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1       

 я       

 

1.1  я      

 
       

           

     [1]. 

    ,    

,   ,     

  [2]. 

        

 .       

          

.        

(  )  I; Ω; ω; а;e; M0; h;t0.      

     . 

 

1.2    я  

   .   

 

       

  .       

    .     

        .  

          

   1.1. 
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 1.1 –     

   
I=83°   
Ω=0    
ω=0   
=7371    

e=0,001  
M0=0     
h=1000    
t0=0  

 
    x, y, z    

  ,̇ ,̇ ̇     t  

      t0 (   

 ).   ё     

     . 

   n    (1.1): 

 = √𝜇𝑎            (1.1) 

 

 = , ×  3/ 2 –    

 

   M   t   (1.2): 

 𝑀 = 𝑀 + −          (1.2) 

 

   ϑ      (1.3): 

 

{ = 𝑎 − cos𝐸tan 𝜗 = √ +𝑒−𝑒 tan 𝐸          (1.3) 
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 ё        (1.3) 
   

 
 { = − , cos𝜗 = tan− √ + ,− , tan         (1.3) 

 

        (1.4): 

 

{ = cos cos𝛺 − sin  sin𝛺 cos 𝑖= cos sin𝛺 − sin  cos𝛺 cos 𝑖= sin  sin 𝑖       (1.4) 

 

 ё        (1.4) 

  : 

 

{ = , cos cos𝛺 − sin  sin𝛺 cos .= , cos sin𝛺 − sin  cos𝛺 cos .= , sin  sin .     (1.5) 

 

   (1.5)     

         

 105     1 ,.      

.     1.1. 
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 1.1 –         

       

   (1.6-1.8): 

 = 𝑎 −𝑒+𝑒 c s𝜗           (1.6) 

 𝜗 = 𝐶           (1.7) 

 = 𝐶𝜇 = 𝑎 −          (1.8) 

 

 r -       
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   -    

 (1.9): = ̇ = √𝜇 sin𝜗         (1.9) 

 

    (   -

   )   (1.10): 

 = �̇� = √𝜇 + cos𝜗         (1.10) 

 

  (1.4)  ,   (1.11): 

 

{ 
 ̇ = ̇ − cos 𝜔 + 𝜗 cos𝛺 − sin 𝜔 + 𝜗 sin𝛺 cos 𝑖 �̇�̇ = ̇ − cos 𝜔 + 𝜗 sin𝛺 − sin 𝜔 + 𝜗 cos𝛺 cos 𝑖 �̇�̇ = cos sin 𝑖  𝜗 + ̇    (1.11) 

 

 (1.11)     (1.12)   ̇  �̇�   (1.9-1.10)   : 

 

{  
   
    
 ̇ = √𝜇 sin𝜗 cos cos𝛺 − sin sin𝛺 cos 𝑖 −−√𝜇 + cos𝜗 sin cos𝛺 − cos sin𝛺 cos 𝑖̇ = √𝜇 sin𝜗 cos sin𝛺 − sin cos𝛺 cos 𝑖 −−√𝜇 + cos𝜗 sin sin𝛺 − cos cos𝛺 cos 𝑖̇ = √𝜇 sin𝜗 sin sin 𝑖 + √𝜇 + cos𝜗 cos sin 𝑖

   (1.12) 
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     (1.12)  

 : 

 

{  
  ̇ = ,  sin𝜗 cos cos𝛺 − sin sin𝛺 cos , −− ,  + cos 𝜗 sin cos𝛺 − cos sin𝛺 cos ,̇ = ,  sin𝜗 cos sin𝛺 − sin cos𝛺 cos , −− ,  + cos 𝜗 sin sin𝛺 − cos cos𝛺 cos ,̇ = ,  sin 𝜗 sin sin , + ,  + cos 𝜗 cos sin ,  (1.13) 

 

    ,̇ ,̇ ̇      

  1 ,    1.2. 

 

 
 

 1.2 –        
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-     (1.14) 

 𝑅 = √ + +          (1.14) 
 

  -         1 

,    1.3. 

 

 
 

 1.3 –  -       
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1.3 я  я    

 .  -  

 

           

        . 

            

 ( 20)     . 

   ,        

,      .  

   .      

   ,     

  - . 

   . 

