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By using methods of mathematical modeling and in the course 
of an experimental study we have investigated various types of 
microwave resonator measuring transducers with microprobe sens-
ing elements of coaxial type. Such a study was necessitated by their 
widespread application for local non-destructive testing and for 
diagnostics electrophysical characteristics of micro- and nanoscale 
objects and structures.

In order to analyze the resonator measuring transducers with 
microprobe elements, we have chosen, as the basic criterion, attain-
ing the maximal quality factor, which determines the sensitivity of 
measurements. We have investigated the structures of measuring 
transducers based on a coaxial resonator with gradually changing 
geometrical dimensions, resonators based on the segments of regular 
waveguides, a cylindrical resonator. In addition, the microwave mea-
suring transducers based on hybrid irregular volumetric and planar 
structures have been examined. We have considered the distribution 
character of an electromagnetic field in the structures of transducers, 
the amplitude-frequency characteristics, as well as changes in them 
during interaction with external objects. The result of this study 
is the identified possibilities to improve quality factor for differ-
ent types of the resonator measuring transducers with microprobe 
elements to the magnitudes the order of 104. We have proposed, 
designed, and examined practical structures of measuring transduc-
ers, which could be used both in scanning microwave microscopy 
and in other measuring systems and complexes. We have developed 
and investigated a measuring transducer based on a coaxial struc-
ture that has resonances in a wide range of working frequencies. We 
have designed and explored the technologically simple structures of 
high-quality resonator transducers of the pass-through type in the 
centimeter and millimeter wavelength range based on segments of 
regular waveguides. A possibility to construct a high-quality measur-
ing transducer based on the hybrid irregular structures, which are 
excited at the highest types of oscillations, has been experimentally 
proven. We have revealed a strong influence of characteristics of 
the coupling elements on the parameters of resonator measuring 
transducers, which must be taken into consideration when they are 
applied in practice. The results of our study would make it possible 
to expand the range and scope of application of methods for the local 
non-destructive microwave diagnostics of small-dimensional objects 
and structures.
Keywords: microwave diagnostics, resonator measuring transducer, 
microprobe structure, scanning microwave microscopy.
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has been found between the reported measurement uncertainty and 
the scheme.

The results of the estimation of the frequency influence of the 
input voltage on the transformation coefficient of the AC/DC voltage 
transfer standards of the two types have given the grounds to neglect 
correcting the contribution of this source of uncertainty. The proposed 
approach to measuring the AC/DC transfer difference with providing 
the connection with a direct definition allows us to estimate more ap-
propriately this metrological characteristic in two ways.

Keywords: comparison, thermal converter, voltage transfer, 
travelling standard, uncertainty of measurement.
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The development of standards based on quantum effects, in 
particular, alternating voltage synthesizers, has not yet allowed 
defining the metrological characteristics of measuring instruments 
for alternating voltage up to 1,000 V at a frequency up to 1 MHz. 
Therefore, a comparative analysis of international comparisons of 
national standards has summarized the possibilities of metrological 
support with the use of AC/DC voltage transfer standards.

The conducted analytical and experimental studies give grounds 
to state the decisive contribution of national metrological institutes 
in the formation of the modern equivalence level of AC/DC volt-
age transfer standards. A comparative analysis of the uncertainty of 
measurements achieved by the leading national metrology institutes 
has made it possible to distinguish the most accurate type of thermal 
voltage converters based on the thermocouples connected in series. 
Such a measuring instrument allows measuring AC/DC transfer dif-
ference with an uncertainty of less than 1 μV/V at certain points of 
the measuring range.

Consideration of the capabilities of the travelling standards to 
ensure a stable storage of a value of AC/DC voltage transfer dif-
ference has indicated the advantage of the thermal converter of an 
indicated above type, relative to the other types used in the compari-
sons of AC/DC transfer standards. The calculation of stability coef-
ficients for different types of standards has shown an approximately 
twofold advantage of thermal converters based on the thermocouple 
comparing with multi-range thermal comparators on the basis of 
the root-mean-square voltage sensor. The results of the considered 
comparisons have shown that there were no advantages of any of 
the measurement schemes used by the laboratories since no relation 
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The performed analysis of known capillary flowmeters for low 
gas flows reveals the prospect of constructing the primary measuring 
transducers of flowmeters with a linear output signal. Owing to the 
stability of dimensions of the pass-through channels in glass capillaries 
channels such flowmeters can demonstrate high metrological charac-
teristics. In this regard, we have investigated the capillary as a sensing 
element in the primary transducers of flowmeters for low gas flows.

