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Introduction

Extensiveeducationabndscientificliteratureis
devoted to the consideration of technical
characteristicsof negative temperaturecoefficient
thermistorsthebasicprinciplesof theiroperationand
the methods of designing circuits with said
thermistors. There are numerous examples of
successfupracticaluseof suchequipmenin various
fields of humanactivity.

The purposeof this work is to build a working
mathematicalmodel of a technical systemusing a
unified approachThis technicalsystemprovidesfor
serial connectionof negativetemperaturecoefficient
thermistors.

The dependencef the resistanceR of sucha
thermistoron its temperatureT is usually described
in an expression(for an example,see[1; 2]), which
takesthe following form

R(T)= ré %),
wherer isthethermistor'sesistancet T =T,; b is

the coefficient constantfor the given thermistor.
However, within a relatively narrow temperature
range,it canbe assumedhat

Doi: &Gos¥¥ https://dx.doi.org/10.15863/TAS022.01.108.2
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A unified approachto building a working
mathematicamodelthathasnecessarypropertiesor
aspecificstudyis describedn [3; 4]. Someproperties
of mathematicamodelsareformulated,for instance,
in [5; 6]. An exampleof building a mathematical
model with the necessarypropertiesfor a study is
presentedh [7]; someof theresultsof this studywere
publishedn [81 10]. The particularfeaturesof usinga
unified approactto buildingmathematicainodelsare
describedfor examplejn [11; 12].

Problem statement

The serial connection of n thermistors is
discussed below. The i-th thermistor shall be
considereda body with high thermal conductivity,
whosetemperatureT; at the initial time point t, is

equalto T,, while T, ¢ T, i =1, 2,... ,n. Convective

heat exchangeoccurs with the environment, the
temperaturef which is equalto T, onthe surfaceof

the thermistor area S, and the heat transfer
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coefficientis knownandequalto U

Forarelatively
narrow temperaturerange from T, to T, it is

consideredhat
r

" e m

G(M=ca a(T 3) ¢
where R (T) and G, (T,) aretheresistancandtotal

heatcapacityof thei-th thermistor;r, and ¢, arethe

resistancandtotal heatcapacityof thei-th thermistor
at T =T,; b and 9 are positive constants.The
electrical potential differenceat the polesof the i-th
elements
rl
Uy=—-—+~——, 1
CEe [ ) ®
where | isthedirectelectriccurrentintensityflowing
throughthethermistors.
Theelectricalpotentialdifference
u=au, 2
i=1
is of interestin the study. Let us designa working
mathematicaimodel of the object of study that has
sufficient properties of fullness, adequacy,
productivityandeconomy.

Problem solution

The resultsobtainedin [13] are to be usedin
orderto solvethe problem.Theseresultsallow usto
build a hierarchy of mathematicalmodels of this
object of study and determinethe conditionsunder
which it is possibleto find the desiredvalue U with

arelativeerrorof nomorethanthe givenvalue U,
If thedifferencesT; - T, aresmallenough;hen

accordingto (1), the desiredvalueis obtainedusing
theformula

U, = an rl. (3)
i=1

Conditionsunderwhich the obtainedformulais
applicableareto be determined A steadystateheat
exchangerocesss consideredor thisreasonin this
caseaccordingto the calculationdn [13], the steady

statevalue U, is determinedusingtheformula
. 2r|
U = [ ,
1oL 017 b5 T,
andfor thegiventemperatureange
rl?

Us(t- 7)
thenthesteadystatevalueof thesoughtvalueis equal
to

¢1 B(T, |)T,2, <

U. =3 U’ ®)

i=1

Therelativeerrorof thevalueU, is

i(U,) = U-Yol Ho 5 Y%

) U u.
In the eventof inequation
U .
o-1 @,

formula (3) can be usedwith a relative error of no
morethan U, tofind thedesiredvalue.Consequently,
in the eventof inequation

U, ¢ (1 4,)U. (
the mathematicamodel (3) possessethe properties
of fullness,adequacyproductivity andeconomyto a
sufficientdegree.

Then let us define the conditionsunderwhich
mathematicamodel(5) canbeapplied.Theunsteady
state heat exchangeprocessis consideredfor this
reasonln thiscaseaccordingo theresultsfrom[13],
we obtaina Cauchyproblem

CII’iITOZdi: Q$irIT02- .USUIZ i ﬂUZ
biUi2 dt pflToz' iu}’To2 +Ub ’
U (t,) =rl, (7

wherei =1, 2,... ,n, andwe canfind thetime point

a rl oTZ rl -U, rl 0
+ | - | | I I_* ]:
orl-u; b 2l WU, 2
a, U’ 6 arl
(lngg — U, § —
gé’ i 2 af-u,
QiToz ﬁI'Ui* il Qm éril v g(
b 2-UUS & U "y
for which
U,
U (t)=——.
(©) 1- U,
It is obviousthatat t 2 t;
AU -U U’
uly; ) =|—/——=— =1-- {
( ') Ui Ui (St

andthe value U; canbe consideredequalto U, (t)
with a relative error of no more than U, If
t. = maxt, , thenit is easyto showthatat t 2 t,

n

4(0-v)

L
|
1S

; &

av,

i=1
Consequentlyformula (5) can be usedto find

the desiredvaluewith arelativeerrorof nomorethan

Uo
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If condition (6) is not met, then mathematical
model(5) at t 2 t. possessebepropertief fullness,

adequacy productivity and economyto a sufficient
degree.

The developmenbf a new mathematicamodel
in the event of the formation of a hierarchy of
mathematicamodelsof theobjectof studymightlead
to the clarification of the previously determined
conditions for the applicability of the built
mathematicamodels.Indeed,it is possibleto clarify
the conditionof applicability of formula (3) usingthe
mathematicalmodel (2), (7). For this we needto
calculatethetime point
LG 89T y1-U 1l

| | * *
" Use b nr-Uy
rl 6 au’ i
+— 1Iin e +-U
2l -u; 2 %m o !
oTZ . & @z rl-u rl
x * *
b, ’ C b re2-uU;y
rl 6 a4 U/ g
+————¢ln — T
201 -0; 2 %em Uy
for which
r
U (t)=— .
() 1+,
It is obviousthatat t ¢ t,
. U -rl| rl N
a(rl )=|—— =— -1 &
(I ) i Ui (¢

andthe value r| canbe considerecequalto U, (t)
with a relative error of no more than U, If
t =mint;, thenit is easyto showthatat t ¢

I

n

a (ril -U, )
o) A
v au,
i=1
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