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Abstract. The aim - to develop Maple-model of a particle on all surfaces of 2nd
order. Based on the proposed method of forming laws of motion of particles on rough
surfaces in the interior of coordinates projected on orts of accompanying trihedron of
trajectory was set maple-established model of a particle in all ruled rough surfaces 2nd
order. Due developed computer tools has become possible to perform online research
trajectory-kinematic characteristics of a particle on all surfaces of 2nd order, cylindrical
surfaces orthogonal sections as transcendental curves of helical surfaces. This enabled us
to analyze the movement of particles moving loose materials pipelines, supply of fertilizers
to scattering disk separation grain inclined vibrational planes.
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Topicality. The movement of material particles on rough working surfaces of
complex shape occurs when moving loose materials pipelines, supply of fertilizers to the
scattering disk separation grain inclined vibrational planes. Understanding the patterns of
movement of particles in random rough surface position in three dimensions allows
purposefully to calculate structural and kinematic parameters of working bodies.

Analysis of recent research and publications. Analytical output law of motion of a
particle on the rough surface is reduced to drawing up a system of differential equations of
2nd order desired dependency which is the trajectory of the particle, its velocity,
acceleration, length of the path, the strength of the normal reaction, the move to its stop
and other trajectory-kinematic characteristics . Sequence analytical output of differential
equations and methods of solution is rather labor-intensive [1].

In contrast, computer simulation of a particle on the surface allows to remove bulky
analytic transformation and provide a convenient interactive mode scientist for the
necessary computational experiments on the analysis of a particle at different baseline

throwing it on any rough surface. But the development of computer models of a particle on
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the surface needs to address a number of theoretical and practical nature which make up
the relevance of research. First, is the development of general algorithm for automatic
withdrawal of differential equations law of motion of particles on any surface that is
randomly located in space; trajectory analysis, kinematic characteristics of a particle not
only in time, but depending on the position of the particles on the surface and the direction
of its movement on the surface; illustrate the results of research in the form of numerical
data, graphics and motion simulations particles on the surface [2].

The purpose of research - development-Maple models of a particle on all surfaces
of 2nd order.

Materials and methods of research. For arbitrary rotation position of the cylinder:

R(u,v) = Rlacos(u), asin(u) cos(£) — vsin(¥), asin(u) sin(¥)+ v cos(£)] Q)
developed three models of a particle, which allow to investigate its trajectory, according
Kinematic properties of timet, positionuand the direction of moves. Derived laws of
motion of particles in the cylindertare as follows:
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Results and discussion. Some results of numerical experiments on the analysis of the
trajectoriesr(t)of particle and its speedV (t)depending on the radius of the cylinder a, its

angle of inclinationZ — 90°, initial velocityV,and directione,of throwing particles, its
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initial positionu,, v,and the coefficient of frictionfshown in Fig. 1.Thus, the shape of the
trajectories r(t)of the particles on the vertical cylinder essentially depends on the
anglee, = 0°,45°,90° 120°throwing them over time t all the particles gain
speedV (t)gravity (Fig. 1 ,and). For horizontal cylinder & = 90°to the motion of a particle
to its full stop significantly depends on its initial positions[i,, 17,]Jon the surface, which
affects the possible lead particles from the surface (Fig. 1b). Thus, the initial particle
positionu, = 0.9rand throwing angle«, = 60°, 90°tookawayfrom horizontal surface of the
cylinder at the timet ~ 0.24c -will free fall. At this point the normal reaction forceFy, (t)s
zero, and graphics speedV (t)shows the velocity of separation from the surface. Particles
with an angle throwinge, = 0°, 30°will not took of from the surface of horizontal cylinder.
The nature of a particle on the inner surface of the cylinder includes advanced features like
the vertical cylinder and horizontal, to which substantially affects the angle deviation
from its vertical position [1]. For example, particles thrown on oldé = 80°cylinder angle
with the same throwingea, = 60°, initial velocityV, = 4 1/cand frictionf = 0,3; 0,45stop
on its surface, and particles of frictionf = 0,01; 0,15after zigzag reduce their speed to a
certain size it will begin to type (Fig. 1, B). For horizontal and inclined cylinders probable
movement of particles along its outer surface, where centrifugal forceF- = m V= kare not
pin it to the surface [2], but rather took it off to the top of the cylinder (Fig. 1, d) .

