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The problem of the removal of the remainders of vegetable tops from the
heads of root-crops after cutting off its basic mass is considered in many design
developments both in the theoretical and experimental research [1-11, etc.].In
the scientific works, basically, the results of the studies of the purifiers of the
heads of root-crops on the root of different kinds of particular constructions are
presented: blade, annular, sectorial, drum, etc.

Nevertheless, a strict theoretical substantiation of this technological process
does not exist there so far, since neither the initial process of the impact of the
purifying element (flexible blade) on the head of root-crops nor its further
motion over the cleaned surface, which, by the way, is achieved in the space, nor
the differential equations of this motion are thoroughly or exhaustively
examined. In [8] are represented the differential equations of motion of flexible
purifying blade for the head of root-crops in the case, when the blade
accomplishes motions in the transverse - horizontal plane, i.c. it is installed on
the purifier with the vertical rotational axis.

In this work a new theory of the interaction with the head of root-crops on
the root of the purifying blade, installed on the drive shaft with the horizontal
rotational axis, is examined. In this case are examined the cases, when the plane
of the rotation of blades is strictly located along the axis of the row of root-crops
and when it placed at the certain angle /5 to the row of root crops.

Let us build a design mathematical model of the process of interaction of
a purifying blade with the head of root-crops, for which let us compose the first
equivalent diagram, in which there is examined the spherical head of the root-
crops, located (actually rigidly fixed) in the soil, above which forward moves
drive a shaft with the horizontal rotational axis, which bears the flexible
purifying blades, which accomplish an impact on the head and the subsequent
motion over its surface (Fig. 1). We consider that the blades on the shaft, which
has a rotational axis O, are hinged on a pin; moreover the plane of their rotation
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is perpendicular to the axis of the shaft, the direction of the rotation during the
motion of the purifier. The drive shaft revolves with the angular velocity w, the
direction of which is shown by the pointer. Let us examine the process of
interaction with the head of root-crops of one of the blades of the purifier, by
considering that others will be in analogous state. The hinge of the suspension of
the blade on the shaft is located at a distance » from the axis O of the shaft itself,
the conditional length of the blade in this case is equal to / + r, where / —
distance from the axis of suspension to the point M, and the contact of the blade
with the head of root-crops at the initial moment (end of the blade is designated
by point C;). Let us also designate the speed of the forward motion of the

purifier along the rows of root-crops by ¥ and the mass of the blade — by .

Let us examine at first the case, when the plane of the rotation of the
purifier blades is located strictly along the row of root-crops (this exactly is
precisely such a case, when the conditional axis of the blade will coincide with
the axis of root-crops). In this case the schematic of the rates and power
interactions of the blade with the head of root-crops will be plane.

2

Fig. 1. The diagram of the speeds with the impact contact of the blade with the head of root-crops in the case
when the plane of the rotation of blades is located along the row

Let us select a fixed coordinate system xQOyz, the beginning of which
penetrates the rotational axis of the blade, i.e. the axis OxO and coincides with
the horizontal axis of the drive shaft. The axis Oy of this coordinate system is
directed along the row of root-crops, axis z is vertically upward. Let us show in
Fig. 1 the diagram of speeds to the impact of the blade on the head of root-crops
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and after the impact. Let us again emphasize that in this case the plane of the
rotation of the blade coincides with the plane yOyz, and the axis of the shaft O is
located along the axis Ox.

During the forward motion of the purifier along the row of root-crops and
the rotation of the blade around the axis Ox the impact contact of the blade with
the head occurs. Let us divide the process of removal of remainders of vegetable
tops from head of root-crops into two phases:

1-the contact phase of the blade with the head of root-crops;

2-the phase of further motion of the blade on the head of root-crops.

It is obvious that the impact of the blade on a certain part of the head first
occurs upon the encounter of the blade with the head of root-crops (phase 1). Let
us designate through M the point on the blade, which at the moment of impact
coincides, with the point K, the contact of the blade with the head of root-crops.

