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Abstract— We develop a theory of coherent X-ray radiation of a relativistic electron crossing a three-layer 
structure consisting of two amorphous layers and a crystal layer. The particular case when the second am or
phous layer is a vacuum is considered. Expressions describing the spectral and angular distributions of coher
ent radiation in such a structure are derived and analyzed.
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1. INTRODUCTION
The interest of physicists in the X-ray radiation of 

various types emitted when electrons pass through 
structured atomic media has increased in recent years. 
This interest is due to the possibility of obtaining com
pact X-ray sources [1] based on the emission mecha
nism manifested in this case, which are widely used in 
fundamental and applied studies in solid state physics, 
microelectronics, medicine, biology, etc. These 
sources, obtained on the basis of synchrotron radia
tion generated in electron storage rings with an energy 
of about 1 GeV, are bulky and costly devices. For this 
reason, the exploration of possibilities of obtaining 
more compact alternative X-ray sources is topical.

It should be noted that compact X-ray sources 
being developed on the basis of transition radiation 
from relativistic electrons in amorphous media [2, 3], 
parametric X-ray radiation emitted by relativistic elec
trons in crystals [4, 5], as well as radiation emitted 
upon channeling of electrons in crystals [6], were con
sidered most suitable for applications [7]. However, 
calculations and experimental data revealed that all 
these sources are not very effective because o f the low 
intensities of the beams of emitted X-ray photons even 
for strong electron currents. Thus, the search for 
mechanisms of generation of X-rays by relativistic 
electrons in structured media, which would increase 
the intensity of emitted X-rays, remains topical.

One of the most promising emission mechanisms 
for this purpose is the diffracted transition radiation 
(DTR) of relativistic electrons in crystals [8—11], 
emerging as a result of the dynamic diffraction of pho
tons of transition radiation generated at the front face 
of the crystal from atomic planes of a crystal target. 
DTR is the effect of the dynamic diffraction of transi
tion radiation photons from a system of parallel 
atomic planes of the crystal, which is manifested in the 
direction of Bragg scattering in a narrow spectral

range; this ensures the advantage of DTR over conven
tional transition radiation (TR) with a broad spectrum 
in obtaining a monochromatic X-ray source. Although 
transition radiation was discovered and studied long 
ago, it remains an interesting object of investigation 
for various applications [12—17].

When a relativistic electron crosses a single crystal, 
its Coulomb field is scattered from the system of par
allel atomic planes of the crystal, generating paramet
ric X-ray radiation (PXR) with photons moving in the 
direction of Bragg scattering together with DTR pho
tons. The theory of coherent X-ray radiation of relativ
istic electrons in a crystal, which describes the contri
butions from the DTR and PXR mechanisms using the 
two-wave approximation of the dynamic theory of dif
fraction ofX-ray waves, was developed in [18—22]. In 
[18, 19], coherent X-ray radiation was considered in a 
special case of symmetric reflection, when the reflect
ing system of atomic planes of the crystal is parallel to 
the surface of the target (in the case of Bragg scattering 
geometry) or is perpendicular to it (in the Laue scat
tering geometry).

In [20—22], a dynamic theory of coherent X-ray 
radiation of relativistic electrons in a crystal is devel
oped for the general case of asymmetric reflection of 
the electron field relative to the target surface, when 
the system of parallel reflecting layers in the target can 
form an arbitrary angle with the target surface. It is 
shown that by changing the asymmetry of the reflec
tion of the electron field (i.e., by changing the angle 
between the target surface and the system of diffracting 
atomic planes of the crystal), it is possible to substan
tially increase the spectral—angular density of DTR 
and PXR.

It should be noted that the contribution to DTR  
from the crystal target comes only from the transition 
radiation emerging at its first interface, which rules out 
an increase in the radiation yield due to a constructive
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Fig. 1. Geometry of radiation process and notation for 
quantities used: 0 and 0' are emission angles, 0B is the 
Bragg angle (between electron velocity V and atomic 
planes), 8 is the angle between the and atomic planes of the 
crystal layer under investigation, and к and kg are wavevec- 
tors of the incident and diffracted photon.

interference of TR waves from different faces. In [23], 
coherent X-ray radiation of a relativistic electron was 
considered in a two-layer structure consisting of an 
amorphous layer and a crystal layer; the possibility of 
increasing the DTR intensity in this type of structure 
was demonstrated.

