METHOD OF CYLINDRICAL HARMONIC
ANALYSIS OF MAGNETIC FIELD OF OBJECTS
WITH INDUCTIVE MAGNETIZATION (p. 3-8)

Andrey Getman, Alexander Konstantinov

At present, there are a large number of theoretical and empirical
methods of development of electrical devices. In addition, a large
number of technical objects is characterized by a cylindrical shape of
their magnetoactive part. In particular, the electromagnets of control
system of spacecraft orientation have the shape of cylinders. These
electromagnets are made in the form of multi-layer solenoids with
soft magnetic core inside.

Despite a great number of numerical methods for calculation
of the magnetic characteristics of technical objects, in practice, it is
important to obtain the accurate analytical models that permit to
analyze the model according to a set of parameters. The complexity
of the relationship between the parameters of a technical object and
its magnetic field makes it difficult, and sometimes makes it impos-
sible to conduct a comprehensive analysis of structural, energetic
and magnetic parameters of the technical object solely on the basis
of the results of the numerical calculations.

The article proposes an analytical method for calculating the
magnetic moment of the cylindrical electromagnet and the efforts
at the interaction of a cylindrical electromagnet with a magnetic
plate, built on the basis of the mathematical apparatus of cylindrical
harmonics.

Keywords: cylindrical harmonic, magnetic moment, electro-
magnet

References

1. Getman, A.V. Konstantinov, A. V. (2010). Analytical representation
of magnetic field of solenoid with the aid of cylindrical. Electrotech-
nics and electromechanics, Ne5, 43-45.

2. Getman, A.V. Konstantinov, A. V. (2012). Cylindrical harmonics
of scalar potential of electromagnet current winding magnetic field.
Messenger of National technical university KPI, Ne49, 66-72.

3. Getman, A.V. Konstantinov, A. V. (2011). Cylindrical harmonics of
magnetic field of uniformly magnetized cylinder. Electrotechnics and
electromechanics, Ne5, 51-53.

4. Krasnov L.P. (1986). Calculation methods of marine magnetism and
electric engineering. USSR: Shipbuilding. 216 p.

5. Smythe, W. (1989). Static and Dynamic Electricity. - ISBN:
0891169172, Publisher: Hemisphere Publishing Corporation, 623 p.

6. Watson, G. N. (1966). A treatise on the theory of Bessel functions.
Cambridge: Cambridge Univ. Press, 804 p.

7. Getman, A.V. Konstantinov, A. V. (2013). Cylindrical harmonics of
magnetic field of lengthwise magnetized. Tecnnical Electrodinamics,
Ne 1, 13-14.

8. Landau, L. D,, Lifshitz E. M. (1982). Theoretical physics. V.8., USSR:
Science.

9. Lubchic, M. A. (1968). Power electromagnets of apparatus and de-
vices of direct current automatics. USSR: Energy.

10. Lubchic M. A. (1974). Optimal design of forceful electromagnetic
mechanisms. USSR: Energy.

OPTICAL PROPERTIES OF LITHIUM
NANOPARTICLES (p. 8-18)

Vladimir Nazarenko, Oksana Nesterenko, Ivan Radchenko,
Irene Stepankina

The modern physics of solids emphasis the physical properties
of alkali-halide crystals and their practical application. For practical
application of physics and chemistry of alkali-halide crystals, it is
important to study the formation and properties of the point defects.
The article presents the calculations of the spectra of light attenua-
tion by spherical and ellipsoidal lithium nanoparticles in various en-
vironments. It also presents the measured spectra of light absorption
and compares them with the calculated ones. This comparison allows
the identification of colloidal bands of absorption of lithium in crys-

tals. In addition, it provides an opportunity to assess the correctness
of the spectral dependence and the values of the optical constants
of the massive metal. The results obtained in the article, make it
possible to evaluate the properties of nanoparticles of metals, which
have unique properties, useful in modern technologies.

Keywords: color centers, colloidal particle, cluster, spectra of
light absorption, attenuation coefficient
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FORMING TREATMENT OF METAL PLATES AND
DISKS BY LOCAL LASER HEATING (p. 19-22)

Olexiy Kaglyak

The article is devoted to the study of thermal methods of form-
ing. Namely, the laser forming, as the laser as a thermal source is
stable, well defined, bases easily, and provides a locality heating. The
mechanisms of laser forming were analyzed. The results of experi-
mental studies were presented. It was found that the amount of de-
formation is proportional to the number of irradiation cycles for both
carbon and austenitic stainless steels. When processing carbon steels
the “post-deformation” occurs. It may or may not be coincident with
the direction of the main deformation. The resistance of the laser
formed constructions was studied. It was shown that the resistance
of the constructions formed with the laser to force and thermal load
is higher than of the constructions formed by the pressure treatment.

