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PASPABOTKA CTAHOAPTHOTO OBPASLIA
MACCOBOW [J0/I1 YPAHA B METATINYECKOM YPAHE

Cmanoapmuwiii obpaszey (CO) memaniuuecko2o ypana ammecmosan 8 panze
I'CO kax poccuticxuti CO 1-2o knacca (no knaccugpuxayuu I'OCT 8.609-2004)
6 Tocyoapcmeennoil cucmeme yuema u KOHMPONA A0ePHbIX MAMEPUATO8.
Ammecmosannas xapaxmepucmura — mMaccoeas 0ol ypaHa.

KnioyeBble cnosa: cTaHAapTHLINA 06pasel] MeTANNNYECKOrO ypaHa, MaccoBas Aons
ypaHa, [ocyfapcTBeHHasa CUCTEMA yYeTa U KOHTPONS AfepHbIX MaTepuanos.

CtanpmapTHblii 06pasel, yTeepxaeHHoro Tuna — [CO maccoBoi gonu ypaHa
B MeTaNnMyeckom ypaHe, aTTecToBaH kak poccuiickuint CO 1-ro knacca (no
knaccudpmkauuu FOCT 8 609-2004 [1]) B cMcTeMe y4eTa U KOHTPONS A4€PHbIX
matepuanos. [CO npefgHasHavyeH Lns nepefadqn efuHuy obpasuam HW3LLero
Knacca W KOHTPONS MOTPeLUHOCTA U3MEpeHMiA MacCcoBOW JOAM ypaHa Ans
paspyLlaloLL X MeTOA0B aHanm3a npu y4YeTHbIX W3MepeHUsX.

B cooTBeTCTBUM C TEXHWYECKMM 3afaHWeM W OTpacneBbiM CTaHZApTOM
[2] cTangapTHbIA o6pasel, 6bIn aTTeCTOBAH MYTEM YCTAHOBAEHWUA 3HAYEHWiA
MeTponornyeckux xapakrepuctuk CO B ofHOIA atTecTylowwen naboparopuu
C NOATBEPXKOAKOLLMMN N3MEPEHNAMU.

B KayectBe meToga W3MepeHMs MacCOBOW AOAM ypaHa MCMONb30Banu
BbICOKOMPELM3NOHHYIO TPaBUMETPUIO C NEPOKCUOHBIM ocaxgeHuem [3].
MeTofnka 6bina cneynanbHo paspaboTaHa W aTTecToBaHa ANA NpoBeAeHMs
aTTEeCTALMNOHHbIX M3MEPEHWNIA CTaHAAPTHbIX 06pasyos. MeTogmka cBo6ogHa ot
3HAYUMOIA CUCTEMATWNYECKON MOrpeLIHOCTH.

Mpu NOATBEPXKAAIOLLNX M3MEPEHNAX UCNONB30BANN METOANKY BbICOKOMpE-
LM3NOHHOTO NOTEHLMOMETPMYECKOro TUTpoBanua no [asucy — Mpato. JanHas
MEeTOAMKA aTTeCcTOBaHa M Takxe cBOGOJHA OT 3HAYMMOW CUCTEMATWNYECKOI
norpeLuHocTyn [4].

Matepuan ana CO 6bin M3roToBneH no wraTtHol TexHonorum B OAO
«Yeneuknin MexaHW4ecKMd 3aBog» B BUAE CMWUTKA METannM4ecKoro ypasa
METOOM pacMHWPOBOYHON NAABKW Y4epHOBOro MeTanna.

MeTog pachMHMPOBOYHOI NNaBKM NPUMEHSETCA ANA OYMCTKM MeTanna oT
pAaga npumeceid, NONaBLUKMX B HETO M3 UCXOZHOW YPaAHOBOIA conu, hyTepoBKN,
BOCCTAHOBMTENA W BO BPeMA LUNXTOBKW M3 BO3fyxa. IpdheKTMBHOCTD
pachUHNPOBOYHOIA NNABKM C TOYKW 3PEHMA OYUCTKW ypaHa onpegensetcs
He TONbKO BO3MOXHbIM yAaneHuWeM nerko netyqnx npumecell, HO TakKxKe
LnakoBaHnem 1 nukeauueid. Okemgpl, Kapbugbl U HATPMAbI KaK camoro ypaHa,
TaK W paga gpyrux MeTannos HepacTBOPMMbI B MeTaNIMY4eCKOM ypaHe, a ypaH
HepacTBOpUM B HUX. [103TOMy MpW pacnfiaBfeHWn ypaHa W ero BblgepKKe
B XKMAKOM BUZe B TeYeHWe OMpeLeneHHOro NpPOMeXyTKka BpeMeHW npoTekaeT
NMKBauma — 6onee nerkue no yaenbHOMY Becy OKCUAbl, Kapouasl U HUTPUZD
BCMIbIBAIOT HAa MOBEPXHOCTb MeTanna, o6pasys Cnoi Lunaka.
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PazpaboTka 1 Npon3BoACTBO CTAaHAAPTHBIX 06pa3LIoB

C nosepxHocTM cnuTka 6bIn yganeH cnoit wnaka. OT
cpegHel TpeTu (Mo ANHE) CNMTKA Ha TOKApHOM CTaHKe
6bina otobpaHa CTpyKKa ¢ paamepom Yactuy ~(1,5-2) x
x (0,3-0,5) x 5 mm.

3aTem CTpyXKa OTMarHuyusanacb AN yganeHus
METaNNYECKNX BKMIOYEHUIA, NONaAaHNEe KOTOPbIX BO3MOXHO
npn MexaHuveckoil obpaboTtke. [anee menkas u nolnesas
bpakumn oTcempanuchb Ha BUBpoCUTAX Yepes CUTO
¢ pasmepom syeiikn 0,2 Mm.

lMocne 3T0ro NPOBOLMIOCE MHOTOKPATHOE NPOMbIBAHKE
BOJLOIA 1 BbicywMBaHKe. [lanee oT BCceil Macchl MaTepmana
6blna oTobpaHa npeAcTaBuTeNbHas Npoba Ana nposeaeHNs
NacnopTHOro aHanuaa.

