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Dear authors and readers!
Dear Colleagues!

It is already becoming a tradition to inform you with the latest news about the state of the "Eurasian
Physical Technical Journal" as an international scientific publication with a non-zero impact factor, indexed
in the Scopus database. According to update on 4th September 2021 Cite Score Tracker 2021 is 0.7.

The increase in indicators, as confirmation of international recognition, is due to the results of scientific
research provided by the authors on the most pressing problems of modern physics and technology and
thanks to the careful and high-quality work of the members of the editorial board and reviewers in preparing
materials for publication. This issue presents the original scientific research results of our authors.

In the field of materials science, the possibilities of modern methods for studying phase transformations
in ferroelectrics are shown; models of radiation inhibition of relaxation of nonequilibrium defects have been
developed; the features of the surface layer of perfect single crystals in the range of nanosized carbon
materials have been investigated; features of the forming a hydroxyapatite coating process on a titanium
substrate during detonation sputtering; luminescent properties of ceramic samples from their position in the
crucible under irradiation, etc.

Some works are devoted to the problems of modern energy, the theory of heat and mass transfer,
various aspects of the use of renewable energy sources, the possibility of using organic solid domestic waste
as a promising source of fuel, the use of flexible carbon heat-generating material for heating mobile living
quarters, etc. A new contribution to the modeling of macro and micro phenomena is the tachyonization
cosmological model within the framework of linear form-invariance of transformations.

An important practical application is the results of the variation of the under-reactor trap of the melt of a
light-water nuclear reactor with a heat-resistant composite coating with a fluidized bed, the development of a
method for the destruction of bottom oil deposits in oil storage tanks using the electro-hydraulic effect, the
creation of a biogas plant for processing organic waste from agriculture and food production, etc.

In accordance with the requirements for international scientific publications, we continue to update the
editorial board. In this issue we present a new member of the editorial board - Dean of the Faculty of Physics
and Technology Zeynidenov Asylbek Kalkenovich (ih = 4). Zeynidenov A.K. - PhD doctor, associate
professor, author of many articles, underwent an internship at a number of foreign scientific centers: Instituto
Superior de Engenharia do Porto (Porto, Portugal), at the Solar Energy Center of the Southwestern
University Neofit Rylsky (Bulgaria, Blagoevgrad ), Center for Physicochemical Methods of Analysis, Tomsk
Polytechnic University, Russia, etc.

Preparation for publication of each issue of the journal is associated with the responsible work of editors
and reviewers, with various technical aspects and processing of materials for publication and many
organizational issues. Like the leadership of our university, despite being busy at the main job, Professor
A K. Zeinidenov A.K. always provides great help in solving a number of issues.

We are confident that the work of professor A.K. Zeinidenov, as part of the editorial board of the
Eurasian Physical Technical Journal help to further expand and strengthen international cooperation,
improve the quality of publications, which will also provide a sufficient level of training for higher education
specialists.

We hope that the proposed scientific works will interest our readers.
I’1l be glad to see you among our authors of the next issues materials.
Best regards, ch. editor Eurasian phys. tech. j.

Sakipova S.E.

September, 2021
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STUDY OF PHASE TRANSFORMATIONS IN FERROELECTRICS BASED
ON CALCIUM TITANATE
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The aim of this work is to study phase transformations kinetics in ferroelectrics based on calcium titanate.
The relevance of this study is in the assessment of new methods for obtaining complex phase composition
ferroelectrics, which have the potential for application in microelectronics, photocatalysis, and power
engineering. The methods of scanning electron microscopy and X-ray diffraction were used as the main methods
of analysis. Analysis of morphological features made it possible to establish the kinetics of changes not only in
grain sizes, but also in their geometry. During the studies of phase transformations, the following dependence of
the TiO; — anatase/CaTi:O4 — TiO»— anatase /CaTi;O4/CaTiO3 — CaTiO3/TiO, — rutile type was established
depending on the annealing temperature. At the same time, at a temperature of 1000°C, a stable structure of
ceramic with a perovskite-like structure of the CaTiOs type and a high structural ordering degree (more than
92%) is formed.

Keywords: calcium titanate, phase transformations, perovskites, ferroelectrics, crystallinity degree.

Introduction

Today, one of the promising materials in microelectronics, photocatalysis and power engineering are
ferroelectrics with a perovskite-like structure of the ABOs type, where A — Ba, Ca,Sr, B — Ti, Zr, Fe, at.al.
[1-5]. Interest in them is due to their semiconductor and ferroelectric properties, which make it possible to
use them as capacitors, semiconductor devices, microwave resonators, photocatalysts, as well as the basis for
creation of high-frequency electronics devices [6, 7]. A distinctive feature of titanates of barium, calcium and
strontium are high dielectric constant, which open up broad prospects for research, as well as their practical
application [8-10].

One of the important features affecting the properties of materials, as well as their practical application,
is the structural ordering degree and the phase composition of ceramics, which directly depends on the
conditions and methods of production. The choice of synthesis methods of ferroelectrics plays an important
role on the structural ordering degree and phase composition [11-15]. In most cases, methods of
hydrothermal synthesis or plasma sputtering with subsequent heat treatment are used to obtain these types of
ceramics [15-25]. However, despite all the positive aspects of these methods, there is a number of limitations
imposed on the obtained samples, primarily related to control of structural parameters, as well as the
possibility of their variation and obtaining complex composition structures [25-30]. In recent years,
alternative methods for production of ferroelectric ceramics with given properties are solid-phase synthesis
methods combined with thermal isochronous annealing, which allow controlling the phase composition and
crystallinity degree with high accuracy.

Based on the above, the purpose of this work is to study the kinetics of phase transformations in
ferroelectrics based on calcium titanate obtained using the solid-phase synthesis method depending on the
annealing temperature in the range of 200-1000°C. The relevance of these works is due to the great potential
for the applicability of these types of ceramics in microelectronics and photocatalysis.

1. Experimental part

As the initial salts, the following precursors were used: CaCOs; and TiO; - anatase, manufactured by
Sigma Aldrich (USA) with chemical purity of 99.95 %. The main method for producing ferroelectric
ceramics was the method of solid-phase synthesis combined with thermal isochronous annealing at
temperatures of 200-1000°C in a muffle furnace for 5 hours. The choice of the annealing time and
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temperatures is determined by the estimated data from the literature sources of the kinetics of phase
transformations in titanates. After annealing, the resulting mixtures were cooled for 24 hours together with a
muffle furnace until they completely cooled down and reached room temperature.

The assessment of the morphological features and geometric dimensions of the obtained ferroelectrics
was carried out using scanning electron microscopy via Jeol 7500F, Jeol, Japan scanning electron
microscope. The study of phase transformations was carried out using the X-ray diffraction method, by
analyzing the obtained X-ray diffraction patterns in the Bregg-Brentano geometry in the angular range of
20=20-85° with a step of 0.03° and a spectrum set time at a point of 1 sec. Phase and structural parameters
were determined using the program code DiffracEVA v.4.2. The phases were refined by comparing the
obtained diffraction patterns with the PDF-2(2016) database. Phase selection was carried out when the
coincidence probability of the registered diffraction maxima with the positions of the database values was
more than 90%. Determination of crystallinity degree was carried out by definement of the ratio of
diffraction peak areas to background radiation area. This parameter allows assessing the structural ordering
degree of the crystal structure depending on external factors, including thermal annealing.

2. Results and discussion

Figure 1 shows SEM images of synthesized ceramics depending on the annealing temperature, which
reflect the kinetics of changes in the morphological features of the samples under study. As can be seen from
the data presented, in the case of annealing temperatures of 200-400°C in the structure of ceramics, the
presence of large cubic and diamond-shaped particles surrounded by small grains of a spherical or sphere-
like shape is observed. The presence of such particles is due to the grinding and phase formation processes,
which have arisen as a result of mechanochemical synthesis. An increase in the annealing temperature to
600°C and above leads to the complete melting of large diamond-shaped structures with the formation of
small spherical particles covered with a porous shell. At an annealing temperature of 1000°C, particles grow
larger with the formation of branched conglomerates, the size of which is several hundred nanometers. In
this case, the formed conglomerates are also covered with a porous shell. This behavior of the morphological
features and geometry of grains indicates a change in the phase composition as a result of thermal annealing,
and the presence of several types of particles during low-temperature annealing indicates the presence of
several phases in the structure of ceramics.

Fig.1. SEM — images: a) 200°C; b) 400°C; c) 600°C; d) 800°C; ¢) 1000°C
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Figure 2 shows X-ray diffraction patterns of synthesized ceramics, reflecting phase transformations and
the formation of a crystal structure depending on the annealing temperature. The general appearance of
changes in diffraction patterns depending on the annealing temperature indicates the dynamics of change in
phase composition of ceramics due to the formation of new phases at an annealing temperature above 600°C.
In the case of the ceramics annealing temperature of 200°C, the phase composition, according to the applied
full-profile analysis method for diffraction peaks evaluation, is characterized by the presence of two phases:
the tetragonal phase of titanium dioxide (TiO;) and the orthorhombic phase of CaTi,O4. At the same time,
the shape of diffraction lines and their angular position indicate a large degree of structural distortions and
deformations in the crystal lattice, the presence of which is due to mechano-chemical grinding processes.
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23 @ -CaTip04
- . 4+ - CaTiO3
- 4 - TiOp2- rulile
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Fig.2. X-ray diffraction patterns of synthesized ceramics versus annealing temperature

At 400°C and 600°C, the appearance of new phases has not been established, but there is an increase in
structural ordering, which is evidenced by a change in the shape of diffraction lines and a decrease in their
asymmetry. Also, an increase in the structural ordering degree is evidenced by a change in the crystallinity
degree, the results of which are shown in Figure 3a. An increase in the crystallinity degree with an increase
in the annealing temperature is also associated with a change in the content of TiO, and CaTi,O4 phases in
the ceramics structure, the results of which are shown in Figure 3b.

At annealing temperatures of 200 and 400 ° C, the dominant phase in the structure of ceramics was the
anatase TiO, phase, the content of which was twice the content of the CaTi»O4 phase, which is known to be a
metastable and transitional phase for the CaTiOs phase. An increase in the annealing temperature from 400
to 600°C leads to the dominance of the CaTi»O4 phase, which indicates its ordering in the structure. At an
annealing temperature of 800°C, a phase transformation is observed with the formation of the orthorhombic
CaTiO; phase from the CaTi,O4 phase, as well as a decrease in the anatase phase contribution. This phase
transformation is also accompanied by a sharp increase in the structural ordering degree and compaction of
ceramics. A further increase in the annealing temperature to 1000°C leads to complete displacement of the
anatase phase from the structure and its transformation into the rutile phase, the content of which is less than
10 %, as well as the complete transformation of the CaTi,O4s— CaTiOs type.
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Thus, from the data presented, it can be concluded that at a temperature of 1000°C, a stable structure of
ceramics with a perovskite-like structure of the CaTiOs type and a high structural ordering degree (more than
92%) is formed. Also, based on the data obtained, it is possible to chart a diagram of phase transformations
of the TiO, — anatase/CaTi,04 — TiO,— anatase /CaTi,04/CaTiO; — CaTiOs/TiO, — rutile type.
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Crystallinity, %
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600 800
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Fig.3. a) Graph of the change in the crystallinity degree depending on the annealing temperature; b) Graph of
changes in the phase composition of ceramics, obtained on the basis of a full-profile analysis of X-ray diffraction

patterns.

Table 1 shows the results of determination of the crystal lattice parameters for each specific phase
depending on the annealing temperature. As can be seen from the data presented, an increase in the annealing
temperature, leading to an increase in the crystallinity degree, also leads to a decrease in the crystal lattice
parameters and, consequently, to its compaction and to a decrease in the structure disorientation.

Table 1. Crystal lattice parameters data

Phase
Temperature, °C TiO: — anatase CaTi:04 CaTiOs TiO: — rutile
200 a=3.74751 A, a=9.69323 A, - -
c=9.45451 A, b=9.98148 A,
V=132.78 A3 c=3.14554 A,
V=304.34 A3
400 a=3.73355 A, a=9.74455 A, - -
c=9.51198 A, b=10.04606 A,
V=132.59 A3 c=3.16836 A,
V=310.16 A3
600 a=3.72550 A, a=9.71589 A, - -
c=9.49892 A, b=10.00469 A,
V=131.84 A3 c=3.14910 A,
V=306.11 A3
800 a=3.72624 A, a=9.81305 A, a=5.35063 A, -
c=9.47843 A, b=10.05373 A, b=5.42338 A,
V=131.61 A3 c=3.16824 A, c=7.64146 A,
V=312.57 A3 V=221.74 A3
1000 - - a=5.32650 A, a=4.45210 A,
b=5.41168 A, c=2.94830 A,
c=7.62798 A, V=61.34 A3
V=219.88 A3
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Conclusion

In this work, the kinetics of phase transformations in calcium titanate ceramics of the TiO, —
anatase/CaTi;O4 — TiO,— anatase /CaTi,O4/CaTiO; — CaTiO3/TiO, — rutile type was estimated using
scanning electron microscopy and X-ray diffraction.

According to the data obtained, it was found that an increase in the annealing temperature leads not only
to a change in the phase composition, but also in the structural ordering degree and volume of the crystal
lattice, as well as to a decrease in the deformation of the structure. During the studies, it was found that at a
temperature of 1000°C, a stable structure of ceramics with a perovskite-like structure of the CaTiO; type and
a high structural ordering degree (more than 92%) is formed. The chosen synthesis method allows obtaining
ferroelectric ceramics of various phase compositions depending on the annealing temperature.
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EFFECT OF NORMALIZING HEATING OF FERRITE COMPACTS ON
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The study investigated linear shrinkage of lithium-titanium ferrite samples during radiation-thermal and
thermal sintering. Prior to compaction, part of the powders were subjected to thermal heating for 2h at
temperatures of 1273, 1373, and 1473 K. It is found that changes in the shrinkage kinetics of ferrites after powder
annealing are consistent with the classical concepts of thermal deexcitation of powders due to annealing of
defects. Such defects were formed in powder grains during grinding. The obtained data analysis allowed us to
offer the most likely model for radiation-thermal activation of powder ferrite sintering. This is a model of
radiation inhibition of non-equilibrium defects relaxation.

Keywords: ferrites, sintering, electron beams, pre-annealing of powders, linear shrinkage, shrinkage activation
model.

Introduction

The effect of ionizing radiation fluxes during production and modification of materials has been
employed in recent years [1-5]. Particularly interesting and fundamentally new results were obtained for
objects exposed to a combined effect of powerful radiation fluxes and high temperature (the so-called
radiation-thermal (RT) effect). The most important result obtained is the effect of multiple acceleration of
synthesis [6—8] and sintering [9—15] of powder inorganic materials. Radiation-thermal sintering mode has
been most comprehensively studied on lithium-titanium ferrites and similar structures [16—19]. These studies
revealed the effect of multiple acceleration of sintering of ferrite compacts in this specific processing mode.

In [20, 21], a model for activation of RT sintering of ferrites based on radiation-induced diffusion (RID
model) by the Deans mechanism was proposed. The authors performed a comparison with the experiment of
the kinetic equation of shrinkage of ferrite compacts to confirm this model. The equations of shrinkage in
turn were obtained by calculating the sintering kinetics of irradiated powder grains of arbitrary geometry.

In [22], the kinetics of compaction of lithium-titanium ferrites in thermal and radiation-thermal
sintering modes was analyzed to elaborate an alternative model for RT sintering activation based on the
theory of radiative deceleration of thermal heating of powder grain defects involved in mass transfer (RD
model). Within the framework of this model, an active initial phase of sintering is identified with the mass
transfer into the compact cavity with active involvement of intrinsic non-equilibrium defects of crystallites
accumulated during synthesis and grinding of powders. Thermally-activated defect annihilation occurs
simultaneously with sintering and decreases the sintering rate.

Radiation-induced point defects show a short lifetime at sintering temperature; however, they are
capable of inhibiting the annealing of intrinsic defects due to distorted potential relief of crystallites. As a
result, the duration of the active state of powders increases. The confirmation of both representations
displays agnate deprivations change in the choice of contact geometry (RID model) and schematism of the
phenomenological approach (RD model). At the identical age both representations are in arrangement with
the fundamental concepts of sintering physics and radiation physics. In this regard, additional studies are
required to prove the adequacy of the mechanisms of RT sintering activation.

This study presents experimental results that indicate the dominant role of the RD mechanism at early
stages of isothermal sintering of ferrite compacts. The RT-sintering mechanism is confirmed based on
different efficiency of the RID and RD models with the initial imperfection of powder grains. Indeed, the
conditions for the RSD mechanism are most favorable in defect-free grains. On the over-the-counter give the
RD device effectiveness is related tothe content of initial non-equilibrium defects.
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Therefore, the effect of RT sintering activation should be estimated for powders with different contents
of non-equilibrium defects to reveal the dominant mechanism of radiation activation of sintering.

1. Experimental part
1.1. Materials

The samples used were lithium-titanium ferrite powders synthesized from a mechanical mixture of
oxides and carbonates containing (wt.%): Li2COs — 11.2; TiO; — 18.65; ZnO 7.6; MnCOs 2.74; the rest is
Fe;0;. The samples were prepared using 10% solution of polyvinyl alcohol added to the synthesized mixture
in an amount of 12 wt.% of the mixture. All compacts were produced in the form of pellets by cold single-
action compaction.

1.2 Characterization techniques

The compaction mode used was as follows: P=130 MPa, pressure holding time of 1 min. Two modes of
ferrite compact sintering were used: radiation-thermal (RT- sintering) and thermal (T- sintering).For RT-
sintering, the samples were exposed to a pulsed electron beam with energy of (1.5-2.0) MeV using an ILU-6
accelerator. The beam current in the pulse was (0.5-0.9) A, the irradiation pulse duration was 500 ps, the
pulse repetition rate was (5—50) Hz, and the heating rate of the samples was 1000 °C/min. The samples were
irradiated in a lightweight chamotte box with a wall bottom thickness of 15 mm. On the exposed side, the
box was covered with a radiation-transparent protector with a mass thickness of 0.1 g-cm™!. The temperature
was measured using a control sample placed in close proximity to the sintered samples.

T-sintering was performed in a preheated electric chamber furnace to ensure a heating rate comparable
to the radiation heating rate. The cell design and the temperature control technique are similar to those used
for RT sintering. Sintering in both modes was performed in air.

The electrical resistivity of ferrites was measured at direct current based on a two-electrode scheme on
pellet-shaped samples with a near-electrode layer of soft graphite. The measurements were performed during
heating from room temperature to 1300 K. The air pressure in the measuring cell did not exceed 19 Pa, the
heating rate of samples was 10 degrees per minute. The electric field applied to the sample was 10 V/cm.

Prior to compaction, powders were subjected to thermal heating to control pre-radiation non-
equilibrium defect structure. Normalizing warming was performed for 2 h in a resistance furnace at 1273,
1373, and 1473 K. Upon culmination of heating, dusts were slowly cooled to room temperature, and after the
addition of a binding additive, pellets 15.1 mm in diameter and 15.0 mm thick were compacted. The
shrinkage of samples after sintering was determined by measuring the geometric dimensions L.

2. Results and discussion

Figure la presents the results that show the effect of normalizing heating of powders on the sintering
kinetics in the electron beam radiation mode. Samples sintered in the T mode show similar dependences
(Fig. 1b). Changes in the shrinkage kinetics of ferrites after annealing of compacts are in estimable
conformity with the definitive concepts of thermal dismissal of dusts due care to annealing of grinding-
induced shortcomings in powder grain [23]. The changes ascertained do not depend on the sintering mood.
These points out a similar attribute of the mass transferee devices in both fashions. For quantitative
judgement of the effect of compaction activation during RT-sintering at the initial positions of isothermal
sintering, the value of the relative shrinkage of compacts for a fixed sintering time can be used (Fig. 1).

Comparison of AL/Lpr with a similar value AL/Lt obtained in T sintering can help reveal the effect of
preheating of powders on the RT activation effect. Table 1 shows the comparison results for the sintering
parameters: 7= 1370 K, t. = 15 min.

Table 1.Effect of compact heating on the relative efficiency (Z) of isothermal RT-sintering

Theating, K Initial powder 1273 1373 1473

Z,% 90 19 11 0
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Fig.1. Kinetic patterns of linear shrinkage of ferrites: RT-sintering (a); T-sintering at 1373 K (b). The powder was
heated before compaction for 1 h at 1273 K (2), 1373 K (3), 1473 K (4); non-heated powder (1).

The relative efficiency of isothermal RT-sintering (Z) was calculated according to (1) [24].

AL/LRT - AL/LT
AL/L, )

Data in Table 1 show that the RT-sintering rate almost twofold exceeds the T sintering grade (in
original powders); nevertheless it sharply diminishes abaft preheating of dusts When the warming
temperature surpasses the sintering temperature, the compaction effectiveness regularizes (Z=0). That is, the
radiation core all vanishes in ferrite dusts deactivated at temperature like to the sintering temperature. This
points out that the modeling for dispersal prohibition of non-equilibrium desert leisure is the near most likely
device for activation of RT sintering of ferrite dusts.

7 =

Conclusion

The scientific value of the research is determined by the model of radiation prohibition of non-
equilibrium desert leisure for activation of RT sintering of ferrite powders. Sintering of ferrite powders at
yearly stages proceeds by the mechanism of threshold dislocation creep. In this case the activating role of
radiation is due to the inhibition of dislocation defect annealing. At later sintering stages, dominate
mechanisms of volumetric self-diffusion. Emphasize, the radiation effects manifested by the model of
radiation-stimulated diffusion is supposed to occur at these stages only.
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In this work, a model of the surface layer of perfect single crystals is used and the role of surface energy in
physical processes occurring in the region of nanosized carbon materials is clarified. Of these, diamond, graphite,
carbyne and fullerenes have been investigated. The thickness of the surface layer of diamond with cubic symmetry
is 8.2 nm and is a nanostructure. The average size of the synthesized nanodiamond is of the order of ~ 8 nm. The
value of the surface energy ohkl calculated by us along the diamond planes (100), (110), and (111) is in good
agreement with experiment and other calculations. The thickness of the surface layer of graphite along the a axis
is equal to R(l)s = 8.0 nm and also represents a nanostructure. But along the c¢ axis we have a layer thickness of
about 1.5 nm and the number of monolayers is only 2. On this ¢ axis, graphite can be created a monolayer by
turning it into graphene. The o value calculated by us along the a and c planes of graphite is 25957 and 5515
mJ/m?, respectively. Carbines represent a polymeric polyyne or cumulene chain composed of sp-hybridized
carbon atoms. If we imagine that the thickness of the surface layer of carbyne is stretched into a one-dimensional
chain along the c axis, then the length of this chain is up to 200 nm for a-carbyne. The thickness of the surface
layer of fullerenes significantly exceeds the thickness of the surface layer of pure metals. The surface energy of
fullerenes o increases with an increase in the number of carbon atoms Css — Cos. It also changes in the series
(111) — (100) — (110).

Keywords: diamond, graphite, carbyne, fullerenes, nanostructures, surface layer thickness, surface energy,
anisotropy.

Introduction

This work is a continuation of works [1-3], where for the first time a model of the surface layer of
perfect single crystals was constructed and the role of surface energy in physical processes occurring in the
nanoscale region was clarified. Calculations of the surface energy will be carried out according to the
formula derived under the assumption that there are no first-order phase transitions in these substances up to
their melting point, which for crystals with a body-centered (bcc) and face-centered (fcc) cubic structure is
given by the relations [4], where Z is the number of formula units of the unit cell, I is the thickness of the
first coordination sphere in the [hkl] direction, and is the lattice constant:

Im3m, Z=2;1,,, =a;1,,, =ay/2; L =a/3,
Fd3m, Z=4;1,,, =a; 1, ~a/2; L =2a/+/3.

In works [5, 6] for the thickness of the surface layer R and surface energy o, we obtained the following
relations:

(M

R(1) = |kg/mol (n® / kg [in 2 |,24 10 (M/p, nm

R(),_, = [m3 ﬁn‘z]m,54 007" X(a)’, nm

R(I),-, = [m3 [~ |0,54007" G/(b)’, nm

R(D),.. = [rn3 Ern_Z][(D,54 007" [Z(c)’, nm )
g, = [mJ/m2 [E/E|007 [T, R, (I)/R(I), mJ/m?

g, = [mJ/m2 [E/E|007 [T, R, (I)/R(I), mJ/m*

o, =[mJ/m2 [E/E|007° [T, (R (I)/R(T), mJ/m?
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Here M is the molar mass of the crystal, p is its density, a, b, ¢ are the unit cell parameters of the crystal,
and Tm is its melting point. In this work, we investigate the thickness of the surface layer and the surface

energy of carbon materials.

3. Diamond

In general, 11 varieties have been identified among crystals and polycrystalline formations of diamond
[7]. We will consider only the single crystals shown in Figure 1.

0.356 nm

Fig.1. The structure of diamond (allotropic form of carbon C): "ball" model (left) and polyhedral model (right) [8].

Of all the proposed structural modifications of diamond, the structure (allotropic form of carbon C),
which belongs to the holohedral class Oh, having the symmetry of the Fedorov space group Oh7-Fd3m, is
most confirmed theoretically and experimentally. Lattice parameter at a temperature of 25 °C and p = 1 atm.
is equal to a = 3.57 A [9], and the melting point T, = 3973-4273 K, density p = 3.47-3.55 (g/cm?), molar

mass M = 12.01 (g/mol).
The structural cell of a diamond crystal is two cubes with a period of 0.356 nm, shifted relative to each

other along the diagonal of the cube [9], then instead of (1) one should write:

0=2007T,, 3
Fd3m, Z=4; 1,0, =0; 1,,, —0/~/2;1,,, =6/+/3.
Using (2) and (3), we calculate the surface energy anisotropy (table 1).
Table 1. Anisotropy of the surface energy of diamond
Diamond | (hkl) Structure Tm, K | R(I), nm Ghkl Ohkl Ohkl
by (1), mJ/m? by [10], mJ/m? by [11], mJ/m?
100 8,2 8546 9100 -
C 110 Fd3m 4273 (23) 6104 6274 -
111 5027 5270 49994355

Let us now analyze Table 1. The thickness of the surface layer of diamond R(I) = 8.2 nm, that is, this
layer is a nanostructure, which contains 23 monolayers of diamond. In this layer with atoms of pure metals
and non-metals, there is a reconstruction and relaxation associated with the rearrangement of the surface [1-
3]. The size effects in the R(I) layer are determined by the entire collective of atoms in the system (collective
processes). Almost classic dimensional effects are observed only in nanoparticles and nanostructures [1-3].
Experimentally, they can be observed in very pure single crystals with grazing incidence of X-ray radiation,
when the angle of incidence is equal to or less than the critical angle of total internal reflection.
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The value of ony calculated by us for the planes (100), (110) and (111) is compared with the results of
[10] and [11]. The calculations are based on the work of Harkins [10], published back in 1942. It is
performed theoretically on the basis of Gibbs thermodynamics. Assuming the C-C bond energy in diamond
equal to 90 kcal/mol, and the cohesion energy of diamond equal to twice the surface energy, he obtained the
ona values presented in Table 1. The results of the experimental measurement of the surface energy of
diamond by the Griffiths method were carried out in 2017 in [11] along the (111) plane and are also
presented in Table 1. This experimental value of the surface energy of diamond is very close to the value of
onk obtained by us (Table 1). Theoretical estimates of the surface energy of diamond for the (100) plane were
carried out in many works (mJ/m?): 9400 [12], 6513 [13], 6118 [14].

4. Graphite

Graphite is a unique native mineral, an allotropic modification of the element carbon, which is the most
stable in the earth's crust. Graphite has that unique set of qualities that make it indispensable for problems in
nuclear physics and power engineering [15]. The hexagonal lattice of graphite belongs to the space group
C6/mmc-D*g, with four atoms per unit cell. The parameter a of the hexagonal cell is 2.46 A, the parameter ¢
= 6.74 A, the theoretical density of such a crystal is 2.267 g/cm®. In each plane, carbon atoms form a network
of regular hexagons with an atom spacing of 1.42 A. The bonds within the layers, which have a covalent
nature, represent trigonal hybrids (2s, 2px, 2py) (Figure 2) [8]. Melting temperature range Tm = 4218-4163
K.

09070

0.674 nm

O~

'e"ﬁ'a,,,

Fig. 2. Hexagonal graphite C [8].

Let us determine the thickness of the surface layer of hexagonal graphite and the anisotropy of its
energy. The thickness of the surface layer of diamond R(I) = 8.2 nm, which almost coincides with R(I), =
8.0 nm and also represents a nanostructure. But along the c axis we have a layer thickness of about 1.5 nm
and the number of monolayers is only 2. On this ¢ axis, graphite can be created a monolayer by turning it
into graphene.

To determine the free surface energy of pyrographite by the Gilman method in a vacuum, a special
installation was constructed. The experiments were carried out with pyrographite grade P2100V with the
maximum sample thickness. The free surface energy of pyrographite of the indicated grade was found to be
o = 5000 mJ/m? [11], which is close to that obtained by us in Table 2.

Table 2. Thickness of the surface layer and anisotropy of the surface energy of graphite

Graphite Structure R(I),, nm R(I)c, nm Ga, mJ/m? Gc, mJ/m?
C C6/mmc- D%, 8,0 1,7 25957 5515
(33) (2)
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5. Carbyne

Carbines represent a polymeric polyyne (—C=C-)n or cumulene (=C=C=), chain, consisting of carbon
atoms in sp-hybridization (Fig. 3a, b). Polymer chains in carbyne crystals are packed in the form of hexagons
along the (001) face. The presence of bends in the chains causes displacement of the layers (Fig. 3c¢).

Fig. 3. Heimann's model of a-carbyne (a) and B-carbyne (b); ¢ - two-layer model [16].

The hexagonal cell of the a-carbyne crystal has the following crystal lattice parameters: a = b = 0.894
nm and ¢ = 1.536 nm; for B-carbyne - @ = b = 0.824 nm and ¢ = 0.768 nm [17]. The density of carbyne
crystals is 1.9-2.0 g/cm®. The melting point is about 3970 K. Using these data, we estimate the thickness of
the surface layer and the anisotropy of the surface energy of the carbine (formula 2). Here R(I) = 36, since
the molar mass of carbon in the unit cell is M = 12x6 = 72, where 6 is a six-atomic chain [18], and p = 2.0
g/em’.

Table 3. Surface layer thickness and surface energy anisotropy of carbyne

Carbin Structure R(1),, nm R(I)c, nm Ga, mJ/m? Gc, mJ/m?
C o-carbin 38,6 196,7 4257 21692
(43) (128)
C B-carbin 30,2 40,0 3330 4411
37 (52)

The thickness of the surface layer of carbyne differs significantly from those for diamond and graphite,
but closer to carbon materials like fullerenes, which we will discuss below. The anisotropy of the surface
energy of carbines, which also have a hexagonal crystal cell, does not differ much from the surface energy of
grphites.

6. Fullerene

Fullerene was discovered in 1985 by G. Kroto (Great Britain), R. Curl, R. Smelli (USA), for which they
were awarded the Nobel Prize in 1996. A review of fullerenes for 15 years from 1991 to 2006 was carried
out in [19]. The most recent monograph on the structure and stability of higher fullerenes is described in
[20]. It discusses a completely new - molecular - form of carbon existence; these closed carbon clusters were
able to capture and enclose within themselves individual atoms, several atoms, and even small molecules.
All this is new and unusual from the point of view of theoretical chemistry and fundamental science in
general.

Fullerenes are carbon clusters with an even, more than 20, number of carbon atoms forming three bonds
with each other; atoms in fullerene molecules are located on the surface of a spheroid at the vertices of
hexagons and pentagons. Examples of fullerenes are shown in Fig. 4 [21]. In [22], a relationship was found
between the mass of the C, fullerene molecule and the properties of fcc fullerites, such as: the sublimation
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energy, the distance between the centers of the nearest molecules, the Griineisen parameter. compression
modulus at zero pressure and temperature.

Based on the data of the correlation dependences, the parameters of the Mee-Lennard-Jones pair
potential for the inter-fullerene interaction in fcc fullerites were reconstructed. On the basis of the obtained
parameters of the potential, the properties of fullerites are calculated and good agreement with the data
known from the literature is obtained. It is shown that at nc <15-20 crystals of fullerites C., are unstable. At
the same time, fullerites where nc> 100 will have anomalously low surface energies, which should lead to
fragmentation of nanoclusters from such large Cnc molecules. The parameters of the triple and critical points
of fullerenes are estimated.

Fig. 4. Schemes of the structure of fullerenes [21]

The evolution of the parameters of the potential and the indicated properties with a change in the
molecular weight of the fullerene has been studied. The parameters Tm, M, p for calculating R(I) and onu
were taken by us from [22]. In addition, knowing the thickness of the surface layer R(I) and the crystal lattice
parameter a, one can estimate the number of monolayers that form the R(I) layer (n = R(I)/a). Thus, for gold
and silicon, we showed [23] that the R(I) layer contains 3 monolayers of gold and 4 monolayers of silicon.
The same order of magnitude in the R(I) layer contains the number of monolayers of pure metals. Table 4
shows that the thickness of the surface layer of fullerenes R(I) significantly exceeds the thickness of the
surface layer of metals.

