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The work of a tractor-towed machine for cleaning beet top residues from root crop heads, when used with
supporting pneumatic wheels, is accompanied with its oscillations in the vertical plane, which has consider-
able impact on the quality of implementing the technological process. Therefore, the determination of opti-
mal parameters for the cleaning machine, ensuring more stable movement of its cleaning working tool, in the
longitudinal-vertical plane first and foremost, is an important task of the mechanization of sugar beet grow-
ing industry. Aim. To enhance the efficiency of cleaning sugar beet top residues from root crop heads via
the elaboration of the mathematical model of the oscillating movement of the towed machine for cleaning
beet top residues from root crop heads in the longitudinal-vertical plane. Methods. The methods of building
computational mathematical models for the functioning of agricultural machines and equipment, based on
theoretical mechanics and advanced mathematics, were used. Results. The elaborated equivalent scheme of
the movement of the towed cleaning machine was used to obtain the system of two non-linear differential
equations for detailed study of the oscillations of the root crop head cleaner in the longitudinal-vertical plane
while its supporting pneumatic wheels are moving along uneven soil surface. The mathematical model for
the movement of the cleaner with horizontal cleaning roller, elaborated on the basis of initial dynamics equa-
tions in the Lagrangian form of the second kind, allowed determining the connection between constructive
and kinematic parameters of the vehicle and its oscillating characteristics. The established dependencies
formed the prerequisites for further mathematical digital modelling of the parameters of the towed machine
for cleaning of root crop heads with a horizontal cleaning roller. Conclusions. The established computation-
al model allows optimizing the values of several parameters, characterizing the oscillations of the machine
in the longitudinal-vertical plane.
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INTRODUCTION

When the machine for cleaning beet top residues
from root crop heads is towed onto the rear of the trac-
tor, its spatial movements are determined by the trans-
lational velocity of the tractor movement, field surface
texture, location of supporting wheels relative to the
suspension system, efc.
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The use of supporting pneumatic wheels conditions
the oscillations of the cleaning machine in the vertical
plane, which has more impact on the quality of imple-
menting the technological process. Thus, let us further
consider the movement of the cleaning machine only
in the longitudinal-vertical plane, i.e. build the math-
ematical model of experimental machine oscillations
during its movement along uneven soil surface.
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Fig. 1. Equivalent scheme of the cleaning machine movement along uneven soil surface

The use of the cleaner of improved design, towed
onto the rear of the tractor to clean sugar beet heads,
causes its free oscillating spatial movements. The ana-
lytical definition of conditions, when the mentioned os-
cillating movements will promote the improvement of
the technological process of cleaning beet top residues
from sugar beet heads, is a relevant task of the mecha-
nization of sugar beet industry.

It is an urgent issue of the mechanization of sugar
beet growing to clean beet top residues from root crop
heads after the main cutting off the root using the cut-
ting tools of beet top harvesting machines. The rele-
vance of this issue is confirmed by several scientific
works, dedicated to the study of the constructions of
root crop head cleaners [1-4]. They present the results
of theoretical and experimental studies of sugar beet
head cleaners of different designs: spade-shaped, ring,
sector, drum types as well as the cleaner in the shape of
paraboloid. However, the mentioned works pay insuf-
ficient attention to the study of the impact of the oscil-
lations of spade-shaped cleaners with horizontal drive
shafts on the movement of its working tools. This prob-
lem is yet to be disclosed in the scientific literature.
Therefore, the studies, which would allow estimating
the impact of oscillations, caused by the movement of
the cleaner with the horizontal working roller along un-
even soil surface, on the quality of cleaning beet top
residues from root crop heads, are relevant.

For instance, the well-known method [5] may be used
to build the computational mathematical model of this
machine, which would allow analyzing the impact of
its constructive parameters on the working movement
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along the rows of sugar beets on condition of uneven
soil surface.

Thus, the study of the movement of root crop cleaner
and the impact of its oscillations in the longitudinal-
vertical plane on the quality of implementing the tech-
nological process require deeper investigations and
substantiation of constructive and kinematic parame-
ters, which will ensure high efficiency of cleaning root
crop heads.