This is explained by the fact that the pressure treatment in the
processing zone causes wall thinning of an item, in turn, the laser
forming causes the reverse process - thickening. Technological recom-
mendations on the treatment of metal plates were worked out. The
results of the forming of items of complex spatial configuration with
the irradiation by the parallel and cross laser passages were presented.

It was found that during the irradiation along the curvilinear
trajectories it is appropriate to use a uniform heating, which can be
achieved by rotating a workpiece with a frequency of 11000 rotations
in a minute. The uniform heating of the workpiece in a closed curvi-
linear contour allows a uniform distribution of stresses and strains.

Keywords: laser forming, plate materials, deformation, thermal
method of forming, heat-affected zone
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MODELING THE BEHAVIOR OF AIR BUBBLES IN
THE FIELD OF STATIONARY ARC DISCHARGE
(p. 23-29)

Stanislav Petrov, Sergey Bondarenko, Denis Rubets, Alexandr
Savanchuk, Veronika Yanyuk

The article discusses the processes occurring at the electric arc
discharge in the pore (bubble) liquid. The results of modeling of the

dynamics of the behavior of a single bubble in the field of the sta-
tionary arc discharge were presented. To describe such a discharge
a homogeneous model of a short cylinder was used. The model was
supplemented by the equations that permit to determine the plasma
density and its pressure in the discharge channel. The change of the
size of the gas bubble was determined during its breakdown, taking
into account the evaporation and condensation of steam and for the
account of the radial motion of the bubble. The equations of the
critical pressure inside the gas bubble were obtained, and on the ba-
sis of the first law of thermodynamics the temperature inside it was
determined. The equations of the intensity of heat and mass transfer
through the surface of the gas bubble were obtained on the basis of
the molecular kinetic theory.

To solve the equations of the mathematical model an algorithm,
implemented in the environment Mathcad was developed. The ki-
netic, dynamic and energetic characteristics of the behavior of the
gas bubble in the field of the arc discharge were obtained.

Keywords: arc discharge, breakdown, plasma, gas bubble, math-
ematical modeling, heat transfer, mass transfer, algorithm, water,
plasma-chemical cleaning.
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SIMULATION HIGH-VOLTAGE TRIPLE-JUNCTION
PHOTOVOLTAIC CONVERTERS BASED ON
AMORPHOUS AND MICROCRYSTALLINE SILICON
(p. 29-34)

Sergei Chebotarev, Alexander Pashchenko, Marina Lunina,
Vladimir Irkha

The design of triple-junction thin-film solar cells with hydrogen
and oxygen microcrystalline and amorphous silicon layers a-Si:H(n-
i-p)/pc-Si:O(n-i-p)/pe-Si:H(n-i-p) is suggested. The physical model
and the software for simulation performances of these solar cells are
developed. The numerical simulation results demonstrate that ef-
ficiency of the proposed thin-film solar cells can be increased to 16
%, open-circuit voltage Upc=1.957 V, fill factor {ff=78%. Improving
the performance ensures by increasing absorptance in the visible
region (\=500-800 nm) to 40-60 % and in the near-infrared region
(A=800-1100 nm) to 75-80 %. The analyses of the triple-junction
structure’s external quantum efficiency spectral dependences shows
that combining a-Si:H and pc-Si:H n-i-p junction can be possible



using different solar irradiation regions to expand spectral sensitivity

of silicon photovoltaic converter in HF and near-IR regions.
Keywords: triple-junction thin-film photovoltaic converter,

amorphous and microcrystalline silicon, numerical simulation.
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RECYCLING OF PRECIOUS METALS (p. 35-38)
Vadim Ribiy, Viktor Bredichin, Ivan Chervony, Nikolai Manjak

