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MNpegncnoBue

1 PABPABOTAH ®depepasbHbiM roCyfapCTBEHHbIM aBTOHOMHbLIM 06pa3oBaTeflbHbIM YyUypexgeHuem
BbiCWero o6pasoBaHua «HauWoHaNbHbIN uccnefgoBaTeNlbCKUil TexHoNnornyeckuin yHusepcutetr «MUCUC»
(HUTY MUCIUC)

2 BHECEH TexHuyeckum KomuteToM no ctaHgaptusaunum TK 179 «TBepaoe mMuHepanbHOe TONJUBO»

3 YTBEPX/JEH W BBEJAEH B AEWCTBWE [pukazom ®efepanbHOro areHTcTBa N0 TEXHUYECKOMY
perynnposaHui n metponornu ot 31 masa 2024 r. Ne 691-ct

4 HacTtoAawuii ctaHgapT pa3paboTaH C y4eTOM OCHOBHbIX HOPMAaTUBHbLIX MOMOXEHUA MeEXAYHapoLHO-
ro ctaHpgapta NCO 23380:2022 «Yronb. Bbibop MeToaoB onpefeneHnss MMKPOaneMeHTOB. PekomeHpauun
n tpeboBaHua» (ISO 23380:2022 «Coal — Selection of methods for the determination of trace elements —
Guidance and requirements», NEQ)

5 BSAMEH IOCT P 54239—2018 (MCO 23380:2013)

[MpaBuna NpMMeHeHUa HACTOAWEro craHjapTa yCTaHOB/IeEHbl B cTaTbe 26 PefepasibHOro 3akoHa
0T 29 uioHa 2015 r. Ne 162-®3 «O cTaHgapTwusauum B Poccuiickoin degepaynm». MiHopmauynsa o6 ms-
MEHEHUAX K HacTosAWeMy cTaHgapTy ny6nkyeTca B eXxerofHomMm (N0 COCTOAHUI0 HA 1AHBapsa Tekyuwero
roga) MHopmMauMoHHOM yKalaTene «HauuoHanbHble CTaHAapTbl», a opuunanbHblii TEKCT WU3MEHEeHWU
U NoNpaBoOK — B eXeMecsa4YHOM WMHopMaLMOHHOM ykKasaTene «HauuoHanbHble cTaHfapTbi». B cnydae
nepecMoTpa (3aMeHbl) UM OTMEHblI HACTOALWEro cTaHjapTa COOTBeTCTBYUee yBeJOMNeHne 6yaeT
ony6/MKOBaHO B 6GAMXailleM BbIMYCKE €XEeMeCSYHOro WHMOPMaLMOHHOr0o ykaszaTensa «HauuoHanbHble
cTaHgapThbi». CooTBeTCTBYyWLWas nHpopmauyms, ygeloMneHe U TeKCThbl pa3MeLllalnTCca Takxe B UH-
popMaLMOHHON cucTeme 06LLEro NONb30BaHUA — Ha ohmunanbHoOM cainTe PegepanbHOro areHTcTBa no
TEeXHUYeCKOMY peryinpoBaHnio n meTponorum B ceTn NHTepHeT (Www.rst.gov.ru)

© Odopmnenne. PrbyY «MNHCTUTYT cTaHpgapTulaummn», 2024

HacTosiwuii cTaHfapT He MOXeT 6biTb MOMTHOCTbID WAM YACTUYHO BOCNPOM3BEAEH, TUPAXMPOBAH U pac-
npocTpaHeH B KayecTBe ouLManbHOro nsgaHus 6e3 paspelweHns denepasbHOro areHTCTBa MO TEXHUYECKO-
MY perynmpoBaHuio U MeTposiornu
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BBepneHne

KomnnekcHoe ucnofib30BaHWe TBEPAbIX TOPHUYMX UCKOMAeMblX, pa3paboTKka 3KOMOTMYECKU UYUCTbIX U
3KOHOMMUYECKN BbITOAHbLIX NPOL,ECCOB YyTUIM3ALUN OTXOA0B A06bLIYM M NepepaboTKu TONNWB U pelleHne 3aaad,
CBA3aHHbIX C OXPaHO oKpyxawluieit cpeabl, caenan Heo6XoAMMbIM CO3faHWE METOAO0B KO/MUYECTBEHHOrO
onpefeneHnss MUKPO3/IEMEHTOB, COEPXalLNXCSH B TBEPAbIX TONUBAX.

B HacTosllee BpeMs WNUPOKOe pacnpocTpaHeHne NofyYnain MHCTPYMeHTaibHble MeToAbl onpefeneHus
MWUKPO3/1EMEHTOB, MHOTUE W3 KOTOPbIX CTaHAApPTU30BaHbl U TAPMOHU3MPOBAHbLI C TPe6OBAHUSAMMU MeXayHa-
POAHbLIX CTAHAAPTOB. [JaHHble CTaH4apTHbIe METOAbl AOCTYMNHbI, OCHOBAHbl HA HAAEXHbIX N XOPOLO BOCNPOU3-
BOAMMbBIX Npoueaypax, ¢ UX NOMOLLbIO MOXHO MOMYUYUTb TOUHbIE pe3y/bTaTbl onpefeneHnss MUKPO31eMeEHTOB.

Llenblo HacTosillero craHgapTta siBAsSieTCs oka3aHue noMouwiM B BbiGope MeToAO0B, NOAXOAAUMX ANA
onpefeneHust cogepxaHus MMKPO3/IEMEHTOB B TBEPAbIX FOPOYNX UCKONAEMbIX.
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HALUWOHANbHbBINW CTAHAOAPT POCCWUMCKOW SEALEPALUMN

TOMNMMBO TBEPAOE MMHEPA/IbHOE

Bbl6op MeToA0B onpegenieHnst MUKPO3/IEMEHTOB.
PekomeHpauum n TpeboBaHus

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

fata BBegeHna — 2025—05—01

1 O6nactb NPUMEHeHNA

HacToswunii cTtaHaapT pacnpocTpaHsieTcss Ha KaMeHHble U 6ypble Yriu, NUTHUTbI, aHTpauuTbl, KOKC W
roptoume crnaHubl (ganee — TBepLOe MUHepasbHOEe TOM/UBO, TOMNJIMBO) W ycTaHaB/MBaeT 06l ME PEKOMEH-
Aauuun no BbI6Opy METOLOB onpefeneHns MUKPO3JIEMEHTOB B TBEPAOM MUHepasbHOM Tonnuse. K Mukpoane-
MEeHTaM, BaXHbIM C TOUYKM 3pEHUS 3alUTbl OKpyxXatouieil cpefbl, OTHOCAT CYpbMYy, MblWbSK, 6epunnuni, 6op,
KagMmuii, xnop, Xpom, KobanbT, MeAb, PTOp, CBMHEL, MapraHey, PTyTb, MOMNGAEH, HUKENb, CENeH, Tanawuii,
BaHaAWi M LUHK, a Takke pagnoakTUBHbIE MUKPO3I/TIEMEHTbI TOPUii 1 ypaH.

B HacTosilleM cTaHaapTe He MNpuBeAeHO onucaHve npoueayp onpeaeneHus OTAENbHbIX MUKPO-
3/1EMEHTOB.

2 HopMaTuBHbIE CCbIJIKU

B HacTosweMm cTaHgapTe UCNoNb30BaHbl HOPMATUBHbIE CCbIJIKM Ha cneayloluime ctaHaapThl:

FOCT 8.010 locypapcTBeHHasi cuctema obecneyeHus efuMHCTBA M3MepeHuii. MeToAUKN BbINOSTHEHUSA
namepeHnii. OCHOBHbIe MOJTOXEHUSA

FOCT 8.315 locypapcTBeHHas cucTema obecnevyeHuss eAunHCTBa M3MepeHuin. CTaHAapTHble 06pasybl
cocTaBa U CBOWCTB Bew,ecTB U matepnasnoB. OCHOBHble NMONIOXKEHUSA

FTOCT 1770 (MCO 1042—83, NCO 4788—80) lNocyna mepHasa nabopatopHasa cTeknsaHHasa. Llunuuapsl,
MEH3YpPKKN, KON6bl, Npobupkn. O6LLME TEXHUYECKNE YC/TOBUA

FOCT 6563 WN3genusa TexHuyeckune n3 6,1aropofHbiX MeTasisioB U CNaaBoB. TeXHUYEeCKue ycnosus

FOCT 9147 Mocypa n obopyaoBaHue nabopaTopHble hapdopoBblie. TeEXHUYECKNE YCNOBUS

FTOCT 9326 (MCO 587—97) TonnuBo TBEpPAOE MWHepanbHoe. MeToAbl onpegeneHns xaopa

FOCT 11014 Yrnn 6ypble, KaAMeHHble, aHTpaunT 1 roptoyme craHubl. YCKOpEeHHble MeToAbl onpegerne-
HWUA Bnaru

FTOCT 13867 MpogykTbl xumunyeckne. O603HaAYEHNE YNCTOThI

FOCT 17070 Yrnu. TepMuHbl 1 onpepeneHus

FTOCT 19908 Twurnu, yawm, ctakaHbl, KON6Gbl, BOPOHKN, NPOOGMPKN M HAKOHEYHUKN M3 NMPO3pPadYHOro KBap-
ueBoro crtekna. Obume TexHNYecKne ycnosus

FOCT 23083 KoKkC kaMeHHOYro/bHbIli, NEKOBbIN ¥ TepMoaHTpauuT. Metoabl oT60pa 1 NOArOTOBKA Npob6
ANs ucnbiTaHni

FOCT 25336 [lNocyga n o6opypgoBaHue nabopaToOpHble CTekAAHHble. Tunbl, OCHOBHblE NapameTpbl U
pasmepbl

FOCT 27313 TonnuBo TBeEpAoe MuHepanbHoe. O6GO3HayeHUe MnokasaTenein kKavyectBa M OpPMY/bl
nepecyerta pesy/nbTaTOB aHas/iM3a Ha pas/inyHble COCTOSAHMUA TONAMBa

V3pgaHne opuunanbHoe
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FTOCT 27589 (ISO 687:2010) Kokc. MeTop onpepgeneHns Bnaru B aHannMTM4yeckoin npobe

