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Some r e s u l t s  a re  p r e sen t ed  of ca lcu la t ions  of mot ions  in  the nea r  field of an explosion in a solid body for  
which a p rev ious ly  obtained equat ion of s ta te  is  employed.  The cor respond ing  theore t ica l  and exper imenta l  
r e su l t s  a re  compared .  

1. The nea r  field of an explosion is a p rov i s iona ry  t e rm.  This t e r m  is convent ional ly  applied to the high- 
p r e s s u r e  zone in which the p r inc ipa l  ene rgy  lo s se s  of an explosion occur .  For  a kiloton (4.18 �9 10 ~ erg) explosion,  the 
nea r  field extends over  s eve ra l  tens  of m e t e r s  [1]. We know that at l a rge  p r e s s u r e s ,  the inf luence of shea r ing  s t r e s s e s  
is sma l l ,  and a sol id med ium can be t rea ted  in the f i r s t  approximat ion  as a fluid which obeys the Pasca l  Iaw. 
However, the equation of s tate  of such a fluid m u s t  r e f l ec t  the c h a r a c t e r i s t i c s  of a body whose p r e s s u r e  is assoc ia ted  
both with a d i s to r t ion  of the l a t t i ce - - i ,  e., with a change in the i n t e r a tomic  d i s t ance - -and  with atomic v ib ra t ions  with 
r e spec t  to the equ i l i b r ium pos i t ion  dur ing  heat ing of the m a t e r i a l .  

The lack of sa t i s f ac to ry  theore t ica l  and expe r imen ta l  methods of obta ining the equat ions of s tate  of a solid over 
a la rge  range  of p a r a m e t e r s  is assoc ia ted  with the subs tan t ia l  diff icul t ies  involved in expe r imen t ing  at high p r e s s u r e s  
and high t e m p e r a t u r e s ,  which usua l ly  can be genera ted  only for  shor t  per iods  of t ime.  A m a j o r  advance in the study of 
the equat ions of s tate  of solid bodies  was the u t i l i za t ion  of the shock wave method. The poss ib i l i ty  of obtaining shock 
adiabats  for  n u m e r o u s  m a t e r i a l s  at high p r e s s u r e s  (up to 9 . 1 0  6 atm) made i t  poss ib le  to develop and improve  methods 
of de r iv ing  the equat ions of s ta te  of sol id bodies .  A detai led desc r ip t i on  of these methods and the r e su l t s  obtained a re  
contained in the rev iew [2], the book [3], and in the t r a n s l a t i on  [4]. 

A s i m p l e  a p p r o x i m a t e  d e r i v a t i o n  of the  f u n c t i o n s  c o n t a i n e d  in  the  M i e - G r i ~ n e i s e n  e q u a t i o n  h a s  b e e n  c a r r i e d  out  

in  [5] on the  b a s i s  of an a n a l y s i s  of  known  s h o c k  a d i a b a t s .  N a t u r a l l y ,  i t  w a s  a s s u m e d  tha t  t h i s  e q u a t i o n  i s  va l id  f o r  a 

s o l i d  body .  Shock  a d i a b a t s  w e r e  d e s c r i b e d  by  the  un ique  e q u a t i o n  

D =  t + s u  (1.1) 

w h e r e  D and u a r e  the  s h o c k  w a v e  v e l o c i t y  and the p a r t i c l e  v e l o c i t y  b e h i n d  the  s h o ck ,  r e s p e c t i v e l y ,  as  r e f e r r e d  to 

Do = 1/(Po• 1/2, w h e r e  the  c o m p r e s s i b i l i t y  • = - 1 / V ( a V / 3 p )  s,  and the  c o n s t a n t  s was  a s s u m e d  equa l  to 1.5. F r o m  

r e l a t i o n  (1.1) and the  l a w s  of m a s s  and m o m e n t u m  c o n s e r v a t i o n  b e h i n d  the  s h o c k  w a v e  f r o n t ,  we ob ta in  

a Pin---- [s -- (s -- t) zV ' ANn= .-if- 8 - - ( s - - l ) z  t ~ Api, 2 (1.2) 

Here,  cr = O/Po is the dens i ty  ra t io  behind and in f ron t  of the shock front;  the p r e s s u r e  is r e f e r r e d  to the modulus 
of hydros ta t ie  p r e s s u r e  K = P0Dg; the ene rgy  per  uni t  m a s s  is r e f e r r e d  to D~; and A indica tes  that the i n c r e m e n t s  of 
the quant i t ies  in f ron t  of the shoek f ron t  a re  taken into account.  For  s t rong  shock waves, the quant i t ies  in f ron t  of the 
shoek wave ean be safely neglected.  Table  1 shows the values  of these funct ions without al lowance for  back p r e s s u r e  
and in i t ia l  energy.  

