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Acoustic Emission Damage Accumulation Monitoring during Mechanical
and Thermal Strain of Paratellurite Single-crystal
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The paper considers the problem of detecting defects in paratellurite single crystals using the acoustic emission
method. For the first time, research was conducted on single crystals of natural geometry installed in an acousto-
optic cell used in devices such as acousto-optic modulators, deflectors, and spectral filters. It was found that
high-frequency acoustic signals in the operating frequency range of 27—60 MHz do not affect the registration of
acoustic emission signals. Complex criteria were proposed and experimentally confirmed that allow one to detect
moments of formation of crack-like defects in paratellurite single crystals under the action of mechanical stresses
and temperature gradients based on the parameters of acoustic emission signals. The proposed approach allows one
to determine the actual state of a paratellurite single crystal under the action of both mechanical and temperature

stresses.
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Introduction

Crystalline materials play a key role in modern opto-
electronics and are widely used in manufacture of elec-
tronic components, communication and navigation devices,
optoelectronics and acousto-optics, and measuring equip-
ment [1]. The ever-increasing requirements for operational
reliability, limits of permissible environmental exposure,
weight and dimensions imposed on electronic photonics and
optoelectronics devices determine the increasing demand for
high quality (purity, structural uniformity, etc.) of single
crystals, which are often their key components. All natural
and synthesized single crystals and, to an even greater
extent, polycrystalline crystallites differ from ideal ones in
that they contain various structural disorders. Structural
defects of crystalline materials include violations of the
ideal translational symmetry of the crystal lattice, which
can significantly affect their properties: electrical conductiv-
ity, photoconductivity, thermal conductivity, diffusion rate,
hardness, strength and plasticity, density, etc. [2,3].

The industrial manufacture of crystal-based functional
elements is a complex multi-stage process that requires the
use of precision methods for the crystal structure abnormal-
ities detection, since the degree of structural perfection of
crystals largely determines the performance characteristics
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of devices fabricated on their basis. This is especially
important in the manufacture of devices designed to operate
under extreme conditions or under environmental exposure,
for example, under mechanical loads, high temperatures,
and electric fields. Studies of crystals under environmental
exposure can serve as a model for studying the behavior of
ready-to-use devices and their components, as well as help
determine their ultimate functional characteristics.

The currently developed methods of crystal diagnostics, in
particular, electron microscopy, atomic force microscopy, X-
ray diffraction, and some others, allow obtaining information
about defects at an atomic level, however, as a rule,
these methods require sample preparation or do not allow
studying the dynamics of the defective structure in-situ,
and provide information about the internal structure of
the studied material only at one specific moment of time
without analyzing the defects progress from the early stage
of their formation to moment of crystal destruction.

To overcome these limitations, the acoustic emission
(AE) method based on the analysis of elastic waves char-
acteristics during formation and growth of defects seems to
be promising [4]. Earlier, the effectiveness of this method
was demonstrated by studying samples of paratellurite
crystal TeO, [5] — one of the most effective acousto-
optical (AO) materials in visible and near infrared (IR)
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spectra, with an unusual combination of material constants
and physical properties, and widely used in modulators,
deflectors, spectral filters and other devices [6].

High sensitivity of AE method allows conducting an
early diagnostics of damages in the material of controlled
products. Based on the existing estimates of the experi-
mental findings [4], the process of the crack growth to a
length of about 1um and more can be detected using
AE method. As known, the origination of defects (for
example, crack propagation) in the material of the controlled
product is accompanied by relaxation of elastic mechanical
energy, which in AE method is detected using piezoelectric
sensors in the ultrasonic range — usually in the range from
30 to 1000kHz.

AE pulse standing for the defect growth has an oscillating
shape with a short rise time and a significant fall time, and
its processing is mainly carried out according to the primary
AE parameters — amplitude (Uny), duration (t;), rise time
(tp), number of pulse overshoots (N;). Based on the results
of AE data processing, it is possible to distinguish between
acoustic emission sources of different origins. E.g., signals
from friction and defect growth processes may be separated
based on the values um and tj. Friction processes generally
initiate the low-frequency AE pulses of long duration t;,
and material brittle fracture processes — trigger the high-
frequency AE pulses of large amplitude.