Different circuits of capillary primary transducers for the mea-
suring instruments of low gas flow rate have been examined. Our 
study makes it possible to select the optimal circuit of a primary 
measuring transducer based on the measurement range, as well as the 
number and size of the pass-through channels in capillaries. For ex-
ample, the flow meter based on a package of capillaries demonstrates 
a wider measurement range compared to other schemes.

We have derived analytical dependences that enable the design 
of single- capillary, package, and bridge transducers. Comparative 
characteristics of the specified primary measuring transducers are 
provided. We have constructed algorithms for calculating dimensions 
of channels in the capillaries of transducers with a linear output signal. 

The influence of temperature and barometric pressure on a 
deviation in the static characteristic of the transducer has been 
estimated. It was established that the bridge circuit, unlike others, 
ensures partial compensation for the influence of external factors.

We have designed and investigated a capillary oxygen flowme-
ter, constructed using the bridge measurement circuit with a linear 
conversion function, intended for an automated system of the manu-
facturing process of workpieces for fiber light guides. The upper limit 
of measurement by the flowmeter is at the level of 54 l/h, its basic 
relative error is 0.8 %. 

Keywords: capillary package, bridge capillary circuit, linearity 
of conversion function, low gas flow rate.
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The results of the experimental study of the thermophysical 
properties of the R141b refrigerant, R141b/Span-80 surfactant 
solution and R141b/Span-80 surfactant/TiO2 nanoparticles nano-
fluid are presented. The content of both the surfactants and TiO2 
nanoparticles in the objects of the study was 0.1 wt. %.

The measurements have been performed along the liquid-
saturation line in the temperature ranges of (273...293) K for the 
density, (293...343) K for the surface tension, (300...335) K for the 
kinematic viscosity, (293...348) K for the thermal conductivity and  
(261...334) K for the specific isobaric heat capacity.

It was shown that the effect of surfactants and TiO2 nanopar-
ticles on the density of the R141b refrigerant was insignificant and 
within the uncertainty of the experimental data (up to 0.08 %). 
Additions of both the surfactants and TiO2 nanoparticles contrib-
uted to a decrease in the surface tension of R141b by up to 0.3 % in 
comparison with pure R141b. Additives of both the surfactants and 
TiO2 nanoparticles in R141b contributed to an increase in viscos-
ity of (0.8...1.0) %, and additives of surfactants led to a significant 
decrease in viscosity – by (3.5...5.0) % compared to the viscosity of 
pure R141b. It was shown that surfactant additives in R141b did 
not significantly influence the thermal conductivity (the effect did 
not exceed 0.25 %), and additions of both the surfactants and TiO2 
nanoparticles lead to an increase in the thermal conductivity of the 
refrigerant by (0.3...1) %. A decrease of the specific isobaric heat 
capacity by (1.5...2.0) % was observed by adding the surfactants and 
TiO2 nanoparticles to R141b. The slight increase in the specific iso-
baric heat capacity by adding the surfactants to R141b was observed  
(up to 1.0 %).

It was concluded that the influence of the addition of nanopar-
ticles and surfactants on the thermophysical properties of the R141b 
refrigerant is ambiguous and unpredictable. The results of experi-
mental studies on the effect of nanoparticles on the thermophysical 
properties of a refrigerant confirm the importance of developing 
methods for predicting these properties. This method can be based 
on taking into account the presence of a structured phase of the base 
fluid or surfactant molecules on the surface of nanoparticles.

