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The kinetic parameters of solid solutions TbxSnixSe (0 < x < 0.05), grown by the Bridgman method, were investigated at 300 K. It
was found that doping with Tb significantly affects the electrical conductivity, Hall coefficient, Seebeck coefficient (thermoelectric
power), thermal conductivity, and the concentration and mobility of charge carriers. At low Tb concentrations, a transition from p-
type to n-type conductivity is observed, accompanied by a non-monotonic change in the Hall coefficient and the sign of the Seebeck
coefficient. Electrical and thermal conductivities decrease due to enhanced scattering at defects caused by introducing Tb. The
obtained data are important for controlling the properties of SnSe in its thermoelectric applications.
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1. INTRODUCTION

Tin selenide (SnSe) is a binary semiconductor compound with an orthorhombic (Pnma) layered structure,
characterized by pronounced anisotropy, low thermal conductivity, and high thermoelectric performance. The presence
of Sn atom vacancies in the crystal lattice results in p —type conductivity [1-3].

Due to its high Seebeck coefficient, low thermal conductivity, and sufficient electrical conductivity, SnSeis
considered one of the best thermoelectric materials, especially in single-crystal form (ZT = 2.6 — 2.8 at ~900 K). Its
bandgap width (0.9 — 1.3 eV) also makes it promising for optoelectronic applications. The ease of mechanical cleavage
further supports the use of SnSe in flexible electronics [4—6].

The material consists of non-toxic and non-deficient elements, which is important from both environmental and
economic perspectives. The properties of SnSe can be effectively tuned through doping and cation substitution. The
introduction of elements such as Na, Ag, and K (for p —type) or Bi, Cl, and I (for n —type) allows control over the
charge carrier concentration. Substituting Sn with Pb, Ge, Mn, Co, and other cations affects the structure and functional
properties, including reduced thermal conductivity and the emergence of new properties [7—10].

Particular interest lies in doping with rare-earth elements (e.g., La, Ce, Gd), which enhance conductivity and
reduce thermal conductivity due to local lattice distortions [11-13]. Among them, terbium (7'D) is especially promising;
its ions can act as donors, increasing the electron concentration and promoting n —type behavior. Substituting Sn with
Tb also enhances phonon scattering, reduces thermal conductivity, and may introduce localized energy levels [14].This
study investigates the effect of Th content on the key kinetic parameters of Th,Sn;_,Se alloys at a temperature of
300 K.

2. EXPERIMENTAL SECTION

For the synthesis ofTh, Sn,_,Sealloys, high-purity starting materials were used: tin of grade B4-000, selenium of
grade OC417-4, and chemically pure terbium (99.98%).The synthesis was performed in evacuated quartz ampoules at
a pressure of 0.1333 Pa using a two-step direct melting method. In the first stage, the ampoules containing the weighed
components were heated at a rate of 4 — 5 °C/min to the melting point of selenium and held at that temperature for 3 —
4 hours. Subsequently, the temperature was gradually increased to 950 — 1000 °C (depending on the composition)
and maintained for 8 — 9 hours [15].

The interaction in the SnSe — ThSe system was investigated using differential thermal analysis (DTA), X —ray
diffraction (XRD), microstructural analysis (MSA), as well as measurements of microhardness and density [16]. DTA
was conducted using a PerkinElmer Simultaneous Thermal Analyzer STA 6000 (USA) to determine the thermal effects
and phase transitions of the synthesized samples. Nitrogen was used as the purge gas at a flow rate of 20 mL/s, and the
samples were heated to their melting temperatures at a rate of 5 °C /min.

X —ray diffraction analysis was performed using a Rigaku Miniflex diffractometer operating at 30 kV and 10 mA
with CuKa radiation (A = 1.5406 A). Diffraction peaks were recorded over a 26 range of 0 — 80°. The surface
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morphology and microstructure of the samples were examined using a JEOL JSM-6610LV scanning electron
microscope (Japan).

