,95+0,62) - 104, TpanuIE
onpefeaseMblx Kouuenrpauuit 7,0-10-7—1,8-10-% M (0,6—15 mxe
Ga/10 ma).

OnTHMaJbHbIE KOHIEHTPAUHH JJIsl ONpe/leeHns raljns CneKTpo-
doromerprueckum Merogom 3—15 mx2/10 ma. Ounbka onpenenenas
He npesbimaer 10 orn. % [101, 571]. Peaxuns ranans ¢ MOPHHOM

8* 115



1 1 I W ¢
#5286 429 472
Lodepocanue 6a, mons/it0>

Puc. 16. 3aBHCHMOCTH ONTHYECKOH

IJIOTHOCTH PACTBOPOB  COEJHHEHHS

TaJJiHsg C MOPHHOM OT KOHIEHTDAIHH

TaJLTHA

Konuenrpauus wmopuua 26 104 M;

pH 3,6; A=4156 wm: I=1 om
T

. L 1 1
443 286 4,29 572
Codepwcanue ba, maas/n 10

Puc. 17. 3aBHCHMOCTB ONTHUECKOH

NMJIOTHOCTH pacTBOPOB COEIHHEHHS
rajnaufa € KBEpPUETHHOM OT KOHIEH-
TpaluHH rajnHfA

=
(¥
T

Ry
Lot
T

L .

300 400 00 A, 1M
Puc. 18. CriekTpsl cBeTONMOrMIOMEHHA
KBepIeTHHA (IY H ero COefHHeHHS

¢ rananem (2)

Cnexrpodoromerp CP4, [=1 cu

116

npuMepro B 70-—80 pa3 uyBCTEH-
TeJbHee peaKUuuH ¢ 8-0KCHXMHOJN-
Hom. CoefHHEHHE TaJliisg C MOpH-
Hom cayopecunpyer B Y®P-cBere,
npHYeM MakcuManbHasg dayopec-
HEeHIHs HaOJI0LAeTCs] B aleTaTHOM
Oydepuom pacrsope pH 3,6 mnpwu
KOHIleHTpaluu mopuna 4,4-10—° M.
GayopecuenTHsiil MeTo Gosee UyB-
CTBHTEJIEH, UYeM CMEKTPOo(OTOMETPH-
yeckuit. OnpenensieMbie KOHIEHTpA-
uun 0,005—0,5 mxe Ga/10 ma (nam-
na CBJIII-250); nanbosee ynoGHEI
011 CPaBHEHMA  KOHUIEHTPalHH
0,01—0,05 mxz Ga/l0 ma. Omubka
onpeacyseHus He mnpesnimaer 20
otH.%. [lpuMeHenue peakunu ¢ Mo-
PHHOM MO3BOJIAET YBEJHYHTH YYB-
CTBHTEIBHOCTL OMpeAeseHnsl Ha 1Ba
MopsAlKa 10 CpaBHEHHIO ¢ (ayopH-
METPHYECKHM  OKCHXHHOJHHATHHIM
merogom [101, 570, 571].

Axmennu u Baumpos [32, 33], rakxke
H3yyaBilIke CTpoeHHe H (PHIHKO-XHMHUECKHE
CBOMCTBA KOMILIEKCHOTO COEJIHHEHHs raJ-
Ji ¢ MOPHHOM, YCTaHOBHJIH, YTO MOJAp-
Hoe otHoumendwe B Kommaekce Ga(NOj)g:
:MopuH = 1 : 3. @uayopecunpylomuit pac-
TBOP HMeEeT MaKCHMYMbI TOIJOLIEHHSI TPH
219 u 420 #m. MakcHMyM onTH4eckoft naoT-
HOCTH pacTBopoB HaGmopaerca npu pH 1
u 4. Moasipuuift koapduuKHEHT noraluenus
npu 413 um cocrasaser 4,34-10*. B npu-
CYTCTBHH H36bITKA MODPHHA OKpalUEHHBI
KOMIJIEKC YCTOHYHB K pasGaBiieHHI, JIETKO
SKCTpArupyeTcs METHJAITHJAKeTOHOM, AGco-
JOTHAA OWHOKA OnpeaeeHds rajuiist pas-
Ha =+0,033 MmKe/Ma, OTHOCHTeJbHAS —
+4,72%.

Magibie KosimyecTBa rasaHs Mo-
ryT GbITb OMpeje/enbl Mo H3Mepe-
HHIO XKeslTo-3eJieHoH (uyopecuen-
MK xJaopoopmHoro pacrBopa Ga-
KynepoH-MOPHHOBOTO  KOMILTEKCa,
NoJy4aeMoro mnocjae npeaBapHTe/b-
HOTr'O OTAeJIeHHS raJjJdda OT Meliaro-
IHHX 3JIEMEHTOB 3KCTpPakUHed 3du-
pPOM B [IPUCYTCTBHH BOCCTAHOBHTE/IS



- [640, 672, 712]. 1—6 mxe Ga mMoxHo onpenenuts B 6 sa Xxaopodopma
" ¢ TOuHOCTBIO 6—8 9.
Keepuetun npu pH 3,6 oGpasyer ¢ raanuem coefiHHEHHe WH-
. TEHCHBHO JKeJTOro IBeta ¢ MoJsipHbiM oTHomeHweM M :R=1:3,
- lg Kyer =12,40 [567, 568, 571). OnTHManbHas KOHUEHTpalUHA PacTBO-
~ pa kBepueruna 2,17 - 10~ M [567]. Memaroune BeuecTsa H 3KCTpa-
- I'€HThbl TaKHeE XKe, KaKk H 14 COeJHHEeHHS TaJljJHf C MOpHHOM.
. KpuBasi CBETONOI/IOMIEHHS HMEeT OJJHH MakcuMyM npu A =450 xu,
. KpHBas 3aBHCHMOCTH ONTHYECKOH IJIOTHOCTH D) OT KOHIEHTPaLHH
 rajnug uMmeer Heboabuoit nmeperu6 (puc. 17). Moaspusle xo3addu-
. [IHeHTHI TIOralleHHsi J0 TOuKd mepernba M TocJe Hee PaBHBI COOT-
percTeeHHo 6,82-10% u 4,19.10* [567]. OnpexnensieMble KOHIEHTPALHH
1,43-106—4,29.10-5 M (1—30 mxe Ga/10 ma) (cnekrpodoTomeTp
C®-4, [=1 cm). Boanele pacTBOpBI TaJJIHA C KBEPUETHHOM HMEWOT
e/Ba 3aMeTHY0 (JIyOpeclueHIHi0, OYeHb CHJIbHO YBEJIHYHBAIOULYIOCH
npu j00aBJeHHH K pacTBOpy GYTHIOBOro HJIM H30aMHJIOBOTO CIIHPTA.
MHHHMAaJbHO onpejessieMoe KoauyecTBo saementa B 509% -nom cnup-
tosom pacrBope — 0,5 mxe/10 ma (namna CBJI1I-250) [567, 571].
Jlpyrue aBTOpHl YKa3biBAlOT, UTO COCTAB KOMILJIEKCA OTBEYaer co-
ornomennio Ga: keepuernn=1:1 [5, 34, 1229]. Koncrante ycroii-
yuBocTH Kommaekca 1g Kyer =11 [34] u 4,38 [1229], MmoaspHblit K03()-
¢unuent noramenuss ~2-10* [34]. HecoorserctBue nHabGmonaercs
takxke B BeqHuuHax pH HanGosbueit HHTeHcHBHOCTH OKpacku (pH 4
[5, 34] u 4,56—5,7 [1229]). [lns monyueHHs yCTOHYHBON OKPACKH KBep-
LHeTHHATa TraJJiusg B HCCAEAyeMOM pacTBOpe AOMIKHO COJAepKaTbCs
20% (mo o6wemy) CH3OH nan CoHsOH [5]. Oxpacka coeauHenus
craGuausupyercs JHWb yepe3 15—20 mun, Ilocne cMemnBaH#Ms
pearenros [5, 1229] (npu koHuentpaunu ~ 2,28 mxe Ga/ma) nnu pas-
BHBAeTCS MTHOBeHHO (npn xonuentpaumun Ga<<0,28 mxe/ma) [1229],
nocie uero coxpansercs B TeueHHe 10—I12 wac. [5]. MakcHMyMmbl
CBETONOIVIOUIEHHSI PACTBOPOB HaiileHsl paBHBIMH A=455 nn [5]
(puc. 18) n 428—430 na [34, 1229]. PacTBOphl NOAYHHAIOTCS 3aKOHY
Bepa npu konuenrpauuu raians 0,1—0,8 mke/ma [5], 0,07—
2,28 mre/ma [1229] u 0,3—8,4 mre/ma [34].

Jlasi cneKTpoOTOMETPHIECKOro onpeietenus raiius c ksepuernsom [5] B
MepHble KoaGh eMKocTbio 25 w4, cojepxkauine ot 2,5 10 20 mxe Ga, npuOasafior
1 ma 0,1%-Horo pacTeopa Keepuetuna B cnupre, 22% (mo o6wemy) CHsOH nan
C,H;OH, 5 a1 aueratnoro 6ydepa (pH 4) u pasbasasior Bogoit 1o Merku. He-
pes 15—20 MHH, H3MepsIOT ONTHYECKHe NJOTHOCTH OKPAIUEHHBIX PAacTBOPOB NpH
455 M no oTHOWeHHIO K Boje. Uyscreurtensuocts peaxuun 0,005 mxe Gafcm?.
OnpeneleHdi0 MeWAOT aNIOMHARE, (TOPHA, OKCajaT, WHTpAT, TapTpar; He Me-
waloT WHHK M Kaamuir (mo cootnowenuit: Ga:Zn ~1:50, Ga:Cd ~1:30).

Narucuetuu (3,5,7,2-rerpaokcudpiason) npu pH 3,6 oGpa-
ayer ¢ raJJiMeM JKeJTo-3esleHoe COeJAHHeHHe C MOJspHbIM OTHOUIe-
uiem M : R=1:3; lg Kyr = 12,28 [567, 570, 571]. Makcumym cBero-
norsoumenna A=415-+-420 uu [571]. Kpupas 3aBHCHMOCTH ONTHYE-
CKOMl TMJIOTHOCTH OT KOHIEHTPAUHH IaJJIHsI HMEeT MNepernd B Touke,
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a8\ Puc. 19. 3aBHCHMOCTh ONTHYECKOH MJOT-
HOCTH pACTBOPOB  COEMHEHHS  TaJlIHA
¢ JATHCUETHHOM OT KOHLEHTPAalHH TaJIus

s : COOTBETCTBYOLLEH 7,15.10-¢ M
by A ranaus (puc. 19). Monspubie K03¢-
4 (uIMenTH Morawenns pasubt 3,36 -
- .10* no meperu6a u 2,28-10* mocae
a2t neperu6a. OmnpenensieMble KOHIEH-
g tpamun  2—40 mxe Ga/l0  ma.
y B Y®-csere pacTBOpPH MOKa3biBa-
‘ — o JOT JIOBOJBHO SPKYI0 3e/eHyio
i M AR o R o dayopecuenuuio (or 0,1 mxe Ga/
Codepwcanue Ga, wone)-10 /10" s u biue) (aamna CBJUI-

250 [571]).

Pyrtun (ksepuernd-3-pyrunosua) npu pH 3,6 pearupyer c rai-
Auem ¢ 06pazoBaHHeM COeJHHEHHS JKe/ITOro Upera ¢ MOJIApHbIM OT-
nomtermem M : R=1:1; lg Kyr =3,37 [667, 568, 670, 571]. Maxkcu-
MYM CBETONOTIOLLeHHS A =405—410 xm [568, 571]. Monsipablii KO3(-
¢uument noramenns  (1,93=0,71) .10+ ({571]. Onpeneasiemble
kouuentpauun 2—50 mke Ga/l0 ma (cnektpodoromerp CP-4,
1=1 cm) u ot 0,5 mke Ga/10 ma u Boie (ramna CBJI111-250) [571].
© OnpepeneHne rajjius Npu NOMOILH OCHOBHBIX kpacureneii. Cpeau
AHAMUTUYECKHX PEareHTOB Ha Ta/UIMii WHPOKOE NPHMEHECHHE MOJY-
YJTH J{BE TPYNIbI OCHOBHBIX KpacuTesell — TpHpeHHIMETaHOBbE (a)
M KCAHTOHOBble — pogaMuHbl (6), OTIHYAIOUIHECH GoJIbLIOH YyBCT-
BHTENbHOCTBIO H CeNeKTHBHOCTBIO [60]:

L
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(X=CI~ wm NOy).

Kpacurenu rpynnet 6 cnocoGHbl K (/1yopeCLeHIHH, 4T0 06yCn0B-
JeHO HAJMYMeM JOMOJHHTENbHOr0 KHCJIOPOAHOTO MOCTHKA MEXKIY
6eH30/IbHBIMH KOJIbILAMH.

T pugbenuamemanosoie Kpacumead. ANIOMHHON o6pasyer
C rajiMeM KpacHblii KoMmjekc (/aK) ¢ MOJSIpHBIM OTHOIICHHEM
M:R=1:1 cocrasa
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IPHMEHSAEMbIH LISt (POTOMETPHYECKOro ONpefeaeH s Ta/lIHs [37, 352,
589, 712, 729, 794, 1263, 1432]. MeTton MoxkeT GHITh HCIIOMB3OBAH s
ONpPENeJNEHHS Ia/lIHS B NIPHCYTCTBHH WHIMS M LHHKA.

Hs puc. 20 Buano, uro B MakCHMyMe mornowenust (A=530 wnm)
KpHBaf CBETOMOIVIOLICHHS JlaKa MHAHS JHIIb He3HAUYHTeNLHO OT/H-
UaeTCA OT KPHBOH camoro peareHra. OnTHMAaabHbE OKPACKH JIAKOB
passuBaiorest npu pH 3,5—4; monsipunie KosdHuHenTs norame-
uus (e) npu pH 4,17 paBHb: 15 JaKa ramids — 1,8-10%, nas naka
unaus 0,4-10% HaGmonenue okpackn CJAEJYeT NpPOH3BOAHTEL He pa-
Hee YeM yepes 5 MHUH. NOC/e CJHBAHHA PAacTBOPOE.

Jlak ranius ¢ aqlOMHHOHOM NpH cogepxkanuu 10—60 mxz Ga
[IOAYHHSETCT 3aKkoHy Bepa. B npucyrerBun 10—40 mxe Ga H3GBITOK
HHLHA He LOJKeH OLITh GoJiee yeM TpeXKpaTHHIL (B 3,5 ma pactBopa
HE NOIZKHO coaepxatbes Gomee 60—70 mke In).

IIpu pH 4,4—5,5 okpacka s1aka unaus NpaKTHYCCKH HHYTOXKHA,
lIOSTOMY BOSMOXKHO OmpeJe/fieHHe TaJliisi B NPHCYTCTBHH MHAMS 6e3
HX Npe/BapHTeNbHOTO pasaenenus (puc. 21). HemocTaTKom Hame-
penuii npu pH 5 aBasercs aump YMEHBILEHHE YyBCTBHTEJALHOCTH
MeToza.

B npucyrcereuu cosell uunka npu pH 3,5—5,18 pacrsop myrtueer,
npHOOpeTas Po30BYI0 OKPACKY, H TeM CAMBIM NPEensATCTBYET onpeje-
JeHnio raaans. [IpuGasaenne usonponnaosoro coupra (~!/3 or 06-
uiero o6vema xuakoctn) npu pH 4,6—5,18 NpefoTBpallaeT BO3HHK-
HOBEHHE MYTH H TaKHM 00pasoM CTaHOBHTCS BO3MOMKHBIM (POTOMET-
puposanne. o 25—30 me Zn He BAHSIET HA TOYHOCTE ollpeae/ieHHs
20 mxe Ga.

AnomvMokpeson (TPHMETH/IAJIIOMHHOH) TIpH pH 44 naer c
Fa/I/IneM HHTEHCHBHO OKpalIeHHBIH B PO30BBIH LBET J1aK [306]. Maxk-
CHUMYM CBETOTIOIVIOLIEHHS] HAaXOAMTCA NpH A=530 HM, MOJSIPHBIH
Kos(ouuuent noraurenns e=1,9-10% KoanuecTsentoe ¢dotomerpH-
AECKOE OMpeNe/IeHHe BO3MOKHO NPOBOIHTH NDPH COACPKAHMH 5—
30 mre Ga. OnpeneneHue BO3MOMKHO B npucytcteuu 0,25 ¢ ZnO g In.

Bpunnuanrosuit seaenwns 6 N HCI pearupyer c raJ-
JIHEM, 1aBas yCTOHYHBOE KOMILIEKCHOE COeJHHEHHe, IKCTparapyemoe
X10pOEH30J0M, TOJIVOJIOM, XJ10pohOpMOM  HsiH GeH30J0M (JyuLInii
SKCTParenT) ¢ o06pasoBatHeM 3€JeHOro 9KCTPaKTa M He 3KCTParH-
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pyeMoe MeTHJH300YTHIKETOHOM, HYeThIPeXX/JOPHCTBIM YIJepoaoM H
sTHaaneratom (294, 297, 620, 865, 867]. MakcHMyMBbI CBeTONOINOINLe-
HHS GeH30JbHbIX 3KCTPakTOB HaxomsaTtcss npu 430 u 635 wm (B mo-
c/leiHeM cJayvae peakuus Oosiee uyBcTBHTeNbHa) (puc. 22). Moasp-
Hbli KOI(QQHIHEHT Moramenns, paccunTanublil 115 A=640 #a, pasen

e _——
g6}
s =
L2
g2t .
3 !
1 ) 1 i 1 1 L
2420 470 300 530 570 510

A, M

Puc. 20. CnekTpbl cBETONONIOLIE-
HHSL pacTBOpoB amomuHoHa (/)
u ero Ga- (2) u In- (3) nakos
25 mke Ga, 50 wmxe In; aneratuniii
G6ydep, pH 4,19; V=45 ma; [=5 um

2L
(A
A
461 J
B !
Z
q2r
< ] " 1 | 1 L
g 30 40 50 pH

Puc. Z1. HM3aMmeneHnde ONTHYECKOM
MJOTHOCTH PAacTBOPOB AJIOMHHO-
na (1) u ero Ga- (2) u In- (3)
JnaxkoB B 3aBHcuMocTH of pH
25 mxz Ga, 50 mxz In; A=530 nau;
V=25 ma; [=5 Mm

1,5-10% [1093]. 3akon Bepa co-
GJsitolaeTca MpH coaepxaHuu | —
15 mxe Ga/l0 ma Geusona (A=
=635 #m) [865, 867). Onpenene-
HHIO TaJlJTHsl He MellaloT HeboJIb-
mue Koaudectsa As, Cu, In,
Sb (1Y, ‘T1 (1), Cl- »n 8O3
memaior W, Ag, Hg (I) (o6pa-
syilor ocanok), Ir, Sn (II) (o06-
pasyioT OKpalleHHBIE PacTBOpHI),
Fe 1T Bt PRI R CRIL Y,
SV Suivy. > Mo(VLy,
V(V), NO;-, nosromy nepen
onpejejeHHeM TaJaHid npeasa-
PHTEJIBHO OTHAEJAIOT 3KCTPaKIH-
eit 3pHpOM B NPHUCYTCTBHH BOC-
cranosuteas TiCls.
ManaxHMTOBH seJne-
HB I (TerpaMeTH-1H-1-1HaAMH-
HODYKCOHXJIOPHA) B CHJBLHO-
COJITHOKMCJIOM pacTBOpe JaeT ¢
rajuiieM KOMILIEKC CHHeBaTO-3e-
JIEHOTO 1(BeTa, 3KCTParHpyeMblil
OpraHMYecKHMH pPacTBOPHTEIAMH
[740, 931, 964, 1406]. OnTuMab-
Hasi KHCJOTHOCTL MAJISi 3KCTpaK-
uun Gensonom 6,0—6,5 N HCL
OKcTparupoBaHHe TMpPOBOASAT B
[IPHCYTCTBHH BOCCTaHOBHTEJISI
TiCls, Tak Kak OKpalleHHbI
OKHCJICHHBLIIT NPOLYKT KpacHTeJs
TaKkKe IKCTparupyercss B 3ITHX
yeaoBusix. MakcuMmywm cBeTtomo-
IVIOUIEHHST KOMIIEKCHOTO COEMH-
HeHHst Haxoauresa npu 660 ma
(puc. 23). Moasapuuit koadpdu-
I(HeHT T[OrallleHnsi, paccuHTaH-
HBIH IS JUIMHBl BOJHBL A=

=635 nm, pasen 2,9 - 104 [1093]. Okpacka ycToilynBa B TeueHHe 3 uac.

5 ma pacrsopa, comepxauero 0—5 sxz Ga B HCI (1:1), nepenocar B mep-
HYIO K06y emkocTbio 25 a1, npubasasior 1 s konuentpupoeannoit HCI, 0,5 ma
15%-uoro pacteopa TiCly u nepemewmpaior. Cnycra 5 mun. npubasasior 2 sz
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2%-soro pacrsopa MajaaxuroBoro 3deieworo B HCI (1:3), xopomo nepemernsa-
10T, npuGasasior 5 ma GensoJa W BCTPSAXHBalOT B Teyenne 2 MuH. [locne paane-
aenns (a3 mepeHocAT 4acTb 6eH30JbHOTG €108 B (POTOMETPHYECKYIO KIOBETY ¢
I=1 cm H M3MEPAIOT ONTHYECKYIO TJIOTHOCTD NpH A=660 #M mo OTHOWEHHIO K Gen-
3041y. [las noJjyyeHHs BOCHPOH3BOAHMBIX Pe3yJbTATOB CJAelyeT CTPOro cof/iogaTh
nociefosartejbHOCTL NpHGaBJienna pearentoB, 3akon DbBepa cobawopaercs aas
Kouuentpauuin 1—5 mke Ga/d ma uccieayeMoro pactsopa.
Onpenenenuio 2 mgz Ga ne mema-

10T OTHOCHTEJBHO 6OJbIIHE KOJHUYECTBa 7
apyrux sjaemenros. O6pa3opanue MaJso- a7
pacteopumoro AgCl, anementoB, Boc- A

CTaHABJIHBAIOLIHXCS 10 MeTa/lJIHYecKOro
COCTOSIHHSI ~ TPeXXJOPHCTHIM  THTAHOM
(Au, Pd, Se, Te), uau npoaykTos rui- a5
poauza (W) sBaseTcs NpHYHHOM TpyI-

Horo pasfenenus (as.

100—1000-kpaTHuit  w3bbiTok Cu, 03
Mo, Sb u Tl ne Mmewaer onpenenennio
raJiins.

CHIbHO MeliaeT 0J0BO; B €ro mpH-
CYTCTBHM NOJIYYAIOTCH S3AMETHO 3aHH- ar
MeHHble pesyabratel. HeemoTps Ha 370, -
TaJiHil MOXKHO ONpejeNaTh Jaxe MpH
50-kpaTHoM naﬁmu}()e 0J10Ba. Hmpa?m ‘g 480 560
H JApyrHe OKHCJSIOLIHE aTeHThl AO0JYKHBI
OTCVTCTBOBATh. Puc. 22, Creronorsouiesne GPHJ]-

i JHaHToBorn 3eaemoro (/) u ero

MetuaoBbit Gpuoaero- coepunennst ¢ ranmem (2)
BHII M KPHCTAJdJHYECKHI
duonerosuwii. Poromerpuue- Z
CKOe omnpeaeneHHe ramiumsa ¢ oc- 4671
HOBHBIMU KpacHTeAAMH Tpebyer E
NpeBApUTENLHOIO  OT/eJIeHH
ero OT WOHOB CONYTCTBYIOUIHX
snementos. [lpu  npuMeHeHHu
KHCJOpPOJACOAepKALIMX  3KeTpa- ' 42+
renToB HeoOXOAMMa pesKcTpak- 5
1. Bo3aMOKHOCTR HCIIOMB30BATH G N !
HEMoOCPeACTBEHHO IKCTPAKTH A5 00 500 600 A,Hm
olpejeseHHsl TaJaud  H3yueHa
Kysanenoeoit [294, 295, 300]. Puc. 23. Cnexktp cBeTororjouie-

B xauecTBe 3KCTpareHTos HHAl COeJHHEHHS rajjiufa c MaJja-

Haubosee MPHTOHBI GEH30J, TO- ok R e
JayoJ, xjacpodopm, KOTOpHE 3K-
CTPAarHpPYIOT TajJiMii TOMILKO B NPHCYTCTBHH Kpacuteqell. Bensomom
9KCTPArupyIoT coefHHeHHe, obpasyiolieecss NpPH B3aHMOAEHCTBHH
ra;syius ¢ Metuaossim droseroesim B 6 N HCl B mpucyterBuH pona-
HHla ammouus [300]. BensonbHbli c/Of OKpaluMBaeTcss MPH 3TOM
B cuHeBaTO-(HOseroBbiit uBer. [JoGaBienue nepes 3SKCTpaKuHeil
HEeOOJIBIIOTO KOJIHYECTBA AleTOHA YJyullaeT pacClaHBaHHe cMecH
H Jlenaer yCTOHYHBOH okpacky GeHsoubHoro caos [294]. Makcumym
ceetonoraoumenns A=560=-630 nx (PIK-M, ynnsepcanbuuiit doro--
merp ®M).

640 A, HM




Akcrparupyior 3 Ma Gensona npu ofbeme Boaunoit daswl 3 ma, comepiKaued
5 ma mernaosoro ¢uosetoBoro u 120 me ponannga ammonns, Ilepen sxcrparmpo-
BanWeM B pactBop AoGaBisior | ma anmerona. Koamvecrso pomamupa 0,12—0,15 2
ABJASETCH ONTHMAJLHBLIM; NMpH GosblieM H30LITKe BO3HHKAIOT NOMEXH CO CTOPOHM
npocTofl coJMi KPAcHTeNd ¢ POLAHHAOM. YBeJHYeHHe KOJIHYeCTBA MEeTHJI0BOro hHoe-
TOBOro cMoCOGCTBYET YBeTHUEHHIO CTeNeHH H3BJeueHHA B OpPraHHueckMit cioft oxpa-
1IeHHOro coeiuHeHHA raiannsa. OJHaKo OHO He [MOJKHO NpeBHIUATL 5 M2, HHAUE
MOSIB/sSeTCH OKpAaIIHBAaHHE B OPraHHYECKOM C/IO€ H B OTCYTCTBHE raJimis.

Ha skcTparupoBanse cymiecTBeHHOE BJHAHHE OKA3bIBAeT KHCJOTHOCTBH PacTBoOpa.
Tlpn konuentpamun <6 N HCl Gensonom H3B/eKaeTcs COeIHHEHHE METHJIOBOro
«DHOJIETOBOrO C POAAHHAOM, OKpalluBaiollee OGeH30JbHBIT CJOH B CHHHH LBeT.
C yBesuyeHHeM KHCJOTHOCTH OKpacka ociaGesaer (puc. 24, kpusas /). Béavuas
KHCA0THOCTL (>6 N) ymenbwaer n3BievenHe (kpuBas 2, puc. 24).

Vi
43

Puc. 24. 3aBucuMOCTb ONTHYE-
CcKOlf maOTHOCTH  GeH30JBHOTO
cnost ot kouuentpauud HCl npu
SKCTPAarupoBaHHH coeHHEeHHs
! MeTHJI0BOrO (pHOAETOBOrO € pO-
‘ nanugom (/) H coeqHHeHHs Me-
THJIOBOrO (HONETOBOTO € poOJa-
A uujgoM raamma (2)
. P § 7 £
xonyenmpayun HCL N

g2

a1

YeeqHueHHe COMEpKaHHA Tajivs B BOAHON (hase NMPHBOAHT K BO3PacTaHHIO
ONTHYECKO! NJOTHOCTH OPraHHYECKOro c/0s. 3aBHCHMOCTb NMPAMOJIHHENHA B HHTEp-
BaJie KOHIEHTpauuit raiaausa B BoaHof ¢ase ot 0,05 no 0,8 me. B onucanubix
YCJOBHAX aMIOMHHHI He SKCTPardHpyercs, HO MEHSEeT KOJHYECTBO 3KCTparHpyemoro
rajJHsA: OKpPacka OPraHHYecKOro C/10si YMeHbUIAeTCsl TNPH YBEeJHYEHHH CofepikKa-
HHA aJIOMHHHA B BOJHOM pacTBope.

CoeguHeHHe TajJHA C MEeTHJIOBLIM (HOJNETOBBIM MOYKHO 3KCTpParuposatb H3
6 N HCIl xaopodopmom [294, 295, 300]. ITocnexnuii oKpaulHBaeTcs NPH 3TOM i
cuHe-GHONETOBLIA LBeT. ALeToH cnocoGCTBYET JydullleMy paccJaHBaHHIO MPH 3K-
CTParipoOBaHHH H YBeJHYCHHI SKCTPAKUHH OKPALIEHHOTO COEJHHEHHT B OpPraHH-
YECKHH CJIOH.

MoKHo Takike 3KCTparHpoBaTh rajanii xaopodopmom us 6 N HCI, cogepika-
iuefi aneToH, a 3aTeM K 3KCTPakTy A06aBasTb PacTBOP KPaCHTeas B aleToHe
[294, 295]. Ilpu ykasaHHOH KHCJAOTHOCTH 3a OAHY SKCTPAaKUHIO Tajiuii MOXKeT
6biTh H3BJEYEH B OpPraHHuecKyio (asy NpaKTHUECKH MOJHOCTbIO (MPH cofepikKa-
HHH ero B BoaHo# (ase no 10 mxe). Ilpn Menbiueil KHCIOTHOCTH XJopodopm Ha-
YHHAET KCTParHpoBaTh MeTHJIOBHIA (uoserToBulil. Ecan konuenrpauus HCl >6 N,
HaGaiogaercs ocaabGeHHe ONTHYECKOH IVIOTHOCTH XJOPO(OPMHOTO CJI0f H, HaKoO-
Hell, CTOHKOe NMOMYTHEeHHe ero.

H36biTOK MeTHJI0OBOrO ()HOJMETOBOTO OKasbiBaeT 6JaronpHaTHOe BJHAHHE HA
CTEMeHb H3BJIEUEHHA OKPALIGHHOrO COeJHHEHHs TraaHa B ciofi xJopodopuma.
Opnuako NpH COAEPKAHHH KPACHTeNs >>5 M2 BO3HMKAIOT NMOMEXH CO CTOPOHBI Ma-
auix koauuects Fe (III) (npumech B peakTHBax), JKCTparHpoBaHie COeAHHEHHH
Fe (I1I) ¢ merTunoBHIM (hHONETOBBIM MOXeT CEITb YCTPAHEHO BBEJEHHEM B pac-
TBOP acKOpGHHOBOH KHCJAOTHI.

KpuBass cBETONMOIJIOLIEHHA COeIHHEHHsI B XJopopopme HMeeT
MakcuMym A=>580 am (puc. 25, kpusan I). JloGasienre Kpacuresns
K 3KCTPaKTy, HE cojepiKalleMy rajaiuil (xonocras npo6a), NpHBOAHT
K OBICTPOMY H3MEHEHHIO OKPAacKH B CHHHII, a 3aTeM B 3eJ€HbIH LBET;
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BO3HMKAIOIIHE OKPACKH HEYCTOHUHBHL (pHC. 25, KPHBbIE 2 u 3). ¥Yee-
JIHUEHHEe COJepXKaHHsl Ta/uius B BOXHOH ¢(ase mpHBOAMT K poOCTy
ONTHYECKOll TNJIOTHOCTH XJI0POGhOPMHOTO  CJIOA. 3aBHCHMOCTL 3Ta
npsAMOJIMHEHHA NPH COjlepXKaHHH OT 0,003 no 0,03 Ga B 3 26 N HCI

W 3KCTparupoBaHuu 3 ma GeH-
sona B mpucyrctBun 0,5 Ma
anerona. MoaapHbiii Ko3(pdu-
nuent moramenus e=2,7-10%
{295). Amomuuuii (10 COOTHO-
menus Al:Ga=1:2110) wne
skerparupyercsi  xaopoop-
MOM B MPHCYTCTBHH METHJIOBO-
ro ¢uonerosoro. [losromy B
npucyTCTBHH  GOJIBIIHX KO-
JUYECTB AMIOMHHHA 3KCTparu-
posaHue liesecoo6pasHo npo-
BOANTL He O6eH30/0M, a XJO-
pocdopMOM.

O6pasoBaHie aHaJOTHYHO-
rO COGIHMHEHHS] TIPOMCXOAHMT
IIpH B3aHMOJEHCTBHH TaJlJIHA
¢ KPHCTAJJIHYECKHM (PHOJETO-
BhIM [294, 295, 622, 762, 763].
ILlger coemuHeHHs TaJaauda C
KpPUCTAMIHUECKHM  (pHOMeTO-
BBHIM B XJ0pohOpPMHO-ALETO-
HOBOM 3KCTpakTe MOXOX Ha
BeT KpacuTens B BOAHOM
pacTBOpe, OAHAaKO  KpHBasf
CBETONOT/IOUIEHHS TOC/eIHEero
uMeeT 1Ba Makcumyma (585 u
540 #a) (puc. 26). Hanuune
BTOPOrO MaKcHMyMa 06Dsic-
HseTC MPHCYTCTBHEM B pac-
TBOpAaX MOHOB B BHIe JHMe-
pos. CoequHenHe KpHCTaJJIH-
yecKoro (HOJETOBOTO € ral-
JueM B XJ0podOpMHO-aLEeTo-
HOBOM 3KCTpakKTe MMeeT ONHH
makcumym npu 587 mm. Ta-
KM o6pasoM, coseoGpa3oBa-
HHe B OpraHuyeckoii pase cBf-
3aHO ¢ MOHOMEpHO#H GOopMOi
KaTHOHAa KpacHTeas W aHHOH-
HBIM KOMILIEKCOM TaJlIus, KO-

TOpbIi 0GHAPYXKEH B OpraHHYecKhx

V/
g5k p
q50}¢ 2
261
4 7
—— e et T e
@ 480 560 540 )

Puc. 25. Ceeronoraollieiie MeTHJI0-

BOTO (PHOJIETOBOTO H €ro COeANHEHHT

¢ rajajHeM B XJ0poOopMHO-aLeTOHO-
BOM 3KCTpaKTe

| — MeTunOBEIft (hHOMETOBHIH (0,0015%) B

npucytcreun 5 mrz Ga; 2— MeTHNOBBIH

(uoneTosuIl (0,0015%) B xnopodopMHO-

alleToHOBOM 3KCTpakTe; J-—TO ¥e BO
ppemeru (I=10 ma)

oL
2 3
100+
J50+
BT ki e el St - I
a0 480 560 g40 A,nm

Puc. 26. CeeTonorJoiienne Kpucrai-
nquueckoro  (HOJETOBOrO W ero o
eIMHEeHHs C TaJjHeM

[—KpHCTaNIHUeCKHIT dmo.r:emahlﬁ(o.oow%)
B NpHCYTCTBHH 5§ MKe Ga B XJ0po-
(hOpMHO-aLeTOHOBOM IKCTpaKTe (L=
—10 mm); 2 — KpHcTaJIMYeckHR duome-
Toeuiii (0,0015%) B X10podopMHO-AUETOHO-

poM skcrpakTe (I=10 ms); 3 — KpHCTan-
angeckufi duonerosmft (0,0115%) B Bome
(=1 mu)

pacrsopax. CocTaB OKpalleH-

HOTO COCAMHEHHS] TajiMs ¢ KPHCTaJJHYeCKHM ¢duoIeTOBLIM, YCTA-
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HOBJIEHHBII MeTOI0M H30MOJSIPHBIX CEpPHH, OTBEYaeT COOTHOLUEHHIO
Ga:R=1:1. Moaspublii kKo3pduunent noraueHus e=>5,4-10*
(A="587 wm) [295]. Fe (I111), Sb (V), TI (III) skcrparupyiorcs XJo-
podopMOM H Pearupyior ¢ oGOHMH KPacHTEJAMH TMOAOGHO ra//Hio.
B npucyrcrBun TiCls ykasaHHble HOHBI, BOCCTAHOBJIEHHBIE [0 HH3-
IIHX CcTeneHeH BaJIEHTHOCTH, He MeIlaloT.

Al, In (III) u Cu (II) skcTparupylorcs, HoO, Nepexois B OpraHu-
yecKywo ¢a3y ¢ MaablM Ko3(hHUHEHTOM pacrpefe/eHus, yAalaoTes
NpH MPOMbIBAHHH 3KCTPaKTa. B 3HauMTeJbHOM CTeneHH SKCTPAarHpy-
torea Ti (IV) u Ge, KoTopble H3MEHSAIOT OKPACKYy KpacCHTeJei.

K 1 ma uccaenyemoro pacrsepa B 6 N HCl go6asasior neo6xoaumoe KoJH-
yecrso TiCls, 0,5 ma xonuentpuposauxoit HCl n nosonar obbeMm Boanoft dass
no 3 ma 6 N HCL. Okerparapytor 3 ma xjgopodopma B NPHCYTCTBHH 1 ma auero-
Ha B TeueHHe 5 MHH. JKCTpakT npombisaior 2—3 pasa cvecsio 7 N HCl u auerto-
na (6:1), conepmxauteir neckoasko xaneab TiCly (10%-uwit pactsop 8 6 N HCI),
npuMenas Kamaeii pas 1—1,5 ma. 3atem skcTpaxT, pasGasrenslit 1o 6 ma xio-
podopmom, BerpsixuBaor ¢ 0,5%-HLIM PacTBOPOM KPHCTAJIHUECKOrO (HOMETOBOrO
B 6 N HCL IMocne paccrauBaHiisi OKpalleHHBI 3KCTPAKT (UALTPYIOT Yepe3 CJIOMH
cTekasiHHOM BaThl B KioBeTy ¢ (=10 ms. OnrHyeckylo MIOTHOCTb 3KCTPAKTOB H3-
MepsiloT Ha cnektpodoromerpe rpH A=>587 HM, moab3ynch B KauecrBe pacTsopa
CpaBHEHHA 3KCTPaKTOM MpoGei, He cofepkauleli rammsa. B ciyuae coGmonents
MOCTOSIHHBLIX YCJOBHI TPH SKCTPAKIHAX ONTHYECKAas IUIOTHOCTb PACTBOPOB MOAUH-
usiercs 3akoHy Bepa. ITepen usmepeHseM ONTHYECKON IJIOTHOCTH IKCTPAKT MOIKHO
pa3GaBaATh 3TAHOJOM. TO Jejaer OKPacKy OUCHb YCTOHUHBOI, a pacTBop, He
COAEPIKALIMIT Taj/ius, CTAHOBHTCA NMPAKTHYECKH GeCUBETHLIM.

[Mpeanoxeno Takke (OTOMETPHUYECKOE oOnpejeleHHe raaiud C
KPHCTAJI/IHYECKHM (HOJIETOBBIM MPOBOAHTH B NPHCYTCTBHH HHTPHT-
nona [456—459]. O6pasyiomeecs: coepunenne (Ga:R=1:1) sker-
parupyercsi GEH30JIOM H TOJYOJIOM, OKpauIHBas OpraHHYeCKHi CJI0H
B HHTEHCHBHO cHHHil user. [Ipu ucrno/b3oBaHHH GeH30/1a B KauyecTse
SKCTpATeHTa UYBCTBHTEJBHOCTb peaKuuu Bbiwe. Makcumanbhas
onTHYeCKas MJIOTHOCTb HaOgOfaeTcsi TNPH 3KCTPATHPOBAHHHM H3
3,25 N HCL. [Ipu yBenuuennn copepKaHHi KPHCTaIJIHUECKOr0o (HO-
JIeTOBOTO B BOAHOI (ha3e ONTHUECKask NVIOTHOCTb OpPraHHYecKoH (asni
GBICTPO BO3pACTAET H JOCTHraeT MAKCHMAJbHOTO 3HAYEHHs TMpH
conepxkanuu Kpacureast 0,10%. Benenue aierona, MeTHJIOBOro H
ITHJIOBOTO CHHPTOB CIOCOOCTBYeT 00pasoBaHHIO NMPO3pavHbIX pac-
TBOPOB, a TAKIKE 3HAUHTEIBHOMY YBEJTHUEHHIO ONTHYECKOH MIOTHOCTH
H craGuauzanuy okpacku. Ilpw uCnosb3oBaHWM HHUTPHTA HATPHA
BeJIMYMHA ONTHYECKOH IJIOTHOCTH MoJiydaeTcsi Bbillle, YeM INpH HC-
NOJAbL30BAHMH HHTpPaTa Kaaums. MaxcumanabHoe 3Hadenne HaGuio-
Jaetcst NpH coepKamnu B BonHoil (ase 0,75—0,85% NaNO,.

MakciMasabHas ONTHYECKasi MJOTHOCTb MOJAYUAeTcss TaKke NpH
cooTHOWweHHH Boja : 6enson=1: 2. [ToaHoe u3BJACUEHHE AOCTHTAETCS
B Teuenne 15—20 cek. Kpupble cgeronor/iomenus (puc. 27) HMelOT
Pe3Ko BbipakeHHblil MakcuMym npu A=610 #a. PacTBophl mOAuHHA-
loTcs 3aKOHY Bepa B unrepsate Kouuenrpauuiy 0,1—5 mxe Ga/aa;
e=2,4.10%
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K 1| ma 1%-Horo pacTBOopa KpHC- Y
taasmueckoro uoserosoro 8 6 N HCI
noGasasior 0,5 M4 pacTBOpa TraJIHi a6
8 kommentpuposannoii HCI, cotepxa-
mero ot 0,1 xo 5 mxe Ga. Ilocae Tina-
TeJbHOTO TIepeMelHBaHisA BBOAAT 0,5 Ma g5
10%-noro pactsopa NaNQOs, 3 M4
Meranoda H  ofpasyiouleecs COeRHHE-
nue sxcrparupyor 10 #a Gensona iy- g
TeM SHEPIHYHOrO BCTPAXHBAHMA B Te-
yenne 15—20 cek. (aydige MeraHoa HC
BROAMTb HEMOCPEACTBEHHO Tepex 3K-
crpakiefl, a 3KCTParHpoBaTh CMECDHIO
Gemaoa : Meranoa — 10: 3).

o

o
T
Cay

a2k /
Jlas  npHTOTOBJEHHS — pacTeopa < Y.
cpaBHenns K 1 M2 1%-noro pacTBOpa
KpHCTAJJIHYECKOro  (HOIETOBOTO n a1k

(IS-INI HCl nobapasior 0,5 a4 pacTBopa g . :
Cl Toft e HOPMAJBHOCTH, 4TO H HC- .
10Jb3yeMblil PACTBOP rallans, 05 M4 300 409 500 600 700 mm
10%-noro pacrsopa NaNO, u 3 #Ma
MeTaHoaa. kcrparupyior 10 ma Gen-
soma. Ilocie HeNpoAOIKHTEIBHOTO OT- C/LMHCHHS C FA/HeM B MPHCYTCTBHH
CTAaHBAHUA PACTBOPbLI TMEPEHOCAT B KIO- HHTDHT-HOHA:

BeThl H paspywaior ofpasymooulyiocs s o i
pH IKCTPATHPOBAHAH 3MYJILCHIO Mar- ol Y ; =
HECM, KyCOUKH KOTOPOro MOTpYyKaior cpsmmenus — Senzon; 3 —= G — Geuast
B KIOBETHL € PAcTBOPOM Ha 5—8 MuiH.

MaMepents NpoU3BOAAT yepes 15 MHH. nocae skcrparupoBanis. Okpacka pacTsopos
yeTofiunBa B TeyeHHe 2 CyTOK.

TMopsiioK 106aBjeHHs KHCJAOTH, PAcTBOPOB Tamiid H KpHCTaJIHYeckoro Qu-
OJIeTOBOTO He OKAa3biBaeT BJHAHMA HAa BETHUHHY ONTHUECKOH MAOTHOCTH GeHsoJb-
Horo ciosi. NaNQO, Heo6xoaumo 106aBAATH HemocPe/ICTBEHHO Nepes 3KCTpaKuHei,
B NPOTHBHOM CJydyae OH pasiaraercs B KHC/I0li ©pele C BbLIEJEHHEM OKHCJIOB
a307Ta, a TaKiKe pearHpyer C KpacHTejaeM, paspymas ero.

OnpejefenHio He MeWaoT ceiylolde HOHBL

L 1

Puc. 27. CeeronorJolleHHe KpHITaI-
JiMuecKoTO (PHOJETOBOTO H €ro co-

Hon W36biToK (KpaTHbI) Hon &I;g?;{r&og)
e 2 625 Zn?+ 4000
Cl~ 25 000 Ci* 1500
CH3;COO0~ 12 500 S+ 7
pot— Hacrimenssit pacTsop Gett 480
NO,~ 800 Ind+ 1465

3
¥ HEKOTOpHIE ApYrHe.

Mematomee sausnge mikponpumecn Fe(Ill) yerpausior BBejleHHeM B BOJ-
nyo (asy 2 se ackopGHHOBOH KHCJIOTHL A3+ He M3MeHFET CTENEHH 3KCTPAKIHH
COUHHEHHA TajMisi C KPHCTAUIHUECKHM (DHONETOBLIM, [03TOMY METOJA MOKeT
6biTh MPHMEHEH IS ONpeJle/eHHs Talmus B MarepHalax, cofepKallHX aJioMH-
ufi, 6es MpeABAPHTENBHOrO OTJEJEHHS NOCIEIHEro [458, 459].

[IpenmylIeCTBOM METOZA MO CPABHEHHIO C METOJOM ONpee/leHHs
FaJIAS C METHJOBLIM (DHONETOBBIM B MPHCYTCTBHH POJAHHAA aMMO-
sinst [300] siBasiercst ero Gonee BHICOKas YyBCTBHTEIbHOCTD.

FAMUMHKPE30MAOBbLIH KPpacHbIH (TKK), 3,3"-nu- (N-xap6-
OKCHMETHJIaMHHOMETH) -0-Kpesoacyabpodraients — ofpasyer ¢
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!5” BT ___ ! ranamem B caaGokHcaol cpege Kom-

| nuekc kpacmoro meera [259]. Okpac-
Ka  KOoMMJeKca  pa3BHBaeTcss  3a
I5 MHH. H HecKONbKO CYTOK ocTaer-
¢ mnocrosuHoi. Meronom saektpo-
MHTDAUHH YCTAaHOBJEHO, YTO KOM-
IJIeCK  ABJIAGTCA aHHOHOM. Peareur
nossoJser ompegeast) 0,05 wmke
Ga/ma npn npereasHom pasbasieHuu
1:(2-107). Ilpu pH 4 obpasyercs
Kommieke Ga : TKK=1: 2 ¢ makcumy-
MOM morJouwenust npu 510 wm (mak-
CHMYM TOTVIOIIeHHSI pearenTa 435 Hat)
(pue. 28). Moasipubiit Kospduunent
Puc. 28. Caeronornowenne rau- NOTALIGHHS KOMmJeKca e =2,5-10%. 3a-
uunkpesosiosoro kpackoro (/) m  KOH Bepa cobmonaercs ang 5—70 sxe
coequnennst ero ¢ rammeMm (2) Ga/25 ma.

L
800 A #m

1
&0 00

npu pH 4 Onpenesenue raamns BosMoxkHo B
[Ca*]=2 . 104 M; NPHCYTCTBHH 5-KpaTHBIX KoaHuecTB Al,
[TKK]=2 - 10-* M

10-kpatueix In u Sc, 25-KpaTHbix ZT
H 50-kpatunix U(VI). B npucytcrsuu
nupocyabdara HATPHA NONYCTHMBE KOJHYECTBA In, Sc u U ygean-
uuBaiores. 150-kpaTHoe KomuuecTBo mMeau MacCKHPYIOT THOCY/bhaTOM
HaTpHd, a Takoe xe Koauyectso Fe(IIl) Boceranasausaior ackopbu-
HOBOH KHCJ0TOH. JomycTHmo npucyTcTBHe 150-KpaTHBIX KOJHuecTB
Co u Ni, 100-kparueix Cr(III) u 100-kpatubix Mn2+, Onpenenennio
Ta/IIHs He MEUIAIOT IEJIOYHLIE M UIeJ0YHO3EMENbHBIE METaLTbI, Zn,
Cd, Hg(II), pss, Ag, TI(I), Sn(IV), Th, As(IIl), Bi, Sb(IlI),
V(V), Mo(VI), W(VI), 1000—10 000-kpaTHble Ko/HYeCTBA XAOpPH-
A0B, GPOMHI0B, HOAHAOB, POAaHH/OB, cy/nbdaTos, cyabpHTOB, THO-
cyabdartos, nupocyabhartos, HHTPATOB, HHTPHTOB, XJ0paToB, GpoMa-
TOB, aleTaToB, GopMHaTOB. Mewaior LHTPaTH, TapTpaThl, dTOpHLI,
OKcaJatel, cy/abdocaquuuaaThl H KoMmmiaekcon III.

B mepubie koa6m eMkocThio 25 ma NOMEIIAIOT CJAGOKHCAbIT AHAMH3HPYEMBIfT
pacTsop, comepxauuii ne Gosee 100 mxe Ga, goGasasior 2 ma 0,1%-#oro pac-
tBopa 'KK u aueratno-amMmuaunmii Gydepuntii pacreop ¢ pH 4 1o merku. Iloc-
£€ NEPEMEIIHBAHUS Yepes 15 MHH. H3MePAIOT ONTHYECKYIO MIOTHOCTH pacTBopa Ha
D3K-H-57 co cBerodmabTpom A=536 A OTHOCHTEMLIO pactBopa pearenta. Ko-
JIMUECTBO TaJIHA HAXOMAAT MO KaJHGPOBOYHOMY rpadHKy.

KucanoThwuit xpom udHcTo-roay6oit B (Xpomokcan uu-
cTo-cuuii B) (aByHaTpHeBasm coab AHXI0DAHMETHI0KCH(DYKCOHIH-
KapGoHOBOM KHCJIOTBI) AaeT ¢ ra/lJiHeM KOMIUIEKCHOe COelHHEHHE, CO-
CTaB KOTOPOro 3aBHCHT OT pH cpeasl H KOHUEHTpaUHH KOMIOHEHTOB
[515a, 565]. IMpu pH 3 obpasyercst coefHHeHHe cocTaBa | :3 cHpe-
HEBOTO 1BeTa ¢ MAaKCHMyMOM CBETONOIVIOWIEHHA npH 570—580
(pHc. 29), oTKpbiBaeMbifi MHHHMYM 5 mkz Ga/ma; npepenbHoe pas-
6aienue 1 :200000. Moasipusiit Kosdpduunent norawenus e=1,91-
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-10%. YaoBneTBopHTeJMbHbIE Pe3y/IbTATHl MOJAYYIOTCA MPH onpeaese-
uun 5—30 mxz Ga/l0 ma pactBopa. B Gosee pasbaB/ieHHbIX pacTBoO-
pax (pH~5) cocras komnaekca 1:2.

7

Puc. 29. Csaeronorjouexue

KHCJOTHOrO XpOM 9HCTO-TOJy-

Goro B (I) u coeluHeHHs €ro
¢ raamieM (2)

500 600 W0 Awm

K amanusupyeMmomy pactsopy (7—10 mxz Ga) npuGasasior 5 sma 0,0125%-
#OTO pacTBopa peareHrta, 4 ma Gydepuoro pactsopa ¢ pH 5, pasGasasior Bosoi A0
10 #2 # GOTOMETPHPYIOT C 3eJeHbIM CBeTOMHALTPOM B Kioetax ¢ [=10 mu, ownb-
Ka onpenenenus <8,5%.

[upokatexuHOBHA GuHONETOBH I ofpasyer ¢ rai-
aueMm npa Kommuekca. IIpu pH 2 noayuaercsa KpacHBII KOMILIEKC C
MAaKCHMYMOM Toraolienust npu A=530 am u e=1,12-10* [35, 38].
Oxkpacka ycroiiuusa B Teuenne 6 uac. 3akon bBepa cobaionaerca npu
koHnentpauuu 0,2—2,0 mxe Ga/ma.

Bosbiine KOJHYeCTBa allOMHHAS OKpPaLIHBAlOT pacTBOP, MO3TOMY
Heo6X0AHMO OTAENATh Ta/JHi SKCTPaKUHeHd AHITHIOBLIM 3(HpOM H
6yrunaueratom B 6 N HCL Onpenesenuio He Memaior Al-Cn,
Fe (IIT), Pb, TpusranonamuH, acKopOHHOBas KHCJOTAa, a TaKKe
so6sle xoauuecrsa Mn (II) u Zn; mewmator V u F-.

ITpu pH 6,05—6,4 momydaercs Kommaeke cocrasa 1:1 ¢ Makcu-
MyMoM cBeTonorsomenns npu A=>580 #x u £=7-10* (mo Haceiue-
umio) (puc. 30) [35]). Hcrunnbil -MonsApHbli Ko3dHIHEHT, onpene-
sennsiii no merony Komaps, pasen 7,31-10% Komnuiekc ycroiuus Bo-
spemenn. 1g Ky.r kommiexkca 13,30, KoHCTaHTa pPaBHOBECHS PEAKIHH
0,12-102 no Komapio u 0,04-102 mo Toamauesy. [Toxunnenue 3aKOHY
Bepa na6aonaercs gas 0,56—3,1 mxe Ga/ma.

B mepHylo kKoafy eMKOCTHI0 25 M4 HAaNHBaKOT HCNLITYEMEId pacTBop XJOpHAA
reamisi, 3atem | wam 2 ma 1,0 - 10-3 M pacrBopa pearenta M pasfaBasior pac-
TEOD 10 METKH aleTaTHO-consHoKHcamM Oydepom ¢ pH 5,75. Ilocae nepeme-
[IHBaHHS pacTBOp (oTOMeTpHpYIOT Ha doromerpe ®M npu A=570 #u na poue

pearenta B kioBere ¢ [=03 uau 3,0 cu B 3aBHCHMOCTH OT HHTEHCHBHOCTH OKpa-
cki. KoJH4ecTBo raJins HaxoAsT NO KaJHGPOBOYHON KPHBOH.

DpHOXpOMIOHAaHUH Aaer ¢ raummem npu pH 4,2 (auerarusiit
Gydep) ¢uoneToBHi komnaekc cocrasa 1 :2 [38, 1279], ¢ makcumy-
MOM CBeTonoromenns npu A=>540 #x. Moasipuslil KO3)HIHEHT 10~
rawenus npu A=530 um pasen £=2,05-10% ans csoGoiHoro pea-
reita e=5-10% npu A=450 nx [38].
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Puz. 30. 3aBucnMocTh MOASIPHOTO KO-

¢dHuHeHTA NOralleHHs NHPOKATEXHHOBO-

ro ¢uonerosoro (/) n ero xoMnJiexca

¢ raaauem (2) ot AAMHBL BOJHB TNpH
pH 59

[Ga+]=[[TP]=4,0 10-° M; C®-4, I[=] cu

Havepennst  ontHueckoi
NAOTHOCTH TNpPOM3BOAAT  Me-
pes 2 waca nocje cMelHBa-
HHfL PacTBOPOB peareHta M
raJans ¢ HCTOJb30BaHHEM
Oydepnoro pacrsopa B Ka-
YyecTBE  XOJOCTOro.  3aKoH
Bepa cobaopaercs A48 KOH-
LEeHTPalHi 8—30 MKe
Ga/l0 ma. In (III), obpa-
3YIOLHIT KOMIWIEKC C pearen-
ToM, a Takke Zn, Ni, Mg
u Cd me Mewaior ompejaene-
HHIO; Sn H Zr B KOHIleHTpa-
uuAx>2,5+10-5 satpyausior
onpenenenne, a Al u Fe naxe
B MaJeHbKHX KOHUEHTpPalHaAxX
JIeJIal0T ero HeBO3MOMKHBIM.

Kcuanencanopulit
OpaHXKeBblil pearupy-
er ¢ raaauem, obpasys
KpacHio - (HOJeToBble

KOMNJEKCHBIE CO€JHHEe-
HHSA pasJJIHYHOro COCTaBa
- . [39, 258, 260, 759, 771,
1189] (ra6a. 19, puc. 31).
[Ipu pH 1,6—2,5 u A=
=545 um 3akon bBepa
cobaiojaercss Aasa  5—
150 mxe Ga/25 ma [258,
260].

