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RBJIRloTCR 6onee BbICOKaR PaCTBOPHMOCTb JIerKHX U30TOnOB B O n O P O n a  n0 
CpaBHeHHlo C TRXeJIbIMH ( " 0 6 p a ~ H b 1 f i "  H30~0IIHb1f i  3@@eKT) M 6 6 ~ b ~ m  

~ H @ @ Y ~ u o H H ~ J ~  llOABHXHOCTb JIerKHX H30TOnOB BOAOpOna B M e M 6 p a H e  npu 
T > 300°C, q e M  TRXeJIbIX.  TO llpHBOnUT K T O W ,  qTO 3JIeMeH~apHb1f i  K03@- 

@ H ~ H ~ H T  pa3neJIeHkiR H a  ~ e ~ 6 p a ~ e  ( K O T O P ~ ~  MYJIbTUllJIHKaTHBHO Wfl3lW 

C K O ~ @ @ U ~ U ~ H T ~ M U  llOCJIenOBaTf3IbHbIX C T U U ~ ~  n p O q e C C a  ~ ~ O H U K H O B ~ H H ~ ~ )  

M O x e T  n o c T H r a T b  ~ O J I ~ W H X  B ~ Y I H ~ ~  (a(H/D) Z 1,6; a (HIT) = 2,Of3 1 ') . 
C YqeTOM 3THX O C O ~ ~ H H O C T ~ ~ ~ ,  a T a m e  OnbITa  3KClJ-JIyaTaUkiki M ~ M ~ P ~ H -  

HbIX a n I T a p a ~ 0 ~ '  /, 6 b l ~ 1  CKOHCTpYHpOBaH, H3rOTOBJIeH ki kiCllbITaH ~ H @ @ Y -  

~ H O H H O ~ ~  @ m b ~ p  U3OTOllOB BOHOPOAa (@klBA). C03na~~b1f i  a n n a p a T ,  B OTJIU- 

q H e  OT yXe ki3BeCTHbIX ~ C T P O ~ ~ C T B ,  MOXeT 6 b 1 ~ b  HCllOnb30BaH H e  TOJIbKO AJIH 

nOJIyqeHHR CBepXqkiCTbIX llpOTUH, n e f i ~ e p H f f ,  TPUTUR, HO M HJIFI K M I H ~ P O B K H  

COOTBeTCTByIoUerO aHa.lIUTW4eCKOrO O ~ O ~ ~ A O B ~ ~ - I H R ,  BbInfXeHHR TRXeJIbIX 

U30TOnOB BOAOPOna U 3  r a 3 0 B b I X  C M ~ C ~ # ,  a T a m e  nJIR 0 6 0 r a ~ e ~ k i ~  H3OTO- 

n 0 B  BOnOpOAa. 

M e ~ 6 p a ~ ~ b 1 f i  a r m a p a T  (pac. 1) n p e n c T a e n R e T  co6ofi s m m n p m e c ~ y ~ o  

C T W b H y I o  r e p M e T a r M y r o  O ~ O J I O ~ I K Y  1 C B O A O O M ~ ~ ~ M O ~ ~  py6am~ofi  2, CO- 

n e p x w l o  p a c c e K a T e n b  6 ki n e p e r o p o n K y  7. P a c c e ~ a ~ e n b  B b I n o n H e H  B B W e  

CTaKaHa C M ~ C C H B H O ~ ~  C T ~ H K O ~ ~ ,  B K O T O P O ~ ~  K O ~ e H T P H Y H O  PaCnOJIoXeHbI 

C K B O ~ H ~ I ~  ~ a ~ a n b ~  18 n e p e M e m o r o  c e q e a a r r .  P a c c e ~ a ~ e n b  c o e n m e H  c H a p y x -  

H O ~  0 6 0 n o q ~ o f i  CBR3KaMH 8 11 9, llOCJIeP[HRR - q e p e 3  c W I ~ @ O H  10. 060~10s- 
K a  H paCCeKaTtYIb 0 6 p a 3 y 1 o ~  K O H ~ ~ H T ~ U W C K H ~ ~  3a3op, B KOTOPOM KOaKCHWb- 

HO pacnonoxes smmnpmec~d ~ a n p a e n ~ I o u & i  KOWX 11, x e c r K o  coenki- 



PHC. 1. C x e ~ a  M ~ M ~ ~ ~ U H O ~ O  annapa- 

Ta nnfl ~ H @ @ ~ ~ U O H H O ~ O  BfilneneHnR u 

nonyueHun U ~ O T O ~ O B  Bonopona  oco- 

6oii ~ H C T O T ~ ~ I .  

