
Abstract.We provide a review of recent research concerning the
interference of several scattering channels of synchrotron radia-
tion with wavelengths near the atomic absorption edges in
crystals. The experimental conditions and theoretical ap-
proaches that yield the possibility of separating the contribu-
tions to the intensity of Bragg reflections from different types of
scattering are considered, specific examples of studies are
given, and the role of interference is discussed. It is shown that
the resultant data yield unique information about different types
of ordering (structural, charge, magnetic, etc.) at the atomic
level and their dynamic behavior under external influences.
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1. Introduction

Modern technical progress calls for the development of a wide
range of materials with controlled functional properties that
depend on different types of ordering (structural, charge,
magnetic, etc.). In order to control such properties, it is
necessary to have tools for obtaining the most complete
information about ordering under different external conditions.

Among the traditional methods for studying structural
and electronic ordering are X-ray diffraction methods [1].
Such methods provide information averaged over a group of
scattering atoms. The need to obtain local nonaveraged data

invited the development of resonance X-ray methods. These
methods analyze the absorption and scattering spectra of
radiation with an energy close to the absorption edges of any
atom of the substance under study [2±7], which makes it
possible to obtain new unique information about different
types of ordering of functional materials and their dynamic
behavior under external influence [7±9].

The practical implementation of X-ray resonance meth-
ods is inextricably linked to the use of synchrotron radiation
(SR) sources, which have awide continuous spectrum ranging
from the infrared to the X-ray region and the ability to `tune'
to resonance studies of strictly defined chemical elements.
Due to the simple experimental setup [8], resonance methods
have historically been more extensively used in absorption
(transmission) geometry, but recent years have seen increas-
ing interest in elastic scattering geometry: diffraction spectro-
scopy, where a study is made of the spectral composition of
Bragg diffraction reflections. Using X-ray diffraction spec-
troscopy, charge, magnetic, and orbital ordering in crystals of
different symmetry [10±12] has been studied, including
elements from virtually the entire periodic table, from carbon
to actinides [13, 14].

As iswell known, in the case of coherent elastic scattering of
SR in crystals, regular extinctions are observed in the resulting
diffraction pattern, i.e., the absence of certain diffraction peaks
(reflections) due to the destructive interference of waves
scattered by crystallographically equivalent atoms. The set of
such extinctions is determined by the space group of the crystal
[15], and the conditions limiting the possible diffraction
reflections (extinction rules) are obtained under the assump-
tion that atoms in equivalent positions scatter SR once and
isotropically [16], regardless of the orientation of their local
environment. Actually, due to interaction with each other,
atoms in equivalent crystallographic positions may be none-
quivalent in terms of their interaction with SR, i.e., anisotropy
of scattering arises [17], and this anisotropy is associated
precisely with the local orientation of the atomic environ-
ment, with the direction of magnetic and multipole moments,
etc. A consistent description of the anisotropy of SR scattering
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by atoms of a substance relies on quantum-mechanical theory
and requires knowledge of the atomic and crystalline wave
functions of electrons [18±23]. The physical causes of the
anisotropy consist in the distortion of the atomic electron
wave functions by the crystalline field and spin-orbit interac-
tion [24, 25] and are caused, for example, by the asymmetry [26,
27] and local chirality [28, 29] of the environment of the
scattering atom or thermal vibrations [30]. To describe the
anisotropic properties of synchrotron radiation scattering by
atoms, use is made of tensor corrections to the X-ray
polarizability of the medium, whereas the main (potential)
part of the polarizability is isotropic.

In the formation of the spectra of allowed diffraction
reflections, the main role is played by strong nonresonant
potential (Thomson) isotropic scattering of SR by the
electron density of the atom, with the inclusion of the scalar
dispersion corrections, while the resonance effects of scatter-
ing anisotropy are weakly pronounced [16, 23, 24]. To study
such subtle effects, advantage is taken of the spectra of
resonance forbidden Bragg reflections, which arise at the site
of regular extinctions, where the extinction rules suppress the
main isotropic channel of SR scattering by atoms [31, 32]
(reviews of early studies are given in Refs [24, 33]).

