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1 2 3( , )u x y C e C y C x    

1 2 3( , ) yu x y C e x C e y C       

1 2 3( , ) yu x y C e x C e y C      


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

1 2 3 4

1 2 3 4

( ) cos( ) sin( ),

( ) cos( ) sin( ).

X x A A x A x A x

Y y B B y B y B y

 

 

   

   

0xxX  0yyY 

0xxX  ( )X x Ax B  ( )X x Ax B 

yyy yyyyAY νY 

2
1 2 3 4( ) exp

Ay
Y y C C y C y C



 
    

 

 2
1 2 3 4( , ) ; , 0yu x y C e C y C y C x A B        

2
t xx xu auu bu C  

( , ) ( ) ( ) ( )U x t T t t X x  

 
22

t t xx xx xT c X a TX aXX b X        
  



2
t

x xxx

tt

T
X a X





   
    

  

xxx xX KX

2
t

tt

T
aK





   
   

  

2
1 2 3

2
1 2 3

2
1 2 3

0

0

0

x x

A x A x A при K ,

X( x ) A e A e A при K ,

A sin( x ) A cos( x ) A при K ,

  

  



   


    


    

1

0

1
0t

B
T( t ) – любая функция, ( t ) , B const, при K ,

t C

( t ) – любая функция, T( t ) B , при K .
aK




 



  


   



1 2 3, 2 ,( 0); , , – :a b a b K C C C const    

   
2

3
21 2 1

1

( )( 2 )
( , )

2( ) 2( 2 ) ( )

a

a b
x Cc a b

u x t t C C t C
a b a b t C





    

   

2,( 0)b a K    
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 1 22

1
( , ) x xtu x t A e A e

a

 




   



2 2 4 2
1 24 ,Z Z

ttZ ac a A A e e    

2 2
1 2

1
exp

2
C ac t C t 

 
  

 
2,( 0)b a K     

 1 22

1
( , ) sin( ) cos( )tu x t A x A x

a


  


    



2 2 4 2 2 2
1 2( ) ,Z Z

ttZ ac a A A e e      
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ʹ

ʹ

ʹ
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𝑣(𝑧, 𝑡) =  𝐴𝑒𝑖𝑘𝑧−𝑖𝜔𝑡

𝐴 𝑘 𝜔

𝜔 =  𝜔(𝑘),

𝐴(𝑧, 𝑡)

𝑖(𝐴𝑡  + 𝑉𝑔𝐴𝑧) +  𝛼𝐴𝑧𝑧  =  0,

𝑉𝑔 =
𝑑𝜔

𝑑𝑘
, 𝛼 =

1

2

𝑑2𝜔

𝑑𝑘2
.

𝑖(𝐴𝑡  +  𝑉𝑔𝐴𝑧) +  𝛼𝐴𝑧𝑧  +  𝛽|𝐴|
2𝐴 =  0,

𝛽(𝑘),
𝑉𝑔

𝐴(𝑧, 𝑡)

𝑖𝐴𝑡  =  −𝛼𝐴𝑧𝑧  −  𝛽|𝐴|
2𝐴,

𝛽|𝐴|2



С ОВР Е М Е Н Н А Я   Н А У КА   И   И Н Н ОВА Ц И И  

56     Выпуск #2, 2019 

𝑖𝑢𝑡 + 𝑢𝑧𝑧  +  𝑝|𝑢|
2𝑢 =  0, 𝑢 = 𝑢(𝑧, 𝑡).

𝑝

𝑢(𝑧, 𝑡) = ±𝐶1√
2

𝑝

exp [𝑖𝐶2𝑧 + 𝑖(𝐶1
2 − 𝐶2

2)𝑡]

cosh (𝐶1𝑧 − 2𝐶1𝐶2𝑡)
,

𝐶1 𝐶2

𝑧 −  2𝐶2𝑡 =  0 𝑧
𝐶2

𝑝 >  0

−𝑝|𝑢|2

𝛼𝛽 > 0,

𝜔±   =  𝜔 ± ∆𝜔, ∆𝜔 ≪ 𝜔.

