
   5,  2 
 
 105 
 

 620.17:582.623.2:662.63  
 

  
 

. ., .,  
. ., .,  

. ., *.  
  

,  
.: 0445278895;  

 
, 

.: 0544422651.  
 

 – -
 

. , -
-
. 
-

, -
,  

.  
 

 – , , , -
.  

 
. ,  

-
-

,  
.  

 ( )  ( -
).  [1]  

-
, -

.  
 [2], -

. , , 
, .  

                                                             
© . ., . ., . . 
*  – ., . . 



   5,  2 
 
 106 
 

. -
 

. -
, -

.  
. -

.  
, ,  

-
.  

.  
. ,  

 x ,  
: 

 ( )
x

P h
J

x z ,     (1) 

J  – ,  x .  

h

 
.1.  ( ),  ( ). 

 
,  

 ,xy xz . ,  

{ , , } 0z y yz .  

 P  x h  
 0x   

 [3].  



   5,  2 
 
 107 
 

 

0;

0;

0,

xyx xz

xy y yz

yzxz z

X
x y z

Y
x y z

Z
x y z

      

 , ,X Y Z  – . 
 { } 0y z yz ,   

 0X Y Z ,  ( ) 
:  

xy xz x P z
y z x J

;     (2) 

 0; 0xy xz

x x
;      (3) 

 (2)  (3)  ( ).  (3) ,  
 x .  

 ( ) [4]:  

 

;

;

,

x xy xz

xy y xz

xz yz z

l m n X

l m n Y

l m n Z

    (4) 

 , ,X Y Z  – ,  
     , ,l m n  – -

. 
,  

,  { } 0y z yz , ,  (4) -
:  

 0xy xzm n .       ) 
 1 -

: 

 ˆ ˆcos ; cos ,dz dym Ny n Nz
ds ds

     

 ds  – , . 
:  



   5,  2 
 
 108 
 

0xy xz
dy dz
ds ds

    ) 

 [4]:  
2 2 2

2 2 2

2 2 2

(1 ) 0;(1 ) 0;(1 ) 0;

(1 ) 0;(1 ) 0;(1 ) 0,

x y z

xy xz yz

x y z

x y x z y z

 (5) 

 
2 2 2

2 2 2x y z
 – , x y z .  

 (5) ,  
, , ,  

yz , . :  

 0; .
(1 )yz xz

P
J

     ) 

 ( , )y z  (  - -
) : 

 
2 2 2

2 2; ; .z y yzy z y z
   (6) 

,  
3

xy

y x y z
,  (6),  (2)  

(3)  ( ) (  x ) :  

 
2

( ) ; ,xz xy
P z f y

y xJ
   (7) 

 ( )f y  – , y  
.  
 (7)  ( ) :  

 

2 2

2 2

2 2 2

2 2 2

0;

.
(1 )

z z y

P d f
y Jz y dy

   (8) 

 

 

3 3

3 2

3 3 2

2 3 2

0;

.
(1 )

z z y
P d f

y z y dJ y

     



   5,  2 
 
 109 
 

 (8) y :  

 
2 2

2 2 (1 )
P

J
y df c

z y dy
,    (9) 

 c  – ,  
 

,  YOZ .  
 OX :  

1 .
2x

ww
y z

 

 x -
:  

 
2 21 1

2 2
xw w w

x x y z x y x z
.     

 

2u
y z

,  

 (2 ) xyx xzw w u u
x y x z z x y y z

.    

 
1

ij ijG
, 

:  
1(2 ) xyxz

xw
x G y z

,       

,  (7), ,  
2

2
xy

z z
 

: 
2

2
xz f
y y y

,  

2 2

2 2

1 ( )(2 )x
f yw

x G y y z
, 

 
2 2

2 2(2 )x
fG w

x y y z
. 

