
DECAY OF AN ARBITRARY DISCONTINUITY 

ON A CURVILINEAR SURFACE 

V. M. T e s h u k o v  UDC 533.6.011+527.958 

The existence of a discontinuous piecewise-analyt ic  solution of the three-d imensional  problem of the 
decay of an a r b i t r a r y  discontinuity concentrated on a given curvi l inear  hypersur face  at the initial instant is 
proved for  a sys tem of gasdynamics  equations. 

The problem of the decay of an a r b i t r a r y  discontinuity on a curvi l inear  surface occurs  in descr ibing 
the explosion of a nonspherical  charge  [1], the wave motion of a fluid upon destruction of a dam, etc. These 
and s imi la r  problems of three-d imensional  gasdynamics  were studied mainly within the f ramework  of approx-  
imate  models o r  by using numerical  methods. In the planar  case ,  one of the decay configurations o f  an a rb i -  
t r a r y  discontinuity was considered in [2] in an exact  formulation,  where the possibil i ty was shown of cons t ruc t -  
ing the solution in the c lass  of formal  power se r ies  under definite constraints  on the initial data. 

1 .  F o r m u l a t i o n  o f  t h e  P r o b l e m  a n d  t h e  M a i n  R e s u l t  

Let F 0 be an analytic hypersur face  in R 3 without reent r ies  separat ing R 3 into the subdomains D 1 and D~. 
At  time t=0  the state of the gas is given by 

u[t=0=u~(x), pl~_o=p~(x), S[t=o-=S~(x), x ~ D ~ ,  / = ~ , 2 ,  (1.1) 

where  u is the gas velocity, p is the p res su re ,  and S is the entropy. The functions u~, pl, S~ a re  analytic in the 
domains  D i, and their  l imit  values are  dist inct  on F0. It is required to descr ibe  the gas motion for  t> 0. 
The gas is assumed inviscid, non-heat-conducting,  and normal  [3, 4], and its equations of state are  analytic. 

The analogous problem has been studied sufficiently well [3, 5] in a one-dimensional  formulation.  De- 
pending on the initial data on both sides of the discontinuity, three fundamental configurations of the discontin-  
uity occur .  According to [3], the formation of a shock wave, a centered wave, and a constant discontinuity is 
called configuration A, while configuration B cor responds  to the formation of two shocks and a contact d is -  
continuity,  and configuration C to the formation of two centered waves and a contact  discontinuity. Configura- 
tion A contains two subcases ,  the motion of a shock in D~, a centered wave in D2, and converse ly ,  in addition 
to these main configurations,  intermediate  configurations occur  which cor respond to the disappearance of the 
amplitude of one of the waves which hence degenerates  into a weak discontinuity on the cha rac te r i s t i c s .  

A piecewise-analyt ic  solution of the three-d imens ional  problem of the decay of a discontinuity is con-  
s t ructed  here.  Definite conditions a re  satisfied on the surfaces  of discontinuity of the solution. Fo r  weak dis-  
continuit ies these a re  conditions of continuous contiguity. Ycr shocks,  they are  the Hugoniot relat ionships 

[p(u. - -D=)]  = 0, [p + p(u= -- D.) 2] = 0, (1.2) 

[s + p/p + 1/du,~ -- D~) ~] = 0, [u~] = 0 

and the condition of entropy growth. For  contact  discontinuities the conditions a re  

[un] = 0, [p] = 0, (1.3) 

where [ ] is the symbol of a shock, Un=U,n; ucr =n • u • n; n is the normal  through the surface of discontinuity 
by the plane t=cons t ,  D n is the velocity of surface motion in the direct ion of the normal,  e is the :internal en- 
e rgy  of the gas,  and p is the gas density.  

One of the e lements  of the solution will be waves centered on the surface F 0 (solutions possess ing the 
p roper ty  that the acoust ic  cha rac t e r i s t i c s  of one of the famil ies  passing through F 0 at t = 0  will cover  the do- 
main of definition of the solution). As is shown in [6], to cons t ruc t  a centered wave it is sufficient to give the 
condition of continuous contact  along the cha rac te r i s t i c  to the known solution and the limit value on F 0 of the 
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normal  velocity component on the second boundary charac te r i s t i c .  As  t ~ 0  the centered wave will behave a-  
symptot ica l ly  exactly as the simple Riemann wave centered on a plane tangent to F 0 at this po in t .  

