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HALUMWOHANBbHBIN CTAHOAPT POCCUUCKOWN DEQEPALUUMN

CTAJlIb U YYT'YH

Macc- cnekTpoMeTpuveCcKuil MeTo C MHAYKTMBHO CBA3aHHOM nna3smon. Yactb 1. OnpegeneHue
coZiepXaHus oJfioBa, CypPbMbl, LepUs, CBMHLIA U BUCMYTa

Steel and iron. Inductively coupled plasma mass spectrometric method.
Part 1. Determination of tin, antimony, cerium, lead and bismuth content

Oara BBegeHusa 2014—10—01

1 ObnacTb NnpumeHeHus

Hacrosawwii ctaHgapT yctaHaBnMBaeT MeToA onpeAerneHnst B CTanu U YyryHe cnejoBoro CoaepaHusi
0noBa, CypbMbl, Lepus, CBMHLA U BUCMYyTa C MCMOMb30BAHUEM WHAYKTMBHO CBSA3AHHOW NnasMmbl U Macc-
cnekrpomeTtpun (UCM-MC). Metog npumeHum Ana onpeaeneHns CnegoBoro COAEPXKaHUS SNEMEHTOB B
cneaylowmx gnanasoHax MacCoBbIX AONEN :

- 0noBo Sn— o1 5 70 200 MKI/T;

- cypbma Sb— o1 1 go 200 MK/,

- uepun Ce— ot 10 o 1 000 mKr/r;

- cBuHely Pb— ot 0,5 go 100 mKr/r;

- BucmyT Bi— o1 0,380 30 MKr/r.

Mewatowmne BAMAHUS NpU ONpeaeneHun cnegos anemMeHTos ¢ nomowbio UCM-MC  nepeuncneHsl B
npunoxexun B.

2 HopmaruBHble CCbISIKN

B HacTtosiiem craHzapTe MCnonb30BaHbl HOPMATUBHLIE CCbIMKU Ha Creaylolue MeXxayHapoaHble
cTaHaapThbl:

NCO 648: 1977 JlabopatopHaa creknsHHaa nocyga. MNunetkn (Mopa) ¢ 3agaHHbiM 06bemom (ISO
648:1977, Laboratory glassware -- One-mark pipettes)

MNCO 1042: 1998 NaGopaTopHas cTeknaHHas nocyaa. MepHble konbbl ¢ ogHon meTkon (ISO 1042 :
1998, Laboratory glassware -- One-mark volumetric flasks)

NCO  5725-1: 1994 TouyHOCTb (NPaBUSILHOCTL W MPEUU3NOHHOCTb) METOAOB M pe3ynbTaToB
namepeHuin. Yactb 1. OCHOBHbIE NONOXeHUA u onpegenenuna (ISO 5725-1: 1994, Accuracy (trueness and
precision) of measurement methods and results -- Part 1: General principles and definitions)

NCO 5725-2: 1994 ToyHOCTb (NPaBULHOCTbL U NPELU3NOHHOCTL) METOA0B U PE3YNbTATOB U3MEPEHUNA.
YacTtb 2. OCHOBHON MeTO4 OnpeaeneHns NOBTOPSAEMOCTM U BOCNPOM3BOAMMOCTU CTaHAAPTHOIMO MeToaa
namepenun (ISO 5725-2: 1994, Accuracy (trueness and precision) of measurement methods and results --
Part 2: Basic method for the determination of repeatability and reproducibility of a standard measurement
method)

NCO 5725-3 : 1994 To4HOCTbL (NPaBUNBLHOCTbL W NPELM3MOHHOCTb) METOAOB W pPe3ynbTaToB
namepeHuin. Yacte 3. NMpoMEXyTOYHbIE NOKa3aTenu NPELM3MOHHOCTWM CTaHZApTHOrO0 MeToda W3MepeHui
(ISO 5725-3 : 1994, Accuracy (trueness and precision) of measurement methods and results -- Part 3:
Intermediate measures of the precision of a standard measurement method)

NCO 14284 Crtanb u vyryH. OT60p 1 noarotoBka o0pasuoB ANA OnpeaeneHns XMMUYeCcKoro cocraea
(ISO 14284, Steel and iron -- Sampling and preparation of samples for the determination of chemical
composition).

3 CywHoCcTb MeToaa

AHanNUTUYECKYI0 HaBECKY PacTBOPAIOT B CMECU KUCIOT: COMAHOW, a30THOW U NNaBUKOBOW, WCMOMb3ys
CUCTEMY MUKPOBOJSIHOBOrO HarpeBaHWA, UMM HA HarpeBa TemnbHYK MAWTKY. Pa3baBneHHble pacTBOPbI
o6pas3LoB pacnbinAT B Nnasmy macc-cnekrpometpa (MCM-MC) ¢ noMOLLbiO nepucTanbTUHECcKoro Hacoca.
OaHOBPEMEHHbIE UBMEPEHUSA UHTEHCUBHOCTU 3NIEMEHTOB B €AMHULAX aTOMHOW Macchl, (N0 MacC-CNeKTpy)
NpoBOAAT C UCNofb3oBaHneM cucrem cnekrpometpa NCI-MC. PactBop X0n0CTOro onbiTa Ans rpagyupoBku

M3paHue ocmumnanbHoe
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W rpagynpoBOYHbIE PACTBOPbI AOMKHbI COOTBETCTBOBATb MATPUYHOMY KOMMOHEHTY MO COCTaBY OCHOBHbIX
3NEMEHTOB CTaiM U MUHEpPanbHbLIM KUCMOTaM, UCMONb30BaHHLIM ANA pasnoxeHusa obpasua. BHyTpeHHue
CTaHAapTbl UCNOSL3YIOT BO BCEX onepauusx, YTodbl KOMNEHCMPOBaTL NOGON UHCTPYMEHTaNbHLIN Apend.

4 PeareHTbl

Ecnu HeT apyrux ykasaHuil, UCMOMb3YIOT TOMbKO peareHTbl BbICOKON CTENeHW YUCTOThI, C MACCOBOM
aonen meHee 0,000 1% Kaxkaoro anemMeHTa unvm 3KBUBANEHTHOW YUCTOThI. YKa3aHHble Hmke 0003HaveHus, B
npoueHTax, OTHOCATCA K MaccoBOWM Aone anemMeHToB.

4.1 ConsaHas kucnota (HCI), 30%, nnotHocTbiO p - 1,15 r/cm® unm 38 %, NNOTHOCTbLIO p- 1,19 riem’. -

4.2 AsoTHas kucnota (HNO3), 70%, nnotHocTeiO p - 1,42 T fom®,

4.3 MNnaeukosas kucnota (HF), 49%, nnotHocTbiO p - 1,16 1/ om’.

4.4 AsoTHas kucnota (HNO3), 65%, nnotHocTbio p - 1,40 1/ oM’

4.5 Ocob0o uucras Boga, NonyyeHHas B CUCTEME OYMCTKU, CMOCOOHON OYUCTUTL BOAY A0 3HAYEHMS
conpotusneHus =18 MQ /om.

4.6 MpombiBHOW pacTeop ana HCIM-MC.

B nnacTukoBylo GYTBINKY (HAanpUMEp, NONMSTUNEHOBYIO) BMECTUMOCTbLIO 500 cM® HanuBaioT 400 cm®
OUMLLEHHON BOAbI (4.5), A06GaBNsOT 15 cM® consiHoi KMCnoTsl (4.1), 5 cM® a30THOM KMCTOTHI (4.2), 2.5 cMm®
nnaBuMKOBOW KMCNOThI (4.3) n goBoasar obbem o 500 cMm° BOAoOM (4.5). KauecTBO KMCNOT MOXXHO NPOBEPUTD,
A0 MX MCNONb30BaHWS CKaHMPOBAHWEM MAacC-CnekTpa pacTBopoB Ha npuBope WUCM-MC. Ons atoro
peKoMeHyeTCs NPUroTOBUTL PacTBOP cneayiolero coctasa: 0,30 cm® (300 mkn) HCI 4.1)+ 0,10 oM’ (100
Mkn) HNO; (4.2) + 0,05 oM’ (50 mkn) HF (4.3) u npumepHo 3 oM’ BOAbI (4.5), satem pacTBOp AOBOAST
(Bogon) go o6vema 10 oM. Ecnm Ha cnekTpe OyayT BbiiBNEHbI NUKU (NONOCLI) AHANMU3UPYEMBIX INEMEHTOB,
HY>KHO B35Tb KMCIOTY U3 APYrOro CoOCyAa U CHOBa NPOBEPUTL PacTBOP HA NPUCYTCTBUE TEX XK INIEMEHTOB.

4.7 AsoTHag kucnota (HNOs), pasbasneHHas 1:9.

B MepHyio kon6y BMECTUMOCTbIO 100 cM> HanuBaloT okono 70 cm® Boabl (4.5), 3atem Ao6Gasnsior 10
oM’ KOHLieHTpupoBaHHoi HNO; (4.2) U 10BOAST 10 MeTKM BOAOH (4.5).

4.8 Muppokeua HaTpust (NaOH), pacTBOp KOHLEHTpaumen 7,5 Monb/aM®, NNOTHOCTBIO p - 1,33 1/ cM®.

4.9 Muppokeua HaTpust (NaOH), pacTBop KOHLEHTpaumeii 0,2 Monb/am®.

MomeLyatoT B MePHYIO koNnby BMeCTMMOCTbio 100 oM’ 2,7em’ pactsopa NaOH koHueHTpauuen 7,5
Mom:/;uvl3 (4.8) v goBoaAT BOAON (4.5) 4O MeTKU.

Pacteopbl NaOH A0mkHbI XpaHUTLCS B COCYAaX M3 MOSIMSTUIIEHA UITM U3 aHANOIMYHOIO marepuana.

4.10 Llapckas Bogka (HCI + HNO3; = 3 +1).

FOTOBSAT LAPCKYI0 BOAKY B CTakaHe BMECTUMOCTbIO 30 cM® (unu 6nu3kom mo o6bemy), nomeLyasi B
cTakaH 9 cM> HCI (4.1), 3 cM® HNO; (4.2) M nepemeLLMBasi COAEPKUMOE.

4.11 Llapckas Bogka, pactesop, pasbaBneHHbiv 4:10.

MomeLuatoT 100 cm® Boabl (4.5) B konby BMeCTUMOCTbIO 150 cMm®, 3aTem aobasnsior 40 cMm® pacTBopa
yapckon soaku (4.10) n nepemerumnBatot. He JOBOAAT A0 METKM.

4.12 AsoTHas kucnota (HNOj3), pactBop, pasbaBneHHbin 1:1.

B MepHyto konby BMecTUMOCTbIo 100 cM® HanMBaIOT NpumepHo 30 cM® Boabl (4.5), 3aTem [06aBnsIOT
50 cMm® KOHLieHTPHpPOoBaHHo HNO; (4.2) 1 pa3basnsioT 40 MeTku BOAO# (4.5).

4.13 XnopHas kucnorta (HCIO,) , 70%-Has, nnoTHOCTLIO p - 1,68 r/lem°.

4.14 ConsiHas kucrnota (HCI), nnotHocTbio p 1,19 1/ cM® (4.1), pasbasnennas 1:1.

B MepHylo konfy BMecTUMOCTbio 100 CM°, HanuBaloT, npumepHo, 30 cM® BOAbI (4.5), 3arem
aoGaensioT 50 cm® KoHueHTpuposaHHoui HCI (4.1) n pasbasnsior 4o MmeTku Boaon (4.5).

4.15 XKene3so BbICOKOUMCTOE, cogepkaLlee meHee 0,000 1% maccoBon ,qﬁonm KaXxaoro anemeHTa.

4.16 OcHOBHbIe CTaHAAPTHbIE PacTBOPLI, coaepxaiue 1 000 Mr/aM” KaXxaoro aneMeHTa

4.16.1 OnoBo Sn, OCHOBHOM CTaHAAPTHbLIA PacTBOP

100,0 Mr BbICOKOMMCTOTO OFOBA (C MACCOBOW [10Nel 0NIoBa He MeHee 99,9%) pacTBOPAIOT B 3 cM° HCI
P -119 r/CM3) (4.1) n 1 cm® HNO; (4.2) B CTakaHe BMECTUMOCTbIO 250 oM’ CoaepxuMoe crakaHa
OCTOPOXHO HarpeBakwT A0 MOMHOr0 PaCTBOPEHMUA, OXMaXAAlT U KOSIMYECTBEHHO NEPEHOCAT B MEPHYIO
konBy BMeCTUMOCTbI0 100 cM°, pacTBOP AOBOAST 10 METKU BOAOI (4.5) M XOPOLLO NepeMeLLnBaloT.

XpaHAT cTaHdapTHbIM pacTBOp onosa B nonuatuneHoBomM (M3T) cocyae.

4.16.2 Cypbma Sh, 0CHOBHOI CTaHAAPTHLIA PacTBOP

100,0 Mr MeTanIM4ecKkoli CypbMbl BbICOKOW YUCTOTbHI (C MaccoBOn A0NEN CypbMbl HE MeHee 99,9 %)
pacTeopsioT B 3 cM® HCl (p - 1,19 r/cm®) (4.1) m 1 cm® HNO; (4.2) B CTakaHe BMECTUMOCTbIO 250 M.
CoaepxMMoe CTakaHa OCTOPOXHO HarpeBalT A0 MOMHOrO0 pPacTBOPEHMUS, OXNax@aloT U KOMMYECTBEHHO
NepeHOCHT B MEpHYI0 konby BMeCTUMOCTbIo 100 CM’, pacTBOp JOBOAAT 0 METKU BOAOI (4.5) U XOpOLLO
nepemeLUnBaloT. XpaHAT CTaHAapTHbLIA pacTBOP OfOBa B MONMITUNEHOBOM COCyae.

2
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4.16.3 Lilepun Ce, 0CHOBHOI CTaHOAPTHLINW pacTBOpP

288,5 mr uucrtoro cynbdata uepua (IV) Ce (SO ,),4H,O pacreopsior B 50 om® pacTteopa
pa36aBneHHoil Lapckol Boaku (4.11) B MepHoii konbe BmecTuMocTbio 100 oM. [Mocme nonHoro
pacTBopeHus cynbdata 4o6aBnsioT pacTBOp LIAPCKOi BOAKU (4.11) 4O METKM M XOPOLLIO NepeMeLUnBalOT.

XpaHAT cTaHgapTHbIN pacTeop uepua B M3T cocyae.

4.16.4 CBuHeU, OCHOBHOW CTaHAAPTHLIN PacTBOp

100,0 mr MeTannuquKoro CBMHLA BbICOKOW YMCTOTbI (C MAccoBOW AONEN CBUHLA He MeHee 99,9 %)
pacrsopsior B 20 om® HNO; pasbasneHHol 1:1 (4.12) B crakaHe BMecCTMUMOCTbIO 250 cm®.  CrakaH
OCTOPOXXHO HarpeBaloT 40 NOSIHOIO paCTBopeva CBUHLIA, PaCTBOP OXNAXAAIOT U KONMYECTBEHHO NEPEHOCAT
B MepHyo konby BmectumocTbio 100 cM°, IOBOASIT 10 METKU BOAON (4.5) n X0pOLWIO nepemeLunBaloT.
XpaHAT cTaHAapTHLIM PacTBOp CBMHUA B I'I3T cocyge.