 (9), : 

 (2 )
(1 )x

PG w c
x v J

.     (10) 

 z  – , -
 P ,  xw -

,  



   5,  2 
 
 110 
 

. -

 
xw

x
. -

 c   (10) .  
 0c ,  (9) : 

 
2 2

2 2 (1 )
Py f

Jz y v y
.     (11) 

 (7)  ( )  

0xy xz
z y
s s

:  

 
2

( )
2J

P z dyf y
s ds

.     (12) 

 ( )f y ,  (11) -
   .  

,  
, :  

2 2 2y z r ,     (13) 
 – .  

 (12) , -
, 

 
2 2( ) ( )

2J
Pf y r y .  (11),  

 :  
2 2

2 2
2 2

(2 )
(1 ) 2 (1 ) (1 )

P y P P y P y v P yr y
z y v J J Jy J Jv v

,  (14) 

 0 .  
, -

, 
 

(2 )
(1 )

v P y
Jv

.  

 (14)  (13) , 
 2 2 2( )m z y r y .       (15) 

 2
8(1 )

vPm
v I

,  (15) :  

2 2 2(2 ) ( )
8(1 )

v P z y r
J

y
v

.       

,  .  

  (7)  
:  



   5,  2 
 
 111 
 

 

2 2 2( ( 2 ) (2 3 ) (2 3 )) ;
8 (1 )

(2 ) ( ); .
4 (1 )

xz

xy

P y r z
J

Py z P h x zx
J J

     (16) 

 (16)  2. 
 

 
 

         
. 2.  (16) . 

  
-

. -
: 

    
 

(17) 
 

 
 

, , -
 OZ ,  (17) -

; ; ; ;

; .

x y z xy

xz yz

u v w u v
x y z y x
u w v w
z x z y



   5,  2 
 
 112 
 

:
xz

w u
x z

. ,  x xu dx x c , -

 0c ,  x
xz

xw
x z

. 

, ,  

: 1 ; ;
2(1 )

xy
x x xy

EG
E G v

,  (16), -

 
w
x  

 x , : 

2 2 22 3

4

2 2 3 2 3
2 3 2 1

P x y r zh P x P x C
E J E J G r

w  (18) 

 (18) ,  
 J  x . -

, 
  

4

4
rJ ,  0 1r r k x  ( 0r  –  

, ; k  – 
), -

:  
 

2 2 2

32 3 4
0

22 2 2 2
0

32 3 4
0

2 2 6 6 3

3 1

2 3 1 2 3 2 3

3 1

E k x k x h k k x

E k r k x
w P C

E k y r k x z

E k r k x

  (19) 

 
 (18)  (19)  

, :
0 0xw .  

 0C  
 (18).  

, , -
 0C  (19)  ( . 3): 
 

 

4 3
0

2 2

2 2 2 2
0

1
3 ( 1 )

( 6( )( ) 2 (2 ( 3 )( ( )))
(3 ( 3 ))( 3 ) 3 ( 1 ) (2 3 ))

w P
E r k x

x y z y z x x k x h k y z
k x k x y z r k x

  (20) 



   5,  2 
 
 113 
 

 
       

. 3.  
:  – ,  – -

, :  –  (20),  – -
 

 
.  (20) , 

-
-

. 
 

-
, -

.  
-

.  
-

,    
, .  

 
  

1. . .  / . . .  -  -
: , 1973. – 672 .  

2. . .  / . . . - .: 
, 1986. – 296 .  

3. . .  / . . -
. - .: , 1982. — 264 .  

4. . .  / . . - .: , 1970. — 940 
.  

 
 
 
 



   5,  2 
 
 114 
 

 
 

. . , . . , . .   
 

 – -
-

. , -
-
 

.  
-

,  
, -

.  
 

 
ABOUT THE BENDING OF THE STEM RIGIDLY CLAMPED  

 
V. Kovbasa, V. Grydiakin, L. Matyushenko  

 
Summary  

This paper presents the results of definition of line deflection rod 
and stress distribution in an arbitrary section rod. As result power that 
must be applied to obtain a certain state of stress or deflection in sec-
tions of variable cross-section rod with certain elastic constant swere 
defined. The received results can be used in case of the solution of tasks 
connected to maintenance, and in particular design of working organs 
of agricultural, silvicultural and other machines.  


