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Successes in describing the kinetics of clustering in hypersonic jets and molecular beams 
[lJ, diffusion chambers and Wilson cloud chambers, during the growth of surface films [2-4], 
etc., have been due to the use of the Backer-Daring and Zel'dovich-Frenkel theories [4] and 
the quasichemical model [5, 6] as well as its different variants [7, 8]. A large number of 
studies devoted to different aspects of the problem have been done in these areas. Neverthe- 
less, insufficient attention has been focused to date on the analysis of the kinetic equa- 
tions, which take into account the numerous reactions and are important in the study of the 
nucleation kinetics in the supercritical region, processes of the coagulation and breakup of 
drops in the atmosphere, and in other problems [2, 7, 8]. This also pertains to the develop- 
ment of micromodels of clusters ana their interactions, which allow equilibrium distribution 
functions to be calculated for particles of arbitrary size as well as the condensation and 
evaporation coefficients and the efficiency of inelastic impacts. 

In this paper we consider some of these subjects. A system of kinetic equations of the 
general type is formulated and a diffusion version is derived with allowance for multiparti- 
cle interactions. A simple model is presented for the kinetics of nonisothermal nucleation. 
We analyze the problem of finding the equilibrium size distribution functions of clusters, 
using methods of statistical methods on the basis of a micromodel of a cluster. Models are 
proposed for calculating the condensation and evaporation coefficients and the efficiency of 
inelastic impacts. 

i. General Kinetic Equation of Clustering Theory. A. We consider isothermal homogene- 
ous clustering with allowance for numerous nonmolecular processes, 

(~) + (k) = (~ + k - -  k') + (k'), 

(k) ~ (k~, k2, ..:), (k')  - -  (k~, k' 2, "'')~ 
k - - k  l + k , +  .... k ' - - k , + k ~ + . . . , k ~ , k t ~ > O .  

( 1 . 1 )  

The symbol (v) denotes a cluster consisting of ~ molecules. At times much longer than the 
time of multiparticle interaction in (I.i) and shorter than size, the relaxation time of 
clusters the following system of nonlinear equations can be written for the distributlon 
function n[~, t) - n(~): 

: Otn (~) = I (v)" = ~ [n (k') n (v + k -- k') ~ (~ + k -- k', k'l k) -- 
k,k' 

- -  n(k) n(~) o~(~, k lk')] q (~,kl  k'), t 1 . 2 )  
~(k) = n ( k 3 n G )  .... n(k') - -  n ( k h ~ G )  ..... n(0)--= ~, 

q ( ~ , k / k ' )  ---- i + ~>x ( ~ k i - -  8~h~) ' 

Hare  ~(v, klk '  ) 
t o  be s y m m e t r i c a l  w i t h  r e s p e c t  t o  p e r m u t a t i o n s  i n s i d e  g roup  v,  k and k'  (~(v, klk ')  = ~(9~[v, 
k]i~'[k']), ~ ,  9 ~; are arbitrary permutations). The summation in (1.2) with allowance for the 
symmetry property of m is carried out over nondecreasing components of vectors k and k', 
condition v ~-k- k'1~ k, is put on all these considerations. Function q takes into account 

the fact that i~ k has s components with k i = ~, and k' has s' components with k~' = ~ then 
the coefficient [i + s - s') must be placed in front of the corresponding term .in the sum 
t ~, . 2 ) .  

is the rate constant of the direct reaction (i.i), which we naturally consider 
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System (1.2) is the most general mathematical form of the quasichemical model of 
clustering kinetics, including those used earlier [5, 7, 8]: 

I) the Smoluchowski model (v) +~)i+(v + k), for which 

t 
I~ (v) = ~ 2 n (k) ~(~ - k)~(~  - k, k) - -  ~ ~(k) ~(~) ~(~,  k), ~ ( ~ ,  k) = 

h>~l 

= co (,~, ~ I o) (t  + ~1;  

2) the Melzak model (v) ~- (k)-+ (v ~- k), (v) -+ (1) -~ (Iv-l),  for which 

(lw)-----,(1) + ( I)  + . + ( i) ,  Is(w ) : Zx(w) + I~ (v), 

z* (,~) = 8~, ,E n (k)P(k)k- -  n(~)P(~), P(~) = o(~,OI l~); 
k>~l 

3) the Szilard-Farkas model (v) ~u (k) ~ (v @- k), for which 

4 (~) = Zl(~) + z~ (~), z: (~) - ~ ~ (~ + k, k) n (~ + k ) - -  

v-* ( 1 . 3 )  

