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rOCYAAPCTBEHHbLIA CTAHOAPT PECNYBNNKU BENAPYCb

NPOAYKTbI NULLIEBLIE
OnpepaeneHuve cnepoBbIX 35IEMEHTOB.
OnpepeneHue coaepXxaHus CBUHLA, KAAMUSA, LMHKA, MeAU U Xerne3a MeToaoM
aToMHO-abcop6umnoHHon cnekrpometpumn (AAC) nocrne MUKPOBOTHOBOIO Pas3sroXeHUs

NPAOYKTbl XAPYOBbIA
Bbi3HausHHe cneaaBbiX 3NEMEHTAY.
Bbi3Ha4Y3HHE 3MSALWIY3HHA CBiHUY, KaagMilo, UbIHKY, MeA3i i xxane3a mMeTapgam
atamHa-abcapbublitHail cnektpametpbli (AAC) nacnsa MikpaxBaneBara packragaHHs

Foodstuffs
Determination of trace elements.
Determination of lead, cadmium, zinc, copper and iron
by atomic absorption spectrometry (AAS) after microwave digestion

HaTta BBegeHuna 2013-01-01

1 O6nactb NpUMEHeHus1

HacrosAwwmi ctaHaapT ycTaHaBnMBaeT METO/ onpeaeneHns CoaepXXaHns CBMHLA, KaagMuUs, UMHKA, Mean
M xernesa B NULLEBbIX MPOAYKTaX ¢ MOMOLLbIO aTOMHO-abcopBumoHHoN cnekTpomeTpun (AAC) nocne Mukpo-
BOJTHOBOTO Pa3NOXeHUs.

MeToa NnpUMEHSETCA ANa ONpeaeneHns CoOAePXXaHNs CneaoBbIX NMEMEHTOB B Pa3NUYHLIX BUAAX NULLIEBLIX
npoaykToB. MeToa He MPUMEHSAETCA K MacnaM, XXMpam 1 Apyrum NpoaykTam ¢ BbICOKMM COAEPKaHUEM XMpa.

MeTtoa Ob1n ycnewHo npoTecTMpoBaH B xoAe MexnabopaTopHOro UCCNeAOBaHUA, B KOTOPOM y4acTBO-
Bano 16 nabopartopui [1]. MNuLieBble NPOAYKTLI, HA KOTOPLIE pacNpOCTPaHANACh BanuAaLUuMsa MeToaa, BKMo-
YaloT CMECH, 3EPHOBLIE NMPOAYKTHI, PbiByY, FOBAANHY, MOMIOKO U rPUBHI.

2 HopMaTuBHbIE CChINKN

Ona npMMEHEHUs HaCTOALLEero craHgapra Heo6xoauMbl criefyloLme CCbiNoYvHble OKyMeHThl. [Ana aa-
TUPOBAHHbIX CCbINIOK MPUMEHSAIOT TOJIbKO YKa3aHHOE U3JaHWEe CCbINIOMHOTO [OKYMEHTAa, Ans HeaaTUPOBaHHbIX
CCbINMOK NPUMEHAIOT NOCNEAHEE N3JaHUe CChINOYHOrO AOKYMEHTA (BKIIOYAsA BCE €ro U3MEHEHHUS).

EN 13804:2002 MNMpoaykTbl nuweBble. OnpegeneHue MUKpoanemeHToB. Kputepuu xapakrepuctuk, obme
OLEHKM 1 noarotoBka obpasua

3 CywHocTb MeToaa

Pasnoxexune npobbl NPOBOAAT B 3aKPbITbIX COCYAaX B MUKPOBONHOBOIN MEYU B CMECHU a30THOM KUCHOTbI
1 nepekucu Bogopoaa. lMony4yeHHslin pacTBop pasBoAsAT BOAOW M COAepKaHNe MEeTannos onpeaensior me-
TOAOM MraMeHHOW aTOMHO-abCOPOLMOHHONM CNEKTPOMETPUM UMM METOAOM aTOMHO-abCOPOLMOHHON chek-
TPOMETPUM C UCNONb3OBAHUEM rPaddUTOBOMN MeYn.

MpeaynpexaeHune — MpumMeHeHMe HACTOALLErO CTaHAAPTA CBA3AHO C UCMOSIb30BAHUEM ONACHbLIX
BelecTB, onepaumii 1 obopyaoBaHus. HacTosiwui cTaHOApT He OXBaTbiBaeT BCceX nNpobnem 6e3o-
NacHOCTU, CBA3aHHbIX C €ro NpuMeHeHneM. OTBETCTBEHHOCTb 3a coGniogeHne TeXHMKMU 6e3onacHo-
CTU U YCTAaHOBMIEHUE OrpaHMYEeHU’ NO NPUMEHEHUIK CTaHOApTa HeceT Nosfib3oBaTerlb HACTOSALEro
cTaHgapTa.

M3gaHne oduumanbHoe
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4 PeakTuBsbl

4.1 OOwme nonoxeHusA

KoHueHTpauus cneaoBbiX 3NEMEHTOB B UCMOMb3yeMbIX peakTuBax W BoAe AOMKHA ObiTb A0CTATOYHO
HU3KOM, UTOObI HE CKa3aTbCA HA pesynbTartax onpeaeneHus.

4.2 A30THasi KNCNOTa MacCoBOI Aoneil He MeHee 65 %, NnoTHocTbIo p (HNO3) = 1,4 r/mn.

4.2.1 A3oTHast kucnora, ¢ = 0,1 Mmonb/n.

Pa3soaat 7 Mn KOHUEHTPUPOBAHHOW a30THOW KucnoTol (4.2) Boaon o 1000 mn.

4.2.2 A30THaA KUcnoTa, ¢ = 3 MONb/1.

Passoaar 200 Mn KOHUEHTPUMPOBAHHOW a30THOW KMcnoThl (4.2) Bogon go 1000 mn.

