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ABSTRACT: The authors present the results of experimenr~ to determine 

the dependence of the coefficient g, which takes into account the non- 
stationarity of the impact process, on the impact velocity and the pro- 
perties of the target and projectile material. Data are obtained on the 
depth of penetration of low-melting modeling materials into semi-in- 
finite targets; these data are then used to verify previously proposed 
modeling parameters. 

1. In [2] one of the authors, using the expression for the momentum 
of the material ejected when a crater is formed in semi-infiniie target 
derived by K. P. Stanyukovich [1], proposed a scheme for the penetration 
of an individual target. 

The total momentum Jn transferred to the target is equal to the 
sum of the backward momentum JR of the mass M ejected during cra- 
tering and the momentum of the projectile (particle) J0. At high im- 
pact velocities v 0 we have Jn >> J0 [1], and therefore in [2] it was con- 
sidered that 

= Jn  [(too -~- mO (moVo ~ -  2Q)] -V' �9 (1.t) 

Here ~ is a coefficient taking into account the nonstationarity of 
the process, E0 is the kinetic energy of the projectile, mD is the mass 
of the projectile, m I the mass of the ejected target material, Q is the 
initial energy of the projectile lost to the latent heats of phase tran- 

sitions. 
At large %, when the projectile is completely vaporized, and as- 

suming that the crater is hemispherical [2], 

_ _ _ _  pl** \ Q=moqo**+  2:Iv*3P:P~ ( ql** = qt*-Uq:*-~'l* ) , 
3p:** 

(1.2) 

(po ~'/' 
r ,  ~ ~lro, h=  r .  \ 1tl / " 

Here q** and q* are the latent heats of vaporization and fusion, 
p"* and p* are the pressures at the wave front at which vaporization 
and fusion of the material take place (determined from the Hugoniot 
relati0n), # is the density of the material, r. is the effective of the pro- 
jectile, 71 is a coefficient characterizing the rearward and lateral un- 
loading, h is the depth of the crater, r0 is the initial projectile radius, 
P0 is the pressure for plane impact (r0 ---~ ~o), H l is the dynamic hard- 
ness, and the subscripts 0 and 1 refer to the projectile and the target, 

respectively. 
It should be noted that in (1.2) the latent energy of crushing q. is 

neglected, although the volume of destroyed, but not vaporized material 
removed from the crater is about 80% of its total volume [2]. However, 
this step is justified, since according to certain data [I] q, is one to two 
orders lower than q**. 

We now consider some questions of modeling. In [2] Andriankin 
and Stepanov described a series of dimensionless parameters c q , . . . ,  
a n ,  of which, for metals, the variable ones are mainly as, a4, a6, and 
a 2 for impact of materials with P0 r Pl. The parameter a l  serves for 
converting the velocities of the modeling and modeled materials 

plVo 2 plql** 

~ = - H T '  " , . p  ' ~ =  ~ ' 
(1.3) 

/ P: }','~ ql** a ~ = c l \ ~ ]  , a ~ = ' q : . .  

In the same paper it is also pointed out that in modeling fusion 
and vaporization, the impact velocities must lie above the threshold 
velocities of fusion and vaporization of the modeling materials. 

We shall determine the threshold velocity v n from the residual 
temperature T+ of the body after the pressure has fallen to p = Pc, 
where Pa is the pressure of the ambient medium. In this case, the 
phase transition temperature T ~ = T+ = AE./c v at p = Pc, where ZXE+ 
is the part of the thermal energy remaining in the body after unload- 
ing from P0 to Pc, computed graphically in [3], c V is the specific heat 
of the body at p = Pc' and v n corresponds to P0 �9 Note that the begin- 
ning of phase transition corresponds to the temperature at the shock 
front T~ = T~ but T ~ at p = pf is not known; therefore E +' in the 
equation E + = E +' + q~ is also unknown. 

Threshold velocities of vaporization were previously computed in 
[4, 5]. In this case the threshold velocities were assumed to be those 
at which the internal energy at the original shock front exceeded the 
energy of cohesion of the target material. It should be noted that, in 
accordance with [3], 

E (V, T) = E- (V) + E + (V, T), (1.4) 

where E- and E + are, respectively, the "cold" and "hot" components of 
the internal energy, V is specific volume, and T temperature. 

