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BBepeHue

[OHHbIE OTNOXEHNA BOAHbIX OBBLEKTOB CO BpPEMEHEM HakanuBaloT
OpraHMyeckne u HeopraHudeckume BellecTBa, B TOM 4uUcne, CoeuHEeHUsd
TSOKENbIX MeTansnoB, KOTOpble ydacTBYs B CeQMMEHTaUMOHHbIX U OU3MKO-
XMMUYECKMX npoLieccax, nepepacnpeaensoTca cpean KOMNOHEHTOB BOAHON
9KOCUCTEMbI U MOTYT NepexoauTb B BOOHYI cpefy, Bbl3blBasi ee BTOPUYHOE
3arpsisHeHue.

Kagmun, kobanbT ©n CBMHeEL 4HABNAIOTCHA, B OTNUYME OT XpoMma,
ManopacrnpoCTpaHEHHbIMU U PaCCeAHHbIMU dfieMeHTaMu 3eMHOM KOpbl, HO
BCe 9TWM MeTasnsbl BXOAAT B COCTaB BOSbLIOro Konmyectsa pasHOOOpasHbIX
pya W MMUHeparnoB, M3 KOTOpbIX nonagawT B BOJOEMbl BCreacTeue
NPUPOAHLIX MPOLECCOB, COMPOBOXAAKLLMXCA UX pacTBOpeHuem. Kagmuw,
kobanbT, CBMHEL W XPOM LUMPOKO MNPUMEHAIOTCS B TEXHUKE U
NPOMbILLIIEHHOCTK, MO3TOMY OCHOBHbIE WCTOYHWKM MOCTYMNEHUS 3TUX
MEeTansioB B BOLHYI TOnWy, a 3aTeM WU B [OOHHbIE OTMOXEHUs, HOCAT
NPEUMYLLIECTBEHHO aHTPOMOreHHbIN XapakTep. OTO TBepable OTXOoAbl,
aTMocdepHble  BbIBpOoCbl UM CTOYMHble  BOAbl  FOpPHOAOGLIBAKOLLMX,
MeTannyprmyecknx mn metannoobpabaTbiBaloWwmx NpeanpusaTui, o6beKToB
KOMMYHanbHOro M cenbcKkoro xosamctea. CoeavHeHWa cCBMHLUA M Xpoma —
MOCTOSIHHbIE KOMMOHEHTbl aTtMocdepbl U ruapocdepbl, NPOAYKTbl CropaHus
HedTn, yrns, Topda, MOTOPHOrO TonnmMBa W 6eH3WHa, MPOMBILLNEHHbIX W
FOPOACKUX OTXOO0B.

[Mpouecc HakoMneHns N ToKCU4eckoe AeNCTBUE TSKenbIX MeTasnsioB B
OOHHbIX  OTMIOXEHUSIX ONpeaenstoTca  MHOrMMK  dpakTopamn:  OU3MKO-
XUMUYECKMMN CBOMCTBaAMM METanmoB, TUMNOM [OHHbIX OTIOXEHUN, WX
rpaHyrioMeTpU4eckMM  COCTaBOM U COPOLMOHHBIMM  CBOWCTBaMW,
TemnepaTypHbiM PEXMMOM BOJOEMA W €ro  KUCIOTHO-LWENOYHbIMU ¢
OKUCNUTENbHO-BOCCTAHOBUTENbHbLIMU YCIOBUSIMNA, KONNYEeCTBEHHbLIM
COOTHOLLEHNEM mMexay MUTPaLNOHHBIMU dhopmamm MeTannoB
(pacTBOpPEHHOM, KOSNOUAHOW U B3BELLEHHON).

MwuHepanbHasi 4acTb [OOHHbIX OTIIOXEHWA BKMNKOYaET, B OCHOBHOM,
Necok W TrAVHY, a TaKkKke HepacTBOpuUMble B Boge KapboHaThl,
rmgpokapboHatel n  rmgpokenabl  kagmua  Cd (1), kobanbta Co (Il),
ceuHua Pb (II) u xpoma Cr (Ill), cynbdugbl mMeTansoB, 3a WCKNIOYEHUEM
Xpoma, a Takke xropug u cynbdaT ceuHua. OpraHnyeckme coegnHeHns 3Tux
mMeTannos, kpome kobanbTa (Ill), xapakTepusytoTca HEBBICOKOW YCTOMYNBOCTLIO.

[0 MexaHM4YyecKOMy COCTaBy [OHHble OTIIOXEHUA [enaTca Ha
necyaHble, T[MAVHUCTbIE W WUNUCTble (C  HaubonblMM  codepXaHnem
OpraHM4YecKnx rymMycoBbIX BellecTB). Yalle Bcero [OHHbIE OTIIOXEHUS
GblBaOT CMELLaHHOro TMna, HanpuMep, UUCTbIN NECOK, MUHUCTLIN U U T.4.

CooepaHne MeTannoB B AOHHbIX OTMOXEHUSIX Mano3arpsi3HEHHbIX
BOAHbIX OOBLEKTOB B HOSLLUMHCTBE CllyYaeB Haxo4AUTCS B rpeaeriax oT gosien
A0 HECKONbKUX eguHuy, (Kagmust nm kobarnbTa), OT eduHUL OO [OeCATKOB
MUNNUrpaMMoB B Kunorpamme (CBUHUA U Xpoma). bonee BbicOkMe MaccoBble

vV
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Aonn  MeTannioB MOXHO OBHapyXuMTb B panoHax pa3paboTku pyaHbiX
MeCTopoOXaeHun, ocobeHHo cBuHUa Ao 3000 mr/kr.  [NoBblWEHHOE
cogepxaHme xpoma (oo 200 mr/kr) HabnogaeTca B TeX ydacTkax BOOHOro
o0ObekTa, rae npomcxoauT cOpoC CTOYHbIX BOA KOXKEBEHHOIO NPOn3BOACTBA.

OKornornyeckas ponb kKagMusa, kobanbTa, CBUHLA 1 XpoMa B ruapocdepe
HeogHO3Ha4yHa. XpomM M KobanbT HABNATCA aKTUBHBIMM KOMMOHEHTaMU
MHOrMX OMOXMMUYECKMX MPOLIECCOB, BXOAAT B COCTAB TKaHEW pacTeHUn w
XMBOTHBbIX, y4acTBYIOT B 0OMeHe BewecTB rmapobmnoHToB 1 YenoBeka. B To xe
Bpemsi coeanHeHust xpoma (V1) B MNOBBLILWEHHbIX KOHLEHTPaAUMUAX TOKCUYHLI.
Bce coeguHeHna kagmma o0nagaldT  KaHUEPOreHHbIM W MyTareHHbIM
aencrtemeM. HeopraHnyeckne coegMHeEHNs CBUHLA HapyLlaoT 0bMeH BELLECTB
B >XMBOM OpraHuame, sBMATCSA WHrMoutopamm GEpMEeHTOB, OTNMYaloTCs
ANUTEeNbHbIM NepnogoM nonyebiBegeHUss U3 opraHnama. OCob6eHHO TOKCUYHDI
opraHu4yeckne coeanHeHusi CBMHLA.

CoeavHeHns TspkenbiX MeTansioB OTHOCATCA K Ynicny Hanbonee onacHbIX
3arpA3HAILNX BELLEeCcTB BOAHbIX akocucTeM. CoaepkaHne nx 3aBUCUT OT Tuna
AOHHbIX OTIIOXKEHUN 1 reorpadn4eckoro permoHa. HopmaTtmBbl 3KONOMMYECKON
6e3onacHOCTN 1 NpeaenbHO-A0NYCTUMBbIE KOHLEHTPaUUN TSHKENbIX METansoB B
AOHHbLIX OTMOXEeHUsIX BOAHbIX 0O0bektoB Poccunckon Pepepauym He
YCTaHOBIEHDI.
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PYKOBOOAWMUU OOKYMEHT

MACCOBAA OoNnA KAOMUA, KOBAJIIbTA, CBUHLUA U XPOMA
B AOHHbIX OTJIOXKEHUAX
MeToaunka namepeHmm aToMHO-a6CcopOLMOHHBIM METOA0M
C UCNONb30OBaHUEM MUKPOBOJNTHOBOM 00paboTKn nNpob

[ata BBegeHunst — 2019-11-01

1 Obnactb NnpUMeHeHus

1.1 Hactoawwmn pykoBOOALWMA [OKYMEHT YycTaHaBnMBaeT METOLUKY
n3MepeHnn (ganee — MeToauka) MaccoBon Jonum kagmusi, kobanbTta, CBUHUA
MW XpomMa B MUIMrpaMMax Ha KurorpamMmm Cyxoro ocTaTka (panee —
MI/Kr C.0.) B [OOHHbIX OTMIOXEHUAX BOAHbLIX OOBLEKTOB B [AuanasoHax,
npuBeaeHHbIX B Tabnuue 1.

Tabnuya 1 - [Jnana3oHbl MacCoOBOM [OONMM  MeTaryioB B [JOHHbIX

OTNOXeHNAX, yCTaHOBJ1IEHHbIE O lEI,aHHOl\/'I MEeTOANKHN

HanmeHoBaHune [lmanasoHbl UI3MEPEHUI MACCOBOW JONW MEeTansos, Mr/Kr C.o.
MeTanna ONeKTpoTEPMUYECKAa aToMM3aLns NMnameHHas aTtomusayms
Kagmun OT1 1 po 6 BKkntoM. Ot 6 oo 50 BkIIHOM.
KobanbTt Ot 2 go 15 Bkntou. OT1 10 po 40 BKkntou.
CsuHel, OT 2 po 7 BKMtOM. Ot 7 po 70 BKIIOM.

Xpom Ot 1 go 10 BknItOM. Ot 10 po 45 Bkntou.

1.2 Hactoswuin pykoBOASALIMIA  OOKYMEHT npedHasHavyeH Aans
ncrnonb3oBaHust B fabopaTopusix, OCYLUECTBNSAOLWMX aHanuM3 [OOHHbIX
OTNOXEHUI BOAHbIX OObEKTOB.

2 HopmaTuBHbIe CCbISIKU

B HacTosiwem pykoBoAsLEM OOKYMEHTE WCMNONb30BaHbl CCbISIKA Ha
cnegywoume HopMaTUBHbIE OKYMEHTbI:

FOCT 12.1.005-88 Cuctema ctaHgaptoB 6e3onacHocTtu Tpyaa. Obwme
CaHUTapHO-TUrMeHn4yeckmne TpeboBaHus K BO3ayxy paboyen 30HbI

FOCT 12.1.007-76 Cwuctema cTtaHgapToB 6esonacHocTM Tpyaa.
BpeaHblie BewectBa. Knaccudmkauusa n obume tpedboBaHus 6e3onacHoOCTH

NOCT 17.1.5.01-80 Oxpana npupoabl. [wngpocdepa. Obwme
TpeboBaHna K oTbopy MNpob6 AOHHLIX OTMOXEHUW BOAHbIX OOBLEKTOB ANs
aHanusa Ha 3arpsi3HeHHOCTb

FOCT 31861-2012 Boga. O6wume TpeboBaHma kK oTbopy npob
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FOCT P NCO 5725-6-2002 ToyHOCTb (NpaBUNbHOCTb n
NPeun3noHHOCTb) METOAOB M pe3ynbTaTtoB  uaMmepeHun. Yactb 6.
cnonb3oBaHue 3Ha4yeHU TOYHOCTU Ha NpakTuke

MW 2881-2004 [ocypapctBeHHas cuctema obecnevyeHusi eanHCTBa
namepeHnin. MeTogmkm Konim4yeCcTBEHHOro XMMM4eckoro aHanusa. lNpouenypsl
NpOBEPKM MPUEMNEMOCTUN pe3ynbTaToB aHanusa

PO 52.24.609-2013 OpraHu3auuss v npoBegeHne HabnwogeHun 3a
cofepXXaHneM 3arpsasHALWMX BewecTB B [OOHHbIX OTNOXEHUSX BOAHbLIX
00BbEeKTOoB.

MpumedaHua

1 CcbINKn Ha ocTanbHble HOpMaTMBHbIE AOKYMEHThI NMpuBeAeHbl B pasaerne 4.

2 lpn nonb3oBaHUMM HACTOALLMM PYKOBOASALWMM OOKYMEHTOM LenecoobpasHo
NPOBEPSTb AENCTBUE CChINTOYHbLIX HOPMATUBHBIX JOKYMEHTOB:

- HauuoHamnbHbIX CTaHAApToB - B  WH(OPMaUMOHHOM cucteme obuiero
Nnonb30BaHUA - Ha oduUmMarbHOM canTe HaumoHanbHOro opraHa Poccuinckon ®epepaumm
no ctaHgapTusaunm B ceT VIHTEpHeET 1nn no exerogHo u3gaBaeMomMy MHGOPMaLMOHHOMY
ykasatento «HauuoHanbHble CcTaHOapTbl», KOTOPbIA ONyGrIMKOBaH MO COCTOSHUIO Ha
1 aHBapa Tekywero roga, M O COOTBETCTBYHOLIMM E€XEMeCsS4YHO Un3gaBaeMbiM
MHAOPMALIMOHHBIM YKasaTensimM, onybnmkoBaHHbIM B TEKYLLIEM rOAY;

- HOpMaTuBHbIX JOKyMeHTOB PocrngpomeTta - no PL 52.18.5 n gononHeHun K Hemy -
€XXEerogHo n3gaBaeMbiM MHOPMaLMOHHBIM yKa3aTensiM HopMaTUBHbIX AokymeHToB (MYH[).

3 Ecnn cCbifOYHbI  HOPMATUBHLIA  JOKYMEHT 3aMeHeH (M3MeHeH), To npwu
Monb30BaHUN HACTOSILLMM  PYKOBOAALMM OOKYMEHTOM criefyeT pyKOBOLCTBOBATLCSA
3aMeHEHHbIM (M3MEHEHHbIM) HOPMAaTUBHBLIM AOKYMEHTOM. ECnn CCbINOYHbI HOPMAaTUBHbIV
AOKYMEHT OTMeHeH 6e3 3aMeHbl, TO MOMOXeHWe, B KOTOPOM [aHa CCbifika Ha Hero,
NPUMEHSIETCA B YaCTU, He 3aTparnBaloLLEen 3Ty CCbISKy.

3 Tpe6oBaHMA K noKasaTenssmM TOYHOCTU U3MEPEHUMN

3.1 Mpu cobnogeHun Bcex pernameHTMpyembiX MeTOOMKOW YCrOBUK
NpoBeAEHUS  U3MEPEHUM  XapaKTePUCTUKM  MNOrpeLuHoOCTM  pesynbTaTa
N3MepeHnss ¢ BepodATHoCTblo 0,95 He [ofmKHbl nNpeBbllWaTb 3HAYEeHUN,
NpuBeaeHHbIX B Tabnuuax 2 n 3.

