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Invest igat ions  of shock compres s ib i l i t y  and of the products  of shock compres s ion  of graphi toid boron 
ni t r ide  [1-4] and graphi te  [5-8] have shown that these  subs tances  in a shock wave undergo t r ans fo rma t ion  to 
c lose -packed  modif icat ions  with a t e t r a h e d r a l  coordination of a toms .  The purpose  of th is  p a p e r  is  to show the 
feas ib i l i ty  of invest igat ing the k inet ics  of these t r ans fo rma t ions .  I f  the c h a r a c t e r i s t i c  re laxat ion  t ime of the 
p r o c e s s  is  comparab le  with the loading t ime of the sample ,  then the k inet ics  of the p r o c e s s  can be de te rmined  
by analyzing a s e r i e s  of p r e s s u r e  p ro f i l e s  p(t) o r  the m a s s  ve loc i ty  inside the sample  during shock c o m p r e s s i o n  
[9]. The d i a g r a m  of the expe r imen t s  for  record ing  the growth of a p r e s s u r e  pulse in boron ni tr ide and graphi te  
under conditions of  single and mul t i s tage  shock c o m p r e s s i o n  is  shown in Fig. 1. A shock wave with an init ially 
r ec t angu la r  p r e s s u r e  prof i le  p a s s e s  in the sample  1 in the d i rec t ion shown by the a r r o w s  through an a luminum 
or  P e r s p e x  s c r e e n  2. Mult is tage c o m p r e s s i o n  of the sample  was effected by the shock waves  having pas sed  
through and then being re f lec ted  f rom a copper  or  a luminum b a r r i e r  3. Manganin p robes  4 [10], located at the 
s c r e e n - s a m p l e  and s a m p l e - b a r r i e r  in t e r faces ,  and a lso  in the center  sect ion of the sample ,  were  used for 
record ing  the p r e s s u r e  p rof i l e s .  The s a m p l e s  had a d i ame te r  of 120 m m  and an overa l l  th ickness  of 5-15 ram. 
The densi ty of the boron ni t r ide  s a m p l e s  va r i ed  f r o m  1.57 to 1.80 g / c m  3 and that  of the graphi te  samples  f rom 
1.80 to 1.97 g / c m  3. The p r o b e s  were  p r e p a r e d  by etching f rom manganin foil with a th ickness  of 30 ~ and had 
an a r e a  of  ~ 7x 7 m m  2 and a r e s i s t a n c e  of 2.5 to 3.5 12. The p robes  were  sepa ra t ed  f rom the su r f aces  of  the 
sample ,  s c reen ,  and b a r r i e r  by insulat ing Teflon inse r t s .  The overa l l  th ickness  of a p robe  with i ts  insulation 
did not exceed 0.17 ram. The s am p l e s  we re  loaded by the impac t  of  an a luminum plate of th ickness  7-10 mm.  
Explosive propel lan t  devices  [11] we re  used to a c c e l e r a t e  the plates .  In a number  of the expe r imen t s  with 
boron ni t r ide  s a m p l e s  of  i nc rea sed  th ickness ,  a compres s ion  pulse with an approx ima te ly  r ec t angu la r  p rof i le  
was fo rmed  in the P e r s p e x  s c r e e n  during re t a rda t ion  a t  i t s  su r face  of the detonation products  of an explosive 
charge,  located a t  a ce r ta in  dis tance f r o m  the screen .  The geome t r i ca l  layout of the shock-wave  gene ra to r  in 
this case  was s im i l a r  to that  desc r ibed  in [12], but the d imensions  were  inc reased .  By vary ing  the m a s s  of the 
explosive charge,  the ampl i tude of the shock wave enter ing the sample  was va r i ed  f r o m  55 to 90 kbar ,  and the 
p r e s s u r e  drop behind the shock front  did not exceed 15% for  a t ime  of 6 ~sec .  

