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The bearing element of a strategic equipment is a rod of limited length and variable cross-section. Most
of them are exposed to certain types of heat sources. To ensure reliable operation of this equipment,
it is necessary to know the change of the thermal physical characteristics of the rod along the length
and time.

De�ning the distribution law of the thermal characteristics of the rod with limited length, which
is exposed to heterogeneous types of heat, is the basis for the study of the thermo-strained deformed
state of structural rod elements of power plants, internal combustion engines, and hydrogen engines.
To determine the temperature distribution law along the length of the rod with limited length and
constant cross section, many scientists use a �nite element method. In particular, they consider the
established problem to determine the temperature �eld along the length of the horizontal rod with the
insulated side surface, limited length and a constant cross-section. The heat transfer coe�cient and
ambient temperature are considered constant.

Some of the work investigates the process of heat conduction in the core elements of nuclear power
plants based on the �nite element method.

Many authors also consider the e�ect of temperature on the deformation of the investigated element,
during which they can also analytically calculate the temperature distribution law along the length
of the rod with insulated lateral surface, and the left end is exposed to the heat �ux and the right
end is exposed to the heat exchange with the environment. In addition, in this work, we determine
the temperature �eld along the length of the horizontal rod with constant cross section. At the same
time, the left end is exposed to the constant temperature, and the remaining surface of the core is
exposed to the heat exchange with the environment. The results obtained agree well with practical
results. Most of the authors use the energy conservation law in combination with variation methods to
study the process of heat exchange between the deformable shell and the surrounding liquid. And here
we developed application packages that use modern tools of programming to solve this problem. We
can say that these packages, in a certain sense, are universal and user-friendly. Also, in this work, we
study the di�erent ways to de�ne the non-stationary �elds of temperature distribution in cylindrical
rods which are exposed to laser heat sources. The obtained results can be used in the study of no
stationary thermal processes in the rod with the laser heat source. Also, in this work, we are dealing
with computational methods, algorithms and software package for the study of steady-state thermal
stress � strain state of a rod with limited length and constant cross section, which is exposed to the
local heat �ow, temperature, thermal exchange, and the availability of local insulation is considered as
well. In addition, for each of the considered problem, we successfully identi�ed regularities. For some
problems, we determined the steady-state temperature �elds, the components of strain and stress and
the displacement �eld. We obtained equations to calculate the elongation and axial compressive force.
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Also, investigated the convergence of the studied method and the accuracy of the numerical results.
In contrast to the above works, in this paper, we consider the development of methods, computational
algorithms, and programs based on the energy conservation law to study the steady thermal stress
and strain state of the horizontal rod with constant cross section. For this task, we �rst de�ned the
distribution law of temperature along the length of the rod. Further, if one end of the rod is �rmly
�xed and the other end is free, we can calculate the elongation depending on existing heat sources,
physical and geometric characteristics of the rod, taking into account the presence of insulation. In the
case of pinching both ends of the studied core, we can calculate the axial compressive force, taking into
account the real factors. It also determines the distribution law of all the components of deformations
and stresses. The study revealed some patterns of the process. It should be noted that programs
developed in Delphi and Python proved to be e�ective and user-friendly.

The paper proposes a computational algorithm and method to determine thermo physical
characteristics of the rod with limited length and variable cross- section in time. They are based on
fundamental laws of energy conservation. The numerical solutions of the problem have been successfully
achieved.

Key words: heat �ow, the radius of the cross section, a heat source, the length of the rod,
thermal conductivity, heat transfer.
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Íåñóùèå ýëåìåíòû ìíîãèõ ñòðàòåãè÷åñêèõ îáîðóäîâàíèé ÿâëÿþòñÿ ñòåðæíÿìè îãðàíè÷åííîé
äëèíû è ïåðåìåííîãî ïîïåðå÷íîãî ñå÷åíèÿ. Áîëüøèíñòâî èç íèõ èñïûòûâàåò âîçäåéñòâèÿ
îïðåäåëåííûõ âèäîâ èñòî÷íèêîâ òåïëà. Äëÿ îáåñïå÷åíèÿ íàäåæíîé ðàáîòû ýòèõ îáîðóäîâà-
íèé íåîáõîäèìî çíàòü èçìåíåíèå òåïëîôèçè÷åñêèõ õàðàêòåðèñòèê ñòåðæíÿ ïî äëèíå ñòåðæíÿ
è ïî âðåìåíè. Â ðàáîòå ïðåäëàãàþòñÿ âû÷èñëèòåëüíûé àëãîðèòì è ìåòîä äëÿ îïðåäåëåíèÿ
òåïëîôèçè÷åñêèõ õàðàêòåðèñòèê ñòåðæíÿ îãðàíè÷åííîé äëèíû è ïåðåìåííîãî ïîïåðå÷íîãî ñå-
÷åíèÿ ïî âðåìåíè. Îíè îñíîâàíû íà ôóíäàìåíòàëüíûõ çàêîíàõ ñîõðàíåíèÿ ýíåðãèè. Ïîëó÷åíî
÷èñëåííîå ðåøåíèå çàäà÷è.