Tabnuua 2 - [dnana3oHbl WM3MEpPEHU, MoKasaTenun MNOBTOPHAEMOCTH,
BOCMPON3BOANMOCTM M TOYHOCTU MpU NPUHATON BeposiTHocTn P=0,95 ans
BbINOSIHEHUSA U3MEPEHNIN CMOCOBOM NIaMeHHO aToOMU3aLmm

HaumeHo- | [JuanasoH namepeHui Mokasatenb Mokasatenb MokasaTtenb
BaHue MacCoBOW JoNu NOBTOPSEMOCTH BOCMPOM3BOANMOCTH TOYHOCTU
MeTanna MeTanna (cpegHekBagpatu- | (cpeaHekBagpaTuye- (rpaHunupl
Yeckoe OTKITOHEHME | CKOEe OTKITOHEeHue abcontoTHOM
NOBTOPSAEMOCTN) | BOCNPOM3BOAUMOCTU) | MOrpPeLLIHOCTH)
X, Mr/kr c. o. O;, MI/Kr C. O. Ogr, Mr/KrT C. O. A\, MI/Kr c. o.
Kagmun Ot 6 po 50 BKkntoOM. 0,13-X 0,13-X 0,25-X
Kobanbt Ot 10 po 40 BKtou. 0,22-X 0,31-X 0,61-X
CsuHel, OT1 7 po 70 BKNtOM. 0,25-X 0,25-X 0,49-X
Xpom Ot 10 po 45 Bkntou. 0,17-X 0,18-X 0,36-X
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Tabnuua 3 — [uanasoHbl M3MEPEHWW, MokasaTenn MOBTOPSIEMOCTN,
BOCMNPOM3BOAUMOCTN U TOYHOCTM MNpU MPUHATON BeposiTHocTM P=0,95 ans
BbIMNOSTHEHNSA U3MEPEHNI CNOCOBOM SNEKTPOTEPMNUYECKON aTOMU3aLNK

HanmeHo- | [dnanasoH nsmepeHunn lNokasaTtenb lNokasaTtenb lNokasaTtenb
BaHune MacCcoBOW 40N NOBTOPSIEMOCTH BOCMPON3BOAMMOCTH TOYHOCTU
MeTanna MeTanna (cpeoHekBagpaTtu- | (cpegHekBagpaTude- (rpaHnbl
YyecKkoe OTKIOHeHne CKOe OTKJTOHEeHue abcontoTHoM
NOBTOPSIEMOCTM) | BOCNPOU3BOAUMOCTH) | MOrPELLHOCTN)
X, Mr/kr c. o. O, Mr/Kr c. o. OR, MI/KrT C. O. +A\, Mr/kr c. o.
Kagmun OT1 1 po 6 BkOM. 0,09-X 0,12-X 0,24-X
Kobanbt Ot 2 go 15 Bktou. 0,15-X 0,30-X 0,60-X
CBuHel, Ot 2 po 7 BKOM. 0,08-X 0,20-X 0,40-X
Xpom OT1 1 go 10 Bkmtou. 0,18-X 0,21-X 0,41-X

[Mpenenbl 06Hapy>XeHNA MaccoBOW 40N METANSOB B AOHHbLIX OTIIOXKEHUSIX
BOOHbIX OO BEKTOB MO HACTOSLLEMY PYKOBOASLLEMY OOKYMEHTY CrieayroLme:
-MPW BbINOSTHEHUU M3MEpPEHUI cnocobomM nnamMmeHHoM atomMm3aumn Ons
kagamua 1 mr/kr c.o., kobanbTa u cBMHUA 4 MI/Kr C.0., XpomMa 2 Mr/Kkr c.0.;
-MPU  BbIMNOMHEHUM  U3MEPEHU  CnocoboM  3NEeKTPOTEPMUYECKOWN
aTommsauum ans kagmus 0,1 mr/kr c.o., kobanbTa, CBMHLUA U XpoMa — 1 Mr/Kr C.O.

3.2 3Ha4yeHuns nokasaTtesii TOHHOCTU METOOMKM UCTONb3YIOT NpU:

- o(hopMneHnn pesynbTaToB U3MEPEHUN, BblgaBaeMblx labopaTopuen;

-OUEeHKe aesaTenbHOCTU nabopaTtopun Ha KayvyecTBO NPOBEAEHUS
N3MEPEHUN;

- OLleHKE BO3MOXHOCTU WUCMOSIb30BaHUA pe3ynbTaTOB M3MEPEHUN Npu
peanusaunn MeToaMKN B KOHKPETHOW nabopatopum.

4 TpebGoBaHMA K cpeacTBaM U3MEPEHUMU, BCNOMoraTesibHbIM
yCTpOMCTBaM, peakTMBaMm, matepuanam

4.1 Cpeacrea UsmepeHnn, BCromMmoraTesibHble YCTPOUCTBA

4.1.1 ATOMHO-ab6CcopOLNOHHbIN cnekTpodoToMeTp (oanee —
cnektpocoTomeTp) Ntoboro TMna ¢ NnameHHbIM U/UNnU ANEKTPOTEPMUYECKUM
aTtommnsaTtopom (AA-7000, AA-6200, Agilent-240, Analyst, KBaHT-2, KBaHT-
Z.OTA, MIA-915, Cnektp-5, Solaar S2, Savant u Aap.), CHabXeHHbIn
KOPPEKTOPOM HECESIEKTMBHOIO MOrnoLweHns doHa, rpamuTtoBbIMU KloBETAMU
N3 BbICOKOMMOTHOIO rpaduta n rpacomMToBbIMU KlOoBETAaMU C NMUPOIUTUYECKUM
MNOKPbITUEM, CMNEKTpasribHbIMX namMnamMu C MNofbIM KaTogoM ANa onpeaeneHus
kagmug, kobanbTa, CBMHLA U XpoMma.

4.1.2 Becbl HeaBTOMaTM4ecKoro Aenctemst (nabopaTopHbi€) BbICOKOro
(1) knacca ToyHocTn no NOCT P 53228-2008 unn NOCT OIML R 76-1-2011,
aencTBuTenbHas LeHa genexusa (wkanosl) 0,001 r.
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4.1.3 TocymapCTBEHHbLIM CTaHAapTHbIM obpasel, cocTtaBa pacTBopa
noHos kagmusa (I1) NCO 7874-2000 (panee — CO) mnu aHanorMyHbIM C
OTHOCMUTESIbHOM NOrPELLHOCTLI0 aTTECTOBAHHOIO 3Ha4YeHust He bonee 1 %.

4.1.4 TocymapCTBEHHbIN CTaHOapTHbIM obpasel cocTaBa pacTeBopa
noHos kobaneta (II) FTCO 7880-2001 vnn aHanNOrMYHbLIN C OTHOCUTESTbHOM
MNOrPEeLUHOCTLIO aTTECTOBAHHOIO 3Ha4YeHus He 6onee 1 %.

4.1.5 TocymapCTBEHHbLIM CTaHAapTHbIM obpasel, cocTtaBa pacTBopa
noHos csuHua (Il) MCO 7877-2000 wvnu aHanoOrMyHbiM C OTHOCUTESTbHOW
MNOrPEeLIHOCTbIO aTTEeCTOBAHHOIO 3Ha4YeHus He 6onee 1 %.

4.1.6 ocymapCTBEHHbIM CTaHOapTHbIM obpaseL cocTaBa pacTeBopa
noHos xpoma (VI) NCO 7834-2000 wunu aHanorMyHbli C OTHOCUTESNBHOW
NOrpeLLIHOCTLI0 aTTECTOBAHHOIO 3Ha4YeHust He bonee 1 %.

4.1.7 Konbbl MepHble 2-ro Knacca TOYHOCTM WCMOMHEHUs 2 unn 2a no
FOCT 1770-74 BMecTMMOcTbto: 10 cM® — 4 w., 25 cm® — 9 wr., 50 cm® — 10 wr.,
100 cm® — 10 wrT., 500 cm® — 1 wir.

4.1.8 Konbbl mepHble nnacTtukoBble PP, PLASTI BRAND,NS 10/19 vnu
aHanornyHble Nboro TMna BMecTuMocTbio 50 cm® — 4 wiT.

4.1.9 TvneTkn rpagympoBaHHble 2-ro Kracca TodHoctTn Tuna 1 mn 3
ucnonHennst 1 unm 2 no FOCT 29227-91 BmecTumocTbio: 0,5 cm® — 1 wr.,
lem®—7wr.,2cm®—4 wr., 5cm® =5 wrt., 10 cm® = 5 wr.

4.1.10 lNvneTkn ¢ O0AHOM OTMETKOW 2-ro Kracca TOYHOCTU UCTONMHEHUA 2
no FOCT 29169-91 BMecTMMOCTbO: 1 cM® — 4 wT., 2 cM® — 4 wT., 5 cm® — 5 wr.,
10 cm®* = 5 wT., 20 cM® — 5 WT., 25 cm® — 4 wr.

4.1.11 UnnuHapbl MepHble 2-ro Krnacca TOYHOCTM ucnonHeHns 1 mnm
3 no OCT 1770-74 BmectumocTbio: 10 cm® — 2 wT., 250 cm® — 2 wr.,
500 cm®— 1 wrT.

4.1.12 [Mpobupkun rpagynpoBaHHble umnuHgpuyeckue C
3aBMHYMBAIOWMMUCA KpPbILLKaMKM, MNAACTUKOBbIE MMM aHanormyHble noboro
TMMNa BMECTUMOCTbIO 5 cM® — 4 T,

4.1.13 BopoHkn B-36-80 XC no NOCT 25336—-82 unun nabopatopHbie
NfacTUKoBbIE AMaMeETPOM 25 MM — 4 LWT.

4.1.14 Crakanbl B-1, TXC no IOCT 25336-82 BMeCTUMOCTbIO:
400 cm® — 3 wr., 600 cm® — 1 wr.

4.1.15 Yawm no MOCT 19908-90 BMecTumocTbto 50 nnu 100 cm® — 2 wr.

4.1.16 CrakaHuMkn ana B3BewwuBaHua (6wokcbl) CH-34/12 no
FOCT 25336—82 — 2 wir.

4.1.17 baHkM C LWMPOKMM TOPSIOM MfacTUKOBblE C  MJIOTHO
3aBMHYMBAIOLLMMUCSA KpbILLKAMUM BMecTMMocTbio 150 cm® anst ot6opa w
XpaHeHusi NPod OOHHbLIX OTIOXEHUNA.

4.1.18 OnpaBa wnpuuesoro ¢unbTpa nNnacTMKkoBas MHOropasoBas
Swinnex-25 (Millipore), anameTp 25 MM, unn aHanornyHas nboro Tmna.

4.1.19 Wnpwuy-gosatop Ans onpasbl WNPULEBOro omnbTpa UM LWNpuL,
OHOPA30BbIi C KOHHEKTOPOM «Jlyep-nok» BMECTUMOCTbIO 50 cMm.



PL 52.24.535-2019

4.1.20 lNocyna cTeknsgHHas And XpaHeHusi pacTBOPOB BMECTUMOCTLIO
250 1 500 cm®,

4.1.21 Tlocyga nnacTtukoBad C 3aBUHYMBAKOLWMMUCA KpblKaMn O
XpaHeHWsi pacTBOpoB BMecTUMocTbio 100, 200, 500 1 1000 cm®,

4.1.22 Wnatenb MeanuuHCKUM OBYXCTOPOHHUI npsiMon, anuHa 180 mm
Wnu wnatenb WM foXka nabopatopHble dapdopoBble Ne2 o
OCT 9147-80, annHon 150 MM Unm aHanorn4yHblie noboro Tmna.

4.1.23 TuHueT nabopaTopHbIN MAACTUKOBLIN UMW U3 HepXaBetoLEeN
cTanu ¢ NacTMKoBbIMU HakoHeYHuKkamu, annHa 105 nnm 125 mm.

4.1.24 NlabopaTopHas MUKPOBOSTHOBAsi cMCTeMa N4 pasnoxeHus npob
(Hanpumep, Mars-5, Mars-6, TOPwave unu aHanormyHas MUKPOBOJSTHOBas
cuctema noboro Tmna) ¢ KOMMNIEKTOM Te(NOHOBLIX PeaKLMOHHbIX COCYA0B
BMECTUMOCTbIO He MeHee 55cM®, yacToToit marHeTpoHa (2450+50) Ml u
BbIXO4HOM MOLLHOCTbIO He meHee 1800 Br.

4.1.25 bungunctunnatop cTeknsHHbin BC vnu aHanornyHbin ndoro
TMNa WNU ycTaHOBKa 4N MeperoHKn OUCTUNNIMPOBaAHHOWM BOAbl M3 CTekna
rpynnel  TC  (nnockogoHHaa konba Tuna [1 wucnonHeHnss 1 ¢
B3anMo3aMeHsieMblM KoHycom 29/32, BmectumocTbio 1000 mnm 2000 oM,
Hacagka Tuna H1 ¢ B3aumosameHsieMbiMn KoHycamu 29/32-14/23-14/23,
xonogunbHuk Tuna XMT ucnonHenna 1 annHom He meHee 400 MM, annoHX
Tvna AU ¢ BsanmosameHsiemMbiM KOHycoMm MydThl 14/23) no TOCT 25336-82.

4.1.26 JnekTponnuTka C 3aKpbITOW cCnupanbio U perynmpyemon
MOLLHOCTbIO Harpesa no NOCT 14919-83.

4.1.27 Wkad cywmnbHbIn obwenabopaTopHOro HasHa4YeHus.

4.1.28 UeHTpudyra HactonbHaa OlMH-3 wnu aHanornyHaa co
CKOpPOCTbIO BpaLlleHus He meHee 3000 060poTOB/MUH.

MpumedaHune — [lonyckaeTcsa UCNOMb30BaHWE APYrx TUNOB CPEeLCTB U3MEPEHUN,

BCNOMOraTesSibHbIX YCTPOMUCTB, B TOM YUCHE UMMOPTHbIX, C XapakTepUCTUKaMN He XyXe,
4YyeM y npmBeLeHHbIX B 4.1.

4.2 PeakTuBbl U MaTepuanbl

4.2.1 Kucnota asotHasa no NOCT 11125-84, oc.4.18-4.

4.2.2 Bopopogma nepekucs no [OCT 177-88, meguumHckas;, wnm
nepokcng Bogopoaa no NOCT 10929-76, x.4.; nnu nepokcua Bogopoaa no
TY 2611-003-25665344—2008, oc.4. 8-4.

