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An underground explosion as a source of seismic waves has been well studied [I]. The mechanism of 
the formation of an elastic wave which is then transformed into seismic waves of various types consists in 
the following. The energy of the explosion is transferred to the surrounding medium by a compression wave 
which displaces a certain volume proportional to the energy of the explosion into the elastic region beyond the 
limits of the demolition zone. The linear dimensions of this zone depend on the properties of the medium, in 
particular on its compressibility and strength. For an explosion in rock salt the radius of the demolition zone 
is given approximately by Rp = 100q t/3, if Rp is measured in meters and q is the weight of the TNT energy 
equivalent in kilotons (kton). The time of radial displacement of particles from an explosion in an elastic wave, 
which determines the frequency characteristic of the signal, is approximately equal to the diameter of the 
demolition zone divided by the velocity of longitudinal waves. The amplitude of the radial displacement u and 
the rate of displacement at the front of the compression wave can be determined from empirical relations. For 
example, for an explosion in rock salt 
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where  u is the d i sp l acemen t  ampl i tude  of the wave (m), v is the d i sp l acemen t  ve loc i ty  at the f ront  of the com-  
p r e s s i o n  wave ( m / s e c ) ,  and q is the weight  of the TNT energy equivalent  (kton). 

Because  of the i n c r e a s e  of the ve loc i ty  of e las t i c  waves with depth,  waves at  l a rge  d i s t ances  a r e  p rop-  
agated along c u r v i l i n e a r  r ays  deep in the mantle .  These r ays  f rom the explosion e m e r g e  at l a rge  angles with 
the su r f ace ,  so that the p a r a m e t e r s  of a longitudinal  s e i s m i c  wave a re  de t e rmined  by the e l a s t i c  wave fo rmed  
beneath the explosion [2]. In an explosion at the su r f ace  of the ground the ampl i tudes  of the c o m p r e s s i o n  wave 
and the longitudinal  s e i s m i c  wave d e c r e a s e  monotonical ly  with d e c r e a s i n g  depth of the explosion w, beginning 
with w -~ Rp. 

Let  us now cons ide r  another  mechan i sm of exci ta t ion of s e i s m i c  waves.  If the underground explosion is 
c lo se  enough to the su r f ace  so that an e ject ion c r a t e r  is fo rmed ,  o r  the mountain mass  loses  cohesion in the 
volume of the loosened cone as a r e s u l t  of l a rge  de fo rmat ions ,  new forces  appear  which act  on the e l a s t i c  hal f -  
space .  The ine r t i a l  motion of l a r g e  m a s s e s  of rock  within the eject ion c r a t e r  or  loosened cone produces  s lowly 
vary ing  fo rces .  Romashov [3] showed that  dur ing explosions with e jec t ion the volume of rock  thrown up f rom 
the m a s s i f  gene ra t e s  through cohes ive  and f r i c t iona l  fo rces  a low-f requency  r a r e f ac t i on  wave in the s u r r o u n d -  
ing space .  Fo r  a ce r t a in  t ime  the weight of rock  ejected by the explosion is r emoved  f rom the e l a s t i c  ha l f -  
space ,  and this genera tes  an e las t i c  unloading wave which c lose  to the axis of s y m m e t r y  under  the explosion 
is obviously a longitudinal  wave.  

Let  us e s t ima te  the max imum ampli tude of the longitudinal  e l a s t i c  wave formed in the unloading of the 
e las t i c  ha l f - space .  If we a s sume  that  the whole volume of rock  contained in an inver ted  cone with i ts  ve r t ex  
at the cen te r  of the explosion and a rad ius  equal to the depth of the explosion (ejection o r  loosened cone) is  
s imul taneous ly  s e p a r a t e d  f rom the mass i f ,  the effect on the e l a s t i c  ha l f - space  can be r e p r e s e n t e d  as the action 
of a concent ra ted  force  F = pgw 3, where  g is the acce l e r a t i on  due to g rav i ty ,  p is the densi ty  of the rock ,  and 
w 3 is the volume of the cone. 

