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It is experimentally established that the quality of soil grinding by the experimental ripper-separator is
especially affected by the humidity and density of the composition, so at a soil density of 1.3-1.4 g/cm3 and a minimum
soil moisture of 11.4-14.4% rotor speed must be increased up to 127 rpm.
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Introduction. Differentiation of the cultivated It is carried out by deep surface processing in the fall
soil layer according to the structural composition in  and mulched processing to the depth of sowing in the
which agronomic valuable lumps ranging in size from  spring. In this case, lumps from 5 to 20 mm in size
5 to 20 mm — 20-25%, from 0.25 to 5.0 mm — 60— prevail in the surface soil layer, and from 0.25 to
65% and not more than 15% of lumps less than 10 mm in the seed embedding zone (Fig. 1) [1].

0.25 mm, provides plants with nutrients and moisture.

Fig.1. The structure of the processed layer: 1 - above the seed layer (lumps size from 5 mm to 20 mm);
2 - seed layer (lumps size from 5 mm to 20 mm); 3 - seed embedding zone (lumps size from 0.25 mm to 10 mm)

There is a machine for optimizing the agro single pass of the unit to ensure high quality tillage.
physical properties of the arable soil layer [2-4].The However, the action of the rotor knives on the soil
use of an active working body (rotor) [5] allows fora layer fed to the separating grid has a ambiguous effect
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on the getting of agronomic valuable aggregates
depending on the rotational speeds of rotor, moisture
and soil density. To a certain extent, even the
minimum rotor speed is sufficient to optimize soil
crumbling. Determination of indicators of crumbling
of the seed soil layer depending on the rotor speed at
various initial parameters of moisture and soil density
will improve the quality of grinding the soil layer.

Analysis of research and publications. In
precision farming systems, modern soil cultivation
methods are based on layer processing both in width
and depth [6, 7]. Differentiation of the cultivated soil
layer according to the structural composition using
the technological operations of its processing,
increases the stability of the system in unstable
climatic conditions. An example is various
technologies based on strip tillage [8-10]. For these
purposes, complex aggregate are used that perform a
number of technological operations. Existing
technologies are based on the fact that seeds should
be in contact with soil with high capillary
conductivity [11-13]. During this period, looser soil
composition is desirable, which provides better
absorption of moisture of precipitation, especially at
their high intensity. The task of preparing the soil for
sowing is to create optimal conditions for seedling,
which is provided by cultivating the soil to a depth of
seed placement. Direct sowing is not excluded in the
presence of appropriate machines [14].

The effectiveness of soil cultivation using
cultivating-separating active working bodies was
studied in one stationary field experiment, 6 field
experiments and 8 vegetation-field (model micro
field) experiments. The effective fertility of
individual soil layers was studied in four model
micro field experiments. The feedback of crops on
the cultivation of soil layers was studied on models
where superposition of various combinations of
layers of 0-10, 10-20 cm was used. The study of
changes in the effective fertility of the soil from
mixing or moving of its parts (loosening, turnover)
artificially imitate methods of soil cultivation
against the background various fertilizers, which
were studied in two micro field experiments. It was
found that the differentiation of the arable layer by
fertility occurs both on good and on medium
cultivated soil. The difference with respect to the
effective fertility of the soil layers is 10 — 20 cm
less than that of the 0 — 10 cm layer. With depth in
the soil, the content of humus, basic nutrients, the
total duty cycle, and the duty cycle of aeration
decrease, but the agronomic content of valuable
aggregates and their resistance to moisture
absorption, equilibrium density of stow and soil
hardness [15-17].
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It was established that careful loosening of the
top ten centimeter layer of soil in the spring
provided an increase in crop yields compared with
mixing or turnover. At a processing depth of
0—10 cm, loosening compared to turnover
increased yield by 16%. Mixing the soil with a
depth of 30 cm reduced the productivity of plants
compared with the option of loosening and
increased compared with the option where a full
revolution was carried out.

Research V. V. Medvedev established the basic
agro physical properties and regimes that
determine the fertility of chernozem soils, revealed
the relationships between them, fertility models
developed for some cultures and ways to optimize
them [18-21].

