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GENERAL DESCRIPTION OF THE THESIS

Relevance of the work: Investigation methods using electromagnetic waves and neutron
beams with wavelengths on the order of angstroms are employed in a wide variety of
fundamental, scientific-technical, and applied problems. They allow to study of the internal
structure of various materials and systems, including biological, organic, and microelectronic
components. The solution of these problems requires rapid control of beam parameters during
experiments, such as selecting primary beam energy, adjusting the angular position of beam
propagation, and performing focusing or defocusing. Typically, these tasks are performed
using specialized goniometric systems or pre-fabricated mirrors with specific geometries. In
other words, changing any beam parameter requires reconfiguring the experimental setup,
where the speed of mechanical system adjustments severely limits the time efficiency.

External influences with controllable parameters, such as acoustic oscillations,
temperature gradients, and static electric fields, applied to single crystals, can provide high-
speed methods for reshaping or reconfiguring X-ray and neutron beams. Research devoted to
revealing the peculiarities of the intensity redistribution of reflected X-ray beams in crystal
lattices under the influence of external acoustic waves or specific thermal fields is of great
importance. Several new phenomena have been discovered, in particular, the phenomenon of
full pumping from the transmitted direction to the reflected direction, as well as the control of
energy, spectral width, and focal length of reflected X-ray beams. This creates significant
opportunities for the design and development of X-ray and neutron optical elements with
controllable parameters. From this perspective, research aimed at the effective control of
short-wave radiation characteristics such as energy, monochromaticity, focal length, and
angular divergence is both important and relevant.

The aim of the thesis: The main objective of the work is to investigate the crystal lattice
deformations arising from external acoustic waves or specific temperature distributions in
single crystals and the formation of a dynamic scattering wave field of hard X-ray radiation

and thermal neutrons in these lattices. Specifically:
o To investigate the parameters of diffracted X-ray beams in single crystals of the
biphthalate family under the influence of acoustic waves.
o To investigate the peculiarities of X-ray beam intensity redistribution in quartz single

crystals in the presence of orthogonal acoustic waves.



o To investigate the parameters of X-ray beams reflected under Laue diffraction
geometry in single-crystal plates of different cuts under a temperature gradient applied
perpendicular to the same atomic planes.

e To investigate the focusing phenomena of reflected thermal neutrons and X-rays in

quartz single crystals with weak deformations.

To achieve this objective, the following practical tasks were solved:

— Generation of monochromatic X-ray beams with A8 ~ 5" angular divergence and
AJ/A = 1075 energy dispersion, as well as collimated polychromatic beams with A8 ~ 10" +
30" angular divergence.

— Preparation of flat single-crystal plates in the form of rectangular parallelepipeds with
high-quality processed surfaces, various orientations relative to crystallographic axes (cuts),
and thicknesses, with conductive layers deposited on their surfaces.

— Development and fabrication of various crystal holders for the simultaneous excitation
of orthogonal acoustic waves and the application of corresponding temperature gradients in
piezoelectric crystals.

Scientific novelty: It has been experimentally shown that:

o Crystals of the biphthalate family excited by acoustic waves can be used as elements

of controllable X-ray optics, particularly for obtaining intensity-modulated radiation.

e By simultaneously exciting longitudinal and transverse acoustic waves in a quartz

single crystal, it is possible to control both the intensity and the propagation direction of a

reflected X-ray beam. It is particularly important to note that independent transverse

acoustic waves allow for intensity control, while longitudinal waves enable control of the
reflected beam’s direction.

o In crystal samples with different cuts, the parameters of the deformation field formed

under the same temperature gradient values applied perpendicular to the (1010) reflecting

atomic planes differ significantly. Specifically, the bending radius of the atomic plane in
an X-cut crystal is always significantly smaller than in a Z-cut crystal.

e Under the same temperature gradient values, an X-cut quartz single crystal allows

pumping an X-ray beam from the primary direction to the reflected direction with greater

energy and angular aperture (up to 2 times) compared to a Z-cut crystal.

Theoretical research has shown that:



o In a deformed lattice of a single crystal caused by a temperature gradient, Bragg
diffraction of thermal neutrons under Laue geometry leads to a significant increase in the

reflected beam intensity and beam compression (focusing).

e By changing the crystal lattice deformation parameter, it is possible to control the

intensity and focal length of the reflected beam.

