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The new design mathematical model of the sugar beet roots vibration digging-out process with the plowshare
vibration digging working part has been created. In this case the sugar beet root is simulated as a solid body,
while the plowshare vibration digging working part accomplishes fluctuations in the longitudinal-vertical plane
with the given amplitude and frequency in the process of work. The aim of the current research has been
to determine the dependences between the design and kinematic parameters of the sugar beet roots vibra-
tion digging-out technological process from soil, which provide their non-damage. Methods. For the aim ac-
complishment, the methods of design mathematical models constructing based on the classical laws of me-
chanics are applied. The solution of the obtained differential equations is accomplished with the PC involve-
ment. Results. The differential equations of the sugar beet root’s motion in course of the vibration digging-out
have been comprised. They allow to determine the admissible velocity of the vibration digging working part’s
forward motion depending on the angular parameters of the latter. In the result of the computational simula-
tion i.e., the solution of the obtained analytical dependence by PC, the graphic dependences of the admissible
velocity of plowshare vibration digging working part’s forward motion providing the extraction of the sugar
beet root from soil without the breaking-off of its tail section have been determined. Conclusions. Due to the
performed analytical research, it has been established that y = 13... 16°, = 20... 30° should be considered as
the most reasonable values of y and 3 angles of the vibration digging working part providing both its forward
motion optimum speed and sugar beet root digging-out from the soil without damage. On the ground of the data
obtained from the analytical research, the new vibration digging working parts for the sugar beet roots have
been designed; also the patents of Ukraine for the inventions have been obtained for them.

Keywords: vibration digging working part, sugar beet root, simulation analysis, differential equations, com-
puting solution.

INTRODUCTION

The wide use of the vibration digging working
parts in the contemporary beet-harvesting machines
is caused and explained by their considerably small-
er tractive resistance, and also ability to extract root-
crops from the soil actually without the damages
and losses. The fluctuations of the digging working
part create conditions for intensive stabbing of stuck
soil from the root-crops during their excavation,
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which contributes to the high level of quality indica-
tors. Therefore, the design of new vibration digging
working parts, and also study of their functioning
for determining the optimum design and kinematic
parameters is the urgent task of sugar-beet raising
mechanization.

The analytical study of the process of interaction
between the working elements of the vibration dig-
ging working part and a root will allow to obtain the
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kinematic, design and technological characteristics and
also — to determine their optimum values.

Basic theoretical and experimental researches of the
sugar beet root’s vibration excavation are published
in source [1], whereto the root-crops is simulated as
the body like to an elastic rod of variable cross sec-
tion with one fixed end. The lateral oscillations of a
root examined in the current research are described
by means of the differential equation in the partial de-
rivatives of the fourth order. The direct technological
process of the root-crop digging-out of the soil during
the vibration application of efforts is not actually dis-
cussed in the paper. Though, it is mentioned that the
conditions for the root digging-out of the soil under
the action of the perturbing force applied in the trans-
verse-vertical plane are found by means of the spe-
cially comprised dynamic force analysis equations. In
the mentioned source it is considered that precisely
this direction of fluctuations will most fully contribute
to the high-quality excavation of the sugar beet root
from the soil.

In the literature [2] the theory of usual plowshare dig-
ging operating unit is developed. The method of the
root digging-out of the soil at forward motion of dig-
ger taking into account the conditions for the root non-
damaging has been discovered. In the above mentioned
paper the expression for determining the admissible
velocity of digging working part’s forward motion at
given design parameters is obtained. In this case the
root digging-out process is achieved under the action of
the forces appearing on the working surfaces of plow-
shares as a result of the digging working parts’ forward
motion along the rows of root-crops.

The developed natural and forced root body oscil-
lations theory [3] is necessary for the evaluation of
the influence of the indicated fluctuations on the pro-
cess of destroying the connections of root-crops with
the soil.

Numerous studies currently existing in the scien-
tific literature concern issues of the root vibration
digging-out of the soil [2—10]. However, the data of
developments are nevertheless insufficient for the
complete analysis of the root direct digging-out of
the soil.

The purpose of the current research was to establish
the analytical dependences between the design and ki-
nematic parameters of the sugar beet root vibration dig-
ging-out technological process out of the soil by a plow-
share digger ensuring conditions for their non-damage.
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MATERIALS AND METHODS

For end of the mentioned purpose the methods of de-
sign mathematical models construction and computer
simulation are applied.