We will consider that impact impulse S will be directed along the standard 7 to
the head of root-crops and carried out through the contact point K; (Fig. 2). At
the speed V', at the point M on the blade, the impact/ will be equal to

V = VP + VM , (1)
where:
I7P — the speed of the forward motion of the purifier along the row of root-crops (the

velocity of following the blade);
V), — the peripheral speed of point M on the blade during the rotation around the axis Ox

(relative speed of point M).

The peripheral speed V), of point M will be equal to
Vy =op=o(r+l). )

Vector I7M will be directed tangentially toward the circumference of the

radius p, which is shown in Fig. 1.
Since we consider that the impact occurs on the common standard 7 to the
spherical head of root-crops and the blade, and by the common standard it is

precisely tangent to the circumference of the radius p, therefore vector I7M will

be directed along the standard 7 (i.e. actually along the radius of the spherical
head of root-crops).
Let us separately depict the diagram of the forces, which act on the head of

root-crops during the impact at the contact point K; (Fig. 2). The force I?yd. -
the impact force, which appears in the process of the impact and is directed
along normal 7 to the surface of the head of root-crops; G — the gravitational
force of the blade; fw — the centrifugal inertial force, which appears during the

rotation of the blade around the axis Ox (this force is directed along the blade ,it
contributes to the rectification of the blade along the straight line, i.e., the radius
p of the gyration of point M around the axis Ox).
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Fig. 2. The diagram of the forces, which act at the contact point of the blade with the head of root-crops if the
plane of the rotation of blades is located along the row

Let us determine further the absolute velocity U of point M after the
impact, the angle of deflection y of vector U from the standard 7 and the
impact impulse S .

According to [12], a change in the momentum of point with mass m with
the impact is equal to:

m(U-V)=§, 3)
where:
S — impact impulse;
U - the rate of contact point M after impact;

V' — the rate of contact point M to the impact

According to the definition, the impact impulse S is determined with the
aid of this expression

Fdi, @)

el
Il
O ey

where:
Fy , — impact force;
7— the duration of the impact.
Since the duration of impact 7 is a very small time interval, the momenta of
all the other forces acting on the head of root-crops at the moment of impact are
in effect equal to zero.
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Actually, the power impulse G will be equal to:
S¢=[Gdt=G[dt=G =,
0 0

then

limS; =1limG -z=G - limz =0.
7—0 7—0 7—0

Analogously the power impulse F‘e will be equal to:

T T
Sg, = |Fydt=F,[dt=F, -z
0 0

then
limF, =limF, -t =F,-limz =0.
7—0 7—0 7—0
Thus, the action of forces G and F, with the impact of the blade on the
head of root-crops may be left unconsidered.
Since when the impact impulse S is different from zero values, with
>0, Fyd. — o0, since otherwise S — 0. This results from the expression (4).
For describing the process of the impact of the blade on the head of root-
crops let us select a new system of coordinates 7K n , where the axis 7 is
directed tangentially toward the head of root-crops at the point K,
Taking into account that the impact impulse S is directed along the
standard n , the expression (3) can be represented in this form

mU —mV =Sn, (5)
where:

S— the module of the vector of the impact impulse S.

Let us write down an equation (5) in the projections on the axis 7 and 7.
We will have

mU, —mV, =O,}

mU, —mV, =S,
or
.=V, =0,
L ®
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Since V =Vp +V,

M

as can be seen from Fig. 1, the projections of velocity

vectors on the axis 7 and 7 will be equal to:
V,=Vpsina, v, = —(VP cosa + a)p), ™
U,=Usiny, U,=Ucosy,

Where(‘xf the angle between axis Oz and the dEection of the blade at the moment of impact;
y— the angle between vectors of speed U after impact and standard 7 .
From the first equation of the system (6) we obtain
UT = VT >
then, taking into account (7), we will have
Usiny =Vpsina ,
whence we find the absolute velocity U of the point M after the impact
sina

U=Vp-— . 3)
sin y

In accordance with the concept of recovery factor & with the impact/shock
[12], it is possible to write down

—_ U —_
- |Vn|_Vpcosa+cop'

Ucosy

n

&g

©

Let us substitute in (9) for U its value, which is determined according to
expression (8), we have
Vpsina

