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non-ozonE gErmicidal lamps For units oF 
photochEmical and photobiological action
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The use of ultraviolet radiation is now becoming more and 
more important as the method of ultraviolet disinfection success-
fully destroys bacteria, fungi and viruses.

The widespread use of UV radiation has become possible due 
to the expansion of the production of nomenclature of artificial 
light sources and increasing their efficiency. To this end, we have 
proposed the design of non-windowing germicidal lamp for UV 
irradiation of drinking water, air, surface and other liquids.

As the basis of manufacturing technology it is proposed 
a construction of germicidal lamp, based on the following tech-
nical approach — invention, namely the transition from double 
capped fluorescent lamps to compact single-ended lamps.

Design features of germicidal lamp, which limits the output 
of ozone in the environment, the following: the space between the 
discharge tube and the outer bulb is a gas filter, the spectral trans-
mittance ratio adjusting pipe diameters and the partial pressure of 
oxygen and nitrogen. This radiation with a wavelength of 254 nm 
substantially not delayed by a gas filter, but the amount of ozone 
is reduced by 3–4 times, without exceeding the allowable limits.

UV lamp is equipped with the necessary start-up equipment, 
which makes it possible to use in the domestic environment for 
the disinfection of drinking water and surfaces.

Keywords: UV-efficiency ultraviolet lamps, germicidal disin-
fection, non-windowing lamp, UV flow.
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practicE oF dEFining lEvEls oF progrEssivE 
ElEctricity consumption by mining companiEs with 
undErground Kinds oF iron orE mining
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The paper presents a number of differences of iron ore mines 
from other industries, analysis of the factors that affect the 
electricity and energy effectiveness of mining enterprises and, 
consequently, on the levels and modes of electricity consumption. 
During the investigations it is developed the modern methodo-
logy of actual programs to improve energy efficiency of extrac-
tion of iron ore, which makes it possible to identify cost-effective 
measures aimed at the implementation of the existing energy 
potential in the enterprise. The authors presented a technique 
for assessing the state of power consumption modes of mining 
companies and their modeling and forecasting technique for de-
termining the levels of power consumption and algorithm of its 
interval prediction.

The article provides an analysis of intra-annual dynamics, 
which is essential for forecasting and the development of opera-
tional activities for qualified energy management industry.

Keywords: electricity and energy effectiveness, levels of 
power consumption, seasonality, forecast electricity consump-
tion, factor model, mining enterprise.
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analysis oF modE oF surgE arrEstEr in thE prEsEncE 
oF nonsinusoidal voltagE
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In the article it is considered the work of nonlinear surge ar-
rester in quasi-stationary modes and found that similar work al-
most impossible. Many power engineering specialists believe that 
NSA works so as the valve gap. This claim is false because NSA 
is connected directly to the network through a gap the spark gap. 
Therefore NSA is constantly under the influence of the working 
voltage, which causes additional requirements for its parameters 
when a quasi-stationary over the network. The calculations of 
the energy dissipation of NSA under the action as part of which 
there are higher harmonics allow to conclude that in accordance 
voltage requirements of GOST on energy quality. NSA is working 
properly supporting thermal balance. However, NSA violation of 
thermal balance can occur when working in networks with a high 
content of harmonic oscillations, leading to its failure. Calcula-
tions are made on the basis of current-voltage characteristics of 
NSA, which allows determining the value of currents in the pre-
sence of voltage in the network containing harmonic oscillations.

Keywords: nonlinear surge arrester, current-voltage charac-
teristics, thermal condition, harmonic oscillations.
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ultrasonic mEthod dEvElopmEnt oF Fluid Flow 
vElocity mEasurEmEnt
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In this article short analysis was done on main ultrasonic 
methods and means of fluid and gaseous flow control. New 
mathe matical model of ultrasound wave distribution in fluid 
was proposed and ultrasonic method of fluid flow measurement 
on its basis. After research of various scientific works regar ding 
near size of ultrasonic transducers a mathematical equation 
was derived that shows ultrasound frequency dependency on 
fluid flow velocity. Consequently, stated mathematical model 
was simulated in Matlab environment shoving some efficient 
results. Research on physics process of forming a sound wave in 
piezoelectric elements helped to discover frequency dependency 
on flow speed, which in turn made it possible, due to the new ap-
proach, to develop a mean of flow rate measurement and further-
more to propose perspective fluid and gas flow meters. 

