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Summary

The article presents the results of research carried out during the creation of a machine for contact
weed control and clarification of the parameters of its operation.

The purpose of the research, the results of which are set out in the article, is to prove experimentally
the hypothesis put forward in the course of creating a machine for contact weed control about the effect
of acceleration of the cut of the stem on which the working solution is on the value of unproductive losses
of the working solution.

Methods. To achieve the goal of the work, experimental studies have been carried out. The experimental
results were processed according to the method of a mathematical full-factor experiment on the MathCAD
v.14 software product.

Results. In the course of experimental studies, it was found that the operation of the machine at a
height of less than 0.2 m is inappropriate, because the accelerations during the oscillatory process of
the stem reach significant values and lead to the dropping of the working solution from the stem of the
plant. Based on the results of experimental studies, a regression equation was obtained, which reveals the
dependence of the efficiency of weed control on the installation height of the machine, the diameter of the
weed stems, and the cut angle.

Conclusions. In the process of experimental studies, it was found that the acceleration of the edge
(cut) of the stem, on which the applied working solution is located, significantly affects the amount of
unproductive losses of the working solution. A sharp increase in the acceleration of the tops of the stems
when they move from the deflected position to the initial position leads to the discharge of the applied
drop of herbicide from the cut of the stem. This is unacceptable for two reasons. First, the herbicide enters
the soil and, as a result, leads to its pollution. Secondly, the effectiveness of weed control is significantly
reduced due to losses and leads to the need to increase the doses of herbicides. This leads to increased
financial costs for weeding. It has been experimentally established that it is advisable to cut plants at a
height of at least 0.2 m. The introduction of the established requirement for the height of the machine
location allows avoiding the indicated undesirable consequences.

Keywords: ecological aspect, weeds, chemicalization, destruction, machine, method of weed control.

Introduction. Chemicals are now the other, 2010; Stuebler H.; Kraechmer H. and
mainstay of weed control. The application of other, 2008; Binimelis, R., Pengu and other,
the chemical method allows: to reduce labor 2009] compared to the mechanical method;

costs by 6-8 times; reduce the amount of destroy the root system of the plant [ Solovieva
work by 50-80 % [ M Green, Micheal D. and N, 2001; Adinyaev E. D., 2002]. Chemical
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compounds inhibit the development of a
group of weeds or other harmful organisms
and do not cause much damage to beneficial
crops. Chemicalization in agriculture is
developing [Ghimire Narishwar, Woodward
Richard T., 2013].

The process of its development is
characterized by the diversity of technical and
technological, environmental and economic
aspects, which are interrelated. It should be
noted that the change of one of these aspects
entails the change of others, and significantly
affects the development of agriculture and
human activity. Namely. The effect of the
use of certain chemicals is temporary, because
over time there is resistance to constantly used
drugs. This, in turn, leads to an increase in
the dose of chemicals and, as a consequence,
to an increase in the negative impact on water
resources, soil, people [Lysov A. K., 2012;
Kraechmer H, Drexler D., 2009].

The technology of herbicide application
by spraying leads to wundesirable losses
caused by wind, evaporation, falling, drops
of working solution that settle on the soil
[Wilson, C., Tisdell, C., 2001; Abhilash
P.C., Singh N., 2008]. In addition, existing
weed control processes are inefficient due to
technical reasons and physical and mechanical
characteristics of plants.

The technology of herbicide application
significantly affects the yield and quality level
of finished products, which in turn determines
its economic feasibility and competitiveness.
Weed control technology is closely related
to the design of the equipment used in its
implementation. The choice of equipment
depends on many factors, in particular, the
type of crop, arable land, etc. At the same
time, it is necessary to ensure environmental
protection requirements and optimize the
loss of chemicals.

