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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 claborated 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 Fj, equal i 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 f Nreac-
tions (where f — coefficient of rolling resistance) [7].
The directions of the action of normal N and tangent /N
reactions are determined by the angle a.

The angle between the towing force F; and the di-
rection of aggregate movement is marked as S, 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 VM),
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 u [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+ sm(kx—%)], (1)
where y — the current ordinate of the height of soil sur-
face irregularity, m; 4 — 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
[, 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=VE Y, 2)

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

V=Vt 3)
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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:

:%% 4)

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 =Vax +dy’ = \/1 +hkcos’ (ke =S )dx,  (5)

or

ds= \/1 + hzkzcosz(kVM-t - %) v, dt. (6)

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

\/1 + hzkzcosz(k Vit — E)' Vi
=

2 .

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 _,, 0P _oR
50) 5005055 ®)

where 7 — 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,tT,+ T, ©)

where 7, — kinetic energy of the translational motion of
the cleaning machine (its center of gravity); T, — kinetic
energy of the oscillating motion of the machine frame
around the point B; T3 — 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

— (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™'.
LB

T,= BT > (11)
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 2
T="2 = =1V + isin'(ko)],  (12)
2 2r
where I; — 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,=

5 (13)

where m — mass of both supporting wheels, kg; y —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:
MV, LB Lo my
2 2 Tz T

= (14)
The potential energy P of the system shall be defined
as follows:

P=c(Lf-y), (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:ﬂ(ll ﬁ 7.).’)2, (16)

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

Let us find the summarized forces Q using the sum-
marized coordinates f 1 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 cleaning ma-
chine in a random point K, of the contact of the sup-
porting 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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MATHEMATICAL MODEL OF THE MOVEMENT OF A TOWED MACHINE FOR CLEANING BEET TOPS

C’ |

QY

Fig. 2. Equivalent scheme of the cleaning machine movement at the moment of tripping over soil surface irregularity

To determine the summarized force 0, using an in-
dependent coordinate y the equation of the elementary
effect of forces on the possible shifting was used dy:

SW,= 3 0, 6q,=—G - oy —fNsina - oy +
i=1
+ F;sinf - 0y + Ncosa - dy — Fpsinf - dy.

(I7)

It is noteworthy that normal N and tangent ﬂv 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,
0= 5—; =G —fNsina + FgsinB +Ncosa Frsinf3. (18)

To determine the summarized force O, using an inde-
pendent angular coordinate £ let us use the equation of
the elementary effect of forces on the possible shifting

op. Thus,
oWy=N- BB" o +fN BB'*6f + Fr"H" of —
-G BC" Jp, (19)
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where BB", BB', BC' — arms of forces N, /N, G relative
to point B according to Fig. 2.

The equation (19) shall be used to determine the val-
ue of the summarized force using the angular coordi-
nate S5, which equals:

ow,
Qﬂ - 5_l8ﬁ

Therefore, in this case the summarized force Qp 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 in the equation (20),
using the data in Fig. 2. According to the Figure, we
shall obtain:

BB" = [ cos(a + ) + (H—r) " sin(a + f), (21)
where a — 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-
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ing (1) into consideration, we shall have:

= hkcos(kx - %) ) (22)
Thus,
o = arctg|hkcos(kx — % J]- (23)
Then, according to Figure 2,
BB'=r+cosO0° +a+p-nNV(H-r)+1. (24
Here
_AC, H-r
tgy = AB ZI > (25)
SO
y = arctg Hl— L (26)
1
Using the triangle BCC’, we shall have:
BC'=1,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:

Q,=Nllcos(a + p) + (H—r) - sin(a + f)] +

+fN[r+cos(90°+ o + f—y)/ (H—-r)Y + [[]+ (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:

LB =N[lcos(a + B) + (H—r) - sin(a + B)] +
+fN[r+cos(90° + o + f—)V(H —r) +1]] +

tF, HﬁGlzcosﬂfzcll(Zlﬁ*y)72/“[1(11:8*)‘})5 (29)
my =-G —fNsina + Fysinff+ Ncosa —Psinf +
+2c(Lf—y) +2u (L B-).

Hereby, we shall have:
= N[lcos(a + )+ (H—r) - sin(a + f)]
ﬁ - ]B +
. SN[r+cos(90°+a + -V (H—-r)+17] .