E=—"—"—-ctgy. (10)
Vpcosa+wp

We find from expression (10)

(VP cosa + a)p)- £

ctgy =
&7 Vpsina (11)
then
v .
y =arcctg ( Pcosa.+a)p) £l (12)
Vpsina

For enumerating the module of speed U after impact we will use the
trigonometric identity

1

Siny =———. (13)
\ll+ctg27/
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From equation (8), taking into account (13), we obtain

U=VPsina-\/1+ctg27/ (14)

Let us substitute in the last expression (14) for ctgy its value according to
expression (11). We have

U=\/Vlgsinzc)er(VPcosa+wp)2-52 (15)
Thus, are obtained the values of the module of the speed U of the point M
of the blade after impact and the angle of deflection ) of vector U from

normal n to the surface of the head of the root-crops
Let us determine further impact impulse S. Using the determination of the
recovery factor with the impact ¢, it is possible to write

U,,=8|Vn

or
U,=-¢V,. (16)

Let us substitute into the second equation of the system (6) for U, its
expression according to (16), we will obtain

S=-m(+¢)V,,
or, by taking into account (7), let us finally find the impact impulse S
S=m(+¢)-(Vpcosa+awp). (17)

After the first phase (encounter of the blade with the head of root-crops, or
impact of the blade on the head of root-crops), the second phase sets in, i.e. the
motion of the blade on the head of root-crops, during which occurs the basic
process of the combing of the remainders from the head. For the analytical
description of this process it is necessary to compile the differential equations of
the motion of point K (arbitrary point of the moving blade), the contact of the
blade over the injector face of the root-crops.

Let us first examine the case, when the plane of the rotation the blade is
located along the row of root-crops, i.e., when coplanar force system occurs.

One should immediately note that the diagram of power interaction at contact
point K during the motion of the blade in the injector face of root-crops will differ
from the diagram of power interaction, which occurs during the impact of the
blade on the head of root-crops (Fig. 2), since in this case, actually, another system
of forces will act at the indicated point. Let us depict the power interaction of the
blade with the head of root-crops with the fulfillment of the basic process of the
combing of the remainders, i.e. during the motion of the blade over the injector
face of root-crops (Fig. 3). At contact point K the following forces will act:
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F, ,» — the centrifugal inertial force, which is directed along the radius OK
of gyration of the blade around the axis O ;
G —the gravitational force of the blade, which is directed vertically downward;

N — the normal reaction of interaction of the blade with the head of root-
crops, directed along the normal 7z to the head of root-crops, carried out through
this position of contact point;

F,, — the frictional force, which appears during the motion of the blade

along the head of root-crops, directed to the side, opposite to the direction of the
vector of the absolute velocity of the point M of the blade which coincides with
the contact point K;

O - the force of the combing of the remainders of vegetable tops from the

injector face of root-crops, which is directed to the side of the vector of the
absolute velocity of the point M of the blade.

Let us find the values of the indicated forces. For the determination of the
centrifugal inertial force F,, at any contact point X it is necessary to examine the
kinematics of the motion of the blade O,C; on the head of root-crops after the
impact contact at point K;. Since the impact occurs for a very small time
interval, in the torque of the impact of the blade there is actually no displacement
over the head of root-crops. Therefore for the initial position of the blade on the

head of root-crops after impact it is possible to count the position of the impact
contact K.

\

Fig. 3. Schematic of power interaction of the blade with the head of root-crops in the process of the combing of
the remainders of the vegetable tops
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After impact only the absolute velocity U of the blade was changed, which
was determined above according to the expression (15) with the initial velocity of
the motion of the blade after impact. Let M, be the point on the blade, which at the
initial moment ¢ = 0 after impact coincides with the point of the initial contact K.
At this moment the blade O,C; is still directed along a radius p, since the impact
of the blade has been considered above as an absolutely constant value.

Let us examine further the contact of the blade with the head of root-crops
at point K at any moment of time ¢ after impact. It is quite obvious that in time ¢
the point O of the rotational axis of the blade with the forward motion of the
purifier will move into the point O’, moreover

00 =V, -t. (18)

Analogously point O; will move into the point O’} with the forward motion
of the purifier, moreover O; O’} = OO’ (see Fig. 3).

