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1. Introduction. The theory of Brownian motion of a part icle in a medium [1] is often used in kinetics. 
In part icular ,  it is employed in the theory of e lectron-ion recombination [2], chemical  reactions [3], moder-  
ation of neutrons [4], and phase t ransformat ions  [5]. All of these problems are  descr ibed by s imi la r  kinetic 
equations. 

In this paper, based on a unified approach [6, 7] to the solution of l inear kinetic equations, we examine 
the diffusion theory of chemical  react ions.  Its basic assumptions were formulated in [4]. The star t ing points 
in the theory ar~ the equations of motion of react ing part icles in the presence of a random force,  originating 
f rom the action: of the surrounding medium on the reagents.  The state of the sys t em in this model is de ter -  
mined by the values of the velocity v and coordinate x and is represented by a point in the phase plane. The 
chemical  reaction is viewed as the wandering of the image point in the phase plane out of the region c o r r e -  
sponding to the initial substances into the region corresponding to the final substances.  

The random process  corresponding to the motion of the image point in the phase plane is descr ibed by 
the kinetic equations of the F o k k e r - P l a n c k  type for the probability density. Even for the s implest  bimolecular  
reaction,  the procedure of integrating this equation is very  complicated. The problem of overcoming the poten- 
tial b a r r i e r  is examined in [8]. It was solved assuming that the gas tempera ture  is smal l  compared to the 
height of the potential ba r r ie r .  In this case ,  the flux of the probability density over the top of the potential 
ba r r i e r  can be viewed as a constant and it is possible to reduce the problem to one of solving the s tat ionary 
kinetic equation. Later ,  K r a m e r s '  theory was updated [9-12]. 

A more r igorous approach to calculating the rate constants of chemical  reactions depends on the non- 
stat ionary solution of the kinetic equation. Thus '~, in [13], for an interaction potential of react ing part icles with 
a special  form,  the solution was sought in the form of a ser ies  in terms of the charac te r i s t i c  functions and 
charac te r i s t ic  values of the problem. However, in view of the difficulties related to obtaining the c h a r a c t e r -  
istic values and the charac te r i s t ic  functions for an interaction potential of a rb i t r a ry  form, the results  of the 
work have not been generalized.  

In order  to find the nonstationary solutions, the method of quasis ta t ionary distribution functions (QDF) 
can be used [7]. According to this method, the distribution function is sought in the fo rm of a ser ies  in powers 
of a specified evolution opera tor  F. The most  interest ing stage in establishing equilibrium is descr ibed by a 
distribution function that takes into account only the terms of zero  and f i rs t  o rder  in the operator  E. In what 
follows, we will obtain the rate constant of a bimolecular  chemical  reaction for an a rb i t ra ry  interaction poten- 
tial and a rb i t ra ry  relation between the gas tempera ture  and height of the potential ba r r i e r .  

Following Kramers, we will make the transition from the equations of motion of particles in a bimolec- 
ular reaction to the kinetic equation for the probability density distribution function 

~p K(x) Op -~x 0 ( T 0p) (1.1) 7 / - ~  ~ Ov v + 7 - ~ v  vp ,u- --K--~-, 

where p(x, v, t)dxdv is the probability for  finding the sys tem at t ime t in a state with coordinates in the vicinity 
of the point (x, v) in the phase plane; K{x) = - d U / d x  [U(x) is the interaction potential for the react ing part icles];  
p is the reduced mass of the react ing part icles;  7 is 
dium; T is the tempera ture  of the medium in energy 

Reducing the problem of the interaction of two 

the effective coefficient of fr ict ion of the surrounding me- 
units. 

react ing part icles in the usual way to the problem of the 
motion of a single particle with reduced mass in the field U(x) in the presence of a random force,  it is possible 
to express the effective coefficient Of frict ion in t e rms  of the coefficients of fr ict ion of the reagents 
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w h e r e  ml and m 2 a r e  the m a s s e s  of the  r e a c t i n g  p a r t i c l e s ;  ~1 and ~2 a r e  t h e i r  c o e f f i c i e n t s  of f r i c t i o n .  

The  s t a t i o n a r y  so lu t i on  of Eq, (1.1) is  the  M a x w e l l - B o l t z m a n n  d i s t r i b u t i o n  func t ion  

p~ ~ exp (--~w~/2T - -  U/T). 

We i n t r o d u c e  into  the a n a l y s i s  the  m o m e n t s  of the  d i s t r i b u t i o n  

Mn = S pvndv. 

Mul t ip ly ing  the  le f t  and r i g h t  s i d e s  of (1.1) by v n and i n t e g r a t i n g  wi th  r e s p e c t  to v,  t ak ing  into account  

hOP I the b o u n d a r y  cond i t i ons  v~p, v ~ ~ = 0, we ob ta in  the m o m e n t  e q u a t i o n s  

OMn+l OMn = ~7 K (.c) Mn-1 ny21ln + n (n ~ l) M,~-~, 
at ~ 8x 

w h e r e  n = 0, 1, 2 . . . .  (M_ 1 = M_~ = 0). 

