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Алдымен негізгі белгілеулер мен анықтамаларға тоқталайық: k  - өріс, [ ]k x  - бір 

айнымалыдан тәуелді көпмүшелер сақинасы, [ , ]k x x -  сәйкесінше екі айнымалыдан тәуелді 

көпмүшелер сақинасы болсын. Бұл сақиналардың сонымен қатар алгебра болатындықтары 

да белгілі. [1] еңбекте екінші ретті матрицалық Ли алгебраларының Хопф құрылымдары 

тұрғызылған. Бұл жұмыста үшінші ретті матрицалық Ли алгебраларының Хопф 

алгебраларының құрылымы анықталады. 

Алгебралардың гомоморфизмдерін анықтайық  

],,,[],[: 111   xxxxkxxk , kxxk  ],[: 1 , ],[],[: 11   xxkxxkS 
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ɬԧɦɟɧɞɟɝі ɮɨɪɦɭɥɚɥɚɪ ɛɨɣɵɧɲɚ:  

( )x x x    ,   ( ) 1x  ,    
1( )S x x
 (1) 

ɦԝɧɞɚԑɵ  ,  ,   ɝɨɦɨɦɨɪɮɢɡɦɞɟɪі 1[ , ]k x x


 ɚɥɝɟɛɪɚɫɵɧɞɚ ɤɨɤɨɦɦɭɬɚɬɢɜɬі ɏɨɩɮ 
ɚɥɝɟɛɪɚɫɵɧɵң ԕԝɪɵɥɵɦɵɧ  ɛɟɪɟɞі. 

Ʉɟɡ ɤɟɥɝɟɧ Ⱥ ɚɥɝɟɛɪɚɫɵ ԛɲіɧ 3( )M A ɚɪԕɵɥɵ ɷɥɟɦɟɧɬɬɟɪі  Ⱥ ɚɥɝɟɛɪɚɫɵɧɚɧ ɚɥɵɧԑɚɧ 

3 3  ɦɚɬɪɢɰɚɥɚɪ ɚɥɝɟɛɪɚɫɵɧ ɛɟɥɝіɥɟɣіɤ. 3( )M A ɠɢɵɧ ɪɟɬіɧɞɟ  9Ⱥ   ɠɢɵɧɵɧɚ ɛɢɟɤɬɢɜɬі. Ɉɧɞɚ 
ɤɟɡ ɤɟɥɝɟɧ Ⱥ ɤɨɦɦɭɬɚɬɢɜɬі ɚɥɝɟɛɪɚɫɵ ԛɲіɧ ɤɟɥɟɫі ɛɢɟɤɰɢɹɧɵ ɚɥɚɦɵɡ 

lg 3( (3), ) ( )
A

Hom M A M A   (2) 

ɦԝɧɞɚԑɵ (3)M – [ , , , , , , , , ]k a b c d e h g l m ɤԧɩɦԛɲɟɥɟɪ ɚɥɝɟɛɪɚɫɵ. Ȼԝɥ f ɛɢɟɤɰɢɹɫɵ (3)M A
ɚɥɝɟɛɪɚɫɵɧɵң ɝɨɦɨɦɨɪɮɢɡɦіɧɟ ɤɟɥɟɫі ɦɚɬɪɢɰɚɧɵ ɫԥɣɤɟɫ ԕɨɹɞɵ  

( ) ( ) ( )

( ) ( ) ( )

( ) ( ) ( )

f a f b f c

f d f e f h

f g f m f l

 
 
 
 
 

 

3 3 3( ) ( ) ( )M A M A M A   ɦɚɬɪɢɰɚɥɚɪɵɧɵң ɤԧɛɟɣɬіɧɞіɫіɧ ɛіɡɞің ɠɚɥɩɵ ɬԛɪɞɟ       
ɚɪԕɵɥɵ ɤԧɪɫɟɬɤіɦіɡ ɤɟɥɟɬіɧ ɛɟɣɧɟɥɟɭ. 3 3( ) ( )M A M A  ɠɢɵɧɵ 18Ⱥ  ɠɢɵɧɵɧɚ ɛɢɟɤɬɢɜɬі, 
ɫɨɧɞɵԕɬɚɧ ɛіɡ ɤɟɥɟɫі ɤԧɩɦԛɲɟɥɟɪ ɚɥɝɟɛɪɚɫɵɧ ɟɧɝіɡɟɦіɡ 

2(3) [ , , , , , , , , , , , , , , , , , ]M k a a b b c c d d e e h h g g m m l l
                   (3) 

ɋԧɣɥɟɦ 1. 

