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YK 631.365.22
BAPHUAHTDI IIVIOCKOITAPAJUIEJIBHOI'O ABU/KEHUS 3EPHOBKHU
B CKPEBKOBOM TPAHCIIOPTEPE
SIxun C.M., MacaaumoB U.X., Hapukos M.3., Mapaanos P.X.

Pedepar. PaccmaTpuBaeTcs KHHEMAaTHKa IUIOCKOMAPAIICIBHOTO ABMKEHHUS 3E€PHOBKH ITIICHUIIBI
WIN PKY TPU TIEPEMEILCHNN B HAKJIOHHOM IT0JI0KEHUH B CKPeOKOBOM TpaHcnopTepe. beuta cocraBiena
KHHEMaTHYecKasi CXeMa IUIOCKONapajuIeIbHOTO JBIKEHUSI 3€PHOBKM B CKPEOKOBOM TpaHCHOpPTEpE,
OIIPENEISUIOCH MOJIOKEHHE MTHOBEHHOTO IIeHTpa ckopocteil miockoi ¢urypsr (MLIC), paccmarpusa-
JIUCh BapUAHTHI JBUKEHUS 3€PHA B HAKIOHHOM IOJIOKEHUH MPU Pa3IMYHBIX BO3MOXKHBIX MOJI0XKEHUAX
MIIC. IIpoduns 3epeH ouepyrBaeTcs LIMNTHYECKON KpuBOi. Touka KacaHUs 3JUIMOTHYECKOTrO IIPo-
(bW 3epHOBKM CO CKPEOKOM COBEPINACT CIIOXKHOE IBHXKCHHUE, NP 3TOM TOPH30HTAIBHAs CKOPOCTh
cKpeOKa SBISIeTCsl Ul Hee MEPEHOCHOH, CKOPOCTh CKOJILKEHHMS M0 MOBEPXHOCTH CKpeOKa OTHOCHTEIb-
HOH. CKOpPOCTh TOUKM KacaHHs 3€pPHOBKH C MTOJJOHOM TOPH30HTaNbHA. [l MIECTH BO3MOKHBIX IMOJIO-
KEHUH MTHOBEHHOTO LICHTPA CKOPOCTEH ONpeeIeHbl HAPABICHUSI CKOPOCTEH TOUEK KOHTAKTOB 3EPHO-
BOK M JCHCTBYIOIINX B HUX CHJI TPEHMS. 3€PHOBKH MIICHHUIBI WM PXKU, TIEPEMEIIACMbIEe B CKPEOKOBOM
TPaHCIIOPTEPE, B HEKOTOPBIX CIydasiX MOTYT COBEpPIIATH INIOCKONApaIeNbHOEe ABMKEHNE. Todka Kaca-
HUSI QJUTMOTHYIECKOTO MPO(MIIS 36PHOBKU CO CKPEOKOM COBEPILACT CIIOKHOE ABMKECHHUE, TIPH 3TOM TOPH-
30HTaJIbHAs CKOPOCTH CKpeOKa SIBISIETCSI JUI HEe IEPEHOCHOM, CKOPOCTh CKOJIBKEHUS 110 TTOBEPXHOCTH
ckpeOka oTHOCHTENIbHOH. CKOPOCTh TOUKH 2 KaCaHUsI 36PHOBKH C ITOJUIOHOM T'OPU30HTAJIbHA.

KaioueBble ci1oBa: miieHuIa, pokb, 36pHOBKA, CKPEOKOBBIH TPaHCHOPTEp, IUIOCKONAPAIIEIbHOE
JIBUKEHUE.

BBenenne. IIpoduns 3epHOBKH MIICHHIIBI y &):’fr (& v
WIN PXHU MOXKHO OMHUCATh SJUIMITHYECKOH KpH- v :
BoOit [1,2]. ~ -7

B pabore [2] paccmarpuBaercst paBHOBECHE
36pHOBKM B HAKJIOHHOM IOJOXEHUH, KOTrJa OHA
Kacaercsi OTHOBPEMEHHO BEPTHKaJIbHOW OOKOBOU —
CTEHKM U JHa TpaHCHOPTUpYMoIero jnorka. OT ¥
IIPOCKaJIb3bIBAHUS 3€PHOBKA YAEPIKUBAETCA CUA-
MU TPEHHS. Y CTaHOBJICHO, YTO PaBHOBECHE Tepsi-
eTcs IIPU HAKJIOHE OOJBIINX OCEH SIIHNTHYECKO- .
ro mpoduis 3epHOBOK OT BEPTHKAIM Ha YToJ
Gonee 37...38". .

