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ABSTRACT

The statistical material obtained at the Leningrad obse-
rvatory amounts to about 3,10" tripe systems with negative
‘total energy (Anosova anmd Orlov, 195; Arosova 1986). From
this material the lasic qualitative results lave been summa-~
rized.

1) In the majority of cases ( ~95%), the dymamical evolu-
tion was completed by escape. Escape always arises from a
close triple approach of the todies, and the moment of escape
las been assumed to coincide with the minimum triangular per-~-
imeter.

The most effective triple approaches are those in whi-
ch a temporary binary is first formed, whereupon the ejected
body returns for a favourahle interaction with the tw bimary
components, This is a fly-by interaction.During the triple
approach, the trajectory of the escaping body is often nearly
rectilinear and the three-body configuration takes the form
of an isosceles triangle in the equal -mass case. Synchroniz-
ation of motions also has an effect on triple approaches of
*fly-by" - type.Thus, if a single component passes through
the centre of mass of the system just as the tw other bodies
are approaching, its velocity is decreased and es-ape does
not occur, whereas esape is promoted if the binmary compone~
nts are expanding at the moment of closest approach. Escape
is more prolable when this passage is closer. In those tri-
ple approaches which are separated by a sequence of exchanges,
escape from an equal-mass system seldom takes place.

2) The life-time tends to increase with increasing angular
momentum, especially by the appearance of a small proportion
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(v 5%) of hierarchical triple configurations which are stab-
le over long times. Triple approaches are absent in such sy-
stems, and the motion can ke described by the superposition
of two perturbed Keplerian orbits during intervals t > 10000
crossing times.Appl ication of stability criteria (Szebehely
and Zare, 1977; Harrington 1972; Goldbev 1967) to these sys-
tems confirms this result.

A convenient method for generating initial configurati-
ons is achieved in the following way (Agekian and Anosova,
1967, 1968 ).The components A and B of the triple system shown
in Figure 1 are placed at the points (~0.5,0) and (0.5,0) in
the Cartesian coordinate system £,n. A circle of unit rad-
ius centred on (-0.5,0) is then drawn. The initial position
of the third component C are distriluted with uniform prola -
bility within the positive quadrant (n > 0, n > 0).In this
way, all possible configurations of the triple system with
equal masses are sampled. If the components have different
masses, it is al o necessary to take permutations of the posi-
tions A,B, and C, thereby obtaining six initial states each

time,
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3) Snall changes of initial conditions can lead in some ca-

ses to widely different outcome. It has been shown that the
region D of all possikle configurations breaks up into a num-
ber of small islands s,inside which the escape time T is a
continuous function of the initial coordimates. At the boun-
daries of s the function T(,n) has a disontimity such tmat
TE,n) + «» .During a crossing of the boundary, the number of
triple approaches n(f,n) may change by an arbitrary value.
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Moreover, the islands s may consist of sulregions s inside
which the function n{¢,n) is constant When crossing the boun-
dary of §°, the function TE,n) changes contimously and
n{,n) changes by 1. Figure 2 presents the function T (, n)for
the rotating triple systems with equal -mass components. The
initial positions of component C are inmdicated amd the mumbers
shown correspond to the time of escape. This figure shows that
the average escape time increases for a increasing degree of
hierarchical structure, as measared by the initial configura-

tion parameter g = p/rmin vhere rmin is the distance between

the closest components, and p is the distance from the dis-
tant body to the centre of mass of the tw other bodies. The

region in Fig. 2 is the region of the initial configurat-
ions of the stakle hierarchical rotating triple systems.
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4) The Figure 3 shows the sulregions Dg (with s = 1,2,3,4,
5) inside the region D of all possible initial configurations
which lead to escape after the first triple approach of the
Ibdies. These regions D  can be characterized as follows:
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Figure 3

(1) The "axis" of the regions Dg are the contours

X = rAC/rE: = UH:/UAC = const.,

for which ratio of interaction forces (and the ratio of rela-
tive potential energies UAC and UEC) from the two first bod-

ies A and B to the third bbdy C is equal.
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(2) On the contours of the regions Dg the values that are
approximately equal to an integer (1, 5 10,16,23).

3) The boundaries of the regions D_ correspond to very
distant ejections resulting from the = first triple approach.

4) In the regions Dy with increasing value of x, the number
X of doulle approaches of the odies Band C in a temporary
binary before the triple approach also increases; for x = I,
¥ = 0,and for x = 2, ¥ =1, etc. This, the time of esape
increases for larger values of x.

(5) The regions D, have a complicated structure; they are
almost symmetrical relative to the contours lat different
bodies escape from each side; alwys a component A escapes
from the right side, a component B from the left, and a com~-
ponent C escapes from a-narrow strip along the contours.

(6) On escape of components A or B, the centre of mass of
the other tw lodies is only approached once, whereas compon-
ent C escapes after tw approaches (one weak, one strong)
to the temporary binary AB.

(7) The orbits of the lodies during a triple approach is de-
termined by the initial configuration. Thus, for hierarchical
systems near an isosceles triangle with a base Tpc OF rm,the

only passage of component A or B takes place through the cen-
tre of mass of the other two bodies. On the other hand, for
conf igurations near an isosceles triangle with a lase Tap

greater than Tac (or rm), tw passages take place, one slow
and the other a rapid fly-by.

8) The basis result of this study is that a determining
parameter for the course of the force dynamical evolution
in these triple systems is given by the value of the ratio

X = rAC/rE._. = UK:/UAC'
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