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Hacroamuii cranfapr He MoxeT G6bITb MONHOCTBI0 WJM YaCTHYHO BOCHDOH3BENEH,
THPAXXHPOBAH H PACHPOCTPAHEH B KauecTBe OQHMUMANLHOIO M3JAHHA HA TEPPHTOPHH
Poccniickoii denepanun Ge3 paspewenun Foccranpapra Poccuu
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Method for the determination of tin
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Jarta sBeaeHus 01.01.95

Hacroswuii cTanzapr ycTaHaBJHBaeT MeTOJ HHBEPCHOHHOH mnepe-
MCHHO-TOKOBOH BOJIbTAMIIEDOMETPHH IJIsSl ONpele]eHHsl 0JI0BAa B TaJ-
Juu (IpH MaccoBoH JoJse o2oBa oT 3-107% no 1-10-* %).

Metox ocHOBaH Ha coocaxkjeHnu coefiuHeHui oaosa (IV) ¢ doc-
¢darTom .Gepuaausl B aMMHAaYHOM PacTBOpE STHAEHIAHAMHHTETpayKcyc-
HOH KMCJIOTBI, PACTBOPEHHH OCajKa B PaCTBOPE CONSAHOH KHCJIOTH H OM-.
pellesleHHH 0J0Ba METOAOM HHBEPCHOHHOR NepeMeHHO-TOKOBOH BOJIbT-
aMIepOMETPHH B NIPHCYTCTBHH XKeJIaTHHA.

1. OBLIHE TPEBOBAHHUSA

O6uine TpeGoBaHHs K METOAY aHajau3a ¥ TpeGoBaHusi Ge3onacHo-
ctu — no F'OCT 13637.0.

2. ANIMAPATYPA, PEAKTHBbBI H PACTBOPBI

Moasiporpad THIT-1, ITY-1 uan aHalorHuHblf CO CTAallHOHAPHBIM
PTYTHEIM 3JIEKTPOAOM H 3JIEKTPOJHTHYECKOH siuefiko#i moasiporpada c
BHEMHUM aHOAHLIM OTAeseHHeM. B aHonaHOe oTiesienue 3aJiMBAIOT Me-
TAJJIHYECKYIO PTYTh 1 noasporpaduueckust pou-

Becu naGoparopusie 1-ro kaacca no TOCT 24104.

®opsakyyMHublil Hacoc Mapku BM-461-M uau ananoraunbii.

[lautka anekTpHyeckast na6opatopHas momuoctsio 400 Br.

Kona6bl Mepuble BMecTuMocTbio 50, 100, 200 u 1000 cM3,

———rs
Usnauue odmuuransHoe _ //*’;%5 W"i;”f;;?”\
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FOCT 13637.5—93 C. 2

Huanenpsl Mepioie BMecTuMocToio 10, 25 u 50 cm?.

IMunerkn ¢ npenennsmu Ha 0,1; 0,2 u 1 cm3.

Boponka Broxuepa gnamerpom 100 mM. .
KBapuessie npoGHPKH C OTBOAOM [Jiss OTCOCA BMECTHMOCTBIO
40 cm?. '

. CrakaHbl xuMu4eckne BMecTHMOCThIO 2000 cm3, 250 cm3.

Crexna 4acoBele guaMerpom 90 mm.

Puasrp OKII-32-TTOP40.

[Tanoyku cTekAsIHHBIE.

Kosa6a Bynsena BMectuMocThio 500 cm3.

Kanesapnuna BMecTuMocThio 50 ¢cm2.

Kucaora consinaa ocoboit yuctorel mo F'OCT 14261, nepernansas
1 pacTBOpH KOHUeHTpauued 3 u 1 Mosn/am®.

Kucnora asotHast ocodoit uucrorst no FOCT 11125.

Kucaora opTocpoccpopHas{ no I'OCT 6552, pas6aBnennas 3: 1.

AmMHak BOAHBIH 0CcOGOH UHCTOTH N0 FOCT 24147 wu pa3baBJeH-
Huii 1: 1.

Pryrs mapxu PO no F'OCT 4658.

Ho.ns;porpa(pnqecxnn $hoH — pacTBOp COJSHOH KHCJIOTbI ¢ KOH-
nedTpauunedt 3 monan/ams.

