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THE STABILITY OF THREE-LAYER 
NONHOMOGENEOUS RECTANGULAR PLATES IN 
ANISOTROPIC RESISTING MEDIUM (p. 4–7)

Billura E. Isali

The paper investigates the problem of stability of three-layer 
nonhomogeneous rectangular plates in an anisotropic resisting 
medium, the layers of which are made of various continuously 
nonhomogeneous materials. It is assumed that the elastic char-
acteristics of the layer material are continuous functions of the 
plate thickness coordinate. Using the Kirchhoff-Love hypotheses 
for the entire thickness of the element, expressions for the forces 
and moments were obtained, and the generalized stiffness char-
acteristics for the considered three-layer nonhomogeneous plate 
were determined. In general, plate deflection stability equation  
systems and stress functions were obtained. In the case of the 
hinged support of the plate edges, a solution to the problem was 
constructed and the formula for determining the critical load of 
the plate was found. During the numerical calculations, the elastic 
properties of the layer material were taken as linear functions of 
the thickness coordinates.

Analysis of the numerical calculations shows that the plate layer 
material nonhomogeneity can significantly affect the critical param-
eters of the plate.

Keywords: three-layer plate, nonhomogeneous material, elastic 
characteristics, stability, critical load.
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THE RESULTS OF PERFORMANCE TESTS OF 
DUPLEX CASSETTE CYLINDRIC BEARINGS IN 
AXLEBOXES OF FREIGHT CARS (p. 8–13)

Igor Martynov, Vasiliy Ilchyshyn, Evgeniy Mogeyko,  
Alena Тrufanova, Vadim Shovkun

One of the important stages of creating a new design of the 
axlebox unit is performance tests to confirm the reliability indexes 
of the object.

The paper presents the results of performance tests of CBU 
duplex cassette-type bearings in the axleboxes of freight cars. Us-
ing such bearings will allow to increase the reliability of axlebox 
units, turn to another maintenance system, which allows to reduce 
maintenance and repair costs, save considerable material and human 
resources, improve traffic safety. Reliability indexes of cylindrical 
axlebox bearings (duplex) were determined. The lower limit of the 
probability of survival will be 0.889 and the upper – 1. Such a high 
divergence of indexes is caused by lack of test objects (only 2 cars 
and 16 duplex bearings).

As a result of the tests, it was revealed that cylindrical duplex 
cassette-type bearings have higher efficiency compared to typical 
cylindrical bearings. At the same time, the amount of test objects is in-
sufficient to make reasoned conclusions about the benefits of the given 
design. Based on these data, it is recommended to conduct a trial op-
eration of the pilot batch of cars in an amount not less than 100 units.

Keywords: axlebox unit, duplex cylindrical bearing, failure, reli-
ability, accelerated test, service life.
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MODELING VIBRATIONS OF MANUAL GRINDING 
MACHINE ИП2014П (p. 13–19)

Dmitro Stalinskiy, Yurij Sizyi, Pavlo Romanchenko

Mathematical models of the manual grinding machine (MGM) 
ИП2014П were given and their analysis in idling and working stroke 
conditions was performed. An adequacy of the presented mathemati-
cal models with the real modeling object was achieved.

The results of the analysis of existing standard requirements 
to unbalanced masses of abrasive wheels based on the compliance 
with requirements to local vibrations, affecting the operator were 
provided. By modeling vibrations on the left handle of the MGM in 
the idling conditions, it was found that the wheel imbalance is equal 
to 0.004 mкр on its radius, i. e., at its maximum permissible value 
according to GOST 23182-78 does not guarantee fulfilling sanitary 
standards.

An assessment of the vibration safety of the MGM in idling and 
working stroke conditions with abrasive wheels made using tradi-
tional shaping technology was carried out. It was found that with the 
existing ПП 150х25х32 wheel shaping technology, maximum error 
of the wheel shape and placing it on the spindle of the MGM lead to 
the vibration excitation on the left handle of the MGM in the idling 
conditions in the range of (33÷49) mm/s, and (26÷56) mm/s in the 
working stroke conditions, which is on average 1.6 times higher than 
sanitary standards.

Keywords: manual grinding machine, vibrations, vibration 
speed, abrasive wheel, imbalance, mathematical model, idling, work-
ing stroke.
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METHOD OF STRENGTH CALCULATIONS AND 
DETERMINATION OF MAXIMUM EQUIVALENT 
STRESS IN CROWNBLOCK SHEAVES (p. 20–26)

Konstantin Dihtyarenko, Andrew Pupyshev,  
Vladimir Chervinskiy, Natali Tovstuha

In order to reduce the specific load in the branches of tackle sys-
tem of drilling rig, it is necessary to increase the number of sheaves 
in the crown block and the tackle block, in the crown block there 
is always by one sheave more than in the tackle block. The drilling 
rig takes various loads, which are transmitted to the sheaves, where 
the load distribution occurs. The first sheave undergoes the greatest 
load, which is trying to “break down” the side wall of the sheave. 
This is caused by the fact that there is an angle between the sheave 
and winch, which is located away from the well center. This affects 
the metal production in the sheave groove. These features impact 
the enormous wear. Until the repair with the use of lining, repair was 
made through metal welding and boring for the nominal dimensions 
of the sheave groove. To solve this problem, in the drilling industry, 
it was decided to make such repairs as in the mining industry, where 
repair is performed with the use of lining. To determine the material 
for sheave lining, it was necessary to identify forces, stress and loads, 
arising in the tackle system at a given load. The results obtained indi-
cate that the given sheaves are subjected to lining without geometric 
deformation and fracture of metal.

