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   . 2.16.    ( )    
 ( , ). 

 

                 
   .       

  ( .  2.16, )   
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  2 = ri1  2 =  1  z- . 
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       . 

 

    

 

1.       ( . . 2.1, ) 
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β.         μ 
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11.         ( . 2.ββ)      
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  W X =FQ   X  
   ,   

     ,  
 .      

     –   . 
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К  . .     

 54 

 
. 3.β.       Q, -

  . 
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      μ 
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    μ  
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    Y  J    -

,       
   -   

      . 
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 ,  ij    .   
  .  3.3. 
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  –   ( - ). 

 

 

     ,   υ  . 
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   - ,   —  - . 
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     ηE,    
 —         YT 

               
    z- ,   -  a   j- . 
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 ηN,     –    J. 
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Y = YYY
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YY    YY  ±1,  

 Y   YY    -

 ,    t
YY  —  

   Y .      
        

   YY.      
Y' = YYY

t
Y      Y   

 YY,     —   Y. 
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  ,       
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    ( . 3.10). 
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      , μ  
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4.4.   
 

      
   μ    

   ( - )     
,       (j- ) 

—  .     (3.6),   
     ,   -   

  ,  j-  —  (    
           

 ). 
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.  4.4.         

 . 
 

    v     
       
.       , 

 πEC=0  πLJ=0, , Θ3=0 
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К  . .     

 111 
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     i               

         . 
14.              

      ?  ,    
? 

15.      
       μ 

)            ,   
    ? 

)              ,   
    ? 

16.   ,     
   ,    

, μ 
)      ν 
)       ν 
)        ν 

 

 

 

 

 

 

 

 

 

 

 

 

 



К  . .     

 122 

)         ,            
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 17.       . 
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  (4.11). 
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  W  Q,    WX = QF  
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  X     YT  ηZN. 
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 ,   e-  y-  (     
)  .     ks  

(      ),  
  -  -   qs.    

   -  - ,      
,    . ,  

      , 
. . ' = qs —  + ks.      

  — ks,   v' = v — (  — ks) . 
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      v —  — k,  k —  
 ,   = v + k,     

        μ 

 
 ∆k —     -  -   

 . 
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.       
    qs    ∆k, . .  

 .   -     
,      ( . .  ∆k  
)    .  ,   -   
,  ,   ,   

    . ,  -
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 . 

      w-  
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 ( ) -  y-    z-, j-  

( ,  s-   ,  -

 q-  ).  -      
  w- .   -  ,  

  ,   w -      
 .   w-      z-
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.   5.1.     μ 

 —  ν  —        
    -  (1, 2,  3,  4, 9)  z -   (5,  14). 

 

 -  ,  ,  9    2  3. 

       1  4, 

    - .  5  14   
z- .             =8+β·β-7=5. 
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  G6  G7,      
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6.      ( . . 4.5, )   
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   ( .  5.6)    
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G4 = G5 =0,5;   R1=1; R2=2;n=2)   μ  

                  
,       uG2  iR1. 
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   ,    . 
5.7, ?    ? 

11.                        
( . .  4.8, )             ,    

     ( .  5.7),       
    .  5.5. 

12.         
               , 

  . 5.8,       
           . 

 

 

 6.     
  

 
6.1.       

 
 

 

 X  —    P.  

e   X   
αi,   i,   i   …   X 

           

1 2

11 12 1

21 22 2

1 2

...

...

..........................

...

                    (1) 

       k,   

. . 
A ={ a1, a2, …., ak}.    ai ≠aj    (i≠j).                          (2) 

(  k       
    

kі
 

k = 1 2, , ..., , , ( ).
kk k m k ik jk

i j           (3) 
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  .   (1)  
     —  

 .    , 
        

, . .         
< , Ω, >, 

  —   (     
)ν               Ω -    

1, 2,    ν  — , . 
. ,       

 ,       . 
      ,          

   . 
   xі,  

μ 
< 1, 2, . . ., xі, . . ., >.                         (4) 

  r( k) —    -

  (4). 
       α ik  (1) 

Д   (β)  (γ)Ж,   -

. 
 1.      (  = ) 

   ,  (   ) (  )  
 =    (      ).                     (5) 

 β.         
 

 ={ |( ) ( ), )= ν              (6) 
              =  + . 

      (6)   
          . 

 γ.        
  

 = {  b |  b = Ø, r(  b) {1,  2, . . .,}   , b  }, (7) 
         = AB. 
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  a  b,   -   , . 

.     b ≠ Ø. 
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 ,      
  , . .  , 

    . 
       

,   ik  X   -

  (       -

   ),     -

    ,   , 
 ,     .  

 1.    μ  
1 1 2 5 1 1 2 2 3

.
3 2 5 2 3 2 1 5 1

 

   ,    , 
        

. 
 2.    μ  

2 3 4 3 2 5 2 3 4 3 2 5 3 4 3 5
.

7 5 7 7 4 7 5 7 7 4 5 7 4
 

 
         , 

      ,   
 ,      . 

 3.     μ  
1 2 2 2

1 3 1 3 2 2
2 3 1 3 .

2 4 3 3
3 4 3 4
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        -

,      . 
        

,  ,     
  μ 

 +  =  + , 
 = , 

 ( ) = ( ) , 
 (  + ) =  + .                                   (8) 

    ДØЖ,   
,     Ø,   

   Д Ж,               .  , 
   Д Ж      

              
 + [   ]= , 

   Д Ж    0,  
     

[   ] = 0.                                            (9) 
  ДØЖ      ,   

 
 ДØЖ= ,                                      (10) 

      ДØЖ        1,   
 

ДØЖ= 1.                                      (11) 
         

 [  ] = [ ]. 
    

 =дØ, 1, 2, . . ., },                        (12) 
. .    ,        .  

 ,       
 

 = 1. 
   ,       ,  

 = 0. 
     (1β)   A,  

     —  B,       
 

(   A)  = 1, 
(  B)  = 0.                                   (13) 

,   ,    
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,
...

0 .
 

 (1γ )  
  , 

 +  =0.                                (1γ ) 
      (1γ)   ,       

 = 0 
       = 0   = 0, . . -

     .   
,      = 0,  

  . 
 4.      
       μ 

1 3 1 2 1 3 1 2
; , 0.

2 2 3 4 2 2 3 4
 

  Д Ж =0        
 . 

    ,  
      . 

 1.   ,   
    ,  -

  .           
. 

      , 
          μ  

11 1 1

1

1

...

,

...
Ф

Ф

k

Ф

 

 

                                  

1

1 1

,
k k

ik

k

k m m

ik

i i

Ф

s                        

(14) 

  
k ki is —    . 
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 2.          
 

,
ik

k i

A s                                  (15) 

   .
ik ki

s  

,   (15)      
,   z =  + ib    

 ,       
        z =<a, b>. 

  
ik ki

s     -

,       
        .   

       .  
      ,  

    ,   
 

 + X = ,                                  (16) 
     

     
X +  = .                              (16 ) 

  X,   (16)  (16 ), 
       μ 

X =  - . 
       

.  ,        
   X =  + . ,   

  (16)  X =  + ,    
 + (  + ) = , 

    (1γ )   . 
  ,       

 —  =  + ,                              (17) 
         = 0         

-  = .                                     (18) 
  ,      

    . , 
,    , , 

        
  . 

     ,  
,     1)     

 

 

 

 

 

 

 

 

 

 

 

 

 



К  . .     

 157 

β)    (  0  1)ν  γ)    
   . 

 

6.2.    
 

6.2.1.    
 

 * —    X,  
 

 = 0, 
  —   ,   * —  

  .    
 = 0 X = * і  *.                        (19) 

  * *,    = 0, 

        
. 

.     1  2  
  = 0,       

  1 1 + 2 2,    CX1X2, 

 C1, 2,  —   ,  0  1. 
 

1, 2  * C1X1 + 2 2 A*; CX1X2  *.      (20) 
   (β0) 1 = 2 =  = 1,   , 

  *   X1+ X2   X1X2  
 1  2,    = 0. 

 *    = 0     
   ,    

 μ 
(  = 0)  ,A x X  {[ ∩ ≠Ø] [r( ) {0,2, ...]}.      

(21) 
 (β1)     -

  .  
 

6.2.2.     
 

           
  X,    

 = ,                                    (22) 
    ,   —    , . . 

 |        ≠ 0.                               (23) 
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    ≠ 1   ≠ 0     
,   1  ν   1,   ,   

          . 
   Ø,       , 

   ν   
   .  , 

    , 
  .   

 3.       
      ,      

   μ 
1)   = 0; 
β)         

       . 
.        

 ,      X,    
 = . 

        ,   
       

    ,   — , 
  . , 

 
B|A  (AB=0)  [ 

kb B , 
k

 ( k bk)],           (24) 

,  ,     
,     

  |                 |   | .                    (25) 
      -

, . . (  |    | )   = ,       
. 

 4.     —   
 ,      —  ,    = . 

.    ,             
 

 |                 | . 
  γ ,      

  

{
kb B , 

k
 ( k bk)} {

kb B , 
k

 (bk  k)} 
             = . 
      , . .                             

 = ,   = .    . 
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 5.   =      
    

X =  + *, 

  * —       .    
(  = )  (X =  + *ν *  A*).            (26) 
.    =  ,  ( +X) = 0 

   + X —  ,   ,    

X= + *,  * —     
 =0.   X= + *   = , 

,        
   . 

 6.       
   ,     
 ,   .  

.      

      ,   
1  .    ,       —          

,   . . 
 = 0 ,    0≠1,    ≠1.                  (27) 

  —   ,     
             = 1 1.     

A= l 0 1 2 . . . l.                          (28) 
   ≠ 0     

l ≤ ,                                      (29) 
  —       A, 

   .  
    д1, β, . . ., l ж    

l ,  l       . 
  = 0  (βλ)   , ,  

,       

( , )      ,      
        6. 

 7.       
                   
 . 

      6. -

,         
(β8)    l,      -

    0, X1, X2, …., Xl. 

        -

        
 = 1, 2 . . . r.                            (30) 
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 ,        (  
 ),     

.       
      μ  

 

1

2

r

                                                     (31) 

,      μ 
1.   ,    ( -

)      ,  
   . 

γ.   ,    , . 
γ.    ,     , 

  (  > 1). 
4.          

,             
 . 
 5. 

1

1 1 2

1 21 2

[ ] [ ][ ],  

 

1 1

1 1

.  

  ,      
,    ν ,  

  ,    . 
      ,  

    ,   
 X,      . -

       
, , ,    

   .     
   . 
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 8.      
           

 . 
. ,   = 1, 2 . . . r.  , 

     ,    
  Pі  ,  

              
. 

      ,  
        

       .  
 6.  

[1] [2] = [1] [2 1] = [1] 
2 1

2
= [1] 

2 1

3
= … 

       
        

,      
        . 
 δ.        

          
    ,   

    ,     
. 

,         
       

.     , -

,         
. 

 9.       
   ≠0 (  m )   
 

1

,
m

i

i

A P                                          (32) 

         
         

11

,
m m

ij i

ij

A P                                   (33) 

   ij    0   1.  
 .  ,     
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1

,
m

j

j

A P  

  (γβ). ,      P′j,  

P′j= P′j
1

0.
m

i

i

P  

, P′j = ( 1 2 . . . )*j, . . P'j —    

  
1

.
m

i

i

P     ,    

     Pі     

( 1 2 . . . )*j= 

1

,
m

ij

i

P   ij=0, 1.                         (34) 

                                                                       
  ,   , 

11

,
m m

ij i

ij

A P  
ij

0

1
. 

   λ ,   
        -

                
 = 1 2 = 1 ( 1 + 2) = 2 ( 1 + 2).          (35)  

  ,      -

,      
     -      — -

      . 
 10.     

            
    

2

( 1) ( 1)( 2) ( 1)( 2)...
1 ... ,

2! 3! ( 1) !
m

k k k k k k k k m
R k

m
 (36)  

 k =  (  —1). 
.    m-     

   ,  (γ6) 
 .      
,      (γγ). 

      (  — 1)
2
 + 1 

    ,    
    ,   
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      ij.    
 (γγ)  2

    ij,   
        

k = 
2
 —  =  (  — 1)    ij.   , 

      — 1    
ij,        (γγ)   

    = 0.     
      ij,       

 — 1≤ e ≤  (  — 1) = k. 
 ,  ∆      

    
∆  = (  - 1)  - (  - 1) + 1 = (  - 1)

2
 + 1. 

 

6.3.     
  
 

             
     ,   -

  ,   . .  
   . ,  

       
,     ,  
      .  

        
        

. 
 ε.       

     ,   
      
  ,     

      
   

 = b ( ).                                   (37) 
,     

    ,  
 (37),     .  -

  ,    
  —   ,    

     
,     .   

      ,   
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    ,       ,  

      ,    , 

     . 
       — 

 .  ,   
       , 

      

     .  
     1β.  

 11.       -

  ,    
     1, 2, . . ., ,  

  — 1      
 = 1 2. . . -1                            (38) 

      
 ,     

pі (pі ≠ pj,      i ≠ j)   . 
.  (γ8)      

   .    
   .      

  αk. ,   (γ8)  
     *, . .   

  
* = ( 1 + 2) 3... -1 = ( '1 + '2) **, 

 
1 = '1 + [αk],    2 = '2 + [αk]. 

    

 ' = P1P2A** = ( '1 + '2) **[αk]+ '1 '2 ** = * [αk]+A′′.      
(39) 

         
  αk     

 = * [αk]+ A
0
,                                  (40) 

    * (    
αk),   αk,    

      αk.   (40)  0
 

  ,     
  ,   αk.   

(γλ)  (40),  
 + ' = 

0
 + ",                              (40 ) 

           
αk,      αk, ,    
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 + '1 = 
0

1 + "1  α1, 
 + '2 = 

0
2 + "2  α2 

…………………………. 
 + '  = 

0
 + "   α  

    (40 )    
         .    

 = ' =P1P2. . . P -1, 
   . 

   ,    

    . 
 12.     
      

     ,     
              

 = 1 2 ... ,                                    (41) 
   αik    

              Pі, Pj. 
.  (41)    

 11     . 
 ,   αik     
    Pі, Pj,  ,      

        (    ).  
       

          
    , 

             μ 
1)     = 1 2 …      

,  . . 
і ≠ Pj,    i, j = 1, 2, . . .,     (і ≠ j);             (42) 

β)    Pk  (41)    
     , . .  

і≠ k

k

P ,       k = 1,2,...,        (k≠ і).           (43) 

  1β ,   ,    
   ,    -

 .     
 .  , ,  

              
        . 
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6.4.     
   

 
 6.      

      A
d
,  

      

     αik,    
  . 

    αik,    
  ,  L,   C

d
i   A

d
 

   (             
) 

C1
d
 = L-C2, C2

d
 = L-C2,   ..., C

d
 = L-Cn,              (44) 

   1,    2, . . .,  —      . 
       

       
A

 d
 ={bk | (bk=L- k) ∆ (ak  )}                (44 ) 

    
A

d
 ={{αik} - apk | αik L,    ak A).            (44 ) 

       
 (  + B)

d
 = A

d
+B

d
,    L = LA  LB,              (45) 

 ,   —  . 
       

    L*, ,  L  L*,  
 

A
d

L* ={L* - ak | ak A}.                          (44 ) 
     -

   . 
 7.    A

d
      

  

2 6 9

3 2 8 .

5 8 3

 

       L μ 
L ={2, 3, 5, 6, 8, 9}. 

    

 

 

 

 

 

 

 

 

 

 

 

 

 



К  . .     

 167 

6 3 2

8 5 5 .

9 9 6

d  

,        
 ,       

       . 
 7.      

  ,       
      , 

        
      

  .     
 = cob ( ).                                   (46) 

 ,     
  Ad

     

   . 
  —      

       

.       
 ,   . 

 ,      pa 

  .      
,  —  .  

     . 
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. 

 13.       -

  ,    
    ,  

  ,     
  

 = P1P2 ...Pm, 
         G. 

.               
. 

         . 
         , 

  .1,   .1, ,   1, 2, 3 —  
     .  

 
.1.    . 

 
 

     ( .1, )   

112

2 3 3
, 

. .       = [1 2] [1 3]. 
 ,   .1, ,   

,    
1

2
= [1] [2] . 

 ,     ,  
 1, 2, 3    

  . 
,       

   — 1.   ,   
                   . 
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 ,      
      

. 
 11  1γ      

     .    
   ,   

,      

. 
 

6.5.    
    

 
       

ν   , , —  
 . 

 8.     
     / α,      

A
A                                                 (47) 

( ,      α,   .)                   
      ,  

  
A

={bk|bk = ak — {α}, α ak, ak A}.             (47 ) 

  ,  « » 
μ 

1 2
1 2

1 2
1 2 2 1

( ) ,

( ) .

                  (48) 

            α,   . . 
A

= α.                                                                            (49) 

,              

[α] = 1.                             (50) 
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 8.      

μ 
1 15 4

2 3 4 13
2 3 3 3 , , .

4 2 3 211 4
4 2 71

 

      -

   . 
     

 ,   .  
 1.     / α 

     

            α. 
 1   11  1γ. , 

 ,       , 
   α,   α    

     P1    2,  . . 
 = 1 (α) 2 (α) 3(α)  . . . -1(α). 

    —     .  
 

A
=

1
 2… -1+

2
 1 2… -1. 

      P1  2 , 
   1/ α = 2/ α = 1,    

A
=( 1 + 2) 3... -1.                       (51) 

    α    
  (   )  α  

   (   — 1 =  — 

  ).    

      ,  
   . 

  ,    

    (      
  ) —   -

 . 
           

     / α,    
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A
A                                                 (52) 

( ,      α,   .)                   
       

 ,      

| , .k k k

A
a a a A                          (5β ) 

      -

 

 
1 2

1 2

1 2
1 2 2 1 1 2

( ) ,

( ) .

A A
A A

A A
A A A A A A

                (53) 

     1  2,  
, 

1 2
1 2( ) .

A A
A A                            (53a) 

     

0.
A

                                       (54) 

     -

         μ  

( ) .
A A

A                                    (5γ ) 

     

 .
A

A                                                        (55) 

 9.     
μ 

1 215 2 5 15

3 4 2 4 , 4 4 , 3 4 .
1 2

5 7 3 8 7 8 5 8

A A
A  
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 .  

 β.     
A

 

     

 ,         
  .    

  
A

     

       α. 
      

,       
 . 