T a b l e  1 

a Pin Ein Pc E c h f~ ~' 

t.0 
i . l  
1.2 
i .3 
1.4 
i.5 
i.6 
i.7 
1.8 
i.9 
2.0 

o 
0.t2 
0.29 
0.54 
0.87 
1.33 
t.96 
2.82 
4.o0 
5.65 
8.00 

o 
0.0055 
0.0248 
0.0623 
o.t25 
0.222 
0.368 
0.580 
0.888 
1.34o 
2.000 

0 
o.lzl 
0.288 
0.507 
0.785 
1.125 
t.535 
2.023 
2.600 
3.250 
4.000 

�9 0 
0.005 
0.020 
0.045 
0.080 
0.i25 
0.180 
0.245 
0.320 
0.405 
0.500 

1.0000 
i.167i 
i.3534 
i.56t6 
i.7949 
2.057i 
2.3529 
2.6877 
3.0682 
3.5023 
4.0000 

2.4200 
2.i727 
i.9673 
i.7917 
i.639i 
i.5049 
i.3848 
1.2764 
i.i774 
1.0858 
t.0000 

1.50 
t .49 
i .47 
t .46 

�9 1.44 
i .43 
1 . 4 i  
i .39 
t .37 
1.35 
t .33 
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The  M i e - G r i i n e i s e n  e q u a t i o n  has  the  f o r m  

P - -  Pc ( dec 
E--Eo ='r ~ p c = ~ ]  (1.3) 

w h e r e  y i s  the G r i l n e i s e n  coe f f i c i en t ,  and Pc and E c a r e  the  s o - c a l l e d  cold  c o m p o n e n t s  of the  p r e s s u r e  and e n e r g y ,  
r e s p e c t i v e l y ,  which  depend  on ly  on or. U s i n g  the  r e l a t i o n s  at  the s h o c k  f ron t ;  we ob ta in  an equa t i on  f o r  d e t e r m i n i n g  Ec:  

dec T Pin d,~ ~ e~. ~r (1.4) 
�9 ~:~ ~ -  Ein 

F o r  c o n s t a n t  3 / the  s o l u t i o n  can be  w r i t t e n  in i n t e g r a l  f o r m ,  wh ich  l ends  i t s e l f  r e a d i l y  to e v a l u a t i o n  f o r  s = 1.5 
and 3/ = 1 o r  3/ = 2. F o r  c o n s t a n t  3/, h o w e v e r ,  the func t i on  E c p o s s e s s e s  a s i n g u l a r i t y  a t  the po in t  of l i m i t i n g  d y n a m i c  
p r e s s u r e  or, = s / ( s  - 1). 

In [5] i t  was  e s t a b l i s h e d  tha t  f o r  s = 1.5 and 3/ = 1.5 (the t r u e  G r t i n e i s e n  c o e f f i c i e n t  3 / a p p r o a c h e s  th is  v a l u e  in the 
r e g i o n  w h e r e  i t s  i n f l u e n c e  on E c i s  a p p r e c i a b l e ,  a s  i s  the i n f luence  of E c i t s e l f  a s  c o m p a r e d  to E), the t e r m s  6 3 and 
6 4 v a n i s h  in the  e x p a n s i o n  of E c in ~ = a - 1. T h e r e f o r e ,  c o r r e c t  to t e r m s  of o r d e r  6 ~, we have  

Then,  f o r  Pc we ob ta in  

Ec = 1/2 ~2 = 1/. ( ~ _  i)2 (1.5) 

Pc = ~2 (q _ l ) .  (1.6) 

A s s u m i n g  tha t  t h e s e  e x p r e s s i o n s  f o r  Pc and E c a r e  e x a c t  fo r  any or, f r o m  the M i e - G r i i n e i s e n  equa t i on  we ob ta in  

f o r  3/ tha t  

T-----2 4--~ (1.7) 
5 _ _ ~  ~ 

The  v a l u e s  of f u n c t i o n s  (1 .5 ) - (1 .7 )  a r e  g iven  in T a b l e  1. 

F i g u r e s  1 and 2 g i v e  a c o m p a r i s o n  b e t w e e n  (1 .5 ) - (1 .7 )  and the r e l a t i o n s  ob ta ined  f o r  the  s a m e  f u n c t i o n s  in o t h e r  
p a p e r s .  C u r v e s  (1) and (2) in F ig .  1 c o r r e s p o n d  to r e l a t i o n s  (1.6) and (1.5). P o i n t s  1, 2, 3, and 4 in F i g s .  1 and 2 

c o r r e s p o n d  to the  r e s u l t s  ob ta ined  in [ 6 - 9 ] .  