To obtain dependable AE monitoring results, it is
necessary to use the advanced signal processing methods
based on estimation of changes in the dynamics of both,
primary [7-11] and complex parameters [12-14]. The use of
complex parameters, for example, statistical characteristics
of energy distribution functions (Ej) or the average
emission frequency (N;j/ti) of recorded signals, is due to
the need to increase the stability of AE diagnostics results.
As shown in [12-14], at the moment of formation and
development of an irreversible damage, a change in the
distribution parameters of energy and duration of AE pulses
is observed, which makes it possible to obtain the analytical
dependences E;(tj) and um(Ej), which correlate with the
degree of damage to the single-crystals.

In this work, for the first time, acousto-optical cells
(AOC) made of paratellurite used as tunable spectral filters
were studied using AE. The shape of paratellurite crystal
used in AOC and the orientation of its axes differ from the
parallelepiped samples [5,15], which allows considering the
experimental conditions as the most close ones (from those
conducted so far) to the actual functioning of an AO device.

AOC made of TeO, crystal with transect angle of
y =7° and output facet angle of g =2° were used as
test samples. The single crystal is placed in an aluminum
alloy body D16. Figure 1 shows the sketch of such
sample.  This design underlies tunable AO filters of
the most common visible (450—-900nm) and near IR
(900—1700nm) bands. This configuration of AO filters
is unified and provides high-quality spectral images in a
wide range of wavelengths 450—1700nm with a confocal
optical scheme of wide-aperture anisotropic AO diffrac-
tion in TeO, crystal [16]. To provide specific spectral

operating band of an AO filter it is necessary to apply a
piezoelectric sensor (PES) of the required thickness, ensure
electrical matching in the frequency bands 60—120 MHz
(450—900 nm) and 27—60 MHz (900—1700 nm) and apply
an antireflection coating on the input and output optical
facets.

This paper provides an insight on a possibility of acoustic
emission monitoring of the damages that may accumulate
in a single crystal of paratellurite used in AOC under the
impact of mechanical and thermal stresses. The studies were
carried out in three stages.

1. Evaluation of the effect of a
high-frequency acoustic signal on the
parameters of the detected AE pulses
in the diagnostics of a single crystal
of paratellurite

At the first stage, the influence of a high-frequency
acoustic signal applied to the single crystal of TeO, during
its operation on the parameters of detected AE pulses was
evaluated. The diagram of the experiment is shown in Fig. 2.

High-frequency acoustic signal (HF) in the frequency
band fae from 27 to 60 MHz and power of 0.5W was
applied to the piezoelectric sensor (PES) mounted on a
single crystal of paratellurite. Such frequencies correspond
to AO filter reconfiguring in the wavelength range of
900—1700 nm due to occurrence in the crystal of a dynamic
volumetric diffraction grating which, due to selective Bragg
diffraction of incident light, is used to isolate a given spectral
component from the light beam 4.

AE pulses were detected using ,,VS150-RIC* AE trans-
ducer with a built-in preamplifier with a gain coefficient
of 34dB connected to ,,Vallen AMSY-6“system of acoustic
signals detection and processing. AOC together with
acoustic emission transducer (AET) was installed into the
waveguide (WG) — a steel plate 8 mm thick — through
a layer of contact grease (,,Lithol-24“) to provide acoustic
contact, at a distance of 30 mm relative to each other. The
paratellurite single crystals were installed in AOC by means
of a sliding fit, which provided the required acoustic contact
and easy extraction of the single crystal from AOC.

In the presence of a good acoustic contact, any acoustic
effect on AOC body or single crystals of paratellurite leads
to transmission of these vibrations through the waveguide
to the acoustic emission transducer at a certain rate vge. To
check the acoustic contact between the acoustic emission
sensor and the control object on the side facet of AOC,
AE pulses were generated using a Nsu-Nielsen simulator
(mechanical pencil lead breakage). Maximal amplitude
of detected AE pulses from Nsu-Nielsen simulator was
Um = 99.2—-99.5 dB, which indicates low level of acoustic
signals attenuation in the used waveguide.