4.2.3 AuetuneH pactBopeHHbin no [OCT 5457-75, mapkn «b», ¢
obbeMHoM gonen aueTuneHa He meHee 99,1 %.

4.2.4 AproH no TY 6-21-12-94 BY, cxatbin B 6annoHax, ¢ 06beMHON
aoneun aproHa He meHee 99,998 %.

4.2.5 Boga gauctunnuposaHHas no NOCT 6709-72.

4.2.6 CTeknoBofioKOHHble unbTpel TMNa GMF (Sartorius) wnu
aHanormnyHble noboro Tnna, gnameTp 25 MM, yaenbHbl Bec 52-55 /M2,
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4.2.7 YHuBepcanbHas uHoukatopHas 6ymara (pH 0-12) no
TY 2642-054-23050963-2008.

4.2.8 Keapuesbin necok OBC-025-1A no NOCT 22551-77 vnu gpyron
MapKu C cogepxaHnem okcmaa KpemHust He meHee 98,5 % mn okcuga xenesa
He 6onee 0,025 %.

MpumeyaHune - [lonyckaeTca WCNOMb30OBaHME peakTUBOB WM MaTepuaros,
N3roTOBSIEHHbLIX MO APYron HOPMAaTUBHO-TEXHUYECKOW [AOKyMeHTauuu, B TOM 4ucne
UMMOPTHbBIX, C KBanUuKaumen He HUXe yKkasaHHOW B 4.2.

5 MeToa namepeHumn

BbinonHeHne mnamepeHnin mMaccoBor OOnM KaaMus, kobanbTa, CBUHLUA Y
XpOMa B AOHHbIX OTNOXEHUAX aTOMHO-abCopOLUMOHHBIM METOAOM OCHOBAHO Ha
MOrMNOWEHNN  aTOMHbIM  MapoM  MeTafla  Pe3OHAHCHOro  U3ry4veHus
COOTBETCTBYIOLLEN NaMrbl C NOSbIM KATOAOM C AJSIMHOM BOJSIHbI Acy = 228,8 HM,
Aco = 240,7 UM, App = 283,3 HM U A, = 357,9 HM. 3mepsiemoe nornoweHne
aTOMHOro napa MeTtarsnna nNpornopuMoHanbHO ero MacCoBOW KOHLUEHTpauun B
aHanmsnpyemom pactBope.

ATOMM3aLUNA BbLINONTHAETCA B BO34YLWHO-aLETUIEHOBOM NilamMeHu
ropenku cnekTpogoTomeTpa nnm rpacuToBON KloBeTe ero
ANeKTPOTEPMMYECKOro aToMmmnaaropa.

CoegvHeHMs MeTannoB nNepeBOAAT B pacTBOp HarpeBaHMEM B
MUKPOBOMNMHOBOM rnone. [ns MmHepanu3aunm AOHHbIX OTNOXeHnn o6aBnatoT
a30THYI0 KACNOTY N NepoKcuna Bogopoaa.

6 Tpe6oBaHMA 6e30NacHOCTU, OXpPaHbl OKpYXatloLen cpeabl

6.1 MNpn BbINONHEHN N3MEPEHMA MACCOBOW OONN Kagmusi, kobanbTa,
CBMHLA M Xpoma B npobax OOHHLIX OTNOXEeHun cobniogatT TpeboBaHu
6e3onacHOCTN, YCTAHOBIIEHHbIE B  HaUMOHAsbHbLIX  CTaHgapTax W
COOTBETCTBYOLWMX HOPMATMUBHbIX JOKYMEHTaX.

6.2 [lo cTeneHn BO3OENCTBUSI HA OpraHWM3M BpedHble BELLECTBA,
ncnosnb3yemble MNpU BbIMOMTHEHUM U3MEPEHUN, OTHocATcA K 1, 2 n 3-my
knaccam onacHoctn no NOCT 12.1.007.

6.3 CopepxaHue wucCnonb3yeMblX BpeaHbIX BewecTB B BO3gyxe
paboyen 30HbI He [AOSHKHO npeBblWwaTb YCTAHOBIEHHbIX MNpeaesibHO
A0NYyCTUMbIX KOHUeHTpaumin B cooTBeTcTBum ¢ FOCT 12.1.005.

6.4 OnpegeneHne cregyet nNPOBOAUTL MNPUM  HANMYMM  BbITSXKHOM
BEHTUNALUN.

6.5 OnepaTtop, BbLINOMHAWMWA M3MEPEHUS, OOIMKEH 3HaATb MpaBuna
B6esonacHocTn npu paboTe C anekTpoobopyaoBaHMEM, [OPHYMMU U
NHEPTHbLIMU CXaTbIMU ra3amu.
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6.6 [Mpu ncnonb3oBaHum nabopaTopHON MUKPOBOSTHOBOW CUCTEMbI ANS
pasnoxeHnsa Npob B noMeLLeHnn nabopatopumn He JOSMKHbI HAXOAUTbCA Nvua
C KapanoCTUMynaTopamMu.

6.7 KucrnoTHble pacTBOpbl NOCIEe BbINOSIHEHUS aHanm3a MHOroKpaTHO
pa3btaBnsalT BOAOW UNU HENTPAnNU3yT npubdaBneHnemMm pacTBOpOB COAbl UNK
LLlerioun nepes CnMBoM B KaHann3auumio.

6.8 [JononHutenbHblIx TpeboBaHU No akonorndyeckon 6e3onacHoOCTU He
npeabsaBnseTcs.

7 TpeboBaHUA K KBanudmkaumm onepatoposn

K BbIMOMHEHWIO U3MEPEHUM [OMycKawTCsa Jiua C  BbICLUMM
npodeccnoHanbHbiM  obOpa3oBaHMEM, uUMewwme CcTax paboTbl B
nabopatopum He MeHee 6 Mec, UM CO cpeaHuM npodecCuoHanbHbIM
obpasoBaHneM, umewwme crax pabotbl B nabopatopum He meHee 3 neT,
npoLueawmne COOTBETCTBYHLLYIO NoaroToBKY Aans paboThl c
anektpoobopyooBaHnem U CxXaTblMM rasamu, OCBOMBLUME CpeacTBa
N3MEpPEHNn, BCOMOraTerbHble YCTPONCTBA U METOOUKY.

8 TpeboBaHUA K yCNOBUAM N3MEpPEeHUN

Mpw BbINOMHEHMM N3MEPEHUIA B NabopaTopumn cobnogatoT cneayowme

YCNoBUA:
- TeMneparypa oKpyxarLero Bo3ayxa, °C ..., 22 15

- aTMocepHoe aasneHue, Kfla (MM pT. CT.)....oceeenenn.... ot 84,0 no 106,7

(ot 630 go 800);

- BNaXXHOCTb Bo3ayxa npu Temnepartype 25 °C, %, He Gonee ......... 80;

- HANPSXKEHNE B CETU, B oo, 220 + 22;

- YyacTtoTa NepeMEHHOro Toka B ceTU NUTaHus, 'y ..................... 50 + 1.

9 MNoAaroToBKa K BbINOSIHEHUIO U3MEPEHUN
9.1 OT60p 1 XpaHeHUue nNpob

9.1.1 OT6op NPo6 AOHHBLIX OTMAOXEHWA ONA BbINOMHEHUS U3MEpPEHUN
MaccoBOW Oonu meTtansnoB npoussoautcs B cootBetctBumn ¢ FOCT 17.1.5.01,
OCT 31861 u PO 52.24.609. O6opynoBaHue ans otbopa npod OOSMKHO
cootBetcTtBoBaTh OCT 17.1.5.01 n FTOCT 31861.

9.1.2 OT6op Npob6 AOHHbLIX OTNOXEHUW MPOU3BOAUTCS B 3aBUCMMOCTHU
OT Uenen wuccnegoBaHNa U xapakTepa [OOHHbIX OTnoXeHun. [Ans
onpeneneHnst CTeneHn 3arpsi3BHEHHOCTU AHa BOAHOro ob6bekTa B HacTosilee
BpemMs nNpobbl oTOMpaloT 13 NOBEPXHOCTHOro criost (0T 1 Ao 3 CM) OOHHbIX
oTnoxeHnn. [llpn wnccnegoBaHMM OUHAMUKM  HaAKOMMEHUA MeTansnoB OT
BpeEMEHMU (B TOSLLE AOHHbLIX OTIIOXEHUW) Npobbl 0TOMpatoT B cnoe, 3agaHHOM

7
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nporpammon paboT. [Jna ycTaHOBNEeHNs (POHOBLIX coagepXXaHUN MeTansoB B
AOHHbIX OTNOXEHUAX BbINONHAETCA oT6op Ha rnmybuHe 6onee 30 cm.

Ot1bop npob6 npoussoguTcss AHodvepnarterieM 6eHTOCHbIM — Unn
LUTAHrOBbIM, CTEPXHEBbIM NPOBOOTOOPHMKOM WM TPYHTOBOW TpybKOWM W©3
nnacTuka wunuM Hepxasewwen ctann. M3 ueHTpanbHoOM 4vactu npobbl Ans
aHanusa 6epyT C MOMOLLbD HEeMEeTanIMYecKoro Lwnatens NoBEPXHOCTHbIN
CINOM [OOHHLIX OTMOXEHUW C TakMMm pacyeToMm, 4Tobbl oTobGpaHHas npoba
3anonHuMna nracTMacCcoByld €MKOCTb AN XpaHeHust OO0 Bepxa C
MUWHUMarbHbLIM cogepXaHMeM BOAbl Haa NOBEPXHOCTbLIO NPOO6bLI.

Ecnrm pgna otbopa npo®  ucnonb3oBanuM  MeTannnyeckun
NpoBOOTOOPHMK, NpeaBapuTENbHO YOANSAKT WnaTtefieM He MeHee 5 MM CIlos
AOHHbIX OTNOXEHUW, HaXOAUBLUMXCS B COMPUKOCHOBEHWM CO CTEHKaMu
npo6ooTbopHMKA.

[Ons  XpaHeHus n TPaHCMOPTUPOBKM MPOo6 [AOHHLIX OTMOXEHUN
A0MNYCTUMO MUCMONb30BaHME NNAaCTUKOBLIX MAKeTOB.

9.1.3 XpaHAT npobbl OOHHBIX OTIOXKEHUW NPU TemnepaType He Bbllle
nmoc 5°C He 6Gonee 7cyr. B MOposunbHOM Kamepe XOnoaurbHUKa
aonyckaetcs xpaHeHue npob B TedeHwe 2 mec. [lepen aHanu3om npobbl
cnegyeT pasMopo3vnTb MNpPW  KOMHATHOWM Temnepatype OO COCTOAHUSA
€CTEeCTBEHHOM BNaXXHOCTN.

9.1.4 TpaHcnopTypoBaHne npob OCyLLEeCTBASAOT B MNNACTUKOBbIX
EeMKOCTSIX, KOTOpble nepeq Wcrnonb3oBaHMEM TuwaTtenbHO obpabartbiBatoT
pacTBOpPOM as3oTHoM kucrnoTtbl (1:1) n 3atem AucTunnupoBaHHoW Bogon. B
xoge nepBuyHOM 06paboTkm Npod cnegyeT WUCKIYMTb KOHTaKT npobbl C
MeTanInM4eckumMm n pe3mMHOBbIMU MOBEPXHOCTAMM.

9.2 NpuroToBneHne pacTBOPOB U PeakKTUBOB
9.2.1 Nony4yeHne GuANCTUNNMPOBAHHON BOAbI

Cobupatot yctaHoBky no 4.1.25 gns nNeperoHkn AUCTUINMPOBAHHOM
BoAbl. B nnockogoHHyto konby nomewatrot 1000 cm® AUCTUNNIMPOBAHHOMN
Boabl. Konby yctraHaBnmMBalT Ha  3MNEKTPOMNUTKY, MNOACOEOVHSIOT
xonoaunbHuk Tvna XMT 1 neperoxHsioT Boay, oTbpackiBas nepsble 50 cm®.

CpoKk XpaHeHusi GuanCTUNNMPOBAHHOM BOAbl B MNSIACTUKOBOWM MIIOTHO
3aKkpbITon nocyae He bonee 10 cyT.

Mpn  Hanuuum B nabopaTtopum  GugucTunnartopa  NeperoHky
AUCTUNNUPOBAHHOW BOAbl MPOBOAAT B COOTBETCTBUM C WHCTPYKUMEW MO
aKkcnnyaraumn.
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9.2.2 PacTtBOop a3oTHOM Kucnotbl (1:1)

CmewwuBaoT 250 cm® auctunnmposaHHon Boabl Cc 250 cm®
KOHLEHTPMPOBAHHOM a30THOM KMUCIOTbl. CPOK XpaHEeHMs1 B MAOTHO 3aKPbITOM
nocyne He orpaHu4yeH.

9.2.3 PacTtBOp a30THOU KUCNOTLI, 1 %-HbIX

CmewwmBaor 250 cm®  guctunnupoBaHHoW  Bogsl ¢ 1,8 cm®
KOHLEHTPMPOBAHHOM a30THOM KUCIOTbl. CPOK XpaHEeHMs1 B MAOTHO 3aKPbITOM
nocyfe He orpaHuyeH.

9.2.4 PacTtBOp a30THOM KUCNOTbl B AUCTUIINIMPOBaHHOW BoAe,
0,1 monb/gm®

[ns BbLINOMHEHMS M3MEPEHUN cnocobom nnameHHOW atoMm3aumm B
MepHYI0 Konby BMecTUMOCTbio 500 cMm® ¢ 06beMoM AMCTUNNMPOBaHHOI BOAb!
He Gonee 200 cm® oTmepsioT 3,1 cM® KOHLLEHTPUPOBAHHOM a30THOI KUCHOTI,
AOBOAAT OO METKM Ha konbe anctunnmnpoBaHHoOW Bogon. CpoK XpaHeHus B
MNMOTHO 3aKPbITOM NSIACTUKOBOW NOCYAE HE OrpaHUYeH.

9.2.5 PacTtBOp a30THOM KUCNOTbl B OMAUCTUNNMPOBAHHOW BoOAe,
0,1 monb/gm®

Ona  BbINOMHEHMSI  U3MEPEHUA  CMOCODOM  3NEKTPOTEPMMYECKON
atommsauMm B MepHylo konby BmecTumocTbio 500 cm® ¢ o6bemom
6UOMCTUNNMPOBaHHOW Boabl He 6Gonee 200 cm® oTmepsior 3,1 cm®
KOHLEHTPUPOBAHHON a30THOM KWUCMOTbI, A0BOOAAT A0 METKM Ha Konbe
GuancTMnnupoBaHHon BOAOW. [lonyyeHHbIM pacTBOP XPaHAT B MNSAcTUKOBOM
MNOTHO 3aKkpblTon nocyae He bornee 10 cyT.

