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D
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D
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2
2

2 D

DD

t
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      -
-      , -

  ,      -
       -

 . 
  ,   -

,      1  -
 1   G =5/3; G =2,6/3; G=60 ,  

 =0,499.       
   y=0,1     

  y=1. 
     -

: 

 60
2

0 4,16,3133,0
1

tt

yy eeEEEt , 

    : 

 60
72,02

0 078,0278,075,01111
tt

E
E

y
y ee
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t y . 



 2.4.     109 

       . 
2.1  2.2    . 

 
 2.1 

    

,  y,    
  

y,    
  , % 

0 0,667 0,667 0 
10 0,636 0,638 0,3 
20 0,612 0,614 0,32 
30 0,592 0,593 0,17 
40 0,574 0,576 0,35 
50 0,560 0,561 0,18 
60 0,547 0,549 0,36 

 
 

 2.2 
   

,  y,    
  

y,    
  , % 

0 0,15 0,149 0,67 
10 0,157 0,156 0,67 
20 0,162 0,162 0 
30 0,168 0,167 0,6 
40 0,172 0,172 0 
50 0,176 0,176 0 
60 0,178 0,179 0,6 

 
 

         
10,      -

   q=1    
( . 2.20).       -

  t=500.    ,  
     .  

    20     
  0,2...0,7%   ,   -

 -   . 2.21–2.23,     
 , . 
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. 2.20.    

    
   

  . 
 
 

 
. 2.21.      

        
      

 . 
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. 2.22.          

         
 . 

 

 
. 2.23.          

       . 
 
 
1.         

   .    -
   Gy = 4, G  = 2, D = 100, Ky = K  = 4.  -

         
   . 2.21. 

2.         -
   .     

  G = 2, Ky = 4, K  = 2, 0 = 100.  -
   . 2.22. 

3.        
       -
 .   Gy = 4, G  = 2, Ky = 4, 

K  = 2, D = 0 = 100.     . 2.23. 
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      G = 2  K = 2   
 s = 2.0758. 

 
2.5.         

       
  

    ,   
 , -     

       
     (2.41)  (2.62): 

 

11
TT

1
T

11
T

T

22 nfnnfn

nnnn

nnn

tpKttuCtpKttuC

tHBtDBtF

tpCtuBDB

. (2.63) 

 ,      
      -
  .  ,   

G =4, K =4, D= K=100, kx=ky=0,0001,   -
 .     -

: Gy=Ky=4,      -
    ; Gy=Ky=5; Gy=Ky=40; 

Gy=Ky=400.     . 2.24   -
          

  .   ,   
        

    (     -
      -

 S =0,10714).       -
      , -
  ,       

       -
   :    ,   

   .    -
        -

  .  ,     -
   ,     -

    –  . 



 2.5.     113 

 
. 2.24.         -

         -
 : G =4, K =4, D= K=100, kx=ky=0,0001;  

1 – G =4, K =4; 2 – G =5, K =5; 3 – G =40, K =40; 4 – G =400, K =400. 
 

 ,    ( -
 2.63)       

    ,    
  ,    
 .     ,    

       -
        -

,     . 
  ,   ,   

 . . . 
       

 . .  ,    , 
  ,      -

  .    -
       ,   
,      -
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:  ,    -
,   ,    -

 .     -
   . .   . . -    

    ,  -
  ,    -

 . 
   ,  -

        -
  . 

      -
.       -

    Kp.     
       

  

 
t

v dtKt
K

t
0

0 ,
3
1 . (2.64) 

        -
  

 
t

iii dtGt
G

t
0

,
2
1 . (2.65) 

 (2.64)  (2.65)   , -
,     (2.47)  (2.48)  -

  . 
  (2.48)       

   : 

 
dt

dp
K

K
dt

dKp
K
KK

dt
d w

p

y
yw

p
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00

0
00 33 , 

  -      -
     tn    
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0
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0

0
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0
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0

0
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0
00

2
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2
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2
2)(

2
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2
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t
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t
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y
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y
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y
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y
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. 2.25.        

 
T
11,0 , 

T
101,01   1  

T
c

h v
11,02

2

;  

2  
T

c
h v

101,02

2

; 3 
T

c
h v

10001,02

2

: 

   . .  (1967);  –  . 
 

 : 

 
0

0

2
2

tK
KtK

A
p

y
pn ; 

0

0
1 2

2
tK

KtK
A

p

y
pn  

   ,    
       -

 pnA : 

11
TT

11
T

11
T

T

22 nfpnnpnnfpnnpn

npnnnnn

npnnn

tpKAttuCAtpKAttuCA

tpCAtHBtDBtF

tpCAtuBDB

.(2.67) 

    . .  
(1967)         

 (2.67),     -
,    ( . 2.25).    
  , ,  ,   . .  

  « » , . .    
     10n,      
       -
    . 
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2.6.    
     

   
     -

    -     -
      .  

        
 -   . 

     -
        

     (  24   
       1997 

.),         -
      (  

25),     ,    -
.     ,  

    ,  -
    ,  -

     . 
  ,  -

      . -
 -      -

:  , ,  ,  , 
  .     -

  ,     -
 ,       -

   .  
   -    

   24  25,    -
  .    7,1 , -

   – 40 2,   – 2 . 
    .   -

   1        
   2     4   
 3 ( . 2.26).     -

   5,   6,  
  ,    7.   

    9,   -
  8,      10  -
 .      -

, . .       
      .   -
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    24 ,   2-3-  
   ,  -

         
    .       
       

 11,        12 
  .     -

 : 

 
tHF

hQk , 

 Q –     t; 
H –  ; 
F = 40 2 –  ; 
h –       t. 
 

