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INTRODUCTION

The s t r u c t u r e  and p h y s i c a l  p r o p e r t i e s  of t u n g s t e n  m e ta l  can  
be a p p r e c i a b l y  a f f e c t e d  by a d d i t i v e s  o r  t r a c e  i m p u r i t i e s  [ 1 , 2 , 3 ]  •
The m ost im p o r ta n t  a c t i v a t i o n  a n a l y t i c a l  s t u d i e s  o f  such  e l e m e n t s  
t h a t  have  been r e p o r t e d  i n  t h e  p a s t  15 y e a r s  [4—2 4  ̂ 2в] a re  sum m arized 
i n  T ab le  1. The w e ig h t  o f  th e  sam p les  used i n  t h e s e  e x p e r im e n t s ,  
v a r i e d  from mg t o  a few g.

The p r e s e n t  r e p o r t  d e s c r i b e s  a n o n d e s t r u c t i v e  method f o r  
th e  d e t e r m i n a t i o n  o f  the a x i a l  c o n c e n t r a t i o n  d i s t r i b u t i o n s  o f  th e  
r e s i d u a l  a d d i t i v e s  A l, S i and  К i n  r e l a t i v e l y  l a r g e  s i z e d  s i n t e r e d  
t u n g s t e n  ro d s .  The rods  a r e  i r r a d i a t e d  w i th  14 MeV n e u t ro n s  and  
th e  a v e ra g e  c o n c e n t r a t i o n  i n  th e  e n v iro n m en t  of a  g iv e n  p o i n t  i s  
d e te rm in e d  from  th e  f a s t ,  s i m u l t a n e o u s , q u a n t i t a t i v e  a n a l y s i s  o f  
the  a c t i v i t i e s  a r i s i n g  from  th e  a d d i t i v e s .  By m easurem en ts  a t  d i f 
f e r e n t  p o in t s  o f  t h e  rod  th e  a x i a l  c o n c e n t r a t i o n  d i s t r i b u t i o n  o f  
th e  a d d i t i v e s  c a n  be d e te rm in e d  and t h i s  p e rm its  t h e  u s e f u l  l e n g t h  of 
the r o d  to  be e s t a b l i s h e d  b e f o r e  w ir e s  a r e  drawn f ro m  i t .  The a n a ly 
s i s  o f  r e p r e s e n t a t i v e  sam ples  can be u t i l i z e d  i n  f o l l o w i n g  th e  d i f 
f e r e n t  phases  o f  th e  p r o d u c t i o n  p r o c e s s .  The method cm be m o d i f ie d  
o r  su p p lem en ted  f o r  the  a n a l y s i s  o f  o t h e r  ty p es  o f  t u n g s t e n  m e ta l .

EXPERIMENTAL

A NA-2/125 kV /- ty p e  n e u t r o n  g e n e r a t o r  [25 ,26] w i th  an  e f f e c 
t i v e  t a r g e t  d i a m e te r  of 17 mm was u sed  i n  the  e x p e r im e n t s .  M easure
m ents  were p e r fo rm e d  a t  5 p o i n t s  a lo n g  th e  le n g th  o f  each  ro d  u s 
in g  14 MeV n e u t r o n s  f o r  a c t i v a t i o n .  A p p ro p r ia te  s t a n d a r d s  composed 
o f  A ^ O j ,  SiC>2 and KHCÔ  w ere  p r e p a r e d .  E i t h e r  4 0  mg o f  8 mm x 8 mm 
c o p p e r  f o i l ,  o r  a  polyam ide d i s c  was u s e d  as  f l u x  m o n i to r .  Compara
t i v e  m easurem en ts  w i th  e x t e r n a l  and i n t e r n a l  m o n i to r in g  p e r m i t t e d  a 
m u l t i p l e  check on th e  f l u x  m easu rem en ts  and i n c r e a s e d  th e  r e l i a b i l i t y  
o f  t h e  a c t i v i t y  m easurem ent.

A newly d e v e lo p e d  sam ple  t r a n s f e r  system  o p e r a t i n g  on pneum atic  
and g r a v i t a t i o n a l  p r i n c i p l e s  s e c u r e s  t r a n s p o r t  o f  t h e  sam ples  t ) the 
t a r g e t  a r e a ,  t h e i r  a u to m a t ic  r e l e a s e  an d  f a s t  conveyance  to  t h e  de-
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t e e t o r ,  and t h e i r  a u to m a tic  p o s i t i o n in g  a t  th e  d e t e c t o r .  The 
d e fo rm a tio n  u n d erg o n e  by ro d s  d u rin g  th e  s i n t e r i n g  p ro c e ss  r a i s e d  
th e  d i f f i c u l t y  o f  f ix i n g  th e  sam ples a t  th e  t a r g e t  p o s i t i o n  i n  a 
r e p r o d u c ib le  m anner, b u t th e  problem  was overcom e by e n c a s in g  th e  
ro d s  i n  p o ly e th y le n e  h o ld e r s  o f r e g u l a r ,  r e c t a n g u la r  sh ap e . The 
ro d  i n  i t s  h o ld e r  and th e  m o n ito r  a r e  p r o p e l l e d  a lo n g  s e p a r a t e  
c h a n n e ls  o f th e  t r a n s f e r  sy s te m , t h e i r  p o s i t i o n  a t  th e  t a r g e t  
a r e a  and d e t e c to r  b e in g  f i x e d  by p n e u m a tic a lly  c o n t r o l l e d  p o s i 
t i o n e r s .  In  th e  m o n ito r  c h a n n e l th e  p o s i t i o n  i s  s e t  by a s i n g l e  
p o s i t i o n e r ,  w h ile  i n  th e  sam ple c h a n n e l th e r e  a r e  5 u n ifo rm ly  
sp a c e d  p o s i t i o n e r s  s to p p in g  th e  rod  e a c h  tim e a t  a  d i f f e r e n t  p o in t  
o f  ex p o su re  when p r o p e l le d  i n  5 s e p a r a t e  ru n s  f o r  a c t i v a t i o n  and 
m easurem en t. I n  t h i s  way th e  c o n c e n t r a t io n  d i s t r i b u t i o n  o f th e  
a d d i t i v e s  i s  m easu red  a t  5 u n ifo rm ly  sp a c e d  p o in t s  a lo n g  th e  ro d . 
The equipm ent and  m e a su rin g  a rran g em en t a re  shown i n  P ig s  1 ,2  and 3 .