4.3 MNepekucb Bogopoaa maccosoi gonen 30 %.

4.4 CtanpapTHble PacTBopbI

MpumeyaHne — CTaHgapTHele pacTteBopbl Pb, Cd, Zn, Cu u Fe MOXHO NpUroToBUTL U3 METaryioB WU COnei CooT-
BETCTBYIOLLMX MeTannos. MoryT ncnonb3oBaTbCa UMeloLMecs B Npofiaxe pacTBopbl CTaHAapTHLIX 06pasuos. Peko-
MEeHAYeTCS UCronb3oBaTh CepTUDULIMPOBaHHbLIE CTaHAapTHbIE pacTBOpLl. HuxeykasaHHbIe crnocobbl NPUroTOBNEHUS
CTaHAapTHbIX PacTBOPOB NPWBEAEHLI B Ka4ecTBe Npumepa.

4.4.1 CtaHpapTHbIA pacTBOp cBuHUA, 1000 mr/n.

PacreopstoT 1,000 r Pb B 7 MmN a30THOM KMCNOThI (4.2) B MepHoi konbe BmectumocTbio 1000 mn u ao-
BOAAT A0 METKM BOAOM.

4.4.2 CtaHaapTHbIN pacTBOp Kagmua, 1000 mr/n.

PacteopsioT 1,000 r Cd B 20 mn cmecu, coctosAwen u3 10 mn Boabl U 10 mMn asoTHOW KucnoTtel (4.2)
B MepHo# konbe BMecTUMOCTbIO 1000 Mn 1 AOBOAAT A0 METKM BOAON.

4.4.3 CtaHpapTHbIA pacTBOp uMHKa, 1000 mr/n.

PactsopsioT 1,000 r Zn B 14 mn BOAbLI U 7 M a30THOW KMCNOTbI (4.2) B MEPHOI KonbGe BMECTUMOCTbIO
1000 mn 1 4OBOAAT A0 METKU BOAON.

4.4.4 CtaHgapTHbIN pacTBop meau, 1000 mr/n.

PacteopsitoT 1,000 r Cu B 7 Mn a30THOW KMCNOTbI (4.2) B MepHOW konte BmecTumocTbio 1000 mn u ao-
BOAAT A0 METKMU BOAON.

4.4.5 CtaHpapTHbIN pacTBOp xenesa, 1000 mr/n.

Pacteopstor 1,000 r Fe B 14 mn BoAbl U 7 MN a30THON KUCNOTbI (4.2) B MEPHOW KONGE BMECTUMOCTbIO
1000 mn 1 4oBOAAT A0 METKU BOAOW.

4.5 KannbpoBouHbie pacTBOPbI

Pa3soaar cranaaptHble pacTeopbl 4.4.1 — 4.4.5 a3oTHol kucnoton ¢ = 0,1 monb/n (4.2.1) a0 3Ha4YeHUs
KOHLIEHTPaLWmn pacTBOPOB, OXBATLIBAIOLLIETO NMIUHENHBIN Anana3oH onpeaensiemMoro afieMeHTa.

5 Annaparypa u o6opyaoBaHue

5.1 OOwMe NoNoXeHus

Bcio creknsHHyl0 U NNacTMKOBYIO NOCYAYy cneayeTt TWAaTenbHO BLIMUCTUTL U NPOMbITb B COOTBETCTBUM
C npoueaypoi, ycraHosneHHoin B EN 13804.

5.2 ATOMHO-a6COPOLMOHHBIA CNEeKTPOMETP C Koppekuuel PoHa, OCHALLEHHLIV rPacMTOBOIN MeYbIo
C aBTOMaTUYECKMM [103aTOPOM, ropenkamu AnA NNaMmeHHOro aHanu3a u COOTBETCTBYIOLLMM NOABOAOM ras3a.

5.3 AcTOYHMKM cBeTa ANA KOHKPETHOro 3fieMeHTa, HanpuMep namnbl C NOMbIM KAaTOAOM AnNsi BCEX
aHanuMsMpyembIxX 3NE€MEHTOB.

5.4 NpachmTOoBbLIE TPYOGKU C NMPONUTUYECKUM NOKPLITUEM M NnaTdopmamu ana Pb u Cd.

5.5 MukporonHoBasa neyvb, NpeaHasHaYeHHan Ans nabopaTtopHOro UCMOnNbL30BaHMs (NPOBEPSIIOT NO-
CTaBIsAEMyI0 MOLLHOCTb B COOTBETCTBUM C npoueaypon, ycraHoBneHHouw B EN 13804), u cocyabl ana pas-
NOXXEHNA CTaHAapTHOW BMECTMMOCTLIO 100 MmN, BblAepXuBaioLme aasneHue He meHee 1,4 Mla.

5.6 MnactukoBble GYTLIUIKU C repMETUYHBLIMU KpblLLkamu, Ha 100 mn.
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6 Metoauka

6.1 NMpeaBapuTenbHan o6paboTka

FomoreHusupyiot npoGy B COOTBETCTBUM C peKoMeHaaumsamu, npuseaeHHbiMu B EN 13804. Mpu Heob-
XOAMMOCTU BbICYLLMBAIOT Npoby Tak, YToOblI coAEpaHMEe INIEMEHTOB OCTanoCb HEU3MEHHbIM, Hanpumep,
nocpeAcTBOM NMUOMUIBHON CYLUKU.

6.2 PasnoxeHue noa AaBfieHUEM

B3eeLwmBaloT B cocyae ansA pasnoxeHusa (5.5) konuyecTso npoObl, IKBUBANEHTHOE Macce CyxX0ro Belle-
crea ot 0,2 oo 0,5 r unu B COOTBETCTBUM C pPEKOMEHAALMAMU NPOU3BOAUTENSA MUKPOBOJNTHOBOW Neuu, uc-
nonb3yeMon Ansi pasnoxeHus. Hanpumep, mMakcumarnbHas HaBecka npobbl ¢ coaepXaHuem Boabl 50 %,
AomxHa cocraenarb 11 (= 0,5 r cyxoro Beuwlectsa). [ina npobbl, coaepxailen 95 % BOAbI, HABECKA MOXET
cocraenATb 2 1 (< 0,5 r cyxoro sewlecrsa). [ing kaxaon napTum NpoBOAAT OA4MH XOIOCTOM ONbIT C peakTuBaMu.

