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 –   );   (  
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β.   , 
     

       
  (  .   1760 ).    

     ,   
       .

 – ,  -  ,    
,     .

   ,  ,    
,   .     

:   ,    ,   d = ∞    
 .        .  

         
 .

    2.1,   1 β    
   ,       (  , 

      ).

 2.1

      1 β    1 β, 
     ,    

,   . 
 α     ,   , 

  .
      

 :
   d 1  d β -  

     ,    
   –   .    

  .
  d1  d2,     

    ,  .     
  .        
 ,     .   

  d   = d .
,          

 ,   (  )    
  ( ).        

 ,    df   da.
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      ,   
 ,    t.       

      n,    
      ,   

   ,    :
n = t·ωШЬ , ( )

  –      (     = 8…18 ,       = 
β5…40   ).

 ,  π    n   t,   
  mn   mt :

mt = t/π;  mn= n/π. ( )
  ( )  ( ), :          mn = mt· ωШЬ .

       mn = mt = m.
  ,       

    .       
    ,    

  ,   .
    

        

 z –   .
  ,   = 0…d = z·m.

          ha   hf:

ha = m;           hf = 1,β5·m.
  

h = ha + hf  = β,β5·m = h  + ,
  = 0,β5·m –             (   )
h  = h – c = β·m –   .

   
da = d + β·ha = z·m + β·m = m·(z + 2).

  
df = d -β·hf = z·m – β,5·m = m·(z – 2,5).

 –  

  (+) -   ;
 (- ) -   .
 ,    ,    

 ,   .
        

  ,    
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a
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b

m
6...25.
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       .

      .
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      .
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 ,     ,  
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 ,   –   ,  ,  

             
.        ,   
        . 

         
,        –  

        . 
γ.4.    –  ,   

 –        ,   
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d d n
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2 60
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v , /

60 1000

t

T
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d
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. 
γ.5.    –    

      ,    
.         

 (    ).
γ.6.      – -      
 ,      , 

   .      
,     ,  

   - , .
  ,       
.     –     
,         , 

     . 
 μ

*     –   
 .30, 40, 45, 50, 50 ,  40 , 40 .     = γβ0…γ50  

   ;   > γ50 –    
, ,   ;
*    –   12 3 ,

20 2 4 ,  15 , -  18 ,   
 ,    ; 

*    –  35 , 55      
;

*      –  -28, -

32, -35,  ,     – -15, -18, -21, -24.

  ,        –
: , , ,   (    

,   –     ≥ 250).
    –  ,  

20…170     ,   ,    
     .

        
,   ,      .

4.     
4.1.        ,    

   .      
    ,   ,   

        - μ

     ;     

E1   2  -        ;
 –  ;

ρ  –      : 

np np

H H
npnp

q E q E

2
0,418 ,

2 1

np

E E
E

E E

1 2

1 2

2
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   -      

       ;        
q –  ,       .

F –    ;
  :

α –        
 (    α= 1);

  -        -  
     ; 

v  -  .
    ,    ,  

,  ,  .

 ZH –        ;
ZM – ,       

;
Z   -        

   :

 

α –   :    

 

           
,        , ,  

  ,    .      
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np 1 2

1 1 1
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1 2 1 2 1 1

1 2 1 2 1
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0,5 sin / 2 1
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d d d u

d Sin
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d Sin
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2
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b d u
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1
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2 1
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2 1

1
,

Z
4

;
3

Cos
z z

1 2

1 1
1,88 3,2 .
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H H H
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22 2
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.
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u
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     .    ( . 
   .)

 YF –   ,       
              

      (    
 YF = 3,5…4);

Y  = 0,λ5…1;    Y = 1;     Fα = 1  -   ;    
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1
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;
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T
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1

3

1
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5.   
   

      ,      
,     ,          ( .  

2.3).     ,   ,     
  n – n     ,       

 – mn.

    ( )  , , 
      .   

   :

         

 

   b,   u,   υ
  ,     .

      n – n    

     ( .  2.3). 

 2.3
      .    

         
 ( .    ):

        

         

3

1
3

1

1 133 3 3

1 1

2 10

2 10 .