In some cases, forbidden reflections can be caused by the
simultaneous presence of several anisotropic factors [34].
Then, one more unique feature appears in their spectral
dependences: the interference nature of resonant scattering.
Specifically, observation of the interference of dipole-quad-
rupole and thermally induced resonant scattering in germa-
nium crystals, wurtzites, and ferroelectrics with a KDP-type
structure made it possible to determine the frequencies of
phonon modes, the correlation functions of atomic displace-
ments, and the defect activation energies [35±37]. The
interference of nonresonant magnetic and resonant quadru-
pole SR scattering made it possible to reveal a change of sign
of the Dzyaloshinskii±Moriya interaction in a number of
isostructural compounds of transition metals [38±42]. The
interference of resonant and nonresonant SR scattering
channels, despite the fact that the amplitude of anisotropic
resonant scattering is usually several orders of magnitude lower
than the amplitude of isotropic scattering, was used in Ref. [43]
to study the formation of a polar phase in nonpolar strontium
titanate under the action of an external electric field. In turn, the
difference among the polarization characteristics of SR scatter-
ing channels, in principle, permits separating resonant scatter-
ing from strong scattering by electron density [44], which is
especially important in the study of those functional materials
in which there are no diffraction reflections forbidden by
symmetry. A separate issue is the existence of additional
`cross' terms [45] in scattering amplitudes, but they have not
yet been experimentally detected due to their smallness.

Considered in this paper are several recent examples of the
existence and practical use of interference of different SR
scattering channels in crystals, which are interesting from a
physical point of view.

2. Intensity of Bragg reflections
with inclusion of resonance contributions

In X-ray diffraction methods for condensed media research,
the main quantity characterizing the interaction of radiation
with matter is the atomic scattering amplitude (atomic
scattering factor), which determines the amplitude of the
wave scattered by one atom of matter [16]. With the inclusion

of all components arising both near and far from the
absorption edges, this quantity is of the form [45, 23]

fi j�E � � f �nr�di j � f
�magn�
i j � f

�an�
i j �E � ; �1�

where the nonresonant part of the atomic scattering ampli-
tude f �nr� �� f0 � f 00�E � � if 000 �E ��, f0 is the amplitude of
potential scattering, f 00 and f 000 are the real and imaginary
parts of the correction, which include the isotropic part of the
dispersion and absorption effects �� 10ÿ1f0�, f

�magn�
i j

�� 10ÿ2 ± 10ÿ3f0� is the amplitude of magnetic nonresonant
scattering, and f

�an�
i j �E ��� 10ÿ1ÿ10ÿ2f0� describes anisotrop-

ic scattering.
In view of magnetic and anisotropic corrections to the

atomic scattering amplitude, the amplitude of diffraction
Bragg reflections with indices H � �h; k; l � is described by
the tensor structural amplitude

Fi j�H� �
X
m

f mi j exp fiHrmg ; �2�

where rm is the coordinate of the mth atom in the unit cell,
with the summation performed over all such atoms.

In the kinematic approximation of diffraction theory, the
intensity of diffraction Bragg reflections, considering the
anisotropy of absorption and scattering of SR, is defined by
the expression [46]

I�H� �
�1
0

jA�T̂sc F̂T̂in Pj2 dz ; �3�

where P and A� define the polarization states of the incident
and scattered radiation, respectively, F̂ is the matrix of the
structural amplitude in polarization indices, T̂in and T̂sc are
the radiation propagation matrices in the crystal in the
direction of the incident (in) and diffracted (elastically
scattered) (sc) waves, integration is performed along the
normal deep into the crystal surface, which is taken as semi-
infinite in the Bragg diffraction geometry, and the `+' sign
denotes complex transposition. The explicit form of the
radiation propagation matrices T̂in�T̂sc� is related to the
symmetry of the structure under study and the type of
resonant transition, and is given in Refs [47, 48].

In the presence of several different physical factors
responsible for the emergence of scattering anisotropy, the
matrix of the structural amplitude, accurate to quadrupole-
quadrupole terms of the expansion of the atomic scattering
factor, has the form [34]

Fab �
X
m; p

e �in�a e
�sc��
b

�
f �nr�m �D

m; p
ab � i

ÿ
k �in�g I

m; p
abg ÿ k �sc�g I

m; p
bag

�
� k �in�g k

�sc�
d Q

m; p
abgd

�
exp fiHrmg ; �4�

wherem is the number of the atom in the unit cell, k �in�; �sc� and
e �in�; �sc� are the wave vectors and polarization vectors of the
incident and scattered radiation, a and b denote two
orthogonal polarizations, and the summation is performed
over the repeating indices g and d. For the dipole-dipole,
dipole-quadrupole, and quadrupole-quadrupole components
of the anisotropic part of the mth atomic scattering factor
generated by the pth physical cause, we employ the notation
D

m; p
ab , I

m; p
abg , and Q

m; p
abgd, respectively [23, 49]. These tensor

quantities are generally complex, and they depend reso-
nantly on the energy of the incident radiation.