Nevertheless, in the rotary motion of the blade around the axis O(O’), point
0,(0’)) will turn in time ¢ to the angle wt (see Fig. 5). Thus, in the rotary

U
motion, the suspension point of the blade O,(O",) will describe the arc O/0, ,
which will be equal to:

)
0,0, =wrt. (19)

Thus, in the absolute motion, the suspension point O, of the blade will be

displaced to the value
U
00"+ 0,0, =V -t+ort=Vp+or)t. (20)

Since we consider that the blade is a continuous nonductile rod, as a result
of the displacement of the suspension point O; to the value (VP +a)r)t , any
other point of the blade for the time ¢ interval will move also to the same value.
Certainly, each point of the blade moves along its absolute trajectory, which can
differ in the form from the trajectories of other points of the blade, nevertheless,
along its trajectory the point will move for the value (VP + a)r)t .

This is the major portion of the displacement of the points of the blade,
which is caused by the kinematic, geometric and designs parameters of a purifier
of this type.

In this case the contact point M of the blade with the head of root-crops will
move along the blade from one point M; to the next Cj. Since the point M
belongs to the blade, its movement for the time ¢ interval also constitutes
(VP + a)r) t.

If it passes M, C, = [, distance in time ¢, then it is possible to write down

L=WVp+or)t, 1)

whence we find the time of the contact of the blade with the head of root-crops
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L

fH=—"—.
Vp+or

(22)
Now let us trace the kinematics of the motion of the contact point K along
the head of root-crops. It is obvious that the major portion of the movement of
the contact point K occurs due to the forward motion of the purifier. Because of
the forward motion of the purifier, the blade as if runs foul of the head of root-
crops, moving on it until the blade slips throughout the entire length due to the
rotary motion or if rotational axis O is displaced beyond the boundaries of the
arrangement of root-crops. Certainly, a certain displacement of point K occurs
due to the bending strain of the blade, nevertheless, it is very insignificant.
Therefore in the first approximation, it is possible to consider that the
displacement of the contact point K for the time interval ¢ will be equal to:

KK, =Vp-t. (23)

This expression will be necessary during the determination of the
centrifugal inertial force F' ,of the point M, which acts on the head of root-crops
at the contact point K.

From the expressions (22) and (23) it is possible to determine the
movement of the blade over the head of root-crops in the time of contact #; in
the first approximation. Namely

L

KK, ~Vp,——.
20 PVP+a)r

(24)

It must be noted that the given kinematic dependencies sufficiently
approximately describe the process of moving the blade on the head of root-crops,
and the obtained values of the time ¢ of the contact of the blade with the head of
root-crops and the movement /; of the blade over the head of root-crops are also
approximate.

For the more precise study of the motion of the blade on the head of root-
crops it is necessary to compile the differential equations of the motion of the
point M for the head of root-crops, since during this study the forces, which
cause this motion , are considered.

It must be noted that the dominant role in the formation of the force of the

combing O play the centrifugal inertial force Fw , thrust P and rotational moment

M,;, of the blade. Specifically, because of the action of these forces, the pressing of
the blade occurs to the head of root-crops and the bending strain of the blade.
Actually, immediately after the impact, the centrifugal inertial force Fw is directed
along the blade and attempts to straighten the blade along the radius p. If this force
was absent, then under the action of the forward motion of the purifier and of the
rotary motion of the blade around the axis O of the blade, the butt contact of root-
crops would simply be deflected by a certain angle to the side, opposite to the rotary
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motion, and without any effort it would slip on the head of root-crops, without
changing its rectilinear form, since the point of its suspension O; would hinge.

However, under the action of the centrifugal force F, towards the head of

root-crops the blade remains directed along the radius p, and therefore, as a
result of further forward and rotary motion, the blade will slip on the head of
root-crops, experiencing in this case the specific bending strains, which create
the effect of the combing of the remainders of the vegetable tops.

The amount of centrifugal inertial force Fw at the initial contact point K;
(point M) will be equal to:

Fy=ma’-p, (25)

w.

where:
m — the mass of the blade.