B wMmepHue KoaGwl eMKo-
cThio 25 Ma noMeualT cJaa-
OOKHCABIH AHAMH3NPVeMBbLit
pactBop, JAoGapafior 2 MA
0,1%-#oro pacrBopa peares-
ra (HarpHeBas COJIb KCH/EHO-
JIOBOr0  OPAHMKEBOTO), TPH-
6GasasioT aueratHslfi Gydep-
Hoiit pacrsop ¢ pH 1,8 1o

1 i ' i L
o ss0 SO0 550 Apm

Puc. 31. Cnektpsl CBeTOMOTJOMWIEHHS

KcHJeHosoBoro opaHkesoro (I) #m co-
equHeHus ero c rajunem (II)

J—3 —1 npu pH 1; 3 # 6 COOTBETCTBEHHO;

¢—7—11 npr pH 1.8; 2,7; 49 ® 52 coor-
BETCTBEHHO
Ch4, [=1cm

METKH H H3MEpaioT onTHue-
cKylo mJaotHocth Ha GOK-
H-57 co ceeropuabTpoM A=

=536 HmM AW Ha C 0-
Tomerpe npu 545 am. Koau-
HECTBO ra/JHS HAXOAAT MO KaauGpoBOuHOMY rpadHKy, NMOCTPOEHHOMY AaHaJOrHy-
no. Onpenenennio 20,6 mxke Ga npu pH 1,8 He MemaorT Xaopuas, GPOMHAB, HOIH-
Abl, POAAHMJE], HHTPATH, HHTPHTH, CyAbdaTel, cyAb(HuTH, THOCYb(ATH, XJ0PATHI,
Opomathl, womxatel, GopaTel, Gopodropuisl, Terpaboparthl, CHAMKATH, AaUETaThi,
(opmuare, cyabpocasmumaarel, 1000—10 000-kpaTHHe KOJMYECTBA  UIEJAOYHBIX,
wenourosemenbuuix  saementos, As (IITI), TI (I), In, Al, Sn (1V), Cr (III),
Fe (111) (npm npexsapuTe/bHOM BOCCTAHOBJEHHH ackopGuuosofi kucaorofi), Cd,
Zn, Co, Ni, Mn (II), Cu n Pb. ITpu Go.bIINX KOoAHYECTBAX MEpeuHCAeHHBIX Ka-
THOHOB HX OTJEJSIOT UeMEeHTalHel Ha MeTaJJHYECKOM KaJAMHH, a 3aTeM JKCTpar-
pyior raamiit smuaoseid spupom u3 55 N HCL Onpenesenne raaaus nposoaar
nocje pesKCTpakiHH BOJO.
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ERaanaas BEa . JPE L t

Ta6auuma 19

Komnaekcnl raainsi ¢ KCHJAEHOJAOBbIM OpaHKeBbIM

Cocras 4

KOMIIeKca pH N &-10-¢ Jlurepatypa

1:1 1,2—1,7 530 2,29 [1189]
1,5—2,5 545 3,3 (258, 260]

2,8—6,5 560 [771]

12 4,5—35,5 302 1,63 [1189]
1:3 0,9—1,0 550 3,20 (38, 39]
3:2 4—6 355 4,35 [258, 260]

Memaior onpegenennto Zr, Bi, Sc, Th, a Takxe Komnaekcon III,
F-, P,O7", unutpatsl, oKcaiaTel u Taprpatsl [258].

MeTunTuMOJA0BH H
cuuuit pearupyer ¢ Gad,
o6pa3ys KOMIJIeKC cocTaBa
1:1 (pH 1,5—1,8) u 1:2
(pH 4,5—5,5) [38, 1398].
Ilepeniii EMEET MaKCHMYM
CBETONOTJIONEHHST TIPH A=
=565 Hm MO OTHOLIEHHIO K
pacTBopy peareHra (xoJo-

croit pactBop), e=1,77-
-10%;, BrOpOit —mpH A==
~5H15  HM, e=112-10%

(pue. 32 u 33). Pactsopsl

NnoAyuHSAIOTCs 3aKkony Bepa.

B MHTEpBaje KOHILEHTpa-
uuit cor 7 no 84 mxe Ga/
/25 ma pas Kommaekca 1: 1
u or 7 no 70 mxz Ga B TOM
JKe o0BeMe s KOMILJIeKca
122

K pactsopy ramms c¢ pH
1,5—1,8 uan 4,5—55 (HyxKHYIO
penuunsy pH ycraraBmmBaiwoT ¢
nomonibio HCIO, wan anerathoro
6ydepa) npubasasior 2,5—4,0 ma
10-* M pactBopa pearenta. Pas-
Oapjsl0oT PACTBOP NPHMEPHO 10
20 m.: BOmOf H HAarpesaioT MpH
100° C B teuenne 50 mun. Oxnax-
naloT B pasbaBasioT 10 25 Ma
sozoi. Qcrasagior Ha 30 MHH.,
a 3aTeM H3MepAIOT CBETOMNOrIO-
menHe npu A=560 nam 515 wm.

9 AxaauTHuecKas XHMHA TalIHA

2 F : W

1 i i
£00 500 G004, 1w

Pue. 32. CnekTp cBEeTONOrJOLIEHHs Me-
THJITUMOJIOBOTO CHHETO

I—pH 1,0-50; 2—pH 6

p
43
492 r
arr
1 ~
50 500 550 - SU0.... A

Pue. 33. Cnekrp cBeronoriolleHHs coe-
AHHEHHS METHJTHMOJIOBOTO CHHEro
€ raJuHeM.

I —pH 15 2—pH 1.8
4—pH 5 5—pH 6

2—pH 4



Oxcanar, HHTPHJAOTPHALETAT H DNTA wmewaoT onpeiejeHHio 0pn 0G0HX
snavenusx pH (nomasasioT oGpasoBanue KOMILJIEKCHBIX COEJIMHeHHI).

Buktopus roay6as b paer c raaanem COCIHHEHHE, oKpa-
[HBalollee OH30/bHLIH 3IKCTPAKT B HHTEHCHBHO cunuil 1ser [58,
211].

OnTHMAJbHBIE YCIOBHS 0GPa3oBAHNA KOMNJEKCA: KHCJIOTHOCTb BOMHOrO pac-
rsopa — 8 N H,SO,, konuentpaums Houos Xxjopa —d N, xpachrens— | M4
0,1%-Horo pactBopa, oGmui 06BeM BOAHON (haspl 6 M2, IKCTPAKUHIO NPOBOAAT
npH KOMHAaTHOH Temmnepartype 6 ma cMmecH Gensosa ¢ ameroHom (10:1). Hamene-
pua TeMmnepaTyphl pacTeopos oT 15 o 30°C, a Takke nocae10BaTeAbHOCTL 10+
GaBJenus pearentTos Ha ONTHUECKYIO NJIOTHOCTb IKCTPAKTOB HE BaunalT. Peak-
1HA 06pa3oualmﬂ OKpEI.I.leliHOFO KOMIJIEKCHOTO COeHHCHH NPOXOJHT f)b!L'T[)('J,
[03TOMY He TpeGyeTcd CTeLHajbHOrO BLUAEPKHBAHHSA pacTZOPOB nepei 3KCTPaK-
1Hel; OKpacka SKCTPAKTOB YCTOHUHBA B TedeHue paGouero amus.

MakcHMyM TIOTIOLIEHHA KOMILIEKca XJopraJJiara ¢ BUKTOpHEf roayGoit B na-
xonutes npn A=600-660 wum (®IK-H-57 co ceetoduabtpon Ne 7). Ilpsnom-
HeliHas 3aBHCHMOCTh ONTHYECKOH MJOTHOCTH OT KOHIEHTPAIH TalLIHA B Pacrio-
pe HaGaojaeTca B HHTepBaJe koHuentpauuit 0,5—20 mxe Ga/6 MmAa 3IKCTPAKTA.
Peakumio, nonoGuyio omucansofi, xaor Fe, Cu, Sb, Te, Au, Hg, Tlu J. B nx
NPHCYTCTBHH PE3Y/IbTaThl TOMYYAIOTCA 3aBbILEHHLIMH. V (V), Sn (IV), W, Cr (VI)
# Bi pearupyior c Kpacurejem B Boanoil (pasze, ymeubllas OKPacKy KOM-
raeKca rajiius.

Bgenenne B pactBop TiCls ycTpaHser TCMexH <1 sz V. {(V), Bi, Ay, Cn,
Te, Cr; <<100 sxe J, Hg, Sb, Tl; <10 xe Fe. Iasi GOoMbLIKX KOJHYECTB yKasah-
HLIX SJEMCHTOB TpeByeTcsi Gojlee MAMTEAbHOE BOCCTAHOBJCHWE HJIH, A HEKOTO-
pLIX M3 HHMX, YAaCTHYHOE OTLE]eHNE.

He memaior onpeneiennio Al, Ge, In (20 1 #e) u Apyrie SJEMEHTEL Houel
Gpoma W (hTOPa OKPAUIEHHBIX COENHHCHHl C pearenToM He o6pasylor, HO MOryT
faBaTh ¢ HEKOTODHIMH 3JeMEeATAMH KOMILIEKCHbIe COELMHENHs, KOTOPHE € Kpd-
CHTEIeM NepeXOAsiT B GEH30/bHBIA €10/ H MEWAIOT ONPEAeIEHHI0 Ta/LTHL.

AuTunupunoOBBH e Kpacutean B xauecrse doromeTpHue-
CKHX peareHToB Ha rajiuii Bycesbim ¢ COTP. [91, 97] 6b1IH H3YUYEHLI
KpAacHTe/H, NOCTPOEHHBIE MO THNY TPHDEHHIMETAHOBBIX, HO COACP-
JKallMe OMH aHTHNHPHHOBBIA pajiKaj B MOJEKYJ/Ie: AHMETHIaMUHO-
AH(EHHIaHTHIHPUIKEPOHHOI (1), TerpamernaaMaMHHOAHPEHHAN-
runupuakap6usoa (1), 6uc-(.u-umpo-n-nnmemﬂamm-wtbeﬂn.n)aH-
tunupuakapounoa  (111), Guc- (n-veTnGeH3HIaMHHODEHH ) AHTHITH-
puakap6uroa (IV).

B 6 N HCI kpacureau [—IV B3aiMOAGHCTBYIOT C CONAMH T/
¢ 06pasoBaHHeM COENHHeHHH, SKCTParupyeMbix OpraHnuecKuMu pac-
TBOPHTENAMH, NPHYEM OKDACKH 3KCTPAKTOB, KaK MpABHIO, CHIILHO
OT/IMYAIOTCS OT OKPACOK KHCJIBIX BOJHBIX PacTBOPOB KpacHuTeJei.

HauGobIKii HHTEpPeC B KauecTBe peareHTa Ha rajiui npeacras-
asier kpacureab V. Kpacureas 111, ofecrneunBalOMIHA IPH 3KCTPAK-
LHH X710pOPOPMOM HECKOIbKO OO0JIbIIYI0 UYBCTBHTCALHOCTD Ha ran-
Juii, MeHee uabupateseH. [1o106HYI0, HO MeHee UYBCTBHTEAbHYIO pe-
akiuio patlor Al, Zn, Pb u japyriie mMeTajbl, KOTOpbie HE Memalor
onpeaenennio raaans ¢ pearentom IV.

Coeauuenne rajuna ¢ Kpacuresaenm 11, B oTanune oT aHAJOMHUHDIX
COGMHeHHH ¢ APYTHMH KPACHTENAMH, HE SKCTParHpyercs TOMyOn0M
WM GEH30JI0M, HO IKCTpPAarHpyercs XJa0pohopMoM.
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Baauxodeiucréue woros caaaus ¢ kpacureaesm [V, I1or Kpacu-
Teqb, okpamennsiil B pactBopax 6 N HCI B MmasnHoBo-KpacHblil 1ser,

B npucyrcTein nonoB GaCl, aaer ocafok cume-(pHOJETOBOTO LBETA,
XOPOLLIO 3KCTparupyeMbiit Toayosaom (Gens3onom); skeTpakT npuobpe-
TaeT NpH 3TOM HHTEHCHBHYIO CHHe-(HOIeTOBYIO OkpacKy. CaM KpacH-
TEeJAb B JaHHBIX YCJIOBHSX TOJYOJ0M NPAKTHYECKH He SKCTParupyercs.

IMonnoTra H3BJEUEHHS KOMIJIEKCHOTO COeIHHEHHS raJjHs ¢ Kpa-
careqeM 1V ToayoJqOM CHIBHO 3aBHCHT OT H30LITKa peareHTa H OT
KHCJOTHOCTH cpeabl. MakcuMaJbHad OKpacKa TOJYOJbHOr0 3KCTPaK-
ta Habaoaaerca npHu skcrpakuuu u3 pacrsopos HCI u 50-kpatHoM
MossipHOM u30biTKe pearenta. [Ipu oiHOKpaTHONH 3KCTpakuuW pas-
HBIM 06BLEMOM TOJYOJIa ra/init uasiaekaercs Ha 90% (kosdduuHeHT
pacnpenenenns pased 9). 3aMeHa Toayosa cMmechbio Toayoda M Oy-
tanaerata (4:1) uau Toayona u adupa (3:1) He yiayumiaer sKc-
tpakuuio. Jag nosHoro n3B/eyeHHs raJijTHA TOJYOJIOM B BHIE OKpa-
HIeHHOro coeauHeHuss ¢ KpacureneMm IV HeoOxoaMMma ABYKpaTtHas
skcrpakuua. OxHako 14 CcneKTPodOTOMETPHUECKOTs OlpeaeaeH s
MOXKHO NPOBOAHTH OJHOKPATHYIO 9KCTPAKIHIO, €CJIH CTPOTO BbIIEp-
JKHBATb 00beMbl OpraHHyeckon W BOAHON (a3, BpeMs 3KCTPAKIHH H
CTPOHTbH KaJHOPOBOUYHYIO KDHBVIO B aHAJIOTHUHBIX YCJIOBHAX.

Coctas xommaekca RGaCly, ycTaHOBJEHHDBI METOACM H30MOJISAD-

HBIX CepHii, COOTBETCTBYET COOTHOMIEHHIO KoMmnoHeHTos 1 : 1. Makcu-
MYM CBETONOTNIOIIEHH: 3IKCTpaKTa 7.=>585 um, 3akon bBepa cobiio-
naercss B uuteppade konuentpamuii 0,5—5,0 mke Ga/ma Tosyona:
e=1,67-10* (oTkpbiBaemblit Munumym 0,2 mke Ga/ma Toayoaa). Al,
In, Ti, Cu, Pb, Co, Ni, V, As ne 06pa3yloT B 1aHHBEIX VCJIOBHAX OKpa-
LIEHHBIX I 9KCTPArHPYeMBbIX TOJIYOJOM COelHHeHHi ¢ kKpacuteaem V.
Kpymusie annonst CACly~, ZnCli~, MoO;~, WO » BiCly , naior ¢
KpacuTejeM CHie-()HONeTOBbie 0CaJKH, KOTOPble He PaCTBOPAIOTCA B
toayoae. Tl (IIT), Sb (V), Fe (I1I), Sn (II) B popme KOMIJIEKCHBIX
XJOPHJO0B pearupyior ¢ Kpacuteaem IV aHasoruyxo raJjiuio, OAHAKO
nepsbie Tpu nocae Boccranoaenns TiCly 1o musmux creneHei Ba-
NeHTHOCTH HE PearHpyloT C HHM H He MeIIAMT ONpPEeLeJeHHI0 ralaus.
Ouensb Goabmoro naowtka TiCls caenyer uaberath, Tak Kak 310 IpH-
BOAMT K CHUZKEHHIO ONTHYECKOH MJIOTHOCTH TOJYO/JIbHLIX 3KCTPAKTOB
coelMHEeHHsl raJinsa ¢ Kpacureaem IV.
Kcanmonogoie kpacumenu {podamunst). HauGonee wimpoko
uenosb3yoTes poxamMun B (C) (ansmuimeraamunopenondraient),
NPHMEHSIEMbIil TaKKe B KayecTBe YYBCTBHTEAbHOrO peareHta JUisi OT-
KpbiTHa raaaus [1185]. Xaopraaaar poxamuna B — RHGaCly, rae
R — ponamun B [735, 913] — B 6 N HCI skctparupyercs GeHzomoM
[190, 296, 996, 1053, 1186, 1200, 1213]. Cam ponamui B GeH307e He-
pacTBOPHM.

HHTeHCcHBHAS KpacHOo-(HOJETOBasi OKpacKa 3KCTPdKrd H €ro
opaHKeBo-Kearas (uyopecieHlns ofecneynBaloT YYBCTBHTEJbBHbIH
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cinocol onpeaesenns MajdbiXx KOJHUECTB rauind. B sTHX ycaoBHAX
ananornuso pearupytot Sb (V), Au (III), TI (III) u Fe (IIT). Boab-
¢pam (V1) obGpasyer Boab(ppamaT polamMHHa B, He pacTBOpHMBIil B
Genaoqe. Al, Zn, Cu, Ta u In He A2I0T OKPACKH NPH 3KCTpaKiin OeH-
sosoMm [301]. OkucaAHTENH, B TOM YHCJIE HUTPATHI, JA0JKHBI OTCYTCTBO-
Bath B pactsope. XOTA CypbMa H APYrHE NepeuncIenHble MeTalipl He
pearupyloT ¢ poiamuuoM B, ecan onu BocctaHos/ieHbl 10 Gosee HH3-
kux creneneit saaentsoctd [Sb(IIl), Au(0), TI(I), Fe(Il)], Bece
e Jyullle OTAEAATh FajJHil OT 3THX H OOJBIIHHCTBA JAPYTHX 3/€MEH-
TOB 3KCTpaKimeil 3(pupoM 0 NMPOBeleHHs peakuun ¢ poiaMuuom B.
Xaopraaaar poiamuHa B ayuume pacTsopum B BOJe, UeM KOMIJIEKC-
nble xaopuasl Sb, Au u Tl u nosTomy 3kcTparupyercsi GEH30/0M He
TaK MOJHO, KaK nocjenuue. CreneHb IKCTPAKUHM 3aBHCHT OT KOH-
[leHTpaLHK PojaMHHa B H OT cOOTHOWEHHS BOAHOH H 0eH30/1bHOf
(a3. Koraa KOHUEHTpPAalHs COJAAHOH KMCJIOTH B BOJAHOM pacTsope
pasua 6,0 M, a ponamuna B 0,00076 M, xosdpduuuent pacnpenene-
nusi cocrapaser 0,57 npu temneparype ~25° C. Beaeacrsue Henou-
HOfl SKCTPaKUHH ra/ins o6beMbl BOAHOH M opraHHyeckoi das cie-
JIVeT MOAIePKHBATh MOCTOSAHHBIMH.

dayopumerpuueckoe onpenenenne (<0,5 mxe Ga) Gonee uys-
cTBHTe/IbHO, YeM aGcopGunontoe (0,5 #xe Ga), 0HAKO YyBCTBHTE/b-
HOCTh TOCJEJHEro BIOJHE AOCTATOYHA A5 OOJbLIHHCTBA aHAMHTH-
UECKHX LeJeil.

Auaausupyensiii pactsop, cozepkawnii 0,5—10 mxe Ga B 5—10 m2 7 M
HCI, nepenocAT B AeauTeabHyio BOPoHKY M BBoasT 2 s 20%-Horo pacTBopa
TiCl; B coasnoit kucaore. Ecnu xoanuectso Fe (III) npeswuiaer 100 m2, To Ko-
JUYECTBO XJOPHAA THTAHAa COOTBETCTBEHHO yBeauunsaioT. Cnycrsi npuG.aH3HTEb-
k0 5 MuH. BeTpsxusaioT pactBop ¢ 8—10 m2 msonponuaoBoro shupa B Teuenue
20—30 cexk. Koraa cmech paccJCHTCS, BOAHBI c/10fi CAHBAOT B APYryio JenH-
TeJbHYI0O BOPOHKY (npeasapureapho cnogochys ee HCI (l1:1)) u Berpsixusaior
ero ¢ 5 ma spupa. 3atem c/ofi KHCAOTH CAHBAIOT H BbIGPAcHBAIOT, @ 3KCTPAKThHI
GOLeIMHAIOT, CNOJ0CHYB BOPOHKY 1 ma 3¢pupa. Oriensior OCTATKH BOAHOTO pac-
TBOpAa M BCTPAXHBAIOT OGbEIMHEHHBIt 3KCTPAKT co cMecwio | ma 7 M HCl n
0,5 ma TiCl; B Teuenne 10 cex. CAMBAOT BO3MOJKHO TulaTelbHee BOAHBIA CJIOM
W BHOBb BCTPAXIBAIOT 3(upubiii caoit ¢ apyroit nopuueii pacrsopa TiCl; B cons-
1O KHeaoTe Toro e o6bema. [TpombiBHbIe Boibl BblnBawoT. [lo6aBasioT B 1edH-
teapnyo Bopouky 1 ma 7 M HCI, octopoxiio B36aaTwiBaioT M OTGPACHIBAIOT
BOJAHBIL CJIOil.

Caupaior sdupHBll caoit B cTakan oGbeMom 50 a4, COJacKHBAIOT JAeHTe/b-
1yio BopoHky 1—2 ma spupa, npuaupaior 0,3 ma pacreopa NaCl, npukpsisaior
cTakaH 4acOBBIM CTEKJOM H BmapuBaor sdup (ecan shup MyTHeeT BCAeACTBHE
ocampaenns semects noa neficreuem TiCly, 3¢upublit pactsop (GuAbTPYIOT uepes
MaJIeHbKYI0 BOPOHKY C HeGOJbIIMM TaMIoHOM CTekasnuofi satel). Oxaaxnaalor,
pactopsior octatok B 5 ma 6 M HCl n nepenocsiT Kak MOMKHO noJjxee B Cyxyio
neauTenbHyio BOPoHKY. Bsoast 04 ma pacrsopa ponamuia B u 0,1 ma pactso-
Pa COMAMOKMCJOTO FHAPOKcHJaMuna u cmewnsaior. JoGasamior 10,0 (wan 50) s
Gen3ona u BeTpAXHBawT | MuH. BhlepkKuBaiT B TeUeHHE HECKOJAbKHX MHHYT, CJH-
raloT BOAHYIO (a3y M HeGOJLIIOE KOJHYeCTBO GeH30ABHOrO ca0f (AN YBeauue-
1HSl CTENeHH IKCTPAKUHH KOMMJekca Gensojom K COJSIHOKHCJAOMY pacTsopy me-
pea SKCTPardpoBaHHEM MOMKHO J0GaBHTbL aleToH) [296, 490]. JabTpyloT Oes-
30JIbHBIT SKCTPAKT uepes MaJjeHbKYld BOPOHKY C HeGOJbIIHM TaMMOHOM CTeK-
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3

JAHHOI BaTH AJH YAadeHHs Kaneaek z -
Boabl H OTOPACHLIBAIOT NEPBYIO MOPLUHIO q20 W
¢uabTpaTa.
OnTHYECKYI0 MJIOTHOCTb MPO3pauHO-
o pacTBopa M3MepsioT mpu A=565 Hi
(puc. 34). MouasapHbli ko3 duuuent
noramenus £226,0- 104 nm, no Cenne- aqn
ay, 0,0012 mxe Ga/cm? coorsercrayer
D=0,001 [1186]. Coctap KommJjekca po-
mamuy B:Ga=1:1 [913] 4051
Ownbka onpexexenns n+10-7 e
Ga/5 s Boanoit dassi coctaaser 10%.

q15

1 A " A
Ilas  mocTpoerust KaanGpoBOYHOMH 500 520 540
S60 580 Aam
Epnaoﬁ ucnoabayor 0; 2; 4; 7 n 10 mke
a, 10BOAAT O0B
é Gﬂ obbem 10 5 M 6 M HCI Puc. 34. CrekTp CBETONOMIOWEHHA
u obpabathBaioT npobul Kak YKasaHo feH30/bHOT0 IKCTPAKTa XJOprannara
Beiufe. XO0JOCTOfl ONBIT HEOOXOHHMO : poraMina B i
NPOBO/IMTL Yepes BCE CTAJHH aHAMH3A. )
3T0T MeTOA JaeT BO3MOKHOCTb 023 mre Ga/ss; C® woaern Bexman B,
onpeneants 0,5 mxe Ga B NPHCYTCTBHH L o

100 mz Al, 20 u2 Fe, no 10 me Li, Na,

K, Cu, Ba, Zn, Sb, Sn, Pb, P, Cri: B, J;

Mg, Ca, Sr, Mn, Co, Ni; mo 1 xz Cd, Hg, Mo, In, Ge, Ta, Se, Te, Pt 1 no
0,1 m2 Ag, Au. CepHasi KHca0Ta onpejeeHHio He Memaer.

Cantsikopa 1 PaGpukoBa [444] ycopeplIeHCTBOBAMY doromerpH-
yeckHii PoJlaMHHOBbI/l METO]1, HCKIIOUHB onepanHio NpeaBapHTEIbHO-
ro OTJIeJeHHs Ta/IHs OT COMmyTCTBYIOLUHX MOHOB. ABTOpbHI YCTaHOBH-
Ju, 4TO cMech 3pupa u Gensosa nphH OGBEMHOM OTHOLICHHH 1:3
obaanaer OGoaplued CNOCOGHOCTEIO 3KCTpAarupoBaThb rajaufn M3
CONSHOKMCIOr0 PACTBOPA, UeM OTAEJNbHO B3ATHIE komnonenTbl. He-
[oJIb30BAHHE 3ITOH CMECH 3HAUHTEJIbHO [oBBIIIAET YYBCTBHTEJBHOCTH
onpejeseHus, MO3BOJsASA NPOBOLHTH BH3yaJbHOe KOJCPHMETPHPOBA-
HHe pa3 uuHbIX KOJIHYECTB Tallis:

Ga, mre To‘,l,:':?:“'

0,2—1 0,1
1—2 0,3
2—5 0,5
5—10 1

OTiocHTeabHas omHOKa paBHa B CPeAHEM 10—15%.

KosMuecTBO 3KCTPArHpOBAHHOrO raJjiui yMeHblIaercs ¢ BO3pa-
cTanHeM KOHUEHTpauuu H,S04, a TaKkke B TIpHCYTCTBIM HACHILLEH-
HEIX PacTBOPOB CyJbdara H XJ0pHaa unHKa [349]. DkcTparupoBatic
cMecbio Gensona u ddupa 3: 1 (346, 377, 489, 531, 844, 1169, 1379,
1435], 5: 1 [357), 9: 1 [338, 389] niupoko mpumensercs 11 onpee-
JleHust TaJ/IHsl B NPHPOLHBIX H TEXHOJOTHUECKHX obbexrax. Hemocra-
TOK MeToja — Goubllas JeTyuecTb CMECH. j

B KauecTBE SKCTpPAreHTa NpeaIoNkena TaKKe cMech XxJaophen3soa
M ueTHIPEXXJOPHCTOro Yyriaepoia (4:1) [734, 829]. UyscTBUTENL-
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HOCTb METOAd IpPH 3TOM YBEJHUHBaeTcs NpuOAH3HTeabHO B 3 pasa,
HO OH MeHee yA00€eH, MOCKOIbKY MOJHOTA H3BJECYEHHS TaNaud N0CTH-
raeTcs NpH nepeMerHBaHHH KHAKocTel B Teyenne 10 muw.

JKcTparipoBaHHe OKPAIIEHHOTo KomileKkca 3(P@eKTHBHO NpoBo-
JuTest eMechio 4 u. Gensona m 1 u. Gyruaauerara {533, 536]. [pu co-
OTHOLIEHHH BOAHON (Pa3sbl K opranudeckoil 1 : 1 ranauil npakTHYECKH
110JIHOCTbIO MEPEXOJAMT B CJOH 3KCTpareHta B TeueHHe 1,5 mun. Ha
(oToKoIOpHMETPE MOKET GbITh ompeaeneno ot 0,5 no 8 uxe Ga/l0 ma
3KCTpPareHTa ¢ TOYHOCThI0 5% NMpH HCNOJb30BAHHH 3€1€HOr0 CBeTO-
¢uabTpa H Aueiiku ¢ [=1 cm.

OmHcaHo HCMOJBL30BAHHE B KauyecTbe IKCTpareHTa xJjoprajiara
poramuna B cwmecn 6,5 u. Gensona u 1 u. meTHaH300yTHIKeTOHA (948,
1174, 1175}, a Takxke cmecH 95 u. GeH30Ja H 5 U, METHJIH300yTHJKe-
toHa [913]. PogamusoBblil MeTOA cJeayeT CUHTATh OJTHHM H3 JIyYIIHX.
WM mHPOKO noJb3yIoTes JJIsl KOJIHYECTBEHHOTO Onpee/eHHs raJlins
B pasauunbix martepuanax [109, 120, 331, 345, 358, 453, 948, 996,
1089, 1403, 1406].

[Tpu nasecke 0,1—0,2 2 ¢oroMeTpHueCKOe OKOHYaHHe B XOJe
aHaju3a MHHEepaJbHOTO CLIPbA L€1eC000pPa3H0 MNpH CONEepIKaHHH
>0,001% Ga {338]; npn menbmHx ero coaepxanusix (zo 0,00001%)
onpejeJqeHHe cJaelyeT 3aKaHYHBATb (JYOPECHEHTHbIM NyTeM, 4yB-
CTBHTEABHOCTH KOTOPOTO Ha MOPAMOK BbilUe (POTOMETPHUECKOTO Me-
tona [1185].

B pa6orax IllepGosa c¢ cotp. [577—581, 583] Guio MOKa3aHo, 4TO HH1IeH-
CHBHOCTb (hayopecleHilHl 3KCTpaKTa XJoprajiiata poaamuna B 3mauutesbno Bos-
pacTaer, ecH BMECTO yJbTpaHoJeToOBOro BO3OYAKIACHHA JHHHEN PTYTH C AJHHOH
soansl 366 wm (prytHas samna CBJIII-250) noin3oBaTbhesi OCBETHTEJdeM C JaM-
noit nakaausaiua ([1K-3) u cBeToduILTPOM, NPONYCKalOUWHM HEMpepbiBHYy0 006-
JaCTh CHeKTpa, GJH3KYIO K MaKCHMyMY MOIJIOUEHHS 3TOTO KOMILIEKCE, PaBHOMY
550 um. MnrencuBHOCTb (UIyOpEeCUeHUMH B 3TOM CJyvyae H3MepsiloT C MpHMeHe-
nHeM BTOpPOro, cKpellenHoro, csetomastpa. Pexomenzyior [578, 579, 581, 583)
B KauecTBe MepPBHYHOrO CBeTOGHIBLTPA NpPHMEHATL pacTBOp HHTpara Meau B
5%-noit HNO;, coaepxawmit 100 2 Cu(NO3)2 8 100 ma pacTBOpa, npH TOJILHHE
ciaoa 2 cm, wan cseroduabrp C3C-9 (ronyboe cTexsa0) TOMUHHON 0KOAO 4,5 MM;
B KayecTBe BTOPHYHOrO CBeTO(HIbTpA nepel (POTOYMHOKHTeNEM — pacTBop Ou-
xpomaTta uatpus B 5%-noit H;SOy, conepxameii 50 ¢ NasCr:0; B 100 s2 pacrso-
pa, npu Ttoauuue caost | cum, uan cseropuanTp OC-14 (opaHmxesoe CTeks0) ToJ-
IWHHOA 3 MM,

HauGoabiuas sipkocTh (JIyOpecienlHH 3KCTPAKTa raJJHeBOro KOMIJeKca Ha-
f1I071aeTCS NPH €ro IKCTPAKUMM CMechblo Gen3oaa ¢ AM3THA0BHLIM 3purpom (9: 1)
WJIH CMecblo GeH3oga ¢ aleToHOM B ToM sKe oTHomendn [265] uz 6 N HCI [444,
581]. 3amena nocaenueit 13,5 N HoSO4 u 1,0 N u Boiwe no xaop-uony [579] nin
5 N Hy,SO; u 4 N HCI [265] e gaeT HHKaKHX NpeHMYLIeCTB.

Kpome raaiusi B 3THX JKe YCJAOBHAX (ayopecuHpyloulHe coefrtennst obGpasy-
10T paxe neGoaouiwe xoanvectsa Au (III), Sbh (V), Tl (III); MeHee MHTCHCHBHAA
tayopecuennua Habaogaercs B npucytersun Te (II), Ir w Mo (VI) [110, 112,
1185]; xomnaexkc Fe (III) He ¢ayopecuupyer, HO CHJIbHO MeIUaeT ONpPeNeeHHIO,
TaK KaK OKpalliBaeT 3KCTPAKT B APKo-kpacHuiii nser [577, 583]. ITomexn co cro-
POHBl 3THX 5JEMEHTOB MOMKHO YCTPaHHTh NYTeM HX BOCCTAHOBAEHHA pPacTBOPOM
TiCl, {444, 583, 1185, 1186]. Tl (III) na xon01y BOCCTAHABJIHBAETCH MeJJIEHHO,
rostoMy mnocie aobasienuss TiCly pacTBop narpeBalT Jo Havala KHOEHHA
[110, 112].
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[lpu OueHb BLICOKOM COMEPMAHHI AJIOMHHHS H IHHKA (6oaee 10 me B anmk-
ROTHORM YACTH, B3ATOM AJ1a (JIyOpHMETPHPOBAHHA) H3BJEUeHHe rajaus B Opramu-
ueckylo a3y cuuxaerca [580]

BoJpline KOJHuecTBa Mead coo0waiT SKCTPakTy ¢hHoMeToBO-PO30BYID OKpac-
KY H CHH¥XAKT HpKOCTb qJJ’lyOPECI.lC‘HllHF{ KOMILIeKCa X.‘IOp[‘&ﬂ.’IaTa; Takxe BeJaer
ce6s W BaHamgaT. OTAejcHHe MEIH NPOH3BOAAT lleMEHTaUHel Ha MeTalIHYeCKOM
xaamun, Tlpm sToM H3 pacTBOpa yAansloTCs TakmKe Sn, As, Sb, Pb u apyrue
saementsl [112]. TToMexu MpoABAAIOTCA 0COGEHHO TPH HELOCTATOYHOM KOJHYECTBE
pactBopa ThTara {580]. [lpu anainse oGHIYHBIX BHIOB MHIEDAJLHOTO CHIpbA, B
4acTHOCTH GOKCHTOB, H NMPH HCMoJb3oBanmu u3beiTKa pactBopa TiCly ¢ BaHAHHEM
TI0CTOPOHHHX 3/1CMEHTOB MOXHO He CUMTaThCsl W TMPOBOAHMTH ONpejeleHHe ralins
Ge3 npenBapuTebHOro ero oraedenus. [pu TouHO# paGote HEOOXOAHMO OTAENATH
raJnmil SKCTparupoBaHHem OyTH/JalLEeTaTOM [265]. DayopuMmeTpHYeCKHi BapHAHT
POAAMHHOBOTO MeTOJa ONpefeseHHs raliHd TaKiKe IIHPOKO HCMOJb3yeTcH npH
anasnse pasamunblx marepuanos [109—111, 312, 389, 578, 582, 621].

Ponamuu 6)K [61, 577, 583, 619, 1169]. Pearent menee u3tu-
paTesieH Mo OTHOMIEHHIO K ra/iiuio, yeM pojamuu B, HO nossoaser
onpeneants 0,1 —8,0 mxe/5 ma pacrsopa. Ilpu 3TOoM AIs colepKa-
Huit MeHee | Mk2 wKana moxer umerb uHtepBansl B 0,2 mxe. Ta-
KHM 06pasoM, MPH YCJAOBHH Npe1BapHTENBHOTO OT/EJNeHHs Traiius
OT MewaAWIHX IpHMecell YYBCTBHTENbHOCTb PEaKIHH C POAaMHHOM
67K B 5 pas Buille, yeM ¢ pogamuiom B [573—575].

MamepeHHeM HHTEHCHBHOCTH (pyopeclUeHUHH pacTBOPOB KOMII-
JeKca rajaaus ¢ pogamuoM 6)K MoXkHO ompeneasits no KanauGpo-
sounoit kpusoit ot 0,5 g0 10 mxe Ga B 5 Ma GeH30JbHOrO pac-
TBOpA.

Byruapozamuu B (6yruioBsbil s3pup poaamuna B) B 6—
6,5 N HCl maer ¢ raaauem coejHHeHHe, XOPOILO 3KCTparupyloleecs
6EH30J10M, TOJIYOJOM M PasJHYHLIMH CMeIIaHHBIMH 3KCTpareHTamy,
npuyeM yKe OAHOKpaTHAas 3KCTPAKIHA oGecmeuuBaer NpaKTHYECKH
noaHoe M3BJeueHHe xJopraaiata Gytnaponamuina B {61, 452]. Oxkc-
TPAaKT OKpallHBAaeTcd B P030BO-(DHOJETOBLIH LBET. ToayoabHbli
pacTBOp XJoprajiata GyTHaporamuHa B HMeer MakcuMyMm morJo-
menns npu 565 am (puc. 35), npu 3TOil JJAHHE BOJHBI CaM peareHt
NpPaKTHYeCKH cBeTa He morsomaer. YyBCTBHUTENLHOCT ONpee/eHHs!
raJJausl MOYTH HA MOPAJ0K Bhillle, 4eM ¢ poaamuxom B; oGuapyxu-
paembtit MunnMym 0,005 mxe Ga/ma pactsopa. Moaapubiit KO3t dHu-
IMEHT Torallenns xaopraaaata oOytuapopamuna B pasen 9,0-10%
3akon DBepa coGaionaeTcss B HHTepBajde KOHLUEHTPAIH 0,006—
2 mxe Ga/ma, OnpeneneHnio MEIAIOT Te ¥Ke KaTHOHBI, 4TO H MPH NpH-
MeHeHHH pojamuua B. Bausnne ux yCTpaHAIOT BBe/leHHeM B aHaJH-
supyemuiit pacrsop TiClz B kauecTse BOCCTAHOBHTEJIS. [IpH BBICOKOM
collepXKaHHH MeIalUnX 31eMenToB (ocobenHo aJIOMHHHA) B aHa-
JH3NPYEMbIX MaTepHa/jax NMPHMEHSIOT NPeIBAapPHTENbHYIO 3SKCTPakK-
uuio raaaus uz 6 N HCl sdpupom, 6yTHA- HIH aMHIaLETaTOM.

BLiid  HCMLITAHBl TaKe MPOH3BOAHBIE pOAAMHHA — dHAJOTH
5-(n-AuMeTHAaMHHOOEH3HIH/eH) POlaMiHa, B KauecTBe BO3MOXKHLIX
CHCKTPOPTOMETPHYECKHX PeareHToB Ha rajiIHi [1356].
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Puc. 35. CnexkTpel CBETONMOIIOUIEHHS
TOJIYOJIBHEIX SKCTPAaKTOB XJOpranjiara
Gyruaposamuua B (/) u Gytuapomamu-
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Puc. 36. CnekTpel CBETONOTMOLIEHHS

pacTBopa raJjiiHOHa B Boje

I —pH~ 40; 2—pH ~25; 3—pH~ 11,5;
4 — pactBop raaauoma + Ga’+ npn pH~22
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Tua3ino8bie Kpacumeau
B 6 N HCI raaauit o6pasyer c
MeTHJAEeHOBHM cHHHM [72,
294, 518] KoMIJIeKCHOe coeJHHe-
ne RGaCly, 3kcrparupymoiieecs
cMecklo GeH3osa H auertona [518].
As (V) ‘npensapHuTeabHO yAans-
1ot BoinapuBaineM c¢ HBr, a
Fe (III) ormeasioT nmpH 3KCTPaK-
IHH TajJJHs THITHIOBBIM 3(pHpOM
3 6 N HCl B npucyrcTBuu
TiCl;. MakcuMyM MOIVIOIEHHS
OKpAILEHHOrO COEAMHEHHs Haxo-
aurcs nmpH A=650 HM. 3akou
Bepa cobaonaercs B mpegenax
0—5 mke Ga/ma. Onpeaenenuio
MeLIaloT CHIAbHbIE OKHCJAHTENH H
BOCCTAHOBHTEJH.

Kysunenosoii [294] paspaGora-
Ha METOIHKA H3B.eUeHHS rajl/ins
13 BOJIHO-ALleTCGHOBLIX PacTBOPOB
X10po(hOPMOM C HCIOJIbL30BAHHEM
HeMoCPeJICTBEHHO CaMoro 3Kc-
TpakTa AJs TPOBEJAEHHS KOJO-
PHMETPHYECKOH PeaKIHM C MeTil-
JleHoBbIM cuHuM. Moasipublit Ko-
3¢ (ULHEHT MOoralleHus XJAopo-
(hOpMHO-aLeTOHOBOrO 3KCTPAKTa
6,8-10%. Memaloiiee feicTBHE
nonos Fe (III), Sb (V), T1 (III),
Au (III), Te (IV) ycrpansior
BOCCTAHOBJIGHHEM HX 0 HH3IIHX
cTeneHeil BajJEHTHOCTH TPEXXJO0-
puctbim THTanom B 6—7 N HCI.

Onpejesienne rajjus nNpu no-
momu asocoeaunennit *, Jlas do-
TOMETPHYECKOTO  OMNPeJAe/IeHHS
rajnus 3pHeKTHBHO NpHMeHeHHe
ranauoHa [38, 243, 569, 571,
577). ,

Ha puc. 36 npuBenensl Kpu-
poie ceetonoroitenuss 0,001 %-

HbIX BOAHBIX PAacTBOPOB FaJlHO-
Ha [326]. e

* Cuutea omucan B paGorax [326.
3271, ;



B npHCYTCTBHH Ta/ulHsi B c1a0OKHCIOM cpelle po30Bas OKpacka
pacTBOpa peareHTa H3MEHsieTcs Ha SIPKO-ronyGyio. OGpasymwolleecs
coenuHenne umeet coctas | : 1 [38]. OnTuMa bHBIM A/ ONpefe/ICHH
raaaus sisasercs pH 2,4—3,4. Makcumym CcBeTONOIIOLICHH:
na6monaercs npu 600 #a. UyBcTBHTeABHOCTH peakuuw npu pH ~3,2
coctasasier 0,2 mxz Ga/5 ma pacrsopa. Ilpu pH 3.6 u A=615—
620 xy peanunHa e=2,49 - 104 1g Kyer=5.

K 2 ma pactBopa, coepxautum 0,2; 05 1; 2; 4; 6; 8 u 12 mx2 Ga u 2 ms
BOJbl (KOHTPOJBHHI PacTBop) B mpobipKax, npuGasasior Gudranarnriii Gydep-
ubifi pacteop ¢ pH~3,2 no oGvema 4,5 a4, a 3aTem Mo 0,5 sa 0,01%-noro BoOA-
| Hnoro pacTBopa raiiHona. Okpacka BO3HHKAeT B NMepBYIO MHHYTY M NOJHOro pas-

puTHa gocturaerT uepes 10—15 mun. Ha ckopocTh Dpa3sBHTHA OKPackH CHJLHO
| BJHseT TeMmnepaTypa. Tak, mpn narpeBaHHd [0 60—100° C noaHoro pasBHTHSA
| okpacka pocruraer uepes 1,5—2 mun. [locsie oxaaKieHHA pacTBOPOB LBETHAR
wkana ycrofiumsa ~40 wac. [243].

MeK1y HHTEHCHBHOCTbIO OKPACKH H KOHIleHTpallHell Tajjus B
pacTBope coOJi0faeTcss NpPAMO MPOMNOPIHOHANLHAS ~ 3aBHCHMOCTD.
l'[pu HarpeBaHHH BO3MOMKHO HpOBO,’lHTb onpezleneﬂne rajJJuss MeTO-
10M KOJOPHMETPHYECKOTO MHKPOTHTpOBaHHus. B omucamnbix yeao-
| BufX ra/lIHOH pearupyeT CO MHOTHMH 3J1eMeNTaMH, TI0ITOMY TaJIHil

OnmpejesiiOT JHIb NOcje TULATENLHOro NpeiBapHTENBHOr0 oTaene-
| HH# ero or GOJMBUIHHCTBA 3JEMEHTOB, HANPHMEP NPH aHaNU3E MHKHe-
PaJbHOrO CHIPbS SKCTPaKIHell STHIOBBIM 3(hHPOM, H30TIPOTIHJIOBEIM
5(UPOM, H30aMHJOBBIM CIHPTOM, YKCYCHO3THJIOBLIM 3(hupoM” B
6 N HCIl unu xpomatorpauueckimM MeTOAOM [8]. Onpenenenue rasn-
JIHS BO3MOJKHO B MPHCYTCTBHH 3/1€MEHTOB, He 00pa3yIoLIuX OKpalleH-
HBIX COeJHHEeHHH C raJJIHOHOM!:

DeMeHT Ga: M JaeMenT Ga: M
Ge 1:600 Tl 1:1000
Pr, La, Co, Li, Ca 1:200 Re, Pb, Mg 1:100
Mn, Zn 1:400 Be 1:50
Ir, Rh 1:15

AMOMHHHI M HHAMIA 06pasyior oKpauleHible COEAHHEHHs! ¢ Tal-
anonom mpu pH ~3,2. Oanako B Gosee kucaoi cpeae (pH ~2,4)
MOZKHO ONMpefetaTh Ta/IHii B MPHCYTCTBHU STHX 3JIEMEHTOB TIpH OT-
wontenuy Ga : Al=1:50 u Ga: In=1:50. MewwaioT Takxe, obpasys
oKpalleHnbie coenHenus, Ni, Ti, Bi, Fe u Cu. Ilpu conepxaHHH Ke-
7e3a 1 Meau He 6osee 50 Mk2 HKene30 MOXKHO BOCCTAHOBHTL COJAHO-
KHCILIM THAPOKCHIaMHHOM, & Melb — THOCY/bpaTom Harpus, 3ame-
na GudranartHoro Oydepa aineraTHbIM YBEJIHIHBACT yHCAO Mellao-
mux saeMenTos [577]. U3-3a Ma/oif ceneKTHBHOCTH peaKilii METo1
NPHMEHSIeTCA B OCHOBHOM K UHCTBIM COJISIM TajHi.

CyabdoHa3oHeronpoOH3BONAHLE Cyabtonaso (cyab-
don-6uc- (4-oxcHpennn) -3-330-2’-(l’-oxcn-B’-aMHHOHa(pTaMH-Ej’,B’-
; AHCYAbGhOKHCIOTA) H ero AMGpoM- H JAMMEeTHITPOH3BOHbIE 06pasy-
JOT ¢ rajJueM B caaGOKHC/ION cpele OKpalleHHble B cHHe-hHOoNeTO-
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BbIi IIBET pacTBOPUMbIE B BOJE COEJIHHEHHS [669—571]. Peakuus uaer
Bo Bpemenu. HarpeBanue pacTBOPOB 3HAUHTEJBHO YCKOPSET €e. Co-
eNMHeHHs He 00pa3yloTCs B IPHCYTCTBHM XJOPHIOB, 6pomuaos, hoc-
(ara u mupodocthara HaTPHA, JHMOHHOI, BUHHOII, LlIaBe/eBoil, caan-
11M0BOM ¥ CY/b(OcaaHIHIOBOH KHCJIOT, KOMIIJIEKCOHA 151,

PacTBOpHl coeMHEHHII TaJJ U CHJIBHO MOTJIOUAI0T CBET B HIHPO-
Kol o6aactu crnektpa (puc. 37).

Puc. 37. CrieKTphl CBeTONOT/OMWE-

uusa xueaofi (7), wenounoit (2)

¢dopm cyabdonazo u Ga ¢ cynb-
¢pouazo (3)

#

i 11 i
Jég 550 580

800 620 A, HM

C Ka/JblM H3 a30COeJHHEHHH raJjiuit o6pasyer TO/bKO OJAHO
coeJlHHEHHe ¢ MOJSPHBIM OTHOLIEHHEM pearHpylollnX KOMIOHEHTOB
1 :1. O6pasoBanne BHyTPHKOMILIEKCHBIX COeJHHEHHI MPOHCXOAHT 34

cuer rpynn OH xak cosneoGpasyounx 1 —N=N-— KaK KOMMJIeKcO-
06pasyolux:

/Gd. a3
I/ \\
o \\
HN O 7’ iy :
?.l : e \\ (I) !\H;
1 | |
P, WL N ! AN /N
# —-N'_TN . X NZ—'N-* & N ,/ N
| A s N 1] ]
HO G Ne— N\ ;
| | O S

05 T80,

B Ta6.1. 20 npusejpeHbl XapaKTePHCTHKH COeJMHEHHH

rajjana c
peareHTaMH.

Tagauma 20
XapakTepuCTHKN COeIWHEHHI raiausa C a3 0CORJHHEHHS MU
Onpenensiemsie Konuentpauun 1—30 mxe Ga/10 ma

H 06 -
CoeHHeHHe TaJHs 4 Bgﬂggao Ty HM ’ e-10-3 lgKyer
KOMIIJIEKCOB
¢ cyawdonazo . 3,6 610—615| 33,9+0,8 5,62
¢ AnGpoMcy/ib(oHaz0o 3,6 620 39,1+1,2 5,75
C AMMeTHICYJIB(oHA30 5,0 615 36,9+0,5 5,75
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XoT HaHBOJBIIYIO BEJHUHHY MOJSIPHOrO Kos(puuuenTa norarie-
Hiisl WMeeT coeluHenue rajaanus ¢ aubpomcyandoHaso, B Kadecrse
ala UTHYECKOro peareHta Oojee nesecoo0pasno NPHMEHATh CYJb-
donaso, Tak kKak on Gojee Jerko AOCTYNeH, 3HAYHTEJIbHBIC KOJHYE-
CTBA MHIMSI He MeMaioT W, Kpome Toro, HeGoabuine kosneGanus pH
MeHbIIE CKa3LBalOTCs Ha cBeTomorgollenun camoro pearenta. ITo
CPABHEHMIO ¢ FaJUTHOHOM CcyJb(pOHa30 HMeeT HeCOMHeHHble MPeHMy-
lecTsa, 3aKaioualolinecss B Oojiee BbLICOKOH WYBCTBHTEJNBHOCTH H
XOpOIlieil BOCTIPOH3BOHMOCTH Pe3y.1bTaToB ONpeieIenHii.

Pearent ne sipasiercsi cenektusubiM. Memator Cu, Al, Zn u Fe,
[03TOMY NMPOBOAAT lIeMEHTAINIO TAMKeJbIX METajJoB Ha MeTasjiHye-
CKOM KaJMHH C TocJ/e/1VIolleil 3KCTpaKLuuedl rajjius B BHIe XJ0pHAA
3 6 N HCl. Mewarliero BausiHis 3J€MeHTOB, YaCTHUHO Nepexois-
LLHX B SKCTPAKT BMeCTe C rajuiHeM, MOKHO H30exaThb MpOBeleHHeM
H3MepeHHA ONTHYecKOH IJIOTHOCTH PacTBOPOB He B obJacTH MakKcii-
MyMma cBetonorJonienns, a npu 590—594 wu.

M3 60abIIoro uHcaa npeatoKeHnbix GayopoMeTpHYeCKHX pearen-
TOB FPYNMBI COMOXPOMOBBIX Kpacuteneir {407, 712, 1247] npumenenue
HAIJIH CONOXPOMOBBIH KpacHB# (4-cyabpo-B-nadron-a-aso-
|-penna-3-metna-5-okcunupason) (I) m conoxpomoBbiit uep-
1 bl (5-cyabdo-2-okendenna-aso-p-uadron) (1I) (62, 63, 724, 1005].
O6a kpacute]s 00pasyloT ¢ rajjidieM KOMIUIEKCH, KOTOpbi€ B Y-
cBeTe JIaloT KPacHyio (Jyopecteniiiio, MPHroAHYIo /1 KOJIHYECTBEH-
HOTO OnpefedeHHsi MHKPOrpaMMOBBIX KOJHYECTB raJlius.

Komnsieke raaaus ¢ pearedtom | xopolno pacrsBopHM B BoOJe, Me-
Tanosie, 3TaHoAe, GYTAHOE W T. I.; HepacTBOpHM B X/opodopme. Hir-
TEHCHBHOCTb (J1YOPECUEHLHH 3aBHCHT OT IMPHPOJBI PACTBOPHTE/A,
KOHUEHTPAILHH TaJJiisl, KOJHYeCTBA KPaCHTeas, TeMnepaTypel, Bpe-
venn u pH pactBopa. MnTeHcHBHOCTL (PJyOpecueHiHH ONTHMAaIbHA
B oguoMm pacrsope npu pH 4,7 u 15°C. Jluneitnasi 3aBHCHMOCTb CO-
Galonaercs B nuTepsase Komuentpauuit 1—4 mxe Ga/l0 ma.

Onpenenenuio mewator Al, In  (o6pasyior (ayopecuupyionine
kommiekes), Cu, Co, Ni (coGcTBeHnasi OKpacka HOHOB), COJH
Fe(I11), Ti(III), xpomaTsl (pefoKc-jielicTBHe Ha KPACHTe/b), OKCH-
KHCJOThI, IHKapOOHOBLIE KHCJIOTbI, MHOroaTOMHBIE CHHPTHI, caxap,
docdatel, pTopuab (00pasyloT ¢ rananem 6ojee NPOYHbie KOMILIEK-
cbl, uem peareHt 1). Tanauit npeaBapHTeIbHO 3KCTPATHPYIOT 3¢H-
pom u3 6 N HCl s npucyrersun TiCls. Caenpt Kesesa, 4acTH4HO yB.1e-
yennble B SKCTPAKT, OTIAEASIOT MeTOLOM XpoMmartorpaduu Ha Oymare
WM HOHHOro ob6Mena. Komnaekc raaius ¢ pearedtom I B BOIXHOM
pacTBOpe MpaKTHueckKH He (ayopecuupyer, HO B 6yraHoae, aMHJI0-
BOM M FeKCH/JIOBOM CIHPTax yXKe MPH JHEBHOM CBeTe JaeT HHTEHCHB-
HYIO KPOBaBO-KPACHYIO (h/IyOpeCUeHLHIo, KOTopasi L0CTHraeT MaKCH-
MyMa B pacTBope aMuioBoro cmupra. OnTHMasnbpHOe 3HAYEHHE pH
sketTpakunn 4,7. MnTencuBHocTb (JyOpeclUeHlHH 3aBUCHT OT TeX ke
(aKTOpPOB, KOTOPHIe YKa3aHbl AJISl COeIHHEHHsi TalIHs C pearei-
Tom I, a Tak:Ke OT cojepxKaHus BOJALI B CJI0€ aMHJIOBOTO CIHPTA.
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MHTeHCHBHOCTb (aYyOpecieHllHn H3MepsioT CiycTs uac nocje
3KCTparHpoBaHus 6 ma amuiosoro cnupra. JInneinbiit xapakrep KpH-
Bofi cobJionaercst B HuTepBane 3—8 mke Ga/10 ma GydepHoro pac-
teopa. B atoii oGaactu KOHIIEHTPALHUi TOYHOCTb OMpelejeHus raj-
aus +2,5—6,6%. Ilo apyroit KaauGpoOBOYHOI KPHBOH MOXKHO onpe-
nenars ao 1 mxe Ga. HMurencus-
HOCTb (DJIyOpeCUeHLHH CHJILHO YBe-
JMYMBAETCH C TOHHKEHHEM TeMIe-
patyput [71]. Onpejenenuio meuia-
JOT Te e BellecTBa, 4To H /s CO-
eHHEHHA rajaus ¢ pearedTom I,
3a uckmouenuem Fe (I1I), coxep-
JKaupe KOTOpOro JONyCTHMO JIO
10 mxe/10 ma.

Bosee 4yBCTBHTEbHBIM H Cre-
i oy UMGMHUIHBIM peareHToOM M3 paccmart-
pHBAeMOil IPYNIbl PeareHTonB ABJI-
etca 1,3-anoKcuGensoi- (4-aso-1")-

] —2-10-5 M pactsop cyavdoHadTONA30- 2’-Ha(bTOJI-‘l-’-CYJlb(bOKHCJlOTa (4-
pesopuuna npu pH 58, no oTHOWeHHIO K

Pnc. 38. Cnektpsl CBETONOIJIOUIEHHS

’
Boze; 2 — To Xe M pactsop 0.4 mke Ga/Lt; C}"'_Ibq)p' 2- OKCHHA(TAIHH- 1'330'4_ 3
00k % phoiyCpeatenre i gaes 1 1 3-miokeubensoa, cyabpoHadro.-
Tpop °1,18 mkz Ga/ma (pH 58] no ortso- a3opeaopuHH) '[363, 365, 366, 368],

WeRHIO K PacTBOPY peareta KOTOpBIl B BOAHO-COHPTOBOM pac-

tBope npu pH 3 B Y®-ceere naer
¢ rajJHeM sipKoe opaxkeBoe cBedenue. B 1 #a pacTBOopa ranus no
npHBOjAsLIeHics HHKe METOJIHKe MOMXKHO OTKPHITH 0,01 mxe Ga no
c1a6OMy OpaHIKEBO-KPacHOMY CBEYEHHIO NpH CpABHEHHH C X0./10-
CThbiM ONMBITOM. Psig pactBopoB, coaepkamux ot 0 g0 0,5 mxe Ga,
06pasyloT XOpOUIO Pa3THUHMYIO IIKajJy CTAaHA4pTOB C HHTEHCHB-
HOCTBIO CBEYEHHs, MPOMOPUHOHABHO HapacTalolieil ¢ YBeJHIeHHEM
KoamyecTBa rasausi. Cnenu(HUHOCTH 3TOH peakUHH BbIE, UeM
¢ 8-0KCHXHHOJHHOM.

PeaKiiH MelaoT MHOTHe 3JEeMEHTH, M03ToMYy HeoOX0AuMO OT/e-
JAATH MX LleMeHTallHeil HAa MeTa/JJHYecKoM KajJMHH, a 3aTeM 3KcTpa-
rHpOBaTh rajnauii apupom. BunsHHe XKesnesa YCTPaHAIOT nobasJe-
HHEM TI'HPOKCHJIaMHUHA. i

K 1 M4 cnaGocONSiHOKHCAOTO pacTsopa raajus B KO/OpHMETpHYecKo#i npoGup-
xe npuansaiot mo 0,20 x4 0,2 N HCI, 10%-#oro pacTsopa riApOKCHNAMHMa, CIIHD-
ta u 0,01%-HOTO CHNHPTOBOrO pacTBOpa pearenTa M MepeMellnBaloT. Yepes uac
dayopecueHI 0 pPacTBOpa CPaBHHBAIOT C ¢ayopecuenuneil cepuy CTaHAaPTOB, NpPH-
FOTOBJEHHEIX OJHOBpeMeHHO, HaGmoaas npoGHPKH cGoxy Ha uepHOM ¢hoHe B (ib-
TDOBAHHOM CBETE PTYTHO-KBapLEBOH JaMIIbL.

