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     (3.26)   : 

)]exp(1[
)1(2

cos5,0)( 1
21ЂЂ  pp

N

k
UUKKpI mmkk 



 

 
     (3.28) 

       ,  
ё   (3.27)  (3.28)   







jC

jC

pt
kk dpepZpIjtU )()()2()( 1                             (3.29) 

   k-    : 

dp
ppC

tppt

N

k
UUKKtU

jC

jC
mmkk 



 






 


)2(

)](exp[)exp()1(2
cos5,0)(

2221Ђ 
 .  (3.30) 
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. 3.6.                                                    

  
 

   ,     (3.30) : 





 

 )exp(
)1(2

cos5,0)( 21Ђ t
N

k
pUUKKtU mmkk   
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)}(sin)exp({sin   tt  ,        (3.31) 

 LCp 1  -    . 
   (3.31)    : 

  cos)exp(2)2exp(15,0)( 21Ђ pUUKKtU mmkk  

]sin[)exp(
)1(2

cos  



 

 tt
N

k
,       (3.32) 

 


 



cos)exp(1

sin)exp(
arctg  ,   ё   

    ; . .   -
     , -

    Nk )1(2cos   . 

 ,   (3.32),    
 N-   : 

  cos)exp(2)2exp(15,0)( 21Ђ pUUKKtI mmkk  

]cos[)exp(
)1(2

cos  



 

 tt
N

k
.      (3.33) 

    N-      

 )(
.

tk ,  ,   (3.33), -
  ё       

: 

  cos)exp(2)2exp(15,0)()( 21

..

MUUKKMtIt mmkkkk  

]cos[
)1(2

exp)exp(
)1(2

cos 
 



 





 

 t
N

kj
t

N

k
.    (3.34) 

    K K constkД Д       : 





 





 



 


1

21
11

..

5,0]cos[
)1(2

exp)exp(
)1(2

cos

cos)exp(2)2exp(15,0)()(

m

mm

N

k

N

k

kkk

UKNKt
N

kj
t

N

k

MUUKKMtIt





 

  cos)exp(2)2exp(12MUm  

]cos[)exp()exp(   tjt               (3.35) 

   ,2         ,  (3.35) 

   : 

)cos()exp()exp()]exp(1[5,0)( 21

.

  tjtMUUKNKt mmk . (3.36) 

     ,       -
 N-  ,   ё  ,    ё 
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 )},(1)(1{)( 113  ttUKtU m   1K  -   -

  1: 
)cos()exp()]exp(1[)( 11   ttUKKtI mp .                (3.37) 

  ,    , : 

)cos()0exp()exp()]exp(1[)()( 11

..

  tjtMUKKMtIt mpp .  (3.38) 

         -
 N-       ,  

  : 

   )}(arg{)}(arg{
..

tt pp .                (3.39) 

  ,       -
     .    
    ё   6,  -
   5 N-  . 

  ,        
    ,   

  ,   ,  -
       . 

 ,     . 
   ,    , . . 

   . 

3.2.                    
   

3.2.1.     

      ,  
        

  .     
     ,  -

        -
 ,    –    -

    ,      
        
, . .   . 

  . 3.7      -

,          -
  . 2.13  N-2.     -

 1,   2, 3, 8   9,   4  5,  
6,  ,   7,   

 10,  90°-    11,  12   -
 13,  14   15 ,  16,  -
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  17,  18,      19   -
 20 [134]. 

 

. 3.7.      

   .   -
 tUtU m sin)( 11    )sin()( 22   tUtU m     -

  1,   U t1( )   ё     3. 

       -
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  10      1 -
   2,   4,  (   

  7   6,  )  ё   -
  0 ,   8,     : 

)]()()(sin[)()()()( 0842010842
1
8   tUKKKtU m . (3.40) 

       8  
   ,     

 1   )(2 tU : 

)]()()(sin[)()()()( 0842020842
2
8   tUKKKtU m .  (3.41) 

        9   -
 : 

)]()()(sin[)()()()( 09530109539   tUKKKtU m .      (3.42) 

   )(9 tU  ё    13   -
,    14   -   90°-   

 11.     15  12,   -
   ( .   . 2.13), -  18 

           
,      2.2, .1,     

  : 
)]()()()(cos[),()( 12095301515   tUtU m ,     (3.43) 

 ),(15 mU    )(15 tU ,       ; )(12  - 

     ,   12. 
       )(1

8 tU  

   )(15 tU      16,   
    : 

  ),()()()(5,0)()( 151160842
0

15
1
8

1
16

1
16  mm

T

UUKKKKdttUtUTKU  

)]()()()()()()(sin[ 1209530842   ,      (3.44) 

  16K  -    16. 
  1

16U      17    
18,      15  12,   ё 

  ,   1
16U     , . .   -

 15  : 
),()()()()()()()( 12095308421  k , (3.45) 

 ),( k  -           -
 . 
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    1   15     -
     19,     15,   

   20,  . 
 ,      -

 10    16   U t8

2 ( )   U t15( ) .    
    16   : 

  ),()()()(5,0)()( 152160842
0

15
2
8

1
16

2
16  mm

T

UUKKKKdttUtUTKU  

)]()()()()()()(sin[ 1209530842   , (3.46) 

    15  .  
     15 2      

      20,      -
     10   -

    ,      
  : 

 


),(),(12 kk .                     (3.47) 

  ,   ,   
   . 3.7,      -

  ,     
 . ,    

    12     0.1  [54]. 