2𝜔 =  𝜔+  + 𝜔−, 2 𝑘(𝜔) =  𝑘(𝜔+) +  𝑘(𝜔−).

𝑖𝐴𝑡 +  𝛼𝐴𝑧𝑧  +  𝛽|𝐴|
2𝐴 =  0,

𝐴 =  𝑎𝑒𝑖𝜙 𝑎 = 𝑎(𝑧, 𝑡) 𝜙 =  𝜙(𝑧, 𝑡)

−𝑎𝜙𝑡  +  𝛼(𝑎𝑧𝑧  −  𝑎(𝜙𝑧)
2)  +  𝛽𝑎3  =  0.

𝑎𝑡  +  𝛼(2𝑎𝑧𝜙𝑧  +  𝑎𝜙𝑧𝑧)  =  0.

𝑎𝑧  = 0 𝜙𝑧  =  0

𝑎𝑡  =  0, 𝜙𝑡  =  𝛽𝑎
2,

𝐴 = 𝑎0𝑒
𝑖𝛽𝑎0

2𝑡, 𝑎0 − const.

Ω =  𝛽𝑎0
2.
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𝑎 =  𝑎0  +  𝑎̃(𝑧, 𝑡), 𝜙𝑧  =  𝐾̃(𝑧, 𝑡).

𝑎 𝐾 =  𝜙𝑧

𝐾𝑡 + 2𝛼𝐾 𝐾2 = 𝛼 (
𝑎𝑧𝑧
𝑎
)
𝑧
+ 2𝛽𝑎𝑎𝑧,

(𝑎2)𝑡  +  2𝛼(𝑎
2𝐾)𝑧  =  0.

𝐾̃𝑡 = 𝛼
𝑎̃𝑧𝑧𝑧
𝑎0

+ 2𝛽𝑎0𝑎̃𝑧,

𝑎̃𝑡  +  𝛼𝑎0𝐾̃𝑧  =  0.

𝐾̃ 𝑎̃
𝑎̃𝑡𝑡  +  2𝛼𝛽𝑎0

2𝑎̃𝑧𝑧  +  (𝛼)
2𝑎̃𝑧𝑧𝑧𝑧  =  0.

𝑎̃  ∼  𝑒𝛾𝑡+𝑖𝑙𝑧

𝛾2   =  2𝛼𝛽𝑎0
2𝑙2  −  𝛼2𝑙4.

𝛾
𝑙0  <  𝑙 <  𝑙0,  𝑙0

2  =  2𝛽𝑎0
2/𝛼.

𝛾𝑚 𝑙 =  𝑙𝑚

𝛾𝑚 = 𝛽𝑎0
2, 𝑙𝑚

2 =
𝛽𝑎0

2

𝛼
.

𝑖𝐴𝑡  +  𝛼𝐴𝑧𝑧  +  𝛽|𝐴|
2𝐴 = 0,    𝐴 =  𝐴(𝑧, 𝑡).

𝛼 𝛽

(0, 𝐿) 𝑁 ∆𝑥 =  𝐿/𝑁 𝑥𝑛  =

 𝑛∆𝑥, 𝑛 =  0, 1 , . . . , 𝑁 𝑥0  =  0, 𝑥𝑁  =  𝐿

𝑖
𝑣𝑛
𝑘+1 − 𝑣𝑛

𝑘

Δ𝑡
+ 𝛿1𝛼

𝑣𝑛+1
𝑘 − 2𝑣𝑛

𝑘 + 𝑣𝑛−1
𝑘

Δ𝑥2
+ (1 − 𝛿1)𝛼

𝑣𝑛+1
𝑘+1 − 2𝑣𝑛

𝑘+1 + 𝑣𝑛−1
𝑘+1

Δ𝑥2
+

+𝛽|𝑣𝑛
𝑘|
2
(𝛿2𝑣𝑛

𝑘 + (1 − 𝛿2)𝑣𝑛
𝑘+1) = 0, 𝑛 = 1,… ,𝑁 − 1.

