S®EAEPAJNIbHOE ATEHTCTBO
NO TEXHUYECKOMY PEFYJIMPOBAHWUIO N METPONOIrNu

HALWOHANBbHbIN rOCTP
CTAHOAPT 55129 —
POCCUNCKOW 2012
®EAEPALUM (CEN/TS

15747:2008)

TONNMBO TBEPOOE U3 BbITOBbLIX OTXOA0B

OnpepeneHue cogepxxaHua Guomacchbl MeTogaMM,
OCHOBaHHbIMU Ha yrnepoae-14

CEN/TS 15747:2008
Solid recovered fuels — “C-based methods for the determination of the biomass content

(MOD)

U3paHue oduumnanbHoe

MockBa
Cranpaptundgopm
2014


https://meganorm.ru/Data2/1/4293823/4293823450.htm

FOCT P 55129 — 2012
MpeaucnoBue

1 NOOrOTOBINEH deaepanbHbiM rocyAapCTBEHHLIM YHUTAPHbIM npeanpuaTuemM «Bcepoccuinckui
Hay4YHO-UCCMNEeL0BaTENbCKUIA LIEHTP CTaHZ4apTusauuu, uHgopmauum u ceptudmkaumm Colpbs, MaTepuarnos u
BewlectB» (Pryr BHULICMB) Ha ocHOBe COGCTBEHHOrO AayTEHTUMYHOrO nepeBoda Ha PYCCKUi A3bIK
€BPOMEeNCcKOro perMoHansHOro A0KyMeHTa, yKkasaHHoro B nyHKTe 4

2 BHECEH TexHu4eckuMm KOMMTETOM nNoO craHgapTtusaumm TK 179 «TBepaoe MUHeparnbHoe
TONAUBO»

3 YTBEP)XIEH n BBEJEH B OEMCTBUE Mpukasom PeaepanbHoro areHTCTBa No TEXHUYECKOMY
perynupoBaHuto U metpornoruu ot 15 HosiGps 2012 r. Ne 913-ct

4 Hacroawmi crTanHgapt SABnAeTcA MOAWMPUUMPOBAHHBIM MO OTHOLUEHWIO K €BPOMNENCKOMY
permoHanbHomy aokymeHty CEH/TC 15747:2008 «Tonnueo TBepaoe u3 ObITOBLIX 0TX040B. OnpeaeneHune
cogepxaHua 6Guomaccbl METOAaMu, OCHOBAHHbIMM Ha yrnepoge-14» (CEN/TS 15747:2008 «Solid
recovered fuels — '“C-based methods for the determination of the biomass content») nyrem nsmeHeHus
oTAenbHbIX hpas (CnoB, 3HAYEHUIA NokasaTenemn, CCbiNoK), KOTOPbLIE BIAENEHbI B TEKCTE KYPCUBOM

5 BBEJJEH BIMEPBbIE

lpasuna npumeHeHuUs Hacmosweeo cmaHlapma ycmaHosneHbl 8 FOCT P 1.0—2012 (pa3sden 8).
Urpopmayus 06 UsMeHeHUSX K HacmosawemMmy cmarfapmy nybnukyemcs e exezo00HOM (110 COCMOSHUIO Ha
1 s8Heaps mekyweeo eo0a) UHPOPMaUUOHHOM ykaszamesne «HayuoHanbHbie cmaHlapmbly, a
oguyuaneHblli mekem U3MEeHeHUll U NOoMpasoKk — 8 EeXeMEeCAYHOM UHGOPMAaUUOHHOM yKa3amerne
«HayuoHanbHble cmaHO0apmbl». B cnyyae nepecmompa (3ameHbt) unu OmmeHbi Hacmosuweao cmaHéapma
coomeemecmaeyouiee ysedomneHue b6ydem onybnukosaHo e bruxaliuem ebirycke UHEHOPMaUUOHHO20
yKazamensa «HayuoHanbHble cmaHdapmbl». Coomeemcemayrouias UuHhopmayus, yeedomreHue U mekcmbl
pasmeuwaromes makxe 6 UHOPMayUOHHOU cucmeme obuwjeeo rnosnb3oeaHus — Ha oguyuanbHOM calime
®eldepanbHo20 azeHMemMsa M0 MEXHUYECKOMY pea2ynupoeaHulo u memporsnoauu e cemu UHmepHem
(gost.ru)

© Cranaaptuidopm, 2014

Hacrosiumii cTanaapt He MOXET GbiTb MOMHOCTLIO UM YAaCTUHYHO BOCMPOU3BEAEH, TUPAKMPOBAH U
pacnpocTpaHeH B KayecTBe oduumManbHOro usganusa Ges paspeweHus denepanbHOr0 areHTcrsa no
TEXHUYECKOMY PETYSIMPOBAHMIO U METPONOrNK
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BBeneHue

Onpepernexne coaepXaHua yrnepoaHon Guomaccel ¢ ucnonb3osaHuem '“C Metoga oCHOBLIBAETCA
Ha oOLenpusHaHHOM aHaNMUTMYECKOM npoueaype, MCMoNb3yeMon Ansi  onpeaeneHus  Bo3pacta
yrnepoacoaepxaumx o6bektoB. OH MOXET ObiTb MCNONbL30BaH Takke ANA Npob, KOTopble He MOryT ObiTh
npoaHanuM3anpoBaHbl HENOCPEACTBEHHO METOAOM, onucaHHbiM B FOCT P 55119 (cm. npunoxenue M), npob ¢
coepXXaHMeM yrnepoaHoin Guomacchl HuWxe 5 % 1 Ang cTaHAapTHLIX N3MEePEHUN.

[ina onpeaeneHus coaepaHus yrnepoaHon Guomaccel ¢ nomowybio “C MeToaa B HacTOSILLEM
CTaHpapTe onucaHbl NOAroToBka o6Lieit Npobbl U TpU LUMPOKOYNOTpeGuMbIX MeToda Ana onpeaeneHus
coaepxanusa “C. Takon MoaynbHbIN Noaxoa obecneuynMBaeT BO3MOXHOCTb ANl HOPManbHO 060pyA0BaHHON
na6Gopatopum noAroToBUTL NPobLI Ans1 onpeaeneHus cogepxanua '“C npu nomowy COGCTBEHHOTO
06opyaoBaHNA UNK Ans onpeaeneHus cogepXkanna “C B CTOPOHHUX NabopaTopusix, cneLuanu3aupyoLmxcs
B 9TON oGnacru.

Ona Hakonnenus “C u3 npoBbl onmcaHbl 0GLWENpUHATLIE MEeTOAbI NpeBpalueHus yrnepoaa B CO2.
Ons usmepenus cogepxanusa “C BbiGupaloTca o6LWenpuHATbIE METOALI, a Takke MeToAbl onpeaeneHus
BO3pacTa 00bEKTOB.
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(CEN/TS 15747:2008)
HALULMWOHANBbHBINU CTAHOAPT POCCUMNCKOWN PEOLEPALUUMN

TOMNMUBO TBEPAOE N3 BbITOBbLIX OTXOO40OB
OnpepaeneHune coaepxaHua Ouomaccbl MeTogaMmu, OCHOBaHHbIMU Ha yrnepoae-14

Solid recovered fuels — “C-based methods for the determination of the biomass content

Data BBeaeHusa — 2014—07—01

1 Obnactb npumeHeHus

Hacrosmii ctaHaapT ycraHaBnuBaeT METOAbLI UCMbITAHMIA, OCHOBAHHbLIE HAa codepxaHuu '“C, ana
onpeaeneHus cogepxkaHua buomaccsl B TBEpAOM TONNMUBE U3 ObITOBLIX OTX0A40B. Jonsa 6uomaccsel no Becy u
SHEepruu paccumMTbIBAETCS UCXOAA U3 coaepxkaHus B buomacce yrnepogaa.

2 HopmatuBHbIe CCbINKU

B HacTosLemM cTaHaapTe UCMoNb30BaHbl HOPMATUBHBIE CCbIMKKU HA CrieayoLmne CTaHaapThl:

FOCT P 54227 — 2010 (CEN/TS 15442:2006) Tonnuso meepdoe u3 6bimosbix omxodos. Memoosbi
ombopa npob

FOCT P 54228 — 2010 (CEN/TS 15443:2006) Tonnuso meepdoe u3 6bimosbix omxodos. Memoodbi
nofeomosku niabopamopHoU rnpobbi

FOCT P 54229 — 2010 (CEN/TS 15413:2006) Tonnuso meepdoe u3 6bimosbix omxodos. Memoodbi
nodzomoeku obpasua 0ns ucnsimaHull u3 nabopamopHol npPobbi

FOCT P 54235 - 2010 (CEN/TS 15357:2006) Tonnuso meepdoe u3 bbimosbix omxodos. TepMuHbI
u onpedeneHus

FOCT P 55119 — 2012 (CEN/TS 15440) Tonnueo meepdoe u3 6bimoebix omxodos. Memodnbi
onpedeneHusa codepxaHus buoMaccehi

MpumMedyaHwune— lNpy NONb3OBAHUM HACTOALMM CTaHAAPTOM LenecoobpasHo NpoBepuThb AelcTBue
CCbINTOYHbIX CTaHAApTOB B MHpOpMaLMOHHOI cucTeMe obLyero nonb3oBaHUsA — Ha oduumansHoM caiite PegepanbHoro
areHTCTBa MO TEXHUYECKOMY PEryNMPOBaHMIO U METPOSOMMU B CeTW MIHTEPHET WU NO eXErogHoMy WHGOPMaLUOHHOMY
ykasaTento «HaumoHanbHble cTaHAapThl», KOTOPLIA ONybnukoBaH NO COCTOSIHUIO Ha 1 siHBaps TeKyLlero roga, v o
BbiMycKaM eXeMecAYHOro UHPOPMaLMOHHOro ykasatensi «HaumoHanbHble cTaHAapTel» 3a TeKylmid rog Ecnu 3ameHeH
CCbINOYHBIA CTaHAapT, Ha KOTOpbI faHa HeflaTMpoBaHHasi CChifka, TO PEKOMEHAYETCA UCNOSIb30BaTh [ EeWCTBYIOLLYIO
Bepcuo 3TOro crtaHpapta C y4eTOM BCeX BHECEHHbIX B JaHHYK BeEpCUIO M3MeHeHuil. Ecrnu 3aMeHeH CChINOYHLIN
CTaHAapT, Ha KOTOpPLIA JaHa AaTUpOBaHHas CChbifika, TO PEKOMEHAYETCA UCMONbL30BaTh BEpCUi0 STOro cTaHaapTa C
yKasaHHbIM Bbillle rofjoM yTBepXAaeHUs (NpuHaTuA). Ecnu nocne yTBepXAEHMS HacTOALEro cTaHAapTa B CChINTOYHLINA
CTaHhapT, Ha KOTOprI7I AaHa faTupoBaHHasA CccCblflka, BHECEHO U3MEeHeHUue, 3aTparvparolliee NonoXeHue, Ha KoTopoe
AaHa ccbinka, TO 3TO MONOXEHWE PEeKOMEHAYeTCH NpUMeHsTb 6e3 yyeTa AaHHOrO U3MeHeHus.. Ecnu cCbinNouHbI
CTaHAapT OTMEHEH bes 3aMeHbl, TO NoNoOXeHue, B KOTOPOM JaHa CCbifika Ha Hero, peKoMeHAYyeTCA NMPUMEHATb B YacTu,
He 3aTparusaloLeid 3Ty CChINKy.