However, the technical capabilities of means of
mechanization, taking into account the
heterogeneity of the fields and the characteristics of
plants in precision farming systems, are still
insufficient. They are limited only by the
introduction of fertilizers and plant protection
products [22, 23, 24, 25]. A significant reserve for
realizing the advantages of precision farming is
mechanical tillage, which, provided there are
appropriate tools, makes it possible, on the one
hand, to process it taking into account its physical
properties, and, on the other hand, to create the
necessary parameters of these properties in
accordance with agricultural requirements [26-28].
The key to managing these properties of the arable
(sowing) layer is to regulate the structural
composition and density of the soil structure.
Moreover, it is important to at least reduce the
difference between the real and optimal parameters
of these properties before sowing. The
differentiation of the cultivated soil layer according
to the structural composition is the reason for a very
high (up to 2-3 times) variation in yield. Moreover,
it is believed that the structure of the soil cover is a
difficult to regulate factor and affects the efficiency
of fertility management [29, 30].

The statement of objectives of the article.
Determine the indicators of crumbling of the
sowing layer of the soil depending on the rotational
speed of the rotor of the tillage installation at
various initial parameters of moisture and density
of the soil structure.

Material and methods

The small-lumpy structure of the soil in the seed
embedding zone is ensured by the redistribution of
particles along the depth of the seed layer, which
eliminates the need to crumbling the soil
intensively. For carrying out experiments in the
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field, the installation was made that stratifies the
soil by separating lumps according to the depth of
processing [31-33 ]. The unit was aggregated with
a general-purpose agricultural tractor T-150K-08
[34]. It is a rigid frame with a hitch. On both sides
of the frame are metal support wheels with
mechanisms for adjusting the depth of tillage. At
the rear of the frame is a four-part rotor. The rotor

is driven from the tractor power take-off shaft,
which is tuned to a rotation speed of 540 rpm. In
this case, the rotor speed is changed using a two-
stage gearbox and by adjusting the engine speed in
the range from 1000 to 2100 rpm.

The rotor is a pipe onto which separator knives
are welded in increments of 50 mm (Fig. 2).

Fig.2. The rotor of an experimental tillage installation

The location of the knives on the rotor shaft
affects the change in drive torque and speed.

In this case, the knives are placed on the shaft
along a helix with the number of connection equal to
the number of knives on the shaft, and the beginning
of the first helix should coincide in the opposite part
of the shaft with the end of the second helix, etc. In
addition, the knives must be placed evenly around the
entire circumference of the shaft with an angular
distance between adjacent knives

360°
o =

g (1)
2n

where 7 - is the number of knives.

An example of the arrangement of 18 rigidly fixed
in pairs knives symmetrically to the longitudinal axis
is shown in fig. 3.

Fig.3. The rotor of the tillage cultivating-separating machine with 18 knives fixed in pairs
symmetrically to the longitudinal axis

In the table 1 shows the angle of shear between
adjacent knives az depending on the number of
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knivesinstalled on the shaft and their sequence of
entry into operation.
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Table 1

The sequence of entry into operation of the knives and the angle of shift between them

The number of

The angle of shift between

The sequence of entry into operation of

rotor knives 2n adjacent knives o, the knives
5 3500/ 1-4-2-5-3
7 25042/ 1-5-2-6-3-7-4
8 33045/ 1-4-7-2-5-8-3-6
9 2000/ 1-6-2-7-3-8-4-9-5

The above shows that a certain number of knives
corresponds to a well-defined angle of shear and the
sequence of entry into operation.

Obviously, reducing or adding knives without
changing the arrangement can lead to poor stability of
the machine and an increase in the unevenness of torque.

In the front of the frame are cutting-lifting working
bodies [32, 35]. They are a flat cutter paw with a
crumbling angle of 15° with curved ends of the wings.
The wings are welded towards a chisel. To the wing with
a flat cutter paw, bars of the separating lattice are welded
in such a way that the rotor separator knives enter
between the bars of the separating lattice.