      

(1.15)  -  ё    : 

 

{   
  
   ̇𝑖 = ̇𝑖− + , 𝑖 + 𝑖 + 𝑖 + 𝑖 ,̇𝑖 = ̇𝑖− + , 𝑖 + 𝑖 + 𝑖 + 𝑖 ,̇𝑖 = ̇𝑖− + , 𝑖 + 𝑖 + 𝑖 + 𝑖 ,𝑖 = 𝑖− + , 𝑖 + 𝑖 + 𝑖 + 𝑖 ,𝑖 = 𝑖− + , 𝑖 + 𝑖 + 𝑖 + 𝑖 ,𝑖 = 𝑖− + , 𝑖 + 𝑖 + 𝑖 + 𝑖 .

   (1.15) 

𝑖 = , ,… ,  
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{   
  
    
 𝑖 = − , 𝑖−𝑖− + 𝑖− + 𝑖− ,

𝑖 = − , 𝑖−𝑖− + 𝑖− + 𝑖− ,
𝑖 = − , 𝑖−𝑖− + 𝑖− + 𝑖− ,

𝑖 = ̇𝑖− ,𝑖 = ̇𝑖− ,𝑖 = ̇𝑖−
     (1.16) 

 

{  
   
   
   
   
  𝑖 = − , 𝑖− + 𝑖

( 𝑖− + 𝑖 + 𝑖− + 𝑖 + 𝑖− +𝑠 𝑖 ) ) ,
𝑖 = − , 𝑖− + 𝑖

( 𝑖− + 𝑖 + 𝑖− + 𝑖 + 𝑖− +𝑠 𝑖 ) ) ,
𝑖 = − , 𝑖− +𝑠 𝑖

( 𝑖− + 𝑖 + 𝑖− + 𝑖 + 𝑖− +𝑠 𝑖 ) ) ,
𝑖 = ̇𝑖− + 𝑖 ,
𝑖 = ̇𝑖− + 𝑖 ,
𝑖 = ̇𝑖− + 𝑖 .

   (1.17) 
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{  
   
   
   
   
  𝑖 = − , 𝑖− + 𝑖

( 𝑖− + 𝑖 + 𝑖− + 𝑖 + 𝑖− +𝑠 𝑖 ) ) ,
𝑖 = − , 𝑖− + 𝑖

( 𝑖− + + 𝑖− + 𝑖 + 𝑖− +𝑠 𝑖 ) ) ,
𝑖 = − , 𝑖− +𝑠 𝑖

( 𝑖− + 𝑖 + 𝑖− + 𝑖 + 𝑖− +𝑠 𝑖 ) ) ,
𝑖 = ̇𝑖− + 𝑖 ,
𝑖 = ̇𝑖− + 𝑖 ,
𝑖 = 𝑖− + 𝑖 .

   (1.18) 

 

{   
  
    
 𝑖 = − , 𝑖− + 𝑖𝑖− + 𝑖 + 𝑖− + 𝑖 + 𝑖− + 𝑖 ,

𝑖 = − , 𝑖− + 𝑖𝑖− + 𝑖 + 𝑖− + 𝑖 + 𝑖− + 𝑖 ,
𝑖 = − , 𝑖− + 𝑖𝑖− + 𝑖 + 𝑖− + 𝑖 + 𝑖− + 𝑖 ,

𝑖 = ̇𝑖− + 𝑖 ,𝑖 = ̇𝑖− + 𝑖 ,𝑖 = ̇𝑖− + 𝑖 .
   (1.19) 

 ℎ𝑖 = 𝑖 − 𝑖− −   ; −   . 
 

   (1.15-1.19)      
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   x, y, z       

 105     1 ,  -     

    1.4. 

 

 
 

 1.4 –       
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    ,̇ ,̇ ̇   -   

     1 ,    1.5. 

 

 
 

 1.5 –        
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  -     -    

 1 ,    1.6. 

 

 
 

 1.6 –  -       
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1.4       

  

 

       

       

      .      

       . 

        

        

      . 
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    x, y, z    -

  ,    1 ,    1.7. 

 

 
 

 1.7 –       -  

  

 

       1.2. 

 1.2-     

  x  y  z 
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     ,̇ ,̇ ̇   

 -   ,   1 ,    1.8. 

 

 
 

 1.8 –        

-    

 

       1.3. 