Keywords: meter, flow control, ultrasound, sound speed, fre-
quency, near zone, measurement accuracy.
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incrEasE oF saFEty oF ElEctric EnErgy usagE in coal 
minEs
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The work is devoted to the creation of ultrafast device for 
protecting electrical networks in hazardous industries, such as 
coal mines, from the emergency operation of short circuit. For 
response time to ensure the unit up to 100 microseconds, as the 
drive of the contact group was used electro effects — electric 
emplosion. Switching devices such working one-sticks, until 
recently was not in the world practice.

The results will help to reduce the probability of occur-
rence in coal mines dangerous on gas and dust of man-made 
accidents (explosions and fires), with heavy technical and social 
consequences.

In addition, a similar device can be effectively used in the 
chemical, petrochemical and other industries in which the pos-
sible presence of an explosive or the environment.

Keywords: electricity, power supply, mine, explosion, cutoff, 
center of the fire, short circuit, magnetic station.
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analysis oF pulsE transFormEr voltagE ripplE oF 
invErt typE oF modular structurE
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The mathematical models of voltage ripple in input and out-
put circuits of pulse converters of DC modular structure with 
power channels of the inverting type are obtained and analyzed. 
The mathematical model is focused on the power of channels 
in the boundary mode operation that can reduce energy loss 
in the transformation. The mathematical model is generalized 
to the single-phase and multiphase transformation principles, 
auto-transformer and transformer connection of storage chokes 
of power channels.

The methods and algorithms for calculating the voltage and 
current ripple in the input and output circuits of these converters 
are presented.

The simulation results of the electrical processes in input and 
output converters with autotransformer turning of the choke are 
presented. It was established that the principle of multi-phase 
transformation reduces the magnitude of both fluctuations in the 
input and output circuits. This allows developing the converters 
with improved mass-dimensional and cost indicators.

Keywords: multi-phase pulse converter, modular structure, 
power channel, pulse, mathematical model.
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thE usE oF solEnoidal winding modEls For thE 
calculation oF thE lEaKagE inductancE oF powEr 
transFormErs

page 36–40

The necessity of modification of the known method of average 
distances for calculating leakage inductance of power transformer 
windings. The calculated expressions for the leakage inductance 
of power transformers obtained from the use of solenoidal win ding 
models are given. Theoretical materials of the article tested on 
the results of the experiment. A calculation expression of lea kage 
inductance with the relative sizes of the windings is proposed.

The relevance of this article due to the absence, to date, the re-
commendations for engineering calculations the leakage inductance 
of power transformer windings, based on the use pattern of the mag-
netic field of windings with the saturation of steel of magnetic core.

As a result it is shown that multiple attempts to develop  
a method of average geometric distances with rectangular cross-
sections of the windings can be successfully replaced the use of 
solenoidal models.

For the first time it is obtained an experimental confirmation 
of the proposed modification of the method of average geometric 
distances.

On the basis of article materials can be constructed rapid 
calculation methodology of leakage inductance of power trans-
former windings for their design, as well as testing.

Keywords: leakage inductance, power transformer winding, 
experiment, magnetic core, solenoid.
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ElEctric FiEld calculation oF high-voltagE dirEct 
currEnt transmission linEs

page 40–45

It is adapted charges equivalent method for calculating the 
electrostatic field intensity under single-stranded and double-
stranded bipolar DC transmission lines in the absence of corona 
wires on line in dry climates.

Simple and noniterative calculation method required in order 
to engineer could assess whether not to exceed maximum permis-
sible levels of the electrostatic field strength in DC power lines.

As a result of research first obtained expressions that sim-
plify engineering calculations of electrostatic field, taking into 
account the symmetry of the poles as the central axis supports of 
bipolar lines, and do not use iterative methods of payment.