Keywords: tackle system, reeving, stress, string, groove, block, 
lining.
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ANALYSIS OF  SOLUTIONS OF SPECIFIED 
DYNAMIC EQUATIONS OF BEAM BENDING ON 
THE EXAMPLE OF INVESTIGATION OF THE 
TRANSVERSE FORCES EVOLUTION (p. 27–31)

Larisa Yegarmina

The paper deals with investigating the disturbed region of the 
beam during a suddenly applied load on the border (the problem 
of suddenly applied bending moment). Structural dynamics is de-
scribed by the new specified one-dimensional dynamic equations of 
the beam bending. These equations were derived based on a rigorous 
mathematical algorithm (so-called non-minimal simplification of 
three-dimensional dynamic equations of elasticity theory).

The resulting equations have allowed to explore the layer-
thickness averaged three-dimensional picture of the disturbance 
propagation by constructing graphs of respective solutions for the 
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transverse forces. The results are in good agreement with the elastic-
ity theory, in particular, the wave-front velocities coincide with the 
velocities according to elasticity theory problems. At the same time, 
all boundary conditions are defined in the same way as in the known 
problems of strength of materials.

Keywords: asymptotic-group, transverse force, bending wave, 
bending moment, non-stationary wave.
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RЕSEARCH OF THE DEFORMATION ZONE AT 
LENGTHWISE ROLLING FROM THE PERSPECTIVE 
OF THE RHEOLOGICAL CONCEPT (p. 31–35)

Nikolay Bereznoy, Viktoria Chubenko, Alla Hinotskaya,   
Sergey Matsishyn, Valera Chubenko

The analysis of complex stress-strain state of the metal during 
rolling was performed and many assumptions and contradictions 
that affect the accuracy of the theoretical calculations were identi-
fied. Such simplifications and contradictions in the modern rolling 
theory make the rheological concept problems urgent. To determine 
the metal flow when rolling - laminar or turbulent, it is necessary to 
define the Reynolds and Froude numbers for identifying the heat 
transfer type in the deformation zone using the Peclet and Prandtl 
numbers. This will help to choose a model for calculating stresses 
and strains.

The most characteristic rolling modes, which are used in both 
hot and cold processing were highlighted. The studies were con-
ducted on slabbing, sheet rolling mill, cold rolling mill of the thin 
sheet. Draughting schedules and processing temperature were varied 
on this equipment. Theoretical analysis and experimental verifica-
tion of the hypotheses adopted and the results obtained was used. 
The theoretical research was based on fundamentals of continuum 
mechanics, plasticity theory, methods of solving dynamic problems 
of elastic-plastic deformation. For determining the metal proper-
ties in the deformation zone, Reynolds, Froude, Peclet and Prandtl 
numbers were used.

The obtained values of the Reynolds and Froude numbers con-
firm the process modeling theory in the fact that at large values of 
these numbers, inertia plays a major role in the cold rolling processes, 
and at small – during hot rolling – viscosity and friction. Reynolds 
numbers show that the metal flow in the deformation zone is laminar, 
rather than turbulent. Peclet numbers have indicated the possibility 
of molecular thermal conductivity, but convective heat transfer pre-
vails. Prandtl numbers prove that the viscous medium model should 
be used in the rolling process simulation since this value is greater 

than one. The research results allow to more accurately determine 
the internal stresses of the metal and energy transfer during rolling.

Studies of the deformation zone by the Froude and Reynolds 
numbers indicate that the metal flow in it is laminar, the values of the 
Reynolds and Froude numbers are the most affected by temperature 
and pressure through the value of viscosity or yield strength. Investi-
gations have shown that the deformation zone should be considered 
as a continuous viscous medium that obeys the Newton’s laws and 
formulas of viscosity. The research allows to perform more accurate 
calculations of stresses and strains that occur in the deformation 
zone during rolling and heating of the metal.

Keywords: deformation zone, rheological properties, metal flow, 
draughting schedules, stress.
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ERROR ANALYSIS OF THE MEASURING TOOL OF 
THE MISSILE ELEMENT SPEED IN THE BARREL OF 
SMALL ARMS (p. 36–41)

Alexander Kriukov, Oleg Shabalin, Vadim Mudrik

Error analysis of the measuring tool of the missile element speed 
in the barrel of small arms was carried out in the paper. The main 
error sources include the following factors:

– deviation ​​of the parameters of the optical scheme elements;
– imperfection of the algorithm, which was implemented in the 

computing component;
– presence of  rotational motion of the missile element in the 

barrel.
The deviation of the laser radiation frequency and laser sensing 

angles from their nominal values significantly affect the error. A 
mathematical model of the measuring tool error, linking deviations 
of parameters from the nominal values ​​and permissible relative error 
was developed.