3 TepmuHbl U onpeaeneHns

B Hacrosiliem craHaapte npuMeHeHbl TEpMUHBLI M onpedenenus no FOCT P 54235, B Tom uucne
cneayowme TePMUHbI C COOTBETCTBYIOLLMMM ONpeaeneHNAMM:

3.1 ouorennbIn yrnepopa (biogenic carbon): Maccoeas cpakuus obwiero yrnepoaa, koTopbiit 6bin
npon3BeaeH B Xo4e NPUPOAHbLIX NPOLECCOB XXUBLIMU OpPraHM3MamMu, HO HE OKaMEHENoro Unu nosy4YeHHoro
M3 UCKOMAaeMbIX pECypCOB.

3.2 ouomacca yrnepopga (biomass carbon): SkBuBaneHT BUOreHHOTO yrrepoaa.

3.3 copepxanue Ouomacchl (biomass content): MaccoBada pgona maTepuana 6Guomaccel,
NPUCYTCTBYIOLLErO B Npobe.

3.4 oTHOocuTenbHoe copepxaHue usorona (isotope abundance): [ona aTOMOB KOHKPETHOroO
n3oTona anemeHTa.

M3paHue ochuumnanbHoe
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3.5 npoueHT HOBOro yrnepoga (percentage modern Carbon (pmC): OTHOCUTEeNbHOE NPOLIEHTHOE
cojepxaHue COBpPEMEHHOro yrriepoa no CPaBHEHMIO CO CTaHAApTHbIM 06pa3LOM LABENEeBON KUCMOTHI
(SRM4990B).

MpumeyaHune — MexayHapoaHo NPUHATOE 3TaNOHHOE 3HAYeHWe paauoyrnepoaHoro gatuposaHus — 95 %
pagunoaktusHocTU. B 2006 r. 3Havenne 100 % 6uorenHoro yrnepoza 6bino npuHATO Ha yposHe 107 pmC.

4 O603HauYeHUs1 U COKpaLLeHUs

B cTraHgapTe MCNonb30BaHbl CreAYoLUEe COKPALLEHNS N 0603HAYEHUA:
4.1 O603Ha4YeHmA
14C — u3oTon yrnepoaa ¢ aToMHOW Maccon 14

4.2 CokpaweHus

AMS - yckoputenbHas Macc-CnekTPOMeTpusS;

B — Bera-yacTuubl, 3NEKTPOHbI, UCNyCcKaemble Npy paauoakTUBHOM pacnajae;
Bl - Geta-uoHusauyus;

Bq - OGekkepenb, pacnag B CEKYHAY;

daf — cBobGopgHas cyxas 3ona;

DPM - pacnag B MUHYTY;

CPM — uMnynbCbl B MUHYTY;

GM Fenrep-Mionnep;

LLD — HwxHwit npeaen oGHapyXeHus;

MOP — 3-meToKcUnponus amuH;

LSC — >MAKOCTHBIN CUMHTUNNSALMOHHbIA CYETUMK UMY XKMAKOCTHbLIA CLUUHTUNNALMUOHHLIN NOACHET;
REF — sranoHHoe 3HauyeHue 100 % GuoreHHoro yrnepoaa;

PSM - meToa nponopunoHansHOro CLUMHTUITNALMOHHOIO CHETUMKA;

pmC — NpOLEHT HOBOIO yrnepoaa, MaccoBasi Aons yrnepoaa OuoreHHoro NPoUCX0oXaeHus;
RSD - OTHOCUTENbLHOE CTaHAAPTHOE OTK/IOHEHMUE;

SRF - TBepaoe TonnmBo 13 BLITOBbLIX OTXOAOB;

UHV - BbiCLLAA TennoTa cropaHus.

5 ObopynoBaHue 1 peareHTbl

— pacTBOp ypeTaHa (kapbamarta) (Hanpumep, Carbasorb® E);

— CUMHTUANAUMOHHbIN KOKTENNb (Hanpumep, Permafluor® E+);

— cTeknsiHHas OyTbinka (CTaHaapTHasA CTeknsHHas OyTbuika Ans npod ¢ NNacTMKOBOW BUHTOBOM
KpbILLKOR, cToikasa K 4M pactsopy NaOH);

— 4M pacteop NaOH ans abcopGuuu.

Ons npurotoBneHus »wuagkoro abcopbeHta Ans nornoweHusa cBoboaHoro okcuaa yrnepoaa IV
(kapboHaTta) 4OCTaTOMHO MCMOMNb30BAHMS TOMbKO YTO OTKPbLITON ynakoBku C rpaHynamu NaOH. [paHynbl
NaOH pacrBopsiloT B HeGONbLIOM KOnm4yecTBe BOAbI (TEMro, BbliAENAIOWEECa B NPoOLEecce pacTBOpPeHuUs,
YCKOPUT €ero npoTtekaHue). ManeHbkoe KOnM4ecTBO oOcajka YykadbiBaeT Ha npucytcteue NaxCOa.
JekaHTupoBaHHas uuctas asa noutm csobogHoro ot CO:» pactBopa MOXeT ObiTb pasbasneHa Ao
Heobxoaumoro o6bemMa. Tak kak pactBopeHue NaOH — sk3oTepmuyeckuit npouecc, cneayet cobniogatb
0C0o6YI0 OCTOPOXHOCTb U3-32 BO3MOXHOCTU 3aKUMaHMsl KOHLIEHTPUPOBAHHOTO pacTBOpa npu pasbasneHun.

Ons BbICOKOM TOYHOCTW M3MEpPEHU Ans nonyyeHust cBobogHoro pactsopa NaOH MoxeT GbiTb
UCMoNb30BaHa cneayowas npoueaypa:

— 6700 mn feMuHepannu3oBaHHON BOAbI,

— 1120 r rpaHyn NaOH;

— 300 mn HacblweHHoro pacteopa Ba(OH)2. (x 25 r Ba(OH)2 8 300 mMn aeMuHepanu3oBaHHON
BOAbI);

— pacrBopsitot rpaHynbl NaOH B geMuHepann3oBaHHON Boae (MCNOMb3YIOT MarHUTHYIO MeLLarnKky);

— HarpesarT MOMYYEHHbIN PacTBOP U HaCbILWEHHbIN pacTteop Ba(OH)2 ao 80 °C, cmewwmBaloT asa
pactBopa. OxnaxgaloT pacTtsop 40 — 8 °C, OCTaHaBNMBAIOT NepeMeluMBaHue U OCTaBMAIOT pacTBOp Ha
Houb npu — 8 °C. lMocne cdunbTpauum pacTeop FOTOB K MCMNONb30BaHMIO. PacTBOp XpaHAT B MNIOTHO
3aKpbLITOM cocyae.

MepeyeHb 06GOpyAoOBaHMA U peareHTOB, HEOOXOAUMBIX ANA NPOBEASHUS Peakuum U U3MEPEHMWId,
NPUBEAEH B NPUINOXEHUSAX.
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6 CywHoCTb MeToaa

MeTogbl onpeaeneHns Guomacchl yrnepoaa, onucaHHble B HACTOSLLEM CTaHAapTe, OCHOBaHbl Ha
onpeaeneHun cogepxanua “C. Konnyectso yrnepoaHonm Guomaccsl B TBEPAOM TOMMMBE M3 GbITOBbIX
0TXO0Z0B MPOMOPLIMOHANLHO CoaepxkaHuto C.

MonHoe cropaHne npoBOAWTCA Takum oOpaszom, 4TOObI COOTBETCTBOBATL TpebOBaHMSIM
nocrieayoLLmx usMepeHnii cogepxanus “C. 3Tn usmepeHus NnpoBOAATCSA B COOTBETCTBMU C OHUM M3 TPEX
METOA0B — METOAOM NPOMNOPLMOHANBHOIO CLUMHTUNNSALMOHHOrO cveTyuka (PSM), metogom GeTta-uoHnsauum
(Bl) unu meToaoM yCKOpUTENbLHOW Macc-cnekTpomeTpun (AMS). 3T MeToAbl CYUMTAIOTCA PaBHOLEHHBLIMM,
JalowyMn  OQMHAKOBble pe3ynbTaTbl B paMkax HACTOsILLEro craHgapra. Pesynbratel BbipaXxawrcs B
npoueHTax yrnepoaa 6uomaccsl oT 06Liero coaepxanus yrnepoaa. flons coaepxaHusi GuoMacchl no Becy u
gons ©Guomaccbl NO SHEPrMM PpaccYMTHIBAIOTCA MCXOAA U3  coaepXaHus yrmepoga 6uomaccbl C
UCMONb30BaHUEM COAEPKAHUA yrnepoga ©OuoMaccel u  cogepXaHusi dHeprum paonu  BuomMacchl,
npucyTCTBYHOLLEN B Npo0de.

7 NMpoBeaeHune UcnbiTaHUsA

7.1 OT60p NpOG

OT60p, TPaHCNOPTUPOBAHWUE, XPaHEHUE TBEPAOro TONAUBA U3 BbITOBLIX OTXOA0B OCYLLECTBISIOTCA B
cootBeTCcTBUM C FTOCT P 54227 n TOCT P 54228. MNoaroroska npobbl NpoBOAUTCA B cooTBETCTBUM C FOCT
P 54229.