Problem Statemen. Analysis of literature
sources [Lysov A.K., 2012; Bundza O. Z,
Nalobina O. O. 2017 and other, R.Skuterud,
A.Nordby, 2019; V.Partel, S. Kakarla, 2019]
revealed in:

- the application of the method of
application of herbicides by spraying has
the following characteristic unproductive

TeXHIKO-TeXHONOriYHi acNeKTU PO3BUTKY Ta BUNPOGYBaHHSA HOBOI TEXHIKKN
i TexHonorin gnsa cinbCbKoro rocnogapcTea YKpaiHu

68

losses of the working fluid: losses on dripping
(conventional spraying); wind demolition
losses; losses due to the deposition of drops of
working fluid on the soil surface; evaporation
losses;

-the efficiency of the weed control process
is influenced not only by the characteristics
of the working equipment and the parameters
of the process of interaction of the working
equipment with the plant material, but also by
the physical and mechanical characteristics
of the plants and herbicide;

- one of the promising areas for solving
these problems is the introduction of a contact
method of weed control and the development
of special contact machines [Lysov A. K.,
2012; Bundza O. Z, Nalobina O. O. and
other, 2017; Song Y., Sun H, and other,
2012; Song Y., Sun H., and other, 2015].

The last one is due to the fact that the
technology of weed control with the use
of known contact equipment cannot be
implemented in areas overgrown with weeds,
the stems of which are characterized by high
rigidity.

Methods and Materials. In order to
reduce unproductive losses, a contact action
machine for weed control has been developed
(Fig. 1).

Fig. 1 - Model: 1- tractor MTZ-80, 2- binding
frame, 3- arrow, 4- pykoaTb, 5- hydraulic cylinder,
6- the cutting device with the drive, 7- tor,

8- sorter drive, 9- drum contact device,

10- drum drive, 11- feeder
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The machine consists of three working
bodies: a cutting device, a picker of cut
vegetation and a device for contact application
of herbicide. The design is based on the
following tasks: ensuring effective application
of the herbicide on the cut of the plant stem;
low consumption of working solution and
minimal unproductive losses.

In the process of developing the design of
the machine, namely during the systematic
analysis of the technological process of
interaction of the working bodies of the
machines with plant material, the authors
substantiated the hypothesis of the impact
on the magnitude of unproductive losses of
the working solution. In order to test the
hypothesis it was necessary: 1) to establish
experimentally the dependence of the
movement, speed and acceleration of the top
of the weed stubble on time; 2) to establish
experimentally the rational height of the
machine.

The herbicide is applied to the site, which
is formed on the stems of weeds under the
influence of the cutting device. Applying the
herbicide to the cut of weed stems should be
done in such a way that the drops of working
fluid do not slide down, but are kept on the
site of the cut, which will create conditions
for the penetration of liquid into the stem.
To fulfill this condition, the stem should not
deviate too much from the initial position of
the cutting device and oscillate in the vertical
plane.

The process of oscillation, namely
the acceleration of the stem, we studied
experimentally. Weed stems with significant
stiffness of various diameters were used for
the experiments. This is due to the following:
stiffness index affects the elastic properties of
weed stems; the stiffness index is affected by
the size of the stem diameter.

Given that the stiffness index affects the
elastic properties of weed stalks, it can be
concluded that the acceleration of the top of
the stubble will also depend on this figure.
The stem was placed on the background of
a sheet of thick white paper with grid which
was formed of vertical and horizontal lines
(Fig. 2).
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Fig. 2 - Determination of the acceleration of the
apex of the cut stem of the plant: 1-stem of the
plant; 2-sheet of paper with a grid

Then, installing a camera with video
recording function Canon Ixus S10 and
tilting the plant stem at an angle of 30 ° -40 °,
video recording of the fading oscillations of
the plant stem was carried out. The resulting
video was decomposed into individual frames
with an interval of 0.02 s. Virtual Dub was
used for this purpose. The position of the
end of the stem at each time was recorded on
a scale. After that, according to the obtained
data, a graph of the movement of the top of
the stem was built, where the cut plane is
located, and on the basis of which the graphs
of velocities and accelerations were obtained
by the method of graphical differentiation.
Each experiment was repeated at least three
times. These studies allowed to substantiate
the height of the machine, which provides
optimal solution consumption and effective
destruction of weeds.