2: (3) (3)M M
  – ɤɟɥɟɫі ɮɨɪɦɭɥɚɦɟɧ ɛɟɪіɥɝɟɧ,ɚɥɝɟɛɪɚɥɚɪ ɝɨɦɨɦɨɪɮɢɡɦі 

ɛɨɥɫɵɧ 

( )a a a b d c g         ,      ( )b a b b e c l         , ( )c a c b h c m         ,      

( )d d a e d h g         ,    ( )e d b e e h l         ,     ( )h d c e h h m         , 

( )g g a l d m g         ,     ( )l g b l e m l         ,     ( )m g c l h m m         . 

Ɉɧɞɚ ɤɟɡ ɤɟɥɝɟɧ ɤɨɤɨɦɦɭɬɚɬɢɜɬі Ⱥ ɚɥɝɟɛɪɚɫɵ ԛɲіɧ       ɝɨɦɨɦɨɪɮɢɡɦі (2), (3) 
ɨɪɵɧɞɚɥԑɚɧ ɠɚԑɞɚɣɞɚ ɦɚɬɪɢɰɚɥɵԕ ɤԧɛɟɣɬɭɝɟ ɫԥɣɤɟɫ ɤɟɥɟɞі.  

1 ɫԧɣɥɟɦɞɟɝі   ɚɧɵԕɬɚɣɬɵɧ ɮɨɪɦɭɥɚɥɚɪɞɵ ɦɚɬɪɢɰɚɥɵԕ ɬԛɪɝɟ ɤԧɲіɪіɩ ɠɚɡԑɚɧ 
ɵңԑɚɣɥɵ: 

( ) ( ) ( )

( ) ( ) ( )

( ) ( ) ( )

a b c a b c a b c a b c

d e h d e h d e h d e h

g l m g l m g l m g l m

             
                      
                   

   (4) 

3( )M A ɦɚɬɪɢɰɚɥɵԕ ɚɥɝɟɛɪɚɫɵɧɵң ɤɟɪі ɷɥɟɦɟɧɬɬɟɪіɧің 3( )GL A ɬɨɛɵɧ ԕɚɪɚɫɬɵɪɚɣɵԕ. 
ȿɝɟɪ Ⱥ ɚɥɝɟɛɪɚɫɵ ɤɨɦɦɭɬɚɬɢɜɬі  ɛɨɥɫɚ, ɨɧɞɚ Ⱥ ɚɥɝɟɛɪɚɫɵɧɞɚ ɤɟɪіɥɟɧɟɬіɧ ɦɚɬɪɢɰɚɥɚɪ ɨɥɚɪ ɬɟɤ  
ɚɧɵԕɬɚɭɵɲɵ Ⱥ ɚɥɝɟɛɪɚɫɵɧɞɚ ɤɟɪіɥɟɧɟɬіɧɞɟɪ: 

3 3( ) ( ) | ( ) ( ) x
GL A M A A

  
        
  

  
           
  
  
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3( )GL A ɬɨɛɵɧɵң іɲɤі ɬɨɛɵ ɪɟɬіɧɞɟ 3( )SL A ɬɨɛɵɧ ɚɧɵԕɬɚɣɵԕ, ɹԑɧɢ ɚɧɵԕɬɚɭɵɲɵ 
( ) ( ) 1            ɛɨɥɚɬɵɧ ɦɚɬɪɢɰɚɥɚɪɞɚɧ ԕԝɪɚɥԑɚɧ. 

