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B aaceoaaee BpeWl pe3RO B03poC mITepeC i rtpodneae MD-KaTaJm3a 
H,IJ;epHHX peaKIJ;d CRHTe3a H30TonOB BO,nOpO.na /1 • BecDM.a IrmTepeCHo~ 06
~CT~ npa Bcc~e,nOBaHHH xapaRTepmCTKR ~ nponeccoB HBHHeTCH 06
AaCT~ BHCOKHX ~eHHR 11 TeMlleparryp. TI03TOMY ~ npoBe,neHHH TaKOrO 
po~ RCCHe,noBaHKi Ha06xo~MO npe~apaT~~Ho pemzTb Bonpoc, CBHS~ 

c C03~eM MHmeHH, 3alI0mHeMoi! CMeC})!) H30TonOB BO,nOPO.na 11 o6JIa.naJjIIte:t! 
BHcoxoiri npO~OCT:bD R MaJIOA BO,n:OpO.nonpommaeuoCT:bJ) np1l BHCOrotX T8MITe
pa~ .nO r050 K H ~eHRRX .nO I K6ap.Cor~acHo ,n8HHUM Haillen pa60T~2{ 
MeXaHH'tleClG'Ie CBORCTBa CIIJIaBa 3M698 (XH73MBrD) IlOSBOJUDO'l' acnoas-
SOBaT~o ero B Ra1:leCTBe MaTepaana CTeHOK MHmeHH B yRa3aHHO~ O~CTB 

TeMIIepaTyp II .ItaBJIeII:J!it. O,naaxo npa BllCOroa: TaMIIeparrypa.x nponmtaeaocrr, 
CIIJIaBa 3H698 CTaHOBHTCH 6().}ffimoA, 1:lTO npaK'lTIecxm RCI(JII[)-qaeT B03MOJlt
HOCTb npoBe.neHHH 3KcnepKMeHToB B T91:l9HHe ~TexDHoro BpeMeHH c orpa
HH1:leHHHM K()JllfqeCTBOM rasa, HaxO;n;mItID4CH B MmIIeHH. B CBJl8B c 8THM aeoo
XO.z:r;IIMO npm4eHeBRe "SamRTli" CMaBa SM698 0'1' aenocpenoraeaaoro ICOH'l'aKTa 
e BO,nOpO.n;OM t B Bu,ne o60J1olUGl aa raaoro MaTapRaJIB., ,IJ,1UI ROTOpOI'O npona
naeMOCT~ no OTHorneHHD R H30TOnaM Bo.nopo,na cym8cTBa~? MeH~me, 1:leM ~ 

SM698. YKa3aHHHM cBoAcTBOM o6JI~aeT l{IIICTOe 30JIO'1'O 3. 
Cosnaaae TaKO~ Mmilemr - ceH,IlBH"tIa, c .n;pyrott CTOpOHU, n03DOJISleT 

onpe.n;~Tb HeR3BeCTHHe ,no cux' nop xapaKTepHCTaltR D8anMO,nettcTBHH R30
TonOB Bo.n;opo.n;a c 30J10TOM (npo~aeMOCT:b, pacTBopmMoCT:b, K09~eHT 

,IOdrWJy3b) npa Bb1COKKX TeMIlepaTYPax li .n;aBJIeIDUIX. 
UeJllii)' HaC'l'osnneR paooru íIBJJJlJIOC:b HsyqeHHe nponacca UpOH1UtHOBeHRH 

H30TonOB Bo.n;opo.n;a npn ~eHBHX ~o 1000 aT H TeMTIepaTYp8X .no r050 K 
xepea CTeHKY cooyna, rrpe.n;C'l'aBJISmlItVl> coooã ~o~bIyIl o6o.n:o'tfitY (A u. + 
311698) • 

MeTOHKKa 3RcnePRMeHTa 

~ IIccne,nOBaHHH B3aHMo.n;e~CTBKfi R30TorrOB Bo,nopo,na c 30J10TOM ,~ 

6Rna IICnOJlh30BaHa YCTaHoBKà, OllHCaHHe KOTOpOn npHBe~eHO B pa60Te 2. 
I\OHCTPYKIJ;HH IIsMepHTéJI.bHOi me!tIaI orpazeaa aa pac , I. oopaaen 2 IIS 

cILJIaBa 3H698 HMeJI CJIe~me:e pasaepn: ~Hap. = 6,3 ~, 0B~.= 3,3 MM,e= 52,5 MM. CHapyzn Ha 06~a3eu 2 HaneB~C:b o6nno'tIKa 3 H3 qaCTOrO 
aoaorâ (99,99%), BWIOJIHeHHBJi B BlI,Ite noaoro ~a c pa3Mapmm: 
0Hap .= 6,? MM~ 0 6,3 MM, e = 52,7 MM'. YIJJIOTHeÉH8 060J10'tlKR R3BHYT.= 
~OJlOTa 3 11 06pa3~ 2 oc~ecT~ocb c nOMOmbID ye,naax npoK.nanOK 5,
 
KOTopue o~oBpeMeHHo c~ ~O~HeHHHMH Koprryca I.
 

