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Annomayusa. 1loceB cou SBISETCS OJHOW M3 OCHOBHBIX arpOTEXHUYECKHX OIEpanuil B
TEXHOJIOTUH €€ BO3JICJIBIBAHUS, OINPENESIONINX IONyYeHHUE BBICOKOTO Yypoxas. YciaoBus o0e-
CIIEUECHMS KaXKJI0I'O PACTEHUsI B PAaBHOM CTENEHU MHIAMBUAYAJIbHOM IUIOIIA/IbIO IUTAHUS U OCBE-
IEHHOCTHI0 (POPMUPYIOTCS HA HA4aJIbHOM dTare MoceBa eAMHUYHBIM OTOOPOM CEeMSH siueiHKaMu
BBICEBAIONIETO anmnapara. B OONBIIMHCTBE CYIIECTBYIOIMNUX KOHCTPYKIIUH MEXaHIMUECKIX BbICEBa-
IOLIHX armapaToB TOYHOTO BHICEBA €AUHUYHBIN OTOOP M BHICEB CEMSH IMPOU3BOAMUTCS C ITOMOIIBIO
BpAIIAIOILIErocs TUCKA ¢ LIMIMHAPUUYECKUMU PaIuaibHO BBIIIOJHEHHBIMU SUEHKaMU, 4TO 3aTpya-
HSIET 3arpy3Ky sSYeeK CeMEHaMu, a JJIs pa3rpy3Ku sueek TpeOyeTcs BbITAIKUBAaTedb. B pe3ynb-
TaTe CHU)KAETCS CKOPOCTh BpallleHUs IMCKA U, KaK CJIEICTBUE, IPOU3BOAUTEILHOCTh TOCEBHOTO
arperara; poUCXOIUT TPaBMUPOBAHUE CEMSIH OT BO3/AECHUCTBUS BBITAJIKUBATENS U POIHUKA-YKIaI-
yuKa. B mpemyiaraemMoil KOHCTPYKIIMH BBICEBAIOILIETO anmapara, COACPIKaIlleil BhICEBAIOIIMI JUCK
C sYeWKaMu KapMaHHOIO THIIA, PACIOJIOKEHHBIMH IO/l YIJIOM K PaJHyCy BBICEBAIOIIETO JUCKA
(marent Poccuiickoit @enepanuu Ne 164890), enMHUYHBINA OTOOP CEMSH COU MMPOU3BOAUTCS ITyTEM
3a4eprbIBaHUS UX SYEWKaMU, YTO TIO3BOJISET 3AMONIHUTD SYEHKH 32 O0ee KOPOTKHUIl MPOMEKYTOK
BPEMEHHU B CPAaBHEHUH C CYLIECTBYIOIIMMU MMOJOOHBIMU KOHCTPYKUMSMH. Pa3rpyska siueek mpo-
M3BOJIUTCS OT BO3JICHCTBUS HA CEMEHA [IEHTPOOEIKHON CUJIbl. Takoe KOHCTPYKTUBHOE UCTIOJIHEHHE
BBICEBAIOLIETO alapara MO3BOJIUT IMOBBICUTh IPOU3BOAUTEIBLHOCTD IOCEBHOIO arperara 3a cuer
YBEJIMYEHUS OKPY>KHOIM CKOPOCTH JUCKA, @ OTCYTCTBUE POJIMKA-YKJIAIUMKA U BbITAJIKUBATENs 10-
3BOJIMT CHU3UTh TPAaBMHPOBaHHE CEMsH. B cTaThe mpeacTaBieHbl HEKOTOPBIE pPe3yabTaThl TEOpe-
TUYECKUX UCCIIeI0OBaHM 110 000CHOBAaHUIO (hOPMbI OOKOBOI MOBEPXHOCTH SIUEHKU U €€ BIUSHUIO
Ha MPOLIECC 3arpy3KU U pa3rpy3Ku STYEHKH KApMaHHOIO TUIIA B BEPTUKAJIBHO-AMCKOBOM amnmapare
TOYHOT'O BBICEBA.
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A2pOoUuHXeHepus U nuujesble mexHosioauu HayuHoe obecrieueHue AlK