MpumecHblii cocTaB Hank-matepuana (cnpaBo4Has
MHhopMauKs) npeacTasneHd B Tabn. 1.

Ta6nuuya 1
[MTPMMECHBIA COCTaB METANMNYECKOr0 ypaHa
(B CTpyXKe)™

Onpege- | CogepxaHue, | Onpepense- CopepxaHue,
naemblii m.g., % MbIiA 3aNeMeHT m.g., %
INEeMEeHT
Keneso 0,016 Vrnepogd 0,108
Menb 0,0022 |Asor 0,0050
Hukenb 0,00145 | Marnuit 0,0011
Mapranel 0,0013  [Kanbuwit 0,0018
Kpemuui 0,0031 Xpom 0,0011
AntomMuHWiA 0,0012 LinHk 0,0043
Cymma 0,025 O6orawennue | 0,711 % y.m.A.
(Fe+Ni+Al) no Uss
Bop <0,00002 | docdop 0,003
 ouneceli 0,157

* AHanus npooguncs no Metogukam [5-8].

[na atTecTaumm matepmana B KayecTBe CTaHAAPTHOIO
obpasua C Lenbio ynyyleHns ogHOPOAHOCTM MaTepumana
6bina npoBefeHa AOMNOMHWUTENbHAA TeXHONOrnyeckas
obpaboTka CTPYXKWM B WHEPTHOW cpede. Becb matepuan
nepemellany nepekpecTHO B Tpex KpucTannnsatopax
BPYYHYI0 C Komnbua Ha koHyc (100 uuknos) ¢ nomoLybio
MHCTPYMEHTOB W3 Hep)XaBelolen ctanu. 3atem matepuan
ewle pas Obin NpocesiH B UHEPTHOW aTmocdepe Ha
BNOpoCUTax AnA OTAeneHMs hpakuuyu 4acTuy pasmepom
meHee 0,2 mM. Takum o6pasom, NONy4Mnu CTPYXKKY ypaHa
C BbICOKOIA CTeneHblo OZHOPOAHOCTM.
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TaK Kak MeTanan4ecKnin ypaH OKUCNAETCA Ha BO3ZyXxe,
a CTaHZapTHbIA obpasel AOMKEH COXPaHATb WCXOZHbIN
COCTaB, BeCb MaTepuan 61 pacdacosaH no 2,5 r B aTMO-
cepe aproHa B CTeKNsHHble hnakoHbl 06beMoM 4 cm®
C repMeTMYHO 3aBUHYMBAIOLLMMICS KpblLUKamu. lNocne aToro
(bnakoHbl YNOXMAM Ha KapTOHHbIE MOGNOXKKW MO 5 LWITYK
M 3anasnu B BaKyyMHble MOMW3TUIEHOBLIE YNAKOBKM.

[ins ynaneHns oKMCHOW NieHKW nepef pacdacoBkon
CTPYXXKY MPOMbIBaN pacTBOPOM az0THOW Kucnotbl (1:3)
B TeyeHue 3—4 MUHYT, 3aTem 5 pas TLaTenbHO JeMOHM30-
BaHHOW BOZOW. [Ina yckopeHWs npouecca CYLUKW YUCThIN
mMatepuan 3 pasa npombiBanu aLeTOHOM.

Wccnepgosanue ogHopopHocTH Matepuana CO

Mpu nccnepoBaHuax ogHopoaHocTk matepuana GO 6bina
MCNonb30BaHa METOAMKA U3MEPEHMIA MacCOBOM JOMN ypaHa
NePOKCUAHBIM TPABUMETPUHECKUM METOLOM.

[laHHbIii MeTOA OCHOBAH Ha MepeBofe HaBECKWU Npobbl
aHanMsupyemoro matepuana B pacTBop, OCOKAEHUM ypaHa
B BMOE 3TUNeHOMaMUHTeTpaaleTaTa ypaHuna, KoTopbli
MONHOCTBLIO NpeBpaLlaeTcs B nepokcug ypana Yepes 10-15
MUWHYT nocne JobaeneHns nepekucu sogopoga. lMocne-
ayouee BBedeHne cbopmuatHoro 6ydepHoro pactsopa
obecneynsaeT coO3aHNe ONTUMANbHOIO 3Ha4eHmsa pH, pas-
Horo 3,5-4,0, npu KOTOPOM NMPOUCXOAMT KOMWYECTBEHHOE
OCaXAeHNe ypaHa. lamepeHne cofepKaHus ypaHa 3aKaH-
YMBAIOT NPOKaNMBAHMEM MOMYYEHHOrO OcajKa npu Temne-
patype (950 = 50) °C u B3BeLMBaHWEM MOMYYEHHOW Npw
9TOM 3aKWCW-OKUCW ypaHa (CTexnmomeTpuyeckas gopma).
Y4eT maccbl 30M1bl MCMONMb3YeMbIX NPU OTAENEHWN ocagka
tbuneTpoB obecneymBaeTca NyTeM NPOBEAEHUS C KXKZOWM
cepueil U3MePEHNIA «X0N0CTOro» OnbITa.

Maccosyto gonio ypaHa B GO, X (%), Bbl4ucAanmM no
dopmyne:

X:(ms—o_mxon)"‘:'100 (1

Mo

rae m,, — Macca NpoKajeHHoro octatka B TUrne (Cymma
MacC 3aKWUCW-OKMCW YpaHa W 30Mbl «XON0CTOro» OMbiTa), T;

Myen — Macca 30M1bl «XONOCTOr0» ONbITa, T;

Mgy — MAcca HaBEeCKM aHanu3npyemoro marepuana
GO, r;

F — KoadhdhuumeHT nepecyeTa Macchbl 3aKUCU-OKKUCK
ypaHa Ha maccy ypaHa o6Llero ¢ y4eTOM M30TOMHOMO
COCTaBa ypaHa B aHan13mpyeMom matepuane. pu BoinonHe-
HUM N3MePEHNIA CoaepXKaHnsa ypaHa obLLero B aTTeCTyeMOM
CO BenuymHa F paccyuTbiBanacb UCXOAA M3 pesynbTaTos
M30TOMHOrO aHanmsa matepmana u coctasuna 0,8480015
(copepxanue U — 0,711 y.m.p).

