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The article presents the results of studying the elemental composition of CoNi and FeNi alloy nanocrys-
talline films by X-ray spectral microanalysis (X-ray microanalyzer based on an energy-dispersive spectrom-
eter, which is part of the REM-103-01 scanning electron microscope). The alloy films with thicknesses of
10-200 nm were obtained by condensation of evaporated initial massive binary CoNi and FeNi alloys in a
vacuum of 104 Pa. The CoNi alloys were evaporated by an electron beam using an electron diode gun with
a condensation rate of 0.5-1.5 nm/s. The purity of the initial Co and Ni metals was at least 99.9 %. The
concentrations of the CoNi alloy film components varied over a wide range. The FeNi alloy films were ob-
tained by evaporation of Permalloy 50N technical alloy. The characteristic X-ray spectrum of the film sub-
stance was excited by scanning a film section with dimensions of 300 x 300 pm with an electron beam; for
thicker films, the scanning section size was 1 x 1 pm. Thin Ni films of the same thickness were used as
standards when conducting quantitative measurements of the elemental composition of alloy films of a cer-
tain thickness. The results of X-ray microanalysis indicate high purity of the films. Comparison of the results
of X-ray microanalysis measurements of the concentrations of the initial alloys and the obtained films
showed their coincidence within the limits of the analysis error.
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1. INTRODUCTION

The study of the physical properties of thin metal
films is due both to the possibility of obtaining results
that would contribute to solving a number of fundamen-
tal problems of solid-state physics, and to the prospects
for their practical application. In recent years, consider-
able attention has been paid to the study of thin mag-
netic films, which is caused by a number of their unique
properties, in particular, the discovery of the phenome-
non of giant magnetoresistance in spatially modulated
systems and multilayer film structures, and its applica-
tion for the development of magnetic read heads, mag-
netic sensors, and magnetoresistive memory.

Along with the creation of pure metal films, a prom-
ising direction is the production of magnetic alloy films
[1-3] and multilayer systems based on binary alloys of
ferromagnetic metals (Co, Fe, Ni) [4-5]. The advantage
of alloys over pure metals is that by changing their com-
position, materials with improved physicochemical, me-
chanical and operational properties can be obtained.
However, the problem of developing a technology for pro-
ducing film alloys of a given composition, structure and
with the necessary properties remains relevant. Along
with traditional film directions, in recent decades a sci-
entific direction has been formed associated with im-
proving the service properties of massive metal samples
by methods of creating layered structures in modified
surface layers [6-7].
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The physical properties of thin metal films, both in
scientific and practical terms, are of considerable inter-
est to researchers. Films of magnetically ordered metals
(N1, Co, Fe and their alloys) occupy a special place in the
physics of thin films. This is due to the discovery in re-
cent years of a number of new fundamental effects in
film objects based on them (giant magnetoresistance,
spin-polarized tunneling, colossal magnetoresistance,
etc.), which create the basis for the development of min-
lature magnetoelectronic devices, new methods of re-
cording and storing information, new types of highly
sensitive sensors, etc. This paper presents the results of
a study of the elemental and chemical composition of
CoNi and FeNi alloy films in a wide range of component
concentrations.

2. EXPERIMENTAL METHODOLOGY AND
TECHNIQUE

2.1 Preparation of Samples of Alloy Films

It is known [8] that two main groups of methods are
used to obtain thin films of alloys: 1) formation of multi-
component films directly on a substrate (separate evapo-
ration of components; annealing of multilayer structures
with diffusion mixing); 2) use of massive alloys of a prede-
termined composition (evaporation of finite weighed sam-
ples; explosive evaporation; evaporation under stationary
conditions).

https://jnep.sumdu.edu.ua

© 2025 The Author(s). Journal of Nano- and Electronic Physics published by Sumy State University. This article is
distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license.

