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Introduction. Taking into account the
properties of land conservation as the main wealth of
Ukraine, it is advisable in the near future to
thoroughly implement soil-preserving technologies,
while ensuring the necessary crop yields. To do this,
it is necessary to concentrate the necessary training
in agricultural bulk institutions, as well as to involve
research facilities and the engineering industry [1, 2].

In Vinnytsia National Agrarian University has
developed a milling cultivator design based on a
well-known design cultivator KFGG - 3,6. The
purpose of the development was to replace the
continuous cooperation created on the strip works, in
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One of the most difficult issues at present is the land
market. In the political direction, there is an extensive discussion
about the land market, but almost no one raises the issue of its
preservation for future generations. Many scientists, especially
soil scientists, warn of the gradual loss of its fertile potential due
to a sharp decrease in the soil of the main indicator fertility -
humus. As a result of conducting intensive technologies in crop
production in the agro-industrial complex, the main purpose of
which is to obtain large profits, the recommended crop rotations
are not followed, as crops such as wheat, corn, soybeans and
sunflowers are grown.

With this attitude to the land, it will lose fertility in the near
future, due to a sharp drop in humus. In many publications of soil
scientists over the past 20 years, humus has decreased by
almost 2% on average, while in the previous 100 years it has
decreased by 1.5-2%.

Thus, it is urgent to change the adopted technology to
soil-preserving, which, along with the preservation of the soil with
their proper implementation are not inferior to the vyield of
industrial technologies.

It is necessary to pay attention to how energy and soil-
saving technologies are used in most countries of America,
and Europe.
technologies. These technologies are based on minimal tillage
with mandatory high-quality soil cover with crop residues. The
technology is complex and requires proper implementation in the
presence of appropriate machines.

In Vinnytsia National Agrarian University has developed a
design of units most accessible to farms Strip-till strip tillage
technologies.
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These are No-Till and Strip-till

technologies, No-till, Strip-till, unit, strip

accordance with Strip-till technologies. Six milling
drums offered employees 30 cm wide strips, the row
spacing also remains 30 cm. But the main advantage
of the new unit was the replacement of the bulky
mechanical input with a hydraulic one for the
introduction of milling drums [3].

The development of a complex unit as a part
of a large-volume tank for liquid organic fertilizers,
introduction through a spray on a strip with the
subsequent processing by a milling cultivator is
currently being completed.

Analysis of recent research and
publications. When reviewing the publications, it
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was taken into account that along with Strip-till
technology, publications [2,4] in the field of hydraulic
drive of working units of agricultural units for strip
tillage, as well as preparation and application of liquid
organic fertilizers were also considered. Thus,
German scientists made a significant contribution to
the development of the working bodies of milling
cultivators [8,9]. They mathematically proved the
superiority of milling tillage, and proposed efficient
working bodies.

Ukrainian  scientists  have  theoretically
substantiated the shape of milling L-shaped knives
[4,5].

Thus, as a result of recent studies of hydraulic
drive of working bodies, it is established that many
works are devoted to hydraulic drive of self-propelled
machines, based on hydraulic transmissions
produced by Ukrainian manufacturers
(Kropyvnytskyi). Leading scientists have created an
effective hydraulic system for automatic speed
control of the reel drum of DON-1500 and Yenisei-
1200 combine harvesters.

Foreign scientists [7-9] have developed
hydrostatic drive systems for self-propelled
machines.
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Presenting main material. Currently, the
development of a complex unit as part of a mobile
installation of large capacity, in the form of a tank and
an upgraded cultivator KFGG-3,6. This unit will be
used for strip tillage with simultaneous application of
liguid organic fertilizers. Why was this option
chosen? The fact is that a number of biogas plants
have been built in the region that process waste,
especially chickens.

Only in the largest poultry farm in Europe -
Ladyzhyn, chicken waste is more than 20 thousand
tons per day. The biogas plant, which will come into
operation, will convert this mass into biogas. Given
that a ton of chicken manure requires about 30 tons
of water, large accumulators of liquid waste will be
spared, which can be good liquid organic fertilizers.