.The gamma s p e c t r a  w ere  o b ta in e d  i n  3" x 3 "  N u clea r E n te r 
p r i s e s  N a l /T l /  c r y s t a l  w i th  a 9% r e s o l u t i o n  f o r  "^^C s. The s p e c t r a  
f o r  A l, S i and К w ere acc u m u la ted  i n  256  c h a n n e ls  o f  a NTA 512 /A - 
- t y p e  a n a ly s e r  c o v e r in g  th e  energy  ra n g e  from  0 ,0 4  to  2 ,5  MeV. The 
e n e rg y  r e s o l u t i o n  was fo u n d  to  be s a t i s f a c t o r y  f o r  S i and K. 
I n v e s t i g a t i o n s  w ere  made to  se e  i f  an  im proved  r e s o l u t i o n  w ould  
g iv e  a  b e t t e r  e v a lu a t io n  o f  A l. F or t h i s  pu rp o se  a  10 cm^ G e /L i /  
d e t e c t o r  was u s e d .  I t  was found  th a t  th e  Al l i n e s  co u ld  be d i s t i n 
g u is h e d  from  th o s e  o f th e  tu n g s te n  m a t r ix ,  how ever th e  d e t e c t i o n  
e f f i c i e n c y  was fo u n d  to  be  in a d e q u a te .  We u sed  th e r e f o r e  a N a l / T l /  
c r y s t a l  o f 7,5% r e s o l u t i o n  and added a  N E -273-type  d i g i t a l  p eak  
s t a b i l i z e r  to  th e  m e a su rin g  eq u ip m en t.

EVALUATION

The ^ A l / n ,  p/*^M g, ^® S i/n ,p /^® A l and ^ K /n ,2 n /^ ® K  r e a c t i o n s  
w ere  found to  be th e  m oet s u i t a b l e  f o r  th e  d e te rm in a t io n  o f  A l,
S i and  К in  th e  tu n g s te n  r o d s .  The optim um  i r r a d i a t i o n ,  c o o l in g  
and  d e te c t io n  t im e s  w ere fo u n d  to  be 6 0 0 , 60 and  500 s e c ,  r e s p e c 
t i v e l y .  The com plex  sp e c tru m  o b ta in e d  f o r  t h i s  t im in g  f o r  a  s in g le  
p o i n t  i s  shown in  F ig .4 .  B e fo re  i r r a d i a t i n g  th e  ro d  a t  a n o th e r  p o in t  
a t  l e a s t  2400 s e c s  must be  a llo w ed  f o r  c o o l in g ,  th e  i r r a d i a t i o n ,  
c o o l in g  and d e t e c t i o n  c y c le  i s  th e n  r e s t a r t e d ,  tim e d  as a b o v e .

The a d d i t i v e  c o n c e n t r a t io n  in  th e  tu n g s te n  ro d  was c a l c u l a t e d  
fro m  th e  av e ra g e  v a lu e  o f  s e v e r a l  p a r a l l e l  m easurem en ts by u s in g  
th e  fo rm ula
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The s u b s c r i p t s  R and  S i n d i c a t e  th e  ro d  and  th e  s t a n d a r d ,  r e s p e c 
t i v e l y ;  WR and Ws  a r e  th e  c o n c e n t r a t io n s  o f  th e  a d d iv e ;  TR and 
TÍ a r e  th e  p h o to p e ak  a r e a s  n o rm a liz e d  to  u n i t  n e u tro n  y i e l d ;  j

О
and к a r e  th e  num bers o f r e p e a te d  m easu rem en ts  on th e  sam p le  and 
the  s ta n d a r d ,  r e s p e c t i v e l y .  T hus, th e  a v e ra g e  c o n c e n t r a t io n  wR o f  
any e le m e n t i n  th e  ro d  i s  p r o p o r t io n a l  to  th e  a re a  u n d e r  th e  
p ho topeak  TR o f th e  is o to p e  a c t i v a t e d  i n  t h i s  e le m e n t. The 
p r o p o r t i o n a l i t y  f a c t o r  A i s  o b ta in e d  from  th e  m easurem ent on 
th e  s ta n d a r d  u n d e r  i d e n t i c a l  c o n d i t io n s .  The e r r o r  o f  th e  d e te rm in a 
t io n  was assumed to  have o n ly  two com p o n en ts ; th e  c o r r e c t i o n  f o r  
g e o m e tr ic a l  r e p r o d u c i b i l i t y  and  th e  d e v i a t i o n  in  th e  v a lu e  o f  th e  
n o rm a liz e d  p h o to p eak  a re a  T^.

