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The aim of this work is to create and study NiCriFe:_.04 nanoparticles using sol-gel technology with
participation of auto-combustion (SGA). After completing the auto-combustion process, the phase which
corresponds to the cubic structure of spinel space group Fd3m was obtained. The dependences of the lattice
parameter and X-ray density of the ferrite powders on the nickel content were found. The values of the lat-
tice parameter decrease from 0.8343 nm to 0.8306 nm with an increase in Cr3* ions content. The decrease
in lattice parameters by increasing Cr concentration can be attributed to replacement of the bigger ionic
radius of Fe3* by smaller ionic radius of Cr3*. The X-ray density d: increases from 5.360 g-cm=3 to
5.387 g cm-3 with increasing degree of substitution x. The cation distribution study indicates that nickel
and chromium ions have a tendency to occupy octahedral sites, whereas iron ions have a tendency to occu-
py both tetrahedral and octahedral sites. Morphological observations reveal that the particle size decreases
significantly with increasing Cr content mean while the particle size becomes more uniform. The dimen-
sion of the particles and micro-deformations of crystal lattice was calculated from width of X-ray profile
and angle. The integral width of Kai-line was getting by division the integral width of the Ka-doublet ob-
tained from the experiments on coefficient K. The ignoring a doublet in determining the integral width
leads to increase of the calculated block sizes by 6 %. The particle size of NiCr.Fes-x04 powders was ana-
lyzed by the Scherrer formula, Williamson-Hall and the SSP methods. In determining particle average size
by the Williamson-Hall method (24-43 nm), there is a larger scatter of experimental points on the straight
line than by the SSP method (19-42 nm). The substitution of Cr3* ions resulted in decrease of nanoparticle
sizes. The values of micro-deformations ¢ obtained using the SSP method are within the range of 4.69 10+
to 2.69-10-3. The average particle size of NiFe204 was found from the least-square fit of the lognormal dis-
tribution to the measured points obtained by the SEM micrographs. This average particle size was found

in the range 41-42 nm.
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1. INTRODUCTION

In recent years, the growth of interest in nanodis-
persed ferrites has stimulated a significant surge of
activity in the study of their structure [1]. First of all,
the method of electron microscopy, electron diffraction,
and other spectroscopic methods give a lot of infor-
mation on the structure of materials. However, the
X-ray diffraction method is the most important method
for determining the atomic structure. This method al-
lows the establishment of such important characteris-
tics of nanocrystals as the size of the crystalline blocks,
the degree of distortion of the crystalline structure. At
present, methods of X-ray analysis are actively devel-
oping in application to nanocrystalline materials.

The methods of studying the real structure of poly-
crystals based on the analysis of the displacement,
expansion and form of individual diffraction reflexes
are widely used [2, 3] to determine the average sizes
of nanoparticles, the parameters of size distribution
and the magnitudes of micro-deformations. Methods
of full-profile analysis allow to specify the atomic
structure of nanoparticles and simultaneously receive
information about their size and form.

It is known that a crystal of infinite dimensions in
all directions has an ideal structure. Since, in practice,
the crystals have finite dimensions, so they cannot be
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perfect. The deviation from ideal crystallinity leads to
the expansion of diffraction reflexes. The size of the
coherent scattering regions (CSRs) and the micro-
deformations of the crystal lattice can be defined by
analyzing the width of the diffraction reflexes. As a
rule, the size of crystallites does not always coincide
with the size of powder particles due to the formation
of polycrystalline aggregates [4]. Generally, the lattice
deformation occurs due to defects in the crystal lat-
tice, for example, through point defects, dislocations.
There are other sources of deformation, which include
grain boundaries, agglomerations of particles, and
others [5]. The size of the crystallites and the defor-
mation of the crystal lattice have a different effect on
the Bragg peak. The first parameter increases the
width of the reflex, and the second — shifts its posi-
tion. The line displacement is the basis of the X-ray
method for the determination of micro-deformations.
Thus, particle size and morphology play important
roles in the applications, which drive the modern stud-
ies to focus on the synthesis of new nanocrystalline
materials. The structure, mechanical, magnetic, optical,
electrical, and dielectric properties of ferrites are de-
pendent upon several factors including the method of
preparation, sintering time and temperature, chemical
composition, type and amount of dopant [6, 7]. In nickel
ferrite, half of the ferric ions preferentially fill the tet-
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rahedral sites (A), and the other ions occupy the octa-
hedral sites (B) [8]. The Cr3* ions cause appreciable
changes in the structural, electrical and magnetic prop-
erties [9]. In the present work, the SGA synthesis and
structure of nickel-chromium ferrite particles are de-
scribed using Debye-Scherrer formula, Williamson-Hall
and SSP methods.

