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MATEMATHNYHA MOJEJIb OAHO3EPHOBOI'O BUCIBY HACIHHA
JANCKOBUM AITAPATOM

Pe3stome. Po3pobreno mamemamuyny Mooeib 00HO3ePHOBO20 GUCIBY HACIHHS OUCKOBUM KOMIPUACTNUM
anapamom, SIKUll 6CMAHOBNIEHO GepmuKaibho. I[Ipedcmasneno po3paxyHkogy cxemy Osi 6U3HAYEHHS CUIU
BUULMOBXYBAHHSL 3ePHUN 3 BUCIBHO20 anapama i HA6eOeHO AHANIMUYHI 3ANIeHCHOCMI OIS USHAUEHHSL CKIA008UX
CUT BUWMOBXYBAHHS, CUN Mepms, 00epmoo2co MOMEHMY, d MAKOIC WEUOKICIb BUULMOBXYEAHHS 3ePHUH 3
BUCIBHO20 anapama 6UHAYEHO 3d POPMYLOI0 32I0HO 3 NIAHOM UBUOKOCTHEN.

Kniouosi cnosa: sucienuii ouck, 3epHuna, Kiun.

B. Hewko, I. Tkachenko, R. Lototskyi, Y. Pavelchuk

THE MATHEMATICAL MODEL OF SINGLE-SEEDING
BY DISK SOWING DEVICE

Summary. Cereals, spikes and industrial crops play an important role in the structure of the crop
sector of Ukraine supplying population with the foodstuff and industry with primary products. Wide use of high
productivity variants of drain crops and organs of grain crops, introduction of the efficient and resource-saving
cultivation is very important at the stage of setting up the agricultural sector. For the last seven years in Ukraine
the average gross grain harvest equaled 29.2 million tons with the total demand of 40 - 45 million tons.
Therefore, at the current stage of the national agricultural reform reestablishment the varying use of high
productivity sorts of crops and the introduction of intensive and energy-saving technologies of their cultivation
is very important.

The dynamic model of single-seeding by the vertically installed disk cell machine is proposed. The
essence of the design is that in the middle of the outer cylindrical part of the removable ring for different seed
sizes being replaced while changing the sowing seeds, in the radial direction the ring groove, the depth of which
being equal to or greater than the maximum size of grain, is made. The seeds interact with the pushing surface of
the wedge mounted rigidly in the stationary body with the possibility of being relatively replaced.

The sharp ring of the wedge is set under the cell disk at the angle towards the direction of the disk rotation, its
position being adjusted. The essential feature of the sell disk is the fact that on the external diameter of the basis
the external removable ring is set rigidly, which is changed dependently on the size of the sowing material seeds.
The calculation scheme for finding the seeds pushing power from the sowing machine is developed. The
analytical dependences for finding the pushing forces components: friction forces, torque are presented as well
as seed pushing speed from the sowing machine is found according to the formula of the speeds plan. The
analytical dependence for finding the productivity of the seeding machine and the seeder in general is proposed.

Taking advantage of the precise single-seeding the method will make possible to decrease more than in two
times the sowing seeds portion and to increase the productivity by 10 - 15% due to the creation of the efficient
conditions of the plants feeding during the sprouting and growing.

Key words: sowing disk, wedge, seed.
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YMOBHI MO3HAYEHHS:

P — cuna BumrosxyBanus 3epHa npu 3a4eIUIeHH] 3 KmHoM, H;

P, — cuna BUIITOBXYBaHHs 3epHA [IPH 3a4eIUICHHI 3 ucKoM, H;

P, — cuna inepuii, H;

P, P, - BinnosinHo HopManbHi CKIa0Bi PIBHOAIHHOT PEaKIlii TOBEPXOHb KIIMHA Ta AMCKA Ha 3€pPHUHY, H;
F,, — cuna Teprs npu 3auenuienni 3epHuH i3 KmHom, H;

F,, — cuia Teptst npy 3a4eIuIeHH 3epHuH i3 auckoM, H;

P — cuna, wo BuHMKa€ Bif 06epTaHHs JUCKa, KA HANIPABICHA 10 NOTUYHIN 10 paaiyca obeprans, H;

M — xkpyTHHII MOMEHT Ha JUCKy, Hw;

R - paniyc posramysanus sepaunn, m;

f, — xoediuieHT TepTs Mix 3ePHUHOIO | KIMHOM; f, = tg@,, A€ (o, — KYT TEPTsS MK 3¢PHUHAMY i [IOBEPXHEIO

