
The size of the instabilities in the direction of SW propagation is evidently on the same order  as the 
t r ansve r se  size of the compressed  arc.  Therefore ,  a decrease  in the initial s ize of the arc should lead to 
higher quenching pa ramete r s ,  which was observed in the experiments with a cylindrical  channel. 

The instabilities developing at the contact surface  lead to a considerable  increase  in its area ,  which in- 
c reases  the energy flux due to radiant heat t ransfer  and promotes the f ine-scale  mixing of detonation products 
with the arc  plasma, its cooling, and decay. As the est imates show, the detonation products in a cyl indrical  
channel can absorb about 600 J without a change in their  proper t ies .  

The authors thank A. P. Ershov,  A. L. Kupershtokh, and A. A. Kuzovnikov for useful discussions and 
help in conducting some of the experiments.  
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PRESSURE DEPENDENCE OF ELECTRICAL 

IN HIGH MAGNETIC FIELDS 

B. A. Boiko and S. P. Roshchupkin 

C O N D U C  T I V I  TY 

UDC 538.6 

Obtaining pulsed high magnetic fields by flux compress ion  in an explosive-driven metal shell is limited 
pr imar i ly  by two processes :  the dynamics of the compress ion  and the diffusion of the field, related to the finite 
electr ical  conductivity ~ of the liner. The charac te r  of the dependence of the e lectr ical  conductivity on the 
physical propert ies  of the medium (the density p and the specific thermal  energy q) significantly affects the 
results  of theoret ical  calculations [1-3]. The dependence of the electr ical  conductivity of metals on q and p 
has not been adequately studied for high tempera tures  and high and low densities.  Therefore  such semiempi r i -  

cal relations as [3, 4] 

= 6o(i q- ,gq)-1 [2], ~ = %(i q- [3q)-~(p/po)n 

are  generally extrapolated into the range of densities and temperatures  which are  developed in a medium when 
high magnetic fields are  produced. Numerical  calculations in [2] made under the assumption that the e lectr ical  
conductivity of copper depends only on Joule heating are  in good agreement  with experiment  for fields H - 3 
MOe. Numerical  calculations of theoret ical  upper bounds of magnetic fields presented in [3] agree with experi-  
ment for H > 10 MOe only when account is taken of the dependence of the e lectr ical  conductivity of the shell on 
both Joule heat and density in the region of compress ion.  A relat ively weak dependence of the maximum value 
of the field on Joule heat is noted. Thus, an a rb i t r a ry  change of the heat coefficient fl by a factor  of three did 
not lead to better agreement  of the calculated results  [3] with experiment.  Fields H > 10 MOe exert  p ressures  
p > 4-  1011 Pa on a conductor ,  which leads to an increase  in density, and consequently to an increase  of the 
e lect r ical  conductivity of cer ta in  metals [5, 6]. Est imates  show that the change of the e lect r ical  conductivity 
as a resul t  of heating is more  than an order  of magnitude la rger  than the change due to pressure .  Therefore ,  
taMng account of the above, it is of in teres t  to find out in which eases a cor rec t ion  to the change of the elec-  
t r ica l  conductivity as a resul t  of p re s su re  may turn out to be substantial.  The investigation of the penetration 
of high magnetic fields into a conductor is complicated by nonlinear effects related to the decrease  of its elec-  
t r ica l  conductivity during heating and vaporizat ion and the increase  in density under increased p ressu re ,  and 
is possible in general  only by numerical  methods. We note that numerical  calculations do not permit  an est i -  
mate of qualitative regular i t ies .  An analytic solution which takes account of the fundamental physical  pro-  
cess  es, even if it is obtained by greatly simplifying the problem, gives a deeper  understanding of the phenomena, 
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and fac i l i ta tes  subsequen t  m o r e  a c c u r a t e  c o m p u t e r  ca lcu la t ions .  In view of th is ,  we leave as ide  the ques t ion  
of the dynamica l  l imi ta t ions ,  and a s s u m i n g  that  c e r t a i n  p a r a m e t e r s  of  the she l l  (e lec t r ica l  conduct iv i ty ,  equa-  
tion of state) a r e  known, we c o n s i d e r  the p r o b l e m  of the effect  of  p r e s s u r e  on the magni tude  of the magne t ic  
field dur ing  its c o m p r e s s i o n  by the meta l  wal ls  of a l ine r ,  and p re sen t  qual i ta t ive  ana ly t ica l  r e l a t ions  which 
p e r m i t  an e s t ima te  of its effect .  

