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The resul ts  of a calculation of the rate of t ransient  combustion of gunpowder during a fall in 
p r e s su re  are presented;  these are obtained by the numer ica l  integration of the equations of 
t rans ien t -combus t ion  theory,  allowing for  the var iable  surface t empera tu re  of the k phase. 
For  rapid and severe  p re s su re  drops extinction always occurs ,  no introduction of special  ex- 
tinction conditions being required.  The change in the rate of burning during the extinction 
p roces s  is of a smooth nature. 

It is a l ready well known f rom experimental  data that gunpowder is extinguished when the p re s su re  
falls rapidly and fa i r ly  severe ly  [1]. In o rde r  to study the extinction of gunpowder we shall here use the 
theory  of t ransient  combustion of Ya. B. Zel 'dovich and B. V. Novozhilov [2-4]. The basic assumptions of 
this theory  are as follows: 

1) The chemical  react ions in the k phase only take place in a thin surface layer.  

2) The react ive layer  of the k phase and the gas flame are  r ea r ranged  almost  instantaneously when 
the external  conditions a l ter  and remain in a quas i - s teady  state all the time. 

3) The deviation of combustion f rom the steady state is determined solely by the inert ia of the heated 
layer  of k phase. The r ea r r angemen t  of the heated layer  in a coordinate sys tem linked to the surface of the 
k phase is descr ibed by the equation 

or o~r o r (0.1) 
ot --  •  - -  u -57x ( - - ~ < z ~ O )  

Here x is the coordinate normal  t(~thesurs t is the t ime, u =u(t) is the rate of 
burning, T = T(x, t) is the t empera tu re  distribution in the k phase, ~ is the thermal  diffusivity of the k 
phase. 

The thermal  flux f rom the react ion zone into the heated layer  and the surface t empera tu re  of the k 
phase are  determined by the p rocesses  taking place in the zone of decomposition of the k phase and in the 
gas flame; by vir tue of the assumptions made they depend solely on the instantaneous values of the p r e s -  
sure  and rate of combustion [4] 

(Or/Sx)~=o = ~ (p, u) (0.2) 

T~=o = 78 (p, u) (0.3) 

Equations (0.2) and (0.3) are  valid in the s teady-s ta te  case as well; hence, they may be determined 
f rom the experimental  relat ionships giving the rate of steady burning and the surface t empera tu re  as func- 
tions of the p re s su re  and initial t empera ture  of the powder [4]. Equation (0.1), with boundary conditions 
(0.2) and (0.3), enables us to determine the rate of burning if the initial t empera tu re  distribution and the 
p r e s s u r e / t i m e  law are  specified. 

In the case of a constant surface tempera ture  (T s =coast) ,  extinction occurs  when it becomes  impossi-  
ble to match the instantaneous thermal  state of the k phase to the conditions (0.2) and (0.3) [3, 5]. However, 
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TABLE 1 
Powder model 

No. of 
version 

I I  
I I I  
IV 
V 

VI 
VlI 

VIII 
IX 
X 

t .4 t0 

i .6 t0 
t .4 t5 
t.4 7 
0.6 l0 
0.4 t0 
2 t0 
2 t5 

0.5 
0.5 100 

Pressure drop 
No. of, 

m versiOIl At 

1,0 
3 0.02 

2.5 
6 2.5 2.0 
7 0.02 

1 10 
l 10 

l 1.0 

P~ 

0.6 
0.6 
0.85 
0.26 
0.23 
0.37 
0.87 

0.99 
0.99 

0.t8 

in the case of a variable surface t empera tu re  this 
interpretat ion of extinction encounters  certain diffi- 
culties. The possibil i ty of extinction taking place is 
introduced into the theory  by assuming that the ~(u) 
curves  represent ing  the (0.2) relationship for p = 
coast  contain cer tain limiting points corresponding 
to finite values of the rate of burning and t empera -  
ture gradient,  beyond which combustion is impossible 
[6, 7]. Pass ing  out beyond these points in the process  
of t ransient  combustion is considered an extinction. 
Both in the case of T s =const  and in the presence  of 
limiting points, extinction takes place suddenly: 
Immediately  before the instant of extinction the rate 
of burning is still quite high and in o rder  of magni-  
tude lies close to the rate of s teady-s ta te  burning. 

