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Oonum u3z HanpaeieHuti NOGvIUeHUSA FPPeKMUBHOCHIU CeNnapayulL ROPOUKOODPAZHBIX MAMEPUAIO8 16-
JIAeMCA CO8ePULeHCMBOBAHUE CnOCOBA NOOayu Yacmuy 6 30Ky cenapayuu. J[na pasHomepHo2o pacnpedeie-
HUS Mamepuand 6 cenapamope NpuMeHsiom pasiudHvle yempoticmed. B cmamve npeocmasneno mamema-
muuecKoe ONUCAHUE NPOYecca OBUNCEHUS YACMUYbL N0 NOGEPXHOCIIN GPAUAION€20CS PACNPEOeTUMEeNbHO2O0
konyca. [Ipueedenvr aHanuMu4ecKie 8bipazCeHUs, NO3GONAIOU e ONPEOeTUMb CKOPOCHb OBUNHCEHUS YACMU-
Ybl UCXOO5L U3 KOHCMPYKMUBHBIX NAPAMEMPOB KOHYCA U HACIMOMbL €20 8PAUeHU.

Knrwuessie cnosa: pacnpedenumenvHoe YCmpoucmeo, CKOPOCHb YACMUYbl, 8PAUAIOUUICT KOHYC, Kli-

Hemamudeckue napamempbol.

KoHCcTpyKInun mogaB/siomero OOMbIIMHCTBA
JUHAMHUYCCKHAX LCHTPOOCIKHBIX CEMApaToOpoOB HUME-
IOT YCTPOWCTBA A1 PABHOMEPHOTO PacHpeacICHUs
Marepuajia B 30H¢ cemaparuu [1, 2, 3, 4, 5]. O
YCTPOMCTBA MOTYT MPHIABATE HCOOXOAMMBIC CKO-
POCTH YaCTHIAM MaTepuajia MPU WX MOMAJAHHH B
ra3oBYI0 CPEAY 30HBI CCMAPALlUH, BIMATh Ha KHHE-
MAaTHYCCKUE U AMHAMUYCCKUC XaPAKTCPUCTHKH IO-
CTYNAIOIIUX C PACIPEACTUTCIBHBIX YCTPOHCTB 4a-
CTHL. JTO AACT JOMOIHHUTEIbHBIE BO3ZMOMXHOCTHU IO
VIOPABICHUIO MPOLIECCOM cenapanuu u ero 3hdek-
THBHOCTBIO [6,7]. B 310 CBSA3M YCTAHOBICHUC B3a-
HMMOCBSI3H CKOPOCTHBIX MAPAMETPOB MOCTYMAKIIHX
B 30HY CEMapally YacTULl MaTepHaia C mapamer-
pamu KOHCTPYKIIHH PachpeaCTUTE TbHBIX
YCTPOMCTB, YACTOTOH HMX BPAIICHHS, CIOCOOOM H
MECTOM TOJAYM YaCTHULl, KO3(PPUIIUCHTOM HX TPE-
HHS O TOBEPXHOCTh NMPHOOPETACT CYIICCTBCHHYIO
MPaKTHYCCKYI0 3HAYMMOCTh. PacmpeaenurenpHbie
YCTPOMCTBA HMMEIOT KOHCTPYKTHBHBIC OTJIAYHSL.
HauGosee yacto OHH BBHINOJHSIOTCS B BHUAC Bpa-
maromerocs konyca [8]. OnpeaencHuro CKoOpocT-
HBIX TapaMETPOB B3aHUMOJACHCTBYIOIIUX C pacIpe-
JCTUTSBHBIM  YCTPOUCTBOM YAaCTHUI[ MOCBSINCHO
JOCTaTOYHO MHOTO paboT, OJHAKO B MPEAIaracMbIX
ONHCAHMIX UMEIOTCS ONpeacIeHHbIC HegocTaTku. K
npumepy, B padortax [9,10] obs3aTenbHbIM yCIOBH-
€M Al ONMPEICICHHUS CKOPOCTU YaCTHLBI SABIISCTCS
HEOOXOOUMOCTh B ONPCICICHUH BPEMCHU HAXOXK-
JCHHUSI YaCTHUIBI HA TMOBCPXHOCTH BPAINAKIICTOCS
VCTPOHCTBA 3KCICPHUMEHTANBHBIM crocobom. B

CBSI3U C 3THM pa3paboTKka MaTEMAaTHICCKOTO OIMHCa-
HHUS 71 ONPEACTICHUS CKOPOCTH ABWKCHHS YacTHU-
LBl MO BPAIIAOIIEMYCSI KOHYCY SABISACTCS aKTyalb-
HOM.