The present study aims at the search for methods of 
increasing the yield of coherent radiation generated by 
relativistic electrons in a structured medium. Specifi
cally, we analyze the contribution from the mechanism 
of transition radiation in a system consisting of a 
sequence of layers, including several amorphous layers 
and a single-crystal layer playing the role of the reflec
tor of transition radiation emerging at the interfaces 
between amorphous layers and at the front face of the 
crystal layer itself, as well as the role of the emitter for 
parametric radiation formed on its atomic planes. It 
would be interesting to consider the interference of 
radiation waves emerging at different interfaces 
between the layers and diffracted in the crystal layer in 
the Bragg direction and PXR in the same direction.

An analysis of the two-layer system “amorphous 
layer + crystal layer” is interesting for describing the 
radiation from a single-crystal emitter with a protec
tive layer on the front surface of the crystal or an amor
phous layer serving as a substrate (e.g., for a thin crys
tal) . This problem was considered in our previous pub
lication [23]. The case of a three-layer target, 
considered here, is also of special interest because, on 
the one hand, it indicates a transition to a multilayer 
system and, on the other hand, it makes it possible to 
describe an elementary system consisting of two layers 
separated by a vacuum layer. The next step in the 
investigation will be the generalization of results to the 
case of a multilayer system with an arbitrary number of 
layers. In this work, the spectral and angular distribu
tions of DTR and PXR in a three-layer structure are

studied in the Laue scattering geometry in the general 
case of asymmetric reflection.

2. RADIATION AMPLITUDE
Let us consider the radiation of a relativistic elec

tron moving rectilinearly with velocity У across a 
three-layer structure consisting of two amorphous lay
ers and a crystal layer (Fig. 1) of thickness c, a, and b, 
respectively. The dielectric susceptibilities of the 
amorphous media will be denoted by %c and %a, while 
the dielectric susceptibilities of the crystal medium are 
Xo and xg.

We consider the propagation of X-ray waves in a 
crystal medium in a two-wave approximation of the 
dynamic diffraction theory. In Fig. 1, ц =  к — соУ/F 2 is 
the momentum component of the virtual photon, per
pendicular to particle velocity У (|i =  ю 0/К  where 
0 <§ 1 is the angle between vectors к and V), 0B is the 
Bragg angle, and cp is the azimuthal radiation angle 
measured from the plane formed by velocity vector V 
of the electron and reciprocal crystal lattice vector g. 
The length of vector g can be expressed in terms of the 
Bragg angle and Bragg frequency coB: g = 2coB sin 0B/K; 
0 is the angle between vector coV/F2 and wavevector k, 
and 0' is the angle between vector соУ/F 2 + g and 
wavevector kg of the diffracted wave.

The emission and diffraction of X-ray waves in the 
crystal layer in direction kg can be described in the 
two-wave approximation of dynamic diffraction the
ory [24] analogously to [22, 25]; the same notation as 
in [23] is used.

The lengths ka = со J \  + %a and kc = со J \  + %c of 
the wavevector of free photons in amorphous media 
can be conveniently written in the form

(i)
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\|/0 is the angle between wavevector к of the incident 
wave and vector n normal to the surface of the crystal 
wafer, \|/g is the angle between wavevector kg and vector 
n (see Fig. 1), у is the Lorentz factor, 0 and 0’ are the 
photon radiation angles relative to the velocity of the 
relativistic electron and the Bragg scattering direction.

Considering the emission process in a three-layer 
structure analogously to emission in a two-layer struc
ture [23] and using the apparatus of dynamic theory of 
diffraction of X-ray waves in the crystal wafer 
described in [22, 25], we obtain the following expres
sion for radiation amplitude ^ )Rad in the direction of 
Bragg scattering, which can be written as the sum of 
the amplitudes of diffracted transition radiation and 
parametric X-ray radiation:

j4s)RcLd _
2 “ ^DTR P̂XR? (3a)

Fig. 2. Process of X-ray generation by relativistic electron 
in the case where the second amorphous layer is vacuum.
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Since PXR is generated only in the crystal layer, 
expression (3c) for the PXR amplitude coincides with 
the expression derived in [23]. The properties and 
spectral—angular characteristics of the PXR in the 
crystal layer are independent of the characteristics of 
the amorphous media. Explicit separation of the 
expressions for the PXR and DTR amplitudes from 
the three-layer structure considered here makes it pos
sible to analyze the interference of these radiation 
mechanisms, the results of which depend on the 
parameters of amorphous layers.