7.2 lMpeBpaweHue yrrnepoaa, coaepxawerocA B npoGe, B noaxoaswyio ¢opmy ans
onpeaeneHus “C

Ons nepeseaeHus yrnepoga npobbl B OPMY, KOTOpas MOXET ObiTb WCNONb3OBaHa AnA
onpeaeneHus cogepxanus “C, NpUMEHSIOTCA TpU MeToda: CKuraHue B KariopumeTpudeckoin Gombe (7.3),
ckuraHue B Tpybduaton neuum (7.5) u oxuraHve B nabopaTopHOM MacTabupoBaHHOM annapare Ans
cxuranusa (7.6). OOpasyloLmMncs OKCua yrnepoaa nornowaeTcs NoAX0ASLWMM PaCTBOPOM, KOTOPbIW 3aBUCUT
OT MeToda CxuraHusi W BbIOpaHHOro MeToja Ans nocneayowero usmepenust “C. Ona mertoga
o6HapyxeHuss PSM B0o3MOXxHbI ABa abcopbupyowmx pacteopa. OgHako, korga BbIOpaH XMMUYECKUIA WS
ONMTUYECKUN MeTOo raweHus (Belcokue 3HadeHus NOx, obpasoBaHue OKpalleHHbIX BellecT), cbop CO»
aomkeH nposoautbea pacteopom NaOH. Mcnonb3oBaHue 4ucTOro KMcrnopoga Mnm CMecu kucmopoga u
aproHa B NpOLECCe ropeHunsi NoHWxaeT 06pa3oBaHMe OKCMAOB a3oTa 40 NPUEMIIEMOTO YPOBHSI.

7.3 CxuraHue npo6kl B KanopumeTpu4eckon 6omde

Ona onpeageneHus TennoTbl cropaHusa npoGbl mcnonb3ytotr CEN/TS 15400 [1]. Mocne nonHoro
CKUraHus B kanopumertpuyeckon 6ombe razoobpasHbie NpoayKTbl ropeHust cobupatoTcs B ra3oBblii MELLOK,
kak onucaHo B 7.4. [ins onpeaeneHus cogepxanus “C metogom PSM auokcua yrnepoaa A0SDKeH BbiTh
cobpaH oxnaXkgeHHOW CMEeCcbl pacTBopa kapbamata M noaxoaswen CUMHTUMANALMOHHON XuakocTtu. Ona
onpeaeneHus coaepxaxus “C merogom ASM unu Bl guokeua yrnepoga cobupaiot 4 M pactsopom NaOH.
Ona ASM B kavecTBe anbTepHaTuebl 2 Mn CO2 MOXKET ObITb OTOOPAHO N3 MELLKA CTEKNSAHHBIM LUMPULIEM U
ras mMoxet ObITb nepemeLleH B cucteMmy noarotoBkm ASM. Tak kak o6bem 6ombbl BbicBOBOXAAETCS Npu
aTMocpepHOM gaBneHun, B 6ombe ocTaeTcs HEeKOTOpoe KONMWYECTBO rasa, YTo HamnpsiMylo CBSI3aHO C
fAasneHnem B 6ombBe nocne CxuraHus.

Ons npegoTtepalleHuna aToro adagekra:

a) NpoBOAAT KanMOpPOBKY M aHanM3 ¢ y4eTOM OCTAaTOYHOrO KONMYECTBa rasa C WCMONb30BaHUEM
KoppekTupytoLero koadduumeHTa gaBneHus;

6) MCMONb3yIOT BaKyyMHbIA HACOC AN yAareHus ocTaTka;

B) UCMONb3YIOT NOTOKOBYIO BOMBY € aproHoM, a Takke c6opoMm CO2 B NPOMbIBHbIX rasax.

7.4 A6cop6uus razoBor NpoobI

Mewok ¢ rasoobpasHoin npobow nOACOEAMHAT K HebOMbLOMY Hacocy, CBS3aHHOMY C
ABaALATUMUNNUIUTPOBON CLUMHTUMMSALUUOHHON amnyrnoi, HanonHEeHHON cMecbto u3 10 mn copbupyoLlen
Xuakoctn (Hanpumep, Carbosorb E) n 10 mMn CUMHTUNNAUMOHHOIO KokTenna (Hanpumep, Permafluor E+),
NOMELLIEHHOW B neaaHyto 6aHio Ana oTBOAA Tenna 9K30TepMMYeCKon peakuumn obpasoBaHusa kapbamara.
CKOpOCTb OTKa4YuMBaHWs Huskas, obblvHO OT 50 g0 60 Mn/muH. MepeMelieHne rasa u3 MeLka 3aHumaet
okono 2-3 4. [Mocne okoH4aHMs cbBopa npobbl OHa MOXET ObiTb O00cuYMTaHA Ha XKUAKOCTHOM
CUMHTUINALUMOHHOM cyeTyuke. Heobxodumo nposecmu xosiocmol onbim 0511 ydyema Hebosibuwux
exe0HeeHbIX uaMeHeHul choHa.

7.5 Cxuranue npo6bl B Tpy6yaTOn neum

Ucnonb3oBaHue TpybyaTtol neyn BO3MOXHO TOMBKO ANA MOMHOr0 CkuraHusa npodbl. Ons
onpeaeneHus coaepxanua '“C metogom PSM auokcua yrnepoaa A0mkeH ObiTb coBpaH OXna)aeHHON

3
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CMecChio pacTBopa kapbamara u noaxoasien CUMHTUNMALUOHHON xuakoctn unm 4 M pactsopa NaOH. [ns
onpeaeneHus coaepxanus “C metogom ASM unu Bl auokeua yrnepoaa AoMmKeH BbiTb cOBpaH ¢ MOMOLLLIO
noaxoasLLero MMnuHaxkepa, sanonHeHHoro 4 M pacrsopom NaOH.

AnbTepHaTUBHO CO2 MOXET ObIThb YNOBNEH C MOMOLLBIO OXMaXAEHHOro nornowyaroulero dpunstpa. B
3TOM Cny4yae KpPWOreHHbIM MornowarLwmn unbTp A0MKEH COCTOATbL U3 BOASIHOrO YNOBUTENA (CyXOi nea B
3TaHoONe unu aueToHe), a 3aTeM OXnaaeHHon mnosylku. CnegyeT cobmiogartb OCTOPOXHOCTb, YTOObI
npenoTepaTuTe 0Opa3oBaHME XMUAKOrO KMCropoaa, KOTOPbIM MOXET o6pa3oBaTbCA MPU HarpeBaHuu
NIOBYLUKM A0 TeMnepaTypbl HEMHOrO BbILLIE TEMMNEPaTypbl KUNEHWA KMCROopoAa, UCMOMb3ys >XUAKWIA aproH
UNW BbINOMHAA pasgeneHne Npy NOHMWKXEHHOM AaBneHnn.

7.6 CxuraHme npo6Gbl B 1aGopaToOpHOM MacClUTaOMPOBAHHOM annaparte A5isi CKUraHus

NaGopaTopHblil annapat AN CKUraHus JOMKEH ObiTb MPUCNOCOBNEH AN CXWUraHus TBEPAOro
TOnnMBa M3 ObITOBLIX OTXOAOB C MOCTOSHHOW CKOPOCTbIO C MOSHbLIM MpPEeBPaLLeHWEM MPUCYTCTBYIOLLErO
yrnepoaa go CO2. na onpeaenenus copepxanus “C metogoM PSM auokcua yrnepoaa AOIKeH ObiTh
cobpaH C NOMOLULIO NOAXOASILLEro WMMMHAKEPA, 3anOSIHEHHOTO OXMaKAEHHOW CMEeChbI0 pacTeopa
kapbamarta (Carbosorb) M noaxoaswen CUMHTUNNAUMOHHOW Xwmakoctu unu 4 M pactsopa NaOH. Ons
onpeaeneHus coaepxaxus “C metogom ASM unu Bl auokeua yrnepoaa AomkeH GbiTb COGpaH ¢ NOMOLLbIO
noaXoAsALLEr0 UMNUHAXKEpa, 3anonHeHHoro 4 M pacteopom NaOH. B pesynbtate nornowenua CO2 byaet
HabnaaTbCsa CUNbHOE COoKpalleHue obbema rasa nocne 3axsara. [103TOMY ra3oBblii HACOC JOMKEH ObITbh
repMeTUYHO YCTaHOBMEH B NEPEAHEN YaCcTh MMNUHIXKEPA.

AnbTepHaTuBHO CO2 MOXeT BbITb YNOBMNEH NOCPEACTBOM KPUOTEHHOrO nornowatoilero unstpa. B
3TOM Crny4yae KPUOreHHbIN Mornowawmin unsTp JOSDKEH COCTOATL U3 BOAAHOIO YNOBUTENS (Cyxou nep B
3TaHOMEe WNW aueToHe), a 3aTeM OXNaXAEHHOW noBywku. CneayeT cobmoaaTe OCTOPOXHOCTb, YTOObLI
npeaoTBpaTUTh BO3MOXHOE 0Bpa3oBaHMe XMAKOro kucnopoda npu HarpeBaHuu NOBYLWIKU 4O TemnepaTtypbl
HEMHOTO BbILLE TEMNepaTypbl KUNEHUSA KUCMOPOAa, MCNOMb3ysl XUAKAW aproH UNWU BbINOMNHSSA pa3feneHue
Npu NOHWKEHHOM AAaBNEHMKU. ANbTEPHATMBHO NMpU UCnonbL3oBaHun Metoaa AMS CO2 MoxeT ObiTb cobpaH
rOMOreHM3MpoOBaHHON CMECbI0 TBEpPAOro TOMnuBa U3 ObITOBbIX OTX040B C OkcMaoM meau (CuO) B
repMeTUYHON BaKyyMMpPOBAHHOW TpyOke W3 KBapUeBOro CTekna unu crekna mapku «Bukop». [Ons
yCTpaHeHUsi COeaNHEHUI cepbl Nnepes BBOAOM B TpyOky CO2 B Hee MOXHO BBecTU 20 mTopp Boabl. Tpybky
HarpesatoT 4o 900 °C B TeyeHue 3 — 5 4. CO2 cobupaior, pa3bus TpyGKy ApPOOUNKON, NPUCOEANHEHHOW K
CTEKIIAHHOW BaKYYMUPOBAHHOW NUHUW ANSI HAKOMIEHUS.

8 N3mepeHun

WNamepenne copepxanus “C B npoGe AOMKHO NPOBOAUTLCA OJHUM U3 METO/I0B, NPUBEAEHHbLIX B
NpUNoXeHUsx Hacrosiwero craHaapta. Korga cobpaHHbie npoObl HaNpaBnAOTCA B CleLuanu3upoBaHHYIO
nabopaTopMio, OHM [AOIDKHbI XPaHUTLCA Takum oOpa3som, yToObl pacTtBOop He Mor nornowatb CO2 u3
Bo3gyxa. [posepka Ha npoteuky CO2 13 BO3ayxa AOKHA ObiTb MpoBeAEeHA NMpeaBapuUTENbHO BO BPeEMA
XOMNOCTOro onbiTa Ha ctaguu otbopa npob.

Ona onpeaenenuss 0 % coaepxaHua OUOMAacchl AnNst CKUraHuss MOXET ObITb MCNONb30BaH
CTaHAapTHbLIN obpasey yrns (Hanpumep, BCR 181).

