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This paper substantiates the use of Y25 bogies under tank cars
in order to prolong their service life. The reported study has been
carried out for a tank car with rated parameters, as well as the actual
ones, registered during full-scale research. Mathematical modeling
was performed to determine the basic indicators of the tank car dy-
namics. The differential equations of motion were solved by a Runge-
Kutta method using the Mathcad software package (USA). It was
established that the use of Y25 bogies under a tank car with rated
parameters could reduce the acceleration of its bearing structure by
almost 39 % compared to the use of standard 18-100 bogies.

Applying the Y25 bogies under a tank car with the actual param-
eters reduces the acceleration of its load-bearing structure by almost
50 % compared to the use of standard 18-100 bogies.

The derived acceleration values were taken into consideration
when calculating the bearing structure of a tank car for strength. The
calculation was performed using the SolidWorks Simulation soft-
ware package (France). The resulting stress values are 18 % lower
than the stresses acting on the load-bearing structure of a tank car
equipped with 18-100 bogies.

For the load-bearing structure of a tank car with the actual pa-
rameters, the maximum equivalent stresses are 16 % lower than the
stresses when the 18-100 bogies are used.

The design service life of the load-bearing structure of a tank
car was estimated taking into consideration the use of Y25 bogies.
The calculations showed that the design service life of the bearing
structure of a tank car equipped with Y25 bogies is more than twice
as high as that obtained for 18-100 bogies.

The study reported here would contribute to compiling recom-
mendations for prolonging the service life of the load-bearing struc-
tures of tank cars.

Keywords: transport mechanics, tank car, load-bearing struc-
ture, dynamic load, structural strength, design service life.
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The synthesis of factorization and symmetry methods produced a
general analytical solution to the fourth-order differential equation with
variable coefficients. The form and structure of the variable coefficients
correspond, in this case, to the problem of the oscillations of a concave
beam of variable thickness. The solution to this equation makes it pos-
sible to study in detail the oscillations of such and similar, for example
convex, beams at the different fixation of their ends’ sections. A practical
confirmation has been obtained that the beam whose thickness changes
in line with the concave parabola law H=a?x>+1, where a is the concave
factor, demonstrates an increase in the natural frequencies of its free
oscillations with an increase in its rigidity. As an example, the object’s
maximum deflection dependence on the beam rigidity factor has been
established. The nature of this dependence confirmed the obvious
conclusion that the deflections had decreased while the rigidity had
increased. The evidence from the calculation results can be a testament
to the correctness of the reported procedure of problem-solving.

The considered problem and the analytical solution to it could
serve as a practical guide to the optimal design of beam structures.
In this case, it is very important to take into consideration the place
and nature of the distribution of cyclical extreme operating stresses.
The resulting ratios to solve the problem make it possible to simulate
the required normal stresses in both the fixation and central zones
when the rigidity parameter is changed. Designers could predict such
a parabolic profile of the beam, which would ensure the required
reduction of maximum stresses in the place of fixing the beam. The
considered example of solving the problem of the natural oscillations
of the beam with rigid fixation of the ends illustrates the effectiveness
of the factoring and symmetry methods used. The developed solution
algorithm could be extended to study the natural bending oscillations
of the beam at other fixing techniques, not excluding a variant of a
completely free beam.

Keywords: free oscillations, variable thickness, symmetry meth-
od, factoring method, approximation, differential equation.
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This paper reports the results of the physical and numerical
experiments on determining the stressed-strained state of concrete
in protective structures in the region of the effect of local point laser
radiation. The software package LIRA10.8 (release 3.4) was used
to build a computer model in the statement of a stationary thermal
conductivity problem. To this end, the findings from the experimen-
tal studies were applied — the resulting temperature distribution and
changes in the structure of concrete on the surface and deep into con-
crete cubes for more than 120 samples of concrete with three levels of
moisture content: dried, natural humidity, and water-saturated. This
paper gives the parameters of the simulation, the results of a numeri-
cal experiment, their analysis, and comparison with the results of a
physical experiment.

The temperature fields when establishing the dynamic tempera-
ture equilibrium, the level of stresses in concrete, derived from the
physical experiments, correlate well with the results of the numerical
experiment. The maximum temperature determined by the optical
method at the surface of concrete was 1,350+50 °C. Deviations at
control points do not exceed 12—70 °C in the temperature effect
zone and 18—176 °C (1-11 %). At the rated radiation power of 30 W,
the second stage of interaction was achieved; at 100 W — the fourth
stage for concrete with a moisture content of 0-2.5 %; and, for water-
saturated concrete, the fifth stage of interaction with the laser beam.
A significant decrease in the thresholds between the stages of inter-
action between laser radiation and concrete was revealed, especially
water-saturated concrete, compared to the thresholds for metals (the
thresholds between the third and fifth stages were reduced by 10°-
10% times). The destruction of the walls of water-saturated pores in
concrete occurred under the pressure of water vapor. The tangent
stresses, in this case, were 1.7 MPa, and the values for the coefficient
K,, determined by the method of acoustic emission, were in the range
of 4-6. Such results explain the absence of normal microcracks due
to the hoop effect.



Tt was established that in the contact zone between a laser beam

and concrete, about 90 % of the radiation energy dissipates, and in
the adjacent heating zone — up to 77 %. The optimal speed of beam
movement when cleaning the concrete surface from organic, paint,
and other types of contamination of 0.5-2 mm/s (surface tempera-
ture, 100-300 °C) has been proposed.

Keywords: heavy concrete, moisture content, laser radiation,
protective properties.
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This paper reports the development and verification of a new
procedure for formation of a complete stress-strain curve of concrete
with a downward region of strain by using a digital image correlation
method. A new technique to build spectle patterns on the surface of
concrete is described. That makes it possible to accurately enough
reproduce the spectle patterns on the surface of concrete and perform
a high-quality analysis of strains involving digital image correlation.
The advantages of this research technique have been established when
predicting the formation of internal cracks in concrete followed by
their propagation. In addition, using the digital image correlation
methodology makes it possible to obtain strains of the entire studied
plane of the sample at each stage of loading. This procedure provides
an opportunity to investigate a change in strains and the movement
of individual points or areas when studying concrete surfaces. That is
a relevant issue as it enables more detailed diagnostics of existing re-
inforced concrete structures. To check the accuracy of this procedure
application, a mechanical gauge with an accuracy of 0.001 mm was
additionally installed. 2 high-speed monochrome CCD cameras with
different lenses were used in determining concrete strains involving
the digital image correlation technique. The deformations were con-
trolled with a period of time every 250 ms. The load was controlled
by an additional third camera with a speed of 50 frames/second. The
result of the experimental study is the formed full concrete destruc-
tion diagram with a downward region of strain. The deviation of the
results of strains based on the mechanical gauge with an accuracy of
0.001 mm with a base of 200 mm from those acquired by the digital im-
age correlation procedure was mainly up to 10 %, which confirms the
reliability of the results. The results of this work allow a more accurate
calculation of reinforced concrete structures in the practice of design,
inspection, or reinforcement of existing structures.

Keywords: digital image correlation, stress-strain curve, con-
crete, spectle patterns.
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Material particles interact with the working moving surfaces of
machines in various technological processes. Mechanics considers a
technique to describe the movement of a point and decompose the
speed and acceleration into single unit vectors of the accompanying
trajectory trihedron for simple movement. The shape of the spatial
curve uniquely sets the movement of the accompanying Frenet tri-
hedral as a solid body. This paper has considered the relative move-
ment of a material particle in the static plane of the accompanying
Frenet trihedron, which moves along a flat curve with variable
curvature. Frenet formulas were used to build a system of differ-
ential equations of relative particle movement. In contrast to the
conventional approach, the chosen independent variable was not
the time but the length of the arc of the guide curve along which
the trihedron moves. The system of equations has been built in the
projections onto the unit vectors of the moving trihedron; it has
been solved by numerical methods. The use of the accompanying
curve trihedron as a moving coordinate system makes it possible
to solve the problems of the complex movement of a point. The
shape of the curve guide assigned by parametric equations in its
length function determines the portable movement of the trihedron
and makes it possible to use Frenet formulas to describe the rela-

tive movement of a point in the trihedron system. This approach
enables setting the portable movement of the trihedron osculating
plane along a curve with variable curvature, thereby revealing ad-
ditional possibilities for solving problems on a complex movement
of a point at which rotational motion around a fixed axis is a partial
case. The proposed approach has been considered using an example
of the relative movement of cargo in the body of a truck moving
along the road with a curvilinear axis of variable curvature. The
charts of the relative trajectory of cargo slip and the relative speed
for the predefined speed of the truck have been constructed.

Keywords: accompanying trihedron, guide curve, slip trajec-
tory, movement speed, friction coefficient.
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This paper reports a study into the dynamics of a vibratory
machine composed of a viscoelastically-fixed platform that can move
vertically and two identical inertial vibration exciters. The vibration
exciters’ bodies rotate at the same angular velocities in opposite di-
rections. The bodies host a single load in the form of a ball, roller, or
pendulum. The loads’ centers of mass can move relative to the bodies
in a circle with a center on the axis of rotation. The loads’ relative
movements are hindered by the forces of viscous resistance.

Tt was established that a vibratory machine theoretically pos-
sesses the following:

— one to three oscillatory modes of movement under which loads
get stuck at almost constant angular velocity and generate total un-
balanced mass in the vertical direction only;

— a no-oscillation mode under which loads rotate synchronously
with the bodies and generate total unbalanced mass in the horizontal
direction only.

At the same time, only one oscillatory mode is resonant and ex-
ists at the above-the-resonance speeds of body rotation, lower than
some characteristic speed.

At the bodies’ rotation speeds:

— pre-resonant; there is a globally asymptotically stable (the
only existing) mode of load jams;

— above-the-resonance, lower than the characteristic velocity;
there are locally asymptotically stable regimes — both the resonance
mode of movement of a vibratory machine and a no-oscillations mode;

— exceeding the characteristic velocity: there is a globally as-
ymptotically stable no-oscillations mode.

Computational experiments have confirmed the results of theo-
retical research. At the same time, it was additionally established
that it would suffice, to enter a resonant mode of movement, to
slowly accelerate the bodies of vibration exciters to the above-the-
resonance speed, less than the characteristic speed.

The results reported here could be interesting both for the
theory and practice of designing new vibratory machines.
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The processes to form the compositions of loose materials in
centrifugal mixers of continuous action have been considered. Based
on the method of discrete elements, a mathematical model of the
movement of particles in the rotor of the centrifugal mixer was built,
taking into consideration their geometric and physical-mechanical
parameters. To assess the extent of influence of these parameters on the
nature of particle movement, a well-known mathematical model in the
form of a system of differential equations was used, which was built on
the basis of classical laws of mechanics. The process of mixing particles
of two loose materials under different initial conditions of movement
was modeled. The trajectories of individual particles along the bottom
and side wall of the rotor were calculated.