3. SPECTRAL-ANGUALAR DENSITY  
OF RADIATION

Let us consider the radiation of a relativistic elec
tron in the case when the second layer is a vacuum 
(Xa =  0) (Fig- 2). To clarify and analyze the effects that 
are not associated with absorption, we consider a sim
ple case of a thin nonabsorbing target (%'d = %" = 0). 
In this case, we can derive from expression (3b) the 
relation describing the spectral—angular density of 
DTR from the three-layer target “amorphous 
medium—vacuum—crystal” under investigation:

-  — 2p r n ; w ,  (4a)
4 n  |Xo|

00-
da>dfl

1<S) + 7 ?  + rAs) 
1  i n t  ’ (4b)
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where the expression describing the DTR spectrum 
has the form

RDTR
4s ■sin + s (5)

In expressions (4) and (5), the following notation is 
used:

Qn = Q2 + T2, Q =

Г =
Ул/И

v('> = * £
<S)

Xo
(6)

B (s) =
2 s in (5 - 0 B) x «

s =
sin(5 + 0B) 
sin(5 -  0B)

the observation angle 0, we are using the observation 

angle (parameter Q) normalized to quantity J\%'\ ■ 
The important parameter

sin(5 + 0B)
6 =

sin(5 -  0B) ’

in the resultant expressions determines the degree of 
asymmetry in the reflection of the field in the crystal 
wafer relative to the target surface.

Constructive interference of waves from different 
faces of the amorphous layer may substantially 
increase the DTR spectral—angular density The con
dition for constructive interference following from 
expression (4c) can be written in the form

B(s)c 1— Q.n + -\2 , X ,

Xo'

СО С / л 2  —2 ' \  / о  1 \  ̂
л ■ ^  a S ® + У -X c) = ( 2 я + 1 )- ,4 s in (5 - 0 B) 2

n = 0, 1, 2, ....

(7a)

The spectral—angular DTR density can addition
ally be increased due to the constructive interference 
of TR waves from the amorphous layer and from the 
front face of the crystal layer; the condition for such 
interference following from expression (4e) has the 
form

(Dfl /■ f\ 2 — 2 \
:(0 +Y )

(7b)

Functions '/1'1 and 7 j'1 describe the DTR spec
tral-angular densities corresponding to the waves of 
transition radiation generated in the amorphous layer 
and at the front face of the crystal layer, and function
7 describes the effect on the total spectral—angular 
DTR density of interference of these waves.

Parameter / /  '• is half the path length of an electron 
in the crystal layer, which is expressed in terms of the
extinction lengths =  1 /  со y \  С(л) of X-ray waves in 
the crystal.

It should be noted that the resultant expressions 
have a form convenient for theoretical analysis 
because these expressions contain important observ
able characteristics such as the relative thicknesses c/b  
and a/b  of the layers and dielectric susceptibilities
Xc/Xo of the amorphous and crystal layers. Instead of

Z>VM 2 s in (5 - 0 B)

= (2m + 1)я, m = 0, 1, 2, ....

It can be shown that for |, interference

term 7 may exceed the contribution of each TR to 

the total DTR yield. In the particular case where x'o  =

x'c , expressions (4) under conditions (7a) and (7b) 
lead to the expression

d2M s)ю -
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1

DTR _ ^e_p(s)  q2
An

,2 -2 . -2 
) + Y  -Xo 0 + Y

(8)
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which shows that the spectral—angular DTR density 
from the three-layer target under investigation under 
these conditions is nine times greater then the spec
tral-angular DTR density from the single-crystal 
layer.

Diffracted transition radiation of a relativistic 
electron from the three-layer structure under inves
tigation is accompanied by parametric X-ray radia
tion generated in the crystal layer. The interference 
of these radiation mechanisms can considerably
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affect the spectral—angular density o f the total radi
ation. Using expression (3c), we obtain the follow
ing relation describing the spectral—angular PXR 
density:

A/'5) 2 T)(s)2j l  iVpXR _  e  P  rjis)
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dw dQ  4 я  |Xo|
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Interference spectral functions and R\
describe the interference o f PXR and DTR from the 
amorphous layer and interference o f PXR and DTR  
from the front face o f the crystalline layer, respec
tively.