Le t  us  e x a m i n e  the  equa t ions  fo r  the m o m e n t s  M 0 and MI. F o r  t i m e  t > 7 -1, the  d y n a m i c s  f o r  e s t a b l i s h -  
ing e q u i l i b r i u m  a r e  s i m p l i f i e d ,  s i n c e  the  v e l o c i t y  p r o b a b i l i t y  d i s t r i b u t i o n  funct ion  is c l o s e  to Maxwe l i i an .  This  
p e r m i t s ,  f i r s t  of a l l ,  s o l v i n g  the  s t a t i o n a r y  equa t ion  fo r  the  m o m e n t  M 1 and,  s e c o n d ,  e x p r e s s i n g  the m o m e n t  
M 2 in t e r m s  of M0, u s ing  t h e i r  e q u i l i b r i u m  r a t i o :  

Mo./Mo ~--- (MJMo)e = T/~t. 

E x p r e s s i n g  the  m o m e n t  M 1 in t e r m s  of M 0 and a s s u m i n g  tha t  the  c o e f f i c i e n t  of f r i c t i o n  does  not  depend  
on the r e a c t i o n  c o o r d i n a t e  x ,  we  a r r i v e  at  the  S m o l u c h o w s k i  equa t ion  

~:vl~ ~ ~ (T  OM~ - - K M o ) .  (1.2) ot = (,tt~)- - - ~  

The r a t e  of the  c h e m i c a l  r e a c t i o n  is the p r o b a b i l i t y  tha t  the  s y s t e m  p e r  uni t  t i m e  w i l l  t u rn  out to be in a 
s t a t e  wi th  the c o o r d i n a t e  g r e a t e r  than s o m e  f ixed  va lue  x. This  quan t i t y  is  n u m e r i c a l l y  equal  to the  f lux of the  
p r o b a b i l i t y  d e n s i t y  o r  the  m o m e n t  

M~ = (a,~)-~(KMo --  TaMo/Oz). 

Thus ,  the  m o m e n t  of the  d i s t r i b u t i o n  M1 is  the  b a s i c  quan t i ty  sought .  

We wi l l  s o l v e  Eq. (1.2) o v e r  a f in i t e  s e g m e n t  [0, l] wi th  i n i t i a l  and b o u n d a r y  cond i t ions  of the  f o r m  

M0[t=o = 8(x - -  x0); (1.3) 

M l [ x =  o = O, Mo[x= z = O. (1 .4 )  

The first boundary condition causes the probability density flux to vanish at the point x = O, since at this 
point the repulsive force between the reacting particles increases indefinitely. As the reacting particles move 
apart to a distance of the order of the mean free path length, they themselves become particles in the sur- 
rounding medium. For this reason, the second boundary condition corresponds to an absorbing boundary at 
the point x = l 

l = I 1 + l 2 = ( ( ~ / ) - - I  (1 = (~1(12/((~ 1 -[- G2), 

w h e r e  l 1 and l 2 a r e  the  m e a n  f r e e  pa th  l eng ths  fo r  the  r e a c t i n g  p a r t i c l e s ;  a l  and cr 2 a r e  t h e i r  c o l l i s i o n  c r o s s  
s e c t i o n s ;  and N is  the  p a r t i c l e  d e n s i t y  in the m e d i u m .  

2. So lu t ion  of S m o l u c h o w s k i ' s  Equat ion .  K r a m e r s '  Equa t ions .  Le t  us m a k e  the s u b s t i t u t i o n  

M 0 = ] exp ( - -U/T) .  (2.1) 

S u b s t i t u t i n g  (2.1) into (1.2) l e a d s  to the equa t ion  

at V,? ax ax j '  (2.2) 

I n t e g r a t i n g  (2.2) tw ice  wi th  r e s p e c t  to the c o o r d i n a t e  t ak ing  into accoun t  the f i r s t  b o u n d a r y  cond i t ion  (1.4), 
we ob ta in  

] = / o  + El, (2.3) 

w h e r e  f0 = f(x0, t ) ,  w h i l e  the  evo lu t ion  o p e r a t o r  is  de f ined  by the  equa t ion  
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x ;c r 

dx'e,p 
-Y-.~0 b' 

