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     D      -

  . 

     -

 .         

D      (   )   

   .D   .D  (3.1)    

0 0 0 . 0 0 . .

0 . . . . 0 . . . .

( ) ( ) ( )( )

( )( ) ( )( )

D h h D h h D D h h

D D D h h D D D D h h

− = − + − − +

+ − − − + − − − −
 

(3.6) 

  (3.2 ) –  
3

0 . 0 1 2 . 3 . 0

1

j jD D y D y D y D D y D= + ⋅ + ⋅ + ⋅ = + ⋅∑ ,    (3.7) 

 1 2 3, ,y y y –    

  ; j  –  . 
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    , ,   

 ,   (    

 )  0 . 0 . 0( )Q D h h= − .    -

  , . .   , 

      0 0 0( )Q D h h= − ,  

h  –   .      

(3.2 )  

0 . 0 . 0 0 0( ) ( )( )Q D h h D y D h h= − = + ⋅ − .               (3.8) 

  0 0 0( )Q D h h= −   
0

Q
D

h h
=

−
,   -

       , 

      ,  -

   

0
0 . 0

0

h h
Q Q Q

h h

−
= + ⋅

−
,                                 (3.9) 

  

0h –   ;  

Q  –  ,    . 

       -

    . 

 

0

0

h h
y

h h
ξ−

⋅ =
−

.                                       (3.10) 

 ξ      -

 .   (3.10)  (3.9)    

0 . 0Q Q Qξ= + ⋅ ,                                    (3.11) 

 

0 . 0Q Q

Q
ξ

−
= .                                       (3.11) 

 ,      

       -

     ,   -

 . 

     , . .   

  (   ),    -
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        -

  ,  -

 ,  . 

  ,      

 ,         

 (3.7)     

0 . 0 1 2 . 3 .Q Q Q Q Qξ ξ ξ= + ⋅ + ⋅ + ⋅ ,                  (3.13) 

  z   

0 . 0

1

z

j jQ Q Qξ= + ⋅∑ . 

 . ., ,Q Q Q –     -

,     , ; 1 2 3, ,ξ ξ ξ  – 

      -

 . 

      -

     (3.11)    

0 . 0 . 0Q Q Q QξΔ = − = ⋅ .                            (3.14) 

      ,    

,         

    ,     -

. 

  ,       

   Q ,      1Q  

      .    

   (3.14): 

0 . 0 . 0 . 1( )Q Q Q Q Q Qξ ξ′Δ = − = ⋅ − = ⋅ Δ ,             (3.15) 

 

0 .Q′  –      . 

      ξ   

 ,       -

     .    

        -

   . 

  ,   ,  

  (3.5)     

( ) (1 ) ( )Q D h h D y h h′ ′Δ = Δ ⋅ − = ⋅ − ⋅ − , 

, ,  y ξ≈ ,  
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(1 ) ( )Q D h hξ ′Δ = ⋅ − ⋅ − .                             (3.16) 

 h   h′  –        -

      . 

       

 ,         

,         

     , . . i iN N= : 

0 0 0 0( ) ( )D h h D h h⋅ − = ⋅ − ,                            (3.17) 

  

0D  –       , / ;  

h  –   , / .  

 

0
0 0

0

h h
D D

h h

−
= ⋅

−
,                                     (3.18) 

        -

         

0
0 0 0 0 0 0

0 0

h h h h
D D D D D D

h h h h

− −
Δ = − = ⋅ − = ⋅

− −
 

 

  0DΔ      ( -

)  .     

          -

   ,   -

        -

, , ,      -

 . 

        

0 0 0( )Q D h h= − ,     –  

0 0 0( )Q D h h= − .       -

         

     (3.18)   

0
0 0 0 0 0 0 0

0

( ) ( )
h h

Q Q Q D h h D h h
h h

−
Δ = − = ⋅ − − ⋅ ⋅ −

−
. 

         -

  , . . 0D D= .  D    
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Q

D
h h

=
−

      .  

Q  –  ,    .  -

  

0 0 0
0

0

h h h h h h
Q Q Q

h h h h h h

− − −
Δ = ⋅ − ⋅ ⋅

− − −
, 

,   0 0h h h h− ≈ −   
0

h h
y

h h
ξ−

= ≈
−

,    

0
0

0 0

1
h h h h

Q Q Q Q
h h h h

ξ
⎛ ⎞− −

Δ = ⋅ − = ⋅ = ⋅⎜ ⎟− −⎝ ⎠
.              (3.19) 

        -

    ,    , 

         

  [ . (3.14)].  ,     

       -

        -

,      . 
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3.3.     

 

 ,     

  ,   ,     

      

       ,   

   . 

        

      , -

 ,     . 

      : 

, , , . 

       

  . 2  ,      

      . 

       -

    . 

       -

 ( )       

. ,   ,    -

,     ,   -

 , .       -

    ,     ,   

.       

,      .   -

     « ». 

       ,  -

        

      -

 –  ,   .    -

      ,    

  .       

,     ( , 

),    ,     

    .    

      .  

   ,    –   -

.    ,    

,   ,   -

      ,  -
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   ,      -

  . 

 

 ( )    

.  

        

    

0 .Q Q Q Q′= + + , 

  

Q′  –       0 .Q   

      (  

),    

0 . 0 0 .( ) ( )( )iN D h h D D h h= − + − −  

Q  –     ;  

Q  –  ,     -

. 

    Q , ,  -

   ,    , -

    

0 .Q Q Q= − .                                        (3.21) 

 , / ,      

 

Q
B

Q η η
=

⋅ ⋅
,                                       (3.22) 

  

Q  –    ;  

η  –   ,    

        -

     ;  

η  –   ( ). 

     -

  

0 .

N N

Q Q Q
η = =

−
.                                  (3.23) 
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B
b

N
= .                                              (3.24) 

     ,   

(3.24)  B   N    (3.22), (3.23),   

  

1 1
b

Q Qη η η η
= =

⋅ ⋅ ⋅ ⋅
,                           (3.24) 

  

η η η η= ⋅ ⋅  –    -

  ( )   . 

   , /( · ),   -

 (   1 ·  )  29,31Q =  /  

  

3600 123

29,31
b

η η
= =

⋅
.                                   (3.25) 

 ,     -

 ,  

. .( )Q Q D h hη η= ⋅ = ⋅ − ⋅ ,                        (3.26) 

 

  

.h  –    ;  

η  –     -

    ,    

   η , 

.Q

Q
η η= = .                                       (3.27) 

 

      -

  

η η η η= ⋅ ⋅ .                                      (3.28) 

    ,   

, 

. .Q Q
B

Q Qη η η η
= =

⋅ ⋅ ⋅ ⋅
.                          (3.29) 
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  ,     

,   , 

.
.

B
b

Q
= .                                          (3.30) 

  

.Q B Q η η η= ⋅ ⋅ ⋅ ⋅ , 

  , / ,   

.

1 1

29,31
b

Q η η η η
= =

⋅ ⋅ ⋅ ⋅
. 

    

B B B= + .                                          (3.31) 

       

0 .Q
B

Q η η
=

⋅ ⋅
.                                        (332) 

        

       

  ( )  η  (    -

      «   

 »). 

      , -

 ,    : 

.N Q N Q

B Q B Q

ηη + + ⋅
= =

⋅ ⋅
,                         (3.33) 

  

N  – ,    ;  

.Q  –  ,   . 

,    

   ,   

    : 

N

Q
= .                                              (3.34) 

 N  – ,     -

 D        .   N  -

     ,   -

. 
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  ,  

0 0

. .

( )

( )

D h h h hN

Q D h h h h

⋅ − −
= = =

⋅ − −
.                       (3.35) 

      

    ,   

   ,  oiη     -

   . 

  ,  

 ,   .    -

  ,   (3.22),  -

   ,     -

 .  (3.22)    -

  0 .Q ,      

,    Q ,     

.    (   ) -

    0 .Q   ,     

 Q ,      .  

      -

     D ,    -

 ,     Q  -

          

    .      -

    (3.22)  .    

,         

 ,    ,  

 , – . 

      -

        η    -

     . 

       , -

  ,        -

  . ,  0,92η = , 0,99η =   0,98η η= =  

       , 

  (3.30),   38,2 /     -

 ,    ,      

   . 

      (3.33) -

      .   
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    , , , 

    ,    , -

   , . .     -

 ( 0α = , 1α = ),     .    -

        . 

          

  ,       

.         

    ,    

    .      

      

 .  

         -

.           -

 ,     

( 0α = , 1α = ),     . 

      -

   ,   -

 ,        

.         -

        

(3.32) .       

      ,  

  . 

       -

  .     

  ,      

 ,       

   .     -

,     –    – 

     .      -

,   ,   ,  

    ,  -

    .     

     , -

        

      .      

  .     -

    – .  – , -

  ,      
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 ,       -

    0T , . 

        

,        -

,   ,       

 . 

       -

  .  ,   h ,  -

 ,  

( )N D h h η ηΔ = ⋅ − ⋅ ⋅ , 

  

h  –    . 

  ,     , 

1

( )
z

j j jN D h h η ηΔ = ⋅ − ⋅ ⋅∑ ,                         (3.36) 

  

z  –  ;  

,j jD h –        -

 . 

 ,     

 ,   

N N N= + Δ .                                       (3.37) 

       -

      

B
b

N
= ,                                            (3.38) 

  

B  –       [ . (3.32)].  

     

B N b= ⋅ , 

        

B N b= Δ ⋅ .                                         (3.40) 

     1 ·   

b b= .                                              (3.41) 

      , -

  ,    

(3.30).         
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       .  

    (3.30) . .

1

z

jQ Q=∑ . 

    -

 ( )       

N

B Q
η =

⋅
.                                         (3.42) 

    -

       

N

B Q
η

η η
=

⋅ ⋅ ⋅
.                                   (3.43) 

     -

  ( )      -

    

.Q

B Q
η =

⋅
.                                         (3.44) 

      Q   

     ,   Q . 

       

,  ,    

     

N N

B Q
η + Δ

=
⋅

.                                       (3.45) 

       

0 .

N N

Q
η + Δ

= .                                       (3.46) 

      

.  

 



 56

      

 .  

       

   -    -

   .     (3.2)  -

  1     0      . 

        

,       ξ   -

  y     ,  

ξ        (3.2).    

   

0 .

h h
y

h h h
ξ −

= =
+ Δ −

,                                (3.47) 

  

.hΔ –      . 

 (3.47)       

 . 

,     ,  

      .  

     . 

       -

      

0 .Q Q Q ξ= − ⋅ , 

   

0 . .

