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ANALYSIS OF ENERGY EFFICIENCY OF A 
SUPERCONDUCTING SHORT CIRCUIT CURRENT 
LIMITER (p. 4-12)

Vladimir Dan’ko, Eugene Goncharov, Igor Polyakov

The work deals with theoretical and experimental studies, aimed 
at increasing operational indicators of high-temperature supercon-
ducting short circuit current limiter of inductive type. 

We designed a high-temperature superconducting current lim-
iter of inductive type with a superconductive screen, a superconduc-
tive winding and a core, which are placed in a general cryostat, which 
ensures an improvement in energy efficiency. The inductances of 
magnetic system of a current limiter were determined for the nomi-
nal and emergency operating modes.

A special feature of the proposed procedure for the calculation 
of power losses in a current limiter, as well as the magnitude of heat 
flows to a cryostat, is the fact that the developed procedure consid-
ers design parameters of magnetic system with complete cryogenic 
cooling. 

Based on the developed procedure, we carried out analysis of the 
power losses of a superconducting current limiter of inductive type 
and heat tides to the cryostat for the nominal regime, which demon-
strated that the effect of cryogenic cooling of magnetic circuit on the 
power of heat release of a current limiter is insignificant and amounts 
to less than one percent.

We simulated the work of experimental model of the magnetic 
system of a current limiter of inductive type during cryogenic cool-
ing with liquid nitrogen. The calculation procedure proposed makes 
it possible to analyze energy efficiency while determining necessary 
critical parameters of a superconducting current limiter. It was 
experimentally explored that the power losses under the nominal 
mode in the magnetic circuit of a superconductive current limiter 
of inductive type are insignificant, which corresponds to the previ-
ous theoretical calculations. The conducted experimental research 
confirmed theoretical positions and developed mathematical models. 

Keywords: current limiter, high-temperature superconductor, 
magnetic circuit, short circuit.
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INCREASING THE EFFICIENCY OF FILM SOLAR 
CELLS BASED ON CADMIUM TELLURIDE (p. 12-18)

Gennady Khrypunov, Serg Vambol,  
Natalya Deyneko, Yana Suchikova

We conducted analysis of losses in the output parameters of solar 
cells based on CdTe/CdS, which are caused by the design features of 
instrument structure and by the photoelectric processes that occur 
in its volume when absorbing light. Based on the carried out analysis, 
the ways for the improvement of SC are determined for the purpose 
of increasing the efficiency of a photo element. The approaches to in-
creasing the efficiency of a photo element are examined, which were 
previously realized by scientists. It was established that, despite the 
implemented technologies, efficiency of the obtained samples does 
not reach theoretical maximum (ηtheor≈29 %). A basic technological 
approach, which was realized by many authors, when creating the 
low ohmic contacts to SC based on CdS/CdTe is the formation of 
tunnel contacts, using in this case thin films that contain copper 
or copper chalcogenide. However, the diffusion of copper into the 
base layer leads to the degradation of output parameters of the film 
SC based on CdS/CdTe. That is why we carried out comprehensive 
studies, aimed at designing back contacts to the CdTe base layers 
for the creation of highly effective, degradation-resistant solar cells. 

It is experimentally established that in the absence of the copper 
layer at the back surface or in the absence of the annealing process af-
ter the formation of a back contact, efficiency of the film ITO/CdS/
CdTe/Cu/Au SC is limited at the level of 3–4 % due to the work of 
instrument structure in the regime of “open diode”. In the course 
of formation of quality Cu/Au tunnel contact, the SC efficiency 
increases to 10,4 %. 



56

Eastern-European Journal of Enterprise Technologies ISSN 1729-3774	 6/5 ( 84 ) 2016

Keywords: graphitization, electrode blanks, gasification, ther-
moelectric power state, direct heating furnace.

