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B HaCTO~ee BpeMa C~HO B03poé HHTepeC K H3y~eHHD ~3H~eC

KKX. H XHMH"tleCKHX npoueccos , rrpoHCXOJVIInKX B cpene sonopona (HJllI 

ero H30TorrOB) IIpH BHCOKHX reuneparypax li .n;aBJIeIDIJIX /1/. Il03TOMY 

Bce 6o~ee aRTYanDHOa CTaHOBHTCH rrpo6~eMa KOHCTPYHpoBaHHH li c03~a

HHH arrnapaToB "BHCOKoro .n;aaneHRH, crroco6H~ B TeqeHHe ~Te~bHoro 

BpeMeHH nonnepaasars cranaoaapace .n;aBJIeHHe sonepona npa llliCOKHX 

reaneparypax 300,1100 "K. B CBH3R C 3~HM íI.BJUIeTCH uexecooopasmza 

K3yqHTb B03MOXHOCTb rrpKMeHeHHH ~ 3TKX ue~e~ He~aBe~ cT~ea 

aycTeHKTHoro (XI8HIar) H W6PpRTO-MapTeHCHTHoro (XI3M~P) ~C
~ -------- --------_.- ~_... 

COB. CTaRZ MapTeHCRTHoro K ~PPHT~~apTeHCHTHoro ,~aCCOB paCCMaT

pHEaDTCH KaK nepcrreKTHBH~ KOHCTpyKUHOHH~ MaTepHa~ ~ rrepBO! 

CTeHKH TepMo~epHUX peaKTopoB /2/. 3TH CTaAH aMeDT OqeHb BHCOKoe 

COrrpOTHBJIeHHe pacrryxaaac npa 60JTh1lUPC nospeanamtax .n;osax, a TaRZe 

6RarOIIpHHTHOe COqeT8HHe ~3HqeCKKX CBO~CTB B HH~epB8Ae pa6o~ 

TeMnepaTyp. Ilo~eHHe IDilÍlOIJMilUUi o IIpoHID<HOBeHRH, .zurCW>Y3IDI H pacr

BOpKMOCTH Bo.n;opo.n;a H ero H30TOIIOB B nepe~cneHHHX CT~ n03BO~T 

.n;8Tb OTBeT aa B03MOmiOCTb HCIIOJTh30BaHHSI HX B. KaQeCTBe MaTePH~a 

~ H3rOTOBJIeHKSI KopnyCOB COCy.n;OB, pa6o~aDmKX c orpaHHqeHH~ KO

~QeCTBOM ra3006pa3Horo BO.n;opo.n;a npH B~COKHX .n;a~eHHRX H TeMIIepa

TYP8X. 

UeJl1l1> HacTOsmteA pa60T~ SIBJIJUIOCh H3MepeHHe npoHHKHOB6HWi BO

nopona (.n;e~'Í'ePHH) xepe s aepsasenaae CT8.JIH ·XI8HIOT H XI3M2mP B 

3aBHCKMOCTH OT .n;Ban€HR.R: r~3a H TeMIlepaTypH. 

ITOCTaHOBKa 3KCnepKMeHTa 

/ 

I) 3KcnePKMeHT npoBO~CSI Ha YCTaHOBKe, rro~6Hoe OUHcaHHe ROTO
~ao,'iI po~ OTpaxeH~ B paCOTe /3/. aa p.ac.I rrpHBe.n;eH qepTeX H3MepHTeJThHOa 
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,PRc. I	 I1sMepHTeJI:hHaR.. Htlefuta. I - KOprryC, 2 - oopaseu, 3 

ynopaoe KOJ1l>U,O. 4 - Me,1UiaR npoK.JIa.IJ:K8. 5 - HaKH,IUiaR 

raihta. 

W1eiJKK.	 OdpaaIl.H 2 .u;IR HCc.TIe,n~B8.HHiJ 6wm HarOTOBJIeHI:l H3 ~PYT~~BO~ 

~jl~~oo6pa69TaHHOa HepxaBe~ea CTanH' MapKH XI8HIOT H CTarrR------- --- -_... 

