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um. 1. Bacunenxo

OO0 OKpY>KHOM JIBJKEHHUM CIIOEB 3€PHOBOM CMECH
B LIWJIMHIPUYECKOM BUOpOpEIIETE

C moMOompI0 YpaBHEHHS THIPOIUHAMHUKHI OIHCAHO OKPY’KHOE CKOJIBKCHHE CIOCB BHOPOOKIDKCHHOH
3€PHOBOH CMECH, KOTOPOE MPOUCXOJUT BCICACTBHE BPAICHUA BEPTHKAILHOIO LMIMHIPHIECKOI0 BHOpOpeIeTa
C NMMPOCCHBAHUEM IIPOXOA0BOIH (DpaKUMH Yepe3 OTBEPCTHUA B €T0 PabOUCH MOBEPXHOCTH.

NWIHHAPHYIECKOe BUOPOpeeTo, 3¢PHOBAs1 CMECh, OKPY/KHOE CKOJILIKEHUE

[Ipobnema. MaremaTuueckoe MOJEIMPOBAHUE IBUKEHUS CEMapHpyeMOH 3epHOBOM
CMECH CBSI3aHO C HWHTEHCHU(UKaIMeld BUOPOPELIETHOrO pa3/ieieHUs CMeCH Ha (paxium.
PacnipoctpaHeH MeTOA MOAENUPOBAHHUS 3€PHOBLIX IOTOKOB, OCHOBAHHBIH Ha aHAJOTHUAX
IOBW)KEHUH BSI3KOH JKMIKOCTH W CBINy4Yel cpenpl B ycioBUsAX BHOparuil. CoriacHo 3ToMy
METOJly OIpeeIeHHe CKOPOCTH ABM)KEHMsI 36PHOBOM CMECH MO pelleTy CBOJUTCS K PELIEHUI0
KpaeBOW 3amaydl TUAPOJAUHAMUKH. B  OONBIIMHCTBE UCCIEAOBAHMIA, CBS3aHHBIX C
LIIMHAPUYECKAM  BUOPOPEIIETOM, YKa3aHHBIM = CHOCOOOM  OMpEneNsuld  MPOJOJbHYIO
(0CeByI0) MPOEKIMIO CKOPOCTH MOTOKA. 1'0pa3no MeHblle BHUMAHHS YAESIEHO ONPEACICHHIO
OKPY>KHOHW (TaHre€HIHMAaJbHOM) MPOEKUWH, KOTOpas TakXKe CBsi3aHa C cerperauued u
NPOCENBAHNEM MPOXOAOBOH (Ppakiiy, a MO3TOMY 3aCITy>KUBAET OTAEIBHOTO U3YUEHHS.

AHanmu3 MOCNeAHNX UCCIIENOBaHNN U MyOauKanuii. 3aBUCHMOCTb OKPY>KHOHM CKOPOCTH
OT pajuaJbHOM KOOpPAMHATBI 7 B KOJIBLIEBOM CJIO€ 3E€pHOBOM CMECH TEOPETUYECKU
uccienonana B [1,2]. B [1] pemena kpaesasi 3aaya TUAPOAMHAMUKH O€3 y4ueTa pasneeHus
CMeCH Ha CXOIOBYIO U MPOXOAOBYIO (pakuuu. IlokazaHO, YTO B YCTAHOBHUBIIEMCS PEKUME
IBW)KEHUSI OKPY)KHAsi CKOPOCTh TMPOMOPLHOHANBbHA 7, KaK BO BpaLIArOIIEeMCsl aOCOJIOTHO
TBeproM Tene. [lpu ydere nmpocenBaHMs MPOXOAOBON (PpakIui OKPYKHAsT CKOPOCTh 3aBUCUT
OT r HeNUHEeWHO [2], T.e. MPOUCXOIUT OKPYKHOE CKOJIbXKEHHE CJIOEB CMECH, KOTOpbIe
BPALIAIOTCS C Pa3HbIMU YIJIOBBIMH CKOPOCTSAMHU. JTOT 3¢dext Tpedyer nanpHEHIIero
KOJIMYECTBEHHOTO U3YYEHHUS, UTO U ONPEENTIO IeTb paboThI.

Lenpto paboOTel  sIBISETCS  MCCIENOBAHWE BIHMSIHUA CKOPOCTH  IPOCEHUBAHHS
NPOXOMOBOH (PpakiMi HAa OKPYKHOE CKOJIbKEHHE CJIOEB 3€pHOBOH CMECH NPH BpaLEHUU
UIMHIPUYECKOTr0 BUOpOpeIeTa.

