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The r e su l t s  of expe r imen t s  on coun te rco l l i s ion  of c l u s t e r s  of tungsten p a r t i c l e s  with a densi ty  of 
about 1 g / c m  ~ moving with ve loc i ty  24 k g / s e c  are  d e s c r i b e d .  

As a r e s u l t  of co l l i s ion  an explosion occurs  with an energy  concent ra t ion  exceeding the ene rgy  con-  
cen t ra t ion  in high exp los ives  by more  than 50 t i m e s .  

Before  co l l i s ion  each of the c l u s t e r s  of tungsten p a r t i c l e s  with mass  0.18 g, dens i ty  about 1 g / c m  3, 
moving with ve loc i ty  24 k g / s e c  had a d i a m e t e r  of 5 mm and length of 10 ram.  The c l u s t e r s  moved counter  
to each other  along a 5 - m m - d i a m e t e r  channel .  The instant  of co l l i s ion  of the c l u s t e r s  and the propagat ion 
of the shock wave fo rmed  were  r e c o r d e d  by an SYR-2M photochronograph and SFR-3M s low-mot ion  c a m e r a .  
E x p e r i m e n t s  on co l l i s ion  of the c l u s t e r s  in blocks of organic g lass  and s t ee l  and in a i r  were  c a r r i e d  out. 

The fo rm of the shock wave and i ts  ve loc i ty  were  r e c o r d e d  upon co l l i s ion  of the c l u s t e r s  in the o rgan-  
ic g l a s s  block.  Photography was c a r r i e d  out in t r a n s m i t t e d  light c r e a t e d  by the i l luminat ion of the b las t .  
A photograph obtained by means  of the s low-mot ion c a m e r a  is shown in F ig .  1. The photographic f requency 
was 5 - 105 f r a m e s / s e c .  The in i t ia l  ve loc i ty  of the shock wave in organic  g l a s s  was 10.5 k m / s e c  [ theve loc -  
i ty was about 5.8 k m / s e c  in the case  of detonating t r in i t ro te luene  (TNT)]. We see on the photograph that  
the shock wave has a s p h e r i c a l  fo rm.  

Expe r imen t s  on the co l l i s ion  of c l u s t e r s  in s t ee l  cy l inde r s  were  c a r r i e d  out without r e c o r d i n g  the de -  
ve lopment  of the explosion and s e r v e d  for de te rmining  the s ize  and shape of the cavi ty  formed upon c o l l i -  
s ion.  In these expe r imen t s  d i r ec t  co l l i s ion  of the c l u s t e r s  and col l i s ion  through a paraff in  plug o c c u r r e d .  
The setup of the e x p e r i m e n t s  and the appearance  of the cav i t ies  that  fo rmed af ter  the explosion in the s tee l  
cy l inders  a re  shown in F ig .  2. In the figure a is  d i r e c t  co l l i s ion ,  b is co l l i s ion  through paraff in ,  1 is the 
s t ee l  cy l inde r ,  and 2 is paraf f in .  The cavi ty  formed in the case  of the d i r ec t  co l l i s ion  of the c l u s t e r s  has a 
no t iceably  e longated shape and volume of 10.5 cm 3. Such a shape indica tes  p a r t i a l  p r e s e r v a t i o n  of the d i r e c t  
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action of the substance of the c lus ters  after their collision. The cavity formed upon collision of c lus ters  
through paraffin has a shape c loser  to spher ical .  Its volume is 22 cm ~. We note the large difference in the 
volumes of the cavit ies,  which is apparently explained by the formation of an additional quantity of "explo- 
sion products"  and change of their  p roper t ies .  

On the basis of the size of the cavities,  using Hopkin's theory [1] for cavities formed in the case  of a 
spher ical ly  symmet r i c  explosion and having used 8600 k g / c m  2 as the dynamic yield point for steel St.3 [2], 
we determined the magnitude of the energy extracted by the medium, which proved to be equivalent to 8.5 
kg TNT in the case of d i rec t  coll ision and 18 g TNT in the case of collision through paraffin.  The energy 
determined thereby is less  than the total energy of the blast,  since a par t  of the energy remains  in the ex-  
plosion products and par t  passes  into the thermal  energy of the medium. The kinetic energy of one c lus ter  
is equivalent to about 12 g TNT and exceeds the evaporation energy of tungsten by 60 t imes .  

To determine the blas t  energy  we conducted experiments  on the collision of c lus te rs  in air,  which 
were ca r r i ed  out in an organic glass tube with a wall thickness of 0.3 mm. The blast  wave formed in this 
case was bounded by two steel  shields located perpendicular  to the movement  of the c lus te rs  with a distance 
of 20 mm between them. This c rea ted  conditions for cyl indrical  s y m m e t r y  of the blast .  

The energy given off during the blast  occurr ing upon collision of the c lus ters  was determined on the 
basis of the exper imental ly  determined law of damping of the shock wave with the use of Sedov's  solution 
of the problem of a s t rong explosion for cyl indr ical  s y m m e t r y  [3]. The blast energy was equivalent to 
24.6 g TNT. The initial velocity of the shock wave in air was 23 k m / s e c  (upon detonation of TNT the ini- 
tial veloci ty of the shock wave in air is about 7.5 k m / s e c ) .  In the case of the energy re leased  in the form 
of an explosion on the surface of the b a r r i e r  upon collision of the c lus ter  on the paraffin and tungsten b a r -  
r i e r s ,  the magnitude of the energy was only 2.3 and 3,5 g TNT, respect ive ly  [4]. 

Thus, by using eountercoUision of masses  of substances moving with velocity 24 k g / c m  2 we produced 
under labora tory  conditions an explosion with a volume energy concentrat ion exceeding the energy concen-  
trat ion of a TNT-type explosive by a factor  of 75. 

The authors thank A. M. Kalugin for help in conducting the exper iments .  
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