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Abstract.Mechanical tillage of the soil is considered a powerful factor in regulating its fertility. Long-term intensive
cultivation of the soil leads to mineralization of organic matter. The application of highly intensive land cultivation
systems in agriculture has been one of the reasons for weakening soil fertility. At this time, it should also be taken
into account that 40% of the energy consumption for the cultivation of agricultural plants, and 25% of the labor
consumption according to the total volume of work, falls on soil cultivation.

In this regard, it is of great importance to search for ways to minimize the main cultivation of the soil without
reducing the productivity of the plant. From this point of view, technologies of minimum and zero tillage of the soil
in the sowing of grain and grass are taking their place as promising technologies in the world experience. However,
the development of this method, whether in terms of technological or technical support, is currently experiencing the
phase of comprehensive study of its individual issues. Our research in this direction has shown that the successful
implementation of direct seeding technology, either for grain in the harvested field or for grass seeding in grasslands
to improve the fodder base, depends on the level of scientific justification of the seeding machine. From this point of
view, it is very relevant to build a dynamic model of the sowing machine for direct sowing of grain.

Key words:direct seeding, seeding machine, dynamic characteristic, dynamic model, oscillatory system, kinetic
energy, potential energy, distribution function.

AnHoTtanus.OTMeuaeTcsi NperMyIIecTBa HyJIeBOH 00pabOTKU MOYBBI U BAXHOCTH OIIGHKM KauyecTBa BbICEBA NP
npsMoM 1mocese. CTaBHUTCA LesIb 0OOCHOBATh YCIIOBHS KAaueCTBEHHOTO DPACIIONOXKEHHS CEMSH B IOJIE HA OCHOBE
MaTeMaTHYECKON Mojenu mpouecca. PaccMaTpuBaroTCsi HECKOJIIBKO MOJENIEH Mpoliecca pacloiioKEHHs CEeMsH B
psnke. Iloctpoena rpaguueckas 3aBUCHMOCTb, XapakTepu3yiomas Kod3(QGHUINEHT BapHalldl WHTEPBAJIOB MEXITY
pacTeHUsIMH B 3aBUCHMOCTH OT TOJIEBOH BCXOXKECTH CEMsIH IPH pa3sHOM TOYHOCTH BbICEBa. BapmaHT mpeanbHOM
TOYHOCTH BBICEBA, TO €CTh HMMEIONIMH HAWIy4YIIUH pe3yJbTaT MOXKET CIYKHTh OLEHOYHBIM NpH BBIOOpE
CYIIECTBYIOIEH MJIM IPH NPOEKTUPOBAHMH HOBOM TeXHHWKH. [IpencraBineHbl GOpMyYJIbI, ONMUCHIBAIONINE HHTEPBAJIbI
MEXKAYy CEMEHAMU.YCTAaHOBJICHO, YTO Yy IIOCIEAOBATENPHOCTEH CEMSH B PpsJKe M Yy MOJAeNeH 3Tux
MOCJIEIOBATEIBHOCTEH CBOICTBAa aBTOKOPPEIAIMOHHBIX (DYHKIMH M CIIEKTPOB XOPOIIO coriacyrorcs. IlomydeHs!
(l)OpMyJH)I OIMMCBIBAIOIIUE HHTEPBAT MEXKIY CEMCHAMHU ITIO3BOJIAIOT Ha OCHOBE BEPOATHOCTH Ha BBICEBA CEMSAH
amnmapaToM OIPEICITUTh BEPOSITHOCTHBIE XapaKTEPUCTUKH HWHTEPBAIIOB MEXAY CEMEHAMH IpPH padoTe MOCEBHOMN

MalIWuHbI TPAMOI0O IMOCCBA.

v HOCHC,Z[OB&TCHLHOCTCP'I CEMsH B PAIKE U Y Moaeneﬁ OTHUX HOCHGHOBaTGJIBHOCTCﬁ CBOIiCTBa ABTOKOPPEIIAMOHHBIX

(YHKIMI M CIIEKTPOB XOPOILIO COIVIACYIOTCS. Y TOCIHENOBAaTENLHOCTEH pacTeHHWH B psAAKE W Y PACCMOTPEHHBIX
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MoJIeIel STHX IOCJIeOBATEIbHOCTEH CBOIMCTBA aBTOKOPPEISIIMOHHBIX (DYHKIMI U CIIEKTPOB HE OJMHAKOBEL B TO
JKE BpeMsl €IMHCTBEHHOE pa3iIMyUe 3TUX I0CJIeJ0BATEIbHOCTE —HAJIMYHE HE B3OIIE/AINX CEMsH, a eIMHCTBEHHOE
JIOTIOTHUTENBHOE OTpaHMYeHHE, K KOTOPOMY MBI MNPUOEIIM IIPH COCTABICHHHM MOJENH psAKa pacTeHHd —
HIOCTOSTHCTBO BEJINYUHBI TIOJICBOH BCXOXKECTH.

