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AHani3 0aratomapoBOoro pyxy 3€pHa Ha HEPYXOMii
MOXWJIIM poOOY1 MOBEPXHI

CrarTsi mpHCBsiYeHa aHalizy 0araTomapoBOro pyxy 3€pHOBOrO MaTepialy IO HEepyXOMid MOXMITiii
po0ouiii MoBEpXHi.
Iap 3epHa, pyX YacTKH, HOXH.Ia OBEPXHsl, Koe]ilicHTH TepTs, PiBHIHHS, ceNapyBaHHs

HepyxoMmi moxuiau TOBEpXHI € 3HAYHO TOIIMPEHI B 3€PHOOYMCHUX MaIluHax 1 ix
poboumx opraHax Juis 3a0e3neueHHst He0OX1IHOro pyXy 3epHa MpH Horo TpaHCIOPTYBaHHI Ta
nepepoOiti. EQexTuBHICTE X poOOTH 3aBXKIM IMOB’s3aHA 3 3a0€3MEUYCHHSIM paIliOHATLHUX
YMOB PyXy 3€pHa Ha poOodiil MOBEpXHi, K 3ajexaTh BiJ Oaratbox ¢aktopiB. Tomy mis
iHTeHCcH]IKaIlii mpoIlecy cemaparii Ha OCHOBI 3a0€3MEUYCHHS ONTUMATBHUX YMOB PyXy 3€pHa
Ha poOOYMX MOBEPXHAX HEOOXITHO BPaXOBYBATH 10 BCIX OCHOBHHUX (DaKTOPIB.

Binomi TeopeTHuHi JOCTIDKEHHS pyXY 3€pHa Ha HepyXxoMiil moxuiiii mosepxHi [1, 2]
0a3yl0TbCs Ha aHali31 YMOB PyXy 130JIbOBaHOI MaTepiaiabHii 4acTKH, TOOTO 0€3 ypaxyBaHHS
BIUTMBY MDKIIAPOBHX CHJI, SKi B OUIBIIOCTI BHUMAJIKaX peaJlbHO MawTh Micie. Tomy
pe3yabTaTl TaKUX JOCHIHKEHb HE 3aBXKIU 30IraloTbCs 3 3aKOHOMIPHOCTSIMH PEabHOTO
0araTomapoBoro pyxy 1 He Jal0Th BIJIMOBIJI Ha TMEBHI MUTaHHA 0araTomIapoBOTO PyXy, sKi
BUSIBJICHO eKcrepuMeHTanbHO [3]. Hacammepen 1e CTOCyeTbCs BIUIMBY Ha 3aKOHOMIPHOCTI
LIBOTO PYXY SIK KUIBKOCTI IIapiB 3epHA Ha poOOUiii MOBEPXHIi, TaK 1 BEJIMYMHHU CITIBBIIHOILICHHS
Koe(iLi€HTIB 100 BHYTPIIIHBOTO Ta 30BHIITHHOIO TEPTH.

Metorw naHoi poGoTu Oyn0 BH3HAUEHHS 3aKOHOMIpHOCTEW 0araTolapoBOrO pyxy
3epHa Ha HEPYXOMiil MOXWIIIN TOBEPXHI 3 ypaxyBaHHIM BIUIMBY il HOTO MIKIIAPOBHUX CHII.

[Tpu po3rasal 1aHOro NMUTAHHS 3pOOMMO HACTYIIHI IPUITYIICHHS:

— BC1 YaCTKH 3€pHOBOr0 MaTepially € OJJHAKOBUMH 3a Macol0 1 po3Mipamu;

— PO3MIpH YaCTOK 3€pHA HE BPAaXOBYEMO, a MPUUMAEMO 332 MaTepiaabHl TOUKH;

— KOe]iIieHTH 30BHIIIHBOTO TEPTS YaCTOK MO MOXWIIN IUIONIMHI f] Ta BHYTPIITHHOTO
TEepTS f> HE 3aJeKaTh Bij MBUAKOCTI pyXy 1 HABaHTaXEHH:, TOOTO f, f, = (p(v, Q) = const;

— Jisl CUJI CYCIJTHIX YaCTOK, SIKI 3HAXOJSAThCS JTIBOPYY, MPABOPYY, MOMEPEAY Ta MO3aITy
BIIHOCHO Ti€] 10 PO3TIISAAETHCS B3AEMHO BPIBHOBAKYIOTHCS, a X Cyma piBHA HYJIIO.