Ona onpeaenenusn 100 % coaepxaHna Guomacchbl MOXET ObiTb MCMONb30BaH (NEPBUYHbLINA 3TANOH)
craHgaptHbein obpasey NIST waseneson kucnotol (SRM 4990b). [lna perynsipHOi NpoBEpPKU AOCTATOYHO
CTaHAapTHOW ApeBeCUHbI Ans KanubpoBKM BMECTO LLIaBENeBOW KUCNOTbI.

Insa onpeaeneHus coaepXaHus paguoyrnepoaa B TBEPAOM TONMMBE U3 ObITOBbLIX OTXOA0B A0SDKHbI
ObITb YAOBNETBOPEHbI CNeAyioLme XapakTepuCTUKK:

AnanasoH — o1 5 pmC go 120 pmC, 4TO COOTBETCTBYET COAEPXAHMIO OMOreHHOoro yrnepoaa ot
5 % po 100 %;

RSD -5 % B gnanasone ot 5 pmC ao 10 pmC, uto cootBetcTByeT oT 0 % A0 10 % GUOreHHoro
yrnepoga (Hanpumep, 7,0 % + <0,35 %);

RSD - 2 % B guanasoHe ot 10 pmC go 120 pmC, uto coorsercrByeTr oT 10 % ago 100 %
OGuoreHHoro yrnepoga.

MpumevaHus:

1 TexHonoruu Bl n AMS moryT 6biTb Ucnonb3oBaHbl B 6onee HU3koM aunanasoHe (0 — 5 % 6GuoreHHoro
yrnepoga) unu npu HeobxogmMMocTu 6onee BLICOKON TOMHOCTU.

2 Bepxuuit npegen 120 pmC asnsetca pabouuMm puana3oHoM ANA onpefeneHus KOMMOHEHTOB obLyent
6uomacchl C MpOM3BOMbLHBIM pacluMpeHneM A0 6onee BLICOKUX YPOBHeW (Hanpumep, ANA W3MEpeHUs YpPOBHeW
aKTUBHOCTN 6OMOHI).
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9 O6paboTka pe3ynbTaToB

[0 HaseMHbIX UCMbITaHWIn BOAOPOAHONW 60MObI (Havanuck okono 1955 r. n 3aBepmnuck B 1962 r.)
ypoBeHb C B aTmocchepe Gbin NOCTOSIHHLIM C TOYHOCTLIO 40 HECKOSIbKMX MPOLEHTOB B TeYEHUE NOCNEAHNX
TbicsueneTuit. CnegosartensHo, obpasel, Co3[1aHHbIN B TEYEHWE STOTO Nepuoaa, UMEET YETKO BblPaXKEHHYIO
«COBPEMEHHYIO» aKTMBHOCTb U BKMaA MCKOMAemoro yrrnepoga MOXeT ObiTb onpeferneH HenocpeacTBEHHO.
OaHako BO BPEMSi UCTIbITAHWI SAEPHOMO OPYXXKUSI YPOBEHb cofdepaHus B atmocdepe '“C nosbicuncsa oo
200 pmC B 1962 1., a k 2006 r. cHusuncsa 1o 107 pmC. AKTMBHOCTbL nNpoGsl no 4C, o6pasosasLueica ¢ 1962
r., GyAEeT NOBbLILLEHHO NO CPaBHEHMIO CO CPEAHMM YPOBHeM '“C 3a BCce Bpems HakonneHusl. B HacTosee
Bpemsi 100 %-Hoe 3Ha4yeHue BUoreHHoro yrnepoga npuHATo paeHbim 107 pmC. Ucxoasa n3 3Havenus 107
pmC BBOAMTCA KOPPEKTUPYIOLLMIA koadhdpuuueHT 0,93 [2].

Mpu pacyete coaepxawHus yrnepoga B Guomacce 3a 100 %-Hoe mpuHMMalOT cogepxaHue '4C,
pasHoe 100/0,93 pmC unu 13,56/0,93 DPM Ha 1 r yrnepoaa.

Ona  OOCTMXEHMSA BbICOKOW TOYHOCTU u3MepeHuM pmC nNPOBOAAT KOPPEKUMIO W30TOMHOro
bpaKLMOHUPOBAHUA NYTEM OMPEeLeneHust COOTHOLWEHUA u3oTonos '“C/12C u 3C/12C. B Guomacce Takke
NPOUCXOAAT HebomnblUMEe WU3MEHEHUsI COOTHOLUEHUS W30TOMOB yrnepoga — 91O 3aBUCUT OT Tuna
doTocuHTE3a MaTepuana, obpasyioLlero Guomaccy. bonblias yactb Guomacesl (Hanpumep, 4epPeBo) MMeeT
BMOCUHTE3 TaK Ha3biBaeMoro Tuna C3, HeKOTOpble TPONMYeCckue pacteHus (KyKypy3a, TPOnuM4eckue Tpasbl) —
doTocuHTes Tuna C4. Teepaoe TonNnMBoO M3 BbITOBLIX OTXOAO0B npupaBHuBaeTcs Kk 100 %-Hoii Buomacce ¢
doTtocuHTesom Tuna C4. MNpu NpoBEAEHWM KOPPEKUMM OTCYTCTBUS M30TOMA copepxaHue Guomacchl B
TBEPAOM TONNUBE U3 ObITOBbIX OTXOA0B MPUHMMAIOT PaBHbIM 99 %.

PaccuuTbiBaloT gono cogepxaHus 6uomaccel B TONMUBE MO BECY U MO SHEPTUU C UCMONb3OBaHNEM
3HayeHus yrnepoga Guomaccel B TBEpAOM Tonnuee K3 ObITOBLIX OTXO4OB W coaepxaHus B BGuomacce
yrnepoga u aHepruu. Mo ymonyaHuio And TBEPAOro TOnnmeBa U3 ObITOBbIX OTXOA0B MCMONbL3YIOT cpeaHue
3Ha4eHus, ykasaHHble B Tabnvue 1.

Tabnuua 1 — TunuyHble 3Ha4YeHus ansa gppakuyuii GuoMacesl

Matepuvan Yrnepog, % (daf) pmC, % (daf) UHV, MIDx/kr (daf)
OpeBecuHa (xBOIHaA ni| 50 114 19

NMCTBEHHAs)

Kopa 52 111 18

Bymara 47 114 17

Caexas buomacca (2006 r) 48 107 18

CpegHee 3HaueHue ansi TBepaoro | 49 112 18

TONMBA U3 ObITOBLIX OTXO0B

B tabnuue 1 npeacraBneHbl Matepuansl, Hanbonee 4acTo NPUCYTCTBYIOLLME B TBEPAOM TONNUBE U3
ObiTOBbIX 0TX0A0B. MoAa kopoi B Tabnuue MOHMMAIOT CMELUaHHble JipeBecHble maTepuarnbl, Takue Kak
ApeBecHble onunku u ap. MNpu pacyete cpegHEro 3Ha4YeHs NPUHUMAIOT PaBHLIMU (DPAKLMKU BCEX KATETOPUIA.
Mpu obwem cogepkaHun Guomaccsl B TBEPAOM TONNUBE M3 ObLITOBLIX OTX0A0B OKONO 50 % U3MeHeHua B
pa3snuuHbIX AONAX Matepuana buomMacchbl HeCyLLeCTBEHHbl. ECnu u3BecTHO npoucxoxaeHue 6uomMaccesl, To
MOTYT ObITb MCMONb30BaHbI GONEe TOYHbIE 3HAYEHUS.

9.1 NMpumep usmeperHunsa metogom PSM

B pactBope kap6amarta, MoOny4eHHOro U3 KanopumeTpuyeckoir 6omObl mocne CKUraHUs YMCTOW
apesecutbl (REF = 114 pmC), aktusHocTb '“C paBHa 6,12 DPM.

B 6omM6Ge cxwmraiot 1,050 r npobbl (BbICYLLUEHHON HA BO3AyXe).

3arem onpeaenaloT cogepxaHue yrnepoaa Guomaccesl (Ha BO3AyLLHO-CyX0e COCTOSIHUE):

6,12/(13,56-114/100)/1,050-100 = 37,7 % GuoreHHOro yrnepoaa.

9.2 NMpumep Bl n AMS nsmepeHun

1 M pacreopom NaOH nornowjaiot rasbl, NonyyYeHHble B xoae cxuranus npobbel (REF = 112 pmC)
TBEpAOro TONnuUBa u3 GbITOBLIX OTX0A0B B MAacLUTAaObUpPOBAHHON NabopaToOpHOM YCTAHOBKE ANSi CKUTAHUS.

Ucxoas ns CO2, coOGpaHHOro U3 3TOr0 pacTBOpa, PacCUMTLIBAETCH A0NS COBPEMEHHOrO yrnepoaa —
61,7 pmC.

Obuwee cogepxxaHue yrnepoaa B npobe paBHo 52,0 %.

Moatomy coaepxaHue Guomaccbl Oyaer pasHo: 52,0-61,7/100/(112/100) = 28,6 % OuoreHHoro
yrnepoaa.

9.3 NpumMep nepexona oT coaepxaHus OUOreHHOro yrnepoga K cogepxaHuro 6momacchbl

B npo6e TBEepa0ro Tonnmea U3 GuITOBLIX 0TX0A0B paccuutaHo 20,0 % 6uoreHHoro yrnepoga.

[ons 6Guomaccel B npo6Ge TBEpAOro TonnmMea U3 ObITOBLIX OTXOA0B OLEHMBAETCA B 46,6 %.
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Torpa coaepxaHue Guomaccel byaner 20,0:100/46,6 = 42,9 % coaepxkaHus Guomaccel (nNo Becy).

CopaepxxaHue aHeprum B 6uomacce 6yaet 20,0-17,2/46,6 = 7,38 MIDi/kr.

9.4 Mpumep nepexoga OT cogepXaHUA OUOreHHOro yrrepoga K COAEPXaHUK 3Heprum
Oouomaccbl CO CMelWaHHbIMU AoONAMU OMoOMacChl

B npo6Ge TBepaoro Tonnmea u3 6GbITOBbLIX 0TX0A0B paccuutaHo 20 % BMoreHHoro yrnepoaa.

Jons 6uomaccel B npobe TBepaoro Tonnmea u3 GuITOBLIX 0TX0A0B Gbina oLeHeHa u coctasnset 30
% Kkopbl U 70 % Gymaru.

CopepxxaHne 6Guomaccel Gyaet 30/100-20-100/52 + 70/100-20-100/47 = 41,3 % coaepxaHusa
Buomaccel (no BECY).

CopepxxaHue aHeprun B Ouomacce 6yaet 30/100-20-18/52 + 70/100-20-17/47 = 7,10 MOx/kr (no
3Heprum).