Bce m3mepeHus npoBogun OAMH onepatop.



[na vccnegoBaHna nokasartens 0BHOPOZHOCTW Oblno
cnyyamHeim obpasom oTobpaHo 19 aksemnnsapos (dhnako-
HoB) matepmana CO.

[ng ycTaHoBNeHns mMeTogm4eckol (BHYTPUGAKTOPHOI)
Aucnepchmn 6bina cchopmMMpoBaHa yCpeJHEHHAs HaBecka
MeTannmyeckoro ypana maccoi 13,775 r. [lpoby romoreHun-
31poBanu B o6beme 250 cM?, NONHOCTbIO PACTBOPUB B CMECU
KOHLEHTPMPOBAHHbIX a30THOM W consiHoM KucnoT (3:1).

OT nonyyeHHoro pacteopa oTo6pani BECOBLIM CMOCO-
6om 19 anuksoT maccoii okono 10 r (cogepxaHue ypava
~0,5 1 B KaXgoi). Bce anukeoTbl NpoaHann3vMpoBany Ha
COLiEpXKaHWe ypaHa B YCNOBUAX MOBTOPSEMOCTM.

Maccy ypaHa B KXol anukeoTe (Maccy aHanusupy-
eMolii npobbl) paccyuTbiBanW no opmyne:

mnp _ Myer 'man, (2)
Mas0
A€ Myer — MAcca YCPeSHEHHON HABECKM, T;

m,, — Macca anuKeoTbl, 0TOGPAHHOA ANs aHanusa, T;

Myse — Macca pacteopa B konbe 250 cmd,

Mo nonyyeHHbIM 19 peaynsTaTam napannenbHbIX onpe-
JeneHnin MaccoBoil AOMW ypaHa B rOMOreHU3MPOBAHHOM
matepuane CO oueHWNN MeTOAMYECKOE CpedHeKBagpaTh-
yeckoe oTkNnoHeHne (CKO) Sye; pe3ynbTatos M3mepeHus
npo6bl FOMOreHN3NPOBAHHOIO MaTepmana.

3aTemM W3 WwecTn hNakoHOB, BbIGPAHHBLIX CRy4aliHbIM
o6pasom, otobpanu 19 HaBecok maccoit ~0,5 r kaxpgas.
Bce npo6bl NpoaHanMsMpoBanu Ha cofepxaHue ypaHa
B ycnosusx nostopsemocTti. Monyymnan 19 pesynbratos,
no KotopbiM oueHunn CKO S, pesynbratoB W3MepeHuUs
npo6 HeromMoreHM3MpoOBaHHOIO Matepuana (Mexxkdakrop-
Hoe CKO).

Ctatuctnyeckyto 06paboTKy 3kcnepuMeHTaNnbHbIX
LaHHbIX W BCE CTaTUCTWYeCKWe OLEeHKM MpoBOAWNM Anf
HOPMaNbHOrO pacnpefeneHns pes3ynbTatoB W3MepeHus
B cooteeTcTeun ¢ FOCT 8.736 [9].

CKO S,,,; n3mepeHuMid oueHmBani no dopmyne:

rae X; — eANHNYHbIA pesynbTaT napanienbHoro onpegeneHms
MacCOBOM [ONW ypaHa B cepun onpegenexunia, %;

X — CPefHuWit pesynbTaT M3MepeHUs MaccoBoil [OMN
ypaHa B cepumn onpeaeneHui, %;

N — KONNYeCTBO NapannenbHbIX ONpeseneHnii B cepun.

B Tabn. 2 u 3 npefcTaBneHbl pesynsrathl NapanienbHbIX
onpeaeneHniA MaccoBoii fonn ypaHa u oueHkn GKO ans
KaOXIoN cepuu.

PazpaboTka 1 Npon3BoACTBO CTAaHAAPTHBIX 06pa3LIoB

Ta6nuua 2

Pesynbratbl napannenbHbiX onpeaeneHui
MaccoBoil LONK ypaHa roMOreHu3npoBaHHOro
marepuana npu uccrefoBaHu 0JHOPOJHOCTH

lomMorennsnpoBaHHbIA MaTepuan (pacTeop)

Ne |Maccosan gons, X, %| Ne |Maccosas gons, X;, %
1 99,879 11 99,871
2 99,876 12 99,838
3 99,891 13 99,890
4 99,859 14 99,850
5 99,882 15 99,895
6 99,872 16 99,880
7 99,859 17 99,878
8 99,897 18 99,868
9 99,856 19 99,893
10 99,884

Xwer 99,8746

CKO\yer 0,016324
Ta6nuua 3

PeaynbTathl napannenbHbix onpeaeneHuit
MaccOoBO 0NN ypaHa WHAMBUAYaNbHbIX Npob
MNPy UGCNeoBaHNN 0HOPOJHOCTH

HeromoreHusupoBaHHbliA MaTepuan (cTpyXKa)
Ne |Maccosan gons, X, % | Ne |Maccosas gons, X, %
1 99,869 11 99,900
2 99,877 12 99,887
3 99,878 13 99,868
4 99,889 14 99,900
5 99,888 15 99,926
6 99,889 16 99,916
7 99,903 17 99,896
8 99,941 18 99,908
9 99,889 19 99,885
10 99,919
Xs 99,89621
CKOy 0,019297
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PazpaboTka 1 Npon3BoACTBO CTAaHAAPTHBIX 06pa3LIoB

B uensx cobniogeHns ycnosuii NOBTOPSEMOCTH U3Me-
peHus Bcex Npo6 NpOBOAWA OAMH OMepPaTop C UCMoMb30Ba-
HUEM OJHWX W TEX XKe PeakTUBOB, BECOB M N3MEPUTENTbHOMO
060pynoBaHus.