The aim of the study was to create the mathematical
model of the oscillating movement of the machine for
cleaning beet top residues from root crop heads, towed
onto the rear part of the tractor, in the longitudinal-ver-
tical plane.

MATERIALS AND METHODS

The methods of building computational mathemati-
cal models for the functioning of agricultural machines
and equipment, based on theoretical mechanics and
advanced mathematics, were used in the theoretical re-
search.

RESULTS AND DISCUSSION

Let us build an equivalent scheme of the movement
of the rear-towed cleaning machine in the longitudinal-
vertical plane, which forms a united aggregate with the
tractor (Fig. 1).

Here let us consider the movement of one support-
ing wheel with the radius of », deeming the other one
to be in the same state. Let us suppose that during the
copying process the supporting wheel, moving along
the sugar beet inter-row spacing on the soil surface of
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sinusoidal lateral section [6], shifted from one position
into another. In the rotation plane the supporting wheel
is under the impact of the gravity force of the machine
G and the towing force F;. From the side of the root
crop cleaner there is resistance force Fy, equal in its
value and opposite in the direction to the force Q of
cutting the beet top off the head.

The effect of the mentioned forces in the contact
point for K the supporting wheel and uneven soil sur-
face is the formation of normal N and tangent fN reac-
tions (where f'— coefficient of rolling resistance) [7].
The directions of the action of normal N and tangent fN'
reactions are determined by the angle a.

The angle between the towing force F; and the di-
rection of aggregate movement is marked as f, which
conditions the character of vertical oscillations of the
cleaning machine in the longitudinal-vertical plane.
The center of the cleaning machine frame suspension
onto the tractor shall be defined as B, the height of the
frame suspension — as H. Let us assume that the joint
B does not move in the vertical plane, i.e. the process
of copying occurs only due to the supporting wheels of
the cleaner. Let us deem the translational movement of
the cleaning machine to be constant and define it as V.

Let us refer the mentioned system to immovable Car-
tesian coordinates XK, Y [8], assuming that all its points
move only in this plane. Let us locate the center of co-
ordinate axes in the point K, of the supporting wheel
contacting soil, and consider it to be the reference point.
Evidently, any other point of the supporting wheel con-
tacting soil may be accepted as the reference point. Let
us direct the axis KX horizontally along the aggregate
movement (in the direction of the velocity vector V),
and the axis K,Y — vertically upwards. As seen from
the data in Fig. 1, the location of the supporting wheel
center (the point C)) is defined by coordinates x and y.

Let us consider the movement of the point of sus-
pending the cleaner to the tractor in the first approxima-
tion (point B) to be linear and steady [9]. Here the grav-
ity center of the machine (point C) is at the distance
of /, from the suspension point. The distance between
the suspension axis of the cleaning machine (point B)
and the suspension axis for supporting wheels (point 4)
shall be defined as /,.

The mass of the whole cleaning machine shall be de-
fined as M, the mass of the supporting wheels — as m,
and m = m, + m, (m, — the mass of the first wheel, m,
— the mass of the second wheel). The gravity force G
of the cleaning machine shall be deemed as applied in
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its gravity center (point C). The mass of the supporting
wheels shall be concentrated in point C;.

Pneumatic supporting wheels shall be presented as
springy damping models with the coefficient of rigid-
ity ¢ and the coefficient of damping x [10]. As there
are two supporting wheels, let us double the mentioned
coefficients. Let us consider that in the general case,
while moving, the supporting wheels crumple the up-
per layer of soil surface, move along uneven soil sur-
face of the sinusoidal profile, which changes according
to the law [6]:

y= h[l+ sin(kx - E)],

L (1)

where y — the current ordinate of the height of soil sur-
face irregularity, m; / — half of the height of soil surface
irregularity, m; k£ — frequency of cycles of occurrence
of soil surface irregularities, m™!'; x = V¢ — the value
of the current horizontal plane, m; V,, — the velocity of
cleaning machine movement, m-s™'.

In the first approximation let us consider that the sup-
porting wheel of the cleaning machine contacts with
the field surface irregularity in the point K, which be-
longs to the sinusoid (1).