4.16.5 Bucmyt Bi, 0CHOBHOWM CTaHAAPTHLIN pacTBOP

100,0 mr MeTannuqecxoro Bucmyra BbICOKOW ‘WICTOTbI (c maccoBoit Aonen BUCMyTa He meHee 99 9%)
pacrBopsioT B 3 cm® HCl (P -1,19 r/cm) (4.1) u 1 ocm® HNO; (4. 2) B CTakaHe BMECTUMOCTbIO 250 cm’.
CTakaH OCTOPOXHO HarpesaloT A0 MOSIHOro PacTBOPEHMs BUCMYTa, pacTBOP OXIIXAAIOT U KONUIECTBEHHO
NEepeHOCAT B MepHylo Konby BMecTMMOCTbio 100 cM°,  [JOBOAAT A0 METKM BOAOI (4.5) n XxopoLwlo
nepemMeLLnBaloT. XpaHAaT cTaHAapTHLIN pacTBOp BucMyTa B N3T cocyae.

4.16.6 Poauit Rh, 0CHOBHOI CTaHAAPTHbLIA pacTBOp

203,6 Mr yuctoro xnopuaa poaus (lll) (RhCl;) pacrsopsiot B 6 oM’

CBEXENPUroTOBIEHHOrO pacTeopa uapckow Boaku (4.10) B mepHou konbe BMecTUMOCTbi0 100 oM.
Mocne noONHOrO pacTBOPeHMA xmopuaa  pasbaBnsioT pacTBOp A0 MeTku Boaow (4.5) u xopollo
nepeMeLL1BatoT.

CTtaHaapTHbeIn pacTsop poaus Xpauar B M3T cocyae.

4.16.7 UTTpunit Y, OCHOBHOI CTaHOAPTHLIA pacTBOp

127 0 mr uuctoro Tpuokcuaa uttpus (Y,O3), pacTBOpsIlOT B MEPHON konbe BMecTUMOCTbiO 100 oM’ B
6 cMm® CBEXENPUIOTOBINEHHOI Llapckoi Boaku (4.10). Nocne NnonHOro pacTeopeHus pacteop pasbaensior 4o
METKM BOAOW (4.5) n XOpOLLO nepemMeLunBaloT.

CTaHgapTHbIn pacTBOp UTTpus xpaHat B MN3T cocyae.

4.16.8 JTroTeuuni Lu, OCHOBHON CTaHOAPTHLIW pacTBOpP

113 7 mr yuctoro Tpuokcuaa noteuusa (Lu,Os), pacTBOPAIOT B MEPHOI konbe BMecTUMOCTbIO 100 cm
B 6 cm® CBEXENPUroToBrneHHon uapckor soaku (4.10). Mocne NONMHOro pacTBOpPEHMs pacTBop paszbGaBnaioT
[0 MEeTKM BoAoN (4.5) u xopoLuo nepemeLumsatoT. CTaHAAPTHBINM pacTBOp nmioTeuus xpanar B M3T cocyae.

4.16.9 TutaH Ti, OCHOBHOW CTaHAAPTHbIN pacTBOp

100,0 mr MeTannmquKoro TUTaHa BbLICOKOW YMCTOTHI (C MACCOBOW Aonewn TMTaHa He MmeHee 99,9 %)
pacreopsitoT B 30 cm® HCI (p - 1,19 r/cm’), pasbaenenHoi 1:1 (4.14) u 0,2 om® HF (4.3) B cTakaHe
BMECTMMOCTbI0 250 cm®.  CrakaH OCTOPOXXHO HarpesarwT A0 [MOSIHOro paCTBopeva TUTaHa, pacTeop
oxnaxaarT U KONMYEeCTBEHHO MEepPEeHOCAT B MEepHylo konby BMecTtumocTbio 100 cM®, [0BOASIT A0 METKU
BOAOI (4.5) N XOPOLUO NepemMeLLnBatoT. XpaHAT CTaHA4aPTHbIN paCTBOp TutaHa B M3T cocyae.

4.17 Xeneso Fe, maTpuyHbIii pacTeop, 10 000 mr Fe/am®

0,5 r xenesa BI:ICOKOVI yncToThbl (4. 15) B3BELLMBAIOT C TO‘-IHOCTbIO 0,01 Mr u nomewawT B CTaKaH
BMECTUMOCTbIO 250 cm®. flo6asnsioT 20 cM® BoAbl (4.5), 3aTem 0,1 cm® HCI (4.1) u go6aensiot 5 cm> HNO;
(4.2). OCTOPOXXHO HarpeBaloT CTakaH, 4YTobbl pacTBOpUTL HABECKy >kemne3a. [locne nonHoro pacreopeHus
PacTBOP OXNaXAaloT, KOMMYECTBEHHO MEPEHOCST B MEPHYIO konby BMECTUMOCTbIO 50 cM®, gonuBalot A0
MeTKK BOAOW (4.5) n XOpoLLIO NepemMeLlnBaoT.

PacTBop xene3a xpaHsT B 3T cocyae.

4.18 NpagympoBOY4HLIN (N0 Macce) pacTeop, cogepxaiwmii 100 MKr/AM® KaXa0ro u3 3nemeHToB
Ti, Y, Rh, Sb, Ce, Pb u Bi

Hanusatiot anMepHo 50 om® BoAbI (4.5) B MepHyio konby BMmecTUMOCTbiO 1000 oM, a 3aTem
ao6asnsior 1o 0,10 cm® (100 MKI) KaXA0ro U3 OCHOBHBIX CTAHAAPTHLIX PacTBOpOB Ti (4.16.9), Y (4 16.7), Rh
(4.16. 6), Sb (4.16.2), Ce (4.16.3), Pb (4.16.4) n Bi (4.16.5). loBoaaTr no meTku BOoAOM (4.5) U xopowwo
nepeMeLLnBatoT PacTeop.

3

5 Annaparypa

5.1 JlaGopaTopHana CTeKNAHHAA U NNIACTUKOBAsA nocyaa,

Mcnonb3yloT cneayiouyio nabopaTopHylO CTEKIISIHHYIO U TMAACTUKOBYIO MOCyAy: MeEpPHble Konobl,
NECOYHbIE Yacbl, CTaKaHbl, NONNATUNEHOBbLIE OyTbINKU (COCYAbI), MONUITUNEHOBLIE HAKOHEYHWUKU ANA
NUNEToK, TECT-TPyOKU U3 nonucTmpona.

Bca creknsiHHas MmepHasi nocyaa aomkHa ObiTh knacca A (1-biii knacc) B cooteetcTeum ¢ UCO 648 u
NCO 1042.

3
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5.2 MukponuneTku
. BMeCTUMOCTb MUKPONUNETOK A0MKHA ObITh: OT 5 Ao 40, ot 50 Ao 200, ot 100 go 1 000 MmkNn n oT 1 8o
5 cm”.
MpumeyaHune—1 mkn coorBetcrayeT 0,001 oM.

5.3 Cucrema BcnomoraresibHOro MMKpOBOSTHOBOro 060pya0oBaHUA

Ons pasnoxeHua npo6 Ucnonb3yioT nabopaTopHyl0 MMKPOBOMHOBYIO NE€Yb W BPALLIAIOLMIACA CTONUK
(YCTPOWCTBO kapyCenbHOro Tuna) unu  Apyroid aepxarenb AnA COCYAOB M3 nonuteTpadTopaTuneHa
(NTPE), paccuntaHHble HA BbLICOKOE AaBIEHME.

[donyckaeTcss NPUMEHSTb MOLUAroBO-BPEMEHHYIO NMporpaMMy NpW BbIMOSIHEHMU NPOLEAYPbl MOKPOro
pa3noXxeHus, onpeaensiioLLyl0 AaBNEHUE U Temnepatypy (B pPeakuMOHHbIX cocyfax), nokasarenu MOXHO
perncTpupoBaTb unu HabnoaaTb Ha MOHUTOpE.

6.4 UICMN-MC npubopbi

5.4.1 MaruuTHocekTopHble UCI-MC (Bbicokoro paspewenus UCIM-MC)

5.4.2 KBagpynonbHblie UCIM-MC (nuskoro paspewenusa UCI-MC)

5.4.3 Bpemsa-nponethsie UCM-MC (UCN-TOF-MC)

Ona ontumanbHoro dyHkumoHuposanuss MCIM-MC npubopoB Heobxoaumo cobniogarb MHCTPYKUUIO
ansa kaxgoro tuna ACIM-MC.

Bo Bcex Tpex tunax npubopos UCI-MC B kayecTBe nnasmo-o6pa3yioLlero ra3a ucnosnb3yloT aproH
ana obecnevyeHna paboTbl aproHOBOM nnasmbl. [lepea npoBefeHWEM aHanu3a aproHoBYIO nnasmy
BKITIOYAIOT U OCTaBMAOT BKMOYeHHON Ha 30 — 60 muH ansa crabunusauyum npubopa. B Teuenne aroro
BPEMEHU pacnbinaT soay (4.5) UM NpoMbIBHOW pacTBOp (4.6) yepe3 CUMCTEMbl paCnbINUTENS U FOPernku.
Bpewms crabunusauuu 3asucut ot Tuna npubopa UCIM-MC.

MpagympoBka NO Macce AOMMKHA NMPOBOAUTLCS KaXOe YTPO Mepej Hayanom aHanusa, Ans 3T1oro
Bbibupator cemb anemeHToB[Ti, Y, Rh, Sb, Ce, Pb u Bi (4.18)] B nopsigke ux pacnonoxeHus B
nepmoandeckoii Tabnuue. [ina rpagyMpoBOYHOrO pacTtBopa MOryT ObiTh MCNONb30BaHbI U APYrUe 3NEeMEeHTHI,
HO MO COAEPXKAHUIO (B AaTOMHBIX €AMHULIAX MACCbl) OHU AOIDKHBI NEPEKPLIBATh KOHLIEHTPALMOHHYIO 06nacTb,
KOTOPYIO NPeaCTOUT aHanManpoBaTh.

O6GbIMHO, B nNpouUecce aHanM3a noAKMIoYAlT YCTPOMCTBO aBTOMartuyeckoro orbopa npob «k
nepucTanbTUY4ECKOMY Hacocy Ansi aBTOMaTMYeckoro BeBoga oO0pasyoB B nnasmy. Takke MOXHO
MCMNonb30BaTh Py4HON BBOA 06pa3uos. MNpubopbl HACTPOEHbI HA PEXUM ONTUMANbLHOW YYBCTBUTENBHOCTHU.
OueHb BaXKHO OTperynupoBaTb pabounme napameTpbl, TAKME Kak 4acToTa, BbIXOAHASA MOLUHOCTb, pacxoj
nnasmoobpasyloLero rasza, pacxoa BCMOMOraTenbHOro rasa, pacxoj rasa Ans pacnbiuTens, CKopocTb
pacnbineHus obpasua, cnocob AeTEKTUPOBaHUA, MHTErPUPOBAHUE BPEMSI/MUK, YNCTIO TOMEK/NUK, KONUYECTBO
pennukauMii M BpeMs MpOMbIBaHUA. Ha npaktuke YyBCTBMTENbHOCTb ONTUMU3NPYIOT BBEAEHUEM
rpagyumpoBOYHOro pacteBopa (Hanpumep, rpagyuMpoBOYHOro pacrsopa poaua 100 MKr/aM® unu nio6oro
[Apyroro noaxoAsLLero pactsopa) B nnasmy, a 3aTeM HaCcTpoMKoi paboynx napameTpos.

6 MeToaukn usmepeHua

6.1 MuHuManbHasa npeuu3noHHocTb (RSD)

PaccuutbiBalOT  OTHOCUTENbHOE  CTaHAapTHOe OTKMOHeHue ans 10  u3MepeHun  Kaxpaoro
onpeaensieMoro anemMeHTa (KOHUEHTpauusa kaxagoro anemexnta — 10 MKF/AMS) B BbIOPAHHOM MaTPUYHOM
pacteope. MuHuManoHas npeuusnoHHOCTb (RSD) He gormkHa npeBbiwath 5 %.

6.2 Npepen o6HapyxeHus (LD) u npegen konuyecTBeHHOro onpegenenms (LQ)

Mpepen obHapyxenus (LD) u npepen konuuecTtBeHHOro onpeaenexus (LQ) paccuutbiBaloT no
cneaylowmM dopmynam:

D=3-0- — . ()
Xs—Xb

LQ=10-0-&, @)
Xs— Xb

20e 0 — craHfapTHOE OTKIIOHEHME UHTEHCUMBHOCTY Ana 10 uaMepeHuii pacteopa XonoCcToro onbITa;
X¢ — cpeagHee 3HaYeHue UHTEHCUMBHOCTHU Ans 10 usmepeHuii CTaHaapTHOro pacTBopa;
CSs — KOHUEeHTpauumsa ctaHaapTHOro pactsopa, MKr/am3
X, — cpeaHee 3Ha4YeHue HTeHCUBHOCTM Ans 10 uamepeHuin pactsopa X0nocToro onbiTa.
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7 OT60p Npob

OT160p npo6 npoBoasaT B cooTBETCTBUM C ISO 14284 unu HauMOHanbHLIMKU CTaHZapTamu Ha oTGop
npo6 cranu.

8 MoparoroBka nocyabl

Bclo cTeknaHHyo nocyay U NMacTUKOBbIE U3LENNUSA BbIAEPKUBAIOT B a30THOM Kucnote (4.4), He meHee
yem 12 4yacoB M mocne 3TOro NpoMbIBaOT BOAoW (4.5). INabopaTopHas nocyaa AofmKHA XpPaHUTbCA B
3aLMLLEHHOM OT MbINU MECTE.

9 NpoBeneHue aHanu3a

9.1 HaBecka (aHanuTnuyeckaa npo6a)

B kavecTtBe aHanuTu4eckon HaBecku, B3seumBatot 100 Mr o6pasua ¢ TO4HOCTbIO NpumepHo 0,01mMmr.

MpuUMeyaHue - HacToAwmiA cTaHgapT onpeaenseT METOANKY, B KOTOPOW HOMUHaNbHasA Macca HaBeckn —
100 Mr, HO Takxe MOXHO UCNONb30BaTb HAaBECKY MeHbluel Macchl, Hanpumep 10 mr.

9.2 PacTBOp XOJyIOCTOro ONbITa (pacTBOp O6pasua AnNA XONOCTOro onkita)

MapannensHo ¢ aHanu3om 06pasLoB C HEU3BECTHbIM COCTABOM aHaNU3UPYyIOT PacTBOP XONOCTOro
onbiTa. PacTtBOp XONMOCTOr0 OnbiTa [AOMMKEH COAEPXaTb Takue ke KONUYeCTBa PeareHToB, Kak U B
aHanuaupyembixX pacTBopax, U Takoe >e KONUYECTBO BbICOKOUUCTOro >xenesa (4.15), kak U B HaBecke
npoobl.