~ e H H b 1 f i  CO C B R ~ K O ~ ~  9. BHYTPM 
p a c c e K a T e n R  p a 3 ~ e u e ~  H a r p e s a -  

T e n b  12. ~ ~ T P O H  13 COnepXMT 

c o p 6 e ~ ~  TPMTMR. l leperopon~a 
7 BbInOnHeHa B B H n e  CTaKaHa, 

B nOHbIIlIKe 14  KOTOPOrO PaC- 

n o n o x e H b 1  n a ~ p y 6 ~ u  15, coenu- 
HeHHbIe XeCTKO C KanUJlnRp-  

HbIMM M e M 6 p m a M M  16. K M A ~ I B  
n a ~ p y 6 0 ~  C ~ e ~ 6 p a ~ o k  p a 3 M e -  

u e H  no OCH KaHiUIOB B MaCCMB- 

HOG CTeHKe p a c c e K a T e n R .  M e ~ 6 -  
p m b 1  CO CTOpOHbI ~ ~ 0 6 0 n ~ 0 r 0  
K o H u a  aarny r u e ~ b ~ .  lleperopon- 
K a  7 o6pa3ye~ nonocn 17 nep- 
MeaTa ,  K o T o p a R  u M e e T  B ~ I X O ~  

A n R  sMCTbIX ki3OTOIIOB BOAOPO- 

M e ~ 6 p a ~ ~ b 1 f i  a n n a p a T  pa6o- 
TaeT U I e n y I o U k i M  06pa30~. Ka- 

nUJIJIRpHbIe ~ e M 6 p a H b I  HarpeBaKlT A 0  pa6osefi T e M n e p a T y p b I  450°C, a XOnOA- 

H ~ H )  IICXOWYH) c M e c b  r a 3 0 ~  n p M  T e M n e p a T y p e ,  pas~ofi  T e M n e p a T y p e  o ~ p y -  
xamuefi cpew ,  nonam sepea m T y u e p  4 B a m a p a T .  l lpu ~ T O M  BOAOPOA- 

C O n e p X W a F I  CMeCb ra3OB,  saCTMYH0 H a r p e B S I C b ,  023IaXiAaeT Y e p e 3  CTeHKY 

nOJIOCTM 17 OTXOMLI@ie ki30TOnbI BOAOPOAa, kiMeH)Ukie n p M  BbIXOne M3 Ka-  

nUJIJIRpHbIX ~ e ~ 6 p m  T e M n e p a T y p y  450°C. B YCTZU-IOBkiBIlIeMCR p e X H M e  

pa60~b1 ZXKIapaTa BO3MOXHO nPOHMKHOBeHMe ki30TOnOB BOAOPOAa q e p e 3  r0- 
PRllyH) CTeHKY llOJIOCTM. B CJlyrlae pa6o~b1 C TpkiTMeM 3 T 0  H e  R B J I H ~ T C % O ~ ~ C -  

HbIM, T a K  K a K  nOCTyrILUOUllJ3 B BlI l lapaT UCXOAHaFI CMeCb r a 3 O B  B O 3 B p W a -  

eT er0 CHOBa B npOUeCC pa3AeJIeHKfI. 

r I a c ~ n l ~ o  n o A o r p e T m  k i c x o ~ a ~ ~  c ~ e c b  r a s o ~ ,  n o c T y n m  B K ~ ~ U I ~ I  

pacceKaTeJIH 6, O X J I ~ a e T  O T X O A 5 f m e  rOpHYHe H30TOnbI BOAOpOHa ki  Ha- 

rpeBaeTCH A 0  pa6osefi T e M n e p a T y p b I  450°C (B OCHOBHOM, 38 CqeT COlTpU- 

KOCHOBeHKfI C rOPFNWMki CTeHKaMH KaHaJIOB ~ ~ c c ~ K ~ T ~ J I R )  . 

H a r p e ~ a ~  no pa6o~efi T e M n e p a T y p b I  MCXOnHaR CMeCb BCTynaeT B KOH- 

T a K r  C ~ a n u n n ~ p ~ o t i  ~ e ~ 6 p a H o f i  16, OMbIBaR ee CHapyXM. K a ~ a n  18 MMeeT 

n e p e b r e c r e o e  c e q e H u e ,  c y x a H c . b  no n n u H e  no p a 3 ~ e p a ,  ~ e s ~ a q w ~ e n b ~ o  n p e s b r -  

m a w u e r o  ~ a p y x ~ b ~ f i  HMahqeTp ~ a n u n n ~ p ~ o f i  ~ e ~ 6 p a ~ b 1 .  no M e p e  npoxox- 
neHMH I ~ C X O ~ H O ~ ~  CMeCM r a 3 O B  B n O n b  ~ e ~ 6 p a ~ b l  16 KOHueHTpaUWI M30TO- 