Practical importance: The obtained results can be used for exciting acoustic waves in
piezoelectric crystals, studying their parameters, investigating deformations in single crystals,
analyzing the processes of chemical reactions, and creating optical elements for X-ray
radiation and neutrons. Furthermore, they are applicable in X-ray lithography, condensed
matter physics, X-ray spectroscopy, microscopy, X-ray diagnostics, and other applied fields.

The basic results to be defended are as follows:

o First-time investigation of the behavior of diffracted X-ray beams as a function of the

amplitude of an acoustic wave excited along the thickness of biphthalate family single

crystals, demonstrating their potential as elements for controllable X-ray optics for
intensity-modulated radiation.

o First-time investigation of X-ray diffraction from atomic planes in a quartz single

crystal under simultaneous kHz and MHz acoustic waves under Laue geometry. It is

shown that by varying the amplitude of transverse (MHz) acoustic waves, one can control
reflected beam intensity and monochromaticity, while varying longitudinal (kHz) wave
amplitude controls the beam direction.

o Experimentally investigated the peculiarities of deformation fields and X-ray

reflection parameters in X-cut and Z-cut quartz plates under temperature gradients, it is

shown that X-cut crystals are more efficient for controlling X-ray parameters than Z-cut
crystals.

o A new type of X-ray spectrometer with controllable parameters (resolution,

luminosity ) was developed, which made it possible to increase the resolution up to 2 times

compared to other spectrometers.

o The dependence of the diffraction focusing behavior of thermal neutrons in weakly

deformed single crystals on the radius of curvature of the reflecting planes was

theoretically studied. It was shown that, depending on the radius of curvature, the focus



inside the crystal shifts toward the exit surface, while outside the crystal, it shifts in the

opposite direction.

Presentation of the Work: The results presented in the thesis have been reported and
discussed at international conferences: «Electron, Positron, Neutron and X - Ray Scattering
under External Influences», Yerevan-Meghri: 2015, 2017, 2019, 2021, 2023, 2025,
«DIMEKTPOHHO- Ty UeBBIE TEXHOTIOTUH F PEHTIEHOBCKAS OIITHKA B MUKPOJIeKTpoHmKe-KDJI Ty,
UepHoromnoska- Poccust 2021; «1st, IT and II1, IV International Scientific School-Conferences
on Acoustophysics named after Academician A. R. Mkrtchyany, Yerevan — Sevan, Armenia,
2022, 2023, 2024, 2025; International Symposium «Radiation from Relativistic Electrons in
Periodic Structuresy, RREPS, 2023; «Charged & Neutral Particles Channeling Phenomenay,
Channeling-2023, as well as in general and laboratory seminars at the Institute of Applied
Problems of Physics of the NAS of the Republic of Armenia.

Publications: The main results of the thesis are published in 22 works: 8 scientific articles
and 14 conference proceedings.

Structure and Volume: The thesis consists of an introduction, four chapters, and a

conclusion, totaling 118 pages, including 20 figures and a list of 105 references.

CONTENT OF THE THESIS

In the Introduction, the relevance of the thesis topic is substantiated, and the objective of
the research work, its scientific novelty, practical significance, and the main provisions
presented for defense are formulated.

The first chapter presents a detailed analysis of the literature on X-ray diffraction
phenomena from crystals subjected to external static (temperature gradient, uniaxial
compression, etc.) and dynamic (bulk and surface acoustic waves) influences. A brief
overview of theoretical and experimental research related to the topic and an analysis of
existing scientific results are presented. Some theoretical foundations are also presented, based
on which research related to the presented dissertation was conducted.

In the second chapter, several peculiarities of the spatio-temporal parameters of X-ray

beams formed as a result of Laue geometry Bragg diffraction in various single crystals under

the influence of external acoustic waves are investigated.
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In the first paragraph ofthis chapter, to expand the possibilities for obtaining controllable
X-ray beams and to search for new materials, the peculiarities of the intensity redistribution
of diffracted radiation from potassium and rubidium biphthalate crystals under acoustic
oscillations were investigated. X-ray diffraction studies ofthe crystal samples were conducted
on a TRS laboratory diffractometer using a two-crystal scheme (see Fig. 1). Their amplitude-
frequency characteristics were measured, and the resonant frequencies of the electromagnetic
signals from the generator for exciting thickness-mode acoustic oscillations were determined:

for rubidium biphthalate f = 737.288 kHz and for potassium biphthalate f2= 794.648 kHz:

Sample

Fig. 1. Experimental setup and photographs ofthe samples, as well as the sample installed

on the diffractometer with its holder.

