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Media in which the propagation of strong disturbances is usually studied are in many cases nonhomogeneous. 

The nonhomogeneity may show up in the p re sence  of more  or  l e s s  c l ea r ly  defined l aye r s  with different  
c h a r a c t e r i s t i c s  or  in continuous var ia t ion  of the p rope r t i e s  f rom pa r t i c l e  to par t ic le ;  for  example,  with increas ing  
dis tance f rom the f r ee  sur face  the mois tu re  content and the density of soi ls  usually inc rease  monotonically.  In this 
case  a wave t ravel ing  f rom the f r ee  sur face  encounters  along its path par t i c les  with different  compres,sibi l i ty laws. 
With inc rease  of the dis tance the compress ib i l i ty  of the medium ahead of the wave front  dec r ea se s .  Exper iments  show 
that for sufficiently intense reduct ion of the soil  compress ib i l i t y  an inc rease  of the p r e s s u r e  in a plane wave is  
observed  in cer ta in  segments  with increas ing  dis tance f rom the dis turbance source  (for example,  the location of an 
explosive charge  blast).  For  motion of the blast  wave in the opposite d i rec t ion  we observe  a p r e s s u r e  dec rea se  which 
is f a s t e r  than in a homogeneous medium. 

Plane wave propagation in media with continuously varying properties has been studied in [1-5] and elsewhere. In 

the following we use the method of [5, 6] to solve the problem of plane one-dimensional shock wave (strong disturbance) 
propagation in a nonhomogeneous plastic medium whose properties vary continuously from particle to particle and 
also the problem of reflection of this wave from an obstacle. The assumption adopted that the volume of the medium is 
constant during unloading and reloading and the approximation of the uniaxial compression stress-strain or(e) diagram 
(or the pressure-volume relation p(V)) by a piecewise linear function make it possible to obtain the solution in simple 
analytic form. It is shown that there can be a marked pressure increase as a plane wave propagates in nonhomogeneous 

media. 

1. Wave propagation.  We examine a medium whose p(V) compres s ion  d iagram in some p r e s s u r e  range in each 
pa r t i c l e  can be approximated by two s t ra igh t - l ine  e lements  (Fig. 1). The slope of the f i r s t  e lement  and the maximum 
value Ps of the p r e s s u r e  cor responding  to this e lement  are  the same for  all the pa r t i c l e s .  The slope of the second 
e lement  changes monotonical ly with inc rease  of the space coordinate  h 

p = - - A  0 2 [V, (h) - -  Yo (h) ], p ~ p ,  

p - p ,  = - - A  ~ (h) [ v  (h) - -  V,  (h) l ,  p > p ,  

V--V0 _P0--P (1.1) 
p = - -  ~, e .-= V-----~ p 

The subscr ip t  0 cor responds  to the ini t ial  s tate of the medium, P0 is assumed to be zero,  cr is the s t r e s s  
component in the wave motion direct ion,  and P is the densi ty of the medium. 

g 

Fig. 1 

We assume unloading and re loading to take place at constant volume:  

Oe OV -~-F=O or -~T=:O (1.2) 

We shall use the Lagrangian mass h and time t coordinates. The basic equations of motion in these coordinates 

have the form xci't) a~ ,at  1--~OP ~0, OMOh OVat ~0, h= po(x)dx (1.3) 
x(o,O 
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H e r e  u(h, t) is  p a r t i c l e  v e l o c i t y  and x is  d i s t a n c e  in l eng th  uni ts .  

A s s u m e  that at  the in i t ia l  s ec t i on  h = 0 of the m e d i u m  at  t = 0 the p r e s s u r e  i n c r e a s e s  s t epwi se  to Pm and then 
d e c r e a s e s  as 

p = f (t) (1.4) 

At t = 0 two shock  f ron t s  (Fig.  2) s t a r t  f r o m  the in i t ia l  s ec t ion  of the m e d i u m .  The equa t ion  of the f i r s t  wave  
f ron t  l ine  is  h = A0t. 

