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Indium. Spectral method for determination
of gallium, iron, copper, nickel, tin, lead,
thallium and zinc
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laTa seegenns 01.07.78

HacroAlmuil cTaHZApT yCTAHABIUBAET CHEKTPANbHEIA METOH ONpENENEeHUS /U, Xejle3a, MEeIu,
HUKENSA, OJI0Ba, CBUHUA, TAJUTHS M LIMHKA B MHIUU NIPU MACCOBBLIX JOJIAX B MPOUEHTAX:

- raunua ot 0,0001 mo 0,005;

- xejesa ot 0,0001 mo 0,01;

- meau ot 0,0001 mo 0,002;

- Hukensa ot 0,00007 no 0,005;

- onosga ot 0,0001 no 0,01;

- cBuHua or 0,0002 go 0,01;

- rawmud ot 0,0001 mo 0,005;

- nuHka or 0,003 mo 0,01. :

OnpeneneHue coaepXaHus MpuMeceil B HHAWK MPOBOIAT 110 METOLY «TPEX 3TAIOHOB» C MCHAPEHHEM
npuMeceil U3 KpaTepa YroJbHOro 3JIEKTpoJa B Oyre MOCTOSHHOTO TOKA.

Iepen aHanu3om nepesonat npo6y B OKCUI ITyTEM PaCTBOPEHUS B a30THOM KMCJIOTE M IIPOKATMBAHUS
B MydenbHoit neuu npu 400—500 °C B TeyeHne 30—40 MUH 1O IOJHOTO YIaleHUsI OKCHAOB a3oTa. Ilpu
oIpelesleHUH COIepXaHUA TALTUS NMPo6y B OKCHUI He IepeBosaT.

(M3menennan penaxkuua, Msm. Ne 1, 2).

1. OBIIIME TPEBOBAHUA

1.1. O6ue TpeGoBaHHS K MeTOAY aHauu3a M TpeboBaHust 6esonacHoctd — o ['OCT 22306 u
I'OCT 12645.0.

(U3menennas penakumsa, Uam. Ne 2).

2. AIITIAPATYPA, PEAKTUBBI 1 MATEPHAJIBI

Crnekrporpad audpakuronHsiit tuna JPC-8 ¢ TpexiMH30B0It cHcTeMoit ocneme}mx LIETH U Tpex-
CTYIIeHYaThIM ocnaburtesneM (NepBbIH MOPSIOK).

W cTOYHKUK TOCTOIHHOTO TOKA, oGecneanaloumn HanpsiKeHue Jo 200 B u cHTy ToKa jgo 20 A, TUIoB
ITH-145, 2BH-20 u np.

I'eneparop xyru tunos [1C-39, AI-2 win UBC-28 ¢ BHEWIHUM peocTaTOM id paboThl PH CHIIAX
ToKa 15 A.

MuxpodotoMeTp, npenHa3HaYEHHbIH LISI M3MEPEHHS NOYePHEHHI CHIEKTPAILHBIX JIUHHIA.

Ieys MydensHas ¢ TepmoperyssaTopoM a0 600 °C.

Beco! Topcuonnbie Tuna BT ¢ norpeniHocTsio B3BelBanus He 6onee 0,001 r.

Bechb! aHanuTHYeCKKE ¢ MOTPeLUHOCThIO B3BelUMBaHUs He Gonee 0,0002 r.

KBapuesblit MpuOOp WIS MeperoHKy peakTUBOB.

H3nanne opuunansnoe Ilepeneyarka BocupelseHa

* © WszparenbcrBo craHpapros, 1977
© HMIIK HszparenbctBo cranaapros, 1998

Ilepensganue ¢ MameHennamMu
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Bokc 13 OpraHN4ecKoro CTeKa.

Jlamna undpaxkpacHas moboro THna c JabopaTopHsiM aBTroTpaHcopmatopom tuna [THO-250—2.

DIIeKTpOILINTKA. :

Huauit Mapku U000 mo TOCT 10297

CTymnka U3 OpraHfyeckoro crekia.

Tlocyna xBaplieBas (cTakaubl, yaliki ¥ 1. A.) mo F'OCT 19908.

Bona muctwuinposanHas mo FOCT 6709, neperHaHHas WM OYMIIEHHAs HA MOHU3ALMOHHOM KO-
JIOHKE.