The results of the research reported here have established that
the model built on the basis of the discrete element method makes
it possible to improve the accuracy of determining the parameters of
the movement of loose materials in the mixing zone. Calculations that
involved this method show that the length of the particle trajectory
is 2.9, and the movement time is 9 times greater than those calculated
by the system of differential equations. The built and known math-
ematical models demonstrated the same nature of the distribution of
components in the mixer. The value of the Pearson correlation coef-
ficient between the calculated values of the coefficients of variation is
0.758. The best homogeneity is achieved by separating the flows of the
mixture components and reducing the distance between their centers.

The experimental study was carried out using a centrifugal
mixer of continuous action with a conical rotor. Particle trajectories
were constructed; it was established that the shape of the trajectory
built by a discrete element method is closer to the experimental one.

The results reported in this paper make it possible to predict the
impact of the structural and technological parameters of the mixers
of continuous action on the uniformity of the mixture.

Keywords: discrete element method, centrifugal mixer, loose
material, continuous mixing, mixture homogeneity.
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This paper describes the main advantages of hydrostatic dynamic
bearings of the double type, which have several lubricant films. It is
indicated that they have an increased carrying capacity, by 1.8 times,
and an extended range of stable operation, by 1.5 times, compared to
conventional sleeve bearings with one lubricating film. The importance
of determining the thickness of the bearing disk has been demonstrated,
as it affects its durability. The goal was to investigate the impact of
changes in the operational and structural parameters of a double bear-
ing on the thickness of its disk. A sequence for determining the disk
thickness has been proposed, including a joint solution to Reynolds
equations, the balance of work fluid flow rate, as well as determining
the loads acting on a bearing disk, which makes it possible to rationally
assign the thickness of the bearing disk. The most common and effective
methods of successive approximations have been used in the numeri-
cal implementation of Reynolds equations and flow rate balances. The
action of centrifugal forces caused by the rotation of the disk has been
taken into consideration in determining the total load acting on the
bearing disk. The bending strength of the bearing disk was considered
under its exposure to the total load. It was noted that due to the high
flow rate of the working liquid pumped through the bearing, and the
small change in the temperature of the liquid inside the bearing, the

temperature deformations of the disk were not taken into consideration.
The magnitude of change in the thickness of the double bearing disk
has been determined, caused by the action of centrifugal forces in the
examined range of angular speeds of the disk’s rotation with the shaft.

The reported results could be especially useful in the design of
rotor supports for nuclear power plants where bearings have large
dimensions, as well as for other units in power plants.

Keywords: hydrostatic dynamic bearing, disk thickness, eccen-
tricity, centrifugal forces, bending stiffness.
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The necessity of development and improvement of methods and
means for the protection of preparatory roadways, in particular, pro-
tective structures, was proved on the basis of ordinary rock with bind-
ing surfaces. Analysis of the results of the study on the use of protec-
tive structures of ordinary rock and bounding surfaces was performed.
Tt has shown the feasibility of reinforcing rock structures to ensure
operational conditions for the protected roadways. Such structures
include rubble strips reinforced with partitions made of metal mesh. To
determine their efficiency and reinforcement parameters, studies were
performed using provisions of structural mechanics, soil mechanics,
and bulk media, as well as physical modeling using natural materials.

According to the results obtained in the performed studies, the ef-
ficiency of reinforcement of rubble strips with a metal grid was proved
and a procedure for calculation of reinforcement parameters that need
to be considered in designing the above structures was developed. Such

parameters include width and height of the strip, class of reinforcement,

its diameter and tensile strength, size of the grid cells, angle of internal

friction of rocks, and diameter of maximum rock pieces in the strip.

It was established that reinforcement of the rubble strip by par-

titions made of metal meshes can reduce the width of the strip and
volume of the rock fill by 1.33...2.66 times without losing the struc-
ture rigidity. To do this, the condition of reinforcement strength in

grids must be met. It consists of comparing its tensile strength with

maximum stresses in the partition. These stresses are determined by
the magnitude of the load on the rubble strip from the roof rocks, the

diameter of the reinforcement, and the maximum rock pieces, as well

as relative extensional strain in reinforcement.

Keywords: rubble strip, bounding surface, metal mesh, physical

modeling, strength condition, reinforcement parameters.
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Arranging asphalt-concrete layers on a rigid base in the form of
cement-concrete slabs can significantly improve the transporting and
operational performance of the road surface. Such a structural solu-
tion is appropriate in almost all countries of the world since cement-
concrete slabs retain high strength for a long time. To prevent the
rapid destruction of an asphalt-concrete road surface on a rigid base,
it is necessary to ensure reliable adhesion between the layers’ contacts
and, at the design stage, to test the adhesion strength by estimation.

This paper has substantiated a criterion of adhesion strength in the
contact between an asphalt-concrete road surface and the rigid base.
The calculation involves comparing the active tangent stresses in the
contact between layers dependent on the effect of the vertical and hori-
zontal components of the transport load with the magnitude of permis-
sible tangent shear stresses in the contact of layers.

The parameters for an estimation model have been established; the
stressed-strained state of the roadbed structure has been simulated us-
ing a finite element method. When modeling the stressed-strained state
and calculating based on the strength criterion, different vehicle traffic
conditions have been considered, as well as the effect of temperature on
the strength parameters of the asphalt-concrete layer and the tar layer.
The conditions for vehicle movement, taken into consideration when
designing, correspond to the conditions of movement along the road,
along the curves in the plan and profiles, and notion conditions at car
emergency braking. Practical recommendations have been compiled for
assigning the minimum permissible thickness of an asphalt-concrete lay-
er on a rigid base, which must be followed at the design stage due to the
condition for ensuring reliable adhesion between the layers’ contacts.
The minimum permissible thickness ranges from 2 ¢m to 10 cm, depend-
ing on the conditions of movement, temperature, and the type of tar.

Keywords: asphalt-concrete layer, elasticity module, stressed-
strained state, adhesion, cement-concrete slab.
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A rheological model of stress relaxation in a thin lubricant film,
which is formed on the friction surface under the influence of the
force field of the friction surface in the presence of fullerene composi-
tions in lubricants, was developed. Analysis of the model made it pos-
sible to establish that the existence of elastic or viscous properties in
surface structures depends on the ratio of two parameters. This is the
time of stress relaxation in the structure on spots of actual contact
and the duration of stress action on these spots, which is termed the
lifetime of an actual contact spot.

Tt was shown that an increase in the sliding rate reduces the time
of relaxation of stresses in the surface structure. This is due to the
destruction of aggregates in the structure of gel and the appearance
of rotational movements of separate units — flocs. An increase in the
load on the tribosystem significantly increases the value of relaxation
time. This is due to squeezing the viscous component out of the
structure of a surface film. It was established that if the relaxation
time exceeds the duration of actions of stresses on actual contact
spots, the structure of a surface film behaves like an elastic solid.
Conversely, if relaxation time becomes shorter than the duration of
stress action, the film behaves like a viscous medium.

Theoretically, it was shown that in the range of sliding and loading
rates, when a film behaves like an elastic solid, a decrease in stresses

on actual contact spots does not exceed the values of 1.1-22.8 %. This

property provides the bearing capacity of a film. The development of

the model will make it possible to simulate elastic and viscous proper-

ties of “stitched” structures and substantiate the rational concentra-

tions of additives to lubricants, as well as the ranges of their use.

Keywords: tribosystem, fullerene compositions, dynamic viscos-

ity, structural viscosity, clusters, micelles, rheological model, stress

relaxation, lubricant film, lubricants.
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Existing technical means for loading silos with grain material do
not fully meet the needs of production. The issue related to grain in-
jury remains urgent, which predetermines the need to design a gravi-
tational loader of another principle of operation with the appropriate

theoretical justification for the movement of grain material in it. This
paper has presented and substantiated the model of the gravitational
movement of grain in the peripheral open screw channel with two
variable angles of inclination. The model is based on the system of
forces in the cylindrical coordinate system, acting on the volume of
grain flow in the peripheral screw channel. The grain speed at the
end of the braking section of the channel should be as low as possible
but not less than the initial flow rate at the beginning of the accelera-
tion section. The model takes into consideration this condition and
ensures the optimal passage of grain along any part of the channel.

The reported model makes it possible to obtain the speed of grain
movement at any time, takes into consideration the height of the
bunker hole and the dependence between the angles of inclination of
the spirals of acceleration and brake sections. A mathematical depen-
dence is given for these angles that ensures the passage of grain with-
out its discharge and, at the same time, prevents injury to the grain
mass due to a controlled decrease in the resulting speed. A separate
dependence is provided to find the time at which the grain increases
its speed on the acceleration section, reaching the maximum value.

Based on the model, a peripheral open screw channel with two an-
gles of inclination of spirals a.and B has been proposed. For this channel,
the relationships between its key parameters have been established, in
particular, values have been substantiated for the recommended angles
of 41°...45° for the acceleration section and 39°...35° for the brake section,
respectively, as well as the /,/r ratio not less than 0.6...0.7.

Keywords: grain movement speed, screw channel, variable
angles of inclination, injury.

References

1. Kong, E., Liu, D., Guo, X., Yang, W,, Sun, J., Li, X. et. al. (2013). Ana-
tomical and chemical characteristics associated with lodging resis-
tance in wheat. The Crop Journal, 1 (1), 43—49. doi: https://doi.org/
10.1016/§.¢j.2013.07.012

2. Komchenko, E. V., Basyuk, S. P. (2003). Vliyanie materiala stenok
bunkera na istechenie razlichnyh sypuchih materialov. Energosber-
ezhenie i energosberegayuschie tekhnologii v APK, 1, 145-149.

3. Goryushinskiy, I. V., Mosina, N. N. (2001). K voprosu otsenki protsessa
zagruzki emkostey sypuchimi materialami. Sbornik nauchnyh trudov
studentov, aspirantov i molodyh uchenyh SamIIT, 3, 83-84.

