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MpeaucnoBue

1 PASPABOTAH ®epepancHbIiM rocyaapcTBEHHBIM ABTOHOMHLIM OBOpa30oBaTENbHBIM YUYpEXAeHUEM
Bbiclero obpasoBaHua «HauWOHaNbHLIA WcCrefoBaTenbLCKUA TexHonornveckun yHusepcuteT «MUCKUCH»
(HATY MMUCKC)

2 BHECEH TexHu4yeckum KoMuTETOM Mo cTaHaaptusaunn TK 179 « Teepaoe MUHepanbHoe TONSIMBO»

3 YTBEPXOEH W BBEAEH B OEWCTBME lMpukasom deaepanbHOro areHTCTBA MO TEXHUHYECKOMY
perynvpoBaHuto 1 metponorun ot 31 mas 2024 r. Ne 691-ct

4 Hactosiwuii ctaHgapT pa3paboTaH ¢ y4€TOM OCHOBHBIX HOPMAaTUBHbIX MOMOXEHUA MeXOyHapOoaHO-
ro ctangapta MCO 23380:2022 «Yronb. Bbibop MeToooB onpeaeneHna MUKpoaneMeHToB. PekomeHaauum
n TpeboBaHuay (ISO 23380:2022 «Coal — Selection of methods for the determination of trace elements —
Guidance and requirements», NEQ)

5 B3SAMEH IrOCT P 54239—2018 (MCO 23380:2013)

lMpasuna npumeHeHuUs Hacmoseao cmaHdapma ycmaHosneHsl 8 cmamse 26 @edepansHO20 3aKOHa
om 29 uroHs 2015 a. Ne 162-03 «O cmandapmu3sayuu 8 Poccutickol ®edepayuus. MHghopmayusa ob us-
MeHeHUSX K HacmosujeMy cmaHdapmy nybnukyemcs 8 exe200H0M (Mo cocmosHu Ha 1 aHeaps mekyuieao
2o00a) uHgopmayuoHHOM yKalamene «HayuoHanbHbie cmaHOapmbly, a ouyuanbHbIl MeKkem U3MeHeHuUl
U Monpasok — 8 eXeMecIYHOM UHQOPMaUUOHHOM ykasamene «HayuoHanbHble cmaHOapmsi». B cnyyae
nepecmMompa (3amMeHsl) unu omMeHsl Hacmosiueao cmandapma coomaeemcemeyroujee yegedomneHue 6ydem
onybnukoeaHo 8 6ruxalilueM 8bINycKe eXeMecsYHo20 UHhOPMAaUUOHHO20 ykasamens «HayuoHansHble
cmaHOapmel». Coomeemcmaylowas UHhopMayus, yeedoMeHue U mekCcmbl pasMelaimcs makxe 8 UH-
chopMalUuoHHOU cucmemMe 0buje20 NonbL30eaHus — Ha ohuyuansHoOM calime @edepanbHO20 azeHmemaea o
MEexXHUYeCKOMY pezynuposaHuro U Memposioauu 8 cemu MiHmepHem (www.rst.gov.ru)

© Odhopmnenue. ®IBY «HCTUTYT cTangapTusauuu», 2024

Hactoswmin ctaHgapT He MOXeT ObITb NOMHOCTBLI UMW YaCTUYHO BocCnpouniBeaeH, TMpaxnpoBaH U pac-
NMPOCTpPpaHeEH B Ka4veCTBe ocbmu,naanoro nagaHna 6es pa3peleHns G)e,u,epanbﬂoro areHTCTBa Nno TeXxHU4eCKo-
MY PErynupoeaHui) U MeTpornorin
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BeepneHue

KomnnekcHoe ucnonb3oBaHue TBepAblX TOpKYnX MNCKONaemMblX, paapaGOTKa JKOINOrM4YeCKn 4YMUCTbIX U
QKOHOMWYECKU BbIrOAHbIX NPOLECCOB YTUNMU3aukn OTX040B [00biuM 1 nepepaGOTKM TOMNNUB U pelleHne 3adad,
CBA3aHHbIX C OXpaHOomn Opr)KaI-OLLIE.‘I;'I cpedbl, coenann HE.‘OGXO,EI,MMI::IM co3gaHue mMmeTonoB KONM4YeCTBEeHHOro
onpepeneHnd MUKpPO3NeMeHTOB, coepXalllXCcA B TBepdblxX TONNMMUBax.

B HacToAWwee BpemMsa LUMPOKOE pacnpocTpaHeHue nony4yunn MHCTPpyMeHTalnbHble MEeTOAbI OnpeneneHmus
MUKPO3NeMEHTOB, MHOIMe M3 KOTOPbIX CTaHOapTU30BaHbl N TAPMOHU3UPOBaHbI C TpeﬁOBaHMHMM MeXxOyHa-
POOHBIX CTaHOapPTOB. ﬂaHHbIE CTaHOapTHble MeTOAbl AOCTYMNHbI, OCHOBaHbl HAa HAOEXHbIX M XOPOLWO BOCMNPON3-
BOOAMMBIX nNpouenypax, ¢ UX NOMOLLBH) MOXHO NOoNy4YnTb TOYHbIE pe3yrnbTaThl OnpeaeneHnsa MMKpoanemMeHTOB.

Llenblo HacTosLiero CTaHgapTa ABnAeTCA OKa3aHWe NOoMOLn B Bb|60pe MeToaoB, nogxogAawmnx and
onpepeneHnd cogepxaHma MMKPO3NeMEHTOB B TBePpAbIX OPH4YUX NCKOMaeMblX.

v
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HAUMWOHANBbHBLIN CTAHOAPT POCCUMUCKOWN OEOEPALUMU

TONNMBO TBEPOOE MUHEPANBLHOE

Bri6op MeTogoB onpeaeneHUs MUKPO3NeMeHTOB.
PekomeHgauuu u TpeboBaHusa

Solid mineral fuel. Selection of methods for the determination of trace elements.
Guidance and requirements

Dara BBegeHna — 2025—05—01

1 O6nactb npuMeHeHUsA

HacTosAwuiA cTaHgapT pacnpocTpaHAeTCa Ha KaMeHHble U Bypbie YImu, NUTHUTBI, aHTPAaLUThI, KOKC W
roptouve criaHupbl (Ganee — TBepOoe MUHepanbHoe TOMMNWBO, TOMMWBO) U YyCTaHaBMUBAET obLuMe pekoMeH-
Aauum no BbIBOPY METOAOB onpeaeneHns MUKPOINIEMEHTOR B TBEPAOM MUHepansHoM Tonnuse. K Mukpoane-
MEHTaM, BaXKHbLIM C TOYKM 3PEHWS 3aLMThl OKpYXalled cpelbl, OTHOCAT CypbMYy, MbilWbSAK, Bepunnui, Gop,
KagMWiA, Xnop, Xpom, koGaneT, Meab, hTop, CBUHEL, MapraHel, pTyTb, MONUGAEH, HUKeNb, CeneH, Tanmnui,
BaHaAWN U LMHK, a Takke paJuoakTUBHbLIE MUKPOINEMEHTLI TOPUIA U ypaH.

B HacToslleM cTaHdapTe He NpWBEOEeHO OnMcaHue npouenyp OonpeaeneHus oTAEeNbHLIX MUKPO-
3NEeMEHTOB.

2 HopmaTuBHbIe CCbINIKK

B HacToslem cTaHgapTe UCMONb30BaHbl HOPMATMBHbIE CCbIMNKW Ha cnefyrle cTaHaapThl:

FOCT 8.010 lNocypapcTtBeHHas cuctema obecnevyeHua eQUHCTBA M3MepeHuin. MeToauKn BbINOMHEHWUS
namepeHuin. OCHOBHbIE MOMNOXEHWS

FOCT 8.315 lNocynapcTBeHHas cucTtema obecneveHns eduHcTBa uaMmepeHuid. CtaHgapTHele obpasybl
cocTaBa U CBOWCTB BelwecTB U Matepuanos. OCHOBHLIE MOMNOXEeHUs

rOCT 1770 (MCO 1042—83, NCO 4788—80) lNocyna mepHasa nabopartopHas cTeknaHHasa. Llunungpel,
MeH3ypku, konbbl, npobupkn. ObLne TEXHUYECKNEe YCIOBUA

FOCT 6563 Mapenus TexHuyeckue M3 BnaropofgHbix MeTanmnoB 1 CNnaBoB. TexXHWYeckue yCcrnoBus

FOCT 9147 Tlocyna n obopynosaHue nabopaTtopHbie hapdopoBbie. TEXHUYECKUe YCNoBUS

FOCT 9326 (MCO 587—97) Tonnueo TBepAoe MUHepansHoe. MeToasl onpeaeneHus xnopa

FOCT 11014 Yrnu Bypble, KAMEHHbIE, aHTPaLUT U roptodMe CriaHuUbl. YCKOPEHHbIE METOAbI onpeaene-
HWA BNaru

FOCT 13867 [lNpoagykTbl xuMuyeckue. OBo3Ha4YeHNe YNCTOThI

FOCT 17070 Yrnu. TepmuHbl U onpeaeneHns

FOCT 19908 Turnu, 4yawm, ctakaHbl, KONbbl, BOPOHKW, NPOBUPKM U HAKOHEYHUKM U3 NPO3padHoro Keap-
uesoro ctekna. OBLne TEXHUYECKME YCIIOBUS

FOCT 23083 Kokc KaMeHHOYromnbHbIW, NeKoBLIA U TepMoaHTpauuTt. MeToasl oTbopa 1 nogrotoekun npob
ONs1 UCNbITAHWUIA

FOCT 25336 lNocyna u obopynoBaHve nabopaTopHblie CTEKMAHHbIE. TUMbl, OCHOBHbIE MapaMeTpbl U
pasmMmepbl

FOCT 27313 Tonnueo TBepooe MuHepanbHoe. O6o3HavyeHWe nokasaTenen kadectBa U opmynbi
nepecuyeTa pe3ynsTaToB aHanuaa Ha pasnuyHbie COCTOSHUA ToMMNMea

M3paHue ochbnumnansHoe
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FOCT 27589 (ISO 687:2010) Kokc. MeTop onpeneneHus Bnarv B aHanutuyeckon npobe

FOCT 28974 Yrnu bypble, kaMmeHHble U aHTpauuTel. MeTogbl onpegenennsa bepunnus, 6opa, mapraH-
ua, bapus, xpoMa, HUKens, kobaneta, CBUMHUA, rannusa, BaHagusl, Meau, UMHKa, MonubaeHa, uTTpusa U naHTaHa