F F F Fv

bm

F F F F

F Fv m

bm bmF F

T
m Y Y Y k k k
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T Y k T Y k
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a a n
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d d h m
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2 2 ;

f f n
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d d h m

Cos
2 2,5 ;

n
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a
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1 21 2 .
2 2

d
b

2

d
a
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d a d

b Cos

2

2
,

2 2

d
d
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.  ,    d  z, ,      
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   Fn,     ( . .    
),    Fr      , , 

  ,    Ft   Fa . 

                      

  ,    –  
 .     ,    
     ,    

     .
    ,    ,   

       - :
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       ,   

       (  2.4):   
 ,        qα,     

     .
     .  
  ,  ,    -

  

Ч

n n

d m z z
z

m Cos Cos m Cos2 3
.

t
F '

t

T
F

d

1

1

2
; t

r t

F tg
F F tg

Cos

' ;
a t

F F tg .

koc np

H H

np

q E

2
.

2 1

d Sin d Sin

Cos

1 1
1 2

;
2 2

d Sin d Sin

Cos

2 2
2 2

;
2 2

np

d Sin d Sin Cos d d u Sin

Cos Cos Sin d d d Cos u

2

1 2 1 1

2 2 2

1 2 1

2 /
.

2 2 / 2 1

n
koc

F
q

l
, t t

n

F F
F

Cos Cos Cos

'

.

l

Cos
z z

1 2

1 1
1,88 3,2 .
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 2.4
,    ,    

       

       , :

      , 
:

          
 :

 

2

1

33 2
2

2 32

33 2
2

2 3

2 cos 1

2cos sin 2 1

2 10 1 cos2 1

sin 2 1

2 10 1 cos
.

ba

ba

F Ф Ф Ф ut

b d u

Ф Ф Ф uE

u a

Ф Ф Ф u
Z Z Z

u a

33 2
2

2 3

2 10 1 cos

( ) .

ba

Ф Ф Ф u
Z Z Z

u a

2
22 33 3
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2

22

2 10 1

2

1 .3

H M

ba H

ba H

T k os

a Z Z Z k k u

u

T k Шs
k ua

u

F F F F Fv F
bm

T
Y Y Y k k k

z m

3

1

3

1

2 10
;

,
b

l
Cos

.n t t

koc H H Hv

F F Cos F
q k k k

l Cos Cos b Cos b
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    ,         ,  
          

  .
    :

*   –   mte (   ,    
);

*       de = mte·z;
*   

daei = de + β·hae·ωШЬ i;
*   

dfei = de   - β·hfe·ωШЬ i;

  hae  =  mte        hfe = 1,β5·mte.
*   

 

*   
b ≤ 0,γ·R  ≤ 10· mte.

*   
Rm = Re – 0,5·b.

*   (umax = 8…10,   u = 4,   
    ):

 

β.      
      ( .  3.2)  

  Ft,  Fr   Fa.

.3.2
     (   )   Fn,  

                  dm,   Ft  Fr
’
.

                  

 Ft’        
( .   ),       . 

  :

e
e

e e e e
e

d
d

d d d d u
R

2

2
12 2 2 2

1 2 1 1

1
1

;
2 2 2

e

e

dn
u tg Ctg

n d

21
2 1

2 1

.

t

m

T
F

d

2
, t

n

F
F

Cos
; r t

F F tg' .
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*     (   )
 

*      (   )
 

γ.     
  

       .  
    ,   

        ( . 
 3.3).   ,       

 ,         
       (     
  ).
      3.3,

              

  

            

 3.3
    , 

         

 

    

a r r t
F F F Sin F tg Sin'

1 2 1 1
;

r a r t
F F F Cos F tg Cos'

1 2 1 1
.

e e

e ve

r dAO
Cos

AO r d

1 12
1

1 1 1

2
;

2

e

ve

d
Cos

d

2
2

2

,

e
ve

d
d

Cos

1
1

1

; e
ve

d
d

Cos

2
2

2

.

e

e

dOO
Cos

OA R

22
1

;
2

e

e

d
Cos

R

1
2

.
2

e

e

dCos
u

Cos d

21

2 1

.
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   ,       
      . ,      mve = mte.

        
:

 

         
 (     )   ,    

   –    , 
    ,   .      

   - .   :
*          
    q       

,          
.       (   Rm, dm, q ).

*  ,     
 ,   ,       

      = 0,85,   
 . 

