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Dear Authors and Readers!
Honourable colleagues!

We are proudly announce the celebration of the 25th anniversary of our capital Astana - the
results of not only the political and economic development of our country, but also achievements in
science and education. The life experience and the practice teaches that the exchange of
information, the use of new information technologies and the evaluation of the obtained data play a
crucial role in achieving significant scientific results. This is promoted by scientific publications
and journals. The analysis of statistical data for the past year shows a significant increase in
publishing activity of our scientists and physicists in various prestigious periodical scientific
publications. In this regard, scientific conferences and training cources would be useful place for the
international exchange of information.

This year our University conducts 2 conferences on the physical and technical directions.

1. On August 1-4, 2018, the E.A. Buketov Karaganda State University along with the Institute
of Physical and Technical Problems and Materials Science named after Academician Zh.
Zheenbaev of National Academy of Sciences of the Kyrgyz Republic, L.N. Gumilyov Eurasian
National University and Physical and Technical Society of Kazakhstan will organize the XIV"
International Scientific Conference "Solid State Physics, Functional Materials and New
Technologies” (FTT-2018), dedicated to the 80th birthday of Professor T.A. Kuketayev. The
scientific program of the conference includes the following sections regarding all areas of the
fundamental and applied issues of condensed matter physics:

1) The point and extended defects in wide-systems: oxides, nitrides, ceramics, minerals,
organic and photonic crystals; intrinsic and impurity luminescence of condensed media;

2) The electrical and optical properties, relaxation of media, phase transitions, ordering, surface
phenomenon, impurities with shallow and deep levels, structural defects in semiconductors;

3) The phase and structural transformations in metals and alloys, a modification of physical
and mechanical properties of metals and alloys;

4) Functional materials, nanotechnologies and nanomaterials;

5) High technology.

We hope that all interested scientists will be able to discuss vital topics of modern solid-state
physics at the conference.

2. On 27-28 September, 2018 E.A. Buketov Karaganda State University invites all interested
persons to participate in the Republican scientific and practical conference "Actual problems of heat
power engineering and applied thermo-physics™ dedicated to the 80th birthday of professor Zh.S.
Akylbaev. During the conference the following sections are planned:

1) Professor Akylbaev Zhambyl Saulebekovich - scientist, teacher, public persona.

2) Innovative pedagogical technologies for the training of highly qualified specialists.

3) Modern physics issues/questions.

4) Discussion of applied thermophysics, heat power engineering and industrial ecology.

Professor Zh.S. Akylbaev for many years leaded our University. He dedicatedly contributed to
the development of new scientific and educational fields and specialties. With his personal
involvement and under his direction, the Technical Thermophysics Department was established in
1980 and later named after Zh.S. Akylbayev.

Professor Zh.S. Akylbaev was one of the founders of our scientific publishing Eurasian
Physics and Technology Journal which is developing since 2004.
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3. In addition to above mentioned conferences the following important for the physical and
technical community of scientists and young researchers event will be held in Moscow.

Department of Chemistry and Material Sciences of RAS, Institution of Russian Academy of
Sciences A.A. Baikov Institute of Metallurgy and Material Sciences RAS, Council of Young
Scientists of RAS invite you to take part in XIV" Russian annual conference for young scientists
and post-graduate students "Physical Chemistry and Technology of Inorganic Materials”. The
conference is targeting young scientists and post-graduate students of academic institutes, state
scientific centers and universities, enterprises interacting with metallurgy and material sciences, and
senior students.

The conference will be held 16-19 October, 2018 in the Institution of Russian Academy of
Sciences A.A. Baikov, the Institute of Metallurgy and Materials Sciences RAS in Moscow.

The conference aim is to support the creative activity of young scientists and post-graduate
students of academic institutes, state scientific centers and universities. This conference will review
and analyze the complex of problems on metallurgy and materials sciences including nanomaterials
and nanotechnologies, advanced materials, resource-saving processes and technologies.

The Eurasian Physical Technical Journal offers to publish scientific articles of those who are
interested in reaching out to the international audience.

We are looking forward to see you participating in the announced events and amongst the
authors of our future publications.

Respectfully,
Chief Editor, Saule E. Sakipova
Karaganda, June, 2018
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UDC 530.182+538.9

THE AVERAGED LAGRANGIAN OF SOLITONS
OF BOSE-EINSTEIN CONDENSATION

Zhumaev M.R., Sharipov M.Z., Mirzhonova N.N.

Bukhara Engineering - Technologies Institute, 200100, Bukhara, Uzbekistan, mrjumaev2011@mail.ru

The effect of the fluctuation interaction of atoms forming a condensate on solitons of the Bose-
Einstein condensation is considered. A short derivation of the Gross-Pitaevsky equation is given. The
averaged Lagrangian of solitons of the Bose-Einstein condensation is determined. The obtained results
give an opportunity to investigate the solitons dynamics under the action of various perturbations.

Keywords: Bose-Einstein condensate, Gross-Pitaevskii equation, averaged Lagrangian.

Introduction

Increased interest in studies of Bose - Einstein condensation is due to the fact that this
phenomenon plays an important role in physical systems consisting of strongly interacting
nanoparticles [1-2]. Probably, it also causes high-temperature superconductivity.

In this paper, a great deal of attention is paid to studying the influence of the fluctuation
interaction of atoms forming the condensate. We present the short derivation of the Gross - Pitaevskii
equation and find the averaged Lagrangian of solitons in the Bose - Einstein condensate.

1. Short derivation of the Gross - Pitaevskii equation

As is known, the quantum state of Bose - Einstein condensate atoms is described by one common
wave function because all of them have the minimum possible energy. Therefore, in accordance with
quantum mechanics, this wave function is described by the Schrodinger equation:

. 0 A
== (T4 u(r.) +Vi )y (1)

Here: w(r,t) is the wave function of the system of particles under consideration, T is the kinetic-

energy operator, u(r,t) is the external-field potential, and Vi, is the interaction potential of atoms
forming the condensate.

If one restricts oneself to the case where the external-field potential is isotropic and spherically
symmetric (which is used in experiments for studying Bose - Einstein condensation to create the trap
potential), it can be written in the form of the following spherical harmonic (or so-called parabolic)
potential:

u(r):gr2 )

where k is the force constant of the harmonic potential (or the effective elasticity coefficient).
In this case, it is convenient to use the spherical coordinate system, in which the operator of
kinetic energy has the form:
2
A 1 0 0
T — _n_._._ r2 —

2m r? or°  or )
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Consequently, if the system of atoms is a collection of noninteracting particles, then, in
accordance with Eqg. (1), we obtain the usual linear Schrodinger equation describing the quantum state
of so-called spherical harmonic oscillators.

Therefore, as was shown by Gross and Pitaevskii for the first time [2], to form the Bose - Einstein
condensate, atoms must interact, and the interaction potential is defined by the following expression:

V.

int

_47zr]2a0 2
B (4)

Here, ay is the force constant of the interaction of atoms (or a so-called scattering constant); it is
negative for atoms attracting one another and positive for atoms repelling one another.

Thus, on the basis of the above preconditions, the equation describing the wave function of
Bose—Einstein condensate atoms can be written in the following form:

.oy n10,,0 1., 4mia,,

nmn—=—-———(r"—y)+—kr'y+—— 5

Tat 2mr28r( ar"[/) Y m bl ©)

Then we reduce Eqg. (5) to the so-called canonical form. To do this, we introduce the following
notation:

r=Ap, t=B,7, w=c¢,f. (6)

Here, Ao, By, and C, are the characteristic parameters of the system under consideration, which
will be defined below. Then p, 1, and f denote the dimension- less coordinate, the time, and the wave
function.

Taking relations (6) into account and substituting them into (5), we obtain

. of n BO 1 0 2 k 2 2 4 d, 21 ¢12
i B 1 0 20y K pog op SMRop 22y
p(p ﬁp) 2T]AO oP m oo ‘ ‘ (7

Then, rewriting the last equation in the form of the canonical Gross—Pitaevskii equation

.of 1 0 o, 1
i (PP ) - -S| f =0 (®)
or p° oOp op- 2
we obtain the following conditions for determination of the characteristic parameters:
B 4ma
m

k
1, H-AOZBO:L S= )

Hence it follows that the characteristic distance Ag, and the time B, are determined by the masses
m and the force constant of k atoms forming the Bose condensate:

_2m o, _ | n
By=1" Ao—w/kBO- (10)

And finally, in accordance with the last condition (9), we find that
2 mS

=, 11
pr— (1)

Co

This formula expresses the density of Bose-condensate particles. Consequently,
2,3 .
¢, A, characterizes the number of atoms passed to the condensed state.
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2. Averaged Lagrangian of solitons in the Bose - Einstein condensate

As is known, to obtain the equation of motion (irrespective of the fact whether this approximation
is classical or quantum) of any physical system, it is necessary to determine its Lagrange function, or
Lagrang ian. Then, in accordance with the principle of least action (or the variational approach), the
equations of motion for the system are described by the Euler - Lagrange equations. Therefore, the aim
is to find the Lagrangian for solitons in the Bose - Einstein condensate.

Then we use the method of the averaged Lagrangian, which was proposed and developed in [4 -
6], taking into account that the Gross - Pitaevskii equation (8) includes the following “conservation
laws”, or the integrals of motion:

I, =4z[p*f[dp (12)
0

w 2
|2:4ﬂjp2de§f_p +%p2|f|2+%8|f|4}
0

(13)
Here, the first integral expresses the number of soli- tons in the Bose - Einstein condensate and the
second, their energy. It follows from (12) and (13) that, if the solitons are not affected by an external
force, then their number and energy are conserved.
When external fields (or perturbation, as they say) act on the collection of atoms forming the Bose
condensate, the parameters of the solitons are changed. In particular, the wave function of solitons,
which has the following form, can be altered:

2

f(p,7)= A(r)exp{— > ;2 B +iEb(r) o2+ i(p(r)}

(14)

Here, A(7),a(r),b(z) and ¢(7) expresses the respective amplitude, width, local frequency, and
the phase of the wave function of solitons (or, simply speaking, the parameters of the soliton solution

(14)).

It is natural that, under the action of rather strong perturbations, which are functions of coordinates
and time, determination of the solution of the Gross - Pitaevskii equation becomes a problem. But from
the physical point of view, the cases where external perturbation is weak are most important; i.e., the
analysis of changes in steady-state and soliton solutions is important. It is this case where the method
of the averaged Lagrangian is used; it assumes the adiabaticity of perturbations. This means that wave
function (14) is conserved, but its parameters are slowly varying time functions.

Before finding the averaged Lagrangian of solitons in the Bose - Einstein condensate, we
determine their number and energy using wave function (14) and calculating integrals (12) and (13).
We obtain the following expressions for them:

I, = Al AZs (15)
I, = ﬁAza{E{a“(bz +£) +1} + 7zSA4a}
4 2 4 (16)

Now we pass to determination of the averaged Lagrangian of solitons in the Bose - Einstein
condensate:

L=[dvL= 47sz2dpL
0 17)
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The Lagrange function L, from which the canonical Gross - Pitaevskii equation (8) is obtained,
has the following form (it is not difficult to be convinced of it):

a
or (18)

Taking the last term in expression (18) into account and integrating (17), we obtain the following
general expression for the averaged Lagrangian of solitons in the Bose - Einstein condensate:

5
R L] PET A ICTe BP . P R ) |
4 2 4 dr 8 dr 4 (19)

2 .
L=|ff+ +%p2f2+%Sf4+l2(f*%—f

ot
op

Conclusion

Based on the above studies, we obtained the following results:

1. A brief derivation of the Gross-Pitaevskii equation describing the wave function of the
atoms of the Bose-Einstein condensate is given.

2. The averaged Lagrangian of solitons of the Bose-Einstein condensation is found, on the
basis of which it is possible to study the dynamics of solitons under the action of various
perturbations.
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UDC 621.791.75

FRACTAL STRUCTURE OF MULTI-ELEMENT COATINGS
Guchenko S.A., Zavatskaya O.N., Yurov V.M., Kasymov S.S., Laurinas V.Ch.
Karaganda State University. E.A. Buketova, Karaganda, Republic of Kazakhstan, exciton@list.ru

The paper shows that the surface layer of a metal is a nanostructure. This surface layer
possesses nonlinear properties that depend on its size and all physical properties. The phenomenon of
electron emission from a metal under the action of an external electric field is considered. Taking into
account the dimensional dependence of the conductivity of the surface layer leads to the Mandelbrot
equation. This result shows that the surface layer has a fractal structure. The study of fluctuations of
the contact potential difference on samples made of structural metal alloys is carried out. It has been
experimentally established that the magnitude of the fluctuation of the contact potential difference at
one point of the sample does not depend on the surface roughness. Several mechanisms that lead to
fluctuations in the contact potential difference are considered. The first mechanism is associated with
the thermal motion of the atoms inside the sample. The second mechanism is related to the processes
occurring on the surface of the sample. The third mechanism is related to the processes in the
measuring instrument.

Keywords: coating, microstructure, fractal, microhardness, friction, surface tension

Introduction

In the second half of the 20th century, a mathematical content was found in all existing and
observed material objects, in their geometry, structure and behavior. Thus the idea of the fractal
geometry of Nature of Benoit Mandelbrot [1] arose. Fractal changed the philosophy of measures.
Fractal relationships between scales, fractal parameters and conventional quantitative parameters
are used in many studies to describe the subtle world of fractals from nucleation to growth, from
micro-macro and from local to global.

In [2, 3] a fractal analysis of the basic elements of the microstructure, such as the arrangement
of atoms or molecules, dislocations, grains, surface particles, boundaries, etc., was carried out.
Since microstructures are closely related to the properties of solids, a qualitative description of the
images of microstructures may be insufficient and incapable of requirements for the development of
materials. Therefore, quantitative measurements of the basic elements become more and more
necessary. A new classification of basic elements in microstructures is introduced in terms of fractal
dimension, as well as introduction to digital imaging, image processing and measurement of
parameters.

In work [4] theoretical and practical aspects of the tribological process with the use of
synergistic, fractal and multifractal methods, as well as fractal and multifractal models of self-
similar tribosystems, developed on their basis are considered. They provide a comprehensive
analysis of their effectiveness, and also consider the method of flicker-noise spectroscopy with
detailed parametrization of friction of the surface roughness. All models, problems and solutions are
taken and tested on the basis of real examples of the oil and gas industry.

The paper [5] is the first systematic exposition of the theory of local iterated functional
systems, local fractal functions and fractal surfaces and their connections with wavelets. In [6], for
example, in Chapter 4, two- and three-phase fractal methods are used to develop models of capillary
pressure curves that characterize the distribution of porous media in pore sizes. The theory of
percolation provides a theoretical basis for flow and transport modeling in disordered networks and
systems. Therefore, following Chapter 4, in Chapter 5, the fractal basis of the theory of percolation
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and its application in surface and subsurface hydrology is discussed. Chapter 6 shows that fault
networks are modeled using fractal approaches. Chapter 7 presents various applications of fractals
and multifractals for petrophysics and the corresponding field in petroleum engineering. In Chapter
8, we present the practical advantages of fractals and multifractals in geostatistics on a large scale,
which are widely used in stochastic hydrology and hydrogeology. Multifractals are also widely used
to model atmospheric characteristics, such as precipitation, temperature and the shape of clouds.

The analysis of time series over several decades was carried out in the fields of physics,
hydrology, atmospheric research, civil engineering and water resources. Therefore, in Chapter 11
fractal, multifractal, and multifractal fluctuations are proposed, which can be used to study the
temporal characteristics of a phenomenon, such as the discharge of a stream at a particular point in
the river. Work [7] gives an idea of the advantages and limitations of using fractals in biomedical
data. Also, the properties of biological data in relation to fractals and entropy are considered, as
well as the connection with health and aging. The paper presents a detailed description of new
methods of physiological signals and images based on fractal and chaotic theory. As follows from a
brief and incomplete survey, fractals are used in materials science [2], tribology [4], hydrology [6],
biology [7], etc.

In this paper, we consider the fractal structure and physical properties of the ion-plasma
coating.

1. Experimental procedure

In this work we used multi element cathodes of Cr-Mn-Si-Cu-Fe-Al, Zn-Al, Mn-Fe-Cu-Al,
obtained by induction melting, and Ti cathodes. Coatings were applied to steel samples by the ion-
plasma method at the vacuum installation NNV-6.611. Electron microscopy was performed on a
scanning electron microscope MIRA 3 from TESCAN. The investigations were carried out at an
accelerating voltage of 20 kV and an operating distance of about 15 mm. For each sample, 4 images
were taken from 4 surface points at different magnifications: 245 times, 1060 times, 4500 times and
14600 times. And also an energy-dispersive analysis was carried out at 4 points of the surface of
each sample.

The optical microstructure was studied with the Epikvant metallographic microscope, and at
the nanoscale with the NT-206 atomic force microscope. Investigation of microhardness of coatings
was carried out on a microhardness meter HVS-1000A. Tribological studies were carried out on the
installation described in [8]. The dependence of the microhardness of the deposited coating on its
thickness is described by the formula [9]:

w= uo(l—%j, W

where p is the microhardness of the deposited coating; pO is a massive sample; h is the
thickness of the deposited coating.

The parameter d is related to the surface tension ¢ by the formula:

26V
RT ' @
where o is the surface tension of a massive sample; v is the volume of one mole; R is the gas
constant; T is the temperature.

In the coordinates u~1/h (1/h - the inverse thickness of the deposited coating), a straight line
is obtained, the tangent of the slope angle which determines d, and the surface tension of the
deposited coating (o) is calculated from formula (2).

Show that the structure under consideration is fractal, using the ratio of the perimeter and the
area of the planar figures to the structures formed in the surface layer of the material. It is known
[10] that for each family of flat geometric figures, the ratio of the perimeter L to the area remains
constant and does not depend on the size of the figure:
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L
Y=g 3)
However, if the structure is fractal, then, as shown in [10], it should be replaced by:

L(}\,)l/D
Yo ~ S0y (4)

where D is the fractal Hausdorff dimension of the structure under consideration.

The ratio (4) does not depend on the size of the fractal structure, but depends on the choice of
the standard of length £, since the length of the self-similar boundary of the fractal L () depends on
the length of the standard with which it is measured and L (£) — o0 as £ — 0. The area of the fractal
remains finite as £ — 0 and is defined as:

S() =N, (5)

where N is the number of cells of area {2 necessary to cover a flat fractal.

In general, fractal structures with self-similar boundaries satisfy the perimeter and area ratio
[10]:

L) =Cr?[s®]"”, 6)

where C is the coefficient of proportionality.

The relation (6) is satisfied for any standard of length { sufficiently small to measure the

smallest of the fractal sets. The fractal dimensions were calculated from the AFM images at the
height of the median plane.

2. Results of the experiment and their discussion

Figure 1 shows, by way of example, an electron microscopic image of the Cr-Mn-Si-Cu-Fe-Al
+ Ti coating in argon and nitrogen. Titanium grains with a size of 1 to 10 um in diameter are
clearly visible. Materials with such a grain size are usually called large-crystal. In a nitrogen
environment, the structure of the coating changes sharply (Figure 1 a), due to the formation of
titanium nitride. In this case, the average grain size is 100-150 nm. Such coatings are called
submicrocrystalline.

* 0 LA
H040SEL. >

Fig.1. Electron microscopic image of the Cr-Mn-Si-Cu-Fe-Al coating in argon (a) and nitrogen (b).

The results of the quantitative XPS - analysis of the Cr-Mn-Si-Cu-Fe-Al + Ti coating in a
nitrogen medium showed that the chromium, titanium and nitrogen content are close to each other.
This suggests that, in addition to the formation of titanium nitride, the process of formation and
chromium nitride occurs. From Fig. 1 that the microcrystallites of titanium and chromium nitrides
have a predominant orientation (presumably in the (200) direction), which is also different from the
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spherical symmetry of microcrystallites of pure titanium. Figures 2-7 show the AFM images and
fractal structures of the metal composite films studied on steel X12.

3.0um x 1.9um x 93.2nm [253 x 158]

Z, nm
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40
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Fig.2. AFM image of the coating Fig.3. Fractal structure of the Cr-Mn-Si-Cu-Fe-
Cr-Mn-Si-Cu-Fe-Al+Ti Al+Ti coating

5.8um x 5.8um x 480.3nm [256 x 256]
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Fig.4. AFM image of the coating Zn-Al Fig.5. Fractal structure of the Zn-Al coating
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Fig.6. AFM image of the coating Fig.7. Fractal structure of the Mn-Fe-Cu-Al
Mn-Fe-Cu-Al coating
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Table 1 - Roughness parameters and statistical characteristics of coatings

Electrode Roughness | Dispersion | Asymmetry | Excess Fractal
Ra, nm Rq Rsk Riu dimension of
structure Dq
Cr-Mn-Si-Cu-Fe-Al+Ti 78.0 99.7 0.44 3.46 1.89
Mn-Fe-Cu-Al 29.89 41.42 0.15 8.97 1.81
Zn-Al 13.34 18.23 0.17 7.35 1.79

In [11], within the thermodynamic approach for the coefficient of dry friction, we obtained the
following formula:

k-C.T-A.N, 7

il

where A is the work (energy) of destruction, T is the temperature, u is the chemical potential of
the metal, N is the average number of elementary carriers of destruction (proportional to the
number of contacts), C is a constant.

From the formula (7) obtained by us, it follows that the coefficient of dry friction depends
linearly on the work of failure of the contacts (roughnesses). Work A (J), spent on the destruction of
contacts is proportional to the newly formed surface of the particles of the destroyed product:

A =aAS=Kgd™, (8)

where o is the time resistance to compression (Nm / m?), AS is the area of the newly formed
surface (m?), K is the proportionality factor (Nm / m?), d is the characteristic contact size (m), Ds
is the fractal dimension.

Equation (7) can be rewritten as:

d® —
k,=C-Ky-T- -N. 9)
1)
Taking the microhardness p as the response function [11], we obtain
D,
p=F- d -N. (10)
u
F = const.

Table 2 shows the fractal dimension of the coating and some surface properties. With a
decrease in the fractal dimension, the surface tension, microhardness, and friction coefficient
decrease. This agrees with formulas (9) - (10).

Table 2 - Fractal dimension and parameters of the coating

Electrode Surface tension |Microhardness Coefficient Fractal
3/ m?) HRC friction dimension D
Cr-Mn-Si-Cu-Fe-Al+Ti 0.632 562.3 0.58 1.89
Mn-Fe-Cu-Al+Ti 0.342 420.4 0. 46 1.81
Zn-Al+Ti 0.238 268.8 0.29 1.79
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Fractal dimension is a necessary condition for the manifestation of self-organization [12].
Figure 8, for example, shows a 3D image of Cr-Mn-Si-Cu-Fe-Al+Ti and Mn-Fe-Cu-Al+Ti coatings.

Z,nm
Ra: 13.6nm Rg: 17.2Znm AL Ra: 10.6nm Rg: 13.3nm
%2
69
46 -

Z,nm

X:5.0um Y:5.0um 2Z:1Z5.3nm [4.0:1) K:5.0um Y:5.0um 2Z:121.1nm [4.1:1]

23
0

5. .0 5.

b)
a)
Fig.8. AFM images of Cr-Mn-Si-Cu-Fe-Al+Ti (a) and Mn-Fe-Cu-Al+Ti (b).

For most of the coatings studied, a cellular structure is observed. A cellular substructure is
often formed upon solidification as a result of the occurrence of concentration supercooling [13]. If
the formation of a cellular structure at the crystallization front has a zone of a liquid melt enriched
in an impurity, then the appearance of impurity segregation at the cell boundaries is due to the
lateral diffusion flow of the impurity from the top of the growing protuberance. The amount of
impurity that actually reaches the cell boundary is difficult to measure, but it depends on the depth
of the notch between the cells. As the supercooling increases, the depressions between the cells
become deeper, which should lead to an enrichment of the cell boundaries by an admixture due to
the diffusion of the impurity from the top of the cell. The concentration of impurities on the
boundaries can be several times greater than the concentration at the center of the cell.

Such a model is quite suitable for explaining the observed cellular structure, where the role of
the dopant is played by titanium nitride. However, there remains the question of the cause of the
self-organization of the crystallizing melt on the surface of the substrate.

To solve the problem of the self-organization of the structural units of coverage, we consider
the model of Benard cells. Benard cells are the emergence of order in the form of convective cells
in the form of cylindrical shafts or regular hexahedral figures in a layer of viscous liquid with a
vertical temperature gradient (Figure 9) [14].

wZAa1 [z

Fig.9. Diagram of Benard cells.
1 - upward movement, 2 - downward movement [14]
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In the analysis of processes in the Benard system, the Rayleigh number is chosen as the control
parameter: g is the acceleration due to gravity, L is the characteristic dimension, b is the coefficient
of volumetric expansion, dT is the temperature gradient, v is the kinematic viscosity, and a is the
thermal diffusivity coefficient of the medium. Since the kinematic viscosity is v ~ 1 / o, ¢ is the
surface tension, it follows from the above expression for the Rayleigh number that the control
parameter in our case is surface tension (Table 2). In the process of ion-plasma coating deposition
and during cooling in the latter, stress states are formed which can be sources of multiplication of
dislocations throughout the deposited coating. Plastic deformation of crystals (and coatings) is
accompanied by the formation of a deformation relief on their surface that reflects the process of
localization of deformations in the crystal at the meso-, micro- and nanoscale levels [15].

It is believed that a cellular dislocation structure is a process of self-organization of
dislocations under conditions of multiple slip. For its occurrence, it is necessary to fulfill a certain
criterion (as in the case of Benard cells), which relates the coefficients of multiplication,
immobilization, and annihilation of dislocations.

Conclusion

The experimental data obtained in principle fit into all the models considered here: the
concentration super cooling associated with the presence of a radial gradient of the concentration of
an impurity of titanium nitride; Benard cells, the occurrence of which is due to the presence of a
vertical temperature gradient; cellular dislocation structure associated with the presence of plastic
deformations in the coating. The final choice of the model and, accordingly, the control parameter
has not yet been made. It is possible that the process of coating formation is influenced by all
mechanisms in one or a degree.
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NONLINEAR RADIATION PROCESSES IN SOLIDS
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There are some features in the research of the mechanisms of radiation exposure to solids, that
complicate the understanding and quantitative description of such processes. First, the system
"substance + radiation exposure" is open. In an open system, deviations of thermodynamic parameters
from their equilibrium values lead to processes of energy and matter transfer. Secondly, the processes
that occur as a result of the interaction of materials with radiation exposure are nonlinear. Continuous
exchange of matter and energy with the environment leads to the fact that the system realizes stable
dynamic equilibrium states that are far from the state of thermodynamic equilibrium. This conditions
characterized by the existence of a certain spatial or temporal ordering so-called dissipative structure.

Keywords: chaos and structures, fractal, modeling of radiation defects, thermoluminescence.

Introduction

Recently, the radiation treatment of materials has been increasingly used. In this case, the
radiation energy of electromagnetic, X-ray or gamma rays, as well as beams of charged particles are
used. The main importance, such work was acquired in connection with the use of nuclear power
and the possible use of thermonuclear installations. Materials used in outer space often experience
complex effects of micrometeorites, electromagnetic and corpuscular radiation. All these processes
lead to a change in the structure of the material, and, consequently, to the acquisition of new
properties, which are often undesirable when the material is used.

The result of the substance interaction and external action is the formation of new structures in
the materials under research, leading to a change in their original properties. Nonlinear systems are
affected by random small effects generated by nonequilibrium, instability, and manifested in the
accumulation of fluctuations, bifurcations, phase and spontaneous transitions.

The smallest parameter’s change, controlling the nonlinear system can lead to a giant response
of the system to an external action and, as a rule, leads to the self-organization effect studied by
synergetics [1, 2]. The self-organization shows that elements of a non-linear dynamical system start
to be ordered in the system structure, which leads to the formation of regular (fractals) or irregular
(multifractals) spatial structures [3-6]. Thus, it can be assumed a priori that new structures formed
in materials as a result of interaction with external action have a structure with fractional cluster
dimension, i.e. the fractal analysis methods fractal can be used for their description.

The processes occurring during the interaction of radiation with matter are the simplest cases in
which strongly nonequilibrium condition of a solid are formed. When it is irradiation, the fast
particle collides with the substance atom, chooses it out of the node into the interstitial space. In this
case, the lattice site remains empty, and two defects are formed: a vacancy and an interstitial atom
(Frenkel defects). If a particle is heavy, for example a neutron or an ion, and if the energy of the
particle is large enough, then, having extracted one of the atoms from the node and losing some of
the energy, it can continue to collide until its energy runs out. In turn, an atom knocked out of a
node can also have enough energy to produce defects. As a result, a cascade is formed, in which
there can be several hundred pairs of defects.
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1. Processes in irradiated solids

Let us consider how the condition of the irradiated solid changes in time by recourses [7, 8].
The irradiation source continuously generates defects in a solid. At the same time, the processes in
which the defects are destroyed are in the substance. First, it is the annihilation process, when two
opposite defects occur and mutually destroy each other. Secondly, the defect can "die on drains" if
it approaches the external surface or internal drains - defects of a different type. Consequently, in
the irradiated material, as a result of external action, defects are continuously created, but as a result
of processes occurring in the solid, they continuously disappear, as a result of the balance of these
processes, a certain steady concentration of defects is maintained. We can see that in this case a
typical weakly nonequilibrium system should be observed, which behaves like a closed equilibrium
system, but does not evolve to a state of equilibrium, but to a stationary state with a certain constant
concentration of defects in the volume. In this case defects should be distributed approximately
uniformly in the volume, if we do not take into account the regions of the cascades that play the role
of fluctuations in the concentration of defects. However, experiments have been carried out
experimentally [9], where the figure of radiation damage is significantly different from that
described, spatially organized structures are observed, which apparently corresponds to the regime
of strongly nonequilibrium conditions. In literature recourse [10] the system explanation of defected
divergence of theory and experiment on the base of representations of dynamic chaos, which are in
recombination-stimulating processes.

2. The results of modeling radiation-thermal processes

For the structural transformations analysis, occurring in the systems with two types of
interacting particles, a quantity called the conditional interaction potential (CIP) is introduced in
literature resource [11, 12]. This parameter allows us to characterize the size of the resulting
structures and to reveal their fractal nature.

To calculate the CIP it is necessary to have a figure of the particle distribution on the surface
under study or to know the spatial coordinates of the interacting molecules at the required time. The
digitized image is divided into the same cells, and the scale of the partition runs through all values,
which is a multiple of the original surface. The value of the CIP is calculated for their pair of
particles in each cell, according to formula

U=3Y3 A @)

k ij Tii

where i, j — component index of pair, k — number of interaction radius, determined by partition
number, g;, g; — conditional single «charges», used for difference between two kinds of participles

in a system (¢; =1,0;=-1 wm ¢, =-1,0;=1 in dependence of initial conditions), rj —

distance between interacting particle.