The calculated v n and the the corresponding P0 are presented in 
Table 1 for several metals with known equations of state. Clearly, for 
the modeling metals (Cd, Pb, Sn, Zn), the threshold velocities v n are 
considerably lower than for Fe and A1 and lie in the laboratory range 
of impact velocities. It also follows from TabIe 1 that the values of 
the threshold velocities of vaporization are in satisfactory agreement 
with the values computed in [4]. 

2. For the experimental measurement of JR we used a ballistic 
pendulum. The scheme for determining JR will be clear from Fig. 1. 
The notation is as follows: O is the point of suspension of the ballistic 
pendulum (friction in the hinge is neglected), c~ is the deflection 
angle of the pendulum, R its length from the point of suspension to 
the center of gravity, and S the horizontal deflection of the pendulum, 

Metal pair 

Fe -~ Fo 
AI ~ AI 
Cd ~ Cd 
Pb ~ Pb 
Sn-* Sn 
Zn ~ Zn 

Table 1 

Fusion Vaporization 

v n, km/sec ~,,:I0-,,, bar v n, km/sec [q 
o.to -,~, 
bar 

2.0 
0.7 
0.28 
0.25 
0.2 
0.4 

5.94 
5.72 
1.72 
1.4i 
t. 53 
2.37 

3.0 
t .5 
0.5 
0.6 
1.0 
0.7 

vn, km/sec ~,to--, bar 

7,73 2.91 
9.37 1.25 
2.55 0.57 
2.64 0.66 
4.58 
3.44 0.8i 

7.6 
8.35 
2.8 
2.8 

3.~ 
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Then, if a is determined from experiment, 

J/~ = m [2gR (l - -  cos a)l *h, m = Mo + P1. (2.1) 

Here M0 is the mass of the pendulum itself, Pl is the mass of the 
target at the end of the swing, when the cratering process is complete, 
and G is the acceleration of gravity. Pt should not be replaced by the 
initial mass of the target Pa, since the main fraction of JR is transfer- 
red to the target at the beginning of the cratering process [1, 2]. Since 
S/R  is small (for small ce) 

( i  -- ~r ! R2)'/~ ~ i - -  S 2 / 2 R  ~ 

and from Fig. I it follows that 

A C =  2[fi." j ~  = m S [ ~ T )  . (2.2) 

Measuring c~ and S experimentally, one can calculate JR from 
(2.1) and (2.2). 

In the experiments we used targets made of Cd, Bi, Sn, Pb, Sb, Zn, 
A1, Fe, P-500 polyethylene, sodium butadiene rubber, butyl rubber, 
polysiobutylene, RK-9 obturator rubber, and porolon. The results were 
used to determine g and to check the modeling method based on para- 
meters (1.3). As projectiles we used pellets of diameter do = 10 mm 
made of the above-mentioned materials, except for the polymers. The 
radii and heights of the metal targets were usually an order greater 
than the diameter of the projectile, so that they coutd be assumed to 
be semi-infinite (in the absence of lateral expansion of the targets), 
The polymer targets were usually penetrated completely; therefore 
values of g were not obtained for these materials (except for RK-9 
rubber). 

/ 
8 ,4 

Fig. I 

The volume of the crater to the level of the original surface and 
to the rim was measured correct to 0.1 ml using a dropping buret. All 
the geometric measurements (diameter of surface around crater raised 
above original level, diameter of crater at level of rim and at level 
of starting surface, height of rim cross section of crater, maximum 
depth of crater) were made directly after the experiment on a special 
pattern, which made it possible to refer nil the vertical dimensions 
to the same base. The values of P0 and Pl were determined by weigh- 
ing correct to 0.01 g. This accuracy was necessary, since sometimes 

the loss of weight of the target ml was very slight (for craters of re- 
latively large volume, the compaction of the material at the crater 
walls was considerable). 

To measure the velocities we used wire probes on fraroe-targets 
triggered by the breaking of an electrical circuit. The signals were 
fed to a "Neptune"-type electronic chronometer which gave readings 
of time intervals correct to 0.25 ~see (BG 1.409.003. TO). Generally, 
we used two "Neptunes ~ for two measuring bases with four frame- 
targets, so as to duplicate the measurements. The pendulum and the 
frame-targets were placed in a special box to prevent contamination 
of the room with chereieally toxic substances. The weight of the 
pendulum was about 200 kg, M0 = 18.475 kg, R = 65.1 cro. The pro- 
pulsion system employed made it possible to accelerate the projectiles 
to velocities v0 ~ 3.5-4 km/sec were obtained with the aid of a 
hydrogen-driven light-gas ballistic apparatus. 