FOCT 29087 (MCO 352—81) Tonnueo TBepaoe MuHepansHoe. MeTon onpefeneHus xropa cxura-
HWEM MPU BLICOKOW TeMnepaTtype

FOCT 32977 Tonnueo TBepooe MWHepanbHoe. OnpegeneHve MWKPO3INIEMEHTOB B 3051e aTOMHO-
abcopbunoHHBEIM METOAOM

FOCT 32980 (ISO 15237:2003) Tonnueo TBepaoe MuHepansHoe. OnpegeneHue cogepxaHusa obLuen
pTYyTU

FOCT 32982 (1ISO 11724:2004) Tonnueo TBephoe MuHepaneHoe. OnpenenexHve cogepxaHus oblero
thTtopa

FOCT 33502 Tonnueo TBepgoe MuHepansHoe. OnpeneneHuwe cogepxaHus obLLero xnopa cxuraHmem
B kanopumeTpudeckon Bombe c nocnefywlmuM OnpefeneHnemM B pacTBOpe C MOMOLLLK WOH-CENEKTUBHOMO
anekTpoga

FMOCT 33503 (ISO 11722:2013, ISO 5068-2:2007) Tonnveo TBepAoe MUHepansHoe. MeTogbl onpege-
neHWsa BnarK B aHanuTUu4eckon npobe

FOCT 33654 Yrnu Bypble, kKaMmeHHble 1 aHTpauuT. Obwue TpeboBaHus K MeTogam aHanmsa

FOCT P 52501 (MCO 3696:1987) Boga ona nabopaTopHOro aHanuaa. TexHu4Yeckue ycrnoBus

FOCT P 54237 Tonnueo TBepgoe MUHepansbHoe. OnpegeneHne XMMMYecKoro coctaea 30Mnbl METOLOM
aTOMHO-3MUCCUOHHOW CMEKTPOMETPUN C MHAYKTUBHO CBA3AaHHOWM Nna3moi

FTOCT P 54242 (MCO 11723:2016) Tonnueo TBeppoe MuHepanbHoe. OnpefeneHWe copep:KaHus
obLero MbllWbsAKa 1 ceneHa

FOCT P 58144 Bopga OUCTUNNUPOBaHHAsA. TeXHUYECKWE YCNOBUA

FOCT P 58973 OueHka cooTBeTCcTBUA. [paBuna kK ohopMNeHno NPOTOKONOB UCTILITaHWA

FOCT P 59013 Tonnueo TBepgoe MuHepanbHoe. OnpeneneHne cogep:xaHusa xrnopa

FOCT P 59014 Yrnu 6ypble, kKameHHble 1 aHTpaunTt. OnpeneneHve cogepxanua gpropa

FOCT P 59015 Tonnueo TBepgoe MuHepanbHoe. Meton onpegeneHns cogep)KaHvusl Mblllbska

FOCT P 59176 TonnuBeo TBepgoe MuHepanbHoe. OnpeneneHve CooepXaHnsl pTYTU Ha OCHOBE NpsiMO-
ro CxuraHus

FMOCT P 59177 Tonnueo TBepgoe MuHepanbHoe. OnpefeneHue cogepxaHusi obLien pTyTv MeToaoM
aToOMHO-abcopOLUNOHHON CNEKTPOMETPUM B «XONMOQHOM Nape»

FOCT P 59248 ¥Yrnu Bypble, KAMEHHbIE, aHTPaUWT, roprYMe crnaHubl U yronsHele BpukeTsl. MeToabl
otbopa 1 nogrotoBku npob aAng NabopaTopHBIX UCNBITAHWUA

FOCT P 59257 Yrnu bypble, kKaMeHHbIe, aHTpauuT, ropioume cnadubl u bpuketsl. MeTon npurotorne-
HUsi cBopHbIX Npob

FOCT P 59592 Tonnwueo TBepaoe MUHepanbHoe. MeToabl onpegeneHns XMMUYecKkoro cocTtasa 30/bl

FOCT P 59593 Tonnueo TBepaoe MUHepanbHoe. MeToq onpefeneHns coaepkaHusa KaaMmmnsa

MOCT P NCO 5725-1 ToyHOCTb (MPaBUMLHOCTL M MPELM3MOHHOCTL) METOAOB U Pe3ynsTaToB U3Mepe-
Huin. YacTe 1. OCHOBHEIE MONOXEHWA 1 onpefeneHus

MOCT P NCO 5725-2 ToyHOCTb (MPaBUMLHOCTL W MPELM3MOHHOCTL) METOAOB U Pe3ynsTaToB U3Mepe-
Hui. Yacte 2. OcHOBHOWM MeToq onpeaeneHns NoBTOPSeMOCTH U BOCMPOM3BOAMMOCTH CTaHAapTHOro MeToaa
N3MepeHun

MOCT P NCO 5725-3 ToyHOCTb (MPaBUMLHOCTE W MPELM3MOHHOCTL) METOAOB U Pe3ynsTaToB U3Mepe-
HWiA. YacTb 3. NpomeKyTouHble NoKasaTenu NpeLM3voHHOCTM CTaHapTHOrO MeToga M3MepeHui

MOCT P NCO 5725-4 TovHOCTb (MpaBWMALHOCTE M NPELU3VOHHOCTE) METOA0B M pe3ynbTaToB M3mMepe-
Hui. Yactb 4. OcHOBHble METOAbI ONpefeneHna NPaBunbHOCTM CTaH4APTHOTO METOAA N3MEepPEeHUn

FOCT P NCO 5725-5 To4yHOCTb (NPaBUMAbLHOCTb W MPELM3MOHHOCTL) METOAOB U PEe3ynbLTaToB U3Mepe-
Huin. Yacte 5. AnbTepHaTUBHbIE METOAbI ONPEAENneHMsa NPeLN3MOHHOCT CTaHAapTHOIO MeTo4a U3MepeHui

MOCT P NCO 5725-6 To4HOCTb (MpaBWAbLHOCTb M NPELU3NOHHOCTE) METOA0B M Pe3ynbTaToB M3mepe-
HWIK. Yactb 6. Mcnonb3oBaHne 3Ha4eHU TOMHOCTW Ha NpaKTuKe

FOCT P NCO 13909-5 Yronb KameHHbIA 1 Kokc. MexaHundeckuin otbop npob. Yacte 5. Kokc. OTbop
npob 13 OBMXYLLMXCA MOTOKOB

FOCT P NCO 18283—2010 Yronb kaMeHHbIN 1 KOKc. PydyHon otbop npob

Pa3zpaboTka anekTpoHHOWN Bepcun - nopTan GostExpert.ru 6/20
Crpanuua nokymeHTa - https://GostExpert.ru/gost/gost-54239-2024



https://gostexpert.ru?utm_source=pdf&utm_medium=68675
https://gostexpert.ru/gost/gost-54239-2024?utm_source=pdf&utm_medium=68675&utm_term=page

FOCT P 54239—2024

MpuMeyaHue—Tlpy Nonb3oBaHWK HACTOSALLUM CTaHAAPTOM LienecoobpasHo NpoBEPHUTL AEUCTBUE CCbINOYHbIX
CTaHAapToB B MHpOpPMaLMOHHON crcTeMe oBLUEro NoNb30BaHUA — Ha ogMUMansHOM caiiTe PefepanbHOro areHTcTBa no
TEXHUYECKOMY PErynupoBaHUI0 U METPOMOrMW B CETU VIHTEPHET UMK MO eXerogHoMy HGopMaLMoHHOMY ykazaTenio «Ha-
LMOHanNbHbIE CTAHOAPThI», KOTOPLIWA ONyBNMKOBAH MO COCTOAHUIO Ha 1 AHBAPA TEKYLLEro rofa, U no BhINyCKam eXemMecsaq-
HOMo UHCPOPMALIMOHHOTO YkasaTens «HalWoHankbHele CTaHAapThI» 338 TEeKyLWWiA rod. Ecnv 3aMeHeH CCbiNoYHbIA CTaHOapT,
Ha KOTOpPbIV JaHa HedaTUpoBaHHas CChiNka, TO PEKOMEHAYETCH WCMONb30BaTh AEHCTBYIOLLYI0 BEPCUID aTOrO cTaHpapTa
C Y4ETOM BCEX BHECEHHbBIX B JaHHYI0 BEPCUIO U3MEHEHWMI. ECni 3amMeHeH CCbINOYHbIM CTaHO4apT, Ha KOTOpPbIA AaHa AaTv-
pOBaHHasA CChIMNKa, TO PEKOMEHOYETCA UCNONbL30BATH BEPCUIO 3TOMO CTAHAAPTA C YKA3aHHLIM BbilLe FOAOM YTBEpXKAeHUs
(npuHaTUA). ECnn nocne yTBepKAeHNs HACTOALLEro CTaHAapTa B CCbINOYHbIA CTaHAAPT, Ha KOTOPLIA AaHa AaTupoBaHHas
CCbINKa, BHECEHO M3MEHEHWe, 3aTpar1BatLLee NoNoKeHWe, Ha KOTOPOEe iaHa CChiNKa, TO 3TO NONOXeHWe PEKOMEHOYETCs
npuMeHsaTsL Be3 yyeTa JaHHOrO U3MeHeHUs. Ecnu cobiNoYHbIid CTaHaapT oTMeHeH 6e3 2aMeHbl, TO MOMOXeHUe, B KOTOPOM
[aHa CCbifKa Ha Hero, peKoMeHAYeTCs MPUMEHSTb B YACTW, HE 3aTparMBatoLLeil 3Ty CChINKY.

3 TepmuHbI, onpegeneHUs U COKpalleHuUs
B HacTOAWweM cTaHgapTe npuMeHeHbl TepmuHbl no FTOCT 17070.
B HacToAweM cTaHgapTe NnpuMeHeHbl 0603Ha4YeHUs nokasatenein 1 MHAeKCOoB K HUM no MOCT 27313.

MpumeuvaHue — B cooreercTBuM ¢ TOCT 27313 TepMUHbI, NpUBEAEHHbIE B HACTOALWEM CTaHaapTe, NPUMEHK-
Mbl KO BCEM BUZaMm TONMMBA, NepeyncneHHLIM B pasgene 1.

B Tafinnu,e 1 npueedeHbl MNMolHble HAUMEHOBAHUA UHCTPYMEHTallbHbIX METOOOB, NpUMEeHAEeMbIX OIA
onpeneneHnd MMKPO3NemMeHTOB B TBeEPObIX MUHEPanbHbIX TONNKMBaxX, N MX COKpalleHns (366peBMaTypbl) Ha
PYCCKOM M AHIMWMACKOM S3bIKax.

