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We examine the m a s s - t r a n s f e r  p r o c e s s e s  brought  about by the physical  phenomena of p l a s m a  
recombinat ion,  ambipo la r  diffusion, and e lec t rode  e ros ion .  We invest igate  the effect  of r e s i s -  
tance fo rces  in the i r  var ious  re la t ionships  to the p a r a m e t e r s  of the acce le ra ted  p l a sma .  

An invest igat ion into the effect  of var ious  physical  p r o c e s s e s  on the p r o c e s s  of e lec t rodynamic  acce l -  
e ra t ion  is of cons iderable  in te res t  and is being act ively  d i scussed  in the per iodical  l i t e ra tu re  [1-41]o 

The v e r y  f i r s t  a t tempts  at e lec t rodynamic  acce le ra t ion  of a p l a s m a  demons t ra ted  the deviation of the 
c h a r a c t e r i s t i c s  of the resul t ing p l a s m a  f r o m  the theore t ica l  calculat ions based  on the f ami l i a r  ideal ized 
model of a cu r r en t  " l umper"  [1]. This resul ted  in a number  of papers  which carefu l ly  examined the effect  
of the individual fac tors  and physical  p r o c e s s e s  on the e lec t rodynamic  acce le ra t ion  of a p l a sma .  

E lec t rode  e ros ion  as a r e su l t  of ion bombardmen t  of the e lec t rode  su r faces  and as a resu l t  of evap-  
orat ion due to Joule heat ing was studied in [2-16]. It was demons t ra ted  that the eroding e lec t rode  mass  is 
comparab le  to the mass  of the p l a s m a  fo rmed  and acce le ra t ed  on breakdown,  or  it may even exceed it. The 
veloci t ies  and eff iciency in e ros ion  acce le ra t ion  a re  compara t ive ly  low; however ,  because  of the inc rease  
in the acce le ra t ed  mass  the developed momenta  may be g r e a t e r  than in acce le ra t ion  without e ros ion .  

The var ious  r e s i s t ance  forces  of the moving p l a s m a  exer t  a negat ive effect  on its c h a r a c t e r i s t i c s .  
Some of the re la t ionsh ips  involving the r e s i s t ance  fo rces  were  studied in [5, 17, 18], and they were  c o m -  
pared  in [19]; however ,  no combined effect  of such fo rces ,  in conjunction with other  fac to rs ,  was found to 
affect  the p l a sma  c h a r a c t e r i s t i c s .  

In [20-23] we find an invest igat ion into the effect  of the pas sage  of cur ren t  through the d ischarge  gap; 
in [23-27] there  is a study of the unique r eg imes  involved in p l a sma  accelera t ion;  in [28-29] the ro le  of 
e lec t rode  pola r i ty  is investigated;  the appearance  of var ious  types of instabil i t ies  in a p l a s m a  was inves t i -  
gated in [30-34], while the pinch effect  on p l a s m a  acce le ra t ion  was studied in [32, 34]; in [35-37] we find 
an invest igat ion into the energy  balance  on acce le ra t ion ,  and a study of the efficiency of energy  convers ion  
is desc r ibed  in [38-40], etc.  

An impor tan t  physical  p roce s s  leading to intensive mass  t r a n s f e r  in the working zone is the p r o c e s s  
of p l a sma  diffusion. The study of this p roce s s  was begun in [17, 41]; however ,  it is in need of fu r ther  de-  
ve lopment .  Diffusion r e su l t s  in l o s ses  in the acce le ra t ed  mass  and leads to a reduction in the developed 
momenta .  This s ame  effect  is achieved by the  phenomena of recombinat ion,  overcharging ,  and sur face  ad-  
sorption;  the effect  of these  phenomena on p l a sma  acce le ra t ion  has not been invest igated.  Nor has the effect  
of the p r o c e s s e s  of volume ionization, su r face  ionization, etc. ,  been examined as yet  in the theory  of p l a sma  
acce le ra t ion .  