𝛿1 1 − 𝛿1 𝛿2 1 − 𝛿2

𝑣𝑛−1
𝑘+1 − 𝑏𝑣𝑛

𝑘+1 + 𝑣𝑛+1
𝑘+1 = 𝑑𝑛, 𝑛 = 1…𝑁 − 1,

𝑏 = 2 −
𝑖(Δ𝑥)2

(1 − 𝛿1)𝛼Δ𝑡
−
1 − 𝛿2
1 − 𝛿1

(Δ𝑥)2

𝛼
𝛽|𝑣𝑛

𝑘|
2
,

𝑑𝑛 =
2𝛿1
1 − 𝛿1

𝑣𝑛
𝑘 +

𝑖(Δ𝑥)2

(1 − 𝛿1)𝛼Δ𝑡
𝑣𝑛
𝑘 −

𝛿2(Δ𝑥)
2

(1 − 𝛿1)𝛼
𝛽|𝑣𝑛

𝑘|
2
𝑣𝑛
𝑘 −

−
𝛿1

1 − 𝛿1
(𝑣𝑛+1

𝑘 + 𝑣𝑛−1
𝑘 )
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𝜕𝐯

𝜕𝑡
+ (𝐯 ⋅ ∇)𝐯 =

1

4𝜋𝜌
(∇ × 𝐁) × 𝐁,

𝜕𝜌

𝜕𝑡
+ ∇ ⋅ 𝜌𝐯 = 0,

𝜕𝐁

𝜕𝑡
= ∇ × (𝐯 × 𝐁).

𝑧

𝐁0  =  𝐵0𝐞𝑧
𝜌𝑖  𝜌𝑒 𝜌𝑖  >  𝜌𝑒

𝑉𝑖  =  𝐵0/√4𝜋𝜌𝑖 𝑉𝑒  =  𝐵0/√4𝜋𝜌𝑒
𝑉𝑖  < 𝑉𝑒  

𝑉𝑖  <  𝜔/𝑘 <  𝑉𝑒

𝑣𝑟 = 𝐴𝑉𝑖𝑉(𝑟)e
𝑖𝑘𝑧−𝑖𝜔𝑡,

𝑉(𝑟) =

{
 
 

 
 𝐽0(𝜆𝑟),   𝜆 = √𝜔

2/𝑘2 − 𝑉𝑖
2,

𝐽0(𝜆𝑎)𝐾0(𝜒𝑟)

𝐾0(𝜒𝑎)
, 𝜒 = √𝑉𝑒

2 −𝜔2/𝑘2 .

𝐽0 𝐾0
𝐴

𝜌𝑖(𝜔
2 − 𝑉𝑖

2𝑘2)

𝜆

𝐽0(𝜆𝑎)

𝐽0
′ (𝜆𝑎)

=
𝜌𝑒(𝜔

2 − 𝑉𝑒
2𝑘2)

𝜒

𝐾0(𝜒𝑎)

𝐾0
′ (𝜒𝑎)

.

𝑟 =  0

𝑘𝑐𝑢𝑡
𝑘𝑐𝑢𝑡𝑎 ≈  0.85 𝑉𝑒  =  3𝑉𝑖 , 𝑘𝑐𝑢𝑡𝑎 ≈  0.41 𝑉𝑒  =

 6𝑉𝑖 𝑘𝑐𝑢𝑡𝑎 ≈  0.27 𝑉𝑒  =  9𝑉𝑖
𝜆𝑐𝑢𝑡  =  2𝜋/𝑘𝑐𝑢𝑡

𝑉𝑔
𝑘1 𝑘 ≈  𝑘1

𝜔/𝑘
𝛼
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𝐴 =  𝐴(𝑧, 𝑡)
𝛼 =

 𝛼(𝜔, 𝑘), 𝛽 =  𝛽(𝜔, 𝑘).
𝜔 =  𝜔(𝑘).

