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Annual    Report 
ONR    Grant    NOO14-95-1-0227 

SEA-AIR EXCHANGE OF ENERGY AND MOMENTS UNDER 
WELL-DEVELOPED SEA CONDITIONS: THEORY AND EXPERIMENT 

V.E. ZAKHAROV,  P.I. AND E. KUZNETSOV, CO-PI 

Ocotober 1, 1994-September 30, 1995 

Our work in 1995 is going very succesfully. We received following essential 
results: 

l.We achieved a serious progress in numerical simulation of surface waves 
on free surface of 3D deep fluid in presence of gravity and surface tension. 
At the moment,using a kind of spectral code,we can perform simulation of 
256 x 256 spectral modes. In this problem we use expansion of the Hamil- 
tonian up to terms of fourth order in canonical variables. The developed 
technique allows to solve a lot of different physical problems. So far we used 
it for solving a problem of a big theoretical importance. By direct simula- 
tion we comfirmed existence and stability of the weak-turbulent Kolmogorov 
spectrum for capilliary waves. The result is submitted for publication to the 
"Physical Review Letters" (Pushkarev, Zakharov). 

2.We obtained important results in the theory of 2D fluid with a free 
surface. Using conformal mapping to half plane directly in the principle of 
Hamilton, we found a way of decsription of the surface which is very suitable 
for numerical simulation by spectral code. The simulation can be done in 
exact equations without any assumpions on a level of nonlinearity. The 
developed numerical scheme allows to describe strongly nonlinear prosesses 
like wave-breaking. By separating of scales we found an exactly integrable 
model in the the theory of deep fluid with free surface. The model can be 
applied to analytical decsription of the wave breaking and to the theory of 
nonlinaer phase of the Raileigh-Taylor instability. The results were reported 
on the International Symposium on Applied Mathematics in honor of 70 year 
of M.Kruscal(Boulder, Colorado,August 1995) (Dyachenko, Zakharov). 

3.We perfomed a numerical calculation of the Kolmogorov constant in 
the theory of turbulence of ideal fluid in one-loop approximation in Clebsh 
variables. The article is submitted to the "Physica D" (Balk, Pushkarev, 
Zakharov). 



Calculation of Kolmogorov Constant for 
Hydrodynamic Turbulence 
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Abstract 

The second method of calculation of Kolmogorov constant is based 
on the calculation of the analytical expression for matrix element over 
eight angles in A'-space. Once this expression for averaged matrix 
element S(k,ki,k2,k3) is known, the problem of calculation of the 
constant is reduced principally to the numerical calculation of the 
integral containing function S(k,ki,k2,k3) as a kerr over some curvi- 
linear two-dimensional domain. Accesion For 
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1     Calculation of the collision integral on the 
scaling spectrum 

Consider four-wave kinetic equation 

4vr J 1%; jb*2*3 \2^{k + h + k2 + k3)8(u + W1-U2- UJ3) dt 

n^m^S— + — - — - —)dhdk2dh (1) 

We are introducing the spherical system of coordinates in K-space, choos- 
ing one of the axises directed along one of the diagonal of fourangle k, &i, k2, k3 

(see Fig.l) : 

k   =    (k cos 0, k sin 9 cos 6, k sin 8 sin <f>) 

ki    —    (k{ cos 6{, k{ sin 8t cos 4>{. A",- sin 9{ sin <^>,), i = 1,3 

We are assuming further that spectrum r?£ and dispersion u^ are invariant 

with respect to rotations in A'-space. After averaging over four angles 9 and 
four angles <f> kinetic equation ( 1) takes the form: 

dnk 1        r dk dh dk2 dk3 

W = jfc5=ig: J s^k^k^k3)dZMd^2^3
nknk^n^ 

 1 .—    Muj _). Uj1 _ W2 _ uj3)dwidu!2du}3 
\nk      nkl      nk2      nk3 J 

Here the function S(k, ki, k2, k3) is the result of averaging of matrix ele- 
ment over angles 9 and <f> in A'-space 

S{k,h,h,h) =< \Tkklk2k3\
2^^h + k2 + k3) > {khhhf-1 = 

= J \Tkklk2k3 \2S(k + h + k2 + k3) sin 8 sin 61 sin 92 sin e3d8d91d92d93 x 

d(f>d(j)id(/)2d(t>3(kkik2k3) ~ 



Brackets <> mean an averaging over 7?-space angles.The domain of in- 
tegration here is [0,27r] for angles 6 and [—|, |] for angles <f>. 

