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The prospects for the application of X-ray spectral methods and scattering phenomena as a basis for
chemical and phase analysis in new areas are considered. It is theoretically shown that the sensitivity of
the scattering method does not depend on the structure and quality of the sample surface and increases
sharply with a decrease in the atomic number of the analyzed impurity. The sensitivity of the method is
analyzed in the study of multicomponent standards of stoichiometric composition based on H, Li, B, C, O
and F, and compared with the sensitivity of traditional analytical methods. The concentration sensitivity of
detecting the content of light impurities in metals is calculated and experimental confirmation is given for
titanium-hydrogen and iron-carbon systems. For the first time, the Compton method is generalized for the
analysis of multicomponent systems of unknown composition. To do this, using the Duvauchelle approach,
the concept of the effective atomic number by the scattering property is introduced. It is shown that the
dependence of the effective atomic number on the parameter x, which reflects the measurement conditions
(scattering angle and primary radiation wavelength), uniquely determines a multicomponent compound.
Based on the sensitivity analysis, the range of application of the scattering method is substantiated. From
the side of small values of the parameter x, the method is limited due to Bragg reflections superimposed on
the Rayleigh peak. For large values of the parameter x, the sensitivity of the method decreases due to the
large discrepancy between the intensities of coherent and incoherent scattering. The examples of solving
analytical problems are given, in which the use of X-ray fluorescence and diffraction analysis is either very
difficult or impossible at all.
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1. INTRODUCTION

Traditional X-ray methods of material analysis are
based on the phenomena of diffraction and fluores-
cence. Scattering is usually considered a background
signal, so is not used for analytical purposes. At the
same time, much attention has recently been paid in
the literature to the application of the scattering phe-
nomenon to the study of chemical elements with a
small atomic number. Such a study is possible due to
the Compton effect on bound electrons of an atom [1].
In this work, the Compton scattering method (its sensi-
tivity and range) is theoretically investigated, and ex-
amples of its modern applications are given.

2. ESSENCE OF THE METHOD

Compton scattering is a phenomenon of inelastic
scattering of photons by free charged particles. The
Compton effect is similar in nature to the photoelectric
effect; the difference is that with the photoelectric effect,
the photon is completely absorbed by the electron, while
with Compton scattering it only changes the direction
of motion and energy (wavelength). The change in the
wavelength of a photon after interaction with a free
electron is described by the Compton formula:

Ad < h(l—cos26’)’ )
m,c

where m, is the electron mass, A is Planck's constant, ¢
is the speed of light, 26 is the scattering angle.

If an electron by which a photon is scattered is in the
atom, then the scattering pattern becomes more compli-
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cated. Let us consider monochromatic X-rays with pho-
ton energies from 9 to 22 keV. This range falls within
the characteristic region of the binding energies of elec-
trons in the atom. If the energy of the incident photon is
less than the binding energy of the electron with the
nucleus, then the electron is not knocked out of the shell
and the atom as a whole scatters the photon. In this
case, instead of the mass of the electron in the denomi-
nator of formula (1), there will be the mass of the atom,
which is tens of thousands of times larger, which means
that the change in the wavelength will be tens of thou-
sands of times smaller. The amplitude of coherent scat-
tering is described by the atomic scattering function or
atomic form factor f, which is the ratio of the amplitude
of radiation scattered by an atom to the amplitude of
radiation scattered by one free electron [2].

At small scattering angles, the value of the atomic
form factor approaches the number of electrons in the
atom, but as the scattering angle increases, it rapidly
decreases due to the interference of contributions from
different parts of the atom [3]. When the energy of the
incident photon is much greater than the binding ener-
gy, we can assume that the electron is free, and the
scattering is described by the scattering formulas for a
free electron. The probability of excitation of an atom,
when part of the photon energy is transferred to an
electron, is described by the incoherent scattering func-
tion S [2]. In the literature, the incoherent scattering
function of a multi-electron atom is usually assumed to
be the product Z-S, where Z is the atomic number of the
chemical element. Consequently, the Compton photon
has a larger wavelength, since part of the energy of the
incident photon is spent on knocking the electron out of
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the shell and giving it kinetic energy.