Thus, fertilizers as a by-product will have a low
cost, and it is advisable to develop technology for
their collection, transportation and application to the
soil [3,6].

The proposed unit, the scheme of which is
shown in Fig. 1, consists of two machines: a large
tank 1 which is aggregated with a class 4 tractor and
a milling modernized cultivator 2 KFGG - 3,6 for strip
tillage, which is attached to the tank.
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Fig. 1. Scheme of the combined unit

A feature of the design of this unit is that the
tank is equipped with two stirrers 3, which are driven
by series-connected hydraulic motors G1 and G2.
The need for agitators is the constant mixing of liquid
organic fertilizers, in order to provide homogeneity in
the application process.

Even application of liquid fertilizer to the strip
is ensured by the supply of liquid by a pump driven
by a hydraulic motor G3. A special device 4 is
mounted on the tank for uniform fertilizer application.
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Milling cultivator KFGG - 3,6 has six arrow
paws placed in front of six milling drums, with two
separate sections. The milling drum processes a
strip 30 cm wide, and between them there is an
unprocessed strip in 25-30 cm. Given the high power
in tillage, the drive of each section is driven by high-
torque hydraulic motors G4 and G5.

Given that the basis of this development is
the widespread use of hydraulic drive, it is necessary
to use for aggregation a class 4 tractor, with
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mandatory cooling of the working fluid of the
hydraulic system, which has a special radiator.

To supply fluid to the hydraulic motors G1,
G2 and G3, use a hydraulic line from the distributor,
and hydraulic motors G4 and G5 have a separate
system consisting of a pump NSh-10-10U3 which is
driven by the GDP shatft of the tractor.

The originality of the development lies in the
fact that a hydraulic drive system is used to drive the
mixers, with hydraulic motors connected in series,
which must be thoroughly investigated in the future.
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The study is based on the construction of a
mathematical model with series-connected hydraulic
motors, which drive two stirrers in the tank. When
developing a mathematical model, the following
assumptions are made:

The thermal regime of the hydraulic system
is set. Losses on friction of hydraulic motors are
proportional to speed of turns. Friction and wave
processes in hydraulic lines are not taken into
account due to their small size. In fig. 2 shows a
diagram of hydraulic motors, with a series
connection.
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Fig. 2 - Scheme of serial connection of hydraulic motors

According to the scheme, the supply Qn of
the running pump in the constant supply mode is fed
to the input of the first hydraulic motor with a
characteristic volume q (¢1), taking into account the
pulsation as a dependence g1 (@1). The elastic
properties of the pipe cavities connecting the pump
to the first hydraulic motor are determined by the
volume W1 and the coefficient K1 (p1). The moment
of inertia on the shaft of the hydraulic motor 11 is
given. The pressure at the inlet to the first hydraulic
motor P1, and at the inlet to the second hydraulic
motor PO. The output of the first hydraulic motor is
connected to the second hydraulic line by volume
WO, and coefficient Kc (Pc). The characteristic

dP.
Q:—qy (@) w, — K, -(P)- W, -

The equation of continuity of the flow of
working fluid in the line between the first and
second hydraulic motor [2]:

q:(@1) - w; +q: (@ )w; — K (P)- W,

dP-
dt

volume of the second hydraulic motor with the
moment of inertia on its shaft is equal to g2 (¢2) and
12, respectively.