Aror ke pearent nox nassauuem [HPAN ncnoabsyercs u a4
cneKTpodoTOMETPHYECKOTrO ONpefeeHHs ralansd [1391]. T1pu pH 4
peareHT jaer ¢ rajaueM Kommiekc coctaBa (GayRs, po3oBoro uBeta;
%="560 am (puc. 38). Onnako H3MepeHHs NPOBOAAT MPH pH 5,8, rak
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KaK npu sToMm 3Hadenuu pH pacTBopbl NOAYHHAIOTCA 3aKOHY bepa.
Jlas KoHuentpauuii pearenta 4,0-10-5 M sakon Bepa BbinoJaHsercs
B obaactu 0,04—0,4 mxe Ga/ma, a AnA KOHIEHTpALMil pearenTa
2,0.10-* M —B obanactn 0,4—28 mxe Ga/ma. UyBCTBHTENBHOCTE
peakuun 0,0026 mxe Ga/cm® aas D — 0,001 (no Cengeay). Makcu-
MYM nornotienus pocturaerca uepes 10 muH. Mamenenue temnepa-
Typsl ot 15 a0 35° C He OKa3biBaeT BAHAHHS Ha CBETONOTJOLIEHHE
kommekca. Onpenenennio | mxe Ga/ma mewaior <1 mxe/ma Al,
Au(IlI), Be, Co(II), Fe(ll), In, Ni(Il), OsOi™, Th, VO u Zr.
O7T MeWaloulix 3/1€MEHTOB TaJ/Hil OTAeaAI0T SKCTPaKIHeid H30mpo-
nuaosbiM sdupom u3 7,5 N HCL. Fe(III), Au(III) u TI(IIT) Boc-
cranasausaior npeasapurenbio SnClg.

Coasinokucaptit pacrsop ramaua (1—10 mxe Ga) momewaior B KOAGy eMKO-
erbio 25 M4, colepKamyio 5 ma soauoro 1 - 10-% M pacrBopa pearedTa, K KOTO-

pomy noGasasior auerarusii 6ydep (pH 5.8). Pa3baBaaioT 10 MeTKH M uepes
30 MHH. H3MepsIOT CcBeToTOrAOUeHHe npH 560 ¢ MO OTHOWIEHUIO K PacTBOPY

pearenra.

Niomoraaanon HWPEA (2,2/,4-rpuokcu-5-xao0p-1,17-asoben-
s0a1-3-cyabdokucaora) [64, 67, 69, 320, 325, 391, 671) B OTHOLIEHHH
YYBCTBHTENBHOCTH H CEJEKTHBHOCTH HA FaJlIHil IPEBOCXOJHT CYJIb(o-
nadronasopesopuns. Komniaekc raaaus ¢ JOMOralJHOHOM HUPEA
npu pH 1,7—4,0 o6HapyKHBaeT 0paHKeBO-KPACHYIO (1yOpecieHLHIO

150
Puc. 39. 3aBHCHMOCTb HHTEHCHBHO-

¢TH  (uiyopecueHunH BHYTPHKOMII- §

JIeKCHBIX COEJHHeHHit JOMOraaaHona S W0
HUPEA or pH pacrsopa g

1 — ¢ raanmeMm; 2-—C PpaBHBIM KOJau4e: :‘}

crpom adioMununst; 3, 4 —c¢ 10- m 100-kpar- %"5[]

HEIM H30BITKOM AaJIOMHHHS COOTRETCTRENHO

OmHOCUmEns Ha A UHMERELONICTD

(puc. 39). B orcyTcTBHe rajaiis peareHT B TOM Ke pacTsope He hay-
opecuupyer. Odpasyiolleecs coeiHHEHHe SKCTPATHPYLTCs H30aMH/IO-
BbIM CIHPTOM H, B OT/IHYHE OT H3BECTHBIX BHYTPHKOMIIEKCHBIX COETH-
HeHMil rajius ¢ AHOKCHA30COeMHHeHHAMH (COJI0XpPOMOBLIE KpacH-
Tea), oOHApYARHBaeT B H30aMHJI0BOM CHHPTe elle fosee ApPKYlO
¢ayopecuenttiio. ITpu onMHAKOBBIX 00beMax BOJAHOTO pacTsopa H
H30aMHJIOBOTO CMHPTA HHTEHCHBHOCTH (JIyOpeclUeHIHH H3BJIEUEHHOro

KomiaeKkca B 3,0 pasa pbillle, 4eM B BOJHOM PacTBOpe, He3aBHCHMO OT
pH* (puc. 40).

* Kommaeke raamnsi ¢ 2,2',4’-Tpuokcu-5-uutpo-1,1’-a306en30.1-3-cyabpokuco-
Toit OOHADYMHBAET HECKOJBKO GOJbLIYIO HHTEHCHBHOCTH GayopecUeH it - NpH  H3-
PJCUEHIH H30aMHTOBBIM CITHPTOM, HO OH He JIIOMHHECUHDYET B BOLHOH cpene [325].
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3aBHCHMOCTL MEXK/JY HHTEHCHBHOCTBIO (J1yOpeclUeHIlHH H KOH-
nentpanueir 10 0,5 nxe Ga/d ma pacrsopa — auneitnas npu pH 1,7—
4,0 Kak AJs BOJAHOTO, TaK M JJIsi CIHPTOBOIO PacTBOPOB, YYBCTBH-
TeJaBHOCTb peakunn B BoaHoM pactsope 0,01 mxe Ga/d ma pacrsopa,
a mocje 3KCTPAKUHH KOMIJIEKCA DaBHBIM OOBEMOM H30aMHIOBOTO
cnupra — 0,005 mre Ga/d ma. Ilpu coorHoueHHH 00BEMOB BOLHOrO
pacTBOPa H H30aMHJIOBOTO cnupTa, pagHom 10 : I, MOKHO ONMpenesTh

!
|

-~

=

S
T

Puc. 40. Cnextpsl ¢.yopecueHunn
coelHHEHHN TaJJqHs 3 H30aMHJIOBOM
CrHpTE

)
S
¥

I — c¢ 2,2 4-TpHOKCcH-3-HHTpo-1,1"-a3006eH-
30:1-3-cyabhOKHCI0TOH; 2 — ¢ JoMOoTrainn-
OHOM; 3 — CNeKTp BOJAHOrO pacTsopa Cco-
eAHHEHHA TaJJHs C JOMOraJJIHOHOM
Ha ocu oOpAMHAT — HHTEHCHBHOCTL Qay-
opecluerIHH N0 cpaBHeHHio ¢ dayopec-
ueHnHeil JOMorananoHa npH 600 Ha, npH-
aatoft 3a 100%

~S

=

(=
T

URMEHCUTHICMD PAYEOFCLERGUL, To
=
S
T

a

1 ! L 1 i

1
00 540 580 A, Hm

0,0005 mxz Ga/5 ma BOAHOTO pacTBOPA, YTO COOTBETCTBYET Npee/ib-
noMmy pasGapaenuio 1:10'° Ilpun 3amopaKuBaHHH DPacTBOPOB HH-
TeHCHBHOCTL (IyopeclleHUHH raJaaus c momoraainonom HPEA
pospacraer B 10 pas [66, 70, 7I]. Bpemsi pasBHTHS MaKCHMa.lb-
HOI MHTEHCHBHOCTH (ayopecueHuun npH coaepxanun <<0,056 mre
Ga/5 ma — 50 — 60 mun., npu conepxanuu 0,05—0,5 mxe Ga/5 ma —
25—30 wmun. OntumaJgapHOe KoauuecTso peareHta — 0,2 aa
0,01 %-noro pacTeopa B alleTOHe Ha 5 M1 aHAJH3HPYEMOro pacTBopa.

Ipu pH 2,0—3,0 1000-kpaTHbIH H30LITOK MHOTHX HOHOB He
racut (JayopecleHUHI0 KoMmiekca raaaus c¢ pearentom (0,05 mke
Ga/b ma).

AnoMuHHiT Bbi3biBaeT (JYOPECUEHLUHIO PacTBOpPa B NPHCYTCTBHH
giomorannnona MPEA, ofHako 3HauHWTeNlbHO MeHee HHTEHCHBHY!O,
yem rajauit, OnpejesieHHe TalIusi B NPHCYTCTBHE AJIOMHHHS BO3-
MOKHO B onpejenenHom HHTepsase pH:

Ga:Al pH

i 1 )
1:10 1,7—2,7
1:100 1,7 2

JIIoMOraJIIHOH MOXKET ObITb MCIOJB30BAH TaKie H IS CHEKTPO-
doTomeTpnueckoro onpenesaenns raaaua [443]. MakcumasbHas pas-

HHIIA ONTHYECKHX IUIOTHOCTEH peareHTa M KOMILJIeKca Habuiogaercs
npu =490 #x u pH 1—3 (puc. 41). Moasipubtit Ko3pPHUHEHT TOra-
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uienus aas pearenta npu A=490 xu pasen 2,82-10%; 119 KOMIIEKCHO-
TO COeJIHHEHHSI peareHTa ¢ rajjaHeM HpH TOil 7Ke AJNHHE BOJHbI EMR =
=2,08 ]()4: &‘MR/BHR=7,34.

b/
o
20t
Piic. 41. CrekTpnl cBeTomoraoue- L\ ’
HHUS JIOMOraJqJuHoOHa W KOMILJIeKca _/' |
€ro0 ¢ rajJiieM IpH DAa3JHuHBIX 1 =
aHayennax pH: "
i1 uwI'’—pH 1—3; ——— KOoMINIeKc; -
— — —awoMoraaaunod; 2 u 2— pH 6,0; %
3 m 3—pH 126 a4t )
i i e
0 507 600 2, nm

1-(2-Ilupupgunaso-2-uacdroa) (ITAH) obpasyer ¢ raa-
JHEM B BOJHOH cpejle BHYTPHKOMILIEKCHOE COeIMHEeHHe KDPacHOro
LBeTa, pacTBOpHUMOe B xjaopodopMme H H3CcaMHIOBOM cnuprte {715,
758, 1320, 1372]. Ilpu srom Habmogaetcs XapakTepHOe yCHJAEHHe
okpacku. CocraB Kommjekca B BoAHON cperae Gao(ITAH)3, a B BoOAe,
HACBILIEHHOH oOMpeje/leHHbIMH OPraHHYeCKHMH PACTBOPHTENSAMH, B
YaCTHOCTH M30MponHaoBbiM 3dpupom,— Ga([TAH)s [715].

Ontumaabnas senuunna pH 3,5—5 (aueraTnwii 6ydep); mak-
CHMYM CBETOIOIVIOILEHHSI OpraHHueckoro skerpakra A =>550—560 an
(puc. 42); £=2,15-10* npu A=560 am [1320]; £=2,49-10* npu
A=545 nm {715].

3akon Bepa cobalojaercs B mpeaenax KOHUEHTpPalMil TaJius
1—15 mxe/5 ma pactBopa {1372].

K 1 ma caaGoconsinoKuc/I0ro pacTBopa CoJH TaliHsl NPHOABJSIOT aleTaTHbI
Gydep, nepeHocsAT pacTBOP B JeJAMTE/IbHYI BOPOHKY, pazbasisior 10 ma Boab o
ao6asagior 1 ma 1%-Horo cnuproBoro pacrsopa peareHta M 5 M4 XJopodopma.
BerpsaxupaioT 2 MuH. M M3MEPAOT CBETONOIIOLIEHHE IKCTPAKTA.

Ot GOJBLIMHCTBA MEWIAKUIAX 31EMEHTOB, NaOUHX OKPACKy ¢ PeareHTOM, ra.-
JHH OTAEJSAIOT 3KCTPAKILMEH H30MPOMHIOBHIM 3DHPOM H3 COJSIHOKHCJOTO PacTBOpa.
/enezo BoccranasauBaot ¢ nomowplo TiCls, AJdOMHHEHI He OTHEJaSETCs NpH 3KC-
TpakiKiH, HO OH He oGpasyer okpaulennoro kommiexkca ¢ [TAH u nostomy He me-
waer onpefenenuio. Metoa npuronen ans onpeneaenns 5—10 mke Ga B npucyt-
crBuu 100 me Al, 20 me Fe, 5 me Ti, 2 m2 Cu, 2 me Sn, 0,5 m2 As u 0,5 m2 Sh.

4-(2-Ilnpupuaaso)pesopu i {a-2,4-1H0KCHDEHHTA30) -
nupuann] (ITAP) pearupyer ¢ ranauem ¢ oOpasoBaHHEM KOMILIEKC-
HbIX coefquHeHud (taba. 21), NPHrOAHBIX IS UYYBCTBHTEABLHOTO
cnekTpodoromerpuueckoro onpenesedus (<<0,1 mxe Gajma) [212,
524, 769, 772, 866, 868, 891].

Hau6oaee nenecoo6pasuo padorats B o6aactu pH 3,5—5,0; pac-

TBOPH ¢ KonueHtpauueir 0,1—1,4 mxe Ga/ma nogunHAIOTCH 3aKOHY
Bepa.
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™ K wucnbiryemomy pacrsopy ¢ pl 3—4,
| Haxoasulemycs B MepHONl ko.ife eMKOCTbio
50 ma, n06aBAAKT NEPXAOPAT HATPHA IO

| moayuenust HOHHOM CHIB pacTsopa n=0,2,

‘ 10 ma 0,5 M dopmuathoro Gydepa ¢ pH

' 4,0, 0,5 ma pacTBopa Kearem"a (400 we
| moHoHatpuesoit coin ITAP B 1 2 Boas) n
| pa30baBasiioT pacTBOp A0 MeTKH Bojoil. M3-
MEPSIIOT  ONTHUECKYKD INIOTHOCTB  uepe3

‘ 10—15 wmun. npu A=530 um (mpu 3Tofi
JUIHHE BOJHEL KPacHTeNb He TOIJIOAeT).

1 CnexkrpotoToMeTpuyecKas YYBCTBHTE/Ib-
| HocTh MeToma coctasasger 0,012 mxe Ga/fua
aas D=0,01. OnpeseneHnio MewaT HOHLI,
pearupyiomne ¢ [TAP B caaGokHemoit cpene

[B (I11I), Fe (IlI), Co {1I), Ni (II) 7. & ]

500 550 500 55;; 1 :m MO3TOMY  HEOGXOJHMO MNpeBapHTEeILHOE,
: 3KCTparupoBanHe rajaaua scHpoM n3 55—

« Pre., 42, Ong‘AT-%“ (C';CTU' 6,5 N HCI. He memwaor B 60Jb110M H3OLIT-
{1OrJIOULIeHH A I/ H - e 3— 3
KOMMAeKca ¢ ranaHeM (2) %e 1~ 80 JAiQg,) PO, Bes Mg, Ba, Sr,

Ca, Sb (III) u Sn (IV), Fe (III), mamxe
nocae Boccranosaennsi Ao Fe (II) cuabno memaer, Tak Kak BbI3BIBAeT KOPHYHEBOS
oxpamuBaHHe pactsopa. Sn (II) oxpammsaer pactBop B KpacHBIi uBer, a MpH
COJBUIEX KOHIEHTPAMHAX TeficTBYeT KaK BOCCTAHOBHTE/b H OOECUBEUHBAET peareHt.

Ta6aunma 21
Komnaekcel ramans ¢ [MAP
Cocras pH Ao ] Jlutepatypa
1:2 3,5—8,5 504 1,02-10% | [866, 868]
1:1 (GaRH*) 2,06 490—495|2,12-104 [894]
1:1_u 1:2(GaR,) 3,01 [894]
GaR; 3,92—6,30 500 9,9-10¢ [894]
| |

Meto1 no3BosisieT OnpeAensAiTh raANMii B NPHCYTCTBHH OKCaaaT-
HoHOB (1o 600-kpathHoro uaGeiTka) [524]. Ha ontuueckyio miaot-
HOCTb pacTBOpa He OKa3blBaeT BAHSHHS npucyTcTBHe 73 000-KpaTHbIX
KOJIHYeCTB GPOMH/I-HOHA, a TaKXKe H3MeHeHHe KOHLEeHTpauuii opra-
Huveckux pacrsopureseir (CHsOH, Co,H;OH, C3H;OH, . C,H,OH,
u30-C4HoOH, u30-CsH;,OH, aueroH, MeTHI3THJKETOH, AHOKCAH)
[212).

Bosmoxno doromerpuueckoe omnpejeseHHe TaJHs, OCHOBAHHOE
Ha 06pasoBaHHi OKPALIEHHOTO COE/MHEHHS COYETAHHEM €ro OKCH-
XHHOJHHATA ¢ AHa30THPoOBaHHOH cyabdaHuaoBoit (I) uau HadTHO-
nosok (IT) kucnoramu [1341, 1343].
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AnaJM3HPYEMbIfi COJAHOKHCABIL PacTBOP HATPEBAIOT Ha BOASHOH Oawe, 1o-
Gagasior 1| ma 2%-woro pacTBopa okcHxHHOAHHA u 3 ma 10%-Hora pacrsopa
CHsCOONH,, narpeawr cMech ~ | uac mpu 70—80°C, 3atem B TeueHne 3—
4 mun. ee uentpudyrupyor (30004000 o6/mux). [lekanTupyOT KHAKOCTD, MpO-
MBIBAKT OCAJO0K JABAMKIbI 2 M4 ropsseil BoAK W pacTsopsior ero B 2 s#a 2 N HCL
K noJyueHHOMY pacTsopy B MepHOil KoJjGe emkocTsio 100 ma npubasasior 2 ma
65%-noro CoHsOH, pa3basasior Bogoit go 50 sa, BBoasaT | M4 pactBopa I
(86 21 B 1 2 CHyCOOH) uau pacrsopa Il (sachiliesubii 5TaHOJBHBIN PacTBop)
w1 ma 0,5%-noro pactsopa NaNQs, Tmate/bHO NepemeluHBalT. Bopaepxisaior

10 mun., satem gobasaswr 10 w2 2 N NaOH, pas6asasior somoit mo 100 a2 H
dotomeTpupyloT eatosarto-kpacubiii (1) mmm posossui (II) pacreop mpu b=
=540 uau 550 HM COOTBETCTBEHHO.

Tounocte onpefetenns =1% mas koamuects Ga=>0,048 mz wam-0,014 xe
npH wCNOAb30BaHHH pearentos | u Il COOTBETCTBEHHO. Pacreopbl MOAYHHANTCA
3akony Bepa.

B kauectBe (POTOMETPHUECKHX PEATeHTOB Ha TaJVIHI NPELTOXKEHbI
COENIMHEHUS, COAepxKaliue B CBOeH MOJEKyJe TeTpaasorpymmy:
AerN—(II=N—NHAr [114, 115, 168, 181] (dopmasansi). N,N’-

du-(2-okcu-5-cyabpopennn) -C-unanpopmasas

(I) xopomio pacTBOpHM B BOAE M 3TaHONE, HEPACTBOPHM B 3pupe,

Gensoge, aleTOHE, YeTHIPEXXJIOPHCTOM Yyriepoiae H  XJopogpopme
[115, 181].

n

Puc. 43. CrieKTphl CBETONOI/IOMLE-
wag 2,2-10°5 M  pactsopos
N.N’-mu-(2 - oken-5 - cyaspo-
dennn) upandopMazana H KOMI-
JeKca ero C TajIHeM 0

KoMnaeke pearedTa ¢ TajjiHeM:
1—pH 3; 2—pH 6 —-——--- pea-
rent; 3—pH 3 4—pH 6.

CO-2M, | =2 cu

=

~
IWT~

a L L 1 1 E
Mwﬂﬂ”,g?ﬂ‘”ﬁ”ﬂﬂ F?ﬂwfﬁ' 1970,0

Kucabie pacTBOpbl peareHTa OpaHMKeBbIE, 11e/104HEIe — (PHOIETO-
puie. C rajjueM AaeT 1Ba KOMIJIEKCHBIX COe1HHEHHA COCTaBa Bl
roay6oro nsera npu pH 3. CKopocTb pasBHTHA OKpacKH CHJIBHO 3a-
prcut oT Temnepatypsl. Ilpu 85—90° C MaKCHMyM CBETOMOTJIOLLe-
uusi pocruraerca 4epe3s 30 MHH., NpH KOMHATHOH TeMmepaType —
toabko yepes 20 yac. [TosTomy nepex ¢oromeTpupoBaHHEM PacTBO-
pbl BbIAEPXKHBAIOT 2 yaca NpH 60°C, a 3aTeM OXJaxKJalT A0 KOM-
HATHOH TeMIepaTyphi B Teuenne uaca. MakcumMym CBeTONOIIOIEHHS
npu pH 3 pasen 634 #u; npH 7ol anuue BoaHE cam dopmasad (I)
noutu He morjomiaer csera (puc. 43); e=252-104 1g Ky =6,84.
BoxHble pacTBOPHl COEJAHHEHHs Ta/lIHs C dopmasanom (I) ne ona-
aecuupyior B Y®-csere u MOIUMHAITCS 3aKOHY Bepa B mpepenax
konnentpanuu ramxaus or 0,050 1o 95 mkz/ma (cnekTpopoToMeTp
CH-2M, =1 cm).

10 Ana’uTHueCKas XHMHA [aniu {45



CoenuHenne He 3KCTparupyercs 3pupoM, OYiHIOBHIM H H30aMH-
JIOBHIM CIHPTOM, 3THJ- M aMHJaleTaToM, MeTuasThareronom, CCly
1 GeH30JI0M; XOpOLIO pacTBOPHMO B Boje H cnupTe. OnpeneseHuio
memator Cu, Ni, Co, Ti, V u Fe, nostomy Ga 3kcrparupywor adu-
pPOM M3 COJIIHOKHCJBIX pacTBOPOB. AjloMuHHI M UMHK npu pH 3 He
o6pasyioT ¢ Gopmasanom (1) okpaluleHHBLIX COEMHHEHHH M, CJel0Ba-
TeJIbHO, He TPelsITCTBYIOT onpelleseHuio raaans. PeareHTt mos3sosser
ONpefeasATh IraJIHil B aJIOMHHUH H IHHKe NpH OTHOWweHHH Ga :Al=
=1:50000 u Ga:Zn=1:5000.

K coasiHOKHCJOMY pacTBOPY. rajHsi B TPaiyHPOBaHHOM HMJHHApEe A CO3-
AaHHs HeoGXoaHMoi KucaoTHocTH pactBopa (pH 3) npu6asasior 1| M pactBopm
HCl u CH;COONa c takuM pacueroM, uToGbl oOWIHI 0GBEM KHIKOCTH B IH-
Jgunape cocraBaana 15 ma. Ilocae storo pactBop pasGasasior mo 20 ma aueraTHo-
CONAHOKHCALIM Gydepnnim pactBopoM ¢ pH 3, npu6aBasior 1,6 ma 0,5%-Horo
BOAHOTO pacTBopa (opmaszana (l) H ocTaBNAIOT TPH KOMHaTHON TeMmepaType Ha
Houb. M3MepslOT onTHYeCKy® NJOTHOCTE NpH A=634 wm na cnektpodotoMerpe
CO-2M uan Ha ®IK-M ¢ kpackbiM CcBeTO(HJIBTPOM TO OTHOWIEHHIO K TaKOMY
e pacTBopy, HO Ge3 rajuus, B kKwoBere ¢ [=2 cm. KoHuentpauuio rajuius Haxo-
JST N0 KalHOGpOBOYHOM KDHBOH.

N,N-Ou-(2-okcudpenna)-C-unandopmasan (11)
TaKIKe HCNoJb3yeTcs AJs (OTOMETPHYECKOTO OTNpeHeNeHHs CaJlaHs
[114]. PearenT mMajio pacTBOPHM B BOJE H XOPOIIO PACTBOPHM B CIIHp-
Te, aueroHe, Gensone, acupe, CHCIl;, CCly, sTHnauerate u MeTHJ-
ATH/IKETOHE,

Peakuus kKoMmniekcooOpasoBaHHs C raJjHeM MpOTEKaeT OueHb
MeJJIeHHO, NpH HarpeBaHHH CKOPOCTh €e 3aMEeTHO MOBBIIIAETCH.
B saBucumoctu or pH pacrsopa pearent oGpasyer ¢ rajauem jBa
coeJHMHEHHS CHHero LBeTa, coctaB Kotopoix npu pH 3—6 orBeuaer
cooTHoweHu0 1:1. B HeGoablIMX KOHUEHTpPAUMAX COENMHEHHs pac-
TBOPAITCA B BojJe, H3 Kotopodl mpu pH 3—7 skcrparupytores no-
JSIPHBIMH OpraHHYeCKHMMH PAacTBOPHTENSIMH H He 3KCTParupymorcs
HeOoJS PHEIMH.

O6nacts pH cymecTBoBaHHSI OAHOIO KOMIIJIEKCHOTO COEJHHEHHS
2—5, npH 3TOM MaKCcHMyM cBeromorjouleHus A=634 um, ¢=1,96-
-10%, Ob6aacts pH cymecTBoBaHHs APYyroro KOMMJIEKCHOTO COeIHHE-
HHS >D; MakKCHMyM cBeromorsouieHus A=630 wm, e=255.10%
XoTs Ipu HU3KHX 3HaueHHsx pH uyBCTBHTE/NLHOCTL peaKIMH rains
c ¢popmasanom (II) samerHo cHHzXKaeTcs, CeJeKTHBHOCTL €€ BO3pa-
craer. Ilpn pH 3 onpenenenuo memator auwp Cu, Ni, Fe, Co u V.

B pacrBope ¢ cogepxanneM =<0,4 mxe Ga/ma [o6aBJeHHEM COOTBETCTBYIO-
mux komuuects | M HCl m 1 M CH3COONa ycranasauBalor pH 3. Homoasr
G6beM pacteopa 10 20 MA aneTraTHO-COSAHOKHCIBIM OGydepHuM pacrBopom ¢ pH 3
n po6asasior 1 ma 0,0025 M cnuproBoro pacTBopa peareHTa. PacTBopel Harpe-
BaloT 2 yaca npu 55—60° C, nocie uero Bhiep#HBAOT ux 1,5—2 4aca npH KoM-
HaTHOH Temneparype. OXxJaKaeHHLIH PacTBOD NEPEHOCAT B MaJeHbKYIO HEJHTeJb-
RYI0O BOpPOHKY H B3GanThiBaloT | MHH. ¢ b M4 GeH3ona Ans yjaaneHus H3GEITKa
peareHTa ¥ BO3MOXKHO TPHCYTCTBYIOIIHX B pacTBOpe MeAH M HHKess. Densods-
HBlIH CJI0H OTGpachiBalOT, a BOAHLIH HCNOAB3YIOT AJs (OTOMETPHUECKOrQ Orpeje-
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jennss ranaus. VaMepesue ONTHYECKOH TJIOTHOCTH TNPOH3BOLAT OTHOCHTEIBLHO EO-
bl na ©®IK-M ¢ KpacHBIM CBETOQHILTPOM B KIOBETE C =2 c¢m. 3akon bBepa
co6MOIAeTCs B HHTepBaje KOHUEHTpAUHH 0,06—04 mrxz Ga/ma.

[Ipn onpefefeHnd Taj/usi B ONACAHHBLIX YCJOBMAX JOITYCTHMO NpHCYTCTBHE
B 20 ma pacreopa no 0,4 m2 Zn, Pb, Cr, Cd w Mn, go 3,0 #2 Al u no 0,04 me
Zn, Ge, Cu, Ni.

B nouckax 6oJee H36HpaTeJqbHBIX PEAreHTOB Ha rajjaui GbulH
HceeloBaHbl HepacTBopuMble B Bofe 1,5-au- (2-okenapun)-3-thenui-
dopmasanst [168]. INoBeiuenue H3OHPATEJNbHOCTH PeaKIHn TpH HE-
KOTOPOM CHHXKEHHH €€ YyBCTBHTEJBHOCTH JIOCTHIAETCA YBEJIHUCHHEM
JKeCTKOCTH CTPYKTYPBl MOJeKyasl (opMasaHna, BBEICHHEM HHTPO-
rpynn B N-apuibHOe AP0 U NPHMEHEHHEM 3KCTpareHra. B npucyrt-
CTBHH sHaHTOBOH KucaoThl npu pH 5,1 pearent oGpasyer ¢ ranamuem
RHYTPHKOMILIEKCHO® COELMHENHe GHPIO30BOTO LBeTa (B OTCYTCTBHE
raJJidsi OKpacka MajiHHOBasl), SKCTparupyemoe GeH3osioM. Busyaib-
Hasl UYBCTBHTEJbHOCTh peakimi —2 mxe Ga/d Ma 3KCTpaKTa; &=
=:]«Bl (8

Ctuab6aso (AHaMMOHHHHAS COJb crunbben-4,4"-6uc(aso-1)-
3,4-nuokenGenson-2,2 - nucyapdokuenorsl) [261, 292, 591594, 596]
npu pH 6,1—6,5, o6pasyer ¢ raninem KpacHo-(hHONETOBLIH JdK.

MakcuMyM cBetonorsiomennsa  (A=>530 M) Habaopaercst npu
cooTHomenny Ga:R=1:2, uTo COOTBETCTBYET COEAHHEHHIO COCTABA

lg Kyer 3,57; £=4,86-10%. Okpacka pacTBOpOB NOAYHHACTCS 3a-
Kony bepa npH KoHUeHTpauuun <7 MKe Ga/3 ma.T1pu 100° C kpacHo-
(huoseToBasi OKpacKa pacTBopa TrajliiMeBoro Jaka crunpbaso me-
PEXOIHT B JKEJTO-OpaHKeByl0 (OKpacka pearenta). Ilo oxnamaennu
IpeKHsis OKpacka pacTBOpa BOCCTAHABJHBAETCS 1EpE3 2—3 MHH.
VYuenbienne pH pacTBopa mo 5 NPHBOAMT K TOMY, 4TO MaKCHMYM
CBETOMOrIOUIEHHsT cMellaercsds K COOTHOIIEHHIO Ga o R=Le ] Sy
COOTBETCTBYET COCTABY KOMILIEKCa:

OH-—--Ga®*
/'—< //
R—N=N—{  3-0

Kaeitnep u Ipugunna [261], usyuaBune B3aHMOJIEHCTBHE Ta/IHS
U cTHAb6a30, TAKXKe YKashBaloT Ha o0pasoBaHHE ABYX KOMILIEKC-
Hbix coeauuenuil. OHO coelHHEeHHE, cHHe-(hHONETOBOro LBeTa, HMe-
jomee cocras Ga:R=1:1, o6paayercs npu pH 2—3 u Hmeer Mak-
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2 ) Puc. 44, Cnexkrpel CBeTONOTAOUWIEHHA
KOMIUIGKCHBIX COEJHHEeHHH rafjlus co
4 CTH/ILOA30.

1— pH 2,1; 2—pH 3,3; 3—pH 6,6; 4— qucThift

a0 b ! pacteop cTuas6aso (pH 2). [Ga’]=2 - 103 M:
[eThnbGazo]=1,2 - 10— M; Cd-4, [=10,04 mm

i CHMYM CBETOMOIVIOUWIEHHSI TIPpH A=
: =550 #m. MakcHMaJ/ibHOe 3HAYEHHE
ONTHYECKOH MJIOTHOCTH AOCTHTAeTCH
g yepes 8—10 muH. m ocTaercs Mo-
a1 | CTOSIHHBIM B TeuyeHHe HEeCKOJIbKHX
4acoB, MOCJe Yero HayuHaeT yMeHb-
(IaThCA BCJEACTBHE OCAKIAEHHS CO-
Y AR ) ennnenus Ga — cruas6aso. Bropoe,
) KpacHoro usera, cocraBa Ga:R=
=] :2, o6pasyercst npu pH 4—6,5 u HMeeT MAKCHMYM TMOIJIOILEHHS
npu A=495 wm (puc. 44). MakcumanbHOe 3HaueHHe ONTHYECKOH
TIJIOTHOCTH KPAacHBLIX PacTBOPOB JOCTHUraercs cpasy Mnocjae cMellnBa-
HHS PACTBOPOB M OCTaeTCA MOCTOAHHBIM B TeueHHe cyrok. ITpu pH
‘3—4 okpacka pacTBOPOB CMelllaHHad; MaKCHMYM Ha KpPHBO# CO-
‘CTaB — CBOHCTBO HEYETKHH M HAXOAHTCA B MNpeleNax OTHOIUEHHH
‘Ga:R=1:1 u 1:1,5. [Ipu 310fi KHCJOTHOCTH B pacrBopax, No-BH-
JIHMOMY, HMEeTcsi CMech cHHe-(DHOJIeTOBOro H KPacHOTO COeXHHeHHH.
PacTBOpHMOCTL KpPaCHOrO COEIHHEHHSI MeHblle pPacTBOPHMOCTH
cune-puoneroBoro. Ilpu 3KBHBaJIEeHTHBIX KOHLEHTPAalUHAX HHUTpATa
raaaMs M cTHab6aso pactBopuMocts npu 20°C passa 1,29.
-10~% moae/a (pH 2,7) nna cuHe-QHOJETOBOrO COEIHHEHHS H
0,40-10-% moas/a (pH 5,7) nns Kpacuoro coeguHeHus. CooTBert-
crByloude sHavenus TP cocrasasiior 1,7-10-10 g 2,6-10-16,

K 2 ma ammuauyno-anetatHoro Gydepuoro pactsopa ¢ pH 6,5 npuGasasioT
anaauaupyemulii pactBop coad ranaana (<7 mxe Ga), 0,5 ma 0,01%-noro Boa-
HOTO pacTBopa peareHta, pasfaBnsioT Ao 3 ma, Bhepxupawor 10 mun. u doro-
MeTpHpyIOT npi A=530 asm B KioBeTax ¢ [=0,5 ca, HCMOAb3YA R KaYecTBe pacTBopa
cpapHenns Boay. Onpenenennio 2—5 mke Ga me memaior no 200—300 mxe Al,

n, Cd, Fe; 6oaee 500 mxkz Fe (II) B o6beme 3—5 ma noaaBasiioT peakuuio raJ-
as ¢ pearentom. [Tosromy Heo6X0AMMO OTAENATH TAMIHH 3KCTPaKuuen 3pHPOM
u3 6 N HCI

Apcenaso (HEOTOPOH; VpaHOH; 2-0-apcoHO(EHHIAa30XPOMO-
TponoBas KHcaota; Genson-2’-apcoHoBas Kucaora-(1’-azo-2)-1,8-
nuokcuHadranun-3,6-nucyaspoKucaora, AByHATpHeBas COJb) Aaer
¢ raaauem npu pH 4,56—6,0 nypnypHo-KpacHeii KoMmmaekc (1:1),
MPULOAHBIA JJ5 CHeKTpoOTOMeTPHYECKOTO oOMnpefeseHus TraliHd
[227, 256, 311}, A=570 um [227], MonspHEIH Ko3hdHIHEHT Morallle-
HHUSA, BolYHCAeHHbI aass A=600 #m, paBen 3,5-10°% [311]. TTo panHBIM
Axmennu [38), ontumansuaa senuunHa pH o6pasoBanus KoMmjiek-
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ca 3,8, A=520 num, e=4-10% nas cBoGonnoro pearenta A=>500 wum:
e=8.76.102,

KOMHJ'IEKC rajajausa ¢ apceHaso sIBJAAEeTCH dHHOHOM, 4TO HOJITBEP)K-
Jaaercs ajcopbuueil ero Ha anuomure JI-10IT [311].

K ananuaupyemomy pactBopy (2—10 mxe Ga/sa) npuGamasior 2 sma 0,1%
HOrO pacTBOpa pearenTa H 5 ma Oypepsoro pactBopa c¢ pH 3,5, pas6as.asion
EONOH 10 25 M4, BBIAEPIKHBAIOT 5 MHH. H CHEKTPOOTOMETPHPYIOT npH A=570 Hat,
HCNOJb3YA B KaYeCTBE pacTBOPA CPABHEHHS PACTBOP XOJIOCTOTO OMNBITA.

Onucan merox ({830] Ko/JIOpUMETpPHUECKOTO MHKDOOTIpeAeaeHHs
rajliisg B NPHCYTCTBHH J[DYTHX HOHOB, OCHOBAaHHHIH Ha peakuHu
Mexay KoMnaekconom III U komnaekcom ranausa
C 3pPHOXpOM cHHe-yepHb M R. anauii pearupyer ¢ Kpacu-
teneM npH pH 3,3 (xaopyKeycHOKHeablH Gydep), o6pasys KoMmm-
Jekc cocraBa l:1; A=568 wm (puc. 45), €=3,0-10% Hdasa ceoGoxa-
HOTO KpacHTe/s ImpH 3THX mapaMerpax e=9,6-10% PacrBopsl kKomn-
JIEKCHOTO cOeJHHEeHHS MOAUYHHAIOTCA 3akoHy bepa mo 2-10-* M
(14 mxe Ga/ma). UyBCTBHTEJLHOCTL METOAA, COOTBETCTBYIOLIAN
0,001 a6copbuunoHHRIX enunun, cocraBiager 0,0057 mxe Ga/cm2.

OHuokcu-34-dpenua-4-asob6eusoa (APAB) npu pH
4—6 paer c raJjJHeM KpacHo-(HOJETOBHIN KoMIjaeKc cocraBa | :3,
NPHTOAHBIH A GoTOMETPHYECKOTO onpelenenus raanus [477]. Mak-
CHMYMBI CBETOMOTJIOLIEHHA peareHTa M ero KOMIUIeKca ¢ TaljiHeM
Haxoaatcs npu 380 u 530 #m coorBeTcTBeHHO (pHc. 46). MoaspHeiit
Ko3(pduuent norawenus npu 530 #m pasen 7,1-103. 3akon bBepa
cobanaercs npu Kouuenrpauuu 0,2—20 mxe Ga/ma.

B KoaGul eMKocTblo 25 sa BBoaAt pactBop rajaus (0,2—20 mxe Galma),
1,5 ma 0,1%-noro cnuproBoro pacrsopa N®AB, 2 ma cnupra, 1 ma 0,5%-nore
pacTBOpa MKeJaTHHA, pa3baBiAlOT BOAOH A0 MeTKH W ¢oTomerpHpylor Ha PIK-
56 co cBetropuasTpoM Ne 6 B KioBeTax c¢ [=35 csm. OKpacka pa3BHBAeTCs MTHOBEH-
HO H YCTOMYHBA B TeYyeHHe HECKOJLKHX uacoB, OmpemenenHio MelnaioT GoJbilune
koanuectBa Tl, In, Mn, Zn, Sn, Al, V, Cu u Fe, or KOTOpHIX rajamii npegeapu-
TeAbHO OTAEJAT 3KcTpakuded xjgopodopmom w3 6 N HCI, comepxkamero kon-
uenTpupoBannyio HizPO,.

Ilpu B3amMoOAeiCTBHH CMHPTOBBIX PACTBOPOB XJOPHIA rajiius K
1upeHHaKkapO6aszoHa obpa3syercss coeJHHEHHE TEeMHO-MaJHHO-
BOTO 11BeTa, MPHIoJHOe A5 KOOPHMETPHUECKOTO ONpEeeHHs raj-
JHA B UHCTHIX coasx [36, 37, 38, 47]. MakcuMaJbHOoe pa3BHTHE
OKDacKH B Cjlyuae COJISIHOKHCJIOTO H alleTaTHO-aMMHayHoro 6ydepa
nabmonaerca npu pH 4—5,6. Coctap KoMMJIEKCHOro cOelHHEHHS
npH paBHOBeCHbIX ycaoBusx npu pH 4—5,6 coorBeTcTByeT oTHOLIE-
o Ga:R=1:2. Ilpu pH 4,5 cpasy nocse cMelmHBaHHs PacTBO-
pOB cocTas Kommyekca 2:3, a npu pH 5,6—1:1. Crenedp jucco-
LUHALUHH KOMILIEKCHOIO COeIHHEHHS B CHHPTOBOH Cpele B MPHCYT-
crBuu H36biTKa pearenta 0,83%; lg Kyer =7,16. Boapmmucrso
OpraHHYeCKHX PAacTBOpPHTeNell 3KCTparupyer Kommiaekc. Makcumym

149



ceeromoryioulenns  A=9540 wum
(puc. 47) e=5,8-10% Cam pea-
FeHT MMeeT /[Ba MaKcHMyMa —
npu 230 u 275 HM.

OnpeneneHue rajaus npu no-
MOIIH NPOAYKTOB KOHAEHCALHH
CAJHIHJIOBOTO0 H Pe30PUHJI0BOTO
aJibJErHa0B C NPOH3BOJAHBIMH
ruipasMHa M apoMaTHYeCKHMH
amunamu. [1pu pH 4,5—5,5 raa-
JIMH MOKHO OIpPEeJIeJHTh MO HH-
TEHCHBHOCTH 3e/IeHO-KeJTOH
tdhayopecueHUHH TIPOAYKTa B3a-
HMOJIEHCTBHSA €ro C caJlH Il HJ H-

¥ I S B . NeH-0-aMHHOoObDeHOJAOM
0360 420 480 540 600 GEIAAM (canpupnanb- O -aMHHOGMEHON)

Puc. 45. CneXTphl CBEeTONOI/IOMIEHHS [739, 1203] (puc. 48). YyscTBH-

spuo R (/) ® Komnuekca ero ¢ ran- T€JIbHOCTb peaKIHH — 0,15 mxe

amem (2) npu pH 4 Ga/m.a. ©ropuibl, TApTPATH, LH-

TpaThl, OKCaJaThl, 3MTA, CATA

u HTA nopapasior duyopeclenunio. MemaloT ONpeLe]eHHio 60.1b-

IIHe KOJHYeCTBA MHANS H TaJJHS, a TaKXkKe OKpallerHble HOHbI, AJio-

MIHHI He MemaeT 10 cootHomenus Al: Ga=10:1. B cayuae 60./1b-

WHX KOJHYECTB aJIOMHHHS caeayer ao6asasTe pactop NaBF¢ uan
NaF.

Tlpu B3amMOZeHCTBHM TANIHs C cajHuuJIalbceMuKap6a-
3uaoM (ceMuKap0a30H CaJHIHIOBOTO anpgeruna) [271, 272]
(pH 1—5,5) Bosunkaer cuHe-rony6as ¢payopecleHius, 10CTHraollasn
MaKcHMaJabHoi uHTeHcHBHocTH mpu pH 3,5—4. BosHukHOBeHHE H
CUe3HOBEHHE ee CB3aHO C MEPeXOoAOM CpeIHeH COJH B COOTBET-
CTBYIONLYIO THADOOKHCH (Hauajo 3TOTO Mpollecca 06YCJIOBJIHBACT
BO3HHKHOBeHHE (JIYOpecleHIlnH, a OKOHYaHHe — ee HCUe3HOBeHHE).

OtkpeiBaemblil MEHEMYM npu pH
7 3,5—0,2 mxe Ga/S ma; npeesb-
Q300 noe pas6asienne 1:(2,5-107).

MakcimanbHag HHTEHCHB-
HOCTh (JIyopecUeHLHH COXpaHs-
eTca B TeueHue 1,5 yaca npu us-
OBITKE COMM M B TedeHue 48 uac.
npu u30BITKe peareHTa [B nep-
BOM CJyuyae NpeBaJHpyeT coe/lH-
Henue coctaBa 1:1 (I), Bo BTO-
" - pom —2:1 (II)]. Onpenenenuio

320 a0 80 560  s40Amw 13—14 mke Ga He MemIalOT NpH
Puc. 46. CnekTphsl CBeTONOrJIOIIEHHS pH 3,5 In, Tl (III), Sn (IV)

J®AB (I) W XoMIJekca ero ¢ ras- (1:100), Ni (II), Rh (III), Ce
: anem (2) (1), 4% 50), Sb (I, HIQ+

9200

a100
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Puc. 47. ChekTpel cBeTOomoraoluesHs xudenuakapGasona (1) n
KOMIJIekca ero ¢ raaduem (2) B cnuproBoit cpere (a) u B GeH-
zone (6)

(1:25), UO:", Cr(lII) (1:10) « Apyrde KaTHOHbI. YMeHbILEHH-
em pH pacrBopa 10 2,5 MOXKHO 3HAUYMTE/JbHO CHH3UTH Mellalollee
Bausuue Sc, Al, Y u Zn. OQHaKo 4YYBCTBHTEJLHOCTb ONpeAeaeHus
ra/jJaus npu 3ToM B 5 pas MeHbure, yem npu pH 3,5.

B kauecTBe $yopOMeTpHYECKUX peareHTOB Ha TrajiHit mpeaio-
HeHbl POPMHATHAPA30H CAaJHUHJIOBOrO ajlbJeruaa
(I), bopMuUATHAPA30OH pPe30pPUHJOROro anlbpAernna
(II), ameTHNTrHAPa3OH CaAHLUHJAOBOIrO aJnbjJerHna
(I11) w anernarnagpason o-auetnadenoaa (IV) [900,
901]. Han6oabwas ¢ayopecueHiHa KOMIIeKea raaiusa Haoaionaercs

A 2

Puc. 48. Cnektps cBeTONO- z‘:‘ ST Fg Juo & 3
raomenns (1 n 2) u dayopec- 8%
ueHUHH (3) KOMMJEKCHOro f 2 17 S8
COEJHHEHHs TaAHA C CajH- 160 i’s
1A1a/1b-0-aMHHO(EHO0M %«

il - CaﬂHI.lHﬂB-'lb'O-aMilHOd)CHD:I‘. e §§
2— coejHHeHHe peareHTa C rajfn- 420 §5§
eM; 3—To Xe 0 é?.

8700 3% #00 &30 500 550 600 Amw .

¢ pearentamu Il u III. MutencHBHOCTh (yOpecleHUHH 3aBHCHT OT
MPHPO/Ibl OPTAHHYECKOTO PAaCTBOPHTENs M OT BeanyHkbl pH skcrpa-
FHPYEMOTO BOAHOro pactBopa. PayopecuupyiollHil KOMIIEKE [a/IHs
SKCTPArHPyIOT H304MHJOBBIM CHHPTOM M3 BOAHOTO KHCJOro pac-
TBOpA, HACHILEHHOrO NepXJ0paToM HaTpHs.

Jlns mocTpoeHHa KaamGpoBouHoit KpHBoit k 0,2 ma pacTBopa, COAEPHKALIEro
nepxaopar ramans (pH 1 8 cayuae pearenta Il waw 0,3 aas pearenta 111),
npubasasior 0,5—1 & NaClOy, 1 ma 10-3 M pacrsopa peareHTa B H30aMHJIOBOM
CRMpTE, 9HEPrMYHO BCTPAXHBalOT B Teuenwe 30 cek., OXJIAKAAOT 10 10°C,
BHOBb BCTPAXHBAIOT H H3MEPAIOT HHTEHCHBHOCTH CHHEil (/YOPECUeHIHH CriHp-
tosoro caosi. KaauGpoBowHas KpuBam AAf Kommuekca raauus c pearentom III
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(cocTas 1:2) aumefina Bnaots po 7 k2. Onpenensemuii npemen 0,07 mkz Ga.
Bocnpon3soAHMOCTh onpenesenus B uatepsane 1—3 mxe Ga cocraBaser ~ 2—
5 orn. %.

dayopeciieniis Komnaekca raaaus ¢ peareatom IIT npakruue-
CKH He m3MmeHsercsi B npucyTcTBHH 200-kpaTHbix Komnuects Li, Na,
Ag, Tl (1), Be, Mg, Ca, Sr, Ba, Cd, Mn, Pb, Hg (II), As (III),
As (V), La, Ce (III), Cr (III). He Memator onpeieneHHio He60b-
mHe kKoaugectsa Sn, Sb, Co u Ni. CuabHo racsit dJyopecueHuHo
Fe (I11), Ti (IV), Zr, Th, U (VI), Bi, Cu (II) u NaF. Memaiomee
aeiicteue Cu (II) u Fe (111) ycrpausior noGaaenunem NasS:03 x
BOJHOMY pacTBOpY mepexa 3KcrparuposanueMm. Sc, Al, Y, In, Zn yse-
JIMUHBAIOT HHTEHCHBHOCTH (DIYOpeCcUeHIHH.

ANIHTHBHOCTL (DJYOPECLIEHIHH KOMILIEKCHBIX COeIHHeHHH Mo3BO-
JSieT onpeaensTh rajaui B npucyrerBud Al Zn uan Y.

Onpenenerye rajjHs NPH NOMOLIH TPHOKCHDAYOpOHOB. B Kaue-
cTBe (OTOMETPHUECKHX PeareHToB AJs rajuus npeanoxeno 20 npo-
n3BoAHMX 2,3,7-TpHoKcH-6-(payopoHa, 3aMellenHuix y yraepoaa Co
aaudaTHIECKHM HJIH apoMaTHYecKMM paaukasowm [38, 362]. HauGo-
ngee  3DGEKTHBHO TNpHMEHeHHe TpHXJopMeTHa(ayopoHa (I) w
caauuuadayopona (2-okcudenundynopon) (II).Famnuit paerc Tpu-
OKCH(AYOpPOHAMH OKpalleHHble B pa3Hble OTTEHKH KPacHOro nBeTa
IBa BHAA KOMIIEKCHbIX CoelHHeHHH — cocTaBa 1:1 mpu pH 3—5
u1:2 opu pH >7 (1a6a. 22).

Ta6auma 22

Moaspusie KoaduumuexTs mnoramenns pactopos pearentos I u Il
M KOMMJIEKCOB FajJJMsi ¢ HHMM

OfbexT pH Ay HM e-10-4
PactBop pearesta I . . . . . . . 485 0,37
‘PactBop pearenta Il . . . . . .} 485 0,08
KoMnnekc ¢ peareHToOM . « « « « »
Pearent 1 B 209 -HOM 3Tanoje . . . 5—6 530 6,5
Kowmnaekc c pearentom II . :
Pearenr’1l B 0,4%-uom stanone . .| 4,5—5,5 540 4,4

OKpacka pacTBOPOB TPHOKCH(QJAYOPOHATOB Tra/jHs NpPH ONTH-
ManbHOM 3HaueHun pH u He MeHee ueM ABYKpPAaTHOM H30biTKe pea-
TeHTOB PasBHBAETCs NOJHOCTbIO uepe3 10 MHH. H He H3MeHsAeTCs B
nponoaxenne MHorux uyacos. ITonunnenne 3akony Bepa coGao-
naercs aas 0,05—4,2 mxe Ga/ma pH KOHUEHTPAIHH TPHOKCH(IYO-
poHoB, pasHoi 3-10-% M.

Mpoune pearentsl. Kpacutens Kanpu CHHMA (xa0pua 3-11-
3THAAMHHO-7-IHMETHIAMHHO-2-MeTHI(DeHa30KCOHHs) B CHJbHO-
KHCJBIX cpefax o6pasyerT ¢ rajjiueM oKpalleHHblil KOMIJIEKe, SKCTpa-
rupylommiics 6ensonom [1093]. Ecan ncnoansyiorea 6 N consHokmc-
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Puc. 49. Cnektpsl  CBETONOIVIOWEHHA G
KanpH CHHEro M KOMIIeKca ero ¢ /
rajjHeM B GeH3oqe M0 OTHOWIEHHK

K peareHty
1—6 N HCL; 2—4 N HCl; 3—8 N HCI, g2+

4— pearenT no OTHOMEHHIO K GeH3ony

Able pacTBOpH, TO Aas Gemsomb- M|
HOTO 3KCTpakKTta A=6505 nm, e=
=5,6-10% T. e. BeaHuMHa ero
3HAYMTeNbHO Gonbule, ueM yKom- 300 550 600 550 A,
NJIEKCOB TFa//IHA ¢ MaJaxHTOBBIM

3eJeHbIM H  OpHANHAHTOBBIM 3enenbiM (cM. Boiwe). Kak Goaee
HH3Kasi, TaKk H Gosiee BBICOKAs KHCJAOTHOCTH HMEIOT MEHbIIYIO OMNTH-
YeCKYI0 MJIOTHOCTb MO CPaBHEHHIO ¢ PAacTBOPOM peareHta (pHc. 49).
Oxpacka pacTBopoB ycToiiunBa He MeHee 2 yac. H MOAYHHSAETCH 3a-
Kony Bepa mas 1—15 mke Ga/25 ma. Onpenenenuio 8,7 mxe Ga He
mewatot no 0,5 me Al, Sb, Ca, Cd, Co, Cu, Mg, Mn, In, Tl, no 1 me
SO;- uNOs~. Cunbno memator Fe (II) u Fe (III).

3 ma 2%-noro pacreopa pearenta B 6 N HCI no6asasior x 6 N HCI, conep-
xamen <20 mxz Ga; cMmech 3KCTparHpyior 25 ma Genwsonla W UEHTPHYTHPYOT B
teuende | MEH. OKpacKy OpraHMueckoro cJos H3MepsioT No OTHOWIEHHI0 K pac-
TBOPY pearenta npH A=650 Hm.

IMpu B3aumoneiicruu ranausg 8 6 N HCl ¢ 235-tpudenua-
TeTpasoaom obpasyercs OCaloK, XOPOWO SKCTParupyoulHics
pPANOM OpraHHYeCKHX pacTBOpPHTe/eH ¢ rnojydyeHHeM OeClBETHOro
3KcTpakra [1242, 1243]. PorToMeTpHYecKoe ONpeAe]eHHE TIa/ins
MOJKHO MPOBOJAHTEL ABYMs CHOCOGaMH — H3MEPSTh CBETONOIJIOLIEHHE
GecuBeTHOro GeH30JbHOrO 3KcTpakra npu A=278 Hm [1242), nubo
cetonorsomenue Kpachoro coefunenuss PhN : NC(Ph) : NN (Ph)H,
N10Jly4aeMoro BOCCTaHOBJEHHEM KommaekcHoro ccemunenus GaCly™
¢ pearentom (A=>510 wa) [1243].

KoanuecrBa raaina <0,2 m2/10 ua moryT GbITh ONpefeseHLl He-
desoMeTPHUECKH MO peakuud ¢ NHPPOJNHAHHAHTHOKApO-
amMmHHaToOM[99, 837].

Jas 3toro kK cBOGOAHOMY, MO BO3MOMHOCTH, OT KHCJOT PacTBOpy XJopHaa
rajqus N06aBJAIOT BHHHYIO KHCJOTY (448 NpeAoTBpalleHHs THAPOJH3A TasiHs),
pacTBOp ryMMHapaGuka (mas noBbllHEHHs CTaOHILHOCTH KOJUIOHIHOrO pacrsopa),
aneraTuuil Gydepuuit pactsop (pH 3—4), pactop pearenta W BoAy. 3atem B8
teuveHHe He Gosee 30 muH, mocse npuBaBlieHus peareHra TIPOH3BOAAT H3MepeHle
Ha KOJOPHMETpe C MpHMEeHeHHeM CHHEro cBeTo(uAbTpa. L YHCTHIX PacTBOpOR,
conepxamux ot 10 mo 132 ske ranaus, MOJYYaloTCA YAOBJICTBOPHTEJBHEIE pe3y.ib-
TaThl. AMIOMHHHI He Memaer jo KouueHTpauuu ero 30 m2/10 ma. BoJbline xoauye-
¢TBa aJIOMHHHS H HelTpaJibHLIX cOJIell MEUIAloT onpeie’aenHlo, TAK KaK BCAICTBHE
coneBoTo. 3(eKTa YBeAHYHBAETCA PACTBOPHMOCTb YacTHL, 160 MPOHCXONHT u3Me-
HeHHe HX BenHuddbl. B 3ToM caydae HeoGXofMMO NpeABapHTEJLHO OTAenATh raJ-
mii coocaxaennem ¢ Al(OH)s, /6o skcrpakunein apupoM. Onpenejesuio meuraer
TaKKE JHMOHHAA KHCJI0Ta.
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s cnekrpotoTomerpuyeckoro Olpe/le/IeHHSA TaJTHA NpefIoXKeH
pearenT 3"-cyabdo-276"-nuxnop-3,3-numerna-4-
OKCHPYKCOH-3,5-1HKap6OHOBas KHncaora (CAS)
[7701. Mpu pH 3,0—5,0 o6pasyercs yeTofiunpoe BHYTPHKOMI1IeKCHOe
Kpachoe coennnenue cocrasa I :1 (lg Kyer=4,5 npu 25° C). Okpac-
Ka JIOCTHraeT MaKCHMa/bHOH HHTEHCHBHOCTH Yepe3 5 MHH. u yCTO#-
UHBa B HHTepBase Temnepatyp 5—90°C (L=>550 wa; Mg cBoboj-
Horo pearenta A=490 am, ¢=1,0-10%). [Togunnenue sakouy bBepa
cobuoaaeTcs B HHTepBaJe KOHUeHTpaumi 0,14—5,6 mkz Ga/ma. Yys-
cTBHTebHOCTh 0,035 mke Gafcm? (no Cenpeny).

B npucyTeTBHM anoMunus ranmui Moo onpeneasnts npu pH 4,2
(OTOMETPHYECKH ¢ MAarHE30HOM [38] B Buze kpacmoro kowm-
fekca cocrasa 1:2 (A=530 um, e=1,25-10%; COOTBETCTBYIOIILHE Be-
JUUMHEL 1751 cBOOGOAHOro peareHta A=500 wm m e=3,125-103)
(puc. 50).

