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The article describes advanced technological processes of pre-sowing of soil and sowing of sugar
beet, which positively influences innovative development of beet-growing and scientific-practical project
preparation of future specialists in agro-engineering in higher education institutions. In order to increase the
field germination of seeds and to ensure the uniform placement of plants in rows, as well as to reduce the cost
of growing sugar beets for pre-sowing soil and sowing, a new method is proposed and a device for pre-sowing
tillage in the row area is developed. This method ensures that the topsoil is loosened and compacted while
sowing the seed only in the row area without loosening it in the row spacing with successively positioned
rotating working bodies, planar paws and rolls.

According to the results of the researches, an approximate model of the optimal composition of the
top soil layer in the aisles and in the row area by its fractional composition and density was developed, the
parameters of the working bodies for the pre-sowing tillage were grounded. Initial data were also obtained
and initial agrotechnical requirements for the unit for pre-sowing soil and sowing beet seeds were developed.
Application of technological process with optimally grounded parameters of strip pre-sowing tillage in the
area of rows and sowing of seeds in one pass of the unit and technical means for its execution gives the
opportunity to qualitatively prepare the soil with formation of the most favorable fractional composition for
seed germination. This increases the field germination of seeds and the uniform distribution of plants in rows,
reducing the cost of fuel and direct operating costs of growing sugar beets.

The results of the research can be used to improve and optimize zonal technologies and facilities for
growing sugar beets, as well as in the educational process and scientific activities of students.
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1. Problem statement

Scientists and agricultural experts around the world express serious concern about the decline in soil
fertility, the development of wind and water erosion, which threatens the food security of the world's
population [4]. To a certain extent, this is due to the lack of scientifically based farming systems, including the
inappropriate choice of technology, complexes of machines and inventory for tillage in specific conditions.
The main factors that determine crop yields include soil cultivation, fertilizing, sowing, crop production and
plant protection [1, 4].

Differentiated processing, which depends on the type of soil and crop, contributes to a significant
reduction in human and energy costs. The use of machines with active working bodies for fine treatment of
clay soils before sowing or at the same time leads to soil dispersal, crusting and worsening of the water-air
regime. An important factor, especially for such row crops as corn, soybeans, sorghum, sunflowers, sugar
beets, etc., is the uniform distribution of seeds in the row, primarily for technologies with minimal or zero
tillage and with the presence of a large number of plant residues on the field surface or in the top layer. This
leads to increased requirements for precision seeders to ensure the input of seeds to the required depth while
maintaining stubble on the surface [4].

Improving the existing methods of sowing and technical means of precision sowing will reduce the
seeding rate by more than two times. By creating optimal conditions for seed germination and plant
development, this will increase crop yields by 10 ... 15% [10]. Thus, the justification of the method of sowing
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in various agroclimatic zones and the search of ways to increase crop yields is of great importance, and
therefore requires in-depth study and research [10].

Concerning sugar beets, it is worth noting that this crop is the main sugar crop in Ukraine. EXisting
technologies and modern technical means used for growing sugar beets do not provide the required quality of
technological processes. Poor preparation of the soil and sowing determine an increase in the rate of sowing
seeds, sparse sowing, inefficient use of fertilizers, a decrease in yield and losses in the harvesting of sugar beet
root crops, which leads to significant costs for their production. In this regard, the development of new and
improvement of existing technological processes for pre-sowing tillage and sowing of sugar beet seeds is an
urgent problem of great scientific and practical importance.

2. Analysis of recent research and publications

A study of scientists and industrialists from Australia, Italy, the United States, Ukraine and other
countries of the world showed that the geometric parameters of the working bodies of tillage machines can be
optimized for minimal traction, energy usage and other categories using mathematical models, as well as
electronic computers [4 ].

In the technological processes of pre-sowing tillage and sowing, it should take into account the
mechanical-technological properties of the main objects with which the working bodies of agricultural
machines interact — soil [3], seeds, mineral fertilizers, plant residues etc.