As, due to springy properties, the center of mass of
pneumatic supporting wheels makes independent oscil-
lating movements (point C,) and the ordinates of the
heights of soil surface irregularity y have much lower
values of the movement of the machine x, let us assume
that these oscillations are defined by the independent
coordinate y.

Here the positions of the center of mass of the ma-
chine (point C) in the longitudinal-vertical plane are
completely conditioned by the independent coordinate
f, i.e. the angle between the machine frame and the ho-
rizon. Therefore, the considered oscillating system has
two freeness degrees and its movement is completely
defined by two independent generalized coordinates:
g, = p and ¢, = y, which shall be further used for dif-
ferential equations of the movement of the cleaning
machine in the longitudinal-vertical plane.

Here the velocity V of the movement of the center of
mass of the supporting wheels equals:

V=i 4. )

Taking into consideration that x = V¢, it shall be as
follows:

y=Vii+5, G)

5
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where V), — the velocity of the translational movement
of the cleaning machine, m-s .

The determination of kinetic energy of this dynamic
system also requires establishing the angular rate of the
supporting wheel and presenting it via the known pa-
rameters. This can be done as follows:

_ds .1,

where @ — the angular rate of the supporting wheel,
rad-s™!; S — the value of the radial movement of the sup-
porting wheel along the sinusoidal profile of the soil
surface, m; » — wheel radius, m.

Here the differential of the arc of the supporting
wheel shifting equals:

ds=vdx' +dy’ = \/l + I’k cos’ (kx —E) dx, (5)

2

or

2

Setting the value (6) into (4), we shall obtain the va-
lue of the required angular rate w. It is:

Keos(kVi— E)- 7,
w:\/lJrhkcos(th 2) |14 | -

wzwnwwmqm@pﬂynm. (6)

To build differential equations of the movement of
the oscillation system under consideration, let us use
the initial equations in the Lagrangian form of the sec-
ond kind as follows [7]:

d(oT\_oT _H _0P _0R
v e U ®)

where 7T — kinetic energy of the dynamic system; P —
potential energy of the system; O, — the summarized
force; R — dissipation function.

Let us define the components of the equation (8). The
kinetic energy of the dynamic system is:

T=T+T,t T+ T, )

where 7, — kinetic energy of the translational motion of
the cleaning machine (its center of gravity); 7>— kinetic
energy of the oscillating motion of the machine frame
around the point B; T; — kinetic energy of the rotational
motion of the supporting wheels around its axes; 7, —
kinetic energy of the vertical oscillations of the sup-
porting wheels due to the springy-ductile resistance of
their pneumatic tires.

In their turn, the components of kinetic energy are as
follows:

6

MV,

T1 — 2 M (10)
where M — the mass of the cleaning machine, kg; V), —
the velocity of the translational motion of the center of
mass of the cleaning machine, m-s'.

L
5 (11

T,=

where [; — inertia moment of the cleaning machine
frame relative to the axis, perpendicular to the longi-
tudinal-vertical plane and crossing the point B, kg-m?;
S —angular rate of the machine frame rotation, s™'.
Lo’ 1

IL==75-=7%7

LV + Bk sin’(kx)],

(12)

where [, — inertia moment of both supporting wheels
relative to their axes of rotation, kg-m?;, @ — angular
rate of the rotation of the supporting wheel, s

my’

T,=

where m — mass of both supporting wheels, kg; ¥ —ve-
locity of vertical oscillations of the supporting whe-
els, m-s™.

Thus the equation (9) with the consideration of (10)—
(13) shall be as follows:

MZV; N I;B2+ o' N m)'/Z.

r= > T

(14)

The potential energy P of the system shall be defined
as follows:

P=c(lp-yy (15)
where ¢ — coefficient of rigidity of pneumatic support-
ing tires, N-m!; /, — distance from the suspension axis
of the machine to the axis of the supporting wheels, m.

