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The materials of the article included the following questions: operation of the FLEXTEG module in the
thermoelectric generator mode; effects accompanying the thermoelectric generator and its current-voltage char-
acteristic; the discussion of the results. The energy balance of thermal currents is estimated using the Seebeck
and Thomson effects, as well as electric currents in the circuit — Peltier, and Joule-Lenz when changing the
direction of their circulation. An isotropic design of a module of heat and power generators installed on an
envelope flexible plate with different weights is obtained, which increases before the inflection line and de-
creases after it; in this case, the properties of semiconductors are independent of their location on the flexible
plate. A reduction in the influence of a traveling electromagnetic bending wave on its deformation in a flexible
plate has been achieved by distributing the weight of thermoelectric generators on the surface of the plate. The
main factors influencing the properties of semiconductor materials and operating parameters of thermo-electric
generators are estimated. The current-voltage characteristic of a thermoelectric generator with patterns of
change in the intervals of voltage (0-6.0 V), current strength (0-1.4 A), power (0-4.0 W) at various temperature
gradients (5, 0-105 °C), while the efficiency of thermoelectric generators was 84.0 %.
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1. INTRODUCTION

The greatest development in recent years has been
the work on thermoelectric, thermionic and magnetohy-
drodynamic methods of converting thermal energy into
electrical energy, and the thermoelectric method is the
most developed. At present, thermoelectric generators
with a power of several watts to several kilowatts have
been developed and are being operated, manufactured
and designed. They are designed for "small power" and
have such unique qualities as complete autonomy, high
reliability, ease of operation, durability, as well as high
specific energy and weight characteristics. They are
used to supply power to objects remote from power lines,
as well as in conditions where only modular thermoelec-
tric generators can be the only possible one.

2. ANALYSIS OF LITERATURE DATA AND
PROBLEM STATEMENT

In [1], to maintain the optimal value (efficiency pa-
rameter) in PbTe, carriers of only one sign are used, elec-
trons, the concentration of which is determined by the
concentration of dopants.

It is noted that materials based on Bi2Tes with a
large temperature difference in the legs of a thermoele-
ment have a significantly lower overall efficiency param-
eter than its maximum value. It is recommended to
maintain the latter, close to the maximum, at each point
of the branch by changing the composition of materials
along its length of the thermoelement [2].

There are at least two possibilities for increasing the ef-
ficiency of thermoelements using a variable concentration
of charge carriers: optimizing the efficiency parameter Z at
each point of the branch in the operating temperature
range [3] and using the distributed Peltier effect [4].

2077-6772/2023/15(4)04038(6)

04038-1

PACS numbers: 84.70. + p, 85.80.Fi

The use of the distributed Peltier effect is considered
one of the promising ways to increase the efficiency of
thermoelectrics. The implementation of this idea in-
volves a number of difficulties associated with mathe-
matical modeling, determining the optimal distribution
of the concentration of charge carriers, leading to the
maximum efficiency of the branch, manufacturing a
branch with an optimal distribution of the concentration
of charge carriers. Since practically used thermoelectrics
are doped n- and p-type semiconductors, then usually
only majority charge carriers are considered during op-
timization. It is assumed that their concentration can be
changed by doping with the corresponding impurities in
a very wide range of its concentration, without taking
into account their own charge carriers. This gives rise to
the temptation to completely compensate for the Joule-
Lenz heat using the distributed Peltier effect [4, 5].

In [5], it is indicated that determining the optimal
impurity inhomogeneity profile is a complex mathemat-
ical problem, some methods for calculating the temper-
ature profile of a thermoelement leg are listed, and tech-
nologies for creating inhomogeneities are considered.

Real low-temperature thermoelectrics with high effi-
ciency do not have a wide band gap, so it is also neces-
sary to take into account intrinsic charge carriers [6, 7].

As shown in [3], in the optimized branch with full
Joule-Lenz heat compensation, the electrical conductiv-
ity at the cold end of the branch is 2 orders of magnitude
higher than at the hot end, and the modulus of differen-
tial thermoelectric power is 4 times lower.

In [8], thermoelectric heat transfer intensifiers in fric-
tion pairs of brakes, mounted in their friction elements,
were used. However, the dependencies were not taken into
account: the temperature of the friction pairs of the brake
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(T1) on the temperature of the hot junction of the thermoe-
lectric cooler (7v); cooling efficiency of the brake friction
pairs (T1 — To) on their heating temperature (771).

Thermoelectric generators are considered in [9].
However, it did not pay attention to modular sources of
conversion of thermal currents into electrical ones.