0 2 

1 h 

Fig .  2 

The  f low behind this wave  f ron t  ( r eg ion  1" in Fig.  2) is def ined  by the equa t ions  p = Ps,  A0u = Ps �9 

Unloading of the m e d i u m  takes  p l a c e  behind the second wave  f ron t  ( reg ion  i in Fig .  2). If  (1.2) is s a t i s f i ed  the 
so lu t ion  of (1.3) in the unloading r e g i o n  is  known [6]: 

u = ~ ( t ) ,  p = --hq~" (t) + ~ p  (t) ( 1 . 5 )  

The  p a r t i c l e  v e l o c i t y  is  independent  of the space  coo rd ina t e .  

The  p r o b l e m  r e d u c e s  to d e t e r m i n i n g  f r o m  the boundary  condi t ions  the funct ions  ~(t) and r and a l so  the f ron t  
l ine  hi(t). In the fo l lowing  we wr i t e  these  func t ions  and a l so  p(t) with s u b s c r i p t  c o r r e s p o n d i n g  to the r e g i o n  n u m b e r  in 
the  h t -p lane .  

The f i r s t  boundary  condi t ion  is  that  p = f ( t )  fo r  h = 0. Hence  we find 

~Pl (t) = f (t) (1.6) 

The  shock  r e l a t i o n s  a r e  s a t i s f i e d  a t  the f ron t ,  which in h, t c o o r d i n a t e s  have  the f o r m  

P - -  P8 = h~'~[V8 (h) - -  V (h)]~ u - -  u~ = hl"(t ) [Vs (h) - -  V (h)l (1.7) 

C o m p a r i n g  (1.7) to (1.1) we find the equat ion  of the f ron t  l ine :  

h ' ~ ( t ) = A ( h ) ,  I dh = t + C, h~ (0) = 0 (1.8) 

If the r e l a t i o n  A(h) is l i n e a r ,  

A (h) = A1 + •  (1.9) 

then we obtain  f r o m  (1.8) the equat ion  of the f ron t  l ine  •  I (t) = A 1 (e x t -  i ) .  

F o r  x > 0 the f ron t  v e l o c i t y  i n c r e a s e s  with i n c r e a s e  of h; fo r  ~ = 0 i t  r e m a i n s  unchanged.  F i g u r e  2 c o r r e s p o n d s  
to the f o r m e r  case .  

L e t  us  find ~vl(t). On the f r o n t  by v i r t u e  of (1.5) and (1.7) 

p - v s  = A (h) (t ,  - -  ~ )  

- -hi  (0~((t) + l ( t )  = hi  (t) [~l(t) - -  u,l + p, 

In t eg ra t ing  this  equat ion ,  we find gvl(t) f o r  the in i t i a l  condi t ion  
] (0) -- p, 

~ (0) - A~ § u~ 

( 1 .10 )  

( 1 . 1 1 )  
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If for  h = 0 the p r e s s u r e  is  g iven  by the l i n e a r  funct ion  

p=p,,,(t--~l 0 / (1.12) 

and A(h) is given in the form (1.9), then the solution in region i has the form 

• [ p.t~] + p, 
u = % ( t ) =  A,(i_e~t ) -(P~--Pm) t +  20 I --~0 

~ [(p~ - p.~)t + P'~ql (1 .13)  p=--h{ Al(J--eXl) [Ps-- Pra('--+)]-~- Al(t__e• 20 J '  

+ pm(, - o )  
If the m e d i u m  is homogeneous ,  i . e . ,  ~ = 0, then by pa s sage  to the l imi t  we obta in  the e x p r e s s i o n s  found 

p r e v i o u s l y  [6] for  the p a r t i c l e  ve loc i ty  and p r e s s u r e  in r eg ion  1. 