The results of the experiment were
processed according to the method of
mathematical full-factor experiment and
software product MathCAD v.14. In general,
a mathematical model that describes the
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dependence of the initial factor (weed control
efficiency) on the input factors (X, X, X))
looks like:

Y=f(X1,X2,X3), (1)

where Y — weed control efficiency,
which was estimated as the number of weeds
distracted in the experimental field, expressed
as a percentage of their initial number;
X,— angle of cut of stalks, grade; X, — stem
diameter, mm; X, — installation height of the
machine, m.

To detail the model, we apply the method
of mathematical planning of the experiment
[Ventzel E., 2007] and write the regression
equation, neglecting the powers of factors
above the first in the form:

y = bo + blxl + bzXZ + blle.X2 + b13x1.X3 +
(2)
+Dy3Xp X3 + b3 X X5 X5

where b, b, b, b, b, b,,
coefficients of the regression equation.

The solution of this model will make it
possible to identify the influence of treatment
height, stem diameter and the angle of cut
on the technical efficiency of weed control.
The reproducibility of the experiments was
checked by the Cochren test, the significance
of the coefficients of the equation - by the
Student’s test, the adequacy of the obtained
mathematical description (regression
equation) by the experimental data was
checked by Fisher’s test.

To assess the effectiveness of weed control
at the experimental site, in several places
bounded by a wooden frame measuring
1x1m, the number of weeds to be treated and
the number of weeds destroyed were counted.
The effectiveness of vegetation destruction
was evaluated:

b —

123

_ A-B o
T = y 100%, (3)
where 7 — efficiency indicator, %; A — the
average number of weeds in the control area
before treatment, pcs.; B — average number
of weeds not destroyed after treatment after
20 days, pcs.
Obtained results. In this article we present
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the results obtained for the stems of orach.
The height of the stems varied within 0.15...
0.25 m, and the diameter was 6 mm. The
following is an experimentally obtained
dependence of the displacement, velocity, and
acceleration of the top of the weed stubble on
the time counted from the time corresponding
to the beginning of the top movement from
the deflected position to the initial position.
Moreover, during the deviation of the stems
from the vertical position to a certain angle,
which did not exceed the angle of fracture
(the value of which was established by us
previously experimentally), the force was
applied at different heights. As a result of the
study of the oscillating process of the top of
the stubble, cut at a height of 0.15 m, it was
found that: the oscillating process of the top
of the stubble quiver with a diameter of 4... 7
mm has the character of damped oscillations
and lasts 0.4... 0.7 s (Fig. 3);

Moving the top of the stubble
The speed of the top of the stubble
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Fig. 3 - Graphs of movement and velocity of the
top of the stubble quiver with a diameter of 6
mm, cut at a height of 015 m

1. The instantaneous velocity of the top
of the stubble quiver reaches its maximum
value during the first period of oscillation and
is in the range of 1.8... 2.8 m / s;

2. acceleration of the top of the stubble
can reach a maximum value of 52... 62 m /
s2 in the first 0.15 s (or 1... 2 periods) of the
oscillating process (Fig. 4);

3. the speed of movement and acceleration
of the top of the stubble does not depend on
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The speed of the top of the stubble

Acceleration of the top of the stubble
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Fig. 4 - Graphs of speed and acceleration of the
top of the stubble quiver with a diameter of 6
mm, cut at a height of 015 m

the speed of movement of the working body.

Research of the oscillating process of the top
of the stubble quiver with a diameter of 6 mm,
cut at a height of 0.25 m, showed that: 1) the
oscillating process of the edge of the terrestrial
part of the quiver stem with a diameter of 4...
7 mm has the character of damped oscillations
and lasts 0.4... 0.7 s (Fig. 4);

2) the instantaneous velocity of the top
of the stubble quiver reaches its maximum
value during the first period of oscillation
and is in the range of 1.7... 2.6 m / s; 3)
the acceleration of the top of the stubble can
reach a maximum value of 32... 43 m / s2
in the first 0.15 s (or 1... 2 periods) of the
oscillating process (Fig. 6); 4) the speed of
movement and acceleration of the top of the
stubble does not depend on the speed of the
working body.

