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MNpepgnucnoBne

1 NMOATOTOBJ/IEH ®depepasibHbiM rocyfapCTBEHHbIM aBTOHOMHbIM y4ypexaeHuem «HayyHo-mccnepgo-
BaTe€NbCKNI MHCTUTYT «LleHTp 3KOoM0rnyeckoih NpomMbiWNeHHOW nonutukn» (Pray «HMM «L3MM») Ha ocHoBe
CO6CTBEHHOrO NepeBofa Ha PYCCKUIA A3blK aHITOA3bIYHOW BepcuK cTaHhapTa, yka3aHHOro B NyHkTe 4

2 BHECEH TexHu4yeckum komuTeTomMm no ctaHgapTtusaummn TK 231 «OTx0oA4bl M BTOPUYHbIE pecypChli»

3 YTBEPXAEH W BBEAEH B AEWCTBWE Mpukasom ®epepanbHOro areHTCTBa MO TEXHUYECKOMY
perynupoBaHunio n metponornm ot 31 oktAabpsa 2025 r. Ne 1317-cT

4 HacTtosAwuii ctaHaapT ABAAETCS MOAUMMLUMPOBAHHLIM NO OTHOLWEHUID K MEXAYHAapOAHOMY CTaH4apTy
NCO 21644:2021 «TBeppoe TonnnBo M3 oTxonos. OnpepeneHue cogepxaHna 6uomaccbl» (ISO 21644:2021
«Solid recovered fuels — Methods for the determination of biomass content», MOD) nytemM M3MeHeHUs OT-
JenbHblX hpas (CnoB, 3HauYeHWii nokasatenei, cCbioK), KOTOPble BblAe/EeHbl B TEKCTE KYPCUBOM.

BHeceHue yka3aHHbIX TEXHUYECKMX OTK/IOHEHWW HanpaB/eHO Ha y4yeT noTpebHOCTel HalMoHasbHOM
3KOHOMUKKN Poccuiickoin degepayun.

HanMmeHoBaHWe HacTofAuWero craHgapra M3MEHEeHO OTHOCUTEsIbHO HaMMeHOBaHWA YKa3aHHOro Mexay-
HapoAHOro ctaHgapTa Ansa npuBegeHus B cootseTcTteume ¢ FTOCT P 1.5—2012 (nyHKT 3.5).

CBefleHNA 0 COOTBETCTBUU CCbIJIOYHbIX HALMOHaNbHbIX CTAH4APTOB MeXAyHapoAHblM cTaHAapTam, uc-
NONb30BaHHbIM B Ka4YeCTBE CCbI/IOYHbIX B MPUMEHEHHOM MeXAyHapoLHOM cTaHgapTe, NpuBeAeEeHbl B AONON-
HUTENIbHOM NpuaoXeHun A

5 BBEJAEH BIMEPBbIE

MpaBuna NpUMEHEHUs HaACTOSILLero cTaHjapTa yCTaHOB/IEHbl B cTaTbe 26 ®defepanbHOro 3akoHa
oT 29 wmioHA 2015 r. Ne 162-®3 «O cTaHgapTwusayunm B Poccuinckoin depepauynmn». NMHpopmayma ob ns-
MEHEHMNAX K HacTOosAWeMYy cCTaHgapTy Nnyb6/nMKyeTCca B eXerogHom (Mo cCOCTOSHMI0 Ha 1AHBapsa TeKylwero
roga) MHPOpPMaLMOHHOM yKasaTene «HauuoHanbHble cTaHAapTbl», a oPULUaNbHbIA TEKCT U3MEHeHUN
M nonpaBok — B eXeMeCAYHOM MH(OopMaLUOHHOM yKazaTene «HauuoHaNnbHble cTaHAapTbi». B cnyuvae
nepecmoTpa (3amMeHbl) WX OTMEHbl HACTOALWEro cTaHjapTa cooTBeTCTBYylLWee yBejoMaeHne byaeT
ony6nuKkoBaHO B 6GauMXxalilleM BbINMYCKE €XEeMeCcAYHOro MHPOPMaLWOHHOTro ykasaTenss «HauuoHanbHble
cTaHgapThi». CooTBeTCTByWLWas nHpopmalmusa, yBejoMaeHMe U TEKCThbl pa3Mel,alo TCsA TakKXe B UH-
opMaunoHHOK cucTeme obLLEero N0Nb30BaHNA — Ha opuumanbHOM caliTe defgepanbHOro areHTCcTBa Mo
TEexXHNYeCKOMY perysimpoBaHuio 1 MeTpPonornun B ceTun MIHTepHeT (Www.rst.gov.ru)

© 1S0O, 2021
© OdopmneHne. ®rbY «NHCTUTYT cTaHpgapTusaummn», 2025

HacTosiwuii cTaHgapT He MOXeT 6biTb MNOMIHOCTHLIO MM YacTUYHO BOCMPOM3BEEH, TUPAXUPOBAaH W pac-
npocTpaHeH B kayecTBe ouLMaNbHOIO M3gaHus 6e3 paspeweHus degepasibHOrO areHTCTBa MO TeXHUYe-
CKOMY peryiupoBaHuio U MeTpPosiornu
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BBepneHne

CopepxaHune 6uomacchbl B TBEPLOM BOCCTAHOBJ/IEHHOM TOM/IMBE MMEET 3HAYeHUe A1 OUEeHKU BAUAHUA
Npou3BOACTBA 3HEPrMM Ha BbIGPOCHI MapHWKOBLIX rasoB. [na pacyeTa A0/M BO30OOGHOBNSAEMON 3Heprum [o-
CTYMNHbl NHCTPYMEHTaNbHble METOAbl, MOKPble XMMUYECKMEe N pPYyYHble npoLeaypbl.

MHCTpyMeHTanbHble MeToAbl OCHOBaHbl Ha onpepeneHun copepxaHua 14C, Torga Kak pydyHble npo-
ueaypbl OCHOBaHbl Ha pasfefnieHnn pasfiMuHbiX hpakuuii nyTem BM3yasnbHOro ocmoTpa. Mokpas xumuuyeckas
npoueaypa otnnyaet 6uomaccy oT marepuasnoB, He ABAAKLWUXCA 6uomaccoii, B 3aBUCMMOCTM OT NoBeAeHUs
KWCMOTHOIO pacTBOpeHUs.

[Oonsa 6uomacchl BblpaxaeTcs:

- No macce;

- N0 cogepXaHuto aHeprumn (6pyTTO MAN HM3WAA TEN0TBOPHAsA CNOCOOHOCTL);

- N0 cogepXxaHuto yrnepoja.

CTaHpapT npefHasHayeH AN UCNONb30BaHWA NPOW3BOAUTENSAMM, MNOCTaBWMKaAMW W NoKynaTenamwu
TBEPAOro TOMAMBA U3 KOMMYHas/bHbIX OTXO40B, HO TakXe MOXEeT 6biTb MOMe3eH A1 OpraHoB BAAaCTU U WUH-
CNEeKLNOHHbIX OpraHusayuni.
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HALULWOHAINDBHEBINR CTAHAOAPT POCCUWNCKOW PEOLEPALMNMN

Pecypcoc6epexeHue
OBPAWEHVNE C OTXOOAMW. TONNNBO TBEPAOE M3 KOMMYHA/IbHbBIX OTXOA40B
OnpepeneHne cogepxaHus 6mMomacchbl

Resources saving.
Waste treatment. Solid recovered fuels.
Methods for the determination of biomass content

Jata BBepeHuna — 2026—02—01

1 O6nacTtb NPUMEHeHNA

B HacToslLlemM cTaHgapTe nNpuBeAeHbl TpU MeToda onpefeneHus cofepXaHus 6uomMacchl B TBEPAOM
BOCCTAHOB/IEHHOM TOMN/AMBE: MeToA codepxaHus 14C, mMeTo[ CeNeKTUBHOrO pPacTBOPEHUS U MEeToA PY4HOIi
COPTUPOBKMU.

2 HopMaTUBHbIE CCbISIKA

B HacToAWweM cTaHAapTe MCNOMb30BaHbl HOPMAaTUBHbIE CCbIIKM Ha cneAylowmne ctaHgapThl:

FOCT 33564 (EN 15357:2011) TonnueBo TBepfoe 13 6bITOBbLIX OTX040B. TEPMUHbLI U onpefesieHns

FTOCT P MCO 13833 Bbi6poChbl CTaunMoHapHbiX NCTOYHUKOB. OnpeaeneHne COOTHOLWEHUSA cogepxa-
HWS guokcupa yrnepoga, BblfjeneHHoro 6uomaccoin (6uoreHHoro) n o6pasoBaslierocs npu o6paboTke no-
nes3HbIX nckonaembix. OT60p Npob 1 onpefeneHne No pagnoakTUBHOMY N30T ONy yrnepoga

FOCT P 72264 (MCO 21656:2021) PecypcocbepexeHne. ObpauweHne c otxogamu. TonnneBo TBepaoe us
KOMMYHalbHbIX 0TX040B. OnpegeneHne 301bHOCTU

FOCT P 72265 (MCO 21663:2020) PecypcocbepexeHne. ObpaweHne ¢ otxogamu. Tonnameo TBepaoe
M3 KOMMYHaNbHbIX OTXO40B. VMIHCTpyMeHTanbHble MeToAbl onpefeneHus yrnepoga (C), sogopoga (H), asota
(N) n cepbl (S)

FOCT P 72268 (MCO 21654:2021) PecypcocbepexeHne. ObpaweHne ¢ otxogamu. Tonnmeo Teepaoe u3
KOMMYHaNbHbIX 0TX040B. OnpegeneHne TeNn1I0TBOPHOW CNOCOBHOCTM

FTOCT P 72270 (MCO 21660-3:2021) PecypcocbepexeHune. ObpaweHne c oTxogamum. Tonameo TBep-
[oe N3 KOMMYyHanbHbIX 0TX040B. OnpegeneHne cogepxaHua snaruv seicywinsaHnem. YacTob 3. AHanns3 snax-
HOCTMW B 06w,em obpasue

FOCT P 72271 (MCO 21646:2022) PecypcocbepexeHune. ObpaweHne c otxogamun. Tonnneo Teepaoe us3
KOMMYHa/bHbIX 0TX0A40B. MeToAbl NOATOTOBKM nabopaTopHOR nNpobbl

FOCT P 72273 (MCO 21645:2021) PecypcocbepexeHne. ObpauweHme c otxogamu. TonnneBo TBepaoe us
KOMMYHa/bHbIX 0TX040B. MeToabl oT60pa Npob

FTOCTP NCO 5725-2 ToyHOCTb (NPaBuU/ibHOCTb U NPEUN3NOHHOCTb) METOLOB U pe3ybTaToB usMe-
peHuii. YacTb 2. OCHOBHON MeT O onpejeneHns NnoBTOPAEMOCTHY M BOCMNPOM3BOAUMOCT U CTaHAapTHOrO
MeToAa usMepeHuit

MpumeuaHue — TIpK NONb30BAHNUN HACTOSILIMM CTaHAAPTOM Lieniecoo6pa3Ho NpoBepuTb AENCTBUE CCbINIOY-
HbIX CTAHAAPTOB B MH(YOPMALIMOHHOI cMCTEME 06LIEero Nnosib3oBaHWUs — Ha ouuManbHOM caiite defepanbHOro areHT-

M3pgaHne odpuymnanbHoe
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CTBa M0 TEXHUYECKOMY PErysiMpoBaHui0 1 METPO/IorM No CTaHAAPTM3auUnU B CETU VIHTEPHET WK Mo eXerogHomy UHop-
MaLMOHHOMY yKasaTesno «HaunoHanbHble CTaHAapTbi», KOTOPbIA ONy6/MKOBAH MO COCTOSHMIO Ha 1 sHBapsi TeKylero
rofa, ¥ no BbiMycKkaM eXeMecsa4yHOro MHDOPMAaLMOHHOTO ykaszaTens «HaunoHasbHble CTaHAapThl» 3a TekyLuii rog. Eciu
3aMEHEH CCbIIOUHbIN CTaHAAPT, Ha KOTOPbI/ AaHa HeAaTMPOBAHHAA CCbiiKa, TO PEKOMEeHAYEeTCsl UCMo/b30BaTh AeicTBY-
IOLLYI0 BEPCUI0 3TOTO CTaHAapTa C YyY4eTOM BCEX BHECEHHbIX B AaHHY0 BEPCUID U3MEHEHWA. Ecny 3aMeHEeH CCbINOYHBbI
CTaH4apT, Ha KOTOPbIi AaHa AaTUpoBaHHAs CCblka, TO PEKOMEHAYEeTCs UCMO/b30BaTh BEPCUIO 3TOMO CTaHhapTa C ykasaH-
HbIM BbllLe TOAOM YTBepXaeHus (NpuHsaTUs). Ecnv nocne yTBEPXAEHUS HACTOALWErO0 CTaHAapTa B CCbIIOYHbIA CTaHAapT,
Ha KOTOpbIi AaHa AaTupoBaHHas CCblfika, BHECEHO M3MEHEHUe, 3aTparvBaioliee No/oXeHWe, Ha KOTOPOE AaHa CCbifKa,
TO 3TO NOJIOXEHNE PEKOMEHAYETCS NPUMEHATb 6e3 yueTa AaHHOro M3MeHeHUs. ECAM CCbINOYHbIN cTaHaapT oTMeHeH 6e3
3aMeHbl, TO MOJIOXKEeHMe, B KOTOPOM faHa CCblJika Ha HEro, PekoMeHAyeTCs MPUMEHSITL B YacTu, He 3aTparvBaioLLeii aTy
CCbI/IKY.

3 TepmuHbl 1 onpegeneHns

B HacTofAwem cTtaHfapTe ncrnonb3oBaHbl TepMuHbl no FOCT 33564, a Takxe cnegywuwume TEPMUHBI C
COOTBETCTBYOLWUMU ONpPeLeNeHNaAMN:

3.1 cogepxaHue 30/1bl Ha Cyxyto ocHOBY (ash content on dry basis): Macca HeopraHnyeckoro ocraTtka
nocse cropaHua TonauMeBa B ONpPefesieHHbIX YCN0BUAX, BblpaXeHHas Kak mMaccoBas [0NS B NpoueHTax OT cy-
XOro BeliecTBa B TOM/IMBE, TaKXe BK/OYaeT yAasleHHble 30/1bHble BellecTsa.

MpumeuvaHud

1 O6bIYHO BblpaXaeTcs B NPOLEHTax OT MacCbl CyXOro BellecTsa B TOMN/VBE.

2 B 3aBMCUMOCTU OT 3QDEKTUBHOCTU CropaHusl TONMBa 30718 MOXET cofepxaTb roplyne BeLlecTBa.

3 MNpu JOCTUXEHMM MOJHOTO CropaHns 3o/1a O6yAeT cofepXaTtb TO/IbKO HEeOPraHUYecKne Heropryme KOMMOHEHTHI.

3.2 6mnoreHHbI (biogenic): Mpon3BOANMbIA B €CTECTBEHHbLIX MpoLeccax XWBbIMW OpraHn3mamu, HO He
OKaMeHeBL WA N He MOSyYEeHHbIi U3 NCKOMaeMblX PecypcoB.

3.3 6nomacca (biomass): Matepnan 6M0/IOTMYECKOTO NMPOUCXOXAEHUA, 3a UCKNOYEHMEM MaTepuana,
3a/10)KEHHOr0 B reosiorMyeckux popmaumnsax u/mnu okamMeHeBL ero.

3.4 TennoTtBopHasa cnocobHocTb (calorific value): KonnyectBo Tensa, npou3BefeHHOE MNpuU NOJSTHOM
cropaHuum npu NOCTOAHHOM fgasneHun, pasHom 1 013,25 mbap, egnHuLbl 06bema WM mMacchl rasa, npu 3ToMm
KOMMOHEHTbI roptoyeli cMmecu 6epyTcsa MPU UCXOAHbIX YCNOBUAX, a NPOAYKTbl CrOpaHUs NPUBOLAATCA K TEM Xe
YC/IOBUAM.

3.5 BbiCcwWwasa TeN/IOTBOPHas cnocobHocTb (gross calorific value): KonnyectBo TennoTbl, BblAENSEMONA
npu NOJIHOM CropaHuu TONJnBa, OXNaxAeHUW NPOAYKTOB CropaHusa A0 TemMnepaTtypbl TONJAMBA U KOHAEHcALUn
BOJSHOTO napa, o6pasoBaBLlIerocs nNpu OKMUCMeHun BOAOPOAA, BXOAALWEro B COCTaB TONauBa.

3.6 n3otonHoe copepxaHue (isotope abundance): lona atTomoB onpeAeneHHOro n3oTona ajsiemeHTa.

3.7 nabopaTtopHasa npoba (laboratory sample): HacTb o6pa3ua, oTnpaB/qeHHasa B fiabopaTtopuio uau
noslyyeHHasa e.

3.8 Bnara (moisture): Boga, yaanaemasa npu onpepgeneHHbiX YC/I0BUSAX.

3.9 Hu3wWasa TennoTBOpHas CNOCO6HOCTb NPM NMOCTOAHHOM o6beme (net calorific value at constant
volume): TennoTtBopHas CnoCO6HOCTbL mMaTepuana, nusmepsemas npu NOCTOAHHOM O06bemMe M Bbipaxaemas B
yAeNbHbIX eAnHuuax.

3.10 HOMUHaNbHbIN MUHUMA/IbHbLIA pa3dmep YacTuy (nominal minimum particle size): Pasmep oTBep-
CTUI cuTa, UCNONbL3YEMOr0 ANA ONpefjesieHna pacnpegeneHns pasmepoB YacTul TBEepAOro BOCCTAHOB/IEHHO-
ro Tonauea, yepes KOTOpoe NPoxoauT He 6onee 5 % no macce martepuana.

3.11 HOMWHaNbHbI BepXxHUii padmep (nominal top size): HaumeHbW Nt pasmep OTBEPCTUIA cuTa, UcC-
nonb3yemMoro Ans8 onpejeneHus pacnpejeseHns pasMepoB 4acTul, TBEpPAOro BOCCTAHOB/IEHHOTO TONAUBA,
yepes3 KOTOpoe NpoxoauT He MeHee 95 % no macce BCero marepuana.

3.12 npoueHT «COBpPeEMEHHOro» yrnepopaa (percentage modern carbon, pTC)\ Maccosas fons yrne-
pofa 6MOreHHOro NPONCXOXAEHUS.

MpumeyaHunsa

1 MexayHapoaHO Mpu3HaHHOE 3Ta/IOHHOEe 3HauyeHWe paguoyrepoHOro AaTupoBaHns coctaBuin 95 % akTUBHO-
cTn B 1950 1. Hawein 3pbl 37Ol WaBeneson kucioTel NBS SRM4990B.

2 B 2015 r. 3HaueHue 100 % 6GuoreHHoro yrnepoga 6bl/10 ycTaHoB/AeHO Ha ypoBHe 102 pTC oT ahpeKkTBHOCTHU
CropaHus TOM/IMBa; 30/1a MOXET coAepXaTb roproume BeLlecTsa.

3 CopepxaHune GUOreHHOro yrnepoja BbipaxaeTcsi B %.
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3.13 npob6a (sample): KonnyectBo matepuana n3 60abWEro Kosinyectea, otobpaHHoe ANs aHanaumsa.
3.14 nogrotoBka nNpo6bl (sample preparation): LeicTBus, npegnpuHuMaemMolie A0S NONYyYEHUS nNpea-
CTaBuUTeNbHbIX NabopaTopHbIX NPO6 WMAM TECTOBbIX MOPLUIA M3 UCXOLHOW NpPobGbl B TOM BMAE, B KOTOPOM OHa

6bl1a NosiyyeHa.

4 O603Ha4YeHNs1 N coKpalleHus
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cTaHfapTe NpUMeHeHbl cnegywwme 0603HAYEHNSA U COKpaLLeHUsN:

30/1bHOCTb O06pa3ya SRF no FTOCT P 72264,

6ekkepenb;

3NeMeHT yrnepoga;

n3oTon yrnepoja ¢ aToMHON mMaccoii 14;

obuiee cogepxaHune yrnepoga Bo chpakuum 3onbl, % no macce;

obuiee copgepxaHne yrnepoga Bo hpakumm He buomaccel, % no macce;

obliee cogepxaHne yrnepoga Bo scem obpasue, % no macce;

avameTp, MM;

KO/MiMyecTBO pacnafos B cekyHAay, bk;

macca, %;

BMaXHoOCTb, %,;

MeTOoA PYy4YHOl COPTUPOBKMK;

Macca 30/1bl ocTaTka pacTtBopeHusa (Bknwvaa punbtp), coxxeHHoro no FOCT P 72264, ;
mMacca cyxoil npo6bl SRF, ncnonb3oBaHHOl ANa pacTBOpPEHUS, T;

ocTaTo4yHasa cyxaa macca (Bkat4dasa puabTp) nocse pacTBOpeHUsa npoobsbl, T;

mMacca CTeK/0BOIOKOHHOro unbTpa, T;

NPOLEHT «COBPEMEHHOTO» yrnepoaa;

TennoTBOpHas CNOCOGHOCTb hpakumm 6Guomacchbl Ha Cyxoil u 6e3301bHON OCHOBE,
M x/Kr;

— TennoTBOpHas CNOCOOHOCTb hpakyuum He 6Guomaccbl Ha Cyxoil n 6e330/1bHON OCHOBE,

M x/Kr;

TennoTBOpPHasA CNOCOGHOCTb OCTaTKa, MOJIYYEHHOro B pe3y/bTaTe UCNbITAHUS Ha pacTBO-
peHue Ha cyxoi ocHoBe, MIX/Kr;

TennoTBopHas cnocobHocTb obpasya SRF Ha cyxoil ocHoBe, MIX/Kr;

eanHuLa aTOMHOW Macchl;

MaccoBas gond, % no macce;

cofepxaHune 6momacchbl Ha Cyxoil ocHoBe, % no macce;

cofepxaHue KOMMNOHeHTa / B kKaTeropum 6momacchl Ha Cyxoih ocHoBe, % OT Macchl;
cojepxaHue He 6unomacchl Ha Cyxoih ocHoBe, % MO Macce;

cofepxaHume KOMMNOHeHTa / B He 6GMOMACCHON KaTeropum Ha Cyxoii ocHoBe, % OT Macchl;
coaepxaHue, % oT obwero cogepxaHus yrnepoaa;

cojepxaHue 6uomacchl, % oT obuiero yrnepoaa;

cojepxaHue He 6uomacchbl B OTCOPTMPOBAHHOW hpakumy 6Guomacchl Ha Cyxoe Bel,ecTBO,
% OT Macchl;

WHEepTHOe coAepXaHue Ha cyxoih ocHoBe, % OT Macchl;

cofepxaHne KOMMNOHeHTa / B KaTeropuu 30/bHOTO BellecTBa Ha Cyxoli ocHoBe, % OT
mMacchl;

cojepXxaHne WHepTHbIX MaTepuanoB B OTCOPTMPOBAHHOW WHepPTHON dpakumn, % oT
Macchl;

cogepxaHue 6nomacchl B OTCOPTUPOBAHHOI MHEPTHON hpakunmy Ha cyxoe BelwecTBo, %
OT Macchl;

cofepxaHue He 6Guomacchbl B OTCOPTUPOBAHHOW MHEPTHON ppakuun Ha cyxoe BeLlLecTBO,
% OT Macchl;

cogepxaHue, % OT coaepXaHua aHepruu,
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wBcai — cogepxaHue 6uomacchl, % nNo Ten/I0TBOPHON CNOCOGHOCTY;

wnb cal — cofepxaHue He 6nomacchl, % No TeNJOTBOPHOW CNOCOBHOCTH;

wresidue — KO/IM4ecTBO OocCcTaTka pacTBopeHud, % no macce;

XB — cojgepxaHue 6uomaccsl, %;

xnb — cogepxaHue He 6uomaccsl, %;

X — pakynna, % no macce;

3 — 6eTa-yacTuua, 3/1€KTPOH, UCNyCKaeMblli Npn pagnoakTMBHOM pacnaje;

AMS — ycKopuTefnbHas Macc-CneKkTpoMeTpus;

CcvVv — KO3 pMuMEHT Bapmuaumu;

CPM — Yncno/MuH;

DPM — pacnagbl/MuH;

GM — Teiirep-Mwonnep;

LCV — HW3Kas TennoTBOpHas CNOCOBHOCTb;

LLD — HWXHWIA npegen obHapyxeHus;

LSC — XWAKOCTHbBIA CUUMHTUANALNOHHbLIN CHETUUK;

MOP — 3-MeToKCcu-1-nponuiamMuH;

NCV — HM3LWasA TEN/IOTBOPHAA CNOCOBGHOCTb;

PSM — MeTo4 NPOnoOpPUNOHANBHOTO CUUHTUNIALNOHHOTO CYETYUKA;

REF — 6a30Boe 3HayeHne 100 % 6MOreHHOro yrnepoaa;

RSD — OTHOCUTEeNbHOE CTaHAapTHOe OTK/IOHEeHUe;

SDM — MEeTo[ CeNnieKTUBHOIO pacTBOpPEHUA;

SRF — TBeppoe BOCCTAHOB/IEHHOE TONMUBO;

TC — oblwee cogepxaHue yrnepoga.