Takum obpasom, Ana pacyeta XapakTepuCcTUKN HEOZHO-
POAHOCTW WCMOMb30BaHbI CredyloLne BeNNYMHbI:

Vamepenns pactBopa: NMy= 19, X yer = 99,8746, S,; =
= 0,016324. _

N3mepeHns ctpyxku: ny= 19, Xz = 99,8962, Ss =
= 0,019297.

OueHKy xapaKTepuCTUKM OLHOPOAHOCTK MaTepuana Sy
ana maccbl Hageckn 0,5 r paccyutbiBann no dopmyne:

N

= /00192972 —0016324% = 0,010292, %.  (4)

MorpelHocTb OT HEOJHOPOAHOCTI MaTepnana GyaeTt
yd4TeHa KaK COCTaBAAOLAA MOrPeLHOCTU CTaHAAPTHOTO
o6pasua.

YctaHoBneHHe 3Ha4YeHUA aTTecTyeMoi
xapakrepucTuku CO ¥ oueHka cnyvaiHol
cocTaBnAoLW el norpewwHocTH

aTTecTauMoHHbIX U3MepeHui

Attectauma CO nposogunacb no anropurmy
OCT 95 10596-2005 [2] cnoco6om aTTecTauun B OFHOW
nabopatopuu ¢ NOATBEPKAAOLLUMMN N3MEPEHWNAMM.

ArTecTaumoHHble nsmepeHma matepuana GO 6binn npo-
BefeHbl B YCNOBKAX NOBTOPAEMOCTI BbICOKOMPELM3UOHHBIM
rPaBUMETPUYECKUM METOLOM C NEPOKCUAHBIM OCKAEHNEM.
Pesynbrathl NpefcTaenenbl B Tabn. 4.

[lna npoBepkn NpaBWAbHOCTW NMPOBEAEHWUS WU3Mepe-
HUA 1 06ecneveHns NPOCNeXNBaeMOCTN aTTeCTOBAHHON
XapaKTepucTUK/ OJHOBPEMEHHO Obina NMpoBefeHa cepus
napannenbHblX ONpefeneHnii MaccoBoil JONW ypaHa
B cTaHgapTHoM o6pasue 1-ro knacca GO 8363-2003.
Mony4eHHble pesynbTaThl NpefcTaBieHbl B Tabn. 5.

PasHocTb pesynbrata namepenus npob NGO 8363-2003
M ero aTTeCTOBAHHOMO 3HAYEHWNA He NpeBbiCKNa NOrpeL-
HOCTW CTaHZapTHOro o6pasua, 470 [aeT OCHOBaHuWe
CYMTaTb KOPPEKTHbLIM BbIMOMHEHWE aTTECTALNOHHBIX U3Me-
peHuiA.

B kayecTse atTecToBaHHOM xapaktepucTuki CO npuHATO
cpedHee apudMeTMYeCcKoe 3Ha4yeHWe pe3ynbTaToB napan-
NenbHbIX OnpefeneHniA MaccoBo gonu ypana (tabn. 4)
Aco = 99,857 %.

Pacyet cny4aiHoii cocTaBnfioLLen NOrpeLlHOCT aTTec-
TaUMOHHBIX M3MEPEHNIA NPOBOAMAN NO dhopmyne:
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S-t _
_ 9 Ligg5-1) (5)

roe S — CKO maccoBoii fonu ypaHa, %;
l‘(o,%,,, _ 1) — KBaHTUNb pacnpefdenexus CTblofieHTa;
11— KONMYECTBO NapannenbHbIX ONpeeneHnii MaccoBoii
J0NN ypaHa.
Takum obpasom, npu S = 0,0338, t(0.95,,, _1) =2,0423
nn=31
~0,0338-2,0423

€
SN

BenuymHa cnyvaiHoi cocTaBnAlOWEA NOTPeLIHOCTM
aTTEeCTaLWNOHHbIX U3MepeHmiA cocTaeuna g = 0,01239 %,
unn 0,0001241 oTH. ep.

=0,01239, %.

Ta6nuua 4

PesynbTatbl aTTeCTaUMOHHbIX W3MEPEHUiA
MaccoBoii onu ypaHa B npobax matepuana CO
npu macce Haseckn 0,5 r

MaccoBas gonsa ypaHa, %

99,855 99,816 99,848 99,839
99,887 99,894 99,854 99,912
99,890 99,862 99,879 99,860
99,793 99,919 99,803 99,877
99,882 99,857 99,880 99,884
99,838 99,805 99,818 99,850
99,889 99,898 99,819 99,807
99,846 99,837 99,877
CpefHee 3Ha4eHNe 99,85716
CKO 0,0338

Ta6nuua 5

Pesyneratbl namepennii [CO 8363-2003

Maccosan fgonsa ypaHa, %

84,774 84,747 | 84,788 | 84,724

84,782 84,786 | 84,777 | 84,754

84,773 84,772 | 84,775
CpedHee sHayeHue 84,7684

maccoBoil gonu, %

ATTecTOBaHHOE 3Ha4eHue
CO 8363-2003
maccosas gona ypaHa, %

84,784 + 0,016




OueHka HeMCKNIoYeHHOI cucTeMaTHyecKon

COCTaBNALOLWEN NorpelHocTH aTTecTaluNoHHbIX

U3MepeHui

HeucknioyeHHas cucTemaTuyeckas coctasnsiowlas
norpewHoct (HCIM) atTecTayMOHHbIX M3MepPeHUA (He-
onpefeneHHocTb Tuna B) (6) 06ycnoBneHa NOrpeLwHoCTbio
B3BELUMBAHMA HABECKN MPOGbI (Op,), MOMPELIHOCTbIO YCTa-
HOBMEHWA MacChl 3aKCWU-0KNUCK YpaHa (6,_,), NOrpeLLHOCTbIO
KoachbdmumeHta F (65) (cpopmyna (1)). 3HayeHne oTHOCK-
TENbHOIM HEMCKITIOYEHHOW CUCTEMATUYECKOI COCTAaBNAIOLLEN
MOTPELUHOCTM PacCynTbIBANOCH Mo hOpMyne:;

0 =110 +02,+02 . (6)

PaccmoTpum HeKoTopble 4acTy 3Toro ypaBHeHus 6onee
noapo6Ho.

