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Study of the Movement of Soil Particles
on the Surface of a Screw Tillage Working Body

Abstract. This study considers the interaction of soil particles with a screw tillage body, the working surface of which
is made in the form of a deployed helicoid and substantially differs from the screw. Furthermore, the unfolded surface is
characterised by manufacturability of the working body, since it is possible to calculate the geometric dimensions of a flat
workpiece, which is formed into a finished product by simple bending with minimal plastic deformations. The purpose of
this paper was to conduct theoretical and experimental studies of the movement of soil particles along the helical surface
of the tillage working body, which is made in the form of a deployed helicoid. Mathematical modelling of the processes
of movement of soil particles along the helical surface of a tillage working body was described based on general laws and
principles of analytical and differential mathematics, theoretical and analytical mechanics. Experimental studies were
carried out using a methodology with elements of mathematical statistics, mathematical methods of optimal planning of
a multifactor experiment. The analysis of the results of experimental and theoretical studies was performed using applied
computer programmes and systems. Experimental studies were conducted according to standard and independently
developed methods.Results: a mathematical model of the movement of soil particles along the helical surface of the tillage
body was developed, and it was established that when the angle of attack of the helical tillage working body increases, the
lifting value of soil particles increases and the area of their dispersion by the helical surface increases. The value of the
coefficient of friction does not substantially affect the shape of the trajectory of the soil particle. The quality of loosening
the soil most depends on the angle of attack of the screw surface and the angular speed of rotation of the working body.
The materials of this paper can be used by scientists for further research and practices in the selection of tillage units
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INTRODUCTION

For tillage, tools with disk working bodies are used. The
profile of the treated soil and the size of the ridges depend
on the size of the distance between the disks, the design
parameters of the disks, and the angles of their installation.
Tillage discs are set in such a way that the plane of place-
ment of the blade and the direction of movement of the
tillage unit form a given angle, i.e., the angle of attack. For
better mixing of the soil and crop residue, the disk is also
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tilted from the vertical to the tilt angle, and therefore each
disk must have its attachment to the harrow frame. If one
uses a screw surface for tillage, it is also possible to provide
surface tillage with a given depth and distance between the
ridges of the tilled soil. However, the screw surface can now
be fixed to the joint shaft. This simplifies the design of the
working body.

Disk tillage tools, their designs, and calculation
of their main parameters are covered in the studies [1-3].

Pylypaka, S., Klendii, M., & Kresan, T. (2022). Study of the movement of soil particles on the surface of a screw tillage working

body. Machinery & Energetics, 13(2), 62-72.

*Corresponding author

Machinery & Energetics. Vol. 13, No. 2




The study [4] thoroughly considers the design and calcu-
lation of disk tillage harrows. The study [5] considers the
analytical expression of the model of installation of tillage
disks for determining their geometric, structural, and tech-
nological parameters. In addition, other narrower studies
investigated various possibilities for improving the quality
of tillage with disc harrows [6-8]. The possibility of improv-
ing tillage units is considered in [9]. The studies [10; 11]
investigated the motion of soil particles by the surface of
disk tillage working bodies. The use of a helicoid for the
calculation and manufacture of screw working elements
is considered in the papers [12; 13]. The theory of design
and construction of linear surfaces is covered in [14]. The
study [15] justified the practical possibility of using a screw
working body for tillage.

But presently, the process of tilling the soil with a
screw working body remains unexplored, namely the study
of the interaction of soil particles with a screw tillage body,
the working surface of which is made in the form of an ex-
panding helicoid, which are discussed in this paper.

The purpose of this study was to conduct theoretical
and experimental studies of the movement of soil particles
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along the helical surface of the tillage working body, which
is made in the form of a deployed helicoid.