9.3 MNoaroTroBka aHaNM3UpyeMoro pacTesopa

9.3.1 AHanu3supyemMebliit pacTBOp Arns onpeaeneHus anemMeHToB Sn, Sb, Pb n Bi

9.3.1.1 Metog pasnoxeHus npod B MMKPOBOIHOBOM YCTPONCTBE

Hasecky ofpasua nomeLalt B cocya Bbl,qep»(uaalou.mw BbICOKOE % BNeHUe (panee — cocya AnAa
BbICOKOTO ,ClaBJ'IeHVIH) u3 I'ITd>E (BMeCTUMOCTBIO 120 CM ) u po6aensioT 3 cM” HCI (4.1),

1 oM HNO; un 0,5 om® HF (4.3). KpblLKy cocyga repmMeTuydHO 3aBuH4YMBaloT. OQHAaKO, KUCNOTbl MOryT
ObITb AOGaBMeHbl B HEMSOTHO 3aKPbITbIl COCYA U OCTaBMeHbl HA HOYb. OBLIYHO 3TO ymyulliaeT Mpouecc
MOKPOrO PasmoxeHus.

Mokpoe pasnoxeHue npoxoauT B CUCTEME MUKPOBOJIHOBOTO YCTPOWCTBA ANA pasnoxeHus. Cocyawbl
BbICOKOro gasneHus u3 NMTOE nomeLlaloT Ha BpaLaoLwmuics cTonuk (YCTpOMCTBO KapycenbHOro Tuna) unm
B CneuuanbHbll gepxarenb, KOTOPbIA CTaBAT B NabopaToOpHYI0 MUKPOBOMHOBYIKO MEYb, W pa3snoOXeHue
NpPOBOASAT NoJ BO3AENCTBUEM MUKPOBOMHOBOIO U3IyYEHUSI.

Mokpoe pa3noxeHue BbIMOSHAT B COOTBETCTBMM C Tpex LUAroBOM MPOrpaMMol, a WMEHHO:
pasnoxeHue BedyT MNpu HU3KOW Temnepatype (npumepHo 50°C) B TeyeHue 10 MuH, 3atem npu
Temnepatype npumepHo 100°C Toxe B TeyeHne 10 MUH U HaKOHeL, nogHuMasn Temnepartypy Ao 150 °C —
200 °C, pasnaratot ewye 10 MuH.

TpexwaroByld nporpammMy MOXHO BbIMOMHATE MPOCTON PErynupoBKOW MOLUHOCTU MWKPOBOJIHOBOM
neun. Ecnn pasnoxeHue B MWUKPOBOMHOBOM YCTPOWCTBE mpoporkaetcs 30 MWUH U JoOnbLUe, TO COCyAbl
BbICOKOro aaeneHusi u3 MTOE aomkHbl ObiTb OXNaXaeHbl A0 yAaneHWss MX M3 MUKPOBOSHOBOMW NEYM.
TemnepaTypa B cocyaax BbICOKOro gasneHusa us NTPE nepes ux OTKPbITUEM HE AOSDKHA npeBbiwaTtb 50 °C.
Onepatop, 0TKpbIBaA COCYAbI AN BbICOKOrO AABMNEHUS, AOMKEeH HAAETb NNaCTUKOBbIE NepyaTku.

MpnumeyaHue -Henbss oTkpbiBaTb ABEPLY MUKPOBOITHOBOW MeYMn cpasy nocne BhINOMHEHUA NporpaMmbl,
T.K. BCcerfa ecTb PUCK TOro, 4to npegoxpaHsiolias MembpaHa B cocyfax BbICOKOro AaBrieHus ua [MTOE moxeT
pasopBaTbCA U NPONYCTUTL ropAYne KACIOThI.

Mocne oxnaxaeHus, COAEPHKMMOE COCYAa MEPEHOCAT B NONMUSTUNEHOBYIO BYTbINKY WMNU MEpPHYIO
konby BmecTumocTbio 100 o’ , OCTOPOXHO MPOMBIBAIOT COCYJ ANA BbICOKOro aaenexHus u3s PTFE Boaoi
(4.5) n obveguHsiOT I'IpOMbIBHI:Ie BOAbI C OCHOBHbIM pacTBOpoM. [loBoAAT o6beM B OyThbinke unu konbte
BOAON (4.5) 4O METKU M XOPOLLO NepemMeLLInMBaloT.

9.3.1.2 MeTop pasnoxeHust npo6 Ha ropaYvei NnNUTe B OTKPBLITLIX cOocyAax

HaBeCKy npoobl I'IOMeLIJ,aPOT B cTakaH u3 NTPE wunu KkBapueBbli C rpaduToBbIM AHOM BMECTUMOCTbLIO
50 om’. JoGasnsoT 3 cm® HCI (4.1), HakpbiBatloT CTaKaH 4acoBbIM CTEKIMOM M OCTOPOXXHO HarpesaroT 40
npekpaLleHuss peakuuu paCTBopeva Ho6aensior 1 cm® HNO; (4.2) 1 HarpeBaloT A0 yAarieHUs OKCUAoB
asoTa. ,El.o6asnm0T 0,5 cM® HF (4.3) 1 HarpeBatoT B TedeHnn 5 MUH. Mpu HEOBXOAUMOCTH, OXNAXKAAT U
nobapnsoT 5 oM’ HCIO4 n HarpeBatoT 6€3 4acoBOro cTekna 10 Hadana AbIMeHUs.

HakpblBaloT cTakaH 4acoBbIM CTEKMOM WU NPOAOIKAKOT HarpeBaHue, noaaepxveas Temnepartypy, npu
KOTOPOM KoHAeHcaT 6enbix NapoB XMOPHON KUCNOTbI NOAHMMAETCA BBEPX MO CTEHKaM cTakaHa. HarpesaHue
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nNpoaoMKaOT, MOKa HEe NpeKpaTUTCA BblAENeHUe AbIMAWMX NaApPOB XMOPHOM KUCHOTbl. OXnaKaeHHbIN
pacTBOp KOMUYECTBEHHO MEPEHOCAT B MEPHYIO KOrnby BMECTUMOCTbIO 100 cm®, 06MbIBasi CTeHKM crakaHa
Boaow (4.5). Pacteop gonueatoT BOAOK (4.5) A0 METKM U XOPOLLO NepeMeLLnBaloT.

Mpumevanue - CtakaHbl u3 PTFE ¢ rpachuToBLIM AHOM MOTYT NErko paspywaTbcs Npy NOBLILLEHUM TEMMEPATYPHI,
no3TOMY TeMmnepaTtypy HEOGXOAMMO nogHNMaTb OYeHb MeANeHHO.

9.3.2 AHanu3supyeMbIN pacTBOp Ansa onpeaeneHun Ce

9.3.2.1 MeTtoa pasnoxeHuAa Npo6 B MUKPOBOSTHOBOM YCTPONCTBE

HaBecky KONMYECTBEHHO NOMELLAOT B COCyA ANA BLICOKOro aasneHus u3 MTOE (BMECTUMOCTbIO
npumepHo 120 cm®), npunueaiot 3 em® HCI 4.1)n1 cm® HNO; (4.2). Kpbiwky cocyaa naoTHO 3aBUHYMBALOT.
OpHako, KUCnoTbl MOTyT ObITb A06aBNEHLI B COCYA C HENSIOTHO 3aKPbITOM KPbILLKON HaKaHyHe BeYepoM. JTO
0ObIYHO YnyyLIaeT MPOLECC MOKPOrO pasnoXeHus Hasecku. Mokpoe pasnoxeHwe npoBOAUTCS B CUCTEME
MMKPOBONHOBOIO YCTPOWCTBA AN BCKPbITMA Npo6. CocyAbl ANA BbLICOKOTO AaBfiEHUS NOMELLAT B
KapycenbHbIA UNK CNeumanbHbIi AepXaTenb, KOTOpbIi NOMELLAoT B N1abopaTopHy0 MUKPOBOJTHOBYIO MNeYb,
M MOKpPOE€ pasnoXeHne NpoucxoanT noa AeWCTBMEM MUKPOBOMHOBOrO usnyveHus. Mokpoe pasnoxeHue
BLIMOMHAIOT NO TPEXLIAroBOW Npoueaype, T. €. HaYMHan PasnoXeHWe Npu HU3KOW Temnepartype, NPpOBOAAT
ee npumepHo npu 50 °C B TeyeHne 10 MMH, 3aTem nNogHUMAA Temnepatypy, npumepHo, ao 100 °C,
BblAepXuMBaloT 3Ty Temnepatypy euwe 10 MuH. Mpu TpeTbem wWware nogHnumatloT temnepartypy ao 150 °C —
200 °C u npoaosmkaroT npouecc B Te4eHne 10 MuH.

Tpexwarosyto nNpoueaypy MOXHO BbINOMHATb, MNPOCTO PErynupys MOLLHOCTb MUKPOBOSHOBOW MeYn.
Becb npouecc BCKpbITUSA NPOObLI B MUKPOBONMHOBOM yCTponcTee 3aHumaeT 30 MuH u ewe 30 mun Tpebyetca
ana oxnaxaeHua cocyaos M3 [MTOPE, npexage 4em MX MOXHO BbIHUMATb M3 MUKPOBOSTHOBOW MEuM.
Temnepatypa BHyTpu cocynos u3 MNTPE nepea ux oTkpbiTUEM AomMkHA ObiTb MeHee 50 °C. Mnactukosbie
nep4aTki 4OSKHbI NPEAOXPAHATL PYKM onepaTopa npu BCKpbiTUM cocyaos us MTOE.

prmeanwe — Henb3sa OTKpbIBaTL ABepuy MMKpOBOJ‘IHOBOﬁ nevyn HenocpeaCcTBeHHO cCpasy nocne OKOHYaHWuA
nporpaMmel, Tak Kak Bcera ecTb pUck paspbiBa NpeaoxXpaHnTenbHoOin MemGpaHel peakumoHHoro cocyaa us NTOE ana
BbICOKOro gaBneHuna n Bb|6poca ropavux Kucnor.

[Nocne oxnaxaeHua coaepXumoe peakunmoHHbix cocyaoe u3 MTPE ana BbICOKOro AasneHuA
NepeHOCAT KONMMYECTBEHHO B NOMUITUIEHOBYIO OYTHINOYKY BMECTUMOCTbIO 100 oM’ um B MEpPHYI0 konby
Takoro e obbema. OCTOpPOXHO OOMbBIBAIOT CTEHKM peakUMOHHOro cocyaa Boaou (4.5), obbeauHsas
NMPOMbIBHbIE BOAbI C OCHOBHbIM pPacTBOPOM, AOBOAAT 00beM A0 MeTkM Bogon (4.5) u xopowuo
nepemeLLnBaoT.

9.3.2.2 Pa3noxeHue HaBeCKU Ha ropsvyen niiMTe ¢ UCNOJSIb30BAHMEM OTKPbITbIX COCY0OB

lNomeLualoT HaBEeCKy B CTEKNSAHHLIM UMW KBapLEBbIN CTakaH BMECTUMOCTbIO 100 om’. Ho6aensior 3
cM® HCI (4.1), HaKpbIBaIOT CTakaH YacoBbIM CTEKNOM W OCTOPOXHO HArpeBaloT [0 NpEeKpaLUeHUs peakuum
pactBopeHus. [06GaBnsAlOT B peakUMOHHyI0 cMmecb 1 om® HNO; (4.2) v npoaorkalT HarpesaHue Ao
nosiBNEeHWst NapoB OKcuAOB asoTa. Ecnu Heobxoaumo, oxnaxgaioT pacteBop u gobasnsior 5 oM’ HCIO,
(4.13), noTOM CUNbHO HarpeBaioT 6e3 4acoBbIX CTEKOS A0 Ha4yana AbIMIEeHUs.

HakpbiBaloT 4acoBbiM CTEKNOM M NPOAOIDKAIOT HArpeBaHWe Mnpu TemnepaTtype, Nnpu KOTOPOW
o6pasyloTca ycTonuuBble 6enbie napbl XMIOPHOW KWUCMNOTbI, KOHAEHCAT KOTOPbIX MOAHUMAETCH MO CTEHKaM
cTakaHa. MpogomkaloT HarpeBaHue, Noka He MCHe3HyT Benblie napbl BHYTPU CTakaHa. Oxnaxaaiotr pacTBop
U KONMMECTBEHHO MEPEHOCHAT €ro B MepHylo konby BMeCTMMOCTbio100 cMm®, 0BMbIBAIOT CTEHKM CTakaHa
BOZAOM (4.5) n 06BbEANHSAIOT NPOMbIBHbIE BOALI C OCHOBHbLIM pacTBOpoM. [loBoasaT 06beM pacTBopa 40 METKU
BOAO0M (4.5) M XOpOLLO NepeMeLLnBaloT.

10 CtaHaapTHbIe PpacTBOPbI

Tpu craHaapTHbIX pacTBOpa TrOTOBAT M WUCMNONMbL3YIOT B AanbHEMLeM AN  NpUrotoBneHus
rpagyvMpoBOYHbIX PACTBOPOB.

10.1 MHOroaneMeHTHbIe CTaHAAPTHbIE PAaCcTBOPbLI, BKITIOYaKWue 3neMeHTsbl Sn, Sb, Pb u Bi

MpurotoBneHne MHOrO3NEMEHTHbIX CTaHAAPTHLIX PACTBOPOB AN YETbIPeX 3MEeMEeHTOB OnuUCaHo
BbilLle, Ha4YuHasi C OCHOBHOIO CTaHAAPTHOrO pacTBopa AnsA Kaxaoro snementa (4.16.1, 4.16.2, 4.16.4,
4.16.5).

10.1.1 MpuroroBrneHue pacTBOPOB B TECT-TPYOKax M3 nonmMcTupona

MpuroToBneHue CTaHAApPTHbLIX PaAcTBOPOB HENOCPEACTBEHHO B TecT-Tpybkax u3 nonuctupona
BMeCTUMOCTbIO 10 cM3 ya06HO M 3KOHOMUT Bpems. PacTBopbl AoBoasAT Boaon (4.5) Ao HyxHOro o6bvema.
MpuroToBneHune AByx CTaHAApPTHbIX pacTBopos onucaHo B 10.1.1.1 n 10.1.1.2.
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10. 1 1.1 MpUroToBneHne MHOro35IEMEHTHOIO pacTBopa — MYNibTUCTAHAAPTA e KOHLIEHTpaLMen
10 Mr/p,M

OT Kaxgoro U3 4eTblpex OCHOBHbIX CTaHAAPTHbIX pacteopa (4.16.1, 4.16.2, 4.16.4, 4.16.5) otOupaior
no 0,10 cm® (100 MKM) U 806aBnsaoT B TECT-TPYOKY U3 NONMCTUPONa BMECTUMOCTbIO 10 CM3 copep kaLlyto
npumepHo 5 cM® BOAbI (4.5). MHOFOSJ‘IeMeHTHbIVI pacTBOp A0BOAAT BoOAoOW (4.5) A0 HyxHOro obvema,
KOHTPONMpPYSi Maccy pacTBOpa B3BelUMBaHMeM'. [epMeTU3MpyloT TecT-TpyBky nreHkoi parafilm u
nepeMeLLnBalOT CTaHAaPTHbIN pacTeop (Tabnuua 1).