Tabnuua 1— lNonHble N COKpalLleHHbIE HAMMEHOBaHMA METOOOB aHanmaa

Abbpesnatypa HawnmeHoeaHne metoaa
Hel a CCKO
aHMMNACKOM Ha. gy M Ha aHIMUICKOM Ai3bIKe Ha pycCcKOM A3blKe
HA3blKE
HA3bIKE
AAS AAC Atomic absorption spectrometry AtomMHo-abcopbunoHHasa cnekTpomMeTpus
AFS ADPC Atomic fluorescence spectrometry ATOMHO-hnyopecueHTHas CneKkTpoMeTpus
CV-AAS AAC-XTI Cold-vapour atomic  absorption AtomMHo-abcopbunoHHaa cnekTpoMeTpusa ¢
spectrometry aTomMu3aLvel MeTogoM X0No4HOro napa
GF-AAS AAC-IT1 Graphite-furnace atomic absorption ATOMHO-abcopBunoHHas CNekTPOMETPUA C
(AAC-3TA) | spectrometry aTtomu3auuer B rpacpMToBOM Neyn (c anekTpo-
TEPMUYECKON aToMU3aLnein)
HG-AAS AAC-IT Hydride generation atomic absorp- AToMHO-abcopbunoHHas cnekTpoMeTpus c
tion spectrometry rmgpuaHon reHepaumven
AFS-AAS ADC-IT Atomic fluorescence spectrometry AToMHO-dbryopecLeHTHasa CnekTpoMeTpus
atomic absorption spectrometry C rMApWaHON reHepaumen
IC X lon chromatography WMoHHasa xpomaTtorpadus
ICP-AES MCM-A3C Inductively coupled plasma atomic ATOMHO-3MUCCUOHHAA CMNEeKTPOMETpUA C
emission spectrometry WHOYKTUBHO CBA3AHHOW NNasmMon
ICP-OES MCM-03C Inductively coupled plasma optical OnTtuyeckas aMMCCMOHHAasA CNeKTPoOMeTPUs
emission spectrometry C MHAYKTWBHO CBA3@HHOW Nnasmon
ICP-MS UCM-McC Inductively coupled plasma mass Macc-cnekTpoMmeTpua ¢ WHAYKTMBHO CBA-
spectrometry 3@aHHOW Nnasmon
INAA UHAA Instrumental neutron  activation MHCTpyMeHTanbHbIA HEWTPOHHO-aKTUBaLM-
analysis OHHbI aHanus
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OkoH4aHue mabnuuei 1

AbbpeBunatypa HaumeHoBaHue meToaa
Ha Ha pYcCKoM
AHIMUIACKOM ;?gbme Ha aHrMWIACKOM A3blKe Ha PYCCKOM f3blKe
A3blKE
ISE MC3 lon selective electrode VoH-CeneKkTUBHbBIN 3NeKkTpoa
XRF P®A X-ray fluorescence spectrometry PeHTreHo-thnyopecLeHTHas crnekTpomMeTpus

4 CywHoOCTb MeToaAoB

CylwHoCcTs METOO0B ONpPefeneHsi MMKPO3NEMEHTOB B TBEPAbIX MUHEPAIbHbIX TOMNUBAX 3aKM4YaeTcs
nubo B U3MEPEHNW UX KONMWYECTBEHHOro COAEPXKaHUS B UCXOAHOM TOMMNMBE MHCTPYMEHTanbHbeIMW METoA4aMU
(MHAA, P®A), nnbo B pasnoxeHun npobbl TONNMBa NyTemM 030reHus (a Takke MHbIMKU cnocobamu Temnepa-
TYPHOrO BO34EWCTBMA, MCKTIOYAWWMKM NOTEP0 onpeaensaemMblX MUKPoOaneMeHToB), Nnbo nepesoga B pac-
TBOP C NOcneaywLMM onpegeneHnemM Coaep:KaHua MMKPOSNEeMEHTOB B NPOAYKTaxX pasnoXeHusa noaxogaiim-
MU XUMUHECKMMU, (PU3UKO-XUMUYECKUMU UMW MHCTPYMEHTaNbHbIMU METOLAMMN.

Bbibop MeToga onpeneneHna MUKPO3aNneMeHTOB Mnu crnocoba pasnoxeHus Npobbl 3aBUCcKUT OT DOpMbI
HaXOXOEeHMS MUKPO2MNEMEHTOB B TOMNMNUBE, UX CBONCTB W OXUOaeMOoro cogepXaHus B npobe.

MNpw onpegeneHnn MUKPO3NEMEHTOB, HEe 0Bpa3yLLMX NeTy4nux coeguHeHun npu temnepartype 500 °C
(HanpumMep, bepunnuin, Xxpom, kKobanesT, Meab, MapraHeLl, HUKenNk), aHanu3, Kak NpaBuno, NPoOBOAAT U3 30MbI
Tonnuea. Mpobbl Tonnuea o3onsoT Npu Temnepatype (500 = 10) °C, nocne Yero NepeBoaAT MUKPOINEMEeHThI
B pacTBop nytTeM 0BpaboTKKM 30Mbl CMECHI0 KACINOT UMK CNNAaBMeHUs 30Nkl CO CMeckio BopaToB UNU ApYrux
nnaBHen 1 pacTBOPEHWA NNaea B KMCNoTax.

Mpw onpefeneHnn MUKPO3NEMEHTOR, COeMHEHUS KOTOPbLIX MOTYT YNeTYy4YMBaTLCS B YCNOBUSAX 030MEHUS
(Hanpumep, 6op, xnop, TOp, PTYTh W CeneH), aHanua npoBogAaT 6e3 o3onennsa Tonnuea. PasnoxeHne HaBe-
CKW TBEPAOro MMHEpPanbHOro TOMNMMBAa NPOBOAAT CNeKaHWeEM CO CMEeChHo LKA, CXXUraHUeM B KanopumeTpude-
ckow Bombe, 0BpaboTKON CMECHID KOHLEHTPUPOBaHHbLIX KUCNOT UK NyTeM NUPOruaponuaa.

Ha pucyHke 1 npuBedeHa cxemMa UCMbiTaHUs TBEPALIX MUHEpPanbHbIX TOMMAWB NpY onpegeneHnn MUKpo-
aNemMeHToB.

MpumeuyaHune— Kpatkun 0630p cnocoboB paznoxeHusa npob TBepAoro MUHEpanbHOro TONMNUBA C UEnbo onpe-
JeneHusi B HUX CogepXKaHUs M1KPO3NeMeHTOB NpUBEAEH B NPUNoXeHun A.

Pa3zpaboTka anekTpoHHOWN Bepcun - nopTan GostExpert.ru 8/20
Crpanuua nokymeHTa - https://GostExpert.ru/gost/gost-54239-2024



https://gostexpert.ru?utm_source=pdf&utm_medium=68675
https://gostexpert.ru/gost/gost-54239-2024?utm_source=pdf&utm_medium=68675&utm_term=page

FOCT P 54239—2024

AHanuTn4yeckan npoba
— 212 (200} MM
HoeeneHwe 4O BO3AYLLIHO-CYXOro OnpepgeneHue
COCTOAHKMA B Nlaboparopum aHanUTHYEeCKOW BNaru
OT60 o6 AHATM3a MpuroToBneHue 3onb?
P NPpODL! ANA aHANM npu Temnepatype 500 °C
AHanwa TonnveBa @@ == -m==-=-=- cl AHanus 3ol

As, Se —ro FTOCT P 54242, FOCT P 58015;

B —no FOCT 28974, [1};

Cl—no FOCT 9326, FOCT 29087, FOCT 33502,
FOCT P 59013;

F —no FOCT 32982, FOCT P 59014;

CnnasneHue ¢ BopaTtamu

PacTeopeHue B cCMECH WU ¢ APYTAMU MNaBHAMK
KACNoT ¢ NocneayoLMM

NepeBsoaOM B PacTBOR

AACATTI UCn-mMco ncn-AacH MUCM-A2CH
Cd, Pb As, B, Be, Cd, Cr, Co, B, Be, Cr, Co, Cu, Be, Cr, Co, Cu, Mn, Mo,
Cu, Pb, Mn, Mo, Ni, Mn, Mo, Ni, V, Zn Ni, V, Zn

Sb, TI, V, Zn, Th, U

a) Ecnu Ans aHanusa UCnonb3ytoT 3011y Npobbl, NoNy4YeHHyHo B NaBopaTopHbIX YCIOBUSAX CTaHAAPTHLIMI MeTofamm,
3HAYEHMEe TAKOW 30MBHOCTY NPOBLI UCMONB3YT ANA AaMNbHENLLEro NepecyeTa pesynsTaTtoB Ha TOMMUBO.

6) PacTBOp, NOMy4aeMblil NyTeM PAcTBOPEHWS CrinaBa ¢ GOpaTOM WM APYTMM MIaBHEM, MOXET BbiTh Takke
MCMonbL30BaH ONA onpedeneHysl ykazaHHbIX aneMeHToB meTtogom WICM-MC vnu gpyrumym MeTogamu, ecrnv npu 3ToM
obecneqeHa HeobxoauMmasn YyBCTBMTENBHOCTb.

B) OB03HaueHHbI Ha CXeMe NYHKTUPHOI NUHWel cnocob nonyveHns aHanuMaupyemoro pacTeopa nytem obpaboTku
TOMMUBA CMECHIO KUCMOT SBMNAETCA anbTePHATUBHLIM PACTBOPEHUIO B CMECU KMCMNOT NpeaBapuTENsHO 030MeHHON Npobbl.
Kak npaBuno, ero ucnonb3yroT Anga onpegeneHvsa anemeHToB metogom UCI-MC.

PMcyHOK 1 — Cxema ucnblTaHusA TBEPObIX MUHEDanNbHbIX TOMNJTMB NMPWU onpeeneHnn MUKPO3anemMeHTOB

5 MpurotoBneHune Npobbl

5.1 NMpurotoBneHune ﬁpOﬁbl TBepaoro MMHepanbHOro Tonnvea gnAa onpegeneHnA
MWKPO3NeMEHTOB

lMpoba Tonnuea Ana onpefeneHMss MWKPO3MNEMEHTOB npeAcTaBnsaeT coboi aHanuTMyeckyk npooy,
M3MernbYeHHYH 00 KPYMHOCTU YacTul, meHee 212 mkm, npurotoeneHHyto no FOCT 23083, TOCT P 59248,
OCT P 59257, TOCT P MCO 18283 unu NOCT P NCO 13909-5.
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JonyckaeTcs WCNONb30BaTb aHanUMTUYECKy npoby, W3MenbY4eHHYI OO0 KPYMHOCTM 4acTul, MeHee
200 mMkM. [ns oTOenNbHbIX BUOOB UCMLITAHWA B cTaHAapTax ykasaHbl ocobble TpeboBaHUs No KpYyMHOCTH Mpo-
Obl ANs fanbHelwero aHanmaa.

