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ELUCIDATION OF CONDITIONS
FOR EXCITATION OF SURFACE POLARITONS
IN Mgo2ZnosO CERAMICS USING THE DISTURBED

TOTAL INTERNAL REFLECTION METHOD

Conditions for the excitation of surface polaritons in Mgo,2Zng s O ceramics have been the-
oretically analyzed for the first time, and the surface of the disturbed total internal reflec-
tion I(v)/Io(v) has been plotted, which is a three-dimensional representation of the trans-
mission coefficient in the IR spectral interval. Its dependence on the frequency and incidence
angle of radiation is determined. The external reflection IR spectra are measured to calculate
the required optical and electrophysical parameters of ceramics using the method of disper-
sion analysis. The possibility of researching the resonant interaction between optical phonons
and plasmons has been demonstrated. The obtained results are in good agreement with the
literature data.
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1. Introduction

In connection with the intensive development of nano-
and optoelectronics in recent decades, the determi-
nation of optical and electrophysical properties of
optically isotropic and optically anisotropic mate-
rials and structures using non-destructive methods
remains one of the challenging directions in mod-
ern physics of semiconductors and insulators. Those
methods include the methods of reflection infrared
(IR) spectroscopy and disturbed total internal reflec-
tion (DTIR). In the latter case, surface waves can be
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excited in which the energy propagates along the sur-
face [1,2]. At the same time, the frequency interval of
propagating waves depends on the IR radiation inci-
dence angle.

In our previous works [3, 4], it was shown that
the study of conditions for the excitation of surface
waves makes it possible to obtain information about
elementary excitations of various types (in particu-
lar, phonons and plasmons) and their interactions
(phonon-phonon, electron-phonon, and electron-elec-
tron), and determine the optical and electrophysical
parameters of the specimen. In addition, by analyz-
ing the dependence of those parameters on the IR
radiation incidence angle, it is possible to detect the
inhomogeneity in the thickness of the near-surface
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region in the specimen and study thin multilayer
structures.

The comprehensive analysis of the properties of
surface polaritons (SPs) and the relations of their pa-
rameters to the characteristics of near-surface regions
in solid media extends the capabilities of studying
various physical processes near the surface, which can
be used to create solid-state electronic devices. For
example, on the basis of surface polaritons, modu-
lators and optical deflectors of IR radiation can be
developed [5].

Zinc oxide and solid solutions on its basis demon-
strate a number of unique properties, which deter-
mine the high application potential of those sub-
stances in electronics, medicine, photonics, fabrica-
tion of radiation detectors, and so forth. Materials
based on ZnO can be used as transparent electrodes,
detectors of ultraviolet, X-ray, and gamma radia-
tion, gas sensors, piezoelectric transducers, varistors,
LEDs, and catalysts [6]. The addition of magnesium
to ZnO increases the band gap, which allows the op-
erating range of lasers, LEDs, and photodetectors to
be shifted toward the deeper ultraviolet region. The
possibility of changing the optical and electrophysi-
cal properties of ternary compounds Mg,7Zn;_,O by
varying the magnesium content in them extends the
limits of their application [7-9].

Depending on the ratio between the Mg and
Zn concentrations, ternary compounds Mg,7Zn;_,O
can possess either a hexagonal crystal structure
(wurtzite) or a cubic one. An attractive feature of
the study of ternary compounds Mg,Zn;_,O with
the Mg?* content ranging from z = 0 to z = 0.2 is
the preservation of the hexagonal lattice and the man-
ifestation of optically anisotropic properties in the IR
spectral interval. However, despite broad prospects
for the application of Mg,7Zn;_,O compounds, there
are no studies of their properties using polariton spec-
troscopy methods.

The aim of this research was to obtain the optical
parameters of Mg,Zn;_,O ceramics with the magne-
sium content x = 0.2 using the external IR reflection
method in a wide spectral interval and elucidate the
excitation conditions for surface polaritons.

2. Analysis of External
Reflection IR Spectra of Mg, Zn;_,0O

In order to obtain the optical parameters of
Mg,Zn;_,O ceramics using the non-destructive IR
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spectroscopy method in a wide spectral interval and
clarify the possibility of excitation of surface phonon-
polaritons in this ceramics using the DTIR method,
ceramic specimens with a magnesium content of 20%
were produced by sintering ZnO and MgO pow-
ders. This composition was chosen in accordance with
the maximum solubility of MgO in ZnO (in this case,
under proper thermodynamic conditions, the hexag-
onal phase of the solid solution is predominantly
formed [10]).

