
 624.011 
     ,  

      
 

. . .,   . ., . . .  . .,  
.  . . 

      ( . ) 
 

 , -    ,  
      .   

  ’      ,  
: , ,    .     

     .    
    ,     

      ( . 1, ) 
 ,         

 .  . . [1].       
  : 

Ä q ÄM M N f= + ⋅                                                                     (1) 

  f      q
Ä

êð

M
f

N N
=

−
,  N  –  

  ,     , N –   
  . 

)  

)  
. 1.   -   

 
       -

       λ 55,   
        λ - ϕ  

23000 1ϕ λ= < . 
   λ <55      
-      .    
 20≤λ≤55,     -    

 .       
 .        
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ÄM M ξ= ,    ξ     

     ( )1 cN A Rξ ϕ= − ⋅ ⋅ . 

      ϕ    
 .     [2, 3]   ,  

      λ ≤55    
  .   -   

     ,   
   .  [4]    

    -  . 
 ,   30-        

       -  
 [5],       

    . 
         

    : 

2

2

1 1
cos

2

ðî çð Ò
q lÌ M uu
⋅= = ⋅ − ,                                                  (2) 

4 2

4

1 1
8cos

2

Ä
q l uf uE I u
⋅= ⋅ − −
⋅ ⋅

,                                                    (3) 

  Nu l
E I

= ⋅
⋅

. 

  ,        
       f    

  N       
q.      (2)  (3)    

,    .  (2)  (3)   
    -    

   ,   . 1. 
,       
  -  .  ,   

     ’     ϕ >>1,  
  λ ≤55   ’   ,   

 . 
-       

.       
        

     .   
       

.    . 

Строительство, материаловедение, машиностроение 

80



   ,     ( . 1, )    
     : 

2 2
xd y dx M EI= − .                                     (4) 

         
      ,     

 . 
( ) 2

( )x

M x
y dx

EI
= − .                                             (5) 

        
   : 

2

( ) ( )2 2x x
qL q xM x N y⋅= ⋅ − + ⋅ .                                      (6) 

    (6),     (4) 
      .  [6, 7] 

       
  ’  (7),     . 

( ) 1 2 3sin sin 2 sin3 ...xy f x l f x l f x lπ π π= + + +                             (7) 
  ,       

  ,  95-97%,    . 
  (7)  (6)    (5),  

      : 
3 4 2

( ) 1 1 22

1 sin
2 6 2 12x

q L x q x Ly N f x C x C
EI L

π
π

⋅= − ⋅ − ⋅ − ⋅ ⋅ ⋅ + ⋅ +      (8) 

   (8)      
( . 1)   .    

   : 
4

3 4 3 2

( ) 22

2

5
384 sin

12 24 24x

q L
q L x q x q L N Ly x x

LEI EI EI EI LN EI

π
π

π

⋅ ⋅−⋅ ⋅ ⋅ ⋅= − + + ⋅ + ⋅ ⋅ ⋅
⋅ ⋅ ⋅ ⋅ −

  (9) 

 (9)         
4

4 2

22

2

5
5 384
384

q L
q L N Ly

LEI EI N EIπ
π

⋅ ⋅−⋅ ⋅= + ⋅ ⋅
⋅ ⋅ −

.                              (10) 

  (9)  (6)     
         -
 : 
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3 4 3
2

( )

4

2 2

22

2

2 2 12 24 24
5

384 sin

x
qL q N q L x N q x N q LM x x x

EI EI EI
q L

N L x
LEI LN EI

π
π

π

⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅= ⋅ − − + + ⋅ +
⋅ ⋅ ⋅

⋅ ⋅−
+ ⋅ ⋅ ⋅

⋅ −

           (11) 

       
.        

       
   -     

 : 
4

2 4 2 2

22

2

5
5 384

8 384ðî çð

q L
q L N q L N LM

LEI EI N EIπ
π

⋅ ⋅−⋅ ⋅ ⋅ ⋅= + + ⋅ ⋅
⋅ ⋅ −

                        (12) 

    (10), (12)   
           

         
U (13).       

  (14)   (15). 
2

8q
q LM ⋅= ; 

45
384q

q Lf
EI

⋅ ⋅=
⋅

; 
2

2

LU N
π

= ⋅                     (13) 

q
ðî çð q q

f
M M N f N U

U EI
−

= + ⋅ + ⋅ ⋅
−

                     (14) 

q
q

f
y f U

U EI
−

= + ⋅
−                      (15) 

  (14), (15)       
 -25-80 [8],       ,  

  ,      .   
         . 

      
       ,  
       
     .    

       . 
    ,     

 .   -   
  -25-80:     – R = R =15  (  

 2-  );     =10000 . 
      

       : 
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.   -25-80: ðî çð Ä qM M M ξ= = ,                                  (16) 

.   ðî çð q qM M N f= + ⋅ ,                                           (17) 
 fq –        

. 
.   –  (2), 

V.   –  (14). 
         

 - IV.      
      M   

    ( . 2).   M   
    M       

       
Mq. 

 
. 2.        

   
 

       
     .   

,        
     (  2-  ),    

 λ 55.    -   
     -25-80  ,   

,   .       ,   
       

          
      [9].    

        
       . 
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