The resulting expressions (4), (9), and (10) that 
describe respectively the spectral—angular DTR and 
PXR distributions in the three-layer target under 
investigation and their interference term are 
obtained for the first time and are the main result 
of this study. These expressions take into account all 
interference effects possible in such a structure, 
as well as the effects associated with asymmetry 
of reflection (parameter s). These expressions can 
be used for analyzing the spectral—angular charac
teristics o f radiation of a relativistic electron in the 
three-layer structure under investigation depending 
on parameters o f the layers constituting the target 
and the energy o f emitting electrons. The expres
sions for the angular density o f DTR and PXR 
and for the term describing the interference o f these 
radiation mechanisms can be written in the form

r>M(2)

Using expressions (3c) and (3b), we obtain an 
expression describing the interference of the radiation 
mechanisms for DTR and PXR in the absence of

dQ
e2P(s)

8 я2 sin2 (
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Fig. 3. Contributions 7 ^  of TR waves from amorphous

wafer, 7 ^  of PXR waves from front boundary of crystal

layer, and 7 ^  of their interference term to total DTR

spectrum T ^ jR . The curves are plotted for constructive 
interference, Q = Г = 0.5 (at the angular density peak), 
%'c/%q = 0.5, = 5, v(5) = 0.8, 8 = 5, a/b = 2m + 1, and
c/b = 0.5(2 n + 1).
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4. ANALYSIS OF SPECTRAL-ANGULAR  
PROPERTIES OF RADIATION

We will use the expressions derived in this study for 
analyzing the spectral—angular properties of radiation. 
Figure 3 shows curves constructed in accordance with 
formulas (4c)—(4e) and describing the relative contri
butions of the waves of transition radiation from the 
amorphous wafer, TR waves from the front face of the

r|(-s)(co)

Fig. 4. Same as in Fig. 3 for destructive interference of TR 
waves from amorphous layer and front surface of crystal 
(a/b = 2(2 m + 1)).

crystal layer, and their interference term to the total 
DTR spectrum. The curves in Fig. 3 are plotted for the 
conditions of the maximum of the angular density Q =  
Г (0 =  у-1) of transition radiation and constructive 
interference for all TR waves (i.e., for the case when 
both conditions (7) are observed). Constructive inter
ference was attained by selecting the thicknesses of the 
amorphous layer (parameter c/b) and of the vacuum 
layer (parameter a/b), the remaining parameters being 
fixed. In particular, we fixed parameter Bis) equal to 
half the electron path length in the crystal layer, 
expressed in extinction lengths for X-ray waves in the 
crystal (and, hence thickness b of the crystal layer 
itself; see relations (6)). Parameter \>{s} (see relations (6)), 
assuming values from the interval 0 < v(s) < 1, deter
mines the degree of reflection of the field from the sys
tem of parallel atomic planes in the crystal layer, which 
depends on the form of the interference of waves

T|(5)(co)

Fig. 5. DTR for constructive (a/b = 2m + 1) and destruc
tive (a/b = 2(2m + 1)) interference against background of 
PXR.
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Г|(5)(со)

Fig. 6. Effect of asymmetry of reflection in crystal layer on
DTR spectrum. Values of parameters are same as in Fig. 3.

reflected from different planes (constructive interfer
ence, v (s> » 1, or destructive interference, v(v)» 0).

The curves in Fig. 3 correspond to the case where 
the term determined by constructive interference of 
TR from the amorphous layer and the front boundary 
of the crystal layer in the total DTR spectrum can 
make a larger contribution to the total DTR spectrum 
than the contribution from each wave separately. The 
amplitude of the total spectrum considerably exceeds 
the amplitude of the TR spectrum from the amor
phous layer in the case when the crystal is used only for 
separation of photons by their frequency (curve
f ,y iR). In the case of destructive interference of TR 

waves from the amorphous layer and the front bound
ary of the crystal layer, total DTR can be suppressed, 
which is demonstrated by the curves in Fig. 4. In this 
case, only the thickness of the vacuum layer of the tar
get has changed as compared to the case depicted in 
Fig. 3.

