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   ,   

,   ,    

 [11], [10].      

    -   

,       

 [10]. 

       

   0; +∞       

ℳ    =    −1

+∞
0

. 
(0.1) 

  ,    (0.1) ,  

   . 

      

   -  

𝜃1  =  − 2 2+∞
=1

, 

     [10].   

  

ℳ 𝜃1   =
1

2
Γ  

2
  + 1 . 

 -    + 1       

 = 0,  -   Γ  
2
      

   .  ,  



6 
 

ℳ 𝜃1        = 0     

     : 

1
2

+
2

, 

  –  .       ℳ 𝜃1      ,  ,   = −2,−4  

    : 

1

12

1

+ 2
,

1

240

1

+ 4
 

.        

 𝜃1     = 0,−2,−4   

     : 

𝜃1  = − log +
2

+
1

12
2 +

1

240
4 + ⋯. 

       

 [8]   [9],      

 .  

       

    .    [12],   

          

   

+1 + + ⋯+ 1
1 − 1 = 0, 0 < 1 < ⋯ < < +1. (0.2) 

   –   

      

.  ,   ℳ     
      0 = 1     (0.2). 
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     4.1,   

  : 

    ( )   ⊂ ,  

      

   (0.2); 

     n   

   ℳ    ; 
    𝜎( )( ) ,   

    (0.2). 

      -

,   [12]     [1].  

        ( ., 

,[3]). 
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1 Ф      

 

1.1   . Ф  
 

 

 1.1.  М   ( ), 

   0,   

ℳ    =    −1

+∞
0

, 
(1.1) 

 = , > 0. 

   ( )     

 ,     .  

  . 

 1.1.[7]   ( )   > 0  

 :     1
− , 0 < 1,     1
− , 1 < ∞, 

(1.2) 

 < .     ,  

  < 𝑅  < . 

 1.2. Ф     

     ,  =  < 𝑅  <  ,   

 (1.1) . 

  1.1,     

 ( )       (1.2). 
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1.2    

 

     

  ( )      

 . 

 ⊂ ℂ, −   . 

 1.4.    𝜑 ( ) , = 0,1,2… , ∈ , 

   (  → , ∈ ), 

   n 𝜑 +1  =  𝜑    , → , ∈ . 

 1.5.   φn(x)     

x → a, x ∈ M.   

 𝜑   ,   = ,

+∞
=0

 

 

(3.3) 

   ( ),    

N 0 

  − 𝜑   =  𝜑  
=0

, → , ∈ . 

 (1.3)        

  

  ~ 𝜑   
=0

, → , ∈ . 
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,      .  

   . ,    

 . 

 1.2. [10]   ( )    ℳ         < ℛe z < . , 

 ( )   : 

  ~ +∞
=1

, → 0, 
(1.4) 

  ~ +∞
=1

, → ∞, 
(1.5) 

 k → +∞,  k → −∞.     ℳ     

          – k  и − k :     ~
+

, → − , 

    ~ −
+

, → − . 

 

2    

 

2.1   

 

n-   .  

  2 .     2  

  ( 1,… , 2 ).     . 

 𝜈 = 𝜈 + +𝜈 , 𝜈 = 1,… , .  +𝜈 = 𝜈 ,   𝜈 = 𝜈 + 𝜈 , 𝜈 = 1,… , . ,     
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   n   = ( 1,… , ),  n-

     ℂ . 

       ℂ . ,  

      0 = { 𝜈0}    = 𝜈0 + 𝜈 ,−∞ < 𝜈 < ∞,   .  

     = +   ,   –  . 

,       

 .       :  

 =   + arg , 

  arg   : arg = (arg )0 + 2𝜋 , −𝜋 < arg  0 < 𝜋, ∈ .  ,       

   .     0  ∞. 

 ,     ℂ,   

  (−∞; 0].      +, 

  – −.         

:  

 =   + (arg )0 + 2𝜋 , ∈ . 

   {D }     ±. 

 = < 0,   

( ) =   + 𝜋 + 2𝜋 =   +  2 + 1 𝜋, ∈ +, 

( ) =   − 𝜋 + 2𝜋 =   +  2 − 1 𝜋, ∈ −. 