Tabnuya 1 — MynbTu-cTaHgapTo
O6BeM kaxpgoro KoHLEeHTpauus KaXkaoro
CTaHAapTHOrO OCHOBHOTIO Macca. Mkr O6Gbem TecT- arnemMeHTa B TeCT-TpyOke
pactsopa — CTaHp,ameoo, ’ TpyOKu, oM’ nocne pasbasneHus, mr/am
om® (Mk”n)
0,10 (100) 100 10 10

101 1 2 MNpuroToBneHne MHOro351IeMEeHTHOroO pacTBOpa — MYNbTU-CTAHAAPTo4 KOHLIEHTPaLUMen
01 Mrl,qM

Ot6upator 0,10 om® (100 Mkr) MHoroanemeH'rHoro pacTBopa MynbTUCTaHAapTa;g B TECT-TPYOKY 13
NORNCTUPONA BMECTUMOCTbIO 10 cM”. FOTOBHT pacteop, pa36asnsas Boaoi (4.5) 1O Hy>kHOro o6bema,
onpesenss Maccy pacTopa BaBelLMBaH1eM . 3aKpbIBaIOT TECT-TPYGKy nneHKoi parafilm u
nepemMeLLnBaroT CTaHAapTHLIN  pacTBop. (Taﬁnmua 2).

Tabnuua 2 — MynbTUCTaHAAPTo 4

KoHueHTpauusa kaxaoro
O6bem MynbTu-
cTaHaapTar, oM’ Macca, Mk O6Gbem Tng'-prﬁKVI, aneMmeHTa B TecT-Tpybke
CcM nocne pa36aBneHuﬂ
(MK”)
Mr/,qm
0,10 (100) 1,0 10 0,10

10.1.2 MpuroToBneHue pacTBOPOB B MEPHbIX KONbGax

CTtaHaapTHble pacTBOPbI MOXKHO FOTOBUTH B MEPHOI konbe BMecTumMocTbio 100 om’,

Bce pacTBOpbl 4OBOAAT A0 METKU BOAON (4.5). MHOroanemMeHTHble pacTBOPbl FOTOBAT B COOTBETCTBUM
c10.1.21u110.1.2.2.

10. 1 .2.1 MNpuroToBneHne MHOTO3NEMEHTHOrO pacTBOpPa — MyNbLTUCTAHAAPT,y KOHUEHTpauuen
10 mr/am®

OT Kaxgoro us qublpex OCHOBHbIX CTaHAAPTHLIX pacTeopos (4.16.1, 4.16.2, 4. 16 4, 4.16.5) otOupaior
anuKBOTHYIO qacn: no 1,0 cM u AoGaensioT B MEpHYI0 konby BMeCTUMoCTbio 100 oM, coaepxaLuyio
npumepHo 50 cm® Boabl (4.5). MHOTO3neMeHTHbIi pacTBop B konbe pa3baBnsior Bo,uou(4 5) 0O METKU U
XopoLo nepemeLLmMBaloT (tabnuua 3). CtaHaapTHbIN pacTBOP XPaHAT B MEPHON konbe.

Tabnuuya 3 — MynbTUCTaHgapTio

O6bem KaXaoro KoHueHTpauma kaxxaoro
CTaHOapTHOro O6bem MepHou anemMeHTa B MEPHOM
Macca, Mkr
OCHOBHOIO pacTeopa — KonBbl, cM® kon6e nocne
CTaHAapT1o00, oM’ pasbasneHus, mr/am°
1,0 1000 100 10

101 2 2 MpuroToBneHne MHOTO3NIEMEHTHOIO pacTBoOpa — MyJibTU-CTAHAAPTAg 1 KOHLIEHTpaumen
0,1 Mr/.qM

BHocAT 1,0 cm® MynbTUCTaHAApPTa y B MEpHyI0 konby Bmectumoctbio 100 om® pasbaBnsioT ero ao
MeTKM BoAoW (4.5) n xopoLuo nepeMelumBalot (tabnuua 4).

Tabnuua 4 — MynbTMCTaHAAPT, 4

KOoHUeHTpaums kaxgaoro anemMeHTa B
O6vem MyneTh-, Macca, Mkr Obnem Mepuou MepHOI1 konbe nocne pasbaBneHus,
cTanaaptag, cM° KonGl, cm>
Mr/,u,M
1,0 10 100 0,10

! KoHTponupyeTcs Macca HeTTO pacTBOpa, HaxoAsLerocs B TecT-Tpy6ke
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10.2 CtaHpgapTHble pacTBOpbI anemeHTa Ce

3SnemeHT Ce cnegyet onpeaenatk OTAENLHO, T. K. €CTb PUCK BbinageHna CeF; B BUAE ocajka, ecnu
MCMONb3YIT PTOPUCTOBOAOPOAHYIO KUCNOTY. CTaHAapTHbIM pacTBop Ce-CcTaHaapTg,HE0BX0AUMO rOTOBUTL
CTPOro no MeToauke, cneays cxeme pasbasneHusi, HaumHawowelcs ¢ 10.1.1.1 u 10.1.2.1 cOOTBETCTBEHHO.
Hauano paGoTbl N0 NPMroTOBNEHWUIO OCHOBHOIO CTaHAapTHOro pacteopa Ce — B (4.16.3).

11 TlpurotoBneHMe BHYTPEHHUX CTaHOAPTHbIX pPacTBOPOB (BHYTPEHHUX
ctanHgaptoB) Y, Rhmn Lu

11.1 MpuroToBneHne pacTBOPOB B TPYOKax U3 NOsIMCTUpOna

B cnyyae pekomeHaauuu -  UCMNOMb30BaTb BHYTPEHHWE CTaHAapTbl MPU aHanu3e HeCKOMNbKUX
o6pasLoB HeobX0AMMO yuuTbIBaTb WHCTPYMEHTamNbHbIA Apend, ecnu MOKPOMY  Pa3sfOXeHMIo
noasepralTcs 00pasLpbl CTanu Co CIIOKHOW MaTpULei.

BHyTpeHHue crtangaptel anemeHtoB Y, Rh u Lu rotoBar B TpeX OTAENbHbIX TeCT-pr6|<ax n3
nonuctupona. B kaxayo u3 Tpex TecT- pr60|< BMECTUMOCTbIO 10 cM® HanueatoT npumepHo no 3 om® Bogbl
(4.5). B ogHy u3 Hux gobaensawT 0 10 cm® (100 MKr) OCHOBHOrO ctaHgapTHoro pacrteopa Rh (4.16.6), Bo
BTOPYIO Tpybky gobasnatot 0,10 CM (100 MKfT) OCHOBHOrO CcTaHgapTHoro pacteopa Y (4.16.7) u B TPETbIO
TecT-Tpybky aobaensatot 0,10 oM’ (100mkn) OCHOBHOrO ctaHgapTHoro pacreopa Lu (4.16.8). Bo Bcex Tpex
TecT-TpyOKax HyHbIi 06beM nony4aioT, paszbasnasa pacTeopbl BoAoW (4.5) u onpeaensis Maccy pacteopa
B3BeLWIMBAHWEM. 3aTteM TecT-TPyOKu 3akpbiBalOT nneHkon parafim u nepemewmnBaloT pacTBOpPSLI.
KoHUEeHTpauumsa pacTBopa BHYTPEHHEro craHaapTa B Kaxaon Tpybke u3 nonuctupona AomkHa ObiTb 10
Mr/am°. B panbHeiiLuem, pasbaBneHune Gyaet HeobXxoaMMO B COOTBETCTBUM C NPOLIeAYPON NPUroTOBIIEHUS
craHgapTHoelix pacteopoB (ana Rhm Y - 101.1.1 1 101.1.2, a ana Lu — 10.2) n gna rpagympoBOYHbIX
pactBopoB (ans Rh n Y -1211 un 1221, a ana Lu — 121.2 n 12.2.2). KoHueHTpauma pacrBopos
BHYTPEHHUX CTaHAAPTOB JOJKHA ObiTb NPUBNM3NTENBLHO TOW >XE CaMOM, YTO U KOHLEHTpaUMA 3MemMeHTa B
aHanuM3upyeMoM pacTtBope. 3TO MOXET CTaTb npoOnemMol, KOraa BbIMOMHAIOTCA MHOrO3MEeMEHTHbIe
onpeaeneHus. PasHuua B KOHUEHTPaUUSAX MeXay BHYTPEHHUM CTaHAAPTOM W onpeaensemMblM Sf1eMEHTOM
He JOMmKHa MO 3HAYEeHUIO0 MpeBbilaTb ABa nopsaka. B Takux cnydasx pasHble KOHUEHTpauuu MOXHO
ucnonb3osatb AnA Y u Rh. Ecnu 310 HEBO3MOXHO, Onpeaensdemble aNeMeHTbl CneayeTt pasaenutb Ha OBe
unu Gonee rpynnsl PpacTBOPOB A0 MPOBEAEHUS aHanu3a. Tak Kak KOHLUEHTpauuu MHOTUX 3MEMEHTOB HE
M3BECTHbl A0 NPOBEAEHUs aHanusa, cneayetr npoOBOAWUTL MNpedBapuTenbHble ONpeaerneHus YpPOBHSA
KOHLEHTPaLMI yKa3aHHbIX 3NeMeHTOB. B HEKOTOpbIX CTanax KoHueHTpauusa OyaeT CRULIKOM HU3KOW Ans
onpep,e3ne|-|m|. Torga MOXHO BbIOpaTb MOAXOAALLYIO KOHLUEHTpAUMIO BHYTPEHHEro craHgapra nopsaka 1
MKr/gm®.

11.2 MNpuroToBneHue pacTBOPOB B MEPHbIX Konbax

Ecnu pekomeHa0BaHO UCMOMNb30BAHUE BHYTPEHHUX CTaHAAPTOB MPW aHanu3e HeCKOMNbKuX 00pasuos,
TO HEOOXOAUMO Y4YMTbIBATb MHCTPYMEHTANbHbIN Apend, 0COOEHHO NpU MOKPOM pa3smnoXeHun o0pasuoB
cTanu Co CROXHON MaTpUuen.

PactBopbl BHyTpeHHI/IX craHgapToB anemeHToB Y, Rh n Lu roToBAT B TpeX OTAENbHbIX MEPHbIX Kon6ax
BMECTUMOCTbI0 100 cMm®, kaxaas. B KaXKaylo U3 Tpex MepHbIX KONG HanueBawT npuMepHo no 50 cM® BOAbl
(4.5). B ogHy n3 Hux ,qo6aBnm0T 1 0 cM® OCHOBHOrO cTaHgapTtHoro pactesopa Rh (4.16.6), BO BTOpyt
MepHyto konby agobaensawTt 1,0 CM® OCHOBHOTO cTaHaapTHoro pacteopa Y (4.16.7) nu B TPETbIO MEPHYHO
konby gobasnsoT 1,0 cM® OCHOBHOrO cTaHaapTHOro pacrteopa Lu (4.16.8). Bo Bce Tpu konbbl Ao6aBnsiot
Boay (4.5) oo meTkn u nepemeLuMBa}OT pactBopbl. KOHUEHTpauua BHYTPEHHEero craHgapra B KaXaow
mMepHon konbe Oyaet 10 MF/}_'J,M B panbHenwem byaet Heobxoaumo pasbasnenue. Mpu aToM cnocob
pasbaBneHus COOTBETCTBYET CxeMme ANS CTaHAapTHbIX pacTteopoB (ans Y u Rh—10.1.2.1 1 10.1.2.2, a ansa
Lu — 10.2) n gna rpagyumpoBoYHbIX pactBopoB (angd Y m Rh 12.1.1 n 12.2.1, a ana Lu -121.2 n 12.2.2).
KoHueHTpaumsa pacTBOPOB BHYTPEHHUX CTaHAAPTOB AOIDKHA ObiTb NpUOMU3MTENBLHO TOW e CaMOn, YTO u
KOHLEHTpauusa SnemMeHTa B aHanu3uMpyemom pactsope. OTO MOXeT CTaTb NpoGremoi, Koraa BbIMOMHAOT
MHOrO3nemMeHTHble onpeaeneHus. OpHako OOLWWMIA noaxoa MOXET OblTb MCNONbL30BaH U pasHuUa B
KOHLEHTpauMn Mexay BHYTPEHHWM CTaHZapTOM W ONpeAernsieMblM 3f1EMEHTOM HEe AOFKHA MO 3HAYEHMIo
npesbiWwaTh ABa Nopagka. B Taknx cnyyasx pasHble KOHUEHTpauumM MOXHO mcnonb3oBath 4na Y n Rh. Ecnum
3TO HEBO3MOXHO, onpeaensemble 3NeMeHTbl cneayeT pas3aenutb Ha ABe unu Bornee rpynnsl pacTBOPOB A0
nposeaeHns aHanusa. Tak kKak A0 nNpoBeAeHWUs aHanusa, KOHLUEHTpauMn MHOMMX 3N1EMEHTOB HE U3BECTHbI,
cneagyet MpoBOAWUTL MpeaBapuTenbHble OMNpeAeneHuss YPOBHA KOHLEHTpauUWi yKa3aHHbIX 9nemMeHToB. B
HEKOTOpbIX obpasuax cranu OyaeT HaWgeHO, YTO KOHLEHTPauuu  SNEeMEHTOB CIIMLIKOM HU3KU Ans
onpep,eneHMﬂ Toraa MoxHO noaobpaTh NOAXOAALLYIO KOHLIEHTPALUIO BHYTPEHHETO cTaHaapta nopsagka 1
MKF/,EI,M
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12 NpaaynpoBOYHbLIN PacTBOP XOSIOCTOro ONbiTa U rpagynpoBOYHbIE PacTBOpPbLI

['paaynpoBOYHbIE PACTBOPbLI U rPayMpPOBOYHbIA PACTBOP XONOCTOro onbita Ana Sn, Sb u Pb rotosar
Ansi KOHLEHTPaUuoHHOI obnactu ot 0,4 ao 200 MKI/AM® B COOTBETCTBMM G METOANKON B 4acTH 12.1 1 12 2.
FpaayMpoBOYHbLIN pacTBOPbI ,u,nﬂ Ce [0IDKHBLI OXBaTbiBaTb 06NacTk KOHUEHTpauuin ot 5 ao 1000 mkr/am°, a
ana Bi ot 0,3 po 40 MKr/am°. [pagynpoBOYHbIA PACTBOP XOSOCTOrO ONbITA U HE MEHee 4eM NATb
rpagyMpoOBOYHbIX PACTBOPOB AOMMKHbI ObiTb NPUIOTOBMNEHbI AN NOCTPOEHUSA TPaayMpoOBOYHOrO rpaduka.
FpaayupoBOYUHbLIN rpacdhuk AOMKEH OXBaTbiBaTb KOHLEHTPALMOHHYIO 00nacTb aHanusnpyeMbix ob6pasuyos ¢
HEN3BECTHbIM COCTaBOM. Bce rpagyupoBOYHbIE paCTBOPbI AOMKHbI COOTBETCTBOBATbH NO COAEPXaHMIO
Kernesa, a Takke KMCNOT, MCMOMb30BAHHBIX AN MOKPOrO pa3noxeHus npob, Tem xe coaepxaHusam, 4to u B
pacTBopax, aHanusmpyembix o0bpasuos cranu. [ins ,qo6aBneHuﬂ B rpagyupoBOYHbIE PACTBOPbLI Xenesa B
KayecTBe MaTpuubl McCnonb3yloT pacreop 10000 wmr Fe/,qM (4.17). B koHue Ao6aBnAlT pacTBOpbI
BHYTPEHHUX ctanaapToB: Y, Rh n Lu Ans MHOrOSNEMEHTHOro rpaayMpoBOYHOrO pacTeopa XofnocToro onbita
(ana anemenToB Sn, Sb, Pb uBi) Taike noaxoasaT, Kak U ANA NATU MHOTOSMEMEHTHbLIX rPpagyupOBOYHbIX
pacTtBopoB (AnA anemeHToB Sn, Sb, Pb uBi). Lu B ka4yecTBe BHYTPEHHEro ctaHaapTa Ansa rpagyupoBOYHOro
pacTBOpa X05oCToro onbitTa Ha Ce TaKke NOAX0AUT U ANA NATU FPaayMPOBOYHLIX pacTBopos Ce.

