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Abstract. The purpose of the study is the development of Maple-model of motion
of a particle on a sloping plane, which performs reciprocating oscillations.

A computational experiment was conducted to study the trajectory-kinematic
properties of the motion of a particle on a sloping plane, which performs reciprocating
oscillations.

It is shown that for a horizontal rough plane, which performs reciprocating
oscillation displacements, the absolute and relative trajectories of the particle are
most rapidly stabilized by the largest coefficient of friction. Particles with a lower
coefficient of friction have a smaller amplitude of absolute trajectory. The initial
velocity and direction of throwing influence the time and place of the stabilization of
the movement.
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Topicality. In many technological processes of agricultural production there is a
movement of material particles on an inclined plane that performs reciprocating
oscillations. Knowledge of the patterns of motion of a particle (as a material point) by
a rough plane in three-dimensional space allows us to calculate the structural and
kinematic parameters of the working bodies.

Analysis of recent research and publications. An analytical derivation of the
motion of a particle on a sloping plane that performs reciprocating oscillations is
reduced to the compilation of a system of differential equations of the second order,
the dependence of which is the trajectory of the particle, its velocity, acceleration, the
length of the traversed path, the force of the normal reaction, the time of movement to

it stops and other trajectory-kinematic characteristics. The sequence of analytic
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transformations and methods for solving the derivation of a system of differential
equations is quite labor-intensive.

Computer modeling of motion of a particle on a sloping plane, which performs
reciprocating oscillations, allows to discard bulky analytical transformations carried
out by a scientist and provide him with a convenient dialogue mode for performing
necessary computational experiments on particle motion analysis under different initial
conditions of its throwing [1].

The purpose of the study is the development of Mapple-a model of motion of a
particle on a sloping plane, which performs reciprocating oscillations.

Materials and methods of research. Listing the maple model PlaneOxaMove_t
of studing of the motion of a particle on a rough slope plane R[u cos(&), v sin(&),0],
which carries out different translational displacements in space, is presented on the site
geometry.com.ua..

Let us dwell only on its vibrational displacement along the axis Ox:

M = M[l sin{vt), 0,0], (1)

where: v, [ - velocity and amplitude of oscillations.
In the projections on the orts u and v of triedrone OuvN [2, 3] we obtain the
following system of differential equations of the particle motion law in an inclined

plane:
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Research results and their discussion. In fig. 1 an absoluter(t), relative p(t) of

the trajectory of the particle, the graphs of its absolute V(t) and the relative velocity
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V,(t) are constructed, depending on the angle of the casting of the particle
o, = —90° —45°0° 457 under conditions : the slope of the plane at an angle

& = 75°from the vertical position; fluctuation velocity v = 0.5¢~%; amplitude of
oscillation [ = 2; coefficient of friction f = 0.3; initial velocity 1/, = 4. Direction of
graphs of relative velocities to zero (Fig. 1, d) suggests that all particles, regardless of
the direction of the throw «, stop in a sloping plane at different intervals of time - cease

to slip in it. This will happen if fg = lv?.
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Fig. 1. The trajectories r(t), p(t) and graphs of velocities V(t), V() of the

particle depending on the angle of throwing «,

Let the oscillation velocity be equal to v = 2c¢~*. In this case, the particles do not
stop zigzag sliding down the sloping plane. Note that the motion of the particle has

almost stabilized in the interval ¢ * 4 the graphs of absolute V(t) and relative V,(t)

velocities coincide (Fig. 2).

d)
Fig. 2. Trajectories r(t), p(t) and graphs of velocities V(t), V() of the particle

depending on the angle of throwing «,
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If the particles are throwing in the same direction &, = —45° with the same initial
velocity V, = 8, but with different friction coefficientf = 0.01,0.15,03, 0.45, then
particles with a lower coefficient of friction f slide down the plane faster and have a

less zigzag trajectory (Fig. 3).

10

d)

Fig. 3. The trajectories r(t), p(t) and the graphs V(t), V() of the particle of the
dependence f
From particles abandoned in one direction o, = —45° with a coefficient of
friction f = 0.3, but with different initial velocities V, = 1, 2,4, 8, the particles with the
smallest initial velocity will come forward the fastest way to stabilize the movement:

t #2whenlV, =2andt » 6 when V, = 8 ( Fig. 4).

)
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Fig. 4. The trajectories r(t), p(t) and the graphs V(t), V(1) of the particle in the
dependence V

Conclusions and perspectives.

1. The possibilities of the developed method of computer simulation of the
motion of a particle on the investigation of the trajectory-kinematic properties of the
motion of a particle on an inclined plane, which performs reciprocating oscillations,

are confirmed.
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2. The peculiarities of analytical calculations in the formation of the laws of
motion of a particle in projections on the otters of the accompanying triedrone QuvN
and OTPN are given, with the choice of an independent time parameter ¢, position u,
and direction a.