     -

,       
,    ,   -

   ,   
      , 

,        . 
,          

 

[ ] ,
A A

A                   (56) 

 α —    .    
                                                  

6.6.    
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 9.      
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1 2

11 12 1

21 22 2

1 1

1 2

...

...
det det ,

..........................

...

k

ik

mn

Z Z
k i

г  (57) 

 Z —     
ik

z  , . . 

ik
z Z.    .  -

  ,    
 ,    , 

   .  
        

  . 
         

  det
Z

 

1 2

11 12 1

21 22 2

1 2

...

...
| |

..........................

...

                                (58) 

 10.  . 
       

1 21 2

3 4 4 3

7 5 8 4

A  

     z1, z2, z3, z4, z5, z6,z7,z8 Z. 
det

Z
= z1z3z7 + z2z4z5 + z1z4z8+ z2z3z4. 

           ,   
   .  

       μ 
(A1 = 2)  ( det

Z
2= det

Z
1),  
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det det .
Z Z

A
A

z
 

 

6.7.    
 

 
       

 ,     — . 
 10.   ∩       

  ,    
           . 
 11. 

13 5

2 4 6
A ,   

5 2 4

31 1
  ,   ∩ =

1
.

2
 

       , 
        

,—        
( , ) , .

ik
Z

Sim A B z Z  

    

( , ) det( ) ,

det( ) .

ZZ

Z

Sim A B A B

A B
                   (59) 

 ,                ∩ ≠0. 
 (5λ)     , 

        
    μ   

    ,   
      α  

.  
 11.    

, , , ,
ik

Z

Sim z z z Z                          (60) 
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   ,    
     α  ,  
,      μ 

1)   (60) —   , -

         (det ( / α)      det (  / )ν 
                                               

Z
                         

Z 
β)            ,   -

  ,  ,    α 

     ,    
      +1      —1   ( .   β). 

 
. β.          . 

 
  (60)      

, det ,
ZZ

A A
Sim  

  α    , 

det ,
Z

A A
 

   α    . 
(61) 

 12.      ,   
          

, ,
Z

Sim  

    .  γ  (α = 1,    = 7). 
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.   γ. 

 
.      (1γ)  
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,    / 1   / 7,    . 
    . γ ,   

  5 β 6, 5 γ 6, 5 8 γ, 5 8 6     
  ,    α = 1   = 7  

.   ,      β γ 
4            1     7      

. 
  z5z2z6, z5z3z6, z5z8z3, z5z8z6   , 

z2z3z4 —    . 
    

,
1 7Z

Sim = z5z2z6+ z5z3z6+z5z8z3-z2z3z4 
. 

   ,    
      , 

  / α∩ / ,     
 ,     m=1. -

   α         
 . 

    ,     
  .    

,         , 

      -

 . 
 1β.   ,   

          
. 

     . 
 γ.  ( )     

 ,       

 ,       

0 .
A A

A A                    (62) 

      ,   
      

A A
 

 ,     -

         α  
. 
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 . 4   ,       
   . 

 
. 4.   μ ) ν                                                         

, , )   . 
 

   (6β),   ,    
.   4, ,    

A=[1 2] [3 4]= 
11 2 2

3 43 4
 

 

2

A A
=Дγ 4Ж≠0, 

  

3

A A
=

4

A A
=0. 

. .  (6β)     ( . 4, )   
  .   (6β)   

      ,       
.      -

    ,    (6β).  
  ,     ,  

   ,    
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6.8.     
  

 
       

,   ,     
    ,          

<An>= 1, 2, 3, . . ., , .... 
      

    . ,  
  

A={ak | αij ak, i, j, k = 1, β, γ, … .ж, 
      , a αij —  -

 . 
     ,    

   ее  ее.      

={α1, α2, . . ., αv} ||  || = 2 2 2

1 2|| || || || ... || || ,v  ееØе=0, 
 ее αі || —   α і. 

     

||  || =
2|| ||  

    ,     . 
           

ρ( , ) = || ||, 

 —    .   
 ,   ρ( , )  

  μ 
ρ ( , ) = 0  = , 
ρ ( , ) = ρ( , ), 
ρ ( , ) + ρ ( , )≥ρ ( , ). 

       
||  ее≤ее A || || B ||, 

      — . 
         

   ,       

lim
n

 ρ ( , ) = 0, 
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 =  lim
n

 An. 

   ,   
, , , ,   .  
     ,    

    , -

    
im

n
L   ob          im

n
L   cob An 

       
  μ  

( im
n
L   ob  = ) [ im

n
L   ob ( ) = ]  [  = ob ( )], 

( im
n
L   cob  = ) [ im

n
L   ob ( ) = ]  [  = ob ( )], 

         
             

,         
          Д0, 1Ж      

( .   5). 

 
.   5.            

. 
 

     Д0, 1Ж,   ∞  
     (  ) -

 .   , ,    
. 5,     

 μ 
1=[1 2 3 4], 
2 = [1 2 3 4] [3 5 6 7], 
3 = [1 2 3 4] [3 5 6 7] [6 8 9 10], 

………………………………….. 
                  .  
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 = cob
-1

 ,     = im
n
L  Sn, 

   Sn —      (   )  
   .  5. 

        

A1+A2+A3 + ...+An=  

1

.n

n

A  

  1, 2, 3, ...   ,  
   

S1   =A1, 
S  2  =A1 + A2, 
S  3  = A1 + A2 + 3, 

……………………….. 
Sn=A1+A2+A3 + ...+An 

   .     
 ,    

 .     
     .  

lim
n

 Sn = S, 

 

S=

1

.n

n

A  

 

7.      
 

 

         , 
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,       
  ( )ν    

  ,     . 
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— ,   . .   ,  
,    ,   
    .   

      , 
     ,    

      
          .  

 

7.1.    
    
 

       -

   ,     
 ,    ,   

    .     
     2         

. 
 1.     2

   
  2

j 
2
A={

2
j}j=1, 2,..,n.                                        (1)               

                                                                                                  
                                                                    2

j ={Aij} i=1, 2,. .,m , 

i j
Aij —    . 

           

11 1

21 22

1

...

...
,

..............

...

                                   (2) 

 
2

= 1,2,..., ,
1,2,...,

[ ]ij i m
j n

A                                         (3) 

   ij —    . 
        
   . 

 2.      
   2      
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 ,      
      ij     2 μ 

1 1

,
mn

ij

i i

A A        2
=

1,2,..., ,
1,2,...,

[ ]ij i m
j n

A                      (4) 

            
        2    

 
e

2        2  
e

 .                           (5) 
              

 μ 
 

2 2

1
1 1

2
2 3 1 1

3
1 2 3

15 1 1 6 1 5
[1 2 4] [1 2 4] 2 [ ] 4 4 , .

2 6 2 3 5 2 6
3 5 5

6
6 6[ ]

5

e e e e

A A A A

        

       
,                  μ  

(
2  = 

2
)

df

(  = ),                                  (6) 

2  +2  
e

  + ,                                        (7) 

2 ·2  
e

  ,                                          (8) 

   
e

 
2 ,   

e

  
2 .                      

 ,  
e

    -

. 
         

μ 
{(

2 2 ) (
2 2 )ж (

2
=

2 ),                                         (9) 
{

2  = (2   
2 )ж  (

2  = 2  + 2 ),                                   (10)  

[
2  = {

2
 | (

2  =2
 
2
b) (

2   
2

)  (
2
b  

2
B) (

2
 
2
b = Ø)  
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 (r (
2

  
2
b) = 2k - 1)}]  (

2
 - 

2 ·2
),  

                                                                                           (11) 
    , r—  -

,     k —  . 
,       

,   ,    
   ,    

       . 
  2Д Ж = 0      

    ,   
     Д Ж   

 ν    [Ø] = 1   
       
 ,      
  [Ø]    .   

  μ 

 
1.      

12...

,[ ... ]
0 .

n

AAA A                     

(12)   

 

2.          

.

0 ,

1 , ,

, .

              

(13) 
   —      

 ={ДØ], 1, 2,     . .} 
3.  ([A1 .... Aj . .. A  = 0) {(Aj = [A1 ... Aj-1Aj+1 … An])   

 (A1 = A2 = . . . = Aj = . . . = An = 0)}, 
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11 1

22
22 2

2 22 2 2 2

AA A

bb b

AA A

a da b a c

. 

 

     
1 2 3

 

1 2 3

2 dA =[b1] [d2](
 2

A
d
)= 

1

1 1 1

1

2

2 2 2

2

.

d d

d d

c
A A b

b

a
A d A

d

 

 

.         -  

 
  (84), (85), (101)  (10β)    

1 2A     1 2d
A  1 2 , 

   = Дα1α2. . . αiαj. . . αp]   
   1 = Дα1α2. . . αiЖ  2 = Дαj. . . αpЖ,  

     1 2A  -

     1 2d
A -    1 2 : 

1 22
A =

1 1

2 2 2 2

1 2

0 0

01 02

,
d d

g g

A A

A A
A A

A A

A A

(105) 
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1 2d
A =

1 1

2 2

2 20 0

01 02 1 2

,

d dd d

g g

A A

A AA AA A

A A

 (106) 

 Д 01Ж  [ 02] —      
 0  0,   1  2 

    ν [ 1]  [ 2] —   

       ,   
     ,  
 (     ).  

 14.    1 22
A  1 2 , 

      ( . β6, )   
  1  2. 

 

 
. β6. 
 

       Ad
0       0   ( . β6, ) 
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A
d

0 = [ 1 3] [b1b2] [ 2b3],        01 = [a3b3], 02 = [ 1 2 b1b2], 

 

1 1 1 1 2 3 1 10 0
1 1 2 3 1 3

2 3 1 3 2 3 2 301 02

,
d d b b a b a b a bA A

b b a b a a
a b b a b b b a

 

  

1 22
A =

2

1 1 1 1 1
1 1 1

1 1 1 1 1 1

1 2

2 2 2 2 2
2 2 2 2

2 2 2 2 2 20
3

3 3 3 301
3 3 3 3

3 3 3 3

.
d

A A A A A
A A A

b b a b b a
A

A A A A A
A A A A

a a b b b bA
A

A A A A
A A A A

b a b a

 

 
  ,   

 

1 22
A   1 2     01 02

0
, -

    .   β6, . 
 

7.8.6    

 
   ,    

  
      

  Ad
. 

      -

      

                                              (107) 

           Ad 
[α] A

d
 = A

d
 α                                (108) 

 ,   

,k
k

k

                                     (109) 

[αk] A
d

k = A
d

 kα                                (110) 
  k   αk ,   αk (   

αk)   k       Ak  
        Ad

 k. 
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,   (107)  (108)  (6.10λ) 
 (110),       

 ν  

,                                      (111) 

[α]A
d
 = [α] A

d
 = A

d
 α,                           (112) 

k

k

=[αk] Ak = Akα,                      (113) 

[αk] A
d

k = [αk] A
d

 k = A
d

 kα.                        (114) 
       

     - , 
 

1

22

0

d

g

A

A
A

A

A

 

  

1

22

0 ,

d

d

d d

d

g

A

A
A A

A

 

   μ 

11

2 22 2

0 0 .

d

d

d d

d
g g

AA

A A
A A A A

A A

        (115) 

      , 

 
[ak] Aka = Akaα = 0,                            (116) 

 [ak] Al = Al, k≠l,                                (117) 
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 [ak] ,

k ka

l l

A A

A A                              (118) 

 [ak]—   ,    k,  
 

,

k k ka ka

k l

l l l l la

l k

A A A A
a A

A A a A A
a A

(119) 

.

k k ka k

k l l l k l l la

A A A A

a a A a a A A A                (120) 

      
   -    
. 

 15. 

1 1 11 2

1 2 2 2 2 2

2 3 3 3 3 3

0

.

a a a

a ab ab

b b bc bc

A A Aa a

b b A A A A

a c A A A A

 

 16. 

1 1 1 11 1

1 2 1 1 2

2 2 2 2 2 2

3 2 31 3

3 3 3 3

.

0 0

a a a a

a a a ab ab ab

a a a a

A A A AA A
a b a a b

A A A A A A
a b ba a

A A A A

 

 17. 

11 1

1 3 2 2 2

1

3 32 3 32

4 4 4

.

aAA A

a b A A A
a

A Aa a Aa

A A A
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 18. 

1 1 1 1 1 1

1 2

2 2 2 2 2 2

.

d d d d d d

b c ab ac b c

d d d d d d

b d b d ab ad

A A A A A A
a a

A A A A A A
 

 
. β7. 

   19.         2    -     
( . β7, ),   0   . β7, μ 

 

A
d

0= [ 1 2] [b1 b  2 b  3] [ 2 b3] =

1 1 1 1 2 2 1 1 1 1 2 2

1 2 2 2 2 2 1 2 3 2 2 3

2 2 3 2 2 3 3 3 3 3 3 3

a a a b a a a a a b a a

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

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

 , 

1 1 1 1 1 1 1 1 1 1 1 11

2

0 2 2 2 2 2 2 2 2 2 2 2 2

3 3 3 3 3 3 3 3 3 3 3 3 3

.

ab a a b ab a a b

d

c bc c ac abc ac b a ab a

a a b b ab b b ab

A A A A A A A A A A A AA

A A A A A A A A A A A A A A A

A A A A A A A A A A A A A

 

 

    2
A

d
  ,  

 

1

2

0 2

3

.

d

d d d

d

A

A A A

A

 

      -

     μ -

    ( .  β7, )    1.   
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1

1 1 1 1 1 11

02 2

2 1 2 2 2 2 2 2

1

3 3 3 3 3 3 3

.

ab a a ab a ad

a ac abc ac a ab a

a b b ab

A A A A A AA
A

A A a A A A A A A A
a

A A A A A A A

 

        -

.   ,   
      

      -

. 
 

7.8.7.  k-   

 
    ,    

.       , 
    .  k-     

  μ 
k  =<

k
P, 

k
Z, 

k
>,                                  (121) 

   k
P —      k ν   k

Z —  
    k ,             

(k — 1)-         ν k  —  
    k . 

       
 . ,      

 
k  k-1

,    card 
k
Z< card 

k-1
Z, 

k  k-1
.       (122) 

  k-   k
  k    

    ,     
     . 

    . β8,      
3 ,       

  2
   ( .   β8, ). 
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. β8.    μ )   

ν  )   ν )    ν  
)    . 

 

  2
1  3     1  2 

 2 ,   2
2 —   3  4  

2 .     '0 ( . β8, )  3   
      3        

2 22

1 112

1 2 2 2 2

2 2 2

.
d

d

A AA
A d d

A A A
 

    3
    

  2   2      3  
    2 ,   2

1 

 2
2  3  ( .   β8, ): 

1 1 3 32 2

1 2

2 2 4 4

, .
a b

a a

A A A A
A A

A A A A
                ( ) 

  d1 = b2,   d2 = a3,  

 

2

1 12 2 2

1 1 2 1

2 2

,
a

d b

b ab

A A
A A b A

A A
 

3

3 32 2 2

2 2 3 2

4 4

,
ab a

d a

a

A A
A A a A

A A
 

,   ,        ( ),     
2

  2   
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1 1 3 3 1 1 3 32

2 2 4 4 2 2 4 4

.
a b a ab a

b ab a a a

A A A A A A A A
A

A A A A A A A A
 

        
       - . 

       
 ,       
       . 

 

8.     
  

 
      -  

       
,        

.        

 , . .  .    -

,        
,        

 .    -  
,       , 

 . ,  
    «  »  

  ( , , ),  
       

 ,     
  . .      

  ,    
      ,    

   .    

 -      
        

  .    ,  
  ,   , 

   ,   
   .    

  ,       
        

    . 
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8.1.      
 

   ,   ,   
          ( ),    

=<  | ( ) >.                                  (8.1) 
   r  ( )  ,  ,    -

     X.    X  Y: 

                  X = <  е  ( ) >,    Y = <  |  ( ) >.                      ( ) 
 

(X
r

Y) 

df

x X
 

y Y
 {[rX(x)≤rY(y)]  (x = y)}.        (8.2) 

     ( )      ,    
(X = Y)  (X 

r
Y)  (Y 

r
 X).               (8.3) 

  X  Y  ( )  ,    
      μ 

S=(X
r

Y) 

df

<s|(s X) (s Y) (rs (s))=rX (s) + rY (s)>.   (8.4) 
    Y  ( )  , -

     μ 

Z=(X∩rY) 
df

<z|(z X) (z Y) (rz(z))=min[rX(z),rY(z)])>. (8.5) 
      .  

 1.    A    
          ( ) 
A= <ak|ak = <αik | αik N>>

1,2, ,
1,2 ,

i n
k m

,              (8.6) 

 N —      μ  
1.  ( A  = B )  ( A  

r B )  (B r A ),  

2.   A + B= A r B ,                                                              (8.7) 

3.  A B  = (a 
r

b|(a A )  (b B )). 
      -

  

     
,

( ),
A+B=B+A

AB=BA
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,

( ),
A+(B+C)=(A+B)+C

A(BC)=(AB)C
                          (8.8) 

   .A(B+C)= AB+АC    ( ). 
 ,      

    < >,    
 ,    —   < >, 

       .  
    A : 

А+<>= A,
A < >= A.

                            (8.9) 

       < >   0,  
   < > —   1μ 

< >=0,       < > =1.                           (8.10) 
 

A+B =0                                              (8.11) 
  

A= —B .                                 (8.12) 
   — B      

 . 
   A—B    , 
       ,  . . 

C+B= A C  = A -B .                    (8.13) 
   ,     

 A        ,          
 B . 

 8.1.     A  — B  

            ,    

B r A  
         

        

       A  ∩r B . 
 A  — B       μ  

( A  — B=C -D ) ( A  +D=C+B ), 

( A  — B)+(C -D )= ( A+C )-(B+D ) 

( A  — B)+(C -D )= ( A C+BD )=(A D+B C). 
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,
N

A+A+...+A=NA                              (8.15) 

,N

N

AA...A=A                                 (8.16) 

 N —   . ,    
   N    

 μ 
N A  + M A  = (N + M) A , 

M(N A ) = (MN) A , 
                             A

N
A

M
= A

N+M,                       
       (8.17) 

( A
N

)
M

= A
(NM)

 , 

  
( A +B )

2
= A

2
 + 2 A B+B

2
, 

( A +B )( A -B )= A
2

 -B
2
. 

,     A      
   

A  =P 1 P 2 ... P n.                           (8.19) 
  P 1, P 2, ..., P n    

 P .    P ,    
 1  P ,     . 

,      P ,  

   ,    
μ 1  P , . .           

