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Increase of energy efficiency of testing of traction electric machines of direct and pulsating current.

The results of the analysis of the effect of the load current of traction electric machines when tested for heating on the total electricity consumption for the test are presented. It is shown that increase of load current at the heating test permits to significantly reduce the consumption of electrical energy, and reduce the testing time without reducing its quality. References 4, tables 4, figures 3.

Key words: electric traction machine, test for heat, energy efficiency, load current, electric energy consumption.
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An anthology of the distinguished achievements in a science and technique. Part 24: Subjugation of earthly dry land and world ocean.
A short essay of world history of subjugation and study by humanity of earthly continental dry land and enormous marine spaces of Earth is presented. References 15, figures 11.
Key words: history, subjugation, earthly dry land, world ocean.
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A powerful high-voltage generator of aperiodic impulses
of current of artificial lightning with the peak-temporal
parameters rated on an International Standard
IEC 62305-1-2010.
Created in accordance with the requirements of international standard of IEC 62305-1-2010 powerful high-voltage generator, forming on the low-resistance actively-inductive loading the aperiodic impulses of current of artificial lightning of the rationed temporal form 10 μs/350 μs and amplitudes of ±(100−200) кА with a foregoing standard by admittances set is presented and described. The results of practical approbation in the laboratory terms of this generator at the in-use electric loading with active resistance of 0.1 Ohm and inductance of 1,5 μH are presented. References 14, figures 8.
Key words: generator of aperiodic impulses of current of artificial lightning, powerful capacity store of energy,
low-resistance electric loading.
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Сonditions investigations of induction of the "steady" plasma ring in the electrodynamic accelerator.

The numerical investigation of conditions of the "steady" plasma ring induction in the electrodynamic accelerator was made. The influence of a ring resistance on transition of the ring to "steady" state was determined. The dependence of the coefficient of electrical energy conversion into magnetic field energy on the number of inductor turns and the initial velocity of the ring was found out. The technical requirements to the electrodynamic accelerator by which possible the formation of "steady" plasma ring was obtained. References 8, figures 9.
Key words: fireball, electrodynamic accelerator, plasma ring.
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Stabilization of parameters of asynchronous electric drive with vector control.

A problem of stabilization of parameters of the asynchronous electric drive vector control system is considered. Usually such systems have two control channels. The synthesis of stabilizing controllers is made for every control channel. The evaluation of variables of system status is made by observer. The problem of stabilizing controllers and observer synthesis consists in calculation of state feedback intensification. Its solution is based on existing approaches form vector control theories, matrix inequalities and Lyapunov stability. Several synthesis methods of stabilizing controllers have been proposed. Structural scheme of vector control system and observer has been built. The simulation of transient processes in the vector control system is carried out with MATLAB computing environment. The most important property of obtained solution is Lyapunov stability of control loops closed-looped by state vectors. Transient processes have been investigated on the particular example. Graphs confirming stability of such processes that flow in the vector control system in minimal period of time have been plotted down. References 11, figures 2.
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Non-canonical spectral decomposition of random functions of the traction voltage and current in electric transportation systems.
The paper proposes the non-canonical spectral decomposition of random functions of the traction voltages and currents. This decomposition is adapted for the electric transportation systems. The numerical representation is carried out for the random function of voltage on the pantograph of electric locomotives VL8 and DE1. References 15, table 1, figures 3.
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Physic basis of electromagnetic induction low.

The statement on the macro level of EMF dependence on change in magnetic flux in time wrong reflects the physical phenomenon of electromagnetic induction low by Faraday, because EMF can be inducted if the magnetic flux of the circuit does not change. Changing magnetic flux of the circuit when the electromotive force arises is only a result of crossing the magnetic field lines by conductor and is an exception, which applies only to certain classes of electric machines. References 11, figures 11.
Key words: electromagnetic induction low, Faraday,
Maxwell, phenomenon.
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Mathematical field models of brushless DC motors
with permanent magnets and their comparative analysis.

By means of JMAG-Designer 12 the author performed a comparative analysis of the calculation of the EMF, cogging torque and electromagnetic torque of brushless motor with permanent magnets in two-dimensional and three-dimensional formulation of the problem. References 4, table 1, figures 13.

Key words: brushless DC motor, cogging torque, slot skew, FEM, magnetic field, electric circuit, EMF.
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Multiobjective synthesis of robust control by multimass electromechanical systems based on stochastic multi-agent optimization.
A method for solving the problem of multiobjective optimization of multimass electromechanical systems is developed, based on multi-agent stochastic particle swarm optimization, which can significantly reduce the time for solving the problem and meet the diverse requirements that apply to the operation of multimass electromechanical servo systems in different modes. The results of comparisons of the dynamic characteristics of the electromechanical servo system synthesized with anisotropic regulators and types of regulators are presented. References 11, figures 2.

Key words: multimass electromechanical system, robust control, multiobjective synthesis, stochastic multiagent optimization.
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Multiobjective synthesis of robust control by multimass electromechanical systems based on Pareto-optimal solution.
A multiobjective method of synthesis of robust control of multimass electromechanical systems based on the construction of the Pareto-optimal solution is improved. A Pareto-optimal solution based on a stochastic multi-agent particles swarm optimization, which can significantly reduce the time for solving the problem and meet the diverse requirements that apply to the work of multimass electromechanical servo systems in different modes is founded. The results of comparisons of the dynamic characteristics of the electromechanical servo system with synthesized robust regulators are presented. References 12, figures 4.

Key words: multimass electromechanical system, robust control, multiobjective synthesis, Pareto-optimal solution.
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An object-oriented field model of electromechanical
transformers of energy.

Results of theoretical investigations are presented, forming of class structure of electromechanics transformers of energy is shown, the generation of the field models on the basis of principles of the object-oriented analysis is considered. References 5, table 1, figures 3.

Key words: object-oriented analysis, class, structure,
Maxwell equations, electric machine, mathematical
simulation. 
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New approaches at construction of magnetic conductors
for mains transformers.

It is carried out exploration and the assaying of new approaches at construction of stacked laminated cores of mains transformers which consists in simultaneous application in a magnetic conductor of the anisotropic and isotropic electric grade sheet, allowing constructing transformers with the heightened efficiency and with smaller cost. References 3, tables 2, figures 7.
Key words: mains transformer, new laminated cores,
anisotropic steel, isotropic steel, losses in a magnetic
conductor, efficiency.
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Calculation of fields and currents in the induction system with the attractive screen and the additional coil as a tool for the straightening.

In the idealization of the "limiting low" frequencies of acting fields the calculated dependences for the density of the induced currents and distributed force of the attractive in the induction system with attractive screen and the external additional coil which allow to evaluate the characteristics of flowing electrodynamics processes and make recommendations for the design of the real tools for magnetic-pulse attractive of nonmagnetic thin-walled sheet metals are obtained. References 16, figure 1.

Key words: induction system, electromagnetic process, inductor, attractive screen, additional coil.
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Objective functions of the comparative analysis
of the energy efficiency of electromagnetic systems
of induction motors with inner and outer rotors.

The analytical expressions of determining the optimum geometric dimensions by criteria of the basic losses minimum of the structural variants of the electromagnetic system of the induction squirrel-cage motor with inner and outer rotors based on the method of the relative indications of the technical level with relative controlled variables are obtained and the comparative analysis of the losses indications is carried out. References 12, tables 2, figures 2.

Key words: losses indication, optimum geometric dimensions, inner and outer rotors.
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Assessment of the resource consumption of oil-filled power transformer paper insulation based on updated aging integral.

Refinement of the aging integral formula is proposed. A computer model of insulation wearing out is developed using refined formula. Computer simulation of power transformer insulation wearing out over the next ten years of life is carried out.
References 4, tables 4, figures 3.

Key words: aging integral, power transformer, insulation wearing out, prognosis, models of technical condition and operating factors.
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A refined mathematical model of multiphysics processes
for magnetic pulse treatment of materials.

Introduction. The complexity of the theoretical description of the magnetic pulse treatment of the material is in the mutual coupled processes of electromagnetic and thermal fields with plastic deformation of the material and processes in an electrical circuit. The paper deals with the combined transient mathematical model of the system of equations of the electromagnetic field, theory of elasticity, thermal conductivity and electrical circuit. Purpose. Research and testing of the developed mathematical model and assess the impact of various parameters on the process of deformation of the work piece. Methodology. Investigation of nonlinear mathematical model is carried out by the finite element method using a special software package. Results. The resulting solution of the transient mathematical model allows studying the influence of parameters of the circuit, the speed and the characteristics of the material to plastic deformation and heating of the work piece, which allows to select the optimum process parameters. Originality. This is an integrated approach to the development of a mathematical model, which includes the electromagnetic field equations, the theory of elasticity, thermal conductivity and electrical circuit equations with a storage capacitor. Conclusions. A comprehensive mathematical model and its solution are obtained. It is established a small effect of heating temperature on the amount of strain. Currents caused by movement of the work piece must be taken into account in the calculations. Inertial forces significantly affect the nature of the deformation. During the deformation it is necessary to consider the nonlinearity of elasticity modulus. Thermal deformation of the work piece is much less mechanical strain and opposite in sign to them, but the surface temperature stresses due to the high temperature gradient equal to 20 % of the yield strength of the work piece. References 10, figures 19.

Key words: magnetic pulse treatment, electromagnetic field, mathematical model.
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An anthology of the distinguished achievements in science and technique. Part 25: Openings in biology and genetics
of living organisms.
Purpose. Formulation in the compressed type of basic scientifically-historical information, touching the topics for all of humanity and biological science − geneticists taking into account the known for today scientific achievements on the way of its evolutional development is presented. Methodology. Scientific methods of receipt and systematization of knowledges. Methods of historical method at becoming and development of biological science and genetics. Results. Short history of origin and becoming of classic genetics is described. The portraits of row of domestic and foreign scientists, bringing in a prominent contribution to development of genetics as sciences are presented. Short general biological bases of heredity are given for living organisms. Information is resulted about basic modern fundamental achievements and scientific openings of humanity in area of biology and genetics of living organisms. Originality. First by a scientist-electro-physicist for the wide circle of readers the simple and clear appearance is expound short basic scientific information about genes, genome and difficult mechanisms of transmission in the animal (vegetable) kingdom of the inherited information. Practical value. System built scientific popularization of existent knowledges of humanity in area of such section of biological science as genetics and expansion for the large number of people of scientific range of interests about outward us things and flowings in its difficult biological processes. References 14, figures 17.
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Three-electrode air switchboard with the graphite electrodes of KATG-50 on voltage to ±50 kV and impulse current by amplitude to ±220 kA.

Purpose. Development and creation of the simplified construction of a high-voltage heavy-current air three-electrode switchboard with graphite electrodes, intended for operation in composition the powerful generator of large impulsive current of artificial of linear lightning. Methodology. Electrophysics bases of technique of high-voltage and scientific and technical bases of planning of devices of high-voltage impulsive technique. Results. Developed and made a new construction of a high-voltage heavy-current air three-electrode switchboard with the graphite electrodes of KATG-50 on nominal voltage ±50 kV. This construction of switchboard KATG-50 has been passed experimental approbation in composition the heavy-current bit chain of powerful high-voltage generator of the аperiodic impulses of current of artificial linear lightning rationed on operating foreign standards with amplitude of Im=±(200±20) кА at their duration τP=(350±35) μs at level 0,5∙Im. Originality. First in domestic practice of development and creation of high-voltage heavy-current switchboards for the generators of large impulse currents of artificial lightning the ground of necessity of the use for their basic and managing electrodes of electrical engineering graphite is carried out. Practical value. The developed and made high-voltage heavy-current switchboard of cascade-tray KATG-50 from application in its composition of graphite electrodes possesses an enhanceable working resource and enhanceable stability of wearing-out at the use of similar switchboard in the bit chain of powerful pulsed current of the imitated linear lightning. References 13, figures 3.

Key words: high-voltage heavy-current air three-electrode switchboard, graphite basic and manager electrodes, generator of microsecond pulsed current of artificial of linear lightning.
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Limit solutions of equations of a DC high-voltage cascade generator.
In the paper the issue of calculating the high voltage cascade mode oscillator with a nonlinear load using the analytical method under different conditions of selection values of its components is presented. The peculiarity of the method of the study is that during multivariate calculations output parameters load generator remain unchanged. For high-voltage cascade direct current power found conditions under which can be significantly reduced high capacity capacitors cascade generator. The calculations show that acceptable for practical applications of high-voltage characteristics of cascade generators can be achieved with substantial reduction of the volume of their constituents, and thus substantial decline in their value. References 8, table 2, figures 5.
Key words: cascade high-voltage source, an analytical method, amplitude of voltage pulsation, nonlinear loading, thresholds container.
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The excited loads of attraction in a symmetrical inductor system for the magnetic pulse removing of the body car.

Recently, repair and recovery of vehicle body operations become more and more popular. A special place here is taken by equipment that provides performance of given repair operations. The most interesting are methods for recovery of car body panels that allow the straightening without disassembling of car body panels and damaging of existing protective coating. Now, there are several technologies for repair and recovery of car body panels without their disassembly and dismantling. The most perspective is magnetic-pulse technology of external noncontact straightening. Results. The calculation of excited loads attractions in a symmetrical inductor system in the universal tool of magnetic-pulse straightening is provided. According to the obtained analytical dependence of the numerical evaluation of volumetric construction diagrams, phase and amplitude of the radial dependence of the spatial distribution of the excited efforts of attraction is obtained. The influence of the magnetic properties of the blank screen and manifested in the appearance of powerful magnetic attraction forces is determined. Originality. A new trend of research of magnetic-pulse working of thin-walled metals has been formulated and received further development, which allows to create not only new equipment, but principally new technological processes of external non-contact repair and recovery of vehicle body panels. Scientific basis of electrodynamic and magnetic attraction of thin-walled sheet metals with using the energy of high-power pulsed fields was created for the first time and proved theoretically and experimentally. Scientific and technical solutions in design of effective tools based on single-turn inductor systems of cylindrical geometry for straightening and recovery of car body panels were formulated and proved theoretically, as well as experimentally. Practical value. Using the results of the calculations we can create effective tools for an external magnetic pulse straightening of car body panels. References 16, figures 5.

Key words: magnetic pulse straightening, excited loads,
magnetic attraction.
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Shielding of a uniform alternating magnetic field using
a circular passive loop.

The magnetic and electromagnetic shields are used to reduce the magnetic field in local spaces. Usually these shields are implemented in the form of a box or a cylinder. At the same time the magnetic field reduction in local spaces by means of passive loops is not considered in detail yet. So, the present study considers shielding capabilities of a circular passive loop. The authors have performed an analytical and numerical modeling of a process of a uniform harmonic magnetic field shielding. The simulated results permit to find out the spatial distribution of the shielded magnetic field. Dependencies of shielding effectiveness on the passive loop radius and cross-section are determined. Moreover, the non-monotonic behavior of the loop radius dependence is shown. We have substantiated that the shielded volume of a circular passive loop is advisable to limit by the sphere with a half loop radius. Presented results give parameters of the circular passive loop that reduces the rms value of the magnetic flux density by 30 %. References 11, figures 5.

Key words: circular passive loop, electromagnetic shielding, analytical modeling, Comsol Multiphysics.
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Experimental research of the power frequency technogenic magnetic field active screening in system with different control algorithms and with a single coil.
Purpose. Development of methodology and experimental studies of the layout of the active screening of technogenic power frequency magnetic fields with different control algorithms with a single coil magnetic executive body. Methodology. In the course of mathematical modeling to determine geometrical size of the magnetic coil executive body based on the size of the protected area, and the configuration of the coil magnetic executive body is determined based on the required uniformity of the magnetic field distribution in the protected area. Results. Experimental studies of open, closed and combined systems of active screening of technogenic power frequency magnetic fields with a single coil magnetic executive body. Originality. For the first time experimentally confirmed the possibility of reducing the level of induction of man-made power frequency magnetic fields in a given area 3-5 times with a single coil magnetic executive body.. The possibility of reducing the level of the magnetic field in a limited area of the space by 15-20 times Practical value. On the basis of the calculations the layout of active screening of technogenic power frequency magnetic fields with different control algorithms with a single coil magnetic executive body has been made. References 12, figures 10.
Key words: power frequency technogenic magnetic field, active screening in system, single coil, control algorithms, experimental investigations.
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Dynamic regimes of asynchronous motors with concatenated capacitors.

Purpose. Development of mathematical model for calculation of starting modes of asynchronous motor connected in series with capacitors. Method. Mathematical modeling of dynamic modes of asynchronous motors with lateral capacitor compensation of reactive power. Results. The calculation algorithm and results of mathematic modeling of processes during starting modes of asynchronous motor feeding from the network through capacitors connected in series are presented. It is shown that for some values of capacitance the self-excitation processes and subharmonic oscillations can appear. Scientific novelty. Mathematic modeling and research of processes in asynchronous motor under its feeding through capacitors is carried out for the first time. The calculation algorithm is based on the mathematical model of asynchronous motor with high level of adequacy, which takes into account the magnetic core saturation and the current displacement in limbs of the rotor. Practical implication. Developed mathematical model makes it possible to investigate the possibility of self-excitation modes appearing in condition of their feeding from line with lateral compensation of reactance in order to avoid the negative effects typical for them. References 4, figure 1.
Key words: asynchronous motor, compensation of reactive power, starting characteristics, resonance, capacitors,
subharmonіc oscillations.
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Investigation and calculation of valleys of outgoing from substation grounding conductors for short-circuit
in single-phase short of electrical grid.

Introduction. Earthing device electrical substation in modern conditions must meet both the requirements of electrical safety of people and animals, as well as electromagnetic compatibility requirements established her electrical equipment. These requirements are intended to address issues of protection against surges and interference caused by lightning impulse currents and switching. Aim. To investigate the distribution of single-phase short-circuit current in the substation grounding devices. Task. On the basis of the proposed design scheme of substitution substation grounding device, consisting of a substation earthing system and «cable-supported» an algorithm for calculating the resistance of the grounding device substation and distribution of single-phase short-circuit current on the circuit elements. Method. Mathematical modeling and calculation engine. Results. On the basis of calculations and studies analyzed the current distribution of single-phase short-circuit between the substation earthing system and earthing «rope-reliance». Studies carried out for the actual range of variation of the circuit parameters, showed that the earthing resistance substation substantially affects the current distribution in the one-phase short circuit fault. For example, using the graph shows that with increasing resistance grounding system of "rope-supported" the proportion of single-phase short-circuit current flowing from the substation earthing increases, while the proportion of single-phase short-circuit current flowing from the grounding device supports decreases and vice versa. In addition, when rationing grounding systems at substations for the touch voltage is necessary to analyze all the possible modes of operation of the network, which is substationed. Conclusion. The results obtained are recommended to take into account in the design of grounding systems at substations. References 3, tables 1, figures 3.

Key words: substation, electrical safety, electromagnetic compatibility, grounding device, equivalent circuit, single-phase short-circuit current, distribution, algorithm,
calculation, analysis, design.
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Forming capabilities of a pulse magnetic field generator.

Purpose. Determination of areas ratio of the parameters of the discharge circuit elements of the generator, which ensure the formation of magnetic field pulses of different shapes. Methodology. Numerical simulation using dimensionless variables that determine the nature of the transition process in the discharge circuit of the generator, and use the procedure for determining the pulse points of meeting the conditions of extremum and the transition through zero. Results. Obtained a description of the formation of the three specific areas of waveforms: oscillatory weakly damped oscillatory strongly damped and unipolar pulse with a monotonic rise and fall values. A relation to the choice of parameters of elements of the discharge circuit of the generator, which formed unipolar pulses with a monotonic rise and fall values. Originality. A completed and extended database that implements the mapping of the formal description of the pulse shape with a description of areas ratio parameters for high-voltage pulse discharge circuit test units, with respect to the pulses of current flowing in the formation of the magnetic field. Practical value. The relations obtained allow to select the parameters of the discharge circuit elements of the generator designed to generate test pulses of magnetic field. References 7, tables 1, figures 3.

Key words: pulses generator, magnetic field, pulse form,
element parameters.
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Modeling controlled asynchronous electric drives with matching reducers and transformers.

Purpose. Working out of mathematical models of the speed-controlled induction electric drives ensuring joint consideration of transformers, motors and loadings, and also matching reducers and transformers, both in static, and in dynamic regimes for the analysis of their operating characteristics. Methodology. At mathematical modelling are considered functional, mass, dimensional and cost indexes of reducers and transformers that allows observing engineering and economic aspects of speed-controlled induction electric drives. The mathematical models used for examination of the transitive electromagnetic and electromechanical processes, are grounded on systems of nonlinear differential equations with nonlinear coefficients (parameters of equivalent circuits of motors), varying in each operating point, including owing to appearances of saturation of magnetic system and current displacement in a winding of a rotor of an induction motor. For the purpose of raise of level of adequacy of models a magnetic circuit iron, additional and mechanical losses are considered. Results. Modelling of the several speed-controlled induction electric drives, different by components, but working on a loading equal on character, magnitude and a demanded control range is executed. At use of characteristic families including mechanical, at various parameters of regulating on which performances of the load mechanism are superimposed, the adjusting characteristics representing dependences of a modification of electrical, energy and thermal magnitudes from an angular speed of motors are gained. Originality. The offered complex models of speed-controlled induction electric drives with matching reducers and transformers, give the chance to realize well-founded sampling of components of drives. They also can be used as the design models by working out of speed-controlled induction motors. Practical value. Operating characteristics of various speed-controlled induction electric drives are observed and depending on the chosen measure including measure of cost of losses of active energy, sampling of the best alternative of the drive is realized. References 12, tables 2, figures 10.

Key words: induction electric drive, reducer, transformer, an speed-controlled induction motor, adjusting characteristics, dynamic models, thermal state, band measure, cost of losses, well-founded sampling.
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The normalization methods of the static geomagnetic field inside houses.

In the paper, we show the necessity of normalization of the static geomagnetic field (GMF) inside high-rise frame-monolithic houses to safe values (90% of the natural rate at least). Massive ferromagnetic construction of these buildings significantly (up to 50 %) weakens the natural GMF. The normalization methods are based on mathematical modeling of GMF in a residential area. Simplified physical models of reinforced concrete building structures are developed and used. The results of experimental studies are also used in the framework of the development of the methods. The following methods of normalization of GMF are presented and justified: 1) the use of special steel with a relative permeability less than 70 in housing construction; 2) restrictions on the use of long steel elements with the elongation coefficient in the critical range of 4<b<28; 3) demagnetization of steel reinforcement before installing; 4) preventing the magnetization of steel reinforcement in the construction process. Practical recommendations for the design of «magnetic clean» houses with comfortable living conditions in connection to the GMF are proposed. References 15, figures 8.

Key words: static magnetic field, reinforced concrete structures, normalization of the geomagnetic field in the premises.
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A technical condition of turbogenerators for establishing
the necessary rehabilitation or replacement.

