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Abstract. The movement of the material on the inclined belt of the conveyor takes
place during transportation or its frictional cleaning. For an inclined moving plane
(slide), the angle of its inclination to the horizontal plane is decisive.

The absolute motion of a particle is the sum of two motions - the portable belt and the
relative particle along the belt, so it is affected by the angle between the vectors of the
greatest inclination of the plane and the transfer velocity of the plane (tape).

The purpose of the study is to determine the motion of a material particle on the
conveyor belt for the case when the angle between the vector of the line of greatest
inclination of the conveyor plane and the direction of its transfer speed is arbitrary.

To do this, the conveyor belt element was depicted as a rectangle with an axis of
symmetry drawn along the direction of translational movement. In the initial position, the
plane was placed horizontally, so the angle of greatest inclination is absent. In the future,
the plane was given an arbitrary location in space due to alternate rotation around the
sides bounding its compartment or around the axes of symmetry of the compartment,
which is equivalent.

The relative and absolute motions of the material particle along the moving web of
the conveyor are considered for the case when the line of the greatest inclination of the
web plane makes an arbitrary angle with the direction of the portable motion of the web. A
system of differential equations of motion is compiled and solved. The obtained results are
illustrated graphically.

It is established that the nature of the relative motion of a particle on an inclined
plane moving rectilinearly and uniformly depends on the direction of the vector of the line
of the greatest inclination and the value of the angle of inclination of this plane. If the
angle of inclination is less than the angle of friction, then the lateral feed of the particle
will eventually stop either on the curved section of the trajectory or on a straight line that
is parallel to the line of greatest inclination. The stopping place of the particle depends on
the value of the initial velocity. At an angle of inclination of the plane equal to the angle of
friction, the particle during the movement along the curved section of the trajectory
reduces its initial velocity by half and then moves in a straight line and evenly. If the angle
of inclination of the plane is greater than the angle of friction, the particle in relative
motion along the curvilinear section of the trajectory first reduces the velocity, and when
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approaching a rectilinear section, its velocity increases and continues to increase on a
rectilinear section of the trajectory.

Key words: material particle, conveyor, inclined plane, plane inclination angle,
particle velocity

Introduction. The movement of the material on the inclined belt of the conveyor
takes place during transportation or its frictional cleaning [1]. For an inclined moving
plane (slide), the angle of its inclination to the horizontal plane is crucial. If it is less than
the angle of friction of the particle in the plane, then the initial relative velocity of the
particle decreases over time to zero and it then moves at an absolute speed equal to the
transfer speed of the belt. If the angle of the tape is greater than the angle of friction, the
absolute motion of the particle at each time is the sum of two movements - the portable
motion of the belt and the relative motion of the particle on the belt.

Analysis of recent research and publications. The trajectory of the relative motion
of a particle on an inclined plane depends on the vector of the line of its greatest
inclination to the horizontal plane. The absolute motion of a particle is the sum of two
motions - the portable motion of belt and the relative motion of particle on the belt, so it is
affected by the angle between the vectors of the greatest inclination of the plane and the
carrying speed of the plane (belt). In [1] we consider the case when these vectors coincide.
In addition to this case, Vasylenko in [2] also investigated the motion of a particle on an
inclined hill with a lateral motion of the belt, which corresponds to a right angle between
these vectors.

The purpose of the article. Investigate the motion of a material particle on the
conveyor belt for the case when the angle between the vector of the line of greatest
inclination of the conveyor plane and the direction of its transfer velocity is arbitrary.

Materials and methods. The conveyor belt element is represented as a rectangle
with an axis of symmetry drawn along the direction of translational movement. In the
initial position, the plane is placed horizontally, so the angle of greatest inclination is
absent. In the future, the plane will be given an arbitrary location in space by alternately
rotating around the sides bounding its compartment or around the axes of symmetry of the

compartment, which is equivalent. To find the angles that define the position of the plane
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In space, it is convenient to use the formulas of spherical trigonometry. Suppose that in the
initial position, when the rectangular compartment of the plane is horizontal, its point of
intersection of the axes of symmetry is in the center of a sphere of unit radius (Fig. 1, a).
The unit normal vector of the plane Ny coincides with the axis OZ. Rotate the compartment
around the OY axis at an angle f. Then the normal vector of the plane will move from the
position Ny to the position Ny, describing the arc of a large circle, which in the sphere of
unit radius is numerically equal to the angle g ((Fig. 1, a). The line of the greatest
inclination of the plane in the new position will coincide with the axis of symmetry of the
compartment, and the angle of the greatest inclination will be £ (in Fig. 1, and it is marked

below the circle - the equator of the sphere).

