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The paper presents the results of a study on the application of Raman and UV spectroscopy methods to determine
the structural damage kinetics in the near-surface layer of BeO ceramics caused by high-dose irradiation with
He?" ions. Interest in this type of ceramics is due to the combination of its structural and thermophysical pa-
rameters, making these ceramics one of the promising classes of materials for microelectronics and structural
materials for nuclear reactors, with the possibility of operation in conditions of heightened radiation background.
According to the conducted studies, it was established that with the irradiation fluence growth, changes in the
nature of deformation structural distortions associated with the accumulation of residual mechanical stresses of
tensile and compressive types are observed. At irradiation fluences of 10'°-5 x 10® He?*/cm?, tensile stresses
play a dominant role in structural distortions, while the value of compressive stresses at fluence growth makes up
a small share in the overall nature of the deformations. Moreover, an elevation in the irradiation fluence above 5
x 100 He?*/cm? leads to a rise in the concentration of defects caused by the formation of oxygen vacancies, as
well as He-Vg type complexes, the presence of which is indicated by the halo intensity growth in the Raman
spectra, as well as a change in the intensity of the absorption bands. Analysis of changes in thermophysical
parameters revealed that a rise in structural distortions associated with the accumulation of complex defects
results in thermal conductivity reduction and a deterioration in heat transfer processes associated with partial
amorphization of the damaged layer. Moreover, the established direct relationship between the value of residual
mechanical stresses and the degradation of thermal conductivity indicates the cumulative effect of destructive
changes caused by irradiation, as well as the influence of diffusion mechanisms on the damaged layer thickness
growth.

1. Introduction

The use of ceramic materials based on beryllium oxide as one of the
most promising materials with good thermal conductivity combined
with high insulation properties in nuclear and thermonuclear energy, as
well as microelectronics and optical materials, is one of the currently
discussed research topics [1-4]. At the same time, in most cases, the use
of ceramic materials occurs under extreme conditions, in particular,
external mechanical impacts, increased radiation background, as well as
thermal effects, which together imposes certain restrictions not only on
the expansion of the potential for the use of these ceramics, but also the
need to take into account possible processes of degradation of the
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properties of ceramics due to these changes [5-7]. Unlike alloys and
steels, the use of which has certain limitations in the case of high tem-
peratures, ceramic materials can be considered as candidate materials
for operation in extreme conditions, especially in the case of high ra-
diation doses, which lead to the accumulation of large concentrations of
structural distortions, as well as the formation of amorphous formations,
the presence of which can negatively affect the strength and thermal
parameters of ceramics [8-11].

The main objective of this study is to comprehensively investigate
the relationship between changes in structural, optical and thermal
parameters caused by the accumulation of radiation damage in the near-
surface layer of BeO ceramics, which are one of the promising materials
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in nuclear and thermonuclear energy, as well as protective coatings for
protecting telescope glass and insulating materials [12-16]. The choice
of ceramics based on beryllium oxide as objects of study is due to its
combination of structural, optical and thermal-physical parameters,
which allow it to be considered as one of the candidate materials capable
of withstanding high doses of radiation [17,18], as well as being used in
modes with extreme operating conditions. Moreover, in several works
[19-21], it was shown that irradiation of ceramics with heavy BeO ions
leads to the initiation of structural disordering processes associated with
ionization processes, as well as athermal effects resulting in destabili-
zation of the near-surface layer. In the case of high-dose irradiation with
He?" ions, a number of studies [22-25] established critical doses at
which embrittlement of the surface layer was observed due to the for-
mation of gas-filled inclusions; however, the mechanisms of formation,
as well as the diffusion of implanted ions deep into the material and the
expansion of the damaged layer, were not studied.