MATERIALS AND METHODS

A screw working body that can be used for surface tillage
is proposed in the form of a helicoid. The working turns of
the surface of the screw organ are obtained by bending and
then stretching the sweep ring along the axis. The surface
obtained by this method differs from the screw. In a helical
conoid, the rectilinear components of the helical surface
are perpendicular to the axis, while in a spiral helicoid, they
form an angle with the axis (Fig. 1a). The design parame-
ters of the helical surface are the radius of the inner edge
r, the radius of the outer (cutting) edge R, the pitch of the
helical surface H, the angle of inclination of the generators.
The inner and outer edges of the surface describe helical
lines that have angles gR and ¢r. The presence of an angle
of inclination of the generators contributes to the immer-
sion of the helical surface into the soil if the axis of the
helicoid is placed horizontally and at an angle j to the di-
rection perpendicular to the direction of movement of the
unit (Fig. 1b).
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Figure 1. Surface of the working body for tillage: a) structural parameters of the surface;
b) projections of the screw surface

Figure 1b presents the helical surface without a
shaft, and the angle of attack y is shown at one of the points
of the cutting edge:

YZB'HPR’ (1)

The cultivation depth a=R-r, the height of the
ridges on the bottom of the soil ¢, the value of the distance b
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between the ridges are determined by the design param-
eters of the helical surface and the angle of attack y. The
consequence of the operation of such a screw body is sim-
ilar to the result of the operation of a disk tillage working
body. When each disk harrow needs to be installed on a
separate rack with the necessary angles of attack and roll
for the disk to enter the soil, then the shape of the helical
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working surface ensures its entry into the soil with simpler
structural manufacturing.
The helical surface equations have the following form:
X=ha—-using;
Y=psina—ucos¢cosa;
Z=pcosa+ucos ¢sina,
where a, u are the variable parameters of the helical surface,
a is the angle of rotation of the surface point around the
axis, which is placed on the cylindrical surface of radius p;
u is the value of the generator from the point on the helical
line to the point on the helical surface; h is a screw param-
eter; H is the pitch of the surface H=27mh; ¢ is the angle of
inclination of the generating element, while:
p

N

Based on this dependence, the Equation (2) is written
as follows:

@

cos ¢ =

©)

X =(Aa—-u)sing;
Y=(Asina—ucosa)cos ¢;
Z = (Acosa+ usina)cos ¢,

“4)

where the constant 4 = /p? + h2.

The surface of the screw working body, which is set
at an angle of attack y relative to the movement of the unit
shall be presented as follows (Fig. 2a). Part of the helical
surface at the boundaries of the processing depth a is lo-
cated in the soil. The lowest point A of the helical surface
(cutting edge) contacts the soil at the bottom of the fur-
row. Point B of the edge contacts the soil at the level of the
field surface. When the working body moves with speed V ,
then also with the same speed , the soil hits the helical sur-
face. This speed is divided into two mutually perpendicular
components: V=V cos( p+¢,) and V =V, sin(B+¢,). The value
of the angle of attack y=p+¢,, for the helical surface is vari-
able and depends on the depth of the location of the point
of the edge of the helical surface in the soil. This is caused
by a variable angle value gR. The limits of the change of the
angle ¢R are insignificant (Fig. 1a), and therefore its value
is taken as a constant value and equal at the lowest point
of the edge:

Asing 5
) ©®)

17
7/

h
@r = arctg (E) = arctg

7 L 7 .
/A ]
'/ /] 1// (/]
/A /A /i
| /] /[ /]
yi 1/ Iy Y/
/- /i / /I
B
>
Vn
\4
v,
pto,

b)

Figure 2. Diagram of determining the particle speed

For calculations, the helicoid will not be turned to
the angle f, but it will be assumed that the soil reaches it
with the value of the velocity V. when =0 (Fig. 2b). This op-
tion allows describing the helical surface without turning it
by the angle j, by replacing the rotation of the helicoid with
the rotation of the speed vector of the harrow. That is, the
helicoid is turned together with the vectors (Fig. 2a) back
by the angle (-f). This allows using the parametric equa-
tions (3) of the helicoid without complications by rotating
them by the angle j.

With the value of the transverse speed V, the soil

particle enters the helical surface, and its angular speed of
rotation depends on the value of the speed V.. If the cutting
edge of the helical surface rolls without sliding along the
bottom of the furrow in the direction of movement of the
tool, then with a certain assumption (the cutting edge of
the working body is a helical line), V,=Rw is written, where
o is the angular speed of rotation of the helical working
body. Hence,  is found as follows:

B+ o) pracs ] )
w=V}, cos( R - VR cos R
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The magnitude of the velocity V. and the angular
velocity of rotation of the helicoid w are considered upon
solving the differential equations of particle motion by nu-
merical methods.