Taking into account the results obtained,
it can be concluded that the operation of
the machine at a height of less than 0.2 m is
impractical, because the acceleration during
the oscillating process of the stem reaches
significant values and cause the discharge of
the working solution from the plant stem.

The obtained regression equation, which
breaks the dependence of the effectiveness of
weed control on the height of the machine,
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Moving the top of the stubble
The speed of the top of the stubble
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Fig. 5 - Graphs of movement and velocity of the
top of the stubble quiver with a diameter of 6
mm, cut at a height of 0.25 m

The speed of the top of the stubble
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Fig. 6 - Graphs of speed and acceleration of the
top of the stubble quiver with a diameter of 6
mm, cut at a height of 0.25 m

the diameter of the weed stems, the cut angle
has the form

T=035¢-d—9,05d—927-H-

—2,05-0+9,17-¢p-H+28,2-d-H— 4)
—141-¢-d-H+114_85

The constructed response surfaces according
to these equations are given in figure 7.
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Fig. 7 - Change in the index T of the efficiency of
weed control from the diameter of the stem, the
height of the melting machine and the cutting
angle

Conclusions. In the course of experimental
research it was found that the acceleration of
the edge (cut) of the stem on which the applied
working solution is located has a significant
effect on the amount of unproductive losses of
the working solution. This fact must be taken
into account when providing recommendations
for the height of the machine.

The height of the drum installation
depending on the conditions of its interaction
with the plant material is substantiated. It
is rational to install the drum of the contact
device 0.02-0.028 m below the cutting height
of the terrestrial part of the plant, starting from
the phase of active vegetation and before the
beginning of the aging phase.

Adherence to these recommendations will
allow:

1) prevent the herbicide from entering the
soil;

2) reducing the number of useful plants that
die as a result of processing.

This, in turn, will reduce the negative
impact on the environment and reduce the
conflict between economic and environmental
requirements for the development of agricultural
production.
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JIyLibK1ii HalliOHaJIbHUI TEXHIYHUI YHiBEpPCUTET

AHoTauyis

Y cTarTi BUK/1aaeHo pe3y/ibTati AOCTIaXKeHb, BUKOHAHWX Y XOAi CTBOPEHHS MALLMHMN /1 KOHTAKTHOIMo
3HULLEHHS BYP’SHIB Ta YTOYHEHHS NapaMeTpiB ii poboTu.

Merta gocnigxeHs, pe3y/ibTaTvl SKUX BUK/IGAEHO B CTaTTl, - JOBECTU €KCMePUMEHTAsSIbHO BUCYHYTY Y
MPOLIEC] CTBOPEHHS] MALLIMHW /11 KOHTaKTHOIO 3HULLIEHHS] OYP’SHIB rifnoTe3y o4O BI/IMBY HA BE/INYUHY
HEernpoAyKTUBHUX BTPAT POOOYOIro PO3YMHY MPUCKOPEHHS 3pi3y CTebs1a, Ha SKOMY 3HaXOAUTbCS HAHECEH M
POOOYUL PO3YMH.

Merogu. [1715 4OCArHEHHS METU POBOTU MPOBEAEHO EKCIIePUMEHTASIbHI JOC/IOMKEHHS. Pe3y/ibTaTi ekc-
rnepuMeHTIB 06p06/1€HO 3rigHO 3 METOAMKOK MATEMATUYHOIO MOBHOMAKTOPHOIO €KCIEPUMEHTY Ta Ipo-
rppamMHoro rpoaykty MathCAD v.14.