10 Mporokon ucnbIiTaHUA

MpoTokon ncnbITaHWit AOMKEH coAepXaTh CneayoLLyo nHopmauumio:

a) HauMeHoBaHue U agpec Bcex nabopaTopuii, B KOTOPLIX NPOBOAATCA UCTILITAHUS;

0) naeHTudukaumsa nccnegyemon npoodsl;

B) AaThbl MONy4YeHuUsi npob u NpoBeAeHUA UCNBITAHUN;

r) CCbIfIKa Ha HACTOALWMIA CTaHAapT;

) pesynbTaTbl UCNBLITAHWW C YY4ETOM TOrFO, HaA Cyxoe unu pabo4vee COCTOSIHME TOMMAMBA OHM
BbIpaXEHbI, a Takke NPUMEHEHNE KOPPEeKUMU N30TONOB;

e) cogepxaHue buomaccel no Becy, yrnepoay, Tennote cropaHusi obLiero yrnepoaa;

’K) NPOBOAUBLUMECA NPU UCNLITAHUAX NPOUEAYPbl, HE OMUCAHHbIE B AAHHOM CTaHAapTe WM
HeobA3aTenbHbIE;

3) mobble 0COOEHHOCTU, OTMEYEHHbLIE B XOA€E UCTbITAHUI, KOTOPbIE MOFNM NOBAUATL HA pe3ynbTaTbl.

lpomokon ucnbimanuli 0omkeH 6bimb O00HO3Ha4YHO udeHMuguyUpPosaH, ece cmpaHuubl
MPOHyMepoeaHbl U yKa3aHo ux obuwee Konu4yecmeo.

B nabopamopuu  OO/MmKHbI  XPaHUMbCS  MPOMEXYMOYHbIE  pe3ynbmambl  UCHbIMaHull
(xpomamozpammbl, UCXOOHble OaHHble, pacyembl), Komopbie OOKHbI 6bimb OOCMYMNHbI  1PU
Heobxodumocmu.
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lMpunoxehnune A
(o6sa3arenbHoe)

Onpepenenue *C MeTO4OM NPONOPLMOHANILHOIO CLUMHTUITISILMOHHOIO cYeTymka (PSM)

A.1 BeepeHue

Hacrosiwee npunoxeHne onuchbIBaeT npoueaypy onpeaenexus “C MeTogom nponopuuoHansHoro
CUMHTUANAUMOHHOTO cuetunka (PSM) B pactBope kapboHata wnu kap6amarta, NONMy4YEHHOro nocne
coxuranua npobbl TBEPAOTO TONMNMUBA U3 ObITOBLIX OTXOAO0B B KanopumeTpudeckoi Gombe, TpybuaToin neum
unu nabopaTtopHoi MacLITabHON YyCTAHOBKE AN CKUraHUSI.

A.2 CywHOCTb MeTOAA

PSM (Takxe Ha3bIBaEMbIii METOAOM XUAKOCTHOTO CLMHTUIIIALIMOHHOTO c4eTumka, LSC) onpeaenser
KOrM4ecTBO “C KOCBEHHO, Yepes ero aMMCCUIO B-4acTull U3-3a PaauoaKTMBHOIO pacnaaa msortona '“C. B-
YacTULbl PErncTpUpYIOTCS NOCPEACTBOM UX B3aUMOAEWCTBUSA CO CLMHTUITISILUMOHHbIMKU Monekynamu. COz,
06pa30BaHHebIi B MPOLECCe CXXUraHUs TBEPAOIO TOMNMBA U3 BbITOBLIX OTXOAOB, YNABNMBAETCA PacTBOPOM
kapbamarta. PacTBOp CMeLlUMBAeTCsl C OpraHU4eCKUM pacTBOPOM, CLMHTUNASIUMOHHbLIE MONEKymnbl WU
aKkTMBHOCTb '4C B 3TOM CMECH MOACHUTHLIBAIOTCA MPOMOPLMOHANBHLIM (KUAKOCTHBLIM) CLMHTUAMALMOHHBLIM
CYETUYMKOM.

A.3 PeareHTbl u matepuansbl

- CTaHJapTHbIN obpasey waseneBon kucnorbl (SRM 4990b);

- pactBop HCI (5 M);

- CUMHTUNMALMOHHASA XXUAKOCTb;

- pacTBOp kapbamarTa;

- 14C — BELLECTBO ANSA AOMOMHUTESbHBLIX CTAHAAPTHLIX LENei.

A.4 O6opynoBaHue

KpailHe HU3KMe npupoaHble YPOBHM paauoyrneposa B armochepe 3emnu (okono 1-102 %)
TpeGyeT AOMOMHUTENbHLIX Mep MPeaoCTOPOXHOCTM ANSA TOYHOro uamepenus '“C. Cneayet cobmiogatb
0COBYI0 OCTOPOXHOCTb A1t UCKITIOYEHUS] BO3MOXHOCTU BIIMSIHUS KOCMUYECKOTO paauauuoHHOro ¢hoHa u
oHa oOkpyxalLen cpeabl, MNPEACTABMNEHHLIX APYIMMU paguoM30TONaMu, SNEKTPOHHOTO LWyma WU
HecTabunbHOCTU, a Takke Apyrnx akTopoB. ITU (POHOBble HAKTOPbI OrPaHUYMBAIOT NPaBUNLHOCTD,
TOYHOCTb M AManasoH MeToAa paguoyriepoaHOro AaTMpoBaHus, Tak Kak npeaenbHble Bo3pacTta MoryT ObiTh
paccyMTaHbl TOMbKO NPW AKTUBHOCTU NpPOObI BbIlLE KAaK MUHMUMYM TPEX CTaHAAPTHbLIX OTKIOHEHWN
OTHOCUTENbLHO (POHOBOWN aKTUBHOCTMU. JlIOOON MCMONb3yeMbl XXMAKOCTHLIN CLUHTUANAUMOHHBIA CUYETUMK
[OIDKEH COOTBETCTBOBATL 3TUM TPeBoBaHUAM.
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PrcyHok A. 1 - XKUAKOCTHbIN CUMHTUANALMOHHBIA CYETUMK
A.5 lNpoBeaeHne ncnoiTaHns
A6COpPOUMOHHYIO KONBY 3arpyxakwT W3BECTHbIM 06beMoM abcopbeHTa CO.. AbGcopbupytowyto
Ccnoco6HoCTL abcopbeHTa A1 pacyeToB criegyeT MNpUHATbL paBHOW npumepHo 4,8-103 M/mn; cnepyet
ucrnonb3oBatb He 6onee 80 % 3Toil cnoco6HocTW. Konby crnepyeT oxnaguTe B feAsiHoli 6aHe nepef
npotieccom abcopbummn. Mpoby rasa nosayyaroT U3 AbIMOBOrO kaHana rasoBoro Mmellka. B nio6om cnydvae
npoba [o/KHa ObiTb BbiCylUeHa W KoHueHTpaums CCb BbICYLIEHHOW Mpobbl fOo/MKHA ObiTb M3BECTHA (1160

8
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nyTeM KOHTpPONsi AbIMOBbLIX rasoB, nNUOO NpPOCTLIMM aHanuM3amu TBepaou npobbl, koTopas Obina
ucnonb3oBaHa aAnsa nonyyeHus CO2). Ecnu ra3 noctynaet HenocpeaCTBEHHO U3 AbIMOBOIO KaHana, oobeM
npodbl AOMKeH OblTb M3MEPEH MpU MOMOLLUM rasoBOr0 CYETYMKa C y4eTom nonpasBku Ha o6bem CO2,
abcopbupoBaHHoro MOP  (3-MeTokcuMnponunamuH), akTUBHbIM komnoHeHTom (Carbosorb). [Mocne
abcopbuun CO2 abcopbGeHT nepemeLlaloT B MEpHy npobupky, Ao6aBnsiloT K HEMY paBHbIN 00bLEM
CLUMHTUMMALMOHHOIO KOKTEWNS U FOMOreHU3UPYIOT CMECh.

3artem npobupky, coaepxallyo cMecb, nomewaiotr B LSC u npoeogat usmepenus. OBbIMHO Bpemst
M3MepeHus coctaBnseT 6 — 24 u.

AKTMBHOCTb NPOGOLI CPABHMBAIOT CO CMPABOYHbLIM 3HaYeHneM. Yucno pernctpaumin C (paBHo uncny
B-umnynbcoB pacnaga '“C B paauomeTpuyeckux agertektopax (LSC) cpaBHMBAIOT C YMCNOM PErucTpaLuii
3TanoHHOro 00pas3sua B TEX e YCMNOBUSIX.

Cneayetr MNpUMEHATb JAONOMHUTENbHbIE CTaHAAPTHblIE METOAbLl ANA NPOBEPKU BO3HUKHOBEHMS
XMMMWYECKOTO NN OMTUYECKOTO TYLLEHUS AN KaX a0 NpoObl. [ns 3TOM Lenu A0MmKHbI UCMoNb3oBaThes 4C-
MeYeHbl€ KOMMOHEHTbI.

MN3mepeHus A0MmKHbI NPOBOAUTLCS BMECTE C M3MEPEHUEM XONocCTol NPobbl, KOTOpas npeacTaBnseT
Cco60M CUMHTUINSAALUMOHHYIO NPOOUPKY, 3aNONMHEHHYIO XMAKOCTLIO ANA NOACYETA, PACCYMTAHHOIO HA TOT Xe
nepuoa, 4to U npoba Ana ucnbiTaHuA. MNonyyeHHbl pe3ynbTaTt (POHOBOFO YPOBHSA AN BCEW CUCTEMBI
(annapatoB u pearenTtoB) aaiotr B8 CPM unu DPM. Nocne 310ro npoBOAAT UCnbiTaHue npobbl Ans aHanumaa,
pesynbTaThl Takke gawT 8 CPM unu DPM.

A.6 Pacyet pe3ynbtatoB

M3 nokasarens uMnynbcoB Npo0bl BbLIMMTAETCS NOKasaHue hoHa geTekTopa (MonesHbii nokasatenb
UMNYNbCOB). AKTUBHOCTL C (DPM) nonyyaeTcs nyTem HopManu3awum None3Horo nokasarenst UMMynbcoB K
nokasaresn MMNynbLCOB CTaHAapTHOro obpasua (waseneBon kucnotel SRM 4990b).