CchblNkK, ucnosib3dyemble B HaCTOAWEM cTaHAapTe, 0603HAYeHbl CrieAyOWUMN UHLEeKCaAMN:

ad — [ANS BbICYWEHHOro Ha BO3ayxe o6pasua (BbICYWEHHOro npu KOMHaTHOW TemnepaTtype
oT 20 °C go 25 °C B TeyeHue 24 v);

ar — ANa nonay4vyeHHoro o6bpasua;

d — Ana cyxoro obpasua,;

daf — ANA cyxoro n 6e330/1bHOr0 obpasua.

Mpumep — WNB call, 03HayaeT A0/1H0 CoAep)KaHUs aHeprum Bo hpakymnm He 6MomMacchbl N0 TENI0TBOPHO
CNOCOBHOCT M Ha CyxXOW OCHOBeE.

5 CywHocTb MeToga

OnpepeneHne coaepxaHuss 6MOMacChbl OCHOBAHO HA CEMEKTUBHOM pPAcCTBOPEHMM, PYy4HO COPTUMPOBKE
Unu namepeHun 14C 6uomacchl B TBepAOM BOCCTaHOBMEHHOM Tonnuee. Bbi6op mMeToga, KoTopblii 6yaeT uc-
nosb30BaTbCsA, ONMCaH B pasgene 6. CopepxaHne 6MomMacchl gaeT OLEeHKY COAepXaHns GUOreHHoW pakyuu
B TBEPAOM BOCCTAHOB/IEHHOM TOMN/UBE.

6 OnpepaeneHne coaepXxaHma Grnomaccsl

6.1 OT60p NpPO6

OT60p Npo6, TpaHCNOPTUPOBaHMWE, XPaHEeHWe TBEPAOro BOCCTAHOB/IEHHOrO TOMN/AMBA M MOATOTOBKY 06-
pa3uos nposogaT no FOCT P 72213 n FOCT P 72271.

6.2 NMogrotoBka o6pasuoB

MoprotoBky TectoBoro obpasuya ansa 14C nnm SDM nposoaat no FOCT P 72271, ana Msort noAroToBKy
06pa3uoB He BbINOJHAIOT.

Mockonbky SRF cuntaetTca HeOAHOPOAHbLIM MaTepuasoM, MMHUManbHOE KOJMYecTBO obpasua, UCNosb-
3yemoe AN KaXAoro ncnbiTaHus, AO/DKHO ObiThb:
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- metog 14C: ot 0,4 o 2 r matepuana C HOMUHa/IbHbIM BEPXHUM pasMepoM 1 MM uAM MeHee, B 3aBU-
CUMOCTU OT YCTPONCTBA, UCNOMB3YEMOTO A8 CKuraHna (6omba, Tpybyatas nedb AAA CKUTAHUA UAN 3N1IEMEHT-
HblAi aHanuW3aTop), WIM KONM4YecTBO, yKa3aHHOe KOHCTPYKTOPOM B Crydae WCMOMb30BaHWA nabopaTtopHOro
annaparta ANna CXuraHus;

- MeTO/[, CeNleKTUBHOro pacteopeHns SDM: He meHee 5 r maTtepuana ¢ HOMWHAJIbHLIM BEPXHUM pas-
Mepom 1 MM unuM MeHee;

- MeTopg pPY4HOl cCOpTMPOBKM Msort: He MeHee MUHMMaNbLHOTO pasmepa o6pasua no FOCT P 72273 (npwu
nony4vyeHun), paccuymtaHHoro no FrOCT P 72271.

6.3 NMpuUMeHUMbIe MeTOoAbl

[na onpepeneHuna cofepxaHua 6nomacchl UCNONL3YIOT TPU MeToda:

- WHCTPYMEHTasnbHbll mMeToa 14C: ocHOBaH Ha onpefeneHun oTHoweHus 14C K 06w emMy COpepXaHui
yrnepopaa, 14C nponopunoHaneH cogepxaHuto 6momaccbl B SRF. 3T0oT meToh noaxoaut gnsa obpasyoB BCeX
BMAOB TOM/IMBA U [0J/IXKEH COOTBETCTBOBaTb NpunoxeHuto A. 3HadyeHune 10 % 6GuoreHHoOro yrnepoga gonycka-
eTCs paccMmaTpuBaTb Kak HWKHWIA gnana3oH npumeHeHua meTtofa 14C ¢ MOMOLLbI XWUAKOCTHOTO CLUUHTUNNA-
UMOHHOTo cyeTuynka LSC (cm. npunoxeHue A);

- MeTo[ CefieKTUBHOro pactBopeHus SDM: onpegeneHue cogepxaHua 6uomaccbl metogom SDM oc-
HOBAHO Ha CBOWCTBE 6MOMAacChl pacTBOPATLCA B CMECU CEpPHOli KNCAOTbl U Nepekucu sogopoga. ITOT MeTo[
nMeeT orpaHuyYeHns, KOTopble AenawT ero MeHee NOAXOAAWMM, €CN cCofepXaHne HaTypasibHOro U/Mnu CuH-
TeTmyeckoro kaydyyka B SRF coctaBnset 6osee 10 % uam ecnm cymma cofepXaHus KaMeHHOro yris, Kokca,
6yporo yrnsa, nAurHuTta, pasjaraembiX MJacTUKOB MCKONAeMOoro MPOUCXOXAEHWA, HepasnaraeMoro naacrtuka
6GMOreHHOr0 NPOUCXOXAEHUA, Macna Wau xupa, NPUCYTCTBYKLWNX B KayecTBe KOMMNOHeHTa 6uomaccshl, wep-
CTW, BUCKO3bl, HEW/TIOHa, NnonvypeTaHa Uan ApYrux NnoIMMepoB, COAepPXaLLUX MONEKYNAPHbIe aMUHOTPYNNbl, U
CU/INKOHOBOTO Kaydyka npesBblwaet 5 % (cM. npunoxeHue B). MeTog cenekTtuBHoro pactsopeHns SDM npwu-
MEHUM ANA MPOLEHTHOro cogepxaHua 6momaccbl ot 10 % po 90 %;

- MeTo[ PY4YHOW COpPTUPOBKM Msort: OCHOBaH Ha onpefeneHnn cofepxaHua 6uomaccbl MeTO40M PYYHOW
COPTUPOBKM NpU BU3yasibHOM OCMOTpe hpakunii 1 nx pasgeneHnn Ha 0OCHOBE UX NPUPOAbl U MPOUCXOXAEHUS.
MeTtopn nogxoauT Ana o6pasuoB c pasmepom yactuy 6onee 10 mMm (cMm. npunoxeHue C).

WHopmaumsa 06 orpaHnyeHnax npuMeHeHns Tpex MeToAoB npueefeHa B NpuaoxeHuun D.

7 BblpaxeHune pe3yibTaTtoB UCMbITaHW

B 3aBMCMMOCTU OT MCNONb30BaHNA pe3ynbTaToB A1 BblpaXeHUs cogepXxaHna 6uomacchbl UCNONb3YHOT
TPU pas3fINYHbIX NU3MEPEHUA:

1) 6uomacca B npoueHTax no macce, wB\

2) 6uomacca B nNpoueHTax Nno TeENNOTBOPHON cnocobHocTn, wecal;

3) 6uomacca B nNpoLeHTax Nno cojepxaHuto yrnepoga, wB Tc.

BblpaxeHne pesynbtatoB metofoM 14C AO/HKHO COOTBETCTBOBATb MPUIOXKEHMUIO A.

BblpaxeHue pesynbTatoB meTofoM SDS A0/KHO COOTBETCTBOBATbL NpuaoxeHuto B.

BbipaxeHue pesynbTatoB metogoM Msort 4O/I)XHO COOTBETCTBOBATL NpusoxeHuto C.

8 XapakTepUCTUKN pe3y/ibTaToB UCMbITaHWN

BHelWwHWe gaHHble A4Ns pacyeTa paclWlNPeHHOW HeonpefeneHHOCTN NU3MepeHnit, rae o606 eHbl pesyb-
TaTbl MexnabopaTopHbIX U BanufaLuUuOHHbIX UCCNefoBaHWi, NpuBeAeHbl B MpuaoxeHun E. 3Tu 3HauveHusn
cnepyeT UCNOMb30BaTb B COYETAHWW C UHAMBUAYaANbHbIMU XapakTepucTukamu nadbopatopum n xenaembiM
KoathhnumMeHToM oxBata AN NonyyeHus obuieli NOrpewHoCcTn.

MpakTuyeckne nNpuMepbl UCMNOMb30BaHUA AaHHbIX NPpUBEAEHbI B NPUIOXeHUn E.

Mpumepsbl

1labopaTopuna XxoueT onpefeqMTb paclUMPEeHHYIO HeonpeaeneHHOCTb (NOrpewHoCcTb) N3MepeHnsa me-
ToaomM SDM, % no macce.
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BHyTpunabopaTopHas BOCNPOM3BOANMOCTb A1 NabopaTopun, pacCUnTaHHash Ha OCHOBE BHY T PEHHUX
Ba/INAALNOHHbBIX UCC/IeJOBaHN 1 KOHTPOJIbHbIX KapT, Gblsia onpegeneHa kak 2,5 % RSD.
MexnabopaTopHble ucnblTannsa (Tabnuua E.2) patoT 3HaveHne RSD 3,43 % (Ha ypoBHe 67,79 %).

uc,rei=V(2,52+ 3,432 = 4,24 %,
Urei=2 *uc,re! = 8,48 %,

rge uc,rel — 3TO 06beANHEHHAA HeONpeaeeHHOCT b N3MEPEHUS;
Urel — 3To0 paclumnpeHHas HeonpeaeneHHOCTb N3MepPEeHNs C UCNob30oBaHneM KoaphdurymneHTa oxsaTa 2
(~95 % poBepuTEeNbHbIA NHTEepBan).
2 labopaTopusa nusmepsaeT cogepxaHue 6uomaccbl meTogom 14C — LSC B, % oT obuwero yrnepoga.
BHyTpunabopaTopHas BOCNPOU3BOAMMOCTb A8 NabopaTopumn, pacCinTaHHas Ha OCHOBE BHY T PEHHUX
Ba/IMAaLUNOHHbIX UCCNnefoBaHUin U KOHTPOJIbHbIX KapT, 6blna onpegeneHa Kak 2,4 % RSD.
MexnabopaTopHble ucnblTannsa (Tabnuua E.6) patoT 3HayeHne RSD 2,5% (Ha ypoBHe 55,5 %).

uc,rel=y(2,42+ 2,52 = 3,5 %,
Urel=2 muc,n3! = 7,0 %,

roe uc,rel — 3To 06beAUHEHHAs HEONpPeaEeNEeHHOCTb N3MEPEHNS;

Urel — 3TO0 paclumpeHHasa HeonpeaesieHHOCTb N3MepPeHUsa C UCNOoIb30BaHMeM KOadhpruneHTa oxsaTa 2
(~95 % pgoBepuTeENbHbIN NHTEepBan).

9 OtyeT 06 MCNbITaAHUAX

OT4eT 06 UCMbLITAHMAX AO/DKEH COLEpXaThb:

- cBefeHusa o nabopatopuu u gate NPoOBeAEHUSA UCMbITAHUS;

- cBefeHus o6 ncnbiITyeMoM NpoAykTe uam obpasue, BkAYaa NOATOTOBKY obpasua, yC/10BUSA XpaHeHus
UT a.;

- CCbINIKy Ha HacCTOoAWMN cTaHg4apT;

- B C/lyyae npumeHeHus metofa 14C pesynbTaTbl UCMbITAHUSA BKIOYAKT OCHOBY, HA KOTOPOW OHM nony-
YeHbl, U NPUMEHEHUE U3OTOMHOW KOPPEeKLUK;

- copepxaHue 6uomacchl, % Macc, TENJIOTBOPHOW CNOCOBGHOCTU, U/MNKU cofepXxaHue yrnepoaa, oKpyr-
neHHoe pgo 6nmxanwero 0,1 %,;

- nob6oe OTK/IOHEHUEe OT MeToAa UCMbITAHU;

- No6ble OTKIOHEHUA OT CTaH4apTHOW MeTOoAUKM;

- Nob6ble HeOGbIYHbIE ABMEHNSA, OTMEYEHHbIE BO BPeMS npoueaypbl M3MepPeHUli, KOTOpble MOIIN NOBAU-
ATb Ha UX pe3ynbTart.
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MpunoxeHue A
(o6s3aTenbHoOE)

OnpepeneHne cogepxaHusa 6nomaccbl metogom 14C

A.1 O6wme NoONOXeHUs

[Ba npeanoxeHHbix metToga usmepeHusa 14C — meTtog nponopuuoHanbHON cuMHTUANALMNM PSM nnm yckopuTenb-
Has Macc-cnekTpomeTpua AMS — TpebyiloT cneuvann3MpoBaHHOro nepcoHana v npubopos. OfHaKO 3Tan NoAroToBKM K
WHCTPYMEHTa/IbHOMY aHann3y MOXEeT ObiTb BbINOIHEH Kak 00bl4HasA fabopaTtopHas AeATeNbHOCTb.

[nsa c6opa 3 obpasua dpakuun 14C onucaHbl 06LLENPUHATLIE METOALI Npeo6pa3oBaHus yrnepoaa, NpucyTCcTBYHO-
wero B obpasuye, B C02.

A.2 MpuHuMN

MeToabl onpegeneHns cogepxaHuss 6uomMacchl, ykasaHHble B NPUMNOXEHWUM, OCHOBaHbI Ha onpegeneHun cogepxa-
HMa 14C. KonuyecTBo yrnepoga 6rvomacchl B afilbTEPHATMBHOM TON/IMBE M3 OTXOL0B NPONOPLUOHanbHO cogepxaHuio 14C.

Yrnepog, npucyTCTBYOLNIA B 06pasLe, npeobpasosbiBaeTca B C02 nyTem cxuraHnsa. CxuraHme ocyLecTBAAOT Ta-
kKM obpa3om, 4To6bl COOTBETCTBOBATL TPebOoBaHMAM MOCAeAyoWero n3mMepeHus cogepxarnmsa 14C, koTopoe BbINOAHAIT
B COOTBETCTBUW C OAHUM W3 ABYX METOA0B: MPOMNOPLMOHANbHLIM CLUMHTUANSALMNOHHBIM MeTogoM PSM unm yckopuTesbHO
mMacc-crnekTpomeTpuein AMS. 3T MeToAbl CUMTAKOTCA SKBMBASIEHTHLIMU, AAOWMMN O4MHAKOBbIE pe3ynbTaTtbl. PesynbTa-
Tbl BbIPaXaloT Kak NpOoLEeHTHOoe coAepxaHune yrnepoga 6uomaccel OT 06Lero cogepxaHus yrnepoga. [jono cogepxaHus
6uomacchl No macce v Jo/0 6GUoMacchl N0 COAEPXKAHUIO IHEPTUM paccumTbiBalOT 13 codepxaHus yrnepoga B 6uomacce,
ncnonb3ys cogepxaHve yrnepoga B 6buomacce u cofepxaHve aHepruy Bo pakuum 6uomacchl, Kotopas NpuUcyTCTBYeT B
ob6pasLe.

A.3 OrpaHunyeHus
OrpaHn4yeHnsa npuMmeHeHns Metofa nsmepeHus 14C npuBefeHbl B npunoxeHum D.

A.4 PeareHTbl n marepuarnsi:

- nornotutens C02 ansa LSC (MeToKCUNpONUAamMmuH Wan 3KBUBAJIEHT);

- YHMBepcanbHaa CUMHTUANIALWOHHAA CMeChb AN BOAHbIX U HEBOAHbLIX 06pas3LoB;

- abcopbumnoHHbIn pactBop KOH unnn NaOH (2—4 monb/n), Mcnonb3ylT CTaH4apTHble CTeKNSAHHble OYTbIIKN C
N1acTUKOBbIMU 3aBMHYMBAKLMMUCS KPbILLKaMMW, YCTOWYMBBIMMK K LWEM0YHbIM pacTBOpam.

[na npurotoBneHus afcop6uUNOHHOW XuakocTn 6e3 kapboHaTa AOCTAaTOYHO MPUrOTOBAEHUA C MCMOJSIb30BaHUEM
CBEXEOTKPbITbIX amnyn ¢ rpaHynamm KOH wnn NaOH. PactBopsioT rpaHynsl KOH (NaOH) B He6onblIOM KonnyecTse
BoAbl (Tenno, BblAenswlieecs B Npouecce pacTBOPEHWs, YCUNUT npouecc pacTsopenus). MNpu ncnonb3oBaHuu NaOH
HebOo/bLIOEe KONMMYECTBO Oocafka saBnsetca npusHakoMm npucytcteus Na2C 03. [ekaHTupys npo3padHyto dasy, noytu He
cofepxalunii kapboHata pacTBOp creayeT pasdaBuTb [0 HYXHOro obvema. Mockonbky pactBopeHve KOH wmnm NaOH
ABNSAETCHA 9K30TEPMUYECKMM MPOLECCOM, C/efyeT NPosAB/ATb 0COOYI0 OCTOPOXHOCTb, T. K. BO BPEMS pa3bas/ieHUss MOXeT
NPOV30iTK 3aKnnaHne KOHLEeHTPUPOBAHHOIO pacTBopa.

[ns BbICOKOTOUHbIX M3MEpPeHuii Heo6XoAMMO MCNOJb30BaTh CrieAyoLyo npoueaypy AN nonyyenus 0,7 n pacTso-
pa KOH (NaOH) 6e3 kapboHata 4 MoNb/n:

- 670 Mn geMnHepann3oBaHHOW BoAbl (BoAa M3 CUCTEMbI, MPOU3BOASALLEN CBEPXUYUCTYIO BOAY A5 NabopaTopHbIX
uenen);

- 156,8 r rpaHyn KOH (112 r NaOH);

- 30 M HacblweHHoro pacteopa Ba(OH)2.[2,4 2,6 r Ba(OH)2 B 30 mn geMuHepann3oBaHHOW BOAbI];

- pactBopstoT rpaHysibl KOH (NaOH) B gemuHepann3oBaHHON Boge (MCNOMb3YyT MarHUTHY MeLlasky);

- HarpeBalT pacTBOp W HacblWweHHbI pacTBop Ba(OH)2 go 80 °C v cmewwmBatoT gBa pacteopa. OxnaxgatoT pac-
TBOp 40 MuHYC 8 °C, npekpalwiaiT nepeMeLlunBaHue 1 0CTaBnAT pacTBOp Ha Houb npyu MuHyc 8 °C. Mocne cunbTpaunn
pacTBOp roTOB K UCNOJIb30BaHUI0. XPaHAT MOJSTyYEHHbIA pacTBOP B XOPOLUO 3aKPbITOW €MKOCTW.

A.5 Mpoueaypa npeobpaszoBaHUsa yrnepoga, cogepxaweroca B obpasue, B C02 ana onpegenenus 14C
metogom PSM

A.5.1 O6wne NonoxeHms

CyuiecTByeT Tpu npoueaypbl npeobpasoBaHus obpasua B hopMy AN onpefeneHnsa cogepxannsa 14C:
- CXuUraHue B KaslopuMeTpuyeckoin 6omoe;

- CKuraHue B Tpybuartoi neuw;

- CKuraHue B nabopaTopHOM annapaTe.

MpumeuaHune — MeToa CxuraHus B nabopaTtopHOM annapare He BanVAMPOBaH.
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JlonyckaeTca ucnonb3oBaTtbh Apyrve annapatbl, obecrneumBalroliMe MosHOe cropaHve B yKa3aHHbIX 3KCMepuMeH-
TasbHbIX YCNOBMAX. Hanpumep, cxuraHne MOXHO BbINOSIHUTL C MOMOLLbIO 3/1EMEHTHOro aHanm3aropa. O6pasosasLuniics
C023arem norsowaeTcs B NOAX0AsSLIEM pacTBoOpe, BbIGOP KOTOPOro 3aBUCUT OT METOAA CXUraHus 1 BbIGpaHHOro mMeToaa
Ana nocnegywowero nsmepeHus 14C. [locTynHbl ABa abCoOpPOLMOHHLIX pacTBopa: B c/lyyae, ecnv npeasuanTcs cylle-
CTBEHHOE XMMUYeCKoe WM OnTuyeckoe raweHune (BbicokuMe 3HavyeHns NOX, o6pas3oBaHMe OKpalleHHbIX BelecTs), coop
CO02posxeH 6bITb BbiNoNHEH B pacTeope NaOH. Vicnonb3oBaHne YNCTOro KUC/0po4a UM CMecu KUC/iopoa v aproHa Bo
BPEMS CXUraHua CHWU3MT obpas3oBaHue OKCUAOB asoTa A0 MPUEMSIEMOrO YPOBHS.

A.5.2 CxuraHue obpasua B KasilopumMmeTpuyeckoi 6ombe

A.5.2.1 Mpouenypa

CxuraHve un onpegeneHnsa TenaoTBOPHOW cnocobHOCTM obpasua nposoaat no FOCT P 72268. WcnbiTyemsblli 06-
paseL, npeacTaBnseT coboii o6pasel, 06wero aHann3a, NPocesHHbI Yepes cUTO C OTBEpCTEM 1 MM U NMOArOTOBMEHHbIN
no FOCT P 12211. VicnbiTyemblii o6pa3el, Maccoin MeHee 1T MpeccyloT B BUAE FpaHy/bl C MOMOLLbI0 NOAXOAALLETO Mpec-
COBaJIbHOTIO YCTpONCTBa (PY4HOro Wan NHeBMaTuyeckoro). Ans maTepranoB SRF ¢ BbICOKMM cogepXaHueM nnacTtuka nam
pe3unHbl, NokasbiBalolWMX 60/1ee BbICOKME 3HAYEHUS HU3KOW TEens0TBOPHOW CNOCOGHOCTW, Maccy ucnbiTyemoro obpasua
pPEKOMEHAYIOT YMEHbLNTbL A0 Macchl B gnanasoHe oT 0,4 go 0,8 1, 4To6bl 06ecneunTs 6e3onacHyo paboty 60mM6bI. Ans
MaTepuasnioB, KOTOpble TPYAHO CropawT (Hanpumep, MaTtepuan ¢ BbICOKAM coaepxaHuem 305bl, 6onee 30 %, Ha CyxoMm
BELLEeCTBe), PEKOMEHAYIOT UCMOJb30BaTb CPEACTBO A/IA CXUTaHUS.

CooTBeTCTBYOWAsA Macca UCMbITyeMoro obpasua A5 CKUraHua 3aBUCUT OT 06LLero cogepxaHusa yrnepoga. Ans
NoNyyYeHNs aHasorMyHoOro KosauyecTsa nornoweHHoro C02 B CUMHTUNMALUOHHOMW CMEecu W nocrefyrouiero nsmepe-
HMA 14C yunTbiBatOT pas/iMyHble YC/I0BUSA ralleHus, ansa aTol uenm obuiee cogepxaHue yrnepoga B obpasLe onpefenstor
[0 3Tana cxuraHus.

