
Figures  5-7 show the solutions of the problem B of the instantaneous energy re lease  e 0 = 4~25.5 with 
simultaneous motion of the hea t - removing  piston with velocities c~ 0 = 1.88, 2.90, 3.22, and 3.40 {lines 1-4). 

As we can see,  as the velocity of the piston and, correspondingly,  the heat removal  on it increase ,  the ve-  
locity of the forward front  of the per turbat ions  dec reases ,  and the velocity of the shock wave increases ,  and 
there fore  the region of heating in front of the shock wave dec reases  in size.  At the same time, the relat ive 
change in the velocity of the shock wave is small ,  while the velocity of the forward front of the perturbat ion 
wave is quite .,~ubstantial. 

The c loseness  of the values of the p r e s s u r e s  (the graphs are  not shown) direct ly  behind the shock waves 
deserves  special  attention. 
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MICROMECHANICS OF DYNAMIC DEFORMATION 
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As demonstra ted in [1-4], dynamic deformation and failure of mater ia ls  proceeds  under conditions of 
marked distr ibution for  par t ic le  velocity. This distribution governs not only the dependence of mechanical  
p roper t i es  on deformation rate,  but also mater ia l  spalling res is tance .  The stat is t ical  nature of the occur rence  
of dynamic deJ[ormation and failure p roces se s  at the microlevel  makes it possible by analogy with liquid and 
gas mechanics  to use as a charac te r i s t i c  of these p roces se s  a distribution function for part icle  velocity which 
gives complete information about p roces se s  at the microlevel .  However, for  many pract ical  purposes,  it is 
ent i re ly sa t i s fac tory  to know only the f i rs t  two features ,  i.e., average part icle velocity and part icle velocity d is -  
pers ion.  As will be shown below, these two cha rac te r i s t i c s  may  be determined simultaneously during a single 
act  of shock loading for a specimen. 

A study of mater ia l  ductility and strength is often car r ied  out on the basis of analyzing t ime profi les for 
loading and unloading waves, a record  of which is accomplished by means of various types of fas t -ac t ing sen-  
sors ,  i.e., manganin, p iezoceramic ,  variable capaci tance etc. Lase r  in te r fe romete r s  occupy a special  place 
among this type of r eco rde r ,  making it possible to measure  local dynamic movements  and the free surface  ve- 
locity of specimens.  One of the main vir tues of in t e r fe romete r s  is their  sensi t ivi ty to par t ic le  velocity d is -  
tribution. Use of l a se r  in t e r fe romet ry  makes it possible not only to record  the time profile of a shock wave, 
but also to obtain quantitative information about the evolution of the particle velocity distribution function at 
loading and unloading fronts. This information is particularly valuable in combination with microstructural 
studies of materials, since it makes it possible to study structural changes in the material during dynamic de- 
formation. Whereas the time profile for the shock wave characterizes dynamic deformation and failure pro- 
cesses at the microlevel, the velocity distribution function and its features are microscopic characteristics of 
these p rocesses .  

Leningrad. Translated from Zhurnal Prikladnoi Mekhaniki i Tekhnicheskoi Fiziki, No. 3, pp. 135-144, 
May-June, 1987. Original article submitted March 3, 1986. 
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The presen t  work is devoted to an experimental  study of the spalling fai lure of aluminum A-998 and a lum- 
inum alloy D16 in the microsecond range of loading duration. Specimen loading under uniaxial deformation con- 
ditions was accomplished by means of a pneumatic impact  machine in the velocity range 100-300 m / s e e  with a 
compress ion  pulse duration at the top of the plateau of 0.5-1.0 psec and a maximum p r e s s u r e  up to 3 GPa. Re-  
cording of the t ime prof i les  for  f ree  surface  velocity of the ta rge t  was accomplished by means of a l a se r  dif- 
ferent ia l  i n t e r f e rome te r  (LDI), and simultaneously with the in t e r fe rogram a record  was made of the intensity of 
l a se r  radiation reflected f rom the f ree  surface  of the target .  For  this purpose par t  of the ref lected radiation 
was fed to a separa te  photorecorder .  In all of the tes ts  the radiat ion intensity remained constant over  the whole 
period of pulse recording.  

