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The boiling point of metals (Mg, AI), as distinct from hydrocarbon fuels, is relatively 
high. Hence, the interaction of metal particles with a gaseous oxidant initially, i.e., at 
low temperatures of the metal, occurs almost entirely on the particle surface; in addition, 
the oxide film formed during the heterogeneous reaction (or beforehand) also strongly prevents 
(in the case of AI, for instance) the development of the homophasic reaction until the film 
melts. The conditions of ignition of a metal particle (whether there is a sharp increase in 
its temperature or not) dePend , consequently, on the relative rates of heat production due to 
the heterogeneous reaction and heat transfer from the particle to its surroundings. Experi- 
mental investigations of the mechanism of ignition of magnesium particles and dense conglom- 
erates of them [I] provide direct evidence that the primary ignition of the particle is hetero- 
geneous. Since the experiments in [i] showed that limit of heterogeneous ignition (determined 
from the appearance of red tracks) agreed closely with the results of measurements in [2], 
these latter authors probably also observed the limits of heterogeneous ignition. 

The theory of heterogeneous ignition of metal particles has now been fairly well de- 
veloped for the following: a linear law of oxidation of the metal (Mg) [3]; the presence of 
changes in the structure of the oxide film (its recrystallization) during heating (AI) [4, 5] ; 
and any power law of oxidation (Mg, AI) [6]. This question is not considered in the present 
paper. 

In the experiments in [i] purely surface combination of Mg specimens was observed only 
in atmospheres with very low oxidant contents (1-4% 02); the difference in the limits of 
heterogeneous and vapor phase ignition did not exceed 25oC. In all other known investiga- 
tions the combustion of the magnesium (particles, wires, etc.) always took place in the gas 
phase. This indicates that from the viewpoint of practical problems we can regard the ac- 
complishment of surface ignition of Mg particles as a perfectly adequate condition for their 
vapor-phase ignition and combustion. The question of transfer of the chemical reaction from 
the surface of the metal particle to the gas phase was investigated theoretically in [7] and 
more rigorously in [8]. In each case the authors concluded that for particles this transfer 
must occur in superlimit conditions. It should be noted that in [7, 8] the problem was re- 
garded in a quasisteady formulation; the calculations were made for only one value of the 
Arrhenius constants (k* and E) for a homogeneous reaction. The value of k* was calculated 
on the basis of the gas-kinetic theory of double molecular collisions, and E was arbitrarily 
assumed equal to the activation energy for the heterogeneous reaction; such values of k* and 
E can, of course, differ significantly from the actual values. 

We consider the problem of ignition of a metal particle, the formation of a diffusion 
combustion front close to it, and developed vapor-phase combustion in a non-steady-state 
formulation. The temperature distribution near the particle T(r, t) is given by the equation 

ep (p + Pox) -87 - r  v ~ ~ o~ 

where  

k = k * p ' n v ~ o e x p ( - - ~ T  1. 

The f i r s t  t e r m  on t h e  l e f t - h a n d  s i d e  o f  t h i s  e q u a t i o n  t a k e s  i n t o  a c c o u n t  t h e  b u i l d u p  in  u n i t  
vo lume o f  t h e  e n t h a l p y  o f  t h e  gas  and c o n d e n s e d  o x i d e  (p and Pox a r e  t h e i r  d e n s i t i e s ;  t h e  
l o c a l  t e m p e r a t u r e  and s p e c i f i c  h e a t s  o f  t h e  gas  and  c o n d e n s e d  o x i d e  a r e  a s sumed  e q u a l ) ;  t h e  
s e c o n d  t e r m  t a k e s  i n t o  a c c o u n t  c o n v e c t i v e  h e a t  t r a n s f e r  i n  t h e  g a s e o u s  and c o n d e n s e d  p h a s e s  
( t h e  v e l o c i t y  o f  t h e  o x i d e  p a r t i c l e s  i s  a s sumed  e q u a l  t o  t h e  g a s  v e l o c i t y  v ) ;  t h e  t h i r d  t e r m  
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takes into a c c o u n t  conductive heat transfer =hrough the gas. The first term on the right- 
hand side of Eq. (I) represents the evolution of heat due to chemical reaction of the metal 
vapor with the oxidant before formation of the gaseous oxide (the reaction rate k is described 
by the Arrhenius law); the second term represents the evolution (or absorption) of heat due 
to local volume condensation (or evaporation) of oxide at rate m. 