In this study, the main emphasis on the study of structural features
and their changes caused by irradiation is made on the use of Raman and
UV spectroscopy methods, the use of which in combination allows us to
determine the main types of structural defects that arise during irradi-
ation, as well as their concentration, and in the case of using Raman
piezospectroscopy methods, to determine the type of deformation dis-
tortions caused by the accumulation of residual stresses in the near-
surface damaged layer. It should be noted that the use of a combina-
tion of Raman and UV spectroscopy methods allows us to determine
with high accuracy not only the kinetics of structural changes with
increasing radiation dose, but also to establish their type associated with
the formation of vacancy defects, as well as complex defects in the
structure of the damaged layer [26,27]. However, in the case of
low-energy ions, the use of X-ray diffraction methods is not always
applicable due to the small thickness of the damaged layer, the mea-
surement of which requires special conditions during radiography or
thinning of samples to thicknesses characteristic of the damaged layer.
In this case, the Raman spectroscopy method allows us to determine
structural changes associated with the distortion of chemical and crys-
talline bonds at a shallow depth, characteristic of the damaged layer.
The use of the UV spectroscopy method in assessing optical transmission
spectra and induced absorption spectra built on their comparison allows
us to establish structural distortions and their type, caused by the
structural damage accumulation caused by irradiation. In this case, the
shifts of the fundamental absorption edge make it possible to determine
indirectly the kinetics of changes in the electron density distribution, a
change in which in the case of dielectric ceramics can lead to the
occurrence of breakdowns, which is one of the critical parameters for
microelectronic devices.

2. Materials and methods of research

The samples chosen for study were BeO ceramics with a wurtzite-
type structure (hexagonal type of crystal lattice), possessing a poly-
crystalline structure and a structural ordering degree of about 97.5 %.
These samples were commercial ceramics. The degree of structural
ordering was determined on the basis of X-ray structural analysis data by
determining changes in the crystal lattice parameters and their de-
viations from reference values.

Simulation of radiation damage associated with the accumulation of
implanted ions, as well as the processes of interaction of incident ions
with the crystalline structure of the near-surface layer, was carried out at
the DC-60 heavy ion accelerator (Institute of Nuclear Physics of the
Ministry of Energy of the Republic of Kazakhstan, Kazakhstan). For the
simulation, He?" ions with an energy of 40 keV, the value of which al-
lows the creation of defects that initiate structural distortions at a depth
of about 400-450 nm in the near-surface layer, were used. The choice of
irradiation fluence from 10'° to 3 x 107 He?* /cm? [22-24], the choice
of which is determined by the possibilities of initializing structural
distortions with deep overlap of defective areas formed along the
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trajectory of ion movement in the target material during irradiation. The
maximum ion range in the near-surface layer of ceramics was estimated
using the SRIM Pro 2013 software code. The calculations used a model
that takes into account the effects of cascade mixing and multiple scat-
tering, which made it possible to determine not only the maximum ion
range, but also their deviation from the initial trajectory. Irradiation was
carried out at room temperature, under vacuum conditions, the target
temperature was controlled using a special target holder with water
cooling, the use of which made it possible to maintain the target tem-
perature within 25 + 3 °C (control was carried out using thermocouples
placed both on the target holder and on the samples).

The structural distortions caused by irradiation were determined by
analyzing the Raman spectra of the studied samples taken using an
Enspectr M532 Raman spectrometer (Spectr-M LLC, Chernogolovka,
Russia). Raman spectra were taken in two modes. The first shooting
mode was performed from the surface of the samples in order to
determine the general trend and kinetics of structural distortions asso-
ciated with the accumulation of residual mechanical stresses and the
formation of amorphous inclusions, which are indicated by the broad-
ening of spectral lines and a decrease in intensity. The second shooting
mode was carried out from the side cleavages of the samples with a step
of 50 nm along the trajectory of ion penetration into the material in
order to determine the diffusion mechanisms of migration of implanted
helium.