Mocne cxuraHvs rasbl cropaHns cobuparT B NoAXo4sAlWYy cMecb. B kavyecTBe anbTepHaTuBbl rasbl cobuparoT
B ra3oBblii npmemMHuk (cm. A.5.2.2). Ana onpegenenunsa cogepxaHua 14C C02 go/mkeH 6bITb cobpaH B OXNaXAEeHHOM
(meHee 10 °C) norsouialolwemM pacTBOpPe WM OXTAXAEHHOW cmecu nornowalwwero pactsopa W CUMHTUANALUOHHOM
XngKocTu.

Mockonbky 06bem 60M6bI BbiNyckaeTcs A0 aTMOCepHOro AasneHns, B 6omb6e ocTaHeTcs ocTaTo4yHOEe KO/IMYEeCTBo,
KOTOpOe HanpsiMylo CBSi3aHO C AassieHMem B 60M6e nocne cropaHus (Npu octatoyHoMm gasnexHun 2,5 MMa 4 % rasa cro-
paHusa ocTaHeTCca nocne Bbifycka [0 aTMOCHEPHOro AaB/eHNUs).

YT106bI pewunTb 3Ty npobsiemy, Heobxoanmo:

a) BbINOMHUTb KasIMOGPOBKY M aHaIM3 ¢ y4eToM 3TOro OCTaTOYHOrO KONMYecTBa, UCMOoMb3ys NONpPaBOYHbIf kO3 du-
LMEHT AaBneHus;

b) NCNONb30BaTb BaKyyMHbIA HACOC ANS YAa/IeHUS 0CTaTO4YHbIX ra30B;

C) NpoMbITb 60MOY aproHom unu N2 (6e3 C02) n cobpate C02 Takke B NPOMbIBOYHbIX rasax.

A.5.2.2 MNornouweHne rasoBoro obpasya

Ecnn ncnonb3yloT npuemMHuK Ans obpasua rasa, ero nogkayalT K He60/1bLLOMY HAacoCy C COeAUHUTENbHOW NUHK-
€l B CTEK/AHHbIN hakoH 06bemMom 20 M/, 3anosiHEHHbI 10 Ma NOrnowarLLero pactsopa uam cmecbio 10 ma noraowa-
owen xungkoctn 1 10 M CUMHTUANALMOHHOW CMecH, NOMELLEHHON B NefsHy0 6aHio WK oxnaxjatolwee yCTPONCTBO Npu
Temnepartype MeHee 10 °C, gnsa yaaneHuns tenaa ak30TepMuyeckol peakunn obpasoBaHusa kapbamarta. CKOPOCTb OTKaukm
coctaBnseTt okono 50 ma/muH. MepeHoc rasa U3 npMeMHuka 3aHumaeT oT 2 fo 3 4. Mocne cbopa obpasua OH roToB K
NoACYETY Ha XUAKOCTHOM CLMHTUANALMOHHOM cyeTumke. B TO Xe Bpems NoacunTbiBalOT NycTble 06pasubl, YTOObI MOXHO
6b1/10 YYecTb HeboNbLINE exefHEBHbIE U3MEHEHUA (POHA.

B cnyyae npsimoli abcopbuun rasoB CropaHusi BbIXOA YCTPOWCTBA cCropaHusi (HampumMep, KUCnopogHoli 60M6bl cro-
paHus) nogkKMoYatoT yepes nepefartoyvyHyto JIMHWIO, OCHALLEHHYIO K/lanaHoMm, K MyCTOMY OX/1axAaeMoMy UMMUHXepy A1
yAaneHns Bofpbl ¥ BTOPOMY ox/iaxgaemMoMy MMnuHxepy ¢ 10 ma nornowarLuero pactsopa v CUMHTUNNSALUOHHOW CMecH.

VMcnonb3ya Hagnexawee 6e3onacHoe yCTPOWCTBO, knanaH 60MObl OTKPbIBAKOT, M rasbl COGMPatOTCS NPU HU3KOM CKO-
pocTu noTtoka (onTumMasnbHoe 3HayeHne 50—60 mn/muH). Mepepada 3aHMMaeT OKos10 3 Y. B To Xe BpeMs MoAcCYUTbIBaOT
nycTble o6pasubl, YTO6bI MOXHO 6bI/I0 y4eCcTb HEOOMbLUNE eXeAHEBHbIE N3MEHEHUS (DOHA.

Mi3MepeHns HaunHalT nocsie Toro, kak qo1akoH OxNaguTca A0 TeMnepaTypbl U3IMEPEHNs U CHU3MTCA nnbas xemu-
NOMUHECLEeHLMA U3-3a MaHunynsAumii. Mornowarowmnii pacteop ctabusieH no kpaiiHeid mepe B TeueHve 1 Hefenw nocne
oT6opa nNpob: B KayecTBe anbTepHaTuBbl C02 cobupatoT B pactBopax KOH (NaOH) koHueHTpaumein 4 Monb/n B TeYeHne
60nee gANTENLHOTO Nepuoja.

MpumeuvaHud

1 NmetoTca Beckme ocHoBaHus nonaratb, 4To NOX, o6pasylowmiica BO BpeEMS CropaHusi, pearnpyeT ¢ noraouato-
el CMecCblo, YTO MPMBOAUT K NOKA HEOOBACHUMbIM OLLIMGKAM MOC/e HECKOSIbKUX AHEN XpaHeHUs.

2 HavanbHasa 1 KOHe4YHas Macca NorioLwarLero pactsopa sSBAseTcs oueHKol BoccTaHoBneHnsa C02 n ykasbiBaeT
Ha BO3MOXHble MCTOYHUKM OLWIMBOK B NpoLeaype, Takne Kak yTeyka B NornoulatwLein cucteme.

A.5.3 CxuraHue obpasuya B TpybyaToii neumn
Mopxoasiiee KonmyecTBo o6pasua (MPOCEAHHOro A0 HOMWHAaIbLHOTO pasmepa 1 mm) B3BewwwMBalOT B 10404YKE, KO-
Topasi BCTaBAsETCA B CXKuUraTesibHyro TPyoky. VcnbiTatenibHasa macca 3aBUCUT OT cogepxaHus yrnepoga B SRF n emkoctu
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noraouiatoulero pacteopa, 06bl4HO B npubopax obpabaTbiBaloT 40 2 I, a B MUKpoTpy6yuartoii neun — 200 mr. Ha6op ny-
3bIPbKOB rasa 3anosiHaeTcs abcop6LMOHHBIM pacTBOpOM. Temnepartypa neuv nosbillaeTcs A0 pabouyero 3HayveHus (Ha-
npumep, 1 100 °C nam 1 350 °C); korga TemnepaTtypa AocTuraeT 3af,aHHOro 3HayeHus, NoAkYalT nogady kucnopoga
N perysimpyroT CKOpOCTb MOTOKAa [0 XeflaeMoro 3HadeHus. BcTaBnsawT N040UKY 418 obpasua M HaunHaloT oxuradve. Mo
OKOHYaHUM CXUraHUsA UMNUHXEPbI YAANsAT, a abcopbLMoHHbIe pacTBopbl cobupaloT Ana nocnegywouwero aHanumsa. Cko-
poOCTb NOTOKa KMcnopofa He AOJ/DKHA MpeBblwaTh MakCUMasibHO AOMYCTUMYK CKOPOCTb MOTOKa A5 KOJIMYECTBEHHOMO
cbopa rasoB B abCOpPOUMOHHOM pacTBope. B cryyae ucnonb3oBaHMsA MUKPOTPYGKM penpe3eHTaTUBHOCTb MCCeAyemMoro
o6pasua cnegyet NpoBepsTb B COOTBETCTBUM C pa3sMepoM 4acTtuu,

Onsa onpepenexnna cogepxaHns 14C C02 cobupaloT C MOMOLLbI MMMUHXEpPa, 3amnofIHEHHOIO OXNaXAeHHbIM ab-
COPOUMOHHBIM PAcTBOPOM WM CMecblo abCOPOLUMOHHON U CUMHTUANSALMOHHOW, B KaYecTBe aslbTepHATUBbI MCNOJb3YIOT
pacteop KOH (NaOH) 4 mn/n (cm. A.5.2.2, npumeyanus 1u 2).

B kauecTBe anbtepHatuBbl C02 MOXET 6biTb YNOB/EH C NMOMOLbI0O KPUOTEHHOWN f0BYLIKW. B 3TOM cnyyae kpuo-
reHHast N0BYLUKA COCTOWUT M3 BOAHOWM NOBYLIKWA (CyXOW nej B 3TaHO/Me WM aueToHe), 3a KOTOPOi cnefyeT KpuoreHHas
nosyuwka. Heo6xoanmo coba4aTb OCTOPOXHOCTb, YTOObI U3bexaTb 06pPa30BaHNA XUAKOTO KNCN0pPoaa, YTO AO/IKHO ObiTh
AOCTUTHYTO MyTeM Harpesa fIOBYLUKM HEMHOIO BblLLE TOYKN KUNEHUA KUCI0POA4a, C UCMNOMb30BAHWEM XUAKOTO aproHa wm
nyTem NpoBeAeHUs pasfenieHns npu NOHWXEHHOM AaBfeHUN.

A.5.4 CxuraHue obpa3suya B labopatopHOM annapate ANs CKUraHus

YcnoBusa CXuUraHus 1 KONNMYECTBO UCMbITyeMoro obpasua 3aBUCAT OT MCMO/Ib3YeMOoro annapara 1 MHCTPYKLMIA npo-
n3BoauTeNs.

C02 MOXeT 6bITb YNOB/IEH C MOMOLLbIO pPa3NYHbIX METOAOB B 3aBUCUMOCTM OT nabopaTopuu.

NabopaTopHbIli annapart A5 CKUraHns fo/mKeH 6blTb CNOCO6GEH CxuraTb NoAxoaawmin obpasel, SRF ¢ NOCTOAHHOM
CKOPOCTbH, C MOJIHON KOHBepcuen npucyTcTBytowero yrnepoga B C02. Ans onpegenenns copepxaHus 14C C02 cobu-
paloT C NOMOLLbI MOAXOAALLEr0 UMMUHXEPA, 3arno/IHEHHOrO OXNaXAeHHOW CMecblo MornoLwiarkLero pactsopa v nogxo-
OAWEA CUMHTUNNALNOHHON cmecblo nnnm 4 mn/n pacteopa KOH (NaOH) (cm. A.5.2.2, npumeyanusa 1 un 2). B pesynbTare
nornowexna C02 6ygeT HabnogaTbCs 3HaUMTENbHOE YMeHbLUEeHNe 06bema rasa nocrse ynasavBaHus. [103ToMy rasoBblit
Hacoc pacnonaratT nepej MNUHXEePOM, a UCMO/b3yeMblli Fa3oBblii HACOC AO/MKEH OblTb ra3oHenpoHNLaeMbIM.

B kauyecTBe anbtepHatuBbl C02 MOXeT 6biTb YNOB/EH C NMOMOLbI0O KPUOTEHHON fIOBYLIKW. B 3TOM cnyvyae Kpuo-
reHHas /0ByLUKa COCTOUT W3 BOAHON NMOBYLIKW (CyxOiW nep B 3TaHOMEe WM aueToHe), 3a KOTOPON cnefyeT KpvoreHHas
nosyuwka. Heobxoaumo cobn0[aTb OCTOPOXHOCTb, YTOOLI N3bexarb 06pa3oBaHms XMUAKOro KUCN0poaa, HYTo AO/IKHO ObITb
OOCTUTHYTO MyTEM HarpeBaHWs MIOBYLUKM HEMHOTO BbILLE TOYKA KMMEHUS Knucnopoga, UCMnosb30BaHUsA XUAKOIO aproHa wm
npoBeAeHNsa pasfesieHns Npu NOHWKEHHOM AaBfeHun. B kauyecTBe anbTepHaTUBbl NMPU UCMNOMb30BaHUN YCKOPUTESTbHOM
Macc-cnektpomeTpum CO02 cobupatoT nyteM CMeLuMBaHUS romoreHmsnmpoBaHHoro SRF ¢ okcngom megu (CuO) B repme-
TWUYHOIN, BaKyyMVWpPOBaAHHON KBapLEBON WM BbICOKOKPEMHMEBOW, BbICOKOTEMMNEPATYPHON CTEKNSHHOWN Tpybke. BoasHoi
nap (go 3 MNa) pob6asnaT B TPY6KY nepen BBedeHveM CO02, yTo6bl NOMOYL YAaNUTb COoeAunHeHns cepbl. Tpybka Harpe-
BaeTcs Ao 900 °C B TeueHne 3—5 4. C02 cobupaloT nyteM pasdbuBaHus TPyOKM C NMOMOLLbIO CNeunasnibHOro yCTpOoiCcTBa,
NOAK/MIOYEHHOTO K BaKyyMVPOBAHHOWN CTEKNAHHON NMHUM cbopa.

A.5.5 N3mepeHusa

Ecnu cobpaHHble 06pasubl 0TNPaBAST B Cneuuann3npoBaHHblie nabopaTopun, To 06pasupbl XpaHAT T. 0., YTOObI
C02 un3 Bo3gyxa He MOr nonactb B abcopbuUMOHHbIA pacTBop. MpoBepky yTedkn CO2 13 Bo3gyxa NpoBOAAT MyTeMm MNofa-
roTOBKM NabopaTopHbIX XON0CTbIX NPO6 Ha 3Tane ot6opa npob.

Ana 100 % copepxaHns GUoMacchl JOCTYNEH NepBUYHbIA CTaHAapT LiaBesieBON KUCMNOTbl, O4HAKO 3TOT Martepuan
TPYAHO CXWratTb M3-3a €ro HU3KOlW TensoTBOPHOW CNOCOGHOCTU WM TPYAHOCTEl B MPUrOTOBMEHUM NOAXOAALLEN rpaHysbl.
Mcnonb3yloT n gpyrue atasoHHble marepuansi.

MpumeuvyaHne — LaBenesyw KMCNOTY MOXET ObiTb TPYAHO MOJSTHOCTLI CXKEYb B YCNOBUAX, UCMOSb3YEMbIX B
cTaHgapTe gnsa oxuraHms 6omM6bI.

MaTepwuasibl, KOTOpble MOTYT GblTb MCMOMb30BaHbI;

- pacTuTenbHble, C paHee onpeaesieHHbIM cogepXaHueM 06LLEro yriepoaa, yunTbiBas, YTO OHM cocTosAT Ha 100 %
13 6uomaccsl;

- L-ackop6uHoBas kucnota u3 NpupoAHbIX NCTOYHMKOB, C paHee onpeaeneHHol YncToTol 1 cogepxaHueM o6LLero
yrnepoga u3 XuMmnyeckoi popmynsl;

- martepuan ¢ 3TaJ/IOHHbIM COAEepXaHneMm 6uomacchl B COCTaBe, KO/IMYECTBO O6OLLEro yrnepoga ycTaHOB/IEHO METO-
[OM YCKOpPUTE/IbHOM Macc-CnekTPoOMeTpum.

Mpy oueHKe HeonpeaeIeHHOCTN YUYNTbIBAIOT:

- 3TasIoHHble 3HaYeHus 6uomacchl 0 % 1 100 % ncnonb3yoT 6e3 HeonpeaeNeHHOCTU, NMOCKO/bKY OHW BbIBOASTCS U3
TeopeTNYeckoro pacCMOTPEHNS, a HE U3 NPUHATBLIX CPEAHUX 3HAYEHU U3 Mex1abopaTopHbIX UCTbITAHWA,

- cogepxaHue 14C [O/MKHO OCHOBbLIBATLCS Ha ONpeAeneHnn aTafNoHHOro Metoga (Takoro, kak yckopuTenbHas macc-
CMEeKTPOMETPUS) MU Ha TEOPETUYECKOM PacCMOTPEHUN U3 hakTUYecKoro cpegHero ypoBHs C02.
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A.6 Mpoueaypa onpeaenerHns 14C MeToA0M NPONOPLMOHANIBHOIO CUUHTUMIALMOHHOIO cHeTunka PSM

A.6.1 O6bwme NonoxXeHus

OT1a npouegypa onuceiBaeT onpegeneHve 14C MeTooM MPOMNOPLNOHANIBHOIO CUMHTUNIALMOHHOIO cyeTynka PSM
B NOr/iowanLmnx pactsopax, Nosy4eHHbIX Npy cxuraHum obpasyos SRF B kasiopuMeTpuyeckoli 6ombe, TpybyaToii neun
nnn nabopaTopHOM YCTpONCTBE CxuraHmsa (cm. A.5).

A.6.2 MpuHUUN

PSM (Takke Ha3blBaeMblii METOAOM XUAKOCTHOTO CLMHTUANALMOHHOTO cyeTunka LSC) onpegensiet n3oTonHoe co-
AepxaHue 14C KOCBEHHO, Yepes ero ucnyckaHne P-yactuy u3-3a pagmoakTuBHOro pacnaga usorona 14C. P-yactuubl Ha-
6nogalTca NocpeacTBOM MX B3aMMOAENCTBUS CO CUUMHTUANALMOHHBIMKU Monekynamu. C02, o6pasylowmiics npu cxura-
HuM SRF, ynaBnmealoT nornowarnwmmMm pactBopoM. ITOT pacTBOP CMELLMBAIOT C OpraHMyeckumM pacTBOpoM, codepxalium
CLUMHTUNNALNOHHbIE MOMEKY/bl 1 aKTUBHOCTb 14C 3TOI cMecu M3MepsT B MPONOPLMOHANBLHOM (KMAKOCTHOM) CLMHTWI-
NAUNOHHOM cyeTumke (CM. pUCYHOK A.1).

B cnyuyae, ecnn HabnwgalT CylWecTBEHHOE XMMUYECKOe WU ONTUYecKoe raweHne (Bbicokue 3HadeHmss NOX, 06-
pasoBaHue okpalleHHbIX BewecTs), céop C02 npomssogaT B pacteope NaOH (KOH). B kayecTBe anibTepHaTuBbl UCNOJb-
30BaHMe YMCTOro KMC/opoAa WM CMecu Kucnopoga v aproHa BO BPEMS rOpPeHus CHU3UT obpa3oBaHue OKCMAO0B a3oTta [0
NpYeMIEMOro YPOBHSA. B 3TOM criyyae ncnosnb3ytoT No60i 13 abCcopObLMOHHbBIX PacTBOPOB.

A.6.3 PeareHTbl 1 MaTepuassbl:

- CLUMHTUNMALMOHHASA CMeCh;

- abcopbLMOHHbI/ pacTBop (Hanpumep, 100 % aTaHoNamMuH uan 5M 3TaHONaMWUH B 2-METOKCU3TaHosMe win 3-me-
TOKCUMNPONUAaMnHe);

- KOMMmepueckoe meuyeHoe 14C BelLleCcTBO B pacTBOpe C paHee onpefesieHHbIM 3HadeHveM dpmlimn, noaxoasimm
AN NPOBEpPKM XapakTepucTuk npmoopa;

- MEepBWYHbIA CTaH4apPT LWaBesieBoi KUCNOTbl MW APYroi NOAXOAALMIA 3TaNIOHHbIA MaTepuan;

- 9Ta/IOHHbI MaTepuas, He cogepxawuii 14C.

1— CBMHLIOBbIV 3KpaH; 2— akTuBHas 3awuta; 3 — obpasel; 4 — POTO3/IEKTPOHHbI YMHOXUTESb; 5— POTOINEKTPOHHBIA YMHOXUTENb;

6 — BHELHWA CTaHAPTHbIA UCTOYHWUK U3NYYEHUs; 7 — WCTOYHWK NMUTAHWS BbICOKOTO HAaMpshKeHWs; 8 — cxema CI0XEeHUsi UMMy 1bCOB;

9 — 6bICTPLI aHanusaTop coBnafeHuit; 10 — aHanuM3atop amnAnTyAbl UMMYbLCOB; 11 — cxema; 12 — MHOrokaHaslbHbli aHam3aTop;
13 — aHanu3aTop KoMaH/,

PucyHok A.1 — YCTpPOIACTBO XNAKOCTHOIO CUUHTUAMALMOHHOIO cyeTymka

A.6.4 Annapatypa

UpesBblyaliHO HU3KMEe ecTeCTBEHHbIE YPOBHN pagunoyriepoga B atmoctepe 3emnn (okono 1,10-12 %) TpebytoT fo-
NOJIHUTENbHBIX Mep NPefoCTOPOXHOCTU AN TOYHOTO n3mepennsa 14C. CnegyeT NposABATb OCTOPOXHOCTb, YTOGbI UCK/IIO-
YUTb BAINSTHUE KOCMMUYECKOIO M 3KOJSIOTMYECKOro (POHOBOIO M3/TyYeHUs, NPUCYTCTBUSA APYTMX PaAnon30TONOB, 3/IEKTPOHHO-
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ro wyma u HecTabunbHOCTU. JTI060I MCMNO/Mb3YeMblii XUAKOCTHbIA CLUMHTUANSLMOHHbLIA CYETUMK AO/MKEH COOTBETCTBOBAThL
3TUM crneunduKkauuam.

A.6.5 Mpouenypa

B abcopbunoHHYO KONbBy 3arpyxatT onpegesieHHblii o6bem abcopbeHta CO02, Hanpumep, abcopbupytoLLero
pacTtBopa.

Heobxoaumo yunTbiBaTb abCOPOLMOHHYIO €MKOCTb abcopbupytowero pactesopa okono 4,8 m10~3 monb/mn (He cne-
AyeT ucnonb3oBaTb 6051ee 80 % 3aToii emkocTh). Konby oxnaxgarT bAoM UM OXNaXKAarowmMMm YCTPOCTBOM BO Bpemsi
npouecca abcopbuun. Mas-obpasey, cobupaloT U3 AbiIMOXOAa WM M3 ra3oBOro npuemHuka. B nwobom cnyvae ob6pasel
[O/KeH 6bITh BbICYLIEH NyTeM MpOonyckaHua Yyepes CYLLUKY WM NyCTON oXnaxaaeMblil UMNVHXepP U KoHueHTpauma C02
B BbiCyLLEHHOM 06pa3ue A0/DKHa 6biTb M3BeCTHa (IM60 C NOMOLbLbI0O MOHMUTOpA AbIMOBbLIX rasos, /MO0 NyTem aHav3a
TBEpAoro obpasua, KOTopbld ncnonb3oBasics ans nonydyeHns CO02, uam nyTemM M3MepeHus KONM4yecTBa MOr/IOLWeHHOro
C02 (nornowatowmii pactesop nornowaet C02 konuyecTseHHO)). Ecnn obpasel, nonyyeH HeNnocCpeAcTBEHHO U3 AbIMOXO-
4a, o6bem obpasua M3MepsAT C NOMOLLbIO ra30BOr0 cyeTyMKa U KOPPeKTUpPYHT € yyeTom obbema C02, NOrfoWweHHOro
nornowatwmm pactsopom. Mocne nornouwerHns C02 abcopbeHT NepeHOCAT B M3MEPUTESbHYIO NMPOGUPKY.

[Jo6aBnsoT paBHbIl 06bEM CUUHTUANALNOHHON XUAKOCTW, N CMECb TOMOreHn3npyeTcs.

3aTem Npo6UPKY CO CMECbI0 NOMELLAKT B XUAKOCTHOW CUUHTUAASAUMOHHBIA CYETUMK U NPOBOAAT n3MepeHue. Tu-
nMyHoe BpeMs cyeTa cocTasnseT oT 6 A0 24 4., obuiee BpemMsa cyeTa COCTOUT M3 noaxoadwiero kosmyectsa 30-MUHYTHbIX
LUMKIOB cyeTa (Hanpumep, Bcero 24 uukna no 30 MuH Kaxablin). OkoHuYaTenbHbili nogcyeT DPM— 370 cpegHee 3HauyeHne
OTAEeNbHbIX Pe3yNbTaToB KaxAoro uukna. AKTUBHOCTb 06pasiia CpaBHMBAKT C aKTUBHOCTbIO 3Ta/loOHHOro MaTtepuana. Ko-
nuyectBo peructpauunin 14C (=(3-cuetoB pacnaga 14C B pagmomMeTpuyeckux getektopax PSM) cBA3aHO C KONMYECTBOM
perucTpauuii aTanoHHOro obpasua npu Tex Xe yCrioBusx.