FOCT 28974 Yrnu 6ypble, KaMeHHble U aHTpauuTol. MeToabl onpegeneHns 6epunnua, 6opa, mapraH-
ua, 6apus, xpoma, HuUKensa, kobanbTa, CBUHLA, ranaus, BaHagusa, Mean, LMHKa, MonnbaeHa, UTTPUS M naHTaHa

FTOCT 29087 (MCO 352—81) TonnuBOo TBeEpAOE MUHepasibHOe. MeTon onpefenieHUMs xaopa cxwura-
HMeM Mpu BbICOKOW TemnepaType

FOCT 32977 TonniuBo TBepaoe MUHepanbHoe. OnpepeneHve MUKPO3/IEMEHTOB B 30/1e aTOMHO-
abCcopObUMOHHBIM METOAOM

FOCT 32980 (ISO 15237:2003) TonnuBo TBEpAOe MuUHepasnbHoe. OnpefenieHne cogepxaHus obuwiei
pTYTH

FOCT 32982 (ISO 11724:2004) Tonnueo TBepAoe MuHepanbHoe. OnpepeneHne cogepxaHna obuiero
hTopa

FOCT 33502 Tonnueo TBephOoe MUHepanbHoe. OnpejeneHne cogepxaHna obuiero xaopa cxXuraHnem
B KanopumeTpuyeckoli 6ombe c nocnepywwum onpegeseHnemMm B pacTBope C NOMOLWbI WOH-CESIEKTUBHOTO
3fieKkTpoaa

FTOCT 33503 (ISO 11722:2013, ISO 5068-2:2007) Tonnueo TBepAOe MUHepasnbHoe. MeToabl onpeje-
NeHns Bnary B aHanumTu4yeckol npobe

FOCT 33654 Yrnn 6ypble, kKaMeHHble 1 aHTpauut. Obuwne TpeboBaHMA K MeTogamM aHanunisa

FOCT P 52501 (MCO 3696:1987) Boga gns nabopaTopHOro aHaausa. TexXHU4YecKkue ycrnoBus

FOCT P 54237 Tonnueo TBepAoe MuUHepasnbHoe. OnpefesieHNe XMMMUYECKOro coctaBa 30/1bl METOLO0M
aTOMHO-3MWCCUOHHOW CNEKTPOMETPUN C UHAYKTUBHO CBA3AHHOW nNiasmMoi

FOCT P 54242 (NCO 11723:2016) TonnueBo TBepAOe MuHepanbHoe. OnpegeneHve cofepxaHus
oblero MbiWbAKa N ceneHa

FOCT P 58144 Bopa guctunnnposaHHas. TexXHUYeECKUe ycroBuA

FTOCT P 58973 OueHka cooTBeTcTBMA. NMpaBuia K 0popmMaeHNI0 NPOTOKOOB UCTbITAHUA

FOCT P 59013 Tonnueo TBepAoe MuUHepasnbHoe. OnpefesieHne cogepxaHusa xaopa
FTOCT P 59014 Yrnn 6ypble, KaMeHHble N aHTpauuT. OnpepeneHne cogepxaHna gTopa
FOCT P 59015 Tonnueo TBepAoe MuHepasnbHoe. MeTon onpefesieHNsa CoAepXaHua Mbllbsaka
FOCT P 59176 Tonnueo TBepaoe MuHepanbHoe. OnpefenieHne cofepxaHusa pTyTv Ha OCHOBe NPSAMO-
ro cXXuraHus

FOCT P 59177 Tonnueo TBepgoe MuHepasnbHoe. OnpegenieHne cogepxaHmsa obuwein pTyTm MeToAoM
aTOMHO-abCOpPOLUNOHHON CNEKTPOMETPUMN B «XONOAHOM nape»

FOCT P 59248 Yrnn 6ypble, KAMEHHbIE€, aHTpauunT, ropYne cnaHubl U yronbHble 6pukeTbl. MeToabl
ot6bopa 1 NOAroTOBKM NpPo6 ANa nabopaTopHbIX UCMbITAHUNA

FOCT P 59257 Yrnn 6ypble, KAMEHHble, aHTpauunT, roptoyme crnaHubl n 6pukeTbl. MeTog npuroTosne-
HMSA COOPHBLIX NPO6

FOCT P 59592 Tonnuso TBephoe MuHepasbHoe. MeToAbl onpefesieHNnsa XMMMUYECKOro cocTasa 30/1bl

FOCT P 59593 Tonnumeo TBepaoe MUHepasnbHOoe. MeToa onpefesieHns cogepXxaHua kagmus

FTOCT P NCO 5725-1 To4HOCTb (MPaBUNbHOCTb U NPELM3NOHHOCTb) METOA0B M pe3ynbTaToB UsMepe-
Huii. YacTb 1. OCHOBHblE MOJIOXEHNSA U ONpeaeneHns

FTOCT P NCO 5725-2 To4yHOCTb (MPaBUNbHOCTb U NPELM3NOHHOCTb) METOA0B W pe3y/nbTaToB usMepe-
Huii. YacTb 2. OCHOBHOM MeToA onpefefsieHnss NoBTOPAEMOCTM U BOCNPOM3BOAMMOCTU CTaH4ApPTHOrO MeToda
n3MepeHui

FTOCT P NCO 5725-3 ToyHOCTb (MPaBUNIbHOCTb U NPELU3NOHHOCTb) METOL0B U pe3y/bTaToB usMepe-
Huli. YacTb 3. [IpoMexyToUyHble nokasaTtenu nNpeLusnoHHOCTU CTaHAapTHOro MeTofa U3MepeHuni

FTOCT P NCO 5725-4 TouyHOCTb (NMPaBUNbHOCTb U NPELM3NOHHOCTb) METOL0B U pe3y/ibTaToB usMepe-
Huii. YacTb 4. OCHOBHble MeTOAbl ONpeAenieHns NpPaBUIbLHOCTY CTaHAapTHOrO MeTo4a U3MepPeHUit

FTOCT P NCO 5725-5 ToyHOCTb (MPaBUAbHOCTb U NPELMU3NOHHOCTb) METOL0B U pe3y/ibTaToB usMepe-
HWi. YacTb 5. AnbTepHaTWBHbIE METOAbl onpefesieHns NPeLu3noHHOCTN CTaHAapTHOro MeTofa N3MepeHuii

FTOCT P NCO 5725-6 ToyHOCTb (MPaBUNIBHOCTb U NPELMU3NOHHOCTb) METOL0B U pe3y/bTaToB usMepe-
HWl. YacTb 6. icnonb3oBaHne 3HA4YeHU TOYHOCTU Ha MpakTuke

FTOCT P NCO 13909-5 Yronb KameHHbIli U KOKC. MexaHu4yecknini oT6op npo6. YacTtb 5. Kokc. OT60Op
npo6 u3 ABMXYLLNXCA NOTOKOB

FTOCT P NCO 18283—2010 Yronb KaMeHHbIA 1 KOKC. Py4yHoi oT60p npob
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MpumeuyaHune — lMNpu NONb30BAHUN HACTOSILLMM CTAHAAPTOM Lie/1Ieco06pasHo NpoBepuTh AECTBUE CCbINIOYHbIX
CTaHZApPTOB B MHOPMALMOHHOI cMcTEME O6LLEr0 NOMb30BaHNA — Ha OhMLMaIbHOM caiite ®eaepanbHOro areHTCTBa Mo
TEXHUYECKOMY PEeryiMpoBaHuio U METPOJIOMUN B CETU VIHTEPHET U/IN MO eXErofHOMY UH(OPMAaLMOHHOMY yKa3aTento «Ha-
LMOHa/IbHbIE CTAHAAPTbLI», KOTOPLI ONy6/MKOBaH MO COCTOSIHMIO HA 1 SitHBaps TEKyLero roga, U no BbiNyckam exemecsiy-
HOro MHGDOPMAaLMOHHOIO yKa3aTens «HauvoHabHble CTaHAapTbl» 3a TEKYLMIA rod. EC/iv 3aMeHeH CCbISIOYHbIV CTaHAapT,
Ha KOTOpbIi AaHa HeAaTMpoBaHHAS CCblfKa, TO PEKOMEHAYETCA MCMO/b30BaTh AECTBYIOLLYI0 BEPCUIO 3TOFO CTaHZapTa
C Y4ETOM BCEX BHECEHHbIX B JlaHHYI0 BEPCUI0 M3MEHEHWA. ECM 3aMEHEH CCbINIOYHbIA CTaHAAPT, Ha KOTOPbIA AaHa aatu-
poBaHHas CCblIKa, TO PEKOMEHAYETCS UCMO/b30BaTh BEPCUIO 3TOr0 CTaHAApTa C ykas3aHHbIM Bbille rOLOM YTBEpPXAEHWS
(NpuHsATKSA). ECNn nocne yTBepXAeHNs HAaCTOSLEro cTaHAapTa B CCbI/IOYHbIV CTaHAapT, Ha KOTOpbIi AaHa faTupoBaHHas
CCbl/IKa, BHECEHO M3MEHEHWE, 3aTparBaioLlee NosIoKEHNe, Ha KOTOPOE AaHa CCbl/ika, TO 3TO NOJOXEHNE pekoMeHayeTcs
NpUMeHSTL 63 yueTa faHHOTO M3MeHEeHUs. EC/n CCbIfIoYHbI cTaHAAPT OTMEHEH 6e3 3aMeHbl, TO MOJIOKEHUE, B KOTOPOM

AaHa CCbl/Ika Ha Hero, pekomeHayeTca nNpuMeHATb B YacTu, He 3anarV|Ba|ou1,e|7| 3TY CCbIJIKY.

3 TepMUHbI, onpeaeneHnsi U COKpaLLEHWS

B HacTodwem cTaHgaptTe npuMeHeHbl TepMuHbl no FTOCT 17070.
B HacToAwem cTaHgapTe NpMMeHeHbl 0603Ha4YeHNs nokasatenen n MHAeKcoB K HAM no FOCT 27313.

MpumeyaHune — B cootBeTcTBUM ¢ TOCT 27313 TepMUHbI, NPUBEJEHHbIE B HACTOSALWEM CcTaHgapTe, NpUMeHuU-
Mbl KO BCEM Bugam TOMAnBa, nepevncrieHHblM B pasgene 1.