Mpoba nomkHa HaxoAUTLCA B BO3AYLUHO-CYXOM COCTOSIHUM, ANsi YEro ee packnaablBakT TOHKUM CroeM
1 BblOEPXKMBAIOT HA BO34YXE NPW KOMHATHOW TEMNepaType B TEHEHNe MUHMMAanNbHOro BpeMEHU, Heobxoammo-
ro Ans JOCTUXEHWS PABHOBECUS MEX/Y BNaXKHOCTbIO NPobbl M BNAaXHOCTHH OKPY:KaKLLEro Bo3ayxa.

Mpwn B3ATUWM HaBeCKW TONMMBA ONA onpefeneHnst MUKPO3NEMEHTOB B TEYEHWE KOPOTKOrO NPOMEKYTKa
BpeMeHW M3 TOR e Npobbl oTOMpakT HABeCKU AN onpeAeneHwns cooepXaHusi aHanuTUYecKon Bnaru no
FOCT 33503, FOCT 11014 vinu TOCT 27589 (onsa kokca) Ans nepecdeTa pe3ynkTaToB HAa ApYyrue COCTOSHUSA
TOMMMBA, OTNINMYHbIE OT BO3AYLUHO-CYXOr0.

5.2 MpurotoeneHune nNpo6bl 30Nkl ANA onpeaeneHUs MUKPO3NeMeHTOB

MpuroToBneHWe 3onbl ANs ONPeAeneHns MUKPO3NeMeHTOB NPOBOAAT Npu Temnepatype (500 + 10) °C.
HaBecky TBep4oro MmHepanbLHoro Tonnuea, NPUroTOBIIEHHOMO B COOTBETCTBUKM € 5.1, nomellatoT B npeagsapu-
TEenbHO B3BeLWEeHHbIN hapdopoBbIA, NAATUHOBLIA UMK KBApLEBbIN TUrenb, UK NoTKA U3 OrHeyrnopHon Kepa-
MUWKW, NOATOTOBMIEHHbBIE B COOTBETCTBMM C NPUIMOXKEHMEM A, U B3BELUMBAOT TUrens ¢ Npoboi ¢ TOYHOCTBIO 40
0,1 mr. PacnpenensitoT HaBecky TONMNWBA B TUITE POBHLIM CNoeM TonwuHoi He Bonee 0,151 Ha 1 cm2. Mpwu
HEeoBXOOUMOCTH ANS 030MEHUS UCMOMb3YHT HECKOINBKO HABECOK OOHON Npobbl.

[NoMeLLaloT TUIMKM C HABeCcKaMu B XONOAHY MydernbHY Nedb, KOTOPYH MOCTEeNeHHO HarpeealwT ¢ Ta-
KOW CKOpPOCTbIO, 4Tobbl Yepes 1 4 Temnepatypa neyn gocturna 300 °C, a yepes 2 4 — (500 + 10) °C. MNpogon-
XKalT 030NeHue, BolAepXueas Turnu npu temnepartype (500 + 10) °C ewe 2 u.

YOansawT TUMKW ¢ 30fIbHBIMKM OCTaTKkaMKn M3 MydenbHOW nedun, oxnaxgarT UX cHadvana Ha Bo3fgyxe, a
3aTem B akcukaTope 6e3 ocywuTens. [Nocne oxnaxaoeHus 0O KOMHATHOW TemMnepaTypbl B3BELLUMBAKT TUITIN.
[MpoBOOAT KOHTPOMbHbIE NPOKANMBaHWA NPOAOMKUTENBHOCTBI0O 30 MUH KaXaoe C NocrneayowmnmM oxnaxaeHu-
€M W B3BeLlMBaHWEM TUITeN 40 Tex nop, Noka pasHoCTb pPe3ynbTaTtos ABYX nocrnegoBaTenbHbIX B3BELIMBAaHWA
cTaHeT He bonee 1 Mr. Bce B3BeluMBaHMA NPOBOOAT HAa Becax ¢ TouHocTho Ao 0,1 mr. [Inga pacyeTa 30MbHOCTU
MCMNOoNb3YyHT pe3ynksTaT nocnegHero B3gellvBaHus. [lonyyeHHoe 3HavYeHue 30MbLHOCTH UCMOoMb3YT ANS nepe-
cyeTa pesynbTaToB onpeneneHns MUMKPOINIEMEHTOB B 30Me Ha UCXOOHOoe TBepaoe MUHeparbHOe TOMMMBO Mo
dopmyne (2).

MonyueHHy0 30Ny TLWATENBHO pacTMparT 40 OOAHOPOLHOrO COCTOAHUA, 0ObeAUHANA MPU 3TOM 30Ny Of-
HOM NpOOLI, NOMYYEeHHY0 NPW O30MEHMM B pa3HbIX TUMMAX. [Ana XxpaHeHUa 30My NepeHocAT B repMeTUYHbIN
KOHTEeMHep 1 NoMeLLaKT B 3KCUKaTop.

6 O630p meTonoB onpeneneHnAa MMKPOJINIeMeHTOB

6.1 MbIWbLSAK U ceneH

MBILWBSK 1 ceneH onpeaensarT B BUAE MX BOAOPOAHbLIX coeauHEeHUn METOAOM aTOMHO-abcopbLUMOHHON
NN aToOMHO-hyopecLeHTHOW CNeKTPOMETPUIK ¢ reHepaumnen rmapugos (AAC-TT, AQC-IT). Hasecky Tonnu-
Ba CMeKawT co cMecbklo dwka npu Temnepartype 800 °C, a 3aTem obpabaTbiBaloT consiHoW kucnoToin. Meton
onpefeneHnss MbilbsKa U ceneHa B TBepAblX MUHepanbHbix Tonnueax yctaHoeneH B FOCT P 54242. Onpe-
[eneHune MbllWbAKa TakKe MPOBOAAT C MCMNONb3oBaHUeM 6e33nekTPoaHON BbICOKOYACTOTHONM NamMnbl 6es npu-
MEHEHUA MTMOPUOHOM MPUCTABKMN.

B NOCT P 59015 ycTaHOBNEH (PUIMKO-XMMUYECKWIA MeToq, onpeaeneHnss Mblilbska B TBEPAOM MUHE-
panbHOM TOMMMBE, NpenycMaTpuBaloLLMiA paznoxXeHWe HaBeCKW TOMMMBA CnekaHuem co cmecbio 3wka. OT-
OEnsT MbILUbAK OT MELLaKLWMX NPUMECEA OTTOHKOW B BUOE TPUXNOPMUAA, KOTOPbI NMOrMOLWAaT KOHLEHTPUPO-
BaHHOW a30THOM KMCNOTOW ANA okucrneHus Melwbaka go As (V). Nocne ynapuBaHus a3oTHOW KMUCNOTbI OCTATOK
0bpabaTbiBalT NpM HarpeBaHUW pacTBOPOM CEpPHOW KUcroTbl. B cepHokucriom pacteope As (V) obpasyer
Cc MonubaaTtom aMMOHWS B MPUCYTCTBUM cynbdaTa rMapasnHa okpalleHHOe KOMMNEKCHOe CoeAnHeHue —
MbILLbSKOBOMONMOAEeHOBY0 CuHb. CofepaHue Mbllibaka B TOMSIMBE ONpenensoT chnekTpodoTomeTpuye-
CKMM METOOM MO UHTEHCUBHOCTU OKPACKM pacTBOpa C MCNOMNL30BaAHWEM rpagyMpoBOYHOrO rpaduka.

B 3ome TonnuMBa ceneH oTCYTCTBYET, T. K. TEPAETCSA B 3HAYMTENBHON CTEMEHU WU MOMTHOCTLIO NMpU TEM-
nepatype Huxe 500 °C. MbIlWbSAK MOXHO ONpegenuTb B 30/1e TBepA0ro MMHEpanbHOro TOMMAMBa, NoSTyYeHHOK
B nabopaTopun npu Temnepatype He Bbiwe 500 °C (cwm. [2]). [ins onpeaeneHns MbllbAka B 30Me TONMuBa
pekoMeHO0oBaHa METOAMKA, BKITKOYAKLWAA CnnaBneHue 30nsl Co CMecbld Mmetaboparta/Tetpabopata nuTua Unu
nyTeM pasnoXeHWsi CMECBLK KUCIOT (a30THOW, consHowu U dTopucToBogopogHon). OnpenensioT MbILWBSK B
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pacTeBope B BUAe BoaopofHoro coeanHeHusa metogom AAC-IT nnu AOC-IT. MbllWbAK 1 CEMNEH TaKKe MOXHO
onpenenate metogom MCIM-MC, ecnu ecTe BO3MOXHOCTb YCTPaHWUTbL UHTEpdEPEHLMIO, BbI3BAHHYH XMOPU-
[OM aproHa.

6.2 Bop

Bop oTHOCUTCA K NEeTy4Ynm anemeHTam, No3ToOMY 030MeHWE TOMMMBA C LUeNbH pasnoxeHus npobbl n no-
ny4yeHWsa aHanM3uMpyemoro pacTeopa npu onpegeneHuy 6opa He NPUMEHSIOT.

Mo MOCT 28974 ansa onpegeneHnsa Gopa NoMb3yKTCSH 3MUCCUOHHBIM CNEKTPanbHBIM KONTUYECTBEHHBIM
mMeTogom. [Ons atoro npoby TonnwWBa NoABeprarT TepMuveckon obpaboTke C nocrnegywlUM CMeLLIeHUEM
ocTaTka ¢ 6ydepHon cMmecklo, NnpefcTaensoLlen cobol cMmeck rpadMTOBOrO NOPOLLKA, 3MIEMEeHTapHOM cepsl,
OKCcuOa KpeMHUS UMK YIMeKNCcnoro HaTpusa B onpeneneHHoOM COOTHOLIEHUM.

MeTton onpenenenns 6opa Takke yctaHosrneH B [1]. [na onpeneneHus 6opa npoby Tonnvea cnekatoT
Co cmecbto Jwka npu Temnepatype 800 °C, a 3aTem pacTBOPAKT B CONAHOM kucnoTe. Npouegypa NnpuroToe-
NeHna aHanum3MpyemMoro pacteopa aHanorvyHa ctaHgapTHoOW METOAMKE onpefeneHns MbllibsiKa U ceneHa no
[OCT P 54242.