Êëþ÷åâûå ñëîâà: òåïëîâîé ïîòîê, ðàäèóñ ñå÷åíèÿ, èñòî÷íèêè òåïëà, äëèíà ñòåðæíÿ, òåï-
ëîïðîâîäíîñòü, òåïëîîáìåí.

Ââåäåíèå. Îïðåäåëåíèå çàêîíîâ ðàñïðåäåëåíèÿ òåïëîôèçè÷åñêèõ õàðàêòåðèñòèê
ñòåðæíÿ îãðàíè÷åííîé äëèíû ïðè âîçäåéñòâèè ðàçíîðîäíûõ âèäîâ òåïëà ÿâëÿåòñÿ îñíî-
âîé èññëåäîâàíèÿ òåðìî-íàïðÿæåííîãî äåôîðìèðîâàííîãî ñîñòîÿíèÿ íåñóùèõ ñòåðæíåâûõ
ýëåìåíòîâ ýíåðãåòè÷åñêèõ óñòàíîâîê, äâèãàòåëåé âíóòðåííåãî ñãîðàíèÿ è âîäîðîäíûõ äâè-
ãàòåëåé. Â ñâÿçè ñ ýòèì îïðåäåëåíèåì ïîëÿ òåìïåðàòóð â òâåðäûõ äåôîðìèðóåìûõ òåëàõ
çàíèìàþòñÿ ìíîãèå âèäíûå ó÷åíûå [1�3]. Â [4�5] íà îñíîâå ìåòîäà êîíå÷íûõ ýëåìåíòîâ
îïðåäåëåí çàêîí ðàñïðåäåëåíèÿ òåìïåðàòóðû ïî äëèíå ñòåðæíÿ îãðàíè÷åííîé äëèíû è
ïîñòîÿííîãî ñå÷åíèÿ. Â ÷àñòíîñòè, â ðàáîòå [5] ðàññìàòðèâàåòñÿ ðåøåíèå óñòàíîâèâøåé-
ñÿ çàäà÷è ïî îïðåäåëåíèþ ïîëÿ òåìïåðàòóðû ïî äëèíå òåïëîèçîëèðîâàííîãî ïî áîêîâîé
ïîâåðõíîñòè ãîðèçîíòàëüíîãî ñòåðæíÿ îãðàíè÷åííîé äëèíû è ïîñòîÿííîãî ïîïåðå÷íîãî
ñå÷åíèÿ. Ïðè ýòîì íà ïëîùàäü ïîïåðå÷íîãî ñå÷åíèÿ ñ ëåâîãî êîíöà ïîäâîäèòñÿ ïîòîê òåï-
ëà ñ ïîñòîÿííîé èíòåíñèâíîñòüþ, à íà ïðàâîì êîíöå ïðîèñõîäèò êîíâåêòèâíûé òåïëîîáìåí
ñ îêðóæàþùåé ñðåäîé. Ïðè ýòîì êîýôôèöèåíò òåïëîîáìåíà è òåìïåðàòóðà îêðóæàþùåé
ñðåäû ñ÷èòàþòñÿ ïîñòîÿííûìè. Â [6] ðàññìîòðåíî âëèÿíèå òåìïåðàòóðû íà äåôîðìàöèþ
èññëåäóåìîãî ýëåìåíòà. Òàì æå àíàëèòè÷åñêè ïîëó÷åí çàêîí ðàñïðåäåëåíèÿ òåìïåðàòó-
ðû ïî äëèíå ñòåðæíÿ, êîãäà áîêîâàÿ ïîâåðõíîñòü ñòåðæíÿ òåïëîèçîëèðîâàíà, ëåâûé êî-
íåö íàõîäèòñÿ ïîä âîçäåéñòâèåì òåïëîâîãî ïîòîêà, à íà ïðàâîì ïðîèñõîäèò òåïëîîáìåí ñ