Purpose. Determine the parameters that allow the assessment of electrical equipment (EE) with an increase the volume of aging equipment in power plants to determine of his rehabilitation or replacement. Determination is made the provided with the maximum operational reliability, high strength structural elements, allowable temperature indicators, the introduction of possible cooling systems and taking into account the modes of turbine generators (TG) to maintain power system parameters. The possibility of air-cooled turbine generators was determined in the capacity of 200-300 MW. Methodology. The statistical dates used about the technical condition of TG power plants of Ukraine, cases of damage and its repair and maintenance. The operational reliability, performance reliability, maintainability and durability analyzed. Developed recommendations to reduce the accident rate and increase the residual life of TG. The developed methods should provide the objective quantitative assessment of the residual life of electrical installations and provide the necessary frequency. It is necessary the sufficient number and volume of the repairs to establish, and the list of works to reduce the degree of deterioration to determine. Results. The modern trend of creating turbogenerators is under intensive introduction of innovations. They are determined the developments in the industry create electric machines and the corresponding development of related industries. The opportunities and challenges of increasing the unit power turbine generators were considered. The assessment of the use technical diagnostics state of the most intense nodes and elements was proposed in on-line modes. The positive aspects assessment of each area was conducted. The disadvantages and limitations of the said directions application the structures turbogenerators that must be considered were indicated. It is noted that the maintaining the voltage and frequency normative values in the electrical grids, the balance of reactive and active energy, reactive current compensation excesses having problems. The relation between the turbogenerators modes and energy parameters of the power system contains. It is noted that the change of modes power systems affects directly to the stability of the turbine generator. It is shown that the main problems in operating turbine generators include the development of forecasting indicators longevity methods by using the continuous monitoring and the possibility of further trouble-free operation evaluation. Originality. A comprehensive study of the residual life of the aging electrical equipment, improve reliability by developing methods for predicting the durability performance of TG, continuous monitoring and evaluation of the possibility of further trouble-free operation performed at first. The general trends in the development creation of turbogenerators were defines: increasing unit capacity turbine generators, as the real direction of energy saving; reducing the unit costs of materials, capital investment in the construction of stations and reduce the cost of electricity. Invited the transition the hydrogen cooling to the air one to determine with increasing power turbine generators installed in size. Practical value. The evaluation of the direction the creation of TG for the changes in modes of power systems, the requirements of the stability of the TG, ensuring a balance of active and reactive energy in a system carried out. Evaluation of operating mode under excitation TG, TG proposed transfer of low power mode synchronous condensers, replacement type installed generators (asynchronized TG) is made. It is noted that the change of the operating mode leads to accelerated wear of serial TG, which are not designed for such use. The methods of evaluation of its technical condition, forecasting parameters of durability, estimated residual life offered. References 6.

Key words: turbogenerator, electrical equipment, rehabilitation, operational reliability, durability, residual life, rehabilitation of equipment.
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An analysis of the electromagnetic processes in the inductor system – tool of the straightening of car bodies.

Introduction. One of the promising directions of electromagnetic forming (EMF) is a contactless magnetic-pulse straightening of the automobile bodies. The efficiency and the quality of the straightening depend on design and operating principle of the straightening tool. In the modern technique of EMF a large number of the tools - inductor systems (IS) is used in different configurations with uneven distribution forces on the treatment object that in turn does not meet the needs of the effective process of straightening. There appears the urgent necessity to create IS with high uniformity of the induced field and a high concentration of attracting forces in the working area of the tool. The most effective IS are the Inductor Systems with an Attracting Screen (ISAS). One of the most important considerations when choosing a particular design ISAS is the study of the electrodynamics processes with definition of excited loads. The nature and the course of the electrodynamics processes in accordance with design features determine the effectiveness and the efficiency of the ISAS. Therefore, in ISAS an additional coil for the concentration of the attracting forces in the working area should be entered. Purpose. The numerical analysis of the induced fields and the currents in the experimental models of ISAS with an additional coil was made. Methodology. In the idealization of the «extremely low» frequencies of existing fields, there were received rated dependences for density of the induced currents and distributed attracting force in ISAS and the external additional coil, through the use of the calculated model in the cylindrical coordinate system. Results. Insertion of the additional coil placed over the accessory screen allows to concentrate and increase the amplitude of the attracting forces in the central part of the working area of the inductor system. Practical value. 1. Numerical analysis of fields and currents in experimental models of Induction Systems with Attracting Screen (ISAS) and additional coil, designed to align the metal coatings of vehicles was made. 2. It is shown that if in ISAS they insert additional coil placed over the accessory screen significantly increases the amplitude of excited forces of attraction. 3. It is shown that the parallel connection of the primary and additional coils in ISAS allows to concentrate the forces of attraction in the centre of the working area of the tool for straightening automobile bodies. References 10, table 1, figures 5

Key words: electromagnetic process, inductor, attracting screen, additional coil, attracting forces.
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The capacitive storage device in the circuit of synchronous motor excitation for the field forcing and discharge.

Purpose. Development of circuitry and control system with capacitive storage device in the exciting circuit of the synchronous motor for forcing and blacking out the field. Methodology. Mathematical modeling of transient process in dynamic modes in exciting coil of the synchronous motor with taking into consideration the flux linkage in the exciting circuit and analysis of the received results, possible future researches in this field. Results. This paper analyzes the existing loading patterns of regulating exciting current of the synchronous motors. The authors study the issues of applying the storage device in the circuit coil and suggest the structure of the system of controlling dynamic modes of exciting synchronous motor which allows maintaining the specified synchronous motor exciting circuit during a certain period of time due to the capacitor energy introduced into the exciting circuit by a transistor converter. A mathematical model of the suggested device has been developed. There have been received diagrams of the transient process by modeling dynamic modes. Originality. The authors suggest the system of exciting with the storage condenser to apply effectively the compensative ability and enhance stability of the synchronous engine by regulating the exciting circuit in the dynamic modes. Practical value. On the basis of the conducted investigations the device ensures two-way transmission of energy between the exciting coil and capacitor with high characteristics of the circuit change speed which can provide sufficient characteristics for enhancing the automatic control system performance of exciting the synchronous motor is developed. References 8, figures 5.
Key words: synchronous motor, automatic control of exciting, relay control, transistor converter, storage condenser, mathematical model.
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An anthology of the distinguished achievements in science and technique. Part 26: Three portraits of worldwide known mathematicians of Kharkov region.

Purpose. Short description basic confessedly in the world of scientific achievements and vital fascinations of three prominent mathematicians of modern Kharkov region − Academicians of Pogorelov A.V., Marchenko V.A. and Sadovnichiy V.A. Methodology. Scientific methods of receipt, treatment and systematization of mathematical knowledges. Methods of historical investigations of  development in human society of different sections of modern mathematics. Results. Short information is resulted about basic fundamental scientific achievements in the period of 20-21 centuries of the mentioned worldwide known domestic scientists-mathematicians in area of geometry, mathematical physics, theory of partial differential equations, operators, numerical mathematics, mathematical building of complicated processes and mathematical methods of treatment of information. These achievements are considered as a background of past and modern development of mathematical science state in Kharkov. Originality. For the first time in the form of a short scientifically-historical essay by a scientist-electrophysicist using accessible for the wide circle of readers language is present important for a world association scientific achievements in the complicated area of row of modern sections of mathematics, being in basis of practically all of the sciences known us. Practical value. Scientific popularization of modern topical knowledges of humanity in the area of special sections of mathematics, opening of role of personality in development of mathematical science and expansion for the large number of people of the scientific mathematical range of interests. References 30, figures 14.

Key words: history, mathematics, Kharkov region,
distinguished scientific achievements.
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Results of tests of lightning-rods with universal clamps by the aperiodic impulses of current of artificial lightning with
the peak-temporal parameters rationed on foreign standards.

Purpose. Test in obedience to the requirements of row of operating foreign standards of round metallic lightning-rods with the flat metallic universal clamps of the special type on firmness to direct action of аperiodic impulses of current of temporal form 10/350 μs by amplitude of 50 кА (N− class) and 100 кА (H− class). Methodology. The order of leadthrough of these tests is certain the followings normative documents: International IEC 62305-1: 2010, Russian national GOST R IEC 62305-1-2010 and German national DIN EN 50164-1:2008 Standards. Results. Conducted on a powerful high-voltage pulsed current of artificial linear lightning with the peak-temporal parameters and admittances of test rationed on the indicated foreign standards rationed that all of the lightning-rods tested in collection with universal clamps, isolating holders and ceramic elements of roof of technical building were survive electrodynamics and electrothermal action of in-use single short blow of an artificial storm digit. Originality. First in domestic practice the similar model tests of lightning-rods are conducted with universal clamps, executed from different explorer materials, on firmness to flowing to on by it the indicated large impulsive currents of artificial lightning. Practical value. Real firmness to lightning of round copper and zincked steel lightning-rods is certain with the flat copper, zincked steel and non-rusting steel universal clamps of the special execution. References 12, table 1, figures 12.

Key words: metallic lightning-rods with metallic universal clamps, generator of aperiodic impulses of current of
artificial lightning, test on firmness to lightning.
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Calculation of fields in a combined inductor system as
a tools of straightening of metal coating of car body.

In the paper construction of combined inductor system realizing the principle of superposition of circular and plane-parallel magnetic fields is proposed. This inductor system is the instrument of external straightening of dents in the metal coating of car body. The use of low-frequency plane-parallel magnetic field instead of a high-frequency magnetic field to create conditions for the transformation of the natural repulsion to attraction of sheet conductor is suggested. The low-frequency field is generated by inductor system by dint of flat circular turn. The plane-parallel magnetic field is generated by a rectangular turn. The low-frequency field penetrates the sheet workpiece in the construct. The theory and experiment indicate that plane-parallel magnetic field doesn’t diffuse almost. Conclusion calculated ratios to analyze the processes of magnetic pulse attraction in the system based on the solution of Maxwell's equations for non-zero intensity components of the electromagnetic field. The Maxwell's equations are transformed by Laplace zero initial conditions. In this case the integral sinus-transformation Fourier are applied. The problem is solved in the plane-wave approximation. Valid for plane waves directly proportional relationship between the tangent vector components of the electromagnetic field on the surface of conductor. For the analysis of processes in combined inductor system for a magnetic-pulsed «pulling» a predetermined part of the metal sheet were obtained the population of calculated expressions. The magnetic pressure on the metal sheet is caused by force action on the part of the excited fields. It is determined solely amplitude of penetrate field and is directed towards the working surface of the inductor. Finally, there is a predetermined part of the attraction of the sheet metal. The operating frequency of the plane-parallel field can be quite small. This choice doesn’t influence the diffusion processes in the system, but allows for the most efficient mode of implementation of a given production operation. References 6, figures 2.

Key words: combined inductor system, external
straightening, low-frequency magnetic field.
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Efficiency of linear pulse electromechanical converters
designed to create impact loads and high speeds.

Considered linear impulse electromechanical converters (LIEC) are used to create a significant impact and high-acceleration actuators on a short active site. The most effective types of LIEC are induction-dynamic (IDC), electro-dynamic (EDC) and electro-magnetic (EMC) converters. In all these types of short-term excitement LIEC carried briefly of the inductor from a pulsed source. This occurs when the magnetic field of the inductor causes the electro-dynamic or electromagnetic forces, leading to a linear movement of the armature. However, the issue at evaluating the effects of IDC, EDC and EMC, for creating a shock simultaneously with high speed to the specified criteria in the presence of ferromagnetic core virtually unexplored. The paper presents the simulated computer-WIDE 2D model of LIEC of coaxial configuration with ferromagnetic core by using software package COMSOL Multiphysics 4.4, taking into account the related electro-magnetic, thermal, and magnetic fields. In addition a synthesis of high-performance IDC, EDC and EMC to ensure maximum impact and speed of the operating element, whereby the comparative analysis of the effectiveness of the IDC, EDC and EMC via an integral index, taking into account the maximum value and momentum of electro-dynamic or electromagnetic force acting on the armature, maximum and average speed armature, efficiency, mass and dimensions performance transducer stray field, the maximum current density in the inductor is carried out. On the basis of the eight selection policies set the most efficient types of power and speed LIEC. It is shown that any one of the strategies IDC selection is not the best. To ensure maximum impact force is the most effective EMC and to ensure the greatest speed – EDC.
References 26, tables 3, figures 9.

Key words: linear impulse of electromechanical converter, induction-dynamic, electrodynamic, electromagnetic
converters, the synthesis parameters, the integral efficiency index.
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Modes of operation of the system of traction power AC using reactive power compensation devices.

The paper presents a systematic analysis of existing methods of reactive power compensation. The study of operating modes of the systems external and traction power supply is carried out. The methodology for selecting promising compensation schemes and energy-saving in the traction networks AC electrified railway lines is offered. The comparative evaluation of prospective controlled compensation devices shows that use of seamlessly adjustable devices with unregulated condensing the battery and with parallel translator regulated with thyristor unit and with filters to reduce harmonics bond to the large capital investments. For traction networks of domestic railways payback period is more than 10-15 years. The most promising for traction power supply today is a stepwise adjustable devices of reactive power compensation. For the efficient allocation of investments in programs and projects of modernization of system traction power supply developed by the methodology of selecting parameters and places placement devices transverse compensation in the system traction power supply, which is based on the use of software systems with imitation of interconnected instant circuits moving loads of electric rolling stock. Based on the results of multiple calculations full factor experiment when simulating work of the systems traction power supply during the day marked the most influencing factors on energy-saving in process freight on electric traction and established the extent of their influence. These include the overflows of power, the resistance of traction network, reactive power compensation, power supply circuits and the organization of trains. Innovative technologies energy-saving railways from positions of consideration their close connection with the systems external power supply are proposed. References 15, tables 2, figures 4.
Key words: reactive power compensation, energy saving, system traction power supply, regimes work, influencing factors, energy security.
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Power frequency technogenic magnetic field reduction by active screening in system synthesis in area based on stochastic multi-agent optimization.
Purpose. Development of a method of synthesis of systems of active screening of technogenic power frequency magnetic fields within a given region of space, as well as the synthesis and performance evaluation systems synthesized active shielding magnetic field. Methodology. A mathematical model for calculating the components of the magnetic field created by current distributors power line generator or electrical conductors power and control windings magnetic executive bodies on the basis of the law of Biot - Savart - Laplace. Conductors are taken as a set of elementary sections conductors, which allows to calculate the magnetic field conductors of any shape that is different from the ideal straight lines or rectangles, and in particular, to consider the slack conductors power line power lines. Results. Synthesis of active shielding systems for technogenic power frequency magnetic fields is reduced to the solution of a nonlinear programming problem with constraints, which computation of the objective function and constraints is performed based on the Biot - Savart - Laplace law. Formulated nonlinear programming problem is solved by using the multiextremal and stochastic multi-agent method based on particle swarm optimization, in which the particle swarm move in a multidimensional search space. Originality. First developed a method for the synthesis of active shielding systems for technogenic power frequency magnetic fields using controlled source of the magnetic field by solving a nonlinear programming problem with constraints based on stochastic particle swarm optimization of multi-agent.
Practical value. Examples of synthesis of systems of active shielding technogenic power frequency magnetic fields and high efficiency of the synthesized systems. References15, figures 4.
Key words: technogenic magnetic field of power frequency, the system of active screening, synthesis, stochastic
multi-agent optimization.
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A computerized diagnostic complex for reliability testing
of electric machines.
Purpose. To develop a diagnostic complex meeting the criteria and requirements for carrying out accelerated reliability test and realizing the basic modes of electric machines operation and performance of the posed problems necessary in the process of such test. Methodology. To determine and forecast the indices of electric machines reliability in accordance with the statistic data of repair plants we have conditionally divided them into structural parts that are most likely to fail. We have preliminarily assessed the state of each of these parts, which includes revelation of faults and deviations of technical and geometric parameters. We have determined the analyzed electric machine controlled parameters used for assessment of quantitative characteristics of reliability of these parts and electric machines on the whole. Results. As a result of the research, we have substantiated the structure of a computerized complex for electric machines reliability test. It allows us to change thermal and vibration actions without violation of the physics of the processes of aging and wearing of the basic structural parts and elements material. The above mentioned makes it possible to considerably reduce time spent on carrying out electric machines reliability tests and improve trustworthiness of the data obtained as a result of their performance. Originality. A special feature of determination of the controlled parameters consists in removal of vibration components in the idle mode and after disconnection of the analyzed electric machine from the power supply with the aim of singling out the vibration electromagnetic component, fixing the degree of sparking and bend of the shaft by means of phototechnique and local determination of structural parts temperature provided by corresponding location of thermal sensors. Practical value. We have offered a scheme of location of thermal and vibration sensors, which allows improvement of parameters measuring accuracy due to determination of the spatial vector of vibration and local temperatures of structural parts. References 6, figures 5.

Key words: electric machine, reliability, temperature,
vibration parameters.
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Analysis of electrophysical characteristics of grounds
in the vicinity electrical substation of Ukraine.

Purpose. Definition of the direction for further research to improve accuracy of the calculation of rated parameters of ground grids based on the analysis of statistical databases of electro-physical characteristics of the soil. Methodology. To solve this problem we compiled the statistical base of soil of Ukraine in the location of electrical substation, we performed the statistical analysis for the number of layers of geoelectric structure, and electrical characteristics. In the experiments implemented the comparing of accuracy calculation of the most typical three-layer soil in the Ukraine, by the new three-layer model of ground grids and the equivalent two-layer model, which used previously.
Results. On the results of analysis the ranges of the electrical resistivity and statistical distribution for electro-physical characteristics of the soil are determined. The resulting distributions allow to develop criteria for instruments, installations and means of interpretation during the sounding of soil, as well as the requirements for mathematical models of ground grids. It was found that the most typical for places of locations the electrical substations in Ukraine are three-layer geoelectric structures. In the paper the statistical distribution for three-layer soil by type (Q, K, H, A) are described. The results of numerical experiments show that the use of methods to simplify of the multilayers soil does not allow the calculation of grounding grids with high accuracy. In the work recommendations for applicability the method equivalenting depending on the type of geoelectric structure are developed. Originality. For the first time, we obtained the statistical distribution of stratification of the soil in the location of power plant in Ukraine, determined the accuracy of the method to simplify a multi-layer soil in determining the rated parameters of grounding grids. In the paper the necessity to develop a mathematical model of the grounding device located in the three-layer soil is shown, as well as a new installation of soil sounding, which allows to increase the depth of sounding and new means of interpreting the results of sounding Wenner installing a four-layers geoelectric structure. Practical value The resulting recommendations for the applicability of equivalenting of multilayer soil, as well as research in specific work areas would help to reduce costs on materials and labours during the modernization and upgrade of grounding devices, moreover it will increase the electrical safety and reliable operation of electrical substation. Reference 5, tables 4, figures 7.

Key words: three-layer geoelectric structure, vertical
electrical sounding, ground grids, soil, substation.
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Protection of household appliances induction motors against overcurrent taking into account nonlinear distortion of phase current.

Purpose. Theoretical justification and engineering of induction motors heat protection method from overload currents taking into account nonlinear distortion of the phase current and implementation as a microprocessor device functioning algorithm. Methodology. To solve the problem used the theory of the representing complex harmonic oscillations analog signals expansion into the oscillation spectrum forming elementary harmonic components in order to compare their properties by applying the theory of discrete signals and systems, as well as methods of spectral analysis and discrete signals filtering. The harmonic analysis versatility is that any periodic signal may be synthesized from harmonic oscillation of certain amplitude, frequency and initial phase. A mathematical model for determining the phase current harmonic content of power supply networks with isolated neutral and non-linear loads types and, as a consequence, the distortion of sinusoidal phase current change is developed by multiplying the analog current in time dependency on the grate delta-function with different sampling intervals, in which the use of simple and widely used in relay protection units, in particular electronic overcurrent relays, mathematical operations of integration squares instantaneous current allows the most in harmony with the mathematical tools to build other network protection types. Findings. The necessity to increase the sensitivity of the induction motors heat protection from overload currents taking into account nonlinear distortion of the phase currents is proved. By nonlinear distortion harmonic analysis of the phase currents the motor protection reliability increasing provided by taking into account the higher harmonic components of the phase currents, which causes to additional losses and heating of the stator winding. It uses the simplest and widely used in protective relaying mathematical apparatus determining of most significant higher harmonics currents RMS. Originality. A possibility of extending the implemented protection list of electronic overcurrent relays based on the digital processing of signals from the current sensors is theoretical research by the harmonious analysis of phase current spectrum with the nonlinear distortions presence. A new technical solution is proposed that allows in online sliding monitoring mode to form response time of electronic overcurrent relays for reliable protection of induction motors from overload currents taking into account nonlinear distortion of the phase current. Practical value. A microprocessor protection functioning algorithm of induction motors is designed against impermissible heating coils with overload currents taking into account nonlinear distortion of the phase current. References 10, figures 4.
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Comparative analysis of weight and cost indications
of induction motors with cylindrical and axial air gaps.

Purpose. To find the analytical expressions of determining the optimum geometric dimensions by criteria of the weight minimum and the cost minimum of axial field squirrel-cage induction motors and to compare traditional and axial field motors. Methodology. We have applied the adapted method of the relative indications of the technical level with relative controlled variables. We have used the approximation of the experimental dependence of the distribution of the induction in the air gap and the integral averaging of the electromagnetic characteristics. Results. We have developed the mathematical model for determining the optimum geometric dimensions by criteria of the weight minimum and the cost minimum of the active part of axial field squirrel-cage induction motors taking into account the radial distribution of the induction in the air gap and teeth. We have considered the comparative analysis of the indications of the weight and the cost of traditional and axial designs of electromagnetic equivalent motors. Originality. For the first time we have created the relative units mathematical model of the weight and the cost of the active part of axial field squirrel-cage induction motors with the uneven distribution of the magnetic flux in the core and investigated the effect of the geometric relationships on the materials consumption and cost of axial field motors. Practical value. Based on the superior parametric compatibility and the high material savings of axial motors the expediency of replacing traditional induction motors to axial field induction motors has been proved in the special transport drives. Also obtained by simulation optimal geometric relationships of the magnetic circuit can be used in the manufacture and design of axial motors by criteria of the weight minimum and the cost minimum. References 16, tables 2, figures 6.

Key words: indications of the technical level, optimum
geometric dimensions, traditional and axial field motors.
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An anthology of the distinguished achievements in science and technique. Part 27: Portrait of the Kharkov
mathematician Naum Il'ich Akhiezer.

Purpose. Description in brief of basic scientific achievements, features of personality and way of life of the known Kharkov mathematician Akhiezer N.I. Methodology. Existent scientific approaches for treatment and systematization of mathematical knowledges. Methods of historical method at research of development in society of such sections of mathematics as a theory of functions, functional| analysis and integral equations. Results. Short information is presented about the basic creative and vital stages, and also fundamental scientific achievements indicated prominent mathematicians of the 20-th century. Some personal qualities of this remarkable Kharkov mathematician, leaving about itself kind memory for thankful descendants are described. Originality. First a scientist-electrophysicist for the wide circle of readers imagined a short scientifically-historical essay on the known mathematician of contemporaneity, being based on his scientific labours and published materials about him. Practical value. Scientific popularization of the known Kharkov mathematician and his achievements in the area of theory of functions and mathematical physics. Next philosophical reminder a wide reader on the example of life and prominent scientific results of labour of one known human personality about incessant in society connection of times and generations. References 19, figures 1.