Different electron shells of an atom scatter inde-
pendently of each other, i.e., the scattering intensity is
a simple sum of scattering by different electron shells.
The lower the binding energy of an electron in an atom,
the greater its contribution to Compton scattering. For
a multi-electron atom with different electron binding
energies, some electrons will scatter in the Compton
type, while others will scatter in the Rayleigh type.
Each electron interacts with only one photon, so, ac-
cording to [3], the following approximation is valid for
atoms with Z < 20:

S(x.2)=Z-[f(x.2)] . @)

The incoherent scattering function S and the atomic
form factor f are complex functions of the element's
atomic number, the scattering angle, and the wave-
length of the scattered radiation. In the literature, the

in 6 .
parameter x = % (the momentum transfer variable)

is used as an argument. The numerical values of these
functions for all chemical parts are given in [4].
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Fig. 1 - Fragments of experimental scattering spectra. Mate-
rials of scatterers are beryllium and carbon

The fact that the scattering spectrum (Fig. 1) con-
sists of only two peaks is the fundamental difference
from the diffraction and fluorescence spectra. The
position of these peaks is determined by the wave-
length of photons of coherent (Rayleigh) and incoher-
ent (Compton) scattering, that is, it does not depend on
the type of atoms that make up the substance (Mose-
ley's law) or on their relative position (Bragg's law).
The intensity of these peaks is determined solely by
the number of Rayleigh and Compton photons, so it
indicates how many electrons have a binding energy
greater than that of the primary X-rays. The ratio of
Compton and Rayleigh scattering intensities has a
unique property: it sharply increases with decreasing
atomic number of the scatterer.

Fig. 1 shows two fragments of the experimental
spectra. Even for chemical elements close in atomic
number, an increase in the intensity of the Compton
component and a decrease in the Rayleigh component
are obvious. This difference is due to the fact that car-
bon has 20 % more electrons than beryllium. Thus, the
method is very promising for the study of light chemi-
cal elements that do not have many electrons and the
contribution of each of them is significant. In general,
the use of scattering makes sense for the identification
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of chemical elements with atomic number from Z =12
(magnesium) to Z =1 (hydrogen), where it is difficult
to apply X-ray fluorescence analysis due to the absorp-
tion of long-wavelength radiation and low fluorescence
yield [5].

3. SENSITIVITY OF THE METHOD

Since Rayleigh and Compton scattering are inde-
pendent of each other, according to Sommerfeld [6], the
one-electron problem for the hydrogen atom is general-
ized to the case of a set of different atoms by summing
the intensities:

CS.(Z.
R(C.z,x) = Te - ZuC522)
I, >.Cf*(Zx)
The numerator and denominator of formula (3) are
represented by additive functions Si(Zix) and ff (Zx)

3

respectively. Let us analyze this dependence in a gen-
eral form using the representation for the incoherent
scattering function Si(Zix) and coherent scattering

f*(Zx) for an element with atomic number Zi. The
measurement sensitivity of any chemical element in a

material is determined by the partial derivative of
function (3) with respect to the concentration C;

oR 1
0C (X,Cf (Zox)) )
X(S(Zi’x)zz'ciﬁz (Zz’x)_ﬁz (Zi?x)zz'cisi (Zi’x))

OR 1

—=——x(8(Z,,x —fl2 Z,x)R(CZx)).

20 (X.0rzm) (S(2%)-£*(Z,x) R(CZx))
®)

Equation (5) makes it possible to calculate the
change in the signal (the ratio of the peaks of incoher-
ent and coherent scattering Ri(CiZix) with a change in
the atomic fraction C; of an impurity with atomic num-
ber Z;in a cluster of atoms. Graphically, this depend-
ence is shown in Fig. 2.