« »  +  +1
− : ( ) | + = ( ) +1|

+1
− .  , 

  ,       

.       

   ( .1). 
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 1 -    ( ) =  

   . С   –  

   𝒮 = + × , 

       𝕋 = (ℂ\{0}) .  = ( , 𝜃) ∈ 𝒮( ∈ +,𝜃 ∈ )   

 

𝜃 =  1
𝜃1 ,… , 𝜃  . 

 ,    Θ ⊂ –  

   𝒮Θ =  ∈ 𝒮:𝜃 ∈ Θ . 
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2.2     

 

  М   Φ( ),   

+(    ), 

   

ℳ    =  Φ( ) −
+

, 

 − = 1
1−1 ∙ … ∙ −1

. 

  М   ( ),    

 + ,  –    ,  

 : 

ℳ−1 F   =
1 2𝜋   F  −

+

, 

 − = 1
− 1 ∙ … ∙ −

. 

 

2.3  𝑴𝚯𝑼  𝑾𝑼𝚯.   

 

      n  Θ   Θ , 

  ℳ  ℳ−1   [1].   

    u  𝜃.     

 ⊂ ,Θ ⊂ ,  Θ     : 

0 ∈ Θ.   U  + ,  Θ – 

 𝒮Θ .  

    : 
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Θ  –    Φ  ,     

   𝒮 Θ =  ∈ 𝒮:  arg  < Θ , > 1, 

     Φ      −   ∀ ∈ 𝒮 Θ , ∈ ; 

Θ  –    F  = F( + )   

  +        :  F +     − 𝜃   , > 1, 

 Θ  ≔ 𝜃∈Θ 𝜃,   –   Θ. 

 2.1.[1]  Φ( ) ∈ Θ ,     

,   Θ    : 

1 2𝜋   −
+

 Φ  −
+

= Φ  , ∈ 𝒮 Θ , ∈ . 

 2.2. [1]  F( ) ∈ Θ ,     

 ,   Θ    : 

 −1

+

1 2𝜋   F  −
+

= F( ), ∈ + , ∈ . 

 

3      

  

 

3.1   

   –   = ( 1,… , )  

1,… , ,   
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 , 1 ,… ,  = 0, (3.1) 

 F –     , 1 ,… ,   

    𝕂 [4].   , 1,… ,    

    ,    (3.1)  

 𝑃  1,… ,  + 𝑃 −1 1,… ,  −1 + ⋯+ 𝑃0 1,… ,  = 0, 

 𝑃  1,… ,  ,… ,𝑃0 1,… ,   –     1 ,… , ,  𝑃  1,… ,  ≢ 0.  k    .  

 = 1        

 

= −𝑃0 1 ,… ,  𝑃1 1 ,… ,   
     1,… , .  = 2, 3, 4  

      .  > 4 ,  

, . 

       

: - , -   

- .      

        

         

      . 

   ℂ      

 = ( )  -   .  

  ( )    ,  = 𝑃   + 𝑃 −1  −1 + ⋯+ 𝑃0  = 0,𝑃   ≢ 0 

(3.2) 
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  ( ,   ) = 0,  

   𝑃     = 0, 

  1,… ,       

  = ( ).   = ℂ ∖ 1 ,… ,     .    

0 ∈   (3.2)  k   0
1,… , 0 ,  

   0, 0  ≠ 0, = 1,… , . 

       ,    

  0  k   

0
1  ,… , 0   ,   

0  0 = 0 ,  , 0    = 0 

      

0   = 0 + 1 − 0 + 2 − 0 + ⋯. 

 

(3.3) 

 ,    0 ∈   k  

 .    1, 2 ∈    

1    и 2     , ,  1  и 2,    

     ,   . 

 ,          

. 

 

3.2  -  
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 n-   М -     

Φ  =
1

(2𝜋 )
  Γ  ,  +  =1 Γ  ,  +  

=1
1
− 1 … −

,

+

 

 

(3.4) 

 , ∈  –  ,  , ∈ ,   ∈  

 ,      

   ,    

  ,  + = −𝜈, 𝜈 = 0,1,… , = 1,… , . 