Key words: history, mathematics, Kharkov region,
distinguished scientific achievements.
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Analysis of electromagnetic process in combined inductor systems, as tools for straightening of modern car.

The field in combined inductor systems exists only over workpiece, it occurs at only a low-frequency circular magnetic field. In this paper electromagnetic processes in tools of the magnetic pulse attraction (the combined inductor systems) are analyzed. Investigation based on numerical estimations, using previously obtained analytical relations for the excited fields and forces. Calculations are necessary for the successful implementation of straightening metal coatings bodies car. A distribution of relative intensity of magnetic fields to surfaces of sheet workpiece in the centre of a working zone is obtained. The distribution of amplitude tangential component intensity of resulting magnetic field of the surface of sheet metal along the centre of a rectangular coil is received. Feature of the combined induction system is non-uniformly distributed forces of attraction in the work area. The results showed that the calculated working area on the outer surface of sheet workpiece magnetic field strength will be less than 5% of the field strength of a circular low-frequency source. Calculations have shown the effectiveness of the proposed instrument magnetic pulse straightening metal coating bodies car. The actual amplitude of distributed attraction forces are ~ 7.7 MPa. References 6, figures 5.

Key words: combined inductor system, external straightening, low-frequency magnetic field.
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A comparative analysis of constructive schemes of linear impactor electromechanical converters combined type.

The concept of linear impactor electromechanical converter combined type with a single inductor excited by capacitive energy storage aperiodic pulse is proposed. The concept combines induction and electromagnetic converters. For the synthesis of the converter parameters the Monte Carlo method is used. As the objective function is selected the maximum value of the total pulse the electrodynamic and electromagnetic force acting on the combined anchor. The features and characteristics of electro-magnetic field converters are identified. Considered several of selection policies and by means of integral index identified the most and least efficient design of the converter circuit. References 16, tables 2, figures 8.
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Development of methods of calculation of traction power supply systems and energy systems feeding them.

Currently, the cause deterioration of quality rating of electricity on tire traction substations AC can be either how mode of operation of power systems, industrial loads so and the impact of electric traction. The experience of energy surveys show that the loss from flow potential equalization currents in each the third plot between traction substations AC is amount to not less than 250 thousand kW∙h per year. To select the optimum power and places location of the device longitudinal capacitive of compensation and decision other tasks it is necessary methodology of systems of calculation that takes into account the complex nature of the mutual influence of the quality of the electricity coming from the energy system of and the transportation process. In the paper proposed three options for calculation algorithms modes work of existing and perspective systems, traction power supply AC jointly with power supply their by energy systems, including the algorithm for calculating networks of different nominal voltages using the transformations; decomposition and synthesis of networks with different voltage levels; the iterations and probabilistic assessment of the impact of power mains. Developed the schemes formalization of graphs and the matrices of portions of the outer and traction power supply and method of selecting parameters and places location of the devices longitudinal capacitive of compensation, which are based on direct methods solving systems of linear algebraic equations with a dense banded and profile-sparse the matrix. Are generalized ways of formation and transformation of graphs of schemes traction power supply and feeding them energy systems and proposed the method of calculation the complex the moment of schemes, which increases the accuracy of calculating of flows power on traction networks to 1-2 % and allows you to select the optimal parameters and places location of the devices longitudinal capacitive of compensation. Analysis of the results of modeling and real modes of traction network shows that the efficiency of use longitudinal capacitive compensation is high on traction substations for which the resistance external electric power supply system of the is greater than 0.5 ohms, and the degree of compensation is within the allowable K = 0.7.
References 20, figures 4.
Key words: traction power supply systems, energy systems, power, modes of traction, operation of power systems,
external electric power supply system, longitudinal
capacitive of compensation.
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Comparison of characteristics of the converter-fed motor at supply from the single-phase network and from the source of the direct current.

Purpose. Now even more often in various cars and mechanisms converter-fed motors are used. Their comparative characteristics with motors which are supplied from a network of a direct current are necessary for definition of the specific moment of motors which are supplied from the single-phase alternating current main. Methodology. For the converter-fed motor with a ratio of teeth of the stator and a rotor 8/6 at supply from a single-phase network via the rectifier two groups of numerical experiments were carried out. Motor capacity with a constant frequency of rotation at various capacity of the capacitor at the exit of the rectifier and motor capacity at the current providing the most admissible excess of temperature of a winding are determined. Dependences of useful power on capacity size at the rectifier exit are received with a constant frequency of rotation, and also at invariable current. Results. On the basis of the made numerical experiment it is possible to conclude that due to fluctuation of tension (from 0 to 100 %) at the rectifier exit at power supply of the converter-fed motor from the single-phase alternating current main in comparison with the corresponding sizes at supply from a source of a direct current: ( motor capacity at preservation of capacity of the capacitor at the exit of the rectifier and frequency of rotation decreases on 60 – 63 %; ( at almost acceptable increase in capacity of the capacitor (approximately twice) power should be reduced by 50 %; ( power deceleration at preservation of that size of current of the motor what took place at its food from a source of a direct current makes 40 % at preservation of size of capacity of the capacitor at the exit of the rectifier and 32 % at its doubling, the frequency of rotation decreases approximately on 13 – 15 %. Practical value. The specific moment can be determined by power sizes at single-phase supply, frequency of rotation and to the volume of a rotor, with an invariable frequency of rotation it decreases in comparison with the specific moment at power supply of the motor from a source of a direct current by 50 – 63 %. References 5, tables 4, figures 5.

Key words: converter-fed motor, magnetic flux, single-phase network of supply, capacity, power, source of direct current, rotation frequency.
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Modeling parameters of arc of electric arc furnace.

Purpose. The aim is to build a mathematical model of the electric arc of arc furnace (EAF). The model should clearly show the relationship between the main parameters of the arc. These parameters determine the properties of the arc and the possibility of optimization of melting mode. Methodology. We have built a fairly simple model of the arc, which satisfies the above requirements. The model is designed for the analysis of electromagnetic processes arc of varying length. We have compared the results obtained when testing the model with the results obtained on actual furnaces. Results. During melting in real chipboard under the influence of changes in temperature changes its properties arc plasma. The proposed model takes into account these changes. Adjusting the length of the arc is the main way to regulate the mode of smelting chipboard. The arc length is controlled by the movement of the drive electrode. The model reflects the dynamic changes in the parameters of the arc when changing her length. We got the dynamic current-voltage characteristics (CVC) of the arc for the different stages of melting. We got the arc voltage waveform and identified criteria by which possible identified stage of smelting. Originality. In contrast to the previously known models, this model clearly shows the relationship between the main parameters of the arc EAF: arc voltage Ud, amperage arc id and length arc d. Comparison of the simulation results and experimental data obtained from real particleboard showed the adequacy of the constructed model. It was found that character of change of magnitude Md, helps determine the stage of melting. Practical value. It turned out that the model can be used to simulate smelting in EAF any capacity. Thus, when designing the system of control mechanism for moving the electrode, the model takes into account changes in the parameters of the arc and it can significantly reduce electrode material consumption and energy consumption during smelting. References 13, figures 4. 

Key words: electric arc furnace, parameters of the arc
control, arc of varying length, empirically determined
coefficients, mathematical model of the arc, current-voltage characteristic of the arc.
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Method of determining the start time of induction motors
in the control of resistor-thyristor modules.

Purpose. An electric general-purpose drive with asynchronous motor is proposed. For motor control in stator and rotor, circuits used resistors and thyristors. These elements included together in various ways. This allows to get a variety of power converter circuit with resistor-thyristor modules. Methodology. Taking into account the technical requirements for industrial machinery developed an analytical method for determining the run-up controlled induction motor. Formed starting modes by changing the value of the equivalent resistor-thyristor modules. Using logic synthesis and function of thyristors switching to determine the equivalent value of resistor-thyristor modules. Scientific novelty. It lies in the fact that the proposed method of calculation to determine the run-up in the limited amount of transient current and torque of the motor. The total moment of inertia and the static moment of the drive do not have a significant impact on the maximum value of the transient electromagnetic torque. Most of these options affect the transition process, the oscillation frequency of the electromagnetic torque and the motor speed. Practical value. The method used for calculating allows to select the simplest laws of launch control actuator and apply open-loop control system without increasing the cost of the power converter, so it is of practical importance. References 17, figures 2.

Key words: induction motor, resistor-thyristor module, start, regulation opening angle of thyristor, moment of inertia, static moment.
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Automated formation of calculation models of turbogenerators for software environment FEMM.

Attention is paid to the popular FEMM (Finite Element Method Magnetics) program which is effective in the numerical calculations of the magnetic fields of electrical machines. The main problem of its using - high costs in time on the formation of a graphical model representing the design and on the formation of the physical model representing the materials properties and the winding currents of machines – is solved. For this purpose, principles of the automated formation of such models are developed and presented on the turbogenerator example. The task is performed by a program written in an algorithmic language Lua integrated into the package FEMM. The program is universal in terms of varying the geometry and dimensions of the designed turbogenerators. It uses a minimum of input information in a digital form representing the design of the whole turbogenerator and its fragments. A general structure of the Lua script is provided, significant parts of its text, the graphic results of work's phases, as well as explanations of the program and instructions for its use are given. Performance capabilities of the compiled Lua script are shown on the example of the real 340 MW turbogenerator. References 4, figures 15.

Key words: program FEMM, Finite Element Method, turbogenerator, graphical and physical models, automated formation, Lua script.
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Screening magnetic fields of the power frequency by the walls of houses.

Purpose. To investigate the effectiveness of the screening of the magnetic field at 50 Hz by the walls of house. Methodology. To study the effectiveness of the screening we used the measurements of the magnetic field 1) in the area of the shielding screen 2) in the same area without the shielding screen 3) the calculation of the shielding effectiveness by measuring. Results. We have carried out experimental investigations of the effectiveness of screening of the magnetic field at 50 Hz by the building materials, concrete walls and paneled houses. Originality. First it is experimentally established that the magnetic field with frequency of 50 Hz penetrates through walls of buildings including reinforced concrete buildings practically without any decrease. Practical value. The results obtained should be considered when assessing the hygienic level of the magnetic field in a residential area, located near air and cable lines. References 10, tables 3, figures 3. 
Key words: power frequency, magnetic field, screening, walls of houses, experimental investigations.
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Study of the magnetic field of three phase lines of single core power cables with two-end bonding of their shields.
The study tested the process of the magnetic field (MF) mitigation in the HV three-phase power cable lines (CL) made of single core cables in two-ends bonding of their shields. Their values are in the range from 0.99 to 0.32 when the cross sections of cable shields are from 25 mm2 to 200 mm2 and the distance between the axes of the cables are from 0.1 to 0.5 m. The results show the ability to execute design of cable power lines in residential areas, taking into account both the sanitary standards of the MF, as well as to energy efficiency. References 11, figures 5, tables 2.
 Developed the technique of numerical simulation and calculation of the MF of CL based on its axisymmetric calculation model using the finite element method that allowed to describe the condition of closing the cable shields at the both ends of the CL and solve the problem in two-dimensional formulation. The authors show the possibility of MF mitigation of the three-phase CL by increasing the cross-section of closed cable shields, which in some cases may be an alternative to external electromagnetic shields. Obtained and experimentally validated in laboratory and field conditions with an accuracy of no more than 5 % the value of mitigation coefficients of MF of three-phase three-wire CL in two-ends bonding of their shields depending on the technical parameters of the cables and the geometry of their installation, which is important for the design of new cable power lines.
Key words: magnetic field, three-phase cable power lines, two-ends bonding of shields.
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A method of determining the ability of the arrester to absorb energy without breaking the heat balance.
Purpose.The aim of this study is to obtain a method for determining the capacity surge arrester nonlinear absorb energy without breaking the heat balance in modes of long-term application of operating voltage, which allows for analysis of their work in terms of violations as electricity. Methodology. For values of the energy passing through the arrester must be able to determine the current value for the voltage value in the area of leakage current-voltage characteristics. We have carried out calculations of the energy passing everywhere arrester for certain periods of time based on the current-voltage characteristics obtained experimentally. Analysis of the experimental current-voltage characteristics of resistors and literature led to the important conclusion that the dielectric properties of the ceramic varistor affect the value of active power losses in the arrester only when the active component of the leakage current is very small. This is confirmed by the characteristics of different classes of varistor voltage. This property of varistors and surge arresters shows the need to consider how the dielectric and conductive properties of the varistor ceramics in the analysis of work in the area of the arrester leakage current-voltage characteristic. These results demonstrate the need to clarify the mathematical model and the method for determining the energy dissipates in the area of the arrester leakage current CVC with their account. Results. The study, an improved mathematical model for calculating energy affects surge arrester during its working life. The study obtained the method, of evaluation capacity surge arrester, maintains heat balance throughout working life. Based on experimentally obtained current-voltage characteristic of the varistors is defined voltage at which surge arrester starts conducting active current. This allowed to receive specified mathematical model for calculating energy affects surge arrester and develop a method of evaluation capacity surge arrester maintain heat balance throughout working life. References 18, figures 5.
Key words: varistor, surge arrester, method, mathematical model, voltage, current-voltage characteristics, heat balance.
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Neuro-system of aiming and stabilizing with a regulator on the basis of standard model Model Reference Controller.
The aim of this work is the synthesis of neural network aiming and stabilization system for the special equipment of moving objects with neuro-controller on the basis of standard model and performance comparison of the neural network system with the neural network predictive control. Build a block diagram of the neural network aiming and stabilization system, based on the subject control principle with PD-regulator in the position loop and with neuro-controller on the basis of standard model in the in the velocity loop. The neuro-controller on the basis of standard model Model Reference Controller is synthesized in the MATLAB Neural Network Toolbox and system simulation is performed. The studies show that the transient state variables of the system are oscillatory. Therefore, the neuro-controller with the prediction NN Predictive Controller should be used for aiming and stabilizing system to provide high dynamic characteristics achieved at the cost of higher complexity and computational cost. References 6, figures 5.
Key words: neural network control, aiming and stabilization system, nonlinear dynamic object, neuro-controller on the basis of standard model, Model Reference Controller.
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Components of the total power losses in three-phase energy supply systems with symmetric sinusoidal voltage source.
Purpose. Three-phase energy supply system with a symmetrical resistive load operates in mode with the highest possible efficiency in a case of zero instantaneous reactive power and the absence of pulsations instantaneous active power. When load parameters are changed, three-phase energy supply system starts to operate in a mode with additional energy losses. The goal of the paper is to determinate the relations between the components of additional losses and their rezone. Methodology. We have applied the modern theory of instantaneous active and reactive power, the graphical filling complex branched energy supply system of simplified design scheme, the theory of electrical circuits, computer Matlab-simulation. Results. We have developed an universal relation to determine the components of total power loss in the three-phase supply systems with symmetrical three-phase sinusoidal voltage source and any possible load. Further verification of this relation in the Matlab-model of three-phase energy supply system shows its high accuracy. Originality. For the first time, we have carried out relation between RMS reactive and RMS active power instantaneous pulsation and the corresponding components of additional losses. Consequently it becomes possible to offer a unique method of weighting evaluation. Practical value. We have developed position for detecting the causes of additional losses in three-phase supply systems with symmetrical sinusoidal voltage source, as well as to substantiate the correctness of the choice of filter-compensating device. We have developed a Matlab-model which allows to investigate the energy efficiency of three-phase energy supply system and to calculate the components of additional power losses of any possible reasons for their occurrence. References 10, tables 6, figures 3.

Кey words: energy supply system, power additional losses, the minimum possible losses, Matlab-model of three-phase energy supply system.
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An anthology of the distinguished achievements in science and technique. Part 28: Portraits of legendary physicists
of «high-voltage brigade» of UPhTI.
Purpose. Description of the basic distinguished scientific achievements of members of «high-voltage brigade» of the Ukrainian Physical-Technical Institute (UPhTI) and future Academicians in area of nuclear physics − Valter A.C., Sinelnikov C.D., Leypunskiy A.I. and Latyshev G.D. Methodology. Scientific approaches at treatment and systematization of physical knowledges. Historical method at research of development in Ukraine and Russia of nuclear physics and mastering of intranuclear energy for military and peaceful aims. Results. The basic creative and vital stages, and also prominent scientific results, obtained by the indicated scientists in the area of nuclear physics, physics of high energies and nuclear energy, are resulted in the compressed and systematized way. Some technical descriptions created by these Kharkov physicists of powerful high-voltage electrostatic and linear dynamitrons and protons, and also nuclear reactors fast-neutron are indicated. Originality. Firstly in the area of history of scientific-technological authoritative enough scientist-electro-physicist, which is engaged not alone ten of years by creation of powerful generators of very high voltage and large currents, and also presents a theoretical electrophysics a wide reader a scientifically-historical essay with not popular details about the first in the USSR breaking up the physicists of UPhTI of atomic kernel of lithium by artificially speed-up protons. Firstly the basic distinguished scientific achievements of the considered physicists-nuclear engineers are resulted in the concentrated way. Practical value. Scientific popularization of physical knowledges and achievements of the known compatriots, bringing in a big contribution to development of nuclear physics, physicists of high energies and nuclear energy. References 46, figures 15.
Key words: history, nuclear physics, physics of high energies, nuclear energy, Kharkov physicists-nuclear engineers,
distinguished scientific achievements.
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Peculiarities of calculation of magnetic systems with short-circuited secondary windings in in-plane formulation.

Introduction. A feature of quasi-static calculation of plane electromagnetic fields is unlimited volume occupied by the current. This condition imposes certain requirements on the choice of boundary conditions for solving such problems (the vanishing of the algebraic sum of the currents flowing through the cross section of all wires), failure of which leads to incorrect results. Purpose. The mathematical formulation of the boundary conditions corresponding to real physical processes in solving problems of plane quasi-static field by Kelvin transformation and development of a technique for calculating the induced currents in closed circuits in the calculation of AC electromagnet in the quasi-static mode. Methods. Investigation of nonlinear model of the current transformer in in-plane electromagnetic field calculation and the AC electromagnet is carried by the finite element method using a specific software package. Results. A possible error in the boundary conditions and summarizes the estimated model corresponds to the physics of the process using the Kelvin transform, proposed method of calculating currents in closed loop AC electromagnet in the calculation of plane problems of the field. Conclusions. The specificity of the problem of calculating the electromagnetic field in in-plane formulation requires a special approach to the assignment of boundary conditions and calculation of the currents induced in a closed loop.
References 3, figures 11.

Key words: in-plane magnetic field, boundary conditions.
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Direct frequency converter with artificial and natural
commutation for brushless asynchronized machines.

The comparative analysis of direct frequency converters with artificial and natural- switching term of the cyclical control algorithm is presented; the recommendations for their using in brushless asynchronized machines with three-phase winding are developed. Converters with a limited number of full-controlled valves have large losses in safety circuits of gates, they can be used in system of automatic excitation control. The best quality of voltage and current load are provided by converters with natural commutation using modulated input voltage, the combined potential compounds windings supply and the combined method of thyristor controlling. When the load is divided into two three-phase groups, an even number of phases of the power supply for single phase of the load are applied the bridge converter circuit. Regulation of the load current is carried out by the excitation current of field exciters and by the control angle of thyristor. Converters can be used in high-power asynchronized motors and generators. In asynchronized compensators it is possible to use diode-thyristor converters without transmitting the control signals to the rotating part. The frequency converters without modulation of input voltage have the smallest increase in rated capacity of power supply. However, they have a low quality form of the output voltage at high power factor of load. References 10, table 1, figures 6.
Key words: brushless asynchronized machine, inverter,
diode, transistor, thyristor.
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Comparative analysis of active power losses of induction motors with cylindrical and axial air gaps.

Purpose. To find the analytical expressions of determining the optimum geometric dimensions by criteria of the losses minimum of axial field squirrel-cage induction motors and to compare traditional and axial field motors. Methodology. We have applied the method of the relative indications of the technical level with relative controlled variables. We have used the approximation of the experimental dependence of the distribution of the induction in the air gap and the integral averaging of the magnetic flux. Results. We have developed the mathematical model for determining the optimum geometric dimensions by criteria of the losses minimum of the active part of axial field squirrel-cage induction motors taking into account the radial distribution of the induction in the air gap and teeth. We have considered the comparative analysis of the indications of active power losses of traditional and axial designs of electromagnetic equivalent motors. Originality. For the first time we have created the mathematical model of the active power losses of the active part of axial field squirrel-cage induction motors with the uneven distribution of the magnetic flux in the core and investigated the effect of the geometric relationships on the energy efficiency of axial field motors. Practical value. Based on the superior parametric compatibility and the high energy efficiency of axial motors the expediency of replacing traditional induction motors to axial field induction motors has been proved in the special drives, which operates in continuous duty. Also obtained by simulation optimal geometric relationships of the magnetic circuit can be used in the manufacture and design of axial motors by criteria of the losses minimum. References 14, tables 2, figures 3.

Key words: losses indication, optimum geometric dimensions, traditional and axial field motors.
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High-performance electromechanical and electromagnetic pulse devices for destruction of information on digital drives.
It is shown that the most promising way to mechanical destruction of digital information storage is using a pulsed electromechanical and magnetic device and method. The highly efficient autonomous electromechanical and electromagnetic pulse devices destruction of information on digital storage devices are designed. The aim of the paper is the development of designs and advanced technical solutions for highly efficient pulsed electromechanical and magnetic systems of information protection. The excitation source of the inductor is using a capacitive energy storage. This may be implemented by running or the computer turned off for a very short period of time when the signal of unauthorized access. Implement the task can only be provided using mathematical modeling of electromagnetic and mechanical processes, experimental research and development of new technical solutions. These devices with limited weight and overall dimensions excite powerful mechanical or magnetic pulses. Considered electromechanical devices of induction-dynamic type, with accumulation of mechanical energy and the combined action of the device, using an induction-dynamic electrodynamic and electromagnetic forces. Proposed design of devices is intended to destroy information on USB flash drives and solid state drives SSD. The design of pulsed magnetic-mechanical device in which the destruction of information is carried out by mechanical and magnetic pulses simultaneously. Based on the performed works classification of destruction of information devices digital drives is proposed. References 22, table 1, figures 21.

Key words: electromechanical and electromagnetic pulse devices, destruction of information on digital drives,
design of devices, mechanical and magnetic pulses.
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Synthesis of neural network Model Reference Controller
for aiming and stabilizing system.