Ha vacTtky 3epHa HHKHBOTO (TIEPIIOTO) IMIAPY, KA PO3TISLAAETHCS, iF0Th (puc.l):

— CcuJa BIJIACHOI Baru mg;

— CHWJIa BarW BEPXHIX IIapiB myg;

— HOpMaJIbHA PEaKIIisl HIKHBOT YaCTKU BHACIIJIOK il Ha HEl BEpXHBOI N>

— CWJIa BHYTPIIMIHBOTO TEPTS MK YaCTKaMHU HIDKHBOTO Ta BEPXHBOTO IIapiB [7;

— HOpMaJIbHA peakIlisi pob0o4oi MOBEPXHi, MO SIKii pyXaeThCs pO3IIIsAIyBaHa YacTKa Ni;

— CHJIa TEPTS YaCTKH 10 poOoUiil moBepxHi F.

Jlo BioMuX CHJI HEOOXITHO BIAHECTH CHJIy Bard 4aCTOK HM)KHBOTO Ta BEPXHIX IIApiB
(BIAMOBITHO Mm11g Ta mMyg), peaKilito N, Ta CHITy BHYTPILIHBOTO TEPTS F5.
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3amumemMo BHUpa3n BU3HAUCHHA BiHOMI/IX CHII:
N, =m,gcosa;

Pucynoxk 1 — Cxema cwit, o Aif0Th Ha 3€PHOBY YacTKY TIPH ii pyci IO MOXWMIIIN IMOPCTKiH MOBEpXHi

F, = /N, = f,m,gcosa,
ne f> — koe(ilieHT BHYTPIIIHBOTO TEPTS 3€PHOBHUX YACTOK;
0 — KyT HaXWIy IOBEpXHI.
3HaiiIeMO HeBiJJOMi CHJIH:
N, = fl(m1 +m2)cosoc;
F=fN, = fl(ml +m2)COSOL >
ne fi — Koe]ilieHT TepTs 36pHOBUX YAaCTOK IO MOXMIIIN IIOPCTKIN MOBEPXHI.
3anumemMo OangaHC CHII, IO JIIOTh Ha 3€PHOBY YACTKYy HUIXKHBOTO PsIy BIIHOCHO OCi

mlgsinoc+ngsinoc+f2m2gcosoc—f1(m1 +m2)cosa—ml%:0. (1)

3 Bupasy (1) BuBemeMO PIBHSHHS pyXy 3€pPHOBOI YAaCTKU HIKHBOTO PATY M €0
30BHIIIHIX CUII;

dv,

m, 7; =m,gsina +m,gsin o+ fym,g cosa — f,(m, +m,)cosa. 2)
CrpocTUMO MPaBy YaCTHUHY BUPA3y
ml%: ((m1 +m2)sinoc—[(m1 +m2) ' —mzfz]cosoc)-g .
Posninumo Tenep 0OUBI YaCTHHU HA MaCy YaCTKH HHKHBOTO APy i OTPUMAEMO
AV, =gl |1+ 22 [sina—| 1+ 22) £, - "2 £ |cosa |dt. 3)
m, m, m,

ITicns iHTErpyBaHHS LILOIO BUpa3y 3a 4acOM Ta BU3HAYEHHS KOHCTAHTHU IHTETPyBaHHS
JUI TIOYaTKOBOI yMOBH, 110 Vo#0, OTpUMaeMO OCTaTOYHE PIBHSHHS U IIBUAKOCTI PyXy
YaCTKM HIKHBOTO IIapy 3 ypaxyBaHHSM BIUTUBY Ha Hel CHJI TepPTs i HOPMaJIbHOTO THUCKY Bif
4aCTOK BEPXHBOI'O LIAPY

V=V, +gt 1+ 72 \sin o (1+&)f1—&f2 cosda |. 4)
m, m, m,

AHaii3 OTpUMaHOro piBHAHHA (4) 1 BIANOBITHUX TpadiuHUX 3ANEKHOCTEH pPyXy
YaCTKHU 3€pHA JJIs1 HUKHbOT'O 1Iapy [10Ka3y€e HACTYyIIHE.