RESULTS AND DISCUSSION

Let us examine the process of beet roots digging-
out with a vibrating digger performed under the ac-
tion of the vertical harmonic perturbing force trans-
ferred to plowshares from an actuator. The principle
of the usual plowshare digging working part function-
ing lies in the fact that during the motion on the row
of the beet roots its wedges destroy the layer of soil
penetrating together with the roots the reduced dig-
ger canal formed by the internal surfaces of wedges.
Since the wedges are fixed under appropriate a, f and
y angles, interaction of the layer of soil together with
the roots with the sides of wedges in course of their
forward motion occurs in such a way that the layer
of soil is compressed from both sides, deformed, and
of the corresponding efforts of digging-out from the
soil are created for the beet roots during their further
motion between the working surfaces of wedges (i.e.,
through the reduced canal).

It it should be noted that in the digging-out roots pro-
cess by the usual plowshare digging working part, the
soil support forces play the important role, therefore
the layer of soil is compressed in the reduced digger
canal, which causes the appearance of necessary forces
of vertical digging-out. Thus, the presence of the soil
support forces is the necessary condition for the work
of the usual plowshare digging working part.

In case of the beet roots digging-out by a vibra-
tion digger as a result of the fluctuating motion of
plowshares the soil in the zone of the digger working
canal is strongly loosened, and therefore, the men-
tioned root digging-out forces do not appear, since
the necessary compressive strain of soil in the digger
canal does not occur. As indicated in [3], the pre-
sence of soil in the vibration digger working canal is
not a basic condition for creating the root digging-
out efforts. This is an essential difference between
the vibration digger and the known types of the dig-
ging working parts. In literature [3] it is also noted,
that if in the canal of the usual disk or plowshare
digging working part the root at presence of the soil
support forces, is inclined in the direction of motion,
so then in the canal of vibration digger the axis of
roots at its digging-out always takes the position al-
most perpendicular to the row axis.
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Fig. 1. Force interaction between the sugar-beet root and wedges of the vibration digging

working part

This is caused by the fact that the support forces,
which are the necessary condition of the usual plow-
share digger operating, are no longer important for the
vibration digger work. Therefore, the probability of the
root breaking-off as a result of its axis inclination in
the direction of the forward motion of vibration digger
considerably decreases. During the vibration digging-
out in the process of vertical displacement the roots are
intensively cleaned of the stuck soil due to providing
them with a significant acceleration.

Thus, the root digging-out during the vibration exca-
vation is achieved due to the direct seizure of roots by
the vibration digging working part under the action of
the perturbing force transferred by working part from
the actuator. As followed from the mentioned above, it
is necessary to examine the direct contact of roots with
the working surfaces of plowshares during their seizure
for investigating the digging-out process with the aid of
the vibration digging working part. This contact can be
achieved either directly between the working surfaces
of digger and a root body, or through the sufficiently
thin layer of soil.

Let us draw the equivalent diagram of interaction
between a root and the working surfaces of the vi-
bration digging working part. For that end, the vibra-
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tion digging working part is represented in the form
of two wedges — 4 ,B,C, and 4,B,C,, each of which
has an inclination in the space under «, f, y angles,
fixed to each other in the way that the working canal
is formed, whose tail end is narrowed (Fig. 1). The
indicated wedges accomplish fluctuating motions in
the longitudinal-vertical plane (the actuator of plow-
shares to the fluctuating motion is not represented).
The direction of the forward motion of the vibration
digging working part is shown with a pointer. Let us
connect with the vibration digging working part the
Cartesian rectangular coordinate system Oxyz. Its O-
center is located in the middle of the narrowed dig-
ger canal, Ox-axis coincides with the direction of the
forward motion of digger, Oz-axis is directed upward,
and Oy-axis is directed to the right side of the digger.
Projections of B, and B, points to Oy-axis are marked
with O, and O, correspondingly.

It is considered that the root approximated with the
body of cone-shaped form located inside the digging
working part, whose own axis is parallel to Oz-axis
interacts with the surfaces of wedges 4 B,C, and
A,B,C, in the two corresponding points. The straight
lines drawn through the contact points of roots with
the planes of wedges 4, B,C, and 4,B,C, and B and
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B, points create the corresponding M| and M, points
at the intersection with the wedges sides 4,C, and
A,C,. Thus, 0 is a dihedral angle (B M,0)) between
the lower basis 4,0 C, and the working surface
of the wedge 4B C, or, (B,M,0, angle) between
the lower basis 4,0,C, and the working surface of

wedge 4,B.C..