Keywords: R141b refrigerant, R141b/TiO2 nanoparticles nano-
fluid, density, surface tension, specific isobaric heat capacity, thermal 
conductivity, kinematic viscosity
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We have investigated the issue on improving energy efficiency 
of systems that facilitate the start of diesel engines by heating the air 
charge. The enhanced energy efficiency is based on the heating of part 
of the charge only. The result is the formed air charge in the engine cyl-
inder, which consists of two layers of air with different temperatures.

filler, the temperature modes of drying and polymerization of the 
applied layer, most significantly affect physical-mechanical char-
acteristics of finished products. A specific factor of production of a 
honeycomb filler from polymer paper is its multi-stage impregnation 
with the dressing composition, and then by the binder during the 
final operations with subsequent drying and heat treatment of the 
honeycomb units. These operations result into non-uniform heat and 
mass transfer (migration) of the binder from the central part of the 
panel to its peripheral end areas. The regularities of this non-uniform 
heat and mass transfer of the binder along the length of a honeycomb 
channel were explored. It was shown that these phenomena are 
conditioned by hydrodynamic motion of the binder, caused by tem-
perature gradient, its density and surface tension coefficient. Based 
on this, we designed the method for determining the thickness of the 
binder layer along honeycomb channels at the known (assigned) law 
of the change in density and surface tension along the length of the 
cell of a honeycomb filler. The method makes it possible to reduce 
the non-uniformity of mass transfer by technological means, ensur-
ing the necessary tolerance for physical-mechanical characteristics of 
honeycomb fillers from polymer paper. The problem of mass transfer 
enabled deeper revealing the mechanisms of the formation of the 
non-uniform impregnation layer at the stages of the drying process 
during the production of a honeycomb filler from polymer paper. Us-
ing the obtained mechanisms and technological possibilities of the 
regulation of characteristics of binders, it is possible to improve the 
non-uniformity of the layer thickness along the honeycomb chan-
nels to the values that ensure the necessary tolerance for physical-
mechanical characteristics of a honeycomb filler.

Keywords: honeycomb filler, physical-mechanical characteris-
tics, polymeric paper, non-uniform heat and mass transfer, binder, 
hydrodynamic motion, uniformity of impregnation.
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To substantiate the new method for facilitating the cold start of 
the multi-liter diesel engine, a numerical study into the compression 
of a different-temperature air charge in the engine was conducted. 
Using an engine of the type 6TD as an example, we have numerically 
studied a change in the temperature field of the charge at compres-
sion, taking into consideration the vortex flows that arise when a 
charge forms in the engine’s cylinder. Based on an analysis of the 
temperature field in the charge, we have identified the existence of 
conditions for a reliable self-ignition of fuel in the charge at its com-
pression. In order to form two layers of air with a different tempera-
ture, we first assigned, under conditions of modeling, the injecting of 
cold air into the engine’s cylinder at a temperature of 253 K. Next, 
the heated air was injected at a temperature of 773 K. A volumetric 
fraction of the heated air in the charge was 10 %.

Based on the simulation results, it was established that the 
existence of charge layers with different temperatures is retained at 
compression. We have confirmed that the temperature of the fuel 
auto-ignition in the pre-heated layer of air could be achieved at the 
intake air temperature of −20 °C.

The results obtained could be applied to substantiate the re-
quirements for the energy-efficient systems that facilitate a cold start 
of the diesel engines.

Keywords: cold start, diesel engine, numerical study, compres-
sion process, engine start facilitation.

References

1.	 Serpukhov, O. V., Korytchenko, K. V., Kasimov, A. M., Trofymen- 
ko, S. V. (2018). Zaiavka na vynakhid No. A2018 02175 UA. Prys-
triy dlia polehshennia zapusku dyzelnykh dvyhuniv. declareted: 
03.03.2018. 

2.	 Mollenhauer, K., Tschöke, H. (Eds.) (2010). Handbook of diesel 
engines. Springer-Verlag, 636. doi: https://doi.org/10.1007/978-3-
540-89083-6 

3.	 Shipunov, V. (2013). Analysis of ways to start automotive diesel in-
ternal combustion engines at low temperatures. Zbirnyk naukovykh 
prats [Poltavskoho natsionalnoho tekhnichnoho universytetu im. 
Yu. Kondratiuka]. Ser.: Haluzeve mashynobuduvannia, budivnyt-
stvo, 2 (1 (36)), 156–165. 