The study of the damaged layer degradation mechanisms, and the
assessment of the diffusion effects associated with the migration of
implanted helium in the near-surface layer, causing destruction in the
crystal lattice along the movement trajectory, was carried out using
Raman spectra recording in depth on lateral cleavages. An assessment of
the residual stress values, as well as the FWHM values by depth, made it
possible to determine which type of deformation predominates in the
structure of the damaged layer. In this case, the magnitude of residual
stresses, expressed in the shift of spectral lines, is caused by deformation
distortions in the structure, while an increase in the FWHM value in-
dicates amorphization of the crystal structure as a result of its
disordering.

The study of optical characteristics, the change of which reflects the
accumulation of structural damage in the damaged layer, as well as the
change in electron density associated with the accumulation of struc-
tural distortions, was carried out by evaluating the transmission spectra
of the studied ceramics. These spectra were obtained using the UV
spectroscopy method implemented on a SPECORD 200/210/250 PLUS
spectrophotometer (Analytik Jena, Jena, Germany). The spectra were
recorded in the range from 300 to 800 nm, with a step of 1 nm.

The determination of thermophysical parameters was carried out
using the method of measuring the thermal conductivity coefficient by
depth in order to determine the effect of the damaged layer crystalline
structure degradation on the thermophysical parameters.

3. Results and discussion

Fig. 1 demonstrates the results of Raman spectroscopy of the studied
BeO ceramic samples irradiated with He?" ions. According to the data
presented in Fig. 1a, it is evident that the spectra of samples irradiated
with ions with a fluence of 10'® He?*/cm? contain a strong background
characteristic of destructive changes in the damaged layer, while for
other irradiation fluence values, broad peaks appear in the regions from
1000 to 1700 ecm™}, as well as from 2400 to 3300 cm™'. Moreover, 4
peaks are clearly distinguishable in the spectra: at 337, 682, 723 and
1090 cm™!, related to the modes Ey, A;(TO), E1(TO) and E;(LO) of
beryllium oxide of symmetry group Cgy, respectively.

Analysis of the change in the intensity of spectral lines that appear at
an irradiation fluence of 5 x 10'® He?*/cm? and higher in the range of
1000-1700 ecm ! and 2500-3200 cm™! indicates the formation of
complex defects of the He-Vg type in the structure, the concentration of
which increases in the damaged layer as irradiation fluence grows. It is
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Fig. 1. a) General view of the presented Raman spectra depending on the irradiation fluence, reflecting general changes associated with deformation distortions,
partial amorphization, and the accumulation of complex defects in the structure; b) Detailed representation of the change in position and intensity of the main
spectral lines A1(TIO) and E;(TO) depending on the irradiation fluence, reflecting the destructive effect of irradiation.

important to highlight that at a low irradiation fluence of 10'® He?*/
cm?, the presence of this band was not detected, which indicates that at
this irradiation fluence, structural changes are caused by structural
distortions caused by the formation of tensile and compressive residual
mechanical stresses in the damaged layer structure.

A detailed analysis of the position and intensity of the spectral lines
A;1(TIO) and E1(TO) contingent upon the value of atomic displacements,
presented in Fig. 1b, reflects the characteristic changes in the spectral
lines associated with the accumulation of structural distortions, along-
side partial amorphization, which is evidenced by a decrease in the in-
tensity of the spectral lines, as well as their broadening (changes in the
FWHM value). The observed alterations in the value of the shift of the
Raman lines for the two main peaks relative to the initial position of the
maximum for unirradiated samples depending on the value of the
atomic displacements indicate a different nature of the deformation
distortions of the crystal structure of the damaged layer. Moreover, in
addition to differences in the type of deformation distortions observed
for chemical bonds, the change in the magnitude of the Raman peak
shifts at one irradiation fluence indicates a difference in the value of
tensile and compressive stresses in the structure of ceramics. As is
evident from the data presented, the most pronounced changes
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associated with a reduction in line intensities are observed at a fluence of
10'7 He?*/cm? and higher. This indicates that at these fluences in the
structure, in addition to structural deformation distortions, the forma-
tion of amorphous inclusions or disordered regions, the presence of
which is associated with the formation of complex defects and their
agglomeration, is also observed.