r ,,'\ 

:-}> 
R5 -x. 

j~-6 S-J 

~ 5  

A I  ~ 2  x 3  0 4  |  
�9 6 " 7  ~ 8  ~,8 v l8  

. 0  

1.5 $.g 

Fig, 2 

3. The results of the experiments are presented in Figs. 2-5.  
Figure 6 shows some of the specimens after cratering. At subthreshold 
impact velocities, in order to compute g, it is necessary to know the 
value of q, �9 In view of the absence of direct data on the latent en- 
ergies of crushing q, for the materials employed , the coefficient g was 
calculated from possible variants of the determination of %. 

The coefficient gl is the least value of ~ calculated without ac- 
count for projectile kinetic energy losses (Q = 0). In [1] the value of 
% for certain metals and nonmetals was taken as 109 erg/g. The coef- 
ficient g2 was computed under this assumption with allowance for the 
energy losses in both the target and the projectile o In the calculations 
the original parameters on both sides of the impact boundary were com- 
puted by the graphic deceleration method [3]. The coefficient gs was 
calculated under the assumption q, = H~/pl. In this case the values of 
% are of the order of 109 erg/g (they- are presented in Table 2). 

If it is assumed that all the internal energy at the initial shock 
front is expended on crushing the target (at v0 < Vn), then the values 
of g obtained give the upper limit of the range of true values of g. 
However, these values will evidently be too high. 

In order to compute the value of %, it is necessary to know the be- 
havior of the compressive stress-strain diagram for t:he material in the 

Table 2 

I I r - - -  - -  

Metal ' //', , I ~; 1) Metal kg /mm'  erg/g 
t07s, /i'a, q , . t0  -s, 

ST 45 I 25o i a.18 II ST 40 Khl  480 a . l  
ST 30 { 180 [ 2.29 [{ D - - I a T  / 90 3.3 
ST 20 { 315 [ 4 [I Sn { 42 0.577 
Armco I 185 I 2.35 II Bi I 23 0.235 

Metal 

Sb 
Cd 
Zn 
Pb 

at/l, 
kg/mm a 

t10 
59 

144.5 
11 

%,Jr) -~, 
erg/g 

t .5 
O. 682 
2.02 
O. 097 

Note. The data on H I not published in [2, 14-16] were obtained from the penetration of a rigid cone. 
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elastoplastic loading region and the value of the final density P2 at 
the the walls of the crater. Then 

q, = ~ ~ (~) de. 
El 

Here o is the stress, s t  the strain corresponding to the end of the 
elastic zone of loading, s z the strain corresponding to 02. For most of 
the materials used in our work, data on the dynamic compression dia- 
gram in the elastoplastic region are not available, the only exceptions 
being low-carbon steel and aluminum [6, 7], 

t p,L - -  px ( 3 . 2 )  

For the calculated averaged values of the final parameters in the 
target p~, Pz the losses Q, computed under the assumption (3.2), were so 
small that the results for g were actually close to 31. Since, as it turned 
out, in the presence of fusion and vaporization the quantity q, can be 
neglected as compared with q* and q**, for v 0 < v n it was subsequently 
assumed that g = ~1- 

o 2  

0 i /  Vo km/sec, 

Fig. 3 

For a semi-infinite target of RK-9 rubber the values of g were 
about 0.8, i. e. ,  higher than for metals at the same velocities. Semi- 
infinite targets of cadmiu m, tin, and lead were subjected to the impact 
of pellets 10 mm in diameter of the same materials and steel, and cad- 
mium was also exposed to the impact of cylinders of duralumin with ef- 
fective radius r. = 6.5 mm. In this case, as may be seen from Fig. 2, 
the results for g lie satisfactorily Close to a single curve, which may be 

regarded in the first approximation as confirmation of the fact that g is 
a physical characteristic of the target material and does not depend on 
the density,  dimensions, and shape of the projectile. It should be noted 
that the curve g(v0) for steel and duralumin is well extrapolated to the 

curve g(v0) for cadmium and tin at impact velocities calculatedwith the 
corresponding conversion factor, which indicates the possibility of model- 
ing with respect to g also (cadmium and tin model mark 8T-3 steel and 
mark D-i6T duralumin [2]). Before the experiments we tested the para- 
metric modeling method on the modeling materials themselves [2]. 
By way of illustration we present the data on h for several experiments 
usIng the parameter a4 (in the range v0 < Vn): 

Cd--> Cd, v 0 = 0.987 km/sec, h = t.15 cm,mo = 4.84 e, 

d o =  t .02cm Z n - * Z n  (t3t ~ v o =  1.523 km/sec, 

h =  l . t5cm,  m o =  3.72g, d o =  t.0 em. 

