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ABSTRACT 

By t h e computer s i m u l a t i o n s we have s t u d i e d a behaviour 
of t h e v i r i a l c o e f f i c i e n t k ( t ) f o r t h e t r i p l e s and q u i n t e t s 
of g a l a x i e s a s a f u n c t i o n of t i m e . In a number of c a s e s some 
q u a s i p e r i o d i c a l o s c i l l a t i o n s k ( t ) have been o b s e r v e d ; t h e s e 
v a r i a t i o n s a r e r e s u l t e d from an e x i s t e n c e of t h e t empora ry 
b ina ry subsys t ems . Strong n e g a t i v e c o r r e l a t i o n between k and 
r „ j „ Cr . i s a minimum s e p a r a t i o n between t h e b o d i e s ) i s m m min 
o b s e r v e d . A p r e s e n c e of a l a r g e h idden mass Mn d i s t r i b u t e d 
around a t r i p l e i n c r e a s e s t h e d e g r e e of s t o c h a s t i c i t y of t h e 
p r o c e s s k ( t ) and d e c r e a s e s t h e c o r r e l a t i o n between k and r . . 

The p r o c e s s k ( t ) must no t been c o n s i d e r e d a s a random o n e , a s 
t h e a u t o c o r r e l a t i o n f u n c t i o n d o e s n o t show any d e c r e a s i n g of 
t h e o s c i l l a t i o n a m p l i t u d e w i t h a grow of t i m e . 

INTRODUCTION 

The small g a l a x y g r o u p s , c o n t a i n i n g from 3 t o 10 memb­
e r s , a r e widespread i n t h e m e t a g a l a c t i c f i e l d . T h e r e f o r e a 
s tudy of t h e i r dynamica l s t a t e s and p o s s i b l e dynamical e v o l u ­
t i o n s has some cosmogonic i n t e r e s t . 

One of t h e most i n f o r m a t i v e c h a r a c t e r i s t i c s of dynami ­
c a l s t a t e s of t h e small g a l a x y g r o u p s i s a v i r i a l c o e f f i c i e n t 

k = T / | u | 

where T and U a r e t h e k i n e t i c and p o t e n t i a l e n e r g i e s c o r r e s ­
p o n d i n g l y . An s p e c i a l r o l e of t h i s e n e r g e t i c c h a r a c t e r i s t i c s 
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i s t h a t i t i s used for the dynamical es t imates of the masses 
of galaxy groups (see, e . g . , Heisler e t a l . 1985). On such­
l i k e es t imates one assumes tha t k = 1/2, t h a t i s one t h inks 
tha t the v i r i a l theorem i s f u l f i l l e d for every observed group 
in a l l t imes . 

tbwever, the numerical s imulat ions (Anosova e t a l .198 9) 
have shown t h a t the dynamical s t a t e s of the galaxy groups 
change cont inuously during the evolut ion . Correspondingly, 
t he quan t i ty k a lso va r i e s . In the former work (Anosova 
et a l . 1990) we have shown t h a t a s tochas t ic dynamical evolu­
t ion i s typ ica l for the t r i p l e g a l a x i e s . Therefore, we would 
wait t h a t the dependences on time of the basic dynamical p a r a ­
meters , in p a r t i c u l a r k ( t ) , a r e some random processes . 

An aim of t h i s work i s to study of the behaviour of the 
dependence k (t) a s a random process and an establishment of 
i t s poss ib le connections with other dynamical and conf igura-
t i o n a l c h a r a c t e r i s t i c s of t h e t r i p l e systems. An influence to 
k (t) of a hidden matter d i s t r i b u t e d around a t r i p l e system i s 
a lso s tudied. 

MODELS AND METHODS 

Dynamical evoluat ion of the system of th ree and f ive 
ga l ax ie s has been studied by computer s imulat ions (Anosova 
e t . a l . 1989). The t r i p l e systems with equal-mass components 
and i n i t i a l zero v e l o c i t i e s have been considered. The i n i t i a l 
conf igura t ions have been assigned ins ide a region D of a l l 
poss ib le conf igura t ions of the t i p l e systems by the uniform 
scanning with a s tep t£, = An = 0.05. For the quantuple sys ­
tems a c lose pair with a c i r c u l a r o r b i t of r a d i u s 0.01 d (d i s 
an average s ize of the t i p l e ) has been placed in the cen t re 
of masses of a t r i p l e t . 