1

z

j jQ Q Q ξ= − ⋅∑ .                               (3.48) 

      

Q
B

Q η η
=

⋅ ⋅
.                                       (3.49) 

        

 

Q
B

Q

ξ
η η
⋅

=
⋅ ⋅

.                                      (3.50) 
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1

z

j jQ

B
Q

ξ

η η

⋅
=

⋅ ⋅

∑
.                                      (3.51) 

      (3.24) 

 (3.30).     ,     

     , 

   (3.30),     -

,      

. .

1

z

jQ Q=∑ . 

     -

    ( )   -

    (3.42)  (3.43). 

     -

 ( )       -

   (3.44)     -

    .Q   Q . 

      

      

. N Q

B Q

ξη + ⋅
=

⋅
.                                     (3.52) 

       -

 ,    ,   -

 Q ξ⋅      , 

  NΔ . 

 

Э    

 

     – -

 –     

0

1

1 e

T
E Q Q

T
τ

⎛ ⎞
= ⋅ − = ⋅⎜ ⎟

⎝ ⎠
,                                  (3.53) 

 

  

0 1,T T –       

 ;  
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eτ  –   . 

 0

1

1
T

T
−      , -

 »    1T ,  0T .  ,  -

         

,      

0h h
T

s s

−
=

−
,                                          (3.54) 

 

  

0 , , ,h h s s  –       -

 .  

    (3.53)    

01 e

T
E Q Q

T
τ

⎛ ⎞
= ⋅ − = ⋅⎜ ⎟⎜ ⎟

⎝ ⎠
.                                (3.55) 

      

      . 

    

eE Q τ= ⋅ .                                          (3.56) 

     ,  -

      

1

z

j e jE Q τ= ⋅∑ .                                          (3.57) 

   ,    

,    ,   -

        

.eη ,     

.

.

e
e

e

τ
η

τ
= ,                                          (3.58) 

  

.eτ  –     , 

0
.

.

1e

T

T
τ = − .                                         (3.59) 
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   .T  –    ,  

   

2 1
.

2

1

lg

T T
T

T

T

−
= ,                                        (3.60) 

  

1 2,T T  –        -

    , . 

 ,   , , 

    ,       

  

.eE E η= ⋅ .                                        (3.61) 

  ,      , 

   : 

.

1

z

j e jE E η= ⋅∑ .                                    (3.62) 

    ,  -

 ,    

.

1

z

j e jE E E E E η= + = + ⋅∑ .                       (3.63) 

      

e

B
b

E
= .                                             (3.64) 

     1 ·   

 

eb b= .                                               (3.65) 

       

j e e jb b τ= ⋅ ;                                          (3.66) 

 

e jτ  –     

. 

  ,     

 . 

       -
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,          

. .( )B b Э b Э Э= ⋅ = ⋅ − ,                            (3.67) 

         

     

.j j j e jB b Q η= ⋅ ⋅ .                                 (3.67 ) 

       -

    ,   

 .     

 ( )      

 

N

B Q
η =

⋅
.                                          (3.68) 

    -

 ( )       -

   

N

B Q
η =

⋅
.                                         (3.69) 

       -

     

 e

Э
B Q

η +
=

⋅
. 

  

Э  –  ,  .Э Э− . 

    -

 ,      , 

  ,       -

 .      -

,        . -

       ,   -

 ,      -

 . ,    -

         -

   ,     -

        . 

  ,    ,     

 ,    ,    

        -
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    . 
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3.4.    -

      

 

 

    

          

      .  -

      -

        . 

        -

         -

          . 

       

B B BΔ = − ,                                     (3.70) 

  

B B B= +  –     ;  

B B=  –     ;  

,B B  –       ;  

B  –    . 

         

,         -

,        ,   

      , 

     ,   

 ,   ,   .  , 

       ,    

,        

   , ,    

    .  , -

      ,    

 .     -

 ,         

 . 

     , -

   ,     -

 ,    . 

 ,     -

 ,    (3.11)   
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0 . 0Q Q Q Qξ= = + ⋅  

 

  

0Q  –      -

,      -

      ;  

Q  –  ,   . 

    

Q Q Q Q Q= + = + .                             (3.71) 

         

     

Q Q QΔ = − . 

   (3.11)  (3.71)  

(1 )Q QξΔ = − ⋅ .                                    (3.72) 

     

(1 ) Q
B

Q

ξ
η η

− ⋅
Δ =

⋅ ⋅
.                                      (3.73) 

   ,      

 ξ      y ,  

01
h h

h h
ξ −

− =
−

. 

      -

       -

   , ,    . -

       .  -

     ,   -

   . 

       

(  )    

0Q Q= .   (  )   

       -

 Q  ,  0 . 0Q Q Q Qξ= = + ⋅ .   

      -

 Q       
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     Qξ ⋅ .     -

       -

   Q    ,      

. ,     (  

)     

Q Q
B

Q Q

ξ
η η η η

⋅
Δ = −

⋅ ⋅ ⋅ ⋅
.                           (3.74) 

        -

        

(1 ) Q
B

Q

ξ
η η

− ⋅
Δ =

⋅ ⋅
.                                      (3.75) 

 ,      -

       -

 ,      

,       -

.         

,   . 

,       -

 .        -

.          -

 . 

      

1

z

jE Э= +∑ .                                 (3.76) 

  

j  –   ,   j -  -

 .  

      -

 

.E Э E= + , 

  

Э  – ,    ;  

.E  –  ,     

 . 

      , -
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.
 

1

z

j

B B
b

Э

+
=

+∑
,                                 (3.77) 

    

.
 

.

B B
b

Э E

+
=

+
,                                   (3.78) 

  

. ,B B  –        -

   ( );  

. ,B B  –         -

    . 

      

( )  

1

z

jB Э b b
⎛ ⎞

Δ = + −⎜ ⎟
⎝ ⎠

∑                      (3.77) 

        -

    . 

       -

  ,      

      .   , -

      -

         

 (3.16).   
Q

D
h h

=
′−

,  h h h h′ ′− ≈ −   

 (3.16)  (3.72) . 

   ,    -

          

    . 

        

     ( -

),       . 

         -

     ,    –   

       . -

 ( )   .     -

      -

     ( y D⋅ ),     -
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   ( D )     .  -

  ,        

( D ),    .     

      ,    

    . , -

 ( )      , 

   .      

,    ,     -

  ,        -

. 

     ,   (   ) -

,  Dξ ⋅      (α )   

     Q      

  ,       , 

       .   

    ( ),   . 

,           

    . 

 ,      -

        -

 ( )       , -

   ,       -
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 я.    -

.     

  

 

4.1.      

  

 

       0t  

(    )     

    , ,   -

 . 

       -

 ;      ,   -

. 

   0t     -

  0P ,       

     ;   , -

,         -

. 

 . 4.1     tη , -

     0t      -

.     0( )t f tη =    -

  0P .    ,   -

  (  0P const= )   .  -

   tη ,     ,  

 16,5  (  350t ≈  ° ).     

    .    ,  (   

 )       -

. 

      -

      .   -

          

.        

 .       

      (   10 ) 

      14 %. 

       -
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;      ,   

  ,      (  -

   ,         

        

 ). 

 

. 4.1.  tη , -

   -

   -

  0t  

 

  ,       -

    0t .   -

  0t       

 .      

 ( 0t ,       -

    ,   540 ° , 

    – 600÷650 ° . 

   ,    0P   tη , 

.          0P  

 ( )  0H  ,   

   0 maxH    ( . 4.2). 

  

( )0 0 0 0/ /t H q H H qη = = + , 

 , ,     0H    0P  , 

tη  ,     q     -

.     0P ,  0H   

,  tη ,   ,    

0/q H . 
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. 4.2.   

 -

   

0H    -

 0P  ( 0t const= ) 

 

     

( )01/ 1 /t q Hη = + , 

    ,  

 0/q H    .     

( ) ( ) ( )0 0 0

2

/ / /
0

d H q q dH ds H dq ds

ds q

−
= =  

  

0 0/ /=dH H dq dq  

. .     0P    -

 0t    tη    ,  

     

     .   

 . 4.3,  0t = 400 °      20   

    ;    30  

tη , .     0t    -

   0( )η =t f P      . 

       tη ,   

 ,    , , -

  .   ,    ηoi  -

       .  -
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   ηoi  ,    , 

, .    ,   0P ,  -

      

 ηi ,    . 4.3 (   ηt ).  0t  

 0P   ηoi         

,        -

 0P      . 

 

 

. 4.3.  -

  ηt  -

  0P   -

  -

 0t  ( 0,004=P  ) 

 

         0t  -

    ( . . 4.2).   , 

       

  0t  (     ), 

       , , 

  ,     14 %.    

 0t       ω ,  -

  –   ,  ,    -

   ,     -

       ( . 4.4, ). 
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. 4.4.      : 

 –          -

 ;  

 –   0P   0t      13ω = % 

( 0,004=P  ) 

 

   ,      

   ,   -

 .     

,         

     ηoi ,    

   .  ,  

  ,   . 3.4,  (  

13ω =  %).       -

   540 °        -

        

0P  = 13÷14 . 

     , -

   ,    8,8   -

  535 ° ,    .  

      100 .  

         -

         

. . . .      100,  

200 .        100 
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,           -

,   –  . 

        -

    12,7     540 

°       .   

      -

  175 ,     

 – 135 . 

 

 

 

4.2.      

 

 

        -

.      -

,  ,     ,   -

      -

 . ,    -

     ,    -

   0δH ,     -

 ,        -

   0T ′  (   0T )     T  

( . 4.5).        

   ,     

 . 
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. 4.5. ,T s -  

    

 ( -

)    

  -

 

 

  ,   . 4.5, -

         -

      .   

     .   -

       . 

      . -

       

 ,    , , , 

  .      

       . 

     -

.       -

    ,    

    ( )     -

,    . 

      ω . 

      -

    .      

  –     -

 .     ,    0t , -

     (  540 ° ),  0P  > 13÷14 

,      ω    
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 (        

  ). 

     -

    6÷8 %.   -

       

    1,5÷2 %. 

      -

       -

      -

.          

(     ),    -

     ( -   -

 )   .   

   ,     

    -  

,      ,  -

     .    -

        -

     ,    -

 . 

     .t  -

         . 

 .P ,       -

,        . 

,    .P     

      . 

 . 4.7        -

   (      -

       ), 

         . 

        -

: 

0

i
i

H

q
η =  

 iH  –  ( ) ,   1 

 ,   ; 0q  –   , -

    . 
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. 4.7.     

