SELECTION OF THE OPTIMAL CRYSTALLIZATION
PARAMETERS OF BARS, MADE FROM ALUMINUM
ALLOYS (p. 4-7)

Olga Berezhnaya

The analysis of thermal processes in the system environment —
mold — melt conducted. It was found that the mold geometry, and
shrinkage processes in the ingot influence the selection of pulling
speed and emergence of surface defects.

The differential equation, describing the temperature distribu-
tion along the mold length was obtained from the thermal energy
balance criterion. In the derivation of the equations, the assump-
tions on the independence of the thermal capacity of melt on the
temperature, speed constancy of the melt flow along the mold length
and uniformity of temperature distribution on the bar diameter were
used.

Finite ratios in the form of analytic dependencies, which set
the limiting length of the mold on the melt superheat temperature,
heat-conductivity coefficients, mold material and heat transfer coef-
ficients in the environment were obtained.

Graphic dependences of the mold minimum length on the bar
pulling speed, heat transfer coefficient, melt and environment tem-
peratures were given.

The minimum length of the mold increases linearly with the
increase in the bar pulling speed, environment temperature and melt
temperature.

Significant reduction of the mold length is observed with
the increase in the heat transfer coefficient to the value of
100 kcal/m?>h-deg. The further increase in the heat transfer
coefficient leads to the slight decrease in the mold length.

Keywords: aluminum alloys, continuous casting, mold, melt
temperature, heat transfer, pulling speed.
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ION IMPLANTATION AS A WAY TO IMPROVE THE
OPERATING DURABILITY OF FINE-SIZE STEEL
TOOL (p.7-11)

Larisa Vasetskaya

The work is devoted to the improving the operating durability
of a fine-size tool. The application of such tool has economic gains
for the producer as leads to the decrease of bought tool expenses.
Modified coatings of titanium nitride and chromium on the bases of
structural steel and structural alloyed steel have been produced by
the ion implantation method. The structure and physical properties
of these coatings, as well as their use as protective coatings on the
fine-size tool have been studied in this article. Due to the correctly
chosen regimes (U gischarge = 400 + 430 V, T gischarge = 0,5 + 0,35 A,
U target — 2 +12kV, T arget = 50 + 60 mA, U page = 25 kV, Taee =
=35 mA, pgis = 3,32:10"2 Pa), a doze of implanted ions (2,0-10'6 —
-8,03-10'7 jon/cm?), materials of the target(Ti and Cr) and the base
(BCr3cn and 40Cr) and as a result of carrying out experimental
researches high quality protective coatings have been produced,
microhardness increasing 2,5 times and wear resistance increasing
2,5 times. When using the results of work in practice wear resistance
of working surfaces of the fine-size tool has been increased 3 - 6 times.
The use of ion-plasma processing enables to get steel with modified
protective coatings and to increase the operating durability of the
fine-size steel tool and small but having key importance machine
parts.

Keywords: ion implantation, titanium, chromium, modified
coating, microhardness, wear resistance, operating durability.

References

1. Kuransky, E. (1980). Ton implantation in semiconductors and other
materials. Moscow, USSR: World, 332.

2. Poate, J. M., Foti, G., & Jacobson, D. C. (1987). The modification
and surface alloying of the laser, ion and electron beams. Moscow,
USSR: Mechanical Engineering, 424.

3. Pogrebnyak, A. D. (2009). Effect of high doses of ions N, N* + Ni™,
Mo* + W* on the physico -mechanical properties of TiNi. Journal of
Applied Physics, 79 (5), 65-72.

4. Williams, J. S., & Poate, J. M. (1988). Ion implantation and beam
technologies. Kiev, USSR: Naukova Dumka, 360.

5. Belous, V. A, Nosov, G. I, & Azarenkov, N. A. (2010). The effect of
irradiation with Ar + ions on the corrosion resistance of metals and
alloys. DIIT OUII PSE, 8 (2), 161-168.