B cOOTBETCTBMM C TEKCTOM METOLMKW Macca 3aKucu-
OKWCW ypaHa, Nony4yeHHOW Nocie NPOBEAEHNA OCAKAEHUS
W NPOKanWBaHMA, YCTaHABNMBAEGTCA MO Pa3HOCTU ABYX
B3BELLUWNBAHMIA; MacCbl 3aKNCM-0KMCK (1M,_,) N MacChl 30Mbl
«XONOCTOr0 OMbITa» (/Mhyn). [1PW OLEHKE OTHOCUTENBHON
XapaKTepUCTMKIA NOTPELUHOCTM YCTAHOBNEHUA MacChl 3aKW-
CW-OKWUCW ypaHa 6, , y4uTblBanuch (Mr):

A,, — aBCONIOTHAA XapaKTepucTMKa MOrpeLlHOCTH
B3BELUNBAHMA MACChbl 3aKUCU-OKWUCK;

Ayon — aBCOMNIOTHAA XapaKTepUCTMKA MOTPEeLuHOCTH
onpefeneHns Macchl 30/bl «X0NOCTOrO OMbITa».

Macca 3aKucm-oKucm m,_, onpegenseTcs no pasHocTy
pe3ynbTaToB [BYX B3BELUMBAHMA: B3BELUMBAHWA MacChbl
0CagKa C TWIMEeM M B3BELUMBAHMA MacChl TUMS.

3Ha4YeHmMe NOrpeLlHOCTH A,,, ONPeAensfeTcs Cay4aiHoii
COCTABNAOLLEN (Exon) U HEUCKIIOYEHHON CUCTEMATUYECKON

PazpaboTka 1 Npon3BoACTBO CTAaHAAPTHBIX 06pa3LIoB

COCTaBMAIOLLEA NOrPELUHOCTI OnpedeneHns Macchl 30Mbl
«XONOCTOr0 ONbITa» (Byqy)-

Ouenka CKO pesynbraToB napannenbHbIx onpeaene-
HUA Macchbl 30Mbl «XONOCTOrO OMbITa» NPOBOANNIACH Ha
OCHOBaHMM 12 napanfenbHbiX ONpegeneHnii Macchbl My,
PesynbraTbl npeactaeneHsl B Tabn. 6.

KoacbdhuuneHT nepecyeTa 3akMCU-OKUCHK ypaHa Ha ypaH
F paccuuTbiBaetca no dopmyne:

F=My/ Myygs, (7)

rae atoMHas Macca ypaHa MU N MoneKynapHaa mMacca
3aKNUCU-0KKCK MUSOS paccHnTbIBAOTCA C y4ETOM M30TOMHOIO
COCTaBa ypaHa:

My = Agg % Pogg + Agas X Pogs + Agas X Pogy + Aogs X Posg,

rae A; — aToMHas macca COOTBETCTBYIOLLEro 130TONa,

P; — aTomMHas Jons COOTBETCTBYIOLLErO M30TOMA.

Taknm 06pa3om, MOrpelHOCcTb YCTAHOBNEHMS KO3adh-
cbuumeHTa nepecyeTa 3aKMCU-OKMUCU ypaHa Ha ypaH (6f)
OnpefenseTca NOrpeLlHOCTbio 3MEPeHNs aTOMHBIX 10NN
130TOMOB ypaHa B aHaNnM3npyemMoMm Matepuane

Mpn ncnonbzosaHun meTogukn [8] macc-cnekTpo-
MEeTPUYecKoro MeTofla Ans onpefeneHns aTOMHbIX Aonei
nsotonos U?5, U U?S norpewHocTb ©f He NpeBbickna
3HayeHns 0,0000057 oTHOCMTENbHbLIX eAUHNL.

B 1abn. 7 npueedeHbl 3Ha4eHUs COCTABAAIOLLMX CyM-
mapHoi HGIM.

Mocne moAcTaHOBKM YWACNOBbLIX 3HA4eHWUA B chopmyny
(6) mony4eHO 3Ha4yeHWe OTHOCWUTENbHOM XapakTepUCTUKM
HENCKITIOYEHHOW CUCTEMATUYECKOI NOrPELUHOCT METOANKN,
pasHoe 6qg = 0,000157 otH. eg., unn 0,0157 %.

Tabnuuya 6
Pe3yanaTb| V|3|\/|epeH|/||7| MacCbl 30J1bl «XOJIOCTOI0 OMbITa»

Homep Macca sonbl «xonoctoro Homep Macca sonbl «xonoctoro Homep Macca sonbl «xonoctoro

npo6bl onbiTa» npo6bl onbiTa» npo6bl onbiTa»
1 0,000275 5 0,000222 9 0,000213
2 0,000273 6 0,000266 10 0,000262
3 0,000231 7 0,000236 11 0,000211
4 0,000248 8 0,000211 12 0,000251

CpefHee 3HadveHue My, T 0,0002416

CKO S, T 0,0000242

t(0‘95,ﬂxon -1 2,2009852

Myon 12

Exom T 0,0000152
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PazpaboTka 1 Npon3BoACTBO CTAaHAAPTHBIX 06pa3LIoB