1y : (30)

Fy. H-Glcosp—2cl(1,p~y) —2ul(l,f-y)
+ T ,
.. —G—fNsina+ F,sinfi + Ncoso— Psinf}
y= m T
L 2e(f-y) +2ulf-)).

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 Fy 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
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

Nllcos(a+p)+ (H—-r) sin(a + p)] +

fN[r+cos(90° + o + B—y) /(H—r) + ]+
+F,- H— Glcosp=0. B

While determining the reaction N the unknown angle

f 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[l cosa+ (H—r) - sina] +
+ fN[r+ cos(90° + a—y)\/m] +
+F,-H—Gl,=0.
Using the equation (32), we shall determine the un-
known reaction N. It shall be:

Gl,—F,-H

(32)

(33)
Icosa + (H — r)- sino+ f[r + cos(90° + o — y) V(H — 1)’ + I ]

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 OX, the equa-
tion (33) shall be simplified even more on condition of
o = 0 and shall equal:

GL-F,-H

N: .
I, +flr+sinyV(H -1} + £ ]

(34)

The value of the normal reaction, determined ac-
cording to the equation (34) N may be used to solve

AGRICULTURAL SCIENCE AND PRACTICE Vol.4 No.1 2017
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the system of differential equations with the accuracy,
sufficient for practice (30).

The force F; 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
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, £ = 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=0,5=0,8=0, f=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 creating a
program of digital computations and conducting digital
modelling on PC which will allow changing the men-
tioned parameters to obtain the least values of the angle
p and coordinates y, which characterize the oscillations
of the cleaning machine in the longitudinal-vertical
plane, and thus improving the technological process of
cleaning beet top residues from root crop heads.

CONCLUSIONS

1. The elaborated equivalent scheme of the movement
of the aggregate with the towed cleaning machine was
used as a basis for obtaining the system of two non-lin-
ear differential equations, which allows modelling 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
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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 £ and coordinates ), which characterize
machine oscillations in the longitudinal-vertical plane.

MaremMaTu4Ha MoJieJIb PyxXy
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Vkpaina, 72310

Pobora arperaroBaHoi 3 TPakTOpOM MAIIWHU IS JOOUH-
IIEHHSI TOJIOBOK KOPEHEIUIOAIB BiJ| 3aJIMIIKIB THYKNA Ha KO-
peHi B pa3i BUKOPHUCTAHHs OIOPHUX IMHEBMATHYHUX KOJIIC
CYINPOBOJDKYEThCS il KOJIMBAHHSMHU y BEPTHKJIBbHIN TUIOIINHI,
II0 CYTTEBO BIUTMBAE HA SKICTh BUKOHAHHS TEXHOJIOTTYHOTO
npouecy. Yepes 1ie BU3HAUCHHS ONTHMAJIBHUX TapaMeTpiB
OYHIIYyBaJbHOI MAIIMHH, SKi 3a0e3MedyBaTUMyTh CTaOiIb-
HIimWA pyx ii OYHIIyBaNIbHOTO poOOYOr0 OpraHa, HacaMm-
Triepes y NOB3JI0BKHbO-BEPTUKAIbHIN IUIOIINHI, € BXKIMBAM
3aBIaHHsIM raiysi MexaHizauii OypskiBaunrea. Mera. ITin-
BHUIICHHS ¢()CKTHUBHOCTI OYHMIICHHS TOJOBOK KOPCHEILIO/IB
IYKPOBHUX OYpsIKiB BiJ 3aJMINKIB THUKH 3aBISKH PO3POO-
JICHHIO MaTeMaTHYHOI MOJEJi KOJMBAJIBHOTO PyXy IpH-
YIITHOTO OYHIIyBa4a TOJOBOK KOPEHETUIOMIB BiJl 3aJIHIIKIB
TMYKH y TOB3JOBKHbO-BEPTUKAIBHIN IomuHi. MeToan.
3acToCcOoBaHO METOAM MOOYIOBH PO3PAXyHKOBUX Marema-
TUYHHUX MoJieliel (PYHKI[IOHYBaHHS CLILCHKOTOCTIOAPCHKIX
MalluH 1 MallMHHUX arperariB Ha OCHOBI TEOPETUYHOI
MeXaHiKM Ta BUMIOi MaremMaTtuku. Pe3yabTatu. Buxopuc-
TOBYIOUH DPO3pPOOJICHY EKBIBAJCHTHY CXEMY PYXy NpHUiI-
HOI OYMIYBAJILHOT MalllMHU OTPUMAHO CHCTEMY JIBOX HEJi-
HIHHUX IUQEPEHIIHHUX PIBHSIHD JJIST ETAIBbHOTO TOCIi-
JKEHHsI KOJIMBaHb OYMCHHKA TOJIOBOK KOPEHEIUIOAIB Yy MOB-
3[I0BKHbO-BEPTUKAIIBHIN TUIONIMHI MIPU pyci HOro IHEBMa-
THYHUX OIMOPHHUX KOJIC MO HEPIBHOCTSAX IOBEPXHI IPYHTY.
MaremarnyHa MOJENb PyXy OYMCHUKA 3 TOPHU3OHTAIBLHUM
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OYNCHHAM BaJioM, po3poOieHa Ha OCHOBI BHXIJTHUX piB-
HAHb auHaMmiku y ¢dopwmi Jlarpamxka II pomy, mosBommia
BCTAHOBUTH 3B’SI30K MK KOHCTPYKTUBHUMH 1 KiHEMaTH4-
HUMHU [apaMeTpaMM MallMHA Ta 11 KOJMBAJIbHUMH Xa-
paKkTepucTUKamMu. 3HAWJICHI 3aJIe)KHOCTI CTBOPHUIIN TEpei-
YMOBH ISl TTOJAJIBIION0 MaTeMaTHYHOTO YHCEILHOTO MO-
nemoBanHs Ha [IK mapamerpiB npHUiHOTO JOOYHMITyBaya
TOJIOBOK KOPEHEIUIOAIB 3 TOPU30HTAIILHUM OYHCHHM BaJIOM.
BucnoBku. CTBOpeHa po3paxyHKOBa MOJIECNb JIA€ MOXKIIH-
BICTh ONTHMI3yBaTH 3HAYE€HHsS HHU3KHM MapaMeTpiB, sKi Xa-
PaKTepU3yIOTh KOJIWBAHHS MAIIMHHU B TIOB3I0BKHbO-BEPTH-
KaJIbHIN IJTOIIMAHI.

