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Water and wind erosion are possible on crop rotation fields. By using various agrotechnical techniques,
it is possible to minimize soil erosion. One of these techniques is the creation of shafts about 10 m wide and 80-
100 cm high at a certain distance. Effective agrotechnical anti-erosion techniques are slitting, special porous
and comb plowing, organization of soil-protective crop rotations, strip placement of winter and spring crops,
grain and row crops, creation of buffer strips of grasses, liming of washed lands and drains.

In the steppes or areas where the topography of arable land has a slope, it is recommended to use
various technologies of minimal tillage to counteract wind and water erosion. Surface treatment of the land
ensures the accumulation of plant residues in the surface layer of the soil. This increases the amount of organic
matter in the upper layers, which, in turn, improves the strength of the aggregates and the resistance of the soil
to the action of raindrops and wind gusts. When plowing sloping fields, contour plowing is a useful method of
reducing the risk of erosion. It uses the topography of the field to absorb water, preventing it from running down
the rows.

Crop residue remaining on the surface is also a factor in which minimal tillage protects the land from
erosion. In general, both plants and their remains on the surface effectively slow down the speed of movement
of both water on the surface of the soil and air above it. From a physical point of view, plant cover growing on
the surface, as well as plant residues, effectively protects the ground, for example, from the impact of raindrops.

If we talk about traditional crops, it should be noted that perennial grasses provide the best protection,
and cereals can moderately resist erosion. When growing row crops, such as sugar beet or corn, most of the
land remains uncovered, meaning that these crops provide less protection. The worst option from the point of
view of erosion is steam without growing any crops and without preserving the harvest residues on the surface.

Analysis of existing machines for soil protection against wind and water erosion was carried out. The
proposed design of the machine for plowless tillage.
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Fig. 5. Ref. 8.

1. Problem formulation

The forest-steppe zone of Ukraine is divided into two subzones - the western forest-steppe and the
eastern forest-steppe. The regions of Volyn, Rivne, Lviv, lvano-Frankivsk, Chernivtsi, Ternopil, and
Khmelnytsky regions are included in the subzone of the Western Forest Steppe. The Eastern Forest Steppe
includes the districts of Vinnytsia, Zhytomyr, Kyiv, Cherkasy, Odesa, and Chernihiv. Sumy, Kharkiv,
Kirovohrad, and Poltava regions. These areas are often affected by wind and water erosion of the soil
(especially in areas not protected by forest belts and slopes).

The causes of accelerated erosion are:

1. Uncontrolled deforestation. The forest protects the soil from erosion the most effectively, because
the root system of the trees forms a thin plexus, which, interweaving the soil, enables it to retain thaw and
rainwater. -

2. Destruction of meadows. Herbaceous plants have a well-developed root system, which forms turf
on the surface of the soil, which performs soil-protective functions.

3. Excessive livestock grazing is dangerous because: vegetation cover is significantly reduced, because
plants are destroyed faster than the normal cycle of pasture recovery is completed, cattle during grazing knock
out the soil with their limbs, as a result of which its structure is disturbed.
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4. Improper farming: - lack of crop rotation, improper plowing of slopes (longitudinal plowing of
slopes, even low ones, which causes soil particles to be washed away) Soil erosion is an irreversible process,
everything that is removed from the soil by water or wind is forever lost for agriculture.

2. Analysis of recent research and publications

Soil erosion is the process of soil destruction and wear under the influence of wind, water flows, and
mechanical actions of agricultural machines.

On sloping sites, water erosion can be very serious when rain falls on bare soil devoid of plant cover
or plant debris. Clay particles are washed away by rain, carrying bound phosphorus with them, and collect in
lowlands or are lost outside the field.

Wind erosion occurs when the air flow interacts with the open surface of the soil, causing its particles
to move. Moving particles destroy soil aggregates and attract the destruction products to the air flow, which
often carries them over long distances (Fig. 1).

To protect arable land from wind erosion, a complex of anti-erosion agrotechnical measures is used,
which includes a system of no-till soil treatment with preservation of stubble and harvest residues on the
surface of the fields, soil-protective crop rotations. In addition, the number of passes of agricultural machines
on the fields is reduced. [1].