9.2.6 OuMLEeHHbIN KBapLeBbIU NeCOoK

KBapueBblt MEeCOK AnA MpoBeAEHUS U3MEPEHUA XOSIOCTOM Mpobbl
OYMLaT OT MNPUCYTCTBYKOLWIMX COeaAVMHEHMN MeTannos. [na 9Ttoro B
TEPMOCTOMKNA CTakaH BMecTumocTbio 400 cm® nomewaoT 50T necka,
pobasnsoT 200 cm® pacTBopa as3oTHoM kucroTbl (1:1). CMmecb KUNATSAT B
TedyeHue 1 4. lNpn nosiBNneHMM OKpacku pacTtBopa KUCIOTbl €ro 3aMeHsItoT
cBeXxen nopumen u npouenypy KunsyeHus noOBTOPAT A0 MNpeKpalleHus
oKpawwmBaHusi. [anee necok He MeHee 3 pas MpomMbliBatoT
ANCTUNNMPOBAHHOW BOLOW OO0 HeuTpasribHOM peakuum pH NpOMbIBHLIX BOA
nocne pAekaHtauuu. [Ona ycKOpeHWs MpoMbiBaHUA U yOareHUs OCTaTKOB
KNCNOTbl  OOMyCKaeTCsl HarpeBaHWe CMeCcu Ha anektponnutke. [ns
3aKMIOYNTENBHONO MPOMbIBAHUS UCMONb3YT OUOUCTUNNMPOBAHHYIO BOAY.
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XPaHAT OYMLLEHHBIN KBapLEBLIN NECOK Nofd croemM GuancTuniampoBaHHOM BOAbI
B NSIOTHO 3aKPbLITOM cocyae B xonoaurbHuke He 6ornee 1 mec.

MpnmeyaHune — B cnyyae npuUMEHEHUA OpYyrMx TUMNOB necka (BKM4Yasi peyHon)
ana nposegeHnd M3MepeHI/II7I XonocTon I'Ip06bl ero oynMwarT aHalriorm4HbiM o6pasoM C
obda3aTenbHbIM KOHTpOJ1IEM OCTATO4YHOIoO coaep>XaHunda KaaMuna n CBUHLA, KOTOpPOE He

OOJDKHO npeBblllaTb 3HAYEHUN HWKHEN rpaHnubl Anana3oHa MsmepeHvuZ MaccoBoW Aonu
3TUX MeTansos.

9.3 MNpuroTtoBneHue rpagyMpoBOYHbLIX PaCTBOPOB

9.3.1 OCHOBHble TrpagyMpoBOYHbIe PpPacTBOpPblI C MaccoBOM
KOHUEeHTpauuen NoHoB KobanbTa n cemHua 50,0 mr/gm®

[na npuroToBneHns COOTBETCTBYIOLLENO OCHOBHOMO rpagyupoBOYHOIO
pacTBopa MOHOB MeTarsifa BCKpbIBalOT cooTBeTcTBYOLWY0 amnyny CO n ee
COOEpPXMMOe MEepeHOCAT B Cyxyld nNpobupky BmecTUMmocTblo 5cm®. C
MOMOLLLIO CYXOil MUMETKN C OgHOW OTMeTKol oTbupatoT 5,0 cm® pacTBopa
FCO u nepeHocaT B MepHylo konby BmecTumocTbio 100 cm®. [o6asnsioT
1 cM® KOHLIEHTPUPOBAHHOWN a30THOW KUCMOTbI, AOBOAAT 06beM A0 MeTKM Ha
Konde oMCTMnNnMpoBaHHOM BOAOW, nepemelumBatoT. MaccoBasi KOHUEHTpauus
MOHOB MeTasa B COOTBETCTBYIOLWEM OCHOBHOM rpagyupoOBOYHOM pacTBope
coctaBnT 50,0 mr/gm®.  EcnyM  KOHUEHTpauMsi MOHOB MeTanna B
cootBeTcTByowem [CO He paBHa TouyHo 1,00 mr/cm®, paccumTbiBaOT
MacCCOBYI KOHLEHTpauui B OCHOBHOM rpagyMpoOBOYHOM pacTBope B
COOTBETCTBUM C KOHLIEHTPaLMeN KOHKpeTHOro obpasua.

PacTBoOpbl XpaHAT B NMIOTHO 3aKpbITOM NIacTMKOBOW nocyae He 6onee
3 mec.

9.3.2 OCHOBHbIe TrpagyMpoBOYHbIE pacTBOpPbl C MaccoBOMU
KOHLUEeHTpauMen MoOHOB Kaamusa n xpoma 10,0 mr/gm®

[ns npurotoBneHns COOTBETCTBYIOLLENO OCHOBHOMO rpagyupoOBOYHOIO
pacTBopa MOHOB MeTasfa BCKpbIBalOT cooTBeTcTBYOLWYO amnyny NCO n ee
COOEpPXVMOe MEepeHOCAT B Cyxyld npobupky BMecTUMOCTbio 5cm®. C
MOMOLLIbIO CyXOii rpafyMpOBaHHON MUNETKN BMEeCTUMOCTbio 1 cMm® oTbupatoT
1,0 cm® pactBopa TCO M nepeHOCAT B MEpPHY KONBy BMECTUMOCTbIO
100 cm®. Jo6asnsioT 1 cm® KOHLIEHTPMPOBAHHOW a30THOM KUCIOTbI, 4OBOAAT
obbeM OO0 MeTkM Ha konbe AUCTUNNMPOBAHHOW BOAOW, MEpPEMELLUNBAIOT.
MaccoBasa KOHUEHTpauusi MOHOB MeTanna B COOTBETCTBYHLLEM OCHOBHOM
rpafyvpoBOYHOM pacTBope coctaBuT 10,0 mr/am®. Ecnu  KOHUEeHTpauus
noHos MeTtanna B cootBetcTByowem CO He pasHa To4yHO 1,00 mr/cm®,
paccynTbiBalOT MaCCOBYIO KOHLEHTpaLMil0O B OCHOBHOM rpagyvMpoOBOYHOM
pacTBOpe B COOTBETCTBUM C KOHLIEHTpaLMen KOHKpeTHOro obpasua.

PacTBopbl XpaHAT B NNOTHO 3aKPbITOW MiacTUKoBOW nocyne He 6onee
1 mec.
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9.3.3 Paboume rpagyMpoBOYHble pPacTBOpbl C MacCOBOW
KOHLUeHTpaunen MoHoB KobanbTa u ceuHua 10,0 mr/gm®

[ns npuroToBneHns COOTBETCTBYKOLWEro paboyero rpagympoBOYHOro
pacTBopa MOHOB MeTarsna C NOMOLLbI NUMNETKN C OAHOM OTMETKOW OTOMpatoT
20,0 cM® COOTBETCTBYIOLLErO OCHOBHOMO rPagyMpOBOYHOrO  PacTBOPa,
NepeHOCAT B MepHyo konby BmecTumocTbio 100 cm®, noBogsT ob6bem [0
MeTkM Ha konbe pacTBOPOM  a3oTHOM  kucroTel, 0,1 monb/am?,
npurotToBneHHbIM No 9.2.4, nepemelumnatoT. MaccoBas KOHLEHTpaLNA NOHOB
kobanbTa M CBMHUA B paboyemMm rpagyvpoOBOYHOM pacTBOpPE COCTaBUT
10,0 mr/gm®.

PacTBopbl XpaHAT B NSIOTHO 3aKpbITOM NNacTUKOBOM nocyae He 6onee
1 mec.

9.3.4 Pabouue rpagympoBO4YHble pacTBOpbl C MaccoBOM
KOHLUEeHTpauuen MOHOB KagMua n xpoma 2,0 mr/gm®

[na npurotoBneHusi cooTBeTCTBYOLLEro pabo4vero rpagympoBOYHOIO
pacTBopa MOHOB MeTarna ¢ NOMOLLbIO NMUNETKU C OAHOW OTMEeTKoW oTbupatroT
20,0 cM® COOTBETCTBYIOLLErO OCHOBHOIO [PafdyVMpPOBOYHONO  pacTBOpa,
NepeHOCAT B MepHyt konby BmectumocTtbio 100 cm®, poBoasit 06beM 1o
METkM Ha konbe pacTBOPOM  a3oTHOW  kucnoTbl, 0,1 momb/am?®,
npurotToBneHHbIM No 9.2.4, nepemelumnsatoT. MaccoBasa KOHLEHTpaLUA NOHOB
KagMuss M xpoma B paboyem rpagyMpoBOYHOM pacTBOpe COCTaBuUT
2,0 mr/om®,

PacTBOpbl XpaHAT B MAOTHO 3aKpbITOW MiacTUKOBOMW nocyae He 6onee
1 mec.

MpumedaHus

1 Ecnn B nabopaTtopum OTCYyTCTBYET CNEeKTPOdOTOMETP C NSiaMeHHbIM Cnocobom
aToMusauuum, rpagympoBOYHbIE pacTBOpbl CregyeT roToBUTb C  MCMNONb30BaHWEM
ongucTunnNuMpoBaHHOM BOAbl M pacTBopa  a3oTHouM  kucnotbl, 0,1 MOJ‘Ib/}J,Ms,
NPUroToBfieHHoro no 9.2.5.

2 B cnyyae Hanuuua B nabopatopum  OOCTATOMHOMO  KOSiMYecTBa
OMANCTMNNMPOBAHHOM BOAblI OOMYCTUMO €€ UCMNOoNb30BaHWe [Ons NPUroTOBMNEHUS
rpagympoBOYHbIX pacTBopoB No 9.3 M NpUMEHeHWe pacTBopa as3OTHOW KUCMOTHI,
0,1 monb/am®, no 9.2.5.

9.4 MpuroToBrieHue rpagympoBO4YHbIX Obpa3LoB

9.4.1 IpapynpoBOYHbIe OOpasubl ANA BbINOMIHEHUA U3MEpPeHUW
Ccnocobom nryamMeHHOM aToMusauum

[nsi BbINOSIHEHUSI M3MEPEHUM MACCOBOW AonvM Kaamus, kobanbTa,
CBMHLA N XpOMa B AOHHbIX OTNOXEHUSAX cnocobomM nramMeHHONn atomMusaumm
rOTOBAT rpagympoBoYHble obpasubl Ne 1 — Ne 5.
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pagyvpoBaHHbIMW NuneTkamm BmMecTumocTbio 1, 2, 5 n 10 cm® n
MUNETKOW C OOHOW OTMEeTKOV BMecTuMocTbio 20 cm® oTbupatoT 0b6BLEMBDI
rpagyvpoBOYHbBIX PAcTBOPOB MOHOB Kagmusa, kobanbTa, CBMHLUA M XpoMma,
yKasaHHble MO0 HOMepam rpagyMpoBO4YHbIX obpasuoB B Tabnuue 4,
NepeHoCAT MX AN9 CMELUMBaHUSI B COOTBETCTBYHOLLYID MEPHYI Konby
BMecTumocTblo 100 cm®, goBoasaT obbeM 40 MeTKM Ha Konbe pacTBOPOM
a3oTHoM kucnotbl, 0,1 Monb/Am®, npuroToBneHHbIM no 9.2.4. PacTBopbl
TWaTenbHO nepemewmnBaloT. [lpy  nNpuUroToBNEHUM  rpagynMpOBOYHbLIX
obpasuoB cnegyeTt UCMNONb3oBaTb MUMNETKM C HOMUHANBHON BMECTUMOCTLIO
Hanbonee ONU3KOM K OTMEPAEMbIM ariMKBOTaM rpagyMpoOBOYHbIX PacTBOPOB
(Hanpumep, Ans anukeoTbl 06bemom 2,5 nnu 4,0 cm® OepyT rpagynpoBaHHYO
NMNeTKy BMECTUMOCTLIO 5, a He 10 cm).

Tabnuua 4 — OObembl rpagyMpPOBOYHbIX PacTBOPOB WMOHOB METAIIIOB,
Ncronb3yemble Npu NPUroToBNeHNn rpaaympoBoYHbIX o6pasLoB Ne 1 — Ne 5

O6'beMbI rpauymposqublx pacTBOpPOB
HanmeHoBaHue 3
no HoMepam rpagynpoBOYHbIX 06pas3LoB, CM
MeTanna
1 2 3 4 5

Kagmuii 25 2.0 5,0 10,0 20,0
Ko6anbT 0,5 2,0 1,0 2,0 4,0
CBUHel 0,5 2,0 1,0 2,0 4,0

Xpom 25 50 2,0 5,0 10,0

Mcnonb3yeTca pabounii rpagyMpoBOYHBIA PacTBOP MOHOB MeTarnna, B OCTalbHbIX Cryvasx —
OCHOBHOW rpafyMpoBOYHbIA pacTBop.

Maccosble KOHUEeHTpaunn WnOoHOB MeEeTasuJyioB B rpagynpoBOYHbIX

obpasuyax Ne 1 — Ne 5 npuBeaeHsl B Tabnuue 5.

Tabnnua 5 — MaccoBble KOHLEHTpaUMM MOHOB METansoB B rpagyMpOBOYHbIX

obpasLax A BbINONTHEHUS USMEPEHUIA CNOCOBGOM MITaMeHHOM aToMmn3aLmm

MaccoBble KOHLEHTpauun NOHOB MeTasnoB
HanmeHoBaHue 3
no HoOMepam rpagynpoBOYHbIX 06pasyoB, Mr/am
MeTanna
1 2 3 4 5

Kagmui 0,05 0,20 0,50 1,00 2,00
KobanbT 0,05 0,20 0,50 1,00 2,00
CsuHel, 0,05 0,20 0,50 1,00 2,00

Xpom 0,05 0,10 0,20 0,50 1,00

Ecnn maccoBas KOHUEHTpauna MOHOB MeTasnna B OCHOBHOM U pabodem
rpaJyMpoOBOYHBIX pacTBopax He pasHa TouyHo 50,0 mr/am®, 10,0 mr/am® mnm
2,0 Mr/aM°, paccunTbIBAOT MAaCcCOBYIO KOHLEHTPAUMIO WOHOB MeTanna B
rpagynpoBoYHbIX obpasuax Ne 1 — Ne 5 B CcOOTBETCTBMM C MacCOBOW
KOHUEHTpaumen B KOHKPETHOM OCHOBHOM unu paboyem rpagympoBOYHOM
pacTBope.