4. Arendarenko, V. M., Antonets, A. V., Savchenko, N. K., Samoilen-
ko, T. V,, Ivanov, O. M. (2020). Calculation model of grain gravita-
tion movement in sloping passage with discrete variable inclination
angle. Bulletin of Poltava State Agrarian Academy, 4, 273—282. doi:
https://doi.org/10.31210/visnyk2020.04.35

5. Samoilenko, T. V., Arendarenko, V. M., Antonets, A. V. (2020). Ki-
nematics of grain movement on a spiral device with variable angle
of descent. Bulletin of Poltava State Agrarian Academy, 1, 267-274.
doi: https://doi.org/10.31210/visnyk2020.01.31

6. Goryushinskiy, I. V., Mosina, N. N. (2003). Povyshenie kachestva
funktsionirovaniya bunkernyh hranilisch uluchsheniem ih zagru-
zki. Puti povysheniya effektivnosti APK v usloviyah vstupleniya
Rossii v VTO. Materialy mezhdunarodnoy nauchno-prakticheskoy
konferentsii (k XIII mezhdunarodnoy spetsializirovannoy vystavke
«AGRO-2003»), 343-345.

7. Tarasenko, A. P, Orobinskiy, V. L., Gievskiy, A. M., Baskakov, 1. V.,
Chernyshov, A. V., Haritonov, M. K. (2019). Snizhenie travmirovani-
ya zerna pri posleuborochnoy obrabotke. Vestnik agrarnoy nauki
Dona, 1, 63—68. Available at: https://readera.org/140243652

8. Tarasenko, A. P,, Orobinskiy, V. I, Gievskiy, A. M., Merchalova, M. E.
(2012). Sovershenstvovanie sredstv mekhanizatsii dlya polucheniya
kachestvennogo zerna. Vestnik Voronezhskogo gosudarstvennogo
agrarnogo universitet, 3, 109—115.



20.

21,

22.

. Zharkikh, V. U,, Tarasenko, A. P. (2015). Overview of technical solu-

tions for even loading of grain cleaners. Nauchno-issledovatel’skie
publikatsii, 1 (3 (23)), 76—81. Available at: https://cyberleninka.ru/
article/n/obzor-tehnicheskih-resheniy-dlya-ravnomernoy-zagruzki-
zernoochistitelnyh-mashin/viewer

. Strona, I. G. (1974). Travmirovaniya semyan zernovyh kul’tur i uro-

zhaev. Biologiya i tekhnologiya semyan, 2, 122—129.

. Chazov, S. A, Shelyapen’, P. A., Votskiy, Z. Z. (1981). Travmirovani-

ya semyan i puti snizheniya pri mekhanizirovannoy obrabotke,
obmolote, sortirovanii. Ukrainskie nivy, 8, 41-43.

. Derev'ianko, D., Sukmaniuk, O., Sarana, V., Derev'ianko, O. (2020).

Justification of influence of the working bodies of combine harvest-
ers on damage and quality of seed. Bulletin of Agricultural Science,
92 (2), 64—71. doi: https://doi.org/10.31073 /agrovisnyk202002-10

. Cherniy, A. S. (1973). Puti snizheniya povrezhdaemosti semyan pri

rabote zernovoy norii NZ-20. Trudy ChIMESKh, 62, 270-275.

. Kupreenko, A. I, Isaev, Kh. M., Bychkov, . E. (2019). Improving

the efficiency of loading of tanks for agricultural purposes. Konstru-
irovanie, ispol’zovanie i nadezhnost’ mashin sel’skohozyaystvennogo
naznacheniya, 1 (18), 462—469.

. Fraczek, J., Slipek, Z. (1999). Fatigue strength of wheat grains.

Part 1. The analysis of grain deformation at multiple loads.
International Agrophysics, 13 (1), 93-97. Available at: http://
www.international-agrophysics.org/Fatigue-strength-of-wheat-
grains-Part-1-The-analysis-of-grain-deformation-at-multi-
ple,106935,0,2.html

. Omarov, A., Miiller, P, Tomas, J. (2013). Influence of loading rate

on the deformation and fracture behavior of wheat grains. Chemie
Ingenieur Technik, 85 (6), 907-913. doi: https://doi.org/10.1002/
cite.201200054

. Borshcheyv, V. Ya., Dolgunin, V. N. (2006). Characteristics of Raped

Shear Flow and Recommendations for Production Process. Vest-
nik Tambovskogo gosudarstvennogo tekhnicheskogo universiteta,
12 (2A), 401-407. Available at: https://cyberleninka.ru/article/n/
harakteristiki-sdvigovogo-potoka-zernistoy-sredy-i-rekomendatsii-
po-organizatsii-tehnologicheskih-protsessov,/viewer

. Dolgunin, V. N., Borschev, V. Ya. (2006). Bystrye gravitatsionnye

techeniya zernistyh materialov: tekhnika izmereniya, zakonomer-
nosti, tekhnologicheskoe primenenie. Moscow: Mashinostroenie.

. Sevidzh, S. (1985). Gravitatsionnoe techenie nesvyazannyh granu-

lirovannyh materialov v lotkah i kanalah. Mekhanika granulirovan-
nyh sred: Teoriya bystryh dvizheniy. Moscow: Mir, 86—146.

Leuthe, F, Eisenhauer, N., Hofmann, B., Maier, M., Roth, K. (2017).
The movement of a dune of non-uniform grain size in a circular pipe
flow. 18th International Conferences on Transport and Sedimenta-
tion of Solid Particles, 185-192.

Melnik, V. I, Samojlenko, T. V. (2018). Analysis of directions for im-
proving the design of devices for loading silos. Engineering of nature
management, 1 (9), 83-90. Available at: http://nbuv.gov.ua/UJRN/
Iprk 2018 1 13

Dancey, C. L., Diplas, P, Papanicolaou, A., Bala, M. (2002). Probabil-
ity of Individual Grain Movement and Threshold Condition. Journal

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

of Hydraulic Engineering, 128 (12), 1069—1075. doi: https://doi.org/
10.1061/(asce)0733-9429(2002)128:12(1069)

Pylypaka, S., Nesvidomin, V., Zaharova, T., Pavlenko, O., Klendiy, M.
(2019). The Investigation of Particle Movement on a Helical
Surface. Advances in Design, Simulation and Manufacturing II,
671-681. doi: https://doi.org/10.1007/978-3-030-22365-6_67

Ren, J.-L., Zhou, J.-N., Han, L., Hu, Y.-J. (2018). Analysis of the Law
Governing the Movement of Bulk Materials in a Vertical Helical
Conveyer. Reneng Dongli Gongcheng/Journal of Engineering for
Thermal Energy and Power, 33 (6), 77-82. doi: https://doi.org/
10.16146/j.cnki.rndlge.2018.06.013

Borshchev, V. Ya.,, Dolgunin, V. N., Dronova, M. Yu. (2005). Cascade
Gravity Separation of Particulate Solids: Technological Peculiarities
and Mathematical Modeling. Vestnik TGTU, 4, 903-909. Available
at: https://cyberleninka.ru/article/n/kaskadnaya-gravitatsionnaya-
separatsiya-zernistyh-materialov-osobennosti-tehnologii-i-mode-
lirovanie/viewer

Antipov, S. T, Zhuravlev, A. V., Nesterov, D. A. (2015). Math-
ematical motion simulation of millet grains in the drying device with
weighed-twisted layer. Tekhnologii pischevoy i pererabatyvayuschey
promyshlennosti APK — produkty zdorovogo pitaniya, 4, 46—53.
Available at: https://cyberleninka.ru/article/n/matematicheskoe-
modelirovanie-dvizheniya-zerna-prosa-v-sushilnom-apparate-so-
vzveshenno-zakruchennym-sloem/viewer

Negi, S. C,, Lu, Z., Jofriet, J. C. (1997). A Numerical Model for Flow
of Granular Materials in Silos. Part 2: Model Validation. Journal of
Agricultural Engineering Research, 68 (3), 231-236. doi: https://
doi.org/10.1006/jaer.1997.0197

Ukolov, A., Dolgunin, V., Romaanof, A., Klimov, A. (2001). Gravity
separation technology of particulate materials of high uniformity.
International Conference on Practical Aspects Technology, 215-218.
Shatskiy, V. P, Orobinskiy, V. L, Popov, A. E. (2015). Mode-
lirovanie dvizheniya zernovogo potoka v gravitatsionnom separatore.
Vestnik Voronezhskogo gosudarstvennogo agrarnogo universiteta,
4 (47), 72-79. Available at: http://vestnik.vsau.ru/wp-content/
uploads/2015/11/72-79.pdf

Morozov, 1. V., Dudin, O. V. (2003). Model traiektoriyi rukhu zerna
po poverkhniakh silskohospodarskykh mashyn. Visnyk Kharkivs-
koho derzhavnoho tekhnichnoho universytetu silskoho hospodarstva
«Mekhanizatsiya silskohospodarskoho vyrobnytstva», 21, 124—131.
Hevko, B. M. (2012). Matematychna model rukhu zerna po rukho-
mym poverkhniam vysivnykh aparativ. Zbirnyk naukovykh prats
Vinnytskoho natsionalnoho ahrarnoho universytetu. Tekhnichni
nauky, 1 (11), 113-118.

Lezhenkin, O., Holovlov, V., Mikhailenko, O., Rubtsov, M. (2019).
Mathematical model of the movement of the combed grain heap
after stripper harvesting modulein the air flow. Proceedings of the
Tavria State agrotechnological university, 19 (3), 14-21. Available
at: http://oj.tsatu.edu.ua/index.php/pratsi/article /view /236
Naumenko, M. M., Sokol, S. P, Filipenko, D. V., Guridova, V. A.
(2017). Mathematical model of the grain mix in a cylindrical grid
rotating around the axis. Heotekhnichna mekhanika, 133, 250-256.



DOI: 10.15587/1729-4061.2021.231622
OBIPYHTYBAHHS MIIBUIIIEHHS PECYPCY EKCILTYATAII HECYYOI KOHCTPYKIIIi BATOHA-
IIUCTEPHU HIJIAXOM BUKOPUCTAHHS BI3SKIB THUITY Y25 (c. 6-14)

0. B. @owmin, A. O. Jloscbka, K. B. IBanuenko, €. I1. Measenes

TTpoBeseHO OOTPYHTYBaHHS BUKOPUCTAHHS Bi3KiB Y25 TIiji BATOHAMU-I[MCTEPHAMY ISt 30LIBIIEHHST pecypey ix ekcruryataii. J{ocri-
JKEHHS TIPOBEZIEHI CTOCOBHO BaroHa-I[MCTEPHH 3 HOMIHAJIBHUMHE IapaMeTpaMi, a TaKoX (DaKTHYHUMHU, 3a(DiKCOBAaHMMM iJ 4Yac HATYPHUX
Jlocatijikenb. JlJis BUSHAYEHHSI OCHOBHUX IIOKA3HUKIB IMHAMIKN BaroHa-IIMCTEPHNU IIPOBE/ICHO MaTteMaTHYHe MojiestoBanHs. Po3p’s130k fude-
peHIiaIbHUX PIBHSAHD PYXY 3ailicHeHX 3a MeToioM Pynre-Kyrra B iporpamuomy komiiekci MathCad (CIITA). Beranosiieno, 1o BUKOpuc-
TaHHs Bi3KiB Y25 11i/l BATOHOM-I[ICTEPHOIO 3 HOMIHAJILHUMU TIAPAMETPAMU J[O3BOJISIE 3MEHIITITU TPUCKOPEHHS HI0T0 HECY4Ol KOHCTPYKIL, ¥
HOPIBHAHHI 3 BAKOPUCTAHHAM TUHOBUX BiskiB 18—100, maitke Ha 39 %.