Electrical conductivity and the Hall coefficient were measured under direct current conditions in a constant
magnetic field using an electromagnet setup [17]. The Seebeck coefficient and thermal conductivity were determined
using a fully stationary method, as described in [18]. The experimental uncertainty did not exceed 4.2%.

3. RESULTS AND DISCUSSION
3.1. Physicochemical Analysis

The thermograms of the alloys in the Th,Sn,_,Se system show sharp peaks during heating and cooling, which
correspond to the melting and solidification temperatures, indicating the formation of congruently melting alloys. In the
SnSecompound, partial substitution of Sn with Th lowers the melting temperature due to the incorporation of larger
rare-earth (RE) ions, which distort the crystal lattice and weaken interatomic bonds. This leads to structural defects and
an additional decrease in melting temperature. The microhardness of samples with ThSe content up to 0.05 mol. %
remains at the level of ~500 MPa.

Analysis of the intensity of X —ray reflections shows that the sample has a preferred crystal orientation and
consists of a single phase. Indexing of the X —ray patterns indicate an orthorhombic crystal system with the space group
D35 — Pcmn (Fig. 1). In the range0 < x < 0.05, no shift in diffraction lines is observed; only their intensity changes,
which indicates the formation of solid solutions based on SnSe. When Sn atoms are partially replaced with RE atoms of
larger ionic radius, the intensity of reflections decreases, and the lattice parameters increase additively. The increase in
parameters is linear, with no deviations from Vegard’s law observed.

1060004 X —ray structural analysis shows that the
8.04003 addition of terbium selenides leads to an
soe00d  12()() increase in the unit cell parameters of SnSe as
40e0003 the concentration of Tb increases. This is
g 20e00y accompanied by intense  charge-carrier
g rerl—sg % % - S scattering due to lattice distortion, consistent
. o T R with the low thermal conductivity of the
o alloys [16]. At the same time, the density of the
¥ | l| TR Tb,Sn,_,Se system remains practically
o unchanged, indicating interstitial positioning of
p Tb atoms and the formation ofFrenkel-type

o ’ | defects [19].
t—s Ty % 5 = % The increase in lattice parameters, the
2-heta (deg) coherent substitution of Sn with Th, and

adherence to Vegard’s law confirm the
formation of a substitutional solid solution
based on SnSe.X —ray structural analysis and
pycnometry revealed that the solubility range of ThSe in SnSe at room temperature is limited to 2 mol. %.

Comprehensive physicochemical analysis showed that the Th,Sn,_,Sesystem alloys, like SnSe, crystallize in an
orthorhombic crystal system. With an increase in ThSe content, the lattice parameters, density, and microhardness
increase slightly, while the thermal effects shift to lower temperatures. Due to differences in the electronic configuration
of Sn and Tb, substitution in the Th,Sn;_,Sesolid solution leads to distortions in the SnSe crystal lattice, while
preserving its basic structure.

Atomic force microscopy of the surface topography of Th,Sn,_,Se crystals revealed that the natural surface is
inhomogeneous and has a roughness of about 25 nm. This is due to the presence of weak van der Waals forces between
the layers, which lead to the formation of atomic clusters upon cleavage, giving the surface an uneven appearance.
X —ray microanalysis revealed the phase composition and element distribution (Fig. 2). The surface was generally
homogeneous; however, an excess of selenium was observed within the homogeneity range of SnSe.

Figure 1. X-ray diffraction spectrum of crystals TbxSni.xSe:x=0,0025.
Below are X-ray diffraction patterns of SnSe and SnO for comparison

Total spektrum

Element Weight % Atomic %
SnL 59.69 49.72
SeL 39.90 50.03
Tb L 0.41 0.25
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Figure 2. X-ray microanalysis of the crystal surface TbxSnixSe:( x=0.005)
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3.2. Electrophysical and Thermal Properties of Th,Sn,_,Se Alloys at Various Tb Concentrations

In the solid solution range of (0 < x < 0.05), several kinetic parameters were investigated at room temperature
(300 K) for ThSe — containing samples grown by the Bridgman method. These parameters include electrical
conductivity (o), Hall coefficient (R), thermopower (S), thermal conductivity coefficient (k), charge carrier
concentration (p, n), and Hall mobility (¢). The obtained results are summarized in Table 1.