Cite this article as: V.B. Loboda et al., «J. Nano- Electron. Phys. 17 No 2, 02020 (2025) https://doi.org/10.21272/jnep.17(2).02020


http://jnep.sumdu.edu.ua/index.php?lang=en
http://jnep.sumdu.edu.ua/index.php?lang=uk
https://jnep.sumdu.edu.ua/
https://int.sumdu.edu.ua/en
https://creativecommons.org/licenses/by/4.0
https://doi.org/10.21272/jnep.17(2).02020
https://doi.org/10.21272/jnep.17(2).02020
mailto:loboda-v@i.ua
https://orcid.org/0000-0001-9007-8642

V.B. LoBODA, S.M. KHURSENKO ET AL.

The second group of methods is quite promising from
the point of view of practical application due to its relative
simplicity. However, the properties of the films may
change due to fractionation during evaporation and
changes in the chemical and phase composition of the ob-
tained film alloy compared to the original.

According to the phase diagram data (Fig. 1, [9]), for
CoNi alloys at temperatures close to the melting point and
in the liquid state in the entire concentration range, com-
plete mutual solubility of the components is observed. In
this case, the liquidus and solidus lines coincide, which
eliminates the possibility of alloy fractionation during
melting.
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Fig. 1 — Phase diagram of CoNi alloy in bulk state [9]

In the general case, when evaporating binary alloys,
the composition of the deposited film differs from the com-
position of the starting material due to the fact that one of
the components may have a higher evaporation rate. The
evaporation rate of the material at temperature T'is deter-
mined by the well-known formula:

M
v= kp\/; = Alps

where k is a constant; p is the vapor pressure; M is the
molecular weight of the substance; T is the evaporation
temperature.

When evaporating alloys in a vacuum, the vapor pres-
sure of each component above the melt is determined by
the alloy composition and differs from the values for the
pure components. In the simplest case, the vapor pressure
of component A in the presence of component B is deter-
mined by Raoult's law [10]:

2.1)

PA—PAB __ C
—= = (g,

- 2.2)

where Cgis the atomic fraction of component B.

Let's obtain formulas for calculating the fractionation
of binary systems during the evaporation of finite
amounts. Let the evaporator initially contain a binary al-
loy with the mass content of components mo: and mog. Dur-
ing the time dt, taking into account the expression for the
evaporation rate (2.1), the decrease in the mass of each
component is:
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dmA = _kPOAfA\/T?A CA(t)dt, (2.3)
de = _kPOBfB\/% CB(t)dt, (2.4)

where & is a constant that depends on the choice of the sys-
tem of units; poa, poB are the saturated vapor pressure of
pure components A and B of the alloy at temperature T}, fa,
fp are the activity coefficients of the components:

=24
fA_CA’

where a, = z;‘i is the activity of component A (similarly for
A

(2.5)

component B); Ca(t), Cg(f) are the atomic fractions of com-
ponents; u4, up are their molar masses.
In the case of Raoult's law (ideal melts), we have:

1 —PaB _ Cs,
pA

aAzwzl_CBZCAh

o (2.6)

whence fa=fp=1.

According to [8], the same saturated vapor pressures
for Co and Ni are achieved at similar temperatures (for ex-
ample, pco=1.33 Pa at T'= 1790 K, pni has the same value
at T'= 1800 K; a similar situation also occurs for higher
pressure values), so it is possible to take pa = ps. In addi-
tion, the molar masses of Co and Ni are -close
(1o = 58.9 g/mol, i = 58.7 g/mol [11]), and, therefore, for
the mass fractions of Co and Ni we obtain the ratio:

_ Ceollco _ 58.9 co =
Cco =7 T Cp(589-587)+58.7 €O T
co\Mco ~ Uni)t By Col>® : :

58.9
———Cr, = Cpp. 2.7
58.7 +0.2Cc, ~CO Co @7

Thus, under the condition of fulfilling Raoult's law, the
concentration of components in the CoNi film alloy should
be the same as in the bulk sample, and the films should be
homogeneous in chemical composition.

Taking into account these considerations, to obtain
CoN:i film samples, we chose the method of evaporation of
alloys of a predetermined composition.