1. We c o n s i d e r  the o n e - d i m e n s i o n a l  c a s e  of the c o m p r e s s i o n  of magne t ic  flux by two plane meta l  walls  
(Fig. 1, w h e r e  1 is a meta l  shel l  moving with ve loc i ty  V, 2 is the s u r f a c e  of the she l l ,  and H is the magnet ic  
field in the gap, d i r ec t ed  along the y axis).  The flux ba lance  equation has the f o r m  

(I)0/2 = (I)l(t) + q)2(t), 

c~ 

w h e r e  r is the init ial  flux; r (t) = H0(t)x(t) is ha l f  the flux between the wai ls ;  (I) 2 (t) = I H d x  = H  0 (t) s (t) is the 
0 

flux in the wall .  Hence,  fo r  the magnet ic  field between the wai ls  we have 

~~ (1.1) H 0 ( t ) =  ~ ( t ; + s ( t ) .  

We c o n s i d e r  this e x p r e s s i o n  at the ins tan t  the l iner  s tops .  We denote  by x ,  the d i s t ance  f r o m  the y axis to the 
r e v e r s a l  point. It follows f r o m  Eq. (1.1) that  fo r  x ,  <~ s the c o r r e c t i o n  to the depth of the skin l a y e r  s b e c a u s e  
of p r e s s u r e  can be subs tan t ia l .  Let  H~ be the magnet ic  field ca lcu la ted  f r o m  (1.1) under  the a s sumpt ion  that  
the e l ec t r i c a l  conduct iv i ty  of  the l iner  depends only on Joule  heat  [s(t) is the depth of the t h e r m a l  skin l aye r ] ,  
H 2 is the analogous quant i ty  fo r  a med ium whose  e l ec t r i c a l  conduct iv i ty  depends on both Joule  heat  and p r e s -  
s u r e  [s @2) is the depth of the skin l aye r  in this case ] .  The ra t io  of these  fields at the s a m e  d i s t ance  f r o m  the 
r e v e r s a l  point is 

I[2 t -b z , / s  (t) 
1/---~ = s ( ' ~ ) / s  ( t )  + x . / s  ( t )  " (1.2) 

It follows f r o m  (1.2) that  to e s t ima te  the dffect~o~-~p-i~'~fi~'e on the magni tude  of the magne t i c  field it is suff i -  
c ien t  to d e t e r m i n e  the ra t io  of the c o r r e s p o n d i n g  s k i n - l a y e r  th i cknesses .  

In the o n e - d i m e n s i o n a l  c a s e  under  cons ide ra t ion  of the pene t ra t ion  of a plane magne t ic  field into the hal f -  
space  x > 0, the diffusion and hea t -conduc t ion  equations have the f o r m  

OlI 0 c ~ OH . (1.3) 
8 l  i~x 4y.C; i ) x  ' 

oq _ c__L_( oH ? 
a--'7-- t6~2a \ 8x ]"  (1.4) 

We a s s u m e  that  the m a t e r i a l  of the conduc to r  exis ts  in only two s ta tes :  

1) a comple t e ly  conduct ing  meta l  whose  e l ec t r i ca l  conduc t iv i ty  is [3, 4] 

= 90(1 + ~q)-I(,o,',o0),~ (1.5)  

w h e r e  a0 and P0 a re ,  r e s p e c t i v e l y ,  the e l ec t r i c a l  conduct iv i ty  and densi ty  of the med ium at 20~ fl is the heat  
coeff ic ient ;  q is the t h e r m a l  ene rgy  dens i ty ;  n is a f a c t o r  depending on the med ium,  which  is equal to 2.7 fo r  
Cu and 6 fo r  Pb [5]; 

2) an expanded nonconduct ing  vapo r  (or = 0). 