Bukopucranns Bi3kiB Y25 miji BATOHOM-IIUCTEPHOIO 3 (DaKTHUHUMU MapaMeTPaMI J03BOJISIE 3MEHIITTH TPUCKOPEHHST IOr0 HeCy4oi KOH-
CTPYKILii, y MOPiBHSHHI 3 BUKOPUCTAHHAM THITOBHUX Bizkis 18100, maiixe na 50 %.

OTpuMani TPUCKOPEHHST BPaxoBaHi PN PO3paxyHKax Ha MIIlHICTh HeCydoi KOHCTPYKINi BaroHa-1ucTepHu. Po3paxyHok 3miiicneHuil B
nporpamuomy komiuiekci SolidWorks Simulation (@panist). OtpuMani BesuunHu HanpyskeHb Ha 18 % HICKYI 3a HATIPYKEHHS, SIKi 10T Ha
Hecydy KOHCTPYKILI0 BaroHa-IincTepHu Ha Biskax 18—100.

Jlist Hecy4ol KOHCTPYKILiT BaroHa-nuctepHu 3 (DaKTUYHUMHU MapaMeTpaMi MaKCHMAJIbHI eKBiBaJeHTHI Hanpy)kenus Ha 16 % mokdi 3a
HarpyskeHHs Ha Biskax 18—100.

[IpoBesieHoO po3paxyHOK MPOEKTHOTO CTPOKY CIIYKOU HECYUOi KOHCTPYKIIT BaroHa-TIMCTEPHN 3 YPaxyBaHHsIM BUKOPUCTAHHS Bi3KiB Y25.
ITpoBeeHi po3paxyHKH MOKa3alu, IO MPOEKTHUI CTPOK CIy:KOU Hecydol KOHCTPYKIT BaroHa-1MCTepHU Ha Biskax Y25 Oijblue HixK y aBa
pasm BUIINH 32 TOIi, 1110 oTpUMannii 171 BiskiB 18—100.

IIpoBezeni mocmipKeHHsT CIPUATUMYTH CTBOPEHHIO PEKOMEH/IAII MO0 TiIBUIIIEHHST PECYPCY eKCILTyaTallii HeCyInX KOHCTPYKITH Ba-
TOHIB-IIUCTEPH.

KmouoBi croBa: TpancrmopTia MexaHika, BaroH-IIIICTEPHA, Hecyya KOHCTPYKILisl, IUHAMIYHA HABAHTAKEHICTh, MII[HICTh KOHCTPYKIIii, TIPO-
eKTHUIT CTPOK CIyKOM.
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AHAJITUYHE JOCJIIKEHHA BJJACHUX STMHHUX KOJIMBAHDb BBITHYTOI BAJIKU 3
IMAPABOJITYHOIO 3MIHOIO TOBHIUHMU (c. 15-23)

K. O. Tpanesown, O. I'. Tpane3son

Ha ocnosi cunre3dy MeToziB daxTopusarii i cumMeTpii oTpUMAano 3araJbHuil aHATITHIHIH PO3B’A30K AMGbEPeHITialbHOTO PiBHSHHS YeT-
BEPTOTO MOPSIAKY 3i 3MiHHUMY KoedillieHTaMu. BUTIsi ta cTpyKTypa 3MiHHUX KOedillieHTiB Bi/IIOBIAI0TH 3a/1a4i PO KOJUBAHHS BBIrHYTO1
Gasku 3MiHHOT TOBIIMHN. PO3B’SI30K IIbOTO PiBHSHHS 103BOJISIE IETATBHO BUBYUTH KOJIMBAHHS TAKOI, Ta MOAIGHOI, HATPUKJIA]] BUITYKJIOT 6aiKn
[pU PisHKX criocobax 3akpirieHs i KiHeBux rnepepisis. OTpuMaHo MpakTUYHE MATBEPAKEHHS A1 GalKH, TOBIMHA SKOT 3MIHIOETHCS 3a
yBiruyToio napa6osoio H=a’x>+1, e a — koedillieHT yBirHyTOoCTi, 10 3 MABUIEHHAM )KOPCTKOCT] Galku BJIACH] 4acTOTH ii BIJIbHUX KOJIMBaHb
TaKOX I IBUIIYIOTHCST. SIK TTPUKIIA, OTPUMAHO PEAMETHY 3aI€KHICTh MAKCHMATbHIX IPOTHHIB Bi/l TapaMeTpa JKOPCTKOCTI 6askit. XapakTep
L€l 3a/1eKHOCTI IAITBEPAUB OUeBUIHE TBEP/PKEHHS I1PO 3HIDKEHHS IIPOIUHIB IIPU MiJABUIEHH] 5KOpCTKOCTL. [laHi MiATBepAsKeHH 3a Pe3y IbTa-
TaMM MTPOBEEHUX PO3PAXYHKIB MOKYTh GYTH CBITUEHHSIM TIPABUIBHOCTI HABEIEHOI METOIMKN PIllleHHsT 33124l Y CTATT.

PosrisinyTa 3aja4a i il aHaiTHYHUI PO3B'A30K MOKYTh CJIYTyBaTH MPAKTUYHUM OPIEHTUPOM MPU ONITHMAIBHOMY MPOEKTYyBaHHi Gas-
KOBUX KOHCTPYKIIH. TTorpu 11e BeJibMU BasKJINBUM € OOJIIK MICI /il Ta XapakTep PO3MOJLY MUKIIYHUX eKCTPEMATLHUX eKCILIyaTalliiiHux
HanpyskeHb. OTpuMani CHiBBIAHONIECHHST /IS BUPIIIEHHS 3a/la4i J03BOJSIOTH TP 3MiHI TapamMeTpa KOPCTKOCTI 3MOZeTIoBaTH HeOOXi IHi
HOPMaJIbHI HANIPY’KEHHsI sIK B 3aKJIaJIeHH], TaK i B LeHTPasIbHill 30Hi. Y PO3POOHUKIB 3'SIBJIAETHCA MOKJIMBICTD CIPOrHO3YBATU TAKHI T1apa-
GostiaHmit podinb Ganku, Tpu srkoMy Oye 3abe3nedeno HeoOXiIHe 3HIKEHHST MAKCMMATbHIX HATIPY/KEHb Y MicCIli 3akpinyenns Gaakn. Pos-
DJISTHY THE TIPUKJIQ/] PileHHs 3a/iaui PO BJIACHI KOJIMBaHHA OaJIKK 3 JKOPCTKUM 3aKPIIJIEHHAM KiHI[B L1I0CTPYE eheKTUBHICTH BAKOPUCTAHUX
MeToziB (hakTopusarii i cumerpii. Po3pobieHnii aroputm po3s’si3Ky MosKe OyTH TIOMMPEHNIT | Ha BUBYEHHS BJACHUX 3THHAIBHUX KOJUBAHb
6K TIPH 1HITHX CTOCO0aX 3aKPIiTIEHHS, He BUKJIIOYAIOUN [IPH IIbOMY 1 BapiaHTu abCcOIOTHO BIIBHOT GasTKiL.

KimouoBi ciioBa: BijibHI KOJMBAHHS, 3MiHHA TOBIUHA, METOJI CUMETPIii, MeTO/l (haKTOpU3allii, ampoKcuMaIlis, [udepeHIiaibue PiBHIHHS.
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BU3HAYEHHA HAIIPYKEHO-TE®OPMOBAHOI'O CTAHY BETOHY B 3OHI BILIMBY MICIHHEBOT'O
JIASEPHOT'O BUITPOMIHEHH/I (c. 24-36)

I. I. Kapxyt
[Monamo pesyasraTn (Hi3MYHOrO Ta YHCENBHOTO EKCIEPHMENTIB 3 BU3HAYEHHS HAMPYKEHO-TeGOPMOBAHOTO CTaHy OETOMY 3aXMCHIX

KOHCTPYKIIill Ha JiJISHII BIUIMBY MiCIIEBOIO TOYKOBOTO JIA3€PHOTO BUIIPOMIHIOBAHHS. 3 J0IIOMOTO0 TPOrPAMHOT0 3a0€3IeYeHHsT KOMILIEKCY
JITPA10.8 (peui3 3.4) cTBOpeHa KOMIT'IOTEPHA MOJIE/Ib B TIOCTAHOBIN CTAIliOHAPHOT 3a1a4i TerronposigHocti. s 1poro 6yJi BUKOPHCTAHI



PE3YJIBTATH eKCIEPUMEHTATBHIX JOCI/KEHb — OTPUMAHIH PO3IO/ILI TEMIIEPATYPH Ta 3MIHU CTPYKTYPU GETOHY 10 TIOBEPXHi Ta B GeToH-
HUX KyOUKIB 71st Giuibiiie Hizk 120 B3ipiiiB 6eTOHY TPHOX PiBHIB BOJIOTOCTI: BUCYIIEHOTO, IPUPOAHOT BOJOTOCTI Ta BoAOHACHYEHOTO. B cTarTi Ha-
BeJIEH] ITapaMeTpy MOJICTIOBAHHS, PE3YJIBTATH YNCEIbHOTO eKCIIePUMEHTY, iX aHaJIi3 Ta IIOPiBHSAHHA 3 pe3yJIbTaTaMi (Di3UYHOTO eKCIIePUMEHTY.