In Fig. 5, the curves of the total DTR spectrum are 
constructed in the case of constructive (parameter 
a/b = 2m + 1) and destructive (parameter a/b = 
2(2m + 1 ))  interference of TR waves against the back
ground of PXR. The curve describing the PXR spec
trum is plotted in accordance with formula (9b). 
Although, as noted above, the PXR spectral—angular 
density is independent of the parameters of the amor
phous layer, the term in the expression for the density 
of resultant radiation, which is the result of interfer
ence of PXR and DTR, depends on these parameters. 
This term in formula (10b) under the specified condi
tions produces a negligibly small effect on the total 
radiation spectrum and is not shown in the figure for 
this reason. It follows from Fig. 5 that by changing the 
thickness a of the vacuum layer for a fixed thickness b 
of the crystal layer, it is possible to suppress the DTR  
spectrum for a given observation angle due to the

rjl (S)
1 PXR

T|(i)(co)

Fig. 7. Effect of asymmetry of reflection of field on PXR 
spectrum. Values of parameters are same as in Fig. 3. 
Curves are plotted for Г = 0.5, Q = I (at the peak of the 
PXR angular density), B(s) = 5, and v-,sl = 0.8.

destructive interference of TR waves from the amor
phous layer and the front boundary of the crystal layer. 
This effect makes it possible to analyze PXR from thin 
crystal targets and/or use it in applications (where 
transition radiation from each surface becomes com
parable in amplitude with parametric radiation) in the 
absence of a DTR background.

Expressions (4) and (9) describing the spectral- 
angular DTR densities were derived above for the gen
eral case of reflection of the electromagnetic field in 
the crystal layer asymmetric relative to the surface. 
The asymmetry of reflection is characterized by 
parameter 8 determining angle 8 between the system of 
parallel atomic planes in the crystal layer and its sur
face for a fixed Bragg angle 0B. It should be noted that 
for a fixed 0B, the angle 5 — 0B of incidence of an elec
tron on the target surface decreases upon an increase 
in parameter s. In the case of symmetric reflection, we 
have 8 = 1  and 8 = к/2.

Figure 6 shows the curves describing the spectral- 
angular DTR density for a fixed observation angle 0. 
The curves demonstrate a substantial increase in the 
amplitude of the DTR spectrum upon an increase in 
the asymmetry parameter e (the decrease in the angle 
of incidence 8 — 0B of an electron on the target) for a 
fixed 0B. Thus, changing the asymmetry of reflection, 
it is possible to substantially increase the spectral- 
angular DTR density from the three-layer structure 
under investigation. With an increase in the parameter 
s, the width of the PXR spectrum increases. This para
metric effect is associated with the fact that with 
increasing s, the dependence of the denominator

+ s )/e  in formula (9c) on spectral vari
able r|(s)(<:o) becomes weaker. In other words, upon an 
increase in s, the departure from resonance + (£, —
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Q.

Fig. 8. Contributions 1 of TR waves from amorphous 

wafer, fV1 ofTR waves from front boundary of the crystal 

layer, and of interference term to total angular density

of DTR. Curves are plotted for Г = 0.5, Xc/Xo =0-5,

= 5, v (s) = 0.8, s = 5, a/b = 2 m + l,  c/b = 0.5(2n + 1) 
for constructive interference at angular density peak.

+ £ ) /s  =  0 in expression (9c) becomes slower. 
This resonance condition can be used to determine the 
frequency со in the vicinity of which the entire spec
trum of PXR photons emitted at a fixed angle of obser
vation 0 is concentrated and which corresponds to the 
condition of equality of the real parts of the wavevec- 
tors of the real and virtual photons (Fig. 7).

Let us consider the angular dependence of radia
tion. The curves depicted in Fig. 8 are plotted in 
accordance with formula (12b) and describe the con
tribution of the TR waves from amorphous wafer
(curve F̂dtr) i TR waves from the front boundary of

the crystal layer (curve ), and their interference

term (i^„t) to the total angular density of DTR fV1 
(see expression (12c)). The curves are plotted for the 
same parameters as for the curves in Fig. 3. It can be 
seen from Fig. 8 that for an increasing angular density 
of DTR due to constructive interference of TR waves 
from the amorphous layer and the front boundary of 
the crystal layer, it is sufficient to ensure the fulfillment 
of interference conditions at the peak of the DTR  
angular density, whose position depends on electron 
energy. Figure 9 shows curves describing the angular 
dependence of DTR in the case where the density of 
the material of the amorphous layer (to be more pre
cise, the real part of its dielectric susceptibility) is
higher that of the crystal layer ( x'VXo = 2). To pre
serve the constructive interference conditions for 
waves from different boundaries of the amorphous 
layer (see expression (14a)), the curves in Fig. 9 were

Q

Fig. 9. Same as in Fig. 8, but for parameters Г = 0.5,
X'c/Xo = = 5, v(s) = 0.8, 8 = 5, a/b = 2m + 1, c/b =
0.2(2n + 1) for constructive interference at angular density 
peak.

