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ABSTRACT 

The s t a t i s t i c a l ma t e r i a l o bta ined a t t he Leningrad obse 
rva to ry amounts to about 3,10 t r i p e systems with negative 
t o t a l energy (Anosova and Qrlov, 198 5; Anosova 198 6 ) . From 
t h i s mate r ia l the basic q u a l i t a t i v e r e s u l t s have been summa
r i z e d . 
1) In the major i ty of c a s e s ( ^95%), the dynamical evolu
t ion was completed by escape. Escape always a r i s e s from a 
c l o s e t r i p l e approach of the bodies, and the moment of escape 
has been assumed to coincide with the minimum t r i angu la r pe r 
imeter . 

The most e f f e c t i v e t r i p l e approaches a r e those in whi
ch a temporary binary i s f i r s t formed, whereupon the ejected 
body r e t u r n s for a favourable i n t e r a c t i o n with the two binary 
components. This i s a f ly-by in teract ion.During the t r i p l e 
approach, t h e t r a j e c t o r y of the escaping body i s often near ly 
r e c t i l i n e a r and the three-body conf igura t ion t akes the form 
of an i s o s c e l e s t r i a n g l e in the equal-mass c a s e . Synchroniz
a t i on of motions a l so has an effect on t r i p l e approaches of 
"fly-by" - type.Thus, if a s ingle component passes through 
the c e n t r e of mass of the system j u s t a s the two other bodies 
a re approaching, i t s v e l o c i t y i s decreased and escape does 
not occur, whereas escape i s promoted if the binary compone
n t s a r e expanding a t the moment of c l o s e s t approach. Escape 
i s more probable when t h i s passage i s c l o s e r . In those t r i 
ple approaches which a r e separated by a sequence of exchanges, 
escape from an equal-mass system seldom t akes p lace . 
2) The l i f e - t i m e tends to increase with increasing angular 
momentum, e spec i a l l y by the appearance of a small proport ion 
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(̂  5%) of h ie ra rch ica l t r i p l e conf igura t ions which a r e s t a b 
l e over long t imes . Tr ip le approaches a r e absent in such sy
stems, and the motion can be described by the superposi t ion 
of two perturbed Keplerian o r b i t s during i n t e r v a l s t > 10000 
crossing t imes .Appl icat ion of s t a b i l i t y c r i t e r i a (Szebehely 
and Zare, 1977; Harrington 1972; Goldbev 1967) to these s y s 
tems confirms t h i s r e s u l t . 

A convenient method for generat ing i n i t i a l c o n f i g u r a t i 
ons i s achieved in the following way (Agekian and Anosova, 
1967, 1968).The components A and B of the t r i p l e system shown 
in Figure 1 a r e placed a t the po in t s (-0.5,0) and (0.5,0) in 
the Cartesian coordinate system 5,n . A c i r c l e of u n i t r a d 
ius centred on (-0.5,0) i s then drawn. The i n i t i a l pos i t ion 
of the th i rd component C a r e d i s t r i b u t e d with uniform proba
b i l i t y within the pos i t i ve quadrant (n >_ 0, n >_ 0 ) . l n t h i s 
way, a l l poss ib le conf igura t ions of the t r i p l e system with 
equal masses a r e sampled. If t h e components have d i f f e r e n t 
masses, i t i s a l so necessary to take permutations of the p o s i 
t i o n s A, B, and C, thereby obtaining six i n i t i a l s t a t e s each 
t ime. 