A characteristic feature of the dependence of the CIP on the partition scale is the presence of
one or more maxima, which indicate the formation of aggregates of the same particles. The UWB
change in time makes it possible to trace the evolution of the observed structure in a solid. As a
rule, the UWB time dependence has a mini- mum in the negative region, which corresponds to a
maximum of information entropy, which corresponds to a chaotic distribution of particles on the
surface and in the volume of the crystal. If the system has synergistic effects, its entropy decreases
to a certain value. In this case, the CIP particle in the system grows to a certain positive value and
reaches saturation. The kinetic curves at the saturation stage have a quasi-oscillatory character,
which corresponds to the dynamic processes of growth and destruction of the clusters formed. It
should be noted that the maximum of information entropy falls on the minimum of the conditional
interaction potential (Figure 1), which also confirms the chaotic distribution of defects at this time.
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This information entropy according to Haken [13] is defined as the average value of the
synergetic information I, acquired at birth or structure destruction with probability p;:

I, =-Inp, S:_Zpilnpi’ Zpizj.. (2)

This formula generally coincides with Shannon's entropy [14] -as a measure of the information
necessary for determining the location of the system in a certain macrostate:

5=—Z pi In p;, 3)

However, these expressions have a different physical meaning. The formulation (2) can be
used to research the system dynamics in the process of its evolution, while the entropy (3) describes
the statistical condition of the system at this moment.

In Table 1 are shown the calculated values of the characteristic dimensions of aggregates, random
entropy, and the observed entropy in modeling of long-term irradiation on lattices of different sizes
[12].

Table 1.The information entropy values, calculated for some characteristic aggregates sizes
and in a volumetric sites of different sizes

. Aggregates’ Observed system Chaotic distribution

The lattice size Characteristic size entropy entropy
10x10 7.31+0.10 9.21
1000x1000 5%5 7.65+0.12 10.59
10x10 7.09+0.09 7.82
500500 4xd 748010 9.66
10x10 3.87+0.05 4.60
100x100 5%5 4.12+0.00 5.99
10x10x10 6.83+0.11 46.05

100x100x100 Ixdxd 858+ 0.15 160.94

The defect structure destruction, formed by electron-hole centers accumulated in the crystal
under the influence of radiation can be traced in the research of the process of thermoluminescence
end thermally stimulated conductivity (TSC). The curves analysis of thermoluminescence (TL)
arising in solids due to the recombination of charge carriers (electrons and holes) trapped by the
lattice traps of a material is impossible without a detailed interpretation of the nature and
mechanism of the dependence of thermoluminescence on crystal-chemical, physical-chemical and
geological factors. It is known that the TL intensity depends on the number of recombining
electron-hole centers in the crystal, the radiation dose rate and the duration of its exposure to the
crystal. In connection with this, the TL process research was conducted of in order to elucidate the
effect of the type of distribution of electron-hole centers in a crystal to the process.

When TL end TSC modeling, the experimental data of the activation energy and the heating
rate from the work [7] for the NaCl crystal were used as the process parameters. The capture centers
associated with radiation defects are mainly annealed to room temperature, and are F, F - aggregate
and V-centers. The simplest mechanism of the recombination process realized in the model used is
the migration of free charge carriers of the same sign to the captured charge carriers of the opposite
sign. The TL curves correctness was verified by the Voigt’s formulas (4), Broinlich formula (5),
and Lushchik formula (6), which used in methods for determining the depth of the traps [15].
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Fig.1. CIP dependence (a) and the specific value of information entropy (b) the structure of radiation
defects from the duration irradiation of a two-dimensional NaCl crystal with a lattice of 1000x1000 at a dose
rate of 0.1% for two characteristic sizes of aggregates.

There are shown the TL and TSC processes of modeling results in a NaCl-type lattice and the
experimental data of the authors [7] in fig 2. The activation energies of the E centers calculated using
the parameters obtained in modeling the TL process satisfy semi-empirical relationships:

18T, <E/k < 25T, @)
KTy T,

E =" "2 n(QT/QTn), (5)
Tml_Tm2 ( 1 2/ 2 1)

E=KTa /(T; =Tn), (6)

where Q — the rate of crystal heating; Ty, is the maximum temperature of thermoluminescence;
T, - temperature at half the maximum intensity of glow from the high-temperature side; k is the
Boltzman’s constant; indices 1 and 2 denote the parameters for two TSL curves.
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Fig.2. Curves TL u TSC: a) NaCl, computer modeling, E/k = 3868 K; ........ TL TSC;
b) NaCl:Ag, experimental data [7], E/k = 3868 K
Conclusion

Thus, it can be argued that the mathematical model with the initial multifractal defect
distribution adequately reflects the real system and can be used to the research the
thermoluminescence phenomenon.
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The results of simulation of the process of the disposal (post-mission disposal or disposal after
failure as a result of emergency) of a spacecraft in quasi-geostationary orbit are given. The necessary
impulses, fuel consumption for maneuvers, the required time for the raising the orbit to 300 km,
changes in the major semi-axis and eccentricity of the orbit and the satellite's drift in longitude are
calculated. The process of raising the orbit is considered as a result of successive starts of gas engines
(GE) and corresponding changes in the indicated orbital parameters. The dependence of the satellite
drift and longitude for different values of eccentricity is presented. It is shown that, within the maximum
duration of the engine operation time of the GE, the duration of their individual starts does not
significantly affect the final results of the disposal.

Keywords: Spacecraft; geostationary orbit; disposal; maneuvers; numerical simulations; orbit
parameters

Introduction

A geostationary satellite whose service life ends, in accordance with the recommendation of
the International Telecommunication Union [1], should be withdrawn from the geostationary orbit
(GSO) area until the fuel stocks are exhausted in order to avoid the risk of collision with operating
GSO satellites. At the same time, the minimum perigee height should ensure that the satellite does
not return to the protected GSO zone after disposal from the geostationary orbit, which extends 200
km above the GSO. For satellites with orbital eccentricity e <0.003, the required altitude is defined
as:

AH >235 + 1000 Cr A/M,

where Cr is the coefficient of reflectivity at the beginning of the service life, A is the area of
the satellite angle exposed to the Sun, M is the dry mass of the satellite.

The Control Center of these Spacecrafts (SC) should monitor the fuel consumption on board to
ensure that the amount necessary for maneuvering to take off from the GSO is available. In
addition, it is required to have a fuel stock to take into account the effect of possible inaccuracies in
determining the orbit and the errors of maneuvering.

The results of work [2] show that geosynchronous orbiting satellites at the end of their service
life should be brought to a height of not less than 300 km above the GSO.

Thus, the disposal of spacecraft from a geostationary orbit is regulated by international legal
acts. Although they are recommendatory in nature, in fact, they are mandatory for implementation.

Since the issue of flight safety of satellites is always one of the most pressing issues, a lot of
work is devoted to this issue. For example, it was shown in [3] that the required perigee altitude of
the burial orbit cannot exceed 300 km from the height of the upper boundary of the protected region
of the GSO. In addition, estimates of the necessary specific impulses of the control force for
performing escape maneuvers consisting of a change in the major semi-axis of 500 km have been
obtained. In particular, a specific impulse of about 18 m/s for a period of not more than one year is
required for disposal from GSO.
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An analysis of the fullness of GSO by spacecrafts, statistics of the disposal from orbit for
1997-2004 on the basis of TLE-elements was carried out in [4]. It is shown that at present, some of
the satellites abandoned in GSO represent a danger to operating satellites. This once again proves
the necessity of maneuvering the drift for each GSO satellite at the end of the active life or after
failure as a result of an abnormal situation.

In [5-10] also problems related to the features of the disposal from GSO of satellites, including
satellites possessing a non-zero, even significant inclination angle, are also considered. Taking into
account the urgency of the problem of the SC disposal from GSO, the present work considers a
method for modeling this process, for estimating the important parameters of such a maneuver: the
necessary impulse, fuel consumption, required time, longitude drift and eccentricity changes. Since
in most cases SCs are in a quasi-geostationary orbit with a small eccentricity and inclination angle,
here we confine ourselves to this case. The case of moving a spacecraft from an ideal geostationary
orbit (e = 0) was considered in [11].

1. Controlling the motion of the GSO satellite

Currently, geostationary satellite motion can be controlled using large and small thrust engines
[12, 13]. In the case of high-thrust engines, it is assumed that the time it takes to create the
necessary speed increment 4V is negligible compared to the satellite revolution period. This kind of
control is called impulse control. In this case, the action of the traction force is reduced to a sudden
change in the velocity of the spacecraft without changing the coordinates during the time the engine
is running [13]. Given the fact that this time is usually much shorter than the time of the orbital
transition, this assumption is justified.

In the case of low-thrust engines, the running time of the engine becomes of the order of the
satellite revolution period. In this case, the impact of the traction force on the orbit can be calculated
by numerical integration of the differential equation of motion of the spacecraft, the acceleration
due to the thrust of the engine [12, 14] on the right-hand sides of which is included. On this basis, in
[15], the problem of controlling the planar parameters of the orbit of a geostationary spacecraft with
the help of a low-thrust engine is solved. Since all maneuvers must be carried out from the
optimality condition, in [16] the problem of optimizing the geostationary orbit with the use of an
ionic low-thrust engine is considered.

As is known, if the inclusion of the engine can be considered impulse, then the velocity
increment can be estimated as follows [11]:

2 E  F.cosa
AV = [ Tt R )
m m

ty—At/2

where F is the vector of thrust, m is the mass of the space vehicle, « is the angle between the
directions of maneuvering and thrust of the engine, to is the calculated moment of the impulse, and
At is the engine running time. In this case, the mass of the spacecraft can be considered constant
during the operation of the engine. Since, in fact, the mass of the spacecraft is a function of time, if
necessary, as the mass of the space vehicle, its mean value over the initial and final values during
maneuver can be taken.

Of the three kinds of impulses (tangential, normal and lateral, or binormal), a tangential
impulse is used to change the major semi-axis of the orbit, the drift speed in longitude and the
eccentricity vector. Taking into account that in the problem considered by us, as a result of one
small impulse (AV << V), the major semi-axis changes by a small amount (Aa << a), it can be
shown that [12-14]:

_2a%V
7

Aa AV , 2
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where = fM is the gravitational parameter of the Earth.
The change of the major semi-axis is simultaneously accompanied by a change of the
eccentricity e [12]:

Ae = 2(e +cosv)

AV, ©)
where v is the true anomaly of the spacecraft.
Another parameter of the movement, which will change as a result of the change in the major
semi-axis, is the satellite drift speed on the GSO. In the case of e # 0 and i = 0 (inclination of the
orbit), the speed of drift is defined as [12]:

/’1:27[ 1+2e-cosv_i 1 (@)
T Te

S

where Ty is the sidereal period of the satellite revolution, Tg is the duration of the stellar day.

The difference of the sidereal period from the stellar day will lead to the appearance of a drift
along the longitude. In this case, the longitude of the spacecraft at time t is defined as (in the linear
approximation):

A= o+ Alt-1,), ®)

where 4, is the longitude of the spacecraft before the start of the drift at the time t, .

The use of (4) allows us to take into account not only the evolution of the mean longitude, but
also the longitude variations around the mean value, caused by the presence of eccentricity and
natural short-period variations.

If in the process of transferring the spacecraft from one point of standing to another or when
putting a burial place into an orbit, the eccentricity is not superimposed, then by means of a
tangential impulse, a transferring can be started at any time.

2. Results of modeling and discussions

As in [11], we consider the process of moving a spacecraft from a GSO to a height of 300 km.
The process of rising of the orbit will be considered as a result of successive starts of gas engines
(GD) and corresponding changes in the indicated orbital parameters.

To simulate the disposal process, the following initial parameters have been adopted:

- the major semi-axis of the orbit is ap = 42164125 m;

- eccentricity e = 0;

- circular speed Vo = 3075 m/s;

- mass of space vehicle my = 1080 Kkg;

- thrust of the engine F = 0.009 N;

- angle between the directions of maneuvering and engine thrust a = 60 °;

- mass fuel consumption for one gas engine = 0.016 g/s;

- number of simultaneously operating gas engines N = 4;

- initial longitude of spacecraft o = 103 °;

- engine operating time At = 1800 s; 5000s.

Numerical simulation is performed in the following sequence.

1) Calculation of the increment of the velocity AV by the formula (1). In this case, for each
individual maneuver, as spacecraft mass is taken its mean value m,, =(m,, +m,)/2, where mj

and u m; are the masses of the spacecraft at the beginning and end of the maneuver. The spacecraft

mass at the end of the maneuver is definedas m, =m, , —dm=m, , —m-At.
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2)  Calculation of the change in the major semi-axis 4a by formula (2). At the same time, as
the major semi-axis a and velocity V, values are taken that correspond to the beginning of the
maneuver.

3) Calculation of the change in eccentricity Ae by formula (3). As in the previous case, as
the velocity V, values are taken that correspond to the beginning of the maneuver. After the
maneuver, the velocity, the major semi-axis and the eccentricity will become, respectively

V=V, +AV, a=a,+Aa,and e=¢,+Ae.

4) Calculation the sidereal period of revolution of the satellite Ts corresponding to the
changed major semi-axis a, and the duration of the stellar day Te corresponding to the major semi-
axis of the ideal orbit ag by the formula:

3
T=2rx a—.
\},u

5) Solution of the Kepler equation and finding the eccentric anomaly E, where M is the
mean anomaly:

M =E —esinE.
6) Calculation of the true anomaly v:

2 Vl-e 2
7)  Calculation of the speed of the drift 4 by the formula (4).

8)  Calculation of the longitude value of the spacecraft at the end of the maneuver:

A=A, +A-At.

In order to determine the effect of the duration of the engine on simulation results, in [11] the
calculations were carried out at At = 1800 s; 3600 s and 5000 s. The last value is chosen based on
the limitations on the duration of operation of some gas engines that are used in practice.
Calculations showed that in all three cases the results are almost identical.

Since the case e=0 was considered in [11], in the present paper the effects on the results of
modeling not only the duration of the engine operation, but also the eccentricity of the orbit are
studied. For this purpose, we have considered the cases At = 1800 s and At = 5000 s with different
eccentricity values (Table 1).

Table 1.
e At, s | Nesc. time, | 4V, m/s | Fuel consumption, kg Ae A, A, degree
day degree
0.01 | 1800 7.3851 10.841 40.837 1.52e-04 | 13.418 89.582
5000 7.3854 10.841 40.838 1.75e-04 | 13.268 89.732
0.03 | 1800 7.3851 10.841 40.837 1.51e-04 | 15.431 87.569
5000 7.3854 10.841 40.838 1.75e-04 | 14.926 88.074
0.05 | 1800 7.3851 10.841 40.837 1.50e-04 | 21.715 81.285
5000 7.3854 10.841 40.838 1.74e-04 | 20.836 82.164
0.07 | 1800 7.3851 10.841 40.837 1.50e-04 | 32.262 70.738
5000 7.3854 10.841 40.838 1.74e-04 | 30.991 72.009
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As can be seen from this table, the required time for rising of the orbit to 300 km, the
necessary increment of the velocity 4V and fuel consumption are practically independent of the
eccentricity and the duration of the engine operation. In this case, the eccentricity of the orbit
remains practically unchanged throughout the entire process of disposal. But the value of the
eccentricity significantly influences the drift speed and the finite value of the longitude of the

spacecraft.
The calculations showed a linear dependence of the change in the major semi-axis on time,

and 4a = 300 km is achieved in 7.385 days. Figure 1 shows the longitude drift £ as a function of
time for the two extreme values of eccentricity considered. As can be seen from the figure, the use

of this expression for 4 made it possible to reveal not only the evolution of the mean drift, but also
its oscillations around the mean value, caused by the presence of eccentricity.

N

drift (degree/sec)
drift (degree/sec)
o

t, day

Fig. 1. Changes in the drift of the longitude (/1 ) with eccentricity values e = 0.01 (a) and e = 0.07 (b).

Figure 2 shows the changes in longitude (1) also with the two extreme values of eccentricity
considered. Here, as well as in figure-1, not only the evolution of mean longitude, but also its
oscillations around the mean value, caused by the presence of eccentricity and natural short-period
variations, are revealed.

In both cases, an increase in the eccentricity resulted in an increase in the amplitude of the
oscillations of the parameters considered, drift and longitude of the space vehicle.

On the basis of the results obtained, it can be argued that, when a spacecraft is taken from a
GSO with permanently-powered engines, the eccentricity does not affect the fuel consumption and
rise time of the orbit to the disposal orbit. But it has a significant influence on the drift and
longitude change of spacecraft.

In order to test the need for such a simulation, we will consider the process of moving a
spacecraft from a GSO as one whole maneuver.

Calculation of the velocity increment AV by the formulaAV = u-Aa/2a*V , where 4a = 300
km, V=V,=3075 m/s and a=a,=42164125 m gives 4V=10.94 m/s. This value differs from the value
of AV obtained as a result of modeling by less than 1%. This gives grounds to state that in order to
estimate the necessary velocity increment 4V to disposal spacecraft from GSO, there is no need for
detailed simulation of the process.



INFORMATION ABOUT AUTHORS 27

88 ‘ ‘ : 50 : . a : : : : a

o 1 2 3 4 5 6 7 8 ¢ 4 2 B 4 & ® T B
t, day t, day

Fig. 2. Longitude changes (A) for eccentricity values e = 0.01 (a) and e = 0.07 (b).

Similarly, calculating the change in eccentricity using the formulaAe=2-AV /V, where
AV=10.94 m/s and V=V,=3075 m/s also gives a very close values to the simulation results:
Ae=0.0071, which is a deviation of 1.43%.

Unlike the previous parameters, a significant difference arises in the estimation of the
operating time of the engines: At =AV -m/F -cosa = 2625600 s. Taking into account the fact that
4 engines operate simultaneously: At = 656400 s = 7.5972 days, i.c. the deviation is 0.2118 days.

As a consequence of the longer engine operation, there will be higher fuel consumption:
42.010 kg for the entire maneuvering period, i.e. 1.172 kg more than in the case of modeling.

The above parameters determine the longitude drift of the spacecraft. After moving the
spacecraft to a height of 300 km above the GSO, the change in the period of revolution is AT = 921
S. This in turn leads to drift = 3.8382 degrees per turn. Taking into account the disposal (moving)
time at 7.5972 days, we get the longitude displacement AL = 29.16 deg., which differs from the
simulated value by 14.979 deg. Thus, the spacecraft had to be at longitude A = 73.84 deg.

A tangible difference in the estimates of the duration of the engine operation is associated with
taking into account (or not taking into account) changes in the mass of the spacecraft due to fuel
consumption. As a result of this, there are differences in the estimates of the total required fuel mass
and changes in the longitude of the space vehicle.

Thus, it can be argued that a more accurate simulation of the SC disposal process from the
GSO is justified in critical cases associated with the fuel stock, the time reserve for disposal or drift
by longitude. This will allow you to choose the best variant for this maneuver.

Conclusion

Numerical simulation of the process of spacecraft disposal from a quasi-geostationary orbit to
a height of 300 km has been carried out for the example of a spacecraft with a mass of 1080 kg,
initial longitude 103°, equipped with gas engines. The changes in the major semi-axis and the
eccentricity of the orbit, the longitude drift of the satellite, and the fuel consumption is considered
as a result of consecutive starts of gas engines.

Simulation was carried out for three values of the duration of the engine: At = 1800 s; 3600 s;
5000 s. Calculations have shown that, within the maximum duration of the operations of gas
engines, the duration of their individual operations does not significantly affect the final results of
the disposal from orbit.
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To assess the need for such a simulation, the process of moving SC from GSO is also
considered as a one-time maneuver.

A tangible difference in the estimates of the duration of engine operation is due to the change
in the mass of the spacecraft due to fuel consumption. As a result of this, there are differences in the
estimates of the total required fuel mass and changes in the longitude of the space vehicle.

The analysis allows us to state that a more accurate simulation of the process of disposal of a
spacecraft from a geostationary orbit is justified in critical cases associated with a fuel reserve, a
time reserve for disposal or with a restriction on longitude drift.
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X-ray diffraction studies of ultradisperse powder, ordered with the spiral structure of industrial (F-
4) and modified polytetrafluoroethylene (PTFE) on different X-ray machines with different shooting
conditions were performed. The obtained X-ray diffraction patterns are noticeably differed between
themselves. In contrast to X-ray diffraction patterns of ultrafine powder, which has two reflexes and a
modified PTFE with a single reflex, on the fluoroplastic-4 X-ray diffraction pattern, in addition to the
polytetrafluoroethylene line, additional diffraction peaks (a wide diffuse halo and a series of
reflections) that indicate the presence of several phases of fluoroplastic or a modification of the
structure were found. The analysis of X-ray diffraction patterns showed that the standard PTFE line
observed at an angle (20 = 18.15 °) is typical for all samples. It was established that the difference in
X-ray diffraction patterns is due to the prehistory of obtaining PTFE samples.

Keywords: X-ray diffraction pattern, polytetrafluoroethylene, powder, ultra disperse, helical structure, hexagonal
cell, lattice, sample, profile, crystalline object.

Introduction

In recent years, there has been a significant increased in interest in the radiation modification
of polytetrafluoroethylene (PTFE) and composite materials based on it obtained by the action of
beams of different particles, including high-energy electrons. The considerable attention to PTFE is
associated with the discovery of a significant improvement in a number of important from the point
of view of practical properties of this polymer after radiation exposure in the temperature region
above the melting point.

The main emphasis in this case is done on molecular mechanisms and molecular structure
since the macroscopic properties of PTFE depend on its supramolecular structure and morphology.
In this regard, the study of the morphology of the radiative modifications of PTFE along with the
elucidation of molecular mechanisms is of independent interest especially when studying the
properties of compositions based on PTFE with electrically conductive fillers of complex
composition, a filler made from modified carbon fiber reinforced with quartz, using ultrafine
inorganic compounds like aluminum-silicon oxynitride which is a solid refractory solution with an
average particle size of 100 nm, at the study of modified PTFE films and their modification [1, 2].
Proceeding from the foregoing the considerable interest represents a study of the crystalline
structure of PTFE which has a high degree of crystallinity both immediately after production of the
material and at the present time. The special meaning information on the crystal structure is
acquired in connection with the need to clarify the nature of various modifications and derivatives
of PTFE including composite and ultra disperse materials and understanding their structure.

Therefore, for the analysis and interpretation of the structural structure of various modifications
and derivatives of PTFE it is necessary to carry out a comparison with the data for industrial PTFE.

In this paper, profiles of X-ray patterns of samples of ultra disperse powder of (PTFE) (a),
industrial PTFE-4 (b) and modified PTFE (c) have been studied (fig.1).
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Fig.1. X-ray profiles of ultra disperse powder (a), PTFE-4 (b) and modified PTFE (c).



INFORMATION ABOUT AUTHORS 31

1. Experimental installations and measurement techniques

In the case of UPTFE the powder diffractometry method was used. X-ray diffraction data for a
sample of PTFE were obtained on a MiniFlex-600 tabletop X-ray diffractometer from RIGAKU
(Japan). The 5th generation MiniFlex-600 diffractometer is a multifunctional instrument intended
for high-quality and quantitative phase analysis of polycrystalline materials.

MiniFlex is the only desktop X-ray diffractometer equipped with an automatic sample loader.
The sample was an ultrafine PTFE powder. Survey conditions: tube voltage was 40 kV, tube current
was 15 mA, and anode material was Cu, scan angle range from — 3 ° to 145 ° (scanning dependent
©-20). The scanning speed was from 0.01 to 100 °/min (20). The minimum step is 0.005 ° (26.)

The X-ray diffractometer DRON-7 is a general-purpose diffractometer designed to measure the
intensity and angles of diffraction of X-rays scattered by a crystalline object in solving X-ray
diffraction and X-ray diffraction analysis of materials and is used in industrial, research and training
works in various fields of science and production (materials science, ferrous and non-ferrous
metallurgy, machine building, mineralogy, crystallography, chemistry, pharmacology, criminalistics
and others). X-ray diffraction data of the modified sample were obtained by the DRON-7
diffractometer at 20 — 22 °. The operation of the diffractometer is controlled from a personal
computer (PC). It is designed to work with the following factors: a) ambient temperature from 10 to
35 ° C; b) relative air humidity up to 80% at 25 ° C; ¢) atmospheric pressure of 84 — 107 kPa (630 —
800 mm Hg) and provides operation with X-ray tubes of the type BSV27, BSV28 and BSV29 in the
third design version.

The basic set includes an X-ray tube 2.5BCB27-Cu. The measuring range of angles 28 is from
minus 100 to plus 165 °; the measuring range of the angles is from 0 to 360 °. The power of the
diffractometer is provided by a single-phase alternating current network with a frequency of (50 +
1) Hz, by the voltage of 220 V with a permissible deviation of = 10 % from the nominal value. The
power consumed by the diffractometer is not more than 5.5 kW.

The steady speed of angular movements along the axis of the bracket of the detection unit and
the axis of the sample is at least 500 °/min. The absolute error in measuring the angular positions of
the diffraction maxima does not exceed £ 0.02 °The basic instrumental error in measuring the
counting rate of X-ray pulses does not exceed 0.25 %.

When measuring the X-ray diffraction spectrum, a diffractometer with a PC provides automatic
output of information to peripheral devices. The limit of the permissible deviation of the installation
of the angular position of the bracket of the detection unit and the sample holder from the specified
angle of rotation is = 0.005. The minimum scanning step is 0.001.

The diffractometer DRON-7 uses the characteristic CuK, radiation with a wavelength 1 =
1.54178 monochromatized with a monochromator crystal, the shooting step is 0.50. The scan
interval is 10 — 100° for 20 shooting method: 2THETA-THETA. Exposure = 1 sec.

X-ray diffractometry studies of an industrial fluoroplastic sample were performed on an
automatic diffractometer Bruker D8 Advance with a digital recording of the measurement results.
The survey was carried out in the geometry of a divergent X-ray beam with Bragg-Brentano
focusing (BB). The D8 ADVANCE automatic x-ray diffractometer (Bruker AXS GmbH, Germany)
is designed for X-ray diffraction studies of various crystalline materials in scientific research
institutions and laboratories of industrial enterprises. The investigated samples were a fluoroplastic
film reinforced on a glass substrate and a fluoroplastic plate with a thickness h = 1.5 mm cut from
the cross-section of a rod with a diameter d = 40 mm.

To record the diffraction pattern at a temperature of 15° C, the fluoroplastic plate was placed
on the tantalum tape of the heater of the high-temperature vacuum chamber with the front cover
removed. Measurements at a temperature of 15 and 20 © C were carried out at atmospheric pressure,
heating the sample to 50 and 60 ° C was carried out after pumping the high-temperature vacuum
chamber with a turbo molecular pump to a pressure of 1. 10 mm Hg. X-ray patterns of the samples
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were obtained on a diffractometer using copper radiation and a graphite monochromator on a
diffracted beam. The sample shooting mode was as follows: the voltage on the X-ray tube 40 kV at
a current of 40 mA. The scanning step was 0.02 degrees 20; the diffraction intensity measurement
time at this step was 5.0 seconds. The sample in the standard holder rotated in its plane at a speed of
60 t/m. A high-temperature vacuum chamber was used for shooting intensity of diffraction at a
sample temperature of 50 and 60 °C.

2. Results and discussion

On Figure la, b and ¢ X-ray diffraction patterns of ultra disperse powder, PTFE-4 and
modified PTFE are presented. As is seen from the X-ray diffraction patterns they differ from each
other. On the other hand, for all PTFE samples with a scattering angle 26 = 18.158° an intense peak
characterizing the crystallinity of the sample is observed.

The X-ray pattern of the ultrafine PTFE powder is somewhat unusual for a crystalline
substance there are two peaks one less intense ~ 16.396° (26) characterizing an amorphous halo and
a disproportionately intense peak at 18.158 °. The appearance of only two reflections of the form (h,
k, 0) means that this set of reflections (Table 1) is described by a planar (two-dimensional)
hexagonal lattice with a parameter, a = 5.681 A. The value of the lattice parameter corresponds well
to the parameters of the PTFE unit cell at a temperature of 300 K [1]. The presence on the X-ray
patterns of only basal type reflexes is caused by a strong predominant orientation of the particles on
the surface.

Table 1. X-ray diffraction data of ultrafine PTFE powder a = 5.653 A for a planar symmetry group

20° d, A I, % h k I
16.396 2.8271 100.0 1 0
18.040 4.9297 100.0 1

On X-ray diffraction pattern of industrial fluoroplastic-4 in contrast to ultrafine powder and
modified PTFE there are a number of additional diffraction peaks and a wide flat region that can be
interpreted by a phase transition II — IV from a triclinic lattice II to a three-dimensional hexagonal
cell 1V with parameters a = 5.653 A, ¢ = 19.512 A at a temperature of 293 K which also agrees well
with the literature data [3, 4].

The phase transition IT — IV consists in decreasing the twist of the helix from the state 13¢ (13
segments per six complete turns of the helix) to 15; in terms of helical symmetry. Further
transformation is considered as a loss of ordering along the packing axis of macromolecules of the
polymer which is manifested in the mutual rotation of individual, adjacent spirals [1].

On the X-ray diffraction pattern of the modified PTFE only one intense reflex is observed at an
angle of 26 = 18.00 ° corresponding to the crystalline form II. The absence of additional reflexes
can be interpreted in that when pressing the powder under high pressure then heating above the
melting point and abrupt cooling leads to the formation of crystalline form Il, namely, the triclinic
lattice.

Conclusion

1. New experimental data on the X-ray diffraction patterns of ultradisperse powder, industrial
and modified PTFE have been obtained. It is shown that the X-ray diffraction patterns are
strongly differed between themselves.
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2. Comparison of the X-ray diffraction patterns of ultradisperse powder and modified PTFE
with an industrial X-ray diffraction pattern revealed the nature of the structure of the powder and
modified of PTFE.

3. The practical significance of the obtained research results will allow them to be used in the
development of polymer composite materials based on PTFE for clarifying the nature and
understanding of their structure.
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In the present work we suggest equations for the description of electrical conductivity of
semiconductor quantum nanowires. By use of these equations we explain such features of their current-
voltage characteristics as existence of areas with negative differential resistance as well as oscillating
behavior of the curves. We take into account scale-invariant, hierarchically self-similar, fractal
structure of nanostructures. We consider that quantum nanowires form fractal clusters at their
interaction. Electrical potential of these structures can be described as a fractal measure. Theoretical
results are confirmed by specific experimental results on study of electrical properties of nanocluster
semiconductors.

Keywords: nanostructure, morphology, fractal dimension, current-voltage characteristics, semiconductor.

Introduction

Investigation of structure and physical (including electrical) properties of nanoclusters
semiconductors is one of the urgent problems of modern electronics. Unique physical properties of
these materials make it possible to use them in different nanoelectronic devices such as
nanosensors, solar cells, batteries, etc. [1-3].

Surface structure of nanocluster films is characterized by hierarchically self-similar and scale-
invariant structure. This fact has been confirmed by experimental photographs obtained by use of
modern methods of microscopy such as atomic force, scanning tunneling, electron microscopy [4-
7]. Growth of films at non-linear and non-equilibrium conditions in open systems leads to formation
on their surfaces of quantum-sized structures such as quantum nanowires, dots, wells with different
arrangement. Type of nanostructures on a film surface significantly determines its electrical and
optical properties.

Regularities of electrical conductivity of semiconductor nanowires have been described in
many experimental and theoretical papers developing the theory proposed by Landauer for the
description of quantum conductivity [8-10]. The theory is based on the description of tunnel
contacts between two quasi-one-dimensional structures. However, universal approaches for
explanation of processes related to this problem have not yet been completely established.

Recent studies have shown that current-voltage characteristics of semiconductor nanowires are
generally non-monotonic functions and have a number of characteristic features such as oscillating
behavior of curves of the current-voltage characteristics, hysteresis loops, existence of areas with
negative differential resistance [11-15]. These features are inherent in current-voltage
characteristics of semiconductor nanowires both at low (about several kelvins) and at room
temperatures. Such behavior of the curves is typical for semiconductor nanowires with different
chemical composition [16-18].