2 
k= l  

4) t he  Z e l ' d o v i c h  monomolecu la r  model  i s  o b t a i n e d  f rom ( 1 . 3 )  f o r  k = I ;  

5) the generalized Szilard-Farkas model (v q- k) ~- (v ~- k -- k') +(k ' ) ,  for which 

&(~) = ~ [~(k ' )n(~ + k - - k ' ) ~ ( ~  + k - - k ' , k ' l k ) - -  
h,h'>O 

(v+k/>Sk') 

- n (k) n (~) ~ (~, k I k')] (l + ~ k )  

Models  1 and 2 were  u s e d  in  t h e o r y  o f  c o a g u l a t i o n  [7 ,  8] and mode l s  3 and 4 were  u s e d  in  t h e  
t h e o r y  o f  c o n d e n s a t i o n  [4 ,  5 ] ,  w h i l e  model  5 h a s  n o t  p r e v i o u s l y  been  u s e d .  

B. The n o n l i n e a r  s y s t e m  ( 1 . 2 )  i s  c o m p l i c a t e d  f o r  m a t h e m a t i c a l  a n a l y s i s  b e c a u s e  o f  i t s  
h i g h  d i m e n s i o n .  The method  o f  t r a n s i t i o n  f rom ( 1 . 2 )  t o  a q u a s i l i n e a r  p a r a b o l i c  ( F o k k e r -  
P l a n c k )  e q u a t i o n ,  t h e r e f o r e ,  i s  e f f e c t i v e  f o r  l a r g e  c l u s t e r s  (v  >> k ,  k ' ,  q = 1, w i t h  t h e  
c o n d i t i o n  v + k - k '  > k ' z  s a t i s f i e d  a u t o m a t i c a l l y ) .  P r e v i o u s l y  such  a t r a n s i t i o n  was e f -  
f e c t e d  on t h e  b a s i s  o f  t h e  Z e l ' d o v i c h  m o n o m o l e c u l a r  model  [ 9 ] .  L e t  us  g i v e  t h e  s i m p l e s t  
d e r i v a t i o n  o f  t h e  d i f f u s i o n  a p p r o x i m a t i o n ,  u s i n g  ( 1 . 2 ) .  I n t r o d u c i n g  t h e  n o t a t i o n  e(v,  ktk')----- 

, / 

0)v(ktk), we r e c a s t  I ( ~ )  i n  ( 1 . 2 )  a t  , >> k,  k '  in  t h e  fo rm 

I (v) = ~] n (k) [r (k ] k ')  n (v + k'  - -  k) - -  c% (k I k') n (v)]. 
k , k  ~ ( 1 . 4 )  

When the first term in (1.4) behind the summation sign is expanded in a Taylor series in 
(k' - k), we obtain 

f (w) = ~ '  a(vz) ' ~  n (k) n (~,) o3v (k [k')  (k' - -  k) t. 
T !  z--, 

I>/i " k,k 

( 1 . 5 )  

For large clusters usually 

la~m~(klk')l = e~(v)m~(krk'), la~u@)l = e~(v)n@), ( 1 . 6 )  

where em,n(~) are small quantities at v >> I (this has been demonstrated for the Zel'dovich 
model, e.g., in [9]). When in (1.5) we confine the discussion to quadratic terms in 

]k'--k]8~,n(~), we find 



0:6 , )  = - -oJ(~) . . r (~ )  = A(,,)n(,,) - -  B(,,)O:(,,); ( i .  7) 

k,k' 

k,k ~ 
(1.8) 

It is important that the diffusion and drift coefficients, B(v) and A(~), take into account 
the integrated contribution of multiParticle processes and Eq. (1.7) is quasilinear. For 
monomolecular model 4 from (1.8) we get the well-known result [9] 

A(,,) + I + w,-), = W~-z , -  W ~ ,  B (~) = -~ (W:, + 

w$--~(~)~(~lO), w~---~(o.I ~), w~,• _,,,w~+~w~._ 

For kinetics with the reverse reactions (i.i) (models 3-5 of this type, 1,2 of the 
other) we introduce the microscopic detailed balancing principle in each of the transition 
channels (~) ~ (v') ---- (.~ -~ k--k') , 

n' (k) n; (v) r (k [ k 9 = n" (k') n" (v + k - -  k') o)v+~-w (k' I k) ( I .  9) 