The aim of this work is the synthesis of neural network reference model controller. The synthesis is performed in MATLAB for the problem of control of the aiming and stabilization system for the special equipment of moving objects. This paper presents the synthesis of the neural network reference model controller to meet the given performance characteristics of operation for the aiming and stabilization system for the special equipment of moving objects. Simulink tool in MATLAB is used to build the block diagram of double-loop neural network system of aiming and stabilization, where the reference model controller is put in the velocity loop and P-regulator is put in the position loop, with feedforward velocity control. Presented the method of synthesis of the neural network reference model controller that is implemented in the Neural Network Toolbox in MATLAB. System tests with the broad range of parameter values determined the key parameters defining the control quality. Optimal values of the key parameters were found to provide the highest control performance. System simulation and analysis of the obtained results is given. References 7, figures 16.
Key words: neural network control, aiming and stabilization system, nonlinear dynamic object, neuro-controller on the basis of standard model, Model Reference Controller.
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Control system for multilevel invertor of solar power station.

Purpose. The development of control law for network multilevel invertor of solar power station and design device for control law realization. Methodology. At synthesis of control law theory of automatic control, power network engineering and circuit technique are considered. The control law for distributive control over the direct-axis and quadrature-axis currents of invertor after abc-dq transform of three phase current’s momentary value is used. Results. The improved model of regulator of direct-axis invertor’s current is developed and provides the voltage optimization of invertor’s operating both from solar module and from network by means of calculation the reactive power consumption from network, voltage on network and voltage on solar module. The improved model of regulator of quadrature-axis invertor’s current is developed and provides the power and frequency optimization of invertor’s operating by means of calculation ratio of active power consumption and power from solar module. Originality. The offered control law and device, which realize it, is working out on secondary loop from power network smart grid with active and reactive power consumption monitoring. That provides the optimal operation of solar station both from solar module and from power network. Practical value. The proposed control law and structure of the network multilevel invertor for solar power station provide the operate mode of solar module in maximum power point and increasing the solar module’s productivity. References 8, figures 3.

Key words: invertor, control, solar module.
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An improved control algorithm for «Dynamic Capacitor» VAR compensator.

Purpose. Modern approaches of VAR compensation are: using compensators with stepped regulation, STATCOMs, active power filters. Recently, more attention is paid to VAR compensator’s design based on the direct AC / AC converters, which are called dynamic capacitors. Methodology. The dynamic capacitor (D-CAP) is the capacitor bank, which is connected to the mains through direct AC / AC buck converter. By varying the duty cycle of bidirectional switches, smooth control of reactive power can be achieved. However, in case of distorted mains voltage, D-CAP mains current will have a high THD. This is due to the fact that the D-CAP affects the frequency response of electric grid thus leading to the appearance of resonances. With non-sinusoidal mains voltage, capacitors are affected by harmonics. This reduces the reliability of the D-CAP, increasing the probability of their failure. To eliminate these drawbacks it is suggested to improve the D-CAP control system so that the input current of the dynamic capacitor is forced to be close to sinusoidal. This can be achieved if the duty cycle of the switching bi-directional switches is changed according to the proposed expression. Results. The research is done on a single-phase D-CAP with the proposed control system, its input current diagrams are shown. In contrast to the D-CAP with a constant duty cycle control, the resulting THD of its input current is much lower. Thus, the control system provides a form of the input current that is close to a sine wave. This reduces the influence of mains voltage harmonics on the D-CAP operation, increases its reliability and improves power quality. Originality. The proposed D-CAP control system ensures reliable operation with non-sinusoidal mains voltage. Practical value. Application of D-CAPs with the proposed control system allows for improved energy efficiency of electrical mains by providing VAR compensation and improving power quality. References 4, figures 6.

Key words: VAR compensation, dynamic capacitor, control system, thin AC/AC converter, bidirectional switch.
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The absorption characteristics of the phase and zone paper-impregnated insulation of power cable at direct voltage.

Introduction. The moral and physical deterioration of medium voltage power cables with phase and zone paper-impregnated insulation requires implementation of quality systems and reliable nondestructive electric diagnostic. Informative indicator of the insulation is the time decay curve of the charging current. It reflects the processes of accumulation of space charges (absorption). The measurements are carried out the 15th since the second direct voltage supply, then – on the 30th and the second on the 60th second. The ratio of the parameters measured in these times gives the dimensionless criteria – absorption coefficients. Three measurements are made at different times, provide a more complete picture of the state of insulation than the measurement of the value of steady leakage (conduction-through), adopted in conventional prevention trials. Purpose. Research and testing methods of diagnostics of power cables with paper-impregnated insulation by absorption and phase characteristics of the belt insulation based on the total measurements. Methodology. A procedure for determining the individual characteristics of phase and zone paper-impregnated insulation based realized on the use of the equivalent circuit of a three-core cable in the metal shell and solved of an over determined system of linear algebraic equations by least squares. Results. The proposed method allows determining the absorption characteristics of the individual phase and zone insulation medium voltage power cables in the overall metal shell at a direct voltage. Individual characteristics reflect the characteristics of cables and allow a greater degree to assess the degree of aging of each of the components of paper-impregnated insulation. Originality. Regardless of the cable connection diagrams probing electric field grabs as the phase, and zone insulation. The cumulative nature of the measurement leads to the fact that the differences in the properties of insulation components are smoothed: the aggregate results of the measurements do not differ for the different schemes of the same type. The individual characteristics of isolation, defined on the basis of the proposed method are more differences than total, indicating that non-symmetrical modes of operation of the cable. Practical value. The values of individual characteristics power cables 6 kV are 3 times more total, because of what their direct measurement may be a problem. The total resistance of several insulation spaces connected in parallel, behind the individual. Smaller values of insulation resistance are measured more easily, especially on short samples cables. References 8, tables 4, figures 5.

Key words: phase and zone paper-impregnated insulation, absorption characteristics, polarization index, insulation resistance, equivalent circuit, the system of linear algebraic equations, stability of the solution.
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An anthology of the distinguished achievements in science and technique. Part 29: Discoverers of secrets of global natural light phenomena.
Purpose. Scientifically-historical description of features of opening by scientists-discoverers of the world of electrophysics and electrochemical secrets of such natural light phenomena as Aurora Borealis, rainbow and photosynthesis, carrying global planetary character for the habitants of planet Earth. Methodology. Scientific approaches at treatment and systematization of physical knowledges about «solar wind» and sun radiation, causing flowing in the atmosphere of Earth of the indicated light phenomena. Methods of historical method at research of progressive development in the world of basic scientific knowledges about the examined natural light phenomena. Results. Basic information, touching forming of scientific bases of electrophysics and electrochemical processes, flows at a display in the earthly atmosphere of aurora north (south) polaris, primary (second) rainbow and photosynthesis domestic and foreign scientists in the leaves of higher (lower) plants, is resulted. Originality. First in area of history of scientific and technological bases of electrophysics and electrochemical processes, characteristic for aurora polaris, rainbow and photosynthesis in an earthly magnetic sphere and air atmosphere are presented in the short systematized form and historical development. Practical value. Scientific popularization of electrophysics and electrochemical knowledges and distinguished scientific achievements in area of such global for a planet Earth of the natural atmospheric light phenomena as aurora Borealis, rainbow and photosynthesis. References 31, figures 15.
Key words: history, planet Earth, Aurora Borealis, rainbow, photosynthesis, distinguished scientific achievements.
СПИСОК ЛИТЕРАТУРЫ

1. Radan D. Integrated control of marine electrical power systems // Thesis for the degree of philosophiae doctor, Norwegian University of Science and Technology, Faculty of Engineering Science and Technology, Trondheim, Norway, 2008. – 231 p. Available at: http://www.diva-portal.org/smash/get/diva2:123798/FULLTEXT01.pdf (accessed 19 September 2015).

2. M.J. Sanjari, O. Alizadeh Mousavi, G.B. Gharehpetian. Assessing the risk of blackout in the power system including HVDC and FACTS devices // International Transactions on Electrical Energy Systems. – 2013. – vol.23. – no.1. – pp. 109-121. Available at: http://onlinelibrary.wiley.com/enhanced/doi/10.1002/etep.1619. (accessed 21 September 2015). doi: 10.1002/etep.1619.

3. Очеретяный Ю.А., Живица В.И., Белый В.Н., Онищенко О.А., Вайнфельд Э.И. Концепция системы компьютерного мониторинга и технической диагностики рефрижераторной установки судна // Судовые энергетические установки. – 2011. – №28. – С. 5-11.

4. Будашко В.В., Онищенко О.А. Удосконалення системи управління підрулюючим пристроєм комбінованого пропульсивного комплексу // Вісник НТУ «ХПІ». – 2014. – №38(1081). – С. 45-51.

5. Будашко В.В., Онищенко О.А. Математические основы имитационного моделирования системы управления энергетической установкой бурового судна // Вестник Камчатского государственного технического университета. – 2014. – №29. – С. 6-13.

6. Le Luo, Lan Gao, Hehe Fu. The control and modeling of diesel generator set in electric propulsion ship // International Journal of Information Technology and Computer Science. – 2011. – vol.3. – no.2. – pp. 31-37. Available at: http://www.mecs-press.org/ijitcs/ijitcs-v3-n2/IJITCS-V3-N2-5.pdf (accessed 21 September 2015). doi: 10.5815/ijitcs.2011.02.05.
7. Будашко В.В., Онищенко О.А., Юшков Е.А. Физическое моделирование многофункционального пропульсивного комплекса // Збірник наукових праць Військової академії
(м. Одеса). – 2014. – №2. – С. 88-92.

8. Hansen J.F. Modelling and control of marine power systems // Doktor ingeniør thesis, Norwegian University of Science and Technology, Department of Engineering cybernetics, Trondheim, Norway, 2000. – 119 p. Available at: http://www.itk.ntnu.no/databaser/dr_ing_avhandlinger/vedlegg/110_pdf.pdf (accessed 21 September 2015).

9. Будашко В.В., Юшков Е.А. Математическое моделирование всережимных регуляторов оборотов подруливающих устройств судовых энергетических установок комбинированных пропульсивных комплексов // Электронное моделирование. – 2015. – Т.37. – №2. – С. 101-114.

10. WAMIT® / User manual // WAMIT, Inc.: Incorporated and Massachusetts Institute of Technology. – 2006. – 394 p. Available at: http://www.engr.mun.ca/~bveitch/courses/8000/software/wamit/wamit.pdf (accessed 21 September 2015).

REFERENCES

1. Radan D. Integrated control of marine electrical power systems. Thesis for the degree of philosophiae doctor, Trondheim, Norway, 2008. 231 p. Available at: http://www.diva-portal.org/smash/get/diva2:123798/FULLTEXT01.pdf (accessed 19 September 2015).

2. M.J. Sanjari, O. Alizadeh Mousavi, G.B. Gharehpetian. Assessing the risk of blackout in the power system including HVDC and FACTS devices. International Transactions on Electrical Energy Systems, 2013, vol.23, no.1, pp. 109-121. Available at: http://onlinelibrary.wiley.com/enhanced/doi/10.1002/etep.1619. (accessed 21 September 2015). doi: 10.1002/etep.1619.

3. Ocheretianyi Yu.A., Zhivitsa V.I., Belyi V.N., Onishchenko O.A., Vainfel'd E.I. Concept of computer monitoring and technical diagnostics for refrigeration unit of the ship. Sudovye energeticheskie ustanovki – Ship Power Plants, 2011, no.28, pp. 5-11. (Rus).

4. Budashko V.V., Onishchenko O.A. Improving management system combined thruster propulsion systems. Visnyk NTU «KhPІ» – Bulletin of NTU «KhPІ», 2014, no.38(1081), pp. 45-51. (Ukr).
5. Budashko V.V., Onishchenko O.A. Mathematical principles of simulation of power plant’s control system at drillship. Vestnik Kamchatskogo gosudarstvennogo tekhnicheskogo universiteta – Bulletin оf Kamchatka State Technical University, 2014, no.29, pp. 6-13. (Rus).
6. Le Luo, Lan Gao, Hehe Fu. The control and modeling of diesel generator set in electric propulsion ship. International Journal of Information Technology and Computer Science, 2011, vol.3, no.2, pp. 31-37. Available at: http://www.mecs-press.org/ijitcs/ijitcs-v3-n2/IJITCS-V3-N2-5.pdf (accessed 21 September 2015). doi: 10.5815/ijitcs.2011.02.05.
7. Budashko V.V., Onischenko O.A., Yushkov E.A. Physical modeling of multi-propulsion complex. Zbirnyk naukovykh prats Viiskovoi akademii (m. Odesa) – Collection of scientific works of the Military Academy (Odessa City), 2014, no.2 pp. 88-92. (Rus).
8. Hansen J.F. Modelling and control of marine power systems. Doktor ingeniør thesis, Trondheim, Norway, 2000. 119 p. Available at: http://www.itk.ntnu.no/databaser/dr_ing_avhandlinger/vedlegg/110_pdf.pdf (accessed 21 September 2015).

9. Budashko V.V., Yushkov Y.A. Mathematic modeling of all-range controllers speed of thrusters for ship power plants in combined propulsion complexes. Electronnoe modelirovanie – Electronic Modeling, 2015, vol.37, no.2, pp. 101-114. (Rus).
10. WAMIT® / User manual // WAMIT, Inc.: Incorporated and Massachusetts Institute of Technology. – 2006. – 394 p. Available at: http://www.engr.mun.ca/~bveitch/courses/8000/software/wamit/wamit.pdf (accessed 21 September 2015).

Поступила (received) 23.09.2015

Будашко Виталий Витальевич, к.т.н., доц.,

Одесская национальная морская академия,

65029, Одесса, ул. Дидрихсона, 8,
тел/phone +38 048 7332367, e-mail: bvv@te.net.ua

V.V. Budashko
Оdessa National Maritime Academy,

8, Didrikhson Str., Odessa, 65029.

Implementation approaches during simulation of energy processes for a dynamically positioned ship.

Purpose. Creation of a mathematical model of the ship's power plant (SPP) combined propulsion complexes (CPC) that takes into account the behavior of all objects, including the ship itself, the transfer of power from the medium speed diesel generators on the propellers, which will allow to take into account the hydrodynamic properties of the vessel and their impact on the energy processes in SPP CPC. Methodology. The analysis of energy processes in the SPP CPC in different operating conditions resulted in creation of a strategy for constructing mathematical models of SPP CPC. This strategy is based on the implementation on the vector plane resulting power characteristics of SPP vectors disturbances, leading to the deviation of the hydrodynamic characteristics of the ship during operation dynamic positioning. The result allowed to consider not only the features of setting PID-governors of frequency converters of electric thrusters but the automatic voltage regulators of medium speed diesel generators as well. Results. Within the research work a software package Ships_CPC in MatLab/Simulink was developed under the state budget project «Concepts, technologies and ways of improving ship power plants combined propulsion complexes» at the Department of Electromechanics and Electrical Engineering of Odessa National Maritime Academy. Originality. This complex represents a set of functional blocks of the components SPP CPC, built on the principle of «input-output». The simulation results demonstrate the ability to use software package Ships_CPC to study the effect of various settings on the energy regulators of processes SPP CPC, which can develop and integrate the different strategies of automatic voltage regulators. Practical value. Since software complex Ships_CPC was developed under Open system technology, it can reorganize, re-tune and integrate in processes of any difficulties with further completion in the form of a universal structure. References 10, figures 7.
Key words: ship power plants, combined propulsion complex, dynamic positioning, mathematical modeling, transfer of power, efficiency, regulation.
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Modeling of equivalent stiffness of a magnetic spring
of vibration exciter based on coaxial-linear motor. 

Purpose. The research of the influence of value and direction of current on the equivalent spring magnetic force based on coaxial-linear motor (CLM – MS). Methodology. We carried out investigation of the equivalent harshness of magnetic spring with determination of electromechanical propulsion performance characteristics by the methods of computer modeling and experimental research of physical model of CLM – MS. The modeling of magnetic spring of CLM – MS is carried out by the finite-element method. The challenge is met as an axisymmetric challenge in cylindrical co-ordinates in magnetostatic approach. The experimental investigattion of the propulsion performance characteristics of magnetic spring is carried out on the test bench. Results. After the computer modeling and the experimental investigation of the electromechanical propulsion performance characteristics of magnetic spring the expressions of equivalent stiffness coefficient depending on the current in winding are obtained. The results of computer modeling are confirmed experimentally. Originality. The determination of equivalent stiffness coefficient of magnetic spring of vibration exciter based on coaxial-linear motor. Practical value. The obtained determination of equivalent stiffness coefficient of magnetic spring may be used in process of designing of vibration machines with devices for change of natural oscillation frequency. References 7, tables 1, figures 6.

Key words: stiffness coefficient, magnetic spring, vibration exciter, coaxial-linear motor.
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Automated calculations of the dynamics of turbogenerator electromagnetic processes in software environment FEMM.

Attention is paid to the popular FEMM (Finite Element Method Magnetics) program which is effective in the numerical calculations of the magnetic fields of electrical machines. The principles of the automated calculations providing the analysis of the dynamics of electromagnetic processes in turbo-generators are presented. This is realized in the form of a script on the algorithmic language Lua integrated with FEMM. The temporal functions of electromagnetic quantities are obtained by multi-position calculations of the magnetic field with ensuring its rotation together with the turbo-generator rotor. The developed program is universal in terms of the geometry and dimensions of turbo-generators, as well as the modes of their work with a minimum of input data in numerical form. This paper shows "extraction" of discrete temporal functions: the magnetic flux linkage of the phase stator winding; forces acting on the current-carrying and ferromagnetic elements of the structure; the magnetic induction at the fixed points; electromagnetic moment. This list can be expanded as part of the created program, as well as the use of the program can be extended to other types of electrical machines. The obtaining of a change period of any functions is provided by rotating the rotor to 60°. References 9, figures 5.
Key words: program FEMM, turbogenerator, magnetic field, electromagnetic processes, dynamics of changes, automated calculations, Lua script.
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A determination of the flux density in core of distribution transformers, what built with the common using of grain and non grain oriented magnetic steels.

Purpose. The development of calculation method to determinate the flux densities in different parts of the magnetic cores of distribution transformers, what built from different types magnetic steel (mixed core). Methodology. The method is based on the scientific positions of Theoretical Electrical Engineering – the theory of the electromagnetic field in nonlinear mediums to determine the distribution of magnetic flux in mixed core of transformer, what are using different types of steel what have the different magnetic properties. Results. The developed method gives possible to make calculation of the flux density and influence of skin effect in different parts of the magnetic cores of distribution transformer, where are used mix of grain oriented (GO) and non grain oriented (NGO) steels. Was determinate the general basic conditions for the calculation of flux density in the laminations from grain and non grain oriented steels of the magnetic core: the strength of magnetic field for the laminations of particular part of mixed core is the same; the sum of the magnetic fluxes in GO and NGO steels in particular part of mixed core is equal with the designed magnetic flux in this part of mixed core. Discover, the magnetic flux in mixed core of the transformer has specific distribution between magnetic steels. The flux density is higher in laminations from GO steel and smaller in laminations from the NGO steel. That is happened because for magnetic flux is easier pass through laminations from GO steel, what has better magnetic conductance than laminations from NGO steel. Originality. The common using of different types of magnetic steels in cores for distribution transformers gives possibility to make design of transformer with low level of no load losses, high efficiency and with optimal cost. Practical value. The determination of the flux density in different parts of magnetic core with GO and NGO steels gives possibility make accurate calculation of no load losses and magnetizing current of the transformer. References 10, tables 1, figures 3.

Key words: distribution transformer, magnetic core, grain oriented steel (GO), non grain oriented steel (NGO), flux density, no load losses, high efficiency.
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Physical meaning of the «reactive power» concept applied to three-phase energy supply systems with non-linear load.
Purpose. The contradictions in the use of the term «reactive power» require justification by clarifying its physical meaning. The aim of the paper is to reveal the physical meaning of the term «reactive power» applied to three-phase three-wire and four-wire energy supply systems. Methodology. We have applied the modern theory of instantaneous active and reactive power, the graphical filling complex branched energy supply system of simplified design scheme, the theory of electrical circuits, computer Matlab-simulation. Results. We have provided answers to six basic questions that reveal the physical meaning and definition of the concept of «reactive power». We have justified the assumptions suggesting a universal calculation formula to determine the relative total power loss in the three-phase energy supply system as the sum of four components caused by: a minimal losses, reactive power, active power pulsations and instantaneous current flow in the neutral wire. Originality. We have developed the definition that reveals the physical meaning of the term «reactive power» for three-phase energy supply systems corresponding to modern theories of instantaneous active and reactive power. Practical value. We have proposed energy efficiency method ideas of energy supply systems with non-linear load based on the additional components of the power losses calculation. The further development of the method will allow to amend the design, selection and operation of the power active filters practices. References 10, tables 3, figures 5.

Кey words: energy supply system, reactive power, power of additional losses, the minimum possible losses, Matlab-model of three-phase energy supply system.
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Heat tests of power cables with XLPE insulation at direct voltages up to 110 kV.

In this paper, experiment for determining the temperature difference between the elements of cable and in the open air is considered. The formation of a three cables laid in a plane with different spacing between adjacent cables. Tests to heat of cables for XLPE-polyethylene are used as a solid dielectric insulation. The line to XLPE-cables in group running horizontally, provided that the cables are of equal diameter and emit equal losses. It is limited to the following: the air flow around the cables may be necessary restricted by proximity to next cables. When single-core cables are installed in parallel the load current may not share equally between the parallel cables. This is because a significant proportion of the impedance of large conductors is due to self reactance and mutual reactance. Hence the spacing and relative location of each cable will have an effect on the current sharing. Calculation for each cable configuration is necessary. Possibility of using for determining the thermal properties of XLPE-cables a sheath applied over the cable surface with coefficient convection heat transfer between cable surface and the air region about it of equal zero. The work is devoted to creation of a method for calculation of the current rating of high-voltage cables in conditions function. References 7, figures 3.
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Development of new charts of capacitance-resistance defense of high-voltage capacitors of powerful capacity stores of energy from emergency currents.