The quality of preparation of the seed canal has a great influence on the quality and simultaneity of
seed germination, plant growth and development, the formation of high crop yields in various soil and climatic
zones. According to the research results of L. Henrikson from Sweden, optimization of rational parameters of
the seed canal is important for the simultaneous germination of seeds for many reasons and criteria. Several
factors should be taken into account, including the fact that in the spring, moisture evaporation is high, and the
amount of precipitation is often small and insufficient. Careful preparation of the seed canal is necessary with
limited moisture reserves in clay, sandy and other soils. Such a maximally effective seed canal can be formed
under the condition of a combination of pre-sowing tillage and sowing. The practice of growing sugar beets
shows that many factors affect the germination of seeds, the further growth and development of plants. For
example, differences in the design of the harrows, such as mass, shape and size of teeth, the distance between
them, the width of the sections affect the quality of soil preparation for sowing, the formation of the seed
channel and the optimal gravitational state, and as a result, the uniformity and intensity of plant emergence in
the future - and yield [4].

Sinchenko V.N. notes [8] that, considering the need for small-scale input of seeds, a complex of tillage
operations should prevent mixing of the upper dried layer with the lower wet layer. The depth of cultivation
should be no more than 3 ... 4 cm, which will ensure that the seeds are laid at the bottom of the seed canal,
where a high capillarity of the soil is formed with a keeled opener, which will provide sufficient moisture from
the lower layers to the seeds for germination. Sinchenko V.N. believes that, among a complex of means of
mechanization seedbed preparation that offers the market the most successful is the compactor “LEMKEN»”
firms [8].

The agrophysical properties of root crops and sugar beet productivity significantly depend on the
density and uniformity of plant distribution over the field area [2]. Studies have established that with an
increase in plant density, due to an increase in the number of substandard root crops, their losses during
harvesting increase. Moreover, with an increase in the uniformity of beet placement over the area, their loss
during harvesting decreases [2, 5].

3. Purpose of the research
The aim of the research is to optimize the parameters of the working bodies of machines for pre-sowing
tillage and sowing seeds of sugar beet based on the methods of mathematical analysis of experimental data
from the proposed method and the developed device to ensure the implementation of an innovative
technological process.

4. Results of the research
To increase the field germination of seeds and, in connection with this, to increase the uniformity of
plant placement in rows, as well as to reduce the cost of growing sugar beets, a device for presowing tillage
and sowing has been developed, the principle of which is described in [6].
According to an integrated approach to solving the scientific and industrial problem of preparing the
soil for sowing sugar beets, studies were conducted to study the scientific and technical features of the design
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of disk tools for innovative technologies for the production of sugar beets as a methodological component in
the formation of professional competencies of agricultural engineers [11].

Also, according to the program of scientific research data, a method for pre-sowing tillage in the zone
of rows of sugar beets has been proposed [9]. During sowing, this method provides loosening and compaction
of the top soil layer only in the row zone (without loosening it in the row spacing), which is carried out by
successively arranged needle-type rotary working bodies, which are flattened by paws and rollers (Fig. 1).
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Fig. 1. Scheme of pre-sowing soil in the row area

The width of the strip of the topsoil in the area of the row, which is loosened and crushed by a needle
rotary working body (b, cm) and a roll (¢, cm), is 0.2... 0.3 row spacing (M, cm), greater than 1, 5 times the
width of the strip, which is loosened by a planar paw (a, cm), and is determined by the ratio

b=c=15a=(0,2...0,3) M. 1)

Depth of loosening of the soil in the row area with a needle rotary working body (h3, cm) is determined

depending on the set optimum depth of wrapping of seeds (h1, cm) and depth of loosening of the soil with a
planer paw (h2, cm) according to the formula

h3=(0,5...1,0) h2=(0,5...1,0) h1. (2

Thus, at widths between rows 30 cm and 45 cm, the width of loosening and grinding of soil in the row
area with a needle rotary working body and a roll is 6.0... 9.0 cm and 9.0... 13.5 cm, respectively, and the
width of loosening the soil with a planer paw is 4.0... 6.0 cm and 6.0... 9.0 cm, respectively.