In this paper  we shall present  the resul ts  of a 
calculation of the rate of t rans ient  burning which oc-  

cflrs during a fall in p res su re ,  allowing for  the var iable  surface  t empera tu re  of the k phase, as derived f rom a 
numerica l  solution of the sys tem of equations (0.1)-(0.3). We shall show that extinction occurs  even in the 
absence of l imiting points in the relationship (0.2). The change in the rate  of burning with t ime during the 
extinction p rocess  bears  a smooth charac ter .  

1. Let us consider  the burning of gunpowder under a var iable  p re s su re .  We shall assume that up to 
the moment t =0 the powder is burning steadily. It is convenient to t r ans fo rm to dimensionless var iables  

t '  (u~ t x '  u~ p '  = P-s 

u r = ~ T '  : T - -  To 
u'  = "U" , - ~  ' T F  -- To 

Here T O is the initial t empera tu re  of the powder, the "degree ~ superfix indicates the pa rame te r s  of 
the original s teady-s ta te  mode, the pr ime indicates the dimensionless  var iables .  Subsequently the pr ime 
will be omitted, since dimensioned var iables  will no longer be employed. The original  steady values of the 
dimensionless  p ressure ,  burning rate,  surface tempera ture ,  and tempera ture  gradient are  equal to unity. 
The heat-conduction equation in dimensionless  var iables  is 

OT 02T OT (1.1) 

Let us assume that the tempera ture  and tempera ture  gradient on the surface of the k phase are de te r -  
mined by the relat ions 

u = p0.Ss exp k (T, -- ~ / u) (1.2) 

t~ -~- em(Ts '  1) (1.3) 

Here k and m are  constant quantities coinciding with the definition of [6] (m = k / r ) .  The choice of 
relat ionships (1.2) and (1.3) signifies the choice of a par t icu lar  model of powder combustion. Equation (1.2) 
cor responds  to a constant coefficient of the tempera ture  sensit ivity of the rate of s teady-s ta te  burning fi = 
(0 In u~ Equation (1.3) approximates  the law of pyro lys i s  of the k phase. Let us solve (1.2) and (1.3) 
for T s and ~o: 

T8 = I + m -x I n a  (1.4) 

= u [1 + ( i  / m - -  1 / k )  In u -b 0.69 k -x lnpl  (1 .5 )  

The isobars  of Eq. (1.5) a re  shown in Fig. 1 for the case of k = l . 4 ,  m=10.  For  any par t icu lar  p r e s -  
sure Eqs.  (1.4) and (1.5) allow:a single state of s teady burning with the pa rame te r s  

u----p0 .~9, T s - - i + 0 , 6 9 m  - l l n p ,  ~ = p ~  - l l n p )  (1.6) 

(curve C in Fig. 1). 

At the instant of t ime t =0 a p r e s s u r e  drop begins, taking place in accordance with an expon&ntial law 

p (t) = p~ + (1 --Ph) e -t/A~ (1.7) 
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Here At is the characteristic time of pressure drop, Pk is the pressure level after the drop. 

At the initial instant of time the temperature in the k phase is distributed in accordance with the law 

T (x, 0) = e ~ ~-- -~ < x d0) (1.8) 

At an infinite d i s tance  f rom the su r face  the ini t ia l  t e m p e r a t u r e  of the powder  r e m a i n s  intact  

r ( - -  ~ ,  0 = 0 (1.9) 

The de te rmina t ion  of the ra te  of burning amounts  to a solution of Eq. (1.1) subjec t  to the condit ions 
(1.4), (1.5), (1.7)-(1.9). 

