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The main index of quality work of wide-span tractors for controlled traffic farming is the scale of damaging
the plants with the working tools. Damaging the plants is considerably dependent on the scope of transversal
deviations of the working tools which is conditioned by the movement stability of the wide-span tractor and
some deviation from the trajectory of the established controlled traffic farming and working tools in the field
dimension. Therefore, the study of the transversal movement of the working tools of a wide-span tractor and
the impact of their deviations on the quality of implementing the technological process requires in-depth re-
search and substantiation of constructive and kinematic parameters, which would ensure high quality of their
work within the controlled traffic farming system. Aim. To enhance the work quality of the wide-span tractors
using the elaborated mathematical model of transversal deviations of the working tools, which would allow
substantiating the constructive and kinematic parameters as well as the scope of the protection zone, based
on condition of avoiding damage to the plants. Methods. The methods of building estimated mathematical
models for the functioning of agricultural machines and equipment, based on theoretical mechanics, advanced
mathematics, and the probability theory were used. Results. The article offers the methods of determining
kinematic parameters of wide-span tractors and the probability of damaging plants in a row, which provide
for substantiated selection of distances between the kinematic center of the tractor and the center of resistance
of the device, used to lay the controlled traffic farming, and the working tools as well as for selection of the
scope of the protection zone with the consideration of their constructive parameters, stability and movement
controllability. New mathematical dependences were elaborated, the application of which allows determining
permissible thresholds of transversal deviations of the working tools, remarkable for standard deviation in
agrotechnical conditions regarding the damage to plants in a row, which takes place while estimating the work-
ing indices of wide-span tractors in the controlled traffic farming. Conclusions. The optimal zone of placing
the devices for controlled traffic and working tools is concentrated on minimally possible longitudinal distance
from the kinematic center of the tractor. The factor of deviation difference should be taken into consideration
while placing the working tools for wide-span tractors.
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INTRODUCTION

Wide-span tractors for controlled traffic farming are
getting more popular in the world [1-3]. The main
quality index of their work is the scope of damaging the
plants with working tools. The major reason of damag-
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ing plants is large-scale deviation of the working tools,
which are the farthest from the center of tracking the
movement of the wide-span tractor. Transversal devi-
ations of the working tools depend on the movement
stability of the wide-span tractor, which results from
the impact of many factors: uneven resistance of soil,
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type of an agent, and its moment of resisting the turn,
speed of movement, effective forces, etc. Due to the
fact that their track width exceeds the wheelbase sev-
eral times, the course angular and transversal devia-
tion leads to considerable shifts of the working tools,
especially the farthest ones, which impacts damaging
the plants in a row.

Another reason of damaging the plants is some dif-
ference in the trajectory of the controlled traffic and the
working tools of wide-span tractors in the field. The
nature of this phenomenon lies in the fact that the ki-
nematic center of the tractor does not coincide with the
axis, passing through the tracking point for its move-
ment trajectory. For instance, in widely common sam-
ples of the mentioned tractors, which are girder tractors
ASA-Lift WS 9600 WS [4], Douler [5], BIOTRAC [6]
and others, the cabin with the tracking-steering system
or the steering agent is located on one side. The very
movement trajectory of the mentioned wide-span trac-
tors is conditioned with parameters of controlled traf-
fic. The latter is usually formed using special equip-
ment, for instance [7]. For the mutual deviation of
the formed trajectory of the controlled traffic and the
working tools to be minimal, which is the condition of
quality work, it is necessary either to minimize the am-
plitudes of transversal shifts of the working tools, or to
achieve the synchronous oscillations of the trajectories
of the controlled traffic and the working tools for each
frequency.

The study of the movement stability of specialized
wide-span tractors is the object of a special study, rath-
er sufficiently covered in [8—11], thus, it is not viewed
in this work. The task is to determine mathematical re-
lations, which allow determining the qualitative impact
of constructive and kinematic parameters of a wide-
span tractor on the value of transversal deviations of
the working tools, and, depending on the scope of the
protection zone, — the impact on the damaging of plants
in the row.

When a high level of automatization of driving the
known wide-span tractors is taken into account, it is not
deemed possible to minimize the amplitudes of trans-
versal deviations of the working tools. Then, ensuring
the synchronous trajectory of the stable technological
track and the working tools in the field is the actual way
of improving the work quality.

Therefore, the study of the transversal movement of
the working tools of a wide-span tractor and the im-
pact of their deviations on the quality of implementing
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the technological process require in-depth research and
substantiation of constructive and kinematic param-
eters, which would ensure high quality of their work
within the controlled traffic farming system.

