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FOCT P NCO 16620-2—2022

Mpeancnoeue

1 NMOOIOTOBIEH ®enepanbHbIM rocy4apcTBEHHBIM DIOIKETHLIM yupexXaeHueM « POCCUIACKWMIA MHCTU-
TyT cTaHgapTudauuuy» (OIFBY «PCT») Ha ocHoBe cOBCTBEHHOrO NepeBofa Ha PYCCKUIA A3blK aHIMOA3bIYHON
BEpPCWM CTaHgapTa, yKas3aHHoro B nyHkTe 4

2 BHECEH TexHunyeckum KoMuTeTOM no ctaHpaaptusaumn TK 230 «MnactMacchl, nonuMepHblie maTte-
puansl, MeToAbl UX UCNbITAHUAY

3 YTBEPX/EH W BBEJEH B IENCTBWE Mpukasom denepansHOro areHTCTBa No TEXHUYECKOMY pe-
rynMpoBaHNUI0 U METPOoNorun oT 22 ceHTsiopa 2022 . Ne 972-cT

4 Hactodwmin cTaHgapT MAEHTUYEeH MexayHapogHomy ctaHgapty MCO 16620-2:2019 «lMnactmaccol.
CopepxaHue BuokomnoHeHToB. YacTe 2. OnpefeneHne cogepxaHua yrnepoga Ha Buonornyeckoin ocHOBe»
(1SO 16620-2:2019 «Plastics — Biobased content — Part 2: Determination of biobased carbon content», IDT).

MexaoyHapoaHelyi cTangapt pa3pabotad nogkomutetoM MK 5 « DU3nko-xMMnyecke CBOWCTBa» TexHU-
yeckoro komuTeTa TK 61 «lMnactmaccel» MexayHapogHoi opradusauunm no ctangaptusaumm (MCO).

MpW NpMMeEHeHUM HaCTOSILLEero cTaHgapTa pekoMeHayeTca UCNoMNb3oBaTh BMECTO CCbINOYHbIX MEeXay-
HapoAHbIX CTaHOAPTOB COOTBETCTBYHOLLME UM HAaLMOHAMNbHbIE CTAHAAPTLI, CBEAEHUS O KOTOPbLIX NpUBEAEHb! B
OononHUTensHOM npunoxeHun JA

5 BBE[OEH BINEPBBIE

6 HekoTopble anemMeHTbl HACTOALLErD cTaHgapTta MOTYT ABNATLCA 0b0bLEeKTaMK NaTeHTHLIX npas

MNpasuna npumeHeHUss Hacmosaweao cmaHdapma ycmaHosneHbl 8 cmamse 26 @edepanbHO20 3aKOHA
om 29 uwoHsa 2015 a. Ne 162-03 «O cmandapmu3sayuu e Pocculickol ®edepayuu». VMHgopmayus ob us3-
MeHeHUSX K HacmosuwieMy cmaHd0apmy nybrukyemcs e exez00HOM (10 COCMOSHUK Ha 1 AHeaps meKyuwieao
e2o0a) uHghopMayuoOHHOM yKazamerne «HayuoHanbHble cmaHOapmebi», a oguyuanbHbil MeKcm usMeHeHul
U MONPasoKk — 8 eXeMeCcsyHOM UHGOPMaUUOHHOM ykazamene «HauyuoHanbHeie cmaHOapmel». B cnyyae
nepecMmompa (3aMeHbl) unu ommMeHbl Hacmosuje2o cmaH@apma coomeemcmayouwiee ygedomneHue bydem
onybnukogaHo 8 6ruxaliweM 6bINycke eXeMecsYHo20 UHGOoPMayUuOHHO20 ykaszamens «HayuoHanbHble
cmaHOapmsi». Coomsemcemaeyioujas UHGopMmayus, yeedoMeHUe U MeKcmbl pa3Mewalomcs makxe 6 UH-
hopmayuoHHOU cucmeme obueao nofib3o8aHus — Ha oguluansHoM calime QedepanbHo20 azeHmemea no
MexXHUYEeCKOMY peaynuposaHuro U Memponoauu 8 cemu MiHmepHem (www.rst.gov.ru)

© 1S0, 2019
© OdopmneHue. ®IeBY «PCT», 2022

HacToawwmin ctaHgapT He MOXeT ObITb MOMHOCTLIO UMK YACTUYHO BOCMPOU3BEOEH, TUPaXXMNPOBAH U pac-
NMPpOCTpaHeH B Ka4vecTBe OC*)MLI,MBJ'II:HOFO n3naHua bes pa3pelieHunsa <De,qepaanoro dreHTCcTBa no TeXxHNn4ecko-
MYy perynmpoBaHvMi 1 METPOJIOTUA
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BeegeHue

PaclwupeHne ncnonb3oBaHWa pecypcoB Bvomacchl Npu NpOM3BOLCTBE MMAacTMAacCOoBLIX U3Oenuin ag-
heKTUBHO CHWXAET rmobanbHoe NOTENMeHME U UCTOLLEHWE UCKONaeMbIX PECYPCOB.

B HacTosee BpeMsA akTyanbHbIMA ABMATCA M30enus K3 NnacTMacc, COCTOALLME U3 CMHTETUYECKUX
nonMMepoB Ha BUONOrM4Yecko OCHOBE, CUHTETUYECKMX NOMMMEPOB Ha OCHOBE UCKOMAaeMbIX, MPUPOAHbIX MO-
NMMepoB 1 Ao6aBOK, KOTOPLIE MOTYT BKIOYaTh B cebsa matepuansl Ha 0CHoBe BUOKOMMNOHEHTOB.

MNMnacTmacckl Ha BMONOrMYecKo OCHOBE OTHOCATCH K MnacTmaccam, CofepxXallum MaTtepuansl NonHo-
CTbI0 UMK YaCTUYHO BUOreHHOro NPOUCXOXKOEHUS.

B cepwu mexayHapogHbix ctaHgaptoB MCO 16620 conepxaHue BMOKOMMNOHEHTOR B MnacTtMaccax Ha
BuonorMyeckoin OCHOBE MOHMMAKOT KakK KONMWYecTBEHHOE CofepXaHue yrnepoga Ha G1Monornyeckon ocHoBe,
KOMWYECTBEHHOE COAEpKaHMEe CUHTETUYeCKOro nonumepa Ha BMONorM4eckoil OCHOBE WM KONMUYECTBEHHOE
copepaHue TOMNbKO MaccoBOW 40N DMOKOMMOHeHTa.

v
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HAUMWOHANBbHBIA CTAHOAPT POCCUUCKON OEOEPALUMN

MNACTMACCHI.
COOEPXAHWE BUOKOMIMNOHEHTOB

Yactb 2

On pegeneHue coaepxaHuUA yrnepoaa Ha 6uonornyeckon ocHoBe

Plastics. Biobased content. Part 2. Determination of biobased carbon content

Dara BBegeHna — 2023—03—01

NMPEOYNPEXOEHWE — HacToAwWwMA cTaHAApT MOXeT BKNYaTh NMPpUMeHeHUe ONacHbIX MaTtepu-
anos, npoueayp u obopynoBaHusA. HacToslWMIA cTaHAAPT He NpeTeHAYeT Ha NONHOTY ONUCaHUA BCex
Mep 6e30nacHOCTH, NPU HEOBXOAUMOCTH, CBA3aHHLIX C ero npumeHeHueM. NMonb3oBaTenb HacTosLe-
ro cTaHaapTa HeceT OTBETCTBEHHOCThL 3a YCTaHOBMNEHWEe COOTBETCTRBYHOLWMX NpaBun TeXHUKK 6e3zonac-
HOCTHU M OXPaHbl 340POBLA U onpeaeneHue NOGLIX OrpaHUYEeHUA Nepen ero NPpUMeHeHUueMm.

1 O6nacTb NPUMEHEHUA

HacTosawui cTaHaapT ycTaHaBNUBAeT MeTOAbI BLIYUCMEHWS COAEPKaHus yrnepoga Ha Guonornyeckoi
OCHOBE B MOHOMepax, MonMMepax, nnacTMaccax Ha OCHOBe MamepeHus coaepxanua 14C.

Hactoswuin ctaHaapT NpUMEHUM K U3JenuaM U3 nrnacTMacc, BCnoMoraTenbHbIM Matepuanam (Hanpu-
Mep, nnactudukaTopam unu mogudukaTopam), CUHTETUYECKMM CMonamM, MoHoMepaM unu fobaBkam, Uaro-
TOBMEHHBIM C UCMONb30BAHWEM KOMMOHEHTOB BMOMNOrMYecKoro UM MCKoOMaemoro NpoMCXOXKAEeHUS.

3HaHue cofepxaHus 6UOKOMIMOHEHTOR B U3AEMUAX U3 MMACTMACcC NOMe3Ho NpU OLEeHKe WX BO3OeNCcTBUS
Ha OKPYXaIoLLY0 cpeqy.

2 HopmaTtuBHbIe CCbINIKK

B HacTosleM cTaHgapTe WCnonb3oBaHa HopMaTUBHAas CCbifika Ha CneaylLwmia cTanaapT [4ns gaTupo-
BaHHOW CChINKW NMPUMEHSIIOT TOMNBKO YKasaHHOe M3gaHue CChbiNMOYHOro cTaHaapTa, Ans HegaTtupoBaHHOW — Mo-
chefHee nsgaHue (BkoYas BCce UaMeHeHus)|:

ISO 16620-1, Plastics — Biobased content — Part 1: General principles ([nactmaccel. CogepxaHue
dvnokomnoHeHToB. YacTb 1. Obume npuHUUNLI)

3 TepMuHbI, onpegeneHns, 0603Ha4YeHUAA U COKpaLLeHUs

3.1 TepMUHbI 1 onpegeneHun

B HacTosiLemM cTaHgapTe NpUMeHeHbl TepMUHbI M onpeaenerus no MCO 16620-1, a Takke cnegytowme
TEPMMWHbBI C COOTBETCTBYIOLLMMMW ONpeaeneHnsiMu.

MCO 1 M3K noagepxueatoT TepMUHONorndecke 6asbl aHHbIX ANS UCMNOMNb30BaHWUS B CTaHgapTU3aUmMm
no cnefyloLwmmM agpecam:

- nnaTtcdopma oHnarH-npocMoTpa MCO: goctynHa no agpecy https://www.iso.org/obp/

- OnekTtponegus M3K: goctynHa no agpecy http://www.electropedia.org/

3.1.1 npoueHTHOe coaepxaHue «CoBpeMeHHoro» yrnepoga; pMC (percent modern carbon, pMC)
HOPManu30BaHHOE W CTaHAApPTU30BAHHOE 3HAYeHWe KonndecTsa usotona 4C B o6pasue, paccyMTaHHoe OT-

MapaHune ochbuumnansHoe
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HOCMTENbHO CTaHAApPTU30BAHHOTO 1 HOPMaNM30BAHHOO KONMYecTBa M3otona '4C cTaHaapTHOrO 3TANOHHOTO
mMaTepuana Laeenesoii kucnotsl, NIST SRM 4990b unu NIST SRM 4990c¢, unu caxapossl (NIST SRM 8542)1).

MpumMmevaHue — 3ITanoHHoe 3HayeHue yrnepoga Ha 100 %-How OMOMOrMYecKo OCHOBE MPUBEOEHO B
Tabnuue 2.

3.1.2 paguoaKTUBHbIWA U3oTon yrnepopa (radiocarbon): PaguoakTWBHLIA M30TON 3NEMEHTHOTO yrre-
popa "C, umetowwnit 8 HENTPOHOB, 6 NPOTOHOB U 6 3NEKTPOHOB.

MpumevyaHue — Conepwanue 4C coctaenset 1 - 10710 % o1 obuero cogepxaHusa konuyecTea yrnepoaa Ha
3emne. OH pacnagaeTcs no 3KCMOHEeHUWansHOMY 3aKoHY ¢ nepuodomM nonypacnazga 5730 neT n noaTomy He NofgaaeTcs
WN3MEPEHUIO B UCKOMaEMbIX MaTepuarnax, NonyyYeHHbIX U3 HedTu, yrnd, NpUpogHOro rasa unv nboro pyroro MCTOYHMKA
crapwe 50 000 neT.

[MCO 13833:2013, ctatbs 3.7]2)

3.2 O603HaYeHuUA

14C — usoton yrnepoga ¢ atoMHoi maccoun 14;

m — macca 0bpasua, r;

pMC(s) — namepeHHoe 3HavyeHne obpasua, BbipaxkeHHoe B pMC, B COOTBETCTBUM C METOLOM YCKOPMU-
TenbHOWM macc-cnektpometpumn (AMS);

REF — 3TanoHHoe 3Ha4veHue, BbipaxeHHoe B pMC, ans yrnepoaa Ha 100 %-Hoi Buonorn4eckon ocHo-
BE B 3aBUMCMMOCTU OT MPOUCXOXOEHWUS OpraHU4ecKoro yrnepona;

x"C — copgepxaHue obLLero yrnepoaa, BbipaxeHHOe B NpOLieHTax 0T Macchl 06pa3uia;

xTOC _ copepxaHnune o6Liero opraH1Yeckoro yrnepoga, BbIpaXeHHoe B NPoLeHTax 0T Macchl o6pa3La;

Xg — MaccoBoe cofiepxaHue yrnepoza Ha 61Monoryeckoin 0CHoBe, BbipaXeHHOe B NPOoLeHTax 0T Macchbl
obpasua;

xBTC — copepxaHwe yrnepoga Ha BuonorMdecko OcHoBe OTHocuTenbHO oblero yrnepopa,
BblpayKeHHOEe B MpoLeHTax 0T coaepKaHus obLliero yrnepoga;

XBTOC — cofepXaHue yrnepoga Ha OMOMOrM4YeckoM OCHOBE OTHOCUTENbHO OOLLEero opraHM4eckoro
yrnepopa, BbipaXeHHOe B NpoLeHTax OT cogepxaHusa obLLero opraHMyecKkoro yrnepoaa.

