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ABSTRACT 

The p r o p e r t i e s of t h e Trapezium t y p e m u l t i p l e s t a r s a r e 
d i s c u s s e d . The e x i s t i n g d a t a conf i rm t h e dynamica l i n s t a b i ­
l i t y of t h e T rapez iums . They show t h a t because of t h e s p e c i ­
f i c space c o n f i g u r a t i o n s of components t h e Trapezium t y p e 
m u l t i p l e s t a r s a r e d i s i n t e g r a t e d c o m p l e t e l y or p a r t l y (beco­
ming o r d i n a r y sys tems wi th a n a l l e r number of components) .The 
d i s i n t e g r a t i o n t i m e i s e s t i m a t e d some m i l l i o n y e a r s fo r T r a ­
peziums wi th n e g a t i v e t o t a l e n e r g i e s and much s h o r t e r when 
t h e i r t o t a l e n e r g i e s a r e p o s i t i v e . There a r e some e v i d e n c e s 
i n favour of t h e e x i s t e n c e of Trapeziums p o s s e s s i n g p o s i t i v e 
t o t a l e n e r g i e s . 

INT0RDUCTI0N 

Morpho log ica l s t udy of m u l t i p l e s t a r s i n s t e l l a r a s s a c -
i a t i o n s has shown t h a t t h e r e e x i s t sys tems among them which 
a r e d y n a m i c a l l y i n s t a b l e . T h i s s i g n i f i c a n t o b s e r v a t i o n a l 
f a c t was used t o i n t r o d u c e a new t y p e of m u l t i p l e s t a r s . 

t&mely, Ambartsumian [ 1 ] has d i v i d e d a l l m u l t i p l e s t a r s 
i n t o two t y p e s a c c o r d i n g to t h e c o n f i g u r a t i o n of t h e i r compo­
n e n t s . A m u l t i p l e system i s t h e Trapezium t y p e i f i t c o n t a i n s 
a t l e a s t t h r e e components , t h e mutua l space d i s t a n c e s between 
which a r e of t h e same o r d e r of magn i tude ( t h e i r maximal r a t i o 
i s sma l l e r t h a n 2 . 5 - 3 . 0 ) . O t h e r w i s e t h e m u l t i p l e system i s 
of t h e o r d i n a r y t y p e . T h i s c r i t e r i a i s v a l i d fo r a l l m u l t i p l e 
s t a r s i r r e s p e c t i v e of t h e number of components . 
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This c l a s s i f i c a t i o n of mu l t i p l e s t a r s has a profound 
meaning.The motions of components in the mul t ip l e s t a r s of 
these two types a r e qu i t e d i f f e r en t by na tu re . The motions 
of components in the ord inary systems a r e Keplerian or qua s i -
Keplerian, t h a t i s these systems can ex i s t for a ve ry long 
time.Whereas in the Trapezium type systems they a r e far from 
Kepler ian motions . For t h i s reason the Trapezium type m u l t i ­
ple systems a r e dynamically i n s t ab l e and have to d i s i n t e g r a t e 
in a very short t ime. 

In t h i s paper the data on the Trapezium type mul t ip l e 
s t a r s a re d i scussed . 

TRAPEZIUMS AND YOUNG STARS 
The Trapezium type mul t ip l e s t a r s (Trapeziums)are s imi­

l a r to the open c l u s t e r s by t h e i r nature.Only the numbers of 
components in Trapeziums a re much smaller . 

An app l i ca t i on of the d i s i n t e g r a t i o n time formula d e r i v ­
ed for c l u s t e r s [2] to the Trapeziums has confirmed t h a t they 
a r e very young [ 1 ] . For example, the d i s i n t e g r a t i o n time of a 
Trapezium having a few components of solar mass and a r a d i u s 
of the order of 10,000 a .u . i s only some mi l l i on years . I t i s 
increasing slowly with the number of components in the system. 

Therefore the Trapeziums of s t a r s can be considered a s 
very young mul t ip le systems.Their age i s not l a rge r than some 
mi l l i on years . Consequently they must cons i s t of young s t a r s . 