In this connection, it is c l ea r  that the form of the configuration of the decay of the discontinuity is de te r -  
mined locally, in the neighborhood of each point F0, exactly as in the one-dimensional  case .  Let us introduce 
the quantities # i j ,  ~i j  (i =1, 2, j =1, 2), Aun, Ap as follows: 

where ~ is a function of the var iables  p, S such that ao' /ap=(pc)- l ;  cri(p) =cr(p , S~); c is the speed of sound, 
= 0 Configuration A T]=(P[)-I; T i Ti(p) is the equation of the Hugoniot adiabat with center  at the point r~, Pi" 

occu r s  upon compliance with the following inequalit ies:  

~ 0 ( A p )  + Tz~0(--Ap) < Aun < r + Cu0(Ap) (1.4) 

(the normal  n is d i rected into D 0.  Configuration B cor responds  to the inequality 

Au. > (I),~0(-Ap) + r (1.5) 

The inequality which gives r i se  to configuration C when it is satisfied is 

Au. < ~#(Ap) + ~ ,0(-Ap) .  (1.6) 

Reaching equality in one of the inequalities (1.4)-(1.6) co r responds  to the intermediate configurations (0 (x) = 0, 
x< 0; 0 (x )= l ,  x->0). 

Because of the f ini teness of the perturbat ion propagation velocity, it is sufficient to cons ider  the ease of 
bounded domains D i adjoining F 0. Let the initial data in D i sat isfy the eondition: The configuration of the de-  
cay of the discontinuity is identical for  all points of  F 0. Then the following theorem is valid. 

THEOREM 1. A unique pieeewise-analyt ic  solution of problem (1.1) exists in the domain ~ =(D~ U D~)• 
(o, to] (to > o). 

The case  of changes in the configuration of the decay in the discontinuity along F 0 requires  a separate  
examination in connection with the appearance of new singulari t ies  in the solution. 

2 .  C o n f i g u r a t i o n  C 

In this case  the initial data sat isfy (1.6). The limit values of the quantity u n can be found on F 0 in the do- 
main outside the centered waves analogously to the one-dimensional  case.  By the Cauchy-Kovalevsk i i  theorem, 
analytic solutions exist  for  the gasdynamics  equations taking on the data (1.1) in D 1 and D 2. The centered waves 
analytic for  t> 0 [6] a re  determined by the conditions of adjacency to these solutions and the quantity u n on 
F 0. There  remains  to cons t ruc t  a contact  discontinuity surface and a solution in the domains bounded by this 

sur face  and the boundary cha rac t e r i s t i c s  of the centered waves. The analytic data on these charac te r i s t i c s  
a re  such that [Un] = 0 and [p] = 0 on F 0. The existence of the solution of this problem is proved in [7]. The 
theorem is proved in the case  of configuration C and the cor responding  intermediate  configurations.  

3.  C o n f i g u r a t i o n  B 

The inequalities (1.4) are  satisfied on F 0. Analytic solutions adjoining the data (1.1) are  found analogous-  
ly to t h e p r e c e d i n g  case .  It is required to find sur faces  of the shocks F1, r2, the surface of the contact  dis-  
continuity F 3 and the solution of the gasdynamics  equations in the domsins ~1 and ~2 bounded by these surfaces  
(Fig. I i l lus t ra tes  the planar  case) so that the Hugoniot relat ionships (1.2) a re  satisfied on F~, F~, and condi- 
tions (1.3) on the contact  cha rac te r i s t i c  F 3. 