B Ta6nuue 1 npuBefeHbl MOMHble HAUMEHOBAHUA WHCTPYMEHTa/lbHbiX METOA0B, NMPUMEHSieMblX ANA
onpefeneHnss MUKPO3I/IEMEHTOB B TBEPAbIX MUHEpasibHbIX TONIMBAX, U WX COKpaleHus (a66peBnaTypbl) Ha
PYCCKOM W aHITUACKOM si3blKax.

Ta6nuya 1— MNosnHble N COKpaLLEHHblE HaMeHOBaHWA MeTO40B aHann3a
Abb6pesunatypa HanmeHoBaHue metoaa
Ha
o Ha pyccKoMm o
AHITMNCKOM A3bIKe Ha aHIJIMNCKOM A3blke Ha PYCCKOM fA3blKe
A3blKe
AAS AAC Atomic absorption spectrometry ATOMHO-abcop6LMOHHAsA cnekTpoMeTpus
AFS APC Atomic fluorescence spectrometry ATOMHO-(h/TlyopecLeHTHas CnekTpoMeTpus
CV-AAS AAC-X Cold-vapour atomic  absorption ATOMHO-ab6CcopbUMOHHAs cnekTpomeTpus ¢
spectrometry aToMum3auveil MeTogoM XO0s104HOr0 napa
GF-AAS AAC-TT Graphite-furnace atomic absorption ATOMHO-a6Ccop6LMOHHAsA CNeKTPOMEeTpUs ¢
(AAC-OTA) spectrometry aToMum3auuven B rpaduToBoi neun (C 3neKTpo-
TepMmuueckoli atoMmu3aumen)
HG-AAS AAC-IT Hydride generation atomic absorp- ATOMHO-abCcop6LMOHHAsA cnekTpomeTpus ¢
tion spectrometry rMApVUAHON reHepauuei
AFS-AAS A®PC-IT Atomic fluorescence spectrometry ATOMHO-(h/TlyOopecLeHTHast CneKkTpomeTpus
atomic absorption spectrometry C rMApVAaHON reHepauuen
IC nXx lon chromatography MoHHasa xpomaTorpadus
ICP-AES NCn-A3C Inductively coupled plasma atomic ATOMHO-3MUCCUOHHAA CNekTpomeTpusa ¢
emission spectrometry WHAYKTUBHO CBA3aHHOW nna3moi
ICP-OES ncn-oac Inductively coupled plasma optical OnTnyeckass aMMCCMOHHAsA CnekTpomeTpus
emission spectrometry C MHAYKTUBHO CBSI3aHHOW naa3moi
ICP-MS ncn-mc Inductively coupled plasma mass Macc-cnekTpomeTpuss ¢ UHAYKTUBHO CBSI-
spectrometry 3aHHOl nnasmon
INAA VHAA Instrumental  neutron  activation WNHCTpyMeHTa bHbIl HEWTPOHHO-aKTUBaLN-
analysis OHHbIV aHanu3
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OkoHuyaHue Tabnuubl 1

Ab66peBnatypa HanmeHoBaHue metoga
Ha Ha CCKOM
aHIIMICKoM ﬂpB)::IKe Ha aHrNACKOM sidbike Ha pPyCCKOM A3blke
A3blKe
ISE nca lon selective electrode MOH-CENEeKTUBHbIN 3/1EKTPOA,
XRF P®A X-ray fluorescence spectrometry PeHTreHo-thyopecueHTHaa CnekTpomeTpus

4 CyuWwHOCTb METOA0B

CywHOCTb METOAOB ONpPeAeeHnas MUKPO3/IEMEHTOB B TBEPAbLIX MUHEPabHbIX TOMN/IMBAX 3aktoyaeTcs
NM6o B U3MEPEHUN UX KOJIMYECTBEHHOIO COAepXaHUA B UCXOAHOM TOMNJIMBE WHCTPYMEHTallbHbIMW MeTohamMu
(MHAA, P®A), nn6o B pasnoxeHun npobbl TonnBa nyTem 030/ieHUs (a Takke MHbIMWU cnocobamn Temnepa-
TYPHOTO BO3AEWCTBUA, MUCKAKYAOWMUMKM MOTEPI OnpefensemMblX MUKPO3NeMeHTOB), NMb6o nepeBoga B pac-
TBOpP C nocsiefywoWwum onpegesieHnemM CofepxaHua MUKPO3NIEMEHTOB B NPOAYKTax pasfioXeHUa nogxonawm-
MU XUMUYECKUMU, PU3UKO-XUMUYECKUMUN UNN UHCTPYMEHTA/IbHBIMW MeToAaMMu.

Bbi6bop meToda onpefeneHNs MUKPO3/IeMEHTOB WM cnocoba pas3noxeHus npobbl 3aBUCUT OT POPMbI
HaX0XAeHN MWKPO3/1IEMEHTOB B TOM/IMBE, UX CBONCTB M OXMAAEMOro cogepxaHusa B npobe.

Mpu onpefeneHNn MUKPO3TEMEHTOB, He 06pa3ylLNX NeTy4Yynx coeguHeHnii npun Temnepartype 500 °C
(Hanpumep, 6epunnuii, xpom, kobanbT, Melb, MapraHel, HUKeNb), aHain3, Kak NnpaBuno, NPOBOAAT U3 30/bl
Tonnuea. Mpobbl TOoNAMBa 030N1AKT Npu Temnepartype (500 £ 10) °C, nocne yero nepeBoAAT MUKPOI/TEMEHTbI
B pacTBop nytemM 06paboTKM 30/1bl CMECbLI KACNOT WUAW CNNaB/eHUA 30/bl CO CMeCcbi 60paToB WAWU APYTUX
nnaBHel U pacTBOpPEHUA nnaBa B KUcoTax.

Mpu onpefeneHnn MUKPO3EMEHTOB, COEANHEHUS KOTOPbIX MOTYT yNeTyuynBaTbCa B YC/IOBUAX 030/1€HUA
(Hanpumep, 60p, xnop, TOp, PTYTb U CefeH), aHanu3 NpoBoAAT 6e3 030/1eHUA Tonnuea. Pa3noxeHune HaBe-
CKM TBEPAOr0 MUHEPAaNbHOIO TONAMBA NPOBOAAT CNeKaHWEM CO CMeCbIo JLkKa, CKUraHuem B KaropumeTpuye-
cKkoin 6ombe, 06paboTKON CMECbl KOHLEHTPUPOBAHHbLIX KNCAOT UAX NyTemM MUMPOrMapoamnsa.

Ha pucyHke 1 npuBegeHa cxemMa MCNblTaHUA TBEPAbIX MUHEPanbHbIX TONAWB NPU ONpefesieHnn MUKpPO-
3/1EMEHTOB.

MpumeuyaHue — KpaTknii 0630p cnoco60B pasfoxXeHnsi Npo6 TBEPAOro MUHEPasibHOTO TOMIMBA C Le/lblo onpe-
OENEHNSI B HUX COAEPXAHNSI MUKPO3/IEMEHTOB NPUBEAEH B NPUIOXKEHUN A,
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a) Ecnu gna aHanusa ncnosnb3yoT 30/1y NPo6bI, MOSyYEeHHYO B 1ab0opaToOpPHbIX YC/I0BUAX CTAHAAPTHBIMY MeToLamu,
3HayYeHMe Takoli 30/IbHOCTV NPO6bI MCMOMbL3YIOT ANA AasbHellero nepecyeta pesynbTaToB Ha TONNBO.

6) PacTBop, nonyyaemblii nyTem pacTBOPEHMSA chjaBa c 60paToM WU APYTUM MIaBHEM, MOXeT OblTb Takxke
MUCMONb30BaH OJ/19 onpefeneHns ykasaHHbIX 3n1eMeHToB metogom WCI-MC wnu gpyrumy metogamu, ecav npu 3Tom
obecneyeHa Heo6xoaMmas YyBCTBUTENbHOCTb.

B) O603HaYEHHbI HAa cXemMe MYHKTUPHOI NMHMER cnocob NoyyYeHust aHaIM3NPYyeMOro pacteopa nytem 06paboTku
TOM/IMBA CMECbI KUC/OT SIBASETCA aNlbTEPHATMBHbLIM PACTBOPEHUI0 B CMECW KWUC/OT NpeABapuTesibHO 030/1EHHOW NpPoo6bI.
Kak npaBwio, ero ncnonb3yloT 4N onpegeneHns anemeHTos metogom VICIM-MC.

PucyHok 1 — Cxema ucnblTaHUA TBEPAbIX MUHEpPasbHbIX TOMMUB Mpu onpefeneHnn MUKPo31eMeHTOB

5 MpuroTtosneHve npoobbl

5.1 lMpurotoBrieHMe Npo6bl TBEPAOrO MUHEPASILHOrO TOM/IMBA AN1S1 ONpeaeneHuns
MMWKPO3/IEMEHTOB

Mpo6a TonnuBa AN OMNpefeneHns MUKPO3NeMeHTOB NpeAcTaBnseT co6oii aHanMTMUYecKyl npoby,

M3MeNbYEeHHYI0 OO0 KPYMHOCTM YacTuy meHee 212 MKM, npurotossieHHyw no FTOCT 23083, TOCT P 59248,
FOCT P 59257, TOCT P NCO 18283 nam FOCT P NCO 13909-5.
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[JonyckaeTca wucnonb3oBaTb aHanMTU4YecKyl npoby, M3MeNbYeHHYK [0 KPYNHOCTM YacTuy MeHee
200 MKM. NS oTAEeNbHbIX BUAOB UCMbITAHWA B cTaHgapTax yka3aHbl 0co6Gble TPe60oBaHMA N0 KPYNHOCTM Npo-
6bl ANS fanbHelwero aHanmsa.

Mpoba foMXHA HAXOAUTbLCA B BO3AYLWHO-CYXOM COCTOSSHWM, ANA Yero ee packnajbiBaloT TOHKUM C/0eM
N BblAEPXMBAKT HA BO3J4yXe NpPU KOMHaTHON TeMmnepaType B TeYEeHUE MUHUMasbHOIO BpeMeHN, HeobXxoAMMO-
ro AN A4OCTUXEHUA paBHOBECUSA MeXAY B/IaXHOCTbIO NPo6bl M BNAXHOCTbLIO OKpYXallero so3gyxa.