Bop B pactBope onpefensT METOOOM aTOMHO-3MWCCWOHHOW CNEKTPOMETPUN C UHOYKTUBHO CBA3aH-
Hoi nnasmon (MCM-A3C) (cMm. [1]) unn meTogomM Macc-CnekTPOMETPUM C WHOYKTUBHO CBHA3aHHOW MiasmMoMu
(LCM-MC).

6.3 Cypbma, bepunnuii, KagMUN, XpoMm, kobanbT, Medb, CBUHEL, MapraHey, MonuGaeH, HAKeNb,
Tannui, BaHagun, UMHK, TOPUA U ypaH

[aHHble anemMeHTbl MOXHO ONpenensTb pPasHbIMU CReKTpoOMeTpudeckuM metogamu. Cypemy, 6epun-
NUA, KAOMUIA, XpoM, kobankeT, Medb, CBMHEL,, MapraHey, MOnNnBAeH, HUKENb, BaHAAWA U LWHK B YIMe W KOKce
onpegensoT no [2]. PekomeHoyeMbli X0 aHanuaa onucaH Huxe.

OsonsT npoby Tonnmea Npu makcumansHor Temnepatype (500 + 10) °C gons yoaneHus yrnepogconep-
Xaulero matepuana. [puroToBNeHHy NS aHanuaa 3omny CnnaensoT co cMeckio MeTabopaTa u TeTpabopara
nutua (cMm. [3]) unn paanarakT CMEChH KMCNOT (CONSAHOM, a30THOM 1 PTOPUCTOBOAOPOAHON). B nonyyeHHbIH
Takum obpasom pacteop fob6aBnsaT 6OpHYD KACHOTY ANns 06pa3oBaHWMA KOMMMEKCHbIX CoeaMHEHNIA dbTopa.

KoHueHTpaum MMKpO3NeMeHTOB B pacTBOPE ONpedensT CNeKTpoMeTpudeckumMmu Metogamiu. Tpaau-
LWMOHHO MCMONbL30Banu MeTod aToMHo-abcopbuuoHHol cnekTpockonuu (AAC). B HacTosllee Bpems ero B
BonblwnHCcTBE cnyvaes 3ameHuny Ha Mmetog MCI-A3C, nogxogsawmin ons onpegenedns 6onblUMHCTBaA Npea-
CTaBIEHHLIX 3NIEMEHTOR, KPOME CypbMbI, KAAMWUS, CBUHLA, TANnusa, TOPUSA U ypaHa, BCTPeYakLUXCH B Yrnax
B OYeHb HU3KMX KOHLeHTpauusax, u Mmetoq MCM-MC, no3sonsawoLwmnii onpegenaTs 3N1eMeHThl B CNefoBbLIX KO-
YecTBax.

MapraHeL, Takxke onpefensoT OOHWM U3 ABYX METOAOB ONpeneneHus XMMUYeCcKoro CocTaBa 301bl: METO-
[0M aTOMHO-3MWUCCUOHHOW CNEKTPOMETPUM C MHAYKTUBHO cBAA3aHHoM nnasmoi (MCIM-A3C) no TOCT P 54237
unu cnektpodotomeTpuyeckumMm metogom no MOCT P 59592. B TOCT P 54237 gononHUTENLHO yKa3aHa BO3-
MOXXHOCTb MCMONb30BAHWA APYTMX METOO0B PasfNoXeHWsA 30MNbl Npobbl MpW yCrnoBMKM OOCTMXKEHWS MOMHOThI
M3BMNeYeHns onpegensemMbiX anemMeHToB. [Ina 3Toro HeobxoguMo NPOBEPUTE BbIOpaHHLIA MeToq pa3noXeHus
C vcnonb3oBaHWeM ctaHgapTHoro obpasua (CO) 1 cpaBHWUTL MOMyYeHHble pe3ynbraThl ¢ aTTeCTOBaHHBLIMU
3Ha4YeHWSIMI CoOdepKaHW onpegensembix anemeHTos B CO.

MpumeuaHusa

1 HekoTopbie M3 3TUX MWKPOINIEMEHTOB MOKHO onpegenute Metogom P®A, ogHako 4yBCTBMTENbHOCTH SAHHOIO
METOAAa HeJOCTaTOYHO ANs TOHHOro onpeaeneHya 6epunnusa, kagmua, Tannus, TOpua U ypaHa.

2 Topwi v ypaH Takke MOoryT BbiTb onpedeneHs! ONMCcaHHBEIM METOAOM, HO NPY pacTBOPEHWM 30Mbl B CMECU KMCMOT
crnegyeT y4uTbiBaThb, YTO 3TW 3NeMeHTbl MOryT 0bpa3oBbiBaTk HepacTBOpUMbIE (DTOPUCTbIE coeanHeHwsi. [na npegoT-
BpalleHus Takoro obpasoBaHus cnegyet cobnioaate HEKOTOPLIE Mepkl MPEAOCTOPOKHOCTH. TOPWIA U ypaH credyeT onpe-
JensTe B Te4eHWe NepBbix 2 Y nocne NpUroToBneHWs pacTBopa 30f1bl B CMECK KMCMAOT MNK pacTBOp CriedyeT 4acTUYHO
ynapuTe AN yaaneHus TopucToBOAOPOAHOM KMCMOThI.

3 Mbiwegk gonyckaetcs onpedenats no [2].

Bepunnwuii, mapraHel, XpoMm, HUKeNb, KOBankT, CBUHEeL, BaHaAul, Medb, LUWMHK U MonubaeH onpenensoT
Tak xe, Kak 1 6op no NOCT 28974.

Bepunnuin, xpom, Mefb, MapraHel, HUKeNb, CBMHEL, BaHaUM U LUUHK OnpefensioT Takke MeToaoM
aTtoMHO-abcopbLUMOHHOM CNeKTpPOMEeTpUM ¢ atoMmu3aunen B nnamenun no MOCT 32977. MNpouenypsl NoAroToB-
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K1 Npobbl U NPUIrOTOBIEHUSA aHANM3MpyeMoro pacTBopa aHanorudHbl npouegypam no [4], 3a UCKNHYeHMEM
BO3MOXHOCTW CNraBneHns nony4eHHon 30mbl CO cMecbhlo MeTaboparta v TeTpabopara nuTus.

MeTon onpenenenuns kagMmus npusegeH B FOCT P 59593. ins ero onpeneneHus npoby TBepaoro Mu-
HepanbHOro TONMMBAa NOABEPratT MArKOMY 0305eHuto npu Temnepatype (500 + 10) °C. MNony4yeHHyk 30ny
pacTBOPSOT B CMeCU KOHLEHTPUPOBaHHbLIX a30THOW, CONAHON U (hTOPOBOAOPOAHOW KACNOT NPW HarpeBaHuu B
npyCcyTCTBUKM BOPHORN KMCNOThI A5t CBSA3bIBaHWA WOHOB thTopa. CopgepKaHue KaaMusi B MofMy4YeHHOM pacTBope
yCTaHaBNMBawT METOAO0M [06aBOK NpK NOMOLLKM aTOMHO-abCcopOLUMOHHOIO CNeKTPOMEeTpa C 3MeKTpoTepMuYe-
CKOW atoMm3aumen.

MprvumeyaHune— Kagmuin n cBuHeL, Takke onpedensaioT metogom AAC-TTI.

6.4 Xnop

MeToabl onpegeneHus xnopa yctadosneHbl B FOCT 9326, TOCT 29087"), FOCT P 59013 u FOCT 33502,
BKMIOYaKLWKWMM pasHble cnocobbl pa3noXeHua npobbl TONNKMBA U pasHble METOAbI ONpPedeneHMs Xnopa B no-
Ny4YeHHbIX pacTBopax.

Mo MOCT 9326 aona onpegeneHus xnopa npoby TonnveBa crnekakwT CO CMEChbK JLKa ¢ NocnenyrLwmnm
pacTBOPEHWEM CMeKa B a30THOW KMCNOTE UMUK CXUratoT B KanopumeTtpuyeckon 6ombe B npucyTCTBUKM NOMNo-
TUTENbHOro pacTteopa. B nonydeHHbIX pacTBOpax ONpenenstoT XMop XMMUYEeCKUMKU MeTogamu (MepKypyumMe-
Tpudeckoe TUTpPOBaHWe, TUTPOBaHMe No Ponbrapay, NOTEHLUOMETPMYECKOE TUTPOBaHWE C MCMNOMb30BaHWEM
XNopug-ceneKkTMBHOMO 3reKkTpoaa).

Mo FOCT P 59013 cnek, nony4YeHHbIA MyTEM CXUraHWs HaBECKM TOMMMBA CO CMechio JwkKa, obpabathbl-
BAKOT pacTBOPOM a30THOWM KMCNOTbI 1 OCa)OakT M3BECTHbIM KONMMYECTBOM pPacTBOpa asoTHoKMcnoro cepebpa
onpeaeneHHon KOHUeHTpauuKn, B3AToro B M3bbiTke. KonnyecTBo HenpopearnpoBaBLlLEro ¢ XNopoM n3bbiTka
a30THOKMcNoro cepebpa onpenensoT MeTo4oM obpaTHoro TMTpoBaHuA no donbrapay.

MeTog no NOCT 33502 3akntoyaeTca B pasnoxeHuu npobbl CXUraHUem B KanopuMeTpuieckor Bom-
e w onpegeneHvn xnopa B pacTBoOpe C UCMOMb30BaHWEM XNopua-cenekTusHoro anektpoga (MC3) (metog
cTaHgapTHbIX obasok). [ins nepeBefeHUs Xxnopa B pacTBOP MOXHO TakkKe MPUMEHUTh pasnoxeHue HaBecKu
TonnuBa nyTem nuporugponusa. MNpoueaypa aHanorudHa npusegeHHor B TOCT 32982. B nornotutenbHOM
pacTBOpe Xf0p ONpefensitoT MeToA0M MOHHOM xpomaTorpadum (MX) unu ¢ ucnonb3oBaHWem XNopua-cernekx-
TMBHOro anekTpoaa (MC3).

OnpepgeneHne cogepxaHusa xnopa no MOCT 29087 3akntoyaeTcs B CKUraHum npobbl TONNMBA B NOTOKE
Kucnopoga B TpybuaTon nedm npu Temnepatype ot 1250 °C go 1350 °C, ganeHenweM NOrMOLLEHNU KUCTTbIX
rasoe U 06bLEMHOM ONpefeneHnn cogepxaHusa xnopa TUTPOBaHUEM.

Y0o6HbIM 1 TOYHBIM METOAOM NMPAMOro OnpegeneHns xnopa B Tonnmee aenaetca metog POA.