We solve Eq. (2.3) by the method of success ive  approximations,  at the f i rs t  step of which we operate  
on the function f0 by the opera tor  ~. As a resul t ,  we represent  the solution as a ser ies  in powers of the oper-  
ator ~2 or  a ser ies  in te rms  of the derivatives of the parameter  f0 

d.fo "12-to 
] = lo + E/o +/~2/o + . . . .  1o + ~ (x) -JT-" + ~'-' (x) ~ + . . . ,  (2.4) 

where 

x x t 

---~-3 exp -2- dx"exp -- ~.__~: ~ 0 ~ I .  (2.5) 
x 0 

Terms  with high order  derivat ives are  important  initially. Then, they decrease  in importance and, be- 
ginning at some time, in (2.4) it is possible to consider  only a finite number of terms [6, 7]. The distribution 
function, obtained by truncating the se r ies  (2.4) and including the n-th order  time derivative,  has been named 
the n-th o rder  quasis ta t ionary distribution function (QDF). The t ime variat ion of the pa ramete r  f0 is determined 
by substituting the QDF into the second boundary condition (1.4). As a result ,  an ordinary  differential equation 
for  f0 with constant coefficients a r i ses  

dn  fO 
10 + ~, (1)-~t ~ + . . . ' +  ~n(l) ~ = 0. (2.6) 

The general  solution of (2.6) contains n integration constants.  We now substitute the n-th order  QDF into 
the equation for the moments of the initial distribution function (1.3) 

f Mo It=oxmdx = x0 �9 (2.7) 
0 

Setting m = 0, 1, . . . ,  {n - 1), we ar r ive  at a sys tem of l inear  algebraic equations, f rom whose solution 
we find the values of the integration constants.  

We limit ourselves  to examining the f i rs t  o rde r  QDF; integrating (2.6) taking into account (2.7) gives 

], = c exp ( - - + ) ;  (2.8) 

[ (x~ t )=  l exp - - - -C ,  (2.9) 

.f exp (-- -~ ) [~l (1) -- ~l (X)l dx 
0 

where the charac te r i s t i c  t ime for the variat ion of the distribution function is 

= ~,(l). (2.10) 

For  t imes t << T, the distribution function does not depend on time and gives a s ta t ionary flux Mt of the 
probability density, determining the rate  of the chemical  reaction. Changing the o rder  of integration in the 
denominator of Eq. (2.9) we have 

x 

U where g(x) = yexp(----T--)dx . 
0 

Equation (2.11) was obtained within the scope of the diffusion model and requires  that the time Tco 1 be- 
tween success ive  col l is ions,  which the react ing sys tem undergoes,  is shor t  compared to the charac te r i s t i c  
t ime for the change in the distribution function [3], i .e. ,  

%o1<< ~'" (2.12) 
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Fig. 2 

In addition, Eq. (2.11) is limited by the limits of applicability of the first order QDF. Substituting (2.8) 
into (2.4), i t  is evident  that  in the given s e r i e s  the s igns  a l t e rna te  and the t e r m s  d e c r e a s e  in absolu te  magn i -  
tude and, therefore, the series converges. The error arising in replacing the exact sum of the series by its 
partial sum in the corresponding first order QDF is small if the inequality 

~(/)[~(/) -- ~(x)] >> ~2(z) (2.13) 

is satisfied. 

It is evident that (2.13) is satisfied for values of the coordinates that are not very close to the boundary 
x = I. Inequalities (2.12) and (2.13) will be discussed below for a specific interaction potential. 

We will now examine the problem in which the state of the system of reacting particles passes over the 
potential barrier and we will show that Eq. (2.11) for gas temperatures T much less than the height of the bar- 
rier Q goes over into Kramers' equation [8]. Let the interaction energy U(x) have the form shown in Fig. 1 
and let the s y s t e m  be found ini t ia l ly  in a s tate  with coord ina te  x 0. We se t  x = x 1 in (2.11). The main  con t r i bu -  
tion to the in tegra l  in the n u m e r a t o r  in (2.11) c o m e s  f r o m  the reg ion  n e a r  the point x0, whi le  in the d e n o mi -  
na to r  it c o m e s  f r o m  near  the point x 1. Re p re sen t i ng  the potent ia l  in the v ic in i ty  of these  points  in the f o r m  

~~ (x - -  xl) ~, U (x) = + ~t~ ~ (x - -  xo)2~ U (x) = Q - 

we obtain 

g ix1) _ exp ~ (x - -  Xo) ~ dx  = o)-1 ~---~-_] ~. 

f exp(--~-)g (x )dx~__g2(x t )  I' 27 : 

From here the probabilities sought equM 

M 1 : (~o~'/2~7) exp ( - - Q / T ) ,  T << Q. (2.14) 

For the potential which is symmetric relative to the point x~ 

[ +  bt~ ( x -  xo)~, x ~ x l ,  

U (x) : ~ + ~ o ~ ( x  , 
zo - -  2xl)  2, x ~ z l ,  

the ca lcu la t ion  of the probabi l i ty  fo r  pass ing  over  the potential  b a r r i e r  is s i m i l a r  to the p reced ing  ca se .  The 
n u m e r a t o r  in (2.11) re ta ins  its p rev ious  fo rm.  The main  cont r ibut ion  to the in teg ra l  in the denomina to r  in 
(2.11) again c o m e s  f r o m  the reg ion  n e a r  the point x 1, C a r r y i n g  out the in tegra t ion ,  we obtain 

l ' ( U)~ 2Tg2(xl)(2p.Q)l. 2 e x p ( @ ) ,  Q=U(xl), t exp g2 (x) dx 

0 ( 2 . 1 5 )  

M~ : ~ \-K-T-/ 

Equations (2o14) and (2,15) exactly coincide with Kramers' results [8]. 