Specimens of Mgg 2Zng gO ceramics were obtained
from a mixture of ZnO and MgO powders. The mix-
ture was pelleted at a pressure of 0.5 metric tons per
cm?. Afterward, the pellets were annealed in air at
the temperature Ty,,, = 1100 °C for 3 h and then
cooled down together with the furnace. To reduce the
roughness of the ceramic surface, the specimens were
subjected to the mechanical polishing treatment.

Experimental IR reflection spectra for Mgg oZng.gO
ceramics were measured at room temperature us-
ing a high-resolution spectrophotometer IRTracer-100
(Shimadzu, Japan) equipped with a specular reflec-
tion attachment SRM-8000A. The frequency of ex-
citation light was within a spectral interval of 350—
1000 cm™!. The incidence angle was 10°. A golden
mirror was used as a standard. The spectra were reg-
istered with a resolution of 1 cm™1.

The frequency dependence e(v) of the dielectric
constant within the interval of the interaction be-
tween the phonon and plasmon subsystems was de-
scribed by the following expression which accounts
for the damping of transverse and longitudinal opti-
cal phonons [3,11]:

e(v) = e15 (V) +ieg; (V) = e + 55 (V) +8p; (V) =
2 2, 2
Vig; — V" +iyLo, v Ve

:5001—[ LO,j LoV 'pEoco (1)

2 B B 9
Vo — v2+ivro v v(v i)

J

where v1,o and vpo are the frequencies of transverse
and longitudinal, respectively, optical phonons; yro
and .o are the transverse and longitudinal, respec-
tively, optical phonon attenuation coefficients; and +,
and v, are the damping coefficient and the frequency,
respectively, of the plasma resonance.

The modeling of IR reflection spectra of
Mg,7Zn;_,O ceramics was carried out account-
ing for the contribution of the hexagonal and cubic
phases. In the calculations, the values obtained in
works [11-14] were used as the basic parameters of
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Table 1. Parameters of the phonon subsystem in Mggp.2Zno.sO ceramics

Optical
axis
orientation

Parameters of the phonon subsystem

vr1 ('YTl)
cm— !

vrp1 ('YLl)
cm~—?!

vr2 ('7T2)
cm— 1

VL2 (’VL?)
cm—1

vrs ('7T3)
cm— !

VL3 ('YLS)
cm~—?!

ElC
E|C

404.1 (13.8)
379.8 (12)

509 (20.4)
504.7 (46.5)

515.8 (17.7)
510.3 (26.6)

588 (85.5)
563.2 (13.3)

605.6 (70.7)
579.2 (7.1)

620.7 (15.4)
591.6 (12)

the phonon subsystem in Mg,Zn;_,O, which were
varied afterward when modeling the experimental
spectra. Note that the plasmon-phonon interaction
most clearly manifests itself in the IR reflection
spectra of solid solutions at the concentrations of free
charge carriers that satisfy the condition 0 < v
[15, 16].

The dielectric permittivity was considered to be a
complex-valued quantity, when the anharmonic in-
teraction of the phonon and plasmon subsystems was
taken into account in the imaginary form. The consid-
eration of the anharmonicity leads to the appearance
of the complex damping coefficient in the expression
for e(v), the real part of which corresponds to the an-
harmonic damping of phonons yro(v) and the imagi-
nary part determines the anharmonic frequency shift
A(v) [1]. The method of dispersion analysis [3, 17]
was used to obtain information about the electrical
and optical characteristics of ceramics from the IR
reflection spectra.

In Fig. 1, the experimental (1) and model (2 and
3) IR reflection spectra R(v) for the Mgy 2ZngsO
specimen are shown. Curve & demonstrates the calcu-
lated external IR reflection spectrum in the interval
from 0 to 1000 cm~! in the absence of damping in
the phonon subsystem. The calculated parameters of
the phonon subsystem are presented in Table 1. As
follows from the figure, the spectrum of Mgg 2Zny.gO
ceramics has three characteristic sections (at 402-508,
515-588, and 607-620 cm™ '), where the reflection
coefficient is maximum, R(v) = 1.0, and, accord-
ingly, frequencies at 509, 599, and 686 cm ™!, where
R(v) = 0. The reflection spectrum of Mgg 2Zng O
ceramics shows a minimum in an interval of 507—
511 em~!, which corresponds to the LO-phonon in
the hexagonal phase of the solid solution.