As in [9], we assume that at each point the partial pressure of the gaseous oxide Pox 
is equal to the saturation pressure at the local temperature 

Pox = P~xexp ( I lO~ ' ~ T ) '  (2)  

and its content is 

nox = t,%xPox/MV p (V is the subscript denoting the surroundings). 

On this assumption the phase transition rate m of the oxide can be calculated from its 
transport equation 

O(Pnox ) I a [ ( Onox)] 
at --' ,'~ a,. 1"~ pvnox - -pD- -~ - .  = ( i  ' - = - ~ ) k - - m .  (3)  

The distribution of the concentrations of metal vapor nv(r , t) and oxidant 
given by similar equations: 

[a(Pnv) i a [ (pvn v pD = - - ~ / , ' ,  ot r"- Or 1"2 Onv]] 

t I( " "  
o(O o) o O,,o/1 - 

[ ~  r ~ Or r 2 pvno pD or / j  --k. 

no(r, t) are 

(4) 

Some of the gaseous oxide produced by the reaction condenses. 
oxide Pox is given by its mass-balance equation 

apox.  t a 
"I~t ~ r] a-7-(r29ox v) = m. 

The density of the condensed 

(5) 

The mass velocity of the gas can be calculated from the continuity equation 

ap , 1 a ( r ~ p v )  __ _ m .  
#t ~ r" Or (6) 

The gas density at each point is calculated from the equation of state 

9 = MVP/RT,  (7)  

t h e  t o t a l  p r e s s u r e  P a n d  m o l e c u l a r  w e i g h t  ~V o f  t h e  g a s  a r e  r e g a r d e d  a s  c o n s t a n t  and  e q u a l  
t o  t h e i r  v a l u e s  i n  t h e  s u r r o u n d i n g s .  The  t e m p e r a t u r e  d e p e n d e n c e  o f  t h e  t h e r m a l  c o n d u c t i v i t y  
o f  t h e  g a s  ~ = ~ * ( T / T * ) Y  i s  t a k e n  i n t o  a c c o u n t ,  and  t h e  L e w i s  n u m b e r  i s  a s s u m e d  e q u a l  t o  
unity. 

We fore.late the boundary and initial conditions for the compiled system of equations 
( l ) ,  (3)-(6). 

i. On the particle surface (r : rs): 

a) the metal vapor is saturated 

* PmPvs. 
pvs = pv exp ( -  Zv:Rr ), " w -  . v  �9 

b) t h e  f l u x  o f  o x i d a n t  i s  e q u a l  to  t h e  r a t e  o f  t h e  h e t e r o g e n e o u s  r e a c t i o n  

p v n o - -  9D-~- r  )s -= - -  ks = - -  kspsn~ exp - -  

c)  t h e r e  i s  no  f l u x  o f  n e u t r a l  g a s e s  

O, v I D O,'oxl p,v, -- k, W- (9vnv-- pD'-~-r /' W- (ovnox-- p" --~-r/.; 

d) the gas temperature is equal ItO the particle surface temperature T = Ts; 

e) the condensed oxide is not removed from the particle surface; i.e., if v s > 0, then flox = 0. 

The radius of the particle and its temperature (we assume that there are no temperature 
gradients within the particle) at each instant are given by the balance equation for its mass 

679 



dr s [ On v ~ 
tOm~ ~k8 q- ~ (8) - -  = pvnv - -  pD -~-r ), 

and heat 

CppMrs dT  8 
- pu L' (9) 

where qs is the specifs heat of formation of the condensed oxide; the specific heat of the 
particle is assumed equal to the specific heat of the gas, and its density before and after 
melting is assumed to be the same. We note that if the particle temperature reaches the melt- 
ing point Tmp of the metal, then T s = Tmp for a subsequent period tmp, and the time imp is 
determined from the heat balance for the melting particle. 

2. On the outer boundary (r = =); 

a) there is no metal vapor 

n v = O; 

b) we know the temperature 

c) and oxident content 

T =  Tv 

n o = nov; 

d) the condensed oxide is removed by the external flow; i.e., if v < 0, then Oox = O. 

3. The initial conditions (t = 0) are as follows: 

a) r s = r o ,  T s = Tso;  

b) when r s < r < ~, T = TV, n o = nov , n v = Pox = 0. 