ɋԧɣɥɟɦ 2. Ʉɨɦɦɭɬɚɬɢɜɬі ɚɥɝɟɛɪɚɥɚɪ ɟɧɝіɡɟɣіɤ 

( ) (3)[ ] / ((( ) ( )) 1)GL A M t aem bhg dlc ceg dbm ahl t        

ɠԥɧɟ  
(3) (3) / ( 1) (3) / (( ) ( ) 1)SL GL t M aem bhg dlc ceg dbm ahl          

Ɉɧɞɚ ɤɟɡ ɤɟɥɝɟɧ  ɤɨɦɦɭɬɚɬɢɜɬі ɚɥɝɟɛɪɚɫɵ ԛɲіɧ ɤɟɥɟɫі ɛɢɟɤɰɢɹɥɚɪ ɛɚɪ ɛɨɥɚɞɵ 

lg 3( (3), ) ( )
A

Hom GL A GL A  ɠԥɧɟ lg 3( (3), ) ( )
A

Hom SL A SL A , (5) 

ɠԥɧɟ ɨɥɚɪ f ɝɨɦɨɦɨɪɮɢɡɦіɧ ɤɟɥɟɫі ɦɚɬɪɢɰɚԑɚ ɛɟɣɧɟɥɟɣɞі 

( ) ( ) ( )

( ) ( ) ( )

( ) ( ) ( )

f a f b f c

f d f e f h

f g f l f m

 
 
 
 
 

. 

Ⱦԥɥɟɥɞɟɭі. Ȼіɡ ɬɟɤ ԕɚɧɚ (3)GL ԛɲіɧ ԕɚɪɚɫɬɵɪɚɦɵɡ. 
  
  
  

 
 
 
 
 

-  ɦɚɬɪɢɰɚɫɵ 3( )GL A

ɬɨɛɵɧɵң ɦɚɬɪɢɰɚɫɵ ɛɨɥɫɵɧ.  ɚɥɝɟɛɪɚɫɵ ɤɨɦɦɭɬɚɬɢɜɬі ɛɨɥԑɚɧɞɵԕɬɚɧ, : (3)[ ]f M t A ɤɟɥɟɫі 
ɲɚɪɬɬɚɪɞɵ ԕɚɧɚԑɚɬɬɚɧɞɵɪɚɬɵɧ ɠɚɥԑɵɡ ɝɨɦɨɦɨɪɮɢɡɦ ɬɚɛɵɥɚɞɵ: 

 f a  ,  f b  ,  f c  ,  f d  ,  f e  ,  f h  ,  f g  ,  f l  , 

 f m   ɠԥɧɟ 1( ) (( ) ( ))f t             . 

Ɉɫɵɥɚɣ, 

1

((( ) ( )) 1)

(( ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ))

( ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ))) ( ) (1)

(( ) ( ))(( ) ( ))

1 0.

f aem bhg dlc ceg dbm ahl t

f a f e f m f b f h f g f d f l f c

f c f e f g f d f b f m f a f h f l f t f

            

      
   
    

           
 

 

Ʉɟɥɟɫі ɥɟɦɦɚ 2 ɫԧɣɥɟɦɞɟɝі  ɝɨɦɨɪɮɢɡɦіɧ ɬіɤɟɥɟɣ ɟɫɟɩɬɟɭ ɚɪԕɵɥɵ ɚɥɵɧɚɞɵ. 
Ʌɟɦɦɚ  3. 

(( ) ( )) (( ) ( ))aem bhg dlc ceg dbm ahl a e m b h g d l c c e g d b m a h l                            
(( ) ( ))a e m b h g d l c c e g d b m a h l                      ɬɟңɞіɝі ɨɪɵɧɞɚɥɚɞɵ. 