The forces appearing as a result of interaction of
the root with the vibration digging working part is
indicated. At the contact points of the root with the
appropriate surfaces of wedges 4,8, C, and 4,8,C,
the perturbing forces Qo and (OB perform. Be-
cause of the action of these forces at the indicat-
ed contact points the normal responses N, and N,
appear from the side of 4 B C, and 4,B,C, wedges
surfaces correspondingly, and 7', T, i.e., the tangen-
tial components of perturbing forces mel and etz
In addition, at the indicated contact points there are
the friction forces of F| and F, appearing during
the motion of roots along the working surfaces of
wedges 4 B C and 4,B,C, correspondingly. Since
the vibration digging working part has a symmetry
axis, assuming that the root in course of its digging-
out of the soil is located precisely on this symmetry
axis it is considered that the modules of the paired
forces appearing on the appropriate planes of wedges
A B, C and 4,B,C, between themselves. In the root
gravity center the G, -force acts i.e., the mass of a
root, its binding force (cohesion) with the soil is de-
signated wit the common response of general of R..

The differential equation of the beet root motion in
the process of its digging-out of the soil will take the
vector form:

ma =N, +N,+F, +F,+R+G, (D

where m — a beet root mass; a — root digging-out ac-
celeration.

The value of the forces included into equation (1) is
determined below. 7' and 7, components of perturbing
forces mel, mez never make a direct impact on a root,
though they only cause the soil loosing around the root,
and so, are not included into the differential equation
of a root motion.

The expressions for normal N, and tangential 7, com-

ponents of the perturbing forces Qpem and mez is fol-
lowing:
N =N,= Qpemcosﬁ, 2)
T =T,= Qpemsinﬁ, 3)
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The value of frictional forces /7| and F, are estimated
from the following equations:

F =F, =fN1 =premcos9 4)

It is obvious that taking into account the working
conditions for the above mentioned vibration digging
working parts [3] during the analytical study of the root
digging-out process it is necessary to examine two se-
quential phases:

1) A root is solidly connected to the soil (it is fixed in it,
exactly), and therefore, it cannot be moved along Oz-
axis;

2) The connection of roots with the soil has already

been weakened (almost destroyed) and it begins its up-
ward motion i.e., in the direction of Oz-axis.

The first phase is further considered.

On purpose of the thorough analysis of the root dig-
ging-out process the differential equation (1) in the
projections on the axis of the Cartesian coordination
system of Oxyz is composed.

It should be noted immediately that since the compo-
nents of normal responses N, of the working surfaces
A B ,C, and 4,B,C, along Oy-axis are equal in value
and directed oppositely, the root digging-out occurs
actually only into xOz-plane, and therefore, the vector
equation (1) is reduced to the system of two equations
in the following form:

mi:N1x+NZX+F1x+F2x_Rx }

. (5)
mz:N1x+N2x +F1x +F2x_Rx

where R , R - the projections of the constraint forces of
the root to the soil to the corresponding axes.

The projections of the forces included into the equa-
tion system (5) are determined as follows. As seen from
Fig. 1, the projections of the normal components N,
and N, to Ox-axis are equal:

N, =N, =N, sin0Osiny= Qp cosOsinBsiny (6)

ertl

Obviously, until the root is fixed in the soil, and
when during the contact of the root with the wedges
the plowshares 4 B C, and 4,B,C, move upward in the
process of fluctuations (in the positive direction of Oz-
axis), though the root motion has not begun yet, the
wedges can slip along the root body. Therefore, the
frictional forces direction can be considered opposite
to the direction of the Ti-force, (i = 1.2) (parallel to the
lines of B M, and B,M, as for the working surfaces of
wedges 4 B C, and 4,B,C, respectively). At that, the
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slippages lengthwise to Ox-axis almost never occurs
due to the absence of the soil support forces, also in
connection with the digger forward motion (since its
working surfaces are fixed at the appropriate angles to
the direction of motion, what creates the condition for
the soil layer shift) it is inclined to the forward motion
at some small angle.