 
. 2.26.      : 

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

10  , 11  , 12    . 
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  1, 5, 10, 30 , 1, 2, 5, 10, 20, 30 ., 1, 2, 3, 6, 12  

24 . 
      -

:  ,   ( ,  -
,  ),     -

,  ,  ,  
.    ,  

   ,   -
: =18,7...19,1 / 3, d=13,55...14,16 / 3, W=0,349...0,38, 

=0,907...0,993, Sr=1, Wp=0,211...0,257, WL=0,287...0,33, Ip=0,085...0,108, 
IL=1...1,59;     : =16,8...17,8 / 3, 

d=11,2...12,3 / 3, W=0,454...0,515, =1,2...1,46, Sr=0,98...1, 
Wp=0,225...0,278, WL=0,405...0,524, Ip=0,18...0,246, IL=0,75...1,27. 

    . 2.27-2.37.  
       
         -

   . 2.27, 2.28. 
 ,      -

    -  -
.    ,     ,   

     -
 ( . 2.29, 2.30),   ,    -

 ,      
 ( . 2.31–2.33).   ,   

       
 . 

       
   ,   -

  .  ,      
    ,    -

   . 
  ,    

 ,     
  ( . 2.34, 2.35),     

 . 
       

      -
     ( . 2.36, 3.37).  

      
   3 10-7 /   1 10-7 /    -

   0,975  0,725.    -



 2.6.    119 

     ,  -
  .  ,   

      -
.      3  -

     .  
,       

     A 10 m, 
       

    kx=ky=2 10-7 / . 
 
 
 

     
                                                              

. 2.27.       
     24, 

  ( )   ( ) 
     . 
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. 2.28.       
     25,  

  ( )   ( ) 
     . 

 
 
 

 
. 2.29.       

   ,  
   24  25 . 

 



 2.6.    121 

     
                                                                 

. 2.30.       
         

  ( )   ( ) . 
 
 
 

      
                                                                 

. 2.31.       
     24      

  ( )   ( ) . 
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. 2.32.       
     25,     

,       ( )  
  ( ) . 

 
 
 

        
                                                                 

. 2.33.       
     25,    

,       ( )  
  ( ) . 

 



 2.6.    123 

 
. 2.34.     . 

 

 
. 2.35.       . 

 
 

 
 

. 2.36 ( ). 
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. 2.36 ( ).      
       

   ,   ( )  
  ( )  . 

 

 
 

 
 

. 2.37.       
        

   ,   ( )  
  ( )  . 

 



 2.6.    125 

    (  25)    -
    2,5  ,   -

 .    -
      7 10-8 /   2 10-8 

/       1,33  1,0, . .  3,5 
.      -
  2 10-7 /   5 10-8 / , . .  4 .  ,  

       
      

A 10-m,      -
      kx=6 10-8 / ,  

ky=2,5 10-8 / . 
 
 
 
 

 
                                                             

. 2.38.         
   24,   ( )   ( ) 

       
(        

  ). 
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. 2.39.         
   25,   ( )   ( ) 

       
(        

  ). 
 
 

       -
,        -
     ,  -

     0,95,   
   0,7...0,75 ( . . 2.29).       

      
  5...30      

 ( . . 2.38),        -
     2...5-    -
  ( . . 2.39).    -

  , ,     -
,        -

    . 
    2.5,   ,  -
 ,    . .  

(1967).        
, ,   ,   ,  
 ,       
   .     



 2.6.    127 

       -
     : 

 t
vc etKtK 1  , 

 , 1 –   , 
tKc  –     , 
tKv  –     . 

      , . . 
     .   

         
 ( . . , 1967) 

 
...3,1

1

2

2

1

2
0

2
1

2
sin14 1

2
2

m v

t
tcm

tcm

w
cm

eeem
m

qp
v

v , 

 q –   ; 
0 –    ; 

0

0

vw
v m

k
c  –  ; 

k  –      -
; 

0vm  –     -
,      -
       

 
1

1
0

v
v

mm . 

    ,   -
        -

      .   
    tmax    , 

. . 
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22
sin14

...3,1

2
2

0

max

2

m

tcm

v
w ecmm

m
q

dt
dp v

0

2
1

2

1

2

1
2

2

1

max1
max

2

v

t
tcm

v

cm

eecm v

 

 ,       -
      1: 

0

2
1

2
22

sin1

0

2
1

2
sin14

...3,1

1

2

1
2

2

1

2
2

...3,1

1

2

2

1

2

0

max

max1
max

2

max

2

max1
max

2

max

2

m v

t
tcm

vtcm

v

m v

t
tcm

v
tcm

v

cm

eecm

ecmm
m

cm
eececm

m

v

v

v
v

 

   ,    -
    k  = 0,00072 / ,  

mv=0,44 -1, tmax=17 =4,3 10-3 , 0=0,35, max=0,5,   
   k =0,000216 / , mv=0,468 -1, tmax=3 =0,05 , 

0=0,03, max=0,39. 
    ,  -

   : 
–    =687,427 1/ , 1=1600,903 1/ ; 
–      =931,225 1/ , 1=73,8 1/ . 

     « » -
 ,    

vm
G

12
21 ; 

13
12GK ; 

1
0 1GG ;  



 2.7.      129 

1
0 1KK ; 

1

1 . 

    0,3, : 
–    G =0,649 , K =1,4067 , 

G0=0,9277 , K0=2,0107 , =0,000437 =1,6 ; 
–    G =0,6105 , K =1,3227 , 

G0=8,3129 , K0=18,01 , =0,000995 =3,6 . 
        -

   . 
 . 2.38, 2.39      

       , -
       

(2.67)   ,    
.       

