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At present, the issue of the electric capacitive method appli-
cation for non-destructive testing of nanomodified polymer com-
posite materials (NMPCM) is relevant. The paper gives a math-
ematical model based on Maxwell-Ampere, Faraday and Gauss’s 
equations and satisfying the Dirichlet boundary condition. This pa-
per proposes a computer simulation of the nanomodified polymers 
testing by the electric capacitive method. The simulation was car-
ried out in a two-dimensional planar formulation and a minimum 
required density of the calculated grid was determined (37,300 ele-
ments) to obtain a qualitative result of the calculation. A number of 
numerical studies were conducted with different contents of CNT 
in NMPCM in the range of 0 wt % up to 10 wt %, different defect 
depths in the material and distances from the sensor to the surface. 
The homogeneity of the dispersion is estimated using the Cochran 
statistical criterion. The value of the Cochren criterion did not ex-
ceed the critical one for all conducted experiments. Approximation 
relations of the maximum defect depth and distance from the sensor 
to the surface were obtained depending on the content of CNT in 
NMPCM. The results of the studies allowed determining the limits 
of the method application in the testing of NMPCM. The maximum 
defect depth was 5H (H is the relative value of the defect) at the 
CNT concentration of 1 wt % and with increasing the CNT concen-
tration, the maximum defect depth decreases to 2H. The maximum 
distance between the sensor and the surface was 0.33H at the CNT 
concentration of more than 5 wt %. The obtained data can be used 
in the design of technological equipment for the polymeric nano-
composites production.

Keywords: electric capacitive method, capacitive nondestruc-
tive testing, nanomodified polymers, carbon nanotubes.
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fields. During the analysis of the model, it has been established 
that at a depth of the temperature anomaly up to 2–3 cm, the tem-
perature spots on the surface of the skin are distinguishable by the 
methods of infrared thermography. With this in mind, and also tak-
ing into account the penetrating power of electromagnetic waves, it 
is reasonable to choose the operating frequencies of the radiometer 
to 1.8 GHz. An improved model of temperature distribution makes it 
possible to estimate the integral temperature of a layer of biological 
tissue by electromagnetic radiation.

It has been shown that it is possible to determine the charac-
teristics of the temperature anomaly region by numerical modeling 
of the formation of own electromagnetic radiation. The determi-
nation of two or more parameters of the temperature anomaly 
region is possible using a system of two or more equations, which 
is achieved by measuring the radiation power at different frequen-
cies. A principle possibility of simultaneous determination of 
several parameters of the temperature anomaly, using a system of 
equations, has been considered very important. A working math-
ematical model has been created that makes it possible to solve 
the inverse problem of finding two parameters of the temperature 
anomaly with respect to the noise temperature measured at two 
frequencies. The next step is to study the multilayer model of 
biological tissue.

Keywords: temperature anomaly, thermal radiation, electromag-
netic field, radiothermometry, multifrequency thermography.
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Temperature is a reliable indicator of most physiological pa-
thologies, since they are accompanied by disturbance of temperature 
balance. Non-invasive control of deep temperatures makes it possible 
to increase the efficiency of diagnosis. One of the promising methods 
of non-invasive measurement of deep temperatures is the method of 
radiothermometry, based on measuring the power of native radiation 
of the electromagnetic field on the surface of the human body. The 
model of the temperature distribution in the biological tissue has 
been improved in the case of a region of lower temperature taking 
into account the physiological processes of formation of thermal 
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One of the effective methods of cleaning wells from ferromag-
netic objects is the use of magnetic fishing tools. However, the 
known designs have a number of drawbacks. Therefore, new designs 
of high-efficiency fishing tools were proposed in the work. For de-
velopment of these tools, magnetic systems consisting of cylindrical 
magnetic cores with segmented radially magnetized permanent 
magnets made of rare-earth materials between them were used. 
According to the results of theoretical research performed using 
the finite element method, rational parameters of the elements of 
the magnetic systems, namely, the length of the permanent mag-
nets and the height of the magnetic system were established. This 
has made it possible to develop systems that are characterized by 
a maximum utilization of the power of permanent magnets. The 
paper presents results of experimental research into the hoisting 
capacity which confirm advantage of the developed fishing tools 
over the known counterparts. The use of new magnetic tools will 
increase efficiency of cleaning wells from ferromagnetic objects of 
varied shapes and weight during cutting “windows” in the casing 
and in the process of drilling branch holes.