îêðóæàþùåé ñðåäîé. Êðîìå òîãî, ðàññìàòðèâàåòñÿ çàäà÷à îïðåäåëåíèÿ ïîëÿ òåìïåðàòóð
ïî äëèíå ãîðèçîíòàëüíîãî ñòåðæíÿ ïîñòîÿííîãî ïîïåðå÷íîãî ñå÷åíèÿ. Ïðè ýòîì íà ëåâûé
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òîðåö ïîäàåòñÿ ïîñòîÿííàÿ òåìïåðàòóðà, à íà îñòàâøèõñÿ ïîâåðõíîñòÿõ ñòåðæíÿ ïðîèñ-
õîäèò òåïëîîáìåí ñ îêðóæàþùåé ñðåäîé. Ïîëó÷åííûå ðåçóëüòàòû õîðîøî ñîãëàñóþòñÿ ñ
ðåçóëüòàòàìè, ïîëó÷åííûìè â [7�9]. Â [10] íà îñíîâå çàêîíà ñîõðàíåíèÿ ýíåðãèè âàðèà-
öèîííûì ìåòîäîì îïðåäåëÿåòñÿ ïðîöåññ òåïëîîáìåíà ìåæäó äåôîðìèðóåìîé îáîëî÷êîé è
îêðóæàþùåé æèäêîñòüþ. Â [11] íà îñíîâå ìåòîäà êîíå÷íûõ ýëåìåíòîâ èññëåäóåòñÿ ïðîöåññ
òåïëîïðîâîäíîñòè â ñòåðæíåâûõ ýëåìåíòàõ ÿäåðíûõ ýíåðãåòè÷åñêèõ óñòàíîâîê. Òàì æå
ïðèâîäèòñÿ îïèñàíèå ïàêåòà ïðèêëàäíûõ ïðîãðàìì, ðàçðàáîòàííûõ íà áàçå ñîâðåìåííûõ
èíñòðóìåíòàëüíûõ ñðåäñòâ ïðîãðàììèðîâàíèÿ, êîòîðûå îðèåíòèðîâàíû íà ðåøåíèå ðàñ-
ñìàòðèâàåìûõ çàäà÷. Äåéñòâèòåëüíî, ðàçðàáàòûâàåìûé ïàêåò â îïðåäåëåííîì ñìûñëå ÿâ-
ëÿåòñÿ óíèâåðñàëüíûì, óäîáíûì äëÿ ïîëüçîâàòåëåé. Â [12] èññëåäóåòñÿ íåñòàöèîíàðíîå ïî-
ëå ðàñïðåäåëåíèÿ òåìïåðàòóð â öèëèíäðè÷åñêèõ ñòåðæíÿõ ïðè âîçäåéñòâèè ëàçåðíûõ èñ-
òî÷íèêîâ òåïëà. Ïîëó÷åííûå â ðàáîòå ðåçóëüòàòû ìîæíî èñïîëüçîâàòü ïðè èññëåäîâàíèè
íåñòàöèîíàðíûõ òåìïåðàòóðíûõ ïðîöåññîâ â ñòåðæíå ïðè íàëè÷èè ëàçåðíûõ èñòî÷íèêîâ
òåïëà. Â [13�16] ðàññìàòðèâàþòñÿ âû÷èñëèòåëüíûå ìåòîäû, àëãîðèòìû è ïàêåò ïðèêëàä-
íûõ ïðîãðàìì äëÿ èññëåäîâàíèÿ óñòàíîâèâøåãîñÿ òåðìî-íàïðÿæåííî-äåôîðìèðîâàííîãî
ñîñòîÿíèÿ ñòåðæíÿ îãðàíè÷åííîé äëèíû è ïîñòîÿííîãî ïîïåðå÷íîãî ñå÷åíèÿ ïðè âîçäåé-