SnSe is typically a p —type semiconductor, and its charge transport properties are highly sensitive to doping. As
seen from Table 1, with increasing ThSe content in TbySn,_Se alloys, the resistivity and Hall coefficient increase,
while the carrier concentration and mobility decrease.

In the binary compound SnSe, with partial cation-cation substitution of Sn atoms by Tbh atoms at room
temperature (T = 300 K), the Hall coefficient (R) strongly depends on the percentage of Th atoms and varies non-
monotonically. This non-monotonic change in the absolute value of the Hall coefficient is explained by the competition
of two or more mechanisms depending on impurity concentration.

The SnSe compound, in the absence of doping impurities, consistently exhibits p-type conductivity, which has
been confirmed both by experimental measurements and quantum-chemical calculations [20, 21]. The primary reason
for this is the presence of intrinsic defects in the crystal lattice—primarily tin cation vacancies (Vs,), which act as
acceptor centers and promote hole generation.

The formation of such vacancies can be explained in terms of the atomic properties and electronic structure of
SnSe. First, tin (Sn) has a relatively low ionization energy (first ionization energy ~7.34 eV [22]), which facilitates the
loss of valence electrons and the transition of Sn atoms to the Sn** ionic state. Second, selenium (Se), with its high
electronegativity (2.55 on the Pauling scale [20]), strongly attracts electrons from the Sn — Se covalent bond, thereby
further polarizing and weakening this bond. As a result, Sn cations become less stable in the lattice, especially under
Se —rich synthesis conditions, which promotes the formation of cation vacancies

Table 1. The main kinetic parameters of Tb,Sn,_,Se alloys at T =300 K

oge -5

CO;I'lglOosll:/loon, R, em¥/K S, pV/K o, Q'cm™ \7{’(/):1?1&) B, cm?(V-s) p(n)x10"7, em™
0.00 +8.68 +420 18 20 156 7.2
0.10 +25.7 +275 242 18 60.5 2.43
0.20 +32.3 +128 0.45 17 14.5 1.93
0.25 -180 -325 0.027 16.4 4.86 0.347
0.50 -1750 -298 0.012 14.5 21.12 0.036
1.00 -1260 -297 0.0063 12.5 6.50 0.05
1.5 -1040 -278 0.0061 12 6.34 0.06
2.00 -898 -262 0.006 11.8 5.39 0.07
2.5 -420 -258 0.012 11.2 5.04 0.15
3.00 -245 -250 0.028 10.7 6.86 0.26
3.5 -176 -246 0.035 9.9 6.16 0.36
4.00 -70 -235 0.04 9 2.82 0.89
4.5 -54 -227 0.043 11.3 2.3 1.16
5.00 -41.6 -210 0.047 14.5 3 1.5

From the standpoint of modern defect thermodynamics, the formation of a cation vacancy in SnSe under
thermodynamic equilibrium can be described by the reaction:

Shgire = VSn + 2h++5n(qaz)'

where Vg, is a doubly negatively charged Sn cation vacancy and h* denotes a hole (positive charge carrier) [23]. Such a
defect type is thermodynamically stable under slight deviations from stoichiometry, particularly in the case of a tin
deficit [19]. These holes can move freely, thus ensuring p-type conductivity [20]. Consequently, the formation of
vacancies is accompanied by an increase in the hole concentration that determines the p-type conduction.

Density Functional Theory (DFT) calculations confirm that the formation energy of Sn cation vacancies is
significantly lower than that of other intrinsic defects (such as Se vacancies or antisite defects), especially under
Se —rich conditions [20]. This indicates the thermodynamic preference for such defects, consistent with p-type
conductivity.

In binary SnSe, partial cation—cation substitution of Sn by Tbh atoms lead to strong dependence of the Hall
coefficient (R) on the Tb concentration at room temperature (T = 300 K), with a non-monotonic variation (Fig. 3).
The non-monotonic change in the absolute value of the Hall coefficient can be explained by the competition of two or
more mechanisms depending on the impurity concentration.