 ,     -
        -

       
    . 

2.7.       
   

       
    . . ., . . .    -

        
 . 

 ( . 2.40, )     
 7,         

   ( . 2.41, ),   4   
10,  ,      5  

 1   2,      
 . 

      -
      ,  

   (   )  -
  (  ).   -

    .    -
  3   8  ,  -

        
   .  -

     1     .   -
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         -
  9     ,  

     . 

 
                                                  

. 2.40.        
: .    : 1  ,  

2  , 3   , 4   , 5   , 
6, 7   , 8  , 9   , 10  , 

11  , 12   , 13   , 14  ; 
.  : 1  , 2  . 

 
        
.     14,      

 , ,      
   ,    12, 

  ,   13,   .   -
   .    -

  11. 
     ,    

           
          

     .     
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     -
     .    

          
   .     , 

      .   
   ,    -

     .    -
       -

. 
        

       
  (    )  -

    . 
      -
 ,   ,  -

    ( ).    -
    . 

       
 ,      -

 .       -
     (  

 ). 

 
. 2.41.    :  

1  , 2   , 3   ,  
4  , 5   , 6  . 
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       -
 .       

  –     ,  
      

( . 2.41).     , -
     ( . . 2.41),   -

 .        
  ,   ,  -

     .   -
   ,   , 

     ,     
.       -

    . 
  ,    -
      -

         
 1 . 

      -
  -      -

  ,     . 
. .        
19   . . . . 

    
  -    -

 ,      -
 .  4-5     -
       (  -

).      0,8...1,2  
.        -3...-4    -

16...-20       (  24) 
  (  24 )    -

  (  25)   (  25 )   
  4...8 .      -

     -
 .      

  (  22),   
  .   -

   15...18 . 
        

-     . 2.42, 2.43. 
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. 2.42.   -    -

 : 
 –     ( ),  

 –    ( ),  

 –      ( ),  
Rp –    ( ). 

 
 

    
                                                                   

. 2.43 ( ). 
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. 2.43 ( ).  
  –  - ,  – - ,  – -   . 

 
      50 120 . -

         1986 . -
            

 1987 .     40 . 3 ,  
     14 / 3   -

  = 0,95 (     -
   ). 

 ,      -
     ( . 2.44-2.47).  -

       
  .    ,   

    ,  
,       -
     ( )  -

,    .   
   ,    

   1...2       
  .       
       -
        

       -
.     ( . 2.48), ,  

25...40%      , 50...70% –  
 24,    5% –   25. 



 2.7.      135 

 
. 2.44.      -8118: 

 –     ;  
 –    ;  

 –       ;  
 –       . 

 
 
 

 
. 2.45.      -8123  

( .   . 2.44). 
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. 2.46.      -8124  

( .   . 2.44). 
 
 
 

 
. 2.47.      -8125  

( .   . 2.44). 
 



 2.7.      137 

 
                                                                   

. 2.48.        
     – -8118,  – -8123,  – -8124: 

0 –  15-   (     ); 1 –  38-   
(     ); 2 –  64-   (   

   ); 3 –  87-   (   
  ; 4 –  145-   (    -
 ); 5 –  180-  ; 6 –  223-  ; 7 –  315-  . 

 
       

        15 
,         24. 

        
       .   

  50      -
          

13,2          
, . .  ,     

. 
       . 

2.49.        13,2 , 
 7,7     ,  -

 5,5  –    .  -
   .      

 ,   4 : 
1  –   q=0,0602      

      2    
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  ; 
2  –   q=0,014     

       
 49        -

; 
3  –   q=0,056     

       
 56        
; 

4  –   q=0,023     
       

 200 .  

 
. 2.49.         

 . 
 

       
       -

     ,   
   ,     

   . 
 ,    ,  -
   4-8 ,    

  – 6-8 .      
   E    1,7   

    1,6     



 2.7.      139 

 .      
  ,    

   . 

          
                                                       

. 2.50.         
    ( .   . 2.48): 

 –     ;  –   . 
 

      -
      -

 7 ,       – 8 .  
   .   

      ,   
  .     -

  E /E =1,43,  G =2,69 , K =5,83 , G0=3,845 
, K0=8,333 .      – E /E =13,6, 

 G =3,07 , K =6,65 , G0=41,81 , K0=90,56 . 
 ,     -
        

 . 
 . 2.44-2.47      -

 ,      -
        

    ,   ,  
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.       -
       -

,  ,      -
 ( . 2.48). 

       -
  ,     

   -   -
      ,    

 ,        
       

,        
 .   -

  700         
21,9%   -8124,      

          
 62%   -8123 ( . 2.3).   

       ( . 
2.50)    ( . 2.48). 

 
 

 2.3 
      

   

  450-   
    

 
    

   
 

-
  

 S , 
 

 
S ,  

-
  ,

% 

 S , 
 

-
  ,

% 
1 2 3 4 5 6 

-8118 3,3 2,8 12,1 3,3 0 
-8123 6,9 8 15,9 10,1 46,7 
-8124 7,1 8 12,7 10,1 42,3 
-8125 8,8 8,9 1,1 11,1 26 

   700-   
-8118 - - - - - 

1 2 3 4 5 6 
-8123 7,2 8,6 19,7 10,6 62 
-8124 7,2 8,8 21,9 11,3 57,5 
-8125 10 10,5 5 12,5 22,5 
 



 2.7.      141 

      , 
        
       

,  ,      -
   ( . 2.51, ). ,   

        -
  ( . 2.51, ).    -

      20   -
  14 ,      

    70     48 . 