Abstract. Soybean sowing is one of the main agrotechnical operations in the technology of
its cultivation, which determines the receipt of a high yield. The conditions for providing each
plant with an equally individual feeding area and illumination are formed at the initial stage of
sowing by a single selection of seeds by the cells of the sowing apparatus. In most existing de-
signs of mechanical precision sowing apparatus, single selection and seeding of seeds is carried
out using a rotating disk with cylindrical radially made cells, which makes it difficult to load the
cells with seeds, and an ejector 1s required to unload the cells. As a result, the speed of rotation of
the disk decreases and, as a consequence, the productivity of the sowing unit, the seeds are injured
by the impact of the ejector and the stacker roller. In the proposed design of the sowing apparatus
containing a sowing disc with pocket-type cells located at an angle to the radius of the sowing
disc (patent of the Russian Federation No. 164890), a single selection of soybean seeds is made
by scooping them with cells, which allows filling the cells in a shorter period of time compared to
existing similar designs. Unloadlng of the cells s carried out from the impact of centrifugal force
on the seeds. Such a constructive design of the sowing apparatus will increase the productivity of
the sowing unit by increasing the peripheral speed of the disk, and the absence of a stacker roller
and an ejector will reduce seed injury. This constructive design of the sowing apparatus will in-
crease the productivity of the sowing unit by increasing the peripheral speed of the disk, and the
absence of a stacker roller and ejector will reduce seed injury. The article presents some results of
theoretical studies to substantiate the shape of the lateral surface of the cell and its effect on the
process of loading and unloading a pocket-type cell in a vertical disk precision seeding machine.

Keywords: seeding, precise seeding, single seed selection, sowing apparatus, pocket-type
cell
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Beeaenne. Cos sBisieTcst OAHOM U3 OC-
HOBHBIX CEJIbCKOXO3SUCTBEHHBIX KYJBTYP,
Bo3zenbiBaeMbiXx B [Ipumopckom kpae. O6-
J1azasi BBICOKOM SHEPreTHYECKOW M MUIIEBON
LIEHHOCTBIO, OHA OOecHeYnBaceT HaIEKHBII
3azen B 00ecneYeHUH MpOAOBOIbCTBEHHON
0e30macHOCTH, (POPMHPOBAHUM KOPMOBOM
6a3bl [1] 1 UMeeT nepceKTUBY UCHOIb30Ba-
HUSl B Ka4E€CTBE ChIPbs JUIs MOJIy4eHUs OHO-
toruiiBa. [loTpedHOCTH B coe oTMedaeTcs U
3a pyOexoM, OHa aKTHBHO JSKCIIOPTUPYET-
cs u3 [IpuMopckoro kpast B cTpaHbl A3uat-
cko-Tuxookeanckoro pernona: Kurai, FOx-
Hyto Koperw, SAnonuto. 3HaYUMOCTH ATOM
KyJbTYpbl BBI3BIBAECT yBEJINYEHHE OOBEMOB
ee MPOU3BOJICTBA KAK 3a CUET POCTa IMOCEB-
HBIX IUIOMIAJEH, TaK U 3a CUET MOBBIILIECHUS
YPOKaHOCTH.

CoxkpallleHHbIE arpoTEXHUYECKUE CpOo-
KU TOCeBa COM TPeOYIOT COBEpIICHCTBOBA-
HUS IPUMEHSEMbIX TEXHUUECKUX CPEACTB [2].
CymiecTByrone KOHCTPYKLMU —ammapaToB
TOYHOTO BBICEBA HE TO3BOJIAIOT MPOU3BO-
JUTH TIOCEB HA BBICOKHX CKOPOCTAX IOCEB-
HOro arperara 0e3 HapylleHUs TpeOOBaHUMN
K €IUHUYHOMY OTOOpPY CEMSH U UX IOCEBY
MYHKTUPHBIM CIIOCOOOM, KaKk HanboJsee MoJHO

OTBEUAIOIIUM arpoOHOJIOTHYECKHM TpeboBa-
HUSAM PaCcTEHUH COU.

Leabio padoTwl ssusemcs meopemu-
yeckoe 0bocHoB8anue opmvl 6OKOBOU No-
BEPXHOCHIU SIUEEK BbLCEBAIOUIE20 OUCKA NpU
eOUHUYHOM OmobOpe ceMsH, 0becneuusaro-
wem CcoKpawjenue 8pemMeHU Ha 3aepy3Ky U
8bICPY3KY CEMSIH C YCMpaHenuem hakmopos,
APUBOOSUUX K UX MPAGMUPOBAHUIO.

Martepuaabl U MeTOIbl HCCJIEI0BA-
Huii. OOmeil MeToqoJIOTHYECKOH OCHOBOM
MIPOBEICHHBIX MCCIICIOBAHUN SBIISICTCS MPH-
MEHEHHNE KOMITJIEKCHO-CUCTEMHOI0 IOAX0/a,
00ecTeunBaroIero paccCMOTpeHre mpoiecca
3arpy3kd €IMHUYHOTO 3€pHAa COM B SUCHUKY
KapMaHHOT'O TUTIA ¥ BBITPY3KY €T0 U3 TYCHKH
BEPTUKAJILHO PACTIOI0KEHHOTO BhICEBAIOIIIE-
ro JHUCKa C y4€TOM B3aWMOCBS3U CHCTEMO-
obOpasyrommux (HaKTopoB.