MpumevyaHue 1—Maccosoe cofepxaHue yrnepona Ha 61MoNornieckoil OCHOBE Xg, UCNOMNL3YEMOE B HACTOS-
LleM cTaHgapTe, COOTBETCTBYET MacCOBOMY COOEPKAHWIO yrnepoaa Ha Guonornyeckon OCHOBE, yCTaHOBMEeHHOMY B 3.3.9
[12].

MpumevyaHue 2— CogepxaHuve yrnepoaa Ha GMoNoOrMyeckoil ocHOBe OTHOCKMTENbLHO 0bLlero yrnepoaa xBTC
COOTBETCTBYET CoAepaHuto B1oreHHoro yrnepoaa, yctaHoeneHHomy B 3.3.8 [12].

Mpumevanue 3 — CopepxaHve yrnepoaa Ha BMONOrMYECKo OCHOBE OTHOCKUTENBHO OBLLErO OPraHNYecKoro
yrnepoga xBTOC COOTBETCTBYET COAEPKaHWI0 yrrepoaa Ha BnonorMieckor ocHoBe, onpegenenHomy B 3.3.7 [12].

3.3 CokpaweHusa

AMS — yckopuTensHasi Macc-cnekTpoMeTpus;

Bl — noHunsauma beta-yactuuen;

Bg — Dekkepenb (pacnagoB B cekyHAay);

Cpm — 4uCno OTCYETOB B MUHYTY;

Dpm — 4ucrno pacnagoB B MUHYTY;

GM — cueTumk enrepa-Miwonnepa;

LLD — HwkHWIA Npefgen obHapyXeHus;

LSC — XMOKOCTHbIA CLUMHTUNIIALMOHHbBIA CHETHMK UMW XKWAKOCTHAsA CLUMHTUNNALNOHHANA CNEKTPOMETPUS,;
MOP — 3-MeToKCUNPONUNaMuH;

1) NIST SRM 4990b urm NIST SRM 4990c, unu caxapoza (NIST SRM 8542) — ToproBoe HavMeHOBaHWe Mpo-
AyKTa, noctaengemoro HauumoHaneHEIM MHCTUTYTOM cTaHgaptoB v TexHonorui CLUA. 3T1a nHdopmauyva npuBegeHa ang
yaoobcTBa nonb3oBaTeneil HacTosLero cTaHgapTa M He O3HavyaeT ogobpeHust ykasaHHOro npodykTa co cTopoHel MCO.
HonyckaeTtca Mcnonb3o0BaTe 9KBUBANEHTHLIE MPOAYKTLI, ECNU MOXET ObiTh NOATBEPHAEHO, YTO OHW MPUBOASAT K TEM e
peayneTatam.

2) feicteyeT MOCT P MCO 13833—2016 «BbIBpOCH! CTALWMOHAPHBIX UCTOYHKMKOB. OnpeaeneHne COOTHOLLEHWS
coOep:aHwsa AMOoKCKMAa yrnepoaa, BbloeneHHoro buomaccoi (buoreHHoro) u obpasopasLuerocsa npy obpaboTke nonesHbIx
uckonaemeix. OTbop Npob 1 ocnpegeneHue No paguoakTUBHOMY M30TOMY yrrepoaan.

2
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pMC — npoueHTHOE copepKaHne «COBPEMEHHOrO» Yrnepoaa,;
TC — obwwmi yrnepog;
TOC — obLLUKin opraHnyecknin yrnepos.

4 OCHOBHbIE NONMOXEeHUA

T4C, npucyTCTBYIOLWMI B XMMWYECKUX BellecTBax, o6pasyeTcs U3 COBPEMEHHOro aTMOChepHOro CO.,.
M3-3a pagnoakTMBHOIMO pacnaga OH Mo4YTW OTCYTCTBYET B MCKOMaemblx npoayktax BospacTtom ot 20 000 go
30 000 net. Takum o6pa3som, cogepxaHue 14C MoxXHO paccmMaTpuMBaThb KaK MHOMKATOP XMMWUYECKUX BELLECTB,
HeaBHO CMHTEe3MpOBaHHbIX U3 atMoctepHoro CO,, 1 ocobeHHo buonpoaykToB, 06pasoBaBLIMXCSA HeAaBHO.

Onpepnenexre coaepaHusl GMOMAacChl OCHOBAHO Ha M3Meperuu '4C B monMMepax, YTo NO3BONSET Bbi-
YUCINUTB SO0 yrnepofa Ha GMoNorMYecKkon ocHoBe.

BonbLuoi onbIT B onpeaenernn 4C n atanoHHble obpasubl 40CTYNHLI 6narogapsa 4aTMPOBaHMNI0 apXeo-
norMyecknx o6bLEKTOB, Ha KOTOPbLIX OCHOBaHbl TP MeToAa, NpMBeAeHHble B HacTosALWeM cTaHaapTe:

- MeTog A — KWOKOCTHas CLMHTUNNAUMOHHas cnekTtpoMeTtpusa (LSC);

- meTtog B — vonusauma beta-yactuuein (Bl);

- meTtog C — yckopuTtenbHas macc-cnektpomeTpust (AMS).

n punMmedvyaHune — I'Ipemmyu.l,ec:TBa W HEOOCTATKKN 3TUX METOLOB McnbiTaHWUA NnpUBEOEHDbI B Ta6nmue 1.

Tabnuya 1— peumyliecTBa U HegOCTaTKWU METOOOB

Bpems, Heobxoaumoe OtHocutensHoe MHCTpymMeHTaneHble
MeTon HononHuteneHele TpeboeaHus cpefHekBagpaTtuyeckoe
ANSA U3MepeHus . 3arparbl
Meton A (LSC) | CrangapTtHas (06bivHaRA) OT4 g0 12y 012805 B
nabopatopus
MeTog B (BI) IlabopaTopusa C HU3KKUM OT8po24 4 O710,2005 Hunakue
ypoBHeM hoHa;
YCTPOUCTBO AN OYUCTKU
rasa
Meton C (AMS) | KpynHorabaputHas OT1 10 go 30 mMuH O710,2002 Bbicokue
YCTaHOBKa;
YCTPOWCTBO Ans
npeobpasoBaHua rpacuTa

Ons namepenna 4C metogom LSC MCMONbayloT CHETYMK HM3KOTO YPOBHS. CTaTUCTUHECKUA XxapaKTep
paccesiHa pafMoaKkTUBHOIO pacnaja ycTaHaBnueaeT npegen Ansa meTonos A u B. Takum oBpasom, oba me-
TOAa HYXZAKTCA B OYULLEHHOM OWMOKCUAE yrrmepoaa, B NPOTUBHOM Clydyae OKCWUAbI a30Ta OT CropaHus B Ka-
nopumetpuyeckon GomBe npusedyT K NoACHETY NOTEPL B peayfibTaTe NogaBneHus U pasbaeneHus BellecTsa
NPYMMeCchio Npu namepeHun Mmetogom LSC. Mpwu ucnonbsosaHum metoga A (LSC) obpasubl ¢ HU3KMM cogepxa-
HWeM yrnepoga Ha buonormdeckor ocHoee (MeHee 10 %) MoryT ObiTb M3MEPEHbBI C AOCTAaTOYHOW TOYHOCTHEHO
TOMbLKO C UCMOMb30BaHWEM NPOLEAYPLl KOHBEPCUM BeH30MNa MNK, ecny NPUMEHKMO, NPAMOro U3MepeHUs Me-
Tonom LSC, kak npuBegeHo B NPUMOXKeHUM A.

MpumeyaHue — B HacToswee BpemA cTano AOCTYNHO HOBOE koMnakTHoe obopygosavve AMS. B page
cny4yaeB 6onble He Tpebyetca npeobpasoraHue rpacdurta. 3t AMS MoryT uamepaTe HenocpeacTBEHHO razoobpasHeIf
CO,.

5 OT60p npo6

Ecnu cywecTByeT cTaHaapTHbli MeTog otbopa npob 4ns oueHWBaeMoro matepuana Wnu npoaykra,
KOTOPLIN NMPUHAT PasHbIMKM CTOPOHAMM, TO TAKOW MeTogd MoxeT BbiTe UCMONbL30BaH, a nogpobHocTu otbopa
obpasuor 3apernctpupoBaHsl. Obpa3susl npu noboi npouenype otbopa Npob fomkHbl BbITE NpegcTaBUTENb-
HeIMY ONS MaTepuana unu NpoaykTa, a KonuyecTeo Mnu Macca obpasua JomKHb! ObITb TOYHO YCTAHOBMEHSI.

3
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6 OnpepeneHue coaepxxanusa 14C

6.1 O6wmue nonoxeHun

B HacToswem cTtaHgapTe npusBefeHsbl oblyue npoueaypbl NOArOTOBKM Npob U Tpy MeToJa UCTbITaHWi
Ans onpeneneHus conepxanns 14C. bnarogaps TakomMy MoaynbHOMY noaxoay naéopartopum ¢ 06bl4HbIM 060-
pyooBaHMEM MOryT MoAroToBuTL 0Bpasubl Ans onpegeneHns cogepxanns 4C u onpegennTs comepkaHue
14C ¢ nomoubio cobcTReHHOro 0BopyAoBaHUS UMW NepefaTh onpeaeneHue cofdepxanus 4C cTopoHHei
naBopaTtopuu, cneumanu3nupyroLencs Ha 3TOM MeToauKe.

[ns c6opa 14C, conepxallerocs B ofpasle, NpeAcTasneHsl obLIENPUHATEIE MeToAbl NpeoBpa3oBaHUs
yrnepoaa, npucytcreytoulero B obpasue, 8 CO,.

[ns namepenus conepxanns 14C seiGpaHbl 06LLENPUHATLIE METOAbL! ONpeeneHns Bo3pacTa 06bekToB.

6.2 OcHOBHbIe NOMOXeHunA

KonuuecTro yrnepona Ha BUoNoruyeckon ocHOBe B MOnvMMepe Ha GMoNornyecko 0CHOBE MpPOMopLMOo-
HanbHO comepxaHuio 14C.

[Ons nony4yeHWss 0OCTOBEPHbLIX pe3ynbTaToB MOMHOE CKuraHue (CM. npunoxeHue A) OCYLLeCTBNSAT
TaknMm 06pa3oM, 4ToBbl COOTBETCTBOBATL TPEBOBAHMAM K MOCNEAYIoLEeMY N3MEPeHNio coaepxaHus 14C n
obecneyunTtb KONMMYECTBEHHOE U3BMIEYEHNE BCErO Yrnepoaa, npucytcrayiowero B npobe, B suae CO,. 3710 us-
MepeHne OOIMKHO BhINOMHATLCA OOHUM U3 CNeayroL X MeTo4oB:

- MEeTOo[ XWAKOCTHOW CUMHTUNNAUWOHHOWM cnektpoMmeTpun (LSC) (MeToq A): KOCBEHHOE onpefeneHue
comepxaHua usotona '4C yepes nanydeHve GeTa-yacTul (MPWU B3aUMOZEACTBUM CO CLMHTUMMSALMOHHBIMMU
MoneKkynamu) npuBeeHO B NPUNOXeHuu B;

- yckopuTenbHasi macc-cnektpomeTtpusa (AMS) (metog C): npaMoe onpegeneHue cogepxaHua n3otona
14C npueeneHo B npunoxexun D.

370 n3MepeHue TakxKe MoxeT DbiTb BbINONMHEHO B COOTBETCTEBUM C MeToAoM B [MoHu3aumsa beTa-yactuy,
(Bl)]: kocBEHHOE onpeaeneHune cogepxaHus naotona 4C nocpeacTsBom ucnyckaHus 6eta-yacTul (aeTekTop
Tuna leiirepa-Mwonnepa), npuBegeHHoe B npunoxeHun C.

6.3 Mpouenypa npeobpasoBaHusa yrnepofa, npucyTcTBylouwero B obpasue, B obpaseu,
noaxogswun Ons onpegeneHun 14¢

Mpeo6pazoBaHue yrnepoaa, NpucyTcTByOWero B obpasue, B 0bpasel, NOAXO4AWMA ANS onpegeneHus
cogepxaHua 14C, BLINOMHSIOT B COOTBETCTBUM C NPUNOKEHUEM A.

6.4 MeToabl uaMepeHUn

CopepxaHue '“C B o6pasie onpeaensioT ¢ UCNOMb30BaHNEM OLHOMO U3 METOAOB, OMUCAHHBLIX B MpU-
noxenuax B, C nnu D.

Korga otobpaHHble o6pa3Lbl OTNpaBnsoT B cneyuanvManpoBaHHele nabopatopuu, Ux cnegyeT XpaHuTb
Takum obpasom, 4tobel CO, 13 Bo3dyxa He Mor nonacte B abcopBumnoHHbIn pacTeop. MNpoBepka Ha yTeuky
CO, 13 BO3AyXa BLIMOTHAKT NyTEM NOATOTOBKM KOHTPOMbHLIX NabopaTtopHeix npob Ha aTane ot6opa npob.

Ons onpepnenexns 0 % copoepxaHus BMomacchkl 4oMycKaeTca UCMONb30BaTh CXKWUraHue CTaHdapTHOro
yrnsa (Hanpumep, BCR 181).

Ons noareepxaeHua 100 % copepxaHuss BGuomacchl AOMYyCKAeTCA WMCMNonb3oBaTb CTaHOAPTHBIN
aTanoHHbI maTepuan wasenesor kucnoTtbl NIST SRM 4990b wnv SRM 4990c, nnm caxaposy (NIST
SRM 8542). CmelwmnBaHne stanoHHoro matepvana NIST 4990 ¢ nM3BeCTHbBIM KONMWYecTBOM J0BaBKu ropto-
Yyero UCKOMaeMoro matepuana, KOTOphblA ynydllaeT ero XapakTepucTUKKA TOPeHUsl, Tak Kak LiaBenesas Kuc-
fl0Ta TPyaHO BOCNNaMEHAETCH M3-3a ee HU3KOW TeNnnoThbl cropaHus. [ns perynsipHbix NPOBEPOK 4OCTATO4HO
CTaH4AapPTHOrO 3TaNOHHOro MaTepuana ApPeBechHbl, 0TKannbpoBaHHOMo No WaBeneBon KucrnoTe.