For vertical cylinder there is a correspondence between the provisions of the particles
on the surface and parameters: u — the distance on a straight line generators; « - direction
of movement (the angle between the tangentz( «)and rectilinear generators). We derive the
following laws of motion of particles in rough inner surface of the vertical cylinder

projection on ortsT andPtrihedronOT P Naccording to function parameteru:
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and according to function parameterc:
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IDT = mV{u) iv(u] = —amg ctg(a(w)) — fvw)? sin(alu)) ,
L 0P = mL"[‘u]E _ ia*‘g . (5)

Fig. 1. Trajectories r (t) and graphics speed V (t) particles on the rough surface

of the cylinder rotation to its various provisions in space.

The trajectories r(w)and graphics speed V(w)of particles on the rough surface
vertical cylinder based on: a) throwing angle «, = 30°,60°,90° 120°at constant values
off =03, V, =8wm/ci a= 1,2; b) the coefficient of frictionf = 0,01 0,15; 0,3; 0,45at
constant valuest, = 8 m/c i1 a, = 607, c) the initial velocityl, = 2,4, 8, 12 m/c at constant
valuesf = 0.3i a, = 60°, built in Fig. 2. We can see that particles thrown at an angle
ofe, = 30° minimum  speed  isV,,;, ¥ 2.8 m/cwhen the particle was at a
distanceu * 4.9rectilinear generators. Particles thrown straight generators perpendicular to
the cylinder (e, = 90°), first reduce their speed to a certain sizeV,,;,, # 5.8 m/c, and then
gaining it. The higher the coefficient of friction f, the lower the value of the minimum
speed of the particles and the faster it will fall. With decreasing initial velocity
particles¥,shortened time to his downfall. Fig. 7 g built trajectoryr(e)and graphics
speedV (c)particles on the inner surface of the wvertical cylinder on the

interval[e_; 180° — ¢, ]depending on the angle of throwing e, = 307 60° 90° 120"at
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constant valuesf = 0.3, V, =8m/c i a= 1.2, which unlike previous cases graphics

speedV (c)are symmetrical.
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Fig. 2. The trajectories of particle velocity and graphics on the inner surface of the
vertical cylinder parameters:

a,0,B) u- position; r) «- direction

Based on the proposed method of forming laws of motion of particles on rough
surfaces in the interior of coordinates projected on orty accompanying trihedron of
trajectory was set maple-established model of a particle in all ruled rough surfaces 2nd
order. In order to assess each of these surfaces to perform separation or movement of bulk
material conducted experiments with complex computing trajectory analysis, kinematic
properties of a particle at different initial conditions. In particular, the trajectory r(t)on the
vertical rotation hyperboloid odnoporozhnynnomu not cross his neck as detached particles
(Fig. 3 a). Hyperboloid horizontal axis at certain ratios initial velocityV, particle, its
provisions[u,,1,], throwing angle«,and friction coefficient f, may be used for the

separation of loose material into two fractions, separated by a neck (Fig. 3, b, in). Bulk
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material thrown on top of the slope of hyperboloid [3], will initially accumulate around the

neck, which after passing trajectories of particles are closer to each other (Fig. 3, g).

Fig. 3. trajectories r (t) particles on the rough surface odnoporozhnynnoho

rotation hyperboloid different position in space

Automatic execution of analytical transformations in the formation law of motion of
a particle on the rough surface of the sphere, ellipsoid, paraboloid [4] and hyperboloid of
rotation arbitrary position is so cumbersome that they illustrate is impractical - the user

sets only the initial experimental conditions and selects appearance presenting the results
(Fig. 4).

Fig. 9. trajectories r (t) particles on rough surfaces:

a) scope; b) ellipsoid;b) paraboloid; c) hyperboloid of rotation
Conclusions
A set of computer models of automatic generation of a particle of the law as a system
of two differential equations of 2nd order for any rough surface randomly located in space.
It was developed through computer tools has become possible to perform online research
trajectory-kinematic characteristics of a particle on all surfaces 2nd order, cylindrical