The major i ty  of specimens  subjected to shock loading were then studied by optical or  scanning m i c r o s -  
copy. Determination of the amount of par t ic le  velocity dispers ion was accomplished f rom in te r fe rograms  for 
f ree  surface  velocity. This is based on using the contras t  of the in terference picture of pulses,  by which we 
understand the rat io of actually observed in ter ference  signal pulse amplitude to that which would occur  in the 
absence of par t ic le  velocity distribution. As follows f rom analyzing the operat ion of LDI ca r r i ed  out in [5], in- 
t e r fe rence  picture cont ras t  is connected with the par t ic le  velocity distribution function by the relationship 

I = ~ I (v - Vo) cos k (v - vo) dr,  (1) 

where v 0 is average par t ic le  velocity in the loading or  unloading waves; f(v - v o) is a par t ic le  velocity d is t r ibu-  
tion function; I is cont ras t  of the in ter ference  picture.  If it is  assumed that the distr ibution function has a Gaus- 
sian form 

_ t [ ( . - . o )  3 ] 
1 (v U0) -[/~-~hv exp [ 2(hv)~ J' (2) 

where Av is par t ic le  velocity dispersion,  then contras t  and dispers ion are  connected by a s imple relationship 
obtained by substituting (1) in (2): 

I = exp [--  k2 ~v)2 ]. (3) 

Whence it is possible to calculate Av with cont ras t  of the interference signal known f rom the experiment.  

The analysis  of LDI operat ion ca r r i ed  out in [5] is only valid for comparat ively  small  (~10% of the ave r -  
age par t ic le  velocity) d ispers ion values. As experiments  indicate, a reduction in in ter ference  signal ampli-  
tude only occurs  to a cer ta in  threshold d ispers ion value, af ter  which there  is a sharp break in pulses of the in- 
t e r fe rence  picture,  which appears  as a reduction in the number  of pulses  of the in ter ference  signal with s imul -  
taneous res tora t ion  of the initial pulse amplitude, i.e., cont ras t  of the in ter ference  picture.  A quantitative c o r -  
relat ion of d ispers ion with the number  of pulses  may be established on the basis of the following analysis  of 
LDI operation. The la t ter  may be presented as two interact ing point in tercoherent  sources  S 1 and $2, one of 
which radiates  a d i rec t  beam, and the second is delayed in t ime 7d = S1S2/c (c is velocity of light). The LDI 
scheme and i ts  representa t ion in the form of two sources  is shown in Figs.  1 and 2. In accordance  with in te r -  
f e romet ry  pr inciples ,  at each point of maximum exposure waves a r r ive  f rom sources  S~ and S 2 in phase, which 
means that for each point at the surface  of maximum exposure the condition 

[r l - -r . , [  = m~0,  m = 1 ,  2 ,  3 . . . . .  (4)  

is fulfilled, where r 1 and r 2 are  r ad ius -vec to r s  f rom S1 and S 2 to an a rb i t r a ry  point of the surface  of maximum 
exposure.  The number  of su r faces  of maximum exposure 

N = 2S1SJ) , .  (5) 

Here ~ is wavelength of l a se r  radiation reflected f rom a moving target .  If the target  is still, then 

No = 2 S 1 S j ~ o ,  (6) 

where ~0 is wavelength of laser  radiation used in the LDI scheme.  If some point of space is fixed, and obse r -  
vation is made of the number of sur faces  of maximum exposure pass ing through this point due a change in X as 
a resul t  of a Doppler  shift in frequency, we obtain the number  of pulses at the LDI output. This determines  the 
difference between the number  of maximum exposure sur faces  when the ta rge t  moves (5) and when it is still (6): 
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n=-~ l (N- -No)  ~- S~S2( i --  ~o)" 
(7) 

On the other  hs~d the corre la t ion  between k and k 0 with reflection of a beam from a moving surface  is de te r -  
mined by the Doppler  effect 

~--'~" ~o i (8) 

By substituting (8) in (7) we obtain an equation connecting the number of in terference signal pulses with the 
movement  velocity of a t a rge t  f ree  surface:  

n = 2~dv/ko. (9) 

In fact, it conforms with a s imi l a r  relationship obtained in [6] for  the case when par t ic le  velocity distribution is 
not considered.  

