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Abstract. An important direction in the greening of tillage is to preserve and improve the physical properties of soils
in the optimal range of values, which is a necessary condition for the effective use of other agronomic measures
that affect the formation of crop yields. With the advent of new, modern energy-efficient tillage tools, there is a
need to conduct research on their effectiveness on the first stubble cultivation on the southern chernozem. The
purpose of the research was to establish the influence of surface (stubble) cultivation with tillage tools of the
“Lozovsky mashiny” brand after harvesting winter barley on the agrophysical properties of Southern heavy loamy
low-humus chernozem in the conditions of the Southern steppe of Ukraine. In the research process, methods were
used: field, laboratory, comparative-calculation, statistical. It was found that DUCAT-2,5 (short Harrow-Husker)
best structured the soil among the studied aggregates. The lowest soil hardness values (0.48-1.33 MPA) and the
tendency to form a plow sole were obtained in the version with vertical processing - Verti-till (turbo disk). The
obtained scientific results of the research will contribute to the wider introduction into the production of new units
of the “Lozivski mashini” brand for surface soil cultivation, which will contribute to the reduction of mechanical
stress and the preservation of moisture in the soil
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INTRODUCTION

In today’s conditions of limited resources, the primary
task is the efficient use of land, the introduction of re-
source-saving technologies for growing agricultural crops
that prevent a decrease in soil fertility, contribute to the
optimization of the agrophysical state with minimal energy
and money costs [1; 2]. The main means of optimizing
the agrophysical state of the soil is its cultivation. Un-
der conditions of intensive cultivation, the structure and
physical properties of soils deteriorate, the equilibrium
density increases, which leads to adverse economic and
environmental consequences [3; 4]. Therefore, one of the
ways to overcome this problem is to reduce gradually
the intensity of mechanical impact on the soil.

An important direction in the greening of tillage
is the preservation and improvement of the physical
properties of soils, which is a necessary condition for the
effective use of other agrotechnical measures (tillage,
fertilization, sowing rates) that affect the formation of
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crop yields [5]. Therefore, in modern conditions, the
search for technologies, cultivation systems and tillage
tools that would help preserve moisture and reduce
soil density is becoming relevant.

A significant number of studies have been devoted
to the influence of various tillage systems on its agro-
physical properties.

Thus, many researchers point to the negative im-
pact of long-term use of plowing on the water-physical
and agrophysical properties of soils, due to the formation
of a plow sole, which inhibits the growth of plant roots in
the lower layers of the soil. The root system, which does
not penetrate the lower layers of the soil, often does not
provide plants with water and nutrients when the upper
horizons dry out, especially during droughts. In addition,
plowing contributes to excessive loosening of the upper
soil layer, leads to increased mineralization of organic
matter and significant losses of humus reserves [6-8].
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A. Balaiev and Yu. Borysenko [9] prove that min-
imizing tillage improves its water-physical properties
and ensures the preservation of moisture throughout
the growing season. However, the improvement of till-
age methods should be based on knowledge of equilib-
rium and optimal soil density, which are the theoretical
basis for minimizing tillage [10].

Determined [11] that plowing created more fa-
vorable conditions for reducing soil density,and the use
of shallow and zero processing technology was accom-
panied by a slight compaction of 0-30 cm of the layer.
Other researchers, on the contrary, prove that minimiz-
ing cultivation improves the parameters of the physical
properties of soils [12-14].

Studies of N.D. Reznichenko [13] found that the
lowest folding density of the upper (0-10 cm) soil layer at
the beginning of the growing season was formed with
the use of disk and chisel loosening,and with prolonged
use of shallow disk cultivation (12-14 c¢m) during two
rotations of crop rotation led to an increase in the fold-
ing density in the layer of 10-20 cm compared to deep
chisel loosening.