3.2.2.    90°-         
    

     ,    -
 , ,   , -

  . .      ( -
)        ё -
      .  

(  )  -       
     ,     

      ё  -
    [1].     - -

 , . .          -
    [31]. 

         
  ,    [0; ].    
        90°   -

  . 
         

ё    (    -
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 ),     90°,       – 

,     . 
 . 3.8    90°-  ,    
        . 

2.13  N=2.    1   2 -
 LC- ,  3    4,  5  -

 6 ,  7,    8,  9,  10 

  11 ,     12  13. 
   .   
tUtU m sin)(       1   2 

 LC - ,    )(1 tU  (   
ё    LC- )  U t2 ( )   -

  : 

))(cos(
1)(2

sin
1

)( 1
2
111

2
11

1 aarctgt
aCr

U

aarctg

t

aCr

U
tU mm 
















 






; (3.48) 

))(sin(
1

)( 2
2
22

2 aarctgt
aCrR

LU
tU

r

m 


                        (3.49) 

 2

02

21

01

1

2

1

,
2

1

Q
f

f

r

C
L

aQ
f

f

r

C
L

a


















 - ё   

; 
 

 

 2121 ,,,,, QQCLrr  -   , , ё -
   ; 

R  -   . 
 ,      3,   : 

))(sin(
1

)( 1
2
11

2
4 aarctgt

aCLr

U
tI

CT

m 


 


;                          (3.50) 

))(cos(
1

)( 2
2
22

5 aarctgt
aCrRL

LU
tI

CT

m 


 


,                       (3.51) 

 CTL  -    4  5  3. 

   QQQ  21 , rrr  21  aaa  21   5

.

 

)exp( j ,   2exp4

.

  j       -
 (3.50), (3.51)  (2.4): 




 
 ))(sin()exp({

1
)()()( 1

2
5

.

54

.

4

.

aarctgtjj
arCL

MU
MtIMtIt

CT

m 
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))}(cos()exp(1
aarctgtjLR    .         (3.52) 

 

. 3.8.   90 -     

   (3.52)  (2.5) ё    -
    6  3: 













 ))(sin(cos))(cos(
sin

1
)(

2
aarctgt

R

L
aarctgt

arCL

MU
tU

CT

m
p 




   

 





























 tgaRL

LatgR
arctgt

R

L

arCL

MU

CT

m coscos
1

1
1

2

2

22

2
.   (3.53) 
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,   (3.53),     
    9,     : 














  


2

2

22

2

9

0

1
99 cos

1
1

12
)()(

CT

m
T

p
R

L

arCL

MKU
dttUtUTKU  

















tgaRL

LatgR
arctgcos ,    (3.54) 

 9K  -    9. 
   U9      8  

  7,    6  3   ,   9U  

   , . .      

.
2









tgaRL

LatgR
arctg  

       : 

 







.0

;0

LatgR

tgaRL




    (3.55) 

   (3.55)      6,  
  9U   : 

 22
01

.






R

r
arctg

aR

L
arctg .         (3.56) 

  (3.55)       tg  -
  aa  1 , . .   0   0  ,  -

     . 
  (3.56)   (3.53), : 

 
tUt

rRL

LMU
tU mp

CT

m
p 




cos)(cos

1

)(
4
0

42222
0

2




 . (3.57) 

    (  ,   -
 10    )   : 

 
t

rRL

LKMU
tU

CT

m 



cos

1

)(
4
0

42222
0

2

10
Ы 1


 ; 

tUtUtU m sin)()(Ы 2  , 

  10K  -     10. 
 ,     )(Ы 1 tU     
, ,    10K   -

 10   .   ,  -
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 )(tU   )(Ы 1 tU ,      -
    10: 

).(

);(

;

131012131211

131013

1212





mpm

mp

m

UKKUKUUU

UKKU

UKU







 

      ,   
U11     ,    K10    -

 : 

 
,

1

13

4
0

42222
0

2
12

10
LMK

rRLK
K

CT


 

      (3.58) 

   rRr   - : 




MK

RLK
K

rCT

13

2
0

2
12

10

)( 
 .    (3.59) 

  (3.59)     0  ,    
  (3.55),     tKUKtU m cos)( 1312Ы  . 

,  (3.56)  (3.59)    -
       ,  

 .  . 3.9    90°-  
 [136],      ,   

      -
  . 3.8. 