At a depth of seed wrapping of 3 cm, the depth of loosening of the soil with a planer paw is 3 cm, and
the depth of loosening of the soil with a needle rotary working body is 1.5... 3 cm.

Based on the results of theoretical and experimental studies on the determination of operating
conditions of technical means and performance indicators of technological processes of pre-sowing soil
cultivation and sowing of seeds in different ways of basic tillage (conventional plowing, planning, surface
cultivation), a rational design and manufacturing scheme was developed and a sample device of the seed drill
for pre-sowing soil in row area was developed. The use of such a device ensures loosening, covering and
compacting of the topsoil during the sowing of the seed only in the row area (without loosening it in the row
spacing) with needle rotary working bodies, planar paws and rolls placed in series in front of the seed drill.

According to the results of studies on the use of a sowing unit equipped with needle rotating working
bodies sequentially located in front of the seeders of the seeder, with flat-horizontal paws and rollers for the
strip method of pre-sowing soil cultivation it was found that it provides an increase in the number of
agrotechnical useful soil particles in the row area up to 10 mm (Table. 1).

After the passage of the research unit, the mass fraction of agrotechnical useful soil particles increased
by 37.5% compared with their share in the passage of the unit and by 21.4% compared with the mass fraction
after the passage of the combined tillage unit of serial production, and the mass fraction of lumps of size
10...20 mm decreased respectively by 15.9% and by 14.1%.

Based on the results of laboratory studies, it was found that for better germination of sugar beet seeds,
the mass fraction of soil particles with a size of 0.26...10 mm in the area of its incorporation should be at least
90%, the offspring — at least 75%, and under the seeds — solid seed bed (not loose soil). The soil density p in
the seed placement layer and in the upper-seed layer should be 1.0...1.2 g / cm?, in the under-seed layer —
1.2... 1.3 g/ cm®. Soil moisture in the seed wrapping zone should be 20%. The thickness of the lower soil
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layer h, which is additionally crushed, should be about 0.25 of the depth of pre-sowing cultivation of soil H.
In the upper soil layer (with a thickness equal to the depth of seeding), the row-spacing zones should be 95%
by weight of soil particles up to 30 mm in size, and 80% - up to 20 mm in size. The soil density should be
1.1..1.3 g/ cm?, which is ensured by early spring tillage without carrying out its pre-sowing treatment.

Vol. 109, No 2 / 2020

Table 1
The influence of methods of pre-sowing soil on its fractional composition and density and field
germination of seeds

Mass fraction (%) in the loosened layer of Density of Field
Indicators soil particles, mm: the soil, germination
upto10 | 10...20 | 20...30 | 30 and more g/lcm3 of seeds, %
Before the passage of units 42,6 35,8 18,4 3,2 1,2...1,3 —
In the row area after the
passage of the combined 58,7 34,0 7,3 0 1,1...1,2 79,1
tillage unit
In the row area after
passing the experimental 80,1 19,9 0 0 1,0...1,2 88,7
unit

Based on the results of the research, an indicative model of the optimal composition of the upper soil
layer in the row spacing and row area according to its fractional composition and density was developed
(Fig. 2). The parameters of the working bodies for pre-sowing soil cultivation have been justified, the initial
data have been obtained and the initial requirements for an aggregate for pre-sowing soil cultivation and
sowing beet seeds have been developed.

1,0 L1 1.2 13 p, & 10 11 12

1,3 p, gem

0,26...10 - 75%
up to 20 mm — 100%

up to 20 mm — 80%

0,26...10—90%
up to 20 mm — 100%

a) b)
Fig. 2. Indicative model of the topsoil for sowing sugar beet seeds: — in the row area; b) — in the row
spacing; H — the thickness of the loosened soil layer to the depth of seeding, cm; h — thickness of
additionally loosened soil layer, cm; p — soil density, g/cm®.