The work [10] is devoted to the Japanese FLEXTEG
module presented in the form of a flexible plate with
miniature thermoelectric generators operating in the
mode of converting thermal energy into electric current.
However, in the latter, as applied to the envelope plate,
the traveling electromagnetic bending wave, which af-
fects the performance of thermoelectric generators, was
not taken insto account.

The operation of the FLEXTEG module in the ther-
moelectric generator mode, as well as the effects accom-
panying the thermoelectric generator and its current-
voltage characteristic.

Justify the performance of a thermoelectric gen-
erator of a given design and indicate its main short-
comings.

3. OPERATION OF THE FLEXTEG MODULE IN
THE THERMOELECTRIC GENERATOR
MODE

Thermoelectric generators are a promising source of
electricity generation from a relatively low-temperature
environment (up to 150 °C) of thermal energy. Develop-
ments in this area have existed for quite a long time, but
their wide distribution was hindered by the lack of avail-
able technological solutions — with the possibility of
packaging thermoelectric generators in minimum build-
ing volumes.

Let us consider the operation of a thermopile in the
mode of a thermoelectric generator (Fig. 1).

When heat is supplied to the connecting bridge 3, its
temperature increases compared to the temperature To of
the cold ends of the rods 1 and 2 (T > To), the thermal en-
ergy of the atoms of the hot end of the semiconductors in-
creases. This energy does the work of transferring electrons
to a free state. In this regard, more free electrons appear in
rod 1 at the hot end and with higher thermal energy than
at the cold end. Therefore, they move to the cold end, charg-
ing it negatively. Due to the thermal motion of the atoms
in rod 2, some of the electrons are carried away from the
hot zone. In their place, free (unoccupied) places appear —
holes with a positive charge. The direction of movement of
holes as positive charges coincides with the direction of the
electric field, so their movement is accelerated. The vacated
places (holes) can be filled by electrons having energies
close to those of a hole. But the electrons moving against
the electric field slow down and move to a zone of lower
speeds, and new holes form in their place. Thus, the holes
move to the cold end of the rod 2, and it becomes positively
charged. When the electrical circuit 4 is closed, an electric
current appears in it, due precisely to the temperature dif-
ference. In fact, the Seebeck effect takes place, and the
thermopile itselfis a thermoelectric generator. Thermopile-
thermoelectric generators are installed in friction linings 2
of the running branch 5 of the brake band 3. In this case,
before the start of braking, the temperature of the thermo-
pile junctions is the same and equal to the ambient temper-
ature.
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Fig. 1 - Battery of thermoelectric generator: 1, 2 — rods of con-
ductors; 3 — connecting bridge; 4 — electrical circuit

When heat is supplied to the connecting bridge 3, its
temperature increases compared to the temperature 7o
of the cold ends of the rods 1 and 2 (7' > Tb), the thermal
energy of the atoms of the hot end of the semiconductors
increases. This energy does the work of transferring
electrons to a free state. In this regard, more free elec-
trons appear in rod 1 at the hot end and with higher
thermal energy than at the cold end. Therefore, they
move to the cold end, charging it negatively. Due to the
thermal motion of the atoms in rod 2, some of the elec-
trons are carried away from the hot zone. In their place,
free (unoccupied) places appear — holes with a positive
charge. The direction of movement of holes as positive
charges coincides with the direction of the electric field,
so their movement is accelerated. The vacated places
(holes) can be filled by electrons having energies close to
those of a hole. But the electrons moving against the
electric field slow down and move to a zone of lower
speeds, and new holes form in their place. Thus, the
holes move to the cold end of the rod 2, and it becomes
positively charged. When the electrical circuit 4 is
closed, an electric current appears in it, due precisely to
the temperature difference. In fact, the Seebeck effect
takes place, and the thermopile itself is a thermoelectric
generator. Thermobatteries-thermoelectric generators
are installed in friction linings 2 running branch 5 of the
brake band 3. In this case, before the start of braking,
the temperature of the thermopile junctions is the same
and equal to the ambient temperature.

If, on the contrary, along a circuit, all elements of
which are in the same temperature conditions (7" = T0),
pass an electric current in the direction indicated in
Fig. 1, then the free electrons in the semiconductor rod
6 acquire a directed movement from junction a to junc-
tion b, and this movement is slow, since the electrons are
decelerated by the electric field. The movement of elec-
trons from junction a to junction b is accompanied by en-
ergy transfer. At the junction a, electrons, taking away
the energy of atoms, acquire kinetic energy. At the end
in, colliding with the atoms of the crystal lattice of the
semiconductor, they give off energy to the specified junc-
tion. As a result, junction a cools and junction b heats
up. Moreover, the accumulation of electrons at junction
B contributes to the fact that this junction is charged
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negatively, and junction a is positively charged.