Electrical conductivity of semiconductor nanostructures depends on method used for growth of
the film, and, therefore, on its porosity, types of nanostructures grown on the film surface and their
mutual arrangement. Nowadays, there is no complete theory which is fully explaining the above-
mentioned features of electrical conductivity of nanocluster semiconductor films (hysteresis loops
on current-voltage characteristics, their oscillating behavior, amplitude and location of oscillations,
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areas of current-voltage characteristics with negative differential resistance, etc.) depending on their
nanoscale structure.

Earlier in our papers, we have explained some electrical properties of nanowires based on the
idea of fractal structure of nanocluster semiconductor films [4-7]. Because of non-linear fluctuation
properties, nanowires are self-similarly deformed and, interacting, form fractal clusters. A quantum
nanowire has an irregular structure, so, for its description we must take into account not only value
of external potential between electrodes, but also value of potential providing by internal non-
uniform distribution of electrons. Values of this potential can be represented as non-linear fractal
measures. As usual, nanoclusters have fractal geometrical structure.

So, such structures are characterized by multi-barrier tunneling effects leading to formation of areas
with negative differential resistance and hysteresis loops in current-voltage characteristics of nanostructures
[6, 18].

Aim of the present work is to describe by use of our equations some regularities of electrical
conductivity of semiconductor thin films containing quantum nanowires.

1. Electrical conductivity of quantum nanowires

Electrical properties of quantum nanowires can be described by use of the approach suggested
in our previous works [6, 18]. According to this approach, a separate nanostructure (quantum
nanowire) can be considered as a resistor with ideal contacts, to which external voltage U is
applied.

Quantum nanowires containing in semiconductor films can form fractal nanoclusters because
of self-organization. These nanoclusters have different sizes and chaotically oriented to each other.

Inside a cluster, an electron moves under action of so-called scattering potential V (U)

characterizing metastable statements. The cluster potential is an additive value and because of this it
can be considered as a nonlinear fractal measure.

Considering that resistance R is also a fractal measure, the system of equations describing
current | inside a nanowire, potential V of a fractal cluster and its electrical resistance can be
described as

I(U):\%, (1)

V(U)=v{1—\#}y, (2)
U -7

R(U)—R{l—%l(U)R(U)_VOHJ , 3)

where y =D —d is scaling factor, D is fractal dimension of space where a single nanowire
with topological dimension d =1 is placed in, R, is resistance of a regular (non-fractal) wire, A4 is

the de Broglie wavelength.

Structure of nanoscale clusters formed in a film substantially determines regularities of
electrical conductivity of the considered film. Singularities of surface structure of a nanostructured
semiconductor film can be taken into account by corresponding choice of parameter y . Due to the
fact that properties of nanowires change as current passes through them, we accept difference

between value of current and relation VO/R(U) in Eq. (3) as a determining variable.
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2. Results and discussion
Current-voltage characteristic of a quantum nanowire obtained by numerical analysis of
equations (1)-(3) is presented in Figure 1. As an estimated value, we can accept that V, =E_,

where E is value of silicon band gap measured in eV, because this value also characterizes the

breakdown of energy values at the boundary of structures (Brillouin zones). According to physical
meaning, V, = E; is maximal value of negative potential localizing an electron in a fractal cluster.

We have used external voltage U as a determining variable. For the correct choice of numerical
value of parameter y=D-d we have taken into account that generally value of topological

dimension d isn’t equal to maximal integer part of fractal dimension D. A quantum nanowire can
be considered as a structure d =1 and 1< D < 2. So, for our calculations we have accepted value
of y as O<y<1.

As can be seen from the Figure 1, the current-voltage characteristic is a non-monotonic
function, characterizing by oscillating behavior and contains areas with negative differential
resistance. Oscillations of the curves related with nanocluster stricter of the films. Amplitude of
oscillations is described by value of scaling factor y by the following way: increase of the
amplitude of oscillations corresponds to increase of y. Figure 1 demonstrates that the current-
voltage characteristic contains areas with negative differential resistance. It can be explained by
fractality of geometry of formations consisting of quantum nanowires leading to multi-barrier
tunneling effects.

0.07 . . . . .
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Fig. 1. Current-voltage characteristic of quantum nanowire.
V, =112V, y =0.03.

Figure 1 also demonstrates that oscillations on curves of the current-voltage characteristic are
clustered. This effect is confirmed by experimental studies described in [10, 13] and can be
explained by quantization of conductivity in semiconductor thin films.

Clustering of oscillations is related to quantization of film conductivity presented in Figure 2.
Dependence of resistance on external voltage presented in this figure has been obtained by use of
Egs. (1)-(3). Scaling factor used for modeling of this dependence is relatively small because of
small difference between values of fractal and topological dimensions. Quantization of conductivity
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corresponds with statements of the ballistic theory of electrical conductivity. According to these
statements electrical resistance of a system depends on quantum effects in this system. It’s
necessary to notice that singularities of quantum effects observed in nanostructured semiconductor
films are substantially determined by types of quantum-size structures contained in these films
(quantum dots, quantum wells, quantum nanowires) and their relative position.

p, 2e2/h

U, Volts

Fig. 2. Dependence of conductivity of quantum nanowire on external voltage.
V,=112V, y =0.03.

As an example, quantizing process of conductivity of an electron gas in a film AlGaAs / GaAs
is schematically shown in Figure 3 [19]. The abscissa axis is the voltage in volts, the ordinate axis is

conductivity in units of measurements of quantum conductivity 2e?/h. Here e is elementary

charge, h is the Planck constant. Such dependence is typical for semiconductor film with different
nanocluster structure and chemical composition.
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Fig. 3. Quantization of electron gas conductivity in semiconductors
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Quantization of conductivity has been observed in a big amount of experimental research
works. This effect is typical not only for semiconductor thin films, but also for metals and carbon
nanotubes with different configurations [11-15]. Stepwise nature of the dependence of conductivity
on external voltage is observed not only at low temperatures about several kelvins, but at room
temperatures also.

Thus, it can be noted that formulas (1)-(3) correctly describe the basic regularities of electrical
conductivity of quantum nanowires.

Conclusion

In this paper we have presented a new approach for the description of regularities of electrical
conductivity of semiconductor films containing quantum-sized structures. We have taken into
account scale invariant, hierarchically self-similar fractal structure of these films. By use of the
equations suggested in the present paper we have described such features of current-voltage
characteristics of nanostructured semiconductor films as their oscillating behavior, clustering of the
oscillations because of quantum effects in the considered systems, existence of areas with negative
differential resistance related with multi-barrier tunneling effects. Theoretical results obtained in
this paper qualitatively agree with corresponding experimental data [8-15] on study of electrical
properties of nanostructured semiconductors.

Results of the present work can be used for development of nanoelectronic devices and improvement of
their parameters.
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Experiments on computer simulations of the behavior of polar nematic phenylpropargyl ethers of
parachlorophylenes on the surface of graphene made it possible to reveal a number of regularities. The
dynamics of molecules under the action of an electric field and temperature was investigated. As a
method of investigation, the molecular dynamics method was used in the approximation of the liquid
aggregate state. The simulation was carried out in an atomistic approach. A small effect of graphene
type on the behavior of nematic liquid crystals (NLC) is shown. It should be noted that the NLC is highly
ordered in the case of coincidence of the field directions and the flow of the NLC. It is found that with
increasing electric field strength the ordering of the cluster grows nonlinearly. And the greatest growth
is observed in the field of enlightenment. This allows us to assert that the primary role of graphene and
the electric field is the self-organization of the NLC in the region of an isotropic liquid..

Keywords: nematicliquid crystals, graphene, computer modeling

Introduction

Graphene has a great interest due to its electrical and thermoelectric properties. This allows us
to obtain new nanocomposite materials [1-9] and to improve the performance of electronic devices
[10-15] with graphene. These studies on changes in the electronic states of metal ions [1-2],
photoelectrochemical response [3], absorption processes [4], the nature of the interaction [5],
electrical [6-7] and temperature conductivity [8], phase transition temperatures [9] show the crucial
role of graphene. The high mobility of the current carriers makes its use attractive as an electrode
[10-11] in various devices [12], such as solar cells [13-14], lithium battery [15]. It is clear that for
an effective use of graphene in devices there is need of understanding of the processes occurring in
composite materials with graphene at the temperature and other influences.

The physical and chemical properties of the components definitely have significant effect on it.
The widely used in electronics the liquid crystals are one of these materials by Wabhle et al. [16]. As
noted Divariet al. in [17], the ratio between length and width of the graphene has large impact on
these properties. The founded effect of the flow of nematic liquid crystals (NLC) in [18] on the
graphene surface at the temperature change had been experimentally confirmed [19].

Therefore, the understanding of influence of graphene size and its type on the properties
located on the surface of such electronic products as the NLC must be considered when creating
optoelectronic devices based on these compounds. In this regard, the aim of this study was to
research the influence of the size and type of graphene, the effects of temperature and electric field
on the dynamics of nematic liquid crystals based on the arylpropargyl ethers of phenols.

1. The methodology of the analysis

As a sample the nematic liquid crystal - phenylpropargyl ether of p-chlorphenol (PEC) [20],
located on the graphene in a planar orientation was used. For the modeling of the behavior of these
compounds we used the method of molecular dynamics based on the program GROMACS [21]
version 3.3.1 approaching liquid state [22-24].
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In the modeling the NPT ensemble is used, the modeling time at a given temperature was 10
ps. The radius of the cutoff of the Coulomb interaction and the dispersion was 2 nm. The successive
annealing was carried out in the heating mode.

The input file for cluster formation was created, which took into account the distance between
the molecules, in rows and layers of the cluster in the direction of XYZ. The grapheme sizes were
varied by direction (OX), perpendicular to the director (OY). At the same time the sizes of the
cluster and other side of graphene (OY) were unchanged. The direction of the electric field was set
on the direction of the director.

The studies were carried out in the presence of the electric field parallel to the director. The
sizes of the grapheme that were used in the modeling varied, with a ration of width (X) to the length
(Y) - 1:1 (115A: 1154, 2:1 (230A: 116A), 3:1 (345A: 116A), 3,5 1 (401A: 116A).

In the study of the influence of some parameters the number of molecules of PEC was
unchanged and they were oriented planar respectively to the graphene’s plane. The structure of the
graphene was chosen in the form of zigzag (Z) and armchair (A) [25]. The method of preparing and
analysis of modeling results is presented in [22, 26].

2. Results and discussion
3.1 The effect of the grapheme type on the dynamic behavior of the NLC

In the first part of the studies of the influence of the grapheme type on the behavior of nematic
liquid crystals for different directions of the electric field vector of 1x10"V/ m (along the X, vy, z)
were carried out. The cluster size was 14x14x3 molecules, the ratio of width to length of the
grapheme was close to 1:2 for armchair and zigzag structures (112A: 235A) with a length of
1.4210A. The results of these studies are shown in Fig.1-3.
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Fig.1. Temperature dependences of the degree of ordering of PEC at different orientations of the electric
field (x, y, z) in case of graphene zigzag (Z) and armchair (A) structures

As seen in Figure 1, the type of graphene does not significantly affect to the nature of the
curves S (T). In the area of disintegration of dimers (354-360K) [26] there is an excessive bend,
after which there is a slight rise (Fig. 1). The higher values of the degree of ordering in the direction
of X are largely due to the flow of the NLC in this direction.

The temperature dependences of information entropy (Fig. 2) are consistent with S (T) curves.
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Fig.2. Temperature dependences of information entropy of the cluster with PEC at different orientations
of the electric field in case of graphene zigzag (Z) and armchair (A) structures
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Fig.3. Temperature dependences of bond energy of the cluster with PEC at different orientations
of the electric field in case of graphene zigzag (Z) and armchair (A) structures

As seen in Figure 3, there is some rise of bond energy in case of direction Z and X. The bond
energy of the area of mesophase increases rapidly from the moment of melting. The minimum
values of bond energy are observed at the orientation of the field along Y.

Thus, the small effect of the graphene type on the behavior of the NLC can be stated when the
field direction coincides with the direction of flow the higher degree of order should be noted.

3.2 The effect of the electric field on the dynamics of the NLC

For this study the cluster of the NLC with size of 14x7x6 molecules with the ratio of width to
length 3:1 (345A: 116A), and the direction of the electric field along the OY axis, coinciding with
the direction of the director was used. The magnitude of the electric voltage had the following
values: 1x10°V/ m (1), 2x10” VV/ m(2), 3x10"V/m(3), 4x10°V/ m (4), 5x10” VV / m (5). The graphene
had the structure of armchair.

The research results are presented in Fig.4-12. As seen in Figure 4, the ordering in the Y
direction after some decrease, which is until the temperature of decomposition of the dimers (354
K), further is increasing as the temperature begins to rise.
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The nonlinear dependence on the magnitude of intensity occurs mainly in the area of decline,
in the enlightenment area values are close to each other. The similar character of changes observed
for the ordering in the direction of the X axis. The difference is that the decrease and growth of the
Y axis corresponds to the growth and decay of X, respectively. One of the explanations may be a
flow, at which the molecules begin to move along the X axis.
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Fig.4. Temperature dependences of ordering degree of the PEC along Y (a) and X (b) directions at different
values of the electric field
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Fig.5. Temperature dependences of the information entropy of PEC at different values of electric field

The curves of the information entropy (Fig. 5) confirm this pattern. In this case it is clear that
increasing the size of the fields’ intensity leads to increase of ordering. For larger fields (V4, V5)
the ordering in the area of enlightenment is considerably higher than the ordering in the initial state
(300 K) and this trend is typical of other field values. This is may be due to both the orienting
influence of graphene, and the effect of crystallization under normal substrates [27]. It should be
noted that the difference in the values of entropy between the initial state and the area of
enlightenment is much higher in this case as compared to [27]. It can be argued that this is due to
the presence of the graphene as a substrate.
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Fig.6. Temperature dependences of the bond energy of clusters’ molecules at different values
of the electric field

The bond energy for all values of intensity changes the same way, with a characteristic
inflection in the area of disintegration of dimers (Fig. 6). The growth of the bond energy with
increasing temperature indicates the predominance of processes of ordering over chaotic processes
due to thermal motion. The similar values of the bond energy for all values of the field intensity,
apparently, can be related to the determining role of the graphene. The free flowing of the
molecules on the surface of graphene, and self-organization of polar molecules under the electric
field contributes to this fact.
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Fig.7. Temperature dependences of the total dipole moment of cluster’s molecules at different values
of the electric field

The discussed above the curves of temperature dependencesof the degree of ordering, the
information entropy and the total dipole moment cluster also are comply with it (Fig. 7).

As seen in Figure 7, with increasing of field the total value of the dipole moment of the
molecules in the cluster also increases. This behavior may be associated with sensitivity of the
electric field to the influence of the PEC polar molecule and with the polarizability of the molecules
with increasing of field intensity.
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It is not difficult to see from Fig. 8-12 that increased intensity leads to the significant reversal
of the cluster in the plane of graphene in the melting area (338 K). In the area of the mesophase
(354 K) there is a noticeable movement of individual molecules on the surface of graphene. At the
point of enlightenment (390 K) the molecules of cluster are distributed over its surface, flowing
over the edge.

300K 338K 354 K 390K

Fig.8. Cluster’s view in the XOY plane at the value of electric field of 1x10°V/m

300 K 338K 354 K 390K

Fig.9. Cluster’s view in the XOY plane at the value of electric field of 2x10"V/m

300K 338K 354K 390K

Fig.10. Cluster’s view in the XOY plane at the value of electric field of 3x10"V/m
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300K 338K 354 K 390K

Fig.11. Cluster’s view in the XOY plane at the value of electric field of 4x10"V/m

300K 338K 354 K 390K

Fig.12. Cluster’s view in the XOY plane at the value of electric field of 5x10"V/m

Thus, on the basis of the performed studies it was shown, that with increasing of the electric
field intensity the ordering of clusters increases nonlinear. The greatest increase was in the area of
enlightenment. Based on this fact it can be stated that graphene and electric field take a dominant
role on the self-organization of the NLC in the area of the isotropic liquid.

Conclusion

The performed experiments on computer modeling of the behavior of the polar PEC, located
on the surface of graphene, allowed identifying a number of laws. The little effect of the graphene
type on the behavior of the NLC was shown. It was established that the ordering of nematic liquid
crystals increase non-linear with increasing of the electric field. The determining role of graphene
and the electric field on self-organization of the NLC in the enlightenment region was shown.

It was found that in the area of enlightenment the ordering of the NLC starts to grow when the
value of the ratio of width to length is 3: 1. This allows stating that at least two processes are taking
place under the influence of temperature and electric field: First - "flow" of the molecules in the
direction of X, the second - the rotation of the molecule in the direction of this axis. The second
process may be due to the reorientation relative to the electric field of the molecules.
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SURFACE ENERGY AND THE TOLMAN CONSTANT OF HALOGENIDE
OF ALKALI METALS

Guchenko S.A., Zavatskaya O.N., Yurov V.M., Kasymov S.S., Laurinas V.Ch.
E.A. Buketov Karaganda State University, Karaganda, Republic of Kazakhstan, exciton@list.ru

The article reviews the existing methods for determining the surface energy of solids. Each of
the methods described is practically limited to either temperature or values that are experimentally
determined with low accuracy. A method is proposed for determining the surface energy of a solid on
the basis of the dimensional dependence of its physical properties (magnetic permeability,
luminescence intensity, thermal conductivity, etc.). The surface energy of alkaline halides is
determined. Its magnitude is much larger than the surface energy of pure metals. The critical radius of
these compounds is calculated, starting with which the direct Hall-Petch effect is reversed.

Keywords: surface energy, size effect, luminescence, halides, alkali metals.

Introduction

Methods for determining the surface energy of solids began to be developed in the 20s of the
last century [1, 2]. In the sixties of the last century, some results of research were presented [3, 4].
The following methods for determining the surface energy of solids were proposed [3, 4]:

1. The method of "zero creep".

2. Method of destruction (splitting) of crystals.

3. The "neutral drop” method.

4. Method of dissolving the powder

5. The method of stages of growth and evaporation.

6. The method of a conical sample.

7. Method of "healing scratch™.

The idea of the "zero creep” method is as follows. At a high temperature under the influence
of surface tension forces, the arbitrary shape of a solid body must be transformed in the direction of
decreasing the total surface energy. Thus, in particular, a freely suspended sample of a thin wire or
foil should be shortened in length. On the other hand, under the influence of externally applied force
(F), the foil (or filament) can be elongated due to the viscous flow. Obviously, for a certain value of
F = F *, the surface tension forces will be compensated and the creep rate will vanish. An
experimentally determined F * can be a source of information on the magnitude of the surface
tension. This method was used to determine the surface energy of pure metals at a temperature close
to the melting point, when the mobility of the atoms becomes noticeable. For other materials, this
method does not apply.

The most reliable version of the method of determination, based on cleavage of the crystal,
was proposed in 1930 Obreimov [2]. The idea of this work is as follows. From the crystal along the
cleavage plane, plastic is split off, which under the influence of the moment of forces acting against
the forces of surface tension, partially bends. This plate can be used as a dynamometer measuring
the splitting force. The method was applied in [3] (Gilman J.) for various crystals at a temperature
of liquid nitrogen, when the heat arising from the splitting of the crystals can be neglected. The
method is suitable for crystals having a cleavage plane.

The value of o5 can be determined from the data on the equilibrium form of the liquid droplet
of another substance (B), which is located on the surface of the solid (A) under study. The
measurement scheme is clear from Fig. 1.
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Fig.1. Diagram of the "neutral drop™

In the method for dissolving the powder, the value is found from the calorimetric
determination of the dissolution heat difference of the dispersed powder and a massive crystal of the
same mass (os = (r-Qo/S). The source of the significant error in the method described is the
inaccuracy in the determination of the total surface of the powders. The generally accepted
assumptions that the shape of the powder are spherical and all the powders are the same can lead to
large errors.

To determine the amount of surface energy in the method of growth and evaporation stages,
one uses the fact that on the growth surface there are often observed retarded "resting™ steps whose
curvature is such that the equilibrium vapor pressure near the step surface coincides with the vapor
pressure in the space surrounding the crystal. The accuracy of the method is small.

Directly in the method of a conical sample, not the surface energy but the quantity (interfacial
surface tension at the liquid-solid interface) is determined at the melting temperature [4]. The
method is rarely used. It is known that in the case of high-temperature annealing of a crystal under
equilibrium conditions, on the surface of which a scratch is applied, the latter is smoothed out. For
metals, the kinetics of smoothing is determined by the mechanism of surface diffusion. This is the
basis of the method of "healing scratch” [4].

As follows from the review [1-4] of experimental methods for determining the surface energy
of solids, each of the methods described is practically limited to either temperature or values that
are experimentally determined with low accuracy.

At present, various modifications of the "neutral drop” method have become most
widespread. This method is based on Young's equation [5], which leads to the concept of the
contact angle 0 (Fig. 1). There are two models for describing the contact angle on a real surface.
The Wenzel model and the Cassie-Baxter model. Unlike an ideal surface, a real surface can have a
chemical heterogeneity and surface roughness. The Wenzel model considers a rough surface, but
with chemical homogeneity [6]. The Cassie-Baxter model considers a plane surface, but with a
chemical inhomogeneity [7]. These models have been widely used to the present time. However,
today they have been seriously criticized [8]. More complex models of the contact angle have been
developed [9-13].

In [13], the Young equation, the Wenzel equation, and the Cassie-Baxter equation were
obtained from the thermodynamic point of view. From the conclusions, the behavior of the contact
angle could be determined. In an ideal situation, the contact angle is determined by an
infinitesimally small region near the contact line, and not by the inner surface inside the contact
line. The angle of contact also does not depend on external factors that do not affect the surface
energy. Thus, it is not influenced by pressure, droplet size, gravity, curvature of the substrate
surface, rotation of the substrate and the presence of needles or defects. From the point of view of
the hysteresis of the contact angle, it was explained why these equations are not correct for
describing real common surfaces, although the Cassie-Baxter equation is widely used for a
superhydrophobic surface. In addition, the limitations of the equations were discussed. It is
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expected that this study will provide a deeper understanding of the correctness of the models of
contact angles and the nature of the contact angle.

1. Experimental method

The foundations of the thermodynamics of curvilinear interfaces were laid by J. Gibbs [14].
Then R. Tolman and his followers reduced this problem to the account of the dimensional
dependence of the surface tension. In 1949, R. Tolman derived the equation for the surface tension
o [15]

clo, =@1+25/R,)™, (1)

Here o,, is the surface tension for a plane surface; Rs is the radius of the tension surface; 6> 0
is the distance between an equimolecular separating surface and a tension surface for a plane
boundary. The order of magnitude of the parameter &, called the Tolman length or the Tolman
constant, should be comparable to the effective molecular diameter a. For R >> & Tolman's formula
can be rewritten in the form:

clo,=1-25/R, (2)

Subsequent studies did not change the content and form of the equation (2).
On the basis of quantum statistical thermodynamics we obtained the response function of the
system W to the external action in the form [16]:

W/W,_ =1-d/R (3)
The parameter d is related to the surface tension o by the formula:

_ 20V
RT

Here o is the surface tension of a massive sample; v is the volume of one mole; R is the gas
constant; T-temperature.

Equations (3) and (4) were used by us to develop a method for determining the surface tension
of solids [17]. The method was used to determine the surface tension of dielectric crystals KCI, with
an admixture of thallium ions as a luminescent probe (W=I). The intensity of X-ray luminescence |
was determined by the standard photoelectric method. The grain size of the dielectric was
determined using a metallographic microscope. The results are shown in Fig. 2.

I I

d 4)

0 I l ! ! 0 | | l b 7
0,1 0,2 0.3 0,4 r,mm 10 20 30 r,mm'

a b
Fig. 2. Dependence of the intensity of X-ray luminescence KCI (a) on the size of the phosphor grain (b):
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In the coordinates | ~1/r, the experimental curve is rectified in accordance with (3), giving a

value of d = 0.02 um. For KCI v= 74.6 cm®mol and from (4) for surface tension, we obtained:
5=0.730 J/m?.

Note that as a function of the W response in equation (3), most physical properties that depend
on the particle size or the film thickness (magnetic susceptibility, dielectric constant, thermal
conductivity, etc. (can be used and determine the surface tension of a rigid body).

2. Results of the experiment and their discussion

The experimental results are shown in Fig. 3 and in Table 1.

0 1 20 ;0 40 50
r. jum

0 10 2 30 40 il
L. pm

0 10 20 0 40 50
I, jum

a b c
Fig.4. Surface tension of halogenide of alkali metals: a— Li, Na; b— R, Rb; c - Cs

Table 1. Surface tension and constant Tolman of alkali metal halides

Metal Tm, K Om, JIm? d, nm v, g/mol 8, nm
LiCl 878 0.615 20.9 42.4 10.5
LiBr 825 0.578 40.1 86.8 20.1
Lil 742 0.519 55.5 133.6 27.8
NaCl 1074 0.752 35.1 58.4 17.6
NaBr 1020 0.714 58.8 102.9 29.4
Nal 934 0.654 78.4 149.9 39.2
KCI 1043 0.730 43.6 74.6 21.8
KBr 1007 0.705 67.1 119.0 33.6
Ki 954 0.668 88.7 166.0 44.4
RbCI 991 0.694 67.1 120.9 33.6
RbBr 954 0.668 88.4 165.4 44.2
Rbl 920 0.644 109.4 212.4 54.7
CsCl 918 0.643 86.6 168.4 43.3
CsBr 909 0.636 108.3 212.8 54.2
Csl 894 0.626 130.1 259.8 65.1
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For h <d, formula (3) loses its physical meaning (A (h) — ), so we extend the function A (h)
in this region so that the function A (h) vanishes at the point h = 0. This condition is satisfied when
the function (3) is rewritten as:

d
A=A, -(1 - mj ®)

The parameter d is naturally interpreted as the thickness of the surface layer (Fig. 4)
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Fig.4. Schematic representation of the surface layer
Let us compare the parameter d for alkali metal halides with pure metals (Table 2).

Table 2. Parameter d of pure metals (M)

M [dnm| M |d,nm| M |d,nm| M |d,nm| M |d,nm| M |d, nm

Li 1.4 | Sr |83 Sn 20| Cd | 19 | Fe 31 | Gd | 76
Na | 21 | Ba |89 Pb 26 | Hg| 08| Co | 28 | Tbh | 75
K | 37| Al |22 Se 19| Cr | 38| Ni 27 | Dy | 7.6
Rb | 42 | Ga | 0.9 Te 35| Mo | 65 | Ce 54 | Ho | 7.8
Cs | 5.2 In | 1.6 Cu 23| W | 84| Pr 60 | Er | 7.8
Be 1.8 TI | 2.4 Ag 31| Mn| 2.8 | Nd 6.4 | Tm | 7.4
Mg | 31| Si |49 | Au | 33| Tc | 51 |Sm | 63 | Yb | 65
Ca 70 | Ge | 4.0 Zn 15| Re 7.1 | Eu 83 | Lu 8.2

From Table 2 it is seen that the thickness of the surface layer of pure metals does not exceed
10 nm. This means that the surface layer of pure metal is a nanostructure. For halides of alkali
metals, the thickness of the surface layer varies from 80 to 250 nm. This means that dimensional
effects are observed even at R ~ 10d ~ 2000 nm. It should be noted that the Tolman constant & = d/2
has no physical meaning as the thickness of the monomolecular layer.
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Experimental studies of the mechanical properties of nanomaterials and nanostructured
coatings have shown that the tensile strength and hardness of many metals (Pd, Cu, Ag, Ni, etc.) are
significantly higher than in the corresponding massive analogues. The increase in hardness and
strength with decreasing grain size to a certain critical size is practically characteristic for all
crystals. This follows from the well-known Hall-Petch equation that the yield stress T depends
inversely on the average grain size d [18, 19]:

o, =G, +kd™*?, (6)

where oy is the ultimate strength of a single crystal, k is a certain dimensional coefficient.
Typically, the Hall-Petch relation (5) is satisfied for a significant part of the nanomaterials
studied only up to a certain grain size, and at its lower values, reverse effects are observed: hardness
(strength) decreases as the grain size decreases.
Despite the large number of works on the study of the influence of the size factor on the
mechanical properties of nanostructures, the physical mechanisms of this influence remain the
subject of ongoing discussions [20-25]. In [26] for the yield point we obtained the equation:

c; =G, +Cod ™2 (7)

Equation (7) coincides in form with the Hall-Petch equation (6). However, the proportionality
coefficients in these formulas differ. In the case of equation (7), the behavior of the yield stress of
small particles is also determined by the value of their surface tension c.

For small d, A.l. Rusanov obtained an asymptotic linear dependence [27]:

o =K. 8)

Here K is the coefficient of proportionality. Formula (8) was obtained on the basis of
thermodynamic considerations and should be applicable to small objects of a different nature. In
this case, equation (7) takes the form:

o, = o, +CKd". 9)

Equation (9) is the inverse Hall-Petch effect. It follows from equation (7) that the Hall-Petch
equation begins to break from the moment when the dimensional dependence of the surface tension
(R<d) begins to appear.

From Table 1 it can be seen that the strength of alkali metal halides is replaced by ductility at
rather large d values. This affects many properties of these crystals.

Conclusion

The proposed method for determining the surface energy of a solid body with respect to the
dimensional dependence of its physical property allows one to make a comparison with several
methods. The implementation of each method does not cause any difficulties. This is illustrated by
the calculation of the surface energy of alkali metal halides.
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The electron-optical scheme of the electrostatic energy analyzer on the basis of the quadrupole-
cylindrical field is proposed. The outer electrode of the proposed energy analyzer has a cone profile, the
generatrix of which is a small angle of inclination with respect to the symmetry axis of the mirror, equal
to 1.75 deg. Calculation of particle-optical parameters of the energy analyzer is carried out. Advantages
of this field are shown. Initial parameters of the motion of charged particles, optimal from the point of
view of the luminosity and resolution ability are given.

Keywords: energy analyzer, electrostatic field, quadrupole-cylindrical mirror, corpuscular-optical
parameters, angular focusing.

Introduction

Many types of diagnostics of structures and composition of nanometer objects and
nanosystems are based on an accurate analysis of energy spectrum of secondary electrons. A
promising base for the required diagnostics is electron spectroscopy methods, which are
characterized by a nanometer resolution in the solid depth. Energy analyzers with different
geometries of fields are most often used for purposes of energy analysis.

Calculation of the structure of electrostatic quadrupole-cylindrical fields was calculated in [1].
Equipotential portraits of quadrupole-cylindrical fields with various contributions of the cylindrical
field and the quadrupole are obtained. Results of the analysis of obtained equipotential portraits of
quadrupole-cylindrical fields are presented.

Work [2] is devoted to the development of the mirror type energy analyzer based on the
electrostatic quadrupole-cylindrical field. Focusing properties of the electron-optical scheme of the
energy analyzer with “shaping parameter” A = - 0.05 are determined. The regime of second-order
“ring-ring” type angular focusing is found. Corpuscular-optical parameters of the electrostatic
quadrupole-cylindrical mirror are investigated in present work. The quadrupole-cylindrical field is
constructed on the basis of the superposition of the cylindrical field #Inr and the axially-

symmetric cylindrical quadrupole:

Uy(r.z)=U,(u+2z)Inr (1)
where u is the coefficient that determines the weight contribution of the cylindrical field.
The quadrupole-cylindrical field (1) at value x =1 coincides with the well-known Wannberg

field [3]. The potential of the Wannberg field in the coordinate system r, z is described by the
following expression

u-_ (1+Az)|nrL (2)

(0]

;
In*
.