Mpn B3ATWM HaBeCKWM TONAuMBa ANA OonNpefesieHUs MUKPO3/IEMEHTOB B TeYeHMEe KOPOTKOro MpoMexyTka
BpeMeHW u3 TO Xe npobbl OTO6MPAIT HaBEeCKW AN ONpefesieHUs COAepXaHUs aHalIuTU4Yeckol Bnarn no
FOCT 33503, FOCT 11014 wnun FOCT 27589 (gns Kokca) gns nepecyeta pe3ynbTaTtoB Ha Apyrue cOCTOSAHUSA
TONNuBa, OT/INYHbIE OT BO34YLIHO-CYXOrO.

5.2 TpuroTtoBrieHNe Npo6bl 30/bl AN onpeaesieHUs MUKPO3/IEMEHTOB

MpurotoBneHne 30Mbl 418 OonNpefeneHna MUKPO3/SIEeMeHTOB NpoBoAAT npu Temnepartype (500 + 10) °C.
HaBecKy TBepforo MuHepasibHOro TonsinBa, NPUroTOBAIEHHOIO B COOTBETCTBMM € 5.1, noMewarwT B npegBapu-
TeNbHO B3BELWEHHbIi papopoBLIlfi, N1IATUHOBbLIA UKW KBApPLEBbIA TUrenb, WAM NOTKW U3 OTHEYNOPHON Kepa-
MUWKW, MOATOTOB/IEHHbIE B COOTBETCTBUM C NPUMOXEHWEM A, 1 B3BELWMUBAKT TUrenb ¢ Npoboil ¢ TOYHOCTbLIO [0
0,1 mr. PacnpepensioT HaBecky TOnNavMBa B TUT/1e POBHbIM C/I0EM TO/LWWUHON He 60nee 0,15 r Ha 1 cm2. Mpu
Heo6X0AUMOCTUN A/19 030/1€HUSA UCNONb3YIOT HECKO/IbKO HAaBECOK OAHOW Npoobbl.

MomewarwT TUTN C HABECKaMUW B XOJI0AHY MYy enbHYH nedb, KOTOPYK MOCTENEHHO HarpeBalwT C Ta-
KO CKOpPOCTblO, 4TOGLI Yepe3 14 TemnepaTtypa neun gocturna 300 °C, a yepes 2 y— (500 £ 10) °C. MNpogon-
XalwT 030/1eHue, Bblgepxunsaa Turan npu temnepartype (500 = 10) °C ewe 2 u.

YAanawT TUTAU € 30/1bHBIMKW OocTaTkamu 13 My enbHON neun, oxnaxjalwT UX cHayana Ha Bo3gyxe, a
3aTeM B 3KcukaTtope 6e3 ocywutens. Nocne oxnaxheHUs A0 KOMHATHOW TemnepaTypbl B3BeLWMWBAKT TUMIN.
[1pOBOAAT KOHTPOJ/IbHbIE MPOKa/nMBaHUA NMPOAO/IKUTENBHOCTLIO 30 MUH KaX[oe C Noc/ieAynwmumM oxXaaxgeHun-
eM 1 B3BelWuBaHMeM TUINen A0 Tex Nop, Noka pa3HOCTb pe3yNbTaToB ABYX Noc/efoBaTe /bHbIX B3BELWMBAHU
cTaHeT He 60nee 1 mr. Bce B3BewWwMBaHNA NPOBOAAT Ha Becax C TOYHOCTb Ao 0,1 mr. AnA pacyeTa 30/1bHOCTU
NCnosb3yloT pe3ynbTart nocsefHero B3sewmnsaHusa. NMonyyeHHoe 3HayeHne 30/1IbHOCTU UCNOMBL3YIOT ANA nepe-
cyeTa pe3ynbTaTtoB onpefesieHNss MUKPO3/IEMEHTOB B 30/1€ Ha UCXOAHOe TBepA0e MWHepasibHOe TOMJAMBO MO
hopmyne (2).

MonyyeHHyo 30y TWATENbHO pacTuparT A0 OLHOPOAHOIO COCTOAHUA, 06beANHAA Npu 3TOM 301y 0Of-
HON Npo6bl, MOMYYEHHYIO NPU 030/1EHUN B pPasHbiX TUrAAX. ONS XpaHeHWs 301y NepeHOCAT B repMeTUYHbI
KOHTeHep M noMewalnT B 3KCUMKATOP.

6 O630p MeTOA0B OonpeneneHns MUKPO3/IEMEHTOB

6.1 MbIWbAK N ceneH

MbIWbAK U CeNeH onpeaensoT B BUAE UX BOAOPOAHbIX COeAUHEHN METOAOM aTOMHO-abCcopOLMOHHOW
NN aTOMHO-P/IYyOPEeCLEHTHON cnekTpoMeTpumn c reHepauunei rmgpugos (AAC-IT, A®C-IT). HaBecky Tonnun-
Ba cnekawT CO cMecbi Jduwka npu Temnepartype 800 °C, a 3aTem ob6pabaTbiBalOT CONSAHOW KMCnoTon. MeTtop,
onpefesieHNns MbllWbAKA U CefleHa B TBepAblX MUHepanbHbIX TonnamBax yctaHoBsieH B TOCT P 54242. Onpe-
JeneHve MbllWbAKa TakkKe NPoOBOAAT C UCNO/Ib30BaHMEM 6e33/1eKTPOAHON BbICOKOYACTOTHON Namnbl 6e3 npu-
MEHEeHUSA TMAPUAHON NMPUCTaBKW.

B FOCT P 59015 ycTtaHOBNEeH (PM3NKO-XMMUYECKUI MeToL OnpefeneHns Mbilbska B TBEPAOM MUHE-
panbHOM TON/UBE, NpegycMaTpuBaloWnii pa3noxeHne HaBeCKW TOMMBa cnekaHnem co cmecblo duka. OT-
OeNnaT MbllWbAK OT MelawWwmnx npumeceli OTTOHKOW B BUAe TpMxnopuaa, KOTOPbIA NOrnowamT KOHLEHTPUPO-
BAaHHOI a30THOW KUCNOTOM ANS OKUCNEHUA Mblwbaka Ao As (V). Mocne ynapuBaHua a3oTHO KUCOTbl 0CTATOK
obpabaTbiBalOT NpuM HarpeBaHWW pacTBOPOM CEpPHOW KucnoTtbl. B cepHokucnom pactBope As (V) obpasyer
C MoNmMb6aaTtom amMMOHMSA B NPUCYTCTBMM cynb@data rugpasvHa okpalweHHOe KOMMEeKCHOoe coefuHeHne —
MbILWbAKOBOMOING4EHOBYIO CUHb. CofepXaHue MblilWbAKA B TOMNAUBE ONpefensawnT cnekTpodotomeTpuye-
CKMM MeTOAOM MO MHTEHCMBHOCTM OKpacku pacTBopa C UCNO/Ib30BaHUEM FpPpagynpoOBOYHOro rpadumka.

B 30ne TonnuBa ceneH OTCYTCTBYeT, T. K. TEPAETCA B 3HAUYUTENbHOW CTENEHW WMAN NONHOCTbIO NpU TEM-
nepatype Hmxe 500 °C. MblWbAK MOXHO onpeAennTb B 30/1€ TBEPLAOr0 MUHEPASIbHOTO TONAMBA, NONYYEHHON
B nabopatopun npu Temnepatype He Bbiwe 500 °C (cm. [2]). AnsA onpefeneHus Mbllbska B 30/1e TonjavBa
pekoMeHAoOBaHa MeTOoAMKa, BKIoYalwLlwas cninassieHne 30/bl CO cMecblo MeTabopartal/teTpaboparta NUTUA Uan
nyTem pasfiokeHUss CMecbi KUCAOT (a30THON, COMSIHON M PTOPUCTOBOAOPOAHON). OnpeaensitoT MbllWbAK B
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pacTtBope B Buae BogopoaHoro coegnHeHusa metogom AAC-IT vnn APC-IT. MbIWbAK N CENEeH Takke MOXHO
onpepensatb metogom MCIM-MC, ecnm ecTb BO3MOXHOCTb YCTPaHWTb UHTepepeHLmnto, Bbi3BAHHYIO X10pK-
AOoM aproHa.

6.2 bop

Bop oTHOCMTCA K NeTyyum 3jieMeHTaMm, No3TOMYy 030J/IeHMe TON/inBa C Lenblo pasoxXeHna npobbl n no-
Ny4eHns aHa/IM3Upyemoro pacTsopa npu onpegeneHnn 60pa He NPUMEHSIOT.

Mo FOCT 28974 pnA onpegenexHnsa 6opa NOMNb3yTCA 3MUCCUOHHBIM CNEKTPasibHbIM KOMMYECTBEHHbLIM
mMeToAoM. [na 3aTtoro npoby Ton/auMBa NOABeEPrakwT TepMuyeckoin obpaboTke C nocrefylWwUM CMeleHnem
ocTaTka c 6ydhepHOn cmecbio, NpeacTaBnsAwen coboin cmecb rpadMToOBOro Nopouwka, 3a/leMeHTapHOoON cepbl,
oKCUAa KPEeMHUA WKW YTeKUCNOoro Hatpusa B OoNpefeneHHOM COOTHOLEHUN.

MeTopg onpegeneHua 6opa Takxe yctaHoBsieH B [1]. Ansa onpepeneHua 6opa npoby Tonamea chnekawT
Co cMecbl Jwka npu Temnepartype 800 °C, a 3aTeM pacTBOPAKT B CONSAHOW KucnoTe. Mpouegypa NnpuroToB-
NeHns aHanu3npyeMmoro pacteopa aHasormyHa ctaHgapTHON MeToauke onpefefnieHUs Mbllbska U ceneHa no
FOCT P 54242.

Bop B pacTBOope onpepenAlT MeTo40OM aTOMHO-3MWUCCUOHHOW CNEKTPOMETPUN C UHAYKTUBHO CBA3aH-
Holi mna3smoi (MCM-A3C) (cm. [1]) mAn MeToAOM MaccC-CMEeKTPOMEeTpPUM C UHAYKTUBHO CBSA3AHHOW niasmoi
mncn-mc).