    (3.4)    [2], [3].  

        

.         

  

1

(2𝜋 )
 ( )

1  ⋅ … ⋅   ∆  

 

(3.5) 

 ,      

     = 1,… ,  :ℂ → ℂ ,    ∆      , 

      

=  1,… ,  :ℂ → ℂ .  ,      ,   

        =  :  1   < 1,… ,     <  . 
 

(3.6) 

   ω   (3.5)    
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∈ −1 0      

, =
1

(2𝜋 )
 Γ ( )

, 

 Γ ( ) –  ,        

  : Γ   =  ∈ :  1   = 1 ,… ,     =  , ≪ 1. 

, –  

( . .    ),    

 

, =
  
( )

. 

 

(3.7) 

    (3.7) –      

     .     

   ∆ =  :  1   = 1,… ,     =   . (3.8) 

    <   =   (3.6)  -

    . 

     (3.5)   

   ∈ −1 0       

. 

 3.1.       

  ( ) =  = 0 , = 1,… , ,  

j–           j  1  n.    

   1 ,… , ,   ,    ∆  

  . 
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 3.1.(   )[3]     

        ,   

(3.5)        . 

   ,   

     ,  

        , 

        ,   

    .     [3].  

   (3.4) 

 
=1

=  
=1

. 

    (3.4)    

  (3.5)  .  

  +     

  ,    = 1      

   –        

+ .    > 1      

  ,       ,  

      n   

   +  ,    

       :  =  ∈ ℂ :    < , = 1,… ,  , 
    –     . 

     .  

 



20 
 

3.3     
 

 

     

+1 + + ⋯+ 1
1 − 1 = 0, 0 < 1 < ⋯ < < +1 (3.9) 

   = ( 1,… , ) ∈ ℂ .   y(x) 

 (3.9),    0 = 1,    

 . 

      

ℳ    =    −
+

, 
(3.10) 

 =  1,… ,  ,  − = 1
1−1 … −1.  (3.10)   

 . 

 3.2. [1]     

 (3.9)    - : 

ℳ    =
1

+1

Γ 1 ∙ … ∙ Γ  Γ  1

+1
− 1

+1

 ,   Γ  1

+1
+

1

+1

 ,  + 1 , 

(3.11) 

 =  1,… ,  , = ( +1 − 1,… , +1 − ).  (3.10) 

   ∈ Ů + ,  

=  ∈ :  ,  1 . (3.12) 

 3.1. [1]    (3.9)  

 -   : 

  =
1

(2𝜋 )
 1

+1

Γ 1 … Γ  Γ  1

+1
− 1

+1

 ,   Γ  1

+1
+

1

+1

 ,  + 1 − ,

+

 

(3.13) 
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 =  1,… ,  ∈ Ů.    (3.13)   𝜃 = arg     𝜃𝜈  <
𝜋 𝜈

,  𝜃 − 𝜃  < 𝜋 , , ∈ 1,… , , < . (3.14) 

  

4    

 

      - 

 (3.13)   : 

  =
1

(2𝜋 )
 1

+1

Γ 1   ⋅ … ⋅ Γ    Γ +1   Γ +1  +   + 1 − ,

+

 

 

(4.1) 

 1  = 1,… ,   = , +1  =
1

+1
− 1

+1

 ,  ,   = 1 + ⋯+ . 

 ,    

[ ] =  1 ,… , +1   ,… ,  , = 1,… ,  

   

+1

    =
1 − 1  [ ],  , = 1,… , . 

 +1        +1
 +1   ,  , 

 [ +1] = .   –  -  .   
(1),… , ( ), ( +1)  ,   

( ) =  0,… ,
1

,… ,0 , = 1,… , , 

( +1) =  0,… ,0 . 
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   . 

 4.1.      , 

    1,… , ∈ ,  , 

=  1,… ,  =   𝜆 : 𝜆 0

=1

 . 
 ( ) –     ( ) ∈  ,  ⊂ ( ).    ( )  − ( ). 