For heated zinc with allowance for the dependence HI(T ) [2] 

ST-3 --* ST=3, vo = t.785 km/sec,  h = 0.93 cm, mo = 4.t3 g, 

d o =  t.0 cm Zn-*Zn ,  v o =  1.75 km/sec, h =  t.08cm, 

too= 3.773, d o =  0.99em % F e ~  t.065V,Z n. 

Figure 2 shows values of ~ for the investigated materials in the 
range of impact velocities obtained (each isthe a~eraged result of 
several experiments), For comparison the relation 

~~ Jn [(m0 q- m 0 (movo~ - -  2Q)] -% 

is shown by a broken line (Jn is the total measured momentum), cor- 
responding to points g calculated from (t.1). 

C 

Fig. 4 

The relations ~(u0) and ~*(u0) are monotone and become increas- 
ingly smooth with increase in v 0. It may be assumed that their common 

asymptote lies between them, and in the limit, if equation (1.1) is satis- 
fied, they merge. The metal with the greatest scatter in the values of 
g is zinc, this evidently being attributable to its greater brittleness as 
compared with the more ductile cadmium, lead, and tin. In Fig. 2 the 
following notation is used: 

1 - -ST3"-*  ST45, 2 - - S T 3 ~ D I 6 T ,  3 - -Zn- - - )Zn ,  4 - - C d ~ C d  

5 - -  Fe-*Cd,  6 - - D I 6 T ~ C d ,  7 - - S n ~  Sn, 8 - -  F e ~ S n  

9 - - P b - - *  Pb 1 0 - - F e - ~  Pb 

,yS 
[ ! t~,km/sec 

&r I 
15 2.5 �9 85 

Fig. 5 

An attempt was made to test the modeling method on pairs of dif- 
ferent metals. However, it failed, since it proved extremely difficult 

to select equal ratios a z. Thus, for example, with respect to the param- 
eter a4 the pair Bi --~ Sn models the pair Fe -* A1 

(HFe = 3t5 kg/mm2 HAl = 250 kg/mm 2 

~aFe/a4Al = i.i8, a4n i /a4s n = t.09, t,ol~e = 2.73VoBl). 

The velocity conversion factor was determined from the relation 

povo' ~ / poeo ~ 
- - ~ - ' - 1 / F e ~ A I  = \ HI  / B i ~ S n "  

In this case the h for these pairs differs by more than four times. 
This indicates the importance of the parameter a z at subthreshold im- 
pact velocities. In Fig. 3 experimental values for Cd --- Cd with veloc- 
ity conversion (V0F e = 2.43v0Cd) have been plotted on the graph of 
h / r ,  (v0) for Fe --*- Fe [2] (1--experimental data of [8, 9]); it is clear 
that the modeling is satisfactory. 

In [2] and in certain other work it was assumed that Pz = Ht (Pz 
and 02 are the final values of the pressure and density at the wave front 
in the target at the end of crater formation), and the depths of the cra- 
ters at high impact velocities were calculated on this assumption (from 
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Fig. 6 



9 0  Z H .  P R I K L .  M E K H .  I T E K H N .  F I Z . ,  J U L Y - S E P T E M B E R  1 9 6 5  

(1.2)). These ca lcu la t ions  are in sat isfactory ag reemen t  with the ex i s t -  

ing e x p e r i m e n t a l  data  [8, 9]. In order to verify the correctness of the  

above cr i te r ion  P2 = HI, i t  is necessary to de te rmine  P2 e x p e r i m e n t a l l y  

and to know the compression d iagram for the m a t e r i a l  in the region of 

e las top las t i c  strains. If V 2 is the vo lume  of the cra ter  de te rmined  ex-  

pe r imen ta l ly ,  and V 0 the in i t i a l  vo lume  of the target ,  then the end den-  

si ty p~ is not genera l ly  equal  to P2, s ince  instead of V 0 i t  is necessary 

to put V; < V 0' and instead of Pt, Pt' < Pl (Pl, and V 0' are the weight  
and vo lume  of the part of the ta rge t  near the walls of the cra ter  in 

which e 2 -> e -> ~1). We note  also tha t  the e x p e r i m e n t a l l y  de te rmined  

density of the m a t e r i a l  in the walls  of the crater  after its format ion 

and unloading to the pressure of the ambien t  m e d i u m  must be somewhat  
tess than  the density 02 of the m a t e r i a l  compressed behind the shock 

wave. 