O.l. Tsyliuryk [15] determined that the use of
flat - cutting loosening in the technology of growing
corn significantly increased the hardness of the arable
layer-by 2.2 times compared to shelf plowing, where
arable land was turned over and the soil was maximally
loosened and decompressed.

Studies conducted in the Right-Bank forest-steppe
of Ukraine on chernozems of typical medium loam have
established that minimizing cultivation leads to an in-
crease in the density of the treated layer and a decrease
in the overall porosity of the soil [16].

A.A. Horbatenko et al. [17] found that the use
of shallow disk and non-polar main treatment of pure
Steam does not lead to a deterioration in the agrophys-
ical properties of ordinary chernozem compared to deep
plowing and chisel treatment. Against the background of
minimal cultivation, there is a tendency to increase the
volume mass and hardness of the sub-seed layer of soil by
10-30 cm, as well as an increase in the content of agronom-
ically valuable fractions of 10-0.25 mm in the arable layer.

Studies of M.R. Nunes et al [18] based on a me-
ta-analysis, the effects of chisel plowing, zero tillage (NT),
and perennial cropping systems (PER) compared with
plowing (MP) on soil structure parameters have been in-
vestigated and published. It was determined that reducing
the intensity of tillage improves the soil structure.

Similar results were obtained for growing oats in
the Left-Bank forest-steppe. The best structure and con-
tent of agronomically valuable soil aggregates in the
germination phase of oat plants is formed in the variant
with flat-cut processing [19].

O.V.Pikovska points out an increase in the content
of agronomically valuable aggregates in the soil layers
of 10-20 and 20-30 cm while minimizing cultivation
compared to plowing [19].

Recently, in many farms of the steppe and for-
est-steppe zones of Ukraine, due to lack of moisture
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and some other factors, preference is given to minimal
non-dump tillage stubble tillage with tillage units with
simultaneous crumbling, pruning of the root system of
weeds and crop residues of plants, partial sealing and
mulching of the field surface. With this approach, plow-
ing is not used at all. Especially widespread is the use
of units for vertical tillage, which are able to carry out
virtually universal tillage, which determines their wide
versatility of application and allows the same unit to
perform several tasks. As practice shows, after passing a
properly configured vertical unit, you can immediately
sow all types of crops [20].

So,the analysis of scientific publications has shown
an improvement in the agrophysical indicators of the soil
when using surface treatment, but with the advent of new,
modern energy-efficient tillage tools, it becomes neces-
sary to conduct research on their effectiveness at the first
stubble treatment on Southern chernozem.

In the experiments of C. Chang and W. Lindwall,
it is noted that more favorable conditions for the accu-
mulation of productive moisture in the soil are created
during surface or flat-cut mechanical soil cultivation,
compared to plowing [21].

According to scientists, traditional methods of
soil cultivation can be the reason for the reduction of
macroaggregates, the occurrence of degradation phe-
nomena in soils [22]. Soil cultivation with minimal me-
chanical impact on the arable layer leads to an increase
in the content of water-resistant aggregates [23], which
prompts the need to reduce the number of cultivations
during crop cultivation.

The purpose of the research is to determine the ag-
rophysical properties of the soil after harvesting spring
barley under the influence of surface (stubble) tillage with
tillage tools of the Lozivski mashini brand in the conditions
of the Southern Steppe of Ukraine.

MATERIALS AND METHODS

The research was conducted during 2020-21 on the re-
search field of the Educational-scientific-practical cen-
ter of MNAU (Blagodarivka village, Mykolaiv district of
Mykolaiv region). The soil of the research area is chernozem
southern heavy loam low-humus.

The scheme of the experiment provided for vari-
ants of stubble tillage with tools of the “Lozovsky mash-
iny” brand:

1. Control (without processing);

2.DUCAT RST-6 chopping Rotary chopper (knife-rotor);
3.DUCATUVT-6 vertical Harrow Verti-till (turbo disc);
4. DUCAT-2.5 short disc harrow-Husker (variodisk);
5.LIRA XL-21 heavy spring tooth Harrow (strigel).