 1.3-     

  x  y  z 

  . , *  -0,007351 -0,001872 -0,014625 

  . , *  0,00739 0,00023 0,00012 

 

    1.1-1.3   

     ,  1.4 – 1.6 
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1.5    -  

 

      

           

     .     

 (1.20) [6]: 

 

{   
  
    
 𝑖 = − , 𝑖−𝑖− + 𝑖− + 𝑖− + 𝛥 ,

𝑖 = − , 𝑖−𝑖− + 𝑖− + 𝑖− + 𝛥 ,
𝑖 = − , 𝑖−𝑖− + 𝑖− + 𝑖− + 𝛥 ,

𝑖 = ̇𝑖− ,𝑖 = ̇𝑖− ,𝑖 = ̇𝑖−
    (1.20) 

 

  Δf  -         

  : f1   X, f2   Y, f3   Z ,    

(1.26): 

 Δf ′ , , = 𝐽 ∗  
𝜇∗ э

 ∗  
∗ 𝐼𝑁 𝜑 − ′

      (1.21) 

 

        С .  

  (1.15)     (1.16)   

(1.20),        . .   

. . . 

       

,   -   .  

          



25 

  .    (1.21) sin𝜑    

(1.22): 

 sin𝜑 = sin + sin 𝑖         (1.22) 
 

        

 ,     ,   

 . 

    - , 

     (1.19-1.21)    

       .  

       - . 

   x, y, z        

    1 ,    1.9. 
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    ,̇ ,̇ ̇      

      1 ,  1.10. 

 

 
 

 1.10 –       -   
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2        

 

2.1    я   

 

       

          

    : 

)  - ; 

)  ; 

)     . 

   - . 

 

2.2    -  

 

 ,  . .   . . , 

  ,     

          

  .     

  ,      

   . 

     -

. 

 𝑎   (2.1): 

 

𝑎 = 𝑎 ( 𝐽 𝑎𝑎 − sin 𝑖 cos𝑀 + cos 𝑀 ++𝐽 𝑎𝑎 sin 𝑖 − cos 𝑀 + 𝜔 ++ − cos 𝑀 + 𝜔 ++ cos 𝑀 + 𝜔 + cos 𝑀 + 𝜔 ,
    (2.1) 

  –  ; 
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      J –     ,  

 ; 

      – ; 

    ` -   ; 

     – ; 
     𝜔 –  ; 

      (2.1)  

 : 

 𝑎 = . − sin . . cos𝑀 + . cos 𝑀 ++ . sin .  − . cos 𝑀 + . cos 𝑀 ++ . cos 𝑀 + . cos 𝑀 ,  (2.2) 

 

       2.1. 
 

 
 

 2.1 –     𝑎   

 

       2.1. 

 2.1-    𝑎 

 𝑎 

  .,  0,000001504 

  .,  -0,00000255 

    (2.3): 
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 = 𝐽 𝑎𝑎 − sin 𝑖 [ + cos𝑀 + cos 𝑀 + cos 𝑀] ++ 𝐽 𝑎𝑎 sin 𝑖 − cos 𝑀 + 𝜔 ++ cos 𝑀 − 𝜔 − cos 𝑀 + 𝜔 ++ − cos 𝑀 + 𝜔 ++ cos 𝑀 + 𝜔 + cos 𝑀 + 𝜔 ,
  (2.3) 

 

      (2.2)  

 : 

 = . − sin . [ + . cos𝑀 + . cos 𝑀 ++ . cos 𝑀] + . sin .  . cos 𝑀 ++ . cos 𝑀 − . cos 𝑀 ++ . cos 𝑀 + . cos 𝑀 + . cos 𝑀 ,   (2.4) 

 

       2.2. 