B cocya ansa pasnoxeHusi 00bIMHO 100ABNAIOT 5 MN a30THOI KMCNOThI (4.2) u 2 Mn nepekucu Bogopoaa (4.3)
WUNU B COOTBETCTBMU C PEKOMEHAALMAMU NPOU3BOAUTENSA UCNOMNb3YEMOW MUKPOBOMHOBOW neyun. FepmeTu-
3UPYIOT COCyZl, BCTaBNSIIOT €0 B JiepXartenb B MUKPOBOIIHOBOW Me4YM M 3aKpbiBalOT aAeepuy. Hacrtpausaior
nporpaMMy neuu (MOLLHOCTb B 3aBUCUMOCTU OT BPEMEHM) B COOTBETCTBUM C PEKOMEHAALMAMU NPOU3BOAU-
Tensi B OTHOLLUEHUU aHanM3npyemomn npoodbl.

OObI4HO MpOrpaMMa Neymn BKIMIOYAET 3Tan NPU HU3KOW MOLLHOCTU B T€YEHWE HECKONbKUX MUHYT, 3a KO-
TOPbLIM CReAyloT OAUH UMW HECKONBKO 9TanoB C HACTpoikamu 6omnee BbICOKOM MOLYHOCTU. PekomeHayeTcst
nocTeneHHoe yBenuyeHne Mexay BblOpaHHbIMKM 3TanaMu C Lenbio NPeaoTBPaLleHUA BO3SHUKHOBEHUSI BHE-
3anHOro ckavka JAaBEeHUs1 BHYTPU COCYA0B, HAXOASALLMXCS noA AasneHuem. MNpumep nporpaMmbl NpeAcTaBrieH
B Tabnuue 1.

Tabnuua 1 — Nporpamma pasnoxeHus nop, AaBrneHWeM (napaMeTpbl, NpUBeAcHHbIe B KayecTBe NpuUMepa,
npumMeHsitorcsa ansa neuu CEM MDS 2000 1))

Otan MowyHocTb, BT Bpems, MuH
1 250 3
2 630 5
3 500 22
4 0 15

Mcnonbayemasn nporpamma AEACTBYET MPW YCNOBUM, YTO BCE KONMMYECTBO COCYAO0B, HAXOAALLMXCA NOJ,
faBneHueM, noasepraetcs 06paGoTke 0AHOBPEMEHHO. Ecnn pasnoxeHue 6Gbifo BbINOAHEHO B MEHbLUEM
KONMUYECTBE COCYAOB, OCTaBLUMECH COCYAbI MOXHO 0BpaGaTbiBaTh kak XOnocTble. Ecnu ncnonb3yemas neyb
COAEPXUT KOHTPOMNb JaBIeHUs TONMbKO B OAHOM COCYAe, HAXOASILLEMCS Nog AaBMeHWeM, TO CneayeT KOH-
TPONMPOBaTL COCYA C MPEANOMOXUTENLHO CaMbIM BLICOKUM AaBneHneM. JaHHbIM COCy0M 0Bbl4HO ABMSIETCS
COCyA € caMbiM GOMbLUMM BBELEHHBIM KONMYECTBOM Npo6bl, PACCUNTAHHBIM Kak Macca CyXoro BeLIecTBa.

Mpu pasnoXeHWM HEU3BECTHbIX Npo6 cobnogaloT Mepbl NPELOCTOPOXHOCTU, MOCKOMLKY CIULIKOM
BornbLUOe KONMMYECTBO NPo6bl MOXET PaspyLUMTL NPEAOXpaHUTENbHYI0 MemBpaHy cocyaa AN pasnoXeHns.
B yacTHOCTH, NpoBbl C BLICOKUM COZEpXaHUeM yrnepoaa (0COGEHHO caxap, XXWUP W/WMKU STAHOM) MOryT Bbl-
3BaTb BHE3aMHbI CKAYOK 4aBMNEHMA B TeYeHMe npolecca 03oneHus. Bo Bcex cryqasx BBOAMMOE KOSNMYECT-
BO NMPo6Gbl AOMKHO CTPOro COOTBETCTBOBATHL PEKOMEHAALMUAM NPOU3BOAUTENS.

6.3 PasBegeHue

M3BnekatoT cocyabl ANA pPasfoXeHUst M3 MUKPOBOJIHOBOW NeYu M AalT MOMHOCTbIO OCThbITh 0 MX OT-
KpbITusi. OTKPbLIBAIOT COCYA U CMBIBAIOT C KPBILLKM M CTEHOK BOZOI B KOHTENHEp. [JoBOAAT BOAOI A0 onpeae-
neHHoro o6vemMa, He MeHee 25 mn, B NNacTukoBoii ByTbinke (5.6). OBpabaTtbiBaloT XONoCTyo NPoBy Takum
»xe o6pasom.

" CEM MDS 2000 senseTes TOProBbIM HasBaHueM nsgenus, noctasnsemoro CEM Corporation, P.O. Box 200,
Matthews, NC 28106-200 USA. MHdopmaLns npusedeHa ans yaobeTBa nonb3oBaTenieil HaCTOSALLEro crtaHgapTta u
He ABnseTcs peknamoil CEN ykasaHHbIX MPOAYKTOB.
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6.4 ATomMHO-a6cop6unoHHasn cnekTpomeTpusa (AAC)

6.4.1 O6wue nonoxxeHua

Bei6op meToaa, KOTOpbI AOMKEH ObiTh UCMOMBL30BAH (C NPUMEHEHUEM NNAaMEHU UMK C UCNONb30BAHUEM
rpachuToBOI Ne4Yn) 3aBMCUT OT KOHLEHTpaLMM MeTansna, kotopbii 6yaet aHanuaupoBaH. ins onpeaeneHus
coaepxanus Pb n Cd B nuweBbix npoayktax tpebyerca AAC ¢ ucnonb3osaHuem rpacdutoson neuu. Zn, Cu
1 Fe 06bIYHO MOXHO NpoaHanu3upoBaTb METOAOM NnameHHol AAC. Mpumepsb! ANUH BOSH, NPOrpaMMm ra3oBow
cMecu/TeMnepaTtypbl U Apyrne UHCTPYMEHTanNbHbIe napaMeTpbl, NOAXOAALUME K KaXAOoMy MeTanny, npea-
cTaBneHbl B pykoBoacTBax npubopa. Becerga ncnonb3yiotr koppekumio hoHa, Kpome criyyaes, rae noareep-
YAEHO, YTO KOppeKumus He TpebyeTcs.