CTaHgapTHble MeToAbl A06aBNeHUA UCMOAb3YT AN1A NPOBEPKN BO3HUKHOBEHUSA XMMWUYECKOTO WM ONTUYECKOro ra-
LWeHWa ONS Kak4oro tuna BbI6opky unu obpasua. [Ana 3Tol Luenm ucnosb3yoT KOMMNOHEHTbI, MeyeHHble 14C.

M3mepeHne BbINOMHAKT BMecTe C u3mepeHueM «(oHOBOro» obpasua (0 % maTepuana Guomacchbl, Takoro Kak
Yyrosib WIN 3KBUBaJIEHTHbIV 06Gpasel) B TEYEHME TOro Xe nepuoga BPEMEHW, YTO U UCMbiTaHWe hakTU4eckoro obpasua.
MonyyeHHbIli pe3ynbTar npegctaBnseT coboii hoHOBLI YpOBEHb AN BCE CUCTEMbl (anmapart v peareHT), YkasaHHblil B
CPM wnu DPM. Mocne atoro thaktuyecknii obpasel, nccneaytoT, YTo Takke gaeT pesynbTar nogcyeta B CPM nam DPM.

Cratuctuyeckasa norpeLHocTb nogcyeTa, hoHa n ctaHgapTa ABAseTca pe3ynbTatom nogcuyera pacnaga, (npouecca
MyaccoHa); cnefoBaTenibHO, TOYHOCTb pe3y/bTara 3aBUCUT OT Ko/iyecTBa HabngaemMbix NOACHETOB, FAe OTHOCUTE/IbHAs
norpeLwHocTb 06paTHO NPONOpUMOHasbHa KBaApaTHOMY KOPHIO M3 uncna otcuetos. O6was owmnbka npeacrasnset cobol
CYyMMYy aHanMTUYeckux owmn60oK 1 oWMBOoK onpedeneHnsa ctaHgapra u oHa.

Mpeaen o6HapyXeHnss — 3TO HaVMeHbLUee KOIMYeCTBO PafnoakTMBHOCTH, KOTOPOe CTaTUCTUYECKU OT/IMYaeTcs oT
dhoHa.

Mpepen obHapyxeHns LD E(RnLD) paccunTbiBalOT M3 BPEMEHMN cyeTa obpasua M CKopocTu cyeTa hoHa, npegno-
naras ogvHakoBoe BpeMms cuyeTa Ass hoHa 1 obpasua no opmyne

(A1)
roe Icl a, Icl+ — ypoBeHb goctoBepHocTn (1,645);
E(Rg) — ckopocTb cyeTa 6naHka [umn/c] (0,3167 mumn/c);
tQ— Bpems cyeTa 6naHka [c] (16 000 c);
tb — Bpems cueTa o6pasya [c] (16 000 c).
KonnuecTtBo pacnagos B cekyHay dps, Bk, paccunTbiBaloT no chopmyne
(A.2)

rge cps — CKOpoCTb cyeTa xonocTtoro pactsopa (0,3167 cps);
rj — adphekTMBHOCTbL cyeTa npmbopa (0 <r) < 1) (0,8).

Mpumep — PacyeT LD c ucnosnb3oBaHneM BpemMeHu cyeTa 16 000 ¢ (266,67 mnH) n cboHa 19 CPM (0,3167 oT-
CYeTOB B CekyHAy) ¢ adppekTMBHOCTbIO cyeTa 0,8

{1 1
(1,645 + 1,645) *y0,31667 m(16000 + 'ig000

= 0,026Bq = 1,5dpm.
08 q p

A.6.6 PacueT pe3ysibTaToB
M3 ckopocTu cueTa o6pasua BbluMTalT (hOHOBYH CKOPOCTb CYeTa cueTuuka (YMcTasi CKOpPoCTb CYeTa).
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AKTMBHOCTb 14C DPM nony4aroT nyTemMm HOpMasim3alum YACTOW CKOPOCTM CYeTa K CKOPOCTU cUeTa STa/IOHHOMo CTaH-
JapTa (Wwasenesoit KUCNoTbl SRM) unu Apyrux noAxoAslmx aTaNOHHbIX MaTepuanos.

A.6.7 Mpumep 418 namepeHnin no metogy PSM

B nornouwatwuwem pactBope, MOJlyYeHHOM MpW CXWraHnM B KanopudepHoil 6ombe 4WCTON ApeBecUHsI
(REF= 114 pTC, TC =48,0 %), n3amepstoT akTuBHOCTb 14C 7,75 DPM. 13,56 DPMIgC — 370 3Ha4yeHune 100 % 6Guomacchl.

B 6om6e coxrnm 1050 r sm o6pasua (Bo3gyx Cyxon).

CopepxaHue 6rmoreHHoro yrnepoga (Ha OCHOBE CyxOro BO3AyXa) paccyuTbiBalT Nno popmyse

% 6uoreHHoro yrnepoga = [DPM/(13,56 mREF/100)/sm] « 100,
% 6uoreHHoro yrnepoga = {[7,75/(13,56 « 114/100)]/1,050} m100 = 47,8 %, (A.3)
wB TC= % 6uoreHHoro yrnepoga/l'C =47,8/48,0 = 99,6 %.

A.6.8 Mpumep n3amepeHnii no metogy PSM 13 KaIMBPOBKM C UCMO/Ib30BaHMEM 3Ta/IOHHbLIX MaTepnasioB

B nornowarwllem pactBope, MOJYYEHHOM MpW CXuraHuM B kKanopudepHoin 6ombe SRF (REF = 107 pTC,
TC = 47,5 %), namepsoT akTUBHOCTb 14C (uncTtoe 3HayeHue) 1,36 DPM.

B 6om6e coxrnu 0,55 r obpasua (cyxoii Bo3ayx).

Ha npegbigyliem aTane B TEX Xe YC/I0BUAX 3Ta/IOHHbIA obpasel, yrns (Hanpumep, BCR 182) nocne cxuraHus gan
CPeAHIO UYNCTYH akTUBHOCTL 0,22 DPM, aHanormyHo aTasioHHbI o6pasel, nuwainHuka (BCR 482) gan uncTyo cpefHion
aKkTMBHOCTb 2,53 DPM. Pe3ynbtat BCR 182 ucnosb3oBascsa B KayecTBe 3TanoHHon 0 % dpakymm 6rnomacchl, B TO Bpems
kak BCR 482 6bin ycTaHoBneH kak 100 % dhpakuunn 6romacchl. Kak nokasaHo B Tabnuue A. 1, 66111 NpUMEHEHbI NonpaBoy-
Hble KO3I(PULMNEHTDI:

- BCR 182 (0 % 6uomaccsl) = 100;

- BCR 482 (100 % 6unomaccol) =101;

- SRF (HeusBecTHO) = 107.

WcnpasneHnHuble DPM coctaBunu: 0,22 (0 % 6uomaccel), 2,50 (100 % 6uomaccel), 1,27 (HEU3BECTHO).

Mocne cxuraHua pactesop abcopbeHTa B3BEWMBAKT A0 W Nocsie c6opa ra3os. V3 pasHUubl paccunTbiBalOT coaep-
XaHue yrnepojga, nockosibky BOCCTAHOB/IEHME CUYUTAIOT KONIMYECTBEHHbLIM.

Bbin paccuntaHbl Ynctsle DPMITC:

- 0% = 1,06 DPMIIC;

- 100 % = 10,08 DPMITC;

- HeusBecTHO = 6,98 DPM/IC;

. wBJC=[6,98/(10,08- 1,06)] * 100 = 77,4 %.

A.7 NMpoueaypa npeobpasoBaHns yrinepoga ncrnbityemoro oépasya B C02 ana onpegeneHusa 14C metoaom
YCKOpUTENbHOI Macc-cnekTrpomeTpumn

A.7.1 Obwme NoONoOXeHUs

CyuwiecTByeT Tpu npoueaypbl npeobpasoBaHns obpasua B opMy 4718 onpefeneHns cogepxaHuns 14C:
- CXuraHue B KaslopuMmeTpuyeckon 6omoe;

- oXuraHue B Tpy6uaToii neuu;

- CXUraHue B 1labopaTOpHOM creumnasbHOM annapare.

MpumeuaHune — MeTog CXKUraHus B 1abopaTopHOM CheLuanbHOM annapare He Ba/iMAMpPOBaH.

JlonyckaeTcss MCrofib3oBaTb Apyrve annapaTbl, o6ecrneumBaiolie MOSIHOE CropaHue B yKa3aHHbIX 3KCMepUMeH-
TasIbHbIX YCNOBUSX. Hanpumep, CKuUraHne MOXHO BbIMO/IHUTL C MOMOLLbIO 3/IEMEHTHOro aHanusatopa. O6pasoBaBLuniics
C02 3atem nornouaeTcs NoAXoAsLWMUM PacTBOPOM, KOTOPLIA 3aBUCUT OT METOAA CXUTaHWS.

A.7.2 CxuraHue ob6pasua B KaslopuMeTpuYeckoii 6omoe

A.7.2.1 Mpoueaypa

Ansa cxuraHma uccnegyemoro obpasua B KaslopyumeTpuyeckoin 6ombe npu onpegesnieHun TENsI0TBOPHON Cnocob-
HOCTW ucnonb3ytT FTOCT P 72268. VcnbiTyemblil o6pa3sel, npegctaBnseT coboin obpasel, obuiero aHannsa, NpoCESHHbIN
yepes CUTO C AYeitkoit 1 MM 1 noAroToBAeHHbIN no TOCT P 72271. VicnbiTyeMblli o6paseL, Maccoil MeHee 1T, npeccyloT B
BUAE rpaHyfbl C NOMOLLbIO NOAXOASLLEr0 NPeccoBasibHOro YCTpoiicTBa (Py4HOro UM NHeBmaTtuyeckoro). [ns marepvanos
SRF ¢ BbICOKMM cOfepXaHueMm NnacTuka uav pesuHbl, NokasbliBalowmx 60/ee BbICOKME 3HAYEHUS HU3KOW TENI0TBOPHOM
CMoco6HOCTKU, Macca MCMbITyemMoro obpasua Ao/mkHa OblTb YMeHbLUeHa A0 Macchl B gnana3oHe ot 0,4 go 0,8 r, uTobbl OH
6bI1 NpurogHbiM Ans 6esonacHoli paboTel 60M6bI. N8 MaTepunanos, KOTOpble TPYAHO cropatwT (Hanpumep, matepuan c
BbICOKMM cofepxaHnem 30/bl 6onee 30 % Ha Cyxoli OCHOBE), PeKOMEeHAYI0T UCM0Nb30BaTh CPEACTBO AN CKUraHus.

CooTBeTCTBYyHOLLAnA Macca UCMbITyemMoro obpasua, noAsexaliero CxuraHuio, 3aBucuT oT obLuero cogepxaHus yrne-
poja; Ansa 3Toi uenu obuee cogepxaHue yrnepoga B o6pasue AO/MKHO ObiTh onpeAesieHo A0 aTana CXuraHus.

Mocne coxuraHua rasbl cropaHns cobupaloT B MOAXOASALLY0 CMecb. B kayecTBe anbTepHaTuBbl rasbl cO6mpaloT B
rasoBblii NpuemMHuk (cm. A.5.2.2).
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Lna onpepenenuns cogepxarnnsa 14C C02 cobupatot B pactsope KOH nnan NaOH.

B kauyecTBe anbTepHaTMBbl M3 NakeTa C MOMOLLbI CTEK/SIHHOMO Wnpuua oTémparoT OKOMI0 2 M FOpHYero rasa u
nepeHocAT ra3 B CUCTEMY MOATOTOBKN MULLEHEN YCKOPUTENbHON Macc-CneKTPoOMeTpuu.

Mockonbky 06beM 60M6bI BbliNycKaeTcs 40 aTMOCHEPHOro AaBneHns, B 60mM6e ocTaHeTCA 0CTaTOYHOE KOJIM4eCTBO,
KOTOpOe HanpsiMylo CBSA3aHO C AaBsieHnemM B 60M6e nocse cropaHust (NnpyM octatoyHoM gasnexHum 2,5 MIMa 4 % roproyero
rasa octaHeTCsl MOC/ie BblNycka 40 aTtMOCH(EPHOro AassieHuns).

UT0o6bl pewnts 3Ty npobnemy, Heo6Xo4UMO:

a) BbINONHUTb KasIMGPOBKY M aHaInM3 ¢ y4eToOM 3TOr0 OCTATOYHOrOo KOAMYecTBa, MCNOob3ys NOMNpPaBOYHbIl KO3dhdu-
UVMEHT faBneHus;

b) NCNONb30BaTb BaKyyMHbIA HACOC ANA yAaneHns oCTaTOYHbIX rasos;

c) npoayTb 60MOy aproHom mnm N2 (6e3 C02) n cobpatb C02 Takke B MPOMbIBOYHbIX rasax.

A.7.2.2 MornouieHne rasoBoro obpasua

Ecnu mcnonb3yoT nNpueMHUK Ana obpasua rasa, ero cnegyet NoAkMOUYMTL K HEBGO/bLLIOMY Hacocy C COefuHu-
TeNbHON NMHWEN B CTEKIAHHbIA hakoH o6bemom 20 M7, 3anosiHeHHbI 10 MA norfolalLLero pactsopa UM CMechbio
10 mn nornowawLel Xuakoctn n 10 Ma CUMHTUANALNOHHOM CMecH, NOMELLEHHbIW B NefsHylo 6aHio Uan oxnaxgawowee
YCTPOWCTBO npu Temnepatype meHee 10 °C, Ana yaaneHus Tenna 3K30TEpPMUYECKON peakuum obpas3oBaHusa kapbamara.
CKOpPOCTb OTKauky AOJ/DKHA COCTaB/ATb 0kos10 50 ma/MuH. MepeHoc rasa M3 Mewka 3aHumaeT oT 2 o 3 4. lNMocne c6opa
obpasua OH roToB K MOACYETY Ha XUAKOCTHOM CLUMHTU/IALMOHHOM CYeTyuke. B TO e Bpems MoACUUTLIBAKOT NyCTble 06-
pasupbl, YTO6bl MOXHO 6bI/1I0 y4ecTb HebOMbLUME exeHEeBHble N3MEHEeHUS (OHa.

B cnyyae npsimoii abcopbuuy rasoB cropaHusi BbIXof YCTPOICTBa cropaHua (Hanpumep, KACNOpPOAHO 60M6bI Cro-
paHuAa) NoAKM0YaloT Yyepes nepefaTtoyHyo JIMHUIO, OCHALLLEHHYIO KnanaHoM, K MyCTOMY OX/1axAaemMoMy UMMUHXepPY ANns
yganeHus BoAbl U BTOPOMY OxNiaxgaemMoMy umnuixepy ¢ 10 mn nornowarollero pacrsopa. Vicnonb3ys Hagnexawee 6e3-
onacHoe ycTpoWcTBO, knanaH 60M6bl OTKPbIBAIOT ¥ rasbl COGMPAIOT MPU HN3KOW CKOPOCTM NOToKa (ONTUMasibHOe 3HauveHue
50—60 mn/muH). Mepegava 3aHUMaET 0Koo 3 4. B 7o e Bpems NoAcuMTbIBAKOT NycTble 06pasLbl, YTOObl MOXHO 6bIS10
yuyecTb He6osblune exefHEBHble U3MeHeHns hoHa.

Mornowarowuin pacteop ctabuneH no kpaiHeli mepe B TeyeHne 1 Hepenu nocne otbéopa Npo6bl: B KaYecTBe asib-
TepHatmebl C02 cobupaloT B pactsopax 4 monb/n KOH (NaOH) B TeueHne 6onee gnmMTensHOro nepuoja.

MpumeyaHus

1 NOx, obpasytoLuiics Bo BpeMs CropaHus, pearvpyeT C NOrowarLein cMmecbio, YTo NpUBOAMT K owmnbkam nocne
HEeCKOMbKMX AHel XpaHeHus pacTBopa.

2 PasHuua Mexay HadasbHOWM 1 KOHeYHO maccamun NornolaLwero pactTsopa ABAseTCcs OLUEHKON BOCCTaHOB/IEHUS
C02 1 ykasblBaeT Ha BO3MOXHble UCTOUYHMKN OLLIMGOK B MpoLeaype, Takne Kak yTeyka B CUCTEME MOT/I0LWEeHNS.

A.7.2.3 CxuraHue obpasua B TpybyaToii neun

Moaxoasuiee konmMyecTBo obpasua (NPOCEeAHHOIO A0 HOMUHANBHOIO pasmepa 1 MM) B3BELIMBAKT B /I0OA0YKE, KO-
TOPYH BCTaBNAT B TPYOKy ANA CxuraHusa. Macca AN aHanu3a 3aBUCUT OT cofepxaHusa yrnepoga B SRF n emkoctun
abCcopbLMOHHOro pacTBopa; Kak npasuio, B Makponpubopax obpabatbiBaeTca 40 2 T, a B MUKPOTpyoke — a0 200 mr. Ha-
60p Ny3bIpbKOB ra3a 3anosiHaeTca abCcopbLMOHHbIM pacTBOPOM. TemnepaTtypy neyu MnosbiWarT A0 paboyero 3HayeHus
(Hanpumep, 100 °C nam 1350 °C); korga Temnepartypa AocTuraeT 3afaHHOro 3HavyeHus, NoAxkaYalT nogady kucraopoga
M CKOPOCTb MOTOKa PEryavpyroT A0 Xenaemoro 3HavyeHus. BcTaBnsoT nogouky Ana obpasua v HaumHaloT oxuraHue. Mo
OKOHYaHWUW CXMUTaHMsa UMMUHXEePb! YAAISAT, a abcopbLMOoHHbIE pacTBOPbLI COGUpaloT AN nocnegywowero aHannsa. Cko-
pOCTb NOTOKa Kucnopofa He AO/HKHAa NpeBblaTtb MakCUMaslbHO AO0MNYCTUMYK CKOPOCTb MOTOKa ANS KOJMYECTBEHHOrO
cbopa rasoB B a6COPOUMOHHOM pacTBope.

B cnyyae ncnosb3oBaHNs MUKPOTPYOKM penpe3eHTaTUBHOCTbL WCMbITyeMOro obpasua foskHa ObiTb NpoBepeHa B
COOTBETCTBUM C pasMepom 4acTul,.

[nsa onpegeneHus cogepxaHnsa 14C C02 cobupaloT ¢ NOMOLLbI NOAXOAALLErO UMMUHXEPaA, 3an0/IHEHHOTO pacTBO-
pom KOH (NaOH) o6bemom 4 mn/n.

B kauectBe anbTepHaTnebl C02ynaBnuBaloT € NOMOLLbIO KPMOreHHO NOBYLLKA. B 3aTOM cnyyae KpuoreHHas /oByLU-
Ka COCTOWT M3 BOAHOW NMOBYLUKM (CyxOil nef B 3TaHO/E UM aleToHe), 3a KOTOpOoW crnedyeT KpuoreHHas nosylika. Heo6xo-
AMMO cob6/10aTb OCTOPOXHOCTb, YTOObLI M3bexaTb 06pa3oBaHNSA XNAKOro KAC/I0poA4a, Yero oCTuratlT nyTeM HarpeBaHus
NIOBYLLUKM HEMHOTO BbIllE TOYKM KUMEHWUSA KUCMOPOAa, C UCMNOMb30BAHWEM >XUAKOrO aproHa wav nyteMm npoBefeHus pas-
OeNIeHNA NpU MOHWXEHHOM AaBJ/IEHUN.

A.7.2.4 CxuraHue obpasua B 1abopaTopHOM annaparte A5 CKuraHms

YcnoBusa CXuraHma 1 KONM4ecTBO MUCMbITyeMOro obpasua 3aBUCAT OT UCNOb3yeMOro annapata v MHCTPYKLUA nNpo-
n3sBoamTens.

C02 mMOXeT 6bITb YNOBEH C NOMOLLbIO pa3NyHbIX METOLO0B B 3aBMCUMMOCTW OT nabopatopun.

Nab6opaTopHbIii annapat ANs CKUraHUs LO/MKeH 6blTb CNOCO6GEH CKMraTb NoaxoAalWmii o6pasel, SRF ¢ NocTosHHOM
CKOPOCTbIO, C NOJSIHON KOHBepcuen npucyTcTBylowero yrnepoga B C02. Ang onpegeneHuns cogepxaHus 14C C02 cobu-
palT C NOMOLLbI0 MOAXOAALLEro UMMMHXepa, 3anosiHeHHoro pactsopom KOH (NaOH) o6bemom 4 mn/n. B pesynbTarte
nornoweHna CO02 6yaeT HabnwAaTbCA 3HaUUTENbHOE YMeEHbLLIeHe ob6bema rasa nocne ynasnvBaHus. NoaTomy rasosblii
Hacoc pacnonararlT nepes MMNUHXEPOM, a UCNO/b3yeMblli ra30Bblii HACOC A0/MKEH ObiTb ra30HENPOHULAEMbIM.
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B kauyectBe anbTepHatuBbl CO02 ynaBAuBalT C MOMOLLbIO KPUOTEHHOW NOBYLLUKW, KOTOpas COCTOMT M3 BOAHOW f10-
BYLIKM (CyxOli nef B 3TaHOMe WAM aueToHe), 3a KOTOpOi crefyeT KpuoreHHas nosywka. Heobxoanmo cobnwogatb ocTo-
POXHOCTb, YTO6LI M36exarb 06pa3oBaHNA XUAKOTO KUC/I0POAa, YTO [AO/HKHO OblTb AOCTUrHYTO MyTEM Harpesa JI0BYLUKU
HEMHOrO Bbllle TOYKM KUMEHUSA KMCNOpoAa C UCNONb30BaHMEM XUAKOIO aproHa Wan BbINOSIHEHUSA pasfesieHns npy NoHu-
XXEHHOM JaBneHun. B KauecTBe anbTepHaTMBbI, KOr4a UCNO/b3YHT YCKOPUTE/IbHYI0 Macc-cnektpomeTputo, C02 cobupatoT
nyTeM CMelunBaHUsA roMmoreHnsnpoBaHHoro SRF ¢ okcngom megn (CnO) B repMEeTUYHON, BakyyMUPOBaHHON KBapLeBOW
W BbICOKOKPEMHWEBOW, BbICOKOTEMNEpaTypHOI CTeknsHHOW Tpybke. BogsHoi nap (4o 3 Ma) gonyckaeTcs [06aBUTh
B TpybKy nepen BBegeHnem CO02, yToOGbl NMOMOYb yAaniMTb coegnHeHuns cepbl. Tpy6Ky HarpeBakT go 900 °C B TeueHue
3—5 4. C02 cobupatoT nyTem paspyLlieHns Tpy6ku ¢ NOMOLLbIO cneunanbHOro yCTPOCTBa, COEANHEHHOTO C BaKyyMHOW
CTEKNAHHOI NnHMel cbopa.

A.7.3 N3mepeHusa

Ecnn cobpaHHble 06pas3Lbl OTNPaB/AT B Creunanm3nposaHHele naboparopum, obpasiibl XpaHAT TakuM o6pasom,
4yto6bl C02 13 BOo3ayXxa He MOr nonacTb B abcopbLUMOHHbIN pacTBop. Mposepky yTeukn C02 13 Bo3ayXa BbINOSHAT NyTeM
NOAroTOBKM NabopaTopHbIX XO/I0CTbIX NPO6 Ha aTane oTbopa npob.

Ona onpegenexnsa cogepxaHns 6uomaccel 0 % cnegyeT MCNOb30BaTh CXWUraHWe 3TasOHHOTO Matepuana yrnis.