It follows from Table 4 that the thickness of the surface layer of fullerenes R(I) in Cgs and Cos exceeds
100 nm according to Glater [24], which is characteristic of nanostructures. At h = 10 R(I), a phase transition
occurs in the surface layer of fullerenes. For example, in fullerene Cqo, the phase transition is due to the
action of the forces of pair van der Waals interaction, which have a significant noncentral component due to
the anisotropy of the electron density on the surface of molecules [25]. So at 2600 K the fcc lattice
transforms into a simple cubic (PC) lattice. In the PS structure, there is the possibility of hindered rotations
of molecules around ordered axes between two energetically nonequivalent orientational configurations:
pentagons and hexagons. The surface energy of fullerenes on increases with an increase in the number of
carbon atoms C3s — Cos. It also changes in the series (111) — (100) — (110) (table 4).

7. Carbon materials

Carbon materials can be viewed as spatially cross-linked polymeric substances. In these compounds,
carbon is tetravalent and is in one of three ground states corresponding to sp® -, sp? - and sp-hybridization of
electrons. In a number of substances, carbon atoms are in different, including intermediate (sp™-), electronic
states. To describe them, the most convenient classification (Figure 5) by the type of chemical bonds, based
on the hybridization of electron orbitals of carbon atoms [26]. Let us now compare the results obtained by us,
presented in tables 1-4. Table 1 shows that the thickness of the surface layer of diamond is 8.2 nm and is a
nanostructure. That is, nanodiamonds are of interest. Detonation nanodiamonds were first synthesized in
1963 by the explosive decomposition of powerful mixtures of explosives with a negative oxygen balance in a
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non-oxidizing environment. Such diamonds are characterized by nanoscale particles, chemical resistance of
the diamond core, and activity of the peripheral shell [27]. Moreover, as a result of detonation of a charge
weighing 140 kg in an aqueous shell, particles of an average size of ~ 8 nm were obtained (compare with
Table 1)

Table 4. Thickness of the surface layer and anisotropy of the surface energy of fullerene

Fullerene (hkl) Structure Tm, K M, g/mol p, g/sm’ R(I), nm Gkl

mJ/m?

100 40.61 (36) 1404

Cse 110 Fd3m 1404 432.40 1.810 a=11.725 A 1003
111 1652

100 85.56 (60) 2031

Ceo 110 Fd3m 2031 720.66 1.484 a=14.17 A 1451
111 2321

100 93.39 (64) 2260

Cro 110 Fd3m 2260 840.23 1.547 a=14.96 A 1614
111 2659

100 2367

Crs 110 Fd3m 2387 912.84 1.582 98.09 1705
111 2808

100 2547

Csq 110 Fd3m 2547 1008.92 1.589 107.93 1819
111 2997

100 2763

Cos 110 Fd3m 2763 1153.06 1.452 135.00 1974
111 3251

Nanodiamonds are complex objects, usually with a three-layer structure, including:

- a diamond core with a size of 4-6 nm, which contains from 70 to 90% of carbon atoms;

- a transitional carbon shell (intermediate layer) around the core of X-ray amorphous carbon structures
with a thickness of 0.4 - 1.0 nm, which can contain from 10 to 30% of carbon atoms;

- the surface layer, in which, in addition to carbon atoms, other heteroatoms (N, O, H) can be located,
forming a number of functional groups (all this is at a level of ~ 8§ nm (compare with Table 1).

Nanodiamonds began to be produced by industry on a large scale and their use is increasing all the time
(Figure 6). From Table 2, the thickness of the surface layer of graphite along the ¢ axis is about 1.5 nm and
the number of monolayers is only 2. Along this axis, a monolayer can be created from graphite, turning it
into graphene, which can be called "nanographite". The unique electrical properties of graphene (due to its
two-dimensional nanostructure), confirmed by numerous studies, are extremely interesting (usually two-
layer structures, as in Table 2), both in fundamental and applied terms [28, 29].

Diamond Mixed (transitional) forms

amorphous coals,
glassy carbon,

I — 3, 2
sp’t+sp’+sp =P soot

2
5P > Graphite

Intermediate forms

Carbon
Spm —p]
| 2<m<3
1<m<2 *
l Fullerenes
bolbong carbon,

sp .
S Carbin

. nanotobes, els
Circules '

Fig. 5. Classification scheme of allotropic forms of carbon [26].
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Fig.7. Schematic representation of grapheme.

The amazing properties of graphene are due to the unique nature of its charge carriers - they behave like
relativistic particles (Figure 7) [28]. Graphene has a unique structure and exceptional physical and chemical
properties, which lead to many possibilities for its application (Fig. 8).

As shown above, the structure of carbyne is formed by carbon atoms assembled into chains by double
bonds (a-carbyne) or alternating single and triple bonds (B-carbyne). If we imagine that the thickness of the
surface layer of carbyne is stretched into a one-dimensional chain along the ¢ axis, then the length of this
chain is up to 200 nm for a-carbyne (Table 3). This result was obtained in [30] and is shown in Figure 9.

It turned out that carbyne is the most durable of all known materials. The specific strength of carbine
is 6.0 107 - 7.5 10" N m/kg, while the specific strength of diamond is 2.5 107 - 6.5 10’ N m/kg, graphene is
4.7 107 - 5.5 10’ N m/kg, carbon nanotubes - 4.3 107 - 5.0 10’ N m / kg. Carbyne is the toughest material
known. The specific stiffness of carbyne is about 10° N m/kg, which is two times higher than the specific
stiffness of graphene - 0.45 10° N m/kg. The use of carbine is shown in Figure 10. Fullerenes with a large
thickness of the surface layer (Table 4), like rare minerals in nature, are quite rare. Their application in
practice is also still limited (Figure 11).



22 ISSN 1811-1165 (Print); 2413-2179 (Online) Eurasian Physical Technical Joumal, 2021, Vol.18, No.3 (37)

integrated circuits O

and microchips detectors of individual graphene nanoribbons
\ gas molecules 1 /
' — 4
supercapacitors ,- 4 \

o

/

orous graphene A .
P Rcmbratics gas-tight coverings crystal screens

touch and liquid

Fig.8. Application of 2D structures of graphite - graphene

)
"
Y

AL
e e

h

2

o
"

A
v
v

§

Fig.9. Linear 1D structure of a carbyne molecule (red atoms) inside double-walled carbon nanotubes [30].

Carbine application —=> Functional coatings

VN

m I Mcdicinel | Energy |

= \ & -
vascular prostheses, 5T g
— flat screens catheters » i

&

X - light sources

thermionic
converters

- ophthalmology

fuel cells
cardiovascular

x-ray tubes surgery

gf_ night-vision
devices

Fig.10. Application of Carbyne nanostructures

atraumatic suture
material




Materials science. 23
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Conclusion

Thus, our model of the surface layer showed that the surface of carbon materials is a nanostructure, the
properties of which differ significantly from the bulk properties of the material. Currently, in various fields
of science, industry and construction, materials are used that are united by dimensional features, namely,
nanocrystals, nanoporous materials, nanostructures, and nanocomposites. The range of nanoobjects is
extremely wide and continuously increasing, which makes it possible to obtain new catalytic systems in
chemistry, engineering materials with unique material science characteristics, structures with nanometer
geometry for recording information, converters of various types of energy, superconducting materials in
physics, new drugs and their carriers in medicine.

Today, various kinds of materials, the structural elements of which are on the order of millionths of a
millimeter, are beginning to be widely used all over the world to provide improved electrical, magnetic,
optical and other consumer qualities. Analysis of the state and development trends of the nanoindustry at the
present time allows us to conclude that the following types of carbon nanomaterials are the most promising:
nanodiamonds, graphene, nanocarbines, fullerenes, which we have considered in detail, as well as soot,
amorphous coals, glassy carbons and many other carbon nanomaterials, analysis and calculation of properties
of which can be carried out according to the model we have outlined and tested.
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MODIFICATION OF POLYTETRAFLUOROETHYLENE ON THE BASE
OF ULTRAFINE POWDER
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This paper presents the results of a study of the influence of thermal and mechanical effects on the formation
of a structure in an ultrafine powder heated to a temperature above the melting point of polytetrafluoroethylene
(327°C). The ultrafine powder was obtained by mechanical grinding of an industrial sample of polytetra-
fluoroethylene in a rotary knife mill. Studies of the ultra powder with a transmission microscope showed that the
powder particles are quasi-spherical particles of a size of 5 microns. The thermal (sintering, slow and fast
quenching) and mechanical (creation of high pressure) effects on ultrafine powder particles were determined by
the methods of an automated digital microscope Leica DM 6000, X-ray diffraction, and Vickers. It was found that
the formation of a supramolecular structure depends on the applied force (pressure) and temperature.
Measurement of the hardness of the modified sample showed that its hardness in relation to the hardness of the
industrial sample increased by 4 units.

Keywords: polytetrafluoroethylene, modification, ultrafine powder, supramolecular structure, thermal and
mechanical effects

Introduction

With the growing requirements for polymers, the problem arises from finding alternative ways to
improve the properties of polytetrafluoroethylene (PTFE). Despite the comprehensive list of known positive
qualities and properties, PTFE has several technological disadvantages that restrain the active use of this
material. We can say that modern technologies of fluoropolymers have exhausted their innovative potential,
and there is a search for new forms of fluoropolymers, technological methods that eliminate the noted
limitations. Proceeding from this, to eliminate the noted limitations and more efficient and expanded
application of PTFE, the problem arises of the need to modify it in various ways and to find new ways to
improve its properties. Over the years, many approaches [1-11] have been developed for modifying PTFE to
improve certain properties. The main ones include copolymerization. Such traditional approaches have made
it possible to achieve serious results, but today it can be stated that they have not made it possible to make a
qualitative leap in improving the properties of the resulting composites. In particular, with the help of all of
the above, it is not possible to overcome the limit reached for the wear rate during friction without
lubrication and is (0.5 - 1.0) x 1077 um/km. The same applies to creep, hardness and radiation resistance of
PTFE-based composites. Currently, the most effective method for solving this problem is: - creation of
ultrafine (nanosized) PTFE powders. It is known [12] that adhesion of nanoparticles is very high. This
article studies the influence of the thermal and mechanical effects on the processes of contact interaction of
ultra dispersed particles.

1. Material and research methods

The studied object was the ultrafine powder (UPTFE) with a particle size of up to 5 um, obtained by
mechanical grinding of an industrial PTFE sample in a rotary knife mill. Ultrafine powder heated to a
temperature above the melting point of PTFE (327°C). The analysis of the shape of the UPTFE powder
particles and the supramolecular structure of the modified PTFE for reflection and transmission was carried
out on an automated digital microscope (ACM) Leica DM 6000 M (Nanotechnological laboratory of the
engineering profile, KazNU named after al-Farabi). To obtain samples from PTFE nanopowder, we applied
the following technology [4]. At the preliminary stage, cylindrical samples 10 mm in diameter and 4 mm in
height were formed from the powder during cold pressing on a special mechanical press.

The press was a screw with an M15 thread, which, with the help of knobs, created a force of up to 7000
Newtons. Under the screw was a mold made of steel with a diameter of 40 mm and a height of 30 mm with a
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plunger with a diameter of 10 mm and an area of 0.78 cm. The surfaces of the mold and the base were made
with high precision and were fastened together with two 5 mm screws, which excluded powder leakage. A
dosed amount of PTFE nanopowder was poured into a mold, in which a pressure of 35 MPa was created. To
create a stationary pressure on the powder, the plunger of the mold was pressed by a spring with a force of
300 Newtons. At the second stage, the mold with the sample obtained by cold pressing was placed in a
SNOL muffle furnace and kept in it up to the sintering temperature T = 393°C. The temperature in the muffle
furnace was set automatically and the sintering time was 20 minutes per mm of thickness. Shrinkage of the
sample during heat treatment was compensated by the force of the spring placed on the plunger. After
sintering, the sample was removed from the mold and cooled under running cold water. X-ray diffraction
data for UPTFE powder were obtained on a MiniFlex-600 bench top X-ray diffractometer (RIGAKU,
Japan). Shooting conditions: voltage across the tube 40 kV, current in the tube 15 mA, anode material -
copper, range of scanning angles from - 3 ° to 145 ° (depending on scanning ©-20.). The scanning speed
was from 0.01 to 100 ° / min (26). The minimum step is 0.005 ° (20.). X-ray structural data of the modified
PTFE sample were obtained on a DRON-7 diffractometer at a sintering temperature T = 393°C
(Nanotechnological laboratory of the engineering profile, KazNU named after al-Farabi). Shooting
conditions: interval: from 10.00 ° to 100.00°, survey method: 2theta - theta, exposure, sec. = 1, shooting step,
deg. = 0.050 °. The hardness of the samples was measured with Vickers’s tester.

2. Results and discussion

Figure 1a shows the ultrafine UPTFE powder. Figure 1b shows a microphotograph of UPTFE powder.
The transmission microscope studies of the UPTFE powder have shown that the powder particles are quasi-
spherical particles with a size of 5 um.

™

a) b)
Fig.1. a) Ultrafine PTFE powder, b) microphotograph of UPTFE powder.

Monoparticles of UPTFE powder consist of smaller blocks combined into conglomerates, which, in
turn, form associates larger than 10 um in size. In addition to quasi-spherical formations that make up most
of the elements of the powder, the blocks and the polymer filling the space between them have a different
structure. As a result of this technology, we received modified samples, which are presented in Figure 2 a, b.

a) b)

Fig.2. Modified PTFE samples obtained a) cold pressing, sintering at the temperature T = 393 °C and rapid
quenching; b) after sintering at the temperature T = 393 °C, slow quenching and standing under the press for a day.
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The first sample (Fig.2a) obtained from PTFE powder by cold pressing and sintering at the temperature
of T =393 ° C and rapid quenching. The second sample (Fig. 2b) obtained by sintering, slow quenching and
standing for a day under the press,

Figure 3a shows an electron microphotograph of a sample obtained from PTFE powder by cold pressing
and sintering at the temperature of T =393 © C. In the bulk of the sample (Fig. 3a) obtained by cold pressing
and sintering of PTFE nanopowder, it was found that pressing, sintering, and rapid quenching lead to a
change in the morphology of the UPTFE structure. The sample contains loosely packed, separated from each
other globular, extended, not having a definite shape, supramolecular formations - crystallites. However, a
microphotograph of the second sample (Fig. 3b), obtained by sintering, slow quenching and standing for a
day under the press, a completely different picture is observed. Here we find that the supramolecular
structure is tightly packed, monotonic and uniform throughout the matrix. We observe crystalline formations
in the form of bundles - lamellas, having strictly defined shapes and sharply defined boundaries. Blocks in
the form of packs are tightly knit together. Gaps between blocks are not observed. These blocks are arranged
in an orderly manner. Such a supramolecular structure allows us to conclude that sintering, and then the
subsequent slow quenching of the sample and prolonged holding of the sample under pressure for a day,
change the structure of the crystal lattice and increase the degree of crystallinity of the sample.

Fig.3. Microphotographs of modified PTFE specimens obtained a) by cold pressing, by sintering at a temperature of
T =3930C, b) after sintering, which stood under the press for 24 hours.

This is confirmed by the data of X-ray diffraction analysis .The X-ray diffraction pattern (Fig. 4a) of the
ultrafine PTFE powder shows an intense peak at an angle (20 = 18.158 °) and an amorphous halo at an angle
(26 = 40.00).
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Fig.4. X-ray profiles of ultrafine powder (a) and modified PTFE (b).
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An intense peak at an angle (20 = 18.158 °) is a first-order phase transition I — IV and is caused by the
rearrangement of the crystal lattice from triclinic II to a three-dimensional hexagonal cell IV with parameters
a=5.653 A, ¢ =19.512 A at a temperature of 20° C, which is characteristic of crystalline PTFE, which is in
good agreement with the literature data [12]. In the X-ray diffraction pattern (Fig. 4b) of the modified PTFE,
in addition to the peak at an angle (20 = 18.158 °), a second peak is observed at an angle (20 = 16. 396°),
which are less intense. The appearance of only two reflections of the form (h, k, 1) means that this set of
reflections is described by a flat (two-dimensional) hexagonal lattice with the parameter a = 5.681 A.

The lattice parameter is in good agreement with the unit cell parameters of PTFE at a temperature of
27° C. The presence of only basal-type reflections in the X-ray diffraction pattern is caused by the strong
preferential orientation of particles on the surface [12, 13]. The hardness values of the industrial and
modified PTFE samples are presented in Table 1.

Tablel. Hardness values of industrial and modified PTFE samples

Vicker’s hardness, HV

Industrial sample 58

Modified 62

The measurement of the hardness of the modified PTFE sample showed that its hardness in relation to
the hardness of the industrial sample increased by 4 units [14].

Conclusion

1. The technology of the modification of the structure and properties of the ultrafine PTFE powder was
developed using a special mechanical press and heating powder to the melting temperature of PTFE.

2. It was found that the energy activation of the ultrafine PTFE molecules and the formation of a
supramolecular structure depend on a high mechanical pressure, temperature.

In the ultrafine powder, PTFE molecules are clusters of three atoms. Atoms located at the ends of the
molecule come into contact and a bond is formed between the atoms. These forces are directly proportional
to the contact area of the atoms. The applied force (pressure) influences on these forces through the actual
contact area. When the pressed powder is heated to the melting point of PTFE, the contact between the atoms
of the pressed powder becomes plastic, and the actual contact area increases significantly.

3. The practical significance of obtained research results will allow them to be used in the development
of new polymer materials characterized by an improved set of operational properties.
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The article considers research results of the formation process of a hydroxyapatite coating on a titanium substrate
during detonation spraying. Powders for sputtering and obtained coatings of hydroxyapatite were studied by Raman
spectroscopy and X-ray structural analysis. It was determined that the appearance of a-tricalcium phosphatephase is
characteristic of a pure hydroxyapatite coating obtained by detonation spraying. Still, the hydroxyapatite phase is
retained in the coating composition. Results obtained by Raman spectroscopy indicate that hydroxyapatite is the main
phase in coatings. The morphology of the sprayed coatings was characterized using scanning electron microscopy, and
the coatings elemental composition analysis was obtained using an energy-dispersive spectrometer detector. Energy-
dispersive spectrometer analysis showed that the elemental composition of the obtained coatings is similar to the
elemental composition of the initial powder, which is very important for preserving the coatings services life.

Keywords: hydroxyapatite, detonation spraying, structure, phase composition, microhardness.

Introduction

The requirements for the functional, strength and aesthetic parameters of orthopaedic structures have
increased significantly with the development of new concepts in the technology, production and application
of implants for the bioengineering of bone tissue [1]. First of all, this refers to creating biocoatings, which are
most close to the structure of human bone tissue [2]. Natural bone is a composite consisting of a mineral
fraction containing tiny crystals of apatite and non-stoichiometric calcium phosphate and an organic fraction,
which together give the material mechanical strength.In recent years, to stimulate the structure of natural
bone, the synthesis of hydroxyapatite (HA), Caio(PO4)s(OH)z2has attracted considerable attention [3-5].
Hydroxyapatite (HA) — Caio(PO4)6(OH)2, which is the main mineral component of bone tissue, is
traditionally used as a material for obtaining biocoatings on metal implants for dentistry and orthopaedics.

Despite the many different coating methods, it is difficult to obtain crystalline HA coatings with
characteristic hydroxyl and phosphate groups. The mechanical tests show that the destruction of the bone-
(coating)-implant joints are associated with the amorphous phase, which is the cause of the coatings
mechanical and adhesive instability. These disadvantages are inherent in sol-gel technologies [6]. It should
be noted that a set of techniques is used to achieve the required mechanical and adhesive strength. For
example, it is possible to control the coatings composition and structure by varying the parameters of the
magnetron sputtering process, which makes it promising for the coatings deposition on implants. The use of
the self-propagating high-temperature synthesis method expands the capabilities of the magnetron sputtering
method, providing high density, structure homogeneity and achieving the required mechanical properties.
The detonation-gas spraying method has good prospects using the medicine, primarily due to the initial
material's identity of the phase composition and the formed coating.

The authors of [7] found that the coatings obtained by detonation-gas spraying on the “Katun-M”
installation consist of particles and conglomerates of particles that form a pronounced surface relief. The
adhesion strength of detonation coatings based on calcium hydroxyapatite varies from 10 to 30 MPa. The
coatings physical-mechanical characteristics are showed that the detonation spraying method can be used to
obtain high-quality biocoatings on titanium implants. However, there are few works aimed at obtaining
hydroxyapatite coatings by detonation gas spraying. In addition, in connection with the emergence of new
detonation spraying devices, it is interesting to study hydroxyapatite coatings obtained by detonation-gas
spraying. In this regard, this work aims to study the structural-phase state of hydroxyapatite coatings
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obtained by detonation-gas spraying on an automated installation of a new generation CCDS2000
(Computer-Controlled Detonation Spraying) [8].

1. Materials and methods

The detonation complex CCDS2000 was used to obtain coatings, which has a system of
electromagnetic gas valves that regulate the supply of fuel and oxygen and control the purging system (Fig.
1) [8-10]. An acetylene-oxygen mixture was used as combustible gas. It is the most demanded fuel for the
detonation spraying of powder materials. The deposition was carried out at the ratio of the O./C,H, = 1.856
acetylene-oxygen mixture. The barrel filling volume with an acetylene-oxygen mixture was 50%. Nitrogen
was used as a carrier gas. The distance between the sample treated surface and the detonation barrel was 70
mm. Straight barrel diameter - 20 mm.

As a substrate, we used technically clean VT1-0 titanium (99.5%), which is widely used in medicine.
Before spraying, VT1-0 plates with dimensions of 30x30x3 mm were sanded and polished, after which they
were subjected to sandblasting.Sandblasting was carried out on the detonation unit itself using corundum
powders with grain sizes of 0.5-1.3 mm in the following mode: the barrel filling volume with an acetylene-
oxygen mixture - 30%, the ratio of acetylene-oxygen mixtures O./C,H, = 1.856.
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Fig.1. Computerized detonation complex CCDS2000: general view (a) and schematic diagram of the installation (b):
1 - control computer, 2 - gas distributor, 3 - mixing-ignition chamber, 4 - spark plug, 5 - barrel valve, 6 - fuel line,
7 - oxygen line, 8 - gas valves, 9 - gas supply unit, 10 - breech, 11 - powder dispenser, 12 - workpiece; 13 - manipulator,
14 - muzzle of the barrel
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The research of surface morphology was carried out by scanning electron microscopy (SEM) using
backscattered electrons (BSE) on a JSM-6390LV scanning electron microscope. The structure of the
obtained samples was studied using Raman spectroscopy on a spectrometer of AFM-Raman Solver
Spectrum, NT-MDT. A blue laser with a wavelength of 473 nm and a maximum laser power of 35 mW with
an objective lens of 100x and a spot size of 2-10° m was used to excite vibrational modes. The obtained
spectra were processed by the Savitzky-Golay method [11] by using a 2nd order polynomial. The error in
register the spectra was 4 cm™!. The samples phase composition was studied by X-ray structural analysis on
X'PertPro diffractometer using CuK, -radiation. The survey was carried out in the following mode: voltage
across the tube U = 40 kV; tube current I = 30 mA; exposure time 1 s; shooting step 0.02°. The coating
roughness surface was measured by the Ra parameter using a model 130 profilometer on a section with a
length of 7 mm on the sample surface.The samples microhardness was measured by the Vickers method on a
“Metolab-502” microhardness meter according to GOST 2999-75.

2. Research results

As noted in several works [12, 13], the phase composition of coatings has a significant effect on the
growth of bone tissue during the osseointegration of implants.The implants compatibility is improved due to
the approximation of the resulting coating phase-structural state and its properties to the bone tissue
parameters.The phase state of the bone-implant biocoatings also determines the nature of their
physicochemical and mechanical properties [14]. Therefore, in this work, the phase composition of the
obtained calcium-phosphate coatings was studied by X-ray diffraction analysis. The X-ray powder
diffraction pattern of the HA sample is shown in Figure 2a. The XRD pattern shows the characteristic peaks
of hydroxyapatite, according to the International Center for Diffraction Data database, ICDD-PDF 9-
0432.The hydroxyapatite structure was published nearly simultaneously by Naray-Szabé and Mehmel in
1930. it possesses a hexagonal structure with a P6s/m space group and cell dimensions a=b=9.42A, and
c=6.88A, where P63/m refers to a space group with a six-fold symmetry axis with a threefold helix and a
mirror plane [15]. Figure 2b shows diffraction patterns of a calcium-phosphate coating obtained by
detonation spraying. In the case of detonation spraying of pure HA, the appearance of phases of a-Tricalcium
phosphate (ICDD-PDF 9-0348) is characteristic, but the HA(ICDD-PDF 9-0432) phase is retained in the
coating composition. It is known [16]a-TCP crystallizes in the monoclinic crystal system and belongs to the
space group P2i/a. a-TCP phase is not very strong, and its mechanical strength is low compared to the
cortical bone, limiting its use in areas subject to low mechanical stress. However, a-TCP is completely
replaced by biological tissues when interacting with the body's environment, which ensures high bioactivity
[17].
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Fig.2. Diffraction pattern of hydroxyapatite powder (a) and coating (b) obtained bythe detonation spraying
method

Figure 3 presents the Raman spectrum of a hydroxyapatite coating obtained by detonation spraying. In
the obtained Raman spectrum of the hydroxyapatite coating, the most intense band is the band with a
frequency shift of 961 ¢cm™, which indicates that HA is the main phase in the coatings. This band belongs to
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the P-O symmetric extension mode (vi) of the PO4 group is the most characteristic band of carbonized
apatites. The sharpness of this band confirms the good crystallinity of the HA coating, which is also
confirmed by other authors [18]. Similarly, the bands associated with the antisymmetric stretching mode (v3)
of the PO4 groups show a shift from 1045 cm™ to the shoulder at 1033 c¢cm!. In addition, it should be
emphasized that this change in the carbonate content in the coatings is closely related to changes in the
growth morphology and crystallite size, which are known to occur with a temperature change - higher atomic
disorder corresponding to smaller crystal sizes (nanometer scale).
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Fig.3. Raman spectrum of a hydroxyapatite coating obtained by the detonation spraying method

Table 1. Results of hydroxyapatite coating with different frequencies of the corresponding lines

Raman frequency shift, cm™! Fragment, wobble
154 (Ti-O) — (Anataz)
278 (Ti-O) — (Anataz)
423 (PO4)*—(v2) (P-O vibrational)
585 (PO4)*—(v4) (P-O deformation)
711 (PO4)’*—(v4) (P-O deformation)
950-965 (PO4)* (v3) (P-Oasymmetric valence)
1030-1045 (PO4)* (v3) (P-Oasymmetric valence)

The morphology of the hydroxyapatite coating showed the formation of a layered porous structure,
which, in turn, facilitates the effective growth of bone tissue into the implant's pores.Pores are observed in
the obtained coatings, which are formed when the coating particles melt. As previously observed, detonation
coatings have a porous structure and a pronounced relief.According to the analysis results of the coatings
elemental composition, other elements besides the basic composition of the substrate and powder weren't
identified. It can be argued based on elemental analysis results that detonation spraying did not cause a
change in the chemical composition of the coating, which is critical for the biocompatibility and preservation
of the coating service life. There is a uniform coating structure consisting of a molten powder sprayed with
single particles.

Figure 4 presents the energy-dispersive X-ray spectra of the coating. The elemental composition
analysis did not reveal other elements, except for the basic composition of the substrate and powder.
According to the obtained results of the coating elemental analysis, it can be argued that detonation spraying
does not cause changes in the chemical composition of the coating, and this factor is of decisive importance
for biocompatibility and preservation of the coating service life. The Ca/P ratio in the coatings is one of the
main parameters that determine bioactivity. The elemental analysis allows comparing the concentrations of
the elements that make up the coatings and calculate the Ca/P ratio. The research results of the chemical
composition showed that the ratio of calcium and phosphorus in the sprayed coating is Ca/P - 2.2, which is
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significantly higher than for the initial powder - Ca/P - 1.67. This fact may indicate the presence of impurity
phases in the coating.

In figure 4 presents an SEM image and elemental analysis of detonation coating based on HA.Cross-
sectional micrographs of detonation coating on the bases of HA showed a high coating density at the
substrate interface. The result showed (Fig.5) the formation of a layered-porous structure of coatings with a
thickness of 100-120 um, and there are no pores and cracks at the interface.
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Fig. 5. Micrograph of a cross-section of a hydroxyapatite coating obtained by the detonation spraying method

Figure 6 shows micrographs of the surface and the roughness measuring results of the hydroxyapatite
coating obtained by the detonation spraying method. The coating surface has a heterogeneous structure with
pores, a typical layered, wavy arrangement of structural components. The coating roughness surface was
measured by the Ra parameter using a 130 profilometer model on a section with a length of 7 mm on the
sample surface. The coating roughness is 7.82 from the obtained data.The hydroxyapatite coating obtained
by the detonation spraying method has a developed surface, which will serve as their improved fusion with
bone tissue.
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Fig.6. Micrograph and roughness of hydroxyapatite coating obtained by the detonation spraying method
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The cross-section microhardness of the hydroxyapatite coating obtained by the detonation spraying
method was carried out at an angle of 45° along with the coatings. The average microhardness of HA
coatings obtained by the detonation spraying method is 380 HV,.1. Figure 7 shows a hardness distribution
graph over the depth of coating.
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Fig.7. Hardness distributiongraph over the depth of coatings

Conclusion

The structural-phase states and microhardness of the calcium-phosphate coating obtained by detonation
spraying were studied. The study of hydroxyapatite coating morphology showed that the coating has a
pronounced relief and a layered porous structure. The results of X-ray diffraction analysis showed that the
obtained coating consists of HA and a-TCP phases (a-Ca3(PO4): - tricalcium phosphates). The Raman
spectroscopy study method results showed that HA is the main phase in the coating and the coating has high
crystallinity. Despite the presence of a-TCP phases, the coating has a high hardness, and the average
microhardness of the obtained calcium-phosphate coating was 380 HVy,;. Thus, the high hardness, porous
structure and the formation of a-TCP phases can provide high service characteristics of the detonation
calcium-phosphate coating used in medical implants.
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The paper presents the results of ceramic samples’ dependence of luminescent properties on their position in
the crucible during irradiation. For the synthesis, a blend of powders of aluminum oxide, yttrium oxide and
cerium oxide was prepared. The ratio of oxides in the charge corresponded to stoichiometric. The particles of the
oxide powders had a size of about 1 micron and less. Synthesis was carried out on gas pedal electron accelerator
at Institute of Nuclear Physics SB RAS (Novosibirsk). Luminescent properties were measured on
spectrofluorimeter SM 2203 "SOLAR" under excitation by monochromatic radiation at 450 nm. Two types of
samples differing in the value of bulk density and the prehistory of yttrium oxide were investigated.

Keywords: white LEDs, yttrium-aluminum garnet, phosphor, ceramics, synthesis in the radiation field.

Introduction

Synthesis on the basis of yttrium-aluminum garnet (YAG) materials of different morphologies (single
crystals, powders, ceramics, films) is carried out using different technologies [1-8]. Exposure to powerful
radiation streams can solve an important problem: increasing the reactivity of reagents to produce new
materials and the efficiency of the synthesis of refractory materials [9-12]. High temperatures are used,
preliminary preparation of mixtures of different compositions, addition of additional materials to facilitate
the synthesis processes, etc. Obviously, this affects the reproducibility of the synthesis results. In addition,
the complexity of the synthesis makes it difficult to optimize the technology in order to achieve the
maximum values of luminescence characteristics.

In this work, the radiation synthesis of ceramics was carried out by scanning a powerful beam of
electrons over the surface of the charge in the crucible. The scanning was carried out in such a way that the
absorbed energy at each point of the surface was the same. The number, shape, and position of the samples
in the crucible after synthesis in each experiment with the same initial charge doesn’t depend on the direction
of the beam movement. However, there is a tendency for differences in the shape and size of the samples
obtained at the beginning and end of synthesis. The beam scans in the transverse direction of the crucible and
shifts with each step from the initial position in the crucible to the final position. At a scanning speed of 1
cm/s, the movement of the beam in the transverse direction of the crucible takes 4 s. In total the whole
irradiation cycle from the beginning to the end of the crucible takes 36s [13]. At the beginning of the
experiment the crucible has an ambient room temperature, which in the room is 20 - 25°C. During the
irradiation process, at a scanning speed of 1 cm/s, energy equal to (at a power density 0f20 kW/cm?) 20
kJ/ecm?2 is transferred to the charge. Immediately upon interaction, 99% of the energy is spent on transferring
electrons from valence to conduction zones [14-16].

It takes energy equal to 2-3 Eg to create one electron-hole pair in YAG. Bandgap width in YAG is 6.5
eV, in metal oxides used for synthesis - YAG (Y203, Al,O3) - about 8 eV. Relaxation of electrons and holes
from states in zones, in which they appeared under influence of electron flux, to corresponding bottom of
conduction zone for electrons and ceiling of valence zone for holes takes time less than 10-15s. During
relaxation of each pair energy equal to 1-2 Eg is released. Therefore, about 0.5-0.7 energy of absorbed
radiation is spent on heating of charge and forming ceramics. With an exposure dose of 20kJ/cm? and a run
depth in the charge equal to 0.6 cm, 15 to 20 kJ/cm? is spent on heating. This is a lot of energy, which leads
to heating of the charge and, consequently, the crucible. As the electron beam moves during scanning, the
temperature of crucible and charge in the place of irradiation increases, the conditions of ceramic formation
change. In works [17-22] the possibility of radiation synthesis of luminescent ceramics based on YAG was
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shown. For the synthesis, a charge of Al, Y oxides of stoichiometric composition with different contents of
Ce, Gd was prepared. Under the action of a powerful flux of electrons from the charge, ceramics with
properties characteristic of YAG luminophores was formed.