During the investigation, the dependence of the intensity of X-ray beams reflected from
the (004) atomic planes of potassium and rubidium biphthalate crystals on the crystal rocking
angle around the precise Bragg angle was recorded in the presence of acoustic oscillations
with different amplitudes in the crystals.

The dependencies shown in figure 2 indicate that the peak value of the rocking curve
increases by one and a half to two times in the presence of acoustic oscillations, while no
change in the shape of the rocking curve is observed. For the rubidium biphthalate crystal, the
half-width ofthe rocking curve also remains unchanged. This indicates that there is a pumping
from the transmitted direction to the reflected direction. In this regard, the single crystal of
rubidium biphthalate stands out, for which intensity redistribution from the transmitted to the
reflected direction is observed without broadening ofthe rocking curve, which can be used for

obtaining intense, monochromatic, and modulated X-ray beams.
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Angular position, ang.sec

Fig. 2. Dependence of the intensity of X-ray radiation reflected from the (004) atomic
planes of potassium (a) and rubidium (b) biphthalate crystals on the crystal rocking angle

around the Bragg angle (1) in the absence and (2) in the presence of acoustic oscillations.

In the second paragraph, for the purpose of controlling the intensity and propagation
direction of X-ray beams, the rocking curves of X-ray beams reflected from the (1120) atomic
planes of a quartz single crystal under Laue geometry were investigated from different regions
of the crystal. Their behavior was studied in the absence of acoustic waves, in the presence of
thickness-mode and length-mode acoustic waves, and simultaneously in the presence of
acoustically excited oscillations along both length and thickness.

As seen in figure 3, the investigations show that the presence of length-mode acoustic
oscillations in the single crystal leads to a change in the half-width of the rocking curve of the
(1120) reflecting atomic planes. The magnitude of this change depends on the region ofbeam
incidence on the crystal, and the rocking curve is widest in the regions of oscillation where the
interplanar distances change the most. In the case of thickness-mode acoustic oscillations, the
opposite picture is observed: bending of the reflecting atomic planes occurs, which leads to a
change in intensity (increase), while the reflection angle and the half-width of the rocking
curve do not change. From curve 4, it is evident that in the presence of simultaneous length
and thickness-mode orthogonal acoustic oscillations in the crystal sample, the behavior ofthe
rocking curve half-width change along the crystal is the same as in the case of only length-
mode acoustic oscillations (curve 2). This indicates that longitudinal acoustic waves are
responsible for the change in the half-width of rocking curves, leading only to a change in
interplanar distance, while transverse acoustic waves are responsible for the bending of the

reflecting atomic planes, leading to a 2 to 3-fold increase in the intensity ofthe reflected beam.
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Therefore, the obtained results indicate that a system with a resonator-crystal configuration
allows for simultaneous excitation of acoustic waves along both thickness and length in a
quartz single crystal, and simultaneously controls the intensity and direction of the reflected
X-ray beam. Moreover, independent transverse acoustic waves allow for intensity control of

the beam, while longitudinal acoustic waves control the direction of the reflected beam.
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In the third paragraph, for the purpose of developing and creating acousto-optic elements
for simultaneous and effective control of X-ray radiation spatiotemporal parameters, the
behavior of the intensity and rocking curves of X-ray beams reflected from (1011) atomic
planes under Laue geometry, depending on the parameters of orthogonal acoustic waves
excited in a quartz single crystal, were investigated. A crystal-resonator with a special
structure (Fig. 4a) was prepared on a 38x10x1 mm3aquartz single crystal of X-cut to excite
acoustic oscillations in mutually perpendicular directions. To ensure independent control of
the parameters of acoustic waves excited in mutually perpendicular directions, the surfaces of
the single crystal were coated with two pairs of conductive contacts: one pair was used for
exciting length-mode acoustic oscillations, and the other pair for exciting thickness-mode
acoustic oscillations. The results of the investigation showed that such a crystal-resonator
allows for the simultaneous excitation of two independent mutually perpendicular acoustic
waves and provides independent control of the parameters of these oscillations in the MHz
and kHz ranges. In the investigation of the behavior of the intensity and rocking curves of X-
ray beams reflected from (1011) atomic planes under Laue geometry, depending on the
parameters of orthogonal acoustic waves excited in a quartz single crystal, it was observed