   -

    

 

    : 

0 1iH h h= − ,                                            (4.2) 

    : 

( ) ( ). 0 . 1 . 2 2iH h h h h= − + −  

 

( ). 0 2 .iH h h q= − + Δ .                                   (4.3) 

  (4.2)  (4.3)   ,  

�         

      ; , 

.iH    .qΔ ,   -    

     .    -

 �       .P  ( . 4.8, ) 

,  0 .H    .P   ,   

,   ,     

 .    iH ,. -

 ,    1  , -

  

0 0 .q h h q′= − + Δ  

 h′  –  . 



 76

. 4.8. ,T s  -  ( )  ,h s  -  ( )     

      .P  

 

    ,    -

  0q  .    ,  -

 iη ,      ,    

      ,  

0q .       , 

        -

  ( . 4.8, ) ,    .P , , 

    (   ). 

       -

        . 

   . 4.8,      -

 : 

0
.

0
t

L L

q q
η + Δ

=
+ Δ

                                           (4.4) 

 

0 0
.

0 0

1 /

1 /
t

L L L

q q q
η + Δ

= ⋅
+ Δ

.                                  (4.4 ) 

 0/L LΔ  -       

 ,  0/q qΔ      : 

0/ /t tq q A η ηΔ ΔΔ = ⋅  

  

0/A L LΔ = Δ ;  
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0 0/t L qη = ,  

/t L qη Δ = Δ Δ .  

  ,  : 

( ).

1

1 /
t t

t t

A

A
η η

η η
Δ

Δ Δ

+
= ⋅

+
.                                  (4.5)  

 (4.5) ,    .P ,   t tη ηΔ > , -

        -

 .       

      ,    -

   AΔ .     -

  .P ,     -

 . /i iη η     .P .     , 

  . 4.9. ,    .iη  -

,       ,  -

       

,      oiη . 

 (4.5) , ,     

      

 .P .      ,  -

,    ,    -

     ( ,   

        -

). 

 

. 4.9.   

    -

  .P  

 

   .iη  ,  

. 0(0,15 0,25)P P≈ ÷     . 
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       -

  0(0,25 0,30)P÷ ,    0(0,06 0,09)P÷ .  -

  ,      -

,        .P  

. 

     

  150÷200       -

     12,7 ,   -

 300, 500, 800  1200  –    23,5 . 

         

540÷560 ° .    8,8 , 535 °    12,7 

, 540/540 °     12÷14 % ,    

12,7    23,5  (     ) – 

   4÷5 %. 

        -

 . 

 ,      , -

 .P        P .  

 ,      

,   .P     ,  

     .   -

,         -

      .P   ,   -

 .           

,    (     

,   ),      

.P      .      -

     .   , 

       , -

  ,  ,   -

 ,   ,      

 , .    -

     D  , ,   -

   .  ,    -

     ( )     -

     ,      -

  D   ,   ,  

 ,     -
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;       ,  

    .    -

        -

,     ,   

    0 12,7P =   (   -

  180 ).    

     ,   -

 .    

  250 . 

      -

         

   ,  (  

  .P  ) ,   -

          ( -

      ,   ,     

  .Q   .)    . .NΔ   

    ЭΔ    -

  . . ,     . .    

  .       -

 , . .  ,      

         -

,      (   

   ).  . . .< , 

      

  . 

 

 

4.3.      -

  

 

 ,        

: 

0

1t

T

T
η = − ,                                         (4.6) 

  

0T  –      ,  -

     . 
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    0( , )t f T Tη =    

  , : 

( )

( )

0

02
0

1
;

,

t

t

T
T

T
T

T

η

η

⎫⎛ ⎞
Δ = − Δ ⎪⎜ ⎟

⎝ ⎠ ⎪
⎬

⎛ ⎞ ⎪Δ = Δ⎜ ⎟ ⎪
⎝ ⎠ ⎭

                                (4.7) 

 

  « »  « »   tη ,  -

      . 

   ,    -

 TΔ   0TΔ    ( )tηΔ    

( )tηΔ   0 /T T  .  ,    

 T        

 .      

P       ,  -

    ,     

(        )    . 

     iη ;    . 

 . 4.10      -

    P .    P  (   -

        -

 )  ,  ,  , -

.   NΔ    ,    -

         

  . 

 

 

 

 

 

 

 
. 4.10.  -

   

   -

 

 

  P        
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, ,      -

,         

   .        -

     , ,   -

     .  

  ,        , 

   .    

D ,    ,      -

 .  

      -

        PΔ  ,  -

   .P ,     P  -

 , . 

 ,     P   

   .      ,  

-    P     

 ,     . 

, ,    -

  ( . 4.11),  : 

1 2

I

p

h h
t t t t t

m
δ δ−

= + + = +
⋅

. 

  

1 2,t t –      , 

° ;  

tδ  –     ,  

  , ° ;  

m  –   (   – , 

  1  ,   , 

/ ). 

 

 

 

 

 

 

 
 

. 4.11. ,t Q  -   -
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   1t     -

,      ,    

  tδ       , -

  .P .       P   -

,        

        -

  ,    

  (    ). 

 ,  ( )t P ,   m   -

 tδ    -  . 

     m    

  50  80 / ,  tδ  –    3  6 ° .  

 . 4.12    P     

       

1t   tδ  = 3 ° .    Ih h−    2200 / , 

       P  = 

0,003÷0,005      10 %.   -

  (    )   

  .      

  ,       -

  .     

     ,   -

   .  

 

 

 

 

 

 

 

 
 

. 4.12.  P   

  m   

tδ  = 3 °   

 

        

     ,   

    .   

 P ,    ,  . 
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        -

      0,003÷0,0045 .  -

 ,       -

        -

   ,   P  .   

        -

.  ,       

P ,     ,     -

. 

    ,   

 .          

 ,       

     .    

 ,         

,    .  P    

    ,    , -

   ,     ,   

 ,          

   ,     -

.   P        

0,0045÷0,0055 . 

 

 

4.4.    -

.   

 

      -

 .    -

        -

.      -

    (  )    -

  (  ),     . 

         , 

         

. 

      

   ,    -

 ,      -

 ( . 4.13, ).    -
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       -

  ( . 4.13, ). 

 

. 4.13.    ( )   ( ): 

1,2 –      ; 3, 4 –    

 ; 5 – ; 6 – ; 7 –  ; 8 – -

  ; 9 –  ;  –   -

  
 

   ,  -

      .  

     ,  

         

   . 

    ,   -

         

 .    .  

   ,  ,   -

   .       

 . 

       

   ,      

         -

. 

       

   : 

0

0
i

L L

q q
η +

=
+

.                                       (4.8) 
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0,L L –       , -

  1  ,    

 ;  

0q  –  ,    1    

 ;  

q  –     1    . 
 

,  L q= ,   : 

0 0

00

0 0

1

1
i

L

L L

L Lq

L q

η
+

= ⋅
+ ⋅

 

 

0

0

1

1
i i

i

A

A
η η

η
+

= ⋅
+ ⋅

,                                  (4.9) 

  

0

L
A

L
= –  ;  

0
iη  –      -

. 

  ,      

        A  . 

        , 

,       -

. 

 (4.9) ,       

     ,    -

 . 

 (4.9)    ,    .  -

        

 i Эη .    0
i Э iη η>   -

      ,   .  -

       -

. 

      -

,  ,       

 ,        -

. 
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-   ,   -

    ,    

. 

       

      

  ( . . 4.13, ).      

        

   .       -

      ,    -

 ,    . 

      -

    ,    -

     .   -

      

   ,     -

 ,     ,   

  ,      

. ,       

      . 

     ,  -

      .   

     -

       . 

,        

(   ,    

, -  ,    -

   ,    -

       .),   

  ,   -

  ,      ,   

        -

        . 

        -

        -

 ,    .  -

       -

 ,   ,        

 ,      

 ,      .Q , -

 ,  , ,  ,    , 
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       .Q . -

        

       -

        

 .        .Q   -

   ,       -

       (  -

  )   Δ   -

 . 

 

 

 

 

 

   

 

 

1.     . 

2.   «  ». 

3.       -

    ? 

4.         -

? 

5.        ? 

? 
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 я я.   -

      -

 

5.1.     -

   

      -

     .   , 

        -

 .       -

,      ,  

      ( ).    

       ЭN   

       . 

 ,   ,    

 ,       . 

     ,    -

          

 .     -

       150÷170 

° ;    -   225÷275 °  (   

      ). 

 . 5.1,      -

      .  

        

.       

,      ,  -

      .  ,  -

     .    -

        ,  

    ( . 5.1, ).    , 

    .   

       .   

          . 

          , 

  1   ,    , -

  ,  1   ,   -

.        ,  

    ,    - . ,  



 89

,     oiη ;.  -

,         

     ,     

     . 

 

 

. 5.1.        -

         ( ) ( -

 )           -

 ( ): 

1 -  ;  

2 - ;  

3 -  ;  

4 -  
 

 . 5.2  ,T s -     

      , -

        

.  
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. 5.2.     ( )   ( )  

 

     ,   -

  ,       -

  0T ,   ,    

CD ( . 5.2, )      , -

     .  

       -

 .  ,        

. 

        

   ,     

            

    .     

      ,   0T , 

      0T  ( . 5.2, ). 

        

  ,  ,   -

   ,   ,     

          . 

       

       -

 . 

        -

 ( . . 5.1, )    -

  : 
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0 . 0

1

0 0

1

( ) ( )

( ) ( )

z

j j

i z

j j

h h h h

h h h h

α α
η

α α

⋅ − + ⋅ −
=

⋅ − + ⋅ −

∑

∑
,                                    (5.1) 

  

0 .,h h  -         ;  

h  -  ;  

jh  -   j-  ;  

,jα α  -      ,  j-  -

     . 

  (5.1)    : 

0

1

0 . 0 .

0
0

1

0

( )

1
( ) ( )

( )
( )

1
( )

z

j j

i z

j j

h h

h h h h

h h
h h

h h

α

α αη
α α

α

⋅ −
+

⋅ − ⋅ −
=

⋅ − ⋅ −
+

⋅ −

∑

∑
.                                  (5.2) 

  

0

1

0 .

( )

( )

z

j jh h

A
h h

α

α

⋅ −
=

⋅ −

∑
,                                                 (5.3) 

      ,   

,    ,   

0 . 0( ) /( )h h h h− −  -     (  

).  , (5.2)   

1

1
i i

i

A

A
η η

η
+

= ⋅
+ ⋅

.                                                    (5.4) 

 

 (5.4) ,    ,  A ,  

  i iη η> .    -

 ( . .   ,   ,    -

   ),     -

  .      

