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Samples of ErixScxNiSb (x = 0 - 0.10) solid solution were synthesized by an arc-melting and the effect of
doping by Sc atoms on the electrokinetic and energetic characteristics of the half-Heusler ErNiSb phase was
investigated. It was established that at the studied concentrations the main carriers of electricity in the
Er1.xScxNiSb semiconductor are holes. It was shown that doping of p-ErNiSb compound by Sc atoms introduced
by substitution of Er atoms in 4a position is accompanied by the occupation of presented vacancies in position
4a, which leads to the reduction and elimination of structural defects of acceptor nature and corresponding
acceptor band. The concentration ratio of ionized acceptors and donors generated in Er1.xScxNiSb determines the
position of the Fermi level and the mechanisms of electrical conductivity. The investigated solid solution

ErixScxNiSb is a promising thermoelectric material.

Keywords: electrical conductivity, thermopower coefficient, Fermi level, structural defect.

Received 28 January 2021; Accepted 1 March 2021

Introduction

One of the ways to obtain thermoelectric materials
based on half-Heusler phases (structure type MgAgAs,
space group F4-3m [1, 2]) with high efficiency of
thermal energy conversion into electricity is doping of
basic semiconductors, in particular, n-MNiSn, n-MCoSh
and n-VFeSb (M = Ti, Zr, Hf), by impurity atoms, which
generates structural defects of the neutral, donor and/or
acceptor nature. This doping allows to change smoothly
the values of the thermopower coefficient «, the
electrical conductivity ¢, and the thermal conductivity
in a semiconductor and to obtain high values of the
thermoelectric figure of merit Z (Z = o?-0/x) [2, 3].

A new class of semiconductive thermoelectric
materials of hole-type conductivity is substitutional solid
solutions based on half-Heusler phases p-RNiSb [4],
where R is a rare earth metal. The combination of high
and positive values of the thermopower coefficient «
with high, as for semiconductors, values of electrical
conductivity o is the starting point to obtain
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thermoelectric materials with stable characteristics in a
wide temperature range. Besides, positive values of
thermopower coefficient o in p-RNiSb phases allow
appropriate doping to obtain thermosensitive materials
with positive and negative values of thermopower
coefficient o, which can also be used in thermometry to
form legs of thermocouples [3, 5].

A comprehensive study of the structural, energetic,
and electrokinetic characteristics of the semiconductors
p-YNiSb, p-GdNiSb, p-ErNiSb, p-TmNiSb, and p-
LuNiSb allowed to establish a model of their crystal
structure, which is defective [2, 6-8]. For example, for
LuNiSb compound, the most optimal is the variant of
atoms distribution in the unit cell, which provides for
following occupancy of the crystallographic positions:
Ni(4c) = 9265 % Ni + 135% Lu + 6% Vac;
Lu(4a) = 100 % Lu; Sb(4b) = 100 % Sb. In turn, the
structural defects of the LuNiSb compound in the form of
vacancies in the crystallographic positions generate two
energy levels (bands) of acceptor nature ;" and e)' with
different depths in the semiconductor band gap.
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Calculations of the distribution of the density of
states (DOS) for p-YNiSb and p-LuNiSb showed [6, 7]
that in the optimal variant of occupancy of the
crystallographic positions, the Fermi level ¢r is located
near the valence band level ¢y, which correspond to the
positive values of thermopower coefficient (7, x) in the
experiment. The calculated depth of the Fermi level ¢
relative to the valence band level in the p-LuNiSh is e =
28.4 meV, and obtained from experimental studies ¢r =
23.9 meV. The closeness of the calculated and obtained
from the experiment values of the Fermi level depth ¢
shows the correctness of the used tools for the electronic
structure modeling of semiconductors [2, 6-8].