7 

o 2 (NoGt~ 
, 3  fPb} 
" q I'P'b,GU,/IL}[~(o-f, ~ 

Fig .  1 

In add i t ion  to the  t h e o r e t i c a l  r e s u l t s ,  F ig .  2 shows  e x p e r i m e n t a l  po in t s  5 ob ta ined  in [10]. I t  can  be  s e e n  tha t  the  
r e l a t i o n s  adopted  in  the  p r e s e n t  p a p e r  ( so l id  c u r v e s )  c o n s t i t u t e ,  in a c e r t a i n  s e n s e ,  an a v e r a g i n g  of the a v a i l a b l e  
c u r v e s .  The  l o g a r i t h m i c  s c a l e  u s e d  in F ig .  1 r e v e a l s  d i s t i n c t l y  tha t  the  shape  of the p lo t s  of Pc and E c v s .  ~ - 1 i s  the  
s a m e  f o r  d i f f e r e n t  m a t e r i a l s .  The  r e l a t i o n  adopted  h e r e  f o r  Pc a l s o  c o r r e l a t e s  we l l  wi th  a n a l y t i c a l  r e s u l t s  ob ta ined  
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af ter  T h o m a s - F e r m i  with quantum and exchange co r rec t ions  [11] (curves  3 and 4 in Fig.  1). F igure  2 shows the same  
re la t ions  obtained by means  of (1.6) in the fo rmulas  proposed by Landau-S la t e r  (7 = 71), Dugdale 'MacDonald  (7 = "/2), 
and Zubareva-Vashchenko  (I ~ = 73): 

t2 : -5  2 (14:-5) 5 (4o-t) (1.8) 
~ 3(3~--2) ' 72=-3 (7o--4) ' T~=-3- (5o--2) 

(denoted by (1), (2), (3), r e spec t ive ly ,  in Fig. 2). It can be seen  that, for mean  compress ions ,  all  curves  in Fig.  2 
converge toward re la t ion  (1.7). 

zl 7 

/ 
2 ~Pb ~, 

Fig.  2 

The approximate  equat ion of s tate  obtained is su i tab le  for  cons t ruc t ing  any re la t ions  requ i red .  

For  the adiabat ic  curve ,  we obtain 

where C~ is the en t ropy  funct ion.  

(1.9) 

For  the speed of sound r e f e r r e d  to Do, we get the following express ion :  

C~ = s + ps 

11(~)= (4 -- ~) (5 -- (~) ' I~(o)= 3-- (4 -- o) (5 -- o) " (1AO) 

The value of these funct ions  a re  given in Table  1. 

For  fu r the r  ana lys i s ,  i t  is  n e c e s s a r y  to obtain r e l a t ions  for  the r a r e f a c t i on  region  a < 1. Here too, the c u r r e n t  
lack of suff ic ient ly  complete  data on phase t r ans i t i ons  and var ious  phase s ta tes ,  heats of evaporat ion and fusion, and 
the i r  va r ia t ion ,  makes  i t  n e c e s s a r y  to r e s o r t  to an approximate  ana lys i s .  One of the poss ib le  va r i an t s  is in te rpola t ion  
of E c to the sub l imat ion  energy  E ,  (also r e f e r r e d  to D 2), 

Ec = a/~ (o" - -  i) ~ + (E, --  1/~) ((1 - -  i) 't. (1.11) 

For  sma l l  t ens ions ,  this funct ion has na tu ra l l y  the s ame  fo rm as for compress ion .  The power of the second 
t e r m  may prove to be d i f fe ren t  (a higher  power,  for example) .  Another  poss ib i l i ty  is to neglect  a l together  the cold 
components  of ene rgy  and p r e s s u r e  for a < 1. Since the use  of one or another  approximat ion  has l i t t le  inf luence on 
r e su l t s  of ca lcu la t ions ,  p a r t i c u l a r l y  on the mot ion nea r  the shock f ron t  and, at the same  t ime,  by neglec t ing  the cold 
components ,  i . e . ,  t r an s i t i on  to a gas,  one e l imina t e s  ce r t a in  phys ica l ly  unacceptable  s i tua t ions  that could a r i s e  in the 
computat ions  due to bumpines s ,  the computat ions  of the mot ion  in the n e a r  f ield of an explosion were pe r fo rmed  
e s sen t i a l l y  with the aid of the second var ian t .  For  7 in the reg ion  a < 1, i t  is also poss ib le  to obtain an in terpola t ion  
fo rmu la  which, for  a = 1, will sa t i s fy  the cont inui t ies  of y and its der iva t ive ,  d~//d~, (in order  to p reven t  a change in 
the slope of the adiabat ,  i . e . ,  to provide  a continuous speed of sound), and which for  a - -  0 will sa t i s fy  t r ans i t ion  to an 
ideal  gas (7 = 2/3).  Such a r e l a t ionsh ip  is  provided by the fo rmula  