The starting material for CoNi alloy films was prepared
as massive samples of the corresponding composition. Pure
metals (not worse than 99.9 %) were used to prepare the
samples. The concentration of components was changed by
changing the mass ratios of metals (the relative error of
mass determination did not exceed 5 %). The samples were
prepared by melting the starting materials in a ceramic
crucible under high vacuum conditions with a holding time
of 1 h at a temperature close to melting temperature Ts for
homogenization. The mass loss did not exceed 1-2 %.

The starting material for the FeNi alloy films was the
Permalloy 50N technical alloy.

Alloy films with a thickness of 10-200 nm were obtained
in high vacuum 10 -4 Pa by electron beam evaporation of
prepared alloys and Permalloy 50N using a diode-type elec-
tron gun. Film deposition was carried out on substrates at
room temperature 300 K. The condensation rate, which
was determined by the deposition time and sample thick-
ness, was maintained approximately constant during the
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condensation process and was 0.5-1.5 nm/s depending on
the evaporation mode. Condensation of film samples was
carried out without applying an orienting magnetic field
(excluding the Earth's magnetic field).

The design of the substrate holder (Fig. 2) allowed to
obtain four film samples (2, Fig. 2) of the same composition
with different thicknesses in one technological cycle of
sputtering. The geometric dimensions of the samples were
set by special masks made with high precision from ni-
chrome foil with holes of the desired shape and size.

Fig. 2 — The scheme of the substrate holder: 1 — contact pads; 2 —
film samples; 3 — «witness» glass; 4 — KBr single crystals with
carbon films

To study the chemical and elemental composition, as
well as the electrical conductivity and magnetoresistance,
the samples were deposited on polished optical glass sub-
strates. Copper contact pads (1, Fig. 2) with a chromium
underlayer were previously applied to these substrates to
improve adhesion to the glass. For structural studies, KBr
single crystals with carbon films (4) were used as sub-
strates. In addition, glass «witness» plates (3) were fixed
on the substrate holder to measure the thickness. The sub-
strates were treated according to the standard procedure
described in [8], which included chemical cleaning fol-
lowed by boiling in distilled water and drying, as well as
degassing by heating to 600 K for 30 min in a vacuum
chamber.

The thickness of the films was measured using a mi-
crointerferometer MII-4 with a laser light source (minia-
ture semiconductor laser, A = 647 nm). The interference
pattern was recorded using a digital camera with data
transmission to a computer. With this method of measure-
ments, it is possible to reduce the error in measuring the
thickness, especially in the range of thicknesses d < 50 nm.
An additional reduction in the error can be achieved by de-
termining the thickness using glass plates «witnesses», on
which, according to the geometric conditions of deposition
(Fig. 3), the film of the greatest thickness was condensed.

Fig. 3 — Geometry of the «substrate-evaporators» system for cal-
culating film thickness

In this case, a calculation method was also used to de-
termine the thickness of the films. The thickness of the
film deposited at point M (Fig. 3), in the case of evaporator
B with a small surface area, can be calculated by the rela-

tionship [8]:
2

N2
d= d0[1+(z) ] ,
where do is the thickness of the «witness» film at a point
above the evaporator; [ is the distance from the middle of
the «witness» to point M; h is the distance from the evapo-
rator plane to the substrate plane.

The measurement error is 5-10 % for thicknesses
50-200 nm and 10-15 % for thickness d < 50 nm. For ul-
trathin (d < 15 nm) films, we also used a comparison of
data from interferometric measurements and microphoto-
metric studies based on an extrapolated calibration curve
constructed from data for thicker films. In this case, the
film thickness d is usually understood as the weighted film
thickness, since in this case we can only talk about the ef-
fective (reduced) film thickness.

(2.8

2.2 Method for Studying the Elemental Composi-
tion of Film Samples by X-ray Microanalysis

To verify the assumption of the correspondence of the
composition of the initial bulk alloy and the resulting film
alloy, a study of the elemental composition of the initial
alloy samples and thin films of CoNi alloys was carried out
using an X-ray microanalyzer installed on a REM-103-01
scanning electron microscope, as in the work [12]. This
method is based on determining the intensities and wave-
lengths of characteristic X-ray lines excited as a result of
bombardment of the sample with fast electrons with ener-
gies up to 100 keV [13]. In this case, an energy-dispersive
spectrometer (EDS) was used to analyze the chemical com-
position of the sample, the scheme of which is presented in
Fig. 4.