This a s sumpt ion  is based  on the r e su l t s  of [3] w h e r e  it was  shown that  the e l ec t r i ca l  conduct iv i ty  of a 
p l a s m a  can be neglec ted .  
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We use  the fo l lowing  equat ion  of s t a t e  [7]: 

p := A [(9,!90) . . . .  1 ], (1.6) 

w h i c h  is  va l id  in the r e g i o n  of cold  c o m p r e s s i o n  fo r  p r e s s u r e s  p s 101~ P a ,  w h e r e  m and A a r e  c o n s t a n t p a r a m -  
e t e r s  equa l  to 4.8,  5.3 and 3.05 �9 10 ~~ P a ,  0.87 �9 101~ P a  fo r  Cu and Pb ,  r e s p e c t i v e l y .  

The p r e s s u r e  of the  m a g n e t i c  f ie ld  fo r  an i n c o m p r e s s i b l e  c o n d u c t o r  is  [4]: 

p(x,  t) = [It2(0, t) - -  H~(x, t)]/8n. (1.7) 

Tak ing  account  of Eqs .  (1 .5)- (1 .7) ,  we  w r i t e  the  e l e c t r i c a l  conduc t iv i t y  in the  f o r m  

H2(0, t) H2(x, t)] 6 
( ~ = % [ i A - ~ q ( X ,  t)] - I  t - ~  8aA 8aA j , (1 .8 )  

w h e r e  5 = n / r e .  

2. The s y s t e m  of p a r t i a l  d i f f e r e n t i a l  equa t ions  (1.3), (1.4) wi th  condi t ion  (1.8) in g e n e r a l  can  only be 
s o l v e d  n u m e r i c a l l y .  T h e r e f o r e ,  in o r d e r  to make  the n e c e s s a r y  q u a l i t a t i v e  e s t i m a t e s ,  we e m p l o y  the c o n d i -  
t ion that  the  v a r i a t i o n  of the e l e c t r i c a l  conduc t iv i t y  of the  m e d i u m  wi th  m a g n e t i c  p r e s s u r e  is  i ndependen t  of 
the  v a r i a t i o n  wi th  J o u l e  hea t  {1.8), and a l so  the  fac t  that  the  v e l o c i t y  of  the  p r e s s u r e  pu l se  is  m o r e  than an 
o r d e r  of magn i tude  h i g h e r  than the r a t e  of d i f fus ion  of the  m a g n e t i c  f i e ld  [4]; i . e . ,  d i f fus ion  o c c u r s  in c o m -  
p r e s s e d  cold  me ta l .  Thus ,  to s t a r t  wi th ,  we c o n s i d e r  the  p e n e t r a t i o n  of the f i e ld  into a m e d i u m  w h o s e  e l e c -  
t r i c a l  conduc t iv i t y  depends  only on p r e s s u r e ,  n e g l e c t i n g  Jou le  hea t .  This  enab le s  us to show that  the  ef fec t  of 
p r e s s u r e  on the e l e c t r i c a l  conduc t i v i t y  is  r e d u c e d  to i ts  i n c r e a s e  o v e r  the who le  sk in  l a y e r  by a c e r t a i n  num-  
b e r  of t i m e s .  

Under  t h e s e  a s s u m p t i o n s  the  i n i t i a l  equa t ion  has  the f o r m  

o l I _  a c z o f I .  (2.1) 
Ot Ox 4ha Ox ' 

H(O, t) = Ho(t), H(x ,  0) = 0, (2.2) 

w h e r e  

s](t) H](x,~)]6. 
Cr=(Y 0 I ~ 8aA 8aA (2.3) 

The equat ion  ob ta ined  can  be s i m p l i f i e d  by expand ing  Eq. (2.3) fo r  the  e l e c t r i c a l  c onduc t i v i t y  in t e r m s  of 
the  s m a l l  p a r a m e t e r  e = (H2/8zA) / (1  + H287rA): 