XI3M2~P, rrpomemneã ~~~~~.?!~-'~BH = 3,3 MM, ~H = 6,6 MM, 

e= 53 MM). Bonopon (.~eaTepHa), npo.znt~yH.IU!po:BaBillRA xepea CTeHKH 

oopaana aa ,namiOro MaTepHaJIa. nocrynaa B cHcTeMY coopa rasa. 

KOJilPleCTBo npo,nHqxpy-H.nHpoB8H.lIero rasa onpeaeaanocs aa OCHOBB.H.KH 

aHaHRH o6~eMa caCTeMH c60pa raaa z H3MepeHKR .n~eHHR B HeM. 

YCJIOBHR nposeneaaa OIWTOB IIpRBe.neHH B Ta6.lI.l:me I. 

Ta6JIm.T.a	 1. 

MaTepHaJI raa T, K p. aT 

XI8HIar H2 40Ot1050 500 

II8HIOT D2 40Ot1050 500 

XI8HIar H2 1050 1+500 

XI8lUOT D2 1050 1+500 

n3M2~p H2 3OOt1050 100 

XI3M2~P H2 300+1050 300 

XI3M2~P H2 1050 1+300 

X18H10T 
1.5 

T=10S0Kí u 
N" 

'~ 
U 

:I: 

M~ 1.0 
~ 

~ 
C!J 

oI' li! , 

'10 20 ~ 

yPlom ll21' 

PHc.2 3aBHCHMOCTh nOTORa sonopoza (,lteATeplUi) xepes CT8Jlh 

XI8HIar	 OT ,naBJIeHIDI IIpR TeMIlepaType T = 1050 K. 

Ha pHc.2 npKBe,lteHH SaBHCKMOCTR IIOTOKOB BO,ltOpo,na H .neATepag 

xepes CTeHRH oopaana as HepllaBeDllea CTaJIH Xl8HIOT OT ,lt8.BJIeHHJl 

raaa npz TeMnepaType rosa K• .!IaHHhle saBHCRMOCTK xopowo ~poKCH

MRpYDTCH JIHHeaHOa'~~eM OT ~ • ITpZqeM OTHorneHHe nOTOKOB 

BO.nopo.na H ,lteaTepHJI B rrpe.ne~ 3KCilepKMeHT~1hHax oillH6oK cor~

cyeTCJI c TeOpeTHqeCKOI oneaxoã ("'--~' ,~1! ) H COCTaBJIReT 1.34.,-.J 

}.lH 

AH8JIOrHlniaJI a8BHCRMOCTh nOTORa aonopcna xepea CTeHlW oopaana lI3 

CT8JIH Xl3M2~P npaseneaa na pRc.3. KaK BH.ItlJO, .naHH8H a8BKCHMOCTh 

He HMeeT OTKJIOHeHHH OT JIHHeaHOrO xapaRTepa. 

Ha pHc.4 ,naHY a8BHCHMOCTH nOTokoB BO,ltOpo~8 H ~eaTepHJI IIpa 

,lt8BJIeHID! 500 ar xepes CTeHRY oopaana aa CT8JIH ll8HIOT OT TeMne

p8Typti. Sa.BHCHMOCTK OT TeMIlep8Typbl aocar aKcnoHe~HHA xapax

rep, CJIe,nyeT OTMeTHTh, lITO BO BCeM TeMIIepaTypHoM .IU!aIIaaOHe OTHo

neaae rrOTOKOB BO,ltOPO.n:a H ~eATepHJI coxpaRJIeTCJI H COCT8BJmeT"" 1 ,34. 

Ha pac , 5 aaoopaseaa 3aBHCHMOCTH nOTORa sonopona npa ,naBJIeHIDiX

l~lt 100 ar H 300 aT xepes CTWIh XI3M2~P OT TeMIIepaTypbl. KaK BK.,ItHO t" -:;.	 .r:, 
KaK ~o, 3KCIIepHMeHTI:l rrpoBO~c~ B illHpoKOM ~anaaOHe 1; ~ 

l; , .naRRaR aaBHCKMOCTL OIIHCI:lBaeTqJl 3KCnOHeHIJ;KaJI:hHoflt <pymw,Kea OT TeM" .naBJIeHd H TewepaTYp. neparypa, 
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PHC.~ a:tBHCflMOCTb nOTORa BOAOpoJUi xepes CT8JIb XI3M2~P OT 
PHc.5 3aBHCIDJJOCTH DOTORa BO){0IX>,na xepe 3 CT8JIb XI3M2~P OT 