In this pape r  we study the effect  of m a s s - t r a n s f e r  p r o c e s s e s  brought about by diffusion and r e c o m b i n a -  
tion of the pa r t i c les  f r o m  the acce le ra ted  p la sma ,  as well as the inc rease  in the p l a sma  mass  as a r e su l t  
of e lec t rode  eros ion.  Moreover ,  he re  we make c l e a r  the re la t ive  role  of the fr ict ion and r e s i s t a n c e  forces  
which hinder  the p l a s m a  acce le ra t ion .  

Insti tute of Heat and Mass T r a n s f e r ,  Academy of Sciences of the Beloruss ian  SSR, Minsk. Trans la ted  
f r o m  Inzhenerno-F iz iehesk i i  Zhurnal ,  Vol. 16, No. 2, pp. 197-205, February ,  1969. Original  a r t i c le  submit ted 
April  9, 1968. 

�9 1972 Consultants Bureau, a division of Plenum Publishing Corporation, 227 West 17th Street, New York, 
N. Y. 10011. All rights reserved. This article cannot be reproduced for any purpose whatsoever without 
permission of the publisher. A copy of this article is available from the publisher for $15.00. 

119 



_ I 

~ . _ . . . . _ _ _ _ - . ~  

~ ~.~___ , 

~ 5 

OA 

q~ 

qe 

o o.a /.6 2A, 3,2 ~.o 'r o 

Fig.  1 

I 
o,8 /,6 ~ a,e ~o ~a x 

Fig.  2 

Fig.  1. Change in m a s s  # dur ing  t ime  r f o r  the fol lowing p a r a m e t e r s  of  s y s t e m  (13)-(17) (q = 1; a = 0.1): 

1) y1 = 0, y2 = 0, Y 3 = l ,  Y4 = 1, 61 = 0 ,  (52 = 1, (53= 0, 64= 0; 2) y 1 =  0, Y2 = 0, y3 = 1 ,3/4= 1, (51 = 0, (52 = 0.1, 
(53 = 0, (54 0; 3) 3/1 = 0, 3/2 = 0, 3/3 = 1, 3/4 = 0.1, 61 = 0, 62 = 0.1, (53 = 0, (54 = 0; 4) Y1 = 0, 3/2 = 0, 3/3 = 0.1, 3/4 
= 0 . 1 ,  6 l = 0 ,  (52 = 0.1,(53= 0 , 6 4 = 0 ;  5) y 1 = 1 , 3 / 2  = 0 , 3 / 3 = 1 , 3 / 4 - - 1 , 6 i = 0 , ( 5 2 =  0.1, (53 = 0 ,  6 4 = 0 .  

Fig.  2. Change in the ve loc i ty  of the c e n t e r  of  ine r t i a  y '  fo r  the p l a s m a  m a s s  dur ing  t ime  ~- (the p a r a m e t e r s  
and nota t ions  c o r r e s p o n d  to those  of Fig.  1). 

The bas i c  equat ions d e s c r i b i n g  the p r o c e s s  of e l e c t r o d y n a m i c  a c c e l e r a t i o n  in approx ima t ion  of  the 
mot ion  of  the c e n t e r  of ine r t i a  a r e  taken in convent ional  f o r m .  

The equat ion of mot ion fo r  the c e n t e r  of ine r t i a  is 

dmv b 
- 1 ~ - - F .  (1 )  

dt 2 

The e l ec t r i c a l  p r o c e s s e s  a r e  d e s c r i b e d  by  the fol lowing e l e c t r i c - c i r c u i t  equat ions :  

dV 
I = - - c o  - - ,  (2 )  

dt 
dLl 

- -  + R I - -  V = 0 ,  (3 )  
dt 

L =Loq-bz .  (4) 

The change in the m a s s  m is d e s c r i b e d  by  an equat ion of the con t inu i ty -equa t ion  type  

dm 
- -  - -  S (t ,  v ,  z ,  l ) ,  (5 )  
dt 

w h e r e  S is a funct ion c h a r a c t e r i z i n g  the p r o c e s s e s  of  m a s s  t r a n s f e r  on a c c e l e r a t i o n  of a p l a s m a .  