The frequency and scaling spectrum are defined as 

uk = C{v)ka 

nk = Rk~" = A{v)^x (2) 

where the functions C(v) and A(v) are defined by (...) and (...) cor- 
respondingly. The expressions for them are, however, unimportant for our 
purposes, because, as we will see, they drop out from the final expression for 
the Kolmogorov constant. 

We will mention here only the relations following from our definitions: 

ax = v 

R = C~xA{u) 

On scaling SD_ectrum._(.2.)„the kinetic equation becomes  

W = i^c) *a~V5(Ml'*2'*3)(w^*lW*Wfcs)~x 

(ux + u^ — u>x
2 - ux

3 j 8{UJ + wi - w2 - uJ3)diOidiü2dLü3 

Function £(&, fci,&2, £3) is a homogeneous one with respect to variables 
UJ: 

i i i_ i i_      x      x      x 
S({eu)°,(ecvkl)°,(eujk2)°,(eujkA°) = e7S(w°,u;£,u>£,u;£) 

where the power of homogeneouty is 

2ß + 3d     1 7 = 1 
Q 

Using the property of gomogeneouty of the function S one can "pull-out" 
the coefficient C out of the integration sign: 



dnk      (A\3 u)k  
a    f       i     i     i     ± 

~Qt= {-)   T^EFJ S(uk ^Z^u^u£3)(ukukluk2uk3)  
x 

\U% + l^kl  — Ul2  — U>13 ) 6(u + LL>I — LÜ2 — LÜ3)dlOidu2dujo, 

Here the integration is carried out over infinite domain (see.Fig.2), which 
we will break into four domains 1,11,1II,IV. Making conformal mappings 
of domains 11,111,IV into domain / (see [1]) we get 

dnk      (As 3   -1   Q 

~)   ^MJ^^t^t^b^k^k^^ks)-1 ^      (3) dt       \aj   c 

8(u> + u>\ — to2 — io3)duJiduj2di03 

y     //,>. w 

& + •*.-<-*)(> + &)'-&-(*; 

where 

y = -7 + 3x - 3 

Being rewritten in a form ( 3), kinetic equation explicitly exibits four 
stationary scaling solutions [1]. One of them corresponds to y = 1 and 
defines the final energy flux P from long to short scales. Rewriting integral 
( 3) in dimensionless form on can get the expression for a collision integral 
on scaling spectrum ( 2): 

ank-(A)*^i(y) dt        \aj    c2±¥ 

where 

I(y) = J^S (Uf, &*,&-) (666)-*(i + tf- & - 8) 

(i + ZX - & - HW + 6 - 6 - 6)^i^2^3 

Here £,- = (¥)a are dimensionless frequencies, i = 1,3. 



Domain of integration ft is defined from the condition that four vectors 
kiki,k2,k3 can form a fourangle on manifold 

In other words domain Q is defined from the conditions 

{ h + h + h > k 
LO + U>\ = LL>2 + W3 

uk = C{v)k° 
,   U2 < W, W3 < w 

Rewriting last conditions in dimensionless units, we get: 

0:{ (6 + 6-1)°+6"+6° >i, 6<i, 6<i } 

This domain of integration 0 is shown on Fig.3. 

2    Energy flux and Kolmogorov constant 

The energy flux P from the pumping region of long scales to the damping 
region of short scales at intermediate "transparency" region of frequencies 

Uk is defined by the equation 

% + ^ = 0 (4) 
Ot OLO 

where Nw and tw — uN^ are the density of waves and the density of 
energy in the frequency space, correspondingly. 