6.3 CypbMa, 6epunnnii, kKagMmuii, Xpom, KobanbT, Megb, CBUHEL, MapraHel, MoAN6AEH, HUKENb,
Tannuii, BaHaguin, UNHK, TOPUA N ypaH

[JaHHble 371eMeHTbl MOXHO OnpeAenATb pasHbiMU CnekTpomeTpuyeckumum meTtogamu. Cypbmy, 6epun-
nvid, kKagMuii, Xpom, KobanbT, MeAb, CBUHEL, MapraHey, MONUGAEH, HUKENb, BaHaAUNA W UWHK B yrine u Kokce
onpegensaT no [2]. PekomeHAyeMblil X04 aHann3a onucaH Huxe.

O30n510T Npoby TONNMBa NP MakcumanbHon Temnepatype (500 + 10) °C gnsa yganeHus yrnepogcogep-
xawero matepunana. NMpuroToBneHHyO A4 aHannsa 307y CNNaB/AT CO CMecbio meTabopaTta v TteTpaboparta
nntna (cm. [3]) man pasnaralT CMecbl KUCNOT (CONSAHON, a30THOW M (PTOPMCTOBOAOPOAHOI). B nonyyeHHbI
Takum obpa3om pacTBop f06aBNAOT 6GOPHY KUCNOTY AN 06pa3oBaHNa KOMMN/EKCHbIX cCOeANHeHU dTopa.

KoHueHTpauum MUKPO3NEeMEeHTOB B pacTBOpe onpefenstT CnekTpoMeTpuyeckumu metogamun. Tpagu-
LMOHHO ucnofab3oBanyM MeToh aToMHO-abcopbuunoHHol cnekTpockonuu (AAC). B HacTosuwee BpeMs ero B
60NbLWNHCTBE C/lydyaeB 3aMeHUNn Ha metog VMICM-A3C, nogxoaawmnii gns onpegeneHna 601bLWNHCTBA Npeja-
CTaB/IEHHbIX 3/IEMEHTOB, KPOME CYypbMbl, KagMunsA, CBUHLUA, Tanus, TOPUA N ypaHa, BCTpeyawLwmxca B yraax
B OYEeHb HU3KUX KOHLUeHTpauuax, n metog NCM-MC, nossonawwnii onpegenstb 3/1eMeHTbl B CNeA0BbIX KO-
yecTBax.

MapraHey Takxe onpegensioT O4HUM U3 ABYX METOAO0B onpefesieHns XMMUYeCcKoro coctaBa 30/bl: MeTO-
AOM aTOMHO-3MUCCUOHHON CNEKTPOMETPUN C UHAYKTUBHO cBA3aHHOM nnasmoinn (MCMN-A3C) no TOCT P 54237
nnu cnektpocotomeTpnyeckum metogom no FOCT P 59592. B TOCT P 54237 fONONHUTENIbHO yKa3aHa BO3-
MOXHOCTb MCMOMb30BaHUA APYTUX METOLOB pas3fioXeHusa 307bl Npo6bl NPy YCAOBUU AOCTUXEHUSA MNOMHOTHI
U3BNeYeHna onpepensaembiXx 3N1eMeHTOB. [N 3TOro Heo6Xxo4AUMO NPOBEPUTb BblIOpPaHHbLIN MeTog pasnoxeHus
C ucnofab3oBaHWeM cTaHgapTHoro o6pasua (CO) U cpaBHUTb MNOMYYEHHble pe3ynbTaTbl C aTTeCTOBaHHbIMMU
3HaYeHUAMMN cofepxaHnin onpegensieMblx anemMmeHToB B CO.

MpumevaHnsa

1 HekoTopble M3 3TUX MUKPO3/1EMEHTOB MOXHO onpegennTb MetogoM P®A, ogHako 4yBCTBUTENIbHOCTU [AaHHOMo
MeTo4a HefoCTaTO4YHO A1 TOYHOrO onpefesieHns 6epunnus, kagMmusa, Tanius, Topus 1 ypada.

2 Topwit n ypaH Takke MOryT 6biTb OnpefesieHbl ONMCaHHbIM METOAOM, HO MPU PacTBOPEHWUW 30/1bl B CMECU KUCOT
cneflyeT yuuTblBaTb, YTO 3T 3/IeMEHTbl MOryT 06pa3oBbiBaTb HepacTBOpPMMbIE (DTOPUCTbIE COEAUHEHUA. [N npepot-
BpalleHnsa Takoro obpasoBaHus cnefdyet cobnoaTb HEKOTOpble Mepbl NPefoCTOPOXHOCTU. TOpuil 1 ypaH cnepyet onpe-
JeNnATb B TeYeHue nepsblX 2 4 Noc/ne NpPUroToB/IEHMA PacTBopa 30/1bl B CMECK KUCNOT WM pacTBop crefyeTr YacTU4YHO
ynapuTb 408 yganeHns hTopucToBOAOPOAHOW KACNOTHI.

3 MbiWwbAK gonyckaeTca onpegenatb no [2].

BepunnuiA, mapraHew, XpoM, HUKeNb, KO6anbT, CBMHEL, BaHagun, Melb, UMHK U1 MONMGAEH onpeaensoT
Tak xe, kak n 6op no rOCT 28974.

Bepunnuii, xpom, MeAb, MapraHel, HWKeNb, CBUHEL, BaHaAWi U LWHK onpefensT TakkKe MeToAoM
aTOMHO-abCcop6LMOHHON CNeKTpoOMeTpun ¢ atomusaumein B nnamenn no FOCT 32977. Mpoueaypbl NOATOTOB-
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Kn Npo6bl U NPUTOTOBAIEHUSA aHa/U3UPYeMOro pacTBopa aHanorMuyHbl npouegypam no [4], 3a UCKNOUYEHUEM
BO3MOXHOCTM CM/1aB/eHNs NOJIYYEHHOWN 30/1bl CO CMecbl MeTabopaTa u TeTpabopata nuTuS.

MeTopg onpegeneHnsa kagmua npusegeH B FOCT P 59593. AnAa ero onpegeneHnsa npoby TBepAOro Mu-
HepanbHOro TonavMBa noABeprawT MArKOMY 030/eHut0 npu Temnepatype (500 + 10) °C. MonyyeHHyw 307y
pacTBOpPSAT B CMECU KOHLEHTPUPOBAaHHbIX a30THOM, CONAHON 1 hTOPOBOAOPOLAHOM KUCNOT NPU HarpeBaHun B
NPUCYTCTBMN GOPHOI KUCNOTLI ANA CBA3bIBAHWSA MOHOB hTopa. CoAepxaHve kKagMUA B NONTYYEHHOM pacTBope
ycTaHaBnMBalwT MeTo4OM A06aBOK NpM NOMOLLM aTOMHO-abCcop6LMOHHOIO CNekTpoMeTpa € 3/1eKkTpoTepMuye-
CKOli aToMu3aumeii.

MpumeyaHne — Kagmuii n cCBUHeL, Takxe onpeaensatoT metogom AAC-ITI.

6.4 Xnop

MeToabl onpeaeneHnsa xaopa yctaHoBneHbl B FTOCT 9326, FOCT 290871), TOCT P 59013 nFrOCT 33502,
BK/OYAKLWNUMN pas3Hble cnocobbl pasfioxeHUa Npobbl TonNamMBa M pasHble MeToAbl OnpefesieHna xaopa B Mo-
NYYeHHbIX pacTBopax.

Mo TOCT 9326 aona onpegeneHnsa xaopa npoby ToN/MBa cnekawT CO CMeCbl JuwkKa C Nocneayrunm
pacTBOpeHMEM crneka B a30THO KUC/IOTe WAW CXUralT B KalopumMeTpuyeckoin 6ombe B NpucyTCTBMKU NOrno-
TUTENbHOro pacTeBopa. B monyyeHHbIX pacTBopax onpefensalnT X/J0p XMMuyeckumu metogamu (Mepkypume-
Tpuyeckoe TUTpOBaHWe, TUTpoBaHne no donbrapay, NOTEHLMOMETPUYECKOE TUTPOBaAHWE C UCNOMb30BaHUEM
X/I0PUA-CEeNeKTUBHOIO 3nekTpoaa).

Mo MOCT P 59013 cnek, NONYYEHHbIA NyTEM CXWUraHWs HaBECKW TOMN/IMBA CO CMecbi Jduwka, obpabaThbl-
BalT PacTBOPOM a30THOM KUC/OTbl U OCaXAalT U3BECTHbIM KO/IMYECTBOM pacTBopa a30THOKMC/Oro cepebpa
onpefeneHHON KOHUeHTpauuu, B3ATOro B M36bITke. KonnuyecTBo HempopearnpoBaBLIero ¢ XJI0poM U36bITKa
a30THOKMCIOrO cepebpa onpefensatoT MeTOAOM 06paTHOro TUTpoBaHusa no donbrapay.

MeTog no TOCT 33502 3akntwyaeTcs B pas3/iOXXeHUW Npo6bl CXUraHem B KanopuMMeTpuyeckon 6om-
6e n onpefeneHnn xaopa B pacTBOpe C UCNOJSIb30BaHUEM XJ/I0pPUA-CenekTUBHOro asnekrpoga (MC3I) (meTop
cTaHAapTHbIX fo06aBokK). AnA nepeBefeHNA X/Jopa B PacTBOP MOXHO TakXe NMPUMEHUTb pas/fioXXeHne HaBecku
TonsmBa nytem nuporugponusa. MNMpouegypa aHanornyHa npusepgeHHoln B FTOCT 32982. B nornoTuTenbHOM
pacTBope x/0p onpeAensT MeToAO0M WOHHOW xpomatorpadum (MX) unm ¢ ncnonb3oBaHnem XA0pup-cenek-
TUBHOTO anekTpoga (MCI).

OnpepgeneHne cogepxaHusa xnopa no FOCT 29087 3akno4aeTcs B CXuraHuy npobbl TonanBa B NOTOKe
Kucnopoga B TpybuyaToil neun npu temnepatype ot 1250 °C go 1350 °C, ganbHenwem MNOrNOWEHUN KUCbIX
ra3oB 1 06bLEeMHOM onpefeneHnn cofepXxaHna xnopa TUTPOBaHUEM.

YAO06HBIM ¥ TOYHBIM METOAOM NPSAMOro onpefeneHnsa xaopa B TONAuBe sABnseTca meton POA.