surfaces with orthogonal sections as transcendental curves of helical surfaces.
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KOMIT'OTEPHI MOAEJII PYXY YACTHUHHKHU IO HEPYXOMHMX
INOPCTKHUX ITOBEPXHSAX 2-I'0 MOPAJAKY
A. B. Hecgioomin
AHoTanisn. Mema docniodxcennss — pospoora Maple-modeneii pyxy wacmunku no ecix
nogepxwsx 2-eo nopsaoky. Ha ocnosi 3anpononosanozo memooy popmysantsn 3aKonie pyxy
YACMUHKY NO WOPCMKUX NOBEPXHAX Y 6HYMPIWHIX IX KOOPOUHAMAX 8 NPOEKYIAX HA Opmu
CYNPOBIOHUX MPUSPAHHUKIE mMpackmopii Oynio cmeopeno Habip maple-moodeneu pyxy
YACMUHKY NO  BCIX JNIHIUYAMUX WOPCMKUX NOBEPXHAX 2-20 NOpPAOKY. 3a80sKu
PO3POOIIEHOMY KOMN TOMEPHOMY THCIMPYMEHMAPII0 CIMAN0 MONCIUBUM 8 THMEPAKMUBHOMY
pedicuMi  BUKOHAMU OOCTLONCEHHS MPAEKMOPHO-KIHEMAMUYHUX XAPAKMEPUCUK  DYX)
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YACMUHKU NO 8CIX NOBEPXHAX 2-20 NOPAOKY, YULIHOPUYHUX NOBEPXHAX 3 OPMOSOHATbHUMU
nepepizamu 'y 6uensa0i MpaHCYeHOeHMHUX KPUGUX, 28UHMOBUX nogepxusax. Lle oano
MOJCIUBICMb — AHANIZY8AMU  PYX YACMUHOK NpU  NepeMileHHi CUnKoi CUposuHu
mpybonposooamu, nooayi MiHepaibHuUx 000puU8 MyKOHANPAMHUKAMU OO0 PO3Cil08ANbHO20
OUCKA, cenapy8anHsi 3epHOB020 0POXY HAXULEHUMU KOJIUBATILHUMU NIOUUHAMU.

KurwouoBi ciioBa: mamepiansna wacmunka, wiopcmka no8epxHs, YUJIiHOP,
00HONOPOICHUHHUIL 2iNEPD0J10i0 00epmanns, napadoioio 0depmanus

KOMITBIOTEPHBIE MOJAEJIN ABUXKXEHUSA YACTULbI 11O
HEINNOJABUKHBIM HIEPOXOBATBIX IOBEPXHOCTSIX
2-I'0O MMOPS KA
A. B. Hecéuoomun

AnHoramusi. [lenv uccnedosanus - paspabomka Maple-modeneu Osudicenus
yacmuysvl no 6cem nosepxHocmsm 2-eo nopsioka. Ha ocnoee npeonoosxcennoco memooa
PopMmuposarus. 3aKOHO8 OBUNCEHUS HACTUYbL NO ULEPOXOBAMBIM NOBEPXHOCIAM B0
BHYMPEHHUX UX KOOPOUHAMAX 8 NPOEKYUSX HA OPMbL CONPOBOOUMENLHBIX MPEXSPAHHUKOS
mpaekmopuu 0vl10 co30ano Haoop Maple-moodeneti Osudicenusi wacmuyvl nNO B6Cem
JIUHEYAmbIX Wepoxo8amuvlx NOBepXHOCmAX 2-20 nopsaoka. bnacodaps paspabomannomy
KOMNbIOMEPHOMY UHCMPYMEHMAPUIo, CMAio B03MONCHbIM 6 UHMEPAKMUBHOM pedlcume
BLINOJIHUMb  UCCIE008AHUSL MPAECKMOPHO-KUHEMAMUYECKUX XAPAKMePUCTMUK O0BUNCEHUS
yacmuyvl NO 6CemM NOBEPXHOCMAM 2-20 NOPAOKA, YUTUHOPUUECKUX NOBEPXHOCMSAX C
OPMO2OHANbHBIM CeUeHUeM 8 8Ude MPAHCYEHOEHMHBIX KDUBLLX, BUHMOBbIX NOBEPXHOCHISX.
Omo 0ano 603MONCHOCMb AHANUUPOBAMb OBUMCEHUE HYACMuUYy npu nepemeujeruu
Cbinyyeco  cohlpbsi N0 MpYyoOnposooam,  nooayu - MUHEPAIbHbIX  YO0OpeHUll
MYKOHaAnpagumenamu K pacceusaroujemy OUcKy, Cenapuposanusi 3epHO8020 B80pOXd
HAKJIOHEHHbIMU KOAeDamelbHbIMU NAO0CKOCHAMU.
KiioueBble ciioBa: mamepuanvHas uacmuya, uiepoxoeamas no8EPXHOCH b, YUIUHOD,
00HONYCMOMENbLl ZUNEPOOIOUO BPAULEHUS, NAPADOIOUO BPDAULEHUA
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