F o r  a sam ple o f  r e g u la r  g eo m etry  th e  r e s u l t s  o f  a b o u t 1000 
m easurem ents y i e l d  a  d i s t r i b u t i o n  cu rv e  o f  n e a r ly  G a u s s ia n  shape 
/ F i g . 5 / .  The e r r o r  f o r  g e o m e tr ic a l  r e p r o d u c i b i l i t y  can  be e s t im a te d  
in  t h i s  ca se  as  2 ,5  t o  3|0% . T h is  e r r o r  i s  l a r g e r  f o r  deform ed  
sam p le s ; 26 m easurem en ts on a  deform ed  sam p le  showed up to  10% d e v ia 
t i o n  fro m  th e  a v e ra g e .

The p h o to p eak  a r e a s  /T ^ /  o f  s c i n t i l l a t i o n  s p e c t r a  can  be 
d e te rm in e d  by u s in g  a  g a te d  s i n g l e  c h a n n e l a n a ly s e r ' / e . g .  f o r  A1 
[22] / o r  by a w e ig h te d  l e a s t - s q u a r e  f i t  on com pu ter. The l a t t e r  i s  
a l r e a d y  e x t e n s iv e ly  u sed  f o r  th e  a n a l y s i s  o f  com plex gamma s p e c t r a  
[27 ]. T h is  m ethod i s  p a r t i c u l a r l y  c o n v e n ie n t  f o r  th e  s im u lta n e o u s  
d e te r m in a t io n  o f  two c lo s e  l y i n g  p h o to p eak  a r e a s  i n  a  s c i n t i l l a t i o n  
sp e c tru m  / e . g .  S i and  К /. In  F ig s  6 , 7 ,8 , 9  th e  s p e c t r a  o f  th e

S i / n , p /  A1 and  -'-?K /n ,2 n /^  К r e a c t io n s  i n  a tu n g s te n  m a tr ix  a r e  
shown a lo n g  w ith  th e  f i t t e d  a n a l y t i c a l  f u n c t io n s  f o r  d i f f e r e n t  
a c t i v a t i o n  t im e s . The e r r o r ,  a s  a com puted p a ram e te r , i s  i n d i c a t e d  
f o r  th e  e v a lu a t io n  o f  th e  m easu red  d a ta  i n  F ig s  7»9 an d  10 . The 
n o rm a liz e d  r e s i d u a l  sp ec tru m  o b ta in e d  fro m  th e  d i f f e r e n c e  betw een  
th e  m easu red  and com puted v a lu e s  f o r  th e  sam ple  o f F i g . .1 0  i s  shown 
in  T ab le  I I .  The. v a r i a t i o n  o f  t h i s  sp e c tru m  w ith  th e  c h a n n e l num ber 
shows w h e th e r  th e  m easured  sp e c tru m  c o n ta in s  non-random  e f f e c t s .
The s m a l l  s y s te m a t ic  e r r o r  b e tw een  th e  c h a n n e ls  32 and  39  i n d i c a t e s - 
th e  p re s e n c e  o f  an  u n i d e n t i f i e d  n u c le u s ;  t h i s ,  how ever, does n o t  
i n t e r f e r e  w ith  th e  d e te r m in a t io n .

The i n t e r f e r e n c e  from  th e  r e a c t i o n 56F e / n ,p / 56Mn /1 ,8 1  MeV,
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2 .5 8  h /  c a n  be e l im in a te d  by h a l f - l i f e  m easu rem en t, a s  shown in  
P ig .  11. The i n t e r f e r e n c e  from  th e  ^ P / n , y / ,  ^ C a / n j t /  and  * ^ A l /n ,y /  
com peting r e a c t i o n s  w as i n v e s t i g a t e d  and i t  w as found t h a t  th e  P 
and  Ca c o n c e n t r a t i o n  i n  th e  sam p les  was n e g l i g i b l e  as  com pared  w ith  
t h a t  o f th e  a n a ly z e d  e le m e n ts  and  t h a t  th e  i n t e r f e r e n c e  fro m  th e  
^ ^ A l/n ,y /^ ® A l r e a c t i o n  can  be c o r r e c t e d  f o r  by e .g .  i r r a d i a t i n g  Al— 
- f o i l B  s im u l ta n e o u s ly  w i th  th e  sa m p le . The d i s tu r b i n g  e f f e c t s  and th e  
c o r r e c t io n  p ro c e d u re s  w i l l  be d is c u s s e d  i n  a  fo r th c o m in g  p a p e r .