Now let sources  S~ and S 2 radiate light whose wavelength var ies  randomly in the range AX = Xmax -- ikmin. 
Applied to LDI this means that d i rec t  and delayed beams are  reflected f rom the free surface of the target  whose 
individual par t ic les  have a velocity sca t te r  within the range Av = Vma x - vmi n. Each of the beams may be rep-  
resented in the form of an assembly  of e lementary  beams react ing with specific par t ic les  of the ta rge t  free 
surface.  As a resul t  of interact ion and in view of the fact  that par t ic les  of the free surface have different ve- 
locities,  e lementary  beams take on a different value of Doppler shift in frequency, which leads to a reduction 
in the level of monochromat i sm for  both the d i rec t  and delayed beam, i.e., to expansion of the spect rum.  This 
radiat ion may be represented  as i r radia t ion f rom a point source  whose wavelength var ies  randomly over  the 
record ing  time, in the range Ak = kma x - k m i n -  

In te r fe rence  of di rect  and delayed beams at the upper boundary of the spec t rum kmax  leads to formation 
of the pic ture  of maximum exposure sur faces ,  conditionally shown in Fig. 2 by solid lines, and at the lower 
boundary of the spec t rum k min, by broken lines. It is natural that in view of relat ionship (4) with ~ max ~ ~ min 
the spatial position of these sur faces  does not coincide. An increase  in the range A I  leads f i rs t  to deforma-  
tion of the picture of sur face  location with a corresponding deter iora t ion in the contras t  of the interference s ig-  
nal, and then to an intermit tent  change in their  number.  The change in the number  of maximum exposure s u r -  
faces  is determined by the express ion [7] 

A N  = 2SIS2 (~ma~-- ~min) ~ 2S1S25"~ 
k m a x ~ m i  a - -  ~2 ~ (10) 

where X is average wavelength of the l ase r  radiation spec t rum after ref lect ion f rom a moving surface.  If the 
velocity of the surface probed by a l a se r  is in the range Av = Vma x - Vmin, then f rom expressions (5)-(10) it is 
easy to obtain the change in the number  of puIses at the LDI output as a consequence of par t ic le  velocity d i s -  
tribution: 

An -: 2rdhV]~. (ii) 
The analysis  given above indicates that in using this p roper ty  of the in te r fe romet r i c  method as sensit ivity 

to par t ic le  velocity distribution, it is possible to measure  s imultaneously two cha rac te r i s t i c s  of the deforma-  
tion p rocess ,  i.e., average par t ic le  velocity and par t ic le  velocity dispersion.  The latter is connected with s t ruc -  
tural  mie romechan ics  of dynamic deformation, and therefore  compar ison of data for  the change in par t ic le  r e -  
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locity d ispers ion with metal lographic studies of deformed specimens gives additional information about p ro -  
oesses  at the mierolevel .  In the present  work these studies were car r ied  out on the same specimens  for which 
par t ic le  velocity d ispers ion was determined.  With this aim, specimens af ter  tes t ing were cut along one plane 
in the direct ion of wave propagation and after  polishing and etching they were studied in optical and scanning 
microscopes .  In those specimens  where there  is separat ion of a spalled platelet,  end and side sur faces  of the 
spalling were also considered.  Studies showed that there  is a cer ta in  conformity between the nature of spalling 
fai lure of specimens and the form of in t e r fe rograms .  