On dry, bare soils, wind erosion can cause damage when airborne sand particles are deposited on crop
sprouts.

The fight against water erosion, which occurs on slopes, includes a system of organizational and
agrotechnical measures that ensure water retention. These include: timely tillage, plowing with soil deepeners
or cut-out bodies, plowing with the simultaneous formation of bridges and ridges in the furrows, formation of
holes and intermittent furrows, moulting and snow retention. (Fig. 1).

F|. 1. Wind and water soil erosion

Heavy rain or intense snowmelt can wash away soil from arable land. Along with water, soil particles,
plant nutrients and organic material are carried into streams, lakes and seas. Sloping fields suffer the most from
this. The steeper the slope, the stronger the erosion, because the rate of water runoff increases.

Doubling the rate of water runoff causes erosion to increase fourfold. Water erosion can dramatically
increase phosphorus leaching because much of the soil phosphorus is bound to the surface of clay particles.

Plowing on slopes is necessary so that the furrows run across the slope, along the horizon. The plow
unit must be on the same level at each pass, without rising or falling on the slope. Compared to longitudinal
plowing of a field across a slope with a steepness of more than 3° per hectare, it reduces soil erosion by 2 times
and increases the moisture reserve in a layer 1 m thick by 150...200 tons, and the yield of grain crops by 0.2...
0.3 t. Reversible PON-2-30 and PKCH-4-35 shuttle plows should be used for plowing slopes. [2-3].

3. The purpose and tasks of research

The purpose of the work is to develop a unit, as a result of which it is possible to reduce the
destruction of the soil from wind and water erosion, with the help of separate nodes, discs with general
adjustment of the angle of attack and the use of combined working bodies. When adjusting the inclination of
the disks vertically, it will be possible to increase the depth of processing. Easy adjustment of the angle of
attack makes it possible to use the discs as a peeler. The use of a mulching device will allow you to protect the
soil from the effects of wind and water erosion.
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4. Results of the researches

The project machine is designed to protect the soil from wind and water soil erosion. The structure and
operation of the machine are shown in fig. 2.

And it also provides for covering the row spacing with plant residues from the previous harvest. This
reduces evaporation of moisture from the soil. In addition, plant residues in the rows are an obstacle to the
spread of weeds, and this reduces the costs of the farm for chemical and mechanical weed control.

The design machine for soil protection against wind and water soil erosion consists (Fig. 2) of the main
frame 4, to which the movable frame 5 is hinged, support wheels 3 are suspended from the main frame, and a
towing device is attached, which connects the machine to the energy carrier (by tractor).
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Fig. 2. Structure and operation of the design machine:
1 — Tractor; 2 — towing device; 3 — supporting wheel; 4 — main frame; 5 — movable frame; 6 — flat-
cut paw; 7 — disk in the warehouse; 8 — device for soil mulching; 9 — cardan transmission; 10 — hydraulic

cylinder; 11 — safety clutch; 12 — connecting clutch; 13 — reducer; 14 — chop shield; 15 — bearing support,
intermediate.

The working bodies of the machine are attached to the moving frame 4 - flat-cut legs 6, discs 7, which
perform the functions of a disc harrow or a disc harrow and a device for mulching the soil 8. This device is
driven by a gearbox 13, which receives torque from the tractor's PTO through a cardan transmission 9 , which
is supported by a bearing support 15, a safety 11 and a connecting clutch 12 are attached to the universal joint.
A hydraulic cylinder 10 is attached to the movable 5 and main 4 frames to move the machine to the working
position and vice versa.

As mentioned above, the device for mulching the soil is driven from the tractor's PTO through the cardan
transmission to the reducer. The conical reducer 16 (Fig. 3) is placed on the left side of the device to equalize the
weight of the device, as the on-board cylindrical reducer 18 is mounted on the right side, which receives torque
from the conical reducer through the safety clutch 17 and transmits it to the mulching device 8.

Fig. 3. Muhing vice dve:
8 — Device for soil mulching; 16 — conical reducer; 17 — safety clutch; 18 — cylindrical gearbox, on-board.