Fig. 1. Placement and rotation of the rectangular compartment in the spherical
coordinate system:
a the first rotation of the compartment around the axis OY at an angle f;
b the second rotation of the compartment around the longitudinal axis of symmetry at an

angle ¢

The next rotation of the rectangular compartment is made around its longitudinal axis
of symmetry at an angle ¢ (puc. 1,0). (Fig. 1, b). The normal vector of the plane will move

from the position N; to the position N,, while describing the corresponding arc on the
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sphere equal to the angle ¢. After this rotation, the deviation of the normal vector of the
plane from the vertical position (OZ axis) will be the angle ¢. Obviously, the same angle
will be the angle of greatest inclination of the plane in the new position, ie after the second
turn. In fig. 1, it is indicated below the equator in the corresponding vertical plane passing
through the axis OZ. In this position of the plane, the angle of its greatest inclination will
no longer coincide with the axis of symmetry, but will form a certain angle y (Fig. 1, b).
Our task is to find two angles: ¢ and w. To do this, consider two spherical triangles:
ANgNgN, 1 ANoNg: 2N+ 2. The first triangle is right-angled with a right angle at the
vertex Ng (Fig. 2, a).

a b

Fig. 2. Spherical triangles on a sphere of unit radius:

a a right triangle formed by the normal of the flat compartment when it turns;

b an oblique triangle to determine the angle

Spherical triangles are characterized by the fact that not only the vertices but also the
sides are measured by angles. The vertex specifies the dihedral angle between the planes
passing through the radius vector of the sphere, and the side the central angle between the

radius vectors. In a right triangle (Fig. 1, a), the angle at the vertex N is straight, and the
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angles correspond to the angles of successive rotations of the planes f and ¢. According
to the known formulas of spherical trigonometry we find the angle &:
COS& = COS fCOSp (1)
We will also find the dihedral angle y, which we will need later:
sin fcose
Jsin? p+cos? psin? 3 | )

tgp=sin flgy  sBimxu  COSy =

From the oblique triangle (Fig. 2, b) we find the angle y on the known sides S+90°

and ¢+90° and the dihedral angle between them::

cosy = cos(f+90°)cos(s +90°) +sin( B +90°)sin(s +90°)cos 3)
Substitute the expression cosy rom (2) to (3) and after the transformations we obtain:
sin
Cosy =—= 2 ﬂz i 2
\/sm @+C0S” psin” _ 4)

Formulas (1) and (4) give the desired values of the angles by alternately rotating the
rectangular compartment of the plane around its axes of symmetry at angles g and ¢. or
example, at angles of rotation f=5°, ¢=10° the angle of greatest inclination of the
compartment plane to the horizon will be ¢=717,2°, and the line of greatest inclination in
the plane of the compartment will be with its longitudinal axis of symmetry angle
y=63,3°.

Results and discussion. In fig. 3, and the rectangular compartment of the plane is
shown in the form of a conveyor belt. At the point O of the particle hitting the conveyor,
two coordinate systems are constructed in the plane of its belt: the OXY system is located
so that its QY axis coincides with the direction of transfer of the web, and the Oxy system
Is oriented so that its Oy axis is directed along the line of greatest inclination. The angle of
greatest inclination ¢ is shown in Fig. 3, b in the cross section of the belt by the vertical
plane 4-A, which passes through the vector of the greatest inclination of its plane. In the
case when the second rotation of the plane at an angle ¢ will not be (Fig. 1, b), ie ¢=0,
then according to (4) w=0 and both systems in Fig. 3, and will coincide. This means that

the transfer motion will occur along the line of greatest inclination, which in this case will
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coincide with the axis of symmetry OY of the conveyor and the value of the angle of

greatest inclination according to (1) will be e=4.