At low Th concentrations, the Hall coefficient is positive, indicating dominant hole-type conduction. As the Th
concentration increases in Sn;_Th,Se alloys, the increase of Ry from +8.68 to +32.3 cm?/C reflects a decrease in
carrier concentration and possible formation of acceptor levels due to the substitution of Sn®* by Th3*. The sharp sign
reversal from positive to negative at 0.25 mol% Tb indicates an inversion of conduction type from hole to electron
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conduction. This may be attributed either to the transition of Tb from acceptor to donor behavior or to band structure
modifications that generate effective electron states.

During cation substitution, Th  atoms, according to their electronic configuration
(152 25% 2p® 35% 3p® 45% 3d*° 4p°® 552 4d™° 5p° 65% 4f°), act as donors. At low Th concentrations, partial substitution
of Sn?* ions by Th3* introduces donor electrons. These donors compensate part of the holes, thereby neutralizing them.
At low impurity levels, compensation starts and the charge carrier concentration decreases [24]. As a result, although
the overall hole concentration decreases (x < 0.002), holes remain the dominant carriers. The compensation of holes
leads to an increase in the positive value of the Hall coefficient.

0

R, cm’/C

-250
-500
-750
-1000
-1250
-1500

-1750

0 1 2 3 4 5
Tb, mol%

Figure 3. Composition dependence of the Hall coefficient of Tb,Sn; _,Sesystem alloys

However, at a critical impurity concentration (x = 0.002 — 0.0025), donor electrons fully compensate holes,
reducing the net carrier concentration to nearly zero (the compensation point). This represents a typical conductivity-
type transformation in semiconductors, and the corresponding composition can be characterized as the compensation
point. Near this transition, the electron concentration approaches that of holes (p = n), indicating maximum
compensation.

At the inversion point of conductivity type (transition from hole to electron conduction), the Hall coefficient Ry is
described by the two-carrier model, since both electrons and holes are present and contribute competitively. The
generalized expression for the Hall coefficient in a two-carrier system is:

puj-nuf
- 25
e(Pl‘p +npp)

where p — is the hole concentration, n- is the electron concentration, p,and pyare the mobilities of holes and electrons,
respectively, and e — is the elementary charge [25]. At the inversion point, the condition pug = nu? is satisfied, and
Ry = 0. When puf, < nu?, Ry becomes negative, indicating electron dominance.

Thus, the observed sign reversal and sharp increase in the absolute value of the Hall coefficient at x =
0.0025 (0.25 mol%) in ThySn,_«Se alloys is a key transition point in the electronic structure of the material. The
transition to negative values demonstrates a shift to electron-type conduction, showing that Th acts effectively as a
donor, introducing electrons into the conduction band [13].

At the composition corresponding to x = 0.0025, the sign of the Hall coefficient becomes negative, and its
absolute value sharply increases, reaching approximately —1750 ¢cm3/C, indicating a sudden change in the dominant
charge carriers from holes to electrons. With further increase in dopant content, the hole carriers are compensated, and
then electrons begin to dominate, resulting in a change in the Hall coefficient's sign from positive to negative. The
change in conductivity type, i.e., the transition from p — to n — type, is explained by the substitution of Sn?* ions with
Th** ions, which leads to the generation of additional electrons and the dominance of donor-type defects in the system.
Consequently, p —type conductivity transforms into n —type, causing a sharp change in the alloy’s electrophysical
properties [26]. Such transition points are of particular significance in terms of controlling the functional properties of
materials and open up possibilities for their tuning in future applications.

With increasing terbium (Th) content, the absolute value of the Hall coefficient decreases, while its sign remains
negative across the entire concentration range, indicating the predominance of electrons as the main charge carriers. In
the concentration range 0.0025 < x < 0.025, the Hall coefficient decreases especially sharply. This is presumably
due to the effective donor action of Tb, which significantly increases the concentration of free electrons.