The flow rate in the drain line is determined
by the value of Q2. The elastic properties of the drain
line are characterized by the volume W2 and the
coefficient elasticity K2 (P2), taking into account the
above assumptions, the dynamic processes in
hydraulic systems are described by the following
equations:

Equation of continuity of the working fluid
flow in the pressure line, connecting the pump to the
inlet of the first hydraulic motor [6]:

g, (@) -py =0 (1)

dt

—6,(@y - @) —6.(9; - 0;) — . @

The equation of continuity of flow in the main on the drain from the second hydraulic motor [2]:
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The equation of torque on the shaft of the
first hydraulic motor is determined by [2]:
e o
q,- (@) (AL —F)=1" dt1+b1'm1+Mri+Mer 4)

Equation of moments on the shaft of the second hydraulic motor [2]:

d
q, (@) (F.—P) =1, - d:+b2'm2+MT2+Mrpz; (5)
In equations 1-5 the following notation is b1, b2 — coefficients of active resistance in the
accepted: first and second circuits, including losses in hydraulic
motors;
w1, w2 — angular velocities of the first and Mr1, M2 — moments of technological loads of
second hydraulic motors; working bodies;
d1 (1), 62 (92), & (@1, @2) — coefficients of Mrp1, Mrp2 — moments in hydraulic motors which

hydraulic losses from overflows in cavities of theare on equations:
hydraulic drive under pressureP1, P2, Po respectively;

Mrpi =&y [Pin'F1+ 0,5- W (F.+ P) "‘fl' (P +Pc]] (6)
MTPZ =& [Pzn'pz +0,5- y, - (P.: +sz ’ +_',£2 ) (Pz +P.:]] (7)
€1, g2 — coefficients of friction losses in Nonlinear losses in the hydraulic motor
hydraulic motors; depend on the angular coordinate ¢, the angular
Fi, F2 — pressing force of working velocity w of the rotor, as well as the pressure in
elements in hydraulic motors; the cavities of the hydraulic motor.
1, y2 — areas of pressing parts; A clear nonlinear characteristic of the
&1, & — coefficients of friction losses at mathematical model of the hydraulic drive is the
rotations of hydraulic drives. characteristic of the moment of friction:
In the analysis of equations (1-5) it is M = M1 - (9, w, P).
established that the mathematical model of the It should be noted that the dependencies

hydraulic drive with series-connected hydraulic M (¢, w, P) implemented through the use of
motors at certain parameters and insignificant dependencies £ (¢, w) i & (¢, w), as well as
losses on friction in small highways, taking into  expressions of equations (6) and (7) which are the
account change of volume of liquid at flow from relationship between M:, and pressure in the
one cavity of the hydraulic motor, in the second is  cavities of hydraulic motors.

proportional to pressure difference in the hydraulic The model with accepted conventions has
motor. the form:

d(Py, + AR )

Ql_ﬂl'{Plu'l'":"Pl}'Hl'l'Vl' dt

— g1 {fﬂ'j.u +5W1} =0 (8)
d(Py, + AP, )

ql{mlu + "l:"ml} - ﬂ-I.' PI.'u + "l:l"Pl.'} - HI.' ' 11{' dt

- '?:'[fﬂ':u +*':"f'°-":} =0 (9)

g, [(P, +2B) + (P, +8B)] - e, - {(P,, +2R) - F + 05w, [(P, +2B) + (B, +2B)]} - ¢

d
(o, +82) + (B, +02)] = 1-—2 = (b, — Ke) - (0, + 80) — My, =0
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g:-[(B, +8B) + (B + 87, )] — &, - {(F,, + 8B) - F — 05w, - [(B, +2B) +(P,, + 4R,)]}

(B, + 8B) + (P, + 4B )] - 1

In equations (10 and 11) the coefficients of
active resistance of viscous friction are presented as:

b; = b; — Kg, (10)

!
2

b1, b2 — components of viscous friction;
Kr1, Kr2 — angular coefficients of friction change

characteristics.

Conclusions:

1. When selecting hydraulic motors connected in
series from one pump, it is necessary to choose the first
hydraulic motor with a smaller volume and higher speed.

2. At the same frequencies, their working
volumes depend on the technological loads, taking into
account friction losses.