The assessment results of the shift in the positions of the maxima of
the main spectral lines A;(TIO) and E;(TO) depending on the value of
the atomic shifts (irradiation fluence) are presented in Fig. 2a. The
presented data reflect the nature of deformation distortions arising in
the structure of the damaged ceramic layer when the irradiation con-
ditions change, while, as can be seen from the results of the presented
analysis, the nature of the displacement has not only a difference in the
type of displacement, but also in its trend, which indicates differences in
the accumulation mechanisms of structural distortions of chemical
bonds during the damage accumulation.

The analysis of the change in the FWHM value of the spectral lines
A;(TIO) and E;(TO) contingent upon the atomic displacement value is
presented in Fig. 2b. These changes reflect the accumulation degree of
amorphous inclusions associated with the formation of complex He-Vg
defects in the damaged layer structure. As can be seen from the data
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Fig. 2. a) Results of the dependence of the displacement of the position of the spectral lines A;(TIO) and E;(TO) in dependence, reflecting the accumulation of
deformation distortions of the tensile and compressive type in the damaged layer structure; b) Results of changes in the FWHM values of the main spectral lines
A;(TIO) and E;(TO) depending on the atomic displacement value, reflecting partial amorphization of the crystal structure.
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presented, the change in the trends of the FWHM values of the spectral
lines A;(TIO) and E;(TO) has a similar character, which indicates
deformation distortion of the crystal structure and the rupture of
chemical and crystalline bonds caused by the accumulation of radiation
damage. Moreover, the broadening of the reflexes, with a decrease in the
intensity of the spectral lines (see data in Fig. 1b) indicates the
destruction of the damaged layer, which is most pronounced at high
irradiation fluence values. Also, from the analysis of the comparison of
changes in the shifts of Raman lines and the FWHM values of the spectral
lines A;(TIO) and E;(TO), it can be concluded that the processes of
deformation distortion caused by the formation of residual mechanical
stresses of a tensile and compressive nature, as well as the effects of
disordering caused by partial amorphization and loss of short-range
order of the crystal structure make an equally probable contribution
to the degradation of the damaged layer caused by irradiation. The
change in the type of deformation distortions with increasing irradiation
fluence in this case is due to several factors. Firstly, in the case of high-
dose irradiation, the accumulation and subsequent agglomeration of
implanted ions leads to the filling of voids, which has an additional
deformation distortion on the structure. Secondly, the accumulation of
structural distortions in the case of high-dose irradiation results in dis-
ordering of the crystalline structure, which in turn leads to more pro-
nounced structural changes and subsequent embrittlement of the
damaged layer.

The evaluation results of the value of residual mechanical stresses
determined for two spectral lines A;(TIO) and E;(TO) depending on the
atomic displacement value are presented in Fig. 3a. According to the
assessment of the shifts of the Raman spectra, it was found that the shift
of the A1(TIO) maximum is characteristic of the accumulation of resid-
ual mechanical stresses of the compressive type, while the changes in the
E1(TO) spectral line are associated with deformation distortions caused
by the accumulation of residual mechanical stresses of the tensile type.
In this case, at low irradiation fluences of 10'°-5 x 10'® He?*/cm?, the
change in the value of residual mechanical stresses is of exponential
nature, while in the case of high irradiation fluences (1017—3X1017
He?"/cm?), a slowdown in the trend of mechanical residual tensile stress
growth was observed. In the case of compressive residual stresses at
fluences of 106 - 107 He>*/cm?, the change in value is minimal, while
for the maximum irradiation fluence of 3 x 10! He?*/cm?, the value of
residual mechanical stresses is close to the value of residual mechanical
stresses of the tensile type.