As was shown in works [3, 14-17|, a variation in
the concentration of free charge carriers substantially
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Fig. 1.
Mgo.2Znp.sO annealed at a temperature of 1100 °C (1) and
corresponding theoretical spectra (2, 3)

Experimental IR reflection data for a specimen of

affects the reflection coefficient value in the high-
frequency band of “residual rays” of the zinc and
magnesium oxides (600-1500 cm~!), whereas the sur-
face roughness affects the reflection coefficient in a
frequency interval of 400-600 cm~!. This difference
makes it possible to distinguish the influence of sur-
face roughness on the reflection coefficient from that
of the charge carrier concentration directly from the
IR reflectance spectra.

A comparison of the experimental spectrum of IR
reflection from the surface of Mgy 2ZnggO ceramics
(spectrum 1 in Fig. 1) with the calculated one (spect-
rum 2 in Fig. 1) demonstrates that they are very close
to each other. Therefore, the parameter values pre-
sented in Table 1 [11] together with the mathematical
expressions for the multi-oscillator model [3] make it
possible to model Mgy 2Zng sO with a high accuracy.

The parameters of the plasmonic subsystem of
Mgp.2Zng sO were obtained using the dispersion anal-
ysis method and are equal to v, = 320 cm™! and
v = 610 cm~!, which corresponds to the con-
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Fig. 2. TFrequency dependences of the real, &|(v) (a),

andimaginary, €4 (v) (b), parts of the dielectric constant for
Mgo.2Znp. 8O at the orientation £LC. The bold section along
the abscissa axis in panel a marks the frequency “window”
where surface phonon-polaritons can exist at the air-ceramics
interface

centration ng = 1.50 x 10'® cm™3, the mobility
p = 238 cm?/(V s), and the conductivity o =
=575 01 ecm™!.

The frequency dependence of the dielectric permit-
tivity, (v), in the interval of the interaction between
the phonon and plasmon subsystems was determined
using expression (1), which accounts for the damping
coefficients for the transverse and longitudinal optical
phonons [3].

3. Elucidation of the Capability to Excite
Surface Phonon-Polaritons in Mgg,2Zng,sO
Ceramics Using the DTIR Method

In this part of the work, the theoretical studies of
surface polaritons are carried on accounting for the
absorption coefficient of Mgy 2Zng gO ceramics in the
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IR spectral interval. Figure 2 illustrates the real and
imaginary parts of the dielectric permittivity e(v)
calculated using the parameter values obtained in
the framework of the dispersion analysis method ap-
plied to the external IR reflection spectrum of the
Mgg.2Zng gO specimen shown in Fig. 1.

The calculation for Mgg 2Zng gO ceramics was car-
ried out in the relevant frequency interval. The bold
segment along the abscissa axis marks the frequency
“window” where surface phonon-polaritons can exist
at the air-Mgp 2Zng sO ceramic interface [1, 3]. The
calculation involved the interaction of IR radiation
with the phonon and plasma subsystems of this ce-
ramics.

As one can see from Fig. 2, in the case of
Mgg.2Zng O ceramics, the ranges of anomalous dis-
persion are contained in the frequency intervals,
where the solid solution is surface-active; these are
402-582 and 607-620 cm 1.

Using the DTIR method, let us elucidate the pecu-
liarities of SP propagation in the hexagonal structure
of Mgg.2Zng gO for the orientation £ 1 C with respect
to the surface and the SP wave vector. Let the solid
Mgg,2Zng sO solution with the dielectric permittivity
g(v) occupy the half-space z < 0 and be in contact
with an isotropic medium with the dielectric constant
go = 1 (air) occupying the half-space z > 0. The elec-
tric vector E of a surface wave propagates in the zy-
plane and decays exponentially along the z-axis when
moving away from the interface between the indicated
media.

The calculation of DTIR spectra was carried out
according to the following formulas, which account for
the interaction of IR radiation with the phonon and
plasma subsystems of ceramics in the F1C' case [1]
(the calculations were performed using the MathCad
mathematical editor):

L(vp) _ 4 p” (v, ¢) . @)
Io (v, ) (L+p" (v, 0)* )

where

P ) = 2 (- A(g) B )

A(v, @) =1 —tanh (k2 (v, ) d);
B(v,¢) = |Ba(v, ) + B'(v,¢) tanh(kz(v, ) d)/

/(B2(v, ) + B' (v, p) tanh(ka(v, 9)))* +
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+ (8" (v ) tanh(ka (v, ) d))*