As the Th content further increases (x > 0.025), the decrease slows down. This behavior may be due to donor
state saturation, where further introduction of Tb no longer leads to a significant increase in carrier concentration.
Additionally, enhanced scattering effects or the formation of localized states may occur, reducing carrier mobility and
thereby stabilizing the Hall coefficient value [27].
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As shown in the table, the carrier concentration (P) initially decreases from 7.2 X 107 cm™3 to a minimum value
of about 0.036 X 107 cm™3 at 0.5 mol%, indicating carrier compensation due to charge capture or the formation of
recombination centers. With further increase in Tb content, the carrier concentration rises, reaching 1.5 X 107 em™2 at
5 mol%. This indicates a shift in the role of Th in the material — from a compensator to a donor capable of generating
free electrons in the conduction band [27].

As seen from the table, the carrier concentration (p) decreases from 7.2 X 107 ¢m™ to a minimum value of
approximately 0.036 X 107 ¢m™2 with the initial introduction of Th up to 0.5 mol%, indicating compensation of
carriers due to charge trapping or the formation of recombination centers. With a further increase in Tb content, the
carrier concentration rises, reaching 1.5 X 10*” ¢cm™2 at 5 mol%. This indicates a change in the role of Th in the
material — from a compensator to a donor capable of generating free electrons in the conduction band [28].

For pure SnSe at room temperature, the Seebeck coefficient lies in the range of S = +400 to + 500 uV /K (in
the table, this value is approximately +420 uV /K). Such a high value is attributed to the low carrier concentration and
to an anomalous density-of-states function at the energy levels. As the temperature increases, the Seebeck coefficient in
SnSe rises, reaching values around 600 — 800 uV/K at elevated temperatures (500 — 800 K) [29]. These
characteristics highlight the high potential of SnSe as a thermoelectric converter at elevated temperatures. The
combination of these properties gives this material a leading position among high-efficiency thermoelectric materials.

With an increase in terbium content in solid solutions of Th,Sn,_,Se, the Seebeck coefficient (S) initially
decreases sharply and then, after crossing into negative values, becomes relatively stabilized (see Fig. 4). In the initial
region (0 < x < 0.002 mol%), a rapid decrease in the positive Seebeck coefficient is observed—from +420 uV /K
to +128 uV/K. This indicates a reduction in the contribution of positive charge carriers (holes) to the
thermoelectromotive force. This decrease is explained by the partial substitution of Sn?* ions with Th” ions, leading to
the emergence of a donor effect and the formation of additional electronic states contributing to the generation of
electrons in the conduction band. This partial substitution disrupts the crystal lattice's symmetry, enhances carrier
scattering, and thus reduces their transport efficiency.

400
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S,uV/K
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Figure 4. Composition dependence of theSeebeck coefficient of
TbySn;_,Se system alloys Snq_,Th,

In the narrow interval of 0.002 < x < 0.0025mol% Th, a sign inversion of the Seebeck coefficient is
observed: its value changes from +128 uV /K to —325 uV /K, indicating a change in the dominant type of charge
carriers — from hole-type (p —type) to electron-type (n —type) conductivity. This is associated with reaching a critical
concentration of Tb at which the Fermi level shifts close to the conduction band, and electrons become the predominant
carriers [30]. Terbium atoms create localized energy levels near the conduction band, which are easily ionized and
participate in electron transport.

After the change in conductivity type, in the range of 0.0025 < x < 0.015 mol% Tb, the Seebeck coefficient
stabilizes in the negative region. This indicates the formation of a new carrier balance dominated by electrons,
saturation of the Th donor levels, stabilization of the energy structure, and an increase in the material's homogeneity.

In the interval of 0.02 < x < 0.05 mol% Tb, a gradual decrease in the absolute value of the Seebeck coefficient
is observed, which is caused by an increase in free electron concentration, reducing the chemical potential gradient — the
main factor determining the thermoelectromotive force. Possible interactions between Th atoms that lead to electron
localization or changes in their effective mass, as well as the ordering of bulk defects in the crystal lattice due to the
elevated Th content, also contribute to the reduction in thermoelectric voltage [31].