Passage  to the new independent var iable  reduces the problem in a domain with unknown boundaries to a 
problem in a fixed domain [8]. Let F 0 be given pa ramet r i ca l ly  

x = Xo(IL y), lXo~[ > 6 > O, Ixovl > 6 > O, 

IXo~ • Xoyl > 6 > 0 .  
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F i g .  1 

L e t  us c o n s i d e r  two Cauchy  p r o b l e m s  in the  d o m a i n  t2~: 

t~ = t ,  y~ : d~(y~• • y~l-t,  

t]~=o = 0, Yl~=o = xo(~, "/), 

t~ = t ,  x~ = u~(x~ • xv).ix~ X xv]-l, 

tl~=o = a,  xl~=o = YI~o. 

(3.i) 

The  q u a n t i t y  u n = u - n a n d n =  (xfl x x y ) .  t xfl x x,/1-1, the  func t ions  d n w i l l  be de f ined  so tha t  a t  r = 0 i t  w i l l  a g r e e  
w i th  the v e l o c i t y  of s h o c k  mo t ion  in the d i r e c t i o n  of the  n o r m a l  n. The  r e l a t i o n s  t =  7 + ~ ,  x = x ( 7 ,  c~, B,  ~)  
y i e l d  the  p a s s a g e  to new v a r i a b l e s  in the d o m a i n  ~ l .  F o r  T =0 t h e s e  r e l a t i o n s  y i e l d  t he  s h o c k  s u r f a c e  i n p a r a m -  
e t r i c  f o r m ,  and f o r  a = c o n s t  the c o n t a c t  c h a r a c t e r i s t i c  p a s s i n g  t h rough  the  shock  f r o n t  a t  the t i m e  t=c~ [8]. 
L e t  us i n t r o d u c e  the v e c t o r  Ucr =n  x u • n (u = Unn +n • u x n). The  l i m i t  v a l u e s  of  the v e l o c i t y  u, the p r e s s u r e  
p,  the  e n t r o p y  s ,  the  v e l o c i t y  of s h o c k  f r o n t  m o t i o n  in the n o r m a l  d i r e c t i o n  d n on F 0 f r o m  the d o m a i n  ~ l  a r e  
d e t e r m i n e d  un ique ly  f r o m  the r e l a t i o n s  (1.2) and (1.3) a s  a n a l y t i c  func t ions  of the  v a r i a b l e s  B,  T. L e t  us c o n -  
v e r t  the g a s d y n a m i c s  equa t i ons  in the  d o m a i n  ~ l  to the v a r i a b l e s  T, ~ ,  B,  ~ by  c o n s i d e r i n g  r = u n + p / p l c l ,  l = 
U n - P / p  lc~, ucr , and s the  d e s i r e d  func t ions :  

r~ = (l--m)r~ + ]~, (t -4- m) l~ = l~ ~- ~ ,  (3.2) 

u ~  = alv~ -~ a~v~, s~ = a~s~ -~ a~s~, 

w h e r e  

[ i  = asv~ + a6v~ + biv ~ + b2v~; m = Id~l - -  u n i l c i ' i ;  

/~ = aTv~ ~- asv~, + bav~ + b4v~ (0 < m < i);  

P l, c l ,  ant ,  dm a r e  v a l u e s  of the  c o r r e s p o n d i n g  q u a n t i t i e s  a t  a f i x e d p o i n t A  0 (fl =/3 0, Y =Y0) of the  s u r f a c e  r0 ,  v 
i s  the  no ta t ion  f o r  a v e c t o r  so lu t i on  wi th  the  c o m p o n e n t s  r ,  l , u~ ,  s ,  x ~ ,  x T ,  Xc~; a i ( i =  1, . , ,  8) bj (j = 1 . . . . .  4 )  
a r e  s c a l a r ,  v e c t o r - v a l u e d ,  m a t r i x - v a l u e d  a n a l y t i c  func t ions  of the  a r g u m e n t  v .  The  func t ions  bj ~ 0 a t  the  po in t  
A 0 �9 

By knowing  the gas  p a r a m e t e r s  in f r o n t  of the shock  a s  func t ions  of the v a r i a b l e s  x, t ,  the n o r m a l  to the  
f r o n t  and  the m a g n i t u d e  of r beh ind  the  f ron t ,  a l l  the gas  p a r a m e t e r s  beh ind  the f r o n t  can  be  d e t e r m i n e d  unique ly .  
We ob ta in  the f o l l o w i n g  b o u n d a r y  c o n d i t i o n s  f o r  ~" = 0: 