    
                                                  

. 2.51.        (   
  )        

   :  –     
 450 ,  –      200 ; 1 –   

  :    
G =2,69 , K =5,83 , G0=3,845 , K0=8,333 ,  

=0,000437 =1,6 ;    G =3,07 , K =6,65 , 
G0=41,81 , K0=90,56 , =0,000995 =3,6 ; 2 –   -

,    . 
 

        -
     ,   

         
( . 2.52).     -

     10 ,   -
   ,    40 ,   -

   .  
  ,   -

 . . .,  . .  . . , 
. . , . .    2  3 -

  -      -



142        

    ,     
    -

   2,1  (  2)  3,6  (  3),  -
.    2  380-     -

     45    
    40 .    

3  320-    42      -
  35 .  ,   -

    ,   -
 . 

 

    
                                                       

. 2.52.          
  ,     -

 :  –      450 ,  –   
   200 ; 1 –    :  -

  G =2,69 , K =5,83 ;    
G =3,07 , K =6,65 ; 2 –   ,   

  . 
 

      -
     : 
1.        -

   ,      -
         

 .       
,   .       

     -
  . 

2.     2   380 ,   
 3  320  .     

,     . 
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      -
       -

   ,     -
    ,   

   ,  
        

. 
        -

       
     - , -

-       
   ,    , , 

,  -  ,  -
.     -  -

  ,     
   .    -

  ,      
 .     . 2.53-

2.56         
.       

. 2.4. 
 2.4 

    
     

    ,  
  10    20  

  -
 -

 

 
  

 

-
 -

 

 
  
 

  
 12 70 50 300 

  
   

   
25 200 100 900 

 
 

  ,     
       

     
   ,      –   . -
        

   . 
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. 2.53.        

10-    : 
1 –     ; 2 –     

     . 

 
. 2.54.        

10-      : 
1 –     ; 2 –     

     . 
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. 2.55.        

20-    : 
1 –     ; 2 –     

     . 
 

 
 2.56.        

20-      : 
1 –     ; 2 –     

     . 
 
 

      . 
       

    - ,   -
  ,    -

 . ,      -
     ,  

       -
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  .   ,    
       

   (    )  
   ,    -

       . 

2.8.   ,    , 
    ,   

    

 ,     
       

  .  
    ,   -

  ,     
  .    -

  . 1.8.       -
  .    -

  E=2,6 , =0,3, =0,02 / 3, kx=ky=1 / , 
n/Kw=0, c=0,05 , =15 . 

     : 
1.   ; 
2.   -   -
  -     ; 
3.   -   -

 ; 
4.    -   

; 
5.    

; 
6.    ; 
7.    ,  

   I0; 
8.    

,     I0; 
9.    , 

    I0. 
 



 2.8.   ,     147 

 
. 2.57.         

: 1 –   ; 2 –   
; 3 –   ; 4 –   -

; 5 –   , I0=0,5; 6 –   
, I0=0,5; 7 –   ; 8 –  

 ; 9 –   
, I0=0,5. 

 
 

        
       -

   ( . 2.57.).  -
        ,  

      -
      (  {F }).  

     0,23 .   -
     ,     

        -
.         

      t=100 . 
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      -
 ,       -

 ,    .  -
     S=0,35 .   

      
       S=0,4 , 

. . ,    . 
       
      -

 –    .   
     . .  (1987).  

     -
  ,    

,        , -
   ,  , -

   (  ) . 
     

 ,     
       

.    (    -
 )     -

      = 0,5,    
       -

     0,5     
    .   

    S0=0,16 ,    S  
    . 

     -
,       -

 ,   t=0,     -
   .       

    .  
      .  

        
  .       

S0=0,27 ,  – S  =0,45 , . . ,    
 . ,     

   -  -
,       

,        
  ,  ,     -

 .  ,      



 2.8.   ,     149 

       -
 , , ,  -

        -
    . 

 . 2.58      -
        t=0+. 

    -
  ,   -

 .      
 :    . 

      -
  ,      -
        

 ,     
 ,     -

.       
 t=100   S=0,39 ,      -

 . 
        

 I0=0,5.       -
   «  »,     -

       .  -
    ,    -
    ,   -

  Ks    Kf. ,   
        
,   I0=0 (  t=100    S=0,24 ). 

     , 
    ,  ,    -

  ,     , 
    (  t=100  S=0,24 ;    100 
     0,24-0,16=0,08 ,   -

 – 0,34-0,27=0,07).     -
        , 

,    ,  
    .   
   ,    , -
 ,        

( . 2.59). 
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. 2.58.         

   . 
 

 
. 2.59.         

   t = 100 . 
 

        
     -

        
     . 

        ,    
     -

   .      
       -

     . 
       

   ,     -
    ( )   -
      , 

   -   
.      

      (  
 )     (  

 ).      
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  ,    ,  
       -

     . 
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M,   –  . 

4.     H   H . 
5.     [K ]. (    

 P(i)=1  kx = ky = k0). 
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{ }. 
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LO=0. 
    i=1,M 
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 H (i) < y (i)      -
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P(i)=1     LO=1. 
    

10.      LO 0,  -
   . 5. 
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,      -
  . 

   , -
     ,   

  .      
        

   y   x -
 ( . 4.2, ).      -

 xy  .     90 . ,  
       ,  

  xy,       
45 ,     . 

        
  ,      

   ( . 4.2, , ;  1). 
       -
  ,     

 W,      

 
j

i

i

j
ij x

v
x
v

W
2
1 , (4.16) 

        -
 J.  [Q]   (4.12)      

    : 



188         

 

011
200
200

2
1WQ , 

 332211332211 ubububvcvcvcW . 
        