6.  Sergeeva, M. H., & Kochanowski, V. A. (2008). Nanostructured
surface modification. Herald DSTU, 8 (2), 192-195.

7. D'Heurle, E M., & Harper, J. M. (1989). Note on the origin of
intrinsic stresses in films deposited via evaporation and sputtering.
Thin Solid films, 171 (1), 81-92.

8.  Galvanetto, E. (2001). XRD and XPS study on reactive plasma
sprayed titanium — titanium nitride coating. Thin Solid Films, 384
(2), 223-229.

9.  Ellwanger, R. C., & Towner, J. M. (1988). The deposition and film
properties of reactively sputtered titanium nitride. Thin Solid films,
161, 289-304.

10. Grant, W. A,, & Williams, J. S. (1976). The modification of surface
layers by ion implantation. Sci. Prog. Oxf., 63 (249), 27—-64.

1. Conrads, H., & Schmidt, M. (2000). Plasma generation and plasma
sources. Plasma Sources Sci. Technol., 9, 441-454.

12.  Kanaya, K. (1973). Consistent theory of sputtering of solid targets
by ion bombardment using power potential Low. J. Appl. Phys., 12
(9), 1297—-1306.

13.  Krasilnikov, L. A, & Krasilnikov, S. A. (1977). The wiredrawer of
wire. Moscow, USSR: Metallurgy, 240.



14. Topolyansky, P. A., Ermakov, S. A., & Sosnin, N. A. (2005). The
hardness of the thin-film coating applied by plasma hardening
finish: 7th Intern. Practical. Konf.-Exhibition on Technology
of repair, restoration and strengthening of machine parts,
machinery, equipment, tools and tooling, St. Petersburg, 274-
298.

15.  Vladimirov, V. L. (1988). Physics wear of metal surfaces. Leningrad,
USSR: Physico-Technical Institute, 230.

ADAPTIVE METHODS FOR MODELLING OF
TEMPERATURE FIELD OF LASER IRRADIATED
PLATE (p. 12-16)

Sviatoslav Lukyanenko, Iryna Mykhailova

The result of computer modeling of the temperature field
of the plate arising under the influence of a moving laser beam
is considered in the paper. The comparison of the calculation
results, obtained due to the application of implicit schemes of the
balance method on the non-uniform adaptive grid with the ex-
perimental results was made. At the application of both schemes,
two methods of interpolation of the function values - the method
of Lagrange of the third degree and the Kochanek-Bartels splines
were used in the construction of a new grid. The systems of al-
gebraic equations arising in this difference scheme are solved by
the modified Gaussian method in the case of linear circuit and
Newton’s method in the case of nonlinear circuit. The adaptive
method, which «condenses» the nodes in areas with large gradi-
ent of temperatures and arranges them more sparsely in areas
where the temperature varies smoothly, is used for the automatic
construction of a variable of the difference grid. This allows to
reduce the calculation time and to get a result with a predeter-
mined accuracy.

The results of computer modeling showed that the nonlinear
implicit scheme of the balance method, using the Kochanek-
Bartels splines gives a more accurate result. We will also note
that the nonlinear scheme of the balance method is a bit more
time-consuming as compared to the linear as it requires the imple-
mentation of iterations of Newton’s method.

Keywords: method for coordinate-splitting, adaptive method
of grid construction, balance method.
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EXPERIMETAL INVESTIGATION OF HEAT
TRANSFER IN CONDITIONS OF FREE
CONVECTION ON THE SURFACE OF HORIZONTAL
CYLINDER (p. 17-23)