Ta6nuya 7
Coctasnstowme cymmapHoii HCI1
Tun norpelHocTH CocTaBnalowas norpewHocTn Mopmyna pacyeta 3HaveHue cocTaBnf-
(HeonpegeneH- cocTaBnAkLLen toll el NOrpeLllHOCTH,
HOCTH) norpewHocTH OTH. eg.
HeucknioyeHHas cuctemaTiyeckas norpeLHocTb Ay V2-Ap
. Opp=—"-=—-— 0, = 0,0000424
(HCI) B3BewmBaHMs Npodbl: By, My, My
HCI B3BeluMBaHMA 3aKUCU-OKUCK YpaHa nocne 2 2
P 0, VAo *har | g 0000136
OCAX[EHUA Nepokcnda ypaHa: 6, M, — My Vs
B
HCI B3BEWWBAHMA 30Mbl «XONOCTOMO OMBITA»: Oyon | Ay =VE on° +0 40 8on = 0,0000585
HCM koadhdhbuumenta F (6g) AP = £0,3 %, 6 = 0,0000057
O6wWNii GanaHc norpelwHocTH Tuna B 0 =/02 +02, +02, 6 = 0,000157

OueHKa cyMMapHoii norpelllHOCTH aTTecToBaHHOM

XapaKTepucTUKW cTaHgapTHoro obpasua

MorpeLuHoCTh aTTeCTOBAHHOM XapaKTepUCTUKKM — Macco-
BOVl [JONW ypaHa B MeTaNM4ecKOM ypaHe — pacCHUTbIBaNN
no dopmyne:

Ago= \/8002 +0%+(2-S)°. (8)

Mpn g = 0,01239 % (M. 4.)
6 = 0,0157 % (m. 1)
Sy = 0,010292 %(m. 1.)

Ago = /0012392 +0,01572 +(2-0,010292)% =

=0,028705 ~ 0,029% (m. g), unn 0,00029 oTH. ep,

TakuM 06pa3om, CTaHAapTHOMY 0Gpasily NpUMUCaHbI
cnefdyloliie MeTPONOrnYeckne XapakTepucTuKu:

Aot Ago = (99,857 * 0,029) M. . %

Npu Macce HaMMeHbLUeA npeacTaBUTeNbHOM Npobebl 0,5 T.

MoaTBepxpatoliue H3MepeHus

C uenbto NpoBepKM KOPPEKTHOCTW pe3ynbTaToB aTTec-
TaLMOHHbIX N3MEPEHUI ObINN NPOBEAEHb! LONONHUTENbHbIE
HesaBMcUMble M3MepeHna matepuana CO meTogom BbICO-
KOMPEeLM3NOHHOro NOTEHLMOMETPUYECKOrO TUTPOBAHNSA MO
[asucy — pero [4].

MeTog 0CHOBaH Ha TUTpOBaHMM ypaHa (IV) cTaHgapTHLIM
pacTBopomM GMxpomata Kanus Ao NOTeHLMOMETPUYECKON
9KBUBANEHTHON TOYKM.

Certified Reference Materials Ne1, 2014

HaBecky meTannu4eckoro ypaHa pacTtsopsanu B ¢oc-
copHoit Kucnote. LLlecTuBaneHTHbIA ypaH BOCCTaHABNK-
ganu go U (IV) ns6bitkom xenesa Fe (I1). M36biTok Fe (II)
CENEeKTUBHO OKMCAAMW a30THOW KUCAOTOW B MPUCYTCTBUN
karanusatopa Mo (V1). Azotuctyio Kucnoty (HNO,), kotopas
obpasyeTcsa B pesynbTate 3TOW peakunu, pasnaranu cynb-
thammnHoBOI Kucnotoil u gobaenanu cynbdar BaHaguna.
Bonbluyio YacTb TUTpaHTa (Guxpomata Kanusa) gobaensanu
HaBeckoi B TBepfom euge. Octatok U (IV) goTUTpoBbI-
Bann pacTBOpOM 6uxpomata Kanus. KonmyecTso pacTeopa
6uxpomara Kanws, nolefLlero Ha TUTpOBaHWe, onpege-
NANN BecoBbIM cnocoboM. KoHeYHYI0 TOYKY TUTPOBaHMA
(600 + 15) mV chukcnpoBani NOTEHLMOMETPUHECKM.

[nga BocctaHonenns ypava (V1) go ypana (IV) ncnonb-
30Bany pacTeop 0co6o unuctoro cynbchata xenesa (Il) co
CPOKOM XpaHeHWs He 6onee Tpex gHeld. B KayecTBe TUTpaHTa
NPUMEHANN pacTBOp CTaHAapTHOro obpasia Guxpomara
kanua SRM 136e (NIST, USA).

[na na3mepenna noteHymana ucnonbaosann pH-metp
Corning pH meter 440. B npouecce n3mepeHuini ucnonb-
3o0Banunch Becbl AT 261 (Mettler Toledo) ¢ norpeluHocTbio
B3BeLINBaHNA He Gonee 0,1 mr.

Pesynbtathl W3MepeHns MaccoBoii JOAKN ypaHa MOTeH-
LMOMETPUYECKAM TUTPOBAHWEM NpefcTapieHbl B Tabn. 8.

Mony4eHHOe cpefHee 3HaYeHMe MOLTBEPXKAAOLLNX
M3MepPEeHWA YA0BNETBOPAET YCNOBMIO:

Ao~ X voms

=[09,857 99,849 =

=0,008 < A gy =0,029,

YTO ABNSAETCA NOATBEPKAEHMEM NPABUNbHOCTM NPOBEEH-
HOW aTTecTaLuu.



Tabnuya 8

PesynbTatbl M3MEPEHNIA MacCOBOA JOMN
ypaHa B METaNNMYECKOro ypaHe MeToAoMm
NOTEHLMOMETPUYECKOTO TUTPOBaHNA

PesynbTtat onpegeneHns MaccoBoW AtTecToBaHHoe
Aonu ypaHa X, % 3HayveHue CO, Ag
Maccogaa gons, %
99,861 99,844 99,825
99,823 99,854 99,851
99,858 99,853 99,870
99,821 99,849 99,856 99.857 + 0.027
99,829 99,857 99,831 ’ -
99,817 99,894 99,864
99,862 99,860
X noare, % 99,349

WccnepgoBsanue ctabunbHocTH cTaHgapTHoro obpasua

CornacHo TexHN4ecKoMy 3afjaHuio Npeanonaraemblii CpoK
rogHoctn CO — 5 net, w, cnefoBaTenbHo, B COOTBETCTBUM
¢ P[] 95 10365 [10] ctabunbHocTs CO gomkHa uccnegosarbes
He pexe, YeM OfMH pa3 B rof. VI3smepeHns JOMKHbI
NPOBOANTLCA C MOMOLLBIO TeX Xe CPefCcTB W3MepeHus
1 METOZNKN BbINONHEHUS M3MEPEHNIA, KOTOpbIe MPUMEHANICH
Mpu YCTAHOBMEHWM aTTecToBaHHOro 3Haderus CO.

