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The problem of the stochastic behavior of a system of
nonlinearly interacting oscillators arises in various
branches of physics. If these oscillators are natural os-
cillations (traveling waves, say) in a slightly nonlinear
medium, we speak of weak turbulence (see ref. 1, for ex-
amplel.

Weak turbulence can be described by kinetic equa-
tions ior the correlation functions. As has been shown in
refs. 2-4, these equations have exact, stationary, power-
law «tnluulm: of a‘vw““mv: "0V type corresponding to con-

¢ energy fluxes or the number of quasiparti-
cles in & space. There is still the question of the condi-
tions for realization of these spectra and the nature of
their buiidup. This important problem vields to analvtic
investigation with difficulty so that the use of & digital
compuier is natural. The present paper contains an oxXpo-
gmer 1cal C\rvcmmcnt on the kKinetics of weak
stem of nonlinear oscillators.
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For a large number of oscillators they can be con-

siderec arranged continuously and it is possible to go

from summation over n to integration with respect to «w:
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The kinetic equation (4) has a form completely anal-
¢gous to the corresponding equation for an isotropic two-
or three-dimensicnal medium after taking the average with
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respect to the angles. Meanwhile, the original model (1)
contains so much smaller a number of oscillators than jtg
equw alent two- or three-dimensional models [the AT og-

1ator< in the model (1) correspond to A in the fw o=
and M in the three-dimensional probiem). This circum-
stance, promising the possibility of going beyond the Case
of weak turbulence in thg: future, indeed determines the
choice of the model (1)

Lguation (4) has the energy integral & = J . '_v.do; and
the exact stationarv solution N. = T/ w, which < the
sensc of a Ravleigh— Jeans dismribution for Lnernmdynamio
eguilibrium. Aloreover, if V.
tion

jwn 1S 2 homogenesus fune-
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then (4) has an ex
refs. 3 and 4V

ct solution’of Kolmognrnv type (zsce
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where ¢ = const and P is the energy flux in the high-fre-
quency domain. This solutionis realized in the inertial
domain in the presence of pumping in the low- -freguency

region and absorption in the high-frequency region.

The discrete kinetic equation (3% was

N

solved numer-
ically ona BISM-1 digital computer of the Comnputation
Centey of the Siberian Branch, of the
USSIt for 100 oscillators. It was assumed that ¢ =2,
FEY = &80 =037 Two cases were e
huhm" of thermedynamic equ
2 Knlmngnrov made.
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mined: the estab-
ilibrium and the development
The Cauchy probicm with initial
ccmdv.tmns of the kind shown in Fig. I was solted in the

first casc.

After 2 time of the order of unitv, the initia! distri-
bution went over into a Rayleigh—Jeans spectrum in the
whole frequency range except small frequencies n = 10
(see¢ Fig. 2). As time passed, this domain diminished,
tending to zero; the picture remained stationary in the
whole remaining domain. The energy integral was con-
served w 1th 0.5% accuracy throughout the computation
{t ~ 10).

This experiment confirms the natural deduction that
he system (1) arrives at thermodynamic equilibrium in
absence of damping and pumping.

In the second case dissipative terms were added to
g. (3j:
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. transfer inte the domain n > 100.
/Lﬂ‘ =
: [ The initial condition was sclected in t“L form N, 0
J

o
H i o
e b . ; y = 5107 t =
=z | Fige L. The initiai conditions fo- the const = 5-10 °. A growth in amplitude in ¢ tabi hf:
i preblem of the eswablishing of ther- domain was observed for t < 4. Energy pumping over to
p 7 = modynamic equilibrurm. the high-frequency domain (growing of a power-law "tail™
2 £ i
bga — starte¢ for t ~ 4. The maximum of the distribution func-

tion simultaneously started tc be shifted towards the low-
frequency domain from the instability domain. The disiri-
butlon Np is pictured in Fig. 2 ina 10frar1th1mc scale for

t = 5.5. A Kolmogorov spectrum Ny, 1/0°"% is realized
with good accuracy in the range bO > n > 9, Anapproxi-
mation by the hyperbola Np = A/mP vields g = 2.5 £ 0.025;

hence N varies between O 7 and 2.10~° (for t = 10) in the
whole range 100 > n > 9, In the range n > 80, where
damping already appears, Np decreases rapidly.

The stationary mode was not achieved successfully
in the low-frequency domain during times t « 10; the
maximum of the distribution functon continues to be
shifted to smaller and smaller n while growing in value.
The numerical experiment we conducted shows that the
energy in a system of nonlinear oscillators is distributed
according to a Kolmogorov law for pumping in the low-
frequency domain and damping at high frequencics.
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