ñòâèè ëîêàëüíûõ òåïëîâûõ ïîòîêîâ, òåìïåðàòóð, òåïëîîáìåíîâ, à òàêæå ñ ó÷åòîì íàëè÷èÿ
ëîêàëüíûõ òåïëîèçîëÿöèé. Ïðè ýòîì äëÿ êàæäîé ðàññìàòðèâàåìîé çàäà÷è âûÿâëåíû ñîîò-
âåòñòâóþùèå çàêîíîìåðíîñòè. Äëÿ íåêîòîðûõ çàäà÷ îïðåäåëÿþòñÿ óñòàíîâèâøèåñÿ ïîëÿ
òåìïåðàòóð, ñîñòàâëÿþùèå äåôîðìàöèè è íàïðÿæåíèÿ, à òàêæå ïîëå ïåðåìåùåíèé. Ïîëó-
÷åíû âûðàæåíèÿ äëÿ âû÷èñëåíèÿ âåëè÷èíû óäëèíåíèÿ è âîçíèêàþùåãî îñåâîãî ñæèìàþ-
ùåãî óñèëèÿ. Òàì æå èññëåäîâàíû ñõîäèìîñòü ìåòîäà è òî÷íîñòü ïîëó÷åííûõ ÷èñëåííûõ
ðåçóëüòàòîâ. Â îòëè÷èè îò âûøåóêàçàííûõ ðàáîò, â äàííîé ðàáîòå ðàññìàòðèâàåòñÿ ðàç-
ðàáîòêà ìåòîäîâ, âû÷èñëèòåëüíûõ àëãîðèòìîâ è ïðîãðàìì, îñíîâàííûõ íà çàêîíå ñîõðà-
íåíèÿ ýíåðãèè, äëÿ èññëåäîâàíèÿ óñòàíîâèâøåãîñÿ òåðìî-íàïðÿæåííî-äåôîðìèðîâàííîãî
ñîñòîÿíèÿ ãîðèçîíòàëüíîãî ñòåðæíÿ ïîñòîÿííîãî ñå÷åíèÿ. Äëÿ ýòîé çàäà÷è ñíà÷àëà îïðå-
äåëÿåòñÿ çàêîí ðàñïðåäåëåíèÿ òåìïåðàòóðû ïî äëèíå ñòåðæíÿ. Äàëåå, â ñëó÷àå åñëè îäèí
êîíåö ñòåðæíÿ æåñòêî çàùåìëåí, à äðóãîé ñâîáîäåí, âû÷èñëÿåòñÿ åãî óäëèíåíèå â çàâè-
ñèìîñòè îò äåéñòâóþùèõ èñòî÷íèêîâ òåïëà, ôèçè÷åñêèõ è ãåîìåòðè÷åñêèõ õàðàêòåðèñòèê
ñòåðæíÿ ñ ó÷åòîì íàëè÷èÿ òåïëîèçîëÿöèè. Â ñëó÷àå çàùåìëåíèÿ îáîèõ êîíöîâ èññëåäóå-
ìîãî ñòåðæíÿ îïðåäåëÿåòñÿ âåëè÷èíà âîçíèêàþùåãî îñåâîãî ñæèìàþùåãî óñèëèÿ ñ ó÷åòîì
ðåàëüíûõ ôàêòîðîâ. Ïðè ýòîì òàêæå îïðåäåëåí çàêîí ðàñïðåäåëåíèÿ âñåõ ñîñòàâëÿþùèõ
äåôîðìàöèé è íàïðÿæåíèÿ. Ïðè èññëåäîâàíèè âûÿâëåíû íåêîòîðûå çàêîíîìåðíîñòè ïðî-
öåññà. Ñëåäóåò îòìåòèòü, ÷òî ðàçðàáîòàííûå ïðîãðàììû íà Delphi è Python îêàçàëèñü
ýôôåêòèâíûìè è óäîáíûìè äëÿ ïîëüçîâàòåëÿ.

