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JlocipKeHHs BIOpaLIiHOTO BILIMBY IUIOCKOTO peIlieTa
Ha IIap 3€pHOBOI CyMIIIIi

Po3pobnena MaremaTMuHa MOJENb YCTalICHHX KOJWBAaHb ILIBHJKOCTI HEOIHOPIIHOTO IIapy
TICEBIOPO3PIPKEHOT 36PHOBOT CyMillli 10 HAXMJICHOMY PELIETY, SIKe 3[iiCHIOE TapMOHIHI MoNIepeyHi KOJIMBaHHS
TICPIEHANKYIISIPHO TUIOLNIMHI CBOTO HaWOUIbIIOro ckara. 3MiHy KiHEMaTHYHOI BiOpOB’S3KOCTI cymimi IIo
TOBIIMHI IIapy ampoKCHMOBAaHO EKCHOHEHHIWHOI (YHKIi€l0. AHANITHYHUA PO3B’SA30K TUHAMIYHOI KpaiioBoi
3amadi oJepKaHo 3a gonoMororo (GyHkmii KenpBiHa iHAEKCIB HYJIb 1 OIMHHLIS.
3epHOBA CyMilll, HAXHJIeHe pelieTo, FAapMOHiliHi KoJIMBaHHS, cenapauis

IMoctanoBka mnpobaemu. Bibpamiiinuii  cmocid  iHTeHcH(ikamii  penrTHOTo
CernapyBaHHs 3€pHOBHUX CyMillell OTpMMAaB MOLIMPEHHS B TEXHOJOISX Micas30MpabHOL
06po6ku Bpoxaro. Moro edeKTMBHICTH 3aIeXWTh Bi 3racaHHs BiOpauilHOrO mONA B
CHUITy4OMY CEPEIIOBHII, IO pyXaeThcs. YUM naili MPOHUKHEHHS I[OTO IIOJIS BijJ periera B
3epHOBY CyMilll, TUM BHIa e(EeKTHBHICTh BiOpaliifHOTO crmoco0y cemaparii. Tomy
MaTeMaTHYHE MOJCTIOBAHHS KOJHMBAHb Yy 3€PHOBHX CyMilllaX JO3BOJISIE JOCHIHKYBaTH
BiOpaIliiHAl BIUIMB PEIIIT Ha MPOIEC cermapallii 1 BIJHOCHTHCS 10 aKTyaJlbHUX HAayKOBO-
MPUKIIAJHUX 33/1a4.

AHaji3 ocTta”HHiX JgocaigkeHb i myOaikauniii. [apMoHiiHI  KoNMBaHHSA
BiGpOpPO3pigKEeHOT 3epHOBOI cymimi posrsagamu B [1], [2]. Ix mwkepenom 6ymm mo3nosxkHi i
MOTIEPEYHI KOJIMBAHHS HAaXWJICHOTO pelleTa B IUIONIMHI WOTO HaWOumbmioro ckara. Kpaiiosi
3a/1a4i TiIPOJWHAMIKK BUPINIYBAJIM SK JJI OJHOPIAHOI HBIOTOHIBCHKOI PITWHHU, TakK 1 3
ypaxyBaHHAM 3MiHM BIOpOB’S3KOCTI CyMIlIl IO TOBUIMHI mIapy. MeHII BUBYEHUMH
3aJUIIAIOThCSl KOJMBAHHS IIBHJKOCTI pyXy 3€pHa IpH IONEpeYyHHX BiOpauisx pemiera
OpPTOTOHANBFHO TUIONIMHI HAHO1IbIIOr0 ckaTa. BruuB Takux BiOparliii Ha pyX OfHi€l YaCTUHKHU
0 MIOPCTKiM HAXWUIIEHIH TIIONIMHI JOCTIKEHO B [3]. AJle, po3mIsiialou pyX 3epHIBKH, B [3]
HE BpPaxOBYBaJU II B3a€EMOAII0 3 OTOYYIOUMMM YacTHMHKaMHu cepepoBuina. Tomy, TyT
BUPINIYETHCS 3a7a4ya JUHAMIKA HE JUIS OKpEeMOi YacTHUHKH, a Jii HEOJHOPITHOTO IIapy
TICEBIOPO3PIIKEHOTO  CHUIIKOTO  cepefoBuIa. Padime Taki KOJMMBaHHSA  IIBUIKOCTI
OJTHOPIHOTO Iapy po3risganu B [5] 6e3 ypaxyBaHHA, a B [6] — 3 ypaxyBaHHSIM MOJILTY
cymimri Ha J1Bi (ppakiii.