The aim of the study was to elaborate the mathemati-
cal model of transversal deviations of the working tools
of a wide-span tractor, which would allow substantiat-
ing some of its constructive and kinematic parameters
as well the scope of the protection zone, based on the
conditions of avoiding damage to plants.

MATERIALS AND METHODS

The methods of building computational mathemati-
cal models for the functioning of agricultural machines
and equipment, based on theoretical mechanics, ad-
vanced mathematics and the probability theory were
used in the theoretical research.

RESULTS AND DISCUSSION

Let us apply the kinematic point of view to consider
the main factors, impacting the transversal deviation of
the tools for controlled traffic, and the working tools
of a wide-span tractor, moving along the formed con-
trolled traffic (Fig. 1).

As the number of kinematic parameters of a wide-
span tractor is high, and the threshold of their variation
is wide, let us make a mathematical model first, which
would reflect the value of the amplitude of the mutual
deviation of trajectories of the controlled traffic and the
working tools. To turn off the impact of the tracking-
steering system, the model was created for the case of
ideal copying of the given trajectory of the equipment
by the tracking point in order to lay the tracks of con-
trolled traffic. This would allow modelling the tractor
movement while laying the tracks of controlled traffic
and the working movement as one multi-link elastic-
framed vehicle.

Let us assume that in actual conditions the mentioned
trajectories are periodic oscillations, which may be
expressed by a sum of the final number of sinusoids:

- n 2
0=3 dcsin(ZEv+0), (1)

where 4, T, ¢, — amplitude, period, and phase of trans-
versal oscillations of the working tools at i-frequency;
n — the number of intervals in the line of passing the
frequencies of a wide-span tractor; y — the length of
the way.
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ALIA

a

Fig. 1. The scheme of a wide-span tractor in the composition of equipment for controlled traffic («) and the working tools (b)

If one assumes that the spectra of trajectory frequen-
cies of controlled traffic and the working movement of
a wide-span tractor coincide, when the trajectories of
their working tools are superposed, the mutual devia-
tion of the latter may be expressed with the relation (1)
with the change in values of amplitudes and phases.
The transversal deviations of the working tools from
the given movement direction of the kinematic center
of the tractor (KCT, see Fig. 1), while laying the tracks
of controlled traffic along the sinusoid 4, and period 7,
are approximately expressed in the relations, built us-
ing the method [12]:

T+ 4n(l, +d)d, .
)(1:' = Ao; . Tz_n‘_ E‘-ﬂzdz ) Sln(%(.y_ll)) +
2xT], 2 ! )
e VA
4,7, (3)

2i

= X
I+ 4w d) )T+ A’ L))(T+ 47'd,)
<{(T; +4n'(l, + d)d,) (T, + 4’ (LL, + Ld, + d)) +
47l (L -L)T+ 4x'ld (1, + dz))}sin(%” (IR A )) +

+ 2m{l, f[ﬂz + 47[2(lelz +1d, + dzz)] + [le + 47[2(11 +d,)d ]x

< Ty - aljeos(ZE - 121,71,

where /, and d, — longitudinal distances from the resis-
tance center R, of the tool of controlled traffic to the
kinematic center of the tractor, and instantaneous cen-
ter of the turn C , see Fig. 1, a; [, and d, — longitudinal
distances from the resistance center R, of the working
tools to the kinematic center of the tractor and instanta-
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neous center of the turn C,, see Fig. 1, b; [ — longitudi-
nal distance from the tracking center £ according to the
trajectory of the working movement of the tractor to its
kinematic center, see Fig. 1, b.

In formula (3) the double sign «£» or «F» is used for
the direction of the working movement of the trac-
tor: upper sign — along controlled traffic, lower sign —
against the traffic.

The value of mutual deviations of controlled traffic
and the working tools of a wide-span tractor, accepted
for the target function, will be expressed in the formula:

AX; = X5 — Xy — min 4

The task of optimization in each i-th frequency of
oscillations and the accepted direction of the working
movement of a wide-span tractor comes down to the
selection of several variants of parameter ratios /, /,,
d,, d,, l.l;, which will ensure minimization of 4X,. The
values of periods 7; are selected in the band of passing
the frequencies of the wide-span tractor with an even
step AT; =10 m, i.e. T,=10 m, T, =20 m, etc. The con-
sideration of oscillations with the period, exceeding
50 m, is senseless as such trajectories may be consid-
ered practically linear.

The results of calculations are presented in Table 1.

