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PIEZOOPTIC EFFECT IN LiRbSO, CRYSTALS

1. Introduction

An optically high-quality single crystal of LiRbSO4 was synthesized, and the influence of uni-
azial stress (om ~ 200 bar) applied along various crystallophysical directions on the spectral
(800-700 nm) and temperature (77-650 K) dependences of birefringence An; was investi-
gated. The results demonstrate that An; is highly sensitive to uniaxial stress, exhibiting an
almost linear increase with increasing pressure. The application of stress applied along dif-
ferent crystallographic directions leads to variations dAn,; that differ in both sign and mag-
nitude. When a uniazial stress of o, = 77 bar is applied, an optical pseudoisotropic point
s induced in the crystal. The application of uniaxial stress does not alter the gemeral shape
of the An;(T) dependences; however, noticeable differences were observed in the magnitudes
of the discontinuous changes in An; at phase transitions, with the applied stress reducing
the value of §(An;). The dispersion and temperature dependences of the piezooptic coefficients
70 () and 79, (T) of LiRbSO4 crystals were also examined. It was established that these coef-
ficients exhibit weak dispersion, such that Ond, /0T < 0. The variations of 7o, (T) in the phase
transition regions were analyzed in detail. The contributions of the electrooptic and elastoptic
effects, as well as that of the order parameter, to the spontaneous changes in the piezooptic
coefficients were evaluated. The analysis revealed that the largest contribution (approzimately
80%) near the phase transition temperature Ty is associated with the emergence of spontaneous
polarization.

Keywords: crystal, birefringence, dispersion, uniaxial stress, phase transition, piezooptic
coefficients.

phase transitions (PTs): paraelectric phase I (symme-
try Pcmn, Th = 477 K) — incommensurate phase II

LiRbSO,4 (LRS) crystals possess a pseudohexagonal
crystal structure and exhibit an unusual sequence of
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(Te1 = 475 K) — commensurate ferroelastic phase
IIT (P12y/cl, T35 = 458 K) — ferroelectric phase
IV (Plln, Ty = 439 K) — paraelectric phase V
(P1121/n) [1,2]. The incommensurate phase in LRS
crystals was identified from the presence of satellite
reflections in X-ray diffraction patterns and is charac-
terized by a modulation wave vector [3,4]|. The com-
plex sequence of phase transitions in LRS is associ-
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ated with the structural modulation along the c-axis
in the paraelectric phase I and the very small dis-
placive distortion from the orthorhombic form in the
low-temperature phases [5-7].

The dispersion dependences of the refractive in-
dices n;(\) at room temperature indicate that within
the spectral range 250-850 nm, the dispersion is nor-
mal and increases sharply near the absorption edge
[8-10]. Temperature measurements of n;(T") show
that in phase I, the dependences are linear with slopes
dn;/dT = (0.95-1.55) x 107° K~!. Upon transition
to the incommensurate phase, pronounced tempera-
ture variations of the refractive indices were observed,
with dn;/dT = (10.55-15.5) x 107°> K~'. The PT at
458 K is accompanied by abrupt changes in n;(T),
with én; = (2.1-3.1) x 10~*%, which is indicative of
a first-order transition [8-10]. A small thermal hys-
teresis of approximately 1.5 K was detected. The PT
from phase IV to phase V is also a first-order transi-
tion, characterized by abrupt changes in dn; = (2.5—
3.2) x 10~* and a hysteresis width of ~3.5 K.

Using the temperature dependences of the refrac-
tive indices n;(T), the corresponding temperature
variations of the electronic polarizabilities «;(T') were
calculated. It was established that «;(T") decreases
with decreasing temperature. Upon transition to the
incommensurate phase, a slight inflection of the a; (7T")
curves is observed. The most significant changes oc-
cur at the PT temperature of 439 K, where Aq; =
= (4-8) x 10725 cm?. In phase V, a;(T) decreases al-
most linearly with temperature in all principal optical
directions.