KIIMHA;
M — maca HaCiHUHH, KT,
& — NpUCKOPEHHS BIJILHOTO MAaJiHHS, M/C;

Y, — KyT Opu OCHOBI KaHAaBKH Ha JIUCKY;

Y, — KyT Haxuiy KIuHa;

f

5 KOG(i)lLI1€HT TEPTA MK 3CPHUHOIO 1 KAHABKOIO; f2 = tg(p2 , A€ (p2 — KYT TCPTA MK 3CPHHUHOIO 1 ATUCKOM;

n, —dacrora obepTaHHA I¥cKa, 00/C;
Vg — MIBUKICTh PyXY 3€pHUHH Y THCKY, M/C;
V[g — IIBUKICTh BUINITOBXYBAHHS 3¢PHUHH 3 BUCIBHOTO ariapara;

N — npoIyKTHBHICTB BHCIBHOIO amapara.

IlocTanoBka npodiaemMu. B cTpyKkTypi pocTMHHUITBA YKpaiHU 3€pPHOBI, KOJOCKOBI i
TEXHIYHI KyJIbTYpU 3aliMalOTh MPOBIJHE MICIIE Ta BIIIrPalOTh OCHOBHY pOJIb Yy 3a0e3neueHH1
HaCEJICHHS MPOAYKTaMH Xap4ayBaHHsI, a IPOMHUCIOBOCTI — CHPOBHHOIO.

3a ocTaHHIX CiM pOKIB B YKpaiHi CepeaHbOPIYHHMI BaJIOBHH 30ip 3epHa CTaHOBUB
6mu3pko 30 MuH. T TpuW 3aranbHii motpedi 40 —45 muH. T. TOMy Ha HUHIIIHBOMY eTari
pedopMyBaHHS arpapHOTO CEKTOpa KpaiHU BAXUIMBUM 3aBIAHHSAM € IIHPOKE 3aCTOCYBAaHHS
BUCOKONPOAYKTUBHUX COPTIB 3€PHOBHX KYJIbTYp Ta BIPOBA/PKEHHS IHTCHCUBHUX 1
PECypCOOIIATHUX TEXHOIOT1H iX BUPOLTYBaHHS.

VY 10CKOHaJeHHs ICHYIOYMX CHOCOOIB CiBOM W TEXHIYHMX 3ac00iB TOYHOTO BHCIBY
JIO3BOJIMTh OUIbII SIK Yy JIBa pa3d 3MEHIIUTH HOPMY BHUCIBY, a 32 PaxyHOK CTBOPEHHS
ONTUMAJIBHUX YMOB Ui IPOPOCTaHHA HACIHHSA ¥ PpO3BUTKY POCIMH — MiABUIIUTH
BPOKAWHICT 3€pHOBHX KYyIbTYp Ha 10 — 15%.

V 3B'I3Ky 3 IMM JOCITI/DKEHHS CIIPSIMOBaHE Ha po3pOOJICHHS TEXHOJIOTIYHOTO MPOLECY
Ta OOTPYHTYBaHHS IapaMeTPiB MEXaHIYHUX amapariB TOYHOTO BHCiBY HaciHHS (ATBH)
TEXHIYHHX 1 3€pPHOBHX KYJIBTYpP Ha OCHOBI pecypco30epirarounx TEXHOJIOTIH, € aKTyaIbHUM i
Ma€e BaXXJIMBE HAPOJHOIOCIOJapChKe 3HAUEHHS.

AHaJi3 ocTtaHHiX AochaigxkeHb i myOjikamiid. [TutanHIO 0IHO3€PHOBOTO BHUCIBY
HaciHHs npucBauyeHi mpani bacina B.C., bpes B.B., Iloropinoro JI.B. [1], Boiika A.L [2],
I'eBka b.M. [3], 3aiku [I.LM. ta Oararbox iHmmx. HaliHamiiHIIIMMU BHCIBHHUMH amnapaTaMu
OJTHO3EpHOBOTO BUCIBY € MEXaHIYHi amapary, a MHeBMAaTUYHI MAalOTh HU3bKY EKCIUTyaTaliiHy
HamiiHICTF 1 JgoBroiunicte [1]. ToMy Tema € aKkTyalbHOIO 1 Ma€ BaKIMBE
HApOJHOTOCIIOIAPCHKE 3HAYCHHSI.
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Meta pobGoTu — 3a0e3neueHHs peanizallii 0JJHO3epHOBOrO BUCIBY HACIHHS arapaTamu
MEeXaHIYHO1 [ii 3 BEPTUKAIBHUM PO3MIIICHHSAM KOMIPYAacTOro BHCIBHOTO JIMCKa 3
BU3HAYCHHSM CHJIOBHX, TEXHOJIOTIYHUX 1 KOHCTPYKIIHHUX MapaMeETPiB.