The m easu red  d a t a  w ere r e a d  from  th e  a n a ly s e r  th ro u g h  a te le p h o n e  
l i n e  by a N T B -200 /T -type d i g i t a l  d a t a  t r a n s m is s io n  u n i t  w h ich  i s  con
n e c te d  th ro u g h  a m a g n e tic  ta p e  s t o r e  to  ICT 1905 co m p u ter.
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T a b le  I .

He
c N (Ő) F He 

S (<й)лг
Br Kr 

Те J Xe 
TI Pb Bi Po «t Rn

Ce Pr M Pm $т(Еи)(м) Tb Oy (Ho) Er Tm Yb Lu 
(Th) Pa (Ü) Nu Pu Am Cm Bk Cf Es Fm Md Ho Lw

0 - t l 8 ,  21] Sr - [1 7 ]
Ra - [5 , 9 ,  1 3 ,  1 4 , 1 7 , 2 0 ] Zr - [1 7 ]
Mg - [17] Mo - [5 , 6 , 17 , 2 4 , 29]
A1 - [1 1 , 1 3 , 22] Ag - [1 7 ]
S i  - [1 1 , 1 7 ,  22] Cd - [17]
P - [24] In  - [1 7 ,  23]
Cl - [23] Sn - [5]
К - [5 , 1 1 ,  1 2 , 1 4 , 1 7 , 2 0 , 22] Sb - [171
Ca - [17] Cs - [171
SC - [17 , 24] Ba - [1 2 , 17]
Cr - [17 , 24] La - [19]
Fe - [5 , 1 7 ,  24] Hf - [28 ]
Co - [5 , 171 Та - [8 , 1 7 , 2 4 , 28]
N i - [171 Re - [2 3 ]
Cu - [5 , 1 7 ,  24] Hg - [ 1 7 ]
Zn - [5 , 1 7 ,  24] Eu - [1 5 ]
Ga - [1 7 , 2 3 ] Gd - [ 1 5 ]
As - [4 , 5 ,  24] Ho - [19]
Se *— [17] Th - [1 0 ,  24]
Rb - [1 2 , 1 7 ] U - [19]

R e p o rte d  d e te r m in a t io n  o f  t r a c e  e le m e n ts  in  m e t a l l i c  t u n g s te n  and  i t e
a l l o y s  by a c t i v a t i o n  a n a l y s i s
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Legend: 1 -  N eu tro n  g e n e r a t o r  /NA-2, 125 kV /, 2 -  t a r g e t ,  5 -  125 kV power s u p p ly ,  4  -  g e n e r a t o r  
c o n t r o l l e r ,  5 -  p neum atic  2 - c h a n n e l  sam ple c o n v e y e r ,  6 -  , 7 -  s t o r e s  f o r  sample and 
m o n i to r  b e f o r e  i r r a d i a t i o n  8 —, 9 s t o r e s  a f t e r  d e t e c t i o n ,  10 — , 11 pn eu m atic  sam ple 
p o s i t i o n e r s ,  12 - ,  15 -  p neum atic  m o n i to r  p o s i t i o n e r s ,  14 - ,  15 -  e l e c t r o n i c  and pneu
m a t ic  p rogram  c o n t r o l  u n i t ,  16 -  sample d e t e c t o r ,  17 -  m o n i to r  d e t e c t o r ,  18 -  s t a b i l i z e d  
m u l t i - c h a n n e l  a n a l y s e r  /N TA -512/ and d a t a  t r a n s m i t t e r  /NTB-200/ Т /

P ig .  1
A utom atic  equ ipm ent f o r  i r r a d i a t i o n ,  sam ple  t r a n s f e r  and

d a t a  e v a l u a t i o n
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F ig .  2
A rrangem ent o f  an  a c t i v a t i o n  a n a l y t i c a l  l a b o r a to r y  eq u ip p ed  w ith  a

n e u tro n  g e n e r a to r

L eg en d : 1 -  n e u t ro n  g e n e r a to r ,  2 -  t a r g e t ,  3 -  125 kV power s u p p ly ,
4 -  g e n e r a to r  c o n t r o l l e r ,  5 — 2—ch an n e l sam p le  c o n v e y e r , 
6 - e l e c t r o n i c  p rogram  c o n t ro l  u n i t ,  7 -  m u l t ic h a n n e l  a n a ly s e r  
and d a t a  t r a n s m i t t e r ,  8 -  p n eu m atic  p rogram  c o n t r o l  u n i t ,
9 -  low  background  m easu rin g  box f o r  sam p le  and 10 -  f o r  
m o n ito r ,  11 -  sam ple  d e t e c t o r ,  12 -  m o n ito r  d e t e c t o r ,  13 - ,  
14 -  s h ie l d in g
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F ig . 3
C r o s s - s e c t io n  o f  a c t i v a t i o n  a n a l y t i c a l  l a b o r a to r y  w ith  a n e u t ro n

g e n e r a to r

L egend : 2 -  t a r g e t ,  5 -  g r a v i t a t i o n a l  and p n eu m a tic  2 -c h a n n e l sam ple 
c o n v e y e r , 9 -  low  backg round  m easu rin g  box  f o r  s a m p le , and 
10 -  f o r  m o n i to r ,  13 - ,  14 -  s h ie l d in g