3. A complex of computational experiments was conducted to study the
trajectory-kinematic properties of the motion of a particle from the study of trajectory-
kinematic properties of the motion of a particle on an inclined plane, which performs
reciprocating oscillations under initial conditions: position of a plane, place[u,, v,] and
direction ¢, of the particle, its initial velocity V, and friction coefficient f.

4. Tt is shown that for a horizontal rough plane, which performs reciprocation
oscillations, the absolute and relative trajectories of the particle are most rapidly
stabilized at the highest friction coefficient. Particles with a lower coefficient of
friction have a smaller amplitude of absolute trajectory. The initial velocity and
direction of throwing influence the time and place of the stabilization of the
movement.

5. The angle of inclination of the rough vibrational plane greatly affects the
form of the absolute and relative particle trajectory after stabilizing their displacement-

they are zigzag-shaped, whose amplitude depends on the oscillation parameters.
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MAPLE-MOJEJI PYXY YACTUHKHA IO MOXWJIIN IJIOIUHI, SIKA
3IMCHIOE 3BOPOTHO-IOCTYHAJIbHI KOJIMUBAHHS
A. B. Hecgioomin

AHoTanisgs. Mema docniodxcenns — pozpooxa Mapple-moodeni pyxy uacmunku 1o
MOXUJIM TUTOLIUHI, SIKa 31MCHIOE 3BOPOTHO-TTOCTYANIbHI KOJIMBAHHSI.

IIposeoenuii 0bOUUCTIOBANILHUL eKCnepUMeHm 3  OO0CHIONCEHHS MPAEKMOPHO-
KIHEMAMUyYHUX 81acmueocmeti pyxy uyacmunky TO TOXWJIN TIOIIMHI, SKa 3A1HCHIOE
3BOPOTHO-TIOCTYTAJIbHI KOJIMBAHHSI.

Tlokazano, wo 0151 20pU30HMANLHOT WOPCMKOIL NIOWUHU, KA 30IUCHIOE 360POMHO-
KOMUBANIbHI NepemiyerHs, Hauweuoue cmaoinizyioms abCoONOmMH)Y mda GiOHOCH)
MPAEKMOpPIi YACMUHKU 3a HAUOLIbwum Koepiyicnmom mepms. acmunku 3 MeHwuM
KoegiyicHmom mepmsa MarOmv MeHWy amniimyoy abCcoNOmHOI mMpaeKmopii.
Ilouamkosea weuoKicms ma HANPsAM KUOAHHS BNJIUBAE HA YAC Ma Micye cmaoinizayisi
pyxy.

KurouoBi cioBa: cynposionuii mpuzpannuk, mamepiaivHa moyka, noxXuna
NIOWUHA, MPAEKMOPIA PYXy

MAPLE-MOJEJIA IBUKEHUS YACTHUIIBI ITO HAKJIOHHOM
MJIOCKOCTHU, COBEPIIAIOIIEN BO3BPATHO-IIOCTYIATEJIBHBIE
KOJIEBAHUA

A. B. Hecéuoomun
AnHoTaums. [lenv uccnedosanusi - paszpabomxa Mapple-moodenu 06udsicerus
yacmuysbl N0 HAKIOHHOU NJIOCKOCMU, CO8epularoujeli 6038pamHO-NOCMynameibHble
KOJeOaHUs.
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IIposeoden eviuucaumenvubili IKCNEPUMEHM HO  UCCIE008AHUI0 MPAEKMOPHO-
KUHEMAmMU4ecKux C8OUCME 0BUNCEHUS Yacmuybl N0 HAKIOHHOU NJIOCKOCMU, KOMOopas
cogepuiaem 8036PAMHO-NOCMYNAmMeNbHble KOeOaHUs.

Ilokazano, umo 051 20pU3OHMANLHOU WEPOXOBAMOL NIOCKOCMU, CO8epuIalowelt
8038pamMHO-KoIebamesbHble nepemeujenus, Haubonree Oblcmpo CMAOUIUSUPYIOM
aOCoONOMHYI0 U OMHOCUMENbHYIO  MPAEKMOpUuu  Yacmuysbl NO  HAUOObUIEMY
Kko3guyuenmy mpenus. Yacmuysvl ¢ mMeHbuwUM KOIDDuyuenmom mpenus umerom
MeHbuylo  amnaumydy abcomomHou mpaekmopuu. Hauanvnas ckopocms u
HanpasieHue bpocanue 8nusem Ha 8pemMs U Mecmo CmabduIU3ayust O8UNCEHUSL.

KuarwueBble ciioBa: conpogooumenvhvlii mpexzpaHHuK, MamepuanbHas
MOYKa, HAKIOHHAA NJI0CKOCHb, MPAEKMOPUA OBUIHCCHUSA
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