4.	 Dubinin, D., Korytchenko, K., Lisnyak, A., Hrytsyna, I., Trigub, V. 
(2018). Improving the installation for fire extinguishing with finely
dispersed water. Eastern-European Journal of Enterprise Tech-
nologies, 2 (10 (92)), 38–43. doi: https://doi.org/10.15587/1729-
4061.2018.127865 

5.	 Korytchenko, K., Ozerov, A., Vinnikov, D., Skob, Yu., Dubinin, D., 
Meleshchenko, R. (2018). Numerical simulation of influence of the 
non-equilibrium excitation of molecules on direct detonation initia-
tion by spark discharge. Problems of Atomic Science and Technology, 
4 (116), 194–199. 

6.	 Korytchenko, K., Markov, V., Polyakov, I., Slepuzhnikov, E., Me-
leshchenko, R. (2018). Validation of the numerical model of a spark 
channel expansion in a low-energy atmospheric pressure discharge. 
Problems of Atomic Science and Technology, 4 (116), 144–149. 

7.	 Deng, Y., Liu, H., Zhao, X., E, J., Chen, J. (2018). Effects of cold 
start control strategy on cold start performance of the diesel 
engine based on a comprehensive preheat diesel engine model. 
Applied Energy, 210, 279–287. doi: https://doi.org/10.1016/j.
apenergy.2017.10.093 

8.	 García-Contreras, R., Armas, O., Mata, C., Villanueva, O. (2017). 
Impact of Gas To Liquid and diesel fuels on the engine cold start. 
Fuel, 203, 298–307. doi: https://doi.org/10.1016/j.fuel.2017.04.116 

9.	 Ezzitouni, S., Soriano, J. A., Gómez, A., Armas, O. (2017). Impact of 
injection strategy and GTL fuels on combustion process and perfor-
mance under diesel engine start. Fuel, 200, 529–544. doi: https:// 
doi.org/10.1016/j.fuel.2017.04.012 



77

Abstract and References. Applied physics

5.	 Mondal, S., Ganguly, S., Das, P., Khastgir, D., Das, N. C. (2017). Low 
percolation threshold and electromagnetic shielding effectiveness of 
nano-structured carbon based ethylene methyl acrylate nanocom-
posites. Composites Part B: Engineering, 119, 41–56. doi: https://
doi.org/10.1016/j.compositesb.2017.03.022 

6.	 Glyva, V., Podkopaev, S., Levchenko, L., Karaieva, N., Nikolaiev, K., 
Tykhenko, O. et. al. (2018). Design and study of protective proper-
ties of electromagnetic screens based on iron ore dust. Eastern-
European Journal of Enterprise Technologies, 1 (5 (91)), 10–17.  
doi: https://doi.org/10.15587/1729-4061.2018.123622 

7.	 Castiñeira-Ibañez, S., Rubio, C., Sánchez-Pérez, J. V. (2015). En-
vironmental noise control during its transmission phase to protect 
buildings. Design model for acoustic barriers based on arrays 
of isolated scatterers. Building and Environment, 93, 179–185.  
doi: https://doi.org/10.1016/j.buildenv.2015.07.002 

8.	 Korotchenko, M. V., Shevchenko, Yu. S. (2012). Doslidzhennia 
efektyvnosti akustychnykh ekraniv na avtomobilnykh dorohakh 
Ukrainy. Naukovo-vyrobnychyi zhurnal, 6, 40–42.

9.	 Lu, J., Qiu, C., Ye, L., Fan, X., Ke, M., Zhang, F., Liu, Z. (2016). Obser-
vation of topological valley transport of sound in sonic crystals. Nature 
Physics, 13 (4), 369–374. doi: https://doi.org/10.1038/nphys3999 

10.	Abid, M., Abbes, M. S., Chazot, J. D., Hammemi, L., Hamdi, M. A., 
Haddar, M. (2012). Acoustic response of multilayer with viscoelastic 
material. The International Journal of Acoustics and Vibration,  
17 (2). doi: https://doi.org/10.20855/ijav.2012.17.2300 

11.	Edelstein, W. A., Kidane, T. K., Taracilla, V. et. al. (2004). Pat. No. 
US 7,141,974 B2 USA. Active-passive electromagnetic shielding 
to reduce MRI acoustic noise. Int. C. GOI/3/00. No. 10/925,691; 
declareted: 25.08.2004; published: 28.11.2006, Bul. No. 1. Available 
at: https://patents.google.com/patent/US7141974B2/en