Pe3ynbraTtin. Y xo4i eKCriepuMeHTasIbHUX OC/IXKEHb BCTaHOB/IEHO, LLJO pOOOTa MaLLIMHU Ha BUCOTI MEH-
it 0,2 M € HE4OLITIBHOK, TOMY LLIO MPUCKOPEHHS M4 YacC KOJIMBaHHS cTebsia 4OCSraroTb 3HaYHUX BESTNYNH
I CPUYNHSIFOTD CKAAHHS POOOYOro PO34YmHY 3i CTebs1a POC/IMHM. ba3younch Ha Pe3y/IbTaTax eKCriepruMeH-
Tas/IbHUX OC/IAMEHb, OTPUMAHO PIBHSIHHS PErpecii, sIke PO3KPUBAE 3a/IEXHICTb €OEKTUBHOCTI 3HULLIEHHS
6yp’saHIB Bif BUCOTU BCTAHOBJ/IEHHS MALLIMHM, iaMeTpy cTebes1 6y p’aHIB, KyTa 3pi3y.
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BUCHOBKN. Y XOfi €KCrIepUMEHTa/IbHUX JOC/AXEHb BCTAHOBJ/IEHO, LLJO CYTTEBUM BIJIMB HA BESTNYMUHY
HEernpoAyKTUBHUX BTPAT POOGOYOro PO3YMHY MAE MPUCKOPEHHS 3pi3y CTeb/1a, Ha SSIKOMY 3HaXOA4UTbCS HaHe-
CeHu PoboYUY PO3YMH. Pi3ke 3pOCTaHHS MPUCKOPEHHS BEPXIBOK CTeOEe 1 i 4ac iXHbOro rnepeMileHHs 3
BIAXUIEHOIrO MOJIOXKEHHS Y M0YaTKOBE MpUBOANTE 4O CKUAAHHS HaHeCeHOI kpar/li repbiuyvay 3i 3pi3y cTe-
6.1, 1LJO He [4OryCTUMO 3 ABOX fpunyunH. [To-rnepLue, repoiumg noTparnsyse B rpyHT i, SK HAaC/li4OK, MouBOANTb
0 1oro 3abpyaHeHHs. [lo-gpyre, ebeKTUBHICTb 3HULLEHHS Oy 'SHIB 3HAYHO 3MEHLLYETLCS Yepe3 BTPAaTU
v Bene o TOro, L0 BUHUKAE MoTpeba y 36i/1bLLEH 403 BHECEHHS repbiumaiB. A e Bene 4o 3p0CTaHHS i-
HaHCOBUX BUTPAT HA 3HULLIEHHS] BYP HIB. EKCriepyMeHTaslbHO BCTAHOBJIEHO, LLJO 3Pi3 POC/IMH JOLIIbHO BU-
KOHYBaTU Ha BUCOTI He MeHLue O,2 M 3arpoBaAMeHHS BCTaHOB/IE€HOI BUMOI LLiO4O BUCOTH PO3TALLYBAHHS
MAaLLINHU JOMOMOXKE YHUKHYTU TaKMX HEOAKaHUX HAC/IiaKIB.

Krnro4yoBi cs1oBa: eKO/IOMYHUMI acrexT, Oyp’aHu, XIMi3aluis, 3HULLEHHS, MAaLLuvHE, crioci6 60poTbbu 3
6yp’aHamu.
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Jlylxuii HauMOHaIbHBIA TeXHUYECKUI YHUBEPCUTET

AHHOTauNs

B cTatbe n3/10KeHbl pe3y/IbTaTbl MCCAE40BAaHMIY, BbIMOJIHEHbIX B XO4€ CO34aHMS MALLMHbI /151 KOH-
TAKTHOIO YHUYTOMEHMS] COPHSIKOB U YTOYHEHMS r1apaMeTpoB ee paboThl.

Llenb nccnenoBaHnu, pe3y/ibTaTbl KOTOPbIX U3/IOKEHbI B CTAThbE, - [OKA3aTb dKCMePUMEHTAsIbHbIM
rnyTeM BbIABUHYTYIO B XOA€ CO34aHUS MALLUMHbI 4/15 KOHTAKTHOIO YHUYTOXEHMSI COPHSIKOB rifoTe3y O
BJIMSIHUM Ha BEJTNYNHY HEMPOAYKTUBHMX MOTEP Paboyero pacTBopa YCKOPEHMS cpe3a cTebJis, Ha KOTo-
POM HaxoamTcs paboymii pacTBop.