2
() = 20
L €1 Y A
61(1/,@) — kl(V,QO) _B +Z/6 )
ﬂ?(ya QD) = %,
Balon ) 1= T

ki(v,9) = V(K2 (v, 9))? - ¢?ci;

ko (v, @) := qy/e3 sin(p);
w

q:==

c

The subscripts ¢ = 1, 2, 3 denote the DTIR prism, the

vacuum gap of the thickness d,, and the Mg, Zn;_,0O

specimen, respectively; and e3(v) is the dielectric per-

mittivity of ceramics, which additively accounts for

the contributions of active optical phonons, vro, and

plasmons, v,

In Fig. 3, the DTIR spectra of Mgy 2ZnggO ce-
ramics calculated for the FE_1C orientation are
shown. The spectra in Fig. 3, a were obtained for the
incidence angles of IR radiation in the DTIR prism
¢ = 30+32° (curves 1-3) and the constant thick-
ness of the gap between the specimen and the DTIR
prism (for all indicated spectra, d, = 10.5 pm). The
spectra in Fig. 3, b were obtained for the incidence
angles of IR radiation in the DTIR prism ¢ =
= 44-+46° (curves 1-8) and the constant thickness of
the gap between the specimen and the DTIR prism
(for all indicated spectra, d, = 4.0 pm). In both
cases, the DTIR spectra were calculated by varying
the frequency within an interval of 200-1500 cm ™!
at a fixed incidence angle of IR radiation in the
DTIR prism. The calculation technique described in
works [1, 3] was applied. The calculation parameters
for the Mg 2Zny sO phonon subsystem are quoted
in Table 1.

In the presented spectra of Mg 2ZnggO ceram-
ics, an absorption band is observed in an interval
of 400-650 cm~! in the case of p-polarization, when
the electric vector F is located in the radiation inci-
dence plane xy. There is no such a band in the normal
absorption spectrum [1, 3]. The indicated band is lo-
cated between the transverse and longitudinal optical
phonon frequencies in Mgy 2Zng gO ceramics, where
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Fig. 3. DTIR spectra of Mgp.2Zng.gO ceramics: (a) at angles
of 30° (1), 31° (2), and 32° (3); (b) at angles of 44° (1),
45° (2), and 46° (3)

g} (v) < 0, which is a necessary condition for the ex-
istence of SPs. The dependence of the spectrum posi-
tion and half-width on the size of the gap between the
specimen and the DTIR prism confirms the surface
origin of the band. In works [1, 3|, it was found that
a narrow enough gap between the specimen and the
DTIR element results in a radiation broadening of the
absorption bands. Therefore, the optimal gap width
is chosen so that the presence of the DTIR prism
would not affect the SP spectrum, but the reduction
of the reflection coefficient could still be registered
experimentally.

From Fig. 3, one can see that there are two min-
ima in the IR spectral interval, which, according to
the terminology of works [1, 3], correspond to SPs in
“semiinfinite” Mg 2Zng gO ceramics. Together with
the indicated factors, the cited authors showed that
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Fig. 4. Modified DTIR surfaces for Mgg.2Zng.gO ceramics:
¢ = 25+34° (a), ¢ = 35+-50° (b)

Table 2. Frequencies of minima
in DTIR spectra for Mgo.2Znop.8O ceramics

®,° d, Vminl, 1(v) Ymin2, 1(v)

’ pm cm—1 Io(v) cm— 1 Io(v)
30 10.5 497.3 77.4 535.8 75.3
31 10.5 499.4 88.3 540.7 85.4
32 10.5 501.3 93.7 545.5 91.5
44 4 505.0 91.6 565.7 81.8
45 4 505.5 93.0 566.6 84.5
46 4 505.6 94.1 567.4 86.8

an increase in the concentration of free charge carri-
ers manifests itself in the broadening of the DTIR
spectrum and the shift of its minimum. In Fig. 3,
the minima in the spectra of examined specimens of
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Mgg.2Zng O ceramics correspond to the frequencies
of SPs of the phonon type, which is characteristic of
weakly doped ceramics. In other words, the plasmon-
phonon interaction does not manifest itself in the IR
reflection and DTIR spectra of the Mgy 2Zng sO ce-
ramic specimens, because the concentrations of free
charge carriers do not satisfy the condition v1.0 < v
[3,10]. It is worth noting that the semiinfinite ceram-
ics is characterized by a single air-ceramics interface.