Despite the detailed studies of the spectral and
temperature variations of the refractive parameters
of LRS crystals, their piezooptic coefficients have not
been investigated to date. The study of piezooptic co-
efficients is of both fundamental and applied inter-
est, as it provides insight into one of the key crystal-
optical parameters and enables an analysis of the tem-
perature and spectral dependences of the deforma-
tion of the optical indicatrix under mechanical stress
[11-18].

The piezooptic effect describes the change in the
optical properties of a material (refractive index (n),
birefringence (An), and dielectric permittivity (¢) at
optical frequencies) under the influence of mechani-
cal stress (o,,). This effect is most conveniently ex-
pressed in terms of the induced changes in the po-
larization constants a;; = 1/n7; = 1/e;; [11,12]. The
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tensor representation of the piezooptic and elastoop-
tic effects has the following form: Aay; = my;x10% and
Aaij = pijrixr- Here, Aa;; is the change in the po-
larization constant, 7;;; is the fourth-rank piezooptic
tensor, p;;k; is the fourth-rank elastooptic tensor, oy
is the second-rank mechanical stress tensor, and xg;
is the second-rank strain tensor.

Particular attention should be paid to the behavior
of the piezooptic coefficients in the vicinity of phase
transitions between the paraelectric (PE), incommen-
surate (IC), and commensurate (C) phases. Previous
studies have reported pronounced anomalies only
near the ferroelectric (FE) phase transition, where
the magnitudes of the coefficients may exceed their
values in the FE or PE phases by one to two orders
of magnitude [19-21].

In the present work, we report the results of a
comprehensive study of both combined and abso-
lute piezooptic coefficients of LiRbSO, crystals over
a wide spectral and temperature range encompass-
ing the phase-transition regions and optical isotropic
points.

2. Experimental Procedure

The lithium-rubidium sulfate crystals investigated in
this work were grown from an aqueous solution by
the slow evaporation of the solvent under controlled
conditions, including a constant growth temperature
tp, supersaturation degree ¢, solution pH, and hydro-
static pressure [22]|. Chemically pure lithium sulfate
(LizSOy4) and rubidium sulfate (Rb2SO4) salts were
used as starting reagents in a stoichiometric molar
ratio:

LisSO4 + RbsSO4 + HoO — 2LiRbSO4 + H,O. (1)

The components were repeatedly recrystallized
prior to use to ensure high purity. LIRbSO,4 crystals
were grown at a temperature of 318 K, with an aver-
age growth rate of (0.1+0.05) mm/day. The temper-
ature was maintained using a thermostat with an ac-
curacy of 0.5 K. Over a period of 30—40 days, opti-
cally homogeneous and transparent LiRbSOy4 crystals
were obtained in the form of hexagonal plates with a
volume of approximately 3-6 cm®. A photograph of a
typical grown crystal is shown in Fig. 1. Crystal ori-
entation was determined by the extinction methods
under a polarizing microscope and by analyzing cono-
scopic figures. Orientation was established according
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Fig. 1.
LiRbSOy4 crystal grown by the evaporation method
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Fig. 2. Dispersion of birefringence in LiRbSOy4 crystals at
room temperature for different directions of compression: light

symbols — stress-free crystal, dark symbols — crystal under me-
chanical stress oy, = 200 bar. OIP — optical isotropic point

to the space group P112; /n in the paraelectric phase,
characterized by the lattice parameters b < ¢ < a.

In this work, a polarization-optical method was
used to determine the piezoelectric constants. This
method involves passing light through a system con-
sisting of a crossed polarizer and analyzer, with the
crystal placed between them in a diagonal orienta-
tion. In the focal plane of the DFS-8 diffraction spec-
trograph, an interference pattern was observed, con-
sisting of a series of maxima and minima [22, 23],
whose intensity was determined by the following re-
lationship:

I = Iy sin? (TAW)’ (2)

where [ is the intensity of transmitted light, I is the
incident light intensity, d is the thickness of the crys-
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tal along the light path, A is the wavelength of light,
and An; is the birefringence induced in the crystal
due to piezoelectric deformation.