. 
,        

,       

 A . 
      A   B   
    X ,   

B X  = A ,                                    (8.20) 
   

X  =
A

B
        X  = A :B                        (8.21) 

. . 

(B X  = A )  (X  = 
A

B
),    B≠0.              (8.22) 

   X ,  B≠0,  
,      
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 B            
  A , . . 

{P ′1 P ′2 ... P ′m} {P 1 P 2 ... P n}, 
   

                          
A  =P 1 P 2 ... P n , B  =                                       (8.23) 

  . 
   ( A ,B )     A /B ,  

( ),

, 0,

.

A C
= AD = BC

B D

A C AD+BC
+ B D 0.

B D BD

A C AC

B D BD

      (8.24) 

      

0, 1.
M

M N

N

A
A A

A
                          (8.25) 

    (8.6)    A  

      

A=

11 12 1

21 22 2

1 2

....................

n

n

m m mn

                                (8.26) 

      ak (  
 ),    

  (     )  
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1 2

1

2
.

n

k

k

k

mk

a a a

a

A

                              (8.27) 

,        
  ,    , -

  μ 
1 2 2 2 13 4 2

2 3 3 4 2 2 5 3 ,

3 4 4 5 3 4 2 4

 

13 14 13 14
,

2 4 2 5 2 4 2 5
 

11 4 4

13 1 4 2 2 5 5
.

2 4 2 5 13 13

2 4 2 4

 

      
. 

 8.1.      
        

A=
1 1

.
mn

ik

k i

                                    (8.28) 

,         , 
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11 12 1 1

21 22 2 2

1 1 1

1 2

.
.................... ......

n k

mn n
n k

ik

k k i

m m mn mk

 

 
<αik> =aik,                                  (8.29) 

   (8.β8)             

A=
1 1

.
mn

ik

k i

a                                          (8.30) 

  aik     (8.βλ)     
. 

    A    ,  ,    
  ,        

A
s

.                            (8.31) 
  , . . 

( A  
s

 )  (A 
s

 A )                           (8.32) 
,  ,    μ 

1 1 2 2

1 2 2

( ) ( ) ( ),
.

( ) ( ) ( ).

s s

s s

A A A A

A A
1

A A

A A = A A

             (8.33) 

  

(kA 
s

A )  {(A 
s

A )  (A
s

 kA)} 

 ,  A 
s

A ,     
          A . 

     

 A         α. 
 8.β.     

 A= <ak>k=l, 2, .  .  . ,n,      ak = <αik>i=1, 2, ..     ,    α 

     
A

,   

   μ  
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/| ( ) [ ( )
ikk k k ik k

ik

a a a r a
A

A
 

1,2,...,( ) ( )] .
kk a ik k nr a r

A
                               (8.34) 

      -

 α     -

 .      
    ,  

   (8.β8)  (8.γ0).  
  8.1. 

2 3 2

1 1 21 11

2 2 2 2 21 { 1 2 3 3 1 2 2 1 4 }
2 2

3 2 2 2 2 4

2
11 11 11 12 2 2

1 3 6 1 2 3 2 .
3 2 2 2 2 2 2 2 2 2

 

 A  
s

,  
A s

.
A

                                              (8.35) 

   ,   -

       , 
     ,    

 

2

( ) ,

( ) , .

, 0.

A B
A+B

B A
AB A B

A B
B A

A
B

B B

                         (8.36) 

         
        

    μ  
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,

,
.

[ ] , ,

[ ] , .

k
k

k

s s
d d d d

s s
d d d d

k k k k k

A A

A A

A
A

A
A

A A

A A

               (8.37) 

     
 . 

 8.γ.      
A= <ak>k=l,  2, .  . . ,n,      ak = <αik>i=1, 2, . .    ,  

  α     
A

, -

   
df

1,2,...,| .k ik k k n

ik

a a
A

A                 (8.38) 

 ,    
A

  

    A ,     α.  
 8.2. 

1 1 21 11 1

2 2 2 2 21 1
2

3 2 2 2 2 4 4

 

 A  
s

,  
A s

.
A

                                              (8.39) 

   ,    
     μ  
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( ) ,

( ) , .

/
, 0, 0.

/

A B
A+B

A B
AB

A A B
B

B B

            (8.40) 

 ,       
          

   μ 

1.     + B 
s

 A  + B - 2( A∩rB ),   
s

 A ,    B
s

B .   (8.41) 

  2( A∩rB )      
       .    

A∩rB=0, 

(  
s

A   
s

B ,     A∩rB     

A∩B )  

. . 
 ∩  = 0, 

  ,          

 , . .   + B 
s

 A  + B . 

2.   B 
s

 A B -D  ,                                                          (8.42) 
 

0
a

1

0

1
[1 ( 1) ] ;

2
ik

i i

i

a k aD=  

і ≠ 0 —   A B ,       
      r

0
a (α) ≥ 2; 

ki —    aі   A B . 
   D    (8.4β)   

      . ,  

D  

s

 [ ] = 0                                (8.44) 
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D= <a|(
a

 ra(α)>l) (r
D

( ) = 2 k)>,             (8.45) 

  k —   . 
  D  = 0,           

,   . .   B 
s

 A B . 
   1,   2, . . ., Ag     -

      ,   . .  
 

1

2

1 1

, ( ),
g ge s s

i i i i

i i

g

A

A
A i A

A

A A                 (8.46) 

             .  
 

8.2.   
 

     v   vz ,  
β ≤vz ≤ v. 

 8.δ.      
  z (  ),   vz -

,  vz      
,     A z  z  

       μ 

A z 
s

 .                                     (8.47) 
 z  g = vz (vz — 1)/β .    

   -  *z,   
 .  . 8.1     vz = 4 

 ,    z,   
-  *z. 1, 2, . . ., A6 —    

  *z.  
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. 8.1.      μ  )  

   ν )  ν                             
)  . 

 

-  *z      
 

A*z 
s

 ,                                       (8.48) 

   A*z          *z.      
   (8.47)    (8.48)  ,    

A z  = A*z  .                                  (8.49) 
  ,      

  α1, α2,  . . ., αg,   
  z,   

,       
 . 

μ A
d

z —     z, 

   α1, α2,  . . ., αg,   
ν  A*z ( 1)

z
v    —     *z ( 1)

z
v , 

      
  *z; A 'z —     

z,      α1, α2,  . . ., αg  Fz 

   

1 2
1 2

1 2

, , , ,
g

g

g

a a a
AA A

A A A
                        (8.50) 

 A g 
s

 A1, A g 
s

 A2, ..., A g 
s

 Ag —    
 *z,  

1 2
1 2

1 2

, , ,
g

g

g

AA A
A A A  
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  ,    
     *z: 

 

1

22

( 1)* [ ] * ,
z

s
d

z z z z v

g

A

A
A A

A

A A                        (8.51) 

 

( 1) 1 1* ,
zz v gA A A A                        (8.52) 

  -  *z ( 1)
z

v —   ,   
       (  

). 
 (8.51)      2

A*z  2
A'z, 

   .    
  2 *z     A iα  g —  

  Aj,         

 2 'z               g —         ′j. 
 (8.51)      

    *z( )   (   —   
    )μ 

A *z( ) 
s

 A 'z( ) A* z ( 1)
z

v                                   (8.53) 
 A *z( ) —     *z( ), A 'z( ) 

—         2( ). 
  ′і      A 'z( )  

  
vz —  — 1. 

   ,    

A *z( ) 
s

 A z( ) , 
    A z( )      

1/( 1)

( ) ( 1)( * ) .z

z

v pk
k p z v

k

a
A

A
A

                  (8.54) 

 p = vz — 2  

( 2) ( 1)* .
z z

k
k v z v

k

a
A

A
A

                                (8.55) 
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 k( )   
( 2)zk va ,  

( 2 )/( 1)

( ) ( 2) ( 1)( * ) .z z

z z

p v v p

k p k v z va a A             (8.56) 

 

A *z( ) = A z( ) 
s

 ( )                                (8.57) 

(  ( )) —    ( ),    
      ,    

    ),  (8.56)  
   

( 2 )/( 1)

( ) ( 2) ( 1)( ) ,z z

z z

p v v p

k p k v va a A               (8.58)  

 

( 1)zvA
s

vz-1. 

 k( ) —    αk    
z( ).   (8.58) ,     

        . 
    

2( 2)k va    

  . 
  α1, α2,  . . ., αg  z   

     ,   
  .    z 

  ,   vz  
  (    )   

   
α1, α2,  . . ., αk,   .   .   .,   .

zv
 

    . 8.β.  

 
. 8.β.  . 
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2( 2)*z v

 
2 2v

,    
(8.51)  (8.55)    μ 

1 2 2 1 1 1 2 2 1 1

( 1) ( 1) ( 1)

1

11

k k v k k vz z

z

z z z

z

z

v n
z v z v z v

k k j

j vk k j

A A*

A* A* A*
A A A

A A A

 

1( 2) ( 2) ( 2)

1

,
z

z z z

z

v n

k v k v j v

j v

         (8.59) 

 

 αk-1, αk,  1 2, ,
z z zv v v n

 —    
   z,       1      ( .   8.2). 

        

                                   
1 2 1 2 1k k vz

A  

2

( 2) 1( 2) ( 2)

1

,
z

z z z

z

v n

k v k v і v
і v

   (8.60) 

 αk, αk+1,
1 2 2, ,

z z zv v v n —    
 z,   2 ( . 8.β).  , 

                 
1 2 2 2 .k k k vz

A                    

2

1( 2) 1( 2) ( 2) ( 2)

1 1

.
z z

z z z z

z z

v n v n

k v k v j v і v
j v і v

 (8.61) 

   (8.5λ) — (8.61),   
    αk   

( 2)zz v
 

( 2)zk v 1 2 2 1 .

1

2 k k vz

(A  

1 2 1 2 1 2 2 2 .. ),
k k v k k k vz z

+A A            (8.62) 

 A
s

—    μ 

1 2 2 1 .

2

1 2 2 1

,
z

k k vz

z

vs

k k v

A
A  
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1 2 1 2 .

2

1 2 1 2

,
z

k k vz

z

vs

k k v

A
A  

1 2 2 2 .

3

1 2 2 2

z

k k k vz

z

vs

k k k v

A
A  

  ,   

1 2 2 2 .

3

3

1 2 2 2

.
z

z k k vz

z

vs

v

k k v

A
A = A  (8.63)  

  (8.6β)     αk   

( 2)zk v 1 1( 3) ( 3) ( 3)

1
),

2 z k z k z kv v v(A A A  (8.64) 

 

1

3

( 3)

1

,z

z k

s
v

v

k

A
A  

1

3

( 3)

1

z

z k

s
v

v

k

A
A , 

3

( 3) .z

z k

s
v

v

k

A
A  

           

3 3

1

[ ]
z zk

v v

i

i

A A
A

D
                                  (8.65) 

 
3

1

[ ]
z

k

v

i

i

D  —      , 

    z,   1  2  
αk ( .   8.β). 

  ,       
   

( 2)zk va       αk      
( 2)zz v

. 
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 8.2.   
( 2)zk va  αk  

 
( 2)zz v

      

    
( 2) 0.

zk va  

.   
( 3)zz v

   
 

α1, α2,  . . ., αk,   .   .   .,   
zv
 

  ( . 8.β)     , 
   αk—1, αk+1,     
   

1 1( 3) ( 3) ( 3) 0
z k z k z kv v vA A A ,                   ( ) 

  —     ,  
( 3)zvA    

 (8.65).      ( )  
2

3
 — 1=7  X1,X2, . . ., 7,    

μ 
,i j M  (Xi∩Xj = 0),    i≠j,     = (1, 2, ..., 7),            ( ) 

          μ  

 
       ( )    

[X1X2X3X5]+[X1X2X4X5]+[X1X3X4X7]=                            

=[X1X5X6X7]=0. 
     ( )    

X1 =X5=X6=X7=0. 
        μ  

( 3) 2 4.z kvA X +X  

1( 3) 2 3,z kvA X +X  

1( 3) 3 4,
z kvA X +X  
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2 2 3 3 4 4, , .
s s s

X X XX X X  

      ,  

1 13 ( 3) ( 3) ( 3)

1
)

2 z k z k z kv v vX (A A A                 ( ) 

            
2 4.X X  

 2, 3  X4 —   

1 1( 3) ( 3) ( 3), , ,
z k z k z kv v vA A A     -

  ,   ( ),  
 (8.64)    

( 2)zk va ,   
   ,    

. 
            ,    

( 2)zk va
1 1( 3) ( 3)z k z k

s

v vA A
3 3

1 1

z zv v

k k

A A
         (8.66) 

    

( 2)zk va
s

1 2

A

D D                              (8.67) 

 1D  —    ,  
   z,   1,   αk; 

2D  —           ,   
    z,   2, 

  αk. 
 ,   

( 2)zk va  αk  

 
( 2)zz v

   μ   
   (8.64),          (8.67). 

 8.3.      
( 2)zk va  

( 2)zl va  

  αk  αl   
( 2)zz v

  
   ,   . . 

( 2) ( 2), {( ) 0},
z zk v l vk l a a           k≠l,  k,l=1,2,...,g.    (8.68) 

 .  αk  αl      
z  μ 
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1)  αk,   αl i,      i —          z; 
2)  (αk  j)  ( i≠ j). 

     (8.5λ),  -

    i  z   
 

( 2)zi

s

i v

i

A
a

D
,                               (8.69) 

 
2

1

[ ]
z

i

v

j

j

D —            , 

    z,   i. 
  ,     

( 2)zi va  

(    )   ,   
i,        

( 2)zz v
. 

     / iA D     
 (    8.β,    

  
( 2)zi va ),    (8.6λ)   

   (8.68). 
    ak  l   z   

   (8.61),     

( 2)
( [ ]) zj

s

p v

pj

A
a

D
                              (8.70) 

 
3

1

[ ]
z

j

v

n

n

D —       , 

    z,   k  l, -

  α j; ( 2)zp v

p

a —      (  

   )     z -

  ,    i  j 

( .   8.γ). 
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. 8.γ.      , 

  i  j. 

 
   (8.70)    ,    

 ,   
( 2)zp va      

(8.68), 
     z    i  j 

   α j,  ,    α  
    αk  αl, . . ,    
. 

 (8.68)    μ 

( 2) ( 2)

1 1

[ ]
z z

g gs

k v k v

k k

a a .                            (8.71) 

 8.β  8.γ        
   ak(p),            (8.58). 

   A "z(p)     -

   z(p),     αі  
  

( 2)zi va ,     (8.58) 

   ( )     ( )      

( ) 
2

( ) ( 1)( ) z

z

s
p v

z p vA A                                (8.72) 

      -

    z. 
 8.3.      

            Fz   ( .   8.4, )       
 ( .   8.4, ).    
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.   8.4. 

 
          

 
1

2

3

4

A  . 

  (8.67) 
2 2 2 2

1(2)

2 3 3 4 2 3 3 4

,
s A A A A

a

2 3

1 12
12 2 3 ,

2 3 3
 

3 4

2 2 3
12 2 3 ,

3 4 4
 

, , 

1(2)

s

a
3 21 1 11 1

.
4 4 4 4 3 2 4

 

           
    z(2);         

2(2) 3(2) 4(2)

1 2 3
, , ,

2 3 4

s s s

a a a  
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5(2) 6(2)

1 2
, .

3 4

s s

a a  

 

 ,  

(2) (2), {( ) 0},i ji j a a           i≠j, i,j=1,2,...,6.     

        
z(p).        

( 1)zvA . 

      z,       α1,  α2  α3. 

 

[α1] [α2] [α3] = [1 4] [1 2] [2 3] = 

1 11 2

2 3 2 3 .

4 4 3 4

   

 

( 1)zvA = (3)= 

3

1 2 3

A
= [3 2 4 1].  

    (8.58) 
 k(p)=<  k(2)><1 2 3 4> 

( -2)/(3- )
 

  = 0 (  )  
 k=<  k(2)><l 2 3 4>

-2/3
, 

 , ,  k=1 

 1= 
1

4
 <l 2 3 4>

-2/3
. 

      
   ,    k  z. C  

       z, -

          α i: 

1 1 2 3 1 1 1 2 2 2 3 4 1 1 1 2

2 3 3 5 2 3 4 3 4 4 4 5 2 3 5 5

3 6 6 6 4 4 6 4 6 5 5 6 5 5 6 6

,  

     α i    i . 
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2

11 11 1 1 111 1111111

1 2 2 2 1 2 2 2 21 2 21111 1

2 2 2 2 2 3 3 2 2 2 3 31 2 2 2 2
1 2 3 4 .

2 3 2 3 3 3 4 3 3 3 3 3 2 3 3 2 3

3 4 3 3 4 4 4 3 4 3 3 4 3 3 4 3 4

4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4

s s

z AA  

,   ,    
 ,   ,    

      
.       

 ,     ,  
. 

 8.4.    1(1), 2(1), 3(1)  α  

α2, α3   z ( . 8.5, )   , 
  .  8.5, .   

 

 
.   8.5. 
 

   (8.67)   

1(2)

2 3 1 4 4

s A A A A A
a

.
1 4 4 1 4 4 1 4

A A A A A A
 

        
 = [1 5] [2 5 6] [3 6 7] [4 7]. 

           
  1(1),   
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1(1)

s

a   (Дβ 5 6Ж Дγ 6 7Ж Д7Ж) ∩ ([5] [2 5 6] [3 6 7]) + 

+ [1 5] [2 5 6] [3 6 7] =

11 11 1 1 111 2 2 3

2 2 2 3 5 5 3 6 3 5 5 5 .

3 6 7 5 6 7 6 7 5 6 7 6

 

  2(1)  3(1): 

2(1)

1 3

5

6 ,
1 4 1 4 4 1

7

s A A A A A A
a  

3(1)

1 2 1 4 1 1

s A A A A A A
a

5

2 5 6 3 6 7 4 7 6
1 4 4 1

7

A A
 

2 2 2 3 4 4 3 4 2 2 3 3

3 4 4 4 5 5 4 6 3 6 5 6 .

4 6 7 5 6 7 6 7 7 7 7 7

 

,  

1(1) 2(1) 2(1) 3(1) 1(1) 3(1) 0.a a a a a a  

 8.5.    z   
 ( . 8.6, ),      

A   
1
,      1    

3            ( .   8.6, ). 
 