0o

where A is a small dimensionless parameter.
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Wannberg numerically found that the analyzer on the basis of the proposed modified potential
field (2) provides simultaneous focusing in the wide energy range and the focal surface can be
approximated to the surface of the inner cylindrical electrode (at r =r,) for energies within 7-16%

of the central energy.

1. Calculation of corpuscular-optical parameters of the quadrupole-cylindrical
mirror

Fig.1 shows the scheme of the energy analyzer with “ring-ring” type focus. The field is formed
in the space between two axially-symmetric coaxial electrodes. The inner cylindrical electrode
(radius r,) is grounded. The outer electrode under the potential U creates nonuniformity of field

In (rl/ro)}

and has the curvilinear profile r=r_ exp
° @+ Az)

Up

A1 A2 2

A

hd

L

Fig.1.The scheme of the quadrupole-cylindrical energy analyzer

Schemes of quadrupole-cylindrical energy analyzers with various contributions of the
dimensionless parameter A =+ 0.01, A =0, A =-0.01 are studied. The “ring-ring” type focusing is
considered for all schemes (the ring source of charged particles and the ring detector are located
near the inner cylindrical electrode).

For analyze of parameters of the electrostatic quadrupole-cylindrical energy analyzer, first,
second and third order aberration coefficients of spatial focusing were determined by the
approximate-analytical method of calculation of the charged particles trajectory:

dl 2 d& d

AI :E:Al[l_‘_Ctg ao:l"‘a_'_AzE(Ctgal)’ (3)
d?l d’g . d’

A, = 1.7 = 2Actg«, [1+Ctgza°}+W+Ada2 (ctger,), (4)
d°l g A0

Ay = =—20[L+ dctga, + 30tg', |+ 3+ A (clgay), ©
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where & is projection of the trajectory of charged particles on the symmetry axis z of the
mirror in the section from 1’ to i'’ ;
A,, A, are values of the distance from the source and its image to the surface of the inner

A +A

cylindrical electrode (Fig. 1), A = 2 is the value of the average total distance;

| =— s the total projection of the particle trajectory on the symmetry axis z of the mirror
I

from the soource to its image.

Fig. 2 allows to compare the focusing quality of schemes with different values of the “shaping
parameter” A. The dependence of the cubic angular aberration coefficient 4,, on the entrance angle
a, of charged particles is showed here. As can be seen from Fig. 2, with increasing of the entrance
angle «,, an increase of the cubic angular aberration coefficient is observed, which leads to a

decrease of the resolution ability of the energy analyzer.

Ly, deg

33 33 37 39 41 43 43

%

1 - scheme with A =+ 0.01, 2 - scheme with A =0, 3 - scheme with A =-0.01.
Fig.2. The dependence of cubic angular aberration coefficient A,, on entrance angle «,

Comparison of parameters of electron-optical schemes with different values of “shaping
parameter” A shows that cubic angular aberrations coefficients A4,, of schemes with A<O are

smaller than for schemes with A>0 and smaller than for the cylindrical mirror analyzer
corresponding to schemes with A=0. This means that mirror analyzers based on quadrupole-
cylindrical fields with improved particle-optical parameters should be chosen among schemes with
A<0.

2. Results and discussion

Results of the numerical modeling of the scheme of the quadrupole-cylindrical energy analyzer
with A =-0.01 are given below. Numerical modeling was carried out by using the “Focus” program
[4] for modeling systems of electronic optics.

The profile of the outer deflecting electrode is determined from the calculation of equipotential
lines of the quadrupole-cylindrical field. Fig.3 shows equipotential lines of the electrostatic
quadrupole-cylindrical field with A =-0.01.
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As can be seen from Fig. 3, for a small value of A =-0.01, the profile of the outer deflecting
electrode is well approximated by a cone whose generatrix has a small inclination angle with
respect to the symmetry axis z of the mirror, equal to ~ 1.75 deg.

r
4 -

&

Fig.3. Equipotential lines of the quadrupole-cylindrical field with A =-0.01

Fig. 4 shows the dependence of the arrival point of the particle (the point i”) from the
entrance angle «,. It follows from Fig.4 that the optimum range of entrance angles of particles is

the angle interval from 35°—45°, which provides a maximum luminosity Q = 8.2% and the best
focusing of charged particle beam.

r

1 \

25 SID SIj JfID -Llj jID ilj
o, deg
Fig. 4. The dependence of the arrival point of the particle on the entrance angle «,

Fig.5 shows trajectories of charged particles in the energy analyzer scheme with A = -0.01,
calculated by using the “Focus” program. According to the scheme, charged particles fly from the
thin ring electron-optical source A in the range of polar angles from 35° to 45°, then get through
the entrance slit in the field, and under the action of the potential of the outer electrode are
deflected back, and are focused into the ring image B.
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1 —the inner grounded cylindrical electrode, 2 — the outer deflecting electrode, 3 and 4 - entrance and
exit slits, A - thin ring source, B - ring image, 5- charged particles beam

Fig.5. Trajectories of charged particles beam in the quadrupole-cylindrical energy analyzer
with A =-0.01

The scheme provides the second-order “ring-ring” type angular focusing regime. The relative
energy of the particles is E/U = 1. The position of the ring source is x = 0.65; y = 0.35. Values of
the distance of the source and its image from the surface of the inner cylindrical electrode, which
are considered positive inward from the radius r,, are equal to A, = A, =0.35. All dimensions are

expressed in conventional units. The table presents results of calculation of corpuscular — optical
parameters of the energy analyzer on the basis of the quadrupole-cylindrical field at A = -0.01.

Table 1. Corpuscular — optical parameters of the energy analyzer on the basis of the quadrupole-
cylindrical field at A =-0.01

Focusing type «ring-ring»
Focusing order 2
Center focusing angle 38.3°

X coordinate of focusing 5.03

Y coordinate of focusing 0.35
The total length of the electron-optical scheme, | = L/r, 6
Reflection parameter, P 1

For calculate the instrumental function of the quadrupole-cylindrical energy analyzer, particles
from the ring source start in the range of the initial angles of 35°—45° and in the range of initial
energies 0.993-1.007. Fig. 6 shows the instrumental function of the proposed energy analyzer at A =
-0.01 for the “ring-ring” type angular focusing regime. The relative energy resolution at half-height
of the instrument function of the energy analyzer with a radius of the exit diaphragm 0.02r, is

0.58%.
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Fig. 6. The instrumental function of the quadrupole-cylindrical energy analyzer with A=0.01

Conclusion

Investigation of corpuscular-optical parameters of the energy analyzer on the basis the
quadrupole-cylindrical field is carried out. It is shown that the best quality of focusing has the
scheme with A = -0.01, whose the outer electrode has an increasing exponential profile at a small
angle of inclination relative to the symmetry axis of the mirror, equal to 1.75 deg. For ensure
maximum luminosity, the range of entrance angles of particle of start should be from 35° to 45°
(in this case luminosity is 8.2%).
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In this paper the size and shape of the core-shell nanoparticles were determined with the help of
electron microscopic studies. The process of photodegradation of the dye of methyl blue was studied.
Dependence from the time of UV irradiation with films of titanium dioxide nanoparticles and without
their presence was studied, as well as with the "core-shell” structure of Ag / TiO, composition, where
the core is silver nanoparticles and shell is the titanium dioxide nanoparticles. In the result of the
research the action of the photocatalyst on the basis of core-shell Ag / TiO, significantly accelerates the
oxidation of the methylene blue dye.

Keywords: photocatalysis, core-shell, plasmonics, nanoparticle, titanium dioxide, methylene blue dye.

Introduction

One of the most advanced and environmentally friendly methods of hydrogen generation is the
method of photocatalytic decomposition of water by means of semiconducting materials [1, 2]. A
promising material for these purposes is titanium dioxide. Compared with other photoactive
materials for hydrogen production titanium dioxide attracts increasing attention of researchers
because of its relative cheapness, availability, stability and functionality as well as the possibility to
obtain various nanostructures, such as nanoparticles, nanotubes, nanorods and nanowires. Physico-
chemical properties of films based on nanostructures depend on the method of their production and
are determined by the size and shape of the particles, imperfection, phase composition, structure
and size of the film far [3].

In 1987 Anpo co-authored [4] published a paper on the effect of TiO, colloidal particles sizes
on their photocatalytic activity. In the paper the nanoparticles of titanium dioxide of anatase and
rutile modification with different particle diameters were obtained. It was shown that with
decreasing size of the titanium dioxide nanoparticles photocatalytic activity increases for both
anatase and rutile. It should be noted that the reactivity of the anatase modification is higher than
with the rutile. The investigation of the influence of geometric characteristics on the photocatalytic
properties was discussed extensively and was proved in many studies.

One of the main drawbacks of nanostructures based on titanium dioxide is a wide band gap. As
it is known, the proportion of ultraviolet radiation in the solar spectrum is about 10% [5]. This fact
limits the use of titanium dioxide in various applications. To solve this problem ones resort to
various modifications of TiO, structures. Doping of titanium dioxide nanostructures by ions of Mo,
Ru, Cu, Fe and N which leads to an increase in their photocatalytic activity [6]. It is believed that
doping by anions, in contrast to the doping by metal cations creates less recombination centers and,
therefore, is more effective for increasing the photocatalytic properties of titanium dioxide.

There are other methods of increasing the spectral sensitivity of nanostructures based on
titanium dioxide, the creation of composite systems with the addition of CuO, CdS, ZnS Fe,O3 [7].
The proposed modification techniques have several drawbacks, foremost of which is that doping
takes place during the synthesis or by thermal annealing. Upon doping during synthesis, doping
elements are incorporated in the crystal structure of titanium dioxide. Tampering into the crystal
lattice will change the entire structure, as a result electrical and photovoltaic properties of titanium
dioxide will change too.
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A promising direction of increasing the photocatalytic activity of titanium dioxide
nanostructures is the use of surface plasmon resonance, which nanoparticles of a number of noble
metals have (Au, Ag, Pt, Pd). Basically it is suggested to use NP of silver which have maximum
plasmon effect in the visible spectral region [8]. However, the problem of oxidation of the silver
nanoparticles is still unsolved. One solution to this is to use the "core-shell" structures, the core of
which serves NP of metal and the shell is a semiconductor oxide metal (TiO,). It is expected that
the use of such geometrical design will protect the NP of metal from oxidation by electrolyte and
significantly will increase the photocatalytic activity.

This paper presents the results of studies of the effect of silver nanoparticles on the
photocatalytic properties of TiO, films on the basis of the "core-shell"structures.

1. Experiment. Obtaining of TiO, nanoparticles films.

For obtaining films of titanium dioxide nanoparticles a solution containing powder of colloidal
TiO; (Sigma Aldrich) was prepared. The solution was prepared as follows: colloidal TiO, powder
was ground in a porcelain mortar with a small amount of deionized water and acetone taken in a
volume ratio of 10:1. Acetone was added to prevent clumping of the particles. After the formation
of a homogeneous viscous paste solution of titanium dioxide nanoparticles was deposited on the
FTO surface (glass coated with tin oxide doped with fluorine) by doctor-bleyding method. The
resulting film was subjected to heat treatment at a temperature of 500 °C during 2 hours.

Synthesis of the "*core-shell™ structures.

Sodium borohydride weighing 0,001 g was dissolved in 25 ml of ethanol. Silver nitrate
solution in a ratio of 0.0045 g was dissolved in 10 ml of ethanol. The resulting AgNO5 solution with
constant stirring was added to a cooled to -2°C solution of sodium borohydride in several steps with
50 microliters. For obtaining the "core-shell" structures ethanol solution of silver nanoparticles and
titanium tetraisopropoxide TIPT (Ti(OCH(CHz3),)4) was used. 1 ml of TIPT solution was added into
10 ml of silver nanoparticles solution.

For the synthesis of TiO, shell ethanol solutions TIPT and silver NP were mixed with vigorous
stirring. The resulting mixture was stirred during 12 hours on a multi-functional rotator PTR-35 at a
room temperature in the dark. From these structures the films were made.

For comparison of the photocatalytic activity of nanostructured TiO, films the reaction of
photocatalytic decomposition of methylene blue dye (MB) was used by irradiation of UV light of a
mercury lamp PRK-2. Sorption of dye molecules of MB into the films was carried out by keeping
TiO, films in ethanol solution of luminophore with an initial concentration of C'=10" mol/l during 5
hours, followed by drying the film in an oven during 1 hour.

The photocatalytic efficiency of TiO, nanostructured films in the model reaction of
photodegradation of the methylene blue dye was determined by the equation:

y = _AbA; A x100% ®

where Ay - optical density of the dye without photocatalyst, A - optical density of the dye with
the photocatalyst.

The absorption spectra of the films by methylene blue dye were prepared by a double-beam
spectrophotometer Cary 300 UV-Vis.

The morphology of the obtained samples was investigated by using scanning electron
microscopy (SEM) on a microscope MIRA 3LMU (Tescan, Czech Republic). The voltage on the
accelerating electrode was from 20 to 30 kV.
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2. Results and discussion

The morphology of the film surface of the nanoparticles and the "core-shell™ structures are
shown in Figure 1. From Figure 1, a it is evident that the film of titanium dioxide nanoparticles has
a distinct granular structure. The particle size is about 25-30 nm. The thickness of the
semiconductor layer is 8.3 microns.

a) b)
Fig. 1. SEM image of the film surface of titanium dioxide (a) and the "core-shell” structure (b).

Addition of silver nanoparticles of titanium tetraisopropoxide (TIPT) into solution the "core-
shell” structure of a spherical shape is formed, which is shown in Figure 1, b. From the figure it is
evident that in the center of the structure there is silver nanoparticle and the shell is formed by
titanium dioxide.

Effect of silver nanoparticles on the photocatalytic activity of nanostructured TiO, films was
investigated by the degradation of methylene blue dye molecules by the action of light.

The process of degradation of methylene blue dye can be described as follows. Irradiation with
UV light leads to the generation of electron-hole (e~ - h*) pairs in TiO; nanostructure due to the
absorption of the photon (process 2). Photogenerated electrons in the conduction band of TiO; react
with oxygen molecules adsorbed on the TiO,, as a result superoxide radicals (O,) are formed
(process 3). In this case the holes in the valence TiO, zone react with water molecules and
contribute to the formation of hydroxyl radicals (OH") (process 4). Highly reactive hydroxyl
radicals (OH") and superoxide radicals (O,) react with a dye molecule adsorbed on the TiO;
nanostructures and cause its degradation. During this reaction, there is discoloration of the dye
solution (processes 5 and 6).

TiO,+hv—e+h* (2)
e +0;— O, (ads) 3
h*+ H,0 — OH (ads) + H" (4)
OH’ + organic molecule — decomposition product (5)
O, + organic molecule — decomposition product (6)

Figure 2 shows the absorption spectra of the methylene blue dye in aqueous solution.
As it is evident from the figure the absorption band of MB dye has a maximum ;=664 nm

at a wavelength and a half width Aﬂa}ﬁs‘”p: 71 nm. UV irradiation of MB solution decreases the
2

optical density of the dye molecules in ~1.1 times (Figure 2, a). When measuring the absorption
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spectra of the MB dye at the presence of TiO; films the decrease of optical density at a wavelength
of 664 nm in ~ 1,7 times is observed (Figure 2, b). The criterion for complete destruction of MB in
the photocatalytic oxidation process is the lack of optical activity of MB solution in the range of
200 - 900 nm, which indicates the destruction of the MB molecule and its destruction products to
the mineral compounds.
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Fig. 2. The absorption spectra of the methylene blue dye in aqueous solution

When silver nanoparticles are added to the TiO, films the value of optical density in the MB
absorption band is reduced in 2, 3 times (Figure 2, ¢). The presence in the solution of film dye of
titanium dioxide with the "core-shell" structure leads to a decrease in the optical density in the
absorption band of the dye in ~ 3,8 times (Figure 2, d). Wherein the position of the maximum of the
absorption band and its half-width does not change.

The photocatalytic activity of the nanostructures was determined from the measurement of the
optical density of the methylene blue dye on the spectrophotometer Agilent Cary 300. The
dependence of the optical density D of the solution of methylene blue on oxidation time is shown in
Figure 3. A comparative analysis of the impact of silver nanoparticles and the "core-shell" structure
on the photocatalytic activity showed that doping of the "core-shell™” structure affects more than the
introduction to the system of silver nanoparticles. The calculations showed that at the dye
photodecomposition without catalyst the oxidation state is 1=6.25%. When using TiO, films on the
basis of the spherical nanoparticles oxidation degree was 35.4%, and for the "core-shell” structure
was 76.6%.
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Fig.3. The dependence of the optical density of methylene blue on the irradiation time:
1 - an aqueous solution of methylene blue; 2 - a solution with TiO, film;
3 - solution with a film based on the "core-shell" structures of Ag/TiO, structure.

Conclusion

Thus, in the paper the photocatalytic activity of nanostructured films of titanium dioxide from
nanoparticles and the "core-shell" structure was investigated. As a result of sensibilization of
nanostructured films by the dye molecules of methylene blue and their UV radiation a decrease of its
optical density associated with the photodegradation of the dye is observed with the lapse of time. The
calculations showed that at the dye photodecomposition without catalyst the efficiency was 6,25%. The
efficiency of the dye photodecomposition using films based on spherical , that the film based on the "core-
shell" structure has the best photocatalytic properties.
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The self-assembly of riboflavin molecules in aqueous and binary mixtures of solvents was studied
by a spectroscopic method. It is shown that the self-assembly of vitamin B2 molecules occurs as a
dipole-dipole and strong inductive-inductive interaction, as a result of which a resonant splitting occurs
by excitation of electronic levels of riboflavin molecules. For self-aggregated molecules in the spectra
of linear dichroism, hidden adsorption bands are identified, on the basis of which schemes of electronic
transitions to absorption are constructed.

Keywords: riboflavin, self-aggregation, luminescence, fluorescence, spectrum, absorption, structure,
hydrogen bonds, electronic transitions.

Introduction

Self-assembly is a process in which only components of the final structure participate [1, 2].
The main condition for the self-assembly of nano particles is the formation of a high-molecular
local volume [3]. One of the methods for the formation of a local volume with high concentrations
is by thermal evaporation of the solvent from a drop of a solution of the dissolved test compound.
The authors [4, 5] obtained ring structures of nano particles on the surface of the glass substrate.
Self-assembly of molecules can also be carried out in concentrated solutions and binary mixtures of
solvents. The choice of the technique for obtaining self-assembled molecules is one of the topical
issues of this direction. The process of the formation of aggregates is accompanied by a significant
deformation of the electronic spectra in the form of a hypochromic effect [1-4].

1. Objects and methods of research.

Riboflavin powders of the brand "ChDA" are used in the work. Electronic absorption spectra
were measured on an EMC-30PC-UV spectrophotometer, which allows measurements of optical
density values with an accuracy of 0.3% and a high resolution in the range of 190-1100 nm.
Measurement of the fluorescence and luminescence excitation spectra was carried out using an
apparatus assembled on the basis of two monochromators of the MDR-76 type with photoelectron
registration. For the convenience of comparing the absorption and fluorescence spectra, they are
normalized to unity. The optical rotation dispersion and the linear dichroism spectra were recorded
on a Jasko circular dichrograph using the Fresnel double parallelepiped optical attachment
calculated for the visible and UV portions of the spectral region.

As solvents, we used: bidistilled water, ethyl alcohol, acetone, chloroform purified according
to the procedure [6]. Binary solvents were also used: alcohol + acetone, alcohol + chloroform. Self-
assembly of riboflavin molecules was carried out in binary mixtures of solvents: alcohol + acetone,
alcohol + chloroform. Quantum-chemical calculation of the electronic structure of the charge
distribution and dipole moment, mainly of the excited state of the electrons, was carried out using
the MORAS 2009[7], software package, by the semiempirical AM1 method for standard elections
parameters [8]. Preliminary optimization of the geometry of molecules using the limited Hartree-
Fock method and the Polak-Ribier algorithm with an accuracy of 0.001kcal / (A°mol) and taking
into account various versions of the initial confirmations was preliminarily carried out.
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2. Experimental results and their discussion of the influence of the
concentration and composition of solvent binary.

In our early works, the concentration dependence of the electronic spectra of riboflavin in
water was studied. It is shown that in the highly concentrated aqueous solutions (10° m + 2 - 10
m) there is a decrease in the absorbing and luminescent capacity of the solution, i.e., a hypochromic
effect is observed. These phenomena are explained that at a concentration of 10° + 10° m,
riboflavin molecules are in the monomeric state. The observed hypochromic effect in the high-
concentration range refers to the self-aggregates of the riboflavin molecules. We observed
significant deformations of the electronic spectra in binary mixtures of solvents [7-9].
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Fig.1la. Absorption spectrum of riboflavin (C 10* M) in  Fig.1b. Dependence of the relative yield of
a binary mixture of alcohol + acetone solvents luminescence on the concentration of
depending on the fraction of acetone added (0-1, 20-2, riboflavin molecules in a binary solvent
30-3, 50-4, 70- 5) in% by volume ratio. mixture of alcohol + acetone (0.35 + 0.65)

Binary solvents were chosen in such a way that the concentration of the test compound
remained constant, the binary ratios of the solvent mixtures varied. In the second case, the
composition of binary mixtures of solvents remained constant, the concentration of vitamin B,
changed. Other conditions for the use of binary solvents were that solvents were infinitely dissolved
among themselves. As an example, Fig. 1 shows the absorption spectra of riboflavin at a constant
concentration (C 10 M) in binary mixtures of alcohol + acetone solvents as a function of the
fraction of acetone added.

As can be seen from Fig. 1, the absorption spectrum of riboflavin in pure alcohol practically
coincides with the band of vitamin obtained in dilute aqueous solutions. However, with an increase
in the fraction of acetone in binary mixtures, the fall of the integral absorption bands of riboflavin is
observed. In these cases, the relative intensity of the luminescence of the vitamin molecules is also
observed. Similar changes in the electronic spectra, as well as in the relative yield of luminescence
at a constant ratio of binary mixtures of solvents, are observed with an increase in riboflavin
concentration. Fig. 1, b shows the dependence of the luminescence yield on the concentration of
riboflavin molecules with constant mixtures of binary solvents alcohol + acetone (0.35-0.65). As
can be seen from Fig. 1b, at a constant ratio of binary mixtures of solvents, concentration quenching
of the luminescence is observed. Such concentration quenching of luminescence was observed by
us in binary mixtures of solvents for arylethylene molecules and food dyes. These phenomena are
explained by the manifestation of aggregation of the molecules under study in binary mixtures of
solvents [12-14]. The observed phenomena in binary mixtures of alcohol +CHCl; alcohol solvents
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and alcohol + acetone are also possibly associated with the process of self-aggregation of vitamin
molecules.

The process of aggregation in binary mixtures of solvents for riboflavin molecules can be
explained on the basis of the following reasoning. When dissolving riboflavin in alcohol, each
molecule of riboflavin will appear in the solvate of an alcoholic solvent. In this case, the MMVs are
eliminated directly between the molecules of the dissolved compound, and they will be in the
monomeric state.

The addition of an insoluble component of solvents, whereby these components are combined
by a hydrogen bond, ROH ...OR, Ror OH ...CIR,, whereR, R;uR, respectively, the lagging part
of the molecules of alcohol, acetone and chloroform, respectively. As a result, the MMW solvate
around the dissolved substance weakens. An increase in the fraction of the second component of the
binary solvent leads to a further weakening of the solvate around each molecule of riboflavin. In
these cases, the molecules of the test compound come out of the solvate and there is the possibility
of interaction between the molecules of the dissolved molecules. These processes lead to the
formation of a local volume with a high concentration, which lead to self-aggregates of the vitamin.
Self-assembly of riboflavin molecules is carried out. At the first stage of aggregation, dimers are
formed. As the fraction of insoluble componentCHCl;, acetone increases, the process of
aggregation of the medication molecules intensifies and complex or more complex aggregates of
the vitaminB, are formed. To confirm this assumption, we conducted a temperature study of the
electronic spectra of solutions of riboflavin, where a hypochromic effect is observed in the
absorption and emission bands.

3. Temperature studies.

It was experimentally established that an increase in the temperature of the solution, where a
hypochromic effect occurs, an increase in the absorbing and luminescent capacity of the solution
was observed. At a temperature of 75-80°C, the absorption and emission spectra of the monomeric
molecules of the test compound are restored. From the temperature experiments, the binding energy
of self-aggregates of riboflavin molecules was determined. This energy corresponds to a value of
16-20 KJ / mol, which corresponds to the energy of the hydrogen bond. On the basis of the obtained
experimental results, it can be assumed that a certain binding energy refers to the alcohol + acetone,
alcohol + chloroform system, and the riboflavin molecules combine under the action of van der
Waals forces. To find out which of the Van der Waals forces lead to the very aggregation of
riboflavin molecules, it is definitely the distribution of charges on the atoms of vitamin B2. Also,
dipole moments in the main p and p, * electronic states of the test compound were determined [9].
The calculated values of the dipole moment are p = 7.222 Db p = 23.538 Db. These values show,
when self-aggregating riboflavin molecules, a strong dipole-dipole interaction occurs. For the
nature of electronic states, we determined the frequencies of the 0-0 transition and the most
probable transitions to absorption and luminescence were calculated for monomeric and self-
aggregates of riboflavin molecules. For this purpose, the electron spectra were translated in the
frequency scale and normalized to unity by the intensity (Fig. 2).

As can be seen from Fig. 2, the frequencies corresponding to the intersection point
normalized absorption and emission spectra, i.e. for dilute solutions correspond to the values of the
frequencies of the purely electronic transition vgo = 20.200 sm™. The most probable frequency
transitions in the absorption (v5) (from left to right on the frequency scale) for dilute solutions of
aqueous and binary solvent mixtures correspond to:

vgl =22300sm™ ! O';‘l = 4530sm ™~ L; V;Z = 26800sm™! ¢'2 =8580sm L;

2
v;3 = 37450sm™ ! 0';3 = 4660sm™L; v;“ = 44840sm ™t cr;'1 = 5730sm™L;
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Where cr; ! ijs the wvalues of the half-width of the corresponding absorption bands.
For a dilute aqueous solution of riboflavin, the maximum intensity of the glow corresponds to the
frequency v/ = 19050 sm™* and the half-width of this band is significant o = 2500 sm™.
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Fig.2. Normalized absorption spectra (1) and fluorescence (2) diluted solutions of riboflavin.

Similarly, it would be desirable to obtain normalized absorption and emission spectra for
concentrated aqueous and binary mixtures of riboflavin solvents. However, in aqueous and binary
mixtures of solvents of the medication, the absorption spectra will be structureless. Against the
background of structurelessness in normalized spectra, electronic absorption and emission bands
appear with the following frequencies:

v® = 22120sm™t, 37450sm™!, 4500 sm™!, 19050 sm™ 2.

These electronic bands, according to their maxima and in shape, correspond to dilute solutions
of riboflavin. These results show that concentrated solutions of the vitamin B, have absorption
bands of much lower intensity with respect to the electron bands of dilute solutions. Those sweep
bands are hidden against the background of an unstructured adsorption solution.

4. Studies on the spectra of linear dichroism

It is noted in [10] that the spectra of linear dichroism are more informative with respect to
absorption spectra. To obtain the relevant information on the position of the bands for concentrated
solutions of the preparation, the possibility of measuring the spectra of linear dichroism was
investigated. We realized one of these possibilities using the Jasco-20 circular dichrogram, using
the optical prefix designed and manufactured for the visible and UV part of the spectrum, the
Fresnel double parallelepiped. In practice, the measure of circular dichroism is the magnitude of
ellipticity, determined by the ratio of the small and major axis of the ellipse [8-9].

It was experimentally established that when a solution of self-assembled molecules is pumped
through a flow cell, they become optically active. Such a flow cell is developed and patented by the
authors, and also used to remove the linear dichroism of food dyes and vitamins [11].
Only in this case dichrogrof registers a curve of the linear dichroism spectrum that is different from
the zero line. To accurately remove the spectrum of linear dichroism, the rate of passage of the
solution through a flow cell (2 mm / h) was determined experimentally. Such a speed value was
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chosen in order to ensure laminarity of the hydrodynamic molasses. In this case, linearly polarized
light falls at an angle of 45° to the measuring cuvette. It has been experimentally established that
when pumping solutions of self-assembled molecules through a flow cell, they become optically
active. In Fig. 3 shows the spectrum of linear dichroism of self-assembled riboflavin molecules
obtained in a laminar hydrodynamic flow in the frequency scale.
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Fig.3. The spectrum of linear dichroism of self-assembled riboflavin molecules in a laminar hydrodynamic
flow

As can be seen from Fig. 3, the spectrum of linear dichroism is quite informative. In this case,
both long-wavelength and short-wave bands with positive and negative values of the rotation angle
of the plane of polarization appear in the spectrum. The observed bands differ greatly in spectral
characteristics from the parameters of the main bands of the absorption spectra of riboflavin
monomers obtained in dilute solutions. Only in this case does the dichrograph register a curve of the
linear dichroism spectrum that is different from the zero line. The parameters of the observed bands
are given in Table 1.

Table 1. Energy parameters and angles of rotation of the plane of polarization of electronic
bands, self-assembled molecules of complex riboflavin self-aggregates, obtained from the spectrum
of linear dichroism.

Legend Vias o P+ 9

of new bands

v, sm~! +100sm™ 1! ¢-10%grad ¢-10°grad
Ve, 21700 1700 0.26

Ve, 27800 2000 0.32

Ve, 31000 2000 0.22

v, 35000 3400 0.18

Ve, 38500 3400 0.16

Ve, 47800 3800 0.03
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Here v, is the numbering of electronic strips; v,,,, is frequency corresponding to the maximum
for concentrated solutions of riboflavin; o is the half-width of the bande., ¢, and the positive
and negative rotation angle of the plane of polarization, respectively.

The fact of the presence of "positive™ and "negative"” directions of the angle of rotation of the
plane of polarization shows that the observed spectrum is the result of MMW in the form of exciton
interaction, which manifests itself in the self-assembly of riboflavin molecules in concentrated
aqueous solutions. In favor of this assumption, one can attribute the fact of observation of both
short-wave and long-wave bands in the spectrum of linear dichroism [11-13].

From the analysis of the literature data it follows that the manifestation of the exciton
interaction leads to a resonant splitting of the excited electronic state. Figure 4 shows the scheme of
electronic transitions between the ground and excited states of riboflavin in a dilute (a) and
concentrated (b) aqueous solution.
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Fig.4. Scheme of frequencies of electron transitions of monomers (M) and self-aggregates ("a")
of riboflavin molecules

From Fig. 4 it follows that, in fact, a resonant splitting of the excited electronic state of the
vitamin preparation is observed in concentrated solutions. As can be seen from Fig. 4, the resonance
expansion tips are Av = 3000 cm™ in electronic circuits, the line thickness indicates electronic
transitions that appear in the absorption spectrum. In this case, the electronic transitions are
correlated as a ratio of the optical densities. For the above scheme, we can write the following
relations:

AE,= AE +AD+V 5,

where AE, and AE are the energy of the electronic transition for molecules in concentrated and
dilute solutions, respectively.