The obtained results can be used both in scientific-industrial and in educational-pedagogical activity.

5. Conclusions
The use of an optimized technological process of strip pre-sowing tillage in the row zone and sowing
seeds in one pass of the unit and the technical means for its implementation makes it possible to qualitatively
prepare the soil with the formation of the most favorable fractional composition for seed germination, and
provides an increase in field germination of seeds by 8 - 20% ( up to 90%), uniform distribution of plants in
rows (from 53.4 ... 62.1 t0 44.8 ... 51.3% in terms of variation coefficient), reduction in direct operating costs
of funds for testing Eating pre-sowing tillage and sowing beet seeds 1.3 times, fuel consumption - 20%.
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OBIPYHTYBAHHS CIIOCOBY I IPUCTPOIO JJIS1 OBPOBITKY IPYHTY TA CIBBU
IIYKPOBUX BYPAKIB i1 3ACTOCYBAHHSA PE3YJIBTATIB Y TEXHOJIOT'ISIX ITIZITOTOBKU
AT'POIHXEHEPIB

Y cmammi suxiadeno yO0oCKoHaneHi mexnono2iuti npoyecu nepeonocieHo2o 0opobimky ipynmy ma
ciebu YyyKposux OypsAKie, ujo NOUMUBHO GNIUBAE HA THHOBAYIUHUL PO3BUMOK OYPAKIGHUYMEA MdA HAYKOBO-
NPAKMUYHY NPOEKMHY Ni020MOBKY MAUOYMHIX (haxieyis 3 azpoindicenepii y 3axaaoax euwoi oceimu. 3 memoio
NIOBUWEHHS NOTbOBOL CXONCOCMI HACIHHA T 3A0e3NeUeHHsT PIBHOMIPDHOCIE PO3MIWEHHS. POCIUH ) PAOKAX, a
MAKOIC 0I5l SMEHUIEHHS GUMPATN HA BUPOUYBAHHS YYKPOBUX DYPAKIG 01 NepeOnocieHozo obpoobimxy IpyHmy
ma cieou 3anponoHO8AHO HOGUU CNOCIO i po3poOIeHO Npucmpill nepeonocieHo2o obpobImKy IPYHMY 6 30Hi
pAaokis. Leti cnocib 3ab6e3neyuye posnyulyeants ma ywilbHeHHs 6ePXHbO20 WApy IPYHMY Nio Yac cieOU HACIHHS
auule 8 30Hi pAOKI6 0e3 pOo3nyuLyawus 1020 8 30Hi MIJNCPAO0b NOCTNIO06HO POIMIWEHUMU 2ONYAMUMU
POMAYIUHUMU POOOYUMU OPSAHAMU, NIOCKOPIZATbHUMU JIANAMU MA KOMKAMU.