The observa t ions have confirmed t h i s p r i n c i p l e . 
The Trapezium type mul t ip le s t a r s were found in OB-asso-

c i a t i o n s [ l ] . T h i s f ac t was the f i r s t observat ional evidence 
in favor of t he i r young na tu re . 

As an i l l u s t r a t i o n of t h i s s ign i f ican t r e s u l t a par t of 
the Index Catalogue s t a t i s t i c s i s presented in Table 1 . 

TABLE 1 
The Rela t ive Number of Real Trapeziums Among All 

Mul t ip le Stars [ 7 ] 

Spectrum of 
t h e b r i g h t e s t 
components 

0-B2 
B3-B9 

A 
F 

T o t a l nuir 
m u l t i p l e 

59 
1 9 0 
394 
3 0 9 

iber o f 
s t a r s 

P robab le number 
of Trapeziums 
among them 

34 
31 
25 
13 

R e l a t i v e 
number of 
Trapeziums 
(%) 

58 
16 

6 
4 

Note: In t h i s column 9% of a l l observed Trapeziums i s excluded, 
a s the p r o b a b i l i t y for mul t ip le systems which a re not 
Trapeziums tu t a r e observed a s Trapeziums because of 
the pro jec t ion on sky i s equal to 0.09 [ 8 ] . 
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An evidence in favor of t h i s idea was obtained from the 
s t a t i s t i c s of mul t ip l e s t a r s on t h e bas i s of A i tken ' s Cata­
logue [ 3 ] , I t has been shown [ 4 ] t h a t t he major i ty of Trape­
ziums conta in 0-B2 s t a r s , a s t h e i r b r i gh t e s t components.The 
s t a t i s t i c s of mu l t i p l e s t a r s based on the Index Catalogue 
[ 5 ] , which i s more complete, has confirmed t h i s r e s u l t [ 6 ] . 
This means t h a t t he r e a l Trapeziums meet mostly among young 
s t a r s . 

Another evidence in favor of the idea t h a t Trapeziums 
c o n s i s t of young s t a r s was obtained by Agekian [9] ,Deriving 
the rea l d i s t r i b u t i o n of the t r i p l e s t a r conf igura t ions 
from t h e i r observed d i s t r i b u t i o n he has shown t h a t the r e l a ­
t i v e number of i n s t ab l e t r i p l e systems (Trapeziums) among 
them i s t h e l a r g e s t when they con ta in OB-stars . 

A strong tendency to con ta in 0-type s t a r s has been 
found by Sharpless [10] in Trapeziums connected with emission 
nebulae. 

The high abundance of t h e Trapezium type mul t ip l e s t a r s 
i s observed a l s o in T-a s soc ia t ions [11] (see a l so References 
in i t ) . 

From t h i s point of view 27 Trapeziums found by Hambarian 
[12] in the Orion a s soc i a t i on a r e of p a r t i c u l a r i n t e r e s t . A l l 
components of these mu l t i p l e systems ( t r i p l e t s and qua r t e t s ) 
c o n s i s t e i t he r of the T Tauri and f l a r e s t a r s exc lus ive ly or 
they medley. In agreement with the d i s i n t e g r a t i o n of the 
Trapeziums the mean s i zes of the systems cons i s t ing of t h e 
T Tauri s t a r s a r e smaller than those of the systems c o n s i s t ­
ing of f l a r e s t a r s on ly . 

In connection with the d i s i n t e g r a t i o n of the Trapeziums 
i t i s i n t e r e s t i n g to note t h a t Gyulbudaghian C13] has d e t e c ­
ted 19 wide mul t ip l e systems of t h i s type which c o n s i s t of 
the B-type s t a r s exc lus ive ly . 

I t can be added t h a t some Trapeziums a re observed which 
c o n s i s t of o ther very young o b j e c t s : IR-sources, Kerbig-Baro 
o b j e c t s and cometary nebulae. 