 ρ  –   ,    : 

     , 

 

     ρ , :

 

     ,   , 

ve e
ve

ve e

d d Cos
u u

d Cos d

22 2 1

1 2 1

.

ve e te
ve

ve ve te

d d m z z
z

m Cos m Cos m Cos

1 1 1 1
1

1 1 1

;
ve

z
z

Cos

2
2

2

.

2
.

2 1

np

H H

np

E q

1 2 1 2

1 2 1 2

1 2 1 2 1 1

1 2 1 2 2 1 1 2 1

2 2

/
.

2 / 2

ve ve ve ve
np

ve ve ve ve

e e e e

e e e e

d Sin d Sin

Sin d d

d d Sin Cos Cos d d u Sin

Cos Cos d Cos d Cos d Cos u Cos

e e

e e e e e

d d u
Cos

d d d d d u

2 2
1 2 2 2 2 2

1 2 1 2 1

;
1 / 1

e e

e e e e e

d d
Cos

d d d d d u

1 1
2 2 2 2 2 2

1 2 1 2 1

1
.

1 / 1

e e
np

d u Sin d u Sin

u u

u u

1 1

2 2

2 2

.
1 2 1

2
1 1
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        ,    
  :

 

 ρ    q      ,  (  
    ):

        
 Z :

 

           

          dm1:

 

4.       

    ,      
    ,      

   (   0,85):

m
np

d u Sin

u

1

2
.

2 1

t H H Hv
F k k k

q
Cos b

.

np t H H Hv

H

m

np t H H Hv

m

t H H Hv

H M H
m

E F k k k u

Cos b d u Sin

E F k k k

Sin b d u

F k k k u
Z Z

b d u

2

2

1

2

2
1

2

1

2 1

0,85 2 1

12

2 0,851

1
.

0,85

t H H Hv

H H M H
m

F k k k u
Z Z Z

b d u

2

1

1
.

0,85

t

m

T
F

d

3

1

1

2 10
bd m

b d
1
,

H H Hv

H H M H
bd m

T k k k u
Z Z Z

u d

3 2

1

3

1

2 10 1
.

0,85

2
2 133 3

1 2

2

1
3

2

1
2 10

0,85

1
.

0,85

H

m H Hv H M

bd H

H

d

bd H

T k u
d k k Z Z Z

u

T k u
k

u
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 ,    ,   ,    
  .        

    

 

5.      

          
 ( )  (  3.4, )      

( . 3.4, ).
 ,    ,      
   ,       n

(β5…γ00
).

      ,    
   .    ,    

           
         ( n ≈ γ50

).
        

          
  .

          
:

 3.4

    

  

  

t
F F F F Fv F

dm mn

F
Y Y Y k k k

b m
.

0,85

F F

mn m

bm F

T Y k
m k

z

1
3

1

.
0,85

i
ve

i

z
z

Cos
.

t

m

T
F

d

1

1

2
;

t
r n

n

F
F tg Cos Sin Sin

Cos
1 1

;

t
a n

n

F
F tg Sin Sin Cos

Cos
1 1

.
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       ,       
             
,     –   .

         
   

 

   –          

        

  :
*        

          . 

,  1  2 ≤ γ50  = 1,ββ + 0,β1·u;          0,λ4 + 0,08·u.

       =  0,85    

,         1,4…1,5  
.

*       
 (        ,  

 ):

 

     

       -  

    m  z     
    ,  

  . 

H H Hv

H H M H
bd m

T k k k u
Z Z Z

u d

3 2

1

3

1

2 10 1
,

H

m d

bd H

T k u
d k

u

2

1
3

1 2

1
.

t
F F F F Fv F

dm mn

F
Y Y Y k k k

b m
.

F

F

e
vn

n

d
d

Cos Cos2
;

vn

n

z
z

Cos Cos3
.

vn
z z

1 min
17,

te

b
m .

10
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       № 4.    

1.   

 4.1
     –       

 ,    –        –
,         

.        ,    
 ,        .

     ,   ,  
, 90

0
 ( .  4.1).       , 

 - ,    , ,   .
  μ

*             ,      
u = 5…1000,    ;

*  ,    ;
*    ;
*    .

μ
*    (0,7…0,85) -     ;
*      

.
       ,    
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    , F –   
           

    Fn    F   ,    
    φ (  11. 2). 

.                                                         11.2
 F       :    Fa,  

  ,    Ft,     .  
  ,

Ft = Fa∙tg (Ψ + φ),

h

2 2 2

pp p
tg =arctg arctg

d d d

h
p p z z
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 φ-  ,   
tР φ = П ……………φ =  КrМ tР П.