The calculations demonstrated that from the ki-
nematic standpoint, the optimal zone of placing the
tools for controlled traffic and working tools is con-
centrated at a minimally possible distance from the
kinematic center of the tractor. The optimal longitu-
dinal distance from the kinematic center of the trac-
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tor to the tracking point for the movement trajectory
is 3—4 m.

If the tools of controlled traffic are placed further
from the kinematic center of the tractor, there should
be rigid fixing. The working tools should have flexible
fixing here, and be placed from the resistance center at
a minimally possible distance from the tools of con-
trolled traffic.

Let us elaborate mathematical relations which would
allow defining the permissible threshold of transversal
deviations of the working tools of a wide-span trac-
tor and substantiating the value of the protection zone,
based on condition of avoiding damage to plants. Here
we will take into consideration that the total deviation
of a separate working tool consists of deviation X, of
the center of the tractor (t. S) from the given movement
trajectory and its own shift due to angular deviation
(see Fig. 1).

The deviation of the center of a wide-span tractor
takes place due to the simultaneous effect of many
independent variable factors [8—11], thus it may be in
agreement with the law of normal distribution. Though
this fact requires experimental confirmation, we will
make this assumption at this stage of our studies. The
transversal deviations of the working tools due to angu-
lar turns of the tractor depend on the value of the latter,
which changes all the time, and parameters, character-
izing their placement. As known from the probability
theory, the presence of independent variable factors in
the total amount, acting on one of the prevailing pro-
cesses, may lead to inconsistency of the law of normal
distribution. This is the case for transversal deviation
of the working tool, where a constant factor, affecting

the process, is a parameter, characterizing its location
in the device.

Let us assume that curves / and 2 (Fig. 2) character-
ize the density of locating the probability of deviations
of separate working tools of a wide-span tractor from
the given direction of movement Y; ~ ¥; and location of
plants regarding the axis of the row Y.~ Y.. The leg Z is
the zone of possible location of the working tool with
some probability p(X,,) and the location of plants with
probability p(X.y).

Then the probability of damaging the plants p(D,)
in the zone Z may be defined based on the theorem of
multiplying the probability [13]:

3(Dz) = p(X,, - X)) = p(X,) - p(X,,) (4)

If the protection zone C is sufficiently large, so that
curves / and 2 (see Fig. 2) do not cross, then the zone
Z is absent and there will be no damage of plants via
cutting with the working tool. Using Fig. 2, we find the
values for boundaries for X, and X, of zone Z:

X,,=C—noy.»
XIIZC*HO'Xp (5)

where oy, and oy — average deviation of the working
tool and location of plants; noy, and noy, — threshold
of deviations, where the value n may be reliably ac-
curately accepted as equal to 3; C — the value of the
protection zone.

The probability of finding the working tool p(X,,) in
the zone Z in the general form may be expressed via the
function of location F(noy) and F(X),) and the density
of probability [14]:

no, X,
PX)=0(X,<X,<na,)=F(no,)-F(X,)= ] AX)dx— | fX)dx. (6)

The values of kinematic parameters of a wide-span tractor and mutual deviations of trajectories of controlled traffic and the

working tools

Kinematic parameters, m

The mutual deviations of the trajectories of controlled
traffic and the working tools, m, in case of oscillations
with the period 7}, equal, m:

I, d, 1, d, 1, 10 20 30 40 50

0 0 0 0 4 0.0004 | 0.0004 | 0.0004 | 0.0004 | 0.0004
2 1 2 1 4 0.182 0.035 0.011 0.005 0.003
2 20 2 1 4 0.156 0.095 0.064 0.046 0.036
4 50 3 0 3 0.095 0.153 0.119 0.094 0.076
0 0 0 0 4 0.0004 | 0.0004 | 0.0004 | 0.0004 | 0.0004
2 1 2 1 4 0.182 0.035 0.011 0.005 0.003
2 20 2 1 4 0.156 0.095 0.064 0.046 0.036
4 50 3 0 3 0.095 0.153 0.119 0.094 0.076
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Fig. 2. The scheme of the density of probabilities for devia-
tions of the working tools from the given direction of move-
ment / and the location of plants regarding the axis of the
row 2

Let us similarly present the probability of placing the
plants p(X,,) in the same zone:

P(X,) = 0(-no,<=X,<=X,) = F(=X,)-F(-no,) =
ne, @)

= f f(X)dx - JAX ).