To simplify perception, these machines were named
after the type of working body: knife-rotor; turbo-disk;
variodisk; strigel.

The test conditions were generally characterized
as typical for the Southern Steppe zone of Ukraine and
contribute to high-quality surface treatment. The av-
erage daily air temperature for the study period was
+25.4°C, the maximum one reached +33.5°C, and the
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minimum one was 17.5°C. The amount of precipitation
for the reporting period was 14.2 mm.

Agro background was spring barley stubble, stub-
ble height was 16.6 cm, soil condition in layers of 0-20 cm
had humidity 22.1-23.9%, and hardness 0.54-0.94 MPa.
Tillage was carried out immediately after harvesting
spring barley.

Working speed: knife-rotor — 13.0 km/h turbo disc -
15.1 km/h, variodisk - 12.0 km/h, Strigel - 10.2 km/h.

Tools have a different structure of working bodies
and modes of their operation, which ensures the quality
and peculiarity of the technological process inherent in
each machine.

The total area of the plot was 600 m?,the account-
ingareawas 100 m2.Therepetitioninthe experimentwas
threefold. The placement of land plots was consistent.

Field, statistical, and laboratory methods were
used to conduct experimental work. The structural and
aggregate composition of the soil was determined by the
N.I. Savinov method (dry sieving) [24], the soil hardness was
determined by the Kaczynski cutting ring method [24],
and the volume water content (%) was measured using a
portable device in layers every 5 cm of soil.

Soil samples were taken three times with an inter-
val of 5 days - 12.07; 19.07; 23.07.

RESULTS AND DISCUSSION

Stubble treatment-surface treatment that includes loos-
ening the soil to a depth of 5-8 cm without turning it over
for the purpose of pruning crop residues, weeds, leveling
the surface, mulching (mixing the soil with plant resi-
dues) in order to accumulate and preserve moisture and
improve the agrophysical characteristics of the soil [25].
The structure of the soil determines the favorable structure

of the arable layer, its water, and physical, mechanical
and technological properties: such as soil density, hard-
ness of the treated layer, in which the root system of
plants develops, reserves of productive moisture. Op-
timal conditions of water and air regimes are formed
in soils with a fine-grained and granular structure [24].

The soil structure according to the size of aggre-
gates is divided as follows: lumpy (aggregates >10 mm);
lumpy-granular, or macrostructure (aggregates 10-0.25 mm);
powdery, or microstructure (aggregates 0.25 mm).In the
resistance of soils to wind erosion, the main role is played
by the clumsiness of the upper layer (0-50 mm) [26].

The vast majority of researchers note that flat-
cut cultivation has a better effect on the structure than
plowing, and minimizing soil cultivation is an effective
means of improving the structure of ordinary chernozem
by increasing the content of agronomically valuable ag-
gregates [27; 28].

According to the results of A.A. Pavlichenko’s re-
search, it was established that the best structural con-
dition was observed during long-term shallow tillage,
where 60.2 and 64.2% of water-resistant aggregates
were found in the plow layer,or 1.5 and 1.2% more than
in control [29].

Shallow (10-12 ¢cm) moldboard cultivation con-
tributed to growth of the topsoil bulk density of cherno-
zem by 0.3-0.5 g cm™ and decrease in total porosity by
0.6-0.9% compared to plowing by depth of 20-22 cm in
field experiment of the National University of Life and
Environmental Sciences of Ukraine [30].