          
          Ψ = 0. 

       (  11.3, ):

F  = Fa∙ f,

 )                ) 
      11.3

     (  11.3, )

   .  ,         (  

α = 60
0
)

       
Ft = Fa∙tg (Ψ + φ′),

  
Ft′ = Fa∙tg (φ′ - Ψ).

     ,    
 =  + ,

  –    :  

 –      (  ).
 –         

 D,    ,    do,    
   ( ).

 11.4

mp n a a

f
F F f F F f ',

cos
2

f
f '

cos
2

' 1,15 .

cos
2

2 2
p t a

d d
T F F tg ' .

2 2
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ρ    dρ,    

dA =2∙π∙ρ∙ dρ.
               

 

    

 

         

  

    
Ψ = 2030′ ,    d2 = 0,9d,    f = 0,15,    d0 ≈ d,    D = 1,5d,

 = 0,2∙d∙Fa.

        14∙d,

0,2∙d∙Fa =  14∙d∙F ,
   Fa =  70∙F .

    ( )   ,    
         70…100 .

    Ft′,     

3.2.        
            . 

     3600. 

γ.γ.         
,  ,         

 

a a

cp 2 2

0

F 4F
p

A ( D d )

a a
Мp 2 2 2 2

o o

4F 8 F d
dF f p dA f 2 d f .

( D d ) D d

2

a

2 2

o

8 F f d
dT dF .

D d

D / 2 D / 2 D / 2 3 3(2 1)
2a a a 0

2 2 2 2 2 2

0 0 0d / 2 d / 2 d / 2

3 3

0
a 2 2

8 F f 8 F f 8 F f D d1
T dT d

D d D d 2 1 D d 3 8

D df
 = F

3 D d0

0

0

3 3

2

2 22 3

/
К К

d f D dF tР( ) F
D d

3 3

02

2 2

0
2 3

/

К К
D dd fF tР( ) F
D d

2

2 2

a a

/ /

t a

F p F d tg tg

F d F d tg( ) tg( )

2 2

o
( D Н ),

4
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Ft′ = Fa∙tg (φ′ - Ψ).

  Ψ  = φ′,  Ft′ = 0.  φ′> Ψ,    , Ft′ > 0, . . 
  ,     Ft.  , 

  ,        
 :

φ′> Ψ.
          –  

   ,   ,   .

3.      . 
 .    

       .  
      ,     

  ,        
   .     ,    

    .
     1902   

 . . , ,        
 10-       (  ,   

     ).      
 11.5.

 11.5
   –  ( - )  (  

11.6, ),        (  11.6, ),   
       (  11.6, ) –

                 .  
     .

 11.6
        ,    

     ,      
   d1.

        ,    
 :

       ,   .
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      .
        .

 –        (  
  )    (  11.7)

 11.7

1 =  π∙d1             b1 = , 

   
   = π·d             b  =  k∙p,

 k – ,        
   (    k = 0,872).

  ,        , 
  .         

  = W  · [ ] .

    11.7,               

    

,                 6∙0,54∙ ∙Fa = 1,52∙π∙d∙p2∙z∙Д ]  .
      ∙z =  H –  , 

           
,  d1 = 0,85∙d;

   

  

  [ ]  = 1,2∙Д ] , :

 

,        ,    

k p

,
W

a a
F Fh 0,54 p

z 2 z 2

2 2 2 20 87 0 76

6 6 6

a b d , p , d p
W

3 24
0 68

1 52

a a
, F F

H ,
, d [ ] d [ ]

2

1

4
a

p p

F
[ ] ,

d
2 2 2

21
0 85

0 57
4 4

a p p p

d , d
F [ ] [ ] , d [ ]

2 20 57 0 57
0 68 0 68 0 32

1 2

p p

u p

, d [ ] , d [ ]
H , , , d .

d [ ] , [ ]
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      ,        
,      2,5   :

 = 0,8∙d.
           
       :

5.       

5.1.   
C ,      (   

 ),   (     – 11.8  
   ). 

          F,  
          d1.  

       

 

 s = 1,5…4 –   .     

         
  .

 11.8

5.β.       

      ,   
     ,     ,  
   (  11.9).