YOJIOBWI npoB9.n~mISl 3ItenepHMeH'ra npliBe,neHH. B Ta6JIl'1ne r.
 

1'B.C. r. 113MepuTe.1IDHasi H'tleit[ta: 1- zopnyc , 
2- 06pa3Em, 3- 060.11o~a H3 30JI0Ta, 4~w~ I 
CTaJI:hHOe ROJIbItO, 5- Me,ltHl:l9 npOKJIBfU(H,

.~~~~~ 6- HaKH,l4HaR: ra!Ka. 

Ta6.mUla I 

ras T,K p, aT 

700 ~ 1050 500 
700 + 1050 1000~ 

1050 3 + 1000 

800 + 1050 500 
800 + 1050 10002 

1050 3 + 1000 

TIpH nepexo~e OT o~ 8Ha'tleHHA p H T R ,IU>YI'HM npOR3BO.u;HJIaCb BaKYYMH0
Tep.mtIeCKaSl rpeazpoaaa R3MepHT8JIbHoit HtIetum. KpHTepueM OKOH'I8HIDi rpe
BHpoBKH ~Cb CTeneHL ra90B~eJIeHHH RaK co CTOpOHH BlicoKoro ~aBJIe
ImH, TaK H co CTOpOJIll CRCT8MH cóopa npO~~§O~8.Bmero rasa, ROTO
paR He A~a npeBHmaTL 10-1 MM.pT.CT/tI H 5.IQ- MM pT.CT/'tl COOTBeT
CTBeHHO. Onpe~9JIeHlIe npomm,aeMOCTH 30JI0Ta ~u. no oTHomemw K H30To
naM BO.nOPO.na, a TaIate 3Hepnm 8.KTliI~ nponecca npoaasaoaeaaa BO,Ilo
po~ Ep IIpOBO~OCb ~e~ 06pa30M.C HCnOJIb30BaHHeM ~aHHHX o npOHH
uaeMOCTH cnaasa 3H698 2 no oraoaeaan K H2 n ~ 2'.n;J!Sl KWK,ZJ;oro SHa'tleHHH 
YCT8lI0Bl!lBmerocH nOTORa rasa xepea ,ItBoAHYD 060JI0'tlKY (Au + SH698) Bli
~CA&nqCL ~eHHe rasa Ha BHyTpeHHDD nOBepxuOCTb o60JIQ~ H3 °SO.11OTa. 
311M B8Jll!lDIHY n,OTORa P aonopona (~eITepRH) xepea 060J1o'tlRY H3 30JI0Ta, 
a Taue ,naBJIeHI!le rasa c 06en CTOpOH 060JI0'tlRll HeTPY',ZtHO Onpe~8JIHTL 

npoHHIJ;aeUOCTb 30JlOTa, ~I\~no OTHomeHHm K B90TOnaM BO~OPO~ H 3HeprHD 
8.KTilBaInUl nponeccon npOHmtHOBeHHH ~: 

~ü.S .(-vp;; - ip;;:) (1)P_ 
- , d. 

·á 
J") = n.e- RT (2)

.t'Ac.e fá ) 
r~e P - KOHCTaBTa, CM~ H.Cy-1. c- I .a TM- I/ 2; o
 

S - HapymIaJI nOBepxHocTJ. OÓOJIOtIKH lia SOJIO'l'a, c.f;

P.. - Happmoe ,ItaBJIeHHe. aTII;
 
PS"- BJ;JyTpeHHee ~eHHe, aTII;
 

lt - T~ aoaoroã OÓOJIOlDQl, palIHM 0,02-, CM. 