 
.   8.6. 
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    z(2)    
(8.64)      (8.65)μ 

           

2 3 3 4 1 3

3 4 1 4 2 4

1 4 1 2 1 3

1 2 1 3 2 4

3 6 1 6 5 6

1 5 3 5 5 6

1(2)

2(2)

3(2)

4(2)

5(2)

6(2)

1
,

2

1
,

2

1
,

2

1
,

2

1
,

2

1
.

2

a

a

a

a

a

a

A A A

A A A

A A A

A A A

A A A

A A A

                    

( ) 
,  

2 5 3 5 2 3 1 4 4 5 1 5
, ,A A A A A A  

1 2 2 6 1 6 3 4 3 6 4 6
, .A A A A A A  

  z  z  
z= [α1 α2 α5] [α2 α3 α6] [α3 α4 α5], 

   
1zA     

1z
   

 

1zA =

1

zA
= [α2 α3 α6] [α3 α4 α5]= 

2 2 2 3 3 3 4 5

3 4 5 4 5 6 6 6

 

    (8.7β),        
1

A   

1
  

1
A

s

 1

1 2 3

2(2) 6(2) 3(2) 4(2) 5(2) 3(2) 4(2) 5(2)

(3)

( )( ( )( )
.

z a a a a a a a aA

A A

 

     ( )           , 
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1 1 4 3 4 2 5 2 4 5 6

1 2 3

1 4 1 2 2 3 3 4 1 3 5 6 2 4

1 4 1 2 1 3 1 2 2 3 3 4 2 4 5 6

1
)

4

( 3 )

( )(2 ).

s

A (2A A A A A
A

A + A A A A A A

A +A A A A A A A

 

 

1 2 3 1 2 3

1 4 1 4

3

1 2 3

2

1 4

,

. .

s

s

A

A

A A

A A

 

 8.6.     А     
   1, 2, 3 ( . 8.7, )   

    z,         ( .   8.7, 
).  

 
.   8.7. 

 

          z(1),         (8.64) 
 (8.65),    

2 3 1

1 3 2

1 2 3

1(1)

2(1)

3(1)

1
,

2

1
,

2

1
,

2

a

a

a

A A A

A A A

A A A

 

  

( 3) (3 3) (0)zvА А А А. 

  (8.7β),  
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1

(2).
s

zA A A  

    
zA    ,          

    z 

s

zA
1 1 2

2 3 3

 

  α1, α2  α3    1(1), 2(1)  3(1).  
  

2

s

A

2 2 2

1 2 2 3 1 3

,
A A A

 

   

1 3 1 2 2 3 1 2 3

1 2

2 2 21
2 2 ).

4

s

A (2A A A A A A A A A
A

 

 

1 2 1 2 3

1 1

2

1 2

1

,

. .

s

s

A
A

A

A

A

 

 

8.3.     -
 

 
         A  

- . 
 1.       2  - ,   

       μ  

1 1

2 22 2

0

0

.d

d

g g

A A

A A
A A A

A

A A

 

. 
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(  ) 

 
e

2
, 

          
  Aіj         

=
1 1

gn

ij

j i

A  

(  =  —       2 ,  
   0 - ,  g -   

  2 ,            - ). 
        -   

          
   . 

    2  -    
  A ,     A іj  

   2 ,        
   ,        

Aіj

s

ijA  

         2
 

1 1

.
gn

ij

j i

A  

   

1

g

ij

i

A  

   ,     
   . 

 ,      2  -   
             

    і    
Aіj= 

( ) ,iji pA  

 pij  -        Aіj, Aі - 

   і. 

,                
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11 12 1

21 22 2

1 2

1( ) 1( ) 1( )

2( ) 1( ) 1( )2

( ) ( ) ( )

.
................................

n

n

g g gn

p p p

p p p

g p g p g p

A A A

A A A
A

A A A

                    (8.73) 

   pіj ,   
   2 μ 

P= 

11 12 1

21 22 2

1 2

....................

n

n

g g gn

p p p

p p p

p p p

 .                               (8.74) 

       2  
- .   pіj     

    2 .   R -

    2       
   μ 

(
2

R ) ( )( ),
iji p ij

i j
A p      i=1,2,...,g,     j=1,2, ...,n.  (8.75) 

,        
         

- . 
      

   . 
 8.ε.   К j1  Kj2    

            ,         
 

(К j1 = К j2) 
1 2

( ),ij ij
i

p p   i = l,2,...,g.     (8.76) 

       
   ,     

      2
,  

   μ 
2
A = 

2
A

І
+ 

2
A

ІІ
+ ...+

2
A

N
 + 

2
A

M
,                   (8.77) 

 2
A

І
,
2
A

ІІ
, ..., 

2
A

N
 —     , 

         
,    ν 2 —  
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,       
. 
,     ,       (8.77),   

                
,MІ ІІ N

A =A +A + ...+A +A                    (8.78) 
 

2 ,
s e

A AA  

2 ,
s e

I I
A A

І
A  

2 ,
s e

II II
A A

ІІ
A  

 

2
s e

N N
A A

N

 ........

A

 

  

M
A

1 1

,
gn

ik

k i

A ,                            (8.79) 

 '—      2
  .

s

ik ikAA  
  (8.78)  (8.7λ) ,     

   
A  -     

       
.І ІІ N

A ,A , ...,A  

    2
A

І
,
2
A

ІІ
, ..., 

2
A

N
    

   ,    
       ( . 

 )μ 

( ) ( ) ,
s

i p iz pA A                                  (8.80) 

 і( ) —     і     ν 

( )iz pA —        
  ,   —   

іk( )    (     
  aik   = 0);  
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іk( )=
1 1 1

2

1

( 3) ( 3) ( 3) ( 1)

1
( )( )

2

i iz

iz i

iz ik iz ik iz ik iz

p v

v p

i v a i v a i v a i vA A A A   (8.81) 

 

іk( )= 
1 1

2

1

( 3) ( 3) ( 1)( )( ) .

i iz

iz i

iz ik iz ik iz

p v

v p

i v a i v a i vA A A              (8.82) 

  

( 3) ( 3) ,
iz iz ik

s
i

i v i v a

i

A

D
A A                                (8.83) 

 ika

iD  —     ,  
    iz,  , 

    aik; 

1

2

( 3)

1

,
iz ik ik

s
i

i v a a

i ik

A

D a
A                            (8.84) 

 

( 1) ( 1) .
iz iz

s
i

i v i v

i

A

D
A A                                      (8.85) 

  Di —       
 iz (       

      i). 
   ,    

- ,        
 (  ). , ,  
  2 І

    (8.77)   

11 12 1

21 22 2

1 2

1( ) 1( ) 1( )

2( ) 1( ) 1( )2

( ) ( ) ( )

,
................................

n

n

g g gn

p p p I

p p p II

g p g p g p I

A A A

A A A
A

A A A

                                 (a) 

 

,i j k
(pij = pik = pi),         i = l, 2, ..., g,         j, k=l,   2,...,

І
. 

   
( )iji pA ,   ( )  

  
( )ijiz pA   ,    
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        І

: 

І
 = 

( )

1 1

.

I

ij

gn

iz p

j i

A                                      ( ) 

   (8.81)  (8.8β)   
 

( )ijik pa     
( )ijiz p

    

 ( ).   ,     
 I
A ,       

  . 
           

І ІІ N
A ,A , ...,A               

M
A       A    -    . 

         1     
      -    . 

 8.7.       A   -

  ,      .   8.8, . 

 
.   8.8. 

 

    A0
d
  0 ( . 8.8, ) 

 

A0
d
 = [a2 b1] [ 3 b2]= 

2 2 1 1

3 2 3 2

a a b b

a b a b
. 

,     2              

2 1 1 11

2

0 2 2 2 2 2

3 3 3 3 3

.

b b

d

a ab b

a a

A A A AA

A A A A A A A

A A A A A

              (8.86) 
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P= 

0 0 11

1 2 0 1

1 0 1 0

 

      , ,  
  A     ,   (8.7λ),  

 

1 2 3 1 2 3 1 2 3 1 2 3,a a ab b a b bA A A A A A A A A A A A A  (8.87)  

 

1
1 1 2 2 3 3 1 1

1

, , , . .
s s s s

b b

A

b
A A A A  

,          
       

             ,   
         

(8.7λ)       . 
  8.8.      A   -

  ,      .   8.λ, . 
 

 

 
.   8.λ. 

 

    A0
d
  0 ( . 8.λ, ) 

  

A0
d
 = [a1 2] [b1 b2]= 

1 1 2 2

1 2 1 2

a a a a

b b b b
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    2         

1 1 1 112

0

2 2 2 2 2

,
ab a bd

b a ab

A A A AA
A A

A A A A A
 

              

P= 
2110

011 2
. 

       

 
       ( -

   X), ,   (8.77),  

1 1 1 12

2 2 2 2

a b ab

b a ab

A A A A
A

A A A A
 .                                  ( ) 

   

1 12

1 2 1 2

2 2

s
abM

ab ab

ab

A A
A

A A
A A +A A  .                     ( ) 

  

 
1 12

2 2

a bI

b a

A A
A

A A
                                                    ( ) 

   ,   
 1z  2z -   ( . 8.λ, ).    
  

 

A1a = [b  1(1)   1(1)], 
1 b = [ 1(1)   1(1)], 
β   = [b 2(1)  2(1)], 

2 b =[  2(1)  2(1)]. 
               ( ),    

 

1(1) 1(1) 1(1) 1(1) 1(1) 1(1) 1(1) 1(1) 1(1) 1(1)1 1 1 12

2(1) 2(1) 2(1) 2(1) 2(1) 2(1) 2(1) 2(1) 2(1) 2(1) 2(1) 2(1)

[    ][    ]      

[   ][   ]    

e s
I

b b b
A

b b b

1 2 1 2 1(1) 2(1)2
s

a b b aA A +A A , 
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1 1 1 1, ,
s s

a a b bA AA A  

1(1) 2(1)2 2 2 2 2, ,
s s

a a b bA AA A  

 
1(1) 2(1)2 —      І 

(    ).   1(1)  
c2(1)       (8.81)  

1(1) 1 1 1

1
( ),

2
a b cc A A A  

2(1) 2 2 2

1
( ),

2
a b cc A A A  

  

v1z=v2z=3,   p1= p2,   A i(0)= A I, 
2

0/11

( 1) (2)( ) 1, 1,2.

i iz

iz i

iz

p v

v p

i v i iA A  

   A    ( . 8.9, )   
 

1 2 1 2 1 2 1 2

M I

ab ab a b b aA A +A =A A A A A A A A

1 1 1 2 2 2

1

2
a b c a b cA A A A A A            (8.88) 

 
2 2

1 2
1 2

1 1 2 2

. .ab ab
a b a b

A A
A = , A =  

, ,    ,   . 
8.10, .  ( ) 1  2   . 8.10, , a 

x     1z   2z —   .   8.10, . 

 
. 8.10. 

   (8.88)       
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1
4 4 5 1 2 11

1 2 3 2 4 6 5 6
5 6 6 3 3 2 3

3

A  

 

12 11 2 21
5 6 4 6 4 5

3 3 2 3 132

s

 

l11 2 2 2 3 3 3 4 4 6 5 5 6 1

 4 4 5 4 4 5 4 4 5 3 3 3111 2

 5 6 6 5 6 6 5 6 61 2 2 2 3 2 3

s

 

 8.9.     A  - -

  ,     .   8.11, . 

 
. 8.11. 

 
   0

d
  0 ( . 8.11, ) 

 

0
d
 = [ 1 2] [b1b2] [ 1 2] =

1 2 1 1 1 1 1 1

1 2 1 1 1 2 2 2

1 2 2 2 2 2 2 2

 

 

 

a b a М a b
b b c b b a
c c b a c b c

 

   2      

1 1 1 1 1 1 1 112

0

2 2 2 2 2 2 2 2 2

.
abc ac bc ab c a bd

abc b a c ab bc ac

A A A A A A A AA
A A

A A A A A A A A A
 (8.89) 
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P= 
3 0 2 2 2111

0 31112 2 2
, 

     1  1  1  2 2  2 

, 
2  = 

2 І
 + 

2 ІІ
 + 

2
,                                  ( ) 

 

1 1 12

2 2 2

,
ac bc abI

b a c

A A A
A

A A A
                               ( ) 

 

1 1 12

2 2 2

,
c a bII

ab bc ac

A A A
A

A A A
                              ( ) 

1 12

2 2

.
abcM

abc

A A
A

A A
 

    2 І
  2 ІІ

   
   10  20    1z   

2z,    . 8.11, ,     
   1  2.    
  μ 

           A1ac=[b1(2)  d 1(2)   f1(2)   g 1(2)], 

A1bc=[a1(2)  d 1(2)   f1(2)],        

A1ab=[c1(2)  d 1(2)   g1(2)]. 
      2 І

   ( ),  

 

1(2) 1(2) 1(2) 1(2) 1(2) 1(2) 1(2) 1(2) 1(2) 1(2)2

2 2 2

                 s
I

b a c

b d f g a d f c d g
A

A A A
 

1(2) 2 1(2) 2 1(2) 2 1(2) 2 1(2) 2 1(2) 2

s

b a c d f gb a c d f gA A A A A A  ( )  
    

[ β  2b β ] 
e

 A2d, 
                                               

[ β   2b]  
e

 A2f          [  2b  β ]  
e

 A2g. 
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1(2) 1 1 1

1
( ),

2
cd bc aca A A A  

1(2) 1 1 1

1
( ),

2
ad cd bdb A A A  

1(2) 1 1 1

1
( ),

2
ad ab acc A A A  

1(2) 1 1 1

1
( ),

2
ab bc bdd A A A  

1(2) 1 1 1

1
( ),

2
cg ag fgf A A A  

1(2) 1 1 1

1
( ),

2
af cf fgg A A A  

  

 

1 1

1 1

2
0/1

1

1(3) 1(3)( ) 1.
z

z

p v

v p
A A  

             ( ),        
 ( )      2 І

  2 ІІ
,  

        
-     ( .   8.11, )μ 

1 2 1 2 1 1 1 2

1
{( )

2
abc abc cd bc ac aA A A A A A A A A  

1 1 1 2 1 1 1 2( ) ( )ad cd bd b ad ab ac cA A A A A A A A  

1 1 1 2 1 1 1 2

1 1 1 2 2 2 2 1

2 2 2 1 2 2 2 1

2 2 2 1 2 2 2 1

2 2 2 1

( ) ( )

( ) ( )

( ) ( )

( ) ( )

( ) }.

ab bc bd d cg ag fg f

af cf fg g cd bc ac a

ad cd bd b ad ab ac c

ab bc bd d cg ag fg f

af cf fg g

A A A A A A A A

A A A A A A A A

A A A A A A A A

A A A A A A A A

A A A A

(8.90) 

 8.10.     A  -

   ( . 8.1β),  1, b1, c1, a2, b2, c2  . .  
     -

  .    
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. 8.1β. 
 

  ,       1  2,  
 '.     (8.88),        

         μ  

2 2 2 23 3 3 3d c ab d b c aA A A AA A A A A

2 2 2 3 3 3

1
( )( ).

2
d c f a b cA A A A A A

 
 

      

1 2 1 2 1 2 1 2

1 1 1 2 2 2

1
( )( ),

2

ab ab a b b a

a b c a b c

A A A A A A A A A

A A A A A A
 

2 1 2 1 2 1 2 1 2

1 1 1 2 2 2

1
( )( ),

2

d ab d abd a bd b ad

a b c ad bd cd

A A A A A A A A A

A A A A A A
 

2 1 2 1 2 1 2 1 2

1 1 1 2 2 2

1
( )( ),

2

e ab e abe a be b ae

a b c ae be ce

A A A A A A A A A

A A A A A A
 

2 1 2 1 2 1 2 1 2

1 1 1 2 2 2

1
( )( ),

2

f ab f abf a bf b af

a b c af bf cf

A A A A A A A A A

A A A A A A
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2 2 1 2 1 2 1 2 1 2

1 1 1 2 2 2

1
( )( ).

2

d e ab de abde a bde b ade

a b c ade bde cde

A A A A A A A A A

A A A A A A
 

       
 A  -   ( . 8.1β),    -

    .  
 ,      2 І

 , 
2 ІІ

 , . . 

., 
2 N

      
      

       2  -

      A .        
      . 

 2     A  -  
.       ( ) 

    .     iz  

       
=< , Z, >,        Z ={ i},                       (8.91) 

         ,         
 ( )    

z =<P, Zz, >,        Zz ={ iz},                        (8.92) 
     ik          

   i   . 
   A z  z 

A z  
s

Az. 
   A z   aik   

    1 1( 3) ( 3) ( 3)

( 1)

 
2

iz ik iz ik iz ik

iz

i v a i v a i v a

іФ
i v

A A A

A
             (8.93) 

 

1 1( 3) ( 3)

( 1)

  iz ik iz ik

iz

i v a i v a

іФ
i v

A A

A
                         (8.94) 

,   (8.50) —(8.5β),    
 A    -    

 

( 1

1

.
iz

g

z i v

iz

A = A A                                     (8.95) 
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   8.11.            -
,      .   8.1γ, ,       

. 

 
. 8.1γ. 

 
 

    2.   z ( . 8.1γ, ),   -

   ( )   ,    

                              A z 
s

 Az = [ 1 2 1 2] [b1 1 3] [b2c2a3] 
s

 

           
s

< 1 2 1 2>< b1 1 3>< b2c2a3> — 1

2

< b2c2a3 > — 

— 2

2

<b1 1 3> — 3

3

< 1 2 1 2>—2

1

2

3

,               ( ) 

  

Az =

1 1 1 2 2 2 1 1 1 2 2 2

1 1 3 1 1 3 1 1 3 1 1 3

2 2 2 2 2 2 2 2 2 2 2 2

 

       

   

a М М М М М М
b c a b c a b c a b c a

b b b b b b b b b b b b

 

1 1 1 2 2 2 1 1 1 2 2 2

1 1 3 1 1 3 1 1 3 1 1 3

2 2 2 2 2 2 2 2 2 2 2 2

 

       

   

a М М М М М М
b c a b c a b c a b c a

c c c c c c c c c c c c

 

1 1 1 2 2 2 1 1 1 2 2 2

1 1 3 1 1 3 1 1 3 1 1 3

3 3 3 3 3 3 3 3 3 3 3 3

 

       

     

a М М М М М М
b c a b c a b c a b c a

a a a a a a a a a a a a
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,         (8.λγ),      
c       z: 

1 1 1 1

1

1
( ),

2
b c a

ab

a A A A
A

 

1 1 1 1

1

1
( ),

2
a c b

ab

b A A A
A

 

1 1 1 1

1

1
( ),

2
a b c

ab

c A A A
A

 

2 2 2 2

2

1
( ),

2
b c a

ab

a A A A
A

 

2 2 2 2

2

1
( ),

2
a c b

ab

b A A A
A

 

2 2 2 2

2

1
( ),

2
a b c

ab

c A A A
A

 

                                  
3

3

3

.
a

a
A

A
 

     ( ),    (8.95) 

        

1 2 1 3
1 2 3

1 2 1 3

22 3
1 1 12

2 3 1

22 3
2 2 22

2 3 2

2

1 3 3 1 2

2

1 3 3 1 2

3

1
( )

4

1
( )

4

}

2

b b a
ab ab a

ab ab ab a

a
a b c

ab a ab

a
a b c

ab a ab

a b b

ab a a ab ab

A A A A
A A A A

A A A A

A A
A A A

A A A

A A
A A A

A A A

A A A A A

A A A A A

A
1 1 1 2 2 2( )( ).a b c a b cA A A A A A

         (8.96) 
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   1.     0 ( . 8.1γ, 
)  

0
d
 = [ 1 2] [b1 b2 3] =

1 1 1 2 2 2

1 2 3 1 2 3

 
.