In rod 2, which has hole conductivity, the direction of
the electric current coincides with the direction of move-
ment of holes: from junction a' to junction &'. As a result,
the holes are accelerated. As noted above, the formed va-
cancies can be occupied by electrons with an energy level
close to the hole energy. Therefore, the most intense
movement of electrons is observed at the junction in'.
Here, electrons, colliding with atoms, increase their in-
ternal energy spent on heating this junction. As one
moves from junction b' to junction a' along the thermoel-
ement 2 branch, the energy of electrons decreases and
their further movement is accompanied by the internal
energy of atoms, as a result of which junction a' cools.
The accumulation of electrons on this junction causes its
negative charge; while the junction in' is positively
charged. Thus, passing a direct electric current through
a thermopile leads to a temperature difference at its
junctions. At the junction o', heat is absorbed, called the
Peltier heat; at the junction at', heat is released. If heat
is constantly removed from the hot junction of a thermo-
pile, then very low temperatures are obtained at its cold
end (Russian patent No. 2134368)

Fig. 2 - Photo (a) and schematic representation of the
FLEXTEG module (b), photo of semiconductor crystals (c) based
on bismuth telluride (BizTes)

Let's proceed directly to the design features and op-
eration of thermogenerators embedded in the FLEXTEG
module (Fig. 2a, b) [10].

For fastening small microcircuits, a unique design
was used, which made it possible to place 250 semicon-
ductors with the n-p type of conductivity on sections of
50 x 50 mm (Fig. 2¢). At the same time, thermoelectric
semiconductor chips 1 (Fig. 2 a) were placed on a flexible
plate 2 and provided a reliable parallel connection of the
electrical connection. Thus, an isotropic structure was
obtained, in which the properties of semiconductors are
independent of the direction of their location on the flex-
ible plate 2.

Equally flexible plate 2 has a drawback, since trav-
eling electromagnetic bending waves arise in it (Fig. 3).

Bending waves are thermal deformations, enhanced
by the electromagnetic effect, propagating in the enve-
lope plates. The wavelength in the latter is always much
greater than the thickness of the plate. Plane bending
waves arise in the plate, which can propagate in any di-
rection oriented in its plane, and, in addition, cylindrical
bending waves are possible. During the propagation of a
bending wave, each element of the envelope of the plate
is displaced perpendicular to the axis of the plane of the
plate (Fig. 2). The phase velocities of bending waves are
much less than the phase velocities of longitudinal
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waves in the plates. The phase velocity of monochro-
matic flexural waves is proportional to the square root
of the frequency.

Z
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Fig. 3 — A traveling electromagnetic flexural wave in an enve-
lope plate: uo is the displacement amplitude of the plate ele-
ments in a flexural wave, the z axis is the direction of wave
propagation

In the plates, the dimensions of which are limited in
the direction of propagation of the bending wave, stand-
ing bending waves arise as a result of reflections from
their ends. Flexural waves are possible not only in flat,
but also in curved plates, i.e., in shells.

Achieve a decrease in the influence of a traveling
electromagnetic bending wave on its deformation in a
flexible plate due to the distribution of the weight of
thermogenerators on the surface of the plate. At the
same time, the weight of the thermogenerators in-
creased due to the growth and its volume level up to the
plate inflection line, and then decreased.

4. EFFECTS ACCOMPANYING THE THERMOE-
LECTRIC GENERATOR AND ITS CURRENT-
VOLTAGE CHARACTERISTIC

The energy of electrons that have passed from one
semiconductor to the second is reduced to the Fermi
level as a result of collisions with atoms of the second
semiconductor. The heat released in this case is the Pel-
tier heat. Since the electrons come to thermal equilib-
rium as a result of several tens of collisions in the imme-
diate vicinity of the contact, then all the Peltier heat is
released at the contact itself. With the opposite direction
of current in semiconductors, electrons can pass from en-
ergy levels located above the bottom of the conduction
band, i.e., much higher than the Fermi level. In this
case, thermal equilibrium is disturbed and restored due
to the energy of thermal vibrations of the lattice. In this
case, the Peltier heat is absorbed. This is explained by
the fact that, passing from the hotter part to the colder
one, the electrons transfer excess energy to the sur-
rounding atoms, which causes heating of the generator
elements [11]. In the reverse direction of the current,
the electrons replenish their energy at the expense of the
Table 1 — The essence of the effects and their calculated de-
pendencies accompanying the operation of a semiconductor
thermoelectric generator