Development of methods for calculating electric field of 
direct current transmission lines is an important task, because in 
the near future is expected to increase the number of data trans-
fers in the world, not only by building new, and as a result of the 
conversion of existing lines AC line DC.
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Keywords: DC power line, bipolar line, electric field, method 
of equivalent charges.
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EnErgy, EnErgy-saving tEchnologiEs and 
EquipmEnt

simulation oF thE rEsistancE momEnt oF singlE-
piston comprEssor oF ship rEFrigEration unit

page 46–51

The article discusses the problem of mathematical modeling 
of the mechanical single-piston compressor of ship refrigeration 
unit. The dynamics of the crank mechanism is analyzed. Basic 
equations of the forces acting in the compressor are obtained 
on the basis of schematized indicator diagram and sequence of 
calculation of torque resistance is proposed. Simulation model is 
developed in the simulation environment Matlab/Simulink that 
enables the analysis of changes of resistance moment in the func-
tion of the rotation angle of the shaft of the drive motor, compres-
sor design features and conditions of its operation.

The verification of the model is conducted on example of the 
compressor ХКВ-6 of small refrigeration unit. Characteristic 
curve of resistance moment of resistance moment in the function 
of the rotation angle of the shaft of the drive motor during work-
ing the compressor RAC-6 in nominal mode on freon gas R-600a 
and air. With the described method of calculating and modeling 
it is revealed that the average value of the resistance moment of 
test compressor in both modes of operation corresponds to the 
marking and experimental data.

Keywords: single-piston compressor, mathematical model, 
resistance moment, refrigeration unit.
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physical basE dEvElopmEnt For mathEmatical 
simulation oF transmission procEss

page 51–55

Based on the physics of normal operation of power systems, 
in the article it is proposed new scientific and methodical ap-
proach to determining reactive power transmission systems to 
the power industry and customers equated to them, which is 
based on understanding the mains voltage as a potential form of 
electricity. That is why the generation and consumption of elec-
tricity in the same time and give it the properties of mobility and 
versatility. It is proposed realistic modeling of power, in which 
the mathematical calculations of the regime based on the physics 
of the process of power transmission technology.

It is emphasized that electric networks at a voltage of 110 kV 
should be considered counter energy market and to establish  
a base (wholesale) price of electricity for each of its customers 
on the basis of the concept of its power from the 110 kV network 
system with the normative coefficient of reactive power trans-
mission (tgjд).

Keywords: electricity, power simulation, electric power, ac-
tive power, reactive power, full power.
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Evaluation oF thE hydraulic clutchEs introduction 
For cEntriFugal pumps productivity control

page 55–60

The problems of the effectiveness of controlled hydrody-
namic drives for performance control of centrifugal pumps are 
considered in the article. The advantages of this technology are 
shown. They are consists in saving investment cost, high reliabi-
lity, durability and technical readiness, ease of maintenance and 
service equipment. Examples of calculations of energy savings 
for the pumps of various capacities are given. The factors which 
have the most significant impact on the payback period in the 
implementation of this technology are analyzed. As the initial 
information about the required investment and the savings of 
resources is used data on the implementation of the drives in 
the thermal energy sector of the CIS countries, including Za-
porozhye, Kurakhovo, Starobeshevo TPP, TPP-5 and TPP-6, as 
well as the power plants of «Kyivenergo». Results of the analysis 
allow determining priority types of centrifugal pumps. It is advi-
sable to equip the hydrodynamic drive. These include nutrition-
al, network, oil, sludge and other heavy-duty centrifugal pumps, 
also having high speed and running most of the time at part load.

Keywords: hydrodynamic variable drive, hydraulic clutch, 
centrifugal pump, energy efficiency, throttle control, power con-
sumption.
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thE dEvElopmEnt and study oF immErsEd burning 
apparatus with multiplE phasEs invErsion

page 60–64

The results of researches the phenomenon of multiple phase 
inversion for ascending gas — liquid flow in immersed burning 
apparatus (IBA) is given in the article. For the first time it is 
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shown that the organization of multiple inversions of gas — liquid 
contacting phases in the direct-flow gas — liquid by heightwise 
installation of separation grids or valve plates intensifies heat 
and mass transfer and favorably distinguishes them from bub-
bling devices of similar purpose. This ensures high efficiency 
of contact phases; stable operation over a wide load range gas 
and liquid; high transporting property of liquids by gas, which 
simplifies heating technology; high intensity of processes in the 
gas — liquid system; reducing fuel consumption for heating the 
coolant (or technological product).

Keywords: heat transfer, immersed burning apparatus, bub-
bling, phase inversion, energy efficiency, contact-modular sys-
tem, separation zone.
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The article discusses the indicators of design manufactu-
rability of biological protection of ships and floating structures 
for the transportation and storage of radioactive cargo of low and 
medium activity. The new metal-glass electric-arc coatings and 
aluminum-matrix hot-pressed tiles are proposed for protective 
layers of structure production, cladding being is carried out with 
epoxy adhesive.