[ne(~) is the equilibrium distribution function]. For smooth distributions [condition (1.6)] 
we expand (1.9) in a series in (k_' - k) about the point ,# and we also carry out the moment 
linearization (1.7), setting n(k) ,,~ nqk). Introducing the normalized quantity [(v) ~ n(v)/ne(v), 

t r ) = ne(k)ne(v)ov(k]k') , after straightforward manipulations instead of (i. 7) and (1.8) 
we have 

o:(~)= a, [~(~,)o~(,,)], ~(,,) = (k -- k') s ~v (k I k'), ( 1'. 10) 
k,k' 
(h>k') 

i.e., the drift coefficient can be eliminated when the detailed balancing principle is in- 
volved. Equation (1.10) was also derived by the methods of nonequilibrium thermodynamics 
[10]. In contrast to [10], the treatment here allows the kinetic coefficients, which make 
allowance for the multiple processes, to be expressed in terms of the elementary probabili,- 
ties discussed below. 

C. Let us consider the generalization of model 3 to the case including more detailed 

processes (v, Ev)~-(k, Eh)~-(v + k, Ev+h) [E9 is the internal energy of a cluster (v)] that un- 

derlie nonisothermal clustering. The system of kinetic equations for the distribution func- 
tions nv(E~) will be written as 

Otn~(Ev) = 4(EO -- I:(E~), (I. 11) 

where I~(E~) is the collision integral for processes of combination and decay obtained from 

(1.3) by the substitution ~(~--k,~)--~'tOv--~,Ev_h;h,Eh,~(V,k)_+ v--h'Ev--h;h.Eh and the introduction 
. (0V,EV 

of summation over Ev_k, Ek, and I~H(E~) is the integral of the inelastic collisions of mole- 
cules with a cluster. We assume that XE << Tv (XE and T V are the energy and size relaxation 
times) and write ng(E ~) as 

nv (Ev) = n (v) x~ (Ev), Z xv (Ev)---- i. ( i. 12) 
Ev 

Substituting (1.12) into (1.11) and summing over E~, we arrive at (1.3) with nonequilibrium 
rate constants 

�9 E - v-~,E' v_h;h,E h 
~ ( v , k ) =  ~1 Xv( v ) ~v , E~  , e t c ,  

Ev-m ~. Ev ( i. 13 ) 

3 



From (i.ii) we easily obtain a system of equations for the internal-energy density of clus- 

ters of size ~ ( U , =  ~E~r~(E,)) .~  

OiUv = q,, - -  q'~, qv = ~ EvI,~ (Ev), qv ~ = ~] F-~I~,(Ev) 
7~v ~v 

H 
(qv and q~ are the energy fluxes per cluster of size v from the processes of combination-de- 
composition and inelastic impacts). For the monomolecular model we have a system similar to 
that given in [ii]: 

O,n, = W+_an,,_~ - W - n , -  W+n, + W:+~n,+~, 

O,U, = y+,_,r~_~- S;n,, Y5"4 + ~:+~n,+~ + fin,. 
(1.~4) 

Microscopic models for the calculation of the kinetic coefficients W~,]~• are discussed 
in Sec. 3. 

2. Equilibrium Distributions. Within the framework of the Szilard-Farkas nonisother- 

mal model (~--k, Ev_~)+(k , E~)~-(% Ev) we consider the problem of finding n$(E~). Accord- 

ing to statistical thermodynamics clusters satisfy the relations [12] 

,~ (Ev) = (v) x$ (Ev), x$ (Ev) Qj'g~ (E~) exp --  ; 

I~,,,. + l . ~ -~  = ~ , ,  n ~('v) = ~-~0. , , ,  exp . , A ~  = i.--. %. r_  I , 

(2.1) 

( 2 . 2 )  

"l'~ / 1 7 \  
where Q v = ~ g ~ , ( E v ) e x p [ - - ~ ' l ;  and gw, rn~,~v are the internal statistical sum, mass ,  and 