MpuMeyaHue— Xnop, kKak NpaBUno, OTHOCAT HE K MUKPO3MEMEHTAM, a K 3NIeMeHTaM, NMPUCYTCTBYIOLLUM B yrme
B MalnoMm KOINMYECTBE, 1 BbIPaXalkoT ero coAepxaHne B npoueHTax (cMm. Tabnuuy 2).

6.5 ®Top

®dTop onpenensoT OAHUM U3 ABYX cTaHOapTHeIX MeTonos. Meton no FTOCT 32982 3akniouaeTcs B NUpo-
rTMAPONMUTNYECKOM PasfoXeHn HAaBeCKW NPo0bLI U oNpeaeneHnn B pacTBOpe MOHOB hTopa C UCMOMb30BaHMEM
dTopua-cenektueHoro anektpoaa (MC3) nnu noHHoi xpomatorpadcum (MX).

Meton no MOCT P 590141) 3akniouaeTcsa B CKUraHWM HABECKM TONMUBA B KanopuMmeTpuyeckon Gombe u
nocriefyoLlem onpeneneHun B pactsope MTopua-MoHOB C UCNONb30BaHUEM (PTOPUL-CENEeKTUBHOIO SMeKTpo-
ga (MCQ3); meTog MCnonb3yoT TONbLKO A8 TOMMAMBa C 30MbHOCThI0 MeHee 30 %.

6.6 PTyTb

PTyTb B TBEpOOM MUHepansHom Tonnuee onpegensoT no FTOCT P 59176, TOCT P 59177 u TOCT 32980.

FOCT P 59176 ocHOBaH Ha TepMUYECKOM pa3noxeHuu Npobbl TONNMBA, CONPOBOXAALEMCA aToMMU3a-
LuMen pTyTu, NnepeHoce aToMapHOM PTYTW B aHANUTUYECKYHO KIOBETY aHanusatopa NoTOKOM BO34yxa U uamepe-
HWWM aTOMHOTO MOTMOLLEHMA PTYTU C KOPPeKUNen HeCenekTMBHOTO NOrMoLLLEHMS Ha ocHoBe adhdekTa 3eemaHa.

FOCT P 59177 ycTaHaBnvBaeT onpefeneHue MaccoBon fonu obLuen pTyTK ¢ UCNONb30BaHWEM MEeToaa
BecnnameHHo aTOMHO-abCOPOUMOHHOM CNEKTPOMETPUK B «XONOOHOM Nape» pacTBOPOB, MOMYYEHHLIX MyTEM
KUCNOTHOWM 3KCTPaKLUMM UMK BMAXHOIO OKMCNEeHWsa Teepabix Npob Tonnuea.

1) CtaHgapT He pacnpocTpaHaeTca Ha KOKC.
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Mo FNOCT 32980 HaBecky TonnvBa CXUrawT B KanopumeTpuyeckon bombe B atmocdepe kucrnopoaa,
npu 3TOM pTyTb abcopbupyeTcs pa3baBneHHbIM pacTBOPOM a30THOW KUCNOThI, AobaBnsaemMor B om0y nepen
cxurannem. B nonydyeHHoM M3 cmbiBa 6oMObI pacTBOpe nocne ero unsLTPOBaHMA pTyTh BOCCTAHABNMBAOT
XNopuaoM onosa 1 onpedensarnT metogoM becnnaMmeHHon aTOMHO-abcopOLMOHHOM CNEeKTPOMETPUN C aTOMMK-
3aumen meTogom xonogHoro napa (AAC-XI).

M3BeCcTHO TakKke HECKOINbLKO ansTepHaTUBHbLIX METOAORB onpeaeneHus pTyTu. [1na pa3noxeHus Tonnuea
MOXHO 0bpaboTaTb Npoby KMCNoTamu B aBTOKNAaBE, MOMELUEHHOM B MUKPOBOITHOBYH MeYb, UMW B 3aKPbITOM
cocynde Ha BoasiHoW BaHe, Unn KMNATUTbL B CMECK a30THOW W CEPHOW KUCNOT ¢ obpaTHbIM XONoAUNbHUKOM
(cm. [4]).

[encTBYOT MHCTPYMEHTanNbHbIE MEeTOAbl aHanuaa, No KOTOpPbIM TOMMMBO CKWrawT, a pTyTb NOMMOLWaT
B KOINMeKTope C NPOBOMOKOW M3 30M0Ta. 3aTeM KOMMEKTOP HarpeBalT W pTyTb ucnapsetca. KoHueHTpauuo
pPTYTW ONpeaensioT NPAMbIM aHanvM3oM nnamenu (cm. [5]).

6.7 PapnoHyknuabl

B yrnsax, kak B NPUMPOAHOM Cbhipbe, COAEpPKaTCA paguoHyknuabl. VX pagnoakTMBHOCTbL MOXET BbITh 13-
MepeHa rammMa-CrneKTpoMeTpamMu ¢ BbICOKOW paspeluarollein cnocobHocTeo (eM. [6]).

7 ObpaboTKa n npepcraBneHne pesynsTaTtoB

Maccoaym A0 MMKPO3NEMEHTa B CYXOM TOMJMBE Sd, MI/KT, BEIMUCIIALOT N0 cbopmyne

39 = 5@ 10 i
100 - W2
roe 3% — maccosas [ons MUKpoanemMeHTa 3 B BO3[YLLUHO-CYXoi npo6e Tonnuea, Mr/Kr;
W@ — maccoBasi ons Bnaru B BOo34yLWHO-CyXol npobe Tonnvea (Bnarv aHanutudeckon npobet), %.
Ecnu onpefeneHue MUKpoaneMeHTa NpoBOLAT U3 NpeABapUTenbHO 030M1IEHHOM Npobbl TONNMBa, Macco-
BYO JOJO MUKPO3NEMeHTa B BO3OYLUHO-CyXOM TOMIVBE, MI/KF, BbIYUCAAT No hopMyne

A700 "

roe 3A — MaccoBasd gond MMnKposrnemeHTa 3 B 30Me, MI/KT 300bl;

A%, — 30MbHOCTL BO3AYLIHO-CyX0i Npobbl Npu TemnepaType o3zonexusa 500 °C, %.

PEByJ'IbTaTb] UCMbITAHUIA OKpYyrmAKT B COOTBETCTBUKU C TDESOBEHMRMM npuMeHAeMOoro crtaHgapTa.
MMKDOSHEMEHTbI B NMPOTOKONe npuBogAT B Bae CUMBOIIOB B aﬂ(baBMTHOM nopsagke.

8 TpQGOBaHMH K HYBCTBUTENbHOCTKU MEeTOL0B onpeaeneHA MUKPO3NeMeHTOB

Mpw BLIGOpe MeToAa onpeaeneHns MUKpO3eMeHTOB cneayeT o6paTuTe BHUMAHME Ha TO, YTO YYBCTBU-
TenbLHOCTL W Npegen oGHapyXeHUs MeTofa AOSMKHbI ObiTe 4OCTATOMHLIMKU AN onpedeneHns KOHLeHTpauui
3TUX 3MNEMEHTOB B TBEPAbLIX MUHEpanbHbIX TOMMWBAX, @ NPeLU3VOHHOCTE METo4a AOMKHA YOOBMETBOPATh
TpeGoBaHUsIM, YKa3aHHbIM B cTaHAapTax Ha MeToAbl onpedeneHns MUKPOarieMeHToB. TUMWYHbIe AUanasoHsbi
KOHLIEHTPaLMiA MUKDPO3MEMEHTOB B TOBAPHbIX YrMax U TpebyeMele npefensl 0BHapyeHWs cnekTpansHeIX Me-
TOOOB aHanusa npusegeHsl B Tabnuue 2.

Tabnuuya 2 — [ManasoHbl KOHUEHTPaUWMA MWKPOIMEMEHTOB B TOBAPHbLIX YrAsX M TpebyeMble HWXKHWE npenensl
obHapyxeHus

SOnemeHT [nanasoH koHUEHTpaumi?) Tpebyemblii HKHWIA Npeaen obHapyeHus, Mr/kr
As 071 0,5 go 25,0 mr/kr 0,1 mr/kr
B OT1 5 no 400 mr/kr 5 mr/kr
Be OT10,1 po 20 mr/kr 0,1 mr/kr
Cd OT 0,05 go 0,090 mr/kr 0,01 mr/kr
9
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OkoH4aHue mabnuuei 2

anemeHT [uanasoH koHUeHTpaumi®) Tpebyemblii HWXHWIA Npeaen obHapyxeHus, Mr/kr

Cl O1 0,01 % abc. go 0,2 % abc. 0,01 % abc.
Co Ot 0,5 go 30 mr/kr 1 Mmr/kr
Cr Ot 0,5 no 60 mr/kr 1 Mmr/kr
Cu Ot 0,5 po 50 mr/kr 1 mr/kr
F Ot 20 go 500 mr/kr 50 mr/kr
Hg OT1 0,01 go 4,0 mr/kr 0,01 mr/kr
Mn Ot 5 go 300 mr/kr 1 Mr/kr
Mo Ot 0,1 go 10 mr/kr 1 mr/kr
Ni O71 0,5 no 50 mr/kr 1 mr/kr
Pb Ot 2 go 80 mr/kr 1 mMr/kr
Sb Ot 0,1 go 10 mr/kr 0,1 mr/kr
Se O710,2 no 10 mr/kr 0,1 mr/kr
Th OT1 0,5 go 10 mr/kr 0,1 mr/kr
TI OT1 0,1 go 10 mr/kr 0,1 mr/kr
U Ot 0,5 po 10 mr/kr 0,1 mr/kr
\ Ot 2 go 100 mr/kr 1 Mr/kr
Zn Ot 5 go 300 mr/kr 1 mMr/kr

a) NanHble no CeaitHy (cMm. [7]).

MpaBUNbLHOCTL Pe3ynLTaToB WM3MepeHWn, MoMny4YeHHbIX MeTogamu, BbIOpaHHLIMW ANA onpeaeneHus
MUKDPOSNEMEHTOB, OLEHUBAKT NPEeANnoYTUTENLHO NyTeM McnonbaoaHa CO yTBepXAeHHOro TMNna, a Takke
CpaBHeHWeM C peaynsTatamu, NoNyYeHHbLIMU C NOMOLLLIO pedepeHTHbLIX MeToauk (cM. B.7) B COOTBETCTBMM C
TpeboBaHuamu MTMOCT P MCO 5725-1 — TOCT P NCO 5725-6 n TOCT 33654.