1. Experimental technique

The object of the study is ceramics obtained by radiation synthesis. Ceramics were synthesized using
the gas pedal ELV-6 at the INP of the Siberian Branch of the Russian Academy of Sciences (Novosibirsk).
The electron gas pedal allows to generate electron fluxes with energies of 1.4 MeV and power up to 100 kW
(beam current 100 mA) in steady-state mode. Beam power could be varied by varying the emitter current.
Luminescence properties of ceramic samples were investigated depending on their position in the crucible
during irradiation.

2. Results and discussions

The experiments were performed as follows. After synthesis, the crucible with the samples was cooled.
The state of the synthesis result was photographed: the location of the samples in the crucible (Figure 1).
Each sample was assigned a number. The numbering was carried out according to the location of the samples
in the crucible from left to right, from top to bottom along the movement of the beam. Photographs of the
ceramic samples synthesized using a power density of 20 kW/cm2 and their appearance after crushing in
packages are shown in Figure 1. The samples of 56 and 59 series were chosen for the research. The initial
charge compositions for the synthesis of these samples were the same, but differed in the background of the
yttrium oxide used. The synthesis was performed under the same irradiation conditions. The luminescence
spectra of the powders were measured with a spectrofluorimeter SM 2203 made by SOLAR under excitation
by monochromatic radiation at 450 nm.

Fig.1. Photos of 56 (a) and 59 (b) series samples in the crucible.

For luminescence measurements, samples were mechanically crushed and poured into plastic bags
transparent in the spectral region of 350 to 800 nm. To obtain reliable information about the characteristics
of the spectra, the measurements were performed as follows. The luminescence spectra of each sample were
measured 10 times. Before each measurement, the bag with the powder was shaken in order to mix the
particles in the bag. Figure 2 shows, for example, the non-normalized luminescence spectra of samples 56-
land 56-13 in order to clearly show their similarity. In all measurements, the luminescence intensities were
different.

This is due to the fact that we do not know the distribution of the powder in the excitation field and the
emission in the excitation field. But this could only affect the intensity, but not the spectral characteristics of
the luminescence, which is the subject of the research. The average values of the positions and half-widths of
the bands and the values of measurement errors are presented in Table 1. When processing the measurement
results, the outliers due to unknown causes were highlighted. Accordingly, the outliers were not taken into
account when calculating the error.

A total of 13 samples were formed in crucible 56. Each sample was measured 10 times. Figure 3 (a,b)
also shows diagrams of the dependence of the fringe position (a) and the half-width of the fringes (b) on the
arrangement in the crucible. The red horizontal lines show the limiting measured values of the fringe position
and the half-width of the fringes. The crucible average of the maximum band position is 555.8. The variation
of the fringe position across the crucible is within 2-4 nm. The variation of band half-widths is 0.01-0.02 eV.
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Fig. 2. Luminescence spectra of samples from series: a) 56-1; b) 56-13

Table 1. Mean values of fringe positions and half-widths and values of measurement errors

Sample name v, NM AE, eV
56-1 556.7+0.8 0.455+0.01
56-2 556.6+0.9 0.455+0.008
56-3 557.1+0.8 0.459+0.006
56-4 554+0.6 0.44+0.01
56-5 554.3+0.9 0.459+0.007
56-6 558.1+0.6 0.451+0.01
56-7 553+0.9 0.445+0.008
56-8 556.1+0.5 0.456+0.01
56-9 557.7+0.5 0.463+0.,01
56-10 555.2+1.,2 0.46+0.008
56-11 557.6+0.5 0.469+0.002
56-12 555.5+1.1 0.458+0.006
56-13 555+0.8 0.469+0.004
56 555.842.0 0.457+0.01
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Fig. 3. Dependence of band position (a) and band half-width (b) on the position in the crucible No.56

The same measurements were carried out for samples of series No0.59. Photographs of the ceramic
samples synthesized using a power density of 20 kW/cm2 and their appearance after crushing in packages
are shown in Figure 4. From the comparison of the photographs in Figures 1 a and b, it can be seen that the
appearance of the synthesized samples 56 and 59 is quite different. The synthesis was carried out under the
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same irradiation conditions. The only difference was the difference in the yttrium oxide used for the
synthesis while the stoichiometric composition of the initial charge was unchanged.

This difference also manifested itself in the bulk density value. The bulk density of the charge for
sample 56 was 1.15 g/cm?, while for sample 59 it was 1.05 g/cm?’. It should be emphasized that we cannot
claim that the difference in bulk density in the mentioned intervals is determined by the bulk density value.
As the experience of radiation synthesis of YAG:Ce ceramics has shown, there has never been a complete
repetition of the samples during synthesis. The reason for this effect remains unknown.

The procedure for measuring the luminescence spectra of samples of series No. 59. When excited by
radiation at 450 nm was completely similar to that described above. The results of the measurements are
similar: the intensities are slightly different, the nature of the spectra is not. The results of the analysis are
presented in Fig. 4, 5 and Table 2.A total of 7 samples were formed in crucible No.59. The measurements
were carried out 10 times. Table 2 shows the average values of fringe position and half-width of the fringes
with the indication of their error.
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Fig.4. Luminescence spectra of sample series: a) 59-1; b) 59-7.
Table 2. Mean values of the positions and half-widths of the bands and the values of measurement errors
Sample name A vm, NI AE, eV
59-1 558.2+1.0 0.456+0.01
59-2 560+1.6 0.465+0.005
59-3 558.9£1.5 0.459+0.006
59-4 561.9+0.9 0.469+0.008
59-5 560.3+1.7 0.456+0.009
59-6 560.3+1.3 0.459+0.007
59-7 558.2+2.2 0.453+0.01
59 559.6+1.8 0.459+0.008

Figure 5 (a,b) also shows diagrams of the dependence of the fringe position (a) and fringe half-width (b)
on the arrangement in the crucible. The crucible average of the band maximum is 559.6. The scatter of the
band positions in the crucible is within 2-3 nm. The band half-width spread is 0.01-0.02 eV. Sample 59-7 has
the largest scatter in the position of the bands than the other samples.
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Fig. 5. Dependence of band position (a) and band half-width (b) on the position in the crucible No. 59
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Conclusion

Thus, in the field of a powerful flux of high-energy electrons, it is possible to synthesize ceramics based
on YAG: Ce from a mixture of yttrium, aluminum, and cerium oxides with a predominant YAG structure.
The type of ceramics obtained depends on the history of the reagents used. The spectral characteristics of the
luminescence of YAG: Ce-based ceramic samples synthesized in the field of powerful radiation fluxes were
measured, depending on the synthesis conditions. Were investigated samples of ceramics obtained at
different times, with different compositions, different prehistories of the initial powders of oxides and the
bulk density of the charge. In general, it can be seen that the scatter of the measured values of the
characteristics of the bands in different samples of series 56 and 59 is approximately the same. The relative
spread of the values of the positions of the bands and their half-widths in each individual sample can be
greater than the average for all samples of the series. Thus, the change in the temperature regime during the
formation of ceramics during scanning does not affect the scatter of the values of the characteristics of the
bands in the samples.

The most probable reason for the scatter in the values of the spectral characteristics of luminescence
may be that, at a high synthesis rate, a strained spatial structure is formed in crystallites due to the
introduction of high concentrations of lattice defects. Distortion of the structure surrounded by luminescence
centers, cerium ions, leads to deformation of the energy structure of the centers and, accordingly, their
radiative properties.
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LOCAL APPROACH FOR EVALUATING HEAT TRANSFER OF
PRISMATIC ELEMENTS ON A FLAT SURFACE

Suprun T.T.

Institute of Engineering Thermophysics, National Academy of Sciences of Ukraine, Kyiv, suprun@secbiomass.com

Heat-exchange prismatic elements located on a flat surface are typical for many technical applications. The
purpose of the work is to develop local approach for evaluating heat transfer of working surfaces based on local
control of thermophysical parameters in characteristic zones of the working environment, using the methods of
heat and mass analogy and hot-wire anemometry. The local approach allows more accurately diagnosing the
types of flow in the boundary layer of a streamlined element and thereby, the temperature state of individual
prismatic elements and the entire arrangement as a whole is determined more accurately. For calculating the
local heat transfer of each face of the prism separately and the average surface heat transfer depending on the
geometric and operating parameters equations of similarity are proposed.

Keywords: prismatic heat exchange surface, local thermophysical parameters

Introduction

To improve the efficiency and reliability of the equipment it is necessary to constantly develop the
methods of control and management of work processes. This is achieved on the basis of penetration into the
complex mechanism of boundary layers development and targeted impact on their internal structure, which is
typical for the general approach of the Institute of Engineering Thermophysics of the National Academy of
Sciences of Ukraine to the management of transfer processes in the flow path of thermal power equipment
for various purposes [1]. One of the most promising methods for studying transport processes occurring
under complicated conditions is physical modeling [2, 3].

The object of this research is heat-exchange prismatic surfaces, which are typical for many technical
applications. Increasing the intensity of transfer processes in heat exchange, chemical and technological
equipment is often achieved using specially designed prismatic intensifiers located on flat surfaces. In some
devices the presence of prisms on flat surfaces is due to the peculiarities of the technological process. In
particular, prisms are typical elements of electronic equipment boards. Application of the method of local
control of thermophysical parameters under conditions of action of turbulizing effects of various nature
allows to optimize typical arrangement, to develop methods for calculating heat exchange of elements and
units of electronic equipment, in turn, leads to a decrease in costs for product development, selection of the
required power for a cooling system, improvement of equipment design, its reliability and resource. The
experimental results presented below contribute to the solution of this urgent problem.

Until recently the most common approach for calculating the heat transfer of electronic equipment
elements was another approach, which we called the channel one [4]. This approach is fundamentally
different from the proposed local approach. With the channel approach the average heat transfer of prismatic
elements is calculated using the similarity equation for a stabilized flow in channels using correction factors
for inlet conditions, channel geometry and element arrangement. In this case the Reynolds number for all
elements is determined by the average flow rate, thus it is assumed to be the same for any of the elements in
a given channel, and diagnostics of the type of flow in the boundary layer that occurs on the element surface
is made only on the basis of this Reynolds number, without dividing it into laminar, turbulent,
pseudolaminar, quasi-turbulent, transient and separated flow regimes [5].

The limitations of this approach are obvious, since the information about the velocity and temperature
fields is ignored, the type of flow is roughly diagnosed, and the influence of the configuration and size of
elements and their location on the hydrodynamic structure of the flow is insufficiently taken into account.
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1. Experimental technique

To study the influence of turbulizing effects of various nature on the flow around prismatic elements
located on a flat surface a special aecrodynamic stand ADS-1 was created. The investigated flat surface with
prismatic elements was installed in the working section of the ADS-1.The thermal efficiency of individual
prismatic elements was tested for the arrangement shown in Fig. 1, which included four rows of prismatic
elements. Turbulence in the first row was created by the input conditions and in the second, third and fourth
rows - by the traces of the previous rows; flow separation occurred when flowing around the input edges of
the elements. In Fig. 1 each prism is designated by a number, the first digit of which corresponds to the
number of the row along the direction of the air flow, and the second to its ordinal number in the row. In this
work we compared the average heat transfer between prism No. 23 located in position 1 (flow conditions 1)
and prism No. 43 in position 2 (flow conditions 2). These conditions from the point of view of flow
hydrodynamics were fundamentally different from each other, which will be described in detail below.
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Fig.1. Flat surface with prismatic elements

For local control of thermophysical parameters in the channel of the ADS-1 working section, a hot-wire
digital flow meter of the RPS-1 type developed by IET NAS of Ukraine was used, as well as hot-wire
anemometer equipment DISA-55M. The aerodynamic features of the flow around the prismatic elements
were determined based on the visualization of the flow using a soot-oil suspension applied to the prisms and
aluminum powder, which was introduced into the air flow and whose particles adhered to the surface of the
prism. Visualization was carried out both over individual prisms (for example, No. 23 for flow condition 1
and No. 43 for flow condition 2), and over the entire flat surface with installed prisms.

To study the heat transfer of prismatic elements, the method of heat and mass analogy was used, in
particular, the method of sublimation of a substance in air. In this work, naphthalene was used as such a
substance. The production of prismatic elements models was carried out using isobaric pressing technology.
To determine the average mass loss from the surface of the model under study, an analytical balance of the
VLR-200 type was used. The sample was weighed before and after the experiment. Local mass loss was
determined by taking profilograms of the investigated surfaces of the models before and after the experiment
on a special device.

2. Results and discussion

To determine the hydrodynamic structure of the flow in this study an assessment of the deviations of the
local velocities over various prismatic elements U relative to their average flow rates in the working

channel of the stand U was made (Table 1). As you can see from the table 1, the relative local velocities vary
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over a fairly wide range: from 0.47 to 1.20. Therefore, the use of the average flow rate when carrying out the
corresponding calculations in the general case can lead to significant differences between the calculated and
actual values of the heat transfer coefficients of the prisms.

Table 1. Relative local flow velocities over different prismatic elements

prism No. 11 14 16 23 24 31 34 36 41 43 44

Uj /U 0.86 1.20 | 1.07 0.75 0.88 0.47 0.63 0.47 0.63 0.62 0.55

As evidenced by the results of visualization, the separation zones located on the prisms and due to the
features of their flow have different lengths: the maximum - in the final (fourth) row and the minimum - in
the first. An increase in the length of the separation zones on the upper faces of the prisms along the length
of the channel (flow conditions 1 and 2) indicates a general tendency for a decrease in the part of the kinetic
energy of turbulence, which is perceived by the boundary layers developing on these faces, that is, it directly
affects the process of their flow around. All these characteristic acrodynamic features of the flow around
elements (flow conditions 1 and 2) have a significant effect both on the average heat transfer of these
elements and on the local heat transfer coefficients. The determination of the average heat transfer was
carried out for 11 prisms located in each of the four rows of this arrangement. The analysis of the results
showed that the intensity of the average heat transfer for the prisms located in positions 1 (prism No. 23) and
2 (prism No. 43) is different, which is associated with the aerodynamic features of their flow.

The average heat transfer coefficient for prism No. 23 practically coincides with the values of the
average heat transfer coefficients for the prisms located in the first three rows of the arrangement, and with
an error of = 7% are generalized by the dependence:

Nu = CReO'6, (1)

where C = 0.536.

An exponent of 0.6 at the Reynolds number indicates the existence of a pseudolaminar boundary layer
(PLBL) on the surfaces of most prisms [6]. A specific feature of the PLBL is the intensification of heat
transfer, which can be estimated by the ratio of the average heat transfer coefficients in it to their values in
the laminar boundary layer, determined from the known dependence:

Ny, = 0.5
Nu =0.59Re )

The intensification of heat transfer in the PLBL progresses with an increase in the Reynolds number.
For 1-3 rows the intensification of the average heat transfer at Reynolds numbers of 103 is ~ 1.7-1.9, and at
10* - 2.1-2.4. Particular attention should be paid to the analysis of heat transfer for the prisms of the final
(fourth) row (Fig. 2).
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Fig.2. The average heat transfer of the last row of prisms located on a flat surface:
1 - prism No.41; 2 - prismNo0.43; 3 - prismNo.44, 4 - eq. (2), 5 —eq. (1)
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As can be seen from Fig. 2, the elements of the fourth row are characterized by both laminar (prism No.
41) and pseudo-laminar flow regimes (prisms No. 43, 44) of various intensities, which are also generalized
by dependence (1), where C = 0.34 for prism No. 43 and C = 0.56 for prism No. 44. The average heat
transfer of the last row of prisms is less intense than the heat transfer of the first three rows. So, for prism No.
43 the intensification of the average heat transfer at Re ~ 3(10% is ~ 1.4, and at Re = 3010° - ~ 1.65.

A comparative analysis of the heat transfer of an element under flow conditions 1 and 2 shows that
during the constructive development of a flat surface with prismatic elements the most heat-stressed of them
must be located under conditions of maximum heat removal. In this case such conditions turned out to be
flow conditions 1.This is a very important practical conclusion.

According to the local approach in equation (1) to calculate the average heat transfer it is necessary to

use the local velocity over the prism. Taking into account the dependence (U;; / U_n)" connecting the local

velocity over the prism Uj; with the average flow rate in the channelU_n , the similarity equation (1) takes the
form:

Nu =Nugy U 1T, )" | 3)

where Nu = CRe” , Mcp = CReZp ,Reand Re, - Reynolds numbers, determined by local (U;;) and

average (U, ) flow rates, respectively.

The determination of the local heat transfer coefficients was carried out on the basis of the distributions
of local mass carryover on the faces of the prism model. The distributions of local heat transfer coefficients
along the central axis of each face (at U=5 m/s,Re =4200) for prism No. 23 are shown in Fig. 3.

Z

Fig.3. Distribution of local heat transfer coefficients along the central axes of the faces of prism No. 23

At the top and side faces a separated flow first occurs, which leads to the appearance in the distributions
a=f (x)maxima located at distances x, from the leading edge of the element and corresponding to the

point of reattachment of the flow. Behind this point, at x> 1.25 x,. , the development of the PLBL begins.

The main results of the experimental study are presented in Table.2. They can be used for calculations
of a single prismatic element mounted on a flat surface without a gap when flowing around a highly
turbulized air flow. For the data presented in Table 2 in the investigated range of Reynolds numbers the heat
balance for the entire element is observed with a maximum error of + 4.3% (at Re = 500).When carrying out
these calculations, the average heat transfer coefficient of the entire element was calculated on the basis of
the average heat transfer coefficients of each face determined from the table, taking into account its surface.

This approach allows us to single out the role of each face in the total heat transfer. So, for example, for
a given element the contribution of the upper face is prevailing and amounts to ~ 50% in the total heat
removal (provided that the temperature difference is constant).At the same time, the highest are the heat
transfer coefficients on the frontal face, which exceed by 1.6-2 times their value on the upper face, thereby
compensating for the lower intensity of heat transfer on the back and side faces.
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Table 2. Recommendations for calculating the average heat transfer of a prismatic element and its faces in 1-3
rows gap-free installed on a flat surface in a stream

General view of the similarity equation Nu = CRe"
Average heat transfer Defining size Heat exchange surface C n
The element as a whole C >F 0.536 0.6
The upper face C CxB 0.536 0.6
The side face C Cxh 0.487 0.6
The frontal face h Bxh 0.75-0.89 0.5
The back face h Bxh 0.116 0.667

This leads to the fact that the total heat transfer coefficient practically coincides with the average heat
transfer coefficient on the upper face. In this case, the contribution of the front face to the total heat transfer
is only 19-22% (at Re = 4000 and 500, respectively).

Conclusions

Complex experimental studies of heat and momentum transfer processes in difficult conditions of
interaction of external (increased turbulence) and internal (separation) turbulizing effects typical for thermal
power equipment have been carried out. A bank of new experimental data on the intensity of the processes
occurring for a flat surface with prismatic elements has been obtained.

During the research a local approach was used, the advantage of which is the ability to fix the
thermophysical parameters of the process in any characteristic zone of the working space. The meaning of
the local approach is to determine the average surface heat transfer coefficient from the local velocity
measured over each prismatic element. This makes it possible to assess the spatial temperature heterogeneity
of the arrangement and, if necessary, by maneuvering the location of the elements, take measures to change
the temperature in the desired direction.

Equations of similarity are proposed for calculating the local heat transfer of each face of the prism
separately and the average surface heat transfer. Based on the recommendations received, the thermal state of
a specific arrangement was assessed and measures were developed to improve it by purposefully rearranging
the elements.
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The article discusses some aspects of the renewable energy sources use, in particular, the problem of small
wind power. A brief analysis of the development rates of wind energy in the world and in Kazakhstan is presented.
The study is devoted to finding ways to optimize the blade of a wind power plant based on the Magnus effect,
designed to generate electrical energy at low wind speeds. A cylindrical blade with a turbo-deflector has been
developed to ensure independent starting of the blade rotation without the use of additional trigger mechanism.
Laboratory tests of a cylindrical blade with a turbo deflector were carried out on a T-I-M wind tunnel at various
flow regimes. The obtained dependences of aerodynamic forces on the air flow velocity at different angles of
attack are shown.

Keywords: cylindrical blade with deflector, wind turbines, aerodynamic coefficients, drag force, lift force, angle of
attack, Reynolds number

Introduction

Renewable energy sources (RES) are sources of green, inexhaustible and increasingly competitive
energy [1-4]. They differ from fossil fuels mainly in their diversity, abundance and potential for use
anywhere in the world, but above all in that they do not produce greenhouse gases and atmospheric
pollutants that cause climate change. The growth of clean energy sources is unstoppable, as reflected in
statistics published annually by the International Energy Agency (IEA). Almost half of all new generating
capacity installed in 2014, after coal, was obtained using RES [1]. According to the IEA, by 2040 the global
demand for electricity will grow by 70% - its share in final energy consumption will grow from 18 to 24%
[1]. As part of the development of a "green" economy and in order to reduce CO? emissions, Kazakhstan
continues to actively work on the development of RES [3]. Last year, projects with a total capacity of 45
MW were implemented in Kazakhstan. Currently, there are 89 renewable energy facilities in Kazakhstan
with an installed capacity of 1022.1 MW, Table 1. Our country possesses significant RES, which include
hydropower, wind and solar energy. It should be noted that all projects in the field of renewable energy in
Kazakhstan are carried out at the expense of investors' own and borrowed funds and are not financed from
the republican budget.

Table 1. Generation volume energy due to renewable energy sources in Kazakhstan in 2020 [4]

Type of the renewable energy facilities Number Installed capacity, MW
Wind power plants 26 404.4
Solar power plants 42 891.6
Hydroelectric power plants 37 224.6
Bioelectric power plants 5 7.82
Total 89 1022.1
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Wind energy is one of the fastest growing energy industries using RES. The world installed capacity of
electric energy obtained by wind turbines (WPP) during period 2010 to 2020 increased from 177.193 MW to
698.909 MW, Fig.1. According to the last IRENA data [2], energy production from wind conversion doubled
between 2009 and 2013.
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Fig.1. Wind Energy data, installed capacity trends: a) by all countries in the World b) in Kazakhstan [2].

Currently, the wind turbine market is diverse and large [2]. However, many existing installations with
relatively low power ratings generate electrical power at free stream air velocities of 8-10 m / s. In areas with
low-speed wind resources, most wind turbines do not work efficiently. The solution to this problem can be
achieved by creating wind turbines that convert the energy of low-speed wind. It is known that wind turbines
based on the Magnus effect are designed for low wind speeds [5-11]. A distinctive feature of these
installations is the start-up and power generation at a free air speed of 2 - 3 m / s. The highest efficiency of
wind turbines based on the Magnus effect is observed at speeds below 8 m / s [7]. In this interval of wind
speeds, the maximum power values were obtained, compared with bladed ones in wind turbines. The
advantages of wind turbines based on the Magnus effect include the fact that their speed is 2-3 times less
than that of bladed ones. This ensures the operational safety of wind turbines based on the Magnus effect.

Optimization of the performance and characteristics of the wind turbine based on the Magnus effect can
be achieved by modifying the shapes and designs of the blades [9]. In this regard, a wind turbine is known,
containing a wind wheel with a horizontal axis of rotation and radially mounted Magnus rotors in the form of
cylinders, with an electric generator to drive the cylinders. Each rotor is made with a non-rotating root and
rotating end parts and with a washer at the end of the blade [10]. In [11], a description of a wind turbine is
given, in which a wind wheel with a horizontal shaft has radial blades in the form of cylindrical rotors with
drives for their rotation. The disadvantages of these wind turbines are the complexity of the design of the
blades, which increase the level of turbulence near the wind wheel, as well as the presence of drive motors
with an additional source of energy. To increase the efficiency of wind power plants, it is necessary to
optimize the power elements-blades. The aim of this work is to create a cylindrical blade with a deflector and
study it’s aerodynamics.

1. Experimental part
1.1 The device of the turbo deflector

The deflector is a mechanism that optimizes the air flow in order to increase the thrust [12, 13]. A
deflector is literally a guiding device, which is what defines its purpose. The dynamic deflector consists of a
fixed base and a rotating turbine part, Fig. 2. The direction of the air flow occurs due to the creation of a low
pressure area in the lower part of the installation. When the air flow around the deflector, a "vortex" is
formed in the lower lobes and an auxiliary thrust appears. The greater the air flow, the draft from the inside
of the apparatus is stronger. In other words, the deflector directs the wind parallel to the flow, thereby
increasing thrust due to the pressure decreasing. The deflector reduces the likelihood of reverse thrust. The
spherical part rotates in the same direction regardless of the direction of the wind vector. The elements of the
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spherical cap are made of light, thin metal, which allows the deflector with blades to turn on in operation
with a slight wind - from 0.5 m / s.

%  axis of rotation

axis of rotation

active part
rotation block
turbo deflector base

b)
Fig.2. Spherical turbo deflector: general view; device scheme [13].

In practice, a turbo deflector is used as an element of a ventilation system to effectively extract exhaust
air from of rooms. TsAGI deflectors are widely known, which work without electricity consumption, using
wind as the only source of energy [12]. In our study we used an active spherical deflector as an element of a
cylindrical blade of a wind turbine based on the Magnus effect.

1.2 Experimental technique

Laboratory measurements of an experimental sample of a cylindrical blade with a turbo deflector were
carried out at the Aerodynamics Laboratory of the Karaganda University named after E.A. Buketov. The
regularities of aerodynamic characteristics, such as drag and lift forces, were studied in the open test section
of the T-I-M wind tunnel, the scheme and parameters of the T-1-M installation were shown in detail in [7, 8].
The values of aerodynamic forces were measured using a three-component aerodynamic balance. To
measure the air flow rate, a Skywatch Atmos cup anemometer was used, the error of which does not exceed
+ 3%. The experiments were carried out with the air flow velocity varied in the range from 3 to 15 m /s.

The experimental sample of the blade consists of a cylindrical element with a deflector rigidly fixed at
the end (Fig.3). The active element of the blade is a turbo deflector, the petals of which open when exposed
to an air flow, designed to provide an independent start of the rotation of a cylindrical blade. The angle of
attack o was measured by comparison with rigid control (reference) instruments.

Fig.3. Experimental model of a cylindrical blade with deflector in the working section of the wind tunnel:
a) top view; b) side view. Angle of attack o =0 °

Geometrical parameters of a cylindrical blade with a deflector:
- the length of the cylindrical element - L = 0.205 m;

- cylinder radius Ry = 0.025 m;

- deflector radius R, = 0.05m;
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The drag coefficient Cy and lift coefficient C, had been calculated using standard formulas:

__AF
=2
p[«l.LES
2
AF
C =—7\—
pd B
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where AF, is the force of frontal resistance, [N]; AF, - is the lifting force, [N]; p is the air density, p = 1.21

[kg / m*]; u is the speed of the incoming air flow, [m / s]; S is the area of the midsection, [m?].
The experimental sample of the blade is a complexly connected element consisting of a cylinder with a

spherical deflector. Therefore, the equivalent blade diameter D had been calculated by formula:
1
S5-m

C

X
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where D; is the diameter of each series-connected part of the blade, [m]; /; - section length, [m]; L - total length,
[m]; m is a dimensionless coefficient, which is 0.25 under turbulent mode for smooth surfaces blades.
Substituting the numerical value of D, it is possible to determine the value of the blade midsection area
S=0.0181 m*.
The Reynolds number was calculated by the formula:

u-D
Re = —,
v

where v is the coefficient of kinematic viscosity of air.

2. Discussion of results

As a result of the experiments carried out the aerodynamic coefficients of drag force and lift force of the
experimental sample of a cylindrical blade were determined for different modes of air flow around the
incoming air streams with a speed of (3-15) m / s. In fig.4, 5 show the values of the aerodynamic coefficients
from the Reynolds number when the angles of attack o change from 0 © (the direction of the air flow is
perpendicular to the axis of the cylindrical blade) to 60 °. As a result of the study, it was found that the
optimal angle of attack is a = 0 © for the transverse direction of the air flow.
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Fig.4. Dependence of the aerodynamic drag coefficient of a cylindrical blade with a deflector
on the Reynolds number at different angles of attack a
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Fig.5. Dependence of the aerodynamic the lift coefficients of a cylindrical blade with a deflector
on the Reynolds number at different angles of attack a

The optimal values of the drag coefficient Cx = 7.16 and lift coefficient Cy = 1.43 at Re = 0.19 - 10° and
the angle of attack o = 0 ° have been established. It can be seen from the graphs that with an increase in the
value of the angle of attack, the values of the aerodynamic coefficients decrease by approximately 1.5 times.

Conclusions

Within the framework of study a combined blade, consisting of a cylindrical element with a spherical
turbo deflector, was developed and created. The description of the main parameters of the deflector, which
creates additional thrust due to the turbulence of the flow, is given. At the initial stage, laboratory tests in a
wind tunnel with an open working part of a cylindrical blade were carried out. The dependences of
aerodynamic forces were obtained at different angles of attack and different air flow velocities. Experiments
carried out many times show that the use of a deflector does not significantly affect the regularities of
changes in aerodynamic forces and, accordingly, on the dynamics of aerodynamic coefficients. The use of a
spherical turbo deflector at the end of a cylindrical blade can provide self-starting and starting rotation at low
air flow velocities.
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The article considers effective technologies for processing the organic fraction of solid waste, involving the
use of various approaches with the concept of preserving the ecology of the environment. Biomass cannot be
simply collected and burned, the authors suggest using an effective method of its processing, which will allow fuel
from it. To obtain energy, biomass can be used to produce biogas or liquid biofuels using various technological
processes, for example, by fermentation. They, in turn, can be converted into electricity and heat, through
combustion or the creation of fuel cells or used as fuel for motor vehicles. The purpose of this article is to use
alternative methods, such as pretreatment of the organic fraction of municipal solid waste, ethanol fermentation
with alcohol yeast, and anaerobic digestion are attracting increased attention. Using these methods, a liquid with
alcohol-containing substances has been obtained from 1.5 kg of the organic fraction of municipal solid waste, in
which the percentage of ethyl alcohol was 97.5%. Therefore, organic municipal solid waste can be a promising
source of fuel in modern energy.

Keywords: organic fraction of municipal solid waste, bioethanol, fermentation, ethanol fermentation with alcohol
yeast, renewable energy sources.

Introduction

Nowadays, the production of ethanol from abundant and cheap waste, for example, agricultural waste
[1-3], solid municipal and food waste [4-5] are of great interest. Among these inexpensive substrates organic
solid municipal waste is an abundant raw material with zero cost and due to the excessive urban
concentration and the emergence of large megapolises, the waste situation is deteriorating. Today, about 70%
of municipal solid waste still come to landfills or uncontrolled disposal sites, which often pollute surface
water, underground water or soil and emit greenhouse gases. Among the methods of municipal solid waste
disposal in the world practice, the waste landfilling has gained the most practical widespread, but judging by
the experience of waste management of the world’s major economies, this type of disposal at the present
time is becoming unpromising and makes no economic sense [6].

It should be noted that the composition and morphology of organic municipal solid waste are influenced
by various factors, including culture, location, environmental conditions and climate, as well as the level of
economy and development of this society [7]. Every year, municipal solid waste generated in emerging
countries contains 40-88% of food waste [8-10]. The organic fraction of waste consists of starch,
lignocellulose and lipids. Starch and lignocelluloses have great potential to be converted to ethanol, while
other lipids cannot be converted to ethanol without pretreatment, but these biodegradable components can be
converted to biogas by anaerobic digestion. Pretreatment involves increasing the bioavailability of
lignocellulose, using the cellulase enzyme. Hydrothermal pretreatment reduces the formation of fermentation
inhibitors that result from the breakdown and degradation of sugar. Pretreatment is an environmentally
friendly process, since no chemicals are used, this treatment reduces the formation of hemicellulose and
improves the availability of the enzyme for cellulose [11-12].

1. Materials and methods

For this qualitative experiment, fractional models of organic components of municipal solid waste have
been used, which were formed in accordance with a similar chemical composition of waste, as well as a
sample with real organic components from the solid municipal waste landfill of Tartyp Joint Stock Company
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in Almaty, that is, the very same organic which is formed every day. A total of 6 fractions were collected
with different chemical compositions and weights.

- natural sample from the municipal solid waste landfill in Almaty (1500 g);

- model fraction with lipids (509 g);

- model fraction with cellulose (850 g);

- model fraction with carbohydrates (900g);

- model fraction with fructose (1164 g)

- combined fraction (cellulose — 850 g, carbohydrates — 900 g, lipids — 509 g, fructose — 1164 g).

A qualitative experiment includes the following main stages: preliminary hydrothermal treatment,
enzymatic hydrolysis (by such enzymes as: amylase, glucavamarine, amilosubtiline, cellulose), ethanol
fermentation (using alcohol yeast) of the liquid fraction of waste. Each sample is formed in accordance with
the composition, the selection of samples is based on what elements are usually present in the waste,
humidity and pH are determined, after which hydrothermal treatment is carried out at 120°C for 4 hours.
After the end of hydration, qualitative reactions are carried out for the presence of starch using iodine and
glucose, then the samples are separated into liquid and solid fractions and the fermentation process is started.
It is necessary to add 1.5 g of amylosubtilin in the liquid part of each sample for 1.5 hours at 65°C, the next
stage is the addition of 2 g of glucavamarine for 1.5 hours at 50°C. Then 2 g of cellulase is added to the solid
part of fractional models for 1.5 hours at 50°C and also 1.5 g of amylase at 650°C for 1.5 hours. After the
fermentation process is completed, ethanol fermentation is carried out, during which the alcohol yeast (15 g)
is added to the liquid part in order to produce ethanol [13].

2. Research results

As a result of a qualitative experiment, liquids with different volumes have been obtained from each
model sample after preliminary hydrothermal treatment, fermentation, and ethanol fermentation, which have
been then analyzed for the presence of alcohol-containing substances. Different masses of samples were
taken and, accordingly, different volumes of substances were obtained, since it was important for our
experiment to identify the presence of ethanol and its concentration in the samples.