/[~=o = (ar + q (r, n, x, t))ix=o, u~l~=o = k (n, x, t)l~=o, 
s[~=o = w (r, n, x, t)[~=o , D=]~=0 = d (r, n, x, t)[~=o. (3.3) 

L e t  us de f ine  the func t ion  d n in ~ l :  d n = d ( r ,  n, x ,  t); in p a r t i c u l a r ,  d n = d ( r ,  (y~ x y , / ) . l y  ~ x y  T i - l ,  y ,  t) 
in (3.1).  The  func t ion  q p o s s e s s e s  the p r o p e r t y  tha t  q r = 0  a t  the poin t  A 0. The c o n s t a n t  a i s  c a l c u l a t e d  by  the 
f o r r n  ula  

a = (--1 + picidu~/dp(Ao)) (t -~- 91cidun/dp(A,)) -1, 

w h e r e  dUn/d p i s  the  a n g u l a r  c o e f f i c i e n t  of the (p, Un) shock  d i a g r a m  [3, 4]. Conse que n t l y ,  d u n / d p > 0  , l al < 1. 
E x t r a c t i o n  of the  l i n e a r  t e r m  in r in the f i r s t  r e l a t i o n  of (3.3) i s  r e l a t e d  to the f ac t  tha t  the  quan t i t y  a p l a y s  
an  i m p o r t a n t  p a r t  in the  c l a r i f i c a t i o n  of the  p r o b l e m  s o l v a b i l i t y  c o n d i t i o n s .  

A n a l o g o u s  t r a n s f o r m a t i o n s  a r e  p e r f o r m e d  in the  d o m a i n  ~22. The  c o r r e s p o n d i n g  q u a n t i t i e s  in ~2 a r e  d e -  
no ted  by  c a p i t a l  l e t t e r s  X, u  S, Un, U~,  e t c .  The  l o c a l  R i e m a n n  i n v a r i a n t s  a r e  i n t r o d u c e d  as  fo l lows .  R=  
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U n -  P/p  2c2, L = U n + P/fl  2c2 (p 2, C2 a r e  the l imi t  va lues  of p and c f r o m  ~2 at the point  A0). The t r a n s f o r m e d  
equa t ions  and bounda ry  condi t ions  at  T =0 have f o r m a l l y  the s a m e  f o r m  as (3.1), (3.2) and (3.3) with the d e -  
s i r e d  func t ions  inl l o w e r  c a s e  r e p l a c e d  by upper  c a s e  in the notat ion.  The quant i ty  A is given by the f o r m u l a  

�9 A = (i + p~c~dU,JdP(Ao))(--i -4- p~c,dU,/dP(Ao))-L 

B e c a u s e  the s lope of the(P ,  U n) d i a g r a m  is d U n / d P <  0, [ AI < 1. F r o m  (1.3) we obtain  the boundary  condi t ions  
f o r  a =0 :  

r = hl  -4- K L ,  R = HL -4- kl, (3 .4 )  

w h e r e  

h ----- - - H  ----- (ptCl - -  p~c2) (Plet "4" p~c2)-l; 
K = 2p2r z + p~c~)-t; k = 2Ptcz(Pxcz + Paca) - t .  

By r e p l a c i n g  the d e s i r e d  funct ions  r e s u l t i n g  f r o m  (3.3), (3.1) and (3.4), and the c o r r e s p o n d i n g  re l a t ionsh ips  in 
92, we r e d u c e  the bounda ry  c o n d i t i o n s  to homogeneous  condi t ions .  We reduce  the non l inea r  equat ions  (3.1) to 
q u a s i l i n e a r  equa t ions  by cont inuing them to d e r i v a t i v e s  (the notat ion of the t r a n s f o r m e d  quant i t ies  is conse rved ) .  
F o r  o~ =0 the t r a n s f o r m e d  Riemann inva r i an t s  s a t i s fy  condi t ions  (3.4) and the condi t ions  