Purpose. Development of new charts of capacitance-resistance defense of high-voltage capacitors of powerful capacity stores of energy (CSE) from emergency large impulsive currents (LIC) at the electric hasp of one of condensers of such CSE on the stage of their charge or discharge. Methodology. Electrophysics bases of the  technique of high-voltage and large pulsed currents, and also scientific and technical bases of planning of devices of high-voltage impulse technique. Results. Two new charts of capacitance-resistance defense of high-voltage impulsive capacitors are offered for powerful CSE of one- and multimodule execution from emergency LIC, being based on the use of high-voltage permanent graphite-ceramic resistors of type of TVO-60 a face value from 24 to 100 Ohm, set on the high-voltage conclusions of all of condensers of CSE. One of the developed capacitance-resistance charts of defense of condensers for powerful one-module CSE passed practical approbation. Originality. It is shown that application of the developed charts of capacitance-resistance defense of high-voltage condensers of powerful CSE is provided by frequent limitation of amplitude of emergency LIC, flowing through broken through an electric discharge condenser of CSE on the stage of his charge or discharge. Such limitation emergency LIC is prevented by explosion destruction of the damaged condenser of high-voltage CSE. Practical value. The use of the developed charts of capacitance-resistance defense of high-voltage capacitors from emergency LIC allows substantially to promote functional safety of powerful CSE of one- and multi-module execution and provide the safe terms of labour for a scientific and technical personnel, attendant similar CSE. References 14, figures 3.
Key words: powerful capacity store of energy, emergency current, capacitance-resistance chart of defense of high-voltage capacitors, high-voltage permanent graphite-ceramic resistors.
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Analysis of the processes in an inductor system with an
attracting screen excited by the external circular solenoid.
Introduction. Developments in the field of magnetic-pulse treatment of metals (MPTM) are increasingly used in the modern technologies of production and repair of the aviation, automotive and other machinery, as they are environmentally friendly and energy-efficient in comparison with classical approaches. One of the main components of the device MPTM is a tool – inductor or the inductor system with an attractive screen (ISAS). The calculated dependences to calculate the inductor system with an attractive screen were taken from previous works. The ratios were obtained for the low-frequency mode of the excited fields, when is place their significant penetration through a thin-walled metal screen and a deformed workpiece. As it was shown earlier this mode is the most efficient from point of view of a force action on the object of a processing. Purpose. The theoretical analysis of the spatial-temporal distributions of the induced currents and forces of an attraction in the inductor system with an attractive screen excited by a flat circular solenoid located on the outside of the auxiliary screen. Methodology. The calculations are shown that the induced currents both in the screen and the workpiece are unidirectional and their interaction, in accordance with the law of Ampere determines the amplitudes of excited forces of attraction. Let’s note the effective validity of the considered inductor system excited by an external circular solenoid. With sufficient simplicity of the design take place rather high values of the developed forces of attraction and their averages. Results. Physically, a higher power efficiency of the system with an «external» coil in comparison with a system where coil is located in the internal cavity, can be accounted for lade of «failure» in the radial distribution of the excited forces. This «failure» in the design with a coil between the sheet metal is caused by its screening action against the forces of attraction between the induced currents. Practical value. It is shown that the inductor system with an attractive screen when it is excited by outer circular solenoid with a current of 50 kA ~ provides attractive power rates to about 1400 N on an area of sheet metal ~ 0.004 m2. The sufficiently high efficiency of the proposed options of an inductor system allows us to recommend it as a tool of the external straightening dents in the bodycar surfaces of vehicles. References 9, table 1, figure 1.

Key words: magnetic pulse treatment, attractive of metals, inductor system, the circular solenoid, attractive screen.
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Unified models of elements of power supply systems based on equations in phase coordinates.

Purpose. The models of electrical machines in the phase coordinates, the universal algorithm for the simulation of separate elements in a d-q coordinates system and in a phase-coordinates system are proposed. Methodology. Computer methods of investigation of transients in electrical systems are based on a compilation of systems of differential equations and their numerical integration solution methods. To solve differential equations an implicit method of numerical integration was chosen. Because it provides to complete structural simulation possibility: firstly developing models of separate elements and then forming a model of the complex system. For the mathematical simulation of electromagnetic transients in the elements of the electrical systems has been accepted the implicit Euler-Cauchy method, because it provides a higher precision and stability of the computing processes. Results. In developing the model elements identified two groups of elements: - Static elements and electrical machines in the d-q coordinates; - Rotating electrical machines in phase coordinates. As an example, the paper provides a model of synchronous and asynchronous electric machines in the d-q coordinates system and the phase coordinate system. The generalization algorithm and the unified notation form of equations of elements of an electrical system are obtained. It provides the possibility of using structural methods to develop a mathematical model of power systems under transient conditions. Practical value. In addition, the using of a computer model allows to implement multivariant calculations for research and study of factors affecting the quantitative characteristics of the transients. References 7.

Key words: power system, transients, mathematical model, electrical machines, synchronous generator, induction
motor, phase coordinates.
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An anthology of the distinguished achievements in science
and technique. Part 30: Portrait of the Kharkov mathematician, mechanical engineer and cyberneticist Vladimir Logvinovich Rvachev.
Purpose. Description of basic scientific achievements, features of personality and way of life of the known Kharkov mathematician, mechanical engineer and cyberneticist, academician of NAS of Ukraine Rvachev V.L .in the short form is presented. Methodology. Existent scientific approaches for treatment and systematization of mathematical knowledges, modern achievements in area of methods of direct solution of linear (nonlinear) boundary problems of mechanics and mathematical physics with the scope terms of different types for the physical bodies of difficult geometrical form. Methods of historical method at research of development in society of analytical geometry, applied mathematics, classical mechanics and mathematical physics. Results. Short information is resulted about the basic creative and vital stages, and also fundamental scientific achievements of the indicated scientist-mathematician the scientific legacy of which entered in the treasure-house of world mathematical science. Are some personal qualities of this prominent soviet Ukrainian mathematician of the 20-th century, forming scientific school on the mathematical method of R−functions and leaving about itself kind memory for thankful students and descendants. Originality. First taught in 1970-th at the known mathematician of contemporaneity of Rvachev V.L. to bases of the applied mathematics and theory of R−functions by a scientist-electrophysicist from the Kharkov polytechnic institute presented for the wide circle of readers a short scientifically-historical essay about this large scientist-teacher, being based on his scientific labours, published biobibliographic materials and flashbacks of his devoted students-followers about him. Practical value. Scientific popularization of the special physical and mathematical knowledges and distinguished scientific achievements of the known Kharkov scientist-mathematician Rvachev V.L. in area of the applied mathematics, classical mechanics of continuous media, mathematical physics and technical cybernetics. References 43, figures 13.
Key words: history, mathematics, mechanics, cybernetics, Kharkov region, distinguished scientific achievements.
СПИСОК ЛИТЕРАТУРЫ

1. Таев И.С. Электрические аппараты управления. – М.: Высшая школа, 1984. – 243 с.

2. Буткевич Г.В. Основы теории электрических аппаратов. – М.: Высшая школа, 1970. – 600 с.

3. Басов К.А. ANSYS в примерах и задачах. – М.: Компьютер Пресс, 2002. – 224 с.

4. Мерл В. Электрический контакт. Теория и применение на практике. – М.-Л.: Госэнергоиздат, 1962. – 82 с.

5. Мышкин Н.К. Электрические контакты. − Долгопрудный: Интеллект, 2008. – 560 с

6. Кащеев В.Н. Процессы трения в зоне фрикционного контакта металлов. – М.: Машиностроение, 1978. – 211 с.

7. Гинзбург В.М., Степанова Б.М. Голография. Методы и аппаратура. – М.: Советское радио, 1974. – 376 с.

REFERENCES

1. Taev I.S. Elektricheskie apparaty upravleniia [Electrical control apparatus]. Moscow, Vysshaia shkola Publ., 1984. 243 p. (Rus).
2. Butkevich G.V. Osnovy teorii elektricheskikh apparatov [Basic theory of electrical apparatus]. Moscow, Vysshaia shkola Publ., 1970. 600 p. (Rus).
3. Basov K.A. ANSYS v primerakh i zadachakh [ANSYS in examples and tasks]. Moscow, Komp'iuter Press Publ., 2002. 224 p. (Rus).
4. Merl V. Elektricheskii kontakt. Teoriia i primenenie na praktike [Electrical contact. Theory and practical application]. Moscow-Leningrad, Gosenergoizdat Publ., 1962. 82 p. (Rus).
5. Myshkin N.K. Elektricheskie kontakty [Electrical contacts]. Dolgoprudnyi, Intellekt Publ., 2008. 560 p. (Rus).
6. Kashcheev V.N. Protsessy treniia v zone friktsionnogo kon-takta metallov [Friction process in metal contact frictional zone]. Moscow, Mashinostroenie Publ., 1978. 211 p. (Rus).
7. Ginzburg V.M., Stepanova B.M. Golografiia. Metodyiapparatura [Holography. Methods and equipments]. Moscow, Sovetskoe radio Publ., 1974. 376 p. (Rus).
Поступила (received) 22.10.2015

Волкова Ольга Григорьевна1, к.т.н., доц.,

Жорняк Людмила Борисовна1, к.т.н., доц.,
1 Запорожский национальный технический университет,

69063, Запорожье, ул. Жуковского, 64,

тел/phone +380 6127 698304,

e-mail: volkova@zntu.edu.ua
O.G. Volkova1, L.B. Zhornyak1
1 Zaporozhye National Technical University,

64, Zhukovsky Str., Zaporozhye, 69063, Ukraine.

Investigation of high-current interrupting contacts working surfaces mechanical interaction nature.

Introduction. The nature of the interaction of high-working surfaces of the electrical contact uniquely affects their performance. By the failure of the contacts in the main drive processes resulting from complex destructive factors affecting their performance. However, not all processes are studied in detail and give in modeling. The purpose of the paper is to show the possibility of using the method of holographic interferometry to estimate the plastic deformation in the zone of contact interaction. One of the significant factors affecting the work of the contact pair is the compressive force of the contact surfaces. Compression discontinuous contact is directly connected with the processes of elastic and plastic deformation of the contact material, which is particularly evident in the contact details of the powder or composite materials. The paper focuses on the plastic deformation of the surface layers of discontinuous contact in circuit, it is believed that it is directly related to the mechanism of conductivity of contacts. As shown, a significant effect on the deformation of the contact surfaces and renders the working environment, in particular transformer oil. Methodology. Assessing the impact of compression forces on the deformation of the contact surface was conducted experimentally using the method of holographic interferometry. Results. Experimental studies, which indicated that the compact and powder materials plastic deformation in and around the area microcontacts simplistically stated that requires experimental verification. A method for evaluating the state of stress, which affects the formation and destruction of the local contact spots. Practical value. Using the experimental method of determining the movement of the contact region allows you to optimize discontinuous contacts from composite and powder materials. References 7, tables 2, figures 4.

Key words: electrical contacts, contact surfaces, deformation of contact materials, method of holographic interferometry.
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Using of object-oriented design principles in electric machines development.

Purpose. To develop the theoretical basis of electrical machines object-oriented design, mathematical models and software to improve their design synthesis, analysis and optimization. Methodology. We have applied object-oriented design theory in electric machines optimal design and mathematical modelling of electromagnetic transients and electromagnetic field distribution. We have correlated the simulated results with the experimental data obtained by means of the double-stator screw dryer with an external solid rotor, brushless turbo-generator exciter and induction motor with squirrel cage rotor. Results. We have developed object-oriented design methodology, transient mathematical modelling and electromagnetic field equations templates for cylindrical electrical machines, improved and remade Cartesian product and genetic optimization algorithms. This allows to develop electrical machines classifications models, included not only structure development but also parallel synthesis of mathematical models and design software, to improve electric machines efficiency and technical performance. Originality. For the first time, we have applied a new way of design and modelling of electrical machines, which is based on the basic concepts of the object-oriented analysis. For the first time is suggested to use a single class template for structural and system organization of electrical machines, invariant to their specific variety. Practical value. We have manufactured screw dryer for coil dust drying and mixing based on the performed object-oriented theory. We have developed object-oriented software for design and optimization of induction motor with squirrel cage rotor of AIR series and brushless turbo-generator exciter. The experimental studies have confirmed the adequacy of the developed object-oriented design methodology. References 12, figures 2.

Key words: electric machine, object-oriented, class, object, template, inheritance, hierarchy, designing, mathematical modeling, electromagnetic field, optimization, algorithm.
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Research of the applications possibility of interface relay 
in hybrid switching systems of bistable actuators windings.

Purpose. Development of methods of experimental determination of action coordination characteristics of semiconductor and mechanical switching elements in systems of hybrid commutation of bistable actuators coils taking into account contact bounce of mechanical switching elements. Consideration of the application possibility of interface relay as mechanical switches, and the definition of the duration of the intervals to ensure coordination of the relay operation with semiconductor switches. Methodology. Experimental determination of the time intervals between the moments of switching transistor which controls the relay coil, and power transistor when the switching on and off operations using a hybrid switching device are performed; statistical processing of experimental results. Results. The durations of the time intervals between the moments of switching of semiconductor and mechanical switching elements in systems of actuator coils hybrid commutation are experimentally determined. A way of a significant reduction of the duration of the indicated time intervals is considered and experimentally confirmed. Originality. The scheme of the power circuit of the control system with hybrid commutation of the actuator coil circuit, which differs from the known schemes that the only semiconductor switching element performs functions of the current switching on and off, and electromechanical relay contact elements act as a router interconnecting electrical circuits during dead times. Practical value. The use of hybrid switches instead of switches with semiconductor switches will significantly reduce the cost of the actuators control system, as well as reduce their sizes. References 6, tables 1, figures 6.

Кey words: bistable actuators, interface relays, contact bounce, hybrid switching.
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Determination of electromagnetic parameters and phase relations in turbo-generators by the automated calculation of the magnetic field in the software environment FEMM.
The theoretical bases of calculation of electromagnetic quantities and time-phase relationship are presented for the turbo-generators. This is done by numerical calculations of the magnetic field in the software environment package FEMM (Finite Element Method Magnetics). A program which controls calculations and organizes the issuance of the results to a text file is created on the algorithmic language Lua. The program is universal in terms of a turbo-generator models, as well as steady-state modes of their work with a minimum of input data. The exciting current of the rotor and the phase currents of three-phase stator winding in accordance with their initial phase are given for the calculation of the magnetic field. The key function for the analysis of electromagnetic parameters is the calculated angular function of the magnetic flux phase stator winding. The expansion in the harmonic series is carried out and amplitude and initial phase are received for this function. Next, the phase EMF and voltage, phase shifts between all values, active power, electromagnetic torque, the magnetic flux in the gap and other parameters are determined. The presented Lua script is a prototype for a similar calculation software of electric machines of other types. References 9, figures 6.
Key words: Finite Element Method Magnetics, program FEMM, turbo-generator, electromagnetic parameters, phase relationships, automated calculations, Lua script.
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Machine-transformer units for wind turbines.

Background. Electric generators of wind turbines must meet the following requirements: they must be multi-pole; to have a minimum size and weight; to be non-contact, but controlled; to ensure the maximum possible output voltage when working on the power supply system. Multipole and contactless are relatively simply realized in the synchronous generator with permanent magnet excitation and synchronous inductor generator with electromagnetic excitation; moreover the first one has a disadvantage that there is no possibility to control the output voltage, and the second one has a low magnetic leakage coefficient with the appropriate consequences. Purpose. To compare machine dimensions and weight of the transformer unit with induction generators and is an opportunity to prove their application for systems with low RMS-growth rotation. Methodology. A new design of the electric inductor machine called in technical literature as machine-transformer unit (MTU) is presented. A ratio for estimated capacity determination of such units is obtained. Results. In a specific example it is shown that estimated power of MTU may exceed the same one for traditional synchronous machines at the same dimensions. The MTU design allows placement of stator coil at some distance from the rotating parts of the machine, namely, in a closed container filled with insulating liquid. This will increase capacity by means of more efficient cooling of coil, as well as to increase the output voltage of the MTU as a generator to a level of 35 kV or more. The recommendations on the certain parameters selection of the MTU stator winding are presented. The formulas for copper cost calculating on the MTU field winding and synchronous salient-pole generator are developed. In a specific example it is shown that such costs in synchronous generator exceed 2.5 times the similar ones in the MTU. References 3, figures 2.

Key words: wind power, wind turbines, electric machine
inductor, transformer-machine unit, pole stator winding, generator.
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Comparison of adjustable high-phase order induction
motors’ merits.

Purpose. Development of mathematical models of adjustable electrical drives with high-phase order induction motors for their merits analysis at static and dynamical modes. Methodology. At the mathematical modeling main kinds of physical processes taking place in the high-phase order induction motors are considered: electromagnetic, electromechanical, energetic, thermal, mechanical, vibroacoustic ones. Besides, functional as well as mass, frame and value indicators of frequency converters are taking into account which permits to consider technical and economical aspects of the adjustable induction electrical drives. Creation of high-phase order induction motors’ modifications in possible on the base of a stock 3-phase motors of basic design. Polyphase supply of induction motors is guaranteed by a number of the adjustable electrical drives’ power circuits. Results. Modelling of a number of adjustable electrical drives with induction motors of different phase number working on the same load by its character, value and required adjustment range is carried out. At the utilization of the family of characteristics including mechanical ones at different adjustment parameters on which loading mechanism’s characteristics are superimposed regulation curves representing dependences of electrical, energetic, thermal, mechanical, vibroacoustic quantities on the motors’ number of revolutions are obtained. Originality. The proposed complex models of adjustable electrical drives with high-phase order induction motors give a possibility to carry out the grounded choice of the drive’s acceptable variant. Besides, they can be used as design models at the development of adjustable high-phase order induction motors. Practical value. The investigated change of vibroacoustic indicators at static and dynamical modes has been determined decrease of these indicators in the drives with number of phase exceeding 3. References 10, tables 2, figures 4.

Key words: adjustable high-order induction motor, semiconductor frequency converter, mathematical modelling, regulation curves, stator winding, vibroacoustic indicators.
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Numerical computation of electric fields in presence
of curvilinear interface between conductive and
non-conductive media.

Purpose. To elaborate a method of electric field numerical calculation in systems with curved boundaries between conductive and non-conductive mediums at final volume method usage and application of the rectangular grids. Methodology. At electric field calculation in quasi-stationary approximation, potential of the whole conductive object (rod) is constant. at final difference scheme writing, presence of the curved part of the boundary between conducting and non-conducting media has been taking into account as follows. It was supposed that curved section complements the closed loop on which integration of the solvable equation is done instead of a straight section which extends within a conducting medium. Usage of this approach allows taking into account square of the curved sections of the boundary and distance between surface of non-conductive medium and nearest nodes of the computational grid. Results. dependence of the maximum electric field intensity on the height and radius of curvature peaks rods has been got with the help of calculations. As a result, a polynomial approximation for the analytical expression of the external electric field intensity, upon which application to the conductive object of a certain height and radius of curvature of its top, corona discharges will develop. References 13, figures 4.
Key words: rounded tops, curvilinear borders, finite volume method, calculated grid, electric field intensity.
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Experimental researches of electro-thermal resistibility of send-offs and cables to action rationed on the International Standard of IEC 62305-1-2010 of aperiodic impulse
of current of artificial lightning.
Purpose. Experimental researches of electro-thermal resistibility of cable-explorer products, applied in the power electric circuits of objects of electric-power industry, to action on its copper and aluminum parts bearings a current rationed on the International Standard of IEC 62305-1-2010 aperiodic impulse 10/350 μs of current of artificial lightning. Methodology. Electrophysics bases of technique of high tensions and high pulsed currents (HPC), and also scientific and technical bases of planning of devices of high-voltage impulsive technique and measuring HPC in them. Results. Experimental a way the quantitative levels of maximal values maximum of possible and critical closenesses of aperiodic impulse 10/350 μs of current of artificial lightning with rationed on the international standard of IEC 62305-1-2010 peak-temporal parameters and admittances on them in copper (aluminum) parts bearings a current of send-offs and cables with a polyethylene (PET) and polyvinylchloride (PVCH) isolation. Originality. First in world practice on the unique powerful high-voltage generator of HPC of artificial lightning experimental researches of resistibility to lightning of pre-production models of send-offs (cables) are conducted with copper (aluminum) tendons, PET and PVCH by an isolation, in-use in power electric circuits of electric-power industry objects. Practical value. The use in practice of protecting from lightning of the got results will allow substantially to promote functional and fire-prevention safety of engineering communications of objects of industrial electroenergy in the conditions of action on them of short shots of linear lightning. References 16, figures 12.
Key words: high impulsive current of lightning, wires and cables of electric chains of objects of electric-power inductry, generator of high pulsed current of artificial lightning,
electro-thermal resistibility to lightning of cable-explorer products.
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Methodology of determination of quality index of maintenance service system of power equipment of traction substations.
Purpose. The purpose of this paper is development of methodology for definition of a quality system of maintenance and repair (M and P) power equipment of traction substations (TS) of electrified railways operating under conditions of uncertainty based on expert information. Methodology. The basic tenets of the theory of fuzzy sets and marks, linguistic and interval estimates of experts were applied to solve this problem. Results. Analysis of the existing diversity of approaches to development of modern methods of improvement of M and P allows us to conclude that the improvement in the quality of the system is achieved by solving individual problems increase the operational reliability of power equipment of traction substations in the following main interrelated areas. There are technical, economic and organizational. The basis of the quality evaluation system is initial data and expertise developed version of the document formalized quality evaluation of electrical equipment of traction substations by experts. The choice of determining the level of Quality service system based on the marks, linguistic and interval estimates of experts, which are reflected in quantitative and / or qualitative form was done. The possible options for expert data presentation and their corresponding quantitative methods of calculating the integral index of quality improvement system maintenance and P of traction substations were described. The methodology and the method of assessing the quality of system maintenance and P of TS allows quickly respond to changing operating conditions of power equipment of traction substations, and to determine the most effective strategies for maintenance of electrical and P TS under conditions of uncertainty functioning distance electricity. Originality. The method of a systematic approach to improve the quality of the system maintenance and P of power equipment of traction substation under conditions of uncertainty based on expert information was further developed. The author offers a number of options at first time. There are version of the document formalized quality evaluation of power equipment of traction substations by experts; expression to define the integral Quality systems maintenance and electrical power P TS, which is absent in the standard system maintenance and P; matrix of quality system with regard to steps (methods) and ways of increasing service quality electrical power control systems. This method makes it possible to conduct an expert assessment of the maintenance system and to predict and select the option rational system of quality improvement and maintenance of power equipment of traction substations considering not only technical but also organizational, legal, financial and economic measures. Practical value. Improvement on electrified railways of Ukraine quality management system maintenance and P TS will improve the efficiency and quality of maintenance of power equipment and provide TA prevent or reduce the severity of possible equipment failures. Based on the relationships matrix components as systems maintenance and electrical power P TP were formed expressions calculating quality indices of integrated systems with directions and stages for specific equipment and systems in general. It was determined that an increase in the quality and maintenance of electrical PR, the rate of change of the measured value at step k during operation is reduced while the standard deviation parameter is also reduced, and the probability of electrical TA increases.
References 8, tables 3.

Key words: traction substation, technical condition of equipment, quality system of maintenance and repair, expert information, fuzzy sets, integral indicator of quality.
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Neural network modeling in problems of prediction modes of electrical grids.

Purpose. Form a neuro-fuzzy network based on temperature monitoring of overhead transmission line for the prediction modes of the electrical network. Methodology. To predict the load capacity of the overhead line architecture provides the use of neuro-fuzzy network based on temperature monitoring of overhead line. The proposed neuro-fuzzy network has a four-layer architecture with direct transmission of information. To create a full mesh network architecture based on hybrid neural elements with power estimation accuracy of the following two stages of the procedure: - in the first stage a core network (without power estimation accuracy) is generated; - in the second stage architecture and network parameters are fixed obtained during the first stage, and it is added to the block estimation accuracy, the input signals which are all input, internal and output signals of the core network, as well as additional input signals. Results. Formed neuro-fuzzy network based on temperature monitoring of overhead line. Originality. A distinctive feature of the proposed network is the ability to process information specified in the different scales of measurement, and high performance for prediction modes mains. Practical value. The monitoring system will become a tool parameter is measuring the temperature of the wire, which will, based on a retrospective analysis of the accumulated information on the parameters to predict the thermal resistance of the HV line and as a result carry out the calculation of load capacity in real time. References 10, figures 1.

