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The ldnetic equation for weakly turbulent waviness is obtained and investigated in [1, 2]. Distort ion of 
such waviness by a s ta t ionary spatially homogeneous flow is examined in [3]. The perturbat ion of a l inear  sys -  
tem of sur face  waves by a random velocity field with given charac te r i s t i c s  is studied in [4]. The influence of 
a weak nonstat ionary flow on sur face  waviness is examined in this paper.  An analog of the collision integral 
[1, 2] as well a.~ components descr ibing the l inear and nonlinear sys tem responses ,  nonlocal in t ime,  to the 
per turbat ion are  present  in the kinetic equation obtained. 

The potential motion of a fluid allows of a Hamiltonian descr ipt ion whose Hamiltonian function in the p r e s -  
ence of a flow with the velocity v{x, z, t) has the form [4] 

. ~ ( x )  

,,= +j'dx J' 
~ a c  

(i) 

Here r z, t) iis the hydrodynamic potential, and z = ~(x, t) is the equation of the surface.  The canonic var i -  
ables for  the H~,miltonian (1) are  ~(x, t), ~(x, t) = r z, t) l z =V. In the case of weakly nonlinear, nondecaying 
wave p roces se s  it is convenient to go over  to the normal  variables  bk(t), bl~(t) [1, 2]. Under the weak action of 
the velocity field v on an unperturbed sys tem,  the f i rs t  t e rms  of the expansion (1) in powers of b~, b k and v 
yield an effective Hamiltonian in the form of the sum of the Hamiltonians H 2 + H 4 investigated in [1, 2] and the 
addition H v that is l inear in v: 

H = H 2 + H, + Hv, H2 = ~ COkbkbkdk, 

H a = -~ Tkklk~k3bkbklbk2bk.6 (k -~- k 1 - -  k 2 - -  k3 )  dk dk 1 dI~2 d k 3 ,  ( 2 )  

Hv = ~ llkxk b:ibksdkldk2 + ] dk,[(Pklbk , + ~ Qk,k,,bkxbk2dk.2 ) + c.c.]. 

Here H v descr ibes  surface  wave scat ter ing by the velocity field v: 

Bk?~ = ~- \%) v 

o 

,,,, = j" ,[ I k,, 0,, z, t) + (,,, t)l. 
- - c o  

Analogous formulas  can be obtained for  the functions P and Q while the formula  for  T is in [5]. 
of motion for  the dynamic variable f(b*, b) has the fo rm 

( ~H at 
dt d-'L= {H'  / }  = i dk  ~ 6bk* 

The equation 

6H 8l ) 
8b~, ~ " (3) 

For  a s tat is t ical  descr ipt ion of waviness we should go f rom (3) over  to equations for  the mean values which are  
obtained by taking the average of equalities of the type (3) for the sequences of all the more  complicating com-  
binations of variables.  The c losure  of these equations by using decoupling of the means resu l t s  in a kinetic 
equation of which the most  interest ing is the equation for the quantities <b~.bw> = Mkk, associated with the am-  
plitude spec t rum of the sur face  waviness,  its nondiagonality in the momentum is due to the presence  of a spa-  
t ially inhomogeneous velocity field v. By taking the average for f = bl~bk, we obtain 
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w h e r e  

H 4, r e s p e c t i v e l y :  

Bk,k'Mklk ) 

TzS = i .! dk,dk~dk3 [Tkk,k2k~Sk'k~k,k35 (k + k, : - -  k 2 - -  ka) - -  Tk,k,k~k3Sk2k3kk,fi (k' + k ,  - k2 - -  k3)], 

w h e r e  the con t r ibu t ions  of  the  t e r m s  with the funct ions  P and Q p ropo r t i ona l  to v 2 a r e  omi t ted .  The  quanti ty 
T~S = ({It4, b~bk,}) is  not known in Eq. (4), so it is  next  n e c e s s a r y  to wr i t e  an equat ion ana logous  to (4): 

el T2 S = <{H, {H4, b~bk,] }> = (~, + B4) T2S + r ,  r2Y, dt 
/ * * *  \ 

Y . . . .  . b ~ , b ~ , b ~ b , b , b , _ .  
klk2k3klk2k 3 \ 1 2 3 k: t k 2 k 3 /  