Setting (6) and (7) into (4) and considering the equa-
tions (5), we will obtain the probability of damaging
the plants, expressed via the density of probability of
deviations of the working tools and the location of
plants:

no,, C-na,,

Sy [ ()]

—(C-no,,) —noy,

aD,) = S fX)dx— ] (X)dx|. (8)

In case of normal law of location, if we take the
known dependence of normalized density of probabili-
ty [14] and introduce the relative signs of integral func-
tions, the equation (8) will look as follows:

oD = [F(n)X F(C ”“X')] [F( W — F(C ””Xf)] )

F(n),, :\/%77!: ezth,,
Fln), :%ﬂff" Ca,,
where
F(C U’f’() = \/%771' Jedr,
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C-no,,
C-no % 1,
F (O.—XXt) = \/— J e > dt,.>
X dx X dx,
t,= —dt,=—"t,= —dt,=—"
O-Xt O-Xr UXr o-Xr

The equation (9) is just for the assumption, according
to which the distribution of deviations of the working
tools and location of plants in the row is in good agree-
ment with the normal law (Laplace-Gauss law). How-
ever, due to the fact that for traditional machine-tractor
aggregates, the “external” and “internal” deviations of
the same working tool are uneven for the same angular
oppositely directed deviations of the tractor [15], it is
probable to expect the same result for the wide-span
tractor. The latter cannot but reflect on the character of
distributing the whole aggregate of transversal devia-
tions of the working tool of a wide-span tractor.

Using Fig. 1 we find that the kinematic “internal”
deviation of the working tool (see t. 4 of the working
tool) at the expense of angular deviation of the tractor
for angle ¢, equals:

a; =xsin(y + f) = x(siny - cosp + cosy - sin p), (10)

where x = KA = AK, — deviation of the working tool;
y — angle, which depends on constructive parameters of
the tractor (b, /); f — angle, which depends on the value
of angular deviation of the tractor ¢.

Similarly, for external deviation of the working tool:
awe =xcos(y + f) = x(cosy - cosfp—siny - sin p). (11)

After expressing the values of the right part of equa-
tions (10) and (11) via constructive parameters b and
[ of the tractor, and the direction angle ¢, we shall re-
ceive the following dependencies of transversal devia-
tions of the working tool:

= Ising + b(I—cosp);

a:e = Ising — b(1-cos). (12)

where b and / — the distances from the longitudinal and
transversal axes of the wide-span tractor, which goes
through its center, to the working tool.

For the farthest working tool, the constructive pa-
rameter b in relations (12) is in proportion to the width
of the track of the wide-span tractor, which, based on
Fig. 2 may be presented as:

2b,=K—2e (13)

where b, — the distance from the transversal axis of the
wide-span tractor, which goes through its center, to the
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farthest working tool; K — the value of the track of the
wide-span tractor; e — technological zone.

Let us assume that the technological zone according
to Fig. 2 is defined by the width of the controlled traffic
s, and the scope of the protection zone C:

i=0.5s,+N. (14)

Taking into consideration relations (13) and (14), the
equations (12) of transversal deviations for the farthest
working tool will look as follows:

a(pi = Ising + (O.SI:E —0.5s, —]SJ) (I—cosp);
a,” = Ising — (0.5E - 0.5s,— N) (I-cosp). ~ (15)

As seen from the equations obtained (15), the inter-
nal and external deviations of the working tools are not
equal (awi * awe) for the same angular deviation of the
tractor for the value ¢. The value of the quantitative
change in the internal aaf and external o, deviation of
the farthest working tool depending on the angular de-
viation ¢ of the tractor with the different values of its
track K may be observed in Fig. 3.

As seen in Fig. 3, the difference in the shifts of the
farthest working tools increases with the increase in
the track of the tractor K and the angle of deviation ¢.
The difference between deviations is insignificant for
slight changes of the mentioned parameters. Thus, one
should consider the factor of the difference in devia-
tions of the working tools (especially the farthest ones)
for wide-span tractors, as it tells on the asymmetry of
distribution.

Thus, if singular shifts of the working tool from the
given movement direction to opposite sides are un-
even, their combinations will not be equal either. It is
not hard to confirm this fact if the right part of equa-
tions (15) will have the value of the average angular
deviation of the tractor instead of the singular value of
angle ¢. Here we will obtain the average deviation of
the working tool, which corresponds to the average an-
gular deviation of the tractor.

The application of the simple change in singular (ran-
dom) values for average ones within small values of
angles ¢ is quite acceptable, as the mentioned equa-
tions present a linear function for this condition and it
is not necessary to conduct any linearization.

Taking the abovementioned into consideration, the
equations (15) will look as follows:

0,= Isino, + b(1 — cosa,);

(16)

0,= Isino, — b(1 — coso,),
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Fig. 3. The internal awi (—) and external a; (---) shifts of
the farthest working tool depending on the angular deviation
@ of the tractor with different values of its track K

where g,,0, — average deviations of the internal and
external shifts of the working tool at the expense of the
angular deviations of the tractor; o, — average devia-
tion, characterizing the combination of all the angular
deviations of the tractor from the given direction of the

movement.