Let us determine the centrifugal inertial force Fw of the point M at any
contact point K of the blade with the head of root-crops. This force will be equal to

F,=mo*-0K, (26)
where:

O’K — distance from the point X to the point O’

As can be seen from the diagram in Fig. 3, the given distance will be
approximately equal to

OK ~OK, —-K,K +00', 27)

where:
OKl = p .

Then, taking into account that OO'=Vp-t andKK,=Vp-t, and also
expression (27), we obtain:

OK~p. (28)

Thus, the centrifugal inertial force Fw at each contact point K remains
approximately constant in the value and the direction and it will be equal to

F,xmo” p. (29)

In this case we consider the mass of the blade m concentrated in the working
part of the blade. The centrifugal inertial force, which appears from the rotation of
the mass of the blade, concentrated nearer to the axis of suspension O;, will cause
the tension of the blade and is balanced by the reaction in the hinge O.

The bending strain of the blade appears as a result of the clamp of the blade

at the contact point K by the forces of inertia Fw and the weight of the blade G
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under the action of the tractive P propelling power of the purifier and the
rotational moment of the blade M, .

The force of the bending strain will be equal to the force of the combing O .
Since the propelling power P of the purifier and the rotational moment of the
blade M, enter into the composition of forces Q , they are not shown in Fig. 3.

The frictional force, as is known, is equal to

F,, =f-N, (30)

where:
f~the coefficient of the friction of the surface of the blade over the injector face of root-crops;
N —a normal reaction at the contact point K of the blade with the head of the root-crops.

Thus, the differential equation of motion of the contact point K for the head
of root-crops in the vector form will take this form:

ma=F,+G+N+F,, +0, (31)
where:

a —the absolute acceleration of the motion of the contact point K on the head of root-crops;
m — the mass of the blade.

Since in this case the coplanar force system occurs, which is located in
plane yOz, he differential equation of motion (31) is reduced to the system of

two differential equations of the second order of the following form

mjﬁzFWy+Gy+Ny+Fmp.y+Qy,

. (32)
mz=F, +G,+N, +Fmp.Z +0.,
where:
F\y, Gy, Ny, Fpy O, — the projection of the force vectors £ G, N, FMPA, O - on the axis
Oy respectively;
F,., G., N,, F,,., Q. — the projection of the vectors of the mentioned forces on the axis
respectively.

Taking into account the values of the projections of the vectors of the
forces, which enter into the system of differential equations (32), and expression
(29) and (30), the mentioned system of equations acquires this form

.. 2 . _ . " . g
my=—-mo” psina + Ncos(y,N)— chos(y,V)+ Qcos(y,V), (33)

mz= —ma)zpcosa —-mg + Ncos(z,]V)— chos(z',AV)Jr Qcos (z’,AI7),

where:

A A

cos( ,]V), cos (Z,JV) — the direction cosines of the force vector N to the axes Oy and Oz
respectively;
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A A

cos ()';, 7 ), cos (z', 17) — the direction cosines of the velocity vector I/ of the motion of contact
point K on the head of root-crops to the axes Oy and Oz respectively;
¥, z —the projection of the velocity vector 7 on the coordinate axis Oy and Oz respectively.

It is known from [ 13 ] that the mentioned direction cosines will be equal to

Sy 1 o1
cos{ ’N):%'E; COS(Z’N):a_J;'Af;
(34)

A . A

cos(y,V):%; cos(é,?)z%,

where:
Sy, z) = 0 — the equation of the relation (surface, over which it moves material point);
Af— the module of the gradient of function f'(y, z);
V — the module of the velocity vector of the point.