ȿɧɞі ɛіɡ (3)GL , (3)SL ɚɥɝɟɛɪɚɥɵԕ ɬɟɪɦɢɧɞɟɪі ԛɲіɧ 3(3)GL ɠԥɧɟ 3 (3)SL ɬɨɩɬɚɪɵɧɵң 
ԕԝɪɵɥɵɦɞɚɪɵɧ ԕɚɪɚɫɬɵɪɚɦɵɡ. Ʉɨɦɦɭɬɚɬɢɜɬі ɚɥɝɟɛɪɚɥɚɪɞɵ ԕɚɪɚɫɬɵɪɚɣɵԕ.  

2 2(3) (3) [ , ] / ((( ) ( ) 1,

, (( ) ( )) 1)

GL M t t a e m b h g d l c c e g d b m a h l t

a e m b h g d l c c e g d b m a h l t

                            
                       

 

ɠԥɧɟ 
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2 2
(3) (3) [ 1, 1] / ((( ) ( ) 1,

, (( ) ( )) 1).

SL GL t t a e m b h g d l c c e g d b m a h l

a e m b h g d l c c e g d b m a h l

                             
                      

 

 ɋԧɣɥɟɦ 4. 2 ɫԧɣɥɟɦɞɟɝі ɮɨɪɦɭɥɚɥɚɪ  
2

: (3) (3)GL GL
  ɠԥɧɟ 2

: (3) (3)SL SL
   

ɚɥɝɟɛɪɚɥɚɪ ɝɨɦɨɦɨɪɮɢɡɦіɧ ɚɧɵԕɬɚɣɞɵ. 

Ⱦԥɥɟɥɞɟɭі. 2 ɫԧɣɥɟɦɞɟɝі ɮɨɪɦɭɥɚɥɚɪ 2
(3)GL

 ɬɨɛɵɧɞɚԑɵ (3)[ ]M t   ɚɥɝɟɛɪɚcɵɧɚɧ 
ɝɨɦɨɦɨɪɮɢɡɦіɧ ɚɧɵԕɬɚɣɬɵɧ ɛɨɥɚɞɵ, ɟɝɟɪ ( )t t t    ɛɨɥɫɚ.  , (2)GL ɬɨɛɵɧɵң ɛɟɣɧɟɥɟɭіɧɟ 
ɞɟɣіɧ ɛԧɥɲɟɤɬɟɧɟɬіɧіɧ ɤԧɪɫɟɬɭ ԛɲіɧ, ((( ) ( )) 1)aem bhg dlc ceg dbm ahl        ԝɦɬɵɥɚɞɵ 0 

ɟɤɟɧɞіɝіɧ ɤԧɪɫɟɬɫɟɤ ɠɟɬɤіɥіɤɬі. Ʌɟɦɦɚ 3 ɠԥɧɟ 2
(3)GL

 ɚɥɝɟɛɪɚɫɵɧɵң ɚɧɵԕɬɚɦɚɫɵɧɚɧ ɛіɡ 

((( ) ( )) 1) (( ) ( ))

(( ) ( )) 1 1 1 1 0.

aem bhg dlc ceg dbm ahl t a e m b h g d l c c e g d b m a h l

a e m b h g d l c c e g d b m a h l t t

                             
                            

 

ɚɥɚɦɵɡ. 

ȿɧɞі ɛіɡ 3
( )GL A  ɠԥɧɟ 3

( )SL A ɬɨɩɬɚɪɵɧɵң ɛіɪɥіɤɬɟɪіɧɟ ɫɟɣɤɟɫ ɤɟɥɟɬіɧ  

: (3)GL k   ɠԥɧɟ : (3)SL k  , 

ɚɥɝɟɛɪɚɥɚɪ ɛɟɣɧɟɥɟɭіɧ ɠԥɧɟ 

: (3) (3)S SL SL  ɠԥɧɟ : (3) (3)S GL GL  

ɫɨɥ ɬɨɩɬɵң ɤɟɪі ɷɥɟɦɟɧɬіɧ ɚɥɚɬɵɧ ɝɨɦɨɦɨɪɮɢɡɦɞɟɪіɧ ɟɧɝіɡɟɦіɡ. Ȼԝɥ ɛɟɣɧɟɥɟɭ ɤɟɥɟɫі 
ɮɨɪɦɭɥɚɥɚɪɦɟɧ ɚɧɵԕɬɚɥɚɞɵ 