       .     
U t U tmВХ ( ) sin       1   2 -

 LC- ,      
 (3.48)  (3.49),    : 




 
 ))(sin()exp({

1
)( 1

2

.

aarctgtjj
arCL

MU
t

CT

m 


 

))}(cos()](exp[1
aarctgtjLR    .  (3.60) 

       6  ё  -
      

)1(       : 




 t
R

L
aarctgt

arCL

MU
tU

CT

m
p 




sin()cos())(cos(
sin

{
1

)(
2

 




  22222

2
)1(cos

1
))}(  tgRLtg

arCL

MU
aarctg

CT

m  
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LtgLaR

LatgLaR
arctgt




)(

)(
sin .       (3.61) 

 

. 3.9.   90 -  ,     
     

   9  ё    ,  
  10          

( )()(sin 1010   , 1)(cos 10  )   : 




  22222

2

910
9 )1(cos

12

)( 
tgRLtg

arCL

KMKU
U

CT

m  

 }
))](1())(([]1)([

))](())(1([])([
cos{

101010

101010




aLaRtgaL

aLaRtgaL
arctg




 .   (3.62) 
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 (3.62)       : 








.0))](())(1([])([

;0))](1())(([]1)([

101010

101010




aLaRtgaL

aLaRtgaL
       (3.63) 

   (3.63)     6,   
 U 9    : 

))](1()]([

))((

1010

10




aLaR

aL
arctg




 ,   (3.64) 

    0    10 0( )     ,   -
 (3.56).   (3.63)    1,0)(10    

  : 

.25,1
)(1

)(1

10

10 







a                                               (3.65) 

       : 
2
0

221 39,0625,0   
LrrL .                                  (3.66) 

  (3.64)   (3.61),   -
 : 

t
aLaLaRrCL

MKU
tU

CT

m
p 




cos

)1)(())](1())(([

)(1
)(

2
10

222
1010

1010




 . 

   10K    10  
   ,   12U   13U    ,   

  10K    : 

)(1

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

1013

2
10

2

10
10

12

10 












 




MK

aa
L

aR
CrLK

K

CT

, (3.67) 

. .  (3.67)     ,    -
     (3.66).   

     : 

t
K

UK
tU

m

ЫХ cos)(
13

12

1 









 ;                                (3.68) 

tUUtU mХЫХ sin)(2  .    (3.69) 

 , 90°-  ,       
. 3.8  3.9,       0   

     ,  
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  ,     L  , -
          

(3.55)  ( .66). 

3.2.3.        
      

,        
 ,   .    -
         .    

     ,    –  -
 .      -

 [30]. 
1.    ,  -

       1...5%.   
   40..100 . 

2.        
  0  360°     1°.    -

     ,   . 
3.       -

    2.     
      [38]. 

4.         -
   ,    

   . 
5.            410  

 610 . 

6.   ( ё )      
        . 
7.     ,  

     . 
         , 

   . 
 . 3.10       N-   

[57],      ( .  
 . 2.13),   1, N-   2   3  

 4, N-1    5  N2 ,  6  ё  
 7. 

   .    
  1,       

)](exp[)(
.

  tjUtU mХ , ё    N-1     5. -
      5      -

 N-  ,    ,   : 
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)](exp[)(
1

1

.












 tj

Lj

U
tI m ; 

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













 









 

N

k
tj

Lj

KU
tI

k

km
k

)1(2
exp

)(
)( 1

. 



; 

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













 









 

N

N
tj

Lj

KU
tI

N

Nm
N

)1(2
exp

)(
)( 1

. 



,                (3.70) 

 Lk  -  k-    3; 
Kk1( )  -   (k-1)-    5.k-1. 

 

. 3.10.      N-  ,              

    

    k-      4 
     :  NKk )1(2cos   . , 

  ,  : 





 








 
 








N

k k

km
N

k
kk

N

K

Lj

KU
tI

1

1

1

. )1(2
cos

)(
)(

. 



 













 


N

k
tj

)1(2
exp

 .       (3.71) 

  ,   (3.71)   
 4,   : 

)cos(),(
)(

)cos(5.0)(
1

1
4  








 



 tNDU
L

K
tUtU m

N

k k

k
m , (3.72) 

 ),( ND  -  ,   N   . 
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     , . .  1)(1  kK   
CTk LconstL    (3.72)   : 

)cos(5.0)(4   tNUktU mTP .                  (3.73) 

 ,      4  
 U tBX ( )        

  3.  ,    U t4 ( )   
U tBX ( )   ,     6  -

   K k N D NTP6

12  / ( , ) .    -
       )cos()(1   tUtU mЫХ   

)cos()()(2   tUtUtU mХЫХ . 

  ё   7    ,   
   , ё    -

  ё    ё   7. 
,         -

  ( , )N ,  ,    -
    kkk  /    -

   . 
        

   ,     ±0.3°.  -
        
     [20]. 

3.3.       
  