F o r  aluminum A-998 a complete record  of in t e r fe rograms  and conformity  of velocity values obtained on 
the basis of interpret ing pulse p ic tures  and the flight velocity of the s t r ike r  is typical.  Since in all tes ts  the 
s t r i ke r  was made of the same mater ia l  as the target ,  i ts velocity equalled the maximum value of f ree  surface  
velocity at the plateau of the pulse. In aluminum A-998 in the loading velocity range being considered there 
was no disruption for pulses of the in terference s ignal .  However, at both the leading and t ra i l ing  front of the 
compress ion  pulse the signal amplitude of pulses  is markedly  below the tuning amplitude, i.e., that which is 
real ized in the absence of par t ic le  velocity distribution. Since as was noted above the intensity of l a se r  rad ia -  
tion ref lected f rom the ta rge t  does not vary, the reduction in pulse amplitude occurs  as a resu l t  of expansion 
of the radiat ion spec t rum reflected f rom the ta rge t  due to par t ic le  velocity distribution. At the same time, in 
view of the fact that the number of pulses does not vary,  and only their  amplitude changes, this distr ibution is 
not so large that there  is disruption of the in ter ference  signal for  pulses.  

A typical in te r fe rogram for  a compress ion  pulse in aluminum A-998 is shown in Fig. 3. It cor responds  
to a compress ion  pulse with a free surface velocity at the plateau ~178 m / s e c  and spalling velocity ~163 m / s e c .  
With a value of the delay a rm  of the in te r fe romete r  T d = 11.7 nsec,  these data relate  to 6.5 pulses in the leading 
and six pulses in the t ra i l ing fronts  of the pulse, which is also observed in the in te r fe rogram.  The contras t  of 
the pulse signal in the leading front  is 0.07 and in the r e a r  it is 0.42. Then according to express ion (3) at the 
leading front of the pulse Av = 14 m / s e c ,  and at the t ra i l ing front Av = 8 m / s e c .  

Par t ic le  velocity distr ibution measured  by means of an in te r fe romete r  is a resul t  of the fact that during 
dynamic deformation neighboring a reas  of the mater ia l  move with different velocity, sliding relat ive to each 
other.  A resul t  of sliding is format ion of a chain of mic ropores  orientated along the direct ion of wave propaga-  
tion. The region between the ch~tins is f ree  f rom mic ropores  and other  defects.  

A f r ac tog ram of a t r a n s v e r s e  section of an aluminum A-998 specimen is shown in Fig. 4a where the ave r -  
age distance between neighboring mic ropore  chains is ~10 pm, which is much less than the average gra in  size 
for  this mater ia l  (1-3 ram). Also seen in Fig. 4b together  with chains of mic ropores  are  a reas  of a spalling 
c r ack  formed as a resul t  of the interaction of d i rec t  and reflected p r e s s u r e  pulses f rom the free surface.  At 
a magnification of xl000 the z ig -zag  nature of spalling c r ack  geometry  is c lear ly  observed.  Individual r e c -  
t i l inear  sect ions of the spalling c rack  are  oriented at an angle of 45 ~ to the direct ion of wave propagation in the 
specimen,  and chains of mic ropores  pass  p rec i se ly  through the point of spalling c r ack  breakage.  All of these 
fac tors  indicate that dynamic deformation of aluminum A-998 proceeds  in such a way that the mater ia l  moves 
in the form of more  or  less  independent microflows along the direction of wave propagation, and each mic ro -  
flow has its own mass  velocity of par t ic les .  

444 



Fig. 4 

As can be seen f rom f rac tograms ,  the nature of flow within each os the microflows bounded by lines of de- 
format ion and microprobe  chains is very  uniform. The broken nature of the spal l ing .crack makes it possible 
to assume that spalling fai lure in each of the microf lows occurs  independently of each other  along planes of 
maximum tangential s t r e s s .  Since the mass  velocit ies of par t ic les  in different microflows is not the same,  the 
distance f rom the free surface  at which spalling occurs  in each of the microflows is different. The small  width 
of the spalling c r ack  i tself  (~1 pro, Fig. 4c) and the normal  c rack  geometry  in a reas  of breakage indicates ma-  
te r ia l  deformation by slip of the dislocation type within each microflow, although the microflows themselves  
slide relat ive to each other  in a "viscous" manner .  