Keywords: fishing tool, magnetic system, permanent magnet, 
hoisting capacity, tractive characteristic, magnetic flux density.
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searching for a final solution to the stationary wave equation, we 
take into account a solution to the inverse problem of dynamics 
for the electron. A linear dependence between two particular 
solutions is shown. The second linearly independent solution is 
found, decaying exponentially to zero. We present charts of the 
stationary solution for a wave of the particle (electron) for three 
lower stationary states. Energy levels of a hydrogen-like atom 
are determined as a solution to the inverse problem of dynamics, 
which fully coincide with the classical results by Schrödinger and 
Bohr. A wave function is regarded as a physical reality, which 
makes it possible to open up new possibilities in order to study 
the structure of the microcosm.

Keywords: variational principle, direct problem of dynamics, 
inverse problem of dynamics, optical-mechanical analogy, wave mo-
tion, trajectory motion, wave function, wave equation.

References 

1.	 Hamilton, W. R. (1834). On a General Method in Dynamics. Philos. 

Trans., 247–308.

2.	 De Broglie, L. (1925). Recherches sur la théorie des Quanta. Annales 

de Physique, 10 (3), 22–128. doi: 10.1051/anphys/192510030022 

3.	 Broglie, L. (1967). Kvanty sveta, difrakciya i interferenciya. Kvanty, 

kineticheskaya teoriya gazov i princip Ferma. Uspekhi Fizicheskih 

Nauk, 93 (9), 180–181. doi: 10.3367/ufnr.0093.196709j.0180 

4.	 Broglie, L. (1986). Sootnosheniya neopredelennostey Geyzenberga i 

veroyatnostnaya interpretaciya volnovoy mekhaniki. Мoscow: Mir.

5.	 Schrodinger, E. (1926). Quantisierung als Eigenwertproblem. Annal-

en Der Physik, 384 (4), 361–376. doi: 10.1002/andp.19263840404 

6.	 Carmichael, H. (1993). An Open Systems Approach to Quantum 

Optics. Lecture Notes in Physics Monographs. Springer-Verlag Ber-

lin Heidelberg, 182. doi: 10.1007/978-3-540-47620-7 

7.	 Mensky, M. B. (1993). Continuous quantum measurements and path 

integrals. Bristol and Philadelphia: IOP Publishing.

8.	 Bloch, A. M., Rojo, A. G. (2016). Optical mechanical analogy and 

nonlinear nonholonomic constraints. Physical Review E, 93 (2). 

doi: 10.1103/physreve.93.023005 

9.	 Abdil’din, M. M., Abishev, M. E., Beissen, N. A., Taukenova, A. S. 

(2011). On the optical-mechanical analogy in general relativi-

ty. Gravitation and Cosmology, 17 (2), 143–146. doi: 10.1134/

s0202289311020034 

10.	 Khan, S. A. (2017). Hamilton’s optical-mechanical analogy in 

the wavelength-dependent regime. Optik – International Jour-

nal for Light and Electron Optics, 130, 714–722. doi: 10.1016/ 

j.ijleo.2016.10.112 

11.	 Valishin, N. T. (2014). Variational principle and the problems dynam-

ics. Life Science Journal, 11 (8), 568–574.

12.	 Valishin, N. T. (2016). An Optical-Mechanical Analogy And The 

Problems Of The Trajectory-Wave Dynamics. Global Journal of 

Pure and Applied Mathematics, 12 (4), 2935–2951.