Ana cogepxaHuna 6uomacckl 100 % [OCTYNeH NepBUYHbIA CTaH4apT LiaBesieBoi KUCNOTbl, OHAKO 3TOT marepuan
TPYAHO CKWraTb W3-3a €ro HU3KOWN TEensoTBOPHOW CMNOCOGHOCTW W TPYAHOCTEl B NPUrOTOB/EHUW NOAXOAALLEN rpaHysibl.
MoryT ncnosib30BaThCA U Apyrue 3TasioHHble matepuasibl. PEKOMEHAYIOT KOHTPO/Ib C WUCMOJSIb30BaHMEM HEe3aBMCUMOro
100-KkOMMOHEHTHOro MaTepuasna (NoAxoAAT BHYTPEHHUEe slabopaTopHble 3TasIOHHble MaTepuasibl, Takne kak cobpaHHble
OBOLLU, NOArOTOB/IEHHbIE A1 APYrOr0 TUNa XMMUYECKOro aHasin3a).

MpumeyaHne — LaBenesyo KUCNOTY MOXET ObITb TPYAHO MOJIHOCTLI CXEYb B YC/IOBUAX, UCMOMb3YEMbIX B
3TOM [OKYMEHTE A/151 CKUTaHns 60MGbI, HO 3TO He BAUSIET Ha aHanUTUYeckne pesynbTaTbl B Clydae WCNonb3oBaHus anna-
paTta ycKopuTesibHOW Macc-CrnekTpoMeTpum.

Matepuansbl, KOTOpble MOTYT 6biTb UCMO/Ib30BaHbI:

- pacTuTesnbHble, C paHee onpejesieHHbIM CoepXXaHMeM 06LLEero yrnepoaa, yunTbiBasi, YTo OHM COCTOST Ha 100 %
13 bnomaccsl;

- L-ackop6GMHOBYI KMCMOTY U3 MPUMPOAHbLIX UCTOYHUKOB, C paHee onpefesieHHol YNCTOTOl M coaepaHueM o6LLero
yrnepoga u3 XuMmyeckoi gopmybl;

- mMarepuasn ¢ 3TaJIOHHbIM codepXaHuem 6uomacchl.

CnepyeT yuuTbiBaTb acrnekT, KacalLninca OLeHKM HeonpeneneHHOCTW, 3Ta/loHHble 3HauveHus 6uomaccbl 0 % un
100 % ncnonb3yoT 6e3 HeonpeaeneHHOCTU, NOCKO/IbKY OHWU BbIBOASATCS M3 TEOPETUYECKMX 0O6OCHOBAHWIA, a He U3 npu-
HSTbIX CPEHMX 3HAUYEHWIH U3 MeX1abopaTopPHbIX UCMbITAHWUNA.

A.8 Mpoueaypa onpegeneHnsa 14C meTogoM yCKOPUTENbHOM Macc-cnektpomeTpun AMS

A.8.1 O6wme NonoxeHus

B npunoxeHun onucbiBaloT npoueaypy onpegeneHua 14C metogom AMS B Kap60OHaTHbIX pacTBopax, MoayyeH-
HbIX NpY CXuraHum obpasuoB SRF B kanopumeTpuyeckon 6ombe, TpybyaToin neunm mnm nabopaTtopHOM yCTPOMCTBE A/is
CXKUraHus.

A.8.2 MpuHumn

MeToga yckopuTenbHOl Macc-cnektpomeTpum AMS onpegenseTt Hannune 14C Hanpamyo. ATOMbl B 06pasLe npeob-
pasylTcsa B Ny4oK MOHOB. O6pa3oBaHHble MOHbI YCKOPAKTCA B 9/1EKTPUYECKOM NO0Jie, OTK/IOHAKTCA B MarHUTHOM Mofe u
[eTeKTUPYITCA B flIeTEKTOPax MOHOB, YTO NPUBOAUT K OnpeAeneHno OTHOCUTE/TIbHOrO CoAepXXaHns N30TOMNOB 3TUX MOHOB.

AMS — 3T10 hpopmMa Macc-CrneKTpoMeTpun, UCNOMb3yeT 3/1IEKTPOCTATUYECKOE MOJ1e BLICOKOrO NnoTeHuuasna, Kotopoe
CNYXWUT He TOSIbKO ANS UX YCKOPeHUs, HO ¥ Ans cneuundmnyeckoro obpasoBaHus T0/1bKO MOHOB Cri (1 = oT 1 Ao 4), KoTopble
[OMyCcKalTCsA B CNEKTPOMETP, UCKIYasa BCe APYrne WMOHHble BUAbl. DTO 3HAYMTENbHO NOBbILWAET YYBCTBUTEIbHOCTb, He
CHWXasa cenektmBHocTW. 14C onpegenstoT B rpacute (yrnepoge), NosToMy Becb yriepof B obpasuax Ao/KeH 6biTb npe-
o6pasoBaH B rpacumT nepes aHaan3oMm.

C nomoubio AMS onpefensaoT COBPEMEHHYO hpakLuMio B yriepoje, npucyTcTBytowem B obpasue. Obuiee coaep-
XaHue yrnepoaa He onpefensioT ¢ NMOMOLLbIO 3TO MeTOAWKW, ONpeAenstoT OTAE/bHO.

A.8.3 PeareHTbl 1 martepuarnbl:

- MepBUYHbIV CTaHAapT LWaBeseBOl KNCAOTbl WAW Apyrve 3TafioHHble MaTtepuanbl (Hanpumep, L-ackop6buHoBas
Kncnota);

- XKenesocoAepxalmii kaTanmsaTop;

- BOAOpPOA;

- pactBop HCI (5 M);

- cyxoW nep;

- aueToH Wau 3TaHon;

- Xnakmii N2.
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A.8.4 Annapartypa:

- obopynoBaHue ANS NOArOoTOBKM 06pasLoB;

- CTaHuusA 3aMOopaXXmBaHWA XWUAKOro asora,;

- YCKOPUTENbHbIA Macc-cnektpoMmeTp AMS (CcM. pucyHok A.2).

A.8.5 lMpouepnypa:

- nepeHocAT kapboHaTHbIVi pacTBOp B KOMOY AN SKCTpaKumu;

- MpucoeauHAKT fgosupylowee yctpoiicteo HCI;

- ounwalT konby n Ao3upytolee yCTPONCTBO (Aerasauns, yaaneHne pactsopeHHbix N2 v 0 2 3 Bo3ayxa);
BHOcAT HCI B kapboHaTHbIi pacTBop;

yAanaioT napbl BoAbl C MOMOLLbIO JTOBYLUKMW, 3aMNO/THEHHON aLleTOHOM 1 CyXUM NbA0M;
cobupaloT ob6pasosasLumniica C02 B /IOBYLUKE, MOTPYXEHHON B XUAKNA N2;

oT6uMpaloT HebonbLOoK 06pasel Ana onpegeneHuns 13C Ha 3ToMm aTane;

nepeHocaT C02 B cuctemy rpacputmanpyroLLeil ycTaHOBKM (CM. pUCYHOK A.3).

1— MCTOYHMK MOHOB 0b6pasua; 2 — pekombuHatop; 3 — npepbiBaTeNb; 4 — TaHOEMHbIN yCKOPUTENb; 5 — KaHan ANs OTrOHKM;
6 — 110° mMarHuT; 7 — macc-CrnekTpoMeTp BbICOKOl 3Heprun; 8 — 12C-yawka; 9 — 13C-yawka; 10 — 33° afiekTpocTaTuyeckuii
nednektop; 11 — 90° marHuT; 12 — noHM3aLMOHHas Kamepa

PucyHok A.2 — TlMpuHunnnansHasa cxema AMS
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1— amnyna c o6pasuom B Buge C02; 2 — AaTunk faBneHns; 3 — 3/IEKTPOHHbIN oxnaxgarwmii anemeHT npu -18 °C
ans ynasnusaHus H20; 4 — kBapueBas Tpybka; 5 — rpacwmtosas neyb npu 600 °C; 6 — Fe nopoLuok

PucyHok A.3 — YcTaHoBKa rpacdumtumsanum

[a3006pa3Hbiii 06pasel, HaMpaBAST B CUCTEMY M3 KBApLLEBOWN TPyOKM uAM nocse Toro, Kak OH 6yAeT nomelleH B
XUAKUIA a30T € NocneaylowmMM HarpeBoM. 3aTem ras npeobpasyeTtcs B rpauT ¢ UCMONb30BaHNEM XENe3Horo katanmsaTo-
pa B COOTBETCTBUM CO CreaylLlMn hopmynamu:

CO02+ H2 <»H20 + CO, (AN)
CO+ H2«> H20 + C. (A5)

Bogy, nonyyeHHyo B pesynbTarte aTuX peakuuil, yaansaioT, 4To6bl o6ecneunTb NoSIHOE BOCCTAHOB/IEHUE A0 rpaduTa.
OTO 0COBEHHO BaXHO 418 NpefoTBpaLleHns pakLMoHNPOBaHNS.

padvT NpeccyoT B MULLEHb 1 YCTaHABNNBAKT Ha KOMECO nepej 3arpy3koil B YCKOPUTENbHbIA Macc-CnekTpomMeTp.
B MCTOYHMKE MOHOB CU/bHBIA MYYOK MOHOB Le3nsa (Cs+) QOKycupyeTcst Ha MuLEeHN. ITO BbICBOOOXAAET OTpULaTENbHO 3a-
PsKEHHbIE aTOMbl MULLIEHWU, MPOU3BOAA NMYYOK NOHOB C-36 K3B. MulleHn HaxoAAaTcsa Ha paccTofHun 10 Mm apyr oT gpyra,
4TOObI M36eXaTb NepeKPecTHOro 3arpsa3HeHns, U NnepeMeLlalnTcs BO BPeMS pacnblieHus, 4Tobbl nsbexarb Kpatepoobpa-
30BaHWsA, KOTOPOEe Bbi3biBAET (PpPaKLMOHMPOBaH/e. 3aTeM My4yoK oTpuuaTenbHbIX MOHOB (DOKYCUPYIOT NIMH30/ B pekoM6u-
HaTop. 34ecb psf MarHUTOB yganseT HeyrnepoaHble MOHbI U3 Nyyka W pasgenseT Tpu usortona yrnepoga (12C, 13C un 14C).
3aTem Koneco npepbiBatensa gusmyeckn 610kupyeT 60/bLUY0 YacTb 12C, NO3BOMIAS 3HAYUTE/IbHO YMEHbLUEHHOMY NyYKy
MOHOB yrnepoja pPekomMbuHMpoBaTbCs A5 OAHOBPEMEHHOW WHXEKUUW B yCKOpuTesnb. B TaHAEeMHOM ycKopuTese MOHbI
C yckopstTcs o TepmuHana (npu +2,5 MaB), a 3aTemM M3MeHSATCA Ha MOHbI C3+ nyTem CTOJIKHOBEHUA ¢ aToMamu Ar B
rasoBoMm cTpunnepe. 3TW NONOXMTE/bHbIE MOHbI yckopsatoTcsa Ao 10 MaB. 3apsgoBoe cocTosiHne 3+ BbIGpaHO, MOCKObKY
OTHOLWWEHNE Macchl K 3apagy 14C3+ aeiCTBUTE/IbHO YHUKaNbHO, YTO NO3BOMSET NPOBOAMTL €r0 TOYHOE pasfesieHne B Bbl-
COKO3HepreTM4YeckoM Macc-crnektpomeTtpe. NepBbiM 3/1EMEHTOM BbICOKO3IHEPreTU4eCcKoro Macc-crnekrpoMmeTtpa fAB/iseTcs
n3rnbarownin marinT 1100, pasgenstowmin yckopeHHble noHbl 12C, 13C n 14C. Myuykn 12C n 13C n3mepsoTcs B UuanHApax
dapages (TunuyHble Tokn 250 HA). MoHbl 14C3+ ganee gONO/HATENILHO OYMLLAKOTCS C NOMOLLbI 33° 3/1eKTpocTaTUYecko-
ro gecdhnekropa n 90° marHuTa. OHM U3MEPSAIOTCS B 3aN0/IHEHHON M306YTEHOM MOHM3ALUOHHON Kamepe, N30/IMPOBaHHOM
OT BaKyyma YCKOPWUTENs TOHKON meTanaunyeckol conbroin (n1oTHocTbio 250 Mkr/cm2). O6bIYHO 06pasel, aHannsmpyeTcs
B TEYEHMe 0AHOro vaca.

A.8.6 PacyeT pe3ynbTaTtoB

M30TonHble oTHoWweHuA 14C/12C n 13C/12C onpeAensaiT OTHOCUTENIbHO COOTBETCTBYHOLLErO NEPBUYHOIO 3TA/IOHHOIO
matepuana. Bce 3HaueHMsA NPOLLEHTHOrO cofepXaHus COBpeMeHHOro yranepogda pTC, nosyyYeHHble U3 U3MepeHuii paano-
yrnepoaHoro aHanmsa, AO/MKHbl H6bITb CKOPPEKTUPOBaHbI AN U30TOMHOIO (PpakLMOHMPOBAHNS C UCNOb30BaAHNEM AaHHbIX
cTabunbHbIX M30TONOB (OTHOWeEHMSA 13C/12C), nonyyeHHbIX Ha C 02, obpasyouemMcs Npu CxuraHum obpasua.

OnpegeneHune oTHoweHna 13C/12C Ha camOM Cbipb€BOM MaTepuasnie MOXeT NPUBECTU K OLUMOGOYHbIM pesy/ibTaTam
B HEKOTOPbLIX C/y4yasx.
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A.9 Pacuet pe3ynbTaTtoB

A.9.1 MonpaBoYHble KO3OPUNLMNEHTDI

[0 Ha3zeMHbIX NCMbITAHNI BOAOPOAHOW 6GOMOLI, HayaBLuMXcs B 1955 I. 1 npekpaLleHHbix B 1962 r., ypoBeHb 14C B aT-
Mocdepe 6bl1 MOCTOAHHBIM C TOYHOCTbLIO 0 HECKOJIbKUX MPOLEHTOB B TeYeHMe MocsefHero Teicayenetus. Cnegosaresb-
HO, o6paseL, NOCTYNUBLUNIA C 3TOr0 BPEMEHU, MEET YEeTKO ONnpefe/IeHHY0 «COBPEMEHHYI0» aKTUBHOCTb, W BKNaf UCKO-
naemMbix onpeaensoT NPocTbiM cnoco6om. OgHako 14C, NOCTYNUBLUWI BO BpeMS UCMbITaHWUI OPYXUS, YBENNYUN YPOBEHb
14C B atmocdhepe g0 200 pTC B 1962 1., ¢ ymeHblweHrem o 102 pTC B 2015 r. AKTMBHOCTb 14C o6pasua, NocTynueLlero
¢ 1962 r., 6ygeT noBblleHa B COOTBETCTBMM CO CPeHUM ypoBHeM 14C 3a uHTepBas pocTa.

Kpome TOro, 6onbwas amuccua nckonaemoro C B TeyeHue nocnefHnx AecsatuieTuin cCnocob6CTBYeT CHMKEHUIO OT-
HoweHunsa 14C/12C B aTmochepe.

B [1] ucnonb3ytoT 100 % 6uMoocHoBaHHOe 3HadyeHne C 101,5 pTC (gna 2016 r.). 370 3Ha4YeHMe JO/MKHO ObiTb
OCHOBOIi NS pacyeToB. [jpyrne 3HayeHus npuemsieMbl TONbKO B TOM C/lyyae, ecnvm MOryT 6biTb NpefocTaB/ieHbl gokasa-
TenbcTBa 3HayeHus pTC 6uoreHHon yactn matepuana. W3 3HaveHuns pTC 101,5 (okpyrneHHoro go 102) BbIBOAWTCA NO-
npaBoYHbIN ko3 puumeHT 0,98 (1/1,02). CunTaeTcs, YTO Takol NONPaBOYHbIN KOIPAULNEHT TeNepb CTabUNEH B TeYEHNe
nepvoga B HECKO/bKO NeT. AnA pacyeta cofepxaHus yrnepoga Ha ocHoBe bromacchl cogepxaHue 14C 100/0,98 p1C nnm
13,56/0,98 dpm Ha rpamm C paccmatpuBaeTcs kak 100 % copepxaHue yrnepofa Ha OCHOBe 6GuMomacchl gns 6momaccsl,
BblpaleHHon B 2015 r.

MpumeyaHusa

1 MonpaBoyHbIit KoathdurymeHT 0,98 cOOTBETCTBYET 3HAYEHMIO, NpMBEAEHHOMY B [1]. [onsA cogepxaHus 6romacchl
no cyxoi macce 6yfeT paccuMTaHa Cc UCMO/b30BaHWeM yrnepoga 6uomacchl B NpOAYyKTe HA OCHOBe 6uomacchl, kak u ans
OpYrux opraHnyeckux yrnepogHbix Mmarepuanos. B [1] nepeuncneHbl TUNWYHbIE 3HAYEHWUS AN TakuxX pacnpocTpaHeHHbIX
maTepuasnos.

2 CnpaBoy4Hoe 3HadyeHune ansa 2016 r. ocHoBaHO Ha M3MepeHusx CO02 B BO3AyXxe B CE/IbCKON MecTHOCTM B Hupgep-
naHpgax (SlioteBag, MPoHWHreH), BbINOHEHHbIX CHO (LLeHTpOM M30TOMHbLIX UCCefoBaHni, yHuBepcuteT MpoHMHreHa). A3-
MepeHue, nposefeHHoe B 2018 r., fano 3HaveHve pTC 100,7 (101).

YBenuueHne kKoHueHTpauum CO02 B BO3AyXe BbI3BAHO yBE/IMYEHWEM CXUraHWsA MCKOnaemoro Ttonnvea. To, Y4To 37O
yBenimyeHne KoHueHTpauun CO02 (Tak HasbiBaeMblii adhdpekT 3tocca) BbI3BAHO YBENNYEHNEM BbIOPOCOB UCKOMAEMOro TO-
nnvea, noaTreepxaaetcsa namepeHusamu 14C B atmocdpepHom CO02. MisMepeHns Ha MexXxAayHapoAHbIX naowankax (WaywH-
cnaHg, Weapuganbd, MPOHUHTEH) AaloT 3HaveHusa okono 102 pTC B 2015 r. B HacTosiwee Bpemsa CHWXEHWe cocTaBnseT
ot 0,4 no 0,5 pTC B rog, B OCHOBHOM M3-3a CXXUraHWsA UCKOMaemMoro Tonuvea.

[na BbICOKOTOYHbIX u3MepeHuii pTC Heobxoanmo onpefenntb U30TOoMHble OTHoweHus 14C/12C n 13C/12C, no-
CKOJIbKY HEOBXOAMMO BHECTM MOMpaBKy Ha U30TonHoe dypakunoHmposaHme. Bo Bpema o6paboTkm obpasua a1o hpakuymo-
HVMpOBaHWe MOXeT NPOM30ITH, eCcM aHaNM3MpPyeTCcsa TOMbKO YacTb COXOKEHHOro o6pasua. B 6nomacce Takxe npoMcxogsat
He60/blUne N3MEHEHUS B M30TOMHbIX OTHOLIEHUAX Yrnepoaa, 3To 3aBUCUT OT Tuna PoToCMHTE3a, NOCPesCTBOM KOTOPOro
o6pasoBanacb 6uomacca. bonblwas yactb 6uomacchl (Hanpumep, ApeBecuHa) OTHOCUTCA K Tak HasblBaemMoMy (hOTOCUH-
Te3y Tuna C3, HeKkoTopble Tponuyeckue pacteHus (Kykypysa, Tponuyeckue TpaBbl) OTHOCATCA K poTocuHTesy Tuna C4.
Ona npunoxeHnii SRF makcumanbHas MOrpeLlHoCcTb OUEHMBAETCS 3HAUYMTENbHO HMke 1 %, nockonbky ans 100 % 6uo-
maccbl C4 6yaeT uamepeHo 3HavyeHne 99 % 6uomaccol, ecnm He 6yAeT BbINOMHEHA N30TOMHAsA KOPPEKUUS.

Jonsa cogepxaHuss 6uomaccbl N0 Macce u Jons 6romMacchbl Mo COAEPXaHUI0 IHepPrun AO/MKHbI OblTb paccymTaHbl
C 1cnonb3oBaHMeM GUOreHHOro yraepoAa B TBEPAOM BOCCTAHOBMIEHHOM TOM/IVMBE W COAEPXaHUs yrnepoga u aHeprum BO
hpakymn 6romaccel.

CornacHo aKcrnepuMeHTalbHbIM AaHHbIM [1], 3HauyeHue 101 pTC ana 6uomacchbl MOXeT ObiTb MCNOb30BAHO AN
2019 r., yumTtbiBas cHmxeHue oueHkn Ha 0,3 pTC/rog n3-3a pasbasneHna 14C n3 atmocepHbIX BbIOGPOCOB; 3HaYyeHue
100 pTC MOXeT 6bITb 3KCTpanonupoBaHo Ha 2022 r. Mocne 2022 r. gasibHeliee CHWKEHNE, BEPOSITHO, NPUBEAET K 3Ha-
yeHunto pTC Hmke 100: 6osee TOYHAA IKCTPANONALUSA CTaHET BO3MOXHOI B ByayLiem, 1 HOBOE 3HaYeHne byaeT BKIUYEHO
B CNeflyloLLy0 pefakLuio 3Toro foKyMeHTa.

DKCTpanonMpoBaHHble AaHHble AO/MKHbI GbiTb MPOBEPEHbI B ByAyLLEM.

[na TBepAoro BoccTaHOB/IEHHOrO TonaveBa SRF, npov3sefeHHOro B OCHOBHOM W3 FOPOACKMX OTXOLO0B, 3HaYeHus
MOFYT OT/IMYATLCA HA PErvoHasibHOM OCHOBE M MX MOXHO WCMO/b30BaTb, ecnv ByayT NpefocTaB/ieHbl 06LIENpPUHATLIE
fokazatenbcTBa. O6llee 3HaYeHVe, yka3zaHHOe B 3TOM AOKYMEHTe ANS eBpOneiickoro 0TXoAHOro Marepuana, coctaBnset
116 pTC B 2009 1. OKcTpanonnposaHHoe 3Ha4vyeHne coctasnseT 109 ana 2009 r. u 3HaveHne 113 pTC gna 2006 r., yto
3HaunTeNbHO Bbiwe, Yem 108 pTC (cm. [1]). NmetoTca gaHHble no 2008 1. ana pasnuuHbix TMNoB SRF B gnanasoHe ot 115
(SRF u3 ropoackmx otxonoB) Ao 121 (SRF 13 KpynHbIX OTXOA40B): 3HayYeHune, 6sm3koe K 117, MOXHO oueHuTb gnia SRF u3
cMeLaHHbix otxogos. B TOCT P MCO 13833 yka3aHa ccblsika Ha 3HadeHue pTC ang 2010 r., paBHoe 111, ¢ yMeHbLUEHU-
em go 109 B 2015 r. no FTOCT P MCO 13833. 311 3Ha4eHna npusefeHbl Ha pucyHke A.4.

MockonbKy 3HavyeHnsa pTC pasnuyaloTcs No permoHam u A4ss pasHbix TMnos SRF, npegcras/ieHHble JaHHble UMET
3HauUNTENbHbI pa3dpoc.

W3 akcTpanonmpoBaHHOro 3HavyeHusa ans 2015 r. n c yuetom 0,3 pTC/rop, MOXHO NPeasioXnTb 3KCTpanoiMpoBaHHoe
3HaueHune gna 2020 r. B pasmepe 108 pTC.
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3HaveHusa pTC SRF (2008—2015 rr.)

PucyHok A.4 — 3HauveHnsa pTC ana SRF u3 nutepatypbl

Ana opyrmx BMAoOB TOMMBA, COCTOALMX U3 OTAE/bHbIX MaTepuasnos, NCNob3yloT 3HaveHus pTC:
- bymara u kapToH: 117 (2008 r.), 112 (2015 r.), 109 (2020 r.) (cm. pucyHoK A.5);
- APEeBEeCHbIi MaTepuan (3a UCKTHYEHNEM YUCTON Guomaccsl): 121 (2015 r.), 122 (2020 r.).