B wuccnaenoBaHusIX MCMOJIB30BAHBI MeE-
TOJIbl ¥ 3aKOHBI IPUKJIATHOW MEXaHUKH, (Hu-
3UKHW, MAaTEMATUKHU.

Pe3yabTaThl Hccie10BaHUil M UX 00-
cyxaeHue. /(s qOCTHKEHHS] MOCTaBICHHOU
LEJIM B IIpeyiaracMoi KOHCTPYKIIMU BbICEBa-
IOIIETO JAUCKA C AYEMKaMH €IUHUYHOTO OT-
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Oopa ceMsiH kKapmaHHoro THMa [3, 4] o6ocHO-
BBIBAETCS 3aMEHa MPSMOJIMHEHHBIX OOKOBBIX
MOBEPXHOCTEH IWIMHAPUYECKUX SAUYEEK Ha
KPUBOJIMHEWHBIE C COOIIOCHUEM YCIOBHSA
OpaxXuUCTOXPOHHOCTH.

3aKOHOMepHOCTI/I nepemMeuicHusd ¢au-
HHUYHOTO 3€pHa COU IIpU €ro pr[MOJ'IPIHGIZHOM
)51 KpI/IBOHI/IHeI\/’IHOM ABUXKXCHUU ITOJTYYUM, HC-
IMOJIb3YyA CXEMY, IPUBCIACHHYIO Ha pUCYHKC 1.

PaccmotpuMm mepemenienne 3epHa cou
Maccoil m C YCKOpPEHHEM d. YUHUThIBas He-
3HAYUTEIILHYIO JUTMHY TyTH [, TPOXOJAMMOTO
3¢pHOM TIPH 3aMOJHEHUU SYCHKH, 3HAUCHU-
SIMH CHJI COMPOTHUBJICHUS BO3/JyXa U TPCHUS
3epHa 0 TTOBEPXHOCTH SUCHKU IpeHeOperaem.
Torna paBHoAeHCTBYIOIIAsA /' TPUITOKEHHBIX
K 3€pHY CWJI U YCKOPEHHE ILIEHTpa TSHKECTH
3epHa a OyayT CBsI3aHBI 3aBUCUMOCTHIO (1):

F=ma 1)

[Ipoenupys cuny /' Ha HampaBieHUE
KacaTeJIbHOU K IUKJIOUAE, MOIydnuM audde-
pEHIMAIbHOE YpaBHEHUE JBUKEHHS LIEHTpa
TSDKECTH 3epHa (2):

d?l _ . @)
mos= mgsinf

A

I7ie g — YCKOPEHHE CBOOOTHOTO MaICHHS.

IIpeoOpaszoBaB BeIpakeHue (2) momy-
YHM PaBEHCTBO:

a2l
E=gsmﬁ’
O06o03HaunuM JIEBYI0 4YacTb DPABEHCTBA
BEJIMYMHON A, TOTAa TOIy4YHM CleAyoliee
BBIp)KCHUE!
2Rg 2

V4R? + m2R2 V4 + 2
Takum 00pa3zom, MOITy4YUM ypaBHEHHE

k = gsing =

(3):
2
% __ 2% ©)
t* 4+ 2

Pemenne naHHOrO ypaBHEHHUS Npen-
CTaBUM B BUJIE:

dl—kt+C'
dt L
tZ

k
Z=T+C1t+(:2

N3 HavanbHBIX yCI0OBUH, KOTJa ¢ = ()
[ =0, momyunm C, = C, = 0.

R

Pucynok 1 — Cxema TpaekTopuii ABMKEHHUS 3€PHA COM
U3 TOYKHU A B TOUKky B mo npsimoii (1) u mo nuksonge (2)

Figure 1 — Scheme of trajectories of soybean grain movement
from point A to point B along a straight line (1) and along a cycloid (2)
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CnenoBarenbHO, ypaBHEHUE ABH)KECHHUS
36pHa COM II0 HAKJIOHHOM NPAMOU IPUMET
BHJI BbIpaXkeHUs (4):

gt?
| =——— )
V4 + 2

[MonmHyto AMUHY MyTH /, KOTOPBIH poO-
XOJUT 3€pHO INpPHU JIBUKEHUM U3 TOYKH 4 B
TOYKY B 110 HAaKJIOHHOW IIPSIMOM, OIIpENeIuM
10 ypaBHEHHIO (5):

|- RYET )

Wcnonb3ys Beipaxkenus (4) u (5), onpe-
JIEJIUM TapaMeTp f, MPEACTaBISAIOIUN BpeMs
IIepEMEILEHUS 3€pHa COU M0 MPSAMOM U3 TOU-

KU1 A B TOUKy B:
t=’§m+nq ©)

PaccmorpuM nepemMenieHne e€IMHHY-
HOT'O 3€pHa cou Mo KpuBoH (puc. 1, nuHus
2), ONMCBHIBAEMOM YpaBHEHHEM LMKIOUBI,
KOTOpOE B MapaMeTpUYecKoil (opme mmeer
cienyromuii Busa [5]:

X = R(¢@ — sing); )
y = R(1 + cose)
rae R — paanyc mpou3BOASIIECH OKPYKHOCTH;
@ — TEeKyIIHH Yyroy MoBOpOTa paguyca
MPOU3BOAAIIEH OKPYKHOCTH, 0<p<2T.