When a mechanical stress ¢,,, is applied to the crys-
tal, a shift in the interference pattern is observed. If a
maximum shifts to the position of a minimum, or vice
versa, then o,, corresponds to the half-wave stress
okm, and the piezoelectric coefficient can be deter-
mined from the relation:

mim =2 g ®)
m* m

If the half-wave stress cannot be attained experi-
mentally, it can be determined by interpolation using
the following relation:

om AN
Oim = AN (4)

where A\ is the wavelength interval between a min-
imum and a maximum of the interference pattern,
and A) is the wavelength interval corresponding to
the shift toward the minimum. By determining the
magnitude and direction of the shifts of interference
minima, the magnitude and sign of the induced bire-
fringence can be unambiguously evaluated.

3. Results and Discussion

3.1. Pressure-induced changes
of birefringence in LiRbSO4 crystals

Figure 2 shows the dispersion of the birefringence
An;(A\) of LiRbSOy4 crystals at room temperature
for different directions of compression. It can be seen
that the dispersion An;(\) is normal across the inves-
tigated spectral range, with the relation |dAn,/d\| >
> |dAng/dA| > |dAn,/dA|. The observed behavior of
the An;(\) dispersion confirms the absence of optical
isotropic points in this crystal.

However, from Fig. 2, it is evident that the An, ()
and Any,(A) curves under a load of o, = 200 bar
intersect at a wavelength of A ~ 423 nm, corre-
sponding to the emergence of a new optical “pseudo-
isotropic” state. With increasing pressure, this point
shifts towards shorter wavelengths at a rate of
% = 0.51 nm - bar~ !, which is consistent with
the pressure-induced change in the isotropic state in
the isomorphic LiIKSOy4 crystal under o, [24, 25]. In
LiKSOy, the stress o, shifts the isotropic point to-
wards the long-wavelength region at a rate of % =
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= 4.8 x 1072 nm -bar~ !, while the pressure o, shifts
it to the short-wavelength region at a rate of % =
= —3.4x10"2 nm-bar ',

Overall, it was established that the birefringence
An; of LIRbSOy is highly sensitive to uniaxial stresses
and increases almost linearly with increasing applied
pressure:

§(Ang) =+42x107* and —2.6 x 1074,
(0y =200 bar and o, = 200 bar),
§(Any) =423 x 107 and —1.4 x 1074,
(0, and o, = 200 bar),

§(An,) = +4.9 x 107* and —2.7 x 1074,
(0 and o, =200 bar).

As can be seen from the figure, under uniaxial pres-
sure applied along the Z-direction, An, decreases
while An, increases, and at o, = 77 bar they be-
come equal, An, = An, = 1.11 x 1073. Under these
experimental conditions, the optical indicatrix is thus
characterized by two birefringence values, indicating
an increase in its symmetry. It can be assumed that
at this pressure an optically pseudoisotropic point is
induced in the LiRbSOy, crystal..

In general, an optically biaxial crystal is character-
ized by three principal values of An;, whereas an op-
tically uniaxial crystal has only one value of An;. For
LiRbSOy, the following relation holds: ny, > n, > n,.
The equality An, = An, occurs when ny, —n, =
=n, —ng, or equivalently, n, +n, = 2n,. A simi-
lar situation was previously observed for a number of
other isomorphic crystals of the ABSO,4 group [26-
28], where equality of An; occurred under o,, applied
along different crystallographic directions.

Overall, uniaxial mechanical stresses, while altering
the magnitude of An;, do not significantly change the
character of the birefringence dispersion: dAn,/d\ =
=1.56 x 1075 and 1.54 x 107 nm™! (0, and o, =
=200 bar), and dAn,/d\ = 1.59 x 107¢ and 1.62 x
x107% nm~! (o, and o, = 200 bar).