l = at, L = AR .  (3.5) 

f o r  T=0. The p r o b l e m  f o r m u l a t e d  is a G o u r s a t  p r o b l e m  (noncha rac t e r i s t i c ) .  The cont inued equat ions  

re, = (t  - -  m)r~ + Ix, ( i  + rn)/~ = l~ + h ,  

Ra = (1 - -  M)R. + Fx, (t + M)L~ = La + F2 (3.6) 

a r e  used in a spec i a l  way  to p rove  its d imens iona l i t y .  The der iva t ion  of the cont inued equat ions  is r a t h e r  awk-  
w a r d ;  hence ,  we p r e s e n t  the r e s u l t  

(t - -  m)* (t - -  M) n [ShAh - -  kaKA] D~,n_j.~r ---- (t - -  M) ~ (1 - -  rn) ~-j [6.h + kKAI g+]~ + ~ ag.-(h + Dn,on (l --  ar) 
i = 0  

+ + D..." (L - -  a , )  
k4~o 

! ] -t- ( t  - -  n ,, g~f2 + ( t  - -  m)  Do.n (r - -  hl  - -  K L )  . M) Do,n ( R  - -  H L  - -  k l )  + ( i  - -  M)" ( l  + m)" 8~ ( l  - -  ra) -~ '~ " 

_ " l rn) ~ - ~  8~ ( 3 . 7 )  (i  - -  m) n (1 M) n [Snh. - -  kaKA] Dn-~5 -~ (1 - -  M) n (l + 

[~_.i-i n - t  (I m)" D'~,o (r -- hl --  KL) j] X [2~o g+tf, "4- i-o~'a ag"([~ + D:.o (l - -  ar) -4- --  

+ a g  (~ + m) "-I  (1 - m)" (GtF~ + A~rF~) + D'~,o (L - -  AR) 

+ ( - -  M) Do n (R -- HL a (t - -  M)" (t (t + ra) -~ kAKI g+]~ 

M o r e o v e r ,  f o r m u l a s  of  the f o r m  (3.7) with the cap i t a l  l e t t e r s  r ep l aced  by smal.1 and sma l l  r e p l a c e d  by cap i ta l s  

a r e  val id.  Here  

Dnn_j,i = O'~/8~n-JO~J; g+ = (I + rn)iD~-'~_a.4; g~" --  (i --rn)4Dnn-~-x 4; 

- -  t v x ]  u n - - i - - I  4; 

8,~ ---- ( i  + m) n ( i  - -  m ) - "  - -  ah; d,~ = ( i  -4- M) n (t  - -  M) - n  - -  AH. 
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The  r e l a t i o n s h i p s  (3.7) p o s s e s s  the p r o p e r t y :  T h e t o t a l  o r d e r  of d i f f e r e n t i a t i o n  of the unknown func t ions  wi th  
r e s p e c t  to ~- and a a t  the  po in t  A 0 in the r i g h t  s i de  i s  l e s s  than n. T h e r e f o r e ,  they  can  be used  f o r  the s u c c e s -  
s i v e  s e e k i n g  of the  d e r i v a t i v e s  of the so lu t ion .  The  c o n d i t i o n s  f o r  s o l v a b i l i t y  of (3.7) have  the f o r m  

6~A, - -  k a K A  ~2~ 0, n = ~, 2 . . . .  (3.8) 

L E M M A  1. D e r i v a t i v e s  of the so lu t ion  a t  the poin t  A 0 a r e  d e t e r m i n e d  unique ly .  

The  i n e q u a l i t i e s  (3.8) fo l lows  f r o m  the de f in i t ion  of the c o n s t a n t s  h, H, k,  K and the i n e q u a l i t i e s  0 < m < 1, 
0 < M < 1, ] a l < 1, [AI < 1, l hl = I HI < 1. The a s s e r t i o n  i s  v e r i f i e d  e a s i l y  fo r  f i r s t  o r d e r  d e r i v a t i v e s .  

