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Chaotic oscillations in dynamic systems have
recently been intensively discussed. As a criterion
for chaos, one usually uses a so-called "sensitivity
to initial cinditions," i.e., exponential instability
of the trajectories of the dynamic system. In the
present paper, this criterion is applied to the
cese where a dynenic system is under the influence
of a random force. ‘le can also obtain cases of
stable and unstable dynamics. These regimes may
be distinguished in the following way. Consider
an ensemble of identical systems, all subject to
the same external noise field. Then, if the tra-
jectories converge exponentially, all the systems
vwill eventually be trapped in the same state. This
case may be considered synchronization or '"phase
locking" by an external noise. The other regime
is established if the trajectories diverge; in
that case, no correlation between the systems
is established -- this case may be called sto-
chaestizetion.

As a concrete example, let us consider a
two-dimensional system with a limit cycle. In the
vicinity of the cycle, equations of motion have,
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in the action (1) - angle (@) varisbles, have
the following form:

L=y (T-I) v IO, 6=0(D) o,

where X' is the damping rate and Io and L0b=%D(IO)
are the amplitude and frequency of the cycle. The
external noise f(t) is assumed to be a random
sequence of pulses

{t) =03 ;L&(t—t.t) (2)

vhere the pulse amplitudes }L and intervals

Ti = bi+1 - t. are independent random variables,
(}): 1 - <?2>= 0, and 6 measures the noise
intensity. Ve restrict ourselves, following
refercnce 1, to the case

q(L 8)=T, cas6 , w(I)=(Do[4+J,-I-£—I-" (3)

‘e can then readily obtain the following mapping
for successive values of the action end the angle
between pulses:

Tzl ?/.xTw(In'Io* 61, 3,005 6)
Ot =6, +0, T, +dWolo T (1-¢¥™)
X(Tn-To+6T, §pcosBn)  ( mod 2T) (40

Assuming T, >> 1 for all n, we conclude from
(4a) thet In t~4 IO; thus, (4b) can be considered
independently

szen "'(OOT,,, *K?WCOS 9,\, (mod 2%) 5

(4a)
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where X = 63&00 . The lyapunov characteristic
exponent (LCE) A corresponding to the phase
may then be expressed in the following form:

A=<Cnld6n+4 [dBn} =<£WH-K}SLH¢9\) (6)

wvhere the bar denotes averaging over tihe invariant
density QJ(Q) and the brackets, averaging over tae
density of ? . Unfortunately, 10{6)cannot be
written explicitly, so we present here only the

estimates of LCE in the limiting cases of small
and large noise. For K <£ 1,

= (-KFsinf -K2 3 50 /2> +0(x?)
=K2<32 si20/2 + O(x3) <0

A

(7)

FIGURE 1.
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Tor K221
/\‘(UMK3Sinel>=£h|K|“‘(en|$|>+&L [Sin8l>0 (g

Thus, there exists a critical noise intensity
beyond which the system is sensitive to initial
conditions. The results of numerical modeling of
the mapping (5) presented in figure 1 are in
agreement with (7,8). The trensition to chaos
occurs at K = XK, = 2. This means that, for X < g
en ensemble of oscillators (1) will be synchronized
by the external noise, and, for I » KC, the phasges
of all oscillators in the ensemble will be indepen-
dent. This is confirmed by our rzumerical calcula-
tions.
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