In a number of models, a t r i p l e system has been sinked 
in a d i s t r i b u t e d dark matter having a dens i ty p r o f i l e 

(CMw/47rRh).R~ , R <_ Rh , 

where M. i s a t o t a l hidden mass, placed ins ide a sphere with 
a r a d i u s Rn, R i s a d i s t ance from the cen t r e of d i s t r i b u t i o n 
of the hidden matter which coinc ides with the barycentre of 
a t r i p l e in t = 0. iVe have ignored a reverse influence of 
components of the t r i p l e system to the hidden mass and a dyn­
amical f r i c t i o n on i t . Some p o s s i b i l i t y of merging ga l ax ie s 
has been taken in to account, a c r i t e r i o n by Roos and Norman 
(197 9) for merging has been used. 
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The equations of motion of the N-body problem with a 
"softened" po t en t i a l of i n t e r a c t i o n between the bodies have 
been in tegra ted by the RK4 i n t e g r a t o r . 

RESULTS 

The dynamical s t a t e of the small mul t ip l e system connec­
ted by g r a v i t a t i o n changes in time cont inuously . Often some 
temporary binary subsystems a r e formed which give an e s sen t i a l 
con t r ibu t ion to the t o t a l energy of the N-body system. In t h i s 
connection we a r e in t e re s t ed to fol low a v a r i a t i o n k (t) ve rsus 
time for t h e i so l a t ed b i n a r i e s having t h e d i f f e r e n t e c c e n t r i ­
c i t i e s e of the o r b i t s . 

These dependences a r e presented in F ig . 1 for e = 0, 0 . 1 , 
0.5, 0 .9 . The dependences k (t) have the per iod ica l o s c i l l a t ­
ions with an amplitude Ak = e and a period equal to the one 
of r evo lu t ion of the b inary . An average for a period quan t i ty 
i s equal to k~ = 1/2 - e 2 / 4 ; thus the dependence k ( t ) for the 
i so la ted binary system i s a s t rongly p e r i o d i c a l , non-random 
process . 

A charac te r of t h i s process k (t) apparent ly changes when 
we consider the t r i p l e systems. The examples in F ig s . 2,3 show 
t h i s . In these f i g u r e s the dependences k ( t ) a r e presented 
within the i n t e r v a l t e [0 ,10 ] T (T i s a cross ing time for the 
t r i p l e system). The quan t i ty k has the o s c i l l a t i o n s within 
the i n t e r v a l k e [0 .02 , 0 .99] . Such o s c i l l a t i o n s in F ig . 2 
have no any pe r iod i ca l c h a r a c t e r . In F i g . 3 we observe a s a 
non-periodical behaviour of k ( t ) during the ear ly s tages of 
evolut ion of the system t e [ 0 , 5 ] j , a s a quas iper iod ica l o s ­
c i l l a t i o n s k within the l a t e r in te rva l t £ [ 5 , 1 0 ] T . Such a 
type of behaviour i s connected with formation of a temporary 
binary subsystem having a negative t o t a l energy. The strong 
negative c o r r e l a t i o n between k and r . (a minimum separat ion 

between the components in t r i p l e system^ does a lso confirm 
t h i s : t he coe f f i c i en t of c o r r e l a t i o n p = - 0 .9 . The depende­
nces r - i n ^ t ) a re shown in the lower p a r t s of F i g . 2 , 3 . In order 
to study a degree of determinism of the process k ( t ) we have 
driven the au toco r r e l a t i on funct ions y ( t ' ) for i t . The func­
t i o n s y (t * ) for the example shown in F ig . 3 a re presented in 
Fig . 4 . One can observe in t h i s f igure an abatement of Y ( t ' ) 
upto zero during a time of t ' = (0.3-1 ) T . However, in fur ther 
the function Y ( t ' ) i s not nearby to zero and i t has some o s ­
c i l l a t i o n s having a s ign i f i can t ampli tude. These o s c i l l a t i o n s 
may speak about a quas iper iod ica l behaviour k ( t ) connected 
with a presence in the systems of some temporary p a i r s having 
the energy E < 0. An a n a l y s i s of spec t ra l dens i ty G (w) for 
t h i s example has been made. The maxima of spec t ra l dens i ty 
correspond to the per iods mul t ip le to the pai r one. Such a 
behaviour i s t yp i ca l for the models under cons idera t ion of the 
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i so la ted galaxy t r i p l e s , t h a t i s , t h e process k ( t ) i s no t r u l y 
random one, and i t has r a the r quas iper iodica l c h a r a c t e r . 