The article presents the analysis of the recycling of electronic
equipment and drawing of precious metals. The alternative recycling
methods, such as acid leaching and waste melting in the molten
copper were considered. The acid leaching of the concentrate was
conducted with aqua regis (HHNO3 + HCI, in a ratio of 1:3). The dis-
solution of gold, silver and platinum was carried out in an aqueous
acid solution. The thermodynamic analysis of the reactions showed
that the acid leaching is most favorable for metals such as platinum
and silver. As an alternative, the concentrate after the concentration
was melted in the crucible. Copper was used as a basis. The melting
was carried out in an induction furnace at 1250 ... 1450 °C. The pro-
cess of refinement of the copper melt was performed by air blowing.
At temperatures above 1030 °C the reaction of Cu20 formation and
oxidation of the impurities dissolved in the copper proceed. This
forms the oxide of impurities that float on the surface of the bath in
the form of slag. Thus refined copper containing dissolved precious
metals is sent to electrolysis to produce the electrolytic copper and
electrolysis slime concentrated by gold, platinum and silver. The
resulting slime is sent further to the hydrometallurgical recycling in
order to separate precious metals.

Keywords: radio-electronic scrap, grinding, separation, acid
leaching, melting, electrolysis.
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SCATTERING OF PLANE ELECTROMAGNETIC
WAVES ON CARBON NANOTUBE (p. 38-46)

Vasyl Kanyevskyy, Viktor Rozenbaum, Nataliia Shkoda

The article presents an overview of the methods of production
the tensor of dielectric permeability of multi-walled carbon nanotube
(MWCNT) and the use of finite-element approach for calculating
the scattering of a plane electromagnetic wave on the MWCNT in
the optical range. The approach used was tested by calculation of the
differential cross-sections of scattering of a metal rod in the far field
and the distribution of electrical, magnetic fields, Poynting vector and
conduction currents on the surface of the rod in the near field. The
article presents the results of calculations of the scattering of plane
electromagnetic waves on a MWCNT for parallel and normal polar-
ized electric field vectors of the incident wave with respect to its axis.
It was shown that in the far field the increase in length of MWCNT
leads to the formation of the anisotropic angular distribution of the
differential scattering cross sections, and the presence of anisotropic
dielectric loss causes both quantitative and qualitative changes in the
nature of the angular distribution of the differential cross sections:
the losses not only scale the scattering cross-section, but also change
their shape. Changing the direction of the electric component of the
incident field from parallel to perpendicular (relative to the axis of the
MWCNT) change the distribution of the differential cross sections:
“petals” of the radiation pattern form in the direction perpendicular to
the direction of incidence. The study of the distribution of electromag-
netic fields within a solid dielectric cylinder showed that the dielectric
losses do not prevent the permeability of the fields inside the cylinder,
and this means that to describe the scattering on MWCNT it is neces-
sary to consider the thickness of its wall.

Keywords: cross section, carbon nanotubes, dielectric tensor,
optical range

References

1. Ilijima, S. (1991). Helical microtubules of graphitic carbon. Nature,
354, 56-58.

2. Treacy, M., Ebbesen, T.W., Gibson, J.M. (1996). Experimentally
high Young’s modulus observed for individual carbon nanotubes.
Nature, 381, 678 - 680.

3. Zhang, ], Yang, G, Cheng, Y. (2005). Stationary scanning X-ray
source based on carbon nanotube field emitters. Appl. Phys. Lett., 86,
376-379.

4. LeMieux, M. C., Roberts, M., Barman, S., Jin, Y.W., Kim, J.M., Bao,
Z. (2008). Self-Sorted, Aligned Nanotube Networks for Thin-Film
Transistors. Science, 321, 101-104.



20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

Nikolic, B.K., Saha, K.K., Markussen, T. (2012). First-principles
quantum transport modeling of thermoelectricity in single-molecule
nanojunctions with graphene nanoribbon electrodes. J. Comput. Elec-
tron, 11, 78-92.

Ying, L., Baoging, Z. (2008). Properties of carbon nanotube optical
antennae. International Journal of Infrared and millimeter Waves,. 29,
990-996.

Murmu, T., McCarth, M.A., Adhikari, S. (2012). Vibration response
of double-walled carbon nanotubes subjected to an externally ap-
plied longitudinal magnetic field: A nonlocal elasticity approach. J.
Sound and Vibration, 331, 5069-5086.

Sun, Z., Rozhin, A.G., Wang, F., Ferrari, A.C. (2008). L - Band Ul-
trafast Fiber Laser Mode Locked by Carbon Nanotubes. Appl. Phys.
Lett., 93, 061114-061115.

Itkis, M.E., Borondics, F., Yu, A., Haddon, R.C. (2006). Bolometric
Infrared Photo-response of Suspended Single-Wall Carbon Nano-
tube Films. Science, 312, 413-416.