  ( . 4.2, ,  2),   -
       ( . 4.2, , -

 2). 
  . .   . (1986)     

 ,     C  
  

 klijjlikijkl GC
1

2 , 

,    (4.3)   
     ,  

  –      
   ,   -

     ( . 4.4,  1).  
     Y.F. Dafalias (1983)  

     -
     .   , 
     (4.3)  -
        -

      ( . 4.3, -
 2).  [Q]      (4.12)  : 

 

011
200
200

2
1Q , 

  –      -
. 
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. 4.2.     
 –  ;  –    ;  

 –    ; 1 –    
     ;  

2 –  , j ; 3 –  , . 
 

     
                                                  

. 4.3.        
     Ol: 

 –    ;  
 –    . 

 
       

.  
1.      {v}  -

  {V}   -
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 : 

 

0
0
1
1

000
000

000
000

2
1

2
1

000

000

000

000

0

yk

yj

yi

xk

xj

xi

kji

kji

kji

kji

yx

xy

y

x

V
V
V
V
V
V

bbb
ccc

ccc
bbb

gVB

F
F
F
F

F

 

    -  : 

yk

yj

yi

xk

xj

xi

kji

kji

kji

kji

yx

xy

y

x

v
v
v
v
v
v

bbb
ccc

ccc
bbb

vB

F
F
F
F

F

000

000

000

000

0

000
000

000
000

2
1

2
1

. 

       [B0] 
      ,  -

 {V}        -
   . 

2.     ,  
      

 22
yxxx FFG ; 

 22
yxyy FFG ; 

 yyxxyxxy FFFFG , 

      

 yxyxxxx FFFFG 22 ; 
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 xyxyyyy FFFFG 22 ; 

 yxyyyxxyxxxyxy FFFFFFFFG . 

3.      

 
22 4 xyyx

yxxyxyyx

GGG
GGGGGG . 

4.     , -
       

 22
xyxx FFB ; 

 22
yyxy FFB ; 

 yxyyxxxy FFFFB , 

      

 xyxyxxx FFFFB 22 ; 

 yxyxyyy FFFFB 22 ; 

 xyyyxyyxxxyxxy FFFFFFFFB . 

5.      

 
22 4 xyyx

yxxyxyyx

BBB
BBBBBB . 

6.       -
  

 . 

       
     ( . . 4.2,  3).   

      -
,   ,      

57,5 ,   ,      -
  90 .      

      
    ( . 4.3). 
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. 4.4.      
 –  ;  –    ;  

 –    ; 
1 –   (1.3)    j;  

2 –  ,  ; 3 –  ,  Ol; 4 –  ,  R; 5 –   (1.21). 
 

         
,      -
      -

  ( . . 4.4,  3   -
   Ol   4     

 R),       -
  . 

,     Ol -
,      

 xy =G ,    x=G 2,  -
 y .  -  CR  

    , -
    ,    

  y=-G 2. ,     -
  ,     

      -
,  .   

      . 
,      -

       -
  -  , . .  

        -
.       ,  -
        -
  ,      -
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 .         
( . .   ., 1986, . . , 1986).   «...  

      -
     , . .  -

       
          -

  » ( . .   ., 1986). 
    (4.1)     : 

 r = C : Mr, (4.17) 

 M –    ,  r  Mr – -
,       -

        . 
,        
  ,  , -

,      , -
       -

  ,      
 . . 

 
4.3.      

     

4.3.1.     
 

       
   ,      -

      -
   ,   , -

   ,     -
       Ĥ : 

 HC ˆ: , (4.18) 

   : 

 rr HC ˆ: . 

        
  .   -

     , -
        

      = dl/l0.   -
 : 
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00

2

0

1
2121 l

dl
l
dl

l
dl . 

       -
,      : 

 1lnln
00

l
l

l
dlH

l

l

. (4.19) 

 2121 HHH  

, H1 + H2 = H1+2, . . 

 
0

210

10

210

0

10
21 lnlnln

l
dldll

dll
dldll

l
dllHH ; 

 
0

210
21 ln

l
dldllH . 

  ,    -
    ,   

(4.19) ( . . , 1978): 

 
0

3

003

3

02

2

01

1 lnlnlnlnln3
V
V

l
l

l
l

l
l

l
lHH octV . 

- ,       (4.18) 
  C    .  -

 G      -
  : 

 
ioct

oct

H
G , 

    –    
  : 

 
voct

oct

H
K . 

,      -
,     , . .   
  . 

     
,      ,  
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      -
,         

    : 

  = e + p . 

       
         

        . 
     , -

    ( . 4.5).  
    h0.     P 

     h.     
     : 

 
0

ln
h
hH . 

        -
,     . -

      H ,   -
  : 

 
h
hHe ln , 

  : 

 
0

ln
h
hH p . 

 ,      -
       -
: 

 pe HH
h
h

h
h

h
hH

00

lnlnln . (4.20) 

 ,      -
     , ,    -

 ,    . . 
      . -
,         

 : 
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2

0

1
2
1

h
hG , 

 : 

 
2

1
2
1

x
e h

hG , 

 : 

 
2

0

1
2
1

h
hGp

. 

 ,  pe GGG . 

 
. 4.5.      

  . 

 
. 4.6.        :  

1 –    15 , 2 –  , 1 . 
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  (4.20)    -
      -

  (Lee, 1969),     
   : 

 pe FFF , 

       -
  : 

 
0h

hF ; 
x

e h
hF ; 

0h
hF x

p . 