In studies, the structural and aggregate compo-
sition of the upper soil layer due to treatment with var-
jous tillage tools had significant differences between
the variants (Fig. 1).
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Figure 1. Influence of stubble treatment with tillage tools on the content of soil aggregates in a layer of 0-8 cm, %

A larger number of units up to 50 mm in size were
formed as a result of crumbling the soil by working bod-
ies with a short disc harrow-Husker (variodisk), a vertical
processing harrow Verti-till (turbo disk) and a chopping
Rotary chopper (knife-rotor). Lumpiness in these variants
ranged from 80.8 to 87.0%, which exceeded the content of
lumps up to 50.0 mm in the control variant by 16.5-22.7%.
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Accordingly, the blockiness of the structure (ag-
gregates >10 mm) was the lowest in the variant when
processing with a short disc harrow-husker (variodisk) -
4.9%, and the maximum destruction of blocks occurred
when processing with a vertical harrow treatment Verti-
till (turbo disk). The increased content of block aggre-
gates was observed in the control version - 15.6%.



Nikonchuk et al.

To prevent the development of wind erosion in the
post-harvest period, which is important in the condi-
tions of the Southern Steppe, stubble treatment with a
turbo disk and a knife-rotor can be a significant factor
in the soil's anti-erosion resistance. The most agronom-
ically valuable structure is the content of particles of

0.25-10 mm of at least 70%, less than 40% is unfavor-
able. In studies, the optimal amount of agronomically
valuable aggregates in the upper layer of the soil was
created by mulching treatment with a short disc har-
row-husker (variodisk) and a chopping rotary chopper
(knife-rotor) - 74.7-78.7% (Fig. 2).
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Figure 2. Content of agronomically valuable aggregates (0.25-10 mm) in a layer of 0-8 cm,
depending on the tillage of various aggregates %

Soil hardness - the property of the soil in its nat-
ural composition to resist compression and prospection.
This is one of the main indicators that characterizes
its physical condition, determines the environment in
which the root system of the plant is located, and, ac-
cordingly, it determines the efficiency of nutrition. Hard-
ness often leads to a decrease in seed germination, af-
fects the water,air and thermal conditions of the soil, the
traction resistance of tillage machines and tools [30].

Stubble treatment with tillage tools significantly
affected the hardness indicators in the soil layers and
depended on the working bodies of the mechanisms.
The lowest hardness was observed in the 0-5 cm layer
and gradually increased down the profile in all variants
of the experiment. The lowest hardness of the upper
soil layer was observed with the Verti-till vertical har-
row (turbo disk) — 0.48 MPA and in the control - 0.54 MPA
(Table 1).

Table 1. Soil hardness in different layers depending on stubble treatment with different tillage units, MPa

Layers of soil, cm

Tillage units

Knife-rotor
0-5 0.54 1.05
5-10 0.66 1.10
10-15 0.84 1.18
15-20 0.92 1.29

The highest hardness in the 0-5 cm layer was ob-
served in the version when processing with a chopping ro-
tary chopper (knife-rotor) - 1.05 MPa, which was 0.51 MPa
higher than the soil hardness from the control version. In
all soil layers, the lowest hardness values were in the con-
trol version (0.54-0.92 MPa).

When processing stubble with tillage tools, the
best results were obtained in the version with the Verti-till
vertical harrow (turbo disk) — 0.48-1.33 MPa. The greatest
compaction and hardness in the soil layer of 5-20 cm was

Turbo drive Variodisk Strigel
0.48 0.71 0.72
0.92 1.10 1.22
1.12 1.23 1.46
1.33 1.14 141

facilitated by processing with a heavy tooth spring harrow
(strigel) — 1.22-1.46 MPa. Using this indicator, you can de-
termine the depth, thickness, and density of the plow sole,
the formation of which depends on the tillage technology.
Increasing the hardness increases the energy intensity of
tillage, reduces water permeability, it slows down the de-
velopment of roots until they completely stop due to the
inability to penetrate through the compacted layer. The re-
sults of assessing the propensity of the soil to form a plow
sole using the falling cone method are shown in Figure 3.
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Figure 3. Influence of tillage on the tendency to form a plow sole by the height of immersion of the falling cone, cm

The least susceptible to the formation of a plow
sole was the soil in the version when treated with
working bodies with a short disc harrow-husker (vari-
odisk) — 1.05 cm, which was at the level of the control
Version (1.03 cm). The soil in the version of processing
with a heavy tooth spring harrow (strigel) was most
susceptible to the formation of a plow sole in terms of
the height of immersion of the falling cone - 1.71 m.
Processing with a verti-till vertical harrow (turbo disc)
and a rotary chopper (knife-rotor) revealed the same
tendency for forming a plow sole - 1.57-1.58 cm.