Referenсes

1.	 Lee, S.-M., Kang, D.-S., Roh, J.-S. (2015). Bulk graphite: materi-
als and manufacturing process. Carbon Letters, 16 (3), 135–146.  
doi: 10.5714/cl.2015.16.3.135 

2.	 Fialkov, A. (2008). Processes and equipment for production of pow-
dered carbon materials. Moscow: Aspect Press, 687.

3.	 Kuznetsov, D., Fokin, V. (2001) The graphitization process of carbon 
materials. Modern research methods: monograph. Novocherkassk: 
PSRSPU, 132.

4.	 Kutuzov, S. V., Buryak, V. V., Derkach, V. V., Panov, E. N., Karvat- 
skii, A. Y., Vasil’chenko, G. N. et. al. (2014). Making the Heat-Insu-
lating Charge of Acheson Graphitization Furnaces More Efficient. 
Refractories and Industrial Ceramics, 55 (1), 15–16. doi: 10.1007/
s11148-014-9648-5 

5.	 Znamerovskij, V. (1994). Mathematical modelling of the graphitiza-
tion process. Moscow: Metallurgija, 64.

6.	 Yarymbash, D. (2012). Identification of the electrical parameters of 
the circuit loop of powerful graphitization furnaces. Electronics & 
electrical engineering, 1, 49–54.

7.	 Yarymbash, D. S., Oleinikov, A. M. (2015). On specific features of 
modeling electromagnetic field in the connection area of side busbar 
packages to graphitization furnace current leads. Russian Electrical 
Engineering, 86 (2), 86–92. doi: 10.3103/s1068371215020121 

8.	 Yarymbash, D., Oleinikov, A. (2013). Energy analysis of the structure 
of the end joints of lateral tire packages and current leads of graphiti-
zation furnaces. Electronics & electrical engineering, 2, 26–34.

9.	 Pieklo, J., Maj, M. (2015). Analysis of the state of stress in the con-
nection of graphite electrodes. Archives of foundry engineering,  
15 (1), 85–88.

10.	 Li, Y. G., Hu, Y. D., Wu, L. Y., Yu, C. L. (2012). Numerical Simula-
tion Analysis on Lengthwise Graphitization Furnace Co-Production 
Silicon Carbide. Advanced Materials Research, 557-559, 835–838. 
doi: 10.4028/www.scientific.net/amr.557-559.835 

11.	 Shen, C., Zhang, M., Li, X. (2015). Numerical study on the heat 
recovery and cooling effect by built-in pipes in a graphitization fur-
nace. Applied Thermal Engineering, 90, 1021–1031. doi: 10.1016/ 
j.applthermaleng.2015.04.036 

12.	 Belenchenko, V. (2009). Simulation of physical and chemical pro-
cesses of high-temperature processing of carbon products in Ache-
son’s furnaces. Solid Fuel Chemistry, 1, 51–57.

13.	 Higman, C., van der Burgt, M. (2008). Gasification. London: Else-
vier Science & Technology Books, 456.

14.	 Basu, P. (2010). Biomass gasification and pyrolysis: practical design 
and theory. London, New York: Published by Elsevier Inc., 365.  
doi: 10.1016/b978-0-12-374988-8.00001-5 

15.	 Karvatskii, A., Shilovich, I., Kutuzov, S. et. al. (2008) Estimated 
study the implementation of the direct graphitization process on 
PJSC “Ukrgrafit”. Herald of NTUU “KPI”. Chemical engineering, 
ecology and resource saving, 1 (1), 42–46.

