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A body is said to be in a state of plane deformation, if the displacements of the points of the body 

are parallel to one plane and do not depend on the coordinate in the direction perpendicular to the 

plane (of the points). If the 0xy plane is taken as the deformation plane, then 

,  

, , (1.10) 

, . 

In turn  γz=yz=0 and z while , z=1E(z-μ(x+y)) is 

determined from the relation: .  

Thus, in the case of plane deformation, the problem of the theory of elasticity becomes much 

simpler, and the spatial problem comes to a two-dimensional problem. 

 Indeed, 

ва z=xz=yz=0 ва Z=0 

In this case, two of Nave's equations remain, and three x , y , xy the equations remain 

with respect to the stress components. 

Accordingly, Nave's equations take the following form:  

         (1.11) 

And for boundary conditions: 

,   

          (1.12) 
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relationships must be fulfilled. 

In turn, the Cauchy relation and the Saint-Venant equation for the planar problem 

   . (1.13) 

, (1.14) 

appears. The conditions for sharing the remaining 5 deformations are self-fulfilled. For the 

connection between strain and stress components ( Hooke's law ) , 

, (1.15) 

, 

relationships are appropriate. 

To write the system of equations in stresses, we use Hooke's law to condition the deformations 

together.  

After normal operations  

 

and using the equilibrium equations: 

, 

, 

we form the equation with respect to the stresses and after simplification 

, 

or  

, . (1.16) 

we come to the harmonic equation. 

In this case, the planar problem satisfies equilibrium equations, boundary conditions, and 

harmonic equations x , y , xy comes to find the voltage components. Such an issue  

is rendered convenient to solve by introducing a stress function.  
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,  ,  . (1.17) 

In this case, the equations of equilibrium become real and from the condition of sharing the 

deformations together 

, (1.18) 

a biharmonic equation is derived. In this 

. 

 If volume forces U has potential, then for volume forces 

X=-∂U∂x , Y=-∂U∂y   

and the voltage function 

, 

 

, 

if we enter through the relations, from the condition that the deformations are shared: 

, (1.19) 

we get the equation 

Thus, the plane problem of the theory of elasticity is reduced to the determination of the stress 

function satisfying the equation and the boundary conditions. 

Below we consider the flat problem of the theory of elasticity in the polar coordinate system. 

Because the next "contact" issues are studied mainly in polar coordinates.  

Between Cartesian coordinates and polar coordinates 

, , 

according to the connection and between the private derivations 

, 

based on relationships: 

, ,  . 
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 In this case, Nave's equations look like this.  

                (1.20) 

 Deformations corresponding to linear and angular changes are: 

 

 For Hooke's law in turn 

, , 

,  

relationships are appropriate. Now let's consider the biharmonic equation in the polar coordinate 

system. 

 The voltage function in the polar coordinate system is as follows 

, , , 

is entered in the form, then the equilibrium equations become concrete. Now let's dwell on the 

conditions for coexistence of deformation in polar coordinates. 

  considered as a function of polar coordinates 

, 

 

and accordingly, for the Laplace operator 

, 

while the proper and biharmonic equation 

          (1.21) 
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Remains to be seen. 

Thus, the flat problem of the theory of elasticity comes to determine the biharmonic equation and 

the stress function satisfying the boundary conditions in the polar coordinate system. 

Thus, the main equations of the theory of elasticity consist of the Nave equations related to the 

internal points of the body, Hooke's law of the connection between the strain tensor and the 

stress tensor, the condition for the coexistence of deformation and a set of boundary conditions. 

In this case, it is required to find the solution of the system of equations with respect to stress and 

strain tensor components and displacements. In particular, i.e., smooth problems come to find the 

solution of the biharmonic equation satisfying the boundary conditions. 
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