13.	 Knoll, Y., Yavneh, I. (2006). Coupled wave-particle dynamics as a 

possible ontology behind Quantum Mechanics and long-range inter-

actions. Cornell University Library. Available at: https://arxiv.org/

pdf/quant-ph/0605011v2.pdf

14.	 Pang, X. (2011). The wave-corpuscle properties of microscopic par-

ticlesin the nonlinear quantum-mechanical systems. Natural Science, 

03 (07), 600–616. doi: 10.4236/ns.2011.37083 

15.	 Matzkin, A., Nurock, V. (2007). Are Bohmian trajectories real? On 

the dynamical mismatch between de Broglie-Bohm and classical 

dynamics in semiclassical systems. Cornell University Library. Avail-

able at: https://arxiv.org/pdf/quant-ph/0609172v2.pdf

16.	 Vaidman, L. (2014). Quantum Theory and Determinism. Cornell Uni-

versity Library. Available at: https://arxiv.org/pdf/1405.4222.pdf

8.	 Douglas, J. (1999). Fishing techniques for drilling operations. In. 

Proc. of AAPG Southwest Section Meeting. 

9.	 Johnson, E., Land, J., Lee, M., Robertson, R. (2012). Landing the 

big one – the art of fishing. Oilfield Review, 24 (4), 26–35. Available 

at: http://www.slb.com/~/media/Files/resources/oilfield_review/

ors12/win12/3_fish_art.pdf

10.	 Ermolaev, A. M., Kobylyanskiy, M. T., Bogdanova, T. V., Kobyly-

anskiy, D. M. (2016). Magnitnye loviteli kak sredstvo snizheniya 

travmatizma pri burenyi podzemnyh skvazhin. Vestnik nauch-

nogo centra po bezopasnosti rabot v ugol’noy promyshlennosti,  

1, 89–92.

11.	 Kryzhanovskiy, E. I., Rayter, P. N., Romanishin, L. I., Roman-

ishin, T. L. (2014). Ehksperimental’nye issledovaniya harakteristik 

magnitnyh sistem lovil’nyh ustroystv. Neftyanoe hozyaystvo, 7, 

104–106.

12.	 Kobylyanskiy, M. T. (2009). Analiz vliyaniya neblagopriyatnyh 

skvazhinnyh faktorov na parametry magnitnyh loviteley burovogo 

instrumenta. Vestnik KuzGTU, 6, 14–16.

13.	 Romanyshyn, T. L. (2013). Obhruntuvannia vyboru materialiv 

postiynykh mahnitiv dlia lovylnykh prystroiv. Rozvidka ta rozrobka 

naftovykh i hazovykh rodovyshch, 1, 143–152. Available at: http://

nbuv.gov.ua/UJRN/rrngr_2013_1_16

14.	 Anoshkin, A. P., Muradov, A. V. (2012). Remkomplekt dlya 

kapital’nogo remonta skvazhin. Nedropol’zovanie XXI vek, 2 (33), 

38–40.

15.	 Gasanov, R. A., Amirov, R. G., Ehyvazova, Z. Z. (2009). Razrabotka 

novogo parametricheskogo ryada magnitnyh loviteley na osnove 

visokoehnergetichnyh magnitnyh zahvatnyh mekhanizmov. Neft-

epromyslovye delo, 10, 39–41. 

16.	 Gutfleisch, O. (2000). Controlling the properties of high ener-

gy density permanent magnetic materials by different processing 

routes. Journal of Physics D: Applied Physics, 33 (17), R157–R172. 

doi: 10.1088/0022-3727/33/17/201 

17.	 Kurnikov, Yu. A., Koncur, I. F., Kobylyanskiy, M. T., Roman-

ishin, L. I.; Kurnikov, Yu. A. (Ed.) (1988). Magnitnye ustroystva 

dlya ochistki skvazhin. Lviv: Vishcha shkola, 108.