3. Dissociation of Diatomic Molecules, Within the scope of the diffusion model, it is possible to examine 
as well the problem of the dissociation of molecules. We will solve this problem for the interaetion pote2tial 

illustrated in Fig, 2. Let the system be initially found at the bottom of the potential well with coordinate x~, 
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As a r e s u l t  of the  ac t ion  of the s u r r o u n d i n g  m e d i u m  on the m o l e c u l e ,  i t  d i s s o c i a t e s .  We wi l l  a s s u m e  that  the 
d i s s o c i a t i o n  p r o c e s s  is  c o m p l e t e  if  the  d i s t a n c e  be tween  the r e a c t i n g  p a r t i c l e s  b e c o m e s  of o r d e r  of the mean  
f r e e  pa th  l eng th  in the s u r r o u n d i n g  m e d i u m .  F o r  this  r e a s o n ,  in Eq. (2.11), we s e t x  - l. 

Le t  us f i r s t  e x a m i n e  the c a s e  of r e l a t i v e l y  low gas  t e m p e r a t u r e s ,  s a t i s f y i n g  the i ne qua l i t y  

exp ( - -DIT)I  << Xl, (3.1) 

w h e r e  D is  the  d i s s o c i a t i o n  e n e r g y  of the  m o l e c u l e s ;  x1 is  the  c h a r a c t e r i s t i c  d i s t a n c e  beg inn ing  wi th  wh ich  
the  i n t e r a c t i o n  po ten t i a l  is  p r a c t i c a l l y  c o n s t a n t  and equa l s  the  d i s s o c i a t i o n  e n e r g y .  We note tha t  fo r  g a s e o u s  
m e d i a ,  x 1 << l. 

The ma in  c o n t r i b u t i o n  to the i n t e g r a l  in the n u m e r a t o r  in (2.11) in view of i n e q u a l i t y  (3.1) c o m e s  f r o m  
the  r e g i o n  of  i n t e g r a t i o n  f r o m  z e r o  to x l ,  whi le  tha t  in the  d e n o m i n a t o r  c o m e s  f r o m  the r e g i o n  f r o m  x 1 to I.  
F o r  th i s  r e a s o n ,  

g (0 = g (x,) ~ S r t.~; ~ - ,  ( 2,<r ],,~ e x p [ - - ' ~ - ( x - - z o ) 2 ]  d x =  \ ~ . ]  a 

l 

r~ ' Y ' 2 t 
0 

w h e r e  co is  the  v i b r a t i o n a l  f r e q u e n c y  of the m o l e c u l e  n e a r  the e q u i l i b r i u m  pos i t ion .  

F r o m  h e r e ,  the  equa t ion  f o r  the  d i s s o c i a t i o n  r a t e  c o n s t a n t  has  the f o r m  

K = M1 (l) gv / 2aT "~11~ . ( D~ 
.v = - - ~ - t ~ )  e x p t - T / '  ( o - - 2 ~ v .  (3.2) 

The d i s s o c i a t i o n  c o n s t a n t ,  as  in the  m o d e l  of s i n g l e - q u a n t u m  s t e p - l i k e  e x c i t a t i o n s  [3], is  p r o p o r t i o n a l  
to the  v i b r a t i o n a l  f r e q u e n c y  of the  m o l e c u l e  ~ in the g round  e l e c t r o n i c  s t a t e ,  as we l l  as to the  gas  k ine t i c  n u m -  
b e r  of c o l l i s i o n s  z 0 = cr(2rrT/g)  I/2. The  t e m p e r a t u r e  d e p e n d e n c e  of the  p r e - e x p o n e n t i a l  f a c t o r  in (3.2) is  d e -  
t e r m i n e d  by the funct ion 7 = T(T) and can  v a r y  fo r  d i f f e r e n t  t e m p e r a t u r e  i n t e r v a l s .  

f led .  

An e s t i m a t e  of the  c h a r a c t e r i s t i c  d i s s o c i a t i o n  t i m e  a c c o r d i n g  to Eq. (2.10) g ives  

"r = (KN) -1. 