The dissipative function R of this dynamic system
shall be as follows:

R=u( f =) (16)

where u — coefficient of damping of the supporting
wheels, N-s-m™';

Let us find the summarized forces Q using the sum-
marized coordinates § and y, which are a part of the
right side of the Lagrangian equation of the second
kind (8). Here Fig. 2 presents the location of the clean-
ing machine in a random point K, of the contact of the
supporting wheel and soil, which allows demonstrating
the change in the position of the machine frame while
the supporting wheel moves from some contact point
K, into point K.
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Fig. 2. Equivalent scheme of the cleaning machine movement at the moment of tripping over soil surface irregularity

To determine the summarized force O, using an in-
dependent coordinate y the equation of the elementary
effect of forces on the possible shifting was used oJy:

W, = ,;1 0, dq,=—-G - dy — fNsina - dy +

(17)
+ Fsinf} - dy + Ncosa * oy — Fsinf - dy

It is noteworthy that normal N and tangent fN reac-
tions of soil on the supporting wheel have elementary
effect on soil deformation and overcoming friction, re-
spectively, i.e. they are relatively active forces.

Thus, the summarized force Q, is as follows:
oW,
Qy - 5y
To determine the summarized force O, using an inde-
pendent angular coordinate S let us use the equation of
the elementary effect of forces on the possible shifting
op. Thus,
OWs=N-BB" 6 +fN BB+ Fy"H" o —
~ G- BC' 5B, (19)
where BB", BB', BC'— arms of forces N, fN, G relative
to point B according to Fig. 2.

= —G—fNsina + Fysinp + Ncosa — Fysinp (18)

The equation (19) shall be used to determine the val-
ue of the summarized force using the angular coordi-
nate £, which equals:
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_om,
o=

Therefore, in this case the summarized force Qﬁ is the
algebraic sum of moments of all the forces, acting upon

this dynamic system relative to its point B.

=N-BB"+fN-BB'+F,-H-G"BC". (20)

Let us define the arms of forces inthe— —equa-
tion (20), using the data in Fig. 2. According to the Fig-
ure, we shall obtain:

BB" =1 cos(a + ) + (H—r) " sin(a + j), (21)
where o — the angle of between the tangent line and the
sinusoid (1).

It is known that the slope of the curve y = f(x) in this
point equals the derivative from the equation for this

curve by the variable x in this point, i.e. tga = y'.. Tak-
ing (1) into consideration, we shall have:

v = hkcos(kx — %[) ) (22)
Thus,

o = arctg [hkcos(kx - g)] . (23)
Then, according to Figure 2,
BB'=r+cos(90° +a+p—-pVH-r)+1. (24
Here =

AC, -r
tgy =5 = T (25)
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SO
y = arctg £ n L (26)
1
Using the triangle BCC’, we shall have:
BC'= I,cosp. 27

Setting the obtained equations (21), (24) and (27) in
the equation (20), we shall obtain the value of the sum-
marized force Oy using the coordinate f:

O,= N[l,cos(a + p) + (H—r) - sin(a + ﬁ)] +

+/N[r+cos(90° + o + f—y)\/(H 1) + ]+ (28)
+ F,- H— Glcosp.

Having determined further required partial deriva-
tives from kinetic energy 7 of this dynamic system,
potential energy P, dissipative function R and setting
these values of the summarized forces O, and O into
the initial Lagrangian equations of the second kind (8),
we shall obtain the final system of differential equations:

1B = N[l,cos(a + B) + (H - r) - sin(a + f)] +

+ NP+ cos(90° + @ + f— ) \H 1) + ] +

+ FR “H— Glzcosﬁ - 2Cll(lﬁ—J’) - 2#11(11,B_J>)a
my = —G — fNsina + F,sinf + Ncosa — F;sinff +
+2c(lB—y) +2u (LB ~Y).

Hereby, we shall have:
ﬁ N[l ,cos(a + p) + (H

(29)

r) - sin(a + ﬁ)] \
fN[r+cos(90°+0c -I-ﬁ MV (H - r) +/ ]

J’_
(30)
| For H = Gleosf- 2cl (L —v)— 2ul(1f— . >
I,

_ =G — fNsina + Fsinf8 + Ncoso — F,sinﬁJr

o m
L 2=y +2udf-Y) )

m

The obtained system (30) of two differential equa-
tions is a computational mathematical model of the
movement of the tractor-towed machine for cleaning of
beet top residues from root crop heads.