( ) ( ) ( ) ( ) 1a e m t       ,          ( ) ( ) ( ) ( ) ( ) ( ) 0b c h d g l           , 

1
( ) (( ) ( ))

e h
S a aem bhg dlc ceg dbm ahl

l m

  
       

 
, 

1
( ) (( ) ( ))

d h
S b aem bhg dlc ceg dbm ahl

g m

  
        

 
, 

1
( ) (( ) ( ))

d e
S c aem bhg dlc ceg dbm ahl

g l

  
       

 
, 

1
( ) (( ) ( ))

b c
S d aem bhg dlc ceg dbm ahl

l m

  
        

 
, 

1
( ) (( ) ( ))

a c
S e aem bhg dlc ceg dbm ahl

g m

  
       

 
, 

1
( ) (( ) ( ))

a b
S h aem bhg dlc ceg dbm ahl

g l

  
        

 
, 

1
( ) (( ) ( ))

b c
S g aem bhg dlc ceg dbm ahl

e h

  
       

 
, 
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1( ) (( ) ( ))
a c

S l aem bhg dlc ceg dbm ahl
d h

  
        

 
, 

1( ) (( ) ( ))
a b

S m aem bhg dlc ceg dbm ahl
d e

  
       

 
, 

ɠԥɧɟ 1( ) ( ) ( )S t t aem bhg dlc ceg dbm ahl
       . Ȼіɡ ɨɥɚɪɞɵ ɵңԑɚɣɥɵ ԥɪі ɬԛɫіɧіɤɬіɪɟɤ 

ɬԛɪɞɟ ɤԧɲіɪіɩ ɠɚɡɚɦɵɡ. 

1 0 0

0 1 0

0 0 1

a b c

d e h

g l m


   
      
   
   

. 

Ԕɨɥɞɚɧɵɥԑɚɧ ԥɞɟɛɢɟɬɬɟɪ ɬіɡіɦі: 
1. Abe E. Hopf Algebras. Cambridge: Cambridge Univ. Press, 1980. 

2. Serre J. –P. Lie Algebres and Lie Groups. New York-Amsterdam:W. A. Benjamin, Inc., 

1965. 

3. Sweedler M. Hopf Algebras. New York: W. A. Benjamin, Inc., 1969. 
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Ʉ(ȼ)ɉ-ȼɈɋɋɌȺɇɈȼɅȿɇɂȿ ɎɍɇɄɐɂɃ ɉɈ ɇȿɌɈɑɇɕɆ ȾȺɇɇɕɆ 
ɌɊɂȽɈɇɈɆȿɌɊɂɑȿɋɄɂɏ ɄɈɗɎɎɂɐɂȿɇɌɈȼ ɎɍɊɖȿ ɋ ɍɄȺɁȺɇɂȿɆ 
ɋɈȼɈɄɍɉɇɈɃ ɈɐȿɇɄɂ ɇȺ ɉɈȽɊȿɒɇɈɋɌɖ ɇȿɌɈɑɇɕɏ ȾȺɇɇɕɏ 

 

Ⱦɚɭɤɟɧ ɋɚɛɢɧɚ Ⱦɚɭɤɟɧԕɵɡɵ 

sabina.dn@mail.ru 

ɋɬɭɞɟɧɬ 4-ɝɨ ɤɭɪɫɚ ɦɟɯɚɧɢɤɨ-ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɮɚɤɭɥɶɬɟɬɚ ȿɜɪɚɡɢɣɫɤɨɝɨ ɧɚɰɢɨɧɚɥɶɧɨɝɨ 
ɭɧɢɜɟɪɫɢɬɟɬɚ ɢɦɟɧɢ Ʌ.ɇ.Ƚɭɦɢɥɟɜɚ, ɇɭɪ-ɋɭɥɬɚɧ, Ʉɚɡɚɯɫɬɚɧ 