Estimated

Effects and their essence .
dependencies

I. T. Seebeck

The essence of the See-
beck phenomenon or the phe-
nomenon of thermo-emf. con-
sists in the fact that in a
closed electrical circuit con-
sisting of dissimilar materi-
als, e. d.s., if the contacts are

E=oTh—-T) (1)
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maintained at different tem-
peratures. A circuit consist-
ing of two materials is called
a thermocouple or thermo-
couple.

II. J. Peltier

It is an effect opposite to
the Seebeck effect, and con-
sists in the fact that when
current passes in a closed cir-
cuit consisting of dissimilar
conductors, heat is released
or absorbed at the points of
their contacts (depending on
the direction of the current).

Qu =111t )

IIT. W. Thomson

It consists in the fact that
if there is a temperature
difference along the
conductor through which the
electric current flows, then
heat is released or absorbed
(depending on the direction of
the current) in the volume of
the conductor

Qr=Ito( Trh—Te) (3)

IV. D. Joule - E. Lenz

Determines the mechani-
cal equivalent of heat, which,
according to the law of con-
servation of energy A = @,
and then we have

2
Q=1Iut=I"Rt = %t )

Symbols: a — thermo-e coefficient. d.s.; Th, T are the
temperatures of the hot and cold junctions; IT — Peltier
coefficient; I — current strength; ¢ is time; 7 is the Thom-
son coefficient; u is voltage; R is the circuit resistance

surrounding atoms, and heat is absorbed. It must also
be taken into account that in the first case the electrons
are decelerated by the thermal field. d.s., and in the sec-
ond they accelerate, which changes the value of the
Thomson coefficient.

Let us dwell on the essence of the effects and their
calculated dependencies for a thermoelectric generator
(Table 1):

— all effects are reversible, i.e., both with a change in
the direction of the temperature gradient d7 and with a
change in the direction of the current dI, the sign of the
effect also changes. This, for example, distinguishes
Thomson's heat from the irreversible effect of Joule-
Lenz heat release during the passage of electric current
through a conductor, which is always released (but not
absorbed) in any direction of the current. Another irre-
versible process that takes place in a thermoelectric cir-
cuit is the transfer of heat through conductors by ther-
mal conduction from a hot junction to a cold one;

— both of these irreversible phenomena (Joule heat
and thermal conductivity) are actually always present
in thermoelectric devices and have (especially thermal
conductivity) a significant impact on their operation.

However, for the initial thermodynamic analysis, we
will assume that the actual thermoelectric process,
which includes three reversible effects, proceeds inde-
pendently of the irreversible processes of heat conduc-
tion and Joule heat release [11].
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Analysis of the effects given in Table 1 showed the
following:

— II-nd, III-rd and IV-th effects are associated with
electric current and the time of its passage through the
circuit;

— The 1%t effect is related to the temperature of the junc-
tions, and the 3 effect is only partially related to Az.

To determine the optimal values of the electric cur-
rent and voltage corresponding to the maximum power
condition, consider the current-voltage characteristic.

A characteristic feature of the thermoelectric gener-
ator under consideration, as in the case of 71 = const and
T> = const, is the dependence of the temperature differ-
ence ATpp and, consequently, e. d.s. E on the operating
mode, i.e., on the electric current I. If we use the approx-
imate dependence of the temperature difference on the
thermoelement ATpp on the generator operating mode,
then the dependence E(I) can be obtained in the same
way as the formula was obtained Then

V= Exx — IArms, (5)

where A, rms — coefficients; Ex. — e. m. f. short circuit.

The current-voltage characteristic establishes a rela-
tionship between the dependence of the current on the
voltage applied to the thermoelement of the electric cir-
cuit or the dependence of the voltage drop on the ther-
moelement of the electric circuit on the current flowing
through it. If the electrical resistance of the thermoele-
ment does not depend on the current, then the current-
voltage characteristic is a straight line passing through
the origin of the coordinate system.

Thus, the approximate current-voltage characteris-
tic is a straight line (Fig. 4), which forms an angle S
with the current axis.

The straightness of the current-voltage characteris-
tic directly implies the condition for maximum power:

IO = O.5I}c,3,; VO = 0.5Ex4x

where I, — short circuit current.