𝛼 𝑘 >  𝑘1 𝑘1 ≈  1.40 𝑉𝑒  =  3𝑉𝑖 𝑘1  ≈  0.60
𝑉𝑒  =  6𝑉𝑖 𝑘1  ≈  0.38 𝑉𝑒  =  9𝑉𝑖 𝛽 𝑘2  <  𝑘 <  𝑘3  𝑘2  ≈

 1.57 𝑘3  ≈  3.75 𝑉𝑒  =  3𝑉𝑖 𝑘2  ≈  1.43 𝑘3  ≈  3.48 𝑉𝑒  =  6𝑉𝑖 𝑘2  ≈  1.39 𝑘3  ≈  3.50
𝑉𝑒  =  9𝑉𝑖

(𝑘𝑐𝑢𝑡, 𝑘1) (𝑘2, 𝑘3)
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𝐴 = 𝐴0e
−𝑖𝜔𝑡,

𝑘 =  𝑘1 𝛼

𝐴 = 𝑎(𝑧)e𝑖𝛽𝑎
2(𝑧)𝑡,

𝑎(𝑧)
𝑉𝑔  =

 𝑉𝑔(𝑘1)

(𝑘𝑐𝑢𝑡, 𝑘1) (𝑘2, 𝑘3)

𝛾2 = 2|𝛼||𝛽|𝑎0
2𝑡2 − 𝛼2𝑡4.

𝛽
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𝛾𝑚 = |𝛽|𝑎0
2, 𝑙𝑚 = 𝑎0√

|𝛽|

|𝛼|
.

𝑙𝑚 𝑉𝑒  =  3𝑉𝑖 𝑙𝑚/𝑎0  ≈  0.83 𝑘𝑎 =  0.9 𝑙𝑚/𝑎0 ≈  8.6

𝑘𝑎 =  3.2 𝑎−1 𝑎0  =  0.1
𝑙𝑚𝑎 ≈  0.083 𝑙𝑚𝑎 ≈ 0.86
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𝑘𝑎 =  1.0 𝛼 ≈  −0.315, 𝛽 ≈  −0.852

𝑘𝑎 =  3.0, 𝛼 ≈  0.023, 𝛽 ≈  1.664

𝑡2  =  350𝑎/𝑉𝑖
𝑡4  =  4775𝑎/𝑉𝑖

𝑡1 𝛼 𝑡1  =  250𝑎/𝑉𝑖
𝑡3  =  2375𝑎/𝑉𝑖

𝑎(𝑧, 𝑡) 𝜙(𝑧, 𝑡).
𝑧 𝛼
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ʹ

ʹ

ʹ

ʹ ʹ

ʹ

ʹ
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 

 

 

 

 

 

 

 

 

https://ru.wikipedia.org/wiki/%D0%9A%D0%BE%D0%BC%D0%BF%D1%8C%D1%8E%D1%82%D0%B5%D1%80%D0%BD%D0%BE%D0%B5_%D0%B7%D1%80%D0%B5%D0%BD%D0%B8%D0%B5
https://ru.wikipedia.org/wiki/%D0%9A%D0%BE%D0%BC%D0%BF%D1%8C%D1%8E%D1%82%D0%B5%D1%80%D0%BD%D0%BE%D0%B5_%D0%B7%D1%80%D0%B5%D0%BD%D0%B8%D0%B5
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Начало

Расчет 

коэффициента 

корреляции r

Конец

Получение 

монохромного 

изображения 

Бинаризация

Поиск связных 

объектов

Выделение 

подматриц

Классификация 

связных областей
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0

1

1

0

0

0

0

0

0

1

1

1



























   

   

1

2 2

1

,

n

i i
xy i

n
x y

i i

i

x x y y
m

r
S S

x x y y





  

 


  





ix

iy

x

y
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Расчет средних 

значений xср и yср

Начало

x=0

y=0

i= 1,N,1

j= 1,M,1

Zj, i=0
Расчет mxy, sx и sy

x=xср

y=yср

i= 1,N,1

j= 1,M,1

Zj, i=0

Расчет 

коэффициента 

корреляции r

Конец

да

да

нет

нет

да

нет

да

да

да

нет

нет

нет



 

С ОВР Е М Е Н Н А Я   Н А У КА   И   И Н Н ОВА Ц И И  
 

 

 

