
THE SPATIAL STRUCTURE OF PLANETARY NEBULAE WITH BINARY CENTRAL STARS 

I . G . K o l e s n i k and L . S . P i l y u g i n 

Main As tronomica l O b s e r v a t o r y of the Academy of Sc iences of 
the U k r a i n i a n SSR, K i e v , USSR 

ABSTRACT. The p l a n e t a r y n e b u l a e format ion in the detached b i n a r i e s i s 
c o n s i d e r e d . 

We assumed that the p r o c e s s of the p l a n e t a r y n e b u l a format ion ( o r 
the enve lope e j e c t i o n ) i s the p r o c e s s of the un l imi t ed expansion of the 
red g i a n t e n v e l o p e . The expans ion v e l o c i t y i s i n v a r i a n t w i t h d i s t a n c e 
from the s t a r . The envelope e j e c t i o n by the s i n g l e s t a r l e a d s to the 
s p h e r i c a l p l a n e t a r y n e b u l a f o r m a t i o n . 

When the enve lope e j e c t i o n takes p l a c e in the detached b i n a r i e s 
then a few f a c t o r s determine the s p a t i a l s t r u c t u r e of the e j e c t e d s h e l l . 
The main of them i s that the s h e l l e j e c t e d by one of the s t a r s f l o w 
p a s t a g r a v i t a t i n g body ( b i n a r y companion) . I f a g r a v i t a t i n g body moves 
through the medium of the n o n - i n t e r a c t i n g p a r t i c l e s then the d e n s i t y i s 
maximal on the downstream a x i s . C o n v e r s e l y , i f a g r a v i t a t i n g body moves 
s u p e r s o n i c a l l y through the gas then the dens i ty on t h i s a x i s i s lower 
than the one away from the a x i s ( R . Hunt, M.W., 1971, 154, 141; 1979, 
188, 83) . The p l a n e t a r y n e b u l a e i s a gas but not a medium of the non-
i n t e r a c t i n g p a r t i c l e s . Hence, the d e n s i t y minimum can be expected in 
the o r b i t a l p l a n e . 

I t i s known that the s t a r r o t a t i o n r e s u l t s i n the i n c r e a s e of the 
d e n s i t y of the e j e c t e d s h e l l in the e q u a t o r i a l p l a n e . 

Thus, two f a c t o r s ( a . the f l o w p a s t of the b i n a r y companion, b . 
the r o t a t i o n of the e j e c t i n g s t a r ) mainly determine the s p a t i a l s t r u c -
t u r e of e n v e l o p e . I f the f i r s t f a c t o r i s dominant, then the main s t r u c -
t u r e ( t h e enhanced d e n s i t y a r e a ) has the form of an h o u r - g l a s s . I f the 
second f a c t o r i s dominant then the main s t r u c t u r e has the t o r o i d a l form. 

The p e r i p h e r i c a l s t r u c t u r e ( a r e l a t i v e f a i n t e r s h e l l around main 
s t r u c t u r e ) has the form of an o b l a t e e l l i p s o i d e . The o b s e r v e d form of 
the p e r i p h e r i c a l s t r u c t u r e of the i o n i z a t i o n - b o u n d e d nebu la can d i f f e r 
from the r e a l one . 

The r e s u l t s have been p u b l i s h e d in A&t/LOn. Zh., 1986, 63, 279; 
1987, 64, 537. 
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