STAR MOTIONS IN TRAPEZIUMS 

The motions of s t a r s in some Trapeziums con ta in ­
ing OB-stars were studied on the bas i s of the pos i t i on mic -
rometric measurements for a long t ime. 

Among them the extensive study of the Orion Trapezium 
car r ied ou t by larenago [14] should be noted f i r s t of a l l . 
I t undoubtedly t e s t i f i e s on i t s expansion during l a s t 120 
years and the re fo re on the very young age of t h i s remarkable 
system. The fur ther s tud ies of i t have confirmed these r e s u ­
l t s and now t h e r e i s no se r ious reason to change t h i s impor­
t a n t conclusion (see the s tory of s tud ies of the Orion 
Trapezium in [ 1 1 ] ) . 
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Of other s tud ies on t h i s problem t h a t of Salukvadze 
[15] i s s i g n i f i c a n t . Using the measurements of the mutual 
angular d i s t a n c e s between components, obtained for about 100 
years, he has studied 15 Trapeziums the b r igh tes t members of 
which a re 0-B2 s t a r s . Most of them can be considered a s r e a l 
Trapeziums. In 14 Trapeziums the expansion motions a r e d e t e ­
cted on the bas i s of increasing d i s t an ce s between components 
[ 1 5 , 1 6 ] . 

DYNAMICAL EVOLUTION OF TRAPEZIUMS 
The dynamical evolut ion of the Trapezium type mul t ip l e 

systems has been studied by Allen and Poveda [ 1 7 ] . The motions 
of s t a r s in 3 0 Trapeziums having d i f f e r e n t conf igura t ions 
were ca lcula ted .Each Trapezium had 6 components in two of 15, 
20 and 50 solar masses, r e s p e c t i v e l y . I t was supposed t h a t 
each of these systems was s i tuated ins ide the sphere of 5000 
a .u . r a d i u s . At l a s t i t was assumed t h a t a l l of the studied 
Trapeziums had negative t o t a l energy. 

The main r e s u l t of t h i s study i s a new and completely 
surpris ing evidence in favor of the dynamical i n s t a b i l i t y of 
Trapeziums. They have shown, t h a t a f t e r 10^6 years of dynami­
cal evolut ion only 1/3 of the considered systems were d i s i n t ­
egrated and 2/3 of systems s t i l l kept t h e i r Trapezium type 
conf igura t ions . 

Allen and Poveda [17] have found tha t t h i s f ac t was in 
con t r ad i c t ion with the idea of the dynamical i n s t a b i l i t y of 
Trapeziums, according to which the Trapezium type mul t ip l e 
s t a r s possessing negat ive t o t a l energy must d i s i n t e g r a t e in 
about 2*10~6 years completely or p a r t l y , los ing some of t h e i r 
components and becoming an ord inary (s table) system [ 1 ] , 

Meanwhile i t i s easy to show t h a t t h i s conclusion of 
Allen and Poveda [17] i s a r e s u l t of misunderstanding [ 1 8 ] , 
Indeed, according to t h e i r study of the sextet Trapeziums 
the p r o b a b i l i t y to keep the Trapezium type conf igura t ion 
a f t e r 10 " 6 years of dynamical evolut ion for a Trapezium i s 
equal to 2 /3 . I t means t h a t a f t e r 2*10~6 years most of the 
Trapeziums considered by Allen and Poveda [ 1 7 ] , namely 1 -
(2/3) 2= 5/9 pa r t of t h e i r sample, should lose the c h a r a c t e r ­

i s t i c conf igura t ions and would no more be Trapeziums. In o t h ­
er words the mean age of the Trapeziums studied in [17] i s of 
the order of 2*10 6 years . This i s in remarkable agreement 
with the predicted age of such Trapeziums [ 1 ] . 