Hsnoxenne ocHOBHOro martepuaina. Mcxoaum U3 pacueTHON CXeMbl BEPTHUKAJIbHOIO
LUJUHAPUYECKOrO peleTa, peaCcTaBIeHHON Ha puc. 1.
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PucyHok 1 - PacueTHast cxeMa BEPTHKAABHOIO HMJIMHAPUUECKOTO PEIIETA C CEMAPUPYEMOH 36PHOBOM CMECHEQ
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CumBonamu R u h 0003HAaYEHBI pagUyC peleTa U TONIUHA KOJBIEBOTO CJIOs 3epHa
C BHYTPEHHMM panuycoM R, =R-h, r,z— COOTBETCTBEHHO paAHalbHas U OCeBas

KOODJIMHATH! IIIHHAPUYECKOH CHCTeMbI KOOpHMHAT, A M @ *— aMINIMTyga W 4acToTa
OCEBBIX BEPTHUKAJIBHBIX BUOpALMIA pelieTa, KOTOpOe BPaIaeTcst BOKpYr ocu 0z ¢ MOCTOSIHHOM
YTJIOBOM CKOPOCTBIO @), .
Ot 3HavyeHWH HTHX TapaMeTpoB 3aBUCHUT 3((eKTHBHAS KUHEMATHUECKAs
BUOPOBS3KOCTh cMecH V [3].
Hcnonp3ys pomymeHust padoTel [2], ompeneneHue OKPYXKHOHM MPOEKINMH CKOPOCTH
TMIOTOKA %, CBOJIMM K PEMIEHUIO Tu(hepeHIMaTBLHOTO ypaBHEHHS
d’u, +1_1 du, 1+lu
dr’ rodr  r?
KOTOpOe nojydeHo B [2] u3 cuctembl HaBbe-CToKca.
Kosdpdumment 4 B (1) 3aBucut oT k03pPuUMEHTa «KHBOTO CEUCHUS» pelleTa £ H
paguanbHOM MpPOEKLUUH CKOPOCTH IIPOCEUBAaHUS 3epeH dYepe3 oTeepctus v,. OH

=0, (M

OTIPENENSIETCS] BBIPAKEHUEM:
A=gv, Rv".
Takum obpazom, Oe3 ydera npocenBaHus MPoxoaoBoi ppakumu 4 =0.
OnpenenrM 3aBUCUMOCTb OKPYKHOU CKOPOCTH @ BpAIEHHUsI CIIOEB OT KOOPAMHATHI
r . JInst 3TOTO, MOACTABUB
U,=r-o
B (1), monmy4yaeM ypaBHEeHHUE:

d’o0 3-Ado 24

+ ————w=0. 2
dr? roodr rt @
Ero Oynem pemaTtes npu rpaHUYHBIX YCIOBUSIX:
d
a9 =0; oR)=o0,. (3)
dr =R,

IMockonbky (2) sBHOsIETCS ypaBHEHHEM Oiilepa, €ro peleHue NpPeACTaBiIsieM
CTENeHHON (YHKLHUEH:

o=r". 4)
IToncrasus (4) B (2), mony4yaem:
K*+(2-2)K-24=0. (5)
Kopnsimu (5) siBrstroTCst:
K =-2 K,=4.
[Toatomy ob1mee perieHne ypaBHeHUs (2) UMeET BUA:
w=cr’+cr’. (6)
Pemenne (6) ynoBieTBOpsI€T rPaHUYHBIM YCIOBHSM (3), KOTaa:
¢ =oR lR 72 ¢, =R W
A+2] —
R,
Hcnons3yst (6), OKpy>KHOE CKOJIBXKEHHUE CIIOEB XapaKTepU3yeM MapaMeTpaMu:
5()=1002%: () =92
o, dr

IlepBbiii onpenensieT B NPOLEHTAX YMEHBLIEHHE YTJIOBOW CKOPOCTH BPALLEHUS YACTHI]
CMECH BOKPYI BE€PTHKAJIBHOW OCH IO OTHOIICHUIO K @, & BTOPOH — MNPONOPLIAOHAIEH

OKPY’)KHOMY KacaTeJIbHOMY HAaIpsDKEHMI0O M XapaKTepu3yeT HMHTEHCHBHOCTb H3MEHEHUs
YIJI0BOM CKOPOCTH IO TOJIIUHE KOJIbLEBOTO CJIOS.



