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Llenb uccrnedogaHull — noebieHue 3ghhekmusHOCmU npouecca nocega CEMSH 3KCnepuMeHmarnbHoU
CENEKUYUOHHOU NHegMamuyeckol Cesinkol € KamyweyHO-WmugmosbiM  8bicesatowuM annapamom. [ns
uccnedosaHusi pabombl  3KCNEPUMEHMArNbHO20 —KamyweyHo20 —WmuUpMO8020 8bIicegarle20 annapama
paspabomaHa asKkchepumeHmarnbHas cesinka Ha 6a3e cenekyuoHHol cesanku CCHII-16. [lodaya cemsH u3
3KChepuMeHmarsnbHo20
8bIcesaroL|e20 annapama 6 IKeKmop NHeeMamu4eckol cucmembl pacnpedesieHuUs CeMSIH CesNIKU OCywecmensemcs
npu NOMOLLU HaKMOHHO20 NPUEMHO020 xenobka hod delicmauem cobcmeeHHol cunbl msxecmu. [ns obecneyeHus
cmabunbHol u pasHomepHolU nodayu cemsH mpebyemcs npogecmu meopemuyeckue uccredosaHusi npouyecca
OBUXKEHUSI CEeMSIH no npuemHoMy xenobky. Mymb, npoldeHHbIl CeMeHamu Om ebicegarle20 annapama no
npuemHoMy xenobky A0 axekmopa nHegmo-pacnpedenumenbHol cucmemsl, pa3busaemcs Ha yyacmku, Ha
KomopbIx om e20 Hayana u 0o KoHua Oelicmaytom 00HU U me Xe curbl. HadanbHas ckopocmb 08UXEHUS CEMSH Ha
8bIx00€ U3 8bIcegarowe20 annapama npuHUMaemcs ¢ y4emom pacyemHbix daHHbIX u cocmasnsem 0,07 m/c. [1od
delicmguem cunbl msxkecmu ceMeHa nadatom ¢ KranaHa 8bIcegarole20 annapama no HaKMoHHOU Mpaekmopuu Ha
HaKITOHHYK0 NOBEPXHOCMb NPUEMHO20 Xenobka. BeinonHeHHbIl pacyem onpedenun nymb, npoli0eHHbIl cemeHamu
npu nadeHuu, epemsi nadeHust U CKOPOCMb 8 MOYKE KacaHusi CeMsiH N08epxHoCMU xenobka, komopas cocmasuna
0,82 m/c. Ha cnedyrowiem y4acmke cemeHa CKambIBalomes No HakMOHHOU nosepxHocmu xenobka. Ha daHHOM
y4acmke Ha ceMeHa Oelicmgyem cuna msecmu, cuna peakyuu xenobka u cuna mpeHus CemsH 0 N08EPXHOCMb
xernobka. 1o ebinonHeHHbIM pacyemam onpedeneHo 8pemsi OBLXKEHUSI CEMSIH N0 TOMKY U CKOPOCMb, ¢ KOmopoli
cemeHa hadalom ¢ 710mKa 8 IXKEeKmop nHesmo-pachpedenumensHoli cucmemsl, pagHas 1,23 m/c. Takum obpasom,
cemMeHa CKambIBalomcs N0 HaKMOHHOMY NPUEMHOMY XenobKy C yckopeHueM, obecnedugarowum cmabusbHoe
mpaHCcnopmMUpPOoBaHUe, Y20l HakoHa lomka 6 43 epadyca siensiemcs Haubonee onmuMasbHbIM.
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The purpose of the research is to increase the efficiency of the sowing process of an experimental selective
pneumatic seeding machine with a coil and pin sowing device. In order to investigate the operation of the experimental
coil and pin sowing device, an experimental seeding machine has been developed based on the SSNP-16 selective
seeding machine. The seeds are fed from the experimental sowing device into the ejector of the pneumatic system of
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seed distribution of the seeding machine by means of an inclined receiving tray under the action of its own gravity. In
order to ensure a stable and uniform seed supply, it is required to conduct theoretical studies of the process of seed
movement along the receiving tray. The path that the seeds pass from the sowing device along the receiving tray up
to the ejector of the pneumatic distribution system is divided into sections where the same forces act from the beginning
to the end. The initial speed of the seeds at the exit of the sowing device is taken based on the calculated data and is
0.07 m/s. Under the action of gravity, the seeds fall from the valve of the sowing device along an inclined path onto the
inclined surface of the receiving tray. The performed calculation determined the path traveled by the seeds during the
fall, the time of the fall and the speed at the point of contact of the seeds with the tray; this speed was 0.82 m/s. In the
next section, the seeds roll along the inclined surface of the tray. At this section, the seeds are affected by gravity, the
response reaction of the tray and the force of friction of the seeds with the surface of the tray. According to the
calculations, the time of movement of seeds along the tray and the speed at which the seeds fall from the tray into the
ejector of the pneumatic distribution system that is equal to 1.23 m/s are determined. Thus, the seeds roll down the
inclined receiving tray with acceleration that ensures stable transportation; the tray tilt angle of 43 degrees is the most
optimal.

