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A possibility of assessing the level of wear of artillery 
barrels by acoustic fields of shots was studied. Despite the 
importance of knowledge on the current barrel state, existing 
methods of wear assessment are not sufficiently prompt. These 
methods give rather rough estimates of wear or require expen-
sive equipment. Unlike the known methods, the method pro-
posed in the article is prompt, does not require large expenses, 
can be combined with a training firing, and is easily automated. 
Characteristics of the shock and muzzle waves generated by a 
gunshot were studied and differences in their parameters for 
barrels without wear and those with a critical wear level were 
shown. Initial shell velocity serves as a criterion indicator of 
wear. It was shown that according to the acoustic characteris-
tics, a shot from the barrel having any degree of wear is equiva-
lent to a shot from a gun of a smaller caliber. A computational 
experiment was conducted on real acoustic signals recorded 
during the firing of a 155 mm howitzer. Informative attributes 
of acoustic signals from shots were selected. They make it pos-
sible to automatically classify barrels into two classes: barrels 
suitable for use and barrels with wear exceeding the critical 
level. It was shown that the application of the support vec-
tor method (SVM) makes it possible to confidently classify 
barrels by the level of their wear based on the temporal and 
spectral attributes of the shock and muzzle waves. A cumula-
tive analysis of spectral characteristics was used in the analysis 
of acoustic signals from shots. This has a significantly increased 
likelihood of correct barrel classification. The results are useful 
for practical use in artillery units in the field conditions. The 
study results enable the development of an automated system 
for assessing the barrel condition with high promptness. This 
ensures sufficient accuracy in assessing the level of barrel wear 
in the combat practice.

Keywords: artillery barrel wear, initial shell velocity, shock 
wave, muzzle wave.
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informativeness level of a crankcase gas pressure is 0.329 bits, 
compression in cylinders – 0.249 bits, vacuometric indicators – 
0.582 bits. 

This study allows the rational formation of the diesel engine 
condition diagnosing complexes during technical operation, as 
well determining the prerequisites for malfunctions. The data 
acquired are important for transportation and service enterprises 
and companies that manage freight vehicles.

Keywords: diesel engine, diagnosing, compression, cylinder-
piston group, crankcase gas pressure, vacuometric properties of 
mated parts, entropy, informativeness.
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A possibility has been investigated to diagnose the con-
dition of a cylinder-piston group in the diesel engine 
KamAZ-740.63-400 for trucks KamAZ-6460 after a 60,000 km 
run. The following diagnosing parameters have been selected: 
a crankcase gas pressure, the compression and vacuometric 
properties of a cylinder-piston group. A special feature of these 
mated parts is that they maintain the normal combustion process 
in the diesel engine cylinders, as well as its resource. We have 
determined the boundary limits for diagnosing a crankcase gas 
pressure ‒ 2.39‒2.41 KPa. Based on data about the crankcase gas 
pressure, the examined trucks revealed malfunctions on the runs 
of 36,000 km, 48,000 km, 60,000 km. Given the rules for assess-
ing the characteristics of compression-related faults, the mini-
mum compression value for the diesel engines was 30.05 MPa 
or its difference among the cylinders did not exceed 10–12 %. 
The data on compression helped detect faults after 48,000 km 
run and 60,000 km run. We have determined the boundaries of 
wear based on the vacuometric parameters: maximum vacuum – 
69–86 KPa; residual vacuum – 26–41 KPa. Control of the vacu-
ometric properties of a cylinder-piston group has revealed faults 
in the diesel engines over their run interval of 36,000–60,000 km.

An entropy approach has been applied to estimate the infor-
mativeness of the appropriate diagnosing parameters in bits. The 
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ried out. It has made it possible to justify the choice of rational 
cross-sectional dimensions. For experimental verification of the 
analytically obtained results, a physical model of a linear electric 
generator with an armature containing permanent cylindrical 
magnets was designed. Its translational periodic movement was 
provided through an external electric drive. Analysis of the EMF 
dependences recorded with a digital oscilloscope with a small 
(5 %) error has confirmed the obtained analytical results and 
correctness of the theses underlying the model.