At the f ron t  hi(t) the p a r t i c l e  ve loc i ty  and p r e s s u r e  a r e  def ined in  a c c o r d a n c e  with (1.13) by the equa t ions  

(h) ~ h { ( p s - - p m ) l n ( l  ~h\  P~ [ln(l~ • 
u = _ _u 711) + _ ~  ' A, ]J J (1.14) 

p(h)=ps+(l+ AI~ I (t_+_~h , • 

At t ime  t = 0, when the p r e s s u r e  at  the in i t i a l  sec t ion  drops  to zero,  r eg ion  2 deve lops  (Fig.  2), in which fu r t he r  
un load ing  of the m e d i u m  takes  p l ace  and the f low is  def ined by  (1.5). Let  us a s s u m e  that at t = 0 the second wave f ron t  
has  not  caught  up with the f i r s t  wave f ront .  Let  us  find the so lu t ion  in the second  reg ion .  

F r o m  the condi t ion  that p = 0 for  h = 0 we f ind 

,~ (t) = 0, u = % (t), p = - h ( f f ( t )  (1 .15)  

F r o m  the condi t ions  at the bounda ry  2-1",  which  c o r r e s p o n d s  to the shock f ront ,  i t  fol lows that the f ron t  l ine  h2(t) 
is defined, as in region 1, by (1.8). 

From the conditions at the boundary 2-1'  we obtain 

- - h 2  (t)%'(t) - -  p~ = h 2" (t) [% (t) - -  u~] ( 1 . 1 6 )  

After  i n t eg r a t i n g  this  equa t ion  we find cP2(t). We find the cons t an t  of i n t eg ra t ion  f r o m  the condi t ion  that the 
p a r t i c l e  ve loc i ty  be cont inuous  at  the bounda ry  2-1,  i . e . ,  f r o m  the condi t ion  ~o2(0) = ~1(0). 

If the p r e s s u r e  at the in i t i a l  s ec t ion  is  g iven  in the f o r m  (1.12) and A(h) is  g iven  in the f o r m  (1.9), a f t e r  
i n t eg r a t i ng  (1.16) we obta in  the so lu t ion  in r eg ion  2 in  the f o r m  

u ~ % ( t ) = u ~ +  & ( l - - e  ~t) p~t----~ 
~h [ p ~ ( l -  e• (1.17) p = - -  ~ ( t  - -  e~t) -2 

It  fol lows f r o m  (1.17) that at the wave f ron t  

' u = u ,  -- ~-  =- ~ /  

[PmO P, ( ~h ~]• + A1 (1.18) 
P P, + 2 ~ in t + At j] h 

and the so lu t ion  is comple ted .  

2. Wave i n t e r a c t i o n  with an obs tac le .  In c e r t a i n  m ed i a  (soi ls ,  for  example) ,  the p r e s s u r e  Ps u sua l l y  does not  
exceed a f r ac t i on  of the a t m o s p h e r i c  p r e s s u r e .  We see  f r o m  (1.13) that the p r e s e n c e  of a weak wave with p r e s s u r e  
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Ps << Pm h a s  no s i g n i f i c a n t  e f f e c t  on  the  p a r a m e t e r s  of the  s t r o n g  d i s t u r b a n c e  t r a v e l i n g  b e h i n d  the  wave .  At  the  s a m e  
t i m e ,  in  the  c a s e  of i n t e r a c t i o n  wi th  an  o b s t a c l e ,  a c c o u n t  f o r  the  weak  wave  l e a d s  to the f o r m a t i o n  of a l a r g e  n u m b e r  of 
s m a l l  r e g i o n s  in  w h i c h  the  d e f i n i t i o n  of the f low i s  t i m e  c o n s u m i n g .  T h e r e f o r e ,  we s o l v e  t h i s  p a r t  of the  p r o b l e m  u s i n g  
the  a p p r o x i m a t i o n  of the  c o m p r e s s i o n  d i a g r a m  by a s i n g l e  e l e m e n t  (i. e . ,  we a s s u m e  Ps = 0). 