For the study, the bandwidth and threshold of AE
pulse discrimination were selected Af =25-850kHz
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Figure 1. Sketch of AOC samples made of paratellurite in the frame of: PES — piezoelectric sensor, y — transect angle, § — output

facet angle; [001] and [110] — crystallographic orientations.
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Figure 2. Diagram of acoustic signal excitation in a single crystal of paratellurite installed in AOC: AET — AE transducer; HF — high-
frequency acoustic channel; WG — waveguide; fae — frequency of acoustic signal, vae — speed vector of acoustic signal.

and Uy = 28dB = 25.1mV, respectively. The discrimina-
tion threshold — is the boundary level of the input
voltage of the measuring equipment, above which the
signal is evaluated as an AE pulse, and below — as
noise. AE pulse discrimination threshold was calculated
according to the condition Wn > un+6dB (wn, — AE
pulse discrimination threshold, U, — maximum amplitude
of noise signals), regulated by the regulatory document
PB 03-593-03. Maximum amplitude of the noise sig-
nals was determined based on the results of prelimi-
nary tests and was U, =21.6dB, and the value of the
discrimination threshold according to the above condi-
tion was selected at Uy, = 28 dB. During the experiment,
with the use of acoustic emission transducer, temporary
noise realizations were recorded for two cases: in the
absence of external high-frequency acoustic signal and
during generation of an acoustic wave in f z¢ = 27—60 MHz
band in the single crystal of paratellurite. =~ Temporal
realizations of noise as amplitudes of the acoustic sig-
nal U recorded by AET versus time t for these two
cases are shown in Fig3. As seen from Fig. 3, the
noise realizations of t =4ms have no visible differ-
ence.
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For a more detailed assessment of the correlation of
noise realizations, a comparison of noise histograms for the
presented signals was performed, shown in Fig. 4. To nu-
merically evaluate the similarity of noise signals histograms,
the correlation coefficient was calculated, the value of which
was R =0.9996, which indicates a complete correspon-
dence of histograms of the considered realizations. The pre-
sented dependencies confirm that the detected signals rep-
resent the same noise process with similar values of math-
ematical expectation Xopr = 0.50mV and Xxon = 0.48 mV
and mean-square error Sorr = Son = 7.5 mV for the cases
of absence (,,OFF¢) and generation (,,ON“) of an acoustic
wave in a single crystal of paratellurite. It should be noted
that maximum amplitude of the noise signals did not exceed
the value of u, = 0.037mV = 31.4dB.

Thus, the results obtained allowed to unambiguously
establish that high-frequency acoustic vibrations in the
frequency range fae =27—60MHz applied to a single
crystal of paratellurite during AOC operation in AO devices
do not affect the received AE signals in the diagnostic
process. This allows the AE method to be used as a method
for monitoring the integrity of a single crystal of paratellurite
directly in AOC during its operation as part of AO devices.
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Figure 3. Noise realizations detected by AET for the following cases: a — absence of high-frequency acoustic signal; b — generation of

acoustic wave in a single crystal in fae = 27—60 MHz band.
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Figure 4. Comparison of noise histograms for cases of absence
and presence of the high-frequency acoustic wave in the range
fae = 27—60MHz in a single crystal.

2. Diagnostics of a single crystal of
paratellurite in an acousto-optic cell
(AOC) by AE method under
mechanical compression

The second stage of the experiment consisted in static
compression of AOC with a single crystal of paratellurite
installed and the use of AE diagnostics system. Paratellurite
crystal compression experiments were carried out on an

Figure 5. General view of the structure in AOC compression
testing: / — quasi-resonance AET ,,VS150-RIC*“ with magnetic
press-holders, 2 — stops to prevent displacements during loading,
3 — AOC from TeO; crystal, 4 — acoustic waveguide, 5 —
floating joint of the movable die.

Instron 5982 testing machine. General view of the testing
setup is shown in Figure 5. AOC 3 and two AE transducers
1, pressed by magnetic holders, were mounted on the
surface of a steel waveguide in the form of a massive
metal base 4 through a layer of contact grease. AOC was
compressed by the upper movable die with a floating joint

Technical Physics, 2025, Vol. 70, No. 5
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base 5. To eliminate the noise signals occurring during
friction of the upper die of the testing machine against the
crystal surface, the digital filters bandwidth was selected as
Af =95-850kHz.

AOC was deformed with the movement rate of the upper
traverse of the testing machine 0.0lmm/min. The loading
process consisted of two cycles.

The first loading cycle — a smooth increase in the
compressive load to 160N followed by unloading — is
necessary to detect AE pulses corresponding to the friction
process of AOC structural elements.

The second loading cycle consists in a gradual rising of
compressive load until the AE pulses are detected, the dura-
tion of which exceeds the value tj = 10000 us. In paper [5],
the authors found that occurrence of AE pulses with a
duration of more than 10000 us during mechanical quasi-
static loading of a single crystal of paratellurite indicates
irreversible changes in it associated with the formation of
continuity defects.