TRAPEZIUMS AND STAR GROUP FORMATION 
As a r u l e a l l Trapeziums a re observed i n very young sys ­

t ems - s t e l l a r a s s o c i a t i o n s . Mult iple s t a r s s i tuated in general 
g a l a c t i c s ta r f i e ld a re of the ordinary type . Such space d i s ­
t r i b u t i o n of mu l t i p l e s t a r s in the Galaxy i s a d i r e c t conseq­
uence of the s tar group formation in i t . 
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The s t a r s a r e being formed in s t e l l a r a s s o c i a t i o n s by 
groups which can be both dynamically s t ab le (ordinary type 
mul t ip l e s t a r s ) and dynamically i n s t a b l e (Trapezium type 
mul t ip l e s t a r s ) .The Trapeziums a r e d i s i n t eg ra t ed before the 
d i s i n t e g r a t i o n of the maternal a s s o c i a t i o n s and there fore 
a r e not observed in general g a l a c t i c f ie ld .On the cont ra ry , 
the ord inary type mu l t i p l e systems a r e l i v i n g a f t e r t he d i s ­
i n t e g r a t i o n of the maternal a s s o c i a t i o n s and because of t h i s 
reason they a r e observed in general g a l a c t i c star f i e l d . 

TOTAL ENERGY OF TRAPEZIUMS 
The t o t a l energy of Trapeziums can be both negative 

and pos i t ive .There fore i t i s impossible to judge about the 
s ize of the t o t a l energy of a system on the bas i s of i t s 
Trapezium conf igura t ion only . Even the Trapeziums, of nega­
t i v e t o t a l energ ies had to d i s i n t e g r a t e [ 1 6 , 1 7 ] , a s the d i s ­
i n t eg ra t i on of the Trapeziums i s a na tura l r e s u l t of t he i r 
space conf igura t ions i r r e s p e c t i v e of the t o t a l energy sign. 

The d i scuss ion of t h i s problem by Ambartsumain [1 ,19 ] 
g ives every reason to assume t h a t the major i ty of the Trape­
ziums have p o s i t i v e t o t a l e n e r t i e s . 

Unfortunately, the de terminat ions of the t o t a l energy 
for separate Trapeziums on the bas i s of observat ional data 
a r e very i n c o r r e c t . Ifowever, when the d i f f e rences between 
the ca lcu la t ed k ine t i c and p o t e n t i a l energ ies a r e ve ry l a r g e 
one can assume t h a t in these c a s e s the considered Trapeziums 
have p o s i t i v e t o t a l ene rg ies . For example, the systems having 
p o s i t i v e t o t a l energy probably e x i s t among the Trapezium type 
mul t ip l e s t a r s cons i s t ing of the T.Tauri type and f l a r e s t a r s 
detected by Hambarian [12] in the Orion and Ifejaev [20 ] , in 
the Taurus Dark Clouds. 

I t should be noted t h a t the d i s i n t e g r a t i o n time formula 
i s c o r r e c t when the t o t a l energy of a system i s nega t ive . 
Ibwever, a s we have seen, the re a r e t e l l i n g arguments to a s s ­
ume t h a t some Trapeziums have p o s i t i v e t o t a l energ ies . For 
them the d i s i n t e g r a t i o n time must be much shorter [ 1 ] , 

CONCLUSION 

The t h e o r e t i c a l and observat ional data on the Trapezium 
type m u l t i p l e s t a r s ex i s t ing a t p resent , in p a r t i c u l a r those 
discussed in t h i s paper, permit to suppose t h a t a l l systems 
of t h i s type a r e d i s i n t eg ra t ed because of dynamical i n s t a b i ­
l i t y . This i s why a l l Trapeziums a r e very young.The d i s i n t e ­
g ra t ion process i s acce lera ted for Trapezium system possess ­
ing p o s i t i v e t o t a l energy. The age of the Trapeziums with ne­
ga t ive energy i s of the order of some mi l l i on years , whereas 
for systems with p o s i t i v e t o t a l energy i t i s much smaller . 
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I t i s important to note t ha t the d i s i n t e g r a t i o n of such 
young s t e l l a r systems a s Trapeziums i s in l i n e with the gen­
eral tendency of cosmic evolut ion - t he t r a n s i t i o n of matter 
from more dense to l e s s dense s t a t e s L21J. 
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