Tablel. Results of ethanol fermentation with alcohol yeast

Sample name and weight (g) Amount qf liqu'id after ethanol
fermentation with alcohol yeast (ml)
1. Natural sample from the solid waste landfill in Almaty (1500 g) 135 ml
2. Fractional model with lipids (509 g) 80 ml
3. Fractional model with cellulose (850 g) 117 ml
4. Fractional model with carbohydrates (900g) 95 ml
5. Fractional model with fructose (1164 g) 87 ml
6. Combined fraction (cellulose — 850 g, carbohydrates -900 g, lipids - 182 ml
500 g, fructose 1164 g)

After pretreatment, fermentation and ethanol fermentation, the samples have been analyzed by gas
chromatography-mass spectrometry (Agilen 7890A\5975C) to determine the chemical composition and
identify alcohol-containing substances. Passing through the chromatograph, the fractions are separated into
components, and the mass spectrometer is responsible for their identification. This type of detection has a
high accuracy (95%), its essence reduces to recording the readings not for the entire volume of the incoming
ion current, but for the maximum ions for the supposed molecules, and a graph of the signal (intensity)
against time (minutes) is plotted. The measurement error on the gas chromatograph is +5 %. A
chromatogram is a graphical representation of the detector signal used to measure the concentration of
substances in the eluate, versus the time of the mobile phase. Chromatograms are diagrammed as sequences
of Gaussian peaks on a baseline.

In the experiment, 6 samples with different compositions were used. There is also a sample with a
combined composition and a natural sample from the landfill. The experiment shows that ethanol can be
obtained from any organic fraction, but a comparative analysis of all samples can reveal that the percentage
of ethanol in some samples is higher and separation into several separate components is not a prerequisite.
The Table 2 shows data on retention times (minutes), peak areas (S) and components, intensity and
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concentration of these substances. These data are the main ones for this method of analysis. The areas of
chromatographic peaks (S) are proportional to the volume percentages of the substance in the liquid sample,
provided that the catarometer is used to analyze liquid mixtures of substances similar in their chemical
structure. Usually, the area of the chromatographic peak is proportional to the concentration (C) of the
corresponding component. The area of the chromatographic peak in this case is proportional to the amount of
substance that entered the detector at the outlet of the column.

The peak area of the chromatogram is the basis for quantitative calculations of component
concentrations. The sum of the peak areas is taken as 100 % and the content of an individual component is
calculated by the ratio of the peak areas of the component to the total peak area, thus the percentage (C1, %)
of each component in the sample is obtained.

Table2. Combined Sample Components

Peaks# Time(min) Area(S) Component C, % Cl, %
1 1.681 4237936015 Ethanol 94 96
2 3.978 151571481 1-butanol 3-methyl- 62 2.8
3 6.389 3217162 Propanoic acid, 2-methyl 73 0.1
4 9.499 28243644 Oxim-, methoxy-phenyl-_ 77 1
5 17.185 2258941 L-o-Terpineol 71 0.1

In accordance with Table 2, a gas chromatography graph with mass spectral detection is presented
(Fig.1), which shows the result of recording the dependence of the column outlet intensity on time. The
concentration of each peak (%) is calculated from the peak area. Each peak corresponds to the component
and the time at which it was registered, as shown in the table and on the chromatogram, also the peak areas
allow you to identify the percentage of each chemical element, this analysis on the chromatograph shows that
the experiment really allows you to obtain ethanol and other alcohol-containing substances. The
chromatograms of the first five samples were combined into one and only the ethanol concentration was
shown. The Table 3 shows the results of gas chromatography analysis of a sample with lipids; this sample
contains: ethanol (93.85%), the retention time required to elute the substance corresponds to the time of the
peak maximum in the chromatogram, the peak areas, the intensity or signal of the detector, as well as the
data on the percentage of substances in the sample. The percentage of ethanol in the sample with lipids is
significantly lower than in the model combined sample, and the content of alcohol-containing substances in
this sample is significantly higher than in the previous one.

The main stages of the experiment are thermal treatment, enzymatic hydrolysis and ethanol
fermentation, judging by the results, these stages have a favorable effect on the samples and in all samples
the predominant substance with a high concentration is ethanol. According to Table 3, a chromatogram is
presented (Fig.1), which clearly shows the component intensity and the retention time dependence. The time
required for the substance elution corresponds to the time of the peak maximum in the chromatogram. Each
peak with a corresponding number reflects a component.

According to the component composition, the lipid sample contains specific aromatic heterocyclic
organic compounds, such as pyrazine, monobasic short-chain saturated fatty acids (butyric acid), monohydric
phenylethyl alcohol, which is contained in essential oils, which indicates the method reliability and the
identification of such components in the sample with lipids.

The results of the analysis of mass spectrometric detection of the sample with cellulose (Table 4). This
sample showed the lowest percentage of ethyl alcohol, in contrast to the others, since cellulose contains
ligninocelluloses in its composition, which have a dense structure. Lignin is a molecule that consists of
phenylpropane units linked in a three-dimensional structure, which is especially difficult to biodegrade, the
higher the proportion of lignin, the higher the resistance to chemical and enzymatic degradation.

Figure 1(c) shows a dependence graph of the detector signal (substance intensity) versus time (peak) in
a sample with cellulose. Ethanol corresponds to a time and a peak that records the detector response. The
sample with carbohydrates (Table 5) after analysis on a gas chromatograph revealed the content of ethanol
(96.27%). The percentage of ethanol in the sample with carbohydrates is close in value to the ethanol in the
combined sample, and this sample also has the lowest content of other alcohol-containing components. Thus,
it can be assumed that it is carbohydrates that give the greatest yield of ethanol in the combined sample.
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Fig.1. Dependence chromatogram of the components concentration of the combined sample versus time (a- combined
sample, b-graph of sample components to lipids ratio, c-dependence chromatogram of the substances concentration and
the cellulose sample time, d-graph of concentration of carbohydrate sample components versus time, e-dependence
chromatogram of the substances concentration and the sample time the with fructose)

Table 3. Concentration of sample components with lipids

Peaks # | Time (min) A(rse;a Component C, % Cl1,%
1 1.733 2084267735 Ethanol 93 93.85
2 3.974 66427254 1-butanol 3-methyl- 81 2.99
3 6.623 3468608 Propanoic acid, 2-methyl 83 0.16
4 7.407 4610257 Butanoic acid 77 0.21
5 8.522 10123063 Butyric acid, 3-methyl 63 0.46
6 9.576 31078988 Oxime-, methoxy-phenyl- 85 1.40
7 15.176 9813476 Pyrazine, tetramethyl- 80 0.44
8 16.477 9109129 Phenylethyl alcohol 74 0.41
9 27.674 1155125 Triethyl citrate 75 0.05
10 33.817 909606 Phthalic acid, butyl hex-3-yl ether 77 0.04
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Table 4. Concentration of sample components with cellulose

Peak Time (min) Area (S) Component C, % Cl1, %

1 1.718 2571350344 Ethanol 92 90.84
2 3.986 201445006 1-butanol 3-methyl 81 7.12
3 9.513 37545433 Oxime, methoxyphenyl 79 1.33
4 33.818 20161521 Dibutyl phthalate 96 0.71

Table 5. Concentration of sample components with carbohydrates

Peak Time (min) Area (S) Component C, % Cl,%
1.715 3312233598 Ethanol 93 96.28
2 4.215 88291610 1-butanol 3-methyl 69 2.57
3 9.497 39044278 Oxime methoxyphenyl 79 1.15

The chromatogram of the carbohydrate model sample is shown in Figure 1 (d), component corresponds
to a peak number and retention time. Each peak of the chromatogram was indicated by a number, using the
table. The model fraction with fructose (Table 6) after analysis on a gas chromatograph revealed the content
of such chemicals as: ethanol (94.2%) and others. The sample with fructose has a few percent lower
concentration of ethanol than the sample with lipids and carbohydrates, but higher than the cellulose sample.

Table 6. Concentration of sample components with fructose

Peak Time (min) Area (S) Component C, % Cl1,%
1 1.651 6352024114 Ethanol 92 94.2
2 3.661 27886911 Vinegar acid 68 0.4
3 3.986 329117680 1-butanol 3-methyl 85 4.9
4 9.334 20281542 Oxime methoxyphenyl 79 0.3
5 33.819 15463353 Dibutyl phthalate 93 0.2

In accordance with Table 6, a gas chromatography graph (Fig.1) with mass spectral detection is
presented, which shows the result of recording the dependence of the column outlet intensity on time. A
natural sample from the Almaty landfill after a qualitative experiment with fermentation showed the highest
ethanol content - 97.5% in contrast to the rest of the samples, the Table 7 shows the peak recording time, the
area and intensity of each component, as well as the concentration of these substances. The chromatogram of
the substances intensity, the peak area and the retention time of the sample with the organic fraction of the
municipal solid waste of the landfill in Almaty is shown in Figure 2. The expanded chromatogram is shown
in this figure.

Table 7. Concentration of natural sample components from the landfill of Tartyp JSC, Almaty:

Peak Time (min) Area (S) Component C, % Cl1, %
1.731 2339904556 Ethanol 91 97.5
2 9.559 44417720 Oxim, methoxyphenyl 80 0.2
Ethyl 2- (5-methyl-5-vinyltetrahydrofuran- 86
3 14.317 5705926 2-yl), propan-2-yl carbonate 0.2
4 15.18 7123396 Pyrazine, tetramethyl 81 0.3
2H-pyran-3-ol, 6-ethenyltetrahydro-2,2,6-
16.779 2328081 trimethyl 63 0.1
6 17.185 1557327 a-Terpineol 67 0.1

A high concentration of ethanol was detected in a natural sample from a solid waste landfill. Thus, it
can be assumed that even without separation and fractionation of elements that are usually present in the
organic fraction of solid household waste during sample processing and performing enzymatic hydrolysis
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and ethanol fermentation, ethanol and other alcohol-containing substances can be obtained and used as an
alternative energy source in the future. This experiment showed that some elements, such as cellulose, inhibit
the formation of ethanol, due to the presence of lignin in the composition. The lipid test revealed a large
number of aromatic substances and proved its lipid component. The sample with carbohydrates also has a
higher concentration, which indicates that carbohydrates give a greater effect of alcohol formation in
comparison with other samples.

The effectiveness of this method lies in the fact that all the samples that were analyzed have a very high
potential for producing ethanol. Solving the problem of the organic fraction of solid household waste, a large
range of environmental, economic and energy problems is solved. The ecological situation near the
municipal solid waste landfill in Almaty is well known and requires measures to prevent the formation of
methane and carbon monoxide, which poisons the soil and water in the nearest settlements. The country's
energy reserves require the search for an alternative, so ethanol or in other words, technical alcohol obtained
from waste can serve as fuel for cars that collect waste throughout the city.
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Fig.2. Graph of concentration of natural sample components from the landfill of Tartyp JSC in Almaty

Preliminary heat treatment was used in this experiment to resolve complex molecules and prepare raw
materials for the formation of ethanol. Also, when working with waste, heat treatment is a very necessary
stage, since the raw materials are decontaminated, which contributes to an environmentally friendly
approach. Processing takes place at a temperature of 120 © C. Enzymatic hydrolysis of samples is carried out
for deep destruction with the formation of soluble sugars under the action of poly-enzyme systems.
Amylosubtilin, glucavamorin, and cellulose were used as such systems. This stage prepares samples for
ethanol fermentation.
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Conclusions

Thus, ethyl alcohol is present in the highest concentration in all analyzed samples, which indicates that
pretreatment, fermentation, and ethanol fermentation with alcoholic yeast had a positive effect. The ethanol
concentration in a natural sample from the Almaty landfill has the highest rate of 97.5%, in contrast to the
others, which indicates that this sample has the maximum potential for its production. Fractional samples
with different homogeneous and heterogeneous composition and natural sample from the landfill have been
selected to assess the difference in the fermentation degree and alcohol concentration.

According to the results, it can be inferred that the combination of components and a heterogeneous
composition, as in a natural sample of municipal solid waste, can contribute to an increase in the
concentration of alcohol and other alcohol-containing substances. Consequently, the mixed raw material
contains more components and enzyme induction improves their bioavailability and prepares them for
ethanol fermentation with alcoholic yeast, and pre-treatment promotes the decomposition of lignin and
lignincellulose, which are present in the composition of various components of municipal solid waste.

Results from the presented experimental work indicated that waste collected in mixed form have a
remarkable potential of use without the need of separation according to carbohydrate fractions to produce
ethanol. Biofuel energy in our country is at the very beginning of its development, so the scientific novelty is
that this technique is not used to solve environmental and energy problems, namely in relation to waste,
when both the situation and the problem with them are significant.

Currently, renewable energy sources represent only about 2.3% percent in the energy balance of
Kazakhstan. In fact, about 9/10 of all electricity is generated by burning hydrocarbons. The results obtained
reflect the prospect of using ethanol from waste as renewable energy sources. The advantage of this method
is environmental friendliness. Supporting global efforts to reduce greenhouse gas emissions and improve the
climate, it is necessary to develop alternative energy by producing ethanol from the organic fraction of
municipal solid waste.
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In production and in everyday life, various heating systems are used. Alternative heating methods have also
been used in recent years. One of the sources for the heating system is the Sun. The use of solar energy is of great
importance for objects cut off from centralized heat and power supply systems: small villages and auls, farm
formations, distant pasture breeding, mobile houses. Heating from the sun, created on the basis of solar panels, is
carried out by installing an electric heater. Currently, more and more attention of consumers is drawn to the
electrically conductive carbon-based fuel material (carbon). The aim of the study was to study the use of an
alternative energy source in the form of solar radiation and carbon thermal flexible material as a heater for
heating mobile living quarters of farmers. To carry out the research, a solar station and a heater with a carbon
fiber heat-emitting flexible material were installed on the farmer's mobile house. Studies have shown that the
proposed system is efficient and in comparison with other systems, such as solar collectors, the system has a
number of advantages.

Keywords: heating, heat supply, sun, fuel, energy, solar panel, carbon, carbon-based fuel material,
premises.

Introduction

Analysis of energy savings in traditional residential architecture points to the inadequacy of the use of
solar energy resources in different climatic conditions. This refers to the orientation of buildings relative to
the cardinal points, as well as relative to the prevailing wind direction. Real urban planning has traditionally
tended to locate buildings arbitrarily or according to the relief of the terrain (along highways, riverbanks,
extended folds of terrain, etc.) [1, 2]. Another problem related to the energy saving of buildings is the
minimization of heat loss through the construction of buildings. The decisive role in this case belongs to the
standards for the thermal resistance of enclosing structures. A research was conducted on the modernization
of the villa, using a combination of passive and active measures to improve thermal comfort. The walls and
ceilings were insulated, three solar air collectors were turned on, and two pellet stoves were installed. The
results of the thermal comfort showed a 66% savings on heating [3].

In particular, when designing houses, it is recommended to be guided by the following:

- consider the energy savings of the whole building (due to thermal insulation);

- there must be a guarantee of economic efficiency of the system and its environmental friendliness in
operating modes;

- ensure the use of advanced engineering solutions in the design that will ensure the efficient operation
of inexpensive systems.

1. Object of study and experimental technique

Various heating systems are applied in production and in household use. Also in recent years,
alternative methods of heating have been used. One of the most powerful and inexhaustible sources is the
Sun, which daily supplies a huge amount of kilowatts of free energy. Solar energy is always available,
although it depends on the weather conditions or time of the day. Solar heating provides a lot of
opportunities and advantages [4]. The use of solar energy is most feasible for facilities that are disconnected
from centralized heat and power supply systems: villages, farms, distant pastures, mobile homes. The basis
of the project is the practical application of the results of the house energy balance calculation [5].

Considering the various schemes for solar heat supply, and their elements, it is revealed that:

- it’s application in the north-east of Kazakhstan, direct solar water heating must be used as a
supplementary to the traditional “spring-summer-autumn” mode;
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- flat collectors are not recommended for use in cold regions of Kazakhstan;

- for the north-east of Kazakhstan it is possible to use systems with direct solar heating

Systems for creating indoor comfort using solar energy can be divided into different schemes. The
intermediaries between the solar rays and the energy generating mechanism are solar panels or collectors,
which differ both in purpose and design [6]. Batteries accumulate energy from the sun; and they represent
panels with photovoltaic cells on one side and a locking mechanism on the other. Photovoltaic batteries
assembled from monocrystalline cells are considered the most suitable option for the installation of
autonomous heating systems in northern regions. The sun rays that reach the Earth's surface are divided into
two types: direct and scattered [7].

The sun reaches a lower angle in winter than in summer, so the solar modules must be positioned at a
higher angle in winter than in summer. This allows them to work more efficiently and allows the solar
modules to absorb reflected sunlight from the snow. By positioning the solar modules at a higher angle, you
also partially solve the problem of accumulated snow on the panels. In many cases, it will simply not linger
on the solar module. The opposite situation with the angle of inclination occurs in the summer. The smaller
the angle, the better, of course the optimum angles depend on the geographical location. If there is no
possibility of changing the angle twice a year (summer/winter), it is better to fix the modules at the optimum
angle, the value of which is an average value between the optimum summer and winter angle. Each latitude
has its own optimum angle of inclination for the solar modules. Each latitude has its own optimal tilt angle
for solar modules. For spring and autumn, the best slope angle is equal to the latitude value of the terrain. In
winter, 10-15 degrees are added to this value, and in summer they are taken away. That is why we usually
recommend adjusting the inclination angle twice a year, summer/winter. Small deviations of up to 5 degrees
from the optimum values do not significantly affect generation efficiency. The most common way to mount
solar panels on the roof of a house is at a 45 degree angle.

If you have a summer/winter tilt system installed, you get an increase in generated electricity of around
10-12%, which is quite high. This is especially important in winter. Solar heating, based on solar panels, is
achieved by installing an electric heater. The photovoltaic cells only provide power to the heating elements
installed in the electric heater, not directly related to the heating circuit [4].

The disadvantages of heating elements include high metal consumption and cost due to the use of
expensive materials (nichrome, stainless steel), not very long service life, the inability to repair when the
spiral burns out [8]. To obtain composite materials suitable for use in solar water heaters without tanks,
expanded graphite with different mass fractions is used [9]. Currently, more and more attention of consumers
is drawn to the electrically conductive carbon-based fuel material (carbon). Carbon includes all composite
materials in which the carrier base is carbon fibers. Carbon fiber reinforced plastic (carbon) has unique
performance properties, which are provided by a combination of various materials - carbon cloth and
epoxies. Heating elements made of such material work on the principle of "infrared heating": infrared
radiation, which bypasses the air gap relatively unobstructed, first heats up interior objects, walls, floors,
people, animals, etc. in the room; these heated objects then give off the heat to the surrounding atmosphere.
Carbon material is one of the innovative options for maintaining a comfortable temperature in heated rooms
and has unique performance characteristics [10, 11].

Therefore, an innovative carbon fiber flexible material is proposed for use as a heating device, and is a
thermo-film (heating mesh) made of interlaced longitudinal and transverse carbon fibers, which are covered
with an electrically insulating material for safety purposes. The heat source in the mesh is a heating carbon
filament with a conductive layer without the use of metal. The heating elements are laminated on both sides
in special electro technical polyester that provides full water resistance and high protection against electrical
breakdown. The film can therefore be used for both supplementary and primary space heating by installing in
wall panels, ceilings and floors. At the same time, the heater is not designed for outdoor use without proper
protection. The product is manufactured using a polymer film (polyester) with high dielectric values; it
conducts infrared heat easily and is heat resistant. The carbon paste is applied to the polymer film with a
technological precision of less than 1 micron. And the process of applying the carbon and other materials and
the final lamination itself takes place at 140 °C (see figures 1 and 2).
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Fig.1. Infrared heating system film design

The aim of the current study was to investigate the use of an alternative energy source in the form of
solar radiation and carbon-based fuel flexible material as a heater for heating mobile living quarters of
farmers. The scientific novelty of the research is the possibility of using carbon-based fuel flexible material
and solar energy in mobile living quarters.

2. Results and discussion

In order to conduct research on the application of a mobile residential heating system using solar panels
and carbon-based flexible fuel material, a solar station and a heater with carbon-based flexible fuel material
were installed on the farmer's mobile house (see Figures 2). Previously, a solar panel was installed on the
house, the energy from which is used for lighting (in Figure 2a near the window). Solar plant includes two
monocrystalline solar modules ZDNY-250C60 sized 1650x992x45 mm with capacity 250 W, PWM
controller, sinusoidal inverter IS-24-1500U, two storage batteries with capacity 100 A/h. The angle of
inclination of the solar panels is 55°.

380 3nepa,
oy
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Fig.2. Solar plant: a) solar panels; b) batteries, controller, inverter

The structure of the ZDNY-250C60 monocrystalline solar module consists of many silicon cells that
convert sunlight into electricity (see figure 3) [12]. The advantages of these panels are the compactness, low
weight and higher efficiency. The monocrystalline panels are placed in a robust and sturdy fiberglass
enclosure that protects the photovoltaic cell from moisture and dust penetration. The technical characteristics
of the ZDNY-250C60 monocrystalline solar module are shown in Table 1 [12].

Farmer's house: room height 2.5 m, width 2.4 m, length 4.2 m. During the research period, the
temperature outside the room ranged from-16°C to -22°C; inside the room from -11°C to -16°C; wind speed -
from 3 m/s to 6 m/s; the walls of the house are made of sandwich panels on a basalt base with a thickness of
50 mm; the floor was insulated with linoleum on a felt base.
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Table 1. Technical characteristics of the ZDNY-250C60 monocrystalline solar module

Indicator name Value
Maximum power, Pmax 250 W
Voltage at Pmax, Vm 31.17V
Current at Pmax, Im 8.03A

Open circuit voltage, Voc 37.85V

Short circuit type, Isc 8.40A

Cell efficiency 17.4%

Panel efficiency 15.3%

Cell type Monocrystal, 156x156 mm
Power deviation (Pmax) +0..3%
Number of cells 60

Panel size, mm 1650x992x45
Weight, kg 22.5
Operating temperature -40°... 85°C
Nominal operating cell temperature 47°C
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Fig.3. Monocrystalline solar module ZDNY-250C60

The heating system works as follows. The electric current from the two batteries is supplied to the
inverter, which converts the direct current into alternating current and changes the voltage from 24 V to 220
V. The current from the inverter is then supplied to the heater with the carbon-based fuel material. To
regulate the temperature of the carbon heater, a thermostat is installed between the inverter and the heater,
which regulates the temperature of the carbon-based fuel material installed in the heater. During operation,
the batteries are charged from the two solar panels via the controller.

In the course of the research, natural light was measured on different days and hours using the luxmeter
"TKA-Lux", the current flow to the heater using the M266 current clamp, outdoor temperature, indoor
temperature, battery condition using the discharge tester, and the temperature produced by the carbon heater
using the Testo 875 thermal imager. The research was carried out in an unheated room.

In the course of research, the following results were obtained:

1. The power consumption of the carbon heater was between 480 W and 540 W at a constant voltage of
220 V and the electrical current was between 2.18 A and 2.45 A.

2. The maximum heating temperature of the carbon heater was +65 °C from the start after 3 hours,
which was observed in particularly sunny weather with an illuminance of 91 kix. At the same time, the room
temperature increased from -11 °C to 12-16 °C.
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3. The state of charge of the two 100 A/h batteries varied from 14 V to 9 V for 3 hours under load.
Also, the loss of battery charge occurred due to the low temperature inside the room. As a result, it was
found that the capacity of the batteries and their number must be increased to ensure the normal operation of
carbon heaters.

Conclusions

The research has shown that in order for the batteries to work properly, the indoor temperature must be
maintained in accordance with the operating requirements. At low temperatures there is a rapid decrease of
discharge and capacity. Cold temperatures affect different types of lead acid batteries in different ways, but
are equally damaging for battery operation and performance. The electrolyte freezes and crystallises, which
can damage the battery banks and the spongy plate material.

In our region, the daylight hours are considerably shorter in winter and there are more overcast days and
the panels can no longer produce the same amount of energy. Therefore, there is a need to increase the
number of solar panels and batteries in order to run the heater for a longer period of time. Compared to other
systems, such as solar collectors, the heating system we offer has a number of advantages:

- less energy is expended to heat the the carbon-based fuel material than in the solar collector of liquid
and air;

- a simpler design of the heating system;

- not significant heat losses, since the carbon heater is located inside the room;

- not complicated installation and transportation;

- the ability to use in mobile rooms;

- many studies have found that it is recommended to use solar photovoltaic panels rather than solar air
and water heaters. Better to install more PV panels and use an efficient electric heater [13].
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The paper is devoted to the analysis of existing options of under-reactor melt traps, designs and
disadvantages of these traps. A variation of its own under-reactor melt trap with a heat-resistant composite
coating with a fluidized bed is proposed. The description of facility for experimental studies of the heat-resistant
composite coating with the fluidized bed is presented. The results of a thermal calculation of the variation of the
under-reactor trap with fluidized bed melt are presented. Thermal calculations showed that an increase in the
average temperature of the melt is less intense in the model of an under-reactor trap with a fluidized bed, due to
heat removal from the corium to the metal to complete the phase transition.

Keywords: severe accident, under-reactor melt trap, corium, heat-resistant composite coating, LAVA-B facility

Introduction

As it is known, currently, thirty-one countries in the world receive energy from nuclear power plants.
Kazakhstan is also considering the possibility of building the III + reactor. In this regard, improving the NPP
safety is one of the urgent and priority tasks. After several major accidents, the entire world community is
solving this problem. The experience of NPP operation has shown that there is a possibility of a severe
accident developing even with a sufficiently low probability. There are many scenarios for a severe accident
development, one of which is the interaction between reactor core melt (corium - molten core material,
which forms, according to their chemical composition and oxidation conditions, a system of two immiscible
liquids - oxide and metal [1]) and the vessel, with its further penetration and leakage into under-reactor melt
trap. The under-reactor melt trap provides receiving, placement and cooling of the corium. Increased safety
is achieved by eliminating the release of liquid and solid radioactive materials outside the under-reactor melt
trap, which ensures the elimination of damage to the hermetic enclosure system for the accident localization
area [2].

1. Analysis of the existing variations of under-reactor melt traps

At the first stages of the nuclear power development, it was proposed to have a pool at the bottom of the
reactor shaft, filled with water, in case of destruction of the nuclear reactor vessel, falling into which the melt
would be cooled due to the evaporation of the stored water. The vulnerability of this method of heat removal
from corium is hydrogen generation, where there is a probability of a steam explosion [3], parameters of the
shock wave of which exceed the safety margin of the containment.

It was proposed[4]to install channels lined with heat-resistant ceramics and equipped with cooling fins
on the outside under the NPP foundation. The disadvantage was the complication and weakening of the NPP
foundation and the length of such channels: with the required total surface of more than 350 - 400 m? and
maximum possible diameter of 300 mm, required length would be more than 350 - 400 meters. There is an
option of the device within the containment with an increased heat removal surface due to a system of
longitudinal slots, inside which the fuel melt enters, and a system of cooling pipes is placed in the walls of
the slots, where water will be supplied in case of a severe accident. The disadvantage is formation of a large
amount of hydrogen, loss of tightness of the slotted cavities for the corium with their filling with water,
which will create a risk of steam explosions [4].
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The main thread in localizing the consequences of a severe accident with core melting of a light-water
nuclear reactor is the option with a crucible-type trap(for example, in[5 — 21], as one of the promising and
effective methods of confining and cooling the corium. There are many variations of the dry crucible trap.
The main purpose of this type of trap is to localize residual energy release in the corium and prevent it from
falling outside the trap. This concept is based on filling the under-reactor space with blocks of cassettes filled
with sacrificial material [22], placed in a steel heat exchanger-crucible [23, 24], which in turn is also melted
sacrificial material and is surrounded by heat-insulating layers cooled by an annular sectioned pool with
boiling water. The main difference between all crucible-type traps lies in the design and composition of the
sacrificial material. In [11], the trap is mounted on supports under the reactor vessel and is made in the form
of a container with a spherical bottom, which includes a heat-insulating protective layer of zirconium dioxide
and an outer layer of stainless steel. The heat-insulating protective layer contains an additional bulk layer
made of a mixture of fragments of porous high-temperature ceramics and neutron-absorbing materials.

In work [12], the under-reactor melt trap includes a cooled double-walled casing, the bottom of which is
deepened towards the center with a slope, filled with sacrificial material. The material consists of several
upper and lower cassettes. The upper and lower cassettes contain ceramic plates made with microchannels,
separated by horizontal and vertical slotted channels, and mounted on top of each other.

In [14], the trap consists of a cooled double-walled vessel filled with sacrificial material, a guiding
element for organizing the melt movement, and a passive system for supplying water to the melt surface. In
this case, the sacrificial material is folded into blocks, each of which is divided into segments by attachment
points mounted radially relative to the vertical axis of the device. The segments are filled with sacrificial
material with formation of free areas communicating with the central through hole for the passage of the
melt, while cooling the vessel is made in the form of a passive system that can function with natural
circulation of cooling water for an unlimited time, using water from the volume of the containment and sump
tanks. In [19], the under-reactor melt trap is equipped with a cooled shell in the form of a multilayer vessel to
protect the outer heat exchange wall from dynamic, thermal and chemical influences, and a sacrificial
material for diluting the melt. In this case, a multilayer vessel has metal outer and inner walls and a filler
placed between them made of a material that is low-heat-conductive in relation to the walls’ materials. In
[20], a trap with sacrificial and protective materials was installed in the concrete shaft of the reactor. A room
adjoins the concrete shaft with layers of sacrificial, steel and protective materials located on the floor
successively from top to bottom. The sacrificial material is made using concrete technology with a minimum
water content. The entire room together with the trap is a melt containment system. In addition to the design,
there are various options in the composition of trap material, for example, in [21], the melt trap material
includes Al>Os, Si0O,, additionally contains Fe>O; and/or Fe;O4 and a target additive in the form of Gd,Os,
orEuy03, or Smy0s.

Thus, the issue of choosing the design and materials of the under-reactor melt trap for efficient
localization of residual energy release in corium has limited experience and is still relevant.

2. Heat-resistant composite coatings with a fluidized bed

The issue of choosing a trap material is to ensure deep subcriticality of the core melt of a nuclear
reactor, its nuclear safety and high efficiency of localization. Fast and reliable localization of the melt
requires efficient removal of heat released in the volume of the corium melt. The best coolant for heat
removal is water, however, the need to prevent steam explosions and generate large amounts of hydrogen
requires additional technical solutions. In this regard, methods of heat removal from the melt, which exclude
the direct supply of water to the surface, are becoming relevant. In this connection, an idea arose to install a
certain amount of metal at the bottom of the trap, together with the sacrificial material. When corium enters
the under-reactor melt trap, heating and further phase transition of the metal will occur, which accordingly
requires a significant amount of energy. The advantage of molten metal is the absence of hydrogen formation
reactions, as well as a low risk of steam explosion compared to water.

The requirements for the material shall satisfy not only the physical and chemical properties, but also
the economic feasibility of using a heat-resistant material:

— efficient heat removal from the corium (comparable to water);

— dilution of corium, and, accordingly, a decrease in the density of energy release from fission
products and ensuring the state of nuclear subcriticality of the system;
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— protection of the trap wall from mechanical and/or thermal shock when corium entry;

— reducing the corium density to prevent the effect of focusing heat fluxes on the water-cooled
surface of the vessel of the under-reactor melt trap [25];

— use of the material should not significantly lead to an increase in the cost of building future traps.

The work will be devoted to the preparation and implementation of experimental studies of the
interaction between corium with heat-resistant composite coatings and a fluidized bed, as well as further
development of recommendations on possible use of a heat-resistant fluidized bed coating for a protective
lining of the under-reactor melt trap. Experimental studies will allow to carry out a substantiated analysis of
efficiency of a heat-resistant fluidized bed coating for a designed under-reactor melt trap intended to increase
the safety of a nuclear power plant in the event of a severe accident with reactor core melting. The use of a
fluidized bed enables limiting the refractory temperature by the boiling point of the layer facing the corium,
and also provides effective heat removal from the corium due to the energy spent on the phase transition of
the fluidized bed material into vapor state.

To analyze the heat removal efficiency of residual energy release of the corium by the heat-resistant
composite coating, we carried out a thermal calculation in the ANSYS program of the heat-resistant
composite coating with and without a fluidized bed, using the finite volume method for solving the problems
of fluid flow and heat transfer. The finite volume method is based on dividing the area of interest into a finite
set of control volumes. In this case, the equations of conservation of mass, momentum, energy by combining
all compound equations into a system of algebraic equations. Due to the symmetry of the traps with respect
to the central axis, a two-dimensional axisymmetric computational domain was chosen to simulate heat
transfer in melt traps.

Figure 1 shows models of an under-reactor melt trap with a heat-resistant coating with a fluidized bed
and without a fluidized bed. In one of the models there is a metal layer. To compare the original model, the
melt traps with the trap with a lead layer in each of the calculations are equivalent:

a) initial conditions (corium temperature 2000 °C);

b) the mass of the heated corium;

c) thermophysical properties of materials;

d) power released in the melt as a result of the presence of residual energy release [26];

e) estimated heating time.

The calculation models take into account the heat transfer by radiation between the surface of the
corium, the concrete trap, as well as convective heat transfer between the external surfaces of the model and
the environment.

B corivm

sacrificial material
steel basket

B shell
[ 7] metal layer

Fig.1. Model of an under-reactor trap without and with a fluidized bed.