/ 
h 

/7 c~ h(~) 

Fig .  3 

The  s o l u t i o n  in  r e g i o n  1 (Fig .  3) was  o b t a i n e d  above .  A s s u m e  tha t  f u r t h e r  c h a n g e  of the  a c o u s t i c  r e s i s t a n c e  
t e r m i n a t e s  a t  the  s e c t i o n  h (~), c o r r e s p o n d i n g  to t h i s  r e g i o n ,  i . e . ,  A = A* f o r  h > h(~). T h e n  r e g i o n  2 d e v e l o p s .  L e t  u s  
f ind  the s o l u t i o n  in t h i s  r e g i o n .  T h e  s h o c k  f r o n t  l ine ,  w h i c h  we d e n o t e  by h~ (t), i s  s t r a i g h t :  

h~(t) - -  h~) = A*  (t - -  t(~)) 

If the a c o u s t i c  r e s i s t a n c e  c h a n g e s  in r e g i o n  i in  a c c o r d a n c e  wi th  (1.9),  t hen  

A* ~ A ~  +• 

(2.1) 

(2.2) 

Un load ing  of the  m e d i u m  t a k e s  p l a c e  in r e g i o n  2 and we s e e k  the s o l u t i o n  in the  f o r m  (1.5).  F r o m  the  c o n d i t i o n  a t  
the  s e c t i o n  h = 0 we f ind  t h a t  r = f ( t ) .  T he  c o n d i t i o n s  at  the  s h o c k  f r o n t  a r e :  p = A *~ (V0 - -  V), u -- A* (V0 - -  V) �9 
H e n c e  we f ind  

h2"% -- - -  h2%" + / (t) ,  % = ~-~._ I /  (t ) dt, ~ ( t  (~)) = % (t (')) (2.3) 

L e t  us  e x a m i n e  the  c a s e  in  which  the  p r e s s u r e  at  the  i n i t i a l  s e c t i o n  fo l lows  (1.12) and  the  a c o u s t i c  r e s i s t a n c e  
fo l lows  (1.9).  T h e n  we f ind f r o m  (2.3) the  p a r t i c l e  v e l o c i t y  and p r e s s u r e  in  the  f o r m  

The  p r e s s u r e  a t  the  wave  f r o n t  i s  

p = p,~ 

t  o t(l- ' - /  
u = % = ~ 2o, 

p . . . .  h~%" + p, .  ( i  - -  t _ )  
o /  

2h:0 A]_{_• ( ) + t(1) 2 0 - - t  ( ~ ) -  h'--h(1) 
A1 + zh (') 

(2.4) 

(2.5) 

L e t  a s t a t i o n a r y  o b s t a c l e  be  l o c a t e d  a t  the  s e c t i o n  h(~l. 

T h e  two r e g i o n s  3 and  4 (F ig .  3 )  a r e  f o r m e d  upon wave  r e f l e c t i o n  f r o m  the  o b s t a c l e .  U n l o a d i n g  and  l oad ing  of the  
m e d i u m  take  p l a c e  in  r e g i o n  3. F o r  h ~ h(.) l o a d i n g  t akes  p l a c e  up to a v a l u e  of the  p r e s s u r e  wh ich  i s  d i f f e r e n t  for  the  
d i f f e r e n t  p a r t i c l e s  bu t  i s  equa l  to the  p r e s s u r e  r e a c h e d  a t  the  i n c i d e n t  wave  f r o n t  h2(t). In th i s  c a s e  3 V / ~ t  = 0 and the  
s o l u t i o n  h a s  the  f o r m  (1.5).  

I t  fo l lows  f r o m  the  c o n d i t i o n  a t  s e c t i o n  h = 0 tha t  ~b3(t) = f ( t ) .  At  the  b o u n d a r y  h3(t) wi th  r e g i o n  4 we h a v e  in  
a c c o r d a n c e  wi th  (2.5) 

Pm (h3 (t) - -  h (1) -~- A * t  (1)) p~ (ha) = - -  h~ (t) % (t) + / (t) --  2hs(t) 0 

• (20 - -  t (1) h8 (t) --  h (1) A* ) (2.6) 
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Unloading of the m e d i u m  takes  p lace  in r e g i o n  4 behind the p r e s s u r e  jump at  the bounda ry  ha (t). It  fol lows f r o m  
the condi t ion  that  the obs t ac l e  be s t a t i o n a r y  that in r e g i o n  4 the p a r t i c l e  ve loc i ty  equals  zero  and the p r e s s u r e  depends  
only  on the t ime ,  

qD 4 = 0, P4 = ' 4  (t) (2.7) 

Thus ,  to def ine  the f low in  r e g i o n s  3 and 4 we m u s t  find % (t), h3 (t), ~Pa (t). 