T =  2 4--0 t4 (~__t)~" (1.12) 
5--0 15 

2. The equation of s ta te  obtained was used to calcula te  the motion in the nea r  f ield of an explosion. Here,  the 
explosion source  m u s t  be a lso  modeled in  some way ( inner  boundary  condition). The bas ic  v a r i a n t  of the source  model 
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is a lmos t  s tandard  when analyzing s t rong  explosions in a solid medium,  where high t e m p e r a t u r e s  and high acoust ic  
ve loc i t ies  tead to rapid  compensa t ion  of t heexp los ion -p roduc t s  p a r a m e t e r s .  This  model is  as follows: in a cavi ty  of 
given rad ius  rw0 in a solid medium,  there  occurs  an ins tantaneous  r e l e a s e  of energy  which is conver ted into the 
i n t r i n s i c  energy  of the m a t e r i a l  contained in the cavity. It is a s sumed  that dur ing  the development  of the explosion,  all  
the p a r a m e t e r s  of the m a t e r i a l  contained in the cavi ty--of  the explosion p r o d u c t s - - a r e  d i s t r ibu ted  un i fo rmly  along the 
rad ius  of the cavity and that expansion is  adiabatic.  It  is fu r the r  a s sumed  that the products  are  an ideal  gas with a 
cons tant  specific heat ra t io  x .  Then, for the p r e s s u r e  at the wail, we have 

p~ = Pwo (r~o/r~) :~• (2.1) 

Specific heat ra t ios  of 1.47 and 1.2 were used in the computat ions.  

The second va r i an t  of the source  model,  p rev ious ly  examined by Gubkin, was as follows. Agains t  the wall of the 
in i t ia l  cavity in a solid med ium there  impinges  a f r ee ly  d i spe r s ing  (zero p r e s s u r e )  mass  of m a t e r i a l  M, whose kinet ic  
energy  is  equal to the explosion energy,  whose pa r t i c l e  veloci ty U is l inear ,  and whose dens i ty  p is constant  along the 
rad ius .  Reflect ion f rom the cavi ty  wall genera tes  a p r e s s u r e  Pw (the use  of a capital  P denotes d imens iona l  p r e s su re ) ,  
while a shock wave propagates  f rom the wall in the d i spe r s ing  ma te r i a l .  Since re f lec t ion  is  accompanied  by s t rong 
compress ion ,  while the shock wave is deflected by the oncoming flow of ma t e r i a l ,  i t  may be roughly a s sumed  that the 
wave does not separa te  f rom the wall and that the p a r a m e t e r s  behind the wave are  constant .  Then the p r e s s u r e  at the 
wail is 

3MU2n (~-) 5 (2.2) 
Pw = 4n r%----T 

where to = rw0/Uin is the a r r i v a l  t ime of the d i spe r s ion  boundary  at the point  rw0, and Uin is the m a s s  veloci ty  at the 
d i spe r s ion  boundary,  which is  r e la ted  to the energy  and m a s s  by the following express ion:  

Uin2 = zo/~ E / M  (2~ 

Thus, at t ime to we have 

25 z ( dP~ ~ = 5P~0 
P~0---- -~- --5-, (2.4) 

%0 ~, dt  ]o to 

In the calculat ion of the mot ion in the n e a r  field, the p r e s s u r e  was given in the fo rm of an exponential  r e l a t ion  
with r e spec t  to t ime plus a funct ion that descr ibed  the change in p r e s s u r e  caused by an i n c r e a s e  in the cavi ty  rad ius ,  
of the same  type as in the f i r s t  ve r s i on  of the source  

P w  = JP l e-kt  + P r  (rwo / r~v) 8x �9 (2.5) 

Here, t has i ts  zero  at the ins tan t  of a r r i v a l  of the d i spe r s ion  boundary  at the cavity wall {from to) 

(13 --  3• E 50 3 (x -- 1) E Pt--~ k = - -  �9 (2.6) 
P r  = 4 3  r3wo ' 4;~ rawo ' (t3--3x)to 

The equat ions of mot ion in the n e a r  f ield of an explosion,  in Lagrange va r i ab l e s ,  have the form 

Or OU _ r~ O P 
U = ~ F ,  o-7 = -  7-~m' 

op 2 o (r~U) Oe p OV (2.7) 
0 -Y=- - P  ~m ' 0-7-=--  0~ ' 

where U is the mass  veloci ty,  P is  p r e s s u r e ,  P is densi ty,  V = 1 / p ,  e is the i n t r i n s i c  energy  per  uni t  m a s s ,  r is an 
Euler  coordinate ,  t is  t ime,  and m is the m a s s  per  un i t  solid angle. To these equations one m u s t  add the equation of 
s tate  d i scussed  in sec t ion  1, together  with the boundary  conditions~ The condit ion at the inner  boundary  (the source  
model) has been examined above. The condit ions at the shock wave const i tute  conventional  m a s s  and m o m e n t u m  
conserva t ion  condit ions which in  the case of (1.1) lead to (1.2). 