Thus, as follows from the above and on the basis of
structure diagram of Fig. 1 it is possible to conclude
that the projections of the /| and F, friction forces to
Ox-axis will be equal to:

F,.=F, =FcosOsiny
or, as considering (4), it will be:

F, =F, Zpremcos2 O sin y (7

The projections of N, and N, normal compounds to
Oz-axis, as follows from the chart of Fig. 1, will be
equal to:

N,,=N,,=N,cos 0
or, as considering (2):
N_=N, = Qpemcosze (®)

The projections of /| and F, friction forces to Oz-
axis, as also follows from the chart of Fig. 1, will be
equal to:

Fiz :FZZ :ESine
or, as considering (4), it will be:
F_=F, =prmlcos 0 sin 6 )]

While substituting equations (6), (7) in the first equa-
tion of the system (5), it will be:

mx = 2Qpemcos OsinOsiny+ 2pre cos”Osiny—R_ (10)

Whereas,

1

1 .
Qpertl = 5 Qpertl = 5 H sin wt, (11)

where H — perturbing force amplitude; @ — perturbing
force frequency, then the equation (10) will be, as fol-
lows:

mx = H cos 0 sin 0 sin y sin wt +
+ fH cos® 0 sin y sin wt — R

(12)

The process of the vibration digging-out of a root out
of the soil should be analyzed examining separately the
equations of the system (5). Thus, the obtained equation
(12) describes the forced oscillations of the root in the
soil along Ox-axis, while its lower end is rigidly fixed.
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Obviously, this equation occurs upon condition of
the root immediate contact with the surfaces of wedges
A,B,C and 4,B,C,, i.e., when they are moving upward.
This will be possible upon the following condition:

O0<sinwt<1
If the opposite in-equation occurs:
—1<sinwt<0,

then it means that the surfaces of wedges 4, B,C, and

A,B,C, move downward.

Since it is accepted that the root is cone-shaped, and
then upon condition of fulfilling the last in-equation the
root immediate contact with the surfaces of the digger
wedges is lost. So, the root manages to return to the ver-
tical position in time of the absence of contact due to its
own elasticity. It is possible to estimate approximately
considering that in time of the absence of contact with
the surfaces of plowshares the root accomplishes dy-
ing oscillations along Ox-axis upon availability of re-
sistance and in the perturbing force absence. With the
advent of new contact due to a change in the fluctuating
motion direction of the plowshares’ surfaces and also,
the digging working part’s forward motion (a canal in
the tail end of the digger is narrowed) everything is re-
peated. As follows from the mentioned above, at the vi-
bration digging-out of the soil the root preserves almost
vertical position, that is in line with the conceptual is-
sues of the source [5].

Further on, the second equation of system (5) should
be considered. Due to substitution of expressions (8),
(9) in it, the equation will be, as follows:

mz = 2Qpemcos2 020, cos Osin0—R — G,
or, as considering (11), it will be:
mZz = H cos® 0 sin wt —fH cos Osin 0 sinwt—R_—G,. (13)
Obviously, during the first phase (the root is quite
strongly stuck in the soil), the left half of the differen-
tial equation (13) is equal to zero. That is why, this very

equation is changed into the static equation i.e., the root
balance equation in the soil along Oz-axis, as follows:

(H cos*0 —fH cos 0 sin 0) - sin ot —R_— G, = 0(14)

Upon further condition of the root immediate con-
tact with the wedges’ surfaces 4 B C| and 4,8.,C, (i.e.,
upon condition of 0 < sin wt < 1) the induced longi-
tudinal vibrations of the roots examined in the source
[3] are performed. In the absence of the root contact
with the indicated plowshares’ surfaces the root accom-
plishes dying oscillations along Oz-axis at resistance.
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Thus, upon condition (14) the root always accomplish-
es either longitudinal vibrations or forced, or damped
at resistance. Besides, the impact loads appear in the
moment of root’s the next contact with the plowshares.
All this causes the intensive destruction of the root’s
connections with the soil, and therefore, misbalance
(14) as a result of the R_force value decrease.

Thus, at the very moment the following inequality is
fulfilled instead of the equality (14):

(H cos*0 —f H cos 0 sin 0) - sin wt— G, > R_ (15)
Upon condition (15) the root move upward begins
described with the differential equation (13).

Thus, in the second phase the root begins to move in
the soil as described by the differential equation (13).