3 4 5

Electron
beam

X-ray radiation

Sample

Fig. 4 — Scheme of the spectrometer with EDS

The characteristic X-ray radiation generated in the
sample as a result of its interaction with an electron beam
with an energy of 20-100 keV is directed through a beryl-
lium window (1) into a cryostat (4) onto a solid-state semi-
conductor detector (2) made of lithium-doped silicon. To re-
duce the detector's intrinsic noise, it is cooled in the cryo-
stat to a liquid nitrogen temperature of 7= 77 K. In the
detector, photoelectrons with different energies are gener-
ated under the action of absorbed X-ray quanta. The pho-
toelectrons spend most of their energy on the formation of
electron-hole pairs, which, in turn, are separated by an ap-
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plied voltage and form a charge pulse, which creates a volt-
age pulse in the preamplifier (3). The weak signal after the
preamplifier is amplified and finally formed by a final am-
plifier (5) and enters a multi-channel analyzer (6), where
the pulses are separated depending on their amplitude.
The processing of the separated pulses is carried out using
computer software (7) and is displayed on the monitor
screen in the form of a spectrum — the dependence of the
number of pulses on the energy of X-ray quanta.

Since the amount of substance in film samples with a
thickness of up to 100 nm is extremely small, to increase
the intensity of the characteristic X-ray lines from such
samples, we used scanning electron microscope beam of a
film section with a size of 300 x 300 um2. This made it pos-
sible to obtain, to some extent, integrated data on the
chemical composition of the film without overheating it
(without introducing radiation damage). For massive sam-
ples and thick films (d > 100 nm), the size of the electron
probe was reduced to 1 um?2.

The accuracy of X-ray microanalysis of the elemental
composition of a substance is determined by a number of
factors (electron probe beam current, accelerating voltage
(electron energy), choice of standard, etc.), as a result of
which there is a need to introduce corrections that take
into account differences in electron scattering, X-ray gen-
eration and X-ray emission for the sample and standard.
Most of the existing correction methods (the method of
«matrix» corrections or ZAF corrections, the empirical
method, etc.) can be applied only to the analysis of the com-
position of bulk samples. Although the theoretical founda-
tions of the study of the quantitative composition of a film
sample by X-ray spectral analysis are based on the same
model concepts of the interaction of electrons with matter
as for bulk samples, for films a number of features should
be taken into account, associated with the difference in the
processes of formation, absorption and transmission of X-
ray radiation in samples of limited thickness.

One of the methods used in the analysis of the chem-
ical composition of thin films is based on comparing the
radiation intensities of a certain element in the sample
and a massive standard of this element [13]. To deter-
mine the mass concentration of Ca, the following rela-
tionship is used:

- = Dd (2.9

where I and Io are the intensities of the characteristic lines
for the sample and standard, respectively; R is the
backscattering factor, which takes into account the de-
crease in intensity due to the escape of part of the electrons
from the target due to the small thickness of the sample;
S is the braking factor, which takes into account the en-
ergy losses of electrons during their interaction with the
target atoms; @ is the ionization cross section of the atoms
of the substance; D is the density of the sample; d is the
thickness of the sample.

It is obvious that the estimation of the mass thickness
Dd of a film sample is a source of significant errors, as a
result of which the use of massive standards in X-ray spec-
tral analysis of films is limited.

More effective is the method using a thin film of known
composition (in particular, a film of a pure element) as a
standard. Then the ratio of the intensities of the sample
and the standard can be written as:
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I CuaDd
— = A (2.10)
Ist CstDsedst
In the case of close values of the density of the compo-
nents of the ratio from (2.10) we obtain:

Idgt

Cy = —,
A st Ised

@.11)

When conducting quantitative analysis of CoNi and
FeNi alloy films, thin films of pure Ni (Cs = 1) were used
as a reference, which made it possible to calculate the
nickel concentration in the samples using the relationship
(2.11). Considering that the alloy films are binary, the con-
centration of the second component can be found as

Cp=1-Ca.