If the surface variables u and « are set to depend
on the amount of time the particle slides over the surface
of the helicoid, then the equations of the trajectory of the
particle will have the following form: u=u(t) and a=a(t).

Then Equations (3) transform into the equation of
lines placed on the helical surface. For the difference be-
tween the equations of the surface and the equations of the
line on it, uppercase letters were used in the expressions
of the helical surface (“X”, “Y”, “Z”), and lowercase letters
were used in the expressions of the line (“x”, “y”, “z”). When
u=u(t) and o=a(t), equations (3) will record the trajectory of
the material particle on the helical surface. At u=const, a
helical line will be described on the surface of the helicoid.
The radius R of its location is found as follows:

RZ=/Y2 + 72 = (A2 + )2 cos? & ®)

The value u with a known radius R is found as follows:

_ R2-AZ cos? ¢ _ VRZ-(p? + h2) cos? ¢ (6)
cos ¢ cos ¢

u
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The following design parameters of the helicoid
were adopted: R=0.25 m, r=0.15 m, a=0.1 m, p=0.0721,
h=0.0416, p=30°. Next, the value u is found: u=0.276. If the
value r is substituted instead of R, then u=0.152. Thus, the
independent variable changes within u=0.152...0.276. Angle
a changes within the limits of a=0...271.

According to the differentiation method (3), the
projections of the particle sliding velocity along the helical
surface are obtained as follows:

x'=(Aa' —u')sing;
y' =[a'(usina + Acosa) —u' cos a]cos ¢; )
z' =[a'(ucos a — Asina) +u' sina] cos ¢.

The value of the relative velocity is obtained from (8):

V, = JX'Z +y2+2z2= \/(Aa'-u')z + u2a’2 cos? ¢ d)

When the helical surface is in contact with the soil,
it rotates with an angular velocity o according to (4), and its
value depends on the speed of movement of the unit V.=V .
During time t, the helical surface (3) will rotate through a
certain angle y=w-t. Parametric equations of a helicoid that
record its position after turning an angle y=w-t (9):

X =([Aa—-u)sing;
Y =(Asina —ucos a)cos ¢cosp —(Acos a +usina)cos ¢ siny; C)]
Z =(Asina —ucos a) cos ¢ siny + (Acos a +usina) cos ¢ cos Y.

Having substituted the value y=w-t into (9) and sim-
plified, the equation of a certain line on a helical surface,
which is the absolute trajectory of motion, is as follows (10):

x =[Aa —u]sin¢;
y = —[Asin(wt — a) + ucos(wt — a)] cos ¢;
z = [Acos(wt —a) —usin(wt — a)] cos ¢.

(10

The differential equation of motion of a particle
along a helical surface is written in the form of mw=F,
which is written in projections on the coordinate axis, and
therefore a system of equations is obtained.

The value of the absolute acceleration of the par-
ticle is obtained by differentiating the expressions of the
absolute trajectory (10) over time t. The value of the vector
of the absolute velocity of a particle has the following form:

x'=a' —u')sing;

y' = —[(v' + Aw — a")) cos(wt — @) — u(w — a) sin(wt — )] cos ¢;
z' =

[ + A(w — a")) sin(wt — a) + u(w — a') cos(wt — a)] cos ¢.

Having differentiated the Equation (11), the vector
of the total acceleration of the particle projected on the co-
ordinate axis is obtained:

x" = (Aa" —u")sing;

y" = (Aa" —u" + u(w — a')?) cos(wt — a) cos ¢ +
+(A(w — a)? + 2u' (w — a") —ua") sin(wt — &) cos ¢ ;
z" = (Aa" —u" + u(w — a')?) sin(wt — a) cos ¢ —
—(A(w —a)? +2u'(w — a") —ua") cos (wt — ) cos ¢.