. Lopez, C. (2003). Materials Aspects of Photonic Crystals. Ado. Ma-

ter., 15,1679-1704.

. John, S. (1987). Strong Localization of Photons in Certain Disor-

dered Dielectric Superlattices. Phys. Reo. Lett., 58, 2486-2489.

. Johnsosn, G.S., Mekis, A., Fan, S.H. Joannopoulos, J.D. (2001). Mod-

eling the Flow of Light. Comput. Sci. Eng., 3, 38-47.

. Luo, C., Johnson, S.G., Joannopoulos, J.D., Pendry, J.B. (2002). All-

angle Negative Refraction without Negative Effective Index. Phys.
Rev. B., 65,201104-201114.

. Soukoulis, C.M., Linden, S., Wegener, M. (2007). Negative Refrac-

tive Index at Optical Wavelengths. Science, 315, 47-49.

. Ishau, A, Yan, L., Husnain, G., Lu Bo, Khalid, A. (2011). Tuning the

optical properties of multiwall carbon nanotube thin films by N* ion
beams irradiation. ACS Nano, 6, 357-365.

. Vang, Zu-Po, Ci, L., Bur, J.A, Lin, S.Y., Ajaean, P.M. (2008). Ex-

perimental Observation of an Extremely Dark Material Made By a
Low-Density Nanotube Array. Nano Lett., 8, 446-451.

. Guo, G, Chu, K., Wang, D.S., Duan ,S.G. (2004). Linear and Non-

linear Optical Properties of Carbon Nanotubes from First-Principals
Calculations. Phys. Rev. B., 69, 205416-205429.

. Partoens, B., Peeters, F.M. (2004). From Graphene to Graphite:

Electronic Structure around the K Point. Phys. Rev. B., 74, 205416-
205429.

. Wooten, F. (1972). Optical properties of solids. New York: Academic

Press, 260.

Markovic, M.1., Rackis, D. (1990). Determination of the reflections
of laser light of wavelengths Ae0.22um, 200um from the surface of
aluminum using the Drude-Lorentz model. Appl. Opt.,29, 3479-3483.
Markovic, M.I., Rackis, D. (1990). Determination of optical prop-
erties of aluminum including electron reradiation in the Lorentz-
Drude Model. Opt. Laser Technol., 22, 394-398.

Kim, C.C., Garland, J.W, Abad, H., Raccah, P.M. (1992). Modeling
the optical dielectric function of semiconductors: Extension of the
critical-point parabolic-band approximation. Phys Rev. B., 45, 11749-
11767.

Lidorakis, E., Ferrari, A.C. (2009). Photonics with multiwall carbon
nanotube arrays. ACS Nano, 3, 1238-1248.

Djurisic, A.B., Li, E.H. (1999). Optical properties of graphite. J. Appl.
Phys., 85, T404-7410.

Djurisic, A.B., Rakic, A.D., Elazar, J.M. (1997). Modeling the optical
constants of solids using acceptance-probability-controlled simu-
lated annealing with an adaptive move generation procedure. Phys.
Reo. E., 55, 4797-4803.

Johnson, L.G., Dresselhaus, G. (1973). Optical properties of Graph-
ite. Phys. Rev. B., 7, 2275-2285.

Ahuja, R., Auluck, S., Wills, J.M., Alouani, M., Johansson, B., Eriks-
son, O. (1997). Optical properties of graphite from first-principles
calculations. Phys. Rev. B., 55, 4999-5005.

Painter,G.S., Ellis, D.E. (1970). Electronic band Structure and opti-
cal properties of graphite from a variational approach. Phys. Rev. B.,
1, 4747-4752.

Greenaway, D.L, Harbeke, G. (1969). Anisotropy of optical con-
stants and the band structure graphite. Phys. Rev., 178, 1340-1348.
Willis, R.F., Fitton, B. (1999). Secondary-electron emission spec-
troscopy and observation of high-energy excited states in graphite:
theory and experiment. Phys. Rev. B., 9, 1926-1937.

Ellis, D.E. Painter, G.S. (1970). Discrete variational method for the
energy-band problem with general crystal potentials. Phys. Rev. B., 2,
2887-2898.

Stephan, O., Taverna, D., Kociak, M., Suenaga, K., Henrard, L.,
Colliex, C. (2002). Discretic response of isolated carbon nanotubes

investigated by spatially resolved electron energy-loss spectroscopy:
From multi-walled to single-walled nanotubes. Phys. Rev. B., 66,
155422-155433.