 

 
 

 2.2 –       

 

       2.2. 
 2.2-    е 

 е 
  .,  0,000840827 
  .,  -0,000842991 

 𝑖   (2.5): 

-0,001

-0,0005

0

0,0005

0,001

0
,0

0

0
,0

5

0
,1

1

0
,1

6

0
,2

2

0
,2

7

0
,3

3

0
,3

8

0
,4

4

0
,4

9

0
,5

5

0
,6

0

0
,6

6

0
,7

1

0
,7

7

0
,8

2

0
,8

8

0
,9

3

0
,9

9

1
,0

4

1
,0

9

1
,1

5

1
,2

0

1
,2

6

1
,3

1

1
,3

7

1
,4

2

1
,4

8

1
,5

3

1
,5

9

1
,6

4

1
,7

0

Во
ущ

е
е,

 
ад

 

В е я, ч 



30 

 { 𝑖 = 𝐽 𝑎𝑎 sin 𝑖 cos 𝑖 − cos 𝑀 + 𝜔 + − cos 𝑀 + 𝜔 ++ cos 𝑀 − 𝜔 + cos 𝑀 + 𝜔   (2.5) 

 

      (2.5)  

 : 

 { 𝑖 = . sin .  cos . − . cos 𝑀 + . cos 𝑀 ++ . cos 𝑀 + . cos 𝑀  (2.6) 

 

       2.3. 

 

 
 

 2.3 –    𝑖   

 

       2.3. 

 2.3-    𝑖 
 𝑖 
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  .,  -0,000073353 
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 𝛺   (2.7): 
 { 𝛺 = 𝐽 𝑎𝑎 cos 𝑖 [ + + sin𝑀 + sin 𝑀 + sin 𝑀 + 𝜔 −− − sin 𝑀 + 𝜔 − sin 𝑀 + 𝜔 − sin 𝑀 + 𝜔 ]  (2.7) 

 

      (2.7)  

 : 

 { 𝛺 = . cos . [ . + . sin𝑀 + . sin 𝑀 ++ . sin 𝑀 − . sin 𝑀 − . sin 𝑀 − . sin 𝑀 ] (2.8) 

 

       2.4. 
 

 
 

 2.4 –    𝛺   

 

       2.4. 

 2.4-    𝛺 

 𝛺 
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 𝜋   (2.9): 
 

{   
  
    
 𝜋 = −𝐽 𝑎𝑎 [ cos 𝑖 − cos 𝑖 + sin𝑀 + sin 𝑀 + 𝜔 −− sin 𝑀 + 𝜔 − sin 𝑀 + 𝜔 ] ++𝐽 𝑎𝑎 − sin 𝑖 [ + + sin𝑀 ++ sin 𝑀 + sin 𝑀] − 𝐽 𝑎𝑎 sin 𝑖 [ − sin 𝑀 + 𝜔 −− sin 𝑀 − 𝜔 + sin 𝑀 + 𝜔 − − sin 𝑀 + 𝜔 −− sin 𝑀 + 𝜔 − sin 𝑀 + 𝜔 ]

  (2.9) 

 

      (2.9)  

 : 

 

{   
   𝜋 = − . [ cos . − cos . . + . sin𝑀 ++ . sin 𝑀 − . sin 𝑀 − . sin 𝑀 ] ++ . − . [ . + . sin 𝑀 ++ . sin 𝑀 + . sin 𝑀] − . sin .  [ . sin 𝑀 −− . sin 𝑀 + . sin 𝑀 − . sin 𝑀 −− . sin 𝑀 − . sin 𝑀 ]

(2.10) 

 

       2.5. 

 

 
 

 2.5 –     𝜋   
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       2.5. 

 2.5-    𝜋 

 𝜋 
  .,  0,000001572 
  .,  -0,000001576 

 

    (2.11): 

 

{   
  
    
 = 𝐽 𝑎𝑎 − sin 𝑖 [ + + sin𝑀 + sin 𝑀] ++ 𝐽 𝑎𝑎 sin 𝑖 [− cos 𝑀 + 𝜔 + − sin 𝑀 + 𝜔 ++ sin 𝑀 + 𝜔 + sin 𝑀 + 𝜔 ] −−𝐽 𝑎𝑎 cos 𝑖 − cos 𝑖 [ + + sin𝑀 + sin 𝑀 ++ sin 𝑀 + 𝜔 − − sin 𝑀 + 𝜔 −− sin 𝑀 + 𝜔 − sin 𝑀 + 𝜔 ]

  (2.11) 

 

      (2.11)  

 : 

 

{   
   = . − sin . [ . + . sin 𝑀 ++ . sin 𝑀] + . sin .  [− . cos 𝑀 ++ . sin 𝑀 + . sin 𝑀 + . sin 𝑀 ] −− . cos . − cos . [ . ++ . sin𝑀 + . sin 𝑀 + . sin 𝑀 − . sin 𝑀 −− . sin 𝑀 − . sin 𝑀 ]

 (2.12) 
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       2.6. 