TemmepaTypHi MOJIst TIPU BCTAHOBJIEHHI IHAMIYHOI TeMIlepaTypHol piBHOBAard, piBeHb Hampy:keHb B OeTOHi, oTprMaHi mpu GismIHIX
eKCIIEPUMEHTAX, 106Pe KOPETIOIOTh 3 PE3YJIETATAMU YHCETLHOTO eKCIIepUMeHTY. MaKcuMa bHa TeMITepaTypa, BU3HaYeHa OMITUYHUM METOIIOM,
Ha nosepxui 6erony cranosuiaa 1350+50 °C. Bigxusennst B KOHTPOJbHUX ToUKax He nepesuiye 1270 °C B 30Hi TeMmepaTypHOro BIUIUBY
ta 18—176 °C (1-11 %). IIpn nominanbHiit motyskHocti BunpominioBanus 30 Bt gocsaruyto apyry crajio B3aemoii, mpu 100 Bt — yerBepry
crafito s 6eTony BosoricTio 0-2,5 %, a /7t BOJOHACHYEHOTO GETOHY — I'SITY CTa/il0 B3AEMO/III 3 Jla3epHIM MpoMeHeM. BUsiBIeHO 3HaUHe
3HMKEHHS [IOPOTiB MK CTaliIMU B3a€MO/Ii1 JIA3¢PHOTO BUIIPOMIHIOBAHHS 3 OETOHOM, OCOOJIMBO BOJOHACHYCHNM, MOPIBHSIHO 3 OPOTAMH ISk
MeTasliB (IIOPOru Mixk TPeTholo- I'ATolo cTagiamu sumskeni B 103-10% paszip). PyiinyBanns cTiHOK BOJOHACHYEHHUX 110D B GETOHI BiGyBal0Ch
i1 THCKOM BoAAHoi apu. JloTiuHi HanpyskenHs pu 1iboMy cranosum 1,7 MIla, a snadenns koedimienTa K, Busnauenoro Mmetonom akyc-
TUYHOI eMicil, 6ysm B Mekax 4—6. Taki pe3ysibraTii IIOSICHIOIOTD BiZICYTHICTH HOPMATbHUX MiKPOTPILINH 32 PaxyHOK eerTy 000iiM.

BeTaHoBIIECHO, 1110 B 30HI KOHTAKTY JIA3¢PHOTO TIPOMEHSE 3 GETOHOM PO3CitoeThest 613bK0 90 % eHepril BUIPOMIHEHHS, a B IPUJICTIIii 30H1
HarpiBamist 10 77 %. 3ampononoBana OnTHMAIbHA ITBUAKICTD TIEPEMITIEHHsT TTPOMEHSI TIPU YHIIEHH] TOBEPXHi OETOHY Bi/l OPraHivHIX, JaKO-
(apboBux Ta inmmx BuAiB 3a6pyanenta 0,5-2 mm/c (temueparypa nosepxui 100-300 °C).

KiiouoBi cioBa: Baxkkiii 6eTOH, BOJIOTICTD, JIa3epHe BUMIPOMIHEHHSI, 3aXUCHI BJIACTUBOCTI.
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MOBYJIOBA IIOBHOI IIATPAMU HATIPY ;KEHHS-TE®@OPMAIII BETOHY, BHKOPUCTOBYIOUH
KOPEJAIIIO II®POBOT'O 306PAKEHHHI (c. 37-44)

s1. 3. Baixapcokuii, A. I1. IlaBniB

VY paniit po6oTi po3pobiieHo Ta anpodyBaHO HOBY METOAMKY 1OOYIOBH TIOBHOI JiarpaMu “HanpysKkeHHs-aedopmaltii” 6eToHy 3 HU3Xij-
HOW JIAHKOK 1eOPMYBaHHS, BUKOPUCTOBYIOUM METON U(POBOI KOpesii 300pakeHHs. [IpeacTaBaeHO TPOMO3HILi HOBOI METOAMKU
CTBOPEHHSI CIIETKJIB Ha MoBepxHi Getony. e sae MOKINBICTD TOCHTH TOYHO BiATBOPIOBATH CIIEKTJIN Ha MOBEPXHI OETOHY Ta BUKOHYBATH
sricHuii ananis gedopmaitiil npu undposiit Kopessiii 306paskents. BeranosaeHo nepeBaru 1aHoro crioco0y A0CTKEHHs ISk MOKIUBOCTI
MPOTHO3YBaHHS YTBOPEHHsI BHYTPIIIHIX TPIIIMH B GETOHY 3 iX TOMMPEHHAM. TAKOK, BUKOPUCTAHHST METOAUKY 1(POBOI Kopessii 306pa-
SKEHHST I03BOJISIE OTPUMAHHS BiZIHOCHUX AechopMartiil Bci€i 1ocmikeHol MIOMNUHN 3pa3ka Ha KOKHOMY eTalli HaBanTaxkeHs. /larma Mmetonnka
CTBOPIOE MOJKJIMBICTD JOCIANTU 3MiHy BiHOCHUX JehOPMAIliil Ta MepPEeMIllIeHHS OKPEMEX TOYOK abo JJISHOK P TOCTIKeHHI GETOHHUX
moBepXxoHb. Ile € akTyaabHUM TIHTAHHSIM, OCKIJIBKY A€ MOKINBOCTI OLIBIII IeTa/IbHOI ArHOCTHKH ICHYIOUNX 3a/Ti300€TOHHUX KOHCTPYKITIH.
Jlist miepeBipKu TOYHOCTI BUKOPUCTAHHSI METOAMKHU J0AaTKOBO OyJI0 BCTaHOBJIEHO Mikpoinaukarop 3 tounictio 0.001 mm. ITpu Busnavenni
nedopmariii 6eToHy 3a METOAMKOIO 1(POBOI KOPEJIAIil 306paskeHHs GyI0 BUKOPUCTaHO 2 BUCOKOIBUAKICHI Moroxpomui CCD kamepn 3
pisanmu o0’ekruBamu. ledopmallii KOHTPOIIOBAIUCEH 3 TepiogoM Yacy Kosxkui 250 Mc. HaBanTaskeHHsT KOHTPOJIIOBAIOCH 3a OTIOMOTOIO J10-
JIATKOBOI TPeThoi KamepH 3i Bu/KicTb 50 KajpiB/cekyHty. B peysibrari ekcriepuMeHTaIbHIX J0CIIKEHD 0yJI0 H00YA0BaHO OBHY AiarpaMy
pyiinyBarHs GETOHY 3 HU3XIZHOIO AiIsHKOIO Hedopmartil. Biaxuaennst pesysisraTis gedopmaitiii 3a Mikpoinankaropom 3 tounictio 0.001 mm
Ha 6a3i 200 MM Ta 3a MeTOANKOI UGPOBOT KOPEIIsAIIi 300paskeHHsT CKIajiana B OCHOBHOMY 710 10 %, 1110 MiATBEPKYE JOCTOBIPHICTD Pe3yJIbra-
TiB. PegysbraTi 1aHoi po6OTH MA0Th MOKIUBICTD 7Tt GL/IBII TOYHOTO PO3PAXYHKY 3a11300€TOHHUX KOHCTPYKIIiHl B IPAKTHIL MPOEKTYBAHHS,
00CTaKEHHST UM MIICUICHHAX ICHYIOUNX KOHCTPYKITii.

Kmouosi caosa: mudposa kopessiist 306pakents (digital image correlation), giarpama Hanpyskennsi-nedopmarii (stress-strain curve),
6etom, criektim (spectle patterns).
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MOKJINUBICTb 3ACTOCYBAHHSA TPUTPAHHUKA I ®OPMY.JI ®PEHE B CKJIA/THOMY PYCI TOUYKH I10
IVIOIIHI 13 3AJAHUM INEPEMIITEHHAM IIVIOIIMHMU (c. 45-50)

T. M. Bouina, C. @. IIuaunaka, B. M. Hecsigomin, O. I'. Ilasios, C. B. /I[panoBchka

YacTUHKY MaTepialy B3aEMOIIIOTh 3 POOOUMME PYyXOMUMU MOBEPXHSIME MAIIUH [IPU PI3HUX TEXHOJIOTIYHUX TIpotiecax. B Mexaniii pos-
TUISITAETHCS CTIOCIO OTICAHHS PYXY TOYKH 1 PO3KJIAIAHHST MIBUAKOCTI 1 TPUCKOPEHHS Ha OAWHITYHI OPTH CYTPOBIAHOTO TPUTPAHHIKA TPAEK-
Topii st ipocToro pyxy. opmMoio IPOCTOPOBOi KPUBOI OIHO3HAYHO 33IAETHCS PYX cynpoBigHoro tpurpannmka Opene, sk TBeporO TijNa.
Y cTarTi po3IJIAHYTO BiZIHOCHUI PYX MaTepiaabHOI YAaCTUHKK Y CTHUHI nutomuHi cynposianoro tpurpanuuka Opene, akuil pyxaerbes 1o
MJIOCKI#i KpUBIH 31 3MiHHOIO KpuBKHHOIO. 15t CKIaganst cucteMu audepeHitiabHuX piBHHbD BIIHOCHOTO PYXy YaCTUHKY GYJI0 BUKOPUCTa-
Ho dopmysn Opene. Ha Biminy Bijf TpagnitiiHOTO MiAXO/LY, 32 HE3AJIEKHY 3MiHHY 6yJ10 B35TO HE Yac, a IOBXKUHY AYT'M HAIIPSIMHOI KPUBOI,
B3/IOBK SIKOI pyXa€eTbcs Tpurpannuk. CrucreMy piBHAHD CKIEHO B IPOEKIIISIX Ha OPTH PyXOMOTO TPUTPAHHNKA Ta PO3B’A3aHO YHCETHbHIMI
MeTo/laMH. 3aCTOCYBAaHHS CYIIPOBI/THOrO TPUTPAHHUKA KPUBOI Y POJIi PyXOMOi CHCTEMHU KOOP/MHAT JIa€ MOKJIMBICTb PO3B’A3yBaTn 3aj1aui
CKJIaHOTO pyxy Touku. DopMa HaNPSMHOI KPUBOI, 3a1aHOT MapaMeTPUYHUMU PiBHAHHAMN Y (BYHKILI ii Z0BXKUHM, BU3HAYAE IEPEHOCHUI
PyX TpHUIpaHHUKA i A€ MOKJIMBICTb 3acrocyBaTu dopmysn Dpere /Uit OMUCY BiIHOCHOTO PYXy TOYKU B CHUCTeMi Tpurpannuka. Takuit
MIJIXIJ] 1a€ MOXKJIMBICTD 3a/[aBaTi IEPEHOCHUII PyX CTUYHOI IVIOIIUHY TPUTPAHHUKA 110 KPUBI 31 3MiHHOIO KPUBUHOIO, PO3KPUBAIOUU J[0-
JaTKOBI MOJKJIMBOCTI y PO3B’sI3aHHi 3a/a4 Ha CKJIQJAHUI PyX TOUKH, MPU AKOMY 00epTaJbHUN PyX HABKOJIO HEPYXOMOI OCi € 4aCTKOBHM
BHIIAJIKOM. 3allPOIIOHOBAHUI MIXiZ PO3TJIAHYTO Ha NPUKJIA/l BIAHOCHOTO PYXy BaHTa)y B KY30Bi aBTOMOOLIIs, SKUI pyXaeThes 1Mo A0po3i
3 KPUBOJIHIHOIO Biccio 3MinHOI KpuBnHN. I06yn0oBano rpadiki BiTHOCHOI TPAEKTOPIl KOB3AHHS BAHTAXKY Ta BiIHOCHOI MIBUAKOCTI JIS
3a/1aHol MBUKOCTI PYXY aBTOMOOLJIsL.