The d i f fus ion  a p p r o x i m a t i o n  is  a p p l i c a b l e  to the c a l c u l a t i o n  of the d i s s o c i a t i o n  c o n s t a n t ,  if (2.12) is  s a t i s -  
A s s u m i n g  tha t  

Tcol~ (%7N) -~, -v ~ (T/m) '% 

w h e r e  u 0 is  the  c r o s s  s e c t i o n  fo r  a c o l l i s i o n  be tween  the  d is  s o c i a t i n g  m o l e c u l e  and a p a r t i c l e  i n t h e  m e d i u m ,  and 
m is t h e i r  r e d u c e d  m a s s ,  we ob ta in  f r o m  (2.12) 

cr v i 2a~m \1/2 t D)  
% V I - g - )  ~P ( -  T_ << ~" (3.3) 

Inequa l i t y  (3.3) i m p o s e s  an u p p e r  l i m i t  on the  t e m p e r a t u r e  of the  m e d i u m .  

We wi l l  now s tudy  the  cond i t ion  (2.13) fo r  the  a p p l i c a b i l i t y  of the f i r s t  o r d e r  QDF.  F o r  t h i s ,  to wi th in  a 
f a c t o r  g Y / T ,  we  p r e s e n t  the  fo l lowing  e s t i m a t e s :  

xg(x); exp - T  -2-' 

~ t  

dx" ~x~ ~ ~ U" x ~ 

l 

x 0 

x 

~1 (x) N I ; u .. exp[T )g(:Odx' <~xp 
X 0 

X ~ "  aC 

U 

zc O 0 acll 

Subs t i t u t i ng  in (2.13) fo r  ill{x) and fl2(x) t h e i r  h i g h e s t  v a l u e s ,  we w i l l  t h e r e b y  i n v e s t i g a t e  the  s t r o n g e r  i n -  
equa l i t y  
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For x -- xl, this inequality is obviously satisfied and is violated only for values of the coordinates close 

to the boundary value. For x > xl, we once again make the inequality stronger, setting on the right side x = l- 

exp (D/T)g2(zl)I 5x >> (t/24)P, 

w h e r e  Ax = l -  x.  

F r o m  h e r e ,  we find the s i z e  of the reg ion  n e a r  the boundary  fo r  which  (2.13) is v iola ted:  

hx ~ (Ia/g2(xl) )exp (--D/T). 

Since the d i s soc ia t ion  r a t e  is equal to the flux of the probabi l i ty  dens i ty  th rough  the boundary  x = l, the 
e r r o r  in de t e rmin i ng  the cons tan t  f r o m  Eq. (3.2) wil l  not be l a rge  if  Ax << l o r  

(2np~v2/(s2N~T)exp (--D/T) << t .  (3.4) 

Inequal i ty  (3.4), in c o n t r a s t  to (3.3), i mposes  l imi ta t ions  on the dens i ty  of the s u r r o u n d i n g  m e d i u m  as 
well .  

Let us now turn to the case of high gas temperatures, satisfying the condition 

exp (--D/T)I >> x 1. (3.5) 

On the s t r e n g t h  of inequal i ty  (3.5), the n u m e r a t o r  in Eq. (2.11) at  x -- I equals  

g(l) = exp (--D/T) l. 

E s t i m a t e s  show that  just  as fo r  low t e m p e r a t u r e s ,  the main  con t r ibu t ion  to the in teg ra l  in the d e n o m i n a -  
t o r  in (2.11) c o m e s  f r o m  the reg ion  of in tegra t ion  ove r  the s e g m e n t  [xl, l]. F o r  this r e a s o n  

! l 

y e x p ( U )  g2(x)dx = exp(T  D---) ~ [ g ( x l ) + e x p ( - -  ~-~-)(X--Xl)] 2dx ~ T z~ exp ( - -  TD---)" 
0 x 1 

In this c a s e ,  we use  the obvious inequal i ty  g(x 1) < xl and (3.5). Subst i tu t ing these  e x p r e s s i o n s  into (2.11), 
we obtain an equation fo r  the d i s soc i a t i on  r a t e  cons tan t  

K = 3ToZN/~7. (3.6) 

In Cont ras t  to the l o w - t e m p e r a t u r e  c a s e ,  he re  the cons tan t  is p ropo r t i ona l  to the dens i ty  of pa r t i c l e s  
in the med ium and does not depend on the v ib ra t iona l  f r equency  of the molecu le  n e a r  the equ i l ib r ium posi t ion.  
The t e m p e r a t u r e  dependence  is a lso  d e t e r m i n e d  by the f o r m  of the funct ion T = 7(T). 

A ca lcu la t ion  of the c h a r a c t e r i s t i c  d i s soc ia t ion  t ime  (2.10) leads to the equat ion 

2 - 1  

Let  us now d i scus s  the l imi ts  of appl icabi l i ty  of Eq. (3.6). Condi t ion (2.12) fo r  the c o r r e c t n e s s  of us ing  
the diffusion approx ima t ion  gives 

(2e~/V%)(mT/g2)~/2 N << t. (3.7) 

F o r  gaseous  media ,  inequal i ty  (3.7) is a l m o s t  always sa t i s f ied .  