ZOB B O n O p O n a  YMeHbUlaeTCH B p e 3 y n b T a T e  MX A U @ @ Y ~ M H  Yepe3 M e M 6 p a H y ,  

COOTBeTCTBeHHO YbleHbUlaeTCH M o61.e~ r a 3 o B o f i  ChfeCM. ~ ~ o ~ o ~ u M o H U I ~ H O  

y M e H b m e H u m  o 6 a e ~ a  raso~ofi  c M e c u  y M e H b m a e T c H  u n u a M e T p  K a H a n a .  

O ~ n e n e ~ ~ a ~  OT M ~ O T O ~ O B  B o n o p o n a  r o p n q a f t  c M e c b  r a s o ~  n p o x o n u T  

no K o n b u e B o M y  sasopy M e x n y  p a c c e K a T e n e M  6 M H a n p a B n H m u H M  ~ o x y -  
XOM 11 BBepX,  a 3aTeM no KOJlbueBOMy 3 a 3 O p y  M e X n y  KOXYXOM 6 M 060- 
~ O Y K O ~ ~  1 BHM3, OXJlaXAaflCb n p M  3TOM 3a CqeT KOHTaKTa C H a p y X H 0 f i  OXnaXi- 

naenrofi 0 6 o n o q ~ o f i  K o p n y c a  1 .  U w n u ~ n p u ~ e c ~ u f i  KOXYX 11, H B ~ R R C ~  on- 
HOBpeMeHHO HaIlpaBnRIoUJMM nJIR nOTOKa CMeCM r a 3 O B  M 3KpaHOM-OTpaXa-  

-renew T e n n O B o r o  n o T o r c a ,  C ~ O C O ~ C T B ~ ~ T  T ~ ~ M C I C T ~ ~ M ~ U ~ ~ ~ H M  p a c c e K a T e n n .  

C ~ e c b  r a s o ~ ,  M M e I o U a n  T e M n e p a T y p y  50°C, n o c T y n a e T  B H M H C H H ) ~  YacTb 

a n n a p a T a ,  o x n a x n a H  C M ~ ~ @ O H  10,  TO M 0 6 e c n e ~ ~ ~ a e ~  ero H a n e m y m  pa- 
6 0 ~ ~ .  

n o  CpaBHeHHKl C M3BeCTHbIMM Y C T P O ~ ~ C T B ~ M W  n p e n J I ~ ~ f ? H H b ~ f i  a l l n a p a T  

1 4 ~ e e . r  cnenywuue n p e u M y u e c T s a .  

1. Eonee 3@@eKTMBHafI p a 6 o ~ a  M ~ M ~ P ~ H ,  O ~ ~ C ~ O B J I ~ H H ~ H  paBHOMep-  

H ~ I M  p a c n p e n e n e a u e M  ~ a r p y 3 ~ ~  no MX nnouanw (YTO A o c T w r a e T c R  rapm- 
TMP013aHHbIM PaBHOMePHbIM OMbIBaHMeM CMeCbH) r a 3 0 B  B ~ e f i  nOBePXHOCTH 

~ a n w n n ~ p ~ t , r x  ~ e ~ 6 p a ~  M 0 6 e c n e q u ~ a e ~ c f 1  3a c q e T  ux p a c n o n o x e H m  s n o n b  

OCM CKB03HbIX 0 6 0 r p e ~ a e ~ b 1 x  K ~ H ~ ~ O B )  . 
2. r n y 6 o ~ o e  M3BneqeHMe M30TOnOB BOAOPOAa M3 CMeCH r a 3 0 B  ( 3 ~ 0  

0 6 e c n ~ q u s a e ~ c ~  H a n u s u e M  B K a H a n a x  Y ~ K U X  y q a c T K o B  B 3 o ~ e  npoxoxne- 
HUH CMeCM r a 3 0 B ,  0 6 e n ~ e ~ ~ o f i  M30TOIIaMM B O ~ O P O ~ ~ )  . 

3. Manbre YTeqKM M30TOnOB BOAOPOna q e p e 3  rOPHllyKl CTeHKY IIOnOCTH 

n e p M e a T a  B O K p y x a m u y m  cpepy (wo A o c T u r a e T c H  6 n a r o f i a p ~  pacnonoxe- 
HUH) n o n o c T u  n e p M e a T a  B nonocm ucxon~oG c ~ e c u )  . 