fmgcose

mg sine COSa

mg sine sina

Fig. 3. Graphic illustrations to the location of the plane in space and the
movement of particles along it:
a the conveyor belt with two coordinate systems on it;
b decomposition of the force of gravity of the particle in the vertical plane;
¢ the scheme of action of forces on a particle at lateral giving of material on an

inclined plane

Getting on the conveyor belt with a certain initial velocity, the particle will make a
complex movement: relative (sliding on the belt) and portable (rectilinear motion of the
belt itself). It is possible to stop the relative motion of the particle (in the case when the
angle of greatest inclination of the plane is less than the angle of friction); then the
absolute motion will be equal to the portable motion of the canvas. With the described
complex motion of the particle, the transfer motion is rectilinear, so Coriolis acceleration
does not occur, which allows us to consider the dynamics of the particle in each motion
separately. If the conveyor is an integral part of the unit, then when it rotates there is a
Coriolis acceleration, which must be taken into account, as is done, for example, in [3]

Therefore, the trajectory of relative motion can be considered on the example of the
motion of a particle in a stationary plane. A fragment of such a plane is shown in Fig. 3, c.
If a particle hits a plane with initial velocity vy in the direction of the axis Ox, it will move
along a curvilinear trajectory to a certain point B, and then its motion will be rectilinear
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and parallel to the axis Oy (the line of greatest inclination of the plane). If the angle ¢ is
less than the angle of friction, the particle will stop after some time.

Find the trajectory of the particle with the described entry into the plane, which is
also called the lateral feed of the material [2]. We will take into account only the force of

friction; air resistance is ignored. The system of differential equations of particle motion is

considered in the projections on the orts 7 and N the accompanying trihedron of the

trajectory. Its position relative to the Oxy system will be determined by the angle ¢,

formed by the orth r (tangent to the trajectory) with the Ox axis and the length s of the
trajectory. The system of differential equations will be written [2]:
dv

m—=F_; mkv?F,
dt

: (5)
where m — particle mass;

v — particle velocity;

k — the curvature of the trajectory is a quantity inverse to the radius of curvature:
k=1/p.

The right-hand side of equations (5) indicates the forces applied to the particle. Such
forces are the friction force fmgcose (f — coefficient of friction,, g=9,81 m/s2), directed
along the tangent to the trajectory to the side opposite to the movement and the driving
force mgsine, directed along the line of greatest inclination. It must be decomposed into
triangular orthograms through the angle « (Fig. 3, c).

We pass in the expression of acceleration from the time variable t to the arc

dv dv ds dv OIS—v

coordinates: 7, = - . =V, since dt . Let's make another substitution of the
dt ds dt ds

dv_dv da  dv

variable, moving from the arc coordinate s to the angle a: 75— =7~ —_ =K, since
g €% 4s T da ds ' da
da dv dv

- = k . el - = Vk_ . .. . . .
ds is by definition. So, at do. With all this in mind, we write system (5) in

expanded form:
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dv -
mkv— =mg sin gsin ¢ — fmg cos ¢;
da

mkv? =mg sin scos . (6)
Equation of system (6) is reduced by the mass m. From the second equation we find:

gsin ecos«
K="—"F—
v : (7)
Substitution (7) in the first equation (6) gives a differential equation in which changes
can be divided:

da
cosa | (8)

av =tga da — fctge
v

After integration (8) we obtain:

. fctge
ve_C 1+cosa—sina
cosa | 1+cosa +sin o 9)

where ¢ — is the integration constant. Based on the condition that for a=ay, v=v, we

find the expression for the constant c:

. —fctge
1+cosa, —sin «, }

c=V,C0sq, :
1+cosa, +sin «,

(10)
In particular, if v=v, at a=0, the constant c=v,. Substituting (9) into (7), we find the

expression of curvature:

k =

2 1+cosa +Sin a

. . -2 fct

gsine 5 [1+cosa—sina | "~
cos®

c

(11)
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Fig. 4. Graph of the change in the velocity of the particle when it hits the initial
velocity vg on an inclined plane with a lateral feed of the material (f=0,3):
a Vo=4 m/s at different angles ¢ of the plane;
b e=5° at different initial velocitys;
c e=15° at different initial velocitys;

d ¢=20° at different initial velocitys

In fig. 4, and plots of velocity change by formula (9) at f=0,3 and different values of

the angle ¢ are constructed. The initial velocity vo=4 m/c at ag=0, ie its direction at the

initial moment is perpendicular to the line of greatest inclination of the plane. The angle o

varied from 0° to 90°. The graph shows that at £=5° the particle stops at a=~80°, ie it does

not go on a straight path. At ¢=15° the particle enters a rectilinear trajectory and stops
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later, because the angle « is less than the angle of friction arctg(0,3)=16,7°. At ¢=20° the
particle moving along the curve (corresponding to a change in the angle «) first slows
down its motion, and then accelerates, moving to a straight path. The dashed line indicates
the graph of the change in particle velocity for the case when the angle ¢ is equal to the
angle of friction. It is known that in a rectilinear trajectory in this case the velocity of the
particle is constant and equal to the initial value of v,. In our case (for a curvilinear
trajectory) the speed decreases and when entering a rectilinear section of the trajectory will
continue to be constant. It is not possible to find its value at a=90° by formula (9), since
we have an uncertainty of type 0/0. We apply the limit to expression (9) for a—90° (the

exponent fctg e=1, since the angle ¢ is equal to the friction angles):

lim

2 (12)