Kurouosi ciioBa: mykpouit Oypsk, 30MpaHHs THYKH, TPaK-
TOp, KOJIUBaHHS, AU(epeHIiHHI PIBHSHHS.

MaremaTnyeckasi MOJeJ/Ib IBHKEHUS] PULIENTHOM
OYHCTUTEJbHOI MAIIMHBI TOJI0BOK KOPHEIJIOAOB OT
0CTATKOB 0OTBBI HA KOPHIO

B. M. Bynaraxos !, B. B. Anamuyk 2,
W. B. Tonosau ', E. 1. Urnarebes *

E-mail: vbulgakov@meta.ua

' HanmoHaNbHBIH YHUBEPCUTET OHOPECYPCOB U
MIPUPOAOTIONH30BAHIS YKPAHHEI
V. T'epoeB Oboponsl, 15, Kues, Yikpauna, 03041
2 HarmoHambHBIN HAYyIHBIN [IEHTP « THCTHTYT MEXaHHU3AIINA
1 DIEKTPUPHUKAIINN CEITHCKOTO XO3SICTBaY
HAAH VYkpaunsr
V. BoxszanbHas, 11, ['meBaxa-1, BacunbkoBckuii p-H,
Kuesckas o611., Ykpauna, 08631
3 TaBpHYECKHIA TOCYIaPCTBEHHBIN
arpoTEeXHOJIOTHYECKUI YHUBEPCUTET
IIp. b. Xmenbuuukoro, 18, Menautomnoss,
3amopoxckast o0i., Ykpanna, 72310