On the other hand, the presence of a significant
number of structural defects in RNiSb compounds in
several crystallographic positions at once determines the
complex mechanism of entry of impurity atoms into their
structure during doping. In Ref. [8] it was shown that the
introduction of Zr (4d25s?) atoms into the structure of
half-Heusler phase ErNiSh by substitution of Er (5d°6s?)
atoms in 4a crystallographic position is also
accompanied by the simultaneous partial occupation of
the crystallographic position 4c of Ni (3d®4s?) atoms by
impurity atoms. As a result, in the Eri«ZrNiSb
semiconductor, both structural defects of donor nature at
position 4a (Zr has a larger number of d-electrons than
Er) and acceptor defects at position 4c (Ni has more 3d-
electrons than Zr) are simultaneously generated. In this
case, the energy states of impurity donor €2 and acceptor
&4 bands (donor-acceptor pairs) appear in the band gap of
the semiconductor ErixZrNiSb, which determine its
conduction mechanisms. The study of TmixScxNiSh
solid solution showed that the substitution of rare earth
Tm atoms by Sc atoms does not change the type of
majority current carriers and the holes remain the main
carriers of electricity [9].

In the present paper, the first results of experimental
studies of new thermoelectric material based on an
Er1xScxNiSb semiconductor solid solution obtained by
doping of ErNiSh half-Heusler phase by Sc atoms in the
way of Er atoms substitution in 4a position were
reported. The ScNiSb compound, which is the opposite
to ErNiSb end member of solid solution Er;.4ScxNiSb at
x=1, is also a semiconductor with hole-type of
conduction, and its thermopower coefficient reaches
maximum values a = 240 uV/K at 450 K [10]. It was
stated by authors of Ref. [10] that the vacancies, which
generate structural defects of acceptor nature in 4c
position and form the corresponding acceptor band, are
responsible for the hole type of conduction of p-ScNiSh.
Therefore, the substitution of rare earth metal Er atoms
by Sc atoms, which are in the same group of the Periodic
table of elements, should allow obtaining a continuous
semiconductor solid solution Eri,ScNiSb of hole-type
of conduction with a smooth change of its parameters.
The results of the study of the electrokinetic and
energetic characteristics of ErixScxNiSb solid solution,
x=0-0.10, will provide identification of the
mechanisms of electrical conduction to define the
conditions for the synthesis of thermoelectric materials
with maximum efficiency of conversion of thermal
energy into electricity.
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I. Experimental details

Synthesis of the samples of ErixSc«NiSbh solid
solution (x = 0 - 0.1) was performed by arc melting of the
constituent elements (the content of the main component
is not less than 99.9 wt. %) in an electric arc furnace
under an inert argon atmosphere (spongy titanium used
as a getter). For better homogenization, the alloys were
re-melted twice. Compensation for loss of antimony
during the melting process was provided by an excess of
2 wt. % Sh. Heat treatment of samples consisted of
homogenizing annealing at 1070 K in vacuum quartz
ampoules for a month. After annealing, the alloys were
quenched in cold water without breaking the ampoule.
For X-ray phase analysis of the synthesized alloys and
calculation of structural parameters, the diffraction data
obtained on a DRON-4.0 diffractometer (FeKa radiation)
were used. Crystallographic parameters of ErixSc«NiSh
samples were calculated with the Fullprof Suite program
package [11]. The distribution of the elements, chemical
and phase compositions of the samples were examined
by energy dispersive X-ray spectral analysis (EDRS,
Tescan Vega 3 LMU scanning electron microscope).
Temperature and concentration dependencies of
electrical resistivity (p) (two-probe method) and
thermopower coefficient (a) (in relation to the pure
copper) for ErixScxNiSb solid solution samples were
measured in the ranges 7=80 - 400 K, x =0-0.10. The
algorithm presented in Ref. [12] was used for modeling
the electronic structure.

Il. Crystalline and electronic structures
modeling of Eri1xScxNiSb

Microprobe analysis of the atom concentration on
the surface of Eri,ScxNiSb samples established their
correspondence to the initial compositions of the charge,
and, as an example, a map of the elemental distribution
of components according to X-ray spectral analysis
(EDRS) for Ero.97Sco.03NiSb sample is shown in Fig. 1,a.
According to the results of X-ray analysis, the powder
patterns of ErixSc«NiSbh samples up to Sc content x =0 -
0.10, are indexed in the MgAgAs structure type [1] and
do not contain traces of impurity phases (Fig. 1,b). The
obtained results indicate the homogeneity of
Er1.,Sc«NiSb samples.