Puc. 50. Cnektpsl cetonoraome-
HHSl MarHe3oHa M KOMIJeKca ero
C raJaHeMm
I— KoMnjexkc B 3THJOBOM chupre; 2—
KOMIIJIEKC B BOJle; 3— peareHT B 3TH-
JIOBOM CHOHpTe; 4 — peareHT 8 BOge

\
1 \\ ll
400 500  GO0Amm

B npucyTcTBHH GOJBUINX KOJIHYECTB CypbMbl 1 MoOAHOZEHA
[Sb(Mo) : Ga=1000: 1] ranamit MoXKer GbITDH onpeieNeH B BHIe
Te€Tpaxaopraanata actpason cuuero B [764]. ITocae
BLIAEJEHHST TAKEJIbIX METAJJIOB HeMEeHTalHell Ha KaAMHH TaJjiuil
skcrparupyior w3 6 N HCI pacteopom pearenta B cmeck x/iopGen-
30J1a M YeThIpexxJIopHcToro yraepoiaa (4:1); A=620 um.

C spuoxpom wepus M T ranmuit o6pasyer npu pH 3,3 duo-
J€TOBBIH KOMIIEKe cocTaBa | : 3, NPUTOAHEI 175 ero QoToMeTpuye-
ckoro onpenenenuss [38] (A=>540 wm; £=2,0-10%; nas peareura
e=2-10° mpu A=>520 um).

emaTtokcunuu npu pH 4,3 o6pasyeT ¢ raaiuem coeausene
(HO/IeTOBOrO LBeTa coctaBa 1:2 (A=560 am; e=1,3- 10% nas pea-
reira e=1-10% npn A=420 nm) [37, 38, 712].

B KayecTBe BO3MOMKHBIX CHEKTPO(OTOMETPHYECKHX peareHToB Ha
Ta/VIHH MOryT OBITH HCHOJb30BAHBI TJIHLHHTHMOJOBH I CH-
HHA (cocTaB Kommiekca 1:1, lg Kyer=10,4061, 1=580 um npH
pH 3,45) [5156] u aHTpauua-NN-IHYKCycHAad KucaoTa
(cocras komnaekca 1:1, Ig Kyer=7,1425, A=278 um npu pH 44;
E‘IO,EL'JHHQHHE 3akoHy DBepa a0 xomuentpaunn 55 mxz Ga/ma)
764al.
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Jlast  ayopHMeTPHUECKOro Ompefe]enus Ta/JHsi HCHOAb3YIOT
TaKXKe THTaHOBB i XeaTo i (1432], xpom cuHHit (noura-
Xpom cuuuit) [37, 712, 1006, 1247, 1426, 1430], 0,0’-IHOKCH a3 0-
6ensoa (A=580 um npu pH 6,2; cocras kommaekca 2:1) [1291],
spuoxpom kpacHu# B[1171, 1431, nypnypuu [712], poxa-
MuH 3B (59], akpuaun kpacHB W, ITaBeO3HH H THO-
nupomun [619]. Tpu nocaexnux peareHra o6pasyior ¢ raJauem
KOMIIJIEKChl, IKCTparupymwuecs 6ensonom u3 6 N HCI.

CpaBnuTesbHO® H3YYeHHe HeKOTOpPHIX pearenTtos [37, 38, 47, 576,
577} nokasano, YTo B cJyyae XHHAJH3APHHA H (henundayopoHa BobI-
OOp pacTBOPHTENs He MMeeT 3HAUEHHS, ]Sl 3PHOXPOM uepHoro T H
KCH/IEHOJIOBOTO OpaHKeBOro — pacTBOPHTEJb BJHAET JHIIL B He3Ha-
UNTeJbHOH cTemenn. B cayyae cTuab6a3o peakuMio NPOBOAAT B BOJ-
HOH cpejlle, a AnennnKap6a30Ha, MarHe30HAa, MOPHHA — B 3TaHOJe.
Kax npaeusio, B HEBOAHLIX PaCTBOPHTENAX MPOYHOCTH MHOTHX KOM-
MI/ICKCOB, H B YaCTHOCTH COEAHHEHHS ra/iHa ¢ AH(MEeHHIKapOHa3oHOM,
YBEJIHUHBAETCS BO MHOTQ paa.

Co MHOTHMM peareHTaMH Ta/IHii B3aHMOJeHCTBYeT B NpPOCTHIX
CTeXHOMETPHYECKHX OTHOIIEHHSX, a KpPHBble CBeTONOTJOILCHHS Xa-
PAKTEPH3YIOTCA YeTKMMH MakcHmymamH. Ilpn kommiekcoo6pasosa-
HHH TaJITHsl MAKCHMYMbI CBETOIIOT/IOULEHHS CABHIAIOTCS B CTOPOHY
fosiee OJIHHHBIX BOJIH.

Cyas no BemuuHuaM emg/€Hr,XapaKTepH3YIOUIHM YYBCTBHTENb-
HOCTp peareHTa, HanbGoJiee NPHIOAHBI /sl ONpEAENCHHS TajJHA LH-
(heHnnkap6asoH, NHPOKATEXHHOBBI (DHOJETOBHIN, KCHAEHOMOBbIH
OpaHKEBbIH H METH/ITHMOJIOBBIH CHHHA. MaJo NMPHTOIHEL B 3TOM OT-
HOILEHHH MarHesoH W 3pHOXpoM uepmsbiii T.

Bausinne pH Ha passuTue 0Kpacku nokasamno, 4To 1o 3TOMY MpH-
3HAKY HAHJAYYLUIHMH AIBJISIOTCA 3PHOXPOMUHAHHH R, METHATHMOJIOBbL{
CHHHI, apceHa3o | W MOpHH; HAMXYAIUMMH — KBEPUETHH M raJ-
JIHOH. :
Bosbuwnnerso pearentoB Ha ramiuii we cesekrusuo. [IpH onTu-
MasibHoi BemnuHHe pH pactBopa mapsny c raasmem pearupyiot Al
Fe, Cu, Vu In. B oT/le/ibHBIX CIy4aaX HCKJIOUEHHEe COCTABJSIOT Zn,
Pb u TI, tak xak onu wame pearupyior npu pH 4. ITo stomy npu-
3HAKy HaHOoJ/lee CEJEKTHBHbI PeareHThl MHPOKATeXHHOBHIH (HOJIETO-
BLIH, KCHICHOJIOBbIH OpaHKeBBIH, METHATHMOJOBLI CHHHE H apceHa-
30 1. Cunxkas pH pacrBopa, MOXKHO YCTPaHHTh Mellaiollee eHCTBHE
HEKOTOPBIX H3 3THX 3/1eMenToB. Tak, cumkas pH 10 2, MmoxHO onpe-
Je1ATh TaJMHH B NPHCYTCTBHH BCEX YKAa3aHHBIX 3JEMEHTOB C MO-
MOLLbK MHPOKaTeXHHOBOTO (HosmeroBoro. B cpene 0,3 N HCI onpe-
IeNIeHHI0 TaJITHA, MellaeT JHIIb adoMmuuui [980, 1235]. C mMeTHATH-
Mo10BbEIM cHHEM B 0,15 N HCI nomumo aqioMHHHS MeLIaeT Keaeso.
lannmii B NPHCYTCTBHH aJIIOMHHHS MOJKHQ ONpENeJsiTh C MOMOLIBIO
marnesona (pH 1.3) u ranauona.

Mayuenue BIHSAHHS Da3IHUHBIX MACKHPYIOUHX areHtos mpu pH
3—>5 (dTopHa0B, acKOPOHHOBOM, AHTAPHOI, BHHHOA H 3THJEHIHA MHH-
TeTPayKCYCHOH KHCJIOT, OKCA/laTOB, THOCYAb(ATOB, CYabdhoca HiiHIA-
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T0B, THOMOUeBHHBI) Ha Komnaekcw Al Ga, In, Tl, Cu, V, Pb u Fe
MOKa3ajgo, YTO MOXKHO 3aMacKHpOBaTh TaJHi (THOCy/ibdaTOM H
THOMOYEBHHOM), Meab (THOCY/b(aToOM, THOMOUEBHHOH H SHTApHOI
KHCA0TOl), cBHHel (THOCY/ib(aTOM, acKopGHHOBOW W AHTAPHOI KHC-
JoTaMH), XKeJe30 (acKOpOHHOBOH KHCJIOTOH, THOCY1b(pATOM H THOMO-
yepHHol). B GoabmuHCcTBE CayyaeB THocy abdaThl, Cy/ibdaThl, CHIH-
KaTbl, HHTPAThl, CYJAbQHTH H GOpaThl He MELIAIOT ONpeeeHHIO raj-
NS, DOLAHMAB M XJOPHAbBl B pffe caydaes (METHATHMOJIOBBI
CHHHI1, KBePIeTHH, MOPHH) CHHXAIOT ONTHYECKYIO NJIOTHOCTb PacTBO-
poB. 3akon Bepa B ocHOBHOM coG.l0jlaeTcsi TIPH COAEPKAHHH 0,2—
1.6 sxe Ga/ma. B GONBIIMHCTBe CJlyuyaep HarpeBaHHe NPHBOAHT K
yBeJHYEHHIO HHTEHCHBHOCTH OKDacKH. ;

CNEKTPAJIbHBIE METO/1bl

BesieicTBHe 4pe3BBHIYAMHOTO pACCessHH H Magdoro CoAepanusd
raJausi B MOpOAax, MHHepaJax, MouBax H APYTHX NMPHPOAHBIX MmaTe-
pHanax, a TaKXKe B NPOMEXYTOYHBIX MPOAYKTax H OTXOAaX MPOH3-
BOLCTB I[BETHOH METaJIJIYPrHH H APYITHX OTpacjel MPOMBILILIEHHOCTH,
XHMHYECKHe MeTOAbl OMNpeleJeHHss ero OOBIYHO CJOXKHBI, [L1H-
TeJbHEl B BLIOJHEHHH H, B psijle cayuaes, yenaaexnnl. [lostomy me-
TOAB CHEKTPaJbHOro dHajH3a, coyeTailide B cebe BBICOKYIO HyB-
CTBHTEJBHOCTL H J0CTATOYHO BHICOKYIO TOYHOCTb, BecbMa 3(p¢exTus-
Hbl W IIHPOKO NPHMEHSIOTCS s IHArHOCTHKH pYA, MHHepaJos,
a TakXe NPH KOHTPOJe NMPOH3BOACTBA PAa3/HYHLIX METaJIOB, Cllia-
BOB M COJIeli, COLepIKalliX ra/aui B Bue npumecy [56, 81, 429].

CreKTps aTOMOB TaJJHs Jerko Bo30yxiaawTcs, MO3TOMY 1151
Hero XapakTepHa BBICOKas CMeKTpajbHas  YYBCTBHTEJbHOCTD.
B Ta6a. 23 npuBeleHbl [JHHH BOJH, HaHGojee YAOOHBIX Nd

Ta6auuna 23

HHTeHCHBHBIE JHHHH TaJJIHA
H HX OCHOBHbIE XapPaKTEPHCTHKH

TMoTenunan HOHH3aUHH rajaus 5,99 se

R Hlyestin s HuTeHcHBHOCTH mmnn-
m;‘[ﬂ Boaﬁy)lmeuua. B YCJOBHBIX €JHHHUIAX
38

B fyre B LCKpe
2874,24 4,29 10 r 15 r
2943 ,64 4,29 10 r 20 r
2944 ,17 4,29 10 r 1hr
4032,98 3,07 1000 R 5300 R
4172,06 3,07 2000 R 1000 R

* R — cuabHoe, r — cjaaboe CaMOMNOrJoLIeHHe.
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CNeKTPaJbHOro Ofpefe/eH s JHHAN MeTa/lua, a TakkKe MOTeHIHaAIh
BO30YKAEHHA H HHTEHCHBHOCTH 3THX JIHHHH.

Jinnun 4172,06 u 4032,98 A nauGonee yyBCTBHTEJbHDBI, OHAKO
HCMOJb30BaTh MX HE BCEr1a BO3MOKHO H3-3a HaJOXeHHS HHAHOBDLLX
[0J0C, 2 TAKKe JHHHII HEKOTOphIX APYTHX 3JeMeHTOB (CM. CTP. 28)
[749, 1074]. B cBfi3u C 3THM OpPH ONpeAEJeHHN rajJus 4acro HCIoJb-
3yioT auEHio 2943,64 A, 4yBCTBHTE/BHOCTL KOTOPOH JOCTATOYHA AR
MHOrux cayuaeB, OnpejlelleHHe TajljHsi MOXKeT ObiTb MPOBEAEHO B
niamen#, B Ayre u B Hckpe. [lpn chmeKkTpasibHOM aHajH3e MOpoA H
MHHEpaJIOB Ha raJjjHii Han6ojee pacnpoCTPaHeHbl METOABI, HCMOIb-
3ylolllie B KayecTBe HCTOUHHKA BO30YK/AeHHS YTy TMOCTOSIHHOrO H.H
nepeMeHHOro TOKa.

Onpesenenue ranaus B ayre [lpoby BemecTea BHOCAT B yray6-
JleHHe ©JHOTO M3 YrOJALHBIX 3JEKTPOJOB H pACHBLIAIT B AYTE, BO30yXKIaeMOA
MeMKAY YrOJbHbIMH 3JeKTPOXAaMH BHICOKOM WHCTOTHI [748].

Ilns yauuroxKeHus H3GBITOUHOro ()OHa H MeUIAKUIEro NefCTBHA IIHAHOBBLIX
[10J10C MOMKHO TMOJb30BAaThCS YCTAHOBKOH, B KOTOPOH BO3AYX 3aMEHAETCA APYTHMH
ra3aMmH, HalpHMep CMechbi0 aproHa H Kucjaopoiaa (823], umcTeiM KHCTOpomOM (JH-
wng 4172 R) [974, 1423], uncteim  apromom {1134, 1319], niH YHCTHIM reaHeM
{1147]. Takas 3ameHa mpenstcTByeT 3QGeKTy caMOMOrJOLIeHHS H YMPOIMAET TEX-
HHKY aHaiu3a. B peayibTaTe JOCTHCHYTOTO NpPH STOM YBeJHHEHHA HYBCTBHTE/b-
HOCTH MOJYYeHH HajexHble AaHHHE OPH ONpEIeeHHH Ta/IMA B TAHHAX H MHA-
HepaJax ¢ MpHMeHeHHeM aTMocephl BO3AYXa H aproia {823], B cHAHKATHHX rop-
uBIX TOPOJAX C IpHMEHeHHeM CTPYH CXKAaTOr0 KHC/I0pola [974] um aproua
[1319], B xap6uje KpeMmHHs C CHKHraHHeM MpoG B atmochepe aprosa [1134], B
cinase In—Ga B arMocdepe requs (ammns 4172 A) [1147]. Tlosbumenne 4yBCTBH-
TEJILHOCTH CNEKTPaJbHOrO aHaiH3a MOMeT OLITh JOCTHFHYTO CO3JaHHEM Y TpO-
Obl HCKYCCTBEHHOH OCHOBBI.

Tak, npu oNpefe/eHHH Tajljus B pyAax B KauyecTse pas3baBuTe]qs HCIOMb-
syior ZnS (4172 A) [82], B ch/MKaTHBIX mOpoxax H munepanax — NaCl [76], a
B Kosuenane — CaF> [283], KoTopmifi yBelHUHBaeT CKOPOCTh HCHApeHHH OMpeLe-
AieMBIX 3JEeMEHTOB H 3aTpPYAHSEeT HchapeHHe KeJesa.

T[lpH HCNOJB30BaHHH AVFH MOCTOSAHHOTO TOKA VIS YCTPAHEHHA BJHSHHA pas-
JAWuHfl B BAJIOBOM COCTABe TPOG Ha peayabTaThl aHaqn3a (yMeHbLIEHHE stpdekra
(paKIHOHHPOBAHHA) WHPOKO TPHMEHAIOT pasbasjenne 06pasnos TpadHTOBLIM
(yrombubiv) nopomkoy [54, 336, 666, 873, 883, 885, 977, 1013, 1151, 1183, 1184,
1319, 1325, 1418]. Onpexesente raJaHs NPOBOAAT NO JHHHH 2043, 64 A.

Jlns ociabJeHHsi BJHSHHSA OCHOBBI pekoMeHAyeTCA TIPH aHaJju3e HEOPTaHHue-
cKMX MaTepHasioB (rauH, GOKCHTOB, KHPIHUEH, UEMeHTa, 060K HKEHHBIX OrHeymno-
POB, CHIMKATHHIX FOPHBIX MOPOR H T, M.) HCMNOML30BATL B KayecTse IMIABHA oypy
NayB40; {1183]. O6pasen, BHyTpem[mil cranmapt (LiBO,, comepmamuii 55%
Co0304) u NagB,0; cniasasioT B (opMe MIAPHKOB, HCTHPAIOT, CMEUIHBAIOT C rpa-
(HTOM M CHKHraloT B Ayre MOCTOSHHOTO TOKa. ;

Jlas NOBHIMIEHHS BOCNPOH3BOAMMOCTH M TPABHILHOCTH Pe3y/bTAaTOB CHEXT-
paJibHOTO aHalH3a MPeNTOXKeH Crnocol, OCHOBAMHHbIH HA BBEIEHHH B npoGy ABYX
3JeMeHTOB CPABHEHHS, OIMH M3 KOTOPHIX ofiajgaer Oonee BHICOKO#, a ApYro#
GoJee MH3KOH JETYHeCTbio, yeM OMpelelsieMslil 3JeMeHT [1422]. Tlpu yAauHOM BbI-
bope KOHIEHTPALMA 3THX 3JEMEHTOB MOMKET 6BITh JIOCTHFHYTO OJHHAKOBOE H3Me-
HeHHe BO BPEMEHH CYMMApHO/ HHTEHCHBHOCTH [ABYX JMHMA CPaBHEHHA H HHTEH-
CHEHOCTH JIHHHH ONMpejensemoro 3JemenTa. TIp ompeneseH#d STHM cnocoboM rag-
nus B omecu CaCOs 1 MgCO; sneMeHTaMH CpaBHeHHA CaAymxar HHIHA H Maanaaui,
BROAMMHE B TPO6Y B paBHHIX kosmdectsax. Onpenesenue NPOBOAAT MO JHHHAM
Ga— 2943,6; In—3256,1 u Pd —34414 A Meton netecoo6pasHo NPHMEHSTH
[Ip# ONHOBPEMEHHOM Onpefe/eHHH GOJBIIOro 4HCaA npuMecei.
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Metoj, AyrH TOCTOSHHOrO TOKA HCMOAb30BaH LIS OMpefe/eHis
rajJHs B pasJaHuHBIX Mopojax M MuHepaaax [81, 87, 174, 429, 666,
823, 873, 883, 974, 977, 1113, 1114, 1151, 1183, 1192, 1319, 1418],
raunax [907, 1183], B nousax [1013], B Gokeurax [989, 1183], B pynax
W mpoAyKTax Mx oGorautenns [56, 429, 1113, 1114, 1151, 1418], B or-
xonax usetTHoil merajaypruu [56], B ZnS [885], B 30aax H caavuax
[1184], B orneynopax [1183], B Bopax [1325], B opraHHYeCKHX COeJiH-
nennsx [400], 8 HF, HNO;z; u HCI [105], B mnHK-CeJeHH/IHBIX 3JIE€KTPO-
aomunodopax {515), B cnaase In—Ga [1147], B Gope (GopHbiii
anruapua, Gopuas kucaora) [75], rpadute (850, 929], kpemuun [106,
107, 427, 1134] u ero coegunenusx [106, 107, 397, 1134], B repmannu
{108, 336, 336a] u ero coeaunenusx [108], 8 unmun [88, 381], unnke
[655], ontose [557, 559, 560], cypbme [466], Gepuianu 1 ero okucu [242],
ceaeHe [506), memnounbix meraanax [642] u ypaue [730].

[Tpu onpese/enHy rajjHs B PyAax H KOHUEHTpATax HCIOJAb30BaA-
HO aHoaHoe Bo3OyxKaenue [54, 55].

[lpo6y cmemuBaioT ¢ rpa@HTOBLIM INOPOMIKOM H HCNApAOT H3 YroJbHOrO
snekTpona, ray6GHHa kanana kortoporo 8 mm u mmpusa 4 mm. Hamepenue npo-
BomAT no JunuH 2943,6 A, npuMenas B KauecTBe 3JIEMEHTa CPaBHEHHA BHUCMYT;
YyBCTBHTEAbHOCTL MeTona 3 - 10~4%.

AnoaHoe B0O30yKeHHe NPH MaJojl CHJIe TOKA NPHMEHSIOT LIS
onpejeeHHs raJJns B MOPojax, MuHepaaax, rannax [600, 601—603,
605], a TakXKe B MeTaaHyeckoM GepHJiHH H ero coeaunenusx [1073].

I[lpu ompejpeseHny rajins B MOPOAAX M IMHHepasax MOMHO pabo-
TaTh METOJOM TAK Ha3blBaeMoro Katojasoro cJjos [76, 77, 848, 1086,
1143, 1144]. Meroa ocHOBaH Ha YCHJIEHHH HHTEHCHBHOCTH JIMHHII
onpeeisieMbIX 3JEMEHTOB ¢ OTHOCHTE/IbHO HEGObIIHM MOTEHIHAI0M
HOHHM3allHH Y KaToja B JYTOBOM paapsiie 3a cueT MHTPALHH HOHOB K
KaTo/y, TPH YCJOBHH BBeJeHHS B AYry HeOO/bIIOr0o KOJHYECTBA Be-
1iecTBa. Ilo CpaBHEHHIO C AHOJAHBIM B036Y}K,ILQHH€M METOJ KaToJAHO-
ro cJosl aaet 6GJbIIYI0 a6CONIOTHYIO YYBCTBHTE/IbHOCTD ONpeeseHns
raJJiMsi TpH TPUMEPHO OJHHAKOBOI OTHOCHTEJbHOH UYYBCTBHTENbHO-
cru. Jlnsi onpefeseHHs HCMOJAb3YIOT Haubojiee UYBCTBHTEIbHbIE JIH-
HHM TaJausi B yabTpaduoaeToBoii o6nactH cmektpa: 29442 n
2943,6 A. B npucyrcrBun NaCl (6ydep) uyBCTBHTENbHOCTb OMpesie-
JIEHHSl Pa/JIus B CHIMKATHBIX MOPOJAX M MHHepaJax MOBbIIIAETCHA /10
1049, [76]; BHyTPEHHHM CTAHAAPTOM CAYKHT 0/10BO (munusa 3034,1 A)
[76, 77].

J1/is1 MOBBILIEHHS TOYHOCTH ONpeleseHus rajjins B GOKCHTax pe-
KOMeH/lyeTcsl HCIOJIb30BATh B KauecTBe BHYTPEHHEro CTaHlapTa
uMHK (auHus raganus 2934 A) [1144]

BecbMa nepcrmeKTHBHEIM METOJOM BCJE[ICTBHE €ro BHICOKOj 4yB-
CTBHTEJBHOCTH W MaJIOH MOTPELIHOCTH fBJIACTCA MeTOJ JABOHHOI AyrH
1155, 519]. Meroa HCHOJNB30BAH AJS ONpPEIE/NeHHA TajJHf B CTaJdH
[701], cpaneputax [1261], rpadure [929], kapGonaTubix nopoxax [929]
¥ B OKHCH ypaHna [928].
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Hefimapkom m ap. [373] Gbiio AeTanbHo H3YYEHO BJAHAHHE CHJBI
TOKa H CKODOCTH HCIapeHHs npoObl HA HHTEHCHBHOCTD JHHHH B Crek-
Tpe AYrH NepeMeHHOro TOoKa.

Ilpu onpenesnieHun rajius s MHHepaJax M nopoaax AJds JOCTH-
XKeHus GoJiblliell YYBCTBHTEILHOCTH, a TaK¥kKe 1Js yCTpaHeHHs BJIHA-
HHsi TPeThHX KOMIIOHEHTOB BBOJST pasjHuHble OydepHbIe BelllecTBa
(LioCOg, Sb,Ss, KJ) [42].

Jlyumum G6ydepom aas chanepura u rpanuta ssaserca LipCOs;
Jisl TaJleH|Ta, NHpUTa U Xaabkonupura — KJ, a ans kanpuura cMuT-
coHHTa H rab6po SbySs. B cayyae pyn cBHHLA W UHHKA W MPOAYKTOB
HX oborallleHHsi HauMOOMbIIASA YYBCTBHTEJbHOCTL AJIsl TaJJIHA AOCTH-
raercsi nmpu Hcnosb3oBaHud NaF B kauectse Ovpepa (ananutuue-
cKas JHHHA rajus 2943,64 A) [586]. [lasi MOBHILIEHHS YYBCTBHTEb-
HOCTH ONpeleJeHHs raJJins B cepHbX pyaax Bopouk [78] npumenna
VIOJbHYIO KPBILIKY C OTBEPCTHEM, MNpeJ0XpPaHAIONULyI0 06pasubl OT
BbIOpachLIBAHHA H CIIOCOGCTBYIOLLYIO ITOCTEIIEHHOMY HCHapeHHIO JIeTy-
YHX 3JIeMEHTOB.

AunpeeBa u ApHayToB [24] peKOMeHAYIOT ONpelesiiTb rajJaui i
HeKOTOpble ApYyrHe 3JeMeHTbl B KapOGOHATHBIX, NMeCYaHBIX W IJIHHU-
CThIX TIOPOJAaX BBejeHHeM B paspsij AYyrH nepeveHnHoro Toka (18a)
TOHKOH3MeJIbUeHHBIX MOPOLIKOB NPo0 H 3TaJOHOB METO/A0M MPOCHINKH
B MIOTOKE BO3JlyXa C MOMOLILbiO ‘TIOJYaBTOMATHYECKOH YCTAHOBKH JLJisi
MeXaHHYeCKOTO pACHblIIeHHS MaTepHaJ/ioB.

Ilpu aHa/iM3e TeXHOJOIHYECKHX PAcTBOPOB BMECTO MNPONHTKH YroJbHbIX 3J€K-
TPOLOB MOXKHO TPHMEHHTb HaKanblBaHHe HCCJAELYEMOro pacTBopa B JYHKY Mel-
HOTO 3JEKTPOAa C MOCJAEAYIOUHAM BhicymuBanueM [586]. B stom cayuae aas omnpe-
NeJeHHs TajJHs MOMKHO HCMOJb30BaTh GoJee YYBCTBHTEAbHYIO AJHHHOBOJHOBYIO
JIHHHIO, PAcnoJOlKeHHYI0 B 06JacTH nojoc uuana (4172 A). dra xe JuHMA HC-
M0Jb3yeTcsl TIPH ONpeleNeHHH rajius B pydax CBHHIA W LMHKA H NPOJAYKTAX HX
nepepaGotkn [83]. Ilopomwok npo6el NOMEWAOT HAa MEAHLIA AHCK, BpallalOWHica
co ckopocThio 50 mm/mur. BepXHHM 3/IeKTPOAOM CJYKHT MEIHBIH CTEpMKEHb, 3a-
touennnil nog yraom 30°. Uyscrsureasnocts 0,001%.

Mertos, Ayru mepeMeHHOro TOKa HCNOJb30BAaH JAJSA ONpeleseHH:
rajylis B COJIiX PeIKHX IleqouHbix Mertannos [502], dochune Gopa
[22], cBunue [161], cepe [505, 507], B pyaax H KOHIEHTpaTax aJiOMH-
HMA, UHHKa, cBHHLa ¥ Menu [125, 185, 1362], Gokcurax [185], 30.e
yraen [185], cunnkartax (130, 872, 873] u aApyrux ropHsiX nopojax
{1333], B cepuuctoix MaTepuatax [1333], raunax [1272, 1334], yroas-
Hom Tnopomike [1286], B o/s0Be BBICOKO# umctoTel [558], Meraianue-
ckom HHAHH [909], roprounx cianmax [942], AByOKHCH KpeMHHS H
xpapue [206], cenene [506, 508] u B Kagmun BbicOKOi yncTOTH [156].

OnpepneneHHe raJdaus B HCKDe. BnepBole HCKPOBOH Me-
TOJ, CIIEKTPAJIbHOrO aHaJN3a TaJJIHA MPH HCMOJb30BAHHH MOCHEHHX
aunui (4033 n 4172 A) Guin npHMeHeH K aHAJ M3y PacTBOPOB XJOpH-
na raaausa [752]. B npucyrcrBun ~5 mxe Ga BH3yaabHO Habio-
naercs oaHa (4172 A), a B npucyrcerBun 15 mxe Ga — obe auHMH.
M HTeHCHBHOCTH He H3MeHsIoTCH B NpHcyTeTBHH 100-KpaTHOro H30LIT-
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ka wnaua, BoJee Jerko ompejenenHe rajjiHg MOMKHO OCYUIECTBHTD,
npuMenss (oTorpaduposanue.

KaumoBbiM [263] Gbiin HCMBITAHBI pa3/jHYHbIEC BapHAHTHI couera-
HUS WHLYKTHBHOCTH H €MKOCTH KoJeGaTeJbHOTO KOHTypa fIpH BO3-
GysK/eHHH CTIeKTpa B paspsje BBICOKOBOJIBTHOM KOHJIEHCHPOBaHHOI
uckpel. JlocTHrHyTasi aGcosioTHasi 4yBCTBHTE/ILHOCTD nopsiika 10-7—
10-9 2 sBaseTcs BeckMa BLICOKO{i H He yCTymaeT YyBCTBHTEJNbHOCTH
JIVTOBOPO METOJ1a.

Meroy, HCKPBl HCIOAb30BAH AJA ONpeNeeH s rajlams B aqioMH-
HuH, THTaHe § uapkonuu [972], WHAMHK [1131), B cnnaBax 30J0Ta
(910], a Takxke B crIaBax WHLHI — raaaui [1001, 1148, 1149], uu-
il — raauuit — ceunelt [1001], nayToHui — ypas — wupKoHuit [906],
B peaKTOpHbIX MaTepuanax [737, 786], 30/1e CHHTETHYECKOTO BOJIOKHA
[972], sepHax MEHHLbl H KYKYPY3bl [184]. :

Onpepenenue rajjus ¢ NPpHMEHEHHEM NOJAOTrO
kaToMa. Paspsi B ropadeM moJoM KaToje HCNONb30BAH /i onpe-
feJeHAs TaJIua B [MOJYIPOBOAHHKOBOM KPEMHHH [205] u nByokHCH
kpevnus [396], a Takxke B CHsCOOH, HCI, H,SO, 1 HF [398] mocae
fpe/lBapHTe/IbHOr0 XHMHYECKOro o6GorauieHus npumeceit. KonueH-
TpAaT MpPHMeECei NOMEILAl0T Ha JHO 0GbIYHOrO yroJbHOro MoJIoro Ka-
To7a M BO3OYKIAIOT CEKTP paspsiiAoM B INOTOKE rejHs. YyscTBH-
TeJbHOCTh ONpe/leNleHHs raJjjiia coCTaBaseT 6:10-19 28 Si, 1-107%
B SiOy u 3-10-°% B KHC/IOTaX.

Onpenenenne TraJJHis METOAOM boTomeTpHH
nnamedn* Ilpu onpeseneHHy B BOAOPONHO-KHCJIOPOAHOM MJIaMe-
uin 0,01—1,0 me Ga/ma TpHCYTCTBHE B AHAJTH3HPYEMOM pacTBOpe
nonos SO, PO, HTeO:™, MoO;~, VO; u Al*+ B xoHuUeHTpa-
uuax no 0,5 m2/Ma He BauAeT na TOYHOCTb pe3y/bTaToB [1085].
970 3Ke MaaMsi HCIIOJb3YETCs H NP aHaJn3e CIijiaBoB Cu—Ga [1097].
doromeTpHpoBaHKe MPOBOAAT MO JIHHHH 4172 A. UyBCTBHTENBHOCTD
onpepenenus cocrapasier 0,1 mke Ga/ma. 3aBHCHMOCTb HHTEHCHBHO-
CTH M3JYUEHHs] FalJHs OT KOHIeHTpaUuHH A0 10 mKe/ma npencras-
JsieT NpAMYIO JIHHHIO, B o6nacti no 100—1000 mx2/sa KpHBas cjer-
ka uarnGaercss K ocu abeunec. CousiHasi W a30THAs KHCJIOTHI B KOH-
wentpammuy fo 0,5M He M3MEHSIOT MHTEHCHBHOCTH H3/YHCHHSH rai-
A4, COMM IMHKA caafo MOHHIKANOT ee. Couny Keje3a yBeJHUHBAIOT
OTCYETH TPH ONpPEfe/NeHHH raJJus BCJCACTBHE HAJOKEHHA H3Tyue-
wus skenesa (500 mke Fe/ma 3KBHBANEHTHO 15 mxe Ga/ma). Coau
ATIOMHHHA ¥ HHAMS JefCTBYIOT TaKXKe, HO 3HAUHTE/IbHO cnabee. Coan
Meap HECKOJbKO YBeJMYHBAIOT HHTEHCHBHOCTDH JHHHH raJjnus, ro-
3TOMY MX BBOAAT B CTaHJapTHbIE PacTBOPLI [1097].

Foay6esa [145] npn anamise CIIaBob Ga—Nb u Ga—Mg pexkomeniyer 10-
GaBAATL K PAcTBOPaM, NMOJYUEHHBIM foc/e PasiONeHHs npo6 KucaoTaMu, 8-OKCH-
XIHOMHH JJIst YCHJEHHS HHTEHCHBHOCTH M3JyUeHH: raJus (npumepro B 10 pa3)

* Cum. takxe crp. 28 u 29.
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8 [aMEHH CMECH CBETHALHOTO Tasa ¢ BO3AYXOM. (DOTOMETPHPOBAHHE BBHINONHAIOT
METOJAOM OrPaHHYHBAIOUIHX PACTBOPOB Mo JHHHH raaaus 4172 A.

Eme Go/ibluero yBenHYEHHS YYBCTBHTEALHOCTH (mpumepno B 15 paa) Mokuo
AOCTHTHYTh [PH 3KCTPATHPOBAHHH OKCHXHHOJHHATA TaJUiHsi PAa3/HUYHBIMH OpraHHue-
CKHMH pacTBoputensmu [8564, 1363—1365). 10—15-kpathHoro yBeJnyeHHs YYBCTBH-
TenbHOCTH onpenenernn (0,4 mxe Ga/ma) DOCTHrAaOT TakiKe NpH NpeaBapHTEALHOMH
KCTPAKUHH H3 BOJAHONO PACTBOPA ra/lOreHHAOB HJH TICEBAOraJOreHH/I0B Talaus
AH3THA0BLIM atupoM [157, 664, 673].

H3 oprasndyecknx pacmBOpHTeJeH, OMELIHBAKIINXCA ¢ BOAOH, NPH KOHUEHTpa-
uin ux >40—50% HanGosbliuee yBeJuvyeHHe HWHTEHCHBHOCTH B BOZOPOAHO-KHCJIO-
PONHOM MJIaMEHH JaeT alleTOH, 3aTeM MeTaHOJ, 3TaHol H u3onponanon [1162].

[lpeaBapuTentHoe oTje/eHHe Ha KaTHOHHTE MO3BOJAET onpefeants 5+ 10-4%
Ga B snemMeHTapHOM cesere [1299].

JleGenes u Baitnwreiin [319] yBenuunsn 9yBCTBHTEJBHOCTL ONpefeeHHs raj-
aus 10 0,05 mxke Ga/sa B naaMeHH CMeCH aueT/JeHa ¢ BO3LYXOM NPH HOTIOJb3O-
3atf$%an?mporpacpa HUCII-51 # moxuduuupoBannoil POTONEKTPHYECKON npHCTAB-
KH -1.

O63op mrameHHO-(POTOMETPHUECKHX METO/0B ONpeje/eHus raJ-
JHfl B NPOAYKTaX METa/1yprH4eckoro NMpoH3BOACTBA NpHUBEIeH B pa-
Gote [746]. Onucano onpejenenne ra/jjus METOA0M aTOMHO-(aoypec-
LUEHTHON TJaMeHHOH cnektpoMerpuu [1087, 1410].

XHMHKO-CITEKTPAJIbHBIE METO/1bl

JLast MOBBIIEHHS YYBCTBHTEJALHOCTH CIEKTPAJLHOTO ONpeaeeHHs
3/IEMEHTOB HCMOJIb3YIOT XHMHKO-CHeKTpajbHble METO/bl, BKJII0Yalo-
e Tpe/BapuTe/ibHoe oboralleHHe NPoOBI W MOCJEAYIOUIHI CreK-
TpaJibHBIH aHa/au3 KoHueHTpara (81, 192, 337].

KoHuenrpupoBanue ocaxjagenuem Merox ocaxie-
HUS TOMYYH] IIHPOKOE pacrnpocTpaHeHHe B IPaKTHKE CNEKTPO-
XHMHYECKOro aHaju3a 6/arojapsi HCNOJIb30BAHHIO TPYHNNOBBIX Opra-
Huuyeckux pearentos {832]. Onucano (787, 1325] KoHuUeHTpHPOBaHHE
CJ1e10B raJJiis, repMaHuss H APYrHx 3JEMEHTOB B MNPHPOAHBLIX BO-
JlaX H XJOpHJe KaJlisl OcaiKJeHHeM PpacTBOPOM OKCHXHHOJHHA B
2 N yxcycHoli KHCJI0Te, TAHHHHOBOH KHCJIOTOH H THOHAJHAOM.

Orduasrposannbii ocaaok osoastor npu 450° C, 3oy nepeMewnsalor ¢ rpadu-
TOBLIM TIOPOLUKOM H aHaJAH3HPYIOT B Jyre MOCTOAHHONO TOKAa Ha AH(DPaKUHOHHOM
cnexrporpadge c aucnepcuedt 3,5 a/mam. Henoabsyior anaiawtnyeckue auuuu 2600—
3450 A. Onpesgenenne BO3MOMKHO AN KOHHEHTpawdit raaans 1 -10-4—I - 10—3 %.

Tuonanua W nUppPOIHAHHANTHOKAPGAMAT TPHMEHSIOT /s KOH-
LUeHTPHPOBAHUS Ta/iisl H JAPYTHX NpPHMECCH MpH ONpeAe/CHHH HX
B yHcTOM aJioMuuuu [1222, 1225]. [1pu nasecke 1 ¢ MoxHO onpefe-
ante 107°% npumecn. B apyrom Bapuante ocaxjiende TPOBOAAT
THOAlleTaMHAOM € COJbIO TaJl1H B KayecTse Kossektopa [911, 1225].

B KajMHH BBICOKOII UHMCTOTHl TaJJIHil ONpPEAeAIOT MOCJe KOH-
LEHTPHPOBAHHA COOCaXKAeHHEM C JAHITHIAHTHOKapOaMHHATOM Kaj-
musi [156]. UyBcTBHTeILHOCTL Onpejenenusi rajanusa OGes oboratie-
uust 1+10-%%, nocae oGorauieHus — 7 - 10-89,.
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[lpu amanuse MarMaTHYECKMX TOPHBIX nopox [87] ocHoBy yAa-
asior B Buge SiFy, a 3atem 0caXAaloOT NMPUMECH Cy/abduaoM HATPHS
u NH,OH npu pH 9. Ocagok #cnosip3yilor A8 CHeKTPajabHOro
NOJYKOJMYECTBEHHOTO aHa/Jn3a NMPH BO30YXKAEHHH CNEKTPOB B AHO-
pe ayrd npu 10 a@. OtHM MeTOAOM NOCTHIalOT KOHUEHTPHPOBaHHS
npumeceii B 3—5 paa.

Caefibl TaJJHsi M ADYFHX 3JEMEHTOB B lOPIOYHX CJaHLUAX onpe-
eS0T KOHIEHTPHPOBAaHHEM HX KOJIJIOHIHBIMH DacTBOPaMH CyJib-
duna m xap6amunara kaamusa [942]). Koumuentpar BBOZAT B AYTY
nepeMeHHOro ToKa Ha (HAbTpPoBajbHOH Gymare. Jlas aHaiusa mc-
noabaylar JauEuio 2943,6 A,  OnpepensieMas KOHLEHTpauus —
5,0-10~4% Ga.

[Ipu ompefeneHHH B HMHKOBHIX PYAax TaJuIHH TpeABAapHUTE/]bHO
coocaxnaior ¢ Fe(OH)s [700], smu6o ¢ Al(OH); [292] Ocanok
pacTBOPAIOT B KHCJOTE, A06aBASIOT MOPOWIOK MejlH, YNapHBaioT
pacTBOp, OCTATOK NMPECCYIOT B BHAE 3JEKTPOAa H NPOBOAAT CHEKT-
paJibHbIH aHaJH3.

Onpejeantb NPHMECH MOXKHO TakKiKe OTAE/IeHHEM HX NPH MOMO-
IH OcaICHHS 3JeMeHTa, COCTABJAIOLIEro OcHoBy npoGel. Tax mo-
CTYNaloT, HAMPHMep, NPH ONpPEJeNeHHH TaJJiusi B 30JI0Te BBICOKOI
yucrothl (99,999%) [516]. Tlocne pacTBopeHHsi HaBecKH 30J0TO OT-
JESI0T OT NpHMecedl CepHHCTHIM rasoM. PHALTPAT yNapHBAKOT, CMe-
IIHBAIOT C YrOJAbHBLIM MOPOMIKOM, CyIIAaT H NMPHMECH HCHapalT H3
Kpa;r;pa YrOJBHOrO 3/1eKTpoAa. UyBCTBHTENBHOCTb aHaiusa 10-4—
10+ 0+

Tlps onpejelennd rajius W APYTHX npuMecefi B CBHHIUE M ero COGJHHEHHAX
yaaercs moctHriyTh 80—100-kpaTHOro OGOralleHHs TyTeM OCaXKAeHHs Goubliei
gacTH ceuHua B Buge PbCly HeGonbmuM n36uTKOM coasHoll KueaoTsl [161]. duant-
paT HAHOCAT HA TOPIUOBYIO MOBEPXHOCTh YTOJAbHBIX 3JEKTPOJAOB, TIOKPHITHIX MJEH-
KO MOJHCTHPO/A, BEICYIIHBAIOT H BO3GYKAAIOT CHEKTPH B Ayre MepeMeHHOrO TOKa.

KoununenrpupoBaHnne sKcTparumposanuem. s
onpejesenus rajJns B OKHCHBIX H cyab@uanbix pyaax [6], B rep-
manute [1275], xenese [1223] u craau {701, 1223], B Goxcure [1012],
soqe Kokca [701), B unanu [381] ero oraensior KcTpakuuenr 3pHPOM
B BH/e xJopuaa (6, 381, 1012, 1275] uaun ponannsa [1223] u3 consHo-
KHCJIOTO pacTBopa. D(HPHBIE BLITAXKH aHAJH3HPYIOT CIEKTpajb-
HHIMH METOJLAMH HeNOCPeACTBeHHO Iocie ynapusanusa [6, 1223],
A160 0CcaXKAAOT rajjinil B BH/E THAPOOKHCH H IIPOKAJHBAIOT 10 OKH-
CH, a 3aTeéM HCCJEAYIOT CnekTporpadHyeckH NPH HCNOJNb30BAHHH
MeJH B KauecTBe sjeMenTa cpaBHenus [1012, 1275]. @oromerpupyior
aunun raaaus 2943,70 u 2874,34 A [1012].

OnucaHo NpHMEHEHHE B KayecTBe 3KCTPAreHTOB UHKIHYECKHX
pacTBopHTesedl (LHKAOTeKcaHa, IMK/IOTeKCaHOHa H IHKJoreKcaHosa)
[666]. I1pu onpepeseHHH rajjHs B TPaHHTAX M THeicax ero Jy4iue
BCEro 3Kcrparuposath luKnorekcanonom u3 3 N HCI. Pacrteop
CMEIIHBAIOT C NOPOLIKOOGPAa3HbIM VIVIEPOAOM, BHIAPHBAIOT A0CYyXd
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H OCTAaTOK aHAJH3HPYIOT B Ayre MOCTOSHHOTO TOKA C KATOAHBIM BO3-
Oy 1eHHeM TIpH 7 a.

. 3pauHTe/lbHOE pacimHpeHHe o6JacTH TpPHMeHeHHs MeToza HAO-
CTHTAeTCsl 3KCTpakKuueli MeTalTopraHHYecKHX KOMMJEKCOB TaJjuiHs,
‘o6najaomux Gosbllefl PaCTBOPHMOCThIO B OPraHHYeCKHX pAaCTBO-
‘puTeNAX, YeM B BOAHOH ¢ase. [Ing KOHHEHTPHPOBAHHA TrajHfd H
IPYTHX 3JEMEHTOB NPH aHA/H3€ UHCTHIX IIEJOYHHIX METajJioB
NOJb3YIOT 3KCTPAKUHIO AHITHIAAHTHOKapOAMHHATOB  XJ0OPOGOp-
1OM WJIH YeTBIPEXXJODHCTHIM yraeponoM [542].

Tananfi skcrparupyior mpu pH ~25. IKCTPAaKTH CMENHBAIOT C YTONBHBIM
| IOPOIIKOM, BHIIapPHBAIOT, NpOKanuBawT, nob6asagior NaCl u noxsepraioT ananusy

B Iyre MOCTOSHHOTO TOKAa. AHaqHTHuecKas quuus 294364 A. Onpenensiemas KoH-
x

- menTpauns 2—5-10-5% Ga.

A Ilpn onpenenenun rauius B DyZax H MHHEPaJax ero KOHIIEHTPHDYIOT SKCTpa-

| THpoBaHHeM 8-OKcHXHHOMHHOM B XJopodopme [944, 1113, 1114]. SkcrpakT mo xan-

 JIAM HAHOCAT Ha MOPOWIOK rpaduta, conepxamero 10-4% Co B KauecTse BHYTpeH-
€ro CTaHAapTa, H aHAAH3HPYIOT MO METOAY NPOCHTKH B KOMOHHHDOBAHHOM pas-

A€ JIYrd NOCTOSHHOro Toka npu 6 a. UyscTBHTenbHOCTH onpepeaenus 0,3 m2
a/ma.

[Tpu onpenenennn B Boaax [1219] 1 B conAX peNKHX IIEJOUHBIX
eranioB [502] KoHUIEHTPHPOBaHHE NPOBOASAT IKCTPAKIMEH TaJJIHs
APYTHX MHKPOKOMIIOHEHTOB XJopodpopmom mnpu pH 3—5 B npu-
YTCTBHH CMeCH OKCHXHHONHHA M JHITHJIJUTHOKapGamuHata. [lpu
| aHa/lH3€ ceJieHa HCNOJB3YIOT CMeCh OKCHXHHOJHHA M JHTH30HA B
- xnopodopme [971].

Cnenwl rannvs M APYTHX MHKPO3JeMeHTOB B Boge [1220, 1224]
B pacrenusix [1221] sKcTparHpyloT pacTBOPOM MHITHIAMTHOKAp-
amaTa, 8-OKCHXMHOJNHHA M JHTH30Ha B XJopodopme. B Kauecte
HYTPEeHHEro CTaHJapTa MCHONB3YIOT coab Be?*, a B KauecTse 6y-
epa — KNO,.

OnHcaHo KOHIEHTPHPOBAHHE Ta/iHsi W APYTHX 3JEMEHTOBR B
HHEpaNbHLIX JiedeOHbIX BOZAxX SKCTPAaTHPOBAHHEM HX B BHAe IH-
. STHANMTHOKapOaMMHATOB M  JHTH30HAaTOB  XJopodopmom  mpH
- pH 3—9 [696].

- Cnenpl ranaus 1 HEKOTOPHIX APYTHX 3JEMEHTOB B NOYBAX H aHA-
- JIOTHYHBIX MaTepHaJax KOHIEHTPHPYIOT 3KCTPaKIHed MHPPOJHIHH-
- AuTHOKapOGamuHatoB xjopodopmom [1357] us pacrsopa c¢ pH 4,8.

- Cmecp mupponuaMHIHTHOKapOaMHHATA M JUTH30Ha B XJI0PO-
?}iq:opme HCI0JIb30BaHA /ISl SKCTPArHPOBAHHS TaJIHA M APYTHX MpPH-
- Mecedl u3 pacrsopa ¢ pH 3 npu onpezenennn ux B unpkouuu [175,
955, 971, 972], turaue [175, 955, 972], amomunuu, [970, 972], ceaene
o [175, 955] u B 30.1€ CHHTETHYECKOrO BOJOKHA [972].

i ¢ KonuentpupoBanne npuMeceil MoxeT OBbITH AOCTHTHYTO TaKikKe
- Otfesiennem ocHOBBI. Tak, manpuMep, 3010TO SKCTparupyior spupowm
[516], a cypsmy — GyTnnauneratom [465, 467] u3 COMAHOKHCABIX pac-
~ TBOpOB.

- Ilpu ompepenenus rajaus W APYLHX 3J€MEHTOB B GepH/IHH H
. €0 OKHCH oTAe 10T Gepu/nit B opMe OCHOBHOTO aleTarta SKCTpaK-

iy
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unein xaopodopmom [239—241, 340, 409, 809, 812, 842, 845, 1237,
1324, 1328]. Ilpu 3TOM HocTHraercs oboralleHde B 20—25 pas.

KoHumeHTpHpOBaHHEe HOHHBIM O0OMEHOM — Ype3Bhl-
yaiino 3 deKTUBHbIA npuemM odoralleHusd AJas CNeKTPaJbHOTO aHaJ H-
3a. Meroj npumeHen nas onpeneneHuss npumecH 10—°9% rannua u
JAPYTHX 3JE€MEHTOB B mayToHuu [680].

Ananunsupyemniii o6pasen pactsopawT B 12 N HCI ¢ goGaBaennem HNO; u
[ACTBOP TIPONYCKAOT 4Yepe3 KOJAOHKY ¢ KatHomuToM jayskc 1. Tammit smoupyior
8 N HNO;. 9moar ynapuBaioT 10 o6beMa | Ma M HCIOAB3YIOT A CTMEKTPaJbHOTO
clhpejiesenus.

AHAJNOrHYHO KOHUEHTPHPYIOT TaJuHil NPH onpefeienuH B cmiasax Pu—U—Zr
[906].

ITpu ananuse cyasdpunos Zn, Cu, Pb, As, Fe uan ux cMmecell aHaJAH3HDYEMYIO
npody nepesoiaT B pacteop, AoGapasior Cd(ClO,)e (BHYTpeHHHMiT cTaHaapT) H
K2COs (cnexrpockonngeckuit 6ydep) H copOHPYIOT NPHMECH HAa KATHOHHTE Aay3KC
50 Wx12 B H+-popume [1371]. [Tocae BbicymaABanus KaTHOHHT H3MEJALYAIOT, HAHO-
CAT MOPOIIOK HAa KJAefiKYI0 NMJIEHKY H aHaJH3HDPYIOT Ha kBautoMerpe ARL.

Has onpejeneHust raniusg H APYTHX DAcCesHHEIX 3JEMEHTOB B TOPHHIX TIOPO-
Rax K OCTaTKy, MOJYUYEHHOMY NOCJe BBITADHBAHHS aHAJH3HPYEMOro pacTBopa, 10-
6aBaAIOT CONSHYID KHCJIOTY M OKHCJSIOT 3/IEMEHTH ¢ TMEPeMEHHOH BaJeHTHOCTLIO
SpomoM [604]. M36uiToK GpoMa yAaJasloT KHOAYEHHEeM, NPONYCKAIT DACTBOP Hepes
K0J0HKY ¢ anuoHHTOM amGepaut IRA-400 u npomsiBaor ee 2 N HCl. Tanmit n
JApYrHe MHKPOKOMTOHEHTH, a TaKJKe MKeJe30 OCTalTesi Ha KOJOHKe, H3 KOTOpOH
ux saoupyior 0,25 N HNO,;. dmoar Bemapusawt jgocyxa ¢ NaCl u cnekrporpa-
PHPYIOT.

Hounsiit o6Med uCnoap3yioT A8 KOHUEHTPHDOBaHHS NpHMecell npu onperee-
1IHH HX B MHHepaJbHHIX Bojaax [697], a Takxe B cenene [1299).

KonueHTpupoBaHHEe ¢ TPUMeHEeHHEM XHMHUECKO-
ro pasnoxenus npo6uo. [Ipn cnekrpasrHom aHanuze MnoJay-
NPOBOJAHHKOBOTO KPEeMHHA BBICOKOH UHCTOTHI Mpoby B Leasx obora-
HIeHHsl npexsBapuTeabio pasaaraior napamu HF u HNO; 6es xon-
Jextopa [204—208, 396, 427], nubo pasnaralor M OTFOHAKT Kpem-
HHH (TOPHCTOBOAOPOAHON, a30THOH W CepPHOIl KHCJIOTAMH B AKHIKOH
daze [106, 107, 427]. B nepBom caydae mpoOy MOMeNLAIOT Ha MJAEHKY
Ted/10HA, pasaaraloT KpeMHHH H MEpeHOCAT TJIeHKY ¢ KOHIIEHTPaToOM
npumeceil B riay0OKHH KaHnaa yroabpHoro anoga. CnekTpel BO30yxK-
JIaI0T B Jlyre MOCTOSIHHOTO ToKa. [/l OmO/JHHTENLHOrO YBeJHYeHHs
UVBCTBHTEIBHOCTH po6aBasior B kKoHueHtpat NaCl. Onpenensemas
KOHLeHTpauud raaaug — 5-10-9 2,

[lpy MCcMONB30BAHHHM MOJOTO KaTOAAa YVBCTBUTENBHOCThH OMpene-
JIeHHsT TaJuIMs Bo3pacraer Ha nopanok [205].

B cayyae ananusa 6opa, 6GopHoro aHruipHaa u GOpHON KHCIOTHI
[75] KonmeHTpaT npHUMeceil Ha OCHOBe CMeCH YTOJbHOro MOpOmKa C
5% NaNO; moayuaercs myTeM OTTOHKH OCHOBBI Gopa cmechio HNO;
H HF. UyscTBuTeabHOCTh onpenesneHus ramaus 4-10-79%.

[Ipumecu raaaus (5-10—°9%), a TakKe UHIHA, AJIOMHHHA W Ke-
Jiesa B 0J10Be 0COO0H YHCTOTbl KOHUEHTPHPYIOT B BHIE JETYUHX XJO-
PUZIOB HAa aKTHBHpPOBaHHOM yrae {557, 559] u ynanenuem oJoBa B

Blijle Tetpaxjopuaa [560]. AnaauTHueckas JHHMA A rajgaHs
2943,6 A.
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[Mpu ananuse repmaHuenbix nueHok [108, 336, 336a), a Takike
| IBYOKHCH H TeTpaxsopuia repmanus [108, 239, 240, 336a, 684] npu-
- mecu (Ga, In, Bi u ap.) KOHUEHTPHPYIOT NpH OTAeJEHHH TepMaHus
| OTFOHKOl B BHJE TETPAXJAOPHAA H3 COJSHOKHC/IOro pactBopa npoGhl.
- AGcoumioTHasi YYBCTBHTEJBHOCTb JIs KasKAOro sjdementa ~ 5102
' Anasnornunoe oGoralleHHe INPOBOAWTCS NPH anasause cenexa [1299].
‘Cesien otaensiercs AHCTHANsLHel B Bruie SeBry, a npumecn (Ga, Li,
‘Na, K, Ca) onperensiior MeTofom niaMenHoit (poToMeTpHH.
KonuneHTpupoBaHHe 030JeHHe M Ira npocras onepa-
[HSl NPHMEeHfeTCsl YacTo NpH aHajn3e GHOJOTHYECKOro MaTepuaJa,
'a Takxke oprannueckux seutects [400, 544]. MunumasbHO onpeaeds-
‘eMble KOHIUeHTpauuu npumeceii 3 - 10-5—3-10-7%.
[peasnoxken MeToj OnpeneNeHHs TajiHs, HHHA W APYTHX 3Je-
mentoB B cepe [505, 507], ociHOBaHHBIA Ha CKHFAHHH CEpPbl H KOH-
| EHTPHPOBAaHHH MpUMecell Ha HOBOH OCHOBe (KOJJIEKTOpe) — CHeKT-
=¥laJle0'-IHCTO!71 okucH kpemuus (80%) u xaopuae Hatpus (20%).
\ [TonyueHHbifl KOHIEHTPAT MOMEUIAIOT B YFOJIBHBIH 37€KTPOX H CHKH-
| TaloT B paspsje AyrH nepementoro toka np 7 a. Crenenb KOHIEHT-
- puposanus saementos ot 60 xo 80%. UyBcTBHTEBHOCTD OnMpejerne-
S Hus 1 -10-4—3-10-8%.
i KoHueHTpupoBaHHe OTFOHKONH JIETKOJETYUHX
‘mpumeceil Hau ocHOBB (MeTon ucnapeHnusn). Omnucano
 IipUMeHeHHe MeTOJa IS KOHLUEHTPHPOBaHUsS MPHMecei NpH aHamu3e
' ropubix mopon [447]. [las rassins 4yBCTBHTENLHOCTL NOJYKOJTHYECT-
BeHHOTO onpejenenus nopsaaka 1075%.