Jnis 3epHa, 1O PyXa€ThCs TOHKMM LIAPOM TOBILMHOKO B OJHE 3€PHO, TOOTO KOJIH
yucio wapi n=1 Ta m,=0, piBHAHHS (4)MaTUMeE BUIJIS]
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I

Ile piBHSHHS TOBHICTIO BIJAIMOBiJa€ PIBHSAHHIO PyXy IS 130Jb0BaHOI MarepiaabHOT
TOYKH IO MOXWJIii TOBEepXHi [ 1, 2], sike SABISETHCS YACTKOBUM BUMAIKOM PIBHSIHHS (4).

st pyXy 3epHa 3 TOBIIMHOIO IIapa B JBa 3€pHa, TOOTO JJiA #=2 1 MPU OJIHAKOBIii
MacH BCiX 4aCTOK B KOKHOMY Iapi (m;=m;), B 3aJI€KHOCTI BiJl 3Ha4eHb KOE(Dilli€EHTIB TepTs
30BHIIIHBOTO f] Ta BHYTPIIIHBOTO f, BUpa3 (4) MaTuMe BUTIISL

— JUTSL YMOB, SIKIIIO KOE(ILIEHTH TEPTS Pi3Hi, TOOTO f1#f>

=V, + gt(sin o — f, cos oc). ®)

iy =Va+ gtl2sina— (2, = fy)cosa); ©
— a00 sKII0 Koe(ilieHTU TepPTs PiBHI 3a 3HAYEHHAM, TOOTO fi=f>
Vi, =Vo+ gt(2sino — f, cosal). (7)

Jlis Bunazky pyxy 3epHa Ha poOodiii MoBepXHi B TpU psiau (n=3, my=2m,) Bupazu (6)
Ta (7) Haby 1y Th HACTYIHOT'O BUTJISAIY:
— TIpH fi#f2
v =V0+gt(3sinoc—(3fl—2f2)cosoc); (8)

13)

— TIpH f1#/2

!
Viey =Vo+ gt(3sina— f, cosat). ©)
VY3aranbHeHHsT OKpeMuX BHUIAIKIB (5)—(9) piBHAHHS (4) MpU BU3HAYEHHI IIBUIKOCTI
PYXy 4acTOK HMKHBOTO Iapy 3€pHA MPHU HOro 6araTorapoBOMy pyci Ha HEPYXOMiil OXUITIH
MOBEPXHi, B 3aJIC)KHOCTI BiJ 3HAYEHb HOTO KOE(DIIIEHTIB TEPTA f 1 /> Ta 3 ypaxyBaHHIM, IO

m, = (I’Z - l)ml , MOJXHA 3aIIMCaTh HACTYIIHUM YHNHOM:

— TIpH fi#/2
V =V0igt(nsinoa—(nfl—(n—l)fz)cosoc); (10)

L(m)

— pufi=/2

!

V, =V, +gt(nsino.— £, cosa). (11)

0
binbm iHpOpMAaTUBHOIO € 3aJICKHICTh IMIBUIAKOCTI PyXy YAaCTKH BiJl IUIAXY, SIKHHA BOHA
npoiina. J{ns uporo Bupazumo 3 (10) 3HaueHHs yacy
v, =V
1, 0
t= . — . (12)
g(nsina—(nf, —(n-1) f,)cos )
[IpoiaterpyBaBmm (10) 3a wacom Ta migcraBuBmM (12), Ticas MepeTBOPEHB
OTPUMAEMO HACTYIIHUM BUPA3:

. =\/v02 +2-g~S-(nsin05—(nf1 —(n—l)f2)c0sa). (13)

I'padiune 300paxkeHHsT 3aKOHOMIPHOCTEH PyXy 3€pHA 3a OJICpKAHUM PIBHSIHHAM JJIS
PI3HUX YMOB MPE/ICTABICHO HA PUCYHKaX 2—3.