Ïîñòàíîâêà çàäà÷è. Ðàññìàòðèâàåòñÿ ãîðèçîíòàëüíûé ñòåðæåíü äëèíîé l [ñì]
(ðèñ. 1), èçãîòîâëåííûé èç æàðîïðî÷íîãî ìàòåðèàëà, ïëîùàäü ïîïåðå÷íîãî ñå÷åíèÿ êî-
òîðîãî åñòü S [ñì2]=const. Ãîðèçîíòàëüíàÿ îñü 0X íàïðàâëåíà ñëåâà íàïðàâî è ñîâïàäàåò
ñ îñüþ èññëåäóåìîãî ñòåðæíÿ. ×åðåç ïðàâûé òîðåö ñòåðæíÿ ïðîèñõîäèò òåïëîîáìåí ñ îêðó-
æàþùåé ñðåäîé, à áîêîâàÿ ïîâåðõíîñòü ñòåðæíÿ òåïëîèçîëèðîâàíà. Òåìïåðàòóðà îêðóæà-
þùåé ñðåäû Tîñ(

◦C) = const, êîýôôèöèåíò òåïëîîáìåíà h
(

Âò

ñì2·◦C

)
= const. Íà ëåâûé òîðåö

ñòåðæíÿ ïîäâåäåí òåïëîâîé ïîòîê ñ èíòåíñèâíîñòüþ q
(
Âò

ñì2

)
= const.

Çàäà÷à çàêëþ÷àåòñÿ â îïðåäåëåíèè íåóñòàíîâèâøåãîñÿ ñîñòîÿíèÿ òåìïåðàòóð è âñåõ
ñîñòàâëÿþùèõ äåôîðìàöèè, íàïðÿæåíèÿ, à òàêæå âåëè÷èí óäëèíåíèÿ ñòåðæíÿ è âîçíèêà-
þùåãî îñåâîãî óñèëèÿ.

Ðåøåíèå çàäà÷è. Ïðè ðåøåíèè çàäà÷è èñïîëüçóåì äâà ýëåìåíòà ñòåðæíÿ.
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Ðèñ. 1. Ðàñ÷åòíàÿ ñõåìà

Äëÿ ðåøåíèÿ ïîñòàâëåííîé çàäà÷è ñíà÷àëà îïðåäåëÿåì çàêîí ðàñïðåäåëåíèÿ òåìïåðà-
òóð [1] âàðèàöèîííûì ìåòîäîì. Âû÷èñëèì ôóíêöèîíàë
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2dS � êîëè÷åñòâî òåïëà, óõîäÿùåãî ÷åðåç ïîâåðõíîñòü ñòåðæíÿ.
Çäåñü ââåäåíû ñëåäóþùèå îáîçíà÷åíèÿ:
T � òåìïåðàòóðà (◦);
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Òåìïåðàòóðó T ñòåðæíÿ äëèíîé L ñ òåìïåðàòóðàìè íà êîíöàõ (T1,T2) àïïðîêñèìèðóåì
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Ïðåîáðàçóåì âûðàæåíèå (1) äëÿ ñòåðæíÿ:
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Ïîòîê òåïëà íà ïðàâîì êîíöå ñòåðæíÿ ðàâåí
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I4 =
λSL

6

(
2
∂T1
∂t

T1 + 2
∂T2
∂t

T2 +
∂T1
∂t

T2 +
∂T2
∂t

T1

)
+

+
λSL

6

(
2
∂T2
∂t

T2 + 2
dT3
dt
T3 +

∂T2
∂t

T3 +
∂T3
∂t

T2

)
. (6)

Äèôôåðåíöèðóÿ ôóíêöèîíàë I ïî ïåðåìåííûì T1, T2 è T3 è ïðèðàâíèâàÿ ê íóëþ,
ïîëó÷èì ñèñòåìó äèôôåðåíöèàëüíûõ óðàâíåíèé:
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Äàëåå, èñïîëüçóÿ ðåøåíèå äàííîé ñèñòåìû äèôôåðåíöèàëüíûõ óðàâíåíèé, îöåíèâàåì
ñëåäóþùèå íåóñòàíîâèâøååñÿ òåïëîôèçè÷åñêèå õàðàêòåðèñòèêè ñòåðæíÿ [15]:

� Óäëèíåíèå ñòåðæíÿ â çàâèñèìîñòè îò T (x), êîòîðàÿ îïðåäåëÿåòñÿ êàê
� äëÿ ëèíåéíîãî ñëó÷àÿ:

∆` =

∫ `

0

αT (x)dx =
α`

2
(Ti + Tj); (8)

� äëÿ êâàäðàòè÷íîãî ñëó÷àÿ:

∆` =

∫ `

0
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α`

2
(Ti + 4Tj + Tk). (9)