A (-0.5;0) 0 B(+0.5;0) 
Figure 1 

3) Snail changes of i n i t i a l cond i t ions can lead in some c a 
ses to widely d i f f e r e n t outcome. I t has been shown t h a t t he 
region D of a l l poss ib le conf igura t ions breaks up into a num
ber of snai l i s l ands s, ins ide which the escape time T i s a 
continuous function of the i n i t i a l coo rd ina t e s . At the boun
d a r i e s of s the function T(£,n) has a d i s c o n t i n u i t y such t h a t 
T(C,n) •* °° .During a cross ing of the boundary, the number of 
t r i p l e approaches n(£,n) m a v change by an a r b i t r a r y va lue . 
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Moreover, t h e i s l a n d s s may c o n s i s t of s u k r e g i o n s s* i n s i d e 
which t h e f u n c t i o n n ( ? , n ) i s c o n s t a n t When c r o s s i n g t h e boun
d a r y of s x , t h e f u n c t i o n T ( £ , n ) c h a n g e s c o n t i n u o u s l y and 
n ( £ , n ) c h a n g e s by 1 . F i g u r e 2 p r e s e n t s t h e f u n c t i o n T ( £ , n ) f o r 
t h e r o t a t i n g t r i p l e sys tems w i t h e q u a l - m a s s componen ts . The 
i n i t i a l p o s i t i o n s of component C a r e i n d i c a t e d and t h e numbers 
shown c o r r e s p o n d t o t h e t ime of e s c a p e . T h i s f i g u r e shows t h a t 
t h e a v e r a g e e scape t ime i n c r e a s e s fo r a i n c r e a s i n g d e g r e e of 
h i e r a r c h i c a l s t r u c t u r e , a s measured by t h e i n i t i a l c o n f i g u r a 
t i o n pa rame te r q = p / r . where r . i s t h e d i s t a n c e between 

m m m m 
t h e c l o s e s t components , and p i s t h e d i s t a n c e from t h e d i s 
t a n t body t o t h e c e n t r e of mass of t h e two o t h e r b o d i e s . The 
r e g i o n ET i n F i g . 2 i s t h e r e g i o n of t h e i n i t i a l c o n f i g u r a t 
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4) The Figure 3 shows the suhregions Dg (with s = 1 ,2 ,3 ,4 , 
5) ins ide the region D of a l l poss ib le i n i t i a l conf igura t ions 
which lead to escape a f t e r the f i r s t t r i p l e approach of the 
todies. These r eg ions D can be charac ter ized a s fol lows: 

O.i 

. , • • • • • • • • • • • • • • • • • « • ' * * • • • • • • 
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Figure 3 

(1) The "axis" of the reg ions D a r e the contours 

X = rAC/rBC =UBC/UAC = c o n S t . , 
for which r a t i o of i n t e r a c t i o n fo rces (and the r a t i o of re la 
t i v e po t en t i a l energ ies UAC and D^,) fron 
i e s A and B to the th i rd body C i s equal. 
t i v e po t en t i a l energ ies UAC and Ug,) from the two f i r s t bod-
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(2) On the contours of the reg ions Ds the va lues t h a t a r e 
approximately equal to an integer (1, 5 ,10 ,16 ,23) . 
G ) The boundaries of the reg ions D correspond to very 

d i s t a n t e j e c t i o n s r e s u l t i n g from the f i r s t t r i p l e approach. 
(4) In t h e reg ions D s with increasing va lue of x, the number 
ri* of double approaches of the bodies Band C in a temporary 
binary before the t r i p l e approach a l so increases ; for x = I, 
n* = 0, and for x = 2, n* = 1, e t c . Thus, the time of escape 
increases for l a rge r va lues of x . 
(5) The reg ions Dg have a complicated s t ruc tu re ; they a r e 

almost symmetrical r e l a t i v e to the contours but d i f f e r e n t 
bodies escape from each side; a lvays a component A escapes 
from the r i g h t s ide, a component B from the l e f t , and a com
ponent C escapes from a> narrow s t r i p along the con tours . 

(6) On escape of components A or B, the cen t r e of mass of 
the other two bodies i s only approached once, whereas compon
ent C escapes a f t e r two approaches {one weak, one strong) 
to the temporary binary AB. 
(7) The o r b i t s of the bodies during a t r i p l e approach i s d e 

termined by the i n i t i a l conf igura t ion . Thus, for h ie ra rch ica l 
systems near an i s o s c e l e s t r i a n g l e with a base rf tC or r ^ j t h e 
only passage of component A or B takes place through the cen 
t r e of mass of the other two bodies . On the other hand, for 
conf igura t ions near an i s o s c e l e s t r i a n g l e with a base r R B 

grea ter than r c (or r ^ , ) , two passages take place, one slow 
and the other a rapid f ly -by . 
(8) The bas i s r e s u l t of t h i s study i s t h a t a determining 

parameter for the course of the force dynamical evolut ion 
in these t r i p l e systems i s given by the va lue of the r a t i o 

X = r A C / r B C = U B = / U A C -
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