7 OnpepeneHuve cogepXaHusa obLwero yrnepoga v o6Lwero opraHM4eckoro
yrnepopa

CopnepxaHue o6Liero yrnepoda M o6LLero opraHnyeckoro yrnepoaa onpegenstoT NobbiM Nogxodawmm
METOAOM.
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Ecnn npymeHumo, moryT BbiTh MCNOMNbL30BaHbl COOTBETCTBYIOWME MeTOAbI, NpuBeneHHbie B [1], [4], [6],
(8], [9], [11], [13] vnn [14].

8 BbluucneHue coagepxaHuAa yrnepoaa Ha GMonorm4eckon ocHoee

8.1 O6wue nonoxeHun

BbiumcneHue cogepxanns yrnepoga Ha bLuonorvyeckon oCHOBE BKIOYaeT cneayloune atans:
a) onpegeneHve cogepxaHusa obllero yrnepona B obpasue xT€, onpeaeneHHoro ogHMM M3 MeTodoB
UCNbITaHWA, KOTOpPble NMpPUBEAeHbl B pasdene 7, Bblpa)KeHHoe B NMpoueHTax oT oblien macchkl, unu onpege-
neHve cofgepxaHusa obLero opraHM4Yeckoro yrnepoga B obpasue xT9C koTopoe OCYLLECTBNAT OQHUM K3
MEeTOLOB MCMbITAHUNA, YKa3aHHbIX B pasferne 7, BblpaXKeHHOe B NpoLeHTax oT obLiel macchl;

b) BbluMCNEHME MacCcOBOrO coaepxaHus yrnepoda Ha BrMonornyeckon OCHOBE Xg, C UCMOMNb30BAHWEM
3HauyeHus copepxanus 14C, koTopoe onpeaensiioT NpY NOMOLLM BbIYMCIEHUS M0 OOHOMY U3 METOLO0B UCNbITa-
HWW, NpMBeaeHHbIX B pasgerne 6, ¢ NpYMMEHEHUEM NOMPABOYHbIX KO3MPULUMEHTOB, yKa3aHHbIX B 8.2;

C) BblYMCINEHWE cOodepXaHusa yrnepoaa Ha BMonorn4yecko OCHOBE Kak JOMNu OT codepxaHusa obuiero

yrnepona XBTC (cm. 8.3.2) unu ponu ot cogepxaHusa obLuero opraHU4ecKkoro yrnepoga xBTOC (cm. 8.3.3).

8.2 NMonpaBo4Hble KO3 PULHNEHTbI

[o Hag3eMHbIX MCNbITaHWi BogopoaHon 6ombbl (HavaTbix npumepHo B 1955 roay v 3aBepLlumMBLUMXCS B
1962 rogy) yposeHb 4C B aTMocthepe B TeueHMe NOCNeaHero ThiICAYeneTus 0cTaBancs NoCTOAHHbIM C TOY-
HOCTBIO 10 HECKONbLKMX NpoueHToB. [Noatomy obpasel, chopmupoBaBLLMiACA 3a 3TO Bpems, obnagaeT 4eTko
onpeAeneHHol COBPEMEHHOW aKTMBHOCTBH (MHTEHCUBHOCTBIO), M BKI1aZ MCKOMaeMbIX OCTAaTKOB MOXHO onpe-
[enuTh NpocTeiM cnocoBom. OgHako '4C, o6pa3oBaBLINACS BO BPeMsl UCTILITAHNI OPYKUSI, MOBLICUT YPOBEHb
14C B atmocdepe go 200 pMC B 1962 r. co cHukennem go 102 pMC B 2015 r. PaguoakTtuBHocTb 4C o6pas-
ua, chopmmposasiuerocs ¢ 1962 roaga, NoBbILIEHa B COOTBETCTBUM CO cPeaHUM yposHeM 4C no cpaBHeHMIo
¢ MHTepBanom pocta. Kpome Toro, 6onblimMe BeiBpoChl MCKONMAemMoro yrnepoaa B TedeHue NocneqHux gecatu-
neTuin cnocoBCTBYIOT yMeHbLIeHMo oTHoweHus 14C/12C B atmocdepe.

B [12] gna yrnepoga Ha 100 %-Hon Guonorm4yeckon OCHOBe ucnonb3yetcsa 3HadeHue pMC, paBHoe
100,5 (Ha 2018 r.). 3TO 3HA4YeHWe JOMKHO ObITb OCHOBOW pacyeToB. [Ipyrve 3Ha4eHUss NnpuemMnembl TONbLKO B
TOM cny4ae, ecnm MoryT BbiTb NpefoCcTaBmneHbl AaHHble 0 3HavyeHu pMC BuoreHHon (OpraHn4yeckom) YacTu
maTepwvana.

3HadveHwe C Ha 100 %-Hon Buonormyeckon ocHoBe COOTBETCTBYET cHueHuto pMC Ha 0,5 B rog. Takum
obpa3som, 3Ha4eHuss Ha 1 AHBapA kaXgoro roda, NnpMBegeHHble B Tabnuue 2, MoryT BbiTh MCNONb30OBaHLI 40
2019 r. BKNIOYUTENBHO U OTpaxakoT cHkeHne pMC Ha 0,5 B rog.

Tabnuua 2— 3HaveHus yrnepoga Ha 100 % Guonornyeckoit 0CHOBe B 3aBUCUMMOCTKM OT roda

lon 3TanoHHbIe 3HaveHna yrnepopa Ha 100 %-Holn Buonoruyeckor ocHose REF, pMC, %
2015 102,0
2016 101,5
2017 101,0
2018 100,5
2019 100,0
2020 MoponexuTt onpegenexHyio
MpnmevyaHue — [puBedeHHblE 3HAYEHWS COOTBETCTBYHOT [12].

Ha ocHoBaHuu 3HaveHus 100,5 pMC BeiBegeH nonpaBoudHbid kKoadduumeHt 0,995 (1/1,005). Ons
BbIYUCMEHWS COAEpXaHusa yrnepoaa Ha BUONMOrM4ecKon OCHOBE coAepKaHue 14C, paeHoe 100/0,995 pMC
unu dpm 13,56/0,995 Ha rpamm C, cuntaetcs 100 % cogepxaHuem yrrepofa Ha BMonorMyeckoi ocHoBe A4S
©womaccel, chopmmupoBaBLelics B 2016 rogy.

MaccoBas gonst 6BMomaccel fomkHa BbiTb paccuuTaHa ¢ Ucnonb3oBaHWem yrnepona bromacck! Kak B
nonumepe Ha BMoONorMYeckon OCHOBE, Tak U B APYr1MX OPraHUYecKUX YrnepoaHbIX MaTepuanax.
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8.3 MeTtoa BblYMCNEHNA

8.3.1 BbluncneHne MaccoBOro cogepxaHusA yrnepoga Ha 6MoNoruYecKkon oCHoBe X
8.3.1.1 Copepxanue “C, onpenenexHoe metofom A (LSC) unu metoaom B (BI)
MaccoBoe cogepkaHuve yrnepoga Ha Guonornyeckoin OCHoBe Xg, %, BbIUCNAT No hopmyre

14
CaKTVIBHbIH 100
13 5LE{'J:m (1)

Xg =

14 :
rae "“C,ruenui  — DpPm obpasua, BeluMcnieHHoe no metoay A vnu B (cm. npunoxenve B unu C);

REF — 3TanoHHoe 3HaudeHue, BbipaxeHHoe B pMC, ana yrnepoga Ha 100 %-Hoit Guonoruve-
CKOIA OCHOBe, Nonmy4YyeHHoro 13 obpasua, cogepkallero buomaccy;

m — Macca obpasua, T.

8.3.1.2 CopepxaHue '%C, onpegeneHHoe metogom C (AMS)
Maccosoe cogepxaHue yrnepoaa Ha GUonormyeckoin ocHoBe Xg, %, BbIMMCNSAIT No dopmyne

pMC(s)
_,TC__100 _ TC pMC(s)
=X TTREF X TREF (2)
100
roe XTC — CcofaepXaHue OE)LLI,BTO yrnepoaa, nonydYeHHoe 3J3JIeMeHTHbIM aHalnuM3oM W BblpaXeHHOe B

npoueHTax ot obLe macckl 0bpasua;
pMC(s) — uamepeHHoe 3HadeHue obpasla, BbipaxeHHoe B pMC;

REF — a3TanoHHoe 3Ha4veHue, BolpaxkeHHoe B pMC, ana yrnepoga Ha 100 %-Hol Buonorn4yeckom ocHO-
Be, Nofly4yeHHoro u3 obpasua, cogepxawero ouomaccy.
8.3.2 BbluucneHue cogepxaHua yrnepoga Ha 6Monornvyeckom ocHoBe Xg'~ Kak gonu ot TC
BelumcnawT copgepxaHue yrrnepoda Ha OMOMOrMYeCcKOn OCHOBE Kak A0 OT COAepXaHus obluero
yrnepoaa xg'©, %, no dopmyre

TC

TC _ XB
xg - = 7C 100, (3)
TAe Xg — MaccoBOe COAepxaHve yrnepoaa Ha Buonornyeckon ocHoBe, %:;
x1C — copepxaHue obuiero yrnepona B obpasue, %.

8.3.3 BbluucneHue cogepKaHusa yrnepona Ha 6MONOrM4ecKkom oCHOBe xBTOC kak gonu ot TOC
BblunvcnawT cogepxaHue yrrnepoga Ha OMOnoOrMyecko OCHOBEe Kak [OMK 0T codepxaHus obliero
opraHu4yeckoro yrnepoaa xBTOC, %, no chopmyne

TOC __XB
Xg 70T 100, (4)
rhe xg — MaccoBoe coaepkaHue yrnepoga Ha Guonorudyeckon ocHose, %;

x10C — copepxaHue obLLEro OpraHMyYecKoro yrnepoga B obpasue, %.

8.3.4 MNpumepbl
Mpumep 1 — BeiyucneHue codepxaHus yanepoda Ha 6uonozuveckoll ocHoee Kak donu TC.
Yucmbiil nonumepHkIl Mamepuan Ha 6uonozauyeckoll OCHoee.
Obpasey Mmamepuarna u3 nosIuUMosIoyHol kucnomsi (PLA): x7C = 50,0 %; xg=50%
re_ 30.0 460 100%.
50, 0

Mpumep 2 — Boi4ucneHue codepxaHus yanepoda Ha 6uonozu4veckoil ocHoee kak donu TOC.

CMewaHHbIl nonuMepHbIl Mamepuan Ha 6buonozudyeckoli ocHoee.

Obpasey u3 nonuamuneHosoz2o Mamepuana (PE), codepxauezo cMeck UcKonaemMoz20 nonuamuneHa (PE) u
nonuamunexa (PE), nonyyeHHo20 u3 6U02eHH020 CUHMe3-2a3a;

6

XB
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xT0C = 86,0 %; xg = 24,0 %,

Toc 24’3100: 27,9%.

xB

]

9 lMpoTokon ucnbiTaHUM

MpOTOKOM MCMbLITAHWIA [OIMKEH CoaepXaTh, Kak MUHUMYM, CNeayoLLy0 MHOopMaLmIo:

a) CCbINKY Ha HacTOsWMIA CTaHaapT,;

b) Bcto WHdopMauuw, HeobXoAWMYK AN MONHOW MAeHTUMUKALMA WCNLITYEMOrO MONMUMEPHOTo
maTepuana Ha BGMONorMyeckon OCHOBE WNUW MPOAYKTa, BKMHOYas NpoucxoxaeHue Buomacckl, U3 KOTOPOM
COCTOMT MaTepuan unv NpPoayKT;

c) ycTtaHoBneHue nabopaTtopun, NpoBOASLLEN UCMbITaHNS;

d) nogroToBky npobbi;

€) YCMNOBWSI XpaHeHwus;

f) MeToa WMCNbITaHWIA, UCNONb3yeMbIi ANs onpegeneHns cogepxanua 14C (meton A, B unu C, npuse-
OeHHbIN B npunoxeHuun B, C unu D);

g) MeToabl UCMbITAHURA, UCMonb3yeMble ANs onpedeneHus cogepxanHua TC u TOC (cm. pasgen 7);

h) pesynbTaTbl UCNbITAHWIA, BKNoYas 6a30BbI KOMMNOHEHT, HA OCHOBE KOTOPOrO OHW BblpaKeHbl, W
NpMMeHEeHWe U30TOMHOW NOoNpaBKKW, BKNOYan hopMynMpoBKY NPeLM3noHHOCTH;

i) meTop npeobpasoBaHus yrnepoga (cm. A.4 npunoxenus A);

i) aktmeHoCTb '4C 0Bpa3ua B dpm unu aHaueHue '4C, BoipaxeHHoe B pMC;

k) comepxaHue obuiero yrnepoga x'C B o6pasue, BbIpaxeHHOE B NPOLIEHTaX;

I) ucnonesyemoe 3HadeHue REF,;

m) copgepxaHue obliero opraHudeckoro yrnepoga x'°C B o6pasue, BbipaxeHHOE B NPOLEHTAX;

n) maccosoe coaepxaHue yrnepoga Ha 6uonoruyeckoit ocHose xgp B obpasue, BbipaXeHHOe B
npoLeHTax;

0) copepXaHue yrnepopga Ha GMONOrMyYecKkoll OCHOBE OTHOCUTEMBHO copepxaHus obuiero yrnepoga
XBTC B 06pasue, BbipaxXeHHoe B NpoLeHTax;

p) copepxaHue yrnepopaHabuonormyeckoin 0CHOBE OTHOCUTENBHO CoAepKaHusa 0bLLero opraHnyeckoro
yrnepoga xBTOC B obpasue, BblpaXKeHHoe B MPOUEHTaXx;

g) nobyr OOMNONMHUTENBHYH WHMOPMALWIO, BKMOYas NOAPOOHOCTU MoBbIX OTKNOHEHWHA OT MEeTO40B
UcnblTaHun ¥ NoBbbIX onepaunin, He yKaszaHHbIX B HACcTOsLWeM cTaHgapTe, KOTOpble MOMM MOBMWATbL Ha
pesynbTaThl;

r) AaTty nonydyeHus nabopatopHoro obpasua v AaThl NpOBeAEeHMA UCTLITaHWUIA (HaYano U OKoHYaHue).