3. RESULTS AND DISCUSSION
3.1 CoNi Alloy Films

To obtain the films, the method of evaporation of finite
weighed samples was used. For evaporation, we produced
a series of massive CoNi alloys of known composition. To
verify the considerations regarding the correspondence of
the composition of CoNi film alloys to the composition of
the samples, we conducted studies of the composition of
the samples and films by the method of X-ray microanal-
ysis using an X-ray microanalyzer with analysis of the en-
ergy of X-ray photons using EDS. Fig. 5 shows the energy
spectra of characteristic X-ray radiation for massive sam-
ples of CoNi alloy of different composition. The results of
microanalysis are summarized in Table. 1. As can be seen
from the results of computer processing of these spectra
(using the microanalyzer software), the composition of the
prepared alloys (samples) within the measurement error
corresponds to their calculated composition during their
preparation.
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Fig. 5 — Characteristic X-ray spectra of the initial batches of the
CoNi alloy (Co content, wt. %: a — 10 %; b — 20 %; ¢ — 50 %;
d-90 %)

The energy spectra of the characteristic X-ray radia-
tion of alloy films are presented in Fig. 6 and Fig. 7.
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Fig. 6 — Characteristic X-ray spectra from a CoNi alloy film on
a glass substrate (a) and on a copper contact pad (b)

Fig. 7 — Characteristic X-ray spectra of CoNi film alloys (Co
content, wt. %: a — 20 %; b — 40 %; ¢ — 70 %; d — 90 %)

Analysis of characteristic X-ray spectra shows that
in the region of the CoNi film on a glass substrate
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(Fig. 6 a) there are only lines of the substrate material
(left part of the spectrum) and the film material (right
part of the spectrum). In the region of the overlap of the
film and the contact pad, there are lines of both the film
material and the contact pad and the substrate. No other
impurities are observed according to the data of the mi-
cro-X-ray spectral analysis.

The energy spectra of the characteristic X-ray radia-
tion of the alloy films (Fig. 7, Table 1) indicate that the
assumption of the identity of the composition of the films
and the composition of the bulk initial samples is gener-
ally confirmed.

Table 1 — Chemical composition of the initial samples of CoNi
alloy and the corresponding CoNi film alloys according to X-ray
spectral microanalysis

Calculated Content of Element content in the film
content of elements in alloy, wt.%
elements in samples Calculation Calculation
samples, according to using the without
wt.% microanalysis | program (taking | taking into
results, wt.% into account account
corrections) corrections
Co Ni Co Ni Co Ni Co Ni

10 90 8.5 91.6

20 80 17.7 | 82.3 19.8 80.2 17.8 | 82.2

30 70 25.1 | 749 24.9 75.1 24.3 | 75.7

40 60 42.3 | 57.7 43.1 56.9 | 42.6 | 57.4

50 50 46.7 | 53.3 45.5 54.5 47.2 | 2.7

60 40 57.0 | 43.0 56.5 43.5 57.3 | 42.7

70 30 68.4 | 31.6 69.8 30.2 66.9 | 33.1

80 20 76.2 | 23.8 75.1 24.9 76.4 | 23.6

90 10 87.1 | 129 86.4 13.6 | 88.0 | 12.0

Table 1 presents data that allow a comparison of the
composition of the bulk alloys and alloy films. For the
films, a fairly good coincidence of the calculated and de-
termined chemical composition by X-ray microanalysis
is also observed. It should be noted, however, that when
studying films, the intensity of X-ray radiation is much
(10-20 times) lower than for bulk materials, due to the
small mass of the substance in the studied area. It is ob-
vious that under such conditions, significant statistical
deviations of the true concentrations of components are
possible in comparison with the data obtained using the
computer software for the microanalyzer. In addition, the
computer program attached to the microanalyzer, when
obtaining the final result, takes into account corrections
caused by a number of effects, such as the absorption of
X-ray radiation in the thickness of the sample, the value
of the atomic number of the element and secondary fluo-
rescence. These effects occur for bulk samples, but in the
case of our films they can be neglected due to the rela-
tively small number of atoms in the thickness of the film
in the area from which the X-ray generation occurs. As a
result, when calculating the composition of a film alloy, it
is more correct to use the ratio of the intensities of char-
acteristic radiation lines measured using EDS, obtained
from film samples without taking into account the correc-
tions due to the above effects (without processing the ob-
tained results using software).