Record ing  of the read ings  of  the th ree  Manganin p robes  were  ca r r i ed  out by a br idge circui t ,  using two 
OK-33 double -beam osc i l loscopes .  Typical  o s c i l l o g r a m s  a r e  shown in Figs .  2-4. The number  1 on the o s -  
c i l lograms  denotes  the p r e s s u r e  prof i le  r e c o r d e d  by the p robe  located between the sc reen  and the sample ,  the 
number  2 denotes that r eco rded  by the p robe  inside the sample ,  and the number  3 denotes  that  for the probe  
between the sample  and the b a r r i e r .  The a r r o w s  denote the t imes  of or igin of the phase  t rans i t ion  in the 
moni tored  sample  l ayer .  The p r e s s u r e s  behind the shock front  and the shock-wave  ve loc i t i e s  were  de te rmined  
f rom the p r o c e s s e d  o s c i l l o g r a m s  by the t ime  in te rva l s  between the ins tants  of a r r i v a l  a t  the p robes ;  the 
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cor responding  va lues  of the m a s s  ve loc i t i e s  and the speci f ic  vo lumes  were  then calculated f rom these data. 
The p r e s s u r e  was  de te rmined  by the re la t ive  change of r e s i s t a n c e  of the probe,  using the empi r i ca l  re la t ion 
[13] 

p = (34OAR~Re + 70(AR/Ro) 3) kbar. 

The val id i ty  of using this re la t ion  in the case of p r e s s u r e  m e a s u r e m e n t s  with mul t i s tage  compress ion  is also 
ve r i f i ed  in [13]. 

F igure  2a shows the o s c i l l o g r a m  of one of the expe r imen t s  on record ing  the c h a r a c t e r i s t i c s  on the 
p r e s s u r e  prof i le  in the p r o g r e s s i v e  shock wave due to phase  t ransi t ion.  The ampli tude of the shock wave in 
the boron ni t r ide  sample  was  132 kbar  in this exper iment .  The p r e s s u r e  prof i le ,  r e co rded  by the second probe,  
consis ted of a jump to 120 kbar  and, following behind it, a region of smooth p r e s s u r e  r i s e  (over a per iod  of 
~ 1 # s e e )  to the end. Then,  before  the a r r i v a l  of the r a r e f ac t ion  wave, the p r e s s u r e  r e m a i n s  constant for a 
cer ta in  t ime.  In these  expe r imen t s ,  spli t t ing up of the shock wave with the fo rmat ion  of a two-wave conf igura-  
tion [13] was not r ecorded .  I t  is obvious that the region of smooth r i s e  behind the shock front  in the p r e s s u r e  
prof i le  c o r r e s p o n d s  to a phase  t rans i t ion .  In o rde r  to ve r i fy  th is ,  an exper iment  was set  up to r ecord  the 
p r e s s u r e  prof i le  at  the boundary with a r igid (copper) b a r r i e r  for  the s ame  ampli tude of the shock wave in- 
cident on the boron ni t r ide  sample .  

Based on the r e s u l t s  desc r ibed ,  the degree  of t r ans fo rma t ion  to the dense modificat ion immedia te ly  
a f t e r  the f i r s t  p r e s s u r e  jump is  equal to zero ,  but with i nc r ea se  of the dis tance f rom the shock front,  it 
i n c r e a s e s  smoothly.  I t  can be ve r i f i ed  that  in this case ,  because  of the different  curva tu re  of the shock adiabats  
of the secondary  compres s ion  of the ini t ial  and dense phases ,  the ra te  of r i s e  of the p r e s s u r e  at  the boundary 
with the r ig id  b a r r i e r  mus t  i n c r e a s e  d ispropor t iona l ly  a f t e r  the f i r s t  compress ion  shock, The osc i l l og ram 
of this expe r imen t  is  shown in Fig. 2b. I t  can be seen that  the specia l  f ea tu res  of the p r e s s u r e  prof i le  were  
e x p r e s s e d  m o r e  c lear ly .  The f i r s t  compres s ion  shock at  the boundary with the copper  b a r r i e r  amounted to 
190 kbar ,  and then over  a per iod  of ~ 1~ sec  the p r e s s u r e  i n c r e a s e s  up to 213 kbar .  

Thus,  at l ea s t  with p r e s s u r e s  in the shock wave of 120-132 kbar ,  t r ans fo rma t ion  of boron ni tr ide into the 
dense modificat ion p r o c e e d s  with a complete ly  m e a s u r a b l e  ra te .  The re laxa t ion  nature of the t r ans fo rmat ion  
a l so  mus t  be r evea l ed  on the p r e s s u r e  prof i le ,  r eco rded  by the f i r s t  probe ,  in the fo rm of a cha rac te r i s t i c  
peak. This  fea ture  of the p r e s s u r e  prof i le  at the s c r e e n - s a m p l e  boundary desc r ibe s  the "p rompt"  compress ion  
of the or iginal  m a t e r i a l  up to a me ta s t ab le  s tate  with a p r e s s u r e  which is  h igher  than the p r e s s u r e  of the onset  
of t rans i t ion  and subsequent  t r ans i t ion  to the equi l ibr ium state ,  accompanied  by a reduct ion of volume and 
unloading [1,i, 15]. 