IlepenBuraemasi ckpeOKOM N0 [HY JIOTKa Ucqep = ')
TPaHCIIOPTEPA 3€PHOBKA B OOJIBIIMHCTBE CITyda-
€B, HAaXOAACh B TOPHU30HTAIBHOM MOJOXKECHMHU,
nepemelnaercs nocrynareabHo. OgHako B psize
CIy4aeB BO3MOXKHO U €€ IIOCKOIapalaelbHOoe
JIBUKEHUE.

YcaoBus, MaTepuaabl 1 METOAbI MCCJIENO-
BaHuil. L{ens qaHHOTO HCCIEeOBaHUS — PACCMOT-
pPETh BO3MOXKHBIC BapHaHTHI ILUIOCKOMAPAJIICIIh-
HOTO JIBM)KCHHMSI 3€pPHOBKH, TPAHCIIOPTHPYEMOH B
ckpeOKkoBOM TpaHcmoprepe. [Ipumensnncy aHa-
JUTHUYECKHE METOJbl HCCIeNoBaHUI. bbuma co-
CTaBJI€HAa KHMHEMAaTHYECKas CXeMa IIOCKOIapa-
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Pucynok 1 — Kunematuueckas cxema

IUIOCKONApaUIENbHOTO ABMKEHUS 36pHOBKH
B CKpeOKOBOM TpaHCIIOpTEpe

maercss B CKPEOKOBOM TpaHCIOpPTEpEe, Yrol
HAKJIOHA e¢ OOJBIION IONYOCH C BEPTHKAIBIO
0003Ha4eH 0. .

JIEIBHOTO JIBW)KEHHSI 3€PHOBKM B CKPEOKOBOM
TPaHCHOPTEPE, ONPENENATIOCH MOJIOKEHHE MTHO-
BEHHOI'0 IIEHTpPa CKOpOCTeH IUocKoW (uryps
(MILIC), paccmaTpuBaaIuCh BapUAHTBI JBIXKEHUS
3epHa B HAKJIOHHOM IOJIOKE€HUH MPU PA3IUUHBIX
BO3MOXHBIX TosioxkeHusix MIIC [3].

AHaJIN3 U 00cysKIeHUe Pe3yJIbTATOB HCcJle-
aoanus. CocTaBlicHa NPUBEJCHHAS HAa PUCYHKE
1 cxema MIOCKOIapaluIeNbHOTO JBIDKCHHS 3ep-
HOBKH B CKpeOKoBOM TpaHcropTepe. Haxomsmasi-
Csl B HAaKJIOHHOM TIOJIO)KEHHH 3E€PHOBKA IEpeMe-

Touka 1 KacaHWs SJUTHNTHYECKOTO TPOGUIST
3€pHOBKH CO CKPEOKOM COBEPIIAET CIOKHOE JBH-
JKeHWe, TP STOM TOPHU3OHTAJIbHAA CKOPOCTH
ckpeOka sBISETCS M TOYKH IIEPEHOCHOM
Ockp = De 5 CKOPOCTD D, CKOJIBKEHUS IO MOBEPX-
HOCTH CKpeOKa OTHOCHTEIbHOH, abCoroTHAs
(pe3yabTUPYIOIIAsl) CKOPOCTh paBHA U,=0D,+0,.
CKOpOCTh D TOUKH 2 KacaHWs 3€PHOBKHU C TOJI-
JOHOM TOpHW30HTaimbHa. Touka 3 Ha cxeme Io-
CTPOCHA, KaK TOYKa IEPEeCeUYCHUs] HOpMaJeH, mpo-
BEJICHHBIX K JJUIANTHYECKOMY MPO(UiII0 3epHa B
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PucyHnok 2 — BapuaHTBI pacroio;KeHHs MTHOBEHHOTO LICHTPA CKOPOCTEH 36pHOBKU:
a—rT1ouka CyOeckoHEeYHO yzaasieHa; 0 — nmonoxenue Cy HIDKe TOYKH 2; B — Touku Cy 1 2 coBmajaioT; I — Touka Cy
Mexty Toukamu 2 U 3; 1 — Cy Bbliie Touku 3; € — Touku Cy U 3 cOBNAAaT

ee Toukax kacaHus 1 u 2.

Cunbl Tpernst Frp; u Frpy HanpasieHsl mpo-
THUB CKOPOCTEHN CKOJIbKEHUS TOUEK KOHTAKTa (WiIn
MIPOTHUB HAIMIPABJIECHUN BO3MOKHOTO JIBUIKECHHUS).