The working length of the separating grate is
selected from the conditions for obtaining the
guaranteed thickness of the finely lumpy soil layer
covering the seeds. The thickness of the soil layer sifted
through the gaps of the separating lattice is determined
by the specific throughput of the latter, and the
translational speed of the tillage installation. Specific
throughput is the ability of a separating lattice to pass a
certain soil weight in one second through a unit of gap
area.

The weight of the soil that passes through the gaps
of the separation lattice in one second can be determined
by the expression

Q' = 2

1 .
= Zlcosd)Ph by,
where ¢ —is the travel time,l 0O8YWp,s; h' — thickness

of the soil layer sifted through the separating lattice, m;
b — the width of the finely cloddy soil layer covering the
seeds, m; y — is the volumetric weight of the soil, kg/m?.

The travel time / 008 Wpis determined by the expression

. lcosy,
VM

3)

>

where Vy — is the translational speed of the machine,
m/s.

Throughput of the separating lattice in one second is
found using its specific throughput according to the
formula:

Q'=Qlcosypb'(z+1), 4)
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where Q —is the specific throughput of the separating
grate, kg/m’s; b’ — the distance between the rods of the
separating lattice, m; z —is the number of rods in the
separating lattice, pcs.

From the equation:

Vv
Vp=—"—, (%)
COSyY
where V7 — is the speed of the soil along the separating
grid, Vi —is the translational speed of the tillage
machine m/s; y, —is the angle of inclination of the
separating lattice.
From the equation:

V()’ = Vo Cos(aex + pr), (6)

where /' —is the projection of the peripheral speed of

the rotor knife on the surface of the movable separating
lattice, m/s; Vyp—1is the peripheral speed of the rotor
knife, m/s; o, — the angle of entry of the rotor knife into
the soil. It is seen that: W, = 0,the peripheral speed of the

rotor knife, necessary to move the soil along the
separating lattice, can be reduced to a minimum.

So, to reduce the rotor speed, the separating lattice
must be placed horizontally.

The distance between the rods of the separating
lattice is determined by the agro-technical requirements
for the soil structure in the seed embedding zone. To
exclude particles larger than 10 mm from this zone, the
distance between the rods of the separating lattice
should be equal to or less than the specified size.

The experimental field installation works as follows.
The working bodies cut the soil at a given depth of
cultivation and raise it. This ensures preliminary
grinding of the soil, which is then fed to the separating
lattice by a rotary working body. Knives of a rotating
rotor with a relatively low speed pick up a layer of soil
and move it further along the lattice. This ensures the
active grinding and separation of the cut soil layer.
Lumps of soil of a small fraction wake up behind a wing
of a flat-cutter paw through a lattice and find themselves
at the depth of the trimmed layer. Large lumps crumble
with rotor knives and wake up through the grate,
occupying a position above the fine fraction. Lumps, the
linear dimensions of which are larger than the step of the
separating lattice, leave it and occupy a position on the
surface of the cultivated soil. Here are the crop residues
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and rhizomes of plants that cover the surface of the soil,

forming plant mulch.

Since the rotor knives pass between the rods of the
separating lattice, their mutual cleaning of weeds and
soil is ensured. At the same time, the rotor knives do not

This experiment was carried out jointly with the
laboratory of soil physics of the National Science Center
"Institute of Soil Science and Agrochemistry named
after A. N. Sokolovsky". The results of field tests (only
for fractions with a size of 10-1 mm) are given in table.

reach the bottom of the furrow, leaving its bottom tight. 2.