However, it was established that the mentioned sys-
tem (30) includes some unknown variables — normal
reaction N, acting from the side of the soil onto the
supporting wheel, and the force F; of resistance to the
shifting of the cleaning working tool while implement-
ing the technological process of cutting the beet top
residues from sugar beet heads.

In the first approximation the unknown normal reac-
tion N can be defined on condition of the equilibrium

8

of the dynamic system, which is considered at a fixed
moment in time [11], more specifically — on condition
that the algebraic sum of moments of all the forces, act-
ing upon the system relative to the point B, equals zero.
Evidently, this equation may be obtained from (28) on
condition of the equation Oy = 0. As a result, we shall
see that:

Nllicos(a+ p) + (H—r) - sin(a + p)] +
SN[r+cos(90° + a + B—y)/(H—r) + ]+
+F, - H— GlLcosp =0.

While determining the reaction N the unknown angle

£ in the first approximation may be considered rather
small, which gives grounds to deeming it equal to zero.

€2))

In this case the equation (31) is as follows:
N[lcosa+ (H —
+ fN[r + cos(90° + a —y) \/(H—r) + 1] +
+F,-H—GL=0.

Using the equation (32), we shall determine the un-

known reaction N. It shall be:
GlL,-F,-H

r) - sina] +
(32)

(33) .
l,cosa + (H—r) sina + [r+ c0s(90° + a — y) VIH —r)’ + 1 ]

N=

The equation (33) has been obtained for the case
when the supporting wheel is at the random point of the
sinusoidal profile of soil surface irregularities i.e. the
sinusoid (1). If the supporting wheel is on even hori-
zontal surface, i.e. directly on the axis OJX, the equa-
tion (33) shall be simplified even more on condition of
o.= 0 and shall equal:

B GlL—F,-H
I, +flr+singV(H=ry + L ]

(34

The value of the normal reaction, determined ac-
cording to the equation (34) N may be used to solve
the system of differential equations with the accuracy,
sufficient for practice (30).

The force Fj of resistance of shifting the cleaning
working tool along sugar beet head tops while imple-
menting the process of cleaning them from top residues
shall be determined on condition that its value equals
the force of cutting one top [12], located on one head
after the total cutting of the main bulk of top leaves, but
with remaining short green and strong leaves.

The mentioned force of cutting one beet top at first, fol-
lowed by average values of the number of tops, remaining
on each root crop, with the consideration of physical and

AGRICULTURAL SCIENCE AND PRACTICE Vol.4 No.1 2017



MATHEMATICAL MODEL OF THE MOVEMENT OF A TOWED MACHINE FOR CLEANING BEET TOPS

mechanic properties of sugar beet plants was determined
according to the data of the Institute of Bioenergy Crops
and Sugar Beet, NAAS of Ukraine [13]. The value of the
mentioned force of cutting, equal 100 N, was accepted for
practical estimations. Thus, F = 100H can be set into the
system of differential equations (30).

To solve the system of differential equations (30), it
is necessary to set constructive, kinematic, and force
parameters, which are involved into the mentioned sys-
tem of equations. First of all, one should determine the
initial conditions which are satisfied using the initial
variables. In this case these are

t=0:y=0,9=0,8=0,4=0. (35)

If specific values of constructive and kinematic pa-
rameters of the cleaning machine are used along with
the values of its force parameters, which may be ex-
perimentally defined, there is a possibility of creat-
ing a program of digital computations and conducting
digital modelling on PC which will allow changing
the mentioned parameters to obtain the least values
of the angle £ and coordinates y, which characterize
the oscillations of the cleaning machine in the longi-
tudinal-vertical plane, and thus improving the techno-
logical process of cleaning beet top residues from root
crop heads.

CONCLUSIONS

1. The elaborated equivalent scheme of the move-
ment of the aggregate with the towed cleaning machine
was used as a basis for obtaining the system of two
non-linear differential equations, which allows mod-
elling the oscillations of the cleaning roller regarding
root crop heads in the longitudinal-vertical plane while
pneumatic supporting wheels move along soil surface
irregularities.

2. The computational mathematical model for the
movement of the cleaner with horizontal cleaning roll-
er, elaborated on the basis of initial dynamics equations
in the Lagrangian form of the second kind, allowed
determining the connection between constructive and
kinematic parameters of the vehicle and its oscillating
characteristics of the movement process.