Heo6xoaumoe Konn4ecTBo napannenbHbix onpefeneHni
Ngg, BBIMONMHAEMbIX NPU UCCNEJOBAHUN CTaBUNBHOCTY
CTaHfapTHoro obpasua B KaXAbIA i-i MOMEHT BpeMeHMu,
BbIYUCTANN MO hopMyne;

18-§* 18-0,0338°

gy - 2A5~25 ©)

NCO =

roe S — cpefiHEKBaApPaTNYeCKOE OTKNOHEHNE NapanienbHbIX
onpefdeneHunii, nony4yeHHoe npu arrectaunu, %;

A — abconoTHAsA MOrpeLlHOCTb aTTeCTOBAHHOM Xapak-
Tepuctukn GO, %.

Takum 06pas3om, NS OLEeHKM CTaBUNBLHOCTM HeobXxoauMo
BbIMONMHUTL He MeHee 25 napannenbHbIX onpeaeneHunii
MaccOBOW [IONN ypaHa.

OueHka cTabUnbHOCTW aTTECTOBAHHOR XapaKTepucTUKK
cTaHgapTHoro o6pasua NpoBOAUTCS MO KpUTEPUIO:

|)700—A00|3%'A00, (10)
N;
2%
e Xeg = =1 — W3MepeHHas maccoBas fona ypava, %;
co

ACO — aTTECTOBAHHOE 3Ha4YeHWe, MaccoBas [ong ypaHa, %.

PazpaboTka 1 Npon3BoACTBO CTAaHAAPTHBIX 06pa3LIoB

MeTannm4ecknid ypaH BCReLCTBUE CBOMX XMMUYECKUX
CBOWCTB Nerko nofBepXeH oKucneHuio. B uensax npo-
BEPKM TOTO, 4TO BbIGPAHHbIA CNOco6 ynakoBKM MaTepuana
CTaHAapTHoro o6pasua obecneymBaeT cTabUNbHOCTL €ro
MeTPONOrMYeCKUX XapakTepUCTUK, B TeYeHMe nonyroga
C MOMEHTA W3TOTOBJEHMUA, pacdhacoBKM U YNaKoBKM
NPOBOAMANCL MccnepoBanna ctabunbHocTu CO. Yepes
Kaxable ABa Mecsla NpoBOAMNAck Cepus napanmenbHbiX
onpefeneHnit MaccoBOW AONKM ypaHa W3 NMPOU3BOMbHO
BblbpaHHbIX (hnakoHoB GO. PesynbraTbl NpoBefeHHbIX
“3MepeHnii npeacTaBneHsbl B Tabn. 9.

Ta6nuua 9

PesynbTatbl ONpedeneHns MaccoBoii Lou
ypaHa Mpu UccnefoBaHm cTabuiibHOCTH
aTTecTOBaHHOK xapakTtepucTukn GO

No [lata nposegeHus U3MepeHHi
} Megpanb 2012 | Anpenb 2012 | Wionb 2012
1 99,841 99,816 99,875
2 99,851 99,841 99,855
3 99,851 99,838 99,873
4 99,856 99,856 99,882
5 99,861 99,870 99,859
6 99,867 99,857 99,890
7 99,894 99,839 99,894
8 99,850 99,875 99,875
9 99,843 99,857 99,913
10 99,853 99,840 99,852
11 99,856 99,859 99,881
12 99,857 99,836 99,867
13 99,833 99,820 99,866
14 99,879 99,852 99,881
15 99,853 99,826 99,855
16 99,849 99,862 99,889
17 99,829 99,840 99,869
18 99,816 99,832 99,878
19 99,872 99,862 99,854
20 99,838 99,831 99,864
21 99,852 99,842 99,849
22 99,871 99,824 99,863
23 99,847 99,849 99,872
24 99,848 99,868 99,875
25 99,829 99,854 99,881
Xco 99,852 99,846 99,872
Xeo—Ag|| 0,005 0,011 0,015
%'Aco 0,0193
Bbinon-
HeHue + + +
Kputepua
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PazpaboTka 1 Npon3BoACTBO CTAaHAAPTHBIX 06pa3LIoB

Mony4eHHble pesynbTaThbl NO3BONAIOT CAENATb BbIBOA,
4TO BbI6PaHHBIA cnocob ynakoBku 1 xpaHeHus GO obecne-
YMBAeT COXPAHHOCTb MaTepuana B HeU3MeHHOM BUge.

Mo ntoram NpoBefeHMA UCMbITATENbHbIX NPOLEAYp
YCTAHOBNEH CPOK FOJHOCTA 06pasLoB — 5 NeT npu coot-
BETCTBYIOLLMX YCNOBUAX XPaHEHUS U TPAHCMOPTUPOBKN. [10
NCTeYeHNUI 5 NeT N0 NONOXUTENbHLIM pesynbTaTam uccne-
[OBaHKUA CTAOUNBHOCTM aTTECTOBAHHOM XapakKTepucTUKM
[CO cpok rogHoCcTM MOXeT ObITb NPOJNEH.