Fig. 2 — Concentration sensitivity in the determination of an
impurity with atomic number Z; in a multicomponent material
with average atomic number Z
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From relation (5) and Fig. 2, the following conclu-
sions can be drawn.

e The lower Zi C/f*(Z;,x), the higher the sensitivity

of the determination of any chemical element, i.e.,
the lower the average atomic number of chemical
elements in the cluster.

e The sensitivity of determining a chemical element
with atomic number Z; is the higher, the greater the

S.(Z,,x)
f*(Z;:x)
ment and the analytical signal R(C, Z, x) = Ic/Ir the
entire cluster.

difference between the ratio for this ele-

e It is possible to calculate Z and x for which % =0
% =0, i.e., this method for determining chemical

elements degenerates.

The conclusions drawn indicate that, first, the
method is promising for compounds of light chemical
elements; this will be discussed in detail later. Second,
the lighter the impurity and the heavier the matrix,
the higher the sensitivity. Therefore, the method is
very promising for detecting light impurities in metals.
This is especially pronounced in metal-hydrogen sys-
tems, in which it is possible to reach the limit of detec-
tion at the level of 10-4+10-3 mas %. The theoretical
calculation of the increase in the signal value A R(C, Z,
X) as a percentage per one percent increase in the im-
purity concentration (concentration sensitivity) is giv-
en in Table 1.

Table 1 — Calculated value of the concentration sensitivity (%)
when measuring light impurities in metals by the ratio of the
integral intensities of the Compton and Rayleigh peaks

2

o

a Metal

E[Ti[Fe [ Ni | Zr | Nb [Ag [ W

H |16.52]20.70|22.30] 125.25 |153.88] — | —

He | 3.63 | 3.95 | 4.02 | 5.68 | 5.74 |6.50|11.66
Li | 2.47 | 2.66 | 2.70 | 3.64 | 3.67 |4.05] 6.18
Be | 2.16 | 2.32 | 2.36 | 3.15 | 3.18 |3.49] 5.14
B | 1.96] 2.12 | 2.16 | 2.89 | 2.92 |3.20] 4.64
C | 1.89] 205209 | 2.83 | 2.85 |3.13] 4.51
N | 1.70 | 1.85 | 1.90 | 2.58 | 2.60 |2.86] 4.09
O | 1.55] 1.70 | 1.75 | 2.40 | 2.42 |2.65] 3.78

An experimental verification of this statement was
carried out on standard samples of the titanium-
hydrogen binary system. The obtained concentration
sensitivity value of 170 mass % turned out to be even
higher than the calculated ones, although the reason
for this has not yet been clarified. For the Fe-C system,
the value of the concentration sensitivity corresponds
to the calculated value and is 2.1 % per 1 mass % of
carbon, which is quite sufficient to measure this impu-
rity with an accuracy of 0.05 mass %.

4. COMPARISON WITH OTHER ANALYTICAL
METHODS

For a numerical evaluation, we compare the sensi-
tivity of the Compton scattering method with gravimet-
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ric analysis based on determining the mass of a sub-
stance. Gravimetric analysis is one of the most versa-
tile methods. A significant advantage of this method is
the high accuracy of the analysis. The usual error of
gravimetric determination is 0.1-0.2 %. Its sensitivity is
constant and depends only on the atomic weight:

AM AnjAj

M Z}" n;A,

To compare the methods, we will take chemical
compounds of light chemical elements with a known
composition as a model of a material with an impurity.
The atomic form factor and the incoherent scattering
function are almost identical to the atomic (molecular)
weight. These are also additive functions for the accu-
mulation of atoms of different chemical elements or
molecules. This significantly simplifies data processing,
since there is no mutual influence of impurities, as in
X-ray fluorescence analysis. So, let us rewrite formula
(3) taking into account (2) for a cluster of n atoms, ac-
cording to [6]:

Zini (Zi _zk f,Z) ]
Zini (Zkfik)z

R=1,11,= )

Considering that

(Zk fik )2 = Zk fﬂi + 221?,#;@' ftkftk ’
Zk fzi = (Zk fik )2 - ZZk;tk’ fikfik’ ’

one can write:

Yoz 2 (zkfik)z o >y fuf
Zini(zkfik)z zini(zkfik)z Zlnz(zklik)

For the chosen Z range, we have: f, =f, =f and
k =2 (2 electrons per level), then [3]:

2
R= ZiniZi ~1+2 221711]‘; — EZiniZi . (7)
4Zinif; 4Zi nifiz 4 Zintfiz
According to equation (7), the sensitivity of the
Compton scattering method depends on the ratio of the
sums of atomic weights and atomic form factors of all
atoms of the compound:

OR(x) _ l Ziz;?ll nifiz B fizz:r; nZ;

on, 4 (Zm . f2)2
i=1 il

where m is the number of types of atoms in the com-
pound. The results of calculations obtained using nu-
merical data [4] are shown in Table 2.

Thus, the theoretical calculation proves that the
scattering method is more sensitive than gravimetric
analysis. Its sensitivity depends on the measuring con-
ditions and increases with decreasing siné&/ 1. Now con-
sider the range of application of the scattering method.

, ®

01031-3



L.F. MIKHAILOV, O.A. BATURIN ET AL.

5. RANGE OF APPLICATION

The analytical signal R(Z,x) = Ic/Ir is a function of
two arguments. Let us first define the parameter
x = sin@A. Therefore, to measure the intensity of Ray-
leigh scattering, it is important that there are no Bragg
reflections in the spectrum, since they have the same
wavelength as the coherent scattering component. The
intensity of the diffraction peaks sharply decreases
with  increasing x  according to the law

. 2
exp[—const(ﬁng J due to the violation of the order

of the positions of atoms in the lattice nodes (thermal
vibrations, statistical curvature). For most substances,
with the exception of single crystals, there are no Bragg
reflections already at x>0.6 A-! [2]. In addition, at
x>2A-1 the intensity of incoherent scattering is
many times greater than the intensity of coherent one,
which leads to an increase in the measurement error of
the intensity of the Rayleigh peak.

To determine the range of chemical elements (atom-
ic numbers Z), we consider a graphical representation
of the data [4] at a fixed value of the parameter
x=1.15A-1 (Fig. 3). For chemical elements with Z <7

5(2)
(

(N), the ratio decreases sharply, because as Z

2
increases, the electrons become more bound, and the
charge density increases at smaller values of r (orbital
radius), which contributes to an increase in the fraction
of the coherent component of the scattered radiation
[3]. Starting from oxygen (Z=28) (at x<0.8 A*l), the
influence of L-electrons sharply slows down the decay
of the dependence and we observe a plateau, which was
experimentally found by Wollan [7]. In this section, the

5(2)
(

derivative of the function is close to zero, which

2

negatively affects the sensitivity of the method in this
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range. In the section from Na (Z=11) to S (Z=16),
when the levels (1, 0), (2, 0) and (2, 1) are already filled
with K- and L-electrons, orbitals with M-electrons
begin to form. An increase in the distance from the
electrons to the center of the atom contributes to a
decrease in the charge density and, accordingly, to an
increase in the fraction of the incoherent component of
the scattered radiation; as a result, a second sloping
part of the curve is observed.

S@yfzy

measurement range
- - - -range with low sensitivity

(sin@/a=1.15 A™!

Atomic number Z

sin @

h =1.15 A-1 accord-

Fig. 3 — Function % at a fixed value

ing to [4]

According to Fig. 3, for atoms with Z > 16, the frac-
tion of incoherent scattering is so small that the appli-
cation of the Compton scattering method becomes inex-
pedient.

Thus, for x =1.15 A- 1 two ranges of atomic number
values can be determined, in which the dependence

S(2)
f(z)
function: from Z=1 (H) to Z=7 (N) and from Z=11
(Na) to Z =16 (S). And if the second range is successful-

ly covered by X-ray fluorescence spectral analysis, then
the first one is of considerable interest.

meets the requirements for the calibration

Table 2 — Numerical evaluation of the sensitivity of the Compton scattering method and gravimetric analysis; change in the

amount of impurity in one atom

Compound | Element 6R(x)/6ni AM/M
P x=07A-1 [ x=08A-1| x=09A-1 | x=12A-1 [x==15A"!