Pabora arperarnpoBaHHOH C TPaKTOPOM MAIIWHBI IS JIO-
OYHCTKH TOJIOBOK KOPHEIUIOAOB OT OCTarkoB OOTBBI Ha
KOPHIO TIPH HCIOJNB30BAHUM OMOPHBIX MHEBMATHYECKUX
KOJIEC CONPOBOXKJAETCS €€ KOJeOaHUSIMHU B BEPTUKAJIBLHOMN
IUIOCKOCTH, KOTOpBIE CYIIECTBEHHO BIHUSIOT Ha KayecCTBO
BBITMOJIHEHHSI TEXHOJIOTHYECKOTO Tporecca. [Toatomy ompe-
JIeJIeHUe ONTUMAJIBHBIX ITapaMeTPOB OUUCTUTEILHON Mally-
HBI, KOTOpbIe OyIyT oOecrieunBarh CTaOWJILHOE JIBH)KEHUE
€e OUYHMCTUTENBHOrO pabdodero opraHa, NpekaAe BCETO B
MIPOJOJIFHO-BEPTUKAIBHOM IIJIOCKOCTH, SIBISIETCS BasKHOH
3a7adeii obmacTi MexaHu3anuu cBekioBozacTra. Lless. ITo-
BbIIIICHUE Y(PPEKTUBHOCTH OYMCTKH TOJIOBOK KOPHEIUIONOB
caxapHOH CBEKIIBI OT OCTaTKOB OOTBEI Omaromapsi paspa-
00TKE MaTeMaTH4ecKOil MOJENN KoIeOaTeNbHOTO JIBHDKE-
HUSI TPUIETTHOTO OYMCTUTENS TOJIOBOK KOPHEIUIOZOB OT
OCTaTKOB OOTBBI B IIPOJIOJIBbHO-BEPTUKAIBHON IIOCKOCTH.
Mertoasbl. IIpuMeHeHbl METOIBI IOCTPOEHUS PaCUETHBIX
MareMaTHYecKuX Mojened (GyHKIMOHHPOBAHUSI CEIbCKO-
XO3SIMCTBEHHBIX MAllMH W MallMHHBIX arperaroB Ha oc-
HOBE TEOPETHYECKON MEXAaHMKHM U BBICIIEH MaTeMaTHKH.
Pesyabrarel. C ucnonabp3oBaHuEeM pa3pabOTaHHON HKBHBa-
JICHTHOH CXEMBI IBI)KEHHSI PUIIEITHON OYUCTUTENBHON Ma-
IIMHBI TIOJTyY€Ha CHUCTEMa JIBYX HEIMHEHHBIX audQepeH-
IMAIBHBIX yPAaBHEHMH, PUMEHEHHAs 3aTeM I JeTaIbHOTO
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HCCIIEJOBaHNS KOJICOAHUH OYHMCTHUTENS TOIOBOK KOPHETIIO-
JI0B B ITPOJIOJIbHO-BEPTHKAIBHOM INIOCKOCTH NIPU ABHKEHUN
€ro IHEBMAaTUYECKHX OIOPHBIX KOJIEC IO HEPOBHOCTSIM
MIOBEPXHOCTH IOYBBL. Maremaruueckas MOZIEIb JBMKEHUS
OYUCTUTENS C TOPU3OHTAIBHBIM OYMCTUTENIBHBIM BaJlOM,
pa3paboTaHHasi HA OCHOBE MCXOJIHBIX YpaBHEHWH JHHAMH-
ku B Qopme Jlarpamxa Il pona, mo3Bonmia yCTaHOBHTH
CBSI3b MEXJY KOHCTPYKTMBHBIMU M KMHEMAaTUYECKUMU I1a-
paMeTpamMH MalllMHbI M €€ KoJeOaTelbHBIMU XapaKTepHuc-
Tukamu. HalijeHHble 3aBUCUMOCTH CO3/1alH MPEANOCHUIKH
JUI albHEHIIEro MaTeMaTu4ecKoro YMCIEHHOI0 MOJIEIH-
poBanus Ha IIK mapaMeTpoB NPHULENHOIO JOOYUCTHTENS
TOJIOBOK KOPHEIUIOAOB ¢ TOPU30HTAIBHBIM OUUCTUTENIBHBIM
BasioM. BeiBoabl. Co3fanHas pacueTHass MOJEIb JaeT BO3-
MOYKHOCTb ONTHMMH3HPOBaTh 3HAYEHUE PsAfa MapaMeTpOB,
KOTOpPBIE XapaKTepU3YIOT KoJIeOaH!s MAIIUHBI B TIPOJIOIBHO-
BEPTUKAJIBHOM IJIOCKOCTH.

KioueBble cioBa: caxapHas cBeKJa, yoopka OOTBBI, Tpak-
TOp, Kosiebanus, 1uddepeHIranbHbe ypaBHEHUS.
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