     

1 1

a a
Мp

F F
[ ]

z d k p d k H

2 2

2 1

4
a a

F F
[ ]

z d h z ( d d )

2

1

4
T

p
F F

[ ] ,
A d s

1

4 F
d ,

[ ]
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 11.9
    Fa        

. 

        ,   
       4-   

:

 

         f = tgφ′ = 0,15,  Ψ = 2030′,
d2/d1 = 1,12   , :

   

 

, ,      
,   ,    

  ≈ 1,3.
5.3.  ,    

        (  11.10)  
  .    ,   

3 3

2

2 22 3

o

a К
o

D dd fF tР( ) F .
D d

2

1

2 2

3 3

1 1

4

16 8

2

' '

p

kp kp
kp

FF
;

A d

F d tg F d tgT
.

W d d

2 23p Фp p
.

22

2

2 3

1 1

2

2

2

1 1

4 8
3

4
1 3 4 1 3

'

p

'

p p

F F d tg

d d

F d
tg , .

d d

1

1 3 4
1 3

p p

, F F
d , .
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  ,   ,     
.      .

 11.10.
         F  

 F : 

F = F  = П·F ( )·z∙i,   

 П =0,15…0,2 –  ;
 z –  ;
 i –     .

        20%,  
  :

 

   ,   ,

   , , Д ] , 

 

   d1        
  .

     ,   
      ,   
:  , , .

,      (  ),   
    :

   

         
 (     11.10    ):  

*   

F
F ,

f z i

1 2
1 2

, F
F , F .

f z i

2 2

1 1

4 1 2 1 3 4 1 2 1 3
p p

, F , , , F
.

d d f z i

1

4 1 3 1 2
1 4

p p

, , F F
d , ,

z f i z f i

2

4
0 2 0 3

cp cp T

F F
, ... , ,

A z d

4

cp

F
d .

z

2

F
;

d
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*   

       ,  Д ]   
      .

5.4.    
       , 

       (  11.11).
        ,      

:     Fa     ,   

 11.11
                  Fa-Fa   

 

    d1, 

 = . 

     ,    d1

  (  11.11).    d1    
,   .        
   ( ,   = 0,5∙d1   = 5,3∙ ),  

        . 
     ,   

       
   , ,  

 .

5.5.      
  (  11.12)    

  .
     :     

 Fa( )    ,    . 
     Fo,  ,  Fo∙ ,  

 ,       Fo - Fo∙  = Fo∙(1- )  ,  
       .

1
2

F
.

d

2 3 2

1 1 1 1

1 3 4 32 4
1 3 8

p

, F F a F a
, .

d d d d

1

1

4 1 3 8

p

a
F ,

d
d 1

1,3 8

1,3

p

a
F

d
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 11.12
  –   ,    

 -  ,        1 :  

, 

 l   -     ,    
   ;
 –    ; 

   -    .
       –   ,    
. .  (1911 .),       

    (  11.13),     
 D       (  , ), 

        α (  tg α ≈ 0,5).
  ,      , 

   ,      D + 

0,5∙h (  h –    ). 

 11.13

            

    

  ,    , 

.

l

E A

2 2

2

0 5
4

o

h
,

D , h d E

2 20 5
4

o

h
.

D , h d E
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       1. 
        F ,    

,        
F∑ = Fa( ) + Fo∙ .

      Fo∙(1- ),  
   ,    Fa    

  . ,   , 
Fa( ) = 1,3∙k∙ Fo∙(1- ),

 k = 1,25…4 –      . 
F∑ = k∙ Fo∙(1- ) + Fo∙  = Fo∙ Д1,3∙k∙(1- ) + ].

  ,      ,  
  :

5.6.   ,      
   ( .  11.14)      

 .  ,         ,  
 .

 11.14
    :

  , , ,    
 ,      ;

     .
  11.14  ,    , 

     (   ,   

   l).        , 

     ,  ,   
    .

     (  )    ,  

0 2 0 3, ... , ,

2

1

2

1

4 1 3 1

4 1

op

max p

o

min p

F , kF
.  

A d

F k F
.

A d

F F l

F

T F l
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      FF,  

 ,    .

   ,    , 

          

    .  ( . )   ,   z , 
    

  

 

        
 = 4∙F·T1∙r1 + 2∙F·T2∙r2.

       ,   
,

 

,   ,  FT1,   FT2.