12.1 MpuroToBneHne pacTBOPOB B MEPHbIX Konbdax

FOTOBSIT LUECTb MEPHbIX KONG BMECTUMOCTbIO 100 cM® Kaxaas, KOTOpble 3aTeM MCMONb3yloT AN
NPUrOTOBMEHNSA TPaAYUMPOBOYHOIO PAaCTBOpA XOMOCTOrO OMbiTa W rPagyupoBOYHbLIX PacTBOPOB AN
NOCTPOEHUS rPaaynMpPoOBOYHOro rpadmka. KoHUEHTpaumMmn SNeMeHTOB B rpafyupoBOYHbLIX PACTBOPAX AOMKHbI
6bITb NOAOOpPaHLI Tak, YTOObLI 0XBaTLIBATh KOHLUEHTPALMOHHYIO 06NacTb B aHanM3npyeMbix obpasuax.

MpurotoBneHme CTaHAAPTHLIX PACTBOPOB B MEPHBIX KONGAaX BbIMOMHAIOT B COOTBETCTBUU C METOAUKON
12.1.1 1 12.1.2. Bce rpagyupoBOUHbIE PacTBOPbI 40BOAAT BOAON (4.5) A0 METKM U nepeMeLLnBaloT.

12.1.1 MpuroToBrieHUe MHOrO3S5IEMEHTHOr0 rPaayMpPoOBOYMHOrO pacTBopa XONOCTOro onbita U
MHOrO3rIeMeHTHbIX rPaayMpoBOYHbLIX pacTBopoB AnAa Sn, Sh, Pb u Bi

[ina nocTpoeHusa rpaayupoBOYHOro rpaduka TpebyeTca rpagynpoBOYHbIN PACTBOP XOJIOCTOrO ONbITa 1
He MeHee YeM MATb rpagyMpoBOYHbIX PaCTBOPOB.

B LIeCTb MEpPHbIX KONB BMECTUMOCTbIO 100 cM® Kaxaas HanMBaloT NPUMEPHO, No 50 cMm® Boabl (4.5),
nocne 3Toro roToBAT PACcTBOPbLI B COOTBETCTBUMM C NPOLEAYPON, NPUBEAEHHON HWke, A06aBNsAs MaTPUYHbINA
pacTBop >xenesa ( 4.17), MMHepanbHbie KUCNIOTE! U MHOTO3MEMEHTHbIE CTAHAAPTHbIE PacTBOpbl. PacTBopbl
BHYTpPeHHux ctaHaaptoB (Y M Rh) poGaBnaioT B Takux KOnu4ecTBax, 4TtoObl 3TO COOTBETCTBOBArO
KOHUEHTpaLusAM 3NEeMEHTOB B aHanu3upyeMoM pacTtBope. 3aTeM pacTBOpPblI AOBOAAT 10 HYXHOro obbema
BOAOI (4.5) n nepemeLunBatoT (cMm. Tabnuuy 5).

12.1.2 TMpuroTtoBneHune rpagyMpoBOYHOrO pacTBOpa XOJSIOCTOro onbita Ha Ce wm
rpagyMpoBOYHbIX pacTBopoB Ce

[na nocTtpoeHus rpagympoBoYHOro rpaduka TpebyeTcsi rpaayupoBOYHbIN PACTBOP XONOCTOrO OMbITa U
He MeHee nATb rPagyupOBOYHbIX PACTBOPOB.

B wectb MepHbIX kKONG BMecTUMOCTbiO 100 om® Kakgasi HanuealoT NpUMepHOo no 50 oM’ BOAbI (4.5),
nocne 9Toro roTOBAT PacTBOPbI B COOTBETCTBMUM C NPOLEAYPOM, NPUBEAEHHOW HWXKe, A00aBNAsS MaTPUYHbIN
pacTtBop xenesa ( 4.17), MUHepanbHble KUCMNOTblI U CTaHAapTHble pacTBopbl Ce. PacTBop BHYTPEHHEro
cTaHgapra Lu pgoGaBnsioT B TakOM KONM4YeCTBE, YTOObI 9TO COOTBETCTBOBANO KOHUEHTpauum Ce B
aHanuaupyemom pactBope. 3arem pacTBOpbl AOBOAAT A0 METKM BoAoW (4.5) M nepemewmBalor (Cwm.
Tabnuuy 6).

MpumevaHue - HF He gobaBnsioT.

12.2 MpuroToBneHue pacTBOPOB B TECT-TPyOKax M3 nonuctupona

[OTOBAT HE MeHee yeM LecTb TeCcT-TPyboK M3 MoNMcTUpona BMECTUMOCTbIO 10 oM’ KOTOpblE 3aTEM
NCMOMb3yIOT AN MPUrOTOBREHMA TPagyVMpPOBOYHOrO pacTBOpa XOSIOCTOr0 OnbiTa U rpagyupoBOYHbLIX
pacTBOpPOB ANA MOCTPOEHWSA rPagyMpoBOYHOrO rpaduka. KOHUEHTpauuu 3MemeHTOoB B rpagyMpoBOYHbLIX
pacTBopax [OMkHbl ObiTb nogoOpaHbl Tak, 4TOGbl OXBaTbiBaTb KOHLUEHTPAUMOHHYIO 06nacTb
aHanu3npyembix 06pasLoB.

MpurotoBnexHne craHfapTHbIX PaCTBOPOB B TECT-TPYOKax BbIMNOMHAIOT B COOTBETCTBUM C METOAMKON
12.2.1 n 12.2.2. Bce rpagympoBOYHbIE pacTBOPbI AOBOAAT BOAONW (4.5) A0 HyxHOro o6bemMa, onpeaenss
Maccy pacTeopa B3BeLUMBaHUeM. TpyOku repMeTU3npyoT nneHkon parafilm n nepemeLumBaloT pacTBOpSI.

12.2.1 MpuroToBneHne MHOrO35IEMEHTHOrO rPagyMpoOBOYHOrO pacTBoOpa XONOCTOro onbiTa M
MHOro3rneMeHTHbIX rpagynpoBOYHbLIX pacTBOPOB Ha Sn, Sh, Pb u Bi

[nA nocTpoeHuns rpagyuMpoBOYHOTO rpaduka TpebyeTcs rpagyMpoBOYHbIN PacTBOP XONOCTOrO ONbITa U
He MeHee YeM NATb rpPagyupoBOYHbIX PACTBOPOB.

9
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B wecTb TecT-Tpy00K U3 NONMCTUPONA HAaNWBAKOT NPUMEPHO Mo 3 cM® BOAb (4.5), nocne aToro roToBAT
pacTBOpbLl B COOTBETCTBMU C NPOLEAYPOI, NPUBEAEHHON HUXKE, A00aBNAS MaTPUYHBIA pacTBop xenesa (4.17)
MUHEpPanbHbIE KUCTOTbl U MHOTO3MEMEHTHbIE CTaHAAPTHbIE PACTBOPLI. PAcTBOPLI BHYTPEHHUX cTaHaapToB Y
m Rh [06aBnsiloT B Takux KOnmM4yectBax, 4ToObl 3TO COOTBETCTBOBANO KOHLIEHTPALUMSM 3MIEMEHTOB B
aHanu3Mpyemom pacteope. 3aTeM AOBOAAT A0 HY>XHOro o6bema Boaow (4.5), onpeaenas maccy pacrBopa
B3BELUMBAHMEM, 3aKpbIBAIOT TECT-TPYOKY nreHkon parafilm u nepemeLumsaiot (CM. Tabnuuy 7).

12.2.2 T[purotoBneHue rpagyMpoBOYHOr0O pacTBOpa XOSfiocTOro onbita Ha Ce M
rpagympoBOYHbIX pacTBopos Ce

[ns nocTpoeHns rpagyupoBOYHOro rpaduka TpedyeTca rpagympoBOYHbIA PACTBOP XOMOCTOrO OMbITa W
He MEHee YeM NATL rpajynpPoBOYHLIX PACTBOPOB.

B wectb TecT-Tpy6oK M3 monNMCTMpONa HanuealoT NPUMEPHO Mo 3 cm® Boabl (4.5), nocne aroro
TOTOBSIT pPacTBOPbl B COOTBETCTBMM C MPOLIEAYPON, NPUBEAEHHON HWkKe, A00aBMsAA MaTPUYHLIA PacTBop
wenesa (4.17), MUHepanbHble KUCMNOTbl U CTAHAAPTHbLIE PACTBOPLI LEepus. PacTBOp BHYTPEeHHEero ctaHgapra
Lu pobaensaloT B TakMx KONMYecTBax, 4Tobbl 9TO COOTBETCTBOBANO KOHUEHTpauun Ce B aHanu3upyemom
pacTeope. 3aTeM pacTBOpbl JOBOAAT A0 HYXHOro obvema Bogow (4.5), onpeaenss maccy pactsopa
B3BELUMBAHUEM, 3aKPbLIBAIOT TECT-TPYOKy parafiim nneHkoi n nepemeLumsaloT (CMm. Tabnuuy 8).

Mpumeyanue - HF He gobaBnsioT.

Ta6nuuya 5 - TpurotoBneHne MHOrO3MEMEHTHOMO rPagyMpoOBOYHOrO pacTBOpa XOMOCTOro
0nbITa U MHOTORNEMEHTHbIX rPaJynpoBOoYHbIX pacTBopoB Sn, Sb, Pb u Bi

KoHueH-

5 O6bem Tpauus Macca
ManM‘-IIgbIVI HCl |HNOs| HF OCHOBHBIX Ob6bem O6bem KaXkgoro u3 KAKIOTO
pactBop ° Fe 4.1 @2, | @3 CTaHAApPTHbIX | MYMbTH- MynbTU- [ SMEMeHTOB | ° 7o -
10000Mr/,qM3, : 2 ' : g :? ' | pacteopos ? | crangapraso, | craHpaptags, | B rpagym-

om® cu cu cM 1000 Mr/om>, MKH MKI POBOYHOM Me:ATFOB’
MK pactsope,
MKr/am°
10 3 1 0,5 0 0 0 0 0
10 3 1 0,5 50 0 0 500 50
10 3 1 0,5 20 0 0 200 20
10 3 1 0,5 0 1000 0 100 10
10 3 1 0,5 0 500 0 50 5
10 3 1 0,5 0 200 0 20 2
10 3 1 0,5 0 100 0 10 1
10 3 1 0,5 0 50 0 5 0,5
10 3 1 0,5 0 20 0 2 0,2
10 3 1 0,5 0 0 1000 1 0,1
10 3 1 0,5 0 0 500 0,5 0,05
10 3 1 0,5 0 0 200 0,2 0,02
® YeTblpe OCHOBHBIX CTaHAAPTHbIX pacteopa Sn (4.16.1), Sb (4.16.2), Pb (4.164) u Bi (4.16.5).
Cm. 4.17.

Ta6bnuuya 6 - [puroToBneHne rpagyupoBOYHOrO pacTBOpa XONIOCTOrO onbita Ha Ce u
rpagympoBoYHbIX pacteopos Ce
o KoHueHTpauus
Man"ngm OGbeM OCHOBHOrO Obbem Ces
pactBop” Fe| HCI HNO CTaHAapTHOro M c
10000 4.1 3 cTaHaapTHOro pactBopa Ce — rpagyuMpoBOYHO acca Ce,
Mo CMQ (4.23), pacrBopa Ce CTaRRADT M pacTBope, Mmr
Aant, cM (4.16.3), Mkn AapT1o, Mr/am>
cM MKn
M9/l
10 3 1 0 0 0 0
10 3 1 200 0 2000 200
10 3 1 100 0 1000 100
10 3 1 50 0 500 50
10 3 1 20 0 200 20
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OkoHYaHue mabnuupbi 6

. KoHueHTpauus
MaTpuyiHBIi O6bem
pacteop®Fe| HCI OGLem 0CHOBHOTO CTaHAapTHOro Ce s
HNO; cTaHaapTHOro rpagyumposoy- | Macca Ce,
10000 (4.13, 49 C pactBopa Ce —
Mr/nM3 oM 4. 3 pacteopa Ce CTaHmapT 1o HOM paCTBsope, Mr
3’ cM (4.16.3), Mkn ’ Mmr/gm
cM MKI
M9/I
10 3 1 0 1000 100 10
10 3 1 0 500 50 5
10 3 1 0 200 20
10 3 1 0 100 10
10 3 1 0 50 5 0,5
10 3 1 0 20 2 0,2
@ Cm. 4.17.