As the shift of the working tool at the expense of an-
gular deviations of the wide-span tractor is a constitu-
ent of total shifts, the latter are not even for its opposite
deviations either:

A0, = 0y~ Oy, = 2b(1 - cosa,)

(17)

Ao, — the absolute difference between the internal and
external shifts of the working tool from the average
course angular deviation of the wide-span tractor.

The obtained equation (17) demonstrates that the ab-
solute difference in the shifts of the working tool due
to angular deviations of the wide-span tractor depends
considerably on its constructive parameter b. The value
of quantitative change in the difference between the av-
erage deviation of the working tool of the wide-span
tractor depending on its average angular deviation for
different values of b may be observed in Fig. 4.

Based on Fig. 4, the assumption may be made that
the wider the track of the wide-span tractor, and thus,
the longer distance is from its longitudinal axis, going
through the center, to the working tool, the more signif-
icant the difference between the internal and external
average deviations is. The latter is more evident with
the increase in the average angular deviation, charac-
terizing the combination of all the angular deviations of
the mentioned tractor from the given direction of move-
ment. Thus, a conclusion may be made that the automa-
tization of managing the movement of the wide-span
tractor with the purpose of decreasing the combination
of all its angular deviations from the given direction of
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movement will allow reducing the probability of cut-
ting the plants in a row with working tools, especially
the farthest ones.

Let us consider the damage to the plants with the con-
sideration of asymmetry of the distribution of shifts of
the working tools.

Let us assume that curves / and 3 (Fig. 5) charac-
terize the density of the asymmetrical distribution of
probability of transversal shifts of the working tools,
located on both sides of the row, and curve 2 — location
of plants. It is evident that the probability of the left
working tool occurring in the zone Z, does not equal
the probability of the right working tool occurring in
the zone Z, (the areas of shaded parts of the zone Z,
and Z, legs I and 3 are uneven), i.e.

PXz) # p(Xiz). (18)
The same is true for the location of plants:
PX.z) # p(X,2). (19)

The damage to plants by the left and right working
tools is generally defined as:

p(D,) =pXy X)) = pXy)  PX,5);
p(D,)=pXy, - X,)=pX,) pX,).

As the right parts of equations (20) are not even,
then p(D,) # p(D,,). Therefore, we come to the con-
clusion that the damage to plants due to cutting on
condition of the same protection zone N is different
for the left and right working tools. The difference
in damage increases with the increase in asymmetry
of the curves of distribution of the deviations of the
working tools and plants.

(20)

To determine the probability of damaging the plants
in this case, it is reasonable to use the distribution law,
taking into consideration the excess and asymmetry of
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the distribution [14]. The function of density for the
given distribution is expressed with the sufficient de-
gree of accuracy with the equation [14]:
r r—3

F0=f0 -2 o+ 5200,
where f{X)— the normal function of distribution density;
f9(X) — j-th derivatives of the normal function of distri-
bution density; r?, r* — the main moments.

Thus, the probability of damaging the plants with the
left and right working tools regarding the axis of the
row will be defined as follows:

[Fona =2 7o, + 52 .-

0D, = [F(c nUX,) m(c no—x,)+ 3 (3)(C—naX,)] )
0’){/ 6f JX/ 24 f 0-)(1

[ C—no\ n, (2)(7 C- 110')“) r,—3 (3)(7 C- 110')“)]7
[F( Oy, ) 6f Oy, * 24 ! Oy,

” G

X
o r,—3 .
[FCm 2 r2em, + 2,
=3 (x)(,c__”ax") —

C—no C—no
A=) 2ol —*) sl
0(D,) = Oy, 6 Oy 24 Oy, %

- [Fem- 2 e s B2 )

(23)
+2 o)
) riem)

[l

)

The abovementioned may be used to make a conclu-
sion that both working tools of the wide-span tractor,
located on both sides of the row, should be placed at the
uneven distance from the axis of the row. In our case,
with damage to plants up to 1%, the protection zone
of the rows, processed with the farthest working tools
should be 13 and 16 cm respectively.

