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In r e c e n t  y e a r s ,  a cons iderable  number  of p ieces  of  work on the study of the p r o p e r t i e s  of a ma te r i a l  a s  
a function of the deformat ion  r a t e  have been devote d to  t h e  development  of  the m i c r o s c o p i c  approach  to the 
desc r ip t ion  of the shock behav ior  of m a t e r i a l s  (see,  for  example ,  the r ev iew [1]). Th is  approach  i s  based on 
the use  of  the dynamic  p r o p e r t i e s  of  the d is loca t ions  in wri t ing the de te rmin ing  equations.  The closed s y s t e m  
of equat ions used  for  the desc r ip t ion  of e l a s top las t i c  waves  in the case  of  monaxia l  loading has  the fo rm 

put _ ~= = 0; (1) 

u=-~ a t = 0 ;  (2) 

{Yt - -  PCZet = - - F ,  (3) 

where  u is  the r a t e  of d i sp l acemen t  of  the p a r t i c l e s  of the ma te r i a l ;  8 is  the total  de format ion  in the d i rec t ion 
of the propagat ion  of the wave;  e i s  the s t r e s s ;  p is  the densi ty  of  the m a t e r i a l ;  c i s  the speed of sound (adia-  
batic);  and F i s  the re laxa t ion  function, ~hose  f o r m  d e t e r m i n e s  the dependence of the r a t e  of  p l a s t i c  d e f o r m a -  
t ion of the m a t e r i a l  on the density of the mobi le  d is locat ions  and the i r  veloci ty .  The subsc r ip t s  t and x denote 
different ia t ion with r e s p e c t  to the t ime  and the longitudinal coordinate ,  r e spec t ive ly .  In the case  of a po ly -  
c rys ta l l ine  m a t e r i a l  the re laxa t ion  function has  the f o r m  [2] �9 { 3 H  

F = y ~lbv,  3 a t0-- y ~-[(~ + 2~t) e--~] '  (4) 

where  N O i s  the ini t ial  densi ty  of  the d is locat ions;  H is  the hardening constant;  v ,  i s  the ve loc i ty  of the t r a n s -  
v e r s e  sound waves ;  a i s  the mult ipl icat ion fac tor  of the dis locat ions;  b i s  the B u r g e r s  vec to r ;  r 0 is  the cha r -  
a c t e r i s t i c  stagnation s t r e s s ;  and t and#  a r e  Lam6 coeff icients .  

Solution of the s y s t e m  (1)-(4) by the method of c h a r a c t e r i s t i c s  a l lows of aquant i t a t ive  ana lys i s  of the 
effect  of  the p a r a m e t e r s  of the dis locat ion s t ruc tu re  on the decay of the e las t i c  p r e c u r s o r  of  the wave [2]. A 
number  of communica t ions  [3-6] r epo r t  a numer i ca l  solution of the sy s t em (1)-(4) by the method of finite 
d i f fe rences  us ing the N e u m a n n - R i c h t m a y e r  a r t i f i c ia l  v i scos i ty .  Under these c i r cums t ances ,  the quali tat ive 
and quanti tat ive ef fec t  of  the p a r a m e t e r s  of  the dis locat ion s t ruc tu re  on the whole p rof i l e  of an e l a s top las t i c  
wave was brought  out. 

A cons t ruc t ive  method,  making poss ib le  an unambiguous de terminat ion  of the kinetic p a r a m e t e r s  of  the 
dislocat ion s t ruc tu re  - No, H, ~ ,  and T 0 - on the bas i s  of  a q u a s i - s t e a d y - s t a t e  dependence ~ (e) ,  i s  developed 
in [6]. Values  of the p a r a m e t e r s  obtained by succes s ive  approx imat ions ,  by substi tution into Eq. (1)-(3), gave 
r a the r  close a g r e e m e n t  between theore t i ca l  cu rves  of the decay of an e l a s t i c  p r e c u r s o r  and the expe r imen ta l  
r e su l t s  of [7], while the monotonic c h a r a c t e r  of the dependence of the va lues  of  these  p a r a m e t e r s  on the g ra in  
s ize  i s  evidence of the c o r r e c t n e s s  of the model .  