that X-ray-acoustic redistribution occurs, manifested by an increase in the diffracted radiation
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intensity due to the formation of thickness-mode standing acoustic waves, as well as an
increase in the rocking curve half-width (obtaining a double-peak rocking curve) caused by

the formation of standing waves during length-mode oscillations in the crystal.

Fig. 4. (a) Crystal-resonator for exciting acoustic oscillations in mutually perpendicular
directions, and (b) rocking curves of X-ray reflection from (1011) atomic planes of a quartz
single crystal: 1) without oscillations, 2) only with length-mode oscillations (oscillation
frequency 132.1 kHz, voltage 45V), 3) only with thickness-mode oscillations (oscillation
frequency 2.7744 MHz, voltage 35V), 4) with orthogonal oscillations (signals with a
frequency of 2.7744 MHz at a voltage of 35V and a frequency of 132.1 kHz at a voltage of 45
V), and 5) with orthogonal oscillations but a larger amplitude of thickness-mode oscillations
(signals with a frequency of 2.7744 MHz at a voltage of 100V and a frequency of 132.1 kHz
at a voltage of 45V).

As a result, thickness-mode acoustic oscillations allow for control of the intensity of the
reflected X-ray beam, while length-mode acoustic oscillations allow for control of the
reflection angle of the X-ray beam. Thus, the first working prototypes of combined X-ray
optics elements have been developed, fabricated, and proposed.

The third chapter investigates the peculiarities of Laue geometry diffraction in quartz single
crystals of different cuts under the influence of an external temperature gradient, as well as the
development of methods for determining the spectral decomposition of reflected X-ray beams

and deformations induced in the crystal.
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In the first paragraph, the bending behavior of (1010) atomic planes in rectangular X-cut
(t=5.72mm) and Z-cut (t=6.7mm) quartz single-crystal samples under a temperature gradient
were studied using X-ray diffractometric methods. The goal of the research was to determine
which quartz crystal cut should be selected, based on the anisotropy of thermal conductivity
and thermal expansion coefficients, to achieve greater deformations at lower temperature
gradient values. The experiment was performed using an X-Ray tube with an Ag-anode,
operating at a voltage of 38keV and an anode current of 22mA.

The experiments were performed in Laue symmetric geometry of Bragg diffraction, using
a collimated polychromatic X-ray beam as the primary beam. Figure 5 illustrates the
experimental setup and a schematic view of the prepared samples. The experimental results
showed that, due to thermal conductivity anisotropy in quartz samples of different
crystallographic cuts, the deformation field parameters (the radius of curvature of reflecting
atomic planes and the difference in interplanar distances) differ significantly at the same

temperature distribution on the heated surfaces parallel to the reflecting (1010) planes.

Fig. 5. a) Experimental scheme; b) Schematic representation of the prepared samples.

Specifically, the radius of curvature of the (1010) atomic planes in the X-cut crystal is
significantly smaller than that in the Z-cut crystal (Fig. 6). The focal lengths of the
polychromatic X-ray radiation (AgKai, AgKa2) diffracted from X-cut and Z-cut samples

n



differ: focal lengths for the X-cut are shorter than those for the Z-cut. These focal lengths
depend not only on the radius of curvature of the reflecting atomic planes but also on the

difference in interplanar distances in the formation region ofthe AgKai and AgKa2beams.

Fig. 6. Dependence ofthe integral intensity of X-ray radiation reflected from the (1010) and

(2020) atomic planes of X-cut (a) and Z-cut (b) quartz crystals on the temperature gradient.

In the second paragraph, the diffraction peculiarities of a narrowly collimated X-ray beam in a
quartz single crystal under a temperature gradient were studied in detail. For the X-cut quartz
single crystal, the greater bending of (1010) atomic planes at smaller temperature gradient
values, combined with the possibility of reflecting different wavelengths (AgKai and AgKa2)
in Laue geometry for a narrow-collimated beam, provide a foundation for developing a new
type of X-ray spectrometer with controllable parameters (resolution, luminosity). For this
purpose, an X-cut quartz single-crystal (35x32x6.77 mm3 sample was studied. The
temperature gradient was applied perpendicular to the mentioned planes using a nichrome coil
(up to 700°C). The experiments were carried out in Laue symmetric geometry using a
collimated polychromatic X-ray beam.