According to Fig. 4b the spatial  s ca t t e r  of spalling cracks  in neighboring flows is on average ~ 10 #m. 
With a prolonged compress ion  pulse of ~1 gsec the sca t t e r  in microflow velocity is ~10 m / s e e ,  which agrees  
with estimate.'s ca r r i ed  out above on the basis of measur ing  the contras t  of an in ter ference  picture.  

In aluminum A-998 the grain size is much g rea t e r  than the d iameter  of the in te r fe romete r  l a se r  beam 
focused by a lens at the free surface  of the target ,  so that individual grains  represen t  a g rea te r  a rea  in relation 
to the incident beam. This means that the in te r fe romet r i c  data obtained in test ing aluminum A-998 corresponds  
to dynamic p roces se s  in single c rys ta l s  forming grains .  On the other hand, the d iameter  of the l a se r  beam 
may be g r ea t e r  than the distance between deformation lines and mic ropore  chains in c rys ta l s  (~10 #m), so 
that during probing of grain  boundaries by a laser  beam ~102 microflows are  covered emerging at its surface.  
Thus, the in ter ference  picture obtained with probing of A-998 aluminum specimens ref lec ts  the stat is t ical  
nature of dynamic deformation for  an individual mater ia l  grain. Movement of microflows within grains is a 
new, l a rge r  scale level of dynamic deformation compared with dislocations.  

In tes ts  for dynamic deformation of aluminum A-998 it is also noted that grains emerging at the free t a r -  
get surface  may be rotated as a whole in relat ion to the incident beam. As a resul t  of this the interference 
picture disappears  t empora r i ly  in the duration period os the leading front os the compress ion  pulse, r eappea r -  
ing af ter  the end os the upper plateau of the pulse. In contras t  to this with oblique impact  of the target ,  r e s t o r a -  
tion of the in terference picture does not occur  during pulse recording.  In te r fe rograms  of pulses for target  
f ree  sur face  velocity for grain rotation (a) and for oblique impact (b) are  presented in Fig. 5. On the basis of 
these data it is possible to conclude that in shock-deformed aluminum A-998 there is grain reorientat ion which 
may be considered as a third scale  level of dynamic deformation.  

Combined analysis  of an in terference picture of pulses and electron microscope  data for studying the 
fai lure surface  in alloy D-16 leads to different quantitative and qualitative resul ts .  Here par t ic le  velocity dis-  
t r ibution is so broad that there  is a jumpwise reduction in the number  of pulses of the in ter ference  signal com-  
pared with that which would occur  in the absence of distribution. A typical i n t e r fe rogram demonstrat ing the 
disruption of pulses at the leading front of a compress ion  pulse in D-16 is shown in Fig. 6a. The amplitude of 
the pulse signal is equal to the tuning amplitude only at the very s tar t  of the pulse (section AB in Fig. 6b). In 
section BC due to increas ing par t ic le  velocity distribution the amplitude of the pulse signal dec reases  at f irst ,  
then at point C with a f ree surface  velocity of ~140 m / s e e  there  is disruption of pulses.  With the delay a rm  
of the in te r fe romete r  equal to 224 cm (this re la tes  to 84.5 m / s e e  for  one pulse) the maximum value of velocity 
in the pulse plateau of 206 m/ see  should cor respond to 2.4 pulses.  Besides this, in the in te r fe rogram shown 
there are  only1.2 pulses.  According to express ion (11) the reduction observed in the number  of pulses  (An = 1.2) 
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r e l a t e s  to the d i s p e r s i o n  of p a r t i c l e  veloci ty  Av = 102 m / s e e ,  which is  an o r d e r  of magnitude g r e a t e r  than in 
a luminum A-998.  