In the p r e s e n t  a r t i c l e ,  a somewhat  different  method i s  p roposed  for  de te rmin ing  the kinet ic  p a r a m e t e r s  
of  the dis locat ion s t ruc tu re ;  i t  i s  based on an analyt ical  solution of the s y s t e m  (1)-(3). As will be shown below, 
this  solution y ie lds  an analy t ica l  connection between the s t eady - s t a t e  front  of  an e l a s top las t i c  wave and the 
kinet ic  p a r a m e t e r s  for  s e v e r a l  types  of re laxa t ion  functions F. 

We f i r s t  c a r ry  out the solution for  the case  of a po lycrys ta l l ine  m a t e r i a l ,  taking the function of the 
re laxa t ion  in the f o r m  (4). As a new va r i ab le ,  we take the p las t i c  shear  deformat ion ,  which is  connected with 
the normal  s t r e s s  and de fo rmat ions  by the re la t ionsh ip  
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3 t {o - -  ()~ ~- 2V) el. (5) 

H e r e  the  d e t e r m i n i n g  equa t ion  (3) can  be c o n v e r t e d  to the f o r m  
/ 

"7t = A(M'7 -7- i )  exp [ - -  ~8 ---V 27"v'~]' (6) 

w h e r e  A = b v ,  No; B = H / ~ ;  M = ~ / N 0 ;  and ~ '= ' ro /# .  

F r o m  e x p r e s s i o n  (6), the  to ta l  ( e l a s t i c  p lu s  p las t ic )  d e f o r m a t i o n  in the  d i r ec t ion  of p r o p a g a t i o n  of  the 
wave  i s  equal  to  

x+B? 
e = - -  In [u (My + t)] + 2?. (7) 

Equa t ions  (1)-(2) can  be r e d u c e d  to  one equa t ion  of  the second o r d e r  in a and e: 

~xx - -  pert = 0, (8) 

which,  t ak ing  accoun t  of  (5), a s s u m e s  the  f o r m  

~(813)~?xx  + pC~exx - -  Pelt  = 0. 

Subst i tu t ing  the d e f o r m a t i o n  e f r o m  e x p r e s s i o n  (7) into th is  equat ion,  we obta in  an equa t ion  of the th i rd  o r d e r  
in p a r t i a l  d e r i v a t i v e s  with r e s p e c t  to the p l a s t i c  s h e a r  d e f o r m a t i o n :  

S pc ~ (T + B~,') I [ 2B?xvt 2BM@ ?t xx 

, [ i ( l ( ~  , (,,~s:,~)(~+~;,)+ ,,~ 
3 ~ Y x x - b  ?t a 

In A (My -~- t) - 

";t~ MVxx M~7: I ,'t BV=x [In ' : ~ ] ~  
Vt z M y +  i ' (My +~)~ in A(Mv+i)  (~--:,-B9 A(Ys:,+i) 

2?2tx MYix? x 
v~ + 4 Vt(M ~ -,- ~) 

. . . . .  p('~ -i- By) 
?t  3 I_~+BV 

M'~tt 1 ?t 
(37~ ~- lT]  InA (MY -t- l )  

- - 2  

MV~ + ~ t l n  A V t ]3, 2(My + t) ~ , (My + l ) j  } - -  

2BM?2 7ttt ~,'~t M2"i '2 
(M-~ --l- i )  ( r  -s  B~,) ' " 7t ,,2 ' ( M ?  -i- I )  ~ i t  

l ~ ?~t 4 MYtt Bv~ in ?t ---  2 ~,2t - My -[- t T "i- B7 _ A(M'~-7- 4) - -  @ 

(My + i)~. - -  �9 § By L A (My -~- t) = O, 

w h e r e  ?e = Ov/3t; y~ = 67/c9x; yt= = O~y/OtOx; 

fol lowing nota t ion  is  i n t roduced :  

6 = In [ ? t / A ( M ?  - -  i)], 6 t = Ytt /?t  - -  M ? t / ( M Y  + t) ,  8~ = ?~z/'h ~ M ? x / ( M ?  + i), 

6it = "7ml?t --  "7~tl?2t -- M?ttl(s'i/I? -i- t )  --I- M'y~ I  (MY 4,. l)  2. 

Using e x p r e s s i o n s  (10), Eq. (9) i s  t r a n s f o r m e d  in the  fol lowing m a n n e r :  

8 8' l 6'~ ( 6 x x - - i S t t  ) -  3 ~t ~ ?xx + 2B6 ( YxSx --  ~ ?t t) -~- 8(~ + By) 

t 

We shall seek the solution of this equation in the form y=f(x - a t ) ,  that is 

My + I = Mo exp ( - - k x  - -  o)t). 