Peanizauisi po6oTu. KOHCTpYKTHBHO-TEXHOJIOTIYHNN aHAJI3 BHCIBHUX arapariB IS
KOOPJMHATHO-OTHO3CPHOBOTO BHUCIBAaHHS HACIHHS 3CPHOBUX KOJIOCKOBHX 1 TEXHIYHHUX
KyJBTYp TOKa3aB [6], IO Ha CHOTOJHI IIe HE CTBOPEHO BHUCOKOIPOAYKTHUBHI Ta HamiiHI
anapard. HalrmepcnekTUBHIMMM 1 0a30BUM JUIsl MOJATBIIOIO BIOCKOHAJICHHS € BHCIBHI

alraparu 3 BHCIBHUM JUCKOM, pa,I[iaJ'ILHI/IMI/I Bi,I[KpI/ITI/IMI/I ImazaMu 110 30BHiI_HHBOMy z[iaMepr.
Guif A
21

Pucynox 1. JluckoBuii anapat TOYHOTO BUCIBY HACIHHS

Figure 1. Disc machine for precise seeding

OnHo3epHOBHI amapaT BHMCIBY HACIHHS 3 TOYHHMM PO3MIIIEHHSAM 3€pHUH Yy IPYHTI
BUKOHAHO Y BUIJIS/I BEPTHKAJIBHOI'O KOMIPYACcTOro JHcCKa 1, B SIKOMy PIBHOMIPHO TIO
30BHIIIHBOMY JIiaMeTpy BHUKOHaHI KoMipku 2, ¢opma i po3MipH SIKHX BiJIOBiJAIOTH
30BHIIIHIM NapaMeTpaM 3epHUH 3, sKi B HUX po3MileHi. BepTukanbHuii KOMipUacTHid JHCK
BCTAHOBJICHO Yy BHYTPIIIHIA IMJIIHAPUYHUN OTBIp 3aKpUTOrO Kopryca 4 3 MOKIJIHMBICTIO
KPYrOBOTO BiTHOCHOTO MpPOBEpTaHHS. 3a30p MiX 30BHIIIHIM JiaMeTPOM BEPTHKAIBLHOTO
KOMipyacToro Aucka | i1 BHYTpPIIIHIM JliaMeTpOM OTBOpPY KOXyxa 4 € MEHIINM rabapUTHHUX
napaMmeTpiB 3epHHH 3, AKi po3MilleH] y HUX. BepTukansHuil komipyactuii uck 1 y xopimyci
3aKPUTHH KPHUIIKOIO 5.

BepTukanbHuii KOMipYacTUil JUCK BHKOHAHO Y BHIVISIII OCHOBH 6, HIO JKOPCTKO
BCTaHOBJICHA HA NPWBOJHOMY Baly 7, KM BCTAHOBJICHO Ha MiAIIMIHHUKAX y KOXyci 4 (Ha
KpEeclIeHHI He MoKa3aHo). Ha 30BHIIHINA TiaMeTp OCHOBH OPCTKO BiJIOMHM CIIOCOOOM
3aKpIIUICHO 3MIHHE 30BHIIIHE HMTIHAPUYHE KiJblle 8 3 KoMipkamu 2. B pasi morpeOu 3miHH
BUCIBHOTO Marepiajly 30BHINIHE KiJblle 3 KOMIpKaMU MIiHSIOTH Ha iHIIE, B SIKOMY pO3Mipu
KOMIPOK BIJIITOBIJIal0OTh pO3MipaM BHUCIBHHMX 3epHHUH. IlocepennHi 30BHINIHBOI TATIHAPUIHOT
YaCTUHHU 3MIHHOTO IMJIIHAPHUYHOTO KUTBLSA B PaIiaIbHOMY HANpPSMKY BHKOHAHO KUIBIIEBY
KaHaBKy 9 rmMOUHOI0, IO AOPIBHIOE 200 OLIbIIa MAKCUMAIBHOTO PO3MIPY 3€pHHUHH 3, SIKa € Y