Thus, to calculate the seven unknowns (T, nv, no, nox, m, Pox, v) characterizing the heat 
and mass transfer near the particle we compiled the system of seven equations (1)-(7); for the 
six differential equations (i), (3)-(7) we write the boundary (la-e, 2a-d) and initial (3b) 
conditions; to calculate the relations r s = rs(t) and T s = Ts(t) we use (8) and (9) with 
initial conditions (3a). 

We introduce the dimensionless variables 

and parameters 

T pvroc p Pox. r 
0=--" u= ~, ; y = i + - - p - - ,  x = ~ "  T* ' ro ~ 

~.*t .. cpr~m r s 
= cpp,r2 , M = ~ ;  x s  = ro 

Lv---- ~ - y ; ; *  lv Lox---- ~; /~  Lo x ----R-~'l~ q q, L v =  c - ~ ;  / / =  " g ~ =  " cpT*' CpT* : 

E Es . L* r~ ~)*. O* 
1 1 =  - -  R T , ;  t-I~ = IY~*' * =  '~  7~* ' O = k *  % %  (~ - - .  

The system of equations (1)-(7) takes the form 

t o ( ~ )  oO i aO _ H f _ _ L o x M  ' x"- Ox x20V y u  "~z - -  y"-6" ~ = 

/ 8n,, ~ On v t Onv 

x ~ dx 

1 0 ( X 2 ~  Ono ~ 01~0 l OnO 
x"- Ox , Ox / - -  u Ox 0 O~ - - = -  ] -  n ~  

! ~9 (x~ Onox i O " o x  ( l - ~ ) f - ' ( i - - n o x ) M ,  
x'- ox \ " -  --JT-x J--u Ox O' ax ~ - -  

t__ 8y , Oy 
0 0--7 ~ - u ~ x  = g M ,  

(j O t ~ , 2 u+_~x=__ili ~ 
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Here 

The boundary conditions are 

when x = x s 

( I 
i =  

t 'mPv L v t dx.~ - -  ~qm~ -~s exp " I I  -~ O;"gT.  ~ Unv; 

,_)y ~"o , ( j~ .  
" ,~.--'7- - -  nno  == ~nO - ~ e x p  Os] ,  

u (nox i "v i ,to-- I ) = (')~ '~ (" ox !- "v+ "o). (j.~ T 

% d(9~.:_= (9~ - H ~ - - e x p  - - , - ; -  v) ' L o x t - ~  "- Unox), 

if u > 0, then y = i; 

when x = 

O -~- O ~  n o = =  noV; n v =  0,  if  u <  0, then y ---- i .  

The  i n i t i a l  c o n d i t i o n s  (x  = 0)  a r e  

x~ = t ,  O~ = O~0; 

when x~ < x < oo,O = OV, nv = O; 

when x = x~,n v ---- nvs; 

when X s ~ X <  co, n o =- 16V, y = =  t .  

The problem was solved numerically on an electronic computer by new methods, developed 
in [10, ii],, for integration of systems of differential equations. The calculations were made 
for the case of a magnesium particle (ro = 25 ~) in air. The kinetic constants of the hetero- 

geneous reaction were found in [3] from the experimental values of the ignition limits for 
magnesium particles of different size [2]: E s = 45,120 cal/mole, k~ = 8.6 �9 10 I~ cm/sec (M s= 
--22.56; ~ = 2.7 �9 i0"); these constants were used in the present calculation. As in [8], for 
the homogeneous reaction we took E = Es, but the value of k* was varied in the range from 5 �9 
10 15 to 4 " 10 I" cm3/g'sec (~ = 8.4 �9 i0~-6.7 �9 101~ the latter was used in [8]. As in the 

= , *= model example [8], H s = 1.2, H = 10.04, L~x = 66.34, P~x 4.4 �9 108 L v 15.8, Pv = 10s, 
Lox = 12.4, L v = 4.815, e = 4.44 �9 10 -3 , 8 = 1.57. 