2. MATERIALS AND METHODS

The nickel-chromium ferrites NiCr:Fes - xO4 (x = 0.0,
0.1, 0.2, 0.3, 0.4 and 0.5) have been prepared by SGA
technique [9]. Using Dron 7 X-ray diffractometer, the
X-ray diffraction patterns were recorded at room tem-
perature. The morphology of Ni-Cr ferrites was ob-
served by means of scanning electron microscopy
(SEM) with a Hitachi S-4700 electron microscope oper-
ating at 20.0 kV.

3. RESULTS AND DISCUSSION
3.1 X-ray Diffraction (XRD)

X-ray diffraction line profile analysis is convention-
ally used to study the physical and microstructural
parameters of polycrystalline materials. X-ray diffrac-
tion patterns of nickel-chromium ferrite powders are
shown in Fig. 1. For all samples, the analysis of XRD
patterns revealed the formation of single phase cubic
structure of spinel space group Fd3m.

Lattice constant of NiCr:Fez xOs was determined
from X-ray data analysis. The values of the lattice
parameter decrease from 0.8343 nm to 0.8306 nm with
an increase in chromium content. The results are in good
agreement with Lee et al. [10]. The decrease in lattice
parameters by increasing Cr concentration can be
attributed to replacement of the bigger ionic radius of
Fe?* (0.0645 nm) by the smaller ionic radius of Cr3*
(0.063 nm) [11]. The lattice parameters, X-ray density dkx,
molar mass, and cation distribution by sub-lattices of
spinel for the NiCrxFe2xO4 powders are given in Table 1.
The calculated X-ray density is in the range 5.36-
5.39 glem3. The cation distribution obtained from XRD
study indicates that nickel and chromium ions have a
tendency to occupy octahedral [B] sites, whereas iron
ions have a tendency to occupy both (A) and [B] sites.
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Fig. 1 — X-ray spectra of Ni-Cr ferrite powders
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Table 1 — Structural parameters calculated from XRD patterns
of the NiCr:Fez 04

x a, nm M, dx, Cation distribution
g ‘mol-! gcm

0.0 | 0.8343 234.38 5.360 (Fe1.0)[NiroFe10]O4
0.1 | 0.8337 233.99 5.363 (Fe1.0)[Nio.oCro.1Fe1.0]O4
0.2 | 0.8330 233.61 5.367 (Fe1.0)[Nio.sCro.2Fe1.0]O4
0.3 | 0.8323 233.22 5.372 (Fe1.0)[Nio.7Cro.3Fe1.0]O4
0.4 | 0.8316 232.84 5.376 (Fe1.0)[Nio.sCro.sFe1.0]O4
0.5 | 0.8306 232.45 5.387 (Fe1.0)[NiosCrosFe1.0]O4

3.2 Particle Size and Deformation of Crystal

3.2.1. Definition of Integral Width of Line Taking
into Account Ka-doublet

In order to determine the parameters of a nano-
structure, the method of analyzing the integral width
of diffraction lines is often used due to its simplicity, if
instead of integral width, the width at half height of
the maximum of diffraction lines is used [12]. However,
there is a need to make some comments about using
integral width and width at half height of the maxi-
mum of diffraction lines.