Tabnuuya 7-TpurotoBNeHNE MHOrO3MEMEHTOrO rPaayMpoBOYHOr0 pacTBopa XON0CTOro OnbIiTa U

MHOrO3NIEMEHTHbIX rPagynpoBYHbIX pacTBOPOB Ha Sn, Sb, Pb and Bi
ManMquam Obvem Ob6bem Ki:;‘;g%aﬁsm
pacTtsop HCl | HNO; | HF MYNbTH- MYbTH- 5IEMEHTOB B Macca kaxgoro us
Fe 100300 (4'12’ (4'23)’ (4'32’ craHgaprta craHgapra rpagyvpoBOYHOM 9neMEHTOB,
mr/am’, cM cM cM 10 A8pPTEo 1, | TPAAYMP Mr
3 MKI MKR pacteope,
e MKr/am®
1,0 300 100 50 0 0 0 0
1,0 300 100 50 500 0 500 5,0
1,0 300 100 50 200 0 200 2,0
1,0 300 100 50 100 0 100 1,0
1,0 300 100 50 50 0 50 0,5
1,0 300 100 50 0 2000 20 0,2
1,0 300 100 50 0 1000 10 0,1
1,0 300 100 50 0 500 5 0,05
1,0 300 100 50 0 200 2 0,02
1,0 300 100 50 0 100 1 0,01
1,0 300 100 50 0 50 0,5 0,005
° Cm.4.17
TaGnuya 8 - T[lpuroToBneHme rpagyMpoBOYHOrO pacTBoOpa XOfocCToro onbita Ha Ce u
rpagyvmpoBOYHbIX pacTBopoB Ce
MaTpuyHbIn Obbem O6bem KoHueHTpauyus
pachngg; Fe HCI (4.1), | HNOs 24.2), CTaHaapTHOro cTaHgapTHOro Ces Macca Ce,
3 pactsopa Ce — | pactBopa Ce — | rpagynpoBOYHOM
Mr/):u\/l3, o o craHaapTasg, cTaHpgaptags, |pacrteope, Mr/am mr
CM MK MKN
1,0 300 100 0 0 0 0
1,0 300 100 2000 0 2000 20,0
1,0 300 100 1000 0 1000 10,0
1,0 300 100 500 0 500 5,0
1,0 300 100 200 0 200 2,0
1,0 300 100 100 0 100 1,0
1,0 300 100 50 0 50 0,5
1,0 300 100 0 2000 20 0,2
1,0 300 100 0 1000 10 0,1
1,0 300 100 0 500 5 0,05
1,0 300 100 0 200 2 0,02
® Cm.4.17.
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13 NoaroroBka npu6opa UCI-MC k paboTe

MpagympoBka WHCTPyMEHTA MO Macce, BbLINOMHEHHAA MNOCnNeAoBaTeNbHLIM BBEAEGHMEM MAaCC
rpagympoBo4HOro pacteopa (4.18), umMeeT pewalollee 3Ha4YeHUe AN Xopowen noarotosku. B uensax
onTUMU3aUMKU CUrHana AeTekTopa, BBOAAT rpaayMpOBOYHLIN pacTBOP C KOHUEHTpaumen Sb 100 MKI/aM® BO
BpeMs HacCTpPOUNKKU napaMeTpos paboTel npubopa. 3Tu ABe npoueaypbl cnegyeT NPOBOAUTL €XEAHEBHO.

Oo Hayana UCM-MC usmepenuit, cuctema Tpy6 u cTeknsHHbIX magenui npubopa pomkHa ObiTb
NpoMbITa, NyTEM NPOKaYUBaAHUA Yepe3 CUCTEMY B TEYEHUE 5 MUH, MPOMBIBHOIO pacteopa (4.6).

14 UCIM- MC namepeHus

HaunHaloT usMepeHus € rpagyMpoBOYHOIO pacTBopa XOSIOCTOTO OMbiTa, 3aTeéM W3MepAIoT NATb
rpaayvpoBOYHbIX PACTBOPOB, HAYMHAA C ANEMEHTa CamMOW HU3KOW KOHLEHTpaLMM U 3aKaH4YMBas 3NEeMEHTOM
CaMoW BbICOKOW KOHUeHTpauuu. Cneayiowmm usmMepsioT pacTBOp XOSIOCTOro OnbiTa ANs aHanu3upyembix
pacTtBopoB ( 9.2), 4ToGbl NPOBEPUTL 3HAYEHUE XONOCTOro OnbiTa AN aHanM3upyembix 00pas3sLoB, a Takke
onpeenuTb, eCTb N Kakon-HuGyab ekt namaTu OT rpagyMpoBOYHOIO pacTBopa ¢ Hambonee BbICOKON
KOHUEHTpaumein. Ecnu 310 Tak, TO YBENMUMBAIOT BpeMa NPOMbIBAHMA MEXAY u3mepeHuem obpasuos. Mocne
pacTBOpa XONOCTOro ONbITa U3MEPSIOT AECATb aHaNM3UpyeMbix 06pasLOB U Cneaylowmin rpagympoBOYHbINA
CTaHAApTHbLIM pacTBOp (KOHTPONbHLIN O0Opaseu). MOBTOPAIOT 3Ty npoueaypy €eue pas € AecATbio
aHanusupyembiMu 0GpasuamMu U rpagyupoBOYHbLIM CTAHAAPTHLIM PACTBOPOM M Tak garnee. Takum obpasom,
KaXkabli aecatbii o6pasey AomMkeH ObiTb rpagyMpoBOYHBIM PACTBOPOM (KOHTPOSbHBIM 06pasyoM) wu
nocneiHUM usMepsieMbiM 006pa3uoM JOIDKEH ObiTb FPagyMpPOBOYHBINA PacTBOp, A&XE €CMU U3MEPEHHOE
KONMMYECTBO aHanM3mpyeMbix 06pasLyoB MeHee AeCATH.

KoHueHTpaumoHHaa o6nacTb SNEeMEHTOB B rPaJyMPOBOYHbLIX PAacTBOpax  /JOIDKHA OXBaTblBaTb
KOHLEHTPALMIO 9M1EMEHTOB B aHanU3npyeMbix obpasuax.

MpumevaHne - [pagyvwpoBOYHBLIA CTaHAApTHBLIA pacTBOp (KOHTgOJ'IbeII?I obpasel}) M3MepslOT Kak W
aHanuanpyemblii obpasel, Hanpumep, pacTBop koHuUeHTpaumei 100 MK/AM™ [JOMKeH AaTb TaKylo Xe UHTEHCUBHOCTD,
KaK 1 NOMyYeHHYH Ha rpajyvpoBoYHOi KpuBoiA. CepTudmnympoBaHHbIil cTaHfapTHLIA obpasely (TCO) Takke MoXeT ObITb
ncnonb3oBaH B Ka4eCcTBe KOHTPOITBHOro o6pa3L|a.

15 MocTpoeHne rpagyupoBOYUHbIX rpadukoB

HeobxoanmMo roTOBUTbL HOBYIO FPafyMpPOBOYHYIO KPMBYIO ANA KaXKaQon cepuu onpeaeneHui. XonocTomn
OMbIT, MPU WCNOMb30BAHUM YUCTbIX METannoB UM pEeareHToB, He JOJDKEH BHOCUTb Kakoro-nubo
3HAYUTENBLHOrO U3MEHEHUSA B 3HAYEHUA CUrHaNa Macc-crekTpa.

MpagoynpoBo4HbI rpacduk (rpagyuMpoBoYHas KpuBasl)) AOMKEH ObiTb  MNOCTPOEH NO 3HAYeHUAM
MHTEHCUBHOCTU MAacC- CMeKTPoB (OObIMHO BbIPAXEHHbIX B OTCYETaX B CEKyHAY,CPS) rpagyMpOBOYHbIX
pacTBOpPOB OTHOCUTENbHO MAaCCOBbLIX KOHLEHTpaLMii SNEMEHTOB B rpadyMpOBOYHbIX pacTBopax (MKI'/,ElM3).
3Ha4YeHne XonocToro onbiTa BbIMMTAKT. Kpome TOro, rpagyMpoBOYHbIE KPUBLIE CRedyeT paccyuThiBaTh C
UCMONb30BAHMEM OAHOTO MNW ABYX BHYTPEHHMX CTaHAAPTOB, @ MACCOBblE KOHLEHTPaLUMKU SMEeMEHTOB
AOMMKHbI BbITh B TOM XKe AManasoHe, 4YTo 1 y aHanusupyemoro obpasua.

MocTpoeHne ragympoBOYHOro rpadmka u pacdeTbl KOHUEeHTpauuii uccnegyemoro obpasua npoBoasT
aBTOMaTM4eCkn C MOMOLWBI0  mporpammHoro  oBecneyeHus npubopa WCM-MC.  JIMHENHOCTb
rpagyvmpoBOYHOro rpacdmuka gomkHa ObiTb NpoBEpeHa nyTem pacyeta KoadpuumeHTa perpeccuu, u ero
3HaYeHWe AOMKHO ObITb He MeHbLue 0,999.

3HavyeHne MHTEHCMBHOCTE MacC-CNeKTPOB aHanM3npyembix 06pasLoB U3MEPSIOT, BbIYUTAA 3HAYEHUS
XOMoCTOr0 OnbiTa. 3HA4YEHWA KOHUEHTpauuu 9MNemMEeHTOB B aHanusuMpyemblX obOpasuax HaxogsaT no
rpagyupoBOYHON KPUBOIA.

Ecnu 3HayeHUe WHTEHCUBHOCTM HA CNEKTPE XONIOCTOrO OMbITA Takoe e camas WNW Bbile, YEM Y
rpagyvpoBOYHbIX PACTBOPOB M PaCTBOPOB NP0, AOMKHbI ObITb NPUHATLI MEPbI NPEA0CTOPOXKHOCTU. B TakoM
cryvae BaXkHO, YTOObl 3HAYEHUE WHTEHCMBHOCTU ANS XONOCTOr0 OnbiTa OblNo0 O4YeHb CTABUNbHBIM, TaK Kak
3TO 3Ha4YeHWe B AarbHeWLeM BblYMTaIOT. BbICOKOE 3HAa4YEeHUE UHTEHCUBHOCTU Ha CMEeKTpe XONOCTOro onbITa
MOXeT ObITb M3-38 B3AMMHOTO BMUSIHUS UMW HECKONMbKUX BIUSIHWIA, KOTOPbIE MOTYT ObiTb YMEHbLLEHbI UK
[laxe MorHOCTLIO YCTPaHeHbl, ecnu BblOpaTth Apyroi u3oton. OgHako, B Cry4ae MOHOU3OTOMHbLIX 3EMEHTOB
Takou BO3MOXHOCTU HET U TpebyeTcs 6onee sPeKTUBHBIN KOHTPOSb POHOBOro curHana.

12
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16 MpepcTaBneHue pesynbTaTtoB

16.1 MeToq pacueTa

KOHUEHTpaLUuO KaXaoro onpeaensieMoro afeMeHTa BbIPaXalT yepe3 UHTEHCUBHOCTb (B CeKyHAax
WM MWUMMBONbLTAX) aHanM3Mpyemoro pacrtesopa M pacTBOpa XOMOCTOro OfbiTa COOTBETCTBEHHO. Ha
rpagympoBOYHOM rpacduke BCe pesynbTaThl MOMyyarT MOCHEe BblMMTAHUS PEe3ynbTaToB XOJIOCTOro OnbiTa
(pasgen 15).

MaccoByio AOMI0 W KaXKaoro 9neMeHTa, MK/ pacyUTbIBaIOT No dopmyne:

M
w=—, 3
m
20e M — macca onpeaensiemoro sneMeHta ( MKr) B aHanM3Mpyemom pacTBOpe, MOJNlyYeHHas u3

rpagynpoBOYHON KPUBOW, MKT;
m — macca HaBecku, T.
16.2 Mpeun3snoHHOCTb
Mpeun3noHHOCTb HacToALLEero MetToaa Obina onpeaeneHa B pe3ynbTate UCMbITAHUNA, NPOBEAEHHbLIX B
aecsatn nabopatopusx Ha 10 — 12 ypoBHSAX COAepXaHUW ANA Kaxaoro anemeHTta (B 3aBUCMMOCTM OT
OnpeaensiemMoro SreMeHTa), npou 3TOM, B Kaxaon nabopaTopuu BbIMOMHSAMM MO TpU OnpeaeneHus

(npumevaHus 1 n 2) Kaxxaoro anemMeHTa.

Mpumevanue 1- [lBa ua Tpex onpegeneHnini NnpoBogunmn B ycnosusix noetopsiemoctu (ISO §725-1, 1ISO 5725-2 un
ISO 5725-3), To ecTb — 0AMH onepaTop, TO Xe caMoe obopyfoBaHWe B MOEHTUYHBLIX YCNOBUAX 3KCRyaTauum, Tak xe
rpagyvpoBKka U MUHUManbHbI Nepuos BpeMeHu.

MpuMevaHue 2 - TpeTbe onpeaeneHve Gbino BEINMOMIHEHO B JpYroe Bpems (Ha Apyrol AeHb) Tem xe onepaTopoM,
KaK yKa3aHo BbILLE, B MPUMeYaHuu 1, C MICNonb3oBaHWeM TOro e o6opyAoBaHNs, HO C HOBOW rpagyupOBKON.

M3 Tpex nomny4YeHHblX pe3ynbTaToB B COOTBETCTBMM C MpuUMedaHuamMn 1 U 2, NOBTOPAEMOCTb T,
BHyTpunabopatopHas BOCNPOM3BOAMMOCTb Ry, 1 BOCNPOM3BOAUMOCTE R Gbinn paccuuTaHbl B COOTBETCTBUN
¢ UCO 5725-3 (npunoxeHune C, pasgen C.1.).

OO6pa3subl, UCMONb30BaHHbIE ANA UCNLITAHMIA, NepeuncneHbl B Tabnuue A.1 ana Sn, B Tabnuuax A.2 u
A.3 - ans Sb, B Tabnuuax A.4 n A5 — ans Ce, B Tabnmuax A.6 n A.7 - ana Pb u B Tabnuuax A8 u A.9 - ana
Bi. Tabnuubl npeactaeneHbl BMECTe ¢ norapudmuyeckumm rpacdpukammu NATU UCCNEeA0BaHHbIX 3NIEMEHTOB
(npunoxexue A).

Mony4yeHHble pesynbTaTbl 06pabaTbiBanu craTuCTUHMECKU B cOoTBETCTBUM ¢ NCO 5725-1, NICO 5725-2
nICO 5725-3.

MonyyeHHble AaHHble MOKa3anu norapuPMUYecKylo 3aBMCUMOCTb MeXZy MAacCcOBOW Aonen nAatu
31EMEHTOB U COOTBETCTBEHHO: MOBTOPAEMOCTbIO , BOCNPOM3BOAMMOCTBHIO R ¥ BHyTpunabopaTtopHOn
BOCMPOM3BOAMMOCTLIO R,, pesynbTaToB ucnbiTaHui. [aHHble npuBedeHbl B Tabnuvuax: 9 -gnsa Sn, B
Tabnuue 10 - ans Sb, B Tabnuue 11- gnsA Ce, B Tabnuue 12 - ansa Pb u B Tabnuue 13 - ana Bi.