The intensity distribution of the diffracted beams was recorded using a coordinate detector.
Fig. 7 shows the intensity distributions in cross-sections of the X-ray beam for the (1010)
reflections from a quartz single crystal for different values of the thermal gradient at distances

of 134 cm and 180 cm from the crystal exit surfaces.
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Fig. 7. Topograms of the X-ray beam
reflected from the atomic planes of a
quartz single crystal (1010) for
different values of the temperature

gradient and different distances.

The presence of the temperature gradient in the crystal leads to bending of the (1010)
planes and it’s increases leads to decrease of the radius of the curvature, which leads to the
satisfaction of the Bragg condition for AgKaz2radiation as well. A significant narrowing of the
transverse cross-section of the reflected beam was observed, indicating a limitation of the
diffraction region. This allows for the extraction of specific wavelength beams from the X-ray

spectrum from different regions of the beam propagation direction inside the crystal.

Fig. 8. X-ray the rocking curves
obtained from the crystal analyzer
for different values of crystal edge
temperature  (room  temperature
(230C), 700C, 1700C, 2700C, 3700C
k 4300C)

For a more detailed analysis of spectral decomposition, an X-cut 0.29 mm thick quartz
crystal analyzer was used (in atwo-crystal (n, n) scheme) at a distance of 55cm from the crystal
sample. Rocking curves were recorded using a rotating stepping platform with an accuracy of

13



0.7". Figure 8 shows the rocking curves obtained for different values of the temperature gradient
in the crystal, from which the angular divergence and angular distances between characteristic

lines reflected from the crystal sample (the first single crystal) were measured for different

gradient values. Expressions for the spectral width (~ * tctg9°), linear dispersion @l =

2Rt2n e), and angular dispersion (/;‘ = Zt%n 0) ofthe resolved beam were derived. It was shown
a

that the spectral width of the resolved beam significantly depends on the sample thickness (t)
and the radius of curvature (R) of the reflecting atomic planes. Linear dispersion depends
directly on the deformation parameter, while angular dispersion is independent of deformation.
Based on the obtained results, a new type of X-ray spectrometer with controllable
characteristics (resolution, luminosity) was developed, enabling an increase in resolution by up
to 2 times compared to other spectrometers.

The fourth chapter is dedicated to theoretical research concerning the problems of
dynamical diffraction ofthermal neutrons and X-rays. Paragraphs one through four of the fourth
chapter present the results of research dedicated to the problem of dynamical X-ray diffraction
from a point source in a crystal lattice with a continuous and weak deformation field. These
results are based on the integral formulation of solutions represented via the Green-Riemann
function for hyperbolic differential equations, which describe the propagation of scattered X-
ray wave amplitudes within the crystal lattice. The conditions for the diffraction focusing of
one of the wave modes both inside the crystal and in the vacuum outside the crystal have been

examined.

Fig. 9. Schematic representation of the diffraction field of
a crystal lattice and the corresponding characteristic
points: F(0,zf) - focal point; B1(x1, z1) and B2( -x1, z1) are
the points of approach to the Bragg condition of the
corresponding wave components; B3(x2, z2) and B4(-x2,
z2)) are the points of departure from the Bragg condition
ofthe corresponding wave components, C1(0, C2(0, z0) are

the points satisfying the exact Bragg condition.
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The principles of formation of the dynamical X-ray diffraction field from a point source in a
crystal lattice with a continuous and slowly varying deformation field were examined, and

several characteristic parameters of this field were calculated (Fig. 9).
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a given angular deviation A9 enters and exits the angular range of Bragg reflection is Az =

wasgs. As R—0 (strong deformations), both parameters approach zero.