Thus, when the material is applied to a plane set at an angle of friction to the horizon

Vo |1+cosa—sina | v,
=90 coser| 1+ Cosar +sin o

with an initial velocity v, perpendicular to the line of greatest inclination, the particle
during movement along a curvilinear trajectory will reduce the initial velocity by half and
then move rectilinearly along the line of greatest inclination with velocity vy/2.

In fig. 4, b and 4, c shows graphs of changes in velocity at e=5° and ¢=15°
respectively. In the first case, the speed decreases to zero when the angle « reaches a value
of 70° - 80°, and in the second does not reach zero. Therefore, at the inclination of the
plane ¢=5° the particle will stop on a curvilinear trajectory, and at ¢=15° the particle will
pass the curvilinear section and stop at a straight line trajectory. At an angle ¢, equal to the
angle of friction, the motion of the particle is determined. At an angle € greater than the
angle of friction, the particle will not stop. When moving along a curved section of the
trajectory, its speed first decreases, and then increases (Fig. 4, d) and will increase further
when moving in a straight line.

Find the parametric equations of the trajectory of relative motion. To do this, use the

ox dy _ .
known dependencies E:COSOC and ds =3SINa and move on to a new variable:
% = % d_a =k % h y — kﬂ h .
ds “da ds _ do For the same reasons ds <do Thus, you can write:
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dx cosa . dy sina

da Kk da k (13)

Substitute the expression of curvature (11) into (13) and integrate. After

trigonometric transformations we obtain:

o 1+cosa —Sin o
1+cosa+sina
g COSa(sin 2e—4f?%cos? g)

2 fctge
} (2f cose +sin esin a)

+ Xo 5

. 2 fct

o[ 1+cosa—sina |7 . L,

C - 2fc0353|na+(1+5|n a)smg
1+cosa+Sih o

= + ,
y 4gcos® alsin?s— f2cos¢) Yo

(14)
where xq, Yo - constant integrations. Their values are found provided that when a= aq
x=0 and y=0.

According to equations (14) in Fig. Figure 5 shows the trajectories of the particle

under different initial conditions when changing a=0°...90° and c=v, at ap=0.

£=20
0.8 grad
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0 2
0 0.1 02 0.3 1
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Fig. 5. The trajectory of the particle on an inclined plane:
a the trajectory of the particle at f=0,3; vo=1 m/s and different angles ¢ of the plane;
b the trajectory of the particle at e=70°; vo=1 m/s and different coefficients of friction;
c the trajectory of the particle at e=5°; f=0,3 and different initial speeds v, (the value of

the initial speed is indicated by a number)
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In fig. 5, and constructed trajectories at different angles of inclination of the plane
and equal other conditions. The trajectories differ mainly in the magnitude of the distance
traveled. At e=5° the particle stops before reaching the angle a=90°.

In fig. 5, b trajectories are constructed at different values of the coefficient of friction
f and equal to other conditions. The trajectories differ both in the magnitude of the
distance traveled and in the trail. Particles with a coefficient of friction f=0,4 and f=0,35
stop before reaching the angle a=90°.

In fig. 5, in constructed trajectories at different values of the initial velocity and equal
other conditions. All particles will stop before reaching the angle «=90°, and their
stopping points are located on a line passing through the origin. This means that no matter
what initial velocity vy we give particles with the same coefficient of friction in the
direction of the axis oci Ox, none will not cross this line. Studies have shown that with
increasing the angle of inclination ¢ the picture does not change significantly, just
increases the angle of inclination of the line to the axis Ox.