tJf IbW:lfitie'ttlif;i~_ BHtm,r.·I 
U~BIdI BCCJelmal 
6I1Sn"!t~TEKA 

http:Bo.n;opo.n;a


Pe3Y~bTaTH 3KCnepHMeHTa 

Ha pHC. 2 .n;JIH YCTaROBRBmerOC.SI pellrnMa npR TeMuepaType 1050 K npH
Be.n;eHa SB.BPICHMOCT:b nOTORa BO.n;OpO,na, npo~iWYH,IJ,HpOBaBlllerO 'tIep83 ,IJ;BOa
HYID OÓOJIO~IKY BnyTpb oopaaua 2 (CM. pRC. I), OT BeJilI1:mI1HWrt . Kax 
BH,IJ;HO, ,n;aHHaR 3aBHCHMOCTL xopomo or:mCl1BaaTC.SI Jilllieí!Hofi cIJyHRIJJHill OT"{P, 
HaqzHaH co 3Ha~eHHR 0,5 aTI72, ROTopoe onpe,IJ;anReTCR COOTHomeHneM 
ROHCT7HT CRopocTen nOBepXHOCTHHX pe~ li ~~3Re~ Bo,n;opo,n;a B 30~0
1-'e / 4 • Ha pRC. 3 1I30ÓpaJK8Ha aaanoraxaaa 3B.BRCHMOCTb, nÓJIy'IeIlliaH npa 
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PRc. 2. SaBHCHMOCT:b no-roxa ao
,n;opo,n;a OT ,n;aaneHRfl rasa B 
H3MepK~e~HOfi .H'le~Ke. 
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PEc. 3. 3aBHCKMOCTh nOTORa ,n;e~Te
pIDI OT ,n;aMeHID! rasa B H3MePJ2[TeJI:b
Ho:tí .SI'leí:tKe. 

paÓOT~ c ,n;ettTepn8M. 3Ta 3aBHCRMOCT:b TaRE8 nO~HeTcH 3aROHY~ Ha
tmHasI npaaepao c Toro xo 3Ha'lamUI npeneasaoro ,rmBJIeHWI. Sa1mCHMOCTli 
IlOTOKOB Bo.n;opo,n;a H ,n;a~T8plIH 'lapes .n;Eottgyro OÓOJIO'lEY B o6HaCTH TeMllepa~ 

TYP OT 700 K .n;o r050 K H npH ,n;aaneHRHX 500 aT li 1000 aT npRB8.n;eHu Ha 
PRC. 4,._ H 5. ,lJ,1m CpaBH8IDI:H, na pncymtax: npaaenens TaIOlS nOTOIm BO.n;OpO
.na H ,neHTeplilH xepea oopaaeu H3 CIIJIaBa 3H698, 1l0000000eHHblS npR rex !te 

(YCJIOBRHX ~Hap. = 6,7 MM; ~BHYT. = 3,3 MM; e ::: 52,7 w). B HCc~eAVeMoM 
aarepsane ,naBJIeIUrlt R T8MilepaTYP OTHomeRRe npOImItHOBeHHII H2 K nponas
noaeaae ~2 ~eJmT B ,lJ,l!anaSOHe OT r, 8 npa T = r050 K .no 2, r npa T :: 
800 K. BwmCJIeHHHe 3Ha'l8HIDI Po R 3Hepnm: aKTlilBa:r.nm npouacca npOID1K
HOBeHHH Bo,n;opo,a H .n;eHTepHH 'lepas 9QHO~0 npHBe,n;eHH B Ta6nnne 2. 

B pa60Te 3/ Hccne,n;OBanaCL rrpoHRUaeMocTb 30~OTa no OTHOWeHRID K 
,nettTepmo	 B ocaacra .l(aBJIaHlti:t .n;o r, ~ ar, ,Ua.'mme, 1I0000000euHHe HaMR, xopo
mo c;r~cYIDTCH c pe3Y~LTaTaMli paÓOTH /3/. 

llpH cpaBReHHH .naHHHX paÓOTH /2/ (CllXaB 311.698) c pe3Y~bTaTaMH 

700 600 500 400 t(°C ) 

,:r~ I 
~, jwr'~;:JIJ 1õ61 1~am 

SOOam Au+ 
J3U6.Cl6 

I L1,0 --1.1-,'2--,-'-1-'-:4-,-,,-'-1.6 

1ohIK-'1 

PRC. 4. TeMIlepaTypIDie 3aDHClIMOC
TR nOTOKOB Bo~opo~a ~epe3 A~OHHyID 

06MO'lliY	 (Au.+3kí698) H 060JIOlll<y 
HS 311.698. 