71     Выпуск #2, 2019 

K Z2( ) x 0

y 0

continue Z2
i j 

0if

x x i 1

y y j 1

Z2
i j 

0if

K
x

cols Z2( ) rows Z2( )

y

cols Z2( ) rows Z2( )











j 0 rows Z2( ) 1for

i 0 cols Z2( ) 1for

x K
0 0 



y K
0 1 



mxy 0

sx 0

sy 0

continue Z2
i j 

0if

mxy mxy i 1 x( ) j 1 y( )

sx sx i 1 x( )
2



sy sy j 1 y( )
2



Z2
i j 

0if

j 0 rows Z2( ) 1for

i 0 cols Z2( ) 1for

mxy

sx sy










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𝑢̇ = 𝑟𝑣 − 𝑞𝑤 − 𝑔𝑠𝑖𝑛𝜃 + 𝑋𝑏/𝑚
𝑣̇ = 𝑝𝑤 − 𝑟𝑢 + 𝑔𝑐𝑜𝑠𝜃𝑠𝑖𝑛𝜙 + 𝑌𝑏/𝑚
𝑤̇ = 𝑞𝑢 − 𝑝𝑣 + 𝑔𝑐𝑜𝑠𝜙𝑐𝑜𝑠𝜃 + 𝑍𝑏/𝑚

𝑝̇ = (𝐼𝑥𝑧𝑟̇ − (𝐼𝑧𝑧 − 𝐼𝑦𝑦)𝑞𝑟 + 𝐼𝑥𝑧𝑝𝑞 + 𝐿)/𝐼𝑥𝑥
𝑞̇ = (−(𝐼𝑥𝑥 − 𝐼𝑧𝑧)𝑟𝑝 − 𝐼𝑥𝑧(𝑝

2 − 𝑟2) + 𝑀)/𝐼𝑦𝑦
𝑟̇ = (𝐼𝑥𝑧𝑝̇ − (𝐼𝑦𝑦 − 𝐼𝑥𝑥)𝑝𝑞 − 𝐼𝑥𝑧𝑞𝑟 + 𝑁)/𝐼𝑧𝑧

𝜙̇ = 𝑝 + 𝑡𝑎𝑛𝜃(𝑞𝑠𝑖𝑛𝜙 + 𝑟𝑐𝑜𝑠𝜙)

𝜃̇ = 𝑞𝑐𝑜𝑠𝜙 − 𝑟𝑠𝑖𝑛𝜙

𝜓̇ = 𝑠𝑒𝑐𝜃(𝑞𝑠𝑖𝑛𝜙 + 𝑟𝑐𝑜𝑠𝜙)
𝑥̇ = 𝑢𝑐𝜃𝑐𝜓 + 𝑣(𝑠𝜙𝑠𝜃𝑐𝜓 − 𝑐𝜙𝑠𝜓) + 𝑤(𝑐𝜙𝑠𝜃𝑐𝜓 + 𝑠𝜙𝑠𝜓)

𝑦̇ = 𝑢𝑐𝜃𝑠𝜓 + 𝑣(𝑠𝜙𝑠𝜃𝑠𝜓 + 𝑐𝜙𝑐𝜓) + 𝑤(𝑐𝜙𝑠𝜃𝑠𝜓 − 𝑠𝜙𝑐𝜓)

𝑧̇ = −𝑢𝑠𝜃 + 𝑣𝑠𝜓𝑐𝜃 + 𝑤𝑐𝜓𝑐𝜃

𝑐 = 𝑐𝑜𝑠, 𝑠 = 𝑠𝑖𝑛 𝑚  𝑢  𝑣 𝑤 𝑝
𝑞  𝑟 𝜑 𝜃 𝜓 𝑥  𝑦 𝑧

𝐼𝑥𝑥 ,  𝐼𝑥𝑥 , 𝐼𝑦𝑦 𝐼𝑧𝑧 𝑋𝑏 𝑌𝑏 𝑍𝑏
𝐿 𝑀 𝑁
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𝑚 𝑘𝑔

𝑏 𝑚

𝑆 𝑚2

𝑐 𝑚

𝐶𝐿𝛼 −

𝐶𝑑0 −

𝑒 −

𝑉𝑚𝑖𝑛 𝑚/𝑠𝑒𝑐

𝑉𝑚𝑎𝑥 𝑚/𝑠𝑒𝑐

 