I t  can be seen f r o m  the o s c i l l o g r a m s  shown in Fig. 2 that the peak on the p r e s s u r e  p rof i l es  r eco rded  by 
the f i r s t  p robes  a r e  ac tual ly  r ecorded ,  but the i r  durat ion is  c lose  to the l imit  of reso lu t ion  of the procedure ,  
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TABLE 1 

p, kbar 

cm s Vt 
g 

55 1 74 

0,392 [ 0,384 
~0,005 ~_0,005 

92 

0,377 
~0,005 

120 l 198 

0,36O l 0,300 
+0,005 ~O,O1 

and t h e r e f o r e  the i r  quanti tat ive desc r ip t ion  is made difficult. In the case  of t r ans fo rma t ion  to the dense 
modif icat ion,  the r ec tangu la r  c o m p r e s s i o n  pulse  with p r e s s u r e  peak at the front  cannot be s teady,  and this 
p r e s s u r e  prof i le  i s  c h a r a c t e r i s t i c  only for  the onset  of the p r o c e s s  at  the boundary with the sc reen .  During 
propagat ion through the substance ,  the shape of the compress ion  pulse i s  t r a n s f o r m e d  to a n e a r - s t a t i o n a r y  
form,  and it  b ecom es  a prof i le  with a sha rp  compres s ion  shock up to a magnitude p* (corresponding to the 
p r e s s u r e  a t  the s t a r t  of t r ans fo rmat ion)  and with a subsequently re la t ive ly  smooth r i s e  of  p r e s s u r e ,  a c c o m -  
panied by a fu r the r  reduct ion of the speci f ic  volume,  due to t r ans fo rma t ion  to the dense modification.  The 
f inal  t r a n s f o r m a t i o n  step is  de t e rmined  by the final p r e s s u r e  and the t ime of act ion of the e levated  (above p* ) 
p r e s s u r e .  According to the ava i lab le  r e s u l t s  (Fig. 2a), l imi t ing e s t i m a t e s  can be made of the  degree  of 
t r a n s f o r m a t i o n  of the boron n i t r ide  into the dense modif icat ion,  at  the ins tant  of reaching  the m a x i m u m  
p r e s s u r e  of 132 kbar .  Fo r  the e s t i m a t e s ,  the region of the re la t ive ly  smooth p r e s s u r e  r i s e  was desc r ibed  
e i ther  by a cen te red  c o m p r e s s i o n  wave o r  by a s ta t ionary  wave propagat ing  with the s ame  veloc i ty  as  the 
shock front .  F o r  both cases ,  the va lues  of  the spec i f ic  vo lumes  v,  cor responding  to the s ta te  of  the subs tance  
a t  the final p r e s s u r e ,  and the posit ion of the points obtained on the p - v  d i ag ram re la t ive  to the shock adiabats  
of  the original  and dense phas e s  of the boron ni t r ide  were  considered.  The l imit ing e s t i m a t e s  of the degree  of 
t r a n s f o r m a t i o n  (on the a s sumpt ion  of addit ivi ty of the compres s ib i l i t y  of the or iginal  and dense phases  [16]) 
c a r r i e d  out in this  way, show that  in the case  being considered,  over  a t ime  of ~ 1/~ sec,  f r o m  30 to 60% of the 
boron ni t r ide  t r a n s f o r m s  to the dense modificat ion.  Meanwhile,  the format ion  of a two-wave configuration is 
the mos t  obvious and convincing demons t ra t ion  of phase  t rans i t ion  in the shock wave. As a resu l t ,  the m o s t  
favorable  conditions a r e  c rea ted  for  de te rmin ing  the t rans i t ion p a r a m e t e r s .  