The  f a c t  needed  is  e s t a b l i s h e d  by m a t h e m a t i c a l  induc t ion  on the n - t o t a l  o r d e r  of d i f f e r e n t i a t i o n  with  
r e s p e c t  to T and a .  D e r i v a t i v e s  of o r d e r  n + l  of the func t ions  r ,  l ,  R, L with  r e s p e c t  to ~- and a a r e  found in 
t e r m s  of d e r i v a t i v e s  of  o r d e r  n wi th  r e s p e c t  to ~- and a f r o m  (3.7) and a n a l o g o u s  r e l a t i o n s h i p s  in ~ .  The  
d e r i v a t i v e s  of the  o t h e r  func t ions  a r e  d e t e r m i n e d  a f t e r w a r d s  f r o m  the d i f f e r e n t i a t e d  equa t ions  (3.:i) and (3.2) 
and t h e i r  a n a l o g s .  B e c a u s e  the  po in t  A 0 is  t aken  a r b i t r a r i l y ,  the  a s s e r t i o n  is  va l id  fo r  a l l  po in ts  F 0. Having  
d e t e r m i n e d  the d e r i v a t i v e s ,  we can  c o n s t r u c t  the so lu t ion  in the  f o r m  of f o r m a l  p o w e r  s e r i e s  in the v a r i a b l e s  

~,  a ,  B- f~0 ,  7 - 7 0 .  

M a j o r a n t s  of  the s e r i e s  wi l l  be  c o n s t r u c t e d  in the  f o r m  of func t ions  of the v a r i a b l e  'l = ~(~ -F co) ~-_~ - -  
~0 -b ~ - -  % (~ :>  t i s  a cons tan t )  in  o r d e r  to p r o v e  the c o n v e r g e n c e .  The equa t i ons  fo r  the  m a j o r a n t s  /m ,  

L m ,  r m ,  R m,  s m,  S m,  e tc .  o c c u r  upon r e p l a c i n g  the c o e f f i c i e n t s  of the q u a s i l i n e a r  s y s t e m  by t h e i r  m a j o r i z i n g  
f u n c t i o n s .  The p r o p e r t y  tha t  c e r t a i n  c o e f f i c i e n t s  of the s y s t e m  v a n i s h  a t  the poin t  A 0 i s  r e t a i n e d  h e r e .  The  
d e p e n d e n c e  of the c o e f f i c i e n t s  on T, a , / 3 ,  7 i s  m s j o r i z e d  by  a d e p e n d e n c e  on 77. Le t  us e x a m i n e  the c a s e  
when a ~ 0, A ~ 0 (e .g . ,  the  q u a n t i t i e s  a and A can  p o s s i b l y  van i sh  in a p o l y t r o p i c  gas  wi th  a d i a b a t i c  index ~<: 
5 /3-< •  2). L e t  us d e m a n d  tha t  the m a j o r a n t s  s a t s i f y  the r e l a t i o n s h i p s  

l~ = [a[rm, L~ = [AIR,~, Rrn = ]HIL., -~kol.,, r.n =lh[l,~ @ KL,~, (3.9) 

whe r e  

k o = ] a A t - ~ K - I ( t -  I a h l ) ( t -  [AHI).  

The l a t t e r  r e l a t i o n s h i p  a s s u r e s  the e x i s t e n c e  of a n o n t r i v i a l  so lu t ion  of the l i n e a r  h o m o g e n e o u s  equa t ions  (3.9).  
We s e e k  the so lu t i on  of the  m a j o r a n t  equa t i ons  in the f o r m  of func t ions  of the  v a r i a b l e  77. The  m a j o r a n t  e q u a -  
t i o n s  c o r r e s p o n d i n g  to (3.6) have  the f o r m  

' l' R' L" ~r~ = ra - : f lm  , ~ ~ = ra-lf2,~, ~ *n = M - : F I ~ ,  ~ m = M-1F~m.  (3.10) 

B e c a u s e  of (3.9) the  r i g h t  s i d e s  of  (3.10) a r e  c o n n e c t e d  by  the r e l a t i o n s  

/~m = [a[flrn, FI,n = M m - l k o I a t ( t  ~ I A H [ ) - l f l ~ ,  F ~  = ]AIF~ra. (3.11) 