The differential equation (13) is following:
z=1 (cos0-feos Osin ) - sinor- R G (16)

After double integrating of this very differential equa-
tion the root’s velocity and displacement along Oz-axis
as functions of time ¢ will be obtained.

The first integral will be equal to:

s = H (00 in 0 - _
z ) (cTs O0—fcos 0 sin ) - cos wt (17
—m (BT G+ C

The second one looks as follows:
z= —iz (cos* O—f cos O sin 0) - sin wt —
ma 1 5 (18)
S m (Rz + Gk)% +C1Z+C2
where C, and C, — arbitrary constants.

For determination of the arbitrary constants the initial
conditions are necessary to be established. If # = 0:

z=~h,
z=0,
where i, —root depth in the soil.

Considering the initial conditions, the arbitrary con-
stants’ values will be obtained:

C = %)(cos2 6—fcos 0 sin 6),
C =-h

2 1

(19)

After substitution of (19) into the expressions (17)
and (18) the following will be obtained:

r=-1t (cos* —f cos O sin 0) -+ cos wt —
LR i (20)
5 .
- R TGt +%(cos 0—fcos 0 sin 0)
Thus, the expressions for determining of the root’s
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velocity and displacement in the process of its digging-
out of the soil along Oz-axis at the established initial
conditions have been obtained.

z=-4 5 (cos® —fcos 0 sin ) - sin wt —
me % 21

2
—%(RZ + Gk)% + 7 (cos® 0 —fcos O sin 0) t—h,

It is possible to determine the time of the root’s dig-
ging-out of the soil #, from equation (21). For that end,
it is necessary to substitute value of z = 0 into the left
side of equation (21) and to estimate the obtained equa-
tion considering ¢,.

Since this equation is transcendent, it is impossible to
obtain the analytical expression for determination of 7,
though it is possible to estimate it with PC applying the
known numerical methods. The calculated value of 7, is
allowed to be used for determining the productivity of
the aggregate for the roots excavation with the vibra-
tion digging working parts.

It is noted above, for the period of time, while the root
is fixed in the soil, the equation (12) describes the forced
oscillations of the root in the soil along Ox-axis. How-
ever, when the root loses ties with the soil and begins
to move upward, the equation (12) describes its motion
lengthwise Ox-axis until the complete digging-out.

Consequently, by analogue, after the double integrat-
ing of the differential equation (12) it is possible to de-
termine root velocity and displacement along Ox-axis,
i.e., in the direction of the vibration digging working
part’s forward motion. For that end, it is necessary to
write down the differential equation (12) in the follow-
ing form:

X = m_h;) sin y (cos 0 sin 6 + f cos® ) sin wt— R _(22)

The double integrating of this very equation gives the
following results. The first integrating of the differen-
tial equation (22) results in the following:

x=-1 ssin y (cos 8 sin 0 + f cos? 0) cos wt —
w
_& t+ L, (23)
m 1
The second one will give:
xX=-— stin y (cos 6 sin O + f cos® ) sin wt — 24
2m 1 2

where L, and L, — arbitrary constants.

For the arbitrary constants L and L, to be determined,
it is necessary to establish the initial conditions. Thus,
attr=0:

X=0,x=x,
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where x, — the distance of the root’s vertical axis from
the initial point of the coordinate system (O-point) in
the moment of time ¢ = 0.

Considering the initial conditions, the following
values of the arbitrary constants will be obtained:

- H ; 2
L=~ mSiny (cos Osin 0 + f cos* ),

(25)

and
(26)

LZ = xO
The substituting of the obtained values of the arbi-
trary constants L, and L, in the expressions (23) and

(24) will result in:

x=%siny(cos0sin 6 + f cos® 0) cos wt —
P @7)
-t siny (cos 0 sin 0 + f cos* 6),
and
xX=- H2 siny (cos 0 sin 0 + f cos* 0) sin wt —
mam (28)
—2R—,;‘1 t2+%siny(cos05in0+fcos26’)t+x0.

Thus, the values of the projections of the root velo-
city and displacement to Ox-axis as the function of
time ¢, which meets the given initial conditions, have
been obtained.

Owing to the specially determined software, the nu-
merical computations of the admissible velocity V' of
the plowshare vibration digging working part’s mov-
ing upon condition of the non-damage of the sugar beet
root and various values of angles y and several fixed
values of angles  have been accomplished. The initial
data for the calculations are given in the Table.