Fig. 4 reveals the assessment results of the change in the values of
residual mechanical stresses and the FWHM values of the spectral lines
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A4(TIO) and E;(TO) in the damaged layer along the ion trajectory. The
data were obtained by recording Raman spectra on the side cleavages of
the samples in order to determine the mechanisms of destruction of the
damaged layer caused by the accumulation of deformation stresses, as
well as the concentration dependences of defective inclusions of the He-
Vo type. These dependencies were also obtained in order to establish the
relationship between the observed changes in the structural features of
the damaged layer, associated with deformation stresses and the for-
mation of disordered regions, and the thickness of the damaged layer,
the changes of which in this case can be caused by diffusion processes
that occur during high-dose irradiation [28,29]. For example, in the
work [30] it was shown that diffusion processes have a clearly expressed
dependence on the energy and flux density of the radiation, and are most
pronounced with high-dose irradiation (about 50-100 dpa), which must
be taken into account when designing the potential for using structural
materials, and also not to exclude the effect of diffusion expansion of the
thickness of the damaged layer in experiments on modeling radiation
damage using ion irradiation. In this case, the use of Raman piezo-
spectroscopy methods in the analysis of lateral cleavages not only makes
it possible to evaluate the structural changes along the ion trajectory,
but also to determine the thickness of the damaged layer at which de-
viations from the original values are observed.

The comparative analysis results of changes in the values of residual
mechanical stresses and FWHM values in samples along the trajectory of
ion movement in the damaged layer showed that an elevation in the
irradiation fluence not only leads to a rise in the concentration of re-
sidual stresses, expressed in a growth in the values that determine them,
but also, in the case of large fluences, to the damaged layer thickness
growth, caused by diffusion processes. According to the data presented,
an elevation in the irradiation fluence leads to a shift in the depth of
deformation distortions of the crystal structure, as evidenced by changes
in the values of residual mechanical stresses and FWHM observed at a
depth exceeding the ion range in the material (on the graphs, this
boundary is marked with a dotted red line). Moreover, alterations in the
values of residual mechanical stresses in the depth of the sample at low
irradiation fluences are most pronounced for A;(TIO), while changes for
E1(TO) in depth are observed only in the case of high-dose irradiation
(10'7-3 x 107 He**/em?). Such changes indicate that deformation
distortions in the structure of the damaged layer can not only accumu-
late, but also create the effect of diffusion expansion of the damaged
layer, caused by both the diffusion of implanted ions deep into the
material and the migration of complex defects of the He-Vg type,
resulting in crystal structure deformation. At the same time, the trend of
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Fig. 3. a) Assessment results of the value of residual mechanical stresses in the damaged layer for the main spectral lines A;(TIO) and E;(TO) depending on the
atomic displacement value; b) Comparison results of contributions of tensile and compressive residual stresses in the structure of the damaged layer, reflecting the

kinetics of deformation distortions of the crystal lattice at radiation dose growth.
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Fig. 4. Assessment results of changes in the main values of Raman spectra, reflecting changes in the depth of the damaged layer (The dotted line in the figure marks
the boundary of the maximum path length of ions in the surface layer, according to the simulation results.): a) Results of changes in the values of residual mechanical
stresses; b) Results of changes in the FWHM value characterizing partial amorphization of the damaged layer.
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Fig. 5. a) Evaluation results of the optical transmission spectra of the studied BeO ceramics depending on the irradiation fluence (the dotted lines indicate changes in
the transmission value, reflecting the formation of absorption centers in the damaged layer, leading to a decrease in the transmittance of the ceramics); b) Evaluation
results of induced absorption spectra reflecting changes in the concentration of defects created by irradiation and the accumulation of structural distortions.
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decreasing changes in the values of residual mechanical stresses and
FWHM depending on the depth indicates that the cumulative effect has a
pronounced concentration dependence, the accumulation of which is
associated with irradiation fluence, and as a result, with the concen-
tration of defective formations arising as a result of the interaction of
incident ions with the crystal structure. In this case, the observed
structural changes can be explained by the effect of ballistic impact [31,
32] arising from irradiation, which, in the case of high irradiation doses,
is expressed in the displacement of part of the structural damage into the
material, thereby increasing the thickness of the damaged layer, as
evidenced by the observed changes in the trends of the values of residual
mechanical stresses and FWHM, the value of which characterizes in this
case the contribution of the concentration of defective inclusions in the
damaged layer.