Let  us examine  s o m e  of the p r o c e s s e s  which lead to a change  in a m a s s  in motion.  The m a s s  ba l ance  
is gove rned  by va r i ous  compe t ing  p r o c e s s e s .  The en t ry  of the m a s s  into the a c c e l e r a t i o n  vo lume p r o c e e d s  
as a r e s u l t  of the ionizat ion of the neu t r a l  gas  and b e c a u s e  of  the en t r a inmen t  of the cha rged  p a r t i c l e s  d u r -  
ing the c o u r s e  of the a c c e l e r a t i o n  p r o c e s s ,  the e ro s ion  of the e l e c t r o d e s ,  and in the p r o c e s s e s  of  t h e r m a l  
and s e l f - e m i s s i o n  of e l ec t rons  and ions which a re  b rough t  about by the in t roduct ion  of  the p l a s m a  f r o m  wi th -  
out o r  th rough  the "pis ton"  s c r a p i n g  of the neu t ra l  gas  by the moving p l a sma .  The m a s s  l o s s e s  a r e  caused  
by the diffusion of  the p a r t i c l e s ,  with the ambipo la r  diffusion,  as  a ru le ,  p r edomina t ing  b e c a u s e  of p l a s m a  
r ecombina t ion ,  and be c a use  of the p r o c e s s e s  of adhes ion  and pa r t i e l e  o v e r c h a r g i n g ,  whieh r e s u l t  in the 
f o r m a t i o n  of  neu t r a l  p a r t i c l e s ;  m o r e o v e r ,  the l o s s e s  can be a t t r ibu ted  to the d e p a r t u r e  of the p a r t i c l e s  f r o m  
the a c c e l e r a t i o n  p r o c e s s  and to s i m i l a r  " e l e m e n t a r y "  p r o c e s s e s .  The effect  of  c e r t a i n  of these  p r o c e s s e s  
on p l a s m a  acee l e r a t i on  was  examined  in the above -c i t ed  r e f e r e n c e s .  It is a s s u m e d  that  the en t ry  of the 
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mass resul ts  exclusively f rom electrode p rocesses  with relat ively slight effect exerted by other p rocesses  
of mass formation,  and considering only the competing p rocesses  of diffusion and recombination,  we can 
wri te  the mass -ba lance  equation (5) in the approximate fo rm 

dm 
- -  = ~ a i m  - -  a2m 2 + a 3 ! I I + a~ I~, (6 )  

dt 

where the f i rs t  t e rm in the r ight-hand member  descr ibes  the reduction in mass  as a resul t  of diffusion, 
with the second t e rm describing the mass reduction due to par t ic le  recombination; the third and fourth 
t e rms  descr ibe  the increase  in mass as a resul t  of electrode erosion as a consequence of ion bombardment  
and Joule fusion of the e lect rodes ,  respect ively;  at, a2, a3, a4 are  proport ional i ty  factors  determined exper i -  
mentally or  theoret ical ly  on the basis  of the kinetics of the e lementary  p rocesses .  The expressions for al, 
a4, and a3 were t reated in [5, 15, 17]. Let us examine the coefficient of par t ic le  recombination.  The reduc-  
tion in ion concentrat ion n as a resul t  of recombination is descr ibed [42] by the kinetics equation 

dn 
- -  - -  p n  ~, ( 7 )  

dt 

where p is the recombination fac tor  which is a function of the proper t ies  exhibited by the recombining mate-  
r ial .  For example, for a helium plasma p ~ 10 -iS m3/sec.  If we introduce the p lasma mass  m = rain as the 
product of the ion mass m i and the ion concentration n, the mass recombination factor  a2 is determined 
f rom the relationship 

P 
'a 2 = ~ .  (8 )  

mi 

At this point a comment  is appropriate  with regard  to the f i rs t  t e r m  in (6). A change in the mass ac-  
cording to the law 

cIm 
- -  = - -  aim (9) 
dt  

may be descr ibed not only as resul t ing f rom par t ic le  diffusion, but also as a resul t  of overcharging and 
electron adhesion [42], causing the neutral  par t ic les  to leave the accelera ted  plasma.  It therefore  becomes 
possible to acco~mt for these phenomena through the variat ion in the coefficient al. 