3epHO coBepIIaeT IUIOCKOMapalielbHOE BHU-
kenne. MIIC tena, o0o3HaueHHbIH Ha cxeme Cy,
HAXOJHUTCS KaK TOYKA IEPECCUCHUS TEePIICHINKY-
JISIPOB K BEKTOpaM 0, ¥ Dy U PACIIOJIOKEH HA BEp-
TukanabHOHM npsamoit 2-3. Touka CyMOXET 3aHU-
MaTh Ha BEPTUKAIHU 2-3 pa3IHIHbIC TOJOKCHHS.

PaccMoTpuM BO3MOXKHBIE BAPHAHTHI PACIIONO-
xkeauss MIIC Ha BepTukanu 2-3 M yCTaHOBUM

97

COOTBETCTBYIOIIUE KAXKIOMY W3 3TUX BapUAHTOB
HAMpaBJICHUs] BPAICHUS 3€PHOBKU M CKOPOCTEH
ee Touek kacanmsi 1 m 2 (pucyHok 2). Taxxke
OMpEene/IMM HAIpaBJICHUS CHII TPEHHUS CKOJIBbKE-
HHUSL.

1) Touxa CyHnaxooumcs Hudice mouku 2 3ep-
HOBKU U DEeCKOHeYHO om Hee YOaieHAd (DUCYHOK
2,a). B aTOM ciydae 3epHOBKa MMEET HYJIEBYIO
VIJIOBYK) CKOPOCTh, JBHXKETCS IOCTYIATEIBHO,
CKOPOCTH BCEX TOYCK 3€pHA paBHBI CKOPOCTH
ckpebka Dcxp = Dp. Cunbl Tpenust Frpp u Frpy
HAIpaBJICHBl COOTBETCTBEHHO MPOTHUB CKOPOCTEH
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U, ¥ D7, KaK TIOKa3aHO Ha PHCYHKE 2,a.

He mensiercss xapaktep ABHXCHHS TBEPIOTO
Tena, eciii Touka Cy pacroyiokeHa 0ECKOHEYHO
BBIIIIE TOYCK 2 U 3.

2) MI]C nuoce mouxu 2 u Haxooumcst om Hee
Ha KoHeyHom paccmoanuu (pucynok 2,6). B pac-
CMaTpUBACMOM BapUAHTE JBM)KCHUS 3EPHO Bpa-
IIaETCs [0 YaCOBOW CTPEIKE, CKOPOCTh D, CKOJb-
JKCHUS TOYKH KOHTaKTa | OTHOCHTEIBHO MOBEPX-
HOCTH CKpeOKa HaIpaBJIeHa BBEpPX, CKOPOCTh  Dj
CKOJIB)KEHMSI TOYKM 2 10 _IIOANOHY — BIIPAaBO.
Hanpasnenust cun tpenust Frpiu Frpy mpoTHBO-
MOJIOXKHBI BEKTOpPaM, YKa3aHHBIX HA PHUCYHKE 2,0
CKOpOCTEH.

3) Touka Cycosnadaem c moukou KOHMakxma
2 (pucynok 2,8). B 3TOM ciiydae 3epHOBKa Iepe-
KaTBIBAETCS 1O JHY MOJIO0HA 0€3 CKONBKCHHS, e
yII0Bas CKOPOCTH HaIpaBlieHa II0 YacOBOU
CTpeNKe, CKOpocTh D, — BBEpX, Dy = 0. Cuma
Frp) nanpasnena BHU3, HAIPABJICHUEC CHIIBI
Frp; 1o cxeme Ha pucyHKe 2,B HE OIpeIeIseTcs,
€e MOIIIHOCTh paBHa HYIIIO.

4) Touxa Cy pacnonosicena mexcoy moukamu
2 u 3 (pucynok 2,e). Hanpasnenus BEKTOPOB Dy,
02, Frpy, Frpy ¥ yriioBoii CKOPOCTH ® TOKa3aHbI
Ha PUCYHKE 2,T.

5. He uckuouen eapuanm njiocKonapauiens-
HO20 O8UdNCEHUs 3ePHA 8 COOMBEMCMBULU CO CXe-
MOU Ha pucynke 2,0, K020a MSHOBEHHbIU YEeHMP
CcKOpocmell — pacnonodiced — eviule  MOYKU 3

(pucynok 20). YrioBasi CKOPOCTb 3€pPHOBKHU IIPO-
THUBOIIOJIO’)KHA YacOBOW CTpeJKe, HalpaBJICHHs
BEKTOPOB D, , D2, Frp1, Frpy OKa3aHbI Ha yepTe-
xe.

