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ABSTRACT

The dynamical instability of motions is studied numeri-
cally for the triplets of stars and galaxies. The models of
equal -mass components which are in rest initially, are inves-
tigated. The divergence of initially nearby trajectories close
to exponential one is observed in the configurational as well
as the phase space. The characteristic time of such diverge-
nce is less for the configurations which are initially hier-
archical. The presence of significant dark matter distributed
over the whole volume of system speeds up the rate of stoch-
astisation considerably.

INTRODUCTION

There is a tendency for stars and galaxies to group to
clusters (Gorbatsky 1986, Batten 1975) of various multipli-
city. Structurally, the most simple ut in the same time non-
trivial from the dynamical viewpoint are the triple stars and
the triplets of galaxies. The catalogues of small groups of
galaxies and multiple stars are the main source of observed
information.The single homogeneous catalogue containing only
the triplets of galaxies is the Karachentseva et al. catalo-
gue (1979,1987), Because there are no any effective analyti-
cal techniques for solving three-body problem,many authors
use the numerical methods for study the dynamics of triplets
(see, for instance, Valtonen 1988, Anosova 1986). In the most
cases (90%), as numerical experiments show, the triplets of
stars are unstable with respect to disintegration on binary
system and isolated body throwing out of the system. On the
other hand, in the dynamics of triplets of galaxies we have
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the processes of merging which plays significant roles(Mamon
1987, Alladin 1988 ). The result of these different processes
is the same - the multiplicity of system changes. The purpose
of this paper is to study of stochastic properties in the
dynamics of triplets of stars and galaxies.

MODEL S AND METHODS

In this paper the dynamical evolution of triplets of
stars and galaxies with components of equal masses and zereo
initial velocities is investigated. Such initial conditions
lead from cosmogonical considerations that the system forms
from nonrotating quasistationary gaseous cloud by fragmenta-~
tion. Moreover, the numerical simulations show the similari-
ty of the dynamical evolution in plane and spatial cases. We
used so called "softened" potential for galaxy-galaxy inter-
actions (Aarseth,1963)

wij v (TiJ + 82) 1/2 ’

where r’ij- is the distance between centers of galaxies, €~

softening length which has the same order as half-mass radi-
us of galaxy (Mamon,1987). To take into account the possibi-
lity of merging of galaxies at their close approaches we use
the criterion of Roos and Norman (1979). For the systems of
galaxies we also studied the case when the triplet is imbed-~
ded into dark matter which is distributed spherically over
the whole volume by the law

B2, c<R< R

o(R)N{
0, R>R,

where R - is the distance from the center of dark matter whi-
ch coincides with the baricenter of triplet in starting mo-
ment., Ry- is the limiting radius of dark matter distribution.
The back action of galaxies to distribution of dark matter so
as the dynamical friction considered is negligible. For the
initial configurations used a configurational diagram D (see
Fig. 16 in Anosova 1986). In this case the initial conditions
are determined by two coordinates £ and n on area D, The
dynamical systems of units have been used in the simulation
where m - is the average mass of component, d - is the aver-
age size of system and T - is the average crossing £ - time
for the component of the system.

h

RESULTS
The effects of initial conditions variations.

The instability of results with respect to small varia-
tions of initial conditions is obtained in numerical simula-
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tions of the dynamics of triple systems Szebehely 1973 ,Agekian
and Anosova 1977, Anosova and Zavalov 1988 ). In order to study
a process of scattering of the nearby trajectories, we have
pointed out the configurations inside the region D by a step
of time t = 1 of 2t (see Figures 1-3). The scattering of co-
nfigurations of trajectories takes place - a "cloud' of point
images becomes wider during a time and gradually fills the
most part of the regiond D: at (Eo,no) = (0.22, 0.45) during

about 181; in the case of (go,no) = (0.22,0.25) this time is
equal to about 10 ; in the first case (Eo,no) = (0.386,0.050)

the imaging points £ill a strip 0.3 along the £ axis (during
a time about 21). A speed of scattering is different to these
three points: it is faster for the hierarchial systems and

chain-like ones than for non-hierarchial systems with (€o,no)

= (0.22, 0.,45), In all three cases these estimates are small-
er than a time of numerical instability caused by the errors
of numerical integration ( ~ 501, see Skodrov et al. 1988).
Let us follow a topological rebuilding of a family of confi-
gurations. The twisting and elongating of the segment takes
place with a following self-crossing of imaging curve.
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Figure 1:( Eo,no) = (0.22, 0.45).
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Figure 2 (Eo,no) = (0.22, 0.25).

The similar results for the ensemble of the model trip-
lets of galaxies (withe= 0.1d) are shown in Fig. 4. The 25
initial configurations were taken on the segment £ ¢ [ 0.22,
0.231, n = 0.45, The evolution of this ensemble also leads
to reshaping and elongating of the segment., Finally, the ima-
ging points £fill the D area accidentally with clear condensa-
tion near £ axis.

Quantitive characteristic of the dynamical chaos in the
triplets:

Fast increasing of the distance between two initially
close trajectories in the configurational space directs to
stochasticity of dynamics of triple systems. One can evaluate
by using of the maximum Liapunov number (Lichtenberg,Lieber-
man 1982) the rate of divergence of initially nearby trajec-
tories. We compute the maximum Liapunov number by lim

ot Ft+re,d(0)+0
1im(1/t)1n|d(t)]|/]d(0)] using the method proposed Casartelli
et 2a1.(1976), It is impossible in practice to compute this
number in the limit t » =, so the explicit behaviour of time-
dependent variable oy (t) = lim 1/t)Injd(t)|/|d(0)| was
d (0)~+0
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Figure 3: (io,no) = (0.386, 0.050).

studied. Figure 5 demonstrates 1(t) for several examples of
evolution with and without dark matter in the system. The
mass of the dark matter were taken in 10 times larger than
the total mass of the triplet. As in the case of stars the
whole systems were imbedded into distribution of dark matter.
The computations show that ol(t) > 0 in all examples, so we
have the exponential divergence in average. Suich behaviour is
typical for dynamically unstable motions. For the models with
distributed dark matter the maximum Liapunov number is larger
than in the case with isolated three-body system so the pre~
sence of significant hiding mass accelerates stochastisation.

CONCLUSION
The numerical simulation of the dynamic of triple sys-

tems of stars and galaxies shows that the timescale of stoc-
hastisation is considerably less than its lifetime.
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Figure 4: The disintegration of the ensemble of the triplets
of galaxies, which lies initially on the segment
£ € [ 0.22, 0.23], n = 0.45.
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Figure 5: The maximum Liapunev exponent o

significant dark matter.
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