The condi t ions  at  the bounda ry  h~ (t) y ie ld  

P~ --  P3 = ha" (t)%(t), - -% (t) ---- hs'(t)(V a - -  V4) 

A s s u m i n g  that Pa = - 'A*2 (Va - -V4) ,  p a = A  *~ (V~ - -Vo) ,  we then f ind the f ron t  l ine  

h8 (t) = h (2) - -  A* (t ~ t(2)), 

I t  fol lows f r o m  (2.8), (2.6), (2.7) that 

~4 -~- haq~3 ~  f = haq)a, 

% ' =  P'3 (h~) + A*q~'~, 

(2.8) 

h(:) -- h(t) (2.9) t(2) = t(O + A* 

~4 = P3 + A*% 

dp, A* 
P'3 = - -  dh3 "- 

(2.10) 

, ; = A *  ('-- ~ eha W ) =  f ~ - (  ~ - h(l) he / 

F r o m  (2.10) and (2.9) we obta in  

2Pro (i h(~) 
r = - ~  ~ 2h(2)_h(l )~-A,( t_t( t ) )  / (2.11) 

In t eg ra t ing  and f inding the a r b i t r a r y  c o n s t a n t  f r o m  the condi t ion  

~Pa (h(2)) = Pa (h(2)) + A*(p: (t(2)) (2.12) 

we d e t e r m i n e  the p r e s s u r e  in r eg ion  4:  

= t t (~) h(2) tO))]} 2Pm{__ + _ . ~  l n [ 2 _  h(1) t p4 = % - - ~  

20t(~) -- (t(2)) ~ (2.13) + P3 (h(2)) -~- A*% (t(2)), % (t (2)) = p,~ 20h(~) 

Pa (h(2') = Pm[(l  h(t' +h(2,A't(" . ) ( t  h(:)-- h(1)--2A*t(x) ~ - -  ~ / (2 .14)  

We find the p a r t i c l e  ve loc i ty  in  r eg ion  3 f r o m  (2.6): 

u = %(t) = I / ( t ) -  ps(h3) ha(t) dt + C (2.15) 

We find the a r b i t r a r y  cons t an t  f r o m  the condi t ion  that the ve loc i ty  be cont inuous  for  t = t(3). 

In a c c o r d a n c e  with (2.6) and (2.9) we subs t i tu te  the e x p r e s s i o n s  for  p(h3)and ha(t) into (2.15). We r e p l a c e  
i n t e g r a t i o n  with r e s p e c t  to t by i n t eg ra t i o n  with r e s p e c t  to ha: 

h(~) --  h (a) t(1) + 2h (~) --  h (1)- h3 dt = dh~ t = t (~) + - -  -- 
A* ' A* A* 

Then the p a r t i c l e  ve loc i ty  in r eg ion  3 is  

q~ = __ ~ {3 (hs --  h (e)) 2h (~) . ha 
2A*0 A--~- 111 h~ ~ 

_ _ [ h ( 1 , ( l t r .  h (1)~ .(1, 20 / J \ h 3  ~ - ) + ~ - - A  t ( 1 - -  t (O~](1  - - ~ ) } + ( p . ( t  ('), (2.16'  
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Thus  the  f low in r e g i o n s  2, 3, and 4 h a s  b e e n  d e t e r m i n e d .  

At  the  t i m e  t(3) the  wave  f r o n t  r e f l e c t e d  f r o m  the  o b s t a c l e  r e a c h e s  the  s e c t i o n  h (*) . T h e n  the  new r e g i o n s  5 and  6 

a p p e a r .  