The so lu t ion  of (5) by i t e r a t i o n  y ie lds ,  to  the  a c c u r a c y  of t e r m s  l i n e a r  in v, 

/ d _  -x , -* 

C o n s i d e r i n g  the c o r r e l a t o r  Y a s lowly va ry ing  funct ion of  the  t ime ,  we wr i t e  this  l as t  f o r m u l a  in the f o r m  

d , 
~TMkk, ~--- ({H, bkbk,}> ~_ (~2 + B2)M + T3S, (4) 

S " �9 ~ (b~ b~ bk'bk'X~/, and the o p e r a t o r s  ~2, R2, and T 2 a r e  g e n e r a t e d  by the Hami l ton i ans  I{2, t-Iv, and 
klk2ktk 2 \ 1 2 1 2 / 

(5) 

(6) 

We subs t i tu te  (6) into (4) and fol lowing [1] decouple  Y into a s u m  of t r i l i n e a r  t e r m s  in M. We consequen t ly  ob-  
ta in  the kinet ic  equat ion  

dM (a,+R_,lnl+(_ia;~)T,T~.+ --a, R~(--a;~)r~r~r,~ 
d t  ,, 

�9 ]'klk2k3k4ksk6 = (.]~Iklks2tlk2k4 -~ Mklka- / ]~kik3)  M k s k  s,, 

(7) 

in whose  r igh t  s ide  the second  componen t  equals  

(__ ~,)-1 T., T2Y (M) = ~ dkidk2dk3dkldk2dk; X 

{ , 
X co' -~- e I - -  02 - -  (% - -  i0 Tkk*k~k36 (k + k, - -  k 2 " - -  k3) X 

t l ! t 

k3") J" , , , ' k '  - - k 3 ) , ] "  ' ' ' T , , , 8 ( k ,  + kx--k2 . ksk3k3k2kl k - -  

X(T , ,  , ~ { ' k ' + k z - -  ~ 
k*klk2k3 - - k3k2k3k2klk t ~- klklk,2k 3 

t 
- r k / l k , . 4 8  + k i  - -  k. .  - -  k ; )  . . . .  

I i t . 

- - T  , ,  , 6 (k3- - i -k l - -k2- -k3  ) ]  , , ,  " ~ + c . c . - ,  
k3klk2k3 ktklk2k3klk2] J 

(8) 

w h e r e  c .c .  deno tes  the complex  conjuga te  and r e p l a c e m e n t  of  the s u b s c r i p t s  by k ~- k ' .  When t h e r e  is no f ield 
v a s t a t i o n a r y  d i s t r ibu t ion  holds with t i m e - i n d e p e n d e n t  m e a n  value Mkk, ~ Nk6 (k - k ' ) .  In th is  c a s e  g roup ing  
of  the componen t s  in p r o d u c t s  of the  funct ion T with ident ica l  s u b s c r i p t s  r e s u l t s  in 6 - func t ion  in the f r e q u e n c i e s  
a s s u r i n g  the t r a n s f o r m a t i o n  of  (8) into the co l l i s ion  in teg ra l  [1, 2]. The s t r u c t u r e  of  the l a s t  componen t  in the 
r i gh t  s ide  of  (7) is s i m i l a r  to the s t r u c t u r e  of  the p r e c e d i n g  one but i ts  expl ic i t  f o r m  is  not  wr i t t en  down b e -  
cause  of  i ts  awkwardnes s .  The f i r s t  d i f f e rence  be tween th i s  componen t  and (8) is  the a p p e a r a n c e  of  an in te -  
g r a l  o p e r a t o r  with ke rne l  Rkk,,  ac t ing a l t e rna t e ly  on each  of the funct ions  T and Y with s y m m e t r i z a t i o n  of t he se  
funct ions  with r e s p e c t  to the a r g u m e n t s  t aken  into account .  The second  d i f fe rence  is  the a p p e a r a n c e  of an in -  
t e g r a l  of R with r e s p e c t  to the  t ime ,  eva lua ted  be tween the l imi t s  -oo < r '  _ t .  