AD is the difference between the energies of the interaction of excited and normal molecules.

V1 5 is energy of excitenic interaction between molecules in a concentrated local volume of
solvents.

The calculated valuesV; , correspond to = 1700cm™, which is characteristic for inductive
coupling. Apparently, under the action of this force, self-assembly of molecules is formed.
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Conclusion

It is thus established that the molecules of riboflavin self-aggregates are formed under the
action of Van der Waals forces and dipole-dipole interactions are most probable. It is determined
that a strong inductive-inductive interaction also occurs in solutions of vitamin B, as a result of
which the splitting of the excited electronic states of riboflavin occurs during their self-aggregation.
It is shown that self-assembled molecules of the flavone derivative have a sufficiently high value of
optical activity and possess linear dichroism.
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THE SAFETY ON A RAILWAY CROSSING BY MEANS OF SYSTEM
OF VIDEO ANALYTICS

Amochaeva G.P., Seisenbaeva G.S., Mussina G.I.

E.A. Buketov Karaganda State University, Karaganda, Kazakhstan, gulsaya-19@mail.ru

In this article we describe the development of technical requirements and software for video
analytics used at railway crossings in order to determine the stopped vehicles. The work describes the
scheme of the video analytics system, working observing zones, graphical illustrations of the video
analytics system and its components. The program described in the work defines the stopped vehicles at
the crossing and gives a signal to obstructing traffic lights to stop the locomotive. There are times when
the program gives out the raw data. The program defines vehicles, but the fight against false positives
implies the use of additional technical means.

Keywords: system of video analytics, railway crossing, working zone of the crossing, technological zone,
zone of floor inventory

Introduction

Today there are a lot of unprotected railway crossings. On these crossings there are a large
number of road accidents, happening because of collision of the train with motor transport. Also
there are no such technical means which would fix existence of hindrances for train driving and in
case of detection automatically countercurrent traffic lights were switched on, thereby they would
stop the train in advance. Development of such system is very actually. In our opinion, the system
of video analytics can perform this function.

Proceeding from above, the purpose of the research is development of logic of a program shell
for definition the hindrances to train driving.

For achievement of the set purpose it is necessary to solve the following problems which
characterize the requirement to this system:

a) detection of the stopped (blocked) motor transport in a working zone of traffic;

b) detection of large-size fixed foreign objects in a working zone of traffic;

c) detection of motor transport moving, ignoring the warning alarm system in a working zone
of the crossing.

3. Object of the research

The main problem of the research was consideration the questions of construction the space-
distributed hardware-software and algorithmically decentralized structure capable to process video
images gradually, and calculation of the route for efficient data transmission on the network.

Object of the research of this work was creation of a security system which would trace the
situation in a zone of monitoring the railway crossing.

The video system is intended for the automated definition of existence of hindrances to driving
of railway transport in a working zone of the experienced zone of the operated railway crossing.

The video system is intended for functioning as a part of automated control system of the
experienced zone of the operated railway crossing as a source of information on current state of a
railway crossing [1]. The object is the experienced zone of the operated railway crossing including
the crossing itself, the room of the person on duty on crossing and the adjacent territory (figure 1).
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Fig.1. Cable scheme of system of video analytics on the crossing of 840 km

According to this scheme the system of video analytics traces motor transport passing through
the railway crossing [2]. In case of motor transport stop on the crossing more than 180s, the system
switches on countercurrent traffic lights for braking of the locomotive.

The system of video analytics consists of two server cases:

- server case 1, in this case power supply units of IP cameras and servers are installed (fig. 2);

- video server in complex with the automated workplace.

Screen 1: Connected to SVA Server Screen 2: Connected to
and ARM 5VA FRSHRKRGMKD 721

Fig. 2. Server cases

For the video system the following zones on the object are essential:
a) working zone of the crossing — the open space limited by the lines going parallel to railway
tracks from outer side on both sides of the crossing at the distance of 1 m from them and the lines
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going parallel to the roadbed crossing railway tracks, also from outer side, on both sides at the
distance of 1 m from roadbed;

b) zone of floor inventory of the existing system — the area before working zone including the
barrier established at the moment and crossing traffic lights;

¢) zone of floor inventory of experiment operation that is the open space located away from the
working zone of the cxrossing and a zone of floor inventory of the existing system behind the room
of the person on duty on crossing in which the inventory of the experienced zone is located;

d) technological zone that is a case with processing equipment of the control system of
crossing and the territory, adjacent to it.

Data on the operation conditions and environment characteristics

Components of the video system are operated on the object in the following conditions:

a) the technical means which are external sources of data on the condition of railway crossing
that are operated in the conditions of TBR1;

b) the technical means intended for the analysis of the entering data and also providing
informational exchange that are operated in the class U4.1.

c) low illuminating intensity at night. Mainly, takes place on the sites remote from large
settlements.

d) the number of the processed digital television video signals - not less than 4;

e) depth of storage of video series archive — not less than 300 hours of the continuous record on
the canal;

e) quantity of alarm entrances — not less than 2;

g) quantity of alarm exits — not less than 3.

2. Requirements to characteristics of interrelations of the video system with
interfacing systems and ways of information exchange.

The video system has to interact with dispatching remote workplace in automatic (sending
messages and video data on the basis of logic of processing of video analytical events) and
automated (sending results of inquiries, change of the condition of output signals according to the
decision made by the dispatcher) the modes with use of network protocols of TCP/IP family [3].

For realization of the task it is offered to use the Bellman-Ford algorithm on finding of the
shortest way in the column. The choice was made in its advantage since the Deykstra algorithm
though is more perfect, but is more difficult in realization and possesses huge disadvantage that is
much more larger consumption of hardware at realization. Thus, the program will allow to use
efficiently network resources, reducing the load of a network and to transfer information more
quickly and efficiently [4, 5]. The logic of work of SVA is given in figure 3.
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Fig. 3. Logic of VAS work
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Results of definition the stopped motor transport on the crossing are given by video analytics in
figure 4.

| Source Event Part | k& Daie Time
Panse Bb Closed 21022017 | 19:068:27
| Movine sy Felay is on 21022017 | 19:06:27
| Banse B4 Cipen 21022017 | 190642
| Banse B Closed 21022017 | 12:06:43
| Movine sy Felay 15 on 21022017 | 12:06:43
| Banze B4 Cipen 21022017 | 120756
* Stop camera Stopped cax 21022017 19:15:08
| Banse B4 Closed 21022017 12:15:19
| Monmne sy Felay 15 on 21022007 | 12:15:20
BA Crpen 21022017 | 12:15:59
*Sopcamera | Stopped car 21022017 | 12:18:40
| Movine sy Felay is on 21022017 | 12:19:05
| Banse B4 Closed 21022007 | 12:19:45
| Mg busy Felay is on 21022017 | 12:19:44
| Banse B4 Cipen 21022017 [ 12:19:55
| Banse B4 Closed 21022017 | 12:30:.08
| Monmne sy Felay 15 on 21022007 | 12:30:.09
| Banze BA Crpen 21022007 | 19:30:24
| Movine sy Closed 21022017 | 12:37:12
| Banse B4 Felay is on 21022017 | 12:37:12
| Panse B apen 21022017 19:58:04

B2 3kparel D

Fig.4. Fixing motor transport video analytics

Conclusion

This article researched hardware and software tools for analyzing video objects and made their
selection from the DSSL nomenclature for organizing an adaptive decentralized complex of visual
identification of vehicles at the crossing and their movements with the functions of autonomous
intellectual image processing. The created program can be integrated into existing video monitoring
systems for the most optimal use and speed of data transmission, as well as reducing the load from


../../../AppData/Local/Packages/Microsoft.MicrosoftEdge_8wekyb3d8bbwe/ghjj
../../../AppData/Local/Packages/Microsoft.MicrosoftEdge_8wekyb3d8bbwe/ghjj

INFORMATION ABOUT AUTHORS 77

networks. Methods are proposed, an algorithm and software implementation of the mechanism of
dynamic tuning (adaptation) of the structure of the complex optimizing it in terms of the number of
computing resources used and an effective way of transmitting information for solving the current
task of identification are developed.

By results of work it is possible to draw conclusions that the offered approach and the created
program of formation of a complex of means of the video analysis, can be used in practice when the
organization and functioning the composite distributed systems of the video analysis of objects
since the program allows to use most efficiently resources of the network and to considerably
reduce the loading level.
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The work represents a simple fabrication method of a porous nickel anode for thin film solid
oxide fuel cells. The porous nickel anode is fabricated using a metal/pore-former mixing method with
different rations of powder followed by pressing and heat treatment. The process of obtaining a porous
nickel anode by pressing of nickel and aluminum powders is shown. Further sintering of the samples
and etching of aluminum from the obtained anode structure. The electrolyte layer was sputtered by
pulsed laser deposition. Scanning electron microscope and energy-dispersive X-ray spectroscopy
analysis are represented in article.

Keywords: thin-film solid oxide fuel cells, porous anode, electrochemical etching, electrolyte, pulsed
laser deposition.

Introduction

Solid oxide fuel cells (SOFCs) have the potential to be one of the cleanest and most efficient
energy technologies for direct conversion of chemical fuels to electricity. Economically competitive
SOFC systems appear poised for commercialization, but widespread market penetration will require
continuous innovation of materials and fabrication processes to enhance system lifetime and reduce

cost [1].
3 Fuel
\y \y\§ Co H\\'\ > Reaction
CO+ 0% = CO: + 2e" L{IOGLJCIS.
H, + 0% — H,0 +2e” CO,. HO
ANODE @I
|02‘ YSZ electrolyte 450 - 900 °C
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1120, + 26" — 0%
Excess
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Fig.1. Scheme of an SOFC illustrating also the working principle

SOFCs convert chemical energy with high efficiency directly into electricity and heat. It can
operate on a variety of fuels such as natural gas or hydrogen [2]. As shown in figure 1, the fuel
supplying H, is fed into the anode compartment where it is oxidized, and the electrons released as a
result are conducted to an external circuit [3, 7]. The reaction products on the anode side of an
SOFC are mainly water and CO,. Air enters on the cathode side and oxygen is reduced here to
0%~ by reaction with electrons from the external circuit. The 0?~ions can travel through the ion-
conducting and gas-tight electrolyte, which separates the anode compartment from the cathode
compartment [4]. Once on the anode side the 02~ joins with hydrogen to form water. Open circuit
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voltage (OCV) is the voltage obtained at zero current that ranges from about 0.8-1.1V and is a
measure for the gas leakage or electronic leakage through the electrolyte [5, 6].

1. Experimental technique

The porous nickel anode is fabricated using a Ni and Al powders mixing method followed by
pressing and heat treatment. VVery pure Ni and Al powders of 99.99% purity were used in the work.
The percentage of Ni and Al components is 60: 40%. The anode basis possesses a high porosity
which is required for efficient delivery of fuel to the cell. Hot pressing method was used for
obtaining tablet from nickel and aluminum powders. Next two steps was sintering of the sample and
etching out aluminum from the anode structure. The mixing and grinding of the smallest powder
with uniform dispersion is achieved by means of a grinding process in a SPEX Sample Pre 8000M
ball mill with carbide tungsten cylinders with a 5 mm ball diameter.

Full experimental process of fabrication a porous nickel anode with a flat nanoporous surface
shown in figure 2a, by thoroughly mixing commercial nickel powder (particle size between 0,5-
1um) with an aluminum (particle size of from 100 to 300 nm) proppant. The mixing of the two
components must be thorough; therefore, it is typically performed by mechanical mixing and ball
milling procedures. The resulting mixture (nickel powder and proppant) is then pressed into a
parallel faced ~1 mm thick square tablet at 5000 psi (see figure 2b). The tablets pressed into round
shape form as shown in insert of figure 2b. The tablet of pressed nickel powder/proppant is then
loaded into a high temperature tubular furnace and sintered at 800 °C for 2 h in an ambient
hydrogen atmosphere.

~ Mixing NI | ® Pressing @ Sintering || € Electro- D pulsed

and Al the mixed at *C in chemical laser
powders powder in Hz atm. etching in
by ball the round 30% KOH

milling press

(b)
Fig.2. Schematic diagram for the porous nickel anode fabrication process (a);
The fabricated porous nickel anode 10x10 mm (b).
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Figure 3 shows the EDS analysis
of the sample immediately after the
annealing process in the tubular
vacuum furnace. EDX analysis shows
the correct ratio of components 60:40,
which was originally set for the anode
e e— material.

e oo | ms sy | The content of ~ 40% of
aluminum compared with nickel makes

; it possible to vary the porosity due to a

0 Ni change in the concentration of the main
component of nickel, but also it is

. .“,...7~.._:_‘ P impossible to forget the strength after

. in = o e o e . "o e

e etching. The dimensional content of
Fig.3. EDS analysis of anode after sintering aluminum can destroy the sample
during electrochemical etching.

Next step of research was electrochemical dealloying of aluminum from the alloy of Ni-Al
powders, as the potential increased, the amount of etched Al also increased. Passivation of nickel
occurs with an increase in time, which contributes to the formation of NiO. The etching was carried
out in a 30% KOH solution at room temperature. The process was carried out in two electrode cells,
and under the action of ultrasound. A sample of Ni-Al alloy is used as a working electrode.

Ni

I

2.Results and discussion

Surface SEM images were carried out for the fabricated porous nickel anode after sintering
(figure 4a, b). These images show clearly the surface and bulk porous structure of the nickel anode,
with pore sizes of 100 nm — 1pm.

o
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= eigiahi R F a0 Al e =
elokv . %2,000," topm. 0000, 11 46 SE( X um 000" 1351 SEL,

(b)

Fig.4. SEM images of the fabricated porous nickel anode: a) anode surface directly after sintering at
800 °C for 2 h.; b) anode surface after electrochemical etching.

This large pore size allows the fuel to readily reach the anode/electrolyte interface. The nickel
surface treatments were applied to produce not only a flat surface, but also a surface with small
pores (size < 500 nm) (see figure 5a, b) such that a continuous thin film electrolyte could be
deposited and exhibit both gas and electrical hermeticity. The now smooth surface of the fabricated
nickel anode will permit the deposition of a 3 um thick smooth, continuous electrolyte yttria-
stabilized zirconia (YSZ) film, which is not only an electrolyte layer, but one that effectively blocks
hydrogen from reaching the SOFC cathode.
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a) b)
Fig.5. SEM cross-section images of the fabricated porous nickel anode with electrolyte layer,
a) Anode cross-section after electrolytedeposition b) Electrolyte surface after deposition.

A 248 nm KrF Excimer laser at 7 Hz and 380 mJ was used to deposit the electrolyte layer on
the porous nickel anode surface [2]. In this work, a dense YSZ electrolyte layer (about 1-2pum thick)
deposited at 150 mTorr and 650 °C in an atmosphere of 96% argon, 4% hydrogen to avoid nickel
oxidation. Surface and cross-sectional SEM images were carried out for the fabricated porous nickel
anode after pulsed laser deposition (figure 5a, b). As we can see from images the deposition of a
thin (0.5-3um), smooth, and pore free electrolyte will not allow the diffusion of both fuel and air.

Conclusion

The porous nickel anode obtained by process of pressing nickel and aluminum powders,
sintering and etching of aluminum from the obtained anode structure. The pore size between 100 —
500 nm, which allows for theH, to passage thru the anode to YSZ electrolyte layer. The thin YSZ
electrolyte layer is sputtered by pulsed laser deposition. SEM and EDS analysis were obtained.
Analysis shows the deposition of a thin (0.5-3um), smooth, and pore free electrolyte which will not
allow the diffusion of both fuel and air.EDS analysis shows the correct ratio of the material after
annealing in the furnace at 800°C, the presence of oxygen due to the interactions after discharge
from the furnace.
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An experimental production biogas plant based on solar heating has been designed and built. Its
structural scheme and results of calculations of parameters of a biogas plant are given based on the
statistical data of Uzbekistan on the availability of biogas and solar energy potential. So, results of
experimental researches on biogas production at mesaphilic mode of plant operation are given.
Possibilities of using biogas plants with heating fermented biomass at the expense of renewable energy
sources in conditions of small consumer farms are considered.

Keywords: Biogas plant, energy saving, ecology, collector, solar heating, heat storage.

Introduction

At present, economically developed and developing countries are accelerating the development
of practical use of alternative energy sources as an important factor for sustainable development and
to increasing the competitiveness of economies in the face of a reduction in the world's hydrocarbon
reserves [1]. In Uzbekistan, considerable experience has been accumulated in carrying out scientific
and experimental research in the field of the use of alternative energy sources, primarily solar and
biogas energy, for which development has been carried out for many decades [2].

Currently, a large number of biogas plants have been developed and are functioning from
organic waste in various countries. However, most scientifically-based biogas plants are designed
for waste treatment of large livestock complexes and provide for heating the fermented biomass by
using electricity or heat from centralized networks, which hinders the efficient utilization of waste
from individual and small farms dispersed in regions without a centralized power supply [3, 4].

On the other hand, the change in the structure of agricultural production in connection with the
transition to market conditions has led to an increase in the number of private dehkan and farmer
households. In solving energy supply problems, individual and farming enterprises in remote areas
of Uzbekistan that do not have centralized electricity and gas supply are in need of imported fuel
materials [5].

Therefore, the development of autonomous bioenergy plants with heating of fermented
biomass at the expense of local renewable energy sources is an urgent problem, the solution of
which contributes to the direction of effective utilization of waste with ensuring environmental
safety in the agricultural production of hard-to-reach regions. All this dictates that for large-scale
use of biogas plants in farm and individual farming, above all, given their regional and local
conditions, the need to develop small energy-efficient, economical, environmentally friendly and
high-performance biogas plants (BGP) [6].

4. The experimental procedure and the experimental setup

In this connection, an experimental biogas plant of industrial character with a solar heating
system (Figure 1), consisting of a bioreactor (1), a solar water heater (2), a heat accumulator (3), a
gas scrubber (4) and a gas storage tank (gas holder) (5). In the manufacture of these parts, we
proceeded from the requirements of resource conservation, the environment and their expected
effectiveness.

Solar water heating collectors (SWC) of various designs are traditionally made of metal
materials. The SWC offered by us is made of alternative non-metallic materials. Solar water heater
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made in the form of a "hot box", inside of which a heat collector is made of a plastic pipe of black
color, a collector with inlet and outlet nozzles.
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Fig.1. Schematic diagram of an experimental-production biogas plant with a solar heating system.

The heat-storage part is a well-insulated (from the outside) cylindrical container (3), inside
which there are two heat exchangers - one (6) for heating the heat-storage material (HSM), and the
other (7) provides heat to the bioreactor. Both heat exchangers are made of plastic pipes in the form
of a coil. The capacity is filled with HSM, as which we used hexahydrate calcium chloride
(CaCl,6H,0) with a melting point almost equal to the optimum temperature of the mesophilic
regime of the fermentable substrate (36-39)°C. The heat of fusion and the density of crystalline
hydrate are, respectively, 174.4 kJ / kg and 1634 kg / m*.

One of the main elements of the BGP is a bioreactor, which is a hermetically sealed cylindrical
vessel with a diameter of 1.5 m and a height of 2 m (V = 3.5 cubic meters).

In the upper and lower side parts, loading (12) and unloading (11) hatches are provided. Inside
the reactor, a mechanism (13) is placed in the middle for mixing the fermentable substrate. On the
outside of the cylinder, the container is densely (in height) surrounded by plastic pipes serving as
heating elements (14) and on which a metal wire is stretched. Further, the reactor is thermally
insulated from the environment by mineral wool, the thickness of which is 10 cm.

In order to obtain the temperature necessary for the fermentation process and, if possible, to
keep it constant, it is necessary first of all to heat the substrate supplied to the reactor to the desired
temperature; also constant, supplying heat to compensate for heat losses.

The heating of the fermentable substrate to the temperature of the mesophilic regime (t = 35-
38°C) and the maintenance of this temperature in the bioenergetic system developed by us is carried
out with the help of a helium heater. Heat production is carried out as follows: during the day, the
sun's rays passing through the transparent enclosure heat the water collector. The heated water from
the collector enters the heat storage reservoir and passes through the heat exchanger (6) and also
gives its significant HSM potential, again it enters the collector. This happens in the daytime in
clear sunny weather. And in the heat-storage part, since we chose as the HSM the CaCl, 6H,0,
thermal processes occur differently. With the arrival of heat from the solar collector, the crystalline
hydrate begins to heat up, its temperature rises until it reaches the melting point, i.e. 36-39°C.
Further, excess heat is accumulated due to the phase transformation of crystalline hydrate. Thus, in
the heat accumulator proposed by us, the temperature is kept constant, i.e. equal to the optimum
temperature of the mesophilic regime of the fermentable substrate. At night, the installation
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operates due to the heat accumulated during the day (the heat of the crystal hydrate transition of
CaCly6H,0), thus ensuring 24-hour operation and increasing the efficiency of the bioenergy plant.

Heating of the bioreactor and, consequently, of the fermentable substrate is carried out through
a sealed water heating system containing a heat exchanger (7), a water pump (8) and heat
exchangers (14) in the form of spirally wound on the outside of the reactor, through which the
coolant (water) circulates.

5. Experimental results

Our experiments showed that the proposed biogas plant, whose volume is 3.5 m®, is able to
process 90 kg of manure per day in the mesophilic regime and produce about 20 m* of biogas and
slightly less than 90 kg of liquid ecologically clean biofertilizers. The latter contain a number of
organic substances that contribute to increasing the permeability and hygroscopicity of the soil,
while at the same time preventing erosion and improving general soil conditions. Organic
substances are also the basis for the development of microorganisms that transfer nutrients into a
form that can easily be assimilated by plants. The results of parallel practical studies on growing a
tomato in a helio-greenhouse showed that the yield of tomato when using biofertilizers increased by
40-50%.

To study the temperature and thermal regimes, as well as the capacity of the plant with respect
to the biogas produced, we conducted a series of experiments with various substrates in various
meteorological conditions. The results of such experiments are shown in Fig. 2.

m’/hour
!

0.8 4

0.6 4

04 |

02

"

0 1 2 3 4 5 B 7 8 9 10 11
days

Fig.2. The results of the experimental studies on the release of biogas with various substrates:
1 - chicken litter; 2 - manure of cattle.

The experiments showed that under the mesophilic mode of operation of the bioreactor, the gas
productivity practically did not decrease with a temperature deviation of 1-2 °C from the optimum
and the substrate fermentation process lasted -25-30 days.

In the course of the study, it was found that the intensity of the process depends largely on the
temperature and humidity in the bioreactor. It is shown that during the mesophilic regime (36-
38°C), the process of methane fermentation proceeds more intensively, as evidenced by a greater
yield of biogas and a higher content of methane in it.
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Conclusion

The conducted researches allow to develop the technology of processing chicken manure (and
also other organic wastes), which is the most promising in terms of protecting the environment and
the environment of non-renewable natural energy sources. The use of this technology will make it
possible to make full use of the energy and raw materials potentials contained in organic waste.

The obtained results allow calculating the parameters of a biogas plant taking into account
local biomass resources and using this energy to save fuel and electricity fuel, to obtain high-quality
fertilizer and, thus, to exclude dependence on imported energy carriers and improve the
environmental performance of the republic.

Also, long-term field trials of the proposed design of the biogas plant were conducted, as a
result of which its autonomous working capacity was revealed in the climatic conditions of the
Bukhara region.
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The article discusses the results of development of energy efficient ventilation system of
sheepfold. The scheme of the experimental energy-efficient ventilation system of sheepfold is given.
The differential equations of heat transfer for describing the temperature field in the soil around the
duct of the ventilation system of the sheepfish are used. An example of calculation of dimensionless
criteria at given initial and boundary conditions is shown. The values of the air temperature at the
outlet of the channel and the value of the heat flux are determined. The results of the calculations are
consistent with the test data using information and measuring system for remote recording of the
thermal characteristics of ventilation systems.

Keywords: ventilation system, sheepfold, ductwork, temperature field in the soil, heat transfer, heat flux.

Introduction

Rational using of fuel and energy resources is one of the global problems. One promising
solution to this problem is the use of new energy-saving technologies, using renewable energy
sources. The range of renewable energy on farms is quite broad: it is heating or cooling buildings,
and drying of agricultural products, and desalination and water heating, and even autonomous
power supply. The advantages of the energy sources are environmental friendliness and low cost of
labor and funds for the operation of facilities for their use. The solution of the problem in the
energy-saving ventilation systems of agricultural buildings is the effective use of low-grade soil
heat. The ground surface layers of the Earth, actually is a heat accumulator of unlimited capacity,
which thermal regime is formed by the action of solar radiation. Low-grade heat of the Earth can be
used in agricultural buildings for heating, hot water, air-conditioning (air-cooling). There are a
number of examples of the use of soil heat for heating and cooling of livestock buildings through
underground air conduits and heat exchangers. They are allowed to save from 50 to 75% of the
costs for heating and cooling the buildings. [1-4]. Studying these examples allowed to develop
energy-saving ventilation system for sheep premises [5, 6].

1. Ventilation system

Functional block diagram of the ventilation system (Fig. 1) contains the intake shaft 1 and 2
provided with a fan motor 3 and water spray 4, exhaust shaft 5 with control valve 6 and air supply
ducts 7.8 with control valves 9,outlets in air 10-ventilated room with a 11 -coil temperature of 12
linked via the intake 13 air shutter shaft 1 and placed in the soil below the freezing and the latter
program controller 14 microclimate temperature sensors 16 , 17, 19, 20 and 15 velocity , humidity
18 connected to the fan motor 3 control valve 6 2 9 exhaust shafts and air intakes to 7, 8 and 4, and
the atomizer coil units 12 temperature.

The device contains two air-supply ducts 7, 8 to ensure continuity of supply of heated air into
the room 11 during charging one of them. Assembly and manufacture of air handling unit is made
from prefabricated modular elements, designed to suit the required volume of ventilation air and the
type of agricultural premises. In a cold season the heavy gravity fresh air enters the intake shaft 1
and through air shutter 13 enters the outdoor air duct 7 contacts with the surface of the walls, is
heated with the warmth of a soil and moves up , goes through 10 outlets in room 11, flowing
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temperature closer 12. Air shutter 13 threshold, which is located below the bottom of the duct 7, 8
does not allow exit easily of the heated air from the air in the intake shaft 1. Thereby it provides a
strictly unilateral movement gravity flow of fresh air. Exit from the ventilated room of the exhaust
air through the exhaust shaft 5 with a control valve 6, which is controlled by software regulator
microclimate 14. Program controller 14 controls operation of the electric motor 3 of the fan 2 which
supports the set speed of a self-flowing stream and adjusting valves 9, stitched air ducts 7, 8,
providing the set threshold of temperature of a self-flowing stream, and also temperature closer.
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Fig.1. Scheme of ventilation device.

As the temperature of the walls of the duct 7 or soil mass reduces the intensity of heat
removal and at a certain temperature the threshold exceeds a specified value. At this point, the
temperature sensor signal ground 17 climate control 14 closes the control valve air supply duct 7
and opens the valve 8. An array of ground round duct 7 after a while restores its natural
temperature, i.e. recharges, and the array of soil around the duct 8 is cooled, i.e. discharges. Upon
reaching the ground temperature values are normalized by the sensor 17, the controller 14 closes the
valve 9 microclimate supply duct 8 and 9 opens the valve duct 7. Thus, blowing ducts alternately
operate in the mode of charging and discharging, provides normalized stable supply air temperature,
i.e. stabilizing the temperature of the supply air. Enter the room heated inlet air temperature 12
wraps closer, increases its temperature to the rated value. Enable or disable the controller 14
performs closers microclimate by temperature sensor 19. 12 closers provide radiant and convective
heat transfer in the process of creating a local microclimate. Valve 6 of exhaust shaft 5 regulates the
exit of the exhaust air; its work is controlled by the regulator of microclimate 14 through the
temperature sensor 20.

As the internal temperature rises gravity flow velocity decreases and at a certain temperature,
the flow rate will be insufficient to provide the rated air. At this point, the signal sensor 16, the
outdoor temperature sensor 15 and a flow rate regulator 14 connects the electric motor 3
microclimate fan 2.

In a warm season, heated fresh air by fan (2) is injected at the intake shaft (1) to the duct (7),
from where (10) through off takes air enters the ventilated room. When passing through the air duct
(7) the heated fresh air is cooled by transferring heat to ground through its walls. Ducts (7, 8) will
also run in both the charging and discharging as during a cold season. Depending on the desired
humidity parameters of ventilated fresh air moisturize with water through the gun (4). Sprayer (4) is
operated by the regulator (14) of microclimate through the humidity sensor (18) outside air and
provides the required humidity of supplied air. Under this scheme, designed and built experimental
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energy-saving ventilation system for the sheepfold and conducted production tests during the
lambing.

Within the framework of the problem statement, an experimental energy-saving ventilation
system for the sheep-dog was developed and constructed and production tests for the time of lambs
litter were carried out and its calculations were performed.

2. Calculation parameters of sheepfold ventilation system

For designing the energy saving ventilation system, was viewed the differential equation of the
temperature field of soil around the ductwork of ventilation system

ot o°t 1 ot
— =a — + — (1)
or OR R OR

where a - temperature conductivity of the soil.
The boundary conditions for equation (1):

t=t, at =0 R—w, 720 —A%=a'[t(Ro,r)—taver(r)]=0 2

soil

where A is the temperature conductivity of the soil;

a - heat transfer coefficient of the channel walls.

The value of integral air temperature along the channel length with the total area of heat
transfer F:

b (€)= 2 [ 1, P IF @

where t (x, 1)-is local temperatures determined from the heat balance equation duct area dF:
cGdt = oz[t(R0 , r)—t(x, r)]dF (4)

The solution of the equation (2) has the form:

o - t(x,7)-t(R,,7) _ exp( oF, } (5)
t, —t(R,,7) G

where t (Ro, 1)- is the average temperature over the length of the channel walls at a given
moment of time; Fx - the area of heat exchange of channel through section x.

The solution of the differential equation (5) allows calculate the thermal technical parameters
of the energy-saving system [1, 2].