The diagrams of the velocity change V for the for-
ward motion of the plowshare digging working part
depending on the different values of the angle y have
been drawn on a base of (Fig. 2).

As seen from the represented diagrams, the calcula-
tion results the dependences of the indicated parameters
are close to the linear nature. By increasing in the angle
of attack y of the plowshare vibration digging working
part, the value of the forward velocity V of its motion

Estimating Parameters for the Plowshare Vibration
Digging Working Part

Parameter
a 2] y | g
0.12m | 200N | 11000 N/m? | 0.60 | 0.50 | 9.81 m/s?
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Fig. 2. Dependence of the admissible velocity V of the plow-
share vibration digging working part’s forward motion upon
the angle y: g = 15°, ,=20°, B,= 30°

ensuring the digging-out of the sugar beet root of the soil
without damaging is lowered. As concerning the influ-
ence of the camber angle f of the plowshare vibration
digging working part onto the forward velocity V of its
motion, as can be seen from the diagrams, the use of big
values of such angles ensures the higher level of the for-
ward velocity of motion. Considering that the statistical
value of the taper angle y, of the sugar beet root com-
poses 20... 28 degrees, then the use of a value of the
camber angle f of the plowshare vibration digging
working part close to 30 degrees, also ensures the high-
er level of the motion forward velocity.

Thus, the obtained estimation results demonstrate that
the most reasonable values of the angles y and S, where-
in the high speed V' of the plowshare vibration digging
working part’s forward motion, and also digging-out of
the sugar beet root from the soil without damage are en-
sured, should be 8, = 15°, B, = 20°, B, = 30°.

Thus, the PC estimation results of the obtained an-
alytical dependences confirm their correctness and
afford grounds for their practical application in course
of both design and calculations of the new, more im-
proved digging working parts for the beet-harvesting
machines.

Taking into account the obtained results the new
constructions of the vibration digging working parts
[11-15] have been developed. Their use improves the
quality of this technological process.

CONCLUSIONS

1. The new design mathematical model of the vibra-
tion digging-out of the beet root of the soil with the
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plowshare vibration digging working part has been ac-
complished.

2. The root’s velocity and displacement in the for-
ward motion direction of the vibration digging work-
ing part have been determined taking into account its
design-kinematic parameters.
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JIIOETBCA SIK TBEPJE TiJIO, a JIEMIIIHUHN BiOpariitHuii BHKO-
ITyBaJIbHUI OpTaH y mporeci poOoTH 31iHCHIOE KOJTHBAHHS Y
MTOB3/I0OBKHO-BEPTUKAIBHIN TUTOIIUHI i3 3a1aHOI0 AMILTITY-
OO0 1 yacToTroro. MeTra JaHOTO JOCIHIHKEHHS IoJsrana
Yy BCTAHOBIICHHI 3aJIGKHOCTEH MIX KOHCTPYKTUBHHMH 1
KiHEMaTHYHUMH ITapaMeTpaMu TEXHOJIOTIIHOTO ITPoIiecy Bi0-
pariifHoro BHIANCHHS KOPEHEIUIONIB I[yKPOBHUX OYpsKiB 3
IPYHTY, 1[0 3a0e3Mevy€e YMOBU IXHBOTO HEYIIKOJDKEHHSI.
Metoau. Buxopuctano Metonn moOyIoBH PO3paxyHKOBUX
MareMaTHYHUX MOJIeJIe, 3aCHOBaH]I Ha KJIACUYHHUX 3aKOHAX
MexaHiku. BupinieHHss oTpuMmaHux gudepeHiiaabHuX pis-
HsIHB 31iHCHEeHO 3a gonomoroo [IEOM. PesyabraTu. Cxia-
JIeHO JdepeHIiiiHI PIBHSHHS PyXy KOPEHEIUIOAY I[yKpo-
BUX OypsiKiB HpH BiOpaIliifHOMy BHKOIyBaHHI, IO AalOTh
MOXKJIMBICTh BU3HAUUTHU JOITyCTUMY IIBUJKICTH MOCTYIIANb-
HOTO PyXY BiOpaLiifHOro BUKOITyBaJIbHOTO pOOOYOro opraHa
3aJIe)KHO BiJ] FEOMETPUYHKX [1apaMeTpiB Konaya. Y pesylibra-
Ti KOMIT FOTEPHOTO MOJEIOBaHHS, TOOTO BHUPILICHHS OTPH-
MaHOi aHaNIITHYHO 3ajekHocTi Ha [TEOM, Bu3HAueHO Tpa-
(idHi 3a1€KHOCTI JJOMYCTUMOI HIBUIKOCTI MOCTYHNAIBLHOTO
PyXy JeMIIIHOro BiOpaIiifHOro BHKOITyBaJIbHOIO POOOYOrO
oprasa, sika 3a0e3Ieuye BHIy4eHHsI KOPEHEIUIONY IyKPOBO-
ro Oypsika 3 IpyHTy Oe3 00J1aMyBaHHs HOTO XBOCTOBOT 4acTH-
HU, BiJl KyTOBHMX IapameTpiB BiOpamiiHOro pododoro op-
rany. BucHoBKH. Y pe3ynbrari aHaliTHYHOTO JOCIKSHHS
BCTAHOBJICHO, 110 HAMOLIBII palliOHAJILHUMHU 3HAYCHHSIMH
KyTiB y 1 f nemimHoOro BiOpamiiHOrO BHKOITYBAJIBEHOTO
poGouoro opraHy, Nnpu SIKUX 3a0e3MedyeThCsl ONTHUMabHA
HIBHJKICTB MOCTYNAIBHOTO PYXY 1 BHIIy4E€HHS KOPECHEIUIOIIB
LyKpOBOTO Oypsika 3 IPyHTY 0€3 MOIIKOKEHb CIIiJl BBaYKATH
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y=13 ... 16° =20 ... 30°. Ha ocHOBI OTpUMaHHUX TaHUX
AQHAITHIHUX JIOCHTIHKEHb CIIPOSKTOBAHO HOBI BiOpamiiHi
BUKOITYBaJIbHI PO0OUi OpraHM Il KOPEHETUIOAIB IyKPOBHX
OypsIKiB, Ha AKi OTPUMAHO MMATCHTH YKpalHU Ha BUHAXOIH.