In order to select the variant of the design which corresponds 
to the technological and economic indicators of efficiency, the 
systematic and technical approach based on the detailed complex 
technological indicators has been used. The coefficients of mate-
rial capacity, design complexity, manufacturability of materials 
have been selected as the proper criteria. The detailed charac-
teristics of technical and economic indicators of manufacturing 
structures of biological protection have been considered and the 
nomogram for determining complex coefficient of manufactur-
ability with different types of composite protective layers was 
built. The influence of material and coating composition on the 
factor of material capacity has also been detected. The determi-
nation of the complex coefficient of design manufacturability 
for different design and layout solutions will allow to develop 
organizational and technical activities and predict the dynamics 
of the formation of the factors of economic efficiency. The results 
can be used at the stages of design studies, technological prepa-
ration of manufacture, construction and operation of ships and 
floating structures.

Keywords: floating structures, designs of biological protec-
tion, systematic technical approach, manufacturability.
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dEvElopmEnt oF thE mathEmatical modEl For thE 
choicE oF thE optimal cutting condition with 
combinEd axial tool

page 69–72

Analysis of the literature showed that the issue of determi-
ning the optimum cutting conditions when processing a com-
bined axial tool is not considered carefully enough. In this 
regard, in order to increase productivity and ensure the required 
quality of processing holes in hydraulic and pneumatic valves 
by combined axial tool were developed and solved the three 
one-criterion problem with the corresponding evaluation func-
tion: the standard deviation of the average speed of cutting; the 
standard deviation of the feed per revolution; processing time. 
The simulation results in the system MathCAD shown that the 
most productive cutting conditions is obtained by the function 
of maximum performance. The results for the one-criterion tasks 
suggest that there is potentially solution that satisfies all three 
evaluation functions, so that it was proposed to solve the prob-
lem of rational choice of cutting conditions for combined tools as 
minimax problem with restrictions, including three previously 
proposed estimators.

Keywords: combined axial tool, minute feeding, rate speed, 
cutting speed, performance.

references

1. Goranskij, G. K., Vladimirova, E. V., Lambin, L. N. (1970). Avto-
matizacija tehnicheskogo normirovanija rabot na metallorezhush-
hih stankah s pomoshh’ju JeVM. M.: Mashinostroenie, 224.

2. Smagin, G. I., Karmanov, V. S. (1999). Optimizacija rezhimov 
sverlenija po kriteriju minimuma zatrat s ispol’zovaniem dvuh-
faktornyh stojkostnyh modelej. Sbornik nauchnyh trudov NGTU, 
2(15), 57–71.

3. Coppini, N. L., Batocchio, M. C. A. (1994). Cutting conditions 
optimization based on expert system 3th CEM-NNE. Bel m, Brazil, 
564–567.

4. Coppini, N. L., Ferreira, J. R., Miranda, G. W. A. (1997). Cutting 
conditions optimisation in machining of CFRP with cemented 
carbide Tool. ICCE/4-Fourth International Conference on Com-
posites Engineering. Hawaii, USA, 6–11.

5. Parker, S., Kolahan, F., Liang, M. (2000). Optimization of hole-
making operations: a tabu-search approach. International Journal 
of Machine Tools and Manufacture, Vol. 40, № 12, 1735–1753. 
doi:10.1016/s0890-6955(00)00024-9

6. Qudeiri, J. A., Yamamoto, H., Ramli, R. (2007). Optimization 
of operation sequence in CNC machine tools using genetic al-
gorithm. Journal of Advanced Mechanical Design, Systems, and 
Manufacturing, Vol. 1, № 2, 272–282. doi:10.1299/jamdsm.1.272

7. Zharlikov, N. V. (1961). Kombinirovannye rezhushhie instrumen-
ty. Sverdlovsk: Mashgiz, Uralo-Sibirskoe otdel, 78.

8. Baranovskij, Ju. V. (1972). Rezhimy rezanija metallov. M.: Mashi-
nostroenie, 408.

9. Malyshko, I. A. (1996). Osevye kombinirovannye instrumenty (reko-
mendacii po proektirovaniju i jekspluatacii). Donetsk: PKTI, 135.