TakuM 4YMHOM, Ha OCHOBI NPOBEIEHUX HAMU TEOPETUYHHMX JOCHIKEHb OTPUMAHO
HACTYIIHI Pe3yJIbTaTH 1 BUCHOBKHU:

1) BcraHOBIEHO, 110 OaraToUIapOBUI pPyX 3€pHAa Ha MOXWJIMM poOOYMii MOBEpXHI
MOPIBHSHO 3 OHOIIAPOBUM Mae€ TIEBHI BIAMIHHOCTI, SIKi BIUIMBAIOTh HAa 3aKOHOMIPHOCTI 3MIHU
iX IIBUAKOCTI 1 TOMY BUKOPUCTaHHS 3arajibHO Bijomoro piBHSHHS (5) [1, 2] nns BU3HaUYeHHs
MIBUKOCTI OaraTtoapoBOro pyxy 3epHa He 3aBXKIH /A€ 3aI0BUTbHUX PE3yJIbTAaTIB;

2) GararomapoBHii pyX MOPIBHSHO 3 OJHOIIAPOBUM MPUCKOPIOE IIBHIKICTH PYyXY
4aCTOK HWKHBOTO 1Iapy, IPU LIbOMY YKUM OUIbIIA KUIBKICTH IIApiB HA poOOYiil HOBEPXHI, TUM
OlabIIa 1 X IBUOKICTD;

Wl
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a, 0, B — BignoBigHo npu n=1; n=2; n=3; 1 — a=0°; 2 — a=10°; 3 — a=20°; 4 — a=30°; 5 — a=40°

PucyHok 2 - I'padiku 3anexHoCTel MIBUAKOCTI pyXy YaCTOK HIKHBOTO IIApy NpH ff>
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a, 0, B, T, 1 — BIIIOBiTHO TpW KyTaX HAXWIIy MMOBEPXHi BiqHOCHO ropu3oHTy 0, 10°, 20°, 30° Ta 40°; 1, 2,
3,4, 5 — BiNOBIOHO IJIs YaCTOK HIKHBOTO (Teprroro) mapy(#=4), npyroro mapy (#=3), TpeTsoro mapy (n=2),
yeTBepToro mapy (n=1) ta m'storo mapy (n=0)

PucyHok 3 - I'pacdiku 3MiHM IIBHIKOCTI PyXy YacTOK Pi3HHUX HIapiB

3) onHOImIApOBUI pyX 3€pHAa Ha HEPYXOMill MOXWIIIH HMOBEPXHI SBJISETbCS OKPEMUM
(4aCTKOBHM) BHITaJJKOM 0araTouiapoBOro i TOMy MOK€ BU3HAYATHUCS 32 JOTIOMOTOI0 PiBHSHHS
(4), sixe 3a BIACYTHOCTI BepxHix mapiB (m,=0, mpu n=1) nepeTBOPrOETHCS B PIBHAHHS (5);

4) Ha XapakTep 3MIHM IIBHUIKOCTI YAaCTOK 3€pHA B HWKHbOMY IlIapi BIUIMBA€E BEJIMYHA
CMIBBIIHOIIEHHS HOTO KOEQIIi€EHTIB BHYTPIIIHHOTO 1 30BHIINIHBOTO TEPTs, a caMe B
3aJIe)KHOCTI BiJl 1X CIHIBBIAHOIIEHHS 3MiHA KUIBKOCTI IApiB 3€pHa Ha MOXWIIH poOouiid
MOBEPXHI MOXe 301IbIITYBaTH, 3MEHITYBaTH a00 HE BIMBATH Ha 3MiHY X IIBUIKOCTI.
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OTprMaHi HamMHu pe3yibTaTH AHAIITUYHHMX JOCIHIKEHb J100pe Y3rOoIXKYyHOThCS 3
JAHUMH EKCIEPUMEHTAIIBHUX JOCIHIKEHb 1 JIO3BOJISIIOTh OUIbII €()EKTUBHO 3MIMCHIOBATH
OOIpyHTYBaHHA TIapaMeTpiB BIAMOBIIHUX pOOOYMX OpraHiB pI3HUX MAIIMH MpH  iX
MPOEKTYBaHHI 1 PO3PAXyHKY.
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Analysis of multi-grain movement on a stationary inclined work surface

The article is devoted to the analysis of motion of corn material in a lot of layers on an immobile rough
surface.
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