This indicates that the turning points of the trajectories move toward the entrance surface

of the crystal, and the spatial displacements of beams with different energies are determined by
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the condition 6x =

Within the framework of Takagi’s equations, which describe the propagation of transmitted
and reflected wave amplitudes in the lattice, analytical solutions are provided for the
dependence of the diftraction field amplitudes on deformation parameters. The angular width
of the reflected X-ray radiation and its dependence on the single-crystal thickness were studied.
It was shown that as the deformation increases, the crystal rocking curves gradually broaden,
and their maximum intensity increases, reaching unity (the case of complete transfer). With
further increases in the deformation of the reflecting planes, the rocking curves continue to
broaden, and their maximum slowly decreases. It was also shown that in the case of complete
transfer, the angular width of the X-ray beams is directly proportional to the thickness of the
crystal sample. A theoretical interpretation for all observed phenomena was provided, based on
Takagi’s equations and the eikonal approximation. Figs. 10 and 11 present the spatial
distributions of relative intensity in the reflected beam in the lattice and vacuum at focal planes,
at different depths within the lattice, and at different recording distances in vacuum. The
problem of wave-field formation in the dynamical diffraction of X-rays in a crystal lattice with
continuous, weak deformations was considered when the diffraction vector is parallel or

antiparallel to the temperature-gradient vector.
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Fig. 10. The spatial distribution of the relative intensity of reflected radiation within the
crystal at different depths: a. g=0. 1) z=0.0137 cm, 2) z=0.02 cm, 3) z=0.01cm; b. g=10m-1. 1)
z=0.0137 cm, 2) z=0.02 cm, 3) z=0.01 cm.

Fig. 11. The spatial distribution of the relative intensity of the reflected beam at different
distances from the crystal in the recording plane: a. g=0. 1) L=5,29m, 2)L=3,29m, 3)L=8,29m;
b. g=10m-1 1)L=5,29m, 2)L=3,29m, 3)L=8,29m.

The final three paragraphs address the problem of dynamical diffraction of thermal
neutrons from a point source in a crystal lattice with a weak deformation field. The study is
based on the asymptotic representation of the Green-Riemann function for hyperbolic
Hamilton-type equations, which describe the propagation of quasi-amplitudes of scattered

thermal neutrons within the crystal lattice. The conditions for the focusing of one of the wave

16



modes in the crystal lattice are examined. The fundamental parameters of the focal spots within
the lattice were studied as a function of the distance between the thermal neutron source and
the crystal. The behavior of these focal spot parameters was also analyzed in detail, depending
on the deformation field parameter. Figure 12 displays simulated computer images of the

formation of wave diffraction fields within the lattice

Fig. 12. Energy density distribution of the scattered thermal neutron field in the crystal.

Source-crystal distance 10 m. a) ot perfect lattice b) R=130m, ¢) R=80m

The interference fringes of the ‘Pendellosung’ solution are presented as V-shaped lines,
resulting from the interference of the two modes of the reflected wave field. The vertices of
these fringes point in opposite directions before and after focusing; that is, the interference
fringes undergo inversion upon crossing the focal plane. Before the focal plane, converging
neutron beams interfere, whereas after this plane, diverging beams interfere.

The mapping of the thermal neutron diffraction field in vacuum was performed using the
first-Born approximation, which describes the formation of the field in vacuum based on the

corresponding formulas for the diffraction field ofthe crystal lattice:
“ eik\r-r’\
Un(r) = —kJJ Ue(r)-\ jjdx'dy’

Integral formulations for the quasi-amplitudes of wave fields formed in vacuum were
derived. Based on these formulas, further calculations were performed numerically, depending
on various factors determining this distribution, particularly the distance L from the crystal plate
to the registration plane and the radius of curvature R of the reflecting atomic planes. Figure 13
describes the dependence of the focal point shift, the diffraction compression ofthe beam wave
front, and the broadening of the focal spot in the beam propagation direction on the radius of

17



curvature R of the reflecting planes, at a given registration plane. The broadening of the focal
spot is explained by the fact that a decrease in the radius R narrows the angular aperture of the
reflected beam, which in turn leads to a spatial blurring of the focal point along the direction of

wave propagation.