10. Karpus’, V. Je., Ivanova, M. S. (2010). Analiz isnujuchyh rekomen-
dacij shhodo pryznachennja rezhymiv rizannja kombinovanymy 
os’ovymy instrumentamy. Visnyk Nacional’nogo tehnichnogo uni-
versytetu «Harkivs’kyj politehnichnyj instytut», 49, 92–96.

11. Karpus’, V. Je., Ivanov, V. O., Kotljar, O. V. et al. (2012). Inten-
syfikacija procesiv mehanichnoi’ obrobky. Sumy: Sums’kyj der-
zhavnyj universytet, 436.

quality managEmEnt oF rEpair production For 
disassEmbly oF prEssurE coupling

page 73–77

The problems of quality management of disassembly of pres-
sure coupling for effective functioning of repair production are 
considered because the effective use of machinery and equipment 
is the high level of maintenance and repair, which affects product 

quality and production costs. A condition for quality disassembly 
is to preserve parts of the repaired product. Particularly complex 
disassembly of pressure coupling is complex if they large or design 
does not allow using simple mechanical pullers as well as com-
pounds which, as a result of heavy operation, is one-piece steel. 
Quality and productivity disassembly of such compounds occurs 
only using induction heating. However, normative-technical pro-
vision of such technologies is virtually absent, which makes their 
use is not effective in energy costs. Therefore, the aim of the work 
was to determine and justify the principle of laying the founda-
tions of normative and technical provisions of quality, energy-effi-
cient and productive technology of repair production for example, 
disassembling connections with interference when using induction 
heating. The structural-parametric principle for creating a norma-
tive-technical provision, system of construction classifications of 
disassembled pressure coupling with heating parts in their inbox, 
unified operations based on the account settings, limiting quality 
of products and a mathematical model of the process of repair of 
thermal technologies on the example of disassembling connections 
with interference which can be used for quality control in the pro-
duction of repair schemes for any pressure coupling.

Keywords: quality parameters, unification, classification, re-
pair technologies, limiting parameters, disassembly.
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optimization oF supporting procEssEs oF 
machining taKing into account organizational and 
tEchnological costs

page 77–83

It was developed the model to optimize the organizational 
and technological structures by synchronizing processing of 
parts implemented in multi-machine complex. Its structure 
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includes a microstructure formation technique of technological 
method, transition, method of accounting indicators of change of 
employer’s work capacity during of shift, optimization model of 
organizational and technological costs.

The feasibility of using this model can be dictated by the 
need to maximize the profitability of the production process, in 
which you need to seek the optimal combination of performance 
and its cost. In the conditions of multiproduct manufacturing 
start schedule compression must be substantiated by sufficiently 
precise figures of projected time-consuming. The complexity and 
value, in these circumstances, is the definition of time-consuming 
preparation of strokes carried out by worker.

As a result, it has established the degree of influence on the 
cost of such factors as: lot resistance, limiting the type of instru-
ments and mutual accommodation of multi-machine complex for 
different types of parts. With this information, it can be managed 
calendar production plans, the parameters of lots of details in the 
treatment process, to form a group of technology and organizing 
subject-enclosed areas. All this will contribute to the develop-
ment of route in a low-volume production.

Keywords: machining, auxiliary time, machine and handmade 
work, multi-machine industrial complex.
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introduction oF thE circular tubE in thE carrying 
systEm oF gondola cars to EnsurE thE rational 
strEngth indEx

page 83–89

Features and results of the study on the introduction of 
round pipes in the carrying systems of gondola cars based on the 
proposed method by the author are presented in the article. The 
use of such method allows minimal consumption of mate rials of 
introduced elements under the conditions of strength and op-
erational reliability by ensuring rational indicators of strength.

Results of complex theoretical and computational testing, 
computer modeling, durability and operational reliability of im-
proved design of gondola cars pointed to its performance and ef-
ficiency of the implemented technical solutions. So as a result of 
its test of strength in all cases calculated according to calculation 
mode it is found that the resulting equivalent load does not ex-
ceed the allowable normalized their values of fatigue strength (at 
the base of test in 107 cycles) is provided, project service life is 
more than 32 years. In addition, the results of additional analysis 
to ensure strength in welded joints have also confirmed their 
performance.

Keywords: gondola car, improvement of carrying structure, 
implementation of round pipes, rational indicators of strength.
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