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Abstract. The purpose of the study is the development of Maple-model of motion
of a particle on a non-linear surfaces of the 2nd order in the function of time.

A computational experiment was conducted to study the trajectory-kinematic
properties of the motion of a particle on a non-linear surfaces of the 2nd order in the
function of time.

On the example of forming the laws of motion of a particle on rough nonlinear
surfaces in a computer algebra Maple environment, the possibility is shown that the
sequence of cumbersome analytic transformations can not be elaborated at all. In this
case, the user of the model of studying the motion of a particle on a rough surface is
enough to only set the initial conditions for the particle sinking and to form a set of
trajectory-kinematic characteristics studied.
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Topicality. In many technological processes of agricultural production there is a
movement of material particles on a rough non-linear surfaces of the 2nd order.
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 [1].

Analysis of recent research and publications. An analytical derivation of the
motion of a particle on rough non-linear surfaces of the 2nd order. 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 transformations
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and methods for solving the derivation of a system of differential equations is quite
labor-intensive [2].

Computer modeling of motion of a particle on a rough non-linear surfaces of the
2nd order 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 [3].

The purpose of the study is the development of Mapple-a model of motion of a
particle on rough non-linear surfaces of the 2nd order.

Materials and methods of research. In the article, we give only isolated results
of computational experiments on the study of trajectory-kinematic characteristics of
the motion of a particle on rough non-linear surfaces of the 2nd order - the sphere,
ellipsoid, paraboloid, and two-cavity hyperboloid of rotation (extended studies of each
surface occupy a fairly large volume of textual and graphic information). All analytical
calculations, since the problem of form and position non-linear surface rotation 2nd
order system Cartesian coordinate Oxyz, sequence forming law of motion of the
particles on the surface depending on the position of its axis (vertical, horizontal,
inclined) in space, the choice of the studied characteristics in depending on the starting
conditions of the particle throwing, all this is represented in the corresponding maple
models (see geometry.com.ua), the names of which are given below.

Research results and their discussion.

Sphere_t - model of motion of a particle in a sphere

The motion of a particle in a rough sphere does not depend on its position. If the
particle is thrown at the same initial velocity 1V, from different places on the meridian
of the spheres in one direction o, for example, the parallels, it is clear that their
trajectories r(t) are approaching the lower pole (Fig. 1, a). The fastest part will be

stopped, which was the lowest. For the lowest particle on the sphere at the beginning
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of its movement, the force of the normal reaction F,(t) is greatest due to the greater
curvature of the trajectory.

Turn the sphere at an angle 90° around the Ox axis (Fig. 1, b). We cast throw with
the same velocity V, but in different directions e, = 0°,45°,90° 135°. The particle is
thrown up parallel to «, =90°, will break off from the surface through the time
interval t=0.4, the particles are thrown at angles «, = 45° and «, = 135° (at different
poles), have symmetrical trajectories and the same kinematic and dynamic
characteristics (graphs of speed and normal reaction coincide).

Ellipsoid_t - Model of motion of a particle in an ellipsoid of rotation
In fig. 1 shows the image of the trajectories and graphs of the velocity V(t) and

the normal reaction F,(t) of the moving particle on the inner surface of the ellipsoid of
rotation, depending on the angle of the throw o, = 0°,45°90°,135° at its initial
position u, = m, v, = —m /6, initial velocity V, = 4 m/c and coefficient of friction f
=0.3. It is clear that the particles in a closed space of the ellipsoid of rotation (Fig. 1, c
of the surface of the surface) stop at the bottom of the graphs of velocities V(t), this
will begin to occur over time ~3.5 and at the time of their stop, the normal reaction
F,(t) is approachingF,, = mg.

The particles thrown from different surfaces of the surface of the ellipsoid of
rotation behave in the same way as on the sphere, in particular, their trajectories r(t)
will be directed to the bottom, but with a greater amplitude at the velocity V(t) and the
normal reaction Fy(t) (Fig. 1, d).

Paraboloid_t - Model of particle movement on a paraboloid of rotation

In Fig. 2? a we present the trajectories r(t) of the particles and graphs of velocity
V(t) at different angles of the throwe, = 0°,45%90°,135% its initial position
u, = m, v, = 2, the initial velocity V, = 4, the coefficient of friction f = 0.3, the form
parameter a = 0.4. You can see that the trajectory passes at the vertex of the
paraboloid, and only the angle of the throw «, = 0° and 180° the particle will fall to
the top. Graphs of velocity V (t) of particles zigzag-like decrease to zero, which means

their stop in the vicinity of the top of the paraboloid. The particle that is thrown closest
163



"Enepzemuka i agmomamuxa', Ned, 2018 p.

