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Abstract. This work presents a comparative analysis of the temperature 

distribution for different thermal conductivity coefficients. The analysis of 

the general problem shows that temperature distribution in the critical 

sections of the load bearing structures significantly affects of the diagnostic 

instrumentation’s data accuracy placed on them. Temperature distribution 

control optimization allows to reduce influence of temperature factors on 

the accuracy of diagnostic instrumentation. All this requires a thorough 

analysis. 

1 Problem statement 
The temperature distribution in the critical sections of the load bearing structures 

significantly affects the accuracy of diagnostic instrumentation data placed on them, 

especially the opto-mechanical equipment. In [1] for a load bearing structure in the form of 

a rectangular prism is justified of the optimal accuracy of maintaining the required 

temperature tarT  and speed of operation nonsmooth boundary value problems. Taking into 

account the specific operation of the optical equipment placed on the supporting structure 

can be modified to spatially one-dimensional nonsmooth boundary value problems. 

2 Numerical calculations 
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when exposed to a control object of the internal and external disturbances. 
max

2Сx
λτk

k �� - 

the relative end time of the process, λ, C - thermal conductivity and specific heat of the 

material of construction. In this example (Fig. 1) the temperature of the inner surface of the 

outer shell of the supporting structure has a constant time value
ioutT . The temperature of 

the outer shell affects the temperature of the faces of the plate by radiant heat transfer. From 

opposite sides of the supporting structure has a rectangular area, S1 and S2, which, through 

radiant heat transfer affects the temperature of the environment. On the lateral surfaces of 

construction installed heat-emitting devices, occasionally included in the work and 

controlled heat sources 1,2,3,4,5,6 attached to the surface areas S1 and S2 on opposite faces 

3�� and 4��  of the supporting construction. 
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in the problem of maximum precision (β=1) and task performance (β=2) using the method 
of moments [2,3] it is possible to parameterize and to reduce to the problem of finding a 

finite number of parameters
)i(
�� , δ=1,2, i; i=1,2,..J; where 

)i(
�� the duration δ–th interval of 

constancy of the total number i, where each vector )(
)(
�

��
U  component alternately takes 

its maximum value at the level of the constraints (2). 
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Fig. 1. The location of the heat sources on the supporting structure (example). 

The duration 
)i(
��  and the desired number of intervals i, is determined by the alternance 

method [3] from the system of transcendental equations [6]: 

0�����
�� kkkk Lρkk

(i)
Lρkk ),Θ(ρ,gradε),Θ(ρ    (5) 

where 
kk Lkk �


 ��� ),( - numerical solution of boundary value problems in the final time 

k� points ),l,lL(l),,l,l(lL),l,l(lρ **
k

**(k)
k

**(k)
k zyxzyxzyx

�� � of the considered line section 

),l,lL(l *
z

*
yx , which constitute a countable set of limit points, which is the ratio (5). 

The solution of the transcendental system (5) is carried out by a specially developed 

application package [5] based on the numerical solution of the boundary value problem in 

the ANSYS package. The processing of the results of the solution and its analysis were 

carried out using the developed application [5]. The results of calculations in the software 

package ANSYS are shown, which demonstrate the deviation ),( kL �
  of the resulting 

temperature distribution ),( kLT �  from the given tarT  for different values of the thermal 

conductivity coefficient λ. Figure 2 shows the deviation ),( kL �
  for the optimal control 

accuracy β = 1 for 1 and 2 interval control in the responsible line ),l,lL(l *
z

*
yx 50,l

*
y � ,

50,l *
z � of the section of the load-bearing structure The maximum temperature deviation 

on this line )l,l,l(
*

z

*

yxL does not exceed 4°C for a single-interval and 2°C for a two-

interval temperature when exposed to the heaviest heat load option. 
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Fig. 2. Deviation from specified temperature on the section line ),l,lL(l *
z

*
yx , 50,l

*
y � , 50,l *

z �
with the optimal control accuracy. 

The dependence of the optimization results on the properties of the construction 

material’s thermal conductivity coefficient λ is shown in Figures 3 and 4.

Fig. 3. The dependence of the accuracy of control on the value of thermal conductivity for single- and 

two-interval (i = 1, i = 2) controls. 
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Fig. 4. The dependence of control time on the value of the coefficient of heat conductivity for single- 

and two-interval (i = 1, i = 2) controls. 

3 Conclusions 
The analysis of the available parameters has shown that the two-interval (i = 2) control in 

both problems has a significantly lower sensitivity to the coefficient of thermal conductivity 

λ with significantly higher accuracy of maintaining the set temperature. All this leads us to 

conclude that designer has greater freedom in choosing the material of the structure. 
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