M c n b I ~ a H M f l  a n n a p a T a  6bmw IIpOBeAeHbI H a  CTeHne,  npHHuMnHUlbHaR 

CXeMa KOTOpOrO uso6paxe~a  Ha put. 2. C T ~ H ~  BKnIoqaeT B c e 6 ~ :  1) CHCTe- 

MY nOnrOTOBKM r838; 2) ~ H ~ J I M T M ~ ~ c K H ~ ~  6 n o ~ ;  3) CHCTeMY BaKYYMHPO- 

BaHMH; 4) CMCTeMy TePMOCTaTMPOBaHMR. 

C H C T ~ M ~  nOnrOTOBKH ra3a COCTOuT H3 K ~ ~ M ~ ~ O B ~ H H ~ I X  ~ M K O C T ~ ~ ~ ,  

MaHOMeTpOB M MaHOBaKYYMMeTpOB, ~ ~ J ~ ~ o H o B  C BOnOPOnOM, KOTOPbIe 
1 

COenMHeHbI C M C T ~ M O G  K O M M Y H U K ~ ~ M ~ ~  C @ M B A .   OH^ nO3BOJIReT OCyUeCT- 

BnHTb I I O n a q y  BOAOpOna B OMBA n p M  3anaHHbIX naBneHMM M T e M n e p a T y p e .  

~ H ~ ~ M T M Y ~ C K H ~ ~  6 n o ~  BKnIoYaeT B c e 6 ~  K ~ J ~ u ~ ~ o B Z U - I H ~ I ~  eMKOCTM, Ma-  

HORaKYYMMeTPbl M K B ~ I , L ~ P Y ~ O J I ~ H ~ I ~ ~  MaCC-CneKTpOMeTp. E n o ~  n 0 3 B O n R e T  

n p o B o n M T b  u 3 ~ e p e ~ w e  n o T o K a  M c o c T a s a  rasa. 



1 
a
 

m
e

 
E
 $ 
d
 e
 

G 
,s 

L
 j; 

5 i: 
x
 

0
 

$ e
 

'
9

 
m

 
a
 I 

E 2 s 0 
O

i
C

;
 

z
l

-
5

 
5

8
~

 
s $: 
5 

>
s 

5
2

s
 

s
g

l
 

m 
2 

s
o

l
-

 
o

,
"

$
 

$
&

 
$

x
&

 
s

'
m

 

E >
 
0
-
 

3
 

= 
6

2
 

B
g

g
 

E
L

0
 

Z 
4
 

4
x

0
 

x
m

 
u
 

x 
m 

s
m

o
 

a
m

a
 



(puc. 3) ,  9TO H a  T O J I W H Y  ~ e ~ 6 p a H b 1  (0,12 MM) IIPkiXOAHTCR 6onee 10-15 3C!- 

PeH,  KOTOPbIe CyueCTBeHHO TeKCTYpRPOBaHbI. MX nPOaOJIbHbIP pa73MephI  E3 

3-4 pa3a npeBb1ruam-r n o n e p e s H b I e  p a 3 i ~ e p b 1 .  B a m o  T a K x e ,  s ~ o  B M e c T a x  rep- 
~ e ~ u s a q u u  cnm p e ~ p u c ~ a n n ~ 3 a q u ~  H e  npoxoauna; s e p ~ a  o c ~ a n s c b  1 a K m a - i  

Xe, K a K  U H a  pa6osux YsaCTKaX. B L I H B J I ~ H H ~ R  MAKpOCTpYKTYPa RBJIReTCR 

0 n ~ k i M a J l b H o f i  aJ IR H a a e X H 0 f i  3KcnJIyaTaUkiki @ H J I L T ~ ~ K I U H X  3JIeMeHTOB B 

T e s e H u e  3 + 5 neT.  

Ha 3aKJIKlsATeJIbHOM 3 T a n e  H C ~ ~ I T ~ H H ~ ~  npOBOaUTIHCb RCCJIeAOBaHHR 

3aBklCHMOCTH nPOU3BOakiTeJIbHOCTU @HBfi no nPOTAKJ kl ~ e f i ~ e p ~ K J  OT T e M n e -  

p a T y p b 1  H AaBJIeHkiR H a  B X O a e  ~ e p 1 6 p a ~ b 1  ( ~ a 6 n .  2 ) .  K ~ K  BHAHO H 3  ~ a 6 j - 1 ~ ~ 6 1 ,  

IIpOki3BOaUTeJIbHOCTb ~ ~ I C T P O  YBeJIWlkTBaeTCR C POCTOM T e M n e p a T y p b I .  