Fig. 13. Distribution ofthe energy density ofthe scattered thermal neutron field in vacuum. The

source-to-crystal distance is 10 m. a) R otperfect lattice b) R=130m, ¢) R=80m
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CONCLUSION

o For the first time, the behavior of diffracted X-ray beams depending on the amplitude
of the acoustic wave was investigated in single crystals of the biphthalate family under the
conditions of Laue diffraction geometry, and it was shown that these crystals can be used as
controllable X-ray optics elements, in particular, to obtain intensity-modulated X-ray radiation.

o For the first time, the peculiarities of the pumped diffracted X-ray beam and the crystal
rocking curve in the presence of simultaneous kHz and MHz acoustic waves in a quartz single
crystal have been investigated. The studies were carried out in Laue geometry for different
atomic planes of X-cut and AT-cut crystals, and it was shown that by exciting transverse and
longitudinal acoustic waves in a single crystal, the intensity and propagation direction of the
reflected beam can be controlled independently of each other. In particular, by changing the
amplitude of transverse (MHz) acoustic waves, the intensity and monochromaticity of the
reflected beam can be controlled, and by changing the amplitude of longitudinal (kHz) acoustic
waves, the direction of the reflected beam can be controlled.

o The characteristics of the reflected X-ray beam and the deformation field generated in
the single crystal as a result of a temperature gradient applied perpendicular to the same atomic
planes in X-cut and Z-cut quartz single crystal plates were investigated. It was shown that in
the case of the X-cut single crystal, the control of the parameters of the reflected X-ray radiation
(monochromaticity, focal length, angular aperture, energy width, and intensity) using the
temperature gradient is more effective than in the case of the Z-cut crystal.

o A new type of X-ray spectrometer with controllable parameters (resolution and
luminosity) has been designed and developed, providing up to 2 times increased resolution
compared with conventional spectrometers.

o The diffraction focusing behavior of thermal neutrons and X-rays in weakly deformed
single crystals, as well as the dependence of the energy exchange between the two modes of the
reflected wave field on the radius of curvature of the reflecting planes, have been theoretically
investigated. It has been shown that energy can be pumped from a strong absorbing field to a
weak absorbing field depending on the magnitude and sign of the radius of curvature, although
the V-shaped layers of the “pendulum solution™ continue to be observed in the lattice as a result
of the interference of these fields.

o [t has also been shown that, in parallel with the increase in the radius of curvature, the
focus of thermal neutrons inside the crystal shifts towards the exit surface of the crystal, and

outside it shifts in the opposite direction.
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3AK/IIOYEHUE

e Brepssle B ycrnoBusxX judpaxiy B reoMeTpur Jlays B MOHOKpHcTaLIax cemeiicTna
Oudranara UccrIeOBAHO TIOBEICHHE OTPaKEHHBIX PEHTTEHOBCKUX ITyUKOB B 3aBUCHMOCTHU OT
aMIUTUTY /Il aKyCTHYECKOH BONMHBL [loKa3aHO, YTO 3TU KPUCTAUIEI MOTYT IPUMEHSTHCS B
KauyecTBe BJIEMEHTOB YIIPaBISIEMOM PEHTIEHOBCKON ONTHUKH, B YACTHOCTH, VI IIOTYUEHUS
PEHTTEHOBCKOT'0 MO/IYIMPOBAHHOTO 110 HHTEHCUBHOCTH H3/Ty YEHHUSI.

e BrepBrle  HccleIOBaHBI  OCOOEHHOCTH  IiepeGpocku  AUdparupoBaHHOTO
PEHTTEHOBCKOT'0 M3y UeHHUS ¥ KPUBOM KaudaHUsI MOHOKpPHCTAIIIA KBaplia IIPHU O THOBPEMEHHOM
BO3JIEHCTBUM aKycTHUeckuX BonH KlI-oro u MIm-oro juarazoHoB. HcciepoBaHus
IpoBeicHbl B yclnoBusX reomerpur Jlays st X-cpesa U AT-cpeza KpUCTaLIOB, IS
Pa3IUYHBIX aTOMHBIX IDIOCKOCTEH, M IIOKa3aHO, YTO IIPU OJHOBPEMEHHOM BO30YXKIECHUS B
MOHOKPHCTAJIIIE ITOTIEPEUHBIX U ITPO,IOIBHBIX aKyCTHYECKUX BOJIH MOKHO HE3aBHUCHMO JIPYT OT
JipyTa yIIpaBIsiTh UHTEHCUBHOCTHIO U HAIIPABIICHUEM PAcIIPOCTPAHEHUS OTPaKEHHOTO ITyUKa.
B uacTHOCTH, U3MEHEHHEM aMILTUTY IBI IIOIIEPEYHBIX aKyCTHUECKUX BOJH MOHO YIIPaBILITH
WHTEHCUBHOCTBIO W MOHOXPOMATHUHOCTBIO, & WM3MEHEHHEM aMIUTUTY/IBl IIPOJIOJIBHBIX
aKyCTHYECKUX BOJIH — HAaIIPaBIIEHUEM OTPaKEHHOTO ITyUKa.