92



MALUNHOBY]YBAHHSI, ABTOMATH3ALjISI BUPOEHNLITBA TA [TPOLJECU MEXAHIYHOI O6POBKU

B3a€MOJIT 3 BHUIITOBXYBAJbHOIO TOBEepXHEr KiMHa 10 3 MOXIMBICTIO BIJHOCHOTO
nepemiiieHHs. KIMH JKOpCTKO 3aKkpiljieHO B 3aKPUTOMY KOXYyci 4 BiIOMHM crocobom i
TOCTPUM KiHIIEM BCTAHOBJICHO ITiJl KyTOM Y OiK HAaPSMKY pyXy BEPTHKAJILHOTO KOMipYacTOro
JcKa 1 3 MOKITUBICTIO pETYJIOBaHHS HOT0 MOI0KEHHS TpoOKoro 11.

Kpim mporo koxyx 4 >KOPCTKO 3aKpUTHH KPHIIKOIO 1 KOPCTKO 3aKPIIICHUN 0 pamMH
ciBaJIKu (Ha KPECJICHHI HE TIOKa3aHo).

B HWKHII Y4acTHHI 1O LEHTPY BEPTUKAJIBHOIO KoMmipyacToro amcka 1 B Koxyci 4
BUKOHAHO NaTpy0oK 12 3 Hackpi3HUM OTBOpPOM 13, sxuii € OLbIINil MaKCUMaIbHUX PO3MIPIB
3epeH. Ilo 3oBHImIHBOMY JgiamMeTpy 3HH3Y HaTpybok 12 € y KopcTkiii B3aemomii 3
HACiHHENPOBOAOM 14. 3HM3Y KOPCTKO 3aKpilieHa TOpJIOBMHA 3 COIIHUKOM 15. 3ropu mo
HEHTPY BEPTUKATBLHOTO LUIIHAPUYHOTO KOXKyXa 4 BUKOHAHO HACKPi3HUI OTBip 16 ans moxayi
HaCiHHA B KOMIpKH 2 BEpPTUKAJIBHOTO KoMip4acToro aucka 1 3 Oynkepa 17 3 mmbepom 18, siki
YKOPCTKO 3aKPITUICHI IO MMIIHAPUIHOTO KOpITyca i pamu (Ha KpeclieHH] He MOKa3aHo).

[TpuBOA BEpTUKAIBHOTO KOMIpYaCTOrO JUCKa | 3iCHIOETHCS BiJ MPUBOIHOTO Baja 7
BimoMuM criocobom. ByHkep 17 3ropm 3aKpuTHII KPUIIKOIO 3 MOXKIIMBICTIO BIJKPUBAaHHS 3a
JOTIOMOT OO TIETeIb BiTOMOT KOHCTPYKIIi.

s TOYHOrO pO3MIIIEHHS 3€pHMH 3 'y IPYHTI BUKOPUCTOBYIOTH IUCK 19 3
enacTHyHUMH Jionatkamu 20, sSiKi po3MillieHi piBHOMIpHO 1Mo kKoiy. Ha jomatku momagaroTh
HAaClHMHM, SKAM HAJAalOTh IIBHUJIKICTh, IO JOPIBHIOE INBHAKOCTI ciBamku. Hacinusa 3
HYJIHOBOIO TOPU3OHTAIBHOIO IIBUAKICTIO BHIIAJAa€ HA JHO KAaHABKH B IPYHT Ha BIAMOBIAHY
rmOuHy, Hapizany comHukoM 15. KanaBka 3aropraerbcs 3aropradamu 21, a TpyHT
YIIUTBHIOETHCS] OMOPHO-KOIIFOBAJIbHUM-TIPUBOIHUM KOJIecOM 22.

JInst 3aXKUCTy 3€pHHH BiJl TPaBMYBaHHS i OTPUMAaHHS MIKPOTPIIIMH Y JiBii MOJOBHHI
BHYTPIIIHHOTO LUJIIHApPA KOXKyXa BCTAHOBJIEHO IIOBCTSHE IiBKUIbIE 23, SKE >XOPCTKO
3’€JHAaHO 3 HHUM BioMHM crocoOoM. [loBcTsHe miBKiIblie BHYTPIIIHIM JiaMETPOM € Y
B3a€MOJII1 3 3€pHUHAMU 3, sIKi MEPEMIIIYIOTHCSA Y 30HY BUBAHTA)XCHHA. BOHUM TakMM YMHOM
3aXUIICH] BiJ MOUIKOKEHHS, OCOOIMBO B yMOBaxX BEJIMKUX JIUHAMIYHHUX HaBaHTaKEHb
CIBQJIOK TIiJ1 4ac BUCIBaHHS HACIHHS.