Merogbl. [115 4oCTuKeHMs Lesin PaboThkl BbIMOJIHEHbI SKCMEPUMEHTAsIbHbIE UCC/Ie40BaHMS. Pe3y/ib-
TaTbl 9KCrIepPUMEHTOB 06paboTaHbl COr/IaCHO METOAMKE MaTEMATUYECKOro rMoJIHOGAKTOPHOIro IKCrepum-
MeHTa Ha nporpamMMHoM ripogykte MathCAD v.14.

Pe3ynbrarel. B xoge aKCrnepuMeHTaslbHbIX UCC/Ie40BaHMI YCTaHOB/IEHO, YTO paboTa MaLUvHbI Ha
BbicoTe MeHee 0,2 M HeLes1ecoob6pa3Ha, MnoToMy HYTO YCKOPEHMUS Mpun KoaebaTesibHOM rpolecce cTebsis
AOCTUIraKT 3HAYNTESIbHbLIX BEJINYMH U MPUBOAST K COPACbIBAHMIO paboyero pacTBopa co ctebrsis pacre-
Hus1. basupysicb Ha pPe3y/IbTaTax IKCrIepPUMEeHTAsIbHbIX MCCe40BaHUM, MOJIYy4YEHO YyPAaBHEHUE perpec-
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CUM, KOTOPOE PACKPLIBAET 3aBUCUMOCTb 3DPHEKTUBHOCTU YHUUTONKEHMS COPHSIKOB OT BbICOTbI YCTaHOB-
KW MaLLMHbI, AMaMeTpa cTebsiesi COPHSIKOB, yIr/la cpe3a.

BbIiBOAbI. B rporecce akCriepuMeHTasIbHbIX UCCAe40BaHUY 6bi/10 YCTaHOB/IEHO, UTO YCKOPEHME
KpOoMku (cpe3a) cTebrsid, HQ KOTOPOM HaxoAuTCs HaHECEeHHbIV paboymnii pacTBOp, CYLECTBEHHO BJIM-
€T Ha BEeJSIMYNHY HErpou3BOAUTE/IbHbLIX MOTEPb paboyero PacTBopa. Pe3koe yBes/ImMyeHne YCKOPEHMS
BepxyLUeK CTeb1eu rpu ux ABUKEHMUN U3 OTK/IOHEHHOIrO MOJIONKEHMS B MCXO4HOE MPUBOANT K COpOCY
HaHeCeHHOW Kar/in repbuymnaga co cpeia crebsis. 9To HedornyCcTMMOo Mo ABYM ripudmHaM. CHayasia rep-
6uuma nonagaeT B rI0YBY U, KaK C/1€A4CTBUE, MPUBOANT K €€ 3arpPsi3HEeHUO. Bo-BTOpbIX, 2(hheKTUBHOCTb
60pbb6bI C COPHIKAMU 3HAYUNTESILHO CHUMAETCS M13-3a MOTEPb U MPUBOANT K HEOOGXOAQMMOCTH yBe/InmYe-
HUST 403 repbuuymngoB. ITO MPUBOANT K YBESTMYEHNIO (PUHAHCOBbIX 3aTPAT Ha MPOMOJIKY. DKCrepuMeH-
Ta/IbHO YCTaHOBJ/IEHO, UTO CPEe3aThb PACTeHUs Ljes1ecoobpa3Ho Ha BbicoTe He meHee 0,2 M. BBegeHue
YCTaHOBJIEHHOIro TPeb6OBaHMS K BbICOTE PACIOSIONEHMS MALLIMHbI TO3BOJISET M3b6exarb 0603HaYeHHbIX
HeXxesiaTesIbHbIX MOC/Ae4CTBUM.

KnroyeBble C/10Ba. 3KO/IOMMYECKMUI ACMEKT, COPHSIKU, XUMU3ALMS, YHUUTOKEHME, MALLMHE, METoA
60pbOLI C COPHIKAMM.
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