Numer ica l  ca lcu la t ions  were  pe r fo rmed  on the bas i s  of a d i f ference analog in two space va r i a b l e s  with a 
subst i tu ted shock wave front.  The l a t t e r  means  that the front  r e p r e s e n t s  a d iscont inui ty  with known re la t ionsh ips  
between the quant i t ies  in f ront  of andbeh ind the  front.  The mass  veloci ty  at the f ront  is  de t e rmined  by extrapola t ion.  

Below, we p r e s e n t  some computat ional  fo rmulas  for one of the va r i an t s .  Here, n is the number  of a l ayer  in 
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t ime and i is the n u m b e r  of a point  in space.  

Calcula t ion of i n t e rna l  points:  

i p n p n] u n§ n At (rin) 2 i+i i-i [ 
m{+ I -- m i _  1 J 

rin§ ri n -~- u i n + l ~ t ;  
n ~ n+l  

V i n + l :  Vi n -]- At (r-J/+1 )-u<+l -- (ri-ln)eui-ln+l 
f~ti+l r~+l - -  DI/_I~+I 

n+l  n+l ~_ el n - -  (Ex)i n 
ei =(Ech , 

1 + ('rP/vp) (v~ '~§ vp) 

the p r e s s u r e  p is ca lcula ted  f r o m  the equat ion of s tate.  

Calculat ion at the cavi ty  wall: 

n n 2 n 

\ 2 / \ m l - - m o /  

r0 n+l  = ron "~- uon+lAt, P Oriel = Pwo (rwo / r0n+l)  3• 

V 0 n + l =  Vo n + A t  (rln)~ uln+l-- (r~ u~  �9 

the ene rgy  e is  ca lcula ted  f rom the equat ion of s tate.  

Calcula t ion of the shock wave front:  

rtn+l~ rfn+ AtD/n, mfn+l: i/~,% (rfn+l)s , 

.,~+~= .~" [t - ( " ? -  "~) "~d] . ' 
ujnml n*l J 

Here,  

u = ut._z + \ m ~  - -  mL_ # 

(k is the number of the internal point closest to the front) 

D] n+l~ Do ~- su] n§ ptn+l~ poutn+l D/n+1 , 

e/~+l : % (u]~+l)L V/~+1 = i / Po (i -- urn*l~ Din+l). 

Table  2 and Figs .  3 - 9  show the r e su l t s  of computat ions  for  the f i r s t  va r i a n t  of the explosion source ,  with the 
in i t ia l  p r e s s u r e  at the cavi ty  wall r e f e r r e d  to K = P0D~, Pw0 = 11.88, a reduced in i t ia l  rad ius  Rw0 = 1 m/k ton  1/3, and 

= 1.47. In Table 2 t, Rw, and Rf  a re  the t ime,  in mi l l i s econds ,  and the rad i i  of the cavity and the front,  in m e t e r s ,  
respectively,_ r e f e r r e d  to the cube root  of the explosion energy  q, in kilotons (i. e., t = tp/q ~/3, R w = rw /q  ~/3, Rf  = 
= --rr/q 1/3, where tp is d imens iona l  t ime); u f  is  the d i m e n s i o n l e s s  m a s s  veloci ty  behind the f ront  (velocity referYed to 
Do); (rf = Pf/Po, Pf  is the d i m e n s i o n l e s s  p r e s s u r e  at the f ron t  (p res su re  r e f e r r e d  to K); E w is the res idua l  energy- in 
the products  in the cavity; and E k is  the total kinet ic  energy  of motion of the medium,  as a pe rcen t  of the total 
explosion energy.  I t  is  obvious that the r e s idua l  energy  of the explosion was conver ted  to the i n t r i n s i c  energy" of the 
medium.  The i n t r i n s i c - e n e r g y  in tegra l  was also evaluated in the computat ions ,  while the conserva t ion  of total energy  
was used to check the accu racy  of the solution.  In Figs .  3 and 4, the d i m e n s i o n l e s s  p r e s s u r e s  and the d imens ion l e s s  
m a s s  veloci ty  at the f ron t  (solid curves)  a re  plotted in logar i thmic  scale  vs.  the reduced rad ius  of the front .  