Results

Table 2

The crumbling of the seed layer, depending on the rotational speed of the rotor of the tillage
installation with different initial parameters of moisture and soil density

Output parameters of the soil The output of aggregates (%) with a size of 10-1 mm at a rotor speed, rpm
humidity,g | V1ass density of the 99 127 180
structure, g/cm3
1,14 36,4 50,2 33,2
11,4 1,19 43,7 55,7 47,8
1,32 24,2 26,2 33,9
1,21 50,6 48,1 50,5
14,4 1,38 51,9 30,0 47,1
1,45 53,4 35,8 30,6
1,06 69,6 68,7 74,4
23,6 1,26 60,5 73,4 58,0
1,36 45,2 55,6 49,5
Table 3
The reliability of the data, determined by the Fisher criterion
One-factor dispersion analysis organized repetitions
number average standard deviation relative deviation (%)
1 39.933 9.034 22.623
2 49.067 6.099 12.431
3 28.100 5.122 18.226
4 49.733 1.415 2.846
5 43.000 11.511 26.770
6 39.933 11.949 29.922
7 70.900 3.065 4.322
8 63.967 8.265 12.920
9 50.100 5.226 10.431
Influence of the factor share
source of influence determination index
V-option 79.20
iteration 0.38
random 20.42
Analysis of the variation table
a source quadrotic mean degree of freedom F-Fisher experimental F-Fisher tabular
V-option 501.83 8 7.76 2.59
Z-residual 64.70 16
P-factor 9.76 2 0.15 3.63
Statistical characteristics
matrix average 48.304
standard deviation 8.043
error of experience (average) 4.644
accuracy indicator, % 9.614
mean difference error 6.567
smallest existing difference 13.923

88




BicHuk azpapHoi Hayku [IpuyopHomop’s. - 2021. - Bun. 3 [ DOI: 10.31521/2313-092X/2021-3(111)

The reliability of the data, determined by the Processing data by the method of factor analysis
Fisher criterion, is 95%. The influence of the factoris  allowed us to come to more specific conclusions.
79.2%. The smallest significant difference 1is To do this, we determined the effect of each of the
13.923%. investigated factors on grinding by approximately the

same other two factors. The result is shown in table.
Table 4
The influence of the studied factors on the crumbling of the soil
Factor Level of factor Crumbling soil,%
99 48,4
rotation frequency rotor, about rom 127 49,3
180 47,2
small 53,5
soil density moderate 52,0
increased 39,4
small 39,0
Soil moisture moderate 44,2
optimal 61,7

After processing the experimental data, a

mathematical model of soil crumbling was obtained Discussion
Based on this model, a graph of surfaces was
Z=955-0,04W°p*-252p° +2,820°"" + constructed Z(W, p); Z(W,v); Z(p,v); Z(W); Z(g)

10,820 S pS 10,03 S pSu!3 22 2p0''3,(7) Subject to fixation, v, pandW.p, respectively, at the
levels of their average values in the experiments. For
practical purposes, approximations to the quadratic
model are carried out. The results of regression
multivariate analysis are shown in Fig. 4.

where: W—soil moisture%;p—soil structure density,
g/cm?;v—rotor speed, vol./min.
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Fig.4. Crumbling of the seed layer (Z) depending on the rotational speed of the rotor of the tillage plant
with various initial parameters of moisture and density of the soil structure.

Active soil grinding by a tillage installation has It should be borne in mind that when analyzing the
proven effective with a wide range of output parameters  data obtained, some of their inconsistency is explained
of the structure density and humidity of the surface soil by the fact that we were not able to create equal
layer. With an increase in the rotor speed, a tendency conditions for the initial density of the structure before
towards a decrease in the number of lumps (> 10 mm) processing (crumbling) due to the different humidity of
was manifested. The efficiency of increasing the speed  the seed layer of the soil. For example, at the slightest
increased with unfavorable parameters of soil density = moisture in the soil, the range of the created structure
and moisture. Even in variants with increased density was 1.14-1.32 g/cm3, average humidity 1.21-
parameters of the structure density (1.3-1.4 g/cm3) after 1.45 g/cm3, and increased 1.06-1.36 g/cm3. That is,
the passage of the installation, it was possible to obtain  during the experiment we were not able to create
a seed layer with a satisfactory content of agronomic  comparable conditions of crumbling soil. But certain
useful lumps. patterns were discovered.