Let  us examine  condi t ion (2.13) for  appl icabi l i ty  of the f i r s t  o r d e r  QDF.  F o r  high t e m p e r a t u r e s  (3.5), 
e s t i m a t e s  of 31(x) and 32(x) a r e  the s a m e  as f o r  low t e m p e r a t u r e s .  Only the value of 31([), in the in teg ra l  fo r  
which  the reg ion  x~ to l g ives  the main  con t r ibu t ion ,  will  change:  

D I e 

x 1 

Subst i tu t ing into (2.13) leads to the s t r o n g e r  condi t ion 

l 2 [exp (-- U/T)Z ~ - -  x 2 ] > (l/6)xk (3.8) 

F o r  x -~ xl ,  (3.8) is sa t i s f ied .  F o r  x > x 1, we have 

exp (--D/T) - z >> (t/6)z ~, z = (x/l)L (3.9) 
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We now require  that the left part of (3.9) be 
at the inequality 

whose solution gives 

o r  

at least  six times g rea te r  than the right side. Then, we ar r ive  

z ~ + z -- exp (--D/T) < O, 

z < [1/4 + exp(--D/T) ]1/9 ~ 1/2 Z exp(--D/T) 

x < exP ( -- D/2T)l. 

The size of the region neares t  the boundary where condition (2.13) breaks  down equals 

hx = lit --  exp (--D/2T)]. 

Equation (3.6) will co r rec t ly  determine the order  of magnitude of the constant,  if Ax < l / 2 .  F r o m  here ,  
we obtain the condition for the tempera ture  of the medium 

T ~ D/21n 2 = 052 D. 

In calculating the integral  g(x 1) in the problem of dissociat ion with relatively low tempera tures  of the 
medium, a parabolic interaction potential U(x) was used near  the equilibrium position. This approximation 
corresponds  to independent harmonic vibrations and rotation of the molecule in the center  of mass sys tem of 
the react ing part icles.  Deviations f rom the parabolic law ar ise  as a resul t  of taking into account anharmonici ty 
of the vibrations and their interactions with rotation. In this case ,  the interaction potential near the equilib- 
r ium position can be represented in the fo rm [14] 

i 3 9  U (x) =-5-  N~ x0 (~ -- ~3 + ~ ) ,  (3.10) 

where ~ = x / x  0 -  1; a and/3 are some molecular  constants,  related to the rotational constant of the molecule,  
anharmonici ty,  and the v ib ra t iona l - ro ta t iona l  coupling constants [14]. 

We will calculate the integral  g(x~) for  the potential (3.10) and find cor rec t ions  to the dissociat ion rate 
constant (3.2). Substituting (3,10) into the equation for g(xl) , we obtain 

~' [ (~2 --~z~a ~- ~ 4) 1 dx~__ ; [ g~176 -2~ g(xi) = J exp 2T exp (--  --ff-- x / 
0 ~ a o  

( > i ( - )  • I -~Ax  ~ + + A 2 x  6 ( l - - B x  ~)dx= exp - - ~ x  ~ 
- o o  

( 

F r o m  here,  Eq. (3.2), taking into account the anharmonici ty of the vibrations and their interactions with 

K =  

rotation, takes the form 

Ov (2nT/~t) 1/2 D 
(15 

~2 

4. Calculation of the Constants of Specific Reactions and Comparison with Experimental  Results.  Let us 
calculate the constants of some dissociat ion react ions ,  est imating the frict ional coefficient f rom Stokes'  equa- 
tion 

71 ~ 6na~l/mi (i = l, 2), 

where  a i is the radius of the i - th  react ing particle;  m i is its mass;  and ~ is the tempera ture-dependent  coef-  
ficient of viscosi ty  of the medium. 

We will assume that the c ross  sections for collisions between the react ing part icles and part icles in the 
surrounding medium equal the geometr ic  values 

(~ ==~(ai + a )  2 ( i = i ,  2), 

where  a is the radius of a part icle  in the surrounding medium. 
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We first examine the dissociation reaction for oxygen in argon 

02 + A r  = 0 + 0 + A r  

with  the t e m p e r a t u r e  of the s u r r o u n d i n g  m e d i u m  T = 1000~ and the v i s c o s i t y  coef f ic ien t  for  a rgon  at the t e m -  
p e r a t u r e  ind ica ted  ~ = 5.5 �9 10 -4 g .  c m  - l "  see  -1 [15]. F o r  the ca l cu l a t i on ,  we used the fol lowing data: a 1 = a 2 = 
0.06 n m  [16], a = 0.15 nm [16], v = 1580 c m  -1 [16] (for the ground e l ec t ron i c  t e r m  of the oxygen molecu le ) .  As 
a r e s u l t  of ca l cu la t ions  us ing  Eq. (3.2), the t h e o r e t i c a l  va lue  of the p r e - e x p o n e n t i a l  f ac to r  equals  2.2.1015 c m  3 �9 
mole  -1 �9 see  -~. The e x p e r i m e n t a l  va iue  is (1-2.4) �9 1015 e m  3 �9 mole  - I  �9 sec  -1 [17]. 