According to Fig. 3, the DTIR spectra of
Mgg.2Zng sO ceramics demonstrate all those features
that we observed experimentally for ZnO, MgO, and
6H-SiC single crystals [3, 15]; namely, a band inten-
sity reduction for larger incidence angles of IR radi-
ation, a substantial broadening of the SP spectrum
in the region of “residual rays” for larger incidence
angles of IR radiation in the DTIR prism, the asym-
metric shape of the spectral minimum and its shift
toward low frequencies, and others. The manifesta-
tion of minima in the DTIR spectra only in the case
of p-polarized IR radiation and the negative values of
the dielectric permittivity in the interval between the
transverse and longitudinal optical phonon frequen-
cies (Table 2) confirm that surface polaritons can be
excited in Mg,Zn;_,O ceramics.

Furthermore, the minimum in the DTIR spec-
trum becomes shifted toward high frequencies both at
larger light incidence angles in the DTIR, prism and if
the absorption intensity decreases, provided that the
gap between the DTIR prism and the Mgy 2Zng sO
ceramic specimen remains constant [1, 3]. When cal-
culating the DTIR spectra, the gap size was chosen
so that the value of the reflection coefficient near
the minimum was larger than 0.7-0.8. In the previ-
ous work [3], we experimentally showed that the ra-
diative broadening is minimum in this case. We as-
sociate the absorption observed in the DTIR spectra
on the surface of Mgy 2Zng gO ceramics with the in-
teraction of light with surface optical vibrations. In-
deed, the absorption bands obtained by us (see Fig. 4)
possess properties that are characteristic of SPs in
Mgg.2Zng sO ceramics. Those absorption bands can-
not be substantiated as a result of the radiation ab-
sorption by impurities or defects in Mgy 2Zng gO ce-
ramics, because no appreciable dispersion dependence
is observed for them [1, 3].

The analysis of SP spectra of Mgy 2ZngsO ce-
ramics, which include three surface-active sections,
showed that SPs of two types can exist at the air-

ISSN 2071-0194. Ukr. J. Phys. 2022. Vol. 67, No. 8
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ceramics interface, and they reveal themselves in a
spectral section of 402-588 cm™!. As follows from
Fig. 3, in a surface-active section of 607620 cm™!,
one of the conditions for the existence of SPs is not
fulfilled, namely, we have e1(v) < —1. The DTIR
spectra in Fig. 4 were registered by scanning over
the IR frequency and keeping fixed the radiation in-
cidence angle in the DTIR prism.

However, in works [1, 3], it was shown that the
DTIR spectrum corresponding to the scanning over
the incidence angle ¢ at a fixed IR radiation frequency
v can be calculated. Each of the indicated approaches
has its advantages and disadvantages. More complete
information is possible for the calculation of a family
of spectra (surfaces of disturbed total internal reflec-
tion) covering all possible values of the incidence an-
gle (25-60°, the DTIR prism is fabricated from KRS-
5 with the refractive index n,, = 2.38) and IR fre-
quency (200-1500 cm~1).

Hence, it should be noted that the analysis of the
DTIR spectra presented in Fig. 4 testifies to the
existence of non-radiative surface polaritons in the
vacuum-Mg,Zn; _, O ceramics system, which propa-
gate along the z-axis and decay in the z-direction
on the both sides of the vacuum-Mg,Zn;_,O inter-
face. The indicated electromagnetic-mechanical oscil-
lations are polarized in the xz-plane.

4. DTIR Surface for Mgg,2Zng,gO
Ceramics in IR Spectral Interval

The DTIR surface is a three-dimensional representa-
tion of the dependence of the transmission coefficient
for the above system on the radiation frequency and
incidence angle. If radiation does not interact with
the structure surface, then I(v)/Ip(v) = 1, and the
DTIR surface is flat in the specified area. But if SPs
are excited in the film or substrate, there appear a
number of “gorges” (Fig. 4). The depth of the lat-
ter depends on the system parameters, in particu-
lar, the size of the gap between the DTIR semicylin-
der and the specimen, the radiation frequency, and
the radiation incidence angle. The frequency of the
minimum in the reflection surface corresponds to the
SP frequency. The existence of SPs in MgZnO is also
confirmed by the fact that if the incidence angle in-
creases, the minimum in the DTIR spectra shifts to-
ward higher frequencies, and the “half-width” of the
spectrum decreases.