Keywords: linear electric generator, magnetic flux, perma-
nent magnet, electromotive force, cylindrical harmonic.
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Linear electric generators are increasingly used in autono-
mous systems that require a compact source of electricity and 
when it is necessary to simplify mechanisms of power systems. 
To study the characteristics of a linear electric generator, an 
analytical model of its magnetically active part was proposed. 
The model is based on the assumption of the periodicity of linear 
translational motion of the armature relative to the stationary 
cylindrical winding. Based on the representation of the magnetic 
field of the generator’s armature by cylindrical harmonics of the 
scalar potential, the magnetic flux generated by the inductor 
was analyzed. The inductor design contains several pairwise 
oppositely oriented cylindrical permanent magnets. The use of 
representations based on cylindrical harmonics for the magnetic 
flux and EMF induced in a circular circuit has made it possible 
to substantiate the rational number of cylindrical armature 
magnets and their geometric parameters. The losses caused by 
the technological necessity of using annular magnets instead of 
solid continuous cylindrical ones with the same overall dimen-
sions were estimated. Analysis of losses of the magnetic flux 
linkage with the current winding resulting from the presence 
of technologically necessary clearance between the permanent 
magnets and the winding sections was carried out. An analysis 
of arrangement and switching of the winding sections was car-
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chanical state of a two-phase rod for the case of mutual influ-
ence of the temperature and mechanical fields. An approximate 
analytical method has been used to solve the problem, combined 
with the method of successive intervals and a Gibbs variation 
principle. This method should indicate what is “more beneficial” 
to nature under the assigned external influences ‒ to change the 
temperature of the fixed element of a body or to transfer this 
element from one aggregate state to another. It is this approach 
that has made it possible, through the defined motion law of 
an interphase boundary, to take into consideration the effect of 
temperature on the tense-deformed state in the body, and vice 
versa. The ratios have been obtained to define the motion law 
of an interphase boundary, the temperature field, and the tense-
deformed state in the rod. The results are shown in the form 
of charts of temperature and stress dependence on time and a 
coordinate.

An analysis of the results shows that changes in the condi-
tions of heat exchange with the environment and geometric 
dimensions exert a decisive influence on the crystallization pro-
cess, and, consequently, on temperature and mechanical fields. 
The principal result is the constructed approximate analytical 
method and an algorithm for solving the problem on thermovis-
coelasticity for growing bodies (bodies with a moving boundary) 
in the presence of a phase transition considering the heat ex-
change with the environment. Based on the method developed, 
the motion law of an interphase boundary, a temperature field, 
and the tense-deformed state are determined while solving the 
so-called quasi-related problem of thermoviscoelasticity. An ap-
proximate analytical solution has been obtained, which could be 
used by research and design organizations in modeling various 
technological processes in machine building, metallurgy, rocket 
and space technology, and construction.

Keywords: thermomechanical state, Gibbs variation prin-
ciple, crystallization front, approximate analytical method.

References 

1.	 Dron, M., Dreus, A., Golubek, A., Abramovsky, Y. (2018). In-
vestigation of aerodynamics heating of space debris object at 
reentry to earth atmosphere. 69th International Astronautical 
Congress, IAC-18-A6.1.5. Bremen, 7.

2.	 Yemets, V., Harkness, P., Dron’, M., Pashkov, A., Worrall, K., 
Middleton, M. (2018). Autophage Engines: Toward a Throttle-
able Solid Motor. Journal of Spacecraft and Rockets, 55 (4), 
984–992. doi: https://doi.org/10.2514/1.a34153 

3.	 Yemets, M., Yemets, V., Dron, M., Harkness, P., Worrall, K. 
(2018). Caseless throttleable solid motor for small Space-
craft. 69th International Astronautical Congress, IAC-18.C4.8-
B4.5A.13. Bremen, 10.