According to Eq. (4), the corresponding pressure-
induced changes in An; can be expressed as follows:

0(AnZ) ~ (”2”33 - nf,ﬁzs),

(5)

N = N =

§(AnZ) ~

(Tliﬂ'gg - ’I’Lgﬂ'lg) .
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Fig. 3. Temperature dependences of the birefringence Any
of the LiRbSOy4 crystal at A = 500 nm (light symbols — stress-
free crystal; red and blue symbols — uniaxially stressed crystals
with ox = 200 bar and oy = 200 bar, respectively)
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Thus, the following relation between the refractive
indices and the absolute piezoelectric coefficients near
the OIP can be obtained:

’ngﬂ'gg ~ ’I’Liﬂ'lg. (6)

Since at A = 500 nm the values n, = 1.4860 and
n, = 1.4834 are close, the corresponding piezoelectric
coefficients will also be close in absolute value.
Figure 3 shows the temperature dependences of
An, for stress-free and uniaxially stressed crystals
(67 = 200 bar and o, = 200 bar). It was found that
in the high-temperature phase I, the An;(T") depen-
dences are almost linear for the X- and Y-directions:

dAn,
=23x100K!
IT 3x10 ,
dAn,
=23x10"% KL
a7 3 x 10

In the Z-direction, the birefringence varies nonlin-
early — with increasing temperature, An, tends to
saturation. The transition to the incommensurate
phase is accompanied by a change in the slope of
the An;(T) curves, with a significant temperature-
induced variation in birefringence being observed in
the incommensurate phase:

dAng 5 11
T = TAX 107 KT

dAny _ -5 1o—1
S = 148X 107 KT

dAn, 5 o1
a 13.0 x 1072 K.
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Fig. 4. Dispersion dependences of piezo-optical coefficients
70 (X) of LIRbSOy4 crystals at room temperature

In the Z-direction — the direction of incommensu-
rate modulation — the largest changes in birefrin-
gence were observed. The ferroelectric—paraelectric
(FE-PE) transition at 458 K is accompanied by an
abrupt decrease in An;:

5(Ang) = —1.4 x 1074,

5(Any) = —1.5 x 1074,

§(An,) = —1.8 x 1074

Further cooling leads to a more rapid decrease in An;:
d?}“ —14.4x 107 K,

d?;y —185x 107 K1,

d?}” =174 x107° K™\,

The transition to the paraelectric phase at 439 K is
accompanied by an abrupt increase in An;:

§(Ang) = +2.5 x 1074,

5(An,) = +2.9 x 1074,

5(An,) = +3.6 x 107,

In the paraelectric phase V, An; increases almost
nonlinearly upon cooling, with average coefficients:

dAng

- —6 1c—1

T = 44X 107K

dAny _ -6 11

T = 22X 107K,
758

dAn,

=—6.5x 1079 K.
aT %

Application of uniaxial stress does not change the
overall character of the An,;(T) dependences. Dif-
ferences are observed only in the magnitudes of the
temperature coefficients dAn;/dT. For example, in
paraelectric phase V, upon cooling, An; increases
with the following average coefficients:

dAn,

_ —6 101
o 6.8 x107° K7,
dAn, 6 1
o —6.1 x 107> K7,
for stresses ox = 200 bar and oy = 200 bar, res-
pectively.

Differences were also found in the magnitudes of
the jump-like changes in An; during the FE-PE tran-
sition to the paraelectric phase V. For stresses o, =
= 200 bar, the jumps are:

§(Ang) = +2.2 x 107%,
§(Any) = +2.7x 1074,
§(An,) = +3.3 x 107,

During the FE transition at T3 = 458 K, the fol-
lowing decreases in An; were observed:

§(Ang) = —1.1x 1074,
§(An,) = -1.2 x 1074,
§(An,) = —1.5 x 1074

3.2. Pressure-induced changes
in birefringence in LiRbSO,4 crystals

Figure 4 presents the dispersion dependences of the
piezooptic coefficients 79 (\) of LiRbSOy crystals at
room temperature. As can be seen, within the in-
vestigated spectral range, the piezooptic constants of
the LRS crystal exhibit only a slight dispersion. Mo-
reover, the nature of their dispersion mirrors that of
the birefringence dispersion 979 /O < 0. The most
pronounced wavelength-dependent variations are ob-
served for the coefficients 7, and 795, which cor-
respond to the changes in An, under the influence
of the stresses o, and o, respectively (97m7,/0\ ~
~ Oy /0N ~ 1.6 x 1072 Br/nm).