The number of waves in frequency space Nu is connected with the number 
of waves in wavenumbers space rig as 

/ Nwdw =  / ngdk 

and, hence, in isotropical case 

, J_1 dk UJa    x 

Nu = 4:Trnkk
a y —■ = 4TT Tnk 

aw a(7ö 



The energy flux, according to ( 4) is 

P = - f uN^du == -47T—^ur*+1 JM- (5) 

For y — 1 (Kolmogorov spectrum) the expression _ ^   contains indeter- 
minancy [j (see Sec.) and can be regularized using L'Hopital rule: 

Spectral density of energy integrated over angles in K-space is (see Ap- 
pendix A): 

h = 47refc - 4TrR2B{v0)k-l 

Comparing with definition of the Kolmogorov constant 

h = CkolmPSk'* 

we have 

_ ATTR
2
B{V0) 

^ kolm — 
Pi 

Plugging in here the expression ( 5) for the energy flux P we have 

,.      si       8   „22/H3d     „ .       . 
(47r)5qgC?-5~2gg t/p 

C/fco/m  =  2  (D) 

For the Kolmogorov spectrum we have y — y0 = 1.  Remembering that 
for scaling spectrum we have 

y = —y + 3x-3 = l 

a = ß — ax + d 
2ß + 3d     A 7 = 4 

a 
v = xa 



we obtain the values of x, a and v corresponding to Kolmogorov solution 

(7) 

(8) 

(9) 

It is easy to see now that power of C for these values of x and a in the 
expression ( 6) equal 0, i.e. C droppes out from the final expression for the 
Kolmogorov constant: 

XQ = 
2 
2 

oo = 
3 
13 

vo = 
3 

^' kolra 
(47r)3af£(^o) 

dl(y) 
dy 

3/0 = 1 

(10) 

where 

m_ 
dy 

3/0 = 1 

= 2jas(i,Z?,ti\ti°) (666)""° (l +£° -£° -£°) 

(6 in 6 - 6 in 6 - 6 in6) 6 (l + 6 - 6 - 6) <*6<*6<*6 

Using the expression ( 13) for 5 (1, £j°, £2
Q°, £3

a° ) from Appendix B we 

finally get 

m 
dy 

3/0 = 1 

13 

25(2 ̂
/^(i,rf,d,d)(666)-)x        (ii) 

^l+62  -ti -C3
2J(61n6-61n6-61n6)x 

£(i + 6-6-6)<*6<^6 
Expressions ( 10), ( 11) and (12) present final formulae for a calculation 

of Kolmogorov constant. 
Taking the integral (11) numerically we get 

Ckolm =4.7 



3    Appendix A 

In the Appendix A we are going to calculate the spectral density of energy 
tk on Kolmogorov solution (2), v = v0 = ^. 

The spectral component of velocity 

Vk = j Äfi**2^(k ~ ki + k2)a*~akr2dk1dk2 

hence 

H=^ 2 < 3ft? >= 2 j K^kV'h11^ ~ k^ + h)dhdk2 

/here 
< o^a*- >= n£<$(fc — A:') 

Here brackets <> mean an averaging over an ensemble. 
It's easy to see that 

6 
h - k2,  h,k2 1     1 

k-i ko 
(2TT \h-h\> 2 (9 (27T) 

g + 6-ft* + fy 

wb ere 

k = la - h 

and 

1     1 
Yhk2      4(2TT)3 

On the scaling solution ( 2) we have 

2(kl + k2) - k2 - ^     ^ 
k2 

1   R2 

tr = 
8(2* / 

tl-2 - PV 
2(k\ + £2

2) - k2 - i^_M_ {hk2)-
u8(k - £ + k2)dkxdk2 



Now we will average e^ over the angles in 7?-space This procedure is 
reduced to the averaging of ^-function over these angles. It is easy to see 
that 

< 6(ki. - k2 + k3) >= -—?—- 
K1K2K3 

where the brackets <> mean an averaging over angles in A'-space and we 
have 

ek = R2B{u)k5'2l/ 

where 

B{v) = -V /  [2(w2 + v2) - 1 - (u2 + v2)2} {uv)1-u dudv 
(27T)

2
 JA 

L J 

Here the integration is taken over half-infinite strip A : {v < u + l,v > 
u — l.v > u + 1} (see Fig.4a). For the numerical integration purposes it's 
convenient to turn the system of coordinates by | Coordinate transformation 

x — y      1 

x + y     1 
V = ^T + 2 

maps the domain A into domain A' :  { — -75  < y < 775,2 > 0} with 

Jakobian 9r   = 1 

This mapping gives for Kolmogorov spectrum (u = 1) 

B{—)=    2l     f x(x + V2)(l-2y2) 
/ r-wz T~vödxdy 

J&" (x - v + -^)~(x + y + -7=)- 3 7       (2TyJA»(x-y + -L)-(x + y + ±y 

Here the integration is carried over one half of domain A', i.e. A" : {0 < 
x < oo,0 < y < ^} (see Fig.4b). 