F o r  the d i s s o c i a t i o n  of a hydrogen  molecu le  in a rgon  

It~ q -Ar  = H  q - H  q -Ar  

wi th  p a r a m e t e r s  T = 1300~ r, = 6 . 1 6 . 1 0  -4 g . e m  -1 . s e e  -1 [15], al = a 2 = 0.04 n m  [16], a = 0.15 nm,  v = 4400 

c m  -1 [16], the t h e o r e t i c a l  va lue  of the p r e - e x p o n e n t i a l  f ac to r  in  (3.2) is t .9"  10 ~5 c m  3 �9 mole  -1" sec  -1 and the 
e x p e r i m e n t a l  va lue  is 2.3 �9 10 i5 c m  3 �9 mole  -1 �9 sec  -1 [17]. 

F o r  the r e a c t i o n  

II~ + tto~ = H + H + It2 

wi th  p a r a m e t e r s  T =  1300~ ~ = 2 . 3 5 . 1 0  -4 g . c m  - 1 . s e c  -1 [15], a 1 = az = 0.04 nm,  a =  0.11 n m  [16], v =4400  
e m  -~, the t heo re t i c a l  va lue  of the p r e - e x p o n e n t i a l  f ac to r  in (3.2) is 3.1.1015 c m  3. mole  -1 .  sec  -1 and the ex-  
p e r i m e n t a l  value is 8.2 �9 I0 ~5 cm 3 �9 mole -I �9 see -I [17]. 

Exchange reactions such as 

A + B C = A B + C  

can  a lso  be inves t iga ted  wi th in  the scope of the d i f fus ion  model .  

In the g e n e r a l  e a se ,  the ca l cu la t ion  of the cons t an t  for  this r e a c t i o n  mus t  depend on the r e s u l t s  of the 
p r o b l e m  of the i n t e r a c t i o n  of t h ree  pa r t i c l e s  in the p r e s e n c e  of a r a n d o m  force .  In this c a se ,  it  is n e c e s s a r y  

to integrate a higher order Fokker-Planek equation in contrast to (1.2). The problem can be simplified if it 
is assumed that the exchange reaction proceeds with the formation of a bound complex ABC. Then, the exchange 
reaction can be viewed as the association of particles A and BC in the molecule ABC and, then, the dissocia- 
tion of the molecule ABC into particles AB and C. Thus, for a number of types of chemical reactions, the 
approach examined here gives the practical possibility of calculating the constants. 

We note that the limits of applicability of the diffusion model are also determined by the classical nature 
of the approach. In particular, the de Broglie wavelength must be small compared to the characteristic dis- 
tance over which the interaction varies. In this sense, the equations obtained are not applicable to calculating 
the reaction constants for reactions that occur with a change in the electronic state of the reacting particles. 
Such reactions must be described using a quantum mechanical analysis. 
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D E T E R M I N A T I O N  O F  T H E  D I M E N S I O N S  O F  T H E  S A T U R A T I O N  

Z O N E  F O R  I N F I L T R A T I O N  F R O M  A C H A N N E L  W I T H  A 

S H A L L O W  W A T E R  D E P T H  

E .  N .  B e r e s l a v s k i i  a n d  L .  A .  P a n a s e n k o  UDC 551.491.5 

A h y d r o d y n a m i c  so lu t i on  has  been  c o n s i d e r e d  [1-4] fo r  the  p l a n a r  s t a t i o n a r y  c a s e  of a f r e s h w a t e r  l ens  
e s t a b l i s h e d  by i n f i l t r a t i o n  in a c c o r d a n c e  wi th  D a r c y ' s  law f r o m  a channe l  invo lv ing  the  d i s p l a c e m e n t  of s a l i n e  
g r o u n d w a t e r  f r o m  the  channe l  zone .  I t  is  a s s u m e d  tha t  the dep th  of w a t e r  in the  channe l  is  i n f i n i t e l y  sha l l ow  
and tha t  the  flow f a c t o r  tha t  c o m p e n s a t e s  fo r  the lo s s  f r o m  the channe l  is  e v a p o r a t i o n  f r o m  the  f r e e  s u r f a c e .  
H e r e  we e x a m i n e  i n f i l t r a t i o n  f r o m  a channe l  in to  a l a y e r  of h o m o g e n e o u s  i s o t r o p i c  s o i l  of t h i c k n e s s  T wi th  a 
h o r i z o n t a l  i m p e r m e a b l e  l a y e r  u n d e r n e a t h .  This  c a s e  is  a l i m i t i n g  one fo r  the  above  p r o b l e m  when the  d e n s i t y  
of the  s a l i n e  w a t e r  i n c r e a s e s  wi thout  l i m i t .  The so lu t i on  is  found as  in [1-4] by the  method  of [5], wh ich  i s  
b a s e d  on the  a n a l y t i c a l  t h e o r y  of o r d i n a r y  d i f f e r e n t i a l  equa t ions .  The c a n o n i c a l  r e g i o n  is  t aken  as  the  r e g i o n  
f o r  w h i c h  the  c h a r a c t e r i s t i c s  of the  f i l t r a t i o n  flow can  be d e r i v e d  in c l o s e d  f o r m  in t e r m s  of  c e r t a i n  s p e c i a l  
func t ions .  . . . .  