Figure 5 illustrates the temperature dependences
of the piezooptic coefficients of LiRbSO, crystals at
A = 500 nm. In phase I, all coefficients 79  slightly

m
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decrease in absolute value with increasing tempera-
ture ’d;r;’" ’ A~ 5.3 x 1072 Br-K~!. The phase transi-
tion (PT) to phase II is accompanied by an abrupt re-
duction in the piezooptic coefficients of approximately
|57r?m ~ 1.20 Br on average. The largest variations
are observed for the coefficients 7; and 78, (073, =
= —1.41,679, = 1.38 Br). It is known [29-32] that
in crystals of the AsBX, family, which undergo a se-
quence of phase transitions (paraelectric — incom-
mensurate — ferroelectric — ferroelectric phase), the
piezooptic effect is determined by both “intrinsic” and
“secondary” contributions. In general, variations in
the piezooptic coefficients can be described as the sum
of the intrinsic piezooptic effect and the secondary ef-

fects:
dAn dAn dAny, dP,
0 _, ko k k dP
= S o, dow ). . " AP, don,
dAng, dx® — dAny d(wp?) 7)
dxs do,, dwp?) don, |

Here, the first term corresponds to the “true” pie-
zo-optic effect, whereas the following terms de-
scribe the secondary contributions arising from
the spontaneous polarization (dAny/dP.), sponta-
neous strain (dAny/dx®), and the order parameter
(dAny, /d(wp?)).

The electrooptic contribution originates from the
temperature dependence of the spontaneous polar-
ization P, and the shift of the P,(7) function
along the temperature axis under uniaxial stress
Om- As a result, P; changes by an amount 0P,
which leads to an additional electrooptic modifi-
cation of the birefringence. To estimate the contri-
bution of the electrooptic effect, one should use
the dependence Ps(T) [1, 2] and the experimen-
tal data for the baric shift of the phase transi-
tion point dT./do,, [10]. The spontaneous polariza-
tion of LiRbSOy is relatively small (maximum P; =
~ 10 mC/cm?®), while the baric shift of the PT is
dTy/doy, ~ 0.017 K/bar. Assuming that the shape
of the P4(T') curve remains unchanged under o,,,
one can estimate the electrooptic contribution to
the variation of the piezooptic coefficients near the
PT. Our results show that this contribution is max-
imal near the PT (~80%) and decreases to about
10-15% further into the ferroelectric phase. These
values agree well with the differences between the
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Fig. 5. Temperature dependences of piezooptic coefficients
79 (T) of LiRbSOy4 crystals for wavelength of light A = 500 nm
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Fig. 6. Temperature dependences of piezooptic coefficients
ﬂgl of LiRbSOy4 crystals at region of phase transitions

coefficients 7J; measured in the ferroelectric phase
and those extrapolated from the paraelectric phase
(Fig. 6).

In phase IV, the piezooptic coefficients first increase
dm — 0.16 Br/K), and then

ar ~

the growth rate decreases (d;rqgl = 0.04 Br/K). The
PT to phase III is accompanied by a slight increase
of approximately |67 | ~ 0.2 Br. Since phase III is
ferroelectric, this anomaly results from the emergence
of spontaneous strain . Thus, the piezooptic effect
in this phase is governed by both the intrinsic con-
tribution and secondary electrooptic and elastoptic

effects dAn; /dxs.

rapidly (for example,
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The elastooptic contribution arises from the tem-
perature dependence of the spontaneous strain
and the shift of the xs(7T") curve along the temper-
ature axis under uniaxial stress o,,. Consequently,
Xs changes by dx;, causing an additional elastooptic
change in birefringence. Although the x4(T") depen-
dence is not available in the literature, this contri-
bution can be estimated from the difference between
the coefficients 7J; in the ferroelectric and ferroelastic
phases (Fig. 4) and amounts to approximately 85%.