As shown in Figure 5, the dependence of the electrical conductivity of Th,Sn,_,Se solid solutions on the Tb
content exhibits a non-monotonic character based on experimental data. According to the presented table, at x = 0, the
system's electrical conductivity is high, amounting toc = 18 27* - cm™*. However, with an increase in Thconcentration
from 0.1 to 2 mol. %, the conductivity sharply decreases, reaching a minimum value(c =~ 0.006 27 - cm™). This effect
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is consistent with the literature data [32], which indicate that the introduction of Th3* ions into the SnSe lattice leads to
distortions in the crystal structure, the formation of local energy levels and recombination centers, thereby reducing the
concentration of free charge carriers and, consequently, the electrical conductivity.
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Figure 5. Composition dependence of the specific electrical conductivity
of TbySn,;_,Se system alloys

This process is explained by the occurrence of lattice distortions due to the incorporation of Th3* ions into the
SnSe crystal lattice, the appearance of localized energy levels, and increased scattering of charge carriers. The
difference in valence between Th and Sn ions (Th** — Sn®*) leads to the formation of compensation and
recombination centers in the system, which in turn reduces the concentration of free charge carriers [17].

With a further increase in Tb content above 2 mol. %, the electrical conductivity begins to gradually increase. This
growth can be explained by the formation of additional conductive levels in the energy band after reaching the critical
concentration of Tb atoms, the manifestation of the percolation effect, and the weakening of the degree of carrier
localization. Thus, the mobility of charge carriers in the system is partially restored, resulting in an increase in electrical
conductivity.

These observations indicate that the electrical conductivity in the Th,Sn,_,Sesystem significantly depends not
only on the number of free carriers but also on their energy state and scattering processes within the crystal structure.
Such non-monotonic dependence is typically explained by the localization-delocalization transition, structural
distortions, and percolation theory.

The study of the dependence of the alloys' thermal conductivity on the terbium (Th) content revealed that as the
Tb concentration increases from 0 to 4.0 mol%, the material's thermal conductivity gradually decreases—from
20 X 10°°W/(m-K) to 9 x 107° W/(m - K). However, with further increases in Th concentration, the opposite
trend is observed—thermal conductivity rises to 14.5 X 107> W /(m - K) at 5.0 mol%. This behavior can be explained
by changes in the alloy’s microstructure. At the initial stage of Tb incorporation, impurity atoms distort the crystal
lattice due to differences in atomic radii and mass, which enhances phonon scattering—the main carriers of heat in
solids. Moreover, increasing Tb concentration leads to a higher number of point defects and disorder, further hindering
heat transport. These effects account for the observed decrease in thermal conductivity [33].

When the threshold concentration (~4 mol%) is exceeded, it is likely that a new phase or an ordered structure
forms, in which the level of phonon scattering decreases. This may be associated with a phase transition accompanied
by structural stabilization and a reduction in defect density. As a result, an increase in thermal conductivity is observed
despite the continued increase in Th content [34]. The obtained data indicate a complex dependence of thermal
conductivity on alloy composition, driven by the competition between phonon scattering at defects and structural
rearrangement of the material at high Th concentrations.

The dependence of the Hall mobility of free carriers on Th concentration in the alloys is distinctly nonlinear. As
the Tb content increases from 0 to ~2.5 mol%, there is a sharp decrease in mobility, attributed to enhanced scattering
of charge carriers at lattice defects introduced by Th atoms. Terbium atoms, differing in size and valence, induce
distortions in the crystal lattice and promote the formation of localized states that serve as effective scattering centers.
Additionally, the possible formation of traps associated with Tb 4f —electron levels also contributes to reduced
mobility. At higher concentrations (2.5 — 4.5 mol%), the character of the dependence becomes more complex:
fluctuations are observed, likely due to Th atom clustering, secondary phase formation, or changes in the charge
transport mechanism [35]. Magnetic scattering associated with local magnetic moments of Th may also play a role.
Thus, the reduction in mobility with increasing Th concentration is determined by a complex interplay of structural,
electronic, and magnetic factors.