CoBpeMeHHble TEHOEHUWN pasBUTUS MOCEBHOM CENbCKOXO3ANCTBEHHOM TEXHWUKM WM B YaCTHOCTH
CENEKUMOHHbIX ~ CEANOK  HanpaBreHbl Ha  MOBblleHMe  3G(eKTMBHOCTM  Mnpouecca  nocesa
CENbCKOXO3ANCTBEHHBIX KynbTyp ANS nosyyeHus 6onee BbICOKUX ypoxaeB. OQHUM U3 nepcneKkTUBHbIX
HanpaBfieHWA ABMNSETCA WCMONb30BaHME B CYLIECTBYIOWMX CENEKUMOHHBIX Cesnkax HoBbIX 6onee
9(h(heKTMBHLIX  BbICEBAKLMX anmnapaToB, KOTOpble CNOCOOHbI pelwaTtb 3afays M0 CHUKEHMIO
HEeYCTONYMBOCTY BbICEBA, MOBbILIEHUIO PABHOMEPHOCTU pacnpefenieHnst CEMsIH B psakax 1 obecneyeHnto
Bonee TOYHOW HOPMbI BbICEBa.
WccneposaHus, NpoBoAMMbIE B 0611acTi MOCEBHOM TEXHUKM, NOKa3anu, YTo 6osbLLoe pasHoobpasne ceMsH
PasfNYHbIX CENbCKOXO3ANCTBEHHbIX KyMbTyp C WX (DU3MKO-MEXAHUYECKUMW CBOWCTBaMM TpebytoT
pasnnyHble NyT NOAXOAA B PEeLleHUn 3adad, CBS3aHHbIX C UX JO3MPOBaHUEM W BbICEBOM. B pesynbTate
BO3HWKNO BOSbLIOE KOSNMYECTBO TEXHWYECKUX PELLEHUA B COBEPLUEHCTBOBAHWW BbICEBAIOLLMX CUCTEM W
BbICEBAILLMX annapaToB, CTaBLIMX HA 3aMeHy TpaAMUMOHHbIX BbICEBAILIMX annapatoB, TakuX Kak
KaTyLueyHo-xenobyaTbli BbiceBatoLmin annapar [1, 6, 7].

B npouecce paspaboTkn 1 uccnefoBaHnst paboTbl HOBLIX MO CBOEMY TEXHWYECKOMY PELLEHHO
BbICEBAIOLLMX annapaToB, BO3HMKAET BONPOC O NPOBEAEHNN NONEBLIX SKCNEPUMEHTarbHbIX UCCTeS0BaHuiA,
NO3BONAKLUMX ONPefenuTb KauyeCTBEHHbIE M KONMWYECTBEHHbIE MOKasaTenu npouecca nocesa CEMSH M
paboTbl NOCEBHOrO arperara B Lienom. [1py 3ToM 4acTo BO3HUKAET BONPOC afanTalyi 3KCnepuMeHTanbHoro
BbICEBAIOLLIEro annapata K yxe CyLLeCTBYIOLLWM 3rIeMEHTaM 1 cUCTeMaM Cesnok. B pesynbTaTe nosensercs
3afjaya noucka KOHCTPYKTUBHO-TEXHOMOMMYECKON CXEMbl CBS3YIOLIEr0 3BEHA M €ro TeOPeTUYEecKOro
obocHoaHus [1, 6, 7].