DOI: 10.15587/1729-4061.2018.150577
A STUDY OF THE EFFECT OF CYCLING MODES ON 
THE ELECTROCHROMIC PROPERTIES OF Ni(OH)2 
FILMS (p. 62-69)

Valerii Kotok 
Ukrainian State University of Chemical Technology, Dnipro, Ukraine 

Vyatka State University, Kirov, Russian Federation 
ORCID: http://orcid.org/0000-0001-8879-7189 

Vadym Kovalenko 
Ukrainian State University of Chemical Technology, Dnipro, Ukraine 

Vyatka State University, Kirov, Russian Federation 
ORCID: http://orcid.org/0000-0002-8012-6732

As a result of conducted studies, a series of electrochromic 
Ni(OH)2 films were prepared using the cathodic template method 
under the same conditions. Prepared films have been used for com-
parison of regimes for coloration-bleaching cycling. Main qualitative 
characteristics were also evaluated – averaged absolute coloration 
degree, averaged irreversibility on bleaching and visual comparison 
in the colored state after cycling.

To compare the influence of different regimes, potentiodynamic, 
galvanostatic and complex regimes were proposed. For potentio-
dynamic regimes, different upper and lower potential limits were 
chosen. Initial current density for galvanostatic and complex regimes 
was chosen based on the results of the cyclic voltamperometry curve. 
Chosen current density was equal to the cathodic peak value on the 
fifth cycle of the cyclic voltamperometry curve recorded in the fol-
lowing regime: potential window [201–751 mV], scan rate 1 mV/s.

Coloration-bleaching cycling in different regimes revealed high 
effectiveness of potentiodynamic regimes which showed the highest 
coloration degree of the films. On the other hand, it was found that 
narrowing and widening of potential windows relative to optimal 
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We have developed a technology for manufacturing an univer-
sal electromagnetic and soundproofing screen based on foam-latex 
and foam-polystyrene. The dispersity and physical characteristics 
of components in a material for shielding electromagnetic field 
and noise have been investigated. The designed material consists 
of latex and iron ore dust with dominating dispersion of 12 µm. In 
order to improve the soundproofing properties, latex was supple-
mented during fabrication with a foam-forming agent − synthetic 
oleic acid. To reduce the weight, we added granulated foam-
polystyrene with the size of granules 1−3 mm to the material. 
We examined screens with a thickness of 5 mm and 10 mm with 
a different content of the metallic substance. It was determined 
that the shielding coefficients of the material 5 mm think contain-
ing 5‒20 % of iron ore content are as follows: for electromagnetic 
field of frequency 2.4‒2.6 GHz ‒ 1.8−44; for the magnetic field of 
industrial frequency ‒ 1.2−15.0. For the material with a thickness 
of 10 mm they are 2.9−52.0 and 2.3‒38.4, respectively. The noise 
reduction index of 41−44 dB is achieved at noise frequencies of 
6−8 kHz, which is the most critical for humans. The structural 
study of the materials’ surface was performed. It has been estab-
lished that at the content of the metallic substance above 15 %, its 
distribution in the bulk of the material becomes non-homogenous. 
In order to improve the efficiency of electromagnetic protection, 
it is expedient to produce a magnetic or rheological fluid from 
iron dust in advance, to apply it in the technological process for 
foam-latex fabrication. 

It has been proven that the combined electromagnetic and 
soundproofing (acoustic) screens, that are small in thickness and low 
in weight, could provide reduction of the levels of electromagnetic 
fields and noise to match the norms, which is especially important 
when they are applied in the transportat industry.

Keywords: electromagnetic screen, soundproofing screen, iron 
ore dust, shielding coefficient, foam-latex, foam-polystyrene.
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resulted in worse characteristics of electrochromic films. Galvano-
static regimes showed the most optimal results in terms of abso-
lute coloration degree and time required for coloration/bleaching. 
Complex regimes demonstrated the worst results. Theses regimes 
resulted in significant irreversibility and average rate of coloration 
and bleaching.