From numerical integration we get 

B (H) = 0.047 (12) 



4    Appendix B 

In the Appendix B we are calculating an analitical expression for the average 
of the matrix element over eight angles in A'-space. 

The configuration of four vectors A, Ai, k2, A3 is invariant with respect 
to rotations around the vector p — kx — k3 = k4 — k2 (see Fig.l) as a whole. 
This fact allows to reduce the integration over four angles <f> to two angles 6. 

The angles 9 can be expressed through the absolute values of vectors 
k = |A|, hi = \ki\, k2 — \k2\, h = |A-3|, p = \k - k2\ = |A3 - k2\ as 

cos# = 

cos 0i = 

cos 02 = 

COS 03 = 

p + p2 _ k2 

2pk 
k3 -P

2- -k\ 
2ph 

k2 -p2- - k2 

2pk2 

k2 
+ P2 - ■H 
2pk, 

Using these properties we get the expression for function 5(1, (f , £2
a , £3

a 

which we will need for our purposes: 

s(hg,tj,a: 
1 

2
6
(2TT)

3 

where function R is the following 

Ä(£f,^,&)(666)^ —1 
(13) 

R(KI,K2,K3) = 

^^ ((«2-1)
2
-*

2
)(,C

2
-(1 + K2)

2
)((AC3 - Kl)

2 - K
2
){K

2
 - (Kl + K3)

2
) 

■L du 
1—K2 

+ 
K1+K2  ((Ä3 _ l)2_K2)(At2_(1 + Ä3)2)((ä2 _ Kl)2 _ K2)(/c2 _ (^ + ^y, 

JI-K3 
dn 

(Co -C1- ^C2K
2
-C3 + C4ArcTan ( ^^ - 1 | - 2C2K 

K = Kl+K3 

K = l — «2 

10 



where 

Co    =    l + £ + £ + ff 
r   =  g(i-6)2(6 + 6)(6262 + 666 + 62) 

(62 + 66 + 62)(£I + 6 + i) 
C2  =  (i-6)2(62 + 66 + 62)(63 + 6 + i) 
C3  =  3(i-6)2(i-6)2(6 + 6)(^3 + 666 + 62) 
n   _     (i - 6)(i - 6)(62 + 66 + 62)(62 + 6 + mi + 6 +i)(62 + 66 + 62) 

v
/3(6 + 6)(6262 + 666 + 62) 

Here H{ = y and 6 = «" are dimensionless wavenumbers and frequencies, 
correspondingly, i = 1,3. 
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ON THE TURBULENCE OF CAPILLARY WAVES 
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Abstract 

An ensemble of weakly interacting capillary waves on the surface 
of ideal fluid forms a kind of wave turbulence. Similary to the case of 
"classical" turbulence in incompressible three-dimensional fluid, the 
main physical process in this turbulence is the energy transport in 
A'-space from large to small scales. 

According to the weak-turbulent theory, the spatial spectrum of 
elevations Ik =< \r)k\ >2 in this turbulence is the Kolmogorov-type 
spectrum Ik ~ k-1* . So far this result was not confirmed neither 
experimentally nor numerically. 

We developed a numerical scheme for direct simulation of the sur- 
face of ideal fluid based on the expansion of the Hamiltonian of the 
surface up to terms of fourth order and observed the predicted Kol- 
mogorov spectrum. 



Introduction 

An ensemble of weakly interacting waves in a dispersive medium can be 
described statistically even being very far from the state of thermodynamic 
equilibrium. Due to small value of of nonlinearity the infinite system of 
equations for corellation function in this case can be truncated by a consistent 
way and reduced to one kinetic equation for "wave numbers" (or wave action) 

^ + 2Tkn-k = st(n) (1) 

(see, for instanse, [2]). Here 7^ is the wave damping ( or the wave pumping 
if 7£ < 0), st(n) is the "collision term" corresponding to wave equation. 

The collision term describes "cascades"-transport of wave energy in K- 
space to small scales region (direct cascade) and to the large scale region 
(inverse cascade). The last one existy only if the total number of waves 
Ar = / ngdlc is the integral of motion. 