Kucsnora azorHas o 'OCT 4461 asaxnpl neperHaHHas WIM KHCIOTA a30THas ocoBoi YMCTOTHI IT0
T'OCT 11125. ,

CHupT 3TWIOBBIA TeXHUYeCKni pektudukoBaHHblil o T'OCT 18300.

DnekTponsl U3 rpadUToBbIX cTepkHei C-2 ocoboli YUCTOTHI TUAMETPOM 6 MM c TIyGHHOM KpaTepa
6 MM M IHaAMETPOM OTBEPCTHS 4 MM.

®doTtorutacTMHKH «crnekrporpabuyeckue» tunos [IPC-02, MOC-03, HT-2 CB.

O6pasipl cpaHeHMs:. OCHOBOHM [UISl TIPUTOTOBRNEHUS] OOPA3LOB CPABHEHMS CIYXKUT OKCHMA MHIHUS.
ToToBAT OCHOBY CleAylOIIMM obpazoM. Merauimdeckuit uaauit Mapku MHO00 pacTBopsiioT B a30THoit
kuciore. [TonyyeHHBIA pacTBOP BBIMAPHBAIOT JOCYXA M CYXOif OCTATOK MPOKAMBAIOT CHAYaAIa HA 3JIEKTPO-
IUTUTKE, a 3aTeM B MydeasHoi neun npu 400—500 °C no mpekpailileHUs BbIIENEHUSA MTapOB OKCUIOB a30Ta
(30—40 muH). Heo6xomguMo NOTHOCTBIO YOANATH OKCHABI a30Ta, TAK KaK HX IPHUCYTCTBHE B OCHOBE
yBeJu4iBaeT GOH B CIIEKTpaX, YTO UCKAXKAET pe3yNbTaThl aHATH3A.

OcHoBHoIt 006pa3ell roTOBSAT HAaKalMbIBAHHEM B OCHOBY PacTBOPOB 3JIEMEHTOB-NIpHMecel (Taba. 1),
MPUTOTOBIEHHBIX 1o npwioxeHuo 1 TOCT 12645.4.

O6pa3ell, BEICYILHUBAIOT HA JIEKTPOIUIUTKE, 3aTEM MPOKAIUBAIOT B My(eIbHOM Meun IpU TeMIIepaType
300 °C B reueHue 30 MUH, epeTUPAIOT B cTynkKe. [Iyrem pa36asieHUsT OCHOBHOTO ¥ BHOBb IIPHTOTOBJIEH -
HbIX 00pa3li0B OCHOBOH rOTOBAT CEPUIO paboyux o6pa3lloB CPaBHEHMS B COOTBETCTBUU ¢ Tabi. 2. [puro-
TOBJIEHHbIE 0Opa3ubl U OCHOBY XpaHAT B OI0Kcax WIKH G6aHKaX ¢ KpbIIUKAMH.

IT'p u M e yaHu e Jonyckaercs npuMeHeHHe NIPHGOPOB ¢ HOTOINEKTPHYESCKON perucTpalMeil CrnekTpos U
IPYTUX CNEKTPANbHEIX NMPUOOPOB, APYTMX PEaKTHBOB M MATepUAIoB, ODECTIEYMBAIOWIMX TOMYYeHHME MOKAa3aTenei
TOYHOCTH, He YCTYTIAIOUIMX PeraMEHTHPOBAHHBIM HACTOAIIMM CTAHAAPTOM.

(M3menennan pejakuus, Ham. Ne 1, 2, 3).

Tad6anwnua 1

DneMeHT, BHECEHHbII B MaccoBas nong aneMeHTa- | Macca HaBeckH Komriecso pactsopa, BBO‘?GMOC s
OCHOBHOI o6pazel npumecH, % * OCHOBBI, I TIPHTOTORTICHHMA  OCHOBHOTO  00paslia, CM
. (C pactBopa 1 Mr/cm”)
Tannui ‘ 0,01 1,0
Keneso 0,02 2,0
Huxens 0,01 1,0
Onoso 0,02 2,0
Caunen 0,02 12,091 2.0
Tannui 0,01 1,0
Hunk 0,02 2,0
Mens 0,01 1,0