Ueno uccnedosaHull - noBblleHWe  3GGEKTUBHOCTM  npouecca NoceBa  CEMsH
9KCMepUMEHTANbHON CENEKLUMOHHON MHEBMATUYECKON CEANKON C KaTyLEYHO-LUTUTOBLIM BbICEBAIOLLMM
annapaToM.

3adayu uccrnedogaHust: paspaboTtaTtb KOHCTPYKTUBHO-TEXHOMOTMYECKYHO cxXemy
9KCMEPUMEHTANbHON MHEBMATUYECKON CESMKM C KaTyLUEeYHO-LITU(TOBLIM BbICEBAKLMM anmnapaTtom;
npoBecTH TeopeTuyeckoe 0OOCHOBaHWE npouecca [OBWKEHWS CEeMsSH OT  9KCMepUMEHTasbHOro
BbICEBAIOLLEro annapata Mo MPUEMHOMY JIOTKY B 9XEKTOpP MHEBMO-TPAHCMOPTUPYIOLEA CUCTEMbI
CeNEeKLMOHHON CEeSKN.

Mamepuanbi u Memodbi uccnedoeaHull. [Ins uccnefoBaHus BIIMSHUAS KaTyLIEYHO-LUTUTOBOMO
BbICEBAKOLLEro annapata Ha KayecTBO BbiCeBa MOCEBHOro arperata Obina  paspabortaHa
9KCNepUMEHTanbHas cenekynoHHas cesnka Ha 6ase cesnku CCHIT-16. [1ns 9T0ro y CenekLUMOHHON CEesnku
CCHI1-16 6a30Bbli KaTyLwe4HO-xenobyaThin BoiceBatowuin annapat Oblsl 3aMEHEH Ha 3KCEPUMEHTaNbHbI
KaTyLLEeYHO-LUTM(TOBBIN BbiCeBatoWuiA annapart. [1pu aToM, y4uTbIBas OTINYAKLLMECH KOHCTPYKTUBHbIE Y
PEXVUMHbIE NapameTpbl 3KCMEPUMEHTANLHOTO annapata, Obina paspaboTaHa Cxema NPUEMHOrO NoTKa,
obecneynsaroLLero nogadvy CemMsH nog AenCTBreM COBCTBEHHON CUMbI TSHKECT 3 BbICEBAIOLLErO annapaTta
B 9XEKTOp MHEeBMO-TPAHCTMOPTUPYIOLLEN CUCTEMI [2, 3, 4].

OKCNepuUMeHTanbHas CenekUMoHHas NHEeBMAaTMYeCKas cesnka COCTOUT U3 ceMeHHoro OyHkepa 1
(puc. 1), aKCnepUMeEHTarbHOrO0 BbICEBAOLIErO annaparta 2, OMOPHO-NPWUBOAHBIX Kormec 3, npueoda 4,
LieHTpanbHOro BO3AYyLUHOMO naTpybka 5, MpMEMHOro foTka 6, 9KEKTOPHOrO YCTPOUCTBA 7, BEHTUNSITOpa 8,



pacnpegenutens 9, nHeBmocemanposodoB 10, ANCKOBLIX COLIHMKOB 11, 3aropTaven 12. Bce anemeHTbl
YCTaHOBMEHbI HA pame HaBeCHOro Tuna [5].
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Puc. 1. QkcnepumeHTanbHas cenekUnoHHas MHEBMATUYeCKas cesrka

B npouecce paboTbl ByHKep 1 3anonHsI0T cCEMeHaMm, OTKyAa OHU, NPW ABUXEHUM arperata no noso,
nog AeicTBMeM CWMbl TSHKECTM NMonafarT B BbiCeBatWMi annapat 2. B npouecce OBWKEHUS ONOPHO-
NPUBOHOE KONECo 3 NOCPEACTBOM LiENHbIX Nepeaay n peayktopa 4 NpyBOAMT BO BpaLLEHUE WTUGTOBYHO
kaTywky annapata 2. CeMeHa, nonasLlMe B CEMEHHYI0 KOPOOKY BbICEBAIOLLEro annaparta, yBrekalTcs
WTKTaMK K Kpato KranaHa u cbpachIBaloTcs B MPUEMHbIN NOTOK 6 M Aanee B 3KEKTOPHOE YCTPOWCTBO 7.
MoTok BO34yxa, NOLABaeMbli BEHTUNATOPOM 8, MOAXBaTbiBaET CEeMeHa M TPaAHCMOPTMPYeT uX K
pacnpegenutento 9, rae npoucxogut ux pacnpegenexdne no cemsanposogam 10. Mo cemanposogam 10
ceMeHa Yepes ColHukM 11 nonagatoT Ha AHO Bopo3Mbl, rAe 3ackinatoTcs NoYBOM 3aropTadamm 12 [5].