12)

Projections of the guide unit vector of the force
weight will be as follows:

{0; 0; —1} (13)

The reaction of the surface, which is directed along
the normal to it, is determined by the partial derivatives of
Equations (3):

11
ax . ax .
; 5——50m¢,aa—Asm¢,
Y Y .
E—az— cos ¢ cosa,aaz— (usina + Acos a) cos ¢; (14)
—=cos¢sina;— = (ucosa — Acos a).

ou oa

After multiplying the vectors (14) and reducing the
resulting vector to unity, the value of the projections of the
normal vector to the surface will have the following form:

(15)

{-cos ¢;sind cos a;-sin ¢ sina}.

To match the directions of the unit vector (15) and
the direction of action of other forces acting on the soil
particle at the moment of time ¢, it must also be rotated by
the angle y=w- similarly to the rotation of the surface (9):
(16)

{-cos ¢ ; sin ¢ cos(wt-a) ; sin ¢ sin(wt-a)}.

Machinery & Energetics. Vol. 13, No. 2
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The force of friction is directed in the direction op-
posite to the relative sliding speed of the particle V. The
value of the projections of the unit vector is determined by

(Ad-u)

the ratio of the terms of the velocity (7) to its value modulo (8)
with its subsequent rotation through the angle p=wt:

sin¢;

V(Ad-u)? + uZa? cos? ¢

ud’ sin(wt-a) + (u'-Aav) cos(wt-a)
- c

os¢; . 17)

V@Aa-u)? + u2a? cos? ¢
ua cos(wt-o) -(u'-Aa') sin(wt-a)

Next, the equation of motion of a particle mw=F in
projections is expanded onto the axes of the coordinate

mx" = —Ncos¢p — fN

J(Ad-u)? + u2a’? cos? ¢

os ¢

system, assuming that the friction force is directed opposite
to vector (17):

(Aa’" —u")

sing;

J@a —u)2 +ua'? cos? ¢

ua' sin(wt — a) + (u' — Aa’) cos (wt — a)

my"” = Nsin¢ cosa — fN

J@Aa' —u)? +u2a’ cos? ¢

cos ¢; (18)

mz" = —mg + N sin ¢ sin(wt — a) —
ua’ cos(wt — a) — (u' — Aa’) sin(wt — a)

0s ¢.

J@a’ —u')?2 +u2acos? ¢

The equation (18) is solved with respect to other de-
rivatives of the unknown coordinates, as well as the reaction

" _ (2u’+A(w—a’))((u—u’) cos ¢p—g cos(wt—a)

ucos¢

— fa'sing

u(w — a’)? cos ¢ + g sin(wt — @)

force of the surface. After performing the simplifications,
the result is as follows:

u(w—-a’)?cos p+g sin(wt—a)
Ja"™-uN2+u?a’? cos? ¢

y

(19)

u" = gcos ¢ sin(wt —a) — fu' sing

J(@a —u)? +u2a’? cos? ¢
N 24u" (w — a’) cos p — Ag cos(wt — @) + (w — a’)2(A% + u? cos? ¢) cos ¢

ucos ¢

)

N =msin¢ [u(w —a’)?cos ¢ + gsin(wt — a)].

The first two equations (19) are solved according
to numerous methods in the Simulink environment of the
MatLab system [16]. It was assumed that the helical sur-
face, the design parameters of which are given earlier,
moves with a speed of V =9 km/h (V,=V =2.5 m/s). The angle
of attack f=40°, the coefficient of friction f=0.3 [17]. Having
performed the calculations, it was found that: V,=1.62 m/s;
V=1.9m/s, v=6.5s".

Considering at what point on the cutting edge the
particle enters the helical surface, the initial integration
conditions are chosen. This point is given by initial coor-
dinates u, and «,. For the version under study, the value
u,=0.276 m. To find the value of oo, equation (3) must be
solved:

Az + u/ (A2 + u?) cos? ¢ -z2 (20)

(A% +u?) cos? ¢

oy = -Arccos

The value z=-0.15 m corresponds to the surface
of the field, and the value z=-0.25 m corresponds to the

bottom of the furrow. After substituting these values into
Equation (20), the values a =-0.94 and a =-1.83 are obtained.

The initial values u 'and « ' can be used to find the
direction of entry of the soil particle on the helical surface.

It was established that the soil particle is captured
by the helical surface, then moves along it, and therefore
the angular velocity of sliding decreases due to friction [18].