Valerii Tuz, Neilo Neilo

Despite the widespread and long-term investigation of heat
transfer and hydrodynamics of a single horizontal cylinder in a large
volume in conditions of free convection, both single approach to
determining the intensity of heat transfer and final dependences of
calculations are absent in the literature. The paper gives the results of
the experimental study of heat transfer of the single horizontal cylin-
der in conditions of free convection in the large volume, in the range
of Rayleigh numbers: 9,1-10°<Ra<1,7-10°. The conclusion is drawn
on the possibility of approximating the experimental results on one
of the proposed in the literature dependences. In addition, the tem-
perature distribution of the heat transfer agent around the cylinder
was investigated. It was shown that the temperature of the medium
changes sharply in the wall area and is almost unchanged in the rest
of the volume. The temperature distribution is given in dimensionless
coordinates, which correspond to both the most evident and the pro-
posed in the literature. The experimental results are well coordinated
with the results of mathematical modeling, presented in the literature.
At the same time, comparing the results of measurements with the
proposed in the literature analytical dependences of the dimension-
less temperature distribution in the boundary layer, the conclusion is
drawn on an underestimation of the rate of temperature change. To
describe more accurately the change of the rate in the wall layer of the
midship section is possible by the power dependence, with the indica-
tor 7, not 2 - 4 as it is suggested in the literature.

Keywords: heat transfer, horizontal tube, free convection, heat
emission, boundary layer.
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EXAMINATION OF FRACTURING OF LEZNY-
KIVSKIY GRANITE DEPOSIT WITH PROSPECTS OF
MINING BLOCK PRODUCTS (p. 23-27)

Valentine Korobiychuk

For the purpose of the examination of natural blockiness, struc-
tural studies on the operating Leznikivskiy crushed-stone quarry
were carried out, and documentation of 50 test pits, drilled eastwards
from the quarry was studied. During these researches, the problems,
associated, first of all, with the detection of fractures, fracturing
areas, tectonic faults and examination of their spatial orientation
were solved.

Regular changes in the deposit elements of sub-horizontal
fractures were noted. The circular diagram, which is the basis
for the construction of the structure diagram with the fracture
density isolines was built. The estimation of granite fracturing
and block output was carried out using two techniques: 1) ex-
amination of granite fractioning in the quarry within the I and
111 benches on the Eastern area and I bench on the Western area;
2) examination of fracturing on boreholes (index of specific rock
fracturing Uy, which is the sum of specific fractioning of subverti-
cal, inclined (diagonal) and subhorizontal fractures). The spatial
orientation of fractures, fracturing areas, tectonic faults, etc. was
also examined. According to the specific fracturing, estimated
in terms of boreholes, the blocks of the IT-1V grades are practi-
cally absent, while in terms of the distance between the fractures,
measured in the quarry, the output of these blocks approximates
to 50-60 %.

Keywords: fractures, tectonic setting, vector diagrams of frac-
ture systems, granite blockiness.
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CHANGE OF ELASTIC FELDS OF SINGLE
CRYSTALS DEPENDING ON THE STRUCTURE OF
BREACH CORE (p. 28-31)

Eugene Prokhorenko

The paper is related to the issues of spent nuclear fuel (SNF)
storage and radioactive waste (RW) disposal. One of the aspects of
changing the structure of materials when exposed to the charged-
particle beam was theoretically considered. This situation is realized

in the walls of SNF storage facilities and rocks, surrounding the RW
storage facilities. To solve the problem of describing the geometry
of the breach core, distortions around it, integral equations of elas-
tic waves were applied. The equations, similar to the proposed are
widely used in the electrodynamics when solving the problems of
electromagnetic wave propagation in waveguides and their scatter-
ing on inhomogeneities. The problem was solved by numerical meth-
ods. It was assumed that the defect had the ellipsoidal shape. The
displacement fields around the core of breach cluster depending on
the size of this core were found. The sizes of the core are used in the
given form - the ratio of semi-axes. Single crystals of cubic structure
were studied. Tungsten and gold were considered as real materials.
The displacement fields on their own axes <010> and <001> were
counted. The areas of breach core sizes, at which they are stable and
steady, were defined. The side ratio, when the stress fields around
the cluster of the breach core have such orientation, which leads to
the compression and reduction of the central zone of the breach, was
found. Further, this can cause the core collapse. Taking into account
the needs of the waste storage, such breaches are preferable since
they reduce the defect formation in the material, surrounding the
source of ionizing radiation.