3.3.1.                 
                     
  

      -
        (   -

 )       .   -

        ( -
 ,    ,  -

  ). 
3.3.1.1.   -               

    

        -
 : 

,)}(
.

arg{)}(
.

arg{ 2121   tUtU                            (3.74) 

 )](exp[)( 111

.

  tjUtU m , )](exp[)( 222

.

  tjUtU m  -  
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( )  ,    U t U t jU t
.

( ) ( ) ( )1 1 1      

)()()( 222

.

tjUtUtU
 ,   )(1 tU

   )(2 tU
  - , ё   

  )(1 tU   )(2 tU . 

      -   ( -
       )  -
 (      ),(1)(1)(  ttt   

      ,   
   ) . 

      .  . 
3.11        ,  

      ( .   
. 2.13) [57].     90°-    1,  2  

  3,  4   5 ,  6, -
  7, 8   9. 

 

. 3.11.       ,                
       

   .   -
 tUtU m sin)( 11    )sin()( 22   tUtU m      

   7  8.        
ё    )(tU p     5  2,  -

  .  )(1 tU  ё    -
  3 ,     4 -   90°-

   1,       
.cos)( 13 tUtU m        5  2 -  6     

        

)]2/(exp[)(1

.

 tjt   )exp()(2

.

tjt  .      
    (2.24): 

])(exp[)exp(sin)( 11
.

tj
L

U
jtjt

L

U
t mm 













 





, (3.75) 
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 L -    3  4  2. 
,      (3.75)    5,  

   (2.26)   : 

tUktUktU mTPmTPp )cos()cos(
1

)( 11 





 

 


.      (3.76) 

 ,     7  -
 )(1 tU   )(tU p ,      8 -  )(2 tU   

)(tU p .     7  8  -
   : 

tUkktU mTP  sin5,0)( 2
177 ; 

)sin(5,0)( 2188  tUUkktU mmTP ,                            (3.77) 

 7K   8K  -     7  8. 
  (3.77),      , -

   9,        
   )(1 tU   U t2 ( ) , . .  



 .    -
    ,     

(     U tp ( ) ),    1  ,   
     ,  .     -

  ,    ё        
    7  8. ,   -

  90°-    1    ,   -
    U t1( )   U t2 ( )   , -

  : 

)sin1(2

2sin
2






arctg ,        (3.78) 

 113 /)( mmm UUU   -    3mU   1mU . 

       (3.78)  13 mm UU   -
       5,0max  . 

        
    ,      -

       ( . -
  . 2.17  2N ),    -

  . 3.12.     1   2   -
 3   4 ,  5,   6, 7  8, -

 90°-     9,  10   11. 
   .   -

 tUtU m sin)( 11   ё     2  1.   
  2,    -  5,      -
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)exp()(3

.

tjt    )]2/(exp[)(4

.

 tjt .     -
     . 2.2, . 3, 6   : 

]})(exp[])({exp[
2

)( 1
3

.

tjtj
L

U
t

p

m 









 


; 

)(]})(exp[])({exp[
2

)( 3

.
1

4

.

tjtjtj
L

U
jt

p

m 









 


.      (3.79) 

 

. 3.12.       ,                
        

,    (3.79)    3  
4,          (2.32)  (2.33): 

})sin(){sin(5,0)( 13 ttUktU mTP   ; 

})cos()cos({5,0)( 14 ttUktU mTP   ,        (3.80) 

 Lp  -    2  1. 
    (3.80), ,     3 

 4  1,     , . .  1    
    . 

  )(3 tU   )(4 tU      -
  7  8,       

)sin()( 22   tUtU m      90°-    9 
).cos()( 299   tUKtU m      7 

 8    : 
tUkkktU mTP  cossin5,0)( 1977  ; 

tUUkktU mmTP  sincos5,0)( 2188  ,          (3.81) 

 87 , KK   9K  -     
 7  8   90°-    9. 
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   KKKK  897     -
 10    : 

)sin(5,0)()()( 218710  tUkUktUtUtU mmTP .                  (3.82) 

         6  -
    )(1 tU   )(4 tU : 

tUkktU mTP  sin5,0)( 2
166 ,                                   (3.83) 

  K6  -     6. 
            )(6 tU   )(10 tU  

    11,    

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


 

 

. 3.13.       

 ,  ,      
. 3.12,  ё       ё  

    -    -
  . 

        
      ,    

        ( .  -
 . 2.13  2N ) [57, 129],      

. 3.13.     90°-    1,  2, 3  11, 
 4      5,   6   7 ,  8 

 9,  10,     12  ё   
13. 

   .   -
 )sin()( 11   tUtU m   tUtU m sin)( 22       2 -

,     3 -  )(1 tU  ,  -
 )(2 tU  -   90°-    1.     
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 90°-      )(3 tU ,  2 U4   3 U5    -
 : 

tUktU m cos)( 213  ; 

cos5,0)()( 212
0

21
1

24 mm

T

UUKdttUtUTKU   ; 

sin5,0)()( 2131
0

31
1

35 mm

T

UUKKdttUtUTKU   .        (3.84) 

  /2T  -    2  3; 21, KK   3K  -  
   90°-    1   2  3. 