e lccremoBansl  ocoOeHHOCTH — JeDOPMAITMOHHOTO  IIOJISI,  BO3HHUKAIONIErO0 B
MOHOKPHCTAIUTMYECKUX IUIaCTHHAX KBapIia X-cpeza U Z-cpes3a IoJ| JIeHCTBUEM TeIUIOBOTO
I'pajiieHTa, IPIWIOKEHHOTO IEPIICH/UKYIIPHO TeM K€ aTOMHBIM IUIOCKOCTSIM, a TakkKe
XapaKTePUCTUKU  OTPa)XKEHHOI'O  PEHITEHOBCKOIO  HM3IyueHws. [lokasaHo, uro st
MOHOKpHCTa/Ia X-cpe3a yIIpaBlI€HHE I1apaMeTpaMd  OTPaXEHHOI'O PEHTTCHOBCKOIO
HU33Ty4yeHUs] (CTelleHb MOHOXPOMAaTHUYHOCTH, (OKYCHOE paccTOSHHE, YITIOBas aleprypa,
SHepreTuyecKas MUpHUHA U HHTEHCHBHOCTH ) C TIOMOITIBIO TEIDIOBOTO I'pajueHTa S(dekTHBHEE,
yeM JUII KpucTaiia Z-cpesa.

e PaspalGoraH ¥ cO3/laH HOBBII THII PEHITEHOBCKOTO CIIEKTPOMETPA C YIIPaBISIEMBIMU
rapaMeTpaMy  (CIIEKTpalbHOE —pa3pellieHHe, CBETOCHIA), IIO3BOILIOIIETO  YBETHYUTH
CIIEKTPAIIbHOE Pa3pelieHre B 2 pasa 0 CPaBHEHHUIO ¢ IPYTUMH CIICKTPOMETPaMH.

e TeopeTuyecku paccMOTpEHa 3a/1a4ua 0 HOPMUPOBAHUU TUPPAKIMOHHOTO TIOJISI B ¢1ab0
JePOPMUPOBAHHOM ~ MOHOKpUCTAUIE.  AHAIM3UPOBAHBl  YCIOBUS  MPPAKIOHHON
(OKYCUPOBKH TEIUIOBBIX HEHTPOHOB U PEHTIEHOBCKOTO M3ITydeHWs. JlaHa MHTEpIIpeTaryst
SIBJIEHHIO T1epeOPOCKU SHEPIUM MEK/Iy BOJHOBBIMH MOJAaMU U BIMSIHHE OOMEHa 3HEPIUu
MEKJTY JABYMsI MOJIaMH TP GOPMHUPOBAHUH TUPPAKITMOHHOTO BOITHOBOTO TTo1s. [ TokasaHo, 4to
B 3aBHUCHMOCTH OT BEIWYMHBI U 3HAKa PaJdyca KPUBHU3HBI BHEPIUS OT IIPOXOJSINETo II0Ns
MOXET IIepefiaBaThCsl K OTpa’keHHOMY IO M HaoGoporT. llpu sTOoM B pesyipTare
UHTepEPEHIMU 3TUX II0NEH B peIeTKe Mo-IIpeKHeMy HaOTIoqaroTest V-00pa3Hble IOI0CH
«MAasITHUKOBOTO PEITICHYISD.

e JlokazaHo, YTO C YBeIHWYEHUEM Dajiyca KPUBU3HBI aTOMHBIX INIOCKOCTEH (QOKycHOE
IISTHO TEIUIOBBIX HEHTPOHOB BHYTPH KpHCTallla CMEINAeTcsl K BBIXOJHON IIOBEPXHOCTH
KpHCTallIa, a M300pakeHne ITOro IHITHA BHE KPUCTAIa — CMEITAETCs B IIPOTUBOIIONIOKHOM
HAaIIpaBJICHUH.
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