KimioueBble cioBa:/loces, Kkauecmeo nocesa, MNOCeSHAS MAWIUHA, BCXOHCECMb, 6EPOSMHOCMHAS  MOOeNb,
KO3 Puyuenm sapuayuu, NIOMHOCHb 8EPOSMHOCTIU.

s nutupoBanusi: Camymnos K.O., [llamimvmo U.A., Kymsa6os [I.C. Cetn u cucteMsl nepenadn HHOOPMAIIHIH:

CeTH TeJIeKOMMYHUKAIMH: Y4eOHUK U IPaKTUKYM JJIsl akaJieMudeckux OakanaBpoB.-M.: M3natensctBo 2017.

Research Object And Method

As a research object, the seeding unit and its working body, which ensure the optimal placement of grain seeds
under the soil according to the nutrient area, were selected. The study is based on mathematical analysis using
machine mechanisms and laws of soil mechanics. The dynamic properties of the whole system and individual
elements were analyzed at each stage. The design of the model is based on the static dynamics of agricultural
machines, mathematical expressions reflecting the movement of mobile units [5, 6].

Research Results And Their Discussion

The sprinkler unit, being a complex controlled dynamic system, continuously operates under conditions of changing
external influences. These effects are caused by many different factors. Various and especially random factors
manifest themselves in the technological and energetic indicators of the machine and uneven loading of the
tractor.[1, 2, 3,4].

The direct seeding machine behaves like a multidimensional dynamic system in real working conditions. It includes

9 " "
input effects and output parameters as ( external (X) and internal factors. (F )The
dynamic model of the machine and its simplified form are given in Fig. 1.
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Fig. 1. Dynamic model of direct seeding machine (a) and itssimplified models (b).

If we look at the operation of the machine as its reaction to the input effects and denote the output parameters by
vectors, and the external and internal parameters by and respectively, we can write the general mathematical model
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of the. machine according to the “input-output” principle Y= [P(t): a(t)» b(t)]as
X= [Zn(t)ﬁ R(t), Za(t)]follows F= (fl: f2! L0 'fn):

Y= A(F)X, (1)
here A@) - the operator of the system, from the internal parameters of the machine
it depends.

consists of defining the operator A. It defines the algorithm for converting external effects into output parameters.
The structure of the operator of the direct seeding machine depends on its structural scheme and the values of
internal parameters (geometric dimensions, stiffness, mass, etc.).

External indicators from the working environment: Z( t) — unevenness of the field surface , R(t) unevenness of soil

resistance, - Zo (t)the vector represents the effect of tractor shaking (dances)
X = [Z(t)! R(t)' Zo(t)] The output indicators of the machine are
Y= [P(t)' a(t), b(t)]characterized by the vector. Here P(t)— the draft resistance of the
sowing machine, a(t)— the depth of seed burial, b(t)the width of seed spreading in the row.

Taking into account the multidimensional nature of the dynamic system, the following estimates were adopted
during the study:

- the unit moves in a straight line at a constant speed,;

- the deviation of the car from the fixed position is small, not to be taken into account
can;

- transition process when the established regime is disturbed by any factor

as soon as the dynamic system is exhausted, it takes a new steady state;

- due to the deviation of the trajectories of aggregate points

as external forces and moment changes with these inclinations and theirs

are directly proportional to their derivatives.

the direct seeding machine as a dynamic system for the equal distribution of seeds on the area and depth, it is
possible to give its full value by looking at its movement in the horizontal-vertical plane.

Taking into account the received estimates, the reporting scheme of the sowing machine in the transverse-vertical
plane is shown in Fig. given in 2.
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Fig. 2. Direct sowing machine reporting scheme.

Under the influence of the resistance force (R) in the real working conditions of the sprinkler machine, it wants to
get a new steady state in the transverse-vertical plane. When the relief of the field, the property and the mass of the
seed in the hopper change, the resistance force changes in direction as well as in modulus and causes the machine's
coulters to oscillate.

is subject to displacement in the vertical direction Zoand an additional oscillating motion relative to the
center of resistance along the -coordinate. @since the displacement in the vertical direction is small, it can
move to angular oscillations due to the joint (A) of the tractor, which is connected to the trailer of the tractor.
Z,=4=aq, (2)

here o — angular oscillations of the trailer of the direct seeding machine with respect to the tractor.

