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It is shown that for the potentiodynamic regime, the best char-

acteristics were demonstrated by the film without modifications or 

additives. On the other hand, all modified films, codeposited with alu-

minum, demonstrated better characteristics in galvanostatic regimes 

over the reference film. It would appear that this is due to the physico-

chemical features of the films deposited in the presence of additives.

In turn, the use of high-rate cycling regime leads to a decrease 

of electrochromic characteristics, namely higher degree of irrevers-

ibility. Despite the difference of currents in different galvanostatic 

regimes by 4 times, the coloration degree did not differ much.

It was also found that the presence of 0.3 mM potassium tung-

state in the cycling electrolyte resulted in a significant decrease in 

the electrochromic properties of the samples.

Keywords: electrochromism, nickel hydroxide, layered double 

hydroxide, aluminum, tungstate, polyvinyl alcohol, electrodeposi-

tion, cycling.
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The present study is devoted to an attempt to improve the charac-

teristics of nickel hydroxide electrochromic films. The study of optical 

and electrochemical characteristics of the films, prepared through 

the codeposition of nickel and aluminum and additional modifica-

tion during the cycling of the prepared samples was conducted. The 

modification was realized through the cycling of films in the solution 

of potassium hydroxide with small amounts of potassium tungstate.

Over the course of the study, a series of films were obtained, 

which demonstrated different electrochemical and optical behavior. 

Thus, it was found that both the deposition method and the cycling 

regime have a significant effect on the characteristics of electrochro-

mic films. 
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switching frequency. The necessity of taking into account the non-

sinusoidal grid voltage during the determination of the voltage value 

at the inverter input is shown. It is proposed to reduce the capaci-

tance of the filter capacitor at the point of common coupling and use 

of capacitor current coupling. This will improve the quality of the 

grid current at the non-sinusoidal voltage of the grid. The structure 

of the current control loop with a relay current controller with the 

combined modulation and regulation of the reference value of the 

controller deviation is proposed. Regulation is carried out in accor-

dance with the reference value of the amplitude and the derivative 

of the inverter current. A mathematical model of the system “grid – 

grid inverter – load” with a block of determination of power losses in 

the switches and a nonlinear reactor is developed.

Keywords: relay current controller, unipolar and bipolar modu-

lation, power losses, THD, simulation. 
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defects at the outer surface of an underground pipeline, taking into 

consideration changes in internal hydrostatic pressure.

Keywords: underground pipelines, oil and gas enterprises, mechan-

ical stresses, hydrostatic pressure, corrosion currents, crack opening.
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A new criterion of strength and a set of informative parameters 

have been devised for modelling the stressed-strained state (SSS) of 

the underground metal pipeline (UMP) taking into consideration 

the system of defects of the cavity type, atop of which there is a crack. 

We have inspected the surface of pipes made from structural car-

bon steel 20, which are exposed to the internal hydrostatic pressure. 

It has been proposed that the strength criterion of a pipe’s metal, 

which is in contact with the soil electrolyte, should take into consid-

eration the stages of elastic and plastic deformation.

The strength criterion has been supplemented with ratios for a 

corrosion current (the Kaesche type) and internal pressure, which 

acts on a cylindrical pipe, taking into consideration the inelastic 

energy characteristic of the surface layer. 

For a pipeline, in a neutral soil environment, we have measured 

polarization potentials and corrosion currents using the PPM (polar-

ization capacity meter) and CCM (contactless current meter) equip-

ment. Results measure respective defects of the cavity type (pitting), 

formed at the outer surface of an underground pipeline.

For five variants of internal pressure pi=5.5÷7.5 MPa, the CCM 

and PPM devices determined  currents and voltages for characteris-

tic surface defects and, based on them, we have estimated the effec-

tive time it takes for a crack to reach critical depth (a pipe resource), 

as well as the reliability parameter β (a safety characteristic). 
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For the experimental determination of the thermal state of re-

frigerator cars under operating conditions, a procedure for separate 

determination of heat and mass transfer parameters is proposed. Its 

peculiarity lies in the fact that conditions, methods and means of ther-

mal tests used in the construction, operation and repair of refrigerator 

cars are used for the experimental determination of conductive heat 

transfer and tightness indicators. For separate determination of the 

true heat transfer coefficient K  and effective opening Fek, experimen-

tal conditions of the thermal process of heating air in the cargo space of 

the car body and measurement of the volume of air flow through leaks 

under constant standard overpressure of 49 Pa in the body were used.

Based on the values of the true heat transfer coefficient K  and 

effective opening Fek, taking into account the thermophysical prop-

erties of cargo and using MS Excel tools, graphical dependences of 

changes in cargo temperature in the refrigerator car on transporta-

tion conditions are constructed.