The res i s tance  force F in the equation of motion (1) can be presented in the following form: 

F = b i.v + b2v.m 4- b 3111.v + b~.v ~ + . . . .  (10) 

It is governed by the fr ict ion of the moving" plasma against the electrode,  and this is accounted for by the 
f i r s t  t e r m  in the r ight-hand member  of (10) [15]; in addition we have the p rocesses  of fr ict ion in mass  t r a n s -  
fer  which are  accounted for by the second and third t e rms  [17, 18], and by the res i s tance  of the external 
medium, which is accounted for by the fourth t e r m  [5]. The proportionali ty factors  bt, b2, b3, and b 4 can be 
evaluated theoret ical ly;  however,  their  exact determination under specific conditions is possible only through 
experimentation.  

For the solution of Eqs. (1), (2), (3), and (6), in conjunction with (4) and (10), for selected values of the 
sys tem pa rame te r s ,  we specify the initial eonditions in the following form: 

when t = 0  z = v = I = O ;  V = V o ,  m = m  o. (11) 

The solution of the sys tem of equations (1)-(3) and (6) is conveniently achieved in dimensionless 
var iables  which we introduce on the basis of the formulas 

b v=-L;-z, v'=b 
(12) 

v m I 

"--too' E 

In dimensionless var iables  the indicated sys tem,  reduced f irs t  to canonical form,  assumes the form 

dg 
- -  = y ' ;  ( 1 3 )  
dr 
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b/ yl 
dy' q eO '~ - -  (8, § 621x + 631r I + 6~y') - -  - - -  ( - -  y, IX - -  ~2p.~-+- y~ [~'1 + ~q~"); (14) 
d~ Ix Ix i~ 

dq~ 
- ~ ' ;  ( 1 5 )  

dl: 

dq/ _ q~- -aq / - -y '~ '  . 
, ( 1 6 )  

d~ ! q- y 

d_~= , ,  
d~ --Y~[x--a/2~t2+ %ItP']-t- Y4rP , (17) 

where q, 61, 62, 6a, 64, Y l ,  "g2,Y3, Y4, and ~ are  the dimensionless pa ramete r s  which in t e rms  of the p a r a m -  
eters  of the sys tem of equations (1)-(6) are  expressed in the following manner:  

b,c v  = R 

q - -  2moLo ' _ _  ~,o ' 

v, = . ,  V  oC%, = a mo V &co, 

a3CoVo 2 2 CoVo a 4 
~ 3 ~ - - - ,  ~t~-- 

mo ' V LoCo m o 

61 = h i - ] /  LoCo , 63 = bz V LoCo , 
mo 

(18) 

6 8 =  1 miCoVo , 64 = b~Lo 

2 em o mob 

The initial conditions (11) in dimensionless var iables  assume the following form: 

whenX=0 y = y ' = q J = 0 ,  q ) = l ,  j x = l .  (19) 

The physical significance of the dimensionless pa ramete r s  in (18) is the following. The pa rame te r  q r e p r e -  
sents the ratio of the charac te r i s t ic  magnitude of the force of magnetic p re s su re  on the plasma to the c h a r -  
acter is t ic  magnitude of the inertial forces of the accelera ted plasma.  