The conditions for  divis ion of the shock wave can be crea ted  during gradual  compres s ion  of the sample .  
The shock ad iaba ts  of  boron ni t r ide  with a densi ty l e s s  than 1.8 g / c m  3 and of graphi te  have the fo rm r e p r e s e n t e d  
in Fig. 5. The region of mixed phas e s  is  located above the constant ve loc i ty  beam OA. T h e r e f o r e ,  all  s t a tes  
a r e  achieved with a single shock-wave  compress ion .  If, however ,  the substance  is  c o m p r e s s e d  p rev ious ly  up 
to a cer ta in  s tate  B and then a shock wave with ampli tude PC is  c rea ted  in it, then the l a t t e r  b reaks  up into 
two pa r t s :  In the f i r s t  wave,  the p r e s s u r e  is  i nc rea sed  up to the p r e s s u r e  of the s t a r t  of t r a n s f o r m a t i o n  p* 
and in the second wave, up to the p r e s s u r e  PC (the sl ight d i f ference  between the shock adiabats  of  the double 
and single compres s ion  i s  neglected here) .  

The o s c i l l o g r a m s  of the expe r imen t s  on the mul t i s tage  compres s ion  of boron ni tr ide and graphi te  a r e  
shown in Figs.  3 and 4, r e spec t ive ly .  The th i cknesses  of the table ts  of the compound sample  were  chosen so 
that  the compres s ion  wave, or iginat ing as  a r e s u l t  of the in te rac t ion  with the s c r een  of the shock wave r e -  
f lected f rom the b a r r i e r ,  a r r i v e d  at  the second probe  a f t e r  the two-wave s t ruc tu re  had been r eco rded  by it. 
By evaluat ing the o s c i l l o g r a m s ,  the p r e s s u r e  a t  the s t a r t  of  po lymorphous  t r ans fo rma t ion ,  the ampl i tudes  of 
the enter ing and re f l ec ted  shock waves ,  and the i r  ve loc i t i e s  were  de te rmined  by the cor responding  t ime  
in t e rva l s  between the ins tants  of a r r i v a l  a t  the p robes ;  then, f r o m  these  data the corresponding va lues  of the 
m a s s  ve loc i t i e s  and the spec i f ic  vo lumes  were  calculated.  For  the expe r imen t s  with i nc rea sed  wavelength,  
co r rec t ions  for the smal l  p r e s s u r e  drop before  the a r r i v a l  of the re f lec ted  shock wave were  introduced. 
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The f o r m  of the p r e s s u r e  prof i le  in the case  of mul t i s tage  compress ion  of boron ni tr ide is  de te rmined  

by the ampl i tude  of the r e f l ec ted  shock wave P2" With sufficiently high final p r e s s u r e s  P2, a c lear ly  expres sed  
two-wave  s t ruc tu re  is  fo rmed  in the sample  (see Fig. 3a, prof i le  2). With a reduction of the p r e s s u r e  P2, the 
front  of the second wave of the two-wave configuration is  b lu r red  (see Fig. 3b, p rof i le  2). The smooth p r e s s u r e  
r i s e  obse rved  on the o s c i l l o g r a m s  behind the front  of the f i r s t  wave of the two-wave configuration conf i rms 
the re la t ive ly  slow development  of the t r ans fo rma t ion  p r o c e s s .  

The o s c i l l o g r a m  of the e x p e r i m e n t  on the mul t i s tage  compress ion  of graphi te  (see Fig. 4) has qual i -  
ta t ively the s a m e  fo rm (see Fig.  4). 

The compara t ive ly  la rge  t imes  a f t e r  which par t ia l  po lymorphic  t r an s fo rma t ion  is effected in boron 
ni t r ide  and graphi te ,  in the case  of mul t i s tage  compres s ion  make poss ib le ,  as  in the case of the advancing 
shock wave,  the invest igat ion of the kinet ic  f ea tu res  of these  t r ans fo rma t ions .  An e s t ima te  of  the initial  r a te  
of t r an s fo rma t ion  in boron ni t r ide  behind the shock front  g ives  a value of (0.3 to 0.5) ' 10 ~ sec  -~ with a p r e s s u r e  
r i s e  of f r o m  ].20 to 134 kbar .  Complet ion of t r ans fo rma t ion  takes  place in the second wave front of the two-  
wave configuration at  a higher  ra te .  Judging by the s teep drop of the front  on the osc i l l og ram,  the t ime of 
complet ion of t r a n s f o r m a t i o n  does not exceed 0.1 ~ s e c  with a final p r e s s u r e  of the shock compress ion  of p2 = 
160 kbar .  