Ta6bnuya 9 -— T[loBTOPAEMOCTb M BOCNPOM3BOAUMOCTL ANA Sn
Miﬁ?e??n ,lt(lsjr-m I'IoaToEﬂoZMOCTb, 32&%%@2853;%%1? Bocnpou;:ag/fmmocm,
wy 70

5 0,77 1,96 3,18

10 1,33 3,16 5,74

30 3,13 6,72 14,63

50 4,66 9,55 22,60
100 8,00 15,39 40,78

150 10,97 20,33 57,59
200 13,73 24,78 73,57
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Tabnuuya 10 - ToBTOPAEMOCTb M BOCMPOU3BOAUMOCTL Ana Sb
Maccosas gons MosTOpsiemMocTb, |BHyTpunabopatopHas | BocnpousBogumocTs,
CYpbMbI, MKF/T R, % BOCMPOU3BOANMOCTb, R, %
Ry ,%
1 0,14 0,32 0,57
5 0,56 1,35 2,42
10 1,01 2,52 4,50
20 1,82 4,72 8,36
40 3,28 8,82 15,56
70 5,27 14,61 25,68
100 7,15 20,15 35,34
150 10,09 29,06 50,80
200 12,89 37,66 65,73
Tabnuuya 11 - lNOBTOPAEMOCTb U BOCMPOU3BOAMMOCTE Ans Ce
MaccoBas aons MoBTOPSIEMOCTD, 22%;%‘3’;2282314%%‘1? BocnpoussognmocTsb,
uepus, MKr/r r R, R
10 0,92 1,07 419
40 2,65 3,72 13,97
70 4,05 6,15 22,71
100 5,32 8,47 30,96
200 9,02 15,78 56,52
300 12,29 22,70 80,38
500 18,14 35,91 125,56
700 23,44 48,56 167,78
1000 30,76 66,89 228,69

Tabnuua 12

- MoBTOPSIEMOCTb U

BOCMNPOM3BOAUMOCTL Ana Pb

BHyTpunabopartopHas
MaccoBasa gons MoBTOPAEMOCTD, BocnpoussognmocTsb,
BOCMPOM3BOAUMOCTD,
CBMHUA, MKr/r r, % o R, %
Rw. %
0,5 0,12 0,32 0,42
1 0,20 0,52 0,78
2 0,35 0,85 1,44
4 0,60 1,38 2,65
7 0,94 2,03 4,35
10 1,24 2,61 5,95
20 2,15 4,23 10,97
50 4,43 8,00 24,60
100 7,67 12,98 4532
Tatnuya 13 - MNoBTOPAEMOCTb M BOCMPOU3BOAUMOCTL Ansi Bi
MaccoBasa gons MoBTOpPSIEMOCTD, BryTpunaGoparoprasn BocnpoussoanmocTs,
BOCMPOU3BOAUMOCTb,
BUCMYTA, MKI/T r, % o R, %
Ry, %
0,3 0,05 0,07 0,12
0,6 0,10 0,14 0,25
1 0,14 0,23 0,42




OkoH4yaHue mabnuupbi 13

rocTP NCO 16918-1—2013

MaccoBas aons MoBTOpPSiEMOCTD, BuyTpunaGoparophasn Bocnpon3soaumocTs,
o BOCMPOU3BOAUMOCTb, o
BUCMYTA, MKI/T r, % R. 9 R, %
Wy (]

2 0,26 0,44 0,88

6 0,63 1,24 2,81

10 0,96 2,00 4,83

20 1,70 3,84 10,05

30 2,37 5,62 15,43

17 Mpotokon ucnbiTaHUA

MpPOTOKON MCMBITAHMA JOMMKEH COAEPKaTb:
a) Bce cBeAeHUsl, Heobxoaumble ANs uaeHTudukaumm obpasua, nabopatopum U AaTbl NPOBEAEHUS

aHanu3os;

©) CcCblIfnKy Ha HaCTOSALMI CTaHAApT;
C) pes3ynbTaTbl UCMbITAHUIA U POPMY, UX NPEACTABNEHUS;
r) Nobble OTKNOHEHUS U 0CODEHHOCTH, MMEBLUME MECTO B NPOLIECCE ONpeaeneHns;
e) nobble onepauun, He YyKa3aHHble
ornepauuu, KOTOpbIe MOTYT NOBMNATL Ha Pe3ynbTaThl.

B

HactosdAwemM crtaHgapTte Wunu niobble AONOMHUTENbHbIE
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MpunoxeHne A
(cnpaBoyHOE)

JononHutenbHan MHGOpMaLMsi 0 NPOBEAEHHbLIX MEXAYHAPOAHbIX UCTbITAHUSAX

Fpathunueckne gaHHble NPeuU3VOHHOCTM NpeAcTaBneHbl Ha pucyHkax: Al - ana Sn, A.2 - gnsa Sb,
A3 - gna Ce, A4 - gna Pb, Ha pucyHke A.5 - gns Bi B cornacoBaHun ¢ Tabnuuein Al (Sn), Tabnmuamm
A.2 n A.3 (Sb), Tabnuuamun A.4 n A.5 (Ce), Tabnuuamn A.6 n A.7 (Pb), a Takke Tabnuuamm A.8 n A.9 (Bi )
COOTBETCTBEHHO.

MccnepgoBaHna Oblnn BbIMOJSIHEHbI Tak, YTOObI MO/IHOCTbIO OXBaTUTb KOHLEHTpauuoHHyl o6nactb oT 1
[0 1000 MKr/r MpMMEHWTEeNbHO K AuanasoHy KOHUeHTpauuin Ana nAtv  onpefenisieMbiX 3/1eMeHTOoB
COOTBETCTBEHHO, NPMBELEHHbIX B pasfene 1 HacToAwero craHgapTa.

He Bce cepTuduumpoBaHHble cTaHgapTHble obpasubl (CRMs) 6blM MCNONb30BaHbl  ANA KaX[oro
anemMeHTa, 6osiee TOro MMETCH HecepTUPUUMPOBAHHbIE 3HAYeHUs unn NpubnNu3nTenbHble 3HAYEeHUS B
cepTuduumpoBaHHbix o6pasuax (CRM), aTn 3HaYeHMA NOMeYeHbl 3HaKOM «?».

3HauveHus, npeactasneHHble B Tabnuuax Al - A.9, nonydvyeHol B pe3ynbTare nNpoBefeHus
MeXyHapoaHblX ucnbiTaHnii B 2001 - 2005 rogax Ha 12 o6pasuax ctanm u 5 cnalik-o6pasyax ctanm B 10
na6opatopusax 6 cTpaH.

Vicnonb3oBaHHble 06pa3sybl nepeyncneHsl B tabnuuax A.l - A.9.

X - MaccoBas fonsa Sn, MKr/r
Y - NpeuusnoHHoCTb, MKr/T
1- ayTeHTWYHbIW - T,

2 - ayTeHTUYHbIN - Rw;

3 - ayTeHTUuUHbI - R;

4 -,
5- Rw:
6- R
PucyHok A.1 — Jlorapudmuyeckas 3aBUCUMOCTb MeXJy MaccoBOIl Aofeli 0/10Ba U MOBTOPSEMOCTbIO WK

BOCNpPoOM3BoANMOCTbIO

16
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Tabnuya A.1 -MaccoBas fjons Sn — ayTeHTUYHbIE 00pa3upl

B MunukunorpaMmax Ha rpamm

WaeHntudukaymna
o6pasuos

Ceptuduuu-
poBaHHOe
3HayeHue

[ony4eHHoe
cpeaHee
3HaYeHus

MosTOpSe-
MOCTb
r

BHyTpunabo-
paTopHoas
BOCNPOW3BOAU-
MOCTb
Rw

Bocnpoussoau-

MOCTb
R

ECRM 090-1, BAS
yrnepoaucTas crans
(WG53-1)

44

49,2

3,14

)

26,95

ECRM 295-1, BAS
BbicokonernposaHHa
acranb  (WG53-2)

25

29,7

7,50

8,83

ECRM 179-2, BAS
MHCTpymMeHTanbHas
cranb (WG53-3)

102

23,60

36,57

ECRM 188-1, IRSID
HuskonernposaHHas
cranb (WG53-4)

15,2

5,57

6,98

JK1C, JK/SIMR
HuskonernpoBaHHbli
uyryH (WG53-5)

24

256

1,56

5,40

11,05

JK37, JK/ SIMR
BbicokonernposaHHa
q ctanb (WG53-6)

20

16,9

1,67

5,91

10,19

NIST 361 (AIS14340)
HuskonernposaHHas
cranb (WG53-7)

100

97,2

)

4773

12,33

32,85

ECRM 187-1, BAM
HuskonernposaHHas
cranb (WG53-8)

110

110

10,43

10,43

54,49

GBW01222,SBQTS
Yrnepogucras cranb
(WG53-9)

260

264

18,62

50,53

106,04

GBW01619, SBQTS
BbicokoTemnepaTtyp-
HbI CNNaB Ha
HUKENEBOW OCHOBE
(WG53-14)

103

107

12,38

15,92

44,47

GBW01622, SBQTS
BbicokoTemnepaTyp-
HbIA CNnae Ha
HUKENEBOW OCHOBE
(WG53-15)

1040

1072

47,78

87,37

328,81

JSS 175-5, ISIJ
HuskonernposaHHas
cranb (WG53-17)

5,92

2,20

2,65

5,34
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X - maccoBas gonsa Sb, mkr/r;
Y - NpeunsvioHHOCTb, MKI/T;
1- ayTeHTUYHbLIA - T;

2 - ayTeHTUYHbIN - Rw

3- ayTeHTUuYHbI - R;

4 - cnalik - T

5- cnaiik - Rw6 - cnaiik - R;

7-1;
8 - Rw;
9- R

PrcyHok A.2— JlorapudgMuyeckasi 3aBUCMMOCTb MeXZy MacCcoBOii foneli CypbMbl U NOBTOPSIEMOCTbIO
WA BOCNPOU3BOAUMOCTbIO

Ta6nuya A.2- MaccoBas gons Sb — ayTeHTU4YHble 06pasLbl
B MunnukunorpamMmmax Ha rpamm

BHyTpunabo-
MaeHTMduKaLs Ceptudunuym- MonyyeHHoe MosTopse- patopHoas Bocnpowusso-
poBaHHOe cpegHee MOCTb BOCNpPOW3BO- ANMOCTb
obpasuos
3HaveHune 3HayeHus r ANMOCTb R
Rw
ECRM 090-1, BAS
yrnepogucras crasb 9,0 10,3 0,99 1,40 6,52
(WG53-1)
ECRM 295-1, BAS
BbicokonernposaHHas 25 7,8 1,43 1,71 3,83

cTanb (WG53-2)

ECRM 179-2, BAS

MHCcTpymMeHTanbHasn 17,5 19,5 3,94 3,94 8,39
ctanb (WG53-3)

ECRM 188-1, IRSID

Hu3konernposaHHas 4.8 5,15 0,77 0,92 1,98
ctanb (WG53-4)

JK1C, JK/SIMR

Hwu3konernpoBaHHbIi 1,7 1,69 0,38 0,69 0,69
yyryH (WG53-5)
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BHyTpunato-
VaeHTudukaLms Ceptucuuym- | MNMonydeHHoe | MosTOpseE- patopHoas BocnpousBo-
06pasLIoB poBaHHOE cpeaHee MOCTb BOCNPOU3BO- JAUMOCTb
3Ha4yeHune 3HavYeHus r AUMOCTb R
Rw
JK37, JK/ SIMR
BbicokonernpoBaHHas 20 16,9 1,67 5,91 10,19
cranb (WG53-6)
NIST 361 (AlS14340)
HuskonernposaHHas 42 42,7 1,71 9,10 17,51
cranb (WG53-7)
ECRM 187-1, BAM
HuskonernposaHHas ? 28,1 3,15 6,87 10,62
cranb (WG53-8)
GBW01222,SBQTS
Yrnepoaucras cranb ? 101 0,78 2,11 3,91
(WG53-9)
GBW01619, SBQTS
BbicokoTemnepaTypH
biIli CNNaBs Ha 204 212 18,57 42,57 95,39
HUKENeBOW OCHOBE
(WG53-14)
GBW01622, SBQTS
BbicokoTemMnepaTypH
bIM CMJiaB Ha 7.4 7,66 0,63 4 97 4 97
HWKENEeBON OCHOBE
(WG53-15)
JSS 175-5, ISIJ
HuskonernposaHHas 190 204 10,00 43,83 63,40
cranb (\WG53-17)

Ta6bnuya A.3

— MaccoBas gona Sb — cnaiik - o6pasupbl

B MunnukunorpamMmax Ha rpamm
BHyTpunabto-
Ceptuduun- | MonydyeHHoe | MosTopsa- | paTopHoas Bocnpounsso-
Naoentndukaums obpasLos poBaHHoe cpeaHee €eMOCTb BOCMpPOU3BO- AUMOCTb
3Ha4yeHune 3Ha4YeHusA r AUMOCTb R
Ry
ECRM 295-1, BAS
BbicokonermpoBaHHas 7 9,61 0,94 3,23 5,02
cranb Cnank 1b (WG53-2)
ECRM 179-2, BAM
MHCTpymeHTanbHaa crans 17,5 20,6 2,15 2,47 7,93
Cnavik 2b  (WG53-3)
JK1C, JK/SIMR 17
HuskonernpoBaHHbIN YyryH +1 ’000 1080 53,56 20412 20412
Cnanik 3b  (WG53-5)
GBW01622, SBQTS
BbicokoTemnepaTypHbIi
cnnaB Ha HUKENEBOW 7.4 8,3 0,69 1,85 4,65
ocHoBe Cnank 4b  (WG53-
15
JSS 175-5, IS
HuskonernposaHHas cranb 1,7 1,95 0,14 0,67 40,79
Cnavik 5b  (WG53-17)
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N
°
°
°
N
°
o
o

X - maccosas gons Ce, MKI/T;

Y - npeuusnoHHOCTb, MKI/T;

1- ayTeHTWUYHbIN - T

2 - ayTeHTU4HbIA - Rw;

3- ayTeHTU4HbIl - R:

4 - cnaik - T;

5- cnaiik - Rw;

6 - cnalik- R;

7-r;

8- Rw

9- R

PucyHok A.3 — Jlorapudmunyeckas 3aBUCUMOCTb MEXAY MacCOBOW fonell Luepus 1 NOBTOPSAEMOCTbIO UK

BOCNpom3BoANMOCTbHO

Ta6nuua A.4- Maccosas gona Ce — cnaiik - obpasubl
B MunavkunorpaMmax Ha rpamm

BHyTpunabo-
VaenTndukaums Ceptudguum-  Mony4vyeHHble MosTopsa- patopHas Bocnpownsso-
06pa3Los poBaHHOe cpepgHee eMoCTb BOCMPOM3BO- ANMOCTb
3HaYyeHune 3Ha4YeHus r ONMOCTb R
Rw

ECRM 090-1, BAS
yrnepogucrasa crasb < 0,045 - - - -
(WG53-1)

ECRM 295-1, BAS

BblicokonermpoBaHHas ? - - - -
ctanb (WG53-2)
ECRM 179-2, BAS
NHCTpyMeHTanbHan ? - - - -
ctanb (WG53-3)
ECRM 188-1, IRSID

?