E v ~ kBT/ 
chemica l  p o t e n t i a l  o f  a c l u s t e r  ( v ) .  D i s t r i b u t i o n  ( 2 . 1 ) ,  ( 2 . 2 )  s a t i s f i e s  t h e  m i c r o s c o p i c  
d e t a i l e d  b a l a n c i n g  p r i n c i p l e  

e E e v,Ev e - - -  h,E/~;V-/~,EV--/~ nh ( k )  n~_~ (E,,_~) r = n (L'~) c%,~ (2.3) 

while the probabilites m averaged over the energy with functions x~e(Ev) 
scopic detailed balancing principle (law of mass action) 

satisfy t h e  macro- 

~(v--k,k) he(v) /AhAv-k~ ~ Ov--K~(k).  (2.4) 
O~ ('V, 7~) = n e ('V - -  ]~) n e (k)  = \ h , v  ] Q l l Q , v - k  == 

For the monomolecular model it follows from (2.2)-(2.4) that 

(2.5) 

We note that for large clusters described thermodynamically Eq. (2.3) is not satisfied but 
(2.4) remains valid. This means that a microscopic kinetic equation for mv(E v, t) reflect- 

ing evolution nv(E~, 0)-+ n~(E~), does not exist for them but there is a system of coupled 

equations of the preceding point for successive evolution nv(E~,O)-+~(E~,t)-~n(.v,t)x$(Ev, t)~_~ 
q (Ev)[x, (Ev, t) is a quasistationary energy distribution]. The simplest is the Boltzmann 

distribution x$ = Q$1(T~)g~(E~) X exp(--E~/(k~T~)) (T v is the internal temperature of a cluster 

of size v). This assumption is used,:e.g., in [I0, Ii]. In the thermodynamic limit 



Qv~--exp(--~-v/(ksT))(~-v is the free energy of a cluster of size v). The results of most stud- 

ies on the approximation of Sr for a monomolecular model, following [13], can be written as 
[S v is the surface area of a cluster (v)] 

~'v =,~v + aS~ + US, U~ = U~v - -  r - -  e~S4, ( 2 . 6 )  

where" and E ~ physically denote the volume density of the free energy and the binding 
energy (per molecule), ~ and e~ are the surface density of the free energy and the bind- 
ing energy, and U~ is the internal energy of a molecule. 

Using (2.5) and (2.6), we obtain 

n~v) = A78v a/= exp ( a v -  by=Is), 
( 2 . 7 )  

e e 4 g ~  2 e 
a = I n  ( i  + g) ,  g----  nx/nm = i ,  b -~  ~ nls s; 

A, = A, = e - -  

Here  n e and n~s a r e  t h e  e q u i l i b r i u m  d e n s i t i e s  o f  s a t u r a t e d  v a p o r  and a d s o r b e d  m o l e c u l e s  
1H 

(n~s  i s  found  f rom t h e  Langmui r  i s o t h e r m ) ,  5 i s  t h e  s u p e r s a t u r a t i o n ,  5 v and h s a r e  t h e  h e a t  
o f  e v a p o r a t i o n  o f  a m o l e c u l e  f rom t h e  b u l k  o f  t h e  c l u s t e r  and t h e  a c t i v a t i o n  e n e r g y  o f  an 
a d s o r b e d  m o l e c u l e ,  and ps i s  t h e  d e n s i t y  o f  t h e  l i q u i d .  I t  i s  i m p o r t a n t  t o  e m p h a s i z e  t h a t  
t h e  f o r m u l a  f o r  n~H c o i n c i d e s  w i t h  t h e  C l a p e y r o n - C l a u s i u s  law t o  w i t h i n  t h e  p r e x p o n e n t i a l  
f a c t o r  [12] and i n s t e a d  o f  t h e  t h e r m o d y n a m i c  p a r a m e t e r s  ~ and o (o  i s  t h e  s u r f a c e  t e n s i o n )  
Eqs .  ( 2 . 7 )  and ( 2 . 8 )  c o n t a i n  t r a n s p a r e n t  p a r a m e t e r s  o f  t h e  c l u s t e r  m i c r o m o d e l ,  which  a d m i t s  
e x p e r i m e n t a l  v e r i f i c a t i o n  ( s e e  [14] in  r e l a t i o n  t o  t h e  p r o p e r t i e s  o f  r e a l  c l u s t e r s ) .  Cond i -  
t i o n  b > 0 i n d i c a t e s  t h a t  a d s o r b e d  m o l e c u l e s  a r e  h e l d  on t h e  s u r f a c e  by t h e  b a r r i e r - t y p e  
p o t e n t i a l  ( s e e  F i g .  1 ) .  As shown i n  [ 1 3 ] ,  d i s t r i b u t i o n  ( 2 . 7 )  i s  f r e e  o f  d i v e r g e n c e  a s  v + 
in  t h e  t h e r m o d y n a m i c  l i m i t  and c o r r e c t l y  r e f l e c t s  t h e  p a t t e r n  o f  p h a s e  s t r a t i f i c a t i o n .  Cor -  
r e c t i o n s  ( 2 . 7 ) ,  r e s u l t i n g  f rom more a c c u r a t e  me thods  o f  c a l c u l a t i n g  S~" v ( L o t h e - P o u n d ,  R i c e ,  
K i k u c h i  m e t h o d s ) ,  a r e  d i s c u s s e d  in  [ 1 3 ] .  