Jnis BU3HAYEHHS CUJIM BHINTOBXYBAaHHS 3E€PHMH 13 BHCIBHOTO amapaTa pO3TIISTHEMO
puc. 2
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Pucynok 2. Po3paxyHkoBa cxema Uil BU3HAUCHHS CHJIM BUIITOBXYBAHHS 3€pPHUH 3 BHCIBHOTO amapara:
1 — BHCiBHUI TUCK; 2 — 3epHUHA; 3 — KIHH

Figure 2. Analytical model for finding the seeds pushing force from the sowing machine:
1 — sowing disc; 2 — seed; 3 — wedge

BeJ'II/IqI/IHy CHJIN BI/IH_ITOBXYBEIHHH 3€pHI/IH B HaCIHHGHPOBIII BHU3HA4YCHO 3a (1)OpMy.]'IOIO

Q P+P+P

CKJIaIlOBl CHJI BUIITOBXYBAaHHA P Pi BU3HA4YCHO 34 3aJICKHOCTAMU

R=h, +F,
P =P + F
CxnazioBy CUIIM P, BU3HAYEHO 32 3AJIEXKHICTIO
})ln = ])06 /Sin;/ *
Cwuta Bij 1iii 1ucka TIOpiBHIOE
M
Ps=—:
R
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Pucynox 3. Po3paxyHkoBa cxema /i CHI y 30HI BUXOJy 3 BUCIBHOTO anapara

Figure 3. Analytical model of forces in the exit area from the sowing machine

[Ipoekrii st BUBHAYCHHS CKJIAIOBUX CHJI HA BICh X

Plx =Pln-cosyl—Ftl-s1n;/. 9)
P =P, -siny —Ft -cosy,. (10)
[Ticns BIAMOBIIHUX MTEPETBOPEHB
P P. )
B, =—-cosy———-f -siny,. (11)
siny siny
P.+mg . P, +m
])zlea—g.snfl)/l_la—g.f‘z.cosyl. (12)
cos 7, cos 7,

CI/IHy BI/H_HTOBXYBaHHﬂ B HaprIMKy OCi X BU3HAUCHO 3a (bOpMy.]'IOIO
M
Q= ?(ctg7 —1gQ, +1gy, —1g0, )+ mg(tgy —1gy,) +4x” -n’ -m-R . (13)

[IBuIKICTh BUIITOBXYBAaHHS 3€PHHHU 3 BHUCIBHOTO arapara 3HaiJIeHo 3a (opMysior
3T1JIHO 3 IJIAHOM IIBUAKOCTEH (puc. 4)

V = Ve . 14
P siny (14)
V, = 2mR. (15)
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Pucynox 4. [Tnan mBHAKOCTEH BUIITOBXYBAHHS 3€pHHUH 3 BUCIBHOTO anapara

Figure 4. Speeds plan of the seeds pushing from the sowing machine

[TizcTaHOBKOKO 3HAYCHHS MIBUAKOCTI 3 PIBHSIHb OTPUMAEMO

2mn R
V= (16)
siny
IIpogyKTHBHICT BUCIBHOTO amapara TOYHOTO BHCiBY BU3HA4YEHO 3a 3aJICXKHICTIO
N =mn,. (17)

BucnoBku. [IpencraBieHo HOBY KOHCTPYKIIIFO OJHO3EPHOBOI CIBAIKU MEXaHIYHOI il
3 MOKPAIICHUMHU TEXHIKO-€KOHOMIYHMMHU IMOKa3HUKaMH. P0o3po0iieHO KiHeMaTHYHY MOJIEIb
OJTHO3CPHOBOTO BHCIBY 3 BHUBCICHHSIM CHJIOBUX, KOHCTPYKTUBHUX 1 TEXHOJOTIYHUX
napamMeTpiB BUCIBHOTO arapara 3 BEpTUKaJIbHUM PO3MIIICHHSAM KOMipYacTOro AUCKA.

Conclusion. The new design of mechanical single-seed sowing machine with the
improved technical end economical factors is presented. The kinematic model of single-seed
sowing is developed. Power, structural and technological parameters of the sowing machine
with vertical placement of the ¢ seell disk are developed.
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