F o r  a numer i ca l  solut ion of the resu l t an t  s y s t e m  of equations,  the intemTal ( - ~  < x -< 0) is imaged on- 
to a unit segment  (0_< y -< 1) by making the coord ina te  t r a n s f o r m a t i o n  y = l - e  ~x. Here  ~ is the t r a n s f o r m a -  
t ion p a r a m e t e r ,  s e l ec t ed  f rom the point of view of s ecu r ing  the g r e a t e s t  a ccu racy  of the numer i ca l  method, 
and (genera l ly  speaking) va ry ing  with t ime.  We introduce a f in i t e -d i f f e rence  approx imat ion  for  the d i f f e r -  
ent ia l  equation and boundary  condit ions in a r e c t a n g u l a r  s p a c e - t i m e  mesh  (in the p re sen t  case  the mesh 
contained 32 coordinate  i n t e rva l s ,  while the t ime  step amounted to 0.02 or  under). The nonl inear  a l g e b r a i -  
cal  s y s t e m  of equations a r i s i ng  as a r e su l t  of the approx imat ion  may be solved by i te ra t ion .  The ra te  of 
burning is de t e rmined  at succes s ive ,  d i s c r e t e  ins tants  of t ime;  the t e m p e r a t u r e  d i s t r ibu t ion  in the k phase 
is  ca lcu la ted  at the same t ime.  

Table  1 gives  the va lues  of the p a r a m e t e r s  k, m, At, Pk in the ca lcu la t ions ,  the r e s u l t s  of which wil l  
be cons ide red  subsequent ly .  In acco rdance  with the table  the v a r i o u s  v e r s i o n s  of the pmvder model ( p a r a m -  
e t e r s  k and m) wil l  be denoted in the t e n  and f igures  by Roman numera l s ,  and the va r ious  v e r s i o n s  of 
p r e s s u r e  d rops  ( p a r a m e t e r s  At  and pk ) by addi t ional  Arab i c  numera l s .  

2. The r e s u l t s  of the ca lcu la t ions  showed that  the re  were  two different  modes of t r ans i en t  burning 
of the powder  dur ing a p r e s s u r e  drop.  F igure  2 i l l u s t r a t e s  the change in the r a t e  of bulming with t ime for  
a number  of the modes ca lcula ted .  In ve r s i on  I-1 the ra te  of burning p a s s e s  to a new s teady level  of u 
0.7 as t ime  p r o g r e s s e s ,  co r r e spond ing  to a value of Pk =0.6. This  p r o c e s s  is accompanied  by f luctuat ions 
in the r a t e  of burning;  these  a r i s e  dur ing  the rapid  change in p r e s s u r e  and at tenuate  as  the s t e a d y - s t a t e  
mode is approached ,  in ag reemen t  with [6]. 

In v e r s i o n  I-2,  d i f fer ing  s l ight ly  f rom I-1 s imply  in r e s p e c t  of the fa l l -o f f  t ime,  the r a t e  of burning 
fa l l s  monotonical ly  with t ime ,  reach ing  a value of ~ 10 -a, and becomes  p r a c t i c a l l y  constant .  Ze ro  is never  
r eached  because  of the fo rm of Eq. (1.3), acco rd ing  to which, even for  a sur face  t e m p e r a t u r e  equal to the 
in i t ia l  t e m p e r a t u r e  of the powder  (T s =0), the ra te  of burning e - m  > 0 (for m=10 it amounts  to ~ 10-4). 
However,  by compa r i son  with the s teady  burning ra te  the new level  s ign i f i es  the a lmos t  comple te  absence  
of burning,  and we may,  t he re fo re ,  cons ide r  that  ext inct ion has occu r r ed .  