MeTtoro nociifkeHnb € oxepxkaHHs (GOpMyJIN A PO3PAXYHKY YCTaJIEHOI IIBUAKOCTI
PYXy BiOpOpO3pIHKEHOI 3€pHOBOI CyMillli MO IUIOCKOMY HAaXWJIEHOMY peIIeTy IMpH Horo
FapMOHIMHUX KOJIMBAHHAX OPTOrOHAJIBHO IUIOLIMHI HAWHOLIBIIOTO cKaTa.

ITocTanoBka i po3B’si30Kk KpaiioBoi 3amaui. Posrnsmaemo cranmuii pyx cywimn B
OpPTOTOHAJIBHIH CUCTEMI KOOPIWHAT X)z, HaBeJeHil Ha puc. 1.
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Pucynok 1 — Po3paxyHkoBa cxema IIOCKOTO HaXMJICHOTO BiOpopeIeTa i3 mapoM 3epHOBOT CyMilTi

[Tpoekuii MBUAKOCTI MOTOKY Ha IIi OCi MO3HAYUMO 4epe3 u, v, . [lmomuHa xoy €
IUTOIIMHOI0 HAWOUIBIIOT0 cKaTa, J€ pEelIeTo HaxWwieHe M KyToM 6 10 TOpU30HTY.
KonuBaHHs pemiera BiOYBalOThCS 3 aMIUTITYyI00 A* 1 4acTOTOW @* y HampsIMKy OcCl 0z,
NEepIEeHANKYIIAPHIH xoy. ToBIIMHA mapy 3€pHOBOI CyMillli, 0 PyXa€eTbes, 10opiBHIOE /4. Tomy,
BUPIIIYIOUYH KpailoBy 3ajauy, 3a10BOJIbHIEMO KpailoBUM yMoBaM Juie rnpu y =0 1npu y = A,
ITHOPYIOUH KpaioBi eheKTH Ha 1HIIMX TOPISIX CYMIIII.

B saxocTi BUXiOHMX pIBHSHB NpUAMaeMo y3arajgbHeHi piBHsSHHA CTokca Ui
HBIOTOHIBCBKOI PIIMHM, B SAKIA KiHEeMaTWYHa B'SI3KICTh € JAUQPEPECHINIATBHOI (YHKIIIEO
KOOPJMHATH y. 3anucaHi BiIHOCHO MPOEKIiH MIBUAKOCTI MOTOKY, BOHH MalOTh BUIJISA;

ou  Ou ou ou 1 op ) [ Ou Ov
—tu—+v—+0—=F, ——+vVu+v | —+—|;
ot ox Oy Oz p Ox oy ox
§3+u§B+o§B+m§3:F’—l§£+vVﬂo+%/§2; (1)
ot ox Oy oz 7 poy " oy
oo O 0w 0w 1 op 2 [ 0o 0Ov
—+tu—+v—to—=F ————+vVie+V | —+—|,
ot Ox oy 0z p Oz oy oz

ou Ov O
—+—+—=0.
ox Oy Oz

Tyr Fy=g sin 0, F,= g cos 0; F.=0; g - NpUCKOPEHHs BUIBHOIO NaIlHHI; p -
HIUTBHICTh PIIMHKA (HATypa 3€PHOBOI CyMIllll); p - HAIJIUIIKOBUN TUCK y mmapi; v =v () -

. . . ' . 2 o
edekTHBHA KiHEMATHYHA BiOPOB’S3KiCTh; V), - MOXifHA V 1O y; ¢ - 4ac; V'~ - TPUBUMIpHUI
omnepatop Jlamnaca.