� Îñåâîå òåðìè÷åñêîå óñèëèå R:

R = −∆`ES

`
. (10)

� Òåðìî-óïðóãîå íàïðÿæåíèå σ:

σ =
R

S
= −∆`E

`
. (11)

� Òåðìî-óïðóãàÿ äåôîðìàöèÿ ε:

ε =
σ

E
= −∆`

`
. (12)

� Òåìïåðàòóðíàÿ äåôîðìàöèÿ εT (x):

εT (x) = −αT (x). (13)

� Òåìïåðàòóðíîå íàïðÿæåíèå σT (x):

σT (x) = EεT (x). (14)

� Óïðóãàÿ äåôîðìàöèÿ εx (x):



Êóäàéêóëîâ À.Ê., Òàøåâ À.À. 7

Ðèñ. 2. Îñíîâíîé èíòåðôåéñ ïðîãðàììû

Ðèñ. 3. Ìîäóëü äëÿ ôîðìèðîâàíèÿ èñõîäíûõ äàííûõ

εx(x) = ε− εT (x). (15)

Ïðîãðàììíîå îáåñïå÷åíèå. Äëÿ ðåøåíèÿ ðàññìàòðèâàåìîé çàäà÷è ðàçðàáîòàíà ïðî-
ãðàììà ñ èñïîëüçîâàíèåì èíòåãðèðîâàííîãî ñðåäñòâà ïðîãðàììèðîâàíèÿ DELPHI. Îñíîâ-
íîé èíòåðôåéñ ïðîãðàììû ïîêàçàí íà ðèñ. 2.

Ïðîãðàììà ïîçâîëÿåò ôîðìèðîâàòü èñõîäíûå äàííûå, ÷òî îñóùåñòâëÿåòñÿ âûáîðîì
îïöèè

”
Ôîðìèðîâàíèå èñõîäíûõ äàííûõ“ (ðèñ. 3).

Çäåñü ìîæíî çàäàòü èñõîäíûå äàííûå: âûáðàòü íîìåðà íåòåïëîèçîëèðîâàííûõ ýëåìåí-
òîâ; çàäàòü óñëîâèÿ äëÿ ëåâîãî è ïðàâîãî êîíöà ñòåðæíÿ, à òàêæå äàííûå äëÿ âíóòðåí-
íèõ èñòî÷íèêîâ òåïëà. Ïîñëå íàæàòèÿ íà êíîïêó

”
Ïîëó÷èòü ÑËÓ“ ôîðìèðóåòñÿ ñèñòåìà

îáûêíîâåííûõ äèôôåðåíöèàëüíûõ óðàâíåíèé.

Äàëåå, ïðè âûáîðå îïöèè
”
Ðåøåíèå ñòàöèîíàðíîé çàäà÷è“ èç îñíîâíîãî ìåíþ ïîëó÷àåì

ñòàöèîíàðíîå ðåøåíèå çàäà÷è (ðèñ. 4).

Íåñòàöèîíàðíîå ðåøåíèå ïîëó÷àåòñÿ ïðè âûáîðå îïöèè
”
Ìåòîä Ðóíãå�Êóòòà“ èç îñ-

íîâíîãî ìåíþ (ðèñ. 5), ãäå èçîáðàæåíû ãðàôèêè èçìåíåíèÿ òåìïåðàòóðû ïî âðåìåíè.
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Ðèñ. 4. Ðåøåíèå ñòàöèîíàðíîé çàäà÷è

Ðèñ. 5. Èçìåíåíèå òåìïåðàòóðû ñòåðæíÿ â ðàçëè÷íûõ òî÷êàõ ñòåðæíÿ ïî âðåìåíè

Ðèñ. 6. Èçìåíåíèå òåïëîôèçè÷åñêèõ õàðàêòåðèñòèê ñòåðæíÿ ïî âðåìåíè

Ðèñ. 7. Èçìåíåíèå òåïëîôèçè÷åñêèõ õàðàêòåðèñòèê ïî äëèíå ñòåðæíÿ
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Ðèñ. 8. Èçìåíåíèå òåìïåðàòóðû ïî âðåìåíè