These considerations are well confirmed by the data
given in Table 1. Comparing the results of microanalysis
of bulk samples and films, we see that the calculation of
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the composition of films using the microanalyzer soft-
ware gives larger deviations of the composition of films
from the composition of bulk samples. Due to minor dif-
ferences in the wavelengths of the characteristic lines of
the Ka series for Fe, Co and Ni, the use of the microana-
lyzer software in spectrum analysis led to the detection of
CoNi as a possible element of Fe with a small concentra-
tion in the composition of the samples. However, the in-
tensity of the characteristic X-ray radiation lines of Fe is
practically at the background level and is significantly
lower than the intensity of the characteristic radiation of
the main elements (Co and Ni). In the spectra of film sam-
ples, a number of characteristic X-ray radiation lines of
the elements included in the composition of the glass sub-
strate are also observed (part of the lines in the left half
of the spectra, Fig. 6). When calculating the composition
of the samples, they were not taken into account and the
data for the films given in Table 1 were calculated taking
into account these remarks. Summarizing these consider-
ations, it can be stated that the proposed technology for
obtaining CoNi film alloys (using samples of known com-
position) allows obtaining films of these alloys with a pre-
determined content of components.

3.2 FeNi Alloy Films

To obtain FeNi alloy films, we used an alloy known
as Permaloy 50N. Fig. 8 and Table 2 show the results of
the study of the composition of the bulk FeNi alloy and
FeNi alloy films of different thicknesses. According to
microanalysis, the starting material contains approxi-
mately 50-52 wt. % Fe and 48-50 wt. % Ni, which, within
the analysis error, corresponds to the literature data on
the composition of this alloy (49.5-50.0 wt. % Ni, impu-
rities (Si1, Mn) < 1 wt. %, the rest Fe [9]).
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Fig. 8 — Characteristic X-ray spectrum from the bulk alloy 50H
(a) and the film (b) with a thickness d = 140 nm

The characteristic X-ray lines in the left part of the
spectrum from the alloy films (Fig. 8 b), as in the case of
CoNi alloy films, correspond to the material of the glass
substrate. Processing of spectra using computer soft-
ware of the microanalyzer shows that the composition of
the obtained films is somewhat different from the com-
position of the original alloy (approximately 44-47 at. %
Fe and 53-56 at. % Ni).
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Table 2 — Results of the study of the elemental composition of
bulk and film FeNi alloys

Calculation without
software taking into | taking into account
account corrections corrections
Cre, | Cni, | cre, | cni, | Cre, | Cni, | CPe, | CNi,

at.% |at.% | wt. | wt. |at.% |at.% | wt. | wt.

Calculation using

% | % % %
Bulk FeNi |51.8 {48.2 |50.6 | 49.4
alloy - - - - — | — | = | =
(50N)  [53.4|46.6 |52.2 |47.8
Thickness
film FeNi
alloy, nm

47 43.9156.1(42.7|57.3|51.3 |48.7 |50.1 [49.9
100 46.9 |53.1 [45.7 | 54.3 |50.4 [49.6 |49.2 | 50.8
110 47.7152.3 146.5 |53.5|53.7 |46.3 | 52.5 | 47.5
120 47.1|52.9145.9 |54.1 |53.8 [46.2 |52.7 |47.3
140 47.1152.9 [45.9 [54.1 [53.8 [46.2 |52.7 |47.3