3a pesyrvmamamu 0ocriodicerv po3poOaeHAd OPIEHMOBHA MOOEb ONMUMATLHOSO CKAAJY BEPXHBO2O
wapy IpyHmy 6 Midncpsoosx i 6 30Hi psoOKie 3a 1020 PpaKyiuHum CKIA0oM I WinbHICMIO, 0OIPYHMOBAHO
napamempu poboyux opeamis 0 npo8edeH s NepeonocieHo2o oopobimxy ipyumy. Taxosc ompumano 6uxioni
dami ma po3podreno GUXIOHI acpomexHiuHi euMocu 00 azpezamy 0/ NepeonocigHozo 0OpobImKy TpyHmy i
ciebu macinmsi OypsKie. 3acmocyganHs MeXHONO2IYHO20 Npoyecy 3 ONMUMATLHO OOIPYHMOBAHUMU
napamempamu CMy208020 Nepeonoci@Ho20 06poOIimKy IpyHmy 6 30Hi psAoKie i ciebu HACIHHA 3a 00UH NPOXIO
aspezamy ma MeXHIYH020 3aco0y Ofisi U020 GUKOHAHHA 0A€ MOJICIUBICMb SKICHO nideomyeamu IpyHm i3
hopmysanmnam HAUOLIbUWL CRPUSINAUBO20 PPAKYIliHO20 CKAAdy 01 npopocmanmus Hacinus. lle 3abesneuye
nidGUWEHHS NOTbOBOI CXOHCOCI HACIHHSA MA PIBHOMIDHOCMI PO3MIWEHHS POCIUH Y PAOKAX, 3MEHULeHHS
BUMPAM NATLHO20 | NPAMUX eKCHIYAMAYIUHUX UMPam KOWmMie Ha UPOUYBANHS UYKPOBUX OYDSKIE.
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Pezynomamu  docriosicens moocymo Oymu  euxopucmati 0asi YOOCKOHAJIEHHs. ma ONMuMizayii
30HATLHUX TNEXHONI02I | MEeXHIYHUX 3aC00i8 018 UPOWYEANHS YYKPOBUX OVDAKIE, d MAKONC Y HAGUATLHOMY
npoyeci ma HayKo8itl OisibHOCMI cmyOeHmis.

Knrouoei croesa: yykposi 6ypsixu, HACIHHS, IPYHM, NePeOnoCiGHUtl 0OPODIMOK, WLTLHICHIb, NOLOBA CXOICICHID.

@. 2. Puc. 2. Taon. 1. Jlim. 11.

OBOCHOBAHUE CIIOCOBA U YCTPOMCTBA JIJI1 OGPABOTKHA ITOYBBI C
OTHOBPEMEHHBIM ITIOCEBOM CAXAPHOM CBEKJIbI U IPUMEHEHUE MMOJIYYEHHBIX
PE3YJIBTATOB B TEXHOJIOTUAX TIOAI'OTOBKH ATPOMHKEHEPOB

B cmamve u3nodicenvi ycosepuieHCmeoanHvie MexHOIO02UYecKue Hnpoyeccul NpeonocesHoll
06pabomxu nousbl U NOCe8a CAXAPHOU CEEKIIbL, YMO NONOACUMENLHO GNUAeM HA UHHOBAYUOHHOE Pa3gumue
CBEKN0B00CMBA U HAYYHO-NPAKMUYECKYIO  NPOEKMHYIO  NOO20MOBKY — OVOVWUX — CHeyuanucmos ¢
azpoumndicenepul 8 yupesicoenusx evicuieco oopazosanus. C yenvbio nosvluleHUs NONEBOl 6CX0NHCECU CEMAH U
obecneuenus pagHOMEPHOCMU pa3MeujeHus pacmerull 8 psAoOKax, a makdice 015 YMEeHbUleHUs 3ampam Ha
8bIPAWYUBAHUE CAXAPHOTU CBEKIIbL 01 NPEONOCEBHOU 0OpAOOMKU NOUBbI U NOCEBA NPEOIONCEH HOBBLU CNOCOO U
paspabomano ycmpoucmeo npeonocesHol 0OpabomKu noyussl 8 30He pA0Kos. Imom cnocob obecneyugaem
DpbIXTIeHue U YRiIomHeHue 6epXHe20 CI0sl NOUEbl 60 8PEMS Ce68d CeMSAH MOIbKO 8 30He PAOKO08, be3 PbIXJIeHUs e20
8 30He MedNCOYPAOUll, NOCIe008aAMENbHO PACNONONCEHHBIMU ULOILUYAMBIMU  POMAYUOHHBIMU PAOOYUUMU
opeanamu, NIOCKOPe3HbIMU IANamMu U KaAmKAMU.