[lapckast Bogxa — cMechb KOHUEHTPHPOBAHHEIX a30THOH U COJISHOH
KHCJIOT B COOTHOIWIEHUH o6beMoB 1 : 3,

Kaunit maprannosokucaniii no F'OCT 20490.

CnupT 31HAOBBIA pekTudukoBaHHH TexHudeckuit mo FOCT 18300
HCIOJMB3YIOT NPH 3apsiAKe 3JeKTPOLOB B COOTBETCTBHH C HHCTPYKIHEH
K noasporpady.

Kaaust rugpooxucs no 'OCT 24363. ' .

Hunk TpaHyTHPOBAHHEIH.

Llunk xJopHCTHIH, pacTBOp ¢ MaccoBok KoHIeHTpalkei 0,5 Mosb/ams.
3,2690 r TpPaHyJHPOBAHHOTO LHHKa TOMEUIAlOT B CTAKAH BMeC-
THMOCTbIO- 300 cM®, cmaumBator 20—30 cM® BOABI H NPHJIHBAIOT He-
60J1bumvm nopuusMy 25 cM® pacreopa HepeI‘HaHHOH COJITHOH KHCJIO-

1. PacTBop ynapuBaioT [0 BJAaXHEIX coJiefl, COMH pacTBOPSIIOT B BO-
,ue, nepeBOJAT ‘B MepHYIO K00y BMecTuMocThio 100 cm?, goBomsar 1o
MeTKH BOJLOH.

bupuctuannpoBannas Bona: AHCTHNHPOBAHHYIO BOAY HAJHBAIOT B
KoJsi0e KBapueBOro NeperoHHOro ammapaTta BMeCcTHMOCThIO 2 Am®, Ha-
CHINamT 1 T THApaTa OKHCH KaJHd W MapraHUOBOKHCJKIE KajH# 10 HH-
TEHCHBHOTO OKpamuBaHud. PacrBop kunstar. Cobupaor cpeasion
$pakuu0 AHCTHIAATA, COCTABJAOYIO /3 B3ATOrO 06beMa AHCTHJLIIN-
POBaHHOH BOJbI, NEPBYIO H TPETHIO hpakiuu oTbpackBaloT.

Conp puHatpueBas sTHJAeHAHaMHH-N, N, N’, N’-terpaykcycHo#
KHCJIOTH], 2-BoaHas (Tpusor B) no FOCT 10652.



C. 3 TOCT 13637.5—93

PactBop sTujieHaMaMHHTeTpayKcycHOH Kucaotsi: 500 r Tpuiona B
3anuBaioT 300 cM3® JHCTHANHPOBAHHOH BOAH B CTaKaHe BMECTHMOCTBIO
2 Am® u 3aTeM IIPH NePeMeIHBAHHH CTEKJSHHOH NaJOYKOH N06aBJASIOT
KOHUEHTPHPOBAHHbIA pacTBOP aMMHakKa [0 TOJHONO PacCTBOPEHHS.
Ecan pacTBop MyTHBIH, TO €ro OTGUJIbTPOBHIBAIOT Yepe3 IJIOTHHIH
CKJIaAuaThil GHJBTP B CTaKaH BMECTHMOCTbIO 2 nM3. 3aTeM NpoOBOAAT
HeATpaJH3alHI0 pPacTBOPOM NEPErHAHHOH COMAHON KMCAOTH 10 TeX
nop, NOKa ONyIIeHHBLIH B CTAKAH KyCOUeK CHHeHd HHAHKaTopHO# Oy-
Maxku Konro ne okpacutcs B KpacHo-6yphii user (pH 3). Beienus-
UIHACS TIPH 3TOM OCaJOK 3THJEHAHAMUHTETPAYKCYCHOH KHUCJOTH OT-
¢GuabLTPOBLIBAIOT yepe3 GyMakHbIA QUALTP Ha BOpoHke Dooxmepa u
NPOMBIBAIOT 5—7 pa3 XOJOAHOH NHCTHAJIMPOBAHHON BOLOH.

[IpoMbiTHIl OCaJOK NEPEHOCAT B CTaKaH M PACTBOPSAIOT B aMMHaKe:
(1:1). Monsiprylo KOHIEHTPAUHIO pPACTBOPA 3THJEHAHAMHHTETPAyK-
CYCHOH KHcJOTh yctanaBmiBaloT o 'OCT 10398 1o pactsopy coau
LMHKa.