= ~0 (I  -k H~o/8z~A)6(l - -  5e). (2.4) 

In view of the q u a d r a t i c  d e p e n d e n c e  of e on H, for  x > 0, a w i l l  d e c r e a s e  r a p i d l y  and a p p r o a c h  z e r o  at  a 
dep th  of the  o r d e r  of the  sk in  l a y e r .  T h e r e f o r e ,  e << 1 o v e r  the whole  r a n g e  of i n t e g r a t i o n  0 < x < ~o 0 < t < t o 
excep t  fo r  a s m a l l  ne ighborhood  n e a r  x = 0, t = to, w h e r e  e may  be of the o r d e r  of uni ty .  C o n s e q u e n t l y ,  the 
so lu t ion  of (2.1), (2.2), and (2.4) fo r  e = 0 can  be used  as  a f i r s t  a p p r o x i m a t i o n  to the so lu t ion  of the n o n l i n e a r  
equat ion  (2.1)-(2.3) .  Thus ,  we ob ta in  

~H c 2 
at - -  ~ (l 4- Ho/8gA)  -~ ~ 2 . (2.5) 

Introducing the new v a r i a b l e  

t 

0 

we have from (2.5) and (2.2) a linear differential equation whose solution has the form 

(2.6) 

oo 
~UO x2 ~2 

H ( x , T ) = ~  H 0IT ~ e-  all., (2.7) 

w h e r e  ~1 = (Tra~x2/c2r) 1/2. A s e c o n d  a p p r o x i m a t i o n  to the n o n l i n e a r  equat ion  (2.1)-{2.3) can  be c o n s t r u c t e d  by 
us ing  l i n e a r  so lu t i ons  of the  type  (2.7). I n t e g r a t i n g  Eq. (2.1) wi th  r e s p e c t  to x f r o m  0 to x: 

x 
(' OH , c 2 OH c '~ OH I 
j ~ a x  4nc~ Ox 4an o Ox x=o" 
o 
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Taking  account  of the fact  that  as x ~ ~ 0 H / 0 x  ~ 0, we obta in  

oo 

o.  I dx 
4ag o Ox x=0 ~ J  Ot " 

0 

Hence for  the n o n l i n e a r  so lu t ion  (denoted by H+) we have 

oo 
i [_  (2.8) 

4ac, I ox ~ - -  3 ~ d x t  
x 

w h e r e  a is g iven by Eq. (2.3). F o r  the l i n e a r  so lu t ion  (denoted by H_) of the d i f fus ion equa t ions  (2.1), (2.2) with 
cons t an t  e l e c t r i c a l  conduc t iv i ty  % in the r ange  % -< % <- a ,  = or0(1 + H2/8~A) 5 we obta in  the analogous  e x p r e s -  

s ion  

4r~% T -= 3 ot d x .  (2.9) 

We a s s u m e  that  the l i n e a r  (H_) and n o n l i n e a r  (H+) so lu t ions  i n t e r s e c t  at the point x 1. This is shown qua l i t a t i ve ly  
in Fig.  2 ,  where  cu rve  1 is for  H+ and cu rve  2 for  H_. Then,  s u b t r a c t i n g  (2.8) f r o m  (2.9), we obta in  

(2.10) 

F i g u r e  2 shows that the condi t ion  [OH_/Oxl < I DH+/~x] is a lways sa t i s f i ed  at a g iven i n s t a n t  at  point  xl .  Taking  
account  of the fact  that  in the i n t e r v a l  [xl, ~][ 0H_/Otl  > I 3 H + / 0 t l ,  we have f r o m  {2.10) 

I OH G1 OH+ 
> - 5 -  T l "  