Un load ing  of the m e d i u m  and  r e l o a d i n g  to the  v a l u e  r e a c h e d  a t  the  i n c i d e n t  wave  f r o n t  t ake  p l a c e  in r e g i o n  5. T h e  
d i f f e r e n c e  f r o m  r e g i o n  3 i s  t ha t  the  i n i t i a l  l oad i ng  l aws  a r e  d i f f e r e n t  f o r  a l l  t he  p a r t i c l e s .  A s  a r e s u l t  of  t h i s  the  
b o u n d a r y  5 -6  i s  c u r v e d .  We d e n o t e  i t  by ha(t). We f ind  f r o m  the  c o n d i t i o n  a t  s e c t i o n  h = 0 and  (1.5) t ha t  

~P5 = / (t), (P'5 -- / (t) --  p5 (hA) hA ' p~ (h4) = P4 (h4) (2.17) 

T h e  f r o n t  l i ne  ha(t) i s  found  f r o m  the  c o n d i t i o n s  

P s ~ P s = h ' 4 % ,  T 6 = 0 ,  - -  % = h ' 4 ( V ,  -- V6)  = h'4 (p6 - -  Ps) ( 2 . 1 8 )  
(A~ + uh4p 

H e n c e  

h', = - - ( A l @ z h 4 ) ,  h, ( t )  = - ~ - [ ( i  + A~] 

t (u) = t (~) ~- 2t (~) = t (:) -~- 2 ~h(~) - -  h ( 1 )  

AI @ • (1) 

(2.19) 

We s u b s t i t u t e  t d e t e r m i n e d  f r o m  (2.19) in to  (2.17),  and  we r e p l a c e  i n t e g r a t i o n  w i th  r e s p e c t  to t by  i n t e g r a t i o n  
wi th  r e s p e c t  to h4: 

dt -- dhA + A1 + uh4 ' t = t (a) ~ In A1 + zhA 
A1 + uh (1) 

T h e n  

l i -- t(a) i A1 + uhA 
% ( t ) := -- P~ i { ( A1+ uh4) hA ( In 

i I1 n AI @ • in dha -~- C 
~h4 ~ A1 

The  c o n s t a n t  i s  found  f r o m  the  cond i t i on  t ha t  the  p a r t i c l e  v e l o c i t y  b e  c o n t i n u o u s  a t  the  b o u n d a r y  of r e g i o n s  3 
and  5. 

In r e g i o n  6 the  p a r t i c l e  v e l o c i t y  i s  z e r o  and  the  p r e s s u r e  i s  found  f r o m  (2.18) and (2 .19) :  

p~ = p5 (h,) - h4~; = p ,  (h4) + (A1 + •  

T h u s  the  s o l u t i o n  in r e g i o n s  5 and 6 ha s  b e e n  found.  H o w e v e r ,  the  i n t e g r a l  d e f i n i n g  the  f u n c t i o n  ~5(t) c a n n o t  be  
e x p r e s s e d  in  e l e m e n t a r y  f u n c t i o n s ,  and t h e r e f o r e  the  d e t e r m i n a t i o n  of the  f low in t h e s e  r e g i o n s  m u s t  b e  c a r r i e d  out  
n u m e r i c a l l y .  