As a result of computer modeling of the developed thermophysical model of the interaction of the
corium with the elements of the concrete trap, its temperature field was obtained. Figure 2 shows calculated
temperature field after interaction between corium and sacrificial materials of the under-reactor melt trap in
150 minutes. It can be seen that temperature field of the under-reactor melt trap with a fluidized bed is lower
and more uniformly distributed than temperature field of the under-reactor trap without a fluidized bed.

Changes in average temperature of the melt in under-reactor traps with a composite refractory material
without a fluidized bed (model 1) and with a fluidized bed (model 2) are shown in Figure 3.The increase in
the average temperature of the melt is caused by residual energy release from the corium.
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Fig.2. Calculated temperature field of the under-reactor melt trap in 150 minutes after interaction with corium.

As can be seen from Fig. 3, an increase in the average melt temperature is less intense in the model of

the under-reactor trap with a fluidized bed, due to heat removal from the corium to the metal for the phase
transition.
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Fig.3. Change in the average temperature of the melt in different models.

Research on this work will be carried out on the LAVA-B experimental facility, created at the IAE
NNC RK. This facility is used to study the processes accompanying a severe accident in a light water power
reactor [26]. The facility allows melting up to 60 kg of a prototype mixture of LWR core materials by
induction melting in a “hot crucible” followed by pouring the melt into the experimental section. To date, as
part of the work at the LAVA-B facility, several research programs have been carried out:

- Experimental study of the interaction between fuel and coolant (FCI series) [27];

— Experimental study of the interaction between fuel and residual water inside reactor vessel (LHI
series)[27];

— Studies of the interaction between core melt and concrete (MCCI)[27];

— Experimental study of non-stationary processes during retention of the corium in the reactor vessel
while simulating residual heat release (INVECOR Project) [27];

— Experimental study of the interaction between corium and refractory materials (CORMIT Project)
[28];

— Experimental studies to produce a model solidified corium, similar to the corium formed as a result
of the accident at the Fukushima-1 Nuclear Power Plant (Fukushima Debris Project) [29].

— The experimental facility (Figure 4) includes two main functional blocks: an electric melting furnace

(EMF) for preparing the prototype corium melt and a melt receiver (MR), which houses an experimental
section for modeling the studied processes.
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Fig.4. LAVA-B facility: 1 — EMF (electric melting furnace), 2 — graphite crucible, 3 — EMF inductor, 4 —
MR (melt receiver), 5 — MR inductor, 6 — concrete trap.

Conclusion

In the process of analyzing the results obtained in the course of modeling, conclusions were made about
the influence of the presence of a lead layer on the process of interaction of the corium with the elements of
the trap. This analysis allows us to conclude about the effectiveness of the presence of this layer, since it
makes it possible to increase the heat removal from the corium for its heating and subsequent phase
transition. Thus, in our opinion, one of the simplest alternative options for heat removal from the melt is use
of a fluidized metal bed at the bottom of the trap during a period of time when supply of water to the melt is
undesirable due to generation of hydrogen and a risk of steam explosion. It is necessary to experimentally
determine and theoretically substantiate composition, thermal and physical properties of metal layer, which
can create significant heat removal (more than 170-200 kJ/mol) from the corium during its boiling. The
results of experimental studies will make it possible to conduct a substantiated analysis of the efficiency of a
heat-resistant fluidized bed coating for an under-reactor melt trap designed to improve the safety of a nuclear
power plant in the event of a severe accident with reactor core melting.
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From three to ten per cent of the total oil produced can ultimately not be used for further processing. When
the oil is transported by oil pipelines and oil tankers and stored in reservoirs, oil bottom sediments are deposited
on the bottom comprising particles of mineral (non-oil origin) and the heaviest hydrocarbons, mainly paraffin
series, whose specific gravity is higher than the density of oil and water. For reliable operation of the tanks, it
must be periodically cleaned from the accumulated sediment. The study novelty is the use of the electrohydraulic
effect for the processing of oil bottom sediments and creation of a waste-free technology for the disposal of oil
bottom sediments in field conditions. The optimal mode for electrohydraulic impact, ensuring the destruction of
bottom deposits of oil in the oil storage tanks of the Atasu-Alashankou station, is determined.

Keywords: electrohydraulic phenomenon, catalyst, oil bottom sediment.

Introduction

When oil is transported by an oil pipeline and oil-loading transports and stored in tanks, an oil bottom
sediment consisting of particles of mineral and the heaviest hydrocarbons, mainly of the paraffin series,
whose specific gravity is higher than the density of oil and water, is deposited at the bottom.The methods
used for cleaning and disposing of oil bottom sediments (OBS) accumulated in reservoirs are not effective,
so the problem is not solved today. At the same time, there are many technical difficulties with high cost
processes, there is no economic interest. A scientific approach to the processes of processing oil-containing
waste is of paramount importance. The most appropriate is an integrated waste management, i.e. processing
of oil bottom sediments with maximum consideration of properties and the use of all components, as a result
of which oil sedimentsbecome raw materials, reagents or fillers in the production process or participate in the
processing of other waste [1, 2].

Methods of disposal and cleaning of the tanks and the containers are divided into three types: manual,
mechanical and mechanized cleaning method using detergents. In the manual cleaning method, the container
is steamed after removing solid residues, washed with hot water (30 —50) C° from the fire barrel at a
pressure of (0.2—0.3) MPa. Washing water with the remaining oil sludge is pumped out by a pump.The
mechanized method of tank cleaning on tankers is widely used in our country and abroad. With a
mechanized cleaning method, surface contamination is washed with hot or cold water supplied under
pressure through special washing machines as hydro monitors. The mechanized cleaning method
significantly reduces the cleaning time, reduces the downtime of the tank, reduces the volume of heavy
operations, which are harmful to human health, and reduces the cost of the tank cleaning process.

The disadvantages of the mechanized method of tank cleaning include a large consumption of thermal
energy for heating cold water, the need to pump contaminated water to treatment facilities, and, relatively,
large losses of light fractions from oil aggregates. The chemical-mechanized method of cleaning tanks using
detergent solutions improves the quality of cleaning, the intensity of the cleaning process, and is
characterized by a low degree of manual labour. The main disadvantages of the method that limit the
possibilities of its practical application are the need to use a special reagent and further cleaning of detergent
solutions from oil sludge [3-5].
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In recent years, interest in low-energy effects on substances in order to change their properties has
remained consistently high. In order to change the molecular structures of the fraction and create more
desirable products, special oil refining processes are used. Taking into account the individual characteristics
of the substance and with the right choice of the type of impact, it is possible to rearrangeits structure in the
right direction without noticeable external energy costs. We used the electrohydraulic effect as such effects
that control the structure of the substance. The essence of the effect is as follows: electrodes are injected into
the liquid (most often into water), to which a high pulse voltage is applied. At the same time, complex
processes occur, covering a wide range of different physical effects [6-8].The development of new
technological solutions aimed at efficient utilization of oil bottom sediments of oil storage facilities and
reservoirs is significant on a national scale and has great practical significance for the Republic of
Kazakhstan. The got light-boiling fractions using the cavitation phenomenon under the electrohydraulic
effect and the process of hydrogenation of the oil bottom sediment will be used not only in oil refining but
also in coal chemistry and petro-chemistry.To conduct systematic laboratory studies on the effect of
electrohydroimpulse action on the physico-chemical structure of hydrocarbon compounds and for the release
of light and medium fractions from the oil bottom sediment, an experimental stand, designed for processing
oil and petroleum products with short-pulse discharges, was assembled. Two measuring electrodes are
installed inside the cell, one of them is fixed, and the second was fixed on a micrometer screw to adjust the
distance between the electrodes. Figure 1 shows a general view of the processing cell by
electrohydroimpulsive action of oil and petroleum products.

' EHE
Installation

* Mineral raw
— materials

Fig.1.Working area for processing oil bottom sediment by electrohydroimpulse discharges:
1-cover; 2-positive electrode; 3-negative electrode

In the course of experimental studies, it was found that when a liquid(OBS) breaks through, a high-
pressure zone appears around the discharge channel, the diameter of which is proportional to the pulse
power. High hydraulic pressures drop rapidly as they move away from the discharge, approximately
proportional to the square of the distance from it.The liquid (OBS), having received acceleration from the
discharge channel expanding at a higher speed, moves from it to all sides, forming a significant cavity in the
place where the discharge was, called a cavitation cavity, and causing the first (main) hydraulic shock. Then
the cavity closes at a high speed, creating a second cavitation hydraulic shock. At this point, the single cycle
of the electrohydraulic effect ends, and it can be repeated an unlimited number of times, according to the
specified frequency of repetition of discharges. When performing a sequential series of pulsed discharges in a
liquid, each subsequent electrohydraulic shock can occur only after the cavitation cavity from the previous
discharge has time to close, which determines the possible maximum frequency of discharges of the
electrohydraulic installation [9-10].

The purpose of the research carried out in this work was to establish the possibility of increasing the
efficiency of the thermocatalytic transformation of the oil bottom sediment due to the influence of the
electrohydraulic effect.
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3. Experimental technique

Oil bottom sediments, which formed at the oil storage tanks of the Atasu-Alashankou station, were used
as raw materials.Fly ash ferrospheres of TPP-3 (thermal power plant in Karaganda) were used as a catalyst.
Microspheres were initially isolated from coal ashes, from which ferrospheres were then separated by
magnetic separation. The chemical composition of ferrospheres is as follows, mass %: Fe;Os - 83.4; CaO -
7.6; Si0,.5.7; AlLOs- 3.2; the rest is MgO, Na,O, K»O, TiO,, SO;.After processing the oil bottom sediment
of the Atasu-Alashankou oil storage tanks, the resulting product was divided into fractions: IBP—200 °C and
200-300°C. The individual chemical composition of the light and middle fractions was determined using gas
chromatography-mass spectrometry on an HP 5890/5972 MSD device from Agilent (USA).

4. Results and discussion

In the study of the effects of electrophysical characteristics (L is the inter-electrode distance, t is the
processing time, C mF the capacitance of the capacitor bank, U kV is the discharge voltage) of an
electrohydraulic installation on the output of light and medium fractions fromOBS of the Atasu-Alashankou
station. From the data obtained (Figure 1), it can be seen that the electrohydroimpulse effect affects the yield
of light and medium fractions. With an increase in the processing time of the OBP of the Atasu-Alashankou
station reservoirs from 2 to 8 minutes, an increase in the yield of light and medium fractions is observed
from 18 to 74% (the interelectrode space of the processing cell is L= 5-8 mm). The data presented (Figures 2,
3) showed that with an increase in the discharge voltage from 12 kV to 18 kV and the capacity of the
capacitor bank from 0.25 mF to 1 mF, an increase in the yield of light and medium fractions from 18 to 74%
is observed during the processing of the organic mass of the OBSformed at the Atasu-Alashankou oil storage
facilities.
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Fig.1.The effect of the time duration of electrohydroimpulse processing on the increase in the yield of light and
medium fractions at the different interelectrode space
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Fig.2.The effect of the discharge voltage on the increase in the yield of light and medium fractions from the OBS of the
reservoirs of the Atasu-Alashankou station
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Fig.3.Influence of the capacity of the switching device on the increase in the yield of light and medium fractions from
the OBS of the reservoirs of the Atasu-Alashankou station at the different interelectrode space

Fig.4 shows the effect of the amount of microsphere catalyst on the output of gasoline and diesel fuel.
The amount of added catalyst (microspheres) ranged from 0.5 to 2.0 % per feedstock. The given indicator of
the influence of the amount of added catalyst to the deposits of the Atasu-Alashankou station showed that the
amount of added catalyst above 1.0 % leads to a decrease in the yield of target products from 74 to 47%.1t is
important to note that an increase in the added catalyst by 1% increases the yield of solid residue (oilcoke) on
the reactor surface and gas. These changes in the output of gas and oilcoke, gasoline and diesel fuel are
associated with a change in the individual composition of the obtained fractions, possibly with the content of
aromatic compounds of a mixed structure in the fractions.
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Fig.4. Influence of the amount of added catalyst on the yield of light and medium fractions from OBS of Atasu-
Alashankou

All factors (L is the inter-electrode distance, t is the processing time, C mkF the capacitance of the
capacitor bank, U kV is the discharge voltage) of an electrohydraulic installationaffecting the yield of the
target products presented in Figures 1-4 indicate the predominance of electrohydraulic processes based on
the reaction of polymerization addition and the formation of free radicals during the action. This is evidenced
by an increase in the output of gasoline and diesel fractions, gas and oilcoke. A comparative analysis of the
influence of various factors shows that an increase in the total yield of gasoline and diesel fractions is
associated with an increase in the interelectrode space from 2 to 6 mm.

Conclusion

Thus, test experiments have shown that it is possible in principle to increase the efficiency of the
process of catalytic cracking of petroleum raw materials under the action of an electrohydraulic effect. The
achieved effect is associated with a change in the fractional and individual hydrocarbon composition of
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OBSof the Atasu-Alashankou station during its activation and consists in increasing the yield of gasoline,
diesel fuel and reducing the yield of coke during cracking. As a result of the study, the following optimal
conditions for the destruction of oil bottom sediment using electrohydraulic processing were determined: the
duration of processing of the OBS of the Atasu-Alashankou station is 6 minutes, the interelectrode distance
is 6 mm, the amount of added catalyst in the OBS is 1%, the capacitor capacity is 0.25 mF, the applied
voltage is 14 kV. The results during the processing of oil bottom sediments with a high content of
mechanical impurities by electro hydro impulse discharges make it possible to get up to 60% of liquid
hydrocarbons, which can be used (after refinement) as motor fuel.
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The article provides an overview of biogas technologies abroad and in Kazakhstan, the experience of
foreign countries in the biogas industry, the development and prospects for the introduction of biogas plants in the
Republic of Kazakhstan for the environmentally friendly and profitable processing of organic agricultural waste,
food production, processing enterprises. Recommendations are given on the specifics of the design of biogas
plants in the difficult climatic conditions of Kazakhstan (especially in the north, east and central Kazakhstan). The
current design of a biogas plant (filling volume 3.7 m®) is shown, in the design of which units of our own design
were used, this is a peristaltic pump and a raw material grinder. The efficiency of a number of units, in particular
a new design peristaltic pump, was shown in the course of the experiments.
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Introduction

Environmental pollution in the world has become rampant, therefore many countries, under pressure
from the public, environmental organizations, are fighting harmful emissions, environmentally dirty
industries. At the end of 2019, renewable energy sources showed good growth, wind energy reached
(5.44%), solar energy (2.71%), biomass and waste (2.24%) and "other renewable energy sources" (0.4 %) of
the total electricity generation in the world [1]. In 2020, the 27 countries of the European Union received
more electricity from renewable sources than from fossil fuels for the first time. The share of coal, gas and
oil decreased to 37%, while wind, sun, hydropower and biomass provided 38% of the total generation in the
EU, increasing production by 10% [2-6].

It is most correct to evaluate and compare the cost of electricity obtained by different methods using the
EROI (energy returned on energy invested) indicator - the ratio of energy received from a source to the
amount of energy spent on its receipt. For example, EROI 20: 1 for a certain type of fuel means that from
each consumed kWh it is possible to generate 20 kWh [7]. The hydroelectric power plant has the highest
EROI, close to 100: 1. For coal and gas fired power plants, EROI ranges from 30: 1 to 75: 1. For renewable
energy sources (except for hydro resources), the indicators are as follows: for wind power plants EROI
reaches a maximum of 16: 1, for solar power plants a maximum of 3.8: 1 [7].

One of the types of renewable energy sources is biogas (purified biomethane), obtained by anaerobic
methane fermentation of biomass, i.e. organic waste from agriculture and processing plants, etc. The
advantage of using biomass energy by methane fermentation (as opposed to solar and wind energy) is
independence from meteorological conditions, i.e. continuity and stability in energy use, a high EROI from
30: 1 to 75: 1 (depending on raw materials, technology perfection, climatic conditions, the degree of biogas
purification and the volume of the bioreactor), additional income from the obtained biofertilizers and solving
the ecological problem of waste and pollution environment. Biogas production prevents methane emissions
into the atmosphere [3]. According to forecasts, the contribution of biomass as an additional source of energy
by 2020 will reach 23.5% of the total energy consumption in the world [8].

The aim of the work is to create a relatively inexpensive, efficient and adapted to the conditions of work
in the region (in our case, East Kazakhstan) industrial biogas plant, which is quite relevant. The practical
significance and novelty of the developed design of the biogas plant is the use of auxiliary units of our own
design, since the use of foreign analogues leads to a significant increase in the cost of the installation, this is
the design of the peristaltic pump and the design of the raw material grinder being developed. The efficiency
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of a number of units, in particular a peristaltic pump of a new design, was shown on the created bioreactor
unit (Figure 1), with a total volume of the bioreactor V = 4.62 m°.

The next stage of our work (it is planned to show at the end of the work in a separate article), the
creation of an industrial underground biogas plant (based on climatic conditions) for peasant farms with the
further use of the obtained gas for generating electricity and use in everyday life, which would solve the
problem of distant farms in providing own electricity and heat.

1. Contents and methods. The use of biogas technologies abroad

The leaders in biogas production are the countries of the European Union (EU). In European countries,
75% of biogas is obtained from agricultural waste, 17% - from organic waste from private households and
enterprises, another 8% - from wastewater (installations in sewage treatment plants). Denmark is the leader
in the use of biogas: this type of fuel provides almost 20% of the country's energy consumption. [8-12].

Asian countries (China, India, Nepal, etc.) are the leaders in the world in terms of the number of
functioning BGS, including mini-installations. In Africa and Asia, the bulk of biogas is produced from food
waste, as well as from human waste (sewage). There are about 2 million biogas plants operating in African
countries, which provide gas to more than 10 million people [10].

In Latin America, Brazil and Argentina are among the leading countries in the world in terms of the
number of vehicles fueled by biogas. In 2010, a social project Biobolsa was launched in Mexico, which
provided local farmers with inexpensive biogas plants; this project is actively developing in 9 countries of
Latin America and Africa [13, 14]. The biogas market in the USA is much smaller than in Europe. Despite
the presence of a large number of farms, there are only about 200 biogas plants operating on the waste of
agricultural complexes on the territory of the country. At landfills, the United States is actively introducing
technology for producing landfill gas, collecting and disposing of landfill gas [8-10]. In the CIS countries,
biogas plants are being actively introduced in Ukraine, Belarus, Kyrgyzstan, and the Russian Federation. In
Uzbekistan, at present, biogas plants (BGU) have been introduced in 45 farms with a total annual capacity of
1.1 million cubic meters of biogas [15]. Large BGS are designed mainly according to individual projects,
depending on the type of raw materials (vegetable, industrial waste or animal husbandry waste), its quantity
and the purpose of gas production (energy production, heating).

In the USA, Europe, the CIS countries (Ukraine, Belarus), they mainly use the designs of European
manufacturers, these are large vertical aboveground reactors (due to climatic conditions), insulated, heating
the reactor using a heat exchanger, heat is generated on the produced gas, the operating mode is thermophilic
(for example, Swiss firm Zorg Biogas BMGH). In the countries of Asia, Africa, Latin America, along with
large biogas plants, there are many small and medium biogas plants designed for small farms. The designs of
small (gas production from 2 m3), often artisanal biogas plants differ in variety (vertical, horizontal, without
mixing, etc.) and are made of improvised material (brick, plastic, rubber, metal), the temperature regime is
psychophilic or mesophilic. However, there are a number of common features, these are mainly above-
ground (or buried), non-insulated structures, with a vertical or horizontal reservoir (in a number of small
biogas plants, the reservoir is a rubber or plastic bag, for example, according to the Biobolsa program in
Latin America). Basically, China occupies the niche of selling small biogas plants [10, 13, 14].

2. Development and prospects for the introduction of BGP in Kazakhstan

The process of introducing BSU in the Republic of Kazakhstan is at the initial stage of its development.
One of the successful BSU projects for generating electricity from the waste of a pig-breeding complex was
implemented in the Zhambyl region. The daily productivity of biogas is 5300 cubic meters per day [16]. In
the village of Vostok, Kostanay region, biogas and electricity were obtained on an industrial scale (the date
of the launch of the biogas plant is 12/31/2009). All equipment for biogas and electricity production was
designed and supplied by Zorg Biogas Ukraine. The biogas station, consisting of 2 reactors of 2400 m3 each,
has been brought to full capacity; it is planned to receive 3 million kWh of electricity from biogas annually.
The raw material for the station is manure from large and small livestock, as well as grain waste. The cost of
the biogas plant is 400 million tenge [16].

In the East Kazakhstan region, in the village of Privolnoye, a biogas plant operates on the basis of the
Bagration farm, which allows to process 10 tons of manure per day and produce 400 cubic meters of biogas
[16]. In November 2017, in Shymkent, the first biogas plant with a capacity of 0.5 MW was launched in
Central Asia. In the complex of this biogas plant, new technologies of the Czech company HEDVIGA
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GROUP are used - the production of heat and electricity by treating wastewater from the city's treatment
facilities and extracting biogas from it (300 m3 / day). The total cost of the project is 2 billion 200 million
tenge [17].

In 2018, in the village of Kurminskoye, Abay district, Karaganda region, the poultry farm launched a
biogas station for processing poultry manure. The cost is 573 million tenge, modern European equipment has
been installed. Capacity - 8,800,000 kWh of electricity, over 18 thousand tons of biofertilizers per year, up to
23 thousand cubic meters are produced daily. m of biogas. The enterprise processes about 150 tons of poultry
waste per day and produces about 14 thousand kWh of electricity from biogas [18].

In the North Kazakhstan region, a biogas plant is under construction for processing up to 40 tons of
poultry farm waste per day with obtaining up to 9500 m3 / day of biogas, 1 MW electricity and biofertilizer.
The equipment was supplied by the Russian company "AgroBioGas", the cost of the construction of the
biogas plant is US $ 3 million [19]. They want to implement a similar project on the basis of the Ust-
Kamenogorsk poultry farm in East Kazakhstan region [20].

Of the operating small biogas plants in the Republic of Kazakhstan, it is necessary to mention the
installations of Samat Abenov (director of FE "Abenov"). The inventor made 4 experimental industrial
prototypes. The biogas production process at one of the plants with a daily volume of 5 m3 is fully
automated. Biogas is used by an entrepreneur for his own needs, and biofertilizers are sold at a bargain price
to peasant farms (Enbekshi settlement, Talgar region, near Almaty) [21].

Anaerobic processing of manure four times - in comparison with unfermented manure - increases the
content of ammonium nitrogen (20 + 40% of nitrogen goes into the ammonium form). The assimilable
phosphorus content doubles to 50% of the total phosphorus. In addition, during fermentation, weed seeds,
which are always contained in manure, are completely killed, microbial associations, helminth eggs are
destroyed, an unpleasant odor is neutralized, i.e. the required ecological effect is achieved [23]. When
comparing biofertilizers with other types of fertilizers, we have the following quality indicators [24] (table
1). Comparison of biofertilizers and other fertilizers by value [24] (table 2).

Table 1. Comparison of quality indicators of biofertilizers with other types of fertilizers

Indicators Biofertilizers Mineral fertilizers Organic fertilizers
(manure, droppings)

Assimilation by plants, % 100 35+40 80

Nitrogen loss, % 5+8 50 30

Nitrate content in products - + -

Leaching from the soil, % 15 50 80

Table 2. Cost indicators of biofertilizers and other fertilizers (in tenge)

Fertilizers Application rate, kg / ha Cost, tenge / kg Total cost, tenge / ha
Mineral fertilizers 300 64 19200
Manure 6000 1,2 7200
Biofertilizers 3000 0,8 2400

Thus, biofertilizers are 8 times cheaper than mineral fertilizers, and 3 times cheaper than manure when
applied per hectare, not to mention the quality indicators indicated above. As we see in Kazakhstan, all large
biogas plants are mainly designed by European and Russian companies, however, the segment of medium
(filling 15 - 55 m®) biogas plants for peasant farms is practically not involved. China is present in this
segment, but Chinese biogas plants are not always suitable for the harsh continental climate of Kazakhstan,
and the development of a domestic heated biogas plant with an underground location of the reservoir is
necessary. Thus, the object of research is a domestic biogas plant, raw material cattle manure. Anaerobic
processing of biomass was carried out at a biomass plant with a reversible peristaltic pump and grinder. The
biogas yield was determined according to generally accepted methods.
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3. Discussion of results

Researchers of the scientific department "Natural Science and Engineering" of the University of
Shakarim in Semey designed and then manufactured at the plant LLP "Metallist" (Semey, East Kazakhstan
region) and successfully tested an industrial complex biogas plant with a wind turbine.

The installation (Figure 1) is automated, with a total volume of the bioreactor V = 4.62 m3 (filling
volume Vfill = 0.8, V = 3.7 m3), can process 158.6 kg of fresh cow manure (or other organic waste) daily
after the biogas plant enters the mode (mesaphilic, 16 days after the first loading) with the production of
about 8 m3 and more biogas per day, after purification in columns and filters (biogas purification system)
about 5 m3 of biomethane (more than 90% CH4). This BGP is protected by the RK patent No. 32805. The
difference between this unit is the use of a peristaltic pump with a grinder (protected by RK patents No.
31872 and No. 33061), instead of a recirculation pump with a hydrocyclone to provide a lighter mode of
mixing the biomass. The developed pump design has shown its energy efficiency in the course of
experiments in comparison with foreign analogues (table3) [25-27].

Table 3. Comparative characteristics of peristaltic pumps

Description Foreign analogues Proposed design
No. HCT-25-110 IMH-15-1,5/,5,5
1 Hose diameter 25 15 50
2 Electric motor power, kW 1,5 0,75 0,75
3 Pump rotor speed, rpm 60 35,5 0-80 (adjustable)
4 Productivity, m3 / hour (liter / hour) 1,32 (1320) 1,2 (1200) 2,2 (2160)
5 Maximum pressure, kg / cm?2 12 4 -
6 Specific electricity consumption 0,88 0,625 0,341
7 Cost, thousand tenge 700,000 299,700

Currently, biogas plants are not mass-produced in Kazakhstan, but large industrial installations on the
market are mainly of foreign production and rather expensive, meanwhile the number of livestock and
poultry in the country is increasing annually [28], and agricultural waste is a stable source of biomass. The
annual output of livestock and poultry waste by dry weight is 22.1 million tons, or 8.6 billion m3 of gas (gas
consumption - 13 million tons, sheep - 6.2 million tons, horses - 1 million tons), plant residues - 17.7 million
tons (wheat - 12 million tons, barley - 6 million tons, or 8.9 billion m3), which is equivalent to 14 + 15
million tons of standard fuel, or 12 , 4 million tons of fuel oil, or more than half of the volume of oil
produced [29]. Currently, the following features and prerequisites for the development of the biogas industry
in Kazakhstan have developed:

- Kazakhstan occupies the second place in the CIS in terms of area and the ninth in the world, while the
total population is 18.833 million people (data as of November 1, 2020), therefore, there are no problems
with land areas to increase the size of biogas plant in width and length for farms.

- The climate in Kazakhstan is sharply continental, average temperatures in January are from minus 18
° C in the north to minus 3 ° C in the south, the average July temperature is from + 19 ° C in the north to +
29 ° C in the south. The lowest temperatures: up to minus 45 ° C in the north, east and central part, up to
minus 30 ° C in the south. Daily drops can reach 20 © C [22]. From the point of view of energy efficiency, it
is more profitable to introduce bioreactor units in the south (as in the whole world), and in the north, east and
central part of the Republic of Kazakhstan, special attention should be paid to thorough and thorough thermal
insulation of bioreactors (methane tanks), to locate bioreactors indoors or underground.

- In the south of Kazakhstan, due to the rapid development of greenhouses, there are no problems with
the sale of biofertilizers at a favorable price. In addition, in the south, it is beneficial to combine biogas with
greenhouses for farms, and use biogas for their own needs, since it is problematic to sell it at a low price of
natural gas (methane), with the exception of non-gasified areas.

- Agricultural lands of Kazakhstan occupy 222.998 million hectares [30]. The presented data show not
only the huge potential of biomass, but also the potential for the use of biofertilizers, taking into account in
this regard the program for the development of saline soils in Uzbekistan.
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- RK is a manufacturer (and from its own resources) of metal products, building materials (including
cement, gravel, crushed stone, bitumen, etc.) required for the manufacture of biogas plants and biogas
equipment.

- In the Republic of Kazakhstan (in particular in the East Kazakhstan region), deposits of zeolite ores
are being developed, including the production of zeolite, a valuable natural material for cleaning and drying
biogas.

Fig.1. Industrial complex biogas plant of our own design.

It should be noted that most suppliers of bioreactor plants abroad (including the Russian Federation)
[29] and individual entrepreneurs in the Republic of Kazakhstan widely advertise and sell bioreactor plants
(moreover, it is expensive, about USD 1300 per 1 m? of bioreactor), not including an important and
necessary for the normal implementation of the technological process, equipment as a raw material grinder.
The fact is that there is a noticeable amount of fibrous part in the manure, which clogs pipelines and pumps
with poor-quality grinding, contributes to the formation of a crust in the bioreactor, prevents the normal
release of biogas, and increases the time of methane fermentation. The designs of grinders developed by the
staff of the scientific department of the University of Shakarim are effective, practical and inexpensive in
comparison with foreign counterparts (for example, a similar German grinder costs about 13,000 euros).
Also not included in the kit in most cases, the biogas purification system and other equipment.

Conclusion

1. Kazakhstan has the potential and rich raw material base for the development of the biogas industry;

2. From the point of view of manufacturing, energy efficiency, reliability, ease of operation,
maintenance, repair and low price (relative to the one offered on the market) in the Republic of Kazakhstan,
it is more promising to introduce biogas plant of its own domestic developments from domestic (local)
materials. These are installations of our own design with horizontal underground concrete or steel bioreactors
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with thermal insulation, a heating system installed in the lower part of the concrete housing (for concrete) or
in the form of a thermal jacket (for steel), with mobile submersible mixers made of corrosion-resistant
materials with a sealed drive design, with a complete set of domestic technological equipment (a raw
material grinder, a receiving tank with a mixer, pumps, instrumentation and automation, electrical
equipment, pipeline fittings, connecting pipes and hoses, a water seal with a water indicator, a biogas
purification system, a compressor for biogas injection, a gas holder).

3. These installations are obtained in the price range from 280 US dollars per 1 m3 of bioreactor volume
of bioreactor, for installations with a volume of 250 m3 and more; for a bioreactor bioreactor volume of 50
m3 and more, the price is up to 480 US dollars per 1 m3 (for smaller volumes of bioreactor bioreactor it is
more expensive), which makes them competitive in the market and enables a quick payback (no more than 2
years).

4. It is necessary to introduce in the biogas industry of the Republic of Kazakhstan biostimulants of our
own domestic developments based on natural Kazakhstani raw materials to increase the yield of biomethane
and reduce the time of methane fermentation.

5. Biofertilizers obtained as a result of methane fermentation should be used to improve and increase
soil fertility of agricultural lands, expand greenhouse farms, to create a Kazakhstani market for biofertilizers,
which is necessary for a short payback period for the introduced biofertilizers, as well as for the production
of feed supplements.
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This paper presents how the shape and physical structure of the connections affect the performance of the
housing of maturity sensor. A two parts rectangular and a keg-shaped cylindrical configurations of plastic
housings were sequentially tested for water, shock and load resistance. The tests revealed the weak ingress and
shock resistance of the rectangular housing, in comparison with cylindrical one, where no serious defects were
identified. Both types of housings performed well during the compression tests on all three sides, showing the
bearing capacities from 0.6 to 2.11 kPa, which are equivalent to 65.3 and 165.3 kg of human mass. Based on the
results, the study demonstrates an easy-to-handle workflow for generic testing and evaluation of maturity sensors
housing. The proposed workflow may be applicable for other types of small-scaled electronic devices.

Keywords: non-destructive testing method, concrete sensor, housing, durability, maturity sensor.

Introduction

The indoor electronic devices used in daily routine are not subjected to adverse conditions, unlike those
used outdoor. The latter should comply with higher requirements, having a protected housing. The housing
of such devices must stand for various aggressive environment [1, 2]. Depending on the type of device, their
housing may be built of different materials as metal, aluminum, timber, plastic, etc. [3]. First three take much
efforts to treatment and finishing, especially when it comes to small devices. Moreover, their large-scale
production requires significant human and financial resources. Therefore, plastic housings have found broad
application in small-sized instrumentation [3]. Despite this, the requirements for them are not a little less.
This means the plastic housings should have certain physical and mechanical properties. And again,
depending on the type of device they are used for, the list of such properties may vary a lot [4]. The maturity
sensors [5—8], which will be discussed in this study, represent small electronic devices with the protected
housing. Due to they are embedded into the concrete body, they are subjected to moist, alkaline, and
pressurized environment [9].

Since a minor water penetration inside the housing through cracks or slots in the connectors may
destroy their inner electronic components. Moreover, while being strapped to a rebar, they are subjected to a
shock impact from the pouring concrete mixture [10].In addition, before the installation, the maturity sensors
may be accidentally stepped by workers. Therefore, to confront potential external impact, the housing of
maturity sensors must have specific physical and mechanical properties complying with the requirements of
[11, 12]. Some important aspects influencing the characteristics of the plastic housing are its shape and
structure [13]. If referring to the existing analogs of maturity sensors [1, 2], their housings mostly have
rectangular shape. They classically consist of two components joining together with screws and nuts with
rubber gasket in between. Few have monolithic housing [1], which makes them indestructible.