Soil hardness and humidity are related indica-
tors. With a decrease in the moisture content in the soil,
the hardness increases significantly and negatively af-
fects the root system of plants. Therefore, before install-
ing moisture supply, the soil hardness is determined to

identify areas of over-compaction. In recent years (2020-
2021), the risks of arid conditions have been increasing
more and more, so modern technologies require signif-
icant improvement, in particular in the search for agri-
cultural measures aimed at preserving natural moisture
resources.

The most important physical property of the
soil that determines its humidity is moisture capacity
(capillarity) - a value that quantifies the water-retain-
ing ability of the soil: the ability to absorb and retain
a certain amount of moisture from draining under the
influence of capillary and sorption forces. The degree
of soil moisture retention was determined using the
volume water content indicator, or field moisture ca-
pacity (“FMC”), which is a numerical indicator of soil
moisture (Table 2).

Table 2. Dynamics of moisture reserves in the surface layer (0-25 cm)
depending on stubble treatment with various tillage units, %

Tillage units

Layers of soil

10-15
First term

Control 74 20.2 449 421 56.1
Knife-rotor 16.0 389 50.0 46.8 65.5
Turbo drive 11.5 254 46.0 45.6 66.1
Variodisk 0.0 41.6 64.1 60.5 62.8
Barbell 0.0 44.4 48.1 63.3 63.9

Second term
Control 4.2 75 27.3 31.5 35.0
Knife-rotor 0.0 239 34.5 36.7 40.7
Turbo drive 6.7 8.2 38.3 444 55.4
Variodisk 0.0 28.0 46.3 56.1 59.3
Barbell 6.3 14.0 29.8 42.6 50.0

Third period
Control 6.3 10.6 27.8 314 35.7
Knife-rotor 2.1 144 24.1 30.4 34.2
Turbo drive 1.9 5.8 36.0 42.0 50.0
Variodisk 9.9 24.1 473 52.2 28.1
Barbell 4.7 5.5 30.3 38.6 494
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The control variant had the lowest values of field ~ variant with Ducat-2.5 variodisk and in dynamics they
moisture capacity in all soil layers. Thus, the moisture  were: 45.8% (first term); 37.9% (second term) and 38.3%
reserves in the soil layer from 0-25 cm were higher in the  (third period) respectively (Fig. 4).

EFirst term W Second term M Third period

45.8
434 439
40 38.9 37.9 38.3
35 34.1
30.6 285
30 .
27.2 27.1 257

25 211 224 210
20
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0

Control Knife-rotor Turbo drive Variodisk Strigel

Figure 4. Dynamics of moisture reserves (%) depending on stubble treatment with various tillage units,
average at a depth of 0 to 25 cm

Lower moisture reserves in the 25 cm soil layer  bases, worm passages, etc. the optimal value is at least
were in the control version (without cultivation) - 34.1% 30 mm/hour. Therefore, the regulation of soil water per-
(first term); 21.1% (second term) and 22.4% (third period). meability should be reduced for improving the struc-

Among the four tillage units studied, in the 25 cm  ture and structure of the soil by appropriate mechanical
layer the lowest moisture reserves were observed in  treatment, the introduction of organic (especially green
the knife-rotor variant: such as 43.4,27.2 and 21.0%,re-  manure) fertilizers.
spectively. The water permeability of the soil depends on The water permeability of the loosened soil was
the mechanical composition and structure of the soil, optimal after treatment with the studied aggregates in
the amount of swelling, the composition of absorbent  all variants (Table 3).