In general, extensions occur both at the expense of
physical factors (the presence of micro-strains and are-
as of coherent scattering), and instrumental (geomet-
ric) factors (beam divergence, focusing). The influence
of both factors, that is, physical and instrumental ex-
pansion, is in-additive, since each section of curve of
the true diffraction expansion under the influence of
the geometric conditions of the experiment is blurred
by the same law g(y). Mathematically, the extension of
a line is described by a convolution operation:

h(x) = [ f(y)g(x—y)dy- M

where f(y) is the physical diffraction expansion function
conditioned to the physical state of the sample, A(x) and
2(y) are the intensity distribution function for the sam-
ple and the function that describes the hardware ex-
tension, respectively.

Analyzing the intensity distribution described by
the expression (2), we can establish that the value of B
is the extension of the line associated with f — the
physical extension of the line and b — geometric exten-
sion of the line by expression:

B— £-b . 2)
[900 f (x)ax

Here, B, b and S are the integral widths of the
curves h(x), g(x) and f(x)

is the ratio of the area under the line to the maximum
intensity Imax.

Approximating the functions g(x) and f(x) in the form
of the Cauchy (or Gaussian) function, relations are ob-
tained for determining the true width of the diffraction
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line: B=b + £ in the case of Cauchy or B% = b2 + 2 in the
case of Gauss (approximation method).

A similar approach is also used to separate the ef-
fects of CSRs and micro-deformation. In the case where
the expansion of the diffraction line is caused only by
the micro-deformations, the integral line width is de-
fined as

P =4et90, (4)

where ¢ is the mean value of the relative deformation
module; when the extension is caused only by the size
of the regions of coherent scattering, the integral width

_ kA (5)
Po = D-cosd

where D is the average linear size in the direction of
CSRs of the normal to the reflecting plane, k is a con-
stant equal to 0.9. When the extension is caused by the
simultaneous influence of the micro-deformations and
the CSR, then the integral width is defined as a Cau-
chy function

B =Bp+ s - (6)

It is worth noting that the convolution of the two
Cauchy functions is not a Cauchy function, however, in
most cases, it is believed that it is also close to the Cau-
chy function, which makes it possible to use the above-
indicated separation.

Also, it should be noted that there is a difference be-
tween the half-width of the line w and its integral
width £. In the case of the Cauchy function

ﬂ:%-wy (7)

and in the case of the Gaussian function:

S S ®)
s 4In2W

This difference also affects the defined microstruc-
ture parameters. In particular, the article [13] shows
that the ratio of the dimensions of the blocks determined
using the integral width to the dimensions of the blocks
determined from the half width for the Cauchy function
is equal to 0.71, and for the Gauss function — 1.06.

It is clear that this difference in the calculated sizes of
blocks does not depend on the real size of the crystallite.
Unfortunately, software developers do not mention these
values in user guides, as well as in many articles where
calculations are done manually. The result obtained in
[13] showed that the peak profiles are close to the Lo-
rentz form and, according to the recently published data
[14], the experimental profile becomes close to the Lo-
rentzian when about 70 % of the crystallites have dimen-
sions in the range from half to two medium sizes.

Thus, when comparing the sizes of crystallites ob-
tained by different researchers, it is necessary to take
into account the method and methods by which they
were determined. They must also be specified in the
publications, or at least the name of the software that
was used.
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Fig. 2 — Ku.-doublets for different line widths

The use of integral width also has the advantage in
the presence of having a peak asymmetry. In this case,
the separation of the Ka-doublet is essentially compli-
cated. Therefore, when looking for the integral width of
a line, it is necessary to take into account that the line
can consist of two lines, that is Ka-doublet [15]. There-
fore, there is a need to find out how much the existence
of a doublet will affect the determination of microstruc-
ture parameters. For this, line was modeled by the Lo-
rentz function:

y= 2Aw . )
(W +4x?)

Here, x is the angular variable, w is the width at the
side of the maximum of lines, and A is the area below
the line. The line a2 was set to be exactly the same as
the line as, but with intensity two times smaller. Fig. 2
shows the effect of the doublet on the shape of the re-
sulting line. As seen, the presence of a doublet can lead
to a shift of the maximum of line. This can influence the
calculated constant lattice of the compound determined
without using of a full profile analysis.