Let's calculate the thermal engineering parameters of the ventilation system at the following
initial data:

D, =0.22m, L=12m - are the diameter and the length of the air duct;

t;, =+10°C - is the initial uniform temperature of the soil;
a,, =52-10"m*/s - is the coefficient of soil temperature-conductivity;

oy =13 W /(m?C) - is the coefficient of thermal conductivity of the soil;

soil
Puy =1700 kg/m?® and c_, =1.47kJ /(kg-°C) -are the density and the specific heat of soil;
t. . =1, =—16°C - is the estimated ventilation or the temperature of the incoming outside air;
t.., =-5°C - is the average temperature of the heating period;
n =198days - is the duration of the heating season;
F=2m/s -is the speed of air flow;
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v, =12.42-10°m?/s - is the Kinematic viscosity of air;
A =0.0253W /(m?°C) - is the coefficient of kinematic heat conductivity of air;
a,. =17.44.10°m?/s - is the coefficient of kinematic air temperature-conductivity;

- - 76
Then the Prandtl criterion equals py = Yar _1242:107 -,
a, 17.44.10°
It is possible to calculate the length of the air duct based on condition: st' =2
We have from the next formula:

_ RyRePr Lo R,-Re-Pr 0.11-35427-0.71
~ Nu  that Nu 78.48

L =35.35m

The maximum operating time of the air duct is determined from the next condition Bi”+/Fo =1:

Bi” = Bi' +0.375 4 Bi’ =¢-Bi

1-exp(-St') 1-e?
St/ 2

_a-R,_9.02-0.11
ﬂ'soil 13

Bi’ =¢-Bi =0.43-0.76 =0.33

=0.43

p=

Bi =0.76

Bi” = Bi’ +0.375=0.33+0.375=0.705

2 2
T= RZO = (02'11) — =46817=13nhours
(8i"f-a, (07055210

The air temperature at the outlet of the duct is equal to
!
tL :tO + (DSt ) HW ) (tsoil _tO)

X zmzzp.sﬂ -0,
tsoil — Yo
Bi’
0, :1_W fl(x)
Where
f,(x) =1—exp(Bi"+/Fo | erfd(Bi” /o )=1- exp(L) -erfol) =1 2.72-0.157 = 0.572
Bi’ 0.33
0 =1-—f =1-——-0.57=0.73
w Bi// l(x) 0.71

o =¢-St'-6,=043.2.0.73=0.63
t, =ty + @St -0, - (ty, —t,)=—16+0.63-(10+16) = +0.44°C

w

The amount of heat removal inatime 7 js equal:
AQ=2-Po' -c-p-V-(t,, —t,)-Bi' - Fo

Fo = eoil” _ 5.2-10"-46817 _
R? 017

soil
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Po’ =1-:—ii,l, f,(x)
where
- TNy A5 s L
Po’ =1—B—,i,/, fg(x):l—ﬁ-o.mz 0.79
Bi 0.705

AQ=2-Po'-c-p-V-(t,, —t,) Bi’ -Fo=2-0.79-1.47-1700-1.9- (10+16)- 0.33- 2 =12909%J
The average capacity of the air ventilation system is
_AQ 129092

W7 46817
The air duct feeding zone:

R =4J/Fo+1=4/2+1=66 R, =R,-R, =0.11-6.6=0.726m

= 2.75kW

Then Stanton's criterion is equal:

gt/ o Nu_ 2L Nu (2L 7848 212

= St' = = X
Re-Pr R, Re-Pr R 35427-0.712 0.11

0
H

=0.68

The Bio criterion is equal:

@R, 902011
p) 13

soil

Bi =0.76

~_1-exp(-St') _1-ext(~0,6788)
st 0.68

Bilz(p-Bi;

Bi’ =0.73-0.375=0.554, Bi" =Bi’ +0.375=0.554+0.375=0.929

3. Discussion of results

The experimental energy saving ventilation system was built in the sheepfold for lambing in
Almaty region. The registration of thermo technical parameters of ventilation system (temperature
of the outer, inside air, soil and humidity external and internal air) was made using the information-
measuring system [3, 4]. To transfer data to the computer modem operator is connected working in
master mode after the signals are transmitted to the processing and visualization.

Underground heat exchangers - air conduits are made of corrugated plastic pipe of LLP "EPA
Almaty" production. Pipes are made from high density polyethylene, the nominal inner diameter
from 110 mm to 630 mm. GOST18599-2001. Pipes are produced with socket and muff joints.
Specially designed outer surface of the pipe has a high ring stiffness and makes them more resistant
to compressive loads (transport, soil water, frost and soil compaction), and elastic structure pipe
protects them from damage when exposed to overload. As the material of high density polyethylene
has: a high tensile strength, have higher thermal stability and is not subject to corrosion.

The pipe is produced in the segments of standard length of 6 m and 12 m and is designed for
underground lying to a depth of 15 m. For registration of thermo technical parameters of ventilation
system, that is temperature of the outer, inside air, soil and humidity external and internal air have
been developed information-measuring system. During tests energy saving ventilation system
during the winter period found that the room temperature of the sheepfold ranged from +5.4°C to +
6.0°C, on average +5.6°C, with the number of measurements n=72.
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The relative humidity of the room of the sheepfold was in average 79.2%. The maximum and
minimum value of relative humidity was respectively 93.4% and 64.1%. At the lowest outdoor
temperature -18°C (04.02.2014) supply air temperature reached 6°C. Supply flow rate fluctuate
depending on the outdoor temperature within 70-140 m*h. The maximum heat output of
installation was 2.2 kW.

During tests energy saving ventilation system in summer found that the room temperature of
sheepfold ranged from +16.6°C to +27.29°C on average +22.3°C, with the number of measurements
n = 820. The relative humidity of the room of sheepfold averaged 30.5%. Maximum and minimum
value of relative humidity was respectively 58.88% and 10.37%. At the highest temperature of the
outside air +33.4°C supply air temperature reached +19.6'C and humidity increased from 12% to
23%. Air flow rate was 140m%h. The cooling capacity of the installation was 2.6 kW.

Conclusion

In times of testing energy saving ventilation system provided the required power saving mode
and zootechnical parameters of the microclimate in the maternity ward of the sheepfold. Energy
saving ventilation system has been adopted for economic use and recommended for implementation
in the sheep farms.
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In this paper the results of the research conducted with the aim to determine the effective version
of hydro wheel blades of straight flow hydro turbine are presented. The increasing of energy efficiency
of hydro turbine is directly related to the configuration of blades. Investigation is performed in the
COMSOL Multiphysics application program with numerical method. Navier-Stokes equations describe
motion of water flow. Numerical research of flow is performed using Reynolds Averaged Navier-Stokes
method. The optimal attack angle of water on hydro turbine blades is determined, optimal location of
the blades, changing of velocity and pressure distribution of water through hydro turbine blades are
investigated. Lift and drag forces, coefficients acting on the blades are defined. Based on the results of
the research, the optimal configurations of the hydro turbine blades with high energy efficiency are
determined.

Keywords: hydro turbine, blade, COMSOL Multiphysics, lift force, drag force, lift coefficient, drag coefficient.

Introduction

Scientific research work is related to improving the energy efficiency of hydro turbine by
changing the stream flow to hydro wheel. Hydropower plants use energy of water flow as the
source of energy. Hydro turbine is the hydro engine that turn coming flow energy to mechanical
energy.

Today, the whole world pays great attention to water flow energy as the effective source of
energy. Investigated hydro turbine for small hydroelectric power station does not require a dam.
Instead, it works in scheme as a part of the water given to head tube, after flowing through hydro
turbine again dumped into the river. This straight flow hydro turbine size is small, so to construct it
need less material accordingly it cost cheaper.

It is significant to correctly choosing of the structure of the turbine, the size and location of the
blades, the parameters of the guide vane, the head of water, the structure of the hydro wheels when
installing a hydro turbine on a water stream to generating sufficient energy and effective working.
Scientific research working is aimed to improving low head hydro turbine efficiency by changing
the stream flow to hydro wheel. The optimal version of the attack angle on guide vane and hydro
wheel blades is for improving efficiency of hydro turbine. Investigated low head hydro turbine can
be used in the small and medium rivers of the Central Asian countries and Kazakhstan. This low
head hydro turbine for small hydroelectric power station is for using for seasonal agriculture to
farmers and for using in small settlements and remote villages [1, 2].

1. Computational experiment

The method of research is a numerical experiment. A theoretical study was carried out, a
mathematical model of a hydro turbine blade was performed in the COMSOL Multiphysics
application package. The COMSOL Multiphysics examines the distribution of velocity and pressure
of water along the turbine blades [3]. External construction of 3D model of hydro turbine in the
interactive of COMSOL Multiphysics application package is shown in Figure 1.
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Water enters through inlet tube, guide vane, rotating hydro wheel and pass through turbine then
exit through outlet tube.

To take more energy is needed to rotate the hydro wheel as more. Therefore, there is a guide
vane with the aim to regulate impact and direction of water flow to the hydro wheel blades. When
water flow through hydro turbine passing through guide vane and hit blades with pressure, then they
rotate [4, 5].
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Fig.1. Model of hydro turbine: a) external construction, b) internal construction.

Guide vane and hydro wheel of the hydro turbine are shown in Figure 2. Front part as cone,
blade located at part as cylinder.

Fig.2. Guide vane and hydro wheel.

The energy efficiency of the hydro turbine is influenced by the number, shape, location, and
attack angle of the guide vane and blades [6]. Therefore, the results of the research of the attack
angle to the hydro wheel blades are presented. Attack angle is the angle between coming flow
direction and chord line of the blade. Research was conducted with the purpose of improving the
energy efficiency of hydro turbine.
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Numerical calculation was performed by COMSOL Multiphysics application package. The
results were obtained by changing the attack angle of water flow on blades of hydro wheel in two
dimensional domain. Three different angles were obtained to show the improving in energy
efficiency and to compare. The distribution of velocity and pressure of water flow in COMSOL
Multiphysics application package during 10 seconds was analyzed, with suggesting that the initial
velocity 1 m/sec.

Distribution of water flow velocity and pressure was calculated with using Reynolds Averaged
Navier Stokes (RANS) method to Navier-Stokes equation for incompressible fluid. For
imcompressible fluid the Navier-Stokes equations consists of motion and continuity equations [7]:

pg_l:+p(u.v)u =V -[-pl + (u+ s )(Vu+(VU))]+ F

pV-U)=0 ; @

where U is the fluid flow velocity, p is the fluid density, pis the fluid pressure, uis the

fluid dynamic viscosity, V is nabla operator, | is the identity matrix, T is stress tensor, F is the
applied body force on the fluid.

2. Computational experiment Defining optimal attack angle of the blades

There are two ways to changing the attack angle of the model. It is possible to turn the blade
itself or to fixed the blade but change the flow direction at the inlet. Second way is more simple to
adjust the velocity field at the inlet boundary condition and there is no need to remesh the model
for every attack angle. Scheme of attack angle on the hydro wheel blade « is illustrated in Figure 3.

/S
S S
S/
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Fig.3. Attack angle.

In Figure 3 arrows show the direction of the flow velocity. There a means attack angle.
Attack angle is the angle between coming flow direction and chord line of the blade. The initial
velocity of the water flow are determined as U *cos(e*7/180)in x direction and as
U *sin(a * 7 /180) iny direction. Here U =1 m/s. Considered three various location of blades with
changing the attack angle [8]. Values of attack angle a are 40°, 45°, 60°.

Results of velocity changing and pressure distribution along blade changing the attack angle
during 10 second are demonstrated in Figure 4.

Changing of colour from blue to red shows the increasing of velocity and pressure. Arrows
show water flow direction. In the first case the maximum value of velocity is reached to 1.32 m/s
and pressure 565 Pa. Pressure increase in the bottom side of the blade as a result of the appearing
the lift force. Changing attack angle to 45° the maximum value of velocity is reached to 1.31 m/s
and maximum value of pressure is reached to 587 Pa. So we see that the attack angle has affect.
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Changing attack angle to 60° angle degree the maximum value of velocity is reached to 1.26 m/s
and pressure is reached to 595 Pa. Changing the attack angle is affected to previous results.

Results of numerical experiment by COMSOL Multiphysics of the changing of velocity and
pressure distribution of flow with changing attack angle of the blades are shown in Table 1.
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Fig.4. Distribution of velocity and pressure at different attack angle: a) 40°, b) 45°, c) 60°.

Table 1. Velocity and pressure changing with changing attack angle

Name | Attack angle of Maximum value Maximum value
flow, degree of velocity of flow, m/s of pressure of flow, Pa
1 40 1.32 565
2 45 1.31 587
3 60 1.26 595
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In version when attack angle 40° the maximum value of velocity is reached. Maximum value of
pressure is reached when attack angle 60°.

3. Defining lift and drag forces
When fluid flow passes a body, it exerts a force on the surface.The force component that
perpendicular to the flow direction is called lift force F_. The force component that parallel to the

flow direction is called drag force F[9]. There are two distinct contributors to lift and drag
forces — pressure force and viscous force. The pressure force is the force appearing due to the
pressure difference across the surface. The viscous force is the force deriving from friction that
acts in the opposite direction of the flow.

The lift and drag forces at different angle attack of the blade at tenth second is shown in Fig. 5.
Was chosen as various angle attack as 0°, 15 °, 40 °, 45 °, 60 °, 90 °.

o
25
20 —%— Lift force |7
15+ —=— Drag force
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Lift and Drag force (N)

0 20 40 60 80
o

Fig.5. Lift force and drag force at tenth second.

The values of the drag force are decreasing from 0 angle degrees to 45 angle degrees, then
values are increasing. The lift force values are increasing from 0 to 45 angle degrees, then started to
decreasing. So at 45 angle degree the lift force takes maximum value and the drag force takes
minimum value.

4. Defining lift and drag coefficients
Lift coefficient is defined as:

F
CL = 1 - (2)
~pU%
9 P
Drag coefficient is defined as:
F
Cp =7 ®)
1 uze
2 P

Here C, is the dimensionless lift coefficient, Cy is the dimensionless drag coefficient, U is

the mean velocity, cis the blade length.
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In Figure 6 showed calculation results of lift and drag coefficients at different angle attack.
Drag coefficient magnitudes are decreasing from 0 angle degrees to 45 angle degrees, then started
to increasing. Lift coefficient magnitudes are increasing from 0 to 45 angle degrees, then it is
decreasing. So at 45 angle degree the lift coefficient takes maximum value and the drag coefficient
takes minimum value.
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Fig. 6. Lift and drag coefficients: a) Lift coefficient during ten seconds, b) drag coefficient during ten
seconds, ¢) lift and drag coefficients at tenth second.



98 ISSN 1811-1165 (Print) ISSN 2413-2179 (Online) Eurasian Physical Technical Joumal, 2018, Vol.15, No.1(29)

Conclusion

The effective version of hydro wheel blades of straight flow hydro turbine was determined.
Research with the aim of improving efficiency of low head hydro turbine was performed. Three
various locations of the blades with changing attack angle were investigated in the COMSOL
Multiphysics application package. Based on the results of the research, it was determined the
optimal configurations of the hydro wheel blades of the hydro turbine. As optimal configuration
was choosen hydro wheel blade with the attack angle 45 angle degrees, where maximum value of
velocity reached to 1.31 m/s and maximum value of pressure reached to 587 Pa. The lift and drag
forces, lift and drag coefficients at different attack angle were defined. Maximum value of lift force
and coefficient, minimum value of drag force and coefficient were defined and was taken 45 angle
degree as optimal at attack angle.
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The article presents the results of a study of high-agglomeration unburned waste coal flotation with
the development coal-mineral briquette. The technology is that the process of removing moisture is
carried out without external supply of heat or coolant and heat generated due to stirring with a
dehydrating component (lime dust - waste from the production of burnt lime CaO not less than 70%)
due to the exothermic reaction, and heating binder, which is used as the prepared coal resin by heat
generated by the implementation of the chemical dehydration. Combining chemical processes of
dehydration hydration of lime materials, curing mixture molding processes allow to obtain chemically
bonded agglomerated material strength, satisfying the requirements of metallurgical production. The
optimum temperature and time parameters of the process and the equity ratio of lime dust, coal tar and
dissected initial moisture content of waste coal flotation in achieving their high strength.

Keywords: waste flotation coal, coal-mineral briquette, dehydration, chemical dehydration, coal tar, a binder.

INTRODUCTION

Waste coal flotation is highly dispersed, soaking, swelling ability, etc. In general, flotation
waste is represented by particles with a particle size <74 pm. Complex mineralogical and
petrographic analyzes show that the main mineralizing component of flotation waste is a clay
substance (up to 92%), in smaller quantities quartz and carbonates are contained. The content of
combustible mass (carbon) in waste is 35-50%. The sulfur content is much lower than in the breed
of large classes. The predominant amount of clay substance in flotation tailings, compared to other
carbonaceous wastes, makes them a plastic material.

These properties of the waste make it difficult to separate the phases during the flotation
process and then dehydrate the resulting products to a transportable state that allows them to be
removed from the enterprise by belt conveyors, by road or rail. Therefore, dewatering of flotation
residues at coal preparation plants, near which there are opportunities to seize unused or low-value
agricultural lands, is carried out in tailing dumps. A small concentration of solids in the pulp and
poor sedimentation require a long service life of these facilities to a full concentration of waste and
the possibility of cleaning them for reuse.

All the complexity in the disposal of liquid wastes of metallurgical production, which include
flotation waste, in wet coal enrichment processes lies in the fineness and their high humidity, which
requires the use of expensive and complex systems of preliminary dehydration and preparation
technologies. At present, a number of technological processes for the processing of dusts and
sludges into the conditioning materials of ferrous metallurgy, often with simultaneous separation of
non-ferrous metals, have been proposed, tested and introduced into industrial practice [1-7]. With
the disposal of these technogenic products, non-firing agglomeration methods are increasingly used,
the application of which increases the efficiency of waste processing. A number of such methods
have been introduced into industrial practice [1-5].

At the same time, with regard to non-burning agglomeration, its cardinal advantages in
comparison with high-temperature methods (agglomeration and roasting of pellets) in the main
technical and economic (prime cost, capital and current costs, energy consumption, technological
fuel numbers, etc.) and environmental indicators (3-5 fold decrease in the degree of environmental
pollution) are shown repeatedly, for example in [4-7], and are not disputed by anyone. With a
moisture content of 25-30%, the water separation in flotation waste is almost stopped, the waste
acquires flowability. The studies were based on the conditions for obtaining in flotation waste or
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their mixtures the moisture required for normal briquetting and utilization in metallurgical
production.

1. Theory of dewatering of flotation waste coal

The hardening of the sludge-limestone mixture is a consequence of the physico-chemical
processes taking place in the salt-water system, of which the components CaO, SiO2, Al203,
Fe203, H20, etc. are compounds contained in man-made production waste. According to the
colloid-chemical theory of hardening of hydraulic binders AA. Baikova chemical transformations
occurring when mixing lime with a slurry of high humidity can be expressed by the following
reaction:

3Ca0. Si02 + 4.5 H20 = Ca0. Si02. 2.5H20 + 2Ca (OH) 2 (1)

However, calcium hydrosilicate in water is very slightly soluble and remains in the colloidal
state for a long time, gradually recrystallized, and then compacted and hardened. Phenomena as a
result of which the cement dough acquires coherence and strength and turns into a solid monolithic
body, is, according to A.A. Baikov, a purely physico-mechanical character. Chemical processes are
completed within a few hours (not more than a day) after the interaction of the binder, in our case of
pulverized lime, with the water of the slurry with the formation of a fragile loose mass. Turning it
into a stone-like body occurs mainly during the next few hours or days due to the formation of a
crystalline splice of hydroxide and calcium hydro-silicates. The crystallization period is the longest
and is characterized by a negligible release of heat.

When the binder interacts, in our case of pulverized lime, with slurry water, there is a so-called
preparatory period in which a saturated solution forms. The heating of the mixture at this point is
insignificant, since the dissolution process is endothermic. Only when saturation is achieved, the
cement dough is quickly heated by the hydration reaction. Depending on the conditions
(mineralogical and disperse composition, initial slurry moisture and mixing speed), the intensity and
speed of hydration varies.

The process of chemical dewatering of flotation waste flows in the kinetic region and is
characterized by exothermic reaction of the dehydrating component with water with formation of
calcium hydroxide by reaction (1) and is accompanied by an increase in temperature and the rate of
dehydration.

2. The experimental part

The heat released in the process of phase interaction goes to the evaporation of moisture. There
is a removal of the bulk of moisture, accompanied by a rapid dehydration rate and ending when the
maximum temperature of the mixture is reached. Similar results were established in the works
conducted by the NGO "Tulachepet” [6,7]. Experiments on dewatering were carried out in sequence
with a change in the main parameter of the process-the initial moisture content of the flotation
waste.

The maximum temperature was observed during the first 5 minutes after the mixing and
reached 100-108 ° C in mixtures with a volume ratio of 1: 1.5, 1: 2 (66.88%). The dynamics of
temperature change in mixtures shows that the main part of moisture evaporates during the first 5-
10 minutes and cooling to room temperature was fixed in the middle 1.5 - 2 hours after the mixing.
This is due to the flow of the process in the diffusion region, the essence of which is as follows. The
process of binding residual moisture is controlled by diffusion transfer of water molecules through a
thin diffusion pore layer that forms on the surface of the dehydrating material particles at this time
point. The fine surface, permeate layer consists of crystallized hydroxide and calcium carbonate
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formed as a result of the flow of the reaction of calcium hydroxide absorption of carbon dioxide
from the surrounding atmosphere by reaction:

Ca (OH) 2 + CO2 = CaCO3 + H20 )

From the results of experiments it follows that the highest rates of dehydration were observed
when preparing mixtures with a volume ratio of 1: 1.5, 1: 2, which is explained by the rapid flow of
exothermic reaction between active CaO and water of the coal-dressing slurry. The intensity of the
process of chemical dehydration depends on the type of dehydrating materials used, the activity of
CaO, MgO, their fractional composition, and the degree of mixing of the main components
determined by the maximum region of contact between the reacting phases.

The chemical compositions of some mixtures, which are presented in Table 1, have been
selected selectively. The chemical composition data determine the possibility of using float-lime
mixtures in the metallurgical range, in particular in agglomeration and steelmaking industries.

Table 1. Chemical Composition of Flotation and Limestone Mixtures

Ratio of The initial

flotation moisture . Lossoni

and lime | contentofthe | "o | €80 | S10z | FeO 1 MO | ALOs | P05 | Lo ’
waste flotation waste

1:0.5 20 32.85 | 2259 | 16.99 | 1.50 0.56 6.96 | 0.085 | 49.62
1:1.0 20 25.67 | 32.12 | 12.84 | 1.06 0.58 529 | 0.080 | 46.03
1:15 20 2250 | 42.70 | 11.19 | 1.03 0.50 448 | 0.073 | 43.06
1:2.0 20 17.30 | 4415 | 7.83 0.81 0.52 3.08 | 0.066 39.95
1:0.5 25 30.35 | 23.05 | 18.66 | 1.63 0.74 6.70 | 0.096 | 46.86
1:1.0 25 2590 | 33.22 | 14.38 | 1.16 0.62 5.60 | 0.082 | 44.55
1:15 25 22.67 | 41.14 | 12.74 | 1.28 0.66 498 | 0.082 | 41.86
1:2.0 25 21.39 | 37.22 | 12.13 | 0.63 0.89 454 | 0.080 | 40.78
1:0.5 30 32.94 | 19.20 | 17.62 | 1.60 0.72 7.21 | 0.105 | 49.44
1:1.0 30 23.99 | 39.03 | 12.98 | 1.19 0.51 470 | 0.076 | 4355
1:15 30 22.84 | 3468 | 1196 | 1.11 0.61 489 | 0.105 | 42.83
1:2.0 30 21.25 | 46.37 | 10.52 | 1.02 0.43 4.14 | 0.071 | 4217

The optimal ratio for mixing the original components were 1: 1.5; 1: 2, in which self-
depositing pulverized mixtures of the "fine sand" type were obtained. According to the results of
work at the Dnipro Metallurgical Combine, a mixture with such a ratio of carbon-bearing and lime-
containing materials can be successfully applied in convection melting [8]. In a 1: 1 ratio, mixtures
with more coarse particles, such as "fine sand", were obtained. In mixtures with a ratio of 1: 0.5, a
large "lump™ formed about 10 mm in size (especially in mixtures with an increased initial moisture
content of the flotation waste), which were easily broken by mechanical action. All mixtures did not
have a tendency to dust. This is due to the presence of clay components: Al203, SiO2, which form
CaO and MgO silicates, aluminates and calcium and magnesium in calcareous dust, in addition to
active oxides of CaO and MgO. These compounds, when in contact with water, are rapidly
solidified in the air.

The heat released during the reaction of calcium and magnesium oxides with water is
consumed by the evaporation of water, which accelerates the drying of the mass. The established
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characteristics of the process of chemical dewatering of waste flotation by pulverized lime served as
a basis for the technology of their preparation for disposal at JSC "ArcelorMittal Temirtau™, in
particular, for the production of coal mineral beets from them.

3. Energy-saving way of processing of coal slimes

Analysis of the known methods of agglomeration of coal enrichment wastes [9, 10] showed
that the production of a solid agglomerated material (briquettes) from high-moisture coal slimes is
achieved when the sludge is pre-dried to a residual moisture of about 10%, binding binders mainly
in the form of coal tar and their derivatives and preheating the batch to the melting temperature of
the binder component. Therefore, we set the task of developing a method that has low energy
consumption and a simplified technology for processing coal slurries of high humidity during the
disposal of pulverized lime production waste.

As the results of the research have shown, the best results are achieved by using chemical
dewatering (drying) of high-moisture coal flotation waste using pulverized calcined lime
(pulverized lime) waste and as a binder of a small amount of coal tar (3-5%).

The essence of the proposed method consists in combining the processes of chemical
dewatering of coal slurry with shaping, and as a chemical dewatering agent, dust-like lime, which is
trapped from the waste gases during calcination of limestone in lime kilns by dry dust-gauging
apparatus, is used as a binder pre-dispersed to 0-1 mm prepared coal tar at a rate of 3-6% and kept
for 15 minutes at a temperature of 100 - 110 ° C and then pressed with a or 250-350 kg / cm2. In the
proposed method, the drying of coal slurry (flotation waste coal) of high humidity is carried out at
the expense of the heat released during hydration of pulverized lime, and the heat released during
chemical dehydration is also used to heat the coal tar at a temperature of 100-110 OC. To obtain
strong, well-formed briquettes, a mixture of 3 components is mixed in the mixer for 5-6 minutes
and held for 15-20 minutes and then without cooling the mass is pressed (molded) on a roller press
at a pressure of 250-350 kg / cm?2.

The essence of the method is based on the established new regularities of the process of
moisture removal by chemical bonding it with the dewatering component (hydration) and hardening
of the mixture that were established by our studies [6, 11,12]. In addition, lime performs the
functions of the binder as it relates to air binding materials and facilitates the cementation of the
crystallized particles of flotation waste into the conglomerate and the conditions for obtaining
strong coal-mineral briquettes are improved.

To ensure better compressibility, the mass is held at these temperatures for 15-20 minutes.
With these parameters, the resin passes into a plastic state, in which its astringent properties are
improved. In addition, as the temperature increases, the plasticity of the coal enrichment waste
increases, which increases the strength of the briquettes. On the other hand, as the temperature is
raised, the viscosity of water decreases and it is easier to leave it from the capillaries to the surface
of the particles. The increase in the strength of briquettes from heated materials is also explained by
the fact that during pressing, stronger covalent bonds arise between the functional groups of the
macromolecules of coal. At the same time, the optimal ratio between the mass fraction of
calcareous dust and coal tar (mass, %) from the moisture content of flotation was established
(Tabl.2).

The novelty of the proposed technical solution lies in combining the hardening processes of the
slurry-limestone mixture with the shaping processes, which is achieved in accordance with the
proposed method for mass pressing in molds. To obtain strong briquettes that are stable to
atmospheric precipitation and transportation, a binder in the form of a prepared coal-tar mixture in
an amount of 3-6% is introduced into the lime-mud mix with stirring, which is heated by the
internal heat released during chemical dehydration by reaction (1) with pulverized lime with the
content of CaO (more than 70%), i.e. without supply of heat from outside.



INFORMATION ABOUT AUTHORS 103

Table 2. Ratio between the components mass fraction from the moisture content of flotation

Humidity of flotation | Mass fraction Mass fraction
waste, % of resin, % of calcareous dust, %
20 4.5-6 15-25
15 3-6 10-20
10 3-6 10-15

4. Discussion of results

The results of pilot studies at these optimal temperature and time parameters of the process and
the proportional ratios of pulverized lime, prepared coal tar and the initial moisture content of
flotation waste of coal have shown that high strength of coal-mineral briquettes is achieved in the
absence of weight loss of the mass during pressing. Moreover, the content of calcium oxide in the
dewatering component (pulverized lime) should be at least 70%.

When the duration of the temperature holding of the mixture is less than 15 and more than 20
minutes, with the remaining parameters within the optimal limits, a low strength of the briquettes,
which tend to spill, is obtained. With a mass fraction of coal tar in a mixture of less than 3%, the
required strength of the briquettes is also not ensured. With a mass lime dust content of less than
10%, and with a calcium oxide content in pulverized lime of less than 70%, the complete chemical
dewatering and hardening of the mixture is not ensured, which also leads to insufficient strength of
the coal-mineral briquettes produced and mass losses of the mixture during compression are
observed. The mass fraction of calcareous dust in a mixture of more than 25% is undesirable, since
this leads to a reduction in the heating value of the briquette.

Studies have shown that the strength of beets is affected by the granulometric composition of
the initial components. In the presence of increased content of large particles in them, the number
and dimensions of the voids in the mass to be massed increase, and the part of the processing
energy is stopped for the dissolution of a certain fraction of large grains and the filling of voids.
Therefore, the strength of the purchased beets will be lowered. On the basis of the experiments
performed, it is possible to distinguish the most optimal ratios of components in the mixture to be
processed at a temperature of 110 ° C and a discharge time of 15 minutes.

The innovative method of the patent of the Republic of Kazakhstan No. 21583 for the
invention "Method for processing coal slime" was obtained on the developed method [13]. Based
on the study of the smolomagnesite shop of JSC "ArcelorMittal Temirtau”, which has press
equipment, an industrial technological scheme for production of coal-minerals briquettes for
steelmaking production was developed (Fig. 1). Coal minerals can be used as deoxidizing, refining
and fuel materials.

Conclusion

The proposed method is characterized by a new set of characteristics:

- the process of moisture removal is carried out without external supply of heat or coolant;

- The heat necessary to remove excess moisture from the coal slurry is released when it is
mixed with the dewatering component as a result of the exothermic reaction;

- as a dewatering component, waste from the production of calcined lime in the form of
pulverized lime, trapped from dusty process gases when calcining limestone in lime kilns in dust-
gas-cleaning devices with a high content of calcium oxide (CaO at least 70%) is used;
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Fig.1.Technological scheme of processing of coal slimes.

- the heating of the binder, in which quality the prepared resin is used, is produced with mixing
due to the heat of chemical dehydration released during the process and its flow in the kinetic
region; Fifth, the prepared coal tar is pre-dispersed to 0-1 mm.

The following optimal process parameters were established: the preheating temperature before
pressing 100-110 °C, the holding time 15-20 min, as well as the ratio of the consumption of
pulverized lime, prepared coal tar, depending on the initial moisture content of coal flotation waste.
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SUMMARIES TYCIHIKTEMEJIEP AHHOTAIIUA

Kymaee M.P., Lllapunoeé M.3., Mupsconoea H.H.

Boze-JiiHmTeiiHaik KOHIeHCAUS COTUTOHAAPBIHBIH OPTaIAJIaHFaH Jlarpanknansl.

Kympicta boze-DHHIITEHHIIK KOHAEHCAIMS COJIMTOHAAPbIHA KOHAEHCATTHI TY3€TiH aTOMAApIbIH (QIyKTyalMsuIbIK
e3apaspeKeTTecyiH acepl KapacTblpbuiraH. I'pocca-IluTaeBckuil NeHreHiHIH KbICKamla KOPBITBIHIBICHI KEeNTipUIreH.
Boze-DiHIITeHHAIK KOHISHCANNS COMUTOHIAPBIHBIH OopTamananrad JlarpamknaHel aHBIKTaIFaH. AJBIHFaH HOTIDKEIEP
COJIMTOHIApPFA P TYPIi KO3yJap ocepiiepiH JHHAMHUKACHIH 3epTTeyTre MYMKIHIIK Oepeti.

Kymaee M.P., IHlapunoe M.3., Mupsconosa H.H.

Ycpennennblii Jlarpan:kuan coauToHOB bo3e-JiiHIITeiHOBCKOH KOHIEHCAIIHH.