The mode of slow burning so at ta ined,  desp i t e  i ts constant  ve loc i ty ,  is not comple te ly  s teady,  by v i r -  
tue of (1.6). Hence the r e a r r a n g e m e n t  of the heated l a y e r  cont inues at a constant  burning ra t e ,  and u l t i -  
ma te ly  the re  should be an i n c r e a s e  in the r a t e  of combust ion (a fu r the r  surge)  with subsequent  pas sage  to 
the s teady  condition. However ,  for  such a s low burning ra te  the c h a r a c t e r i s t i c  t ime  for  the r e a r r a n g e m e n t  
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of the heated layer  ( ~ 1/u 2) is ex t remely  great,  so that the 
t ransi t ion out of the state of extinction requi res  ex t remely  
long intervals  (~  106). 

We shall  use the t e r m  "extinction,  to mean condi- 
t ions of t rans ien t  burning associa ted with a re lease  of 
p res su re ,  under which the rate  of combustion does not 
pass  out to a steady value corresponding to the new p r e s -  
sure  level, but falls asymptot ical ly  to zero  or  a v e r y  
small  value. The remaining modes of burning may con-  
veniently be called modes of passage to a new s ta t ionary  
state, or  more  br ief ly " transient  'modes." 

3. The extinction modes obtained in the calculations 
are  charac te r i zed  by the fact that in these modes  combus-  
tion does no t  cease abruptly but quite gradually,  by virtue 
of a smooth and continuous reduction in combustion rate. 
Extinction takes place in this way even for a v e r y  rapid 
fall in p r e s su re  - in this case it sets in a considerable 
t ime after  the completion of the p re s su re  drop (curve I-3 
in Fig. 2). The change in burning rate in both the extinc- 
tion and t rans ient  modes begins in the same way for s imi-  
lar  charac te r i s t i cs  of the p r e s s u r e  drop (curves I-1 and 
I-2 in Fig. 2); the difference between these modes in- 
c r ea ses  smoothly with the passage of t ime. 

On analyzing the tempera ture  distribution in the k 
phase obtained during the calculations, we noted that on 
extinction the second derivative of the t empera tu re  with 
respec t  to the coordinate at the surface of the k phase 
T s '  always became negative. On the t empera tu re  profile 
an inflection point appeared; with the passage of t ime this 
passed into the inter ior  of the k phase. If no extinction 
occurred,  then Ts" remained positive the whole t ime, and 
the tempera ture  profile exhibited no point of inflection. 
Figure 3 i l lustrates  the t ime variat ion in Ts" for a number 
of extinction and t ransient  modes. 

The condition Ts" <_ 0 is, thus, anessent ia l  sign of extinction. However, the satisfaction of this condi- 
tion does not necessa r i ly  mean subsequent extinction of the powder. : For  an instantaneous fall in p res su re ,  
in par t icular ,  in the case of a powder model with a variable surface tempera ture ,  the t empera tu re  gradient 

falls suddenly, whereupon Tsn passes  to - ~ and then remains  negative for an appreciable t ime. Never-  
theless ,  for smal l  depths of p re s su re  drop no extinction takes place. 

The physical  meaning of the condition under consideration,  according to (1.1), l ies in the fact that, 
in the region in which the second derivative of the t empera tu re  with respect  to the coordinate is negative, 
there  is no heating of the powder par t ic les  as they move toward the surface.  

4. As a result  of our calculations of t ransient  combustion during a p r e s s u r e  drop with va r ious  values 
of Pk and A t w e  foundthe" lines of extinction n for the var ious  vers ions  of the powder model indicated in 
Table 1, that is, the boundaries expressed  in coordinates of (At, Pk) above which lay a region in which no 
extinction ever  occurred,  and below which lay a region in which a p res su re  drop always led to extinction. 
The lines of extinction are  i l lustrated in Fig. 4, in which the points indicate the vers ions  of p r e s su re  drop 
taken f rom the table - the dark ones in the extinction and the light ones in the t rans ient  modes. The ex is -  
tence of lines of extinction for real  gunpowder has been confirmed experimental ly  [1]. As in the exper i -  
mental determination of such lines, the values of Pk and At lying close to the boundaries of the transi t ion 
are determined by selection. 