Since the atomic radius Sc (rsc = 0.164 nm) is
smaller than Er (rgr = 0.176 nm), the decrease in the
values of the lattice parameter a(x) of the Eri,ScNiSh
samples is clear (Fig. 1, b). At concentrations x > 0.03,
the angle of inclination of the dependence a(x) changes
only slightly. This behavior of a(x) for ErixSc«NiSh
confirmed the formation of a substitutional solid
solution, where Sc atoms can occupy vacancies in
position 4a and replace Er atoms in the same position.

The refinement of the crystal structure of
Eri,ScNiSb by the powder method with the
simultaneous refinement of the isotropic parameters of
atomic displacement and the occupancy of the 4a
crystallographic position due to the low concentration of
Sc impurity atoms did not reveal a structural disordering,
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Fig. 1. Distribution of the components for the Ero.97Sco.03NiSb sample (EDRS data) («); powder patterns
of the Er1.xScxNiSb samples (b).

where Sc atoms would occupy other positions or
tetrahedral voids, which constitute ~ 24 % of the unit cell
volume [1, 2].

The electronic structure of the p-ErNiSh
semiconductor is similar to p-LuNiSb [2, 6], in which the
Fermi level & is located in the band gap &, near the
percolation level of the valence band &,, and the holes
are the main carriers of electricity. In the experiment, the
positive values of the thermopower coefficient a(T, x)
have to be obtained.

At low concentrations of Sc impurity atoms (x =
0.01), their occupation of the vacancies in the ErNiSh
compound in position 4a of Er atoms “heals” structural
defects of acceptor nature and will lead to a decrease of
their concentration. As a result, in the band gap ¢, of
EriScxNiSb, the concentration of acceptors of the
corresponding acceptor level (band) e£" will decrease,
and the contribution of free holes in the conductivity of
the semiconductor will also decrease. In this case, the
semiconductor Eri;xSckNiSb becomes compensated and
the Fermi level &= will move towards the middle of the
band gap &y but will remain closer to the percolation level
of the valence band &y. Taking into account that in the p-
ErNiSb and p-Ero.9Sco.0:NiSh semiconductors the Fermi
level & is located in the band gap &g, then the high-
temperature activation parts would be presented on the
temperature dependences of the resistivity In(p(1/7)),
which is a manifestation of thermal activation of the
holes from the impurity acceptor band e£” to the
percolation level of the valence band ey with the
activation energy of the band &”.

At higher concentrations of Sc atoms, when all
vacancies in position 4a are filled and structural defects
of acceptor nature are eliminated, the acceptor level
ef"disappears in the band gap of the Eri«SciNiSh
semiconductor. Thus, the substitution of Er (5d%s?)
atoms by Sc (3d%4s?) ones in position 4a will lead to the
generation of structural defects of donor nature and the
appearance of the impurity donor level (band) 3¢ in the
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Fig. 2. Variation of the unit cell parameter a(x) for
Erl-xSCxNiSb.

band gap &g, because the Sc atom has more electrons on
the outer electron shells than the Er atom. The ratio of
the present in Er1«ScxNiSb ionized states of the acceptor
band €2, generated by vacancies in the crystallographic
position 4c of Ni atoms, and the states of the impurity
donor band e3¢ will determine the position of the Fermi
level e in the band gap ¢, of the semiconductor. The
Er1«ScxNiSbh semiconductor will be heavily doped and
highly compensated [13]. The presented below results of
experimental measurements of the electron transport
properties of the Ery..ScxNiSb solid solution will show
the correspondence of modeling results to real processes
in the semiconductor.