O
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MpunoxeHue A
(o6azaTtenbHoe)

Mpouegypa npeo6pazoBaHus yrnepoga, NpUcyTCTBYIOWEro B o6pasue, B oGpasel, NogxoaaLmi
ans onpegenenus 14C

A.1 Obwme cBegeHUnA

B [aHHOM NpUMOXKeHUU NpUBEAEeHb! 3Tankl NoAroToBkv 06pasLor Ana onpedenenus '4C. NaGopaTopuu, He 0Bopy-
[oBaHHble Ans aHanwsa C, MoryT noarotoBUTL 06pasLibl ANS nepenayu B nabopatopuu, 060pyaoBaHHbIe 418 aHanu3a
140_

[ns onpenenenns cogepxanus 14C yrnepon, npyucyTeTaylowmi B obpasue, gomkeH BbiTe NpeobpasoBaH B CO,.
MpeobpasoBaHue ocyLEeCTBRAIOT NyTEM CxUraHusa B kucnopogde. [1pn HeobxogumocTy gonyckaeTcsa MCNonb3oBaTe BCMO-
MoraTensHoe CPeacTso, NofAepxmsaiowee ropeHue, Ana obecnedeHna nonHoro okucnexna yrnepoaa ao CO,.

ns HeKoTOpbIX Xuaknx obpasuos He TpebyeTcs npeobpasosaHue B CO,, 1 NpAMOE U3MepeHne CodepaHus 14c
MOXeT BbITb BbINOMHEHO C UCNOMb30BaHueMm LSC.

A.2 MNopgrotoBka

A.2.1 OcHOBHbIe NOMNOXEHUA

Copepxatue '4C B nonumepe Ha BUONOrMHECKO OCHOBE OMpenensioT no CO,, obpasytollemMycs Npu CxXUraHum
o6pasua. [na npeobpasoeanna obpasua B CO,, MCNonb3yemblii AnNa onpefeneHns coaepxaHns T4c, OonycKaeTca Uc-
nonb3oBaTh cheaylLue Tpu MeToda:

- CKUraHue B KanopumeTtpuyeckon bombe (A.3.1);

- oxuraHve B Tpybuatoi neun (A.3.2);

- cxuraHve B nabopaTopHoM annaparte ang cxuraHus (A.3.2).

Mpu cxuraHum cBop 1 NOAroTOBKA ANA UsMepeHua obpasosasllerocs npu cropaHnn CO, 3aBUCHUT OT MeToaa,
KOTOpbIN ByAeT MCMoNbL30BaTLCA ANA onpeaeneHna cogepianus 4C.

Mpw ncnone3soeaxHum MeToga C ucnonesykoT Tpu cnocoba:

a) npamoit cbop obpasosaslweroca CO, B Mewwok ana cbopa rasa unm repMeTUHHyIo kBapuesyto Tpybky ¢ CuO;

b) abcopbuuio (nornowerue) CO, pacteopom rugpokcuaa Hatpus NaOH c koHueHTpauven 4 monk/am3;

c) abcopbumio Ha TBepaom abcopbeHTe, pazpaboTaHHoM ANs 3TOW Lenu, Kak npaeuno, ucnonesyttT NaOH vnn
KOH, HaHeCeHHble Ha HOGUTENb AMOKCUE KPeMHIS (Hanpumep, Carbotrap®?).

[Mockoneky ans metoga C TpebyeTcsa BCero HeCKONbKO MWANUIPaMMOB YrMepoAcodepKallero BeLlecTBa,
[I0NYCKaeTca Mcnornb3oBaTte 0bpasel MaTepuana, cogepxallui HecKoneko munnurpammos CO,,.

Mpu ncnons3osaHnK MeTogda B nonyckaetca Takxe npamoii cbop CO, B rasoselil MeLLoK, BannoH ana otéopa npob
unu pacteop NaOH npu ycnoeuw, 4To obLlee KONMYeCTBO yrnepoaa, NpucyTCTBYoLLEero B obpasue, COCTaBMAET He MeHee
271

Mpw ncnone3oBaHuKM MeToAa A NOCNE CXUFaHWA BO3MOXHbLI criedytoline Tpu MeToaa:

a) npsmasa agcopbuuna obpasosaslierocs CO, pacteopom kapbamarta [nogxodawwi pacteop Ansa abcopbuun
CO,, cogepxaimin aMmuH, Hanpumep 1 Mornb/aM® 3-MeToKCMNpONMNaMuHa B aTaHonamuHe wnu Carbo-Sorb E®?)];

b) agcopbuma CO, B pactBope NaOH koHueHTpauwei 2 MONb/AMS 1 NOCNEAYIOLWMA NEPEHOC CO, B pactBOpe
NaOH B pacteop kapbamara;

c) npamoe npeobpasosanne CO, B GeHzon.

B HekoTopbIx cnydasx Heobxoanmo onpedenute obllee cogepkaHue kapboHaToB B pacTBope ans otbopa npob.
Mpy npamom otBope npob M3 pacTeopoB kapbamaTta cogepkaHue kapboHaTa MOXHO onpefenuTb NyTem B3BELLWBaHWSA
pacTteopa obpasua go u nocrne otbopa npob. MNMpu otbope npob 13 pacteopoe NaOH unn KOH cogepkaHve kapboHaTa
MoXeT BbITe ONpedeneHo CTaH4apTHLIMKM MeTO4aMKU, HanpuMep TUTPMMETPUYECKUM MeTodoM. PyKOBOACTBO Mo Takomy
onpegeneHvd MOXHO HawTtu, Hanpumep, B [5] (Bce yactn) u [10]. PactBop kapbamata HenocpeACTBEHHO W3MEPSOT
metogom A unu B. Yrnekucnbiid ras unu rpacomt us CO,, BocnponaBedeHHbIi U3 pacTBopa kapbamarta, u3MepsatoT MeTo-
aom C.

A.2.2 PeakTuBbI M MaTtepuanbl
A.2.2.1 PactBop kapbamarTa.

1} Carbotrap — npumep noaxoaALlero npoaykTa, AOCTYMHOMO Ha phiHKe. MHopMaLusa npuseneHa ans yaobeTea
nonbL30BaTenei HacToALEero cTaHgapTa U He o3HadaeT ofobpeHus aToro npoaykta NCO.

2) Carbo-Sorb E sensieTcst npyMepoM MoaxXoAsLLEero NpoAyKkTa, AOCTYNHOro Ha pbiHke. MHopmaums npyueedeHa
ansa ygoberea nons3oBaTerieid HacTosWero cTaHaapTa U He 03HadaeT ero ogodpeHua co ctopoHsl CO.
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A.2.2.2 CUMHTUNNAUMOHHAA cpeaa.

A.2.2.3 CteknsaHHble dnakoHbl (CTaHaapTHbIe donakoHbl AnsA Npob 13 cTekna ¢ NNacTMacCoBbIMW 3aBUHYMBAOLLM-
MUCS KPBILLKAMUW, XUMUYECKU cToikue Kk pacTeopy NaOH ¢ koHueHTpauueil 4 mons/am3).

A.2.2.4 ABcopbupytoluii pacteop NaOH, 4 Mons/am3.

Ona npuroToeneHns abcopbupylollero pacTBopa, He cofdepxallero kapboHaToB, AOCTATOMHO WCNOMb30BaTh
CBeXeoTKpbIThle cocyabl ¢ rpaHynammu NaOH. PacteopsitoT rpaHynsl NaOH B Hebonbliom konuyecTBe BoAbl (Tenno,
BblOensemMoe BO BPeMA PacTBOPEHUS, YCKOPAET Npouecc pactsopeHna). Hebonbluoe konv4ecTBo 0caaKa ykasbiBaeT Ha
npucyTtcTeue B pactBope Na,CO,. [NpospadHblil pacTBOp Mocne AeKaHTauuy, NoYTH He coaepKallmMin kapboHaTos, pas-
6aBnsaoT go Heobxogumoro obbvema. Mockonbky pacTBopeHve NaOH sBnaeTcs 3K30TEPMUMYECKMM NPOLECCOM, criegyeT
NposBnaTb 0cobyld OCTOPOXHOCTL, Tak Kak npu pa3baBneHWn MOXKET MPOM3OWTU BCKUMAHWE KOHUEHTPUPOBAHHOIO
pacTBopa.

A.3 CxwuraHue obpa3sua

A.3.1 Cxuranume obpazua B KanopumeTpu4eckon bombe

[nsa cxuraHus obpasua B kanopuMeTpudeckorn bombe gonyckaeTcsa MCnornb3oBaTth 60N NoaXo4AaLWMIA METOL UC-
nbiTaHWi, Hanpumep [2], [3] nnu [28].

[Nocne nonHoro cropaHua B kKUcrnopoaHon 6ombe rasoobpasHbie NPoAYKTLI cropaHusa cobupatoT B Mellok Ansa cbopa
raaa.

Ins TpyoHoBOCNNaMeHAEMbIX MONMMEPOR HA BUONOrMYEecKo OCHOBE MCNOML3YOT BCNoMoraTensHele cpeacTea ro-
peHus Ang OOCTMXEHUS NONHOro cropaHus. MNprmepamu BCnoMoraTenbHbIX CPeACTB ropeHus ABNSKTCH NONUATUNEHOBLIE
nakeTbl 4NA cxuraHua, beH3oHas kucnoTa u rmioko3a. CnenyeT cobniogaTte OCTOPOXHOCTL, YTODL! HE MpEeBLILLATL MaKCcu-
MansHO J0MYyCTUMOE KOMNMMYECTBO OPraHMYecKoro matepuana ang Menonb3yemMon KncnopogHon Gombel. OnpenensaioT Ko-
nuuectso 4C, NpucyTCTRYIOLLEND BO BCNOMOraTeNnbHbIX CPeACcTBax ropeHns, U BHOCAT NONpaBKky Ha BKNaj 3TOro cpeacTsa
(conepxanve 14C u copepxaHue obliero yrnepoaa).

OnpepeneHve cogepxaHus kapboHaTa B pacTBope, Nomny4eHHoOM MOCIe CXUraHus, AoMNycKaeTCcs NCnonb3oBaTh AN
onpeaeneHnsa KoHeepcuu peakumn. CogepxaHve kapboHaTa gomkHo BbITe 3KBUBANEHTHO KonuyecTBy obLiero yrnepoaa,
NPUCYTCTBYIOLLErO B cropeBLuei npobe (Bkntoyaa gobaeku AnA ropeHns ).

Mpw ncnonezosaHuu metoga A CO, cobupatoT B pacteope NaOH koHueHTpauuei 4 monb/am3 go npeobpasopaHus
B BeH3on unu cobupaloT B pacTBOp OXNaxOeHHOW cMecH kapbamaTta 1 noaxogaLein CUMHTUINALNOHHOW XUOKOCTY.

[na cbopa CO, B pactBope NaOH koHueHTpauuei 4 MOJTb/AM3 UCMOMb3YIOT MPOMBIBHYIO CKMAHKY BMECTUMOCTLHO
250 cm3, HanonHeHHyto 200 cm? pacteopa NaOH KkoHUeHTpaLmen 4 Monb/n, CKOPOCTs NOTOKa CO, 50 eM3/MUH.

Ons c6opa CO, B pacTeOpe kapbamarta MeLoK ¢ rasoobpasHoii Npo6oit NOACOEANHAIT K HAacoCy, CO8ANHEHHOMY
CO GTEKMAHHBLIM COCYA0M BMECTUMOCTLI0 20 cM3, 3anonHEHHLIM CMeckk, cocToslleln na 10 oM3 xuakocT Ans copbLmm
kapBamaTta 1 10 cM® CLMHTUMNALMOHHON CMECH, MOMELLEHHbIM B NeasHyto BaHio Ans 0TBoAa Tenna K30TepMUHeCcKoil
peakuun obpasoBaHus kapbamarta. CKOpOCTh OTKAYKM HU3Kas, Kak npasBuno, ot 50 ao 60 cm3-mun~'. MepekaunsaHue
rasa 13 Meluka saHumaet oT 2 4o 3 u. MNocne otbopa npobbl OHA rOTOBA K NOACYETY Ha XUOKOCTHOM CLMHTUINSALMOHHOM
cyeTyuke. lMapannensHo crnegyeT MpPoOBOAUTE MOACYET KOHTPONbHbLIX Npob, AnA yyYeta HeBonbLIWX NepuoguYecKux
N3MEHEHWI hoHa.

MamepeHusa OomkHbI ObITh BLIMONMHEHLI KaKk MOXHO BeicTpee nocne cbopa. MamepeHus OomkHbl BbiTb NpoBeAeHbI
He nosaHee ogHoW Hepenwu nocrie ot6opa npo6. ECTe Beckue ocHoBaHua nonarats, yto NO,, o6pasytowmiics npu cro-
paHuK, BCTynaeT B peakuuk ¢ abcopOLUMOHHOW CMeChi, NPUBOLA K €lle He BbIACHEHHbIM ownbkam nocne HecKorb-
KUX OHel xpaHeHwa. Ecnn HedenbHbIA Npeden He MoxeT BbiTe peanusosaH, nosTopaT cbop CO, B pacteope NaOH ¢
KOHUeHTpaunel 4 monb/n.