The computing component error is mainly caused by the imper-
fection of the fast Fourier transform algorithm used. To estimate this 
component of the error, a method that allows to determine the dif-
ference between the value of the Doppler frequency shift, obtained 
by computing component data and its reference value was developed. 

Error, due to the rotational motion of the missile element, is 
caused by the deviation of the sensing point of its surface from the 
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sensing plane. Based on the analysis of the spatial arrangement of 
the components of the velocity vector of the missile element point, 
a mathematical model of this component of the error was developed.

A generalized mathematical model of the measuring tool error, 
containing the result of combining the components taking into ac-
count possible correlations between them was proposed. Quantita-
tive estimation of the maximum permissible error was performed.

Keywords: measuring tool, missile element, small arms, math-
ematical model, relative error.
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ACENTRIFUGAL VIBRATION STRENGTHENING 
METHOD DEVISED TO IMPROVE 
TECHNOLOGICAL RELIABILITY OF MACHINE 
PARTS (p. 41–51)

Jaroslav Kusyj, Аndrij Kuk

Considering reliability as a primary criterion in engineering 
machines and mechanical parts, we have analyzed why cylinder 
sleeves of drilling pumps fail in operation. Finishing and strength-
ening procedures in the technological process have proved to have 
essential influence on reliability indices. We have found that vibra-
tion technologies used in finishing and strengthening manufactured 
products can improve the operational qualities of machine parts. 
We have devised a method of centrifugal vibration strengthening 
to enhance reliability of the sleeves. The vibration machine for sur-
round processing is adapted for centrifugal vibration strengthening 
of the shell. We have suggested a schematic diagram of equipment for 
centrifugal vibration strengthening as well as described the structure 
and operation principles of the equipment. The suggested industrial 

equipment is meant for centrifugal vibration strengthening of cylin-
der sleeves of drilling pumps.

We have studied and analyzed profile charts of surfaces strength-
ened by vibration. The analysis of the research findings has revealed 
that the height and stepping parameters of the processed surface (Ra, 
Rz, Rр, Rmax, and S) have decreased 1.5–5.8 times, which proves 
that vibration strengthening has cut or deformed the protrusion 
tips on the surface relief. The act on the results of our field tests 
shows that after the centrifugal vibration strengthening of the cyl-
inder sleeves of drilling pumps the average MTBF Тahas increased  
1.79 times in comparison with original ground and heat treated 
sleeves. Besides, the economic effect is achieved through using steel 
of type 20 instead of type 70. 

We have specified research perspectives on optimizing the pro-
cessing modes and developing practical recommendations on using 
centrifugal vibration strengtheners with a debalance drive aimed at 
improving the operational characteristics of sleeves as machine parts.

Keywords: technology, reliability, infallibility, cylinder sleeve/
liner, surface layer, centrifugal vibration strengthening.
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NEED TO CONSIDER DAMAGING ASEISMIC 
GEODEFORMATIONS WHEN DEVELOPING 
CONSTRUCTION TECHNOLOGIES (p. 52–57)

Igor Uchytel, Boris Kapochkin

As a result of the research, an attempt to justify the need to 
consider the risk of destruction of engineering structures by aseismic 
geodeformations depending on the type of building was made. An 
increase in the amplitude of the daily amplitudes of earth tidal defor-
mations in the dates when syzygy coincides with zero declination of 
the Moon and the perihelion of the Moon was chosen as a criterion 
for selecting the activation period of global-scale geodeformations. 
The selected criterion corresponds to more than two-fold increase 
in the amplitude of geodeformations on these dates. As a result, 
anomalous dynamic and kinematic characteristics of the global geo-
deformation process in April-May 2013, accompanied by a strong 
earthquake in the Sea of Okhotsk 05/25/2013 were investigated.

Using heterogeneous time series of improbable “resonance” 
emergencies, composed for the time period of April-May 2013 and 
including the cases of gas burst, sinkhole collapse, collapse of build-
ings, underground mines, ditches, rupture of oil and gas pipelines, 
emergencies, related to bridges and railway accidents, as well as sta-
tistical methods, it was shown that the global geodeformation pro-
cess is statistically associated with different types of emergencies. It 
was shown that the time series of emergencies does not obey a normal 
distribution of random variables since it has a statistically significant 
periodic component. It was found that the frequency features of 
emergencies in the period under review are consistent with similar 
frequency features of dynamic factor of geodeformations. In a first 
approximation, it can be noted that emergencies, associated with 
sinkhole collapses and lithospheric gas bursts occur most frequently 
in the geodynamic activity period, deformation processes appear less 
often directly under the buildings and pipelines. Geodeformations 
for bridges and railways are the least dangerous.

Keywords: seismic hazard, Earth surface deformation, destruc-
tion of engineering structures, geodeformation monitoring.
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