  ,    -
      -
,     ,     

       
     ( ) -

. 
     (  
     ) ,  

      -
    . ,   -

    : 

 ee HC ˆ: , (4.21) 

 Ce –    ; 
eĤ –    . 

 -       
      -
      

   ,     -
 ,       

         -
 ,      -

   .    
         

      ,   
 , ,   A,  B   

  V. 
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4.3.2.    ,  
  

 
         

,        
       -

.       -
     .    -

     ,  -
      : 

 
V
VH ; 

    (    ): 

 uB
H
H

H
2

1 , 

  ( ) ,       
    .   
         

 : 

 

k

j

i

k

j

i

c
c
c

b
b
b

B

0
0
0

0
0
0

2
1 , 

     : 

 kji yyb ; 

 jki xxc , 

         
      

      : 

 sincos iii yxx ; 
 cossin iik yxy , 
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  –         -
  . 

        
      : 

 
v
u

v
u

C
v
u

cossin
sincos . 

        
  : 

 TuFN , 

  : 

 
SS

dSBudSHN TTT . 

       Tu , -
: 

 
S

dSBF T , 

        -
   : 

 TBF  

  [B]´   2 6.  ,  
 { }´       

   ,     
  .  ,     

      . 
    {F }      -

      {F} : 

 FCF , 

        
      -

  : 

 duCud . 

 [C] , . . [C]-1 = [C]T. : 
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 TT BCF , 

   : 

 TTTT BCddBCdF . (4.22) 

      : 

 HD ,  HdDd . 

 [D´]     , -
     : 

 
1

1
211

ED  

  (4.22)    : 

 TTTT BCddFduCBDBC . (4.23) 

   ,   (4.23), -
     ,     

        -
     . 

      -
     .  -

,       ,   
      . ,  

         
     : 

 AH 21ln , 

,      
        -
  : 

 ee AH 21ln . 

       
   ,    

  . ,  . .  (1973), 
      

eJÂ     : 

 eeeeeeJ DADDAA ˆˆˆ , (4.24) 
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 eÂ  –    ; 
eJÂ  –       

   ; 
De = D – Dp –    ; 
D –   ; 
Dp –    ,  

   . 
      eÂ  -
      -

  : 

 WAAWAA eeeeJ ˆˆˆˆ , (4.25) 

 W –  ,     -
 4.16. 

    eÂ     -
 (     )    -

 eÂ ,       -
 : 

 eee AnAnA ˆ)1(ˆ)(ˆ . (4.26) 

    eÂ       -
  xi,      -

 : 

 ee AV ˆ21 , (4.27) 

, ,    : 

 ee VH lnˆ , (4.28) 

     e
ijĤ . 

     ij(n) -
   (4.21),    ij   
   

 1nn ijijij . (4.29) 

 -   (4.10)    
(4.18)        -

     ,    
 .    (4.10) ,  

         



202         

,         
    ( . . , . . -

, 1977).       (4.10) 
     -  -

: 

 vKVvBCBVBF TT ˆˆˆ . (4.30) 

      (4.30)   
(4.10): 

 VBVBvKvKF TT ˆˆˆˆ , (4.31) 

 

 VBVBvKFvK TT ˆˆˆˆ . (4.32) 

    

 VBVBvKF TT ˆˆˆ  

        

 FFvK̂ , (4.33) 

    ,   
   . 

        , 
     (4.31), ,  

     , -
   (4.13)     ( . 

. 4.2,  5);        -
     .   -

         ,   
       -

    (4.3). 
     (4.3)  -
  J   (4.18)   -

 . 
   ,  ,   

       -
        15 ,   

       -
     VB T ˆ ,  
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   ( . 4.6).    
       15 ,  -

       
      . 

 
4.3.3.       

 
 

      -
       -

    . 
       

     «  ».  
     :  
         

,      .  -
 «  »   ,   -

   , ,   
   ,   -

. 
      -

       
     . , 

       . 
, , ,      -

      -
 ,       -

. 
   ,     

,      -
 ,    , -

       -
,         

( . 4.7).        
       , 

     .   -
   (4.19)     C   

 
t

eGG 0 ,      D p  

  
G

dt . 
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  D p     
G

dt , 

 ,       (    
 ). 
      «0»   «I», 

  , ,   xy  
  1  . 4.8.      -

  «I»      «II»,   
      -

  ( . 4.7,  2).      
        

45 . 
 

 
. 4.7.        ,  

  . 
 

 
. 4.8.      

     . 
1 –  , 2 –       

    , 3 –     
      . 

 
        -

  ,      -
.     «0»   «I»  
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 1.         
,    ,  ,   -

,      '.     
   ,     

    '    
       -

   ',   .  
    «II»    -

     2,    -
   '',       -

        ' 
   ,       '. 

         
       -

 «I»   «II»   3. 
  «I»       

 , ,   -
    3.      

       -
       , -

    . 
 

4.3.4.     
       

 
      -

 : 
1.      -
    ,    

  

 
l
lH e ln  

 l  l  – ,      -
  . 
2.       -

  ,    . 
3.        -

      ,  -
     ( )  -

 Dp,       -
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 D: 

 D = De + Dp, 
 De –    ,   Dij -

     : 

 
j

j

i

i
ij x

v
x
vD2 ; 

xi –      -
 .      -
     . 

4.      D p 
,       -

  ,    
: 

 
p

p
v

D
D

F

F
; 

 Dv
p –    ; 

D p –    ; 
F –    , -

    . 
5.       

. 
6.       -

        
       

   ,   -
-   . 

      -
      -

 . 
1.       -

    ˆˆ BCBK ,  -
  ,       

. 
2.       (4.33)  

   ( )   -
  F .      { F}  . 
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3.    (4.32).    -
   ( )  {v}. 