3. D i s c u s s i o n  of c o m p u t a t i o n a l  r e s u l t s .  T h e  p h y s i c a l  e s s e n c e  of the  p r o c e s s  of wave  p r o p a g a t i o n  and i n t e r a c t i o n  
in n o n h o m o g e n e o u s  m e d i a  c a n  be  e x p l a i n e d  on the b a s i s  of the e x p r e s s i o n s  o b t a i n e d  above .  L e t  u s  e x a m i n e  the  c a s e  in 
w h i c h  the  p r e s s u r e  a t  the  i n i t i a l  s e c t i o n  of the  so i l  c o r r e s p o n d s  to (1.12) and the  a c o u s t i c  r e s i s t a n c e  v a r i a t i o n  
c o r r e s p o n d s  to (1.9).  L e t  us  f i r s t  e v a l u a t e  the  p o s s i b l e  v a l u e s  of ~ .  F o r  e x a m p l e ,  we a s s u m e  tha t  in  the  l a y e r  a d j a c e n t  
to the  i n i t i a l  s e c t i o n  p = 1.6 �9 10 ~ k g / m  3, and  the  p l a s t i c  wave  v e l o c i t y  C = 80 m / s e c .  At the  d i s t a n c e  20 m we h a v e  p 
= 2 �9 103 k g / c m  3 and  c = 420 m / s e c .  T a k i n g  a l i n e a r  v a r i a t i o n  of d e n s i t y  wi th  d i s t a n c e ,  we f ind t h a t  ~ = 20 s e c  -a. T h e  
i n c r e a s e  of c and p in i n d i v i d u a l  s e g m e n t s  in  o t h e r  d e n s e  m e d i a  m a y  take  p l a c e  m o r e  i n t e n s e l y .  

In Fig .  4 c u r v e s  1, 2, and 3 c o r r e s p o n d  to the  m a x i m u m  p r e s s u r e  a t  the  i n c i d e n t  and r e f l e c t e d  wave  f r o n t s .  I t  i s  
a s s u m e d  tha t  the  p r o p e r t i e s  of the m e d i u m  do not  c h a n g e  wi th  d e p t h  b e g i n n i n g  a t  the  s e c t i o n  h (~) . T h e n  h('-) / A1 = 0.085S 
see .  At  the s e c t i o n  h (~-) t h e r e  is  a s t a t i o n a r y  o b s t a c l e  m a d e  f r o m  i n c o m p r e s s i b l e  m a t e r i a l  h(2)/A1 = 0.154 s ec .  

C u r v e  1 c o r r e s p o n d s  to the  p r e s s u r e  f o r  0 = 0.1 s e c ,  ~4 = 20 s ec  -1, c u r v e  2 i s  fo r  0 = 1 s ec ,  y. = 0 ( h o m o g e n e o u s  
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m e d i u m ) ,  and c u r v e  3 is  fo r  0 = 1 s e c ,  ~4 = 20 s e c  -1. In the  n o n h o m o g e n e o u s  m e d i a  tl = 0.05 s e c ,  t (~) = 0.075 s e c ,  and in 

the h o m o g e n e o u s  m e d i u m  t (~) = 0.0858 s e e ,  t (1) = 0.i54 s e c .  

! i  5 

z II z 

_ p l  
0 0.g 75 ._h_" h ser A, T, 

Fig.  4 

We s e e  f r o m  the c u r v e s  that  with i n c r e a s i n g  d i s t a n c e  f r o m  the in i t i a l  s e c t i o n  fo r  ~ > 0 i n c r e a s e  of the p r e s s u r e  
m a y  take p l ace .  With r e d u c t i o n  of 0 the m a g n i t u d e  of the i n c r e a s e  d i m i n i s h e s .  Upon t r a n s i t i o n  into the r e g i o n  ~ = 0 the 

p r e s s u r e  a t  the f r o n t  beg in s  to d e c r e a s e  wi th  d i s t a n c e .  With a p p r o a c h  to the o b s t a c l e  the p r e s s u r e  f o r  0 = 1 s ec  s t i l l  

ha s  not  d e c r e a s e d  to Pro'  whi le  f o r  0 = 0.1 s ec  it d e c r e a s e s  to 0.82 Pro" 

Upon r e f l e c t i o n  f r o m  the o b s t a c l e  the p r e s s u r e  i n c r e a s e s  s t e p w i s e  by a f a c t o r  of  two.  The p r e s s u r e  a t  the 
r e f l e c t e d  wave  f r o n t  d e c r e a s e s  with a p p r o a c h  to the in i t ia l  s ec t i o n .  F o r  a s m a l l e r  va lue  of 0 the d e c r e a s e  is  m o r e  

i n t e n s e .  