Li 0.054 0.067 0.080 0.133 0.222 0.094

Li2CO3 C 0.090 0.107 0.126 0.211 0.364 0.163
(6] 0.121 0.140 0.162 0.251 0.404 0.217

LiF Li 0.125 0.154 0.188 0.311 0.492 0.268
F 0.402 0.453 0.498 0.622 0.729 0.732

B.C B 0.087 0.101 0.116 0.157 0.053 0.196
C 0.108 0.123 0.139 0.153 — 0.217

C 0.115 0.127 0.140 0.179 0.184 0.261

C2HsO H 0.031 0.037 0.044 0.076 0.135 0.022
(0] 0.171 0.187 0.203 0.232 0.130 0.347

H,0 H 0.075 0.089 0.104 0.160 0.255 0.056
O 0.431 0.473 0.514 0.648 0.754 0.888

Li 0.018 0.022 0.026 0.046 0.080 0.041

Li2B4O7 B 0.027 0.031 0.036 0.055 0.084 0.064
(6] 0.049 0.055 0.061 0.079 0.089 0.095

ByOs B 0.064 0.074 0.085 0.130 0.201 0.155
(6] 0.114 0.128 0.143 0.190 0.223 0.230
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The study of this range is an urgent task for many
areas of science and technology, namely, the com-
pounds of elements H, C, O, N are the basis of living
nature; elements H, C and O form the base of the fuel,
and Be and B are part of the promising structural ma-
terials.

6. APPLICATION OF THE COMPTON
SCATTERING METHOD

Let us consider works, where the scattered radia-
tion is used as the main parameter for solving analyti-
cal problems. In the previous section, it was shown that
these are works devoted to the determination of ele-
ments with low atomic numbers. The use of fluorescent
radiation in these cases is either very complicated or
even impossible. As has already been established, this
is primarily due to the low fluorescence yield, and in
some cases, the impossibility of measuring the X-ray
spectrum, for example, when determining the hydrogen
content.

6.1 Study of One-Component Materials

One of the first is the work [8], which shows the
possibility of determining the ratio of carbon and hy-
drogen in oil products. To do this, the authors used the
ratio of the intensities of the coherently and incoher-
ently scattered characteristic radiation of the tungsten
anode of the X-ray tube (WLs). The method has found
wide application in the field of ecology. Known works
are devoted to the use of the intensity of scattered ra-
diation in the determination of various elements in
water and other organic compounds, as well as water in
soils for agricultural purposes. In [9, 10], various prac-
tically important cases were considered in detail, in
which the incoherent component of the scattered pri-
mary radiation was mainly used and turned out to be a
very sensitive parameter for this type of problems. We
also note works, where the intensities of coherently and
incoherently scattered radiation or the ratios of these
intensities were used to determine the coating thick-
ness [11, 12].

6.2 Study of Multicomponent Materials

We reviewed the study of the content of known im-
purities in a known matrix. When the prototype is an
unknown multicomponent compound, the task becomes
more difficult, because the same value of the analytical
signal can correspond to several different compounds at
once. The solution to this problem is described in the
work of Duvauchelle [13], in which the concept of effec-
tive atomic number is introduced for multicomponent
compounds. The author proves that the most correct
among the existing definitions of this parameter is the
consideration of a cluster of different atoms (com-
pounds) as a chemical element in which the number of
electrons per atom is equal to the number defined as
the effective atomic number Zeys.

In [14, 15], results were obtained that indicate the
possibility of using the method to characterize human
tissues. This makes it possible to study the histological
features associated with the elemental composition. In
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[14], it was suggested that a change in the absorption
of glucose by malignant cells can lead to the fact that
these tissues will have an increased electron density.