3. T h e o r e t i c a l  Methods  o f  C a l c u l a t i n g  K i n e t i c  C o n s t a n t s .  The p r o b l e m  o f  t h e o r e t i c a l  
a p p r o a c h e s  t o  c a l c u l a t i o n s  o f  c o n d e n s a t i o n - e v a p o r a t i o n  c o e f f i c i e n t s  and t h e  p r o b a b i l i t i e s  
o f  i n e l a s t i c  t r a n s i t i o n  in  c l u s t e r i n g  k i n e t i c s  h a s  been  d e v e l o p e d  t h e  l e a s t  and t h e  e x p e r i -  
m e n t a l  d a t a  p e r t a i n i n g  t o  i t  o f t e n  d i f f e r  by o r d e r s  o f  m a g n i t u d e .  A c c o r d i n g l y ,  we s h a l l  d i s :  
c u s s  t h i s  i n  g r e a t e r  d e t a i l .  We s t a r t  f rom t h e  g e n e r a l  e x p r e s s i o n  ( 1 . 1 3 )  f o r  t h e  n o n e q u i l i b -  
r i um c o n s t a n t  d e c a y - r a t e  c o n s t a n t  and c o n s i d e r  some a p p r o x i m a t e  v a r i a n t s  o f  i t .  

1. A c c o r d i n g  t o  t h e  t h e o r y  o f  a b s o l u t e  r e a c t i o n  r a t e s  [15],x~(Ev),,-,x$(Ev) , d e c a y  

i s  assumed t o  o c c u r  by t h e  mechan ism o f  an a c t i v a t e d  complex  ( r  + (k). The 

symbol (v)* is taken to mean a sphere of radius rv(k) (see Fig. i) and E~*(k),Ev~(k), E,a(k) 
denote the energy of the activated complex, the binding energy of fragments (v - k) and (k), 
and the activation barrier of coagulation of fragments (~ - k) and (k), respectively, via 
one-dimensional reaction channel [at Ev = Eu*(k)] - the relative motion of fragments (~ - k) 
and (k) in a barrier-type spherical field V~_ k (r) (which is consistent with the comment in 
Sec. 2) with energy e (e~O, Ev~Ev*(k ) = ](Ev_~ , Eh)). On the basis of these assumptions, we 
write ~ as 

, t t ,  x > ~ 0 ,  
" - - k , ~ - h ; ~ , ~ h  = H (~,~ - -  F ~  ( k ) ) - ~  (~) P~  (~),  H (x) = (0 ,  x < 0,  ~ ' ~  .... i . . . . . . .  . (3.1) 

where ~(e) is the frequency of one-dimensional oscillations of fragments (v - k) and (k) in 
the potential well and Pv(e) is the penetration probability. We use (2.1) for xJ(Ev) and 
the representation (3.1) in (1.13), thus isolating the statistical sums of a stable cluster 
(~)Q~ and the activated complex (v)* Qv*i at E~>/E~*(k). Shifting the origin'for the ener- 

gies to Qv and Q~* Qv---Q~exp --~g], Q*=Q~exp -k-~] 7, and also isolating from Qv* the 

one-dimensional oscillating sum of the activated complex Q~ (Q$ ---Q,Qv ), from (1.13) we 
have the rough approximation 



~'k,k P'J 

ti ey(k) 

-E~C(h') t -- ---- 

Fig. 1 

( =D,(QxQv/Q~)exp - ~ ,), 

( )  . .  
en)0  ~ ' 

( 3 . 2 )  