After loading with these two cycles, the primary param-
eters of the detected AE signals were evaluated depending
on the level of the applied load. Fig. 6 illustrates the
dependencies of the amplitude (Uy) and duration (tj) AE
pulses with applied loading curve, where P — compression
load, 7 — time.

As shown in Fig. 6, a, ¢, when loading the AOC during the
first cycle to P =23.4N (7 < 101.4s) AE pulses were not
detected, indicating the absence of damage accumulation in
both, the single crystal and AOC body. With a further
increase in the applied load, AE pulses appeared, the
maximum amplitude and duration of which reached values
of 543dB and 9360us, respectively. Such values of
AE parameters are typical for the process of elastoplastic
deformation of AOC body [17]. When the load was
increased to P = 160N, three AE pulses were detected,
each of which in terms of its parameters is peculiar to elastic
deformation of AOC metal.

During the second loading cycle as seen from Fig. 6, b, d,
until the load reached P = 10.2N 14 AE pulses had been
detected. This phenomenon is caused by the Felicity effect,
which consists in detecting AE pulses until the maximum
load of the previous loading cycle is reached [18]. This effect
is manifested during cyclic loading of a product that has
defects, whereas for the defect-free materials and samples,
the number of detected AE pulses during reloading will be
extremely low or zero.

Further increase of the applied load up to P = 147.4N
resulted in detection of AE pulses with an amplitude
and duration of 73.8dB and 13542 us, respectively. The
detection of high-amplitude pulses of long duration is one
of the criteria for identifying the process of friction of the
sides of a developing crack in a single crystal of paratellurite.
When P = 276 N was reached, the maximum amplitude and
duration of the detected AE pulses reached values 84 dB
and 23 900 us, respectively. A further increase in the applied
load could lead to the appearance of a main crack and
destruction of the single crystal, so the test was stopped.

Technical Physics, 2025, Vol. 70, No. 5

According to the obtained primary characteristics of AE
signals, — maximum amplitude and pulse duration —
micro-damages were formed in the body of the paratellurite
single crystal. In order to more reliably identify the
processes of formation and development of micro-damages,
the results of AE monitoring were processed using statistical
analysis methods. The value of high-level quantile of the
empirical functions (Fy) of pulse duration distribution was
used as a numerical parameter. The empirical distribu-
tion functions were calculated using a sliding window of
W = 25 pulses. Value of Ry function was calculated using
the following formula:

Rily) = g D106 <), 1)

i=1

where W — is sample size (window function size);
| — number of AE parameters satisfying the condition
Xi <y; X — value of AE parameter from the sample
X=(X,...,X%,...,Xy); y — threshold value of AE
parameter in the range Y € [Xumin, - - - » Xinax)-

Figure 7 shows the dynamics of changes in the quantile
values of p = 0.85 level of the empirical function of AE
pulse duration distribution ([tj]p—o.s5) for pulses detected
during the second cycle of AOC compression loading.

At the initial loading stage (P < 102N, 7 < 365s) the
value of criterion parameter is equal [ti]p:(),gs = 4037 us.
With the increase of applied load the parameter rises to
[ti]p=0.85 = 13196 us under the load of P~ 150N and
loading time of 7 =~ 41s, which indicates that friction
process was initiated along the sides of the crack [5]. Thus,
the use of the statistical parameter AE [tj]p—05 made it
possible to determine the moment of crack formation in the
single crystal of paratellurite located in AOC at the initial
stage of damage accumulation.

3. Diagnostics of the single crystal of
paratellurite by AE method under the
influence of the temperature gradient

The third stage of the experiment consisted in the study
of a single crystal of paratellurite by AE method under the
influence of a temperature gradient. These experiments
are relevant because of the occurrence of temperature
gradients during operation of AO systems [19-21]. The
appearance of temperature gradients in damaged materials
can lead to the formation and development of defects in
controlled products, which means that their performance
characteristics deteriorate.

For the experiment, single crystals of paratellurite were
extracted from the AOC body. The tests consisted of low-
ering the temperature of the controlled product to —75°C,
which is the lower limit of the climatic temperature range,
followed by natural heating to room temperature. The single
crystal in its initial state (before compression tests) and after
growing the defect in the second stage of research (after
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Figure 6. Dependencies of amplitude um (@, b) and duration t; (¢ d) of AE pulses detected in AOC compression at the first (g, ¢)
and second (b, d) loading cycles (red lines indicate the loading curves, black marks — indicate the values of AE parameter).

compression tests) was cooled in a LaudaPro temperature
room by immersion in liquid silicone oil cooled to —75°C.
After cooling, the single crystal was removed from the
oil and placed through a layer of contact grease on the
metal base of the testing machine with AET ,,VS150-
RIC* fixed on it. During natural heating of the single
crystal from —75°C to room temperature the occurring
AE signals were continuously recorded. The dynamics of
the temperature change of the single crystal was recorded
using a pyrometer every 10s. The results obtained were
approximated using Newton’s law of cooling and compared
with the values of the amplitude and duration of the
detected AE pulses. The results of comparing AE data
generated in a single crystal in its initial state and with a
pronounced defect are shown in Fig.8.