PacTtBopbl rpagympoBoYHbix obpa3suoB Ne 1 — Ne 5 xpaHAT B nfOTHO
3aKpbITOW NIacTUKOBOW nocyae He 6ornee 7 CyT.
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9.4.2 lpaaympoBOYHble 0OOpasubl ANA BbINOSIHEHUA U3MepPeHUn
CMNOCoBOM 3NeKTPOTepMNYECKON aTOMU3aL NN

pagynpoBoYHble 0b6pasubl AN9 BbINOSIHEHNA U3MEPEHUIA MacCOBOM
aonu kagmud, kobanbTa, CBMHUA M XpoOMa B [OOHHbIX OTJIIOXEHUAX
CNnocoboM 3EeKTPOTEPMMYECKON aTOMMU3aLMN TOTOBAT C UCMOSIb30BaHNEM
rpagynpoBoYHbIX o6pa3suos N2 1 1 Ne 2 (cm. Tabnuuy 5).

[Ons npuroToBneHusi rpagyvpoBOYHbIX 00pas3uoB B AuanasoHe
MacCOBOW KOHUeEeHTpaumm wnoHoB kagmus ot 0,1 pgo 1,0 MKr/om®
rpagyvpoBaHHLIMM NUNETKaMM BMECTUMOCTbIO 1 1 2 cm® oTbupatoT 0,2; 0,4;
1,0; 1,6 n 2,0 c™m® rpagympoBo4vHoro obpasua Ne 1, nepeHocAT B MepHble
konbbl BMecTMMocTblo 100 cm®, goBoasit oGbembl 40 MeTOK Ha Konbax
PacTBOPOM a30THOM KucroTbl, 0,1 Monb/aM®, NpuroToBneHHeIM no 9.2.5,
nepemewmBatot. MaccoBasd KOHUEHTpaUMsi MOHOB KaaMUs B MOSYyYEHHbIX
obpasuyax coctaBuTt cooTBeTcTBeHHO 0,10; 0,20; 0,50; 0,80 n 1,00 MKr/p,M3.

[Ons  npuroToBneHns rpagyvpoBOYHbIX 00pasyoB B guanasoHe
MaCCOBbIX KOHLIEHTPaLWi MOHOB KobanbTa U cBuHua oT 2,0 Ao 24,0 mkr/am®
rpafyvpoBaHHbLIMW NUNETKamMM BMeCTUMOCTbIO 1, 2, 51 10 cm® otéumpatot 0,5;
1,0; 2,0; 4,0 1 6,0 cm® rpagynpoBoyHoro obpasua Ne 2, nepeHOCAT B MEpHble
konbbl BMecTUMocTbio 50 cm®, [oBOAAT o6Gbembl 4O METOK Ha Konbax
pacTBOPOM asoTHOW KucnoTbl, 0,1 Monb/am®, NPUroToBreHHbiM no 9.2.5,
nepemewmBatot. MaccoBasi KOHUEHTpauusi MOHOB KobanbTa M CBMHLUA B
NonyyYeHHbIX obpasuax coctaBuT cooTBeTcTBeHHO 2,00; 4,00; 8,00; 16,0 u
24,0 Mkr/gm®,

pagynpoBoyHble O6pasubl B AMana3oHe MacCOBOM KOHLEHTpaumu
MoHoB xpoma oT 0,5 go 6,0 mkr/am® roToBsiT, OT6MPasi B MepHble Konbbl
BMECTUMOCTbI0 50 cM® rpagyvpoBaHHbIMU NUNeTkamyn BMECTUMOCTbo 1, 2, 5
n 10cm® 0,5; 1,0; 2,0; 4,0 n 6,0 cm® rpagyuposoyHoro obpasua Ne 1.
[oBogatr obbemMbl OO METOK Ha kKonbax pacTBOPOM a30THOM KUCHOTHI,
0,1 monb/am®, npurotoBrneHHeiM o 9.2.5, nepemewmnBatoT. MaccoBas
KOHUEHTpauMa MOHOB XpoMa B MONYYEHHbIX oOOpasuax cocTaBuT
cootBeTcTBEHHO 0,50; 1,00; 2,00; 4,00 1 6,00 Mkr/am®.

Mpn npuroToBneHUN rpagympoBOYHbIX obpasuoB no 9.4.2 cnepyet
NCNoNbL30BaTb NMUNETKM C HOMUHAaNbHOW BMECTMMOCTbIO Hanbonee GnNu3kon K
OTMepPSEMbIM anMKBoTaM rpagympoBoYHbix obpasuyoB Ne 1 n Ne 2 (Hanpumep,
ona anvkeoT obbemMom 0,2 n 0,4 cm® BepyT rpagyvpoBaHHYIO MUNETKY
BMECTMMOCTbI0 1cm® wmnu ana anukeoTbl obbemom 4,0 om® GepyT
rpafyvpOBaHHYIO MUNETKY BMECTUMOCTbIO 5 cm®).

MaccoBble KOHUEHTpauuM MWOHOB MeTasnoB B PagynpOBOYHbIX
obpasuax, NpurotoBneHHbIx Mo 9.4.2, paccynTbiBalOT B COOTBETCTBUM C
KOHKPETHbIMM  MAacCOBbIMW  KOHUEHTpauusMM  MOHOB  MeTansioB B
rpagympoBoYHbIx obpasuax Ne 1 n Ne 2.
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PacTBopbl rpagyuMpoBO4YHbIX 00pasLOB MOHOB MeTannoB  Ans
BbIMNOMHEHNS U3MEPEHUA CrnocobOM 3NEKTPOTEPMUYECKON aToMU3aLmm
MCNOMb3YIOT B IEHb MPUTOTOBINEHWS.

9.5 NoaroroBka aTOMHO-abCcOpPOLMOHHOrO cnekTpocoTomeTpa

9.5.1 CnektpodoTOMETp rOTOBAT K paboTe B COOTBETCTBUM C
TEXHUYECKMM OMUCaAHMEM WKW PYKOBOACTBOM MO 3Kcnnyatauuu. [Ons
onpegeneHnss kagmus, kobanbTa, CBMHLA M XpoMa B CHeKTpodoTomeTpe
yCTaHaBMBalOT COOTBETCTBYIOLLYIO CNEKTPAsbHYIO flaMny C MosfbIM KaToAoM,
HacTpaumBalT €€ ONTUMarbHbIN PeXMm paboTbl U LUMPUHY CNeKTpanbHOW
LenM MoHOXpomaTopa, HCTUPYIOT MOMOXEHNE nammnbl MO  MakCUMyMy
MHTEHCUBHOCTU WU3My4YeHU (COrnacHo PyKOBOACTBY MO 3Kcnnyatauuum W
pekoMeHaauusiM NpomM3BoaUTENS).

9.5.2 [1ns BbINOSIHEHUSA N3MEPEHUIA COCOBOM NMaMeHHOW aTtomMm3almm
3aXkuratoT BO34yLUHO-aLeTUNeHoBOE NiamMs ropesnkn cnektpodoToMeTpa, Kak
ONUcaHo B PYKOBOLCTBE MO JKChnyaTauuu.

N3mepeHnss MaccoBOW KOHLEHTpauuM MeTasnsfoB BbINOSHAKT Ha
PE30HAHCHOW CMeKTpanbHOM JNUHUM C AOSMHOW BOJSHbl Acy = 228,8 Hwm,
Aco = 240,7 HM, App = 283,3 HM U Ac, = 357,9 HM.

9.5.3 [Ina BbLINOSTHEHNA M3MEPEHU CNOCOBOM INEeKTPOTEPMUYECKON
aTomMmM3aumMm B COOTBETCTBUM C PYKOBOACTBOM MO  3KcnnyaTaumm
NOOKIIOYAT TeMnepaTypHy MporpaMMmy HarpeBa 3feKTpoTEPMUYECKOro
aToMusatopa CnekTpopoTomeTpa, COOTBETCTBYIOLLYK onpeaenseMomy
meTanny. B atomusatope pasmellaroT rpautoByto KIOBETY W BbIMOSHSAKOT
cneumanbHyto nporpammy «QOuucTKa», NpM 3TOM U3MEPEHHOE 3Ha4yeHue
aTOMHOro normnoLweHns metanna (ganee — abcopbuMOHHOCTb) HE AOSMKHO
npesbiwatb 3HadvyeHus 0,01. Ecnn nonyyeHHoe 3HayveHne abcopOLMOHHOCTU
npesbiwaet 0,01, npoueaypy OYMCTKM MOBTOPSIOT 4O AOCTWXKEHUA Tpebyemoro
3Ha4YeHus. B 3TOM cny4vae 9NEKTPOTEPMUYECKNI aTommsaTtop
cnektpopotomeTpa rotoB K pabote. [lporpammy «Oumuctka» Takke
BbIMOMHAT NOCne 3aMeHbl rpadMTOBOM KIOBETbI B aToMmsaTope
cnekTpocoTomMeTpa 1 npu nepexone OT BbINOMHEHUA N3MEpPEHNn BonbLINX
KOHLUEHTpauMi MeTanoB K MEHbLUMM.

N3mepeHnss maccoBOn KOHLIEHTpaUUM KaaMUs U CBUHLA BbINOMHAOT
nocrne pasMelleHns B aTtoMu3aTtope CcrnekTpodpoToMeTpa KIBETbl U3
BbICOKOMMOTHOrO rpaduta, Ons  BbINOMHEHUA WU3MEPEHUN  MacCOBOM
KOHUEeHTpaumn kobanbTa U Xpoma yCTaHaBnMBalT rpapuToOBYHO KIOBETY C
AMPOSIUTUYECKUM  MOKPbITUEM.  M3MepeHna  MaccoBOW  KOHLIEHTpauuu
MEeTansioB BbINOSTHAKT Ha PE30HAHCHbIX CNeKTpanbHbIX NMUHUAX N0 9.5.2.
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9.6 YcTaHOBReHue rpagympoBOYHbIX 3aBMCUMOCTEN

9.6.1 [pagynpoBO4YHble  3aBUCMMOCTW  YCTaHaBnuMBawT  nepen
N3MEPEHNEM MaCCOBbIX KOHLUEHTpauun MeTannoB B pacTBopax AOHHbIX
OTNOXEHUN nocrne MMKPOBOSHOBOK 06paboTkn (ganee — MuHepanusaThl), a
Takke Mnocne 3aMeHbl CrekTpasibHOM namrbl unn rpadoUToBON KIOBETbLI B
cnekTpodoTomMeTpe.

9.6.2 [na ycTaHOBNEHWA rpagyvpoOBOYHbIX 3aBUCUMOCTEN KagMus,
kobanbTa, CBMHLA W XpoMa C WCMNONb30BaHMEM crnocoba nramMeHHOM
aToMu3auuM  BbINOMHAKT He MeHee [OBYX W3MEPEHUn aHanmMTU4eckoro
curHana (abcopbUMOHHOCTKN) pacTBOpa XOSIOCTOro onbiTa (pacTBOp a3oTHOM
kncnoTel, 0,1 monb/am®, npurotoBneHHblt no  9.2.4).  [lonyyeHHble
pesynbTaTbl UAMEPEHNIN YCPEOHSIOT, €CIIM OHU OTNIMYalOTCAa APYr OT Apyra He
bonee yem Ha 20 % nNO OTHOWEHUIO K cpegHemy 3HadeHuto. [anee
BbIMNOSTHAOT HE MEHee OBYX U3MEPEHNIN aHaNNTUYEeCKOro curHana Mmertanna B
KaXkOoM U3 rpagympoBOYHbIX obpasuoB Ne 1 — Ne 5 B nopsigke Bo3pacTaHus
NX KoHueHTpauun. CpegHee apudmMmeTnyeckoe 3HadeHne abcopObUMOHHOCTU
XONOCTOr0  ofnblTa  BblHMUTAOT W3  ycpeaHeHHoW  abcopOUMOHHOCTU
rpagympoBoYHbIX 00pasuoB. [lonyckaeTca BbINOMNHATL 3Ty npoueaypy C
NOMOLLbLIO NporpamMmmMHOro obecneyeHust cnektpodoTomeTpa. lMonyyeHHble
pesynbTathl ANA Kagmus, kobanbTa, CBMHUA M XpoMa B Kaxgom obpasue
yCpeaHsAT Mexay cobomn, ecnm pacxoXaeHnsa Mexay HAMKU o OTHOLLEHMIO K
cpegHeMYy  3HAYeHWID He  MpeBbIWAakT  OTHOCUTEMBHbIX  3HAYEHWUN,
npuBeaeHHbIX B Tabnuue 6.

Tabnuuya 6 — ﬂ,OI’IyCTI/IMbIe pacxoxgeHna Mmexay pe3yiibtataMu |/|3mepeH|/|l7|
MacCcoBOM KOHUEHTpaunn MmeTassfoB C UCMNOJf1Ib30OBaHNEM cnocoba nnameHHoOn
aToMmn3aummn

HanmeHoBaHue |[Juana3oH MaccoBOW KOHUEHTpauun | [JonyCTuMble pacxoXaeHust Mexay
MeTanna mMeTanna, mr/agm> pesynbTatamu nsmepeHun, %
Kagmun Ot 0,05 po 0,2 BKkntoM. 15
KobanbT Ot 0,2 po 1,0 BkntOM. 10
CsuHel, OT1 1,0 po 2,0 Bkntou. 5

Ot 0,05 oo 0,1 BkntoOu. 15
Xpom Cs. 0,1 go 0,5 Bkntou. 10
Cs. 0,5 go 1,0 Bkntou. 5

pagynpoBOYHYIO 3aBUCMMOCTb abcopbunmoHHOCTU (OCb OopAauHaT) OT
MaCCOBOWN KOHLIEHTpaLuM meTtanna B mMr/am° (ocb abcumcc) paccumMTbiBaloT
ANA  Kaxgoro M3 MeTannoB METOAOM HaMMEHbLUMX KBagpaToB WM C
MOMOLLLID NporpaMmMHOro obecrneyeHns cnekTpodoTomMeTpa, MCNosb3ys
cpefHue 3Ha4yeHns1 aHanuTUYecKoro curHana.