CO Tonnuea WKWPOKO PacnpocTpaHeHbl U MPUMEHSATCA ANA KOHTPOMS BO3MOXHbIX NOTepb onpenens-
€MOro aremMeHTa B X04e UCMbLITaHWUs, a Takke Npu NpoBedeHnn oThenbHbIX npoueayp. CO 3ombl ToNnuea uc-
NOMb3yHKT ANF KOHTPONs B TeéX METOAax, B KOTOPbIX 0305eHMe Npobkl ABNSAETCS COCTABHON YacTbl METOAMKK
onpeaeneHus!.

Ananuz CO criegyeT NPOBOAMTEL OQHOBPEMEHHO C KaXO4oK napTuei npob, 1 peaynsTaT 3Toro aHanuaa, a
Takke aTTeCTOBaHHOE 3HaYeHWe coaepKaHus onpeaensaeMoro aNeMeHTa, ykazaHHoe B AOKYMeHTauuu Ha CO,
Heob6xoQUMOo NPUBOAWUTL B NPOTOKONE UCMLITAHWIA.

9 MpeunsnoHHOCTbL

I'Ipeu,wswowocw pe3ynbTaTtoB VI3ME|DEHI/H.7| npuBegeHa B CTaHgapTax Ha MeTodbl onpegeneHnda MUKpo-
3N1eEMEeHTOB.

10 MpoTokon ncnbiTaHUM

MpoTokon ucnbiTaHui gommkeH ObiTe odhopmneH B cootBeTcTBMM ¢ FTOCT P 58973 n BKItovaTh cnegyo-
LY MHOopMaLKio:

a) MonHyl naeHTUdMKauno aHanmanpyemon npooel;

©) obosHaveHne BbIOpaHHOINO MeTOAa aHannsa;

B) KOHLIEHTpaLMI0 KaXKOoro MMKpoanemMeHTa B npobe ToMmMBa, BbIpaKeHHYo B MUIIMrpamMmmax Ha Ku-
norpamm;

r) COCTOsIHME TOMMNUBA, ANA KOTOPOro BbipaXXeH pe3ynkrar;

) MaccoByl [0OM0 BNaru BO3QYLIHO-CYXOW Npobbl, ecnu pe3yneTaThl BbipaXeHbl Ha BO3AYLLIHO-CYX0e
COCTOSIHWE TOMNMNMBA.
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MpunoxeHune A
(cnpaBouHoe)

AnbTepHaTUBHbIe cnocobbl NMPUroToBNeHUA PacTBOPOB MPU Pa3noXeHUN yrneﬁ

3BeCTHbI paznu4Hble cnocobbl Pa3noXeHUs Yris UNK 30Mbl Yra ANS NPUroTOBNEHWUA PacTBOPOB, NCMOMb3yeMbIX
npy onpeaeneHun MUKPOINEMEHTOB pPasfMYHbIMWA aHanMTUYeckuMm metogam, Takumm kak MCI-A3C n MCI-MC.

BonblumMHCTBO cnocoboe 3aknyaeTcs B CNaBneHWn 30Mbl C MnaBHAMKM Unu B 0bpaboTke ee CMecCkio KWUCMOoT, B
COCTaB KOTOPOW BXOAMT (PTOpMCTOBOZOPOOHAN kucnoTa. [pyras rpynna cnocoboB 3akmniovaeTcs B pasnoXeHWu Tommu-
Ba CMEeCbH KWMCIOT, BKMK4atoLLen (hTopMCTOBOLOPOAHYI0 KUCMOTY, a Takke B 0bpaboTke nepekMchio BOAOPOAA C Lenbto
OKMCNeHUA opraHnyecKkon Maccel Tonnuea (cMm. [8]). EguHcTBeHHBIM cnocob nepeBeaeHna yrnga B pacTBoOp, He Tpebyrolmii
npuMeHeHus hTopUCTOBOAOPOAHON KMCNOTLI, 3aKNIOHAETCA B PA3NOKEHUW YINA NPY BEICOKON TeMnepaType U AaBneHuu
B aBTOKMaBe C MCMNofb30BaHMEM MUKPOBOIMTHOBOW neyu (cMm. [9]).

HeobxoaMmocTe MPUMEHEHNA NPY Pa3NoXeHUU yrna TOPUCTOBOLOPOAHOM KUCIOThI B HACTOSALLIEE BpEMS HAxoaWT-
cs B cTaaum paccMoTpenus. MNMpeametom obcyxaeHns ABNSETCA BONPOC O TOM, BCE N OnpejensemMele aNeMeHTsl MoryT
ObITb M3BMNEYEHBI M3 MUHEPANEHOW MAcChl YINA B OTCYTCTBME (PTOPUCTOBOAOPOAHOW KUCNOTHI.

He pgocTturHyTo cornacume no BONpocy O NPeMMyLLecTBax U HegocTaTkax MeTodoB, OCHOBAHHbIX HA Pa3NOXeHnW He-
nocpencTBEHHO YINSA 1 Ha NpegBapuTENbHOM 030MeHV Npobbl ¥ pasnoXeHU NoMy4YeHHOM 30Mbl.

Cnocob pasnoxeHns yrnsa CMECch0 KMCNOT € LENbo NOMNyYEHNA pacTBOPOB, B KOTOPbIX M3MEPSIOT CoaepKaHue M-
KpO3rneMeHTOB, UMEET HeKOTopbIe NPenMYLLEecTBa, HanpuMep yaaeTcs usbexaTe notepb NeTy4ux anemeHToB. OCHOBHON
HeJoCTaToK 3TOro cnocoba — OTCYTCTBME YBEPEHHOCTM B TOM, HYTO NPW PasnoXeHWM YIMs CMechbid KUCIMOT W NepeKknchbio
BOLOPOAA BCE ONpedensemMble 3neMeHTEl NEPEXOAST U3 OPraHMYeckol Maccel yrns B pacTeop. C Apyroii CTOPOHLI, 030ne-
HVE yrna MOXeT NPUBOAUTL K 3arpsa3HeHunio npobel, a Takke K NoTepe HEKOTOPbIX MUKPO3neMeHTOB. K 3arpsisHeHuo npo-
Obl MOXET NpyMBoOAMTE Nt0Bas Npouedypa B Npouecce onpefeneHns MUKPO3NEMEHTOB, HO PUCK 3arpasHeHns MOXeT ObiTb
CHWKeH. Takke MOryT BbiTe NPUHATEI MepbI, NpegoTBpaLlalolLMe NoTepy HEeKOTOPbIX MUKPOINIEMEHTOR MpKU O30MEHUHN.
Takue anemeHTsl, kak B, Hg, Se u ranorexsl npu o3onexHun ynetydmeatotcs. [oTepu Apyrnx MUKpO3INEMEHTOB BO BPEMS
030MNeHNUs yrms npy Temnepartype Huwke unu pasHoi 500 °C He npouecxoanT.

CornacHo HacTodaweMy CTaHAapTy, KaXObli XMMUK-aHanMTUK CaMOCTOATENBHO peLuaeT, Kakolh meTtod Heobxoaumo
NPUMEHWUTL, NPOBEPAA ero nytem aHanuaa cooteeTcTBylowmx CO (yrns unm 3onbl yrms). PekomeHgyetcs npu Boibope
MEeTOAa 3apaHee OLEeHWTb, COOTBETCTBYET N BbibpaHHas MeTogvka TpeboBaHWAM K TOYHOCTWM onpedeneHus OaHHoro
anemeHTa, a ero oxugaemas KoHUeHTpauua npegenam obHapyxeHws metoga, obecneduBaeT N MeETOQUKA M3MepeHUst
MUKpOanemMeHTa obHapyXeHWe TakvMx ero KOHLUEeHTpauWi, KOoTopbie COOTBETCTBYIOT TpebosaHuaMm k MOK atoro anemeHTta
B 9KOMOTMMYECKMX HOpMaTWBax, HOpMaTuBax OXpaHbl TpyAa W T. 4. Tak, Hanpumep, ecrnv onpefensemMble SMeMeHTbl He
nzenekatotca U3 CO yrna unu, HaobopoT, yneTyyusaoTca npu ozoneHnn CO yrnsA, Takol MeTod ANs onpeaeneHus atnx
3MeMEHTOB He NOAXOAWT.
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MpunoxeHune b
(cnpaBouHoe)

O6wune TpeboBaHUA K 06O0PYAOBaHUIO U peaKTUBaM,
NpUMeHsieMbIM NPU onpegeneHUn MUKpPO3NeMeHTOB

HacToswee npunoxeHwe obbeauHaeT TpeboBaHua kK 060pyAOBaHWIO U peakTUBaM, U3N0oXeHHbIE B cTaHAapTax Ha
MeTOAbI ONpeaeneHns MUKPoaNeMeHToB, NepedvncneHHbie B pasgene 6, a Takke TpeboBaHusa no TexHuke nabopaTopHbIX
paboT npwn onpeaeneHn MUKPOINEMEHTOB.

B.1 lMpw onpegeneHnn MUKPO3NeMeHTOB HeOBXOAMMO NPUHMMaTE Mepbl, MO3BONAKLLME UCKMHYNTE BO3MOXKHOCTL
NnoTepy HEKOTOPOro KoMWMYecTBa SfemMeHTa M BHeCeHWs 3arpsi3HeHui B npoby Ans aHanwsa u3 nabopaTopHoi nocydel,
aTMocdepsl, peakTUBOB U 06opyaoBaHNUA.

B.2 B craHgapTtax Ha MeTogbl onpeaeneHa MUKPO3NeMeHTOB ONUCaHWA KOHKPETHLIX Modener unu Tunoe npubo-
POB He NpUBOAAT, OrpaHNYMBasChk, Kak MPaBUNO, TOMBKO HaWMMeHOBaHWEM W oBLmMK TpeBoBaHUAMK, NPEqbABNSEMbIMUA K
n3MepuTenbHON annapaType, UCNonb3yeMon 4na AaHHOro MeToaa.

MogroToBky Npubopos kK paboTe M ONTUMM3ALIUIO YCIIOBUIA M3MEPEHUS MPOBOASAT B COOTBETCTBUN C MHCTPYKLMEN N3-
roToBMTENs Mo aKcnnyaTtaumu npudopa. MoToBHOCTE Npubopa k paboTe npoeepsatoT ucnbitaHnem CO unu aTTecToBaHHbIX
cmecer (cm. B.7). inA atux uenen gonyckaeTca MCnoneL3oBaTk cobcTBeHHble CO npeanpuatng unu nadoparopuu.