( 0jα = ), i iη η= .       ,  

       (    -
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),     0( ) 0ih h− =     

  .       -

         -

 . 

      -

 .     -

          -

       .  

         -

 ,    .  -

         .  -

        

          

   3÷5 °     -

 .       

    ,  -

 ,      ,   

  .      -

    .      

   (      -

),       

  t . 

          

  t ,       ,    

(5.4),    .   ,  

       -

  . 

 (5.4)    , 

   .      -

        

    ,     

   i Эη       iη   

    : 

.

.

1

1 ( )
i Э i

i

A A

A A
η η

η
+ +

= ⋅
+ ⋅ +

.                                                    (5.5) 
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0

1
.

0 .

( )

( )

m

j jh h

A
h h

α

α

⋅ −
=

⋅ −

∑
.                                                         (5.6) 

 jα -    ,   -

; jh  -   ; m  -     

   ; .A  -   -

 ,    ,   -

 . 

 (5.5) ,       

        

       ,   

   .A .      

  A       -

   i Эη       

 iη . 

  A   .A     -

   ,   ,    -

  0( )jh h− ,   .     

,          

    ,    -

 .      -

     (  -

    )  ,   

   ,   

  .      -

 ,   ,    

          

  i Эη ,        -

         -

  D .       -

,   D         

   ,     

 . 
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5.2.     -

 

       -

,          

. ,    (  -

),       , 

      t ,   ,  

   .     

 ,       -

 0( )h h− .       0( )h h−  

,    t    ,   

   . ,     (4.4)  

iη  ,    A   -

 . 

   ( . 5.3, ): 

0 0

0 .

( )

( )

h h H
A

h h H

α α
α α

⋅ − ⋅
= =

⋅ − ⋅
.                                            (5.7) 

 

 

  

 

 

 

 
. 5.3.   -

    -

 ( )   

( )    

  -

     

 ( , )  
 

      -

: 
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. (1 )h h hα α= + − . 

 , : 

h

h h
α Δ

=
Δ + Δ

, 

  

hΔ  -        

;  
Ih h hΔ = −  -  ,  1    -

    (  Ih  - -

   ,  t ).  

 

1
h

h h
α α Δ

= − =
Δ + Δ

 

 

  α   α   (4.7), : 

0h H
A

h H

Δ
=
Δ

 

  

0 0 0H h h h h h h= − = − − Δ − Δ ,                                        (5.8) 

  
2

0

0 .

( )

( )

h h h h h
A

h h h

− − Δ Δ − Δ
=

Δ −
.                                        (5.9) 

  (5.9)  0h   h     ,   

  ;  hΔ     -

,        

  A   hΔ    . 

    A  , : 

0
( )

dF

d h
=

Δ
,                                                          (5.10) 

 
2

0( )F h h h h h= − − Δ Δ − Δ . 

 , :  

0 2 0h h h h− − Δ − Δ = .                                              (5.11) 

  (5.8)  (5.11) , : 
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0h HΔ = ,                                                            (5.12) 

. .       -

   ,     -

    hΔ     -

 0H           -

  . 

     -

  (     , . 

5.3, )   : 

1 0 1 2 0 2

0 .

( ) ( )

( )

h h h h
A

h h

α α
α

⋅ − + ⋅ −
=

⋅ −
                                       (5.13) 

 

1 0 2 0 1

0 .

( )

( )

H H H
A

h h

α α
α

⋅ + ⋅ +
=

⋅ −
.                                          (5.13 ) 

      -

, , : 

1
1

1 1

h

h h
α Δ

=
Δ + Δ

; 

2 1
2

2 2 1 1

h h

h h h h
α Δ Δ

= ⋅
Δ + Δ Δ + Δ

. 

 

1 2 1
1 2

1 1 2 2 1 1

1 1
h h h

h h h h h h
α α α Δ Δ Δ

= − − = − − ⋅
Δ + Δ Δ + Δ Δ + Δ

, 

   : 

1 2

1 1 2 2( ) ( )

h h

h h h h
α Δ ⋅Δ

=
Δ + Δ ⋅ Δ + Δ

. 

    1  2  hΔ   hΔ  ,  

       -

. 

  1 2,α α   α   (5.13),   

: 

1 2 2 0 1 2 0 1

1 2

( ) ( )h h h H h h H H
A

h h H

Δ ⋅ Δ + Δ ⋅ + Δ ⋅Δ ⋅ +
=

Δ ⋅Δ ⋅
.                     (5.14) 

 ,  1      -

,     .    -

 hΔ     P ,      



 97

  ( . 5.4,  1),     -

 .      

        

 hΔ      P  ( . 5.4, -

 2).  

 

 
. 5.4.  -

 , -

 1    -

,    

: 

1 -  -

;  

2 -  -

  

 

    (5.14)  1hΔ   2hΔ    

    A     -

 

1 2 2 0 1 2 0 1( ) ( )F h h h H h h H H= Δ ⋅ Δ + Δ ⋅ + Δ ⋅Δ ⋅ + .                      (5.15) 

   

0 0 1 0 1 1 0 1 1( ) ( )IH h h h h h h h h= − = − + Δ = − + Δ =  

0 1 2 1h h h h h= − − Δ − Δ − Δ ;                                                          (5.16) 

0 1 0 2 0 2 2H H h h h h h h+ = − = − − Δ − Δ ,                                         (5.17) 

  F      : 

1 2 2 1 1 2 1 2 2 2( ) ( ) ( )F h h h h h h h hα α= Δ ⋅ Δ + Δ ⋅ − Δ − Δ + Δ ⋅Δ ⋅ − Δ ,        

(5.18) 

 

1 0 1 2 0 2;h h h h h hα α= − − Δ = − − Δ . 

 (5.18) ,  F     : 1hΔ  

 2hΔ .       1hΔ  

 2hΔ ,   : 

1 2

0; 0
( ) ( )

F F

h h

∂ ∂
= =

∂ Δ ∂ Δ
,                                           (5.19) 

 (5.19)    :  

1 1 1 2 2 1 2 2

2 1 1 2 2 2 1 1

( 2 ) ( 2 ) 0;

( 2 ) ( 2 ) 0.

h h h h h h

h h h h h h

α α
α α

Δ ⋅ − Δ − Δ − Δ + Δ ⋅ − Δ = ⎫
⎬Δ ⋅ − Δ − Δ − Δ + Δ ⋅ − Δ = ⎭

                  (5.20) 

  (5.16) - (5.18)       : 
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1 0 1 1 2 1 0 1 2

2 0 1 2 2 0 1 2

( ) ( ) 0;

( ) ( ) 0.

h H H h h h H H h

h H h h h H h h

Δ ⋅ − − Δ − Δ + Δ ⋅ − − Δ = ⎫
⎬Δ ⋅ − Δ − Δ + Δ ⋅ − Δ + Δ = ⎭

                (5.21) 

   (5.21), : 

1 0

2 1

;

.

h H

h H

Δ = ⎫
⎬Δ = ⎭

                                                            (5.22) 

 ,     -

       

,        -

       0h    -

    1h ,        

     . 

 
 

 

 

 

 

 

 

 

 
 

 

. 5.5.  ( )   ,h s  - 

 ( )   -

  -

 

    -   

,           

(    ),  ,  

        -
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    ,  ,  

        -

,      -     

        .  -

  ,   . 5.5,   

    

1j jh H −Δ = ,                                                           (5.23) 

 

j    1  z . 

    (   ) . . -

. 

     , -

    hΔ . ,  -

      (5.8)  (5.12) -

: 

02 h h h hΔ = − − Δ  

 

0 0

2 2

h h h h
h

′ − Δ − Δ
Δ = + ,                                             (5.24) 

  

0h′  -    0P    , -

  ;  

0 0 0h h h′Δ = − . 

       

 (5.16), (5.17)  (5.22) : 

1 2 0 12 h h h h hΔ + Δ = − − Δ ; 

1 2 0 22h h h h hΔ + Δ = − − Δ . 

    ,   -

      -

 1hΔ   2hΔ    : 

0 0 2 1
1

0 0 1 2
2

2
;

3 3

2
.

3 3

h h h h h
h

h h h h h
h

′ − Δ + Δ − Δ ⎫Δ = + ⎪⎪
⎬′ − Δ + Δ − Δ ⎪Δ = +
⎪⎭

,                                  (5.25) 

     , -

: 
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0 0 2 3 1
1

0 0 1 3 2
2

0 0 1 2 3
3

3
;

4 4

3
;

4 4

3
.

4 4

h h h h h h
h

h h h h h h
h

h h h h h h
h

′ − Δ + Δ + Δ − Δ ⎫Δ = + ⎪
⎪′ − Δ + Δ + Δ − Δ ⎪Δ = + ⎬
⎪

′ − Δ + Δ + Δ − Δ ⎪Δ = + ⎪⎭

,                           (5.26) 

  (5.24) - (5.26) ,  , -

         

,  z ,  : 

0 1 2 1 10
... ...

1 1

m m z m

m

h h h h h h z hh h
h

z z

− +Δ + Δ + Δ + + Δ + Δ + + Δ − Δ′ −
Δ = +

+ +
, 

(5.27) 

     (5.27) mhΔ     

  , : 

0 0

( 1)

1 1

z

j m

m

h z h
h h

h
z z

Δ − + Δ
′ −

Δ = +
+ +

∑
,                                  (5.27) 

       -

  .    

(         -

     ) , -

   A    α ,  -

 .   (5.23)     .  

        

     h′ ,   -

  ,       hΔ   

      

0 0

( 1)

1 1 1

z

j m

m

h z h
h h

h
z z z

ϑ
Δ − + Δ

′ −
Δ = + −

+ + +

∑
,                           (5.27) 

  

mh hϑ ′= −  - ( mh  -     -

 ). 

  ,    -

     ,   -

  ,      P   , -

, . ,    .P  -
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    . mt t′= ,    

  mt′     hΔ ,  

 (5.28)   .     

      -

 ( )mh′ ,  mh ϑ+ . ,     

  mh′     : 

1
m

m
h

z

ϑ
Δ =

+
,                                                           (5.30) 

  

m  -   (      -

). 

 

     mhΔ  .   

       

 ,          -

   ,   h′    -

,    ϑ .      

    ,   -

,   
1

z

z

ϑ
+

, . .  ,    ϑ . 