 4.1.  ( ), = 1,… ,   

: 

1)    ℳ      ℳ( )  =  Φ( )   Γ    ≠ , 

 Φ( )   – ,     −  ( ) + ; 

2) -  

𝜎    =
− 1

+
1   −1  𝜈 𝜈!

  +1

  
(−𝜈) −   𝜈 −1

=1

 𝜈  𝜈 1

, = 1. . , 

𝜎 +1   = 1 +
1

+1

  −1  𝜈 𝜈!
  +1(−𝜈) −   𝜈 −1

=1

𝜈 𝜈 1

, 

 

 

(4.2) 

𝜈 =  𝜈1 ,… , 𝜈  ∈ , 𝜈 = 𝜈1 + ⋯+ 𝜈 ,  𝜈 =  𝜈1 ,… ,− +1

   −𝜈 ,… , 𝜈  .  

 𝜎 1   ,… ,𝜎         

 𝜎 +1      y(x)  (3.9). 

 .   (4.1) 

 .    + 1  : 

1
𝜈 =  1  = −𝜈 , 
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…………………… 𝜈 =    = −𝜈 , 
+1

𝜈 =  +1  = −𝜈 , 𝜈 ∈ ℕ  0 . 
a   ( )  .    

1
( )

,… ,
( )  .  = + 1,   ( +1)

 ( =

1,… , )  𝜈 ,    +1
𝜈    

    ( +1).  ≠ + 1,   ( )
 ( ≠

)  𝜈 ,  ( )  +1
𝜈 .  𝜈   

   ( ),  ≠ .  

  𝜋( )   − ( )c    ∈ U (  – 

,  ).   𝜋( )  

  : 1
𝜈 ,…  … , +1

𝜈 ,     

-  Γ    , ≠ .  ,   ( )Γ-

   ℳ      

 : ℳ    = ℳ( )  =  Φ( )   Γ    ≠ , 

 Φ( )  =
1

+1

Γ    Γ +1  +  +1 .   𝜋 ( ) +   Φ( ) 

. 

  Π( ) = 𝜋 ( ) + .    

     1
( )

,… ,
( ).  

 (4.1)      = ( 1,… , ) ∈ Π( ),  

     Γ    , ∈ {1,…  … , + 1}.     

:  
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1 = −𝜈1, 

……………………….. 

=
1  1 +    , 𝜈   

……………………….. 

= −𝜈 , 𝜈 = (𝜈1,… , 𝜈 ) ∈  ℕ 0 . 

     = (𝜈) : 

 𝜈 =
1  −1  𝜈 𝜈!

Γ  1  1 +    , 𝜈   Γ  1  1 +    , 𝜈  −  𝜈 + 1 1
𝜈1 ∙ … ∙ −1+   ,𝜈 ∙ … ∙ 𝜈

, 

  𝜈 = 𝜈1 + ⋯+ 𝜈 , 𝜈! = 𝜈1! ∙ … ∙ 𝜈 !. 

,  1  1 +    , 𝜈  = +1

   −𝜈 .   

   𝜈 =  𝜈1,… ,− +1

   −𝜈 ,… , 𝜈   

 

( +1) 𝜈 =  𝜈1,… , 𝜈  . 

    = (𝜈) ∈ Π( ),  ∈ {1,… , }  : 
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𝜎    =
− 1

+
1   −1  𝜈 𝜈!

Γ  +1

   −𝜈   𝜈 Γ  +1

   −𝜈 −  𝜈 + 1  𝜈 1

=
− 1

+
1   −1  𝜈 𝜈!

Γ  +1

   −𝜈   𝜈 Γ  +1

   −𝜈 −  𝜈   +1

   −𝜈 −  𝜈   𝜈 1

=
− 1

+
1   −1  𝜈 𝜈!

  +1

   −𝜈 −   𝜈 −1
=1  𝜈 −1

 𝜈  𝜈 1

=
− 1

+
1   −1  𝜈 𝜈!

  +1

   −𝜈 −   𝜈 −1

=1

 𝜈  𝜈 1

. 

 = + 1,     

𝜎    = 1 +
1

+1

  −1  𝜈 𝜈!
  +1 −𝜈 −   𝜈 −1

=1

𝜈 𝜈 1

. 