äëÿ äâóõ ýëåìåíòîâ
Ðèñ. 9. Èçìåíåíèå óäëèíåíèÿ ïî âðåìåíè

Ðèñ. 10. Èçìåíåíèå óäëèíåíèÿ ïî âðåìåíè
Ðèñ. 11. Èçìåíåíèå òåðìîóïðóãîãî íàïðÿæåíèÿ

ïî âðåìåíè

Ðèñ. 12. Èçìåíåíèå òåðìîóïðóãîé äåôîðìàöèè

ïî âðåìåíè

Ðèñ. 13. Èçìåíåíèå òåìïåðàòóðíîãî íàïðÿæåíèÿ

ïî âðåìåíè

Ðèñ. 14. Èçìåíåíèå óïðóãîé äåôîðìàöèè

ïî âðåìåíè

Ðèñ. 15. Èçìåíåíèå óïðóãîãî íàïðÿæåíèÿ

ïî âðåìåíè
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×òîáû ïîñìîòðåòü èçìåíåíèå äðóãèõ òåïëîôèçè÷åñêèõ õàðàêòåðèñòèê ïî âðåìåíè, âû-
áèðàåì îïöèþ

”
Ãðàôèêè ïî t“ îñíîâíîãî ìåíþ (ðèñ. 6), à ïî äëèíå ñòåðæíÿ �

”
Ðåçóëüòàòû

ïî x“ (ðèñ. 7).
Íà ðèñ. 6�7 ìîæíî âûáðàòü òåïëîôèçè÷åñêèå õàðàêòåðèñòèêè ñòåðæíÿ, êîòîðûå íàñ

èíòåðåñóþò.
Äëÿ ðåøåíèÿ çàäà÷è ñ èñïîëüçîâàíèåì ðàçðàáîòàííîé ïðîãðàììû áûëè èñïîëüçîâàíû

ñëåäóþùèå èñõîäíûå äàííûå:

L = 7,5 ñì; q = −150
Âò

ñì2
; kxx = 75

Âò

ñì · ◦
; h = 10

Âò

ñì2 · ◦
; Tîñ = 40 ◦C; r = 1 ñì;

S = πr2 = π ñì2; P = 2πr = 2π ñì; α = 0,0000125
1
◦C
.

Ðåøåíèå íåñòàöèîíàðíîé çàäà÷è (7) ïðè ëèíåéíîé àïïðîêñèìàöèè äëÿ äâóõ ýëåìåíòîâ
ïðåäñòàâëåíî íà ðèñ. 8.

Ñòàöèîíàðíûì ðåøåíèåì ýòîé çàäà÷è ÿâëÿþòñÿ T1 = 70◦C, T2 = 62,5◦C è T3 = 55◦C.
Äàëåå, çíàÿ òåìïåðàòóðó ñòåðæíÿ, îïðåäåëÿåì âñå ñîñòàâëÿþùèå äåôîðìàöèè, íàïðÿ-

æåíèÿ, âåëè÷èíó óäëèíåíèÿ ñòåðæíÿ, à òàêæå âîçíèêàþùåå îñåâîå óñèëèå â çàâèñèìîñòè
îò âðåìåíè ïî ôîðìóëàì (9)�(15).

Èçìåíåíèå óäëèíåíèÿ ïî âðåìåíè ïîêàçàíî íà ðèñ. 9.
Èçìåíåíèå îñåâîãî òåðìè÷åñêîãî óñèëèÿ ïî âðåìåíè ïîêàçàíî íà ðèñ. 10.
Èçìåíåíèå òåðìîóïðóãîãî íàïðÿæåíèÿ ïî âðåìåíè ïîêàçàíî íà ðèñ. 11.
Èçìåíåíèå òåðìîóïðóãîé äåôîðìàöèè ïî âðåìåíè ïîêàçàíî íà ðèñ. 12.
Èçìåíåíèå òåìïåðàòóðíîãî íàïðÿæåíèÿ ïî âðåìåíè ïîêàçàíî íà ðèñ. 13.
Èçìåíåíèå óïðóãîé äåôîðìàöèè ïî âðåìåíè ïîêàçàíî íà ðèñ.14.
Èçìåíåíèå óïðóãîãî íàïðÿæåíèÿ ïî âðåìåíè � íà ðèñ. 15.
Ðåçóëüòàòû ïðèìåíåíèÿ ïðåäëîæåííîãî ïîäõîäà, îñíîâàííîãî íà ôóíäàìåíòàëüíîì