Galvanostatic and complex regimes revealed the presence of two 
plateaus on the current density curves, which indicates the presence 
of both α-Ni(OH)2 and β-Ni(OH)2 in electrochromic material.

Keywords: electrochromism, cycling, cyclic voltamperometry, 
galvanostatic, potentiostatic, electrodeposition, Ni(OH)2, nickel 
hydroxide.

References

1.	 Smart Windows: Energy Efficiency with a View. Available at: 
https://www.nrel.gov/news/features/2010/1555.html

2.	 Qu, H.-Y., Primetzhofer, D., Arvizu, M. A., Qiu, Z., Cindemir, U., 
Granqvist, C. G., Niklasson, G. A. (2017). Electrochemical Rejuve-
nation of Anodically Coloring Electrochromic Nickel Oxide Thin 
Films. ACS Applied Materials & Interfaces, 9 (49), 42420–42424. 
doi: https://doi.org/10.1021/acsami.7b13815 

3.	 Kotok, V. A., Kovalenko, V. L., Kovalenko, P. V., Solovov, V. A., 
Deabate, S., Mehdi, A. et. al. (2017). Advanced electrochromic 
Ni(OH)2/PVA films formed by electrochemical template synthe-
sis. ARPN Journal of Engineering and Applied Sciences, 12 (13), 
3962–3977.

4.	 Kotok, V. A., Kovalenko, V. L., Solovov, V. A., Kovalenko, P. V., 
Ananchenko, B. A. (2018). Effect of deposition time on properties 
of electrochromic nickel hydroxide films prepared by cathodic tem-
plate synthesis. ARPN Journal of Engineering and Applied Sciences,  
13 (9), 3076–3086.

5.	 Park, J.-Y., Ahn, K.-S., Nah, Y.-C., Shim, H.-S., Sung, Y.-E. (2004). 
Electrochemical and Electrochromic Properties of Ni Oxide Thin 
Films Prepared by a Sol–Gel Method. Journal of Sol-Gel Science 
and Technology, 31 (1-3), 323–328. doi: https://doi.org/10.1023/
b:jsst.0000048011.77244.5e 

6.	 Al-Kahlout, A., Pawlicka, A., Aegerter, M. (2006). Brown coloring 
electrochromic devices based on NiO–TiO2 layers. Solar Energy 
Materials and Solar Cells, 90 (20), 3583–3601. doi: https://doi.
org/10.1016/j.solmat.2006.06.053 

7.	 Zhu, L., Ong, W. L., Lu, X., Zeng, K., Fan, H. J., Ho, G. W. (2017). 
Substrate-Friendly Growth of Large-Sized Ni(OH)2 Nanosheets 
for Flexible Electrochromic Films. Small, 13 (23), 1700084. doi:  
https://doi.org/10.1002/smll.201700084 

8.	 Cai, G., Wang, X., Cui, M., Darmawan, P., Wang, J., Eh, A. L.-S.,  
Lee, P. S. (2015). Electrochromo-supercapacitor based on direct 
growth of NiO nanoparticles. Nano Energy, 12, 258–267. doi: https:// 
doi.org/10.1016/j.nanoen.2014.12.031 

9.	 Park, S. H., Lim, J. W., Yoo, S. J., Cha, I. Y., Sung, Y.-E. (2012). 
The improving electrochromic performance of nickel oxide film 
using aqueous N,N-dimethylaminoethanol solution. Solar Energy 
Materials and Solar Cells, 99, 31–37. doi: https://doi.org/10.1016/ 
j.solmat.2011.06.023 

10.	 Kotok, V., Kovalenko, V. (2017). The electrochemical cathodic 
template synthesis of nickel hydroxide thin films for electrochro-
mic devices: role of temperature. Eastern-European Journal of 
Enterprise Technologies, 2 (11 (86)), 28–34. doi: https://doi.org/ 
10.15587/1729-4061.2017.97371 

11.	 Lin, F., Gillaspie, D. T., Dillon, A. C., Richards, R. M., Engtrakul, C. 
(2013). Nitrogen-doped nickel oxide thin films for enhanced elec-
trochromic applications. Thin Solid Films, 527, 26–30. doi: https:// 
doi.org/10.1016/j.tsf.2012.12.031 