To evaluate the effect of a doublet, the ratio of the
integral width of the Ka-doublet iz to the integral
width 1 of the line a1 was calculated:

s 2 v e GO)
K = @_ o z(@4x* +w?) 2 77(4(X—AX)2 +w?) max12
A T 2Aw
————dx /I
_-‘;7[(4x2+w2) X/”‘a"1

where Imax12 is the maximum intensity of the doublet,
Imax1 1s the maximum of the intensity of the line a1, Ax
is the angular distance between the lines a: and ag,
which depends on the angle at which the doublet is
placed. This angular distance was obtained by differen-
tiating the Bragg formula with known wavelengths Ka1
and Kee.

If the line width is small, then K= 1.4, when line
width is large, then K= 1 and doublet can be ignored in
this case. The coefficient K depends on the angle and
line width, so K was determined in the range of line
widths and angles that are in the X-ray diffraction
analysis. The calculations were made using the pro-
gram Maple, and their results for different angles on
which doublet is located are shown in Fig. 3.

To make it more convenient to use this set of coeffi-
cients, the approximation of data was given. The next
formula best describes this:
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Fig. 3 — Approximate dependence of the coefficient K from the
doublet width for different Bragg angles (from 0.10 rad to 0.85
rad with step 0.05 rad)
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Fig. 4 — Approximate dependence of the coefficients yo, A and ¢
from double Bragg angle

y=Y,+Ae . (11)

The dependence on the angle of the coefficients yo, A
and ¢t was approximated by polynomials (Fig. 4). As a
result of approximation, the equations were obtained:

yo=1.10452 — 0.01724-(20) + 1.01-10-*(26)2 — 2.60759-10-5(20)* +
+3.04294-10-7-(26)* — 1/34285-10-5(26)5, (12)

A =1.12542 + 0.0055-(26) — 1.3-10->(26)2 + 3.77981-10->(26)% —
— 4.38885-10-7-(26)* + 1.85643-10-%-(26)5, (13)
t =—0.00668 + 0.00125:(26) — 6.80105-10-5(26) +1.79088-10-6
(267 — 2.1197-10-5(26)* + 9.44898-10-11-(2)5. (14)

We got K as a function of two variables K= K (26,
Sr2), where 2601s the double Bragg angle.
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So, the integral width of Kai-line was getting by di-
vision the integral width of the Ka-doublet obtained
from the experiments, by this coefficient K. This coeffi-
cient lets exactly and correctly to determine the pa-
rameters of the microstructure. Also, we should note
that ignoring a doublet in determining the integral
width leads to increase of the calculated block sizes by
6 %. All subsequent calculations were made taking into
account the foregoing.

3.2.2. Debye-Scherrer Method

By means of Debye-Scherrer method, it is possible
to divide the effects of expansion of diffraction lines,
which are due to the small size of CSRs and micro-
deformations. The XRD patterns of nickel-chromium
powders were used to estimate the crystallite sizes. The
average size of the CSRs of the studied samples was
determined using the Debye-Scherrer formula (6).

It should be noted that the width of the Bragg peak
also contributes to the instrumental width of the line
[16], which is due to the width of the cracks limiting
the bundle of X-rays, the difference in beam, the inac-
curacy of setting the sample in its adapter. The average
size of CSRs of powders was in the range 23-43 nm.

3.2.3. Williamson-Hall Method

In contrast to the Debye-Scherrer method, which us-
es only the average size of crystallites, the Williamson-
Hall method allows to determine also the magnitude of
the micro-deformation of the crystal lattice. This fun-
damental difference between these methods allows a
division of the expand effects of the diffraction peaks
associated with the size of the CSR and the micro-
deformations. In this case, the dilatation related to the
size of the crystallites (p) and the micro-deformation
of the crystal lattice (fs) is by the components of the
total integral width of the Bragg reflex (7).