This is  poss ib le  only when e > (r l at point  x~, except  for  the two points x 1 = 0, w h e r e  ~ = % = or0, and x 1 = ~,  
w h e r e  ~ = ~l = or.. This  follows f r o m  (2.9) by s u b s t i t u t i n g  xl  = 0 and Xl = ~. Thus ,  t ak ing  account  of (2.3),we 
find that  on the g raph  of the field d i s t r i b u t i o n  in  the m e d i u m  as a funct ion  of depth the n o n l i n e a r  so lu t ion  wi l l  
l ie  above the t r a n s c e n d e n t a l ,  each point  of which  is d e t e r m i n e d  by the i n t e r s e c t i o n  of the s t r a i g h t  l ine  77 = cons t  
(0 -< ~ -< 1) with the l i n e a r  so lu t ion  (2.7), fo r  which  T = %, w he r e  

t - 6  

%=![I-p-~-(IH~(M"--!I~)]  ds (2.11) 

2 t H o % c~X~ e - ~  d~, (2.12) 

w h e r e  ~2 = (Trcr0x2//C2T1) I//2- S ince  the t r a n s c e n d e n t a l  so lu t ion  (2.12) is c o n s t r u c t e d  f r o m  l i n e a r  so lu t ions  for  
which  ~ -< ~ . ,  i t  wi l l  l ie  above the l i n e a r  so lu t ion  (2.7) for  which  ~ = ~ . .  Thus ,  we have obta ined  the second  
app rox ima t ion  of the n o n l i n e a r  equat ion (2.1)-(2.3).  

3. F o r  the cons t an t  boundary  condi t ion  H0(t) = H 0 = cons t ,  so lu t ions  (2.7) and (2.12), r e s p e c t i v e l y ,  have 
the f o r m  

709 



I t /H o = i  - -  err [~(1 + I]~/83A)~,21; (3.1) 

t+ (t ], (3.2) 

w h e r e  ~ = (~0x2/c2t)  l/2. 

The flux sMn l a y e r  for  the l i n e a r  s o l u t i o n  (3.1), the  t r a n s c e n d e n t a l  (3.2), and the n u m e r i c a l  s o l u t i o n  of 

(2.1)-(2.3) fo r  H 0 - c o n s t  has the  f o r m  

- 1/ c2t (iT H~ ~--5/2 si - a ~  1 | /  ~% s--A~] (~ = 0 ,  1 ,  2 ) ,  

w h e r e  i = 0 c o r r e s p o n d s  to the  l i n e a r  so lu t i on ,  i = 1 to the  t r a n s c e n d e n t a l ,  and i = 2 to the  n u m e r i c a l  so lu t ion ;  
~0 = 1, a ,  = s0 / s~ ,  c~ 2 = s 0 / s 2 ,  w h e r e  s o , s 1, and s 2 a r e  d e t e r m i n e d ,  r e s p e c t i v e l y ,  by the  l i n e a r  (3.1), the 
t r a n s c e n d e n t a l  (3.2), and the n u m e r i c a l  s o l u t i o n s .  Thus ,  fo r  t h e s e  so lu t i ons  i t  can be s a id  tha t  the  ef fec t  of 
the  m a g n e t i c  f i e ld  p r e s s u r e  on the e l e c t r i c a l  c o n d u c t i v i t y  is  r e d u c e d  to i ts  i n e r e a s e  to the  va lue  

o = ao~ (1 + a ~ / 8 ~ a )  ~ 

R e t u r n i n g  to the o r i g i n a l  p r o b l e m ,  Eq. (1.8) can  be w r i t t e n  in the  f o r m  

o = o o (i .-}- l~q)-* a~ ( l  + Hg/SaA) 8. (3.3) 

By i n t r o d u c i n g  the v a r i a b l e  r 2 = "r/a~, w h e r e  r is  g iven  by (2.6), Eqs .  (1.3) and (1.4) wi th  the  e l e c t r i c a l  c o n -  
duc t i v i t y  (3.3) a r e  r e d u c e d  to a s y s t e m  of equa t ions  fo r  the v a r i a b l e s  x and r 2 wi th  the  e l e c t r i c a l  c ond uc t i v i t y  

depend ing  only on J o u l e  hea t  

e = 00(1 + ~q)-*. (3.4) 