 

 
 

 2.6 –        

 

       2.6. 
 2.6-     

  
  .,  0,000010181 
  .,  -0,000010182 

 
  . 

       

 ,       . 

        , 

   [1]. 

       Ω  ε 

  ω  М ,     (2.13-2.14): 

 𝜔 = 𝜋 − 𝛺           (2.13) 
 
 𝑀 = − 𝜋           (2.14) 
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    𝜔    2.7. 

 

 
 

 2.7 –     𝜔   

 

       2.7. 

 2.7-    𝜔 

 δω 
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    М     2.8. 
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 М  
  .,  0,000010477 
  .,  -0,000010474 

   𝛺`,𝜔`, 𝑀`    (2.15): 
 

{  
  𝛺век = −𝐽 𝑎𝑎 c s 𝑖−𝑒  ,𝜔век = 𝐽 𝑎𝑎 c s 𝑖−−𝑒  ,Мовек = 𝐽 𝑎𝑎 c s 𝑖−−𝑒 .        (2.15) 

 
       . 

       2.9. 

 2.9 –    -  
 ,  

Ω  -0,0000001475 
ω  -0,0000005600 М  -0,0000005780 

 

   . 

     

 (2.16): 

 

{  
  𝑎 = 𝑎 + 𝑎= +𝑖 = 𝑖 + 𝑖𝛺 = 𝛺 + 𝛺 + 𝛺век𝜔 = 𝜔 + 𝜔 + 𝜔век𝑀 = 𝑀 + 𝑀 + Мовек

        (2.16) 

 
    𝑎     

 2.9. 
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 2.9 –     𝑎   
 

       2.10. 
 2.10-    𝑎 

 𝑎 
  .,  7371,0000015 
  .,  7370,9999975 

 
        2.10. 

 

 
 

 2.10 –        
 

       2.11. 
 2.11-     
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    𝑖    2.11. 
 

 
 

 2.11 –     𝑖   
 

       2.12. 
 2.12-    𝑖 

 𝑖 
  .,  1,448693 
  .,  1,448547 

 
    𝛺    2.12. 

 

 
 

 2.12 –     𝛺   
 

       2.13. 
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    𝜔    2.13. 
 

 
 

 2.13 –    𝜔   
 

       2.14. 
 2.14-    𝜔 

 𝜔 
  .,  0,000499669 
  .,  -0,000501723 

 
    𝑀     2.14. 

 

 
 

 2.14 –     𝑀    
 

       2.15. 
 2.15-    М  

 М  
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       -

.         

(1.1 - 1.12). 

     -   

  2.15. 

 

 
 

 2.15 –         
-  
 

       2.16. 
 2.16-      

  x  y  z 
  . ,  7360,55 898,859 7315,984 
  . ,  -7375,31 -898,859 -7315,98 
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      -  

   2.16. 

 

 
 

 2.16 –        
  -  

 

       2.17. 

 2.17-      

  x  y  z 
  . , *  7,3537 0,896948 7,309297 
  . , *  -7,3537 -0,89516 -7,29468 
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2.3    я  
 

       

       

       «20»  

      .  

      

,       

 ( )      (i) [1]. 

        

.     : = 𝑎 − . 

      

 

 𝑎   (2.17): 

 𝑎 = 𝑎𝑎 𝐽 [ − sin 𝑖 ( 𝑎 − − − ) + 𝑎 sin 𝑖 cos + 𝜔 ]  (2.17) 

 

      (2.18)  

 : 

 𝑎 = . [ − sin . . + . sin 𝑖 cos ]    (2.19) 
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       2.16. 
 

 
 

 2.16 –     𝑎    

 

       2.17. 
 2.17-    𝑎 

 𝑎 
  .,  0,008825 
  .,  -0,00881 

 
    (2.20): 

 

{ = − 𝑎𝑎 𝐽 [ − sin 𝑖 𝑎 − − − + 𝑎 sin 𝑖 cos + 𝜔 ] −− sin 𝑖 𝑎𝑎 𝐽 cos + 𝜔 + cos + 𝜔 + cos + 𝜔  (2.20) 

 

      (2.21)  
 : 

 { = . [ − sin . . + . sin 𝑖 cos ] −− . cos + . cos + . cos    (2.21) 
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       2.17. 
 