Equation (3.2) is a typical express:ion for a decay rate constant, where D v is the averaged 
barrier penetration factor. Let us now consider three cases: a) in the harmonic approxima- 

* ( 
t i o n  Q1 = ,  --exp~--~)j , and a t  hQ,<kBr Eq. (3 .2 )  c o i n c i d e s  wi th  the  e x p r e s s i o n  f o r  

the evaporation coefficient given in [16]; b) at hev>>k~r we set Pv(e)=H(e--E~a(k)),~$*'Qv, 

whereupon (3.2) goes over into the familiar Wigner-Polanyi formula [18] 

AE$ (k) 
�9 k ~  7; AE$(k) = E$(k)-- E$ (k); 

c) assuming the motion in the well to be quasiclassical -~ de , from (3.2) at 
\ s n > o  o ] 

Qv --Q~ and h~,<<kBT we find 

a(%k)~_--z-Dv(r)exp -#-~T 1' D , ( T ) =  deP,(e)exp , ~  . 
0 

A similar expression (but without an exponent) can be easily obtained from intuitive consider- 
ations for ~(v - k, k) while a(~, k) and 8(9 - k, k) are related by the detailed balancing 
equation. 

2. For the simple model of nonisothermal condensation (T v ~ T) proposed in Sec. 1 we 

must take the nonequilibrium effects (zv(Ev)--/=zve(E~)), and also calculate the rate constants of 
the condensation, evaporation, and elastic impacts of molecules on the surface of a cluster 

(~). Let us investigate this, using the pattern of the dynamics of the gas-surface interac- 

tion. Suppose that P~(e, 8'ITs), P~-(8',eIT~)(e>0, e'<0) is the probability density of absorp- 

tion-desorption processes and Pvn(e, e']Tv) is the probability density of inelastic impacts 

(e, g' > 0) on the surface of a cluster (v) with temperature Tv. Assuming that xv(Ev) =zvq(Ev), 



we arrived at an expression for all the kinetic coefficients of the nonisothermal model 

(1 .14)  

W + (T,  T.~) = kBTnlSvV--~ <P+>, 

W , - ( T (  T~) = kBT,jS ~ <P,->; (3 .3 )  

1+ (Y, Tv) = (kBT)' Sv ~- (( ~ -  8 ) P , ) ,  (3 .4 )  
2 t - . 1,- = (ksrO s.,<(8-8 )P ,  >, 

(,,,;, V) p:> (3.s) ]$ ( r ,  T,)  = (kBr)  ~ k ~ --$ + ng.~ 

(the subscript g pertains to the characteristics of the passive gas). In Eqs. (3.3)-(3.5) 

( 8kBT~I/2 = e/kBT, -~ = e/kBTv, v~,g= ~ ]  , t he  symbol < > denotes  averag ing  c a r r i e d  out  as fo l lows :  

E~ --E v 

~C -- a 

--E v E v 

when thermodynamic equilibrium exists between the gas and the clusters iv ~ = 0. 
the expressions for j~ and j~ the average value, which is equal to kB(T - Tg), 
in front of the averaging sign for (E - c'), we obtain the approximation 

If in 
is carried out 

~+ ~__. kB(T--Tv)W,§ ~ -  ~__ k ~ T - - T v ) W v - .  (3 .6)  

S u b s t i t u t i n g  (3 .6 )  i n to  (1 .14)  and expanding the  terms in t he  neighborhood of  t he  po in t  v, 

and a l so  assuming fo r  s i m p l i c i t y  t h a t  U ~ =  cvn~T ~ (where cv i s  t he  h e a t  c a p a c i t y ) ,  we f i n d  
a s imple r e l a x a t i o n  equa t ion  fo r  Tv: 

cvO ~ (n,T~) = --O~,[• )] + nj•(T, TO, 
•  = kBnJWj--Wr 

In calculating W$ and W~ we can use analytical formulas for the probabilities of inelastic 
impacts, given in studies on the interaction of gases from surfaces. 

In summary, the proposed microscopic models are used for describing the kinetics 
of clusters of any size. They provide a POSsibility for calculating the condensation, evap- 
oration, and inelastic-impact coefficients by the methods of the theory of chemical reactions 
in the interaction of a gas with surfaces. A more detailed study can be made by the interac- 
tion of a molecule with a cluster, the reciprocal influence of clustering and rotational and 
oscillatory kinetics, as well as other effects. 
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