BblBogbl

PaspaboTaH, M3roToBneH M aTTeCTOBAH CTaHAAPTHBbINA
o6pasel, MacCOBOW AONK ypaHa B MeTaNM4YecKOM ypaHe
C METPONOTMYECKIMI XapaKTEPUCTUKAMM NPYU I0BEPUTENb-
Hol BeposTHocTM P = 0,95:

— aTTecToBaHHas xapaktepuctika GO — maccoBas gons
ypaHa o6wero 99,857 %;

— abconioTHas MOrpelHoCTb aTTeCTOBAHHOM xapakTe-
puctuku: = 0,029 %;

— XapakTtepuctuka ogHopogHoctn GO no copepxaHuio
aTTeCTOBAHHOTO KOMMOHeHTa uMeeT 3HayeHue 0,01029 %
npu macce HaBecku npobbl 0,5 r;

NUTEPATYPA

— Macca HaMeHbLUeid NpefcTaBUTENbHON Npobbl ang
aHanmsa coctagnset 0,5 r.

ATtTecToBaHHaA XapakTepucTMKa NOATBEPXKAEHA Pe3ylb-
TaTamm U3MepeHUi BbICOKOMPELU3NOHHBIM METOLOM NOTEH-
LMOMETpUYECKOro TUTpoBaHna no [asucy — Mpeto.

lpocnexmsaemMocTb aTTeCTOBAHHOMO 3HAYeHNS YCTaHOB-
fIeHa C MCMONb30BaHWEM METOAMKMW BbIMONHEHUS U3Mepe-
HWA, OCHOBaHHOI Ha nepeUyHoM MmeTtoge [11]. B Hawei
paboTe 3T0 rpaBumeTpus, obecneynBaloLLan BeCOBYIO
chbopmy ocagka, XMMUYECKMIA COCTaB KOTOPOIO MaKCUManbHO
npunmKeH K cTexnomeTpuyeckomy. pocnexnsaemocTsb
aTTeCTOBAHHOIO 3Ha4yeHWUA K roCyhapCTBEHHOMY MepBuMY-
HOMY aTanoHy eguHuubl Macchl 3T 3-2008 peannayetcs
NOCPeACTBOM UCMOMb30BAHMS MOBEPEHHBIX CPEACTB U3Me-
PEHWIA Yepes HepaspbiBHYIO LeMb NOBEPOK B COOTBETCTBMN
¢ [ocyaapcTBeHHOW NOBEPOYHOA CXEMOW ANA CpencTs
n3mepeHnii maccel no MOCT 8.021-2005 [12].

Mo pesynbTaTam NpoBeAeHHbIX NCMbITAHNIA onpegeneHbl
YCNOBWUS XpaHeHMsa n cpok rogHocTn matepuana [GO.

B 2012 romy ctaHpapTHbIA 06pasel yTBepXaeH 11 BHECEH
B rocygapcTBeHHblii peecTp kak ICO 10131-2012.

1. TOCT 8.609-2004 CrtaHpgapTHble o6pasubl cucTeMbl [0CYiaPCTBEHHOMO y4eTa U KOHTPOSIA AfepHbIX MaTepuanos.
2. 0CT 95 10596-2005 «MexnaboparopHas aTTecTaumsi CTaHAapTHbIX 06pa3LOB NPWU MaNoMm KonuyecTBe nabopaTopuii».
3. 532.126.000-2009 MBW «[lpeun3noHHas rpaBumeTpuyeckas MeToAuKa onpefeneHs COepXKaHUs ypaHa B HAHOCTPYKTYPHbIX

ANEPHbIX MaTepuanax».

=y

MaTepuanax».

532.127.000-2009 MBW «[peunsnoHHas noTeHUMOMETPUYECKas MeTofnKa onpefefieHns ypaHa B HAHOCTPYKTYPHbIX fepHbIX

OCT 95 959-2003 «YpaH. CnekTpanbHas aTOMHO-3MUCCUOHHAR METOAMKA U3MEPEHNs coflepkaHns npumeceiis.

QO o~ oo

1.
12.

OCT 95 832-2006 «YpaH, okcupl ypaHa, ero crfiasbl U coefuHeHns. MeToMKa BbINOSHEHWUS U3MEPEHNIA NpUMecK yrmepoaas.
OCT 95 830-2003 «YpaH. ®oToMeTpuyecKasn MeToAMKa N3MePeHWUs CoflepKaHns npumeceli azotas.

OCT 95 446-2001 «YpaH. MeToamka macc-cneKTpoMeTpM4ecKoro onpefeneHns U30TOMHOro cocTaBa B TBepoi chaze».

[OCT 8.736-2011 locynapcTBeHHas cucTema obecneyeHns eIMHCTBA M3MepeHUA. ViamepeHns npsaMble MHorokpatHble. MeTofpl
06paboTKN pe3ynbTaToB U3mepeHuin. OCHOBHbIE MONOXEHNS.

. PO 95 10365-89 OCOEW. «[Mopsaok npoBefieHUs U cofepXkaHne MeTPOSIOrnyeckoli arTecTauuin cTaHAApPTHbIX 06pasLioB cocTaBa

1 CBOWMCTB BELLECTB U MaTepuanoB».
MW 3174-2009 ICOEW. YcTaHOBNEHWe NPOCNEXUBAEMOCTI aTTeCTOBAHHbIX 3HA4eHWIA cTaHAAPTHbIX 06pa3LIoB.
[OCT 8.021-2005 «[COUE. locymapcTBeHHast MoBepoyHas cxema [y CpefIcTB U3MepPeHWA Macchl».,

DEVELOPMENT OF CERTIFIED REFERENCE MATERIAL (CRM)
OF URANIUM MASS FRACTION IN METALLIC URANIUM

I. M. Maksimova, L. A. Karpuk, O. N. Rogozhina, I. B. Nikiforov, E. V. Lapova

Metallic uranium certified reference material (CRM) has been developed and certified as State certified reference
material and Russian 1 class certified material (according to the RF State Standard 8609-2004) within the State
system of accounting and control of nuclear materials. The certified parameter is mass fraction of uranium.

Key words: certified reference material of metallic uranium, mass fraction of uranium, State system of accounting and
control of nuclear materials.
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