The disk can perform the function of a disk harrow and a disk husker thanks to the rotary device
(Fig. 4), which sets the angle of rotation a depending on the type of soil treatment. The disk rotation mechanism
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(Fig. 4) consists of the rotation axis 20 of the disk 19, which is fixed in the housing 21 rigidly welded to the
movable frame 5, when the rotary bar 23 moves, the disk turns to a given angle of soil treatment, for the

movement of the bar 23, a rotary lever is attached to it 24, which is rigidly hinged to the support bar 22, to
achieve the goal of turning the disk, each disk is made separately and attached to the movable frame 5. [4-5].

23
5

21

Fig. 4. The disk rotation mechanism:
5 — The frame is movable; 19 — disk; 20 — rotary axis; 21 — housing of the rotary axis; 22 — support
bar; 23 —turning bar; 24 — lever for adjusting the angle of rotation of the disc.

The work of the project machine consists in crushing the soil and creating a protective layer on its
surface against winds and water flows in the form of mulched partially crushed stubble of the previous crop.
The machine is used for pre-sowing soil treatment for sowing with seed drills of the SZS-6 type, namely the
stubble seed drill Avers-Agro TSM 3.9 for No-Till and Strip-Till technologies, the machine belongs to the
class of combined tillage units.

The machine works as follows: after moving the unit to the working position with the hydraulic
cylinder 10 (Fig. 5), the flat-cut paws 6 (Fig. 2) are buried in the soil to the appropriate depth specified by the
agrotechnical requirements for the corresponding crop, the paws 6 are buried to a lower depth of passage of
the discs 7, disc harrows, to prevent accumulation of soil in front of the discs, the stubble of the previous crop
is partially crushed with the discs 7, the discs 7 are deepened in accordance with agrotechnical requirements
for sowing. After processing the soil with discs, the soil is ground with a soil mulching device 8, under the
action of the shock drums of the device, the slag is crushed and, hitting the deflector 14, falls to the bottom,
leaving partially crushed stubble of the previous crop on its surface, thus creating a protective layer of mulch
against wind and water erosion of the soil. [6].

In Figure 5, we show the transfer of the machine to the transport position and vice versa to the working
position with the hydraulic cylinder 10 and the hinged lever 25.

Water and wind erosion are possible on crop rotation fields. By using various agrotechnical techniques,
it is possible to minimize soil erosion. One of these techniques is the creation of shafts about 10 m wide and
80-100 cm high at a certain distance. Effective agrotechnical anti-erosion techniques are splitting (ShChN-2,
ShChP-3-7, etc.), special porous and comb plowing, organization of soil-protective crop rotations, strip
placement of winter and spring crops, grain and row crops, creation of grass buffer strips, leaching of washed
lands and drains.

On slopes and floodplains, it is expedient to carry out clogging - sedimentation of silt by creating
bridges and ramparts. After clogging, clarified water is released on floodplains, and on slopes, water is most
often absorbed by the soil.

Snow melting can be regulated by creating blackout bands or snow exposure. Darkening strips can be
made with fat seeders or spreader trailers, using peat cover, ash, phosphorite flour. The width of such strips
should be 10-15 m.

Legume-cereal grass mixtures must be grown on the slopes. They form dense turf that prevents the
development of erosion. [7-8].
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Fig. 5. Transferring the machine to the transport position and vice versa:
a) — Working position of the machine; b) — transport position of the machine: 1 — tractor; 2 — towing
device; 3 — supporting wheel; 4 — main frame; 5 — movable frame; 10 — hydraulic cylinder; 25 — hinged lever.

Stopping the development of water and wind erosion on non-steep slopes is also facilitated by strip
placement of crops. At the same time, the washed soil from the strip occupied by row crops is evenly placed
on the next strip, where winter and early spring cereals or grasses are sown, which contributes to increasing
crop yields and improving soil fertility. In the case of curvilinear placement of lanes, it is necessary to create
conditions for uniform rotation of units. When using large, especially paired, units (cultivators, planters), the
turning radius should be at least 50 m.