4.	 Dreus, A. Y., Kozhevnykov, A. A., Liu, B., Sudakova, D. A. 
(2019). Approximate analytical model of rock thermal cycli-
cal disintegration under convective cooling. Naukovyi Visnyk 
Natsionalnoho Hirnychoho Universytetu, 4, 42–47. doi: https:// 
doi.org/10.29202/nvngu/2019-4/5 

5.	 Opitz, F., Treffinger, P., Wöllenstein, J. (2017). Modeling of Ra-
diative Heat Transfer in an Electric Arc Furnace. Metallurgical 
and Materials Transactions B, 48 (6), 3301–3315. doi: https://
doi.org/10.1007/s11663-017-1078-6 

6.	 Sudakov, А., Dreus, A., Ratov, B., Delikesheva, D. (2018). Theo-
retical bases of isolation technology for swallowing horizons 
using thermoplastic materials. News of the National Academy of 
Sciences of the Republic of Kazakhstan, Series of Geology and 
Technical Sciences, 2 (428), 72–80.

7.	 Syasev, A., Zelenskaya, T. (2015). Lengthwise movement dy-
namic boundary-value problem for trailing boundary ropes. 

generator for range extender applications. Energy Conversion 
and Management, 111, 289–298. doi: https://doi.org/10.1016/ 
j.enconman.2015.12.063 

13.	 Mikalsen, R., Roskilly, A. P. (2008). The design and simula-
tion of a two-stroke free-piston compression ignition engine 
for electrical power generation. Applied Thermal Engineering, 
28 (5-6), 589–600. doi: https://doi.org/10.1016/j.appltherma-
leng.2007.04.009 

14.	 Jia, B., Tian, G., Feng, H., Zuo, Z., Roskilly, A. P. (2015). An ex-
perimental investigation into the starting process of free-piston 
engine generator. Applied Energy, 157, 798–804. doi: https://
doi.org/10.1016/j.apenergy.2015.02.065 

15.	 Jia, B., Smallbone, A., Feng, H., Tian, G., Zuo, Z., Roskilly, A. P. 
(2016). A fast response free-piston engine generator numerical 
model for control applications. Applied Energy, 162, 321–329. 
doi: https://doi.org/10.1016/j.apenergy.2015.10.108 

16.	 Watson, G. N. (1922). A treatise on the theory of Bessel func-
tions. Cambridge: Cambridge Univ. Press, 804. Available at: 
https://www.forgottenbooks.com/de/download/ATreatiseon-
theTheoryofBesselFunctions_10019747.pdf

17.	 Smythe, W. (1950). Static and Dynamic Electricity. McGraw-
Hill, 623. Available at: https://archive.org/details/StaticAnd-
DynamicElectricity/page/n95/mode/2up

18.	 Gray, A., Mathews, G. B. (1895). A treatise on Bessel functions 
and their applications to physics. Macmillan and Co., 316. Avail-
able at: https://archive.org/details/treatiseonbessel00grayuoft/
page/n10/mode/2up

19.	 Getman, A. V., Konstantinov, A. V. (2013). Cylindrical harmon-
ics of magnetic field of linear magnetized cylinder. Tekhnich-
na elektrodynamika, 1, 3–8. Available at: http://techned.org.
ua/2013_1/st1.pdf

20.	 Getman, A. V., Konstantinov, A. V. (2011). Cylindrical harmon-
ics of magnetic field of a uniformly magnetized cylinder. Elek-
trotekhnika i Elektromekhanika, 5, 51–53. Available at: http://
repository.kpi.kharkov.ua/bitstream/KhPI-Press/13573/1/
EE_2011_5_Get%27man_Tsilindricheskiye.pdf

DOI: 10.15587/1729-4061.2020.203330
THE STRESSEDSTRAINED STATE OF A ROD AT 
CRYSTALLIZATION CONSIDERING THE MUTUAL 
INFLUENCE OF TEMPERATURE AND MECHANICAL 
FIELDS (p. 38–49)

