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ABSTRACT
It is shown that, depending on the spatial distribution of temperature in
semiconductor thermocouples, temperature instability can occur at "negative"
temperature differences and "positive™ temperature instability can occur.
Key words: Pelte effect, Seebeck effect, Thomson effect, "negative™ temperature,
"positive"” temperature, thermocouple
ANNOTATSIYA
Yarimo'tkazgichli termoelementlarda haroratning fazoviy tagsimlanishiga garab,
"salbiy" harorat farglarida haroratning begarorligi paydo bo'lishi va "ijobiy"
haroratning begarorligi yuzaga kelishi mumkinligi ko'rsatilgan.
Kalit so’zlar: Pelte effekti, Zeebek effekti, Tomson effekti, salbiy” harorat,
"ljobiy" harorat, termopara
AHHOTANMUSA
HOKCZS’GHO, umo 6 3asucumocmu om npocmpaHCmeeHH0oco pacnpedeﬂeﬂuﬂ
memnepamypbsl 6 nwzynpoeodﬁukoeblx mepmonapax mooaorcem 603HUKAmMbv
memnepamypHa: HecmaoOulbHOCMb npu «compuyanelbHblxy nepenadax memnepamyp
U «noJoHcUmelbHasn» memnepamypHa HecmaobuIbHOCMb.
Knwuesvie cnoea: s¢gpgpexm Ilenvme, s¢pgpexm 3eebexa, s¢ppexm Tomcona,
«ompuyamenbras) memnepamypa, «NOJOAHCUMENbHAA) memnepamypd, mepmonapda.

As is well known [1,2] Pelte thermocouples are also used as transducers of
thermal or electrical signals. It is easy to check that the change in the temperature of
the working compound that we want to use, that is, the change in the hot signal, leads
to a change in the values that describe the thermoelectric properties of the
semiconductor. Therefore, in our article, the spatial dependence of temperature and
the calculation of temperature instability of thermocouples. In calculating this, we
take into account the Thomson thermoelectric phenomenon, as well as the Peltier,
Joule and Seebeck effects. Then it is not difficult to obtain a heat equation of the
hydrodynamic type that describes the time-space dependence of temperature.
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where y=y,T" the thermal conductivity of the o=0c,T" grid, the electrical
conductivity of the semiconductor, the numbers m and 1 (power), j=1¢/S - the values

of which are the current density depending on the propagation mechanism of current
carriers, is the cross-sectional area of S(x)=S,(1+px)S,. "cold" is a parameter

describing the spatial relationship of the contact (T, with temperature) and the cross-

sectional area of the thermocouple; The x-axis is chosen in the direction of increasing
temperature difference - T, the temperature of the "hot" contact, )

T(x=0)=T

xon !

T(x=1)=T,

op !

), 1 - the distance between the temperature and the

contacts T,,, u T,,

on

We immediately note that the equation in the form (1) can be solved only with
the help of a computer. Because, at present, we do not have experimental results that
allow us to compare them with numerical (computer) calculations and solutions. To
do this, we change equations (1) taking into account the dependence.

Then the heat equations of the hydrodynamic type for the stationary mode of the
thermocouple take the form

YT +2yT' +4T" =0 (2)
, 0T _, 0°T
HereT:&, Tzﬁ, y=1+p%  r=1/(S; 0, %)

The number n of experimentally realized temperature range (200+) n=3. In this
caseT® = B, +a, - T=0,, with less than 17% error, we can guess that g, =-3,09 10" K?,
where . Then we write (2) as

y20" +2y0' + 6 =0 3)

0=C,y" -C,y™ 4)

Where y =ya,. Calculations show that for single crystals of lead chalcogenides
7 <0,25. In this case, the solution (3) is in the form of Case (4).

Where u:%,/1—47. The unknown coefficients ¢, « C, are determined using

the boundary conditions:
0(X = 0) = on,rl = aTTxm + ﬁT (5)
O(x=1)= 49201, =a,T,, + Br

Peltier coefficient in the working junction, where T=T,_, r is the electrical

Xon

resistance of the field between the contacts. Then the solution of equation (3) is
written as follows

0= 4£Z [2(9)(0«7 -0, XY" -~ y*“)+ 200, (y“ fy )] (6)
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From expression (6), — y, =1+ gt is determined instead of (x=1)=0,,,.
As can be seen from the expression under the ice, if v(v<<1) u is at small values,
the change in the temperature of the working compound 29!, <@, can be negative,

Xon

so if oT<0  oT is also negative, then there is a further decrease in temperature. the

working compound leads to an increase in the amount of absorbed heat, as a result of
which the instability of the space temperature is possible.

Thus, depending on T(x), it can turn out to be "negative" when the temperature
drops to a certain value with a voltage increase (U) in certain value ranges Holtzman
B.M. values take negative values U =U,- and U >U, positive (in the case we

considered), and "positive" instability when the opposite situation occurs.
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