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Summary. The authors proposed a new version of lowering 

dimensionality in the application of the method of lines. The 

per the spatial coordinate by projection method, including the 
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INTRODUCTION

The authors proposed a new version of lowering di-

mensionality in the application of the method of lines. It is 

greatly expanding the capabilities of method of lines. The 

proposed generalized method of lines may be used for cal-

culating the plates of variable thickness, and also problems 

of dynamics. The basic idea of generalized method of lines 

spatial coordinate by projection method. The projection 

One of the most effective methods of solving multidi-

mensional problems of structural mechanics is the combi-

nation approach. In this approach a problem is solved in 

two stages:

or two coordinates; 

-

cally.

Traditionally in structural mechanics, lowering dimen-

in a separate research: theory of rods, plates and, shells. 

It lead to creation of various theories of plates and shells.

Currently, lowering dimensionality is performed using 

mathematical methods (for example, the theory of shells 

-

tions, lowering the dimension creates a combined method 

for solving problems of mathematical physics. Such meth-

ods include Vlasov-Kantorovich’s method. These combined 

methods are alternative, compared to the general numerical 

variation-difference method.

Mathematical methods of lowering dimensionality are 

associated with the geometrical characteristics of the con-

sidered objects. It greatly restricts the geometry of the prob-

lems, for which it is possible to use the combined methods. 

the accuracy and stability of numerical calculation. It also 

One of the known methods of lowering dimensionality 

-

used for the solution of static problems for plates and shells 

of constant thickness.

The authors proposed a new version of lowering di-

mensionality in the application of the method of lines. It is 

greatly expanding the capabilities of method of lines. The 

proposed generalized method of lines may be used for cal-

culating the plates of variable thickness, and also problems 

of dynamics. The basic idea of generalized method of lines 

spatial coordinate by projection method. The projection 
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In the case of thick plates with constant thickness for 

n lines 

-

ever, in order to reduce dimensionality, we do not use method 

-

y the unknown func-

tions f x y  is approximated in this manner:

 i
if x y f x y  

The constructed algorithm of lowering dimensionality 

formally resembles algebraic transformations of tensor cal-

culus. In this connection, the generalized method of lines 

essentially tensor symbols and relevant rules are used. For 

example, by repeated indexes is assumed summation. Re-

i y .

basis functions must satisfy the homogeneous boundary 

conditions per coordinate y . These basis functions do not 

-

natural boundary conditions. It should be noted that in the 

-

-

G  and B , which are recorded in an index form  

 

as: ij i jg , 
j

ij i

d
b

dy
. This is the scalar product 

of two functions:

 
0

h

i j i jy y dy

Conversion of components with derivative y  of the 

function n -type displacement and stresses-type functions 

is formed in different ways. This is the use of lowering 

dimension of a plane problem using the theory of elas-

The peculiarity of this functional basis is that this basis 

is not orthogonal, and thus there exist two types of index 

values, if  and 
if . These magnitudes are different by rules 

of conversion at transition on another basis. Contravariant 

magnitudes denoted by upper index and covariant mag-

ijg
magnitude is twice covariant metric tensor and the inverse 

matrix ij
ijg g  is twice contravariant metric tensor. 

Metric tensor provides a transition from covariant to con-

travariant components and vice versa:

 j
i ijf g f , i ij

jf g f

The scalar product in this case is the integral of mul-

tiplication functional factors. Therefore in mathematics 

covariant and contravariant function magnitudes have an 

-

of the basis elements:

 
0

h

i if x y f x y y f x y y dy ,

ways:

0 0

0

jh h
j

i i i

h
j j

i j ij

u x yu x y u x y
y y dy y dy

y y y

u x y y dy b u x

0
0 0

0

h hh
x x

i i x i x i

h
j

x n x x j i

j
x n x ji x

x y x y
y y dy x y y x y y dy

y y

x h h x x y y dy

x h h x b x

,
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value problem in index form.

problem of thermal stresses in a rod of rectangular cross-sec-

[0 ] [0 ] [0 ]y zx l y h z h .

Fig. 2. 

The problem of thermal stresses is considered within 

limits of an important partition of the theory of elasticity 

-

depends not only on three spatial coordinates but also on 

time coordinates. The corresponding problem in determining 

-

tions of non-stationary thermal conductivity. Components 
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the material, c T

conductivity. Q
heat sources.

to specify the initial and boundary conditions. The initial 

conditions are in the form:

t T(x, y, z) T
0
(x, y, z), 

where:

T
0
(x, y, z)

of the body at the initial time.