 4U   5U      5  6  4  
545 / rUI    656 / rUI  ,  5r   6r  -    -

 5  6.       7,  ё   
 9,       ,     -

       )(5

.

t )](exp[  tj   

)]2/(exp[)(6

.

  tjt .       -
 (2.34)   : 


















 )](exp[)](exp[)(

6

5

5

4
.

 tj
r

MU
jtj

r

MU
t  


























  sincos)](exp[5,0

6

31

5

2
21

r

KK
j

r

K
tjUU mm ,          (3.85) 

   -      4  -
  7    . 
,    (3.85)    7, -

   (2.36): 


























 )sin(sin)cos(sin5,0)(

6

2

6

31
217  t

r

K
t

r

KK
UUtU mm . (3.86) 

   K r K K r Kr2 6 1 3 5    (3.86)  -
  : 

)sin()sin(cos)cos(sin
2

)( 7
21

7  





 

 tUtt
r

MUKU
tU m

mm . (3.87) 

       10       
   : 




 
dt

td
K

dt

td
KtU

)}{cos()}]([Re{
)( 0

.

10


 

)sin()sin( 000    tUtK m .  (3.88) 
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 )](exp[)( 0

.

  tjt  - ,     -
 10;   -       10; K  - 

   10. 
    ,   

(3.87)  (3.88),     11,    
  

)cos(5,0)()( 00711
0

107
1

1111   
mm

T

UUKdttUtUTKU ,       (3.89) 

 K11  -    11. 
        12 -

   8,  ё     4  ё  
 13.   8    ,  -

     5  6       0 2/ ,    
          -

 ,  2/ .      
2/00       ё     -

ё   13. 
            
   ё  ,     -

 8            11. 
  ,       ,  -

     .3.13,  ё   
          (  
      )(1 tU   )(2 tU   

 ). 
ё       .  

. 3.14       ,  
         ( . -
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  ,   ,   k-  

   4   5 N-  ,    
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  13  .    -

 ,    6 ё    2, -
      . 

 

.3.25.         
ё         

 ,     . 3.25 
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        -

    2     
 N–  . 

4.1.                      
ё    N-                    

   

  (  ) N–   
      .  -

      N–  
  ё   . 

 (4.1)    : 



135 

 

 

    







 













 












kk

N

k

kmkk

kkkk

N

k

kkkm

tjtj

N

k
tjt

N

k
tt







)(exp5.0)(sin

)1(4
)(sin)(cos

)1(4
)(cos5.0)(

1

.

1

.


 


 












 




N

k

kkkm
N

k
tj

1

.

)1(4
)(exp5.0  ,      (4.2) 

. . CM       .  CM  

(4.1)    : 

  





 






 








 






 















k

N

k

kkm

k

N

k

kkm

N

k

N

k

N

k

N

k

arctgt






)1(2
cos

)1(2
cos

)1(2
sin

)1(2
cos

)(arg

1

.

1

.





  

 

 













 

















 














kk

N

k

kkkm

kk

N

k

kkkm

N

k

N

k

arctg





1

.

1

.

cos
)1(4

cos

sin
)1(4

sin





,     (4.3) 

 )exp(cos.. tjtMI kmkm    –  k–   CM . 

       

(4.3): 







 






 








 






 















k

N

k

kkm

k

N

k

kkm

N

k

N

k

N

k

N

k

arctg






)1(2
cos

)1(2
cos

)1(2
sin

)1(2
cos

)(

1

.

1

.





 

 

 













 

















 


















kk

N

k

kkkm

kk

N

k

kkkm

N

k

N

k

arctg

1

.

1

.

cos
)1(4

2cos

sin
)1(4

2sin





.   (4.4) 

  (4.4)   ,   0 kk    
constmkm  

.      . 
    kk   ,   km.    ,  -

       .   -
       (4.4)  ,  

0
)1(4

2cos
)1(4

2sin
1

.

1

. 





 






 


 


kk

N

k

kmkk

N

k

km
N

k

N

k    

  ё     N ,  



136 

 

 

 












N

k

kkkm

N

k

kkkm

arctg

1

.

1

.

cos

sin










.    (4.5) 

   N–  : 





 






 








 






 

















k

N

k

kkm

k

N

k

kkm

N

k

N

k

N

k

N

k

arctg








)1(2
cos

)1(2
cos

)1(2
sin

)1(2
cos

2

1

2

1

.

1

.





. (4.6) 

    N–     -
     : 












  
 






N

k

N

k

k

k

k

k

N

k

km

km d

d

d

d

d

d

1 11

.

.2

1 








 


.      (4.7) 

 [68] ,       
   )(     

)()()(   ,      (4.8) 
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 (4.4)  (4.5),    ё   [39, 73]: 

N

K

arctg
N

K

arctg

N

k

kk

N

k

km 








 1

3,2

1

.1

max

)( 




.          (4.22) 

4.1.4.      
      