Thus ,  w h i l e  the  dep th  of the  sMn l a y e r  fo r  s y s t e m  (1.3), (1.4), and (3.4) is  d e t e r m i n e d  by the funct ion s = s ( t ) ,  
f o r  s y s t e m  (1.3), (1.4), and (3.3) we  have  s = s(z2). Ig is  known tha t  fo r  a f i e ld  which  is  c o n s t a n t  on the  b o u n d a r y  
the  sMn l a y e r  has a dep th  s ~ ( t /~)  1/2; then the  r a t i o  of the  c o r r e s p o n d i n g  t h i c k n e s s e s  o i  the sk in  l a y e r  wi l l  be 

s (T~) = (%/t)*/' = 37* (1 + H~/SnA) -~'2. (3.5) s ( t )  

Subs t i t u t i ng  Eq. (3.5) into (1.2), we ob t a in  

H~ _ 1 + z ,  ls (t) 

- ~  -- aT' 0 + Bo~/S~A) -~'~ + ~*/~ (*)" {3.6) 

F i g u r e s  3 and 4 show plots  of Eq. (3.6) fo r  c o p p e r  and lead  s h e l l s ,  r e s p e c t i v e l y ,  fo r  the fo l lowing  c a s e s :  
1) x .  = 0; 2) x ,  = s( t ) ;  3) x ,  = 5s (t); 4) x .  >> s ( b ;  5) d a t a  f r o m  [2]; 6) d a t a  f r o m  [3]; the  d a s h - d o t  c u r v e s  c o r r e -  
spond  to the  l i n e a r  s o l u t i o n s ,  the  d a s h e d  c u r v e s  to the t r a n s c e n d e n t a l ,  and the so l id  c u r v e s  to the  n u m e r i c a l  
s o l u t i o n s .  The g r a p h s  show tha t  fo r  a f i e ld  H =-,;~5 M O e  the m a x i m u m  d i f f e r e n c e s  be tween  the l i n e a r  and t r a n s -  
c e n d e n t a l  so lu t i ons  and the n u m e r i c a l  so lu t i on  o c c u r  at  x ,  = 0, and a r e  80 and 40%, r e s p e c t i v e l y ,  f o r  a c o p p e r  
s h e l l ,  and 133 and 65% for  a l ead  she l l .  T h e s e  d i f f e r e n c e s  d e c r e a s e  wi th  i n c r e a s i n g  x , ,  and fo r  x ,  ~ s (t) a r e ,  
r e s p e c t i v e l y ,  25 and 13% fo r  c o p p e r ,  and 9 and 6% fo r  l ead .  Thus ,  Eq. (3.6) fo r  the  l i n e a r  and t r a n s c e n d e n t a l  
s o l u t i o n s  can  be u sed  to e s t i m a t e  the  e f fec t  of p r e s s u r e  on the  magn i tude  of the  m a g n e t i c  f i e ld  in the l i n e r .  

F i g u r e s  3 and 4 show that  fo r  x .  >> s(t)  H~ = H2, and in c a l c u l a t i n g  the m a x i m u m  a t t a i n a b l e  m a g n e t i c  f ie ld  
the  e f fec t  of p r e s s u r e  on the  e l e c t r i c a l  condu c t i v i t y  of the m e d i u m  can be n e g l e c t e d ,  i nde pe nde n t l y  of the  m a g -  
n i tude  of the  f i e ld  i n t e n s i t y .  F o r  d i s t a n c e s  to the  r e v e r s a l  point  wh ich  a r e  s m a l l e r  than o r  c o m p a r a b l e  wi th  the  
dep th  of the  t h e r m a l  sk in  l a y e r  ix .  < s (t)], the  p r e s s u r e  d e p e n d e n c e  of the  e l e c t r i c a l  c o n d u c t i v i t y  of the  s h e l l  
s i g n i f i c a n t l y  a f fec t s  the  magn i tude  of the m a g n e t i c  f i e ld  fo r  a c o p p e r  l i n e r  in the  r a n g e  H > 3 -5  MOe,  and fo r  
a l ead  l i n e r  in the  r a n g e  H > 1-2 MOe. T h e r e f o r e ,  c a l c u l a t i o n s  for  s h e l l s  of t h e s e  m e t a l s  in the  i n d i c a t e d  
r a n g e s  of f i e ld  i n t e n s i t i e s  which  t ake  accoun t  of  the  d e p e n d e n c e  of  the  e l e c t r i c a l  c o n d u c t i v i t y  only on J o u l e  
hea t  w i l l  u n d e r e s t i m a t e  the  m a g n i t u d e  of the  m a x i m u m  a t t a i n a b l e  f i e ld ,  and the m o r e  so  the  s h o r t e r  the  d i s -  
t a n c e  to the  r e v e r s a l  point  in c o m p a r i s o n  wi th  the dep th  of the  t h e r m a l  sk in  l a y e r .  Po in t s  5 and 6 of F ig .  3 
show tha t  the r e l a t i o n s  ob ta ined  a r e  in good a g r e e m e n t  wi th  e x p e r i m e n t .  The e x p e r i m e n t a l  va lue s  of the f i e ld  
a r e  p lo t ted  a long the  axis  of o r d i n a t e s ,  and t h e  c o r r e s p o n d i n g  c a l c u l a t e d  va lue s  of H~ along the axis  of a b s c i s -  