Despite the variety in shape and structure of the housings of existing maturity sensors, the majority of
them have not strayed far from conventional solutions. Since no previous works were found studying the
performance of the maturity sensors housing depending on its shape and structure. This suggests that the
mature sensor manufacturers relied only on logical assumptions when designing the housings. Perhaps, this
is due to insignificance of the production scale of maturity sensors in contrast with major industries of the
national economy, where every single detail counts. For example, the automotive and aviation industry pays
a lot of attention to the shape of the vehicles, structures of connections, and so on [14, 15]. Nevertheless, the
application of maturity sensors is becoming more and more popular in construction sites worldwide [16].
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And therefore, more and more issues related to the shape and their housing structure arises, which indicates
to the relevance of this topic.

In view of the foregoing, this article studies the impact of the shape and structure on the physical and
mechanical properties of the maturity sensors housing made of plastic. The following physical and
mechanical properties are of interest: water resistance, shock resistance, and compressive strength. These
properties were chosen due to the maturity sensors are subjected most to water ingress, drop of concrete
while pouring, and squeeze while concrete hardening.

1. Materials and methods

To discover the effect of the shape and structure on the performance of plastic housing of the maturity
sensor, two configurations of the housings were designed: 1) Two parts rectangular;2) Keg-shaped
cylindrical. Two-component liquid plastic from the company Kimpur — Kimteks Kimya Teksti 1Uriinlerive
Ticaret A.S. formed the basis of the housings. This type of plastic is characterized by its hardness, resistance
to mechanical influences, and short setting time. The components of this plastic were mixed in a 1:1 ratio by
weight [17]. Both types of housings went through the major stages of design, prototyping, and replication.
The wall thickness of housings was fall within the range between1.5 and 5 mm, depending on the part of the
housing body. The prototyping was made with 3D printer. Then the prototypes were polished and used to
mold the master formworks for replication. The master formworks were made of the two-component silicone
HY-520 produced by the Shenzhen Hong Ye Jie Technology Co., mixed with a hardener in the ration of 1:40
by weight [18]. A distinctive feature of the cylindrical housing was the inner structure of its cap, which
helped excluding any usage of the gaskets for hydro insulation (Figure 1), like in the plastic bottle caps.

Fig.1. Design of the cylindrical housing

To test for water resistance, both types of housings were sealed with tissue paper inside and prepared
for complete submerging in a tank of water [11], where they supposed to remain for 1 month. The tissue
paper was planned to be used as an indicator of water proofness of the housings. To prevent them from
floating to the surface, they were loaded with weights. The samples were checked on a daily basis till the
water penetration is detected. The shock resistance of the housings is tested by a procedure of free-fall from
the different heights (1, 1.5 and 2 m) according to [19]. Three samples of each type of housings were used
for testing. Due to the complexity of the technical evaluation after dropping, a visual inspection of the
samples condition was performed according to the [20] principle (identification of scratches, cracks, and
destructions). The compression strength tests were carried out on three sides of the housings as shown in the
Figure 2, according to [12].

Fig.2. Compression load sides: left — rectangular housing; right —cylindrical housing
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The compression load was subjected by an electromechanical press-machine UNIFRAME 70-T1182
with a load range up to 50 kN and displacement speed ranging from 0.05 to 51 mm/min. The measurements
of the load resistance were taken each 2 seconds. The rectangular and cylindrical housing samples three each
were destroyed during the compression tests. The load was transmitted with a constant speed of 5 mm per
minute before cracking. This moment is characterized with the rapid drop of the resistance value. While
calculating the strength, different nozzle area of the press piston was taken into account.

2. Results and discussion

The water-resistance test revealed the weakness of rectangular housing that failed the test at 3 days of
submerging, which was confirmed by the blotting of the paper inside. Meanwhile, the cylindrical housing
remained in the tank of water for 1 month, turned out to be completely waterproof, since the paper inside
after the inspection still remained dry (Figure 3).

b)
Fig.3. Water-resistance test results: a) wet paper in the rectangular housing; b) dry paper in the cylindrical housing.

From the picture above is seen that the water mainly penetrated through the gaps in-between the rubber
gasket and the two parts of the rectangular housing tightened with screws and nuts. Perhaps, when
tightening, the plastic curved a bit and the gaps occurred. However, still this indicates unreliability of such
structure of the rectangular housing, especially its joints. The cylindrical housing in contrast has a smaller
number of joints. And therefore, has less chance to let the water run inside. Moreover, the clamping
mechanism of the cap worked well. The shock resistance test results are shown in the Figure 4 below.
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Fig.4. Results of shock resistance test of the housings as quality matrix

As is seen from the figure above, the tests did not cause notable damage on all the samples of both types
of housings; no destructions were identified. After the tests the quality of the housings stood rather good.
There were minor scratches on the surface of the samples, as well as a single crack in one of the samples of
rectangular housing that fall from a height of 2 m. The rectangular housing was cracked at the screw
connection part, which may be reasoned by the fact that the screw holes were located close to the edge of the
housing. The results of compression test of the housings are demonstrated below (Figure 5).
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Fig.5. Compression test results of the housings: a) A-sides; b) B-side; ¢) C-side; d) Comparison

The diagrams above show that the cylindrical housing generically may bear more loads than those of
rectangular one. It was ahead on the sides A and B of the housings, but lower in side C. The latter was
predictable due to the thinness of wall thickness in the threaded part. The maximum loads that the
rectangular and cylindrical housings could bear for sides A, B, and Care arranged in the following order:
0.91, 0.6, 2.11kPa and 1.65, 0.77, 1.44 kPa respectively. While the average load amounted 1.25 kP, only side
A and C of the cylindrical, and side C of rectangular housing could exceed this level. Thus, the sides of the
housings when ranked by bearing load may be given the following comparison: B < A < C for the
rectangular shape, B < C < A for the cylindrical shape.

To sum up, both housings demonstrated fairly acceptable performance. However, the cylindrical
housing turned out to be more reliable. Moreover, the keg-shaped cylindrical housing turned out to be 100%
waterproof according to the test results, less cost and labor-intensive due to the exclusion of screw
connections and rubber for waterproofing. It seen from the results of the study that the small changes of the
structure and shape of the housings may significantly affect their physical and mechanical properties. For
example, as it turned out, when using plastic materials to develop the housing, the hydro insulation with
rubber and the screw tightening may be omitted. This eases the structural schema of the housing and saves
the resources. In this regard, the proposed keg-shaped cylindrical housing with the screw cap may have some
advantages with those of the housing of its existing analogues [1, 2]. The workflow formed for versatile
testing and used to custom designs of the maturity sensors housings may be applicable for some other small-
scaled electronic devices that are exposed to submergence and various loads, including homemade and (or)
professional ones. Further work will be focused on testing the developed housings for melt in acid and
alkaline environment, as well as for the various temperature conditions, including flame ignition.

Conclusion

To reveal the effect of the shape and structure of the housing of maturity sensors on its physical and
mechanical properties, two configuration of housings were manufactured: the two-part rectangular and keg-
shaped cylindrical. Both types of housing were tested for water, shock, and compression load from three
sides. Of course, besides the mentioned properties, the housings may be additionally tested for, such
parameters as transparency, quality to the touch, tearing, floatability, flammability, flame color, smell when
burning, and solubility in liquids and scratching. However, these parameters were not important the concrete
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maturity sensors housing. But may be important for the housings of other types of devices. Based on the
results of the tests performed the following statements may be concluded:

- the shape and structure of the housing may significantly influence on its physical characteristics, such
as its mass, free space inside, resources used for joints.

- small modifications of the structure of the joints may remarkably improve the water resistance of the
housing;

- the monolithic design of the container part and the small number of parts in general in the assembly
provides more structural robustness to the housing;

- the keg-shaped cylindrical housing appeared to be more reliable than those of rectangular one in
several aspects, and could preserve its physical and mechanical properties in an acceptable level.

The workflow provided in the study and aimed on prompt verification of physical and mechanical
properties of the housings, may be applied for various small and multi-scale electronic products.
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The work is developed a numerical-analytical approach to modeling thermal processes in a composite
anode of microfocus X-ray tubes. At the first stage of modeling, with the help of well-known analytical
approximations, the distribution function of volumetric heat sources is built. At the second stage, this function is
used when solving a stationary boundary value problem with the Poisson equation by the Finite Elements Method.
Using the proposed technique, an adequate assessment of the maximum power of the tube with the transmission
type W-Be anode was developed.

Keywords: microfocus X-ray tube, composite anode, volumetric heat sources, Poisson equation.

Introduction

The use of microfocus tubes vs macrofocus ones in X-ray installations provides a number of
indisputable advantages: equipment compactness, decreasing by the radiation load on the personnel and on
the adjacent areas of the object under study, the possibility of local research, ability to obtain magnified
images, higher image quality with the same radiation doses.

The improvement of microfocus X-ray tubes is under two main directions: 1) an increase in the power
of X-ray radiation; 2) reducing the diameter of the focal spot. Both directions are associated with the solution
of the dissipation problem by the anode of the microfocus tube of the heat output. The power of the X-ray
tube and the diameter of the focus stain are mainly limited by the limit thermal power allocated on the anode.
An increase in the specified limit will allow to expand the diagnostic capabilities of X-ray equipment.

Despite the fact that in recent years, X-ray sources have appeared with the anodes of original structures
that can dispel significant thermal capacities [1 - 3], most of the commercial and scientific samples of the
tubes use inexpensive classic solid composite anodes. Many questions relating to the optimal parameters of
such anodes are still open. To obtain an adequate estimate of the capacity of the power allocated in a flat
composite anode, it is necessary to clarify the existing models of heat propagation in the respective solid
structures.

1. Analytical approximation of the heat generation area

Let us to consider the problem of determining the thermal mode of operation of the anode of the
microfocus tube of the transmission type. The classic anode of the tube is a film structure in which the target
material is applied to the substrate. Electrons, bombarding target, penetrate deep into the material, generating
X-ray radiation due to the loss of kinetic energy during their braking. The scattering of electron energy
occurs in the interaction area, the dimensions and the shape of which are determined by the accelerating
voltage on the anode U, the diameter of the focal spot dy and the atomic number z of the target material [4].

From the point of view of the heat propagation problem, the domain of interaction of the electron beam
with the target is an internal heat source, the volumetric power of which is determined by the spatial
distribution of energy losses by electrons when they are moved in a solid [5]. In the case of the internal heat
sources, the stationary temperature field 7 (x, y, z) is the solution of the Poisson equation:

O &, T __4, (x,9.2)
o’ 9y o )\(T) ’

(M

where ¢, (x,),z) is the spatial distribution of the volumetric power of the internal heat source, A(7) is the
thermal conductivity coefficient depending on temperature.
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One of the main factors affecting the maximum temperature in the target is the size and shape of the
heat release region, which is determined by the dependence ¢.(x,y,z). For practical purposes, the interaction
region is approximated by the hemisphere model [4] or, as suggested in this work, by the truncated sphere
model shown in Fig. 1.

O

B

Fig. 1. Approximation of the region of interaction of electrons with the target material by a truncated sphere:
1 - region of interaction;2 — target.

The radius R and the value of the displacement of the center of the sphere Zs are found from the triangle
AOO'A by the simplest algebraic calculations

o f(a) _

ZS - 2 {(5(:} 1}9 (2)
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whered, is the extrapolated depth of path of electrons in a solid, a is the radius of the region of electrons
propagation in the near-surface layer of the target, equal to a =9, +0.5d, .

The well-known semiempirical relations [6] can be used to determine the parameter .. The most
commonly used in applied research is the formula for determining J. in the Cosslett-Thomas model

e

€
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where U [kV] is the accelerating voltage at the anode, and p [g/cm?] is the density of the target material.

The distribution of volumetric heat sources g,(x,y,z) will be determined by the normalized distribution
function of electrons energy losses in the interaction region. Approximations of this function are known in
one-dimensional and axisymmetric formulations of the problem. In the axisymmetric formulation of the
problem, a normalized function of energy losses with a Gaussian distribution is traditionally used to
determine volumetric heat sources, which has the form [7]:
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where A= , B= >, M is the reflection coefficient of primary electrons,
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parameters a =z ’+0.72d, ua,’ =0.25z,> +0.72d,’, zms and zare the depths of maximum electron

energy losses for the primary beam and reflected electrons, numerically equal to 1/3 and 1/6 of the
extrapolated path depth &..

2. Estimation of the approximation accuracy

Let us estimate the accuracy of approximation (5) and the possibility of using it in our problem. Full
power P supplied to the target is dissipated in the volume of the interaction region Vi (Fig. 1) [8].In this
case, the heat release volumetric power can be found as

q :i: 6P (6)
" Ve T, [3(60 +0.5d,)’ +6ch '

Obviously, the average value of the volumetric power for distribution (5) must coincide with ¢, from
(6).The average value of the volumetric power for the distribution ¢,(r, z) can be found as

II q, (r.z)0z0r

I" -h ZZ_ZI)
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For a tungsten W target and the parameters of an electron beam U = 200 kV, P =20 W, dy= 20 pum, the
value of the volumetric power g, is 1.4 mW / um?, and the value of the average volumetric power is equal to

av =1.9mW / um?, which indicates the correctness of formula (5)and applicability it for our task.In

confirmation of the above, Fig.2 shows the spatial distribution of ¢y(r, z) in the interaction region for the
purpose of comparison it with the value g, = 1.4 mW / pm?.
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Fig.2. Spatial distribution of volumetric heat sources in the interaction region:
1-gy=14mW/um?, 2 - g7, 2).

From the analysis of the data in Fig.2, it can be concluded that the value g, = 1.4 mW / um? really
adequately reflects the average value of the distribution ¢.(r, z).Thus, we conclude that relation (5) is
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applicable to the solution of stationary thermal problems for transmission type anodes of the of microfocus
X-ray tubes.

3. Numerical modeling of the heat transfer process in a flat composite anode with an
analytically determined heat release region

Let us consider the problem of determining the thermal mode of operation of the transmission type W-
Be anode of a microfocus X-ray tube, taking into account the approximation of the interaction region by a
truncated sphere. In view of the complexity of the analytical solution of the heat problem with equation (1),
we will use numerical methods. The COMSOL Multiphysics numerical simulation environment allows you
to simulate complex thermal problems taking into account all the processes of heat transfer from the solid
surface (convection, radiation). The modeling process includes several stages: creation of the geometry of
the considered area; selection of materials; setting up the physical interface of heat transfer, namely, setting
the initial and boundary conditions, setting the heat source; building a mesh of finite elements; post-
processing of the obtained results.

Fig. 3 shows the computational model of the object to the COMSOL environment.

In modeling, we assume that the layer thickness W equaled to &, is calculated by the Cosslett-Thomas
formula (4), and the thickness of the Be layer is 100 um. The composite anode diameter is 10 mm. On the
outer boundary, we set the condition of natural convection, which is characterized by the heat transfer
coefficient a. Changing the voltage U at a constant power P, we can obtain the dependence Tmax (U) for W
and Be at different values of the diameter dj. In this case, the beam current /is not taken into account in the
simulation.

dh

Be

Fig.3. Computational model of heat propagation in ananode of the transmission type.

The purpose of the simulation is to determine the maximum power Pmax supplied to the target, since the
value of Pmax is limited by the temperature value at which the destruction of the anode materials occurs. The
simulation results are shown in Fig.4.
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Fig.4. Dependence of the maximum temperature of the materials of the W-Be transmission anode on the voltage U at a
fixed power P: a - the size of the focal spot d;, = 10 pm;b - focal spot size d, = 20 um
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Based on the simulation results, it can be concluded that the value of Pmax is about 3 W, both for dy= 10
um and dp = 20 um. In this case, the value of the maximum input power is mainly limited by the temperature
of the beryllium substrate; moreover, insignificant changes in P lead to a strong increase in temperature.
Noteworthy is the presence of a maximum in the curves, which arises as a result of the fact that with
increasing U, the temperature difference AT increases due to an increase in the effective thickness W of the
target. The factor of increasing the volume of the interaction region begins to slightly prevail at voltages of
the order of 350 kV, i.e. at low voltages, it can be ignored.

Conclusion

Thus, based on the results of the work, a conclusion can be made that taking into account the influence
of the distribution g,(r, z) makes it possible to carry out a comprehensive numerical study of the thermal
mode of operation of the transmission type anode of microfocus tubes in order to establish the relationship
between the main parameters of the anode (accelerating voltage U, current /, focal spot diameter d; and
atomic number Z) with the power P. The established relationships are the theoretical basis for achieving the
limiting powers dissipated by solid anodes of microfocus X-ray tubes.
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TACHYONIZATION COSMOLOGICAL MODEL IN THE FRAMEWORK
OF LINEAR FORM-INVARIANCE TRANSFORMATIONS
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This work dedicated to the investigation cosmological models based on tachyon field. It was showed that
Einstein’s field equations for spatially flat, homogeneous and isotropic Friedman-Robertson-Walker space-time
have form-invariance of symmetry, obtained by form-invariance of transformations. The form-invariance of
transformations is specified in the general case by the linear function p = n*p, and in particular, we investigate
for n = —1. The tachyonization of the cosmological model was made for the entire range of values of the
barotropic index y. For the power-law function of the scale factor, a method for obtaining the potential and the
function of the tachyon field was shown. The resulting potential is equivalent to the potential used in string theory.

Keywords: tachyon field, form-invariance transformations, equation of state, barotropic index, state finder
parameters, deceleration parameter.

Introduction

Our universe is currently undergoing an accelerated expansion phase. This is confirmed by various
observational data [1-4]. Theorists speculate that there is a component of matter that currently dominates the
energy density of the universe, which is why gravity is repulsive even under standard general relativity. Due
to the lack of a complete understanding of the nature of this component, it is called dark energy. Many
models of dark energy have been proposed in the literature [5-16]. In this article, we will consider a dark
energy model based on a tachyon field using methods of form-invariance transformations.

Form-invariance transformations (FIT) preserves the form of the equations of motion, since it has form-
invariance symmetry (FIS) [17]. It was shown in [18] that transformations affect the Hubble expansion rate,
energy density, and pressure of the cosmic fluid. Such transformations belong to the Lie group. FIS defines a
set of identical cosmological models, since each representation of the Lie group is associated with a certain
cosmology, through certain fluids. From the quantum field theory the T-duality comes, which connects a
theory compactified on a circle of radius R with another compactified theory on a circle of radius 1/R [19-
20]. In cosmology, the duality of the scale factor is used [21], which reflects the invariance property of the
equations of motion. For the spatially flat FRW metric, the radius R is replaced by the scale factor a , and
the dual transformation a = a~! connects the contracting cosmology with the expanding one [18]. In [22], a
method for obtaining phantom k-essence cosmologies using FIS is shown, in which phantom symmetry
affects the potential, which leads to an expanded super-accelerated tachyon field.

Due to the emergence of a large number of different theoretical models and the improvement in the
reliability of observational data, there is a need for reliable statistics that could distinguish cosmological
models of dark energy from each other and from the ACDM model. One of these statistics is the pair of the
statefinder parameters{r, s} [23]. In this paper, we will derive formulas for these parameters after applying
FIT and find their values for the power scale factor. Then compare the results with the fixed point ACDM
model.

1. Model

In the model we are investigating, we choose the action in the form

1 1
S = ﬁf d4x,¢—g{zR +Lm}, (1)

where R—is Ricci scalar, £,,,- density of matter Lagrangian.
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Friedman-Robertson-Walker metric(FRW) describes by the following expression
ds? = —dt? + a(t)?(dx? + dy? + dz?), )
where a(t)scalar factor of the universe.

Our aim is investigating internal symmetry Einstein equations jointly spatially flat, homogeneous, and
isotropic universe FRW(2). Einstein equations conjointly FRW universe tend to Friedman equations

3H? = p, 3)
3H? + 2H = —p, 4

whereH = gis a Hubble parameter and “dot” denotes derivatives with respect to the cosmic time.
A consequence of the Friedman equations (3)-(4) is anenergy conservation equation

p+3H(p+p)=0. (5)

For another cosmological model filled with an ideal fluid with energy density p and pressure p, one can
obtain similar expressions [24-25]

3H? = p, (6)
3H2 + 2H = —p, (7)
p+3H(+p)=0. (®)

The investigated cosmological models are invariant with respect to each other and it is possible to
introduce a relationship between the energy densities

p = p(p). ©)

The Friedman equations have three unknown variables (H, p, p), and using connection Eq.(9) can find
relation for that variables

g: 2—52 > H= H(E)E, (10)
p+p=2(2P +m) =L o+p), (an
p=-p+Z ) G+ (12)

Each of investigating cosmological models is filled with perfect fluid with a barotropic equation of
states accordinglyp = (y — 1)p u p = (¥ — 1)p. Barotropic indices y and y have the next connection

p=EE=(E)y. (13)

Form invariance transformation (10)-(12) generates Lie group [18]. The form-invariance of the
symmetry is confirmed by the form-invariance of the transformations and shows the equivalence of the
investigating models.

2. Linear FIT

FIT can be introduced by following linear function[ 18]

5 =n2p, (14)
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where n is arbitrary constant. In that case equations (10)-(12)take the form

H=nH, (15)
p+p=n(p+p), (16)
p =n[p+ (1 —-n)pl. (17)

Linear FIT induces linear expresses of variables(H,p, p). We obtain power law connection for scale
factors by integrating Eq.(15)

a=a" (18)
and from Eq.(13) transformation for barotropic index

y=1 (19)

Tl-

We can relate the scale factor a of the original cosmological model to the scale factor @ = a™ of
another model due to the existence of the structure of the Lie group [18], [24].

3. Tachyon model

Let us investigate the behavior of the tachyon field and will show its transformation in accordance with
the FIT (14)-(17). Density of matter Lagrangian tachyon field in a FRW metric becomes

Ly=-V($)|1-$?, (20)

here V() is potential of tachyon field. We substitute Lagrangian (20) in action (1) using the Euler-Lagrange
equation and obtain a dynamical system for the tachyon field as follows

3H? = p, (2D
3H? + 2H = —p, (22)

where energy densityp and pressure p are defined by expressions

|4
-
p=-V /1—<j>2 (24)

p= (23)

and Klein-Gordon equation

b by Ve
gt 3He+ =0, (25)

We obtain an expression connecting the square of the derivative of the tachyon field p? and the
barotropic exponent y , substituting into the equation of state p = (y — 1)p the value of the energy density
pEq.(23) and pressure pEq.(24) to analyze the stability of solutions. In this case it follows that

y =% (26)
where 0 < y < 1. Speed of sound c£ = 1 — y > Oor take into account(26)

cZ =1-¢% (27)
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The converted energy density and pressure of the tachyon field are equal

p= \/1—7& = v (28)
p=-V 1—$z=_( _% i;z, (29)

where we used FIT (14) and pressure (17). From Eq.(19) and Eq.(26)
2= (30)

n

We obtain the transformation expression for the tachyon field ¢ = %, integrating the last expression.

The transformation conditions for the potential of the tachyon field and the speed of sound are

— _ = 2 1—%
V= P 1 —¢ =n*V 1_4)-2, (31)
Z=1-¢2=1-%

(32)

n

The usual tachyon field corresponds to0 < y < 1. Tachyonization of the model at 1 < ywill be
achieved by the complementarytachyon field¢,, and at y < 0 - thephantom tachyon fieldd,,. These two

kinds of tachyon field can be introduced from the tachyon field analyzed above by applying the
transformations [22, 26-27].

The complementary tachyon field ¢ characterized byl < yorl < d2and expressions for it can be
obtained from the standard tachyon field by an internal transformation 1 —y » —(1—y), 1 — $% » —(1 —

$%)and /1 —p2 -1 \/ 1—¢p2=i \/ 1 — $2. Having carried out a simultaneous replacement, we get

- 14
Pc = T7 (33)
$z-1
pe = V] |bZ - 1. (34)
The phantom tachyon field¢,,characterized byy < 0, (f)zz,h = —yand expressions for it can also be
obtained from the standard tachyon field by an internal transformation. In that case vy - —i\/—y, ¢ —
i(l)phand(ﬁz - izd)zz)h = —(f)zz,h. Having carried out a simultaneous replacement, we get
1% n?v

(35)

[_)h=_= )
P 1-¢2 /1—4;2
. : 2
5= 7 1__2=_( _¢_2) ntv_ 36
p P e (36)

Expressions for two new types of tachyon fields were found using simple internal symmetries. All of
them are needed to describe the time evolution of the scale factor (18) for all values of y and to carry out
complete tachyonization of the flat FRW universe filled with an ideal fluid with barotropic equations of state

p=—1Dp.
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4. State finder parameters

The various properties of dark energy are highly dependent on the chosen model. Previously, specific
evaluation criteria were invented in order to distinguish between different and competing cosmological
models involving dark energy. In [23], [28], two parameters, called statefinders, were introduced, which
make it possible to distinguish several models of dark energy. These parameters contain the scale factor a(t)

and its third derivative with respect to cosmic time ¢

a H
T—m—ﬁ:3q—2, (37)
r—
3(g-1/2) (38)
where q is deceleration parameter ¢ = —ad/a? = —d/aH?. Using Eq.(15)andEq.(18)we get transformation
condition for statefinder parameters and deceleration parameter
__ a _ a%*a (n-Dad , (n-1)(n-2)
T=am T s nzdzz + n2 ’ (39)
s_ _ 1 2 _a d+(3n—-1)aad
§= 3(g-1/2)  3n (1 Zaaa’+(3n—2)a3)’ (40)
— aa ai  1-n
1=~%= a7 @1
where to derive the transformation conditions, we used the derivatives
a=na"1q, (42)
a=n(n-1)a"2a? + na" ', (43)
a=nn-1)n-2)a"3a®+ 3nn — 1)a"2ad + na" 1. (44)

5. Solution
Let consider case when in transformation (14) n? = 1. When our solution divided into two subcasesn =

lun=-1
(45)
(46)

Il
|
=
et
+
)
Il
|
N
i)
+
=
e
Ql
Il
|

H
The first subcase corresponds to the identical transformation, and the second case corresponds to the

dual transformation, for which the energy density p = —3H(p + p) = 0 is an increasing function of time

[18].
For n = 1, the equations for the statefinderparameters and the deceleration parameter (39) - (41) take

the standard form (37) - (38), and forn = —1 we get

22 ead
F="5—"7+6 (47)
_ 2 a’d-4aad
5= _5(1 B Zaaa—5a3)’ (48)
— aa
i=7;-2 (49)

From the conservation equation (5)
% = —3H(1 + ), (50)
where w equation of state parameter depends on cosmic time accordingly w = p/p. We substitute equation

(50) in Friedman equations(3)take the form
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2H
1+a)——m, (51)

. p _2H ; .
where we used the next relation % =T For tachyon field % = w = ¢? — 1. When we can get expression
1

¢ = (— %)2, by integrating which we get

o1
2H

D) = [ (~555) at. (52

We multiply equations (23) and (24) and use the Friedman equation (3)

1
1 1 TN\ 5
pp==V% V= (=pp): = (~w)ip = 3H*(1+15)" (53)
For any scale factor a(t) find the time dependence of the potential V(¢t) and the tachyon field ¢(¢t),
using equations (52) and (53) and hence the potential V' (¢). Also from equation (52) we can conclude that
for these models always H < 0. The tachyon potential, by analogy with the potential of a scalar field, can be
used to control the expansion of the universe.
Consider the case when the expansion of the universe obeys the power law

a = ayt%, (54)

where a, and @ some positive constants, and for the accelerated expansion of the universe it is necessarya >
1. In this case, equations (52) and (53) have the following solutions

1 1
2\2 2z 1
o) = (=) t+o V(©)=3a?(1-2)3 (55)
where ¢, integration constant. We find the potential V (¢) by replacing tfrom Eq.(55)
—_"
D (56)

1
where Vy = 2a (1 - %)2. This potential diverges at ¢ = ¢y and corresponds to the typical potential of

bosonic string theory. The converted scale factor is @ = Got% ¢ @y = al} u @ = na. Expressions (55)
correspond to the usual tachyon at 0 < y < 1. For the complementarytachyon field ¢, at 1 < y, which is a
stiff matter with a cosmology of deceleration, using FIT we obtain

J)C:(%)%quco, a=§<1i /1—%) (57)

For phantom tachyon field ¢,,, withy < 0

Bon = (—%)gt+¢pho, a=§<1— h +¥> (58)

For the scale factor (54), the statefinderparameters (37) - (38) and the deceleration parameter take the
form

1
r=l--+-—, s=—, ¢=-1+- (59)
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and after FIT at n = —1 parameters(47)-(49)

2 s=-2, g=-1-= (60)

a?

F=1+2+
a

We exclude the parameter a from equations (59) and (60)

r(s) = gsz —gs +1, r(q) =2¢*+q, (61)
F(5) =282 —25+1, 7(@q) =27 +q. (62)

Point {r, s} = {1,0} is fixed point for ACDM-model [23]. It can be seen from equations (61) - (62) that
the graphs of the functions r(s) and 7(5) pass through this point and are located to the right of it.
Dependency graphs {r,q} and {r,q} pass in the past through the point {1,0.5} corresponding to the
universe with a predominance of matter (SCDM) and the point in the future {1, —1} corresponding to stable
state (SS) - de Sitter extensions.

Conclusion

By researching our model, we have shown that form invariance transformations can be used to obtain
new solutions to the Einstein equation. Moreover, FIT allows you to move from annon-stable cosmology to a
stable one and vice-versa. A static universe containing an ideal fluid is always stable at the speed of sound
cZ > 1/5. If the initially investigated model has a barotropic index y corresponding to an unstable solution,
then after using the transformation rule (32) we can obtain a stable cosmological model.

As in [26], we proved the possibility of the existence of two types of extended tachyons. The
complementary (1 < y) and the phantom (y < 0) tachyon fields were obtained from the standard tachyon
field ( 0 <y < 1). These fields were used to complete tachyonization of the FRW universe filled with an
ideal fluid with barotropic equations of state p = (y — 1)p for all values y and scale factor (54).

A method was shown for finding the time dependence of the potential V(t) and the tachyon field ¢ (¢t)
for any scale factor a(t). We were convinced that the tachyon potential, by analogy with the potential of a
scalar field, can be used to control the expansion of the universe.

Derived formulas of the statefinder and the deceleration parameter after applying FIT. From the
performed study of our tachyon model using statefinder, it can be seen that the results obtained {r, s} = {1,0}
agree with the theory proposed in [23].
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SUMMARIES TYCIHIKTEMEJIEP AHHOTAIIUHN

Kosznoeckuii A.JI., 300oposey M.B.

Kanbuuii THTaHATHI Heridinaeri peppornexkTpukrepaeri ¢pa3aiabik TypieHyaepai 3eprrey.

By JKYMBICTBIH MakcaThl — KaJbI[Mi THUTAHATHI HETI3iHAETi (eppodsIeKTpUKTEpaeri (a3alblK TYPIICHYJISPIiH
KHHETUKACHIH 3epTTey. BV 3epTTeyAiH ©3eKTUIirl MHKPOIJICKTpOHHKaAa, (oToKaTamusze >KOHE HSHEpreTHKaia
KOJJIaHy MYMKIiHIIr Oap Kypaenmi (a3amblk KypaMasl (heppodIeKTPUKTEPIl alyIblH KaHa oficTepiH Oaramayma
xatelp. TanmayablH HeTisri amicTepi peTiHAe pacTOPIBIK IEKTPOHABIK MUKPOCKOIHMS MEH PEHTIEHIIK Au(paKius
azicTepi KongaHeUbl. MophoJOrHsuIIbIK epeKIIeNikTepai Tajiay TYHipIIKTepaiH eNeMaepiniy e3repicrepi raHa
eMec, OJapIblH TE€OMETPHACHIHAAFBl ©3repicTepAiH KHHETHMKAchlH OpHaTyFa MyMKIHIIK Oepai. ®azanbik
TYpJICHyJIepAl 3epTTey OapbichlHOa, OocaHmaTy TemIepaTypachlHa OaiJIaHBICTBI TAYEJJIUIIKTIH Keieci Typi
anbikrangsl: TiO, — anatase/CaTi,O4 — TiO»— anatase /CaTi,04/CaTiO; — CaTiOs3/TiO, — rutile. ConbiMeH Oipre,
1000 °C rtemmneparypama CaTiO; THNTI TMEPOBCKUT TOPi3Mi KYPBHUIBIMBI JKOHE KOFAphl JOPEXKeTi KYpPBUIBIMIBIK
perriniri 6ap (92%-nan actam) KepaMHUKaHBIH TYPAKTHI KYPBUTBIMBI TY31JIE/i.

Kosznoeckuir A.JI., 300posey M.B.

HccnenoBanne ¢GazoBbIX NpeBpanieHUii B CETHETOYIEKTPUKAX HA OCHOBE THTAHATA KAJIbIH.

Lenbio naHHOM PaOOTHI SIBISICTCS HCCIIEIOBAHUE KMHETUKU (Da30BBIX MPEBPAIICHUI B CETHETOAICKTPUKAX HA OCHOBE
TUTAHATA KalbIHMA. AKTYaJIbHOCTh JAHHOTO HCCIICJIOBAHUS 3aKJIFOYACTCS B OICHKE HOBBIX METOJOB IOJyYCHHUS
CETHETORJICKTPUKOB CIIOKHOTO (Da30BOTO cOCTaBa, 00JaNarOIIMX MMOTCHIIMAIOM MPUMEHCHUS B MUKPOJJICKTPOHHKE,
(doTokaTanm3e M JHEpreTHKe. B KadecTBE OCHOBHBIX METOJOB aHalW3a ObUIM HPUMEHEHBI METOJIBI PAacTPOBOM
JJIEKTPOHHONH MUKPOCKONHMU W PEHTTeHOBCKOHN audpakimu. AHamu3 MopQOJOTrHYECKUX OCOOCHHOCTEH MO3BOJIMIT
YCTaHOBHUTh KWUHETHKY HM3MCHCHUS HE TOJBKO pPa3MEpOB 3€PEH, HO M HUX TeOMETpHU. B XoIe NpOBEICHHBIX
UCCIIeIOBaHUK (pa30BBIX MPEBPAICHUN B 3aBUCHMOCTH OT TEMICPATyphl OT)KUTAa ObUIa YCTAHOBJICHA CIICIYIOINAS
3aBucuMocTh THma TiO, — anatase/CaTi,O4 — TiO,— anatase /CaTi,04/CaTiO; — CaTiOs/TiO, — rutile. IIpu 3Tom
npu temneparype 1000°C npoucxoaut GOpMHUPOBAHHE YCTORIMBON CTPYKTYPhl KEPaMUKH C TIEPOBCKUTOTIONO0HOM
cTpykTypoii Tnna CaTiOs3 1 BBICOKOH CTENEHBIO CTPYKTYPHBIX yropsaodenunit (6oxee 92%).