to the vertex of the paraboloid at an angle o, = 135° - at a time interval t<2.1s will
stop the fastest. If you throw particles in one direction, for example e, = 90° - along
parallel, but with different initial velocities V, = 2, 4,6, 8, then the fastest stop will be
a particle with the lowest initial velocity 1, = 2 - this will occur over time t =2.9 sec.
The nature of the motion, depending on the friction coefficient f = 0.1,0.2,0.3,0.4 of
particles at a constant angle e, = 90° indicates that the larger the coefficient of

friction f, the faster the particle will approach the top of the paraboloid of rotation.
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Fig.1 Trajectory-kinematic characteristics of the motion of a particle on the

rough interior surfaces of the sphere and the ellipsoid

HyperboloidZ_t - Model of motion of a particle in a two-cavity hyperboloid of
rotation
Let the parameters of the form a and b of the generic hyperbolic of the two-cavity

hyperboloid of the rotation equate to form a =1 and b = 2 (Fig. 2, b). Since the ratio

g = [ = 0.3, then the moving particles under any other initial conditions will not stop
on the surface - the graphs of velocity V(t) increase. If the parameters of the form of
generative hyperbole seta=1and b = 4(% < f= D.S), espectively, then all particles

will stop on the surface - graphs of velocity V(t) fall to zero. So particles with
coefficients of friction f = 0.1,0.2 with a, = 90° and V, = 4 1/c will not stop on the

surface, and with coefficients of friction f = 0.3,0.4 stop on the surface.
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Fig.2 Trajectory-kinematic characteristics of the motion of a particle on rough

internal surfaces of a paraboloid and a two-cavity hyperboloid of rotation

Conclusions and perspectives. On the example of forming the laws of motion of
a particle on rough nonlinear surfaces in a computer algebra Maple environment, the
possibility is shown that the sequence of cumbersome analytic transformations can not
be elaborated at all. In this case, the user of the model of studying the motion of a
particle on a rough surface is enough to only set the initial conditions for the particle

sinking and to form a set of trajectory-kinematic characteristics studied.
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It is supposed to supplement the developed computer models of motion of a
particle on rough surfaces of the 2 nd order by means of interactive search of
combinations from the initial conditions of a particle sink to provide predefined

trajectory and kinematic characteristics of its motion - to solve the inverse problem.
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MOJEJIOBAHHSA PYXY UACTUHKH 11O IOPCTKUX HEJTHIMYATHUX
MOBEPXHSIX 2-T'O MOPAJIKY Y ®YHKIII YUACY
A. B. Hecgioomin

AHoTauisi. Memoro docniodcenns o6yna pospoora Mapple-mooeni pyxy wacmurnku
1O WOPCMKUX HEeNIHIUYamux no8epxXHax 2-20 nopsaoKy y yuxyii uacy.

bys npoeedenuii obuucniosanvuuii ekcnepumenm O 6UGUEHHS MPAECKMOPHO-
KIHeMamuyHux 61acmugocmeli pyxy 4acmuHKU HA HEeTIHIUHUX NOBEPXHAX 2-20 NOPAOKY
8 QyHKyii uacy.

Ha npuxnaoi ¢oopmyeanns saxonieé pyxy 4acmuHKu nO WOPCMKUX HETTHIUYAmMux
NOBEPXHAX 6 cepedosuwyi Komn tomeproi anceopu Maple noxazano moociueicme
83aealli He YHAOYHI0BAMU NOCHIO08HICIb 2POMIZOKUX AHATIMUYHUX Nepemeopenb. YV
YbOMY BUNAOKY KOPUCMY8auy MOOeli O0CHIONCEHHS PYX) YACMUHKU NO ULOPCHKIl
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NOGEPXHI O00CMAMHLO MINbKU 3a0a8amu GUXIOHI YMOBU KUOAHHA YACMUHKU md
Gopmysamu HAOIP OOCTIOHCYBAHUX MPAECKMOPHO-KIHEMATNUYHUX XAPAKMEPUCMUK.

Kurwo4uoBi cioBa: cynpogionuit mpucpannuk, mamepianisha mouka, HeJiHIUHI
noeepxHi, mpPacKmopis pyxy

MOAEJIMPOBAHUE JIBUKEHUS YACTHULBI 11O HITEPOXOBATDBIX
HEJUHEMYATBIX HOBEPXHOCTSX 2-T'O OPS KA B ®YHKIIUU
BPEMEHUA
A. B. Hecéuoomun

AHHOTaumMs. [lenvio uccnedosanuss oOviia  paspabomxka Mapple-moodenu
OBUIICEHUSL YACTNUYBL NO WEPOXOBAMBIX HETUHEUYAMbIX NOBEPXHOCMSAX 2-20 NOPOKA 8
@yHKYUU 8peMmen.

bovin nposeden eviuuciumenvuvlii dKcnepumenm O U3y4eHus mpaekmopHo-
KUHEMAMUYECKUX CE0UCME OBUNICEHUS YACTNUYbL HA HEeTUHEUHbIX NOBEePXHOCMAX 2-20
nopso0Ka 6 )yHKYuu 8pemeHuU.

Ha npumepe popmuposanus 3aKoH08 O08UMICEHUS HACMUYbL NO ULEPOXOBAMNBIX
HeUHelYamviX NOBEePXHOCMAX 8 cpede KOoMnblomepHou aneedbpvl Maple noxazana
BO3MONCHOCHbL  8000We He Npeocmasisiams NOCAe008AMENbHOCHb  2POMO30KUX
anamumuyeckux npeobpazoeanuti. B amom  ciyuae nonvzosamenio - Mooenu
UCCTIEO08ANHUSL OBUNCCHUS. YACMUYbL NO ULEPOXOBAMOL NOBEPXHOCIU OOCMAMOYHO
MONBKO 3A0a8amb UCXOOHblE YCI08Us Opocanue yacmuyvl u opmuposams HAOOP
U3yuaemvlx mpaeKmopHo-KUHeMAmMu4eckux XapaKmepucmux.

KioueBble cioBa: conpoeooumenvHwlii  mMpexZPAHHUK, MAmMepuaibHas
MmoYKa, HeIUHEelHble NOGEPXHOCHM U, MPACKMOPUS OBUIHCEHUS
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