HuskonernposaHHas ‘ - - - -
ctanb (WG53-4)

JK1C, JK/SIMR

Hun3konernpoBaHHbIii <0,2 - - - -
yyryH  (WG53-5)
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OkoH4aHue mabnuup! A.4

roctepuc

016918-1—2013

MaeHTudukaumna
o6pasuoB

CepTtuduum-
poBaHHOe
3Ha4eHue

Mony4yeHHoble
cpeaHee
3Ha4YeHus

MosTOpS-
eMOCTb
r

BHyTpunato-
paTopHas
BOCMPOU3BO-
AUMOCTb
Rw

Bocnpouseo-
ANMOCTb
R

JK37, JK/ SIMR
BbicokonermpoBaHHas
cranb  (WG53-6)

1230

1150 19,83

40,87

128,15

NIST 361 (AIS14340)
HuskonernposaHHas
cranb (WG53-7)

40

39,52

1,48

2,22

2,83

ECRM 187-1, BAM
HuskonernposaHHas
crans (WG53-8)

GBW01222,SBQTS
Yrnepogucras cranb
(WG53-9)

8,5

7,33 1,11

1,20

7,86

GBWO01619, SBQTS
BbicokoTemnepaTypH
bl CNNaB Ha
HUKENEBOW OCHOBE
(WG53-14)

83

64,3 56,00

56,00

61,98

GBWO01622, SBQTS
BbicokoTemnepaTtypH
bI/i CNNAaB Ha
HUKENEBOWN OCHOBE
(WG53-15)

0,36

JSS 175-5, ISIJ
HuskonernposaHHas
crans (WG53-17)

Tabnuya A.5

— Maccoas aonst Ce — cnaiik obpasubl

B munnukunor

paMmMmax Ha rpamm

BHyTpunabto-
Ceptudouuu- | Mony4yeHHsole | MoBTOpPSA- paTopHas Bocnpousso-
WaeHTudumkaumsa o6pasLos poBaHHoEe cpenHee €eMOCTb BOCMPOU3BO- AUMOCTb
3Ha4veHune 3Ha4YeHusa r AUMOCTb R
Ry

ECRM 295-1, BAS 5

BbicokonernpoBaHHasa cranb + 1'10 133 9,39 36,05 62,62
Cnaik 1b  (\WG53-2)

ECRM 179-2, BAM <03

MHCTpymeHTanbHaa cranb +1’1 12,6 0,59 2,25 8,31
Cnank 2b (WG53-3)
JK1C, JK/SIMR

. <0,2

HVISISOJ'IeFMpOBaHHbIM YyryH +01 - - - -
Cnaik 3b (WG53-5) ’

GBW01622, SBQTS

BbicokoTemMnepaTypHbii ?

CnnaB Ha HUKENEBOW OCHOBE + 400 477 24,99 24,99 157,25
Cnaiik 4b  (WG53-15)
JSS 175-5, ISIJ <02

HuskonernposaHHas cranb + 860 896 32,50 92,00 389,06
Cnaiik 5b  (WG53-17)
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X - maccoBas gons Pb, MKr/r;
Y - nNpeynsnoHHOCTb, MKI/T;

1- ayTEeHTUYHbINA - T;
2 - ayTeHTUYHbIN - Rw;
3 - ayTeHTUYHbIN - R;
4 - cnaik - T,

5 - cnalik - Rw;

6 - cnalik - R;

7-1;
8 - Rwy,
9- R;

PucyHok A.4 — Jlorapndmuyeckasi 3aBUCUMOCTb MEXAY MaccoBOii fAo/ieli CBMHLA U MOBTOPSAEMOCTbIO UK
BOCMNPOU3BOAUMOCTbIO

Ta6nunuya A.6

MaeHTudukauyma obpasuos

ECRM 090-1, BAS
yrnepogucras cranb
(WG53-1)
ECRM 295-1, BAS
BbicokoniernpoBaHHas
ctanb (WG53-2)
ECRM 179-2, BAS
WNHcTpymeHTanbHasa ctanb
(WG53-3)
ECRM 188-1, IRSID
Hun3konerupoBaHHasa cTasnb
(WG53-4)
22

CepTtudmunm-
poBaHHOe
3HaueHue

23,9

13

MNonyyeHHblE
cpefHee
3HavyeHun

22,8

1,43

- MaccoBas gona Pb — ayTeHTuuYHble 06pasupbl
B Munnuknnorpammax Ha rpamm

MoBTopsie-
MOCTb
r

1,70

0,29

BHyTpuna6o-
patopHas
BOCMPOU3BO-
AMMOCTb
R*

1,75

0,65

Bocnpownsso-
ANMOCTb
R

571

0,72



OkoH4yaHue mabnuupi A.6

rocTP NCO 16918-1—2013

MaeHTudukauymna
o6pasuos

Ceptuduuu-
poBaHHOe
3Ha4YeHue

Mony4eHHble
cpeaHee
3Ha4eHus

MoBTOpSE-
MOCTb
r

BHyTpunabo-
paTopHas
BOCMPOU3BO-
AUMOCTb
Rw

BocnpousBo-
AUMOCTb
R

JK1C, JK/SIMR
HuskonernpoBaHHbIi
yyryH (WG53-5)

<03

JK37, JK/ SIMR
BbicokonermpoBaHHas
cranb (WG53-6)

1,29

1,30

0,12

0,56

063

NIST 361 (AlIS14340)
HuskonernposaHHasd
cranb (WG53-7)

0.25

ECRM 187-1, BAM
Hu3koneruposaHHas
cranb (WG53-8)

0,52

0,13

0,57

0,57

GBW01222,SBQTS
Yrnepoaucras cranb
(WG53-9)

GBWO01619, SBQTS
BbicokoTemMnepaTypHbIn
CnnaB Ha HUKeneBow
ocHoBe (WG53-14)

12

12,3

)

1,79

2,43

9,32

)

GBW01622, SBQTS
BbicokoTemMnepaTypHbIn
CnnaB Ha HUKeNeBow
ocHoBe (WG53-15)

2,2

1,52

0,62

2,46

2,89

JSS 175-5, ISIJ
HuskonernposaHHasd
cranb (WG53-17)

2,12

0,26

0,82

1,21

Ta6nuya A.7 —Maccosasa gons

Pb - cnaiik-o6pasubl

B MunnuvkunorpamMmax Ha rpamMm

BHyTpunato-
Viaentndmkauus Ceptudouymn- | rNonyyeHHole MosTOpS- paTtopHas Bocnpousso-
06pa3LIoB poBaHHoe cpeaHee €MOCTb BOCMNPOU3BO- AUMOCTb
3HayeHne 3Ha4YeHus r AUMOCTb R
Rw
ECRM 295-1, BAS
BbicokonermposaHHas ?
crans Craiik 1b +40 45,7 2,39 2,67 18,48
(WG53-2)
ECRM 179-2, BAM
MHcTpymeHTanbHas cranb 1,3 1,55 0,42 0,42 1,36
Cnank 2b (WG53-3)
JK1C, JK/SIMR
Hu3konernpoBaHHbIN <0,3
yyryd Cnaiik 3b +0,1 ) ) ) )
(WG53-5)
GBWO01622, SBQTS
BbicokoTemMnepaTypHbIv 29
CnnaB Ha HUKENEBOW + 5’40 567 23,17 102,86 307,30
ocHoBe Cnank 4b
(WG53-15)
JSS 175-5, ISIJ <03
BKONernpoBaHHas crarnb + 11’00 1230 101,76 101,76 424 71

hiik 5b (WG53-17)
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X - maccoBas gons Bi, MKr/T;
Y - Npeum3noHHOCTb, MKI/T;
1- ayTeHTUYHbIW - T;
2 - ayTeHTUYHbIN - Rw;
3- ayTeHTUYHbIl - R;
4 - cnalik - T,
5- cnaiik - Rw;
6 - cnaiik - R;
7-r,
8 - Rw,
9- R;
PucyHok A.5 — Jlorapugmuyeckas 3aBUCMMOCTb MeX/y MacCOBOW foneil BUCMyTa U NOBTOPSIEMOCTLIO UK
BOCMNPON3BOAMMOCTbIO

Ta6nunuya A .8 - Maccosad fona Bi — ayTeHTUYHble 06pasubl
B munnukunorpammMax Ha rpamm

BHyTpuna6o-
NaeHTudukaums Ceptudpnup-  lMonyyeHHsle  MosTopse- paTtopHas Bocnponsso-
06pasLoB poBaHHOe cpegHee MOCTb BOCMNPOU3BO- [AMMOCTb
3HaueHus 3HaueHus r AMMOCTb R
Rw

ECRM 090-1, BAS
yrnepoaucras crasnb <0,2 - - R R
(WG53-1)

ECRM 295-1, BAS

BbicokonernposaHHas ‘ - - - -
ctanb (WG53-2)

ECRM 179-2, BAS

MHCcTpyMeHTanbHas <03 - - - -
ctanb (WG53-3)

ECRM 188-1, IRSID

HuskoneruposaHHas <0,2 - - - -
ctanb (WG53-4)

JK1C, JK/SIMR

HwuskonernpoBaHHbIi <01 - - - -
uyryH (WG53-5)
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OkoH4yaHue mabnuupi A.8

rocTP NCO 16918-1—2013

Waentudpukauma
o6pasuoB

Ceptuduuyu-
poBaHHOe
3HayeHus

Mony4yeHHsble
cpeaHee
3Ha4eHus

MoBTOpSe-
MOCTb
r

BHyTpunato-
paTopHas
BOCMPOU3BO-
AUMOCTb
Rw

Bocnpousso-
OUMOCTb
R

JK37, JK/ SIMR
BbicokonermpoBsaHHas
cranb (WG53-6)

0,32

0,33

0,03

0,09

0,14

NIST 361 (AlS14340)
HuskonernposaHHas
cranb (WG53-7)

5,10

0,39

0,69

2,50

ECRM 187-1, BAM
HuskonernposaHHas
cranb (WG53-8)

GBW01222,SBQTS
Yrnepogucras cranb
(WG53-9)

GBWO01619, SBQTS
BbicokoTemnepaTypHbIin
CMnas Ha HUKENeBOW
ocHoBe (WG53-14)

4,2

4,54

1,08

0,96

0,96

GBWO01622, SBQTS
BbicokoTemnepaTypHbIn
Cnnas Ha HUKENEBOW
ocHoBe (WG53-15)

0.5

0,52

0,15

0,15

0,26

JSS 175-5, ISIJ
HuskonernposaHHas
cranb (WG53-17)

2,12

0,26

0,82

1,21

Ta6nuuya A.9

— Maccoas gons Bi — cnarik-o6pasubl

B munnukunorpaMmax Ha rpamm

BHyTpunabo-
Ceptnduum- | MonyyeHusie | MoeTOpSA- paTopHas BocnpousBo-
VineHTucpukaLus poBaHHoe cpepHee eMOCTb BOCNPOMU3BO- AUMOCTb
obpasuos
3HaYeHus 3HayeHus r AUMOCTb R
Rw

ECRM 295-1, BAS
BbicokonermpoBsaHHas ?
crans Cravik 1b +200 237 12,40 30,20 185,65
(WG53-2)
ECRM 179-2, BAM <01
VIHCTpymeHTanbHas +0,1 13,5 1,12 3,48 9,62
cranb Cnavk 2b
(WG53-3)
JK1C, JK/SIMR
HuskonernposaHHbIi <01
yyryH Cnaiik 3b +0,1 ) ) ) )
(WG53-5)
GBWO01622, SBQTS
BbicokoTemnepaTypHbIin ”
Crnag Ha HUKeneso 05 - - - -
ocHoBe Cnaink 4b ’
(WG53-15)
JSS 175-5, ISIJ
HuskonernposaHHas <01
crans Craiik 5b +1000 1210 45,45 223,75 635,71
(WG53-17)
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M3oTonbl, Mewarouwue onpeaeneHnio anemeHToB Sn, Sb, Ce, Pbu Bic

MpunoxeHue B
(cnpaBo4HOE)

ncnonb3oBaHnem metroga UCIM-MC

N3oTon BnusaHue
’I‘Ibsr.| 116 Cd, 1UUMOO+, zszThz+
'I‘I/Sr,I 1UUMOO+, ZJBUZ+’ 4UAr7 //Se+
”BSn 1quuO+, 1udeo+’ 4UAr’ /ase+
'I1BSn 'IUéRhO+
2035 1U4Pd0+,1U4RuO+,(uuTe+)
‘IZZSn ‘Izél-l-e-*-7 ‘IUdeO+
1z4Sn 1z4Te+’ 1UBPdO+, u4Xe+
‘Iz‘ISb 1UDPdO+
’IZJSb ’IZJ-I-e’ 1U/Ago+
14UCe
’I4zCe
U4Pb 2U4Hg+
“Pp
U/Pb 191|ro+
zUtij
YBi o’
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Mpunoxenune A
(cnpaBo4HOE)

CBeaeHNA 0 COOTBETCTBMM CCbINTOYHbIX MEXAYHAPOAHbIX CTaHAAPTOB
HauMoHanbHbIM cTaHaaptTam Poccuinckon ®epgepaumm (M 4EACTBYIOWMM B 3TOM
KauecTBe MEXrocyaapcTBeHHbIM CTaHOapTaMm)

Tabnuuya OJA.1

OBGo3Ha4YeHne CCbINOYHOrO Ctenexb O603Ha4YeHne N HaMMEeHOBaHWE
MeXayHapoA4HOro ctaHaapTa: | COOTBETCTBUSA COOTBETCTBYIOLLETO HALMOHAMbLHOIO
cTaHgapra

NCO 648 — 1977 MOD FOCT 29169 — 91 (MCO 648 —77)
Mocyaa nabopatopHas CTekNaHHas.
[nneTkn ¢ 0AHON METKON

MCO 1042 : 1998 IDT *

MCO 5725 —-1:1994 IDT FOCT P NCO 5725 -1 — 2002
ToYyHOCTb  (NPaBMABHOCTL WM MPEUU3NOHHOCTL)
METOAOB W pe3ynbTaToB uW3MepeHun. Yactb 1.
OCHOBHbIE MOMOXEHUSI U ONpeaeneHus

NCO 5725 -2: 1994 IDT NTOCT P UNCO5725 - 2 - 2002 To4vHOCTb
(NpaBWUMNbHOCTE U MPELUM3NOHHOCTb) METOAOB U
pesynbTaToB uaMepeHuin. Yactb 2. OCHOBHOW MeTOoA
onpeaeneHns NoBTOPSEMOCTU U BOCMPOU3BOAUMOCTHU
CTaHJAPTHOrO MEeToAa U3MEPEHUN

MCO 5725 -3 : 1994 IDT rCT P WNCO 5725 -3 -2002 To4HOCTb
(NpaBunbHOCTE U MPELM3UOHHOCTb) METO40B U
pe3ynbTatoB uamepeHuin. Yacto 3. MNpoMeEXyTOYHbIE
nokasatenu npeuM3uoHHOCTU CTaHJapTHOro MeToaa
N3MepeHuin

NCO 14284 : 1996 IDT FOCT P NCO 14284- 2009 Ctanb 1 4yryH. OT6op u

noArotToBka 06pa3uUoB AN onpeeneHns XMMUYeCKoro
coctasa

I'Ipvlmeanme -B HaCTOHLLteVI Ta6J'II/ILle MCNoNb3oBaHbl cnejytoline ycrnoBHble 0603Ha4YeHNs cTeneHn

COOTBETCTBUA CTaHAapPTOB!

— IDT — ugeHTUYHbIe cTaHAapThI;
— MOD — MogucduuMpoBaHHble cTaHgapThl
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YK 669.14:620.2:006.354 OKC 77.080.20.

KntoueBble crioBa: ctanb, YyryH, onpeieneHune cogepxaHua onosa, CypbMsl, Liepus, CBUHLA, BUCMYTA,
MacCCMNEeKTPOMETPUYECKUI METOA, C MUHAYKTUBHO CBA3AHHOW C NnasMon

MognucaHo B nevaTb 01.04.2015.  dopmar 60x84 /s
Yen. nev. n. 3,72. Tupax 31 ak3. 3ak. 1479.

MoaroToBneHo Ha ocHOBe SﬂeKTpOHHOVI BEpCUK, NpeaocTaBeHHOM paapa60TqV|K0M cTaHjapTa
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123995 Mockea, paHaTHbLI nep., 4.
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