Keywords: spent nuclear fuel storage facility, elastic waves, dis-
placement fields, integral equations, Green’s function
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EFFECT OF ELECTROCHEMICAL ACTIVATION OF
MIXING WATER ON THE PROPERTIES OF GYPSUM
(p. 32-35)

Igor Bordun, Vadym Ptashnyk, Petro Novosad

Modern construction is characterized by the tendency of a grow-
ing share of ecologically safe materials and products. The methods of
electro-physical and electrochemical action on water are promising
for many industries due to the relative simplicity and environmental
compatibility. Such methods are widely used for the activation of
water mixing in the preparation of concrete, but their application
for the activation of water mixing of gypsum binders are highlighted
insufficiently. Using the anolyte and catholyte of tap water, electro-
chemically activated in the diaphragm electrolyzer as mixing water
allowed not only to achieve the improvement of physical and me-
chanical properties of gypsum stone but also change the setting time
of gypsum paste. It was established that the depth of electrochemical



activation plays the defining role in such changes. Thus, the control
of the activation depth determines the properties of a final product.
The control method was proposed, which lies in tracking the changes
of the strength of current in the activation process to ensure an opti-
mal ratio of the components regulating the setting time and hardness
of gypsum stone — calcium carbonate and calcium hydroxide.

Keywords: electrochemical activation, catholyte, anolyte, mix-
ing water, gypsum stone, setting time.
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IMPACT OF SURFACE GRAVITY WAVES ON
COASTAL OCEAN-TECHNICAL FACILITIES (p. 36-41)

Vladimir Kushnir, Veronika Dushko, Vadym Kramar

For reliable and long-term exploitation of ocean-technical
facilities, such as towers and platforms, it is necessary to have the
estimates of parameters of extreme influences from storm surface
waves at their approaching the near coastal zone. Non-linear sur-
face waves, occurring at severe storms, are mainly associated with
the coastal zone of the Azov-Black sea basin, where the interaction
of moving waves with the braking surface of the bed takes place.
As a result of friction on the bed, the nearest to it part of the wave
is braked, and the wave profile starts changing that is revealed
in the increase of height of the wave, reduction of its length, the
emergence of a moving crest and the breaking of the wave. Non-
linear effects of the surface gravity waves appear at the interaction
of the moving wave with the bed surface. Preliminary calculations
of wave parameters for the range of depths, where the interaction
with the bed is shown slightly, are determined by numerical meth-

ods based on the application package “SWAN”. The calculations
of wave parameters are carried out on the basis of the empirical
and half-empirical relations, given in the paper. The transforma-
tion of the system of storm waves, which have spread during the
storm on November 08, 2007 eastwards to the coast of the Western
Crimea, is considered as a specific example. Within the unified
technique and the concrete example, the whole complex of calcula-
tions, connected with the transformation of storm waves at their
entering the shallow depths and the formation of impact loads
during the breaking of such waves was determined. The obtained
results should be viewed as preliminary estimates with a significant
amount of assumptions. Nevertheless, because of insufficient study
of the problem and, considering the compliance of results with in-
dependent sources, they can be used in the problems related to the
evaluation of the impact of storm waves on coastal ocean-technical
and hydro-technical facilities and installations.