Mpw ucnonbaoBaHuu MeToda B unu metoda C CO, cobupatoT B pacTeope NaOH ¢ KoHUeHTpauuWein 4 Mmonb/n unu
Ha NoaXoAsLeM TBEPAOM CUMHTUINNALMOHHOM abcopOeHTe.

B kauecTee anbTepHaTWebl AnNs MeToaa C MOXHO oTobpaTs npubnuautensHo 2 cm> razooBpasHoro CO, uz meLlka
onsa cbopa rasza npy NOMOLLM CTEKMNSAHHOTO LIMNpWUa M NEpPeHecTu B cUcTemy LeneBol noarotoBkn AMS. lMockonbky
copepxumoe GombbI BbINYCKAOT A0 AOCTUXKEHUS aTMocdepHoro faeneHus, B 6ombe octaeTcs 0cTaTOYHOE KOMMYECTBO
rasa, KoTopoe NpsMo NponopLUMoHansHo Aaenexvio B 6Gombe nocne cropaHus.

MpumevyaHnue — lpu octatoyHom gasneHun 2,5 Mla nocne cbpoca Ao atMocchepHoro gaenexlust B bombe
ocTtaetca 4 % rasoobpa3sHbiX NPOAYKTOB CropaHus.

YT1obbl NpeocgoneTs 3Ty NOMeXxy:

a) NpoBOAAT KanWBPOBKY U aHanu3 ¢ y4eTOM OCTATOYHOIO KONMUYECTBA, MCNOMb3YsA NMonpaBoyHbid koadduuneHT
OaBreHus;

b) Mcnonb3yoT BakyyMHbIM HACOC ANSA YAANeHUsi OCTaTO4HOrO KONMYECTRa;

¢) npoaysatoT GomBy aproHom n cobupaioT CO, B NpoAyBOYHbIX rasax.

A.3.2 CxwuraHue obpa3ua B TpyGUYaTOM Neyu Unv annapare gns CXUraHusa
TpybuaTtas neyb UnNu annapart Ans COKUraHWa OOMKHbBl UMETb BO3MOXKHOCTE CXHUraTe NonvmMep Ha Buonornyeckon
OCHOBE C MOIHbLIM NpeoBpasoBaHUeM NpUCyTCTBYloLWero yrnepoaa B CO,. Ansa onpedeneHus coaepxaqus '4C meTo-
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aom A CO, cobupaloT npy NOMOLLM NOAXOASLUIEro MMMUHIKEPA, 3anofMHeHHOT0 OXMaXdeHHOW CMeckio kapbamarta u
noaxoAAWen CUUHTUNMALMOHHOR KUAKOCTW, CUMHTUNNAUMOHHAA cpefa KoTOopol yxe coaepxut nornotutens CO,
unu pacteop NaOH ¢ koHueHTpauven 4 monk/n (cMm. A.2.2.4). [ina onpenenenuns conepxanus “C metonom C unu B
CO, cobupatloT ¢ NOMOLLBI0 NOAXOAALLEr0 UMNUHDKEPA, HanonHeHHoro pacTeopoM NaOH ¢ koHueHTpauuein 4 Monb/m.
B pesynbtate abcopbunn CO, nocrne ynaenveaHusa Bynet Habniogatbcs 3HauMTensHOe yMeHblleHue obbema rasa.
CnepoBaTtenbHo, ra3oBbli HACOC AOIKEH pacnonaraTbCa nNepes UMNUHIDKEPOM W ObiTb ra3o0HENPOHMLEEMBIM.

B kavecTtee anbTepHaTtuesl CO, MOXHO yNaBnueaTe G MOMOLLLIO KPUOTEHHO NOBYLLIKA. B 9TOM criyyae KpuoreHHas
noByLUKa J0MKHA COCTOATL M3 MOBYLLUKM ANA BoAbl (CYXOW Nef B 3TaHOJE UMK aLeToHe), 32 KOTOPOW CneayeT KpUuoreHHas
noeylika. CneayeT NpOsiBNATbE OCTOPOXKHOCTL ANsS NpeaoTBpalleHns 0OpasoBaHusl XWUAKOro KUCMOopoAa, YTO MOXHO
obecrnedynTb He3Ha4YUTerbHbIM HAarpeBaHUEM MOBYLUKW BbiLle TEMMepaTypbl KAMEHWA KACMNOpoda C WUCMONb30BaHUEM
XKMOKOTO aproHa WW BbINOSIHEHWEM pasfeneHus Mnpu MOHWKeHHOM [aBneHun. B kayecTBe anbTepHaTWMBBI MpK
ucrnone3osaHun metoga C CO, MOXHO coBUpaTh NyTeM CMeLIMBaHA TOMOreHW3MPOBaHHOTO NoNMMepa Ha 61Monoruyecrom
ocHoee ¢ okcuaoM meaun (CuQ) B repMeTMYHOW BakyyMUPOBAHHOW KBAPLEBOW UMK CTEKIAHHOM TpyOKe M3 CTekna Mapku
Bukop (Vycor). B Tpy6ky no eeegeruna CO, moxeT GbiTh aobasneH sogsaHoi nap (ao 3 Ma), utobel noMoub yaanuThb
coefMHeHus cepbl. TpyBKy BbioepxuBatoT oT 3 0o 5 4 npu Temnepatype 900 °C. CO, cobupaloT nyTem paspylieHus
TpyBKu C NOMOLLBIO YCTPOWCTBA ANs B3rioMa TpyboK, NOAKMHYEHHOTO K BaKyyMUPOBaHHOWM NuHUK cbopa cTekna.

A.3.3 Mpamoe LSC namepeHne Ha nonumepe

[ns %nakux npo3padYHbiX NONMMeEpPOB Ha BMONOrM4Eecko OCHOBE BO3MOXHO NPsAMOE M3MEpPEHUE Ha NonvMepe Ha
Bbuonornyeckon ocHoBe ¢ nomolbio Mmetoda LSC. 3ToT BapmaHT gonyckaeTcs TOMNbKO B TOM Criyyae, ecrniv MoXeT BbiTb
NpoAEeMOHCTPUPOBAHA 3KBMBAMNEHTHOCTb MeTofam ¢ npeobpasosaHnem B CO,. Kak npaBuno, ato npoucxoaut B TOM
crny4vae, ecrnuv raweHne He HabnrgaeTcs UNK KOPPeKTUPOBKA ralleHns BbIMOMHAETCA C UCMOMb30BaHNEM CTaHAApPTHOMo
MeToaa A06aBoK C MCNOMNb30BaHNeM Toro e MedeHHoro '4C nonumepa Ha BuonorMyeckoit ocHoee ¢ M3BecTHol 14C ak-
TUBHOCTBIO.

MeTon, pacTBOpeHWA MOXEeT He MOAXOAWTb ANs HEKOTOPbIX MOMMMEPOB Ha GUOMNOrMyeckoll OCHOBE, HanpuMep,
Korga npucyTCTBYHOT HanosHUTENN.

Ons npameix namepenuin LSC pekomeHayeTca ncnonsk3osath [15].

A.4 PeaynbTaThl cTaHOAPTUIUPOBAHHLIX U3MEPEHUNA

A.4.1 Metogbl LSC n BI

YKMOKOCTHBIA CLMHTUNMALMOHHBIA CHETUNK KOCBEHHO M3MepsieT KonmnyecTeo B-pacnamoe '4C (oTC4eTOB B MUHYTY,
Cpm), namepss curHansl B3aumoaencTemsa 6eTa-4acTvl Co CUMHTUNNSLUOHHBIMK MOMNEKYNnamu (McnyckaHue poToHOB —
CBETOBOIO M3MNy4eHusi, NponopLMOHansLHOro aHeprin pacnaga). Ana atoro namepeHus obpaseu CO, abcopbupyetcs
noaxoaalmmM abcopbupyowmm pacTBOpOM, K KOTOpoMy AoBaBneH CUMHTUNNALMOHHLIA peareHT (cmeck CO,), vnu
CO, npeobpasywT B BeHson, a 3aTeMm CMELLVBAKT C KUOKAMU (CUMHTUMNALMOHHBIMKU) peareHTaMu ao cmecu. Metog
«BeHzonbHasa cMeck» Gonee TodeH, Yem meTtof «CO, cMechb.

[nsa pesynbTaToB namepenuid LSC OomkHbI MICNONbL30BaTLCA TE e MeToAbl CTaH4apTU3aLUmMK, YTo U ANA U3MEPEHMIA
AMS v nponopumoHaneHeIX CHETYMKOB rasa. CogepkaHue 14Csamp!eC BbIYMCIIAT Mo opmyne

2
13
14 14 1+ "8y
14,8 (" Asampie = Abg Mmeas - W
+
4 14_8 N sample
Csamplec(PMC) = "ay -100 = ———-100 = =5 100, (A1)
ARN Apn
14 14 - ;
rae “Coampiec — VW3MepeHHoe 3HavyeHne “C (B pMC) nccneayemoit npobel CO,;
148,3 "~ cTaHgapTM3avMpoBaHHOe W HopManuaoBaHHoe konvdecTso 'YC B uMaMepsemoit npo6e;14aﬁ - 100 =
= pMC;
14,43 — HOpManuaoBaHHbIi curHan '4C (KoHLEeHTpaLWs MY akTMBHOCTL U30Tona) namepsiemoro o6pasua;
14AgN — CTaHOapTU3MpOBaHHOE M HOpManu3oeaHHoe KonudecTeo '4C B nepBUYHOM 3TanoHHoM obpasue
waseneson kucnotel (HOx-11, SRM 4990c);
14 - 14 :
Asample — V3MEpeHHbIA curHan "“C (KOHUEHTpaLus Ui akTMBHOCTL 30TONa) NPodbI;
14Abg — u3aMepeHHbIi curHan "4C (KoHLEeHTpaumMsa Unv akTUBHOCTL M3oTona) JoHOROro 06paaLa/kKoHTPOMNLHOI
npo6bl, M3MepeHHbI OT TO Xe napTun, 4To M obpasew, NpeacTaBMAILWMIA OHOBbLIA curHan '4C
M3MepeHHbIX Npob;
Nmeas — TOYHOCTE M3MEPEHUI NCMONL3YEMON METOLUKA N3MEPEHUS;
10

GostExpert.ru
https://GostExpert.ru/gost/gost-16620-2-2022



https://gostexpert.ru?utm_source=pdf&utm_medium=66234
https://gostexpert.ru/gost/gost-16620-2-2022?utm_source=pdf&utm_medium=66234&utm_term=page

rOCT P UCO 16620-2—2022

13§N — CcTaHAapTM30BaHHOE 3HadYeHue Ana ppakyMoHNPOBaHUA M30TOMOB. 136N 13 N =-0,025 (oTHoCKTENB-
Ho VPDB);
13ﬁsamp,.e — W3MepeHHoe 3HayYeHue (bpakuMOHMPOBaHKA M3oTonoe B obpasue. Ero nonyyaot nytem usmepeHus

oTHoweHus '3C/12C B oBpasue OTHOCWUTENbHO M3MepeHHoro oTHoleHus '3C/'2C cranpapTHoro
obpasua ¢ M3BECTHLIM 3HAaYeHWEM (hpaKUMOHMPOBaHWUS M30TOMOB, OTHocUTensHo VPDB.

Ecnuv nepBWYHbBINA WY BTOPUYHBIA 3TANoHHBIA 0bpa3sel He uamepeH, 3pheKTUBHOCTE M3MEPEHNS HE UCKNIOYaETCA
¥ gomkHa BbITb oNpedeneHa C UCNOMb30BaHWEM BHYTPEHHero atanoHa. B atom cnyvae Takke HeobxoavmMo onpeaensatb
akTuBHOCTb o6pasua B Dpm/gC~" (uucno pacnagos B MuHyTy), @ He B cpm/gC~! . 14A0, = 13,56 + 0,07 Dpm/gC =
0,226 + 0,001 Bg/gC~".