npu pa6osefi T e M n e p a T y p e  500°C ~ ~ O H ~ B O ~ M T ~ ~ ~ H O C T ~  a n n a p a T a  no np0THKI 

c o c T a s n R e T  30 n/s, a no aefi~epm 18,8 n / s .  M 3  3~01-o c n e a y e T ,  YTO H30TOn- 

H ~ I B  3 @ @ e ~ ~  lTPOU3BOaUTeJIbHOCTLi Q(H2 )/Q(D2 ) ~ 1 , 6  ~ J I u ~ o K  K 3HaqeHURM 

a a H H 0 f i  BeJIkisHHbI AJIR a p y r H X  M ~ M ~ ~ ~ H H ~ I X  CnJIaBOB H a  OCHOBe naJIJIa- 
a u ~ ' ~ - ~  '. 

~ ~ B U C U M O C T ~  npOU3BOaWR?JIbHOCTH a l X I a p a T a  OT BXOaHOrO AaBJIeHHR 

pa3numbrx T e M n e p a T y p ,  K a K   TO BWHO u3 PWC. 4, y a o s n e T B o p a T e n b H o  

OnACbIBaeTCR 3aKOHOM C H B ~ ~ T C ~ .  
I ~ p o ~ e a e H H b ~ e  MClTbITaHMH B qeJIOM nOATBepaLUIH p a 6 o ~ o c n o c o 6 ~ o c ~ b  

u B~ICOKYKJ ~ @ @ ~ K T U B H O C T ~  n p e W o x e H H o r o  a n n a p a T a ,  nos~onuna  Y T O ~ H U T ~  

B X O ~ O ~ O  naeneHnH npn p a ~ n m b ~ x  reMneparypax (PBblx = 0)  

9 JF, K n P 2  

PUC. 4. ~BBHCHMOCTH n p o ~ ~ ~ o n ~ r e n ~ ~ o c n t  annapara or nasnennn Ha 
~xonH0ii cTopoHe ~eM6paHbl npn paanmbrx TeMneparypax n aascyyMe 
Ha B ~ I X O A H O ~ ~  CTOpOHe ~ e ~ 6 p a H b l .  



PaCneTHbIe TeXHWIeCKHe XapaKTepuCTuKu A AaTb PeKOMeHnaLlklM no er0 3KC- 

nn y aTwua. 
B a a ~ n m n e ~ ~ e  aBTopbI BbIpaxamT 6naronap~oc~b ~ . n . ~ x e n e n o ~ ~  u 

B.K.Kanb~me~y 3a noP,,nepxKy H ~ O C T O R H H ~ I ~ ~  MHTepec K pa6o~e, B.H.Aapsu- 
~ o i i ,  A.A.Ky3~euo~y 3a noMowb npu pa3pa60~~e  I? ucnbnTanuHx annapaTa, 
B.A.YTKUHY 3a llOlIe3HbIe KOHCYnbTaUMU npH npOeKTMpOBt3HIIki kl PICnbITa- 
HHM annapa-ra, M.C.COKOBHI?HY M Ul . ~ . U ~ ~ M C Y T ~ M H O B Y  - 3a c60p~y  annapa- 
Ta u ynacTue B ~cnbrrt3Hmx. 
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~ P A B O ~ M T C R  KOHCTPYKUHR nkl@@y3H0~~0~0 @Hnb~pa U30TO- 

n0B BOnOpOna. C o ~ n a ~ ~ b ~ i i  annapaT MOXeT 6b1~b HCllOJIb30BaH nJIR 

nOJlylleHHR CBepX~HCTbIX H3OTOnOB BOnOpOna, HX o 6 0 r a r u e ~ u ~ ,  
K ~ J I U ~ ~ O B K H  aHanuTHsecKor0 0 6 0 p y n o ~ a ~ m ,  a TaKXe BbIne- 
JIeHHR T R X W b I X  H30TOnOB BOnOPOna H 3  Ta30BbIX C M ~ C ~ ~ .  np&f TeM- 
nepaType 500°C n p o u 3 ~ o n n ~ e n b ~ o c ~ b  annapaTa no npoTam co- 
cTaBnReT 30 n/s, no neii~epnm - 19  n/s. 

1 Bystritsky V.M. et al. P13-89-784 
A Membrane Device for Diffusional Separation 
and Production of Ultra-Pure Hydrogen Isotopes 

A design of the diffusion filter for hydrogen isotopes is descri- 
bed. The device can be used for production of ultra-pure hydrogen 
isotopes, their enrichment, calibration of the analytical equip- 
ment and separation of heavy hydrogen isotopes from gas mixtures. 
At the temperature of 500°C the production rate of the device is 
30 l/h for protium and 19 l/h for deuterium. 

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