Table 3. Influence of tillage with tillage units on water permeability soil through a fixed area, mL/cm?/min

Tillage units

. Time ) Knife-rotor Turbo drive Variodisk Strigel

intenakmin Su!;ziiclied Soles Sul;‘s)ii?ed Soles Sul;ziit:ed Soles SuZZii?ed Soles
1 3.63 34 3.9 1.9 4.8 2.8 4.0 2.0
2 3.82 4.3 4.1 1.9 5.3 3.2 4.2 2.0
3 4.36 4.6 4.6 2.3 5.4 3.2 44 2.0
4 4.54 5.3 4.9 2.7 5.7 3.8 4.5 2.0
5 5.04 5.9 5.5 2.7 6.2 3.8 4.5 2.3
6 5.38 6.3 5.8 2.7 6.5 3.9 4.8 2.3
7 5.91 7.0 6.3 3.3 71 4.3 4.8 2.3
8 591 73 6.7 3.5 7.2 4.5 4.8 2.4
9 6.3 79 7.2 3.6 7.6 5.0 5.0 2.5

However, the soil was better able to pass the in all variants of studies on this indicator, the option for
added water when treated with Ducat-2.5 variodisk  processing with a ducat RST rotary chopper (knife-rotor)
both after 1 minute and after 9 minutes of research -  was distinguished as 6 — 3.4-7.9 mL/cm?/min. Lower rates
4.8-7.6 ML/cm?/min. In addition, good results of water  of moisture absorption by the sole were shown by the
absorption along the loosened layer were obtained in  option for stubble treatment with a heavy tooth spring
the Verti-till vertical harrow treatment variant (turbo  harrow (strigel) LIRA XL-21 from 2.0 to 2.5 mL/cm?/min.
disk) - 3.9-7.2 mL/cm?/min.

Avaluable indicator of tillage is the water perme- CONCLUSIONS
ability of the sole, which affects the provision of moisture  Based on the results of a scientific study of the effec-
to the root system of plants. According to the table data, tiveness of using surface tillage of tillage tools of the
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“Lozovsky mashiny” brand, the following conclusions
can be drawn:

— the best structured soil was a short harrow-husker
DUCAT-2.5; the content of agronomically valuable ag-
gregates of 0.25-10 mm was 78.7% (K page=3.7). The
content of lumpy fractions of 0-50 mm in size of more
than 70% in the treated layer was provided by all ag-
gregates, which was an excellent indicator;

—the lowest indicators of soil hardness and the ten-
dency to form a plow sole were obtained in the Verti-till

vertical treatment variant (turbo disk) - 0.48-1.33 MPA.

The greatest compaction and hardness in the soil layer

of 5-20 cm was facilitated by processing with a heavy
tooth spring harrow (Strigel) — 1.22-1.46 MPA;

— preservation of soil moisture in terms of moisture
capacity (VWC) was best provided by a short disc har-
row-husker (variodisk) DUCAT-2.5 (variodisk).

In connection with the significant mechanical
load on soils and climate changes, especially in the
Southern Steppe zone of Ukraine, the obtained scientif-
ic results are relevant and will be implemented in pro-
duction. In addition, further tests of the “Lozivski mashini”
brand tools on irrigation, which will contribute to the
preservation of moisture in the soil, are promising.
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Arpodi3nyHi BNacTUBOCTI 'PYHTY 3aJ/Ie)XHO Bif, NoBepxXHeBOro
(ctepHbOBOIro) 06po6iTKy 'rPYHTOO6pO6HMMM 3HAPAAAAMMU

Hatansa BonogumupiBHa HikoHuyk!, Maprapurta MuxaiinieHa Kopxosa?,
Oner Bonogumuposuu MucbmeHuit?, Ipuna BiktopisHa CmipHoBa?, JleoHig Mpokonosuuy LLlycTik?