[lpu ananuse wupkouus [162] u amomunus [163] BbicoKoit unCTO-
' Thl (DPAKUHOHHYIO AHCTHJISALHIO NpHMeceil MPOBOAST ¢ HOCHTENeM
~ (AgCl) B nyre nocrosinHoro Toka. Jlunmg raaana 2500,17 A.
.~ MeToA MHCTHAIALMH Ha HOCHTeJle NPHMEHEeH TaKkKe K aHajausy
~ ochuna 6opa [22], ypana [103], ero nsyokucu [657] u 3aKHCH-OKH-
~cu [737). Ipn onpepenennn rajins H APYrHX 3J€MEHTOB B UHHKe M
© ceJeHE KOHILEHTPAT MPHMecell HAa YroJbHOM TOpOUIKe MOaydalorT my-
. Tem yaaJsieHMs LMHKa BaKyyMHo# cyGmumanueii [554, 555, 556), a ce-
JieHa — BO3rOHKOi AByoKHcH cesena [506, 508]; uyBCTBHTENBHOCTDH
. onpejnenennusi ranausi B uunke —1-10%%, a B cesene — 2-10-79,.
. IlIpu onpenesiennn 10-8—10-2% Ga B kucaorax (HF, HNO;, HCI, |
. CH;COOH, H,SO,) koHIeHTpaT npHMeceii noayyaior oforauleHnem
npoGbl MyTeM HCMapeHHs aHaJIH3HPYeMOoil KHCJIOTBI Ha YrOJbHOM I10-
- pouke [105, 398].
‘ [pu aHaJaH3e yJIbTPAYHCTHIX METAJ/I0B NPHMEHSIOT MeTox Macc-
. CneKTPOCKONHH (OMHCAHO ONpe/ieNieHHe TajJIHsl B CBEDXYHCTOM aJlio-
 munun [795, 1264], kpemuuu {546, 654], rannoseme [686], repmanuu
 [546] u rpadure [546]).



PEHTTEHOCNEKTPAJIbHBIE METO/1bl

JMHCCHOHHbIE JHHHH K-CepHH PEHTreHOBCKOro Crnekrpa ra/iHs
HMEIOT CcJAeAyIoUHe JJIHHBI BOJH:

Ka, Kog K3 KBa
1337,5XE 1341,3XE 1205,5XE 1193,8XE.

JIis KOMMYECTBEHHOTo OMpeje/eHHs TajJiHs HCCAeayeMoe BEINeCTBO
CMENIMBAIOT C BElECTBOM CPABHEHHs, HAHOCAT HAa AHTHKATOA PEHT-
reHOBCKO# TpyOKH M crmekTporpadupoBaHHeM NpH MOMOLIH MOAXOMLA-
mero KpHcragaia B pentresocnexTporpade onpereasior cOOTHOMIE-
Hie HHTeHCHBHOCTEH JHHHMH rajJus U BellecTBa CPapHEHH [782].

Xepemn [890] pekomenayeT s KOJHYECTBEHHOro aHajiusa rai-
JIHS Mapy JHHHA:

Ga Koy =1337XE u HfLB,=137T1XE.

B KauecTBe BellleCTB CpPaBHEHHS pPEKOMEHIOBaHbl TaK¥Ke XKeaeso
[1308], uunk [848] wau uuxmit [848]. Heabas nonb3osaThCst aHTHKATO-
10M H3 aJIOMHHHS, TAK KaK OH MOXeT COJepKaTh raunii

[Ipu ompefeneHHH MaJjblX KOMHYECTB TaJIIHA npoGy npeaBapH-
TeabHO OGoramaiT. [l 3TOro MPHMEHSIOT ocaxjieHHe deppouua-
HHIOM NOC/Ie NOGABJIEHHS H3BECTHOTO KOJHYECTBA UHHKA MM HHIHA
B KauecTBe BellecTB cpaBHenus. Takum myreM Moxer ObiTb Onpese-
neso no 0,01% Ga. PesynbTaThl peHTIeHOCNEKTPa/IbHOTO OnpejeJe-
HHsI TaJUTHS XOPOWIO COBMAfaloT C AaHHBIMH CNEKTPaJbHOro METOLA
B myre [848]. Merox pekoMeH[0BaH /sl ONpee/eH s raljius u Ipy-
rHX PACCesTHHBIX 3JEMEHTOB B 3eMHOH Kope [1424].

Pentrenosckuil (ayopecuentHslii ananus [57, 66, 104, 776] npH-
MEHeH /51 KOJHYeCTBeHHON OIEHKH 3JIeMeHTOB, MNpPeJBapHTENbHO
pasjenennbix Ha katuonurte [1069], Hau npu momollu Xpomarorpa-
¢un na 6ymare (cmech Ga, In, Zr) [927], a TakXKe mpH aHaaH3e ap-
CeHHAHBIX CI/I4BOB, cojepxalux rajiuii [652], mpoxykTos, mouy-
YeHHBIX MIPH H3BJEUEHHH ra/iusa u3 yraed [141, 142] u mapraHleBbIX
pyx [1270]. B nocaeanem ciygae onpeaensior 10— % Ga.

PAJLHOAKTHBALLHOHHBIE METO/Ibl

UyBCTBHTEJNBHOCT, BCeX pACCMOTPEHHBIX METOA0B — aHa/H3a,
naxe ¢ NIPHMEHEeHHEeM peBapHTeJbHOr0 KOHUEHTPUPOBAHHSA, OKa3bl-
BaeTCsi HEeJLOCTATOUHON IS MCCJAEOBAHHS BelleCTB BbICOKOH HHCTO-
THI, IPUMEHSIEMbIX B NOJYNPOBOJHHKOBOH TeXHHKe. BoJsiee BBHICOKOH
YyBCTBHTENBHOCTBIO 00sa/1aeT paJiHOAKTHBALMOHHBIH aHAJH3, OCHO-
BAHHBIl HA SEPHBIX peakUHsAX 3JeMEHTapHBIX YaCTHI( C 3Je€MEHTa-
MH, BXOASIIIMMH B COCTaB aHaJH3HPYEMOrO BellecTBa [1058, 1111].
AKTHBalHOHHOEe ONpejeNeHne CJaeloB NpHUMecei MOMKEeT OBITH OCY-
IIeCTBJEHO B JBYX BapHaHTaX: paflHOXHMHYECKOM W CNEKTPOMETPH-
JeCKOM. :
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TaGauuna 24

AKTHBAUHOHHOE onpefejaeHne rajnus

BapHaHT aKTHBAlHOH-

Criocof BHIJIEJIeHHs T"aJJTHA

OB BeKT HOTO ONpefieseHus n3 o6pasna JluTepaTypa

HCl, HNO; PaHOXHMHEYECKAH SKCTpaKLMs  AlleTHIAIeTo: 1935, 1110]
HOM

CrieKTpoMeTpHuec- — [431]
KHI

Bopa To xe oL [431]

H.0s PajguoXuMuuecKuii | DKCTpaKIHA ALETHIALETO- [935]
HOM

Cu To xe OcaxjeHde B BHJE THIpPO- [736]
OKHCH, 3aTeM SKCTpaKuys
xJiopHza 3pupoM

ZnS » — [1128]

Al » SKcTpakiua hHPOM; IKCT- [266, 267,
paKUHs OKCHXHMHOJHHOM B A1, 42,
xnopoopme; OCamJeHHe B Bl6; 60T,
BHJE OKCHXHHOJIMHATA: HOH- 609, 683, 753,
HEIH O6MeH 791, 915, 959,

1017, 1164,

1350, 1443]

Crektpomerphuec- | Mounstii ofmex [411, 431,
KHi 717, 718, 738,
M4, 958, 959a

969, 1078

1206, 1239,

1355, 1445]

Al,O4 To xe —_ [431, 1388]

AnoMoaMMOHHH- | »  » — [1388]

Hbi@ KBaCILbl

AOMHHHEBBIE » ¥ — [718, 738]

CIIaBHl

In » - [226]

Tl ».o» kerpakuns 8, B'-muxsop-| [31, 226, 413]
STHAOBHIM ~ 9(hHpPOM M3
10 N HCI

Ipadur » » - [431]

Si » » Vomuui ofMen; sxcrpak-|[182, 227a, 228,
1usi 3QHpOM 335, 431, 1158,

1395, 1404]
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TpuxaopcHAaH ¥ Vonnpiit ofmMen [1440]




Ta6anua 24 (oxonuarue)

O6BeKT

BapHaHT akTHBALHOH-

HOrO OnpejiesieHHs

Cnoco6 Bhifle/IeHHs Taaiaus

u3 ofpasia

Jlutepatypa

Ge
Zr

OKHCL 0710Ba
Pb

P

Nb, Ta
Sb
5

Se
Fe

JKenesnwie
TEOPHTHI

Cnech
cosed

Me-

YHCTBIX

Hoaynposoansu-
KOBble MarepHa-
JIbl

Cniabl

Pyau

Fe—Zn—Cu,
cyabuaHbe py-
Jbl

Topxble NOPO/JibI

Oprannyeckue
COeiHHeHHs
Buosoraueckue
MaTepHaJbl
(KpoBb, CcemeHa
TOMATOB)

CrekTpoMeTpHyec-
KHil

To xe

PafsoxHMHUSCKHH
To xe

CneKTpoMeTpHuec-
Ky

To me
Papox iMHdeCKHI
To xe

» ¥

> »
CnexTpoMeTpHyec-
KHit

PapsoxuMHUecKHil

To xe

CnexkTpoMeTpHuec-
KHit

PanHoxaMHuecKHi
To xe

CrekTpoMeTpHuec-
KHH

PainoxiuMH9ecKHit

CrneKTpoMeTpHiecKiii

PaiHoXHMHYECKHI
To xe

CreKTpoMeTpHyec-
KHii

Hounwii o6men
OkcTpakuus 3hHpoM

To xe
JKCTpaKLHA  aleTHIalero-
nom npu pH >3

Hounnlii o6Men

To xe

Ocaxenne B BHJE THJPO-
OKHCH

Ocaxjenie B BHJE THAPO-
okucn (cyJbduna)
IKCTpaKUHs 3upom

AKCTpaKuHa  aleTHIalero-
som #3 1 N HCI; sker-
PAKUHs  ALETHIALETOHOM
npu pH 2,5; sKcTpakuust
pacTBOpPOM  JHITHJUITHO-
Kap6amMHHaTa B 3THJAleTa-
Te; SKCTPaKIUHS H3OMPOIH-
noBbiM ahupom 13 7 N HCI
Skcrpakuus {3, B'-auxiop-
LM3THJIOBBIM 2(HpOM H3 CO-
JITHOKHCJBIX PacTBOPOB

DKCTpaKIusA  AUETHIALEeTo-
HoM mpu pH>3

DxeTpakuus  supoM M3
6 N HCl; xpomarorpadus
Ha Gymare

Hounniii o6meH

Skcrpakuus  3QHpoM  H3

6 N HCI
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B paanOXMMHYECKOM BapHaHTe AJf BLUIEJCHH rajiins H3 00-
JydeHHoro ofpasiia HCIOJb3YIOT 3KCTpAarHpoBaHue rajausg JAMSTH-
noBbiM 3dupom [257, 335, 608, 609, 612, 669, 1130, 1250], uaomponH-
qoBbiM 3dupom [934], auernaaueTaToM {932—935, 1110}, pacTBopoM
oKcHXHHOMMHA B XJa0podopme [1350, 1443], pacTBopoM AHITHIAHTHO-
kapbamara B 3THJaleTare [934], ocakjeHue B Buje FHAPOOKHCH
[197, 606] nau OKCHXHHOJHHATA [1164], a Takxe HOHHBIH obMeH
[230—232,. 351, 419, 632, 634, 1017, 1440]. OxonuaTe bHO raJJni
0CasKIal0T B BHAE OKCHXHHOJIMHATA HJHM THAPOOKHCH, a 3aTEM HaMe-
palorT aktuBHOCTh Ga’® Ha cueTdHKe [eiirepa — Mionsiepa.

B chnekTpoMeTpHYeCKOM BapHaHTe aKTHBHOCTDH o6Gpasyos Hemno-
CpeCTBEHHO Mocje O0JyUeHHs HJH TMOCIC OT/leJIeHHsT MaKpOKOMIIO-
HEHTOB H AKTHBHOCTb 3TAJOHOB ONpEJE/seMbIX 3/1EMEHTOB uamepd-

. 0T Ha CHUHTHJJISUHOHHOM ’Y-CHEKT})OMETPE ¢ MHOTIOKaHaJabHbIM aHa-

JM34TOPOM HMIIYJIbCOB, & pacuer KOIHYeCTBa npumeceil TPOBOAAT
no maoniafamM (OTOMHKOB COOTBETCTBYIOLIHX IHEprHil pajiHOaKTHB-
HBIX H30TONOB B obpasle H 3TajoHe {17,1000].

PaipoX¥MHYECKHil BapHAHT aKTHBAIMOHHOrO aHa/H3a 3HAUN-
TebHO GoJee TPYLOEMOK, HO AaeT HyBCTBHTEJLHOCTb Ha 1—2 mno-
psifKa Bhille (10-7—102% Ga), uem CHEKTPOMETPHUECKH]T BAPHAHT
(10-5—10-"% Ga).

B ra6.. 24 npHBeseHbl IPHMepbl ONMpeeenis ra/lims B pasJiui-
HbIX BEILIECTBAX C HCNOJb30BaHHEM OOGOHX BapHaHTOB AKTHBALHOH~
HOrO aHa/u3a.

[Tpu ompe/ieieHHH 1 10-%— n-10-59% ranaud B NOJAUMeTaJIHHE-
CKHX PyAaxX H KOHUEHTPaTax HCMO/b30BAH METOA H30TONHOro pas-
Gapaenus [304]. Tanauit oTAENAIOT sKeTpakiueil 3GupoM u onpene-
0T (PIyOPECUEHTHBIM METOAOM C 8-okcuxuHoauHoM, Merton mpume-
HeH TaKKe Aas CyGCTeXHOMETPHUECKOro Onpejle/IeHus C/e108 MeTall-
nos [1350]. Tanunit mpu STOM OMpPejestiorT B BHIE KoMiJaekca C
SJITA ¢ ucnoab3oBaHHaM PaaUOH30TOMNA Gab? (T:, =78 uac.) Koc-
BeHHbIM NyTeM Tra/Jiil MOxer ObiTb ONMpereseH Mo H3MepeHHio akK-
rusHocTH ocanka [Co(NHjz)eGaFs npu HCnoab30BaHKH H30TOMa
Cof0 (B- M y-H3TyUeHHe) [1386]. as 4—250 mre Ga omubKa onpe-
neJeHHsl COCTABJISET 10%. Onucan Takxke paﬂnoxuMqucmﬁ aHaJaH3
cmecn Ga, In u Tl Ha cOOTBETCTBYIOLLHE 3TEMEHTBI € npuMeHeHHeM
MeTOLOB pasje/eHHs [1387].

NOJSPOTPA®HYECKME METO/LbI

[Monsiporpaduyeckue MeTOMbI UIHPOKO npuMeHSIOTCA I Ofpe-
Je/lenus Tajqis B pasiHuHbix OOBeKrax, XoTd, Kak npaBHIo, Tpe-
6yIOT ero NPelBapHTENbHOrO OTIENEHHs OT Melamux 2J1eMeHTOB
[415].

Taxkaru [1382], npumenss 0,1 N HCI, ne Hatues BOHEI BOCCTAHOB-
MeHus raJjJus B ero Kpacuax, OAHaKoO B 10-3 N pacrsopax HCI n
HNO, ranauil BOCCTaHaB/JHBAETCH B IPH Ey, =—1,36 6 [1442]
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B H;SO,, nompo6Ho MHAKIO, FalJHil He BOCCTaHaBJAHBaeTcs, TaK Kak,
no-sBHgUMoMy, o6pasyer kommiaekc. Bo/see KOHIEHTpHpOBaHHBIE KH-
CJ0THl MPUMEHATh HeJb3sl, B MPOTHBHOM CJlydae Ha BOJHY rajljiHs
Gymer HakKnaabiBaThes BOJAHA HoHoB H*, mnogBasiouiasicas mpH
—1,68 @ [1377]. B HeiiTpaabHBIX pacTBOpax COeIHHEHHS TaJjJiHs THI-
poausyiorcsi. B pactBopax eiKoro Hatpa raJuiHi He BOCCTaHaBJ/IM-
paerca, a B 0,2 N NH,OH ou BoccranaBiuBaeTcsi NMPHOJH3HTEILHO
npu — 1,6 8 (Hac. k. 3.).

Ha ¢one KCI npu pH 2,9 Bosna ranius eisa 3aMerHa, HO OT-
nensiercs ot sosubl H* yxke npu pH 3,5 [1377, 1378]. Tlo mepe mno-
BeilieHuss pH BosHa ranaus B peaysabTaTe THAPOJIH3A CHHIKAETCH,
npu pH 5,35—6,35 oHa He H3MeHsieTCs, HO BHOBb cHHxkaercs npu pH
>6,35. ITostomy pekomennyior [1378] onpenenate ranauii Ha (oHe
KCl1 npu pH 5,35—6,35.

[lannuit o6pasyer XOpoILO BbipaKeHHLIE BOJHHL B pacTBOpax
1 M NH,Cl+1 M NH; u 5 M NHs+1 M NH,CI [1100]. B Ta6a. 25
NpHBeNEHbl 3HAUEHHS MOTEHIHAJIOB NMOJYBOJH H BEJIHYHHBI KOHCTaHT
NG GY3MOHHBIX TOKOB Ta/JHs B Pa3jHUHBIX 3JeKTpoanTax. Muoro-
YHC/IEHHblE PAaCTBOPHEl 3JIEKTPOJHTOB, HCIBITHIBABUIHECS B KayecTBe
«(OHOB» mpH moJsiporpadHueckoM olpeleJeHHH Trajaus, AaKTCd
B (yHaaMeHTaqbHOM pykoBoicTBe Maiiteca [1095]. Kenatun casu-
raet nmoTeHUHaJ MOJYBOJHBI rajjausa K OTpHIIATE/JbHBIM 3Ha4YE€HHAM B
AMMHAYHLIX PACTBOPAX H K MOJIOXKHTE/NbHBIM — B pacTBOpe XJA0pHIA
KaJins.

Ta6numa 25

Motenunaas moaysomu (E, /.) M KoHcTauThl AHddy3HoHHbIX ToKOB (K)
ans raaaus [1100]

By, A

DneKTpoIHT (nac.:..a.). Mm/n’f.!;t!#bfd e TPOSHT (uac.:ﬂc‘.s.), ”m/;&wb“
AMNH,CI+1MNH; | —1,58 6,01 0,2M NH,F —1,4 7,87
1AM NH,CI+-5M NH; | —1,58 4,51 0,1M NaF —1,42 4,72
0,1M KCI —1,10 4,04 0,05M Na,SO, | —1,21 6,53
1,0M KCl —1,23 6,9 0,1M KNO3 —1,12 6,27
0,1M NH,F —1,38 | 4,87

Ocuuanorpagpuueckum Mmerogom Muuka [1100] mawen, yro xa-
TOJAHAs BOJHA TaJ/Hsg HMeeT KHHeTHYeckHil xapakrep. Ocuuanorpam-
Mbl TaJIisi B AMMHAYHBIX H XJOPHAHBIX pacTBOpax MAeHTHuHH. Boc-
craHoBaenHeM ranaauss B pactBope 1| N NH3+1N NHCl (Ey, =
=—1,45 6, H. K. 3.), | N NaOH (E:, =—1,28 g, H. K. 3.) H B HEKO-
TOPBIX JPYTHX 3JEKTPOJHTax 3aHuManca Takxke EpxaGex [{940].
B pacTBope KOHIEHTPHPOBAHHOTO aMMHaKa raJjJiuii faer IJIOXO pas-
BHTYIO KaToaHylo BoaHy [799] ¢ E., npuGausurenbdo —I1,83 6
(Hac. K. 3.), KOTOpbIil mocJie npubGaBjaeHHs XJIOPHAAa aMMOHHS CABH-
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raercst B cTopony GoJee MOJOMKHTEbHbIX BesHunn (Talur. 26). Jlyu-
1ie Bcero BoJHa pasBHTa B 13 M pactBope aMMHaka, co/epiKaiieMm
2 M NH,CI, Ey;, =—1,60 8 (nac. k. 3.). DTy cpegy MOKHO peKOMen-
[0BaTh A5 KoJHYecTBeHHoro ompefedenus 1-10-3—1-10° M Ga.

Ta6nuua 26

3asucumocth E,; TPEeXBaJeHTHOTO rais ot KOHUEHTpauuH
NH,OH u NH,CI [169]

Komientpa-| Konnentpa- Ey) Koruenrpa-| Konuenrpa-
H

s ouA ! 2 oHs M E;/’ (Hac.K.9.), @
NH,OH, M | NH,CI, M | (Hac.K.3.), & INH,OH, M | NH,.CI, M

13 2 —1,60 — 2.5 ——

13 1 —1,64 45 0,5 —1,69

13 0,5 —1,68 3.0 125 —1,64

13 0,1 —1,74 0,25 2,9 T170X0 BBIPAXKeHHAs
BOJIHA

13 — —1,83 6,5 2,0 —1,61

Fe3+ cumpHO Memaer onpefeneHHio rauius. Ilpu OTHOUIEHHH
Ga:Fe=1:20 agcopOuusi ranaus CHApaToM OKHCH XKeJe3a JOCTH-
raer yxke 100%. Anomunufi 1 Turan npu ornowenun Ga:Al (Ti) =
=1:1 3HauWTeJbHO TIOHMIKAIOT BbICOTY BOJHHI rajins. HeGoabioe
koanyectso Al(OH)s (mo 4 me Al/50 ma) pacTBopsiercst B HaChILIEH-
HOM aMMHaKe H He Memaer ompejenexuio. ITpucyrcTBre BaHalaTOB
HeXKeNaTe/bHO, a HUTPAThl MOJHOCTBI YHHUTOXKAIOT BOJIHY TaJlIHs.
Hu:ke TpHBEAEHH BeJHYHHbI TOTEHIHAJIOB TOJYBOJIH HEKOTOPLIX
HOHOB, 06pasyiounx B cpese 13 M NHsOH u 2 M NH,Cl ammuakarsi.

Hon Et/‘. (Hac. K. 9.), @ Hon E'/n‘ (rac. K. 9.), @
Cu?+ —0,42; —0,665 Co?t —1,56
Niz+ —1,40 Zn2* —1,53
Cd*+ —1,02

Ammuaunsiit pou B npucyrersun NH4Cl 6bin npruMeHeH A/s Onpe-
JlelleHus raJJHdg B THHO3eMHbIX Martepuasax [1169], a Takke B oT-
X0Z1aX MOJMMETa/NIHYeCKHX pyA, B Gokcurax [360] n Apyrux oGbex-
rax [201].

B ciyuae NPHCYTCTBHA B PacTBOpe repMaHus NMPHMEHEHHE XJIO-
pHAHO-aMMHAYHOrO (pOHA /1A OnNpe/iefeHHs ra/aHsa 3aTPYAHHTEJBHO,
TaK KaK B 3TOil cpejie MOTEHIHabl MONyBOJH 060HX METaJ//10B COBMa-
nator. Toaxoasimum ponom Moxer cayxuts 1 N pacrsop LiCl, Ha
KOTOPOM Tajsiuii o6pasyeT UeTKHe, XOpPOLIO BhIpakeHHbie BOJHBL.
Onrumanbhoe snavenne pH pactsopa 3—3,5; Ev, =—0,78 6. B atux
YCAOBHAX BO3MOXKHO onpeieneine 0,286—1,430 umoas Ga/a B npu-
cyrcreun ~ 1078 moas/a Ge u ~10-4—10-2 noao Ge/x [146].

V0BIeTBOPHTE/IBHEIE PE3Y/bTATEl NOAY4alOTCA MPH HCMOAb30BA~
aun B kauectBe dona pacrsopa 1,3 N NH,OH u 1,8 N (NH4)2SO,
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[332] (Ey, =—1,60-—162 & (nac. k. 5.). [lpu coxepxanun 0,01 —
0,3 M2 Ga/ma pactBOpa owmGka ONpeac/ieHHsi COCTABAAET JHIIb
0,02%. Onpenenennio MewawT Bee 3JeMEHTH, NOTEHLUHAAbl BOCCTA-
HOBJICHHAl KOTOPLIX GOsiee MOJIOKHTENbHbI, 4eM Y TaJJHs, N03TOMV
nepej nosasiporpagupoBaHueM TaaaHii OTAeAsIOT 3QHPHON IKCTpaK-
IHeH.

3acayKHBaeT BHHMaHHsl NOJSPOrpadUpoOBAHHE TAMIHS B OKCA-
JaTHLIX H aMMHA4YHO-OKCaJdaTHBIX pactBopax [293]. B 0,1 M pacrso-
pe maseseBoil Kucaotel (pH 2) ranamit BoccranasauBaerca mpw
Eiy, =—0,75 6. B okcasaTHBIX H aMMHAYHO-OKCAJaTHBIX pacTBopax
npu pH 8,6—10,0 oGpasyercs soana ¢ Ey, =—1,58=—1,60 8. [1pn
ITOM MOJy4aercst Xopolasi BOCIPOH3BOAHMOCTh KPHBBIX B IIHPOKOM
HHTEpPBaJe KOHUEHTPALHH Trajinsg.

Yno6ubiM hoHOM a5 NMOMYUEHHs OTYETJMBBLIX BOJH FajIHs CJIYy-
HAHT pACTBOD POJIaHH/lA KaJlHA MPH KHCJIOTHOCTH pactBopa He Gonee
0,03 N [521]. B 3THX ycaoBHSIX OmpejeseHHIO TAJIHSg HE MEIAoT
AJIOMHHHIL M XKeae30, HO MellaeT UHHK (Mpe/lesibHblii TOK BOCCTAHOB-
JIEHHSA MJI0X0 BBIPAMKEH NMPH BBICOKOM ‘COJep:KaHuu uuHKa). [pu BbI-
COKHX TeMmnepaTypax (opmMa BOJNHBI TaJJIus yJayduwiaercss u npubai-
HACTCH K TeOPeTHUeCKoil. YBeqHuHBAaeTCss NpH 3TOM H AHDDY3HOH-
Hbl TOK (pHc. 51).

Jmra et

é’&’/

80¢
i Puc. 51. IMoasporpammul raJ-
AR aust (100 me Ga/a) mpu pas-
HBIX TeMmepaTypax
é"émm v, t @oH: 5%-ubifi pacreop KSCN +
‘3 200 +0,01 N HCI
) 32
vy
g4

Ilpu poGasaennn 1 2 NH,Cl na 10 mua pacrsopa onpenenenuio
HE MemIaer jaxe 3sHauHTesqpHOE cojlep:xkanue unHka (0,5 o6bemu.%);
NOTEHIMAN MOJYBOJNHBI rajauss Ha 3ToM ¢one pasen —0,80 s
(Hac. k. 3.). AsTopel [521] pekoMeHAYIOT CAeayiOllHe YCAOBHs A
nossiporpaduueckoro onpeneaeHus rauaaus: ¢od —0,5 2 KSCN,
1 e NH,CI, 1—2 xanan tponeosnnna 00/10 2 pacTBopa; KHCJIOTHOCT
ot 0,005 1o 0,02 N no HCI; remneparypa 80° C. Tanauii onpenensier-
Csl MPH 3TOM ¢ TO4YHOCTbIO +5% B mpucyrcersun Zn, Fe n Al. Hagex-
HO" MOXKHO onpejenstb, oaxako, no 0,03 me Ga/l0 ma pacrsopa.
ITIpn menpmnx KoHueHtpauusix TpeGyeTcs TpeaBapHTenbHOE 06Ora-
IeHHe.

Ha ¢oue pogannaa ammonns npu pH 1,7—3,7 Boana raaaus 06-
pasyercs npu norenuuane — 0,85 8, ognako (popma BOJHLI HCKarmKe-
Ha YCTOHUMBBIM MakcumymoM. [lasi nojaBieHHs NOC/AeHero Henpu-
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rojieH JKeJaTHH W JAPyTHe TOBEPXHOCTHO-aKTHBHBIE BeULECTBA, Tak
KaK B HX NPUCYTCTBHH BOJIHA raJ/uinf He nospasercs sooobuie. [Tosro-
My moasiporpadupyioT Ha (GoHe poJaHHLA AMMOHHS JHOO IIPH IMOBLI-
uieHHbix temnepatypax (~80°C), nu6o B NPHUCYTCTBHH 3ITHJIOBOLO
cnupra, nojapJsiollero makcumym [124].

Bunorpagosa u Uynunosa [124] mokasanu, uro pactBopsl 60/b-
LIHHCTBA HEOPraHHYECKHX M OpraHHYeCKHX COoeJHHEHHH (mepxJjaopara,
HUTpara, XJIOpHJa, cyab(ara, pojgaHH/a, alerara, uuTpara, cyabpo-
caJuuuaara, Kommiekcona III) Hempuroaubl B KauectBe (oHa A4
KOJHYECTBEHHOTO ONpeleeH s Ta/1aHA BCAeACTBHE CAHIHHA ero BOJ-
Hbl ¢ BOJIHOH BOAOPO/A.

Ha ¢one 0,001 N canuuunosoil kucaorel npu pH 2,8-—3,4 asropnl
[124] monyyuau ans rannust OAHY 4eTKyl0 BOJHY 6e3 MakcHMyMma
NpH COOTHOMEHHH Kouuenrpaunit [Gal:[Sal]>7. Ilorenuuan nony-
BOJIHBI Ta/iusl Ha 3toM (oHe Ey, =—0,85 6 (Hac. K. 3.). [Ipu srom
Ha BOJHY Ca/JMLMJATA Tajl/JHs He OKa3biBaloT BauaHHA HoHbl Cl-,
SO, u NO;. Mexay BeqnunHoil MpeaeqbHOTO TOKAa W KOHIEHTpa-
Hell rajijiis B pacTBOPE COXpaHsaeTcs mpsMas 3aBHCHMOCTE B TIpejie-
Jnax KoHueHtpauui raaaua 1-10-5—5.10-3 moae/a. Herko BeipaxeH-
Has BOJHA BOCCTAHOBJEHHs Ta/lJiMs, BXOAAIIEr0 B KOMIJIEKC

Ga (CsH,OCOO0); , no meraanuueckoro nonyuaerces B 0,1 M pacrso-
pe caauuuaara Hatpus B npucytctBuu 0,1 M pacrsopa NaCl npu
pH 2,6—4,5 (£:,=0,988 6; Hac. K. 3.) [198, 200]. Beexenue B pac-
TBOP KeJaTHHA PE3KO YMEHbIIAeT BOJIHY IaJiHsl 1 yXyamaer ee dop-
my. Ilpouecc BoccranoBieHus raanusg HeoOpaTHM,

AnoMHHHIT M3 CATHIMJATHLIX PACTBOPOB HA PTYTHOM KAMeJbHOM
3JICKTPOJle He BOCCTAHABJAMBAETCS, UTO MO3BOJAET OIpeAe/ATh raJ-
nuil 0e3 TpeaBapHTeJNbHOr0 OTAeNeHHsl amoMuHHA. J[laxe mpu
2000-kpaTHOM KOJIHUECTBE AJIOMHHHsI B PAacTBOpe yAaeTcs KoJauuye-
CTBEHHO ONpPEJENUTh rajauil noasgporpapuueckuM MeroaoM. Keneso
B HeOOJBIIMX KOJHUECTBAaX He Mewaer onpepeqaenuio. As (III) Boc-
CTAHABJMBAETCS TMpPH MOTeHuHase, OAMIKOM K MOTEHIHATy BOCCTA-
HOBJeHHs raJausi; manpotuB, As(V) He Boccranasausaercs. Cu,
In, Tl u Pb He Mewaor noJsiporpadHpoBaHHIO, €CJH IPHCYTCTBYIOT
B HeGonbluux Koandecrsax. Or Mo, Mn, Sn, Zn, Ni u Co ranauil He-
obxognMo oTaennTh. Llenounsie u 1ie/q04HO3eMeNbHbIE METAJJ/IbL HE
memiaior. B npucyrcersun POJ - u F--HoHOB ocaxpaiores. COOTBET-
cTBeHHO Qocdar W ¢ropui ranaus, M BOJHA TAJJIHA HCUe3aeT
[26, 27). Tlpu HcnoOB30OBAHMH cajuiMIaTHOTO (oHa MOMHO Ompe-
aeqasTb oT | se Ga/a u BBIlle IPH YCJIOBHH OT/IEJNEHHs ero OT Mewaro-
KX 2J7aeMeHToB [26—29, 543]. B 0,02—1,0 M pacrBOpax mHpoKaTe-
xuHa 1 0,1—1,0 M KCl mpu pH 4—5 raannit BoccTanaBJHBAETCs HA
PTYTHOM Kamalouiem 3JekTpoje ¢ o6pasoBaHHeM XOPOLIO BhIpazKeH-
HOIl BOJHBI € MOTEHLHAA0M nojayBoansl ~ 1,0 8 (Hac. K. 3.). Beicora
BOJIHbI T'ajl/Insg BO3pacTaer NPOMNOPUHOHANBHO €ro KOHUEHTpalhH B
pactsope (pHc. 82). B pacTBopax NHpOKaTeXHHA TaJaHil MOXKHO
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Puc. 52. Tloasporpammsl  raanms

g2 B 0,005 M pacrBope nHpoKaTexuHa
u 0,1 M pacrsope KCl (pH 5)
28 I— ocraTounmit TOK; 2—0,202 MMOAA Ga/a;
3—0,438 mmoas Gala; 4—0584 mmoan Gaja;
24 5—0,876 smoas Ga/a
20

noasiporpapupoBats Ge3s oraese-
HHS JKeje3a, aJIOMUHHA H KoGaJbTa
{202, 203].

Llnuk u HHKesp Ha (OHE MHpPO-

Luna moKa, oy wka o
=

=3

| L ] 1 1 !

‘2@5_37 -89 -1t -13 15 -17£4 Karexuna u KCl BoccranaBiuBaloT-

{

sl NPH TOTeHIHaaax, GIH3KHX K mo-
TEHIHANy BOCCTAHOBJEHHS Ia/lIHsl, MOITOMY HEOOXOAHMO NpeaBapH-
TeJbHOe oTaeneHHe rajaus. [Torenuuanst nmoaysoan Cu, TI, Pb, In,
Cd u Ga ornuvarores Ha 0,3—1,0 6, uTO 1aeT BO3MOKHEOCTb MOIYYATh
pasae/ibHble BOJHbI 3THX 3JEMEHTOB H Ta/l/Iisi NPH KOHLIEHTpPALMX
HX B PacTBOpE OJHOTO MOPSAKA. ;

As(III) u Sn(II) HeO6XOAHMO BOCCTAHOBHTB A0 BHICUIMX BaJCHT-
Hocredl. Ha done cmecu 0,1 M KCl — 0,25 M rauuun npu pH 7,5—
8,0 MOXKHO ompenensaTs raaauii B ero 2+ 10-5—1-10-3 M pactBopax
[1346]. Ev, =—1,52 @ (uac. k. 3.). MemaioT Gosblune KOHIEHTPallHH
Cu, Cd, Pb, Sn, Zn, Ni, Co w ocoGenno Fe?+ y Mn. [Tostomy raJ-
JIHH TIPeJBAPHTENLHO IKCTPATHPYIOT cMechbio GeHsona ¢ GyTHaaleTa-
Tom (4:1) us 6 N HCI.

Omucano onpenenenne 4-10-6—2-10-3 mose Ga/a B mpHcyT-
CTBHH HEGOJIBIIHX KOJHYECTB aJIOMHHHS B PACTBOpPE HX KOMILUIEKCOB
C HAaTPHEBOfi COJbLIO 5-cy/b(o-2-0KcH-a-6eH30/1-a30-2-HadTona [727].
[onsporpaduposanne mposomst npu pH 5,53 (aueraTHblii Oydep-
Hblif pactBop) B mpucyterBuH KCl u kematuna. Ey, =—0054 s
(Hac. K. 3.). Memaior onpenenennio Cu, Fe, Zn, Ni, Ti u Pb, nosro-
MY HX NpeABaPHTENbHO OTAJAI0T BOCCTAHOBJICHHEM HA PTYTHOM Ka-
ToAe mpu nore’uuasae or —I,1 go —1,2 8.

Bosmoxkno onpenenenne 0,05—0,50 sz Ga/50 ma, ocHOBaHHOe Ha
BOCCTAHOBJIEHHH KOMILIEKCA €ro ¢ 3PHOXPOM (HOMETOBHIM Ha (oHe
auerarioro Gydeproro pactsopa ¢ pH 4,6+0,1 [1016]. Ei, =
=—0,30+-—0,43 8 (nac. K.3.). Memaor Me/Ib, KeJe30 U aJIOMHHHIL.

Koceennniit nomsporpaduuecknii MeTon onpegeneHHs rasius
(3-10-5—3-10-* M) ocHoBan na BuTecHennn Cd?+ H3 ero KOMIJieK-
ca ¢ nuamuHumkiorekcad-N,N,N’N’-rerpaykcycHofi kucaoroir (I)
neiierBuem uoHoB Ga®t (pH 2—3,5). Kagmuit noasiporpadupyior Ha
done aueratnoro Gydeproro pactsopa ¢ pH 4,5—4.7 [978, 979].

K 5 ma cnaGokucsoro aHaiMsupyeMoro pactBopa rajJiua npHOaBaAOT 3 M2
0,025 M pacrsopa xommnexca kagmusa ¢ I, 3 ma 1 M CHsCOOH, 2 xanau 0,1%-
HOrO pacTBOpa KCHJIEHO/IOBOTO OpaHMeBOro M HarpesaioT o 70°C (mas koauue-
CTBEHHOTO BBITECHEHHS KaIMHf H3 ero KOMHJ’]EKCE). Ilo OXJ1aX1eHHH BBOAAT 3 ma
1 M pacreopa CH;COONa, pasGasasior Boxoft 10 25 Ma M noasiporpagupyIoT.
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B nosnyueHHBll peayJsTaT BBOAAT NONpPABKY HA X0J0cTOl onbiT (noasporpadHpyior
pacrBop, cofepxamuii mo 3 M2 CH;COOH, CH3COONa u pactBopa KOMILIeKca
Kazamus ¢ pearentom I B 25 ma pactBopa).

AJIIOMHHHA ¥ MHIH{l PearHpyior ¢ KOMILVIEKCOM KajaiMHsi aHajo-
THYHO Ta/VIHIO, O/IHAKO PEaKlHi0 aJIOMHHHS MOMKHO MacKHpPOBAaThb
npu6Gasnennem NaF. B stom cayyae mMeTox npurogen ams omnpejesne-
HHS rajiua B NPUCYTCTBHH 350-KpaTHOTO KOJMHYECTBA aJIOMHHHS.

B npucyTCTBHM HMHIHS B OJHO# NMOPUHH PacTBOpa ONpeesioT
ONMHCHIBAEMBIM METOJOM CYMMY HHJAHA H TajJHs, a K Apyrof mopuLHU
npubasasior | xa 5%-noro pacrsopa (NHy)2Co04, npensteTsyioute-
ro peaklUHH Tajjadsi ¢ KOMIJIEKCOM KaJMHS, H ONpelefsioT OLMH
nuauit. Ot apyrux saementos (Fe, Ti, Co, Mn, Zn, Cd u ap.) raanuii
OT/LeJISIIOT IKCTPAKLUHeli MeTHIH306YTHIKETOHOM H3 pacTBopa, 7 M no:
LiCl (mocse Boccranossenusi Fed+ ackopOHHOBO#H KHCJIOTOM).

Hasi onpejesieHnss yJIbTPaMHKPOKOJHYECTB TajlJiHsi B MaTepHa-
Jlax BBICOKOj YHCTOTHI Bce GOsblllee 3HaueHHe NMpHOOpeTaeT MeTOJL
aMaJbraMHoi noJigporpaduu Ha cTallMOHApHOH PTYTHOH Karuie CJiu-
HeilHO MEeHSIIOLIHMCsl noTeHUnasom [449].

3axapoBsim [194] Gblia W3yueHa BO3MOIKHOCTL MOJy4YeHHs AHOI-
HbIX 3y6uoB raanus Ha ¢done 0,1 N KSCN; 5103 M canuuuaosoi
kucaote; 0,1 N pacrBopa canuuunata watpus u 0,1 N KCI4+0,1 N
caquuuaar Hatpusi (puc. 53). pH pacTBopa mensiiach B mHTEpBaJe
3,6—6,3. Ha poaanunHom ¢oHe aHOAHBIA 3y6el AJS Ta/Jius MOJY-
YHTL He YAaJ0Ch, XOTS KaTOAHble NojsporpaduuyecKde BOJHBI FaJ-
Jusi Ha atoM (oHe ObIH H3ydeHbl [521].

Maxcumasbnasi UyBCTBHTE/NBHOCTb OMNpeJeseHHs] TaJJjius npu
—0,75 & (nac. k. 3.) Ha ¢oHe 0,1 N canuuuaara Hatpusi (rayGuna
aHofHOrO 3y6ua 2 mm) pasHa 2-10-8 moab/s. Ha BeICOTY 3y6ua ras-
Jaus He BauslT 1000-kpaTHele KojHdecTBa BHcMyTa, 100-KpaTHEIE
Sn(IV), In3+ u Cd?+, 20-kpatusie Pb?*. 10-KpaTHbifl H36LITOK Mean
nofasJsier 3ybel raniaus (obpasyeTcsi HHTEPMETAJIHUECKOE COedH-
HeHHe MeW H rajiua B pryTH). [Ipu TpexkpaThHOoM KOJHYeCTBE LHH-
Ka 3yOLbl IHHKA W TajJJIHg HaJlarawor-
251 IPYT Ha Apyra.

Ha tone 0,1 N canuunnara Hatpus 2 >£
n 0,1 N KCI (pH 5) nposeneno onpe-
nenenne 1075% Ga B MHAHH BBICOKO# 1
YHCTOTHI MOC/Je OTAENeHHA TaJlTHA -
3KcTpakuHei [474] u B 0J0Be BLICOKOH BN e

5%

Puc. 53. KaTtoanas u anoanas NoJAsporpaMMel
rajms

®oun: 0,1 N pacrsop KCI+0,1 N pacTeop caiu-
SV

nuaata Hatpua, pPH 5; 7 u 2— karoanne nuku c
noreHynanamMd ~—1.2 u —1,6 & (1ac. x. 5.)

I1— Ga*++3e—> Ga; 2— karaautHueckHfi  ayGen
Bofiopoda; 3— aHOLHBIR ayGer rajaums

g4 ngs LR LE " 2
(nac.x.3)
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YHCTOTHI MOcCJe YAadeHHs OCHOBHl B Bume SnBry [195, 473, 475].
StoT Ke Mero[ OblM MpHMeHeH K H3yueHHio oOpasoBaHMs HHTEpMe-
TaJIMMYecKHX coelHHeHHel raanus ¢ Meanio [471].

BacuabeBa u Bunorpamosa [113, 123] ompenensind rannui Ha
CTaUHOHAPHOM PTYTHOM 3JeKTpode ¢ cepeGpAHBIM KOHTAaKTOM Ha
done 0,1 M camuunnosoit kucaorsl u 0,1 N NH,Cl (pH 3). Ilocae
3/1€KTPOJHTHYECKOTO HAKOMJIEHHS! rajanil obpasyeT MHKH aHOJHOTO
pacTBopeHusi npH norenuuase —0,9 6. LIMHK MellaeT onpejeneHHIO
yze npu otHowlednd Ga :Zn=1:2. AJOMHHHUII B 3THX YCJAO0BHAX 00-
pasyer GoJee IPOYHBIH, YeM Yy Ta/JHA, KOMILIEKC C CaJHUHJIOBOM
KHCJAOTOH H noJsiporpaduuecky He oGHapyKHBaeTCH,

Ipu onpenenennn 10759, Ga B a/qIOMHHHH BLICOKOH UHCTOTHI MO-
Asiporpad)upoBanye MNPOBOAAT Ha (hOHe cajlMLMIATa AJNIOMHHHS H
0.001 M canuuuaosoii KucaoTH. [Ipy 3TOoM raanuit odpasyer anoj-
Hble ITUKH, TPONOPIHOHAJNbHEE KOHILEHTPAUHH ra/ulis NMpPH NOTEHUHa-
ae — 0,80 e. Lluuk Ha sTom ¢oHe oGpasyer aHOAHble NMHKH NPH [10-
tenuuane — 1,0 6. Takas pasnnlia B BeJqHUYHHAX MOTEHIHAJOB MHKOB
MO3BOJISIeT MPOBOJAMTL ONpejle/eHHe rajjHsg B MNPHCYTCTBHH LHHKA.
[Tpu naseckax Al>2 2 HeO6XOAMMO OTAJSITh FAJMIHA OT AMIOMHHHS
sKcTpakuueii 3UpPOM, B MPOTHBHOM CJyuae BeJeACTBHe OGOJIbLIOI
EA3KOCTH PACTBOPOB HYYBCTBHTENBLHOCThH OMPELENEHH PE3Ko YMeHb-
1Iaercs.

Caranuepa [440] ucnosb3oBajia MeToJ aMaJbraMHOH NOJASPOrpa-
(UM a8 H3YYeHHsl aHOJHO-KATOAHOrO NOBEJeHHs TaJJIHs B Pasjny-
neix pacrBopax: 0,01—7,5 M KSCN, 0,1 M KNOs, 2M HCI, 0,5 M
KCl, 1M NH,OH+1M NH.CI, | M CH;COONa. B orauuue ot
UMTHPOBAHHLIX Bhille patGor [113, 194] aBTOpOM yCcTaHOBJAEHO, UTO
MOTeHLHAa, T AHOAHOH MOJYBOJHBI TaJJiHg 3aBHCHT OT KOHILEHTPALMH
SCN- (s 0,01; 0,1; 0,5; 1,0; 3,0 u 7,5 M pacrBopax KSCN on pasen
cootBercteenno: —0,68; —0,73; —0,79; —0,81; —0,83 u —0,86 8).
[ToTeHKa BOCCTAHOBJEHHA ra/liig oOnpefeaserca peauuuHoil pH
pactBopa: npu pH<4 B pacrsopax KSCN BoccranoBieHHe rajnus
npoucxofuT npu norenunane or —0,89 xo —0,92 8, a ecan pH>4,
TO BOCCTAHOBJEHHe HabJuiofaercss Opu nNoTeHuHarax or —I1,2 go
—1,5 8, B 3aBHcHMOCTH OT KOoHIeHTpauuu SCN-—.

[TpomopunoHaabHas 3aBUCHMOCTb MEXAY KOHUEHTpaluefi aMalb-
raMpl TaJJdsi H BBICOTOH aHOAHOH BOJHBI COOJIONAETCH IPH H3Me-
Henuu nepsoit B mutepBate 2-10°—10-10-3 mors Hg/a. Kosphdu-
HeHT AHG(OY3HH aTOMOB rajjus B PTYDH paBeH 5,56 10— cm?/cek.

s onpenenenns 0,1—1% Ga ucnob30BaH METOJ, IMEepeMeHHO-
Tokosoil noagporpacuu [1178]. M3 paga ncnbTaHHBIX 3JEKTPOJHTOB
8 Kauecrse (ona sei6pan KSCN B paz6asnennoit HCI. [Tuk naxoaur-
ca npu —0,87 8 (Hac. K. 3.). JIluHeiiHoe OTHOIUIeHHe COXPAaHAETCS
sbire o6aacti 0,5 ~ 1,2 mmoas Ga. Memator onpenenennio Cu, Co,
Zn, Hy0s, cyabdocanuuuaoBas kucaora, rHomouesuna u IJATA.

IToT ke MeTos ObLT NPHMEHEH K ONMpELeqeHHIO TajlJks B HKejese
u craqu [947] (cm. crp. 206).



TFarasgaV

OMPEAEJIEHHE TAJIJIHA
B MPUPOJAHBIX H MPOMBILIJTEHHBIX OBBEKTAX*

ONPEAEJEHHE TAJJIHG B MHHEPAJIAX H PYJIAX

B 3aBHCHMOCTH OT NPHPOJbl AHAJH3HPYEMOro O6beKTa mepeBoi
ero B pacTBOp /Js NOCJAEAYIOIEro ONpe/ie/enns ralins MOKeT GbTh
OCYIIeCTB/IEH pPas/HYHBIMH NYTAMH.

BoKCHTbl M CHJIMKATBI pa3aaraloT (TOpHCTOBOMLOPOAHON H CepHOi
(WIH XJIOpHOH) KHCJIOTAMH 0 MOJIHOrQ yAaJieHHsi KpeMHHsdA, 3aTeM
crasasiior ocratok ¢ KHSO4 uan ¢ KeS207 1 pacTBopsiiorT 1jas B
HOCI {5 1

CyabhuaHBle pPyAB BCKPHIBAKOT LAPCKOH BOJAKOM, CMeChio
30% -noit HyO3+HCI; au60o cmechio LapCcKoH BOAKH H OGpoMa; CHJIH-
KAaTHYI0O YacThb PYyAbl OT(HIAbTpoBIBaloT M pasnaraior HF+HSO,,
a OCTATOK CIJIABJSIOT C MHPOCYJ/b(paTOM KaJHs.

Pynbl UBeTHbIX METAJIOB NePeBOJAT B pacTBOp o6paGoOTKOM KOH-
uentpuposantoit HNO; win mapckoit Boxxoi. llpu Gosbiiom co-
nepxanun SiO; npumensiior cMech HF, HNO3 w HoSO4.

Harpepauue ¢ (propugom ammonus npu 400°C npumensiior Ans
pasjoXeHHss HedeJHHOB H CHJHKATOB, [JIMHO3eMHble MaTepHa/bl
CIJIABJSIOT C MHPOCYAbHATOM KaJHA H MJIaB PaCTBOPSIOT B COJISHOM
KHcJoTe. M3BiedeHde rajjiusg H3 repMaHHTa B PacTBOpP HPOBOAAT
430THOH KHCJIOTO# JH0O0 ClJaBjeHHeM TOHKO H3MeJbUeHHOH pPyJsl C
€JIKHM HaTPOM B JKe/Ie3HOM THIVIe H BbllleJJayHBaHHEM IJaBa BOJOH
[1314]. IToutu Bce raasuiicojgepiKalilie MHHepa bl MOXHO NMepeBecTH
B pacteop cmaasienneM ¢ Na,CO; m 06paGoTKOil miaBa COJNAHOH
kucaotoit [190, 215, 377, 500, 564, 975, 1193, 1194].

[To panupim Csudra [1376], npu BHIMapHBaHHH COJNAHOKHCJBIX
pacTBOpOB COJefi TajJaHs J0CyXa Ha BOASIHOM (aHe MOTepPh TaJJHA
He HaOatonaerca. OgHako He CJeAyeT OCTaBJATL COJNAHYIO KHCJAOTY

* Meto/bl palHOAKTHBAUHOHHOTO ONpele/ieHHs Ta/JiHisd B MHHEDAJLHOM ChIpbe,
NPOMBILLIEHHEX MaTepHajax ® GHOJOMHYECKHX MNpoGax HM3/OMEHH B COOTBETCT-
BywomeM paszene ra. IV.
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H JIeTy4YHe XJOPH/Ibl B COCIHHEHHSX Ta/iHs, MOJJekKalluxX MPOKasH-
BaHHIO.

[Ipu ompeienenun rajsnus B MHHEDAJTBHOM CHIPLE I'PaBHMETpHYE-
CKHe METOJIbl OYTH He npuMeHstOTeA. Ecau e HX g NPHMEHSIOT, TO
GepyT Gosbmiyio Hasecky (100 2) u mpeaBapHTENbHO KOHUEHTPHPYIOT
raJJIIH.

[Tpu ananuse chasepuTa M KeJe3HBIX Py KOHLEHTPHPOBAHHE
raJJjinsi POH3BOAAT THOCYIB(ATOM HATPHS M3 PACTBOPA, MOJYYEHHO-
ro mocJie BOCCTAHOBJIEHHS MeTajaHdeckum uHkoM. Ocamok mpoka-
JIHBAIOT, CIIABJSIOT ¢ GucyabhaTtoM Kaums, pactsopaiot 8 HySO, u
ocaxnaior raanuii Kyngepornom. Onpenesenne 3aKaHIUBAI0T B3BEILIH-
BaHHeM rajuus B Buae Ga,03 [564].

[Ipu aHa/nu3e repMaHuTa repMaHHii VAAJIsSIOT H3 COJNTHOKHCIONO
pacTBopa B BHJe TeTpPaxJOpHJIa, MeIb H MBIIbAK OTACAAIOT KHIA-
YEHHEM C TOHKHM JIHCTOBBIM aJIOMHHHEM, MOJHO/IEH BHiLCIAIOT cepo-
BOJLOPOAOM; TaJHi 3KCTPAarHpyioT 3DHpPOM, a 3aTeM O0OCAXKAAIOT
KyndepoHOM H3 CepHOKHCJOTO pactBopa [564].

DBoxcur pasaaraior kunsueHuem c¢ pacrsopom NaOH, Beigensiior
rajijifi COBMECTHO ¢ THTAHOM KYI)EpOHOM, 0Ca/loK MPOKaJHBAKOT,
CILIABJAAIOT ¢ OHCY/Ab()aTOM H pACTBOPSAIOT NJ1AaB B OKCAaJlaTe aMMO-
unst. M3 c1aBoKHCI0r0 OKCanaTHOrO pacTBOpa OCa/aioT THTAH TaH-
HHHOM, a 3aTeM, mocje A00aBJIEHHS aMMHAKA, BBIACJAFIOT TaJJHi
Gonpmuy H3ObITKOM TanHHHA. Ocalok npokaausaiot 10 Ga,05 [564].

ITpu yc/i0BHH OTAe/NeHHs TalaHs 3SKCTPAarHpoBaHHeM 3(HPOM
ocCaz<JieHHe €ro MoxeT GhITh NpoBedeHOo oKcHxuuoaHHoM [1139, 1199].

M3 o6beMHBIX METOZOB ONMpeNe/ieHHs Taiius B MHHEPaJIbHOM
Cblpbe HCMOJIB3YIOT KOMIJIEKCOHOMETPHYECKHI METOJL ¢ HHAMKATOpa-
MH KCHJICHOJIOBBIM OpAlJKeBLIM (B CHIHKarax u umakax) [961], mo-
puiom (B cuaukatax H Gokcurax) [1202] u 7-(4-cyabdo-2-nadrua-
a30) -8-OKCHXMHOMHH-5-CYIb(OKHCIOTOR  (0Opasubl, cojepiKaliue
amomutuit) [98]. Tlocaexsnii MHAMKATOp NO3BOJSET ONpeaesTh
TaJVIHA B TIPHCYTCTBHH JIOCTATOYHO GOJIBIIHX KOJHYECTB lEJOYHO3e-
MeJbHBIX MeTaJios, Zn, Cd, Mn, Al (B BHae dTOpHAHOrO KOMIJIEK-
ca) u POj.

Moasporpaduyeckoe onpefeeHte raaans B pyaax n MEHepaJax.
bes otnesenus Fe, Al u Co rasamii MOKHO OnpejieasiTs HOJfporpa-
(HYeCKH B MaTepHalax, CoAepKalux xeae3o, npu pH 4—5 na doxe
KCl u nupokarexuna. LIMHK H HMKeJL MeLIAIOT ONpPELESCHHIO H
HRoKHbl ObiTh otaeneHs [202]. [Ipu onpeneneHHH raafiusi B GOKCH-
Tax ero OTAeJSAIOT OT IIaBHbIX KOMIOHEHTOB MOCAe/0BATe TbHbIM NPH-
MEHeHHeM aHHOHHOTO M KaTHOHHOro o6mena. Iloasiporpacmposa-
HHE NpoBOJAHTCA Ha (oHe HacklulenHoro pactsopa NHCl npu 1,3—
1,7 8 [360]. T'ansmit MoxeT GBITh OT/le/IeH 3KCTPATHPOBAHKHEM 5DHPOM
H3 COJITHOKHCJIOrO pacTBOpa, a 3aTeM Onpe/lesieH MoJasporpadHuecku
na one NH,OH + NH,CI [1169].

Ha ¢one camumumiara watpus —KCl (pH 4,0+0,2) ranaui
OMpeessioT B cpajiepuTe H rajeHuTe NOC]e HX Pa3JOKeHHS CIJaB-
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gendem ¢ NaOH+NayO, {543]. Ot Mewaoumx JeMeHTOB raJaui
| OTAEJISIIOT 3JIEKTPONH30M C PTYTHbIM KaToaom Ha ¢oue | N NaOH.
~ Tlpn anannse pyx raamnii peKOMeHAYIOT onpefeJsTh Ha (hone
Cl npu pH 5,35—6,35 (amomuuuil e Mewaer OnpeaeneHnIo, LHHK
‘mewaer) [1378], muGo na tTom ke (oHe B NPHCYTCTEHH TIHUMHA npH
pH 7—10 [1346] nocsie oraesenns oT CONYTCTBYIOMMX 3J€MeHTOB
CTpakiHeil cmecbio GeHsosa ¢ Gytuaaueratom (4:1) us 6 N HCL

Payopumerpuueckoe, horomMeTpuuecKoe H CNEKTPAbHOE ONpee-
JAenne raaaus. I1pn ananuse MHHePaILHOrO ChIPbsi WHPOKO HCMOJb-
8yloTest  ayopHMETpPHUECKHe, (OTOMETPHUYECKHE M CHeKTpajbHble
MeTonbl. M3 nepseix nanGosbllee pacnpocTpaHeHHe MOJYYWIH OKCH-
XHHOJIMHOBBIH H POaMHHOBEI METO/bI ONpeAeJeHHs ra s, OCyllLe-

CTBJSIEMbIE B IBYX BapHAHTaX — (JIyOPeCHEHTHOM H KOJIOPHMeTpHYe-
CKOM.