çàêîíå ñîõðàíåíèÿ ýíåðãèè, äëÿ ðåøåíèÿ êîíêðåòíîãî ïðèìåðà ïîêàçûâàþò, ÷òî åãî
ìîæíî èñïîëüçîâàòü ïðè ðåøåíèè àêòóàëüíûõ èíæåíåðíûõ çàäà÷ ðàçíîé ñëîæíîñòè.
Ýòè ðåøåíèÿ õàðàêòåðèçóþòñÿ ïîâûøåííîé òî÷íîñòüþ è àäåêâàòíîñòüþ, ÷òî ïîçâîëÿåò
ðåøàòü ïðàêòè÷åñêè ëþáûå çàäà÷è, ñâÿçàííûå ñ îïðåäåëåíèåì òåðìîìåõàíè÷åñêîãî
ñîñòîÿíèÿ ñòåðæíÿ.
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ÎÄ 14À.01.08.
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Òàøåâ Àçàò Àðèïîâè÷

îêîí÷èë ôàêóëüòåò óïðàâëå-
íèÿ è ïðèêëàäíîé ìàòåìà-
òèêè Ìîñêîâñêîãî ôèçèêî-
òåõíè÷åñêîãî èíñòèòóòà â 1975
ãîäó. Â 1985 ãîäó çàùèòèë
êàíäèäàòñêóþ äèññåðòàöèþ ïî
ñïåöèàëüíîñòè 05.13.02, à â

1995 ãîäó çàùèòèë äîêòîðñêóþ ïî ñïåöèàëü-
íîñòè 05.13.06 â ÍÏÎ

”
Êèáåðíåòèêà“ ñ ÂÖ ÀÍ

ÓçÑÑÐ. Ñ 1975 ãîäà ðàáîòàë â îáëàñòè ïðî-
ãðàììèðîâàíèÿ. Â 1985 ãîäó îí ñòàë çàâ. ëàáî-
ðàòîðèåé ÍÈÈ

”
Àëãîðèòì“ ÍÏÎ

”
Êèáåðíåòèêà

“ ïî ïðîáëåìàì èññëåäîâàíèÿ çåìëÿòðÿñåíèé,
â íàñòîÿùåå âðåìÿ ÿâëÿåòñÿ ãëàâíûì íàó÷íûì
ñîòðóäíèêîì Èíñòèòóòà èíôîðìàöèîííûõ è âû-
÷èñëèòåëüíûõ òåõíîëîãèé (Ðåñïóáëèêà Êàçàõ-
ñòàí, ã. Àëìà-Àòà).

Èì îïóáëèêîâàíî ñâûøå 80 ðàáîò â òà-
êèõ îáëàñòÿõ êàê ðàñïðåäåëåíèå è ïåðåðàñïðå-
äåëåíèå ðåñóðñîâ â óñëîâèÿõ íåîïðåäåëåííî-
ñòè, ýêñïåðòíûå ñèñòåìû, îñíîâàííûå íà ïðî-
äóêöèîííûõ ïðàâèëàõ è íà íå÷åòêèõ ìíîæå-
ñòâàõ, ñåéñìîëîãèè, ïàðàëëåëüíîå âû÷èñëåíèå,
îáëà÷íàÿ òåõíîëîãèÿ, ïðîãðàììèðîâàíèå. Åãî
òåêóùèå èññëåäîâàòåëüñêèå èíòåðåñû âêëþ÷à-
þò òåõíîëîãèè ïàðàëëåëüíûõ âû÷èñëåíèé, ÿçû-
êè ïðîãðàììèðîâàíèÿ, âêëþ÷àÿ ïàðàëëåëüíîå,
ýêñïåðòíûå ñèñòåìû, îïòèìàëüíîå ðàñïðåäåëå-
íèå è ïåðåðàñïðåäåëåíèå ðåñóðñîâ. Â äàííîå
âðåìÿ îñíîâíûì ïðîåêòîì À.À. Òàøåâà ÿâëÿ-
åòñÿ èññëåäîâàíèå òåðìîôèçè÷åñêèõ õàðàêòåðè-
ñòèê ðàçëè÷íûõ ìàòåðèàëîâ è ïðîãðàììèðîâà-
íèå.
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