PucyHok A.5 — 3HaueHus pTC gna éymarn u kaptToHa

OxupaeTcs yBennueHne 3HadyeHmsa pTC us-3a pocta NOBTOPHOIO UCMNOJIb30BaHWA 6051ee HOBbIX MaTepuanos. Mox-
HO NPefnoXnTb KOHCEHCYCHOEe 3HayeHue, paBHoe 122.

M3 npegbigylinx npeacTaBfieHHbIX AaHHbIX SCHO, YTO TOYHbIM BbI6OP KOHTPOSIbHLIX 3HaYeHuii pTC Ana cBexei
6uomacchl 1 ansa SRF nMmeeT pellarulee 3HavyeHne ansa npuMeHeHus atoro ctaHgapta. 101 pTC ana ceexelt 6uomaccol
n 107 pTC gna SRF cnepyeT Ucnonb30BaTb Ha OCHOBE MMEHLLNXCA NUTepaTypHbIX OaHHbIX.

Ecnn gocTtynHa TouHas uHcopmaumsa o coctase SRF 1 3HauyeHun pTC oTAeNbHbIX hpakuuii, noayyatot 6onee Tou-
Hoe 3HayeHune pTC ang atoro Tmna SRF 1 ncnonb3yot 310 3HayeHne pTC. 3TO 3HAYeHNEe M MEeTOo[ ero pacyera [AOJ/DKHbI
ObITb BK/OYEHbI B OTYET 06 MCMbITaHMAX (CM. pasgen 9).

MpumevaHnne — Tpumep pacyeta npusegeH B Tabnuue A. 1.
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Tab6nuya A.l— [aHHble pacyeTa

Huswasn
warepuar sonepon ca %6 JEDIOP e, o oM % e,
MIx/xr
[peBecrHa OT cHoca 50 19 114 15,4 88
KapToH 45 17 110 15,1 91
Makynatypa 47 17 110 15,4 9
Csexas 6uomacca 48 18 101 14,3 99
3HavyeHne SRF 47,5 18,4 107 15,2 93

Ecnn, Hanpumep, dpakuns 6umomaccbl SRF 6yaeT coCTOATb TO/IbKO M3 MCMNOJSIb30BaHHOW Bymaru, To 4Nns aToin dopak-
uun 6uomaccs! 3HadeHnne pTC coctasuT 110, 3HavyeHne DPM— 15,4, cogepxaHue yrnepoga — 47 % wn yictasa Tenso-
TBOpPHas CNoco6HOCTb — 17 M/Kr. 3TW AaHHble A0/MKHbI 6bITb MCNONBL30BaHbI B KAYECTBE OCHOBbI ANS pacyeTa (cm. Ta-
6nunyy A.1). CnepoBatenbHo, ans cmecn SRF, cogepxauiein 50 % mcnonb3oBaHHoW Gymarn (m/m) n 50 % dpakuum He
6uomaccsl, byaet nsmepeHo 3HadeHne pTC 114/2 = 57 (unun 3HaveHne DPM 15,4/2 = 7,7), 4TO NpuBELET K COAEPXaHUto
3Heprun 6uomaccel 17/2 = 8,5 MIx/kr.

A.9.2 MNpumep nepesoja cofepxaHnss 6MOreHHOro yriepoa B cogepxaHue énomaccbl

B obpasue SRF c obwmm cogepxaHvem aHeprun 18,1 MK/Kr 66110 N3MEPEHO KOMYECTBO GBUOreHHOro yrnepo-
fAa — 20,0 %.

BromaccoBas thpakuns obpasua SRF 6bi1a oueHeHa kak bymaxHaa pakuns, cogepxawas 46,6 % yrnepoga.

Torga maccoBast gonst buomacchl wB coctaBut 20,0 m100/46,6 = 42,9 %.

A.9.3 Mpumep npeobpasoBaHNa BUOreHHOro CoAepXaHWA yrnepoia B dHepreTuyeckoe cogepxaHume
6nomacchbl CO cMellaHHOol thpakuuneli uomaccsl

B o6pasue SRF c o6wum aHepretnyeckum cogepxanvem 18,1 MIx/kr ad n obwwmm yrnepogom 43 % ad 6b1s10 13-
MEpPEHO KOMmMyecTBO 6GuoreHHoro yrnepoga — 20 %.

Buomacca obpasua SRF 6bina oyeHeHa kak coctoswast n3 30 % (m/m) gpeBecuHbl cHoca 1 70 % (m/m) Bymarw.

MaccoBasa pona 6uomaccel wWB Torga coctasmt 30/100 « 20 « 100/50 (U3 Tabnuubl A.1) + 70/100 « 20 « 100/47 (13
Tabnuupl A.1) = 41,8 %.

CopgepxaHne aHeprum B 6uomacce coctaBuT 30/100 ¢ 20 « 19/50 + 70/100 « 20 m 17/47 = 7,34 MIOx/kr n
wbcal/= 7-34/ 18,1 = 39,2%.
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MpunoxeHve B
(o6sa3aTenibHoOe)

OnpepeneHue cogepxaHusa 6nomacchbl C UCNOb30BaHMEM MeTo[a CefieKTUBHOro pactBopeHnsa SDM

B.1 O6wwme nonoxeHns

B npunoxeHuu ykasaHbl npouenypbl onpefenieHns cofepxaHms 6uomaccsl, BbipaXXeHHOro B NpoLeHTax no macce,
no TennoTBOPHOM CNOCOBHOCTU U NO COAEepXaHWo yrinepoda C UCMOMb30BaHWEM MeTOofa CefeKTUBHOro pacTBOpeHus
SDM. MeTog, CenekTMBHOTO pacTBOPEHUS OCHOBAH Ha TOM, 4YTO GuMomMacca OKWUCASETCA 3HAYUTeNbHO ObicTpee, YeMm He
6romacca.

B.2 MpuHunn

SDM ans onpefeneHus cogepxaHua 6uomacchl, BbIpaXXEHHOIO B MPOLEHTax no mMacce, BKoyaeT 06paboTKy KOH-
LeHTPMPOBAHHON CepHON KMCnoTol ¢ fobaBneHnem nepekucy sogopoga. Kak npaswio, 6uomacca B TBEpPAOM BOCCTaHOB-
NIeHHOM TonimBe BGyfeT Ce/leKTUBHO pacTBOPATLCA, a He 6uomacca OCTaHeTCs B OCTaTke.

[nsa onpepenexHva copepxaHnsa 6romacchl, BbIpaXXEHHOrO B MpOLEHTax no macce, obpasel, B3BelUMBalOT A0 U NO-
Cne cenekTMBHOro pacTtBopeHus. CofepxaHue 6momacchl No mMacce KOpPPeKTUPYKT Ha cofepxaHue KkapboHaToB nyTem
n3MepeHusa cogepxanus 3ol no FOCT P 72264— 2025 (meTog A) A0 v nocne pactBopeHus. Ha pucyHke B.1 nokasaHo,
Kakue aTtarbl BbINOMHAKT NPV ONpefesieHnn cojepxaHus 6nomacchl B NPOLLEHTax Mo macce C Ucnosib3osaHnem SDM.

OnpegenexHvie cogepxaHnsa 6momacchl No TennoTBOPHOW CNOCOBHOCTM COCTOWUT U3 ABYX 3Tanos. Ha nepBom aTane
onpefensioT Tens0TBOPHbIE CNOCOBHOCTM BCero obpasua u dpakumm He 6buomacchl. Ha BTOpoM — cogepxaHve 6uo-
Maccobl No aHeprocofepxaHuio. Ha pucyHke B.2 nokasaH MpuHLMMN, MO KOTOPOMY ONpeAenstoT yaesibHble Ten/0TBOPHbIE
Cnoco6HoCTM hpakymun. B 3aBMCMMOCTH OT MCNONb30BaHUA pe3y/bTaToB COAepXaHne 6uomacchl MOXeT BbiTb paccunuTaHo
B NPOLEHTax No HU3LWeW TeN/I0TBOPHON CNOCOBHOCTM UM MO BbiCLIEW TENIOTBOPHON cnocobHocTu. MNepes npumeHeHnem
HaCTOSILLEr0 NMPUIOXKEHNs Heob6xoAMMOo caenaTb BbiGop, GyaeT nv dpakumsa 6nomaccel onpefenaTbCs Mo HU3LWEeNR Tenso-
TBOPHOI CMOCOBHOCTW WM BbICLLEN TENSIOTBOPHOM CNOCOGHOCTU. Bce TensoTBOPHbIE CMNOCOGHOCTM B OCTa/IbHON YacTu
NpUAoXeHUsa ByayT 3aTeM BblpaXaTbCA B COOTBETCTBUW C 3TUM BblGOPOM.

OnpegenexHve cogepxaHua GuomMacchbl MO COAEPXaHMIO yriepoda BKAYAeT onpefesieHne Konuyectsa obuiero
yrnepoga Ao v nocne cenekTBHOIO pacTBOpeHus dpakuny 6uomacchl. PesynbTaTbl UCNOML3YIOT 4718 pacyeToB cogep-
XaHus 6Momacchl, BblpaXXE€HHOro B NpoLeHTax OT obuiero yrnepoga. MakcumasbHas OTHOCMTE/IbHAsA MOrpPeLHoCTb ANns
coaepXxaHua 6uomaccel oT o0buiero yrnepoga coctasnset 0,4 % Ha 1,0 % no macce dpakumm 307bl. Takmm obpasom, Mo-
npaBka Ha kap6oHaT, NPUCYTCTBYIOLWNIA B 30/1e, BHOCUTCSH, ECNIN COAEPXaHue 30/1bl B UICXOAHOM 06pasLe (kak onpeneseHo
B HacTosLweM npunoxeHumn) npesbiwaet 10 % no macce Ha cyxoe BellecTBo. Ha pucyHke B.3 nokasaHo, kakue aTtanbl Bbl-
NOSIHAIOT NpY onpeaeneHnn cogepxaHus 6romaccel ¢ ucnonb3osaHnem SDM ana onpegeneHus cogepxaHus 6uomacchl
B MpoLeHTax oT obLero yrnepogaa.

B.3 OrpaHnueHusa

MwuHMManbHoe Konnyectso obpasua, UCMNosb3yemoe AN KaxXAoro UCMbITaHusA, [O/DKHO COCTaBNATb He MeHee 5T
mMaTepuana C HOMUHa/IbHbIM BEPXHUM pasMepom 1 Mm Wan MeHee. [lpyrme nofpo6HOCT 06 orpaHnyeHusx aToro Metoga
yKasaHbl B npuaoxeHun D.

B.4 PeareHTbl 1 matepuasibl:

- 78 % (r/r) H2S 04 (nabopaTopHOro kayecTsa);

- 35 % (r/r) H20 2 (nabopaTopHOro KayecTtBsa);

- unbTp K3 cTeknoBonokHa GF 6, guametpom 10 nnm 12,5 cMm (punbTp, KOTOPLIV OCHALLEH AN1A YAEPXAHUS YacTul,
pa3mepom 60siee 1 MKM); B C/lydae BbICOKOro cofepxaHus 6uomaccol (6osee 80 %) SRF MCnonb3yloT (UAbTP C MEHbLUUM
AnameTpoM (Hanpumep, 5 cm). PuabTPbl JO/MKHbI 6bITb YCTONYMBLI K TeMnepaType 550 °C;

- AUCTUNNPOBaHHaA Boa.

MpumevyaHune — T[lpuMepbl MaTepuasnos C BbICOKO 6Momaccoii npueeaeHsl B Tabnuue D.1.

B.5 Annapatypa

Annapartypa, Heobxoaumas AN BbINOAHeHNs SDM:

- dmnbTpyloLLEee YyCTPONCTBO (Hanpumep, BopoHka BloxHepa);

- KoHuueckas konba (500 mn);

- JKcukartop;

- MydhesibHas neyb C BO3MOXHOCTbIO Harpesa 6onee 550 °C;

- Yawa, cocTosilwas 13 MHeEPTHOro MaTepuana (Hanpumep, apdop, KPEMHUIA nanM naatuHa);

- pexylas wandosasibHas MalluHa Win Apyroi WnngoBanbHbI annapar, KOTopblli MOXEeT MCNo/b30BaTbea ANs
n3MenbyeHns o6pasyos 0 1 MM U MeHee;

- BbITSDKHOW WKad;
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- npu6op Ans uamepeHusi pH;
- BECbl, CNoco6Hble B3BelLMBaTb yally ¢ 06pa3LoM C TOYHOCTbLIO 40 0,1 Mr.

B.6 Mpoueaypa onpegesieHnsa cogepxaHna 61MoMacchbl, BbIPaXXeHHOro B NpoueHTax no macce

B.6.1 O6wme nonoxeHus

B COOTBETCTBUU C AaHHOI NpoLeaypoii onpefenstoT cojepxaHne 61MomMacchl, BbIpaXXeHHOe B MpoLeHTax no macce,
¢ ucnonb3oBaHnem SDM. Ha pucyHke B.1 nokasaH MpuHLWMM, MO KOTOPOMY OnpeaensiioT NpoueHT GuomMacchl No macce.

PucyHok B.1 — SDM ans onpegenexus cogepxaHus 6uomaccsl

B.6.2 Mpouenypa

MoarotoBky obpasua npoogsat no FTOCT P 12211 n FOCT P 12213.

MoarotoBky ob6pasua g5 ucnbiTaHuii npoogAaT no FOCT P 12211.

BbINONHSAT cnegywowme aeicTems:

a) oTbupaloT gse npobbl, A 1 B, N0 51 1 HOMUHaNBHLIM BEPXHUM pa3MepoM 1 MM nnu meHee no FOCT P 12211 u
3anucbiBalT UX Maccy;

b) onpeAensaT 30/1bHOCTb Npobbl A, ASRFNo TOCT P 12264—2025 (meTog A). Ecnn Heobxoaumo onpeaenunTb co-
LepxaHue buomaccol, BbipaXeHHOe B NMpoLeHTax OT obuwero cogepxaHus yrnepoga (cm. B.8), 301y coxpaHsioT;

C) BbICyLWIMBAlOT M OxNaxgatwT npoby B B Turne npu Temnepatype (105 + 2) °C A0 NOCTOSSHHOW Macchbl MO
FOCT P 12210 u ocTaBnd0T B aKcukatope. B cnyuae, ecnu SRF cofepxuT fieTyymne coeguHeHnsi, peKkoMeHAyT UCNosib-
30BaTb MeTog Kapna ®uwepa Ha gpyroli TectoBoli npobe.

MpumMeyaHne — [1/19 HEKOTOPbIX TUMOB TBEPLOIO BOCCTAHOB/IEHHOTO TOM/IMBA MOXET BO3HUKHYTb PUCK CaMo-
BO3ropaHus npu cywke npu 105 °C;

d) B3BeLLMBAIOT BbICYLLUEHHY TECTOBYH npoby B ¢ TouHocTbio A0 0,1 Mr v 3anucbiBaloT maccy mSRF,

€) nomewaloT TecToByto nNpoby B B nyctyto konby o6vemom 500 mr;

f) Heo6xoanmo y6eanTbCs, UYTO TUreb MOMIHOCTbIO NYCT MOC/Ae OYUCTKM KOMObl, B NPOTUBHOM C/lyvyae onpegensoTt
Maccy [0 1 Nnocse O4MCTKU, YTO MO3BOMUT nepecunTatb MSRA

g) pobasnsaT 150 mn 78 % (r/r) H2S 04 B KOHMYeCKyH0 konby, TwaTesibHO nepemMelumBaloT obpasel, BpyyHyto. Obpa-

3el, fo/HKeH 6bITb MOMHOCTLIO cMoYeH H2S 04. MomeLatoT Konby € COAEePXKMMbIM B BbITSXHON wWkad Ha (16 + 2) u (MoxeT
noTpeboBaTbCa OxnaxaeHue);
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h) yepes (16 * 2) u go6asnsatT 30 mn 35 % (r/r) H20 2 MegneHHO, YTOObLI KOHTPONMPOBATL peakuuto. TuwaTenbHo
nepemeLumBaloT obpasel, BpyyHyto. Obpasel, AO/KeH 6biTb NOMHOCTLIO CMoYeH H20 2. MomewanT KOHMYECKY0 KoNby B
BbITSDKHON Wkad) Ha (5 = 1) 4 (MOXeT NnoTpeboBaTbCA OXaxXAeHMNE);

i) BbICYLLUMBAIOT CTEK/TOBOJIOKOHHbIA UABLTP U 3anncbiBatoT ero maccy T Llen

j) yepes (5 = 1) u pasbasnsT o6pasey, B 300 Ma AUCTUNNMPOBAHHOI BOApl, a 3aTeM OT(UILTPOBLIBAKOT €r0 Yepes
CTEK/I0BOSIOKOHHbIV (PUIbTP B BOPOHKE BrOXHEpa uav aHasnormMyHoOM YyCTPOMCTBE;

K) yaansoT cepHyl KUCNOTY, NPOMbIB OCTATOK LIECTb0 nopuusamu no 50 Ma AUCTunaMpoBaHHoOl Boabl. Heobxoau-
MO y6eanTbcs, 4To BCe 50 MA AUCTUANMPOBAHHON BOAbl yAaneHbl nepej Ao6aBneHveM crnegyoleii nopuMn uam noka
nocnegHuii oThUNbLTPOBAaHHbLIN 06beM He 6yaeT umeTb pH He meHee 3,0;

1) BbICYLUMBAIOT TBEPAbIA OCTATOK M3 UCMbITyeMO yactu B BmecTe ¢ comnbTpoM npu 105 °C 0 AOCTUXEHUS MO-
CTOSIHHOI Macchl;

T) B3BELUVBAIOT BbICYLLEHHbI OCTATOK B BMecTe ¢ huIbTPOM C TOYHOCTbO A0 0,1 Mr 1 3anucbiBaldT Maccy mresjdue;

n) onpeaenstoT 30/1bHOCTL mreJdue-ash TBEpAOro octaTka M3 ucnbiTyemoin yactm B no FTOCT P 72264—2025 (me-
Toa A).

B.6.3 PacyeT pe3ynbTaros
PesynbTathl ucnbiTaHUs Ha pacTBopeHune u popmynsl (B.1) n (B.2) ncnonb3yloT gnsa pacyeTta cogepxaHusa buomac-
Cbl, COAepXaHuns 30/bl U COAepXaHnsa He 6MoMacchl Ha CyxOil OCHOBE, BbIPaXeHHOro B MPOLLeHTax no macce.
Onpegenexve cogepxaHnsa 6Gmomacchl Ha cyxoi ocHose Wh, % Macc., paccunTbiBalOT No hopmyne
Mresde~ Wresdieash  Asrf ]1. 100

= B.1
wB m SRF 100 Jj B1)

Pacuet copepxaHus He 6uomaccel B cyxom Buae WNB, % macc., npoBogaT no opmyne
wnb - ]OO— xB - Asrf. (B.Z)

Pesynbtatom siBnsetca unctasa (100 %) 6uomacca wam He 6Guomacca, paccumTaHHas OT 06Lei cyxoli maccbl. IT0
03HauaeT, YTo Npu pacuyeTe, Hanpumep, 3HepreTUYeckoin LeHHocTn SRF cneayeT UCNonb3oBaTh 3HAYEHUSI TEMNIOTBOPHO
CMOCOGHOCTY Ha cyxyk 6e330/bHYyt0 maccy daf.

Mpumep — O6pasey, SRF nmeeT 30n1bHOCTbL 15,0 % d.

OT6upaeTcsa npoba okono 5r (nocne cylwkn 6bI/10 3aMeYeH0, YTO cyxast Macca cocTasnisieT 5,1013 r).
[Ons aToro MmaTepuana NpoBoANTCSA pac TBOPEHUE.

Mocne pacTBOpPeEHUs OCTAaTOK BbiCylLMBaeTCA 1 B3BellMBaeTCcs. Macca cocTaBnseT 2,5028 r.
3aTem OCTaTOK 030/19eTCH, U OCTaBLIasAca Macca 30/bl ocTaTka cocTasnseT 0,4110 r.

2,5028-0,4110 15,0
& ' ' 100 = 44.
we 1 5,1013 100 ) 00

CopepxXaHune He 6uomacchl B CyXOM Bue paccunThbiBaloT, Ucnonb3ysa popmyny (B.2)
WNB =100-44-15 =41
B.7 Mpoueaypa onpeferneHns coaepxaHusa 6nomacchl nNo TeN/1I0TBOPHOM CNOCOBHOCTH

B.7.1 O6wue nonoxeHuns

B cooTBeTCTBUM C 3TOV NpOLLeAypOil onpeAensioT yaebHble TENI0TBOPHbIE CNOCOGHOCTH dipakuuii 6uomacch! 1 He
6uomMacchl. 3T TeNI0TBOPHbIE CNOCOBHOCTH MOTYT GbiTh BblpaykeHbl NGO Kak HU3LWasA Tens0TBOpHas CNOCO6HOCTb, 60
KaK BbICLLIAs TEMIOTBOPHASA CMOCOOHOCTb.

Onpegenexne cogepxaHns 6uomacchl B TBEPAOM BOCCTAHOB/IEHHOM TOMN/IMBE OCHOBaHO Ha SDM.

B.7.2 Npouenypa

OnpegeneHne cogepxaHusa GuomMacchl Mo TENI0TBOPHOW CNOCOBHOCTM COCTOUT U3 ABYX 3TanoB. Ha nepsom aTane
onpefensawT TEeN/I0TBOPHbIE CNOCOOGHOCTM hpakunn Guomaccel 1 He buomacchl. Ha BTOpom aTane onpefensaioT cojepxa-
HVe 6uomacchl Mo aHeprocogepxaHuto. Ha pucyHke B.2 nokasaH MpuHLMM, MO KOTOPOMY OnpeAensioT yaeNbHble Tenao-
TBOPHbIE CNOCOBHOCTMN hpakLum.

22



FOCT P 72266—2025

PucyHok B.2 — Onpefgenexune cofepxaHusa 61MomMacchl no TensoTBOPHON Cnoco6HOCTH

B 3aBMCMMOCTV OT UCMONb30BaHWS Pe3y/ibTaToB coAepXxaHne Gromacchl MOXeT ObiTb paccuMTaHo B NPOLEHTax no
HM3LWeli TennoTBOPHOW CNOCOBGHOCTM WM MO BbICLUEN TeNJO0TBOPHOW cnoco6HOCTU. MNepen NpMMEHEHWEM 3TOro MeToga
Heob6xoaMMO cAenatb BblGoOp, GyAeT nu cpakumsa Gromacchl onpeaensitbCa Nno HusLel TEeNN0TBOPHOW CNOCOBGHOCTU MK
BbiCLLUEli TeNnNO0TBOPHOI CNOCOGHOCTM. Bce TensoTBOPHbIE CMOCOBGHOCTM B OCTa/IbHOIM YacTu 3TOro NpuIoXeHust 6yayT 3a-

TeM BblpaXKeHbl B COOTBETCTBMMU C BbIGOPOM.

TennoTBopHasA CNOCOGHOCTb U 30/IbHOCTL 06pa3ua W ocTartka AO/DKHbl ObiTb onpegeneHsl no FOCT P 72268 u
FOCT P 72264—2025 (meTog A) cOoOTBETCTBEHHO. C 3TUMM 3HAYEHMAMW PACCUUTLIBAKOT yAesibHble TEN/IOTBOPHbIE CMO-

CO6HOCTU dhpakumm.

Mpw BbiCLel TENOTBOPHOM CNOCO6HOCTM thopmynbl B Tabnuue B.1 mMoryT 6biTb MCMONb30BaHbl 4151 Npeobpasosa-
HWS JaHHbIX, NMOMYYEHHbIX 4715 CyXOli OCHOBbI, B NMOJIyYeHHble A1 OCHOBbI UM CyXOli OCHOBbI 6€3 30/1bl.