T h e  i n i t i a l  c o n d i t i o n s  f o r  a l l  the m a j o r a n t s  is  t ha t  they  v a n i s h  a t  the poin t  A 0. Then (3.9) fo l lows  f r o m  (3.10) 
and (3.11).  The  m a j o r a n t  f lm  i s  s e l e c t e d  so  tha t  (>> i s  the  m a j o r i z i n g  r e l a t i o n )  

f m  ~> K l f l ,  ]lrn >~ Ial-lKl]~, 

f l ~  ~> m K l ( l  - -  IAHI) (Mkola t ) - lF1 ,  

tl,~ >> ,~ (1 - I AH b K~ (Mk01 aA I) -1  F~ (K1 = max (~, kkol ) ) .  
(3o12) 

F o r  i n s t a n c e ,  i t  i s  su f f i c i en t  to take  the s u m  of the m a j o r a n t s  fi and F i ( i = 1 ,  2) wi th  a s u f f i c i e n t l y  l a r g e  n u m e r -  
i c a l  c o e f f i c i e n t  as  f lm .  The  s y s t e m  of o r d i n a r y  equa t i ons  to d e t e r m i n e  the m a j o r a n t  i s  r e d u c e d  to n o r m a l  f o r n  
if ~ i s  s e l e c t e d  s u f f i c i e n t l y  l a r g e  and the e x i s t e n c e  of the s o l u t i c  of the s y s t e m  fo l lows  f r o m  the C a u c h y -  
K o v a l e v s k i i  t h e o r e m .  The  a p p r o p r i a t e  c a l c u l a t i o n s  a r e  a n a l o g o u s  to t hose  p e r f o r m e d  in [8].  By c o n s t r u c t i o n ,  
the  func t ions  found s a t i s f y  the  c o n d i t i o n s  (3.4) and (3.5) wi th  k r e p l a c e d  by k 0. A f o r m u l a  of the f o r m  (3.7) can  
be  o b t a i n e d  f o r  t hem b e c a u s e  of the  e q u a t i o n s .  The  f ac t  tha t  the c o n s t r u c t e d  a n a l y t i c  func t ions  m a j o r i z e  the 
f o r m a l  p o w e r  s e r i e s  of the  so lu t i on  of the  p r o b l e m  r e s u l t s  f r o m  t h e s e  f o r m u l a s ,  the p r o p e r t i e s  (3.12),  and the 
p r o p e r t y  of m a j o r i z a b i l i t y  of the  r e m a i n i n g  equa t i ons  of the s y s t e m .  C o n v e r g e n c e  i s  p r o v e d  f o r  a u 0, A ~ 0. 

L e t  A =0.  Then  i n s t e a d  of (3.9),  we d e m a n d  c o m p l i a n c e  wi th  the  r e l a t i o n s h i p s  

lr~ = [a[K(l - -  EahJ)-lLrn, r,n = K( t  - -  [ahl)- lLm, 

tt,,~ = ([HI -b ]a lkK( i  - -  [ahl) -1) Lm. (3.13) 
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If A =0, a =0, in place of (3.9), we s taisfy the re la t ionships  

�9 R m  = ]HILm "-5 klm, rm = ]hllm -5 KLm.  

The subsequent considera t ions  a re  analogous to those in the preceding case.  

The possibil i ty of inverting the mapping t = T  +Ot, X = X  (T, 0~, ~ ,  T) for  small  t is proved exactly as in [8]. 
The asser t ion  of Theorem i is proved in the case  (1.5). 

4 .  C o n f i g u r a t i o n  A 

The initial data (1.1) on F 0 sat isfy the inequalities (1.4). As in the preceding case,  the f i rs t  step is to 
cons t ruc t  analytic functions taking on the data (1.1), in D 1 and D 2. F rom the relat ionships of the s trong d is -  
continuity and the relat ionships of a centra l  wave [6] the limit values of the gas pa ramete r s  can be determined 
on F 0 f rom the domain ~21 behind the shock, and the domain ~2 in a centra l  wave. The condition of contact  with 
the known solution anddata  on F 0 is sufficient fo r  construct ion of the cent ra l  wave. The problem reduces to 
seeking the shock surface  F 1, the Contact discontinuity su r f ace  F~ and the solution in the domains ~1, ~2 which 
sa t i s f ies  the conditions (1.2) on FI, (1.3) on F3, and the conditions of continuous contact  with the given solution 
on the known cha rac t e r i s t i c s  F 2. The intermediate  configurations,  corresponding to configuration A, reduce 
to the same problem. 