But when deriving the expression for the current-
voltage characteristic, the approximate dependence
ATy = f(M) was taken, which, naturally, should affect
the conclusions, in particular, the conclusion about the
straightness of the current-voltage characteristic.

Fig. 4 — The current-voltage characteristic of thermoelectric
generator at @ = const and 7, = const: 1 — at T» = const and
T. = const: 2 and 4 — boundary; 3 — linearized; 5 — fine [11]
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Based on the given value of the electric current I, the
internal resistance of the thermoelectric generator is se-
lected so that the maximum power corresponds to this
value. In fact, the temperature drop across the thermo-
element decreases with increasing current, and the cur-
rent-voltage characteristic, as shown above, goes steeper
(see Fig. 5). It is obvious that the real value power is
lower and, in addition, the maximum power shifts to-
wards lower electric current values (point 2). Let us de-
note the maximum power calculated based on the con-
stancy of the junction temperatures, Wi (point 1), the
maximum power corresponding to the current-voltage
characteristic Wz (point 2), and the actual power value
corresponding to the given value of the electric current,
W3 (point 3). Comparing the maximum power values

W, = E2 /(4r,,) and W, = B2 / (44r,,),

it is easy to see that W /W, =A .

4 v -{n I, 73

2|
17

W
V=byy ~IArs;
g /

Fig. 5 — Dependence of the current-voltage characteristic in
terms of power on the voltage and current of the thermoelectric
generator [11]

Experimental studies have established that the
power and efficiency increase with an increase in the
volume of the thermoelement, since at a given heat flux
@ and certain cross-sectional areas Sp and Sy, with an
increase in the volume of the thermoelement, the tem-
perature difference ATpp and e.m.f. increases in propor-
tion to the square of the volume, while the electrical re-
sistance increases in proportion to the volume of the
thermoelement and the efficiency is determined by the
increase in the differential temperatures on the thermo-
element, i.e., an increase in the temperature of the hot
junction. Naturally, the increase in the volume of ther-
moelements cannot be infinite, since there are limita-
tions that must be taken into account [12].

1. According to the temperature of the hot junction.
For each thermoelectric material there is an allowable
temperature.

2. By service life. There is a relationship between al-
lowable temperature and service life, so the allowable
temperature, and therefore the volume of the thermo-
couple, must be selected based on the required service
life.

3. By weight. It is quite obvious that with an increase
in volume, the weight of the entire thermoelectric gen-
erator will increase, which is sometimes limited.

4. Technological limitations. With modern methods
of manufacturing thermoelectric modules (pressing,
casting), there are certain difficulties associated with
the manufacture of large-volume thermoelements.

JJ. NANO- ELECTRON. PHYS. 15, 04038 (2023)

5. According to the properties of thermoelectric ma-
terial. At present, in calculations, the properties of ther-
moelectric material are considered to be constant and in-
dependent of temperature. In reality, most thermoelec-
tric materials have reduced efficiency at high tempera-
tures. The module has a maximum output power density
of 158 mW/cm? at dT' = 105°C, which corresponds to an
efficiency value of 84.0 % (Fig. 6).
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Fig. 6 — The current-voltage characteristic of thermoelectric
generator at various surface temperature gradients (AT, °C):
—50; = ==285, —-=105

Parallel equalization of electrode currents reduces
the thermal load on individual thermoelectric semicon-
ductor microcircuits, and good adhesion between the
plate surface and their contacts ensures their stable op-
eration when bent. Having created a dense array of ther-
moelectric semiconductor chips on a flexible substrate,
we obtained reliable and stable gluing of contacts on it,
ensuring efficient conversion of the waste heat.

In conventional rigid modules, arc electrodes at the
edges were located perpendicular to each other, limiting
the bending of the product. In FLEXTEG, these ele-
ments are built in parallel, providing flexibility in all di-
rections. The resulting reduction in thermal load on the
chips has led to increased reliability. Thermoelectric
generators, which efficiently convert waste heat into
electrical current, will help save energy and reduce the
Peltier and Joule-Lenz effects.