B pabote paccMoTpeHo BiIHAHHE (HIYKTyallMOHHOTO B3aMMOJICHCTBHUS aTOMOB, O0pa3yIOIINX KOHJCHCAT, Ha COJIUTOHBI
boze-DitnmteiiHoBckoit  koHAeHcauuu. [IpuBenéH kpatkuil BeiBoA ypoBHS ['pocca-lIlutaeBckoro. OrmpeneneH
ycpenuéuubld Jlarpamkuan conautoHoB bosze-DiiHInTeitHOBCKONH KoHJeHcaluu. llomydeHHbIE pe3ynbTaThl AaloT
BO3MOKHOCTb UCCIIEAOBAaTh AUHAMUKY COJIUTOHOB IO IEUCTBUEM PA3IMUHbBIX BO3MYIICHUH.

TI'yuenxo C.A.,3asayxas O.H., IOpoé B.M., Kaceimos C.C., Jlaypunac B. 4.

Kemn 3;1eMeHTTi ka0bIHABLIAPABIH GPAKTAJIBIK KYPbLIbIMBI.

Makanaga WOHIBIK-TUIA3MANBIK  JKaOBIHIBUIAPIBIH — (PAKTAIABIK KYPBUIBIMBI  JKOHE (U3HKAJbIK KacHeTTepi
KapacTbIpbuFaH. KpICKala skoHe TONBIK eMeC IIOyNaH aHBIKTAJIFaHbl, GpakTaigap MaTepHalTaHyla, TpUOOIOTHs A,
THAPOJIOTHSAIA, OHOJIOTHsIA XKoHe T.0. cajanapia KOJJaHBUIAABL. 3epTTeyiep YIIH MHIYKUMSUIBIK OAJIKBITY dIiciMeH
anpiarad  kem 31eMeHtTi Cr-Mn-Si-Cu-Fe-Al, Zn- Al, Mn-Fe-Cu-Al katoarap xoHe Ti kaToarapsl KOJAaHBUIIHI.
XKabpinmap HHB-6.611 BakyyMIblK  KOHIBIPFBIA HOHABIK-IUIa3MAIIBIK OJiCIeH 0OoyiaT yiriiepre Tycipiiii.
DJIeKTPOHBI-MUKPOCKOIIMSUTBIK  3epTTey Tescan ¢upmaceibly MIRA 3 pacTpnblk 3JIEKTPOHIBIK MHKPOCKOITA
Kyprizingi. ONTHKaNbIK MEKpOKYpBUTBIMBEL Epikvant metannorpadusiuiblk MUKPOCKONTa, ajl HAaHOMAclITaOThl JeHren1e
NT-206 aroMIpIK-KYIITIK MHUKpOcKonTa 3epTreiai. JKaOblHABIIApIbIH MHUKPOKATTHUIBIKTHL 3epTrey  HVS-1000A
KypaiMeH xyprisinai XKaObHapUIapAbIH (paKTAIABIK OJIEMAUTIT ecenteini. DpakTaaabIK oIIeMAUTIKTIH a3al0bIMCH
OeTTiK Kepily, MKHPOKATTBUIBIK MeH Yiikenic koddunmenti kemunai. by yceiHbUIFaH (opMynanapMeH KakcChl
yiineceni. AJBIHFAaH SKCHEPUMEHTTIK MONIMETTep OapiiblK KapacTBIPBUIFAH MOJENBIACPMEH Yitecemi, Oynm Kemeci
MOJENBJIep: TUTAH HHUTPUIIHIH KOCHAlap IMIOFBIPJIAPBIHBIH  Pajuaasl TPAJUCHTIHIH OOJybIMEH OailiaHBICTHI
KOHIICHTPALMSUIBIK aca CaJKbIHAAY; TY31yl TeMIlepaTypaHblH BEpTHKAJIb TPaJUeHTiHIH OolybIMeH InapTraiFan beHap
YSALIBIKTapbl; KaObIHABIIAFE INIACTHKABIK 1e(OopMalMsHbIH O00TybIMEH OaiIaHbICThI YSUIbI UCIOKAIMSIIBIK KYPBUTBIM.

TI'yuenxo C.A.,3asayxan O.H., IOpoé B.M., Kacvimos C.C., /laypunac B. 4.

®dpaxTajbHasi CTPYKTYPa MHOT03J1eMeHTHBIX MOKPBITHIA.

B Hacrosieii pabote paccMoTpeHa (pakTaibHas CTPYKTypa U (PU3UUECKHE CBOWCTBA MOHHO-IIJIA3MEHHBIX MTOKPBITHH.
Kak crnemyer W3 KpaTKOro M HENOJHOrO 0030pa, (pakTajibl HCIOJIb3YIOTCS B MaTepUaOBEACHHH, TPUOOJIOTHH,
THAPOJIOTHH, OUONOTHH H T.J. ISl MCCIeOBAHMS MCIIOIB30BAIMCH MHOTO3JIeMeHTHBIE KaTo el Cr—Mn-Si—Cu—Fe—Al,
Zn— Al, Mn—Fe—Cu—Al, momy4eHHbIe METOOM MHIYKIIHOHHOTO TUIABJICHHUS, U KaToapl Ti. [IOKpBITUS HAHOCHIINCH Ha
CTalmbHBIE 00pa3lbl HOHHO-TUIA3MEHHBIM ~METOJOM Ha BakyymHOH ycranoBku HHB-6.611. DnexrpoHHO-
MHUKPOCKOIIMYECKOE HCCIEeIOBaHNE MPOBEICHO Ha PacTpoBoM 3meKTpoHHOM Mukpockore MIRA 3 ¢upmer TESCAN.
Onruueckass MUKPOCTPYKTYpa McClefoBajachk Ha MeTaulorpadiueckoM MUKpPOCKOIe DIMKBAHT, a B HAaHOMacITabe -
Ha aroMHO-cwiioBoM Mukpockone NT-206. HcciemoBaHne MHKPOTBEPAOCTH TIOKPBITHH INPOBOJMIOCH HA
mukporsepaomepe HVS-1000A. Paccuntana ¢pakranbHas pasMepHOCTh NMOKpBITHH. C yMmeHbIIeHHeM (pakTanbHON
Pa3MEpHOCTH YMEHBUIAIOTCS TTOBEPXHOCTHOE HATSDKEHHE, MUKPOTBEPAOCTh U KO3 UIHEHT TpeHus. DTO coryiacyercs
¢ mpeioxkeHHbIME (opmynamu. [lonydeHHbIE JKCHEPUMEHTANbHbIE JTaHHbIE B TPHHIMIE YKJIAJbIBAIOTCS BO BCE
pacCMOTpPEHHBIE HAMHM MOJIENIN: KOHIEHTPAIIMOHHOTO MEPEOXJIKACHHs, CBA3aHHOTO C HAIMYHMEM pPaJHalbHOTO
rpajineHTa KOHIIEHTPALMK NPUMECH HUTPHUJIA TUTaHA; sueek beHapa, BOSHUKHOBEHUE KOTOPHIX 00YCIOBICHO HAINYHNEM
BEPTHKAJIBHOTO TPaJUEHTa TEeMIEpaTypbl; SYCHCTOH JMCIOKALIMOHHON CTPYKTYpBI, CBSI3aHHOW C HaJIUYUEM
IUIACTUYECKHX JedopMannii B HOKPBITHH.

baxkmuioexos K. C.

KatThl nenenepaeri 0eiicbI3BIKTHI paIHALNUSJIBIK IIpoLecTep.

KatTel neHere paauanysuibIK ScepliepiHiH MeXaHM3MJEPiH 3epTTereHie Ke3jle Oyl MpOoLecTepliH TYCIHYiH >KoHe
MOJIIIEPIIiK CHIIATTATybIH KUBIHAATATHIH epekuieniktep Oap. bipiHmineH, «3aT + paguanusiiblK ocep» aIliblK KyHe.
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AmBIK Kydene TepMOOMHAMUKANBIK IapaMeTpiepiHiH Teme-TeHOIK MOHAEPIHeH ayBITKYybl SHEpPrus >KOHE 3aT
TackIMaJIIay IMPOIECTepiHe 9KeNMyi MyMKiH. EXiHIIiZeH, MaTepHangapAbH paaHalisulbIK oCEpMEH ©3apadpeKeTTecyi
HOTIDKECIHETI TpolecTep OCHCHI3BIKTHI OONBIT TaObUTansl. KopmaraH opTamMeH 3aT MEH SHEPTHSHBIH Y3HiKci3
anMacysbl yHee TepMOAMHAMUKAIIBIK TeTe-TeH 1iK KYHiHEeH abIlc 001aThIH OPHBIKTHI TUHAMHKAJIBIK KYHlepre oKemnei.
By iuccnnaTHBTIK KYpBUIBIM €T aTalaThlH aHBIKTAJIFaH KEHICTIK HEMECE YaKbITTHIK PETTUIIKTIH KYpBUTYbIHA OKeTIe .

baxkmuioexos K.C.

HesinHeliHble paiManMOHHBIE IPOLECCHI B TBEPABIX TeJAaX.

B uccrnenoBannu MeXaHU3MOB paJHalliOHHOTO BO3JCWCTBHS HA TBEpAbIC Tela CYLIECTBYIOT OCOOECHHOCTH, KOTOpPBIC
YCHOXKHSIOT THMOHMMAaHWE M KOJIWYECTBEHHOE OINMCAHHE TaKMX IIPOLECCOB. BO-TIEpBBIX, CHCTEMa «BEIIECTBO +
pagvalMOHHOE BO3AEUCTBUE» SIBISETCS OTKPBHITOM. B OTKpBITOM  cHCTEME OTKIOHEHHUS TEPMOIMHAMUYECKUX
[apaMeTpoB OT MX PABHOBECHBIX 3HAYCHUH MPUBOAAT K MpoIEccaM IEpeHOca SHEPTUH U BemlecTBa. Bo-BTOPBIX,
MPOLIECCHI, TTPOUCXOSIINE B PE3YNbTaTe B3aMMOJCHCTBHSA MAaTEPHAlOB C PAJUAIIOHHBIM BO3JCHCTBHEM, SIBIISIOTCS
HeNMMHEWHBIMA. HemnpeprIBHBI OOMEH BEIIECTBOM W JHEPTHEH C OKpPY)KAIoMIeW Cpemoil MPUBOAWT K TOMY, YTO B
CHUCTEME pEalMU3yIOTCsl yYCTOWYMBBIE JWHAMHMYECKHE pABHOBECHBIE COCTOSHUS, JajJeKue OT COCTOSHUS
T€PMOANHAMUYECKOTO PaBHOBECHUS. DTO MPUBOAUT K MOSABICHUIO ONPENEIEHHON NMPOCTPAHCTBEHHONW WM BPEMEHHOI
YIOPSI0YEHHOCTH Ae(DEKTOB Ha3bIBa€MbIE AUCCUIIATHBHON CTPYKTYpOH.

Auwypoe O.E.

FapplThIK annapaTTsl KBa3UreoCTAHOHAPJIBIK OPONTA/IaH LIBIFAPY.

Bencenni >xyMbIc Mep3iMiH aTKaphill OOJFaH HeMece OKBIC KaFJall HOTIKECIHAE COTCI3MIKKE YIIBIpaFraH FapBIIITHIK
anmaparThl KBa3WI'€OCTALIMOHAPIIBIK OpOUTANaH WIBIFApYAbl MOIEIbICY HATIKenepi kenripinredn. Opburansl 300 kM
OMIKTIKKE KOTepy VIIiH KaKeT OOJIATHIH WMITYJIbC, MAaHEBp JKacayFa KaKeT jKaHapMail MeJepi, COFaH THICTi KaXKeT
YaKbIT, MyHJa YJIKEH JXapThl OCh NEH OJKCLEHTPUCUTETTIH ©3repyl JKoHE ammaparThlH OOMIbIK OoibIHINA Ipeiidi
ecenrrenred. OpOUTaHBI KoTepy yaepici ra3 xosrantkeimrapasl (I'K) TizbekTenm KOCy HOTIDKEC! JKOHE COFaH CoHKec
opOuTa mapaMmeTpIIepiHiH e3repici peTiHjae KapacThpbliraH. FapblThIK armapatTsiy peiidi koHe OOMIBIFBIHBIH TYPIIi
OKCLHEHTPUCUTET MOHAEpiHAerl Tayesnnutikrepi OepinreH. ['K-TapablH jkKairbl >KYMBIC YaKbITHl asiChIHIA OJapIIbIH
JiepOec KOChUTY YaKbITBIHBIH Y3aKThIFbl OpOUTa/IaH NIBIFApY HOTHIKEJIEPIHE acep TIEHTIHAIrT KOpCeTiIreH.

Auwypoe A.E.

YBoA KOCMUYECKOr0 annapaTa ¢ KBa3ureoCTalmOHApPHOil opOUTHI.

[IpuBeneHs! pe3yabTaThl MOJEIHPOBAHMS MTPOIIECCa YBOJA KOCMHUYECKOTO arnmapara ¢ KBa3UIeoCTaI[IOHAPHOW OpOHTHI
nocyie oTpabOTKH MM CpOKa aKTHBHOTO CYNIECTBOBaHMS HIIM IIOCJIE BBIXOJA M3 CTPOS B pe3yibTare HEIITaTHOW
cuTyanun. PaccunTansl HEOOXOAMMbBIE MMITYJIBCHI, PAcXOl TOIIMBA NPU MaHeBpax, TpeOyemMoe BpeMs Ul HOIHATHS
opoutsl Ha 300 KM, M3MEHEHHUs! OOJIBIIOW TOJIYOCH M SKCHEHTPHCUTETa OpPOMTHI M Jpeid CIyTHHKA II0 JOJITOTe.
[Ipouecc mogHATHSI OPOWUTHI paccMaTpPHBACTCA KaK pe3yibTaT IOCIEAOBATENbHBIX BKIIOUCHHH Ta30BBIX JBUraTenei
(') m CcOOTBETCTBYIOIINE HW3MEHEHHS YKa3aHHBIX IapaMeTpoB opOuTel. IIpencraBieHsl 3aBUCHMOCTH apeida
CIyTHHKAa M JIOJTOTHl NPH Pa3lIMYHBIX 3HAYEHUSAX OSKCIEeHTpHcuTeTa. [loka3aHo, 4TO B TMpeaenax MaKCHMaJbHOM
JUINTENIFHOCTH BKI0o4eHUs ['/], TpOMOIDKHUTENFHOCTh MX OTAEIBHBIX BKJIIOYEHHWH CYNIECTBEHHO HE BIHUSIOT Ha
KOHEYHBIE pe3yIbTaThl YBOJA C OPOUTHI.

Kynuuwun A.U., Tinebaes K.b.

[oanTeTrpadTOPITUIEHHIH PEHTTeHKYPbLIBIMABIK 3epTTeyJiepi.

Honurerpadropatunen (IITDD)-HiH e3repreH TypiHe MKOHE CHOUpab KYPbUIBIMMEH kacanmraH eHuipicTik (F-4)
YIBTPAUCIICPCTI YHTAFbIHA TYPJ PEHTIE€H KOHABIPFBUIAPJBIH KOMETIMEH op TYpJi IIapTThl XKarjnaiiapia peHTreH
KYPBUIBIMIIBIK 3€pTTEyJIep JKYPTi3iimi. AJBIHFAaH pEHTreHrpaMMainapiablH Oip-OipiMeH yiiecneHTiHmiri OGaiKamnsl.
MeIcansl, yIbTpaAuCIepCTi YHTAKTHIH PEHTTEHIpaMMackiHAa eKi peduieke Oaiikainca, an [ITO®D-HiH e3repren TypiHzae
6ip pednexc Oaiikangel. Conpaii-ak QTOpIUTACT-4-TiH PEHTTEHTPaMMACBIHIA TOJIUTETPAPTOPITHIICHTE TOH
CBI3BIKTapAaH 6acka AN(GPaKIUAIBIK KOCBIMIIA MAKTEPIiH OOIysl (TOPIIACTHIHEIH OipHeme (a3achHbIH 0ap 0OIybIH
HeMece OHBIH KYPBIIBIMABIK ©3repiCKe YIIBIpaFaHIBIFBIH KopceTeli. ANBIHFaH PeHTTeHT paMMaIapAbIH 3epTTeyIepIcH,
20=18,15° 6ypriuibl Kesinae Oakputanran [TTOD-HIH CTAHAAPTTH CHI3BIFL OAPJIBIK ChIHAMAJIAPFA TOH €KEHiH KOPCETTI.
PentrenrpaMmanapabis 3 apacsiHaars! yistecneynriniri [IT®D ceiHamanapbiH any/IslH adFblIapTTapMeH OaiIaHbICThI
JIeTeH KOPBITHIHIBI JKacabl.

Kynuuwun A.U., Tnebaes K. b.
PeHTreHOCTPYKTYpHBIE HCCIETOBAHUS MOJIUTETPAPTOPITHIIEHA.
IIpoBeneHBI PEHTTEHOCTPYKTYPHBIC HCCICAOBAHUS YIBTPAIUCIIEPCHOTO MOPOIIKA, YIOPSIOYCHHOTO CO CIAPATHHOMN
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cTpykTypoit mpombiierHoro (F-4) m  wmomumdummpoBanHoro monuterpadropstrinena (IITOD) mHa pasHBIX
PEHTTCHOBCKHX YCTaHOBKAaX C Pa3HBIMH YCJIOBHSAMH CbeMKH. [loydeHHBIE PEHTTCHOTPAMMBI 3aMETHO Pa3IHIAIOTCS
Mexay coboil. B oTimudme oT peHTreHOrpaMM ynbTpaAnuCIIEpCHOTO MOPOIIKa, Y KOTOPOTo HAOMIOAAI0TCA qBa pediiekca
n wMogubpunupoBanHoro I[ITDD ¢ oxuuM pedaekcom, Ha peHTreHorpamme Qroporuiacta-4 Kpome JIMHHN
nonuTeTpadTOpITUICHa OOHAPYKEHBI JIONOJHHUTENbHBIE MU(paKInOHHbIE MHUKK (IMpokoe aAuddy3HOE rajgo U paj
OTpa)XeHHI1), KOTOpbIE CBHICTEIBCTBYIOT O NPUCYTCTBHHM HECKOJNBKUX (a3 ¢ropormiacta wiam Moaupukaumei
CTPYKTYPBL. AHAIIN3 PEHTT€HOTPAaMM II0KAa3all, YTO cTaHaapTHas JmHus [[TDD, nabnroaaemas mpu yrie (20 = 18,15°)
XapakTepHa sl BceX OO0pasnoB. YCTaHOBIEHO, YTO pa3IM4YHe PEHTTEHOTPaMM OOYCIIOBJIEHBI IPEAbICTOpPHEH
nony4eHus oopasuos [ITDI.

Kanaoaees 3.2K., I'pesyesa T.10., Hkpamosa C.b., Qununnoe H.B.

KBAHTTBIK HAHOXIITEPAIH 3JIEKTPJIIK KACUETTEPI

JKymbIcTa KapTHIIAHOTKI3TIINTI HAHOXKINTEPIH 3JEKTP OTKI3TIMTITIH CHNOATTAWTHIH TEHACYJCp YCHIHBUIFaH. by
TEHJCYJICp/IH HeTi3iHAe OJapAblH BOJbT-aMIIEpPJIiK CHIATTaMalapblHBIH epeKIIenikTepi, Tepic auddepeHnnanabK
Keieprire me ayMakThlH OOJybl, COHBIMEH Oipre KHCBHIKTapAblH OCHWLIALMIAHY TOPTiOl CHAKTBI €peKLIEIIKTep
Tycingipiares. TeHaeysepae HaHOKYPBUIBIMIAAPABIH MacIITa0ThI-HHBAPHAHTTHIIBIFBI, HEPAPXHUSIIBIK ©31HE YKCACTHIK,
(pakTanablk  KyphUIBIMBI eckepinreH. KBaHTTHIK kinTep e3apa OailaHbiCy Ke3iHIe (pakTalgblK KiacTepiepi
KypaTblHbl Oeirini. Byn KypeUibIMIapiblH SJEKTPIiK HOTEHIMANbl OCHCBI3BIKTHI (PaKTaNAbIK eJIIeMAep TYpiHAe
KepceTureH. TeopHsUIbIK HOTHIXKEIEep HAHOKIACTEPIIK >KapThUIAHOTKI3TIIITEpIH AJIEKTPIIK KAaCHUETTEPIH 3epTIey
OOMBIHIIIA apHABI TOXIPHOE HOTIKETICPIMEH TOJICIICHTCH.

Kanabaes 3.7K., I'pesuesa T.10. , Hkpamoea C.b., Qununnoe H.B.

SJIEKTPUUECKHUE CBOMCTBA KBAHTOBbIX HAHOHUTEN

B pabote npencraBieHs ypaBHEHHS IS OMTUCAHUS SJICKTPOTIPOBOIHOCTH ITOTYIIPOBOJHIKOBEIX HAHOHATEH. Ha ocHOBe
STHX YpaBHECHUI OOBSCHEHHI TaKWe OCOOCHHOCTH HMX BOJBT-aMICPHBIX XapaKTEPUCTHK, KaK HAIWYHE YYACTKOB C
OTpHIATEILHBIM UG GEPEHIIHATHHBIM COMPOTURICHUEM, a TaKXKe OCIMLIMPYIOICE MOBEJICHUC KPUBBIX. YPaBHCHHUS
YYUTHIBAIOT MACIHITAOHO-MHBAPHAHTHOE, HEPAPXUUCCKH CaMOMoa00HOe, (paKTaJbHOE CTPOCHHE HAHOCTPYKTYP.
[IpuHATO BO BHHMAaHHE TO, YTO KBAaHTOBbIC HUTH IPH B3aMMOJCHCTBHM OOpPa3ylOT (pakTalbHbIC KIacTEpPHI.
DICKTPUYCCKUI MOTCHIMAT 3TUX CTPYKTYp MPEICTABICH B BUJAC HENMHCHHBIX (pakTambHbIX Mep. Teopernueckue
pe3yNbTaThl MOATBEPKICHBI PE3yNbTaTaMU CHEIHATbHBIX YKCIEPUMEHTOB 10 UCCJICJOBAHHUIO SJIEKTPUUECKUX CBOMCTB
HAHOKJIACTEPHBIX TOYIIPOBOTHUKOB.

Azenvomenee M.E., bpamyxun C.M., I[lonukapnos B.B.

Hanopu60oHn rpadeninge opHajackaH CYHbIK KPHUCTANIAAPABLIH OPHAJACY TIPTINTLIIriHe IPTYPJi BIKNAJIBIH
acepi.

Kommbiotepre bIHTaNAHIBIPY OOMbIHIIA TIXKipUOenep rpadeH OeTiHle OpHalacKaH napa-XJiop-(GeHONbIH MOJISpIIbI
HeMaTHKaJIbIK (EeHWINponaprwibal 3QUpiepIiH opHajlacybl 3aHIbUIBIKTAP KaTapblH aHBIKTayFa MYMKIHIIK Oepni.
DJeKTp epici MEH Temmeparypa ocepi Ke3iHIeri MOJICKYJalapAblH TAHAMHUKACHI 3epTENai. 3epTTey OMiCi peTiHie
CYHBIK arperaTThIK KY# JKYbIKTaybIHAAFbl MOJICKYJIaJbIK AMHAMUKA 9J1iCI KOJIaHBUIIBI. MOJIenbiey aTOMIIBIK TOCIIMEH
xKysere acwipbuinsl. Hemartukansik cyitbik kpuctanmapra (HCK) rpaden typiHin asranTail oacepi kepcerinren. HCK
arbpICTapbl MEH Opic OaFbITTAPbIHBIH CcolikecTik xxaraaiibiHnarbl HCK-HBIH YIIKEH TOPTINTLIICH aTal eTy KaxeT. DJIeKTp
OpICIHIH KepHEYIIIri apTKaH CalbIH KIAcTEep.IiH OpHAIACY TOPTINTLUIITT CBI3BIKTHI TYPIE ©CETiHI aHBIKTaIIbl. COHBIMEH
Oipre eH KeIl ecy KapbIKTaHy aiMarbIlHIa OalKanmaasl. By M30TponThl CYHBIKTHIK canacbiHmarbl HCK-mbH e3mik
YUBIMIACTBIpYBIHA Tpad)eH JKOHE KT opici OaCTHI pell aTKapasl ACT TYKBIPRIMIayFa MYMKIHIIK Oepeti.

Azenvmenee M.E., bpamyxun C.M., Ilonuxapnos B.B.

Bimsinue pa3In4HBIX BO3JeliCTBHII Ha YIIOPAI0YEHHOCTD KUAKUX KPHCTANIOB, PACIOJI0KEHHBIX Ha rpadeHe
HaHOpUOOOHE

9KCHCpI/IMCHTBI 110 KOMIIBIOTEPHOMY CHUMYJIHWPOBAHUIO TMOBEACHUA IOJJAPHBIX HEMATHYCCKUX q)eHPIHHpOHapFI/IHOBBIX
3¢upoB mapa- XJop- (HEHOTIOB, HAXOIAIMMUXCA Ha MOBEPXHOCTH TpadeHa, MO3BONMIN BEISBUTH P 3aKOHOMEPHOCTEH.
brina HuccCJICAOBaHa AUHAMHUKAa MOJICKYJ IIpH BOB}IeﬁCTBHH QJICKTPUYECKOTO TTOJIA U TEMIICPATYPHhI. B kauectBe MeToaa
HUCCJIICAOBAHHUA HCIIOJIB30BAH METOQ MOHeKyHHpHOﬁ JUHAMHKH B l'IpI/I6J'lI/I)KeHI/II/I KHUAKOTO arp€raTHoro COCTOSHUA.
MonenupoBanue IPOBOAWIOCH B aTOMHUCTHYECKOM mojaxoje. [lokazaHo HeOoiblioe BiIMsAHME THna rpadeHa Ha
noBesieHHe Hemaruueckux OkuAakux kpucrauioB  (HXKK). Ilpu 3ToM HEoOXOIMMO OTMETHUTH  OOJBIIYIO
ynopsinouenHocts HXKK B ciywae coBnanenuit nHanpasnenuit nons u tedenuss HXKK. O6napyskeHo, 4TO ¢ pocToM
HaIpsHKEHHOCTH JIEKTPUUYECKOTO TIOJISl HEJIMHEHHO pacTeT YHOopsAo4eHHOCTh kiactepa. [Ipuuem HanGonpmmid poct
HaOmonaeTcs B 0ONAacTW MNPOCBETIIEHHWA. OTO  IO3BOJIIET YTBEPXKIAaTh O TIJIABEHCTBYIOIIEH poiu TpadeHa u
JJIEKTPUUECKOTO 10JIst Ha camoopranu3anuio HXXK B o6macTn m30TponHoil ®uIKOCTH.
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TI'yuenxo C.A., 3asaykan O.H., IOposé B.M., Kacvimoe C.C., laypunac B. Y.

MetanaaapabiH 6eTTik dHeprusicel ;kdHe ToaMeH TYPaKThICHI.

Maxkamaga KaTTel [OeHeNnepAiH  OeTTIK SHepTHACHH aHBIKTAyNBIH Oenrimi omictepi OoifpiHmA 1oy OepiireH.
CunarrairaH 9JICTEpAiH SpKAaWCHICHI iC KY3IHIE TeMIepaTypaMeH HeMece TIXKipuOe KY3iHAEe TeMeH MAQNJIIKIEeH
aHBIKTAJATHIH I[IaManapMeH Iekrenedi. KaTTel JeHeHIH (U3MKaIbIK KacueTTepiHiH (MarHMUTTIK OTIMALIIK,
JIFOMUHECHECHIMS KaPKBIH/IBUIBIFBI, )KbUTYOTKI3TIIITIK )KoHE T.0.) OJIMEeM UK TayeIUIir HeTi3iHAeri OeTTiK SHepPTUsHEI
AHBIKTAYJIBIH OfiCi YCHIHBULABI. CINTIIIK METaIAapAbIH rajloreHACPiHiH OCTTIK YHEPTUACHI aHBIKTAJAbl. OHBIH MaMachl
Taza MeTalJapAblH OCTTIK dHEeprusichlHaH anjekaiaa apTeik. Ockl KochuibicTapabiH Xowwt-Iletutin Typa s¢dexrici
Kepire e3repreHre JeHiHri CHIHBIK PaJuyChl €CENTENTeH.

TI'yuenxo C.A.,3asaykaa O.H., IOpoé B.M., Kacvimos C.C., /laypunac B. Y.

IToBepxHOCTHAsA JHeprusi ¥ NoTocrossHHaA TojMeHa MeTaL10B

B cratbe maH 0030p CYIIECTBYIONIMX METOJNIOB OIPEICICHHS MOBEPXHOCTHOW SHEPTHH TBEpABIX Tell. Kaxmpri m3
OINMCAaHHBIX METOJIOB IPAKTUIECKH OTPAHHYEH MO0 TEMIIEPaTypoH, MO0 BENMYMHAMH, KOTOPBIE SKCIEPUMECHTAILHO
oInpeneNndioTcs ¢ Manoil TouHoctsto. Ilpeanaraercss MeTon ompeseneHus MOBEPXHOCTHOM 3HEPruH TBEPAOTO Teja Ha
OCHOBE pa3MEpHOH 3aBHCUMOCTH €ro (U3MYECKOro CBOMCTBa (MarHUTHOH NPOHHIIAEMOCTH, WHTEHCHBHOCTH
JIOMHHECIICHIINY, TEeIUIONPOBOAHOCTH M T.A). OImpeneneHa IOBEPXHOCTHAs OSHEPrus TaJOTeHUIOB INETOYHBIX
MeTauloB. Ee BenuumHa 3Ha4yuTeNnbHO OOJbINE, YeM IIOBEPXHOCTHAs JHEPruUs UYHCTBIX MeTawioB. PaccunTan
KPUTHUYECKHH paiiyC 3THX COSANHEHUI, HaYnHast ¢ KOToporo npsmoit apdekr Xoma-Ilerya MeHsieTcst Ha 0OpaTHBIH.

Kamobapoea K. T., Caynebdexos A.0O.

KBaapynoubai-unimHapJIik epicte 3apsaaTaarad 0e/eKTepAiH KO3FaIbIChIH ecenTey MeH Mojesbaey.
KBaxpynosbai-HIMHIAPIIK epicTeH KYPhUIFaH 3JIEKTPCTATHKAIBIK SHEPTHUS TAJLAAFBIIIBIHBIH JICKTPOHIBI-ONTHKAIIBIK
Cy10achl YCHIHBUIFAaH. ¥ CHIHBUIFAH YHEPTHS TaJNarbIIIBIHBIH CHIPTKBI SJICKTPOABI aifHAHBIH CHMMETPHS ©CiHEe KAaThICTHI
eTe Kimn kembey OYpBIIBIH KYpaWTHIH JXKoHe 1,75 Tpamycka TeH jkacayliblFa e KOHYC IIIIHTe We. DHeprus
TaJIIaFbIIIBIHBIH KOPIYCKYJIaJbIK-ONTUKAIIBIK MapaMeTpIIepiHiH ecenTemnyi »KypriziireH. JKapblk Kyl MeH axbIpaTy
KalineTi TYpFBICBIHAH ONTHMaJAbl OOJATBIH 3apsATaiiFaH OesueKTeplaiH OacTanKsl KO3FAJIBIC HapaMeTpliepi
KEJITipiIreH.