The generalized coordinates ( ¢ and a ) chosen in this way can be used to construct the equation of motion of the
machine.

With the accepted estimates, the movement of the mobile unit can be expressed in the simplest way with the help of
Lagrange's equation of the second order [7]:

d (ark) 6Tk+611+6fl)
dt \dgq, dq; 0q; O0q;

where T is kinetic energy, Nm;

= Q:(1), (3)

I1 - potential energy, Nm;
@ — distribution function Nm;
Q i (1) is the force applied over time, N.

To obtain the equation of motion of the sprinkler machine, we write the equations of the kinetic (T), potential ( IT)
energies and the distribution function:

T =20 + J5e 4
5 V19 J2@%) (4)
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M= (€ + &) 5)

1
@ == (b, % + byi®) (6)

where J 1, J 2— the inertia of the machine on ¢ and o coordinates, respectively
are moments, Nm sec ?;

C 1, C2- "machine - land"stiffness coefficients of the system or of the machine
to its previous position on the generalized coordinates ( ¢ and o).

coefficients that take into account the ability to return, Nm/rad.

b 1, b »_of the machine on ¢ and a coordinates , respectively

coefficients that take into account the resistance to change of state,

N seconds/rad.

Differentiating expressions (4), (5) and (6) according to generalized coordinates and using them in equation (3), we
get the following equation of motion of the machine with some transformations:

d’  do

11W+ blE“" Cyp = [Fi(t) + F5(0)] - 25 (7)
d?¢ da

]2W+ bza‘* Coa = [Fy(t) + Fo(t)] -A¥, (8)

where F 1 (t) is the impact force caused by the change in the relief of the land surface,
N;

F 2 (t) — the impact force caused by the change of soil properties, N;

L o— influence arm of the force generated on the ¢ coordinate, m;

A £ —arm of the force created on the o coordinate, m.

When we write the values of the coefficients in equations (7) and (8) and divide all sums of the equation by the
coefficients in ¢ and o, we get the transfer function of the machine in the form of the following operator:

k(t;P* + t;P +1)

®) 7 ¢pt L 133 4 2P 4 tp + 1
—4
here T dt- symbol of differentiation;

i time constant;

W(P)- the operator.

Under zero initial conditions, the operator form (9) is as follows with the sign of the variables according to Laplace:
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k(t3S® +t35+1)
st + 353 + 22 + 6,5 +1°
W(s),

W= (10)

here is the transmission function of the seed drill.

the dynamic characteristics of mobile agricultural machines working at small frequencies, prof. ABLurye [5]
recommends a simpler expression of the transfer function:

B k(t3S+1)
). 252 w55 ¥

When determining t i ana k from equation (11) , the damping coefficient ( & ) characterizing the oscillation of the
system is determined as follows:

(11)

%,
= Z_tl : (12)
The generalized integral criterion (J ) is used to evaluate the dynamic property of the direct seeding machine:
k? S, (t3)?
Jo=grl@s =2+ g+ (2) +1 (13)

By conducting a theoretical analysis of the dynamics of the direct sowing machine in the transverse-vertical plane, it
can be noted that it is possible to determine the degree of oscillation (shaking) of this oscillating system by the
integral criterion(J ).

Conclusion

The dynamic characteristic defined by equations (7) and (8) demonstrates how the direct seeding machine will
behave in transient processes (when field effects change). The study and analysis of the dynamic properties of the
entire system and its individual parts at each stage can be used to choose a rational control scheme of the
technological process during the operation of the machine and to justify the constructive-technological parameters
for improving the working bodies .

