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A c c o r d i n g to o u r p r o g r a m of s u n s p o t p r o p e r m o t i o n inves t iga t ions ( K u k l i n a n d 
Syklen , 1966) we s t u d y t h e i n t e r d e p e n d e n c e of t he s u n s p o t p r o p e r m o t i o n s ins ide t he 
g r o u p a n d the m a g n e t i c field of t h e w h o l e g r o u p o r ac t ive r eg ion . T h i s a spec t of t he 
d y n a m i c s of m a t t e r in d i s t u r b e d r eg ions of t h e Sun was n o t c o n s i d e r e d prac t ica l ly u p 
t o t h e las t t ime . 

B u m b a (1964) c a m e t o t h e c o n c l u s i o n t h a t t h e i n d i v i d u a l smal l u m b r a e m o v e 
prac t ica l ly para l le l t o t h e m a g n e t i c field isol ines (of t h e l o n g i t u d i n a l c o m p o n e n t ) a n d 
t h a t t he genera l c h a r a c t e r of t h e magnet ic- f ie ld d i s t r i b u t i o n in t h e ac t ive reg ion 
c h a n g e s very litt le d u r i n g t h e m o t i o n s . T h e m a g n e t i c field c reeps in t h e ac t ive reg ion 
a c c o r d i n g t o m a n y r ecen t i nves t iga t ions of t h e magnet ic-f ie ld c o n f i g u r a t i o n in ac t ive 
r eg ions (for e x a m p l e S t e p a n o v et al., 1967). T h e r e f o r e t h e smal l u m b r a e m o v i n g a l o n g 
t h e magnet ic-f ie ld i so l ines m u s t c r o s s t h e m a g n e t i c l ines of force q u i t e pe rpend icu l a r ly , 
w h i c h is unl ike ly t o be in a c c o r d a n c e wi th t h e m a g n e t o h y d r o d y n a m i c s . 

G o p a s y u k a n d M o r e t o n (1965) f o u n d t h a t t h e t r a n s v e r s e c o m p o n e n t of t h e m a g 
ne t ic field c h a n g e s c o r r e s p o n d i n g l y t o t he m a i n s u n s p o t p r o p e r m o t i o n s : the m a i n 
s u n s p o t s pul l o u t t h e m a g n e t i c l ines of force d u r i n g the i r m o t i o n s a n d d e f o r m t h e 
m a g n e t i c field in such a w a y . 

W e h a v e s t ud i ed t h e p r o p e r m o t i o n s in t h r e e s u n s p o t g r o u p s d u r i n g s o m e d a y s , 
t a k i n g i n t o a c c o u n t t h e magnet ic- f ie ld o b s e r v a t i o n s ( t h ree c o m p o n e n t s ) w i th t h e he lp 
of t h e so l a r m a g n e t o g r a p h . W e c a m e t o t h e fo l lowing c o n c l u s i o n s : 

(1) T h e m a i n s u n s p o t s in t h e ac t ive r eg ion m o v e i n d e p e n d e n t l y of t h e ac t ive region 
m a g n e t i c field b u t pu l l i ng t h e m a g n e t i c l ines of force h a r d l y f a s t ened t o g e t h e r a n d 
c h a n g i n g t h e m a g n e t i c field c o r r e s p o n d i n g l y . 

(2) T h e satel l i tes of t h e m a i n s u n s p o t s ( smal l u m b r a e a n d p e n u m b r a b i t s ) a c 
c o m p a n y t h e m a i n s u n s p o t s i r respect ive ly of t h e m a g n e t i c field in gene ra l as if c ross ing 
t h e m a g n e t i c l ines of force . I t s eems t h a t t he i r m o t i o n s a r e m o r e inf luenced by t h e 
c h a n g e s ins ide t h e m a i n s u n s p o t s ( t he m a g n e t i c field r ebu i ld ing , t h e s u n s p o t r o t a t i o n , 
t h e E v e r s h e d effect i n h o m o g e n e i t i e s , e tc . ) . 

(3) T h e smal l u m b r a e a n d p e n u m b r a bi ts p laced far f rom the m a i n s u n s p o t s m o v e 
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F I G . 2. 

s t r o n g l y a l o n g t h e m a g n e t i c l ines o f force , excep t for cases of c lose flares w h e n it is 
i m p o s s i b l e t o d e t e r m i n e t h a t t h e c a u s e of t h e l ine of force c ros s ing b y t h e s u n s p o t is t h e 
magnet ic- f ie ld r ebu i ld ing o r t h e flare effect ( 'a s h o c k w av e ' ) . 

T h u s , if it is poss ib le t o m a k e c o n c l u s i o n s o n t h e bas is of s u c h d a t a we m u s t s u p p o s e 
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t h e fo l lowing h i e r a r c h y of t h e d y n a m i c s (in t h e s t r ic t sense of t h e w o r d ) of m a t t e r in 

t h e ac t ive r e g i o n : 

(a ) t h e m a i n s u n s p o t p r o p e r m o t i o n s a r e c a u s e d by s u b p h o t o s p h e r i c p r o c e s s e s ; 

(b) t h e ac t ive reg ion m a g n e t i c field is d e t e r m i n e d by t h e m a i n s u n s p o t m a g n e t i c 

fields a n d the i r p r o p e r m o t i o n s ; 

(c) t he smal l s u n s p o t p r o p e r m o t i o n s a re c o r r e s p o n d i n g t o t h e ac t ive reg ion m a g 

netic-field s t r u c t u r e . 
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D I S C U S S I O N 

H. U. Schmidt: I do not see that the horizontal motions across the magnetic field which you deduce 
from changes in the flux distribution with time contradict the magnetohydrodynamic theory. Quite 
to the contrary, it seems to me that you successfully apply a fundamental result of this theory, i.e. the 
frozen-in field principle for a plasma of high conductivity. This principle can be used to deduce a 
detailed horizontal flow field even if one has no directly identifiable spots in subsequent magnetic 
flux charts. I comment on this in the written version of my paper. 

Kuklin: Firstly I compared the sunspot motions with the transversal magnetic field without con
sidering any changes of the flux distribution in time. Secondly I said the motions of small sunspots 
and penumbra bits across the magnetic field are in contradiction with the magnetohydrodynamic 
theory because of assuming the small sunspots and penumbra bits are not features with deep located 
bottoms and so their motions are controlled by the magnetic field of the high photospheric layers 
which is observable. 
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