The genera l  na tu re  of the t i m e - v a r i a t i o n  of p r e s s u r e ,  veloci ty ,  densi ty,  and i n t r i n s i c - e n e r g y  prof i les  is shown 
in Fig.  5. F igu re s  6 -8  show the p r e s s u r e ,  veloci ty,  and dens i ty  (more p r e c i s e l y  a - 1) prof i les  r e f e r r e d  to the i r  
va lues  at the front ,  along a r ad ius  r e f e r r e d  to the r ad ius  of the front,  for va r ious  t imes .  F igure  9 shows, in reduced 
coordina tes ,  the va r i a t i on  in t ime of the cavity rad ius  and the r ad ius  of the shock wave front.  

In o rde r  to d e t e r m i n e  the inf luence of explosion energy  concen t ra t ion  on the motio~ in the nea r  field, we 
calcula ted v a r i a n t s  in which the concen t ra t ion  was magnif ied  eight t imes  (curves denoted by i in Figs .  3, 4, and 9) and 
was d imin ished  eight t imes  (curves denoted by 2). It may be seen that a d i f ference in the concent ra t ion  affects the 
shock wave p a r a m e t e r s  only in the p rox imi ty  of the explosion cavity. 
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F i g u r e s  3 and 4 show the mot ion computed on the bas i s  of the second v a r i a n t  of the explos ion  sou rce - -wi th  a 
p r e s s u r e  peak-- (dashed cu rve  denoted by 3). A d i s c r e p a n c y  with the r e s u l t s  obtained by the f i r s t  v a r i a n t  is  to be 
obse rved  only in d i r e c t  p r o x i m i t y  of the cavity:  The p ro f i l e s  of the mot ion p a r a m e t e r s  a l so  tend rap id ly  (with an 
i n c r e a s e  of the shock f ront  rad ius  by 10%) toward the p ro f i l e s  obtained by the f i r s t  va r ian t .  

Fig.  3 

Computat ion of v a r i a n t s  with vr = 1.2 r e v e a l e d  a sma l l  inf luence of n on the at tenuation of the p r e s s u r e  and 
ve loc i ty  at the front .  The r e s u l t s  obtained for  this va lue  of n by the bas i c  v a r i a n t  a re  shown by the dashed cu rve  
denoted by 4 in F igs .  3 and 4, 

-2 

t g 

Fig.  4 

3. Only individual  r e s u l t s  of computat ions  of mot ions  in the near  f ie ld  of s t rong  explos ions  in sol id  med ia  have 
been  publ ished to date [1, 12-14] .  F i g u r e  10 shows the r e s u l t s  of shock-wave  c o m p r e s s i o n  for  s e v e r a l  rocks  ( 1 -  
m a r b l e  [15]; 2 - -qua r t z  [16]; 3 - -gabbro  [17]; (4), (5), (6)- -grani te  [12, 18, 19]; 7- -diabase;  8--tuff [13]). On the ba s i s  of 

these  data, i t  is poss ib le  to obtain the co r r e spond ing  D O and K = P0D02 for  tuff, g rani te ,  and rock  sal t ,  with the a im of 
r e c a l c u l a t i n g  the r e s u l t s  obtained in [1, 12-14] .  

Table  2 

t I~w R[ U! ~I Pf Ew Ek 

0 
0.022t 
0.0796 
0.245 
0.653 
t.48 
3.07 
6.35 

11.65 
2i.7 
38.9 

t.0 
1.178 
1.510 
2.074 
2.808 
3.660 
4.693 
6.209 
8.718 

i2.43 
16.09 

1,0 
1,340 
2.016 
3,383 
5.801 
9.742 

16.40 
29.15 
49.t7 
86.01 

149.24 

2.5 
1.888 
1.204 
0.626 
0.300 
0. t47 
0.0737 
0.0353 
0.0t73 
0.0056 
0.0020 

2.tl 
1.971 
1.751 
1.477 
t.261 
1.137 
t.071 
1.035 
t.0t7 
1.006 
1.002 

11.88 
7.232 
3.377 
1,215 
0.436 
0.180 
0.0818 
0,0371 
0,0177 
0.0056 
0.0020 

t00.0 
79.5 
56.0 
35.8 
23.3 
t6.0 
it.3 
7~6 
4.7 
2.8 

0 
10,3 
2i .4 
30.0 
35.t 
39.0 
41.7 
44.6 
51.3 
63.2 

Since the va r ious  pape r s  deal  with med ia  with somewha t  d i f fe r ing  p a r a m e t e r s ,  the va lues  used  by us fo r  
c o m p a r i s o n  and in computa t ions  a r e  l i s t ed  below: 
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Medium po #~ K ~, ~, 

Tuff 2.00 1.8 65 0.562 0.274 
Sal~ 2.24 3.0 202 0.820 0.665 
Granite 2.67 2.4 154 0.748 0.486 
Calculated 2.70 3.7 368 i,ooo i.ooo 

Here,  P0 is taken in  g / c m  3, D O in  k m / s e c ,  K in kbar ;  vl and ~2 will be identif ied below. 