Further heating leads to a slight increase in the
piezooptic coeflicients % ~ 0.03 Br/K.

The PT to the incommensurate phase is accompa-
nied by a change in the slope of the temperature de-
pendence of the piezooptic coefficients, dg;’" ~ 0.07-
0.09 Br/K.

The observed anomalies can be interpreted as fol-
lows. Crystals with incommensurate structures are
characterized by the emergence of a modulated su-
perstructure within a certain temperature range be-
tween the ordered and disordered base phases. This
superstructure has a period incommensurate with
that of the crystal lattice. Such structures exhibit a
soliton structure characterized by the soliton density
ns(wp?), which acts as the order parameter. This pa-
rameter reaches its maximum near 7; and vanishes
abruptly near T..

Therefore, the total piezooptic effect in the incom-
mensurate phase is determined by the intrinsic and
secondary contributions, the latter being primarily
governed by the order parameters in the piezooptic
coefficients 7 . By linearly extrapolating the tem-
perature dependences 7, (T) from the paraelectric
phase into the region below T; = 475 K, the varia-
tions in the coefficients in the incommensurate and
commensurate phases caused by the order parameter
and spontaneous polarization can be derived.

The respective contributions from spontaneous po-
larization (electrooptic effect), spontaneous strain
(elastooptic effect), and the order parameter to the
spontaneous variation in the piezooptic coefficient A
were analyzed. It was found that in the incommensu-
rate phase, upon cooling, the contribution of the or-
der parameter increases up to 65%, while that of the
spontaneous strain decreases to about 35%.

At 477 K, the crystal transforms into the pa-
raelectric phase, accompanied by a slight in-
crease in the piezooptic coefficients 79 (7). Howe-
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ver, the temperature variations become significantly
(0]

. . dm;
smaller than in the incommensurate phase, —#= ~

aT
~ 0.02-0.04 Br/K.

4. Conclusions

In this work, an optically high-quality LiRbSO, crys-
tal was synthesized, and the influence of uniaxial
stress o, ~ 200 bar along different crystallophysic
directions on the spectral (300-700 nm) and temper-
ature (77-650 K) dependences of birefringence An;
was investigated. It was found that An; is highly sen-
sitive to uniaxial stress and increases almost linearly
with pressure. Moreover, applying stress along differ-
ent crystallophysic directions leads to changes dAn;
with different magnitudes and signs.

Under uniaxial stress o, = 77 bar, the birefringence
components An, and An, become equal, An, =
= An, = 1.11 x 1073, indicating increased symmetry
of the optical indicatrix and, consequently, the emer-
gence of an optical pseudoisotropic point.

Measurements of the temperature dependences
An;(T) for both free and uniaxially loaded crystals
showed that, in phase I, An;(T) varies almost linearly,
while the transition to the incommensurate phase is
accompanied by a change in slope. The PT to the fer-
roelectric phase at 458 K is characterized by a step-
wise decrease §(An;) ~ —1.6 x 107%, whereas the
PT at 439 K results in a stepwise increase §(An;) ~
~ +3.0 x 1074,

The application of uniaxial stress does not alter the
general shape of the An;(T) dependences. Differences
appear only in the magnitudes of the temperature co-
efficients dAn;/dT and the stepwise changes J(An;)
during PTs: stress reduces 6(An;) by an average of
0.2 x 1074

The dispersion and temperature dependences of
the piezooptic coefficients of LiRbSO, were stud-

ied. The coefficients show weak dispersion, 8g?\m < 0.
In phase I, all coefficients slightly decrease in absolute
value with increasing temperature, while the transi-
tion to phase II results in a stepwise decrease of ap-
proximately |57r?m| ~ 1.20 Br.