plotted for a ratio c/b differing from that in Fig. 8. Fig
ure 9 shows that the contribution of the interference 
term can be significant even in the case of a small con
tribution of the TR waves from the front boundary of 
the crystal layer to the total angular density of DTR. A 
comparison of the total DTR angular density for dif
ferent values of ratio хё/Xo is illustrated in Fig. 10. It

can be seen that with an increasing ratio Xa/Xo » the 
total angular density increases substantially. The 
curves in Fig. 11 demonstrate a strong effect asymme
try (relative to the surface of the crystal layer) of reflec

ts

Fig. 10. Angular density of DTR for constructive interfer
ence at angular density peak for different ratios %'c /x'o :

Г = 0.5, B ^  = 5, = 0.8, 8 = 5, a/b = 1. Curve 1 is plot
ted for Xc/Xo = 0.5, c/b = 0.5(2n + 1); curve 2 is plotted

for Xc/Xо = 2 and c/b = 0.2(2n + 1).
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О 0.5 1.0 1.5 2.0
Q

Fig. 11. Effect of asymmetry of reflection in crystal layer 
on angular density of DTR. Parameters are same as Fig. 8.

П

Fig. 12. Relative contributions of PXR, DTR, and their 
interference term to total angular density. Parameters are 
same as Fig. 8.

tion of the Coulomb field of an electron (parameter e) 
on the DTR angular density from the three-layer 
structure under investigation. The curves in Figs. 12 
and 13 were plotted in accordance with formulas 
(12c), (13b), and (14b) and demonstrate the relative 
contributions of the angular densities of DTR, PXR, 
and their interference term to the total angular density. 
The curves in Fig. 13 were plotted for electron energy 
twice as high as the energy for which the curves in 
Fig. 12 were constructed. It can be seen that the DTR  
angular density at its maximum has thereby increased 
almost tenfold.

Thus, the expressions derived here make it possible 
to optimize the spectral—angular characteristics of the 
coherent X-ray radiation of a relativistic electron 
crossing the three-layer target under investigation. The 
possibility of creating a substantial (several-times) 
increase in the spectral—angular density of DTR in 
such a target by selecting its parameters paves the way 
for the application of the three-layer target described 
here as an emitter of high-intensity monochromatic 
tunable X-ray source based on diffracted transition 
radiation of a relativistic electron.

5. CONCLUSIONS

We have analyzed the conditions for the coherent 
addition of transient radiation waves generated by a 
relativistic electron in a three-layer emitter consisting 
of two amorphous layers and a single-crystal layer (in 
particular, the emitter whose second layer is vacuum). 
We have determined the parameters of the layers and 
the substances constituting them that are optimal for 
the selected radiation frequency. The possibility of a 
ninefold increase in the intensity of the diffracted 
transition radiation generated by a relativistic electron 
in such a target is demonstrated.

Using the two-wave approximation of the dynamic 
theory of diffraction of X-ray waves in a crystal, we 
have derived the expressions describing the spectral 
and angular characteristics of diffracted transition 
radiation, parametric X-ray radiation of a relativistic 
electron in the structure under investigation, and their 
interference. The possibility of a substantial increase 
in DTR yield due to the overall contribution of transi
tion radiation from the amorphous layer and the front 
boundary of the crystal layer in the conditions of con
structive interference has been demonstrated. It is 
shown that in the case of destructive interference of 
TR waves, there exist the conditions of a complete 
suppression of DTR in the three-layer structure under 
investigation, which makes it possible to observe PXR

Q

Fig. 13. Relative contributions of PXR, DTR, and their 
interference term to he total angular density. Energy of 
emitting electron is twice as high (Г = 0.25) as in Fig. 12. 
Curves are plotted for parameters %'c/%q =0.5, = 5,

= 0.8, 8 = 5, a/b = 4(2ш + 1), and c/b = 0.8(2n + 1) 
for constructive interference at angular density peak.
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in a thin crystal wafer for which the peaks of the DTR 
and PXR spectra are hardly distinguishable without a 
background.

It is shown that asymmetry of reflection of the elec
tron field in the crystal layer considerably affects the 
spectral and angular characteristics of radiations; the 
DTR angular density can be increased using a high- 
density amorphous layer. Our results can be used to 
design a high-intensity quasi-monochromatic source 
of X-ray radiation.
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