ISSN 2071-0194. Ukr. J. Phys. 2022. Vol. 67, No. 8

Figure 4 illustrates the DTIR surfaces plotted for
the ceramic structure Mgg 2Zng O within a radiation
frequency interval of 350-650 cm™! and intervals of
25-34° (panel a) and 35-50° (panel b) for the IR ra-
diation incidence angle in the DTIR prism. The gap
size equals d, = 10.0 pm for panel a, and d, = 4.0 ym
for panel b. One can easily see that if the incidence
angle increases from 25° to 50°, the frequencies of the
minima in the DTIR spectra for surface polaritons in
Mg, Zn;_,O ceramics increase from 497.3 cm~! (at
30°) to 570.1 cm~* (at 50°).

The account for the optical phonon damping gives
rise to the formation of two “gorges” in the DTIR
surface I(v)/Io(v) in the interval of frequencies that
can be registered experimentally when recording the
DTIR spectra of SPs by the scanning over the angles.

5. Conclusions

IR reflection spectra of MggyoZnggO ceramics are
measured experimentally and modeled theoreti-
cally. The optical and electrical characteristics of
Mgg.2Zng gO ceramics are determined. Conditions re-
quired for the excitation of surface polaritons by the
DTIR method in Mgg.2Zng sO ceramics are found. It
is shown that, in the interval of “residual rays” in ZnO
and MgQ, there exist frequency “windows” where the
excitation and propagation of phonon-type surface
polaritons in Mgy 2Zng gO ceramics are possible.

With the help of a mathematical experiment, the
frequency intervals for the experimental study of sur-
face polaritons in Mgy 2ZnggO ceramics using the
DTIR method are indicated: It can be done either by
the scanning over the frequency at fixed IR radiation
incidence angles or by the scanning over the angle
at fixed frequency values. In calculations, real data
for oscillator parameters obtained for Mgg 2Zng gO
ceramics by the non-destructive method of exter-
nal reflection IR spectroscopy are used. Three-dimen-
sional reflection surfaces are obtained for ceramic
Mg, 7Zn;_,O specimens for the first time; they can
be applied to analyze experimental data.

Since the characteristics of SPs are related to the
properties of the near-surface region in the crystal,
the study of SPs — first of all, their dispersion depen-
dences — can be used to perform a non-contact control
over the ceramic surface state, which is required while
creating devices of solid-state optoelectronics and in-
tegrated optics.
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Translated from Ukrainian by O.I. Voitenko

0.B. Meavruuyx, H.O. Kopcyncoka,
JI.FO. Meavrunyx, JI.FO. Xomenxosa, €.D. Benzep

3’ACYBAHHS{ YMOB 3BY/I>KEHHA
IIOBEPXHEBUX ITIOJIAPUTOHIB Y KEPAMIIII
Mgo,2Zng,sO METOJ0M IIOPYIIIEHOI'O
ITIOBHOI'O BHYTPIITHBOI'O BIJIBMBAHHSI

VYneprire mist kepamiku Mgo 2Zng 8O TeoperndHo 3’s1COBAHO
yMOBH 30y/KEHHsI IIOBEPXHEBUX IIOJISIPUTOHIB Ta MOOYIOBa-
HO IIOBEPXHIO [IOPYIIEHOI'0 IOBHOI'O BHYTPIIIHBOTO BiOMBaHHS
I(v)/Io(v), sika sBiIsie cOGOIO TPUBUMIpHE NOAAHHS KoedirieH-
Ta nporyckanus B [Y-aiamazoni cuekrpa. Busnatueno iioro 3a-
JIEXKHICTDH BiJl 9acTOTH i KyTa HaJiHHs BUIpOMiHIOBaHHS. Jljst
OJleprKaHHs ONTHUYHUX 1 €JeKTPOdI3NIHNX apaMeTpiB Kepa-
MiKHM, HEOOXiJHUX [IJIsi PO3PaxyHKiB, BUMIPsiHI CIEKTPHU 30BHi-
muporo [Y-pigbuBaHHst. 3 HUX OJEP>KAHO BiANOBIAHI mapamMe-
TP METOJOM JucHepciiHoro aHasizy. IIpogeMoHCcTpOBAHO MO-
2KJIUBICTH JIOC/II/[?KEHb PE30HAHCHOI B3a€MOJIil OTUIHUX (POHO-
HiB Ta m1a3MoHiB. OTpuMaHi pe3ysnbraru 106pe y3romaKyoThCsI
3 BiJJOMUMH B JliTepaTypi JaHUMU.

Karwvwoeicaosa: (Mg,Zn)O, TBepauii po34nH, ONTHYHI Biia-
CTHUBOCTI, iH(dpavepBOHa CIIEKTPOCKOIIis, AUCIIEPCIHHNN aHasIi3
KoedirieHTa BilOMBaHHS.
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