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Abstract. In our time, when scientific engineering technique is well developed especially information technology, 
automated computer equipment, using them can determine the distribution of temperature field, it is one of the 
actual problem. Also, now so many different instruments to determine the temperature. But these devices can not 
give a scientific analysis to determine the temperature distribution field and not be made to explore new options. On 
this basis, in the scientific work to determine the temperature distribution patterns of the field bearing element rod 
spetsalno developed software package. 
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Introduction.  

Development of mathematical model of the 
universal computing algorithm based on 
minimization of functionality of total thermal energy 
on nodal values of temperature and then after the 
construction of the field distribution of temperature, 
potential-energy functional thermo-elastic 
deformation rod of variable cross-sectional nodal 
displacement values. On them construction the 
deformation field and stress. The article deals with 
the mathematical model, computational algorithm 
and complex applications on object-oriented 
programming language allow to take into account all 
the actions under consideration by the rod, variable 
cross-section, the local temperature, heat flow, heat 
transfer and partial heat insulation. 

For achievement of a goal, the following is 
considered: 

1. On the basis of procedure of 
minimization of total thermal energy to construct a 
mathematical model of the steady temperature field 
distribution along the rod of variable cross-section 
and of limited length, taking into account the 
simultaneous presence of partial insulation, local 
temperature, thermal a stream, heat exchange; 

2. On the basis of procedure of 
minimizing the functional potential energy to 
construct a mathematical model of thermo-
mechanical state variable cross-section of limited 
length, taking into account the simultaneous presence 
of partial insulation, local temperature, thermal a 
stream and heat exchange; 

3. The corresponding computational 
algorithm for minimizing the potential energy of 
deformation thermo-elastic rod of variable cross-
section and length limited by nodal displacement 

values with regard to the relevant boundary 
conditions; 

4. The development of the corresponding 
computational algorithms and creation of complex 
applications in an object - oriented programming 
language, as well as solving problems of thermal 
stress state partially thermally insulated rod of 
variable cross-section and of limited length, rigidly 
clamped at the two ends of the impact of local 
temperature, a thermal stream and heat exchange; 

5. The received results need to 
experiment, and the results received analytically 
compared with the end result computed software 
package. 

 
Fig.1: Block diagram of the step through software 

package. 
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For a more detailed explanation of the 
problem shown below compute using the software 
package. We write the execution algorithm problem. 
 
Samples and analytical methods.  

Consider the two ends of the rod clamped 
limited length, cross-section which varies along its 
length and a circle. The radius of the cross section 
depends linearly on the coordinates. The left end of 

the radius is denoted by 0r , the right end through Lr , 

and the length of the rod through L. Then the radius 
depends on the coordinates as follows [1; 6] 
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Fig.2: Calculation scheme of the problem. 
 
Entrapment of the left end set 

temperature 1)0( TxT  , on the right 

12)(  nTLxT . Lateral surfaces of 

sites )0( 1xx  , )( 32 xxx   and 

)( 4 Lxxx   insulated rod [7]. Through the 

lateral surface area )( 21 xxx   a heat 

exchange with the environment. The coefficient of 

heat exchange h, ambient temperature is coT . On the 

lateral surface area )( 43 xxx   is let down by 

a constant heat flux intensity q. Requires numerically 
investigate the influence of the 

value )]150()150[(0 CCT   . 

In the field of the temperature 

distribution ))(( xTT  , of the elastic 

displacement ))(( xuu  , and the deformation of 

component 

))();();(( xxx TTxx    and 

stress 

))();();(( xxx TTxx   . 

In order to develop a mathematical model of the 
temperature distribution of the field along the length 

of the considered part of a thermally insulated rod of 
limited length, it is sampled using quadratic elements 
with three nodes. It will be general number of 
elements n. Then the total number of nodes will be 

)12( n . When this discrimination is conducted in 

such a manner that the boundaries of the elements 
will coincide with the boundaries of a heat-insulated 
part of the rod. Further for each item is written 
functional expression that characterizes its total 
thermal energy. In particular, for elements belonging 
to the rod portion have insulated [2; 8] 
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where iV - volume i  element. 

The general expression of functional full 
thermal energy for the considered partially thermally 
insulated rod of variable cross-section based on the 
availability of local temperatures, heat flow and heat 
exchange [3; 9] 
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Minimizing this functional at nodal 
temperatures of the mathematical model of 
temperature distribution field along the length of the 
test rod in the form of a resolution of the system of 
linear algebraic equations 
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Since 1T  and 12 nT  are considered as 

given, then the number of equations in the system (4) 

is equal to )12( n . 

After constructing the field of temperature 
distribution along the length of the rod, a 
mathematical model of the field distributions of the 
elastic displacement and components of deformation 
and stress. For this investigated is discredited rod 











2

n
N  quadratic elements with three nodes. Then 

for each element expression of functionality of 
potential energy of elastic deformation, which has the 
form 
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where iV - volume i-  element, )(xuu   field 

distributions of the elastic moving, 
x

u
x




 - field 

distribution of the elastic component of deformation, 

x

u
EE xx




   field distribution of the 

elastic component of the voltage, E elastic modulus 
of the rod material,   coefficient of thermal 

expansion of the rod material, )(xTT  - field 

temperature distribution determined by solving the 
system (4). 

For consideration of the rod as a whole, the 
expression of the potential energy of the elastic 
deformation is as follows: 





N

i
iПП

1

    (6) 

Minimizing the latest on key values of the 
elastic displacement mathematical model of the 
elastic displacement distribution along the length of 
the test rod in the form of the following system of 
linear algebraic equations [4; 10] 
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Solving this system is determined by the 
distribution of the elastic displacement field 

)(xuu   along the length of the rod under 

consideration. On them corresponding field 
components distribution deformations and stresses as 
follows [5] 
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Results and discussion.  

For numerical studies for the initial data we 
use the following: 

)(20 смL  , )(10 cmr  , )(2 смr  , 

200n , 100
2


n
N , 

)/(1000 2смВтq  , 

))/((100 СсмВтK xx
 , 

))/((10 2 СсмВтh  , )(40 CTco
 , 

)(150401 CT  , and vary the value of 

)]150()150[(1 CCT    with a step 

)50( C . 

Consider this example, except to 1T , the 

value of all the parameters are fixed. The diagrams in 
Figures. 

 

 

;1 x  ;2 T  Tx  3  

Fig. 3: Field distribution component deformations at  

)(150)0( 1 CTxT   

 

 
;1 x  ;2 T  

Tx  3  

Fig.4.: Field distribution of stress components at 

)(150)0( 1 CTxT   

 

 
Fig.5: The relation between )0( xT  and R. 
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Conclusions.  
It should be noted that the developed model 

based on the energy conservation law is universal in 
the sense in dealing with the class of similar 
challenges. Also obtained numerical solutions are 
highly accurate. The developed mathematical model , 
computational algorithm and complex applications on 
object- oriented programming language to 
accommodate all existing at the reporting rod of 
variable cross -section , the local temperature , heat 
flow, heat transfer and partial heat insulation . As 
well as drawing the corresponding computational 
algorithms and the creation of complex applications 
in an object - oriented programming language. 

 

 

Table 1. Effect of value 1)0( TxT   on the 

value of the compressive force arising R 
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