Then, using the Debye-Scherrer formula, we will
write the expression (7) in the form:

B = +4stgh . (15)

Dcosé

Multiplying the left and right parts of the last expres-
sion by cos 6, we get the following relation:

B cosH:k—;+4gsin9. (16)

The resulting equation is a representation of the so-
called "Uniform Deformation Model" (UDM) [17],
where it is believed that the deformations are uniform
in all crystallographic directions taking into account
the isotropic nature of the crystal, where the properties
of the material do not depend on the direction, along
which they are evaluated.

Fig. 5 shows the Williamson-Hall dependence in the
coordinates fhricosf (4sinf)), which is approximated by
the linear function y=A + Bx. From the graphic de-
pendence of SrricosO (4sinf)), the average size of the
CSRs was determined by extrapolating Srricos6 (4sinf)
to the value of sinf = 0. The value of the micro-strains
was found according to the dependence inclination (17)
using the approximation parameters.
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Fig. 5 shows that the inclination of approximating
lines is different. This corresponds to different values of
micro-deformation of crystal lattice. As a result of the
calculations, it was found that the size of CSR in
powders is within the range of 24-43 nm. We can state
that in the NiCriFez_.O4 ferrite, the size of CSRs de-
creases. The calculated value of micro-deformations in
the samples varies from 4.23-10~* to 1.02-10-3. However,
Fig. 5 shows that the points relative to the approximated
line have a large spread. This is a sign that, in the used
model, some other parameters of the studied powders
are obviously not yet taken into account. Therefore, the
size-strain plot (SSP) method was used, which takes into
account the form of particles.
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Fig. 5 — The Williamson-Hall analysis of nanoparticles accord-
ing to the UDM model: a— NiFe204, b — NiCrosFe1704 and
¢ — NiCrosFe1504

3.2.4. SSP Method

In determining the size of the CSRs and the micro-
deformation values of nickel-chromium ferrites by the
Williamson-Hall method, it was considered that the de-
formations are uniform in all crystallographic directions.
For the case of an isotropic nature of crystals, the esti-
mation of the above parameters also can be obtained by
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using a linear plot of SSP method that has an advantage
over other methods, since the accuracy of the diffraction
reflexes data at high angles is usually low. In this ap-
proximation, the reflex extension due to the particle size
can be described using the Lorentz function, and the
expansion of the reflex due to the micro-deformations of
the crystal lattice — the Gaussian function. Taking into
account the above, we obtain the following expression:

(d g B COSO1 2)% = %(d,f,d B c08012) + (26> (D

where K is a constant, which depends on the particles
shape (it is 3/4 for the spherical form of the particles).

Fig. 6 shows the dependence (dnrifrricos6/2)% of
(dnr))2BrricosO/A, which is approximated by the linear
function y = A + Bx. In this case, the size of the CSRs of
NiCrxFez2 - xO4 powders is determined by the inclination
of the approximating line, and the value of the micro-
deformations is determined according to the formula
£=05JA.

The results obtained using the Debye-Scherrer for-
mula, Williamson Hall and SSP methods are given in
Table 2. According to tabular data, the average sizes of
CSRs are little different from each other. It should be
noted that when analyzing the average size of particles
by the Williamson-Hall method, there is a larger scat-
ter of experimental points than the SSP method.

In the case of micro-deformations, for all powders of
the studied system, the values of £ obtained using the
SSP method are significantly bigger than the values of
the micro-deformations determined by the Williamson-
Hall method and are within the range from 4.69 104 to
2.69-1073.

However, taking into account the distribution of ex-
perimental points from the approximated lines by the
Williamson-Hall method, the obtained results of micro-
deformation values calculated according to the SSP
method are more trued, since all experimental points
are on the straight line.