   (     

 )       

  ,       

.  (5.28) ,   ,    

,  1     , -

  ( 0 1 2 ... zh h h hΔ ≈ Δ ≈ Δ ≈ ≈ Δ ),    -

      -

: 

0

1
m

h h
h

z

′ −
Δ =

+
.                                                       (5.31) 

,       

 ,    -

   .     -

     4z ≥ ,   -

      ,    

 (     hΔ ).   

       

 ,        
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  z  .  ,    -

     . 

 . 5.6       

       

    (   -

).    ,       (5.31)  

     , -

      0

2

h h′ −
;   

 -    02( )

3

h h′ −
;   - 

   03( )

4

h h′ −
  . . 

 

 

 

 

 

 

 

 

 

 

 

 
 

. 5.6.  -

  -

   -

    -

  

  -

  

 

 ,       -

 .h    1/6   ;  -

     -  1/12  

0( )h h′ −   . . 

,       

     . 

     ,  -
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   .   -

: 

.

1

z

jh h h= + Δ∑ ,                                                     (5.32) 

   

.h h z h= + Δ .                                                       (5.33) 

         5÷8 

%     ( -      -

  ).       

,   ϑ       -

 ,     ,    -

.        -

  .       

 , ,    ϑ   -

    .t′ ,    -

. 

  ,      -

         

 .    .t   . optt  -

    .      

 .       -

       -

     ,   

 .     .t    -

,      

. optt .   ,    .t   -

  ,    

     ,  

  .        

       . -

   (      -

 ,     )  -

 .t  ,        

  ;     

 . 

 ,   . . optt t≠     -

,     ,   -

,      [ . (5.23)].  



 104

      .t   -

. ,    .t   -

    . mt t ϑ′ = + .  -

     .P     

 1 .(1,05 1,08)P P= ÷ .    (     ) 

  ( 1)z −  .    , -

    ,   (5.29)    -

,   .  ,  -

      ,   . optt , -

   . 

        -

 ,      

,         

    sΔ .     -

     z      -

   : 

0

1

s s
s

z

−
Δ =

+
,                                                          (5.34) 

      .t  -   

.s s
s

z

−
Δ = ,                                                         (5.35) 

  

0s  -     ,  -

    0P  (    );  

.s  -      .t ;  

s  -        -

 . 

 ,        

( . .   ,     

 ,  ,    -

 )    ,  

       -

, . .: 

31 2 1

2 3 4

... z z

z

TT T T T

T T T T T

−= = = = = ,                                          (5.36) 

  

1T  -   , ;  
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2 zT T÷  -       -

, ;  

T  -        

, . 

     ,  -

      : 

0 1 2 1

1 2 3

...
z

z

h h h h
m

h h h h

−Δ Δ Δ Δ
= = = = =

Δ Δ Δ Δ
,                                  (5.37) 

 

0 0 .h h h′Δ = − ; 

0
1z

h
m

h
+
Δ

=
Δ

.                                                         (5.38) 

     (   

  ,     1z z′ = − ) 

 (5.37)  (5.38)  : 

1 2 1

2 3

...
z

z

h h h
m

h h h

−Δ Δ Δ
= = = =

Δ Δ Δ
,                                       (5.37 ) 

 

1
z

h
m

h

Δ
=

Δ
.                                                         (5.38 ) 

 (5.37)  (5.38) [    (5.37 )  (5.38 )]   

,   hΔ       

      h′    -

  P   1P   . 

      -

       -

     ,    .  

        -

,        

          -

.       (   

       t   -

    t′    t′     0t′  
   ),   -   (  t    -

 1t′ ,    ,   1t′ ,  -
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  2t′        2t′   

0t′ ).         

   . 

      

   .      

      ,   -

  P .      

    :  t     t′ , 
   ,   t′   0t′ .  -

  t   t′       ,   

 t′   0t′  -   .       -

  . 

   ,      -

   5 ,     

4z > ,      [ . 

(5.31)].         

 : 

(1 )h hωΔ = − Δ ,                                           (5.39) 

   

,h hΔ Δ  -     , 

     ;  

ω  -       . 

      

       -

    ,   . -

       ,  

          

  .    -

        -

  . 

  ,       -

     . ,  

  ,    -

    ,   -

      .     -

 DΔ      ,     

   ,     

 DΔ      . 
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        -

  .     -

 ,       -

   ,   ,  

  .  ,  

  ,     

 ,      -

 . 
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5.3.      -

   

     

        -

  .        -

       

  .     -

      -

,     ,  -

    (   ). 

       -

    ,   -

  ,   ,    ( . 

5.7).      ,  

   ,   -

    ,    -

 ,        -

  ,   , 

        ,  

  . 

 
. 5.7.   ( )         

 ( ): 

1 -  ; 2 - ; 3 - ; 4 -  -

; .
Ih , .

IIh  -           -

 (   ) 
 



 109

     ,   

    ,     

      . 

,   -  ,  -

  [       -

       -

 ]      -

   .t ,      -

  .     , 

   ,    -

,     ,  -

 .t  (  .h )      -

       

,    .  

           -

 ,       

,    . 

,   ,   hΔ ,   

 ,       .h  

( . .  ),       -

 ,     , 

     : 

1.
2 2

0 . 1 1 3 3

3 4

1
hq

h h
h h h h h h

h h

⎛ ⎞Δ
Δ + Δ ⋅ + ⋅⎜ ⎟⎜ ⎟− Δ + Δ Δ + Δ⎝ ⎠ =

Δ Δ
;                   (5.40) 

3 4 5 1

4 5 6 .

...
z z

z

h h h h h
m

h h h h h

−Δ Δ Δ Δ Δ
= = = = = =

Δ Δ Δ Δ Δ
;                          (5.41) 

  

.q -  ,   1    -

 ;  

zhΔ  -  ,     

 1  ,   ,   

 ;  

.hΔ -  ,  1    . 

          ,  

1 0hΔ =   (5.40)  : 
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.
2 2

3 30 .

3 4

1
q

h h
h hh h

h h

⎛ ⎞
Δ + Δ ⋅ +⎜ ⎟ Δ + Δ−⎝ ⎠ =

Δ Δ
;                               (5.40) 

 (4.41)  
1

i

i

h
m

h +

Δ
=
Δ

,    

3
2

.

z

h
m

h
−

Δ
=

Δ
.                                                         (5.42) 

 (5.40) - (5.42)    -

 .   (    .h ) 

  2hΔ        -

        

.     (5.40)  2hΔ .  

     ,  

  . 

      -

      .  

      hΔ   -

  2hΔ .       

   ,        -

 (    ),   

    ,   .    

       .   -

,         -

,        -

    .     

    . 

         

      , . .: 

0 0 . . .( )h h q
Q const

α α
η

− + ⋅
= = ,                                   (5.43) 

  

0 1α = -      ;  

.α  -      -

;  

0h   .h -      , / . 

 ,   Q const=     -
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 ,      

   : 

. .
0

0 .

q

h h

αα ⋅
Δ =

−
.                                                      (5.44) 

         -

: 

0L HαΔ = Δ ,                                                    (5.45) 

  

H  -      , / , 

0 1 1 1 .(1 )( )IH h h h hα= − + − − ,                                    (5.46) 

     -    ( 0αΔ )   -

       , -

 ,   . 

 ,      , 

        ,  

        -

        (  ), 

,       -

 ,  LΔ . 

 ,        

     ( . . 5.7) 

   : 

.H Lα⋅ = Δ .                                                   (5.47) 

 (5.44)  (5.47), : 

.
0 .

H
H q

h h
= ⋅

−
.                                                  (5.48) 

       -

    ,   

.          -

,       -

.       -

      P   t ,  -

    z z z′ = − .   -

 ,       -

,           -

 ,       . 

   ,    , 
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    . 

      -

 (   -  )      

        -

     

. .
0

0

q

q

αα αΔ = = ;                                                 (5.49) 

  

0 0 0q h h′= − -  ,    

1     , / . 

        -

      , -

 (5.48): 

.
0

H
H q

q
= ⋅ .                                                   (5.50) 

  ,   . 3.11, ,   

         -

  

2 1 1( )L H h hα α′Δ = + − ,                                         (5.51) 

  

1α   2α  -         -

. 

  (3.16) 1α   2α    : 

. .
1

12

q

q

αα ⋅
=

⋅
;      . .

2
02

q

q

αα ⋅
=

⋅
,                                       (5.52) 

 

1 .
.

0 1 2

H h h q
L

q q
α

⎛ ⎞−′Δ = + ⋅ ⋅⎜ ⎟⎜ ⎟
⎝ ⎠

.                                  (5.53) 

      

     : 

1 .

0 1 2

H h h q
H

q q

⎛ ⎞−
= + ⋅⎜ ⎟⎜ ⎟
⎝ ⎠

.                                         (5.54) 

   ,    . 0q =    -

  (5.54) 0H = . ,    
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   (        

            ) 

       -

    .    -

  hΔ   hΔ    (5.39). 

     ,     -

   ,    -

     -

 ,   iη  - (  η )  -

 .     . 5.8,   -

 η   .t       -

 .  

 

 

 

 

 

 

 

 

 
 

 

. 5.8.   

 η     

   z  

( 0 23,5P = , 

. 2,94P = ): 

 -       

 (  ,  

  ); 

― -       
 

           

  1z z′ = −  (   ) -

       -

        -

.   .t  (     -

 ,       ) 

        -



 114

 . .t ,        

 z .   z     -

  ,      -

.    ,    .t     

      (     -

)   1hΔ ,      

       -

.         

   z .  ,   -

        -

        -

 (  .t const= ).     -

  ,  ,   z    -

   iη   . .t     ,    

  . 

 

 

5.4.  ,   

   -

 

 ,         

      

      ,  

  .      -

 2    .t ,    

  .  .   . , -

   z ,     

 z     . .t ,   -

    ( . min= ). 

       

      , 

       

.     .t   z ,    -

         -

   ,     ( ,   -

)    z′ .     

 z′      .t     -
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  ,   min= . 

 ,     -

,        . 

     , , -

     .    -

, ,  ,     -

.      -

 (    )     -

        

      . 

 ,  ,    -  

   .   -

        

 ,    ,   

,     . 

 

 

 

 

 

    
 

 

1.       -

 ? 

2.       

. 

3.     ? 

4.        

    . 

5.   «  ». 
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 я. ЕХ  А А А  Е Ы 

 Э  

 

6.1.      

 

   ( , , )    

 ,    . ,   , -

,  ,  , -

, ,    . , -

   ,    0,2÷2,0 

     .    -

  – . 

      

,           

     ,  -

       . 

       

 ,  .    

     -1,    

. 

      -

  D    D     -

  ,      .  

      -

 ,        

     .  