 

a a a a
b b a b b

 

 
  ,     2           

1 1 1 1 1 11

2

0 2 2 2 2 2 2 2

3 3 3 3 3 3 3

,

ab a a b

d

b a ab a

a a

A A A A A AA

A A A A A A A A A

A A A A A A A

 

       

 

P= 

2 111 0 0

0 1 0 1 2 1 .

0 0 1 0 0 1

 

         

 

1 1 1 1

2

2 2 2 2

3 3 3 3

,

ab a

M

ab a

a a

A A A A

A A A A A

A A A A

 

 

1(1) 1(1) 1(1) 1(1)1 12

3 3

2 2 2(1) 2(1) 2(1) 2(1)

1(1)

3 1 2 1 2 3

2(1)

[ ][ ]

[ ][ ]

( ) 2 .

s
a bI

b a

s

a a b a

b c a cA A
A A A

A A a c b c

c

c
A A A A A A

 

     

1(1) 1 1 1

2(1) 2 2 2

1
( ),

2

1
( ),

2

a b c

a b c

c

c

A A A

A A A
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  p1 + 2 — vlz = 0  p2 + 2 — v2z = 0. ,  
  A    -       

1 2 3 1 2 3 1 2 3 1 2 3

3
1 2 3 1 2 3 1 1 1 2 2 2( )( )

2

M I

ab a a ab a a

a b ab a a b c a b c

A A +A = A A A A A A A A A A A A

A
A A A A A A A A A A A A

 (8.97) 

,   (8.λ7)    ,   
    (8.λ6).  ,    

              , 
        
. 

      , 
  ,    -

. 
       ,   

   ( . 8.14),     

21 1
( ) .

4
ac a c e f b dA A A A A A A

A
        (8.98) 

 

 
. 8.14 

       
       b  ( . 

8.15) 

21 1
( ) .

4
ab a bc a b cA A A A A A

A
                 (8.99) 
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. 8.15 

 
      (8.λλ)      (8.λ6),        

(8.97).  
 , ,    (8.λ8)  

(8.λλ),       
  ,      

 - . ,   (8.λ7)  
 A 1ab     

2

1 1 1 1 1 1

1

1 1
( ) ,

4
ab a b a b cA A A A A A

A
 

   A 2ab  —   .   
 

8.4.      
-  

 
 ,  —     , 

         
.        

 .  ,      
    .    

  aіj             
 

1 1

det ( 1),
mT

ij
I

j i

A                      (8.100) 

    
T = det .

I
A .                               (8.101) 
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 aіj      ,    
     (λλ)  (100)   

7.8.3. 
  (λλ)  (100)   7.8.γ  

        
 .       

 ( ),   Tі     
      ,     

  і. 
  (8.101),  ,    

   - ,   , -

     A  - , -

     A i  . 
           A    -  

A  =f( A i),       i = 1, 2, . . ., g,              (8.102) 
                

 = f ( i),        i = l,2,...,g,                   (8.103) 
   i —      i. 

     k k-                       
(k-    ,  k -

  ,    
      ). k-   

   k — 1       
      

1 2 1

1

1 2 1

,
k

k

a a a

k

A
A

a a a
               (8.104) 

 al, a2, . . ., k-1     -

               k — 1            . 
,  k-       ,   

    k — 1 ,  
  k- . ,  k-

            k — 1   

.  

A
s

, 

1 2 1
( ),

ka a a ifA A  i = 1, 2, ..., g,                  (8.105) 

     Tk  k -    -     
Tk=f(Tі),        i = 1, 2, ..., g.                  (8.106) 
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    Ts  - ,  
 s     1,  2,  .... as,    

 . 
      

    

1 2 1

1

2
,

ka a a

s

a

a

a

A                               (8.107) 

 

ai =

1

2

1 2, , , ,
i

i

i

i

i i in

in

—  ,                               

 і. 

A
s

,      
1 2 s

s

a a aA

1 2

s

s

A

a a a
  

      k –   
      . 

 8.12.      ( . 8.16, ). 

 
. 8.16. 

 

  λ , . .      
     8-     
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    .   
        ( . 

8.16, ), . .      - , 
    1, 2, 3.   

(8.λ7),         ( .  8.16, ) 

3 1 2 1 2 1 2 1 2

1 1 1 2 2 2 3 1 2 2

[

1
( )( )] ( ).

2

ab b a b b a

a b c a b c a a a

A A A A A A A A A A

A A A A A A A A A A
 

    (8.10γ)     
    

3 1ab 2 1 2ab 1a 2b 1b 2a

1a 1b 1c 2a 2b 2c 3a 1a 2 1 2

T = T [T T + T T + T T + T T -

1
- (T + T - T )(T + T - T )]+ T (T T + T T ),

2
a

    ( ) 

 1, 2, 3 —     1, 2, 3; 

T1a, 1b, 1  —  β-   1   
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1, b1, c1; β , 2b, β  —  β-   2 -

  2, b2, 2ν 1 b ( β b) —  γ-   
1 ( 2)     1    b1   (a2     b2). 

     . 8.16, .  
,   β-  γ-     

           .  
           . 

 
1 = 4

2
=16    (  ), 

2= 

3 1 0

1 3 1

0 1 3

= 27 — 3 — γ = β1 (  ),  

3=
3 1

1 3
=9 — 1=8 (  ), 

1 b = 3 (    ),  

β b=
3 1

1 4
=11, 

T1a= 
3 1

1 3
=8,    1b = 8,    γ =

3 1

1 3
 =8, 

β = 

3 1 1

1 3 1

1 1 4

=36-1-1-3-3-4 = 24, 

2b =

2 1 1

1 3 1

1 1 4

 =24-1-1-3-2-4 = 13, 

1  = 8,   2 = 

3 1 0

1 4 1

0 1 2

=24-3-2=19. 

0-1β      ( ),  
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 = 8Дγ·β1 + 16·11 + 8·1γ + 8·β4-
1

2
 (8 + 8-8) (24 + 13-19)] + 

+ 8(8·β1 + 16·β4) = 81β0. 
   

1(2)
2-    ( . 8.16, ) 

  1 ( . 8.16, ).     
  / 1.      

 
A

d
0 = [aia2] [b1b2a3], 

 

2 1 1 11 1 1 1 1

0

2 2 2 2 2 2 2 2

1 1

3 1 2 3 3 3 3 3

 

.
[ ]

ab ab abd

a ab a

a

A A AA a A
A A

A a a a A A A A
a

A b b a A A A A

 

 
    

P= 

211

1 21 .

0 01

 

       ,  

1

2

3 1 2 1 2 1 2 3

1

( )
( ) ,

s s

a ab a a ab b a a

A

a
A A A A A A A A A  

   β-   

                       
1(2)aT =   3 (T1abT2a  +   T1aT2ab)   +   T1aT2aT3    = 

                                  = 8 (γ·β4 + 8·11) + 8·β4·8 = β816.   
 8.13.      ( . 

8.17, )      -

.          
(1)

, 
(2)

, . . ., 
( )

. 

 

 

 

 

 

 

 

 

 

 

 

 

 



К  . .     

 300 

 
. 8.17.  - μ )  ν )   

  . 
 

           μ  

2
 = 

(1)

( 2)1

1

1

( )

n

i i

i

n

A

A
b a

A

 = [bn-1an] 
11, 11

( ) ( )( )
,

n

n b nn

n nn

a

A AA

A AA
 

 -1 —             ( )
. 

   

P= 
1 0

01
 

   ,  

1

( ) ( )

1, 1 .
n n

n n

n n b n aA =A A A A  

      

1

( ) ( )

1, 1T T T T T ,
n n

n n

n n b n a=  

 
11,T

nn b
—       ( )

, 

   ν ( )—    
 ( )

; -1 —       
( )

; 
( )T

n

n

a
—    ( ),   .  

    ( ) , 
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11, 1T T T T T ,
nn n b n a=                               ( ) 

  —    ,  —   
   ,            ( .   8.17, ).  

     , -

  μ 

11, 1T T T T T ,
n nnb n b b n ab=                             ( ) 

             
 

1 21, 1T T T T T ,na n a a n ab=                                  ( ) 
  b —    ,   

ν b —    ,   
        ( .   8.17, ). 

   ( ) — ( ),  -

    ,   β-   T
nnb

 
1

Tna
 -

      ,             
 

 

   1 2 3 4

2 32 3T T(T T T T ),n n n n

n a a b a b a bT T T=  

2 3 4

2 3T T +T (T T T ),n n n

n

n

nb b ab b b bT T T=  

2 3 4

1 2 3T T +T (T T T ),n n nn

na a ab a a aT T T=  

  — k≥0;  —    ν  —  β-

     (    
    )ν b —  β-  -

   b (      -

  b)ν b —  γ-    
   b (        

  b); T
nnb
 —  β-      b  

(       )ν 
1

Tna
 —  

2-      a1(    
,       ). 
, ,     -  , 
                  = 1,  = 2, b = 2,  b = γ. ,  

 = β,   γ,   4,   5   
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 2 = 2 + 2=4,  

22T b
 = 2

2
 + 3 = 7,  

 3 = 2
2
 + β•β + 7 = 15, 

33T b
= 2

3
 + 3(2 + 4) = 26,  

T4 = 2
3
 + 2

2•β+β•7 + β6 = 56, 

44T b
= 2

4
 + 3(2

2
 + β•4 + 15) = λ7,  

 5 = 2
4
 + 2

3•β + β2•7 + β•β6 + λ7 = β0λ, 

55T b
= 2

5
 + 3 (2

3
 + 2

2
 • 4 + β • 15 + 56) = 362. 

       
     .  
,      ,  

    ,      
     -  
  .    

  ( . .   )  
  —    (   

  ),     
       - . 

 

9.    
   -  

 
 

      
  -      
. 

        
      ,  

      (  ) 
   .     

       
,          

- .   ,    
    ,   
  .    

     
    .  ,  
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   ν    
 .       

        
     .  

      .  
     -   

       
      .  , 

         
 ,      

       
 .     

    ,  
 .  , ,   
,      , . 

. .           
. 

 

9.1.  ,  
  

 
9.1.1.    

 
      ( . 1).  

 
. 1.     . 

 
              

μ 

1 2
1

1 1 2

, , ,
U UE

Z Z Z z
I I I
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                        2 2

1 2

, , ln ,
2

u i s

ZU I E
K K

E I U Z
         

(1) 
 К   Kі    ( -

   )     ν Z1, Z   Z  — 

,    ν s —  
. 
     -   

      
      

 .        
 ,            μ  

 (2) 

  —  ,     
  , Z —    

. 
      Ki  -

  Z1 .  -

      
  . 

   Кi    
       

2 2

2

1 1

,i

I I
I

K
I I

                      (3) 

 I2v —   ,  -

   α=1  =βν I2v —   
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,   -

     α=1  =β. 
         

 ,     / α  /  
   ,      

 .      / α 
 /    ,     

 ,   α  , . .   
 I2v  Iβ .  ,          

       

1

, 1
1,2,..., .

0, 1

n

ij j

i

E j
z I j n

j
                     (4) 

 ,  

2 12

1 11

,i

I
K

I
                                   (5) 

 ∆11  ∆12 —    -

   (4). 
 ∆11       

          α = 1.    

11 det
z

A
                                            (6) 

  —  ,    
         (       ).  
 ∆11       +1   

—1        
  α   ,        Kі ≠ 0.    

12 Sim , ,
Z

A A
                                (7) 

 Z —   .  

  

Sim ,

( 1, 2),

det

Z

i

z

A A

K
A

 

 

        Z1 ,  
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11

,iZ  

 ∆ —   (4),  ∆11  — ,  
       
 α=1.  

   ,   ∆  = det       ∆11  = det / α,   . . 
                                         

Z                       Z    

1

det
.

det

Z

Z

A
Z

A
 

   К , s, Z , Z   
. 
      . 

 1.    К   Кі,    
 Z1, Z , Z   , 

  .   β, . 

 
.   β. 

 
.   ,     

 ( . β, ),    
      

μ 
 = [1 3 5] [1 4 6] [2 4 5]. 

      
μ 
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      ,  

  -  ,     
       

(       ,   
  1,   4,   5). 

                   
/ 1    / β.    

 
    / 1    / β  

.     α = 1   = β   ( . 
β, ),      .       

 

5 6 3 4Sim , .
1 2Z

A A
z z z z  

    / 1  / β 

 
   (β)      
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.        
     .   -

       ,  
         

 .    
      

     
                  

   . 
 2.     К   

 Кі   (  -  ,   
. γ, ). 

 
.   γ. 
 

.        
( .   γ, )       

    μμ 
 = [134]  [236] [456]. 
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3 4 3 5 3 65 6 4Sim , .
1 2Z

A A
z z z z z z z z  

 

 
 3.    U/E  

 ( .  4, ). 

 
.   4. 

 
.  ,   , -

      U,   
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   ( .   4, ).        
 

 
 

 
  

2 4Sim , .
1 9Z

A A
z z  

 

       

 
 z9 ( . 4, )    

1

9
1

det
,

det
5

Z

Z

A
z

A
 

  

=[5 6] [6 7 8] = 
5 5 5 6 6

,
6 7 8 7 8

    1

5

A
=[6 7 8], 
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1 21 2

1 2

1 2

det 1

det
Z

Y

D

D

A

A
,                        (15) 

 

                            { }, det ,ij ij ij
Y

D A .ij ijA
e

A =  

 
1 2

Z   
1 2

Y     
     

- ,  . . 
                           (16) 

    -    
     

   (14)       μ 

                    

 (17) 

 ∆1, ∆2,  . . .,  ∆g —    
   W1,  W2, . . .,   Wg - . 

 (17)    
1 2

Z  -

      
,       

. ,     
      

,    . 
   (17)  ,  

              (18) 

(        
   .    

   ,    

∆abcd...k=1, 
, 

∆= Yabed...kYbed...kYcd... k … Yk, 
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,   ,   Yabcd...k —         
   b,   , d,  . . ., k,            
      .) 

 ∆ —     
ν ∆abcd...ft —      

  , b, , d, . . ., k (     
     a); 

 Zahcd... k —       
b, , d, . . ., k,      a;  

Zbcd...k —       , 
d. . ., k,      b; 

 Zk —   ,   
   k. 

   
1 2

Z  -    
     
 . 

 3.    
1 2

Z = Za1 -

 ( c. 6, ), -      . 6, ,    
   0       —    .   6, . 

 

 
.  6. 

 
   d

0  0  

1 1 2 2

0 1 2 2 3

2 3 2 3

[ ][ ]d
b b a a

A b a b a
b a b a

 

  2      
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                    ( ) 

 

    
1

2

aA      a1 — 

                       ( )  

    2   
1

2

aA     

 
         

,    A   
1aA  -

 μ 

1 2 2 1 2( ) ),b b a3 3a 2ab 3 3a
A A A A A A A(A A A A

1 1 2 2 1 2( ) )a ab b a a3 3a 2ab 3 3a
A A A A A A A (A A A A . 

  ∆  
1a

   -   
    1   

 
      -

      
μ 

,   
1 2

Z  -  ( . 6, 
)  
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          (19) 

 Z1a, Z2a, Z3a —    W1, 

W2, W3;  

Z1b, Z2b —    W1, W2;  

Z1ab, Z2ab —    W1,   W2     
  . 

   4.              
1 2

Z  
( . 7, ),  -      . 6.7, ,   

 0 —  . 6.7, . 
 

 
.   7. 

 

           
. 

   o    d
0     0      

a 
d

0 =[b1 2]; 
,  o    2           

 

1 112

0

2 2 2

[ ]
bd

a

A AA
A A

A A A
 

 o    
1

2

aA   
1

     1   

1

1 12 2

1

2 2

[ ]
ab a

a

a

A A
A a A

A A
 

     o      

 ,   
∆ = ∆1b∆2 + ∆1∆2 , 
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∆a1 = ∆1ab∆2 + ∆1a∆2a, 
 

             (20) 

 Z1ab, —      
 ν  

Z1a —       
ν  

Z1b —       
  ν  

Z0 —       . 
    ,   (1λ), 

 ,  Z3a ∞, Z2a = Z2b = Z0, Z2ab =0. 
 5.   

1 3
Z    1  3 

-  ( . 8, ), -      . 
8, ,    0 —  . 8,  (  ). 

 
.   8. 

 

o    2          

 

1 11 12

0 1 2

2 2 2 2

[ ] [ ]
ad

a

A AA A
A A a a

A A A A
 

 

o    
1 3

2 A   
1 3

,      
   1  3  ,   

1 3

1 1 1 1 1 12

1 2

2 2 2 2 2 2

[ ]
a ab b a

a a b ab

A A A A A A
A b b

A A A A A A
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  o      2    
 ,            o  

    
1 3

2 A  

 
    (  X);  

  0  d1  d2 (   . 8,  
).   

 
o            

1(1)1 12

2

2 2 2(1)

2
s

b aI

b

a b

dA A
A

A A d
1b 2a 1a
A A +A A , 

 

1(1) 1 1 1

1
( ),

2
a b dd A A A  

2(2) 2 2 2

1
( )

2
a b dd A A A . 

, 

 
  ,        

1 3
Z  

 
(21) 

    W1  W2    
   (β1)         .   λ. 
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.   λ. 
 

 6.       -

    .  
    -  -

 ( . 10, ).  0 -     . 10, 
. 

 
. 10. 
 