Table 2 — Geometric parameters of nickel-chromium ferrites

Debye- e
Schei"rer Williamson-Hall SSP method
method
formula
X D, nm D, nm e D, nm e
0.0 43 43 4.23104 42 4.6910+
0.1 35 38 5.14-104 32 5.47 10~
0.2 32 35 5.72-104 31 7.8310~4
0.3 26 30 9.46 10 25 8.50 10
0.4 29 29 9.55-10 24 1.78-10-3
0.5 23 24 1.02-103 19 2.69-10-3
A +2 +3 +5-10-5 +1 +2-10-5

3.3 Morphology Study

Typical morphologies of NiCrxFez_x04 particles vis-
ualized by SEM are shown in Fig. 7. A distribution of
particle diameters, volumes, or numbers can be ob-
tained from a study of the micrograph. The prepared
particles are nanosized and nearly spherical in shape.
The distribution of NiFezOs4 particles obtained from
SEM is shown as the histogram in Fig. 8 and consists
of a combination of nanodispersed particles.
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Fig. 6 — The SSP plot of nickel-chromium ferrites: a -NiFe204,
b— NiCI‘o,zFel,sO4, Cc— NiCro.4Fe1,sO4

By least-square fitting to a Gaussian normal distri-
bution, the particle size distribution may be analyzed.
However, it confirmed that the size distribution of par-
ticles is not normal but lognormal [18].

The lognormal distribution f (In x) is represented as
follows:

exp(—(Inx—Inx)?/205?) (18)
f(Inx)d(Inx) = dinx>
(Inx)d(Inx) e
where x is the diameter of the particles, ois the stand-
ard deviation of In x and In xis the mean of the In x. If

xm is the median of x and In x = In (xm), we get:
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Fig. 7— SEM micrograph of Ni-Cr ferrites: a — NiFe20s and
b — NiCrosFe1504
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Fig. 9 — The least-square fit of the lognormal distribution of
particles

_ep(=In(x/x,)*/25%) (19)
f (x)dx Tono x dx

The least-square fit of the lognormal distribution to
the measured points obtained by the SEM micrographs
is shown in Fig. 9. The average particle size of NiFe204
was found in the range 41-42 nm. This average particle
size agrees nearly with the value of 42-43 nm estimat-
ed from the X-ray powder diffraction peaks.
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4. CONCLUSIONS

In summary, the NiCriFe2-:04 nanopowders were
successfully synthesized by the SGA technology. The
single-phase powders with a cubic structure of spinel
space group Fd3m were obtained. The lattice parameter
decreases from 0.8343 nm to 0.8306 nm because the re-
placement of larger ionic crystal radius of Fe3* by small-
er Cr3* occurs. As the concentration of Cr3* cations in-
creases in the composition of the ferrites, the X-ray den-
sity increases linearly. The Ni%2* and Cr?®* cations occupy
exclusively the B-site, while the Fe3* cations occupy the
A and B-sites.

The XRD patterns were analyzed by the Scherrer
formula, Williamson-Hall and the SSP methods. Sys-
tematic substitution of Cr3* ions resulted in decrease
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X-npomenesuii anasiia HanoyactuHoK NiCriFez 104 3 Bukopucrauuam Jledas-Illeppepa,
Binbamcoua-Xosia i rpadgigaoro poamipao-gedopmaiiifinoro metoaie

LII. Apewmiirl, B.C. Bymxosal, H.I. Bymxos?, C.I. Apemiir?

L JIBH3 «llpuxapnamceruii HauionaabHuli ynisepcumem imeni Bacuns Cmegarnuxan, 8yn. Illesuenka, 57,
76025 lseano-Ppankiscvk, YEpaina
2 Jeano-DOpanKiscoKull HAUIOHAIbHILL MeOUUHUL yHisepcumem, eya. I anuypka, 2,
76018 lseano-Ppankiscvk, YEpaina