QayopuMeTpHUECKOEe ompeaedeHne ranaus ¢ 8-0KCHXH-
Jioannowm [L19, 138, 149, 158, 342, 344, 539, 921—923, 1003, 1010, 1072, 1154].
Hasecky menxo pacteproro matepnana (ais cuankatos — 0,5 2, A48 GOKCHTOB —

10,3 2) BIAaTHHOBO/M YalIKe cMaYHBAIOT BOJON, npuansaior 5 ma 40%-noit HF, 1 ma

1250, (1:1), TiwaTeasno nepeMemHBAOT H yNapHBalOT Ha BOARHON GaHe 10 yaa-
‘genust HF. TTpusnmsaior eme 5 ma HF, nepememusaor u BHOBDL yNapHBalOT Ha BO-
| AAHOM Gane M 3aTeM Ha necuanofi Gawe g0 ynanenna HySO,. TMpuGasasior 3—4 2
' K2S:0;7 1 cyxoif 0cTaToK CnUIaBARIOT 10 MOAYYeHHS npospauyHoro pacnaasa. K sa-
- CTeiBleMy nmaaBy aobasasior 20 ua HCl (1:3) ® cogepxuMoe 4auku mepeHOCAT
‘B crakaH eMkocTbio 100 M. CTakan MOKPHIBAIOT YACOBBIM CTEKAOM, OCTOPOMKHO HE-
| TPeBaloT MUIaB 1O PACTBOPEHHS, HE NOMYycKast ynapuBaHWA PacTBOpa.

g [Tpu pasnoxennn Martepuana coanHOM M a30THOM KHCAOTAMH (cyabdummsie
| Pyabl) moctynaiot caeayomum o6pazom. 0,2—0,5 e Meako pactepToro MaTepHasa
B cTakane eMKocTbio 100 M2 cMaunBaloT HEOKOJIBKHMH KamJaMH BOAM, NPHAHBAIOT
- 16—30 2 HCI (1:1) n ymepeHHO HArpeBalOT HAa 3MEKTPHYECKOH IJIHTKE, HE A0-
- Boas pactBop ao Kunenws. [locse ynanenus cepoBopopona npHAMBAIOT 3—5 Ma
"HNO; (ya. B. 1,4), HaKpHIBAIOT CTAKaH YACOBBIM CTEKJIOM H HATPEeBalOT Ha BOAA-
| Eoil GaHe 10 NpeKpamleHHsi oGLIYHO GYDPHOM Deaxiun. 3aTem CTeKJ0 CHUMAIOT o
- PacTBop ynapusalor Ha BolsHOH Gane Rocyxa. [as yrajexus asoTHOH KHCJAOTHI
- apuansaot 5 sa HCL (1:1), u cHoBa ynapupamoT focyxa. 3Ty Omepamuio nOBTO-
Cpator eure asaxasl. CyXofi OCTATOK PacTBOPSIOT TPH CAa6OM HATDeBAHMH Ha BO-
- Asnoii 6ane B 20 #a HCI (1 :3), nakpeiBas crakan yacoseiM ctexsnom. Ecan mpoGa
- COZIEDKUT MHOTO CBHHIIA, TO XJOPHI €r0 BMECTEe ¢ HepacTBOPEHHBIM OCTATKOM OfT-
- OUALTPOBBIBAIOT ¥ NPOMBIBAIOT 5—6 pa3 HeGoabuHyH nopunsvy HCI (1:1). dnab-
 TPaT ynapHBaioT H ocajok cHOBa pactBopsiior B 20 ma HCI (1:3), kak ykazawo
~ BHIIE.

A K Xoz01HOMY pacTBOpY, MOMYHEHHOMY TOCJe PA3NOMKEHHS HCCTELYEMOTO Ma-
§ TepHaja ONHHM M3 YKasaHHBIX Bbllle cnocoGoB, npubasasior 1—2 2 MerasTHye-
. CKOro KaaMmusi u octasiasioT Ha 10—I15 MuH. 145 BOCCTAaHOBJEHHS Kene3a H Bl
| DeJIeHHsT TAXKEeAbIX MeTanioB, PacTBODH BpeMsi OT BpeMenH nNepeMelHBaloT CTeK-
 asHHOil Manoukoil. [ToNHOTY BHIIENEHHS THAMNKEJBIX METAJLIOB KOHTPOJHPYIOT, AO-

6ap/isisi HOBYIO MOPUHIO META/IHUECKOro KaAMHA (MOBEpPXHOCTH KAJMHSA He AOMKHA
IpH 3TOM TMOKPBIBATBLCS TeMHbIM HasleToM). Becusersetli pactBop ¢uasTpylOT B
JAeanTebHYI0O BOPOHKY, npeasaputeabio npomeityio HCL (1:1), uyepes maseHs-
KYiO BODOHKY C TAMIIOHOM M3 BaThl H NpoMbiBaiot asaxasl 3 ma HCI (1 : 3). Ipu-
Gasasior cmech 13 2 HCI (ya. 8. 1,19) # 0,5 ma 1%-Horo pacTBopa TpexBajient-

oro tHraHa. K nosyuesHoMy pactBopy (ec/m B KauecTBe BOCCTAHOBHTENS NMpHUMe-
HAeTC pacTBOP Cy/b(aTta TpexBaJeHTHOrO THTaHa, To A06aBasior eme 0,5 ma
HCI), kucaornoers kotoporo pasua 6 N HCI, no6asasior 35 ma 3¢upa, HackileH-
‘Horo 6 N HCl,u scrpaxuBaior B Teyenne | Muu. ITocae orcrannanus BOANYIO a3y
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CIHBAIOT B APYIYI0 AEJHTEJLHYK BOPOHKY, Takxe mpoMmuityio 6 N HCI, npu6as-
JAlT 5—8 Kameab pacTBopa TurtaHa (mpH paGote ¢ Tip(SO4)s n06aBasiOT Takke
5—38 xanens HCI, ya. B. 1,19) u nostopsior skerparupoBanue 35 sa spupa. 3atem
BOJHBIH C/I0H OTGPACHIBAIT, a BTOPYIO 3DHDHYI0 BHITHKKY NDHCOETHHAIOT K HEp-
BOH. JleMHTeNLHYIO BOPOHKY cnoJackuBaiorT 1—2 ma sdupa, nackimennoro 6 N
HCI, u nmpucoefuHsIOT HX K oObeAHHERHOH 3hHpHONA BHTIKKe. [1al0T OTCTOATHCA H
CTAEA0T OCTATKH BOXHOrO c/108. D(HPHYI BEITAKKY TPOMHIBAIOT 2 pasa mo 2—
3 ma 6 N HCI, naceunennoit shupoM, BCTPAXHBas KaxkAblil pa3 B Teuenue 15 cek.
TIpOMBIBHEIE KHMAKOCTH COEJHHSIOT BMeCTe H JJf H3BJeYeHH:A CIENOB ra/lIHs
BCTPAXHBAIOT ¢ 2—3 ma s¢upa B Tevenne 15—20 cex. ATy sHPHYI0 BHTAKKY IpPH-
GaBasioT K OCHOBHOH sdupHoi BeTAXKe. K nonyuennoil rakum o6pasoMm shHPHOM
SHITSKKe NpuauBawT 20 M4 BoApl, B36ANTHIBAIOT B TeueHWe | MHH. M NOCAe OTCTau-
BAHHA BONHHIA CJOH CHYcKalwT B crakaH eMkocToio 100 #a. Peskcrpakummio Bomoft
IIOBTOPSIIOT €LIe pa3 W BOAHGLIA CJIOF TPHCOENMHSIOT K MEpROH BOLHONH BEITAKKE.
lpunusaor 0,5 ma 10%-noro pacteopa NaCl, HakpLIBAIOT CTaKaH YACOBEIM CTEK-
JIOM, HArpEBAIOT HA BOLSHOH GaHe 1O TpeKpallenns Kumennst (yaaneHus spupa) u
3aTeM, CHAB CTEKJIO, yIapHBaIOT PacTBOpP A0CYyXa.

Cyxoit ocratox pactsopaor B 10 ma 0,2 N HCI, pacrsop nepesopsar B Mep-
HYI0 KOJIOY €MKOCTbIO 25 M4, CNONACKMBAIOT CTAKaH BOJOH, OX/MakIaioT H pac-
TBOP B KOJIG€ JOBOAAT BOMOH A0 MeTKH. OT/IHRAIOT 5 M4 HCHEITYEMOTO pacTBopa
B NpOGHPKY Aas cpasHenns, mpubasasioT 1 ma 20%-Horo pacTBopa I'MApOKCH/-
amuna, | ma 5%-noro pacrsopa THoMoueBHHH, 6 ma 0,2 N pacrsopa Gudranara
KalHsd, NepeMeliHBalOT H OCTaBAAlT croAth 20 muH. 3arem npuGasamior 1 ma
0,1%-Horo pacrBopa 8-oxcuxunoiuna, 3 (mam 5) ma xnopodopma u BCTPAXHBAKOT
| Mun. B npyryw TouHo Takyio ke nmpoGupky mpuiausawt 2 ma 0,2 N HCI, pas-
€aBaslOT BOAOH 10 5 M4, MPHOGABIAIOT BCE PearéHTHl B TOM 2Ke KOJIHYecTBe, Kak
VKasaHo BHIIE, @ 3aTeM H3 MHKPOGIOPETKH CTaHAapTHLII pacTBop ramius (1 mke
Ga/s4) Ko NOCTHMEHHA ONHHAKOBOH HHTEHCHBHOCTH (DJIyODECHEHIHH HCILITYEeMO-
r0 pacTBOpa H pacTBOpa, B3ATOrO AAs cpaBHenus. [locie npu6aBJenus Kammoi
Ouepe/IHON NOPIHMH CTAHAAPTHOTO pacTBOPa NPOGHPKY BCTPAXMBAIOT B TeUeHHe
| mun. B KoHUE THTPOBaHHA MOETOPHO BCTPAXHBAIOT TaKKe H NPOGHPKY ¢ He-
NEITyeMBIM PacTBOPOM.

Ecnu npu paGote ¢ 3 Mt xaopodopMa Ha THTPOBaHHe HAeT Goabme 2 Ma
craHgaptHoro pacrBopa raiamua (1 mxe Ga/ma), a mpu 5 ma xnaopodopma Goap-
uie 4 Ma pacropa raanus (I mxe Ga/ma), To ompeneneHHe cjeLyeT TOBTOPHTE,
0TGHpAsA MEHBIIYIO AJMKBOTHYH) YacTb HCIOBITYEMOrO pacTBopa.

Ilpu sToMm criepyer chavasa npuGaBuTb Taxoe Koauuecteo 0,2 N HCI, uto6h
LoBecTH ofllee cojepkanue ee n0 2 M4, pa3GaBHTh pacTBOp BOAOH OO 5 MA
H JHIOb 3aTeM NpHGAaBJATh BCe NPOYHE pPeareHTHl H TPOJOJIKATH ONpeLeleHHe.

ITapannenbHo aHaAM3y NPOBOAAT XOJOCTOH OIBIT.

Conepakanne ra/uiHg BHYHCAAIOT N0 (opmyae

vy _TA:25
%G8= FTH-10000

rae T — conepxanue Ga, mxe/ma craugapreoro pacreopa; A — oGbeM crangapt-
HOTO pacTBOpa raJjius, NOWENIIHA HA THTPOBaHHE, MA; 25 — 0GBeM MCIBITYEMOTO

gacmopa, Ma; B— oGbeM HCOBITYEMOrO pacTBOpa, B3ATHI [JS ONpEIENeHHS, MA;
— HaBecKa, 2.

®yopHMETpHYECKOe ONpe/eeHHe Tal/ikd MoxKeT GblTh mpoBeje-
HO ¢ 8-oxcuxuHaabauuoM [1172]. [1as sToro o6pasen pasaaraior, Kak
ONHUCaHO BHILUE, SQHUPHBIA 3KCTPAKT BHINAPHBAIOT IS YAaJdeHHS 3(DH-
pa, ocratok pacrBopsitor 8 HCI, noGasastor Bony, 1%-Heli pacrsop
okcuxuHaabauHa, 20% -uoii pacrBop CH3COONH, (pH 3,9) u 3k-

crparupylor xaopopopmom. B nomyuennom xsopodopmMHOM pacTBope
OTIpenensioT raJjimi.
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B raunax, GokcuTax M APYrHX, COAEPKAIWIUX aJIOMHHHA pynax,
rajJui onpeiessiior (OTOMeTpHUECKHM MeToaoM c 5,7-aubpom-8-
okcuxHuosuHoM [1120] u ¢ nudennnkap6asonom [47].

dayopumeTpHUECKOe OnpejfedeHHe raaJdHsg ¢ pOdaMMH-
wowm B [111, 112, 190, 265, 343, 582]. 0,1—0,25 2 Meiko pacTepToit CHAHKATHOM
NOpOALl B MJIAaTHHOBOI 4YallKe CMayHBaloT BOMoi, npuausaior 5 ma HF, 5 kameab
H:S504(1: 1), TmartensHO NepeMelIHBAIOT BpallaTeJbHBIM IBHIKEHHEM, NOMEHIaloT
YallKy Ha TUIATKY C YMepeHHLIM HarpeBoM H ymapHBaioT o yaagenus HF. 3atem
YalIKy NepeHocsT Ha MJHTKY ¢ 6oJiee CHJAbHEIM HAarpeBOM H ynapuBailoT A0 MOJ-
HOTH ynanenusi uabutka HySO4s B wamky ¢ cyxum ocraTkom npuGapasior 2 2
K2S:07; ¥ cnaaBisior 10 nMojyuerHs npoapauHoro pacniasa. Ilnas pacTBopsAioT
rpu caabom Harpeannn B 6 N HCI, pactBop mnepeHocaT B MepHylo KoaGy
eMKocTblo 50 MaM 25 M4 (B 3aBHCHMOCTH OT CONEPIKAHHS TajJns) H [OJHBAIOT
npo metkn 6 N HCI.

B cayuae cyapduaunix pyn 0,1—0,25 2 npo6ui B cTakase emxocTbio 100 ma
CMauHBalOT HECKOJbKHMH KamJdsaMH BoAbl, npuausaior 10—I15 xa HC1 (1:1), no-
CTENeHHO HanpeBalOT [0 KHIEHHS H OCTOPOMKHO KHUATAT B Teuenne 10 mwmu. Hdaior
pacTBopy ocThiTh, npuauBaoT 3—5 ma HNO; (ya. B. 1,4), HakpeBawoT CTakaH
. YacOBBLIM CTEKJOM H TOC/Te TpekpalieHus GypHO peaklUHH HArpeBalOT Ha MJHTKE
. JI0 KHNeHHWS M KHIOATAT A0 NPeKpalleHHs BHUIENeHHs NY3HPLKOB rasa. 3areM
CTakaH CHHMAlOT M DacTBOD YNMapHBalT Ha BoasHO# GaHe naocyxa. Ias ynane-
nusi HNO3 mpummsator 3 ma HCl (ya. B. 1,19) u cHoBa ynapuBaloT jocyxa.
I1y onepanuio MOBTOPAIOT ABaxabl. Cyxofi OCTaTOK pAacTBOPSIOT NpH caabom
narpeeain B 6 N HCI, oxnaxualor, mepeHocsit pacTBOp B MepHYW Koaby em-
KocTbio 25—50 M4 H pasBaBasioT TOH e KHCJAOTOH 10 METKH.

Ecan Hcesieyemblit MaTepHalt, MOMHMO CyJAb(HIO0B, CONEPIKHT 3HAUHTEJNbHYIO
CHJIHKATHYI0 uacTb, TO nociae ynatedus HNO,; ynapusanuem c¢ HCI cyxoit ocra-
tTok pacrsopsaior B HCI (1:1), HepacTBopHMHIfi OCTaTOK OT(HHJILTPOBHIBAIOT H
NPOMBIBAIOT OAHH pa3 CONAHOA KHCJA0TOH. DHALTP ¢ OCTATKOM TOMELAlOT B
NJaTHHOBYIO YallKy, 030JAI0T, cMagnBaior 3 kanaamu H,SO4 npuausaior 3 ma
HF, ynapnsailor Ha MJHTKe ¢ YMePeHHBIM HAnpeBoM J0 MOSIBJEHHS NMapoB CEPHOro
a@HrHApHIA H 3aTeM Ha MJHTKe ¢ GoJee CHJIbHLIM HArpeBOM N0 YVaajeHHs H3GHT-
Ka ceprofi kucaotel. Cyxofi ocratok cmaasasior ¢ 0,6—1,0 2 K;S,07 naas npu-
COENHHAIOT K OCHOBHOMY PacTBOPY M caa6o HarpeBaloT /0 PacTBOPEHHS.
PacTsop nepeHocAT B MepHYyI0 KoJ6y emkocTeio 50 wan 25 ma u pasbasasior A0
metkn 6 N HCIl (pasnoxeHne GOKCHTA H CHIHKAaTa MOXKHO NPOBOAHTbL CHJaBJje-
HHEM C COJOii).

Or pacTBopa B MepHOM KoaGe, MOJY4eHHOrO OJAHHM M3 YKa3aHHBIX BHILIE CMO-
co60B, OTGHPAKOT MHKPOMHNETKON aJuKBOTHYIO 4acth oT 0,2 mo 2,0 ma (me Go-
niee) B NpoOGHPKY AAA KOJOPHMETPHPOBaHHA (KOJIOpHMETpHYecKHe NMPOGHPKH cie-
ayer npeaBaputenbho crnosocHyts 6 N HCl u nath XKHIKOCTH cTeyb) M Tam, rae
370 HeobxomuMo, pasbasasior pacteop 1o 2 sa 6 N HCI, npubasasior 2—3 kanau
15%-noro pacrBopa turana (TiCls uan Tiz(SO4)s, Harpesaior, nasas 2—3 pasa
BCKHMETh, H OXJaxaaloT 10 KoMmuatHo#t temnepatyphl. [lpnGasasior eme 0,56 ma
TOro e pactsopa THTaHa (eCaH HCCJefdyeMblii MaTepHaJ He COMEPHKHT raluius,
To HarpeBanue c¢ 2—3 kanaamu 15%-HOro pacTBopa THTaHa MOXKHO OMYCTHTb;
B TakoM ciyuae nocie no6Gasienns 0,0 M2 pacTBopa THTaHa W B36ajTHIBAHHSA
pator nocroath 10 mun.), 0,4 ma 0,5%-Horo pactBopa pomamuna B u 3 ma sdupo-
GensoabHoil cMecH * (9 ma sdmpa cmewmmnBaior ¢ 60 ma Gensona) H IHEPrHYHO
perpsixupalor 3—5 pas. Ilocne paccnaHBaHHs JKMIKOCTH CPaBHHBAIOT B YJbTpa-
(HONETOBOM CBETE HHTEHCHBHOCTbL CBeyeHHs 3¢Hpo-6eH30JbHOr0 CJIOs €O CBe-
YyeHHeM CTaHAAPTHHIX pacTBopoB WKaabl. [locaenniold roToBAT OXHOBPEMEHHO
caenyiomM 06pasoM: B psja KOJOPHMETPHUECKHX MPOGHPOK OTMEPHBAOT ¢ no-
Molrblo MHKpoGlopeTkn (mam mukponunetku) 0; 0,02; 0,04; 0,06: 0,08; 0,10; 0,12;

* O BO3MOXKHOCTH HCIOJB30BAHHA APYTHX 3KCTPAareHToB cM. cTp. 133 m 134.
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0.14; 0,16; 0,20; 0,24; 032; 0,40 ma (ianAupTHOTO pacTBOpa c COAEPKaHHEM
0,5 mxe Gaf/ma. I1pn sToM copepianue rauiug B pacTBopax Gyaer COOTBETCTBEH-
no cocrasaats: 0; 0,01; 0,02; 0,03; 0,04; 0,05; 0,06; 0,07; 0,08; 0,10; 0,12; 0,16;
0,20 mka. TMpuwmsaor 6 N HCl xo ob6wema 2 sa, 05 ma 15%-noro pactsopa
TiCls, 0,4 ma 0,5%-noro pactsopa pofavuya B, 3 ma 3pupo-GeHsoabuoft cMecH,
SHEprHYHO BCTPAXHBAIOT 5 pas W [alOT KUAKOCTH paccaontbes. Ecan cpashenne
PACTBOPOB MPOH3BOAAT He CPa3y, a COYCTA HEKOTOPOe BPeMsi, TO PAacTBOPHI NOB-
TOpHO B36aATHIBAIOT; 3TO AOMYCTHMO elle Mo mpourecTsHH 2—3 wac, nocie MNpH-
TOTOBJEHHH PacTBOPOB.
Cosepxaunue rajius BHUMCASIOT Mo (opmyne

A-0-100 A-0
C-H-1000 000 ~ C-H-10000 '

%Ga =

rie A — KOJHYECTBO TaJuiMsi B AJMKBOTHON 4YacTH HCMBITYeMoro pacTsopa, Hail-
fieHHOe Mo WKaje CTAaHAAPTHLIX pacTBopoB, mke; O — ofbeM HCMEITYEMOro pac-
tBOpa, #Ma; C — o6beM aJHKBOTHOM YacTH HCHEITyemMoro pactsopa, ma; H — na-
BECKa, 2,

[IpH ¢oToMeTpHUECKOM BapHaHTe POAAMHHOBOIO METOLd OKpauleHHblE 3IK-
CTpPakTL  (OTOMETPHPYIOT Ha (OTOINEKTPOKOJOPHMETDE MM Ha -(doToMeTpe
[Myasppuxa, uenosp3ys 3enensiii ceero¢uabtp. llkany sTajsoHHEX pacTBOPOB ro-
toBsT B untepsage 0,2—10 mxe Ga (109, 120, 296, 345, 346, 389, 444, 512, 533, 734,
844, 1053, 1435].

CxpeGkoBoii [452] npennoxken (oToOMETPHYECKHIT METOA ONpeAe/eHHs rains
¢ Gyruaponamunom B. Hapecky ana/nsupyemoro BellecTBa CNJAABJAT B KOpYyH-
nosoM turae ¢ NagOp u NaOH, naas BhllenauyuBaioT BOJLOH, OCaJ0K THAPOOKH-
ceit nepepopsr B pactop 6 N HCI u sKCTparHpyloT rajiHi aMiIaneTaToM.
[Mocae peskcTpakuuu BOAOH pacTBop BHNAPHBAIOT, OCTaTOK pactBopsior B 6 N
HCl, mo6asasior TiCls, GyrHAporaMHH H 3KCTPArupyloT XJI0pransarGyrHapoaa-
mu#a B toayoaom mau GersonoM, ONTHYECKYI0 NMJIOTHOCTH 3KCTPAKTOB H3MepAIOT
#Ha ®3K-H nan cnekrpodoromerpe CP-4 npu 565 wu.

dayopumMeTpHUecKoe ONpe/iesieHde rajlins B pylax ¥ MHHepanax
MOXKHO TPOBOAHTH ¢ cyJbonadronazopesopuunom [363, 366] u ¢
conoxpomoseiMH Kpacurensmu [1005], a Takxke ¢ mopuHom [463, 640,
712, 888, 1201, 1202] u B Buxe kKomnaekca Ga — MOpHH — KyndepoH
[672].

M3 hoToMeTpHUECKHX PEAareHTOB HCNoAb3yIoT XuHanusapuu [1081,
1170], kpucrannuueckuii puonerossiii [458, 762, 763], KcnIeHOMOBLIIT
opankeBblit [258], ranuuHKpe30a0BLIi KpacHblil [259], MasaxnuTOBLIH
senennii [931], MeTuaeHoBLIA roay6oii [518], aHTHNHPHHOBLIE KpacH-
reau [97], rannnon [243], TIAH [1372], cTuan6aso [596], 1uoxcu-3,4-
dennn-4’-azo6enson [477]. Bee st Meronsl TpeGyIOT, Kax NpaBHIIO,
npe/BapHTEJbHOrO OTAENCHHSA Faaanus KCTpaKuueH spupom.

CnexkTpajbioe ONpejeeHHe TajjaMs B CHIMKATHBIX MOPOAAX M
MHHepaJax. MeToj OCHOBAH HA YCTAHOBJEHHH 3aBHCHMOCTH MEKIY
KOHIEHTpalyeil raaaus B o0pasnax u OTHOCHTENbHbIM MOYePHEHHEM
nape aunuit Ga—Sn uan Ga—In B ux cnexTpax B o6nacTi GOMBIIHX
KoHuentpauuit; npu konuentpauusx <0,001% Ga ycranasiupaercs
3aBHCHMOCTb MEK/y KOHIEHTpPaIHeil rajjig W OTHOCHTEJbHON HH-
TeHcuBHOCTbIo maphl auHuii Ga—Sn umm Ga—In. BosGyxaenue
CIMEKTPOB TPOH3BOAHTCA B YTOJBHOI Jyre MOCTOSHHOrO TOKA € MC-
noab3oBauHeM 3ddexra GppakuHOHHPOBAHHON BOSTOHKH B KAaTOJXHOM
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ci0e. B KauecTBe XMMHYECKOr0 peareHTa, YCKOpPSIOUIEro OTTOHKY
raJuns, cTaGHAM3HPYIOLULETO YCIOBHS FOPEHHs 1yTH H yCTPaHSAOLLEero
BAHSHHE PA3/IHYHOTO COCTaBA 06PA3LOB, NPHMEHAIOT cMech 8 4. NaCl
i 2 u. KCIl. B cayuae 06pa3ioB ¢ BBICOKHM COJlepKaHHEM 2Keje3ad
neaecooGpasno npumetenne cmecn 8 u. NaCl, 1 u. KCl u 1 u. AgClL.
B KauecTBe 3TAJIOHOB MCHOJib3YIOT CHEKTPaJbHOYHCTHI KBapIl C
npuMecbio H3BecTHeIX Kosuuects GagOs. UyBCTBHTENBHOCTH METOAA
1:1049% Ga p cuankatax. Ksagparuynasi OWHOKa TpPeXKpPaTHbIX
onpejenednit 7% B obaacTn KOHUEHTpaLHi >0,001% u 10% aas
kouuentpauuii <0,001%.

[IlpuroToBdenHe 5TanoHO0B. B kauectBe OCHOBH 1.4 NPHroTOBE-
U CHHTETHUECKHX CTaHAapTOB NpHMeHsiercst uMcrhil Ksapu SiOp, npeasapi-
Te/bHO NPOBEpPeHHblil cnekTpanbho. [ajamit B cTanfapTel BBOAAT B BHIe Gag0a.
Hexonblit stanon, cogepxkaumii 3% Ga, rotoest nepeMelldBaiHeM B araToBoi
M/ SILIMOBOI CTYNKE COOTBETCTBYIOUIHX HABECOK OKHCH ra/llisi H KBapLd. Pac-
THpaKie MpousBoAAT co cnuprom. ITocieroBaTenbHbiM pasbaB/eriiem HCXOHOIO
3T2J1OHA KBapleM I[PUrOTOBJAIOT CEPHIO 3TaOHOB € COXepKaHHEM ot 0354 0/
0,03; 0,01; 0,003; 0,001; 0,0003; u 0,0001% Ga. B cranaaptel 1 o6pasibl 10~
GasasT «Gydep» (8 w. NaCl u 2 u. KCl) B coorHomenHH 1:1. B kauecrse
EHYTPEHHEro CTAaHAapTa HCMOJB3YIOT 0080, KOTOpOE BBOAAT B «Oydep» B BHAE
SnCly B konnentpaunu 0,005%. B tom cayuae, koraa B ofpa3iax NpPHCYTCTBYET
AHAUHTENBHOE KOJIHYECTBO 0/10Ba, B KAuecTBe BHYTPEHHEro CTaHAapra NMPHMEHFIOT
HEAHH, BBOAMMBIL B «Oydep» B Buae IngO; B KOHIEHTpALHH 0,05%. IMpn ananu-
36 MAJOMKENe3HCTHX 00paslos BO3MOMHO npumenedwe ¢ona aas BHYTpeHHei
CTaHAapTH3alUHH.

BonosHeHHe onpenenenns 20 me crangapra wid npeABAPHTENLHO
wcreproro oGpasia CMELIHBAKT HA HACOBOM CTeK/e C 20 mz «6ydepa» H KOJH-
YECTBEHHO NEePeHOCAT B OTBEPCTHE HHAKHEro 3JEeKTpoAa rayGHHON 5 MM, AHaMeT-
poM 3,5 msm. 3aTeM 3aNOJHEHHDLIA 31EKTPOI, KOTOPHIl CJYMHT K4aTOLOM, NOMe-
WwaoT B yraenepxareis, BepxHuit 37eKTpof — anod, NpeACTaBiAeT coboit yroJb-
HBIfl CTepKeHb, 3aTOMEHHLI HA KOHYC, nauHoit 4 mm, nuamerpom 6 mam. duamerp
satouennoit uact 3,5 mm. C noMolkio WaGaoHa YCTAHABJIHBAIOT MEeHK3IEeKTPOHbIH
NpoMe;KyTOK, paBHbill 3 A, Cranaaptel H 06pasibl (MO TPH HABECKH Ka¥/J0ro)
CHKHrAlOT B Jyre MOCTOAHHOTO TOKA IMpH HATpPsKCHHH 220 6 u cuae Toka 15 q,
¢ skcnoauumenr 3 mun. OcBellenHe LleJH CleKTporpaa TPexJHH3OBOE C NPOME-
JKYTOUHBIM H30OpaXKEHHEM, LWIHPHHA LLe/H cnekrporpada 0,008 am, npoMesRyTod-
uas anadparma 2. PerncTpauus CneKTPOB NPOHSBOAHTC HA KOHTPACTHbIE CIEKT-
porpaguueckue NJAAaCTHHKH, THI II (uyscrButenpHocTh 16 ex. mo rOCTy, pas-
Mepom 93 12), ®oTOMIACTHHKH NPOABJIAKLT B MEeTOJrHAPOXHHOHOBOM NpOsBHTE/e
B TEUEHHEe 5 MHH., IPOMBIBAIOT H QHKCHPYIOT OOBIYHbIM cnocofoM. 3aTeM Ha MHKPO-
¢poromerpe M®P-2  (oToMerpupYIOT eaAelylolHe napel  aHaJHTHYECKHX JHER:
Ga 294364 A u Sn 3034,1 A nam Ga 2943,64 A u In 2932, 62 A. B xauecrse
BHYTPeHHero CTaHAAapTa MOMHO HCMOJL3OBATHL TAKHKE (OH BOIM3M AHATHTHUECKOI
JMHHH Ta/UTHA.

Jlas NOCTPOeHHs TpafyHpOECUHHIX TPAQHKOB NPHMEHTIOT METOL Tpex 3Ta-

Ga

soHoB. ['paMKH CTPOATCA B KOOPAHHATAX AS—flgC, rae AS =lg ,aC—KoH-

SSn

HeHTpauHsa rajiusi B cTampapre. B cayuasx KOHILEHTDALHI <0,001% wuan auna-

133 BHLICOKOKENEIHCTBIX 06pPA3UOB Ha OCH OPAMHAT OTKAAALIBAIOT OTHOCHTEIL:
IGa

HYIO HHTEHCHBHOCTL, PaBHYIO lg= . Tlepexoa ot mouepHeHHA K HHTEHCHBHOCTAM
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ocyurecTBIfeTcs C NOMOWIBIO XapaKTePHCTHUECKOA KPHBOf (OTOMIACTHHKH, no-
CTPOGHHOH OMHHM H3 H3BECTHBIX MeTOMOB. [list MajbiX KOHLEHTpauuii B 3Haue-
HHE HHTEHCHBHOCTeH JIMHHA rajiHs M 0JoBa BBOAAT MNONPaBKy Ha coun. an
PBICOKOXKE/IEHCTBIX M0POJ ¥ MHHEPAaJIOB BBOLST [ONPABKYy Ha KeJaeso. Ias aroro
HHTeHCHBHOCTb Jiunuu Fe 2927, 5562 A ymuoxaor na kospduument 0,8 1 BuuuTaioT
n3 uHTEeHCHBHOCTH JunuM Ga 2943,64 A. HcnpaBieHHyl0 HWHTEHCHBHOCTL JIHHHH
raJuiusi OTK/ajblBalOT Ha OCH opauHat [77].

O cnekTpanbHOM OmpejeNeHHH Ta/jHsi B PyAax M MHHepaaax
cM. cTp. 156, B ropHbIx nopoiax u MuHepasaax [24, 42, 76, 81, 87, 130,
174, 193, 429, 430, 433, 447, 600—605, 664, 666, 681, 777, 823, 855,
872—874, 883, 912, 929, 944, 974, 977, 997, 1079, 1086, 1102, 1113,
1114, 1129, 1151, 1165, 1182, 1183, 1192, 1194, 1262, 1268, 1275,
1293, 1303, 1319, 1333, 1400, 1415, 1418, 1423], Gokcurax [185, 664,
989, 1012, 1143, 1144, 1183), canepurax [2, 42, 254, 284, 428, 664,
700, 827, 885, 886, 1129, 1261, 1292], apyrux pyaax UBEeTHHIX MeTaJ-
7108 [6, 54, 55, 56, 78, 82, 83, 125, 185, 429, 586, 587, 944, 1059, 1103,
1113, 1114, 1151, 1325, 1333, 1362, 1418], ypaucoaepxkaiux mare-
pHaJax [639].

ONPEJENEHHME TAJIJIHA B KOHUEHTPATAX, YIJidX, 30J/AX,
A TAK)KE B NbJIIX U IPYTHX OTXOJAX
UBETHOH METAJIJIYPTHH

ConepkaHue rajyius B KOHUEHTPATaX KOMIJIEKCHOI mepepaboTKu
TeX pPyJ, B KOTOPBLIX OH COAEP:KHUTCS B B/ NMpHMecH (aJl0MHHATHbIE
PacTBOpHI, AHOAHBIH CNJIaB M AP.), a TaKXKe NMPOAYKTAaX CKHraHHSA H
raguUKamun yrias Moxer cocTaBaath 1% u Gosnee. Ilosromy pas
OMpEefesIeHHst TajjHg MOryT ObIThb NPHMEHEHEl BecOBble H OCOGEHHO
00beMHbBIE METOJIbI, XOTSl, KaK H B CJyuae aHa/Ju3a MHHEpajoB H Py,
Yacro MpUMeHsIoTcs (OTOMETpHYecKHe M (uIyopHMeTpHYecKHe Me-
TOJBL,

Becosoe onpenenenne Jaf BecoBoro OnpefejeHusi rayius B Tex-
HHYECKHX MPOAYKTax NpeAJokKeH MEeTOJ OCayK[eHHS ero NMHPPOJHIMHIHTHOKap6a-
marom [837]. Ilyrem adupHo#t skcrpakuuu u3 6 N HCl B npucyrcteum TiClg n
mocaenyiouefi SKCTpaKIHH IHITHAAHTHOKApGAMHHATOB H3 BOJHOrO PacTBOpa MPH
pH 8—9 uernipexXJIODHCTHIM YI/I€POAOM MOCTHrAIOT OTHENEHHS] BCEX 3JEMEHTOB,
Kpome Asd+, Sn2+, Sn*, Sef+ u Mo (VI), KoTophle BEIENAIOT B BHLE CYJIbDUIOB.

Onpenenenxe raiius B THJH NPOH3BOAAT OCaXKIEHHEM B BHAe KymndepoHa-
Ta nocje TNPeaBapHTeNbHOrO OTAENEeHHS ero OT MEIIAlUHX 3JeMEeHTOB 3KCTParu-
posanueM sdHpoM B mpucyTcTBHH NagS;0s nas BoccranoBienusi Fed+ [1370].

KomMnaekconoMeTpHuecKoe onpepgeseHHe ranaung [is
OmnpejeNieHHsl TaJJIiA B aNIOMHHATHBIX Wiejgokax K 50 M4 NMpoGbl NMPHIHBAIOT KOH-
uentpuposaunyio HCl no konmenrpauuu ee 55—6 M. OrduasrposriBaloT ry-
MHHOBBIE KHCJIOTHl M JKCTPAarupyloT rauuii ABaxkasl 9¢upoM, mopuusmu 1mo 70 ma.
Ixerpaktel npomeiBaor 80 ma HCl (1:1) naa ynajeHuss OCHOBHOH MacChl alio-
MHHHA. 3atem raaiui peskcrparupyior | M NaOH, nopuusmu 50 u 30 ma. Hs
PesKCTpaKTa yAaJdAloT 3(Hp HarpeBaHHeM H OCTaTOK pasGasasior po 100 ma.
AnukBotHyio uacte 25—50 ma pacrBopa HefiTpasH3yioT no denosadrasenny ao-
G6asnennem HCI (1:1), BBogsT auneratusiii Gydepuuiit pacrsop go pH 4, npu-
GaBiAOT [JISi MacKMpOBKH amoMMHMA |—2 ma pacTBopa, copmepixauiero 34 ez
NaF u 20 2 Na,B4O; B 1 4 u HefirpannsoBanHoro no cexoadranenny, 5 kanens
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nudennnkap6asona, 1 Kanalo pacTBopa MeTHJEHOBOTO roay6oro, HecKoJbKO:
TPaMMOB TBEpLOro KomnaekcoHata V (5+) u u3Geitok 0,01 M pacreopa SITA.
Tocnennuit oTTHTPOBBIBAIOT PACTBOPOM aueTarTa LHHKA [1331, 1332].

CrenoBsie KoaHueCTBa Ta/LIHA B KpacHOM IIame (moGo4HbIN MPOLYKT B aJio-
MHHHEBO/ NPOMBILIVIEHHOCTH) ONpejlesTioT 06PATHEIM THTPOBAHHEM HAGLITKA KOMI-
sexcona III pacTBOpoM HMTpaTa BHCMyTa B TMPHCYTCTBHM KCHJIEHOJIOBOTO opan-
xesoro [1119]. IlpepsapuTensHo raammii OTAENSIOT IKCTPaKLHel H30MPONHAOBEIM
spupom B mprcyTeTBaH TiCls. Sdmprwii SKCTPAaKT BEINAPHBAIOT, OCTATOK PAacTBO-
psior B HNOs, no6asnsior NaF u Na,B,0y, a satem aCKOPGHHOBYIO KHCJOTY A7
NOIHOrO BOCCTAHOBJEHUs cienos Fe (IH). IMocne ycramosaenmms pH 2 THTPYIOT,
KaK YKas3aHo BHILE,

Bmecro sdupHoil skcTpakuum raaami coBMecTHO ¢ Fe(II) u Sb (III) moxer
OEITL OTHeJEH OT JPYrHX 3JEMEHTOB Ha AHHOHHTE Aayskc 1X4 u oTTHTpOBaH B
pacreope Meranosa npu pH ~4 cramgaprabim pactsopom JJTA. Turposanue
TIPOBOAHTCA B y/LTPaDHOJETOBOM CBETC B NPHCYTCTBHH MOPHHA [0 INOTALIEHHS
¢Gayopecuennuu [861].

OTOT ke WHIHKATOD HCHOMB3YIOT AMA ONpENeNeHHA Talius B 3076 W MbUIK
rasosbix 3aBojios [761, 1370]. 0,5—2 2 Tomko pacTepToro 006pasua CHAABJIAIOT C
LIECTHKPATHLIM KOJHYECTBOM COMNLI, TJIAB BBILEJAUABAIOT BOJAOH H MOcde n06aB-
sewnst HCI pacteop BunapusaioT mocyxa aas koaryaauun SiOp u ymanenus rep-
Mauug W mbiwbaka, OcraTok pactBopsior B8 HCI, ymaasior SiO, oGpaGoTKoii
HF; ocratok cnaasasior ¢ 6ucyaudarom xanus. Inas Bwmumenaunsaor 1,5 N HCI
H ocaxpaawT Sn*t cepoBogopomoM. ®uabTpar mocie yaanenus H,S ynapusaror,
oxJaxnaior, no6asasioT NayS;0; (wis Boccramomrenns Fedt), HCl n SKCTpart-
PYIOT 3¢HpOM. DKCTPAaKT yIapHBAIOT, OCTATOK pacTBopsiior B HCI (1:1) u ocax-
AaiT xkeneso H3bbitkom NaOH. ®uastpar mefitpanusyior CepHOH KHCJOTOH B
moGapasoT Kynpepon. Ocagoxk xyndepoHaTa ralius NPOKAaJIHBAIOT H B3IBELIH-
BaIOT.

Moxno Taxxe ocamok Ga;O; cnnasute ¢ KHSO,, BHIETOYHTH Muas 1% -no#t
HCl u ortutpomats raanmfi B aueratHom Gydepe (pH 3,8) pactBopoM xoMmJek-
coHa IIl B mpuCyTCTBHH MOpHHA WJH NHPOKATEXMHOBOLO puonerosoro. Tutposa-
HUe c/elyeT NpOBOAHTbL B pacreope, comepxkamem 50% C,HsO0H, B yantpadmo-
JIETOBOM CBeTe,

Jasn oraenenus menesa smecto NaOH moxno npamenuTs Na,COj; [500].
B stom ciyuae ¢uabTpaT mocle oTHesEHHT OCafKa MOLKHCSION, YAAJAI0T yrie-
KHCJI0TY KHNAYeHueM, npu6aBasioT 50—100 m2 BHHHOH KHCIOTH, aMMHAuHBI Gy-
tepunifi pactBop (o0 dHOJETOBOR OKpACKH IO HHIMKATOPY KOHTO-KPAaCHEL), Ha-
TPEBAIOT PACTBOD N0 KHNEHHS, NpPUGABMIAIOT MHAMKATOP SPHOXpOM uepHHil T A
TutpyoT 0,01 M pacteopoM kommsekcoma III mo nomyueHus roayGoil OKpackH,
Noc/Ie 4ero BBOAAT eme 2—3 Ma pacTsBopa nociegnero. MaGHITOK KOMMIeKco-
Ha Il OTTHTPOBHIBAIOT pPAacTBOPOM COMH WHHKA /10 NOSBJEHUS MATHHOBOI OKpa-
CKH.

Bunkosenkoii 1 Hasapenko [121] npeanomeno BaHaJaTOMETPHYECKOE Olpe-
JieJeHne raJuus B aHoAHom craase. 0,2—0,5 2 cnuasa pasiaralor B LapcKoi
BOJIKE, HEPACTBODHMEIl B KHCIOTE OCTAaTOK CIUIABJSIOT C MHPOCYJIL(ATOM Kajaus.
Memaomue snements (Fe, Cu, Zn, Sn u 1p.) oraeasworcs NPH OCAMK/JEHHH raJ-
aust B e Ga(OH); man ma komnextope Al(OH)s ¢ mmpumamnoM. Ocagok pac-
TBOpsioT B ropsveir HCl (1:1), pasbasasior Bomolt mo 100 ma, HOGaBASIOT
0,5 ma 30%-noit H,0, (Bo m3bexanne o6pasosauus ocamka THTaza), 20 ma aie-
TOHZ H OCAXAAT ramnuii 5, 7-nuGpoMokcHxuHOMMHOM. Ocalok PacTBOPHIOT B
H,50s, npu6aBasioT H3GLITOK RaHANATAa AMMOHHA M OTTUTDOBBIBAIOT €0 OCTA-
TOK PacTBOPOM COMH Mopa B NPHCYTCTBHH (eHH.aHTPAHH/OBON KHCJIOTHL

PoTomerpuueckoe W (AYOPHMeTpHYECKOe ONpelefenHe raJ-
aust. 8-OKCHXHHONHH  HCMNOJb30BaH IJS1  KOJIOMETPHUECKOro
ONpeJeJIcHAs Talus B aHoiHoM - cnnape [528, 539] u ¢ayopu-
METPHYECKOrO  ONpeflesieHHss B NBUISX CBHHIIOBOTO, MELHOTO

185



H HUHKoBOro mpouzsomcrsa [139, 158]. Meroasl mepepejeHns HaBec-
KH o0paslla B PacTBOP aHaJIOTHUHBl OnpcaHHbIM Bbime, Ot 6oab-
HIMHCTBA MEIIAIOUIHX 3JEeMEHTOB [ajJHi OTAeNAIT 3IKCTpaKHmHe:
GaCls u3 6 N HCI nocae soccranoienns Fe?t, a Takke Sn2+, Asdt,
Cu?t u Pb?t wmeraannuecknm KaaMueM. OKCHXHHOJIHHAT rajiHs
3IKCTPATHPYIOT XJ0pohopMOM H3 pacTBopa, Cojepikallero ¢ranar-
netii 6ydep (pH 2,6), u onpeensior ero MeToL0M BH3yaJabHOIO (ayo-
PUMETPHYECKOTO THTPOBAHUS B 3aTEeMHEHHONl KOMHATe MJIH KaMepe.
ITuM MeToJoM MoxKHO ompenensTb 0,5—10 mxe Ga B NblasgX MpoH3-
BOJACTBA IBETHHIX MeraJios [139, 158].

AnumapuueiM [143] npeanoxen KOJOPHMETPHUSCKHH METOJ ONpeleeHHs Taj-
JiH B KaMeHHOYroJbHo# 304e ¢ 5,7-guxgaop-, 5,7-AuHof- H 5-HHTP030-8-OKCHXH-
sicaHiom. ITocne pasnomkenus soawl cMecslo HpSO4 w HF, cnaasaenus ocratka
‘€ MHpOCYJab(hatoM KaJiHs H BBIIEJAYHBAHHA T1aBa BOJOH pacTBOp yHmapHBalT
HouTH focyxa u ocratok pacrsepsior B 2 N HCL s soccranosnienus Fe (III)
B Fe (II) mccneayemulii pacTBOp mMpomyckawT uepe3 PeAyKTOp, HAMOJHEUHBIH MO-
POIIKOM BHCMYTa. 3aTeM OTAJSIOT ranauil skcTpakiueit sdupom ua 56—6 N
HCI, otrousiior ahup Harpesanunem pacrsopa Ha BoJAAHOH Gane 1ocyXa, pacTBOPAIOT
0CTaTOK B BOje, caerka noakucaennoit HCI, pasbasnsior pactsop B Koibe eMKo-
cThio 250 M2 BOJIOH 10 METKH M B AJHKBOTHOH dactu (1 #.) ompemensior rasiauit
C O/IHMUM H3 YKa34HHBLIX BBIIIE pPeareHTOB.

QueHb WHPOKOE NPUMEHEHHe A/ ONpejfeJeHUs TalaHsa B YIVIAX,
30J41aX yrJeid H B OTX0laxX UMHKOBOTO H CBHHIOBOTO IIPOM3BOJCTB Ha-
uren pogaMuH B.

IIpu amanuse yraeit 1-—5 2 mpo6el (B 3aBHCHMOCTH OT NpeArosaraeMoro ¢o-
JepKaHus TaJJHd B HCCIAeIyeMOM MaTepuaje), HachiNdHHOH TOHKHM CJIOEM B
¢:aphopoBkIil POTHBEHb, MOMELLAIT B OTKPLTYI0 MydeabHylo Heub JJ5 030Jie-
HHSL NPH XopoumleM aocTyne Bosayxa. Jlosomst Temmeparypy npo 400—450°C n
BHIIEPKHBAIOT IO MOJHOLO BBIFOPAHHS yrjepojaa. 304y TMepeHoCAT B IVIATHHOBYIO
YAIIKY, CMauHBAlOT BOAOH H 06pafaThiBalOT TaK K€, KaKk YKa3aHo IpH aHa.ju3e
Gokcutos H cuaukaroB (ctp. 181). M3 noayuenHoro CoJsIOKHCIOTO PAaCTBOPA
TaJyIMil  3KCTPATMPYIOT Hocje joGasienus pojamuna B spupuo-GenszonsHon
cmecbio B npucyterBud TiCly M cpaBHHBAIOT B YJALTPA(HOJETOBOM CBeTe HHTEH-
CHBHOCTh CEEYEHHsSI OPFaHHYECKOro CJOf €O CBEYEHHEM CTaHAAPTHBIX PaCcTBOPOB.
Meron nospoaser onpeneisTb ramiuii npH ero cogepmanun >10-1Y% c ownbkof
<20% [111, 112, 531, 1406].

3oay yraeii MoxHO pasaararth nopoikom NHF npu 300—400° C [489] au6o
cmechio H,SOs w HNO; npu 500—550° C [1406). ITocme orjenenns KpeMHeKHC-
JOTLI TIPOBOAAT KOJOPHMETPHPOBAHHEe H3BJIEUEHHOTO XJopraiiata poamuia B
[358, 489, 512, 1403, 1406]. AxanorH4HO ONpEAENAIOT TaJHi B NPOAYKTAX H NOJY-
MPOAYKTaX NPOM3BOACTBA amoMuuua (489, 533] u unika [345, 346, 349, 453.
621, 996, 1089, 1435], a TaKkiKe B MEIHBIX M CBHHUOBHIX Kouuemrpatax [109, 345,
346, 349, 453, 1435], Pasnoxenne nposoautcs cmechio HF, HNOs u HyS0,. Tloc-
Jie lIeMeHTALHM THMKEeJBIX MEeTaJJOB HAa MeTAa/JHUECKOM KalIMHH 3KCTPArHpyior
xjoprajaiar poaamuia B 3¢mpo-Gensonsnoit cmecsio B mpucytetuu TiCly u
OKpalleHHbl#l 3KCTPakT (OTOMETPHPYIOT Ha (OTO3JEKTPOKOJOPHMETPE € 3€JeHBIM
CBETO(HILTPOM.

Ipu 3amene pomamuua B GytuaposamunoMm B UYBCTBHTEJLHOCTR Onpejese-
HHS raJJus Bo3pactaer Ha mopaaox [452].

R npoﬁax IIHHKOBOTr0, CBHHIIOBOro, Me/JHO-KaAMHEBOro KOHIICHT-
paToB H KEKOB, BEJIbI-OKHCH, IIJTaKa BaTep}KaKET‘HOﬁ IJ1aBKH, IIbI-
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an u3 B-GuapTpa M KOTpeabHOH Mblin raJJiHil onpeaeasioT QJyo-
puMeTpHueckH ¢ cyab(onadTonasopesopuHHOM [121, 363, 366].

Meton noasogsier onpeaensth Ao 02 mxe Ga, 4to nNpu HaBecke
1 e cocrapaser 2-10-5%.

Hagecky pasanaraior Kouuentpupopanuoit HCI, mewamomne saeMenTel OTAIE-
AIOT LeMeHTaluell HA MeTasJMueckoM KaAMHH k 3KCTpakuued 3(upom, OCTarok
fnocde Benapusauns 3upa pacTBOPAIOT B COJNAHOH KucaoTE H TOCIE AobasJe-
AHSL XJopaleraTtHoro Oydepa, THApOKCHJIAMHHA, ClIHpTa # pacTsopd ey ino-
yadT0/1a30pe30PUHHA CPABHMBAIOT (IYOPECUCHIHIO HCNLITYEMOro  pacrsopd c
(ayopecneHiHeli CePHH 3TaJOHOB, MPHFOTOBJEHHBIX OAHORPEMENHNO.

B C/AOKHBIX MO COCTABY MPOAYKTAX LBETHOH MeTaJypruu (mbl-
JIH, KOHIEHTPATBl, KeKH, XBOCTHI OT (JOTAUMH PYAbl H T. m,) raj-
JHi MOMKET OBITh OnpejeeH KOJOPHMETPHUYECKH ¢ KBEPLETHHOM
[671], a Takke c cyabpoHaso M €ro AUMETHI- W AMGPOMNPOH3BOJL-
upiMu [569, 571]. TIpoGy pasnaraioT H3BeCTHBIMH METO/LaMH. Omnpe-
J€JICHIE MPOBOAT [OC/Ee BbIACNEHHS TAKEJILIX META/I0B Ha METa/l-
MHUCCKOM KaAMHH M SKCTPardHpoBaHus rajius 3pHpoM B MPHCYTCT-
pun TiCls.

dmnoasckum [596] aast hoToMeTPHUECKOTO onpeleeHHst ralana b
pA3THYHBIX NOJYNPOAYKTAX MPOH3BOACTBA IHHKA H aMIOMHIHA TPEA-
JOKEH peareHT CTHAb0Aas0.

B Besbll-OKHCIAX H KAHHKepax ra/iui onpeaeasior Goromer-
pHUECKH ¢ OPHITHAHTOBBIM 3€/IeHBIM [620, 865, 867].

B yrasx M 3oax raJiuii Onpeaessior (OTOMETPHYECKH ¢ Ma-
naxHTOBLIM 3eqenbiM [740, 931]. Tlpeumyuectso MeToja — BO3MOXK-
noctb onpenenennsi 0,001% Ga Ges ero NpeABAapHTENBLHOrO OTAE/E-
s, [IpH npumeneHuH ke 3(UPHOH SKCTPAKIMH MOMKHO ONPEe:
NSTh ellle MeHbIINe KOJHYeCTBa TaJlaHs.

KcHIeHOMOBbI OpaHKeBblil HCMOAB3OBAH /st (OTOMETPHUECKO-
ro onpejeseHHs rajuiuf B KOHIEHTpATaX HHAMS H rajlind 258].

CnekTpaabHoe onpepenerne rajaus. [lnamenHo-poTomeT-
pHYecKOe OnMpejfeJeHHe rajjiua B KOHLEHTPATAX ]
MONYyNpOAYKTaX NPOH3BOACTB A, Meroa OCHOBaH Ha H3-
MEpeHHH HHTEHCHBHOCTH JIHHHH Ta/lJins A=417,2 am B cnexkTpe ate-
THJEHO-BO3/IYIIHOrO [JIaMEHH, TOJAyuaeMOM MpH BBECACHHH B HEr0
pactsopa npobul 1 Npolbl ¢ A06aBKAMH TaJNHs (408].

B doroMerpHpyeMble pacTBOpbl A06aBJAAIOT 5% OyraHona Aag
VBEIMUCHUA WHTEHCHBHOCTH Hajyuenus. Hcnoabsyerci CHNEKTPO-
¢oToMeTp AJs NJAAMEHH C 3aluChlo CHEKTPa, MO3BOJAIOMINI TOUHO
VUHTLIBATH Benuuuny Qona MIaMeHH. UyBCTBHTENLHOCTE METOAA
0,025% Ga. [1pogo/KuTe/bHOCTL OAHOTO ONPENeICHHA 1—2,5 uaca.
Tounocts Meroxa =+ 10 otH. %. '

0,5—1,0 2 anamusupyeMoro MaTepHaja [asjaralOT MpH HATPEBAHHH aubo ¢
FINO; u HCI, au6o ¢ HaSO4 u HF. 136biTok KHCIOTH BhiIaDHBAIOT, Pacreop Ko-
SHYECTBEHHO TEPeHOCHT B MepHYIO Koafy emkocTsio 25—50 M4 u pasasisior
BOAON /10 METKH.
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Ilpu nenmosuoM pas/oXeHHH TNPOLE MPOM3BOAAT AONONHHTENBHYIO 06paboTs
Ky — cnaaBjenne € mupocy/ibpaTtom Kaaua. K nonyuennomy naasy nofasasior
5 ma HCI (ym. . 1,19) uan HNOg (ya. B. 1,40) u BelmenaunBaoT nias Bozofl,
nepeHocAT B CTaKaH M HarpeBaior. PactBop (100—120 M) HeiTpajusyior am-
MHAKOM [0 MEpexofla OKPAacKH METHJOBOTO CPaHIKEBOrO M3 PO3OBOH B IKEATYIO.
3arem pacTBOP NOAKHCARIOT cHoBa | uam 2 xammsmu HCl (ya. s. 1,19) no poso-
BOfi OKpackH H fnoGapasior 3—4 2 yporponnHa, Kunatat B Teuenne 30 mun. Ilocre
OXJaX AeHHs OTQUALTPOBLIBAIOT THAPOOKHCH, TTPOMBIBAIOT HX Ha uabTpe 2%-HbiM
pacropom NH,Cl u pacropsior B 5 ma 5 N HCl. ®uastpar ¢ npoMbIBHEIME BO-
naMH ynapHBaloT [0 HefoJbIoro o6heMa H MepeBOMAAT B MEPHYIO Koaby em-
Koctbio 256—50 ma.

Jlns ¢oToMeTpHpOBaHHs aHANH3HDYEMEi PAacTBOp Pas3GaBJflOT B 3aBHCHMO-
CTH OT CONEPIKAHHA Ta/uIHs TakK, 4To6bl KOHIEHTpauust ero cocraeiaana 5—100 mkz
Ga/ma. OpHeHTHPOBOYHO COfEpKAHHe TAJUIHS MOXKHO ONpeae/iuTh, CDABHHB 3a-
MHCh CMEKTPa AJs pacTBopa NMpofkl H A CTAHJAPTHOrO PacTBOpa, COAEpIKalLIero
100 uxz Ga/ma.

Or6upator amukBoTHEe wacTH 0,5—5 M2 HCXoAHOrO pacTBopa B TPH CTaka-
Ha, po6asasior 0,25 ma 5§ N HNO; u 0,5 ma Gyramona. Pactsop B nepsom cra-
KaHe pa3GaBasoT Boaofi mo 10 ma; Bo BTOpPO#i cTakaH N06aBAAOT OTMEpeHHOE
KOJIHUECTBO CTaHMAPTHOro pacreopa, comepkamero 100 wan 500 mxe Ga, B Tpe-
Taft 200 uan 1000 smxkz Ga, B 32BHCHMOCTH CT cojepiKaHHs ero B o6pasne. Co-
HepKHMOe BTOPOTO M TPeThero crakaHos pasGasnasior Bomofr no 10 sz m moay-
YaloT pacTBOpH npoGu ¢ noGaBkamu 10 m 20 mxe Ga/ma wmm 50 u 100 mke
Ga/ma. PacTBope ABaxAe (GHIBTPYIOT yepe3 cyxXoit ¢uabTp m doToMeTpupyloT
npu umpuue memn 0,05—0,1 mam, 3anuceiBas cnekTp B o6aactu 415—419 wm.