! . . . o
[Ipu v=const; V, = 0 cucrema (1) 36iraetbcs 3 piBHsHHAME CTOKCA M OJHOPIAHOT

pimuaE [4].
OCKUIBKH CYyMINI pyXa€ThCs Y BITKPUTOMY MPOCTOPI, TO
op _p
——=2.=0; p=pm); p)=0. 2
ox oy P pe); p(0) )

BpaxoByroun maily BiJHOCHY TOBIIMHY 3€PHOBOTO IIapy B CTaJOMYy PEXHMi HOro
pyXy, IpHHUMAEMO:
u=u(@); v=0 o=woO1.
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Jns Takoro BapiaHTy pO3B’SI30K deTBEpTOro piBHSAHHS (1) mepeTBOpPIOETHCA B
TOTOKHICTB, a 1HIIII MalOTh BUIJISL;

vd—2u+o' du __ sin© : 3
PR g ; 3)
d,
%L~ pgeos6; o)
dy
o, 0o 0o
v—+v,———=0. (5)
oy oy ot

[aTerpytoun (4), 3 ypaxyBaHHsaM (2), oIepKy€eMO:

p(y)=pgcosb y,

110 30iraeTbes 3 BiloMuUMH pesynbratamu [1], [2].

Jlns 1moOymoBu po3B’si3Ky piBHAHL (3) Ta (5) KOHKPETH3yeMO 3alekXHIicTh v(y). li
anpOKCUMYEMO BHPA30M:

v(y)= voexp (4y), (6)

B IKOMY Vo — BIOpOB’SI3KICTh y BUJIbHII MOBEPXHI mapy; 4 > 0 — xapakTepu3ye HEOAHOP1IHICTh
niapy.
[Tepeiinemo BiJ 3MiHHOI ) 1O 3MIHHOT:

{=exp (-Ay).
ns uei:
v&=vp &,
a (3) mepeTBOPUTHCS B PIBHIHHS:
d’u sin 0
2 £ 2¢ ° (7)
de veh'g

ﬁOFO p03B7H3y€MO IIpHU I'PaHUYIHHUX y'MOBaXI
i 0, uE)=0 (8)
— =0, u(&) =0,

de 1§ =1 1

ne & = exp (—Ah).

Kpaiioa 3anaua (7), (8) mae po3B’s130K:

gsinB

2
VoA

u(®) = (&-& +& In& —EnE).

Panime ¥ioro noOymyBanu B [7].
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[Tepexomom Bix y 1o ¢ piBHAHHA (5) IEpPEeTBOPUMO B:

OCo_ 1 do_, o
822,2 VOKZE_, ot '
Moro po3B’s13yeMo IpH IPaHUYHHX YMOBAX:
o0 ‘
G_EJ‘H =0; () =A%o*sin (0*). (10)

Po3B’A30K npeacTaBIsieMO ySIBHOIO YACTHHOIO JOOYTKY:
o () =Im [f(Qexp(i 0*1)], (11)

B axomy I =+/—1 | f{&) — koMIekcHa QyHKITiS pedoBOro apryMeHTa ¢
Buxopucrosyroun (9), (10), (11), HeBimomy f(E) BU3HAYaeEMO 3 pO3B 3Ky KpanloBOi

3a7a4i:
d*f i
— - O .
dE_,z vQ}\‘ng s (12)
Redfd|, | =0: Imdj; ‘&zle; (13)

Re fi&)=A*w*; Imf'(E)=0.
3aranbHUN po3B’s130K piBHSHHS (12) mae Buruan [7]:

F(E) = (e, +iey)e I, (i) + (s +icy)e K, () | (14)

2 *
IIpu upomy, M= y\/g ;Y= " /(:})— ; 1i(x), Ki(x) — momudikoBana ¢pyHkiis becens i
0

¢byHKIis MaknoHanbpaa iHAEKCIB ONUHUIIS; €|, C, €3, C4 — PEUYOBI HOBLIBHI MOCTIIHI.
Buninusmm peyoBy i ysaBHy yactunu (14), ogepxyemo:

A(&)=Re i) = n [c1 beri(n) —c2 beiy(n)+es keri(17) —cakeir(n)];

B(&=Im f(&) = n [c1 beii(n)+ca ber(n)+cs keii(n)+cakeri(n)]. (15)

Tyt ber\(n), beii(n), keri(n), kei\(n) — bynkuii KenpBiHa iHAEKCY OAMHUIIA.
[TincranoBka (15) Ta ix moxigaux B (13), 3 ypaxyBaHHSM TOTO, 110

din[nberl ()= lbert + beitn)] ;

di[nbeil (] = ——E[beitn) —berm);
n

V2
6
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d% [nker,()]= —%[ker(n) +kei(n)];

d%lq [nkeil (n)] = —% [kei(n) - ker(n)] )

NPU3BOJUTH 110 CUCTEMH YOTUPHOX PIBHSHB, 3 AKOT 3HAXOMUMO C, j=1

—1 4* _*
:inleo

Cis
, Ez +F22

E,z; C; = 6181 + 6282 ; C, = —0182 + 0281 ;

F, =ber;(n,)+9, ker;(n,) +9,kei,(m,) ;

F, =bei,(n,)+ 9 kei;(n,) + 6, ker;(n,) ;

f1f3+f2f4 f2f3_f1f4
81:_ 2 2 82 2 2 > = 1 >
Ry RV

fl’2 = bei + ber(y); fi.4 = kei(y) T ker, (y) .