The boundary conditions of the problem will be set as 

conditions of convective heat transfer.

when 0 :x

 

when 0:x  

,,0,((,,(0, 000 tzyqTTtzyq xCxxCxTx  

when :x l  

,,,( tzy

c

 

when: :x l ,

 

when :x l  

,,,((,,,( tzylqTTtzylq xC
l

xC
l

x
l
xTx  

The temperatures and heat flows of exter-

c
from the side of relevant part of boundary surface of beam 

are marked as “ c ”:

when: 0 :y ,

 

coordinates. The corresponding problem in 

determining of the component of thermal 

-

stationary thermal conductivity. Components 

c Q

T T x y z

q q q

q x y z

c

Q

0:x
,,0,( tzy

:x l
,,,( tzy

c

,,,0,(,,0,(

,,0,((,,0,( 0

tzxqtzxT

tzxTtzxq

yCyC

yyTy

:y h

,,, tz

0:z
,0,, t

:z h

,,, th

0

X

,Y

,Z

*v

,
*u

.
*u

 

when: :yy h

 
tives 

the first order in the spatial and time coor-

c Q

T T x y z

q q

q x y z

c

Q

0:x
,,0,( tzy

:x l
,,,( tzy

c

,,,(,,,(

,,,((,,,(

tzhxqtzhxT

tzhxTtzhxq

yyCyyC

yy

h

yTyy
y

0:z
,0,, t

:z h

,,, th

0

X

,Y

,Z

*v

,
*u

.
*u

 

when: 0 :z ,

 

c Q

T T x y z

q q q

q x y z

c

Q

0:x
,,0,( tzy

:x l
,,,( tzy

c

0:z

,0,,(,0,,(

,0,,((,0,,( 0

tyxqtyxT

tyxTtyxq

zCzC

zzTz

:zz h

,,, th

0

X

,Y

,Z

*v

,
*u

.
*u

 

when :zz h

 

T T x y z

q q q

q x y z

c

Q

0:x
,,0,( tzy

:x l
,,,( tzy

c

:zz h

,,,(,,,(

,,,((,,,(

thyxqthyxT

thyxTthyxq

zzCzzC

zz
h
zTzz

z

In the next numerical calculations, such 

form of boundary conditions allows to take 

0

X

,Y

,Z

*v

,
*u

.
*u

 

In the next numerical calculations, such form of bound-

ary conditions allows to take into account the relevant part 

T  and 

second order 0T .

Changing temperature of solid body in time practically 

-

 

To ensure unity of solution of the system 
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where: *f f . 

-strain state 

in general are written by the analogy of work 

[7] ( -(  

For construction of the boundary condi-

9 -( c-

tions of all power factors that act on the 

boundary contour, on corresponding axis. In 

. yx0 , the magnitudes 

which act on area 0x  are shown. 

The first index —signifies the number of 

the axis which is perpendicular to the area. 

The second index shows the direction of dis-

placement or stress. 

 
Fig. 3. Modeling of the boundary conditions 

 

cc vu ,  — displacement of points of the exter-

nal environment, 

vu,  — horizontal and vertical displacement 

of points of object, 

xyxx qq ,  — external load on object, 

x , xy  — 

stresses along the contour inside the object, 

xyxx kk , — spring stiffness. 
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standard conditions of interaction of the ob-

ject with the external environment. 

-(

lowering dimension is performed by coordi-
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In the next step  we perform the reduction 
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n  – number of lines along the axis y , m - 

number of lines along the axis z . 

Indexes , , , ,i j - are related to reduc-
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reduction by coordinate z . 
Taking into account the boundary condi-
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The reduced initial conditions will look 
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The reduced boundary conditions of stress-strain state will look like: 
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The next step — the problem numerically on the geometry and initial-boundary condi-

-

solved using the method of Runge-Kutta-Merson. This prob-

lem is programmed by the Fortran programming language. 

Depending on the geometry and initial-boundary conditions; 

temperature, displacement and stress are determined at cer-

tain points of the construction.

CONCLUSIONS

-

of setting boundary function is solved and this allows the 

solution of problem of dynamics and thermoelasticity.
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