The electron density was measured by the ratio
Ic/Ir. The system was calibrated using solutions with
known electron density. The results of a study of 22
tissue samples are presented, including four different
classifications: adipose, malignant, fibroadenoma, and
fibrocystic changes. In [15], Compton and Rayleigh
scattering radiation from normal (adipose and fibro-
glandular), benign (fibroadenoma) and malignant (duc-
tal carcinoma) breast tissues was measured at one val-
ue of the parameter x = 0.99 A-1. The results show that
there are differences in the distribution of tissue effec-
tive atomic numbers, which are related to carbon (Z = 6)
and oxygen (Z = 8) content in each type of the tissue.

In [16], Zes values for alloys were determined by in-
terpolating the Z.; dependence using data for neighbor-
ing elements. In [17], a practical method for identifying
binary oxides by the dependence on Z.; was proposed
using a priori information about one of the elements,
oxygen. The authors claim that this method can be
applied to any material with a known content of vari-
ous elements in the compound.

The ratio of coherent to Compton scattering intensi-
ties depends only on the composition of the mixture
and provides the measurement of some complex func-
tions of the atomic number Z and Z.. In order to
measure the effective atomic number for Sb20s, BaO,
La203, CeO2 and Nd203, the linear differential scatter-
ing coefficients of 59.5 keV y-rays were studied using a
high-resolution Si (Li) semiconductor detector. In [18],
a similar approach was used to determine the effective
atomic number of three-component standard mixtures
Al + AI(OH)3; the passport data of a standard sample
on the aluminum content in the mixture were used.
The requirement to have a priori information about the
impurity content greatly narrows the limits of applica-
tion of the method.

Using the Duvauchelle approach, in [18], the effec-
tive atomic number was determined from the condition
that a single-component material has an interpolated
atomic number Zgs, for which equation (3) gives the
same ratio R(Z,x) = Ic/Ir as for a multicomponent com-
pound. Since the incoherent scattering function and the
atomic scattering factor depend on x=sindA, for a
cluster of atoms, a certain value of sin@d/A corresponds
to a certain value of the effective atomic number. It was
experimentally proved [18] that when the measure-
ment conditions, namely the wavelength or the scatter-
ing angle, change, the value of the effective atomic
number determined in this way will also change. The
dependence of the effective atomic number on siné/2 is
an important characteristic of a set of atoms of differ-
ent types, which uniquely determines a multicompo-
nent system and can be used as a calibration function.

In [19], the possibility of direct quantitative X-ray
spectral determination of carbon, hydrogen, and oxygen
in organic compounds consisting of these parts was
shown. Due to the complexity of the task, the meas-
urement had to be limited to only two values of the
parameter x = siné/A. As analytical parameters in the
regression equations, the authors of [19] used the ratio
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of the intensities of coherently and incoherently scat-
tered lines of copper and palladium. The resulting cal-
culated calibration dependences were used to assess
the correctness of the analysis using models of various
organic compounds: starch, glucose, butyl alcohol, citric
and oxalic acids, etc. Experimental verification was
carried out on a Spectroscan MAKS-GV X-ray scanning
spectrometer with a BKhV-17 X-ray tube (Pd anode), in
the spectrum of which the copper line is strongly pro-
nounced. The test showed satisfactory results of the
determination of H, O and C by the proposed method.

A wide range of samples was studied in [20]. The
measurement was performed using the scattering spec-
tra of standard one-component samples of beryllium,
boron, and carbon, as well as multicomponent stand-
ards of stoichiometric compositions based on H, Li, B,
C, O, and F. Materials in different structural states
were used for the experiment: from liquid (H20 and
C2HeO) to coarse-grained polycrystals (LiF). Thus, it
was experimentally shown that the scattering method
is effective for studying substances in any structural
state, since scattering occurs precisely on atoms.

Multicomponent compounds were identified by the
calibration function Zs(x), which was experimentally
studied in the range 0.755A 1<x<1.671A" L To
ensure this range of x, the samples were irradiated
with photons with energies of 9.88, 10.98, 11.22, 12.49,
14.95, 16.73, 17.47, 19.60, 22.16 keV. The calibration
functions were smooth lines without peaks, which dif-
fered noticeably in shape and slope even for compounds
with similar compositions. Their slope depended on the
difference in the atomic numbers of the constituents of
the compound: the greater the difference, the steeper
the dependence. For example, for B4C, the calibration
function was almost the same as for a single-
component material — parallel to the abscissa axis.