 (1)
 — o         , a 

An-t — o          .  
o      2

          

 
   o         

  ν ,  
   ∆    

  
∆  = ∆n-1∆b +∆ -1 ∆, 
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 ∆n-1 —      
                — 1  ν ∆ -1  — 

      — 1 

ν ∆ —   
   ν ∆b — 

      
         . 

      ,   
      ∆  

         
∆  = ∆n-1∆ b +∆ -1 ∆ . 

    Zna  

       (22)  

 Za —   ν  
Zb —   ν  
Zab —      

ν  
Zn-1a —      — 1   

 ( ). 
 n ∞ Zn-1a = Zna , , 

ab b a a
a

b a

Z Z Z Z
Z

Z Z
 

   ,  
Z∞a = ½{Za-Zb+ [(Za - Zb)

2
 + 4ZabZb]

1/2
}.                    (23) 

 

9.3.4.   
 -  

 
 ,    -

   ( . 11).  

 

 

 

 

 

 

 

 

 

 

 

 

 



К  . .     

 365 

 
. 11. ,          

    . 
 

  , b, , d, e, f          
   ,       
,    -   

    . 
,        

α   . μ  —    
      

 , ∆ —    
  (     

   ). 
      

 К    

2

e f b d

ac

a

Z Z Z ZU
K

E Z
                    (24) 

 Za, Zb, . . ., Zf —  ,  
    .     

   (β4) 

,a b
a bZ Z  , 

 det det / , det det /a a b b
Y Y Y Y

A A a A A b  . ., 

    

2

e f b d

ac

a

K                           (25) 
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det( ) det( )

2det

e f b d
Y Y

ac

a
Y

K
A A A A

A
,                         (26) 

  
s

 Aa, Ab 
s

 Ab  . . 
  (β6)    , 

    β4
 — 1  1, x2, ..., 15,  

. 
 1 

 
       ( . . 11) 

Ae + Af + Ab + Ad = 0, 

 
2= 3 = 4 = 5 = 12 = 13 = 14 = 15 = 0 

(      . 1).    . 1 
 

6 112( )e f b d x xA A A A  

 

6 ) ( )e f e f b dx =(A A A A A A

11 ) ( )b d e f b dx =(A A A A A A  

, 
det( ) det( )

2det

e f b d
Y Y

ac

a
Y

K
A A A A

A
                   (27) 

   (β4) — (β7)    
,      К . 

               ?  
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   (β7)      
,    μ b, d, e, f.  

      , -

   μ                ( , d, f), (a, d, e)  ( , b, f) ( . 11). 
 

 + Ad + A f = 0,                                 (a) 
Aa+Ad + A  = 0,                                  ( ) 

 + Ab+Af = 0.                                  ( ) 

    , , ,a c d fA A A A   ,   
 .   1. 

 
 β 

 
   ( ),   

1= 5 = 6 = 7 = 8 = 13 = 14 = 15 = 0 
 (              .   β).   

    ( )  ,    

  =   + Ad

s

 1   + 9  + 11  + 12, 
     ( ) — 

 =  + Af 
s

 x2 + x10 + 11  + 12. 
   

e fA A = 2x3 + x4 + x9 + x10 + 2x11 + x12, 

b dA A = 2 2 + x4 + x9 + x10 + β 11 + 12, 
 

3 2) ( ) 2( )e f b d x x(A A A A  

 . β  
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3

2

)

)

a c f

a c d

x

x

=(A A A

=(A A A
 

 ,  
) ( ) 2{ ) )e f b d a c f a c d(A A A A (A A A (A A A  

         
 μ 

 
det( ) det( )

2det

a c f a c d
Y Y

ac

a
Y

K
A A A A A A

A
 ,      (28) 

 
0a c f dA A A A .                    (29) 

 (β8)    , . .   
,   .  ,  
 (βλ),    ,     

    . 
   (β8)     
  

Sim , Sim( , ) det( ) det( )a c a c f a c d
Y Y Y

A A
A A

a c
A A A A A A  

 (30) 
 ,  

) ( ) ) ( )a c f a c d a c e a c d(A A A A A A (A A A A A A  

(31) 
  

0a c e bA A A A                                    (32) 

          -

μ 
Sim( , ) det( ) det( )a c a c e a c b

Y Y Y
A A A A A A A A      (33) 

 . β  

2 3 ) ( )a c a c f a c dx xA A =(A A A A A A  (34) 

   ,       
a cA A         

,    
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) ( )a c f a c d(A A A A A A , 

    .   ,    
      ,       

A A

a c
 

     .  
,     

a c

A A
 

  ,      
(дα, ж        д , })        ({α, }        д , ж) (  

  . 1β).  
 

 

 
. 1β.    β-  —  

   
a cA A  . 

 

    

a c fA A A  

    β- ,        
дα, ж        д ,  }; 

   

a c dA A A  
—2- ,     

дα,  ж        д ,  } 

(       .   1γ). 
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. 1γ.           β -  —    

  ,    .  
 

       ,    -

    

a b

A A
, 

     .  
       U ( .   11). 

    К   -

  ,   

                               (35) 

       
          . 

     (β5)      (γ5),    

Sim( , )
2

e f b d

a c
Y

A A                          (36) 

 ,      -

      
     A

d
      ,      

 
detd d

Z
A , 

  
Sim( , ) det( ) det( )d d d d d d d d

a c a c f a c d
Z Z Z

A A A A A A A A (37) 

 
d

 = [ ] 
d  . . 

 ,  
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Sim( , ) Sim( , )a c c a
Y Y

A A A A                                    (38) 

     -  
    ,    

   —    (γ5).         . 
 7.     K12 

( c. 14, ), -      . 14, ,  
 0   (  ) —  . 14, . 

 
. 14. 
 

     Z1    
( )  W1.   2           
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     K12 = Ka1 4        (β5) 

1 4 2
a aK , 

     

 
 d1, d2, d3 — ,   . 14,   

 (        
,    0),   -

               .  
 ,      , 

 Ka1a4       
  (γ5) 

                                       ( ) 

   

 
       .  

,         
  ,      
 .     
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       , , 

  ( )  Ka1a4  , 
 

 (39) 

   4       ,     
  4det a

Y
A    

     Z0 

4 4 4det Sim( , )a a a
Y Y

A A A  

  Ka1a4    
   

                               (40) 

         -

 

                              (41)  

 

1

1

Sim( , ) Sim( , )
n

a bn ia ib
Y Y

i

A A A A             (42) 

 ,       -
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.  (41)  (4β)    
   Ad

. 
 8.      ( . 

15, ),    ,  
        .   15, . 

 
. 15. 

    μ 

 
  (4β),     

   

 
 9.     

-  ( . 16, ). 
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. 16. 

       Z1  
 ( )  W1. -         

    .  16, ,         0 —  .   16,   
(   ). 

      d
0      0    

 ( ) 

          
d

0          2      

 
                2

1 = [ 1]  [
2

]   

   2
δ = [ 4]  [

2
]: 
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 ( ) 

  
1a

  
4a

   X1, 2, 3, 

4,  5.      
  2

Aa1  2
Aa4    

 
          .  
  4     ,    

 ( ) 

        
  .     

,    , ,  -

          
       .  
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     ,  

  ,     
  1 , 2, 3     0 

 f1,  2  f3 (    .  16, ).  

                                         

 ( ) 

    

                        ( ) 

        
   ( )    . 
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 ( ) 

      
-  ( . 16, ),    

      
.    . 17   

      
( ).  
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. 17.  ,  ,  

       
 . 

 

 ,    , 
    0 ( . 16, ). 

,       μ  

1 1 1 1Sim( , ) Sim( , )af bc af bf
Y Y

A A A A  Y 

 

3 3 3 3Sim( , ) Sim( , )ab fd af df
Y Y

A A A A  

  
A1bc =A1bf            3ab = A3af. 

    Ka1a4  
-       
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1aA , -  .   Pa1 Д  ( )Ж  
      (X1),  

  ( )  ( )     . 
       

( 5).    ∆    det
Y

A ,  

       
   

1aA : 

 ( ) 
  Ka1 δ  -  

,   ( )    
    ( )      

 
        

 
∆1∆2∆3∆4 = 1 2 3 4det det det det

Y Y YY

A A A A , 

     Ka1 δ  -

    - ,               
      

 .        
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         μ 

K1abc —     W1 

  1   b1     1; 
К3ad —     W3 

    3    d3; 
K1acb —     W1 

      1  c1       b1; 

……………………………………………………… 
Z1abc —     W1     b1 

  1,        1; 
Z1  —         W1           
c1,    a1; 
Z3b —       W3,      

  b3; 
           .   17. 
     -

   -    
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  ,     
    . 

      
  - ,    

     ,  
. 

    Yα    Zα   -

     k   zk  k 

 
 ', b', ', d', ", b", ", d" — ,    k  

zk.      , -

              

                              

 (43) 

                                (44) 

  g —     . 
     ,   

   α ,     
(4γ),   

 
. . 

 
  Uk —   k,  Yα  —   .  

              
   yk,          

                          
 (45) 

        д , },  
  k,     ,   

        yk = 0. 
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дα, ж    д , }        ( .   18). 

 
. 18. -            

      . 

 
 A  —     ,    

  (45)   

               (46)  

    ,  -

    

                  (47) 

           (β7)      (β8),   ,    
       

a c c acA A A A  

       . 
        

    
s

 A      -

   .    ,    
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2

2

2

1
( )

4

{( ) ( )}

{( ) ( )}

a c c ac c f b d

c f b d

a c f a d

A A A A A A A A

A A A A

A A A A A

     (48) 

   . 
   (47)                

1

2( )
K a c ac

ac

a

                                            (49) 

 

det , det , det ,a c
Y Y Y

A A
A

a c
 

2

det ,
s

М
Y

A
A

a c
A  

    (4λ)   
1

2)
K c ca

ac

a

Z Z

Z
                                  (50) 

 Za —   , Zc —   
, Zca —                . 

  (4λ)  (50)    -

  К .    К    -

 ,       
, ,    β -   

 ,        
 ,      

a c c acA A A A  

   (46), (47), (4λ), (50) ,  
     (50),   

 -    К    
      . 

     . 
 10.    Ka1b3 -

 ( . 1λ, ),      -

      W1  W3.  
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. 1λ. 

 
-          .   1λ, ,        

  0 —  .   1λ, . 
   2           

 
      

 
   .   -

      ∆ 
 -  

∆= ∆1b (∆2b∆3 + ∆2∆3a) + ∆1 (∆2 b ∆3 + ∆2 ∆3 ), 

         
1

   
3b

 

,         μ  

1
= ∆1 b (∆2b∆3 + ∆2∆3a) + ∆1  (∆2 b ∆3 + ∆2 ∆3 ), 

3b
= ∆1 b (∆2b∆3b + ∆2∆3ab) + ∆1  (∆2 b ∆3b + ∆2 ∆3 b). 

   
3 3 1 1
, ,b b a aZ Z Z : 
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      -

   

 
    - , 

       
      . 

,  -       
 ,      

,              (41),    
Sim

Y
 (Aia, ib)=± (∆ia∆ib-∆i∆iab)

1/2
, 

 

 
      

  ∆1∆2∆3  , 
  μ 

 
 

9.3.5.   
 

     ,   
    ,    . 

       
- ,    ,   

,     . 
    .    

 ( . β0, )  vz ,     
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        vz    
( 1)

2

z zv v
   ( .   β0, ). 

 
. β0. 

 
       
     . , 

       
( )     2        . 

,       
      Az      ,   . . 

det det z
Y Y

A A                                     (51) 

    ,   k 

 αk     -

μ 

                             (52) 

 k —     k  -

 *z,   ν  
αk —     z 

  αk  ν 

 ( 1);
z

k
k k v

k

A
A a  —    αk  

 Fz;  
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D —    ,   vz 

   . 
  

( 2)zk va   αk   Tz 

    ,      μ 

           
 

(53) 
 

                       (54)  

 
s

AA  —      ν  
1kD  —    ,  

    ,   
1k

, 

  αk;  

2kD  —    ,  
    ,   

2k
, 

  αk;  

1 2k kD  —    ,  
    ,   

1k
  

2k
, 

  αk.  

                       (55) 

 1 2( )k k  —  ,  -

   ( )    
    ,   

1 2( )k k
,       αk;   
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 1 2k k

k
 —   ,   

  ( )    
    ,   

1k
  

2k
,        ν  

 ∆' —  ,    
       vz  

   . 
        

1 2 1 2

2

k k k k

ky                               (56) 

    

1 2 1 2

1

1
( )

2 k k k kky Y Y Y , 

 1

k
Y  —       

  ,   
1k

,  

  αk ( . .   
1k

  )ν  
2

k
Y  —        

 ,   
2k

,   
 αk; 

 1 2

1k k
Y —             

  ,       

1k
 2k

,    αk+1  αk-1  ( . . 

      1k
+ 2k

     ). 
 yk  αk   z,    

   (54),          

                           (58) 

       
      . 
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 11.   . β1,      
 ,    .  β1, ,   

   . 

 
. β1. 
 

     . β1,   .   
  (58).  

            
 = [1 3 61 [2 5 6] [3 4 5]. 

       1'         

. 

 
   2'   
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 , 

1 2 6 6 2 4
2

1 2 4

( ) ( )y y y y y y
y

y y y
 

  3' 

4 2 5 5 1 3
3

1 2 4

( ) ( )y y y y y y
y

y y y
 

 12.    -  ( .  ββ, )   
   ,   . ββ, ,  

    ,   -

    .  
 

 
. ββ. 
 

    . 6.ββ, ν  'z  
  . ββ, . 
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    (57)   -

            ( .   ββ, ) 

                             ( ) 

1abY  —   W1    b1, 

   1, 

…………………………………………………………………………… 

1abY  —   W2    2, 

   2. 
      

( .ββ, ). 
      'z ( . ββ, ) 

A'z = [ 1 c1] [b1 1 2 2] [b2 2]. 

   

 
   

 

1 1 2
1 1

1 1 2 2

( )c b a
a

b c a c

y y y
y y

y y y y
 

  ( )   ,  
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   2  3.  

 

9.3.6.   -
 

 
  -    vz , 
   .    

  ,    
  .     

, ,     , . . -

     ,   
   ,    ,  

        
   . 

,        
 ,     

,        
    . 

   -    
 vz ,   vz(vz — 1)/β ,  

 . 
    ,   

 .       
     - ,   

        
   - .  

   ,  ,  
     

 vz — 1  .  ,   
     

  vz — 1  .  
,         

vz — 1  .      
  ,  , . .   
  ,         
. 
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      vz — 1 

    vz — 1   .  
     ( . βγ)    

  
1

1

( ) 0
zv

i i i

i

E U y I                                    (59) 

 
1 1

1 1

z zv v

i i i i

i i

E y U y I                                    (60) 

 
. βγ.                .  

 

 

       
   І      ( .  βγ).    
        

         . 
       

   і     . 
.      
  ,     
. 

       
  .    

      
. 
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. 13.     -

 ( . β4, )      
-   .   β4, . 

 

 
. β4. 

 

     1   μ 
- 1 1 = - U1 1 + (U3 – U1) 0 + (U 2 + U3 – U1) 4+ І1. 

    
1 =  U1 - (U3 – U1)( 0/ 1) -(U 2 + U3 – U1) ( 4/ 1) -( І1/ 1). 

,      3  4, 

 

 
     1, 2, . . ., 6 

   ,    
. ,              (57)   

 
1= (1/2)(Y123 + Y124 — Y312) , 

 Y123 —  -  ( . β4, )   
  2, 3  4,    1                                    

( 2 + 3+ 4); Y124—  -    
  1, 3  4,    2     

 ( 1 + 3+ 4); Y312—  -    
   l, 2  3, 4    

( l+ 2)      ( 3+ 4). 
      

. 
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9.4.     
    

  
 

       
    (14)  (β8).   

      
   ,     

     .  
 

9.4.1.     
   

 
9.4.1.1.   

 
       

,   -     
 ZI. 

 1.     , 
    (   

),    ,  
    ,  

  ,    
              

ZI.  . 1      
     ZI. 
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. 1.         μ                       

)  ν   )     ZI. 

 

    ( . 1, ) 1, 2, . . ., 5 

     ν α, ,   
 — ν E2  E4 — . . .  ν I1, I2   

I3 = I4 + I2 —   , a U3  U 4 —  
  3  y4. 

   ZI ( . 1, )  1,2, . . ., 5  
.  1   y1  

 ,  2 —  2  . .  ν α, ,  
     ZI,   

     . 
        ZI, . . -

     ZI ,     
  . 

,    ZI,   . 1,   
2, 3  4    1  5,   , 

  . β, .  
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. β.    ZI (     — .   1, ). 

 

   v — 1  ,    v 

        ZI. 
  ZI     ,  

1

1det v

vT A ,                                              (1) 

 1

1

v

vA —     ZI   
v — 1,     a    -

,    ,    
a  = a    ,     ,  

   .  ,   ZI,   c. 

1, ,   

2 1 0

det 1 3 1 8

0 1 2

T  

 ,     . β. 
        , 

   . 
 2.  Dd   ZI   
    , -

       d  ZI: 
1

1

v

d di

i

D y ,                               (2) 

 dі —    , -

     d  ZI; v —   
 ZI. 

,  Da ,   . β, , 
 

Da = 2 3 4. 
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   ZI   ,    , 
    ZI.    

ZI    ,       ZI.  . 
γ    ZI,    

  α      ZI ( . 1, )ν  . 4 
        . 

 
. γ.    ZI,    

  α     . 1, . 
 

 

 
.   4.             ZI    (     
 — .   γ). 

 
9.4.1.2.    

 
 Y v,      v -

    ,        
 

                                                 (3) 
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 Dd —   d  ZI; T —   -

 ZI; D'd- —   d'   ZI, -

       ZI    
v; ' —            ZI. 

,  Yα ,    α   
  ( . 1, ),   

   ,   . β   4μ  

 
      

      ZI  -

   ,         
    . ,  . 5 

    ZI,   . 1, ,  
 . 

 
. 5.    ZI (   — ., )  

     . 
 

        
    . ,     

     -

   . 
 Uk  k,     v, -

      ( .   6),          
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 (4) 

 Dd =

1

1

v

di

i

y  —   d  ZI; ydi — 

 ,   i   
 d; v —    ZI; T —    

ZI; uН  —      v  d  
 ν idk —    k  d  
  (    d   

 k,  idk = 0); ydk —     k. 

 
. 6.    Dd     

    k-   ( )ν  
  uН  = k; idk 

=
 І1. 