16.	 Arutjunjan, R. (2014). Integral Equations of the Stefan Problem 
and Their Application in Modeling of Thawing Soil. Science and 
Education of the Bauman MSTU, 15 (10), 419–437. doi: 10.7463/ 
1015.0814769 

17.	 Zenkevych, O. (1975). Finite element method in engineering. Mos-
cow: Myr, 543.

18.	 Kalitkin, N. (2011). Numerical methods: tutorial. BHV-Petersburg, 
586.

19.	 Karvatskii, A., Pedchenko, A. (2014). Solution of the problem 
of nonlinear non-stationary heat conductivity by finite element 
method. Journal of Azov State Technical University. Series: Techni-
cal science, 32, 205–214.

el Density, Carrier Lifetime and Conversion Efficiency of CdTe 
Thin Film Solar Cells. MRS Proceedings, 668. doi: 10.1557/proc-
668-h8.13 

17.	 Wu, X., Ribelin, R., Dhere, R. G., Albin, D. S., Gessert, T. A., Asher, S. 
et. al. (2000). High-efficiency Cd/sub 2/SnO/sub 4//Zn/sub 2/
SnO/sub 4//Zn/sub x/Cd/sub 1-x/S/CdS/CdTe polycrystalline 
thin-film solar cells. Conference Record of the Twenty-Eighth IEEE 
Photovoltaic Specialists Conference – 2000 (Cat. No.00CH37036). 
doi: 10.1109/pvsc.2000.915873 

18.	 Demtsu, S. H., Sites, J. R. (2005). Quantification of losses in 
thin-film CdS/CdTe solar cells. Conference Record of the Thirty-
First IEEE Photovoltaic Specialists Conference. doi: 10.1109/
pvsc.2005.1488140 

19.	 Hegedus, S. S., McCandless, B. E., Birkmire, R. W. (2000). Analysis 
of stress-induced degradation in CdS/CdTe solar cells. Conference 
Record of the Twenty-Eighth IEEE Photovoltaic Specialists Confer-
ence – 2000 (Cat. No.00CH37036). doi: 10.1109/pvsc.2000.915891 

20.	 Terheggen, M., Heinrich, H., Kostorz, G., Baetzner, D., Romeo, A., 
Tiwari, A. N. (2004). Analysis of Bulk and Interface Phenomena 
in CdTe/CdS Thin-Film Solar Cells. Interface Science, 12 (2/3), 
259–266. doi: 10.1023/b:ints.0000028655.11608.c7 

21.	 Enzenroth, R. A., Barth, K. L., Sampath, W. S. (2005). Correlation 
of stability to varied CdCl2 treatment and related defects in CdS/
CdTe PV devices as measured by thermal admittance spectroscopy. 
Journal of Physics and Chemistry of Solids, 66 (11), 1883–1886. doi: 
10.1016/j.jpcs.2005.09.022 

22.	 Green, M. A. (1992). Solar cells: operating principles, technology and 
system applications. Kensington, Australia: University of New South 
Wales, 274.

23.	 Batzner, D. L., Wendt, R., Romeo, A., Zogg, H., Tiwari, A. N. (2000). 
A study of the back contacts on CdTe/CdS solar cells. Thin Solid 
Films, 361-362, 463–467. doi: 10.1016/s0040-6090(99)00842-1 

24.	 PV Status Report 2004. Research, Solar Cell Production and Market 
Implementation of Photovoltaics (2004). European Commission, 
DG JRC. Ispra, Italia, 98.

NUMERICAL ANALYSIS OF THE PHYSICAL 
FIELDS IN THE PROCESS OF ELECTRODE BLANKS 
GRAPHITIZATION IN THE CASTNER FURNACE  
(p. 19-25)