The f inal  pressure P2 for ST-3 with e = 1 -- Pl /P~  was de te rmined  
from the da ta  of [6], tha t  for D-16T from the  data  of [7]. For the  other 

me ta l s  with know Hugonio t ad iaba t ics  we took 

el  (~  - -  l )  
p~ = p~Dlul, ul ~ )v I - -  ( ~ 1  - -  1) O ' 

P2 ~ (3.4) 
Pt 

Here D and u are the wave and mass ve loc i t i es ,  c and k are con-  

stants cha rac te r i z ing  the  shock ad iaba t i c .  For these q, from (3.2) was 

c a l c u l a t e d  for P2 obta ined from (3.4). The values  of P2 obta ined were 
somewhat  lower than  H! for ST:3  and D-16T,  which ind ica tes  the great  

s ign i f i cance  of the zone of e las top las t ic  strains in cra ter  format ion 
However,  these data  should be  regarded as p re l iminary  owing to 

the absence of va lues  Pi and V~. At sma l l  i m p a c t  ve loc i t i e s ,  when the 
p ro jec t i l e  is only s l ight ly  deformed, the fol lowing l o g a r i t h m i c  re la t ion  

is va l id  for the pene t ra t ion  depth [10,11]:. 

h =  aIpldo'~02m~ lu ( t §  f a c t o r ) .  (3.5) 

As shown by a comparison of the experimental data and calcula- 

tions based on (3.5), the l a t t e r  is va l i d  up to the  following ve loc i t i e s  

v0: Pb ~ Pb, u 0 ~ 1 k m / s e c ;  Sn -+ Sn, z~ 0 - 1.2 k m / s e c ;  Zn --~ Zn, 

u 0 ~ 1.8 k m / s e c .  These ve loc i t i e s  correspond roughly to crushing o f  

the  p ro jec t i l e .  
It is of some interest  to  study the va r i a t i on  of crater  shape with 

ve loc i ty .  Thus, Fig. 4 shows cross sections of craters  for the  pair Sn --,- 
.o. Sn at  d i f ferent  ve loc i t i e s .  Figure 4, a - r n  0 = 8.95 g, v0 = 0.794 k m /  

sec; Fig. 4, b - m 0  = 3.62 g, v0 = 1.048 k m / s e c  ( target  preheated  to T = 

146 ~ C); Fig. 4, c - m 0  = 3.74 g, v0 = 2.0 k m / s e c ,  the broken l ine  de-  

notes the  l e v e l  of the star t ing surface,  max  6 the m a x i m u m  he igh t  of 

the  cra ter  r im, m a x  h the m a x i m u m  cra te r  depth, The  cra ter  cross 

sect ions were t aken  in an arbi trary plane.  Figure 5 shows the rat io of 

the d i a m e t e r  d '  of the crater  at the Ievel  of the star t ing surface to its 

depth  below the s tar t ing surface h p lo t ted  against  the i m p a c t  ve loc i ty .  

In this case the notat ions correspond to those of Fig. 2. Clear ly ,  wi th  

inc rease  in v 0 the shape of the cra ter  approaches the  hemisphe r i ca l ,  

This is also conf i rmed by other exper iments  [12]. 1" The possible a sym-  

m e t r y  of the cra ter  cross sect ion was caused by a s l ight  i nc l ina t ion  in 

the d i rec t ion  of i m p a c t  with respect  to the surface of the target .  From 
Figs. 4a  and 4b i t  is  c l ea r  t ha t  in  a hea ted  t a rge t  the he igh t  of  the  
c ra te r  r im is much  increased  for roughly the same i m p a c t  v e l o c i t y  v 0. 
At the same  t ime ,  hea t ing  has a lmos t  no effect  on the depth of the 
crater ,  It should be noted tha t  an a lmos t  " c u p - l i k e "  [13] crater  shape 

�9 is ob ta ined  for P0 > P~ at low ve loc i t i e s ,  when the pro jec t i l e  is not 
crushed and the c ra te r  is formed by penet ra t ion  of the pro jec t i le ,  and 

not by the des t ruc t ive  ac t ion  of the shock front (di rected act ion) .  