The results of the study are proposed to be used for separate 

determination of heat and mass transfer indicators and evaluation of 

thermal properties of the body sheathing of refrigerator cars under 

operating conditions. Based on the value of the true heat transfer co-

efficient and effective opening, it is possible to determine changes in 

cargo temperature in transportation conditions, taking into account 

the temperature difference of the atmosphe-ric air.
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Theoretical studies of electromagnetic processes in the active 

part of an electric machine’s armature have been carried out in a 

dynamic short-circuit mode using a three-dimensional magnetic field 

model represented as a combination of electrical circuits of phase 

windings and a geometric 3D region. An approach was proposed 

to determine self- and mutual inductances between phases of the 

electric machine armature winding based on decomposition of elec-

tromagnetic processes by means of various combinations of powering 

the armature phase windings. Laws of electromagnetic processes 

resulting from self- and mutual effects of the armature phase cur-

rents causing appearance of effects of self- and mutual induction with 

and without taking into account magnetic properties of materials 

were established. The phenomena of self induction in phases of the 

armature winding, formation of components of induced currents in 

the phase as a result of action of currents in neighboring phases and 

their magnetizing and demagnetizing properties were considered. 

Influence of these processes leads to an asymmetry of the systems of 

mutual inductance between the winding phases. However, symmetry 

of total inductance of the armature phase windings is not violated. 

To determine with high accuracy inductive parameters of the elec-

tric machine armature winding according to the classical method, 

corresponding correction coefficients were proposed. This will 

minimize current errors and ensure adequacy of known widely used 

three- and two-phase models of electric machines based on systems 

Keywords: refrigerator car, thermal insulation, thermal tests, 

heat and mass transfer, heat transfer coefficient, effective opening, 

mathematical model.
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of differential equations of the first order. Reliability and accuracy of 

the data obtained in 3D modeling of magnetic fields were confirmed 

by the results of physical tests. When taking into account magnetic 

properties of materials used in the active part of the electric machine 

armature, relative current errors did not exceed 2.68÷2.91 % and 

when magnetic properties were not taken in account, the errors 

measured 103.09÷106.32 %.

Keywords: electric machine, electromagnetic field, inductive 

parameters, three-dimensional field model.
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It has been determined that the most expedient and economi-

cally beneficial flaw detection method for plywood is the impact 

method. Samples of plywood with and without a defect were used 

for the research. Among the acoustic techniques, the most accu-

rate is considered to be ultrasound; its implementation, however, 

requires that the surface of plywood should be treated with a spe-

cial substance, which makes the method impractical for plywood 

raw materials. Nevertheless, given the accuracy of the method, we 

have performed a correlation analysis involving the impact meth-

od. The chosen initial parameters for the shock method were the 

number of pulsations, the oscillation frequency and the coefficient 

of harmonic distortions of a shock sensor’s signal. The ultrasound 

study has been found to produce almost identical results with 

previous experiments, especially regarding a harmonic distortion 

coefficient (Kh=0.84). This allows us to argue that the selected 

parameters make it possible to reliably detect a defect in plywood. 

Solutions for automating the flaw detection process have been 

suggested. A device has been designed to control quality and to 

enable the automated selective sorting of plywood, as well as a 

multichannel automated quality control system for plywood to be 

installed at a production line. The proposed systems would make 

it possible to perform the automated flaw detection in plywood, 

both in the form of finished products and at the production stage. 

Information on the quality of plywood can be transferred both 

to workers at a warehouse and to a transportation robot, as well 

as to a production line in order to run an analysis and identify 

causes of defects and to correct the technological process param-

eters. Automating the flaw detection process would improve its 

speed and accuracy. We have proposed an easy-to-use relative 

criterion of plywood quality, which makes it possible to eliminate 

measurement errors caused by instability in the plywood oscil-

lation amplitude at a sensor’s impact. That makes it possible to 

significantly improve the accuracy of detecting internal defects in 

the non-destructive quality control.

Keywords: plywood, flaw detection, impact method, selective 

sorting, non-destructive testing, quality control.

References 

1.	 Pinchevska, O., Smirdriakova, M. (2016). Wood particleboard cov-

ered with slices made of pine tree branches. Acta Facultatis Xylolo-

giae Zvolen, 58 (1), 67–74.

2.	 Skliar, D., Smirdriakova, M., Sedliacik, J. (2017). Selected physi-

cal and mechanical properties of plywood faced with wood slices. 

Acta Facultatis Xylologiae Zvolen, 59 (1), 97–105. doi: http:// 

doi.org/10.17423/afx.2017.59.1.09

3.	 Bal, B. C., Bektaş, İ., Mengeloğlu, F., Karakuş, K., Ökkeş Demir, H.  

(2015). Some technological properties of poplar plywood pan-

els reinforced with glass fiber fabric. Construction and Building 

Materials, 101, 952–957. doi: https://doi.org/10.1016/j.conbuild-

mat.2015.10.152 

4.	 Bekhta, P., Salca, E.-A. (2018). Influence of veneer densification on 

the shear strength and temperature behavior inside the plywood 

during hot press. Construction and Building Materials, 162, 20–26.  