BaxHo, 4TOObI M3MepeHUa NPoOBOAMNUCH B NIMHEWHOM AuanasoHe. B crnyvae ucnonb3oBaHus mMeToaa
cTaHaapTHOW A06aBKM KPUBAA CTaHAAPTHbLIX A00ABOK AOMKHA COCTOATb U3 HE MEHEe Tpex Touvek, ABE U3
KOTOPLIX ABNAIOTCA CTaHAapTHbiMM aobGaBkamu. Camas BbICOKAs KOHUEHTpauus craHgapTHou aoGaeku
[omkHa B 3 — 5 pa3 npeBbilaTh KOHLEHTPaLMIO B pacTBope Npobbl. HaumMeHbLas KOHLeHTpaumus ctaHaapTHOW
[obGaBkn AOMKHA COCTaBNSATL NONOBUHY CAMON BbICOKOM KOHLIEHTpaLMW CTaHAAPTHOIN A06aBku.

6.4.2 Metoa nnameHHoun AAC

Pasoaar pacteop npo6bl 1 : 1 a3oTHO kucnoton, ¢ = 0,1 monw/n (4.2.1). Pa3Boaat ctaHaapTHbIe pac-
TBOPbI 1 : 1 a30THOW KMCNOTOW, ¢ = 3 Monb/Nn (4.2.2). Bce nocneayoowme passeaeHus BbINOMHAIOT a30THOMN
kucnoton, ¢ = 0,1 mone/n (4.2.1). BeiCOkaa KOHUEHTpauUUs KUCNOTbl B pacTBope npobbl Nocne pasnoXxeHus
OKasblBaeT OTpuLUaTeNbHOE BO3AENCTBUE HA Pe3ynbTaThl U NPUGOP, NOSTOMY BaXHO, YTOOLI pacTBOp pa3sBo-
AWMU KaK MOXHO GofbLUEee KONIMYECTBO pas u YToObI CTaHAAPTHLIN PacTBOP U pacTBOP Npobbl UMenu oAnHa-
KOBYIO KOHLIEHTpaUmio KUCNOTbl. [locne atoro cogepxxanne Zn u Cu MOXHO, Kak npasuno, onpeaenurb no
CTaHOapTHOW KanuGpoBOYHON KPUBOM.

Ha onpepeneHue Fe MOryT CUNbHO BO3AENCTBOBATL MeLaloLWwme COeAUHEHUsl B MaTpuLe, nosToMy Mc-
nonb3yloT NMbo meToa ctaHgapTHON fob6aBku, NMMOO KanNMOPOBOYHYIO KPUBYIO, COTMACOBAHHYIO C MaTPULIE.
Mpu 06HapYXEHUM CUMBHBIX MELLIAIOLLMX COEAMHEHUI MOXHO NPUMEHATL OKUCNSIOLLEE NnaMs okcuaa asota.
B taGnuue 2 npeacraeneH npumep MHCTPYMEHTaNbHbIX NapaMeTpoB Ans MetToaa nnameHHoi AAC.

Tabnuua 2 — lHcTpyMeHTanbHble NapaMeTpbl ANA nnameHHol AAC

MeTtann Mnama AdnuHa BONHLI, HM
Zn BosayLHo-aueTuneHoBoe, okucnsaiowee 213,9
Cu « 324,7
Fe « 248,3

6.4.3 MeTop ¢ Ucnonb3oBaHUEM rpacPuTOBOM Neumn

[aHHbIn MeToa 06bIMHO TpebyeTca ana onpeaenexdus Pb u Cd. Ucnonb3yiot Tpybku ¢ NMPONUTUHECKUM
NOKpbITUEM C Mratopmamu. MoCKonbKy MUKPOBONIHOBOE PAa3fnOXEHWe B pe3ynbTate NPUBOAUT K AOBOSIbLHO
6onbLUMM pa3BeaeHuam npobbl (Npu onpeaeneHuun, Hanpumep, Cu), LenecoobpasHo UCNonNbL30BaTb rpadu-
TOBYIO NeYb.

MporpaMMupyOT aBTOMAaTMYECKUIA AO3aTOP HA noAgadvy npobbl Takoro o6bLema, npu KOTopom (hPOHOBOE
nornoLyeHne npubnuautensHO coctaBut He Bonee 0,5 onTuueckux eamHul, (BbicoTa nuka). YUTobbl yBENUUUTL
MOrnoLeHUe NPU OYEHb HU3KMX KOHLIEHTPALMAX, MOXHO NPUMEHATb MHOTOKpaTHbIE MHbekuun. B Tabnmue 3
npeacTaBneHbl UHCTPYMEHTaNbHbIE NapaMeTphbl, NPUMeEHsieMble Ans npubopa Perkin Elmer/HGA 600 2,

Matpuupbl OUeHUBAIOT NO KPUBOW 305bHOCTM/aTOMMU3ALMKU C LENbi0 ONTMMM3aLMK napaMeTpoB MeToAaa
C UCMOSb30BaAHUEM rPachUTOBON NEYum.

Mpumevarue — MaTpuuHble MogMdUKaTOPLl MOXET UCNONbL30BaTh U BanMAUpoBaTh OTAeNbHas nabopatopus. MNpu

onpeaeneHnn cogepxanusa cauHua u kagmusi cM. EN 14083:2003 (nyHKT 4.7).