The strip placement of fodder crops can be combined with forest strips and ditches on the so-called
upper and lower boundaries of the second order, in the middle of the territory make ditches with special organic
fillers. It is advisable to create permanent or temporary buffer strips. Permanent (perennial) buffer strips are
sown with perennial legume-cereal grass mixtures, and temporary ones with summer or winter ones. After
harvesting the grasses, the area is treated with soil protection tools. Permanent buffer strips are especially
needed on steep slopes (8-12°).

Irrigation erosion develops on irrigated lands. Therefore, on areas with an exposure of more than 5°,
even with well-developed turf, the intensity of watering should be no more than 7-9 mm/h.

Causes erosion processes and watering in furrows. In small areas, soil erosion is possible and in the
case of insignificant irrigation rates - the so-called small stream erosion, to which loamy chernozem, gray
forest soils and dense clays are susceptible.

Soil erosion in floodplains is mostly wind-driven and is a consequence of generally unsatisfactory land
reclamation works (lack of crop rotation, lowering of the groundwater level below the recommended level).

In order to stop erosion on floodplains in crop rotations with row crops, in addition to perennial grasses,
after harvesting vegetables, summer re-sowing of legume-cereal mixtures, cruciferous crops - spring and
winter rapeseed, oil radish, mustard mixed with oats, etc. should be grown.

Against erosion on natural fodder lands, for example, on low-productivity slopes, surface improvement
is carried out using a complex of cultural and technical measures. Here, cattle grazing is stopped for a certain
time, and in case of grazing, the grass must be rested to restore the turf. Formed potholes, small hollows are
wrapped with plowing or leveled with a bulldozer, after which drainage ditches are arranged.

When developing anti-erosion measures in the system of contour-ameliorative organization of the
territory, the following types of soil protection are provided: contour, contour-strip and contour-ameliorative.
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With the contour system, the boundaries of the fields are designed horizontally, and surface runoff regulation
is carried out mainly with the help of agrotechnical measures. The contour organization of the territory can be
both curvilinear and rectilinear.

The contour-strip organization of the territory involves carrying out phytomelioration measures with
the introduction of manure, lime, organic fertilizers and cultivation along the horizons, long-term limening of
individual strips. Strip crops are placed only on fields with pronounced erosion processes.

According to the contour-ameliorative organization of the territory (Fig. 5), the contour placement of
fields is combined with the creation of hydrotechnical structures that prevent runoff (installation of
embankments, filling in basins, creation of forest strips and gentle basins). In addition, agrotechnical and
phytomelioration measures are carried out.

Crop residue remaining on the surface is also a factor in which minimal tillage protects the land from
erosion. In general, both plants and their remains on the surface effectively slow down the speed of movement
of both water on the surface of the soil and air above it. From a physical point of view, plant cover growing on
the surface, as well as plant residues, effectively protects the ground, for example, from the impact of raindrops.

If we talk about traditional crops, it should be noted that perennial grasses provide the best protection,
and cereals can moderately resist erosion. When growing row crops, such as sugar beet or corn, most of the
land remains uncovered, meaning that these crops provide less protection. The worst option from the point of
view of erosion is steam without growing any crops and without preserving the harvest residues on the surface.

Analysis of existing machines for soil protection against wind and water erosion was carried out. The
proposed design of the machine for plowless tillage.

5. Conclusion

The design of a universal combined machine is presented. The essence of the technology consists in
the development of individual disk units with general adjustment of the angle of attack, and the use of
combined working bodies. The introduction of additional adjustments of the inclination of the discs vertically
will allow to increase the deepening of the disc (increase the depth of processing). Easy adjustment of the angle
of attack makes it possible to use the discs as a peeler. The use of a mulching device will make it possible to
protect the soil from the effects of wind and water erosion by the method of mulching, i.e. covering the soil
surface with the remains of the stubble of the previous crop.
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PO3POBKA MAIIIMHHOTI'O ATPET'ATY JIJISI PECYPCO3BEPITAIOYHX TEXHOJIOT'TI
OBPOBITKY IPYHTY