9.6.3 [Ina ycTaHoBNeHWa rpagyvpoBOYHbIX 3aBUCUMOCTEN KaaMus,
kobanbTa, CBMHLA W XpoMa C WCMONb30BaHMEM 3MEKTPOTEPMMUYECKOrO
cnocoba aromusauMM  BbINOSMHAKT HE  MeHee OBYX U3MEpPEeHun
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aHanuTmnyeckoro curHana (abcopbuMOHHOCTM) pacTBopa XOSIOCTOro OrbiTa
(pacTBOp as3oTHON kucnoThbl, 0,1 mMonb/am®, NpUroToBREHHbIN no 9.2.5).
[MonyyeHHble pe3yrbTaTbl U3MEPEHUN YCPEeOHSAT Mexay coboun, ecrnin OHU
oTNu4arTCca Apyr OoT Apyra He 6onee 4yem Ha 25 % MO OTHOLUEHUIO K
cpeoHeMy 3HadeHuto. [lanee BbIMOMHAKT He MeHee [BYX W3MepeHun
aHanMTMYecKoro CuUrHana MeTanfna B KaXaoM U3 pacTBOpPOB
COOTBETCTBYOLUNX PagympoOBOYHbIX 06pasLoB, NPUrOTOBMEHHbIX Mo 9.4.2, B
nopsgke BoO3pacTaHua WX KoHueHTpauun. CpegHee apudmeTmyeckoe
3HayeHne abcopbUMOHHOCTN XONOCTOro OnbiTa BbIYUTAOT U3 yCpeaHEHHOM
abCcopOLMOHHOCTY rpagyMpoOBOYHbLIX 06pasyoB. [JonyckaeTcs BbINOSHATL 3Ty
npoueaypy C MOMOLLbI MNporpaMMHOro obecneyeHus crnekTpodoTomeTpa.
[MonyyeHHble pe3yrnbTaThl A8 KagmMus, kobanbTa, CBMHLA U XpOMa B KaXKaAOM
obpasue ycpeOHAT mexgy cobon, ecnu pacxoXaeHuss Mexgy HUMKU Mo
OTHOLWIEHUID K CpedHEMY 3HaYeHUI0 He [MpeBblWaldT OTHOCUTESTbHbIX
3HayYeHuu, NpMBeaeHHbIX B Tabnuue 7.

Tabnuua 7 — [JonycTMMble pacxXoXaeHUst Mexay pe3ynbTataMn N3MepeHui
MacCOBOM  KOHLEHTpauuMM MeTannoB C  UCMonb3oBaHWeM  crnocoba
3NeKTpoTEPMUYECKON aToMU3aLNn

HanmeHoBaHue |[Juana3oH MaccoBOW KOHUEHTpauuun| [JonyCTuMble pacxoXaeHus Mexay

MeTanna mMeTanna, Mkr/am® peaynbTaramu namepenunn, %
OT1 0,1 po 0,2 BKntOu. 20
Kagmun Cs. 0,2 pgo 0,8 BKkntoM. 10
Cs.. 0,8 oo 1,0 BkntoM. 7
KoBanbT Ot 2,0 po 4,0 Bkntou. 20
Cenrell Cs. 4,0 oo 16,0 BKkntou. 10
Cs. 16,0 oo 24,0 Bkntou. 7
Ot 0,5 po 1,0 BKntOu. 20
Xpom Cs. 1,0 go 4,0 Bkntou. 10
Cs. 4,0 go 6,0 BkntoM. 7

pagyvpoBOYHYO  3aBUCUMOCTb  abCcopOUMOHHOCTM OT MacCOBOM
KOHUEHTpaun meTtanna B MKr/am® paccymMTbIBalOT aHanornyHo 9.6.2 ans
Ka)kgoro u3 MeTansos.

9.6.4 Ecnu nony4yeHHoe pacxoxgeHne Mexay pesynbTaTamu
namepeHnn 6onee gonyctumoro (cM. Tabnuubl 6 1 7), cnegyeTt BbINOSHUTD
NOBTOPHbIE M3MEPEHUST U ybeauTbCa B MPUEMNIEMOCTU pe3ynbTatoB. B
NPOTUBHOM cCriydae, MOBTOPAOT HACTPOUKY crnekTpodoTtomeTpa no 9.5,
yCTaHaBnMBaloT rpagynpoBOYHYHO 3aBUCUMOCTb.
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10 NMopAaaoK BbINOSIHEHUA U3MEPEHUN
10.1 MoaroToBKa U MUHEepanM3auusa AOHHbLIX OTIIOXKEHUU

10.1.1 MNepepn nepemeLlInBaHNEM CBEXEOTOBPaHHOM UK NpeasapuTensHO
PasMOPOXXEHHOM [0 KOMHATHOW TemnepaTtypbl npobbl obpasoBaBlUMACS Ha
NOBEPXHOCTU TBepAon pasbl CrOW BOAblI CNMBAKOT KaK MOXHO [MOJIHee.
[IOHHbIE OTNOXEHNSA TLWATeNbHO NeEpeMELLMBAlOT LWNaTeniem Bo BceM obbeme
€MKOCTWN XpaHEHUsT KPYroBbIMU OBUMXEHUSMWN OT CTEHOK K LEeHTPY eMKocTu. B
npoLecce nepemMeLBaHnsa ¢ NOMOLLBbIO NMUHLETa yaansaT TBepable YacTuubl
AnameTpom 6onee 2 MM U WMHOPOAHbIE doparMeHTbl (ranbka, pPakyLuKu,
pacTuTenbHble U MUHEpParnbHbIE OCTaTKM U T.1.).

Ecnu OOHHbIE OTNOXEHUS WMEKT XUAOKYH KOHCUCTEHUMIO, nepea
nepemMeLluMBaHMeM UM datoT OTCTOATbCA He MeHee 24 4 u obpas3oBaBLUMNCS
Ha NOBEPXHOCTU CIIOM BOLbl CITNBAtOT.

10.1.2 W3 kaxgon npobbl [OOHHLIX OTNOXEHUH oTOMpalT ABe
npnbnnantTenbHO oauHakoBble (C pasHuuen He Bonee 0,015 r) HaBecku
maccon ot 0,200 mo 0,500r B npensapuTesibHO B3BELUEHHbIE COCyabl
nabopaTopHO MUKPOBOSHOBOW cucteMbl. OQHOBPEMEHHO OTOMPalOT HaBeCKy
AOHHbIX OTNOXEHU Maccon oT 1 Ao 2 r ans onpeaeneHnsa BrnaXHoCTn npob
no 10.2. BsaBewwvBaHWe Bcex HaBeCOK Mpobbl, COCygOB MUKPOBOSTHOBOW
CUCTEMbl W CTakaHuYMka [Ona B3BewmBaHus (Blokca) ans onpeneneHus
BTAXXHOCTW NPOU3BOAAT Ha BECaX BbICOKOro Kriacca TOYHOCTM.

[Ons paspylweHnss MUHepanbHOM N OpPraHUYeckon MaTpuubl OOHHbIX
OTNOXEHUW HarpeBaHMEM B MMKPOBOSTHOBOM MOJSI€ K KaXKAOW U3 ABYX HAaBECOK
B COCYAbl MUKPOBOJSTHOBOW CUCTEMbl MPUMUBAOT 5 CM® KOHLIEHTPUPOBAHHOM
a30THOI KMcnoThl 1 2,5 cm® nepokcnaa Bogopoda. [ocne okoHYaHWs GypHOro
rasoBblgeneHnss (He paHee u4em udeped 10 MuH) npubaensioT 2 cMm®
ANCTUNNIMPOBaHHOW BOAbI.

MwuHepanusauuio 3arpa3HeHHbIX WU UNUCTbLIX OOHHbIX OTMOXEHUN
(Mec4YaHnCcTbI NN IVHUCTBLIW UN) PEKOMEHAYETCH BbIMOMHATL U3 HaBECKU
onuxke k 0,2 r, ons necka UIMCTOro Unn rMuHncToro — 6nmke k 0,5 .

[ns npo6 nnuctoro Tnna unu npob, cogepxawmx 6onbLume KonuyecTea
OpraHMYecKnx BeLLECTB, PEKOMEHOYETCH MCMNOoSib30oBaTbh TedrIOHOBbIE COCYAbl
MVKPOBOHOBOW CUCTEMbI BMECTUMOCTLIO 6onee 55 cm®,

MpumevyaHne — Ecnu nos3BomnsieT KOHCTPYKUMS BECOB, B3BelUMBaHWE Mpob
BbIMOSHSAOT B COCY1aX MUKPOBOHOBOW CUCTEMbI.

[MNOTHO 3aKpbITble 3aBMHYMBAIOLMMUCA KPbILLKaMKU cocyabl ¢ npobamum
N peakTMBamMu pasMeLLaloT B paboyven kamepe MMKPOBOSTHOBOW CUCTEMBLI W
BbIMOSMHAT  NporpamMMmy  HarpeBaHua  (MMHepanusauyuu).  Ycnosus
HarpeBaHWs OOHHbIX OTMOXEHUM C WUCNOSIb30BaHNEM MUKPOBOSTHOBOW
cuctembl Mars-6 npueegeHbl B Tabnuvue 8.
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Tabnunuya 8 — Ycnoeusa HarpeBaHUss AOHHbBIX OTNOXEHUA C UCNONb30BaHNEM
Mars-6

Cragus Bpemsa ysenuyenus | Bpema nogaoepxanusa | Temnepatypa | MowHOCTb,
TemnepaTypbl, MUH TemnepaTypbl, MUH craguu, ° C BT
1 8 - 90 600
2 9 - 150 700
3 12 20 200 1000

MwuHepanusaumss npob AOHHbIX OTMOXEHUM C  UCMNOSIb30BAHUEM
MWKPOBOSTHOBOW CUCTEMbI OPYron Mapku BbINOMHAETCS B COOTBETCTBUM C
PYKOBOLACTBOM MO 3KcnnyaTauum no nporpammam MuHepanusauum noys mnu
AOHHbIX OTNIOXEHUIN B YCIOBUSAX, aHANOM4YHbIX ykasaHHbIM B Tabnuue 8.

[Mocne 3aBeplleHUs nporpamMmbl HarpeBaHUst U OXNaXaeHus o
KOMHaTHOM TemnepaTtypbl MWHepanu3atbl BMeCcTe C HepacTBOPMBLUMMCS
OCTaTKOM C MOMOLLIbIO BOPOHOK NEPEHOCAT B MEPHblE KOMBbl BMECTUMOCTbLIO
50 cm®. Ecrm B nabopaTtopun OTCYTCTBYET CneKTpodoTOMETP C NiaMeHHOI
aTomMu3aumen, MuvHepanu3aTbl NEPeHOCAT B MEpPHble KOSObl BMECTUMOCTbBIO
100 cM® Onst BbIMOSIHEHWS! M3MEPEHWUI MacCOBOW KOHLEHTPALMM MeTasroB
CrnocoboMm 3nekTpoTEPMNUYECKON aTOMU3aLNN.

TednoHoBbIe cocydbl MWKPOBOSTHOBOW CUCTEMbI MOCMe yAaneHus
MUHepanu3aToB 0OMbIBAOT ABaxAbl MOPUMSMU OUCTUNNMPOBAHHOW BOAbI
ob6bemoM oT 5 go 10 cm®, nomelLast NPOMbIBHbIE BOAbLI B COOTBETCTBYIOLLME
MepHble Konbbl K MMHepanu3atam. [JosoaaT o6bemMbl pacTBOPOB A0 METOK Ha
kondax AOUCTUNNMPOBaHHOMW BOAOW W TWATENbHO nepemewmnsaT. [lpu
NoAroTOBKE MMHEPanu3aTOB K  BbINOMHEHUID WN3MEPEHU  cnocobom
3NEKTPOTEPMUYECKON aTOMU3ALIMN UCMOMb3YIOT BUONCTUNNMPOBAHHYO BOAY.

Utobbl B arommsaTtop cnekTtpodoToMeTpa He nonanu 4acTuupl
HepacTBOPMBLLErNOCA OCTaTka, €ero OoTaenslT  UeHTpudyrnpoBaHMeEM
MUHepanu3ata B TedyeHne 2 muH B pexume 3000 o6opoTOB/MUMH  mNu
JunbTpoBaHMEM Yepe3 CTEKMNOBOSIOKOHHbIM - puUnbTp, nNpeaBapuTesibHO
NPOMBITBIN 5 cM® 1 %-HOro pacTBopa a3o0THOM KUCMOTHI.

M3mepeHne maccoBown KOHUEHTpaUuM MeTannoB HE0BXo0AMMO BbINOSHUTb
B TeYeHue 7 CyT unm nepeHectu MuHepanu3aTtbl B MNSACTUKOBYH MNocyay W
XPaHUTb B XONOAUITbHUKE A0 BbIMOSHEHNSA n3MepeHnin He bonee 1 mec.

10.1.3 [1na namepeHna aHannTU4YeCcKoro curHana mMeTasnsioB B XONI0CTON
npobe 4epes npoueaypy MUKpoBOrHoBoW obpaboTtkm no 10.1.2 npoBogsT
ABE HaBECKN OYMLLEHHOrO KBapLEBOro necka, aHanornyHole HaBeckam
JOHHbIX OTNOXEHUHN.

MpumevyaHne — B cnyyae Hanuuns B nabGopatopuu OOCTAaTOYHOrO KOnuyecTea
OMOUCTUNNMPOBAHHOW BOAbl AOMYCTUMO €€ WUCMNoNb3oBaHMe Mpu  NPUrOTOBMEHUM
MUHepanu3aToB Ans NPoBeAeHUs N3MepeHnii cCnocoboM nrnaMmeHHoM aToMu3aLuni.
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10.2 OnpeaneneHne BNaXxXHOCTU AOHHbLIX OTMIOXXEHUN

[nsa pacyeta maccoBoM [JonM MeTannoB Ha 1 Kr cyxoro ocrtaTtka
AOHHbIX OTMOXEHUA HEeobXOAMMO Y4YMTbIBaTb Pa3sHyl BRaXHOCTb Mpob wu
NpoBOAMTL ee onpeaeneHue.

[na 3Toro ogHOBPEMEHHO C OTOOpPOM HaBecok npobbl no 10.1.2 B
AOBEAEHHbIN A0 NOCTOSHHOM MacCbl CTakaH4uMK Ans1 B3BelumBaHus (OHOKC)
oTbupatloT HaBecky maccom oT 1 0o 2 r Tor e Npobbl AOHHbLIX OTIOXEHWUMN.
CTakaH4YMK C HaBECKOW MOMELLAlOT B CYLUUIbHbBIA LKA 1 BblOEPXKUBAKOT Mpun
Temnepatype (105+2)°C He MeHee 24, nocne 4ero oxnaxgawT OO0
KOMHaTHOW TemMnepaTtypbl N B3BELLUNBAIOT.

[Mpouenypy BbICyLLMBAHUA MOBTOPAIOT B TeveHne 1 4 un, ecnv pasHuua
Mexay nocnegHuMM B3BelMBaHUAMUM He npesbiwaet +0,001 r, To ganee
paccYnTbIBAOT BNAXXHOCTb NPOObI JOHHbLIX OTIIOXKEHUN W NO hopmyre

m —m
w=—1 2, (1)
m —m
1 3
rae m — macca 6lkKca C HaBeCKOW AOHHbIX OTNOXEHWN eCTEeCTBEHHOW

1
BMNa)HOCTW, T;

m < o <
2 — macca brokca ¢ BbICyLULEHHOM OO MNMOCTOAHHOM MacCCbl HaBECKOU
AOHHbIX OTNOXEHUN, T;

M, — Macca nycToro Glokca, T.