C u r v e  1' c o r r e s p o n d s  to the p a r t i c l e  ve loc i t y  f o r  0 = 0.1 s e e ,  z = 20 s e c  -1, and c u r v e  3 '  is  fo r  0 = 1 s e c ,  ~ = 20 

s e c  -1. In the h o m o g e n e o u s  m e d i u m  the c u r v e s  of P / P m  and A1u/p,~ co inc ide .  

In al l  c a s e s  t he  p a r t i c l e  v e l o c i t y  d e c r e a s e s  with d i s t a n c e .  In the n o n h o m o g e n e o u s  m e d i u m  the p a r t i c l e  ve loc i t y  

d e c r e a s e s  m o r e  r a p i d l y  wi th  d i s t a n c e  than in a h o m o g e n e o u s  m e d i u m .  With i n c r e a s e  of 0 the r a t e  of v e l o c i t y  d e c r e a s e  
d i m i n i s h e s .  The p a r t i c l e  v e l o c i t y  in the r e f l e c t e d  wave equa l s  z e r o .  

i 

0 0,05 ~, sec 

Fig .  5 

F i g u r e s  5, 6, and 7 show c u r v e s  of the  r e l a t i o n  p ( t ) / P m  fo r  c e r t a i n  s e c t i o n s  of the m e d i u m .  T h e s e  f i g u r e s  
c o r r e s p o n d ,  r e s p e c t i v e l y ,  to the c a s e s  0 = 0 . 1 s e c ,  ~ = 2 0  s e e - l ;  O = 1  s e c ,  ~4 = 0 : 0  = 1  s e e ,  ~ =20  s e c  -1. In al l  the 
f i g u r e s  c u r v e  1 is  the p r e s s u r e  fo r  h = 0, c u r v e  2 is  f o r  h = h (1) , and c u r v e  3 is  f o r  h = h (2). 

iI 
Fig .  6 

g.Z t ,  sec  

At all sections behind the incident wave front there is a decrease of the pressure, accompanied by unloading of 

the medium. This decrease also continues after t = t (2). However, the zone of pressure decrease entering 
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r e g i o n  3 (i. e . ,  f o r  t > t (=)), at  a l l  points  o the r  than those  ly ing c l o s e  to the s ec t ion  h = 0, i s  r ap id ly  r e p l a c e d  by a zone 
of p r e s s u r e  i n c r e a s e ,  which takes  p l ace  with 0 V / 0 t  = 0. Behind the p r e s s u r e  jump the p r e s s u r e  on the r e f l e c t e d  wave  
f ron t  t~(t) again  d e c r e a s e s .  

i 

- -  I 

o 0.95 f, sec 

Fig .  7 

Thus ,  in nonhomogeneous  m e d i a  with ~ > 0 the re  is  an i n c r e a s e  of the p r e s s u r e  as  the wave  p r o p a g a t e s .  With 
i n c r e a s e  of ~ the i n t ens i t y  of the p r e s s u r e  r i s e  i n c r e a s e s .  The  m a x i m u m  wave load ac t ing  on an o b s t a c l e  may  e x c e e d  
s ign i f i can t ly  the load ac t ing  in a h o m o g e n e o u s  m e d i u m  for  the s a m e  p r e s s u r e  v a r i a t i o n  law on the f r e e  su r f ace .  The  
p a r t i c l e  ve loc i t y  is l e s s  in nonhomogeneous  m e d i a  than in h o m o g e n e o u s  m e d i a .  

The  so lu t ion  was c a r r i e d  out without  account  f o r  the v i s c o u s  p r o p e r t i e s  of the m e d i u m ,  i . e . ,  the dependence  of 
the or(e) d i a g r a m  on the d e f o r m a t i o n  r a t e .  Accoun t  fo r  this  f a c t o r  l e ads  to i n c r e a s e  of the e n e r g y  l o s s e s  in the wave  and 
consequen t ly  to a t tenua t ion  of the wave  with  d i s t a n c e  [5]. 
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