The equation 

st(n;;) = 0 

besides trivial thermodynamic solution has Kolmogorov-type solutions 
describing cascades. In a medium without a characteristic length they are 
powerlike functions 

nk~ 
k~a (2) 

The theory of weak-turbulent Kolmogorov spectra now is far advanced. 
But direct experimental confirmation of these spectra are very poor. One can 
consider more or less well confirmed existence of the Komogorov spectrum 
for the direct cascade of gravitational wave on the surface of incompressible 
deep fluid 

T 9V 
T   ~ n — 

a;4 

(Here 7(u;)-spectral density of surface elevations, u- wave frequency, g 
is gravity acceleration, v-wind velocity, a - dimensionless constant).   This 



spectrum was theoretically derived by Zakharov and Filonenko [4] and ex- 

perimentally observed by Toba [5]. 
Another way to check the weak-turbulent thory is numerical simulation. 

Some valuable results were obtained by numerical solution of kinetic equation 
( 1) [7], [8]. But the kinetic equation ( 1) is itself a subject for careful 
examination. Its derivation assumes that the phases of all interacting waves 
are random and are in the state of chaotic motion. The validity of this 

assumption is no clear apriory. 
The right way to check the weak-turbulent theory and its prediction is 

numerical simulation "from the first principles", i.e. direct solution of the 
nonlinear dynamic equation governing propagation and interaction of the 

waves. 
In real cases these equations are of two or three spatial dimensions, and 

its numerical solution is not a simple problem. It was done so far for 2D 
Nonlinear Schroedinger Equation [10], but in this particular case Kolmogorov 

spectra don't exist. 
In this paper we present results of numerical simulation of capillary waves 

on the surface of the incompressible infinitely deep fluid. In this case only 
direct cascade of energy takes place. Corresponding Kolmogorov spectrum 
for the surface elevation has a form Ik ~ k^. We will show that this 
theoretical prediction is confirmed by direct numerical simulation with good 
accuracy. The developed numerical approach can be used for solution of a 
wide class of problem pertained to interaction of surface waves and - more 
generally - other types of waves in nonlinear media. 

Theoretical background 

We study the potential flow of ideal incompressible deep fluid with the free 
surface. Let r](r,t), r = (x,y) is the shape of the surface, ip{r,t) is the 
velocity potential $ = $(r,z), v = V$, A$ = 0, evaluated on the free 
surface: \P(r,i) = ^(i](f,t),f,t). It is known [9] that under these assumption 

the fluid is a Hamiltonian system: 

■   ?1   =   — (3) 
dt 8$ K ' 



~dt 

8H_ 

Srj (4) 

Here H is the total energy of the fluid consisting of the kinetic and the 
potential components 

where 

H = Hpot + Hkin (5) 

#po* = <r/[(l + (V7/)2)5-l]dr 

HKn = \jdrLf   dz(V*f 

Here a is a coefficient of surface tension. 
Direct numerical simulation of the system ( 3), ( 4) provides solution of 

the boundary problem for the Laplace equation on each step in time. In full 
3D case it is enormously hard problem. To solve the problem one can use an 
expansion in powers of nonlinearity. For Fourier transforms this expansion 
up to the quadratic terms has a form: 

H   =   H0 + H1+H2 + ... 

Ho    =    y[\k\\t/>s\2 + *\k\*)\ritf]dk 

Hl   =  ~^V2^ J Lkik2^'k-^k2
1ik3Kh + k2 + h)dhdk2dh 2 x 

H2   = \^jM%k\te*iPW2V£3Kk + h + % + kjdkdhdk 4J27T) 
Lk1k2    =   hh + | fci| | h I 

Mklk2k3ki    =   \h\\k2\[-(\ki + k3\ + |£ + Q + \k2 + k3\ + \k2 + k4 

Corresponding dynamic equations are 

2dk3 

dt 
k\tß ^-div{rjS7$)- \k\    \k\iß . x Vf .+ 1*1 \m x rj. _ x Vf 



+-Ar[[|fc|V> XTjl 
1 If. r . 2 

l2 

(VV>)2 + [|% 

A0 x   |fc|V> _ x ijf+ Dr- + Fj 

-|*l    \k\j> X 7/; I^IV' 

(6) 

(7) 

We added to the equation ( 7) a phenomenological damping term D? and 
the external force Ff(t). 