   

. D

D
α = .                                           (6.1) 

,      ,   

-  .     -

   , ,   

     .    

     -

     -    

  95 ° ,       -

     50÷60 °     -

     70 °     . 
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        -

,      .   

         -

. 

   ,   -

 .      -

    :   -

,    ,     

.      -

,        

    ( . 6.1). 

 

 

 

 

 

 

 

 

 

 
. 6.1.    

   (   

):  

1, 2 –    

 

 

      

 . 

      -

   ,  ,   -

       ,  -

  . 

        -

        -

,       -

     ( . 6.2).  -

   ,   -

    ,   

  . 
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. 6.2.        -

: 

 –    ;  –  ; – – –   –   
 

6.2.    

 

      -

      -

          

  .     Q ,  

       -

,       . 

      

  ,   . -

       

 . ,     -

    t = +18 ° ,  ,  , 

   – t = +20 ° ,    – t  = 

+16 ° .  ,      -

    ,   

       . 

         

 : 

.Q Q Q= + ,                                        (6.2) 

  

.Q  –    ;  
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Q  –       ;  

Q  – ,     ( , 

 ,    , -

 ,    .). 

    0Q =    -

    ,   .Q Q= .  -

  Q    ,     

     ,   -

     -

  . 

 ,    t   -

  ,    

.Q ,    t    t  -

 : 

0 ( )Q V t tχ= ⋅ ⋅ − ,                                     (6.3) 

  

0χ  –   ,    

         -

 t t− =1 ° ,   1 
3
  ;  

V  –  . 

   0 0,5 0,85χ = −  /(
3
· );  -

  0χ      

0 1/ 6

a

V
χ = ,                                              (6.4) 

  

1,6a =      2,5    ; 

2,0 2,2a = −       . 

    ( )   

    .   -

       

.t      .τ . 

      -

        -

   50-  . ,   .t = -26 ° , 

  .t = -31 ° ,    .t = -40 ° . 
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     +8 ° ,  

,      

    8 °    3  . 

        -

     

( )Q q V t t= ⋅ ⋅ − ,                                      (6.5) 

  

q  –     , /(
3
· ), -

   

vm c V
q

V

⋅ ⋅
= ,                                          (6.6) 

 m  –     , -

    -  ; vc = 1,20 

/(
3
·° ) –   ; V  –  -

 , 
3
. 

     ,   

     , -

,         -

 .       -

    ,    (   

 .t  =-15 ° ).       

   .t      -

  ,  15 %  -

 ,    .     

    .t     -

  . 

       

   . 

      -

,        

    

. p ( )Q a n c t t= ⋅ ⋅ − ,                                    (6.7) 

  

a  –    , ,   65 °    

       (1 , 1   , 1 

); ,        a  = 120 

/ ,   1260 / ;  

n  –        ;  
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pc  –  , /( ⋅° );  

t  –   , ° ;  

t  –   , ° ;     50 < 

50 70t≤ ≤  ° ;   65t =  ° . 

      -

    :    

,   ,    

.        

        -

.        

      

0Q Q q= + ⋅ ,                                        (6.8) 

  

0Q  –  ,      -

, / ;  

q  –      , /( ⋅ .);  

–   , . 

 ,      

.Q Q Q Q Q= + + + ,                              (6.9) 

,     .Q ,   

  ,    Q   

  Q ,      

, . . 

.Q Q Q= + ,                                    (6.10) 

 Q   3–5 %   -

 . 

 

 

6.3.    -

  

 

 . 6.3      , 

   ,      -

  .      -

       .Q .  , 
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    (  1). -

       -

     .t .   

      -

 0,6    .t       

. 

 
. 6.3.        

: 

1 –  ; 2 –  ; 3 –   ; 4 – -

. 

 

      -

        

   .     -

       -

    . 

    (  4)    

 ,   .       -

,   –   ,    – -

   .    -

        -

. 

     (  ,  -

 )       -

 ,       -
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        -

          -

  . 

       

   .   -

       . 

6.4.  

 
. 6.4.     : 

1 –     ( .Q Q Q+ + )    -

  ; 2 –   ; 3 – 

   

 

    .    -

        -

 .       -
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       -

 ,      .   -

       -

    (  7)  ,  

    .  ,  

 ,      

 ,      

      (  1) -

,         -

.     ,  

      

.Q Q Q Q= + +      τ .  -

       

     ,  

     (   -

 . 6.4    ).  -

,       

  ,     -

     .   

        -

     . 

      

    (   -

 ),    –   ( -

  ).   ( ) -

  ,     

      10–15 % -

  .     

       

2500–6000 / . 

 

 

6.4.     

 

     -

   ,    -

 . ,  ,    

 (      ). 
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    :  0,2–0,3  1–2 . 

      :  

−      ,  ( . 6.5, );  

−       ( . 6.5, );  

−   ,   -

  ( . 6.6)     ( . . 

6.8). 

 
. 6.5.     : 

 –      , ;  –    

  ;  – -  ;  –  -

;  –   ;  – ;  –  

 

 ,   ,    -

 :     1000–1500 .  -
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   .     -

 ,       .  

       ,  -

,   ,    -

,   ,     . 

       

         ( -

)        ( . . 

6.5). 

 
. 6.6.       -

,    : 

 – ;  –   ;  –  

  ;  – ;    ,  

 . 6.5 

 

     ( 0D )   -

     ( )  

.D ,   .t  (   70 – 90 ° )   .h . 

     ,    -

 D ,         
0
.t    0

.h .       -

      .t  (  -
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 .h ). 

,     , 

   
0 0 0 0

. . .Q D h D h D h= ⋅ − ⋅ − ⋅ ,                        (6.11) 

 

  

 «0»     ,  

 . 

  0
.D D D= + ,  

0 0 0 0
. . .( ) ( )Q D h h D h h= ⋅ − + ⋅ − . 

 .D   D    0D : 0
. .D Dα= ⋅   

0
.(1 )D Dα= − ⋅ ,  

0 0 0 0
. . . .(1 )Q h h h Dα α⎡ ⎤= − ⋅ − − ⋅ ⋅⎣ ⎦ ,                  (6.12) 

          

 
0

. . .Q D h D h D h= ⋅ − ⋅ − ⋅ ,                        (6.13) 

 
0

. . . .(1 )Q h h h Dα α⎡ ⎤= − ⋅ − − ⋅ ⋅⎣ ⎦ ,                  (6.14) 

  

D  –     (  ) , / ;  

h  –     (  ) , / . 

       
0Q

Q
η = . 

   ( . . 6.5)  
0 0 0, , , 1D D h h Q Q Q η≈ ≈ = ≈ ≈ . 

    ,  

        

        

    -  , 

       .  

          -

    . 

        -
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    . 6.7.    

      -

.      -

  D     ( ) . 

 
. 6.7.          

   : 

 – ;  – ;    ,   . 

6.6 

 

      -

      -

        ).   

     

D D D D= + = ,                               (6.15) 

 
0

.D D D= − ; 

0D  –  ,   ; 

.D –  ,    . 

  ,  0
. 0,D D D= = ,  0D D D= + .  

  ,   ,    

,     0
.D D= , -

        

D D= . 
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       ( , 

,  )   -

  ,      -

   (   

). 

       -

  . 0D =       

  : 

0D D D D D= + + +∑ , 

  

0D  –    ;  

D   D  –       -

    ;  

D∑  –      ;  

D  –    . 

     , 

        -

,  ,      -

   ,   -

 ( . . 6.6)      ( . 6.8).  

         

         -

 ( . 6.8).        -

   ,       -

   . 

  ,     

  .D ,     ,  -

  (   ) D   

       

. .D D D= −     D : 

. .D D D D D D= + = − + .                        (4.16) 

       

 .P ,     .D , 

        -

      -

 .D D=  ( . . 6.8). 
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. 6.8.       -

,    : 

 –   (   );  – -

 ; -1, -2 – ; – ; -1, -2 – -

 ;  –  ;  – ;  -

  ,   . 6.6 

 

    (   -

 )    -

. , , . .0,5D D= ⋅ ,     -

    .   

      :  -

 .D      (     

 )    . .D D D= −    

  . 

    

D  [ . (6.16)]       -

       

   [ . (6.15)]. 

 . 6.8     -

 ( )   

. 
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   ,      

    .   -

   ,    -

  ,     

     .    -

        . 

   ,   -

        , -

   . 

     

,      

         -

  ,     -

         -

 ( D ).     

        

.        

 ,       – 

. 

  ,   ,  -

    ,    

  (    )   -

.      -

     . 

      

   : 

( ) ( ) ( )D h h D h h D h hη′ ′′ ′− = − + − ,             (4.17) 

  

, ,D D D  –    ,   

  , / ;  

,h h′′  –   ( )   (  -

) , / ;      -

   ,      -

 0h ,      20–25 

° ;  

,h h′ ′  –       , 

/ ; 

h  –      , / .  
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D     D D+ . 

   .P    -

,   ( )  –  -

       

t t tΔ = −  

  

t   t  –      . 

 tΔ = 12+15 ° .     -

  ,  0,2–0,4 .    -

          

  ,      -

         -

  

( )N D h h η ηΔ = ⋅ − ⋅ ⋅ .                            (4.18) 

        

,        

  ,       

,   2 %. 

     D     ( . 

. 6.8)       D   -

     .D D= , . . .D D D= + . 

    -

        -

  ,      . 

        

   ,   (  

)  .      -

  . 

     -

  . .D D D D= − = ,   . 0D = ,  .D D= . 

    ( . . 6.6  6.8),  , -

 ,   ( . . 6.7)    

     . 

       

         

. 

      -
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     -

        

 .       -

           

  .   

         

 . 

 

 

6.5.    .  -

,  .  

  

 

       

   .      , 

/ ,    

. . .( )Q G h h= ⋅ − ,                                  (4.19) 

  

.G  –   , 10
3
 / ;  

.h   .h  –        

   , / . 

       -

    ( )    

       . -

        . 

       -

 .  ,    , -

  , ,     – -

,   ,   , – -

 .    ,   -

 , . ,     -

  ,  ,  ,  -

     , – . 

   ( )   -

      (   )  

 90 ° ,      ( -

 ).        -
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    .    

     .τ    -

    .G ,  , -

      [ . (6.19)].   

        -

      .   -

        -

      

      

   ,      

  . 

 ,        

   -  .   

        

  150 ° .      

        (  

90 ° )         

   70 ° . 

        , 

   60 – 65 ° .     -

   (     

):     ( . 6.9, , )  

 (   ) ( . 6.9, ). 