       , 
    N–    , -

    (  ,    
),      : 

       
 
















)(Re

)(Im
exp)(Im)(Re)(

22

t

t
arctgjttt

CT

CT

CTCTCT 


 .      (4.23) 

   (4.1)  (4.23)    



139 

 

    : 

 





 
















 








 

















N

k
kkCTmk

N

k
kkCTm

CT
p

N

k
U

N

k
j

N

k

dt

td
tU

1
..

1
..

)1(2
cos

)1(2
exp

)1(2
cos)(

)(
)(












 

   












 


 tjDU

N

k
j umk )(exp

)1(2
exp ,  (4.24) 

  














 






 


 



2

1

.

)1(2
cos

)1(2
cos)1( kk

N

k

kmu
N

k

N

k
UD   

2

1

.

)1(2
sin

)1(2
cos)1(













 






 


 


kk

N

k

km
N

k

N

k
U  ;      (4.25) 

  –  ,   (4.4). 
       ,   

 4.1.14.1.3.      -
      uD .   

(4.25)   ,   0,0   kk   0.  mkm UU    
  uD   0.5N. 

     kmU .   
  .     0 kk    0  

  (4.25) : 














 





 

 




2

1

.

)1(2
cos

)1(2
cos)1(

N

k

N

k
UD

N

k

kmu

  

















 





 


N

k

km

N

k

km UN
N

k

N

k
U

1

.

2

1

.

)1(2
sin

)1(2
cos)1(  ,       (4.26) 

. .     
uD   N 

    k.mU . 

        -
    .     0    

  0.  kmk U    (4.25) : 














 





 

















 





 












2

1

2

1

)1(2
sin

)1(2
cos

)1(2
cos

)1(2
cos

N

k

k

N

k

ku

N

k

N

k

N

k

N

k
D






 

2

1

2

1

)sin()cos(

















 


N

k

k

N

k

k  .   (4.27) 



140 

 

       ё-
       -
 (  0     0.  kmk U ): 














 






 
















 






 











2

1

2

1

)1(2
sin

)1(2
cos

)1(2
cos

)1(2
cos

N

k

k

N

k

ku

N

k

N

k

N

k

N

k
D






 

2

1

2

1

)sin()cos(

















 


N

k

k

N

k

k  .        (4.28) 

   ,     
  ,     ( -
       ), -

     k–    -
   (4.11).       

      -
 kTPk . ,       

 k  1 ,        

k  2 . 

4.2.    -
             

N-      
-  

       ,  
  (4.4),     uD ,   

 (4.25),      - , -
   ,  ,   -

 2,     ,   -
 1 [52].  kkm   ,.   k     0)( .  km ; ±0.01; 

±0.02; ±0.03; ±0.04; ±0.05, 0)(  k ; ±0.1°; ±0.2°; ±0.3°; ±0.4°; ±0.5°, 
0)(  k ; ±0.1°; +0.2°; ±0.3°; ±0.4°; ±0.5°      

0)()()( .  kkkm  ; 0.01; 0.02; 0.03; 0.04; 0.05.    ё-
       

 max.max. ,      max.      
 N,   ,       

  .. , uu DD   .uD         

0.5N, . .      -

    
N

ND

N

ND U
D

U
D

5.0

5.0
,

5.0

5.0 .
.

.
.





 




   



141 

 

N

NDU

D
5.0

5.0.

.


 

 . 

 

4.2.1.    -
    N-               

     

  2.2      ё   -
  : 



142 

 

1)    N–     ; 
   "+"    )( .km  ,   "-" 

– . 

 

 . 4.4   )( f ,    

(4.16),  02.0)(,0)(  kk      N,   
        -
  )2cos( .max. N   ,  N.  –   -
 )( f     N.     -

   . 4.4    . 

 

. 4.4.     f     N 



143 

 

 . 4.5  4.6    )(max. kf     0)(  k  

   N  )(max. Nf    0)(  k    -
 )( k ,   ,   N   )( k  

     max. .    
        ,   -

 max.     )( k . 

,      -
  ,    -

,   .4.44.6,         2%. 

 

. 4.5.     kf   max.                 
 N 

 

. 4.6.    Nf max.                           
  k   

 . 4.7   )( f    )()( . kkm M   



144 

 

0)(  k , 01.0)()()( .  kkkm      N.  
  ,   )( f   

    ,     -
      N       -

. 

 

  N–   c N–      
   ( .   .2.15)  -

      -

,      .   -
      ,     

     ,    -
  0.5. 

 ,      N–  
   ,      N–

         



145 

 

( .   . 2.14)     N–
        . 

4.2.2.    -
    N-                

   ,                       
      

  2.2  ,     N–   
    ,   : 

1)     (  ); 
2)     (   

 ); 
3)    . 