So, although the structural amplitude is represented by a
linear combination of different contributions, the intensity of
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diffraction reflections, proportional to itsmodulus squared, is
no longer equal to the sum of the intensities corresponding to
each scattering channel separately. Specifically, because all
secondary waves resulting from various physical processes
are coherent [47], they interfere, and in the expression for the
intensity of diffraction Bragg reflections interference terms
arise, which may greatly change both the intensity and the
polarization properties of the reflections.

Despite the fact that resonant diffraction Bragg reflec-
tions have been repeatedly observed, the interpretation of the
resultant experimental data is a very difficult task, since it
requires knowledge of the wave functions of the excited states
of the crystal atoms. So far, there are no methods for solving
the inverse problem, and for solving the direct problem, i.e.,
modeling the intensity of diffraction reflections, the programs
that enjoy the widest application are FEFF9 [50], WIEN2k
[51], and FDMNES [52].

3. Several resonance channels
of X-ray scattering

When studying the spectra of forbidden diffraction reflec-
tions, the problem arises of finding conditions whereby not
only allowed reflections are absent, but so is the indirect
multiwave excitation of forbidden reflections via allowed
ones [53]. By tuning out from nonresonant scattering
channels [54], one may discover, however, that the spectra of
forbidden reflections sometimes cannot be described by only
one type of resonant scattering.

Interference phenomena occur when several physical
mechanisms contribute to the same diffraction reflection. To
date, quite extensive studies have been done on structures in
which several types of atomic ordering are present, while
resonant scattering by different substructures makes contri-
butions to different diffraction reflections. For instance, in
the La0:5Sr1:5MnO4 crystal, charge, magnetic, and orbital
ordering on manganese atoms gives rise to different types of
diffraction reflection satellites due to the difference among the
periods of the corresponding substructures [10, 11]. There are
also cases in which additional reflections are integers, but
their observation conditions do not coincide; an example is
the GdB4 crystal, where dipole-dipole and magnetic resonant
scattering are present, but the magnetic contribution is absent
above the Neel temperature [55]. In all these cases, inter-
ference phenomena due to the simultaneous presence of
several scattering channels do not manifest themselves.

One of the striking examples of the simultaneous existence
of several channels of resonant SR scattering and the
possibility of their separation is the (006) reflection in
germanium crystals. The Fd �3m space symmetry group of
germanium prohibits the existence �0kl � of diffraction reflec-
tions, where k� l � 4n� 2. Furthermore, since the symmetry
of the equilibrium position of germanium atoms is cubic 4�3m,
with the inclusion of only the dipole-dipole component of
resonant scattering, the structural amplitude of such reflec-
tions also vanishes. The spectrum of such a reflection was
measured in several SR sources andwas initially described as a
result of dipole-quadrupole resonant scattering [26]. However,
this assumption could not explain the increase in the intensity
of purely resonant Bragg reflections Ge(002) and Ge(006):
these appeared with increasing temperature at an incident
radiation energy near the K-absorption edge, which was first
experimentally observed inRef. [56]. This behavior of intensity
is anomalous, since the intensity of allowed reflections

decreases with increasing temperature, which is described by
the Debye±Waller factor [16, 57].

To describe this phenomenon, a model was proposed in
[30], in which an assumption was made about the existence,
apart from dipole-quadrupole scattering, of an additional
resonance component of the atomic scattering factor caused
by a decrease in the symmetry of the instantaneous positions of
germanium atoms due to thermal vibrations. The interference
of the two specified SR scattering channels is not strongly
manifested in the spectral shape of forbidden reflections, and
their separation turned out to be possible due to the influence
of an external factor: temperature. Its variation changes
greatly the ratio of the magnitude of the two contributions to
the intensity of the diffraction reflection. A comparison with
this theory made it possible to explain the experimental results
for germanium in a wide temperature range [35, 56].