Brruucnenue napaMeTpOB CKOJIbJKEHUST CBOIUTCS K (POPMYJIaM:

O -3 A-1
o(r)y=— > (cr +e,r )%; (r)y=—-2cr " +Ac,r" . (7)
1
Hanee mnpoBemseM amnpobauuioo TPUOMIKEHHOTO  METOHa, TMOCTPOMB — APYroe
aHAJTUTHYECKOE pelleHne kpaeBoi 3amauu (2), (3). Paspemnm (2) OTHOCHTENBHO BTOPOM
MIPOU3BOIHOM:
d’o 24 3-ldo
=0 —. (8)
dr r roodr
[MocnenosatenbubiM  auddepenupopannem (8) MOXHO HAXOAUTh MPOHU3BOMHBIC
BBICIIIUX MOPSIAKOB.
Pemenne ypaBHeHust (8) mpencraBisieM dYacTHUHOW cymmoil psina Tefinopa B

OKPECTHOCTH TOUKU 7 = R, :

L a
® = mZ%( -R)". ©)
d"o
B cymme (9) a, = — MPOU3BOJHBIE @ MpU ¥ = R .
=Ry

Hcnons3yst (3) u (8), HaxoouMm a,,, 9TO IPUBOAUT K PELICHHUIO!

4
b m
a):aOZ;""(r—RO) , (10)
m=0
22 p =5 a); b4—2’1(27 84+ 1),

B KOTOpoM b, =1; b, =0; b, =—; b, =
R, 0

MmuosxuTens d, Haxoaum nozacTaHoBkoll (10) Bo BTOpoe rpanHuuHoe yciosue (3).

4 b -1
a, :@1[2;'"'}’ j .

m=0

ITonyuaem:

Taxum obpaszom, Bce koadpdunmenTs! B (10) onpeneneHsl.
CornacHo pUONMKEHHOMY PELICHUIO BBIYHCICHHE IMapaMeTPOB CKOJIBKEHHSI CMECH
CBOAUTCA K (hopMyiam:

4 b . 3 b ) .
2 lr=R,) 2 r=R,)
o(r)=1002=—- %; T(r) = o, 22— %. (11)
oy oy
m=0 m' m=0 m'

Bcenencreue nuddepeHnupoBaHnst TOYHOCTh (HOPMYIBl 7(#) HIKE, YeM TOYHOCTb
o(r).

Urobb1 yoenuThbest B HEOONBLIONW MOTPEITHOCTH NMPUOIMKEHHOTO PEIleHHs], CPAaBHUM
YHCIICHHbIE PE3YJIBTATHI, K KOTOPBIM npuBOAT Gopmydsl (7) u (11).

Hna nmposeneHust pacueroB mpuHumaeM: R=0,3075 m; o, =1177 c'l; e=04;
p =750 xr/v’, h=0,012 m.

Pesynbratel Beuuciaenus o(r) u r(r) ona 7 = (r—RO)h’1 npu p=pv =011 Ilac;

, =0,018 w™/c 3amucanel B Tabmumy. Umcna B umcnurenax mnoiydeHsl nmo (7), a B

3HaMmeHaTensax — mo (11).

Tabmuua 1 - 3nauenust 5(r) u 7(r), BEIYUCICHHBIE IBYMSI METOAAMHU

7 [ o | o2 | o4 0,6 0,8 1




5(r). % 97.201 97.300 97.610 98.150 98.938 100

’ 97,205 97,304 97,614 98.153 98,941 100
- 0 9.897 20,660 32,387 45,179 59.152
’ 0 9,897 20,656 32,362 45,098 58,947

3aj1a4.
JIByMepHbIe BUXpEBblE NMOTOKH B T'MIPOINHEBMOCENApaTope OMUCHIBAIOT C MOMOLIBIO

CpaBHHTENBHBIN aHAIU3 MPUBOAMT K BBIBOAY, YTO MOTPEIIHOCTb MPUOIIKEHHOTO
MeTona HeOoNblIast U OH MPUIOACH AJIS PEIIeHUs] PaCCMaTPUBAEMbIX OJHOMEPHBIX KPaeBbIX

¢bynkunii beccens [4].

MPEACTABJICHBI HA PUC. 2 U PUC. 3.

I'papuxu O(r) u 7(r), paccunrannsle npu = 0,11 Ila-c, nnst Tpex 3Ha4YeHUil v,

to(r), %
100
99,6 /7

Tl
99,2 — /
3.