Bepunnus ruapoOOKHUCS.

PactBop Gepuannst: 36 r ruapookucu GepuJIHA  pPacTBOPAIOT B
pacTBope COJISIHOH KHCJIOTH KOHUeHTpauue#t 3 mouan/aM3.  Pactsop
NePEHOCAT B MePHYI0 Koaly BMecTuMmocTbio 500 cM3 W foBOAAT AO
METKH PacTBOPOM COJIAHOH KHCJOTH ¢ KOHUeHTpanuei 1 Moan/gm?.

JKenatnu nuiepoit no FOCT 11293, BoaHbIfl PacTBOP KOHLEHT-
pauueil 5 mr/cmd,

MertusioBeiit - opaHxKeBbl BOAHBIA  pPAcTBOP  KOHLUEHTpamHed:
1 mMr/cm3.

®enoadralen, CIHPTOBOH PacTBOp KOHUeHTpauued 1 mr/cms.

OpHOXPOM YepHHIH.

Ouoso no T'OCT 860.

PacTsop os0Ba (ocHOBHOM): 1 T osoBa pactsopsior B 100 cm3 me-
perHaHHOM COJISIHOH KHCJOTH H 5 cM3 a30THOM KHCJOTH NIPH HArpeBa-
nun. Ilocse pacTBOpeHHSt M HCUE3HOBEHHsSI MKEJTHIX TNapOB OKCHAOB
430Ta PacTBOP OXJaXJalOT, NepeBOJAT B MEPHYIO KOJOYy BMeCTHMO-
croio 1000 cM® ¥ n0BOAAT 10 METKH NOJApOrpaduieckuM HOHOM.

1 eM? pactBopa coaepxkut 1 Mr osioBa (IV).

Pacteop osoBa (paGounii): 10 c¢M® OCHOBHOrO pacTBOpa 0JI0Ba
NPHJIHBAIOT B MePHYI0 Koa0y BMectuMocThio 100 cM3, posaHBaloT moJas-
porpaguueckuM GOHOM A0 METKH U MEepeMeLInBaloT,

1 em® pactBopa cogepxur 100 mkr ososa (1V).

Bosiee pas6apJieHHble paGoune pacTBOPLI 0JI0BA TOTOBAT IOCJENO-
BaTesNbHbIM pasbaBiacHueM HoJsporpaduueckuM GoHOM B OGHEMHOM
OTHOLIeHHH 1:9 B eHp ynoTpebieHust.