A significantly different effect arises from the interference of
the dipole-quadrupole and thermally induced scattering chan-
nels in forbidden reflections observed in ZnO andGaN crystals
with a wurtzite structure [36, 58, 59] near the K-absorption
edges of zinc and gallium, respectively. Similar to the case of
germanium crystals, they have two channels of resonant
scattering. However, the interference of these channels entails
a significant rearrangement of the Zn(115) and GaN(115)
forbidden reflection spectra with temperature (Fig. 1a).

One can see from Fig. 1a that the spectral shape of the
ZnO(115) reflection changes markedly with temperature. To
explain this effect, a model of one low-lying optical mode was
proposed. According to this model, the structural factor of the
forbidden diffraction reflection can be represented as a linear
combination of a temperature-independent (dipole-quadru-
pole) and a temperature-dependent (thermally induced)
component. Such a simplified model, by and large, made it
possible to describe the observed phenomenon. To clarify the
resultant data, an ab initio simulation of the phonon vibration
modes and displacement correlations of zinc and oxygen
atoms in w-ZnO was performed. Comparing the results of
quantum mechanical simulations and a simplified approach,
which took into account one low-lying vibration mode,
showed that the results are hardly different at high tempera-
tures, but differ at temperatures below about 600 K (Fig. 1b).
The difference can be attributed to the fact that higher-
frequency optical vibration modes should also be taken into
account at low temperatures.

An even more interesting case is related to the existence of
three channels of resonant SR scattering in RDP (RbH2PO4)
and KDP (KH2PO4) crystals [60, 61]. Observed In these
studies was a jump in the intensity of forbidden diffraction
reflections near the K-absorption edge of rubidium and
potassium, respectively, which was caused by the removal of
the prohibition on dipole-dipole resonant SR scattering in the
para- to ferroelectric phase transition. However, not only do
the spectra rearrange with temperature in the paraelectric
phase, but they also develop a strong azimuthal dependence.
Figure 2a shows the reflection spectra of KDP(222) at several
temperature values at an azimuthal angle of 62�. To describe
the effects observed, in addition to the dipole-quadrupole and
thermally induced components of resonant SR scattering,
introduced into consideration was another physical mechan-
ism related to the symmetry of instantaneous proton config-
urations randomly filling only half of the crystallographic
position. In the proposed model, such configurations were
considered point defects that distort the local atomic
structure and cause additional anisotropy of the atomic
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factors of the surrounding atoms, with the result that the
resonant structural amplitude assumes the form

Fab � a dqF dq
ab � aTMIFTMI

ab �
X
X

aXFX
ab ; �5�

where the summation is performed over all the most probable
proton configurations, and a i are the temperature-dependent
partial mixing coefficients of the different components. Each of

these components has its own spectral dependence, but the
reflection intensity at each temperature is determined by the
interference of radiation caused by three scattering channels,
with the inclusion of themixing coefficients. Figure 2b shows the
calculated spectral dependences of the squares of the moduli of
the tensor coefficients, which enter in the various resonance
contributions. They mix differently at different temperatures,
which entails variations in the KDP(222) reflection spectrum.
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Proceeding from the resultant temperature dependences
of these coefficients, it was proved that, as expected, the
dipole-quadrupole scattering component was temperature
independent. The thermally induced dipole-dipole compo-
nent was described within the framework of one optical
vibration mode with an energy of 32 meV, and the dipole-
dipole components caused by instantaneous proton config-
urations were described within the framework of the
Arrhenius law with the activation energy of polar configura-
tions of 18:6� 0:5 meV and with the activation energy of the
most energetically favorable Slater-type configurations of
7:3� 0:2 meV. This is in reasonable agreement with other
existing experimental data (the geometry of both configura-
tion types is described at length in Ref. [37].

Similar studies are being actively pursued for various
materials at present and will undoubtedly continue in the near
future. For instance, it has recently been proposed in [62, 63] to
use the interference between charge and magnetic resonance
contributions to the diffraction of circularly polarized SR to
study RuO2 crystals, which are popular candidates for so-called
altermagnetics [64]. Interferencemakes it possible to analyze fine
details of magnetic ordering that are inaccessible to magnetic
neutron diffraction. Forbidden diffraction reflections in RuO2

have been reported earlier in several papers [65, 66], and their
detailed study using circularly polarized SR will allow us to
advance our understanding of the physics of altermagnetism.