3. Itis recommended to use hydraulic motors with
a high value of efficiency, and a stable mode of
operation at low speeds.
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AOOCHIMXEHHA rigponPUBOAY ArPErATYy
NA CMYroBoro OsPOBITKY F'PYHTY 3
OAHOYACHMM BHECEHHSAM PIAKUX 1OBPUB

OaHuM i3 camux CKnagHUX NuTaHb Ha AaHWUn
Yac € nuTaHHa puWHKY 3emni. B nonitdHomy
HanpsIMKy BedeTbCH ObLmMpHa AUCKYCiS NPO PUHOK
3eMni, ane Mamke HIXTO He nigHiMae nuTaHHs i
30epexeHHs ans  ManbyTHIX nokoniHb. barato
BYEHMX OCODNMBO TPYHTO3HABLIB MONEpPe;XKyoTh,
nNpo MOCTynoBYy BTpaTy ii poato4voro noteHuiany, y
3B’A3KY PIi3KOr0 3MEHLUEHHS B 'PyHTax OCHOBHOMO
MoKasHuka
poatdocTi — rymycy. B pesynbTati BegeHHs B
arpornpomMucrioBomy KOMMJIEKCI iHTEHCUBHUX
TEXHOMOTIN B POCNMHHMLTBI, OCHOBHOIO LMo SIKOK
€ OTPMMaHHS BENMUKMX NPUOYTKIB HE NPUTPUMYIOTHCS
pekoMeHAO0BaHUX CiBO3MiH, Tak SK BUPOLLYIOTb Taki
KyNnbTypU 9K MNWEHWULS, KYKYpYA3a, COA Ta COHALLHMK.

Mpu TakoMy BigHOLLEHHI 0O 3eMri, BOHa B
Hepanekomy mMavibyTHBOMY BTPaTWUTb POAKOMICTb, i3-
3a piskoro nagiHHa rymycy. B Garatbox nyonikauisix
BYEHUX I'PYHTO3HABLIB 3a ocTaHHiX 20 pokiB rymyc B
cepeHLOMY MOHU3NBCA Maixe Ha 2%, B TON Yac sK
3a 100 nonepeaHix pokiB BiH 3MeHLWMBCA Ha 1,5-2%.

TakMm 4MHOM, TEPMIHOBO MOTPIOHO MIHATY
MPUAHATY TEXHOMOrilo Ha rpyHTo36epiratoyi, ki
nopsig 30epexeHHAM TPyHTYy NpyM rpamoTHOMY iX
BMPOBaXEHHI He MOCTYnalTbCs  YPOXKaMHICTIO
nepen NPOMMCIIOBMMM TEXHOSOTIAMU.

MoTpibHO 3BepHyTM yBary, Ha Te $SK B
OinbwocTi, kpaiHn Amepukn, KaHagn, a Takox
€Bponun 3aCcTOCOBYIOTb EHEPIO- Ta rPyHTO30epiratoui
TexHororii. Lle TexHonorii No-Till Ta Strip-till.

B ocHOBYy uUMX TexHOMorin 3aknageHo
MiHiManbHUA 0BpoBITOK I'pyHTY 3 OOOB’A3KOBMM
SIKICHMM MOKPUBOM I'PYHTY POCITUHHUMMU 3arvLLIKaMW.
TexHororis  cknagHa | noTpebye rpamMOTHOro
BMPOBaMKEHHA NPV HAABHOCTI BiAMOBIAHNX MaLLIVH.

Ha kadbegpi arpoiHxeHepii Ta TeXHi4HOMY
cepBici, pO3pOobMeHo TexHomorii i BiANOBIgHI
KOHCTPYKUii arperaTiB HanbinblW [OOCTYNHOI Ans
rocrnogapcTs
TeXHoIOrii cMyroBoro obpobiTky rpyHTy Strip-till.

Knrouyoei cnosa: mexHonoeisi No-til ma

Strip-till, aspecam 0Ons cmyz208020 06pPOGIMKY
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rpyHmy, aspezam O B8HECEHHSI PIOKUX 0obpus,
2idpaeniyHul  npuegi®  poboyux  opeaHie 3
rocniéo8HUM 3'e0HaHHSAM 2idpomaluuH,
MamemMamuyHa Mmoderib rpusoldy, eghekmueHICMb
PO3POBOK.