MpumeuyaHune — Xnop, Kak NPaBuIo, OTHOCAT HE K MUKPO3/IEMEHTaM, a K 3/1IeMeHTaM, NpUCYTCTBYIOLWMM B yrie
B Ma/lOM KOJIMYECTBe, W BbIpaXaloT ero cogepxaHue B npoueHTax (CMm. Taénuuy 2).

6.5 dTOp

®TOp onpenensdarT OA4HUM U3 ABYX CTaHOapTHbIX MeToA0B. Metog no FOCT 32982 3aksitoyaeTcsa B NUpo-
TMOPONUTUYECKOM pas3fioXXeHUn HaBeckn Npobbl v onpefesieHUn B pacTBOpPe MOHOB (pTopa C MCNOMb30BaHMEM
hTopug-cenektnBHoro anektpoga (MC3) nnm noHHon xpomatorpacdun (UX).

MeTog no TOCT P 590141)3akitovaeTcsa B CKMraHWM HaBECKW TONAMBA B Ka/lopnMeTpuyeckoin 6ombe u
nocnegywuwem onpegesneHnn B pactsope pTopmna-moHOB € UCNOMb30OBaAHMEM PTOPUA-CENEKTUBHOIO 3/1EKTPO-
na (MC3); meTon MCNONBL3YKOT TONIBKO A1 TON/IMBA C 30/IbHOCTbIO MeHee 30 %.

6.6 PTyTb

PTyTb B TBEpAOM MUHepasibHOM Tonnuee onpegenatT no FTOCT P 59176, TOCT P 59177 n rOCT 32980.

FOCT P 59176 ocHOBaH Ha TeEpPMMYECKOM pas3fioxXeHun npobbl TON/MBa, CONpoBOXAalwlemcsa aToMmnsa-
umMen pTyTM, NnepeHoce aTOMapHoOl pPTyTM B aHA/IMTUYECKYIO KIOBETYy aHanusatopa NoTOKOM BO3gyxa WU nsmepe-
HUN aTOMHOTO MOTNMOLWEeHNS PTYTW C KOppPeKLueih HecenekTMBHOTO NOroWeHna Ha ocHoBe athdekTa 3eemaHa.

FOCT P 59177 ycTaHaBnuBaeT onpeesieHne MaccoBOW f0n o6wel pTyTU ¢ UCNnoNb3oBaHnemM mMeToga
6ecnnamMeHHOn aTOMHO-a6COpP6LMOHHON CNEKTPOMETPUN B «XOJIOAHOM Mape» pacTBOPOB, MNOSYYEHHbIX NyTeM
KUCNMOTHOW 3KCTPaKLMM MM BAAXHOTO OKWC/EHUA TBepAbix Npob Tonnauea.

1) CTtaHAapT He pacnpocTpaHseTcs Ha KOKC.
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Mo FOCT 32980 HaBecky Ton/auMBa CXWUrawT B KasopumeTpuyeckoih 6ombe B atmoccepe kucnopoaa,
npun aTom pTyTb abcopbupyeTcsa pas3baBMeHHbIM pPacTBOPOM a30THOW KUCNOThLI, fo6aBnsaemoli B 6oM6y nepep
cxXuraHmem. B nonyyeHHoM u3 cmbiBa 60M6bl pacTBope nocse ero unbTpoBaHWA pTyTb BOCCTaHaBNMBaKT
X10pMAOM ON0Ba U onpefenaT meToLoM 6ecniamMeHHOW aTOMHO-abCcop6UMOHHON CNeKTPOMeTpUmn ¢ aToMu-
3auvein metogom xonogHoro napa (AAC-XI).

M3BECTHO TakXe HeCKONbKO afibTepHaTMBHbIX METOAO0B onpeAeneHua pTyTu. Ansa pasnoxeHus tTonnuea
MOXHO o6bpaboTaTb Npoby KucnoTamy B aBTOK/N1aBe, NMOMELEHHOM B MUKPOBOJIHOBYIO Meyb, UM B 3aKPbITOM
cocyfe Ha BOAsAHOW 6aHe, WM KANATUTb B CMECKM a30THOW M CepHON KUCAOT C 06paTHbIM XOMO0AUbLHUKOM
(cm. [4]).

[eicTBYIOT MHCTPYyMEHTa bHble MeTOoAbl aHann3a, Mo KOTOPbIM TOMN/IMBO CXWralwT, a pTyTb noraowarT
B KOJIIEKTOPEe C MPOBOJ/IOKON U3 30M10Ta. 3aTeM KOMIeKTOp HarpeBalwT U pTyTb ucnapsetca. KoHueHTpauuio
pPTYTN onpeaensalnT NpAMbIM aHainu3om naameHun (cm. [5]).

6.7 PaguoHyknngbl

B yrnsix, kak B NpupoAHOM Cbipbe, cofepxXaTtca pafuoHyknmabl. X pagnoakTUBHOCTb MOXeT OblTb U3-
MepeHa ramma-cnekTpoMeTpammn C BbICOKOI pa3pellatrlieii cnocobHocTbio (cM. [6]).

7 O6paboTka 1 NnpeacTaB/ieHNe pe3y/bTaTtoB

MaccoByio [0/10 MUKPO3/IeMeHTa B CyxoMm Tonnuee 3 d, MI/kr, BbIYMCASAIOT No popmyne

3d=3a— — — , 1
100 -W a S
roe 9a — maccoBas A0M8 MUKPO3/eMeHTa 3 B BO3AYLWHO-CyXoi npobe Tonnunsa, Mr/Kr;
Wa — mMaccoBasa fons snarm B BO34YyLWHO-CyXoli npobe Tonnuea (BNarnm aHaintuyeckon npoobsl), %.

Ecnu onpepeneHne MUKPO3ieMeHTa NPOBOASAT U3 NpeABapuTENbHO 030/1EHHOI Npo6bl ToNMBa, Macco-
BYIO [lO/110 MUKPO3/IEMEHTA B BO3AYLWHO-CYXOM TON/NBE, MI/KF, BbIUNCASAT No hopmyne

800
Qa=3n
100 - @
roe 34 — maccosas 40719 MUKPO3fieMeHTa 3 B 30/1€, MI/KM 30/bl;
A|00 — 30/1bHOCTb BO34YLWHO-CYX0N Npob6bl Npu TemnepaTtype o3onexHus 500 °C, %.

Pe3ynbTaTbl UCMbITAHWI OKPYrAsSlOT B COOTBETCTBUM C Tpe6GOBaHWSMU NPUMEHSIEMOro cTaHaapTa.
MWKpO3eMeHTbl B MPOTOKOSe NPUBOAAT B BUAE CUMBOJIOB B a/ipaBUTHOM NOpPsiAKe.

8 Tpe6OBaHI/IF| K 4yBCTBUTE/ILHOCTN METOA0B onpeaeseHna MMKpPoaJ1eMEHTOB

Mpu BbIGOpEe MeTofa onpeaesieHnss MUKPO3ITIEMEHTOB ciefyeT 06paTuTb BHUMaHWE Ha TO, UYTO YYyBCTBU-
TeNbHOCTb W Npefen o6HApyXeHus MeToAa AO/KHbI GblTb 4OCTATOUHBIMU ANA ONpefeneHns KoHLeHTpauuii
3TUX 3/IEMEHTOB B TBEPAbIX MWUHEpasbHbIX TOMAMBAX, a NPELU3NOHHOCTb MeToAa AO0/IKHAa YA0B/ETBOPATb
Tpe6oBaHUAM, yKa3aHHbIM B CTaHJapTax Ha MeToAbl onpeAesieHUss MUKPO3/TIEMEHTOB. TUNUYHbIe AnanasoHsl
KOHUEHTpauuii MUKPO3NEeMEHTOB B TOBApPHbIX YINsiX U TpebyeMble npeaesnbl 06HAPYXEHUs cnekTpasbHbIX Me-
TOA0B aHanusa npueefeHbl B Tabnuue 2.

Ta6nuua 2 — [nanasoHbl KOHLEHTpaLuii MUKPO3/IEMEHTOB B TOBAPHbIX YINsiX U Tpebyemble HWKHWE npefens
o6HapyxeHus

onemeHT [nanasoH KOoHUeHTpauwuii3) TpebyeMmblii HWXHWUI Npefen o6HapyXeHus, Mr/kr
As Ot 0,5 go 25,0 mr/kr 0,1 mr/kr
B Ot 5 go 400 mr/kr 5 mr/kr
Be Ot 0,1 go 20 mr/kr 0,1 mr/kr
Cd Ot 0,05 go 0,090 mr/kr 0,01 mr/kr
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OkoHuyaHue Tabnuubl 2

2nemMeHT [vana3oH KoHLeHTpauuii3) TpebyeMmblii HMXHWI nNpesen o6HapyXeHus, Mr/kr
Cl Ot 0,01 % abc. po 0,2 % abe. 0,01 % abec.
Co Ot 0,5 no 30 mr/kr 1 mr/kr
Cr Ot 0,5 go 60 mr/kr 1 mr/kr
Cu Ot 0,5 o 50 mr/kr 1 mr/kr
F OT 20 go 500 mr/kr 50 mr/kr
HA, Ot 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 Ot 0,5 go 50 mr/kr 1 mr/kr
Pb OT 2 po 80 mr/kr 1 mr/kr
Sb Ot 0,1 go 10 mr/kr 0,1 mr/kr
Se Ot 0,2 po 10 mr/kr 0,1 mr/kr
Th Ot 0,5 go 10 mr/kr 0,1 mr/kr
Tl Ot 0,1 go 10 mr/kr 0,1 mr/kr
" Ot 0,5 go 10 mr/kr 0,1 mr/kr
\Y Ot 2 go 100 mr/kr 1 mr/kr
Zn Ot 5 go 300 mr/kr 1 mr/kr

a) faHHble no CBaiiHy (cMm. [7]).

MpaBUIbHOCTb pPe3ynbTaTOB W3MEPEeHW, MOJIyYeHHbIX MeTohamu, BblGpPaHHbIMU ANS OonNpefeseHns
MUWUKPO3/1eMEHTOB, OLEHUBAKT NPeanoYTUTENIbHO NyTeM WUCNOoNb30BaHMA CO yTBEPXAEHHOro Tuna, a takxe
CpaBHeHWeM C pe3ynbTaTaMu, NOJYYEHHbIMW C MOMOLbIO pedepeHTHbIX MeToANK (CM. B.7) B COOTBETCTBUM C
Tpeb6oBaHuamm NOCT P MCO 5725-1 — FOCT P NCO 5725-6 n TOCT 33654.