,naBJIeHIDI npHTeMIlepaType T = 1050 K.. 
TeMneparypH	 DpH ){a.BJIe~ 100 ar H 300 ar • 

700 600 500 400 u-c 1 
700 600 500 400 t{OC) 
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)lilt»	 PHc.4 3aBHCKMOCTb DOTORa sonopona (.ne~Tep.wÜ xepe s CT8JTh PHc.6 3aRHCIDtfOCTH npoaanaeaocea CTa.JIe~ XI8lUOT R XI~P1 :1'XI8Hlar OT TeMIIepaTypH npa ,naBJIeHIDi P = 500 ar • no OTHOllleHHD K oo,nopo.zr.y R ,neíiTepRI> OT TeMITepaTypbl.I 
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107'T(K-1J I 
'}PRc.7 :?BBHCIDt10CT:b Ko~eHT8 ,lOIqxpyaHH D sonopona (,ItelaTepwi) 

ilxepea CTaJIll Xl8HIDT 11 XI~P OT TeMilepaTypbl. 
:1;,

Ha pRc.6 !IpHBe,.neH.bI 38..BHCHMOCTH npoHHKHoBEHIRR sonopona (,Ite.a . 
TepHR) xepes oopaans aa CTaJm XI8HIaI' 11 ~a\t2B1lP OT TeMIlepaTypli. I 

I 

IHa pRc.7 Hao6paaeH8 3aBHCRMOCTb Ko~eHT~ .ztH~allll BO~Opo.rca 
I 

CneiJTepHR) OT TeMIlepaTypbl. HanOMHHM, 'tITO Ko~eHT .llHlPW3H.H d 
BO,ltÓpo.n8 (,Ite~Tepwi) onpe.neJIHJICH HaMH no BpellleHH ~ yo

<i 

TaBOBlIeHHJI craraoaapaoro nOTORa xepea CTeHKH ocpasua /4,5/. PaCT I 

BOplIMOCT:b sonopona (,zteaTepwi) B CTaJlRX XI8HIaI' li n~p onpe

,JleJISlJI8C:b no lfloINYJÍe S = :: . _, _ 

BeJmllHHbl, x8paRTepHaYIlIUIe npoueco IlpoHHKHOBeH.WI H30TonOB 

BO,ItOpo,lt8 qepea yxa3aHHHe M8TepH~, MOJltHO orrp€,lteJIl'ITb H8 OCHOBa

HH:K CJIe,Ity'lJltHX 3aBllCHMOCTeif
 /4.0 
r, _tp D _fI) _Es

P. = fê, e ;("1; D= o e !?T; 5=50 e RT , 
( 
~ I 

rne g , [); , J S~ - KOHCTaHTbl; E , E/), [s - saepraa 8](
l? 

THB8~ npoueCCOB IlpoHKKHOBe~R, ~~3HH H paCTBOpHMOCTH COOT
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Ta6JIHl.\El 2. 

MaTepHaJI fas po•102 
D()..I 03 so • Ep En ES 

cM~.cM-l. 
.c-~aTM-l/2 

KKaJI/ KKaJI/
l'-8TOM r-aTOM 

cM?c-1 CM~.C~-3. KKaJI/ 
.aTM-1/ 2 r-aTOM 

-~._-~.~~.__..._--
XI8HIar H2 5,0 15,5 3,2 16,8 13,6 3,2 

XI8Hlar D2 4,1 12,9 3,2 16,9 13,7 3,2 

XI3M2mp H2 1,0 3,9 Z,6 12,6 9,9 2,7 

VIa cpaBHeHIDI peaYJThT8TOB, no.n:yq:eHH.bIX AJLfI CTaJIea ll8HIaI' H 

XI3M2mp,BHJOiO, 'tITO: 

a) npoaazaoseaae sonopcna P xepes nepzasemryn CT8JTh XI8HIar 

IIpH rezneperype 1050 K B rv 2 paaa , a npa T = 600 K B '"'-' 6 pas MeHb

me cooTBeTcTB~ea BeJIl'I'tIKHli ~ CT~ X13M2mp; 