Keywords: surface wave, ocean-technical structures, non-lin-
ear waves, ocean-technical facilities, hydrodynamics, Korteweg-de
Vries equation.
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VERIFICATION OF METHODOLOGY FOR
DETERMINATION OF REFLECTOR PROFILE OF
RADIANT FLUX (p. 42-45)

Vladimir Plevako, Stanislav Kostenko, Irina Pedorich

The study of the shape of radiant flux reflector, designed for
uniform total irradiation of receiver with semi-elliptical cross-
section by a single radiator, was continued. Physical and com-
puter experiments were conducted in the paper to verify previ-
ously developed analytical methodology for determining the
reflector profile based on the solution of inverse problem. Using
the experimental apparatus with reflector allows conducting a
series of physical experiments to determine the temperature in
the working chamber followed by construction of the field of ir-
radiation density using the computer algebra system MathCad.
The computer experiment, conducted for the same heat system
using the optical analysis software TracePro, allows determining
the same parameter. The comparison of heat flux density, pro-
duced in accordance with the developed theoretical methodolo-
gy, by computer simulation and physical experimentation proves
the accuracy of the developed methodology for determining the
reflector profile ensuring uniform irradiation of receiver with
semi-elliptical cross-section. The use of reflectors, profiled in
accordance with the proved methodology, will reduce the power
capacity of infrared equipment for frying food products, as well
as enhance the organoleptic properties of products.

Keywords: uniform irradiation, reflector profile, semi-ellip-
tical cross-section, experimental apparatus, computer simula-
tion.
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PRESOWING SEEDS STIMULATION TECHNOLOGY
BY HIGH-FREQUENCY ELECTROMAGNETIC FIELD
(p. 45-50)

Alexandr Petrovskij

On the basis of current ideas about the pre-sowing treatment
of seeds with different ranges of electromagnetic fields has been
offered the technology of radiation. The thermal and oscilla-
tory effects of electromagnetic fields on the structural elements
of the seeds have been showed. Positive factors which influence
the processes of thermal vital functions of the seeds have been
identified. A new mathematical model of temperature distribution
in the layer of bulk seed during irradiation with high-frequency
electromagnetic field has been offered. The model takes into ac-
count the dependence between the geometric parameters of the
exciter, the output power, irradiation time, and biophysical proper-
ties of the grain, which allows simulating the object for studying
and establishing of the necessary technical equipment parameters
and modes of exposure. A method of pre-stimulation of seeds
by high-frequency electromagnetic field has been worked out.
The optimal regimes of the irradiation effect on seeds of differ-
ent species and cultures have been found. Output power of the
exciter is 20 - 60 W, the optimum exposure time, 2 - 12 min, for
different kinds of plants at optimal heating of seeds 22 - 31 °C.
On the basis of theoretical calculations and experimental studies
has been proved positive result from the implementation of the
technology. Seed germination increased by 10 — 27 %.

Keywords: technology, irradiation of the seeds, the model,
temperature, electromagnetic field, the method germination,
impact.
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BLACK LIMIT. PART 13. THEORY OF COLD FUSION
AND CATALYTIC REACTIONS (p. 51-56)

Sergey Yalovenko

In the beginning of the paper, the main issues of the previous
chapters from the author’s series of studies in the field of the black
limit related to the subject, studied in the paper were briefly con-
sidered.

By considering the nature of cold fusion, it was assumed that
the main stumbling block lies in the Coulomb’s law, in the need to
overcome the force of electric charge. For this purpose, the condi-
tions were studied, when the rate of charge at the transition from
one density to another is more than the light speed in this medium,
and the charge “grows bald”. As a result, the Coulomb forces cease to
affect and conditions for cold fusion are created.

Similar processes proceed at the chemical catalytic reac-
tions, and lead to the acceleration of chemical reactions. Cata-
lytic reactions are of the physical nature and are based on the
change in the charge by the different medium density. This
process is similar to the change in the charge distribution at
V- Siighe and, in this case, the Coulomb’s law is broken since the
charge remains constant, but its effect in different ways is dif-
ferent that can be interpreted as the charge change in different
directions. Anyway, all these processes are associated with the
change in the charge effect in different directions (with respect
to the charge in different directions), and breaking of the Cou-
lomb forces (or their relativity).

Keywords: cold fusion, cold fusion reaction, low-temperature
nuclear reaction.
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