 

,  U3    ( . 1, ) 
  ,    

  ,    .  5: 

 
    U4  4 ( . 1, ), 
   ,   . 5, 
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      . . ,   

       v   
   

                                          (5) 

       v,   
 .  ,   ,     

( . 1, )  I1= I2 = I3 = 0,     α   
   ( .   5) 

Uα  = [( 2 3 4 + 1 2 3 + 2 3 5) 2 + 2 4 5 ( 2 — E4) +  

+ 1 3 4 4]: ( 2 3 4 + + 1 2 3 + 2 3 5 + 1 4 5+ 2 4 5+ 
+ 1 3 4 + 1 3 5 + 1 2 4). 

 

9.4.1.3.    

 
   ZI,   

     . 
      

 ( c.  7, )      
 

U = L/M,                                     (6) 
 

 
 (7) 
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 (8) 

 —    ZI; Dp —  -  ν , upi, 

upj, upk —       
    ( . 7, ) (  

     
,   )ν npi — 

     де  |, | si |}, 

    де |, |upi |} 

   ,  
  ν ij —     

 де  |, | si |, | sj еж,    
 де |, | pi |, | upj еж   

 ,    ν ' ij —  
    де si |, | sj |}, 

    де upi |, | upj |} 

           
  ,      . . 

 
. 7.      

  μ ) -  ν ) 
    Dp, Dr, Dt  ZI     (   

     ).  
 

     (7)  (8)  
   .    

   ( .   7)μ 
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 —    ZI; 
 v —    ZI      v; 

1 1,A —    ZI    
    v,      1   v1; 

eA  —    ZI,     
         α ; 

e siA  —    ZI,      
          α    αsі, 

eA  —    ZI   -

   v,       α   . . 
   ,  ,    
(7)    (8)                         

,      

eA A ; 

 
 upupi     , -

                                      

   upupiupj               
,    

 
 upupiupj k         , 

   

 
  upi     , 

   

 
 upiupj     , -

   

 
 o ,     Di   

    ,   -

  Di,  ,    
 ZI. 
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   (6)  Y v ,  
     v,    

                                 
 (9) 

   v —    ,          v. 
.  (λ)   (γ),  

 ,    ,       

 Y
0

v     v,  
,    

                                               (λ ) 

   (6) — (8),  
   , r u t  ZI ( . 7,  — ).   

 (         , 
Esi,  Esj    Esk)    

 
    0   ( . 7, )  

  α ( . 7, ),   (λ),     

,      .   7,    μ 

0, 0
p r

D D

y y
 

       -

      ZI  
   si, sj, sk, ...   

     
s'i, i,    s'j j,    s'kyk, . . ., 

 s'i, s'j, s'k, . . .—      
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(s'i = Esi/Ii, …);  yi. j, yk, …      
   Ii,   Ij,   Ik, . . . .       

  ( c.   8, )    I     
 

L
I

M
                                                (10) 

 

 
(11) 

 
(12) 

ip,  ipi, ipj,  i k ,…… — ,      ( . 8, 
) (       

  si, sj, sk, . . .,   
 Isi, Isj, Isk, …)ν npi —    
  деI0|, | si |},    

   {| ip |, | ipi |}   
,        . . 

(      (7)     (8)).  

 
. 8.        

 μ ) - ν )   Dp  ZI  
 (     ).  
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     (11)  (1β) 

  ,    (7)  (8),    
,       
        ,            .  

 Y v        v -

       

                                        (13) 

  v —   ,          v. 

  Y0
v          v  

                                        (1γ ) 

      
,       ZI  

    si, sj, sk, . . .    
 

 
  s'i, s'j, s'k, . . .,—     

(Isi /Ui, Isj /Uj, Isk/Uk, . . .); 
i,  yj,   yk,  . . .—     . 

       
   ,    

       
 ,    . λ.  

 
. λ.         

. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 



К  . .     

 408 

         
        

 . 
  D    (7), (8)  (11), (1β)  

   ,    
   ,   

 .     
     * 

(  )   '* (  '),   Z v,  
                v,    

                   (14) 

 z v —   ,           v. 
 ,  Z

0
v     z v 

 

               
 (15) 

.       
               (γ —5). 

      .  
 1.   ,   

    ( . 10, ).   ZI    
.   10, ,        —   .   10, .  

 
. 10.     μ )  ν                     

)        ZI         .  

 

 

 

 

 

 

 

 

 

 

 

 

 



К  . .     

 409 

 

      

 
    ( )  ,  

       .  
          (6) — (8)   

 
       

 , ,     . .  
 2.   U3,    Y   

 Y       ( . 
11, ). 

 

 

 

 

 

 

 

 

 

 

 

 

 



К  . .     

 410 

 
. 11.    μ )  ν )  

ν   )      ZI    
. 

 

       E2  

 E4,   U  4  U2 ( . 11, ). 
     

2 4
24 4 24 2

4 2

,
E E

Z y Z y
U U

 

 Z24 = j M  (M—   ). 
    ZI ( . 11, ) (   

     ) 
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     y1     

 
      3 

 
 

9.4.1.4    ZI 

 
        

     ZI.   
                  
       

    .   
     , 

          μ 
1)     ZI    

  ν  
β)             ν 
γ)          

  ZI,       . 
      

. 1β.  
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. 1β.       ZI:    

E —  ν  —   ν                                    
W —    ν 1, β, γ, 4, 5 — . 
 

        ZI. 

       
 Sі      W.  

     W  
     ZI,   —    

     ZI. 
      ZI , 

      (  
    ),   

     
     ,    

       . 
 

9.4.2.    
  

 
        -

  ,   
.      

     , 
 ,    ,  
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 αk,  ,       
    Ik. 

  wt         
  v  . 

         Ik       

                       (16) 

 Ik —    ,   αk   
ν          — . . .  ν  —  
  ν  ≤ (2  — 1) —   
,  wt ≤ v ,   — , -

    ,    αkν  — 

  ν αti —    
t; Ptr —     r,   

 t (    r   -

  ,   —  
     r      

)ν v —     ν 
Y —         .  
     (16)   

μ    t    Ik ,  
 t    ,    —  

. 
     ,   

    . 
       -

      -

  (    —  
 ,         

       .).      
,           .  

         
(2  — 1)         

  (  —   ).  
      

   (16)    A t, -

   
, ,k E tA                                          (17) 

 α  —   ,   
 . 
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           . 

 3.   I5   5  , 
    . . . E1   I5   .  

13. 

 
. 1γ. 

 
       

 
1 = [1 2 3], 

2 = [3 4 5], 

3= [5 6 7], 
     ,  ,  -

  1  5.       
  

1 + 2 = [1 2 4 51, 
  

    A1 + A2       .  
  (16),   

 
  ,    1, β, 4, 5,   -

 ,    6  7.   
         . 

 4.  І7   7  ,   
    E1, 2, . . ., 6   І7  

  .   14. 
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. 14. 
 

       
 

1 = [1 2 4 5 7 8], 

2 = [2 3 5 6 8 9]. 

    
1 + 2 = [1 3 4 6 7 9],    A1∩ 2 ≠ 0. 

    (16)     

 
   

3 3 6
[3 9] [6 9]= ,

6 9 9

2 2 5
[2 8] [5 8]=

5 8 8

 

    2        7. 
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10.    
   -  

 
 

      
 .      

  .     
     . 

      .  ,  
 ,      

  .     
    ,    

    . ,  
      

 ,     
  -    . .   

       . 
  ,   ,      

           . 
    ,   

   -   ,  
    μ 

1.    ,      
 ,     . 

β.              
  . 

γ.        
  . 

       
  ,    

 ,     
      
 . 

       , 
     

    .   
    ,    

    ,   
         

   .  - ,  
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               .  

       
    -  . 

,    « »   
 ,    

     , 
  .   

  ,   , 
    ,  , . 

.   .      
 ,      

   . 
 ,     

,     «   
   »,     

1λβ6 . 
      , 

       . 
     ,    -

   100    ,  
     .  

          
     (1λγ1 .).     

   RLC- ,  
    

  .     
       

  (1λγ0 .),  (1λγ4 .),  
(1λγλ .), BOTTOM,  (1λ4λ .),  (1λ4λ .), 

 (1λ5β .),  (1λ5γ .),  (1λ54 .)  . 
        

      . 
       

     ,   
,     

   ,    . 
          

      
.  
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10.1.  ,  
  

 
       

      -  , 
    .  

        μ  
1)    ,  
β)       . 

  «   »  
 ,     

 ,    
.        

    ,  
       

 .     μ 
1)          

 
        = P1P2 . . . ;                               (1) 

β)        
ki

              
         Pі,   Pj     (1). 

 ,     
μ 

3)    Pі≠  Pj  ;    i, j = 1, 2, . . .,     (i≠j); 
4) і≠∑ k;    k = 1,2,...,     дk≠i),                                          (2) 

 ≠0. 
  RLC-  ( . 1),   

  zα . 

 
.    1.       RLC-            

  zα.  
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det det

det det

d

Y Z

d

Y Z

A A

Z Г г
A A

                           (3) 

  —  ,     
. 

        
,      

   . 
   ,     

    
,   .     

    
zi = sLі + Rі+ s

-1
і
-1

.                             (4) 
     

          

 
           

 s-l
,  

2

n
l E  

(  ( )    ),     -

 μ 

 (5) 

  aі, bj       
  . 

μ b —   , w —   ,  — 

    (   
). 

   b,   w           
b — w + 1 = . 
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    ,         ,  
 det d

Z
A      , 

    .  ,  
  Q (s)     

, . .  = ,   ,      , 
b —w + 1 = .                                 (6) 

    3b      
4  + 4 ,     -

μ 
3b ≥4  + 4.                                    (7) 

  ,  ,    
    .  (6) 

   (7)           ,   . . 
4

1
3

n
w                                            (8) 

      (1)  w— 1, 

 
4

3

n
m E k                                             (9) 

         μ 
4

; 1,2,...,
3

n
b E k n k               (10) 

 ,    .  
1.        = (  + 4)/γ + 1              

 

 = {1, 2, ..., b };    
4

1
3

n
b E n , 

            
  

 = 1 2 ...  
    (1)  (β)     

      Pі. , 
 = [12] [2 3] [3 4 5]     . . 

 ,    , 
 ,   ,      

k = 1. 
β.       
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                                               A1
d
 A2

d
 ...,Ai

d
 ...,Ar

d
. 

γ.      

, ,..., ,..., ; 1,2,...,
1 2

i i i i

d d d dA A A A
i r

b
 

4.       

det , det , 1,2,..., ; 1,2,...,
i

d

d

i i
Z Z

A
A b i r  

    

 
            

                  
(11) 

        
, ,  .  ,  

 fk  k    μ  

1 1 1
... ... ...

m m l
R R L L C C .                         (12) 

  , ,    
0

i
R =1 ,    0

i
L  = 1 ,    0

i
C  = 1 ,    і = 1,2, ..., r     (13) 

   
f
0

v – b
0

v = 
0

 v;        v =-( n + l), ...,(n + l), 
0

v - a
0

v = 
0

 v;        v= -n, ...,n.                           (14) 
     

i

nR
i

R ;   
i

nL
i

L ;   
i

nC
i

C ;   n≥1.             (15) 

        
,       -

  (1γ). 
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      -

      ,     A1,  

A2, ….,  Ai, ... 
 ,      (11) ,   

    ,       
4

3 1
3

n
E n                                 (16) 

          -

   .  
6.          

4 4
2, 3 . .

3 3

n n
m E m E  

,        , 
    k = 0.  ,     

     
        

 .  
    -    

  .  
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10.2.   RLC-
 

 

10.2.1.    

 
   RLC-  ( . β). 

 
. β.      RLC- . 

 

 

      
         

2 2 2

1

2 1
, , , lnu i s s

s

RU I U
K K K

E I E R K
 

      К ,  Kі, 

 Ks,     s   -

 μ 

 

(18) 
  —  ,    

  . 
       (  

    ,  
  Ks    ,  

 —     

 s =  + j    .) 
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      (19) 

       s-1
,  

 (20) 

 (β0)    .  
  μ  

0 0n mc Н  
  ,   ,    

d0 = d1 = . . . = dυ-1= 0;        dυ ≠ 0.                              (21) 
   . 
 1. ,   ,  

   ,   ,  
       ,    

1 ,
2

1
1

2

n
E m n

M
n

E m n

                      (22) 

.          
      

,  ,    
 μ 

 — l ≥ m  — l,     — l ≥ l — υ (    ), 
 ≥ n  — l,    n≥ l (     ). 

   ,          
 ≥ { m  — l + 1; l -υ + 1; n — l; l}.              (23) 

               μ  
) m  = n .    

 = min
l

 Max{ n  — l + l, l — υ + 1, l }. 

    (βγ)    υ = 0 
   n  — l + 1 = l + 1,         υ > 0—    n  — l + 1 =  l. 

   l 0      l,          = min,    
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0

0

0,
2

1
0

2

n
l

n
l

 

 , l0    .  ,  

0 0

1

2 2

n n
l E Х E  

     

 = 
1

1
2

n
E . 

) m < n .  

 
 = min

l
 Max{l — υ + 1, n  — l,  l }. 

    (βγ)  υ= 0                         
l + 1 = n  — 1,      υ > 0 —    l = n  — 1. 

 ,  

0

0

1
0,

2

0
2

n
l

n
l

 

 ,    ,    n  -

    

 = 1
2

n
E . 

        
         

 det A
d
,    ,       

                           Z
 

     ,           Ad 
A

d
 = P1P2 . . . , 

      ,    
     ,          

,   . .  =    
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1 ,
2

1
1

2

n
E m n

M
n

E m n

 

,              
2

n
l E .   

             
       ,           

   ,   
 . 
 2.    RLC-  

 XL    XR   
 μ 

2XL  + XR ≥ n  + 1 
 

                          
(24) 

2XL + XR ≥ n , 
   n  —             

. 
    ,    -

     (υ = 0),  — 

                  (υ > 0).  
. ,     

  (1λ)     (β1).  
    (1λ)   s

-l
, 

            

  
(25) 

 bv   —     
         KS,      

  μ 
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           (26) 

 
Mk+  + 2Nk = n, 

                                       M
*

k+ + 2N
*

k = n-1. 

                                    (27) 
  (β6)  ,  , v > 0.  ,  

,  ,vξ0,    .   
    1   ,    

 ≥ { m  — l - 1; l -υ + 1; n — l; l}, m ≤ n .     (28) 
      m  < n .                

)   υ = 0 
1 1 ,

1 1

l Х n Х
n

n Х n Х
                      (βλ ) 

 
n-l=l, 2, 3, ...; 

)   υ > 0 
,

,

l Х n Х
n

n l Х n Х
                                  (βλ ) 

 
 —l = 0,  1, 2, ...   . 

 
 + Nk = XLk,    v + N

*
k = X

*
Lk.                     (30) 

 (γ0)  (β7),  
2XLk +Mk = n + ,        2X

*
Lk +

*
k = n — 1+v.        (31)  

  
 = n  — l,        v = m — l, 

   
2XLk + Mk = n  + (n-l), 

2X
*

Lk +
*

k = m +(n-l)-1.                                 (32) 

    (βλ )  (βλ ),  
)     υ=0, m < n  

2XLk + Mk ≥ n  +1,       2X
*

Lk +
*

k ≥ m ;            (33) 
)   υ>0, m < n  

2XLk + Mk≥ n ,         2X
*

Lk +
*

k ≥ m -1.            (34) 
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  XL —   , a XR —    -

 ,   ,  
XLk, X

*
Lk ≤XL,        k, 

*
k ≤XR.                 (35) 

        (γγ)    (γ4).   
)    υ=0, m < n  

2XL + XR ≥ n +1,         2XL + XR ≥ m ;         (γγ ) 
)     υ>0, m < n  

2XL + XR ≥ n ,        2XL + XR ≥ m -l.         (γ4 ) 
      (γγ )      (γ4 )       ,  
 m < n  

2XL + XR ≥ n +1               υ = 0, 
2XL + XR ≥ n                     υ > 0.                      (36) 

    m = n .      
 ≥ { n  — l +1, l — υ + 1, n  — l, l}, 

      
)    υ=0 

1 1 1,

1 1 1,

l Х n Х
n

n l Х n Х
 

  
n —  l = 1, 2,  3, . . .; 

)     υ > 0 
1,

1 1,

l Х n Х
n

n l Х n Х
 

 
n — l = 0,  1, 2,  . . .  . 

       — l    ,   -

  m < n .     (γβ),  

2 1
0,

2

L R

L R

X X n

X X m
 

    
2

0.
2 1

L R

L R

X X n

X X m
 

             (γ6),  
   m < n . 

    β     .   
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 1.    RLC-   
         ,   . .    XR=  XL,    

1
, 0,

3

, 0.
3

L

n

X
n

                          (37) 

 β.    RLC- , -

   Rα, R ,    
      ,   . .      

XR = XL + β,   
1

, 0,
3

2
, 0.

3

L

n

X
n

                                   (38) 

 γ.  ,   ,  -

 Rα, R ,    , . . 
XR = XL + β,    ,   

       -

  Rα, R . 
 (γ5)   ,    (β6) 
  ,     

  ,    ,   
       

   Rα, R .  ,    
       (γγ )  

(γ4 ),  ,     XL  X R, 

    XR =XL+ 2. 
   1.    

( )
,

( )
s

P S
K

Q S
 

    λ ( n  = λ),   
         ( .   γ, ). 
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.  γ.  )      

ν   )   ,         
. 

 
     ,   
        Rα, R . 

,   ,  -

   Rα, R ,     ( . 
γ, ), . .   .   

   ( . γ, ) , ,  
         Rα, R  . 

 ,    γ, 
     RLC-   

 .   ,  R, L  
      ,   
      
.        

     . 
 

10.2.2.            
 

 
   

Sim ,
d d

Z

A A
 

        
     -

 α    . ,    
       

.      
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.      . 

  ,   , 
 ,   . 4, ,   

   — ,   . 4, .  

 
. 4.     

    . 
 

           
 ( . 4,   ).  . 4 ,    , 

  ,  ,  
 α  ,          .  

      
 . 

,       -

        
 = 1 2 .. . . 

  . 
 1.    i, Pj   

  ,       
      ,  . . 
i, Pj   ( ) ( )i jP P .         (39) 

,       
i = Д1 β 4 7Ж,          Pj = [3 4 6 8] 

   ,     
       4. 

   i, Pj ,   Pi Pj. 