         FF 

(  .      ).   F∑i.

        1-  
 3-  (        ),  2-  (  

 ).
 ,            

,     :

 

 i –   ;
 h –  .

  ,          .
      ,    

  .  ,    
,

 

 k = 1,3…2 –     ;
f –     .

      :

F

F

F

F

F
F .

z

T F
1 1 2 2 3 3

... .
T T T Tz z

l F r F r F r F r

1 1 1 1

2 2

T T

T Tz z

F r F r
;    .....    .

F r F r

2
2 1

1

T T

r
F F ,

r

Ti
F

2

4
i i

Мcp

F F
;  ,

d i d h

i
k F

F ,
f

2 2

1 1

1 3 41 3 4 i

p p

, k F, F
.

d d f
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6.      – -

  -   , . .    
 .        .  

       ,     
.

     :  , 
  (  11.15, ),     (  11.15, )  

    .
  :    ; 

             
   ;     ;  

          . 
:  ;     

   ( . .     ).
             

    = F∙l   ,     
( ).  ,     ,  

   .

 11.15
6.1.      ( .  11.16, , ),    

 .
6.1.1.   ,   ,    

      ( . 11.16, ),  
,           ( .    ),  

    
F ∙d = Fn∙f∙d ≥ T;  2∙Fn∙П ≥ Fa ,

 Fn –    , ;
 f  -   (П = 0,15…0,18  ); 
 Fa -   .

      (   
 )

k∙ Fn = 2∙F , 

1

1 3 4
i

p

, k F
d .

f

2
n

F
F ,



98 

 11.16
 k =1,2…1,3 –   ;

 F  –   .
,    , :

(*)

,      ,

     

6.1.2.          
    ,        

(  11.16, ).

         
  ,      :

  b –  .

  ,                
       , :

(**)

,      ,     

           

   (*)    (**), ,    

     , . .   – 

,   –  .
     ,        

n
F

2 4
a

F F f
f d T ;  F ,

k k

2

k T
F ,

f d

4

a
k F

F .
f

2
a

f d f
p b T ;  p d b F , 

k k

2 F
p .

d b

К
f d f

F T ;  2 F F ,
k k

k T
F ,

f d

2

a
k F

F .
f

2
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    .

      

      .
      , 
         

 :

 

 2,5    5 –      (β+π)   (4+βπ). 
6.2.    –     ( . 

11.15, ) –     , ,     
    .

        № 1β.    

1.    
 –      

        (  
)        

 (  ).
   .   :  , 

, , ,    …
      

   ,    :
*    10…20      

   – ,  – -   
  ;        (  

   ,  -         
  ,   );    ,    

;    -     
;

*       , 
  ,        

  ;    
, ,  ;    ;

*       ;

*     .

    :   
       ; 

  ;     
 ;       

.

        

8

8

H
,

h

2 5
a

F F f
, f d T ;   5 F ;

k k

2 5

k T
F ,

, f d 5

a
k F

F ,
f
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      .

        
 .

     :

1.1.     –  
  1882  . .     1888  

. . ,       
  –     .

     1…60 .   
   , ,   
  ,   .

1.2.       
,      . . . : 

     ,   
 ,         ; 

    2…130  ,   
   ,    

   .

1.3. Э   ,    
  ,       

     .     
      ,      

       ,    
.         –

40…100   .

1.4. Э   ,     
     (  )  

      (  ):  
     .

1.5. Э    ( ),  
,      

      
(   ). 

1.6. Э    –    
,   :  ,   

 ,   ,     
-   ,      .  

  .

β.   ,   
       

,    –  ,    
,  ,    ,   

.
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  1β.1 :

 12.1

 –          
,     ;

 –     V-  ;

 –    -   ;

 –    -   ;

  -   U-        
.

  1β.β      :

 12.2

 –       , 
  ;   

      –  ,   ,     
        ,   

 ). 

 –      1:1,   
 ,   ,  

   – ,  ;

 –      1:1,5…1:2;

 ,       
   : , , . 

γ.   
3.1.         ,  

        .  

(  12.3)          
'

p; p;

F
.

l
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 12.3

 [ ] ;c  –    ,    
        

.      

 l = b     

         (  
12. 4),      (  α = 450).

 12.4

                     F      
  

       –   
   ,   -    

  ,   .   
      .