The contributions from the electrooptic and elas-
tooptic effects, as well as from the order parameter,
to the spontaneous changes in the piezooptic con-
stant were estimated based on differences between
the ferroelectric, ferroelastic, and incommensurate
phases and the extrapolated data from the paraelec-
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tric phase at room temperature. The dominant con-
tribution (~80%) occurs near Ty and is caused by the
emergence of spontaneous polarization, while further
from this temperature, the contribution becomes neg-
ligible (10-15%).

The study was carried out within the framework of
the state budget project “New broadband materials for
detection and control of electromagnetic radiation in
dual-purpose devices” (No. 0124U001228).
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I’E300ITUYHUN E®EKT ¥ KPUCTAJIAX LiRbSO4

CunTe3oBaHo onTUYHO sKicHuit Kpucraa LIRbSOy4 i mocitimxke-
HO BIUIMB OJHOBICHOI'O HABAHTaXKEHHSI 0y, ~ 200 6ap y3a0BK
pisHuX KpuCTaaodIi3nIHNX HANPAMKIB Ha crekTpasabHi (300—
700 uMm) i remmeparypui (77-650 K) sasexkHocti nBomnpome-
He3asiomsieHHst An;. BeranosieHo, mo Besmanza An; IOCUTH
qyTaUBa J0 il OMHOBICHUX THUCKIB i Maiike JiHiiiHO 3pocTae 3i
3MIHOIO TUCKY, IPUYOMY MIPUKJIAIAHHS HABAHTAYKEHHSI B3I0BXK
pi3HUX KpUCTaI0Mhi3nIHUX HAIIPSMKIB CHPUYHUHSIE Pi3Hi 3a 3HA-
KOM i BEJIMYMHOWO 3MiHM dAn;, mig 9ac Jil OJHOBICHOIO THUCKY
oz = 77 6ap y Kpucraji iHAYyKy€eTbCs ONTUYHA IICEBAOI30TPO-
[IHA TOYKA, i O/IHOBICHE HABAHTAYKEHHSI HE 3MIHIOE XapaKTep 3a-

762

sexxknocreit An;(T'). BigminHOCTI BUABIICHO JHIIE y BeJUUIAHAX
cTpubKonoAioHux 3Min An; mij gac pa3s0BUX MEPEXO/IIiB: OIHO-
BiCHe HaBaHTaXKeHHs 3MeHILye Benumauty 0(An;). Jocaiazkeno
JUCIEPCiiiHI 1 TeMIlepaTypHi 3aJIE2KHOCTI I1’€300IITHYHUX KO€-
obinientis 70 (A)i7Y (T) xpucranis LiRbSO4 i BuaBemo, mo
BOHU MAalOTh HE3HAYHY JUCIEPCII0, TaK 1110 Bw?m /OX < 0. IIpo-
aHAJII30BaHO 3MiHNI ﬂ'?m (T) B okoJ1i TOUOK (PA30BUX MEPEXOLIB.
O1iHEHO BHECKU €JIEKTPOOITUYHOTO I MPYKHOOIITUIHOTO ede-
KTiB 1 mapaMeTrpa HOPSAKY B CIOHTAHHI 3MiHM IT'€300ITUIHUX
koediieHTiB i BusBIEHO, MO Haibinbmuil BHECOK (~80%), 3y-
MOBJIEHUIT BUHUKHEHHSIM CIIOHTAHHOI MOJIAPU3AIlil, CliocTepira-
€ThCsI B OKOJII TOYKHU (Pa30BOro MEPEXOLy 3a Temueparypu T4.

Katwwoei ca06a: KPUCTAJ, JBOIPOMEHE3aJIOMJIEHHS, JHC-
repcisi, OJIHOBICHE HaBaHTaKeHHsI, (pa30BUIl Iepexif, I1’'€300I1-
TUYHI KoedilieHTu.
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