Ta6nuya Bl — dopmynbl 4ns nepecyeTa BbiCLIEl TENIOTBOPHO CNOCOGHOCTH

MonyueHHble P?gg;;ﬂ:'o?:yi’g?a MonyueHHble
o6pazeuy)ad AaHHblel) ar
PesynbTtaThl aHanusa (Bos- TUD_*
AywHo-cyxoii obpasey) ad 100-M af
100 -Med

[MonyyeHHble AaHHble ar
Y A 100 -m Br

Tpebyemble

Ons cyxoit ocHoBbl d

100
100-M ad

100
Qo

Ons cyxoi
6e330/1bHOV OCHOBBI
daf

100
100 - {*4*-M**)

100
100-(Mar+Aa)

23



FOCT P 72266—2025

OKOH4YaHue Tabnuubl B. 1

Tpebyembie
MonyveHHble PesynbTarsl aHanusa MonyuerHble 5 Ana cyxoit
(BO3AYLLHO-CYXOiA Ons cyxoii ocHoBbl d 6€330/1bHOIi OCHOBBI
naHHblel) ar
o6pasey) ad daf
[Onsa cyxoli ocHoBbI d +o-MN oo — Q 100
®
100 100 0o ! 45w
[na cyxoi 6e330nbHOI 0 O-CMaii + A*,) 100 - (Md+ Aa) Foo ~ AG
OCHOBbI daf 100 100 100

1) dopmMynbl, NpuBeAeHHbIE AN pacyeTa pesynbTaToB N0 MPUHLMMY «MOMyYeHHble AaHHble», UCMOMb3YT AN
pacyeTa BHe 3aBMCHMOCTU OT BNAXHOCTU 06pasLoB.

[ns onpefenexHns TEN/IOTBOPHOI CMNOCOGHOCTW OTAENbHbIX (DPaKUuii BEINOMHAT creaylolme waru:

a) oTobmpatoT obpasew, no FTOCT P 12213 v nogrotaBnusatT obpasew, no FTOCT P 1221T,

b) onpegensalT TENIOTBOPHYD CNOCOGHOCTbL U 30/1bLHOCTL Obpasua no NMOCT P 12268 n TOCT P 12264—2025
(meTog A);

C) onpeAensitoT cogepxaHve He 6GuoMacchl B 06paslie AN1a aHanm3a B COOTBETCTBUU C B.6;

d) oTéupaloT HOBLIN 06pasey ANa aHasm3a U BbINMOAHAKT NYHKTbI C) — T) B COOTBETCTBUM C M. B.6.2. Ecnn oueHka
cogepxaHuns 6nomacchl nokasbiBaeT, 4To 5 r o6pasua Ansa aHanm3a HefoCTaToOuyHO ANA onpefeneHns TenI0TBOPHON cno-
COGHOCTM ocTaTtka, To 06beMbl NPO6GLI cneAyeT NPONoOPLUOHAIEHO YBENUYUTD;

€) onpefensioT 30/1bHOCTb U TEM/IOTBOPHY CNOCOGHOCTL OcTaTka. Ecnv nocne cenekTMBHOrO pacTBOPEHUst NOMy-
yaeTca mMeHee 1rocTtaTka naun [ona Menkux 4acTtul B OCTaTke Be/iMka, OCTaToK BMecTe C (*)I/IﬂprOM cnenyet N3MenbvnTb
Ana onpegeneHvs TeNI0TBOPHOIN CNOCOBHOCTU, a BKNag unabTpa cnegyeT BblYeCTb M3 pesybTara.

B.7.3 PacueT pe3ynbTaros
TennoTBOPHY CNOCOGHOCTL hpakumm He Guomacchbl Ha Cyxoil u 6e330nbHOI ocHoBe (NB(daf) paccunTbiBalOT Mo

hopmyne

HAresidle
Q) = (B.3)

1 — Aresidud~00

TennoTBOPHY CMNOCOGHOCTL (pakumm GMOoMacchl Ha Cyxoil M 6e330/1bHOI OcHoBe (B/daf) paccuuTbiBalOT no
thopmyne
*nb\ n
OSRH(def) ~ [I00/ * <NB(cH)
<7dda'): (B-4)
1-1{ 100 !~

Mpumep — Ansa cyxoro o6pasya SRF 6611 onpegenerbl cnepytouime ceoncTBa: gsRF(daf) = *8,27 MIk/Kr;
30/1bHOCTb Asrfuy =8,0 %. B TecTe Ha ce/leKTVBHOE pacTBOpPeHME KoNM4ecTBO ocTaTka xNBUafj cocTasuno
40 %, 301bHOCTb ANB = 10,2 % 1 gNB = 25,03 Mx/Kr. T. 0. umeemMm:

18,21 25,03/1(1 _1 M\
L _ N
AwOel | 1 40 8 0/100 =13,58 (dal).

-~ 100 ;

Mpoueaypa onpegeneHns cogepxaHnsa 6uomacchbl B MpOLEHTax Mo TeNI0TBOPHOW CNOCOBHOCTM COCTOUT U3 YeTbl-
pex aTanos:

1) onpegeneHne coaepxaHua 6uomacchl XB U cogepxaHusi He 6uomaccel XNB (cm. B.6.3);
2) onpepeneHne yaenbHon Ten0TBOPHOW cnocobHocT dhpakymii (cm. B. 7);
3) onpegenexHve cogepxaHns 6uomacchl B NpoLeHTax no TEeN/I0TBOPHON CNOCOBHOCTY;
4) copgepxaHune 6romacchl Mo TenJI0TBOPHOI CNOCOGHOCTW, KOTOPOE paccyuUTbiBalOT Mo hopmynam:

XBfB
- B-
WSIQ = " ope (B-5)
wNB,cal ~ 100 “ wB,cal * (B'G)
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B.8 MeTof onpeaeneHnsi coaepxaHus GUoMacchl Nno cogepxaHuio obuiero yrnepoga TC

B.8.1 O6uwme nonoxeHus

B cooTBeTCTBMM CAAHHLIM METOAOM ONpeensaT cogepxaHue buomaccsl B npoLeHTax oT obLero yrinepoga nytem
Ce/IeKTUBHOIO PacTBOPEHWs TBEPLOro BOCCTAHOB/IEHHOro Tonsvea. CofepxaHue obLero yrnepoga onpepensaoT [0 U
nocne CefleKTMBHOIO pacTBOpeHus 6uomacchl. PesynbTaTbl MCMOMbL3YOT A1 pacyeToB codepxaHusa buomacchl, Bbipa-
XXEHHOro B npoueHTax oT obuiero yrnepoga. MakcumasbHas OTHOCUTE/IbHAA MOrPeLHOCTb A8 cofepXaHua Guomacchl
oT obuwero yrnepoga coctasnset 0,4 % Ha 1,0 % no macce gpakuymm 300bl. [03TOMy nonpaeky Ha kapboHaT, NPUCYTCTBY-
IOWNIA B 30M1€e, AenatoT, eC/iv CoAepXaHne 30/1bl B UCXO4HOM 06pasue (cM. npuaoxeHue B) npesbiwaeT 10 % no macce Ha
CYXYy'l0 OCHOBY.

Ha pucyHke B.3 npuBefeH anroputm onpegeneHns cogepxaHusa 6uomacchl ¢ ucnosb3oaHmem SDM gns aHanusa
coepXaHusa 6momMacchl B NpoueHTax OT obLiero yrnepoga.

PucyHok B.3 — MeToA CenekTMBHOIO pacTBOPEHUS ANs OnpefenieHns cogepxanus Guomacchl B %
oT 06LWEero cogepxaxus yrneposa

Mo SDM panee [OMXHbI 6biTb BbINOMHEHbI CReAylOWMe Warv Ans onpeaeneHusl cogepxaHus 6romacchl B Npo-
LleHTax oT o6uiero yrnepoga:

a) oTbupaloT yeTbipe npobbl A, B, C n D: npo6bbl A 1 B O/MKHbI UMEeTb Maccy He MeHee 5 T, npo6bl C 1 D AO/MKHbI
cooTBeTcTBOBaThL TpeboBaHnsm TOCT P 72265, 3anucbiBaloT Maccy Bcex npoo;
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b) onpegenstoT B npobax /1 B 301y ASRF 1 ocTaTtouHyto dopakuuio xresidue no macce B cooTBeTcTBUM € B.6.1 1 co-
XpaHAT 307y,

C) ecnn cofepxaHue 3016l 6onbwe 10 % no macce, cnegywowmm AsnseTca war d), B NpOTUBHOM c/lydyae Heobxo-
OVMO nepeiTn K wary e);

d) onpegensioT coaepxaHune obLiero yrnepoga Bo dpakumm 30bl no FTOCT P 72265, octaTka 30/bl, COXPAHEHHOTO
Ha ware b). 3anucbiBaloT ee kak Cash. B 3aBMCMMOCTM OT aHanu3a o6Lero yrnepoga ncnosnb3yT 60/blne 06bembl Npob
WAV NOBTOPSAIOT aHaNn3bl;

€) onpefensT coaepxaHue obuero yrnepoga B npobe C no FOCT P 72265 1 3anucbiBaloT ee kak cofepxaHue
obuiero yrnepoga B obuiem obpasue C/of;

f) oténpatoT npoby D ¢ MMHMMaNbHLIM pa3mepoM B COOTBETCTBUM C COAep)xaHmeM ocTartka xresidue.

MpumeyaHne — B cnyyae NpMMEHEHWs MUKPOMETOAOB TUNUYHaA Macca obpasua coctasnsfer 5 mr; ecsu
ocTaTok coctasnseT 40 %, TO MMHMManbHbIV pasMep TecToBoi Npobbl cocTasnseT 5/0,4 = 12,5 mr. B cnyyae npumeHeHus
MaKkpoMeToA0B TUNMYHas Macca obpasua coctasnseT 500 mr, Torga MUHUMasbHbIM pasmep TeCTOBOW Npobbl cocTaBnseT
500/04 = 1250 mr B cnyyae octatka 40 %. MNpu ucnonb3oBaHuy MUKPOMETOAOB crieflyeT NPOBEPUTb pPernpe3eHTaTUBHOCTb;

) BbIMOJHAKT Warn c) — e) no B.7.2 B oTHOWeHUn npobsbl D;

h) ypansioT octatok npo6bl D u3 dunbTpa ¥ onpefensawT cogepxaHue obuwero yriepoja B ocTaTke no
FOCT P 72265. CogepxaHue obLiero yrnepoga B ocTaTke paBHO cOAepXaHuto obLlero yrnepoga Bo hpakumu, He ABAs-
lowielica 6nomaccoii. 3anucoiBatoT ee kak Cresidue. B 3aBUCMMOCTM OT aHanm3a 06LLero yriaepoga cregyeT Ucnonb3oBatb
605bWNe 06beMbl NPO6 UM NOBTOPSAIOT aHaM3bI.

B.8.2 PacueT pe3ynbTartos
Ecnu copepxaHve 3onbl npesbiwaeT 10 % no macce, pacyeT cogepxaHua buomacchl, % OT cogepxaHua obLiero
yrnepoga, onpegensoT no gpopmyie

ASRF ' Cash + Xnskfu» * & residue (B-7)

wb,te = 100 —
Cuw r

Ecnu cogepxaHue 3onbl MeHee 10 % no macce, pacyeT cofepxaHusi 6uomaccel, % OT cofepxaHusi ob6Lero yrne-
poAa, onpefensawT no popmysne

Xresidue ' “residue

wb,tc = 100 — I (B-8)
Ofot !

MpumeuvyaHne — B pacuetax npegnonaraeTcs, YTO BO hpakumm 6Momaccbl HET HEOPraHMYECKOro yriepoaa.

Takxe npeanonaraeTcs, YTO B aHa/M3e Ha CeNeKTUBHOe PacTBOPEHWE BeCb HeopraHu4eckuii yrnepog tepsietcs, T. €. B
oCTaTKke PacTBOPEHUsI HET HEOPraHWYecKoro yrnepoga.

B 3aBMCMMOCTY OT KayecTBa 30/1bl OTKNOHeHne A0 0,4 % Ha 1,0 % 301bHOCTM MOXeT 6biTb 06YCMOBNAEHO HaNn4Ynem
B 30/1e kapboHaToB.
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MpunoxeHue C
(o6s3aTenbHoOE)

OnpegeneHne coaepxaHus 6MomMacchbl C UCMOMIb30BaHMEM MeToAa PY4YHOW cOpTUpPOBKU Msort

C.1 O6uwme NosIoXKeHUs

B meToae Msort o6pasel, TBeporo BOCCTaHOB/IEHHOrO TOM/IMBA COPTMPYIOT BPYYHYO Ha nogdpakuum (nnactuk,
6ymara/kapToH, ApeBecuHa, OBOLWM, (OPYKTbI, Caf0Bble OTXOAbl U MHEPTHbIE BElLecTBa).

C.2 MNMpuHunn

MeTog, Msort i onpefeneHns cofepxaHust 6uoMacchl B NpoLLeHTax No Macce BK/IYaeT pasfefieHne KOMMNOHEeH-
TOB Ha psAg hpakunii, KOTopble ABAAKTCA MO0 (B OCHOBHOM) 6MoMaccoid, mb6o (B OCHOBHOM) He GMOMACCOWA.

C.3 OrpaHu4yeHusa

OTOT METOA, HEMPUMEHUM [/11 TBEPAOro BOCCTAHOB/IEHHOIO TOM/IMBA C Pa3MepoM yacTul, MeHee 10 mm u/mnn SRF,
KOTOpbIii rpaHynupyeTcs. [pyrast nHopmaums 06 orpaHuyYeHnsx aToro MeToda npuBedeHa B NpuioxeHun D.

C.4 Annapartypa

[na npoBefeHuss metoda Msort Heo6xoAMMbI CriefytoLwme annapatsl:
- cuTo c aveitkamn 10 MMm;

- BECbl C TOYHOCTHLIO 0,1 T;

- KOHTelHepbl 19 0TCOPTMPOBAaHHbIX opakuyuii (14);

- aKcukaTop.

C.5 Mpoueaypa

C.5.1 O6uwme nosoxeHUs

Mpoueaypa coCcTOMT M3 ceayoLwWwux 3Tanos:
- py4Has COpTMPOBKa;

- pacueT pe3ynbTaTos.

C.5.2 PyyHas copTupoBKa

ANropuTM BbINOJTHEHMS WCNbITAHWIA MO MeToAy Msort BKNOYaT criegylolme waru:

a) otbupatoT obpasey no FOCT P 72273 v rotoBaT obpasey, no FOCT P 72271. NcnbiTyemas npoba ansa metoga
Msort go/mkHa 6biTb HE MEHbLLEe MUHMMa/IbHOTo pasMmepa obpasua no FOCT P 72273;

b) OTCOPTUPOBLIBAKOT BCE YacTuLlbl obpasua pasmepom 6onee 10 MM Ha hpakumm, ykasaHHble B Tabnuue C.1.

MpumeuyaHne — O6pasey npocenBarT Yepes cuto 10 MM AN yaaneHns Bcex YacTul, pasmepom meHee 10
MM, KOTOpble KnaccutuumnpyroTca Kak pakumsa «Mmesikne YacTulbl»;

C) BbicywnBarT Bce hpakuum npn 105 °C 4O NOCTOSIHHOWN Macchl.

MpumeuvyaHne — [N3 HEKOTOPbIX TMNOB TBEPAOIO BOCCTAHOB/IEHHOIO TOM/IMBA MOXET BO3HUKHYTb PUCK Camo-
BO3ropaHus npu cywke npu 105 °C;

d) ocTaBnAlOT BbICYLEHHbIe hpakuyumn ocTbiBaTb B aKcukaTope (Mpy obpasuax Becom 6onee 100 r ucnosb3oBaHue
3KcMKaTopa HeuenecoobpasHo M 06pasubl cnegyeT B3BeLMBATbL HANPSMYy0);

€) B3BELUMBAIOT BbICYLUEHHblE (IpaKUMU C YeTbipbMs 3HAYaWMUMKU UMdpamMy 1 3anucbiBaldT Maccy N8 Kaxaoin
opakuymm;

f) rpynnupytoT macchl kateropuii B cooTBeTCTBMM € Tabnuuei C.1 B 6uomaccy, He 6uomaccy n nHepTHble hpakymm
1 onpefensAlnT Maccy Ha pakuuio nytTem CyMMUpPOBaHUA.

MpumeuaHune — Tlpumepbl KOMNOHEHTOB/NoAMPaKUUii NpuBeeHsl B Tabnvue C.2.

[na onpefeneHus copgepxaHus Gromacchl BblGpaHHble noAdpakuuy rpynnupyoT B kateropum «buomacca», «He
6uomacca» n «uMHepTHble BelecTBa». JTa knaccudukauus Hukorga He OyaeT TOYHON, Hanpumep, M3-3a MPUCYTCTBUSA
KOMNO3UTHBLIX Matepuanos. Hanpumep, kapTOHHbIe YNakoBKM ANS HANUTKOB codepXart He Tonbko 6ymary (6uomacca), HO
Takke Hebonbloe KOANYeCcTBO NiacTuka (He 6uomaccy) v antoMmHuA (MHEPTHbIE BeLLECTBA).

B Ta6bnuue C.1 npuBeaeHbl cybdpakuuy TBEPLOro BOCCTAHOB/IEHHOTO TOM/IMBA, Ha KOTOpblE clefayeT pasfennTb
obpaseu,

B Tabnuue C.2 npuBefeHbl NpMMepbl KOMMNOHEHTOB/CYybdpakunid, ykazaHHbix B Tabnuue C.1.
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Ta6nuua C.1 — Karteropusauust KOMNOHEHTOB A1 PYYHOV COPTUPOBKM

®pakuma
Bymara/kapToH
[OpeBecuHa
BonokHo
TkaHb
Koxa

HaTtypasibHbIil Kayuyk

Ctekno

KameHb

Menkune yacTtuubl

MnacTtuk

KoBpbI/KOBPOBbIE MOKPLITUA/MATbI

Keneso

LiBeTHble MeTasi/bl

dpakuus xapaktepusyeTcsa Kak

®pakums 6momaccsl
dpakums 6uomacchl
®pakums 6momaccsl

CmelwaHHas hpakums, cogepxa-
Lasi B OCHOBHOM 6uomaccy

®pakuns, cogepxallias B OCHOB-
HOM Guomaccy

NHepTHas dpakumsi, cogepxalias
B OCHOBHOM 3arpsis3HeHus 6uo-
maccbl

MHepTHaa dpakums, cogepxaiias B

OCHOBHOM 3arpasHeHunsa 6uomaccel

dpakyma ¢ HOMUHasIbHbIM BEPXHUM

pasmepoM meHee 10 MM

Ppakuma He Gromaccsl

CmelwaHHasa hpakumsa, cogepxa-
Las B OCHOBHOM He 6uomaccy

WHepTHas dpakuus, cogepxatias
B OCHOBHOM 3arpsi3HeHusi He 6u1o-
Macchl

WHepTHas dpakuus, cogepxatias
B OCHOBHOM 3arpsi3HeHus He 6uno-
macchbl

Ta6bnuuya C.2 — lMpumepbl KOMNOHEHTOB/NoADpakunii

Buonornyeckne orxoAbl

Bymara/kapToH

[OpeBecuHa

BonokHo

28

NNCTbA, TpaBa

[na onpefeneHns 6uomacchl, He 6uomacchl
NN UHEPTHOIO coaepXXaHus, BblpaXXeHHOoro
B NpoueHTax OoT Macchl, q)pakumn AO0/HKHa

6bITb OTHECEHA K Kareropumn

Bunomacca

Bunomacca

Bbrnomacca

OnpeaensieTca ofHUM U3 APYTUX MeTOo-
[10B, yKa3aHHbIX B HAcTosAWeM cTaHAap-
Te

Brnomacca

OnpegensieTcs ofHUM W3 METOAO0B, yKa-
3aHHbIX B HACTOALLEM CTaHgapTe

MNHepTHbIE

MHepTHbIE

OnpegensieTca ofHUM U3 METOA0B, yKa-

3aHHbIX B HacToduwem ctaHaapTe

OnpegensieTca OfHUM W3 METOAOB, YKa-
3aHHbIX B HACTOsALLEM CTaHgapTe

He 6uomacca

VHepTHbIe

ViHepTHble

6uopasnaraemble ocTaTkv NuwmM (x1e6, puc, oBoLwwM v Ap.)

ynakoBo4Has Gymara
KapTOH

XypHabl, raseTbl
nakeTbl U3-Nof Mosoka

nakeTbl u3-nof HanuTkos (80 % Guomacchl)

[lpEBECHbIe 0TX0fpbl
OnNWKN

[IpEBECHbIE 0TXO/bl U3 CAA0B
martbl

NOZATY3HUKM
candgeTtku

TaMnoHbl, candeTkn
TyanetHas 6ymara



OkoHuaHue Tabnuuybl C.2

TkaHb
Koxa
PesnHa

Crekno

KameHb

Menkne yacTtuubl

MnacTtuk

KoBpbI/KOBPOBbLIE MOKPbITUS

XXeneso

LiBeTHble meTasbl

MpnmevaHne —
Mep, NOSIM3TUNEHOBLIX MaKeToB).

ntobble (ocTaTKn) TKaHel, Kpome KoXu n/vmnn metanna
KOXa 1 aHanornyHble MaTepuasbl
no60i BUA pe3unHbl, BKIOYAs UCMOJIb30BaHHbIE LUVHBI

By TbIIKN
CTaKaHbl
OCKOJIKU

KamHm
Kepamuka (octaTku)

no6oii matepman pasmepom MeHee 10 MM

MSITKUIA NnacTuk

N1acTUKOBbIE MaKeThI

NacTUKOBbIA yNakoBOYHbIA MaTepuan
N1acTUKOBbIE CTaKaHUYMKMN

M3, MNr, nonuctnpon

YXecTknin nnacTtuk

MN3T(6yTbINKN)

MBX(Tpy6kn)

nonunacrtep

KOBpbI
KOBpbI

nobble yacTuubl (B OCHOBHOM) U3 Xefnesa uan ctaam

MeHble/UNHKOBbIE/CBMHL0BbIE TPYOKM
a/lloMUHMEBbIE BaHKu
(anekTpuyeckue) nposoja

MosiIocKun (OT JIEKAPCTB UK KOHAIET)

C.5.3 PacueT cogepxaHusa 6momacchl
[nsa onpegenexuns cogepxaHua 6uomaccbl WB % macc., Ucnosnb3yT opmyny

[na onpepeneHusa cogepxaHus He 6uomaccobl WNB, % Macc., UCnosib3yT hopmyny

-1Z*r

Wnb =

FOCT P 72266—2025

HekoTopble BMAbl NaacTuka MOryT GbiTb NMOMYYEHbl M3 pa3fnaraembix NPOAYKTOB (Hanpu-

(C.1)

(€.2)

ONns onpefenexHns cofepxaHns MHepTHbIX MaTepuanoB wjn, % macc., UCNosb3yloT hopmyy

MpumevaHnsa

win= 100 - wB - WNB.

(C.3)

1 CopepxaHune 6uomacchl 1 He 6MoMacchl CMeLaHHOoN chpakummn onpeaenstoT no Tabnvuye C.1 1 3HaYeHns BkIYa-
0T B COOTBETCTBYIOLMIA pacyeT C UCMONb30BaHWEeM Npeablaymnx dopmyn.
2 B meToge Msort 30n1a Kaxaoii 0TCOPTUPOBaHHON hpakumm cuMtaeTcs B cocTaBe 3Tol dhpakymun. Takum obpasom,
npu pacyeTe, Hanpumep, SHEPreTUYecKoro CoAepXaHusa pasnuuHbiX pakuunii 6yayT MCNONb30BaTbCA 3HAYEHUA Tenso-
TBOPHOI1 CNOCOGHOCTN, MOMYYEHHble ANs cyxol d 6e330/1bHON OCHOBSI.
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MpunoxeHue D
(o6sa3aTenibHoOe)

OrpaHnyeHusi MeToA0B onpeaesieHns cogepxaHusa 6Momacchbl

D.1 O6wme nonoxeHuns

MeTog, KOTOpbIii onpefenser xapakTepHoe CBOWCTBO MyTem pasfeneHuns AByxX wiu 6onee dpakuunii, ucnonb3yet
pasnuumna OJHOTO UM HECKOIbKMX CBOMCTB Mexay aTumu dpakumamu. OgHako MeToabl pasfesieHns HUKorga He JocTu-
ratoT ngeasnbHoOro pasgesieHns, NockKosibKy OHU OCHOBaHbl Ha Hanbosee 06LMX XUMUYECKUX MM U3NYECKNX XapakTe-
pucTrkax. 3To OrpaHnyYeHne NPpMMEHNMO NPakTUYeCcKn KO BCeM MeTojam onpefenieHus v pasgeneHus. Y niboro metoga
€CTb TakKe COOCTBEHHbIE VUCKNHOYEHUS, 13-3a MeLLatoLWw X KOMNOHEHTOB M CBOWCTB UX TOYHOCTb CHWXaeTcs.