KoarouoBi ciioBa: siemimHuil BiOpauiiiHUil BUKOITYBaIbHUM
poboumii opraH, KOPEHEIUIOAH IIyKpOBOIro OypsiKy, Marema-
TUYHE MOJICJIOBAHHS, AU(epeHIianbHe PIBHSHHS, PIIICHHS
Ha [TEOM.
MaremaTnyeckasi MojieJib BUOPALMOHHOTO
BBIKANBIBAHUS
KOPHENJION0B CBEKJIbI U3 MOYBbI

B. M. Bynrakos!, B. B. Anamuyk?, I. H. Kaneraux?

'HarroHanbHbIH YHUBEPCUTET OHOPECYPCOB U

HIPUPOOIONb30BAHUS YKPAUHBI

V. T'epoes O6opowsl, 15, Kues, Ykpauna, 03041
2 HarmoHanbHbIN Hay4HbIH neHTp “UMICX”

Vn. Bok3anbenas, 11, Imepaxa-1,
BacunbkoBckwii p-H, Kuesckas 0011., Ykpanna, 08631
3 BUHHHUIIKHUI HAIMOHATBHBIH arpapHblii YHUBEPCUTET

Vn. Conneunast, 3, Bunnuua, Ykpauna, 21008

e-mail: vbulgakov@meta.ua

ITocTpoeHa HOBas pacueTHas MaTeMaTu4eckas MoJeb Ipo-
1ecca BUOPAIIMOHHOTO BBIKAIBIBAHUS KOPHEILIONOB caxap-
HOM CBEKJIbI JIEMEIIHBIM BI/I6paLlI/IOHHI)IM BbIKAIIbIBAIOIIIUM
pabounm opraHoM. [Ipu 3TOM KOpHEIUION CaxapHOW CBEK-
JIbl MOJEIIMPYETCSl KaK TBEP/IOE TeJlo, a JIEMEIIHbIi BUOpa-
IMOHHBIN BBIKAMBIBAIOIIKNI OpraH B MpoIecce padoOThI CO-
BepIIaeT KoieOaHusi B MPOAOITLHO-BEPTHKAILHOM MIIOCKOCTH
C 3aJlaHHOW aMIUIUTya0i U yactoTod. Llesib maHHOTO HC-
CIIEZIOBAHMSI COCTOSIA B YCTAHOBJICHUH 3aBUCUMOCTEH MexX-
JIy KOHCTPYKTUBHBIMH M KHHEMAaTHUECKHUMHU IMapaMeTpaMu
TEXHOJIOTHYECKOTO Tpoliecca BUOPAIMOHHOTO HM3BIICYCHUS
KOPHEIJIO/IOB CaxapHOM CBEKJIBI M3 TOYBBI, 00eCIeYnBalo-
IIMe YCIIOBUS X HenoBpexaeHus. Meroast. /st ocymiecr-
BJICHMS HAMEUCHHOM LIEJIN MCIOJIb30BAaHBI METO/BI TOCTPO-
SHUsI PAaCUETHBIX MaTeMaTHYeCKUX MOZENeH, OCHOBAaHHBIC Ha
KJIACCHMUYECKHMX 3aKOHAX MEXaHHKH. PelleHue NoiydeHHBIX
muddepeHnInanbHBIX ypaBHEHUH OCYIIECTBICHO C IIOMO-
mpio [I9BM. Pesyabrarel. Cocrasnens! quddepeHnnais-