As shown in Fig. 8,a,¢, with increasing temperature
stresses in a defect-free single crystal, the amplitude and
duration of the recorded AE pulses do not exceed the values
52.8dB and 2553 us, respectively. When heated to room
temperature, there is a sharp decrease in the amplitude
and duration of the recorded signals. This process may
be caused by a decrease in the temperature deformations of
the single crystal, leading to its friction against the surface
of the acoustic waveguide.

The results of AE monitoring of the process of tempera-
ture deformations of a damaged single crystal indicate that
there’s a drastic change in the characteristics of the flow
of detected signals. As can be seen from Fig. 8,5, d, total
number of detected signals lowered from Ny = 33 to 7 AE
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Figure 7. Progress of change of the criterion parameter
([ti]p=0.s5s) under static compression of AOC with a single crystal
of paratellurite with applied loading curve ,Joad P — time 7, (red
line indicates the loading curve, black marks — indicate the values
of criterion parameter [ti]p=o.ss)-

pulses, at that, maximal values of amplitude and duration
grew up to 98.2dB and 38280 us, respectively. A drastic
change in the characteristics of the detected AE pulses is
due to the process of relaxation of temperature stresses
when the main crack starts to grow in the single crystal
formed during the crystal heating (Fig. 9). Obviously, for
the single crystal of TeO, with a crack previously detected
by AE method, the presence of a temperature gradient
proved to be sufficient for the rapid development of the
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Figure 9. Formation of a main crack in a damaged paratellurite
single crystal due to exposure to temperature stresses.

main crack. Under real conditions, a single crystal with
such a defect leads to the failure of AOC.

To distinguish between AE sources of different origins,
the spectral characteristics of acoustic signals detected
during heating of a defect-free and damaged single crystal
were calculated. The energy parameters of AE pulse spectra
were calculated using the fast Fourier transform method,
and their characteristic shapes are shown in Fig. 10.

Technical Physics, 2025, Vol. 70, No. 5

Fig. 10, a shows the characteristic shape of AE pulses that
occur when exposed to temperature stresses on a defect-
free single crystal of paratellurite. The shape of such a pulse
has a short rise time and a small amplitude. As illustrated
in Fig. 10, ¢, the highest amplitude of the spectrum funda-
mental harmonics corresponds to the frequencies f = 102
and 150kHz (quasi-resonant frequency of the receiving
transducer). It should be noted that low-amplitude pulses
with a characteristic low-frequency spectrum occur during
the friction process [22]. Thus, the AE pulse shown in
Fig. 10, a, can be attributed to the process of friction of a
single crystal against the surface of the acoustic waveguide.

The AE pulse, which occurs during the action of temper-
ature stresses on defective paratellurite single crystals, can
be divided into two time intervals. A low-frequency signal
characteristic of the friction process was detected in the time
interval t = 0—833 us. At the moment of time t = 834 us,
there is a drastic increase in the amplitude of AE pulse
which is characteristic to formation of the main crack in
brittle materials [23]. Due to the large amount of energy
generated during relaxation of thermomechanical stresses,
the appearance of local maxima of AE pulse is observed,
e.g, at the moments of time t = 1066, 1372, 1644 us,
etc. The local maxima are detected due to the process
of re-reflection of the acoustic wave from the surface of
paratellurite single crystal. It should be stressed that the
highest amplitude of harmonics of the spectrum shown in
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Fig. 10, d and corresponding to the frequency f = 102kHz,
increased from |H(f)| =0.003 to 6.88mV (ie. by more
than 3 orders of the magnitude). At that, the amplitude
of AE pulse harmonic at frequency f =250kHz grew
from |[H(f)| = 0.0007 to 0.1 mV (i.e. by more than 2 orders
of magnitude).