[MTosTopsioT 3anuck CMeKTpa, BBOAA B MJaMsi pacTBophl B 06paTHOM MOPSKeE.
Hamepstior BHICOTHI MHKOB JHHHMI 3JeMeHTa Hajg GOHOM [AAs pactBopa npobul Az
H npo6ul ¢ no6aBKaMu Axyq M GepyT cpeanue 3HaveHHs. KOHUEHTpauHiO 3/1eMeH-
Ta B aHa/H3HDyeMOM pacTBope ompefensioT mno dopmyne

a-h,

X = —hx y

hx+a
rIe X — KOHIEHTpanus 3JeMEHTa: B aHaJH3UPYeMOM pacTBope, MK2[MA; a — J10-
GaBKa 3JeMeHTa, MK2[/MA,

W3 cpennero 3HaueHHsi X¢p PAcCUHTHIBAIOT COJEpKanue 3J]eMeHTa B mpobe
no tdopmyne

xcp-100

b-1000 ’

rjae b — KoHueHtpauus npo6bl B aHanH3HpyemMOoM pacteope, Me/sa; 1000— Koap-
(PHITHEHT Mmepecyera, M2 B MKe.

%M =

CnekTpanbHOe OmMpegeNeHHe ranaua (CoBMecT-
Ho ¢ Ge,InuTl) B npoAyKkTax o6orameHus pyL u oT-
X0MaxX UHHKOBO#, CBHHILOBOH, ONOBAHHOA H METHOH
npomMbimJgeHHOCTH MeToy OCHOBaH Ha HCIAPeHHH AaHAJH3H-
pyeMoro nopomka npoGel B NJ1aMs YroJbHOH AyrH MOCTOSIHHOrQ HJH
nepementoro Toka [408]. Ilpu onpemenenun ramjius (¥ repMaHus)
HcnapeHHe npo6bl IPOH3BOAAT H3 KaHaJja YroJbHOTrO ajekrpoaa. On-
peleieHHio rajJiHg (M repMaHHsl) MemaiT Caeayioume JHHHH: W
2910,48 A; Ni 2907,46 A; Fe 2816,66 A; Ta 2698,30 A. UyscTBHTE/b-
HOCTb ONpejeJeHus rajans (H repMaHus) 3aBHCHT OT COCTaBa aHa-
JuanpyemMoit npo6wl. Tak, A8 rajnHsa YyBCTBHTEJIbHOCTH Ompeese-
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Hus B npoaykrax oOoraiieHus PYyZA, NPOMBILVIEHHEIX TPOXYKTAX
H OTXOAaX LMHKOBOH, CBHHILOBOH, OJIOBSHHON M MEMIHOH TPOMBILI-
JIEeHHOCTH paBHa OKOJO 1—3-10%%. BocnpoH3BOAHMOCTD +=11—
13%. [lpomomKuTe bHOCTL aHAIH3a 10-—12 npo6 ~ 6 uac. B xaue-
CTBE OCHOBBL JUIS MPHTOTOBJIEHUS 3TAJOHOB HCHOB3YIOT oKHCH Zn,
Sn, Fe, Pb, Cu, Si n Al, a Takxe OJOBAHHbIC cynbguAHbIE H OKAC:
JIeHHBEIe 1IMHKOBBIE, CBUHIIOBLIE H MEJAHbIE DPYIbl H KOHLEHTPATHIL.
B AyroBbIX CNEKTPax MEPeYHC/IeHHbIX BEUICCTH IOJIJKHA OTCYTCTBO-
path aunaua Ga [ 2943,64 A,

Mcxopubidi sTanoH, comepxamufi 1% Ga, roropaT cMewlHBAHHEM H pacrupa-
WHeM OKWCH TAJJusA C HaBeckaMH TOHKO pactepthix (150 meur) okuceit Zn, Sn,
Si, Pb, Fe, Al u Cu. Takue e HaBECKH OJIOBSTHHOM, CY/Ab(UIHEIX H OKHCJAEHHbIs
LLMHKOBBIX, CBHHIOBBIX, MEJHBIX Py M KOHLEHTPAaTOB CMELIMBAIOT H pacTHpawT L
okuceio ramms (Ge, In, Tl). IlocaepoBaTenbHEIM paafaBJjeHHeM HCXOIHOrO 3Ta-
JIOHA COOTBETCTBYIONIEH OKHCLIO, PYAOi HJM KOHUEHTPATOM FOTOBAT cepHio 3Ta-
nouos, copepxamux Ga (Ge, In, Tl) B CAEAYOUHX KOHUEHTPALHAX: 110,
1.10-, 3-10-2,1-10-2, 3-10-%, 1.10-% 3-i0—% 1-10—4%.

Ec/H COCTaB aHAJAMSHPYEMEIX NPoG HeuspecTeH, HEOOXOAMMO YCTaHOBHTH ero
Ha OCHOBAHHH KAUECTBEHHOro CIEKTPaJbHOrO aHanusa, Mo/b3YACh TAK HasblBae-
MBIMH KOHTPOJIbHEIMH JHHHAMH. Hapecky npo6bl (3TajoHa) CMemHBAlOT c rpa-
(UTOBEIM TIOPOLIKOM (1:1), copepmxamnm 1,5% Bis0s, 60 Mz cmecH nNOMeLIaOT
B oTBepcTHe (auamerp 4 M, rayGuna 8 mM) HHKHEro 3JeKTPOAa — aHoAa Aua-
merpom 6 MM M TOKPHIBAIOT TOHKHM CJOEM rpaduTOBOrO MOPOLIKA. Bepxuuft
3/1eKTpoJ — KaTOJl 3aTauHBaloT Ha yceuenHblt Kouyc, PaccTosinie MEHLy 3.eK-
TpojaMH 3 MM, CHJIA TMOCTOAHHOTO TOXA 8 @, sxcnosnuus 60 cex. lleap cnexTpo-
rpaa ~0,015 mm. Perucrpauuio CIEKTPOB NpOH3BOAAT Ha (OTOMIACTHHKAX
«cnexrpaibHbies, Tun, 11. [11s NOBbIICHHS YyBCTBATE/IHOCTH HA OJIHO MECTO ¢oro-
MNACTHHKH MOC/AefoBaTedbHo (ororpadupyior CHEKTPE LEYyX HABECOK OJHOI
npoGLl WX CTAHLAPTHOH CMECH. Ha onuoit ¥ Toit e (pOTOMJACTHHKE TPEXKPaTHO
doTorpatupyloT ABOfiHEE CIEKTPEI Kamaoit ananu3upyemoii npo6bl M HECKOJb-
KHX STANOHHBIX CMecefl COOTBETCTBYIOLIEH CEpHH. DKCTIOHHPOBAHHYIO IJIaCTHHKY
NpOSBASIOT ~ METOJITHAPOXHHOHOBEIM nposiBMTENEM  TIPH ~20°C B TeUeHHE
4—6 muH. u (GOTOMETPHPYIOT € NOMOMIBLIO mukpodoromerpa M®-2 crenypomue
naps aanni: Ga I 2943,64 A u Bi I 2809,63 A. Ha ocHOBaHHH AaHHBIX doTomeT-
pHPOBaHHs CTPOAT NPajAyHpOBOuHbIE KPHBBIE B KOOPAHHATAX: Jorapum KOHLEH-
tpauun Ga (Ge)— pasunocth nouepuenuit Junnii Ga (Ge) # Bi. Kaxpas ToYKa
Ha KpHBOIl Npe/cTaB/seT co6oi cpeiHee 3HadeHHE M3 TIpOMepa Tpex CIeKTPOB. Tlo
faHHEM (OTOMETPHPOBAHHA B CIEKTpax aHaJIH3HPyeMBIX Npo6 Tex IKe JHHUH
Ga (Ge) u Bi mo coOTBETCTBYIOIIHM rpajlyHpOBOYHBIM KPHBBIM HAXOLAT coapep-
xanue Ga (u Ge).

CM. TaKke ONpeje/eHHe rajius B MPOAYKTaX CBHHILOBOTO, IIHH-
KOBOrO H oJioBsiHHOTo mpou3Boxcts [19, 5456, 79, 83, 284, 374,
375, 586, 737]; onpejesienne rajius B yrsix [84, 254, 1248, 1400] u
NPOAYKTAX Ero nepepabotku [648, 883, 1151]; B cawoaax H ClaHLAX
[826, 942, 1184]; B sonax [185, 649, 701, 1184, 1400]; B Ko/aYenaHe,
orapke H KOTpeabHO# MbLIH [283]; B HakumaX, OTIOKEHHAX, HIia-
MaX, BKJIIOUEHHAX H T. I [399].

Moasporpaduyeckoe onpejejerne rajins B NPOAYKTAX HBETHOH METAJIYPrHH.
PasoxerHe NPOGH KHCIOTAMH, BbIEJeHHEe TAMEIbX MeTaJJIOB LeMeHTalued Me-
+aJ/IHTeCKHM KaJMHeM, SKCTPAKIHS XJ0pH/ia rajliis 3(hMpOM, PEIKCTPAKIUHS H BTO-
pHuHAs SKCTPAKUHA MPOH3BOAATCA TAK, KAK onucako BEIIE, HO Mepes SKCTpakuue
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ne nobapasior pacreop Ti*t. DkeTpakT ynapHsaior Ha BoaAHOI GaHe nocje goGas-
aenns K memy 0,56 ma 10%-noro pacrsopa NaCl, K cyxomy ocraTky npHaHBaioT
2,5 ma pactsopa (ona (138 2 KpHCTANAMYECKOH CANHUMAOBOH KHCJOTH 58,5 ¢
NaCl pactsopsioT B | 4 BoAm), N0 KanaaM ammuax (1 : 1) po pacTBOpeHHs BLINAB-
Iedl canuuHAOBOM KHCAOTH. PacTsop MepeHocAT B MepHYH KOGy eMKOCThio 25 M
# mpuGagasior 2—3 kanan HCI Pactsop npi stou npuofperaer (uoNETOBYIO
OKDACKy M CalHUHJA0BAf KHCJIOTA CHOBA OCaM1aeTcs. Jlo6aBasiioT Mo KanasMm am-
MHaK J0 Mepexoia OKPAcKH B KPacHO-KOPHUHEBYIO; CAJIHIM/IOBAA KHC/IOTA NIPH STOM
pactpopsercd. Pa3GaBasior 10 MeTkH BOJOH, MepeMelluBaioT, or6upator 10 ma pac-
tBOpa, npubasasior 4 kanau 0,1%-#oro pacTsopa esaTHHA, NPONYCKAalOT a30T B
TeqenHe 15 MUH. W moasporpaupyloT, HawmHas c notenuuana 0,7 8 npu obliem
Hanpsxennn Ha peoxopie 2 . Conepxanue raijus PacCHHTLIBAIOT METOJOM CTaH-
NapTHBIX cepHit [26—28, 500].

CaJHIHA0BOKHCALI (GOH HCMOJB3yeTcs TakMKe TNpPH ONpelejeHHd raiaus (n
APYTHX TpEMeceii) B WHIHMEBOM, Ta/JJHEBOM H IeDMaHHEBOM KOHIEHTpaTax [29].
OmnHcano ONpefeieHHe Tajais B MbLIAX CBWHIOBLIX H LHHKOBBLIX NPOM3BOACTB Ha
aMMOHHIHO-aMMHuauHoM done [169, 332] u B Boaromax Beabu-niedn Ha oHe ponra-
rura Kamus [521].

ONPENEJEHUE FAJIJIMA B FJIHHAX H NTO4YBAX

Onpejenenve rajiiis B IMIHHAX H [0YBaxX MPOBOAHTCA MOHTh
MCK/TIOUHTENBHO CMEeKTPAaJbHBIMH MeTOfaMH aHaausa.

BoJablIoe YHCA0 HCCAETOBAHHE 10 ONpeleseHHio copeprKaHud
rajiHs B TAHHAX BbinodHeHo Apencom [600—603, 605]. Onucan ana-
JiH3 TJIMHO3eMa C NMpHMEHEHHeM B KayecTse Oy(epa cMecH rpagu-
ta, autis u ozoBa [907]. UyBcTBHTEJHHOCTE TAaKOro aHa/IH3a
~5:10-%%.

Psitom MccaenosaTesiell NpoBeaeHo ONpejieJieHHe rajjus B MOA-
CTHIAIOMNX TauHaX, cojepxamux THTau [1272, 1334]. Cm. Takxe
[23, 24, 86, 600—603, 605, 664, 686, 907, 1183, 1272, 1334].

Ilns onpeaesiedus raaaus B noysax npoGu NPOKadHBaioT NpH 450° C nas yaa-
JeHHs opranuueckux semects. OCTAaTOK TUIATEABHO CMEWIHBAIOT ¢ rpadHTOBLIM nO-
POILKOM, COAEPIKAILHM cepebpo W naiaini (BHYTpeHHHIl cTanmapt), NoMewWawT
oGpasen B rpadHTOBEI KaToX W BO3GYMKIAIOT CNEKTp B Ayre NOCTOAHHOrO TOKA
1653, 1013]. OcraTok moc/ie NPOKATHBAHHA MOXKHO CMJABHTH C Na,CO; u nocae
vactsopenust miasa B HCl n ynanenns SiO, onpeneants rajaauii B pacTBope, HC-
TOAB3YS NaiAanuil ¥ repMaHHil B KauecTBe BHYTPEHHEro CTaHaapTa [544].

OzHaKo ropa3fo yaule XHMHYecKoe oforallleHHe NPOBOAHTCA C MOMOULBIO Opra-
HigeckHx pearentos (cm. crp. 161 m 162 u paborst 23, 1118, 1357]). Meroaukn no
GIIPCICNGHHIO COMEPIKAHUS TaLIHS B TIOYBAX CNEKTPAJBHLIM METOLOM MpHBEeHbI
B kuure Boposux-Pomanosoii [81], a takke B paborax [544, 1013, 1357, 1400].
O BO3IMOMKHOCTH WCMOAb30BaHHA nojsporpaduueckoro Meroia Aad ONpelesenns
ranaus B mousax cu. [386].

ONPEAEJIEHUE FAJINTHSI B BOJAX

[lpn onpefeseHHH B NPHPOLHBIX BOJAX MHKDPOSJIEMEHTOB, B TOM
yHcJe W rajJiHs, WHOTAa MPOBOJAT aHanus Ges npeBapHTe]bHOM
o6paGotkH. B GouablHHCTBe e caydyaes MNPHMEHAIOT METO/LI e
npeBapHTEJbHBIM KOHUEHTPHPOBaHHEM MHKPO3/JIEMEHTOB, KOTOpOE
OCYUIECTBASIETCS PA3THUHBIMH CTIOCOOAMH.
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HauGoaee npoctoii crnocod KOHUEHTPHPOBAHHA jakJjoyaercss B
ylapHBAaHHU BOJ [0 CYXOro OCTaTka. Muorue asTopbl NPHMEHAIOT
npeABapHTE]bHOE XHMHUECKOEe KOHIIEHTPHpOBaHHE,

Omicanbl METOMbl BHUIEEHHS U3 BOABI CJEO0B METanjos, B TOM YHCIE raanus,
SKCTpaKiHell pacTBOpaMu AMITH/ANTHOKApGaMaTa, 8-OKCHXHHOMMHA W AMTHIOHA B
xaopodopwme [696, 1219, 1220]. IKcTpakTh ynapusaior i B ocrarTkax, nocie aoGas-
jenns Oydepa M pacTBopa cOJH Gepuaausi, CAYMKaUEro BHYTPEHHAM CTAHAAPTOM,
OMpefeasIOT TaMIHil CIeKTPAALHLIM METOLOM. OnucaHHBIM CHOCOGOM MOMHO Onpe-
feqHTh TAJAMA M APYTHE 3JEMEHTbl NpH KOHUEHTpallh HX B HCXOAHOH MKHIKOCTH
1o 1 mkz/a [1219].

Mo HO MpOBECTH KOHUEHTPHPOBAHHE, He npuoeras K SKCTPArHpoOBAHHIO: K PO~
Ge BOABl A0OABISIOT 8-OKCHXHHOJNHH, aleTarT aMMOHHsA, TAHHHH W THOHAJIH]L, BhIJLe-
AMBLIKIACH 0CAJlOK D30JMI0T, 304y NepeMelldBanT ¢ rpa(UTOBLIM MOPOUIKOM H aHA-
AHBMPYIOT CNEKTPasabHO, BO30YKAas CHEKTpbl B Ayre nocrosunoro Toxa [1325].

PaspaGoTana Takke METOLHKA Onpeie/eHus B MpHPOAHBIX BOAAX Ta/JIHsA (Ge,
Be # HEKOTOPBIX APYMHX PEAKHX 5/IEMEHTOB) NyTeM COoOCamAeHHs C Al(OH)a.
OCHOBAHHAS HA AHANOTHM CBOHCTB WX CHAPOOKHCEH, OGpasyiouluxcs B aMMHauHOH
cpene [350]. B kauecTBe KOJIEKTOPA MOKET GBITh HCMOJAL30BaHd FHAPOOKHCD FKeJe-
3a [383]. Ocanok pacTBOPAIOT B HCl, Fe* BoccraHaBAHBAKT 10 Fet tpexxaopi-
CTBIM THTAHOM, SKCTPATHPYIOT ‘Ta/Hil XHH30NPOMHIOBLIM 3(pUpOM H ONpeiensior
KONOPUMETPHYECKH ¢ poaamuiom B. Onpefenenne Tajaus B NPHPOLHBIX BOLAX
ONEeKTpaJbHEIM METO/A0M CM. TdKKe B paGotax (81, 696, 697, 1219, 1220, 1325].

Coteist raJiis B BOAE MOCYT GbITh OTPE/eeHbl 110 H3MEPEHHIO HHTEHCHBHOCTH
uryopecueHun B yaprpaduoaeTe XJI0popopMHOro pacTiopa €ro KoMIJjexea ¢ Kyn-
depooM u MopuHOM [672], ¢ JIOMOrasIHOHOM (1+10-9%) [69], oxcuxuHo/HaTA
raanua [158, 539, 921, 922, 1072]. [TpeasapuTeLHO rajanii oTAeAAI0T 3KCTParupo-
panneM spupom ua 6 N HCL

ONMPEJEJEHHE TAJUIHA B OPTAHHYECKHX
H BHOJIOTHYECKHX MATEPHAJIAX

OmnpeneneHie TajjiHs METOAOM CHEKTPAILHOTO anaausa Tpeby-
eT TpeaBapHTeJbHON0 XHMHYECKOro KouueHTpuposanus. C npuMe-
HEeHHEeM MOC/eJHEro BO3MOMKHO Olpeje/eHHe 2.10-4% Ga [81}

Onucano OMpeAeeHHe TaMIHA B 30Je PACTEHHA C UCIIOJIb30BANHEM 9KCTpAri-
poBAHUS ero XJ0poopMHBIMH pacTBOpPaMH AUSTHALHTHOKapOamara, 8-OKCHXHHOAH-
Ha u anTHzoHa. Tloc/e OTrOHKH XaopodopMa H J00aBAenHs paCTBOPOB COH Gepui-
aus (BHYTpeHHHI CTaH7apT) M HHTpaTa Kajud (6ydrep) cmech KOMIIEKCOB MeTat-
7OB 030JSI0T, OCTATOK PACTBOPSIOT B MAPCKOA BOJIKE, BbINAPHBAIOT, pacTBOPAIOT B
HCl ¥ nanocsT Ha YroJbHbA 3JekTpox. B 1 @ cyXoro pacTHTEILHOro MarepHana
P03MOKHO onpeaenenue | sxe Ga [1221].

PaspaGoTa CheKTpa/ipHblfl METOL ONPEAEEeHHs CAe/10BbIX KOJMYECTB Tajus
i HEKOTOPLIX APYTHX 3JEMEHTOB B Maciax H Guonornyeckix Marepuaiax [81, 184,
1221, 1323], a Taxxke B 30/¢ CHHTETHYECKONO BOJOKHA [972]. Konuenrpuposanue B
nocAELHEM CAYyuae NpPOBOAAT SKCTPArHpOBaHHEM X/10pOOPMOM KOMIIEKCOB 3J1EMeH-
0B C MHPOJMAMHIMTHOKapGAMaTOM H AHTH30HOM. UyscTBATEABHOCTh AHAIN3A
1.10-%%. Coaepianne ranausi B GymMare HaXolaT, HCCACAYA 30y o6pasua sMue-
CHOHHBIM MeTozoM [498].

Jlnsi OmpeeNeHis CaeA0B Fajisi ¥ HEKOTOPHIX APYLHX SIEMEHTOB B Opramu-
HeCKUX COeAMHEHHAX MPOGY CMELIHBAIOT CO CNEKTPA/bHOUHCTEIM SrSO4 u 3ateM op-
[ AHMYECKYIO HACTh MPOGH YAAIAIOT MOKPLIM 030JEHHEM CMECHIO H2S04+HNO;. ITo-
JyueHHbIHl KOHIEHTPAT npuMeceil MO/BEPraior CHEKTPAJbHOMY aHaJH3y C STaJjsoHa-
MH, MPHTOTOBJEHHLIMH Ha OCHOBE SrSO4, npu BO3GYIK/IEHHH CIEKTPOB B Ayre no-
{TOSIHHOrO TOKA, MHHHMA/JLHO OnpeieseMble KOHLEHTPALHH npuMeceiit 3-10—°—
3-10-7% [4001.
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MoxHo ompenessiTh ColdepKaHHe TaJliHg B OHOJOTHYECKHX Ma-
TepHasax MyTeM H3MEpeHHs] HHTEHCHBHOCTH (JIyOpecLeHuHH XJo-
podopmHOro pacTBOpa OKCHXHHOJNHHATa rajjius B Yyabrpaduome-
ToBOoM cBere [774], nuGo meromom mniameHHoi ¢ortomerpun [670].

ONPEAEJEHHE TAJJHA
B NIHILEPHHOBbLIX FAJIbBAHHYECKHX BAHHAX

Ananuaupyemuit 6 N HCI pacreop, comepxamuit 13—15 me Ga, pasbapasior
Bojioit 1o 50 MA M ABaXKH 3KCTparupyioT 3¢upoM, HaceumenusM HCI. M3 opranu-
ueckoil ¢aswl peskcrparupyior uuaui 6 N HCI, naceinensoin apupom (3—4 pasa),
SKCTDPA4KT HArPEBAIOT A0 yAanaeHus 3QHpa; OCTATOK, COAepxKamuil rajmuil, pacTsBo-
psaor B 2%-uo# HCl, ycranaenuBaior pH 3,6 pacrsopom CH3COONa, narpesaior
u Tutpytor Ga®* 0,02 M pacrsopoM KoMunJekcona IIl B npucyTcTBHH 3 KameJb KOM-
anekcorata mean (0,42 M pacreop komnaekcona III u 0,02 M CuSO,) u 4 xanens
0,10%-noro sransosnsHoro pacrsopa l-(2-nmpuaunaso)-2-uadrona. Cpeiuss omWHE-
Ka onpefeqesus rasnus cocrasaser 1,2% [722].

ONPENEJIEHHE TAJUJINSA B CIJIABAX

Onpengenende radaks B aJlOMHHHEeBH X cnaasax. Cias pac-
teopator B HCl, #aun 3 HCl ¢ nocaepyiomum noGasaenneM HNOs. Ilpa GoasioM
CONEepKAHAN TaJJHA MOXKHO ONPEleJHTh BecoBeM Meronom. s sToro mosayden-
HEI COJAHOKHCABIA PACTBOP 3KCTPATHPYIOT 3(HPOM, COIKCTPATHPOBAHHLIE CJeXbl
MenH YAAJfT 3JeKTPOJH30M. DJAEKTPO/MT, COAepAKalldil rajJHd M caels Xenesa,
BHIADHBAIOT, OCTATOK NMPOKAJHBAOT M cmaasasoT ¢ NaOH, o6pabaTuBaior naas
Bozofl u oTuabTposbisaioT Fe(OH);. M3 duapTpata ocaxaior rajini OKCHXHHO-
auHoM [834]. MoxHo H3BJeUL rajJuii H3 COJSHOKHC/IOrO PacTBOpPa H30aMHJOBHIM
CIHPTOM HJIH YKCYCHOSTHJIOBEIM 5(QHDOM B NPHCYTCTBHH THAPOKCHIaMHHA (AJ1s BOC-
«craHoBJeHHsl FedT) mam THocyibdara (Aas Boccranosaenns Cu?t) u mocae pe-
SKCTPArMPOBAHHS T'aJUIHS ONPENe/HTh CO/lepKanue ero (QIyopHMEeTPHYECKH, H3MEpAa
WHTEHCHBHOCTh (IYODECLEHIMH XJOPOGOPMHOro pacTsopa 5,7-NHXJ0p- HAH 5,7-IH-
GpOMOKCHXHEOHHATA Taaud {1006, 1007, 1172, 1173].

OnHcaH Takke METOL NOJsporpadhydecKoro OmpelesieHHs TaJiHg H aJIOMHHHSA
B aMIOMHHMEBHIX ClJlaBax nocJe mpensaputeannoro orienedds Cu, Fe, Zn, Ni, Ti
i Pb BoccTaHOBJIGHHEM Ha PTYTHOM KaToie NmpH noteHuxane or —I,1 po —1,2 8
[727]." MeToa OCHOBAH HA TOM, 4TO AJMIOMHHHMH H raaiufi o6pasyiorT ¢ HaTpHeBOH
coabio 5-cynbho-2-oKcH-a-6eH30/1a30-2-Had)T0Nla KOMIIJIEKCHEE COeHHEHHs, BOCCTa-
HABIMBAMOLIHECH Ha KamneJbHOM pPTYTHOM Kartofe. UyBscrBHTenpHOCTh 4 - [10-5—
2 -10-® moaso Gafa (Ey, =—0,54 8). [MoasporpadupoBanne npoussoaar npux pH
5,53 B aueratioM GydepHom pacrsope B mpucyrerBid KCl u xenatnna. [lpn 6o.b-
IIHX KOHIEHTPalUHaX aNTOMHHHS TaJJHil OTACIAIOT OT HEr0 SKCTParHpOBaHHEM StH-
pom u3 6 N HCL

O crnekrporpaduueckoM Ompeje/eHHH Fajlus B aJOMHHHEBbIX CIJaBax CM. pa-
GoTHl [785, 1256].

OnpenenenHe rajljJHs B MarHueBB X cOHJAaBax
Boabmue H Majble KOJHYECTBA TaJjiHsl ONpeAensioTcs BecbMa TOU-
HO Ha (oHe PacTBOpa CIJIaBa KOJOPHMETPHYECKHM METOLOM C MpH-
MmenenuneMm raanucHa WPEA [243, 326]. Metox mosBosser ompeje-
aate 0,01—69% Ga. Tounocth Mertoma npu cofepxanun 0,01—
0,50% Ga cocrapaser 0,005—0,04%, npu coxepxanun 0,5—6% Ga
oua pasHa 0,06—0,25%.
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0,5 e cnnasa npu cogepxkanun 0,01—0,6% Ga pacnsopsior 8 10 M2 HCI (1: 1),
CJerKka BHINADHBAIOT [0 Hayaja BHNAajeHHA coJefl, pa3GaBiasglT BOJOH, MOMO-
'PEeBaloT, MEPEHOCAT B MEPHYIO K046y eMKOCcThIO 250 Ma u nepemeUIHBAIOT.

Has onpeneneuus n-10-'—6Y% Ga pacreopsior 0,1 2 cnaasa B 5 sa HCI,
pacTBOp CJIETKa ynapHBaloT A0 Hayala BHINAJEHHST cojell, pasfaBisioT BOJOH,
TIO0rPEBAIOT, 3aTeM MEPeHOCAT B MepHYI0 KoJ0Y eMKocThio 250 Ma H nepeMell-
BaioT. [Ipu pacTBOpenuH CliaBa ciegyeT 00s3aTENbHO CJeJHThL 3a NMOJHOTOH pac-
TBOpeHus. Eciu Ha [He CTakaHa HMeIOTCS KPYNHHKH METaJIWUECKOro raJiius, [0-
GaBnsl0T Npu pacTBOpeHHH cmiasa no xamasM 30%-uyio H.O,. B noayuennom pac-
TBOpE ONpeAeasioT CONEDPIKAHHE Taluidsi MEeTOLOM CTAHAAaPTHEIX CepHH HAaH (OTO-
METPHYECKH C KPaCHLIM (OPaHXKeBLIM) CBETO(HABTPOM,

Kynenxosa [309] pexomengyer necoBoli MeToJ ONpEAe]eHHs TCa/lHs, OCHOBAH-
HBELHl HA OCaMKJEHHU €ro aMMHAaKoM B npHcytcrBud =10 ¢ NH,Cl na 100 ma pac-
TBODA; NOJYYEHHBIH Ocajoxk nepeocaxgaior. HeGoabline KOMMUECTBA TallHd B Mar-
HHEBBIX CIIIABAX Jy4lle BCEro ONpenefsTh CHEKTPaJbHEIM Merozom [145].

Onpenenennerannnsa s MeAHB X cnJaaBax. [lpu co-
nepxanun<10% Ga ompegeneHHe ero NPOBOAST MJIaMeHHO-(POTO-
MeTpHyeckuM Metogom [406, 746, 1097], ucnmoab3ysi maaMs rpemy-
uero rasa, a (oToMerpHpoBaHHe NPOBOZAT NO JHHHH 417,2 um.
UyscrBuTenbHOCTL onpenenenns —0,1 mxe Ga/ma.

0,1 e mpoGul pacTBOpAT B MHHHMajbkoM XosaudectBe HNO; u nosayuesmbii
pacrBop pasGasusior 10 100 ma npu conepxanun mo 1% Ga u 1o 1 2 — nmpu co-
nepxanu no 10% Ga. ®oToMeTpHPYIOT, CPABHHBAS OTCYETHl C OTCYETAMH PACTBO-
POB, COZlepKaLINX COJMH Ta/UIHS H MelH.

ITpu comepxanun B cmaase Ko 1% Ga B craHgapTHBIX pacTBOpPAaX A0JKHO BBITH
0—10 mxe Ga/ma n 995 mxe Cu/ma; npu comepxanuu B craase a0 10% Ga cran-
JAapTHbIE PacTBCDHl COJAEPIKAT Te :Ke KoauuectBa ramus H 95 mxe Cu/ma. OcHos-
HEle CTaHJapTHHIE PacTBOPH roTOBAT pacTteBoperneM 1 2 Ga B HCI u pasGasie-
nieM noaydenHoro pacrsopa mo 1 2 (I me Ga/ma), pacrsopennem 4 2 Merau-
ueckofi MeJld B MHHHMAaJbHOM KOJIHYECTBE a30THOH KHCJIOTHL H pas3GaBjeHHeM A0
1 2 (4 me Cufma).

IIpu GosblioM COJep:KaHHH TajdA PHMEHSIOT BECOBOH METOL
[309]. Meronuka ocHOBaHa Ha TpeNBAPHUTENBHOM OCAXKIECHHH MenH
CCPOBOAOPOJOM HJH THOCYJAb(ATOM HATPHA U MOCAEAYIOLleM OCaxK-
aedun Ga(OH)s; ammuakom, B apyrom BapuaHTe rajuiHil H 4acTHY-
HO MeZb OCaXJal0T aMMHAKOM, a 3aTeM Ta/lJIHil Mepeocakaaior mH-
puaunoM. B oGoux cayyasx ocapku npokaausator npu 900—1000°C
H B3BewHBaioT B BHAe (Gas0s.

Onpepnenenune rannusa B cnJaasax Cu— Be. HeGoub-
mpe KonuuectBa rajnus (mopsgka 0,1—19%) ompegmensior B cnaa-
Bax Cu—Be nepemeHHOTOKOBO# moasiporpadueii na (Qone poza-
uuga Kaaua (1,0 moas/a) m HCI (0,6 moas/a). ITuk noreHmuasa
rajnua:—0,87 & (mac. k. 3.) [1178].

OnpeneneHHe ranJaHsd B COEJHHEHHAX THNA
AuuByn A Byi(cnnae bt As—Ga, As—P u Ga—Se). UepHHX0BBHIM
u Yepkamanoit [540] onucan Meron anaausa cnniasa As—G@Ga, ocho-
pauHbld Ha pacTBopenuu ero B cMecH HoSO4+ (NH4) 2SO, u TuTpO-
BaHMH B MOJYYEHHOM pacTtBope MHbllbsiKa OpoMaTtoM Kaaus, Turpo-
BaHHe BeJeTcH NOTEHIHOMETPHUECKH MJH BH3Yal/IbHO, B TOC/ELHEM
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c/lyuae B NPHCYTCTBHH HHHKATOpa MeTHJI0BOro Kpactoro. Coaepika-
HHe raJjJHs HaXodAT M0 PasHOCTH.

Jlasi TOYHOrO aHa/qM3a apceHWja raaina paspabotan MeTOl
KocBeHHOro AH(depeHHanbioro crnekTpopoToMeTpHIECKOro omnpe-
nenennsi ranausa ¢ JTA B npucyrcrBun Meau [954].

Tannaft 1 Anumapunsim [133] npennoixen MeToj aMIepoOMETPHYECKOro ompeje-
NeHus raaaus B apcenune u Qoedune ramins. MuiupAk B dochop He MEUIAOT Of-
penesennio raJuna 10 cootHouenus Ga: 3=/ : 1,5.

5 M2 H3aMenabueHHoro ofpasina (HaBeckKy GepyT Ha MHKpOBecax ¢ TOYHOCTBIO
1o 0,01 M2) moMewaioT B MHKPOCTAKAHYHK H DAacTBOPSIOT NPH HarpeBaHud B | Ma
KoHueHtpuposannoil HySO, ¢ no6asnenuem ~ 0,15 e (NHy)2S504. Ilocae oxaamae-
HHS K pacTBOPY NpHGABAAIOT 2 M4 BOABI H CMECh HArpeBAlOT A0 MOJHOrO pPacTBo-
peHus cyabdarta rasius. PacTBOp MepeHocAT B MepHYIO K0aGYy eMKOCThIO 25 Ma
M HefiTpaJaHaYIOT HachiileHHbiM pacTBopoM NaOH no mernsoBOMY OpaHMKeBOMY 10
Jenrolt okpacku, aatem npuGasasior kKanmo HaSO4 10 moayuenus pososoft okpac-
KH. PacTBop B kosi6e pa3baBasi0T BOAOH 10 MeTkH. [ToMeIlalT 2 M4 NPHTOTOBJEH-
HOrO pacTBopa M3 KOJAGH B MHKpoOsiueliky M THTPYIOT rammuift 0,1 M sranosnsHBIM
pactBopom B®T'A. Turposanue MPOBOXHTCA IO TOKY OKHC/JEHHS peareHTta NpH mo-
Tenmuaje rpapurosoro saekrpoaa +1,1 6 (Hac. K. 9.). :

B apceHHHBIX crjaBax rajJdii Momer ObLITb ONpENEeseH Mero-
JIOM peHTreHoBckoil (uyopecuenuun (873]. [dasa onpemesnenus ra-
anst B cnaase Ga — Se (Ga~46,65%, Se~52,83%) mucnoanayior
MeTon 06paTHOro MOTEHLHOMETPHUECKOro (aBTOMATHYECKOro) THT-
poBanus nabuitka DATA pacrBopom coid unHKa. THTpOBaHHe npo-
BOAAT B aueratHom Oydepnom pacrsope (pH 3,6) [828]. B snexktpo-
jgioMuHopopax Zn—Se rajaHi onpeaesisloT CHEKTPaJbHBIM METO-
J0M B Ayre NOCTOSTHHOTO ToKa npH 10 a. AnanuTHueckas JHHHSA raJ-
aug 2719,65A. Cpennsia KBagpaTHuHas OTHOCHTeNbHAs OWIMOKa onpe-
nenenus raaaus =6% [515].

Onpepenenue raanus B cnaaBax Sb—Al—Ga (65—81% Sb; o
16% Al; 2,9—34% Ga). 0,056—0,1 2 cnnaBa pacrsopsior B 15—20 ma HCI (1:1)
¢ no6aeiehuneM Heckonbkux Kaneab HNO; u weckonskux kpucranios KBrOj [ans
nepesona Sb (I111) B Sb(V)]. Taaauit u cypemy skcrparupyior sz 6 N HCl pas-
HbIM 06BEMOM GyTuaanerara, skcTpakT npomeiBaioT 3—4 ma HCL (1:1) u pesk-
ctparupyior ramanuii 15—20 ma 5%-noit BuuHHOA KHCJAOTH. PesKcTpakuMio MOBTO-
PAIOT M HeATPaJu3yIOT DESKCTPAKT N0 MeTHAoBOMY Kpachomy. IlpuGasaswor ne-
muHoro NH;OH nna soccranosaenust Gpomara Kaund, uabuirox 0,01 M pacteopa
kommekcona 11, mugukatop spuoxpom uepuniit T n pacrsop aMMHaka A0 APKO-
CHHETO 1BeTa pacTBopa. 3atem H306HTOK ammuaka nedrpanusyior HCl (I1:1) no
nepexoja cHHel okpacku B po3oByio. JloGaBasior mo KanasMm OydepHbH pacTsop ¢
pH 10 10 Tex nop, noka pacTBop BHOBb He craHer cunum (pH 8). HoGasasior eme
1—2 kanum 6ydepuoro pacrsopa, okosao 100 me NH,Cl i nsbeitok Kommnaexcona I11
ortuTpoBeBaioT pacreopoM Zn(NOjz)p no mepexosa OKpackn B BHHHO-KPacHYIO.
AnmoMuHHA OmpefensioT B BOAHOH (asde o6paTHbiM THTpOBanueM HuaGuiTka D/ITA
COJIbIO TOPHSI C aAH3apHHOM S B KauecTBe MHIMKATOPA, a CYPbMY — B OTHenbHOMH
npo6Ge 6pOMaTOMETPHYECKHM METOAOM TOC/Te PacTBOPEHHs aHAaJM3NPYeMOro cr/iaBa
B cMecH HpSO,4+ (NHy) 2SO, [541].

Hpyroit Bapnaut Merona [166] mospossier onpenenaTh Bce KOMMOHEHTHl M3
OHON HaBecKH H obecrneyuBaeT GONBIIYIO TOYHOCTD.

0,15 e cnnaBa pactopswT B 25—30 ma HoSO4. Buimasunii ocagok nepeBoasar
8 pacrBop aoGasaenuem Boasl H 3—5 ma HCI (ya. B. 1,19). K pacrsopy mo6as-
a0t 1 e komnnekcona IIl u pacrBop aMMHaka X0 pe3koro samnaxa, saTeM 7 @
Nay§;0;. Crakan HakpbIBAalOT YaCOBLIM CTEKJOM, HArPEBAlOT A0 KHUIIEHHS H BbiLep-
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KHBAKOT HA BOJsiHON GaHe MO MpocBeTJIeHHS pacTBopa Haj ocaakoM. ITepen ¢u.b-
TPOBAHHEM JKHIKOCTh GHICTPO OxJaxpaiT, AoGaBasior eme 2 2 NagSiO4 n duase-
TpylIOT 4epes ¢uabTp cpeanedt miorHoctH. Ocanok cypeMul 5—6 pas NPOMEIBAIOT
amMHayHbIM 2Y%-HBIM pactBOpoM NapS,04, cikHraot no Keenabpamo, H CYpeMYy OI-
penensoT GpomaroMmeTpuyeckn. B ¢duabTpaTe mnocse oraenennsi cypbMel paspy-
waT Komnaekcor 11 H BEIAENAIOT rHAPOOKHCH a/IOMHHHS W ra/uiHs, KOTOpHIe OT-
gmnh'rpoauaalm # npomuiBaioT, Ocafok rHApoOKHCedR pactBopsior B 50 sa ropsauei
7 N HCl n nociie oxsaxkIeHHs pacTBopa TNMPONYCKAKT ero yepes KOJOHKY, 3amoJ-
HHeg]Hyio 25 2 anwonnta DJ13-10I1 B Cl--opme, npeasaputensio npomeryio 7 N

Anomunnit BuiMbiBaior 7 N HCI, co6upas dpakuuio o6uemoM 150 sma. 3atem
BHIMBIBAIOT rajniuii Bojofl, coGupan dpakuuio B 200 ma. M36HITOK KHCJAOTH BO
(PpakuMH aMOMHHHS yNAnAlOT BhinapuBaHneMm. Cyxoil OCTaTOK pacTBOPSIOT B He-
GoapwoM xKomuuectse HCI u onpepensiior anmomuHHA KOMnJexkcoHoMerpuueckd. Ma
(pakuuu, coaepxamei ramuii, ero ocaxaaior B euge Ga(OH); u nocne pacrso-
pennsi B HeGoabuioM KoauvectBe HCI onpeaensior KOMMJIEKCOHOMETPHUYECKH.

Merox npuMeHHM K aHa/Nu3y CnJaBoB, cojepmamux 14—45 me Ga, 4—20 me
Al 1 99—115 m2 Sb.

Onpeneanenne raaaua B cnmasax Ga—In. Tlpu co-
nepxanuu B cnaasax ot 0,1 no 2,0% Ga onpenenenHe ero mposo-
JISIT METO/IOM cheKTpaJbHoro anannsa [908]. IIas noBbilieHHs 9YyBCT-
BHTEJBHOCTH OMNpe/iefeHuss mpoly CXKHraior B aTtmochepe resaus
(ycrpanenne nosoc CN). [IpH 3TOM CTAHOBHTCS BO3MOMKHBIM OT-
kpuiBaTh 0,05 mxe Ga B 50 mre cnaasa [1001, 1147, 1148, 1149].

BoamMoXKHO onpeneseHuHe rajjusi ¢ NpPHMEHEHHEM TpadHTOBOrO
3JIEKTPOJa U HCKpPoBOTO BO30y:kaeHus 1148, 1149, 1446].

| m2 cnnasa In—Ga pacrsopsitor B 8 N HCI, pas6asasior Bomofi A0 monayue-
tiHsi 1—2 N CcONsSIHOKMC/IOTO PacTBOPa H HAHOCAT HA TOPLOBYIO 4acTh rpadHTOBHIX
3JIeKTPOAOB. 3aTeM BO3GYKAAIOT CNeKTPhl H Nocie 0GLICKpHBaHHA (oTorpadHpyioT
Ha KBapleBoM crnekrporpade.

B cnaasax In—Ga, comepxkawux 0,2—1% Ga, nocneauuit
OnpejleNisiioT CNeKTPOOTOMETPHUECKHM METOJ0OM ¢ pOAaMHHOM B.

0,2 2 o6pasua pacteopsor B 5 M2 HNO, (1:1) u 5—10 M4 KoHUEHTPHPOBAH-
noit HCl. K pacreopy aoGapasior 5 ma HpSO, (I:1) u BoinapueaioT Rocyxa.
Ocratox pacreopsitor B HCl (1:1), nosoas oGbem a0 15 ma, nobasasior 2 Ma
17%-noro pacreopa TiCls B HCI (1 :1) u Buaepxusaior 15 mun. 3artem noGas-
asot 25 ma 0,5%-Horo pacteopapogaMuna B B cMecH MeTHAH306YTHIKETOHA ¢ GeH-
sonom (1:6), pasmemnBaoT 3 MHH., AaI0T OTCTOATLCA M YAAJIAIOT BOAHYIO (a3y.
IKeTpakT (GHABTPYIOT 4Yepes cyXoit GyMaHblii (H/ILTD, MOMELIAIOT B MEH3YPKY Ha
100 ma, nanonnenHylo 20 x4 BoAb, pa3bGasasiorT stanonoMm Ao 100 ma2 u doromer-
pupytot npu 530 #u B KioBeTe ¢ [=1 cum [1175].

Onucan cnekTporpaHyecknii MerToJ aHaau3a cmiasoB [n—
Ga — Pb, conepxkamnx 0,2—0,5% Ga [1001, 1446]. Anaausupye-
MBI CIIIaB PacTBOPSAIOT B a30THOH KHc/a0Te, pa3baBisioT BOAOH,
HAHOCAT HECKOJbKO Kanejb TMOJYYEHHOro PAacTBOpPa Ha IJIOCKHH
37€KTPOJ H BHI3LIBAIOT BO36YXKIEHHe KOHIEHCHPOBAHHOH MCKpO#
renepaTtopa MI-3.

Yepkaurunoji [637, 538] paspaboransl MeTO/bl aHAJH3a CNJIAaBOB
Ga—In, Ga—In—Sn u Ga—In—Sn—Zn. B ABYXKOMIOHEHTHOM
crjlaBe ONpefensiioT HHAHH KOMIJIEKCOHOMETPHYECKH Ioc/e OTaese-
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HHS €ro ot raanus ocaxaennem 1% -gbim pactsopom NaOH. Conep-
’KaHue raJyinA BBIYHCAAIOT 1O Pa3HOCTH.

B cmnase Ga—In—Sn (~62% Ga; ~259% In; ~13% Sn)
OMPEAENAT BCE TPH KOMMNOHEHTA. [ ajimii OMpPEeAE/AIOT KOMMJIEK-
COHOMETDHYECKH B LUEJIOYHOM PACTBOPE, MOJYUEHHOM MociTe ornene-
HHSL HHAHA. [Ina ynepxauus ososa PacTBOp N0GaBJAIOT BHHHYIO
kucaoty. Onpeznenenne sexercs 06paTHBIM THTPOBaHHeM pacTBopom
CO/IH UHHKA B IPHCYTCTBHH HHAHKAaTOpa 3pHoxpom yepHoro T. Muauit
ONPERESIOT nocsie pacTBopeHHs ocaaka s HCI KOMIIJIEKCOHOMETPH-
UCCKH THTPOBAHHEM H30bITKA KOMIJIEKCOHA pacTBOpoM HuTparta
TOpHS B NPHCYTCTBHH HHJHKAaTOpa anusapuHa S. OsoBo omnpege-
JAIOT HOAOMETPHYECKH NOC/Ie PacTBOPEHHS CIVIABA B COJITHOM KHC-
JI0T€ H BoccraHoBaenns Sn (IV) 1o Sn (IT) ¢ mocneayomum THTPO-
BaHHEM DacTBOPOM Hona.

cnaase Ga—In—Sn—Zn (~619, Ga; ~25% In; ~139
Sn; ~1% Zn) unauit u OJIOBO ONpejessioT ONMHCAHHBLIM BHINIE Me-
TOLOM. B ¢uanrpare, noayyennom mnocue OCaMAeHHS HHIHS H CO-
AEPXKAILEM BeCh raJliuii W LHHK, ONPEeAesIoT CYMMY 3THX 3JieMeH-
TOB KOMILICKCOHOMETPHUECKH, KaK [/ OHOTrO ra/iiHs, [uuk 3a-
TEM OMpPELENSIOT U3 OTACMLHON HABECKM OCAXKICHHEM B BHJle 8-0KCH-
XHHAJbAMHATA, pacTBOpeHHeM ocaaka B HCI u THTPOBaHHeM Gpo-
MHI-GpoMaTHOl cMmechio.

Ecau ocHosoit ciniasa spasiercs HHAHHA (~5—10% Ga), 1o omnpe-
ACIAIOT TAIIHA KOMIJIEKCOHOMETPHUECKH MOC/AE OTHeNeHus ero or
HRAHA SKCTpakuued us 6N HCl Gyrunaueratom i YAaJ€HHs U3 pe-
SKCTpaKTa COSKCTPArHPOBAHHOTO HHIHS OCAaMKIEHHEM e1KHM HaT-
pom. Conepxanne MHAHS BEUHCIAAIOT MO Pa3HOCTH.

MoxHo Takke npoBoaHTH KOMIJIEKCOHOMETPHUECKOE Ompesese-
HHe OGOHX KOMIIOHEHTOB NOC/e OT/eJeHus FaJl/IASl OT MHAHS 3KCT-
paxuueit nocaearero 10%-upim pactsopom ambepaunra LA-1 B kcu-
J101e H3 pactBopos 1—2 N KJ —05 N H,SO4 ¢ nocnenyomeit pe-
SKCTDAKIUHEeH HHIANS alleTaTHbIM OydepusiM  pactBopom (pH 3,8)
[1373].

B cnaasax Ga—In—Sn raaamit moxer GbITh onpenesen ¢o-
TOMETPHUECKHM METOJOM ¢ AH(peHHIKapGazoHoM Ges TpeBapHTE N b-
HOTO ypasieHnst HHAHS u onopa [47]. Ipu pH 3,8 onpenenennio ra-
I3 He MellaioT WHAMA Npu cooTHowexHn Ga:In=1:23 g Sn(IV)
lpu cootHowenun Ga:Sn=1:1000.

B cucreme Ga—In—P — As pce KOMIOHEHTbl CMecH ompeje-
JAAI0T H3 ONHOH HaBecku [135], Kotopyio pacrsopsior B HNO; u pas-
6asasioT Bogo#. Tamauii oTaeasior ot In, P u As skcrpakuueii 6y-
THIaneratom uz 6N HC, PEIKCTPATHPYIOT BOMOH H ompeieasior
KOMILIEKCOHOMETPHYECKH 0GpPATHEIM THTDPOBAHHEM pacTBopamu XJo-
PHIOB IHHKA WJH JIaHTAaHA B NPHCYTCTBHH KCHJIEHOMOBOrG opaHe-
BOTO.

Onpenenenne Bcex komnonenton H3 OIHOW HABECKH IPOBOAAT
TIpH aHa/H3e NMOMYNPOBOAHHKOBON CHCTeMbl Ga — P —S [214]. Ce-
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py yAaAfioT nyTeM oTroHkH B BuAe HyS n onpeaeasior gotomerpi-
4ecKH B BHIE MeTHJeHOBoro roay6oro. I'annuit onpeaenasior THTpo-
paunem kommaexkconoMm III B mpucyrcrBuu docdopa, a docdop
onpeessior hoToMeTpHYecKH B BuAe POCHOPHOMONHGACHOBOM CHITH
B NPUCYTCTBHH TaJlJIHs.

B cnaasax In—Au—Ga u In—Sb--Au— Ga raaauii onpe-
JENSIOT SMHCCHOHHBIM MHKpOCIEKTpanbHbiM Metogom [469, 470]
DTaJjoHBl MOJAYUYAOT B BHIE J03HPOBAHHBIX LIapHKOB (pasmepom OT
50 mx W BhHIILIE) HEMOCPEACTBEHHLIM BbIAABJIHBAHHEM pacnjaBa 4Yepes
KanuaAspHLIe OTBEPCTHS 3aJaHHOrO pasMepa B TEPMOCTOHKOE
KpeMHHHOpraHuyecKkoe Macjo.

Anaaus cnaasoB Ge — Ga m Au— Ga Ha cojep¥kaHue rajins
NPOBOAAT (HOTOMETPHUYECKHM MeTOAOM ¢ l-(2-mupuannaso)-2-nadro-
aom [758]. Onpenenenne BHIMOMHSARTCA B BOAHO-aLUETOHOBOM pacTBO-
pe npH MpHMeHEeHHH yKCycHOKuc/aoro 6ydepHoro pactsopa ¢ pH 4.5.

Bo3Mo0XHO TaKkke chnektporpaduyeckoe onpejeseHHe rajius B
cnaapax 3ogota [910].

Onpenenenne ranaus B cnaasax Nb—Ga. [das
onpeneneHnst HHOOUs ¥ raaaus B ctaBax Nb — Ga nuoGuit ocaxna-
0T (peHHIaPCOHOBOI KHCAOTOH M3 pacTBopa, copepikaitero 10%
H,SO, [310]. He paspymas denHnapcoHOBOi KHCAOTHI, H3 (PHABTPA-
ra ocaxkaawor raaiuit Kyndeponom. Ocajku NpoOKajHBaIOT H B3BEIIH-
paloT coorBeTcTBeHHO B BHAE NboOs u GasOs.

Makameeoit ¢ corp. [334] paspaGoran npoCTOH METOA aHAJH3a
cucremsl Nb — Ga, ocHOBaHHBII HAa 3KCTPaKIHH TaJJHs JHITH/IO-
BEIM 3(HPOM,

Hasecky cnsiaBa B maaTHHOBO# yawke pactsopsior B cMecn HNO; u HF. Tlo-
JiyueHHBIl PacTBOP BHIMAPHBAIOT A0 HeGoJbuioro ofbeMa H 106aBJaFIOT K OCTATKy
5 #a HoSOy (ya. B. 1,84). Harpesaior pactsop 10 06HAbHEIX napos SO; u ynapu-
BaloT 10 3—4 ma. ITocne oxaamxpaenns AoGasasor 10 ma BOABI, CMBIBAOT cojep-
JKHMOe YallKH BOJON B cTakan H Hefirpanuayior 12 N KOH no pH ~7 (no un-
nHKaTOpHOR Gymare). Jlna cosnanus Cpeibl, HYMKHOH A5 SKCTPAKIHH TajuIHs, 10-
GaBJSIOT TAKOe KOJHYECTBO KOHUeHTpupoBaHHo# HBr, yro6ul KHCAOTHOCTH PacTBo-
pa G6ena 5 N no HBr. He otaenss ocanka HuoGus, SKCTparupylor rajniuii B jiemi-
TenbHO! BOpOHKe Tpems nopuuaMH 3¢mupa mo 25 ma. IMocae skcTpakuuu K sup-
dbIM BHTAXKKaM poGasasior 5 ma HCI (1:10) u apup ymansior HarpeBaHueM Ha
ponsiHoft Game. [ToayueHHBIi COJAHOKHC/ABIN PacTBOP MepPeHOCAT B MepHY KOGy
H paaﬁaanﬂm'r A0 METKH. JIJIFI THTPOBAHHA DTﬁllpa}OT aJHKBOTHYIO 4acTh, COAEp-
Kauyio ~ 10—15 sz Ga, pa3GaBasioT BOKOH, HEHTPaA/NU3YIOT PacTBOPOM aMMHaKa
MO0 KOHFO-KPaCHOMY M J00@BJSIIOT B 3aBUCHMOCTH OT coiepanus raaaus 10—
20 ma 0,01 M pacreopa xoMnnekcoHa III. Pacrsop HarpepaioT 10 KHmeHHdA, a 3a-
TeM OXJaXAalT 10 KoMHATHOH Temmeparyphl. [oGaBasior 1 Ma ammuayHoro Oy-
¢epHoro pacrBopa, ~ 100 sz NHCl (pH<8,5—9) u unnukarop spHOXpom uep-
wpii T. UabbiTok komniekcona oTtHTpoBeiBaior 0,01 M pacTBOpoM cOMH IHMHKA.
Cpenusisl OTHOCHTeJbHAsi KBAAPaTHYHAA OWHGKA BOCTPOH3BOAHMOCTH, BBIYHCJIEH-
Has Mo JecATH aHaausawm, pasHa 1,5%.

Taaauit MoXKer GbITH ONMpeeseH METOAOM IJlaMeHHOH doTomer-
puu [145]. [Tocaie pactBopenns o6pasua cnaasa B emecn HF+HNO;
pacTBOp yNapuBaloOT 10 BAaXKHBIX coneil B npucyTcTBHH HaSOy4. [las
YCH/ICHHS HHTEHCHBHOCTH H3Jy4eHHsi TaJjIHfd B IJIaMeHH CMecH
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CBETH/ILHOrO rasa ¢ BO3/lyXOM K aHa/JH3HPYEMOMY H CTAHJAaPTHBIM
pacreopam aob6apasior 10% -uulii pacTBOp 8-OKCHXHHO/IHHA B YCKCYC-
Hoii kucaore. Pesyabrathl anamusa cnnapoB Ga — Nb, conepxauiux
30—-809% Ga, yaOBJIETBOPHTENLHO COBMAAAOT ¢ pe3yabTaTaMu, MO-
JYYEHHBIMH XHMHYECKHMY METO/aMH.

Onpeneanenne rannds B cnaaBax Ga—U. Jlas ana-
JH3a CIIaBOB ypaHa H rananus, cogepxkamux 1—99Y% Ga, npeio-
#KeH BeCOBOH MeTOJl ONpefe/eHHs TaJ/iHs.

2 2 npo6ul pacrBopsioT npH Harpesanun B cmech HNOs;+H;SOy, pas6asasior
BoA0H H nocsie npuGasiaedns HeSO, u NH,Cl orgensior rasiuii skcTparHposa-
HHEM STH/OBHIM 3pupoM, 3ateM NOC/eIHHH YIajsiOT, OCTATOK pas6aBisioT BOLOI
H B NPUCYTCTBHH QopmuaTHoro Gydepa ocampaloT raaiHii kaMpapHoi KHCAOTO.
Ocajiox BEICYWIHBAIOT H B3BEWHBAIOT B BHAe KaMpopara raaus [1'108, 1109]. Ecau
a6CoJIOTHOE KOJIHYECTBO TasyIiA < 3 M2, TO Jydlle ero THTPOBATh PACTBOPOM (eppo-
UHAHWIA KaJHSl B NPHCYTCTBHH 3,3"-AUMeTHAHA(THAWHA B KauecTBe WHAHKATOpa
[1109]. ¥no6ubiM HHZHKAaTOpOM A4 o6BeMHOrO onpegenenns ramius DITA cay-
XAT raanounanun [1105]. Pactsop turpyor npu pH 2,5—3,0 1o nepexopa cuueit
OKpackH B KpacHyio. ITpu npeiBapHTeNbHOM OTHEJNEHHH aJLIHA 38upom MeToj 1noa-
BOJIIET NPOBOJAHTL npsMoe onpenenenne ot 0,25 no 50 me Ga, OaHako B HEKOTO-
PHEIX cqydasx MOXHO OGOHTHCH Ge3 pasfaeneHHs, HCTOJb3ys CBOMCTBO YpaHHWJ-HOHA
He nasath xommaexkca ¢ 3JATA s pacrsope ¢ pH<4 [1106, [107] u cBokcTBO HOHA
Ga*'a6pasossBats npounsii koMnaeke ¢ ATA npu pH 2.