Key words: electric grid, neural grid, neuro-fuzzy grid,
temperature monitoring of air electric line, prediction modes of electric grid.
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Instantaneous and integral power equations of nonsinusoidal 3-phase processes.

Purpose. To identify the mathematical relationship between the instantaneous powers (classical and vectorial) and integral powers in non-sinusoidal mode and to get complex form of instantaneous powers in 3-phase 4-wire power supply in terms of the spectral approach. Methodology. We have applied the vector approach with one voice allows you to analyze the energy characteristics of 3-phase power supply circuits (for 4-wire and 3-wire circuits) in sinusoidal and non–sinusoidal mode, both the time domain and frequency domain. We have used 3-dimensional representation of the energy waveforms with the complex multi-dimensional Fourier series. Results. For 4-wire network with a non-sinusoidal (regardless of their symmetry) processes, we have developed the mathematical model one-dimensional representations of the complex form for the active (scalar) instantaneous power (IP) and 3-dimensional form (inactive) vectorial IP. It is possible to obtain two dual integral power equations for complex scalar and vector integrated power of non-sinusoidal modes. The power equations generalize generalizes the equations of sinusoidal modes for 4-wire network. Originality. In addition to the classification of energy local regimes in the time domain for the first time we spent the classification of non-sinusoidal modes in the spectral region and showed the value and importance of the classification of regimes based on the instantaneous powers. Practical value. The practical value the obtained equations is the possibility of their use for improving the quality of electricity supply and the quality electricity consumption. References 3, figures 3. 

Key words: three-phase circuit, classical instantaneous power, vector instantaneous power, complex 3-dimensional Fourier series, active and reactive power, complex vector power, apparent power, complex pulsation power, power equation, unbalanced mode, non-sinusoidal mode, 3-phasor.
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An anthology of the distinguished achievements in science and technique. Part 31: Portrait of the Kharkiv physicist Alexander Ilyich Akhiezer.
Purpose. Description is in the short form of the basic distinguished scientific achievements, features of personality and way of life of the known Kharkov physicist-theorist A.I. Akhiezer. Methodology. Existent scientific approaches for treatment and systematization of physical knowledges. Methods of historical method at research of development in human society of basic sections of theoretical physics. Results. Short information is resulted about the basic creative and vital stages, and also fundamental scientific achievements of the indicated prominent physicist of the XX century. Some personal qualities of this Kharkov physicist-theorist, becoming a founder known in the world of physical school are described. Originality. First the Kharkov scientist-electro-physicist for the wide circle of readers imagined a short scientifically-historical essay the known physicist of contemporaneity, being based on his scientific labours and published materials about him. Practical value. Scientific popularization of creative activity of the known Kharkov physicist and his achievements in area of theoretical physics. Next reminder a wide reader on the example of creative life in science and got prominent scientific results of labour of one human personality known in the scientific world about incessant in modern society connection of times and generations. References 33, figures 10.
Key words: history, physics, Kharkov region, distinguished scientific achievements.
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Components of total electric energy losses power in pqr

spatial coordinates.

Purpose. To obtain relations determining the components of the total losses power with p-q-r power theory for three-phase four-wire energy supply systems, uniquely linking four components: the lowest possible losses power, losses power caused by the reactive power, losses power caused by the instantaneous active power pulsations, losses power caused by current flowing in the neutral wire. Methodology. We have applied concepts of p-q-r power theory, the theory of electrical circuits and mathematical simulation in Matlab package. Results. We have obtained the exact relation, which allows to calculate the total losses power in the three-phase four-wire energy supply system using three components corresponding to the projections of the generalized vectors of voltage and current along the pqr axis coordinates. Originality. For the first time, we have established a mathematical relationship between spatial representation of instantaneous values of the vector components and the total losses power in the three-phase four-wire energy supply systems. Practical value. We have elucidated an issue that using the proposed methodology would create a measuring device for determining the current value of the components of total losses power in three-phase systems. The device operates with measuring information about instantaneous values of currents and voltages. References 15, tables 1, figures 3.

Key words: energy supply system, p-q-r power theory, the minimum possible losses, total losses power, Matlab-model of the three-phase energy supply system.
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Calculation method of electric power lines magnetic field strength based on cylindrical spatial harmonics.

Purpose. Simplification of accounting ratio to determine the magnetic field strength of electric power lines, and assessment of their environmental safety. Methodology. Description of the transmission lines of the magnetic field by using techniques of spatial harmonic analysis in the cylindrical coordinate system is carried out. Results. For engineering calculations of electric power lines magnetic field with sufficient accuracy describes their first spatial harmonic magnetic field. Originality. Substantial simplification of the definition of the impact of the construction of transmission line poles on the value of its magnetic field and the bands of land alienation sizes. Practical value. The environmentally friendly projection electric power lines on the level of the magnetic field. References 6, tables 1, figures 4.
Key words: electric power line, magnetic field, environmental safety, cylindrical spatial harmonics.
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A new hypothesis and physical bases of origin of rosary lightning in the atmosphere of Earth.
Purpose. Development and scientific ground of new hypothesis of origin of rosary lightning (RL) is in the air atmosphere of Earth. Methodology. Electrophysics bases of technique of high (ever-higher) impulsive voltage and large (weak) impulsive currents, and also theoretical bases of quantum physics. Results. The substantive provisions of new hypothesis of origin are formulated RL. Taking into account these positions bases of close electrophysics theory of origin are developed in an air atmosphere RL. Basic electrophysics terms, resulting in the transition of linear lightning (LL) in RL, are indicated. Originality. First on the basis of conformities to the law of quantum physics the new electrophysics mechanism of education is offered RL from LL. It is set that this mechanism the wave longitudinal distributing of drifting lone electrons is underlaid in the plasma cylindrical channel of a long spark storm digit in an air atmosphere, resulting in forming in him of «light» («hot») and «dark» («cold») longitudinal areas of periodic electronic wavepackages (EWP). It is shown that for LL information the areas of EWP periodically up-diffused along the channel of lightning are characterized the small and unnoticeable for observers lengths, and for RL − by large lengths and by sight noticeable for observers from earth. Practical value. Deepening of scientific knowledges about physics of such global atmospheric phenomenon as lightning. Expansion of scientific presentations of humanity about circumferential tellurians nature and difficult natural physical processes, flowings in it. References 15, figures 4.
Key words: linear lightning, rosary lightning, physical bases, plasma channel of a storm discharge, drifting lone electrons, electronic wavepackages, «hot» («light») and «cold» («dark») longitudinal areas of electronic wavepackages of channel of a storm discharge.
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Relaxations losses in polyethylene insulation of coaxial cable structure during aging in high humidity conditions.

Introduction. The presence of free moisture in power cables leading to the formation of tree structures - water treeing, which originate in the amorphous phase polyethylene and are a major cause of degradation of the polymer insulation. They represent the damage of the polymer size from several microns to 1 mm, developing technology for insulation defects under the combined action of the electric field and the moisture diffusing from the environment. Water treeing destroys the polymer chain, resulting in the formation of microcavities filled with moisture. The dynamics of water treeing and subtle properties largely depend on the composition, morphology of the polymer insulation, chemical nature of the defect, in which they originate. Due to the force of gravity in the water formed typical only for her region with locally ordered structure - clusters, which cause loss of relaxation. Purpose. Features presence of relaxation losses in high-frequency range in polyethylene insulation during aging in high humidity conditions of samples power and RF cables. Methodology. Samples of the power cable for the voltage of 35 kV with a cross-linked polyethylene insulation radial water-blocking protection from moisture and radio-frequency coaxial cable with thermoplastic insulation for 1440 hours in a humidity of 100%. The dielectric loss tangent measured resonance method before and after aging. Originality. Experimentally found evidence of the existence in the polymer cable insulation free water in the form of areas with locally ordered structure - clusters. It is found that the solid polyethylene insulation in the frequency dependence of dielectric loss tangent maximum relaxation shown one at 10 MHz in the initial state, and there are two additional frequency range 500 kHz - 5 MHz after moistening. For cross-linked polyethylene insulation characteristic of large width Δf of the frequency spectrum in which the observed relaxation losses. It is obvious that the width of each of the relaxation maxima is associated with characteristic fractal cluster size. It is important that the hydrated solid and foamed polyethylene insulation to show individuality, typical only for water clusters which are detected by high-frequency dipole relaxation peaks dielectric loss tangent. There is a positive correlation between the bandwidth Δf of relaxation maxima and the rate of decrease of insulation resistance by applying a high DC voltage. Practical value. Establishing a correlation between the bandwidth of relaxation maxima and the rate of decrease in the insulation resistance test objects in the laboratory makes it possible to diagnose the presence of free moisture in the power and RF cables by measuring the insulation resistance in exploitation. References 10, figures 7.

Key words: water treeing, moisturizing cables, solid and foamed polyethylene insulation, dielectric loss tangent, water clusters, relaxation peaks.
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Modifications of diode rectifier circuits for continuous
insulation measurement in live AC IT networks. 
Purpose. In the paper there are described few systems of insulation resistance continuous measurement using an imposed DC test signal delivered by diode rectifiers. Drawbacks of this technique are pointed out and ways of these shortcomings removal are proposed. Methodology.  An improved version of measuring circuit based on a single-phase diode rectifier is presented. Application of logometric measuring devices is suggested. Results. A new insulation resistance continuous measuring system is insensitive to network voltages variation and asymmetry. Modified circuit enables also implementation of a simple device for alarming the monitored network’s insulation deterioration and/or earth-fault protection. Originality. Formulas describing performance of diode rectifiers under asymmetrical supply have not been available so  far. Both innovations (i.e. single-phase diode rectifier and logometric meter) have not been applied widely for implementation of continuous insulation monitoring in live AC IT networks. Practical value.  Use of both innovations will allow to eliminate unrequired dependence of measurement results on variable network voltages as well as their possible asymmetry. Exploitation of diode rectifier circuits for earth fault location is also possible. References 6, figures 9.
Key words: low voltage AC IT networks, insulation resistance, diode rectifier, insulation resistance decline alarming, earth fault location.
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Numerical analysis of mathematical models
of the factual contribution distribution in asymmetry
and deviation of voltage at the common coupling points

of energy supply systems.
Purpose. Perform numerical analysis of the distribution of the factual contributions of line sources of distortion in the voltage distortion at the point of common coupling, based on the principles of superposition and exclusions. Methodology. Numerical analysis was performed on the results of the simulation steady state operation of power supply system of seven electricity consumers. Results. Mathematical model for determining the factual contribution of line sources of distortion in the voltage distortion at the point of common coupling, based on the principles of superposition and exclusions, are equivalent. To assess the degree of participation of each source of distortion in the voltage distortion at the point of common coupling and distribution of financial compensation to the injured party by all sources of distortion developed a one-dimensional criteria based on the scalar product of vectors. Not accounting group sources of distortion, which belong to the subject of the energy market, to determine their total factual contribution as the residual of the factual contribution between all sources of distortion. Originality. Simulation mode power supply system was carried out in the phase components space, taking into account the distributed characteristics of distortion sources. Practical value. The results of research can be used to develop methods and tools for distributed measurement and analytical systems assessment of the power quality. References 8, tables 6, figures 3.
Key words: power quality, factual contribution, point of common coupling, voltage asymmetry, voltage deviation.
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The relevance of determining responsibility for violation of power quality in terms of voltage fluctuations.
Purpose. The purpose of work is the analysis of scientific and technical information for determination of expediency of researches on the determined calculations of individual share of suppliers and consumers in violation of quality of electric energy on indicators of fluctuations of voltage. Methodology. Today the indicators characterizing fluctuations of voltage aren't considered: scope of change of voltage (δUt) and dose of a flicker (Pt). These indicators represent long changes of characteristics of tension that assumes potential opportunity for studying of regularities of their emergence and the determined distribution of responsibility for these violations between subjects. Results. As showed by results of research: fluctuations of voltage make negative impact on sight of the person and functioning of the electric equipment; in a network there is a large number of possible sources of fluctuation of tension; there are ways of identification of fluctuation of voltage; there are methods of decrease in fluctuation of voltage. The analysis of literature didn't reveal development by definition of responsibility of subjects for violation of requirements to quality of electric energy regarding fluctuations of voltage. Originality. Performance of development in this direction will make definition of responsibility for violation of quality of electric energy fuller and basic. Practical value. This research will allow to develop further the metering device which defines responsibility according to the current legislation, and has flexible algorithm for further improvement. to the legislation, also has flexible algorithm for further improvement. References 12, figures 7.

Key words: quality of the electric power, indicators of quality of the electric power, electromagnetic compatibility, fluctuations of tension, fliker, scope of change of tension, definition of responsibility.
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The structural and parametrical organization of elements
of a power supply system in the conditions of network centrism. 

Purpose. Development of indicators of the structural and parametrical organization of effective active and adaptive system of service of power supply systems in the conditions of ideology of Smart Grid. Methodology. In the conditions of application of ideology of Smart Grid for increase of intellectualization of electrical power system there is a need of introduction of the principle of a network centrism in the structural and parametrical organization of elements of power supply systems that involves performance of conditions on implementation of provisions of the principle of Situational Awareness. The essence of this principle consists in that, information on a condition of system has to be presented in the form convenient for the analysis, recognition, transfer, distribution and storage, to be coordinated for flexible and optimum development at the subsystem and object-by-object levels. Results. Structural and parametrical optimization of elements of power supply systems in the conditions of a network centrism and the concept of SG involves use of provisions of the theory of systems and concepts of multicriteria optimizing synthesis. It is offered to use the modified adaptive indicator of the generalizing effect of synthesis of structure of active and adaptive system of service of power supply systems in the form of a difference of the generalizing effects: the introduced option of structure of system and basic. Originality. Introduction of an adaptive indicator of synthesis of system of service of power supply systems considers the concept of «service of system on the basis of a response» in the presence of false and true refusals. Practical value. Use of the specified indicator will allow to specify procedure of selection of competitive options for the purpose of definition of a set of admissible structures which meet the requirements of criterion function. References 9.
Key words: Smart Grid, network-centric control system, active and adaptive system of service of power supply systems, productive actual response.
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A method of complex automated monitoring of Ukrainian power energy system objects to increase its operation safety.
The paper describes an algorithm of the complex automated monitoring of Ukraine’s power energy system, aimed at ensuring safety of its personnel and equipment. This monitoring involves usage of unmanned aerial vehicles (UAVs) for planned and unplanned registration status of power transmission lines (PTL) and high-voltage substations (HVS). It is assumed that unscheduled overflights will be made in emergency situations on power lines. With the help of the UAV, pictures of transmission and HVS will be recorded from the air in the optical and infrared ranges, as well as strength of electric (EF) and magnetic (MF) fields will be measured along the route of flight. Usage specially developed software allows to compare the recorded pictures with pre-UAV etalon patterns corresponding to normal operation of investigated transmission lines and the HVSs. Such reference pattern together with the experimentally obtained maps of HVS’s protective grounding will be summarized in a single document – a passport of HVS and PTL. This passport must also contain the measured and calculated values of strength levels of EF and MF in the places where staff of power facilities stay as well as layout of equipment, the most vulnerable to the effects of electromagnetic interference. If necessary, as part of ongoing monitoring, recommendations will be given on the design and location of electromagnetic screens, reducing the levels of electromagnetic interference as well as on location of lightning rods, reducing probability lightning attachment to the objects. The paper presents analytic expressions, which formed the basis of the developed software for calculation of the EF strength in the vicinity of power lines. This software will be used as a base at UAV navigation along the transmission lines, as well as to detect violations in the transmission lines operation. comparison of distributions of EF strength calculated with the help of the elaborated software with the known literature data has been presented also. The difference between the proposed method of monitoring and the existing methods is full automation of the complex control of a number of parameters characterizing the state of the external power grid facilities, as well as its basic electrical parameters. This will be possible due to usage of specially developed software for recognition of optical and infrared images, as well as pictures of lines of equal EF and MF strength. References 12, figures 4.
Key words: power line, electric and magnetic fields,
automated monitoring, unmanned aerial vehicles.
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An anthology of the distinguished achievements in science and technique. Part 32: Alternative energy: state and
prospects of development.
Purpose. Implementation of brief analytical review of the state and prospect of development in the modern world of alternative energy, including wind energy, sun energy, geothermal energy, biogas energy, flood-tide water energy, hydrogen energy and small water energy. Methodology. Scientific methods of collection, analysis and analytical treatment of scientific and technical information in area of the present state of world energy and ways of its further development. Results. A brief scientific and technical review is resulted about the state and prospects of world development of basic types of alternative energy. It is shown that, in spite of comparatively small stake (to 10 %) of this untraditional energy in general world balance of making of electric power, world association taking into account the necessary changing in the nearest 50 years of present oil-gas «foundation» of energy on other with large raw material, potential and ecological possibilities are forced to invest large financial means in development of the indicated directions of alternative energy. Originality. First on the basis of materials of separate magazine publications, scientific monographs and internet-reports on power problem the brief analytical review of the state and prospects of world development of basic types of alternative energy is executed. Practical value. Deepening and spread of the scientific and technical learnings in area of functioning and ways of development of modern energy. Scientific popularization of arising up before society claimed tasks from global and important for all of humanity of power problem. References 30, figures 28.
Key words: alternative energy, state and prospects of world development, review.
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Dynamics model of moisture in paper insulation-transformer oil system in non-stationary thermal modes

of the power transformer.

Introduction. An important problem in power transformers resource prognosis is the formation of moisture dynamics trends of transformer insulation. Purpose. Increasing the accuracy of power transformer insulation resource assessment based on accounting of moisture dynamics in interrelation with temperature dynamics. Working out of moisture dynamics model in paper insulation-transformer oil system in conjunction with thermodynamic model, load model and technical maintenance model. Methodology. The mathematical models used for describe the moisture dynamics are grounded on nonlinear differential equations. Interrelation moisture dynamics model with thermodynamic, load and technical maintenance models described by UML model. For confirming the adequacy of model used computer simulation. Results. We have implemented the model of moisture dynamics in power transformers insulation in interrelation with other models, which describe the state of power transformer in operation. The proposed model allows us to form detailed trends of moisture dynamics in power transformers insulation basing on monitoring data or power transformers operational factors simulation results. We have performed computer simulation of moisture exchange processes and calculation of transformer insulation resource for different moisture trends. Originality. The offered model takes into account moisture dynamics in power transformers insulation under the influence of changes of the power transformers thermal mode and operational factors. Practical value. The offered model can be used in power transformers monitoring systems for automation of resource assessment of oil-immersed power transformers paper insulation at different phase of lifecycle. Model also can be used for assessment of projected economic efficiency of power transformers exploitation in projected operating conditions. References 7, figures 4.

Key words: oil-paper insulation, power transformer,
computer model, moisture dynamics.
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Mechanical characteristics of three-phase induction motors with single-phase power supply.
Aim. Development of a method for calculating mechanical characteristics of three-phase induction motors with single-phase power supply. Methods. The developed algorithm is based on the high-adequacy mathematical model of motor and projection method for solving the boundary problem for equations of electrical circuits balance presented in the three-phase coordinate system. As a result of asymmetry of power supply to the stator windings, in steady state, flux-linkage and current change according to the periodic law. They are determined by solving the boundary problem. Results. The developed mathematical model allows determining periodic dependence of coordinates as a function of slip and, based on them, mechanical characteristics of motors. Academic novelty. The developed method relies on a completely new mathematical approach to calculation of stationary modes of nonlinear electromagnetic circuits, which allows obtaining periodic solution in a timeless domain. Practical value. Using the developed calculation algorithm, one can select capacitance required to start an induction motor with single-phase power supply and calculate static mechanical characteristics at a given capacitance. References 5, figures 3.
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Characteristics of a 4-phase valve reluctance motor when powered by uncapacitor switchboard.

Purpose. Nowadays more and more in a variety of machines and mechanisms applied switched reluctance motor. When designing these engines solve the problem selection switch. While the switch scheme comprises symmetrical bridge and eight transistors, eight diodes; Miller switch comprises six transistors and six diodes; in company Graseby Controls Ltd switch circuit but four transistors and four diodes includes two capacitors. The aim is to develop a mathematical model, calculation program, a numerical analysis of the characteristics and parameters of the WFD and the characteristics of their work. Methodology. It is assumed that the resistance in the open state transistors and diodes for direct current is zero and the resistance of the transistors in the closed state, and diode reverse voltage is infinity. When feeding a single-phase motor and power at the same time two adjacent phases determined by the flow through the tooth. Results. The motor powered by a switch on the circuit symmetrical bridge power, which provides a maximum permissible winding temperature is 1.665 kW. But at the same time the surge up to 38.8%, resulting in high levels of noise and vibration. Through the installation of switching angles, ensuring reduction of torque ripple and reduce engine power to a level below which there is a decrease in the value of torque ripple, received power of 1,066 kW and a torque ripple value of 21.18 %. For engines with improved vibration acoustic characteristics necessary to use a switch of four transistors and four diodes. Practical value. For motors with improved vibration acoustic characteristics appropriate to apply uncapacitor switch on four transistors and four diodes, which allows you to receive half the value of torque ripple than the lowest value of the motor torque ripple, eating from a switch on the circuit asymmetric bridge. The cost of reluctance motor with uncapacitor switch on the circuit with four transistors and four diodes is more than two times less than the motor with the switch on the circuit asymmetric bridge. References 9, tables 1, figures 10.
Key words: valve reluctance motor, switchboard, flux linkage of phases, rotor angle of rotation, motor power.
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Mathematical model of electromagnetic processes in Lehera line at open-circuit operation.