2 perkin Elmer/HGA 600 siBnsieTcst TOprosbIM Has3BaHueM usgenus, nocraensemoro Perkin Elmer Corporation, 761
Main Avenue, Norwalk, CT 06859-0226 USA. UHdopmauusa npuBeaeHa ans yaobcTeBa nornb3oBaTerneil HacTosLero
cTanfapTta u He aBnaeTca peknamoii CEN ykasaHHbIX NpoAyKToB.
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Tabnuua 3 — MHCcTpyMeHTanbHble napaMeTpbl Ans onpegeneHuss MetogoM AAC c uMcnoNnb3oBaHUEM
rpachuToBOI Neun Nnpu BBOAMMOM o6beMe 20 Mkn

MeTann [nNuHa BONHbI, HM MapameTp OTtan 1 Jtan 2 OTtan 3 Otan 4
Pb 283,3 Temnepartypa, °C 130 450 1900 2500
Bpems HapacTaHus, ¢ 10 15 0 2
Bpems yaepxuBaHus, ¢ 30 10 4 2
Cd 228,8 Temneparypa, °C 130 350 1200 2500
Bpemsa HapacTaHusg, ¢ 10 15 0 2
Bpems yaep)xuBanus, ¢ 30 10 4 2

Bceraa npumeHsIoT MeToA cTaHAapTHON fo6aBku, Kpome cryyaes, Korga NnoATBEPXAEHO, YTO STOT METoA
He TpebyeTcs.

YNpoLeHHbIM BapuaHTOM MeToAa CTaHAapTHOW AoBaBkM ABNSIETCA MCNONb30BaHME KanubpoBOYHOM
KPUBOM, COrNacoBaHHON C MaTpuUeENn, KOTOPYIO UCMOMb3YKT AN npob ¢ 0AMHAKOBOW MaTpuuei U MacCom:
CMELUMBAIOT CTaHAAPTHbIE PaCTBOPbI M PACTBOPLI NPOGLI U UCMOSbL3YIOT AN NOCTPOEHUS KPUBOW CTaHAAPTHBLIX
fo6aBok. [laHHYIO KpUBYIO fanee napannensHO NepeBoAsT B UCXOAHbIN BUA M UCMOMb3YIOT B KAYECTBE Ka-
nMBPOBOYHON KPUBOM ANs NPob, KOTOPbLIE UCMONL3YIOT Aanee u KOTopkie ObinK pasBeAeHbl B TAKUX Xe Npo-
nopuusax. CnegoaTernbHO, y CTaHAapTHLIX PaCTBOPOB C MOAOrHAHHON MaTpULEn U pacTtBopoB npobbl byaet
OJMHAKOBasA KOHUEHTpauuss matpuubl. O6bIYHO AaHHas YHKUMS AOCTYNHA B NPOrpaMMme COBPEMEHHbIX
npuGopos AAC.

7 BbluncneHue

7.1 O6wume nonoxeHus

MN3amepsatoT nnowaab nuka npu NnOMOLUM aTOMHO-abCopBLMOHHOrO CrekTpomeTpa ¢ rpaduToBON MeYbio
(GFAAS). na nnameHHon AAC uCnonb3yloT YCTaHOBUBLUMICA curHan. CTpOAT KanubpOBOYHYIO KPUBYIO
M CYMTLIBAIOT C KPMBOM KOHLEHTpaumio meTanna. PaccuuTbiBaloT MaccoBylO0 JOSIIO aHanM3upyemoro ane-
MEHTa w, B MUIIMrpaMMax Ha kunorpamm npo6el, No cneayiowlen dopmyne

w-8 Y S
m
rAe a — KOHLeHTpauLusa B pacTBope npolbl, Mr/m;
b — cpeaHsas KOHLEHTPaLmMs B XONOCTbIX PacTBOpaXx, Mr/m;

V — obbem pacreopa npobbl, Mm;
m — macca npoosl, T.

Ecnun sHaueHue (a — b) MeHbLLE, YeM npeaen o6HapyXeHus B pacTBope npobel (cM. 7.2), Toraa (a — b)
3aMEHAIT 3HaYeHueM npegena obHapyxeHuss B pacTBope npobbl Ansi pacyera npeaena o6HapyxeHus
B npobe.

Mpu passegeHnn NpoObl yYUTLIBAIOT (pakTop pasBeaeHus.

Mpu He0BX0AUMOCTM NEPECUUTLIBAIOT Pe3ynbTaT A0 CbIpOro Beca, ecnv oH 6asupyeTcs Ha Macce Cyxoro
BeLlecTBa NpoObl. Pe3ynbTaT BbIpaXaloT COOTBETCTBYIOLLMM KONUMYECTBOM A€ CATUYHBIX 3HAKOB.

7.2 HaxoxpaeHue npeaena obHapy:keHUs U npeaena KofIMYeCTBEHHOro onpeaesieHus

Mpeaen oGHapyxeHus1 U npeaen KONMYEeCTBEHHOro onpeAeneHust yCTaHaBIMBAKOT ANSA KaXaoro ane-
MeHTa no EN 13804, yuutbiBasi CTaH4apTHOE OTKIOHEHMWE, NONYYEHHOE B XOAE ANUTENbHON OLEHKH.

8 ToYHOCTBL pe3ynbTaToB UCMbITAaHUIA

8.1 O6wume nonoxeHun

MeToa 6bin NPOTECTUPOBAH TONbLKO HA CyXMX MaTepuanax, Ho MOXET Npu onpeaeneHHbIX YCIOBUSIX UC-
nonb3oBaThcA Ans npob, cogepxawmx Boay (cM. 6.2). MoapobHble gaHHble pe3ynbTaToB MeXIrabopaTopHbIX
UCMbITAHUA NpUBEAEHLI B NpunoxeHun A. NonyyeHHble 3HAYEHUA HE NPUMEHSIOTCA ANA AWaNa3oHOB KOH-
LieHTpaumii 1 MaTpuL, OTSIMYHBLIX OT NPUBEAEHHbIX.
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8.2 NMoBTOpPAAEMOCTDL

ABCOMIOTHOE pPacxXoXAeHue Mexay ABYMSA OTAEeSflbHbIMU pe3ynbTaTaMu UCMbITaHUSA, KOTOpble Obinu no-
fyYeHbl NPU MCNONb30BAHMKM OQHOIO U TOFO e MeToAa Ha MAEHTUYHOM UCMbITATENIbHOM MaTepuane ogHUM
M TEM Xe onepaTopoM Ha OLHOM M TOM e 000pyAOBaHUWU B TEYEHWE KOPOTKOrO NPOMEXYTKA BPEMEHM,
He JOJMKHO NMpeBbILWATL Npeaen NOBTOPAEMOCTH 7, yKasdaHHbIn B Tabnuue 4, 6onee yeM B 5 % cny4aes.