CONCLUSIONS

The mathematical methods of determining kinematic
parameters of wide-span tractors and the probability
of damaging plants in a row, which provide for sub-
stantiated selection of distances between the kinematic
center of the tractor and the center of resistance of the
device, used for controlled traffic and the working tools
as well as for selection of the scope of the protection
zone with the consideration of their constructive pa-
rameters, stability and movement controllability, were
suggested.
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Y C Y
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Fig. 5. The scheme of the density of the asymmetrical distribution of the probability in the shifts of the left / and the right 2
working tools on both sides of the row from the given direction of movement and location of plants 2

New mathematical dependences were elaborated, the
application of which allows determining permissible
thresholds of transversal displacements of the working
tools, remarkable for standard deviation in agrotechni-
cal conditions regarding the damage to plants in a row,
which takes place while estimating the working indices
of wide-span tractors in the controlled traffic farming.

The factor of displacement difference should be taken
into consideration while placing the cultivator working
tools for wide-span tractors. The scope of the protec-
tion zone for the working tools, located externally from
the geometrical axis of the row and the center of the
tractor should be larger than that for the internal ones
on condition of even damage to plants in the row (ap-
proximately for 3 cm).

The value of internal and external deviations of the
working tools as well as the absolute difference in aver-
age deviation is considerably dependent on their longi-
tudinal and transversal locations regarding the center of
the wide-span tractor and is defined by the value of its
angular deviation from the given direction of movement.
In case of small value of the given parameters, the value
of deviations and the absolute difference in their average
shift is insignificant. The automatization of managing
the movement of the wide-span tractor with the purpose
of decreasing the combination of all its angular devia-
tions from the given direction of movement will allow
reducing the probability of cutting the plants in a row
with working tools, especially the farthest ones.

It was determined that from the kinematic standpoint
the optimal zone of placing the tools for controlled traf-
fic and working tools is concentrated at a minimally pos-
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sible longitudinal distance from the kinematic center of
the tractor. If the tools of controlled traffic are placed fur-
ther from the kinematic center of the tractor, there should
be rigid fixing. The working tools should have flexible
fixing here, and be placed from the resistance center at a
minimally possible distance from the center of resistance
of the tools of controlled traffic. The optimal longitudi-
nal distance from the kinematic center of the tractor to
the tracking point for the movement trajectory is 3—4 m.

MaremaTiu4yHe MO/IeJIIOBAHHA PYXiB po00o4uX opraHis
arpo3aco0y B KoJiliHiii cucTemi 3emiiepodcTBa
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[Ip. b. XmenpHuipkoro, 18, Memitomnoss,
3aropi3bka 0011, Ykpaina, 72310