Purpose. The work proposed for the modeling of transients in Lehera line uses a modified Hamilton-Ostrogradskiy principle. The above approach makes it possible to avoid the decomposition of a single dynamic system that allows you to take into account some subtle hidden movements. This is true for systems with distributed parameters, which in the current work we are considering. Methodology. Based on our developed new interdisciplinary method of mathematical modeling of dynamic systems, based on the principle of modified Hamilton-Ostrogradskiy and expansion of the latter on the non-conservative dissipative systems, build mathematical model Lehera line. The model allows to analyze transient electromagnetic processes in power lines. Results. In this work the model used for the study of transients in the non-working condition Lehera line. Analyzing the results shows that our proposed approach and developed based on a mathematical model is appropriate, certifying physical principles regarding electrodynamics of wave processes in long power lines. Presented in 3D format, time-space distribution function of current and voltage that gives the most information about wave processes in  Lehera line at non-working condition go. Originality. The originality of the paper is that the method of finding the boundary conditions of the third kind (Poincare conditions) taking into account all differential equations of electric power system, i.e. to find the boundary conditions at the end of the line involves all object equation. This approach enables the analysis of any electric systems. Practical value. Practical application is that the wave processes in lines affect the various kinds of electrical devices, proper investigation of wave processes is the theme of the present work. References 12, figures 12.
Key words: mathematical modeling, Hamilton-Ostrogradskiy principle, Euler-Lag​range equation, electric power system, power line with distributed parameters.
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Intensity setter for a device of smooth start of submersible pump electric motor.
Purpose. Development of an intensity setter, which in a rational law changes the opening thyristor the voltage regulator and effectively to changing power supply voltage stator windings of the electric pump deepening, ensuring a smooth start in a wide range. Methodology. Electric submersible pump belongs to the small inertia electric, since it is not significant total moment of inertia, not exceeding two moments of inertia of the motor and static moment on the shaft does not exceed forty percent of the nominal torque. For technical requirements that electric acceleration time should have no less than twenty seconds or more. Office starting modes of electric submersible pumps economically justified using thyristor voltage regulator by forming the dial changes the intensity of the necessary legislation in time voltage feeding the stator windings. This ensures a smooth start right rotor of the electric submersible pump. Results. A block diagram of the intensity setter that is: with control unit, two units that form the exponential voltage supply emitter follower and regulatory elements. The mathematical expressions for voltage at the stator windings of the motor, changing exponentially, opening the angle of thyristor power unit thyristor the voltage regulator, which is determined through the initial angle of opening. Provided formula for pick-up voltage and minimum voltage, time constants, which are determined from the basic equations of motion and mechanical characteristics of the electric motor. Analytical investigated by the voltage dependence violation by changing the time constant flowing and growing exhibitor supply voltage stator electric circuit deepening pump. Originality. Proposed in the initial time on the stator windings of the electric pick-up voltage is applied. Under the influence of this voltage, motor rotor begins to accelerate. At the same time, pick-up voltage decreases the minimum startup voltage varies exponentially in which the rotor of the electric motor continues to rotate more steadily. Now the voltage at the motor stator windings increases exponentially to the nominal voltage of the supply network. This start flowing smoothly for the right time to establish nominal rotor speed of the motor. Practical value. Developed dial allows you to increase the intensity of the electric motor acceleration time and reduce the dynamic loads of the electric submersible pump. References 9, tables 1, figures 2.

Key words: submersible pump, induction motor, thyristor voltage regulator, opening angle of thyristor, intensity setter, start-up, acceleration time.
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Results of calculation-experimental investigations
of electro-thermal resistibility of sheet steel samples
to action of rationed components of pulsed current
of artificial lightning.
Purpose. Calculation and experimental researches of the electro-thermal resistibility of the steel sheet samples to action standard pulse current components of the artificial lightning with amplitude-time parameters (ATP), corresponded the requirements of normative documents of USA for SAE ARP 5412 & SAE ARP 5416. Methodology. Electrophysics bases of technique of high tensions and large impulsive currents (LIC), and also scientific and technical bases of planning of devices of high-voltage impulsive technique and measuring in them LIC. Сurrent amplitude ImA=±200 kA (with a tolerance of ±10 %); current action integral JA=2∙106 A2·s (with a tolerance of ±20 %); time, corresponding to the amplitude of the current ImA, tmA≤50 microseconds; the duration of the current flow τpA≤500 microseconds. Results. The results of the evaluation of the calculated and experimental studies of electro-thermal resistance of the samples of plates measuring 0,5 m ( 0,5 m stainless steel 1 mm thickness to the action on them artificial lightning impulse currents with rationed ATP on the requirements of normative documents of USA for SAE ARP 5412 & SAE ARP 5416. A pulse A- component have a first amplitude 192 kA, the corresponding time of 34 μs, and the duration aperiodic component amplitude 804 A, corresponding to the time 9 ms. It has been shown that the long C- component current of artificial lightning can lead to keyhole these samples. The diameter of the holes in this thin steel sheet, which is formed during the flow of current C- components can reach 15 mm. The results of calculation and experiment agree within 28 %. Originality. For the first time in world practice on the generator large pulsed currents experimental studies of resistibility of sheet steel samples to the action of artificial lightning currents with critical parameters. Practical value. Using the results obtained in the practice of lightning protection will significantly improve the functionality and fire safety of different objects in conditions of exposure to linear lightning. References 15, figures 15, tables 5.
Key words: main components of lightning current, impulse current generator of artificial lightning, flat steel sample, electro-thermal resistibility to lightning.
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A technique of measuring of resistance of a grounding device.

Introduction. Measurement of resistance of the grounding device (GD) by means of a three-electrode system. This requires not only the right choice of installation locations of measuring electrodes, but also the determination of the point of zero potential. Implementation of these requirements quite time-consuming, and in some cases impossible. Aim. Develop a new technique for measuring the electrical resistance of the GD. Task. The method of measuring the resistance of the GD with the help of a three-electrode setup is necessary to exclude the determination of the point of zero potential. Method. Mathematical modeling and calculation engine. Results. A three-electrode system for measuring the resistance of grounding devices (GD) for various purposes is considered. On the basis of Maxwell equations a theoretical substantiation of a new technique for measuring the resistance of any GD of any construction in random soil structure has been proposed. An equation system of the sixth order has been obtained, its solution makes it possible to measure its own mutual resistance in the three-electrode installation with sufficiently high accuracy. Peculiarities of drawing up a calculation scheme of substitution of a three-electrode installation with lumped parameters: self and mutual impedance. Use of the principle of reciprocity eliminates the need of finding a point of zero potential which is a rather difficult task. The technique allows to minimize the spacing of measuring electrodes outside the GD, which substantially reduces the length of wiring of the measurement circuit and increases the «signal-to-interference» ratio and also removes the restrictions on the development of the territory outside the GD being tested. Conclusion. The procedure allows to evaluate the self and mutual impedance grounding all the electrodes in a three-electrode measuring installation of the grounding resistance of the device without finding the point of zero potential. References 12, tables 2, figures 11.
Key words: grounding device, resistance measurement, three-electrode installation, minimum spacing of measuring electrodes, technique of measuring, substitution circuit.
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A method for determining location of voltage fluctuations source in electric grid.

Purpose. The purpose of work is development of a method of definition of the location of a source of fluctuations of voltage. Methodology. The reasons of emergence of fluctuations of voltage at an arrangement of a source both in power lines, and in the consumer's networks, are connected with changes of consumption and active and reactive capacities. As criterion for definition of the location of a source of fluctuations of voltage we choose change of size of the active power received by reception substation on equivalent communication with system. The source of fluctuations of voltage is external for the consumer if emergence of fluctuations of voltage leads to the coordinated changes of tension and consumed in the area of active power that corresponds to a condition of the positive regulating effect of active loading on voltage (1). The source of fluctuations of voltage is internal for the consumer if emergence of fluctuations of voltage leads to counter changes of tension and consumed in the area of active power that resembles a condition of the negative regulating effect of active loading on voltage superficially (6). Results. The method of definition of the location of a source of fluctuations of voltage in an electric network which, works by the principle of an assessment of correlation of change of power and tension in a power supply network is developed. The method allows to consider shift between extrema of curves of change of voltage of U(t) and power of Pload(t). Originality. The method of definition of an arrangement of a source of fluctuations of voltage is developed. Practical value. The answer to this question where the source of fluctuations of voltage (in the territory of the consumer is located or in an external network) confirmed with the determined calculation, can form a basis of the expert opinion for the solution of legal disputes at an assessment of the damages caused by poor quality of electric energy. References 5, figures 4.

Key words: quality of the electric power, indicators of quality of the electric power, fluctuation of voltage, source of fluctuation of voltage, curve of change of voltage, curve of change of active power, definition of responsibility.
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Orthogonal components of the three-phase current at asymmetrical active - reactive load in 4-wire circuit.

Purpose. For the unbalanced sinusoidal mode with asymmetric voltage in 3-phase 4-wire circuits to receive the orthogonal 4-component decomposition of 3-phase current, are classified symmetry/asymmetry of active and reactive load elements separately. Methodology. The methodology is based on the vector approach, which with one voice allows to analyze the energy characteristics of a 4-wire and 3-wire circuits as balanced and unbalanced modes. At asymmetrical voltage the matrix representation methodology of the equivalent conductivities is used. Results. For 3-phase 4-wire network with a sinusoidal unbalanced mode with asymmetric voltage obtained 4-component orthogonal decomposition of the 3-phase current. The components have a clear electro-energetic sense and are classified irrespective by the load condition. Originality. The resulting decomposition current develops the theory Currents' Physical Components (CPC) for 4-wire circuit with asymmetric voltage. For the first time the unbalanced current is classified by activity and reactivity of asymmetry load elements. Practical value. Practical value of the obtained orthogonal decomposition current and the power equation is a possibility of their utilization for the increase both quality of delivery and quality of consumption of electrical energy. References 8, figures 1.

Кey words: three-phase circuit, active and reactive power, power shift, power equation, unbalanced current and mode, active-reactive asymmetrical load, asymmetrical voltage, currents' physical components (CPC).
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Network centrism optimization of expeditious service of elements of the power supply system.

Purpose. Development of precision selection criteria of options of technical realization of effective active and adaptive system of expeditious service of elements of a power supply system in the conditions of network-centric management. Methodology. In development of power supply systems their evolution from the elementary forms using elementary network technologies and models of interactions in power to more irregular shapes within the concept of Smart Grid with elements of network-centric character is observed. This direction is based on Internet-technologies of the last generation, and realize models of power activity which couldn't be realized before. Results. The number of possible options of active and adaptive system of expeditious service of elements of a power supply system is usually rather big and it is difficult to choose the acceptable option by direct search. Elimination of admissible options of the technical realization constructed on the principles of a network centrism means application of the theory of multicriteria optimization from a position of discrete programming. The basis of procedure of elimination is made by algorithm of an assessment of system by criterion of accuracy. Originality. The case of an assessment of the precision characteristic of system at restrictions for the set accuracy is connected with need of decomposition of requirements of all system in general and on separate subsystems. For such decomposition the ratios connecting the accuracy of functioning of a separate subsystem with variations of parameters of all system, and also with precision characteristics of subsystems of the lower levels influencing this subsystem are received. Practical value. In the conditions of the network-centric organization of management of expeditious service of elements of a power supply system elimination of options of subsystems when using precision criterion allows to receive the maximum number of essentially possible options of system of service taking into account the accepted service strategy. References 8.
Key words: network-centric managements, precision criterion, expeditious service, element of technical realization, output variable of a subsystem.
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An anthology of the distinguished achievements in science and technique. Part 33: Electromagnetic compatibility
and protection from action of powerful electromagnetic
interference of radioelectronic, electrical engineering
and electric power equipment.
Purpose. Implementation of brief analytical review of basic scientific and technical achievements in area of electromagnetic compatibility (EMC) and protection from destabilizing and striking action of powerful electromagnetic interference (PEMI) of natural and artificial origin of radioelectronic, electrical engineering and electric power equipment. Methodology. Scientific methods of collection, analysis and analytical treatment of scientific and technical information in a sphere EMC and such areas of knowledge’s as radioelectronics, electrical engineering and electric power engineering. Results. A brief scientific and technical review is resulted modern positions problems EMC and protection of equipment from action on them PEMI. It is shown that PEMI can result in failures in-process and death of examined equipment. Annual harm in the industrially developed countries of the world from the striking affecting of PEMI modern equipment with integral microcircuits and semiconductor devices can make ten of milliards of USD. The basic methods of protection of equipment are resulted from PEMI and protective devices (PD), intended for the increase of effectiveness of modern equipment to the action of external PEMI. Principles of work of the resulted PD and their basic technical descriptions are described. Originality. On the basis of materials of scientific monographs, journal publications, normative documents and internet-reports systematization of basic PD, in-use presently in an area EMC and protection of different equipment from the hazard agency of external PEMI is executed. Practical value. Popularization of scientific and technical knowledge’s in an area EMC and protection of modern equipment from a dangerous action on them PEMI. Formulation of important for society scientific and technical problems and tasks, arising up in an area EMC and providing of the reliable functioning of modern equipment in power electromagnetic interference. References 50, figures 25.
Key words: electromagnetic compatibility, equipment, powerful electromagnetic interference, protection of equipment from electromagnetic interference, protective devices,     review.
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Electromagnetic vibration disturbing forces
at the eccentricity of rotor of turbogenerator.

Electromagnetic vibration disturbing forces in different variants of the rotor displacement from an axis of the stator bore is carried out. Investigation for ТG type ТGV-200-2 by finite element method in COMSOL Multiphysics is carried out. The field mathematical model of static and dynamic eccentricity is described. The amplitude vibration disturbing forces are greatest, when a static eccentricity direction coincides with an axis of the stator winding phase is shown. The diagnostic features static and dynamic eccentricities are formulated. The most value of forces in the point with minimal air gap is shown. The diagnostic features static and dynamic eccentricities and the method of diagnostic eccentricity are formulated. Diagnostic feature of static eccentricity is to change the amplitude Maxwell stress tensor is established. The dynamic eccentricity diagnostic features are appearance in the spectrum of vibration disturbing forces rotating and multiple harmonics. References 8, tables 3, figures 6, 

Key words: turbogenerator, field mathematical model,
electromagnetic vibration disturbing forces, Maxwell stress tensor, eccentricity, damage of rotor, diagnostic feature.
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Increasing control’s efficiency for the ship's two-mass
electric drive.
Purpose. For shipboard lifting and transporting machinery (LTM) with AC thyristor electric drives (ED) the problem of minimizing sway through the formation of the special law to change the principle of ED control over the lifting process is solved. Methodology. This goal was achieved through the following objectives: analysis of current studies on the reduction of the negative effects of load fluctuations, fixed on the suspension with variable parameters; determining the criteria to optimize the movement of the lifting mechanism and transfer control laws under which the load fluctuations are reduced; develop the methodology and experimental study of the main characteristics of the mobile model ED lifting mechanism with its load suspended from the perspective of both the parameterization of the control system (CS) as well as elements of ED. For realization of tasks in research methods of mathematical modeling of dynamic processes on the computer, structural methods of control theory, experimental studies in the laboratory setting have been used. Results. Based on analysis of current research can be concluded that the stability of the ED of LTM to the disturbing points provided coincidence zero electric coordinates and speed deviation diametric plane of the vessel from the vertical position. Criteria for optimizing CS used by the ED LTM mathematical description of its dynamics differential equations to the estimated coefficients derived from the functions of state variables. The experimental dependence of dynamic equations of motion of an object under the influence of disturbing forces in the coordinate plane allowed to parameterize characteristic equation to the form, providing the solution to sustainability since the motor shaft of LTM. The functional circuit of CS eliminates the aperiodic components in the control in compliance with the criteria of sustainability and quality of transients by applying all-range regulator coordinate characteristics of forcing overcoming the dead zone and increase electric resistance as the dynamic object. Practical value. Completion of the complex research may find practical application in the ED of ship’s LTM, which will improve their performance, decrease between the operating and maintenance simple. References 15, figures 9.
Key words: ship's two-mass electric drive, control system, load sway, mathematical modeling, improvement, adaptability, stabilization.
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Three-phase energy supply systems simulation for the total power losses components assessment.
Purpose. The goal is to optimize a structure of Matlab-model of the three-phase energy supply system with power active filter. The mathematical model that describes the energy supply system modes of operation which contains additional losses is proposed. Methodology. We have applied concepts of the electrical circuits theory, mathematical modeling elements based on linear algebra and vector calculus, mathematical simulation in Matlab package. Results. We have developed two models of three-phase energy supply system. The first one is based on a vector representation, and the second one on the matrix representation of energy processes. Using these models we have solved the problem of maintaining unchanged the average useful power for 279 cases of energy supply system modes of operation. Originality. We have developed methods of mathematical analysis of a three-phase energy supply systems with polyharmonic voltages and currents in the symmetric and asymmetric modes. Practical value. We have created Matlab-model of a three-phase energy supply system with automated calculation of a correction factor. It allows reducing more than one order the time for energy processes elucidation in multiphase systems. References 11, tables 1, figures 13.

Key words: energy supply system, power active filter, the minimum possible losses, total losses power, three-dimensional complex vector, Matlab-model of the three-phase energy supply system.
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Investigation of losses in insulation of high-voltage power cables with XLPE insulation.
In this paper the authors calculate the losses in insulation system cable with XLPE-polyethylene as a solid dielectric insulation and with semiconductor polyethylene used as a conductor screen and an insulation screen. The paper is devoted to the investigation of losses in the insulation system of high-voltage XLPE-cables. The line of XLPE-cables in group running horizontally, provided that the cables are of equal diameter and emit equal losses. It is limited to the following: the air flow around the cables may be necessary restricted by proximity to next cables. The dielectric losses are voltage depended and related to the insulation system materials being used. All current in this insulation system are complex quantities containing both real (Re(I)) and imaginary (Im(I)) parts. Values of the loss factor of the insulation system at power frequency tg( are given
astg( = Re(I)/Im(I). It was proposed the quantities criterion of the loss factor of the insulation system to high voltage XLPE-cables. The work is devoted to creation of a method for calculation of the current rating of high-voltage cables in conditions function. References 7, figures 2.
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insulation system, loss factor.
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Calculation of operating parameters of high-voltage power take-off system for the photovoltaic facility. 

Purpose. To ensure maximum production of electric power by photovoltaic vacilities, in addition to using highly efficient photovoltaic modules equipped with solar radiation concentrators must use a highly effective power take-off system. This paper is inscribed to solving the problem of a highly efficient and economic power take-off system development. Methodology. To solving the problem, we implemented three stages. On the first stage examines the dependence of electrical power from the intensity of the incident solar radiation. Based on this, the second stage is calculated the DC-DC converter resonant circuit and its working parameters, and developed circuit diagram of DC-DC converter. On the third stage, we carry out an analysis of power take-off system with step up DC-DC converter working. Results. In this paper, we carry out the analysis of working efficiency for photovoltaic facility power take-off system with step-up boost converter. The result of such analysis show that the efficiency of such system in a wide range of photovoltaic energy module illumination power is at 0.92, whereas the efficiency of classic power take-off systems does not exceed 0.70. Achieved results allow designing a circuit scheme of a controlled bridge resonant step-up converter with digital control. Proposed scheme will ensure reliable operation, fast and accurate location point of maximum power and conversion efficiency up to 0.96. Originality. Novelty of proposed power take-off system solution constitute in implementation of circuit with DC-DC converters, which as it shown by results of carrying out modeling is the most effective. Practical value. Practical implementation of proposed power take-off system design will allow reducing losses in connective wires and increasing the efficiency of such a system up to 92.5% in wide range of photovoltaic energy modules illumination. References 7, tables 3, figures 4.

Key words: photovoltaic module, step-up converter, power take-off system, photovoltaic facility, efficiency.
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Methodics, software and laboratory equipment
for an innovative electrical engineering discipline.
Purpose. Development of innovative electrical engineering discipline «Electric Machines in Mechatronic Systems» in order to improve the training of specialists of electrical engineering specialty. Methodology. The proposed project concerns the educational reforms that promote the intensification of the educational process. Results. The structure of interactive educational and training complex, which is a computer learning tool in the form of software and methodical support, as well as data and knowledge bases and consists of functionally related multimedia learning systems, interactive learning, automated control of the learning process. Originality. To offer online training and research facilities, guidelines for laboratory and computational and graphic works. Practical value. Increase the knowledge of students of educational material related to the discipline of innovation «Electric Machines in Mechatronic Systems». References 11.
Key words: innovative electrical engineering discipline, sections of the academic discipline, guidelines for calculation and graphic works.
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An anthology of the distinguished achievements in science and technique. Part 34: Discovery and study of quantum-wave nature of microscopic world of matter.
Purpose. Implementation of brief analytical review of the basic distinguished scientific achievements of the world scientists-physicists in area of discovery and study of quantum-wave nature of physical processes and phenomena flowing in the microscopic world of circumferential people matter. Methodology. Scientific methods of collection, analysis and analytical treatment of scientific and technical information in area of theoretical and experimental physics, devoted the results of researches| of quantum and physical processes flowing in nature on atomic and subatomic levels. Results. The brief scientific and technical review of the basic scientific discovery and achievements of scientists-physicists is resulted in area of structure of atom of matter, generation, radiation, distribution and absorption of physical bodies of short-wave hertzian waves, indicative on a dominating role in the microscopic financial world of positions and conformities to the law of wave (by quantum) mechanics, carrying especially probabilistic character a microstructure. Originality. Systematization is executed with exposition in the short concentrated form| of the known materials| on the quantum theory (electromagnetic) of caloradiance, quantum theory of atom, electronic waves, quantum theory of actinoelectricity, quantum statistics of microparticless, quantum theory of the phenomenon superfluidity of liquid helium, quantum electronics and quantum-wave nature of drift of lone electrons in the metal of explorers with an electric current. Practical value. Popularization and deepening of fundamental physical and technical knowledges for students and engineer and technical specialists in area of classic and quantum physics, extending their scientific range of interests, and also support a further scientific study by them surrounding nature and to development of scientific and technical progress in society. References 27, figures 15.
Key words: quantum theory of thermal radiation, quantum theory of atom, electron waves, quantum theory of photoelectric effect, quantum statistics of microparticles, quantum theory of the phenomena of superfluidity of helium, quantum electronics, quantum wave nature of the drift of electrons in metal, review.
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The numerical-field analysis of the magnetic field and the electrical quantities in the turbogenerator stator under autonomous unbalanced loading.
Purpose. Assessing the impact of load asymmetry of turbogenerator (TG) on the magnetic field distribution, on the electrical and energy processes in it based on the numerical-field analysis within the constraints regulated by the standards. Methodology. The calculation model of TG has been constructed on the method of symmetrical components of the three-phase current system. The formed asymmetric system of the currents is used for multi-position numerical calculations of rotating magnetic fields. The temporal functions of the electromagnetic quantities which are subjected to the harmonic analysis are obtained on this basis. Results. Test calculations are conducted on a three-phase 35 MW TG during his work under autonomous unbalanced loading. The analysis of the temporal functions of the magnetic induction at different points of the TG stator and also similar functions of the magnetic flux linkage, EMF phase stator windings and other variables have been executed. Originality. Problems of exploitation of turbo-generators under unbalanced loading are detected by the consideration of their electromagnetic system on the whole, but not their simplified local parts, as usual. It has been shown that the temporal functions of EMF of the phase stator windings under unbalanced loading significantly differ in shape from sine waves and from each other and contain a number of significant upper harmonics. It has been detected that the phase currents would contain not only the first but also significant upper harmonics under unbalanced loading. Practical value. Analysis of the work of TG under unbalanced loading showed the «top» level of problems of electromagnetic character. It has been established that the function of the magnetic induction at the fixed points of the magnetic system on the whole have been changed but not in principle. The temporal functions of EMF, and, hence, the voltage of the stator phase windings significantly differ in shape from sine waves and from each other, there is a considerable imbalance of active powers generated by the individual phase windings of the stator. The information provided will allow the measures to ensure a durable and reliable operation of turbo-generators. References 14, tables 2, figures 9.
Key words: turbo-generator, unbalanced loading, magnetic fields, numerical calculations, electromagnetic processes, temporal functions.
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Efficiency evaluation technique of the semiconductor
DC-DC converter application in the power-supply system.
Purpose. To specify efficiency evaluation of the DС-DC power semiconductor converter application in the power-supply system. Methodology. We have chosen application version of converter and then used the statistical modeling of DC-DC converter for its efficiency evaluation at varied input voltage according to proposed technique. We have compared the simulated result with the data presented in reference literature. Results. We have proposed the efficiency evaluation technique of converter application. Proposed technique includes detection of external factors influenced on the converter efficiency; development of efficiency evaluation models; selecting application version of converter; determination of the correlation coefficients between the values of external factors; definition of the converter efficiency; obtaining of the converter efficiency distribution. Originality. For the first time, we have developed the evaluation technique of converter efficiency corrected for application version of converter. Practical value. Presented in the study results could be useful for specialists in semiconductor equipment, electrical facilities and systems. References 10, figures 8.
Key words: semiconductor converter, efficiency of converter application, statistical modeling, evaluation of the effectiveness, converter efficiency.
СПИСОК ЛИТЕРАТУРЫ

1. Баранов М.И. Особенности нагрева тонкого биметаллического проводника большим импульсным током // Электричество. − 2014. − №4. − С. 34-42.