4. Interference of nonresonance
and resonance X-ray scattering channels

To understand the physics of resonance SR scattering, it is
necessary to know not only the absolute value, but also the
phase of the resonant part of the atomic scattering amplitude.

In the examples discussed in Section 3, it is possible to find
only the ratio between different contributions to the resonant
atomic amplitude, while their absolute value can only be
found by analyzing the spectral dependence of the resonant
diffraction Bragg reflection produced by the interference of
the resonant and known nonresonant scattering channels.
This approach was first used in Ref. [67] for the experimental
determination of the absolute value and phase of the
resonance component of the atomic scattering factor of iron
in pyrite FeS2 from the interference pattern of the resonant
and multi-wave nonresonant scattering channels.

In Ref. [68], the spectral dependence of the absolute value
and phase of the resonant component of the atomic scattering
factor is determined from the interference of the resonant and
nonresonant channels of the (222) diffraction reflection in a
germanium crystal near theK-absorption edge of germanium.
This reflection is forbidden by the particular extinction rules
of the Fd �3m space group but is allowed by the general ones.
Therefore, even in the nonresonant region, it is marginally
allowed due to the asymmetry of the electron atomic density
and the anharmonicity of atomic vibrations [69, 70]. The
nonresonant Ge(222) structural reflectivity factor at room
temperature is known and is F �nr��222� � �1:02 electron/unit
cell [69], i.e., the nonresonant component of the atomic
scattering factor is approximately 0.128 electron/atom.

An experiment to observe the Ge(222) Bragg diffraction
reflection near the K-absorption edge at room temperature
was performed at the Kurchatov synchrotron radiation
source (Fig. 3a).

If the resonance component of the atomic scattering
factor were absent, the shape of the intensity spectrum of the
I �nr��222� diffraction reflection in the kinematic approxima-
tion would be determined only by the type of absorption
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spectrum, which is isotropic in a cubic crystal, which allows a
simplified expression to be used instead of expression (3):

I �nr��222� �
��F �nr��222���2

m�E � ; �6�

where m�E � is the absorption coefficient, which increases
sharply near the absorption edge. As one can see from Fig. 3,
the greatest difference between the experimental data
obtained and the model spectrum I �nr��222� is observed
precisely in the vicinity of the absorption edge.

As shown in Section 3, the atomic scattering factor in the
vicinity of the absorption edge must take into account the
tensor resonance part, which includes the temperature-
independent dipole-quadrupole (dq) and temperature-depen-
dent thermally induced (TMI) components [56]. So, the
intensity of the Ge(222) diffraction reflection can be repre-
sented as

I�222� �
��F �nr��222�djk � FTMI

jk �222� � F dq
jk �222�

��2
m�E � : �7�

Direct simulations of the diffraction reflection intensity
made it possible to determine the amplitude and phase of the
resonant structural amplitude, as well as to show the
destructive interference of the dipole-quadrupole and ther-
mally induced scattering channels.

Figure 3b shows the calculated real and imaginary parts of
the total resonant structural amplitude of the Ge(222)
diffraction reflection at 700 K. One can see that the
magnitude of the resonant structural amplitude increases
with temperature (curves 3 0 and 3 00), and for 700 K at some
energies it may exceed the nonresonant structural amplitude
of the Ge(222) diffraction reflection (line 4). High tempera-
tures, at which the nonresonant and resonant structural
amplitudes are comparable, would be the most optimal ones
for observing their interference.

5. Resonance scattering of synchrotron radiation
by crystals with atoms residing
in nonequivalent crystallographic sites

Atoms of one chemical element may occupy several crystal-
lographic positions in crystals. In this case, the symmetry of the
local environment and, consequently, the resonance compo-
nents of the atomic scattering factor of atoms of one element
located in different positions may differ from each other.

The limiting case of such crystals are incommensurately
modulated structures, where all atoms of one element are,
generally speaking, nonequivalent [71] and have different
scattering factors. This, in particular, may lead to the
appearance of additional satellites in the diffraction reflec-
tion spectra at radiation energies close to the absorption edges
of the atoms of the structure [72]. A simpler case is realized
when atoms of one type occupy two nonequivalent positions.
But, even in this case, curious effects arise in the spectra of
forbidden diffraction reflections caused by the interference of
radiation scattered by atoms in different positions. One of the
first experimental studies of this type was that of (300), (500)
and (700) forbidden reflections near the iron K-absorption
edge in iron orthoborate Fe3BO6 [73]. The first two diffrac-
tion reflections correspond to the constructive interference of
dipole-dipole scattering by iron atoms in positions 4�b� and
8�d� of the Pnma space group, whereas in the (700) reflection