Ilna onpenesienns ranaus K pacTBOpY, NOJAYYEHHOMY TOC/e PACTBOPEHHs CIJa-
Ba 8 cmecn HNO;+H2SO,, npubasasior naGeitox komnaexkcona 111, pactsop mefit-
pannsyior aMmuakom 10 pH 22 u turpyor pacrsopom coau Fe*t B npucyrcrsuu
K-Gensonnriapokcamara B KauecTBe MHAMKatopa. KoHeuHyio TOUKy ompenensior
ﬂomme’rpuqecxn BCJIGACTBHE MeIUANoIIero BAHAHHA MKeATOR OKPACKH YPaHHJI-HOHA.

eToj npuMenuM K cnaasam U—Ga (8,6—78,4% Ga, 21,9—91,2% U).

Onpenenenne rannus B cnnasax Pu—Ga. | 2 o6pasna pacrso-
psior B 5 Ma cmech HCl w ackopGunosoft kuenotsl (1 ¢ ackOpGHHOBOR KHCJOTE! B
100 ma 5 N HCI) u nponyckaior uepes anuonut gayske 14 [I115] B Cl--dopme,
npeasaputenbio npombiteit 8 N HCI. Duoupyior cmecsio  HCl — ackop6unosas
KHCA0Ta A0 yaadenus nayrouus. Tasaumit smoupyior 50 ma 0,5 M HCl, moGag-
astor 0,1 %-ubiit pacTBop dpomgeuoncunero 1 6 M pacreop NaOH no cuneit oxpa-
ckn (pH 3,5). INpu6asasior 15 ma aneratHoro 6ydepa (14 2 CHyCOONa 8 | 2
BOZBI, comepaxanten 114 ma CH3COOH,Z, 10 ma 0,1 M pacmsopa DJTA, kunarar s
Teqenne 2 MHH., puGapaaior 1 ma 0,02% -Horo pacTBopa KCH/IEHOIOBOTO OPaHIKEBOr0
(H20 : C;HsOH =60 : 40), 2 xanau 0,02%-noro soguoro Poirrier’s Blue u THTpyior
cranfaprusim 0,02 M pactsopom coan topus. Meab (>250 mxe/ma) MomKHA OBITE
yhaneHa nepsoi ocaxjewnem B Buae cysnnduaa. Al, Ni, Cr, Pb u Fe me memaror
onpeeseHHIo,

Muxpokonnaectsa ramiua B cmaapax Pu—Ga onpefensiorT cnekTpodoToMer-
PHUECKHM METOJ0M 3KCTpakiHeli Xaoprannata ponamuHa B Gensosnom, Cnaap pac-
1Bopsiot B HCI, pacrsop ynapusawor ¢ HNO; u nponyckaior uepe3 anuonut B 8 N
HNOg. TMocnie pasGapnenssi Aust NOJYHEHHS ONTHMANBHON KOHNEHTDPALHH rasiuft
BBIMBIBAIOT H ONPEAE/SAIOT HA3BAHHBIM BEILIE METOJ0M; NPHMECH OMpeiesioT 3MHC-
CHOHHBIM crexkTporpaduyeckum MetozoM. ITaytonnii onpesensior nocae sJ0HPO-
BauuA co caod cMoast [1213].

B cnnasax Th—U u Pu—Th—U npumecs raanns (a raxxe Be, In, pas, Zr,
Hf, Re) onmpeneasior cnexrpasbubiv Metogom [905]. das storo mpamecH npeisa-
PHTEJIBHO OTALJAKT OT OCHOBBL ¢ MOMOMIBIO ABYX(a3Hoil xpomaTorpaduueckoli Ko-
JOHKH ¢ aHHOHHTOM tayske 1X8 aas copbuun Pu (IV) m Th (IV) u ¢ npudrop-
XJIOPOSTHIACHOBBIM MO/HMepoM, okpeiTeiM TB®, ana yaepxkusanus ypana. OcHosa
Cr1aBa COPGHpYeTCA B BHIE AHHOHHONO HHTPATHOrO KOMIJIEKCa.

Onncano Takike onpesenente c/iel0B rajins B cnaase Pu—U-—Zr [906].
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Onpenenende railjHuyg B XKejese n cTaaH [lpu aua-
AM3e CINABOB, COAEPHMAULMX JKeJIe30, Ta/Hil OCaXAaloT B BHIE
kamdopara [1107, 1109]. Fe?* ne MeulaeT ocaxiCHHIO. QcaioK BHI-
cymnsaor npu 110° C H B3BeUIHBAIOT B BHIE KaMmdopara raaaus.

Jlasi onpefeaeHts TajjiHsA B iKejede H CTalH MOXeET 6LITh HCIOJL30BAH METOL
fepeMeHHOTOKOBOH noaAporpaduy [947]. O6pasen pasiaraloT CMechio HNO; #
HC| u BHNapuBaioT 10 OeibiX mapos mocie A0GaBJeHH: xJ0pHO# Kueaorsl Boc-
CTAHABAHBAIOT ¥eae30 [-acKopGHHOBON KHCAOTOH H SKCTpAarHpyior rajaauit MeTua-
nzoGyruakerosoM H3 pacrsopa HCL. ITocsie pesKCTpaKiliH BOJOH TOCHeAHIOn YAa-
As0T BhiMapuBanueMm, jo6asasor 03 ma 60%-noft HCIO; u 5 ma 50%-Horo
NH,SCN (¢on), pa3GasisioT pacTsop Bojioil 10 25 M, YAANAOT KHCJA0POA MPO-
nycKaHHeM a30Ta H moasporpadupyloT pacTsop npH —0,55-+—0,85 6 OTHOCHTEJIb-
#o prytHoro aHoza. CojepiaHMe raaus OMpeleasior Ino BHICOTE BOJIHBI TPH
—0,75 8. AGcomoTHas OWHOKA MeTOAa <0,005%. Onpexeiennio He MewaioT 58 sae-
MEHTOB, NPHCYTCTBYIOLIHX OGHUHO B Mejese H CTAJH. Manbie KoJIHUecTBa FaJiius
B CTANAX ONPEIENAIOT NOC/Ae KOHUEHTPHPOBAHHA CMEKTPaJIbHbIM METOJOM IOC/e Bbi-
napuBaHWs MOJYHCHHOTO PAacTBOpa HA HHCTOM YroJibHOM 3JIEKTPO/E [701, 1223].

OMPEMEJEHHE TFAJUIHSA B YHCTBIX
W OCOBOYHCTHIX BEILECTBAX

CoBpemeHHasi TeXHHKa s pald neseit Tpedyer NpHMEHEHH:
ouenp umeThix Metassos. [lpucyrcrBue MHKpONpHMecei CHJbHO
BAHSAET HA BO3MOMXHOCTb HCIOJb30BAaHHA STHX METa/IOB B COOTBET-
CTBYIOIIMX OTPAC/AAX HAYKH H INPOMBILIJICHHOCTH. [Toatomy BecbMa
paxHas poJb OTBOJAMTCS paspaboTKe METONOB aHa/JH3a pas/HYHBIX
MHKpONpHMeceil, B 4Hc/ie KOTOPBIX MOKET GbITh U TaJJIHH.

B ta6a. 27 mpuBeeH NepeyeHb METOJO0B OMNpee/eHHs MaJiblX
KOJIMUECTB I'a/l/iis B HEKOTOPBIX YHCTBHIX H 0cOGOUHCTHIX BellecTBax.
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Ta6auua 27

Onpejiefienye raaans B YACTEIX H 0COGOYHCTBIX BEMlECTBAX

AHanu3upy - MeTop TepeBesieHnst B UyscTBH-
emblit PACTEOP 1 KOMIEHTPHPOBAHHS MeTopg onpepenenus TeNIbHOCTD, |/l TepaTypa
00BeKT o
Mlesounbie | keTPaKIHs FHITHAANTHOKAPG- | CreKTpabitiit. IOyra no- |(2—5) -10-% [542]
MeTaJIJIBL aMuHaTa rajaus  npu pH~2,5| crosmuoro Toka 10 a
(Li, K, Na,| xm0podopmom i ge Thipex xaopu-
Rb, Cs) CTEM YraepogoM
Conu OKCTPAKIMA AHSTHARHTHOKAPG-| CeKTPansuEl ananns Ko- 10-5—10-7, [502]
Li, Rb, Cs | MHHATOB ¥ OKCHXHHOJIHHATOB HenTpata
npiMeced xaopobopmom
Cu, CuS - CrerrpasbHbiit - [1240, 1371
Au — TMonsiporpadmveckni — [1226]
PacTtpopenne sonota u otfene- | CrekTpanbubit 10—+ [516]
HHE ero OT mpHMeceff CCPHHCTLM
rasom, qu60 SKCTparupoBaHHe
30/10Ta SHPOM H3 CONAHOKMNC-
JIBIX PACTEOPOB
Be u BeO | PacTeoperme B cMecH To xe 10-2—10—4 |[239—242,
HCI4-HNO,, amGo B H,SO,. 340,409,809,
Buipiesienne Be(OH), u anamuna 812,842,845,
ocafka. Otpenenne Gepuaius 1073,1237,
B (opMe OCHOBHOrO anerata 1324,1328]
SKcTpaknued xiopodopmom
Zn Paspenenue Metoom xpomato- | CrextpodoromMerpuueckuii — [1352]
rpadun Ha Gymare € XHHAJIH3aPHHOM
Pacteopenne B HCI (1:1). 3xcr-| Dayopumerpuueckuii ¢ po- 10-+ [312]
Pakuus ranaua GytunaneratoM | AaMuHoM B
u3 6N HCI, pesketpaknust Bojio#l,
BhIapUBaHHe PACTBOPa, SKCT-
PaKLHs COJISTHOKHCIONO Pact-
BOpa OCTaTKa cMecblo Gexsog4
+Oyrananerar (4:1)
Pacteopeise B HC1, uemenrtamus| bayopumerpuyecknit ¢ 2.10-7  |[363, 366—
TAAKEABIX MeTaJJ0B Ha KafMuw,) cyabhonradronasopesopuu- 368]
SKCTPAKIHA raaaus sdupom HOM
Pacrsopenne B HCI, saextponu-| PoToMeTpHuecKHil co _ [593. 596]
THUECKOE OTJe/IeHHe MeJH | cruabbazo
CBHHUA. DKCTPAKHHSA TajiHa JH-
3THAOBEIM 3¢upom H3 6N HCI
OTpenenre ranaus oT MHHAKA doromeTpuyeckuil ¢ TIAP — [4]
MeTOJIOM DacIipe/ie/THTeTbHOH
xpoMaTorpaduu
Pactsopenne B HCI (1:1) Doromerpuyeckuii ¢ rau- —_ [259]
IUHHKPE30JIOBLM KPACHBIM
KoHuentpupopanue npumeceit CrexTpafibibifi aHAJIMS KOH- 1.10-% [555]
MyTeM BaKyyMHOA cyGnuMmauun | leHTpaTta
HHKa
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Ta6auua 27 (npodoaxcerue)

AHaINM3HE- | Meoronpr nepenejielHs B PACTRO YyBCTEH-
pyenLi ﬁb[mwg:mg,,ponami P MetoJ ontipeenenus TeNBLHOCTD, | JInTepaTypa
o6bexT 73
Zn0 — doroMeTpuTecKHil ¢ amoMo- — [306]
Kpe3oHoM
Pacrtpopenne B HCI; sxerpaxius)| OTOMETPHYCCKH €O CTHIE- -— [596]
raJuua uaTaaosbiM sdhupoMm us | 6aso
6N HCI1
Pacteopenne s HCI (1:1) DOTOMETPHUECKHH € TJTH- s [259]
LHHKPE30OBbIM KPACHLIM
Pactsop — CriekTpasbHbii - [643,1371]
25
TBepABLLA
ZnS
ZnSe — To ke - [514,515]
Cd KonuerTpupoBanne npumeceit CrexkTpanbHEI aHaTH3 7-10- [156]
COOCaXJICHIEM HX € JHITHI- KOHI@HTpaTa
AHTHOKapGaMHHATOM KaAMHS
— doTomerpHuecKufi ¢ MOMO- - [443a]
FaJLTHOHOM
CdS,CdS0,,| Pacreopenize 8 HCI (1:1) dayopuMe TpHIeckHit ¢ Jlo- 10-% [320, 391}
CdcClI, moranmnonom HPEA
Pacteop — Criex TpanbHbLL —_ [643]
(;d!CI,;ﬁ
TBEpPLI
Cdg
CdSe — To e [514]
B,B,03., KoHugeatpupopalne npumeceit CriekTpanbHBLL ananua Kou- | 10-—10-7 | [22, 75]
H4BOyg, thoc-| myTeM OTPOHKH OCHOBHI CO CMe- |leHTpaTa
thup Gopa cbio HNOg 1 HF
Llemenranus ranaus 0,56— [Monsiporpadmuecknii wan - [331]
—1,5%-0oil amanbramot matpus| doromerpuueckuii ¢ poga-
B 4—8N NaOH npu 50—80°C, |munom B
3aTEM 3/1eKTPOJIHTHUECKOEe pas-
JIOMKeNHHe aMAJIbraMbl FaJIHs
6N HCI npu 60—70°C uan 2—
3N H,S0, npu 50°C 1 noTeHLH-
ane anofa 0,56 @ (nac.k.s.)
Al — AneKkTpolHTHYECKH] B nOA- — [702]
IETOYeHHOM AMMHAKOM
CePHOKHCIOM pPacTBOpe aHa-
JIH3HPYEMOro Metasia B
npucytereun (NH,),S0,
npu pH 10,5 1 cuae Toka 3a
D/IEKTPOTUTHYECKOE OCaXK- — [1393]

Jleie ran/ina Ha IIaTHHO-
Bom Katoge u3 0,5N pactso-
pa NaOH wsin KOH, coaep-
waugero (NH,);S0,
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Ta6nuua 27 (npodoancerus)

Ananuzn-
pyeMbi#t
06 beKT

MeTtoan nepeBejeHHs B pacTBOP
H KOHUEHTPHPOBAHHSA

MeTtox onpeaeieHnst

YyeeTeH-
TeJNBHOCTD,
%

JInrepatypa

202

Al

Pacteopense 8 NaOH

PacTBOpeHHe B KOHIEHTPHPOBaH-
no#t HCI H skcTpakiua sTHjO-
BLIM 3hHpOM

Pactsopenne B 6N HCI

Pactsopenne 8 6,5N HCI ¢ no-
CJAEIYIOUHM OTASeHHEM raJlIHs
SKCTpaKuuefl sbupoM

Kocsennoe onpefenenue no
PasHOCTH B CMeCH OKHCJIOB
Ga, Sn, Cu, V, Ti, Zr, no-
AYUEHHBIX NOCJE CHHIAHHA
ocagxa KymndeponaTos yka-
3aHHHIX MeTaJon

Ocamfiensie ranaus Kyribe-
POHOM TIOC/IE OTAENCHHS OT
ANIOMMMMSL  9KCTpAarupopa-
HHeM 3PHPOM H3 CONAHOKM-
€J10r0 pacTBopa ¢ Mocaefy-
IOUMM TIPOKAJTHBAHHEM
ocaaxa go Ga,0,

Becoeoft nocsie ocamaeHns
rajiiA B BHAE IHPPOJIH/HH-
AuTHOKapGaMHHaTa

KoMnnexkcoroMeTpHuecKHl
€ MOPHHOM B KAYeCTBe HH-
AMKaTOpa

TMonaaporpaduyeckoe onpeje-
JlenHe, OCHOBAaHHOE Ha BOC-
CTAHOBJIEHHH KOMILIeKca
Ga—spHoxpoM (HONeTOBME
npu E'/s or —0,30 po
—0,43 6 (Hac.K.s.)

Koceennbift noasporpaduye-
CKuil MeTos{ onpefiesleHus
raaansi, OCHOBAHHHLIA Ha pe-
KK BhiTecHenHa Cd*+ Wa
€ro KOMIJIeKea € JHAMHH-
umkaorexcan-N N, N’ ,N’-
TETPAYKCYCHON KHCA0TO)
nof aeficTeuem uoxos Ga*+
(pH 2—3,5) 1 nocsepyomem
noasporpaupoBaHH BETEC-
nennoro Cd*+ ma done aue-
TaTHOro GydepHoro pacTsopa
¢ pH 4,5—4,7

MeToft aHOHOf BOJIbTaMIIe-
POMETPHH Ha CTallHOHAPHOM
PTYTHOM 3/IeKTPOjie ¢ ce-
pelpAHLIM KOHTaKTOM

DotomeTpHUecKH# ¢ 2-Me-
TH/-8-OKCHXHHOJIHHOM B

xaopodopme
KonopuMerpuueckuit i payo-

puMeTpHUYECKHA € 8-OKCHXM-
HOJTHHOM

I.10-%

[1294, 1295]

[1294]

[837]

[1202]

[1016]

[979]

[113, 123]

[973]

[158,539,
921,922,
1072]




TaGauua 27 (npodoaxene)

AHa/TH3H- CHUSL B YyBcTBE-
pyemuiil Mewunblmmmp mfwwmﬂz‘““"p MeToa onpejeneHust TeJIbHOCTB, | JlaTepaTypa
ofbexT %
Al - GnyopHMETPHYECKH] ¢ - (1142, 1173]
5,7-puxaop- ¥ 5,7-gubpom-
OKCHXHHOJTHHOM
- DayopUMeTPHUECKHH C CY/Ib- = [363, 366]
thoradToNA30PE3OPLUHHOM
Pacteopenne B HCI doTomeTpueckuil ¢ pofa- —_ (533, 1200]
MunoM B
To xe doromerpuuecknit ¢ raa- - [243]
JIHOHOM
Pactsopense B HCI, skerpaxuys| doromeTpaueckuii ¢ nmupo- - [35]
raJulHs HSTHAOBBIM SDHPOM H | KaTexuHOBLIM dHONeTOBHIM
Gytrnaueraros u3 6N HCI;
PRIKCTPAKIHA BOAOH
Pactsopense B 6N HCI doromerprHueckuit ¢ Gpus- - [297]
JMAHTOBLIM 3€/EHBIM
To e DoToMeTpHYECKHA ¢ 2-10—2 [115, 181]
N,N’-qu-(2-0KeH-5-cyabdo-
tenun )-C-unandopmasanom
DoTOMETPHYECKHIt © - [114]
N,N*-mu-(2-okcudenun)-C-
1HaHPOPMA3aHOM
» » doromerpuueckuit ¢ ude- - [47]
HHAKAPOAIOHOM
- KonopuMeTpHuecKnil ¢ anau- i [293]
3APHHOM
Ga (cosmectno ¢ Cd, Co, Cu, | CnexrtpanibHbifl > (163,614,
Fe, Mo, Ni, Sb, Sn, V, Zn 1 664,668,714,
wactHuro Cr, Mn, Pb u Ti) Kon- 785,840,911,
HEHTPHPYIOT OCA ICHHEM CMeChI0 70,972,
MHPPOIHAMHARTHOKAPGAMEHATA 1222,1225,
AMMOHHSI H THOHAIHAA B €aabo- 1256, 1294,
KacJof cpefe (KoaeKTop— 1295,1323,
Tannuit) 60 3KCTPATHPYIOT 1407]
NPHMECH AMMOHHATTHPPOJIH AHH-
JIHTHOKAPGAMHHATOM H JHTH3O-
HOM B XJopodopme
& IMnanexman doToMeTpHA -_ [664]
5. Mace-cnexTpocKomuecknfi — [1264]
Conu anio- [ DNeK TPOTHTHYECKOE Ocam fie- - [1393]
MHHHA, HHe FajJes Ha IUIATHHOBOM
aNMOMBEHHE- katone ua 0,6N NaOH unu
Bhle KBacuu! KOH pactsopa, copepmxa-
utero (NH,),SO,
Beconoft niocsie OCaMASHHS o [837]
rajans B BHAE TIHPPOJHJHH-
AUTHOKapGaMHHATA
- doroMeTpHuecKuft ¢ raaTa- - [243]
OHOM
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Ta6auuma 27 (npodosrcenuc)

Ananyan- Ofibl TIePEBESIEHHS B PACTRO YyBeTea-
pyemniit Mer m"H Km‘,’ueﬂfgmmﬁn ThR Metox onpepenenns TeNLHOCTD, | JInTepaTYpPa
o6BexT %
AlO, Pactsoperne B 6,5N HCI, satem DPoToMeTpHYeCKHH ¢ 2-MeTHI- — [973]
OTAe/eH e ragns sketpakiuelt | 8-okenxunonutom B x10po-
spupom tbopme
—_ [Naamennast oromerpus i [664]
— CnekTpaJbunii A [911,970,
1225]
n Pacrsopenne B HNO, (1:1); Dorometpryecknil ¢ popa- PN [1174]
SKETpaKIuA raaus sgupoM u3 | mumom B
6N HCI u peskeTpakmus Bofioft
Otpenenie ranaus skeTpakuuet | Amansraymas nossiporpadus| —1.10-5 [474)
€ HAKOMVIEHHEM Ha CTalHo-
HapHo#t pryTHol Kamie ((bou:
0,IN KCI4-0,IN cammunar
HaTpusa, pH 4)
Pacrsopenue B 6N HCL sker- | Crexrpasbaeri 5.10-¢  [[88,381,655,
pakuusa raaaua sdupom 909]
— To xe 0,005—I (1131}
Ipacdur, — » » PSS (850,929,
yroas 1134,1286,
1305]
Si, 5i0;, | Orpgenenne ocronb B BUJe DryopuMeTpHIeckuit ¢ eyab-| .10~ [368]
SiCly Tretpadropufia. JLoMONHATENLHOE| honadonasopesopiHoM
OT/eNIeHHe PaJIHs SKCTpaKiyed
sthupom u3 6N HCI
SiHCl,, — CrieKTpasIbHbIil 10-¢—10-7 [69]
Si0, 2.10-7
Si, Si0,, PacrBopensne npoGet B HF-HNO,| To e 5.10~8 [106,107]
SiCl,,
SiHCl,
Si Pasznoxkenne u oTronka KpeMums| » » 3—4.10-2 2;| [204,205,
droprcToBOROPOHON, asoTHON 6-10-10 2 | 207—200,
H cepHoft KHcJoTaMu, JnGo (paspap B | 427,638,
ofpaGoTKa ropoika Kpemuus mosiom Ka- | 1134]
napamu HF4-HNQ, Tofie)
b Macc-cnektpanbisifl — [546,654]
Si0; u KonuenTpuposanue passioxenrenm| Cnexrpansipiéi (Ayra nepe- | 3—5.10~7 [206]
KBapi, napamu HF MEHHOrO ToKa
Si0, KounenTpiposanue pasnoenyem| Crexrpanshuit (¢ mpaMene- 1.10-7 [396]
napamu HF HHEM MoJIoro KaTofa)
SIHCI, Bunapusanve Tpuxtopennana, | Cnexrtpansumfl (zyra nocto-|  5.10-¢ | [395,307]
cMeamHoro ¢ CCl, SIHHOTO TOKa)
Sic - CnexrpanbHblii 1.10-*%

204
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TaGauua 27 (npodorxcenue)

AnaAusH-
pyembLit
[T

MeTobl mepeBejieHisl B PACTBOP)
H KOHI|eHTPHPOBAHHS

Merop onpefienenus

YyBcTBH-
TEeJNBHOCT,

%

Jlurepatypa

Ti

Ge, GeO,

Ge, GeO,,
GeCly

GeO,

Tlnenku
repMaHus

GeCl,

pacTBopenne o6pasia B CMecH
H,SO+HF. Bujesenue npuMe-
ceft skeTpakurelt xnopodopmom
HX KOMIJIEKCOB ¢ MHUPPOJIH/THH-
AUTHOKAPGAMHHATOM H JHTH3OHOM
u3 6N HCI B npucyTcTBHH
TapTpaTa aMMOHHSA

Y jasieHHe repMaHAs OTrOHKOH

B Bufie GeCl,, sxerpaknus Ga ua
ocTaTKa 3QHPOM B CONAHOKHCIIOM)
pacTsope

Pacreopense B NaOH+H,0,

KoHueHTpHpoBanue npumMecei
pacTBOpeHHEeM IUIEHKH repMamis
g HNO,—HCI (1:6) u gucTha-
nauas GeCly

Koulen TPHPOBaHHE NpUMeceil
YAaJeHHeM repMaHHud B BHJ@
TeTpaxJiopHAa

PactBopense B cmech HCl4-
+HNOy; 9KC TPAKIHSA FAIHA H30-
npormaiossiM spupod u3 7N HCI

PacTBopenne obpasiil B CMeCH

H3SO+4HF. Boienenue npume-
cell skcTpakuuell xmopodopmon
HX KOMIIIEKCOB C [MHPPOJMHJHH-
JAUTHOKAPGAMHHATOM H JHTH3O-
oM u3 6N HCl B npucyrcTBHH

TapTpaTa aMMOHHSA

CnexTpanbHulil aHAJIH3 KOH-
LeHTpaTa, Mosy4eHHoro
focse OTroHKH Xsopodopma

Crextpanbblil (¢ npuMene-
HHEM NOJIOro KaTofa)

doroMeTpHyecKHit ¢ 8-0KCH-
XHHOJTHHOM

dayopuMeTPHYECKHI C
8-0KCHXHHAbHHOM

DayopuMeTPHUECKHH € CYJIb-
tonadronazope3opuEHOM

Doromarpateciuilt ¢ OCHOB-
HBIMH KPACHTEJISAMH (MeTH-
nobblit ¢EoNeTOBLI, KpUC-
Taannueckuit Guonerossiit,
MeTuseHoBnt ronyGoil, oc-
HOBHOH APKO-3enenblit)

CnexTpanbHbifl

To xe

doroMerpudeckuit ¢ 1-(2-mu-
pHAHIas0)-2-HadTONOM

DayopuMeTpHUCCKHI ¢ JIIOMO-
raanusonod HPEA

Criek TpanbHbI

CnexTpa/ibHEIL aHATH3 KOH-
UeHTpaTa, MoAY4YeHHOro
nocse OTroHKH xJopodopMa

10-5—10-¢

10

10-—10-*

10-5—10—

(175,955,
o71,972]

(213]

[1072]

[1321]
[363]

[294]

(239,240,
336,655]

[239,240,
1420]

[108,239,
240]

(239,240,
684]

[715,758]
[68]
[69]

[162,175,
955,971 ,972]
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Ta6anua 27 (npodoswenue)

Ananusm- | Meromt nepese B pac YyscTen-
pyewsh '« Konentpuposas | Metoa onpegenenns | reawuocts, | fureparypa
06 BeKT
Sn KonnentpepoBaine npuMecedi Amansramuas nosnsporpadus| 5.10—¢ [195,473,
oTronko#i osioBa B BHAe SnBr, |cC HakonnenweMm Ha cTanmo- 475]
HapHOK pryTHOH KanJse.
®on: 0,IN KC14-0,1N canu-
uHaat Hatpus, pH 4,5
OGoramenne npmveceit 06pa6ot- | CrekTpabubii anaius ofo- | 10-4—10-5 | [557—560]
Kol o6pasia razoobpasHbiM FaleHHoro NpHMeCAMH 1o-
xJiopoMm B cpefie CCly B mpucyT-| powka yras
CTBHH aKTHBHPOBaHHOTO YrJf
Pb — DnyopEMeTpHYECKHI € CYJIb- — [363,366]
donadrosaszopesoprmom
Paspenenne MetoffoM xpoMarto- | PoToMerpHuecKHil ¢ XHHAJH- - [689,1352]
rpadun sa Gymare 3apHHOM
Pacrpopenne B HNO;. OGora- | To ke - [161]
menHe npaMeceil myTeM ocamfe-
HHA GoJblefi YacTH CBHHIA B
ufe PbCI,
PbS - CrekTpasbHbiii — [1371]
ThO, o To ke —_ [1159]
AssSs - » > — [1371]
Sb — - 1-10—+ [465—467]
S KonuenTpHpoBanHe npaMeceit CrexTpaJibHbi 2.10-7 [505,507]
MyTeM CHKHTAHHA cepbl H MpoKd-
JIHBAHHA ocTaTKa mpu 500°C
Cr Konuentpapopanne npumeces CriekTpa/bHblii aHANH3 Mo- ald [399]
MyTeM OTrOHKHM OCHOBH B BHJIE |/JIYYEHHOIO KOHILEHTpaTa
CrO,Cl, u3 pacTBopa mpoGhl B
emec HCIO, w HC1
Se Bea konuenTpupoBannus npumecedt| CriekTpabHbi 10—4—10-* | [506,1096]
PacTeopenne B KoHUeHTpupoBaH-| ®ayopuMeTprueckuii ¢ Jio- | 10-4—10-s | [64,325}
nofi HNO, moranssonom WPEA
KoHueHTpEpOBaHHE Taj i H CneKkTpasibHEl aHalu3 KOoH- 2.10—1 [175,508,
APYrHX npEMecell SKcrparmposa-| UeHTpata 955,971,
HHEM COeflHHEeHK HX ¢ 8-OKCH- 1299]
XHHOTHHOM ¥ AHTHIOHOM XJIOpO-
HOPMOM, WJIH TTYTeM BOSTOHKH
JBYOKHCH CeJieHa
Kounentpeposanue npumeceii IMaamennan doroMeTpus 5.10—+ [1209]
KaTHOHHLIM ofMeHoM, JHGO OT-
fefieHHe ceJieHa JAHCTHANsmHeR
SeBr,
Te KoHlleHTpHpOBaAHHE ra/uTHs W Criex TpaibHbil n-10-7 [410,572]
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APYTHX NpEMecell SKCTparuposa-
HHEM HX JHTH3OHATOB H OKCHXH-
HOJHHATOB M3 pacTeopa ¢ pH 10




Ta6auna 27 (oxonuanue)

AHAIHSH- | Meronu nepesefieHHA B PACTH HyBCTBH-
pyembilit %:not?l?.eu'ﬁpﬂpomn?f‘; i Metop onpejeienna TEIBHOCTD, | JIHTepaTypa
06beKT 73
w - Crexrpantubii piv [773]
W u Bonb- | Cnnapnenne ¢ NaOH, puimena- | doromerprteckuil ¢ popa- | 0,3 mke/mal  [1379]
(pamaTs quBanke MaaBa PacTBOPOM BHH- | MunoMm B
HO#i KHCJOTHL. 2KCTPAKIEA raj-
JIHA CMeChI0 GEH30— JIHI THIIOBLIH
sdup (3:1) ua 6N HCI
U i CriekTpanbHbiit rB [730]
UsO, — To me 3.10—4 [233,657,
737,928]
Pu PacTBopenHe B KOHIEHTPHPOBAH-| doToMeTpHuecKHi ¢ pofa- — [829]
noft HCI muHOM B
PacTBOpeHie B KOHUEHTPHPOBAH- | CriekTpasibHbIi anaans yna- n-10-% [680]
noit HCI ¢ pobasnennem HNOj,.| pennoro pacTBopa $Jm0aTta
KosenTpyposanye npumece
(B Tom uncae Ga) uonooGMen-
HbIM METOAOM HAa AHHOHHTE
payske 1. DoHpORAHKE TAIHSA
8N HNO,
Fe Pacreopenne 8 HC1 (1:1)4-H;0, dortoMeTpHUecKHit ¢ poAa- - [948)
mutiom B
Fe n cranb | Pactsoperne B cmecu HCl4 CrekTpaabhsii aHami3 oc- - [1223]
+HNO;. Orjieniele pofaHuAHO-| TaTKa MOC/e HCMApEHUus
0 KOMIUIEKCA FAJLTHS SKCTPaKiH-| adupa
efl stupom
FeS CoexTpanbHbif — [1371]
HF, HNO,, | O6oramense nyrem wenapenns | To me 1-10-¢ [105,1420]
HCI AHAJE3HPYeMOi KHCJIOTH Ha
YroJLHOM NOpOollKe
CH,COOH, | KonuedTpuposanye npumecefi CriekTpa/IbHblil aHaJIH3 KOH- 3-10—° [398]
HC1,H,S0,,| BHNapABaHHEM KHCJOTH € YroJib-| eHTPaTa (noaniit KaTox)
HF HBIM MOPONMIKOM  (KOJINIEKTOP)




Tarasa VI

ONPEAEJIEHHE NPUMECEH B IAJIJIMH
H E0O COELHHEHHWSAX

Onpenenenne npuMeceil B BHICOKOUHCTOM Ta/JIHH H €ro coefuHe-
HUAX, TPUMEHSIOILUXCS B KauecTBe NOJYNPOBOJHHMKOBHIX MaTepHa-
J0B (apcenun H dochun raanus) [140], npencraBasier 3HaUHTENbHBLI
npaktHueckuil uHTepec, HauGosee nenecoo6pasHo npuMeHeHHe A
3TOlf LeJu TeX METOJOB, KOTOpHle MO3BOJIAIOT ONPEAEIATh H3 ONHOM
HaBECKH TPYNNy 3/JAeMEHTOB. JTO OOBIYHO CHeKTpajbHble (XHMHKO-
cnexkTpanbHee) [244—246, 249, 330, 376, 382, 426, 464, 585, 692,
1015, 1179, 1180, 1190, 1195, 1233, 1280], macc-cnekrpanbubie [140,
796, 1436], pagnoxumuueckue [18, 140, 432, 588, 857, 1080, 1155] u
JIOMHHECUeHTHrIe MeTo/bl [65]. TTo uyBCTBHTENLHOCTH MpAMbBIE CNEK-
TpaJbHBIE METOAbI OrpaHHueHsl uHtepBancm 10-% — 10-%%. Ilpwu
XHMHKO-CHeKTPaJbHbIX METOZAaxX JHGO OTHeJsIOT OCHOBY (3KCTpak-
1Hst 3(HPOM, OTrOHKa), JAHGO BBIAENSAIOT NPHMECH (COOCAXKAEHHE,
SKCTpaKuus, XpoMartorpagus). ITo yBeJIHUUBAET YYBCTBHTENbHOCTD
1o 10-6—10-79%.

UyYBCTBHTEIBHOCTh paiHOAKTHBAIMOHHEIX MeToA0B 10—5—10-69;.
9Ta OTHOCHTEJBHO HEBBICOKAS UYBCTBHTEILHOCTh BBI3BaHa OOJbBLION
aKTHBallMeji 3/IEMEHTOB OCHOBbl M HEOOXOJHMOCTBIO ITPOBEEHHS
OOJIBIIOr0 yucJa ONepalHil Mo OYHUCTKE, YTO NPHUBOJUT K MaJbIM
BHIXOZlaM ONpeje]sieMblX 3JeMeHTOB. Kpome nepeuuc/ieHHBIX MeTO-
JIOB MMeeTcss OOLIMpHAsl JHTEpaTypa MO ONpPENENeHHIO OTAEAbHBIX
971eMEeHTOB B rajiaun (ta6.. 28), ero apcenuje, dochume u Apyrux
o6bektax (taba. 29).
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TaGauma 28

ﬂnpenealeﬂue npumeceﬁ B METAJVIHUYECKOM TraJAHH

Bnlsaﬂ‘:x&. MeToz KOHIEHTPUPOBAMHS MeToj OOpeAeaeHusT qﬁ;i‘f'rﬁb- Jlutepatypa
Cu DkcTpakums (AMTHICOH -|- | PoToMeTpHuecKHil ¢ 6-10°7 [150]
—+CCly) JIHTH30HOM
SKcTpakuua ramis 6y- | GoromerpHyecKHil H 1076 —10—7 [330]
THJIALLETaTOM nosporpadHIecKiit
Oxcrpakuus  (HeoKyn- | doTomerpuuecKuii ¢ ~2,6-1075 | [264]
ponn - CHCl3) HEeOKyIPOHHOM
OxcTpakuna (Gatokyn- | DoToMeTpHuecKuil ¢ 51075 [924]
pous -+ AmOH) 6aTOKYIPOHHOM
OxcTpakuua (camiunio- | GotomerpuyecKull ¢ — [1313]
Bas kucaorta -+ CHCls; |TTAH
IIAH--AmOH)
Akcrpakunsa (gucyAsdua| dotomerpuueckuil ¢ 10784078 [92]
3-(beHHANHPA30NHH- nucyabhuaoM 3-(erH-
JIiTHOKap6amarta) TIHpPAsONIHH AUTHOKapGa-
MHHATA
— TonsiporpaduyeckKuii — [950]
-— To xe i L [1067]
o A 6,5-107 | [165]
‘. Bes xonientpupoBanus | CreKTpanbHblil 14078 [1195]
i - Macc-cniekTpanbHLi 1072 mxz | [1436]
B SKeTpakuMs  (AWSTHA-| PagHoaKTHBAIHOHHLI 10~2 mxe [994]
3 JHTHOKap6aMHHaT--
+CHCly)
Ag | Dxctparums (mutuson-|- | doToMerpuueckuii ¢ au-|  7-1078 [150]
—+CCly) TH30HOM
IKCTPaKUKA rajims To xe 6-10-7 [330]
GyTHNaLeTaToM
Be Sxcrpakuus (anerin- | KyJoHomerpuueckuii ~1 mre [281]
aleToH - 6eH30M HIH
CCly)
Ca Ocawm nenue Ca(OH), Ha| PajoakTHBaIHOHHEL ~4070 [1055,
HOCHTENISX; OCaK eHHe 1056]
OKcanaTa
Zn Skerpakuus ranms sgu-| Gotomerpuueckuii ¢ gu-|  1:-107° [1126]
poM TH30HOM A
SKkcrpakuus (AnTuzon | To ke 5-107 [924]
-+CCly)
Xpomatorpadust na Gyv- | » » iTh [1352]
mare
2xcrpakuus (SCN™ -  [[ToasporpaduueckHii n-107s [238]
-+AmOH)
DKCTpaKUMA rainus Gy-|Te xe 8.108 [330]

THIAETATOM

14 AHanHTHUECKAR XMMHA rajjans




Ta6auuma 28 (npodoascerue

?l;?:‘g:' MeToj KOHILeH TPHPOBAHHS Mero onpepencnBa q.‘{g"f:'.',’f‘ﬁf"" Jlurepatrypa
Zn Akcrpakiua (auTuson-+-| [lonsporpaduueckuft <1402 [1104]
+CCly)
sk To we — [950]
Orronka XJopufia raji- | PajaHoakTHBaHOHHBIH 1-10-¢ [1055]
T B BaKyyMme
Hcnapenne B snextpoje| CrekTpanbublil 4.1077 [1163]
Cd — IMonsporpaduueckuii 4-10™¢ [1416]
MOAbL /A
Akcrpakuus ramms 6y-| To xe 8,5-1077 [330]
THAAILETATOM
Hg 3kcTpakuus (AuTH3oH --| GoToMeTpHueckuii ¢ gu-| n-107% [150]
+CCly) TH30HOM
Al Akerpakuns ramus uzo-| dotTomeTputecKHil ¢ 1-10~* [924]
NPOMKJOBLIM CITHPTOM | 8-OKCHXHHOMHHOM
AKCTpaKIHA (AUSTHIH- To xe 1-1074 [924]
THOKapGaMHHAT - 3THJI-
auerar)
In SKeTpakiuus ramins (1u-| TToasporpadguueckuii = [760]
tH3oH 4 CCly)
Akerpakuus  ramma | To xe 1075—107¢ [450]
ahupom
2 2 » » 2-1078 [165]
4 » > 1,407 | [1416]
MOab [
DKCTpaKLHA raJulis » o» 4,5-1077 [330]
Gy THIALLETATOM
To xe CnekTpabHbi 10-7—1073|  330]
DKCTpaKUHA HHAHS PaauoakTHBALHOH HbI =>4-1072 [904)
3()HpOM M3 HOJIHIHOIO
pacTBopa
Si Bosronka OKCHXHHOH- | POTOMETPHUECKHHE B BH- 1.10°¢ [369, 372,
Hara ranns Je KpeMmHemosnGae- 1408]
HOBOH CHHH
Ge Okerpakuus raanug | CrekTpasbHbii 0,8 mke [1280]
H3OTIPOTTHJIOBBIM CITHPTOM
Sn IKCTpaKUHs ( MH3TIV K- DOTOMETPHUCCKHH C 5-10°8% [372]
THOKapGaMHHaT |- n-HuTposoderHadayopo-
L. CHCljy) HOM
Pb — [Noasporpaduyeckui 6-1075 [1238]
—2.10°4
- To xe — [950]




TaGcauna 28 (npodoaxcertie)

2;’::0“: MeToJ KOHIEH TPHPOBARIS MeToj OnpefiesienHs ql;?cw- JIuteparypa
Pb — [MonsiporpadH yeckuii 2,5- 1078 [1416]
MOoAb[A
— To e 1,4-1075 [165]
DKCTpaKLUHA TajIHs O 9,5.-1077 [330]
Oy THIIALLETaTOM
P Okctpakuusi ramms | Qotomerpuueckui B BH-[  2-107% [140]
sHpoM ne docdoprOMONHEAE-
HOBOH CHHH
To xe To xe 1-1078 [154]
Vv — doTomeTpHIECKHE ¢ S [85]
cyJibhonaso
As icrpaknua  (AusTHI- | DOTOMETPHYECKHI B BH- 1-10°% [371]
JMTHOKapGaMHHAT - - e MBIIIbSKOBO-MOIHG-
--CHCl3) JeHOBOH CHHH .
Sb Sxcrpakums  (juaTia- | DoToMerpuveckni ¢ 5-107# [51]
JHTHOKapGaMuHaT |- ennndayoporom
-+ CHCl;; B BHje nupH-
JMHPOJAHHIA)
Bi DKCTpaKIHA raLTHe ®otomerpuuecknii ¢ to-|  9-1077 [330]
GyTHIaneTaToM MOUeBHHO
0 To e [oasiporpadryeckuii 3-5'10-74 [330]
— Mertos,  BaKyyMHOTO 1-3-10°% |(116, 424]
TJ13BJICHHS
S Orrouka B sije HyS | QotoMerpHueckuil B BH- 4-107 [140, 151]
me PbS
To xe INonsiporpaduaeckuii 107*—107¢ [235]
» » Hedenomerpuuecknii B e [154]
euge BaSO, 3
» » dyopuMeTpHIecKoe n-107% [125a]
THTpOBaHHE CyJbuaa
PAcTBOPOM TETPapTyThb-
aieratipyyopecienia
(TPA®)
» [yascnonsporpaduuec- n-107% [125a]
il (por: 0,64 NKOH-{-
+-0,16N NH,OH-HCI)
Se CoocakJenne ¢ KouieK-| @ayopHMeTpHuecKuit ¢ 1-1075 [126]
Topom (As?) 3,3’ - AHaMHHOGEH3H -
HOM
Coocax penne ¢ Kontek-| [loasporpapuueckui 2-1075 [236]
TopoM (S°)
14 211



Ta6nuuwa 28 (oxonyanue)

E,’-,";?:feg' MeTo/i KOHIeHTPHPOBaHKs Meroy onpejeneHns qimltrggm Jlureparypa
Se — KonopnMerpuuecknit ¢ | 1071 uke [698]
(CﬂH{,)gNNH_) B Kamnne
—_ Moasiporpaduueckmnii 1072 mxz [698]
Te Coocaxnenne ¢ koanek-| To ke 2.10°3 [237]
TopoM (S9)
Mn SkcTpakuus  raaansa | otomerpudeckwii B Bu-|  1,2.1078 [330]
6yTunaneratom ae KMnOy
Fe xkerpakuns  (kynde- | Poromerpuueckuii ¢ po-|  2.10°5  |[370, 372]
por - CHClg) JaHHTIOM
IKcrpakuua  (Gato- | Poromerpuueckuii ¢ Ha- 7-1075 [968]
tenanrposun - CHCl3) | TobenanTposHHOM
To xe To xe 5-1073 [924]
IlocnenoBarenbras sk- | PoToOMeTpPHUECKHH ¢ po- — [1071]
CTpPaKOHA KeJesa Kap- | JaHuAoM
GaMaToM H MeTHJH300Y-
FHIKeToHOM H3 HCI
Co — DoTOMETPHYECKHIT C n-1075 [150]
HHTPO030-R -cobio
IKCTPAKUHSA TaNIHs To xe 6-10°7 [330]
HyTHaaneTaToM
Ni DKCTpaKuHa (ZHMeTHA- | Poromerpuveckuii ¢ gu-| n-1073 [150]
nuokcaM -+ CHCls) METHJIHOKCHMOM
OKkcTpakuua (a-pypua- | PoToMerpuueckuii ¢ 3-10°¢ [403]
nuokcaM -+ CHCls) -y pHITHOKCHMOM
IKCTPaKUMA FaaiHs To xe 8-1077 [330]
OyTH/IaUeTaTOM
Ag, Al B, | Bes kouuentpuposanus | CneKrpaibHslil 3-103— [1233]
Ca, Cr, Cu, —5-1077
Fe, Mg,
Mn, Mo,
Na. Ni,
Pb. Si. Sn,

V, Zn




K
TaGauua 29

Onpenenenwte npumeceit 8 GaAs, GaP u jpyrux oGbekrax

Bae-
Ovuexr | uekr | Meron somemponanus | Moron omesennen | S | 1,
GaAs H — Merop Bakyymmoro| 3.-107%f, | [424]
nJaBAeHHs
Cu | Akerpakuus (AuTH30H - | PoTOMeTpHUECK il 2,3.1078 M | [824]
+CCly) ¢ JHTH30HOM
OKCTpaKUHs raius [Tonsiporpaduuecknii 1.1075 04 | [164]
atHpom
== To e 5-1072 ukz | [938]
DneKTpoan3 B b 1,5.1075 94 | [247,
248]
OtroHka MbillbKa B | PagHoakTHBAlHOH- — [323]
e AsCly; sKeTpak- | Harit
1HA raatHs shupoM
Ocaxjenne B BHJE To xe 3,7-1078 05 | [1168]
CuSCN
Ag | Bkcrpakuus (quTH30H - | DoToMeTpHYECKHil 2,3.108 M | [824]
+CCly) C JHTH30HOM
Au | Otrodka MbibsiKa B | PajiHoaKTHBAIIHOH- —_ [323]
Bujie AsClg; SKCTpakuHs | Hblit
raaus sHpom
Zn | 2kerpakums  ramma | [loasporpaduyeckuii 10~ 9 [164]
sthupom
OKCTpaknHs (AHTH30H - | POTOMETPHYECKHIT 1,5 uce | [824]
+CCl,) ¢ JAHTH3OHOM
Otronka Mbibska B | PamioakTHBauuoH- e [323]
Buae AsCly; SKCTpakuua | Hulil
raiusa spupom
Cd | 2kerparuus (AnTH30H - | DoToMerpuuecKuit 2,3-1078 M | [824]
+CCl) ¢ JHTH30HOM
- onsporpaduueck uid — [938]
Hg | Sxcrpakums (auruson - | dotomerpuueckwii ¢ | 2,3-1078 M | [824]
+CCly) JHTH30HOM
— PaanoakTHBAaIHOH- — [755]
Ga HBI
— Penrresoduayopec- — [755]
LeHTHBIH
In AxeTpakuus (AHTH30H -- | DoTomeTpuyecknit ¢ | 2,3-1078 M | [824]
+CCly) JIHTH30HOM
OTronKa MbllIbsIKa B BH- | PagHoakTHBAILHOH- — [323]
ne AsClg; sKcTpakuus | bl
ranaus shupom
Si Xpomarorpadiueckuii ®Potomerpuueckuii B | 1078—195 |[1070]

BHJE KpemHe-
MOJIHOJIeHOBON CHHH
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TaGauna 29 (npodoaxcerue)

Sne- ’
O6ext uegi- MeToA KOHUEH TPHPOBAHHA Merop onpepesienus q“ﬁf,i‘;:e’“" Jl;l;‘;g s
ﬂp““ﬂf‘h
GaAs Pb | OkcTpakuus (autHson + | PoTomerpuueckHii 1,5-1075 9% | [824]
-+CCly) ¢ JHTH30HOM
DeKTpoNH3 IMonsiporpadmuecknit | 1,4-1075 9 | [247,
248
P - Dotomerpuuecknii B | 10740 | [461]
BHIe hocopoMONHG-
JICHOBOH CHHH
Yaanenve MbiubsKa To ke 5-10750; | [464,
AHCTHIIALEH 462]
As | Cenextunoe pactsope- | ®oToMmerpuueckniino| 4-10739; | [495]
HHE B 3THIOBOM HJH | OKpacke
H300YTH/IOBOM CIIHpTE As(HgBr)s
— Pentrenodayopec- — [755]
LeHTHHII ;
— CnekTpansHHii 10729 [426a]
Sh — [Monsporpaduueckuii — [196]
Bi |3kcrpakums (auth3oH + | PoToMerpHuecKHi 2,3.1078 M | [824]
+CCly ¢ JIUTH30HOM
0 — PapunoakTusanyon- — [1054]
HBIH
e Merox makyymuoro | 3-10739¢; | [424]
TL/aBJIeHHS
S | OxcTpakums  ramwms Hedenomerpuueckmit | 1107405 | [154]
sthHpoM B Buge BaSO,
Se |[Coocaxaenne ¢ xomtek- | Payopumerpuueckuii | 1-10739% | [127]
TopoMm (As?) ¢ 3,3'-nuaMHHOGEH-
3HTHHOM
OKerparuus (3,3'- PoTomeTpuuecKiit 10749, [152]
JNHAMHHOGEH3UANH - Ged- | ¢ 3,3'- inaMHHOGEeH-
3071) 3HJIHHOM
— [Monaporpaduueckuii | 5-107% mxz | [698]
Te | Coocaxaenue ¢ KoJ- dortomerpuueckil ¢ 2.10749 [154]
aexTopom (As?) JH5THIRTHOKapGa-
MHHATOM
AxcTpakuus (auatangu- | Potomerpuueckuil ¢ 2:10749 | [153]
THOKapGaMHHAT - JH3THIMTHOKapG6a-
-++CHCly) MHHATOM MeJH
DKcTpakuus (AusTHAMM- | DPoToMeTpHuecKuit 2:10739;, | [128]
tHokapGamunar--CHCI3) | ¢ GyTHipoaamunom B
IKCTpakKIHs raius TNonsporpadnueckuit 1-107%9, | [140]
shHpom
Otroska Meillbgka B | PagHoakTHBALMOH- — [323]
Bujte AsClg; skcTpakihs | Haili
ramius agupom
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TaGanua 29 (oxoxuarue)

Dne-
g b- |JluTepa-
OfexT n;::;::;b MeTOoJ KOHAEGHTPHPOBAHHS MeToz onpejenesus yn:;:-?" TYpa
GaAs Co |3kcrpakums  (AuTH- ®oromerprueckuil | 2,3.1078M | [824]
son+ CCly) ¢ JHTH30HOM
Ni |To xe To xe 2,3.1078M | [824]
GaSb Cd - TMoasporpaduuecknii, | 0,2 xz Cd | [512]
menouHoMaHHHTOBLIH | B 100 M2
ton pactBopa
Crias Sb | LlemenTauns cypbMbl Ha | QoToMETpHUYECKHI C 5-10739; [460]
In—Ga OJIOBSIHHOM 3JIEKTPOJe | GPHJIHAHTOBEIM 3€-
JIEHBIM
Ga—P—S | Ga |Vnanemue cepsl B BHfe | THTpHMETpHUSCKHH — [214]
HsS ¢ TpunoxoMm B
P |To xe doToMeTpHYeCKHH B — [214]
suze dochopomonnc-
JEHOBOH CHHH
S — doTomeTpHYeCKHi — [214]
B BHJIE METHJIEHOBOTO
rosayGoro
Ga—P Si | Xpomarorpadguueckuii ®oromertpuuecknit B[ 1073—19% |[1070]
BHJle KPEMHeMOJHG-
JIEHOBOH KHCJIOTHI
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B monorpadmE paccMaTpHBAIOTCA OCHOBHBIC XHMHYECKHe cBOHCTBA Tanausl, MeTOABl HACH:
duanueckHe M (U3HKO-XHMHYECKHE).

DR,  HESORTP P



OFrMABJEHHE
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Vnaga L PU3MKO-XHMHYECKass W XMMHKO-aHAJHTHYECKasn XdpaKTepUCTHKA
rajjauss H ero COEH,HHEHHFI 2 . . . i ! . . 4 . -
Haxoxnenue B npupope. Pynel, crnocoGel ux mnepepaGotku. ITonyuenne meras-
auveckoro raaaus (5). ITpumedenue raanua (9), @PusuueckHe U XUMHUYECKHE
cpoiictpa ransus (11). ITpocThle H KOMNJEKCHbIe CcoeiHHeHHs raxaus (13).

Fnasa II. Meroasl OTKpPHITHA raamds . . . . . G )
CrnexTpanwubie MeToAH (28). PeHTreHocnekTpalibHele METOLBI [79} ¥ MHUCCKHE
metonst (30), TNonaporpaduueckne Metonsl (44).

I'nasa III. Mertogpl OTHeJeHMss W KOHUEGHTPHPOBAaHHA TaniWa . .

MeToasl OTHAedeHHS Tra/ljiMs, OCHOBAHHBIE Ha PpeakKnusx ocaxiaeHds (45).°

DkerpaknuorHse MeTonbl (52). Xpomarorpaduueckue metonn (60). DaekTpoxu-
MuuecKHe MeToinl (69). Jipyrue mertomu oraereHus (71).

Fnasa IV. Meroasl onpejejeHus rajaua . . N [
Becoerle Metoapt (72). THTPHMeTDHUECKHE METOMBI {89) doTtomeTpHYECKHE H
(ayopumerpuueckne meTonsl (107). Cnextpanbibie MeToasl (156). XHMHKO-cHeK-
Tpanbubie MeToasl (161). PenrtrenocnekrpafibHple MeToas (166). Paawoakrupa-
muoHHble MeTonsl (166). IToasporpaduueckne meronst (169).

['nasa V. Onpegededue rajiig B NPHPOAHBLIX M NPOMBIIUAEHHBIX 00beKTax
Onpejefende raanusa B Munepamax u pyaax (177). Onpejefenne rajius B KOH-
weHTpaTax, yraAx, soJax, a Takke B NBIIAX B JAPYFHX OTXO[aX UBETHOH MeTan-
aypraw (184). Onpejenende raiius B TauHax ® nousax (190). Onpenencuue
raaaua B Bogax (190), Ompenenelue raf/ius B OPraHHYecKMX H GHONOrHYeCKHX
maTepmanax (191). OnmpegeneHHe rajjius B JHIEPHHOBBIX ra/bBAHHYECKHX BaH-
Hax (192). OnpepencHue rajausa B criasax (192). Onpejenende rajius B WM
CTHIX H 0cOGOuMCTHIX Beliectsax (199).

Taasa VI. Onpesenenne npumeceii B rajijhiu M ero coejiHHEHHAX
JluTepatypa S iad b Al NIRRT P AR S SR M IV e R T
Il pemmesanIl YEATATE by .« s D o i e Sl BN ST e e o). LR

28

72

177

208
216
253

Anexcandp Makcumosun doimos, Araroaud [Tasaosuw CasocTur

AHANHTHYECKAA XMMHS TaJlaus
(Cepns: «AHaJHTHUECKAd XHMHS 3JEMEHTOB»)

Yraepadeno k newaru

Opdena Jenuna HHCTUTYTOM 2€0XUMUN U QHOAUTUMECKOD XUMUU UM. B. H. Bepradckoco

Axademuu Hayx CCCP

Penaxtop E. K. Kopuemnasn
Texuuueckue penakropul B. B. Tapacoea, P. M. [enucosa

Cnano B naGop 25/VI 1968 r. TIloam k med. 29/X 1968 r. Popmar 60%90's. Bymara Ne 1
Vea. meyw, A, 16. Yu.-uam. n. 18,8. Tupax 2600 sk3. T-16607. Tun. 3ak. 5207. llena I p. 39 k.

MHanatensereo «Hayka». Mockea K-62, Tloncocenckuit nep., 21
2.5 tunorpatdus manareascrtea <«Hayka». Mocksa T-99. Ily6unckuit nep., 10



OTIEUATKH H WCIIPABJIEHU A

100
152

162
168
176
181
183
199

Crpoka HarmeuaTtano Jomxno 6LTe

6 cn. GaO}— GaOy

11 cH. JIMTaJJI0OH aurannat
1 rp. cnpapa, Ne-6 (1-109) 1:(L-108)

3 cH. Rb Rh

8 cn. Ti (111) T1¢111)

3 cB. g Kg, 1g Kgay

Tatun. 22, rpada 1

Pearenr 1 B 209;-H0M
3TaHOJIe

To xe Komnaeke ¢ pearentom 11...
Pearent 11 B 0,4%:-HOM
ITaHoNe
14 esB. [292]
Tabn: 24, rpada 1 , CyJb(HAHBIE pYAbL
1 cH. 206
$i=cm: raayus
1 cn. lg=—
14 cB. 58

AdanuTHUeCKad XHMHS Talanus

Kommieke ¢ peareHToM...

Kommueke ¢ pearestoM I
B 200;-HOM 3TaHONE

Koumnaeke ¢ pearentom 11
B 0,49 -HOM 3TaHOJE

[1292]
— cyabhHAHbIE  PYAB
199
Tanns
Ig
38
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