[onoBHMI MMOKA3HUK SIKOCTI POOOTH MIMPOKOKOIIHHHUX arpo-
3ac00iB sl KOJIMHOT cHCTeMH 3emiiepoOcTBa — BEIMYKMHA
TIOIIKOJDKYBAHOCTI POCIMH podounMu opranamu. [lomkon-
JKYBaHICTh POCIWH 0araro B 4OMy 3JICKUTh BiJ BETMUYUHU
MONEPEKOBHUX 3MILIEHb POOOYMX OpraHiB, 10 00YMOBJIEHO
CTIHKICTIO PyXy HIMPOKOKOJIMHOTO arpo3acoly i HEBHOIO
po30iXKHICTIO TpaekTopii c(hOPMOBAHOI IMOCTIHHOI TEXHO-
JIOT1YHO{ KOJIii 1 poO0oUnX OpraHiB B IUIOMIMHI TOJs. Takum
YUHOM, BHMBYEHHS IOIEPEKOBOIO PyXy pOOOUYMX OpraHiB
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ITHPOKOKOJIIHOTO arpo3acoly Ta BIUIMB HOTO KOJIMBaHB Ha
SKICTh BHUKOHAHHS TEXHOJIOTIYHOTO TMPOIECYy BHUMAararoTh
DIAOIIOTO JAOCIHIKEHHS H OOTPYHTYBaHHS KOHCTPYKTHBHHX
1 KIHEeMaTW4YHUX MapaMeTpiB, IO 3a0e3MeYUTh BHCOKY
SIKICTB 1X poOOTH B KOJMIHHIN cucTeMi 3eMiepoOcTBa. MeTa.
[TigBuIIEHHS SKOCTI pOOOTH HIMPOKOKOJIMHUX arpo3aco0is,
3aBASKH PO3POOJICHHIO MAaTEMaTHYHOT MOJIEITi TTOTIEPEKOBHX
3MillIeHb POOOYMX OpPTaHiB, JT03BOJIUTH OOIPYHTYBaTH KOHCT-
PYKTUBHO-KIHEMaTH4HI TTapaMeTpH, a TaKoXK BEINYHHY 3a-
XHMCHOT 30HH, 32 YMOB BiJICYTHOCTI TIOIIKO/KYBaHOCTI pocC-
muH. MeToan. 3acTOCOBaHO METOAM MOOYJOBH pPO3paxyH-
KOBHX MaTeMaTHYHHUX Mojeiel (QpyHKIIOHYBaHHS CIJIbCHKO-
TOCMOAAPCHKIX MAIIMH i MAITUHHUX arperaTriB Ha OCHOBI
TEOPETUYHOT MEXaHIKH, BHIIOT MaTEeMaTUKH Ta TEOPii iMO-
BipHOCTI. Pe3yapTaTn. 3anpornoHoBaHi METOIM BU3HAYECHHS
KiHEMaTHYHMX TapaMeTpiB MIMPOKOKOJIIHHUX arpo3acodiB i
IMOBIPHOCTI TOIIKOKEHHS POCIHH Y PSAKY, SIKi JO3BOJS-
0T OOIPYHTOBAaHO OOMpATH BiACTaHI MK KiHEMaTHIHUM
LIEHTPOM arpo3acoly 1 HEHTPOM OINOpYy 3HAPSJIS JUIsl TIPO-
KJIaJIaHHS TIOCTIHHOT TEXHOJIOT1YHO]T KOJIiT 1 pOOOYMX OpraHis,
a TaKoXX 0OMpaTH BETMYMHY 3aXHCHOT 30HH 3 ypaxyBaHHIM IX
KOHCTPYKTHBHHX ITapaMETPiB, CTIMKOCTI 1 KEPOBAHOCTI PyXY.
Po3pobieHo HOBI MaTeMaTHyHI 3aJeXHOCTi, BAKOPUCTAHHS
SIKMX JIO3BOJISIE BU3HAYATH JIOIMYCTHMI MEXI ITOTICPEKOBHX
3MIIIeHb POOOYMX OpraHiB, SAKi XapaKTepHU3yIOThCS Ce-
PEIHBOKBAIPATUYHUM BIJIXMJICHHSIM arpoTeXHIYHHX YMOB
I10J10 MOIIKO/PKYBAHOCTI POCIIHH Y PSJIKY, 1110 Ma€ MicIie IpH
OILIHIII ITOKA3HUKIB POOOTH MIMPOKOKOJIIHNX arpo3acobiB B
KOJIiHHINA cucTeMi 3emiepobcTBa. BucHoBkH. OnTrManpHa
30HA PO3MIIICHHS 3HAPSAMAS IS MPOKIAJaHHSI MOCTIHHOT
TEXHOJIOTIUHOI KOJIii 1 pOOOYMX OpraHiB 30CEpe/KCHA Ha
MiHIMAJIbHO MOXKJTHBIH BETMUWHI TIPSMOT BiJICTaH1 Bif KiHe-
MaTHYIHOTO IIeHTpa arpo3acoly. [Ipu po3craHoBII poOodnx
OpraHiB JijIsl ITUPOKOKOIIHHIX arpo3aco0iB CJIiJl BpaXxoByBaTH
(axTop pi3HHI IX 3MIIICHB.