Tak Kak B npouecce paboTbl CeMeHa M3 BbiCEBatOLLEro annaparta nonagatoT Ha NpUEMHbIA NOTOK U1
[arnee no Hemy MOCTYNAKT B 3KEKTOP MHEBMO-TPAHCMOPTUPYIOLLEA CUCTEMbI, HEOOXOAMMO OnpesenuTb
CTabuUNbHOCTb 1 PABHOMEPHOCTb UX ABUKEHMS.

lMpoBeneM TEOPETUYECKME WCCNEAOBaAHUS MPOLEcCa LBMKEHWS CEMSH MO MPUEMHOMY OTKY W
ONpeaen M OCHOBHbIE KOHCTPYKTUBHbIE 1 TEXHONOMMYECKVE NapameTpbi.

Pesynbmamsi uccnedoeaHutll. PaccMOTpuM NyTb, MPOMAEHHBIN CEMEHaMW W3 BbICEBALLErO
annapata N0 HaKMOHHOW MOBEPXHOCTW MPWUEMHOTO 1OTKa [0 NadeHWs B 9KEKTOP MHEBMO-
TPaHCNOPTUPYIOLLEN CUCTEMBI CESANKM (pUC. 2).

PaccMoTpum [BWKEHME CeMsiH Ha yvacTke AB (puc. 2), korga CeMeHa TpaHCMopTUPYHTCS
WTUgTamMM KaTyLKM MO KnanaHy BbICEBaLEro annapata. Ha Hux LencTBylT cunbl Taxectn G,
HopManbHas peakums N v cuna Tpenus F. KnanaH BbiceBatoLLero annapata B TOYKe B ceMeHa NoKuaatT co

ckopocTbio Ug = 0,07 m/c [4-7].
PaccmoTpum aanee aBukeHne ceMsH Ha yyactke BC, korga cemMeHa nagatoT nog AeNCTBUEM CUTbl

TSKECTM C Kpas KranaHa Ha HaKMOHHY0 NOBEPXHOCTb NPUEMHOrO Xenobka. Ha H1x AenCTBYeT TONbKO cuna
TskecTn G. CocTaBnsiem anddepeHumanbHble ypaBHEHUS ABWKEHWS B Npoekuuy Ha ocn X, Y:

mX=0, (1)
rae m- macca CemMaH, T;
X — OBOMHas npon3soaHaa nepemMeLleHna cemaH BAOb OCU X.

my=G, (2)

roe _’y — [IBOVHas npoun3soaHada nepemMeLLeHnsa cemaH BAOoS1b OCU Y.



Puc. 2. Cxema OBVKEHUS CEMSH M0 NPUEMHOMY JTOTKY
[Baxabl MHTErpUPYEM ypaBHEHUS:

X= G, y=0t+C,;
x=Ct+C,y=0t"/2+Ct +C,.
[ns onpegeneHnst NOCTOSHHbIX MHTErpupoBaHust Cs, Cs, Cs, Cs  MCNONb3yeM HavanbHbIE YCroBMS
(mput=0):x=0,y0=0, X, =0, ¥, =0.
Haxopum : X, = C;, = C, =0y, Y, =C,, = Ca=0.
X0=Cs,=>Cs5=0, yo=Ce, = Cs=0.
Momnyyaem ypaBHerus: X =, Y=0t.