Kamoébaposa K.T., Caynebdexos A.O.

Pacuyer u MoJeIMpOBaHUeE IBHKEHHUSI 3aPSIKEHHBIX YACTHI] B KBA/IPYNOJIbHO-UJIMHAPUYECKOM IMOJIe.
IpemnoxkeHna 3JIEKTPOHHO-ONTHYECKAs CXEMa JJIEKTPOCTATHYECKOrO JHEProaHaau3aTtopa ¢  KBaAPYIOJIbHO-
IIMHAPHYECKUM T0JieM. BHENIHHI 3JIEKTPOJ] MNPEeAToKEHHOTO 3JHEproaHain3aropa uMeeT mnpoduib KoHyca,
00pa3yrolasi KOTOPOro COCTABJISIET MBI YrOJI HAKJIOHA OTHOCHUTENBHO OCH CUMMETPHH 3e€pKaja, paBHbiid 1,75 rpaj.
IIpoBeneH pacder KOPMYCKYJISAPHO-ONTHIECKUX MapaMeTpoB HeproaHanusaropa. [lokazaHbl MPeUMyNIECTBA JAHHOTO
nosist. [IpuBeieHbl HAYAIbHBIE MAPAMETPhI IBHXCHUSI 3aPSDKCHHBIX YACTHUL], ONITUMAJILHBIE C TOUKH 3PSHHUST CBETOCHIIBI U
pasperaroiiel crrocoGHOCTH.

Cepukoe T.M., Hopaes H.X., 3eiinuoenos A.K.

TiO,/Ag HAHOKYPBUIBIMAAPBHIHBIH (OTOKATATUTHKAIBIK KaCHETTepi

DACKTPOHIBI MUKPOCKOITUSIIBIK 3€PTTEYJICPAiH KOMETIMEH «SIAPO-KaOBIPIIaKy HAHOOOIIEKTEPIiH eIIIeMi MEH MiliHi
anbIkTagel. Ag / TiO, KypaMBIHBIHBIH «IOpO-KaOBIpIIaKk» KYpaMbIMEH, MYHIAFBI SAPO PETiHAEC KYMic HaHOOeIIIeri
ANBIH]IBI, aJl KaOBIPIIaFsl THTAH JHOKCUIIHIH HaHOOOIIIEKTepi OOJMaThIH KaOBIpIIaKTapsIH Oap OOJFaH Ke31e METHIICH
KOTUIip OOSFBIIBIHBIH (OTOTErpamays MmpoIecci 3epTTelil, (POTOKaTaIN3aTOPABIH (HOTOKATATUTHKAIBIK KaCHETTEPi
aHpIKTANBL. 3epTrey HoTmkeciHne Ag / TiO, KypsUIBIMIBI HaHOOOIEKTEPIiH Oap OOMYHl Ke3iHIe METHIICH KOTUIAIp
GosFBIIITAPBIHBIH (DOTOIETPaaLisl IPOLECIHIH JKbUIJaMIBIFbI apTaThIHBI AHBIKTAJIIbL.

Cepukoe T.M., Hopaes H.X., 3eiinuoenos A.K.

doTokaTajJuTHYECKHE CBOIicTBA HAHOCTPYKTYpP TiO-/Ag

IIpr mOMOIIH 3JIEKTPOHHO—MHUKPOCKOITMYECKHUX HCCICIOBAHUN ONpEAEICHbI pa3Mep M (opMa HaHOYACTHI[ «SIAPO-
obostoukay. MccnenoBan nporece (HOTOpazaokeHus KPacUTeNIss METHIOBOrO rojy0oro ot BpeMeHu oOiydeHus YO —
u3JIy4deHneM Oe3 IUICHOK M3 HAHOYACTHI[ JHOKCHAA THTaHA W C MX MPUCYTCBHEM, a TaKXKe CO CTPYKTYPOH «SIApO-
obomouka» cocraBa AQ/TIO,, e B KadecTBe sapa CIyKHJa HAaHOYacTUIA cepebpa, a 00O0JOYKOH HAHOYACTHUIIBI
JIMOKCH/Ia THTaHa. M3 MOJyYeHHBIX JaHHBIX YCTAHOBJIEHO, YTO JeWcTBHE (oTokaranusaTopa Ha ocHoe 1-O Ag/TiO,
3HAYHUTENEHO YCKOPSIET MPOIIECC OKHUCICHUS] KPACUTEIsT METHIIOBOTO TOIyOO0TO.
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Acmanoe C.X.,, Kacumosa I' K.

Pudod1aBuHHIH 031iK JKHHACTHIPBLIFAH MOJIEKYJIAJIAPABIH YJIEKTPOHABIK CIIEKTPJIEp TAOUFATHI

Epitinninepain cy MeH OWHaApiBl Kocmalapaarbl prOO(IaBHH MOJEKyJaJapbIHBIH ©3MiK JXKHHACTHIPBULY IpOIeci
CIEKTPOCKOMHMSIIBIK S/IiCHEH 3epTTeNreH. B2 naopymMeH MoJeKynajgapbIHbIH 37K XHHAIYbl AMIONb-AUNONBIIK XKOHE
KYIITI WMHAYKTHBTI — MHAYKTHBTI ©3apaspeKeTTecylepMeH IKYPeTiHIiri kepceTinreH. OcblHIai KeuleHxai
e3apaspeKeTTecynep HoTKeciHae puOodIaBuH MOJIEKyIalapblHbIH KO3FaH JIEKTPOHIBIK JeHIeHIIepiHiH Pe30HAHCTHIK
OeumIeKTeHyl1 )Kypeai. O3/iK arperiplieHreH MOJISKyJ1ajlap YIIIH CHI3BIKTBHIK TUXPOHU3M CIIEKTPIIEPiHAE aJCcoOpOLUsSHBIH
JKAaCBIPBIH JKOJIAKTaphl aHBbIKTaNFaH. MoJseKynanap/plH ajblHFaH CHEKTpiiepl HeTi3iHAe J>KYThUIYFa AJIEKTPOHIBIK
oTyJepiH cyji0anapbl KypbUIFaH.

Acmanoe C.X.,, Kacumosa I' K.

IIpupoaa 31eKTPOHHBIX CEKTPOB CAMOCOOPAHHBIX MOJIEKYJ pHOO(pIaBHHA

CIIeKTPOCKOIIMIECKHM METOAOM HCCIECIOBAaH IMPOIecC CaMOCOOPKH MOJIEKYN puOOo(dIaBHHA B BOJHBIX M OWHApPHBIX
cMmecsx pactBopureneid. [lokasano, 4To camocOOpKa MOJEKYNT BHTAaMHHA B2 MPOMCXOMUT IWUTONG-AUMOIBHBIM M
CHJIbHBIM WHIYKTUBHO-WHIYKTUBHBIM B3auMojeHCTBHEM. B pesynbraTte 3TOro KOMIUIEKCHOTO B3aUMOJCHCTBUS
MPOUCXOJUT PE30HAHCHOE pACIIEIUICHHE BO30Y)KICHHBIX JJIEKTPOHHBIX YypPOBHEW Mosekyn pubdodnasuna. s
caMoarperupoBaHHbIX MOJIEKYJ B CHEKTpax JIMHEHHOrO IMXpOW3Ma ONpeNesieHbl CKPBIThIE MOJIOCH ancopbuuu. Ha
OCHOBE MOJIYYEHHBIX CIIEKTPOB MOJICKYJI IOCTPOCHBI CXEMBI 3JICKTPOHHBIX IMCPEXOJ0B K MOTJIOMICHUIO.

Amouaesa I'.Il., Ciicenbaeea I'.C., Mycuna I'.HU.

Temip:ko.1 eTKeJliHAeri TOKTAJIFaH aBTOTPACHOPTTHI AHBIKTAY YIIIH BUI€0AHAJINTHKAJBIK KYieHi xxo0anay.
JKyMbIcTa TOKTaIFaH aBTOTPAHCHOPTTH aHBIKTay MAaKCaTBIMEH TEMipKOJI OTKENiHAe KOJIAaHbUIATHIH BHICOAHATHTHKA
YUIiH OargapiaManblK KaMTaMachl3 €TYMEH JKOHE TEXHHUKAJbIK TalanTapAbl OHACYIIH CHIATTaMalapbl OepilireH.
JKyMmbicTa BUICOaHATMTHKA KYHECIHIH, )KYMBICTBIK OaKbpUIay 30HAJAPBIHBIH CYJI0anapbl CUIIATTAIFaH, BUICOAHAUTHKA
JKYHECIHIH JKOHE OHBIH KypaylIbUIApPBIHBIH TIpaHKalblK HLTIOCTPALMsIapel Kentipinred. JXKympicta cHmaTTasFaH
Oarnapiama eTKeNJeri TOKTaFaH aBTOTPaHCHIOPTTHI aHBIKTAIl, IOKOMOTHBTI TOKTATY YILiH KeJepri OaraapiiaMra CUrHal
Oepeni. Barmamama keii0ip keszepi eHAeIMEreH nepekTep Oepyl MyMmkiH. Byn Oarmapiama aBTOTPaHCIOPTTHI
aHBIKTaN/IbI, OipaK jkaJFaH icke KOCyJIapMEH KYPec KOChIMILA TEXHUKAJIBIK Kypaigap/abl KOJIaHyAbl Tajar eTe/i.

Amouaesa I' IL., Ciicenoaesa I'.C., Mycuna I'.H.

IIpoexTHpoBaHMe cHCTEMBbl BUACOAHATIUTHKH /ISl ONPeesIeHHs] 0CTAHOBHBIIErocsi aBTOTPAHCIIOPTA HA
JKeJIe3HOI0POKHOM Tepeesie.

B nanHO# paboTe MpUBOIUTCS ONMMCAHUE Pa3pabOTKH TEXHMYECKHX TPeOOBaHMS M MPOTPAMMHOTO OOECIICUCHHUS IS
BU/ICOQHATUTUKN TPUMEHSEMON Ha JKEJIe3HOJOPOXKHBIX IIepee3fiax C IEeNbI0 OMNpEACNCHHs OCTaHOBHBILIETOCS
aBTOTpaHCHOpTa. B paboTe ommcaHbl onMcaHMs CXEMBI CHCTEMBl BHJICOAHAIWTHKH, pabO4YMX HaOMIOaTeNIbHBIX 30H,
NpUBEJICHBl TpadMuecKue WITIOCTPAlMK CHCTEMBl BHICOAHAINTHKHA W ee cocTaBisiomux. OmnuckiBaemas B padorte
IporpaMMa OIpezeNsieT OCTAHOBUBINEHCS aBTOTPAHCHOPT Ha Iiepee3fe M BBIJACT CHTHAJ Ha 3arpaguTebHbIe
cBeToopbl ISl OCTAaHOBKM JIOKOMOTHBA. JlOMyCKalOTCSI MOMEHTBHI, KOTJa MNporpamMMa BbIAeT HenopabOTaHHbIE
nmaHHele. [Iporpamma ompenenseT aBTOTPAHCHOPT, HO Oopsda C JOXHBIMH cpaOaTHIBAaHMSIMH IIOApa3yMeBacT
HCIIONIB30BaTh JIONIOJHUTEIbHbBIE TEXHUUECKUE CPEJICTRA.

Ymupzakxoe A.I., Mepexe A.JI., Pakvimemos b.A., beiicenos P.E., Mypamos /].A.

KarThl OKCHATI OTBIH 3JIeMeHTTepiHe KOJJAHBIC YIIiH KeyeKTi HMKeJb AHOABIH BICTHIK IPecC KoHe OHJAey
dnicrepimen any.

JKympicTa KyKakaOBIPIIAKTBI KATTHI OKCHITI OTBIH JJIEMEHTTEpIHE apHaJfaH KEyeKTi HHKEJIb aHOJABIH alyJblH
KapamaibIM ojlici YChIHbUIFaH. KeyeKTi HUKeNnb aHOJBIH METaJU/KeyeKTY3TIITiH YHTaKTapslH op TYpPJIi KaTbIHacTapaa
apanacTelpy 9JiCiMeH JalbIHIAIIBIN, MPECCTEN JKOHE apbl Kapail TEepMUSUIBIK OHJEYJIepP HOTHXKECIHIE >KacasbIH[IbI.
KeyekTi HUKeNnb aHOABIH HUKENb JKOHE ATIOMUHMH YHTaKTapblH IPECTEN ajly NMpoLecTepl CHmaTTanraH. AJIBIHFAH
AQHO/THIH KYPBUIBIMHAH aJIOMUHHUHIIH YJTIIEpiH epiTyl MEH eHJeNyi KOpCeTiIreH. OJIEKTPOIHUT KadaThl MMITYJIBCTI
Ja3epiik KOHIABIPY SficiMeH anblHajgbsl. Makanaja CKaHepJeylli 3JIEKTPOHAbI MHKPOCKONTHIH KOMEriMeH allbIHFaH
HOTWDKEJIEP] MEH PEHTI€H CHEKTPOCKONHMSHBIH SHEPTUSUIBIK AUCTIEPCUSTHBIH TaJliaybl KOPCETLITeH.

Ymupzaxoe A.I'., Mepexe A.JI., Pakvimemos b.A., beiicenos P.E., Mypamog /. A.

IToJiyueHre MOPHCTOr0 HUKEJIEBOr0 AHOJAA METOAAMHU rOpPsiYero MpeccoBaHusi U TPaBJIEHUs 1Jisi NPUMEHEHHUs B
TBEPAOOKCHIHBIX TOIIMBHBIX 3JIEMEHTAX.

Pabora mpencraBnsier co0oil MPOCTON cmMOCO0 TOMYYEHHS TMOPHCTOTO HHUKEJIEBOTO aHOJA JJISi TOHKOIUIEHOYHBIX
TBepIIOOKCI/I}lHBIX TOIINIMBHBIX DJ3JICMCHTOB. HOpHCTBIﬁ HHKCHQBBIﬁ AHOJA MH3TrOTAaBJIMBACTCA METOAOM CMCUIMBAHUA
METa/LU/TIOpO0Opa3oBaTelib C Pa3IMYHBIMK COOTHOIICHHSIMH IOPOIIKA, W C MOCIACAYIOIIAM IPECCOBAHUEM |
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TepM000OpaboTKoi. OmmcaH MPOIEcC MOMYUYECHUs! MOPHCTOTO HHUKEIEBOTO aHOZAA ITyTEM INPECCOBAaHMS HHUKEIEBBIX U
IIOMHHHUEBBIX NOpOIIKoB. IlokazaHO nampHelIIee crekaHne OOpas3loB M TPaBJICHWE ATIOMHUHUS W3 IOIYYCHHOH
aHOMHOW CTPYKTYphl. CIOW »IEKTposMTa TOJyYeH HMITYJIbCHBIM JIA3€pHBIM OCaKACHHEM. B cTaThe mpuBeneHbI
pe3ynbTaThl, MOJIYYEHHBIE C IIOMOIIBI0 CKaHMPYIOLIETO 3JIEKTPOHHOIO MHUKPOCKONA U aHajdu3a JHEepreTHYecKoi
JIICTIEPCUU PEHTTEHOBCKOM CIIEKTPOCKOMUH.

Komunoe O.C., Lllapunoe M.3., Tunnoes JI.U., Kypaoex A.M.

KyH KbLIBITY XKYleciHIH aBTOHOM/IbI 0MOTa3/1bl KOHABIPFBICHI.

Kyn XbUTbITY HeETi3iHIE ToXipHOENi-0HIIpICTIK OHMOTra3Ibl KOHABIPFRICH OHICIIN, KYPaCTHIPBUIFaH. bruora3abiH jkoHE
KyH oHeprusicbIHBIH TOTEHIIANBl Oonysl OoifbiHIIA ©O30eKiCTaHHBIH CTATHCTUKAJBIK MOIIMETTEepiHeH Ounoras
KOHIIBIPFBICEIHHBIH MTApaMETPIICPIiHiH eCeNnTey HOTIKeNepi MEH KYpBUIBIMIBIK Cyi10achl KenTipiireH. KoHABIPFRIHBIH
Me3aQmIBIl KYMBIC icTey pexuMi Ke3iHie Omoraszfasl eHAipyi OOHMBIHIIA SKCIEPUMEHTTIK 3epTTeYiep HOTIDKENepi
kenripinred. Kimmi TYTBIHYIIBUIBIK IIApyamIblIBIKTap SKarmailapblHIa KaiTa >KaHFBIPBUIATBIH Ke3zaepi eceOiHeH
aIIBITBUIFaH OMOMAacCaHbIH KbI3YBIMEH OHOTa3 KOHABIPFhUIApAbI KOJIaHY MYMKIHIIKTEPI KapacThIPbUIFaH.

Komunoe O.C., lHlapunoe M.3., Tunnoes JI.U., ZKypabex A.M.

ABTOHOMHAsi OMOra3oBasi yCTAHOBKA C CHCTEMOM COJTHEYHOTr0 00orpena.

Pa3paboTana ¥ MOCTpOEHA OMBITHO - MPOW3BOJICTBCHHAs OHOra3oBas yCTAaHOBKA Ha OCHOBE COJIHEYHOTO 00OrpeBa.
[IpuBenena e€ CTpyKTypHas cxeMa M pe3yibTaThl PacueToOB MapaMeTpoB OHOTa30BOM YCTAHOBKM HCXONS U3
CTaTUCTHYECKUX AHHBIX Y30EKHCTaHa 10 HAIWYHIO TIOTCHIHANa Onorasa U CONHEUHOU 3Heprun. Tak, jke MpHUBEICHEI
pe3ynbTaThl HKCICPUMCHTANBHBIX WCCICIOBAaHMN TO BBIpaOOTKH Omorasa mpu Me3adWUIBHOM pexXuMe padoTHI
yCTaHOBKH. PaccMOTpEeHBI BO3MOKHOCTH HCIIONB30BAHUS OMOTA30BBIX YCTAHOBOK C TIOJOTPEBOM COpaXMBaeMOM
OmomMacchl 3a C4eT BO30OHOBIIIEMBIX HCTOYHUKOB YHEPTHH B YCIOBHAX MAJBIX TIOTPEOUTEITHCKUX XO3SIHCTB.

Hcaxanoe M.JK., Caxpvinosa ILLLE., Onioex H., /[yiicenvaes T.C.

AybUIIIIAPYAIIBUIBIK KYPBUIBICTAPSHI YIIiH YHEPTHSIHBI YHEMIEHTIH JKeJIIeTy KylieciH eHen mbIFapy.

Makanaga KOW KOpalapbIHBIHIHEPTHsS YHEMICHTIH JKENICTY JKYHCCIHIH OHAeYy HOTXKeci TankpuiaHaisl. Koit
KOpajlapplHa apHaJIfaH »JHEPTYsUIBIK THIMII OKCIIEPUMEHTTIK KEJJETy JKYHWeCiHiH cyn0ackl KOpPCETIIreH.
Ko#ikopachIHBIH eJIAeTy Kyiheci MaHBIHIAFbl TOMBIPAKTHIH TEMIICPATypalblK ©OpIC CUMAaTTay YIIH IKbUIYABI
TachIManaayAblH  AuddepeHInaniblK TeHACyIepiKenTipiired. bepiireH anfamikbl jKOHE NIEKAPAJIbIK IIAPTTAPHI
Ke31HJIeT1 OJIIIeMCI3 KPUTEPUIIIEPIHIH eCenTey MBICANbl KeNTipiIireH. ApPHAHBIH IIBIFBICBIH/A aya TeMIIEPATYPAChIHbIH
MOHJIepi KOHE IKbUTYy AaFbIHBIHBIH MOHI aHBIKTAIAbl. EcenTeynepiiH HOTHXKeIepl IKeNJAeTy IKYHECiHIH IKbUTy
CHIMATTaMaJapblH KANIBIKTHIKTAH TIPKEWTIH aKIapaTThIK-OJIIey JXyHeci KeMeriMeH alblHFaH CBhIHAK JepeKTepiMeH
CollKecKelenl.

Hcaxanos M.JK., Caxkunosa IILE., Anubex H., /Jrocenbaes T.C.

Pa3pa6oTka yHeprocoeperaonieii BeHTUJISIIUOHHON CHCTEMBI VISl CEJILCKOXO035iiCTBEHHBIX 3aHUIA.

B cratee 0OcCyxkmatoTcsi pe3yiabTaThl pa3paboTku 3IHEProd(p(eKTUBHONW CHCTEMBI BEHTWISLIMM OBEYBMX KOIIap.
[TokazaHa cxema 3KCIepUMEHTAIbHON SHEProd(GpEeKTUBHOM BEHTHISIIMOHHOM CHCTEMBI OBeUbel Kowapsl. [IprBeneHbI
muddepeHnraIbHbIE YpaBHEHUSANEPEHOCA TeIla I OINMHMCAaHUS TEeMIIepaTypHOrO IOJII B IOYBE OKOJO CHCTEMBI
BEHTWIAIMK oBUYapHHU. [IpuBeneH npumep pacuera 6e3pa3MepHBIX KPUTEPUEB IPH 3aJaHHBIX HAYalbHBIX U TPAaHUYHBIX
ycnoBuax. OmnpeneneHsl 3HAYEHHs TEMIEpPaTypbl BO3AyXa Ha BBIXOJE KaHala M 3HAYEHHE TEIUIOBOTO IOTOKA.
Pe3ynbraThl pac4eToB COTJIACylOTCSI C JaHHBIMHM HCIIBITAHWH C HMCHOJB30BAHHEM HH(OPMALMOHHO-U3MEPUTEIbHON
CUCTEMBI AJIs1 JUCTAHIMOHHON PErHCTPalUH TEILUIOBBIX XapaKTEPUCTUK CUCTEM BEHTUIIALUU.

Kasaxpan I'.b., Typanuna /I.E.

Ty3y arbIHABI THAPOTYPOMHAHBIH HETi3ri CHIIATTaMAJIAPbIH 3epPTTeY.

Maxkanaga Ty3y aFbIHABI THAPOTYpPOMHA KamaKMIaJapbIHBIH THIMII HYCKACHIH aHBIKTAy MAaKCaTBIHAA >XYPTi3iIreH
3epTTey IKYMBICTAPBIHBIH HOTIDKENIEpi KenTipumreH. [MapoTypOWMHAHBIH SHEprus THIMAUITIH O KOFapbUIATy
KaJaKIIaJIapbIHBIH KOH(DUTYpalUsACBIMEH TiKeJel OaitaHBICTBI OO TaObUTAABl. 3€pTTEy KYMBICHI CAaHABIK OIiCIIeH
COMSOL Multiphysics konmanOanel Oargapiamanap TakeTiHAe Ky3ere acblpbuiabl. Cy aFbICBIHBIH KO3FaJIBICHIH
HaBpe-CToKkC TeHmeynepi cUmaTTaisl. AFBIHHBIH CaHABIK 3epTTenyi PelHonbac OoifpiHmia opramamanraH Hasbe-
Crokc (Reynolds Averaged Navier Stokes) oxiciH KojinaHy apKbUIbl >Ky3ere acwIpbliafsl. [maporypOuna
KaJIaKIIalapblH UTEPYyIIi Cy aFbICHIHBIH THIMJII aTKbIIay OYpBIIIBI aHBIKTAIbIN, KajaKIlaJapAblH THIMI OpHaacysbl,
KaJlaKIianap apachblMeH arblll ©TETiH CY JKbULIAMIBIFBIHBIH €3repici MeH KbICBIMAAPBIHBIH Tapaxysiapbl 3epTTENIi.
Kanakmanapra ocep eTeTiH KOTepyIli >XOHE Kelepri KYIITepi, onapiblH Kod(QQHIMEHTTepi aHBIKTAIABL 3epTrey
HOTWDKEJIEpl  HETi3iHIe OJKOFapbl SHEpPrust THIMIUINiHE He THIPOTypOMHAa KaJIaKIIANApbIHBIH  ONTHMAJIIbI
KOH(UTypanusiapbl aHbIKTAJIbI.



112 ISSN 1811-1165 (Print) ISSN 2413-2179 (Online) Eurasian Physical Technical Joumal, 2018, \VVol.15, No.1(29)

Kaszakoau I.b., Typanuna /I.E.

HcciienoBanne 0CHOBHBIX XapaKTePUCTHK NPSIMOTOYHOM rMAPOTYPOUHBI

B naHHOI cTaTbe MPENCTaBIEHBI PE3yIbTaThl MCCIECIOBAHHSA, IPOBEAECHHOTO C IENBI0 ONMpeAeieHus 3PPEKTUBHOTO
BapuaHTa JIONACTEeH MPSMOTOYHOW TruApoTypOuHbI. [loBbleHHe >HEProdPEeKTUBHOCTH TMAPOTYPOUHBI HAIPSMYIO
CBsI3aHO C KOH(Urypalueil tonacteid. MccaeaoBanue BBIOMHASTCS B MpUKIanHoi mporpamme COMSOL Multiphysics
C TOMOUIBIO YHCIEHHOro MeTofa. YpaBHeHHs Hapbe-CTokca OMMCBHIBAIOT ABMXKEHHME IIOTOKAa BOJbL. YucIeHHOE
UCCIIeIoOBaHUE TOTOKA OCYILIECTBISETCA C UCIOJIb30BaHHEM MeTojaa ocpefqHeHus no PeiftHonbiacy ypaBHeHus Hasbe-
Crokca (Reynolds Averaged Navier Stokes). HcciemytoTcst ONTUMAaibHBIM yrojd aTakd BOJAbI HA JIOMACTH
THAPOTYPOUHBI, ONITHMAILHOE PACIIOI0KEHHE JIONIACTEeH, U3MEHEHNE CKOPOCTH U pacIipeaesIeH s JaBJIeHUs BOJBI Yepes3
JONAaCTH TUAPOTYpOMHBI. OmpenensioTcs MONbEMHAs CHIA M CHIA CONPOTHBICHUS, KOI(MQUIMEHTH MOAbEMa H
COTIPOTHUBJIEHHS], AEHCTBYIOIIME Ha JonacTH. Ha 0CHOBaHMU pe3ynbTaTOB MCCIEIOBAHUSA ONPEACISAIOTCS ONTUMAIbHbBIE
KOH(HUTypanny JIOTacTe THAPOTYPOMHEI C BEICOKOW 3HEPro3((heKTHBHOCTHIO.

Hopaes U.K., Hopaeea O.T., Caxpinos K.E.

Keomipai ¢uioTanusijibik KaJAbIKTAPAbIH KAHOAWTBIH arjioMepanuscol.

Makanaja KeMip-MHHEpaJAbl OPUKETTIH AaMybl Ke3iHJETi >KOFapbl BUIFAIIbl KOMIpIi (IOTALUSIIBIK KAJIBIKTAPIbIH
JKaHOAWTBIH arjioMepauuschl OOMbIHIIA 3epTTEY/IIH HOTHKeNepi KenTipiireH. TexXHOMOTHsHBIH MOHI - XKbUTy HeMece
CAJIKBIHIATKBIIITEIH CHIPTKBI OEpiTyiHCI3 JKoHE BUTFAIaHABIPY IMPOILECiHIH HOTHKECI PETIHAE SK30TSPMUSUIBIK PEeaKIIns
HOTIDKECIHJIE CYCBI3IaHABIPY KOMIIOHEHTTI (aparackaH oK - KalbIIICHTeH OKTiH oHfipic KanablkTel CaO keMm nereHnue
70%) ecebiHEH IIBFApPBUIATHIH JKbUTYy €CEOIHCH JKy3ere achIpblUIagbl. XUMMSIBIK KYpFaTy yAepici kesiHne OermiHreH
JKBUTYIBIH, CaJJapblHaH JalbIHAANFaH KOMip IIBIPHIHBIHBIH Canachl MailalaHbUIATBIH OaiIaHBICTBIPFIIITE JKBUIBITY.
XUMHSITBIK  CYCIICH3HS MPOLECTEPiH OoKTac MaTepualiapiJaH THApATIsUIayMeH OipiKTipy, KOCHAHBI OPHBIKTHIPY
NpOLECTEPIMEH  HBIFAUTY, METAJUTyprUsUIbIK OHJIpIC TananTapblHa jkayan OepMeHTiH aryioMmeparusiiaHOaraH
arJioOMepalusUIbIK  MaTepUal[bl  alyFa MYMKIHIIK Oepexi. IlpormecTiH OHTaiyibl TeMIepaTypachl MEH YaKbIT
napamMeTpIiepl KoHE OJIap/IbIH JKOFaphl OEpIKTIriHE KEeTy Ke3iHae KOMIpAiH (BIoTalMsIbIK KaaAbIKTaAPhIHBIH OaCTamKbl
BUIFQJIABIFBI, MYJIbBEPAaHTTAIFAH OK, IPOIOPLMSIBIK KoeMip (IOTAlMSICHIHBIH IPOIOPLHUSHAIAB KO GHUINECHTI
OenrineHeni.

Hopaee U.K., Hopaesa O.T., Cakunos K.E.

Be300:xuroBoe oKyckoBaHue 0TX040B (uioTanum yrJs.

B crartee mpuBENCHBI pE3YNBTATHl HCCICAOBAHHUSA IO OE300KHTOBOMY OKYCKOBAHHIO BBICOKOBIAXKHBIX OTXOJIOB
(oTanmu yris ¢ pa3paboOTKoW yriieMuHepaisHOro OpukeTa. CyTh TEXHOJOTHH 3aKII0YaeTCs B TOM, YTO TIPOIECC
yIaJeHUs BIIATH TPOBOJIAT 0e3 BHEIIHETO IOABOAA TeIlla HJIM TETUIOHOCHTENS, a 3a CYET TeIlla BBHIIEIIEMOro IpH
MepeMEITNBaHAHA C 00E3BOKMBAIONINM KOMIIOHCHTOM (TIBUICBHIHON HM3BECTH - OTXOJ MPOW3BOJCTBA O00XKECHHOMH
m3Bectu ¢ CaO He menee 70 %) B pe3ynbTare MPOTEKAHUS SK30TEPMUYECKOW PEaKIMH, a Pa3oTpPeB CBI3YIOIIETO, B
Ka4yecTBE KOTOPOTO HCIOJb3YIOT IPENapHpOBAaHHYIO KaMEHOYTOJbHYIO CMOJIy 32 CYET Tellia, BBIJEISIEMOr0o IpH
OCYIIECTBIICHUU TIpOIlecca XUMHYECKOro o00e3BokMBaHMs. COBMEINICHHE IPOLIECCOB XMMHUYECKOTO 00E3BOIKMBAHUS
ruaparanyeil M3BeCTh COJEpXKAIIMMM MarepualiaMM, TBEPJCHUS CMECH C MpoleccaMyd (OPMOBAHHUS TO3BOJISIOT
MOJMy4aTh  OE300KMTOBBIH  OKYCKOBAaHHBIM  MaTepHall C MPOYHOCTBIO,  YIOBJIETBOPAIOMIEH  TpeOOBaHUIM
METAJUTYPIru4€CKoro rnpomn3Bo/ICTBa. YcTaHOBIEHBI ONTHMAJILHBIE TEMIICPATYPHO-BPEMEHHBIC MMapaMETPhI MPOoIEcca U
JTOJICBBIC COOTHOIICHHUS MBUICBHIHON W3BECTH, MPEMapUpOBaHHON KaMEHHOYTOJHHON CMOJIBI M MCXOJHOW BIIQXKHOCTH
OTXOZIOB (DJIOTALIUH YT TIPH JOCTIDKEHUH UX BRICOKOW TIPOYHOCTH.
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