TNote added in proofi Additional expe r imen t a l  ver i f i ca t ions  at  

h igh  v 0 showed tha t  curve 2 in Fig. 5 l ies  below that  ind ica ted :  d ' / h  

~ 1 at  v0 "" 4 k m / s e c .  

An e x a m p l e  of this is offered by the pair Fe -+ A1. Plast ic  flow 

of the m a t e r i a l  has a considerable  ef fect  on the Shape of the crater .  

Figures 6, a, b show craters in lead:  

Pb--* Pb, m 0  (;.042, d, = t . 0cm,  h =  2 . 4 c m ,  d' = 4.0 cm,  

vn = 0.987 k m / s e c  Fe --~ l 'h ,  mo : 3.52 ,  d o =: 0.95 cm,  

h = 3 .65cm,  d'  := 6.3 cm,  v 0 = 3.5 k m / s e c  

Clear ly ,  there  is s t i l l  a gap be tween  the bent -down lobes of the r im 

and the star t ing surface, which indica tes  a high degree of p las t ic  flow 
in the lead (in the  presence of fusion bent -down lobes would not be 
formed).  Polymer targets  were found to have  an in teres t ing property, 

The holes  resul t ing from penet ra t ion  of the  ta rge t  were pa r t i a l ly  or c o m -  
p le te Iy  f i l led  in. In the case of butyl  rubber and polyisobutylene the 

holes were  resea led  comple te ly ,  even  at  r e l a t ive ly  h igh  ve loc i t i e s  v 0 ~ 
~ 3 , 5 - 4  k m / s e c  upon penet ra t ion  by a s tee l  pe l l e t  d o ~ 1.2 cm.  Figure 

6c shows the compte t e  penet ra t ion  of a po lye thy lene  spec imen  by a 
s teel  pe l l e t  with d o = 1.0 cm at v 0 = 0.972 k m / s e c .  The in i t i a l  hole  

has been reduced to a d i ame te r  of " 2 m m  which ev iden t ly  ind ica tes  
i_.nteRse loca l  hea t ing  of the wai ls  of the opening.  Figures 6d, and 6e show 

craters in z inc  targets  obta ined under roughly the  same  condit ions (v0 = 

= 1.84 and 1.823 k m / s e c ,  respect ive ly) ;  in expe r imen t  No. 31 the t a rge t  

was first hea ted  to 131 ~ C. Clear ly ,  in the hea ted  ta rge t  spa l la t ion  of 

the surface is much  reduced.  Since modera te  hea t ing  leads to a lmost  

no change in the rate  of  propagat ion of the front face depends on in te r -  

ference of the opposing compression and rarefac t ion waves to a lesser 

ex ten t  than spa l la t ion  of the rear face.  Evidently,  hea t ing  reduces the 

r e l axa t ion  t ime ,  which leads to a more  rapid t ransi t ion of the hot,  as 

compared  with the  cold,  m a t e r i a l  into the plas t ic  s tate ,  so tha t  spa t l a -  

l i on  of the front face is prevented.  On the  r ight  of the  cra ter  in expe r i -  

men t  No. 81, the spal led  m a t e r i a l  was unable  to break away and thus 

r ema ined  in a "bl is tered"  state .  The results of the above exper iments  

may  be summar i zed  as follows. 

1. The re la t ion  g(v 0) is a charac te r i s t i c  of the t a rge t  m a t e r i a l  

and is p r ac t i ca l l y  independent  of the density,  shape, and s ize  of the pro- 
j ec t i l e ;  g decreases with increase  in the density of the ta rge t  m a t e r i a l  

for constant  i m p a c t  v e l o c i t y  v 0. 
2. The re la t ion  g(v0) is monotone  increas ing and at Jn >> J tends 

to a l i m i t i n g  va lue .  
3. The mode l ing  parameters  obta ined in [2], inc luding  those for 

f ir ing at  hea ted  targets,  are shown to be Correct. 

4. With increase  in v 0, the shape of the crater  tends toward the  he -  

mispherical. 
It should be noted that the above conclusions are valid in the limit- 

ed range of impact velocities obtained experimentally. 

The authors thank E. I, Andriankin for discussing the results. 
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