PaccmoTpuM ABIKEHHE YACTHIBL MaTepyana
Maccoi m TO HMOBEPXHOCTH BPALIAIOLICTOCS C Ya-
CTOTOU @ KOHYyCA. TpackTopus ABIKCHUS YACTHLIBL
MO BHELIHCH €ro MOBEPXHOCTH, OYCBUAHO, OVICT
MPEACTaBIAATh COOOH KOHHYECKYIO CIUPATBbHYIO
JMHUIO WM VYACTOK TAKOW JTHHHU C MECPEMEHHBIM
PaccTosIHUEM 7 OT OCH BparueHus (puc. 1).

CornacHo mpeacTaBieHHOW Ha puc. | pacuer-
HOU CXEME, CIHPATIbHYIO TPACKTOPHIO JBHIKCHHS
YacTULBl B IUIOCKOCTH, NEPICHAMKYILIPHON oOcH
BpALICHUS, MOXKHO ONHCATh CICAYVIOIIMM COOTHO-
LICHUSMU:

X =71CosQ, (1)

y=rsing, @)

[JC YTOJI MOBOPOTA (P OTCUHUTHIBACMBIH OT MOJIOKH-
TenpHOro HampasicHus ocu OX ¢ uactoToil Bpa-
IICHUS. KOHYCA CBSA3aH CJICAYIOUIHUM COOTHOIICHHU-
eM:

¢ =wt, 3)

3CCh ! — TCKYIICC BPeM.

I[J'IH OMUCAHUA ABUKCHHA YaCTULBI MaTCpHUaia
BIONb 0Opa3yiolel KOHyca BBEAEM IBYMCPHYIO
JEKapTOBYIO cucTeMy kKoopawHar ¢; O; 7 ¢ HagamoM
B TOuKe (J; COTTIACHO PACUCTHOU CXEME, MPEACTAB-
JICHHOM Ha puc. 2.
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Ilycte B HEKOTOPBIH TPOM3BOIBHBIA MOMEHT
BPEMEHH 4YacTHULA MaTepuana Ha MOBEPXHOCTU
BPAIIAOLIETOCs KOHYCa HMMEET CICAYIOIHE Mapa-
METPHI 7, Z YU {, KOTOPBIE COTJIACHO CXEME Ha pHc. 2
CBSI3aHBI MEXKIY OO0 U rEOMETPHUICCKUMU pa3Me-
paMu KOHyCa, CIECAYIOIUMH COOTHOIICHUSAMMU:

r=19(1—2/hy), “4)

z = ho(1 = /Lo). (5)

[IpumeM, UTO HA HYACTHILY MaTCpHaIa, HAXO-
JAIIYIOCS HA BHECITHCH MOBCPXHOCTH BPAINAIOIICTO-
¢4 KOHyCa ACUCTBYIOT CICAVIOIIHC CHJIBI. BEC Ua-

crtunpl P, cuia peakiuu omopel N, LCHTPOOSKHAS
cuna F, ¥ cuiia TPEHHS O OBEPXHOCTh KOHYCA.

‘.z

Fa y

X
Puc. 1. [IpeacraBicHue TPACKTOPUH ABHKCHUS
JaCTHULBI MATCPHATIA TTO Bpamalomeﬁca TIOBCPXHOCTH
KOHyca

Ilycte B HEKOTOPBIH TPOM3BOIBHBIA MOMEHT
BPEMEHH 4YacTHULA MaTepuana Ha MOBEPXHOCTU
BPAIIAOLIETOCs KOHYCa HMMEET CICAYIOIHE Mapa-
METPHI 7, Z YU {, KOTOPBIE COTJIACHO CXEME Ha pHc. 2

CBSI3aHBI MEHKIY COOOM U rCOMETPUUICCKUMH Pa3ME-
paMu KOHyCa, CIIEAYIOINUMH COOTHOLIECHUAMU:

r=19(1—=2/ho), “4)
z=ho(1—=4/Lo) . (%)

Puc. 2. PacucTHas cxeMa qIs OMUCAHUS JIBIDKCHUS
YACTHIBI MATCPHAJIA B HCTIOABIKHOH CHCTEMC
xoopauHar {; O4;7n

Ipuvem, uTO HA WacTHLy MaTcpuana, HAXO-
JUIIYIOCSA HA BHEITHEH MOBEPXHOCTH BPAINAIOIIETO-
€ KOHyCa ACHCTBYIOT CIEAVIOIINE CHJIBI. BEC Ha-
crunpl P, cuia peakiuu onopsel N, LCHTPOOSKHAS
cuna F, ¥ CHIa TPEHUs O MOBEPXHOCTh KOHYCA.