A.7 NMpeunsmoHHOCTb

Cratucruyeckas NorpelHoCTb NOACYETa MMMYNbLCOB, )OHA M CTAaHAAPTHOro obpa3ua NnpoucxoauT
OT YMEHbLUEHUS YMCNa UMMNYIIbCOB; MOSTOMY TOYHOCTb pe3yrnbTara 3aBUCUT OT YUCNA 3apEerncT pUpPOBaHHBIX
UMMYNbCOB, FA€ OTHOCUTENbHAA MOrPELUHOCTL 0OpPATHO MPOMOPLUMOHANbHA KBAApPaATHOMY KOPHIO U3 uucna
uMnynscoB. CyMMapHas nNOrpeLHOCTb 3aTeéM KOMOMHMPYETCSi C aHanUTUYECKUMM MOTPELLUHOCTAMU U
CTaHAapPTHbIMKU OTKIMOHEHUSIMU U onpeaeneHmem oHa.

Mpegen OGHapy)XEHUSI CYETUMKA — BaXKHbIN MapaMeTp, Tak KaKk OH B 3HAYUTENbHOW CTENneHu
onpeaensietT YyBCTBUTENbHOCTb BCEW aHanNUTUYEcKon npoueaypbl. YyBCTBUTENbHOCTL OOLIYHO BhIpaXKaeTcs
Kak «HWXKHMIA npegen obHapyxenusy» (LLD). 310 HaumeHbluee KONMMYECTBO PaauOaKTUBHOCTU, KOTOpoOe
MOXeT ObITb CTaTMYECKU BblaeneHo u3 cona. LLD paccunTbiBalOT HA OCHOBAHWUKU BPEMEHMU noacqeTa npodbl
U cKOpoCTM noacyeTa poHa (Bpemsa noacyeTa coHa u NPOoBbl NPUHUMALIOT PABHBIM):

LLD = (Ka +KBN2 /f—O , A1)
n

rae LLD — HwxHuI npeaen oGHapyXeHus;

Ka — 04HOCTOPOHHUIA YPOBEHb AOCTOBEPHOCTM, 9KBUBANEHTHLIN 1-a (a = owmbka 1 poaa);

KB — OAQHOCTOpPOHHMIH YypOBEHb AOCTOBEPHOCTH, 3KBUBANEHTHLIN 1-B (B = owmbka 1 poaa);

Ao — @OH B pacueTax;

T — Bpemsa nogcyeta npobbl n xonocroro oneita (oHa) (c);

n - 3pdeKTMBHOCTb yCTaHOBKM nogcueTa (0=n<1).

MNpaBunbHbLIA YPOBEHb 3HAYUMOCTU MOXET ObITb onpeaeneH TONbKO NPOU3BONbLHO. YacTo
npuaepXMBalOTCA YPOBHA B 5 %, aAna kotoporo Ka = KB = 1,65. Npu BpemeHu nogcyeta 16000 cek (266,67
MuH) u 19 CPM (0,3167 umnynbcoB B 1 cek):

16000-0,3167
LLD = (1,65+165W2 |———— "
16000-0,8
Ons onpeaeneHus coaepkaHWA paauoyrnepoga B Marepuane TBepAoro Tonnuea M3 ObITOBbIX
OTX010B AOMKHbI ObITb 0BECNeYeHbl CneayLme TEXHUUECKUE XapakTePUCTUKK:
Avana3soH — ot 1 ao 15 DPM, cooTBeTCTBYIOLLME coaepkaHuio BuoreHHoro yrnepoga ot 5 % po 100

= 0,026Bq =1,5DP

%;

RSD - 5 % B aguana3soHe ot 5 A0 1 DPM, cooTBeTCTBYylOLIME COAEPXAHUIO BUOTEHHOrO yrnepoaa ot
5% no 10 %;

RSD - 2 % B anana3oHe ot 1 4o 15 DPM, cooTBeTCTBYIOLUME COAEPXKaHMIO BUOreHHOro yrnepoaa
oT 10 % ao 100 %.
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Mpunoxexnue b
(obsazarensHoe)

Onpeaenenue “C metoaom 6eta-nonnsauum (Bl)

B.1 BBegenue

Hacrosulee npunoxeHue onuCLIBAET npoueaypy onpeaenexus “C merogom Bl B OCHOBHOM
pactBope kapboHaTa, NMONy4yeHHOro Nocrne CxuraHusi Nnpobbl TBEPAOro TONMMBa U3 ObITOBLIX OTXOAOB B
KanopumeTpuyeckoit 6ombe, TpybuaToli neun unu nabopatopHon MacluTabHON yCTaHOBKE ANA CKUraHus.

B.2 CywHoCTb MeTOAa

Metos 6eTa-MOHM3ALMM OCHOBAH HA KOCBEHHOM onpeaeneHuu u3bbitka usotona '“C. B atom
MeToae UCNomnb3yloT U3nyyeHue B-vyactuy yrnepoaa 14, npoucxoaswiero u3-sa paguoakTMBHOrO pacnaga
usortona 'C, kak B PSM. Metogom onpeaensor B-4acTuubl NOCPEACTBOM Pa3psaoB WMMYNbLCOB TOKA
MeXAy BbICOKOBONbTHBIMM 3MIEKTPOAAMM B NPONOPLIMOHATNIBHOM TA30BOM CYETYMKE. ITU UMNYbCbI
MHULMUPYIOT B-yacTuupbl. MpuHUMN 0GHapyXeHus HanomuHaeT cnocob paboTel cueTuuka Melrepa—Mionnepa
(GM), pasnuuue 3akno4aeTcsl B AeTansix NoToka 3MeKTPOHOB B cyeTyuke. [nA MCNONb3OBaHMA 3TOrO
meToaa npoba aomkHa 6biTb B hopme CO2 unu npeepaiyeHa B COz, Tak e Kak n B GONbLUMHCTBE Cry4Yaes
npumeHeHunsa metoga PSM.

b.3 PeareHTbl  maTepuanbl

— pacteop HCI (6 M);

— pacteop NaOH (4 M);

— Cyxow neg;

— auUeToH WNnu 3TaHOM;

— XMOKUI a30T;

— CTaHZapTHbI obpasey waseneson kucnotsl (SRM 4990b);

— aKTMBUPOBAHHbIN Yrorb.

B.4 O6opyaoBaHue

— cucrema npeobpasoBanus B CO2 3axBayeHHbix 4 M pactsopom NaOH kap6oHaTos;

— cucrema ounctkm CO2, HaNpUMEp, UCNONb30BAHME AKTUBUPOBAHHOIO YINSA;

— ocuctema noslydeHuA (UKCUPOBAHHOIO KonMuyecTBa npoObl, HanpuMep, NyTeM perynupoBaHus
aaenenusa CO2 B hukcMpoBaHHOM 0OBLEME M U3BECTHOW TEMNepaTypbl rasa;

— cucTema NoAroTOBKM CTaHAAPTHBIX U XONOCThIX NPo6;

— cucTema noAcHeTa HUXKHETO YPOBHA C MCMOSIb30BaHUEM ra3oBoro NPOnopLUOHarnbHOro CYETYUKA;

— UHCTPYMEHTbI, UCMONb3yeMble Ans u3mepeHus Bl — camopenbHble BbICOKOTEXHONOTMYHBIE
yCTPONCTBA, pa3pabaTeiBaeMble B HECKONbKUX PaauoyrnepoaHbIX MHCTUTYTaxX. [IOCTYNHbI HEKOMMepYeckue
cuctembl. Ona Toro 4tobbl OGHApYXMUTb paguoyrnepoa, Bo3gencrTesue ¢poHa AOMKHO ObITb CBEAEHO K
MUHUMYMY. a3 (B A4aHHOM cryyae ouuLleHHbIn CO2, nonyyYaembiini U3 ra3oobpa3HbIX NPOAYKTOB rOPEHUS)
3arpy><atoT 1 NnoAcYMTBIBAIOT B CYETHbIX MeAHbIX Tpybax (ynbTpauucras Meb), U Xenaemblii HU3KuiA (poH
nony4atoT NPUMEHEHMEM MIOTHOTO 3JKPAHUPOBAHUA CBUHUOM W (PUNbTpPaLMM KOCMMYECKON pajuauun.
OBblvHO npubGopbl Bl pacnonoxeHbl HWKe NOBEPXHOCTM 3eMnu, B noaBanax, u4robbl obecneuntb
AOMNOMHUTENBHYIO 3aLUMTy OT KOCcMUYeckon paauaumn. OOblMHOE BpeMs MoACYeTa — HECKONbKO AHEN npu
U3MEPEHUAX HU3KOTO YPOBHS TOUHOCTM.

B.5 UcnbiTaHusa

B.5.1 Mpoueaypa onpeaenexns '“C Geta-uoHusauyuein

Kap6oHat, nony4yeHHbI NpU CXXMraHum TBEPAOro Tonnuea U3 ObITOBLIX OTXOA0B, NPEBPALLAETCA B
COz2 noakucneHnem pacrsopa NaOH consHon kucnoton. CO2 04nLIAIoT, YTOObI OH NOAXOAUN B KA4YeCTBe
CYETHOrO rasa B ra3oBOM NPOMNOPLIMOHANBLHOM CHETYUKE, HANPUMEP, YAANEHUEM 3NEKTPOHOTPULATENbHBIX
npumeceii, Takux kak kucropog, SOz unu BOAHbIE Napbl NOCPEeACTBOM aKTUBUPOBAHHOIO yrna. Ha atom
aTane TaKKe yaansietcs pagoH. YMcToTa rasa kputudecku BaxkHa (Hanpumep, coaepkanHue Oz MOXeT ObITb
HIKE HECKONbKUX AONEN HA MUIIIIUOH).

MpoGa nmoacuuTbLIBAETCA B TE€YEHWE HECKONbKMX AHEW B CUCTEMEe HU3KOYPOBHEBOro cyeta Ans
JOCTVKEHUA YNCIa UMIMYILCOB, IOCTATOMHOTO AN CTAaTUCTUYECKON NPELU3NOHHOCTH.

CO2 noaBoautcs MoA AABNEHMEM B UEHTpanbHoW TpyOke (06bMHO 2 — 3 6Gap), u BbICOKOE
HanpsbkeHue NoaaeTcsi MeXay LeHTpanbHbIM NPOBOAOM U CTEHKOW CYeTYMKa. AKT MOHM3auuMM, TAKOW Kak
o6pasoBaHue B-uyacTuupl B npoLecce pacnaga '“C, cosnaeT MOHWU3ALMOHHLIN Cres U NOTOK 3MEKTPOHOB.
OTa naBuMHa U3MepSAEeTCA Kak anekTpudeckuint umnynec. Jiobble npuMmecn B rase OyayT racuTb YMHOXEHHE
9MNEeKTPOHOB, YTO NPUBOAUT K HE3aPErMCTPUPOBAHHBIM akTam pacnaaa.
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a— or 10 go 50 cM; b — UeHTpanbHbIi NPOBOA MOA BLICOKUM HamnpskeHWeMm (+ve);, ¢ — COs; d — CTeHKa cYeTUMKa,
NoKpbITas 3010TOM (-ve), e — BreTawwas B-4yacTuya; f— cTeHKa cyeTyMKa C AMEeKTPUYECKUM NOTEHUMANOM 3eMnu; g —
NepBUYHBIE 3NEKTPOHBI;, h — BTOPWUYHbIE AMEKTPOHbI, i — WOHHOE YCWNEHWE; j — LeHTpanbHbli NPOBOA MOJ BLICOKUM
HanpsKeHUeM.