We c o m p a r e  the i n t e r f e r o m e t r i c  data  obtained with the r e s u l t s  of me ta i l og raph ic  s tud ies .  In s p e c i m e n s  
of a l loy D-16 loaded in the p r e t h r e s h o l d  region when d i s rup t ion  of pu l ses  of the i n t e r f e r e nc e  s ignal  has  not ye t  

�9 se t  in, the p i c tu re  of a t r a n s v e r s e  sec t ion  of s p e c i m e n s  a lso  contains  de format ion  l ines  and m i c r o p o r e  chains  
s tanding at  a d i s t ance  f rom each o ther  of N10 pm and or ien ted  along the wave p ropaga t ion  d i rec t ion ,  i .e . ,  s i m -  
i l a r  to that  which i s  obse rved  within individual  c r y s t a l s  with dynamic de fo rma t ion  of a luminum A-998. On load-  
ing D-16 spec imens  above the c r i t i c a l  ve loc i ty  with which the re  is  d i s rupt ion  of pu l ses ,  the p ic tu re  of a t r a n s -  
v e r s e  sec t ion  is  compl ica ted  by the appea rance  of t h i c k e r  bands of m i c r o p o r e  chains s e p a r a t e d  f rom each o the r  
at a distance of 30-40 pro. Since grain size in the test specimens of alloy D-16 is also equal to 30-40 ~m, it is 
possible to confirm that disruption of the interference picture and development of thicker deformation bands 
and micropore chains at the next scale level is connected with grain boundary sliding in the direction of wave 
propagation. This slip is accomplished in a viscous way, which is indicated by the nature of the pitted struc- 
ture of the spalled surface of alloy D-16 specimens, one fractogram of which is presented in Fig. 7a. Atten- 
tion is drawn to the two typical sizes of pitted structure, i.e., coarse pits of diameter 30-40 pm and finer pits 
1-3 ~m in diameter surrounding them. 

A similar picture with spalling failure for aluminum alloy V-95 was observed by the authors of [8]. They 
indicated that fine pits have an elliptical shape, and the large axis of the ellipse is directed along the tangent 
to the circumference of large pits. This points to the shear nature of failure and the possibility of material 
rotation around the centers of large pits. Our studies also indicate the possibility of this process during spall- 
Ing failure of alloy D-16 since the shape and size of pits seen in Fig. 7a are similar to those described in [8]. 
In addition, attention is drawn to one important detail of the internal structure of pits, i.e., the normal geometry 
of relief lines in the bottom surface of pits. These relief lines (see area 2 in Fig. 7a) with an average size of 
~10 pmare evidently areas of the emergence of microflows within individual crystallites. Since each grain 
projects as a single-crystal body, relief lines are quite specific and of geometrically normal configuration. 

Until stresses are so large that they cause grain boundary sliding, movement of microflows within grains 
comes second after the dislocation level of deformation. On reaching a critical stress value a third level of 
dynamic deformation sets in, i.e., intergranular slip. However, in contrast to aluminum A-998, the grain size 
in alloy D-16 is less by a factor of three to four than the laser beam diameter, so that during probing of a speci- 
men surface 10-15 grains are covered. The distribution of grains in velocity (in fact it causes development of 
t h i c k e r  bands of m i c r o p o r e  chains  and longitudinal  c r a c k s  in D-16 spec imens)  cove r s  a wider  range  of ve -  
loc i t i e s ,  as  a r e s u l t  of which the re  i s  d i s rup t ion  of i n t e r f e r e n c e  s ignal  pu l se s .  