Ilo pesynemamam ucciredosanuii paspabomana opueHmupo8oYHdas MoOelb ONMUMATbHO20 COCMABa
6EpXHE20 CN0s NOYBLL 8 MEHCOYPAOLAX U 6 30He PAOKOE 3a €20 PPAKYUOHHLIM COCMABOM U NIOMHOCHbIO,
000CHOBAHHO napamempsl paboyux opeaHos O0as NpogedeHUs npeonocesHol obpabomku noussi. Takoice
NONY4eHbl UCXOOHble OaHHble U pa3pabomansl azpomexHuiecKue mpedo8anus Kk azpe2amy 015 npeonocesHoll
006pabomku nousvl U nocesa cemsAH ceekuvl. lIpumenenue MexHOIO2UHUECKO20 Npoyecca ¢ ONMUMATbHO
000CHOBAHHBIMU NAPAMEMPAMU NOJIOCOBOU NPEONOCEBHOU 00PAOOMKU NOUBbI 8 30HE PAOKOS U NOCEB8A CEMSH
3a 00UH NPOX00 azpe2ama U MeXHUYecKo2o cpedcmaa 05 €20 8bINOIHEeHUS Oaem B03MOHCHOCb KA4eCMEeHHO
no02omosums  nougy ¢ opmuposanuem Haubonee OAALONPUAMHO20 OPAKYUOHHO20 COCMABAd OJis
npopacmanusi cemaH. Omo obecneuugaem noGviuleHUe NOJEBOU BCXONCECMU CeMAH U PABHOMEPHOCHU
pasmewenusi pacmeHuti 8 paoKax, YMeHbUleHue pacxooa monauea u NPIMelX SKCHIYAMAYUOHHBIX PACX0008
cpeocme Ha eblpawusanie caxapHoll céexivl. Pezyibmamul uccieooeanuii Mo2ym 6blms UCNONb308AHbL OIS
YCOBEPUIEHCMBOBANHUS U ONMUMUZAYUU 30HATILHBIX MEXHON02ULL U MEXHUYECKUX CPeOCma OJii 8blpaujuSaHusl
CAxXapHol CBeKIbl, a makKdxce 6 YYeOHOM npoyecce npu NOO2OMOBKe OYOYWUX ASPOUHICEHEPOE 00
UHHOBAYUOHHOU NPOEKMHOU 0essmeNbHOCMU.

Kniouegnie cnosa: caxapras ceexna, cemena, Nouea, npeonocesHas 00padomxa, nonHOCb, HONEBAs 8CXOHCECHTb.

@.2. Puc. 2. Taon. 1. Jlum. 11.
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(Byn. Consiuna, 3, M. Binnwi, 21008, Ykpaina, e-mail: kurilo_v@ukr.net).

Hpumnsak Bikrop MuxojaiioBud — KaHIuAaT TEXHIYHHUX HayK, JOLEHT Kadeapu arpoimkeHepii Ta
TEXHIYHOTO cepBicy BiHHHMIILKOTO HalliOHAJILHOTO arpapHoro yHiBepcurety (Bys. CoHsuHa, 3, M. Binawus,
21008, Ykpaina, e-mail: viktor.prishlyak@i.ua).

Kypuino Bacuimii JleoHMI0BHY — JOKTOp CEJIbCKOXO3SHCTBEHHBIX HayK, mpodeccop Kadeapsl
ATpOMH)KEHEpHS M TEXHUYECKOTO cepBHCa BHHHUIIKOTO HAI[MOHAIBHOTO arpapHOTO YHHBEPCHUTETa, HJICH-
koppecrounenT HAAH (yn. Conueunasi, 3, r. Bunnniia, 21008, Ykpauna, e-mail: kurilo_v@ukr.net).
Hpumnsk Buktop HukosaeBM4 — KaHAMIAT TEXHUYECKUX HAyK, AOLCHT Kadenpbl arpOMHXEHEPUU U
TEXHUYECKOro CepBHca BHHHUIKOrO HalMOHaIBHOrO arpapHoro yHuepcutera (yia. Conneunas, 3, T.
Bunnwnma, 21008, Vkpauna, e-mail: viktor.prishlyak@i.ua).
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