It was found that if the particle undergoes heterogeneous ignition, then when k* = 5 
1015 cm3/g-sec (# = 8.4 �9 l0 s ) vapor-phase ignition must occur and the process develops in 

the same way as ignition of a hydrocarbon drop. Far from the particle, where the gas tem- 
perature is practically the same as the ambient temperature, and diffusion supplies metal 
vapor, there is a small temperature maximum; it begins to move rapidly toward the particle, 

and the gas temperature at the maximum point increases. At a distance of approximately i- 
1.5 times the particle radius from its surface the maximum stops and there is a rapid in- 
crease in gas temperature at the maximum point -- the particle ignites in the vapor phase. 
If the gas temperature is sufficiently high (above the limit for the particular particle 
size), the transfer of the reaction from the particle surface to the volume takes a very 
small part of the total induction time; there is practically no condensed oxide in the volume, 
since the particle after the induction period does not succeed in burning up appreciably. 

When k* < 5 �9 10 *5 cm3/g'sec the qualitative picture of transfer of the reaction from the 
particle surface to the vapor phase is not altered, and only the transfer time is increased. 
Values of k* less than 5 �9 i0 ~5 cm~/g-sec are of no practical interest, since the rate con- 
stant of the homogeneous reaction in such cases is extremely low; at temperatures of %1000~ 
iris many orders below the experimentally determined value [14]. 

If the value of k* is increased without the other kinetic constants being altered, the 
coordinate of the initial position of the temperature maximum, the coordinate of its stopping 
point and s]harp increase in maximum temperature, and also the times from the start of the 
process to each of these events are reduced. Finally, for some value of the kinetic factor 
for the homogeneous reaction (k* ~ 2 �9 i017 cmS/g-sec) the metal vapor ignites directly at 
the particle surface; the rate of reaction of the vapor with oxygen is so rapid that the vapor 
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Fig. i 

cannot move very far from the particle by diffusion and mass flow of the gas (directed toward 
the surroundings). For the value of the factor k* used in [8] (4 �9 1019 cmS/g.sec) vapor- 
phase ignition begins near the pargicle surface, and not at the boundary with the surround- 
ings, as was found in the quasi-steady-state approximation [8]. 

The calculated induction times (from 8 to 22 msec for particles of diameter 30-50 ~ in 
air at atmospheric pressure and temperature 850~ are in good agreement with experimental 
data [12]. The good agreement between calculation and experiment is simply explained. For 
instance, for a particle of diameter 50 M in the indicated conditions the time of heating to 
the start of melting and the duration of melting did not depend greatly on the value of k ~= 
5 ~ i01s-4 �9 1019 cm3/g.sec and was ~iI and ~i0 msec, respectively; the melting of the par- 
ticle was always followed almost immediately (within about I msec) by a sharp increase in its 
temperature -- heterogeneous ignition. The time for transfer of the reaction from the surface 
to the gas phase was short; it depended signlficantl~ on the value of the kinetic factor k*: 
It decreased from %2 to %0.2 msec with increase in k from 5 �9 i0 *s to 4 �9 1019 cm3/g.sec. 
Hence, the total induction time of the particle is determined mainly by the kinetics of the 
heterogeneous reaction (particularly near the ignition limit); its constants were calculated 
as already mentioned, by using experimental data for the heterogeneous ignition limits. 

In [13, 14] the temperature variant of the dilute diffusion flame method was used to 
investigate the kinetics of the reaction of alkali-earth metal (Mg, Ca, etc.) vapor with 
molecular oxygen. Here we analyze the possible competition of two types of processes: the 
usual gas-phase reaction followed by condensation and transfer of the reaction to the phase 
interface between the dispersed product and the initial substance. The first mechanism of 
metal vapor oxidation was assumed in the cited works, and the second was considered for mag- 
nesium in [15]. Kashireninov et al. [13, 14] give preference to the first reaction mechanism; 
they found the following values for the kinetic constants of the bimolecular reaction of mag- 
nesium vapor with oxygen: E = 15.3 • 2.8 kcal/mole, k * = 1.7 �9 1014 cm3/mole'sec. 

Calculations with these values of the kinetic constants of the homogeneous reaction 
showed that vapor-phase ignition of the particle must begin right at the surface: The tempera- 
ture maximum occurs directly at the particle surface, after which it moves a little away from 
it. The temperature at the maximum point increases rapidly -- a diffusion combustion front 
is formed. Thus, although combustion of the magnesium particle occurs in the gas phase, it 
must ignite heterogeneously. 