The force  F i n c r e a s e s  with i n c r e a s i n g  depth of the explosion.  This i n c r e a s e  stops when the explosion 
is not s t rong  enough to s e p a r a t e  the indicated volume f rom the m a s s i f ,  o r  when the t ime of fal l  in the g r a v i t a -  
t ional  f ield of the volume of rock  s e p a r a t e d  f rom the m a s s i f  becomes  too sma l l .  It is be l ieved that an explosion 
at a depth w = Rp gives the l a r g e s t  ampli tude of the unloading wave. Es t ima te s  show that  in this case  the in i t ia l  
ve loc i ty  v 0 of the e jec ted  rock  wil l  be suff ic ient  (~10 m / s e c )  to ensure  that  the fo rce  acts  for  an app rec i ab l e  
t ime  (2v0/g = 2 sec),  
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R e m e m b e r i n g  tha t  the  t i m e  to e s t a b l i s h  e q u i l i b r i u m  a f t e r  the c o n c e n t r a t e d  f o r c e  begins  to ac t  is  r e l a t e d  
to the r e a r r a n g e m e n t  of the  f i e lds  of e l a s t i c  d e f o r m a t i o n s  in a vo lume  wi th  l i n e a r  d i m e n s i o n s  much  l a r g e r  than 
the  r a d i u s  of the  a r e a  of a p p l i c a t i o n  of the  " c o n c e n t r a t e d "  f o r c e ,  the  n e c e s s a r y  m i n i m u m  t i m e  the f o r c e  ac t s  
is  

(9 "~ lOlbs'c =. lOw/c, 

w h e r e  c is  the  v e l o c i t y  of long i tud ina l  w a v e s .  

Thus ,  the  condi t ion  fo r  e f f ec t ive  e x c i t a t i o n  of an un load ing  wave  is  d e t e r m i n e d  by the r e l a t i o n  2 v 0 / g  -> | 

At  the  bounda ry  of the  wave  zone  (the v e r t i c a l  d i s t a n c e  f r o m  the s u r f a c e  z = ~c) ,  the  d i s p l a c e m e n t  a long  
the  axis  of s y m m e t r y  f r o m  the ac t ion  of the  c o n c e n t r a t e d  f o r c e  F on the s u r f a c e  can  be c a l c u l a t e d  f r o m  the  
f o r m u l a s  fo r  s t a t i c  e q u i l i b r i u m :  
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w h e r e  a is  P o i s s o n ' s  r a t i o ,  p is  the  d e n s i t y  of the  m e d i u m ,  and z is  the  v e r t i c a l  d i s t a n c e  f r o m  the  s u r f a c e .  

Subs t i t u t ing  F =pgw 3, w = Rp = 100q 1/3, z = 10w fo r  an exp los ion  in r o c k  s a l t  (c = 4.5 k m / s e c ,  a = 0.25),  
we ob ta in  

u~ = --0.3.  tO-aq2/a. 

If  q = 150 kton,  u z = - 0 . 8 5  cm.  We note  tha t  a t  th is  s a m e  d i s t a n c e  fo r  an exp los ion  q = 150 kton the  d i s p l a c e -  
men t  in the  c o m p r e s s i o n  wave  g iven  by the f o r m u l a  
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is  of  the  s a m e  o r d e r  of m a g n i t u d e ,  u = 2.1 c m .  

H o w e v e r ,  wh i l e  the d i s p l a c e m e n t  t i m e  in the  c o m p r e s s i o n  wave  is  a p p r o x i m a t e l y  2 R p / C  = 2 w / c ,  the  
d i s p l a c e m e n t  t i m e  in the  un load ing  wave  wi l l  be O = 10w/e .  C o n s e q u e n t l y ,  a t  l a r g e  d i s t a n c e s  (~5000 kin), b e -  
c a u s e  of the  s u b s t a n t i a l l y  s l o w e r  a b s o r p t i o n  of e n e r g y  of  an e l a s t i c  wave  in the  long w a v e l e n g t h  p a r t  of the  
s p e c t r u m ,  the  s e i s m i c  wave  e x c i t e d  by the un load ing  m e c h a n i s m  wi l l  p l ay  a d e c i s i v e  r o l e .  

I t  is  i m p o r t a n t  to note  tha t  a t  l a r g e  d i s t a n c e s  the  a m p l i t u d e s  of s e i s m i c  v i b r a t i o n s  which  a r e  e xc i t ed  in 
d i f f e r e n t  ways  depend  d i f f e r e n t l y  on both the e n e r g y  and the dep th  of the  exp los ion .  In p a r t i c u l a r ,  the d e p e n -  
dence  on the dep th  of  the  exp los ion  of the  a m p l i t u d e  of v i b r a t i o n s  e xc i t e d  by an un load ing  wave  has  a m a x i m u m  
fo r  w = Rp = 100q 1/a. 
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