the interference is destructive, with the result that it is weak. A
very interesting shape in the pre-edge region is exhibited by
the spectrum of the azimuthal dependence of the (300)
reflection caused by the interference of the radiation
corresponding to the dipole-quadrupole and quadrupole-
quadrupole channels of resonance scattering of SR from
two crystallographically nonequivalent positions of iron
atoms. However, in the region of the main peak, where the
dipole-dipole component of the structural factor prevails, the
interference of the radiation scattered by iron atoms in both
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positions is weaklymanifested in the azimuthal dependence of
the intensity.

A completely different situation is realized in the U2N3

crystal in the course of SR diffraction with an energy close to
theM4-absorption edge of uranium (EU M4-edge � 3:728 keV)
[74]. In this compoundwith Ia�3 symmetry, the uranium atoms
occupy two crystallographically nonequivalent positions.
The U1 atoms are in position 8�b� with local �3 symmetry,
and the U2 atoms are in position 24d and lie on the two-fold
symmetry axes. The difference in the symmetry of the
uranium-atom positions entails a difference in the tensor
components of the resonance atomic factors determining the
properties of the Bragg reflections. In this work, the spectra of
several Bragg reflections were measured, among which (105)
and (015) are forbidden. The results obtained show that the
spectral and azimuthal dependences of the forbidden
reflections arise from dipole-dipole resonance transitions
in uranium atoms and result from the existence of ordering
of quadrupole moments. Figure 4a shows the results of
simulations of the diffraction (011) reflection spectra using
the FDMNES program for two values of the azimuthal
angle j, which describes crystal rotation relative to the
scattering plane (Fig. 4b). The dotted absorption spectrum
of uranium is depicted to show the position of the
forbidden reflection on the energy scale. One can see that
the (011) reflection spectra depend on the value of the angle
j, and this is a consequence of interference of the radiation
scattered by uranium atoms in two nonequivalent positions.
However, there is no substantial change in the shape of the
diffraction reflection spectrum versus the azimuthal angle
as, for example, in KDP.

Interference phenomena in this crystal are much more
pronounced in the azimuthal dependence of the intensity of
diffraction reflection. In order to trace the effect of
interference of radiation scattered by two nonequivalent
positions of uranium atoms, we represent the intensity of

reflections as a sum of three components: two of them are
proportional to the square of the structural amplitude,
which corresponds to each of the uranium positions
separately, but there is also an additional component
Iint�E � caused by the interference of radiation scattered by
atoms in two different positions:

I�0kl � � ��F �U1;E � � F �U2;E ���2
� ��F �U1;E ���2 � ��F �U2;E ���2 � Iint�E � : �8�

The last expression implies averaging over the polariza-
tion of scattered radiation, since this polarization is com-
monly not measured. Figure 5 shows the azimuthal intensities
of the (011) diffraction reflection, as well as of all three
components of the forbidden reflection intensity for two
values of the incident radiation energy. It is evident that the
total intensity of the diffraction reflection is not the sumof the
intensities that would correspond to such a reflection were the
uranium positions existing separately. Furthermore, in
different domains of azimuthal angles, the interference term
has different signs, which results in both an increase and a
decrease in the total intensity.

Careful measurements of the azimuthal dependences of
several forbidden reflections in this compound, augmented
with polarization measurements, will allow in the future
separating the resonance contributions to the scattering
from uranium atoms in two positions and resolving the
controversial issue [75] about the existence of ordering of
quadrupoles on uranium atoms in the 8�b� position. There-
fore, the study of this interesting 5f compound with an
intricate crystalline, electronic, and magnetic structure is still
in its infancy. Notably, at low temperatures in the U2N3

crystal near the M4 edge, purely magnetic diffraction
reflections (003) were also observed [76], but the details of
the magnetic structure have yet to be studied.
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6. Conclusions

So, the study of interference phenomena in X-ray diffraction
spectroscopy allows us to advance significantly in under-
standing the physical state of atoms in crystals, as well as to
distinguish even the states of atoms of one element located in
different crystallographic positions. Numerous examples of
such research performed recently and presented in this paper
show their informativeness and importance for further
progress in this area of science.
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