Mertoro poboru € crBopenHs: Ta BuBueHHs: HaHOIacTUHOK NiCr.Fes 04, BUKOPUCTOBYIOUM 30/1b-T€JIb Me-
Tox 3a y4actio aproropinasa (3['A). Ilicia saBepiieHHA Ipollecy aBTOMOPIHHA 0yJI0 oTpuMAaHo ¢asy, aKxa Bif-
moBiae KyOIYHIN CTPYKTYPl IPoCTOpoBoi rpymu mridesi Fd3m. BeranosieHo 3aseskHICTh mapaMerpa rpat-
KM Ta I'YCTUHH X-IIPOMEHEBOT0 BHIIPOMIHIOBAHHS IIOPOIIKIB (pepUTIiB BiJ BMicTy Hikeso. Bennunna mapame-
Tpa rpatku 3meHIryoTbest Bl 0.8343 HM 10 0.8306 HM 13 30isibimeHHsM BMicTy 10HIB Cr3*. 3MmeHInenHs mna-
pamerpa IpaTKu 3a PaxyHOK 30LablmeHHs KoHreHTparii Cr MoKHA MOSCHUTH 3aMIHOI0 OLIBIIIOrO 10HHOTO
pamyca Fed wmenmmm iomumm pamiycom Cr3*. X-mpomeneBa rycrmua dx 3pocrae Big 5.360 rem—3 mo
5.387 r M3 BHACIIIIOK 301/IBIIEHH] CTyIIeHs 3aMilneHHs X. JlocimipreHHsT po3IIoiy KaTioOHIB BKa3ye Ha Te,
110 10HU HIKEJII0 Ta XPOMY MAIOTh TeHJIEHIII0 3afMaTh OKTAeIPUYHI IO3HUIIll, TOl IK 10HU 3aJ1i3a MAoTh Te-
HIEHINIO 3aliMAaTH AK TeTPaeIpryHi, TaK 1 OKTaeapuyHi miarpatkn. Mopdosoriydi crocTepeskeHHA IIOKa3Yy-
H0Th, 1[0 PO3MIP YACTUHOK 3HAYHO 3MEHIIIYeThCs 31 30LIbieHHAM BMicTy Cr, a po3Mip YacTHHOK cTae O1/IbIT
omHOpigEnM. Poamip yacTuHOK 1 MikpomedopMallii KpuCTAIIYHOI I'paTKK OyJIM PO3PAaXOBaHi 3a IINPUHOI X-
mpoMeHeBoro mpodsio Ta Kyra. Iurerpanbay nmmpuny Koi-JTiHil 0/IepsKaHo 3a JOMOMOTO0 OJIiIy iHTerpa-
nbHOI mupuHu Ko-1y0iieTy, OTpEMAHOIO 3 €KCIIePUMEHTY, 3a Koedimienrom K. Busnavaioun iHTerpaabHOy
IMUPUHY, ITHOPYBAHHS Ty0JIeTy IIPU3BOIUTE /10 301/IBIIEHHS] PO3PaXyHKOBUX Po3MipiB OJsioky Ha 6 %. Poami-
pu gactusOK moporikiB NiCriFes .04 mpoanasizoBano 3a momomoromo dopmysu lleppepa, merony Binbsam-
cona-XoJuIa Ta po3MipHO-IedopMaIiiHOro MeTony. BrusHauaouu cepefHiil poaMip 4acTOK MeTomoM Biabsam-
cona-Xosuta (24-43 HM), CIOCTEPIraeThCA OLIBIINNA POSKH €KCIIePUMEHTAILHIX TOUOK BII allpOKCHMALIAHOI
mpsiMoi, HisK 3a poa3MipHO-Aedopmariiaum MmeromoM (19-42 um). Bamimenus iomamu Cr3* npusBoguTh 10
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3MEHIIIeHHS PO3MIPIB HAHOYACTHHOK. SHAYEHH MiKpoaedopMariii €, oTpuManux MetomoM SSP, sHaxoaaTh-
ca B miamasoni Big 4.69 10 mo 2.69-10-3. Cepenuiit poamip yactuHok NiFe:Os sHaliieHo 3a HaMeHIIHM
KBAJIPATUYHUM JIOTAPUPMITHAM POSIOILIIOM BUMIPAHUX TOYOK, OTPUMAHUX 3 BUKopucTaHHaM gaHux CEM.
Bussmeno, 1o cepeHii po3Mip YaCTHHOK 3HAXOAUTHCA B qiamnas3oHi 41-42 am.

Kmrouogi cinosa: ®epur, Harnomopormoxk, 30sb-res1b aBToropinasa, X-nmpoMeHesnii anamia, Mikpomedopmariis.
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