A.4.2 Metog AMS

Cwuctema AMS mamepsieT usotonsl yrnepopa 12C, 13C v 14C B npoBe yrnepona 3a opuH nepuoa oT6opa npob.
MapTus 06pa3L0oB AOMKHA Takke coaepxaTb obpaslbl 3TanoHHLIX MaTepuanos. MamepenHoe konuyecTso 14C (pasHoe
KOHLieHTpaLmi u3otona 14C) B 0BpasLe BbIYMCIAIOT OTHOCUTENEHO M3MEPEHHOro (cpeaHero) konuyecTea 14C B o6pasLax
3TanoHHOro Matepuana Tou xe napTun. Ecnu atanoHHbId Matepuan npegctaengeT cobor nepByMYHbBIN CTAHAAPTHBIA 06-
pasel, waeeneson kucnotel I (HOx-1I, SRM 4990c), kak npaBuno, ucnonb3ayembld Ons 3ToM uenu, Heobxoammo BblUuMC-
NWTE CTaHAapTU3MpoBaHHoe konuuecTso 14C B obpasue, 14C$amp,ec (paBHOE 14aﬁ 100 % = pMC) no copmyne

2
13«
14 14 1+ 78
(" Asample = Abg sample ) Nmeas - N

13¢
4 1+ " Bsample (A.2)
Csamp.’eC(PMC) = > 100, i

135
14 14 1+ Moy
0,7459-( " Aox2— Apg ) Mmeas*| —3— —
ox?2 135
1+ boxz
14 — 14 - .
roe Csamp.'eC usmepeHHoe 3HaqeHune '*C B uccnegyemont npobe CO,, pMC;
“‘Asamme — un3MepeHHoe 3HaveHue curHana YC obpasua (KOHLEHTpaLMa UMK akTUBHOCTbL U30ToNa);
14Abgsample — uM3MepeHHoe 3Ha4eHue curHana 14C coHosoro obpasLa/koHTponbHOro 06pasua (KOHLeHTpaUms um
aKTWBHOCTb M30TOMa) TOIt e napTuu, 4To W obpasel, npedcTasnsolee doHoBbli curHan 4C na-
MEepeHHbIX 0bpasLoB;
14AOX2 — un3aMepeHHoe (cpeaHee) aHaueHne curHana '4C (KoHLEeHTPaLMA K aKTUBHOCTL M30TOMa) 3TAaNOHHOMO
cTaHgapTHoro obpasua waseneson knenotel (HOx-1I, SRM 4990c¢), namepeHHoe ona TOW xKe napTuu,
4YTO 1 HEW3BECTHLIE 0Bpa3Lbl;

MAbQOXZ — unaMepeHHoe (cpeaHee) aHaueHue curHana '4C (KoHUeHTpauus 1N akTMBHOCTL U30ToMa) 0bpa3sLoB
doHa, NnpeacTaenaWmMX cobon U3MepeHHbIW hOHOBLIM CUrHan aTanoHHOro cTaHdapTa LWaBeneBon
kncnotel (HOx-II, SRM 4990c¢), namepeHHbIin B TOW e napTumi oBpa3suoB LWaBeneBor KUCNOThI;

Nmeas — TOYHOCTb M3MEPEHWIA UCMOMNb3yeMOoil METOOWKA U3MEDEHNS;
138N — CcTaHAapTU3UpOBaHHOE 3HayeHwe Ana dpakuMOHUWPOBaHUA WU30TOMNOB, rae 136N = -0,025 (oTHOCK-
TensHo VPDB);

13553mpfe — M3MEepEeHHOoe 3HayeHue pakLMOHMPOBaHNA M30TOMNOB B obpa3sue. Ero nonyyakwT nyTeM UaMepeHus
oTHowweHus 13C/12C B oBpas3Lie OTHOCUTENBHO MaMepeHHoro oTHoLeHus '3C/12C atanoHHoro obpas-
La Cc U3BECTHLIM 3Ha4YeHUeM ppakunMoHMPoOBaHMUA M30TOMOB, oTHOocUTeNsHO VPDB;

13
Box2 — CTaHOapTM3MPOBAHHOE 3HAa4YeHMe (OPaKUMOHMPOBAHWSA W30TOMOB CTaHAapTHOrO  3TanoHHOro

MaTepuana wasenesoi kucnotel (HOx-II, SRM 4990c). 1350x2 = -0,0176 (oTHocuTenbHo VPDB).
CkopocTb pacnaga 'C (B rog). Mepuoa nonypacnaga 'C coctaensiet 5730 ner.
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Mpunoxexune B
(o6azaTtenbHoe)

Metog A. OnpegeneHne MeTOOOM XUOKOCTHOW CUMHTUNNALMOHHON cnekTpomeTpuu (LSC)

B.1 OCHOBHbIE NONOXEHUA

B naHHOM NpunoXeHun NpuBeaeH MeToa onpeaeneHus coaepxanns 4C ¢ NOMOLBIO XUAKOCTHON CLMHTMANALM-
OHHOW crnekTpomeTpumn LSC B pacTBopax kapboHaToB Unu kapbamaTtoB, NoMy4YeHHbIX B pe3ynsrate cxuraHus obpasuos
nonumepa Ha BUonornyeckon ocHoBe B KanopumeTpuyeckon 6ombe, TpybyaTon nevu unu nabopaTtopHoM YCTpOUCTBE AN
CXKUFAHWA, KaK ONUCaHo B NPUNOXEHUN A.

B.2 MpuHuun

ConepxaHve usotona “C metogom LSC onpenensioT KOCBEHHO NO UCTycKaHWio GeTa-uyacTull B pesynsTaTe pac-
naga paguoakTveHoro usotona '4C. Beta-yacTuubl HabnoaaoT Gnarogaps Ux B3auMOAENCTBUAIO CO CLMHTUIMALMOHHLIMM
monekynamu. CO,, obpasyloLuidica Npyu cropaHii nonmmepa Ha GUONOrMYeckol OCHOBE, YNAaBMMBAKOT LWENOYHBIM UMK
kap6amaTHbIM pacTBopoM. CO, B LIENOYHOM pacTeope npeBpalyaetcsa B BeHson, a B pacTeope kapbamara MoxeT ObiTb
M3MepeH HenocpeacTeeHHo. ObpasoeaBluMiica pacTBop GeHsona unKu kapGamarta cMellnBaloT C OpraHUYecKUM pacTBO-
POM, COOEPKaLLMM CLUMHTUNMSLMOHHBIE MOMEKYTbI, M U3MEPAIOT aKTUBHOCTb '*C 3TON CMECH G MOMOLLLIO KWAKOCTHOTO
CUMHTUNMALWOHHOTO CHETYMKA.

B.3 PeakTuBbl M MaTepuansi

B.3.1 lNepBu4HbIi aTanoH Wwaeenesol kMcnoThl, Hanpumep SRM 4990c.

B.3.2 Pacteop HCI, 5 mons/am3.

B.3.3 CUMHTUNNALUNOHHAA CMECH.

B.3.4 PactBop kapbamarta.

B.3.5 PacTBOPbl C MEYEHHBLIM BHYTPEHHUM cTanaapToM '4C, ans MeToda cTaHaapTHbIX A0BaBok.
B.3.6 CtaHmoapTHbIM yronb, Hanpumep BCR 181.

B.3.7 IlnTneBbI NOPOLLIOK UMW NNTUEBLIA CTEPXKEHD, Y. 4. a. (KaXKablid ynakoBaH B aproHe).

B.3.8 Xpomart kanua, 4. 4. a. (B cepHon unun occopHon kucnoTe).

B.3.9 Mopaxopawwmii katanusatop (Ha ocHose Cr, 05 nnu V,0g).

B.4 Annapatypa

Huakune ypoBHM ecTecTBeHHOro paguoyrnepona-14 (14C) s semuoit atmoctepe (npunuautensHo 10~12 % ofbemHoit
[on1) TpebyloT OOMOMHUTENbHLIX Mep MPedOCTOPOXHOCTM AN TOYHOrO uamepeHws '4C. CnegyeT no3aboTuTbest
0 TOM, YTOObI UCKMYUTL BIMAHME KOCMWYECKOTO M paguaunoHHOro ooHa OKpy»Kaloller cpedbl, NPUCYTCTBUS OPYrux
pPagvoW30TONOB, 3MEKTPOHHOrO LWyMa W HecTabunbHOCTWM, a TawKe Apyrux akTopoB. 3TW doHOBLIE hakTopsl
OrpaHU4YMBaKOT TOMHOCTL, MPEUM3UOHHOCTE M AManazoH MeTOA4a paguoyrnepodHoro aTUPOBaHNSA, NMOCKOIBKY KOHEYHbINA
BO3pacT MOXET ObITb BbIMUCMNEH TOMLKO B TOM Cly4yae, ecnu akTMBHOCTb 0bpa3ua He MeHee YeM Ha TpWU CTaHZapTHLIX
OTKIIOHEHUSA NpeBbILLaeT (POHOBYH aKTUBHOCTL. J1H000M MCNonb3yemMbli )XUAKOCTHBIA CUUHTUMMNALMOHHBIA CHETHYUK OOIMKEH
COOTBETCTBOBATbL 3TUM TpeboBaHMAM.

B.5 MNpoBeneHue ucnbITaHUK

B.5.1 OcHoOBHble MNONoOXeHUs

Haunyuwwve paboune xapaktepuctvkn LSC pocturawTtes npu npeobpasosaHuu cobpaHHoro CO, B GeHson u
npaMoro nogcyeta HeHaona B Nogxogawei CUMHTUINALMOHHON CMecK, HanpuMep Kak npueeneHo B [12]. [Ina matepmana
C BLICOKMM COAepXaHueM yrnepoga Ha Guonorndeckor ocHose (Gonee 10 %) moxHo ucnonssoBate abcopbumio CO, B
pacTBope kapbamara.

B.5.2 Npeo6pazoBaHue B 6eH3on

CoBpaHnHbiii CO, pearMpyeT CO CTEXMOMETPUYECKUM U3BbITKOM PaCMnaBneHHOro nuTua (COOTHOLIEHWE MUTUA:
yrnepon 3:1), npeasaputensHo HarpeteimM Ao TemnepaTypel 700 °C. Li,C, nmonydawT nyTem MeANeHHOW nodauu
CO, B cocyq 13 HepxaBeloLeli cTanu (UM aHanoruyHoM emy) C PacnnasneHHsIM NUTUeM noj Bakyymom e Gonee
135 ma. Li,C, HarpeBaioT fo Temnepatypbl He Hwke 640 °C v BoigepxkuBatoT o Bakyymom 15—30 mMuH Ana ynanexns
HEMpopearMpoBaBLUMX Ta30B U 3aBeplueHws peakunn cwHTesa Li,C,. 3arem Li,C, oxnaxaaioT Ao Temnepatypel
OKpyXatoLen cpeabl U OCTOPOXKHO M’MAPONU3YT AUCTUNNUPOBAHHON UMW AEVWOHU3WPOBAaHHOW BoAoW Ans obpa3oBaHus
rasooBpasHoro auetunena (C,H,) nyTem nogadu Bogsl No KanisamM B COCyA.

BeiaenvBLIMIACS aUEeTUNEH OcyLIatoT NPONYCKaHWEM Yepes NOBYLUKKU C CYXUM MbAOM, @ 3aTEM OCYLUEHHbIN aueTuneH
cobupaloT B NMOBYLLKAX C XKUOKMM a30ToM. ALETUINEH OYMLLAIOT NPONyCcKaHWeM Yepes nosyLLKy ¢ (ocOpHOM KUCNOTOK
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Pa3zpaboTka anekTpoHHOWN Bepcun - nopTan GostExpert.ru 16/ 28
Crpanuua nokymeHTa - https://GostExpert.ru/gost/gost-16620-2-2022



https://gostexpert.ru?utm_source=pdf&utm_medium=66234
https://gostexpert.ru/gost/gost-16620-2-2022?utm_source=pdf&utm_medium=66234&utm_term=page

rOCT P UCO 16620-2—2022

U XpomaToMm Kanus (B CepHOW KUCnoTe) ANs yaaneHus cnefoB NpUMecei U 3aTeM C NOMOLLbIO MOBYLUEK C CYyXUM NbAO0M
AnA yaanenuns BoAbl. MazoobpasHein C,H, npeobpasyiot B BeHson (CgHg) npv nomouwim nponyckaHua auetuneHa Hag
XPOMOBbLIM KaTanv3aTopoM, NpeaBapuTenbHO HarpeTbiM Ao TemnepaTypbl He Hke 90 °C, ¢ Mcnonb30BaHWEM KOXyXa C
BOASHbLIM OXNaXAeHWeM ANnA NpefoTBpalleHus pasnokeHusa M3-3a M3BeITOYHOro Tenna, BbIAENAEMOro Npu aK30TepMu-
YeckoW peakuun. B kayecTBe anbTepHaTMBbLI AOMNYCKaeTCs MCMONb30BaTh BAHAAWEBLIM KaTanu3atop npu Temnepatype
OKpy’KaloLLen cpedbl.

BeHson, obpasoBaBLlIniica Ha kaTanusaTtope npu Temnepatype ot 70 °C go 110 °C, 3aTem cobupaloT B BaKyyme Mnpu
Temnepatype —78 °C. 3atem BeH3on 3amopaxmBaloT 40 nogcyeta. PagoH MOXHO yaoanuTe NepekaduBaHueM BeHsona,
MoKa OH HaXOAMTCA NPY TEMMNEPATypPe Cyxoro Neda. beHson cMelwnBaloT ¢ CUMHTUMNNSALMOHHONW CMECHIO C PUKCUPOBaHHBIM
06BbEMOM W COOTHOLUEHMEM, NPKU HEeoBXxoAMMOCTWM BeH30M MOXHO pa3baBuTe BEH30MOM WCKOMAEMOro NMPOUCXOXKAEHUS
(4ymcToTor 99,999 %, He cogepxallum TrodeHa).

Ecnm TpebyeTcs aHanua nsoTona 13C, HeoBXoaUMo AoNorHUTENLHO 0TOBpaTh NpeacTaBMTENLHYI0 Npoby ANs aHa-
nmaa 13C.

B.5.3 Mpamas a6copbuua CO, pacTBopom kap6Gamata

B abcopbumnoHHyto konfy nomeLLaroT n3BecTHelid 06bem abcopbeHta CO, unu pacteopa noaxoasilero abcopberta
CO,, cogepxallero amuH, Hanpumep 1 monb/aM3  3-MeTokcUnponuUnamWHa B 3TaHOMaMWMHE WM CUMHTUANATOpa
paguomMmeTpuyeckoro BogHoro (Carbo-Sorb E). CregyeT y4uTbiBaTh MOMMOTUTENBHYKD CMOCODHOCTL pacTsopa, MOAXo-
asuwero ans abcopbumm CO,, Hanpumep oauH monbk/am3 3-meTokcunponunamMuHa B ataHonamuHe unu Carbo-Sorb E
cocTaBnaeT npubnuanTensHo 4,8 - 1073 Monb/,qm3; KOTOpbIW JOMmKeH ucnons3oBate He bonee 80 % BmecTumMocTy KonoObl.
B npouecce abcopbuumn konby oxnaxaatoT neaom. Mocne abeopbuum CO, abeopbeHT nepeHocaT B konby. [obasnaioT
paBHbIN 06BEM CLUMHTUNNSALUWNOHHOW CMECH U TOMOTEHWU3UPYIOT CMECH.

CO, Takke MoxeT abcopbupoBaTLCa CLUUHTUMNALMOHHOW CMEChI0, YKe coaepxallei nornotutens CO,, LSC koTo-
poro uamepsoT 6e3 ganbHelwen obpaboTku.