8.3 Bocnpon3sBoagumMocCTb

ABCONIOTHOE pacxoXaeHue Mexay ABYyMS OTAENbHbIMW pPe3ynbTaTamyu UCMbITAHWUSA, MOSYyYEHHbIMU NPK
MCMONIb30BaHWM O4HOTO U TOFO e MeToAa Ha WAEHTUYHOM UCMbLITaTeNbHOM Martepuane Asymsa naboparto-
puaMKU, HE AOIMKHO NPEBbLILWATL NPEeAen BOCNPOUM3BOAUMOCTH R, yka3aHHbI B Tabnuue 4, 6onee yem B 5 %

cryyaes.

Tabnuua 4 — CpenHMe 3HaydeHusA, npeaenbl NOBTOPAeMOCTU U BOCNPOU3IBOAUMOCTU

z r R,
MeTann Mpoba X, Mr/Kr MHKr MI/KE
Pb COM (cepTupmuUMpOBaHHbIA 3TANOHHbLIA MaTepuan) KOMMO3UTHOW 0,39 0,18 0,27
cmecw E/F @
COM HUCT (HauuoHanbHbIA UHCTUTYT MO CTaHAapTU3aLUMK U TEX- 0,40 0,24
Honormmn) ropsauHel Ne 8414
PbIGHbIN dhapu 0,48 0,36
C3M rputos 1,62 0,73
Cd MeyeHb 0,164 | 0,070 | 0,094
MweHnYHbIe OTPYOM 0,17 0,022 | 0,063
C3M KOMMO3UTHO# cmecy E/F @ 0,76 0,14 0,29
COM HUCT roBsianHbl Ne 8414 0,012 0,010
PbI6HbIN dhapLu 0,21 0,099
C3M rpubos ” 0,48 0,15
Zn Cyxoe MOMnoko 353 9.1
MeyeHb 182 7,9 25
MweHu4YHble OTPYy6HK 73,5 7.1 9,9
C3M KOMNO3NUTHOM cMecu E/F 2 478 54 71
C3OM HUCT roeagunbl Ne 8414 147 7,0
PbIGHbIN dhapL 45 1,2
COM rpubos ” 56,9 8,4
Cu Cyxoe MOnoKo 0,58 0,44
MeyeHb 108 9,3 12
MuweHn4yHble O0TPYOU 10,3 2.1 2,9
C3M koMno3uTHoi cmecu E/F 2 63,4 2,7 53
FoBaAguHa 2,9 1.1
PbI6HbIN dhapLu 0,25 0,20
C3M rpubos ” 37,7 6,0
Fe MeyeHb 484 75 90
MweHn4yHble O0TPYOU 124 15 30
C3M koMno3uTHo# cmecy E/F @ 303 34 48
FoBaguHa 73 14
PbI6HbIN dhapLu 7,6 3,9
C3M rpubos ” 104 24
Acwm. 2]
) Cm. [3].

9 NpoTOKON UCMbITaHUI

MpoToKON UCMbITAHWUI AOJDKEH COAEPKaTb CneayloLwme AaHHbIE:
a) BCIO MHGOpMaLMIO, HEOBX0AUMYIO AN NOMHOW MaEHTUMKaLUmn npoodbl;
b) ncnonb3yemblii METOA UCMLITAHUSI CO CCLINIKON HA HAaCTOALUMI CTaHAapT,
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C) pes3ynbTaTtbl UCMbITAHWUA U €AUHULbI, B KOTOPbIX BbIPAXaloTCH pe3ynbTarhl;

d) aaty u metoauky otbopa npob (ecnm n3BecTHa);

€) AaTy 3aBepLUeHNs aHanm3a;

f) ceegenune o BbINONMHEHUM TpebOBaHMS, KacatoLIErocsa npeena NnoBTOPAEMOCTH;

g) noapobHble AaHHbIe 000 BCex onepaumsix, HE YCTAHOBMEHHbIX B HACTOALLUEM CTaHAapTe UMM pac-
CMaTpUBAEMbIX Kak AOMOJIHUTENbHbLIE, BMECTE CO CBEAEHMAMM O MOObIX MPOM3OLIEALUMX UHUMAEHTAX MPK
BbIMONMHEHUN METOAA, KOTOPbIE MO NOBNUATL HA pe3ynbTaT (bl).
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Pe3ynbTathbl MexnatopaTopHbIX UCMbITaHUA

MpunoxeHune A

(cnpaBouHoOE)

MpeumsnoHHOCTb MeToaa Bbina ycrtaHoBneHa CkaHAWHABCKUM KOMUTETOM MO aHanusy nuliesbiX Mpo-
aykros (NMKL) [1], [6] n noaTBepaeHa B xo4e MexnabopaTopHbIX UCMLITAHWIA B COOTBETCTBUM C PyKOBO-
AALWMMU yKa3aHUsIMM MO METOAMKAM COBMECTHbIX uccrnegosaHui MexayHapodHoW accoumaumm XMMMUKOB-
aHanuTukoB [4]. PeayneTaThl npuBeaeHsbl B Tabnuue A.1.