Anton Karvatskii, Serhii Leleka,  
Anatoliy Pedchenko, Taras Lazariev

In the study, a numerical model is developed on the basis of 
the suggested physical and mathematical models to research the 
thermoelectric power state of the Castner furnace in the process of 
graphitizing electrode blanks. A distinctive feature of this study is 
an opportunity to take into account the impact of factors such as 
thermal effects of the chemical reactions of gasification, evaporation, 
condensation, sublimation of graphite, and thermoelectric power 
contact interaction between the elements of the furnace design. The 
verification of the numerical model of graphitizing electrode blanks 
has showed that the relative deviation between the calculated values 
of the average temperature of the candle blank after the start of 
the carbonaceous material gasification process is about 4 % in the 
temperature range of 600-1,600 °C in comparison with the physical 
experiment. The analysis of the numerical simulation results has 
revealed overstated average temperature values of candle blanks in 
the case of excluding the impact of thermal effects of chemical gasifi-
cation reactions, heat and mass transfer of moisture, and conversion 
of the carbon monoxide and the hydrogen in the insulating charge of 
the furnace. Under the circumstances, the relative deviation in the 
average temperature of the candle workpieces in the examined points 
exceeds 10 % in comparison with the experimental data.
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A MODIFIED METHOD OF APPLYING 
DETONATION-SPRAYED COMPOSITE COATINGS 
BY A MAGNETIC FIELD (p. 33-38)

Andriy Dovgal, Liudmyla Pryimak, Igor Trofimov

The article deals with the problem of improving the wear resist-
ance and corrosion resistance of machine parts, which is essential for 
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22.	 Leleka, S., Lazariev, T., Pedchenko, А., Shvachko, D. (2015). The 
study of uneven temperature field in billet electrodes during their 
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PROVISION OF ENVIRONMENTAL 
SAFETY THROUGH THE USE OF POROUS 
SEMICONDUCTORS FOR SOLAR ENERGY SECTOR 
(p. 26-33)

Yana Suchikova

The paper considers the ways of provision of environmental 
safety. A scheme of multilevel decomposition of the problems of 
provision of environmental safety through the use of innovative 
technologies for solar energy sector is presented. It is demonstrated 
that it is possible to increase efficiency of photoelectric modifiers of 
energy through the use of nanostructured semiconductors. The pos-
sibilities of minimizing the reflection ability (due to catching light in 
pores), an increase in the width of the restricted band of porous layer 
(due to quantum retaining of charges in microcrystallites) due to 
changing the porosity allow the use of layers of porous semiconduc-
tor both as anti-reflecting coating and as a broadband photosensitive 
layer. Under condition of using nanostructured semiconductors, the 
sensitivity of solar panels to the surface contamination decreases 
greatly. The economic benefits of using porous silicon in solar power 
include low cost of an area unit of a solar battery, which is provided 
for by the cost parameters of basic technology for manufacturing 
porous material. The method of electrochemical etching of nano-
structures was used to obtain nanostructures. Basic regularities of 
the formation of porous layer at the surface of semiconductors of the 
A3V5 group and silicon were established. Technological conditions 
are selected individually for each semiconductor. The establishment 
of these regularities allows the optimization of the etching process 
and the fabrication of porous layers with the assigned parameters. 

Keywords: nanostructured semiconductors, photoelectric modi-
fiers of energy, ecological safety, electrochemical etching, multilevel 
decomposition, porous layers.
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DEVELOPMENT AND APPLICATION OF THE 
DISCRETE MODEL OF MULTI-LAYERED TEXTILE 
MATERIALS (p. 39-45)

Ganna Shchutska

The discrete method of modeling the fluid passage through the 
textile material was developed, which makes it possible to define the 
boundary of the wetted section of material both at the surface and in 
the depth for materials with an arbitrary number of layers.

The essence of the proposed method lies in modeling the mate-
rial with a system of cells and passages for spreading the fluid with 
the assigned characteristics.

Preliminary studies substantiated the relevance of this method, 
which was applied for studying a specific material. Such studies are 
necessary for the correct prediction of the processes that occur in 
therapeutic textile materials. They also create prerequisites for de-
signing materials with the required properties. 

We revealed the effect of additional concentrations inside the 
material, the consideration of which makes it possible to correctly 
predict the dynamics of fluid passage through textile material.

An analysis of functional dependences of the boundary of the 
wetted zone for two-layered fabrics, which are used for therapeutic 
purposes, allowed us to recommend it in the form of the sum of expo-
nential function and exponential function with the maximum. Each 
two-layered material in this case is characterized by four constants 
in the course of the fluid passage. 