s a s .  
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PHENOMENOLOGICAL MODEL OF PUNCH-THROUGH 

S. T. Mileiko and O. A. Sarkisyan UDC 539.3.534ol 

At this time the most widespread method for analyzing the punch-through process, based on a numerical 
procedure for solving the problem posed under any assumptions about the constitutive equations of the medium 
and, as a rule, without considering fracture processes (e.g., [I]), yields results that are not always convenient 

from the practical viewpoint. In particular, these results are difficult to compare with experimental data in 
which the critical punch-through velocities are most often recorded (e.g., [2, 3]). In the probable future, when 
crack generation and development criteria and the constitutive equations of a medium become sufficiently reli- 
able under high-speed loading conditions, numerical methods will permit the efficient solution of practical 
problems. However, at this time there is a need for simple models to describe the punch-through process. 
The model proposed is an example of this kind of phenomenology. 

It is shown in [2] that in those cases when punch-through is accompanied by the recovery of a "plug," the 
main contribution to the resistance against inserting the impactor is from plastic deformation or brittle frag- 
mentation of a comparatively thin cylindrical layer. In this case, at least if plastic deformation occurs, it is 
evident that the resistance to the impactor motion should depend on the velocity v of the impactor. 

Let us assume that the quantity F for a given impactor-obstacle pair depends only on v. (It is clear that 
this assumption is invalid when the impactor is near the obstacle surface, hence, we consider only obstacles 
of sufficiently great thickness.) Let us approximate this dependence by a power-law function 

f (v)  = --Kv~, 

w h e r e  K and n a r e  cons t an t s ,  

If v - v 0 for  x = 0 (x is the coo rd ina t e  in the d i r e c t i o n  of i m p a c t o r  mot ion  and the o r i g i n  is on the f ron ta l  
s u r f a c e  of the obs tac le ) ,  then 

v~ - ~  - -  v 2 - ~  = k (2  - n )  x ,  

where  k = K / m  and m is the i m p a c t o r  m a s s .  

F o r  an obs tac le  t h i cknes s  h we have the c r i t i c a l  ve loc i ty  v 0 = v .  of the i m p a c t o r  so that  v = 0 for  x = h: 

v, == k(2 - -  n)h. 

F o r  v 0 > v ,  we have the ve loc i ty  v1 of i m p a c t o r  tak ing  off f r o m  the obs tac le  so that  

w h e r e  v = v / v . .  

The r e s u l t  obta ined  (which c o r r e s p o n d s ,  for  n = 0, to the condi t ion  of cons tancy  of the ene rgy  abso rbed  
by the obs tac l e ,  and is s o m e t i m e s  [4] t aken  as be ing su f f i c ien t ly  evident) t u r n s  out to be wonder fu l ly  s imp le :  
the cu rve  v~(v 0) is independen t  of the obs t ac l e  t h i ckness .  This s i m p l i c i t y  r e q u i r e s  conv inc ing  e x p e r i m e n t a l  con -  
firmation. 
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