3. Further mathematical modelling should be con-
ducted using digital PC estimations of the parameters
of'a towed machine for cleaning of root crop heads with
a horizontal cleaning roller, using the elaborated math-
ematical model on condition of optimizing the values
for the angle f and coordinates y, which characterize
machine oscillations in the longitudinal-vertical plane.
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MaremaTn4Ha MOJeJIb PyXy
NPHUYiNHOI 04MCHOI MAIIMHY I'0JIOBOK KOPEHEILIOAIB
Bi/I 32/IMIIKIB THYKH HA KOPeHi
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1. B. Tonosau !, €. I. Irnarses *
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"HarionanpHuil yHiBepcuTeT 6iopecypceis i
TIPUPOJIOKOPUCTYBaHHS YKpaiHH
Bymn. I'epoiB O6oponn, 15, Kuis, Ykpaina, 03041
2HauioHanbHUI HAYKOBUM HEHTp “THCTUTYT MexaHi3arli i
esrekTpudikanii cinbepkoro rocrogapersa” HAAH Yipainu
Byn. Bokzanbaa, 11, [teBaxa-1, BacunbkiBChKuil p-H,
KuiBceka 0611., Ykpaina, 08631
* TaBpilichbKHi JepiKaBHUN
arpoTEeXHOJIOTIYHUH YHIBEPCUTET
Ip. b. XmenpauLBEKOTO, 18, Memitomons, 3amopi3pka o0,
VYkpaina, 72310

Poborta arperatoBaHoi 3 TPakTOpPOM MAIIWHU IS JOOUH-
IIIEHHS TOJIOBOK KOPEHEIUIOAIB Bijl 3aJMIIKIB THYKH HA KO-
peHi B pa3i BUKOPHUCTAHHS ONOPHUX ITHEBMATHYHHX KOJIIC
CYIIPOBO/IKYEThCS Ti KOMMBAHHSMH Y BEpPTHKAJIbHIN TUIOIINHI,
1110 CYTTEBO BIUIMBAE Ha SKICTh BUKOHAHHS TEXHOJIOTYHOTO
npouecy. Uepes 11 BU3HAYCHHS ONTUMAIbHUX MapaMeTpiB
OYHIIyBaJbHOI MAIIMHHM, SKi 3a0e3MedyBaTuMyTh CTaOLIb-
HimMH pyx ii OYMIIyBaIbHOTO pOOOYOTrO OpraHa, Hacam-
nepes1 y HOB3I0BKHbO-BEPTHKAIBHIH TUIONIHMHI, € BAYKINBUM
3aBIaHHSM raiy3i MexaHizarii OypskiBHunTea. Meta. ITin-
BUILEHHSI €()EKTUBHOCTI OYMIIEHHS I'OJIOBOK KOPEHEIUIOMIB
IyKPOBUX OYpsIKIB BiJl 3QJIMILIKIB TMYKH 3aBISKA PO3pPOO-
JICHHIO MaTeMaTH4YHOI MOl KOJMBAJIBLHOTO PYyXy IpH-
YiHOTO OYHIIyBa4a TOJOBOK KOPEHETUIOMIB BiJ 3aJIMIIKIB
THYKH y TOB3JOBKHBO-BEPTHUKAIBHIN TomuHi. MeToau.
3acTOCOBaHO METOAM MOOYIOBHM PO3PAaXyHKOBHX MareMa-
TUYHHUX MoJiesiel (DyHKI[IOHYBaHHS ClILCHKOTOCIIONaPCHKUX
MallMH 1 MallMHHUX arperariB Ha OCHOBI TEOPETHYHOI
MEXaHIKU Ta BUIIOT Maremartuku. Pesymbraru. Bukopuc-
TOBYIOUM PO3POOJICHY EKBIBAJCHTHY CXEMY pyXy MpHYiI-
HOI OYMIITYBaJbHOT MAIIMHU OTPUMAHO CUCTEMY JIBOX HEJli-
HIMHUX TUQEpeHIITHNX PIBHSIHD AJS IETaJbHOTO TOCIiA-
JKCHHSI KOJIMBaHb OYMCHHKA TOJIOBOK KOPEHEIUIOAIB Y IMOB-
37I0BKHBO-BEPTHKAIBHIN IUIOMIMHI TIPH pyci HOro mHeBMa-
TUYHHAX OIOPHUX KOJIC IO HEpPIBHOCTSAX MOBEPXHI IPYHTY.
MaremaTuyHa MOJENb PyXy OYHCHUKA 3 TOPHU3OHTAIBHUM
OYMCHUM BaJIOM, PO3pOOJIeHa Ha OCHOBI BHIXITHUX PiB-
HsiHb auHamiku y ¢opmi Jlarpamxka Il pony, mo3Bommia
BCTaHOBUTH 3B 530K MK KOHCTPYKTHBHHMH 1 KiHEMarHy-
HUMU [apaMeTpaMHM MallMHU Ta il KOJIMBAJIBHUMU Xa-
paKkTepucTUKaMy. 3HaWeH! 3aJIe)KHOCTI CTBOPHJIM IEpes-
YMOBH ISl TTOJAJIBIION0 MaTeMaTHYHOTO YHCEIBHOTO MO-
nemoBanHs Ha [IK mapamerpiB mpHUYIHOTO JTOOYHMIyBaya
TOJIOBOK KOPEHEIUIOIB 3 TOPU30HTAIBHIM OYMCHUM BaJIOM.
BucnoBku. CTBOpeHa pO3paxyHKOBA MOJEIb A€ MOXKIIHU-
BICTh ONTHMI3yBaTH 3HAYCHHS HHU3KH IapaMeTpiB, AKi xa-
PaKTepu3yIOTh KOJIMBAHHS MAIIWHU B TOB310BXHbO-BEPTH-
KaJIbHIH TUIOLIHHI.
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KaiodoBi caoBa: miykpoBuii Oypsik, 30MpaHHs THYKH, TPaK-
TOp, KOJIMBAHHS, TU(EPEHITIHI PIBHSIHHS.