60



FOCT 13637.5—93 C. 4

3. NPOBEJEHHE AHAJIH3A

3.1.PacTBopenue mpo6uot

Hagecky rajnus maccoit 2 r pacTBOpsiOT npu HarpeBauHH B 25 cM3
CMECH TNeperHaHHod CONHOM W a30THOH KHCJOT, B3SITOH B COOTHOLIE-
HAM 00beMOB 5: 1, B cTakaHe BMecTUMOCTbI- 300 CM3 [OJ YaCOBBIM |
crekaoM. [loce pacTBopenust npoGbl CHUMAIOT CTEKJAO, OOMBIBAIOT
CTEKJIO H CTEHKH CTaKaHa QHCTHJJIHDOBAHHOW BOJOH, 3aTeM pacTBOP -
ynapHBaloT npubausutenbno Ao 15 cm? Crenki crakana oGMBIBAIOT
JBa pas3a AHCTHJIJIHPOBAHHOH BOJOH NMopuusAiMH no 15—20 cM3, xax-
Abli pa3 ynapHBas COAepXKHMOE CTakaHa MPHOJH3HTENbHO 10 15 cM3,
Ilocsie mosnoro ynanenns OKCHZOB a30Ta B CTaKaH NPHAHBAIOT 60—
—80 cM® aucTuanupoBanHOK BoaH, 2 cM® hocdOPHOH KHCIOTH, .
30/M cM® pacTBOpa STHIEHAHAMHHTETPAyKCYCHOH KHCJIOTHl (Ije
M — MosisipHas KOHIEHTPALUs ITOTO PACTBOPA, MOJb/AM3), 2 Kamau
pacTBOpa METHJOpPAHXKa W BOJAHBII PacTBOp aMMHAaKa O KeJTOH OK-
packu metusopanxka. PacrBop narpeBaior 1o kunesus. JLo6aBiasior B
HEro COJIIHYIO KHCJIOTY MO KamljiaM A0 ¢1a60-pO30BOTO OKpallHBaHHA
MeTHJaOpaHXka. 3areMm aobasasior 0,3 cm3 pactBopa GepuJiius, 2 Kai-
JIA pacTBopa QeHospTanseHHa 1 BOAHBIA PacTBOP aMMHaKa GLICTPO O~
Hoil nopuuedl. HeobGxomuMoe KonWyecTBO aMMuaka AJs HeHTpasH3a-
WK pacTBOpa M0 KPaCHOH okpacku PpeHondrasensa ycTaHaBAHBAIOT B
NapaJielbHOM ONBITE C TEM e KOJHYECTBOM ITHJIEHIHAMHHTETPAYK-
CyCHOH KHCJOTHL. 3aTeM B pacTBOp A06aB/sAOT 2 CM3 pacTBOpa aMMH-
aKa M ropsayylo Boly A0 oGuiero o6bema 150 cm® PactBop uepes 1—
2 MHH IePeMeliHBAIOT CTEKJSHHON Na/ouKoil H OCTABJIAIOT A0 KOAry-
Asuud - ocagka. [lopsAymMil pacTBOp OTCACHBAIOT uepes IOPHCTHIA
¢uaptp OKI1 B kKonby Bynsena, a ocaiok lia GHALTPE NPOMBIBAIOT -
10 pas ropsiueii GHAHCTHIIHPOBAHHON BOLOH.

32. ITonsporpadbupoBanue

OtMmbithiil ocafok docthaTa Gepuanns pacTBOPAIOT Ha NOPHCTOM
Ouabtpe B 15 cM® (B 1Ba mpuema) IeperHaHHOH COJNSHOA KHCJOTOM.
PacrBop oTcachiBaloT B KBapueByl0 NPOGHPKY C OTPOCTKOM, (HJIBTP
npoMbiBalOT 12 cm® GupucTHANHpOBaHHOA Boxbl. IlpombBHYIO BORY
TaKXe 0TcachBalT B npobupky. K pactBopy B npobupke m06aBasioT
ABE KalJiH pacTBOpa KesaTuHa. PacTBop nepeBoAsiT B MEpPHBIH M-
JHHAD H JIOBOAAT GHAMCTHJIHPOBAaHHON BoZoO# 10 25 cm%.  Mupepcu-
OHHBI® BOJIbTAMIEPOrPaMMbl  IIOJYYCHHOTO PAcTBOPA PETHCTPUPYIOT
B CJCAYIOIHX YCJHOBUSIX: pasMep CTAIlHOHADHON PTYTHOH KallJk COOT-
BeTcTByeT 20 JAe/IeHMSIM 4acOBOrO MH/MKATOPA, IOTEHIHAJ HAKOIJIe-
Hua MuHYyC 0,60 B; npono/KHTeIbHOCTD HAKOIJIEHHS C lepeMellHBaHH-
em 3 mud. [MoreHunas nuka o10Ba okoso munyc 0,49 B. Boabramme-
porpaMmy Kax/J0ro pacTBopa CHHMAIOT TPHU pasa.
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C. 5 TOCT 13637.5—93

33. PacwwudpoBka HHBEPCHOHHLIX BOJbTaMIe-
porpamm

BricoTy nHKa H3MepsIOT Mo BEPTHKAJH, TPOBEJCHHON uepe3 Beplln-
Hy ITHKa XO TlepecedyeHHs] C KacaTeJbHOH, COeJHHSIOIeH OCHOBAaHUS
BerBell nmuka. Kaxnas K3 BHICOT NHKA He JOJKHA OTJHYATHCS OT
cpefiHero apu(pMeTHUECKOro 3HaYeHUs BBHICOTHI NHKa H GoJsee yeM Ha
0,2 H. Ecau BbicoTa NepBOTO NHKA OTJAHYAETCS OT CPEAHEro 3HauyeHHs
H 6onee wem Ha 0,2 H, To BbICOTY NEpPBOro MK He YYHTHIBAIOT.