Since it was at first accepted that the head of root-crops has a spherical form,
the sphere, which can be represented by this equation , is the equation of relation

f(x,y,z):x2+y2+zz—R2=0, (35)

where:
R — a radius of the spherical head of the root-crops for the plane yOz x = 0, and therefore
the equation of sphere (45) passes into the equation of circumference

f(y,z)=y2+zz—R2=0. (36)
According to [13], the module of the gradient of function and the module of

speed will be equal to
2 2
7 +(@J , (37)
oy Oz

V=yi?+22. (38)

Let us substitute (34) in (33) and will add to the system of differential
equations (33) the equation of relation (36), then we obtain the following system
of differential equations:

mj}z—ma)zpsinaJrﬁ-g—leJrQl,
Af oy 14 14
N 2 N of z z
mz=-mw pcosa—mg+—-—— fN—+Q0—, 39
P SV fNV QV (39)
y2+22—R2=0.
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Let us calculate partial derivatives and gradient of the functions, which
enter into the system of equations (39). We will have:

g=2y, g=22. (40)
oy oz
Then, according to (37)
A =\(@2y) +(2z)* =2R. (41)

Let us substitute expressions (40), (41) in (39). Then the system of
differential equations (39) acquires this form

.. 2 . Yy y Y
my=—-mw - psina+-=—-N — —+0—,
y p R ﬁVV QV

.. 2 z z z
mz=—-mw pcosa—mg+—-N— fN—+0—, 42
p g+ % ﬁ\’V QV (42)

y2 422 —R? =0.

The system of equations (42) is the system of three equations with three
unknown values y, z and N. Therefore it is specific and has unique solution.

Let us exclude from the obtained system of equations (42) the unknown
values N and z, thus bringing together this system to one differential equation with
one unknown function y(#). For this, ¢ should be differentiated two times on the
equation of relation (36). If we differentiate this equation one time, then we obtain

2yp+2zz=0, (43)
whence we find
w+zz2=0. (44)
If we differentiate equation (44), then we will have
Wyt +zE+:2 =0, (45)
or
(yj}+z'z')+(j/2 +z'2)=0. (46)
Since j}z +22=V?, we will obtain
v =—(3p+zz). (47)

Let us multiply the first equation of the system (42) by y, the second one by
z and let us accumulate them one by one, then we will obtain
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m (yy+z'z'): —(ma)zp-ysina+ma)2p-zcosa)— mgz +

(48)
#2222 SOz L (e ),
whence, taking into account the expressions (44) and (47), we will have
—mV2=—ma)2p(y-sina+z-cosa)—mgz+RN. (49)

From the expression (49) we find the normal reaction M. It will be equal to
N=%[ma)zp(y-sina+z-cosa)+mgz—mV2] (50)

Let us carry out further conversions. From the expression (44) we obtain

=22, (51)
z
then
- \2
22 :—(yyz) : (52)
z
or
. \2
= (2yy ) = (53)
R™ -y

Thus, for the value of the square of the speed of motion /' we can obtain
this expression

PR 22 ()’)")2. (54)

Substituting the expression (50) into the first equation of the system (52),
we obtain

mj}:—ma)zp-sina+ l—fl [ma)zp(ysina+zcosa)+
R 14 (55)

+mgz—mV2]%+Q%.

Since z:\/R2 - y2 , taking into account the expression (54), we will
finally have
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" y fnR =y

myz—ma)zp‘sinaJr =

YR =32 )52 + (3
><{ma)zp(y‘sinonrﬂRz—y2 -cos05)+mgqu2—y2 - (56)
_m[(R2—y2)y'2+(yy')2]}l 0. R -y

—+ .
GRS A e R

Thus, the differential equation of the second order is obtained, in which
only one function y is unknown, i.e., is obtained by the differential equation in
the so-called normal form, since the higher derivative is expressed as the lowest
derivatives and the unknown function.

The unknown force O, which enters into the equation (56), must be found
from the realization conditions for the process of the combing of the remainders
of vegetable tops from the head of root-crops during the necessary bending
strain of the blade.

Therefore, to solve this equation it is necessary to first find the force Q, or
to express it through the known values.

Since equation (56) is nonlinear, it is possible to solve it only by numerical
methods on the personal computer under the assigned initial conditions. Let us
find such conditions. The initial velocity of the contact point K; of the blade
with the head of root-crops will be the absolute velocity of the point A of the
blade after impact, since at this moment the point M, coincides with the point K;.
Thus, as can be seen from Fig. 1,

v, =Usiny-sina—-Ucosy-cosa . (57)
Thus, the initial conditions for the differential equation (56) take this form:
with =0
y, =—Rcosa,
v, =Usiny-sina —U cosy-cosa, (58)
where:

U — determined according to the expression (15),
y — according to the expression (12).