 
 

 2.17 –        

 

       2.18. 
 2.18-     

  
  .,  0,000802527 
  .,  0,000004011 

 
 𝑖   (2.22): 

 { 𝑖 = 𝑎�̀�  𝐽 sin 𝑖 cos + 𝜔 + cos + 𝜔 + cos + 𝜔    (2.22) 

 

      (2.22)  
 : 

 { 𝑖 = . cos + . cos + . cos    (2.23) 
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       2.18. 

 

 
 

 2.18 –    𝑖   

 

       2.19. 
 2.19-    𝑖 

 𝑖 
  .,  0,00007345 
  .,  -0,000073353 

 
 𝜔   (2.15): 

 

{   
  
   𝜔 = 𝑎` 𝐽 [ − sin 𝑖 − 𝑀 + sin + − sin 𝑖 − sin ++ sin + sin − sin 𝑖 + − sin 𝑖 sin + 𝜔 ++ sin 𝑖 sin − 𝜔 − − sin 𝑖 sin + 𝜔 ++ sin 𝑖 − − sin 𝑖 sin + 𝜔 + sin 𝑖 sin + 𝜔 ++ sin 𝑖 sin + 𝜔 ]

(2.24) 
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      (2.24)  
 : 

 

{  
  
   
 𝜔 = . [ − sin . + . sin ++ − sin . . sin + + sin + . sin −− sin . + − sin . . sin ++ . sin . sin − − sin . sin ++ sin . − − sin . sin ++ sin . sin + . sin . sin ]

  (2.25) 

 

       2.19. 

 

 
 

 2.19 –    𝜔   

 

       2.20. 
 2.20-    𝜔 

 𝜔 
  .,  0,000501 
  .,  -0,0005 
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 𝛺   (2.26): 

 𝛺 = − 𝑎�̀�  𝐽 cos 𝑖 − 𝑀 + sin − sin + 𝜔 − 𝑒 sin + 𝜔 − 𝑒 sin + 𝜔  (2.26) 

 

      (2.26)  

 : 

 𝛺 = − . cos . + . sin − sin − . sin − . sin  (2.27) 
 

       2.20. 
 

 
 

 2.20 –     𝛺   

 

       2.21. 

 2.21-    𝛺 

 𝛺 
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 𝑀   (2.28): 

 

{  
  𝑀 = 𝑎` 𝐽√ − − − sin 𝑖 ( − sin + 𝑒 sin + sin ) ++sin 𝑖 + sin + 𝜔 − 𝑒 sin − 𝜔 − − 𝑒 sin + 𝜔 −− sin + 𝜔 − 𝑒 sin + 𝜔   (2.28) 

 

      (2.28)  

 : 

 

{ 𝑀 = . − − sin . . sin + . sin + . sin ++ . sin + 𝜔 − . sin − . sin −− . sin − . sin (2.29) 

 

       2.21. 
 

 
 

 2.21 –     𝑀   

 
       2.22. 
 2.22-    𝑀 

 𝑀 
  .,  0,002471 
  .,  -0,00247 
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    .   

  𝛺, 𝜔,  𝑀    (2.30): 

 

{  
  𝛺 = − 𝑎` 𝐽 cos 𝑖𝜔 = − 𝑎` 𝐽 − sin 𝑖𝑀 = − 𝑎` 𝐽 − sin 𝑖 √ −        (2.30) 

 
    𝛺    2.22. 

 

 
 

 2.22 –      𝛺 

 

       2.23. 

 2.23-    𝛺 
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    𝜔    2.23. 

 

 
 

 2.23 –      𝜔 

 

       2.24. 
 2.24-    𝜔 

 𝜔 
  .,  0 
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     𝑀     2.24. 
 

 
 

 2.24 –       𝑀  

 

       2.25. 
 2.25-     𝑀  

  𝑀  
  .,  0 
  .,  -0,00226 
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     .  

     (2.31): 

 

{  
  𝑎 = 𝑎 + 𝑎= +𝑖 = 𝑖 + 𝑖𝛺 = 𝛺 + 𝛺 + 𝛺𝜔 = 𝜔 + 𝜔 + 𝜔𝑀 = 𝑀 + 𝑀 + 𝑀

        (2.31) 

 
    𝑎     

 2.25. 
 