In v iew of the  s y m m e t r y  of the  i n f i l t r a t i o n  r e g i o n  we  r e s t r i c t  c o n s i d e r a t i o n  to the  r i g h t - h a n d  ha l f ,  wh ich  
is  shown s c h e m a t i c a l l y  in F ig .  1. The b o t t o m  of the  channe l  is  r e p r e s e n t e d  by a h o r i z o n t a l  l ine  of l eng th  2l .  
Wi th  the  c o o r d i n a t e  s y s t e m  shown in F ig .  1, we l o c a t e  the p l ane  of po ten t i a l  c o m p a r i s o n  in the  p lane  y = 0, and 
then  the  fo l lowing  cond i t ions  a r e  obeyed  at  the b o u n d a r y  of the  i n f i l t r a t i o n  r e g ion :  

y = 0 , %  = 0  onAD,  x = 0,~pr = 0 ~  A B l y  = T,~Pr ~ 0  onBC~ 
(1) 

%-{-y = 0 ,  ~ r - ~ e r x  = erL onCD, 

w h e r e  w r = g0 r + ir r is  the c o m p l e x  f i l t r a t i o n  po ten t i a l  r e f e r r e d  to the  f i l t r a t i o n  c o e f f i c i e n t ,  wi th  Cr the  r e -  
duced  po ten t i a l  fo r  the  f i l t r a t i o n  r a t e  and Cr the r e d u c e d  c u r r e n t  func t ion ,  w h i l e  z = x + iy is  the  c o m p l e x  c o -  
o r d i n a t e  in the  i n f i l t r a t i o n  r e g i o n  and e r is  the  r e d u c e d  e v a p o r a t i o n  r a t e .  

As the a u x i l i a r y  r e g i o n  we  t ake  ha l f  the  p lane  of w in F ig .  2. In the  method  u sed  h e r e ,  the  funct ions  d~ / 
dw and d z / d w  a r e  unknowns to be d e t e r m i n e d  as  the s o l u t i o n s  to a c e r t a i n  l i n e a r  d i f f e r e n t i a l  equa t ion  of the  
F u c h s  c l a s s  wi th  r e g u l a r  s i n g u l a r  po in t s .  We f i r s t  c o n s i d e r  the  b e h a v i o r  of the  func t ions  d w / d ~  and d z / d ~ ,  
w h e r e  ~ is  the  u p p e r  h a l f - p l a n e ,  and we f ind tha t  the c h a r a c t e r i s t i c  p a r a m e t e r s  of t h e s e  func t ions  n e a r  the  
s i n g u l a r  poin ts  have  the fo l lowing  v a l u e s :  n e a r  point  A (~ = -  a ) ( - 1 / 2 ,  - 1 / 2 ) ,  n e a r  poin t  B (~ = 0 ) ( - 1 / 2 ,  0), 
n e a r  point  C (~ = 1) (v /2  - 1 / 2 ,  - , / 2  - 1 / 2 ) ,  and n e a r  point  D (~ = ~) ( 3 / 2 ,  2),  w h e r e  v = 1 - (2 /u)  a r c t a n  e ~ r ,  
and the  s i n g u l a r i t y  at  poin t  ~ = - a  can  be e l i m i n a t e d .  

The  s o l u t i o n  tha t  s a t i s f i e s  the  cond i t i ons  of (1) t akes  the  f o r m  

d(o _ A ~fFrshvw dz = A chvw (2) 
dzv l / sh  ~ ~' -t- a ch2w " ~ ] /sh ~ w § a ch 2 ~, ' 

w h e r e  A is  s o m e  r e a l  cons t an t .  

L e n i n g r a d .  T r a n s l a t e d  f r o m  Z h u r n a l  P r i k l a d n o i  Mekhan ik i  i T e k h n i c h e s k o i  F i z i k i ,  No. 5, pp. 92-94 ,  
S e p t e m b e r - O c t o b e r ,  1981. O r i g i n a l  a r t i c l e  s u b m i t t e d  June  25,  1980. 
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