The derivative of the coordinate u ' denotes the
linear velocity of the soil particle by the surface along
the generatrix u and depends on the velocity V, equal to
1.9 m/s. However, the direction of the velocity V _differs
from the direction of the generating helical surface. In ad-
dition, when the helical surface rotates, the speed of move-
ment of the particle along the axis of rotation occurs. The
soil particle enters the surface at a speed V, and, addition-
ally, the surface of the helicoid “runs into” the particle due
to rotation. Therefore, u '=V =-1.9 m/s is taken as the initial
value of the parameter u . Figure 3 shows the trajectories
of soil particle movement based on the results of integration
of differential equations (19).

Machinery & Energetics. Vol. 13, No. 2
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Figure 3. Relative and absolute trajectories of particle movement: a) helical surface; b) speed u '=-2.5 m/s

In Figure 3a, the helical surface is shown so that its
axis is projected at a point. Soil particles are plotted along
the spiral surface in three places: on the field surface, at
an intermediate point, and at the bottom of the furrow. A
solid line shows the movement of a soil particle without its
interaction with other particles. However, in the real pro-
cess, other soil particles act on the particle and force it to
move along the helical surface. If the force of action of the
particles balances the friction force, f =0 is taken as the co-
efficient of friction. The dashed line shows the trajectories
of soil particles at f=0. Figure 3a shows that the difference
between the trajectories is insignificant.

Despite the position of the place where the soil

particle enters the helical surface, the particle slides along
it and approaches the shaft. If the speed of the unit is in-
creased, this approximation increases. For example, in Fig-
ure 3b, the particle velocity was increased from 1.9 m/s to
2.5 m/s. Accordingly, the trajectory of the particle’s move-
ment is closer to the cylindrical shaft. As a result, the soil
particles at the beginning of their movement, when sliding
on the helical surface, approach the shaft. When the helical
surface is immersed in the ground, the particles below press
on the upper particles and the shaft gets in the way of the
movement of the soil particles. Soil sticking will occur at the
junction of the helical surface with the shaft. To avoid this,
the shaft must be made latticed, as shown in Figure 4.

Figure 4. Grid shaft helicoid

Furthermore, the grid shaft additionally performs
the function of a roller.
Figure 5 shows the kinematic characteristics of the

movement of a soil particle that enters the helical surface
at the field level (Fig. 3a). Solid lines show the dependence
for f=0.3, and dashed lines for f=0.

Machinery & Energetics. Vol. 13, No. 2
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Figure 5. Graphs of changes in particle movement velocities at f=0.3 (solid) and f=0 (dashed) lines:
a) angular velocity; b) relative and absolute speeds

An inherent feature of the movement of a soil parti-
cle is that at the beginning of the movement, the velocities
decrease, and then gradually increase. The graphic depen-
dences reflect the time interval (¢t=0.11 s) from the begin-
ning of the particle’s arrival on the helical surface until it
leaves it.

RESULTS AND DISCUSSION
The analysis of helical linear surfaces (helicoids) showed
that the surface of the expanding helicoid can also be used
as an alternative to disk working bodies, since it can also
provide surface tillage with a given depth and distance be-
tween the ridges of the tilled soil.

S, 10 m?

0.2 20

a)

To determine the quality of soil loosening, a multi-
factorial experiment was conducted to determine the area
of soil scattering by a screw working body [19]. In the con-
ducted experimental studies on the determination of the
area of dispersion of soil particles by the turn of a helical
surface, the variable parameters were as follows: the an-
gle of attack of the helical surface 0=20°-30°, the angular
speed of rotation of the helical surface ®=0-10 s and soil
moisture, which is determined by the coefficient of friction
f=0.2...0.4. After processing the numerical values, a regres-
sion equation was obtained, which determines the area of
dispersion of particles S according to the change of the
above parameters:

a, grad

b)

Figure 6. The dependence of the change in the dispersion area of particles S on the angle of attack
of the helical surface a and the coefficient of soil friction f

Machinery & Energetics. Vol. 13, No. 2
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a, grad

Figure 7. Dependence of the change in the particle dispersion area S on the angle of attack of the helical surface a and
the angular speed of rotation of the helical surface »

$=9.97+4+3.46-a+1.76-w-4.64-a-f

Having analysed the regression Equation (21), the
response surfaces and their two-dimensional cross-sec-

@1

tions were constructed, which are presented in Figures 6,
7, and 8 [20].