DOI: 10.15587/1729-4061.2017.108831
A METHOD OF V-FUNCTION:  
ULTIMATE SOLUTION TO THE DIRECT AND 
INVERSE PROBLEMS OF DYNAMICS FOR  
A HYDROGEN-LIKE ATOM (p. 23-32)

Nail Valishin 
Kazan National Research Technical  

University named after A. N. Tupolev-KAI
K. Marksa str., 10, Kazan, Russia

Sergey Moiseev 
Kazan National Research Technical  

University named after A. N. Tupolev-KAI
K. Marksa str., 10, Kazan, Russia

Based on the method of V-function, a continuation of the 
optical-mechanical analogy is attained. In contrast to classic 
quantum mechanics, a trajectory-wave motion of the particle is 
explored. We highlight the presence of energy quantization of the 
particle and the availability of solution without a particle in the 
case of rectilinear uniform motion at constant speed. A solution 
to the direct and inverse problems of dynamics is searched for in 
a new statement for a hydrogen-like atom. When solving a direct 
problem, we find a stationary wave function of the electron in 
a hydrogen-like atom, with its properties investigated. When 
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Special methods and means for production and use of new types 
of liquid composite fuels with addition of industrial wastes of various 
origins were developed and scientifically substantiated. 

The studies enabled production of composite fuels with im-
proved physical and chemical qualities. For this purpose, a rotary 
cavitation device for tryout of hydrocavitational activation of fuel 
components was worked out. The possibility of introduction of vari-
ous industrial wastes including ecologically hazardous wastes of vari-
ous origins into production of composite fuels was proved.

Comprehensive studies of producing and burning composite fu-
els with application of methods for activation of physical and chemi-
cal processes were carried out. Liquid composite fuels obtained on 
the basis of “classical” hydrocarbons with addition of various types 
of waste meet present-day energy, environmental and consumer 
requirements.

The developed technology of burning composite fuels is helpful 
for solving the environmental problem of recycling industrial waste 
and the problem of generation of a cheaper thermal energy. The 
proposed technological approach is universal and applicable for uti-
lization and neutralization of organic and mineral wastes of various 
origins using hydrocavitational activation methods at the stages of 
production and combustion of composite fuels.

Theoretical studies of hydrodynamics of flow of a viscous incom-
pressible fluid in channels of a complex shape have enabled design of 
new types of atomizers and hydrocavitational activators.

Keywords: hydrocavitation technology, composite fuels, noz-
zles, rotary cavitation device, industrial wastes.
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mobile bubble. When compressing the bubble, the thickness of the 
ice formed or melted is approximately 1.7 times smaller than that 
of the immobile wall bubble. The analysis of the results obtained 
has shown that they are predictable and fully correspond to the 
physicists’ ideas of the heat transfer and phase transition processes 
flow in the liquid.

The suggested calculation method can be used to determine 
the thermal characteristics of the liquid and steam in various tech-
nological processes associated with gases dissolution in the liquid, 
foam hardening and gas hydrates formation. The mathematical 
model designed can be applied as a component for calculation of 
more complicated physical processes. The study results can be 
applied to optimize various technological processes associated 
with materials swelling, gases adsorption, liquids boiling and gas 
hydrates formation.

Keywords: thermal and physical characteristics of gas-saturated 
liquid, gas-to-steam bubble, heat transfer in two-phase medium, 
phase transformations.
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The results of designing the mathematical model of non-sta-
tionary thermal conductivity of the bubble’s oscillating wall, with 
account of the changes in the aggregate state and the thermal and 
physical characteristics of the substance, are presented. It is shown 
that when applying the finite elements method, it is a system of non-
linear differential equations of the 1st order. Consideration of these 
features in the mathematical model allows obtaining the temperature 
values of liquid and solid phases at any time when changing the 
bubble’s size and the heat flow direction at its boundary.

Based on the suggested mathematical model, a series of assess-
ment calculations was performed. Applying mathematical modeling, 
the temperature fields’ distribution in the liquid under the condi-
tions of the phase transition processes and changes in the bubble 
size is obtained. The performed studies show that for an immobile 
bubble under the boundary condition of the 2nd kind, the icing and 
ice melting velocities are almost equal, but the temperature on the 
interphase gas-water surface is approximately four times exceeding 
the temperature on the gas-ice surface, which corresponds to the 
water and ice thermal conductivity ratio.