I11. Study of electrokinetic and energetic
characteristics of Er1-xScxNiSb

To measure the electrical transport characteristics
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samples with Sc content x = 0, 0.01, 0.03, 0.05, 0.1, were
selected and prepared in the form of parallelepipeds by
electrospark cutting. The temperature and concentration
dependencies of the electrical resistivity p and
thermopower  coefficient a  for  ErixSciNiSh
semiconductor are shown in Figs. 3, 4. As we can see
from Fig. 3, In(p(1/T)) dependencies of the Er;xScxNiSh
samples are typical for semiconductors [13] and can be
approximated by known relation (1):
1 1 &” 1 &

pM = py rexp| — Ao ey e -2 )

kBT kBT

where the first high- temperature term describes the
activation of current carriers e from the Fermi level &,
to the percolation level of the continuous energy bands,

7.59
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)
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the second low-temperature term - hopping conductivity
on impurity donor states s_f with energy values close to
the Fermi level &g.

In turn, the temperature dependences of the
thermopower coefficient a(1/T) of Eri«ScxNiSb (Fig. 3)
are described by the known relation (2) [14]:

K, [ &2
az—B(S’ —7/+1J, )

where v is a parameter which depends on the nature of
the scattering mechanism. From the high-temperature
part of the a(1/T) dependence the values of the activation
energy e are calculated, which, as shown in [2], are
proportional to the amplitude of large-scale fluctuations
of the continuous energy bands of heavily doped and
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Fig 3. Temperature dependencies of the electrical resistivity In(o(1/T)) (a) and thermopower coefficient a(7/7) (b)
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compensated semiconductor [13].

The character of the variation of the resistivity values
In(p1/T)) at high temperatures for all studied
Eri,ScNiSb samples (presence of high-temperature
activation parts) (Fig. 3) indicates the location of the
Fermi level ¢¢ in the band gap of the semiconductor, and
positive values of the thermopower coefficient a(x,7)
(Figs. 3, 4) clarify its position near percolation level of
the valence band ¢g,. The positive values of the
thermopower coefficient a(x,7) for all concentrations of
Sc atoms are consistent with the electronic structure
modeling of Ery,ScxNiSb.

In turn, for p-ErNiSb, the presence of a low-
temperature activation part with activation energy e; =
0.4 meV on the In(p(1/T)) dependence indicates the
compensation of the sample, which will be provided by
defects of acceptor and donor nature of unknown origin.
However, in the Er.«ScxNiSb samples, x = 0.01 and x =
0.03, activation parts are absent due to the increase of
acceptors concentration when the radii of localization of
the holes intersect.

A decrease of the electric resistivity p(x,7) and
thermopower coefficient a(x,7) values (Fig. 4) in the
concentration range x =0 - 0.03 indicates an increase of
the holes concentration for p-ErixScyNiSb. Doping of
ErNiSb by the lowest in the experiment Sc impurity
content, as for example at 7 = 80 K, leads to a decrease
of ~ 4 times p(x,T) values: from p,- = 163.3 pQ-m to
pr=001 = 101.7 £Q3-m and p.=003 = 44.8 pQ-m. The values
of the thermopower coefficient a(x,7) decrease also at all
the temperatures, as for example, at 7=380 K, from
o= = 120.9 /JV/K t0 =001 = 98.3 /JV/K and ay=003 =
71.2 uVIK. For p-type semiconductor, it is possible only
if the concentration of the main current carriers, which
are holes, increases.

However, the reason for such an increase of the hole
concentration in ErixScNiSh at Sc concentration x = 0 -
0.03 is not completely clear. The assumption, by analogy
with ErixZrNiSb [8], about the possible occupation of
4c crystallographic position of Ni (3d®4s?) atoms by Sc
atoms and the generation of structural defects of acceptor
nature (Sc has fewer 3d-electrons than Ni) is not
confirmed by the behavior of the lattice parameter a(x) of
Er1,ScyNiSb (Fig. 2). If the 4c position of Ni atoms (rni
0.124 nm) was at least partially occupied by Sc atoms
(rsc = 0.164 nm), this would lead to a rapid increase in
the values of lattice parameter a(x) of Eri.«ScxNiSh, but
this is not observed. This question requires additional
studies of the ErixSciNiSbh solid solution at higher
concentrations of Sc impurity atoms.

The rapid increase of the acceptors concentration in
Eri,ScNiSb at low concentrations of impurity atoms
was also indicated by the character of the change in the
activation values of holes £ from the Fermi level & to
the percolation level of the valence band ¢, (Fig. 5).