0.4

f

0.3

0.2

Figure 8. The dependence of the change in the particle dispersion area S on the angular velocity of rotation of the
helical surface w and the soil friction coefficient f

Analysis of the surfaces shows that the dispersion
area of particles S varies within 70*10+...130*10* (m?) de-
pending on the change in the angle of attack of the helical
surface «, the angular speed of rotation of the helical sur-
face w, and the coefficient of friction f. It was established
that an increase in the angle of attack of the helical sur-
face a leads to an increase in the dispersion area of parti-
cles S by 1.81 times, and an increase in the angular speed

of rotation of the helical surface » to an increase in S by
1.36 times; within the limits of the change in the coeffi-
cient of friction f, the change in S is insignificant.
Experimental studies were carried out to determine
the effect of soil moisture on the quality of its cultivation,
i.e., on the dispersion value of soil particle dispersion. In
experimental studies of the operation of the screw working
body during soil cultivation, the absolute soil moisture W,

Machinery & Energetics. Vol. 13, No. 2
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varied in the range from 10% to 30% at a fixed value of the
angle of attack of the screw surface «=20° and the angular
speed of the screw working body w=5 (s).

The research results are presented in the form of
a graphical dependence, which is presented in Figure 9.

It was established that with an increase in the absolute
humidity of the soil W, in the range from 10% to 30%, the
size of the scattering area of soil particles S decreases from
98*10* to 86*10* (m?), i.e., by 1.14 times.

S10+,

mZ
95 \\

AN

NN

\«\ |

85
10 15

20 W, % 30

Figure 9. Dependence of the change in the dispersion area of particles S on absolute soil moisture W,

The results of research on determining the quality
of soil loosening and determining the area of soil scatter-
ing by a screw working body are similar to the results of
the study [8], which presents the results of research on de-
termining the quality of soil loosening by a disk working
body [21; 22].

Thus, the screw working body works like disk tools.
When the blade of the helical surface is in contact with the
ground, the available angles of attack and roll are similar
to the angles for disc tools. The developed tillage screw
working body has an uncomplicated design and low metal
consumption.

CONCLUSIONS
As aresult of the conducted research, a mathematical mod-
el of the movement of soil particles through the helical
working surface of the tillage body, which is an expanding
helicoid, was developed.

As a result of solving differential equations by the
method of numerical integration, it was found that an in-
crease in the angle of attack of the screw working body
leads to an increase in the height of the rise of particles and
an increase in the area of their dispersal over the helical
surface. The value of the coefficient of friction almost does
not affect the trajectory of the movement of the particle.

To determine the quality of soil loosening, a multi-
factorial experiment was conducted to determine the area of
scattering of soil particles. It was established that the quali-
ty of loosening the soil depends most on the angle of attack
of the screw surface and the angular speed of rotation of the
working body. The results of studies of the effect of soil mois-
ture on the size of the particle scattering area are also given.

The perspective of this study is to establish the qual-
ity of loosening the soil and determine the area of scattering
of soil particles depending on the angle of inclination of the
rectilinear elements of the helical surface.

v
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Oocnip)keHHA pyXy YaCTUHKMU FPYHTY NO NoBepXHi rBUHTOBOIO
FPYHTOO6pO6HOro po6o4oro opraHa

