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1. Dynamical  methods  of act ing on a subs tance  during the i r  compara t ive ly  e a s y  rea l i zab i l i ty  afford the 
poss ib i l i ty ,  in pr inc ip le ,  of approximat ing  the i sen t rop ic  nature  of c o m p r e s s i o n  up to high p r e s s u r e s  [1]. To 
do this~ a shock of the requi red  p r e s s u r e  ampli tude is t r a n s f o r m e d  in some manne r  into a s e r i e s  of s u c c e s -  
s ive ly  impinging shocks,  whose total  ampli tude equals the initial value.  

One of the methods  of c o m p r e s s i o n  pulse t r an s fo rma t ion  is to set  up a l ayered  space r  in front  of the 
subs tances  being c o m p r e s s e d  (see Fig. 1 with block 1, space r  2, checking l aye r  3, d a m p e r  4, copper  M1, iron 
M2, t i tanium M3, polyethylene M4, copper  M5, iron M6, h i =5 cm, hi =1 cm,  i = 2 , . . . ,  6). Pass ing  through the 
l a y e r  of m a t e r i a l s  that  p o s s e s s  di f ferent  dynamical  s t i f fnesses ,  the shock decomposes  into a s e r i e s  of shock 
and r a r e f ac t i on  waves  that  in terac t  mutual ly  and with the contact  su r f aces .  Consequently,  a step c o m p r e s s i o n  
pulse that changes with t ime pa s s e s  into the obs tac le  control  l aye r .  

Compared  with a shock of equal ampli tude,  such a pulse will cause  a s m a l l e r  en t ropy inc rement  in the 
control l a y e r  of the subs tance  [2]. 

T r a n s f o r m a t i o n  of the pulse ,  concentra t ing or  s t re tching it ove r  the obstacle ,  can be control led by a l t e r -  
ing the th ickness  of the s p a c e r  l a y e r s ,  and consequently,  a l a rge  or  smal l  en t ropy inc rement  can be obtained. 
The g r e a t e s t  poss ib le  en t ropy jump for  this set  of m a t e r i a l s  a s s u r e s  the l eas t  t e m p e r a t u r e  inc rement  under  
compress ion ,  and the re fo re ,  the l eas t  reduct ion in the s t rength c h a r a c t e r i s t i c s  of the control  l aye r  m a t e r i a l .  
Moreover ,  the domain achievable  for  dynamical  loading in t e m p e r a t u r e - p r e s s u r e  coordinates  is extended to 
the l imit ,  which is impor tan t  for  a number  of p rac t i ca l  appl icat ions [2]. 

The var ia t ional  methods  o rd inar i ly  used to find the opt imum in s i m i l a r  cases  here  oblige substant ia l  
s impl i f ica t ion  of the model  of the dynamical  c o m p r e s s i o n  p r o c e s s  i t se l f  [3, 4]. The coordinates  of the opt imum 
are  hence de te rmined  to an a c c u r a c y  not exceeding the a c c u r a c y  of the s impl i f ied model .  

An approach is used in this p a p e r  that  does not cons t ra in  the complexi ty  of the model  and allows its e a sy  
r ep l acemen t .  The ana lys i s  p e r f o r m e d  below i l lus t ra tes  this approach in an example  of a sufficiently complex 
model  of the p r o c e s s  for  which the t radi t ional  opt imizat ion methods a re  inapplicable.  

2. Let  us cons ider  a one-d imens iona l  hydrodynamic  model  of the shock propagat ion  p roce s s  over  a 
l aye red  obs tac le .  According to [5], its ma thema t i ca l  descr ip t ion  is a s y s t e m  of quas i l inea r  pa r t i a l -d i f f e ren t i a l  
equat ions.  The s y s t e m  is closed by the Osborne equation of s tate  [6] and is solved numer ica l ly  by using a 
d i f ference  approx imat ion  [7]. The p r o c e s s  was computed up to e m e r g e n c e  of the shock on the f r ee  sur face  of 
the obs tac le .  

The model  desc r ibed  was cons idered  as an object  being optimized that  has an input function h i (the th ick-  
ness  of the space r  l aye r s )  and the output functions p(x, t) and p(x, t) (p ressure ,  densi ty) .  

The ent ropy inc remen t  in each cell of the obstacle  control  l a y e r  was computed by means  of the output 
functions.  To  do this ,  an equation [8] was used with a power - l aw potential  [9] 

where  c V is the spec i f ic  heat,  8o is the initial entropy,  T o is the initial t e m p e r a t u r e ,  To is the Gruneisen  p a r a m -  
e t e r ,  and a and b a r e  m a t e r i a l  constants  [8]. 
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TABLE 1 

h=. cm I hs.c.m 
m 

! 

~  ~ 1,00 1,00 
0,20 0,24 

h,, cm 

o 
I,o0 
2,36 

K T, 'K 

1,40 2t00 
t,24 1800 
0,94 1t00 

TABLE 2 

Initial point, cm 
h= I ha 

I 
i ,00 I 1 ,00 

1,00 I 1,00 
1,00 0,50 
0,5O I,OO 

I/, 

1,00 
0,45 
0,25 
2,00 

Optimum point, cm 
h: 

0,20+0,05 
0,21___0,t0 
0,22-4-0,05 
0,21• 

h s 

0,24-4-0,05 
0,30• 
0,40~0,t0 
0,38=t=0,t0 

| 
2,36-+0,05 
2,67=t=0,25 
2,60-4-0,22 
3,07___0,80 

0,94 
1,01 
0,99 
t,03 

It is a s sumed  that  the c o m p r e s s i o n  p r o c e s s  can be cha r ac t e r i z ed  by the m a x i m a l  value of the en t ropy 
inc remen t  in t ime  and in c o n t r o l - l a y e r  th ickness ,  i .e . ,  the c r i t e r ion  cha rac te r i z ing  the p r o c e s s  as  a whole 
was se lec ted  in the f o r m  