I t  should be noted that  the p roposed  mode of spli t t ing of the shock wave al lows the p a r a m e t e r s  of  the 
s ta te  in which po lymorph ic  t r a n s f o r m a t i o n s  a r e  effected,  for subs tances  whose shock adiabats  have a fo rm 
s i m i l a r  to thas shown in Fig. 5, to be de te rmined  m o r e  accura te ly  and with s m a l l e r  l o s se s  of  t ime than by 
means  of comrentional methods.  

The p r e s s u r e s  at the s t a r t  of po lymorph ic  t r ans fo rma t ions ,  de te rmined  by the many exper iments ,  
amount  to 120 kba r  for  boron ni t r ide  (the sp read  of the exper imen ta l  data is  ~ 2 kbar) and 196 • 5 kbar  for 
graphi te .  The poss ib le  s y s t e m a t i c  e r r o r  in the ampli tude m e a s u r e m e n t s  is  de te rmined  by the e r r o r  of the 
cal ibrat ion curve ,  which d e s c r i b e s  the re la t ion  between the re la t ive  change of e lec t r i ca l  r e s i s t a n c e  of the 
manganin and the p r e s s u r e .  According  to the data of [13], this  e r r o r  does not exceed • 5%. 

Tab le  1 shows the data on the shock compress ib i l i t y  of boron ni tr ide,  obtained as  a r e su l t  of p roces s ing  
the o s c i l l o g r a m s  desc r ibed  above.  Within the l imi t s  of m e a s u r e m e n t  e r r o r ,  these  data a r e  found to be in 
good a g r e e m e n t  with the publ ished data of [1-4]. The effect  of  the ini t ial  density and nature  of the shock 
c o m p r e s s i o n  on the pos i t ion  of the points in p, v coordinates  is  not perce ived .  

It  is  in te res t ing  to compare  the p a r a m e t e r s  of the s t a r t  of po lymorph ic  t r an s fo rma t ions  in boron ni tr ide 
and graphi te ,  which a r e  c ry s t a l l ochemica l  analogs ,  with the a lmos t  identical  densi t ies  of the corresponding 
modif ica t ions .  C o m p a r i s o n  of the shock compress ib i l i t y  curves  of these  two subs tances  shows that  with a 
s ignif icant  d i f fe rence  of p r e s s u r e s ,  the s t a r t  of the phase  t rans i t ion  is defined by a l m o s t  one and the same 
value  of the spec i f ic  vo lume v =0 .36•  0.01 cm3/g, while for  i ts  complet ion we have the value v =0.29 +'0.01 
cm3/g. 

According to the measurement of the time of arrival of the unloading wave at the back surface of the 
striker, the velocity of sound in the singly compressed material was determined in specified Sections of the 
sample. With a pressure of 70 kbar it is equal to 5.9 km/sec; with a pressure of 120 kbar it is 7.0 km/sec. 
In view of the indistinct appearance of the instant of the start of unloading on the oscillograms, the accuracy 
of the velocity of sound determination is not high, but the error still does not exceed 10%. 

Thus, in this paper we have shown the feasibility of studying the kinetics of polymorphic transformations 
in boron nitride and graphite under shock compression. A new method of revealing the region of phase 
transitions in the shock adiabats has been achieved by creating the conditions for the splitting of the shock 
w a v  e �9 

LITERATURE CITED 

1. G . A .  Adadurov,  Z. G. Aliev,  L. O. Atovmyan,  T. V. Bavina,  Yu. G. Borod 'ko ,  O. No Breusov,  A. N. 
Dremin ,  A. Kh. Muranevich,  and S. V~ Pe r sh in ,  "Forma t ion  of wur tz i t e - type  modif icat ions of boron 
ni tr ide under  shock c o m p r e s s i o n , "  Dokl. Akad. Nauk SSSR, 172 , No. 5 (1967)o 

2. L . V .  Al ' t shu le r ,  M. N. Pavlovski i ,  and V. P. Drakin,  " F e a t u r e s  of phase  t r ans i t ions  in compress ion  and 
unloading shock waves , "  Zh. l~ksp. Teor .  Fiz. ,  52, No. 2 (1967). 

3. N . L .  Coleburn and J~ W. Fo rbes ,  " I r r e v e r s i b l e  t r an s fo rma t ion  of hexagonal boron ai tr ide by shock 
c o m p r e s s i o n , "  J. Chem. Phys. ,  4.~8, No. 2 (1968). 