MaremaTudeckasi MoJieJib IBHKEHUS npm[emloﬁ
OUYHCTHUTEJIbHOM MAIIMHBI F'OJIOBOK KOPHEIIOA0B 0T
0CTATKOB 0OTBHI Ha KOPHIO

B. M. Bynraxos !, B. B. Agamuyk 2,
W. B. T'onosau ', E. 1. Urnarees *
E-mail:
' HaroHanbHbIH YHUBEPCUTET GHOPECYPCOB H
MPUPOJIOTIONB30BAHUS YKPAUHBI
V. T'epoeB ObopoHnsr, 15, Kues, Ykpauna, 03041
> HarnuoHanbHbli Hay4HbIN HEeHTp « IHCTUTYT MEXaHU3aAIUN
1 DJCKTPUPHUKAIIAN CEITLCKOTO XO3SHCTBaY
HAAH VYkpaunsl
Vn. BoxszanpeHas, 11, I'meBaxa-1, BacunbkoBckuii p-H,
Kuerckas o0i1., Ykpanna, 08631
3 TaBpUYECKHIA TOCYAaPCTBEHHBIH
arpoTEXHOJIOTHUYECKUI YHUBEPCUTET
IIp. b. Xmenpuunkoro, 18, Menuronoss,
3anoposkckast 001., Ykpauna, 72310