Stary 0., Cypicuxos A.Il., Manvuues A.B., Jlvicenko E.H., Illeéenesa E.A.

@eppuTTEPiH Mpecc YHTAKTAPBIH KaJbINKa KeJITIPpYyIli KbI3ABIPYABbIH PaAHALUSIIBIK KOHE TEPMHUSIBIK
KAaKTay Ke3iHJeri ThIFbI3IayFa dcepi.

PaguanusuibIK-TepMHUSIIBIK, KOHE TEPMISUIBIK KaKTay Ke3iHAC JTUTUH-TUTaH (QEPPUT YITUICPIHIH CHI3BIKTHIK IIOryi
3eprrenreH. [Ipecrey anapiaa yHTakrapabsiy Oip 6ediri 1273, 1373 xxone 1473 K Temneparypanapna 2 carat 00iibl
TEPMUSUTBIK KBI3IBIPYFa YIIbIPaabl. YHTAKTapAbl KYHIipreHHEeH KeliH (GeppuTTepIiH 1I6ry KUHETHKACKIHBIH 63repyi
aKaynappl KyHAipy €CceOiHeH YHTAKTapIblH TEPMHSIIBIK KO3Yhl TYpajbl KIIACCHKAJBIK OWIapFa COWKEC KeJeTiHi
aHbIKTANIBI. MyHIall akaynap Tericrey Ke3iHAe YHTaK JQHICpiHAe maiifna Oombl. ANBIHFAH MONIMETTEPAl Tanuay
YHTaKThl (QEpPUTIHIH KaKTayAblH pPaTUalVsUIbIK KOHE TEPMUSUIBIK OCJICEHIIPYAiH €H BIKTHMal MOJCINIH YCHhIHyFa
MYMKiHJiK Oepai. Terme-TeHci3 akayapablH peTakCcausChIHBIH PaJIAAUSIIBIK TEKEY MOIEI aJIbIHFaH.

Stary 0., Cypicuxos A.Il., Manvuues A.B., Jlvicenko E.H., Illeéenesa E.A.

BiusinMe HOpMAaIH3yIOIIero HarpeBa Npecc-MOPOIIKOB (eppUTOB HAa YIUIOTHEHHEe MpPH PaJIHALHOHHO-
TepMHYeCKOM CIIeKAHHH.

HccnenoBana JsMHeHHas ycajka o0pa3loOB JIMTHH-THUTAHOBOTO (eppuTa IpH paJudalliOHHO-TEPMHYECKOM U
TepMudeckoM crekanun. Ilepen npeccoBaHreM 4acTh MOPOIIKOB MOABEPragach TEPMUUIECKOMY HarpeBy B TeUeHHE 2
yacoB npH Temneparypax 1273, 1373 u 1473 K. YcraHoBneHo, 4TO U3MEHEHUE KUHETHKH YCallku (DeppUTOB IOCIE
OTKUT'a OPOILKOB COTJIACYETCs C KJIACCHUECKUMHU TPEJCTABICHUSAMHU O TEPMUYECKOM J€B030Y>K/ICHHH TOPOLIKOB 32
cuer omkura nedekroB. Takme nedekTsl 00pa3oBBIBAIIMCH B 3€pHaX IOPOIIKA MpH HUIMGOBAHMU. AHaU3
MOJIyYEHHBIX JTAaHHBIX TI03BOJIMII TIPEUIOKUTH HanOoJee BEPOSTHYIO MOJICNb PAIHAIMOHHO-TEPMUYECKONW aKTHBALIMH
CreKaHUs NopoikoBoro ¢epputa. IlomydeHa Mozmens paauaniOHHOTO TOPMOXKEHHMSI PEJIaKCALNM HEPaBHOBECHBIX
e EeKTOoB.

HOpoe¢ B.M., I'onuapenxo B.HU., Onewro B.C., Sha Minggong

KemipTekTi MaTepuanap 6eTiHiH aHU30TPONUSICHI

JKympIcTa KETUITEH MOHOKPHUCTAIAPABIH OCTTIK KaOaThIHBIH MOJENi KOJJIAHBUIAJBl JKOHE KeMmipTeri
MaTepUaJIaPBIHBIH HAHOOJIIEMIl OOJBICHIHIA OTeTiH (DM3UKAJBIK MPOLECTePACri OCTTIK SHEPTHUSHBIH POl
anbIKTanapl. OnapaslH iwinae rayhap, rpadwur, xapOuH sxoHe ¢yiuiepenaep 3eprreired. KyOTBIK cHMMeETpUsUIBI
aNIMacThIH OCTTIK KaOaThIHBIH KaJBIHABIFEI 8,2 HM KYpaiIbl )KOHE HAHOKYPBUTBIM O0JIbIN TaObuIanel. CHHTE3ICITCH
HaHOAJIMA3/bIH opTama ejmeMi ~ 8 M perrinikke ue. (100), (110) sxone (111) anmmac jka3bIKTapbIHA ECENTEICH Ghki
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MOHI JKCIIEpUMEHTIIEH >QHE Oacka ecenTeylepMEH JKakchl yiilecedi. a oci OolblHmarel TpaduTTiH OeTTiK
KaOaThIHBIH KanblHABIFEI R(I), = 8.0 HM-Te TeH, COHBIMEH Karap HaHOKYPBUIBIM OoJibim TaObutansl. bipak ¢ oci
OolibIHIa Ka0aTThIH KaJBIHIBIFEI IIaMaMeH 1,5 HM Kypaiiapl, aq MOHOKabaTTap caHbl TeK 2-re TeH. by ¢ ociHme
rpadurTi TpadeHre alHANIBIPHINT, MOHOKA0AT KypyFa Oosianmel. I'paduTTiH a oHE ¢ Ka3bIKTBHIKTAphl OOWBIHIIA
€CEIITETEH Ghx MAHI colikecinme 25957 xone 5515 mIx/M? Kypaiinsl. KapOunmep sp -0yIaHIacTEIPEUIFaH KOMIipTeK
aTOMJIapblHAH TYPATBIH TOJMMEPJIi MOJUUHII HeMece KyMmyJieH Ti30eri 0ombin TaOblmanbl. Erep kapOwHHIH OETTiK
KaOaTBHIHBIH KAJIBIHIBIFEI ¢ OCi OoiibIMeH Oip emmieMai Ti30€KKe CO3BUIFaH JeT €CENTEeCeK, OH/Ia o-KapOuH YIIiH Oy
Ti30ekTiH y3bIHIBIFBI 200 HM-re nediH Kypaigsl. @ymiepenaepiiH OeTTiK KaOaTHIHBIH KaJIBIHABIFBI Ta3a
MeTanIapablH OCTTIK KaOaThIHBIH KaJBIHIBIFBIHAH enoyip acwim tycemi. Cgs skoHe Cos (yuiepeHAepaiH OETTiK
KaOaTHIHBIH KaJbIHIABIFBI [ieiirep OoiibiHIma HaHOKYpbUIbIMAapra ToH 100 HM-meH acanbl. DyiiepeHAEpIiH Ok
OeTTik SHeprusickl kemipTeri aromaapbiHbH caHbl C3¢ — Cos apTKaH caiiblH xorapbutaiinsl. Ox (111) — (100) —
(110) karapnapbeiHIa 1a ©3repei.

HOpoe¢ B.M., I'onuapenxo B.HU., Onewro B.C., Sha Minggong

AHH30TpONHS MOBEPXHOCTH YIJIEPOAHBIX MATepPHAJIOB

B pabore wucnonp3oBaHa MOJENh MOBEPXHOCTHOTO CIIOS COBEPIICHHBIX MOHOKDHCTAJUIOB M BBIICHEHA PpOJb
MOBEPXHOCTHOI JHEpPruM B (PU3MYECKUX IIpoIeccax, MPOTEKAIOMMX B O00IacTH HAHOPA3MEPOB YTIIEPOIHBIX
MmarepuanoB. VI3 HUX MccnenoBaHsl anMas, rpadut, KapOuH 1 GyaepeHsl. TOoMIIMHA TOBEPXHOCTHOTO CJIOS alMasa
KyOMUYecKoil CHMMETpUM cocTaBisieT 8,2 HM U TIpelcTaBisieT co0oil HaHOCTpyKkTypy. CpemHuii pasmep
CHUHTE3MPOBAaHHOI'0 HAaHOAIMa3a UMeET NMOPAJOoK ~ § HM. BrluncneHHOe HaMM 3HAU€HHUE Gpil MO IUIOCKOCTSIM anMasa
(100), (110) n (111) Henmoxo coryacyercst ¢ SKCIEPUMEHTOM M JIPYTMMH pacdeTaMu. TonHa MOBEpXHOCTHOTO
cios rpadura o ocu a paBHo R(I). = 8,0 HM n Takke NpencTaBiIseT HAHOCTPYKTYPY. A BOT IO OCH ¢ MBI IMEEM
TOJILMHY CJI0S1 OKOJIO 1,5 HM M KOJMYecTBO MOHOCJOEB Beero 2. 1o aToi ocH ¢ rpautT MOXKHO CO34aTh MOHOCIIOH,
npeBpaTUB ero B rpadeH. BeluncieHHOe HaMK 3HAUYEHHE Ghyl 10 TUIOCKOCTSIM ¢ M ¢ rpadura paBHbl 25957 u 5515
MJk/M2, COOTBETCTBEHHO. KapOWHBI TPECTABIAIOT MOJUMEPHYIO MOIMMHOBYI) WM KyMYJEHOBYIO IETOUKY,
COCTOSIIIYI0 M3 aTOMOB yTiiepoja B sp-THOpuam3anuu. Ecian mpeacTaBHTh, YTO TOJNIIMHA MTOBEPXHOCTHOTO CIIOS
KapOWHA pacTIHYTa B OJHOMEPHYIO IENOYKY BIOJb OCH C, TO JTMHA 3TOW IENOYKH cOCTaBUTh A0 200 HM mis o-
kap6uHa. TonmuHa MOBEPXHOCTHOTO CIOs (YIUIEPEHOB 3HAYUTEIBHO NPEBBIIIAET TOJIIIUHY TOBEPXHOCTHOTO CIIOS
YUCTBIX METaJuIoB. ToJHA MOBEPXHOCTHOTO ciiosi pyuiepeHoB ¥ Cgs u Cos mpeBbimmaer 100 am mo ['meditepy,
XapaKkTepHYIO JUIsi HaHOCTPYKTyp. [loBepXHOCTHast SHeprusi (yJIEpPEeHOB Ghkl BO3PACTACT C POCTOM YHCIIA aTOMOB
yriepona Csg — Cos. OHa Takxe u3mensiercs B pany (111) — (100) — (110).

Tineoaee K.b., Kypmanoaesa I'.A.

YabsTpa qucnepcri YHTaK Herisingeri moauterpadgropaTuieHai Mmogudukanusiay

By xymeicta monurpadpadropatunenHin (327 °C) Oanky TemmeparypachlHaH »KOFapbl TeMIepaTypara AeliH
KBI3ABIPBUTFaH YJIBTPA KYKa YHTAKTa KYPBUIBIMHBIH Maiga OOJyblHA TCPMUSUIBIK JKOHE MEXaHUKANBIK dCEpPICPHiH
OCepiH 3epTTey HOTIDKEJepi KeNTipiAreH. VYIbTpa JKYKa VHTaK alHaIMandbsl TBIIIAK  JAHIPMEHIHIC
MOJUTETPA()TOPITUIICHHIH OHEPKICINTIK VATICIH MEXaHWKAIBIK YHTAKTay AapKbUIBl ajbIHABL. YJbTpa YHTAKTHI
MUKPOCKOTIHSIIBIK 3€pTTEY YHTAK OOJIICKTepiHiH KoJieMi 5 MKM O00JaThbiH KBa3HUC(EPATBIK OOJIIEeKTep EKEeHiH
KopceTTi. YIbTpa XYKa YHTaK OeJeKkTepiHe TEepMISUIBIK (arioMepanmsuibiK, Oasy >KoHE Te3 COHIpYy) KoHE
MEXaHHUKAIBIK (3KOFapbl KBICBIMIIBI KYpY) ocepiepain Hotmxkenepi Leica DM 6000 aBToMaTTaHABIpbUFaH MH(PIBIK
MHUKPOCKOTIBI, PEHTTeHIIK Tudpakius xoHe Bukepc omicrepiMeH aHbIKTanmbl. CympoMOJIEKYIANBIK KYPBIIBIMHBIH
naiiga Ooiysl ocep eTyml Kymike (KbICBIMFa) JKOHE TeMmIeparypara OalylaHBICTBI €KEHJIrl aHBIKTaJIIbL.
MomudukanusianFad YITiHIH KATThUIBIFBIH ©JIIICY OHBIH OHEPKICINTIK YATIHIH KATTBUIBIFBIHA KATHICTHI KATTHUIBIFBI
4 GipIiKKe KOFapblIaFraHblH KOPCETTI.

Tneoaes K.b., Kypmanoaesa I'. A.

Moaudukanust noJuTeTpadTOPOITUICHA HA OCHOBE YJIbTPAJAHCIIEPCHOI0 MOPOIIKA

B namHOW paboTe mnpencTaBieHBl PE3yNbTAaThl HCCIEAOBAaHMSA BIMSHHUA TEPMHUUYECKOIO M MEXAHHYECKOTO
BO3JCHCTBHH Ha (POPMHPOBAHUE CTPYKTYpPHI B yIBTPAJUCIEPCHOM IOPOIIKE HATPETOTO 10 TEMIICPaTyphl BBIIIE
TeMIleparypbl TuaBleHus monuterpadropatuneHa (327°C). VibTpaIucClepcHBIH TMOPOMIOK ObLT  TOJy4YeH
MEXaHUYECKUM M3MEIbUCHUEM MPOMBIIUIEHHOr0 00pasia MoauTeTpadTopITHICHa B POTOPHO-HOKEBOH MEIIBHHUIIE.
HccnenoBanus ynbTpa MOPONIKA C MOMOINBI0 MPOCBEYMBAIONMIETO MUKPOCKOINA MOKA3aM, YTO YaCTHUIIBI MOPOIIKA
NPE/ICTABISAIOT cO00i KBasuchepuuyeckue yacTUubl pasMepoM 5 MKM. TepMmuueckue (CrieKkaHue, MEMJICHHas H
OblcTpasi 3aKajlka) ¥ MeXaHH4YecKoe (CO3[aHue BBICOKOTO JaBJieHUs) 3(PQEKThl Ha YaCTHUIBI YJIbTPaIUCIEPCHOTO
HOpoIIKa OBUIM OINpeleseHbl METOIaMH aBTOMATH3MPOBAaHHOro uu¢poBoro Mukpockona Leica DM 6000,
peHTreHoBcKol nudpakiun 1 Bukkepca. beuio oOHapyskeHO, 4To 00pa3oBaHHE CYNpPaMOJICKYJISIPHOM CTPYKTYpPBI
3aBUCST OT NPWJIOKEHHOTO yCWiIus (IaBJCHUS) W Temmeparypsl. V3mepeHue TBepHoCTH MOAU(PHUIUPOBAHHOTO
o0pasia 1Mokasano, YTO €ro TBEPAOCTh IO OTHOLICHHIO K TBEPJOCTH IMPOMBINIICHHOTO 00pa3na yBenn4mnach Ha 4
CIMHHIIBL.
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Paxaounoe b.K., Cazoonouna K.b., baiincan /.P., Kypeposa JLI., Ecxepmecos¢ /.K., Kanumosa, A.A.,
Cmaiivinoga M.
JleToHaNUSAJIBIK OYPKY d/1iciMeH TUTaH ToceMiH/Ie THAPOKCHATIATHTTI :KaObIHAAPABI ATy

Makanaga AeTOHAUMSUIBIK OYpKy Ke3iHAe TUTaH CyOCTpaThlHIA T'MAPOKCHANATHTTI >KaOBIHABI KAJIBIITACTHIPY
NPOLIECIH 3ePTTEy HOTIXKEJIEpl KapacThIpblIabl. PaMaH CIIEKTPOCKONHUSCH JKOHE PEHTICHIIK KYPBUIBIMJIBIK Tajliay
ozicTepiMeH OYpPKy YHTaKkTapbl >XoHE OYpPKY HOTH)KECIHEH alIblHFaH TI'MIPOKCHANaTHT >KaObIHIapbl 3€pTTEN.
Jeronauusinelk OypKy opiciMeH anbiHFaH jxaObinaa o-Cas(POs), dasanapsl naiina 60naThIHIBIFEL, Oipak COHBIMEH
6ipre ruapoxcuanaTut (hazachl XKaOBIHHBIH KYpaMbIH/Ia CAKTAIATBIH/BIFEl aHBIKTANFaH. PaMaH CHeKTpiHAe ajbIHFaH
HOTWDKENIEp THAPOKCHANATHT KaObIHAApABIH HeTi3ri (as3acel eKeHiH KepceTeli. bBypikkiml kaObHIapIbIH
MOP(OJIOTHACH CKaHEpIeyIl 3JIeKTPOHIBI MHKPOCKOIHS apKbUIBl CHIATTAJIBI, ajl >KaOBIHIApIBIH 3JIEMEHTTIK
KYpPaMbIH Tallay OHEPTusl IHCICPCHSUIBIK CIEKTPOMETpP JETEKTOPHIHBIH KOMETiIMEeH albIHIBL. JHeprus
JHCTIEPCHSIBIK CIIEKTPOMETPHSIIBIK Tajgay HOTIDKECIHIE aJIbIHFAaH KaOBIHIAPIBIH 3JIEMEHTTIK KypaMbl OacTamkel
YHTaKThIH 3JIEMEHTTIK KypaMbIHa YKCac €KeHIH KOPCeTTi, OYI1 )KaOBIHIAp IBIH KBI3MET €Ty MEP3iMiH cakTay YIIiH oTe
MaHBI3/IBI.

Paxaounoe b.K., Cazoonouna K.b., baiincan /I.P., Kypeposea JLI., Ecxkepmecos /I.K., Kanumosa, A.A.,
Cmaiivinosa M.

MMonyyeHue THAPOKCHANATHTOBBIX MOKPLITHIi HAa THTAHOBOI MOAJ0KKe METOJAOM JAeTOHAIMOHHOTO
HaNbLIEHUSI

B crathe paccMarpuBaeTcsl pe3ynbTaThl HCCISIOBAHUS Tpolriecca GOPMUPOBAHUS THAPOKCHAIIATUTOBOTO MOKPBITHS
Ha THUTAaHOBOM TMOJIOKKE TIPU JIETOHAIIMOHHOM HamblIeHUH. MertogamMmu PaMaHOBCKOW CIIEKTPOCKONHH H
PEHTTEHOCTPYKTYPHOTO aHajaM3a WCCICIOBAHBl TOPOIIKH [JIsl HAMBUICHHS W TOJYYCHHBIC TIOKPBITHA W3
ruapokcuanaTuta. OmnpeneneHo, 4YTo I TOKPBITHS W3 YHCTOTO THIPOKCHANATHTA, TOJIYYSHHOTO METOJIOM
JIETOHAIIMOHHOTO HAIBUICHHUS, XapaKTEPHBIM SBIATHCS TOsBIEHUE (a3 o-Tpukampnuiidocdara, HO TMPH ITOM B
COCTaBe TOKPBITHSI COXpaHsercs ¢a3za THAPOKCHANATHTA. Pe3ylbTaThl, MOJYYCHHbIE Ha PaMAaHOBCKOM CIIEKTpE
YKa3bIBa€T Ha TO, YTO THIPOKCHAMATUT SIBISCTCS OCHOBHOM (Pa3od B TMOKPHITHIX. MopQoiorus HambBUICHHBIX
MOKPBITUH ObLIa OXapaKTepU30BaHA C TIOMOIIBI0 CKAHUPYIOLICH JICKTPOHHON MUKPOCKOITUH, 8 aHAJIN3 JICMCHTHOTO
cocTaBa IOKPHITUH OBLI IMOJYYEH C MOMOINBI0  JETEKTOpPa  JHEPrOJUCICPCHOHHOTO  CHEKTPOMETpA.
DHEProANCIEePCUOHHBIN CIIEKTPOMETPUUECKHUI aHAIM3 MOKa3all, YTO JJEMEHTHBIM COCTAaB IMOJYYEHHBIX MOKPBITHI
AHAJIOTHUYCH DJICMCHTHOMY COCTaBy HCXOJHOIO IOPOINKA, YTO OYCHb BAKHO IJII COXPAHCHHS CpPOKA CITYXOBbI
MTOKPBITHH.

Annvicosa I'. K., lucuyvin B.M., Kapunéaeg /K.T., I'onkoeckuit M.I.

Paguanus arbiHBI OpiciHAe CHHTe3le/IreH LepUil KOCHLIFAH MTPHIl AJIOMUHHMA TPAHAT KePaAMHKACBHIHBIH
JIIOMHUHECIIEHITASIChI

JKympIcTa KepaMUKaNBIK YATUICPAiH JIFOMHHECIICHTTI KACHUETTEPIHIH COYJCNCHIIPY Ke3iHAeri THrelbaeri
OpHaJacyblHa TOYEIJIUIriH 3epTTey HaTikenepi OepiireH. CuHTEe3 yuIiH XUMHSIIBIK Tasa coptTel ALO3, Y20s,
Gdy03 xoHe CeyO3 TOTBHIKTAPBIHBIH KOCHAJAPhIHAH YT JadbIHAANABL. 3apsaTaFbl OKCHUATEPAIH KATBIHACHI
CTEXHOMETPHUSIIBIK KaThIHACKA CoWikec Kenmi. OKCHI YHTaKTaphIHBIH O6JIIEKTEPiHiH MOJepi ImaMaMeH | MKM
Hemece omaH a3 Oonmel. Cunte3 PF® Cb Snponbik ¢uszuka mHCTUTYTHIHIA (HOBOCHOWMpPCK K.) 3JIEKTpOHIAp
yAeTKimiage kyprizinai. JlromuaecneHTTi Kacuerrep 450 HM MOHOXPOMATHKAIBIK CoyJiesneHy apkbuibl SOLAR
meiraprad CM 2203 criekTpoduiopuMeTpinae eameH . YIriaepaiH eki Typi 3epTTeli, 0Jap MacCabIK THIFBI3IbIFbI
MEH UTPUH OKCHUIIHIH TAPUXBIMEH EPEKIICTICHII.

Annvicosa I' K., lucuyvin B.M., Kapunéaeg /K.T., I'onkoeckuit M.I.

JlroMuHecHeHIIUS KePpaMUKA HTTPHUii-aJIOMHHIEBOT0 IPAHATA, AKTHUBHPOBAHHOI0 IlepHeM CHHTE3HPOBAHHOM
B M0JIe MOTOKA PaTdalin

B pabote mpuBeeHBI pe3yabTaThl UCCICIOBAHUN 3aBUCHMOCTH JIFOMUHECIICHTHBIX CBOHCTB 00Pa3IOB KEPAMUKHU OT
UX TIOJOXKCHHUS B TUTJC mpu oOiydeHuw. J[s CMHTE3a TOTOBHIJIACH LIMXTAa U3 CMECHU MOPOINKOB OKUCIIOB OKCHUJIA
amoMuHUS, okcuna UTTpUs. COOTHOIICHHE OKHCIOB B IIMXTE COOTBETCTBOBAJIO CTEXHOMETpHYECKOMY. UacCTHITHI
MIOPOIIKOB OKMCIIOB MMEJH pa3Mepbl OKoio I1MKM u MeHblle. CHHTE3 OCYIIECTBISUICS HA YCKOPHTENE 3JICKTPOHOB
WNucruryra sgepuoit ¢usuku CO PAH (1. HoBocmOupck). JIFoMHHECIIEHTHBIE CBOHCTBa ObUIM W3MEpEHBI Ha
cnekrpodayopumerpe CM 2203 mpousBoactBa «COJIAP» mpu Bo30yXI€HUH MOHOXPOMATHYECKUM H3TyUCHHEM Ha
450 mm. HccrenoBaHbl NBaBHIa OOpasloB, OTIMYAIONINECS BEITUYMHON HACHIITHOW TUIOTHOCTH W TIPEIBICTOpUEH
OKCHJIa UTTPUSL.
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Cynpyn T.T.

7Ka3bIK 0eTTeri mpu3MaJibIK dJ1eMeHTTEPAIH KbLTy OepiyiH 0aranayra skeprijxikTi Tocia

XKasbik OeTTe opHaNaCKaH MPU3MAIBIK JKbUIY ajiMacy O3JIEMEHTTEpl KONTereH TeXHUKANBIK KOJIAaHBICTApFa TOH.
JKYMBICTBIH MaKcaThl JKbLIy-MacCO-YKCACTBIK JKOHE TEPMO-aHEMOMETpPHUsSI SAICTepIH MaiijianaHa OTBIPBIIN, KYMbIC
OpPTaChIHBIH CHNATTHIK alMaKTapbhIHIA JKbLTYy(PH3UKAIBIK TapaMeTpliepdi J>KEepTillikTi Oakpuiay HETi3iHIE KYMBIC
OeTTepaiH KbITy OepimyiH OaramayFra MKEeprimKTi TOCimmi o3ipiey Ooibn TaObuiaabl. JKepruTikTi TOCI opam aFbl
OTETIH DJIEMEHTTIH MIeKapaJblK KaOaTBIHAAFBl aFbIM TYPJIEPIH IOTIpEeK aHBIKTayFa JKOHE COJl apKbUIBI JKEKe
NPU3MaJbIK JJIEMEHTTEPIH XKoHe OYKUI KYpBUIBIMHBIH TEMIIEpaTypajblK KYHiH o/ aHBIKTayFa MYMKIHIIK Oepei.
[Tpu3maHbIH op OCTiHIH JKEPTiLTIKTI KbUTy OepllyiH ecenTey YLIIH FeOMETPHSUIBIK KHE PEXHUMIIK Iapamerpiepre
0aiinaHbICTHI YKCACTHIK TEHJCYJIEP] YCHIHBUIFaH.

Cynpyn T.T.

JlokaJbHBIH MOAX0] K OLleHKe TelIonepeauy NPU3MATHYECKHX 31eMEeHTOB HA IUIOCKOH MOBEPXHOCTH
[pu3MaTHyecKre TEINI0OOMEHHBIE JJIEMEHTHI, PacIlONIOKEHHbIE Ha IUIOCKOH IIOBEPXHOCTH, XapaKTePHBI Il MHOTHX
TEeXHUYECKUX NpuiaokeHuil. Llenplo paboThl sBIsieTcs pa3pabOTKa JIOKAITBHOTO INOAXOAA K OLEHKE TeIUIOOTIAdYH
pabouux MOBEPXHOCTEH Ha OCHOBE JIOKAIBHOTO KOHTPOJS TEIUNIO(GU3MYECKUX NapaMeTpPoB B XapaKTEPHBIX 30HAX
paboueid cpezbl ¢ UCIIOIB30BAHHEM METOIOB TEIUIO-MACCO-aHAIOTHU U TePMO-aHEeMOMETPUH. JIOKaNbHBIA MOIX0ox
H03BOJISIET 00JIee TOYHO AUATHOCTHPOBATH THIIBI TEYCHUS B IOTPAHUYHOM CJI0€ 0OTEKaeMOTr'o 3JIEMEHTa M TEM CaMbIM
0oJiee TOYHO ONPENEISITh TEMIIEPATYPHOE COCTOSHUE OTAEIBHBIX MPU3MAaTHYECKUX JIEMEHTOB M BCE KOHCTPYKLIUH
B 1enoM. J[yist pacyera JOKaJIBHOM TEIUIOOTAAYN KaXJIOW IPaHH NPHU3MbI B OTACIBHOCTH M CpPEIHE-TIOBEPXHOCTHOTO
TEeII000MEHa B 3aBUCUMOCTH OT F€OMETPUYECKUX M PEXKUMHBIX ITapaMeTPOB MPEJIOXKECHbI YPaBHEHHUS TTOI00HS.

Tanawesa H.K., Cakunosa C.E., Munvkoe JI.JI., Baxmuvioexoea A.P., lllyowébaeeéa H.H., Bypxoe M.A.
JeduiexTopsl 0ap NMIHHAPIIK KATAKIIAHBIH 23P0HHAMHKAJIBIK CHIATTAMAIAPLIH 3ePTTEy

Maxkanajga >KaHApPTBUIATBIH JHEPTUS KO3ICpiH MaiIalaHyIblH KeiOip acmekTiiepi, aTam aWTKaHIa, [IaFbIH JKeJ
SHEPTHACHIHBIH MOceJeci TaJKplIaHaipl. Onemie koHe KasakcTaHma jkel SHEPTUSCHIHBIH JaMy KapKbIHBIHA
KbICKAIIa Talay YCHIHBUIFaH. 3€PTTEy KENMiH TOMEH JKbUIIAMABIFBIHAA 3JICKTP SHEPTHSACHH OHIIpyre apHaIFaH
Magnus a¢dexTiciHe Heri3fenreH >en 3JIeKTp CTaHCACHIHBIH KalaKIIaHBIH OHTAMIaHABIPY KONJAphIH Talyra
apHanmrad. KockIMITa icke KOCy MeXaHM3MIEpiH NaiimanaHOai, KalaKIMaHBIH aWHATYBIH TOYeJCi3 iCKe KOCYIIbI
KaMTaMachl3 €Ty YIIiH TypOo-aeduiekTopsl 0ap MUIUHAPIIK Kalakiia skacainblHasl. CeiHAK dKcrepuMmenTTepi T-1-M
JKEJl TYyHHENIHJAE op TYpJl aFblH >KaFAalblHIA SKYPTri3iiareH. ASpOoAMHAMUKAIBIK KYIITEPAIH 9p TYpil LIaOybla
OYpHIITAPBIHIAFEI Aya aFBIHBIHBIH KBUIIAMIBIFBIHA TOYCIIUIIT aHBIKTAJJIBL.

Tanawesa H.K., Cakunosa C.E., Munvkoe JI.JI., Baxmuvioexosea A.P., lllyowébaeeéa H.H., Bypxoe M.A.
HccnenoBanne a’poqdHAMHYECKUX XaPAKTEPHCTHK UJIHHIPHIECKON JomacTH ¢ xedaekTopom

B cratee paccMaTpUBAIOTCS HEKOTOPBHIC ACMEKThI  HCIOJIh30BAHUS BO30OHOBIIIEMBIX HCTOYHHUKOB JHCPIHH, B
YaCTHOCTH, MPOOJIEMBI MaJIOW BETPOIHEPTeTHKH. [IpuBeieH KpaTKui aHaJN3 TEMIIOB Pa3BUTHS BETPOIHEPTETHKH B
mupe u B Kazaxcrane. VccrienoBanme MOCBAIICHO MOMCKY CIIOCOOOB ONTUMH3AINH JIOTIACTH BETPOIHEPTETHUECKOM
YCTaHOBKHM Ha OCHOBE 3(dexra Marnyca, IpeaHa3HAYEHHOW U BBIPAOOTKH 3JICKTPUIECKON SHEPTHH MPH MaJbIX
CKOpOCTSIX BeTpa. PaspaboTaHa IWIMHApHYECKAs JIOMACTh C TypOO-IeduIeKTOpOM Ha Tople Ui OOeCTeUeHHS
CaMOCTOSITENIFHOTO 3aITyCKa BpAIIEHHs JIOACTH Oe3 WCIOJIh30BAaHUS JIOTOIHUTEIBHBIX ITYCKOBBIX MEXaHHU3MOB.
TIpoBeneHbI TECTOBBIE AKCIIEPUMEHTHI Ha adpoiuHammdeckoi Tpyoe T-I-M mpu pa3uyHBIX yCIOBUSAX OOTEKaHUS.
OnpeeneHbl 3aBUCUMOCTH a3POAMHAMHYCSCKUX CHII OT CKOPOCTH BO3IYIIHOTO MOTOKA MPH PA3IMYHBIX YIIIaX aTaKH.

Temipoexoea M.H., Wojcik W.