     
 

P1 P2 P3 … Pn-1 Pn:                     (40) 
   1, β, . . .,   ,   

  ,        1       . 
   ( )   -

  ,   , -

 ,     ,  
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    ,  ,      A
*

v.  

 

 = 1 2 . .. Pw-1;    A
*

v = (P  + P 1 + P 2+...+ v) 

1

1

w

i

i

P ,      (41) 

 w —   ( ) ,  P , P 1, P 2,..., v — 

   , -

  , 1,  2, . . ., v,   ,   
             v,   . . 

P   P 1  P 2 ...  v 
    . 

  3.    —  ,    
      

,   . 5,     v  
  α   ( , α  ,   Pv),  

   

                                (42) 

                

Sim ,
d d

Z

A A
,         . 

  γ    
 .    , 
             

 
      ( ) ( . 4, ).  

     -

. 
       

 γ      , 
  . 5.  
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.   5. 

 

      .  
    ,  

       .       
      . 
 ,   ( ),  

      v,  A v.  

 (43) 

 w —    ( ).  1 2 ... iA  

 ,       
    ,    

 1, 2,. . ., і.   ,    
                        (44)  

   4.     
1 2, ,. . .,

і
z z z    

Sim ,
d d

Z

A A
    ,  z 

                       (45 )  

  ,  

                           (45 ) 

      -

μ 
1.      1, 2,. . ., і

 
 ,   -

   ,     , 
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   ,    α  .  
    

1 2, ,. . .,
і

z z z    

 1 2 ... iA          ( .   4, 
  ). 

β.          
 

   4   -

 . 
     2.                       

Sim ,
1 2

d d

Z

A A
  ,   . 6.  

 
.   6. 

 

 
 = [1 4 6] [2 4 5] [1 3 5], 

 = ([1 4 6] + [2 4 5]) [1 3 5] = [1 2 5 6] [1 3 5],  

 

 

 
      A

d
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5 4
.

6 41 2

d dA A
 

   

 
 

 
    

5 6 3 4Sim .
1 2

d d

Z

A A
z z z z  

,   (18),   
   

,   μ                                                     

 
,        

       
α    .         

    . 
 

10.2.3.    Э  

 
  RLC-     -
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 3.    ( . 7). 
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.   7. 

 

       ,      
   s= +j    

3 2

1
.

2 2 1
sK

s s s
                            (46) 

     

 
    

 
  

3 5Sim
d d

Z

A A
z z  

               (46)      s
-2  

      ,   
               

   s,  

 
  

zi = Ri,    z2= R2,    3

3

1
z

sC
,     z4 = sL4,    5

5

1
z

sC
, 

 

 
   

 

 

 

 

 

 

 

 

 

 

 

 

 



К  . .     

 438 

 
  , 

 
      

       
R1R2R4=2, 

R1L4C
-1

5+ R2L4C
-1

3=4, 
R1R2 C

-1
3+ R1R2 C

-1
5+ L4 C

-1
3 C

-1
5== 4, 

R1 C
-1

3 C
-1

5+ R2C
-1

3 C
-1

5=2. 

C
-1

3 C
-1

5=1. 

     
R1= R2 = 1  ,    3 = 5 = 1 ,    L4 = 2 . 

 ,        
(46)    ,     .   7.  

 
.   7. 

 
      

  .     
.         

(20) 

 
,   aі,   bі  Ks 

   ,       
.       -

  μ 
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2 2   ,
2

 1 2  ,
2

n
E m n

n
E m n

             (47) 

 m   n  — ,     -

  (1λ).      -

,    і  dі  (1λ)    
. 

,   ( )   
    , 

  .   zі  
       

zі = sLі + Rі + s
-1

i
-1

        (i ≠α, і≠ ).                (48) 
      α        

zα = R1,    z = R2, 
   R1  R  2  .  -

 μ b —   , w —  -

 ,  —   ,  -

       . 
          

 
b — w + 1 = .                                (49) 

  ,    det A
d
  .  

 
                                                                                              Z

 

     
   

 =        b — w + 1 = .                      (50) 
   ,     -

  ,    
   (β0),  . . 

(2n + 1) + (2n — 1) = 4n, 
     γ(b — β),   

      μ 
3 (b - β) ≥4n.                             (51) 

     (50),   
        μ 

w≥(n/3) + 3.                                 (52) 
        

     =w — 1,    
= (n/3) +3 + k;        k = 0, 1, 2,   ...,             (53) 
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    ( )               . 
  b       

 
b = (n/3) +3+  + k;        k = 0, 1, 2,   ...,                    (54) 

     k = 0,   -

   ,     . 
  ,      .  
  ,    -

      ,  
      μ 

1.   ,         
      = (n/3) +3,             

 ={1, 2, . . .,  b};    b  =   + , 
   (     -

   )              
i= 

i
1

i
2 … . Pi

m;    i= 1, 2,   ...,                             (55) 
   (β)   

 . K    ,   
   P

i
j      

,  
Aі =[1 2] [1 3] [2 3 4]     . . 

 ,    1, 2, . . ., Ai, . . ., 

     
. 

β.         
d

1, 
d

2, . . ., A
d

i, . . ., 

γ.         

1 2det ,  det ,  . . .,det ,  . . .,d d d

i
Z Z Z

A  

4.      

, ,..., ; 1,2,...
1 2

d d d

i i i i
b

 

5.            ,   
      1,       2, . . ., Ai,  . . 

. ( . 8).  
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. 8.        . 

 

       
α      ,  α      

               P
i
j     

(55).                   
 

Sim ,
d d

Z
k k

A A
 

  αk  k    Pi
j 

αk, k  P
i
j      t, j, k=l, 2, ... . 

        
,       . 

6.     -

   .    
      

                    (56) 

      ,  
          

 (57) 

  fk     k       

1 1 1
... ... ... .

m n l
R R L L C C                         (58) 
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 .    ,    

  0 0 0, ,
i i i

R L C ,  , , 
    
0

i
R  = 1 ,    0

i
L = l ,    0

i
C = 1 ,    і = 1, 2,   ....     (59)  

     
f
0

v -b
0

v = 
0

v,         v=— (n—1),   ..., ( —1), 
     

0
v — av = 

0
v,           v= — ,   ..., .                               (60) 

 

    ,  -

   е v е,    е v е.   
  ,   -

    , ,
i i i

R L C  

i

nR
i

R ;   
i

nL
i

L ;   
i

nC
i

C ;   n≥1.             (61) 

        
 w  [0 1]     R1 = 1 ,  

       
  (5λ). 

7.          -

     ,          
A1, A2,…, Aq. 

          
 

 ={1, 2, 3, . . ., b} 
   αk  k,  αk  k   

         Pi
j      (55),   . . 

αk  P
i
j,  k  P

i
j;    i, j, k, l = 1, 2,   ...    (j≠l). 

    

Sim ,
d d

Z
k k

A A
 

   .   
      , 

 . 
8.        -

            .   6. 
     

      , 
      . , 
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,     k > 0,  , k = 1, β, γ, 4  . .,  
    ,   

   , , ,  
   ,   -

   ,  
   ,  

    .  . 
        

,
2

n
l E  

   ( )   
 .     

 ,     . M  
    ,    -

     . 
        

   . 
     

      
μ 

1.    ,     ,  
            . 

β.            ,  
       . 

γ.         
( ,         ,   

  ,    , 
     ,            

      .   .). 
       

. ,      
         
 .      -

,  .  , ,  
      . 
    ,    

  .  (  -

)    .    
      ,  

 .   ,   
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     ,  
      μ  

0
A A

 

  —  ,     
    . 

 . λ   ,   
           

. 

 
.  λ.         .  

 
 ,   ( . λ)   

 (6β). ,       
  .      

           . 
     -

,   ,  -

 ,    ,  . 
, ,    ,  

   ,  
  ,     
 ,       

        .  
      
  , ,   -

 .      
 RLC- ,    . 

      ,  
        

. 
       , 

        , 
        

   RLC- .  -
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 ,  .   
       

 . ,      
      

 ,        
 ,       

  . 
 4.    , -

           μ  

 (63) 

     .    
   ( . 10).  

 
. 10.  ,      

     (6γ). 
 

    10   
  μ 

L1 = 1,154722 ,  
L3 = 1,675625 ,  

2 = 1,112944 ,  
4 = 0,615818 ,  
5 = 4,6188886 , 

 6 = 1,11286 , 
 R7 = 1 ,  
R8 = 1,13542 . 

 5.      
( )      

 (64) 

       .  
    5 .   

  . 11 . 
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. 11.  ,    

     (64). 
 

    
L1 = L3 = 1,466371 , 
 2 = 5 = 0,7479164 ,  

4 = 0,4263531 , 
 R6 = R 7 = 0,9644312 . 

 6.     ,  -

   ( ),  
             

 
       .   

        

 
      6 . 

       ,  
      

 ,     .  
 γ       
  μ 

L1 = L2 = 1,2595972 , 
r1 =  r2 = 7,454ββ68·10 -2

 , 
 C1 = 3 = 1,2375818 , 

2 = 0,37590573 , 
 R1 = R2 = 0,7939046 .  
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      .  1β. 

 
. 1β.  ,    

    (65). 
 

        -

     .  
     ,    
    ,   ,   

,              .     
     (57),    

   ,     
      

        
.   ,  

      
             

   . 
       

      .  
  ,   

 ,    
  .     

,   .   
       , 

  ,     
 ,                

   . 
       

.    ,  
,      

.  
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10.2.4.    
 

 
   μ    

 ,    
 ,      

.      
  ( ),    

 μ  , 
, .     
      

(   ) . 
 

10.2.4.1.    ,     
     

 
     -

      
       

                      (65) 

 d
 —   ,    

ν α —   ν  —  
 ν Rα —   ν R  — 

  ν К (s) —   
 ,   

  s.      
. 

)    A
d
      

ν 
)         

  ( ,   
).  )     

       . 
     (65)  

    s    
    .  

   -1
, R  L  
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 . 

     ,  
      
    . 

    (65) —  -

  ,  ,  
    A

d
 (N Д5Ж)ν  —  

  N[5]— 1=N Д7Ж,       2 R R  . 

  A
d
        

 .     
   ,  

   ,         s   (    
).  

 

10.2.4.2.    ,       
 

 
   A

d
  ( )   

,     (  )),  
    .  

     s 

     
         s. 

    ,    
,       

2 R R .        

F ( 1, . . ., ) = 0, 

                i = 1, 2, . . ., r = N [3] + N[4],    n=N[1] — N [2].               

(66) 
NДβЖ  ,   

     . 

 
10.2.4.3.     (66) 

 
 ,         (66), 

      X = (x1.. ., ). 
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I i, k (X 1, x1.. ., )= 1( .. .,  )
,i

k

F x

X
 

i = 1, ..., r;    k = 1,2, ...,n.                   (67) 
   Fi,   . 7.2.4.β.  

 Fi,    (65), 

   ,   
   A

d
,        

 . 
 ,  Fi,    

 xk,  Ii, k (X).     Fi, 

   ,            

 2 R R . 

  Rα  R  (    

         2 R R )    . 

 
10.2.4.4.    

 
 (66)    

F(X) + I(X)∆X =0,                         (68) 
 

X — -   
1

n

x

x
; 

F (X) — -   1( )

( )
nr

F

F

X

X
; 

I (X) —   Ii,  k (X)=  
( )i

k

F X

X
; 

∆(X) — -   1

m

X

X
    . 

 (68)    ∆(X),   
.     
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I (X),      
1 1 1

,1 ,

n

nr nr n nr

I I F

I I F
. 

   ,    ∆(X), -

  (68),       0 ≤ ≤ 1,    

    (69) 

   .   
 X    F   

I.      ∆(X), -

  (68).   (69)  =1. 

  ,  ∆(X)      
  .     ,  

 (69)   .    

  2

/1

[ ( )]
nr

i

i

F X .   X 

    ∆(X),    
  μ 

1)   
2

/1

[ ( )]
nr

i

i

F X <epsilon —         (66) 

  ν 

2)   
2

/1

[ ( )]
nr

i

i

F X < delta            1) —    

         
  . 

      
    (68)   

  β. 
 

10.2.4.5.           
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   ,     -

.  ,     
  ,     —   

. 
      

.  -     ,  
,        ,   

.   
       

.       
   ,   

    . 
      -

     (  — r)-  -

 ,   n-   
   (r —     ).  

 
10.2.4.6.          (66) 

 
 Fi (X)  ,    

   1, . . ., n, -

       (66)      . 
       

,         -

         
(65),   (66),   (68). 

     (66), ,    
 ,      

. 
  ,    

  (66)       
   ,     
    .    

,    ,   
      .            .  
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1.   

 

 

        
     

  ,     
  ( ). 

    ,    
  ,    

      
 . 

      
   ,      

      
 μ  ,    

 ( ), , , -  
  . . 

      
       

        
 . 
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-  ,       
ν 

-        
      ( )ν 

-         
 . 

   μ 
-        

 ν 
-  ( )     

  ; 
-        

     . 
       

      
.                    

      
  ( ),     

      
       

     , 
 . 

        
        

   . 
       
        

    .   
      

       
        . 

    p        
    ,    

.    ,   
       

 ,      . 
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   ,   
  .      

      , 
        

. 
       

.       
   .     

     , 
. .   ,    

    . 
        

     ,  
    .   

  -       
    ,       

 , 
     

       
, μ        

        ν  
         ν  
           

ν 
       . 

   ,     
    , 

      
.       ,   

    ,  
  . 

-     
      .  

1.  
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. 1 

 

 

3.    
 

 
       

       
      

( , ,   . .).                                            
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      , 
   ,   

 ,      . 
    μ      

                 ν 
           ν                                         ' 
           . 

       , 
   ,    

     . 
       

          
      

 . 
        

        
  .       

         
 . 

        
       

       . 
       
 , . .  -    1 - ,       

1< . 
        

       
          

         
        
 

 . β,        ,  
         

 .  . β,     , 
      . 
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 . γ  -     
       

  . 

 
. γ 

 

 

      -

 μ 
                                                             (1) 

                                              (2) 

 (3) 

 (4) 

 (5) 

                                                     (6) 
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          (7) 

          (8) 

          (9)  

     (10) 

                                 (11) 

                                  (12) 

 

     -      -  
   (     )ν       

-      -     
ν 

-              -  
  ν 
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ν 
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    -    ν 
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 -    ν 
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-          -  
ν 

-            -   -

 ν 

-             -  
  ν 

-             -   
 ν 

 -             -  ν 

-      
    ν 

-       
  ν 

 -       
   ν 

-      ν 
 -      ν 

    -  ν  

        
       

     ,   
     , ,   

   .    
         

    μ ,  
 . .  .β,          

,   . 
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μ 
             

      ν 
     -  ,    

      
. 
        

 ,   ,   , 
       

. 
  μ 

         ν 
          

  ν 
           

   ν 
            ν 
           

 . 
       

   ,   
  . —    
     ,  

        
. 

      , 
        

  μ 
-     ν 
-       ν 
-           

       . 
     

 (13) 

     -    
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-  ,         -   ν 
=1, β,…, 

              

             
   

 (14) 

         ,    -      
  ν 

-      
  -  ν 

-  ,         -   ν 
 =1, β,…, . 

          
     μ 

 (15) 

 (16) 

               (17) 

      —    , 
                             
                          ν 

               -          
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        -         
ν 

                 
       

      (   
),      .    

(15)—(17)      . 
,     

, μ 
            

  ν 
           

ν 
          ν 
            

. 
 -     . 

      
-      

  (  )   
  (  )   

 ,     
 . 
 cxe a      

  ( ),   , 
 ,   . .,      
. 
      

,       
 (  )  ,    , 
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  ,   

 .        
     μ  (X)   

 (Y). 
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 -      
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   (   ). 
  ( )  ,   , 
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      (   )     
(    ). 

    μ 

                    (18) 

         -    ν 
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                                       (19) 

 

-    ,   
  

-    ,  
 ν 

             

                    

 (20) 

 

-    ,   
 1,-1   0; 

-    ,  
 . 

    (19)  (β0)   
   (18),    
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                 (21) 

 

 

  
  (β1)     

  -    

 

 

 

 

 

 

 

 

 

 

 

 

 



К  . .     

 469 

 ,   Ы   ,  
        

( -  ),     (  
).              

            
      (18)  

 ,    
μ 

 (22) 

                                            (23) 

  (ββ)    (βγ)   
  (β0)  (19)     

     .  
       -  

  . 4. 

 
.4 
 

       
,        , 
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  ,    
        

       . 

       
       
  . 
        

 μ 
           ν  
        ν 
            ν 
          .  

         
,    . 

     -  
     (β1).  (β1) 

      

( )      

     μ 

                    (24) 

  -   
   . 

     (β1)    (β4) 
    ,  

    (β1).     

  (β1)μ   
      

. 
       

 ( . β)    ,   
   (β4). 

 
 β 
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.5 

 

5.     
    

 

  ,     
     , 

      
—  . 
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    ,  

  :        -

,      . 
     

    
 

     
 (25) 

 -  ν  
 -        

      

 
       -  

       
      , 

         ,  
    . 
  -Ky a     

     . 
 μ     

       ,   
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    . 
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 (27) 

   q≤10
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К  . .     

 474 

     -       
     n-         n 
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,    ( .   1, ).  
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      ,    

  μ     

 
      

   .     
μ   I,  I I   I I I ( , 1, ).  

     ( ,   1, )     
 μ   

 (1) 

 

 
                                         (2) 

 

 
                                               (3) 

 
  (1) - (γ)   μ 
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 ν 
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    I  II 

( . 1, ),    μ 
 

 

     I  II ( . 1, )μ 

 
    

(1) -(γ),    μ 

 (4) 

    (4)   - 

-  ,   

  .   ,    
(4)   -  , μ 

 (5) 

  -  ,    i=1,β,…,r. 
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     ( . β, , ),      
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     i = 1        , 
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К  . .     

 480 

      (6) - (8)   
  . .  i=r. 
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  μ 

                          (3) 

 Y β—     ν 

—   ,  
  1, — 1  0. 

4.     (β)   (γ)    (1). 
    -    : 

 (4) 

 

                                       (5) 

  

                                   (6)

 

  -   . e— — ,  
 —    ν ,  —  , 

     
.    (5)  

   ,    — 

  . 
   (5),      

     ,  
       

    .      (1)  (4) 
,   (4)   (1) ,   
 1, Y β      1, Y β . 

       
(β)  (γ)μ 

                                (7)  

                                   (8) 
 (7)  (8)       
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