Ecnu xe pasHuua npesbiwaeT +0,001 r, TO npouenypy BbiCyLLMBAHUSA
NOBTOPSAOT 0O AOCTUXKEHUA 4ONYCTUMOW pasHULLbI.

[loBegeHVe A0 NOCTOAHHOM MacChbl CTaKaHYMKOB AN B3BeLUMBaHUA
NPOBOAAT aHaNnorMyHo ONMCcCaHHOW npoueaype BbiCyLLUNBaHUS.

I'IpmmeanVle - ,El,onyCKaech ana  n3MepeHunda BIIaXHOCTU WCMNOJIb30BaTb
aHanm3aTtop BJITa>XHOCTW.

10.3 NopsaoK BbINOSTHEHUA U3MEPEHUN

10.3.1 MpepBaputenbHble U3MEPEHUS] MacCOBOM KOHLIEHTpauuu
MeTansnoB B MUHepanuisaTtax

Mpn Hanuuum B NnabopaTopumn CNEKTPOOTOMETPA C ABYMSI PEXMMAMMU
aToMM3auum MUHepanusaT B MEPBYHD OYepeab aHanuaupylT crnocobom
nnameHHou  atomusaumu. [lpy  NONYYEHHOM  3HAYEHUM  MaCCOBOM
KOHLEHTpaUMn MeTanna Hmwke TakoBOW AN rpagympoBoyHoro obpasua Ne 1
(cM. Tabnuuy 5) BbINOMAHAT U3MEPEHME C ANEKTPOTEPMUYECKMM CNOCOBOM
aTomusauum. B nNpoTMBHOM crnyvyae MNpoAoSiKalT BbINOSIHEHWE WU3MEPEHUN
cnocobom nnameHHon aToMusaumn.
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10.3.2 BbInonHeHne U3amepeHnm cnocooom nyiameHHoOM aToMm3aumm

10.3.2.1 MuHepanusaTbl C NOMOLLbIO pacnblIUTEeNs BBOAAT B BO34YLLHO-
aueTurieHoBoe nfamMsi ropesnku CrnekTpodpoToMeTpa B COOTBETCTBUM C
PYKOBOACTBOM MO €ro aKcrnnyaraumm u NpoBoadaAT He MeHee OBYX U3MEPEHUN
MacCOBOW KOHLUEHTpauuM MeTarnma B KaxxgomMm MuHepanuaare.

[MonyyeHHble pe3ynbTaTbl W3MEPEHUSS MAcCCOBOW  KOHLUEHTpaumm
METanmnoB B KaXXOOM W3 ABYX MWHEpanu3aToB YCpeaHsT mexay cobon,
€CIlnN pacxXoXXOeHNa MeXady HMMMU MO OTHOLLUEHUIO K CpedHEMY 3HAYEeHWUIO He
NPEeBbILLAT OTHOCUTENbHLIX 3HAYEeHUN, NPUBEAEHHbLIX B Tabnuue 6. [Npu
NOSTyYEHUM 3HAYEHUST pacXoXOeHNA MexXay pesynbTaTamu nsmepeHumn bonee
A0nycTumMoro noctynarT no 9.6.4.

10.3.2.2 B cny4yae oTcyTcTBMS B nabopaTtopum crnekrpodoTtomMeTpa C
3NEKTPOTEPMMYECKMM CNOCOOOM aTtoMm3auum MUHepanusaTbl, AN KOTOPbIX
NOSlyYEHblI MacCOBble KOHLEHTpauun Kagmus, KobanbTa, CBMHLUA M Xpoma
meHee 0,05 mr/gm®, KOHLUEHTPUPYIOT ynapuBaHuem. [Ons BbINOMHEHUS
aHanusa anukeoTy MUHepanusaTa obbemom 25 cM® nomeLLatoT B KBapLEBYHO
yawy BMecTumocTbio 50 unu 100 cm’, ynapvBalT Ha 3JIEKTPONNUTKE,
noabvpas nonoxeHwe perynatopa Tak, 4YToObl pacTBop He Kunen, a
ncnapsnca go obbema ocTaToyHoro pactsopa oT 2 go 3cm®. lMocne
OXNaXOeHNA CKOHLEHTPUPOBAHHbLIA MUHepanu3at MNepeHOCAT B MEpPHYHO
konby BmecTumocTbio 10 cm®, 0OMbIBaKOT Yawy OBaxabl NopuusaMu
ongmnctTunnupoBaHHon Boabl o6beMoM oT 1 oo 2 cm® 1 goBoasit 06beM A0
METKM Ha Konbe OuaucTUnnNMpoBaHHOM BOAOW. [lonyyYyeHHbIn pacTBoOp
TWAaTeNbHO NepeMeLInBatloT N BbIMOMHAKT namepenme rno 10.3.2.1.

MpumevaHune - [onyckaeTcs ynapuBaHWe MUHepanuM3aToB B CTEKIISHHbIX
cTakaHax BMecTuMocTbi 50 CMS. ﬂ,]‘lﬂ n3mMepeHuna aHanmTn4eckoro curHasra MmetarnsjioB B

Xonocton npobe ynapuBaHWIO NOABEPrawT PacTBOPbI OYULLEHHOINO KBApLEBOro MNecka,
nogrotosneHHble no 10.1.3.

10.3.3 BbInonHeHne U3MEpPEHMU CMOCOOOM 3INEKTPOTEePMUYECKON
aToMmusauuu

MwnHepanunsaTbl C MOMOLLbIO aBTOMaTMYECKOro UM pyyHoOro gosartopa
noMeLlarnT B rpaduToBy0 KOBETY artoMmsaTopa cnekrtpodoTtomeTpa B
cooTBeTCcTBUM C 9.5.3 1 pekoMmeHOauUs MU NMPON3BOANTENS, BbINOMHAOT He
MeHee [OBYX W3MEPEHMA MacCCOBOW KOHUEHTpauuuM MeTanfna B KaXOaoMm
MUHepanunsarTe.

[Nepen npoBegeHMEM MU3MEPEHUN MACCOBOM KOHLIEHTpauumM KagMusa
XpoMa MuHepanuaaTtbl npegBaputenbHO  obsidaTtenbHO  pasbasnsioT.
[ns aTOro NMNeTKon ¢ 0gHOM OTMETKOM OTOMpaloT anuKBOTY MUHepanusaTa
oT 1 go 10 cm® (V2), nomewaoT ee B MepPHYK Konby BMECTUMOCTbLHO
25 unm 50 cm®, goBoasitT o6beM [0 METKM Ha Konbe oMANCTUNNIMPOBAHHON
BOOON, nepemeLumBatoT. KpaTHoCcTb  pasbaBneHus MWUHeparnusara
(COOTHOLWEHNE O0OBLEMOB anuKBOTbl MUHepanus3aTa W  MePHOM Kosbbl)
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BblbupaloT Takmm obpasom, 4YTOObl NofydeHHasd MaccoBas KOHLUEHTpauus
mMeTanna 6bina He MeHee MacCoBOW KOHLUEHTpauun cpefHen 4vacTu
rpagynpoBOYHOro guanasoHa kagMmma n xpoma no 9.4.2.

Ecnn unamepeHHble 3Ha4YeHWA MacCoBOW KOHUEeHTpauuu kobanbta u
CBMHUA npesblaoT 24,0 mkr/om®, MUHepanuaaThbl pasbasnstoT
buanctunnuposaHHon BoAoW. KpaTHOCTb pasbaBneHus MuHepanuiaTta
BblGupaloT Takmm obpasom, 4Tobbl noriydeHHas MaccoBas KOHLEHTpauus
mMeTanna 6bilia He MeHee MacCOBOW KOHUEHTpauuu cpegHen 4vactiu
rpagyvpoBOYHOro AnanasoHa kobanbTa u cBuHUa no 9.4.2.

[MTony4yeHHble pesynbTaTbl U3MEPEHUS MacCCOBOW  KOHLEHTpauum
MEeTansoB A4S Kaxaoro n3 AByX MUHepanunsaToB YCpPeaHSAT Mexay cobown,
€CITN PacXOXOEHUs MeXAy HUMW MO OTHOLUEHUIO K CpefHeMy 3HAYEHUIO He
NPEBbILLAT OTHOCUTESbHBIX 3HAYeHWUN, npuBedeHHbIX B Tabnuue 7. [Mpu
MNONYYEHUN 3HAYEHUS PaCXOXOEHUA Mexay pesynbratamu uamepeHun bonee
A0NyCTUMOro nocTtynatoT rno 9.6.4.

10.3.4 Mewarwme BIIMAHUA U CNOCOOLI UX YCTPaHEeHUs

B npouecce MMKpOBOMHOBOrO HarpeBaHust NPo6 AOHHBIX OTNOXEHUN C
a30THOM KMCIIOTOM M NEepOKCMAOM BOAOpPOAA NPOMCXOAUT paspylLueHune
TBEpAOWN dra3bl Npobbl, paCTBOPEHNE COMEN N OKCUOO0B, a TakkKe pasnoxeHune
OpraHM4yecKknx BeWecTB M WX KOMMNEeKcoB C MeTannamui. B pacteop
MNONHOCTbIO MEPEXOAAT KUCMoTopacTBopuMbie OopMbl Kagmud, kobanbTa,
CBMHLA M XpoOMa, coaepXxaHne KOTopbiX Hambonee GrmM3Ko No 3HAYEHUIO K
BanoBoMy. HepacTBOpPEHHbIM OCTaeTCsl ANOKCUA KPEMHMUS.

[locTaToyHO BbICOKOE coAepXXaHue OCTaTOYHOM  KUCIIOTHOCTU U
pPacTBOPEHHbIX COSEN LLESTOYHbIX, LWEeNOYHO-3eEMESIbHbIX METassoB U xenesa
MO CpaBHEHMUIO C coAep)aHuem kKagmusd, kobarnbTa, CBMHLA UM Xpoma B
npouecce aroMu3auMm MuHepanusata npMBOAUT K  BO3HUMKHOBEHUIO
oHOBOrO  (HEATOMHOr0)  MNOrSOWEHUS. [MpeBblleHne  MaccoBOro
COOTHOLLEHUS Xere3o — onpefensieMbln Metann K KobanbTy, CBUHUY Wnu
xpomy B 1000 n Gonee pa3 npuBOAMT K YBENUYEHUID aHaNUTUYECKOro
curHana metanna Ha 10 % mn 6onee. Boicokoe (o1 50 % o 70 %) doHoBOE
NOrnoweHne BbI3bIBAET MOMEXU (MCKaXXEeHWe pe3ynbTaToB W3MEPEHUR).
ABTOMaTHyeckasa Koppekuuns (y4yeT) poHOBOro normoLweHns Npon3BoanTCs B
3aBMCUMOCTH oT KOHKpPETHOM Moaenu aToOMHO-abcopOLMOHHOrO
cnekTpodoToMeTpa C NOMOLLBbIO AEUTEPMEBOM flaMmbl UK UCMNOSIb30BaHUA
obpatHoro ad)dpekTta 3eemaHa, peanusyemMoro nNpu  pasmeLlieHumn
aToMmmnsaTopa B NepeMeHHOM MarHMTHOM norsie.

B MuHepanusate 1 rpagyvMpoBOYHbIX Obpasuax ans peanusauum
OAMHAKOBbIX YCNOBUWN aToMM3auMM MeTasifoB Mpu BbINOSIHEHUN N3MEPEHUN
NONUBANEHTHbIN MeTann XpPOM [OOSMPKEH HaxoauTbCA B OAHOM W TOM Xe
COCTOSIHUM  okucreHns,, a umeHHo Cr(VI), 4to obecneynBaetca
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ncnosnb3oBaHnem B kadectse ['CO asoTHoKUCHbIX pacTBopoB MoHoB Cr (VI) n
YCITOBUSIMN MUKPOBOJSTHOBOW 06paboTKy.

[Mpn [OoCTaTOMHO BbLICOKOM COAEpXaHuu MeTansfoB Mellawlee
BNIUSIHWE  MOCTOPOHHUX BELWEeCTB MOXHO YCTpaHuUTb pas3baBreHnem
MUHepanuaaTta AUCTUNNMPOBAHHOM NN BMANCTUNNIMPOBAHHON BOLOMN.

11 O6paboTKa pe3ynbTaToB U3MEpPEHUN

11.1 MaccoByto gonto kagmusi, kobanbTta, CBUHUA U Xpoma X, MI/Kr C.0.,
B aHanuanpyemon npobe AOHHLIX OTNOXEHUIN paccyMTbiBalOT No oopmyrne

X:(Cl-ézjﬁ#_w), )

rae Cl — cpegHee apl/ICbMeTW-IeCKOG 3Ha4YeHne MaccoBOW KOHLUEeHTpaunun

MeTasnna, paccyMTaHHOM No rpagynpoBOYHON 3aBUCMMOCTU, B MUHEpanmnsaTe
[IOHHbIX OTNOXEHWUIA, Mr/am>;

C2 — CcpeaHee apmdameTquCKoe 3Ha4YeHne maccoBomn KOHUEHTpaunmn

MeTarna, paccyMTaHHoM Mo rpasyypoBOYHON 3aBUCKMOCTH, B MUHEpanu3aTe
xonocTtou npo6sl no 10.1.3, mr/am®;
V, — 06bem MnHepanuaara, cm”;

Mp, — Macca HaBECKWN JOHHbBIX OTIIOXKEHWIN €CTECTBEHHOMN BNaXXHOCTM, T;
W — BNaXXHOCTb AOHHbLIX OTIIOXEHWUN.

11.2 Ecnu Npuy BbINOSIHEHUM U3MEPEHUN MUHEpanu3aTbl pa3bdaBnanm unm
KOHLUEHTpMpOBarnun, MaccoByld [[OM0 MeTanna B CyXOM  ocTaTtke
aHanuanpyemoun npobbl paccunTbiBalOT C y4eToM pasbasneHunsa X, Mr/kr c.o.,
no oopmyrne 3, C y4eTOM KOHLUEHTPUPOBaHUS X, Mr/Kr C.0., no dpopmyrne 4.