 ,   𝜎 1   ,… ,𝜎( +1)( ),    𝜎( +1)( )        (3.9), 

    [12].    -

,   ,     

  ,     . 

  𝜎 1   ,… ,𝜎( )( ),    ,  

    𝜎( +1)( ).   

     -

 (4.1). 

 . ∎ 
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   MAPLE: 

restart 

With(LenearAlgebra); 

With(VectorCalculus); 

With(plots); ≔   1, 2  ; ≔   − 1 , − 2  ; 

1 ≔ 𝑃  ,  ; 

2 ≔ 𝑃  ,  ; 
1 ≔ −𝜈1; 2 ≔ −𝜈2; ≔   1, 2  ; ≔ 3; 1 ≔ 1; 2 ≔ 2; ≔ 1; ≔ 0; ≔ 5; 

for kfrom 0 totdo : = + end do; 

1: = 0;for kfrom 0 totdo for𝜈1from 0 to k do𝜈2 ≔ − 𝜈1; 

1 ≔ 1 +
 −1 𝜈1+𝜈2𝜈1!∙𝜈2!∙ 𝜈1+𝜈2−1

∙ (1 + 1 ∙ 𝜈1 + 2 ∙ 𝜈2 − ∙ , = 1. . 𝜈1 + 𝜈2 −
1) ∙ 1

𝜈1 ∙ 2
𝜈2end do end do; 

 

2: = 0;for kfrom 0 totdo for𝜈2from 0 to k do𝜈3 ≔ − 𝜈1; 

2 ≔ 2 +
 −1 𝜈3+𝜈2𝜈3!∙𝜈2!∙ 𝜈3+𝜈2−1

∙ (1 + ∙ 𝜈3 + 2 ∙ 𝜈2 − ∙ 1, = 1. . 𝜈3 + 𝜈2 −
1) ∙

1

−(1+ ∙𝜈3+ 2∙𝜈2)

1 ∙ 2
𝜈2end do end do; 

 

3: = 0;for kfrom 0 totdo for𝜈1from 0 to k do𝜈3 ≔ − 𝜈1; 

3 ≔ 3 +
 −1 𝜈3+𝜈1𝜈3!∙𝜈1!∙ 𝜈3+𝜈1−1

∙ (1 + ∙ 𝜈3 + 1 ∙ 𝜈1 − ∙ 2, = 1. . 𝜈3 + 𝜈1 −
1) ∙ 1

𝜈1 ∙
2

−(1+ ∙𝜈3+ 1 ∙𝜈1− ∙ 2)

2 end do end do; 
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  1 ;   2

1

 ;   3

2

 ; 

 

1 − 1

3 2 − 1

3 1 +
1

9 2
2 +

1

9 1 2 − 2

81 2
3 +

1

27 1
2

2 +
1

81 1
3 − 5

243 1 2
3 +

1

243 1
4

+ +
2

729 2
5 +

7

729 1 2
4 − 10

729 1
3

2
2 − 5

729 1
4

2; 

 

1

1

− 1

1
4 − 2

1
3 +

3

1
7 +

5 2

1
6 +

2 2
2

1
5
− 12

1
10 − 28 2

1
9 − 21 2

2

1
8 − 5 2

3

1
7 +

55

1
13 +

165 2

1
12

+
180 2

2

1
11 + +

84 2
3

1
10 +

14 2
4

1
9 − 273

1
16 − 1001 2

1
15

− 1430 2
2

1
14 − 990 2

3

1
13

−− 330 2
4

1
12 − 42 2

5

1
11 ; 

 

1

2 2

− 1

2 2
2 − 1

2

1

2

+
5

4 2
7 2 +

3

2

1

2
5 2 +

1

4

1
2

2
3 2 − 4

2
5
− 6 1

2
4 − 2 1

2

2
3 +

231

16 2
13 2 

+
105

4

1

2
11 2 + +

105

8

1
2

2
9 2 +

5

4

1
2

2
7 2 − 1

16

1
4

2
5 2 − 56

2
8 − 120 1

2
7 −− 80 1

2

2
6

− 16 1
3

2
5

. 

 

 

 

 

 

 

 