Then,  a s  fo l lows  f r o m  e x p r e s s i o n s  (10), 

6t = 6x = 6it ~- 6xx = 0 

and substitution of (12) into Eq. (11), taking account of (10), leads to the equation 

6 = l n ~  3 0 c ~ _ _ ~  ~ ' 

(9) 

. �9 �9 T h i s  equat ion can  be w r i t t e n  in a m o r e  g r a p h i c  f o r m  i f  the 

(lO) 

(11)  

(12) 

(x3) 
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TABLE 1 

I \ I  ~\ 
' l t ~  , , / r  
. , ' l ~  

% I I - _ _~__" ~ 

o ~_I_ s 

,< r 
Fig.  1 

\ 

Material 

Armco iron: 
Impact No. 5694 
Impact No. 5650 
NaC1 
LiF 

ElastoplasL wave param. 

Cp, C, O0 ' 
mm/ mm / kbar 
~sec psec 

4,65 6,0 37,4 
5,05 6,0 87,5 
3,36 4,78 2,5 
4,95 6,63 29,3 

Omp 
kbar 

6,8 
6,8 

3,6 

Param. ofstruet, from plast, front 

NO, ~. H, 
cm "2 cm "~ kbar 

1'02"10s I t'l'tOX~ 
0,7.10 s 0,42.t0 lo 
1,9.109 1,t3.10 lo 
t,t2:t09 1,28.t0 lo 

90 
4t0 
t9,7 

t00 

Param. ofstruct, from 
elast, precur. 

N0' 2 TO' 
era" kbar 

2.10 s t9,8 
2:108 t9,8 �9 
t,5-t0 ~ 0,422 
t,5.t09 10 " 

O 

O 

[21 

[9] 
[10l 

when ce 

(14) 

H e r e  the s h e a r  d e f o r m a t i o n  can  be w r i t t e n  in  the f o r m  

? == ~ { M  0 exp [(AMe ~ t) - -  kx]  - -  i}, (15)  

where  ~ and k a r e  d e t e r m i n e d  by e x p r e s s i o n s  (13) and (14), r e s p e c t i v e l y .  The p r e e x p o n e n t i a l  f ac to r  ~ can be 
d e t e r m i n e d  f r o m  the  i n i t i a l  condi t ions  T = 0 for  x = 0 and t = 0, whence  M 0 = 1. 

The  to ta l  d e f o r m a t i o n  in  the d i r e c t i o n  of p r opa ga t i on  of the wave and the n o r m a l  s h e a r  can  be w r i t t e n  in  
the f o r m  

T , 2 - -  B /6  [exp (cot - -  k x )  - -  t]; (16) e - -  5 ' ~ i / - -  

o = - -  y pc- + ~ pc 2 2 - -  - -  -~ ~ [exp (cot - -  k x )  - -  t1. (17) 

The  s e n s e  of the  e x p r e s s i o n s  ob ta ined  can be b rought  out  f r o m  F ig .  1, which shows the p ro f i l e  of an  e l a s t o -  
p l a s t i c  wave as  a func t ion  of the long i tud ina l  coord ina te  x. The s t r e s s  at  the p l a s t i c  f ron t  of the wave s t a r t i n g  
f r o m  the c o o r d i n a t e  x = Cpt fa l l s  exponen t i a l l y  f r o m  a va lue  of a 0, equal  to the i n i t i a l  s t r e s s  appl ied  at the 
boundary  x = 0 a t  the m o m e n t  t = 0, to s o m e  cons t an t  va l ue  (T m,  d e t e r m i n e d  by the p a r a m e t e r s  of the m a t e r i a l .  
The coord ina te  of the s t a r t  of the fal l  of the  p l a s t i c  f ron t  i s  d i sp l aced  in  the pos i t i ve  d i r e c t i o n  of the x ax i s  
a t  the r a t e  Cp. Thus ,  the va lue  of Cp d e t e r m i n e s  the  ve loc i ty  of the p l a s t i c  f ront .  The  s t r e s s  a t  the p l a s t i c  
f ron t  i s  equal  to 

a ---- ~0 +(no - -  %~){ exp [ - - k ( x  - -  % t ) ]  - -  t} for x ~ cp t ,  (18) 

(Y -- (Jo for x <  Opt. 