PucyHok B.1 — lMponopLyoHanbHbIi ra3oBbiil CHETUUK

B. 5.2 Npoueaypa usmepeHus sHa4eHs COBPEMEHHOrO0 yrnepoaa B kapboHate B pactsope NaOH:

a) pacTBop kapboHaTa nepemMeLLaloT B OYTbINKy A4S 3KCTPAKLUUK;

6) NnpucoeauHAIOT YyCTPOUCTBO AnA AosupoBaHusa HCI;

B) ybupaior GyTbinky u go3arop (aerasauus, yaaneHue pactsopeHHbix N2 u Oz u3 Bo3ayxa);

r) no6aensot HCI B pacTBop kapboHara;

A1) yaanaioT BOAHbIE Napbl, MPUMEHSS NOBYLLUKY, 3aNOMHEHHYIO aLUEeTOHOM U CYXUM FbAOM;

e) obpasyowpmiica CO2 cobupaloT B NOBYLLKY M3 HEpXXaBEIOLEN CTanu, KOTOPYyI0 MOrpyxaior B
XUOKUIA a30T;

) CO2 ounLaloT, MCNOMb3ys, HanpUMeEp, aKTMBUPOBaHHLIN yrons npu 0 °C;

3) MmaneHbKyto npoBy cneayet otobpath ans onpeaeneHus °C Ha naHHOM aTane (Mo XenaHuio);

1) BbluUCHAT 06bem CO2, yunThiBass Temnepatypy U [aBrneHue W U3BECTHbIA 0ObemM cuUCTeMbI
ynaBnueaHus;

K) nepemeryaiotr CO2 B NpONOpLUOHAanbHbIA cHeTYUK (konuyectso CO2 1o 4 1);

) NPOBOASIT NOACYET B TEYEHME HECKOIBKUX AHEN A0 AOCTUXEHNA TpebyeMon NPeLm3nOHHOCTH;

M) paccYMTbIBAOT 3HAYEHWE COBPEMEHHOTIO Yrnepoaa, UCnosb3ys nokasarenb UMNynbCoB NPodkl 1
nokasatesnb UMNYNbCOB XOMOCTOro OnbITa.

MpuMmevaHue — Mpu MCMONB3OBAHNN aKTUBUPOBAHHOIO YIS ANS OYUCTKA KapTPUAX C HUM [OMKEH GbiTb
nNpeABapuUTENibHO HarpeT B TedeHne 1 4 AN yaaneHns CrefoB pajoHa (B akTUBMPOBaHHOM Yrie MpUCyTCTBYIOT cneab
HaKomnrneHUss MPoAYKTOB pacriaga ypaHa). [ns apyrux TEeXHOMOruiA O4YMCTKM AOCTaTOMHO 2 fHell oXujaHua Ans
n3baBneHus oT CriefoB pajoHa.

B.6 BblunucneHnue pesynbTaToB

M3 nokasaTtens umnynscoB Npobbl BbIMUTAIOT MOKa3aTenb UMMYNbLCOB XOMOCTOrO OMbiTa pacTBopa
NaOH v nonyyaloT pesynbTUpYIOLMIA nokasaTters WMMYnbCOB. AKTUBHOCTb '“C (pmC) nonyyator nyTtem
cTaHgapTu3auuu pe3ynbTUPYIOLLEro nokasaTtens WMNYNbCOB W NoOKasaTensi WMMYSbCOB  CCbIIOYHOIO
cTaHaapTHoro obpasua (wasenesas kucnora SRM 4990b).

Ecnu 310 He06x04MMO, crnieslyeT NpoBECTU KOPPEKLMIO U30TOMHOTO hpakLMOHNPOBAHUS, NOCNE Yero
ONpPeaensiloT M30TOMHOE COoOTHoweHUe '3C/'2C. MoxeT npousoiTW W3OTOMHOE (pakLMOHUPOBAHUE NpPU
noaroToBKe Npobbl, ecnu obpabaTeiBaloT TONbKO YacTb CO2 U3 CONOKEHHON MPOGbI.

Ecnun Gbina npumeHeHa KOPPeKLMs M3OTOMHOr0 COOTHOLeHusa '3C/2C, aTo 06si3aTenbHO AOMKHO
6bITb YNIOMSIHYTO B MPOTOKO1E.

B.7 NMpeun3snoHHOCTb

Cratucrtuyeckass norpewHocTb npu obcyete npobbl, hOHA U CTAHAAPTHOro obpasua ABMAETCH
pesynsTaToM MoAgcC4eTa pacnaja Mcxoasa M3 CTaTUCTUYECKoro pacnpeaeneHus lNMyaccona. CnegosatentsHo,
NPEUM3NOHHOCTL B WUTOre 3aBMCUT OT u4KUCra 3apernCTPUPOBaHHbIX MMIMYMbCOB, A€ OTHOCWUTEMbHAs
MOrpeLlHocTb 06paTHO NpoMopuMOHarbHa KBaApaTHOMY KOPHIKO M3 u4ucna wumnynbcoB. CymmMapHas
NOrpeLLHOCTb NpeacTaBnsieT cobo CyMMy aHanuTUYeCKUX MOrpeLLHOCTER W NOrpeLLHOCTeNn CTaHAapTHOrO
obpasua u coHa. MocneaHne NOrpeLHoCTM 06bIMHO Marsibl MO CPABHEHMUIO C MOTpeLuHOCTAMMU npobooTbopa.
Mpy BpEMEHU NOACHETA OKONO HECKONBbKMX AHEN MOXET ObIThk MoNyyYeHa npeunsnoHHocts 0,3 — 0,4 %.

Ona onpeaeneHus cogepaHus paguoyrnepoga B maTepuarie TBEpAOro TOnnuBa M3 ObITOBbLIX
0TXO0/10B J0OIMKHbI coBnoaaThCsa cneayoLlme TEXHUYECKUe XapakTepUCTUKN:

11



roOCT P 55129 — 2012

AnanasoH — oT 5 o 110 pmC, COOTBETCTBYIOLUMIA coaep)kaHnto BUoreHHoro yrnepoga ot 5 %
0o 100 %;

RSD -5 % B gnanasoHe ot 5 4o 10 pmC, COOTBETCTBYIOLNI COAEPXKaHUIO BUOreHHOro yrnepoaa
0T 5% no 10 %;

RSD - 2 % B anana3oHe ot 10 go 110 pmC, COOTBETCTBYKOLUMI COAEPXaHUIO OGUOreHHOro
yrnepoga ot 10 % go 100 %.
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MpunoxeHne B
(o6sa3aTenbHoOeE)

Onpegenexve cogepxaHna 14C meTof0M yCKOPUTENbHOW Macc-cnektpomeTtpun (AMS)

B.1 BeegeHune

B HacToswem npunoxeHun onuvcaHa npoueaypa onpegenexHua 14C metogom AMS B pacTBopax
KapboHaTa, MOJIyYEeHHbIX MNyTeM CxuraHua npo6 TBepgoro TonamBa U3 ObITOBbIX OTXOA4OB B
KanopumeTpuyeckoin 6ombe, TpybuaToi neum mnam nabopaTopHOoli YCTaHOBKE ANS CXKWUraHus.

B.2 OCHOBHble MOM0XeHUA

YckoputenoHaa Macc-cnektpomeTtpua (AMS) saBnsetcsa npsAMbIM - MeTOAOM onpegenexnuns 14C.
ATOMbI NPo6bLI NpeBpaLlalTcs B Ny4oK MOHOB. O6pa3oBaBLUMECS UOHbI YCKOPAOTCSA B 3/1€KTPUYECKOM none,
OTK/IOHAKTCA MarHUTHbIM NOSIeM U OBHapPYXUBAKTCA MOHHBLIMW AaTyMkaMu B pesynbTare onpefesneHus
OTHOCUTENILHOIO COfEPXaHWUA N30TONOB 3TUX MOHOB.

AMS gBnseTca O4HUM M3 METOAO0B Macc-CNeKTPOMEeTPUM, KOTOPbIA MCNOMb3YeT BbICOKWUI NOTeHuuan
3N1EeKTPOCTATMYECKOIO NOMSA, CAYXallero He TOMIbKO A1 YCKOPEHUs 4acTul, HO Takke u Ans obpasoBaHus
TONbKO MOHOB Cri (N = 1...4), KOTOpblE MOTYT NONacTb B CNEKTPOMETP B OT/IMYME OT OCTasIbHbIX YacTuy,. ITO
3HaYMTENIbHO yy4llaeT YyBCTBUTE/IbLHOCTb OMbiTa 6e3 noTepy cenekTBHOCTU. 1AC onpegensiT B rpadute
(yrnepoge), noaToMy BecCb yrnepo fo/MKeH ObiTb NpeBpalleH B rpaduT nepes aHan3om.

Mpy nomowm AMS onpegenseTcs ipakuns COBPEMEHHOIO yriepoga, npucyTcTeytowero s npobe. C
NMOMOLLbI0 3TON MEeTOAMKM Henb3sA onpefenuTb obuiee cofepxaHue yrnepoga, noaToMy OHO [O/HKHO ObITb
onpefeneHo oTAesbHO.

B.3 O6opypoBaHue

- 06opyfoBaHve 48 NOATOTOBKU NPO6bI;

- 060pyf0BaHVe 3aMOPO3KN XUAKMM a30TOM;

- yCKOpUTENbHbI Macc-cnektpomeTp (AMS).

d

kaHan; f- marnuT 110 °C; [ - npuemHuk C12; h - npuemHuk C13; / - BbICOKO3HEPreTuyeckui Macc-cneKTpomeTp;j -
anekTpoctaTuyeckuii getektop 33 °C; K- marHmTt 90 °C; /- MOHM3aLMOHHAs kamepa
PucyHok B.1 - CxemaTuyeckoe nsobpaxeHme AMS

B.4 PeareHTbl 1 maTepuansbl

- CTaHfapTHbIA o6pasel, Wasenesoit k1cnoTbl (SRM 4990b);
- XXene3Hblil katanusarop;

- BOAOPOA;

- pacteop HCI (5 M);

- CyxoWi neg;

- aueToH WM aTaHon;

13
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- XnUaKnii asor.