Maccosyio goa0 040Ba B npobe ONpenensioT M0 MeToay L00aBOK.
Ho6aBxy pasbasaenHoro pabGouero pactBopa oJioBa o6beMoM He 6o-
Jee 1 cm? BBOAAT B Bechb oObeM noasporpadHpyeMoro pacreopa.
PaCTBop ¢ n06aBKoH nomporpaqmpylm TaK Ke, KaK H aHaJdu3Hpye-
MbIH pacTBOp.

JloGaBka AOMKHA yBEJHYHBATH Maccy 0J0Ba B noasporpadupye-
MOM pacTBOpe (M BBICOTY NHKa) B 2—3 pa3a, ecjlu COAEPKAHHE 0JI0BA
B npobe X, BoluncjaeHHoe 1o 11. 4.1, He Menpine 3. 10-6 %,

Ecau X menpiuie uyem 3-107¢9%, 1o nob6aBka jgoJXHa OBITH
0,05 mkr osoBa. Ilpu X Gosbuie uem 3-10-% %, nobaBka AOJDKHA
OblTh He MeHblie 0,1 MKI' 1 He GoJplue 2 MKT.

C Kax 106 cepuell npo6 HPOBOAAT ABA KOHTPOJBHBEIX ONBITA.

4. OBPABOTKA PE3YJIbTATOB

4.1. Maccosyio jpoaio oqoBa (X) B mpoueHTax BBIYHCJSIOT 110 Op-
MyJie

m-Hl-IO“4

e ]

rae m — Macca 0J0Ba B JoGaBKe, MKT,
Hi — cpeauss apudmernyeckas BbICOTa IHKa InoJsporpadupy-
eMoro pacTBopa mpobul 3a BHUYETOM cpexHeapH(pMeTHYeC-
KOT'O 3HAU€HHSl BBLICOTH [THKA OJIOBA B KOHTPOJIbHOM OIMBITE,

X:

MM,
my — Macca HaBeCKH raJjius, T, \
Hy, — cpennss apupMerHueckas BHICOTA TNHKa pacTBopa TpoOH

¢ no6aBKOi 3a BHIUETOM cpeaHeapHPMeTHIeCKOTO 3HAUCHH A
BBICOTH! ITHKA 0JI0BA B KOHTPOJBHHOM OIBITE, MM,
v — obbeMm noasporpadupyemMoro pacTBOpa HaBeCKH MPOGH,
cmd,
Av — o6weM j06aBKH, CM3
- CpenneapudmeTnueckoe 3HauyeHHe BHICOT MHKOB osoBa (Hy), no-
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JYy4YE€HHbIX B KOHTPOJIbHbBIX ONblTax, MM, HE€ NOJ/DKHO IIpEBhIIIATh 3HAYe-
HHA

(#2222 _4,) 0,05
m

4.2. 3a pe3yabTaT aHajiu3a NPHHUMAIOT cpejHee apudMeTHYECKOoe:
3HayeHHe [BYX pe3y/1bTaTOB HapaJiiefbHbiX ONpeLeseHHH, NpOBeReH-
HbIX H3 OTAEJbHBIX HAaBECOK.

HonyckaeMbie pacxomkASHWS [ABYX Pe3YabTATOR NapanselibHBiX
onpeneJieHHH H ABYX pesyJbTaToOB aHa/H3a (pasHocTh Gosbhiero H
MEHbLIero) ¢ JA0BEPHTeE/IbHOM BepOHTHOCTbIO P=0,95 npuseneHb B
Tabauue. : _ ,

MaccoBasa go4s onosa, % s Jonyckaemoe pacxoxieHue, %
3.10-% : 2.10-¢
6-10-6 3.10-°
1,0 -10-5 04-10-5
5- 105 2. 105
1,0 - 10— _ 0,2-10-4

HonyckaemMbie pacxoX/IeHHs AJs NPOMEXYTOUHBIX MacCOBHX J0-
Jeii 0/10Ba PaCCYHTHIBAIOT METOJAOM JIMHEHOH HHTepPIOJISLUHH.
4.3. Konrposab npaBHJbHOCTH aHa/jH3a NPOBOIAT METOJAOM A00a--

Bok 1o 'OCT 25086.
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