X=0gt; (3)
y=gt*/2. (4)
Vckntovaem n3 coopmyn (3) 1 (4) napameTp f, nonyyaem ypaBHEHUE TPAEKTOPUN OBUKEHUS:
y=0¢/(205). (5)
Brouke C npu t=T: X=d;y=h; h-15= (d + 0,015)tan,8 (puc. 2) [8]. MpuHumas
[ =43°, nonyyaem:
d =0T d =0T
L = 2 (6
h=gT?/2 (d +0,015)tan B +0,015=gT?/2

Peluas cucremy ypaBHeHMVI, nony4yaem:

(vgT +0,015)tan B +0,015=gT?/2;
gT?/2 v, tan AT —0,015(tan B +1)=0;
D =0} tan’ #—0,03g(tan B +1);



T, :(UB tanﬁi\/ué tan2ﬁ+0,03g(tan,8+1))/g. (7)

IMpu noacTaHoBke B hopmyny (7) YACIOBbLIX 3HAYEHMI MONyYaeMm:

T1=-0,071¢; T.=0,084 c.
Bbibupaem T =T, = 0,084 c, Torga

d= UBT =(,0059 m,
h=gT?/2=0,0345m.
B Touke C ckopoctb Y = gt =0,794m/c, X =0,07 m/c.
ve = /x% +y2 =,/0,072 + 0,822 = 0,825 m/c.

PaccmoTpum aBuxeHue 3epHa Ha ydactke CD. Ha Hero fenCTBYIOT cunbl TaxecTn G, HopmarbHas

peakuns N n cuna Tpenns F. Coctasnsiem anddepeHumansHoe YpaBHEHNE ABWKEHNS B MPOEKLMM Ha OCb
X1

mX=Gsing-F (8)
mX =mgsin S —mgf cos S;
mx =g(sin 8 — f cos B). 9)

[Baxabl MHTErpupys ypasHeHue (9), nonyyaem:
x=g(sing - fcosB)t+C;;
x=g(sing— fcosp)t*/2+Ct+C,. (10)
Mo HayanbHbIM ycrosusim (mpu t = 0; Xx10 = 0 1 npu Heynpyrom ygpape X, =U.sin g =
=0,825-5iN 43°=0,825-0,68=0,561 m/c ) Haxoaum Cr n Cs: Cr = 56,1, Cs = 0.
[inq onpenenexns Ug 1 7MCMONb3yem ycrosus: B Touke B (npu t = 1),

x =1 =1/(0,15—h+0,015)' +(0,16—d —0,015)’ =\[0,133 +0,14 =0,193 m.

x=g(sinB— fcosB)t+0,561=0;
{x =g(sin B — f cos B)t?/2+0,561t
Pewwas cuctemy ypaBHEHUN, HAXOAUM:
g(sinp— fcosp)t* /2+v.t—-1=0. (12)
Pewwas KBaapaTHOE ypaBHEHUE, HaXO0AUM:
. b —\/ué +2g(sin g — f cos B)|
2 g(sin 8 — f cos B) |
Monyyaem 71 = - 0,577 ¢, ©2= 0,216 c. MNpuHumaem 7= 0,216 c.
v, =X=g(sin - fcosB)t+u, = 1,23mc.

I'IpoeKu,MM CKOPOCTU OBWXEHUA 3EePHA Ha rOPU3OHTAlTbHYO U BEPTUKAbHY0 OC B MOMEHT OTpbIBa
OT HaKMOHHOM NNOCKOCTM paBHbI COOTBETCTBEHHO:

Upy = 0,90 m/c n vy, = 0,84 culc.

(11)

Takum 06pasom, TeopeTuyeckue WCCrefoBaHUs Npouecca ABWKEHUS CEMSH MO HaKIOHHOMY
NPUEMHOMY FOTKY, NOKa3arn1 paBHOYCKOPEHHOE ABWXEHIE CEMSIH NO ero MOBEPXHOCTM, PACMONOXEHHON Noa
yrnom 43 rpagyca, WCKMoYalllee BO3MOXHOCTb OCTaHOBKM MOTOKa M 3abuBaHus noTka. Takke



UCKIIOYAIOTCH XaoTWiHOe M BecnopsgoyHoe ABMKEHWE CEeMsH MO MOBEPXHOCTU NOTKa, YTO co3daeT
NPeanocbiTkK AN MOBbIWEHUS PABHOMEPHOCTW MOCEBA CEMSIH SKCMEPUMEHTANbHON  CeNEKLMOHHON
NHEBMaTUYECKON CESANTKOM C KaTyLIEYHO-LUTU(TOBbIM BbICEBAOLLMM annapaTomM.
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