33. Garcia-Vidal, F.J., Pitarke, J.M., Pendry, J.B. (1997). Effective me-
dium theory of the optical properties of aligned carbon nanotubes.
Phys. Rev. Lett., 78, 4289-4292.

34. Lu, W, Dong, J., Li, Z.Y. (2000). Optical properties of aligned car-
bon nanotube systems studied by effective-medium approximation
method. Phys. Rev. B., 63, 033401-033404.

35. Tanaka, K., Yamabe, T., Fukui, K. (1999). The Science and Technol-
ogy of Carbon Nanotubes. New York: Elsevier, 199.

36. Baylis, A., Gunzburger, M., Turkel, M. (1980). Boundary Conditions
for the Numerical Solutions of Elliptic Equations in Exterior regions.
SIAM J. Appl. Math., 1, 371-385.

37. Matveev, AN. (1985). Optics. Moscow, USSR: Vysshaia Shkola, 342.

38. Volakis, J.L., Cbatterjee, A., Kempel, L.C. (1998). Finite Element
Method for Electromagnetics. IEEE Press, 344.

39. Jin, J. (2002). The Finite Element Method in Electromagnetics. Sec-
ond Edition. New York: Willey, 753.

40. Chew, W.C., Weedon, W.C. (1994). A 3D perfectly matched me-
dium from modified Maxwell’s equations with stretched coordinates.
Microwave Opt. Tech. Lett., 7, 599-604.

41. Sacks, Z.S., Kingsland, D.M., Lee, R., Lee, J.F. (1995). A perfectly
matched anisotropic absorber for use as an absorbing boundary con-
dition. IEEE Trans. Antennas Propagat, 43, 1460-1463.

THE SYNTHESIS OF THERMITE HEAT AND HEAT-
RESISTANT STEELS (p. 46-50)

Yuri Zhiguts

The present paper the basic solutions to the problem of obtaining
heat-resistant steels examined the use of thermite steels, the benefits
of combining thermite steels with metallotermic methods of get-
ting is showed. The advantages of metallotermic synthesis methods
include: autonomy of processes, independence of energy sources, sim-
plicity of equipment, high-performance process and easy transition
from experimental research to industrial production. The need to
developed the technology of synthesis thermite heat-resistant steels,
as a result of aluminothermic reactions and establishment of techno-
logical features’ of synthesis it all led. At the first phase of the study
of chemical composition of the synthesized heat-resistant steels is
determined. In continuation of studies microstructure, mechanical
and technological tests were performed. Technological features of
the synthesis process and the impact of components exothermic
reaction were revealed. The result of comprehensive research was
the development of fusion technology thermite heat-resistant steel
“L2XMD”, “U5XMD”, “12X2MDB”, “25X2M@”, setting of the
charge for the synthesis of the specified steel, revealing the micro-
structure and mechanical properties of thermite steels, the research
of technological properties of steel, namely the casting of proper-
ties and effects on the structure of individual alloying elements. In
addition, the author has set the limits and boundaries of creep for
thermite steel and their dependence on temperature.

Keywords: metallothermy, mechanical properties, heat-resis-
tant steel
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THERMAL MODES OF SILICON PHOTOTRANSDUCER
WITH FOCLINE CONCENTRATORS (p. 50-53)

Nikolai Slipchenko, Viktor Pismeneckiy, Elena Glushko,
Nikolai Gerasimenko

At present solar energy having certain advantages for provision of
ecologically clean and wasteless production and having inexhaustible
natural resources becomes leading industry in the world energy. The
main problem on the way of its implementation is low efficiency of solar
irradiation phototransduction by modern solar cells that can be solved
by using concentrating elements, among which foclines — concentrators
with flat reflective surfaces — are the easiest in realization.

This paper is devoted to the research of silicon photoconverter crys-
tal temperature depending on change of concentration factor multiplicity
and ambient temperature. At that the values of light flux concentration
and heat-sink regime of focline concentrator construction were taken
into account. Calculations of the temperature distribution over the crys-
tal and side surfaces of focline concentrator are made, temperature distri-
bution in the concentrator cross-section for various thickness of the heat
sink radiator is represented.

The calculated dependences allow estimating the maximum permis-
sible value of concentration factor and necessary conditions for heat sink
without disturbance of the crystal allowed thermal conditions.

Keywords: concentrator, photoconverter, solar cell, concentration
factor, luminous density
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