ё      -
 N–         -

 (  ) ( .   . 2.13)   
,      

-      . 
 . 4.8   )(.  fD  ,   -
  (4.26),  02.0)(,0)( ..  kmkm      

N,           
   )2cos( .max... NDD    ,  N.  – 

   )(.  fD      N.  
      . 4.8   

  . 
 . 4.9  4.10    )( .max.. kmD f     

0)( .  km     N  )(max.. NfD    0)( .  km   -
  )( .km ,   ,    

  )( .km   0  5%    -
     max..D  ( . . 4.9),  

       
      N.    ,   

     0)( .  km   -
   max..D     -

 : 
   0)()(0)( .max....max..   kmDkmkmD  .  (4.30) 

 . 4.11   )(.   fD  ,   -
  (4.27),  02.0)(,0)(  kk      N, 

          
  )2cos( .max... NDD    ,  N.  –  



146 

 

  )(.   fD      N.   -
     . 4.11    -

 . 

 

. 4.8.    fD .ε     N 

 

. 4.9.     kmD f .max..ε      
 N 



147 

 

 

. 4.10.    NfD  max..ε                         
  km.  

 

. 4.11.     fD .ε     N 

  )(max.. kD f      0)(  k     N  

)(max.. NfD    0)(  k     )( k    



148 

 

 ,   .4.9  4.10 (   -
 3%).    ,      -

       0)(  k   -
   max..D       

   : 

   0)(0)( max..max..  kDkD   .          (4.31) 

,      
   ,   -

 ,   . 4.94.11,      
   0.6%. 

 . 4.12   )( fD     )()( . kkm   

01.0)()()(,0)( .  kkkmk      N.  
  ,   )( fD    

     ,     -
  D     N     

  . 

 



149 

 

  3     -

     N–  

  –   ,    2, -
  ,    1.    

,    3, : W –  
  ,°; R –     ,°; D –  -

 ; D% –      -
 , %. 

    (4.24)    (4.4)   
ё   ,    4.2.1.  

        
(    ). 

     N–  
,      (    -
 –     )     

  ,     –   
.        ,   

        .  -
    (4.4)    : 







 






 








 






 













N

k

kkkm

N

k

kkkm

N

k

N

k

N

k

N

k

arctg

1

.

1

.

)1(2
cos

)1(2
cos

)1(2
sin

)1(2
cos

)(











 

 

 













 



 










 



 





N

k
kkkkk.m

N

k
kkkkk.m

cos
N

)k(
cos

sin
N

)k(
sin

arctg

1

1

14
2

14
2









. (4.32) 

 ,   . 4.14.12,   -
        

       N,  -
     N–      -

. 

4.3.    ё       
  N-                              

  

   ё   
 N–   ё       -

  (   ). 
 . 4.13    ,  -

     ,   -
   ( . . 2.13),    1,  



150 

 

90°-    2,  3    4,  5  
  ,  7, ё   8,  9  

 10. 

 

. 4.13.   ,                               
    ,                               

   

   .   -
 1      4  3 ,   

  5 –   90°–    2.   -
  6   ё   8   -

,    ,      
 6  ,    ё   8.    

       -
  ,      – . -
 7      -

 9,        -
   3, . . TPkK 17  .     

20-12-0.4-0.74- 29,    74.0TPk   -
       : 

1–   – ;67.1%;05.0  kTPk  ; 

3–   – 67.6%;2.0  kTPk  ,    ,  , 
    ,     -

,    0.2%  0.5°,   -
 (  .)   (  ) -

 )( f   ( . . 4.15)  )(.  fD   ( . . 4.16)     -

  .  ,   . 4.15  . 
4.16, ,      -

ё   8   9 ( )   

±0.619°      ±0.692°     ,  
       -

  (  ),     10,  
 ±1.064%       ±1.251%    

        0  360°.   -
       



151 

 

±5,37%.       
 3,  12 ,       400 . 

    ,   ,    
,        -

 ,    ,     

( )  . 
 . 4.14    ,  -

     ,    
   (    ) 

( . . 2.13),    1    2,  3  
 4 ,  5,   6, -
 7,   8,  9,  10  

 11. 

 

. 4.14.   ,                         
    ,                       

   (    ) 
   .   -

 1U   2U ,    cos   sin ,   -
   1.      1 -

 5      ,    -
 5   ,     1U  

 2U .       -
   10.   6   -

    9,   -
 8 –       -
 7.     -220-1 8    2 , 

   22.0TPk ,   
  038       -

   : 
2-   – 7%;15.0.  kkTPk  ; 

3-   – 12%;25.0.  kkTPk  ; 

4-   – 17%;35.0.  kkTPk  ,    ,   -

,     ,   -
,   0.5%,    (  ) 



152 

 

  (  )  )( fМВП   ( . . 
4.17)  )(.  fМВПD   ( . . 4.18.)     . 

 
 ,   . 4.17  . 4.18, , 

       9  
,      1U   2U  ( -
),   ±0.733°     , ±0.828° 

      ±0.905°    ,  -
        

,     11,   ±1.237%   



153 

 

  , ±1.405%       ±1.498% 

         , 
    0  360°.    -

      ±6.427%.   
   ,   ,    

   (    ), 
      ,  

  ,     ( )  . 