Komo4oBi ciioBa: cynpoBi/iHIiT TPUTPAHHUK, HAIIPSIMHA KPUBA, TPAEKTOPIST KOB3aHHS, HIBU/KICTD PYXY, KOe(illi€HT TepTsi.




DOI: 10.15587/1729-4061.2021.233960 . .
ANHAMIKA PE3BOHAHCHOI OTHOMACOBOI BIBPOMAIINHU 3 BIPO3bYTHUKOM CIIPIMOBAHOI
AlI, MIPAITIOIOYOMY HA E®EKTI 3SOMEP®EJIB/IA (c. 51-58)

I'. B. Diximonixiun, B. B. Iluporos, M. O. T'oayuko, P. B. Kiciibos, B. A. Maxkapa

Jlocripkena uHaMika BIGPOMAIINHHM, 10 CKIAMAETHCS i3 MPYKHO-B'A3KO 3aKPIIIeHol M1aT(hOpMH, [0 MOXKE PyXaTHCs BEPTHKAIBHO i
JIBOX OJIHAKOBUX 1HEPIIHUX Bi6p036yL[HMKiB. Kopycu Bi6po36yuum<is 06€epTAIOTHCS 3 OHAKOBUMU KYTOBUMM LIBUKOCTSAMHU Y IIPOTUIIEHK-
HUX HaNPsIMKax. Beepeanti KopItyciB 3HaXOISIThCS 110 OJIHOMY BaHTaKY Y BUTJISII KyJTi, posinka abo MassTHUKA. [[eHTpr Mac BaHTaKiB MOKYTh
PyXaTucst BiIHOCHO KOPITYCiB O KOJIY 3 IIEHTPOM Ha 0ci 06epTaHHs. BilHOCHUM pyXaM BaHTAKiB TEPEIIKO/KAIOTH CUIIU B'SI3KOTO OTIOPY.

BeranosiieHo, 1110 y BiGpOMAIiMHu TEOPETUYHO iCHYIOTD:

— BiJl O/IHOTO /10 TPHOX KOJIMBAJIBHUX PEKUMIB PyXY, Ha SIKUX BAaHTaXKi 3aCTPSIOTh Ha Mail’ke CTasiil KyTOBIHl MIBUAKOCTI i CTBOPIOIOTH
cyMapHuii eGanaHe TibKY Y BEPTUKATLHOMY HAIPSIMKY;

— PEKKMM BiICYTHOCTI KOJIMBaHb, HA IKOMY BaHTaKi 00E€PTAIOTHCST CHHXPOHHO 3 KOPITYCAMHU i CTBOPIOIOTH CYMapHUil IebajlaHe TIIbKH Y
TOPU30HTAIILHOMY HAIIPSIMKY.

ITpu 1bOMY TiJILKU OJIMH KOJMBAJIBHUIA PEXKUM € PE3OHAHCHUM 1 iCHYE Ha 3apE30HAHCHUX MIBUAKOCTIX 00EPTaHHS KOPIYCiB, MEHIIHMX
JIesTKO1 XapaKTepHO] MIBUIKOCTI.

Ha mBuzkoctsix o6epTaHHst KOPITYCiB:

— JIOPE30HAHCHUX, TJI00AIBHO ACUMIITOTHYHO CTIHKUN (€ANHUI iICHYIOUMIT) PEKUM 3aCTPSITAHHS BAaHTAKIB;

— 3ape30HAHCHUX, MEHIITMX XapaKTePHOI MBU/KOCTI, JJOKaJIbHO aCUMIITOTHYHO CTIiKi SIK pe30HAHCHUI pekuM pyXy BiOpOMaIMHU, Tak i
PEsKUM BiICYyTHOCTI KOJIMBAHb;

— GIIBIIMX XapaKTepPHOI MBUAKOCTI, IJI06AIBHO aCUMITOTHYHO CTIHKUI PEKUM BIZCYTHOCTI KOJMBAHD.

O6UNCIIOBATIBHUME €KCIIEPUMEHTAMHE TH/TBEP/KEH] PE3YJIBTaTU TEOPETUUHUX OCI/UKeHD., [IpU 1[bOMY 0IATKOBO BCTAHOBJIEHO, IO JIJIs Ha-
CTaHHsI PE30HAHCHOTO PEKUMY PYXY J0CTATHBO MOBIILHO PO3IrHATH KOPITYCH BIOPO3OYIHIKIB 10 3ape30HAHCHIN MIBUAKOCTI, MEHIIIIIT XapaKTepHOI.

OtrpuMani pe3ysraTit iKaBi SK /1 Teopii, TaK i /I MPAKTUKK TIPU TIPOEKTYBAHHI HOBUX BIOPOMAIIUH.

Ko4oBi cioga: pesonancHa Bibpomaimmnna, eext 3omepdenba, inepuiiinuii BioposOyHUK CIPAMOBAHOI /1il, 0[HOMAcoBa BiGpoManmHa
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BU3HAYEHH TAPAMETPIB PYXY CHUIIKOI'O CEPEAOBHIIA B BIZINEHTPOBOMY 3MIIIIYBAUYI
BE3ITEPEPBHOI /I1i METO/IOM IUCKPETHUX EJIEMEHTIB (c. 59-67)

B. B. Crauenxko, O. II. Bypmicrenkos, T. 1. Bina, C. A. /lemimonkosa

PO3IIISIHYTO [IPOIIECH CTBOPEHHST KOMITO3MUIIiii CHITKMX MATepialliB y BiAIEHTPOBUX 3MilityBadax Ge3riepepBHoi fii. Ha 0cHOBI MeTo/y IMCKpeTHUX
€JIEMEHTIB PO3POOIEHO MaTeMAaTHYHy MOJIE/Th PYXY YaCTUHOK Y POTOPI BiIIEHTPOBOIO 3MilllyBaya 3 BpaxyBaHHSIM iX FeOMETPUYHIUX 1 (Di3UKO-Mexa-
HIYHIX TTapamMeTpiB. /11 OIHKY CTYTIeHIO BILUIMBY ITHX MTAPAMETPIiB Ha XapaKTep PyXy YaCTHMHOK BIKOPHCTaHa BiZloMa MaTeMaTHYHA MOJIEJTb Y BUTJIS-
Ji cucremMu irpepeHIiiHNX PiBHSHB, 110 CTBOPEHA HAa OCHOBI KJIACHYHUX 3aKOHIB MeXaHiku. IIpoBe/ieHO MO/Ie/IoBaHHs 1IPolecy 3MilllyBaHHS yac-
THHOK JIBOX CUITKMX MaTepiasliB 3a Pi3HUX OYATKOBUX YMOB pyXy. Po3paxoBaHo TpaeKTOpii OKpeMIX YaCTHHOK B3/IOBIK /IHA Ta GIYHOT CTIHKH POTOPA.

B pesyJibrarti poBeeHnX JOCIIIKEHD BCTAHOBJIEHO, 110 MOJIENb, PO3PO0JIEHA HA OCHOBI METO/LY INCKPETHUX €JIEMEHTIB, I03BOJISIE T1i/[BH-
IUTH TOYHICTh BU3HAUCHHS IapaMeTpPiB PyXy CHUIIKMX MaTepiasiB y 30HI 3MinTyBaHHs. Po3paxyHKH 3a 1M METOJIOM CBi4aTh, 10 JOBXKITHA
TpaekTopii yacTUHOK y 2,9, a yac pyxy — y 9 pasis Oijbiii Hisk pospaxoBaHi 3a cucteMolo audepeHiiinux piBHsaHb. Po3pobiena ta BigoMi
MaTeMaTHUYHi MOJIeJIi TI0Ka3a/n OJIHAKOBUII XapaKTep PO3IIO/iTy KOMIIOHEHTIB y 3MilryBadi. 3HaueHHs KoedinienTy xopessuii Ilipcona mix
pospaxoBaHuME 3HaueHHsIMU KoediienTiB Bapiamii gopisuioe 0,758. Haiikpaiia ofHOPIZHICTD OCSITAETHCST 32 YMOBU PO3/IJIEHHST TIOTOKIB
KOMIIOHEHTIB CyMillli Ta 3MEHIIIEHHST BiZICTaHi MiXK 1X IIeHTpaM.

EKcriepuMeHTabHI 10CT IKEHHS TPOBEIEHO 3 BUKOPUCTAHHSIM BiZILIEHTPOBOTO 3MiltyBada GesrnepepBHoi /il 3 KoHiuHnM potopom. [ToGyoBaHO
TPAEKTOPIi YACTIHOK Ta BCTAHOBJIEHO, 110 (hopMa TPAEKTOPIl, sIka OTPIMAaHa METOIOM [IMCKPETHUX eTEMEHTIB OJIMKYa /10 eKCIIEPUMEHTATBHOI.

OtpumaHi pe3yJIbraTi 103BOJISAI0TH IPOTHO3YBATH BIUINB KOHCTPYKTUBHUX Ta TEXHOJIOTTUHUX TTAPAMETPIB 3MilllyBadiB Ge3repepBHOT il
Ha OIHOPIHICTD CYMIlITi.

Kii04o0Bi cioBa: MeTO/ AVCKPETHUX €JEMEHTIB, Bi/[IIEHTPOBUIT 3MillIyBay, CUTIKUIT MaTepiat, Ge3nepepBHe 3MilllyBaHHsI, OJHOPIAHICTD
cymii.