In p-ErNiSb the Fermi level e was located at a
distance of 45.4 meV from the percolation level of the
valence band &y, while in Eri,ScyNiSb at the
concentration x = 0.01, the Fermi level &e shifted towards
the valence band ey and was located at a distance of
13.6 meV from its percolation level. Since the Fermi
level e represents the ratio of ionized acceptors and
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donors in the semiconductor, its movement at x = 0.01 to
the percolation level of the valence band ev is possible
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Fig. 5. Variation of the energy activation values &:°
(1) and £,* (2) for Er1«ScxNiSb.

either if the acceptor number increases or the
concentration of ionized donors decreases rapidly (which
is unlikely). At a higher concentration of acceptor
impurity, x = 0.03, the Fermi level &= only slightly,
within the experimental error, deviated from the
percolation level of the valence band ¢y at a distance of
17.1 meV. This is possible only if a compensatory
impurity appears in the semiconductor, namely donors as
a result of the substitution of Er atoms by Sc. Herewith
the concentration of donors is still insignificant because
at low temperatures there is no hopping mechanism of
electrical conductivity &5 in the ErogrScoosNiSh
semiconductor. It can be stated that in the Ery.ScxNiSh
semiconductor in the concentration range x = 0 - 0.03 the
number of generated acceptors far exceeds the donor
concentration.

At even higher concentrations of Sc impurity in
p-ErixScxNiSh, x > 0.03, the characteristics of the
semiconductor change considerably. Low-temperature
activation regions appear on the In(p(1/T)) dependences,
which is a feature of compensation and evidence of the
simultaneous generation of structural defects of acceptor
and donor nature in the crystal: the semiconductor
becomes heavily doped and compensated. This is also
indicated by the behavior of the position of the Fermi
level in the band gap of the Er1.xScxNiSbh semiconductor,
which according to the linear law (Fig. 5) moves away
from the percolation level of the valence band e, f (x =
0.05) = 38.6 meV and ef(x = 0.10) = 88.1 meV. Such
motion of the Fermi level & upon doping of a
semiconductor of the hole-type conductivity is possible
only under the condition of donor generation. This
behavior of the Fermi level ¢ was predicted because
with increasing concentration of Sc atoms the acceptor
band £f" is depleted due to occupation of available
vacancies by Sc atoms which simultaneously generates
structural defects of donor nature and forms an impurity
donor band 5°.

The appearance of donors in the p-ErogSco.10NiSh
semiconductor is indicated by the character of variation
of the thermopower coefficient values a(1/T) (Fig. 3), in
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particular, the change in the slope of the dependence
(extremum) at high temperatures. We can predict that at
higher temperatures the thermopower coefficient will
change its sign.

The behaviour of the electrical resistivity p(x,7) and
thermopower coefficient a(x,7) dependencies for
p-Eri,ScxNisSb, x>0.03, (Fig. 4) also indicated the
appearance of donors in the semiconductor. Thus, in the
concentration range, x=0.03-0.10, for Eri«ScxNiSh
electrical resistivity values p(x,7) increase rapidly, for
example, at 7 =80 K from p.=.03= 44.8 £Q2-m t0 py=0.10 =
1367.8 uQ-m. For a p-type semiconductor, this is
possible only provided that the concentration of the main
current carriers, which are free holes, decreases when Sc
atoms occupy vacancies in the crystallographic position
4a, and also the donors which compensate acceptor states
are formed by vacancies in the crystallographic position
4c of Ni atoms. This conclusion is also confirmed by the
behavior of the thermopower coefficient a(x,7) at
concentrations x > 0.03.

Synthesis and study of electron transport
characteristics of the Er1.xScxNiSb solid solution samples
based on the p-ErNiSb half-Heusler phase indicate their
prospects as a basis for the searching of the new
thermoelectric materials. The investigation of the
Eri,ScNiSb  solid  solution alloys with higher
concentrations of Sc atoms will allow us to clarify the
mechanism of including impurity atoms into the matrix
of the half-Heusler ErNiSb phase, which will be the
subject of our further work.