Andrii Siasiev
Oles Honchar Dniprо National University, Dnipro, Ukraine

ORCID: http://orcid.org/0000-0002-0654-7360 

Andrii Dreus
Oles Honchar Dniprо National University, Dnipro, Ukraine

ORCID: http://orcid.org/0000-0003-0598-9287 

Svitlana Horbonos
Oles Honchar Dniprо National University, Dnipro, Ukraine

ORCID: http://orcid.org/0000-0001-7929-8695 

Irina Balanenko
Oles Honchar Dniprо National University, Dnipro, Ukraine

ORCID: http://orcid.org/0000-0003-1992-8872 

Serhii Dziuba
Institute of Geotechnical Mechanics named by N. Poljakov of 

National Academy of Sciences of Ukraine, Dnipro, Ukraine
ORCID: http://orcid.org/0000-0002-3139-2989 

This paper reports a solution to the problem of determining 
the motion law of the crystallization front and the thermome-



66

Eastern-European Journal of Enterprise Technologies ISSN 1729-3774	 3/5 ( 105 ) 2020

and Mechanics, 80 (2), 156–163. doi: https://doi.org/10.1016/ 
j.jappmathmech.2016.06.005 

22.	 Hart, E. L., Hudramovich, V. S. (2014). Projection-Iterative 
Schemes for the Realization of the Finite-Element Method in 
Problems of Deformation of Plates with Holes and Inclusions. 
Journal of Mathematical Sciences, 203 (1), 55–69. doi: https://
doi.org/10.1007/s10958-014-2090-x 

23.	 Lykov, A. V. (1967). Teoriya teploprovodnosti. Moscow: Vys-
shaya shkola, 560.

24.	 Syasev, A. V. (2001). Priblizhenniy analiticheskiy metod ra-
scheta rastushchih tel s uchetom fazovogo perehoda. Visnyk 
Dnipropetr. un-tu. Seriya: Mekhanika, 1 (5), 125–137.

25.	 Karnauhov, V. G. (1982). Svyazannye zadachi termovyazkou-
prugosti. Kyiv: Naukova dumka, 250.

26.	 Lyubov, B. Ya. (1975). Teoriya kristallizatsii v bol’shih obemah. 
Moscow: Nauka, 256.

27.	 Nikitenko, N. I. (1978). Issledovanie protsessov teplo- i mas-
soobmena metodom setok. Kyiv: Naukova dumka, 213.

28.	 Arutyunyan, N. H., Drozdov, A. D., Naumov, V. E. (1987). Me-
hanika rastushchih vyazkouprugoplasticheskih tel. Moscow: 
Nauka, 472.

DOI: 10.15587/1729-4061.2020.206705
FEATURES OF MATHEMATICAL MODELING OF 
ELECTROMAGNETIC PROCESSING OF BULK 
MATERIALS (p. 49–59)

Yuri Zaporozhets
Institute of Pulse Processes and Technologies of the National 

Academy of Sciences of Ukraine, Mykolaiv, Ukraine
ORCID: http://orcid.org/0000-0002-3693-3844 

Nina Batechko
National University of Life and Environmental Sciences of 

Ukraine, Kyiv, Ukraine
ORCID: http://orcid.org/0000-0002-3772-4489 

Sergey Shostak
National University of Life and  

Environmental Sciences of Ukraine, Kyiv, Ukraine
ORCID: https://orcid.org/0000-0003-1234-1024 

Natalia Shkoda
Chuiko Institute of Surface Chemistry of the National 

Academy of Sciences of Ukraine, Kyiv, Ukraine
ORCID: http://orcid.org/0000-0001-8669-7803 

Emilia Dibrivna
National University of Life and  

Environmental Sciences of Ukraine, Kyiv, Ukraine
ORCID: http://orcid.org/0000-0001-5513-9737 

The article notes the features of applying the general equa-
tions of mathematical physics of an elliptic type in problems of 
modeling specific phenomena of the interaction of electromag-
netic fields with elements and particles of an inhomogeneous 
dispersed medium. Such phenomena take place in installations 
for the separation of organic and mineral raw materials or the 
electromagnetic treatment of grain, seeds, etc. This is relevant, 
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