B.5 Mpouenypa u3mepeHMs 3Ha4YeHWss COBPEMEHHOrO yrnepofa B kapboHaTax B pacTBope
NaOH

a) pacTBop KapboHaTa nepemelLarT B OYTbISIKY 415 IKCTPaKLmK;

6) NpMCoeaNHAIT YCTPONCTBO ANs fo3npoBaHmsa HCI;

B) oumLLaloT ByTbISIKY W fo3aTop (aerasauus, yaaneHue pactBopeHHbix N2 n O: u3 Bo3ayxa);

r) fo6asnsawT HCI B pacTBop KapboHarta,;

) yoansioT BOASHON nap, NPMMEHsA NOBYLLKY, 3aN0/IHEHHYH0 aueTOHOM Y CyXVM fbAOM;

e) obpasywuwuiica CCb cobupatoT B /IOBYLLUKY W3 HeEpXaBelLelh CcTanu, KOTOPYK MNorpyxawT B
XUAKWA asor;

X) MasieHbKyt npoby cnepyeT otobpatb Ansa onpegenexus 13 Ha AaHHOM 3Tarne;

1) nepemelyatoT COr B yCTaHOBKY ANsl rpacouTusaLum.

a3oo6pasHble Npobbl OCTABAAIT B CUCTEME MOCNe OCBOOOXAEHWUA W3 KBapLeBol Tpyoku nvm6o
nocsie TOro Kak OHU O6blNyM Y/OBMEHbl XWAKAM a30TOM C NOCAedyloulyM HarpeBaHvem. 3areMm ras
npespaLyatoT B rpaduT ¢ UCNOb30BaHNEM XENE3HOro Kartaimsartopa B COOTBETCTBUM C DOPMyIaMu:

CCb + H2e— >HX + CO;

CO + H2e— >HD +C.

Boga, nonyyeHHas B pesynbTare 3TON peakuuun, ygansetca Ansa  obecneyeHus  MosHOro
BOCCTaHOB/EHNSI NPO6LI A0 rpadmTa. ITO 0COGEHHO BaXHO 418 NMpefoTBpalleHns pakuuoHMpoBaHUS.

b c

d

a- amnyna c npo6oii B Buge CCb; b- Hr; ¢ - gatuuk gasneHusi; d- 271eKTPOHHbIV oxnaxgalownin anemenT (-18 ° ans
ynaBnvBaHusi HrO); e - kBapuesas Tpy6ka; f- rpadurtosas neusb (600 °C); 4 - nopowok Fe
PucyHok B.2 - YcTaHoBKa Ana rpadutusanum

padT cnpeccoBbiBaeTCcA B TUre U MNOMELLAeTCs B POTOp nepes 3arpys3koii B YCKOPUTENbHbI
Macc-cnekTpomeTp. B MCTOYHMKE MOHOB GOMbLUOI MOTOK Myyka MOHOB Le3us (Cs+), choKycMpoBaHHbIA Ha
aHoa (MuleHb), BbICBOGOXAAET oTpuuaTeNnbHO 3apsKeHHble aTombl aHoda, MPOM3BOAA MY4YOK WOHOB
yrnepoga. AHoAbl pacnosioxeHsl B 10 MM Apyr OT Apyra, Y4To6bl NPefoTBpaTuUTb NepekpecTHoe 3arpsa3HeHve
N CMeLleHne BO BPEMS pacnblieHus, a Takke u3bexaTb NOSABMEHUS NYHOK Ha 3/1eKTpoAe, NPUBOAALMX K
hpakyMoHMpoBaHuio. 3atem nyyoK oTpuLaTeslbHO 3apsXXeHHbIX NOHOB (DOKYCUMPYETCS MPU MOMOLLM IMH3bI B
pekoMbuHaTope. Ha 3TOM yyacTke psif, MarHWTOB yAansieT HEeWOHW3UPOBAaHHbIV yrnepog U3 nyyka Wu
pasgensetr 3 wuzotona yrnepoga (12C, 13C, 14C). 3aTeM AucK npepbiBatens uanyecku 6nokmpyet
60M1bWKNHCTBO 12C, 4TO MNO3BOMSIET BOCCTAHOBWUTbL 3HAYMTENIbHO OCMabfieHHbI y4y WOHOB yrnepoga Ans
e[IVHOBPEMEHHOIO BBEAEHWA B YCKOpUTE/Ib. B TaHAEMHOM ycKopuTesie MOHbI Yriepofa YCKOPSTCS, nocne
yero npespawatTca B C3+ MOHbI Npu CTONKHOBEHUM C artomamu Ar B rasoBoM Jecopbepe. 3Tu
NONMOXMNTENIbHO 3apshKeHHble MOHbI yckopstoTca Ao 10 MaB. 3apsag 3+ BblibpaH, MOTOMY YTO OTHOLLEHME
Maccol K 3apagy 14C3+ yHMKanbHO W faeT BO3MOXHOCTb TOYHO pa3feuTb UX B BbICOKO3HEPreTU4ecKoM
macc-cnektpomeTpe. [epBblli  3/1€MEHT  BbICOKOIHEPreTMYecKoro  Macc-CnekTpoMeTpa -  MarHur,
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nosopauusaoumiica Ha 110 °, pasgensiowmii B yckoputene woHbl '°C, 3C u 'C. Myukn 2C u BC
usMepaTca B valuke dapages (06biuHble Toku 250 HA). WMowbl “C3 pononHutensHo ouuwaior 33 °
3neKTpocTaTuieckuM AeTekTopoM U 90 ° MarHMTOM. OTU UOHbI U3MEPSIIOTCA B MOHWU3ALMOHHOW Kamepe,
3anONHEeHHON U300yTaHOM, M30NMPOBAHHOM OT BaKyyMa YCKOpPUTESS TOHKOW MeTannuyeckoi ¢ponbrow
(nnoTHoCTBLIO 250 MKr/cm?). O6bIMHO NPOObLI 06CUUTLIBAIOT B TEYEHUE Yaca.

B.6 Pacuet pesynbraTtoB

CootHoluenne usotonos “C/2C u 3C/'2C onpepensietca B COOTBETCTBUM C COOTBETCTBYIOLIMMU
CNpaBOYHbLIMU AAHHbIMU. Bce npoueHTHble 3Ha4YeHUst COBPEMEHHOro yrnepoaa (pmC), nonyyeHHble B
npouecce paauoyrnepoaHOro aHanu3a, AOMKHbl ObiTb CKOPPEKTMPOBAaHbI Ans (PPakLUOHUPOBAHUSA MO
“30TONaM C NPUMEHEHNEM JaHHBLIX M0 CTabunbHOMY u3oTony yrnepoaa (otHowenne '3C/'2C), nonyyeHHbIX
nocne oxuranua npoGbl A0 npeBpaweHua ee B CO2. OtHoweHue 'C/'°C He onpegensetca Ha
HeobpaboTaHHON Npo6e, Tak Kak 3TO0 MOXET NPUBECTU K HEBEPHbIM pe3ynbTaTam.

B.7 MNpeunsmoHHOCTb

Ons onpeaeneHusa CoAaepXaHua paguoyrnepoaa B TBEPAOM TONMNMUBE U3 ObITOBbLIX OTXOA0B AOMKHbI
ObITh COGNIOAEHEI CrieayloLme KpUTEpPUN:

ananasoH — ot 5 go 110 pmC, u4rto cootetrcTByeTr OoT 5 A0 100 % coaepxaHui0 GUOreHHoro
yrnepoaa;

RSD - 5 % B auanasoHe ot 5 ao 10 pmC, yto cootBeTcTByeT OT 5 A0 10 % GuoreHHoro
yrnepoaa;

RSD -2 % B gunanasoHe ot 10 o 110 pmC, yto coorBetcrByeT ot 10 a0 100 % 6GuoreHHoro
yrnepoga.
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Mpunoxenue I
(cnpaBoy4Hoe)

McKknioyeHuns, KOTopbie MOryT 6bITh YCTPaHeHbI NPU nomowm meroaa C

MeTtoa, onucanHelin B FOCT P 55119, He pacnpocTpaHsieTcs Ha HEKOTOpble BUAbl TBEPAOro Tonnuea
13 BbITOBbIX 0TX0A40B. O6GnacTe AeNCTBUSI CTaHJapTa He PacnpOCTPaHSIETCs Ha:

- yuctble pakuMM OTXO0AO0B, MPOAYKTOB M MNONYyNpoAyKTOB, knaccuduumpyembix kak CO2 -
HelTpanbHas 6uomacca (BULLHEBbIE KOCTOYKM, KOXA, HaTypamnbHbii Kayyyk, BMCkO3a (HA OCHOBE
LeNnonossl), LWEPCTb, XUP ANA XapKu, APEBECHbIA Yroflb, KAMEHHbIA Yrofb, CUNMKOHOBLIE Pe3uHbl, OypbIi
yronb, NONUypeTaH, NEHONONUYPETAH, HENIOH);

- OPEBECHbII Yyronb U UCKOMaemble BMALI TBEPAOr0 TOMNMMBA, TakMe KaK KAMEHHbIA Yronb, KOKC,
GypbIi yronb u Topd, a TakXKe CMeCcK 3TOro TONMnMBa C TBEPAbIM TONMIMBOM U3 ObITOBbLIX OTXO/0B;

- TBEpAbIe TONNMBa U3 GbLITOBLIX OTXOA4OB, coaepxawme 6onee 10 % ocTaTkOB HaTypanbHOW U/UnNK
CUHTETUYECKOW PE3UHBI;

- TBEpA0E TOMNMBO M3 GbITOBLIX OTX0A0B, coaepxaiyme 6onee 5 % Macc.:

e  HEWNoHa, NofmypeTaHa unu Apyrux nonmmepoB, CoAepXKaLLux aMmMHOTPynnbl,
e  Ouopasnaraembix NNaCTUKOB UCKONAEMOrO NPOUCXOXAEHUS;
- TBEpAOE TONNMMBO M3 ObITOBLIX OTX0A0B, coaepxaulee 6onee 5 % macc.:
e LUEPCTU UNK BUCKO3bI,
e HeOuopasnaraeMbix NNACTUKOB GUOrEHHOTO NPOUCXOXAEHUS,
e Macna unu xupa Kak COCTaBHYyIO 4acTb OMOMAacehbl.

CogepxaHvne Guomaccel B TBEPAOM TONNMBE M3 ObITOBLIX OTXOA0B, NEPEYMCIIEHHOM BbILLE, MOXET

ObITb ONpeaeneHo meTogoM '“C, ONMCaHHbIM B HACTOSILLIEM CTaHAApTe.
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