 
 

 2.25 -    𝑎   
 

       2.26. 

 2.26-    𝑎 

 𝑎 
  .,  7371,0088 
  .,  7370,9912 
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        2.26. 
 

 
 

 2.26 -       
 

       2.27. 

 2.27-     

  
  .,  0,001803 
  .,  0,001004 

 
    𝑖    2.27. 

 

 
 

 2.27 -    𝑖   
 

       2.28. 

 2.28-    𝑖 
 𝑖 
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    𝛺    2.28. 
 

 
 

 2.28 -    𝛺   
 

       2.29. 

 2.29-    𝛺 

 𝛺 
  .,  0,000654 
  .,  -0,00158 
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       2.30. 
 2.30-    𝜔 

 𝜔 
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       . 

        (1.1 - 1.12). 

         2.31. 

 

 
 

 2.31 -         
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 2.32-      
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  . 
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 2.32. 

 

 
 

 2.32 -        
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2.4    я  

   я  я  

 

    ё     

 , ,    

       ( ). 

    . . . 

      , 

     ,   

  . 

   -   

 .       . 

      . 

       

     ,  ,     

   . 

         

       

  . 

      

  . 



59 

 δ a   (2.32) [6]: 

 δ a ≈ − cos + cos         (2.32) 

 

 λ=ω+M 

 

       2.33. 
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 δ a   (2.33): 

 aδ Ω ≈            (2.33) 

 

    (2.34): 

 aδ e ≈ − cos + 𝜔 + cos − 𝜔 − cos − 𝜔    (2.34) 
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 𝑖   (2.35): 

 aδ i ≈ cos           (2.35) 
 

       2.35. 
 

 
 

 2.35 –     δ i   

 

       2.19. 
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 𝑖 

  .,  0,000000136 
  .,  -0,00000014 

-1,5E-07

-1E-07

-5E-08

0

5E-08

0,0000001

1,5E-07

0
,0

0

0
,0

6

0
,1

2

0
,1

8

0
,2

3

0
,2

9

0
,3

5

0
,4

1

0
,4

7

0
,5

3

0
,5

9

0
,6

4

0
,7

0

0
,7

6

0
,8

2

0
,8

8

0
,9

4

1
,0

0

1
,0

6

1
,1

1

1
,1

7

1
,2

3

1
,2

9

1
,3

5

1
,4

1

1
,4

7

1
,5

2

1
,5

8

1
,6

4

1
,7

0

Во
ущ

е
е,

 
ад

 

В е я, ч 



62 

 δ ω   (2.36): 

 aeδ ω ≈ sin + 𝜔 + sin − 𝜔 − sin − 𝜔    (2.36) 

 

       2.36. 
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 δ λ   (2.37): 

 aδ λ ≈ − sin − sin         (2.37) 
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 δ 𝑀   (2.38): 

 δ M ≈ δ λ − δ ω         (2.38) 
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 . 

      

(2.39): 

 

{  
  𝑎 = 𝑎 + 𝑎 + 𝑎 + ⋯+ 𝑎 + ⋯= + + + ⋯+ + ⋯𝑖 = 𝑖 + 𝑖 + 𝑖 + ⋯+ 𝑖 + ⋯𝛺 = 𝛺 + 𝛺 + 𝛺 + ⋯+ 𝛺 + ⋯𝜔 = 𝜔 + 𝜔 + 𝜔 + ⋯+ 𝜔 + ⋯𝑀 = 𝑀 + 𝑀 + 𝑀 + ⋯+ 𝑀 + ⋯

      (2.39) 
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        2.40. 

 

 
 

 2.40 –        
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 2.41-     
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       2.42. 

 2.42-    𝑖 
 𝑖 
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       2.44. 

 2.44 -    𝜔 

 𝜔 
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  .      

   (1.1 - 1.12). 

        

    2.45. 

 

 
 

 2.45 -        , 
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 2.46-      

  x  y  z 
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     2.46. 
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3        

 

3.1   я     

я 1  

 

      

        .  

            

        -

, ,      

( ).      . 

     - .  

   x, y, z       

- ,    1 ,    3.1. 
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