As calculations showed [9], the quasi-steady-state diffusion model of vapor-phase com- 
bustion of a metal particle allows us in general to determine correctly its combustion rate 
at atmospheric pressure. Calculations [16] indicate that even simpler models can be used for 
calculation of particle combustion rates alone. In our calculations of the combustion of a mag- 
nesium particle by the non-steady'state model we have several other aims: first, to find the 
particle combustion rate at increased pressures, when the quasi-steady-state approximation may 
become inapplicable; second, to determine the "fate" of condensed combustion products formed 
near the burning particle, which is very important for gasdynamic calculations of the flow in 
rocket motor jets. In the calculations we used the values found for the constants of the homo- 
geneous reaction in [14]. 

The results of calculation for a typical case are given in Figs. 1-4. For clearer il- 
lustration and comparison with experiment we give not only the dimensionless, but also the di- 
mentional, times corresponding to a magnesium particle with initial diameter 50 M, burning in 
air at atmospheric pressure and temperature 1000~ After the temperature maximumhas been 
formed in the immediate vicinity of the particle surface it begins to move away from the par- 
ticle, and the temperature at the maximum increases. At a distance of approximately 2.4 times 
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Fig. 2 

the initial radius of the drop from its center, the velocity of motion of the temperature 
maximum sharply decreases. 

By the time r = 35.2 �9 103 (t = 15.25 msec, Fig. i) a diffusion flame of characteristic 
structure is formed: The zone of heat production due to the chemical reaction (f is the re- 
action rate) is narrow and is localized near the maximum of the temperature % (see Fig. la); 
the concentrations of metal vapor and oxygen in this zone are negligibly small. The mass 
veloci~ of the gas u at every point is directed away from the particle, the flow of gaseous 
oxide gox from the zone of its formation is directed away from the particle and also toward 
it, but does not reach its surface (see Fig. !b). The oxide condensation rate M is signifi- 
cant only near the particle itself, where the temperature gradients are large; in the zone 
of the temperature maximum the condensation rate is negative -- the oxide evaporates (see Fig. 
la). The mass of condensed oxide is still very small; its density Oox differs appreciably 
from zero only near the particle, where the condensation rate is high. The rate of formation 
of the gaseous oxide and its condensation in the whole gas volume are quantities of the same 
order. 

The flame structure at time T = 37.27 " 103 (t = 16.15 msec) is shown in Fig. 2a, b. The 
combuation zone becomes narrower, and the temperature profile on the right of it becomes more 
gentle. The distributions of the rates of condensation and flow of oxide vapor are not greatly 
altered -- tlhey vary little during the whole combustion time of the particle. The mass velocity 
of the gas clhanges sign at r = 25ro. The distribution of the density of the condensed oxide 
is of interest (Fig. 2b). In the zone of intense condensation in the immediate vicinity of 
the particle the condensed oxide cannot accumulate -- it is carried away by the great mass flow 
of gas. In the combustion zone the oxide evaporates -- its amount becomes less and less with 
time. A large part of the oxide is found in the region between 4 and 15 times the initial 
radius of the drop. 

The point at which the mass velocity of the gas changes sign subsequently begins to ap- 
proach the particle. The result of this is that the zone where the condensed oxide accumu- 
lates becomes narrower, the maximum of the distribution of Pox/P* approaches the drop, and 
the density at the maximum increases. Thus, in Fig. 3 (~ = 38.88 103 , t = 16.85 msec) u = 
0 at r = 12ro,maxpox/0 *= i; in Fig. 4 (T = 40.69 �9 103 , t = 17.63 msec) u = 0 at r = 6ro, 
maxPox/0 * = 200 (p* =0.388 �9 10 -3 g/cmS). By the time of almost complete combustion of the 
particle (~ = 41.61 �9 i03, t = 18.03 msec) the gas velocity changes sign at r:~5ro; practical- 
ly all the condensed oxide is concentrated at the accumulation surface, whose position d~ends 
on the point at which u changes sign; the oxide density Pox at the maximum point is 0.143 
g/cm s . 