 

 
. 6.9.     : 

 –  ;  –  ;  –  (  

 );  – ;  –  ; 

, -1  -2 – ;    –     -

 . 

 

    (  ) 
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,       ( . 

. 6.9, ).      -

          -

  :   

      ,   – 

  ( . 6.9, ). 

      -

 (   ).     

         -

  ( . 6.9, ).     

,       -

.          -

  1  40 %    .  ,  

 ,     -     

     .  

  ,       -

  ,       -

      -

. 

        -

        -

  ( ) .  ,    

      -

   ,    -

 . 

        

    ( )   

,   . ,  ,    -

     ,  -

   (  ),   

     (   

 ).  - ,     .  

 ,       , -

    .   -

       . 

      -

    :  –  -

       –  -

  .   (6.19) ,  
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3
. . . .( ) ( )Q G c t t V t tα= ⋅ ⋅ − = ⋅ ⋅ − ,             (4.19 ) 

  

.c  –    , /( ⋅ ). 

  .G const= ;   -

   t  ,     -

        -

    t .   -

         

  .t   -  -

      150 ° .    -

 « »        

   50–70 ° . 

   ,    

 (18–20 ° ),  ,    , 

       ,  -

  , . .  18–20 ° . , -

         

     , -

     .t = 150 °   .t  

= 55-70 °   .t  ( . 6.10). 

 

. 6.10.    .t   .t ,   Q    

 .G       t . 
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 6.1. 

        

 -

 -

 

 

 

, °  

  

 

α  

  

   

.t , ° ,  .α  

   

   

.t , ° ,  .α  

   0,15 0,30 0,15 0,30 

 -26 1,0 151,1 152,1 56,7 43,3 

 -20 0,86 136,0 137,8 52,2 40,4 

 -15 0,75 123,5 126,0 49,0 38,0 

 -10 0,64 110,5 114,2 45,0 34,8 

 _5 0,52 96,5 102,0 40,7 30,7 

 0 0,41 83,8 80,9 36,2 28,2 

 +5 0,30 71,0 77,7 32,0 24,9 

 +10 0,15 70,0 70,0 31,5 23,0 

  0 70,0 70,0 15 15 

 -26 1,0 145,6 142,4 71,0 71,3
 -20 0,86 129,1 126,4 65,3 65,6
 -15 0,75 116,2 113,5 60,4 61,1 

 -10 0,64 103,7 101,6 55,6 56,0 

 -5 0,52 90,1 89,1 50,0 50,1 

 0 0,41 77,4 77,7 44,5 44,5 

 +5 0,30 66,0 66,0 38,0 39,0 

 +10 0,15 65,0 65,0 29,5 29,5 

  0 65,0 65,0 15,0 15,0 

. α  –       
.t = -26 ° . 

 

       -

   70 °       

t . 

 . 6.1       -

 .t    .t      -

  t         -

 .α        -

. 

       70 °   -

  .G const= .       

 ,   70 °    -

 « » ,     -

   ,    .G   

   ,   t  =8–10 °    . 
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     .Q ,    

  , , ,      

 . . ./( )G Q cτ= ⋅    .  , 

       -

  .G const=     . 

     

 ,       -

,       ,  

        -

  .     

         

 . 

       

       

  ,    

(15   ),     , 

     .    

      ,   

 .        

       . 

         -

   .   -

          -

      , 

        -

    .     

  .      170– 

200 °        30–40 . 

 

 

6.6.     -

 .     

  

 

        -

      .   

  ,     -
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 .     -

       -

  . 

         

      ,   

   . 

       -

        

   . 

       

     

     Q       

 Q , . . -   

Q

Q
α = ,                                                          (4.20) 

 Q Q Q= + . 

  α     -

 .   α ,   -

         

    .     -

  ,      

 ,       -

 . 

   α   ,  -

        -

 .     -

   α =0,54-0,55   

  -100-130 ( -110-130)  α =0,60-0,65  

  -250-240. 

        

   τ      

 α ,       -

  (   .α ),    . 6.2,  -

  τ =2700 /   .α =0  α =1. 
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  ,         

  ,     

.           

     .  -

       -

       . 

       -

   ,     

 ( )  .    

      0,06–0,25,   – 

  0,05–0,20 .     -

  ,     

. 

       -

   ,    -

         -

.       

   ,   -

 . 
 6.2 

  τ , / ,    .α   α  

α  

.α  

0,3 0,5 0,7 1,0 

0 5100 4400 3650 2700 

0,1 6000 5200 4350 3100 

0,2 6700 5750 4850 3500 

0,25 7000 6000 5150 3700 

 

       

         

,      ( . . 6.10)  

  α .       -

         ,  

       -

    /(1 )α α− . 
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       -

 (         -2  

-5 ° ).  α =0,5-0,65      

       . 

       -

       -

  ,    -

  . 

  (     « » 

)   ( )  

    ,   -

      .  -

        

   « » . 
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. . . .Q k t F= ⋅Δ ⋅ ,                                  (7.13) 

       -

.     -

     

.
.

.

Q
D

r
= ,                                  (7.14) 

  

.r  –   , / . 

     

  ,    -

     .    -

      5 %. 

 . 7.8      

        

200 .      ,  

     IV,  –   V.   

  -1  -2,    -

       -

       0,12 . 

       

.  . 7.9    -

       -

   800 .       

         

,        -

,       

.      

    1,5–1,7      -

. 

 



 159

 
. 7.8.          

-200-130  -1:   ,   . 7.7.  

 
. 7.9.          

-800-240  -2:   ,   . 7.7. 

 



 160

 
. 7.10.         

  : 

-1 –   ; -2 –   ; 1 – 

  ; 2 –   ; 3 –   ; 4 

– ; 5 –    ; 6,8 –       

         ; 7,9 – -

              -

  

 

       

       

 ( , - ,    .). 

      -

        

        -

    .   -

      -

    .    

        . 7.10. 

        -

   ,       

     . 

     

-  ,      -  

       -

.        , 

   ,   , -



 161

    ( ),   -

  ,       . 

 . 7.11    -

       -

.         

(0,8 – 1,3 ).        -

     .   -

         

  .     -

         -

.          

(0,12 – 0,25 ). 

        -

 .        

      -

. 

 
 

. 7.11.       

   : 

1 – ; 2 –  ; 3 –    ; 4 

–    ; 5 –   

; 6 –   ; 7 –  ; 8 – -

  ; 9 –    



 162

 
. 7.12.   : 

1 –   ; 2 –   ; 5 – ; 4 – 

; 5 –  ; 6 –   -

; 7 –   ; 8 –  ; 9 –   

   ; 10 – ; 11 –  ; 12 – -

  ; 13 –   

 

      ,  

         -

    .     130–150 

°      . 

        

-2,  -3      -

. 

        -

      -

.        -

       .  

        

       . 

     . 

7.12.         -

  ,      -

.       -

.      -

  .     -



 163

       -

. 

           

     ,    

    . 

     -

        

       -

,       . 

      -

,    ,   

    . 

    -

          

   ,    

      ,   

        . 

 

 

 

    
 

 

1.            

 . 

2.       ? 

3.    ,       

  ? 

4.         

 . 

5.          -

  . 

6.          

. 

7.       

? 

8.        

   . 



 164

 я.   -

   

 

8.1.     

 

      

    , -

        ,  

   ,    

  .     

        

        

   ,    ,   

   ,   -

 ,      . 

       -

    ,     -

       –  

 .      

  ( )  ,   

   .   

   .      

     ,  -

     –  . 

       -

 ,        -

,    ,    

  ,     , 

   ,    -

,     ,  

,      ,   -

  . 

      -

      ,  

  ,     .  , 

       -

     ,  

       -

 . 



 165

     -

         

       ,  

   . 

 

 

8.2.   

 

   ,     

      . 

        

,        

      , -

          -

  .   ,      -

       

      -

     (    

 ),      

  . 

        

 ,        

         

 0,2 ,        -

        -

  20 .     ,   

      (   

 ).      -

          -

,      -

 . , ,    -

. 

     -

     ,   . 

8.1.   ,     

 ( )       -

 ( . 8.1, ),  ,       

  (   ,    -

    )   

   .     -



 166

,  ,   .  

       ( . 8.1, ),   

   ,  ,    -

 ,     -

 .  ,      -

 ,    .  -

         

  .       

  ,      , -

   ,    -

.   ,   . 8.1, ,  -

   . 

 

 

 

 

 

 

 

. 8.1.       -

 : 

      ( );    -

 ( )      ( ); 

1 –  ; 2 –     ; 3 – -

 ; 4, 6 –    ; 5 – . 

 

      , 

  . 8.1, ,       . 

   .   , -

  . 8.1, ,     , 

  ,   . 8.1, ,      

 .   ,   . 8.1, , -

,           

 . 



 167

      

  .      (  

 )      

  ( . 8.2, ),      

     ,  

   ( )   -

  (   ) ( . 8.2, ). -

      -

     ( . 8.2, ).  ,   -

    , , , 

 ,   . 8.2, , . 

 . 8.2  ,t Q  -    -

 .    ,    

   ,    

 –          -

       .     

 . 
 

 
. 8.2.     ( – )  ,t Q  - -

    ( – ): 

 –  ;  –    ;  – -

      ;  

1 –  ; 2 –  ; 3 –   

 



 168

       -

      ,    

        

   1 3t tΔ − Δ  ( . 8.2, – ). 

      

    , -

,    .     

          N  

  .     

tΔ    .     

   -  .  -

    1tΔ     1,5–3 ° , -

      2tΔ  –  -

 4–8 ° ,     3tΔ –   7–15 ° . -

       -

 ,  –  . 

       

( ),    . 8.2, ,    

   .     -

     ,    , -

   ,     

   ,    ,  -

.       . , 

  . 8.3, ,   ,   ,  

      ,   

    ,   . 8.2, . -

 ,       , -

    ( . 8.3, ).    

,    ,   -

   ,     

,     ,   . 8.3, .  

     (     . 8.3, ) 

     -

,          -

    ( . 8.3, ).    

           -

,      . 8.3, ,    -

. 

 

 



 169

 

 

  

. 8.3.          

 : 

 –       ;  –     

,     (  );  –  -

  - ,      -

  ,    (   – );  

1 – ; 2 –       ; 3 – 

 ; 4 –    . 

 

    ( ),    -

 ,  ,  -

 .     

     ,     

     ,     

    ( . 8.4). 

 



 170

 
. 8.4.       : 

1 –  ; 2 –  ; 3 –  -

 

 

     

         -

.  . 8.5       -

    .       

       U-

 .     -

.       .   

         (  

        -

 ,        -

 –      ),   -

    .   