Thus, the ratio of the total harmonic amplitude of an
acoustic signal in the frequency ranges f = [50—150]kHz
and [200—300] kHz can be used as a numerical characteris-
tic used to separate naturally different AE sources:

f=150kHz =300 kHz
p= Y MO/ X HOL @
f=50 kHz £=200 kHz
f=150 kHz
where > |H(f)| — total amplitude of AE pulse spec-
f =50 kHz

trum harmonics in the frequency range f = [50—150] kHz;
f=300 kHz

>>  |H(f)| — total amplitude of AE pulse spectrum
f =200 kHz
harmonics in the frequency range f = [200—300] kHz.

The result of segmentation according to the proposed
criterion of p AE pulses detected in a defective single crystal
during its heating is shown graphically in Fig. 11. The figure
illustrates separation of acoustic signals into two segments
corresponding to the processes of friction (I) and growth
of the main crack (II) in the single crystal of paratellurite,
according to the amplitude and relative variation of the total
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Figure 11. Segmentation of AE pulses corresponding to the
processes of friction (I) and main crack development (II) in the
single crystal of paratellurite.

amplitude of the spectrum of detected AE pulses in the
frequency range f = [50—150]kHz and [200—300] kHz.
As mentioned earlier, the friction process is characterized
by low-amplitude signals with a uniform spectrum in the
region of 50—150kHz. In this regard, the boundaries
of segment I corresponded to the ranges um = 30—60dB
and p =0.01-5. For AE pulses corresponding to the
process of formation and growth of the main crack in
paratellurite crystal, the maximum value of the parameter p
increased from 3.98 to 15.49. Thus, based on the results of
spectral analysis of AE pulses that occur during exposure to

Technical Physics, 2025, Vol. 70, No. 5



12-th International Symposium on Optics and Biophotonics 23—27 September, 2024, Saratov, Russia 957

temperature stresses, a qualitative assessment of the integrity
of paratellurite single crystal is viable.

Conclusion

The paper considers the possibilities of AE monitoring
of the process of damage accumulation in a single crystal
of TeO, exposed to mechanical and thermal stresses. For
the first time, the AE diagnostics of a real acousto-optic cell
used in tunable spectral filters has been performed.

It was found that excitation of high-frequency ultrasonic
signals in a single crystal of paratellurite during its operation
does not affect the AE monitoring results, which is
confirmed by the similarity of noise signals histograms in
the presence and absence of high-frequency signals in the
operating frequency range fae = 27—60 MHz.

According to the results of static compression of an
acousto-optic cell consisting of two loading cycles, the
characteristic parameters of AE pulses are determined.
During the first loading cycle, it was found that the
amplitude and duration of AE pulses recorded during
deformation of the aluminum body did not exceed the
values of 54.3dB and 9360 us. During the second loading
cycle, the moment of crack initiation in the single crystal of
paratellurite was determined based on the maximum values
of the amplitude and duration of the detected AE pulses.
The quantile value of the empirical AE pulse duration
distribution function was used as a numerical criterion. The
moment of formation of irreversible damages in the single
crystal of paratellurite during loading is determined by the
value of [tj]p—0.85 > 10000 us.

At the final stage of the experiments, the single crystal of
paratellurite was studied by AE method under the influence
of a temperature gradient. The spectral characteristics of
AE pulses detected during exposure to temperature stresses
are compared for a defect-free single crystal and a crystal
with a defect. A numerical criterion for the damage
of the paratellurite single crystal is proposed based on
calculating the ratio of the total harmonic amplitudes of
an acoustic signal in the frequency ranges f = 50—150kHz
and 200—300 kHz.

Based on the findings, an algorithm for monitoring
an acousto-optic cell using the AE method is proposed,
consisting in mechanically loading the cell, followed by
calculating the high-level quantile of the empirical duration
distribution function [tj]p—0.s5s and the ratio p of the total
harmonic amplitude of AE pulse spectrum in the frequency
range f = 50—150kHz and 200—300kHz. The proposed
approach makes it possible to determine the actual state
of TeO, single crystal under the impact of mechanical
stresses. A further progress of the proposed technique
includes development of algorithms for the early diagnostics
of damage accumulation in the single crystal of paratellurite
based on the results of extrapolation of parameters p
and [t]p—o.85.

In the future, it seems promising to use complex research
methods based on simultaneous application of several

Technical Physics, 2025, Vol. 70, No. 5

experimental methods to study a single sample — the
broadband video spectrometry, AE and X-ray diffractometry.
In the future, such methods will make it possible to conduct
research on ready-made devices in conditions close to real
operating conditions.
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