Condi t ions  (18) d e t e r m i n e  the r a t e  of fa l l  of the s t r e s s  a t  the p l a s t i c  f ron t :  

~. (19) ~o = - - ' ~  , 

o) = A M  e x p  ( - -  ~ p c ' ) .  (20) 
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Fig. 2 

For  a known velocity of the plast ic  front Cp, expression (16), taking account of (19), determines  the value of 
the coeffi cient of deformation hardening: 

2 / 8 ~ { ) (21) 

Final ly ,  a compar i son  of exp re s s ions  (18) and (19) y ie lds  a com~ection between the coefficient  of mult ipl icat ion 
of the d is locat ions  and the s t r e s s  ~ m  at  the min imum of the prof i le  of the e las top las t i c  wave: 

8 a/ (% -- %0 ( c~ - t )  (22) M==T,  

Thus, if  the velocity of the plast ic  front Cp, the initial s t ress  ~0, the s t ress  Zm,  the initial density of 
the dislocations No, and the stagnation constant T O are  known, then expressions (20)-(22) uniquely determine 
the remaining pa rame te r s  of the dislocation s tructure of the mater ia l :  the multiplication coefficient of the 
dislocations c~ = N0M , the coefficient of hardening of the material  H=gB, the increment  of the growth of the 
plastic front of the wave 

\ ~0 ] 

and the wave number 

k ~ (.O/Cp, 

The values of the characteristic stagnation stress T 0 and the initial density of the mobile dislocations can be, 
as is well known [2], determined from data on the decay of the elastic precursor, using the method of char- 
acteristics. The parameters (r0, ~m, and Cp can be determined from experiments on shock loading. Thus, 
using expressions (19)-(23), we can determine the averaged characteristics of the rate of multiplication of 
the dislocations and the hardening coefficient of the material. 

However, as is noted in a number of communications [8-10], the value of the initial density of the dis- 
locations No, flowing out of data on the decay of the elastic precursor, is found to be 2-3 orders of magnitude 
greater than that observed from etching pits. In view of this, it is reasonable to determine N o from an 
analytical solution of (18), selecting the parameters T0, NO, ~, and H in such a way that the calculated plastic 
front of the wave will coincide with the experimental. An analysis of the wave profiles in the experiments of 
[7] gives the values of the parameters shown in Table i. Here the value of the characteristic stagnation stress 
T o was taken equal to 19.8 kbar, and the dynamic equilibrium amplitude of the shock wave is determined from 
the asymptotic velocity of the free surface Ufs = 0.028 mm/tt sec, using the Hugoniot-RanMne relationship 
ffm = (1/2)pCUfs. As can be seen from the data given in the table, the initial density of the dislocations, deter- 
mined from the condition of the coincidence of the plastic fronts, corresponds to values obtained from analysis 
of the data of [2] on the decay of the elastic precursor. 

To clarify which dependence between ff and c corresponds to the analytical solution (17) obtained above, 
we return again to the determining equation (6). As has been noted above, a solution of the system (1)-(4) is 
possible only for 5 =const, where it becomes linear. A comparison of expressions (6) and (i0) gives 5 = 
-('r+ BT)/(c - 27). Substituting ff into this expression by the replacement of T in accordance with formula (5), 
we obtain the sought relationship in the form 

T 8 a.=pc2s-r~[-~,tt--2p (c2--c2) ]. (24) 
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Denoting the hydros t a t i c  ve loci ty  in the med ium by c h = [ ( c 2 - 4 ~ ( p / p  ))]1/2 
in the f o r m  

0 pc~ . 2~p r 2 _2~ = E - ~ - - - ~ C p - - C h } .  

express ion  (24) can be rewr i t t en  

(25) 