KuarouoBi c1oBa: xomiliHa crcTeMa 3eMIepoOCTBa, ITHPOKO-
KOJIMHMI arpo3aci, MOIKOMKYBaHICTh POCIHH, ITOTIEPEKO-
Bi 3MIIICHHSI.
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[mmaBHBIN TIOKa3aTeNs KauyecTBa PabOTHI ITMPOKOKOICHHBIX
arponpHrcrocoOICHNH JUTs Iy TeBOM CUCTEMBI 3eMIICICIIHS —
BEJIMYMHA TOBPEKNTAEMOCTH PACTEHHH pabOYMMH OpraHa-
Mmu. IloBpexnaeMocTh pacTeHUH BO MHOTOM 3aBHCHUT OT
BCJIMYUHBI TOMCPCUYHBIX CMGHICHPII?I pa60tmx OpraHos, 4TO
00YCIJIOBIIEHO yCTOWYMBOCTBIO JIBHKCHUS ITHPOKOKOICHHO-
TO arpoNpHUCIOCOOICHUSI M ONPENCICHHBIM PACXOXKICHHEM
TPAEKTOPUH CIIOXKHMBIIEHCS] IMOCTOSTHHOM TEXHOJIOTMYECKOH
KoJIen ¥ pabo4MX OpraHoB B INIOCKOCTH mouisl. Takum oOpa-
30M, M3y4YCHHE MOIEPEYHOTO JIBM)KEHHsI pabovnMX OpraHoB
IIMPOKOKOJICHHOTO arponpUCIIOCOONIEHUsT M BIHSHHE HX
KOJIeOaHUi Ha KadeCTBO BBINOJIHEHMS TEXHOJIOTMYECKOTO
mporiecca TpeOyIoT 6osee TITyOOKOTO UCCIeIOBaHUS 1 000C-
HOBAHMS KOHCTPYKTUBHBIX ¥ KHHEMaTHYECKUX ITapaMeTpoB,
YTO 00ECIIEUNT BHICOKOE KauyeCTBO X PadOTHI B ITyTEBOH
cucreme 3emiuenenus. Lleas. [ToBblenne kayecTsa paboThI
LIMPOKOKOJICHHBIX arponpucriocoOieHui, onarouaps paspa-
0OTKE MaTeMaTHMYeCKOW MOJENH TIOMEPEUHBIX CMEIEHUI
pabodux OpraHOB, TO3BOJIUT O0OOCHOBAaTh KOHCTPYKTHBHO-
KMHEMaTH4eCKne IapaMeTphl, a TAaKKe BEIMUYMHY 3all[HT-
HOW 30HBI NPU OTCYTCTBUHM MOBPEKAAEMOCTU PACTEHUIL.
Metoabl. IIpuMeHeHBI METONBI MOCTPOCHMS PACUCTHBIX
MaTeMaTH4eCKuX Mojeliel (pyHKIMOHHUPOBAHHUS CEIbCKOXO0-
3SMCTBEHHBIX MAIIMH M MAIIMHHBIX arperaroB Ha OCHOBE
TEOPETHUCCKON MEXAHUKH, BBICIICH MaTeMaTHKNA M TEOPHUH
BeposTHocTH. Pedyabrarsl. [IpeanoxeHHbIe METOBI OIIpe-
JIeNIeHs] KHHEMaTUYeCKUX MapaMeTpOB HIMPOKOKOICHHBIX
arponprcrnocoOICHNI 1 BEPOSITHOCTH TTIOBPEXKICHUS pacTe-
HUH B KOJI€e, KOTOpbIE IO3BOJISIOT OOOCHOBAaHHO BBHIOU-
paTh PacCTOSHUS MEX1y KHHEMaTHUECKOW IIEHTPOM arpo-
TIPUCIIOCOJICHUS. U IIEHTPOM COTNPOTHBIICHUS OPYIAHS IS
TIPOKJIA/IKM TOCTOSTHHON TEXHOJIIOTMYECKON KOJIEH 1 pabounx
OpraHoB, a TAaK)Ke BBHIOWPATh BEIMYHMHY 3alUTHON 30HBI C
Y4€TOM HX KOHCTPYKTMBHBIX IapaMeTpoB, YCTOHUMBOCTU
1 yOpaBIIEMOCTH IBIKEHHs. Pa3paboTaHbl HOBBIE Mare-
MaTHYECKHE 3aBUCHMOCTH, UCTIOIb30BAHNE KOTOPBIX MO3BO-
JISIET ONPENeIsATh AOMYCTUMBIE MPEIENIbl TIONEPETHBIX CMe-
IIeHNH pabo4YMx OPraHOB, XapaKTEPH3YIOUIMXCS CpeIHe-
KBaJpaTUYHBIM OTKJIOHEHHEM AarpOTEXHUYECKHUX YCIOBUI
M0 TOBPEXKJAEMOCTH PAcCTeHUIl B Kojiee, KOTOPOE HMEET
MECTO TPH OLIEHKE MoKasaTesell padoThl HIMPOKOKOIEHHBIX
arpornpucroCcOOICHNIT B ITyTEBOM CHCTEME 3eMIICIIENHS.
BoiBoabl. OnTuManbHas 30HA pasMEIICHHS OpPyAus s
TIPOKJIA/IKM TTOCTOSTHHON TEXHOJIIOTMYECKON KOJIEH 1 pabounx
OpPraHOB COCPENOTOYEHA HA MUHUMAIBHO BO3MOXKHOM Be-
JIUYMHE MPSIMOM PacCTOSHUS OT KMHEMaTH4YeCKOro IIEHTpa
arponpucnocoOnenus. [Ipu paccraHoBke pabounx OpraHoB
JUISL IIMPOKOKOJIEHHBIX arpoNpHUCIOCOOICHUH ClIeyeT yuu-
TBIBaTh (haKTOP PA3HUIIBI UX CMEIICHHUH.

KaoueBrnie cioBa: myTeBass CUCTEMa 3CMJICACIINS, MINPO-
KOKOJICHHO® aI‘pOHpHCHOCOﬁHCHHe, MOBPECIKAACMOCTb paCTC-
HPIFI, TIOTIEPEYHBIE CMEIICHU S
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