The actual characteristics of two-layer textile material were de-
fined. They are used for determining the fluid concentration in the 
lower layer of material. This makes it possible to predict the period 
of using material as a therapeutic textile system.

The use of the proposed method for multi–layer materials makes 
it possible to select the most rational characteristics of separate com-
ponents for a specific case.

Keywords: textile materials, spread of fluid, structure, multi-
layered, discrete, continual, inhibition, cotton.
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the equipment operation at high speeds and loads. The main purpose 
of the research was to study ceramic composite materials, which are 
highly resistant to the intensive wear and adverse environment. It 
has been established that these requirements are met by ceramic 
composites based on silicon carbide and aluminum oxide, which 
have high levels of physical and mechanical properties while being 
inexpensive and common materials. The selected component of the 
composite wear-resistant coating for detonation-sprayed coatings 
was the SiC-Al2O3 ceramic structure, previously tested as a com- 
pact ceramic material with a high level of tribotechnical character-
istics. It is definite that the strengthening carbide phase of an active 
interaction with single-component melts takes place with silicide 
formation under hot pressing. During the charge agglomeration to 
apply the coating, the SiC-Al2O3 ceramic phase becomes ground as 
being more friable, but the artificially introduced metal component 
is plastically deformed without changing the size. The study has 
revealed a positive effect on the process of applying and the struc-
ture of composite detonation-sprayed coatings of the system (SiC-
Al2O3)-Fe produced by an external constant magnetic field, which 
improves the coating porosity 1.5 times and enhances the coating 
adhesion 5 times. Moreover, a constant magnetic field in the process 
of applying the coating significantly decreases the coating porosity. 
The research results can be applied by experts in the fields of tribol-
ogy, materials specialists, and experts in the field of operating and 
maintaining technical systems.

Keywords: coating, composite material, detonation spraying, 
magnetic field, adhesion, refractory component, metal bond.
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EXPLORING THE PROPERTIES OF 
ULTRAFILTRATION MEMBRANES WITH 
A DYNAMIC LAYER AND BACTERICIDAL 
INOCULATION FOR THE PURIFICATION OF 
NATURAL WATERS (p. 46-53)

Nikolay Nechitaylo, Elena Nagornaya, Elena Nesterova
The authors established that with the creation at the surface 

and in the pore space of membrane of a dynamic layer, there occurs 
a sharp reduction in the performance efficiency of membranes due to 
the biological fouling. Biofilms block the outflow thus decreasing the 
productivity of membranes. In order to eliminate the blocking, it is 
proposed to introduce biocidal additives to the dynamic layer, which 
made it possible to decrease the influence of biofouling. The forma-
tion of a dynamic layer in the pore space and at the surface of mem-
brane is substantiated with the help of simulation using the filtration 
equation of Poiseuille. To confirm theoretical positions under labora-
tory conditions, we developed a procedure for the modification of 
a flat filter. Next, at a semi-industrial installation we conducted a 
comparison of operation of membranes with a biocidal additive, 
without it and with a periodic washing by sodium hypochlorite. The 
membrane with a biocidal inoculation at the surface demonstrated a 
stable work at the highest efficiency.

Testing at flat membranes may be used as an express method 
for evaluating the modifying properties of different compositions of 
additives. This makes it possible to rapidly estimate effectiveness of 
different compositions of reagents for the surface modification of any 
type of filters.

Specific productivity of the membrane with a modified layer 
without a biocide treatment reached 58 l×m2/h, of the membrane 
with a periodic treatment – 97,5 l×m2/h, while the membrane with 
a modified layer and a bactericidal inoculation demonstrated a more 
stable performance and its productivity in seven days amounted to 
89 l×m2/h.

The proposed technology enables obtaining water with the re-
quired quality via one-stage treatment, which considerably simplifies 
the process of water preparation. 

Keywords: ultrafiltration, biocidal inoculation, purification of 
natural waters, biofilm, permeability of membranes.
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