3arem cocyg co cmeckio nomewatoT B LSC n namepatot. Kak npaBuno, Bpems nogcyeTta cocTaenaeTt ot 6 o 24 u.

B.5.4 UamepeHune

AKTUBHOCTL 0Bpa3slia CPaBHWBAIOT C akTUBHOCTLIO CTAHAApTHOrO aTanoHHOro martepuana. Yucno otcuetos 14C
(B-oTcuetos pacnaga '4C) B paguomeTpuyeckux aetektopax (LSC) 3aBUCHT OT YMcha OTCUETOBR aTanoHHoro obpasua npu
TEX e YCMOBUSX.

CraHgapTHele MeTofbl 06aBOK cnedyeT MUCnonbL3oBaTth ANA MNPOBEPKM HAMWYUS XMMUYECKOTO WU ONTUYECKOro
nornoLweHns ans kaxaoro obpasya unu Tuna obpasua. [ins aToro cnegyeT UCNonb30BaTh KOMMOHEHTEI C MapKUPOBKON
14c.

[ns npospadHbIX KMOKOCTEW MOMET NPUMEeHATLCA npamor nogcdet LSC, Hanpumep kak npueegeHo B [15];
emewwmsaioT 10 om3 npo6el ¢ 10 Am3 noaxoaALLER CLUMHTUNNALMOHHON CMECH, BLIAEPKMBAIOT 12 4 11 3aTeM NOACHATLIBAIOT.
[ns kaxxgoro nonumepa Ha BUoNorMYecko OCHOBE A0MKHa ObiTh NOCTPOEHA KPVBAS TYLUEHUS, MpeXae Yem MOXHO byaeT
NpoBOAWTL U3MEPEHWS.

B.5.5 MNMonpaBKa Ha KOHTPONbLHYK NPody

MamepeHue crnegyeT BbIMOMHATL BMECTE C M3MEPEHMEM KOHTPOMbLHOW npobbl, KoTopas npedctaenseT cobow
CUMHTUANSLUMOHHBIVA COCyA, HAMOMHEHHBIN CYETHOW XUOKOCTBIO, KOTOpPasA CYUTAETCs 3a TOT Ke Nepuos BPEMEHU, YTO U
dakTMyeckas npoba. MonyyeHHbIW peaynbTaT NpeacTaenaeT coboi hOHOBLIN YPOBEHb ANsa BCel CUCTeMbl (YCTPOMCTBO U
peareHT), Bblpa)KeHHbIA B cpm mnn dpm.

CratucTvdeckaa owunbka nogcyeta cdoHa M cTaHaapTa SBRMAAETCS pel3ynbTaToM npouecca noacdeTa pacnaga
(MyaccoHa), cnefoBaTensHO, TOYHOCTL pe3ynbTaTta 3aBMCUT OT KoNu4YecTea HabnwaaemMblX OTCHETOB, IAe OTHOCUMTENbHAasA
norpewHocTs obpaTHO NPOMOpUMOHanbHa KBagpaTHOMY KOPHIO W3 kKoruvdectBa oTtcdeToB. Obwas owwbka — aTto
koMBUHaLMA aHanuT4ecknx ownbok 1 owmnbok onpeaenexHns ctangapTa v goHa.

B.6 BbluuMcneHue pe3ynbLTaToB

OTc4eT poHa CHETYMKA BbIYUTAKOT M3 CKOPOCTK c4eTa Npob Ans NonyyYeHUs YWCTOW CKOPOCTH cveTa. AKTMBHOCTb
14C (dpm/gC) nony4atoT nyTeM HOpManM3aLWi YMCTOM CKOPOCTU CUYETa K CKOPOCTM CYeTa CTaHOAPTHOTO 3TanoHHOTO Ma-
Tepuana (Hanpumep, waseneson kucnoTel SRM 4990c).

CraHpgapTtusauuio pesynstatoB LSC BeinonHsoT no A.4.1.
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Mpunoxexune C
(cnpaBo4Hoe)

MeTton B. OnpegeneHue 14C meTopom GeTa-moHU3aLUU (BI)

C.1 OcHOBHbIE NONOXEeHNA

B gaHHOM NpUNOXeHWM nNpuBefeHa npoueaypa onpeaeneHna cogepxarus 14C ¢ nomousio Bl B OCHOBHLIX pac-
TBOpax kapBoHaTOR, NOMYyYeHHbIX NPK CKUraHun obpasuoB nonuMepa Ha BUoNorMyeckon OCHOBE B KaNOpUMETPUYECKOA
Bombe, TpybuaTon neun unu nabopaTtopHOM YCTPOWCTBE ANA CHUraHUA, Kak onvMcaHo B NMpUNoXeHun A.

C.2 NpurHUMn

MeTon Bl koceeHHO onpegenseT conepxaHue nsotonos 14C. 3ToT MeTon ncnonbayet uanyyeHue Gera-yactiu, 14C,
06yCNOBMNeHHOE paanoakTUBHLIM pacnagom uzotona #C, aHanoruuHo LSC. O oBHapyxueaeT 6eTa-4acTuLsl ¢ NoMo-
LI MMMYNBCOB pa3psna ToKa Mexay BbICOKOBOMLTHLIMK 3MEeKTPoAaMM B NMPOMOpLMOHANbHOM ra3oBoOM CHETYMKE. 3TH
MMNYNbCbl MHUUKMMpYoTeH 6eTa-yactuuamu. NpuHumn obHapyxeHus noxox Ha paboTy cuyetuuka Meirepa-Miwonnepa (GM),
pazHMLA 3aKn4aeTcs B AeTanq3alMu 3NekTPOHHOW NaeuHbl B cyeTynke. [Ing ncnons3oBaHWA AaHHOro meTtoga npoba
fdomkHa 6Tk B Buae CO, unu npeobpasoeaHa B CO,. Kap6oHaT, nonyyeHHbId Npy CKUraHny nonumepa Ha Guonoru-
yeckoi ocHoee, npeobpaaytot B CO,, noakucrnennem pacteopa NaOH ¢ nomouysto HCI. CO, ounwaior ans Toro, 4tobe
€ro MOXHO 6bINo MCMOMNbL30BaTh B KAYECTBE CYETHOTO raza B ra3oBOM MPOMOPLIMOHANEHOM CHETYUKE, HANpPUMEpP NMyTeMm
yAaneHus anekTpooTpULETENbHLIX MPUMECEN, Tak1X Kak kucnopod, SO, nnv BoAAHOW Nap, C NOMOLLbI0 aKTUBMPOBaHHOMO
yIns W pagoHa. 37a npouenypa Takke yaanseT pagoH. YvctoTta rasa MMEeeT pellarllee 3HavyeHre (HanpyuMep, YpoBeHb
O, nomkeH GbITb HUKE HECKONBKUX MUKPOIUTPOB Ha NATP).

[Mpoby noacynTLIBAKOT B TEYEHWE HECKONbKUX AHEN B CUCTEME HU3KOYPOBHEBOMO CYETa Ans AOCTUXKEHUSA Yuvcna
VMMyNbCOB, 4OCTATOMHOIO Ansl CTaTUCTUYECKOW NPeLn3noHHOCTH.

CO, nponyckarloT no ueHTpansHoi Tpybke noa aasneqnem (kak npasuno, ot 0,2 go 0,3 Mrla), npu aTom nogaetca
BbICOKOE HanpsKeHWe MEeXZy LEHTParnbHbIM NMPOBOAOM WM CTEHKOW CHETYMKa. AKT MOHW3auuK, Takol kak obpazoBaHue
Beta-yacTuusl Npu pacnafe '4C, cosgaeT MOHW3ALMOHHBIA CNed W NaBWHY anNekTPoHOB. OTa NaBMHa M3MepAeTcsa Kak
ANEeKTpUYECKMin umnynec. JTobble Npumeck B rase ByayT racuTb YBENWYEHWE 3NEKTPOHOB, 4YTO ByaeT NpMBOAMTL K He3a-
perncTprpoBaHHLIM akTam pacnaga.

C.3 PeaktuBbl M MmaTepuanbl

C.3.1 Pacteop HCI, 5 mons/am3.

C.3.2 Pacteop NaOH, 4 Monb/amS.

C.3.3 Cyxown neq.

C.3.4 OpraHu4eckuin pacTBOPUTENb, ALETOH UMK 3TaHOI.

C.3.5 XKuaknia asort.

C.3.6 lNepBWYHbLIA cTaHOapPT WaBerneBon KMcnoTel, Hanpumep SRM 4990c¢.
C.3.7 AKTMBMPOBAaHHBIN Yronb.

C.3.8 CranpapTHbIi yronb, Hanpumep BCR 181.

C.4 Annapartypa

C.4.1 Cucrema ans npeobpasosanus kapboHaTta, ynosneHHoro & pacteope NaOH ¢ koHueHTpaumein 4 mons/ams,
B CO,,.

C.4.2 Cucrema ounctkn CO,, HANpUMEp G NCMOMb30BaHNEM aKTUBMPOBAHHONO YT

C.4.3 Cuctema aona nony4eHnsa UKCUPOBaHHOIO KonuyecTsa npobbl, Hanpumep perynuposaHueM fasneqns CO,
B hMKCcHpoBaHHOM 0BLEME rasa u npu U3BECTHOW TEMNepaType.

C.4.4 Cucrtema Ans NOAroTOBKW cTaHAaPTHbLIX U (POHOBLIX NPo6.

C.4.5 Cuctema cyeta U3ny4YeHuss Manoi MHTEHCUBHOCTM C UCMOMNb30BaHWEM ra30BOro NMPOMopLMOHanBEHOTO CYEeT-
yuka.

WMHCTpYMeHTbI, Ucnonb3ayemsle Ans namepeHui Bl, npencrtaBnaoT cobol BbICOKOTEXHOMOMMYHLIE YCTPOWUCTBA CObB-
CTBEHHOTO W3roTOBMEHUs, pa3paboTaHHble B HECKOMBKMX PaaMOoyrfepodHbIX MHCTUTYTax. B HacTosAwee BpeMa Kommep-
Yyeckue cuctembl HegocTynHel. [1ns obHapyxeHWs paguMoakTUBHOMO Yrnepoda cBoAAT K MUHUMYMY (DOHOBLIE MOKa3aTenw.
a3 (B gaHHOM cny4dae ounweHHbln CO,, NonyYeHHbIN NPy cropaHnv NPOAyKTOB) 3arpyKaroT U NOACHUTLIBAIOT B CYETHOM
MeaHoW Tpybke (CBepx4yMcTan Mefb), NPY 3TOM XKenaemblid HU3KWIA hoH MonyyarT npMMeHeHWeM NMoTHOro aKpaHupoBa-
HWA CBMHLOM W counbTpaumen kocmuyeckoln pagnaunn. ObeidHO yeTpocTBa Bl pacnonaraloT HuKe ypoBHA 3eMnn B Noa-
3EMHbIX MOMeLLeHNaX, Ana obecneyeHns ONONHUTENBHOW 3alUThl OT KOCMWYECKOro nanyyenns. Kak npaswno, Bpems
cyeTa Ans M3MepeHusa HU3KOrO YPOBHA COCTABMNAET HECKONBKO AHEN.

14
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C.5 MNpoueaypa aHanusa

C.5.1 lMNepeHocAT kapBoHaTHLIA pacTBOP B COCYA AR IKCTPaKLUMK.

C.5.2 lNMpucoegunHAT YCTPOWCTBO ANg Ao3vMpoeaHua pacteopa HCL.

C.5.3 BakyymupytoT COCYA 1 [O3UPYIOLLEe YCTPOICTBO (derasvposaHue, yaaneHue pactsopeHHbix N, 1 O, 13 Bos-
Ayxa).

C.5.4 [obasnsiot pacteop HCI k pacTBopy kapboHaTa.

C.5.5 YganawT BoASHOM Nap ¢ NOMOLLBI0 NOBYLUKW, HAMONHEHHOW aLleTOHOM U CYXUM NbA0M.

C.5.6 CobupatoT obpasosaslunica CO, B MOBYLUKY U3 HEpXKaBEHOLWEN CTanu, NOTPY>KEeHHYH B XUOKUIA a30T.

C.5.7 Ounwator CO,, HaNpUmep ¢ UCMONb30BAHWEM aKTMBMPOBAHHOTO yrna npu 0 °C.

C.5.8 Ha atom atane otéupatot HeGonbLuyo npoby ans onpenenerus 13C (HeoBazaTensHo).

C.5.9 Bobuucnstot 06bem CO, ¢ NOMOLLBI U3MEPEHUS TEMNEPATYPbl, AABNEHUA W U3BECTHOTO o6bema cucTeMbl
ynaBnueaHus.

C.5.10 MepeHocat CO, B nponopunoHansHbIi cuetyrk (o 4 r CO,).

C.5.11 lMoacyeT NpoBOOAT B TEYEHME HECKOMNBKUX OHEN A0 OOCTMXKEeHUs Tpebyemon npelv3noHHOCTI.

C.5.12 BblMMCNAIOT 3HAYEHUE COBPEMEHHOIO YIMEpoAa, UCNonb3ysa Nnokasatens UMMynscoB Npobbl 1 nokasaTtens
MMMYMNbCOB KOHTPOSBHOrO OMbITa.

C.5.13 Cratnctuyeckas norpelwHocTb Npu noacyete npobel, hoHa M cTaHOapTHOro obpasua ABNSETCs pesynkra-
TOM nofcyeTa pacnaga B COOTBETCTBUM CO CTaTUCTUHECKMM pacnpegeneHvwem lNMyaccoHa. CnegoBaTensHoO, NpeLn3noH-
HOCTb B UTOre 3aBMCUT OT YMCNa 3aperucTpupoBaHHblX MMNYNbCOB, [Ae OTHOCMTENbHaNA NOrpeLlHocTb oBpaTHo nponopuum-
OHarbHa KBagpaTHOMY KOPHIO M3 YMCIia MMMYNbCoB.