Therefore, the possibility of revealing a given phase
in a mixture using the base of calibration functions,
i.e., carrying out phase analysis due to the expansion
in terms of the basis of smooth functions, has been
experimentally shown. This opens up prospects for the
use of X-ray analysis in biology and medicine — the
identification of organic compounds in biological tis-
sues: for example, the diagnosis of tumors before their
actual manifestation by changing the phase composi-
tion of the tissue.

Control of the distribution of light parts over the
depth of the standard is considered in [21]. The idea of
improving the research method described in [20] is to
change the thickness of the information layer and ex-
perimentally obtain the dependence of the impurity
concentration on this thickness.

In the experiment, the depth of penetration of radia-
tion into the material changes when the standard is
rotated through an angle a (Fig. 4). An X-ray tube with
a molybdenum anode illuminates the sample surface
through a collimator. The sample is mounted on a goni-
ometer and can be rotated using a lever with micro-
screws in the range of angles a from — 26° to —5°. The
scattered radiation passes through the Soller collimator
with an angular divergence of 0.2° and is reflected from
the monochromator (HOPG), and then enters the scin-
tillation detector through the second Soller collimator.
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Fig. 4 — X-ray optical scheme. N is the normal to the sample
surface, 26 is the scattering angle, ¢ and y are the angles of
incidence and exit of radiation; 1 — radiation source, 2 — colli-
mator, 3 — sample on a goniometer, 4 — block of a crystal-
diffraction spectrometer

The positions of the radiation source (pos. 1 and 2) and
the positions of the system that registers the signal
(pos. 4) remain fixed, and only the sample rotates (pos.
3). Thus, the angles of incidence ¢ and exit y of the
radiation change, which ensures a change in the thick-
ness of the information layer, and the scattering angle
remains unchanged and amounts to 26=116°. The
results of the study are in good agreement with the
results of cross-sectional metallography.

7. CONCLUSIONS

The ratio of intensities of Compton and Rayleigh
scattering has a unique property — it sharply increases
with decreasing atomic number of the scatterer. In the
study of multicomponent materials, the sensitivity of
the method is higher when determining the content of
a light impurity in a heavy matrix. Within these limits,
the sensitivity of the scattering method is not inferior
to gravimetric analysis.

The use of the scattering phenomenon as a basis for
the study of multicomponent systems opens up new
areas of application of X-ray methods; the range of
their use expands not only towards a decrease in the
atomic number of a chemical element down to hydro-
gen, but also makes it possible to study multicompo-
nent systems with an amorphous structure, biological
objects, etc.

Among the priority analytical tasks, it should be
noted:

. Investigation of the content of light impurities
with atomic number from Z =1 (hydrogen) to Z =12
(magnesium) in materials in different structural
states from liquid to coarse-grained polycrystals.

. Detection of light impurities in metals. This is
especially pronounced in metal-hydrogen systems,
in which it is possible to reach the limit of detec-
tion at a level of 10-4+10 -2 mass %.

. Study of modified surfaces. Namely, the control of
the distribution of light elements over the depth of
the sample, which affects the strength character-
istics of materials.