    ,  U-    -

   .   ,  -

   .     

   .     -

    . 

       -

        -

 .      

      ,   -

 –  . 

      -

         3,2,   –  4,2 

. 

 

 



 171

 
. 8.5.     : 

1 – ; 2 –    ; 3 –  ; 4, 5 –   

   ;  –  ; 7 –  ; 

8 –  U-  ; 9 –  ; 10 –  -

; 11 –     ; 12 –    

; 13 –   ; 14 –  ; 15 –  -

    . 



 172

         

   ( ),    -

      ,  

  ( . 8.5),    -

   ,     ,   .  . 

8.6    U-  ,    

,    .        

 .      

,      [   -

-  ( )].    -

  .      -

    ,    ( . 8.6, ) 

  ,   t ,      

   .   ,   -

   ,      -

.       , 

    . 

        

,    -

   ,       

,     .   -

         -

    ,  U-    , -

,     ( . 8.6, ). 

  . 8.6   -

      -800-240.    

     16x1 ,    

18 10 . 

      

 . 8.7.       -

  ,       

  .      

.     , -

      ,     -

    .    -

 ,      -

,     -

    .   

 ,         

  . 



 173

 
 

 

. 8.6, . 

 

 

 

 

 

 

 

 

 

 

 

 



 174

. 8.6.   

    -

    -1000-32-7-

1  ( )       

( ): 

1 – ; 2 –   ; 3 – 

    ; 4 –  

   ; 5 –   -

; 6 –   ; 7 – 

  ; 8 –   

; 9 –   ; 10 – -

    ; 

11 –    

; 12 –     

 ; 13, 14 – -

     

    ; 15 – 

  ; 16 –   

    -

; 17 –    

  ( ). 
 

 

 



 175

. 8.7.   -

    ( )  

      

( ): 

1 –   ; 2 –  

; 3 –  ; 4 –  -

    -

; 5 –   

; 6 –    -

; 7 –   ; 8 –

 ; 9 –   -

 ; 10, 11 –  -

    ; 12 –  -

   . 



 176

       

 ( . 8.7)       , -

      .  

       -

.     ,   

 . 

     , -

        ,  

  .      -

. 

     -

        38   -

     ( ),  

  .     

    ,   

         -

   , . .    

    .    -

      , 

  .       -

        

  –  ( . . 8.3, ). 

 . 8.8      -

     -500-240.  -

     ,   , -

       32×5  

(    )  32×6  (  ).     -

   .    . 

      ( )   , -

     ,   -

  .         

.      ,  

         -

   . 



 177

 
. 8.8, . 



 178

 
. 8.8.       -

    -500-240: 

 –         

;  –   ;  

1 –  ; 2 – - ; 3–  ; –

    ; –  ; .–  . 

 

       . 8.9, .  

. 8.9,        . 

   ,      .  

       .  

          

      . ,   

,          -

      

,    ,  ,   ,  

   ,    , 

   . 

 

 

 

 

 



 179

 
. 8.9.       ( ),   ( )  

: 

1–3 –   ,   ; 4 –   

; 5 –  ; 6 –  ; 7 –  ; 8, 

9 –      ; 10 –    ;  –  ; 12 

–  ; 13 –  . 

 

 ,     

   ,      

    ,    –  -

 .        

,        , -

,          

. 

 . 8.10   ,   

     ,     

.         -

      ,     

U-   ( . . 8.5), -   -

   .     

   .     -

 .         

 . 



 180

 
. 8.10.     ,    

: 

1 -– ; 2 –  ; 3, 5 –     ; 4 – -

  ; 6 –   ; 7 –    ; 

8 –   ; 9 –    ; 10 –  -

     ; 11 –   . 

 

       -

  ,      

 t ,     t ,     

        (  -



 181

),        ,  

, ,    ,   

,   . 8.7.    

      ,   

        (  -

 ). 

       -

 .        

    (  ).     -

. 

       -

 ,       .  -

      ,  

        -  -

   . 

        

      -

  ( . . 8.6),   ,  -

   ,     (   -

  )     .  -

        -

.        -

     .   

     X18 10  (    -

  )  . 

      

. 8.11.        -

  200, 300, 500  800  [59].     -

200-130     2200   6000  (  

         

 ).     11  

    .   -

         4, 

     2      -

   16.      -

 19      (  ). 

  19   .    -

   5,      . -

         

          -

        .  



 182

 

. 8.11.  

 -

 : 

1 – ;  

2, 4 –  ;  

3 –   -

;  

5 –  ;  

6 –   

;  

7 – ;  

8 –    

;  

9 – ;  

10 –  -

;  

11 –  -

;  

12 –    

;  

13 –  ;  

14 –  ;  

15 –    -

; 

16 –  -

;  

17 –    

; 

18 –  ; 

19 –  ;  

20 –    

  -

  (     

) 

 

 

  ,      



 183

   t .      

 .       

  ,     -

     13    .  -

    ,    6.  

   (     )    20 

  18. 

      

      -

.       

    ,   -

      

     . 

 . 8.12      

    -300-240.  1   2  

     (  

).       -

         

      .  

  . 8.12     8,5 . 

     1    1,6  

  4,5 .       

    8 ,   (   

 )     .    

  ,     .   -

         , 

    .   1  -

    2 .  2     

 1 .   2   -

,       -

   ,    -

            

 . 

    -

   .     

    . 



 184

 

. 8.12.        

 -300-240:  

1 , 2  –    ; 2  –    

; 1 –  ; 2 – ; 3 –  ; 4 – ; 5 

–    1 ; 6 –    2 ; 7,10 –   

; 8 – ; 9 –  ,  2 ; 11 –   



 185

      

       -

 t ,     .t′    

   1tΔ ..    1tΔ    -

    ( 2tΔ   3tΔ )     

jD ) ( jα )     . 

 

 
 

. 8.13.    ,      

  ( )   ( )      

 

   ,   . 8.13,  

    

-1 . . +1( ) ( ) ( )j j j j j j jD h h D h h D h hη⋅ − ⋅ = ⋅ − + ⋅ −∑ ,       (8.1) 

    1  ,   , 

-1 . . +1( ) ( ) ( )j j j j j j jh h h h h hα η α α⋅ − ⋅ = ⋅ − + ⋅ −∑ ,       (8.1 ) 

  

,D α∑ ∑ –    ,   

     ,  



 186

   ;  

. 0,99η ≈ – ,     -

 . 

      ,     

             -

  .  -1j jh h− , ,    -

     2tΔ . 

      -

      .t t′= ,  -

        -

   

. -1 +1 . .( )j j j j jD h D D h D h D hη⎡ ⎤ ′+ − + ⋅ ⋅ =⎣ ⎦∑ ;                     (8.2) 

. -1 +1 . .( )j j j j jh h h hα α α α η α⎡ ⎤ ′+ − + ⋅ ⋅ =⎣ ⎦∑ .                      (8.2 ) 

 

       

    . 

 

 

    

 

1.        -

 . 

2.         -

 ? 

3.        -

  ? 

4.        -

   ? 

5.      ? 

6.       -

  . 

7.         

       -

? 

8.     . 

9.     . 

10.    - ? 

11.       -



 187

     . 

12.       ? 

13.        

? 

 



 188

   
 

 

1.  . .     / . . 

, . . , . .   . .:  , 

2001. 

2.  . .      -

  / . . , . . . – .:  , 

1999. 

3.  . .        -

 500  / . . , . . , . .  // -

  : . .  . .: , 1996. 

4.  . .      

 / . . , . . . .:  

, 1993. 

5.  . .    / . . , 

. . ;  . . . . .: , 1986. 

6.  . .     // . . 

, . . . .: , 1994. 

7.  . .      / . . -

, . . , . . . .: , 1980. 

8.  . .    / . . -

, . . . .:  1987. 

9.  . .       

   / . . , . . , . . -

 // . 1998. № 2. . 14–18. 

10.  . .     / 

. . . .: , 1989. 

11.  . .     / . . . .: -

, 1978. 

12.  . .     / . . -

. . – .: , 1986. 

13.  . .      -

  / . . , . . . :  , 

1978. 

14.  . .   / . . , . . 

, . . . .: , 1983. 

15.  . .      / . . 

. . – .: , 1978. 

16.  . .   / . . . . – .: 



 189

, 1966. 

17.  . .    / . . , . . 

, . . . .:  , 2003. 

18.  . .     / . . . .: 

 , 2000. 

19.  . .     / . . . 

.: , 1980. 

20.  . .     

/ . . , . . . .: , 1975. 

21.  34-70-104-85.     

    . .:  -

, 1985. 

22.  . .   . – 2-  . / .  -

, . . . .:  , 2002. 

23.  . .    / . . 

 //    : . . -

 ;  . . .   . . . .: , 1996. . 

19–25. 

24.  . .     / . . , . . 

, .    .;  . . .   . . . .: 

, 1985. 

25.   :  . .: 

. 1988.  

26.  . .     / . . 

, . . . : , 1978. 

27.  . .      / . . 

, . . . .: , 1980. 

28.    «    -

   » (  ). .:   

, 1997. 

29.       . 

– 15-  . .:  , 1996. 

30.  . .      -

  / . . , . . , . .   .;  

. . . . .: , 1980. 

31.  . . ,     

  / . . , . . . .: -

, 1990. 

32.  . .    -

 / . . , . . , . . . .: , 

1987. 



 190

33.  . .    / . . . .: 

, 1987. 

34.  . .       -

 / . . , . . . .: , 1982. 

35.  . .     / . . . .: -

 , 1999. 

36.  . .     / . . , 

. . , . . . .:  , 2004. 

37.    :  //  . . 

. .   . . . – 3-  . .:  , 2003. 

38.    : -

 : . I  II. .: , 1989. 

39.  . .      -

    / . .  // -

. 1995. № 7. 

40.  . .    / . . . .: 

, 1990. 

41.  . .     -

 / . . , . . . .:  , 2002. 

42.       -

: . . . . .: , 1983. 

43.  . .      -

 / . . , . . , . . ;  . . . -

. .:  , 2002. 

44.  . .     / . . 

.: , 1981. 

45.  . .   / . . . .: -

, 1987. 

46.      -

 /  . . . . . .:   « » 

2000. 

47.   /  . . . . .:  

, 2003. 

48.       

   /  . . . . .: 

  « », 2004. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Подписано в печать 22.02.21.

Электронное издание. 

Издательство Современного технического университета 

390048, г. Рязань, ул. Новоселов, 35А. 

(4912) 30-06-30, 30 08 30 

 

 

 
 

 