Summary

The relevance of soil protection and energy saving technologies in agriculture is noted from the standpoint of
preserving soil fertility and increasing crop yields. In this regard, special attention is paid to the use of direct sowing
and, first of all, to the study of sowing equipment, which is the main technical means in the implementation of this
technology. In this regard, the article reflects the results of research on the construction of a dynamic model of a
direct seeding seeder and a theoretical analysis of its behavior in field conditions. Based on the work carried out and
a theoretical analysis of the dynamics of a direct seeding drill in the longitudinal-vertical plane, design equations

were obtained that make it possible to determine the degree of oscillation of the system through an integral criterion.
Pe3iome

Otmevaercs AKTYyaJIbHOCTb MNOYBO3alIUTHBIX U 3Heproc6epera10mnx TEXHOJIOTHH B 3CMJICACIIMM C IIO3UIUH
COXpaHCHUS IJIOAOPOAM TOYB 1 MOBBINICHUA ypOX(aﬁHOCTH CENIbCKOX03SIHCTBEHHBIX KYJBTYP. B stoM oTHOmEHNH
0oco00e BHHMaHHE YACHACTCA Ha NMPUMCEHCHUIO MNPAMOro moceBa M B IMEPBYHO OYCPC/b HCCICIOBAHUIO IIOCEBHOMU

TCXHUKU, ﬂBHﬂmmHﬁCH OCHOBHBIM TE€XHUYECKHUM CPEACTBOM B OCYLICCTBJIICHUU yKaSaHHOﬁ TEXHOJIOTUH. B cBs3M ¢
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OTUM B CTATbC OTPAKACTCA PC3YyJIbTAThI I/ICCJ‘IeL[OBaHI/Iﬁ o NOCTPOCHUU Z(HHaMI/I‘{eCKOﬁ MOJECIN CECAJIKA NPAMOro
IIoceBa u TeOpeTI/I‘{eCKI/Iﬁ aHaJInu3 IOBCIACHUC e€ B IIOJIEBBIX YCJIOBUSIX. Ha ocHoBe HpOBe)IeHHOfI paGOTLI u
TCOPCTUYCCKOr0 aHajIn3a AMHAMHUKH CCAJIKU MPAMOI0 MOoCEBa B IMPOAOJIBHO —BepTI/IKaHLHOfI TIJIOCKOCTHU TMOJIYYCHbBI
pacdeTHBIE YypaBHEHUS, IT03BOJIIIONINE ONPEAETIUTh CTENCHb KOJIeOATeIPHOCTH CHCTEMBI 4Yepe3 HHTEeTPabHBIN
KpUTEPUH.
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YK 631.331

MOCTPOEHME JMUHAMMWYECKOM MOJIEJIA CESIJIKM IIPSIMOI'O IIOCEBA

A.¢p.m., ooyenm Hcaee A.1O

A3zepoanoncanckuii I'ocyoapcmeennsliit Azpapuuliit Ynueepcumem
PE3IOME

OTMedaeTcsl akTyaJbHOCTh IOYBO3AIIUTHBIX W 3HEProcOEperaromux TEXHOJIOTHH B 3€MICACINH C ITO3UINU
COXpaHEHHs IUIOIOPOANS MOYB M MOBBIMICHUS YPOXKAHHOCTH CEbCKOXO3SMCTBEHHBIX KyJIbTYp. B 3TOM OoTHOmEHNN
ocoboe BHMMaHHE YIEISIETCsl Ha MPUMEHEHHUIO NPSIMOTO I0CEBAa W B MEPBYIO OYEpEb HCCICAOBAHUIO MOCCBHOM
TEXHHKH, SBIISIOUIMNACS OCHOBHBIM TEXHUYECKHUM CPEICTBOM B OCYIIECTBICHHH YKa3aHHOW TEXHOJIOTHH. B cBs3m C
3THM B CTaTb€ OTPAKAaeTCs Pe3yIbTaThl MCCIEJOBAHUM MO MOCTPOCHUH AMHAMHUYECKOW MOJENH CESUIKH MPSMOTo
1oceBa M TEOPETHYECKUN aHanu3 IOBEACHHE ee B IOJIEBBIX YyCJIOBHAX. Ha ocHOBe mnpoBeneHHOI paboTel u
TEOPETUYECKOTO aHAIM3a JUHAMUKU CESTKH MPSMOTO MOCEBa B IPOJOJIBHO —BEPTHUKAIBHON IIOCKOCTH MOIYYEeHBI
pacueTHbIE YpaBHEHHS, ITO3BOJIAIOLINE ONPEACTUTh CTENeHb KOJeOATeIbHOCTH CHCTEMBI uYepe3 HHTETpajbHBIN
KpUTEpUH.

KaroueBbie cnona:np}woﬁ noces, cesljiKa, OuHaMUYecKast xapakmepucmuka, OUHAMUYECKAS MO()e]lb,
KonebamenvbHast cucmema, Kunemudeckas dHepeusl, NOmMeHyudlbHas IHepeus, (])yHKuuﬂpacnpedeﬂeHuﬂ.
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