Ta6auna 2

MaccoBrie Do onpeaensieMbix 3/1eMEHTOB B 06pa3lax cpaBHeHus1, %
Onpenensemli Ob6pasen 1 O6pazen 2 O6paszen 3 Obpasen 4 O6pazen 5
SNEMEHT 4 T OCHOBH. 1 r oCHOBH. 2,5 r obp. 1 r obp. 3 robp.
ofp. +4r ofp. +9r Ne2+5r Ne2+9r Ned+3r
OCHOBBI OCHOBBI OCHOBBI OCHOBBI OCHOBbI
Tasuit 5.10° 1-10° 3,3.10" 110" 5.10°
XKeneso 1-102 2107 6,710 2.10™ 1-10%
Mem 5.10° 1-107 3,3.10° 1.10 5.10°
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Ilpodonxcenue mabn. 2

MaccoBble 00/ ONpeAe/sieMbIX 3JIEMEHTOB B ofipa3uax cpaBHeHus, %
Onpexensembit Obpasen 1 O6paseu 2 Obpasen 3 Obpazeu 4 Obpaszen 5
S/IEMCHT 4 I OCHOBH. 1 r OCHOBH. 2,5 r obp. 11 ofp. 31 obp.
obp. +4r obp. +9r N2+5r N2+9r Ned+3r
OCHOBbI OCHOBbI OCHOBbI OCHOBB! OCHOBHI
Hukens 5107 1107 3,3-10° 110" 5.10°%
Onoso 1-102 2-10° 6,710 2- 10" 110
CauHel 1-10 2-107 6,710 2. 10" 1-10%
Tannit 5.10° 1-10° 3,3-10° 1-10°% 5.10°
Hurk 1102 2.10° 6,7 10" 2.10" 110

3. IPOBEIEHHE AHAJIU3A

3.1. Ipo6y MeTA/UIMYECKOr0o WHIUS MEePeBOIAT B OKCHI, KaK YKa3aHo B pasll. 2.

3.2. McToYHMKOM BO30GYKIEHUS CIEKTPOB CAYXUT Iyra MOCTOSHHOIO TOKAa cwioil 15 A Mmexmy
BEPTUKAJIBLHO MTOCTABJICHHBIMU YTOMBHBIMY 3eKTponaMu. ITpo6sl ¥ o6pasisl cpaBHEeHUS o 60 Mr mome-
LAIOT B YIITyOJeHue YroJbHOro 3jeKTpoja (aHoma) AuameTpoM U raybuHoi 4 mMm. (Ilpu omnpexnesenun
colepXaHusa LUMHKAa MU B MHAMM Mapku VMIH2 MCIONB3YIOT YrOJNbHBIE 3JMEKTPONEI C pa3MepoM Kparepa
4 x 6 MM).

YroJpHBIH CTEpXKeHb, UCITONb3YEMbIIl B KAYECTBE KOHTPIJIEKTPOa, 3aTAYUBAIOT HA YCEYEHHBIN KOHYC
¢ IHaAMETPOM ILUTOLIANKH 2 MM. DIeKTpoIbl MpeaBapUTEIBHO OOXHUIAIOT B JYIe ITOCTOAHHOrO TOKa CHIION
15 A B Teuenue 10 c.

OnpeneneHue coaepXaHUsl TALUIUSA IPOBOAAT IIPY TEX XK€ YCIOBHUAX, HO NMPoOy MHIUSA He [epeBOIsIT
B OKCHI, a B BU/IE MEJKHUX KYCOYKOB 110 50 MI [IOMELIAIOT B YITyOJIeHHE YTOJIBHOTO 3J€KTPOAA H YILUIOTHSIOT
HaOWBaNKOH M3 OpraHUYecKoro crekna. Qopasisl CpPaBHEHUS — B BUOE OKCUIA WHIIMSL.

Crextpsl oyry ¢ortorpadupyioT Npv NOMOWM IUPPAaKLUOHHOrO crekTporpada ¢ TpexIHH30BOK
CHCTEMOM OCBELIEHUS e U TpexcTyneH4yarsiM ocnaburenem. [lupuna menu cnexrporpada 0,015 mum,
paccTosiHue Mexly 3jekTpoiamu ot 2,5 no 3,0 MM JOJMKHO COXPAaHSTLCS TOCTOSIHHBIM B Te€YeHHE BCei
skcrnosuuun (3—4 mun). Ilpu onpenenenuu umHka Bpemsi sxkcnosuumu 30 c. Kaccery cniekrporpada
3apsoKaroT AByMsl GoTorutacTHHKaMu Tvna I s onpeneneHuss Meau W uuHKa u tana I1 g onpenenenus
OCT&JIbHBIX NTEMEHTOB.