The resulting trajectory (14) will be the trajectory of the relative motion of the
particle with respect to the Oxy system. The absolute trajectory will be the sum of two
movements: the relative particle in the plane of the canvas (sliding) and the portable
conveyor belt. The angle w between the fixed OXY and the moving Oxy coordinate
systems must be taken into account. Let's project these displacements on the axis of the
fixed OXY system:

X 5. = XCOSY — ySiny;

Y.5. = XSINy + yCcoSy TV L, (15)

where =+vet — portable movement of the conveyor belt in the direction of the QY axis
(with the sign "+") or in the opposite direction (with the sign "-"). The velocity of the belt
Ve IS known, so we need to know the time t during which the particle is in relative motion,

because during the same time it is in translational motion.
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ds
The velocity V = a according to (9) is known in the expression. From another
_ da _ da o _
expression K = E we find:; ds = ? As a result of substitution of the last expression

in the first we find:
dt = da
k-v, (16)
Substitute in (16) the expression for the velocity v from (9) and the curvature k rom
(11) and after integration we obtain:

. fct
(o C I 1 (l+cosa-sina ngda—
gsin & cos® o\ 1+cosa +sin

. . . fet
c(f cose +sin esin «) (1+cosa—3|n aj o .
0

gcosalsin? s — f2cos® )\ 1+ cosa +sin & (17)

where the integration constant t, is determined from the condition that t=0 at a= ay:

. . . fctge
c(f cose +sin gsin ar,) (1+cosa0 —sin aol
t,=— .

gCosa,lsin? & — f 2cos? & )\ 1+cosa, +sin a (18)

Thus, all the formulas for finding the relative and absolute trajectories of the particle
on the conveyor belt and other kinematic parameters are obtained.

Conclusions and prospects for further research. The nature of the relative motion
of a particle on an inclined plane moving rectilinearly and uniformly depends on the
direction of the vector of the line of greatest inclination and the magnitude of the angle of
inclination of this plane. If the angle of inclination is less than the angle of friction, then
the lateral feed of the particle will eventually stop either on a curved section of the
trajectory or on a straight line that is parallel to the line of greatest inclination. The
stopping place of the particle depends on the value of the initial velocity. At an angle of
inclination of the plane equal to the angle of friction, the particle during the movement
along the curved section of the trajectory reduces its initial velocity by half and then
moves in a straight line and evenly. If the angle of inclination of the plane is greater than

the angle of friction, the particle in relative motion along the curved section of the
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trajectory first decreases the velocity, and when approaching a rectilinear section, its

velocity increases and continues to increase on the rectilinear section of the trajectory.
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PYX YACTHUHKMH IO ITOBEPXHI CTPIYKHU TPAHCIIOPTEPA,
JTOBLIBHO OPIEHTOBAHOI Y ITIPOCTOPI
C. @. Ilununaka, A. B. Hecgioomin

AHoTaniA. Pyx mamepiany no noxunii cmpiuyi mpaucnopmepa mac micye npu
MPAHCNOPMYBAHHI a00 11020 DpuKYIUHOMY OouuweHHi. [[ns1 noxunoi pyxomoi niowuHu
(2ipxu) euzHauanbHe 3HAYeHHs MA€ Kym ii Haxuny 00 20pU30HmManbHoi RIOWUHU.

Abcontomuuti pyx uACMUHKU € CYMOK 080X pYXi8 — NEPEeHOCHO20 CMPIUKU 1
BIOHOCHO20 YACMUHKU NO CMPIYYi, OmMdIHce HA HbO2O BNIUBAE KYM MIJHC BEKMOpAMU
HaubiIbUl020 HAXULY NAOWUHU | NEPEHOCHOI WBUOKOCIE CAMOT NIOWUHY (CIPIUKUL).

Mema oOocniosxcenss - 6usHayumu pyx MamepiaibHoi YACMUHKU HO CMpPIuYi
mpancnopmepa 01 GUNAOKY, KOAU KYM MIdHC BeKMOPOM JNiHII HAUOINbULO020 HAXUTY
NIOWUHY MPAHCNOPMePA | HaNpAMOM 1020 NePEeHOCHOI WUBUOKOCMI € 00BITbHUM.