CopepxaHne 6uomacchl He IBNSi€TCA CBOWCTBOM BeLLecTBa, a 60nblue onpegensercsa npoucxoxgeHmem. Konuve-
CTBO pas/INYHbIX MaTepuasioB, KOTOpble MPUCYTCTBYIOT B OTXOAAax, OTPOMHO, ¥ MHOIMe Martepuasibl TpaHCOPMUpPYTCa
WU U3MEHAIOTCA XUMUYECKU u/mnu hrusnyeckn MHoro pas. Crefibl UX NPOUCXOXAEHUS MOTYT UCYE3HYTb, U MO3TOMY UC-
KIOYEHNA B Knaccugukaumm npoucXOoXAeHus MpoucxXofaT Bcerga. TofbKo korga obllee (opraHuyeckoe) cofepxaHue
yrnepoga B 6uomacce onpegensercsa metogom 14C, HMKaKMX UCKIOYEHWI HE NPOUCXOAMT.

MeToabl, OnncaHHble B HACTOSIWEM CTaHAapTe, paspaboTaHbl ANs onpeAesieHns cofepXxaHus 6unomacchbl B CMecu
6uomacchl 1 He 6romaccoBbIX BelecTB. MNpo6aeMbl ¢ HaAEeXHOCTbIo MeTofoB SDM 1 Msort MOryT BO3HUKHYTb OCOBEHHO
AN KOHUeHTpaunii 6uomacchl Huxe 5 % u Bblwe 95 %. BnvsHne He perynspHbiX BEWECTB MOXET 3HAUYMTENIbHO U3MEHUTb
pesynbTtartbl B 3TUX obnactax. MpumeHeHne metoda 14C No3BOMUT PELUNTL 3TU NMPOBIEMBI.

B npunoxexnnn D npuBefeHbl HEKOTOPbIE OrpaHNYeHns Nno NPUMEHEeHN0 METOA0B OonpejeneHns cogepxaHus 6uo-
maccbl. B nyHktax D.2 n D.3 onuceiBatoTca orpaHnyeHnss SDM n Msort, a B nyHKTe D.4 — orpaHnyeHus npu 1ucnosib3oBa-
HUM metoga 14C.

D.2 BanaHne pacTBOPMMOCTU pas/inyHbIX maTtepuasioB B metoge SDM

OcCHOBHbIM nNpeanonoxeHnem SDM aBnseTca nonHaa gerpagauus matepuanoB 6vomacchl U NOSIHOe OTCYTCTBUE
gerpagaumy maTtepuanos, He ABMAKWMXCA 6uomaccoil. BonblIMHCTBO MaTepuanoB 6Guomacchl MMelT pasnaraeMocTb
noutn 100 % B yc/n0BMAX 3TOrO CTaHAapTa, UM ah(heKTMBHOCTb aHann3a Ha CeflekTUBHOe pacTBOpeHue aHanorumyHa. Opf-
HaKO B OTHOLUEHMW HEKOTOPbIX MaTtepuasioB yCTaHOB/EHbI 60/blUME OTKNOHEHMS. HekoTopble 13 3TUX MatepuasioB siBNS-
H0TCA 6MOMaccoii NOIHOCTLIO, HO PacTBOPSAKTCH TO/IbKO YAaCTUYHO BO BPEMSI CENIEKTUBHOIO PacTBOPEHUS. DTO B OCHOBHOM
coBnajaet c Martepnanamv 6uomacchl, KOTOpble TaKkxe AEMOHCTPUPYIOT BbICOKY YCTOMUMBOCTb K Aerpajauuu.

BOMbWNHCTBO MaTepranos, He SIBASOLWMXCA 6MoMaccoii, He pacTBopslOTCA, U 3hPEKTUBHOCTL aHaM3a Ha cesnek-
TUBHOE pacTBOpPEeHME A0BOJIbHO BbICOKA, MokasbiBas noyt 0 % pacTtBopeHus. HekoTopble mMaTepuasibl, He ABAAOLWMECH
61nomaccoli, XuMuyeckn MoantUUMpPoOBaHbl AN UX PaCTBOPUMbIX CBOWCTB U, CefoBaTesibHO, NOMHOCTbI0 PacTBOPSAOTCS.
Opyrue maTepuanbl, He ABnswOwWmMecs 6MOMACCON, TakkKe pacTBOPSAOTCHA BO BPEMS CENIEKTUBHOIO pacTBOpeHus (nonu-
amug 1 nonuypetaH). MoMMMO pacTBOpPeHUsi, 3TM MaTepuanbl, He ABASKLWMecs Guomaccoi, 6onee pacTBOPUMbI, YEM
6O0/IbLLUMHCTBO 0ObIYHbLIX MaTEpPUasIoB, He ABAAOLWMNXCA BUOMACCOIA.

B tabnuuyax D.1 n D.2 nokasaHa aghgpekTMBHOCTb MeToga SDM gns 60/1bWOro Konmyectsa matrepuanos 6romaccsl
N He ABNsALWmxcs 6uomaccoli COOTBETCTBEHHO.

Ta6nuuya D.1 — 2ddektnBHoctb metoga SDM ans matepuanos 6uomacchl

CopepxaHue 6romaccol MakcumansHas

Bromacca/ve 6nomacca Marepuan COrNIacHO aHanuay Habnogaemas
Ha pacTBopeHune, % pasHuuya,%

Buomacca Tponunyeckaa TBepaas ApeBecuHa 100 0,0
Brnomacca CocHa 100 0,0
Buomacca MuxTa 100 0,3
Bruomacca [y6 100 01
Buomacca YTUHblEe nepbs 100 —
Buomacca NeH 99 0,0
Buomacca Octatkn MA® 99 0,0
Buomacca Xnonok 99 0,0
Buomacca BIOPAC® (Ha ocHOBe Kpaxmana) 99 0,1

30



OkoH4aHue Tabnuupbl D. 1

Buomacca/He 6uomacca

Buomacca
Buomacca
Buomacca
Buomacca
Buomacca
Buomacca
Buomacca
Buomacca
Buomacca
Buomacca
Buomacca
Buomacca
Buomacca
Buomacca
Buomacca
Buomacca
Buomacca
Buomacca
Buomacca

Bbrnomacca

Martepwnan

KonuposanbHas bymara

OcTaTkn Opexos Ln

M3menbyeHHble oCcTaTkn Kakao-60608
OcTaTKkn Kokoca

OTX0Abl APEBECHbIX rpaHyn

VMBa

OcTaTKM 0/IMBKOBbIX KOCTOYEK
IpaHyIMpoBaHHbIe OCTaTKM Kakao-60608
laseta

CemeHa TpaB

OcTaTknM NasbMOBbIX KOCTOYEK
FnaHueBas 6ymara

BullHeBblE KOCTOUKM

Koxa

NR (HaTypasibHbIN Kayuyk)

Bucko3sa (Ha ocHoBe Lent0103bl)
LepcTtb

D pPUTIOPHbIA XUP

[peBecHblin yronb

ECOPLA® (Ha oCcHOBe KyKypy3bl)

CopgepxaHve 6romacchl
corniacHo aHanusy
Ha pacTBopeHune, %

99
99
98
98
98
98
98
97
97
97
97
97
94
93
84
83
82
41
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MakcumasnbHasn
Habnwogaemasn
pasHuua,%
0,5
0,9
0,9
0,7
1,6
0,4
8,4
0,8

0,2

0,2
5,2
0,1
3,3
0,2
36,2
2,5

0,2

Tabnuya D.2— OddektnsHocTb metoga SDM ansa maTtepunanos, He OTHOCALLUXCA K Bromacce

Buomacca/He 6uomacca

He 6uomacca
He 6uomacca

He 6nomacca

He 6uomacca

He 6uomacca
He 6uomacca
He 6uomacca
He 6uomacca
He 6uomacca

He 6uomacca

Martepwuan

nexa MNC (nonnctupon)
MK (nonukap6oHar)
MWK (6yTunkayuyk)

MC He BCNEHEHHbI (MomMcTupon)
naoTHbI MC (nonncTmupon)

M3HM (NOANM3TUAEH HU3KOW NNOTHOCTK)
MM (nonunponunex)

M3T (nonnatuneHtepecdTanar)

M3BIM (NoNAMaTUNEH BbICOKON NAOTHOCTK)
MBX (NoNnBMHUNXNI0PUA)

CR (XN0pONpeHoBbINA Kayuyk)

CopaepxaHue 6momacchl
corfacHo Tecty
Ha pacTBopeHue, %
2

1

O O o

=

10

MakcumarnbHasn
Habnogaemasn
pasHuua,%
1,5
0,1

13,7

0,1

0,7
0,3
0,9
14
0,9

11
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OkKoHuyaHue Tabnuupl D.2

CogepxaHue 6ruomacchl MakcumanbHasa
Buomacca/He 6uomacca Martepwuan cornacHo Tecty Habnogaemas
Ha pacTBopeHue, % pasHuua,%
He 6nomacca SBR (cTUpON-6yTagMeHoBbIN Kayuyk) 14 3,6
He 6uomacca KameHHbI yronb 43,5 10,6
He 6nomacca CUNNKOHOBBIN Kay4yk 86 6,1
He 6uomacca Nvrunt 93 15
He 6uomacca He BcneHeHHblt PUR (nonunypeTaH) 95 0,4
He 6uomacca Monnamug, 6.6 97 31
He 6uomacca BcneHeHHbIi PUR (nonnypetan) 98 0,1

Pe3ynbTathl NOKa3blBaloT, YTO 60/ILLIMHCTBO PacnpoCTpaHeHHbIX MaTepnasioB, NPUCYTCTBYIOWUX B CMELIaHHbIX No-
TOKax 0TX0f0B, 06pabaTbiBAlOTCA HaAnexawuMm o6pasoM C nomolibio Metoga SDM. A5 06pasuoB CO 3HAUYUTE bHbIM
KOMIMYECTBOM BELLEeCTB, He NoaAalolmxcs Takoii o6paboTke, cneayeT BHECTU NonpaBky. K COXaneHuo, 3TO HEBO3MOXHO
13-3a C/IOXHOCTM U pa3Hoo6pas3us BELLEeCTB, NPUCYTCTBYIOLWLMX BO MHOMMX TUNax TBEPAOro BOCCTAHOB/IEHHOIO TOM/MBA.
B uenom ana TBEPAOro BOCCTAHOB/IEHHOIO TOM/IMBA, COCTOSILLENO M3 CMECU GMOMacChl 1 He 6MOMACCOBbLIX MaTEPUAsIOB,
meTof, SDM siBnsieTcs 0BOMIbHO HAAEXHbIM, HO 3a NpeaenaMmu AguvanasoHa KoHueHTpauuit ot 10 % ao 90 % oTHOCKTE b-
Has HaQEXHOCTb A1 HEKOTOPbLIX MaTepuanoB CHUXAeTCs. HekoTopble NpeanoxeHus npueefeHsl B Tabnuuyax D.1 1 D.2.

D.3 BnusiHne pmsnyecknx CBOMCTB M cocTaBa mMaTepuasnioB/yacTuvy B metoge Msort

BnusHne dousnyeckoin hopmMbl 1 cocTaBa MaTepuanoB/yacTul BAUSET Ha 3pheKTUBHOCTL MeToAa Msort, NOCKObKY
OH OCHOBaH Ha pas/munax B hM3nMyecknx cBoincTBax 6uomacchbl WM He 6MOMACCOBbLIX MaTtepunasnos.

CyLLecTBYIOT TPU UCTOYHUKA OLLIMOBOK, KOTOpble BANAIOT HA apPeKTUBHOCTL MeToga Msort:

1) BO3MOXHOE NPUCYTCTBME CMELUAHHbIX MaTepuasioB, KOTOpPble HEBO3MOXHO Pa3fenTb BPYYHY. OTU CMellaH-
Hble MaTepuasibl NpeacTaBAaoT coboi YacTuLbl, KOTOPblIE COCTOAT Kak M3 6uomacchl, Tak U U3 He BMoMacchl, CBA3aHHbIX
BMecCTe;

2) MVHMMasbHbIV pas3mep YacTul, HWKe KOTOporo adyhekTMBHOE pyyHOe pasgeneHve HeBO3MOXHO 6e3 UCnofb30-
BaHUS MUKPOCKONA;

3) HanMumMe martepuasioB, KOTOpPble UMUTUPYIOT (DM3NYECKMe CBOWCTBA AOMOSHUTENIBHOTO Knacca mMarepuanos, Ta-
KMX Kak pasnaraemble NnacTuku.

KonvnuyecTtBeHHble NocneacTBma aTMX OWMOOK TPYAHO npefckasaTb, M Noatomy metod SDM npeobnagaeT Hag Me-
TOA0OM COPTUPOBKMU.

D.4 OrpaHnyeHna npumeHeHns metofa 14C

KoHBepcusi ncnbityemoro o6pasua B C02 MoXeT 6bITb BbINO/IHEHA B N1060/ XOPOLLIO 060PYA0BAHHON aHanuTuye-
cKoll nabopaTopun, ofHako namepeHns 14C TpebyloT HaNMUYMa BbICOKOCMELNanM3MpoBaHHbIX MPUG0POB U NepcoHana.

Bbi6pockl 14C B 1950-x . (3KCneprMeHTbl C BOAOPOAHON 60M60I) CHM3MAN TOUHOCTL MeToga 14C. Bonee Toro, no-
Tpeb6ieHne nckonaemoro TonavMea Cnoco6CTBOBANO CHYDKEHMIO TOYHOCTY OLEeHKM ypoBHA 14C B aTmMocdepe.

KonuuecTBeHHble NOCMEeACTBUA 3TWUX OrpaHUYeHunii TPyAHO npefckas3aTb, WU WX credyeT yunTbiBaTb NPWU MCMOJb30-
BaHWM 3TOT0 MeToAa.
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MpunoxeHue E
(cnpaBo4HOE)

faHHble 00 adp(peKTUBHOCTM

E.1 JaHHble 06 ahheKTUBHOCTN MeToda
MexnabopaTopHoe uccnegoBaHve 661710 NpoBeAeHo B nabopatopuax ABCTpuun, duHnaHgmmn, dpaHuun, Fepmanuu,
Wtanun, MNonbwn, Weeunn, HnaepnaHgos n Bennkobputanmm (cm. [2], [3)]).

OnucaHune Tuna obpasua npumeegeHo B Tabnuue E.1.
[JaHHble 06 achbdekTnBHOCTY B cooTBeTCcTBUM ¢ TOCT P ICO 5725-2 npuBefeHsbl B Tabnuuyax E.1—E.4.

Tabnuya E.I1 — OnucaHve TMNos o6pasLos

No O6pasel, Onucaxune

2 QV-B SRF, npounsBefeHHblli U3 ApeBeCUHbl, OCTaBLUenca nocne cHoca

4 QV-D SRF, npousBeAeHHbI 13 TBEPAbIX KOMMYHasIbHbIX OTXO40B

5 QV-E SRF, npou3BeAeHHbI U3 TBEPAbIX KOMMYHasIbHbIX OTX0A0B (60raTbix 6ymaroin n nnacTukom)

Ta6nuua E.2— [aHHble 06 3hheKTMBHOCTY onpedesneHns cofepxaHus 6ruomaccs ¢ nomolibto SDM no macce

O6pasel, 11) n2> X,3) Iy ¥ r s
2 54 9 95,93 0,97 0,93
4 57 9 67,79 3,43 2,34
5 54 9 54,17 7,04 2,37

MpumeyvaHnsda
1/— KONMYecTBO OTAENbHbIX IKCMEPUMEHTANbHbIX 3HAYEHWUA 6e3 NCKIIOYEHWIA.

2 N — KO/IMYecTBO NabopaTopuii Nocne ycTpaHeHNs UCKIIOUYEHWIA.
3 XT— ob6uiee cpegHee, %.

4 CVR— Koah(puumeHT Bapuaumm BOoCNpon3BOANMOCTH.

5 CVr— KoahpuLMeHT Bapuauum noBTopsaeMocCTy.

Ta6nunua E.3 — [aHHble 06 3hDEKTMBHOCTM ONpefenieHns codepxaHus 6uomacchl ¢ nomouibio SDM no Tennote
cropaHus

Ob6pasel, / n T VR
2 7 3 99,03 — —
4 19 4 77,53 6,26 6,26
5 19 4 69,92 14,3 14,3

Ta6nunuya E.4— [aHHble 06 3hheKTUBHOCTU onpeaenieHns cogepxaHus énomaccel ¢ nomowbio SDM no cogepxa-
HUIO0 yrnepoga

O6pasey / n T AV.R
2 16 3 99,47 0,51 0,51
4 24 4 71,94 6,45 5,85
5 24 4 54,31 12,6 12,6

E.2 laHHble 06 achdhpekTuBHOCTU MeToaa 14C
MexnabopaTtopHoe uccnefoBaHue 6bi10 NpoBefeHo B nabopatopusax ABcTpuu, Fepmanun, BenukobpuTaHum u

Hugepnangos (cm. [2], [3]).
OnucaHne Tuna obpasya npusegeHo B Tabnuue E.5.
[aHHble 06 achhbekTnBHOCTU B cooTBeTcTBUM ¢ TOCT P MCO 5725-2 npuBeaeHsbl B Tabnvue E.6.
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Ta6nuuya E5— OnucaHne Tunos obpasuos

O6pasel, Onwucanune
1 SRF 13 NpOMbIL/IEHHbIX OTXO40B
2 SRF 13 6bITOBbIX OTX040B
3 Bocco3gaHHblit SRF [15 % 6ymara/kapToH, 44 % aepeBo, 18 % TBepAblii nnactuk, 12 % msArkuii

nnactuk (donbra), 4 % kospbl, 4 % TkaHu, 3 % candeTtku]

4 CunTeTnvecknii SRF [20 % 6ymara/kapToH, 20 % gepeso, 20 % TBepabli nnactuk (M3T), 20 % mar-
ki nnacTtuk (cponbra), 20 % TkaHb (Zellstoff)]

Tabnuuya E.6— Hekotopble faHHble 06 adhdpekTuBHOCTM MeToga 14C

AMS pO ams e2> AMS L3> LSC B4> LSC Z5>
ObpaszeL,
XIWG z 87) XT S XT S XT S XT S
1 12,6 1,3 15,6 1,0 18,9 14 — — — —
2 61,0 0,02 60,4 1,0 — — 55,5 14 — —
3 56,6 16 56,5 1,8 — — — — _ _
4 64,0 2,9 50,5 1,7 — — 46,2 — — —

MpumeyaHna

1AMS ' — CxuraHue B neuv n namepeHve AMS.

2 AMS B — CxuraHue B KaslopumeTpuyeckon 6omée n nameperHne AMS.
3 AMS L — CxwraHue B nabopaTopHbix Macwtabax n namepeHve AMS.
4 LSC B — CxuraHune B kanopumeTpuueckoii 6ombe n nsmepenune LSC.
5 LSC L — CxuraHue B nabopaTopHbix Macwtabax n namepexHvne LSC.
6 XT— cpefiHee 3HauyeHue.

7 S — cTaHOapTHOE OTK/IOHEHMeE.

VccnepoBaHne aghpekTUBHOCTM B ofgHon nabopatopun (UTanms) ¢ ncnonb3oBaHnem obpasua Ne 4 SRF n TexHu-
Kk LSC B fano 3HayeHne OTHOCUTESIbHOM pacliMpeHHOol HeonpegeneHHocTn (K = 2) 8,1 % Ha ypoBHe 46,0 % (S = 3,7).
WccnepoBaHue BKAOYaIO MNOATOTOBKY aHaIMTUYECKO NPOOLI, CXUraHne 1 UHCTPYMEHTaslbHOe U3MEpPEHUe, HO He OT6op
npo6bl 1 NOArOTOBKY N1abopaTopHO Npo6bI.

[aHHble 06 ahbhekTMBHOCTN MEeTOA0B NMpuBeAeHbl B Tabnmuax E.7—E.8.

Tab6nuuya E.7— Hekotopble gaHHble 06 adhdpekTnBHoCcTM MeToga 14C n AMS (cm. TOCT P NCO 13833)

CooTHoLeHVe 6roreHHoro n o6uero C02 KoadppmumeHnt Bapuaumn Cv, %
Buomacca 0,506 0,6
Buomacca 0,531 0,4

Ta6nuuya E.8— Hekotopble gaHHble 06 adhdhekTnBHOCTM MeToga 14C n LSC (cm. TOCT P MCO 13833)

CooTHoLLeHne 6roreHHoro un obuiero C02 Koadppumunent Bapuaumm Cv, %
Buomacca 0,579 4,3
Buomacca 1,000 4
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MpunoxeHue A
(cnpaBo4HOE)

CBefeHNsA 0 COOTBETCTBUN CCbIJIOYHbIX HaUMOHalIbHbIX CTaHAAPTOB MeXAYHapoAHbIM cTaHAapTam,
MCnosb3oBaHHbIM B Ka4eCTB€ CCbIJ/IOYHbIX B NTPMMEHEHHOM MeXAOyHapogHOM CTaHpapTe

Tabnuya QA1

O603Ha4YeHne CCbISIOYHOrO
HauuoHanbHOro ctaHgapTta

FOCT P 72264—2025
(UCO 21656:2021)

FOCT P 72265—2025
(MCO 21663:2020)

FOCT P 72268—2025
(UCO 21654:2021)

FOCT P 72271—2025
(UCO 21646:2022)

FOCT P 72273—2025
(UCO 21645:2021)

MpnmeyaHne —
OTBETCTBMA CTaH4apTOB:

- MOD — mMogndunuMpOoBaHHbIin cTaHaapT.

CreneHb
COOTBETCTBUSA

MOD

MOD

MOD

MOD

MOD

O603HayYeHne N HaMMeHOBaHNe CCbISIOYHOTO
MeXAyHapoaHOro ctaHaapta

ISO 21656:2021 «TBepaoe BOCCTAHOBMEHHOE TOM/IUBO.
Onpepgenexve cofepXxaHus 30/bl»

ISO 21663:2020 «TBepaoe BOCCTaHOB/IEHHOE TOM/IMBO. Me-
Toabl onpegenenuns yrnepoga (C), sogopoga (H), azota (N) n
cepbl (S) MHCTPYMEHTa/IbHbIM METOLOM»

1ISO 21654:2021 «TBephoe BOCCTAHOB/IEHHOE TOMJ/IMBO.
OnpegenexHve TENIOTBOPHO CMOCOGHOCTU»

1ISO 21646:2022 «TBepaoe BOCCTaHOB/IEHHOE ToMNMBO. loa-
rotToBka npo6»

1ISO 21645:2021 «TBepfoe BOCCTaHOB/IEHHOE TOMJ/IMBO.
MeToabl oTbéopa nNpob»

B HacTosiweln Tabnuue 1Cnosib30BaHo CreAyloliee YC/I0BHOE 0603HAUYEHNE CTENEHN CO-
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(1]

(2]

(3]
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KntoueBble croBa: TON/IMBO TBEPAOE M3 KOMMYHa/IbHbIX OTXOA0B, COAepXaHue Guomacchl, MeToAbl onpepge-
neHus
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