 
 . 4.19  4.20     ,   

       . 



154 

 

 
      . 3.1   -

     ,   -
     ( . . 2.14).    

       -20-12-0.4-0.74- 29 -
  ,   20 .,    -
      -

   ё         -
     . -
        -

  . 4.21,       
( )  -5  (      5") 



155 

 

1,  ( )  2,   , 
    3,  4  5     

-220-1 8   6,   7   -
 8. 

 
    200     -

    0  360°    .    -
     1     -
       .   

         
  [20],      -

   ,        

    .  . 4.22  -



156 

 

 (  )   (  ) -
   :  )( f  , -

  )( f     )( f ,    4 -
  ,     -
 . 

 

. 4.19.      ,             
       



157 

 

 

. 4.20.      ,                
       

 

. 4.21.                             

                                  
  



158 

 

 ,   . 4.22, ,  -
       -

 ±0.398°,     -
     ±0.793°,   -

       ±1.194°. 
       -
   ±5.92%. 

 
 . 4.23   (  ;  -
 (  )     

    ,      -
 ( ).  ,   . 4.23, , 
    ( )  -

     :    – 



159 

 

±0.6731,   – ±1.345%,  – ±1.994Z. -
  ( )      

 ,         
        -

.        -
      4,312%. 

 
     : 

1)    : 
–    – 200 ; 
–    – 0.0110 ; 
–    – 0 60°; 

–     – 0,18°; 
–    – 0.793°; 



160 

 

2)   : 
–     – 0.3– 250 : 
–    – 0.0065 ; 
–    – 0360°; 

–    – 0.398°. 
       -

 ,    ,  ё-
   ё      (  

). 
 . 4.24    ,  -

     ,    
   (   ) 

( . . 1.17),    1,  2,  3  -
 4   5 ,    6  -

 7. 

   .   -
 1 ё     4  3,   2 

  .     5  3   , -
         (   -

        1). -
           -

  7,    –    
  6,      -

,   . 4.25.      
  1    5  3    -

  .     2.5 -    -
    1 38021000     15  

    12    
      ,  , ,  

        1  -
  5  3. 

 

. 4.24.   ,                               
    ,                            
   (                     

) 



161 

 

 

. 4.25.                    
                                       
(    ) 

 ,     
   (   ) ,  -

ё    N–       
       ,   

  ( )   -
       . 

 

1.    (4.1)  ,   
 N-   (   )  -

  (  ё     ). 
2.  ,    ( -

 )  N-  :    (  -
  ) ( .  (4.3))    -

    ( .  (4.10, 4.11)). 

3.  ,    -
 N-   ( .  (4.4))  ё ,  

-       ( .  

(4.12)), -         ( . -
 (4.16))       -

 ( .  (4.19)). 

4.    (4.25)  ,  -
      ,   

 (4.26)(4.28),     -
   ,   -

         
     ,   

   . 
5.   ,    (4.4), 

(4.12), (4.16), (4.19)    .4.14.7,    -
    ( .)  -

  ё           



162 

 

N,      ,   -
         

      -
 N. 

6.  ,    (4.26)(4.28)  -
  .4.84.12,      -
          -

        
      N,     

 ,      -
        

     N. 

7.  ,   .4.14.12, ,  -

         
  ( )    ( ),  -

   ( )        
  N        

       
,        -

 . 
8.      -

   (   )    -
    ,  ,  

ё          
        

  N-       , . . 
       

±6.427%. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



163 

 

     

      -

      N-

         -
,   ,     

  : 
1.        -
         

           
. 
2.        -

  ,      2.2   
   (      ) 

       . 
3.    (2.46)    2.2  , -

   ,     

N-  ,     (2.49),     -
 , . .    -

 . 
4.           -

 2.2     (   )  ё  
  N-  ,   .2.132.19.  

ё    N-     -
          -

       . 
5.      N-    -

 (2.76)  (2.77),      N- -

     ,    
    (      

   ). 
6.    ( .2.132.15)  ё   ( . 2.16) 

  N-      2.2, .1, 2 -
        -

  ( . 3.1, 3.2, 3.43.10),      -
 . 
7.    ( .2.13, 2.17)  ё   ( . 

2.18)   N-      2.2, .35 

        
  ( . 3.11…3.14  . 3.16…3.25),    

   . 
8.   ё    N-   ( . 

2.19)         -
    ,   -



164 

 

      (  1000 ). 
9.  ,    ( -

 )  N-  ,   ,  
    N-  ,   -

         -
. 

10.      -
  N-    ,   

. 4.14.12,       -
       -

         -
       N. 

11.      -
   (   ),  ,  -

ё           
        -

 N-        . 
     : 

-         -
 ; 

-         -
      ; 

-       

N-  ; 
-        -

    . 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



165 

 

 



166 

 

 



167 

 

 



168 

 

 



169 

 

 



170 

 

 



171 

 

 



172 

 

 



173 

 

 



174 

 

 



175 

 

 
 

 

 

 