s yvoeo enemenm cmpiuku mpancnopmepa 0y6 300padxceHull y u2nsol
NPAMOKYMHUKA 13 BICCI0 CUMEempii, NPOBEOeHOI0 B3008M4C HANPAMY NOCHYNANTbHOZO
nepemiwenHs. Y nouamxo8omy noiodCeHHi NIowuna Oyia po3miyeHa 20pu30HmailbHo,
omoice Kym Haubdiibwo2o Haxuiy eiocymuiu. Haoani niowuwni nadaeanocsi 0osiibhe
PO3MAULY8aAHHA Y NPOCMOPI 3a PAXYHOK NOYepe08020 NOBOPOM) HAGKONO CMOPIH, WO
obmedncyroms il 8i0CiK ab0 e HABKONO ocell cumempii 6i0CIKY, W0 PIBHO3HAYHO.
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Poszensnymo  eionocnuti ma abcontomuuii  pyxu mMamepianvHOi UYACMUHKU NO
PYXomMomy NOJOMHY mpancnopmepa OAs 6UNaoxy, KOoAu JNiHig HAuOIbUuio20 HAXULY
NIOWUHY NONOMHA CKAAOAE OO0BLNbHUL KYm 13 HANPAMOM NEPeHOCHO20 pPYX) HOJOMHA.
Cknaodeno i po38’sa3ano cucmemy oughepeHyianrbHux pisHaHs pyxy. Ompumani pesyiomamu
npoiLIOCMpoB8aro epagiuHo.

Bcmanoeneno, wo xapakxmep 8i0HOCHO20 pYyXy YACMUHKU NO NOXULIU NAOWUHI, WO
PYXaemvcs NPAMONIHIUHO I  PIBHOMIDHO, 3aledcumsv 6i0 HAanpsamy 68eKmopa JiHii
HatuoOIbUI020 HAXULY T eIUYUHU KYMA HAXUTLY Yi€l naowunu. Axujo Kym Haxumy meHuui
Kyma mepms, mo npu OOKO8IU nooayi 4acmuMKa 3 Yacom 3YNUHUMbCA abo Ha
KPUBOMIHIUHIN OLIAHYI mpaekmopii abo Ha NpsAMONIHIUHIN, AKA napanreivHa JiHil
Hauoinbuwio2o naxuny. Micye 3ynuUHKU 4ACMUHKU 3ANEHCUMb IO GeNUYUHU NOYAMKOBOI
weuokocmi. Ilpu Kymoi naxuny niowunu, pieHOMY KYmoGi mepms, 4acmuHKa nio yac
PYXY N0 KPUBONIHIUHIL OLIAHYL MPAEKMOPIL 3MEHULYE C80I0 NOYAMKOB8Y WBUOKICMb 808U |
0ai pyxaemvcsi NPAMOAIHINUHO I PIBHOMIDHO. AKWwo Kym Haxuiy niowunu OLbuull Kyma
mepmsi, Mo YACMUHKA ) BIOHOCHOMY PYCIi O KPUBOJIHIUHIU OLIAHYI MPAEKMOPIi CNOYamKy
3MEHUYE WBUOKICb, A NpU HAOIUNCEHHI 00 NPAMONIHIUHOI OLIAHKU ii wWeuoKicmo
3pocmae i NPOO0BICYE 3pOCMAMU HA NPAMOJIHIUHIU OLIAHYI MPAEKMOPI.

Kurw4osi ciioBa: mamepianbna wacmunka, mpancnopmep, nOXujia njaowiuna, Kym
HAXUJy NJ1OWUHU, WEUOKICINb YACIMUHKU

JABUKEHUE YACTHUIBI 1O ITIOBEPXHOCTH JIEHTHBI
TPAHCIHIOPTEPA, TIPOU3BOJIbHO OPUEHTUPOBAHHOM B
IMPOCTPAHCTBE

C. @. Ilununaka, A. B. Hecéuoomun

AHHOTAUMSA. /[sudiceHue mamepuaia no HAKIOHHOU JleHme MpaHcnopmepa umeem
Mecmo npu MpAaHCNOPMUPOBKe UIU €20 @OPUKYUOHHOU ouucmre. s HAKIOHHOU
osudIcyujenicsi NiIOCKOCmu (20pKu) onpeoensiioujee 3HAUYeHUue umeem Yeoil ee HAKIOHA K
20PUBOHMANBHOU NJIOCKOCHIU.

Abcontomuoe 0sudiceHue Yacmuybsl A61emcs CyMmMoU 08YX 08UINCEHUL — NePEHOCHOU
JIEHMbL U OMHOCUMENbHOU YACUYbL NO JleHme, MAK 4mo HA He20 GIUAEm Y20l MeHCOy
BEKMOPAMU  HAUOOIbUE20 HAKIOHA NIOCKOCMU U NEPeHOCHOU CKOPOCMU CAMOU
niockocmu (JleHmaol).