89



BicHuk azpapHoi Hayku [IpuyopHomop’s. - 2021. - Bun. 3 [ DOI: 10.31521/2313-092X/2021-3(111)

1. As expected, the largest (almost optimal) quantity
of agronomic valuable lumps was obtained with
physical ripeness of the soil and with its loose and
moderately compacted structure. It is important that
under these conditions, the rotor speed does not matter
much. The soil disintegrates almost equally well into
agronomic valuable lumps at both minimum and
maximum speed. But when the initial soil structure
density of 1.36 g/cm3 1is achieved, grinding is
significantly degraded, and with an increase in the rotor
speed, there is an obvious tendency to improved
crumbling.

2. With a decrease in the output level of soil moisture
to the lower limit of plasticity and, especially, to 0.5
physical ripeness of soil, it deteriorates significantly.
The lowest crumbling rates (24-34%) are observed at the
highest initial soil structure density 1.32 g/cm3 and

higher. But even in this case, increasing the rotor speed
raises the quantity of valuable structural lumps.

Conclusions. It was determined that the output
parameters of the soil moisture and structure density
significantly affect its grinding by the working bodies of
the experimental tillage installation. This process
acquires a particularly unfavorable character at the
maximum density and minimum soil moisture in the
seed layer. The influence of the rotor significantly
affects the output of agronomic valuable aggregates
(compared with the worst indicators of crumbling). To a
certain extent, even the minimum rotor speed is
sufficient to optimize crumbling. With increasing rotor
speed, there is a clear tendency to improve crumbling,
especially with unfavorable parameters of structure
density and soil moisture.
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J.B. Babenko, M.C. Xpamos, K.M. CupomaruukoB, [M. CykoBiuunHa. IlogbOBi
BUIIPOGYBAHHA eKCllepMMeHTa/IbHOI 'PYHTOOGPOGHOI YCTAaHOBKH

PozenssHymo pe3yabmamu 00CAi0HceHHsT MeXHO/102i4H020 npoyecy 06po6imKy rpyHmy, KOHCMpYKMugHo-
mexHo/102i4HI cxemu opaaHie rpyHmMoob6po6Hoi ycmaHosku. ExcnepumMeHmaabHO 8CcmaHo8/eHo, Wo Ha sKicmb
KPUWIHHS TPYHMY eKCnepuMeHmaabHOK pO3pUXAHEAAbHO-Cenapyryor YCMaHo8K0ow 0cobausull enjiue pobums
80/102icmb Ma WIi/AbHICMb CKAAOAHHS, MOMy npu wiabHocmi rpyHmy 1,3-1,4 2/cm3 ma miHiMaabHIl os1020cmi
rpynmy 11,4-14,4% wacmomy o6epmanHtsi pomopa HeobxidHo 36inbwumu do 127 06/xs.

Katwouoei cioea: 06po6imok, kyabmusayis, wap rpyHmy, pomop, dugepeHyiayis.

J.B. ba6enko, H.C. Xpamos, I0.H. CeipomaTtHukoB, HU.H. CykoBuubiHa. [loseBbie
HUCHBITAHUA IKCIePUMEHTA/IbHOM N0YBOOGpaGaThIBawlel YCTAHOBKHU

IIpedcmasseHbl pe3ysbmambl UCCAE008AHUSI MEXHOA02UYECKO20 hpoyecca 06pabomkKu, KOHCMpPYKMUBHO-
mexHo/102uvecKue cxeMbl 0p2aH08 No480o6pabamuisarowell ycmaHosKu. IKChepuMeHmMa/abHO YCMAaHo8.1eHo, Ymo
HA Kauecmao KpouleHUsl N048bl IKChepUMEHMAAbHOL pbiXAumebHO-cenapupyloujell ycmaHoskol ocoboe sausiHue
oKasbvleaem 84aX*CHOCMb U NI0OMHOCMb COCMAsd, N03MOMy npu nJaomHocmu no4eslt 1,3-1,4 2/cm3 u MunHumaavbHoll
saaxcHocmu no4sbwl 11,4-14,4% uacmomy epaujeHust pomopa Heo6xo0umo ygeauvums 00 127 06/MuH.

Kawueavwle cioea: o6pabomka, Kyabmusayus, caoll no4gsl, pomop, dudgeperHyuayus.
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