 

𝐴𝑙𝑜𝑛 = [𝑢,𝑤, 𝑞, 𝜃]
𝑇

𝑢,𝑤, 𝑞, 𝜃

𝑥̇𝑙𝑜𝑛 = 𝐴𝑙𝑜𝑛𝑥𝑙𝑜𝑛+𝐵𝑙𝑜𝑛𝛿𝑒
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𝑥̇𝑙𝑜𝑛 =

[
 
 
 
𝑋𝑢 𝑋𝑤 𝑋𝑞 −𝑊𝑒 −𝑔𝑐𝑜𝑠𝜃𝑒
𝑍𝑢 𝑍𝑤 𝑍𝑞 + 𝑈𝑒 −𝑔𝑠𝑖𝑛𝜃𝑒
𝑀𝑢 𝑀𝑤 𝑀𝑞 0

0 0 1 0 ]
 
 
 
[

𝑢
𝑤
𝑞
𝜃

] +

[
 
 
 
𝑋𝛿𝑒
𝑍𝛿𝑒
𝑀𝛿𝑒

0 ]
 
 
 
[𝛿𝑒]

[

𝑢
𝑤̇
𝑞̇

𝜃̇

̇

] = [

−0.38 0.60 −0.36 −9.80
−0.98 −7.81 15.32 −0.21
0.18 −8.31 −35.21 0
0 0 1 0

] [

𝑢
𝑤
𝑞
𝜃

] + [

−0.36
−3.62
−106.32

0

] [𝛿𝑒]

𝑊𝑒 𝑈𝑒 𝜃𝑒 𝐴𝑙𝑜𝑛
𝑋𝑢, 𝑋𝑤 , 𝑋𝑞 , 𝑍𝑢, 𝑍𝑤 , 𝑍𝑞 , 𝑀𝑢,𝑀𝑤 𝑀𝑞 𝐵𝑙𝑜𝑛 𝑋𝛿𝑒 , 𝑍𝛿𝑒 , 𝑀𝛿𝑒

 

 

𝐾 𝐽

𝑥̇ = 𝐴𝑥 + 𝐵𝑢

𝑦 = 𝐶𝑥 + 𝐷𝑢

𝐽 = ∫ (𝑥𝑇𝑄𝑥 + 𝑢𝑇𝑅𝑢
∞

0

)𝑑𝑡

𝑄 𝑅 𝑄
𝑄 ≥ 0 𝑅 𝑅 > 0

𝑢 = −𝐾𝑥 𝐾
𝐾 = 𝑅−1𝐵𝑇𝑃

𝐾 = 𝑙𝑞𝑟(𝐴, 𝐵, 𝑄, 𝑅)  𝑃

𝑃𝐴 + 𝐴𝑇𝑃 + 𝑄 − 𝑃𝐵𝑅−1𝐵𝑇𝑃 = 0
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 𝐾
𝑄 𝑅

𝑄 = [

0.5 0 0 0
0 0.1 0 0
0 0 0 0
0 0 0 1

] 𝑅 = 1

𝐾 = [0.1252 − 0.0771 − 0.0760 − 1.8131]
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 

 

 

𝑥̇ = 𝐴𝑥 + 𝐵𝑢 + 𝐺𝑤

𝑦 = 𝐶𝑥 + 𝐻𝑤 + 𝑣

𝑥 𝑢 𝑦 𝑤
𝑣

𝐾𝑟 𝐾𝑒

𝐽 = ∫ (𝑥𝑇𝑄𝑥 + 2𝑥𝑇𝑁𝑥 + 𝑢𝑇𝑅𝑢
∞

0
)𝑑𝑡

𝑄 𝑅 𝑁
𝑢 = −𝐾𝑥

𝑥̂ 𝑢 = −𝐾𝑥̂

𝑑

𝑑𝑡
𝑥̇ = 𝐴𝑥 + 𝐵𝑢 + 𝐿(𝑦̅ − 𝐶𝑥 − 𝐷𝑢)