Gamma spectrum of s in te re d  tungsten metal rod conta in ing  A l.S i and К re s id u a l  ad d i t iv e s  i r r a d ia te d  
with 14 MeV neutrons. Obe measured reac t io n s  are  2 'A l /n ,p /2 'Mg, ^ S i / n . p / ^ A l ,  ^ K / n , 2n /^ 8K

A c tiv a t io n  tim e 600 sec  
C ooling  tim e 60 sec  
D e te c t io n  time 500 sec



1 0  -

F ig .  5
F req u en cy  h is to g ra m  o f  th e  m easu red  v a lu e s  o f  T* f o r  a  r e g u la r  sa m p le . 
Number o f  r e p e t i t i o n s  К == 1000 . The d i s t r i b u t i o n  i s  n e a r l y  G a u ss ia n . 
The d e v ia t io n  i n  g e o m e tr ic a l  r e p r o d u c i b i l i t y ,  a s  c a l c u l a t e d  from  th e  
h is to g ra m , i s  er = 2 ,5  -3 » 0  %• The c o n t r i b u t i o n  from  a l l  o th e r  ty p e s  
o f  e r r o r  was fovmd to  be ~ 1 %.
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ORTON m agnetic ta p e  6 ,  s e r ie s  1 ,  spectrum  22

« •• s  •  «4 *«• » ■ *- « •■«•л.*» «« «Vi«k «« «*.<•*-««««« •»МЧЧЛ'ЧНг «НяЩ«
Ч>.МгЧ. Гг г . . .  - Г. . Г г »4 «i «t«» »» ». •* «* #»1N»-

1,700 UsV 
А 1 -2 0 / •?, 3 m in /

* .  * . *  
*

* *

2,100 г.:о7
к -30/7 ,7  Klin/

* *
* *  *  *  *

»
я * *

* *
я *  *

*  * *

* » »  -* *  • *

О- » • *« » «К П № 0> Ч Ч »Л < > ,Я | ) .О г -> |п4 ,  # • К р О •• «I ►< 4^, С ^ О О . .  ►.--
• enwaarnn г\«»в»О̂ ХП4<Л«>.500 0 0 . ^ r F .* r  ^^.Níl-j4 4fl4-í-<N4n"»rti»44->44 

. MM<4,N>tNMN>Jrl 4̂NN>V'jH4N4NN<4NN<VN(Jl4̂ P4t4>«>4,i

F i g .  ь

L o g a rith m ic  p l o t  o f  non-sm oothed  m easured  d a ta  f o r  S i and К i n  a 
tu n g s te n  m a tr ix  w ith  an a c t i v a t i o n  tim e  o f  80 s e c ,  a c o o lin g  tim e  
o f  100 sec and, a  d e t e c t i o n  tim e  o f 400  s e c .

f
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ORION m a g n e tic  ta p e  6 ,  s e r i e s  1 ,  sp ec tru m  22

.......... ........................... 1............. 1............ 1----------1............ 1—..........I............ ‘............. i...........

zoo 0
0.

1,700 I.:oV
A l - 2 8 / 2 , 3  min/

6 0 0

0 . . 0  

o::::o
0

о...... .

40 0

Z O O

о 0Q 00 0 00о о о о о 0

o..

•0*0 0 000.............• ••(>•♦.......................................
.. .. 0.о......

2 ,1б0 MoV 
K-3 8 /7 ,7 min/

• . .00
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..................I ...................... ..... ........................ I - - - ................ t ......................... I*50 U« 17« l i t  l i e 70#
— I............ I............. I.......................... I->10 220 >3» 2*0 2 1 0

P ig .  7
Computed d a ta  w ith  sm oo th ing  f o r  S i and К i n  tu n g s te n  m a tr ix .  L in e a r  
s c a l e ,  a c t i v a t i o n  tim e  80 s e c ,  c o o l in g  tim e  100 s e c ,  d e t e c t i o n  tim e  
400 se c
S t a r t i n g  p a ra m e te rs  1 7 8 /2 1 6 .- 2 0 :^number o f  c h a n n e ls  256

-1
K/>

Computed parameters

Яг Peak p o s it io n  Peak area
1. 177.70+0.03 7352+66/0.90#/
2. 212.88+0.90 219+42/19.W

Ampl, Peak/Backg. Width H 

730 14.61 9.4-6±0.0«S/ Q
22  - 2.92

X
l

- 3 .3 /1 .0 /

I t .
8

Time 44 sec
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OKION m a g n etic  ta p e  6 , s e r i e s  2 ,  sp ectru m  23

* 1,700 MeV
Л1- 2 8 / 2 , 3  m in/

* * * *

2,160 Me7 
K-3 8 /7 ,7 min/

*  ̂ ♦
» • * * « *

» «

r r r ^ # r r r r « 4 4 « « « « « « « » ^ k k k k ^ l a i c ( « ( i c « c i c « « » » » M » « » » e r e e e c  c o c o

P ig .  8
L o g a r i th m ic  p l o t  o f  non—smoothed m easu red  d a t a  f o r  S i and К i n  t u n g s t e n  
m a t r ix  w i th  an  a c t i v a t i o n  tim e o f  500 s e c ,  c o o l i n g  tim e o f  100 sec  and
a  d e t e c t i o n  tim e  o f  500 s e c .
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ORION m a g n e tic  ta p e  6 ,  s e r i e s  2 ,  sp ectru m  2 3