The experimental data confirm the calculated nature of the formation and evolution of 
the zone of oxide accumulation. Thus, according to the data of [17], the width of the lumi- 
nous zone near amagnesium particle (~i00 ~) at the initial stage of combustion increases, is 
practically constant during established combustion, and decreases toward the end of combus- 
tion; the maximum external radius of the luminous zone during combustion of the particle is 
(8-12)ro; according to calculation (see Fig. 2b) it is ~12ro. Pokhil et al~ [18] observed a 
similar movement of the outer boundary of the luminous zone during combustion of aluminum 
particles (100-200 ~) at increased pressure (20-40 atm). It was reported in [i] that the 
external diameter of the luminous zone around a magnesium conglomerate burning in air is ap- 
proximately I0 times greater than its initial diameter. According to the track width (~I mm) 
of a burning magnesium particle with initial diameter ~84 ~ [19] the value of the diameter is 
approximately the same (~12do). 
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The diameter of the combustion zone varies with time in the same way as for a hydrocar- 
bon drop. After the formation of an almost-diffusion flame the radius of the combustion sur- 
face (where the reaction rate is greatest) increases from 2.4 to 2.7 times the initial parti- 
cle radius; by the time that ~80% of the metal has evaporated, the radius of the combustion 
surface, having reached a value of 2.7ro, begins to decrease and by the end of combustion 
becomes equal to 2.2ro. 

Calculations showed that during the entire combustion time of a magnesium drop of any 
diameter (10-500 p) the relation r~ ~ t is fairly accurately fulfilled; hence, the duration 
of complete combustion is proportional to the square of the initial diameter; t c ~ d~. The 
rate constant • of combustion in air at atmospheric pressure and 1000~ was found to be 0.896 
mm/sec. According to a quasi-steady-state calculation [9] for the same conditions it is a 
little lower (0.752 mm/sec), and according to experimental data • = 0.75-1.35 mm/sec. 

With increase in pressure in the atmosphere the surfaces of combustion and oxide ac- 
cumulation move a little closer to the drop. Thus, with increase in pressure from 1 to 25 arm 
the maximum radius of the combustion surface decreases from 2.7 to 2.3 times the initial drop 
radius, and the radius of the accumulation surface decreases from 5ro to 4.4ro. The combustion 
rate constant increases with increase in pressure (at P = i, 5, and 25 arm d~/t c= 0.896, 1.02, 
and 1.12 mm2/sec, respectively), and more appreciably than was obtained from calculation in 
the quasi-steady-state approximation. Thus, the hypothesis of Gurevich et al. [16] that the 
experimentally obtained [20] decreasing dependence of x on P can be obtained by calculation 
(including consideration of the non-steady-state processes near the burning particle) has not 
been confirmed. 
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EXPERIMENT~ DETERMINATION OF THE KINETICS OF RELAXATION PROCESSES 

DURING THE SHOCK COMPRESSION OF CONDENSING MEDIA 

G. I. Kanel' UDC 534.222.2:662.215 

Introduction 

The compression of condensing media by shock waves can be accompanied by such relaxation 
processes as phase changes, chemical reactions, etc. For a quantitative analysis of the evolu- 
tion of a shock wave one must know the dependence of the rate of the process on the parameters 
of state of a particle of the specimen at each time. Two methods of finding the kinetic data 
directly from the experimental results are discussed in the present report. 

In [i, 2] it is shown that if a series of profiles of the pressure p(t) or the mass 
velocity u(t) are determined for different fixed coordinates in a specimen through which a 
one-dimensional compression wave propagates then from these data one can reconstruct the de- 
pendence of the variation of the pressure and the specific volume V for each layer of the 
specimen; from the experimental data one determines the trajectory of the change of state of 
fixed layers of the substance in the coordinates p--V, with each point of this trajectory cor- 
responding to a certain (and known) time. Then if the equations of state of the initial and 
final products are known one can construct in the same coordinates a grid of curves of the 
compression of mixtures with different concentrations of the final product. One thereby de- 
termines the concentration of the final product at each point of the trajectory of the change 
of state; i.e., for a chosen layer one determines the law of variation of the concentration 
of the initial and final products with time. By varying the parameters of the shock wave in- 
troduced into the specimen one can obtain a set of kinetic curves and from them choose a single 
empirical dependence of the rate of the relaxation process on the parameters of state of a 
particle of! the substance. 

A set of trajectories of the change of state provides complete information on the process, 
but to construct them one must make a large number of measurements with increased demands on 
the accuracy. At the same time, there are reasons to assume that in a number of cases (such 
as in the ~malysis of the propagation of shock waves in explosive materials), it is sufficient 
to know the initial rate of the process. In the present report it is shows that the initial 
behavior of the trajectory of the change of state can be determined from the experimentally 
measuredprofiles of the pressure or the mass velocity and from the law of variation of the 
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