K = maxt t~maxx {AS (x, t)}). (2.2) 

Taking account of (2.1) and (2.2), the c r i t e r ion  can be considered an implicit  function of the input var iables  

K = ~(hi), i = l . . . . .  n. (2.8) 

It is imposs ib le  to es tab l i sh  the f o r m  of the function (2.3) for  our p rob lem since the s y s t e m  al lows only a nu- 
m e r i c a l  solut ion and we a r e  f r ee  of the a s sumpt ions  s impl i fy ing the model .  Moreove r ,  the nature  of the h y p e r -  
su r face  K in the space  of the va r i ab l e s  h i is not known, and the number  of va r i ab les  n can v a r y  f r o m  p ro b l em 
to p rob l em.  

Under these  conditions it is expedient  to use  a nonl inear  s implex  method [10] to find the opt imum of K. 
The method was combined with the idea of t r a n s f e r r i n g  the input va r i ab les  into a no rma l i zed  space  [11] and 
was modif ied so  as  to al low appl icat ion of inequal i ty- type cons t ra in t s .  

3. The l i s t ed  compos i t e  pa r t s  of the genera l  opt imizat ion p rob lem were  p r o g r a m m e d  in s epa ra t e  func- 
t ionally i n t e r r e l a t ed  modules  so that  t he i r  se t  f o r m s  a s y s t e m  that  adapts  to the h y p e r s u r f a c e  of the c r i t e r ion  
(2.3) during the computat ion.  The following a re  the bas ic  in te rac t ing  modules :  The object  being opt imized is 

the numer ica l  solution p r o g r a m  of the s y s t e m  {see Sec. 2) that p e r m i t s  obtaining the output functions p {x, t), 
p{x, t) by m e a n s  of the input p a r a m e t e r s  hi; the c r i t e r i a l  module that  computes  theva lue  of K b~ means  of the 
output functions by using {2.1) and (2.2); the opt imizing automaton whose bas i s  is the a lgor i thm of the s implex  
method [10] that p e r m i t s  computat ion of those  new input p a r a m e t e r s  by means  of a number  of p rev ious  values 
of h i and K, that  should d iminish  the value of the c r i t e r ion  according  to the logic  of the automaton.  

The min imum  poss ib le  value of K and its cor responding  p a r a m e t e r s  h~ was computed in an i t e ra t ive  
m a n n e r  during cycl ic  opera t ion  of this s y s t e m ,  whereby  the opt imal  th i cknesses  were  found for  a given shock 
veloci ty and the l a y e r  m a t e r i a l s  se lec ted .  

4. The nature  of the hype r su r f ace  {2.3) and the c la r i f ica t ion  of the poss ib i l i t i e s  of the a lgor i thm of the 
p rob l em were  computed for  a p r e l i m i n a r y  study under  the conditions displayed in Fig. 1 and a col l is ion veloci ty  
of v0 =4 k m / s e c .  The quant i t ies  h2, h3, h 4 were  opt imized .  
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The opt imal  th icknesses  obtained as a resu l t  of the computat ion turned out to equal 

h2 0.20cm, h* = ~ ---- 0.24cm, h~ = 2.36 cm. 

A compar i son  of the computed values of the c r i t e r ion  and t e m p e r a t u r e  in the control  l a y e r  M5 is presenCed in 
Table  I for  different  s p a c e r s .  

The t e m p e r a t u r e  was calculated f r o m  the fo rmula  [8] 

T = To exp [7o(1 --P/Po) -q- AS]. 

It follows f r o m  Table  1 that  the opt imal  s t ruc tu re  substant ia l ly  reduces  the ent ropy increment  (and the 
t e m p e r a t u r e )  in the control  l a y e r  as compared  with a uni form th ickness  dis t r ibut ion,  and even m o r e  so by 
compar i son  with a shock without s p a c e r s .  

In o rde r  to e l iminate  the de te rmina t ion  of the local  min imum and to ver i fy  the uniqueness of the optimal  
s t ruc tu re ,  the descent  to the opt imum was c a r r i e d  out f rom different  initial  points.  The r e su l t s  a r e  p resen ted  
in Table  2. Low a c c u r a c y  in local izat ion of the min imum was se lec ted  to reduce the calculat ion t ime .  
follows f rom Tab le  2 that  a s ea r ch  for  the opt imum f rom additional initial points r e su l t s  in p rac t i ca l ly  the 
s ame  opt imal  s t r u c t u r e .  This  a f f i rm s  the global i ty  of the min imum achieved and the unique dependence of 
K on h i to the invest igated range of t he i r  var ia t ion .  

The no rma l  nature  of the descent  t r a j e c t o r y  being observed  during the opt imizat ion p e r m i t s  a judgment 
on the absence  of gul l ies  and s ingula r i t i es  on the hype r su r f ace  (2.3) (at l eas t  for  the initial conditions under  
considerat ion) .  Hence,  fo r  a smal l  number  of l a y e r s  in the s p a c e r  the approach elucidated can re su l t  in a 
s impl i f ied computat ion by using rapid  and l e s s  tedious sea rch  methods  in the opt imizing automaton,  that use 
smoothness  of the c r i t e r ion .  

The author  is gra tefu l  to G. A. Arzhannikov,  who compiled the p r o g r a m  for  the object being optimized,  
for  a s s i s t a n c e  in the r e s e a r c h .  
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