5. THE DISCUSSION OF THE RESULTS

Theoretical and experimental studies of the perfor-
mance of thermoelectric generators in comparison with
the FLEXTEG module, made up of numerous chips with
the properties of thermoelectric generators, made it pos-
sible to establish the following:

— evaluate the energy balance of thermal currents
using the effects of T. Seebeck and W. Thomson, as well
as electric currents in the circuit — J. Peltier and D. Joule
— E. Lenz when changing the direction of their circula-
tion;

— to obtain an isotropic design of a module of thermo-
electric generators installed on an envelope flexible
plate with different weights, which increases before the
inflection line and decreases after it; in this case, the
properties of semiconductors are independent of their lo-
cation on a flexible plate;

— to reduce the influence of a traveling electromag-
netic bending wave on its deformation in a flexible plate
by distributing the weight of thermoelectric generators
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on the surface of the plate;

— evaluate the main factors affecting the properties
of semiconductor materials and operating parameters of
thermoelectric generators;

— present the current-voltage characteristic of a ther-
moelectric generator with patterns of change in the
ranges of voltage (0-6.0 V), current strength (0-1.4 A),
power (0-4.0 W) at various temperature gradients
(5.0-105 °C), while the efficiency of thermoelectric gen-
erators was 84.0 %.
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TepmoesieKTPUYHI reHEePATOPHU MiACUITIOBAYI CTPYMY
M.B. Kiggpauyk!, J1.0. Boasuenro?, I1.JO. Hypasabos2, M.M. Ocramyx3, P.d. Kaumap3
1 Hauytonanvrutl asiaulitnull yuisepcumem, naowa Jliobomupa yzapa, 1, 03058 Kuis, Yrpaina

2 Jearno-PparKiscbKUll HAUIOHALHUL YHI8epcumem Hagmu i 2a3y, 8ys. Kapnamcevra, 15,
76000 leano-Pparkiscvk, YEpaina

3 Hauiananvruil yuisepcumem «JIvsiscorka nonimexnixan, 8ys. Cmenana Banoepu, 12, 79000 Jlvsis, Yrpaina

V¥ crarTi posrssaHyTi peskumu pobotr Moxysisi FLEXTEG B peskumi TepMOeIeKTPHYHOrO reHepaTopa; ede-
KTH, 110 CYIIPOBO/IFKYIOTH TEPMOEJIEKTPUYHUI TeHepaTop 1 HOro BOJILT-aMIIEPHY XapaKTepUCTUKy. EHepreTtmd-
HUM 6aJIaHC TEIJIOBUX CTPYMIB OITIHIOETHCS 3a JIOIMOMOTro edektiB 3eebera 1 TomcoHa, a TAKOK €JIEKTPHIHNX
crpymiB y KoHTYpl — [lesbrbe 1 Jpxoys-Jleniia mpu aMiHi HATPAMKY X upKyIAIi. OTpuMaHO 130TPOITHY KOHC-
TPYKIIIO MOYJIS TEILIOEIEKTPOreHEPATOPIB, BCTAHOBJIEHOTO HA OTMHAIOYIN MHYYKIHM IUIACTHHI 3 PI3HOI MACoI,
STKA 3POCTAE TIepe;T JIHIEK ITePEruHy 1 SMeHIITY€eThCS MIC/IsT Hel. Y IIbOMY BHTIAIKY BJIACTHBOCTI HAINIBIIPOBTHUKIB
He 3aJIeskaTh BLI IX po3ramryBaHHS HA THYYKIHM ILTACTHHI. 3MEHIIEHHS BIUIMBY OLKYy40l €JIEKTpOMArHITHOI
3rMHHOI XBWJII Ha 11 gedopMarriio B THYUYKIH ILIACTHHI JOCATHYTO IIJISXOM PO3IOILILY BaTX TEPMOEJIEKTPUIHUX
TeHepaTopiB Ha moBepxHi IwracTrau. OIIHEeHO OCHOBHI (DAKTOPH, IO BILIMBAIOTH HA BJIACTHBOCTI HAITIBIIPOBII-
HUKOBHX MarepiajiB Ta pobodl mapaMeTpy TepMOeJIeKTPUYHNAX TeHepaTopiB. BosbT-aMiiepHa XxapakTeprcTHRa
TePMOEJIEKTPUYHOI0 TeHepaTopa IIokasye aminu inrepsasis Hampyru (0-6,0 B), cumm crpymy (0-1,4 A), moTysxk-
Hocri (0-4,0 Br) mpu pisaux rpajgienrax temueparypu (5, 0-105 °C) ta KK TtepmoesiekTprynmx renepaTopis Ha
piBHI 84,0 %.

Knrouoeri cnora: Hamisnposiguukosuii Tepmoesiement, Tepmoenekrpuunmii reaepartop, Cuita crpymy Ta Ha-
upyra, [lory:xHaicts, BosbT-amMmepHa XapakTepHUCTHKA.
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