4.        
4.1.    ( ) : 

 vBD ˆ  

4.2.      
( ): 

 332211332211 ubububvcvcvcW  

4.3.        
 ( )  DC . 

4.4.      -
: 

 22
max 4

2
1

yxxyyx ; 

 22
min 4

2
1

yxxyyx , 

      : 

 
ymax

xyarctg . 

4.5.     0  i (  -
   –   0   i ): 

 
2

minmax
0 ; 

 
2

minmax
i . 

4.6.        
« »   T  T,   

    . ,    
  -    -

     -   T  T 
   : 

 0
T ; 
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 tgTT C . 

4.7.  « »   : 

 TTT
1 ; 

 TTT
3 . 

4.8.    : 

 2T
3

2T
1 sincosxxp kd ; 

 2T
3

2T
1 cossinyyp kd ; 

 2sin
2

T
3

T
1

xyxyp kd . 

  k   1   -

,    dtk     -

. 
4.9.       

 : 

 111 2
ypxpxp dd

E
D ; 

 111 2
xpypyp dd

E
D ; 

 xypxyp d
E

D 1 . 

4.10.      -
 : 

 xypxy
e
xyxpx

e
x

e
xyxpx

e
x DDADDAWADDAd ˆˆ2ˆ2ˆ ; 

 xypxy
e
xyypy

e
y

e
xyypy

e
y DDADDAWADDAd ˆˆ2ˆ2ˆ ; 

 
xypxy

e
y

e
xypxpyx

e
xy

e
y

e
xxypxy

e
xy

DDAADDDDA

WAADDAd
ˆˆˆ

ˆˆˆ
. 

4.11.      -
  : 
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 xypxy
e
xyxpx

e
x

e
xy

e
x DDGDDGWGGd ˆˆ2ˆ2ˆ ; 

 xypxy
e
xyypy

e
y

e
xy

e
y DDGDDGWGGd ˆˆ2ˆ2ˆ ; 

xypxy
e
y

e
xypxpyx

e
xy

e
y

e
x

e
xy DDGGDDDDGWGGGd ˆˆˆˆˆˆ . 

4.12.      -
       -

: 

 e
n

e
n

e AdtAtA ˆˆˆ
1 ; 

 e
n

e
n

e GdtGtG ˆˆˆ
1 . 

4.13.     eÂ   eĜ . 
4.14.         -

      -
 : 

 ee AH 11
ˆ21ln5,0ˆ ; 

 ee AH 33
ˆ21ln5,0ˆ ; 

 ee GH 11
ˆln5,0ˆ ; 

 ee GH 33
ˆln5,0ˆ . 

:      -
        -

. 
4.15.     : 

 ee HHE
211

ˆ1ˆ
211

; 

 ee HHE
123

ˆ1ˆ
211

. 

4.16.     : 

 2
3

2
1 sincosx ; 

 2
3

2
1 cossiny ; 
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 2sin
2
1

31xy . 

4.17.     : 

 1nn ttd . 

5.       (31)  -
        

 . 
 
 

  4.2.3 ,   4.3,   -
      , 

    ,    
        

   . ,  ,   
    .     

 ,      
4.3     . 

   ,    
        . 
      G = 1 , 

   = 10 ,     = 0   
   = 10 .  . 1.9–1.11   

       -
     .   -

,         
  ,    
    .    -

       -
  , ,     -

   .     -
      01,0 .  

  ,    -
        , 

      . 
 



 4.3.     211 

       
 

        
 

. 4.9.        

   1: 

 –   4.3;  –   4.21. 
 

    ,   
 ,  ,     -

       -
   4.3    

    4.21    . 
 ,  4.3      

         
     . 

 ,      -
 4.3 ,     -

       -
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,        -
   . 

 
 
 

       
 

          
 

. 4.10.        

   5,0 : 

 –   4.3;  –   4.21. 
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. 4.11.        

   1,0 :  

 –   4.3;  –   4.21. 
 
 
 

4.3.5.    -  
     

 
      

 ,     
   ,   

 ,  ,    -
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     ,   
.           

,     ,    -
     ,   -

      , . . -
 ,       

    ,   
 .     -

, ,   . .   . .  (1982), . . 
  . (1982), . .  (1985).  -

         -
      -

   . 
       

 I,     : 

 I = sin 1  sin 2  sin 3. 

      I,  -
    ,    

 0,3. 
 
 
 

 
                                               

 
                                               

. 4.12.    
 –  ;  –      ; 

 –      ;  –  . 
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. 4.13.   -    
     1  

 –    ;  –    . 
 
 

     -
. 

1.   ( . 4.12, ).      -
   ,   . 

2.       -
 ( . 4.12, ).        

     ,     
. 

3.       -
 ( . 4.12, ),      -

   , . .      -
. 

 . .  (1985)    
( . 4.12, )     , -

,  ,       
 ,       

     . 
 . 4.13    -

       1   -
    ( . 4.13, )     -

   ( . 4.13, ).  . 4.13,  , 
         

       
     . 
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5 

    
    

 

5.1.        

       
    ,   -
        

         
   ,    -

       -
     ,   

 .      -
        -

.        
        -

       -
 . 
       900 2 

(D=33,85 )     5 .  
 ( ): =18 / 3, =2   20 , =0, =16, 5   33 , 

=0,25. 
      . .  

( . . , 1988)       
  :  

 cNdNDNp cccqccu ... 2
. 

 =0, =33  – N c=59, pu.c=59 18 0,5 0,3385=179,7 .  
   Nu.c=179,7 0,09=16,2 =1,62 . 