AHoTAaUiqA. B cTaTTi po3I/sIHYTO B3a€MO/i10 YaCTUHOK I'PYHTY i3 TBUHTOBUM I'PYHTOOOPOOHMM OpraHOM, po60oUa IOBEPXHS
SIKOTO BUKOHAHA Y BUIVISZIi PO3TOPTHOTO Treflikoiza i CyTTeBO Bipi3Hs€eThCS Bif miHeka. Kpim Toro, 17151 pO3ropTHOI NOBEPXHi
BJIACTMBA TEXHOJIOTIUHiCTh BUTOTOBJIEHHSI PO6OUOTO OPraHy, OCKiIbKM MOKHA PO3PaxyBaTy reOMeTPUYHI PO3Mipy IMJIOCKOT
3aroTOBKHU, sika (DOPMYETHCSI Y TOTOBUIT BUPiO MPOCTUM 3TMHAHHIM i3 MiHiMaJIbHUMU IIACTUYHUMM Tedopmaiismu.
MeTo10 OOCTiIKeHHS OY/I0 TPOBeNeHHSI TeOPeTUYHMX Ta eKCIIepMMEHTaIbHUX JOCTIIKeHb PyXY YaCTMHOK I'PYHTY IO
TBUHTOBI /1 OBEPXHi IPYHTOOOPOGHOTO pOOGOYOTO OPraHy, sika BUKOHAHA Y BUITISIAL PO3TOPTHOTO reslikoifa. MatemaTuvHe
MOZeTIOBAHHS MPOIIECiB PYXy YaCTMHOK I'PYHTY 10 TBMHTOBIIi MOBEPXHi rPyHTOOGPOOHOrO POOOUOTO OPraHy OMKUCAHO
Ha 6a3i 3arajgbHMX 3aKOHIB i MPUMHLMITIB aHATITUYHOI Ta AUdepeHIialbHOI MaTeMaTUK, TEOPETUYHOI Ta aHATITUYHOI
MexaHiku. EkcriepyMeHTaabHi OCTiIKeHHS Oy/u IIPOBeeHi i3 3aCTOCYBaHHSIM MEeTOAMKH 3 eJleMeHTaMy MaTeMaTUYHO
CTaTUCTUKY, MaTeMaTUIHUX METO/iB ONTUMAJIbHOTO IIJIAaHYBaHHS 6araToGakTOPHOTO eKcliepuMeHTY. AHali3 pe3y/ibTaTiB
MIPOBeIeHNX eKCTIIepUMeHTaTbHUX Ta TEOPETUYHNX SOC/iIKeHb BUKOHAHO i3 BUKOPUCTAHHIM MPUKIATHUX KOMIT IOTEPHUX
mporpam Ta cucreM. ExcriepyMeHTanbHi JOCTIIKeHHS TPOBOAMIIN BiATIOBIIHO 10 CTaHAAPTHUX Ta CAMOCTIIHO pO3p06IeHMnK
MeTonuK. Pe3ynbraTi: po3po6iaeHo MaTeMaTMUHy MOZEb PyXy YaCTUHKM I'PYHTY I'BMHTOBOIO IOBEPXHEI0 IPYyHTOOOPOGHOTO
Oprasy, Ta BCTAHOBJIEHO, IO MPU 36i/bliIeHHI BeJIMUMHM KyTa aTaky TBMHTOBOTO TPYHTOOOPOOGHOrO PO6GOYOro opraHa
BeJIMYMHA MiAiOMY YaCTMHOK IPYHTY 3pOCTa€ i 36iMbIIYEThCS BeMMUMHA TUIOMII iX pO330cepelskeHHS TBUMHTOBOIO
noBepxHel0. BennunHa KoedillieHTa TepTs HECYTTEBO BIUIMBAE HA GOPMY TPAEKTOPii pyXy YaCTUMHKU I'PYHTY. SIKiCTbh
PO3MyIIyBaHHS IPYHTY HaiibisbIlle 3aleKUTh Bif, KyTa aTaky 'BUHTOBOI MOBePxHi Ta KyTOBOi HIBUIKOCTI 06epTaHHS
pobouoro oprany. Marepianau CTaTTi MOXKYTb OyTM BUKOPUCTAHI HAYKOBILISIMU JJIsI MTOJAIBIINX TOCTIIKEHb Ta MPAKTUKAMMU
y BU6Opi I'PyHTOOOPOOHMX arperaTisB

Krno4oBi cnoBa: po3ropTHuMii reTiKoif, MOBEPXHEBMIT 06POBITOK, IPSIMOTiHiiiHA TBipHA, AMdepeHIiaibHi PiBHIHHS PYXY,
KyTOBA HMIBUIKiCTh, KYT aTaky, KoedillieHT TepTs, TUIOILa PO3CiIOBaHHSI
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