1503

100 0

500

*. 1,730 VLoV
0°; A l-28 /2 , 3 min/
.. о

0 0 oo0 oooo oo 0 0 00
2,160 MeV
K -3 3 /7 ,7  m in/

0 0.............. 0
00 00................**o o*...........................
. . . Ooo*** .......................... . .... •
........  оов*аа ................ ............. о..................■*•■,.................. о
...................t . . . . ■■■■■•..............•
...........................................................м а м а ,  . о»
............................ . 000 000*0000 0 0 *•* 0

0000000000000***0««а0а»а»0*00*000000000000000 OOOOOQQOOQOOOOO- I- ■ I -
’ * •  ’ *0 ’ Г0 i s o  ’ 90 J0 0  i ’ o l i O  i i o  H O  150

F ig .  9
Computed d a ta  w ith  sm ooth in g  f o r  S i  and К in  tu n g s te n  m a tr ix  w ith  an  
a c t i v a t io n  tim e o f  J 0 0  s e c ,  c o o l in g  tim e o f  100 s e c  and a d e t e c t io n  
tim e o f  5OO s e c .

S ta r tin g  param eters 1 7 8 /2 1 3 .- 2 0 i ,  number o f channels 256 

Computed param eters

Яг Peak p o s it io n  Peak area Ampl. Peak/Backg. Width H X i t
1 . 177,47+0.03 15454+101/0 .66#/ 1515 15.05 9 .5 8 ± 0 .0 6 /0 .6 0 # /  G - 0 . 9 / 1 . 0 /  5

2 .  211 .90+ 0 .54  450+ 5 2 /1 1 .5 # /  44 -3 .9 4

Times 31 вес
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M agnetic  ta p e  3 7 , s e r i e s  3 , sp ec tru m  780

40

40

to

P ig .  10
Computed d a t a  w ith  sm oo th ing  f o r  S i  and К r e s i d u a l  a d d i t i v e s  i n  s i n t e r e d  
tu n g s te n  m e ta l  ro d . L in e a r  s c a l e ,  a c t i v a t i o n  tim e  o f  600 s e c ,  a c o o l in g  
tim e o f 60 se c  and a  d e t e c t io n  tim e  o f 500 s e c .

S ta r t in g  paraaeters 3 0 /6 6 .-1 Ы , number o f ch an n els 85 

Computed paraaeters

Hr Peak p o s it io n Peak area Aapl. Peak/Backg, Width H X1 I t
1.
1.

28.89+0.67 128; 29/22.596/
124- 44*>

16 0.39 7 .36+ 1 .32 /17 .996 / 0 - 5 - 4 /1 .0/  7

2 .
2 .

62.80+0.78 111+27/24.396/
116+40

14 0 .8 1

- I — ..........— i - —

« 1 ,700  McV
A l- 2 0 /2 ,3 min/

• 0 0 - •
. 0  9 0 0 . . .
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.......... 0 o  • ............. ....... * • • •........
..........0* s .................. •
.......... ooo...........

. в ...........*

.•.00* 0 ..**.-о о 0

......••• 0

*.. o.oo 2,160 MeV
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- I —о* - I —•о-г—10 • I -  
20

• I ................. I—10 4* 10 - I  — ГО

Timet 44 sec
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T ab le  I I .

The n o rm alized  r e s i d u a l  spectrum  o b ta in e d  from th e  d i f f e r e n c e  betw een  th e  m easured a n d  computed 
d a ta  o f  th e  spectrum  shown in  F ig .  1 0 . S ig n i f ic a n t  d e v ia t io n s  o f th e  m easu red  from  c a l c u l a te d
v a lu e s  a re  in d ic a te d  by  —■»- .