HBIC ypPaBHEHHMS JIBIDKCHUSI KOPHEIUIOAA CaXapHOW CBEKIIBI
IIpY BUOPAMOHHOM BBIKAIIBIBAHHMH, JAIONINE BO3MOKHOCTD
OTIPEAEINUTH JOIYCTUMYIO CKOPOCTH TTOCTYTNATEIEHOTO JIBU-
JKEHUsI BUOPALIMOHHOTO BBIKAIBIBAIOIIETO pabodyero opraHa
B 3aBHCHUMOCTH OT YIVIOBBIX ITapaMeTpoB komarens. B pe-
3yNbTaTe KOMITBIOTEPHOTO MOJEJIUPOBAHUS T. €. PELICHHS
MOJIy4YEHHOM aHanUTHYECKH 3aBucuMocTy Ha [IDBM, onpe-
JIeNIeHbl TpaUuecKie 3aBUCUMOCTH JIOIYCTUMOH CKOPOCTH
MOCTYIATEILHOTO JIBI)KCHHS JIEMEIIHOTO BHOPAMOHHOTO
BBIKAIIBIBAIOLIETO PAdOUETo opraHa, KoTopast 00ecIeunBaeT
M3BJICUCHNE KOPHEIUIOAA CaxapHOM CBEKIIBI M3 MOYBHI 0€3
00aMbIBaHHUsSI €0 XBOCTOBOW YaCTH, OT YIVIOBBIX Iapa-
METPOB BHOPAIMOHHOTO BEIKAIBIBAIONIETO pabodero opra-
Ha. BeiBoabl. B pesynbsrare npoBeAeHHOIO aHAJIUTUYECKO-
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TO HMCCIIEIOBAHMS YCTAHOBJICHO, YTO HAaHOOJEe pallMOHAIb-
HBIMH 3HAYCHUSIM YIJIOB y U [ JIEMEUIHOTO BUOPAIIMOHHOTO
BBIKAIBIBAIONIETO paboyero opraHa, MpH KOTOPHIX oOecte-
YHMBAETCSI ONTUMAIIbHASI CKOPOCTh €r0 MOCTYIATENIbHOIO JIBH-
JKCHUsI ¥ M3BJICUCHHE KOPHEIUIOJOB CaxXapHOil CBEKJIbI M3
MOYBHI 0€3 MOBPEXKICHUS, CIeAyeT cunuTtarh y = 13...16°,
f = 20...30°. Ha ocHOBE MOJYYECHHBIX NAHHBIX AHAIUTH-
YECKUX HCCIICIAOBAHUN CIPOCKTHPOBAHBI HOBBIC BHOpAIlH-
OHHBIC BBIKAIBIBAIOIIME PAO0YNC OpPraHbl ISl KOPHEILIONOB
CaxapHO# CBEKJIbI, Ha KOTOPBIE IOTYYEHBI TATCHTHI YKPanHbBI
Ha U300peTeHMSI.

KiiroueBble cjioBa: JeMeNIHbI BHOPALIMOHHBIN BHIKAIbIBA-
foIwid paboumii opraH, KOPHETIOABI CaXapHOW CBEKJIBI, Ma-
TEMaTH4YeCKOe MOJeINpoBanue, T PepeHInaIbHbIe YpaB-
HeHwus, perieHue Ha [IDBM.
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