KaTThl TYPMBICTBIK KAJIBIKTAPABIH OPTaHUKAJIBIK KOMIIOHEHTTEPIH OHIEYre Heri3lejreH YHePreTHKAIBIK
OTBHIH

Maxkanajga KOpIIaFaH OpPTaHBIH OJKOJOTHSACHIH CaKTay TY)KBIPhIMIAMACBIMEH OPTYPIl TOCUIACPAl KOJIAaHYIbI
KO3JICUTIH KATThl KAJJIBIKTAPJIbIH OPraHUKAIBIK (DPaKIUSICHIH OHACYAIH TUIMII TEXHOJIOTHSIAPHI KapacThIPBLUIAIbI.
bromaccansl xail JkMHaII, kKaryFa OOJIMaiiibl, aBTOpJIap OHBI KaWTa OHICYMIH THIMII oMiCiH KOJAaHYAbl YCHIHAIBI,
Oyn onmaH OTBHIH ajlyFa MYMKIHZIK Oepemi. DHeprusi ymIiH OHMOMAacCaHbl IPTYPJII TEXHOJIOTHSIIBIK MPOLECTEP/I,
MBICAJTBI, AIIBITY apKbIIBl OMOTa3[bl HEMece CYWBIK OMOOTHIHABI OHAIpY YIIIH maiinamanyra Oomanmel. Omnap, e3
Ke3eTiHxe, OTBIH OJJIEMEHTTEPiH JKaFy HEMece Jkacay apKbUIBI JJCKTp MEH JKbUIyFa aiHamysl HeMmece
aBTOMOOMIIBZIEpTe OTBHIH pETiHAE MaiiamaHeUTybl MYMKiH. Byl MakajgaHeIH MakcaThl - TYPMBICTBIK KaTTHI
KaJIIBIKTAPIbIH OPraHUKAIbIK (PAKIUACHIH aJJbIH-aJla OHJCYIH 0anaMa 9IICTepiH KOJIIaHy, 3TaHOJAbI alKOTOJb
ANIBITKBICBIMEH JKOHE aHA3POOTHI aIlbITy OONBIN TaObUIambl. KaTThl TYPMBICTBIK KAJIBIKTAPBIH OpPTaHUKAJIBIK
(bpakIMACBIHBIH 1.5 Kr-HaH KypaMbIHIa alKOroJib 0ap CYWBIKTHIK alyFa OOJATHIHIBIFBI KOPCETIITCH, OHJA 3THI
cnupTiHiH maibel 97.5% kypaiinel. Ocbulaiilia, OpraHUKaJIbIK KAaTThl TYPMBICTHIK KaJIABIKTap Ka3ipri 3aMaHF¥bI
JHEPreTUKaaa THIMII OTHIH K31 00Jia anajpl.
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Temupoexoea M.H., Wojcik W.

DHepreTHYecKoe TOIINBO HA 0CHOBE MEPEPAOOTKA OPraHNYEeCKHX KOMIIOHEHTOB TBEPABIX OBLITOBHIX OTX0/I0B
B cratbe paccmatpuBaeTcs 3((EKTUBHBIC TEXHOJIOTUM OOPa0OTKM OpPraHUYECKOW (Dpakiu TBEPIBIX OTXOJOB,
HpEANOJaraoiie HUCIOoNIb30BaHUE PA3IMYHBIX IOJXOJO0B C KOHLEMIUEH COXPAaHEHHs SKOJOTHU OKpPYKaIoIeH
cpenbl. bBuoMaccy Henb3st MPOCTO COOUPATH M CKHUTATh, ABTOPHI MPEAJIATal0T HCIIOJIb30BaTh () PEKTUBHBINA CITOCO0 ee
nepepabOTKH, KOTOPBIA MO3BOJUT MOJNYYUTh M3 Hee TOIUIMBO. J[isi mosydeHus: SHepruu Ouomacca MOXKET ObITh
UCIIONb30BaHa JUIS IMPOW3BOJCTBA OHMOrasa WM IKUAKOrO OHOTOIUIMBA C HCIIOJIb30BAHHUEM  Pa3IMuHbIX
TEXHOJIOTHYECKHX IMPOIIECCOB, HaMpuMep, myTeM ¢pepMmertanuu. OHHU, B CBOIO 0Yepe/ib, MOTYT OBITH ITPE0Opa30BaHbI
B 2JIEKTPUYECTBO M TEIUIO MyTEM CHKUTAHMS WM CO3/aHHs TOIUTMBHBIX AJIEMEHTOB WIIM HCIIOJIb30BATHCS B KAYECTBE
TOIIMBa Ui aBToMoOwWiIe. 1lenb 3TOH CTaThM - MCIOJB30BaTh albTCPHATHBHBIC METOJBI IS MPEABAPUTEIBHOM
00pabOTKU OPraHUYECKOM (hPAKIMK TBEPIBIX OBITOBBIX OTXOJIOB (DEPMEHTAIMIO 3TAHOJA CIIUPTOBBIMU JPOXKIKAMU U
aHadpobHoe cOpaxkuBanme. [TokazaHo, 4ro u3 1.5 Kr opraHn4eckoil (pakmuu TBEPIBIX OBITOBBIX OTXOJOB MOXKHO
MOJYYHUTh CIHPTOCOACPIKANIYIO JKUIKOCTh, B KOTOPOH MPOICHTHOE COACPIKAHUC STHIOBOTO CIUPTA COCTABJISCT
97.5%. Takum 00pa3oM, OpPraHMYECKHE TBEPIbIC OBITOBHIC OTXOJBl MOTYT OBITh MEPCHCKTHBHBIM HCTOYHHKOM
TOILIMBA B COBPEMEHHOU dHEPIreTHKE.

Beoviu T.B., lllaaxmemos A.b., Omapos M.C., Hcunmaes T.H.

Kenennerisiren 661MeHi KbUIBITY Kyiieci

OHpipicTe XoHEe KYHIETIKTI eMipae opTypJli KBUIBITY JKyHenepi KonmaHeuiaapl. JKeIIbITY SKYHECIHIH KyaTThl KOHE
CapKbpUIMaNTHIH Ke3nepiiy 0ipi - Kyn. KyH sHepruschIiH naiiianaHy opTaabIKTaHIBIPBUIFaH JKBUTY KOHE dJICKTP MEH
JKaONBIKTAY JKYHECIHEH aXbIpaThUIFaH OOBEKTUIEp: IIarblH aybuimap, (GepMepiik KOXKajbIKTap, IajFaiarbl
KAMBUTBIMIIAP, KBUDKBIMANBI YWIEp YIIIH MaHbI3AbI OOk TaObutajpl. KyH MaHenbIepiHiH HETi3iHIC )KacalFaH
KYHHEH XBUIBITY 3JIEKTP JKbUIBITKBILITEI OPHATY apKbLIbI JKy3ere acapl. Kazipri yakpITTa TYTHIHYIIBUIAPIbIH Ha3aphl
9JIEKTP OTKI3TIIITI JKbUTy LIBIFApATBIH KapOoOHIbl MaTepuanra (kapOon) Oypbula Oacrtanubl. 3epTTEYAiH MakKCaThl
(bepMepriepIiH KBUDKBIMAJIBI TYPFBIH YHIICPIH JKbUIBITYFa apHAJFaH JKBUIBITKBIIN PETIHAC KYH Paaualuschl MCH
KOMIPTEKT] JKbIIIy IIbIFAapaThlH MKEMJI Marepual TypiHaeri Oanamaibl SHEprusi Ke3iH KOoJJaHyIbl 3epTTey OOJIIbI.
3eprTeyai )Kyprizy yiuiH gpepMepIiH KbUDKbIMaNb] YHiHE KYH CTAHIUSIChI MEH KOMIPTEKTI JKbLTY IIbIFapaThiH HKEM
Marepuan MEH >KbUIBITKBIII OpPHATBUIABI. 3epTTeyliep KOPCETKEeHACH, YCBIHBUIFAH JKyle THIMAI jkoHe Oacka
JKyHeJaepMeH CalbICThIPFaH/a, MbICANIbI, KYHKOJUIEKTOPJIapbIMEH, XKYHeHIH 0ip Katap apThIKIIBUIBIKTAPbI 0ap eKeH.

Beoviu T.B., lllaaxmemos A.b., Omapos M.C., Hcunmaes T.H.

CucreMa o0orpeBa MOOHJILHOTO MOMeLIeHUS

Ha npowmsBojctBe W B OBITY NPUMCHSIOTCSA pas3iIUuYHbIe oOOrpeBarommue cucreMbl. OIHUM W3 MOIIHBIX H
HECHCCSAKAEMBIX MCTOYHUKOB JUisi oOorpeBaroineil cuctembl siisercss Counnne. [IpuMeHeHHEe COTHEYHOM SHEpPruu
uMeeT OOJIBIIOE 3HAYCHUE ST OOBEKTOB, OTOPBAHHBIX OT CUCTEM IICHTPAIH30BAHHOTO TEIUIO- M YHEPTOCHAOKCHHUS:
HEOOJNBIINX JCPEBEHb U ayJioB, GepMepckux (opMUpOBaHMN, OTTOHHOTO XKHBOTHOBOJCTBA, MOOWIBHBIX JOMHUKOB.
OToIUIeHUE OT COJHIIA, CO3[JTaHHOE Ha 0a3e COMHEYHBIX 0aTapeil, OCYNMIECTBISICTCS MYyTEM YCTAHOBKH JIEKTPHUYCCKOTO
Harpeearens. B HacTosiee Bpemsi Bce OoJibllice BHHUMAHHE MOTpeOHTENeH o0pamiaercss K AJIEKTPOIPOBOISAIIEMY
TEIUIOBBIICIIIONIEMY KapOoHOBOMY Matepuany (kapOoH). Ilempro Tekymero wucciaenoBaHus OBLIO H3ydeHHE
UCIIONIb30BaHMsl AIbTEPHATHBHOIO HMCTOYHHKA OSHEPTMH B BHJE COJIHEYHOTO M3JIyYeHHs U KapOOHOBOTO
TEIJIOBBIACISIIOLIer0 THOKOro Marepualia B KadecTBe oborpesaress s 000rpeBa MOOMIIBHBIX JKHIIBIX HOMEIICHHUH
(dbepmepoB. [l mpoBeACHHS HWCCIIECNOBaHMI Ha MOOWIBHBIA JOMUK (epMepa OBLTH YCTAaHOBICHBI COJTHEYHAS
CTaHIMsl U oborpeBaresb ¢ KapOOHOBBHIM TEIUIOBBLICISAIONIMM MMOKHM MaTepuajoM. [IpoBeeHHbIe HCCIeI0BaAHMS
MOKa3aJlu, 4TO MOpejiaraemas cucTeMa paboTOCHOCOOHA W MO CPAaBHEHHUs C OPYTHMMH CHCTEMaMH, Halpumep ¢
COJTHECYHBIMU KOJUICKTOPAMH, CHCTEMa UMEET PsiJ] IPCHMYIICCTB.

bexmynoun M.K., Cxaxoeé M.K., Baknanoe B.B., I'padoboes A.B., Akaee A.C.

7KeHia cyJbl 1APOJIBIK PeaKTOPABIH 0AJKBIMACBIHBIH PEAKTOP acThl KaiiHAY aFbIHBIHA He BICTBIKKA TO3imai
KOMIO3HUTTI Ka0bIH

Maxkana GaJKbIMaHBIH PEaKTOP aCThl TY3aKTaphIHBIH KOJIJAHBICTAFbl HYCKAJIapBIH, COHBIMEH Oipre OyJ1 Ty3aKTapbIH
KOHCTPYKLHUSUTAPhl MCH KEMIIUIIKTEPiH TanaayFa apHanrad. KaliHay KaOaThIHA € BICTBIKKA TO3IM/I KOMITO3HIIASIIBIK
JKaOBIHBI Oap OaIKPIMaHBIH MEHIINIKTI peaKkTOp acThl TY3aFbIHBIH BapHalus YCHIHBUIIBL KaitHay kabater Oap
BICTBIKKA TO3IMII KOMITO3UIUSIIBIK JKaOBIHFA DKCIIEPUMEHTTIK 3epTTEeyJiep XKYPri3yre apHaifaH KOHIBIPFBIHBIH
curmarramacel kentipinreH. Kaitnay KkabaTbiHa ne OalKbIMaHBIH PEaKTOP acThl TY3aFBIHBIH BapHUAIMSICHIH TSPMHUSIIBIK
ecenrey HOTIDKenepi kenrtipiireH. JKbUIynbIK ecenTey KepCeTKeHIeH, OalKbIMaHBIH OpTalla TeMIIepPaTypachIHBIH
JKOFapbiIaybl (pa3asibIK aybICYIBIH ©Tyi YIIiH KOpPHYMHEH MeTajFa KbUIy OejliHy eceOiHeH KaliHay KabaThIHA He
PeaKTOp acThI TY3aK MOJICIIHIC a3bIpaK KapKBIHMEH KYPE/Ii.
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bexmynoun M.K., Cxaxoeé M.K., Baknanoe B.B., I'padoboes A.B., Akaes A.C.

JKapocToiikoe KOMIO3MTHOE TOKPHITHE ¢ KHUNAIIMM CJIOE€M TMOJAPEAKTOPHOIl JIOBYNIKH pacnjaBa
JIETKOBOJTHOTO SIIEPHOI0 peakTopa

CraThsl TOCBSIIECHA AHAIM3Y CYIICCTBYIOIIMX BapHAHTOB IOAPEAKTOPHBIX JIOBYIIEK paciUiaBa, KOHCTPYKIMHA U
HEIOCTATKOB MaHHBIX JIOBYIIEK. IIpemioskeHa BapHamus COOCTBCHHOW ITOAPCAKTOPHOW JIOBYIIKHM paciiiaBa ¢
JKAPOCTOMKMM KOMITO3UTHBIM IMMOKPBITHEM € KHILSIIIUAM cja0eM. [IpHBEICHO OMMCAHWE YCTAHOBKHU [UIS IPOBCICHHS
SKCIICPUMCHTAIBHBIX HCCIICAOBAHUM JKapOCTOMKOTO KOMITO3UTHOTO MOKPBITUS C KHIIAIIMM cjoeM. IIpuBeaeHsI
Pe3yJIbTaThl TEIUIOBOIO PAacyeTa BapUallMy MOPEAKTOPHOM JIOBYIIKH PAcIlIaBa ¢ KUILSIIUM cloeM. TermmoBoi pacder
MOKa3all, YTO YBEIUUCHUE CPEIHEH TeMIepaTyphbl paciuiaBa POXOIUT MEHEE HHTCHCUBHO B MOJICIH IOIPEAKTOPHOU
JIOBYIIIKH C KHITALINM CJIOEM, 33 CUCT TEIUIOOTBOJIAa OT KOPHyMa K METaJLTy Ha COBepiIcHHEe (a30BOTr0 Iepexoa.

Camuvioanoun A.7K., Kaxunoaee b.E., Tycinxan A., baiikenoe M.H., Xanuxoea 3.C., Annvicoea I'.K.
ATacy-AnalIaHbKOY CTAHIMSACBIHBIH MYHall KoiiManapbIHAa maiiga 06osaraH MyHail TyOiHgeri mieringinepre
JKOFapbl BOJIBTTHI pa3psia napameTpJiepinin dcepi

Bapnipik eHmipiieTiH MYHaWIbIH YIITSH OH MaibI3bIHA JCHiHTi Oeiri kKeWiHHEeH KalTa eHJey YIIiH MaimanaHblia
anMaiel. MyHalpl MyHall KYATBIH KeMeEJIepMEH TachIMallay jKoHE OHBI pe3epByapiiap/ia cakray Ke3iHIe oJiapIbIH
TYOiHIIe yJIeC caiMaFbl MyHai MEH CyIbIH THIFBI3IBIFRIHAH KOFaphl KOOiHE MmapaduH KaTapblHAaFbl MHHEPAIIBI KOHE
€H ayblp KOMIipCyTeKTepiH OejIeKkTepiHeH TypaThlH MYHai IMeriHmiiepi TyHamel. Pe3epByapiapabl ceHiMmi
naiganany YIIiH oJapJbl KHHAJIFAH TYHOQJTaH ME3TUI-ME3TUIIMEeH Taszajlall OTHIPY KepeK. 3epTTeyIiH KaHaJbIFbI
KOCINMIIUIK JKaraainapia MYHaWIbIH TYNTIK I[NOTiHAUIEpIH KoAere »apaTryJblH KaJJIbIKChI3 TEXHOJIOTHSCHI
meHOepiHAe AIEKTPrUuApaBINKaibIK d(dexTiMeH acep eTy 0okl TaObuIaAbl. ATacy-AJallaHbKOy CTAHLIUSICHIHBIH
MYHall KOWMAaJapblHIa MYHAHIBIH TYNTIK IIOTiHAIICPIHIH BLABIPAYBIH KAMTaMAachl3 CTETIH AJIEKTPTUAPABIAKAIIBIK
ocepliH OHTAMJIBI apTTapbl AHKBIHIAIIBL.

Camuioanoun A.7K., Kaxunoaee b.E., Tycunxan A., baiikenoe M.U., Xanukosa 3.C., Annsvicosa I' . K.

BiansiHue mapamMeTpoB BBICOKOBOJIBTHOIO pa3psiia Ha He(TsiHble NOHHBbIE OTJIOXKeHHUs, 00pa3yloluecs: Ha
He(hTeXpaHWINIIAX CTAHINN ATacy-AJAIIAHBKOY

OT Tpex 10 JAECATH MPOICHTOB OT BCeil NOOBIBaeMON HE(TH, HE MOXXET OBITh HCIOJIB30BAHO VIS IOCICAYIONICH
nepepaborku. [Ipu TpancmopTrpoBke HeTH He(DTCHATUBHBIMU CyJaMH M €€ XPAaHCHHH B pe3epByapax Ha JHE
OCaXNAIOTCS HE(TSHBIC OTIOXKCHHUS, COCTOSAIIME W3 YACTUI[ MUHEPAJIOB M HamOoJiee TSHKEIBIX YIJICBOJOPOIOB
napa)MHOBOTO Psifia, YICIBHBIA BEC KOTOPBIX OOJNBIIE IUIOTHOCTH HE()TH W BOABI. [IJI1 HANE:KHOW IKCILTyaTallUd
pe3epByapoB WX HEOOXOAWMO IEPHONMYECKH OYHINATh OT HAKOMHWBIIErocs ocaaka. HOBH3HOHM wncciiemoBaHUS
SBIISICTCS HICTIONIB30BaHMUE 3JICKTPOTHUAPABINIECKOTO 3 deKTa A mepepaboTku HEPTIHBIX TOHHBIX OTIIOXKCHHUU B
paMKax 0e30TXOIHOM TEXHOJOTUH X YTHIU3AINH B IPOMBICIOBEIX YCIOBHAX. OnpeneeHbl ONTHMAaTbHBIE YCIOBHS
3JIEKTPOTHAPABIMYECKOTO BO3ACHCTBHA, 00ECIeUnBaIOIe paspylieHHe IOHHBIX OTJIOXEHHH HepTH B
He(TeXpaHWIHINAX CTAaHITUN ATacy-AJaliaHbKoy.

Aobunvmascunos E.T., Akumocanos A.7K., lllaaxmemos E.A., Anuoaee C.M., Hypeanuee H.H, Illakepxan K.O.,
Caiinayoe /.M.

Ka3zakcranga 0mora3s cajachblH JaMbITY k9He O0MOra3 KOHABIPFbLIAPBIH €HTi3y KeJleleri

Maxkanaga mieren xoHe Kazakcran Ouora3 TeXHOJOTHsUIApPBIHA IOy, OMOra3 WHIYCTPHUSCHIHIAFBI IIET CIICPHIH
TOKipuOeci, aypul INapyallbUIBIFBIHBIH ~ OPraHWKAJbIK KaJIbIKTapblH, TaMaK OHIIpiCiH, Kaiita eHaey
KOCIMOPBIH/AAPEIH  JKOJIOTHSJIBIK JKOHEe THiMal Kalrta ewnmey yuiH Kasakcran PecrnyOnukaceinna Ouora3s
KOHJIBIPFBUIAPBIH AaMBITY XQHE €HTI3y KeJeulerine moiry xypriziren. Kaszakcranusig (acipece Contycrik, LIbFbic
skoHe OpTanslk KazakcTaHHBIH) Kyp/em KIMMATTHIK XKaFaaiiapelHaa 0nora3 KOHIABIPFBUIAPBIH Ko0anay epeKIerniri
OolibIHIIA YCBIHBICTAp Oepii. broras KOHIBIPFHICKIHBIH KYMBIC 1CTEI TYPFaH KOHCTPYKIIHSCHI - IEPUCTAITLTHKAIIBIK
COpPFBI JKOHE IIMKI3aTThl YCAKTarblll  (TONTBIPY KeneMi 3,7 M) KepceTireH, OHbI »o0anay Ke3iHie o3
KOHCTPYKIHMSCHIHBIH arperarrapbl TMainataHpuiFad. Toxipubenep OapbichiHma OipKatap KOHABIPFBIIAPIBIH, aTar
alTKaH/a JKaHa JU3aHIaFbl IEPUCTATBTHKAIBIK COPFBIHBIH THIMIIITT KOPCETIIII.

Abunomarncunos E.T., Akumancanoe AJK., lllaaxmemos E.A., Anudaee C.M., Hypzanuee H.H, Illakepxan K.O.,
Caiinayos /.M.

Pa3euTue 6M0Ora3oBoii 0Tpac/Ii ¥ NepcHeKTHBLI BHePeHUs] 0MOra30BbIX ycTaHOBOK B Ka3axcrane

B crartee cnenman 0030p OnOrasoBbIX TEXHOJOTHH 3a pyOexom M B KazaxcraHne, ombiT 3apyOeXHBIX CTpaH B
61ora3oBoi MHIYCTPHH, Pa3BUTHE U MEPCICKTUBBI BHEPEHHsI OMOTra30BbIX ycTaHOBOK B Pecnybimke Kasaxcran s
SKOJIOTUYHOW W BBITOAHOM TepepabOTKH OPraHMIeCKHX OTXOJOB CEIIBCKOTO XO3SICTBA, MHUINEBHIX MPOM3BOJICTB,
nepepadaThIBAIOIINX NPEANPUATHN. JJaHbl peKOMEHIANNH 110 CTICIIU(IKE MPOSKTUPOBAHUS OHMOTA30BBIX YCTAHOBOK B
CIIOKHBIX KJIMMaTHUeCKuX ycnoBmsx Kaszaxcrana (ocoOeHHO ceBepa, BOCTOKa W IeHTpampHOro Kasaxcrana).
IMokasaHa JAefcTByOIAs KOHCTPYKIUS OUOTa30BOM yCTaHOBKH (00beM 3amonHeHus 3,7 M®), IpU NPOEKTHPOBAHUH
KOTOpOH OBUIM HCHOJB30BAHBI _arperarsl COOCTBEHHOW KOHCTPYKIHMH, 3TO TEPUCTAIBTHYCCKHHA HACOC H
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HU3MCJIBYUTCIIb  ChIPbA. a(l)(l)eKTI/IBHOCTL pdaaa arperatoB, B YaCTHOCTU MHNEPUCTAJIBTUYCCKOIO0 Hacoca HOBOI1
KOHCTPYKIHWHU, Oblia [TOKa3aHa B XOJC MPOBCACHHBIX SKCIIEPUMCHTOB.

Ymenoe E.b., Axaxcanoe C.b., Anuckun A., Kapacoe LK.

KeTisly CeHCOPBIHBIH MJIACTHKAJBIK KOPHNYCHIHBIH MillliHi MeH KYPBLIBIMBIHBIH OHBIH (PU3MKAJBIK KIHe
MeXaHMKAJIBIK KacueTTepine acepi

by makamana >KeTily CeHCOp KOPIYCHIHBIH TilIiHI jkoHE (DM3MKAIBIK KYPBIIBIMBI OHBIH JKYMBICHIHA Kalai acep
eteTiHi kepcerinreH. Eki OeJiKTeH TypaThlH TIKOYPBIMTHI KOHE IWIMHIAPIIK KOH(DHUTYpAIUSIIBI TUIACTHUKAIBIK
KOPITyCTaphl Cy ©TKi30ey, COKKbIFa TO3IMIUIIK JKOHE )KYKTeMelepre To3iMAUTiK KadineTine Tekcepinai. CplHaKTapaaH
eJeyii akayJapbl aHbIKTaJIMaraH HWIHMHIPIIK KOPIYCIEH CalBICTBIPFaHIa TiKOYPHIIITH KOPIYCTBHIH CYy OTKi30ey
JKOHE COKKbIFa TO3IMALIIK KaOilIeTTepiHiH aici3airin kepyre 6oxansl. KopmycTsiH eki Typi e OapiblK YII sKaFbIHAH
KbICYy CBIHAKTaphl KE3iHJAE >KaKChl HOTHXKE KepcerTi, xyK kereprimriri 0.6-man 2.11 xIla-ra peitin, Oyn ajgam
CaJIMarbIHBIH 65.3 koHe 165.3 Kr-Fa TeH. AJIbIHFaH HOTHIKEIICPre CYHEHE OTBIPHII, 3epTTeY aMOeOan TecTiiey XKoHe
JKETUTYy CEHCOPJIAPBIHBIH KOPITYCHIH Oaranay YIIiH KapamaibiM >KYMBIC MPOLECIH KopceTedi. ¥ ChIHBUIFAH JKYMBIC
MPOIIECi MIAFBIH YJICKTPOHIBIK KYPBUTFBUIAP/IBIH O0acKa TypJepiHe e KOJIaHbLIa allapbl.

Ymenoe E.b., Axasicanoe C.b., Anuckun A., Kapacoe LK.

Bausinue GpopMbl M CTPYKTYPbI MJIACTHKOBOrO KOPMYyca AATYUKA 3PeJOCTH HA ero (puamko-MexaHmyecKkue
cBoiicTBa

B nmanHOW cTaThe mpexacTaBieHO, Kak (opma W ¢u3MUEcKas CTPYKTypa Y3JIOB COCIUHEHHWM BIHWAIOT Ha
JKCIUTyaTalldOHHBIE XapaKTePUCTUKHA KOpITyca JaTdWka 3peiocTd. [ImacTHKOBBIE KOpITyca MNPSMOYTOJBHOW |
UIMHAPUYCCKOW KOH(UTYpaIWid, COCTOSIIME K3 JBYX 4YacTel, OBUIM MOCICIOBATEIbHO WCHBITAHBI Ha
BOJIOHCIIPOHUIIAEMOCTh, YAAPONPOYHOCTh H YCTOWYMBOCTh K HArpyskam. LVcmbITaHds MOKa3ald Ciadyro
BOJIOHCIIPOHUIIAEMOCTh ¥ YIApONPOYHOCTh MPSIMOYTOJBHOTO KOPIyCa MO CPAaBHCHHUIO C MMJIMHIPUYCCKHM, B
KOTOPOM He OBLJIO BBISBICHO CEPbE3HBIX NedekToB. O0a THIA KOPIYCOB XOPOINO MOKa3amu ceOs BO BpeMs
UCIIBITAaHUI Ha C)KaThe CO BCEX TPEX CTOPOH, NMPOAEMOHCTPHUPOBAB HECYIIyIo criocoOHocTh oT 0.6 o 2.11 klla, uro
SKBUBaJIEHTHO 65.3 u 165.3 kr maccwl uenoBeka. OCHOBBIBAsICh Ha IMOJYYEHHBIX pPe3yJbTaTax, HCCIEI0BaHUE
JNIEMOHCTPUPYET MPOCTOM B HCIOIB30BAHWUU PabOYHMI MPOILECC Ui YHUBEPCATHLHOTO TECTUPOBAaHWS M OICHKH
KOpIyca JaT4UKOB 3pesloCTH. [Ipe/iokeHHbI pabodunii mporecc MOXKET ObITh MPUMEHHM W JUIS JAPYTHUX THUIIOB
MajorabapuTHBIX JICKTPOHHBIX YCTPONCTB.

Kosnoe E.A., Tpyouywvin A.A, @eghenos A.A., I paues E.IO.

ATBIC TUNITIi MUKPOTOFBICTHI PEHTTeH TYTIKTEPi HbICAHAAPBLIHAAFBI KOJIEMIK Kby KO3/1epiHiH Moaesti
JKyMBbICTa MUKPOTOFBICTBI PEHTIEH TYTIKTEPIHIH KYpaylibl aHOABIHIAFbI JKbUTYy MPOLECTEPIH MOJEIBACYTEe CaHIbIK-
AHATUTHKAJIBIK TOCLTI IaMBIThUTFaH. Moaenbaey IiH OipiHII Ke3eHIHIe OCNTii aHATUTHKAIIBIK JKYBIKTay bl KOJIJaHa
OTBIPBIIN, KOJEMIK JKbUIy Ke3JepiH Tapainy (QYHKLMACH Kypbulaabl. EkiHIi ke3eHme Oyil QyHKUMs akbIpiibl
aneMeHTTep daiciMen IlyaccoH TeHzaeyiMeH CTalMoHapibl IIeKapalblK €CeNTi MIeITy e KOJIIaHbUIabl. ¥ ChIHBUIFAaH
o/liCTEMEHI KOJJaHa OTHIpBIN, arbic Tunti W-Be aHOabHAa Me TYTIKTIH MakCUManasl KyaTelH Oapabap Oaranay
JKYpri3iires.

Kosnoe E.A., Tpyouywvin A.A, @eghenos A.A., I paues E.IO.

Mogenb 00beMHBIX UCTOYHHKOB TeNJIa B MHIIEHSIX MHUKPO(QOKYCHBIX PEHTT€HOBCKUX TPYOOK MPOCTPEILHOIO
THNA

B paboTe pa3BUT YUCICHHO-AaHAIUTHYECKUI MOJXO/ K MOJCINPOBAHUIO TEIUIOBBIX MPOLECCOB B COCTABHOM aHO[E
MHKPO(OKYCHBIX PEHTICHOBCKMX TpyOok. Ha mepBoM dTame MOAENMPOBAHUS C MOMOIIBIO H3BECTHBIX
AHATUTHYCCKUX ANMPOKCUMANU CTPOUTCS (YHKIUS paclpelesicHHs 00beMHBIX HCTOYHUKOB Teria. Ha Bropom
JTarne 3ta (YHKIUA UCTIOJIB3YETCs TIPU PELUICHUU CTAllMOHAPHOMN KpaeBoil 3amaun ¢ ypaBHeHueM [lyaccoHa MeTogom
KOHCYHBIX 37eMeHTOB. C MOMOIIBI0 NPEATIOKCHHOW METOJUKH IPOBEJCHA aJICKBAaTHAS OICHKA MAaKCHMAJIbHOW
MoIHOCTH TpyOku ¢ W-Be aHOI0M POCTPENBHOTO THIIA.

Pazuna O.B., [[wioa I1L10., Cyiikumbaesa H.T.

TypJaeHaipyaiH cbI3bIKTHIK HHBAPUAHTHI MilliHilIeH OepiHaeri TaXMOHU3AMUSJIBIK KOCMOJIOTHSIIBIK MOIeJTi
JKyMBIC TaxXHOHIBIK ©pic HETi3iHAeTi KOCMOJIOTHSUIBIK MOJCIBACPi 3epTreyre apHanansl. Opumman-PodepTcoH-
YoxkepaiH KeHICTIK-XKa3bIKTBIK, OIpTEKTi KOHE M30TPONTHI KEHICTIK-YaKbIT YIIIIH DWHINTEHH OpiCiHiH TeHACYIepiHIe
MIITIHAIH WHBAPUAHTTHl TYPJICHIIPYJICpiHEH aJbIHFAaH CHMMETPHSHBIH TIIIiHHIH WHBApUAHTTHI OOJIATHIHIBIFBIH
xopcerTi. IliliHHIE TypaeHipyIepAiH e3repMeHTiHMIr Kambl Karaaina p = n?p, CHI3BIKTHIK (YHKIHACEIMEH
aHBIKTANABI, aTall alTKaHAa n=-1 apKbUIbI 3e€PTTCHMI3. Y 0APOTPONTHI MHACKCIHIH MOHACPiHIH OYKIJI IUAa30HbI
VIIIH KOCMOJIOTHSUIBIK MOJIENIbIe TaXWOHHW3AIUs JKyprizuimi. MacmTaOThl (GaxTopAblH KyaT (QYHKIWSICH YIIiH
TaXWUOHJBIK OpICIHIH MOTEeHHManbl MEH (YHKUMACHIH aly ofici KOpceTiIreH. AJIBIHFAH IOTEHIMAl ilIeK
TCOPUSICHIHJIA KOJIAHBLIATHIH MOTCHIIMAJIFA TCH.
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Pazuna O.B., I[vioa ILIO., Cyiikumbaesa H.T.

TaxnoHM3aNMOHHAsI  KOCMOJIOTMYeCKasi Mojedb B  paMKaxX JIMHelHOil  ¢opM-HHBapHAHTHOCTH
npeodpa3oBaHuii

Pabota mocesilleHa HCCICIOBAHMIO KOCMOJIOTHYECKUX MOJENieii Ha OCHOBE TaxXHOHHOro mouisi. [lokaszamu, 4TO
ypaBHEHHs IOJsi DWHINTEWHA [UIsi HPOCTPAHCTBEHHO-IJIOCKOTO, OJHOPOAHOIO M HM30TPOIHOTO MPOCTPAHCTBA-
Bpemenn @Dpuamana-Pobeprcona-Yokepa HMEOT (OpM-MHBAPHAHTHOCTh CHMMETPHH, IOIydaeMylo QopM-
WHBapUAHTHOCTHIO MpeoOpa3oBanuii. @opM-HHBApPUAHTHOCTE MpeoOpa3oBaHuil 3a1acM B OOINEM Cllyyac JTUHEWHOM
¢ynkiueit p = n?p, u B yacTHOCTH HccaenyeM npu n = —1. TIpoBeau TAXMOHM3ALMIO KOCMOIOTHYECKOH MOJCIH
JUTSL BCETO JHWAro30HA 3HAYEHWH OapoTpomHOoro WHAekca Y. i cremeHHOW (QYHKIMHM MacimTaOHOro (akTopa
MOKAa3aJld METOJ| MOJyYeHHs MOTCHIMAaNa U (PYHKIUH TaXUOHHOTO TOJsl. [10odydeHHBI MOTCHIMAN 3KBUBAJICHTCH
MOTEHIIMATY HCIIOJIb3yeMOMY B TCOPHUHU CTPYH.
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