DOTI: 10.15587,/1729-4061.2021.235284 )
BUSIBJIEHHS BIIUBY KOHCTPYKTUBHUX I EKCILTYATAIIIITHUX IAPAMETPIB 3/IBO€HIX
MIIIAITHAKIB HA TOBIWHY fOTO TUCKY (c. 68-73)

B. I. Hasiu

Hasezieno ocHOBHI 11epeBaru rizipocTaToMHaMiYHIX HiIUITHUIKIB 3[BOEHOTO THUILY, 110 MAIOTh KiJbKa MaCTUILHUX ILIiBOK. BkaszaHo, 1110
BOHH BOJIO/LOTH MiIBUIIEHOIO HECYYOI0 31aTHICTIO B 1,8 pasu i posumpenuM mianasoHom cTiiikoi po6otu B 1,5 pasu B MOpiBHAHHI 31 3BMJali-
HUMH BTYJIKOBUMM ITIITMITHUKAMU 3 OIHI€I0 MACTHJIBHOIO T1/1iBKOTO. IloKkasana Bask/IMBiCTh BUSHAUEHHS TOBIIMHY JMCKA I AINITHUKA, TAK IK
BOHa BILIMBAE Ha #oro minHicTs. IloctaBieHo MeTy AOCHINTY BIJINB 3MiHM €KCILTyaTallilfHUX i KOHCTPYKTUBHUX HMapaMeTpiB ITi/IIMUITHIKA
3/I0EHOTO THILy Ha TOBIIMHY HOTO Ancka 3armpornoHoBaHO MOC/Ii/IOBHICTD BU3HAYEHHS TOBIIMHM /IMCKA, 110 BKJIOYAE CIIiJIbHE pillleHHs piB-
Hsanb Peitnonb/ca, 6asarcy BuTpar po6boydoi piiiu i BUSHAYEHHsT HaBaHTaXKeHb, 110 AI0Th Ha AUCK ITANINITHUKA, SKa J03BOJISIE PallioHaIbHO
NPHU3HAYATH TOBIIMHY JAMCKA MIANMITHEKA. 3aCTOCOBaHI HAGLIbII mommupeHi i eeKTHBHI METOAN MOCHIIOBHNX HAGINIKEHD [P YUCENbHIN



peasizaii piBHstHb PeiiHomb/ca i Gamancy BuTpar. BpaxoBaHO {10 BiIIEHTPOBUX CUJI, 0OYMOBJIEHUX 0OEPTAHHSM AUCKA, [IPU BU3HAUCHHI
CYMapHOTO HaBaHTaKEHHS, IO Ii€ Ha ANCK TTiIIMUTHIKA. PO3TJISHYTO 3THHHA MIIIHICTH ANCKA MiATNTIITHIKA TP /il CyMapHOTO HaBAaHTAKEHHS.
Bigznaueno, 1o B cuiy BeJIMKOI BUTpaTH POOOYOI PIANHM, 110 MTPOKAUYETHCA Yepes MiIUITHIK, i MaJoro 3MiHU TeMIIepaTypy PiiMHK Beepe-
JUHI THAITATTHIKA, TeMIepaTypHi fedopMartii iicka He BpaxoBYBaIucs. BUsiB/IeHO BeJIMUIHY 3MiHN TOBIIMHN [IMCKA THAMIMITHIKA 3/[BOEHOTO
THITY, sIKa BUKJIMKAHA [I€I0 BiIEHTPOBIX CUJI, B IOCIIKYBAHOMY /lialla30Hi KyTOBUX IIBUAKOCTEN 06EPTAHHS ANCKA 3 BAJIOM.

Pesynsratu po6oTH MOKYTh OYTH 0COGIUBO KOPUCHUMU IIPU MPOEKTYBAHHI OTIOP POTOPIB /11 aTOMHKX €JIEKTPOCTAHILI{, [ MiAIUITHUKI
MaIloTh BEJINKi TabapuTH, & TAKOXK [JIST iHIIINX arperartiB eHeproyCcTaHOBOK.

KmouoBi ciioBa: rifjpocTaTo{MHAMIYHIIT TiANIUITHUK, TOBIIIUHA TUCKA, EKCIIEHTPUCUTET, Bi/IIIEHTPOBI CUJIU, 3THHAJIBHA KOPCTKICTD.
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BI3HAYEHHA E@EKTIBHOCTI TA TIAPAMETPIB APMYBAHHSA BYTOBUX CMVT (c. 74-83)

C.T. Herpiii, A. M. Cyp:xenko, T. O. Herpiii, A. A. Tonopos, E. B. @ecenxo, €. €. Ilasros, M. B. /lomuiues

JloBeneHa HeOOXiHICTh PO3POOKH Ta BIOCKOHAJIEHHST CIIOCOGIB Ta 3ac06iB OXOPOHU THArOTOBYNX BUPOGOK, 30KPEMa OXOPOHHUX CIIOPY/T HA
OCHOBI PSZIOBOT TIOPO/IH 3 OOMEKYIOUMME OBEPXHSAMIE. 3/IHCHEHO aHAJI3 PE3yJIBTATIB 0CIIPKEHD 010 3aCTOCYBAHHST OXOPOHHUX CIIOPY/L 3
PSILIOBOI TIOPOZIN T2 OOGMEKYIOUNX TOBEPXOHD, SIKUI MOKA3aB [IOIIBHICTD apMyBaHHS TTOPOJAHUX KOHCTPYKILA /1715 3a0€3IeYeHH s eKCILTyara-
HIHHOTO CTaHy MATOTOBYMX BUPOOOK, IO OXOPOHSIOTHC. J[0 TAKUX KOHCTPYKILii BIZHOCATBCS OYTOBI CMYTH, SIKi apMYIOThCS IIEPETOPOIKAMI
3 MeTaeBuX CiTok. [lyist BusHaueHns ix eeKTUBHOCTI Ta TapaMeTpiB apMyBaHHS BUKOHAHI OCTI/UKEHHSI 3 BUKOPUCTAHHSIM MOJIOKEHb Oy/Ii-
BEJIBHOI MEXaHIKH, MEXaHiKK I'PYHTIB Ta CUIIKOTO CEPEIOBHIIA, a TAaKOXK (DI3MYHOTO MOJIE/IIOBAHHS 3 BUKOPUCTAHHSIM HaTYPHUX MaTepiasis.

3a pesyssTaTaMi BUKOHAHIX JIOCTI/IKEHb I0BeieHa eheKTHBHICTh apMYBAHHS OYTOBIX CMYT METAJIEBOIO CITKOIO, PO3POOJIEHO METOMKY
PO3paxyHKy MmapaMeTpiB apMyBaHHsI, IKi TOTPIGHO BPaXOBYBATH TIPU TPOEKTYBAHHI JaHUX COPY. /[0 TaKMX MapaMeTpiB BiIHOCATHCS: IIH-
pUHA Ta BIHCOTA CMYTH, KJIaC apMaTypH, il JiaMeTp Ta MIIHICTh HA PO3TATHEHHS, PO3MIP YapyHOK Y CiTIli, KyT BHYTPIIIHBOTO TEPTS IOPIJ Ta
JiamMeTp MaKCUMAJIBHUX MIMATKIB Y CMY3i.

BcTaHOBIIEHO, 1110 apMyBaHHAM GYTOBOT CMYyTH [EPETOPOKAMU 3 METAJIEBHUX CITOK MOJKHA JIOCSTTH 3MEHIIEHHST IIUPUHU CMYTH Ta 00’eMy
nopoan y 1,33...2,66 pasu 6e3 BrpaTu JKOPCTKOCTI cropyan. J[JIst IIboro Ma€ BUKOHYBATHCh YMOBA MIITHOCTI apMaTypH y CiTKax, sika MoJisirae
y HOpiBHAHHI 1i MIITHOCTI HAa PO3TATHEHHS 3 MAKCUMAJIbHUMK HANpPY)KeHHAMU Y 1eperopori. 1li Hanpy:keHHs BU3HAYAIOTHCS BEJTMYHHOIO
HaBaHTaKeHHs Ha OyTOBY cMyry 3 GOKY IOpijl MOKPIBJIi, JiaMeTpaMy apMaTypy Ta MAKCHMAJIbHUX HIMATKIB IIOPO/M, & TAKOXK BiZAHOCHOIO
nedopmariiero BUIOBKEHHS apMaTypH.

KimouoBi cioBa: GyToBa cMyra, 06MesKyIoua OBEpXHsl, MeTajleBa ciTka, (hi3nuHe MOJIEIOBAHHS, YMOBA MilIHOCT], IADAMETPH apMYBAHHSL.
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3ABE3INEYEHHS 3YEIJIEHHS ACOAJTBTOBETOHHOIO IIOKPUTTS I })KOPCTKOT OCHOBU HA ETATII
IMPOEKTYBAHHA TOPOKHbOI'O OJALY (c. 84-92)

€. B. [Topo:xkko, A. I'. Batpakosa, B. B. Tumomescokuii, E. B. 3axapoBa

BuarmryBaniist acansro6eTOHHNUX MapiB Ha JKOPCTKiil OCHOBI y BUIVISI EMEHTOOETOHNHNX TIITUT O3BOJISIE 3HAYHO I IBUIIYBATH TPaH-
CIIOPTHO-EKCILIyaTaliiiHi MoKa3HUKK TTOKPUTTS. Take KOHCTPYKTUBHE PillleHHs € 0COOIMBO aKTYalbHUM Y Maiie BCIX KpaiHax CBiTY, OCKi/lb-
KU IeMEHTOOETOHHI IUTHTH JOCTATHBO JIOBrO 30€piraloTh BIHCOKY MIilHiCTh. [l/Is TOMEpeIKEeHHST MIBU/KOTO PyHHyBaHHS achanisro6eTOHHOTO
MOKPUTTSI Ha JKOPCTKIN OCHOBI He0OXiHO 3a0e3MeynTy HajiiiHe 3UelyieH sl KOHTaKTy IapiB Ta Ha eTalli IPOEKTYBaHHsI BUKOHATH TI€PEBIPKY
MII[HOCTI 3UEITIEHHST PO3PaXyHKOM.

OOGrpyHTOBAHO KPUTEPiil MIITHOCTI 34eTIeH s Ha KOHTAKTI ac(haabro6eTOHHOTO TIOKPUTTS Ta JKOPCTKOT OCHOBHU. Po3paxyHOK ToJsirae y
MOPIBHAHHI aKTUBHUX JOTUYHUX HAIIPYKEHb HA KOHTAKTI 1IApiB BiJl /il BEPTUKAJIbHOI i TOPU3OHTAIBHOI CKJIAJI0BOI TPAHCIIOPTHOTO HaBaHTa-
SKEHHST 3 BEJIMYMHOIO IO CTHUMUX IOTHYHIX HATIPY’KEHb HA 3CYyB HA KOHTAKTI MapiB.