𝑢 𝑦̅
𝐸(𝑤𝑤𝑇) = 𝑄𝑛 𝐸(𝑣𝑣

𝑇) = 𝑅𝑛  𝐸(𝑤𝑣
𝑇) = 𝑁𝑛

𝐿

𝑥 − 𝑥̂
lim
𝑡→∞

𝐸((𝑥 − 𝑥̂)(𝑥 − 𝑥̂)𝑇)



С ОВР Е М Е Н Н А Я   Н А У КА   И   И Н Н ОВА Ц И И  

80     Выпуск #2, 2019 

𝑄 𝑅 𝑁

𝑄 = [

1 0 0 0
0 0.1 0 0
0 0 0.1 0
0 0 0 1

] 𝑅 = [
1 0
0 1

] 𝑁 = 0

𝐾𝑟
𝐾𝑟 = [

0.7877 0.0284 −0.2069 −4.3734
0 0 0 0

].

𝐾𝑒 𝑤 𝑣

𝑤 = [

1 0 0 0
0 1 0 0
0 0 1 0
0 0 0 1

] 𝑣 = [
0.01 0
0 0.01

]

𝐾𝑒 = [

16.8077 −0.3846
−0.3846 4.5186
0.1048 −0.3116
−9.9978 0.1439

]

 

𝐴𝑙𝑜𝑛 = [𝑢,𝑤, 𝑞, 𝜃]
𝑇 𝑋𝑏 𝑌𝑏

𝑀 𝑢,𝑤, 𝑞, 𝜃 𝛿𝑒 𝛿𝑒

𝑢̇ = 𝑟𝑣 − 𝑞𝑤 − 𝑔𝑠𝑖𝑛𝜃 + 𝑋/𝑚

𝑤̇ = 𝑞𝑢 − 𝑝𝑣 + 𝑔𝑐𝑜𝑠𝜙𝑐𝑜𝑠𝜃 + Z/𝑚

𝑞̇ = (−(𝐼𝑥𝑥 − 𝐼𝑧𝑧)𝑟𝑝 − 𝐼𝑥𝑧(𝑝
2 − 𝑟2) + 𝑀)/𝐼𝑦𝑦

𝜃̇ = 𝑞𝑐𝑜𝑠𝜙 − 𝑟𝑠𝑖𝑛𝜙
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𝑢, 𝑣 𝑞
𝜃
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https://e.mail.ru/compose/?mailto=mailto%3aaasklyarov@sfedu.ru
https://e.mail.ru/compose/?mailto=mailto%3as.andrey.88@mail.ru
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∆𝑥: {𝑥𝑖: 𝑖 = 1, 𝑛⃗⃗ ⃗⃗ ⃗⃗  } ∆𝑦: {𝑦𝑗: 𝑗 = 1,𝑚⃗⃗⃗⃗⃗⃗⃗⃗ }

𝐹 = : {(𝑥𝑖 = 𝑖∆𝑥, 𝑦𝑗 = 𝑗∆𝑦), 𝑖 = 1, 𝑛⃗⃗ ⃗⃗ ⃗⃗   , 𝑗 = 1,𝑚⃗⃗⃗⃗⃗⃗⃗⃗ }

𝑑𝑖𝑣𝐵⃗ = 0 𝑟𝑜𝑡𝐵⃗ = 4𝜋 𝑐⁄ ∙ 𝑗 

𝐵⃗ = 𝑟𝑜𝑡 𝐴 𝑟𝑜𝑡𝑟𝑜𝑡𝐴 =

∇𝑑𝑖𝑣𝐴 − ∆𝐴 = 4𝜋 𝑐⁄ ∙ 𝑗 𝑑𝑖𝑣𝐴 = 0

∆𝐴 = −4𝜋 𝑐⁄ ∙ 𝑗 ∆𝐴𝑥 = −4𝜋 𝑐⁄ ∙ 𝑗𝑥

𝐵⃗ = −
𝑦𝐵0𝑏

1 + 𝑏2(𝑥2 + 𝑦2 + 𝑧2)
𝑒 𝑥 +

𝑥𝐵0𝑏

1 + 𝑏2(𝑥2 + 𝑦2 + 𝑧2)
𝑒 𝑦 +

𝐵0
1 + 𝑏2(𝑥2 + 𝑦2 + 𝑧2)