Ha nonsax cisozmin mooiciuea 6o0Ha i 6imposa epo3if. 3acmocy8au-HAM DIZHUX A2POMEXHIUHUX
NPULOMIB 80AEMbCSL 00 MIHIMYMY 36eCTiu 3MUBaHHA [pyHmy. OOHUM 3 MAKUX NPULLOMIE € CMBOPEHHSL HA Ne6HIl
gidcmani eanie Oauzvxko 10 m 3aswupwxu i 80 — 100 cm 3assuwixu. Eexmuenumu acpomexnivnumu
npOMuUepo3UHUMY NPULOMAMU € WITIOBAHHS, CHeyidlbHa nopucma i epebeHesa OpaHKdA, Op2aHizayisn
IPYHMO3AXUCHUX CIBO3MIH, CMY208€ PO3IMIWEHHA NOCIGI6 O3UMUX I APUX, 3ePHOBUX | NPOCANHUX KYAbMYp,
cmeopenns Oypepuux cmye i3 mpag, 3aAYHCEeHHL SMUMUX 3eMelb | 6000CHOKIE.

Y cmenax abo pavionax, Oe pervegh opnux 3emenv mae Haxui, 0 npomuoii 8imposiil i 600HIl epo3ii
PEKOMEHOYEMBCA 3ACMOCO8YBAMU  DI3HOMAHIMHI MeXHON02IT MiHiManeHoi 00podku tpyHmy. Ilosepxnesa
00pobOKa 3emui 3a6e3neuye HaKONUUEHHsT POCIUHHUX 3ATUWKIE Y nogepxuegomy wapi rpyumy. Lle niosuwye
KIbKICMb 0p2aHiuHOl peuo8UHIL Y BePXHIX WUAPAX, Wo, ¥ C8010 uepay, NOTINULYE MIYHICIb acpe2amie i CIitiKichb
IpyHmy 00 0ii Kpaneib ooy ma nopusis gimpy. 11io uac opanku NOXuiUx noie KOPUCHUM MemoOOM 3MEHULeHHS
PU3UKY epo3sii € KonmypHa opanka. Bona suxopucmogye peived nosis 0isi Npocouy8ants 600u, 3anodieaoyu ii
CMIKAHHIO Y300824C PAOKIG.

THooicnusHi 3anumiKu, Wo 3arUamscs Ha NOBEPXHI, MeHC € YUHHUKOM, 3a80KU SIKOMY MIHIMAIbHA
00pobKka IpyHmy 3axuwae 3emaio 6i0 eposii. 3azsanom, i pociunu i iX 3GAUWKU HA NOBEPXHI eqheKmUueHo
VNOBLIBHIOIOMb WEUOKICHb PYXY 5K 600U HA NOBEPXHI IPYHMY, MAK I NOSImpsi Hao HUM. I3 @izuunoi mouku 30py
POCTUNHULL NOKPUS, WO 3POCMAE HA NOBEPXHI, MAK CAMO 5K | POCIUHHT 3ATUWKY, eheKMUBHO 3aXUUAE 3eMTI0,
Hanpuxiao, 8io yoapie 0ouwosux Kpanev.

Axuwo 2060pumu npo mpaouyiiini Kyibmypu, o 3a3Hayumu, wo 6azamopiuni mpasu 3abe3neyyioms
HauKpawui 3axucm, a 3epHo6i 30amui NoMipHo npomucmosimu epo3sii. I11i0 yac eupowyeanHs npocanHux
KYIbMYp, HANPUKLao, YyyKpoeoco OypsaKa yu KyKypyo3u, OLIbua 4acmuHa 3emi 3aiUacmosCcs HenoKpumoro,
moomo yi Kyremypu Oaioms 2ipwui 3axucm. Haueipuwum eapianmom 3 mouku 30py eposii € nap 6e3
BUPOULYBAHHSL HCOOHUX KYTbMYP I 6€3 30epediceHHs Ha NOBEPXHI NONCHUGHUX 3ATUUIKIE.

Ilpogedeno awnaniz ICHyrOUUX MawuH 01 3aXUCMY IPYHMY 8i0 6imposoi ma 600aHOI epo3ii.
3anpononosana KoHcmpyKYis MawuHy 0 6e36i08a1bHO20 0OPOOIMKY IPYHMY.

Kniouosi cnoea. mynvuysans ipynmy, eposis, 00poOimox, poCIuHHI 3a1UWKU, CIB03MIHA.
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