E x p r e s s i o n s  (24) and (25) give a l inear  connection between q and e. The slope of the p las t ic  pa r t  of  this 
dependence is  de te rmined  by the ra te  of  propagat ion  of the p las t ic  front  Cp, which is  p r e sen t  as  a p a r a m e t e r  
in e x p r e s s i o n s  (24) and (25). Since the veloci ty  of  the p las t ic  front  i s  l e s s  than the acous t ica l  veloci ty ,  the 
slope of the p las t i c  pa r t  of the dependence f f - ~  is  l ess  than the slope of i ts  e las t ic  pa r t ,  de termined,  as  is  
well  known, by the re la t ionship  (T=pc2e. The leas t  slope of the p las t ic  pa r t  of the dependence ( r - ~  occu r s  
with equality of the p la s t i c  f ront  and the hydros ta t i c  veloci ty  in the med ium under considerat ion.  Thus, the 
analyt ica l  solution of the s y s t e m  (1)-(4) obtained cor responds  to the well-known r igidly p las t i c  scheme,  
whose p a r a m e t e r s  a r e  de te rmined  by the p a r a m e t e r s  of the dislocat ion s t ruc tu re  of the ma te r i a l ,  in accordance  
with express ion  (24). 

By an app rop r i a t e  se lect ion of (12), out of the whole c l a s s  of solutions of the s y s t e m  (11), a solution is 
obtained sat isfying the l inear  dependence ~ - e  in the p las t i c  region of the dynamic s t r e s s  d iagram.  A r igidly 
p las t ic  scheme with hardening cannot take account  of the d i spers ion  of the wave p a r a m e t e r s  determining the 
prof i le  of the p las t i c  front.  Th is  means  that  the analyt ical  solution obtained d e s c r i b e s  only fully es tabl ished 
p las t ic  f ronts ,  the s t r e s s  a t  any given point of which r e m a i n s  unchanged during the p r o c e s s  of the i r  p ropaga -  
tion, while the f ronts  t hemse lves ,  as a whole, a r e  displaced with a ve loci ty  Cp, l e s s  than the veloci ty  of the 
e las t i c  p r e c u r s o r .  The poss ib i l i ty  of the exis tence of fully es tab l i shed  p las t ic  f ronts  has been repea ted ly  
pointed out in the l i t e ra tu re .  Specifically,  in [11], the conditions for the appearance  of such fronts  in a luminum 
a re  de te rmined  theore t ica l ly  and exper imenta l ly .  

The method for the analyt ical  descr ip t ion  of p las t i c  fronts ,  developed in the p re sen t  a r t i c l e ,  i s  essent ia l ly  
based on the r ep l acemen t  of a nonlinear dependence f f - e  by a l inear  r igidly p las t ic  dependence with hardening,  
whose inclination to the axis  of a b s c i s s a s  is  de te rmined  by the ve loc i ty  of the p las t ic  front.  The value of the 
init ial  densi ty of the dis locat ions,  calculated f rom an ana lys i s  of  the expe r imen t s  of [7], i s  ve ry  close to the 
analyt ical  value obtained on the bas i s  of data on the decay of the e las t ic  p r e c u r s o r .  As can be seen f rom the 
calculated data given, f r o m  the prof i le  of the p las t i c  f ront ,  additional in format ion  can be obtained on the 
hardening of the m a t e r i a l  and the mul t ip l ica t ion p r o p e r t i e s  of the dis locat ion s t ruc tu re .  The method has  
cons iderable  advantages  a lso  in the sense  that all  the needed informat ion  on the ave raged  p a r a m e t e r s  of the 
dis locat ion s t ruc tu re  can be ex t rac ted  f rom one exper imenta l ly  r eco rded  prof i le  of an e las top las t i c  wave,  
while, to plot the curve  of the decay of the e las t ic  p r e c u r s o r ,  a s e r i e s  of impac t s  is  r equ i red  for  different  
th i cknesses  of the target .  