Cnexrtps! po6 ¢oTorpadpupyioT Mo 1ecTb, 06pa3sLioB CpaBHEHHUS - 10 TPU pa3a Ha OAHOM U TOH Xe
¢oTOorUIacTUHKE.

{H3menennas pexakuus, Uam. Ne 1, 2, 3).

4. OBPABOTKA PE3YJIBTATOB

4.1. Ha cnexktporpaMme c MOMOLUBI0 MHKpOdOTOMETpa HM3MEPAIOT NOYEpHEHUE AHATHTHYECKHX
JIMHUIA omNpedesisieMbIX JIeMEeHTOB U Onuanexauwero ¢oHa. I'pagyupoBouHble TrpaduKK CTPOSAT B KOOP-
muHarax AS—lg C, rae AS = §;,4 — S, C'— MaccoBas [0Sl ONPEENSIEMOro 31eMEHTa B 06pasuax cpas-
HEHUs.

ITo rpazmyvipoBoYHBEIM rpadmkaM HaXOLAT COAEPXKAHMWE OINpENessieMbIX 3JIEMEHTOB B IIpode.

3a pe3ynpTaT aHaIM3a NPUHUMAIOT CpeAHee apU(pMETUYECKOE Pe3yNbTaTOB IBYX MNMapaslielbHbIX
OIlpeleSIeHHH, MONy4eHHbIX Ha OJHOM (oToInacTuHKe (KaX10e U3 TpeX CHEKTPOrpamMm).

DOoTOMETPUPYIOT CAEAYIOIINE AHATUTHYECKUE TUHUM (IUIMHBI BOJIH B HAHOMETPAX):

- rayuni — Ga I 287, 424;

- xene3o — Fe I 248,327;

- HukeJb Ni I 300,249;

- onoso — Sn I 283,999;

- cBuHeny — Pb I 283,307,

- meap — Cu 1 327,394,

- tapmi — T1 1 276,787;

- HuHK — Zn 1 334,502.
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PazHocTh MeXIy GOMEIIM!° M MEHBIUMM U3 JBYX Pe3yJbTaTOB MAapa/UIENbHLIX ONMpeNesieHHit ¢ 1oBe-
PUTENIHOM BEPOATHOCTBIO P + 7,75 He NOJDKHA NpEeBHILIATh 3HAYEHUs HOIyCKAEMOTO PacXoXIeHus d,,
pPAcCYUTAHHOTO 1o dopMyIaM:

d, = 0,4 x, — 119 MaccoBbIX foNei npumeceit ot 7 - 10-5 1o 5 - 104 %;

_d, = 0,3 x, — Ui MaccoBIX JoJefi mpuMecel Gonee S - 10 %,
e x, — cpepHee apupMeTHYECKOoe IBYX COMOCTABJISIEMBIX PE3Y/IBTATOB MMAPALIEbHBIX ONpENeNeHH.

Pasvocth Mexmy GOABLUMM M MEHBIUMM K3 ABYX pe3y/NbTAaTOB aHAIM3a OOHOW M TOH Xe MpOOEI C
JIOBEPUTENILHOM BepoATHOCTBIO P = 0,95 He ROJKHA NMpeBHIUATh 3HAYEHHUS JOIMYCKAEMOro pacxoXIeHus
d,, PACCYMTAHHOTrO 1o hopmynam:

d, = 0,4 x, — st MaccoBbiX goneit ot 7- 103 go 5. 104 %;

_d, = 0,3 x, — 1 MaccoBbIX Zonei npuMeceit Gonee 5 - 10 %,
rIe x, — cpenHee apuGMETHIECKOE JABYX COMOCTABISIEMbIX PE3y/IbTATOB aHAIM3A.
(A3menennas pepakuma, Asm. Ne 1, 2, 3).
-~ ). (Ackmouen, Ham. Ne 1).
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