,u.u.o-:.S 

- '  ' 

8 
t 0922 i = .  

i i 

z~=B08 i 

2 3 Jr 

_ ,?Z e$' k' 

Fig. 5 

We p r e s e n t  the c h a r a c t e r i s t i c s  of explosions  in va r ious  media ,  inc luding the co r respond ing  r e f e r e n c e s  in the 
l i t e r a tu r e .  

Explosion Medium q ~wo two Des ignat ion  Reference  
Rain i e r  tuff i.7 0.985 0.554 i 2 [1, l~, .4] 
Gnome sa l t  3.i i.32 1.08 3 4 [14] 
Hardhat  g ran i te  5.0 concent ra ted  5 6 [1~-,41 
Shoal g ran i t e  12.5 concen t ra ted  7 8 W -,4 ] 
T r i n i t r o t o l u e n e  gran i te  9.0t 5.32 3.w 9 10 [~0] 

0.00i 
calculated 0.5, i, 2; 0.5, I, 2 

Here,  q is  ene rgy  of the explosion in ki lotons,  Rw0 is  the in i t i a l  reduced rad ius  (Rw0 = rw0/q' l /3) ,  and ~w0 is 
the in i t ia l  value of ~ (to be ment ioned  below). 

: 5 -  

- r t ;~ f~8 k :<'<" "' ' :  
8 0 :  f.O 

rig. 
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E x p e r i m e n t a l  d a t a  o b t a i n e d  f o r  the  p r e s s u r e  a t  the  f r o n t  P f  (in k b a r )  a r e  c o m p i l e d  in  T a b l e  3 as  a f u n c t i o n  of t he  

r a d i u s  of the  f r o n t  (in m e t e r s ) ,  as  we l l  as  the  q u a n t i t i e s  p f  = P f / K f  and  R f  = r f / q  / .  

T a b l e  3 

r] Pf R l p] . lg Rf lg pf ~ Ig 

4.85 
5.51 

6 i . 8  
i09.7 

40 
55 

5 . 7 9  
7.07 

660 
450 

4.0 
i.2 

740 
350 

I ~ 
3.5 

2.83 
3.22 

36.i 
64,2 

2.49 
3.05 

27.4 
37.65 

t .17 
2.3 
3.3 

40 

Hardhat, granRe 

4.28 ] 0.452 
2.92 0.508 
0.026 1.558 
0.0078 i.808 

Shoal, granite 

4.8 0.397 224 I 1 0.484 

Gnome, salt 

0.O297 .438 oo,73 i I I .576 

Rainier, tuff(theoret.) 

0.632 2.12 
0.466 2.41 
2.4i6 27.0 
3.892 48.0 

0.682 1.87 
0.35 2.28 

2.474 22.5 
2.239 30.9 

6850 
t000 
400 
9~ "4 
86 
60 
54 

0.98 
1.93 
2.76 

33.55 
5.2 
5.3 
6.6 
7.4 

t05 
15.4 
6.15 
0.02t6 
t.45 
i.32 
0.92 
0.83 

t.994 I 2.023 0.286 i.187 
0.442 0.789 
t.526 2.334 
0.7t6 0.t6 
0.725 0.122 
0.820 1.966 
0.87 1.92 

0.55 
i .08 
i .55 

t8.85 
2.92 
2.98 
3.7 
4.i5 

65 
73 

t00 
it2 
t20 
158 
178 

Trinitrotoluene explosions, granite 

0.0073 1.8t3 I 3.865 
-0.0075 t.864 I 3.876 
0.0056 2.0 3.747 
0.0040 2.05 3.602 
0.0047 2.08 3.67 
0.0021 2.t98 3.333 
0.00t7 2.31 3.236 

48,6 
54.6 
74.8 
83.8 
89.8 

ii8.0 
133.0 

0.327 
0.382 
1.432 
i.682 

0.272 
0.359 

1.352 
1.490 

t.744 
0.036 
0.t92 
t,276 
0.466 
0.474 
0.569 
0.6t8 

i.687 
1.738 
t.874 
t.924 
t.954 
2.073 
2.125 

The  v a l u e s  of the  f r o n t  and  c a v i t y  r a d i i  (in m e t e r s )  a r e  c o m p i l e d  in T a b l e  4 as  a f u n c t i o n  of  t i m e  tp (in 

m i l l i s e c o n d s )  f o r  v a r i o u s  e x p l o s i o n s ,  t o g e t h e r  wi th  the  v a l u e s  of R = r / q  1/3 and t = tp /q~/3 .  F i g u r e s  3, 4, and 9 s h o w  

a c o m p a r i s o n  of t h e s e  d a t a  w i th  the  t h e o r e t i c a l  r e s u l t s .  The  t h e o r e t i c a l  r e s u l t s  w e r e  a l s o  c o m p a r e d  wi th  the  r e s u l t s  

in [21, 22]. 