Simultaneously,  the s y s t em  (1)-(4) was solved numer ica l ly ,  with different  va lues  of  the p a r a m e t e r s  of 
the dis locat ion s t ruc tu re  enter ing into the equations.  The solution was obtained by the method of finite d i f fe r -  
ences ,  with the in t roduct ion of the N e u m a n n - R i c h t m a y e r  a r t i f i c ia l  v i scos i ty .  F igure  2a -c  shows prof i l es  
of the s t r e s s  in the wave,  calcula ted for  two fixed moments :  t l=5"  10 -? sec  and t2= 1.5- 10 -8 sec;  ~'0 =19.6 
kbar ,  H = 4 . 1  kba r  [a) N0=10 s cm -2, ~ =  7" 10 l~ cm-2; b) N0=10 a cm -~, ~ =  7.101~ cm-2; c) N0=10 s cm -2, q l  = 
3 �9 101~ cm-2, ~ = 3  �9 1012 em-Z]. I t  can be seen  that  the mos t  significant  effect  on the f o r m  of the e las top las t i c  
wave is  that  of the ini t ial  densi ty  of the mobile  dis locat ions.  For  N0=106 cm -z, a considerable  decay of the 
e las t ic  p r e c u r s o r ,  cor responding  to the expe r imen t s  of [7], can be at tained only with the introduction of an 
anomalous ly  l a rge  mult ipl icat ion coefficient  of  the d is locat ions  q = 3 * 101~ cm -2. The r a the r  high va lues  of the 
mul t ip l ica t ion coefficient  of  the dis locat ions ,  obtained f rom numer ica l  calculat ions,  along with the ex t r eme ly  
high densi ty of the d is loca t ions  obtained independently f rom an ana lys i s  of the decay of the e las t i c  p r e c u r s o r  
[2] and the analy t ica l  approx imat ion  of the data of the a r t i c l e ,  do not contradict  the models  developed in recent  
y e a r s  for the he te rogeneous  mul t ip l icat ion of dis locat ions  in the e las t ic  p r e c u r s o r  of a wave. In accordance  
with this model ,  a reasonab le  a g r e e m e n t  of the ra te  of decay of the p r e c u r s o r  with expe r imen t  is  obtained 
with the introduct ion into the mode lo f  additional m e c h a n i s m s  (of an explosive charac te r )  of the genera t ion of 
dis locat ions ,  r e spons ib le  for  the rapid  re laxat ion  of the s t r e s s  and for the fall  in the e l a s t i c  p r e c u r s o r  to the 
dynamical ly  equi l ibr ium value.  The m e c h a n i s m  of this mult ipl icat ion sti l l  r e m a i n s  unclear ,  although the re  
a r e  a number  of data on the ef fec t  of the impur i ty  composi t ion of the ma t e r i a l  on it [10, 12]. 

The above solution of the s y s t e m  (1)-(3) d e s c r i b e s  the shock-wave behav ior  of po lycrys ta l l ine  m a t e r i a l s .  
Expe r imen ta l  data obtained with the shock-wave loading of single c ry s t a l s  a r e  m o r e  convenient  for  an ana lys i s  
of the d i s loca t ion  s t ruc tu re .  In the case  of single c rys t a l s ,  the fo rm of the re laxa t ion  function is de te rmined  
by the or ientat ion of the c r y s t a l  with r e s p e c t  to the di rect ion of propagat ion of the wave. For  different  types  of 
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crys ta l l ine  s y s t e m s  and d i rec t ions  of the impac t ,  f o rms  of the re laxat ion functions were  obtained in [8]. 
Taking account  of the data of this paper ,  in the genera l  case  the determining equation (3) can be wri t ten in the 
fo rm 

as ~ pc~'et = - - R b ' v . { N  o + ~z[pc2e - -  t~]} exp {--[% + H ( p c ~ - - o ) ] / q a } ,  

where  the coeff icients  R and q a r e  de te rmined  by the type of c rys ta l  and the d i rec t ion of propagat ion of the 
wave (see [8]). Fo r  shea r  deformat ion ,  this equation a s s u m e s  the fo rm 

7~ = A ( M 7  q- i) exp [--(% q- HT) /qe l ,  
whence 

=. - - ( %  q- HT)/q In [T t /A(M7 -~- t)]. (26) 

Expres s ing  the total  deformat ion  in t e r m s  of the s t r e s s  and the shear  deformat ion,  in accordance  with formula  
(5), Eq. (8) can be conver ted  to the fo rm 

~ - -  (t/c2)(att - -  R7~,) = 0. 

Finally, substituting here the value of ff from expression (26), and again postulating a solution in the form 
(12), taking account of (i0) we obtain the following dispersion equation: 

O) // R q  , (~ 
k== T |  l - - - ~ - m ~ - ~ ,  

in which the p las t i c  shea r  de format ion  and the s t r e s s  in the wave a re  de te rmined  by the express ions  

7 : (l/M){exp [k(%t - -  x)] ~2 1}, 

=: ~-%/q8 - -  (II/q~)M): {exp [k(cpt - -  x) ] - -  l }. 