When the m u l t i p l i c i t y of a system inc reases from N = 3 
to N = 5, a degree of randomnessof the process k ( t ) grows 
t h a t i s demonstrated by F ig . 5 where the notationsare the same 

as in F i g s . 2 , 3 . 

We a l so study an influence to the behaviour k (t) from 
the d i s t r i b u t e d dark mass M. , in which the t r i p l e system was 
sinked i n i t i a l l y . The q u a n t i t i e s Mh and Rh were the model 
parameters; the va lues a re the following: Hu = 25,50,100,200m 
(m is the mass of one of components of the t r i p l e ) ; R^ = 5,10, 
15,20 d. A few examples of dependences k (t) and r . (t) for 
d i f f e ren t M. on R. = 10 d within the in te rva l t e (0, 5)x a re n n 
shown in F igs . 6 T 8 . The i n i t i a l conf igura t ion of a t r i p l e was 
the same for a l l examples: £ = 0 .1 , n = 0 .5 . As we have igno­
red an reverse influence by bodies to the hidden mass , the v a ­
lue k for a t r i p l e may be more than 1 . 

The F igs . 6-8 show t h a t a charac ter of the process k ( t ) 
v a r i e s with increasing of M^: i t i s more f a s t - v a r i a b l e , a deg­
r e e of i t s randomization inc reases . A p i c t u r e of the depende­
nce k ( t ) for Mn = 200 i s similar to the one for the 5-body 
systems. A sign of the c o r r e l a t i o n coe f f i c i en t between k and 
r_-i~ i s the same (negative) for the systems with hidden mass mm 
but i t s value p in module i s e s s e n t i a l l y decreas ing: from 
p = 0.95 for Mh = 0 to p = -014 5 for Mh = 2 00 on these i n i t ­
i a l cond i t i ons . If Fig 6 (Mu = 0) shows a strong c o r r e l a t i o n 
then a l ready for Mn = 25 (Fig. 7) t h i s connection i s essen­
t i a l l y weaker, e.g.> a region of the quas iper iodica l v a r i a ­
t ion of k ( t ) in F ig . 7 t e ( 3 , 5 ) T does not correspond to 
such l i k e behaviour of r . . That i s in t h i s case , a presence 
in the t r i p l e s of the c lose binary subsystems a s well a s of 
the double encounters not the only factor determining the 
evolut ion. Other important fac tor i s the hidden mass t h a t 
l eads to a s tochas t i za t i on of the dynamics of the t r i p l e sys ­
tems (Anosova e t a l . 1990). 

During the evolution of the systems in a l l cases under 
cons idera t ion the amplitude of o s c i l l a t i o n s k ( t )has no 
tendency of decreasing (as with a dark matter or without i t ) . 
So l a rge amplitude of o s c i l l a t i o n s i nd i ca t e s t h a t use of 
the v i r i a l theorem in order to est imate the mass of any g a l ­
axy system under study may lead to a poss ib le error in a f a c ­
tor 10 and more even without taking into account some e f fec t s 
of p ro j ec t ion . 
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Figure 3 
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Figure 4 

166 

https://doi.org/10.1017/S0252921100066033 Published online by Cambridge University Press

https://doi.org/10.1017/S0252921100066033


Figure 5 
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Figure 6 
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CONCLUSIONS 

By the computer s imulat ions we have studied a behaviour 
of the v i r i a l coe f f i c i en t k ( t) ve rsus time for the t r i p l e s 
and q u i n t e t s of g a l a x i e s . In a number of cases we have some 
quas iper iod ica l o s c i l l a t i o n s k (t) connected with a presence 
of the temporary binary subsystems. The strong negative c o r ­
r e l a t i o n between k and minimum separa t ion r . t akes p l ace . 

min r 

The inf luence of hidden mass M̂  to the dynamics of k (t) has 
been s tud ied . If Mn inc reases then a degree of s t o c h a s t i c i t y of k (t) i nc reases and the c o r r e l a t i o n between k and r . „ d e ­ntin 
c r e a s e s . The amplitude of o s c i l l a t i o n s k (t) i nc reases to 0.97 
tha t may lead to the u n c e r t a i n t i e s in the v i r i a l es t imat ions 
of masses about one-two o r d e r s . 
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