Ta6mura 2 
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PRC. 5. TeMIIepaTYPHHB 3aBHCRMOCTTil 
nOTOKOB ~ettTepMH ~epe3 ~O~HYID 

060~ollKY (AIl +311.698) J1[ OÓOJIO~ 
li3 311698. 

ra3 Po· 102, Ep ' 
C~H·CM-r.C-~a~r/2 KKan/r-aTOM 

Bo.l(Opo,n; 3,0 24,1 
~enTapHH 2,2 24,6 

HaCTOíiIl{eit paÓOTH (Au. + CII.JJaB 311.698) CJI8.n;yeT, ~TO npoaaxaonenae BO~O

pena xepes 30JIOTO npa 'T = 1050 I{ B ~ 50 pas MeH},me COOTBeTCTByJOn\eH
 
B8JIH1JJiiHH xepea CIJJlaB 3H698, a npOH:aKHOBeHHe ~eí,tTepIDI - B~70 paa
 
MeHbma. CJIe.n;yeT OTM8THTL, ~TO B ~OR reOMeTpRH (T~a oóo~o~
 

H3 Au = 0,2 MM) nOTOKR sonopona H .l(e:l!TepIllH npa T = I05D K II P =
 
1000 ar xepsa (ALL + CIJJraB 3H698) YM8HLmamcH B:=:5 li -z.7 pas COOTB9TCT

BeRRO. no CpaBHeHmD c nOTOKB.MH Hz a~2 xepea 311.698. BpeWI nposensaaa
 
R3Mepemm B 3THX YCJIOB:ZHX COCTaBWIO ~700 ~ •
 

Ha OCHOBaHHH n~eHHHX pesY~LTaToB MOEHO c.ne~TL SaKHID~eHHe, ~TO 

J1[CnO~30BaHHe B Ka'leCTBa CTaHKR cocy~ C~aBa 311.698 COBMeCTHO c 060
JIO~OH lIS 3og0Ta nOSBOJIHeT rrpoBo~Tb J1[CC~e.n;oBaHHH c OrpaHR'leHHUM xo
JIR~eCTnOM ra3a, HaxO,n.sm{arOCH B cocy,ne, npn BHCOIOIX TeMnaparrypax 
(T = roso K) li .D;aBJIeImHX (P ::: rooo 8T) B Te~eRRa WIRTMLHorO npeM8HlI. 

):1: ABTOplI BhlpaJKalOT ÓJI8ro.n;apHocTL S8 lIJIO,n;OTBOpHl:l8 ,1UICKycmm: R rro
MOIItb npa nponeneaaa H3MepeIm~ KarrlIlIleiw B.R. II PRmmcy JI.A.; S8 ncnest	 Hue 06cy~eHRfl KYP~MOBY A.A.: 38 rrpMOIItD rrp:a rrpoBe.n;eHHH H3MepeHR~ 

ApxnITOBY A.IT., KYJIarKHY E.M., MOKpeHKo IT.M., ITeTpoBcKoMY M.M., COKOB
HHHY M.C., ~ÓHCOBY A.H., lliaMCY~~HOBY lli.f. 
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BWCTpH~KHH B.M. H AP. P13-86-162 
HccneAoBaHHe rrpoH~KHoBeHHH BogopoAa H geHTepHH qepe3 
ABOHHYID OBOnOqKY (Au + ,crrnaB 3H698) npa BblCOKHX 
TeMrrepaTypax H AaBneHHHX 

TIpHMeHeHHe nononaarerrsnor-o 3al$1THOro noxpsrraa H3 aorro r a 
noaepxaocra co cyna , asmo.naenaor-o H3 )l{apOrrpOqHOI'O cruraaa 
3H698, rr03BonHno YMeHhlliHTh rrpoHHKHoBeHHe BOAopoga H geHTepHH 
qepe3 cTeHKH cocyga, npH TeMnepaType 1050 K H gaBneHHH . 
1 xõap , rrpH6nH3HTenhHo B 5 H 7 pas COOTBeTCTBeHHO'. Onperrene-] 
Ha rrpOHH~aeMOCTh 30nOTa no OTHoilleHHID K BOAOpoAY H geHTepHID 
npH BWCqKHX TeMrrepaTypax H gaBneHHHX. 

Pa60Ta aunornreua B Jlaõo pa-ropaa anepnsrx npo õrtejr OilllH. 

Ilpenpaar Oõuemrneaaoro aacraryra JI,IlepHhIX HCCJIenOBaHHH. Ilyõaa 1986 

TIepeBog O.C.BHHorpaAoBoH 

Bystritsky V.M. et aI.	 PI3-86-162 
Investigation of Hydrogen and Deuterium Penetration 
Through the Double Shell (Au + Alloy EI698) at High 
Temperatures and Pressure Values 

An additíonal protective layer of gold on the surface
 
of a vessel made of the high-temperature alloy EI-698 allo

wed us to reduce hydrogen and deuterium penetration through
 
the vessel walls at the 1050 K temperature and 1 kbar
 
pressure ~ 5 and ~ 7 times respectively. Permeability of
 
gold for hydrogen and deuterium at high temperature and
 
pressure values has been determined.
 

The investigation has been performed at the Laboratory 
of Nuclea~ Problems~ JINR, 

Preprint of the loint Institute for Nuclear Research.· Dubna. 1986 