ɇɚɭɱɧɵɣ ɪɭɤɨɜɨɞɢɬɟɥɶ – Ⱥ.ɀ. ɀɭɛɚɧɵɲɟɜɚ 

 

ȼ 1997 ɝɨɞɭ ɇ.Ɍɟɦɢɪɝɚɥɢɟɜɵɦ ɩɨɫɬɚɜɥɟɧɚ ɡɚɞɚɱɚ Ʉɨɦɩɶɸɬɟɪɧɨɝɨ (ɜɵɱɢɫɥɢɬɟɥɶɧɨɝɨ) 
ɩɨɩɟɪɟɱɧɢɤɚ, ɫɦɵɫɥ ɤɨɬɨɪɨɣ ɫɨɫɬɨɢɬ ɜ ɩɨɫɬɪɨɟɧɢɢ ɨɩɬɢɦɚɥɶɧɵɯ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɚɝɪɟɝɚɬɨɜ 
ɜ ɭɫɥɨɜɢɹɯ ɩɪɢɛɥɢɠɟɧɧɵɯ ɞɚɧɧɵɯ. ȼ Ʉ(ȼ)ɉ-ɡɚɞɚɱɟ ɰɟɧɬɪɚɥɶɧɵɦ ɹɜɥɹɟɬɫɹ ɫɥɟɞɭɸɳɟɟ 
ɨɩɪɟɞɟɥɟɧɢɟ (ɧɟɨɛɯɨɞɢɦɵɟ ɨɩɪɟɞɟɥɟɧɢɹ ɢ ɨɛɨɡɧɚɱɟɧɢɹ ɫɦ. ɜ [1, 2]): 

 

YNN

Nj

z(f)l

FfDl
YNN

zzTf)(

Nj
j

N

NN
N

);,...,()(supinf
1

),...,1(

),(

)j()(

)(











 

Ɂɞɟɫɶ ɩɨɫɬɪɨɟɧɢɟ ɜɵɱɢɫɥɢɬɟɥɶɧɨɝɨ ɚɝɪɟɝɚɬɚ );,...,(
1


NN

zz  ɩɨ ɧɟɬɨɱɧɵɦ ɞɚɧɧɵɦ 
ɩɪɨɜɨɞɢɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ. ɋɧɚɱɚɥɚ ɡɚɞɚɸɬɫɹ ɝɪɚɧɢɰɵ ɧɟɬɨɱɧɨɫɬɢ – ɜɟɤɬɨɪ 

  NN

NNN
R )()1( ,..., ɫ ɧɟɨɬɪɢɰɚɬɟɥɶɧɵɦɢ ɤɨɦɩɨɧɟɧɬɚɦɢ.Ɂɚɬɟɦ ɬɨɱɧɵɟ ɡɧɚɱɟɧɢɹ  fl

j)

N

(
 

ɡɚɦɟɧɹɸɬɫɹ ɫ ɡɚɞɚɧɧɨɣ ɬɨɱɧɨɫɬɶɸ   0j

N
  ɧɚ ɩɪɢɛɥɢɠɟɧɧɵɟ ɡɧɚɱɟɧɢɹ  
         Njfzflfzz

j

Nj

j

Njj
,...,1,   , 

ɱɢɫɥɚ    Nfzz ,...,1  ɩɟɪɟɪɚɛɚɬɵɜɚɸɬɫɹ ɩɨɫɪɟɞɫɬɜɨɦ ɚɥɝɨɪɢɬɦɚ N
 ɞɨ ɮɭɧɤɰɢɢ  

   1( ,..., ; )N Nz f z f  , ɤɨɬɨɪɚɹ ɢ ɛɭɞɟɬ ɫɨɫɬɚɜɥɹɬɶ ɜɵɱɢɫɥɢɬɟɥɶɧɵɣ ɚɝɪɟɝɚɬ 

Powered by TCPDF (www.tcpdf.org)

5

http://www.tcpdf.org

	output
	4-sekciya-nio-2019

	Untitled_038
	Untitled_039
	Untitled_040
	Untitled_041