2. Баранов М.И. Основные характеристики волнового распределения свободных электронов в тонком металлическом проводнике с импульсным током большой плотности // Электричество. − 2015. − №10. − С. 20-32.

3. Кузьмичев В.Е. Законы и формулы физики / Отв. ред. В.К. Тартаковский. − К.: Наукова думка, 1989. − 864 с.

4. Баранов М.И. Локальный нагрев токопроводов силового электроэнергетического оборудования при аварийных режимах и токовых перегрузках // Электротехника. − 2014. − №6. − С. 13-17. doi: 10.3103/s1068371214060030.
5. Баранов М.И. Квантово-волновая природа электрического тока в металлическом проводнике и ее некоторые электрофизические макропроявления // Електротехніка і електромеханіка. − 2014. − №4. − С. 25-33. doi: 10.20998/2074-272X.2014.4.05.
6. Баранов М.И. Избранные вопросы электрофизики: Монография в 2-х томах. Том 2, Кн. 2: Теория электрофизических эффектов и задач. − Х.: Точка, 2010. − 407 с.

7. Электротехнический справочник. Производство и распределение электрической энергии. Том 3, Кн. 1 / Под общей ред. И.Н. Орлова и др. − М.: Энергоатомиздат, 1988. − 880 с.

8. Баранов М.И., Кравченко В.И. Электротермическая стойкость проводов и кабелей летательного аппарата к поражающему действию импульсного тока молнии // Электричество. − 2013. − №10. − С. 7-15.

9. Двайт Г.Б. Таблицы интегралов и другие математические формулы. − М.: Наука, 1973. − 228 с.

10. Баранов М.И., Рудаков С.В. Усредненные характеристики волнового распределения дрейфующих электронов в металлическом проводнике с импульсным током проводимости большой плотности // Вісник НТУ «ХПІ». Серія: «Техніка та електрофізика високих напруг».− 2013.− №60(1033). − С. 12-20.

11. Гулый Г.А. Научные основы разрядно-импульсных технологий. – К.: Наукова думка, 1990. – 208 с.
12. Баранов М.И. Получение дисперсных материалов с микронными, субмикронными и наноструктурными частицами вещества при электрическом взрыве тонких металлических проводников // Електротехніка і електромеханіка. − 2012. − №4. − С. 45-49. doi: 10.20998/2074-272X.2012.4.09.
13. Баранов М.И., Колиушко Г.М., Кравченко В.И., Недзельский О.С., Дныщенко В.Н. Генератор тока искусственной молнии для натурных испытаний технических объектов // Приборы и техника эксперимента. − 2008. − №3. − С. 81-85. doi: 10.1134/s0020441208030123.

14. Баранов М.И. Теоретические и экспериментальные исследования по обоснованию существования в микроструктуре металлического проводника с током электронных дебройлевских полуволн // Електротехніка і електромеханіка. − 2014. − №3. − С. 45-49. doi: 10.20998/2074-272X.2014.3.09.
REFERENCES

1. Baranov M.I. Features heating thin bimetallic conductor large pulse current. Elektrichestvo, 2014, no.4, pp. 34-42. (Rus).
2. Baranov M.I. The main characteristics of the wave distribution of free electrons in a thin metallic conductor with a pulse current of high density. Elektrichestvo, 2015, no.10, pp. 20-32. (Rus).
3. Kuz'michev V.E. Zakony i formuly fiziki [Laws and formulas of physics]. Kiev, Naukova Dumka Publ., 1989. 864 p. (Rus).
4. Baranov M.I. Local heating of electrical pathways of power electrical equipment under emergency conditions and overcurrents. Russian Electrical Engineering, 2014, vol.85, no.6, pp. 354-357. doi: 10.3103/s1068371214060030.
5. Baranov M.I. Quantum-wave nature of electric current in a metallic conductor and some of its electrophysical macro-phenomena. Electrical engineering & electromechanics, 2014, no.4, pp. 25-33. doi: 10.20998/2074-272X.2014.4.05.
6. Baranov M.I. Izbrannye voprosy elektrofiziki. Tom 2, Kn. 2: Teoriia elektrofizicheskikh effektov i zadach [Selected topics of Electrophysics. Vol.2, Book 2. A theory of electrophysical effects and tasks]. Kharkiv, NTU «KhPІ» Publ., 2010. 407 p. (Rus).
7. Orlov I.N. Elektrotehnicheskij spravochnik. Proizvodstvo i raspredelenie elektricheskoj energii. Tom 3, Kn. 1 [Electrical engineering handbook. Production and distribution of electric energy. Vol. 3, Book 1. Ed. I.N. Orlov]. Moscow, Energoatomizdat Publ., 1988. 880 p. (Rus).
8. Baranov M.I., Kravchenko V.I. Electrothermal resistance wire and cable to the aircraft to the striking action pulsed current lightning. Elektrichestv, 2013, no.10, pp. 7-15. (Rus).
9. Dwight H.B. Tablicy integralov i drugie matematicheskie formuly [Tables of integrals and other mathematical data]. Moscow, Nauka Publ., 1973. 228 p. (Rus).
10. Baranov M.I., Rudakov S.V. Averaged characteristics of the wave drifting distribution of electrons in a metal conductor with a pulse current conduction of high density. Bulletin of NTU «KhPІ», 2013, no.60(1033), pp. 12-20. (Rus).
11. Guly G.A. Nauchnye osnovy razrjadno-impul'snyh tehnologij [Scientific basis of the discharge-pulse technology]. Kiev, Naukova dumka Publ., 1990. 208 p. (Rus).
12. Baranov M.I. Preparation of disperse materials with micron, submicron and nanostructured matter particles under electric explosion of thin metallic conductors. Electrical engineering & electromechanics, 2012, no.4, pp. 45-49. (Rus). doi: 10.20998/2074-272X.2012.4.09.
13. Baranov M.I., Koliushko G.M., Kravchenko V.I., Nedzel’skii O.S., Dnyshchenko V.N. A Current Generator of the Artificial Lightning for Full-Scale Tests of Engineering Objects. Instruments and Experimental Technique, 2008, no.3, pp. 401-405. doi: 10.1134/s0020441208030123.
14. Baranov M.I. Theoretical and experimental results of research into explanation of de Broglie half-wave existence in the microstructure of an active metallic conductor. Electrical engineering & electromechanics, 2014, no.3, pp. 45-49. (Rus). doi: 10.20998/2074-272X.2014.3.09.
Поступила (received) 25.05.2016

Баранов Михаил Иванович1, д.т.н., гл.н.с.,

Рудаков Сергей Валерьевич2, к.т.н., доц.,

1 НИПКИ «Молния»

Национальный технический университет

«Харьковский политехнический институт»,

61013, Харьков, ул. Шевченко, 47,

тел/phone +38 057 7076841, e-mail: eft@kpi.kharkov.ua
2 Национальный университет гражданской защиты Украины,

61023, Харьков, ул. Чернышевского, 94,

тел/phone +38 057 7073438, e-mail: serg_73@i.ua
M.I. Baranov1, S.V. Rudakov2
1 Scientific-&-Research Planning-&-Design Institute «Molniya»,

National Technical University «Kharkiv Polytechnic Institute»,

47, Shevchenko Str., Kharkiv, 61013, Ukraine.

2 National University of Civil Protection of Ukraine,

94, Chernyshevska Str., Kharkiv, 61023, Ukraine.

Average geometrical features of the electron wave packages distribution in metallic conductors with pulsed axial current of high density.
Purpose. Calculation and experimental determination of average geometrical features of distributing of macroscopic electron wave packages (EWP) in round cylindrical metallic conductors with the pulsed axial current of high density. Methodology. Theoretical bases of the electrical engineering, bases of atomic and quantum physics, electrophysics bases of technique of high voltage and high pulsed currents. Results. The results of the conducted calculation and experimental researches are resulted on close determination of average geometrical features of distribution of longitudinal and radial EWP of macroscopic sizes in the indicated conductors. These descriptions are included by the average widths of «hot» and «cold» longitudinal and radial areas of conductor, and also average steps of division into the periods of similar areas. Results of the executed calculations and high temperature experiments for average geometrical features of longitudinal EWP in the zincked steel wire of  diameter of 1.6 mm and length of 320 mm with the aperiodic impulse of current of temporal form 9 ms/160 ms and by amplitude 745 A coincide within the limits of 19 %. Originality. First with the use of methods of atomic and quantum physics the features of the stochastic distributing and mean values of basic geometrical sizes are analysed macroscopic longitudinal and radial EWP in round cylindrical metallic conductors with the pulsed axial current of high density. Practical value. Drawing on the got results in practice will allow more reliably to forecast geometrical sizes and places of localization of arising up in the probed metallic conductors with pulsed axial current of high density longitudinal and radial EWP. References 14, figures 2.
Key words: metallic conductor, pulsed current of high density, electron wave package of conductor, «hot» and «cold» longitudinal and radial areas of conductor, quantization and averaging of geometrical features of electron wave packages of conductor.
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Determination of insulation parameters of current
transformers at multiple measurements in monitoring
systems under working voltage.

Features of the data processing procedures of multiple measurements of the dielectric loss tangent of the high-voltage insulation, which are based on the comparison method, were considered. Three procedures were compared: the one procedure uses an assignment of a particular standard object for comparison, and two procedures don't use assignments of the special standard objects. Expressions of methodical errors of studied procedures were obtained. Analysis and calculations, which use the obtained expressions were made. Evaluations showed that an influence of a change of the tangent of dielectric loss of one from the monitoring objects on results of estimation of the tangents of other monitoring objects is the distinctive feature of the procedures without assignment of the standard object. Errors of these procedures more than errors of the traditional procedure, with assignment of the standard object. The study demonstrated that procedures without assignment of standard objects lead to difficultly predictable methodological errors, which hinder to estimate the actual value of the loss tangent and to estimate outcomes of the monitoring, by means comparing with allowable values. Moreover, the decrease of estimations of loss tangents of all objects, as a result of occurrence of at least one the object with strongly bad parameters, hides occurrence of other unsuccessful objects with smaller deviations and makes difficult recognition of such deviations at early stages. Improvements in processing techniques which reduce earlier specified errors and reduce the amount of measurements are proposed. The study results are useful in monitoring and diagnostic of basic insulation of current transformers or high-voltage bushings. References 8, tables 1, figures 5. 
Key words: high voltage insulation, diagnostics, data processing procedure, processing procedure error,  dielectric loss tangent, current transformer.
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Statistical procedures for two-sided limit of a controlled parameter in the process of production of cable and wire products.
Purpose. To consider issues of statistical control in the process of mass production of cable and wire products on the example of enameled wire. To analyze the results of direct control of the diameter of the wire in two-layer polyimide insulation in a continuous technological cycle. To submit to the control map of maximum probability of the exit diameter outside a specific range. To analyze the conditions under which maximum sensitivity of process control. Methodology. Study of the sensitivity of the control map of maximum probability of the exit option for regulatory of limit in the field deviations of the centered parameter close to zero. The existence of stable trends in the change of a controlled parameter can reduce the sensitivity of punishment to instability of the process. Results. To achieve maximum sensitivity of control of the technological frontier should be selected on the basis of the achieved level of the average value of the parameter and its statistical scattering. Process boundaries must be changed in accordance with the achieved level of the average value of the parameter and its statistical scattering. Such a change may serve as a quantitative indicator of trends in the increase or decrease in the reliability of the technological system. Originality. In particular the tasks of current control using engineering tolerances for controlled parameter are impractical. Control on Pmax should be directed to the exception of manufacturing, the parameters of which extend beyond the technical tolerances. Practical value. The exception is the manufacture of bulk cable products, the parameters of which extend beyond the technical tolerances. References 5, figures 1.
Key words: enameled wire, double polyimide insulation, control card, maximum probability of the parameter exit for the regulatory limit.
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A high sensitive microwave measuring device of the
moisture content in the non-polar dielectric liquids based
on an inhomogeneous step coaxial resonator.

Purpose. Objective is to create a moisture meter for non-polar liquid dielectrics with low volumetric moisture content of more than 10‑3 %. Methodology. Moisture measuring is based on dielcometric method. It is implemented as a resonant method of determining a capacitance measuring transducer. Measuring transducer capacitive type has a working and parasitic capacitance. It was suggested the definition of moisture on four of resonance frequencies: when the measuring transducer is turned off, one by one filled with air, «dry» and investigated liquid, to determine the parasitic capacitance of the measuring generator, and the parasitic capacitance of the measuring transducer and humidity. Measurement frequency was increased up to microwave range to increase the sensitivity. Measuring transducer with distributed parameters representing a step heterogeneous coaxial resonator is used by. This measuring transducer has a zero stray capacitance, because the potential electrode has a galvanic connection with an external coaxial electrode. Inductive ties loop is used to neglect parasitic capacitance of the measuring generator, and to increase the quality factor of the system. Measuring moisture is reduced to measuring the two frequencies of resonance frequency and «dry» and investigated liquid. Resonant characteristics transducer in a step inhomogeneous coaxial resonator have been investigated to determine the quality factor of filled with air and transformer oil, and experiments to measure the moisture content in transformer oil have been conducted. Results. Measuring transducer of distributed type is developed and researched – it is step inhomogeneous coaxial resonator. It has a smaller geometric length and larger scatter of the first and second resonant frequencies. Expression is obtained for determination of moisture on the basis of two resonant frequencies. The formula of the two frequencies to determine the moisture is correct. Resonant characteristics are obtained for measuring transducer. Its quality factor has been determined – it does not depend on what it is filled with air or oil. The moisture content in transformer oil for the amount of water to 10-3 % with an error of no more than 6.7 % has been determined. Originality. It has been proposed to use of an inhomogeneous step coaxial resonator as a measuring transducer. Original high sensitive moisture meter for the fluid at rest and flowing fluid with low values of parasitic capacitances has been developed and researched. An original method of determining the moisture by measuring the two frequencies of resonance has been proposed and implemented. Practical value. This meter may be used to determine moisture in any of the non-polar liquid with high speed and accuracy. Moisture meter can be used in electrical engineering, aeronautical engineering, in the chemical and food industries. References 6, tables 1, figures 8.

Key words: moisture meter, non-polar liquid dielectrics, measuring transducer, step inhomogeneous coaxial resonator, measuring generator, resonance characteristics, volumetric water content, transformer oil, water.
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An induction sensor for measuring currents of nanosecond range.

Purpose. A current meter based on the principle of electromagnetic induction is designed to register the current flowing in the rod lightning. The aim of the article is to describe the way of increasing the sensitivity of the converter by means of their serial communication. Methodology. The recorded current is in the nanosecond range. If compared with other methods, meters based on the principle of electromagnetic induction have several advantages, such as simplicity of construction, reliability, low cost, no need in a power source, relatively high sensitivity. Creation of such a meter is necessary, because in some cases there is no possibility to use a shunt. Transient properties of a meter are determined by the number of turns and the constant of integration. Sensitivity is determined by measuring the number of turns, the coil sectional area, the core material and the integration constant. For measuring the magnetic field pulses with a rise time of 5 ns to 50 ns a meter has turns from 5 to 15. The sensitivity of such a meter is low. When the number of turns is increased, the output signal and the front increase. Earlier described dependencies were used to select the main parameters of the converter. It was based on generally accepted and widely known equivalent circuit. The experience of created earlier pulse magnetic field meters was considered both for measuring the magnetic fields, and large pulse current. Originality. Series connection of converters has the property of a long line. The level of the transient response of the meter is calculated. The influence of parasitic parameters on the type of meter transient response is examined. The shown construction was not previously described. Practical value. The results of meter implementation are given. The design peculiarities of the given measuring instruments are shown. References 6, figures 9.

Key words: magnetic field strength, corona current, surge characteristic, electromagnetic induction, bi-exponential pulse, induction transformer’s calibration, distributed parameter line.
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A method of automatic determination of the number of the electrical motors simultaneously working in group.
Purpose. Propose a method of automatic determination of the number of operating high voltage electric motors in the group of the same type based on the determination and analysis of the account data of power consumption, obtained from of electric power meters installed at the connection of motors. Results. The algorithm of the automatic determination program for the number of working in the same group of electric motors, which is based on the determination of the motor power minimum value at which it is considered on, was developed. Originality. For the first time a method of automatic determination of the number of working of the same type high-voltage motors group was proposed. Practical value. Obtained results may be used for the introduction of an automated accounting run of each motor, calculating the parameters of the equivalent induction motor or a synchronous motor. References 7, figures 2. 

Key words: induction and synchronous motors, group of the same type of electric motors, running.
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Low voltage networks insulation monitoring
with two and three voltmeter readouts methods.

Purpose. In the paper there are described methods of two and three voltmeter readouts for insulation resistance periodic measurement in live DC and AC/DC IT networks. A new measuring method for AC/DC networks is proposed. Application of a novel algorithm for shortening of measurement cycle is explained. Methodology. All methods of two and three voltmeter readouts consist in connection of a resistor and measurement of mean value of network’s fixed point-to-ground voltages. Results. A new algorithm implemented in KDZ-3 device enables determination of steady-state voltage of a DC network’s pole much faster than in other exploited systems. Originality. In author’s modification of two voltmeter readouts method, line-to-ground voltage mean value is measured at AC side of AC/DC network. This innovation has not been applied for implementation of periodic insulation monitoring in AC/DC IT networks yet. Practical value. The use of author’s innovation will allow to execute measurements at AC side of AC/DC IT networks which might be necessary if rectifier’s output circuits are unavailable. Shortening of measurement cycle duration of two or three voltmeter readouts method’s is of great importance in networks with high capacitance. References 8, figures 7.
Key words: low voltage DC, AC/DC IT networks, insulation resistance, methods of two and three voltmeter readouts.
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Requirements for devices for vertical electrical sounding

of soil at diagnostics of grounding devices.

Purpose. Creation the scientific requirements for technical characteristics of equipment for vertical electrical sounding based on the electrophysical characteristics of the soil of energy objects with the different voltage classes. Methodology. In work used statistical methods for the analysis database of results the soil sounding and for receiving distribution of largest size of the grounding system. To determine the required range of measurement and permissible value of circuit resistance applied the mathematical description of the electromagnetic field to calculate the apparent resistivity of the soil and the Wenner method of calculating the resistance of a vertical electrode. Also, in work used elements of probability theory to creation the stochastic correlation between device parameters and characteristics object of the research. Results. In the paper found that in the most severe cases (when the depth of sounding is the three maximal diagonal of grounding) at 99% energy objects in Ukraine the lower limit of resistance measurement for the respective classes of voltage must be no more than 1.3 milliohms to 35 kV, 0.6 mOhm to 110 kV, 0.5 milliohms to 150 kV, 0.1 mOhm for ≥ 220 kV. Also it proved that the measurement equipment for vertical electrical sounding when performing electromagnetic diagnostics of grounding system the power facilities Ukraine with 35-750 kV voltage class for all possible values of soil resistivity should be with limit of measurement from 0.1 mOhm to 7.2 kOhm and resistance measuring circuit to 66 kOhm. Originality.For the first time used a statistical approach to evaluate the optimal technical requirements for equipment the soils resistivity when performing diagnostics of grounding systems energy objects of Ukraine. The results obtained in this work, establish the probabilistic dependence of the technical characteristics of measuring equipment from the actual depth of sounding in Wenners configuration (the distance between electrodes) and from the voltage class of object. Practical value. The obtained results allow depending on the specific parameters of the object optimally select the equipment. This technique allows you to create a range of equipments with optimal cost and overall dimensions depending on the region (considering to a significant spread of values of soil resistivity) and on the voltage class of investigated object. References 7, tables 6, figures 5.

Key words: vertical electrical sounding, grounding device, soil, energy object, technical requirements for equipment.
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Analysis of thermal state of traction brushless permanent magnet motor for mine electric locomotive.

Purpose. The study was conducted to analyze thermal state of the traction permanent magnet synchronous motor for mine electric battery locomotive when operating in continuous and short-time duty modes. These operating modes are selected for study, as they are typical for mine electric locomotives. Methodology. Thermal calculation was performed by means of FEM in three-dimensional formulation of problem using Jmag-Designer. Results. The modeling results of thermal state of the PMSM in continuous and short-time duty operation modes showed good agreement with experimental results. The results showed that the temperature of PM is higher than temperature of the stator winding in continuous operation mode. It was found that PM temperature might reach excessive values because of the high presence of eddy current losses in neodymium PM. Therefore, special attention in the design and testing of PMSM should be paid to the temperature of PM in various operation modes. Practical value. It was recommended to use high temperature permanent magnets in traction PMSM to avoid demagnetization of PM and performance degradation. References 7, tables 2, figures 10.

Key words: brushless motor, heat generation, temperature, losses, permanent magnet, coil, current, resistance, mathematical model, FEM.
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The phase reactor inductance selection technique for power active filter.
Purpose. The goal is to develop technique of the phase inductance power reactors selection for parallel active filter based on the account both low-frequency and high-frequency components of the electromagnetic processes in a power circuit. Methodology. We have applied concepts of the electrical circuits theory, vector analysis, mathematical simulation in Matlab package. Results. We have developed a new technique of the phase reactors inductance selection for parallel power active filter. It allows us to obtain the smallest possible value of THD network current. Originality. We have increased accuracy of methods of the phase reactor inductance selection for power active filter. Practical value. The proposed technique can be used in the design and manufacture of the active power filter for real objects of energy supply. References 12, figures 11.
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