CO TonnmBa LWNPOKO pacnpocTpaHeHbl U NMPUMEHAIOTCA A1 KOHTPONSA BO3MOXHbIX NOTepb onpenens-
€MOro 3flemeHTa B XO04e WCNbITaHWA, a Takxe nNpu NpoBefeHnn oTAenbHbiX npoueayp. CO 30Mbl TONAMBaA UC-
NoNb3ykT AN KOHTPOA B TeEX MeToAax, B KOTOPbIX 030/1eHNe Npobbl ABAAETCA COCTABHOW YacTblo METOAMNKM
onpepeneHuns.

AHanun3 CO cnepyeT NpoBOAUTL OAHOBPEMEHHO C KaXAoi napTuein npob, n pesynbTar 3TOro aHanusa, a
TaKxe aTTeCTOBaHHOE 3HayeHWe coAepxaHusa onpeaenaemMoro afieMeHTa, ykasaHHoe B fjloKymeHTaumn Ha CO,
Heo6X04MMO NPUBOAUTL B MPOTOKONE UCMbITAHUA.

9 lMpeyn3noHHOCTb

MpeLn3MoHHOCTb pe3ynbTaToB U3MEPEHWUH nNpuBejeHa B cTaHfapTax Ha MeToAbl onpeaeseHnss MUKPO-
3/1eMEHTOB.

10 MpoTOKON UCMbITaHWI

MpOTOKON MUCNbITaHWIA AOMKEH 6bITb ohopmaeH B cooTBeTcTBUM ¢ TOCT P 58973 n BkawUaTb cregyto-
Wy nHopmaumio:

a) NOJIHYK NAEHTU(UKALUI aHann3npyeMmoin npoobsbl;

6) o603HauyeHne BbIOpaHHOTrO MeToha aHanmsa;

B) KOHLEHTpaLu KaxAoro MMWKpO3seMeHTa B Npobe TOnanBa, BblPpaXeEHHYH B MUAAMIpaMMax Ha Ku-
norpamMmm;

r) cocTosHWe TonNuBa, AN KOTOPOro BblpaXeH pe3ynbTar;

A) MaccoByl [0/0 BAarm BO3A4YLWHO-CyXol Npobbl, ecnyu pesynbTaTbl BbipaXeHbl Ha BO3AYLIHO-CyXoe
COCTOSIHME TonnuBa.

10
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MpunoxeHue A
(cnpaBoyHOE)

ANbTepHaTUBHbIE CMOCOGbLI NMPUTOTOB/IEHUS PACTBOPOB MPU Pa3/I0XEHUN Yrel

M3BECTHbI pas3finyHble Cnoco6bl Pas3foXEHUA YINsA Uan 30/bl YINSA ANA NPUTOTOBJIEHUSA PACTBOPOB, UCMOJb3yeMbIX
npu onpegeneHnm MUKPO3/IEMEHTOB pa3/IMYHbIMK aHaNUTUYEeCKMMn meTtogamu, Takmmm kak MCIM-A3C n UCM-MC.

BonbLWMHCTBO cNOCOBGOB 3ak/oyaeTca B CnaB/eHUU 30/bl C NIaBHAMU WM B 06paboTke ee CMeCbl KWC/OT, B
COCTaB KOTOPOI BXOAMT (PTOPMCTOBOAOPOAHAS KucroTa. [pyras rpynna cnocob0B 3ak/loyaeTcss B pas3/iokXeHun Tonau-
Ba CMeCbI0 KUCMOT, BK/KYaLLeid hTOPMCTOBOAOPOAHYIO KACMOTY, a Takke B 06paboTke nepekucbio BoAOpOoAa C LEesbio
OKUC/IEHUSI opraHuyeckon macchl Tonamnea (cm. [8]). EANHCTBEHHbI CNOCO6 nepeBefeHns yrns B pacTBop, He Tpebyowunii
npuMeHeHnss PTOPNCTOBOAOPOLHON KNCMOThI, 3aK/104aeTCs B Pas/ioXeHUN Yrns Npy BbICOKOW TeMnepaType v gasneHum
B aBTOK/1aBe C MCMO/Ib30BaAHNEM MUKPOBOJIHOBOW neun (cm. [9]).

Heo6Xx04MMOCTb NPUMEHEHNS NPU Pa3oXeHUN yras TOPUCTOBOAOPOAHON KUCNOTbI B HACTOSILLEE BPEMS HAXOAMUT-
cA B CTaauu paccMmoTtpeHus. MNMpegmeToM 06CyXAeHUsA SABNAETCA BOMPOC O TOM, BCe /M OonpefensieMble 3/1eMeHTbl MoryT
ObITb M3BNEYEHBbI U3 MUHEPAsIBHOW Macchl YIS B OTCyTCTBME (PTOPUCTOBOLOPOLHON KUC/OTHI.

He pocTurHyTo corsiacue no BOMPOCY O NpenMMmyLlecTBax 1 HegoctaTkax MeToA0B, OCHOBAHHbIX Ha Pa3/ioXeHun He-
nocpeacTBEHHO YIS U Ha NpeABapuMTeNlbHOM 030/1eHNM NPOo6bl U Pa3NoXEHUN NOAYYEHHON 30/1bl.

Cnoco6 pasnoXeHna yrnisa CMecbio KUC/OT C Leflblo MoJslyYeHUs pacTBOPOB, B KOTOPbIX U3MEPAIOT COAepXaHne mu-
KPO3/1EMEHTOB, UMEEeT HEeKOTOpblE MPenMyLLEecTBa, HanpuMep ygaeTtcs m3bexarb noTepb AeTyunx anemeHToB. OCHOBHO
HeJoCTaToK 3TOro cnocoba — OTCYTCTBME YBEPEHHOCTM B TOM, UTO MPWU PasfiOKEHUN YN CMECbI0 KMCNOT U NepeKUChbo
BOJOpOA4a BCe onpejensemMble 31eMEHTbl NePexoaaT U3 opraHnyeckolr Macchl yrnsa B pactsop. C Apyrov CTOPOHbI, 0305e-
HMe yrAsi MOXEeT MPUBOAUTL K 3arpsisHEHMIO NPOO6LI, a Takke K NoTepe HEKOTOPbIX MUKPO3/1IEMeHTOB. K 3arpssHeHnto npo-
6bl MOXET NpMBOAUTL Nt06as npouegypa B npoLecce onpegeneHms MUKPO3NEMEHTOB, HO PUCK 3arpsA3HEHUs MOXET 6biTb
CHWKeH. Takke MOryT 6bITb MPUHATbI Mepbl, NpefoTBpallarlMe nNoTePU HEKOTOPbIX MUKPO3/IEMEHTOB NPU 030/1IEHNN.
Takne anemeHTbl, kak B, Hg, Se v ranoreHbl npy 0300eHMn ynetyunsatoTcs. MoTepu Apyrux MUKPOINIEMEHTOB BO BpeMs
030/1eHUSA YIS NpU TemMNepaType Huwke unu pasHoii 500 °C He npomcxoasT.

CornacHo HacTosileMy CTaHAapTy, KaxAblli XUMUK-aHaIMTUK CaMOCTOATENbHO peLlaeT, Kakoi mMeTon HeobxoaMMo
NPUMEHNTb, NPOBEPSAS ero nyTem aHanusa cooTBeTCTBYWWMX CO (yrna wuau 3onbl yras). PekomeHgyeTca npu Bblbope
MeToda 3apaHee OueHWTb, COOTBETCTBYET /M BblOpaHHas meToauka TpeboBaHMSAM K TOYHOCTU onpejesieHus OaHHOro
3/1eMeHTa, a ero oxupaemas KOHUeHTpauusa npegenam obHapyxeHusa metoda, obecrneymBaeT M MeToAUKa U3MepeHus
MUKpO3/ieMeHTa obHapyXeHne TakMx ero KoHUueHTpaLuuii, KoTopble COOTBETCTBYIOT TpeboBaHusAM K MAK aToro anemeHta
B 3KO/IOTMYECKMX HOpMaTMBax, HOpMaTMBax oxpaHbl Tpyfa W T. 4. Tak, Hanpumep, ecnu onpegensemMble 3/1EMEHTbl He
ussnekattca u3 CO yrna unv, HaobopoT, ynetyynsalTcsa npu o3oneHun CO yrns, Takoli MeTog Aa onpefeneHns aTux
3/1EMEHTOB He NoaxoauT.
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MpunoxeHue b
(cnpaBo4yHOE)

O6wme TpeboBaHUA K 060py[0BaHNIO U peakTMBamM,
NpUMeHSEMbIM NpY ONpeaesieHN MUKPOSEMEHTOB

HacToswee npuioxeHne obbeguHAET TpeboBaHMA K 060PYA0BaHUI0 U peakTuBaM, U3/I0XKEHHbIE B CTaHAapTax Ha
MeTOApbl OnpefesieHna MUKPO3/IEMEHTOB, NepeyncieHHble B pasgene 6, a Takxe TpeboBaHus Mo TeXHUKe nabopaTopHbIX
paboT npu onpesesieHnn MUKPO3IEMEHTOB.

B.1 MMpu onpegeneHnn MUKPO3IEMEHTOB HEOH6XOAUMO NPUHUMATbL Mepbl, NO3BOMAIOLWME UCKNIOYUTL BO3MOXHOCTb
noTepy HEeKOTOPOro KO/MyecTBa 3/1eMeHTa U BHECEHMS 3arps3HeHuii B Mpoby Ansd aHanv3a u3 nabopaTopHoi nocyapl,
aTmocdhepbl, peakTMBoB 1 060pyA0BaHNS.

B.2 B cTaHgaptax Ha MeToAbl onpeaeneHns MUKPO3/IEMEHTOB ONMCAHUA KOHKPETHbIX Mogenei Wan Tunos npuoo-
pOB He NPVBOAAT, OrpaHNyYNBasACH, Kak Npasuio, TONIbKO HauMeHOBaHWEM 1 O6LWMMN TpeboBaHUAMU, NPeAbABASAEMbIMU K
n3MepuTenbLHOW annapaType, UCNOAb3yeMoii AN AaHHOTO MeToa.