It i s  noted that  a spa l l ing  c r a c k  in a l loy D-16 s p e c i m e n s  is  a randomly  or ien ted  wander ing l ine with a v e r -  
age spa t i a l  s c a t t e r  of i t s  individual  sec t ions  in r e l a t i on  to the f r ee  su r face  up to 80-100 pm. With a c o m p r e s -  
s ion pulse  las t ing  1 #sec  this  c o r r e s p o n d s  to s c a t t e r  in ve loc i ty  Av = 80-100 m / s e c ,  which co inc ides  ve ry  a c -  
cu ra t e ly  with e s t i m a t e s  for  d i s p e r s i o n  of ve loc i ty  c a r r i e d  out above on the bas i s  of i n t e r f e r o m e t r i e  data .  Ana l -  
y s i s  of f r a c t o g r a m s  ;:of the spa l l ed  s u r f a c e s  of a l loy D-16 spec imens  ind ica tes  that  f a i lu re  of al loy D-16 p r o -  
ceeds  in a duct i le  fashion,  and in con t r a s t  to a luminum A-998 s e pa r a t i on  of th i rd  level  mic ro f lows  i s  a c c o m -  
p l i shed  as a r e s u l t  of s l id ing  along the p lanes  of maximum tangent ia l  s t r e s s e s  for  each  of the flows, and as a 
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resul t  of combined effect of separat ion and shear  with simultaneous rotation of microflow as a whole. Studies 
also show that mater ia l  rotat ion is possible not only around the microflow axis, but also in a perpendicular  
plane. Traces  of s imi lar  rotation are  visible in a f r ac togram taken f rom a t r ansve r se  section of the t a rge t  
(see Fig. 7b). The d iameter  of the whirl formed by mic ropores  coincides with the distance between longi- 
tudinal chains of mic ropores .  This makes it possible to assume that whirl formation is due to the difference 
in microflow velocit ies to the right and left of the whirl, i .e.,  as a resul t  of microfiow velocity distribution. 

Plast ic  s t ra in  inhomogeneity at the microlevel ,  as a resul t  of which there  is distribution of mater ia l  pa r -  
t icle velocity in loading waves, may be caused both by the nature of the production p rocess  (as for  alloy D-16 
which has an initially fibrous s t ruc ture  in the bar drawing direction), and the dynamic deformation p rocess  i t-  
self  for an initially homogeneous mater ia l .  This last case is i l lustrated by in te r fe rograms  shown in Fig. 8. 
The upper in t e r fe rogram was obtained for  an annealed specimen of aluminum A-998 with a loading rate  of 120 
m / s e c ,  and the lower was obtained as a resul t  of repeated loading of the specimen with a ra te  of ~ 180 m/sec .  
Whereas in the upper in te r fe rogram there  is c lear  definition of all of the pulses of the interference signal at 
the leading and t ra i l ing fronts of the pulse, in the lower in t e r fe rogram instead of four pulses (with Vu = 41 
m / s e c  for  each pulse) there  is only one, i.e., there  was a ]umpwise reduction in the number of pulses as a r e -  
sult of par t ic le  velocity distribution. A study of the s t ruc ture  of a t r ansve r se  sect ion for this ta rget  showed 
the presence  of mic ropore  chains o r ien ted  along the direct ion of wave propagation, whereas in the original ma -  
ter ia l  these chains were not observed.  It is possible to assume that conditions for their  formation occur red  
af ter  the f i r s t  loading, which created microinhomogenei ty  for the mater ia l  s t ruc ture .  

Thus, due to the combined use of an in te r fe romet r ic  method for measur ing  free surface  velocity for  shock- 
loaded ta rge ts  and mic ros t ruc tu ra l  analysis  of specimens,  it is  recorded in the present  work that dynamic de- 
formation and failure p roces se s  at the microlevel  are  closely connected with nonuniformity of mater ia l  move-  
ment at the microlevel  independent of how the inhomogeneity was caused: p r io r  deformation prehis tory  or  
mater ia l  p roper t ies .  It may be hoped that the movement  of a deformed mater ia l  observed in the form of dy-  
namic microf lows will make it possible to develop more  real is t ic  c r i t e r i a  for  dynamic fai lure and par t icular ly  
spalling, which might be based not only on measur ing  average part icle  velocit ies o r  average s t r e s ses ,  but in 
the second feature,  functions of par t ic le  velocity distribution: d ispers ion of par t ic le  velocity in the loading wave. 
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