Pabora arperarnpoBaHHOH C TPaKTOPOM MAIIHHBI [UISA T10-
OYNCTKH TOJIOBOK KOPHEIIOMOB OT OCTaTkoB OOTBHI Ha
KOPHIO TIpH WCIIONB30BAHUN OIOPHBIX ITHEBMAaTHYECKHUX
KOJIEC COTPOBOXKAAETCS €€ KojeOaHWsSIMU B BEPTHKATLHON
MJIOCKOCTH, KOTOPBIE CYIIECTBEHHO BIHUSIOT Ha KaueCTBO
BBITIOJTHEHHS TEXHOJIOTUYECKOTO npoitiecca. [loaTomy ompe-
JICJICHUE ONTUMAIILHBIX MTAPAMETPOB OUUCTUTCIILHON MaIITH-
HBI, KOTOpbIC OyAyT oOecrieunBaTh CTaOMIILHOC JBIDKCHHE
e¢ OYHCTHUTEIBHOTO paboyero opraHa, MPEKIC BCETO B
MIPOIOITFHO-BEPTHKAIBFHON TUIOCKOCTH, SIBISETCS BasKHOU
3ajiadeil 00IacTH MeXaHu3auu cBekioBoacTBa. Ileasn. T1o-
BEIIIeHHE 3()h(HEKTUBHOCTH OYHCTKU TOJIIOBOK KOPHETIOAOB
caxapHOW CBEKJIBI OT OCTATKOB OOTBBI Onaromapsi paspa-
0OTKE MaTeMaTHYSCKOM MOJEIN KOJIeOaTeIbHOIo JIBHIKE-
HUA HpI/IHeHHOI‘O OUYUCTUTCIIA TOJIOBOK KOpHeHJ'IO}:[OB oT
OCTaTKOB OOTBBI B IMPOIOJBHO-BEPTHKAIBHON TUIOCKOCTH.
Metonpl. [IprMeHEHBI METOIBI MOCTPOCHHS PACYCTHBIX
MaTeMaTHIecKuX Mojeel (DYHKIMOHUPOBAHUS CEIbCKO-
XO3SHCTBEHHBIX MAIIMH W MAIIMHHBIX arperatoB Ha OcC-
HOBE TEOPCTHYCCKON MEXaHWKH W BBHICIICH MAaTEMATHKH.
Pesyabrarbl. C HCIoOns30BaHNEM Pa3pabOTaHHONW IKBUBA-
JICHTHOW CXEMBbI ABW)KEHUS IIPULIETTHOM OUYUCTUTEIBLHON Ma-
IIUHBI TIOTy4YeHa CUCTeMa JBYX HEIMHEWHBIX auddepeH-
IIUAJIbHBIX ypaBHeHPIﬁ, l'IpI/IMeHCHHaSI 3aTeM JId JC€TAJIBHOI'O
HCcCIeI0OBaHMs KoineOaHUH OYUCTHUTENS TOJOBOK KOPHEIUIO-
JIOB B MPOJIOJIbHO-BEPTHKAIBLHOMN TIOCKOCTH MPH JBIKCHUU
€ro ITHEBMATUYCCKHX OIOPHBIX KOJEC IO HEPOBHOCTSIM
MTOBEPXHOCTH IMMOYBBL. MaTteMarndecKkast MOJICTb JBHKCHUS
OUYHNCTUTENSI C TOPU30HTAIBHBIM OUHUCTHTEIHEHBIM BaJIOM,
pa3paboTaHHass HA OCHOBE MCXONIHBIX YPaBHEHUH JIHHAMHU-
ku B ¢opme Jlarpamxa II poma, mo3Bommia yCTaHOBHTH
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CBSI3b MEXIy KOHCTPYKTHBHBIMA M KHHEMAaTHYECKUMH T1a-
paMeTpamMH MAaIllMHbI M €€ KOJeOaTeIbHBIMU XapaKTepHc-
Tukamu. HalineHHpIe 3aBHCHMOCTH CO3JaJM MPEIIOCHUIKA
JUIS TajdbHENIIero MaTeMaTH4ecKoro YUCIECHHOTO MOJACIH-
poBanus Ha [IK mapameTpoB NpHUIEMHOTO JOOYUCTUTENS
TOJIOBOK KOPHEIUIOOB ¢ TOPU30HTAIBHBIM OUHUCTUTEIIBHBIM
BanoM. BeiBonabl. Co3faHHas pacueTHas MOJENIb JaeT BO3-
MOXHOCTh ONTHMHU3MPOBATh 3HAUEHHE psiia MapamMeTpoB,
KOTOpBIE XapaKTePU3YIOT KoJieOaH!sI MAIIMHBI B IPOAOJILHO-
BEPTUKAIBHON IIOCKOCTH.

KiroueBble ciioBa: caxapHasi CBeKIa, yOopka OOTBBI, TpaK-
TOp, KoneOauus, quddepeHnnansHble ypaBHEHHSI.
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