The pa ramete r s  6 i (i = 1, 2, 3, 4) represen t  the ratio of the charac te r i s t i c  res i s tances  to the cha r -  
acter is t ic  inertial force,  and here  it is not difficult to see the physical  significance of each individual value 
of 6 i. Thus, for example, 61 is the rat io of the charac te r i s t i c  force of friction against the electrode to the 
charac te r i s t ic  inertial force;  64 is the rat io of the forces  of gas-dynamic  res is tance  to the charac te r i s t i c  
inertial forces ,  and finally; 62 and 63 represent  the ratios of the charac te r i s t i c  v iscosi ty  forces  due to the 
p rocesses  of mass t r ans fe r  and cur ren t  to the charac te r i s t i c  inert ial  forces .  

The pa ramete r s  Yi (i = 1, 2, 3, 4) represen t  the rat io of the change in mass brought about by a cer ta in  
"elementary" process  in the kinetics of mass t r ans fe r  to the charac te r i s t i c  magnitude of the t ime-change 
of mass as a resul t  of the unsteadiness  of the p rocess .  Consequently, the pa rame te r  3/t descr ibes  the effect 
of diffusion (or of overcharging,  or of the adhesion of the par t ic les  to each other,  with mutual neutralization),  
while the pa ramete r  Y2 descr ibes  the effect of par t ic le  recombination,  with the pa rame te r s  3'3 and Y4, finally, 
making it possible to take into considerat ion the p rocesses  of erosion as a resul t  of ion bombardment  and 
the Joule heating of the e lectrodes ,  respect ively.  

The magnitude of the pa rame te r  q is determined exclusively by the charac te r i s t i cs  of the external 
circuit ,  with the values of the remaining pa ramete r s  depending strongly on the accelera t ion reg imes  and 
the charac te r i s t i cs  of the plasma.  Under cer tain conditions one of the p rocesses  may predominate over 
another; a complete examination, however,  requires  that considerat ion be given to the combined effect of 
all phenomena. 

W e  see f rom (14) that the res is tance  force of viscous frict ion with the pa rame te r  62 exhibits p rec ise ly  
the same s t ruc ture  as the ' r e a c t i v e "  t e rm by means of which we take into considerat ion the diffusion p ro -  
cess .  There is therefore  complete justification for re fe r r ing  to the second t e rm in (10) as the frictional 
force of diffusion mass t ransfer .  Analogously, we note that the third t e r m  in (10) is a resul t  of an erosion 
p rocess  of mass  t r ans fe r  under the action of electrode bombardment  by an ion cur ren t .  In analogy with 
the right-hand member  of (14), expression (10) for the frictional force can be complemented through con-  
siderat ion of the frictional forces  which ar ise  in mass t r ans fe r  as a result  of recombination,  
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Fig ,  3. Change in the  c u r r e n t  & and in the  v o l t a g e  ~o 
d u r i n g  t i m e  ~- (the p a r a m e t e r s  and n o t a t i o n s  c o r r e s p o n d  
to t h o s e  of  F ig .  1). 

F r e c =  bjvm~, (20) 

and with  c o n s i d e r a t i o n  of the  f r i c t i o n a l  f o r c e  r e s u l t i n g  f r o m  the t r a n s f e r  of m a s s  on J o u l e  fus ion  of the  

e l e c t r o d e s ,  

F jr = b~vP. (21) 

The f r i c t i o n a l  f o r c e s  which  a r i s e  d u r i n g  the p r o c e s s e s  of m a s s  t r a n s f e r  can  t h e r e f o r e  be t aken  into c o n -  
s i d e r a t i o n  by a p p r o p r i a t e  c h a n g e s  in the  c o e f f i c i e n t s  Yl, Y2, Y3, and Y4 in Eq. (14). Th is  r e m a r k  does  not  
p e r t a i n  to such  e x t e r n a l  r e s i s t a n c e s  as  the  wave  d r a g  d e v e l o p e d  by  the u n p e r t u r b e d  gas ,  e tc .  