MuKonaiBCbKMI HALiOHaNbHWIA arpapHUiA yHiBepCUTET
54008, Byn. leopris loHraase, 9, M. Mukonais, YkpaiHa

2YKpaiHCbKMIM HAaYKOBO-A0CAIAHMI IHCTUTYT MPOrHO3YBAHHSA Ta BUNPOOYBAHHS TEXHIKM | TEXHONOTiN
[N CinbCbKOrocnoaapcbkoro BUpobHMUTBA iMeHi JleoHiaa Moropinoro
08654, Byn. IHxxeHepHa, 5, cMT JocnigHuubke, Kuiscbka 061., YkpaiHa

AHoTauis. Baxxn1MBMM HanpsMKOM B eKosori3aLlii 06pobiTky rpyHTY € 36epexeHHs Ta NoKpaLLeHHS QisUYHUX BNACTUBOCTEN
I'PYHTIB B ONTUMasIbHOMY iHTEPBai 3HAYEHb, LLLO € HEOBXiAHOK YMOBO e(hEKTUBHOIO BUKOPUCTAHHS IHLLIMX arpOTEXHIYHMX
3aX0AiB, SKi BNAMBAKOTL Ha (DOPMYBAHHS YPOXKANHOCTI CilbCbKOrOCMOAAPChKMX KYNLTYP. 3 MOSABOK HOBWX, Cy4aCHUX
eHeproe@eKkTMBHUX I'PYHTOOOPOOHMX 3HAPAAb BUHMKAE HEODXIAHICTb Y NPOBEAEHHI AOCNiIKEHb 3 iX eheKTUBHOCTI Ha
nepLIOMy CTepHbOBOMY 06p06iTKy Ha YopHO3€eMi niBaeHHOMY. MeToto focnifKeHb 6yn0 BCTaHOBWUTM BMIMB MOBEPXHEBOTO
(cTepHbOBOrO) 06POBITKY PYHTO0OPOOHUMM 3HAPAAAAMM BpeHay «JT03IBCbKI MALIMHW» NicNs 36MPaHHA S4MEHI0 03MMOT0
Ha arpodi3nyHi BNaCTMBOCTI YOPHO3EMY MiBAEHHOIO BAXKKOCYIMIMHKOBOro ManoryMycHoro B ymoBax llisaeHHoro Creny
YkpaiHu. Y npoueci JoCnimKeHHs BUKOPUCTOBYBANMCS METOAM: NOMIbOBUIA, TaBOPATOPHUIA, MOPIBHSIBbHO-PO3PaxXyHKOBUH,
CTaTUCTMYHKIA. BCTaHoBNEHO, WO cepen AOCNiKYBaHUX arperatiB Havkpale cTpykTypysas rpyHT DUCAT-2,5 (kopoTka
6opoHa-NyLWMNbHUK). HalHWx4i nokasHuku TBepaocTi rpyHTy (0,48-1,33 MI1a) Ta CXWMNbHICTb A0 YTBOPEHHS MYXHOI
nigowswm 6yno oTpUMaHo y BapiaHTi 3 BepTMKanbHUM 06pobiTkoM — Verti-till (Typ60o-anck). OTpuMaHi HayKoBi pe3ynbTaTy
[OCNiIKEHb CNPUSTUMYTb LIMPOKOMY BMPOBAIXKEHHIO Y BUPOOHMLTBO HOBMX arperaTiB 6peHay «/103iBCbKi MaLUMHKUY Ans
noBepxXHeBOro 06pobiTKy IPYHTY, LLIO LOMOMOXKE 3MEHLLYBATU MEXaHIYHe HaBaHTaXKeHHs Ta 36epiraTv BONOry B rpyHTI

KntouoBi cnoBa: ctepHbOBUi 06POBITOK FPYHTY, CTPYKTYPHO-arperaTHuii CKnag, NoiboBa BOJIOTOEMHICTb, TBEPAICTb FPYHTY,
MAY>KHA NigoLWBa
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