. Elemental and phase analysis of biological objects.
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3acrocyBanusa edpexty Komnrona nia supimenud 3aga4d (pisuKM KOHIEHCOBAHOI'O CTAHY

I1.®. Muxaiiinos, O.A. Barypiu, A.I. Muxaiiiaos, C.C. Bopucosa

Hauionanvruii mexuiuhuili ynigepcumem «Xapki8CobKUll ROJIMeEXHIYHUT THCMUmymn,
eys. Kupnuuosa, 2, 61002 Xapkis, Ykpaina

PosrisiHyTo mepcrekTrBY 3aCTOCYBAHHSI PEHTTEHIBCHKUX CHEKTPAIHLHUX METO/IB y HOBHUX TaJly3siX dyepes
BUKOPHUCTAHHS SIBUIIA PO3CIIOBAHHS, SIK OCHOBH JIJIsI XIMiYHOrO Ta (pa3oBoro aHamidy. TeopeTudro mokasaHo,
10 YyTJIMBICTH METOAY PO3CIIOBAHHS HE 3aJIeKUTH BiJ CTPYKTYPH Ta AKOCTI IIOBEPXHI 3pa3ka 1 pisko 3pocTrae
13 3MEeHIIIEHHSIM aTOMHOI'0 HOMepPY JOMIIIKY, 10 aHaMi3yeThesi. [IpoaHaizoBaHo 4y TIMBICTE METOAY IIPH J10-
CITIKeHH] 0araTOKOMIIOHEHTHUX CTAHIAPTIB CTeXIOMEeTpUUHOro ckiragay Ha ocuosl H, Li, B, C, O i F, Ta mopi-
BHSIHO ii 3 YyTJIMBICTIO TPAJUINIMHAX aHAJIITHIHNX MeTo/iB. Po3paxoBaHO KOHIIEHTPAIIHHY Yy T/IMBICTh BUSB-
JIEHHsI BMICTY JIETKUX JOMIIIIOK Yy MeTajax 1 HaBeIeHO eKCIIePUMEHTAJIbHE IIITBePIKeHHs JJIsi CUCTEeM TH-
TaH-BOJIEHDb Ta 3aJ130-ByrJelrib. Brepime meron Kommrona ysarasbHeHO g aHaIi3dy 0araTOKOMITOHEHTHHX
cHCTeM HeBIIoMOoro crJjagy. Jyst 11poro, 3 BHKOpHWCTAHHSAM Mmiaxody [13], BBemeHO IOHATTS ed)eKTHBHOIO
aTOMHOI0 HOMEpPY 3a BJIACTHBICTIO po3citoBauHs. [lorasaHo, 110 3asiekHICTE e)eKTHBHOIO aTOMHOIO HOMEDY
BiJ] IapaMeTpy X, 0 BIUI3epKAJIIOE YMOBY 3MOMEHN (KyT PO3CIIOBAHHS Ta JOBXKUHY XBUJIl IIEPBHHHOTO BUIIPO-
MIHIOBaHHSI), OJHO3HAYHO BH3HAYAE 0AraTOKOMIIOHEHTHY croyyky. Ha migcraBi amasmisy dyTimBocTi 00rpyH-
TOBAHO [iala30H 3aCTOCYBAHHS METO/AY PO3CIIOBaHHsA. 3 OOKY MaJjMX 3HAYEHb IapaMeTpy X, MeTOJ 00MesKy-
€ThCsI OPEeriBCbKUMU BIIOUTTSIMU, 1110 HAKJIAIAIOTHCSI HA PEJIEEBCHKUIM K. [Ipy BeJIMKUX 3HAYEHHSX Iapame-
TPy X, YyTJIMBICTH METOIY IOTIPIILYEThCI Yepes BeJIMKY PO30LKHICTh MidK IHTEHCHBHICTIO KOT€PEHTHOIO 1 HEKO-
TepeHTHOro po3cioBaHHA. HaBeneHo mpukiiany BUPINIEHH aHAJITUYHUX 3aBAAHb, P AKUX BUKOPUCTAHHS
PEHTTeHO(IYOPECIIEHTHOTO Ta A PAKIIIMHOTO aHAJII3y a00 CHJIBHO YCKJIaIHeHe, a00 B3arayi HeMOKIINBO.

Kmiouosi ciioBa: BigHomeHHS IHTEHCMBHOCTEH PeJIEEBCHKOrO T4 KOMIITOHIBCHKOTO poaciioBaHHs, KderkTus-
HU aToMuEAE HOMeD, Jlerki enemenT, CTeXIOMETPUYHI CIIOJIYKH.
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