However, it should be noted that the error in deter-
mining the composition of film samples (especially with
a small thickness) is greater than for a bulk sample, as
in the case of CoNi alloy films (a small amount of sub-
stance in the film material and, as a result, the deviation
of real spectra from the model ones obtained by mathe-
matical processing). On the other hand, since the energy
of photons of the characteristic radiation of Ni is greater
than that of Fe, secondary fluorescence may occur in the
bulk material. In this case, the intensity of the Ni line
decreases, and the intensity of the Fe line, on the con-
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JocaigxeHHs eJIeMEHTHOr0 CKJIaAy TOHKUX HAHOKpUcTadiuHux miaieok cmiaasie CoNi ra FeNi
METOJOM PEHTI€HOCIHEeKTPAJILHOr0 MiKpoaHaai3y

B.B. JIo6oma, C.M. Xypcernko, B.M. 3yoko, B.O. Kpasuenro, A.B. Yemxumuit

Cymcoruli HaylonanvHul aepapruli yrisepcumem, 40021 Cymu, Yipaina

VY crarTi HaBeIEHO PE3yJIbTATH MOCIIIKEHHsA eJIeMEHTHOrO CKJIAaAy HAHOKPHUCTAIYHUX ILITIBOK CILIABIB
CoNi ta FeNi MeTo/10M peHTreHIBCHKOr0 MiKpoaHasIidy (PeHTTeHIBChKUI MIKpOAaHAII3aTOp HA 6a3l CeKTpo-
MeTpa 3 JIUCIIePCiel0 38 €HePriei, 10 BXOAUTH JI0 CKJIAITy PACTPOBOTO eJIEKTPOHHOro Mikpockorma PEM-103-
01). ITmiBku cinasis 3aBroBmikx 10-200 HM OyJiv OTpMMAaHI KOHIEHCAIIIE0 BUIIAPEHUX BUXITHUX MACUBHUX
6inapuwux criasis CoNita FeNi y sakyywmi 104 [Ta. CrutaBu CoNi BUIapoByBaJIvCs €JIEKTPOHHO-IIPOMEHEBUM
CIT0c000M 34 JIOTIOMOT0I0 eJIEKTPOHHOI TI0AHOI rapMaTH 31 MBUAKICTIO KouAeHcarii 0,5-1,5 um/c. Yucrora Bu-
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xigaux meraiiB Co Ta Ni cramosuiia He menrre 99,9 %. Konmenrparii kommonenT miiBok citaBy CoNi ami-
HIOBAJIMCA B IIMPOKOMY miamasdoHi. [Iaisku crmaBy FeNi Oy orprmati B pe3yIbTaTi BUIAPOBYBAHHS TeXHI-
uyHoro criaBy nepmasioo 50H. XapakrepucTuuHuil peHTreHIBChbKUM CIIEKTD PEYOBUHU IUIIBKY 30YIKyBaBCSI
TPU CKAHYBAHHI eJIEKTPOHHUM IIyIKOM MiagHKN TBKu poadmipamu 300 x 300 MKM; I TOBCTIIINX ILITIBOK
pO3Mip MIISHKYM CKaHyBAaHHS CTAHOBHB 1 x 1 MEM. K eTasoHu mpy mpoBeleHHI KIJIBKICHUX BHUMIPIOBAHBb
€JIEMEHTHOI'0 CKJIAJy IJIIBOK CIUJIABIB IEBHOI TOBIIWHU BHKOPHCTOBYBAJIMCS TOHKI ILTiBKH Ni Takoi K TOB-
muHA. Pe3yabraT peHTreHIBCHKOro MiKpOaHAJII3y CBIIYATDH IIPO BHCOKY YKCTOTY ILIIBOK. 3iCTABJIEHHS pe-
3yJIbTaTIB BUMIPIOBAHDb PEHTTEHIBCHKUM MIKPOAHAJI130M KOHIIEHTPAITIM BUX1THUX CILJIABIB Ta OTPUMAHUX ILTi-
BOK IIOKA3aJI0 IX 30Ir y MeskaX IMOXUOKH aHAJII3y.

Kmouosi cinosa: PenrtreHnocrekrpaapamnii MikpoaHauris, XiMivaui ckiaan, Toukl mwiisku, Hanoxkucramiumi
wiriskn, Corasmy.
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