Ta6bnuua A.1 — CTaTUCTMYECKUE pe3yNbTaTbl MeXNabopaTopHbIX UCNLITaHUN

Mpoba
One- Mwenny- | KoMno-
Mapamer -
MeHT pamerp MOCX:](CK): o | MeveHb? OTHbI69 ) i'ﬂ::: ;?48,..1 Puiba | Tpubsl
pybH EFF

Pb Konuyectso naboparopui 12 12 12 12 12 12 12
Konuyectso BbIGPOCOB 2 1 0 0 2 0 0
Konunyectso naGoparo-
PUIA, OCTaBLUMXCA nocne
Bbl4YUTaAHUS BbIOPOCOB 10 11 12 12 10 12 12
CpegHee 3HayeHue
X, Mr/kr 0,005 0,13 0,16 0,39 0,40 0,48 1,62
[loBTOPAEMOCTL — CTaH-
JApTHOE OTKMOHEHMWE S,
Mr/Kr - 0,05 0,09 0,06 — — —
OTHOCUTENBLHOE CTaH-
JapTHoe OTKIMOHEHUE
nostopsiemoctit RSD,, % - 37 57 16 - - -
Mpegoen noeTOpPAEMOCTYU
r, Mr/kr - 0,14 0,25 0,18 - - -
Bocnpouseoaumocte  —
CTaHAapTHOE  OTKNOHe-
HUE Sgr, MI/KT 0,019 0,06 0,09 0,10 0,09 0,13 0,26
OTHOCUTENbLHOE CTaH-
AapTHoe OTKMOHEHne
BOCMPOU3BOAUMOCTH
RSDg, % 381 42 59 25 22 27 16
lMNpeaen Bocnpoussoau-
MOCTU R, Mr/kr 0,052 0,15 0,26 0,27 0,24 0,36 0,73
3HauyeHue Xopsuua R 36 22 21 18 18 18 15
WNupekc Horrat R 1 1,9 2,8 1,4 1,2 1,5 1.1

a3 PeSyJ'II:TaTbI YKa3bIBaloT Ha TO, YTO cpeHAA KOHUEeHTpaLua HUXKe npejgena YyBCTBUTENbHOCTU METOoAA.
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06a
One- Muenny- | <OMMO-
MEHT Mapametp nyoea) MeveHb Hble autHas | ToBs- Puiba "pubhbl
MOJ10KO Opr6I/I CMecCb AWHa
E/F

Cd Konuyecteo naboparopun 13 13 13 13 13 12 13
KonuyecTtBo BbIGPOCOB 2 0 2 1 1 0 2
KonuuecTtBo nabopartopui,
OCTaBLUMXCS1 NOCNe BblYu-
TaHWsi BbIOPOCOB 11 13 11 12 12 12 11
CpejHee 3HajveHue X, Mr/kr 0,000 0,164 0,171 0,764 | 0,012 | 0,211 | 0,482
MoBsTOpsiemMOCTb -
JapTHOe OTKIOHEHUE S,
Mr/Kr - 0,025 0,008 0,050 - - -
OTHocuTEenbHOE
JapTHOe OTKIOHeHWe no-
BTopsiemoctu RSD,, % - 15 46 6,5 - - -
Mpeaen noBTOPAEMOCTH 1,
Mr/Kr - 0,070 0,022 0,14 - -
Bocnpon3soanmMocTb
CTaHOapTHOE OTKMOHEHME
Sgr, MI/Kr 0,003 0,034 0,022 0,105 | 0,003 | 0,035 | 0,053
OTHoCuTEenbHOE
JapTHOe OTKMOHEHME BOC-
npoussoanumMmoctn RSDg, % -8392 20 13 14 28 17 1
Mpeaen sBocnpou3BoAUMO-
ctn R, mr/kr 0,009 0,094 0,063 0,294 | 0,010 | 0,099 | 0,149
3HayeHne Xopsuuya R - 21 21 17 31 20 18
Wupekc Horrat R — 1,0 0,6 0,8 0,9 0,8 0,6

3 Peayana'rb[ YKa3blBakOT Ha TO, YTO CpeAHAA KOHUEHTPaUuA HWXe npefgena 4yBCTBUTENTBHOCTU MeTo4a.
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MpoponxeHune Tabnuubl A.1

[Mpoba
Sne- Komno-
MeHT [MapameTp nyoea) MeyeHs MweHwdHble | 3uTHasa | losa- PLiGa FonGb!
MOIOKO oTpyou cMecb | [AuHa
E/F

Zn KonuyectBo naboparopun 14 14 14 14 14 13 14
KonuyectBo BLIOpOCOB 0 2 1 1 3 0 0
Konuuectso naboparopun,
OCTaBLUMXCS MNOCNE BbluK-
TaHus BbIOPOCOB 14 12 13 13 11 13 14
CpeaHee 3Ha4veHue
X, Mr/Kr 35,3 182 73,5 47,8 1473 | 4,5 56,9
[loBTOPsSIEMOCTL —  CTaH-
[apTHOEe  OTKNOHEHWe S,
MI/Kr — 2,8 2,5 1,9 - - -
OTHOCMTENBLHOE CTaHAapT-
HOe OTKIMOHEHMEe MOBTOpSse-
moctu RSD,, % - 1,6 3,4 4,0 - - -
Npegoen nOBTOPAEMOCTU I,
MI/KP - 79 7.1 5,4 - - -
BocnponssogMumocTb -
CTaHZapTHOE  OTKIIOHEHWe
Sgr, Mr/Kr 33 9 3,5 2,5 25 0,43 3,0
OTHOCMTENbLHOE CcTaHdapT-
HOE OTKIIOHEHME BOCMPOU3-
Boaumoctu RSDg, % 9,3 48 4.8 53 1,7 9,7 53
lNpepen BOCNPOU3BOAUMO-
CTn R, Mr/kr 9,1 25 9.9 7.1 7.0 1,2 8.4
3Ha4yeHue Xopsuua R 9 7 8 9 8 13 9
Mupekc Horrat R 1,0 0,7 0,6 0,6 0,2 0,8 0,6

10
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[Mpoba
Komno-
one- MapameTp Cyxoe [MweHuyHble | 3uTHas | [oBs-
MEHT MeyeHb Puiba | Mpubbl
MOIOKO 0pr6l/| CMecCb OWHa
E/F