6) Ilocneonuti u3 603MOJICHLIX BAPUAHINOE
NIOCKONAPANLIENbHO20 OGUIICEHUSI NOKA3AH HA
pucynxe 2,e. Touxu Cy u 3 cognadaiom TOIBKO B
TOM clly4ae, eciu abCOMITHAS CKOPOCTh D, TOY-
KA KOHTAaKTa 2 BEPTUKAJIbHA, YTO, B CBOK OYe-
pellb, BO3MOXKHO JIHMIIb IPU OTPHIBE TBEPAOTO
TeJa OT MOBEPXHOCTH CKpeOKa.

BobiBoabl. 1. [lokasaHo, 4TO 3€pHOBKH TIIIIe-
HHIBI WK PXKH, MEpeMeliaeMble B CKPeOKOBOM
TPaHCIOPTEPEe, B HEKOTOPBIX CIIy4asx MOTYT CO-
BepIIaTh IJIOCKONapauiesibHOe ABmKkeHre. Touka
KacaHMsl JUIMITHYCCKOTO MPOQWIs 36pHOBKH CO
CKpeOKOM COBEpIIACT CIIOKHOE IBIDKCHHE, IPU
9TOM TOPU30HTANBHAS CKOPOCTh CKpEeOKa SIBISCT-
Csl IUIsl HEe TMEePCHOCHOM, CKOPOCTh CKOJBKEHUS
MO MOBEPXHOCTU CKpeOka oTHocutenbHOU. Cko-
pPOCTb TOYKH 2 KacaHWsi 3€PHOBKH C MOJOHOM
TOPU30HTAJIbHA.

2. PaccMOTpeHBI 1IECTh BO3MOXKHBIX BapuaH-
TOB PACHOJIOKEHUS MTHOBEHHOTO L[EHTPa CKOPO-
CTeH 3epHa, YTO MO3BOJIMIO JUIS KaXI0r0 U3 ITUX
BapUAHTOB YCTAHOBUTH HAIPABJICHHS BEKTOPOB
CKOpPOCTEH KOHTAKTOB, YIJIOBOW CKOPOCTH TBEp-
JIOTO TeJa, a TAK)KE HAIPABJICHUS JACUCTBYOLIMX
HA 3€PHOBKY B KOHTaKTaX CHJI TPCHHUSI.
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OPTIONS OF PLANE-PARALLEL MOVEMENT OF THE GRAIN IN
THE SCRAPER CONVEYOR
Yakhin S.M., Masalimov I.H., Nafikov M.Z., Mardanov R.Kh.
Abstract. The kinematics of the plane-parallel motion of a grain of wheat or rye when moving in an inclined position
in a scraper conveyor is considered. Profile bean-shaped to elliptic curve. The point of contact of the elliptical profile of
the grain with the scraper makes a complex movement, while the horizontal speed of the scraper is portable for it, the
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speed of sliding on the surface of the scraper is relative. The speed of the grain touch point with the pallet is horizontal.
For six possible positions of the instantaneous velocity center, the directions of velocities of the contact points of the grains
and the friction forces acting in them are determined.

Key words: wheat, rye, grain, scraper conveyor, plane-parallel movement.
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OPTIONS FOR PLANE-PARALLEL MOVEMENT OF GRAINS IN A SCRAPER CONVEYOR
Yakhin S.M., Masalimov I.Kh., Nafikov M.Z., Mardanov R.Kh.

Abstract. The kinematics of plane-parallel motion of a wheat or rye grain when moving in an inclined position in a
scraper conveyor is considered. A kinematic diagram of the plane-parallel motion of the grain in the scraper conveyor was
compiled, the position of the instantaneous center of the flat figure was determined, and options for the movement of grain
in an inclined position at various possible positions of instantaneous center were considered. The profile of the grains is
outlined by an elliptical curve. The point of contact of the elliptical profile of the caryopsis with the scraper makes a com-
plex motion, while the horizontal speed of the scraper is portable for it, the sliding speed on the surface of the scraper is
relative. The speed of the touch point of the grain with the pan is horizontal. For six possible positions of the instantaneous
center, the directions of the velocities of the points of contact of the grains and the friction forces acting in them are deter-
mined. Grains of wheat or rye, moved in a scraper conveyor, in some cases can make plane-parallel movement. The point
of contact of the elliptical profile of the caryopsis with the scraper makes a complex motion, while the horizontal speed of
the scraper is portable for it, the sliding speed on the surface of the scraper is relative. The speed of the touch point 2 of the
grain with the pan is horizontal.

Key words: wheat, rye, grain, scraper conveyor, plane-parallel movement.
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