The same t ransformat ions  are  satisfied in the domain ~21. New var iab les  are  introduced in the domain 
~22 as follows: The known surface F 2 is given pa ramet r i ca l ly  by the equations t = ~ ,  x = x  1 (~, B, Y), where the 
function x 1 (~, fl, y) is the solution of the problem 

xl~ = (Un --  C)(xl~ • x,~). Ix~ x xl~1-1, xl[~=0 = x0 (~, 7). 

Fu r the r mor e ,  the Cauchy problem 

T~ = t, X~ = U,~(X~ x Xv).lX~xX~[ -1, 

Xl,=0 = Xl(~, ~, 7), Tl~=0 = a 

is solved. The relat ionships T = T  +~,  X = X ( z ,  ~, B, 7) yield the passage to r ,  ~ , /3 ,  Y. The Riemann invar i -  
ants R and L are  introduced exactly as in See. 3, The t ransformed gasdynamics  equations formal ly  have the 
f o r m  (3.2) (with smal l  le t ters  replaced by capitals  in the notation) with the sole difference that M = I .  Given 
on the boundary ~-=0 a re  L, Ua, S as functions of the variables  X,  T. Therefore ,  the problem under cons idera -  
t ion is analogous to the one studied in See. 3 in the case A=0,  M = I .  In part icular ,  the condition of fo rmal  
solvabil i ty 

(i 4- m)n(i --  m) - n - a h - ~ - O ,  n = i, 2 . . . .  

is satisfied.  Fur the r  discussion is analogous to Sec. 3. 

Proof  of the possibil i ty of invert ing the mapping t=  ~" +a ,  x=x(~', ~,  fl, y) in the domains 121 and e 2 is 
presented in [7, 8]. The theorem is proved. 

The method elucidated for  the construct ion of the solution can be used for  an approximate computation 
of the th ree-d imens iona l  decay of a discontinuity in the neighborhood of the initial surface of discontinuity. 

The author is grateful  to L. V. Ovsyannikov for  useful discussion.  
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D E T O N A T I O N - G E N E R A T E D  S H O C K  W A V E  

N. N. K a l i t k i n  a n d  V. M. S i n e n k o  UDC 533.932 

Let us cons ider  a cyl indr ical  explosive charge  of sufficiently large dimensions in which aplane detona- 
tion wave traveling along the axis is initiated. When this wave emerges  at the charge  endface, decay of the 
discontinuity occurs .  Let a condensed explosive charge be in contact  with an iner t  medium of lower dynamic 
st iffness (gas, water,  organic material) .  Then a shock will appear in the inert  medium, and inversely in the 
explosion products (EP), an unloading wave with two weak discontinuities.  

There  are  some experiments  of s imi l a r  type in which the detonation and shock wave pa ramete r s  h~ve 
been measured .  P rocess ing  the experiments  using explosions of a t rotyl-hexogene (TH) [1] and a t r o ty l -oc t -  
ogene - ine r t  (TOI) mixture [2], clarif ied an interest ing regulsr i ty .  

Plotted along the axes in Fig. 1 are  logari thms of the shockwavep re s su re  Psw and the initial density of 
the inert  medium Pmin  which this wave emerged (the le t ters  denote the composition of the inert  medium, in- 
cluding A for  air ,  Ps for polystyrene,  P1 for  Plexiglas,  Br for  b rass ,  and the numbers 1-3 a re  numbers  of the 
cor responding  equations. All the experimental  points for an explosive of definite composition and initial den- 
sity P0 lie on a line independently of the composit ion of the iner t  medium if an unloading wave re turns  back- 
ward in the EP. 
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