BcranoBiieHo mapaMeTpu po3paxyHKOBOI MOJeJli Ta IIPOBEJIEHO MOJIEJIOBAHHS HarpysKeHO-Ae(OpMOBaHOTO CTaHY KOHCTPYKIIi /0-
POKHBOTO OJISITY 13 3aJIy4eHHSIM METO/y CKiHUeHHUX esieMeHTiB. IIpu MojesoBaHHI Hanpy:keHO-/1e)OPMOBAHOIO CTAHY i po3paxyHKax 3a
KPHUTEPIEM MII[HOCTI BPaXOBaHO Pi3Hi YMOBH PyXy TPAHCTIOPTHHX 3acO0IB Ta BIUIUB TEMIIEPATYpH Ha MilHiCHI TapameTpu achaabrodeTOHHOTO
mapy i mapy miarpyHToBKE. BpaxoBaHi pu IIPOEKTYBaHHI YMOBU PyXy TPaHCIIOPTHUX 3aCO0IB BIANOBIAAIOTH yMOBaM PyXy Ha Meperowi, Ha
KPMBHX ¥ IUIaHi 1 1podisti Ta yMOBaM PyXy IPH €KCTPEHOMY TajIbMyBaHHI aBTOMOG1IiB. PO3p06IIeHO IPaKTHYHI PEKOMEHIAIIT 3 TPH3HAYCHHS
MiHIMAJIBHO OIYCTUMOT TOBIMHHU ac(haIbroGeTOHHOro Mmapy Ha sKOPCTKI OCHOBI, 1110 HEOOXIAHO MepeAGauynTh Ha eTalli TPOEKTYBaHHS 3
yMOBH 3a0e31edeH st H/[iiIHOr0 3YeryieHHsT KOHTAKTY mapiB. MiHiMaJIbHO JOIyCTHMA TOBIIMHA KOJMBAETHCS B MesKax Bif 2 cMm 10 10 cMm B
3JI€KHOCTI Bifl YMOB PYyXY, TEMIIEPATYPH i TUILY Ti/II PYTHOBKI.

KimouoBi cioBa: achanbsroGeToHHMI ap, MOAYJIb MIPYKHOCTI, HATIPY KEeHO-1ehOPMOBaHNUiT cTaH, 3a0e3eYeHH s 3UEILIEHHS, IleMeHTO0e-
TOHHA IJINTA.
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PO3POBKA PEOJIOTTYHOI MO/JEJII PEJIAKCAIIII HAIIPYJKEHD B CTPYKTYPI MACTUJIBHOI IIVIIBKA
HA ITIOBEPXHIX TEPTA 3 ®YJEPEHOBUMU TOBABKAMMU (c. 93-99)

A.T. KpaBuos, A. A. Cycka, A. III. Bekupos, /I. A. JleBkin

Pospobiieno peosoriuny Moziesb pejiakcariii HalpyskKeHb B TOHKiiT MacTUIIbHOT MUTIBIL, sSka chopMOBaHa Ha MOBEPXHI TEPTH I/l AI€I0 Ch-
JIOBOTO TT0JIST TIOBEPXHI TEPTsI IPU HASIBHOCTI (DyI€PEHOBIX KOMITO3UIIIN B 3MAIIyBaTbHOMY MaTepiasi. AHasi3 MojiesIi 103BOJIMB BCTAHOBUTH,




1[0 HASIBHICTH IPYIKHUX a00 B SI3KNX BJIACTUBOCTEN Y IIOBEPXHEBUX CTPYKTYP 3aJI€KUTD BiJl CiBBiAHOUIEHHs 1BOX TapameTpis. [le uac pesak-
carlii HapyskeHb B CTPYKTYPi Ha TISIMax (HaKTIMIHOTO KOHTAKTY i Yac /i Harpy KeHb Ha JaHUX MJISIMaX, SIKe Ha3BaHO YaCOM JKUTTS (DakTHIHOI
MJISIMM KOHTAKTY.

I[Toxazano, 110 301/IBIIEHHS IIBUIKOCT] KOB3aHHsI 3MEHIIIYE Yac PeJIAKCallii HAIpyKeHb B OBEPXHEBiil cTpykTypi. Lle mos’szano 3 pyiiny-
BaHHSIM arperariB B CTPYKTYPi TeJII0 i OSBOI0 06epTalbHUX PYXiB OKpeMux 6JOKIB — (JIoKiB. 36ibIIeH s HaBaHTasKeHHs Ha TPHOOCHCTEMY
3HAYHO 301/IbIITY€ 3HAUECHHS Yacy pesakcailii. [{e moB’s3aH0 3 BUABIIOBAHHAM B'I3KOI CKJIAI0BOI 31 CTPYKTYPU MOBEPXHEBOI MIIIBKU. BetaHos-
JIEHO, SIKIIO Yac pesiakcailil mepeBHIIy€e Jac /i HalmpysKeHb Ha MTAMax (PaKTHYHOTO KOHTAKTY, TO CTPYKTYPa MOBEPXHEBOI MTiBKU MOBOUTHCS
SIK IPY’KHE TBepjie Tijio. | HaBmaku, SIKIO Yac pesakcallii cTa€ MEHIINM, Hijk Yac il Halpy:KeHb, ITiBKA TIOBOJIUTHCS SIK B sI3KE CEPEIOBUIILE.

TeopeTnyHNM MIJIIXOM TOKA3aHO, IO B /Iialla30HI MIBUAKOCTEH KOB3aHHS 1 HaBaHTA)KEHb, KOJH IIJIIBKA TIOBOJUTHCS SIK TIPYKHE TBEPE
TiJI0, BHIKEHHS HATIPY KEHD Ha MIsIMaX (haKTHYHOTO KOHTAaKTY He mepeBuliye 3uavens 1,1-22,8 %. Take siBuliie 3abe3euye Hecydy 31aTHICTD
wiiBku. Po3po6Ka MojIesti 103BOJINTh MOJIETIOBATH TIPYSKHI 1 B'SI3Ki BIACTUBOCTI «3IIUTUX» CTPYKTYP i OOIPYHTOBYBATH PAIliOHAIbHI KOHIEH-
Tpaitii J06aBOK 10 MACTHJILHUX MaTepiasiB, a TAKOK Jlialla30Hu iX 3aCTOCYBaHHSI.

Kmouosi cioBa: tpubocucrema, GpynepeHoBi KOMIO3UII, AUHAMIYHA B’SI3KICTb, CTPYKTYPHA B'A3KICTb, KIACTEPH, Mille/IH, PEOJIOriyHa
MOJIeTh, peslaKcaliist Halmpy KeHb, 3MallyBaJbHa TJIiBKA, MACTU/IbHI MaTepiasi.
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PO3POBKA AHAJIITUYHOI MOJAEJI TPABITANIMHOI'O PYXY 3EPHA ¥ BZIKPUTOMY ' BUHTOBOMY
KAHAJII 31 SMIHHUMU KYTAMU HAXHWJLY (c. 100-112)

B. M. Apennapenko, A. B. Autonens, O. M. IBanos, 1. A. [lyauikos, T. B. Camoiinenko

IcHytoui TexHiYHI 3ac06K 3aBaHTAKEHHSI CHJIOCIB 36PHOBUM MaTepiaJloM He B MOBHiil Mipi 3a10BOJIbHAIOTH TOTPeGH BUupoGHUITBa. Ha-
raJIbHOIO 3ATUIIAETHCS MPOOIEMa TPABMYBaHHS 3€PHA, 110 3yMOBJIIOE HEOOXIIHICTh PO3POOKH TPaBITAIlITHOTO 3aBaHTaKyBaya 3 IHIIMM TIPUH-
IIUTIOM POGOTH i3 BIIMOBIIHIM TEOPETHYHNM OOTPYHTYBAHHIM PYXY 3€PHOBOTO MaTepiany B HbOMY. B poboTi mpe/cTaBieHo i 00TpyHTOBAHO
MojieJIb TpaBiTaliiiHoro pyxy 3epHa y nepudepiiiHoMy BiIKPUTOMY IBUHTOBOMY KaHaJi i3 BOMa 3MiHHMMM KyTaMu Haxuiy. Mojesb IpyH-
TYETHCS HA CUCTEMI CHJI B IIUJIHAPUYHIN CHCTEMI KOOPAMHAT, 1110 AII0Th Ha 00’'éM 3ePHOBOTO MOTOKY Y Tepu(epiiiHOMy rBUHTOBOMY KaHaJ.
IBuaKicTh 3epHa y KiHIli raJbMiBHOI AIISHKYE KaHaly MOBUHHA OyTH SKOMOTa MEHIIOI, ajle HeMEHIIa HiK M0YaTKOBa MIBUAKICTD MOTOKY
HA TI0YaTKy PO3TIHHOI AiIstHKN. Mo/eTb BpaXoBY€ II0 YMOBY i 3abe3neuye onTuMaabHe MPOXO/UKEHH 3epHA Ha Oyib-AKIil AiIAHII KaHaTy.

Hagenena Moziesb 1a€ 3MOTY 3HAXOAUTH MBUAKICTH PYXY 3epHA ¥ OY/Ib-sIKIH MOMEHT 4acy, BpaXOBY€ BUCOTY OTBOPY GYHKepa Ta 3aJiex-
HICTh MIJK KyTaMi HaXWJLy CIiipasieil po3riHHOI Ta rajbMiBHOT AUISTHOK. [[J1s JAHUX KYTiB HABEJIEHO MAaTeMaTHUYHY 3aJIe)KHICTD, 1110 3a0e31edye
MIPOXO/UKEHHST 3epHa 6€3 HOTO 3rpy’KeHHsI | BOAHOYAC 3a100irae TPaBMyBaHHIO 36PHOBOI MAaCH 33 PaXyHOK KOHTPOJIBOBAHOTO 3MEHIITEHHST KiH-
11eBoi mBuAKOCTi. OKPEMO HAJIAHO 3aJIEKHICTD JIJIs 3HAXOKEHHS Yacy, 3a SIKOTO 3ePHO 361/IbIITy€ IBUAKICTD HA PO3TIHHIIT MIJISIHIT, TOCATAI0YN
MaKCHMAJIbHOTO 3HAYECHHS.

Ha ocnoBi mozeni 3ampornonoBano nepudepiinuii BiIKpUTHI TBUHTOBUI KaHaJ i3 [BOMA KyTaMu Haxwiry criparueii a i B. [lasg mamoro
KaHaJIy BCTAHOBJICHO B3a€MO3B'I3KH MiK fOTO KJIIOUOBUMH MapaMeTpaMi, 30KpeMa 00TPYHTOBAHO 3HAYEHHST PEKOMEH/I0BAHNX KyTiB 41°...45°
JUIst po3riHuoi Ta 39°...35° /Ist TaJbMIBHOI JIJISTHOK Bi/INOBIAHO, a TakoK BigHoMmeHHs h, /1 we menuie 0.6...0.7.

Komo4oBi ciioBa: mBH/IKICTb PyXy 3epHA, TBUHTOBHI KaHAaJ, 3MIHHI KYTH HaXILy, TPAaBMYBaHHSL.