To e v a l u a t e  the  r o l e  and r e l a t i v e  e f fec t  of the v a r i o u s  p h y s i c a l  p r o c e s s e s  on the  e l e c t r o d y n a m i c  a c -  
c e l e r a t i o n  of the  p l a s m a ,  we r e p e a t e d l y  s o l v e d  the  s y s t e m  of  equa t ions  (13)-(17),  g iven  the  i n i t i a l  cond i t ions  
(19), wi th  the v a r i a b l e  p a r a m e t e r s  of (18). The c a l c u l a t i o n  was  a c c o m p l i s h e d  n u m e r i c a l l y  by  the  Runge 
- K u t t a  method ,  wi th  an i n t e g r a t i o n  i n t e r v a l  of 7h = 0.2. The r e s u l t s  of the  c a l c u l a t i o n s  a r e  shown in F i g s .  
1 -4 .  F o r  c o n v e n i e n c e  of c o m p a r i s o n ,  one of the  f i g u r e s  shows  the change  in i d e n t i c a l  qua n t i t i e s  du r ing  the 
p r o c e s s  of a c c e l e r a t i o n  fo r  v a r i o u s  p a r a m e t e r  v a l u e s .  The p a r a m e t e r  va lue s  c o r r e s p o n d i n g  to a g iven  
c u r v e  a r e  shown in the  k e y s  to the  f i gu re .  

F i g u r e  1 shows  the  change  in m a s s  as  a r e s u l t  of e r o s i o n  and p l a s m a  d i f fus ion ,  wi th  c o n s i d e r a t i o n  
g iven  to the  "d i f fus ion"  f r i c t i o n  f o r c e .  Curve  1 c o r r e s p o n d s  to an i n t e n s i v e  p r o c e s s  of e l e c t r o d e  e r o s i o n  
as  a r e s u l t  of J o u l e  fus ion  of the  e l e c t r o d e s  and as  a r e s u l t  of e l e c t r o d e  b o m b a r d m e n t  by  an ion c u r r e n t ,  in 
con junc t ion  wi th  p r o n o u n c e d  in f luence  on the p a r t  of the  f o r c e s  of d i f fus ion  f r i c t i on .  The m a s s  in th i s  c a s e  
i n c r e a s e s  by a f a c t o r  of  a p p r o x i m a t e l y  4 d u r i n g  the a c c e l e r a t i o n  t i m e  ~- = 3.2. Curve  2 (Fig.  1) e n a b l e s  us 
to  e v a l u a t e  the  r o l e  of  d i f fus ion  f r i c t i o n .  The tenfo ld  r e d u c t i o n  in the  magn i tude  of the  l a t t e r  l e a d s  to a t i m e  
d e l a y  in m a s s  r e l e a s e  and,  n a t u r a l l y ,  it  r e s u l t s  in i n c r e a s e d  v e l o c i t y  (see F ig .  2). By c o m p a r i n g  c u r v e  3 
wi th  c u r v e  2 we a r e  ab l e ,  at  any in s t an t  of t i m e ,  to e v a l u a t e  the  r e l a t i v e  ef fec t  of m a s s  r e l e a s e  as  a r e s u l t  
of Jou le  e l e c t r o d e  fus ion .  The t en fo ld  r e d u c t i o n  in the  p a r a m e t e r  ya r e d u c e s  the  m a s s  at  the i n s t a n t  z = 3.4 
by  a f a c t o r  of only 1.28, which  s u g g e s t s  a m o r e  i n t e n s i v e  r e l e a s e  of m a s s  with the  s e l e c t e d  p a r a m e t e r s  as  
a r e s u l t  of ion b o m b a r d m e n t  of the  e l e c t r o d e s .  Indeed ,  we s e e  f r o m  c u r v e  4 tha t  the  r e d u c t i o n  in the  p a r a m -  
e t e r  ?'3 by  m e a n s  of which  we accoun t  fo r  the  ion b o m b a r d m e n t  r e d u c e s  the  m a s s  r e l e a s e  at  ~- = 3.4 by a 
f a c t o r  of 2.28. To c l a r i f y  the  r o l e  of d i f fus ion ,  h e r e  we p r e s e n t  c u r v e  5 showing  the  change  in m a s s  as  a 
r e s u l t  of i n t e n s i v e  d i f fus ion .  Al l  o t h e r  cond i t ions  r e l a t i v e  to v a r i a n t  2 b e i n g  equa l ,  i n t e n s i v e  d i f fus ion  l e a d s  
to a p r o n o u n c e d  r e d u c t i o n  in m a s s ;  d i f fus ion  with  t h e s e  p a r a m e t e r s  a l m o s t  c o m p l e t e l y  o f f se t s  the  inf lux 
of  m a s s  due to e r o s i o n ,  and in the  i n i t i a l  s e g m e n t  of a c c e l e r a t i o n  a c t u a l l y  is  g r e a t e r  than  the m a s s  r e -  
l e a s e .  