F r o m  the momen t  of t ime t l = x / c  p (see Fig, 1), the s t r e s s  r ema ins  constant and equal to ~0 for  all  va lues  of 
the coordinate  0< x---x 1. Thus,  f r o m  the condition q=cr 0 at t = t l  we have 

% - ~  - -%/q6,  (o = A M  exp (--~o/q%). 

F r o m  this express ion ,  speci f ica l ly ,  i t  can be seen that the ra te  of growth of the p las t ic  front does not depend 
on the type of c rys t a l  la t t ice,  but i s  de te rmined  only by the p a r a m e t e r s  of the dislocation s t ruc tu re  of the 
material. For a known velocity of the plastic front, the hardening coefficient of the material is determined as 

H % R 
% c2/C2p-- t" 

The coefficient  of mult ipl icat ion of the dis locat ions  ~ = N0M can be de te rmined  f rom the following condition 
(as x -~o ,  ~--~a m), de te rmin ing  the s t r e s s  behind the e las t ic  p r e c u r s o r :  

]\ % 

The expressions obtained were used for an analysis of experimental data on the shock-wave loading of single 
crystals of table salt [9] and lithium fluoride [i0]. The results of a calculation for a direction of the impact 
[i00] are given in Table i. 

Thus,  both for po lycrys ta l l ine  m a t e r i a l s  and for single c rys ta l s ,  the exp res s ions  obtained allow of an 
unambiguous de te rmina t ion  of the ave raged  p a r a m e t e r s  of the dis locat ion s t ruc tu re ,  within the f r a m e w o r k  of 
the G i l m a n - J o h n s o n  model.  

The authors wish to express their thanks to A. N. Orlov and V. I. Vladirairov for their useful evaluations 
of the work, and to L. A. Antonova for making the numerical calculations. 
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E Q U A T I O N S  OF  E L A S T O P L A S T I C  D E F O R M A T I O N  

F O R  A R B I T R A R Y  V A L U E S  O F  T H E  R O T A T I O N S  

A N D D E F O R M A T I O N S  

G.  V .  I v a n o v  UDC 539.3 

In many solids,  for  example,  in meta l l ic  bodies,  fo r  a r b i t r a r y  values  of the ro ta t ions  and deformat ions  
of the e lements  of the body, the components of the devia tor  of the e las t i c  deformat ions  a r e  quantit ies on the 
o rde r  of the ra t io  of the shear  s trength to the Young modulus and, consequently,  a re  small  in compar ison with 
unity. Below, on the basis  of the resu l t s  of [1], equations a re  formulated for the i so t ropic  e las t ic  and ideal 
e las toplas t ic  deformat ion of such bodies. A comparison is made between the equations obtained and known 
equations [2-4]. For  s implici ty in writ ing the equations, only adiabatic deformat ions  a r e  d iscussed below. 

1. E q u a t i o n s  o f  E l a s t i c  D e f o r m a t i o n  in  t h e  C a s e  o f  S m a l l  

C o m p o n e n t s  o f  t h e  D e v i a t o r  o f  t h e  D e f o r m a t i o n s  

We denote by 3~, ~}~(~, fl= 1, 2, 3) the basis  v ec to r s  of a Lagran.gian sys tem of coordinates ,  genera ted  
by the Car tes ian  sys tem of coordinates  x i with the basis  vec to r s  k i =k a (i = 1, 2, 3). 

Let  ~ } ~ 9 ~  = ~x3o~lx = 7~k ~k~ be some symmet r i ca l  tensor .  Differentiat ing the formulas  for  the 
connection between the components ~ ,  ~'~x and the components Tij, we find 

(d~f~/dt) ~3 '~  = (D~h/Dt  + 37si esi + ~'sie~i )k~kj' (1.1) 

(d~a~/dt)~}=~3~ = ( D ~ J D t  - -  3?s~es~ - -  "t,~esj)kik j, 

where eij = (1/2)(Sui/SxJ + 8uj/axi);  u i a r e  the  components of the veloci ty  vec tor ;  DYij/Dt is  a Jaumann der iva -  
t ive [5] 

D ~ i / D t  = d3?~/dt + ~?klCOkj + %~ohm, 

~ u  = (t12)(8u/OxJ - -  Ou/Oxg. 

F r o m  (1.1), spe c i f ica l ly ,  it  follows that 

D s u / D t  q- ehle~j q- ej~eh~ = e~, (1.2) 
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