Let us consider  the extinction line I. In coordinates of (At, Pk) this consis ts  of segments  of straight  
lines. The extinction line does not pass through the point (At=0, Pk=l ) :  There  is a finite depth of p r e s -  
sure drop at which even after  an instantaneous drop the powder continues to burn. For  the powder model 
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I the c r i t i c a l  depth of the ins tantaneous  drop  equaled .~ 0.15 (Pk ~ 0.85), 
i .e . ,  c o n s i d e r a b l y  s m a l l e r  than would follow f rom the conclus ions  of [8], 
in which ext inct ion was  c ons i de r e d  as  a b r e a k  in the  gas f lame as a r e -  
sul t  of the in tens ive  gas i f ica t ion  of the k phase .  

F o r  At =2 the ext inct ion line suf fe rs  a b reak ,  a f t e r  which, while 
r e m a i n i n g  l i nea r ,  it s lopes  more  gently.  At the same t ime ,  the manner  
in which the combust ion ra te  v a r i e s  with t ime on ext inct ion a l so  changes 
(curve I-4 in Fig.  2) . F i r s t  the combust ion ra te  fa l l s  in the n o r m a l  
fashion. Subsequently,  however,  the fal l  becomes  l e s s  r ap id  and c e a s e s  
a lmos t  comple te ly ;  in individual  ca se s  t he re  is  even an i n c r e a s e  in the 
combust ion  ra te .  The i m p r e s s i o n  is c r e a t e d  that  the burning  p r o c e s s  is  
p a s s i n g  out to a s teady  opera t ing  mode. However,  the p r e s s u r e  drop  
continues,  and a nev( fa l l  in burning ra te  se t s  in, leading  to ext inct ion.  
The ext inct ion p r o c e s s  in th is  case  develops  in two s t ages  and t akes  

stage is  ext inct ion f inal ly  de te rmined ;  then the e s s e n t i a l  sign of ex t inc -  
t ion a p p e a r s :  T s" < 0 (Fig. 3). 

The b r e a k  in the ext inct ion line may be expla ined by the fact that  ext inct ion may occur  in e i t he r  the 
f i r s t  o r  the second pe r iod  of the f luctuat ions  in the burning  ra t e ,  and that each fo rm of ext inct ion has i ts  
own c r i t i c a l  l ine:  the s t r a igh t  l ine AB in the f i r s t  case  and the s t ra igh t  l ine BC in the  second. Ext inct ion in 
the second pe r iod  of the f luctuat ions  occur s  when the co r r e spond ing  c r i t i c a l  l ine is  higher ,  i .e . ,  a f t e r  the 
in t e r sec t ion  of the l ines  at the point B. If we continue the s t r a igh t  l ine AB beyond the in t e r sec t ion  (in Fig. 
4 th is  is shown by the broken line),  then below this  l ine ext inct ion wil l  occur ,  as  before ,  by the f i r s t  mech-  
a n i s m  (curve I-5 in Fig. 2). 

With increasing At the extinction line will undergo further curvature, corresponding to a transition 
to still more extended extinction processes. 

5. Let us consider the influence of the parameters k and m on the extinction process. According to 
the theory of B. V. Novozhilov [9] the parameters k and m determine the stability of the combustion of gun- 
powder in the original steady mode of operation. Figure 5 shows the boundaries of the region of stability 
(line S) in coordinates of (k, r =k/m) and the range of existence of characteristic oscillations in the powder 
(line O). The powder models corresponding to Table 1 are shown as points in Fig. 5. 

The extinction lines II and Ill (Fig. 4) have the same character as the extinction line I, but they lie 
above it, which indicates extinction for less severe pressure drops. This agrees with the fact that the points 
II and Ill in Fig, 5 lie closer to the boundary of stability than the point I. On the other hand, as the powder 
moves away from the stability boundary the extinction lines lie lower (versions IV, V, VI). 