3.2.          
      ,   

      .  
 

h = k∙Sin 45
0
 = 0,7∙k,

 k –  ,  ,  δ.    

'

p ;

F
l .

'

p ;

p ;

.

'

p u p

F M
.

l l 2

6
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 = С·l = 0,7·δ·l.

 ,      , 
    ,      

   4δ.

  ,    ,
  ,   ,   ,  

   .

   

  ,  ,

         
 ,        

       .   

    (     F,

 )

       F    = F·l,   ,  
    ,      

     ,  

3.3.       
        -  

 -   ,   
   ,      

  (50…60)·δ.

     

       ,  
   –    – . 

     :

'

cp cp

F
,

, l0 7

'

cp

F
l .

,0 7

'

cp cp
b

M M
.

W , l 2

6

0 7

'

cp cp

F M F M
.

A W , l , l 2

6

0 7 0 7

'

cp cp

F F l
.

, l , l

2 2

1

2

6

0 7 0 7

'

cp cp

F
.

, l0 7 2
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 F΄ -    F,      ; 
 z –   .

        , 
,    F       

 ( ,  – . . 5).        
   ,   ,   ( )

 12.5
F = F1 + F2. 

         

, . .  (   –  12.5): F1∙e1 =

F2∙e2.

  ( )  ( ) , 

  ,   ,   

, . . 

       ,   
   .

       . 
     

3.4.       (  12.6)      
,      ,    

,        
  .      , 

  ,   .   

2

4' ' ' '
' '

cp cp

F F F F
;    ,

A d z A b l

F e
,

F e

1 2

2 1

2

e e
F F ;  F F .

e e e e

2 1
1

1 2 1 2

F l e
.

F l e

1 1 2

2 2 1

'

cp cp

F
.

, l l
1 2

0 7
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 : 

,      ,   l     
, 

 12.6
          

    ,   ,    
  :

 =  + ,

    –   ,     
:

 

        , . .

  =  =  .

 

     F  M

0 7 2

'F
,

, l l

0 5
0 7

'

cp

F
l , l .

,

20 7
0 7

6

, l ;  , l l .

2 2
20 7 0 7

0 7 0 7
6 6

, l , l, l l , l l .

0 7
6

.
l

, l l

0 7 2
0 7

6

'F M
.

l, l l
, l l
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γ.5.        
3.5.1.   (  12.7)     

     4…6    
       . 

    (5…6)∙δ. 

 12.7

        

 b  l –     .

3.5.2.        (  
  ≤ 3 )      

   .     ( . 12.8,  –

 )  .    :

 12.8
d = 1,1∙δ  + 4           δ ≤ 3 ;       d = 1,5∙δ +  5        δ > 3 ; 

t = 3∙d; t1 = 2∙d;           t2 =1,5∙d.

         
  :      

     ,  , , 
  .

    .   ,   
    .     

    :

 z –   ;

'

cp cp

F
,

b l

'

cp cp

F F
,

z i A z i d 2

4
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i -     .

3.6.         

   ,    ,  
     –   δ.  

   ,         
         , 

 , :

 

  –     ;

D –   ;

     ,   

       1 ,    ;

[φ] –     ,   
         (φ = 0,7…1);

[ ]p –     .   ≤ 1,5     t ≤ 
200

0 .

    > 1,5   t > 200
0

   [ ]p    ,
  :

  –       ;

t  –        ,
t
0
C.

 δ,        ,  
   :   .

γ.7.   
          

        
,         ( . 
 ).     :

[ ]΄p  = (0,9…1)∙ Д ]p;

[ ]΄  = [ ]p;

[ ]΄   = (0,5…0,65)· Д ]p,

2
p

p D
, ,

2

D
p

4
,

4 35, 2

t

;
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  . 

    [ ]΄p ,   [ ]΄   ,  [ ]p 
      

    –          (  );

   ;

a = 0,58  b = 0,26  –   ;

a = 0,65  b = 0,3   -   .

    (+)  (-)     
       ,  

  (-)  (+) –   .

       № 1γ.      

1.       
 –          . 

,    ,  ,  , 
    – .

        
      .  

        , 
. .      .

        
 , . .   .     

    .

   (    ):

*   ;

*  ;

*  .

:
*  ,    

;

*      .

        
 :

*    ,   
    (  ,  ,    

p s

,
a k b a k b R

1
1

min min

max max

R
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…);

*    (  –   ,  –  );

*     .