A qual i ta t ive  e s t i m a t e  can  be p r e s e n t e d  of the inf luence  of the s u r f a c e  wav ines s  p e r t u r b a t i o n s  by the ve-  
loc i ty  field v in the  case  of  a f ini te  t i m e  t o of  this  act ion.  The componen t  R2M in the  r i gh t  s ide  of (7) equals  
z e r o  fo r  t > t o while the  componen t  (8) t akes  the f o r m  of the  co l l i s ion  in teg ra l  [1, 2] f o r  t >> t 0, whe re  th is  l a t -  
t e r  conta ins  t e r m s  of  the f o r m  
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j" j (t-- (9) 
~ c o  

where  ~ is the sum of b i l inear  combinat ions  of ma t r i x  e lements  and the quadruple in tegra l  in the wave field 
m o m e n t a  es t imated  fo r  t / r  o - ~  ~o yields  the asympto t ic  ( r  0 / t )  8 for  (9). The cha rac t e r i s t i c  constant  r 0 is the 
g r e a t e s t  value of the lntegrand in (9) at the boundary points kl, 2 of the iner t ia l  in te rva l  of the wave number s  
k~ <_ k <_ k 2. In the genera l  case ,  the las t  component  in the r ight  side of (7) d e s c r i b e s  in te rac t ion  of four  su r face  
waves  with the F o u r i e r  component  of the field v, mos t  effect ive for  mutual  resonance .  This  component,  addi-  
t ional  to the col l is ion in tegra l  [1, 2], models  the nonl inear  m e c h a n i s m  of the nonlocal r e sponse ,  in t ime ,  of the 
s y s t e m  of su r f ace  waves to the nons ta t ionary  inhomogeneous per turba t ion .  Let  us note that  if the sca le  of the 
homogenei ty  of the flow cons iderably  exceeds  the wavelength then i ts  influence can be taken into account by 
pa s sage  to a moving coordinate  s y s t e m  [6]. In such an approximat ion the co r rec t ion  to the 5 co r re l a t iv i ty  Mkk,, 
which can be subs tant ia l  fo r  k _~ k ' ,  is not taken into account success fu l ly .  
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D E F O R M A T I O N  AND B R E A K U P  O F  A L I Q U I D  F I L M  

U N D E R  T H E  A C T I O N  O F  T H E R M O C A P I L L A R Y  C O N V E C T I O N  

A.  L .  Z u e v  a n d  A.  F .  P s h e n i c h n i k o v  UDC 532.529.4; 536.25 

T h e r m o c a p i l l a r y  convect ion which develops  in thin non i so thermal  liquid l aye r s  p roduces  s ignif icant  de-  
fo rma t ion  of the f r ee  su r f ace  [1-5]. This  p rob lem was cons idered  in [1] within the f r a m e w o r k  of a model which 
neglected cap i l l a ry  p r e s s u r e .  A solution was obtained in [2] for  the specia l  case  of harmonic  t e m p e r a t u r e  d i s -  
tr ibution;  the p r o b l e m  was solved in an approximat ion  l inear  in t e m p e r a t u r e  per turba t ion .  A m o r e  genera l  
fo rmula t ion  was cons idered  in [3], where  the equation of the f r ee  su r face  was found in an approximat ion analog-  
ous to the boundary l a y e r  approximat ion .  The p re sen t  study will offer  new exper imenta l  r e su l t s  and define con-  
ditions under which t h e r m o c a p i l l a r y  convect ion in a liquid leads to breakup of the f i lm into individual drops .  

1. If the plane upon which a thin f i lm of liquid is deposited is or iented pe rpend icu la r  to the acce le ra t ion  
of g rav i ty  then in d imens ion less  va r i ab l e s  the equation of the f r ee  su r face  will have the f o r m  [3] 

~ + ~'~ - 2 ~ "  + ~ ( x )  = c ,  (1.1)  

where  ~ (x) is the local  th ickness  of the liquid layer ;  4(x),  the t e m p e r a t u r e  of the f r ee  sur face ;  C, a constant  
t 

defined f r o m  additional conditions; e = 3AToT/O0; a0, the mean  su r face  tension coefficient: ~T = I d o / d T I ;  A T ,  

the c h a r a c t e r i s t i c  t e m p e r a t u r e  difference,  fo r  example ,  between the hot te r  and co lder  p a r t s  of the l ayer ,  pe r  
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