Conclusions

Thus, the introduction into the p-ErNiSh
semiconductor impurity Sc atoms by substitution of Er
atoms in position 4a is accompanied by the occupation of
Sc atoms of available in the compound vacancies in the
crystallographic position 4a, which results in the
reduction and elimination of structural defects of
acceptor nature and corresponding acceptor band ef". At
the same time, the structural defects of donor nature are
generated in the 4a position, and an impurity donor band
e3¢ appears. The concentration ratio of ionized acceptors
and donors generated in the Er;4ScyNiSb solid solution
will determine the position of the Fermi level & and the
mechanisms of electrical conductivity.

A detailed study of the semiconductive solid solution
ErixScxkNiSbh at higher concentrations of impurity Sc
atoms until the complete replacement of Er atoms (x = 1),
as well as modeling of the electronic structure will allow
more clearly formulate the conditions for obtaining
thermoelectric material with high values of the figure of
merit.

Romaka L. - Ph.D., Senior Scientist;
Stadnyk Yu. - Ph.D., Senior Scientist;
Romaka V. - Proffesor;

Klyzub P. - student of chemistry department;
Pashkevych V. — docent;

Horyn A. - Ph.D., Senior Scientist;
Garanyuk P. — docent.

[1] R.V. Skolozdra, A. Guzik, A.M. Goryn, J. Pierre, Acta Phys. Polonica A 92, 343 (1997).

[2] V.A. Romaka, Yu.V. Stadnyk, V.Ya. Krajovskyj, L.P. Romaka, O.P. Guk, V.V. Romaka, M.M. Mykyychuk,
A.M. Horyn, New thermosensitive materials and temperature converters (Lviv Polytech. Univ., 2020).

[3] L.I. Anatychuk, Thermoelements and thermoelectric devices (Naukova dumka, Kyiv, 1979).

[4] Karla, J. Pierre, R.V. Skolozdra, J. Alloys Compd. 265, 42 (1998) (https://doi.org/10.1016/S0925-

8388(97)00419-2).

[5] O.A. Geraschenko, A.N. Gordov, A.K. Eremina, V.I. Lach, Ya.T. Lutsyk, V.I. Putsylo, B.I. Stadnyk,
N.A. Yaryshev, Temperature measurements (Naukova dumka, Kyiv, 1989).

[6] L.P. Romaka, D. Kacharovski, A.M. Horyn, Yu.V. Stadnyk, V.Ya. Krayovskyy, V.V. Romaka, Phys. Chem.
Sol. St. 17(1), 37 (2016) (https://doi.org/10.15330/pcss.17.1.37-42).

[71 V.V. Romaka, L. Romaka, A. Horyn, Yu.
(https://doi.org/10.1016/j.jallcom.2020.157334).

Stadnyk, J.

Alloys Compd. 855, 157334 (2021)

[8] [V.A.Romaka, Yu. Stadnyk, L. Romaka, V. Krayovskyy, A. Horyn, P. Klyzub, V. Pashkevych, Phys. Chem.
Sol. St. 21(4), 689 (2020) (https://10.15330/pcss.21.4.689-694).

[91 Wolanska, K. Synoradzki, K. Ciesielski, K. Zaleski, P. Skokowski, D. Kaczorowski, Mater. Chem. Phys. 227,
29 (2019) ( https://doi.org/10.1016/j.matchemphys.2019.01.056).

[10] K. Synoradzki, K. Ciesielski, I.

Veremchuk, H. Borrmann, P. Skokowski, D. Szymanski, Y. Grin,

D. Kaczorowski, Materials 12, 1723 (2019) (https://doi:10.3390/ma12101723).

[11] T. Roisnel, J. Rodriguez-Carvajal,

Mater. Sci.

Forum, Proc. EPDIC7 378-381, 118 (2001)

(https://doi.org/10.4028/www.scientific.net/ MSF.378-381.118).

[12]

[13]

[14]

S. Babak, V. Babak, A. Zaporozhets, A. Sverdlova, Proceeds. Second Intern. Workshop on Computer
Modeling and Intelligent Systems (CMIS-2019), Zaporizhzhia, Ukraine, April 15-19, 2019. 810 (2019).
(CEUR Workshop Proceedings, Vol. 2353) (http://ceur-ws.org/VVol-2353/paper64.pdf).