In the linear approximation the equations ( 6) and ( 7) describe capillary 
waves with the dispersion relation 

a>k = (crk" 

One can introduce normal amplitudes 

G* = V^ Jk  "       V 2u;fc 

According to the weak-turbulent theory the pair corellation function 

< a^ag, >= ng6(k - k') 

satisfies the kinetic equation (1), where 

st(n)    = 1 Rkkx k2        Rk} kk2 
Rk2kk1: 

dkdki 

Rkk\k2    =   ^\Vkklk-2l^(* ~ ^i " &)%£ ~ ^ - "k2) 
n& "£-"£"*; -nknk2\ 

iifcfc] k2      ~~ 

] 

2§ in 

k2Lk1,k2 

k\k2 kk\               kk2 

In isotropic medium containing no characteristic length the dispersion 
relation is a power-like function 



Lük - kQ 

as far as Vg% £   is a homogeneous function 

vtk,tk1,tk7 
fc    'ifcjitz 

In this case the equation 

st(n) = 0 

has exact powerlike solution 

nk = C kß+d 

(d is dimension of space), which is Kolmogorov-type spectrum describing 
constant flux of energy in /v-space from large to small scales. P is the value 
of the energy flux, C is an absolute constant. For capillary waves a — |, 
ß=l,d = 2. Hence 

.P\ 
nk = C-^ (8) 

k 4 

For the corellation function of elevation one get 

i   i 
2 

--< \Vk\2 >= — = —71^- vk* k1 

This result was obtained first by Zakharov and Filonenko [4]. The solution 
( 8) is linearly stable in framework of the kinetic equation ( 1) (see [11]). 



Numerical simulation 

We realized numerical simulation of the system ( 6), ( 7). In spite of the 
fact that the matrix element of the kinetic equation V^ £ is expressed only 
through coefficients of the Hamiltonian H0,H\ we prefer to keep the next 
term Hi in the expansion of the Hamiltonian. The reason for that is the 
following - it can be shown that the dynamical system generated by the 
Hamiltonian H0 + #1 becomes ill-posed at very low levels of nonlinearity. 
Meanwhile, including into consideration the next term of expansion improves 
the situation essentially (details of the consideration will be published sepa- 
rately). Moreover, the developed scheme after a minor modification can be 
used for numerical simulation of the gravitational waves. 

The equations ( 6) and ( 7) are not differential in the X-space. Besides 

taking derivatives they include taking of the operator \k\ ((—A)2 in X-space). 
So, the system can be reduced to the set of 6 PDE for the variables 

interconnected by the consequent application of the operator (—A)z. It 
allows to apply for solution of the system ( 6) and ( 7) the spectral code 
using the Fast Fourier Transform on each step of time. Omitting the details 
of numerical scheme, we reproduce now only the final result of calculation. 

For numerical integration of the equations ( 6)-( 7) we used the functions 
F and D defined at Fourier space through the following relations : 

%   =   u>s{l+ R(t)) 

f -{\k\-\k0\)2 if k > k0 

I  0 if 0 < Jfe < k0 
7jt 

Pumping force Fk is "almost" in resonance with local linear frequency u>k 
of the corresponding Fourier-garmonics, i.e. frequency ttk slightly fluctuate 
around exact value of uik due to small random in time addition R(t). The form 

of pumping amplitude was chosen to be axially-symmetric fk = /oe^   *2    > . 
Value k0 defines starting point of "hyperviscosity" we used in our exper- 

iments to provide wide enough intertial interval.  Calculations were carried 
out on the grid 256 x 256. 



System was driven by forcing F localized at small wavenumbers. After a 
while, we observed formation of the stationary spectrum of waves carrying 
constant in time energy flux to the high k due to nonlinear interaction of 
waves. Observed spectrum was characterized by angular isotropy and being 
averaged over the angles in A'-space apeared to be in a good agreement for the 
inertia! interval with the spectrum predicted by the weak-turbulent theory 
(8). 

This stationary spectra were obtained for and nonlinearity levels jp- ~ 

0.05 (here Hi and Hn are linear and nonlinear part of the energy). 

Conclusions 

Summarizing the results we can conclude that the direct numerical simulation 
of the dynamic nonlinear equation confirms an existence and important role 
of the weak-turbulent Kolmogorov spectra at least in the case of capillary 
waves. Indirectly this result confirms the validity of the kinetic equation for 
a description of the wave turbulence. We hope that the developed effective 
approach will allow us to study numerically other types of wave turbulence, 
first of all - the behavior of a system of wind-driven gravitational waves on 
the sea-surface. 
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