T a b l e  4 

tp r t R ~ 

0.2 
i .68 
4.2 
5.0 

i0 

0 
8.9 

25 
50 
75 

0.86 
1.22 
t .64 
2.t5 
3.77 

0.336 
0.534 
0.540 
0.75 
2.68 
3.54 
5.68 

4 
9.54 

i6 
19 
33 

t . t7 
10 
t3.57 
i6.8 
i8.57 

7,34 
9 .48  

t2.36 
15.02 
24.t4 

5.79 
7.06 
7.06 
8.31 

i9.39 
23.79 
35.63 

Rainier, tuff, shock wave 

0.i7 3.35 
t.41 8,00 
3.52 13.4 
4.t9 t6.0 
8.4 25.2 
7.i 22 

Rainier, tuff,  cavRy (theoret.) 

0 0.935 
7.46 8.4 

21 11.45 
42 14.2 
63 15.7 

Hardhat, granRe, shock wave 

0.50 1 4.29 
0.7t 5.55 
0.96 I 7.22 
1.26 8.79 
2.2 I 14.i 

Shoal, granite, shock wave 

0.14 2.5 
0.23 3.04 
0.23 3.04 
0.32 3.58 
1.t58 8.35 
1.525 t0.26 
2.45 15.36 

0.046 
0.336 
0.965 
t . t5 
2.3 
1.945 

0 
2.045 
5.75 

11.5 
17.3 

0.246 
0.346 
0.467 
0.6i4 
1.07 

0.07 
0.i12 
0.it3 
0.157 
0. 564 
0.742 
1.192 

1.88 
4.50 
7.54 
9.0 

14.2 
i2.4 

0.554 
4.72 
6.44 
7.98 
8.83 

3.2i 
4.i5 
5.4 
6.57 

i0.55 

i .87 
2.275 
2. 275 
2.68 
6.25 
7.68 

1f .5 
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Our ca lcu la t ions  ind ica te  that  the mot ion  in the nea r  f ie ld  depends  on the concen t ra t ion  of explos ion  energy ,  i . e . ,  
on the p r e s s u r e  within the in i t i a l  cavi ty .  If the m e d i a  d i f fe r  only in the modulus  K, the p a t t e r n s  of mot ion  a r e  s i m i l a r  
when the r a t i o s  of in i t i a l  p r e s s u r e  to K a r e  the s a m e .  F o r  this  r e a s o n ,  in o r d e r  to c o m p a r e  r e s u l t s  fo r  v a r i o u s  media ,  
we in t roduce  the v a r i a b I e s  

~=vx r /q  '/3, "~:v~ tp/q lA, v l ~  (K/K,)  1/3, ~:2~vi Do~Do, (3.1) 

where  the a s t e r i s k  denotes  va lues  c o r r e s p o n d i n g  to the r e f e r e n c e  med ium.  

A Y/ 
8 

o 7  

~ '~8 
U,km/sec 

g g g 6 

Fig .  10 

r 

/ 

F r o m  Fig.  3, i t  can be seen  that  the use  of the v a r i a b l e s  (3ol) p r o v i d e s  a much b e t t e r  a g r e e m e n t  be tween  r e s u l t s  
in the nea r  f ie ld  for  v a r i o u s  med ia .  The convent ional  s i m i l a r i t y  with r e s p e c t  to the cube roo t  of the exp los ion  energy ,  
which is the s a m e  fo r  d i f f e ren t  m e d i a  and ene rgy  concen t ra t ions ,  is  a p p a r e n t l y  b e t t e r  su i t ed  for  use  in the f a r  f ie ld .  
This  m a y  be a t t r i bu t ab l e  to the f ac t  that  a t  l a r g e  d i s t a n c e s  any explos ion  i s  highly concen t r a t ed .  In addit ion,  the use  of 
the v a r i a b l e s  (3.1) l e a d s  to a good c o r r e l a t i o n  of r e s u l t s  for  shoc k -w a ve  and cav i ty  r a d i i  in v a r i o u s  m e d i a  (see Fig .  9 
and Table  4). 

In conclus ion  we note that  the good a g r e e m e n t  with e x p e r i m e n t a l  da ta  is  an ind ica t ion  fo r  the a c c u r a c y  of our  
d e s c r i p t i o n  of the med ium and exp los ion  sou rce .  
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