 ,   ,   . 
 :

*  –     (    
 );

* -  ( ) – ,  
  ,     (  

 –  , ,     . . 
 -      ).  

 ,        ,   
 :   *  – . 2, . 3,  10 , 20 , 9 , 18 9 ;

*    – 3, 62, 1, 18 .

      : 

*  –    , ,   , 
,    ,      ,  

  ,   ;

*     –    ,   
,       -    

  ;

*    ,      , 
  .

  :

   (      )   
 –   ,     

 ;

*    ,    – , 
 .

2.    

  :

 d0 –    –  ;

 z   -    ;

 p -    –      
;

 e -            
;

 e1 -      .
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    :

2.1.      (    
   ).

2.2.           d.

2.3.     , , 1.

2.4.     ,    
:

*  ,   ,    ,
     ;

*         .
     ,      

.

*          
 .         

 ,   ,     ,  
 ,         ;

*           
  ( -      

, ,    ,     
   ),    

   (        
,      ).

γ.    

     :

δ –   ;

F – ,      ;

[ ]c –      ;

[ ]p  -      ;

[ ]c -        ; 

[ Ж’c -      .
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 (  13.1).

 13.1

 :

*     (1) 

*     

(2) 

*       1-1         (3) 

*        3-3, ,  
   (  – do/2):

 (4)  

*       2-2:

 (5) 

      ( .  ).

№№
/

 
-

 

 

1. (1)   (2) [ ]  = 1,6·[ ] do ≈ 2∙δ do =2∙δ

2. (1)   (3) [ ]   = [ ] ; do =2∙δ  ≈ 2,6∙do  = 3∙do

3. (1)   (5) [ Ж’  = 0,8∙Д ] ;  do =2∙δ О ≈ 1,5∙Нo e = (1,5…2)∙do

        .  
:        = (3…6)∙do;            e1   = (2…3)∙do.

2

o

4 F
;

d

o

F
;

d

p1 p
o

F
;

p d

''

cp cp
o

F
;

d
2 e

2

p2 p

F
.

p
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             δ1 = 0,75·δ.

     ,      
:

 F   –  ;

z –   ;

n  –    ;

min –    .

     F  

   :

     (  13.2)   
        

  .  ,        ,    
   .  ,   ,   
.

   ,     F    = F·l.   

     F1, F2, F3,…,  
    , . .

 = F·l = 2·(l1·F1 + l2·F2 +l3·F3),

2

o o min

F F
4

z z;  ,
n d d

2

o cp

4 F
z

n d

o min

F
.

z d

1 1 1 1

2 2 3 3

F l F l
; ; .........

F l F l

22

3 32 2
1 1 2 3 1 1

1 1 1 1

F lF l
F l 2 F l l l 2 F l ,

F F l l

1
1 2 2 2

1 2 3

F l l
F .

2 l l l
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 13.2

    z     . 

  

 ,      
,        .

        
     ,  :

 

 

 Fmin  Fmax –      
 ,    .

     2-2    
   1-1     

        , 
 ,   φ . , 

   ,     , 
   

F

z

2

2

1

F
F F .

z

min

max

1
;

F
1 0,3

F

min

max

1
,

F
1,2 0,8

F

p2 0

p1

o

F

p dp
0,6...0 ,85.

F p

p d
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 =

    ,      
:

 W  = 

4.  -   

     , ,    
( , ).      .

4.1.    :

  –     ;

D –   ;

ДφЖ –       (    
    );

[ ]p –        ;

Δ = 1…γ  –     (    ).

 [ ]p       :

 t < 250
0
C ………[ ]p  t = 250…3500

C………[ ]p

 p –    ;

s  = 4…4,75 -     ;

    ;

    .

4.2.    φ,       
 d0, p         

  : 

 F –  ,    , :

    

p

F
,

u

u

M
.

c

p

p D
,

2

p

;
s

T

t

T

.
s

t

T

t

T
s

yc 2 yc
o

4 F
.

n d

c
p D p

F ;
2 k
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–  ,      
 ;

n -    .

 [ ] .    .

  -  :
e   = 1,65·Нo;            e1 = 0,5·p; δ1 = 0,8·δ.

        № 14.

,     

1. ,     
       ,  

    .      
    2    3   1,   (  

14.1 , ).  –   -    .
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