M agnetic ta p e  37 , s e r i e s  3 , sp ec tru m  780

CHANNEL N- MEA3URED
INTENSITY

C0MPÜTBD
INTENSITY BACKGB00ND MEASURED

BACKGROUND
COMPUTED
BACKGROUND MEASURED — COMPUTED

14. 58 5 6 .8  □ 2 .3 56 .8 1 .2 0 .0 1.2 01
15. 56 5 5 .8  О 2.2 55 .8 0 .2 0 .0 0.2 0
16. 53 5 4 .7  □ 2.1 5 4 .7 - 1 .7 0 .0 - 1 .7 10
17. 56 5 3 .6  a 2 .0 5 3 .6 2 .4 0 .0 2.4 01
18. 54 5 2 .6  □ 1 .8 5 2 .6 1 .4 0 .0 1.4 01
19. 52 5 1 .6  □ 1 .7 5 1 .5 0 .5 0.1 0.4 0
20. 49 5 0 .8  □ 1 .6 5 0 .5 - 1 .5 0 .3 - 1 .8 10
21. 52 5 0 .2  □ 1.5 4 9 .5 2 .5 0.7 1.8 01
22. 48 4 9 .9  D 1 .6 4 8 .5 - 0 .5 1 .4 - 1 .9 10
23. 48 5 0 .3  □ 1.9 4 7 .5 0 .5 2 .8 - 2 .3 10
24. 48 5 1 .3  о 2 .3 4 6 .5 1 . 5 4 .8 - 3 .3 10
25. 55 53 .1  о 2 .6 4 5 .5 9 .5 7 .6 1 .9 01
26. 55 5 5 .3  о 2 .7 4 4 .6 10 .4 10 .7 - 0 .3 0
27. 54 5 7 .3  a 2 .7 4 3 .6 1 0 .4 13 .7 - 3 .3 10
28. 57 5 8 .4  □ 2 .7 4 2 .7 1 4 .3 1 5 .7 - 1 .4 10
29. 65 5 8 .1  a 2 .7 4 1 .8 2 3 .2 16.4 6.9 —- I
30. 60 5 6 .2  о 2 .7 4 0 .9 1 9 .1 15.4 3.8 01
31. 53 5 3 .0  □ 2 .7 39 .9 1 3 .1 1 3 .0 0 .0 0
32. 42 4 9 .0  D 2 .7 3 9 .1 2 . 9 1 0 .0 - 7 .0 I — ►
33. 42 4 5 .1  □ 2 .5 38.2 3 .8 6 .9 - 3.1 10
34. 40 4 1 .6  a 2.2 3 7 .3 2 . 7 4 .3 - 1 .6 10
35. 38 3 8 .9  О 1 .7 3 6 .5 1 . 5 2 .4 - 0.9 10
36. 41 3 6 .8  о 1 .3 35 .6 5 .4 1 .2 4.2 0— I
37. 42 3 5 .3  a 1.1 34 .8 7 .2 0 .6 6 .7 4 - - I
38. 40 34 .2  a 1 .2 3 4 .0 6 . 0 0.2 5.8 ♦...-I
39. 38 33 .2  0 1.2 33.2 4 .8 0.1 4 .8 « I
40. 34 3 2 .4  О 1 .3 32 .4 1 .6 0 .0 1 .6 01
41. 34 3 1 .6  a 1 .3 31 .6 2 .4 0 .0 2.4 0-1
42. 26 3 0 .8  a 1 .3 3 0 .8 - 4 . 8 0 .0 - 4 .8 I— ►
43. 26 3 0 .0  a 1 .3 3 0 .0 - 4 . 0 0 .0 - 4 .0 I— 0
44. 26 2 9 .3  о 1 .4 2 9 .3 - з . з 0 .0 - 3 .3 1-0
45. 26 2 8 .6  P 1.4 2 8 .6 - 2 .6 0 .0 - 2 .6 1-0
46. 25 2 7 .8  a 1 .4 2 7 .8 —2 .8 0 .0 —2.8 1-0
47. 24 2 7 .1  D 1 .4 2 7 .1 - 3 .1 0 .0 - 3.1 1-0
48. 27 2 6 .4  a 1 .4 2 6 .4 0 .6 0 .0 0.6 0
49. 26 2 5 .7  0 1 .4 2 5 .7 0 .3 0 .0 0.3 0
50. 24 2 5 . 0  a 1 .3 2 5 .0 - 1 . 0 0 .0 - 1 .0 10
51. 23 2 4 .4  □ 1 .3 2 4 .4 - 1 .4 0 .0 - 1.4 10
52. 22 2 3 .7  a 1 .3 2 3 .7 - 1 . 7 0 .0 - 1 .7 10
53. 25 2 3 .2  □ 1 .3 2 3 .1 1 . 9 0.1 1 .8 01
54. 24 2 2 .7  О 1.2 2 2 .4 1 .6 0 .3 1 .3 01
55. 22 2 2 .4  О 1.2 2 1 .8 0 .2 0 .6 - 0.4 0
56. 19 2 2 .5  о 1.4 2 1 .2 - 2 .2 1 .3 - 3.5 I— 0
57. 21 2 3 .1  a 1 .8 2 0 .6 0 .4 2 .5 - 2 .1 10
58. 27 2 4 .3  О 2.2 2 0 .0 7 . 0 4 .3 2 .7 01
59. 2 9 - 2 6 .2  □ 2 .6 1 9 .4 9 .6 6 .7 2 .8 01
60. 30 28..3 □ 2 .7 1 8 .9 1 1 .1 9 .4 1 .7 01
61. 30 3 0 .3  о 2 .7 1 8 .3 1 1 .7 1 2 .0 - 0 .3 0
62. 31 3 1 .4  □ 2 .7 1 7 .8 1 3 .2 1 3 .7 - 0.4 0
63. 31 3 1 .3  D 2 .7 1 7 .2 1 3 .8 1 4 .1 - 0 .3 0
64. 27 2 9 .9  О 2 .7 1 6 .7 1 0 .3 13 .1 - 2 .9 10
65. 26 2 7 .3  D 2 .7 1 6 .2 9 .8 1 1 .0 - 1 .3 0
66. 23 2 4 .1  a 2 .6 1 5 .7 7 .3 8 .4 - 1.1 0
67. 22 2 1 .0  a 2 .4 1 5 .2 6 .8 5 .7 1 .0 0
68. 23 1 8 .3  a 2 .1 1 4 .8 8 .2 3 .5 4 .7 0-1
69. 21 1 6 .3  □ 1 .6 1 4 .3 6 .7 2 . 0 4 .7 0— I
70. 19 1 4 .9  □ 1 .3 1 3 .9 5 .1 1 . 0 4.1 0— I
71. 15 1 3 .9  □ 1.2 1 3 .4 1 .6 0 .5 1.1 01
72. 13 1 3 .2  a 1.2 1 3 .0 - 0 . 0 0.2 - 0.2 0