 =0, =16,5  – N c=4,5, pu.c=4,5 18 0,5 0,3385=13,7 .  
   Nu.c=13,7 0,09=1,23 =0,123 . 

      -
.     -   
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- ,     , -
  - - .    

      -
      -

. 
     75 ,   

 – 195 .     .    -
        

      -
     .      

       0,2   -
      5 . 

  
                                                            

   
                                                                

. 5.1.       
        -
 : ,  –     ;  

,  –     ;  
1 – =2 , =33 ; 2 – =20 , =33 ; 3 – =20 , =16,5 ;  

4 –   =20 . 
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        -
        -

  .  . 5.1    
       -
        

     .  -
        

     .    -
        -

,       -
  , ,    -

 . 
      

  ,      
, . . ,       
   ,     

,      .  -
      ,  -

   ( . 5.2, 1, 2), , 
         -

       
 ,   ,     

       -
. ,     ,   

         
      ,   

   ( . 5.2, 2, 3). 
 ,       

       
 ,    .    -

       -
         

   =20 , =16,5 .   
   0,82 , . .  7  ,  -

   . .  (Nu.c=0,123 ),    Nu.c 
        

.  0,123      -
  0,008 ,    – 0,03 , . .   4 
 ,    . 

      -
      . -

 . .     -
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    . 

1                     

2                 

3                  
                                                    

. 5.2.      : 
 –     ;  

 –     ; 
1 – =2 , =33 ; 2 – =20 , =33 ; 3 – =20 , =16,5 . 
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       -
  ,  ,    -

 .        
    . -

,     -
         -

    .  
,          -

  ,   -
         - 
 

   
                                                 

 
                                                  

. 5.3.      : 
1 –     ;  

2 –     ; 
 – =2 , =33 ;  – =20 , =33 ;  

 – =20 , =16,5 ;  –   ( =20 ). 
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 ( . 5.3)      , . . -
    ,      -

 ,       
  .    -

        -
  ( . 5.3, , ), ,    -

     , -
   . 

      
 ( . 5.4).      -

 ,     5    
     -

  , . .     ( . 5.4, ). 
  2,25D       

 1,22 , . .  4,1    . 
       -

  ,       
      ,      

 ,      -
   -  . 

  ,     
,     ,  
 ,     , . . -

         
  ( . 5.1-5.5).   

        
         

   .  ,    
         

  ,   -
  . 
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. 5.4.     : 
1 –     ;  

2 –     ; 
 – =2 , =33 ;  – =20 , =33 ;  – =20 , =16,5 ;  

 –   ( =20 ). 
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. 5.5.       
     : 

1 –     ;  
2 –     ; 

 – =20 , =16,5 ;  – =2 , =33 ;  – =20 , =33 . 
 

       -
      -

 ,           
 ,       . 
       -
       ,  -
      ( . . 5.5-2.5).   

    , . .   -
        -

   ,   -
   . 

     -
       . 

   33,85    ,  -
  =200 / 2, =0, =16,5 ,   

40 .       
       

. 5.6-5.9.       
  ( . 5.6) ,    -

   0,81       -
        

 ,         
      

   . 
 



224     

 
. 5.6.       

       : 
1 –     ;  

2- –     . 
 

   ,    -
  ,     

  40        
    ( . 5.7, ).   -

        
 , ,   ,  

 ( . 5.7, ).     40   
        
  40 ,       

  – 80 , . .  2  ,     -
   . 

 . 5.8, ,      -
 ,       -
 ,   . 5.8,  –     -

 . . .  ( . . , 1937).   
    ,    -

  ,      
 ( . 5.8, ),   ,  -

   ,     -
    .    -

   ,    -
     ,    

        
   ,       ( . 5.8, ). -
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    ,       
.        -

,    . . .  ( . 5.8, ). 
 
 

 
. 5.7.      

    : 
1 –     ;  

2 –     . 
 
 

   
                                                                                           

. 5.8 .        
( ):  –     ;   

 –     ;  
 –  . . . . 
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         -

   ,  , 
  «  »    
 ,       

  ( . 5.9). 

  
                                                                

. 5.9.        
  ( ):  –     ;  

 –     . 
 

       
 .       , 

        
     .    

   E=40 , =18 / 3, c=15 , =0 . 
     . 5.10.  

    . .  ( . . , 1988) 
:  

 dcp cu  5,85157,57,5. , 

   Nu.c=85,5 0,09=7,7 =0,77 . 
       1,2  

( . 5.10, ).  ,      
 ,     -

  ,  ,    
,         

    ( . 5.10, ) , ,  
     . 
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   ,  ,   
         -

       
        

   .     -
  1    0,12 / ,    – 0,053 

/ . 

 
                                                           

     
                                                      

. 5.10.     
     : 

 –        -
  ;  –      

 ;  –     ( );  
 –    ( ). 
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     ( . 5.10, )  -
    ( . 5.10, ) ,   

          
       –   -

,     .  ,  
       

  , , , , , 
         

,   . 
 

 
 

    
                                                                    

 
. 5.11.       1 : 

 –       ;  –   
     ;  –  -

      ( ). 
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  .    -
        

  4,45.  ,     
       . 

,        -
 . 
        
     .   

        
   0,5     0,5 .  

    10  ( . 5.11, ).    
, . .     .   
        

3 .      E=40 , 
=18 / 3, c=15 , =0 .     

. 5.11.        -
  -  . 

    ,    
        ,  

      . 
      

          -
  .      

  ,       
4 . 

5.2.          
      

5.2.1.   

        
        -

       , -
        
.      , 

     (  450  1200 ). 
  , ,  -   

        
   .       

       . 
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