HuddepennnanbHoe ypaBHEHUE [BU-
KESHHUS €TUHIYHOTO 3€pHA COM B 9TOM CIIydae
MIPUMET BUJI BbIpaxeHus (8):

d?l
257 = mgsina ®

C yuérom ypaBHeHus (7) MOTyYHUM BbI-
paxenue (9):

dy  —Rsingdp . [ ©
dx _ R(1—cosp)dg 972

Huddepennunan nyru AB paBeH:

f dg\* @
dl= |1+ (a) dx = 2Rsm5d<p

Torpa anuna nyru AB coctaBurt:

?
- in2do = SR 4
l—fZRstdtp—‘}R(l cosz)

0

Ciie10BaTebHO:

¢ l
cos2—1 iR

W3 pucyHka 1 cnenyer:
dy
P tg(r — a) = —tga
ITosTomy nmeem:
S o gt
sina = tga - cosa = cos - =1~—

CrnenoBaresnbHo, ypaBHeHue (8) npuBo-
JUTCS K BUAY:

d?l 2 (1 l )
dt? e 4R (10)
HIH 4RW+ gl =4Rg

[lomyynnu JnMHENWHOE HEOIHOPOJHOE
ypaBHEHHE C MOCTOSIHHBIMH KO3(duumen-
tamu. Pemenne 3Toro ypaBHeHHsI, ONMCHIBa-
IOIIIee 3aBUCUMOCTb U3MEHEHUS TyTH, TPOii-
JICHHOM 3€epHOM, OT BPEMEHHU, UMEET BUJ
BbIpaxkeHus (11):

g
= - —_— 11
l 4R<1 cost ’4R’ (1)

Korga 3epHO qocTuraeTr HUKHEro Mo-
noxenus (puc. 1, Touka B), u3 ypaBHeHus (8)
cnenyet Belpaxenue (12); u3 ypasnenus (10)
cienyet BoipaxkeHue (13):

ar _
dtz

l=4R 13)

0, (12)

[TpousBens MOACTaHOBKY BBIPAXKEHUS
(13) B BeIpaxenue (11), monyunm crnenyro-
I1y}0 3aBUCHMOCTb:
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fg)

4R =4R(1-— t [—

( cos iR
fg_ . fg_E

TaK KakK CoSt -4R =0;t _—4R =3

R
Toraat = nj; (14)

3akarouenne. Ananuz cxemvl 08udice-
Hus 3epHa (puc. 1) nozseonsem coenamo 8vl-
800 0 MOM, YMO Nymbv, KOMOPbIU NPOXOOUM
3epHo cou, crnedys uz mouku A 6 mouky B no
yukoude 2, borvute, uem nymov no npsamou 1.

Cpaenenue ypasnenuii (6) u (14) yka-
3vl6aem Ha Mo, 4Mo OMpe30K 8peMeHU, 3d
KOMOPWbliL 3ePHO NPOXOOUm NYyMmb NO NPAMOU
JIUHUU, 3HAYUMENbHO OONbUle, YeM Ompe30K
8peMEHU NPOXOHCOEHUs. 3epHA NO YUKIoUOe.
Obvsacuaemcs 2mo mem, 4mo nNpu CKamvléa-
HUU 3epHa No Yukiouoe mMooyib e20 CKOpPO-
cmu go3pacmaem Ovicmpee, 4em no NPsamou.

Omo nonodcenue daem ocHosanue coe-
Aamb 3aKII0YEHUe 0 MOM, YMo 6 CEA3U C CO-
KpaujeHuem 6pemeHu 3azpy3Ku U paszepy3Ku
AYEUKU KAPMAHHO20 MUNA B03MOINCHO YEelll-
YeHue OKPYICHOU CKOPOCMU BbLCEBAIOUe20
OUCKA U, KAK cledcmaue, NOGbLIUEHUE NPOU3-
B00UMENLHOCTIU 8bICEBAIOULC20 ANNAPAMA.
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CMBEHHDBIU ACPAPHO-MEXHOTIO2UYECKUL YHUBEPCUMEN,

Pewemnuxk Examepuna Heanoena, 0okmop mexnHuieckux Hayk, npogheccop, Hano-
He8OCMOYHbBLI 20CY0aPCMEEHHbLI A2PAPHbIUL YHUBEPCUME
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