The e f fec t  of t h e s e  p r o c e s s e s  on the v e l o c i t y  of the  c e n t e r  of p l a s m a  i n e r t i a  is  shown in Fig .  2. The 
r e d u c t i o n  in m a s s  r e l e a s e  is  n a t u r a l l y  going  to l e ad  to an i n c r e a s e  in ve loc i ty ;  h o w e v e r ,  the to ta l  m o m e n t u m ,  
equal  to the  p r o d u c t  of the  m a s s  and the  v e l o c i t y ,  may  d i m i n i s h  in th i s  c a s e ,  and we can  s e e  th i s  f r o m  the 
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F i g .  4.  Change in m a s s  ~ d u r i n g  t i m e  1- f o r  the  f o l l o w -  
ing p a r a m e t e r s  of s y s t e m  (13)-(17):  1) q = 0.24, 

= 0.1, Y1 = 1, Y2 = 1, Y3 = 1, Y4 = 1, 61 = 0, 62 = 0.1, 63 
= 0 , 6 4 = 0 ; 2 )  q - - 1 ,  a = 0 . 1 ,  yl  = l ,  Y 2 = 0 . 1 ,  y 3 = 1 ,  Y4 
= 1 , 6 1  = 0 , 6 2 = 0 . 1 ,  5 3 = 0 ,  6 4 = 0 ;  3) q = l , a  = 0 . 1 ,  

Yl = 1, 72 = 1, 73 = 1, 74 = 1, a 1 = 0.1, (72 = 0.1, 0" 3 = 0.1, 
6 4 = 0 . 1 ;  4) q = 1 , ~  = 0 . 1 , 7 1  = 1 , 7 2  = 1 , y ~ = 1 , 7 4  = 1 ,  
6 1 = 0 , 5 2 = 0 , 6 3 = 0 , 6 3 - - - 0 ,  5 4 = 0 ;  5) q = l , ~  = 0 . 1 ,  

~ 1 = 1 , 7 2  = 1 , 7 3 = 1 , ~ 4  = 1 ,  51= 0.1, 5 2 = 0 . 1 ,  53= 0, 
54= O, 

fo l lowing  f i g u r e s .  Thus ,  fo r  e x a m p l e ,  a t  the  i n s t a n t  T = 2.0, when the  v e l o c i t i e s  fo r  a l l  of the  c i t e d  c a s e s  
a p p r o a c h  t h e i r  m a x i m u m ,  the  c o r r e s p o n d i n g  m o m e n t a  a r e  equa l  to:  

P~ = py' = 2.9696.0,2447 ~-- 0,767; 
P~ = 2,2947.0,34965 ---~ 0.803; 
P~ -- 1.1916.0.6021 ~-~ 0.714; 
Ps = 1.0845.0.6493 ~ 0.670. 

The r e d u c t i o n  in v e l o c i t y  on a t t a i n m e n t  of m a x i m u m  magn i tude  i s  e x p l a i n e d  by  the r e d u c t i o n  in the  
f o r c e s  of m a g n e t i c  p r e s s u r e  and the  i n c r e a s e  in the  f o r c e s  of d i f fus ion  f r i c t i on .  