MoaroToBky NpMbOpPOB K paboTe M ONTUMM3ALMI0 YC0BWIA N3MEPEHUs NPOBOAAT B COOTBETCTBMU C UHCTPYKUMNER U3-
roToBMTENSA MO 3KCnayaTauum npubopa. FOTOBHOCTb Npubopa k pabote nNpoBepsT ucnbiTaHneM CO WM aTTeCcTOBaHHbIX
cmeceli (cm. B.7). Ans aTux uenein gonyckaetcs MCNosb3oBaTk cO6CTBEHHbIE CO npegnpuaTus uan naéoparopuu.

B.3 [na npoBefeHus aHanu3a UCNosb3yrT nabopaTtopHyto nocyay u3 ctekna no MOCT 25336 n MOCT 1770, no-
cygy 13 npo3padvHoro keapuesoro ctekna no FOCT 19908, dhapdopa no NOCT 9147 n nnatuHbl no FOCT 6563, a Takxe
13 NOJIMMEPHbIX MaTepuanos.

Mocyay n3 cTekna, He 6bIBLLYO B YyNOTPe61eHUM, MOKOT MOKOLWMMN CPeACcTBaMn, PEKOMeHAyeMbIMU PYKOBOACTBOM
no TexHvke nabopaTtopHbIX paboT, nocse 4ero TwaTeNbHO MPOMbIBAOT NPOTOYHONM BOAONM WM OMOSACKMBAKT AUCTUAINPO-
BaHHOI BoAol (cMm. B.4).

Mocyay n3 dhapdoopa, KepaMuky unm Ksapua, 1Cnosib3yemyto A8 030/1eHNs Npob, npeasapuTesibHO NpoKaansaloT
[0 MOCTOSIHHOI Macchl npy TeMnepaType 030/1eHUs, a NOCne OXaXAEHUS XPaHAT B aKCUKaTope.

M3genvsa n3 nnatvHbl KUNATAT B BOAHOM PacTBOpe COMSHONM kucnoTbl (1:1) unn B pa3basieHHOM pacTBOpe a3oTHOW
kncnotbl (5:95), NpoMbIBalOT NPOTOYHOW BOAONK M ONOMACKMBAKT ANCTUANMPOBAHHON Bogon (cm. B.4).

[nsa xpaHeHus ancTunnmposaHHoli Boabl (cM. B.4) n pacTBopoB, a Takke A5 KUC/IOTHOro pPas/ioxeHus 301 npume-
HAIOT NNacTUKOBbIE COCYAbl U3 NONNITUNEHA BbICOKOTO AaBfieHns, NONUNponuieHa unn tedoHa, repMeTMyHo 3aKpbiBato-
Lmecsa 3aBMHYMBAKOLWMMNUCA Kpblkamu. Mepen NCnonb30BaHNEM COCyAbl HANOMHAKT PacTBOPOM a30THOM kKucnoTbl (1:9)
U BblAEepXMBaT He MeHee 48 4y, a 3aTeM NPOMbIBAIOT NPOTOYHOW BOAOI M OMONACKABAKOT AWCTU/IMPOBAHHON BOLOM
(cm. B.4). Cocyppl, npefHa3HayeHHble o8 KAC/IOTHOIO passiokeHMsa 30/, SO/KHbI BblaepxuBaTte Temnepatypy 130 °C wn
JaBneHune, pasBMnBaroLLeecs B Npouecce pasfioxeHns npobbl, B TEYEHNE HECKOSbKUX YacoB. lMepes KaxAbiM UCMOo/b30Ba-
HMEeM cocybl NMPOBEPAIOT HA OTCYTCTBUE TPELMH MYTEM YMEPEHHOro CAaB/iMBaHNs.

B.4 Tpu onpegeneHn MMKPO3EMEHTOB B TBEPLOM MUHEPaAsIbHOM TOMJIMBE UCMO/L3YIOT BOAY A/15 /1a6opaTopHOro
aHanusa 1-i cteneHn uuctoTbl no FOCT P 52501 wnn guctunnunposaHHyto Bogy no FOCT 58144 nopsepratoT A4BOMHOM
neperoHke B annapartype W3 KBapLeBOro CTeknia WM AEVOHWU3UPYIOT. Boay XpaHAT B repMeTMYHO 3aKpbITO eMKOCTM U3
nonunaTUIeHa BbICOKOTO AaBfieHus unu nonunponunexHa (cm. b.3).

B.5 MNpu npoBefeHnn aHannsa cnefyert UCMNOb30BaTh XMMUYECKME pPeakTUBbl, CTENeHb YNCTOTbl KOTOPLIX HE HUXe
y. 4. a. no FOCT 13867.

B.6 [na npuroToBneHUs rpagympoBOYHbIX PACTBOPOB NPUMEHSIOT XMMUYECKUe peakTuBbl (OKCUMAbl U CONN onpeje-
NSeMbIX 3/1IEMEHTOB) BbICOKOW CTEMEHM YMCTOTbl — He MeHee 99,99 % macc.

[nsa rpagyvpoBKM CNEKTPOMETPOB rPagynpoBOYHbIE PACTBOPbLI MOTYT ObITb MPUIOTOBJIEHBI TaKXe U3 roCyapCTBEH-
HbIX CTaHAapTHbIX 06pa3uos (FTCO) cocTaBa BOAHbLIX PacTBOPOB 3/1EMEHTOB, aTTECTOBaHHbLIX B COOTBETCTBMM C TpeboBa-
Husmn FTOCT 8.315, nyTem cooTBeTCTBYyHUWEero pasbasnexHus. Hapsay ¢ FTCO coctaBa pacTBOPOB UHAMBUAYASIbHbIX 3/1e-
MEHTOB A0MYyCKaeTCs NCMONb30BaTb MHOTOKOMMNOHEHTHble MCO. Heo6xo4Mmo oLeHvBaTb CTabuibHOCTb rPagynpoOBOYHbIX
XapakTepucTuk 1 NpoBOAUTL perynspHblie NOBTOPHbIE TPafyvMpoBKM NPMO0OPOB, clefys pekoMeHAauuam CTaHAapToB Ha
MeTo/Abl onpefeneHns MUKPO3/IEMEHTOB, a TakKe PYKOBOACTBaM MO 3KChjyatauum npumeHseMbix Nprbopos.

B.7 [na KOHTPONA NpaBuibHOCTU pPe3ynbTaToB onpefesieHnss MUKPO3I/IEMEHTOB B TON/IMBaX NPeAnoyYTUTENbHO UC-
nonb3yT CO yTBEPXAEHHOIO TWNa, aTTecToBaHHble B COOTBETCTBUM C TpeboBaHuamu FOCT 8.315, wunm cpasHuMBaOT
nosly4yeHHble pesynbTaTbl C pe3ynbTaTamy U3MepeHuii, NPoBeAEeHHbIX C UCNONb30BaHMeM pedepeHTHbIX MeTOAUK, COOoT-
BeTCTBYHOLWMX TpeboBaHnam MTOCT 8.010. Mpu oTcyTcTBUMM B FOCyAapCTBEHHOM peecTpe Heobxoanmblix TCO yTBepXAEH-
HOro Tuna fJonyckaeTcsa UCMNoJib30BaTh aTTecToBaHHble cmecun (AC), cofepxaHue onpefesnsieMoro KOMNOHEHTa B KOTOPbIX
YyCTaHOB/IEHO Ha OCHOBE MCNONb30BaHMA pedepeHTHbIX MeToank. MCO n AC AO/DKHbI 6bITb 6AM3KUMK MO COCTaBy U CO-
AepXaHuio 3/1EMEHTOB K aHaIn3npyemMbiM npobam.
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AS 1038.10.3, Yronb 1 KOKC. AHanu3 v ucnoiTaHua. OnpegeneHne MUKPO3NEMEHTOB. YTrosb U KOkc. OnpepgerneHve
cogepxaHuna 6opa metogom MCM-A3C (Coal and coke. Analysis and testing. Determination of trace elements. Coal
and coke. Determination of boron content. ICP-AES method)

ACTM [16357, CTaHfapTHble MeToAbl ONpeAeNieHnst cnefloBblX 3/IEMEHTOB B Yr/e, KOKCE U ocTaTkax OT CXUraHus
YIS ¢ NOMOLLbO aTOMHO-3MUCCUMOHHOTO aHanM3a C MHAYKTUBHO CBSI3aHHOW nna3moli, Macc-CnekTpoMeTpuyeckoro
aHanusa ¢ UHAYKTMBHO CBSA3aHHOW M/1a3Moi 1 aTOMHO-abCopOUNOHHONM CnekTpoMeTpun ¢ atoMmu3auuein B rpacuro-
Boi neumn (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)

AS 1038.14.1, Yronb 1 KOKC. AHann3 u ucnbiTaHns. 3ona yrnei BbICOKOro paHra v 3ona Kokca. Makpo- u Mukpoane-
MeHTbl. MeTof C UCMONb30BaHWEM CM/iaB/eHns ¢ 6opaTtom W niaMeHHOW aTOMHO-abCcop6LMOHHOW CnekTpoMeTpun
(Coal and coke. Analysis and testing. Higher rank coal ash and coke ash. Major and minor elements. Borate fusion/
flame atomic absorption spectrometric method)

ACTM [6414, CTaHgapTHbIA MeToa onpegeneHuns obwel pTyTu B yriie n octaTkax OT CKUraHus yrns ¢ UCnosb3oBa-
HMEeM 3KCTPaKUMUWU KUCNOTOR WMAN MOKPOro OKUC/NEHUS U aTOMHO-abCcopObLMOHHOIO aHannsa ¢ aToMusaunein xonon-
HblM napom (Standard test methods for total mercury in coal and coal combustion residues by acid extraction or wet
oxidation/cold vapor atomic absorption)

ACTM [16722, CTaHLapTHbI MeTo onpeaenieHns o6Lein pTyTu B yrie 1 octaTkax OT CKUraHus yras nyTem npsiMoro
aHanm3a nnameHun (Standard test method for total mercury in coal and coal combustion residues by direct combus-
tion analysis)
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CEN/TS 15297, Teepable 6uotonnmea. OnpegeneHne mukpoanemeHTtoB (Solid biofuels. Determination of minor el-
ements)

Wang J., Nakazato T, Sakanishi K., Yamada O., Tao H., Saito I. Microwave digestion with HNO3H20 2 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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