375 



4. W.H.  Gust, "Hugordot parameters  for hot-pressed boron nitride to 120 GPa," Bull. Amer. Phys. Soc., 
21, No. 3 (1976). 

5. B . J .  Alder and R. H. Christian, "Behavior of strongly shocked carbon," Phys. Rev. Lett.,  7, No. 10 
(1961). 

6. M.N. Pavlovskii and V. P. Drakin, "Problem of the metallic phase of carbon," Pis 'ma,  Zh. Eksp. Teor.  
Fiz., 4, No. 5 (1966). 

7. A.N.  Dremin and S. V. Pershin, "Problem of the dynamic compressibility of carbon", Fiz. Goreniya 
Vzryva, No. 1 (1968). 

8. R . G .  McQueen and S. P. Marsh, nHugoniots of graphites of v~rious initial densities and the equation of 
state of carbon, ~ in: Behavior of Dense Media under High Dynamic Pressu res ,  P a r i s - N e w  York (1968). 

9. G . I .  Kanel', nExperimental determination of the kinetics of relaxation processes  by the shock com- 
pression of condensed media," Zh. Prikl. Mekh. Tekh. Fiz.,  No~ 5 (1977). 

10. G. I .  Kanel', "Application of mangauin probes for measuring the shock compression pressure  of con- 
densed media," Dep. No. 477-74, VINITI (1974). 

11. G. I .  Kanel', A. M. Molodets, and A. A. Vorob'ev, "Explosive throwing of plates," Fiz. Goreniya Vzryva, 
No. 6 (1974). 

12. S.A. Koldunov, K. K. Shvedov and A. N. Dremin, WDecomposition of porous explosives by the action of 
shock waves, n Fiz. Goreniya Vzryva, No. 2 (1973). 

13. G.I. Kanel', G~ G. Vakhitova, and A. N. Dremin, "Metrological characteristics of manganin pressure 
probes under conditions of shock compression and unloading,' ]~iz. Goreniya Vzryva, No. 2 (1978). 

14. L; V. Al'tshuler, "Use of shock waves in high-pressure physics," Uspo Fiz. Nauk, 38, No. 2 (1965). 
15. D.B. Hayes, "Polymorphic phase transformation rates in shock-loaded potassium chloride," J. Appl. 

Phys., 45, No. 3 (1974), 
16. A.N. Dremin and I. A. Karpukhin, "Method of determining the shock adtabats of dispersed substances," 

Zh. Prikl. Mekh. Tekh. Fiz., No. 3 (1960). 

G E N E R A L I Z E D  SHOCK A D I A B A T S  OF T H E  E L E M E N T S  

V. F .  A n i s i c h k i n  UDC 532. 593:536.711 

Shock adiabats are needed for the analysis of any kind of explosion processes.  They are the main source 
of information on the equations of state of substances at high pressures  and temperatures .  This also explains 
the great  interest  in their experimental determination. At the present time, approximately 1000 shock adiabats 
are known, including about 200 shock adiabats of many of the elements of the D~ I~ Mendeleev periodic table, 
determined by various authors. This large number of data makes it possible to analyze them statistically and 
to bring out definite regulari t ies.  

Generalized forms of the shock adiabats of substances have been proposed repeatedly, for example~ in 
[1-3]. Here the shock adiabats were assumed to be approximately linear in the coordinates mass ve loc i ty -  
velocity of shock wave. Below we discuss generalized shock adiabats of the elements which a re  free from this 
assumption. 

| 1. In the Coordinates mass ve loc i ty-ve loc i ty  of shock wave, experimental shock adiabats are usually 
approximated by simple analytical dependences, most frequently segments of straight lines: 

D ~ ~' -- )-~. (i.I) 

The quantity I in (i.I) can be regarded as the derivative X = dD/du at some intermediate point of the shook 

adiabat. The value of ;~ var ies ,  generally speaking, along the shock adiabat with an increase  of the compression 
in the sho ck wave. 

The distribution of the values of X or  of the derivatives with respect  to the shock adiabat (shown in Fig. 1) 
was plotted on the basis of approximately 150 experimental shock adiabats, approximated by segments of 
straight lines, mainly taken from [4, 5] (but, in the case of hydrogen, from [6]). On the vert ical  axis with an 
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