The influence of the accumulation of structural distortions on the
optical properties of ceramics, characterizing the change in transmission
capacity, as well as the reasons causing its reduction, was determined
using the evaluation method of the optical transmission spectra of the
studied samples depending on the irradiation fluence. The evaluation
results of changes in the transmission spectra are presented in Fig. 5a.
The analysis of the observed changes in the decrease in the transmission
value indicates the formation of absorbing centers in the structure, the
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presence of which in this case is due to the structural disorder effects, as
well as the formation of amorphous inclusions in the case of high irra-
diation fluences (107 He®**/cm? and higher). In this case, the observed
fundamental absorption edge shift, together with changes in the trans-
mittance of ceramics, indicates an alteration in the electron density in
the damaged layer, associated with the formation of an anisotropic
charge distribution in the damaged layer, the change of which is caused
by ionization processes of interaction of incident ions with the material.

The results of the induced absorption spectra calculated using the
method of determining the ratio of the transmission intensities of the
irradiated samples to the initial samples are presented in Fig. 5b.
Analysis of the obtained data on the dependences of the absorption
spectra indicates an elevation in absorption caused by irradiation, and it
should be noted that the nature of the changes in the absorption spectra
has a clearly expressed dependence on the type of structural changes
caused by irradiation. In the case where the mechanisms of formation of
residual mechanical stresses play the main role in structural changes in
the structure of ceramics, the change in optical absorption spectra does
not have clearly expressed maxima, from which it follows that the
concentration of absorption centers associated with oxygen vacancies or
complex defects of the He — Vo type is minimal. At fluences of 107
He?*/cm? and higher, the formation of local maxima in the induced
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Fig. 6. a) Results of measurements of the thermal conductivity coefficient of BeO ceramics at different depths depending on the irradiation fluence (the inset shows
the results of changes in the thermal conductivity coefficient at a depth of 200 nm, in comparison with the initial value); b) Results of comparison of the thermal
conductivity degradation value and the value of structural damage, determined on the basis of changes in the value of residual stresses along the trajectory of ion
movement; ¢) Assessment results of the connection between alterations in the degradation of the thermal conductivity coefficient and the value of residual me-
chanical stresses in the damaged layer structure; d) Results of comparative analysis of changes in the optical density value characterizing the accumulation of
structural damage and absorption centers in the damaged layer and changes in the thermal conductivity coefficient expressed as a percentage of degradation of the

thermal conductivity properties of irradiated samples.
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absorption spectra, the presence of which indicates an elevation in the
structure of complex defects, and oxygen vacancies, the concentration of
which grows with a change in the irradiation fluence, is observed. It
should also be noted that these local maxima are in good agreement with
the observed changes in the Raman spectra associated with the forma-
tion of halo peaks in the region of 1000-1700 cm ' and 2500-3200
em™}, the presence of which was explained by the formation of disor-
dered regions associated with the accumulation of the concentration of
implanted helium ions, alongside the formation of complex defects of
the He - Vg type [18].

Fig. 6a shows the results of changes in the thermal conductivity co-
efficient of the studied ceramics in the damaged layer by depth,
reflecting alterations in thermophysical parameters associated with
structural changes and their accumulation with irradiation fluence
growth. The general trend of change in the thermal conductivity coef-
ficient by depth contingent upon the irradiation fluence indicates a
direct relationship between the thermal conductivity degradation and
the concentration of accumulated structural damage, as well as the
broadening of the thickness of the damaged layer under high-dose
irradiation.