•73. 11 1 2 .7  a 1 .3 1 2 .6 - 1 .6 0 .1 - 1 .7 10
74. 10 1 2 .2  □ 1 .4 1 2 .2 - 2 .2 0 .0 - 2 .2 1-0
75. 11 1 1 .8  □ 1 .4 1 1 .8 - 0 .8 0 .0 - 0.8 10
76. 13 1 1 .4  О 1 .5 1 1 .4 1 .6 0 .0 1.6 01
77. 14 1 1 .1  o 1 .6 1 1 .1 2 . 9 0 .0 2.9 0-1
78. 12 1 0 .7  о 1 .7 1 0 .7 1 . 3 0 .0 1 .3 01
79. 11 1 0 .4  о 1 .8 1 0 .4 0 .6 0 .0 0.6 0
80. 7 1 0 . 0  О 1 .9 1 0 .0 - 3 . 0 0 .0 - 3 .0 1-0
81. 8 9 . 7  п 2 .0 9 . 7 - 1 . 7 0 .0 - 1 .7 10
82. 6 9 .4  D 2 .1 9 .4 - 3 .4 0 .0 - 3.4 1-0

AT THE PEAKS
28 .9 64.4 58 .2  a 2 .6 4 1 .9 2 2 .5 16.4 6.2 0-1
62.8 31.2 3 1 .5  о 2 .7 1 7 .3 1 3 .9 1 4 .1 - 0.2 0
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F ig .  11
28  28H a l f - l i f e  m easurem ent o f  th e  1 ,7 8  MeV p h o to p e a k  o f S i / n , p /  A1 r e a c t i o n  

in  tu n g s te n  m a tr ix  w i th  m u l t i s c a l e r  a n a ly s e r  / a , b , c / .  / 1 0  p a r t s  on th e  
tim e a x i s  r e p r e s e n t  200 s e c s /  F o r  com p ariso n  th e  d eca y  o f  th e  most 
p ro b a b le  i n t e r f e r e n c e  from  ^ F e / n , p /  5&Mn r e a c t i o n  /1 ,8 1  MeV l i n e / / d /  
and th e  background  i n t e n s i t y  / е /  a re  a l s o  shown.
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ABSTRACT

A n o n d e str u c t iv e  a c t iv a t io n  a n a ly t i c a l  method d ev e lo p ed  f o r  th e  d e term in a tio n  o f  th e  a x ia l  con cen tra 
t io n  d i s t r ib u t io n  o f  A l ,  S i  and К r e s id u a l  a d d i t iv e s ' i n  s in t e r e d  tu n g s te n  rod s i s  b r i e f l y  d e s c r ib e d . A 14  MeY 
n eu tron  g e n e r a to r  i s  u sed  t o  produce th e  r e a c t io n s  2 7 A l/n ,p /2 7Mg, 2öS i / n , p / 2öA l and ^?K /n,2n/38K  and th e  a c t i v 
i t i e s  a r e  compared w ith  s ta n d a r d s . A w e ig h ted  le a s t - s q u a r e s  f i t t i n g  program i s  u sed  f o r  peak a rea  d e te r m in a tio n  
o f  th e  s c i n t i l l a t i o n  s p e c t r a .  ;A scheme o f  th e  ir r a d ia t in g  and m easuring arrangem ent w ith  a pneum atic sam p le-  
- t r a n s f e r  sy stem  i s  p resen ted *  The system  i s  a p p lic a b le  t o  la r g e - s c a le  r o u t in e  a n a ly s is  and le n d s  i t s e l f  w e ll  
t o  a u to m a tio n . The r e s u l t s  o f  p r e lim in a r y  m easurem ents w ith  t h i s  arrangem ent are  g iv e n .

РЕЗЮМЕ
В работе коротко описывается метод активационного определения a i , S i и к , оставшихся в спеченных стержнях из ме
таллического вольфрама, без разложения образца, с помощью нейтронного генератора по реакциям A l-2 7 /n ,p /M g -2 7 , 
S i - 2 8 /n ,p /A l—2 8 , K -3 9 /u ,2 u /K -5 8 .C  помощью этого метода можно проверить аксиальное распределение концентрации 
присадочных материалов вдоль стержня. Исследование аксиального распределения в случае рутинных измерений может 
быть в значительной мере автоматизировано. Описывается блок-схема системы автоматического облучателя, транспор
тера образца и анализатора результатов измерений. Предварительные.исследования были проведены на 15 стержнях. 
Был использован нейтронный генератор мощностью 14 Мэв. Полученные активности были сравнены с активностью образ
цов известного состава. Для определения площадей под фотопиком сцинтилляционных спектров была использована сог
ласующая программа, обосновывающаяся на методе взвешанных наименьших квадратов.
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