UCCNEONOBAHUE rMaPOMNPUBOOA ATPErATA
Onsi NONOCHOW OBPABOTKU MNOYBbI C
OOHOBPEMEHHbLIM BHECEHUEM XWUAOKUX
YOOBPEHUN

OgHVMM M3 CcaMbIX CINOXHBIX BOMPOCOB B
HacTosillee Bpems BOMNpPOC pbliHka 3emnu. B
MONMTUYECKOM HarnpasneHnM BedeTcs obwmpHas
ANCKYCCUSI O pPblHKE 3eMIM, HO MOYTM HUKTO He
nogHMMaeT BOMPOC ee COXpaHeHus ans oyaylimx
nokoneHu. MHorne yyeHble ocobeHHO MoyBoBeapbl
npegynpexgaroT, O TOCTEeNeHHON noTepe ee
NnoJopodHOro MoTeHumana, B CBA3W C  Pe3kuM
YMEHbLUEeHMeM B MOYBax OCHOBHOIO Mokasatensi
nnogopoaus - rymyca. B pesynotate BHeapeHusi B
arponpoOMbILLUMIEHHbIA  KOMMMEKC  WHTEHCMBHbIX
TEXHOMNOMI B PaCTEHWEBOACTBE, OCHOBHOW LENbo
KOTOPOMN SBMSIETCA MorydyeHne GonbLion npubbinm
He npuaepxveaoTcs pekoMeHO0BaHHbIX
arpoTpeboBaHui no BblpaLLMBaHUIO
CEerbCKOXO3ANCTBEHHBIX KynbTyp.

lMpn TakoM OTHOLUEHMW K 3emrie, OHa B
ckopom Oyaywiem noTepsieT Mnogopoave, u3-3a
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peskoro nageHus rymyca. Bo mHorux nybnvkaumsx
yyeHblX 3a nocnegHue 20 neT rymyc B cCpegHem
MOHM3NNCA No4uTM Ha 2%, B To Bpems kak 3a 100
npeabiayLwmx et oH yMmeHblumnncs Ha 1,5-2%.

HyxHO obpaTutb BHMMaHWe, Ha TO Kak B
BonblMHCTBE, cTpaHbl AMepurki, KaHagbl, a Takke
EBponbl NpyMeHsoT 3Hepro- u noysocbeperatoLme
TexHonormn. 3T1o TexHororun No-Till n Strip-till.

B oCHOBY aTWX TexHOMormm 3anoxeHo
MUHVMMarnbHas obpaboTka noyBbl ¢ 0GA3aTENbHbLIM
Ka4yeCTBEHHbIM MOKPOBOM MOYBbI PaCTUTENbHBLIMM
ocTatkamu. TexHonorusi cnoxHas u Tpebyer
rpamoTHOro BHEApEHUs] npu HanM4um
COOTBETCTBYHOLLIMX MaLLIVH.

Ha WH)XEHEPHO-TEXHOITOrMYECKOM
hakynbTeTe BUHHMLKOrO HAaLMOHaNBLHOro arpapHoro
yHMBepcuteTa  paspaboTaHbl  TEXHONorum  u
COOTBETCTBYHOLLME KOHCTPYKLMM arperaTos
Hanbornee [OCTYMHble ANs XO3SAWCTB TEXHOMOMMM
nonocoBoro obpabotku Strip-till.

Krnroyeeble cnoea: mexHonoausi No-till u
Strip-till, aepecam 0dnsi nonocosozo obpabomku,
agpezam Ofi1 8HeCeHUsl XKuOkux ydobpeHud,
eudpaenu4yeckull rnpueod paboyux opeaHo8 C
rocriedoeamersibHbIM COeOUHEHUEeM 2udpoMallUH,
Mamemamudeckasi moderib npusoda,
aghgpekmusHoCcmMb pa3pabomox.