C.5.14 CymmapHas norpelwHocTb npeacTtaBnaeTr cobol cyMmMy aHanWTUYeCKUX MOrpeLuHOCTEN M MOrpeLlHoCcTeN
cTaHgapTHoro obpasua v goHa. MNorpewHocT nocnegHnx obbIYHO Markl N0 CPaBHEHWIO C NOrpeLHocTAMM oTbopa npob.
[Mpu BpemeHu nofcyeTa NPUMEPHO HECKOMNbBbKO AHEW MOXeT BbiTk nonyveHa npeunsuoHHocTs oT 0,3 % go 0,4 %. MNpeano-
naraemyto NpeLmn3nOoHHOCTE YKas3blBakoT AOMONMHUTENBHO K 3asBMNEHHOMY 3HaYEHMIO.

C.5.15 lpu ncnonb3oBaHWM akTMBUPOBAHHOIO yrna ans o4ncTkn CO, KapTpuax ¢ akTUBMPOBaHHBLIM YIMeM creay-
€T NpeaBapuTEnbHO MPOTPETE B TEYEHUE MPUMEPHO 1 4 ANs yAaneHWa crnefoB pagoHa (HAKoMUBLLMXCH NPOAYKTOB pac-
naga crnefoB ypaHa, MpUCYTCTBYIOLMX B akTUBUPOBaHHOM yrne). [insg gpyrnx MeTOAOB OYUCTKWM AOCTaTOMHO OBYX OHEW
oXupaHusa Ans nabaeneHns oT cnegoe pagoHa.

C.6 BbluucneHue pe3ynsraTtoB

W3 ckopocTu cueTta npobbl BEMMTAKOT CKOPOCTE cHeTa KoHTponeHoro pacteopa NaOH, 4to gaet 4ncTyto cKopocTb
cueta. AkTmBHocTb '4C (pMC) monyyatoT nyTem HopManusaLMi YNCTOIN CKOPOCTM CYeTa K CKOPOCTM cyeTa 3TanoHHOMo
cTaHgapTa (Wwaeenesas kucriota SRM 4990c nnm matepuarnsl, KOTOpbIE MPOCEXMBAKTCA 0 3TOr0 3Tan0OHHOMO cTaHgap-
Ta).

Mp» HeoBXxoaMMOCTK KOPPEKLMM Ha M30TONHOE hpakuoHMpoBaHWe cnedyeT onpeaenuTe COOTHOLEHWE U30TONOB
13¢c/12¢.

CraHgaptusaumio peaynstatoB Bl BeINONHAKT Kak npueeaeHo B A.4.1.
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Mpunoxenwne D
(o6azaTtensHoe)

MeTop C. Onpeaenexune 14C meTogom yckoputensHoit Macc-cnekTpoMeTpum

D.1 OcHOBHbIe NONOXeHUs

B [aHHOM MpUNOXeHWW npeacTaeneHa npoueaypa onpefeneHus #C ¢ NOMOLLLIO YCKOPWUTENLHOW Mace-
crnekTpomeTpumn (AMS) B pacTBopax kapboHaTOB, NOMNYYEHHLIX B pe3ynstaTte cxuraHvsi obpasuoB nonvmepoB Ha Guo-
Norn4eckon OcHoOBE B kanopumeTpunyeckon 6ombe, Tpybyator neum unn nabopaTtopHOM YCTPONCTBE ONA CHUraHusa, Kak
NPUBEAEHO B MPUNOXKEHUN A.

D.2 MpuHuun

MeTog AMS onpegensieT HenocpeacTBeHHO Hannuve '4C. AToMbl NpoBbl NPEBPALLAIoTCs B My4oK MoHoB. OBpaso-
BaBLUMECH NOHbI YCKOPSIOTCA B 3NEKTPUYECKOM MOSe, OTKMOHAKTCA B MarHUTHOM none 1 0BHapyXuBaloTca geTekTopamm
WMOHOB, YTO MPUBOAUT K ONpedeneHnio OTHOCUTENBHOTO COAePXaHUs N30TOMOB 3TUX MOHOB.

AMS uncnonb3yeT anekTpocTaTM4eckoe Norne C BbICOKMM NOTEHLMANOM, KOTOPOE CMYXWT He TONMBKO ANS YCKOPEHWS,
Ho 1 Ansi oBpasoBaHus Tonbko C"* noHoB (n = 1, ..., 4), KOTOPbIE MOTYT NOMNACTb B CNEKTPOMETP B OTMMYME OT OCTanbHbIX
WOHHBIX YacTuL. ITO 3HAYMTENBHO MNOBLILLAET YyBCTBUTENBHOCTL Be3 ywepba ana cenekTMBHOCTW. MoCcKONBKY MULLEHBIO
ans onpeaenenus 4C B obpasue asnsetca rpacuT (yrnepos), Beck yrnepoa B o6pa3slax nepen aHanuaom AomkeH BbiTh
npeobpa3oBaH B rpacduT.

[Mpwr nomowin AMS onpenensaetcs hpakumsa COBPEMEHHOIO yrnepoaa, npucyTcTeywwero B obpasue. CogepxaHue
obLero yrnepoga HeBO3MOXHO onpeaenvTe 3TUM METOAO0M, OHO JOMKHO BbiTh ONpefeneHo oTAeneHo.

D.3 PeaktuBbI M maTepuanbl

D.3.1 MNepBWYHbLIA 3TanoH WaseneBol KUCnoTel, HanpuMep SRM 4990c.
D.3.2 CraHpapTHbIv yrons, Hanpumep BCR 181.

D.3.3 XKenesHblin unn kobaneToBLIW KaTanusaTop.

D.3.4 Bopopoa.

D.3.5 Pacteop HCI, 5 mons/am?.

D.3.6 Cyxon nepq.

D.3.7 OpraHun4yeckuin pacTBOpPUTENb, aLeTOH UM 3TaHonM.

D.3.8 Xuakuim asor.

D.4 Annapatypa

D.4.1 OBopynoBaHue Ans NogroToBku npob.
D.4.2 CrtaHuus 3aMopaxKnBaHUA XUAKOro asoTa.
D.4.3 YckopuTenbHbI Macc-CnekTpoMeTp.

D.5 Npouenypa

Ha npaktuke kaxpas nabopatopusa AMS BbINOMHAET M3MEPEHWUS C MCMOML30BAHUMEM COBCTBEHHBIX ONMTUMW3NPO-
BaHHbIX npoueayp usmepeHus. B sTom pasgene npueegeH npuMmep npoueaypel. [lonyckaeTca MCNonNe30BaTbk aHanoruy-
Hble npouenypel, ecrnu pesynstatel AMS nony4yeHsl ¢ UCNONb30BaHWEM OQHOIO W TOTO e 3TanoHHOro ctaHgapTa (Hanpu-
mep, SRM 4990c).

D.5.1 PactBop kapboHaTa NepeHoCAT B eMKOCTb A1 9KCTPaKLUUK.

D.5.2 MNpucoegUHSOT YCTPOWCTBO, Ao3upyiollee pactesop HCI.

D.5.3 BakyymupywT cocyq v Ao3upylolee YCTPOICTBO (ferasvposanue, yaanenue pactsopeHtbix Ny u O, 13 Bos-
Ayxa).

D.5.4 [obaenawT HCI k pacTBopy kapboHaTa.

D.5.5 YgansawT BogsHOM Nap ¢ NOMOLLLIO NMOBYLLUKM, 3arnonHEHHOW aLeTOHOM M CYyXUM JbA0M.

D.5.6 Cobupatot obpazosaslumiica CO., B NOBYLLIKY, MOTPY>KEHHYIO B HMAKAA N,

D.5.7 Ha atom atane otéupatot HeBonbLyo npoby ans onpegenexns 13C.

D.5.8 lNepeHocat CO, B ycTaHOBKY ANA rpacuTMsaLim.

[asoobpasHas npoba moxeT ObITh BBEOEHA B CUCTEMY MOCNE BblAENEHNA 13 KBapLEeBoW Tpybkn unv nocne ynaenu-
BaHWA XWAKMM a30TOM C MocneaylownM HarpesaHneM. 3atem ras npespallarot B rpacduT ¢ UCNonb3oBaHWEM XKENe3Horo
unu KobaneToBOro KaTanusaTtopa B COOTBETCTBUM C hopMynamm:

002 + H2 — HZO + CO, (D.1)
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CO + H,«» H,0 + C. (D.2)

D.5.9 YpansawT Boay, obpazoBaBLUyOCA B pesynbkTate aTuX peakuuni, ona obecnevyeHns NorHOro BOCCTAHOBMNEHWS
npobsl 4o rpaguTa M NpegoTBpalleHnsa (dpakLMOHMPOBaHUS.

D.5.10 CnpeccoBblBaloT rpacuT B MULLEHb WU YCTaHaBNUBAIOT B poTop nepen 3arpyskor B AMS. [na nonyveHus
oTpuUaTernbHbIX UOHOB yrrepoaa C~ MulieHn 6oMBapaupyrOTCs NONOXUTENbHLIMI MoHaMK ueans (Cs*). Muwenn pacrno-
noxeHbl B 10 mm gpyr oT gpyra, 4Tobbl NpegoTBpaTuTb NEPEKPEeCcTHOE 3arpA3HEHNE M CMELLEHWE BO BPEMSA PacrblleHuns,
a Taike uzbexaTtb NoABMNEHNUS NYHOK Ha 3NeKTpoae, NPUBOOALLMX K hpakLMOHUPOBaHWID. 3aTEM My4YOK OTpULATenbHbIX
WOHOB (POKYCUpPYETCA NMUH30M B pekoMbuHaTtope. Ha 3TomM y4vacTke cepus MarHWTOB yOanseT HeyrnepoaHble WOHbI M3
nyyka 1 pasgensieT Tpu usotona yrnepoga (12C, 13C n 14C). 3atem auck npepbiBaTens duanyeck BNoKMpyeT GoMbLLYO
yactk 12C, uTo No3BONAET PEKOMEBMHUPOBATL 3HAYMTENBHO YMEHLLLEHHBIA NYy4OK NOHOBR YrMepoaa Ans ofHOBPeMEHHON
WHXEKLMN B YCKOPUTENb.

D.5.11 B tangemHom yckoputene vwoHel C~ yckopatoTes npu +2,5 MaB, a 3atem B pedynsraTte CTONMKHOBEHWUSA C aT0-
mamu Ar B rasosom aecopbepe npespallaoTcs B MoHbI C3*. OTK nonoxuTensHbie MOHLI yekopsatoTes Ao 10 MaB. 3apsag
3+ BbiBpaH B CBA3M C TEM, Y4TO COOTHOLLEHWE Macca/3apsa #C3* yHMKarnbHO M NO3BOMSAET €ro TOYHO BbIAENUTL B BbICOKO-
3HEepreTM4YECKOM MaCC-CMEeKTPOMETPE.

D.5.12 Wamepsiot 12C n 13C B vawwkax ®apages (06b14HO ToKM 250 HA).

D.5.13 QOunwatot uoHbl 4C3* ¢ nomoLublo anekTpocTaTnyeckoro aednektopa u 90° marHuTa. 3atem nx M3MepsIoT
B MOHW3ALWMOHHON Kamepe, 3anofHeHHoN M306yTeHOM, M30NMPOBaHHOW OT BaKyyMHOrO YCKOPWUTENS TOHKOW MeTannuye-
ckol doneroi. O6bIYHO obpasey cyuTaeTcs 3a 1 4.

D.6 BbluMcneHue pe3ynsraTtoB

CooTHoLlueHue uaotonos “C/12C n 13C/12C onpenensieTcst OTHOCUTENBHO COOTBETCTRYIOLLETO NEPBUYHOIO STaMOH-
Horo matepuana. Bce 3Ha4yeHuss NpoOLEHTHOIO copepXaHusa coBpemeHHoro yrnepoaa (pMC), nonyyeHHble B pesynsrare
pagMoyrnepofHOro aHanuaa, OomkHbl OblTb CKOPPEKTUPOBaHbI Ha M30TonHOoe pakLUMOHUPOBAHWE C UCMONbL30BAHWEM
AaHHbLIX No cTaburbHLIM UaoTonam (oTHoweHus 13C/12C) ang CO,, nonyyeHHoro B peaynsrarte cxuraHus obpasua. He
onpegenstoT cooTHoweHne 13C/12C Ha 06pasLe matepuana, NockonbKy Takoi Noaxon B HEKOTOPbIX CIY4asx MOXET Npu-
BECTU K OLUMBOYHBLIM pesyrnsTatam.

Cranpaptusauuio pesynstatoe AMS BLINOMNHAT B COOTBETCTBUM C A4.2.
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Mpunoxenue OA

(cnpaBo4Hoe)

CBEQEHMH O COOTBETCTBMU CCbINOYHbIX MeXAYyHapoaHbIX CTaHOAAPTOB HaluUWOHaNbHBIM CTaHOapTaM

Tabnuuya JAA1

BETCTBUSA CTaHaapTa:
- IDT — MAeHTUYHBIN CTaHaapT.

OBo3Ha4YeHne CCbINOYHOMo MeXAyHapoaHoro CTeneHb COOTBETCTBUSA Obo3Ha4eHWe U HAUMEHOBAHWE COOTBETCTBYIOLLEro
cTaHgapTa HaUMOHANLHOro cTaHgapTa
ISO 16620-1 IDT [OCT P UCO 16620-1—2022 «[lnacTtmacchl.
CopepaHue BrokomnoHeHToB. Yacte 1. OBwue
MPUHL MBI
MpumedaHune — B HacToswen Tabnvue UCNOMbL30OBaHO credyllee ycrnoBHoe obo3HaveHWe CTeneHW cooT-
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KntoueBblie crnoBa: nnacTtmacchl, cogepxaHue BMOKOMMNOHEHTOB, onpeneneHue yrnepona Ha Buonoruyeckon
OCHOBE
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