The temperature in the phase liquid-ice transition zone is prac-
tically constant. With the expansion of the bubble, liquid freezing 
and ice melting are going more than 1.6 times faster than in the im-



72

Eastern-European Journal of Enterprise Technologies ISSN 1729-3774	 4/5 ( 88 ) 2017

that the use of the proposed control system led to an improvement in 
both the power and dynamic parameters of the asynchronous electric 
drive. A 5 to 45 % reduction of power losses in the range of operat-
ing moments of 0≤М≤Мbo relative to losses during operation at the 
main mechanical characteristic was recorded. The symmetrization 
effect was characterized by a 1.5 to 6 times reduction of the current 
asymmetry coefficients. 

The use of a thyristor voltage converter makes it possible to 
realize controlled transient start-up and braking modes. Symmetri-
zation of the acting currents of the asynchronous motor results in an 
80–150 % reduction of vibrational components of the electromag-
netic moment in a steady-state regime.

Keywords: asynchronous motor, thyristor converter, electric 
drive, loss minimization, voltage asymmetry, symmetrization.
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The operation modes of the TVC-AM electric drive in which 
the power losses can be reduced were mathematically described. It 
was defined more precisely that what was at issue is the continued 
operation of an asynchronous motor at artificial characteristics in the 
region of nominal slip with an energetics better than at the working 
section of the natural mechanical characteristic. The system of au-
tomatic minimization of power losses of asynchronous motors was 
developed. It was shown that under conditions of feeding the electric 
drive from a source with asymmetrical voltage, it is necessary to use 
phase-by-phase control which requires the use of three control chan-
nels and three feedback channels. The logic of the feedback action is 
that when the load on the AM shaft decreases, it reduces the output 
voltage of the TVC and the motor currents. As a consequence, it 
becomes possible to maintain equality of the load angles of all phases 
to the optimum value. This makes it possible to solve the problem of 
minimizing the AM losses in a case of equality of the load angles to 
the optimal value and symmetrization due to equality of load angles 
by the phases of the motor. The quantitative indices of power loss 
decrease as well as the symmetrization indices when the electric 
drive is powered from a source with an asymmetric voltage were 
shown. The features of the power loss minimization system and the 
ways of improvement of its efficiency were illustrated. It was shown 
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the component concentrations resulting from the effect of external 
pressures did not exceed 4·10-3 %/kPa and, therefore they can be 
neglected.

Gas-dynamic synthesizers with a pressure equalizing scheme 
and the capillaries with dimensions determined by the compensa-
tion dependences are practically independent from the influence of 
external pressures and do not require high-precision means of their 
stabilization.

Keywords: pressure compensation, capillary throttle, flow mix-
er, gas mixture, component concentration.
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Analysis of the effect of pressures Pv of the sources of pure 
components, barometric pressure P0 and output pressure Pw in the 
gas-dynamic synthesizer on the component concentrations in the ob-
tained mixtures has been carried out. In this regard, the use of typical 
pressure stabilizers in the synthesizer does not provide high accuracy 
of concentration of the prepared mixture components.

It was shown that synthesizers designed on the basis of throttle 
flow summarizers are characterized by a significant effect of external 
pressures. Limit concentration deviation resulting from the changes 
in Pv, Pw and P0 measure (in % abs/kPa) 1; 0.6 and 0.03, respectively.

It was established that equalizing of pressures at the ends of 
the dosing capillaries in the scheme of the flow summarizer leads, at 
least, to a partial compensation for the effect of external pressures. 
This is due to a unidirectional change in pressures and corresponding 
changes in the component flows metered by dosing capillaries.

Full compensation for the effect of external pressures can be 
provided by choosing dimensions of the capillaries applying the ob-
tained system of equations.

Application of the dosing capillaries with dimensions differing 
from the calculated dimensions causes deviation of the component 
concentrations from the specified values at a level of 4 % rel. This de-
viation, if necessary, can be reduced by shortening capillary lengths 
during the measuring control of the synthesized mixture component 
concentrations using the gas analyzer.

The synthesizer of binary (СО2+N2) and ternary (О2+СО2+N2) 
mixtures for calibration of analyzers of the blood gases was devel-
oped and studied. It was established that the limiting deviations of 
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