Lenv uccrnedosanus — onpedenums OBUNCEHUE MAMEPUATLHOU YACMUYbL O JIeHme
mpancnopmepa 0ns CAy4as, Ko20d 2ol Mexcoy 8eKmopomM AUHUU HAUOOIbULEe20 HAKIIOHA
NIOCKOCMU MPAHCNOpMepPa U HANpasleHuem e20 NePeHOCHOU CKOPOCMU A6IAemcs
NPOU3BOILHBIM.

s smoco anemenm Jaemmul  mpaucnopmepa  Obll  U300padiceH 8  uoe
NPAMOY20JIbHUKA C OCbI0 CUMMEMPUU, NPOBEOSHHOU N0 HANPABIEHUI) NOCMYNAMENlbHO20
nepemeujenus. B ucxoonom nonoscenuu niockocmo Ovlia pacnonoHcena 20pU30HmaibHo,
maxk 4mo ye2on Hauboibuwie20 HAKIOHA omcymcmeyem. B Oanvueiiwem niockocmu
npeodoCcmassioch NPOU3BOIbHOE PACHONONHCEHUE 8 NPOCIPAHCMEE 3d CYen NO0YEPeOHO20
HOBOPOMA BOKPY2 CHIOPOH, 02PAHUHUBAIOWUX ee OMCEeK UMW BOKpye ocell CUMMempuu
omceKa, Ymo pasHO3HAYHO.
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Paccmompenvr omnocumenvhoe u abconromuoe 08UNCEHUS MAMEPUATILHOU YACMULbL
N0 HNOOBUNCHOMY HOJNOMHY MpAHCNopmepa Oasa Cay4as, Ko20a JIUHUSA HAUOONbULe2O
HAKJIOHA NI0OCKOCMU NOJOMHA COCMABAiem NpoUu3eoNbHbllL Y20l C HaAnpasieHuem
nepeHocHozo osudicenuss nonomua. Cocmasnena u peuwiena cucmema ougpepeHyuanrbHvix
ypaeneHuti ogudxcenus. Ilonyuennvle pe3yibmamol NPOULTIOCIMPUPOBAHbL 2PADUUECKU.

Ycemanoeneno, umo xapakmep omnocumenbHo20 08UNCEHUS YACTNUYbL NO HAKIOHHOU
NJIOCKOCIU, O0BUNCYUelC NPAMOIUHEUHO U DPAGHOMEPHO, 3A8UCUM OM HANpasieHUs
8eKMOopa HAubOIbULE2O TUHULU HAKIOHA U 8eIUYUHbBL Y2ld HAKIOHA dmou niockocmu. Ecnu
V20l HaKIOHA MeHblle Yena MpeHus, mo npu O0K0GOU nooaue 4acmuya co 8pemeHeMm
OCMAaHOBUMCsL TUOO HA KPUBOTUHEUHOM YYdCcmKe mpaekmopuu, 1ubo Ha NPAMOIUHEUHOU,
napanienbHol TUHUY HAuboIbule20 Hakiona. Mecmo ocmano6ku yacmuysvl 3a8UCUm om
BEIUYUHBI HAYANbHOU ckopocmu. llpu yene HaAkioOHa NAOCKOCMU, PAGHOM Yely MpeHus,
yacmuya 80 epems 08UNCEHUS NO KPUBOJIUHEUHOMY YHUACMKY MpaeKmopuu yMeHbuiaem
CB0I0 HAUATLHYIO CKOPOCMb 8080€ U Oanee 08U2aemcs NPAMOIUHENHO U pagHomepHo. Eciu
V20l HAKIOHA NIOCKOCMU OONbule Yela mpeHus, mo Yacmuya 6 OMHOCUMENTbHOM
OBUIICEHUU NO KPUBOJIUHEUHOMY YYACMKY MPAeKmopuu cHavaia coagisiem cKopocmv, d
npu  APpUOIUdCeHUU K NPAMOAUHEUHOMY Y4aCMKYy ee CKOpOCmb eo3pacmaem U
npoooadcaem pacmu Ha NPAMOIUHEUHOM YUacmKe mpaeKmopuu.

KuarwueBble cJjoBa: mamepuaivHasa uwacmuua, mpancnopmep, HAKIOHHAA
NJI0CKOCH1b, Y2071 HAKJIOHA NJI0CKOCMU, CKOPOCHb Yacmuybl
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