B.I. Shklovskii, A.L. Efros, Electronic Properties of Doped Semiconductors (Springer-Verlag, NY, 1984)
(http://d0i10.1007/978-3-662-02403-4).

N.F. Mott, E.A. Davis, Electronic Processes In Non-crystalline Materials (Clarendon Press, Oxford, 1979).

151


https://doi.org/10.1016/S0925-8388(97)00419-2
https://doi.org/10.1016/S0925-8388(97)00419-2
https://doi.org/10.15330/pcss.17.1.37-42
https://doi.org/10.1016/j.jallcom.2020.157334
https://10.0.59.226/pcss.21.4.689-694
https://doi.org/10.1016/j.matchemphys.2019.01.056
https://doi:10.3390/ma12101723
https://doi.org/10.4028/www.scientific.net/MSF.378-381.118
http://ceur-ws.org/Vol-2353/paper64.pdf).
http://doi10.1007/978-3-662-02403-4

L. Romaka, Yu. Stadnyk, V.A. Romaka, P. Klyzub, V. Pashkevych, A. Horyn, P. Garanyuk

JI. Pomaka?, 10. Craguux?, B.A. Pomaka?, I1. Knmusy6?, B. [lamkesuu?,
A. Topuns!, I1. T'apanrok?

CuHTe3 | eJIeKTPOTPAHCIIOPTHI BJIACTHBOCTI HANIBIPOBITHUKOBOT0
TBepaoro pozunny Eri,ScxNiSb

Ylvsiscoruii nayionanvhutl ynisepcumem im. I. @panxa, JTveis, Yrpaina, lyubov.romaka@gmail.com
2Hayionanvnuii ynisepcumem “Jlvsiscoka nonimexuixa”, Jlvsis, Yxpaina, volodymyr.romaka@gmail.com

MeTo0M eNeKTPOAYTOBOrO IUIABJICHHS CHHTE30BaHO 3pasku TBepaoro pozunty ErixScxNiSb (x =0 - 0.10)
Ta OCHI/PKEHO BIUIMB JIETYBaHHS aTOMaMM SC Ha €JIeKTPOKIHETHYHI Ta EHEPreTHYHI XapaKTepUCTUKH (a3u MiB-
Teiicnepa ErNiSb 3a temmepatyp 80 - 400 K. BeraHoBieHo, 10 3a AOCTIKEHUX KOHIEHTpalii ErixScxNiSh
OCHOBHMMH HOCISIMH €JICKTPHKU B HaMiBIOPOBITHUKY € maipku. [Tokaszawo, mo jerysanns p-ErNiSbh aromamu Sc
[UISIXOM 3aMillleHHs y no3ulii 4a aroMiB Er cynpoBomKyeTbes 3aiHATTSAM HUMHU HassBHUX BakaHCiH y mo3utii 4a,
0 BeAe [0 3MEHIIEHHS Ta JIKBigamii CTPYKTypHHUX MAe(EKTiB akKIEeNTOpHOI NPHPOIY Ta BiANOBITHOI
aknenTtopHoi 30oHW. Ilpy 1poMy y mo3uuii 4a TEHEpPYIOThCS CTPYKTYpHi Je(eKTH JOHOPHOI NPHPOIM Ta
3’SIBIISIETBCSL JOMIIIKOBa JOHOpHA 30HA. CIHIBBIAHOIIEGHHS TEHEPOBAaHHX 10HI30BAaHMX aKIENTOPIB 1 OHODIB
BU3Hayae MosoxeHHs piBHs Depmi Ta MexaHizmu eekrponposigHocti ErixScxNiSh. Jocmimkenuit tBepanii
po3unH ErixScxNiSb € nepcrekTHBHUM TePMOETICKTPUYHUM MaTepialloM.

Ki11040Bi c10Ba: HamiBIIPOBIIHUK, €IEKTPONIPOBIIHICTh, KOSDILliEHT TEpMO-epc, piBeHb DepMi.
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