BukopucToByroun 3Haiifieni sHauenns C;,J =14, a takox supasu (11) i (15),

obuuncneHus w (< t) 3BoauMo a0 Gopmynu:
® (GY)=A(S) sin (w*1) + B(S) cos(w*1).

AMIUTITY1a KOJTMBAaHb MPOEKIIi IIBUAKOCTI IMIPH [IbOMY 3aJISKUTH Bij ¢ 1 JOPIBHIOE:

max o= (4*(§)+ B*(§))"".

BenuuuHa BeKTOpa HIBMAKOCTI 1MOTOKy cymimi mo pemery V(E,7) BusHauaernes
BHPa3oOM:

V(&) =)+ (1) .

HanpsiMmok BeKTOpa IMIBUIKOCTI TAKOXK 3aJI€KUTh B &1 7.

KyT a, KUl yTBOPIOE BEKTOP V(&, 1) 3 Biccro ox, mpu £>E; MOKHA OGYHMCITIOBATH 34
dhopmyioro:
o (5,7)
u(g)

o =arctg

V nosepxui Bibpopelera (& = il)a =mn/2.

7
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BucHoBku. Po3paxyHOK WIBHJIKOCTI MOTOKY 3€pPHOBOI CyMilli, IO CENapyeThcs,
OB’ sI3aHUI 3 0OYUCIICHHSAM 3HaYeHb (YHKIIH KenpBiHA 1HACKCIB HYJIb 1 OAWHHMIIA, TAOIUIII
sakux € B [8], [9] 1 B IHIIMX BUAAHHAX IO CHCIiaTbHUM (QYHKIIISM, 1 JO3BOJIAE AOCTIIKYBAaTH
3aKOHOMIPHOCTI BIOpaIifHOr0 BIUIMBY IUIOCKOIO HAaxXWJICHOTO pemiera Ha ii map, IIo
PYXa€eThes.
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JI. Tuwernxo
HccnenoBanue BUOPALIMOHHOTO BO3/EHCTBHUS MVIOCKOTO pPellleTa Ha CJIOH 3epPHOBOI cMecH

Pa3paboTaHa MaTeMaTH4yecKas MOJEIb YCTaHOBUBIIHMXCS KOJIEOAHUH CKOPOCTH HEOIHOPOIHOTO CIOS
NICEBAOOXKIDKEHHON 3€pHOBOM CMeCHM II0 HAaKJIOHHOMY pELIeTy, KOTOpPO€ COBEpLIaeT TIapMOHHUYECKHUE
TIoTIepeyHble KoJIeOaHNs MEPIEHANKYIISIPHO MIIOCKOCTH €0 HanOOoJbIIero ckara. Mi3MeHeHne KHHEMaTH4ecKon
BHOPOBSA3KOCTH CMECH II0 TOJIMIMHE CIJIOS allpOKCHMHPOBAHO SKCHOHEHIMANBbHON (pyHKIMeH. AHaTUTHYECKOe
pellieHrue TMHaMHYEeCKOH KpaeBOW 3ajadyM BhIpaXeHO ¢ noMoulblo (yHkuuii KenbpBrHA HMHAEKCOB HYJb U
eIMHUIIA.

L.Tishchenko
On the investigation into vibrational effect of a flat sieve on a layer of separated grain mixture

It has been created the mathematical model of steady-state vibrations of velocity of a nonuniform layer
of fluidizated grain mixture along the inclined sieve which performs harmonic lateral oscillations being
perpendicular to the plane of its maximum incline. The change of kinematic vibro-viscosity of mixture according
to the layer thickness is approximated by an exponential function. The analytical solution of the dynamic
boundary problem is expressed by means of Kelvin functions of indices zero and unity.
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