_ V. -V
X :(C C j 173 3)
P 3  4)m -(1—w)-V
np 2
rne C. - cpegHee apudMeTndeckoe 3Ha4YeHUe MaccoBOW KOHLEHTpauuu

3
MeTanna, pacciyMTaHHOWN No rpagyMpoOBOYHON 3aBMCUMOCTU, B pa3baBrneHHOM
MUHepanmaarte AOHHbIX OTMOXEHWA, Mr/am>;

C, — cpedHee apudMeTN4eCcKoe 3HaYeHNe MaCCOBOM KOHLEHTpaLum

MeTanna, paccyMTaHHOM No rpagympoBOYHON 3aBUCUMOCTU, B pa3daBneHHOM
MUHepanuaare xonoctou npobel no 10.1.3, mr/am®;
V, —obbem anukeoTbl MUHepanu3arta Ansa pasbasneHus, cm®;

V; — 06bem MepHoW KonBbl, cm°.
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_ \YRY;
X :(C C j 174 4)
« \"s “6/m -(1-w)-25
np
rge C — cpegHee apVI(*)MeTVI‘-IeCKOG 3Ha4YeHne mMmaccoBom KOHUEHTpaunmn

5
MeTanna, pacCyuTaHHOM NO  rpagyvpoBOYHOW  3aBUCUMOCTW, B
CKOHLIEHTPUPOBaHHOM MUHEpPanu3aTe AOHHbLIX OTAOXEHWIA, Mr/aM>;

C, — cpedHee apudMeTUHeCcKoe 3HaYEHNE MACCOBON KOHLEHTpaLnm

MeTanna, pacCyYMTaHHOM nO  rpagyMpoBOYHOW  3aBMCUMOCTW, B
CKOHLIEHTPMPOBaHHOM MUHepanu3aTe XonocToi npobbl no 10.1.3, mr/am®;

25 — 06beM MUHepanu3aTa Ans KOHLEHTPUPOBaHUs, cM>;

V, — 06bem MepHOW Konbbl, CM>.

12 OcpopmneHue pe3ynbTaToB U3MEPEHUN

12.1 Pe3ynbTaT n3amepeHnss MaccoBow A0nu kaamus, kobanbTa, CBMHLA
M XpOMa B [OHHbIX OTMNOXEHUSAX B JOKYMEHTax, npeaycMaTpuBatoLLmMX ero
ncrnonb3oBaHue, NPeACTaBNAlT B BUAE

X * A, mr/kr c.o. (P=0,95), (5)

roe X — cpegHee apumeTMyeckoe 3HayeHue [OBYX pes3ynbTaToB
N3MEPEHNN, PasHOCTb MexXOy KOTOopbiMM He npeBblllaeT npeaena
nostopsiemoctn r (2,77-0;), Mr/Kr Cc.0.; Npu npeBblEHN Npegena
NOBTOPAEMOCTU criegyeT nocTtynaTb B COOTBETCTBUM C 13.2;

+A — rpaHuubl abCconOTHOM MOrpeLuHOCTN pPe3ynbTaToB U3MEPEHUS
AaHHOW MaccoBOW Jonn meTtanna, Mr/kr c.o. (cM. Tabnuubl 2,3).

ABCONIOTHbIE MNOrPELLUHOCTN Pe3ynbTaToB U3MEPEHUN MNPeaCcTaBnsoT
4Ynucrnom, copepXxawum He 6onee AByX 3Havawmx ungp. HammeHblume
paspsabl YUCIIOBbIX 3HAYEHUW pe3yNnbTaTOB U3MEPEHUN MPUHUMAKOT TakuMm
Xe, Kak W HauMeHblune paspsiabl YUCNOBLIX 3HAYEeHUN abCONOTHBLIX
NorpeLlHoCcTen pe3yrnbTaToB U3MEPEHUN.

12.2 [JonycTumo npeactaBnaTb pesynbTaTt B BUae
X % A, (P=0,95) npu ycrnosumn A< A, (6)

roe *A, — rpaHuubl abCOMNOTHOM MOrpeLlHOCTU Pe3ynbTaToB U3MEPEHUN,
yCTaHOBMEHHbIE NPY peanusaunm MeToauku B nabopatopmm n obecneynsaemble
KOHTPONeM CTabUNbHOCTU Pe3ynbTaToB M3MEPEHWI, MI/KT C.O.

12.3 Ecnu nony4veHHbIN pesynbTaT NU3MepPEeHUss MEHEE HXKHEN rpaHuLbI
AvanasoHa u3MepeHUn MaccoBOW Oonn MeTanna, gonyctmumMo npencraBnaTb
pesynbTaT B BUae

X<X, , mr/kr c.o. (P=0,95), (7)
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rae X, — HWKHAA rpaHuua ananasoHa u3mepeHnin MaccoBor JONN MeTanna,
YCTaHOBMEHHOrO A9 aHHOW MeTOAMKMK, MI/KT €.0. (CM. Tabnuuy 1).

12.4 PesynbTaTtbl UamepeHns opopMIisoT NPOTOKOSIOM UMK 3arnucbio B
XypHane no dopmam, npuvBegeHHbIM B PyKoBOACTBE MO  Ka4vecTBy
nabopatopumn.

13 KoHTponb KayecTBa pe3ynbTaTOB WU3MEPEeHUU npwu
peanusauuu mMeToauKn B nabopartopumn

13.1 O6wme nonoxeHus

13.1.1 KoHTposb KayecTBa pe3ynbTaToB M3MEpPEHUN Npu peannsayum
MeTOAMKN B nabopaTtopun npegycmaTpuBaer:

-OnepaTuBHbIN  KOHTPOSb  UCMOSTHUTENEM npoueaypbl  BbIMOSTHEHUSA
namMepeHMn (Ha OCHOBE OLEHKM [MOBTOPSAEMOCTWN, MOrPeLuHOCTN Mpwu
peanu3aunmn oTAenbHO B3ATON KOHTPOSIbHOM NpoLlenypbl);

-KOHTPONb CTabWMBbHOCTU pe3ynbTaToB M3MepeHun (Ha OcHOBe
KOHTPOSSi CTabuUnbHOCTN NOBTOPSEMOCTU, NOrPELLHOCTN).

13.1.2 [lepnoan4yHOCTb  KOHTPOMSA  WUCMOSIHATENeM  npoueaypbl
BbIMOSIHEHNA M3MEPEHUU, a Takke peanusyemble npoueaypbl KOHTPONS
CTaburibHOCTN pe3ynNbTaToB BbINOSIHAEMbIX U3MEPEHUIN perfiaMeHTUPYTCS B
PykoBoacTtse no kadecTtBy naboparopun.

13.2 Anroputm onepaTtMBHOro KOHTPOJSISi NOBTOPAEMOCTH

13.2.1 OnepaTMBHbLIN KOHTPOSb MOBTOPSIEMOCTU OCYLLECTBAAT AN
KaXQoro M3 pesynbTatoB W3MEpPeHWn, TMOSyYeHHbIX B COOTBETCTBUM C
MeToauKon. [ns atoro otobpaHHyo NPoby OOHHLIX OTNIOXEHWUW OENAT Ha ABe
4acTn U BbINOSTHSAKT N3MEPEHUS KaXKO0W YacTu B COOTBETCTBUM C pasgeniom 10.

13.2.2 PesynbTaT KOHTPOSIbHOM  npouenypbl  f,  Mr/Kr  c.0.,
paccynTbIiBalOT No oopmyne
r|<=|X1—X2|, (8)
roe X, X, — pesynbTatbl U3AMEPEHUN MACCOBOW Oo0nM MeTanna B npobe
AOHHbIX OTNOXEHUN, MI/Kr C.0.
13.2.3 [lpegen nNOBTOPSIEMOCTU I, MI/KI C.0., paccYUTbLIBAOT O
dopmyne
I, =2,27-0;, (9)
roe o, — nokasaTenb MOBTOPSIEMOCTW ASfi9 MaccoBOW [[ONM MeTanna B
npobe, pasHou (X1 + X3)/2, mr/kr c.o. (cM. Tabnuvubl 2,3).

13.2.4 PesynbTaT KOHTPOMbHOW Mpoueaypbl OOSMKEH YOOBNEeTBOPATb
yCIOBU1IO
ST (10)
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13.2.5 Tlpun HecobnogeHun ycrnosua (10) BbINOMHAT elwe /ABa
N3MEPEHUS U CPABHUBAIOT Pa3HULY MeXdy MakCuManbHbIM U MUHUManbHbIM
pesynbTatamm C HOpPMaTUMBOM KOHTponda. B cnydae npesbieHus npegena
nosTopsieMocTn noctynatoT B cootBeTcTBuM ¢ TOCT P CO 5725-6 (pasgen 5).

13.3 AnropuTm onepaTtMBHOIO KOHTPOSA npoueaAypbl BbINOMHEHUA
U3MepeHun ¢ ucnosib3oBaHMeM metoaa Ao06aBOK

13.3.1 OnepatMBHbIN ~ KOHTPOSIb  MUCMNOSIHATENEM  npoueaypbl
BbIMOSIHEHNA  U3MEPEHUM MPOBOAAT MNYTEM CpPaBHEHUA pPe3ynbTaToB
OTAENbHO B3ATOW KOHTPOSIbHOM npouenypsl K, ¢ HopmaTtneom KoHTpons K.

[Mpn BbLINOMHEHUN KOHTPONbHOM npoueaypbl AobaBky pacTBopa MOHOB
MeTanna noMeLLaroT B Te(prioHOBbIN COCYL MUKPOBOSHOBOW CUCTEMBI K HaBecke
NPoObI AOHHLIX OTNOXEHUW Neper BbiNoNHeEHEM MUHepanu3aumm no 10.1.

NS BbINOMHEHNS U3MEPEHUIA CMOCODOM MaMeHHOW aToMu3aunn BBOOAT
1,0 cM® OCHOBHOrO rpagyMpoOBOYHOIO pacTBOpa WMOHOB Kaamusi, kobanbTa,
CBMHUA KX xpoma. [Ana  BbINONHEHUS  U3MepeHun  crnocobom
anekTpoTepMuyeckon arommsauum  ucnonbadywT 0,2 cm®> u  1,0cMm®
rpagynpoBo4vHoro obpasua Ne 1 B kadectBe JoOaBKM MOHOB KagMUs U Xpoma
cooTBeTcTBEHHO, 0,5 cm® rpagyvpoBouHoro obpasua Ne 3 ans gobasku
NOHOB KobanbTa 1 cBUHLUA.

13.3.2 PesynbtaT KOHTpOnbHOW npoueaypbl K,  ™mr/kr c.o.,
paccynTbIiBalOT No oopmyne

Kc=X'- X - C, (11)

rme X' — cpegoHee apudMeTMHeckoe 3HauyeHMe [ABYX pe3ynbTaToB
KOHTPONBbHOIMO M3MEPEHUST MaccoBOW Aonn MeTanna B npobe ¢ M3BeCTHOM
pobaskon C,, MI/Kr c.o.

13.3.3 HopmaTtue KOHTpoOns norpewHocTn K, Mr/kr c.o0., paccynTbiBaloT
no doopmyne

K= \/(An7,)2 +(B, )2, (12)

roe An?’" — 3HayeHust abCconTHOM MOrpeLHOCTN pe3ynbTaToB

X
N3MEPEHNIN, YCTAHOBIIEHHbIE MpPWU peanu3auum MeToauvkm B nabdopaTtopun,
COOTBETCTBYHOLLUME MACCOBOW [one MeTtanna B Npobe OOHHbLIX OTMIOXEHUN C
nssectHon nobaskon C, 1 B paboyen npobe, Mr/kr c.o.

I'Ipmmeanl/le — ,D,OﬂyCTI/IMO Ona pacdeta HOpMaTMBa KOHTPOJIA MCNOJIb30OBATb
3HayeHna abconoTHOM norpewHocCTnn, noJjiydeHHble pac4yeTHbIM NyTeEM Mo cbopmynaM

A —=0,84-A— n A —=0,84-A—, rge A— n A— — npunucaHHble METOaMKe 3HaYEeHWs
nx X nx X X X

abCoMTHON MOrpPeLLHOCTN, COOTBETCTBYHOLLME MacCOBOM Aorne MeTanna B npobe OOHHbIX
OTNoXeHun ¢ gobaBkon 1 padboyen npobe, COOTBETCTBEHHO, MI/KT C.O.
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13.3.4 Ecnu pesynbTaT KOHTPOSbHOW npoueaypbl yOoBneTBopseT
yCroBuIO

| K¢ |< K, (13)
npoueaypy Npu3HalT yaoBNeTBOPUTENBHOMN.

Mpn  HeBbIiNONHEHUM ycnoBus (13) KOHTPOMbHYH  Npoueaypy
noBTopsoT. [py NOBTOPHOM HeBbINOSIHEHUM YycnoBus (13) BbIACHAOT
NPUYMHBI, NpUBOASILLME K HEeYOOBMETBOPUTESIbHbIM  pesynbTaTtam, W
NPUHUMAIOT MEpPbI MO UX YCTPaHEHMUIO.

14 lpoBepka nNpuemMneMocTu pe3ynbTaToB, MONYYEeHHbIX B
yCroBUAX BOCNPOU3BOAUMOCTHU

14.1 PacxoxgeHue mexay pesynbtataMmv U3MepeHuu, nosyyeHHbIMU B
AByX nabopartopusax, He JOMKHO NpeBbIWaTh npeaena Bocnponssognmoctu R.
[Mpu BbINOMHEHMM 3TOrO YCNoBuA npuemnemsl oba pesynbtata U3aMepeHun u
B Ka4eCTBe OKOHYaTenbHOro MOXeT OblTb MCMNONb30BaHO Ux oblee cpeaHee
3HavyeHvne. 3HayeHwe rpedena BOCMPOM3BOAMMOCTU pPaCCUYUTLIBAKOT MO

doopmyne
R =2,770g, (14)
roe Ogr — NokasaTeslb BOCNPOM3BOAMMOCTU, Mr/Kr €.0. (cM. Tabnuubl 2, 3).

14.2 Tpn npeBblleHMN npegena BOCMPOU3BOAUMOCTM MOryT ObITb
MCMNONb30BaHbl METOAbl OLIEHKU MNPUEMSIEMOCTU pe3ynbTaToB M3MEPEHUN
cornacHo NOCT P UCO 5725-6 (pasgen 5) unn M 2881.

14.3 T[lpoBepKy npuemnemMocty npoBoaAT npu HeobxoanmmocTu
CpaBHEHNSA pe3ynbTaToB N3MEPEHUI, NOSNTyYEHHbIX ABYMSA rlabopaTopusiMu.
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KntoueBble crnoBa: kaamuih, KobanbT, CBUHEL, XPOM, AOHHbIE OTIIOXEHUS,
MUKpOBONHOBas  oOpaboTka, MaccoBasi  KOHUEHTpauusi, MeToauka
N3MepeHnin, aTOMHO-abCcopbLMOHHbBIN MeToA

27



PL 52.24.535-2019

INucT peructpaunm nameHeHnn
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HeH-
HOM

HOBOW
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poBaH-
HOM

Homep
AOKYMeHTa

Moanuck

JaTta
BHe- BBe-
CceHus | OeHus
nU3M. U3M.
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