6) KO::$lmm:eHT .ztHlM>Y3HH D sonopona trepes CTaJIb XI3M2mp 

IIpH T = 1050 K rrpeBHlli8eT cooTBeTcTB~ BenH'tIHHY ~ CTaHK 

XI8HIaI' B "-' 2 pasa, 8 npa T = 600 K - B ",,5 paa: 
tl 

B) SH8't1eHKR paCTBOpHMOCTH BO,Itopo,Ita ~ ~ yxaa8HHHX M8Te

pH8JIOB B HCCJIe,ItyeMoM ,ztR8ll8aOHe reaneparyp ae CHJIbH0 pa.3JIK'tIaJ)'l'C.f1 

M~ cocoã, 

Y'tIHT~BaH TO, qTO npe~e~ TexyqeCTR ~ CT8JIeiJ XI~OT H 

XI3M2mp ae npeaauaer 120 MIIa, HCIlOJThSOB8HHe ,ltaHIDa M8TepH8JIOB 

JtJIR HSrOTOBJIeHIDI COCy,ltOB BliCOKoro .n8BJIeHIDi, paOOTa.mtHX IlpH,OOJID

Iill:IX TeMIlepaTYpax, CTaHOBHTCR. IIp3.RTHQeCKH BOSMO]l1illM TOJlbKO B BH6

paHHOM H8MlI .ztMarraSOHe .n;aBJIelilI.H. 

O,II;Haxo CJIe.nyeT OTMeTHT:b, QTO B YK83aHHOM naanasoae .uaBJIeIDl:~ 

H TeMIIepaTyp IlpHMeHeHHe CT8JIH XI3M2~P CTaHOBHTCR OOJIee IlpHeMJIe

MHM, T8K KaR, BBH.ztY .n;OCTaTOqHO BHCOKO~ JtH~YSHH BO,ltOPO,Ita trepes 

Hee, OHa no CpaBHeHHID c He~emmen CTanDID MeHbille no~e~eHa 

BO,JlOpO,1J;HOMy' oxpyrrcm:Bamno. 
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BWCTPHUKH~ B.M. H Ap. P13-87-525 
HccfleAoBaHHe rrpoHHKHoBeHHH H30TorrOB nOAOpoga 
qepe3 Hep~aBew~e CTaflH X18HIOT H XI3M2B$P 

ITPHBOAHTCH cpaBHeHHe H3MepeHHWX rrapaMeTpOB rrpouecca 
rrpOHHKHOBeHHH BOAopOAa H Ae~TepHH tIepe3 aYCTeHHTHble 
Ix 18H I OT I H cPeppH'fO-MapTeHCHTHble Ix 13M2BcI>P I CTanH B YCflO
BHHX BbICOKOf'O HaCbII1~eHHH np n AaBneHHH r a s a AO 500 ar B AHa
rra30He TeMrrepaTYP 300fl050 K. HaAAeHHwe rrapaMeTpw nOAqHHH
WTCH 3aKoHy CHBepTca H orrHCWBaWTCH ypaBHeHHHMH AppeHHyca 
H BaHT-r0cPcPa. 

Pa60Ta BbJITOflHeHa B Jlaõo pa TOpHH HAepHbIX rtpo õrret-t OH5IH. 

Ilperrpaar 061>e,r:UllielIHOrO HHCTHTYTa R:)J,epHhIX HCCJle,nOBaHHH . .uy6Ha 1987 
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IlepeBOA aBTopOB 

Bystritsky V.M. et aI. PI3-87-s25. 
Investigation of Hydrogen Isotope Penetration 
Through Stainless Steels XI8HIOT and XI3M2BcI>P 

Compared are the pararneters of hydrogen and deuteri~m 

penetration through austenite (XI8HIOT) and ferrite-mar
tensite (X13M2BcI>P) steels measured at high saturation and 
at the gas pressure to 5000 at in the temperature range 
300fl050 K. The obtained parameters obey Sieverts law and 
are described by the Arrenius and Van't Hoff equations. 

The investigation has been performed at the Laboratory 
of Nuclear Problems, JINR. 

Preprint of the Joint Institute for Nuclear Research. ~ubna 1987 

~1~ 