The differential equation of the motion of point K in the projection on the
axis Oz can be found by analogous conversions, nevertheless, for this there is
no need, since, knowing y and y, from equation (36) it is possible to determine

z and z.



A THEORY OF PLANE INTERACTION OF A PURIFYING BLADE WITH THE HEAD... 17

REFERENCES

1. Pogorelyy L.V.: A study and the development of the technological process of separation of
vegetable tops from the roots of the sugar beet: Author's Abst. Dis Cand. of tech. Sciences -
K.:USKHA, 1964.- s. 24

2. Ogurechnikov N. A.: Search, a study and the substantiation of technological process and of
operating units for cleaning of the heads of the sugar beet: Author's Abst. Dis - Cand. of tech.
Sciences - Minsk: TSNIIMESKH, 1977.s. 14

3. Yaroshovets V. R.: Classification of operating units for removal of remainders/residues of
vegetable tops from heads of root-crops of sugar beet. In the book: Reserves for an increase in
productivity and quality of the sugar beet: Materials of scientific conference VNIS. Kiev,
1980. s. 241-245.

4. Mishin M. A.: A study and the substantiation of operating units for the refining of the heads of
the roots of sugar beet from the remainders/residues of the vegetable tops: Author's Abst. Dis
Cand. of tech. Sciences M.: VISKHOM, 1981. s. 23

5. Beet-harvesting machines (construction and calculation)/OF L.V. Pogorelyy, N.V. Tat'yanko,
EXPLOSIVES Bray, etc; Hearth is general/common ed. L.V. Of pogorelogo. K.: Tekhnika,
1983.s. 168

6. Khelemendik N. M.: An increase in the mechanical- technological effectiveness in the labor-
consuming processes in the sugar-beet raising: Author's Abst. dis of the dr eng. Ternopol:
TPIL, 1996. 48 s. (ukr of yaz.).

7. Gurchenko O. P.: The substantiation of the basic parameters of the blade purifier of the heads
of beet from the remainders/residues of vegetable tops. Agricultural machines. Collection of
scientific articles. Release/issue 3, Lutsk, 1997. s. 30-37. (ukr of yaz.).

8. Gurchenko A. P., Orekhov E, by birch N. G.: The theoretical substantiation of the
parameters of the blade purifier of the heads of the root-crops of beet from the vegetable tops.
Collection of scientific works NAU Mekhanizatsiya of agricultural production, T VII,
K.:NAU, 2000. s. 279-285. (ukr of yaz.).

9. Bulgakov V. M., Golovach L. V.: The theory of cleaning the heads of root-crops by purifier
with the vertical rotational axis. Collection of the scientific works of Kerch sea technological
institute "Mechanization of production processes of the fisheries, industrial and agrarian
enterprises", release/issue 4, Kerch', 2002. s. 209-226. (ukr of yaz.).

10. Khelemendik N. M.: Of direction and the methods of developing the operating units of
agricultural machines. K.:Agrarian science, 2001. s. 280 (ukr of yaz.).

11. Pogorelyy M. L.: An increase in the technological effectiveness of the beet-harvesting
machines: Author's Abst. Dis Cand. of tech. Sciences, K.:NAU, 2001. s. 21 (ukr of yaz.).

12. Butenin N. V., Lunts Y. L., Merkin D. R.: The course of theoretical mechanics.T.2.
M.:Science, 1985. s. 496

13. Vasilenko P. M.: Introduction into the agricultural mechanics. K.:Sil'gospostva, 1996. s. 252

14. Wygotzky M. Y.: Reference book on higher mathematics. M.:Science, 1973. s. 870

SUMMARY

A new theory is proposed of the interaction of a flexible purifying blade with the injector face of root-
crops in the case when the blade installed on the driving side shaft accomplishes plane motion. On the basis of
the obtained differential equations of the blade motion some new mathematical dependencies, describing the
basic parameters of this interaction , are given.