In summary, doping SnSe with terbium leads to complex changes in thermal and electrical properties, caused by
structural and electronic transformations within the system. These results are essential for understanding the
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mechanisms of heat and charge transport in doped semiconductors and enable optimization of compositions for
thermoelectric and other functional applications.

CONCLUSIONS

The study demonstrated that doping the SnSe semiconductor with terbium (Tb) significantly alters its electronic
and thermal properties, thereby altering the mechanisms of charge and heat transport. Depending on the Tb content,
phase and functional transitions are observed, including a change in the type of conductivity from p —type to n —type,
which is accompanied by a sharp restructuring of kinetic parameters — the Hall coefficient, thermoelectric power
(Seebeck coefficient), electrical conductivity, and others.

A charge carrier compensation point has been identified, at which maximum suppression of conductivity occurs —
an important characteristic for tuning the functional properties of the material. Doping leads to a significant decrease in
thermal conductivity due to enhanced phonon scattering, which is a favorable factor for thermoelectric applications. The
observed nonmonotonic dependencies of parameters on Th concentration are associated with the competition between
donor and compensating effects, carrier localization, and structural changes in the crystal lattice.

The obtained results provide a basis for the targeted control of the properties of SnSe —like materials and for
optimizing their composition for thermoelectric and sensor applications.
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MOJUPIKALIS KIHETUYHUX ITAPAMETPIB SnSe IIVIAXOM JIETYBAHHSI TEPBIEM
T.A. :kagapos!, O.M. I'acanos’, X.A. Aarezaiosa’, X.A. Aciaanos, SL.I. Xyceiinos', LI. A66acos?, P.III. Parimos?

! Azepbaiiocancoruii Oepacasnuii nedazoiunuii ynieepcumem, AZ-1000, Baxy, eya. V3. Fadocubeiini, 68, Azepbatiodcan
2Asepbatioscancokuii depaicasnutl ynieepcumem nagmu ma npomuciosocmi, Az-1010, baxy, npocnexm Azaonux, 20, Asepbaiidsncan
3Bakuncekuii Oepocasnuii ynieepcumem, AZ-1148, baxy, eyn. 3axioa Xaninosa, 23, Azepbatioscan
Kinernuni napamerpu TBepaux posunHiB TbxSnixSe (0 < x < 0,05), Bupomenux meronom bpimxmena, pociimkysamucs npu 300 K.
Byno BusiBneHo, 1o JeryBands Tb cyTTeBO BIUTMBA€E Ha CICKTPONPOBIAHICTh, KoedimienT Xoia, koedinieHT 3eedeka (TepMoEPC),
TEIIONPOBIIHICTh, @ TAKOXX KOHIIEHTPALIO Ta PyXJIUBICTh HOCIIB 3apsiay. [Ipu HU3bKHX KOHUEHTpauisx Th crocrepiraeTbcs nepexis
BiJl p-TUIy 10 N-THUIY HPOBIAHOCTI, IO CYMPOBOKYETHCS HEMOHOTOHHOIO 3MiHOI0O Koedimienta Xomua Ta 3Haka KoedirieHTa
3eebeka. ExekTpo- Ta TemIonpoBigHICTE 3MEHIIYIOTHCS Yepe3 MOCUIICHE PO3CiloBaHHA Ha Ae(EeKTax, CIPHYMHEHNX BBEACHHSAM Tb.

OTpuMaHi 1aHi BaXKJIHB1 11 KOHTPOJIO BIACTHBOCTEH SnSe B HOro TepMOEIEKTPUIHUX 3aCTOCYBaHHSX.
KonrouoBi caoBa: meepdi pozuunu; Kinemuuni napamempu, ne2y8amnHs, mepmoenrekmpuuni eracmusocmi, xoeiyicnm 3ecOexa;
e1eKmponpoGiOHICMb, MenIonPOGiOHiCMb; KOHYEeHMPayis HOCIi8, nepexio muny nposionocmi