B.3 [1ns npoBedeHMa aHanu3a UCnonb3ytoT nabopartopHyto nocyay M3 ctekna no MOCT 25336 n NOCT 1770, no-
cyay v3 npospadHoro keapuesoro ctekna no NOCT 19908, dapdiopa no MOCT 9147 v nnatvHel no FTOCT 6563, a Takke
13 NONUMEPHLIX MaTepuanos.

Mocyay v3 cTekna, He ObIBLLYIO B yNoTpebneHun, MOKT MOKLMMW CpeacTBamMu, pekoMeHOyeMbIMi PyKOBOACTBOM
no TexHuke nabopatopHbix paboT, nocne Yero TLaTeNbHO NPOMbLIBAIOT NPOTOYHOW BOAOW W ONOMacKUBaoT QUCTUNNNPO-
BaHHOM Bogow (cm. B.4).

Mocyny w3 hapdopa, kKepamMuk1 UNKW KBapLa, MCNonb3yeMyto Ansa o3oneHus npob, npegBapuTensHO NpoKanueatoT
[0 NOCTOSIHHOW Macckl MpKU TeMnepaType 03051eHWs, a Mocne OXNaXAeHWsl XPaHSAT B aKcukaTope.

Wagenua na nnatuHbl KUNATAT B BOOHOM pacTBOpe CoNnsAHOW kucnoTel (1:1) unu B pazbaBneHHOM pacTBope a3oTHON
kncnotel (5:95), npoMbIBaIOT NPOTOYHOW BOAOW M ONONAcKUBaKT AUCTUNNMPOBAaHHOW Bodol (cM. B.4).

[ns xpaHeHns gUCTMNNMpOoBaHHOW Bodbl (CM. B.4) 1 pacTBOpOB, a Takke ANs KUCNOTHOrO pasnoXeHns 301 npume-
HSIOT NNACTUKOBbIE COCYAbl M3 NONU3TUINEHA BbICOKOrO AaBMEHWSA, MONMNPONUIeHa Unv TedrioHa, repMeTMYHO 3aKkpblBat-
LWMecs 3aBMHYMBAIOLLMMICA Kpbilwkamu. MNepeq ncnonb3oBaHneM coCyabl HAMOMHAT PACTBOPOM a30THOW KMCnoThl (1:9)
1 BbIOEPKMBAIOT He MeHee 48 4, a 3aTeM NpPOMbIBAIOT NMPOTOYHON BOAOW M ONOMAcKMBalT AUCTUNNMPOBAHHON BOAOK
(cm. B.4). Cocyapl, npefHasHa4YeHHble ANs KUCNOTHOMO pasnoXeHus 301, A0MKHbI BelaepxuBaTtb Temnepatypy 130 °C u
JaeneHve, pa3BMBaroLLeecs B MpoLecce pasfnoxeHus Npobbl, B Te4eHe HeCKonbKMxX Yacos. [Nepea kaxgbIM Mcnonb3oBa-
HYEM COCYAbl MPOBEPSAIOT HA OTCYTCTBUE TPELLUWH NYTEM YMEPEHHOTO CAABMUBAHWA.

B.4 lMpw onpegeneHMy MUKPOINEMEHTOB B TREPAOM MUHEPANbHOM TOMMMBE UCMOMNB3YIOT BOAY Ans nabopaTtopHoro
aHanumaa 1-in cteneHn ynuctoTel no MOCT P 52501 unn auctunnuposanHyo Body no NOCT 58144 nogeepratoT 4BOMHOM
neperoHke B annapatype W3 KBapLeBOro CTekna Wnv AeWOoHM3NpYoT. Boaoy XpaHAaT B repMeTWHHO 3aKpbITOW eMKOCTW M3
NnonmMaTuneHa BbICOKOro AaBneHns unu nonunponuneHa (cm. 65.3).

B.5 lNpw npoBedeHUM aHanu3a cnegyer UCMonb30BaTk XMMUYECKUE PEaAKTUBELI, CTENEHbL YUCTOTE! KOTOPBIX HE HUKE
4. a.a.no NOCT 13867.

B.6 [Insa npurotoBneHus rpagyvpoBOYHbIX PACTBOPOB NMPUMEHSIIOT XMMWUYECKMEe peakTMBbl (OKCUabl M COMnu onpeae-
NAEMbIX 3NEMEHTOB) BRICOKOW CTEMEHU YMCTOTEl — He MeHee 99,99 % macc.

[ns rpagyvpoBKK CNEKTPOMETPOB rpagyVpOBOYHBIE PACTBOPLI MOTYT ObiTh NPUrOTOBMEHB! TaKKE U3 roCy4apCTBeH-
HbIX CTaHAapTHeIX obpasuoe ([CO) cocTaBa BOAHbLIX PAaCTBOPOB 3MEMEHTOR, aTTECTOBaHHbIX B COOTBETCTBUM C TpeboBa-
Huamu FTOCT 8.315, nytem cooTBeTcTBytowWero pa3baenernus. Hapsay ¢ TCO coctaBa pacTBOPOB MHAUBWMAYAMNbHLIX 3ne-
MEHTOB A0MYCKAETCs MCNOoNb30BaTk MHOrokoMnoHeHTHele MCO. HeobxoamMmMo oueHuBaTh CTabunbHOCTb rpaayrpoBOYHBIX
XapaKkTepucTUK 1 MPOBOAUTL perynsapHble NOBTOPHbIE rpadyvpoBKW NpUGOopPoB, cneays pekoMeHdauusaMm CTaHOapToB Ha
METOAbI ONpeaeneHns MUKPO3INEMEHTOB, a Takke PYKOBOACTBaM Mo aKCnnyaTaumu npMMeHsieMbiX Nprbopos.

B.7 [ns KOHTpoNs NpaBuibHOCTW Pe3ynsTaToB OnpeaeneHns MUKPOSNEeMeHTOB B TONNMBAaX NPeanoYTUTENbHO 1C-
noneaytoT CO yTBepXOEHHOro TUMNa, atTecToBaHHble B cooTBeTCcTBUM ¢ TpebosaHuamu FTOCT 8.315, unu cpaBHUBaloT
nony4YeHHble pesynbraTbl C pesynkratamv M3MepeHuid, NpoBeAeHHbIX C UCNoMb3oBaHeM pedepeHTHbIX MeToguK, CooT-
BeTcTBYOWMX Tpebosanmam MOCT 8.010. NMpu otcyTcTBuM B [ocyaapcTBeHHOM peecTpe Heobxogumblx 'CO yTBepxaeH-
HOro TWMNa AONYCKaeTcs MCNONbL30BaTh aTTecToBaHHble cmeck (AC), cogepxaHue onpedensemMoro KOMNOHeHTa B KOTOPbIX
YCTaHOBMNEHO Ha OCHOBE MCMOMNb3oBaHUA pedepeHTHbIX MeToauk. [CO 1 AC gomkHbl BbITe BNU3KMMU MO COCTaBY U CO-
JepKaHWIo 3NeMeHTOB K aHanu3npyeMbiM npobam.
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Bubnuorpadun

[11 AS 1038.10.3, Yrone n kokc. AHanus 1 ncneitaHua. OnpegeneHne MMKpoaneMeHToB. Yronb 1 kokc. Onpegenexue
cogepxanmsa 6opa metogom MCI-A3C (Coal and coke. Analysis and testing. Determination of trace elements. Coal
and coke. Determination of boron content. ICP-AES method)

[21 ACTM 06357, CtaHoapTHble MeTodbl onpefeneHvua crnefoBbiX 3NEMEHTOB B YrTe, KOKCE M ocTaTKax OT CKUraHvs
YA ¢ NOMOLLBK aTOMHO-3MUCCWOHHOMO aHanu3a ¢ MHOYKTUBHO CBA3aHHOW NNasmoii, Macc-CneKTpOMETPUYECKOTO
aHanusa ¢ MHOYKTMBHO CBA3aHHOM Nna3moi 1 aToOMHO-abCcopBLMOHHOM CNEKTPOMETPUN C aTOMKU3aLMEN B rpacuTo-
Bol neun (Test methods for determination of trace elements in coal, coke, & combustion residues from coal utilization
processes by inductively coupled plasma atomic emission, inductively coupled plasma mass, & graphite furnace
atomic absorption spectrometry)

[3] AS 1038.14.1, Yronb 1 kokc. AHanua 1 ucneiTanus. 3omna yrnen BeICOKOro paHra 1 3ona kokca. Makpo- n mukpoane-
MeHTel. MeToa ¢ ucnonb3oBaHWEM crnaeneHus ¢ bopaTtoMm U NNameHHoW aToMHO-abcopBOLMOHHON CNEKTPOMETPUK
(Coal and coke. Analysis and testing. Higher rank coal ash and coke ash. Major and minor elements. Borate fusion/
flame atomic absorption spectrometric method)

[4] ACTM 06414, CtaHgapTHbeIA meToq onpegeneHns obliei pTyTi B yrne M ocTaTkax OT CKUraHua yrhs ¢ Ucnons3oBa-
HMeM 3KCTPaKLUMKU KMCMOTOW UMM MOKPOro OKWCMEHWA U aToMHO-abcopbuMOHHOro aHanusa ¢ atoMu3alnein Xonog-
HbiM napoM (Standard test methods for total mercury in coal and coal combustion residues by acid extraction or wet
oxidation/cold vapor atomic absorption)

[6] ACTM 6722, CtaHgapTHbI MeToq onpeneneHns obLLen pTyTy B yrNe M ocTaTkax OT CKUraHuA yris nyTeM npsMoro
aHanusa nnamenu (Standard test method for total mercury in coal and coal combustion residues by direct combus-
tion analysis)

[6] Fardy J.J., McOrist G.D., Farrar Y.J. The analysis of coals and fly ash for trace elements and natural radioactivity,
Proceedings Australian Coal Science Conference, Churchill, 3 to 5 December 1984, pp. 159—16
[71 Swaine D.J., Trace Elements in Coal. Butterworths, London, 1990

[8] CEN/TS 15297, Teeparle 6uotonnuea. OnpegeneHve MmukpoaneMeHToR (Solid biofuels. Determination of minor el-
ements)

[91 Wang J., Nakazato T., Sakanishi K., Yamada O., Tao H., Saito I. Microwave digestion with HNO4/H,O, mixture at
high temperatures for determination of trace elements in coal by ICP-OES and ICP-MS, Analytica Chimica Acta, 514,
2004, pp. 115—124
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YOK 662.6:543.812:006.354 OKC 75.160.10

KntoyeBble crioga: TBEpAOEe MWHepalnbHOE TONIMMBO, Bbl60p MEeTOO40B oOnpegeneéHna MWUKpO3NemMeHTOB,
pekoMeHgauun 1 TDE6OBaHV‘IF|
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