08,8
98,4 .
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PucyHOK 2 - 3aBacHMOCTH O (7) TPH Pa3THYHBIX

v,1.2.3-

v, =0,01;0,015;0,02 m/c
Oba mapamerpa yBENHYUBAIOTCS C POCTOM 7,
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» 7(7), (Mc)'1
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v,1.2.3-

0,25 0,5

npu4emM
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0,75 1 7

PucyHox 3 - 3aBacumMoctr 7(7) NPH pa3TM4HbIX
v, =0,01;0,015;0,02 m/c

3aBUCUMOCTb HX OT

paguanbHOM KOOPAMHATHI HEJIWMHENHas. YTJIOBas CKOPOCTb BpAll€HWs HAWMEHbIAas Ha
cBoOonHOW moBepxHOCTU ciosi, rae 7 =0. Ilapamerp ckonbxenus 7(#) HauOONBIIUN Y
MOBEPXHOCTU pemiera, rae 7 =1. 3HaueHus 3TUX MapaMeTPOB 3aBHUCSIT TAK)XKE OT CKOPOCTH

IPOCEMBAHMS 3epeH uepes oTBepcTHs B peurere. C poctoM v,

. 0(r) ymenbaercs, a 7(r)—

YBEJINYMBACTCS, T.€. YeTUe MPOABISETC 3PPEKT OKPYKHOTO MPOCKAIb3bIBAHUS CIIOEB CMECH.
IIpockanp3piBaHNE 3aBUCUT U OT 3PPEKTHBHON TMHAMUYECKOH BUOPOBSI3KOCTU CMECH
M= pv . D10 oATBEp:KAAOT rpaduku 7(7), HA puc. 4, paCCUUTAHHBIE U TPEX 3HAUYCHUN

U

A
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80 7(r), (mc) /
60 / -
B 1 d 2/
20 //// :
—
°g 0.25 05 075 T 7

Pucynok 4 - 3asucumocta 7(7) mpu pasmuunbix 44 : 1,2,3 - £ =0,1,02;0,3Tac

IIposiBnenue
BUOPOBSI3KOCTH CJIOEB, HYE€MY CIYXKHUT TOCTaHOBKa pudiei [5],
aMIUTUTYABI 1 YaCTOTHI BUOpALIUi perera.

s¢pdexra

MPOCKaJIb3bIBAHUA

YCUIIUBACTCA

C YMEHBIICHUEM
a4 TaKXE€ YBCINYCHUC



BriBogpl. HM3noxeHHass Teopusl IOKa3blBAaeT, YTO, BCIEACTBUE MPOCEUBAHUS
NPOXOAOBOH (PpaKLMK, BO BPALIAOIIEMCS [MIMHAPUYECKOM peIIeTe BO3HHKAET OKPYXKHOE
IIPOCKAJIb3bIBAHUE CJIOEB 3€pHOBOI cMecu. OHO TakKe 3aBHCUT OT IapaMeTpoB BHOparuii
pemera. Uem Oosble 4acToTa M aMIUINTyAA BHOpALMil pemiera, TeM OOJblIe OKPYKHOE
NPOCKaJIb3bIBAHUE CIIOEB.
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JI. Timgenro, B. Onvutancoxuii, C. Onvuiancoviuii
IIpo xonoBuii pyx mapiB 3epHOBOI CyMinIi B MITIHAPHYIHOMY Bipopemeri

3a J0MOMOTOFO PIBHAHHS TiIPOIMHAMIKH OMHICAHO KOJOBE KOB3aHHA IIAPIB BIOPOPO3PIIKEHOI 36PHOBOT
CyMiIi, SIKe BiIOYBA€THCSA BHACTIIOK OOCPTAHHS BEPTUKAIGHOTO M HAPHIHOTO BIOPOPEIIETA 3 MPOCIIOBAHHAM
MPOXO0A0BOI (PpakIii yepe3 0TBOPH B HOTO POOOUiH MOBEPXHI.

L. Tishchenko, V. Olshanskii, S. Olshanskii
About circuit motion of layers of grain mix in the cylindrical vibrosieve

With the help of the equation of hydrodynamics the district sliding of layers vibroliquefaction of a grain
mix is described which occurs owing to rotation of a vertical cylindrical vibrosieve to sifting of a passing
fraction through apertures in its working surface.

Oneprxano 18.06.11