As can be seen from the data presented, the change in the thermal
conductivity coefficient depending on the irradiation fluence indicates
the influence of the degradation of the damaged layer and the increase in
its thickness on the thermal conductivity degradation. In this case, the
observed reduction trend of thermal conductivity coefficient by depth
depending on the irradiation fluence indicates that the structural dam-
age accumulation leads to a decrease in the heat exchange rate, and a
decrease in the concentration of structural distortions and defective
inclusions deep into the sample directly affects the change in thermo-
physical parameters (data of the comparative analysis of the degrada-
tion of thermophysical properties by depth in comparison with the
structural damage value are presented in Fig. 6b). The selection of the
region of partial amorphization was performed taking into account the
observed structural changes associated with a sharp increase in the
contribution of deformation distortions in the damaged layer, which in
this case is due to the effects of overlapping defective areas and subse-
quent amorphization. A reduction in the degree of structural damage
associated with the ballistic nature of the transfer of defects into the
damaged layer at a depth exceeding the ion range leads to a reduction in
the degradation of the thermal conductivity coefficient, and at a depth of
about 800-1000 nm, to a complete restoration of the value at the level of
the original samples. Moreover, a comparative analysis of changes in the
value of residual mechanical stresses and the degree of degradation of
thermophysical parameters shown in Fig. 6¢ indicates a direct connec-
tion between disordering and partial amorphization of the damaged
layer and deterioration of thermal conductivity. It should also be noted
that the cumulative effect associated with an increase in the concen-
tration of structural distortions leads to an increase in heat losses in the
damaged layer, the change of which has a direct relationship with the
concentration of absorbing centers arising as a result of disordering of
the damaged layer (see data in Fig. 6d). Analysis of the change in the
optical density value, reflecting the concentration of absorbing centers
in the damaged layer structure, calculated on the basis of data on
changes in transmission spectra, in comparison with changes in ther-
mophysical parameters makes it possible to identify the contribution of
the accumulation of the damaged layer crystalline structure deformation
distortions to the degradation of thermophysical properties, and amor-
phous inclusions that arise during high-dose irradiation.

4. Conclusion

This article presents the results of a study of the radiation damage
accumulation effect on the change in optical and thermal parameters of
BeO ceramics as a result of high-dose irradiation with helium ions, the
accumulation of which occurs in the surface layer and can have a
negative impact on the properties of ceramics, alongside their operating

Optical Materials: X 24 (2024) 100375

modes in the case of work in extreme conditions.

By assessing the nature of changes in deformation distortions, it was
established that at low irradiation fluences, residual mechanical tensile
stresses play a dominant role in distorting the crystalline structure of the
damaged layer. While at the maximum irradiation fluence (3 x 107
He?*/cm?) an equally probable nature of the influence of residual me-
chanical stresses of tensile and compressive types, due to an increase in
the contribution of compressive stresses to deformation distortion, is
observed. The increase in compressive residual stresses at maximum
irradiation fluence is due to a rise in the concentration of complex de-
fects of the He - Vg type in the damaged layer, as evidenced by an
elevation in the intensity of the spectral line characteristic of this type of
defect. The irradiation temperature growth in this case can have a
negative effect on elevation of the damaged layer thickness, since under
high-temperature exposure the effects of thermal expansion, as well as
the diffusion of defects and implanted ions, are more pronounced.

The comparative analysis results of changes in the thermal conduc-
tivity coefficient of the studied samples by depth and structural disorder
degree, determined on the basis of changes in the FWHM values of
Raman spectral lines, showed a good correlation, reflecting the
connection between the damaged layer degradation and the deteriora-
tion of the thermophysical parameters.

Further studies in this direction will consist in the search for
enhancement of the stability of the near-surface layer of BeO ceramics to
swelling by changing the grain sizes, as well as using methods of creating
dispersion hardening in the near-surface layers due to external in-
fluences or size effects. In the future, much attention will also be paid to
the study of degradation mechanisms of ceramics in the case of irradi-
ation temperature variation.
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