𝑒 𝑧,

𝑗𝑥 =
2𝑥𝐵0𝑏

3𝑧

(1 + 𝑏2(𝑥2 + 𝑦2 + 𝑧2))2
−

2𝑦𝐵0𝑏
2

(1 + 𝑏2(𝑥2 + 𝑦2 + 𝑧2))2

∆𝐴𝑥 = −
2𝑥𝐵0𝑏

3𝑧

(1 + 𝑏2(𝑥2 + 𝑦2 + 𝑧2))2
+

2𝑦𝐵0𝑏
2

(1 + 𝑏2(𝑥2 + 𝑦2 + 𝑧2))2

O 

Y 

X 𝑥𝑚𝑎𝑥 𝑥𝑚𝑖𝑛 

𝑦𝑚𝑎𝑥 

𝑦𝑚𝑖𝑛 

F 
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𝐵 =
𝐵0

1 − 2ln (
1
2
𝛾𝛿)

[−1 +
𝑎2

𝑥2 + 𝑦2
+ 2𝑙𝑛

√𝑥2 + 𝑦2

𝑎2
]

𝑥

√𝑥2 + 𝑦2
.

{(𝑥𝑚𝑖𝑛, 𝑥𝑚𝑎𝑥); (𝑦𝑚𝑖𝑛, 𝑦𝑚𝑎𝑥)}

𝐴𝑥
𝐴𝑥
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𝑅⨀

{
𝐵𝑟𝐶𝑀𝐸(𝑟, 𝜃, 𝜑) = −

1

𝑟2𝑠𝑖𝑛𝜃

𝜕𝜓(𝑟, 𝜃, 𝜑)

𝜕𝜃

𝐵𝜃𝐶𝑀𝐸(𝑟, 𝜃, 𝜑) =
1

𝑟𝑠𝑖𝑛𝜃

𝜕𝜓(𝑟, 𝜃, 𝜑)

𝜕𝜃

,

𝜓(𝑟, 𝜃, 𝜑) = 𝜓0 (𝑎(𝑟, 𝜃, 𝜑) −
𝑎𝐶𝑀𝐸
2𝜋

𝑠𝑖𝑛 (
2𝜋𝑎(𝑟, 𝜃, 𝜑)

𝑎𝐶𝑀𝐸
)).

𝜕𝜌

𝜕𝑡
+ div(𝜌𝒗) = 0,

𝜕𝑩

𝜕𝑡
= rot(𝒗 ∙ 𝑩) +

c2

4πσ
∆𝑩,

1

𝛾 − 1
(
𝜕𝑇

𝜕𝑡
+ 𝒗 ∙ ∇𝑇) = −𝑇∇ ∙ 𝒗 −

𝑚𝑝

2𝑘𝜌
(∇ ∙ 𝒒 + 𝑛𝑒𝑛𝑝𝑄(𝑇) − 𝐻𝑐ℎ),

𝜌 (
𝜕𝒗

𝜕𝑡
+ 𝒗 ∙ ∇𝒗) = −∇𝑝 +

1

4𝜋
rot𝑩 × 𝑩 + 𝜌𝒈 + ∇ ∙ (𝜈𝜌∇𝒗),

𝑝 = 𝑝(𝜌, 𝑇),

𝒒 = {
−𝜘∇𝑇, 𝑅⊙ ≤ 𝑟 ≲ 10𝑅⊙
𝛼𝑛𝑒𝑘𝑇𝒗, 𝑟 > 10𝑅⊙

,

𝜌 𝒗 𝑩 𝜎 𝑇
𝑘 𝑚𝑝 𝛾 𝑛𝑒 𝑛𝑝

𝑝 𝒈 𝜈
𝐻𝑐ℎ 𝑄(𝑇) 𝜘

𝛼

𝐻𝑐ℎ
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𝑝 = 𝑝(𝜌, 𝑇) =
𝑘

𝑚𝑝
𝜌𝑇.

𝑅⨀
𝑅⨀

𝑑𝑖𝑣𝐵⃗ = 0
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ʹ
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