Figure 4 gives the experimental extinction line E for powder of the H type, taken from [1] (case PH = 
40 kg/cm2). Between this line and the results of the calculations, qualitative agreement is clearly seen to 
exist, especially for version W. Quantitative agreement is hardly to be expected on using the model rela- 
tionships (1.4) and (1.5). 

We considered the transient combustion of powders in the case in which the original steady mode lay 
in the region of instability (versions VII and VIII). In the calculations a slight change in pressure was 
specified (Table 1). The results of the calculations are presented in Fig. 2. In the VTI-I mode we find os- 
cillations of the rate of combustion, with a sharply increasing amplitude, as a result of which extinction 
takes place even at the second period of oscillations. In the VIII-1 mode, the rate of burning falls monotonic- 
ally from the very beginning, with greater and greater velocity, until extinction sets in. This difference 
is explained by the fact that the points VII and VIII in Fig. 5 lie in the regions of the oscillatory and mono- 
tonic loss of stability, respectively. 

F o r  an unl imi ted  i n c r e a s e  In the p a r a m e t e r  m, the re  is  a t r a n s i t i on  to the case  of T s --const  con-  
s i d e r e d  by Ya. B. Ze l ' dov ich  [3]. In o r d e r  to  r e a l i z e  th is  case  in the ca lcu la t ions  we put m -I  =0 (vers ion  
IX). We a l so  cons ide red  an i n t e r m e d i a t e  v e r s i o n  X in which m =100. The ext inct ion l ines  in these  v e r s i o n s  
shown in Fig.  4 a r e  qui te  c lose  to one another .  

In the case  T s =cons t  t he re  is  a c l e a r l y  e x p r e s s e d  instant  of ext inct ion up to which the r a t e  of b u r n -  
ing may be r e a d i l y  ca lcu la ted .  At th is  ins tant  the solut ion of the  o r ig ina l  sy s t em of equat ions  van i shes ,  and 
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the  i te ra t ive  p r o c e s s  of tim calculat ion ceases  to converge.  According to the r e su l t s  of the calculat ion,  the 
ra te  of burning falls  monotonically,  but at the instant of extinction it is  neve r the l e s s  quite high - extinction 
occu r s  abrupt ly .  

In the case  m = 100 the ra te  of burning f i r s t  d iminishes  smoothly  (curve X-1 in Fig. 2), as  in the 
t r ans ien t  modes.  However ,  at a ce r ta in  instant  of t ime  (in the p r e sen t  case  t =1.94) the re  is a sha rp  fall  in 
burning ra te  to a value of ~ 10 -6, i .e.,  extinction sets  in. Although the ra te  of burning changes continuously 
in t ime ,  as in the e a r l i e r - c o n s i d e r e d  ca se s  of  modera te  m values ,  the c h a r a c t e r  of the extinction is v e r y  
c lose  to that  of a sha rp  jump. Thus the t rans i t ion  to the case  T s =const  occurs  continuously, both as r e -  
ga rds  the f o r m  of the extinction line, and as r ega rd s  the c h a r a c t e r  of the change in burning ra te  with t ime.  

Extinction was  a lso  cons idered  in [5] on the bas i s  of the theory  of [2] for  a powder model with a con- 
stant  sur face  t e m p e r a t u r e  and a constant coefficient  of the t e m p e r a t u r e  sens i t iv i ty  of the r a t e  of s teady 
burning ( 81n u ~  0)p. In cont ras t  to the p r e sen t  investigation,  the sy s t em of equations descr ib ing  the 
t r ans i en t  burning of the powder was solved by the method of in tegra ted  re la t ionships ,  for  which purpose  
the f o r m  of the t e m p e r a t u r e  dis t r ibut ion in the k phase was prespeci f ied .  A slightly different  p r e s s u r e /  
t ime  law was also considered.  Figure  4 shows the extinction line obtained in [5] for  a case  coinciding with 
ve r s ion  IX, conver ted  to coordinates  of Pk and At (line P). This  p a s s e s  cons iderably  higher than l ines IX 
and X and cuts off at A t = l . 1 9  (according to [5] no extinction occu r s  for  higher values  of At). This  d i f fe r -  
ence is p robab ly  a s soc ia t ed  with the use of the different  methods of solving the or iginal  equations;  the dif-  
fe rence  in the p r e s s u r e  va r ia t ion  laws is of secondary  impor tance .  