doi: https://doi.org/10.1016/j.conbuildmat.2017.11.161 

28.	 Yarymbash, D., Kotsur, M., Bezverkhnia, Y., Yarymbash, S., Kotsur, I.  

(2018). Parameters Determination of the Trolley Busbars by Elec-

tromagnetic Field Simulation. 2018 IEEE 3rd International Confer-

ence on Intelligent Energy and Power Systems (IEPS). doi: https://

doi.org/10.1109/ieps.2018.8559576 

29.	 Yarymbash, D., Kotsur, M., Yarymbash, S., Kylymnyk, I. (2018). An 

Error Estimation Of The Current Sensors Of The Automated Con-

trol System Of The Technological Process Of Graphitation. 2018 

IEEE 3rd International Conference on Intelligent Energy and Power 

Systems (IEPS). doi: https://doi.org/10.1109/ieps.2018.8559489 

30.	 Yarymbash, D., Kotsur, M., Yarymbash, S., Divchuk, T. (2018). Elec-

tromagnetic Parameters Determination of Power Transformers. 2018 

IEEE 3rd International Conference on Intelligent Energy and Power 

Systems (IEPS). doi: https://doi.org/10.1109/ieps.2018.8559573 

31.	 Kotsur, M., Kotsur, I., Bezverkhnia, Y., Andrienko, D. (2017). 

Increasing of thermal reliability of a regulated induction motor in 

non-standard cycle time conditions. 2017 International Conference 

on Modern Electrical and Energy Systems (MEES). doi: https:// 

doi.org/10.1109/mees.2017.8248960 

32.	 Jacques, K., Steentjes, S., Henrotte, F., Geuzaine, C., Hameyer, K.  

(2018). Representation of microstructural features and mag-

netic anisotropy of electrical steels in an energy-based vector 

hysteresis model. AIP Advances, 8 (4), 047602. doi: https:// 

doi.org/10.1063/1.4994199 

33.	 Leuning, N., Steentjes, S., Stöcker, A., Kawalla, R., Wei, X., Dierdorf, J. 

et. al. (2018). Impact of the interaction of material production and 

mechanical processing on the magnetic properties of non-oriented 

electrical steel. AIP Advances, 8 (4), 047601. doi: https://doi.org/ 

10.1063/1.4994143 

34.	 Stepanenko, A., Oliinyk, A., Deineha, L., Zaiko, T. (2018). 

Development of the method for decomposition of superposi-

tions of unknown pulsed signals using the second order adaptive 

spectral analysis. Eastern-European Journal of Enterprise Tech-

nologies, 2 (9 (92)), 48–54. doi: https://doi.org/10.15587/1729-

4061.2018.126578 

DOI: 10.15587/1729-4061.2019.186150
DESIGN OF AUTOMATED SOLUTIONS TO DETECT 
FLAWS IN PLYWOOD (p. 48-56)

Olha Baranova
National University of Life and Environmental Sciences of Ukraine,  

Kyiv, Ukraine
ORCID: http://orcid.org/0000-0002-7022-8487

Mykola Vasylenko
National Aviation University, Kyiv, Ukraine

ORCID: http://orcid.org/0000-0003-4937-8082

Konstantin Shevchenko 
National Technical University of Ukraine 

“Igor Sikorsky Kyiv Polytechnic Institute”,  
Kyiv, Ukraine

Yuriy Tsapko
National University of Life and Environmental Sciences, Kyiv, Ukraine

Kyiv National University of Construction and Architecture, 
 Kyiv, Ukraine

ORCID: http://orcid.org/0000-0003-0625-0783
Rostislav Oliinyk

Taras Shevchenko National University of Kyiv, Kyiv, Ukraine
ORCID: http://orcid.org/0000-0002-8675-7009



71

Applied physics

This paper presents the techniques for mathematical modeling 

of the geometric characteristics of surfaced surfaces, which make it 

possible to predict the result of experimental studies. The accuracy 

of existing techniques for assessing the geometric parameters of a 

penetration zone has been determined.

It has been established that by using the distribution scheme 

of a heating source over a rectangular region it becomes possible 

to bring the estimation data closer to experimental in the surfac-

ing rate range of 6‒12 m/h. At a distribution parameter of the 

heating source over a width of 1.5 mm, the maximum discrepancy 

between the estimated and experimental values for a penetra-

tion depth does not exceed 15 % for strips with a width of 60 to  

90 mm. This is due to that a given model is adequate only for cold‒
rolled solid strip electrodes. We have investigated an estimation 

scheme of temperature distribution in a semi-infinite body from a 

movable linear heat source with the distribution of temperature 

by width, making it possible to adequately assess the depth of 

penetration of the basic metal at surfacing with a strip electrode. 

The arc, which moves along the end of the strip, does not form a 

significant crater as is the case at surfacing with a wire electrode. 

The efficiency of heat transfer from arc to the main metal is deter-

mined by the convection of a liquid metal in the active part of the 

pool, which decreases at low surfacing speeds. The movement of a 

metal in this zone is linked to its movement throughout the entire 

volume of the weld pool. It has been established that a decrease 

in the temperature of a metal in the liquid layer of the weld pool 

within 300‒500 ºС when using a strip electrode, compared to the 

wire one, relates to the phenomenon of arc displacement along 

the end of a strip electrode and to a change in the heat source’s 

concentration ratio.

Keywords: strip electrode, temperature distribution, semi-

infinite body, penetration depth, heating source.
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