The e f fec t  of the  p r o c e s s e s  of m a s s  t r a n s f e r  on the e l e c t r i c a l  c h a r a c t e r i s t i c s  can  be  e v a l u a t e d  f o r  
the  c o r r e s p o n d i n g  cond i t ions  f r o m  the c u r v e s  in F ig .  3. 

The e f fec t  of the r e c o m b i n a t i o n  p r o c e s s  on the p l a s m a  a c c e l e r a t i o n  p r o c e s s  is  shown in F ig .  4 w h e r e  
the  change  in the  m a s s  is  p r e s e n t e d  fo r  the  c a s e  of i n t e n s i v e  r e c o m b i n a t i o n ,  g iven  a r e c o m b i n a t i o n  p a r a m -  
e t e r  ~/2 = 1. C o m p a r i s o n  of c u r v e  5 in F i g s .  1 and 4 shows  tha t  r e c o m b i n a t i o n  l e a d s  to an i n t e n s i v e  r e d u c -  
t ion in a c c e l e r a t e d  m a s s .  Thus ,  at  T = 0.6 we have  a r e d u c t i o n  by  a f a c t o r  of 2.5 in the  m a s s ,  due to r e -  
c o m b i n a t i o n .  The c u r v e  showing  the  change  in m a s s  wi th  t i m e  exh ib i t s  a c h a r a c t e r i s t i c  m a x i m u m  at  the  
t i m e  i n t e r v a l  T = 1 .4 -2 .4 ,  so  tha t  the  a c c e l e r a t i o n  t i m e  is  b e s t  l i m i t e d  to  th i s  i n t e r v a l  if  we a r e  to  a c h i e v e  
m a x i m u m  m o m e n t a  in the  a c c e l e r a t i o n  of the  p l a s m a .  

Le t  us note  tha t  c u r v e  3 c o r r e s p o n d s  to the  s o l u t i o n  of the  c o m p l e t e  s y s t e m  of equa t ions  (13)-(19) fo r  
the c i t ed  p a r a m e t e r s .  To e v a l u a t e  the  r o l e  of the  p a r a m e t e r  on the  p h e n o m e n a  s t ud i e d  h e r e ,  we o f fe r  c u r v e  
1. As u s u a l ,  the  r e d u c t i o n  in q l e a d s  to a s u b s t a n t i a l  r e d u c t i o n  in the  d e v e l o p e d  v e l o c i t y ;  h o w e v e r ,  th i s  
p a r a m e t e r  h a s  l i t t l e  e f fec t  on the  magn i tude  and n a t u r e  of the  t i m e  change  in m a s s .  

NOTATION 

m is the accelerated mass; 

m 0 is the initial mass of the accelerated plasma; 

m i is  the  ion m a s s  of the  a c c e l e r a t e d  p l a s m a ;  
e is  the  e l e c t r o n  c h a r g e ;  
z is  the  c o o r d i n a t e  of the  i n e r t i a l  c e n t e r ;  
t is  the  t i m e ;  
I is  the  c u r r e n t ;  
V is the  vo l t age ;  
V0 is the  i n i t i a l  vo l t age  at  the  c a p a c i t o r ;  
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is the force resisting the motion of the plasma; 
is the battery capacitance; 
is the total ohmic resistance of the circuit; 
is the inductance of the supply leads and of the capacitor; 
is the distributed inductance per unit length of the coaxial; 
are the mass coefficients of diffusion, recombination, and electrode erosion 
under the action of ion bombardment, and electrode erosion as a result  of Joule 
fusion of the electrodes, respectively; 
is the particle concentration; 
is the coefficient of particle recombination; 
are the proportionality factors which account, respectively, for the friction 
of the moving plasma against the electrodes, the processes of friction in mass 
t ransfer  (b2, b3) , the effect of the resistance of the external medium (b4) , the 
processes of friction in mass t ransfer  as a result  of recombination (b~), and 
the processes of friction as a result  of mass t ransfer  in the case of Joule 
fusion (b6); 
are, respectively, time, path, velocity, voltage, mass, and current;  
are dimensionless parameters .  
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