6. The assumpt ion  as  to the exis tence of l imit ing points in the go (p, u) re lat ionship,  used in [6, 7] in 
o rde r  to explain extinction, is a s soc ia t ed  with the means  of de te rmin ing  this  function f rom the e x p e r i m e n -  
ta l  dependence of the ra te  of s teady combust ion on the p r e s s u r e  and initial  t e m p e r a t u r e .  The exper imenta l  
data only enable us to cons t ruc t  a function go (p; u) in a l imi ted range of va r ia t ion  of the p a r a m e t e r s ,  since 
outside these  l imi t s  no s ta tes  of s teady burning can be achieved.  This  may be explained by the instabi l i ty 
of s t eady - s t a t e  burning in the region beyond the l imit ing points,  although this  does not exclude the p o s s i -  
bi l i ty  of burning in a t r ans ien t  mode [10]. 

Let  us examine the s tabi l i ty  of the combust ion of gunpowder in the model defined by Eqs. (1.4) and 
(1.5), which were  used in the p re sen t  investigation.  Corresponding to any pa i r  of va lues  go, u (u > e -m) we 
have a mode of s teady burning for  a specif ic  p r e s s u r e  and initial t e m p e r a t u r e .  The stabi l i ty  of th is  mode 
is  de te rmined  by the local va lues  of k I and r '  [not to be confused with k and r = k / m ,  the p a r a m e t e r s  of Eqs. 
(1.4) and (1.5)]. Accord ing  to definition [9], the local  p a r a m e t e r s  a r e  re la ted  to the de r iva t ives  of the func- 

t ions  (1.4) and (1.5) 

/ r ' _  u ( I 

E x p r e s s i n g  k '  and r '  in th is  way and substi tut ing t hem into the s tabi l i ty  c r i t e r ion  [9], we obtain an 
equation for  the s tabi l i ty  boundary in coordinates  of  (u, go): 

( ~ /  2m + k + Vs,-~k: ~ 
u / y .  2 m k  

The s tabi l i ty  boundary  for  the case  k=1 .4 ,  m=10  is shown in Fig. 1 (line S). The region of ins tabi l -  
ity of s t eady-s t a t e  burning l ies  to the left  of th is  line. F r o m  the exper imen ta l  determinat ion,  the re la t ion-  
ship (1.4) could only have been plot ted to the r ight  of the s tabi l i ty  boundary,  and the l a t t e r  would have 
en te red  as  a l imi t ing line. 

F r o m  [9] also follows the equation of the line del imit ing the exis tence of the c h a r a c t e r i s t i c  osc i l l a -  
t ions of burning ra te  in the powder (line O in Fig. 1). 

-~- K-- rak 

The r e su l t s  of these  calculat ions show that  the pas sage  of the t r ans ien t  burning p r o c e s s  outside the 
l imi t  of s tabi l i ty  does not n e c e s s a r i l y  mean extinction. This  is i l lus t ra ted  by the t r a j e c t o r i e s  of the t r a n s -  
ient modes  I-6 and I-7 in coordinates  of (u, ~) p resen ted  in Fig. 1. The t r a j e c t o r y  I-6 twice in t e r sec t s  the 
s tabi l i ty  boundary,  while t r a j e c t o r y  I-7 even in t e r sec t s  the boundary l imit ing the exis tence  of c h a r a c t e r i s -  

t ic  osci l la t ions  (C). 
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