Cu KonuyectBo naboparopuii 14 14 14 14 14 13 14
KonuuecTtso BbIOPOCOB 3 0 0 2 0 0 0
KonuyectBo natBopatopun,
OCTaBLUMXCS NOCNE BblYU-
TaHusi BLIGPOCOB 11 14 14 12 14 13 14
CpeaHee 3HaYeHne X, Mr/kr 0,58 108 10,3 63,4 2,89 [ 0,254 | 377
MoBTOPAEMOCTL =  CTaH-
[apTHOEe  OTKIOHEHue S,
MI/KT - 3,3 0,75 1,0 - - -
OTHOCUTENbLHOE CcTaHaapT-
HOe OTKMOHEHME MOBTOpSE-
moctu RSD;, % - 3.1 7,2 1,5 - - -
lNpegoen noBTOPAEMOCTU T,
Mr/Kr - 9,3 2.1 2,7 - - -
BocnponssogumocTb -
CTaHJapTHOe  OTKIOHEeHue
SR, MI/Kr 0,16 41 1,06 1,9 0,42 | 0,071 2,2
OTHOCMTEnbHOE CcTaHaapT-
HO€ OTKIIOHEHME BOCMPOU3-
BoagumMocTu RSDg, % 27 3,8 10 3,0 14 28 57
Mpeaen BOCNPOU3BOAMMO-
cTn R, mr/kr 0,44 12 2,92 53 1,15 | 0,199 6,0
3HaveHne Xopsuua R 17 8 11 9 14 20 9
Mupekc Horrat R 1,6 0,5 0,9 0,4 1,0 1.4 0,6

11
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OkoHYaHue Tabnuubl A.1

Mpoba
one- MapamerT| Kouno.
MEHT p P nyoea Meueny | MueHWdHble | 3uTHas | ToBa- | o o M6
MOJTOKO Opr6I/I CMeCb AWHa
E/F

Fe KonunyectBo naboparopuii 13 13 13 13 13 12 13
Konn4ecTtBo BbIOPOCOB 1 0 0 2 1 0 0
KonuuectBo nabopatopuii,
OCTaBLUMXCH MNOCNE BblYU-
TaHus BbIGPOCOB 12 13 13 11 12 12 13
CpeaHee 3HayeHue X,
Mmr/kr 3,3 484 1242 303 73,0 7,6 103,8
MoBTOpsSieMOCTb — CTaH-
JAapTHOE OTKIMOHEHUE S,
MI/KP - 27 53 12 - - -
OTHOCuTEnNbLHOE CTaH-
JAapTHOE OTKIIOHEHUE no-
BTopsemoctn RSD,, % - 5,6 42 4,0 - - -
Mpenen NOBTOPAEMOCTH T,
Mr/Kkr - 75 14,8 34 - — —
Bocnpon3sogumocTtb -
CTaHZapTHOE OTKIIOHEHUE
SR, Mr/kr 1,6 32 10,6 17 50 1,4 8,5
OTHOoCcuTEnNbLHOE CTaH-
[apTHOE OTKMOHEeHue BOC-
npoussoaAnMocTu RSDg, % 47 6,7 8,6 57 6,9 18 8,2
Mpeaen Bocnpon3soanMMoO-
cTu R, mr/kr 44 90 29,8 48 141 3,9 237
3Ha4veHue Xopsuua R 13 6 8 7 8 12 8
Wupekc Horrat R 3,5 1,1 1.1 0,8 0,8 1,5 1,0

3 PESyJ'IbTaTbI YKasbIBakoT Ha TO, YTO CpeHAA KOHUEeHTpaUua HUXXe npejena YyBCTBUTENTBHOCTU MeToaa.

12
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PesynbTatbhl aHanu3a ceptuULUMPOBaAHHbIX 3TANIOHHLIX MATEPUAnoB B MeXIabopaTopPHbIX UCTbITAHUAX
npuseaeHsl B Tabnuue A.2. Konuuectso naboparopuii, OCTaBLUMXCSA MOCHNE BbIMUTAHUS BbIOPOCOB, NMokasa-
Hbl KaK «n».Bce pe3ynbraTbl NpuBeAEHbl B MUMNUIPpaMMax Ha Kunorpamm cyxoro seuecrtsa. Ceptudcpmum-
pOBaHHbIE 3HAYEHMSA ANst KOMMO3UTHLIX CMeCei u rpuboB cM. B [2] u [3].

Ta6nuua A.2 — CepTucpuLMpoBaHHbIe 3HaYeHUs

MonyyeHHble CepTuduymposaHHble Z-nokasarens
MeTtann CoM — -
n X SR n X Sr
Pb KomnoautHas cmecb E 12 | 0,287 | 0,055 | 10 0,273 0,024 0,8
KomnosutHas cmecb F 12 | 0,501 | 0,127 9 0,439 0,034 1,6
Fpu6 12| 1,62 0,26 6 1,43 0,10 2,2
roBsAMHA 10 | 0,40 | 0,09 0,38 0,24 "
Cd KomnoautHas cmecb E 12 | 0,580 | 0,088 13 0,536 0,051 1,5
KomnosutHaa cmechb F 12 | 0,948 | 0,119 11 0,877 0,074 1,7
pnGbl 11 | 0,482 | 0,053 7 0,437 0,033 2,2
FoBaaguHa 12 | 0,012 | 0,003 0,013 0,011
Zn KomnoautHas cmech E 13 | 39,6 3,0 8 39,5 4,0 0.1
KomnosutHast cmech F 13 | 56,0 1,9 8 55,8 5,0 0.1
FpuGsbi 14 | 56,9 3,0 8 55,0 24 1,6
oBaguHa 11 147 2 142 14
Cu KomnosutHas cmech E 12 | 49,8 1,9 9 46,5 1,8 41
KomnoautHasa cmech F 12| 77,0 1,9 8 72,7 1,2 6,2
MpuGbi 14 | 37,7 22 9 344 45 2,0
oBaauHa 14 | 2,89 0,41 2,84 0,45
Fe KomnosutHast cmech E 11 232 16 9,0 216 20 1,9
KomnosutHast cmechb F 11 374 19 9 349 24 2,5
'pnbGbl 13 104 8 6 101 10 0,6
FoBaguHa 12 | 73,0 5,0 71,2 9,2
2 7-nokasaTerb Mo MeTOAMKE CKaHANHABCKOro KOMUTETa o aHanuay nuwesblx npoaykros (NMKL) Ne 9 [5].
®) 95%-Hblit LOBEPUTENbHIA UHTEPBAI.

13
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[4]
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