Bidomocmi npo aemopie

Sereda Leonid — PhD, Professor, Department of Agricultural Engineering and Technical Service Vinnytsia
National Agrarian University (Sunny str., 3, Vinnytsia, Ukraine, 21008, e-mail: leonidsereda@vsau.vin.ua).
Trukhanska Elena — PhD, Associate Professor, Department of Agricultural Engineering and Technical
Service Vinnytsia National Agrarian University (Sunny str., 3, Vinnytsia, Ukraine, 21008, e-mail:
seaswallow@ukr.net).

Shvets Ludmila — PhD, Associate Professor, Department of Agricultural Engineering and Technical Service
Vinnytsia National Agrarian University (Sunny str., 3, Vinnytsia, Ukraine, 21008, e-mail: shivO505@i.ua)
Cepepna JleoHin MaBnoBuY — kaHAUAAT TEXHIYHWMX HayK, npodhecop kadeapu arpoiHXeHepii i TEXHIYHOro
cepsicy BiHHULBbKOrO HauioHanbHoro arpapHoro yHisepcutety (BHAY, Byn. CoHsuHa, 3, M. BiHHUUS, YkpaiHa,
21008, e-mail: leonidsereda@vsau.vin.ua).

TpyxaHcbka OneHa OnekcaHaopiBHa — KaHOMOAT TEXHIYHUX Hayk, AOUEHT kadedpwu arpoirxeHepii i
TEXHIYHOro cepBicy BiHHMUBbKOro HauioHanbHoro arpapHoro yHiBepcutety (BHAY, Byn. CoHsuHa, 3, m.
BiHHuugA, YkpaiHa, 21008, e-mail: seaswallow@ukr.net).

LWeeub NMioamuna BacuniBHa — kaHOMOAT TEXHIYHUX HayK, OOLEHT kadheapw arpoiHXeHepii i TeXHIYHoro
cepsicy BiHHMLBKOro HauioHanbHOro arpapHoro yHisepcuteTy (BHAY, Byn. CoHsuHa, 3, M. BiHHUUS, YkpaiHa,
21008, e-mail: shivO505@i.ua).

Cepena Jleonua lMaBnoBuY — KaHAWOAT TEXHUYECKMX HayK, npodpecop kadedpbl arpoUHXEHepUn u
TEXHUYEeCKoro cepsuca BruHHMLKOro HaumoHaneHoro arpapHoro yHusepcuteta (BHAY, yn. ConHeuHas, 3, T.
BuHHMua, YkpanHa, 21008, e-mail: leonidsereda@vsau.vin.ua).

TpyxaHckas EneHa AnekcaHOpoBHaA — kaHAUAAT TEXHUYECKMX HayK, OOLUEHT kadbedpbl arpOuHXKEHepUn 1
TEXHUYECKOoro cepsuca BruHHMLKOro HaumoHansHoro arpapHoro yHusepcuteta (BHAY, yn. ConHeuHas, 3, T.
BuHHMUa, YkpaurHa, 21008, e-mail: seaswallow@ukr.net).

LiBey Jlilogmuna BacunbeBHa — kaHOuAaAT TEXHUYECKMX HAyK, OOLEHT KadpeOpbl arpovHXeHepun wu
TEXHUYECKOro cepBuca BMHHMLIKOrO HaumoHaneHoro arpapHoro yHmsepcuteta (BHAY, yn. ConHeunas, 3,
BuHHMUa, YkpaurHa, 21008, e-mail: shivO505@i.ua).

0

72


mailto:leonidsereda@vsau.vin.ua
mailto:seaswallow@ukr.net
mailto:leonidsereda@vsau.vin.ua
mailto:seaswallow@ukr.net
mailto:shlv0505@i.ua
mailto:leonidsereda@vsau.vin.ua
mailto:seaswallow@ukr.net
mailto:shlv0505@i.ua