Ilpoexmusa stnx cun Ha ock 047 TWO3BOIAET
MOJTYIUTh CICAYIONIEE COOTHOIICHHE:

N + mw?rcosy —mgcos(n/2 —y) =0, (6)

IC Y — 3HA4YCHUE yriia 0O0pa30BaHHOTO HAIPABII-
foleh koHyca ¢ oceto 0z; m — Macca 4acTUIBI Ma-
TepUana; g — YCKOPEeHHE CBOOOIHOTO MAACHHSL.

VYron y onpeaenaercs Yepe3 napamMeTpsl KOHY-
€a | BBIPAKACTCS COTTIACHO COOTHOLICHHUSIM:

Ha ocHoBanmu (6) HaxoguMm, YTO BEIHYHHA
CHJIBI PCAKLMH OMOPBEl OVACT OMPEACIIATHCS COOT-
HOIIICHHCM:

N = mg siny — mw?rcosy . )

VYpaBHCHHC ABIKCHHS YaCTHIBI MaTCpHaIa B
cucreme koopawHart {; O4;7, CBA3aHHOH C Bpaie-

cosy = ho/Lo, ) HHEM KOHUYCCKOH MOBEPXHOCTH, OVACT UMETh ClIe-
siny = ry/Lo. ®) IYIOIUN BUA:
d*¢ 2.
mw=mgcosy+mw rsiny — fN, (10)

rae f — ko3 PULHECHT TPEHUS CKOTBKCHUSL.

d*¢ _ ho

w?ry?

_ Y )

IMoacranoBka B (9) ¢ yuerom (4), (5), (7), (8) B
(10) mo3BOJACT MOTYIUTH CACAYIOLICS YPABHCHHUE:
w?ryhy

L7 ¢)- (11)
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BeaeMm crieayromue 0003HAUCHHUS

A—f:f(1+f%), (12)
B= gh0<1—f;;(;>. (13)

C y4eTOM BBEACHHBIX OOO3HAUCHHH YpaBHE-
uue (11) npunumaet Buz;

d*¢

dt?

Oobwee pemenne auddepeHIMATEHOTO ypaB-
ueHus (14) umeer Bua;

() = Cre~VAt 4 CeVAt (15)

rae C; U C, — NMOCTOSIHHBIE MHTETPHPOBAHMS, 3HA-
YEHHUS KOTOPBIX MOJKHO HAaMTH WCXOAS M3 CIEIYIO-
IIFX Ha4aJIbHBIX YCIOBHH:

— A7 =B. (14)

—B/A,

t=0  {(0)=Ly, (16)
_ a¢(0)
=0, =<0 (17)

2(0) = hy [1 - (i

CoriacHO MONYYCHHOMY COOTHOLICHUIO (22)
MOKHO HAWUTH t/:[ — BPCM:A ABWXKCHUA YaCTUIBI Ma-
TepUaNa M0 MOBEPXHOCTH BPAIIAOINETOCS KOHYCA, &
HUMCHHO:

t=t, z(ty) =0 (23)

ra¢c Ly — paccTOSHHC OT BCPIIMHBL KOHYCA [0
HA4aJbHOW TOYKH, C KOTOPOM HACTHULIA HAYUHACT
JBWXKECHUE TI0 TIOBEPXHOCTHU KOHYCA.

IMpumenenne (17) u (15) npuBOAUT K COOTHO-
IICHHUIO:

C;—C =0 (18)

IMoacranoska (18) u (15) no3BosIeT HOAYIUTD
BBIPAKCHHC!

{(t) =2C,ch(VAt)—B/A.  (19)
IMpumenus (16) x (19) mO3BOMACT HOAYIHUTH

OKOHYATCIBHO CICAYIOIHUHA PC3YIIbTAT:

2C; ——=Lyg. 20

1=~ = Lu 20)
IMoacranoska (20) B (19) m03BOISCT NOAYIUTD

OKOHYATEIIbHO CICAVIOIIUH PEe3VIbTaT:

() = (Ly + B/A) ch(VAt) — B/A. (21)

Ha ocnoBanuu (5) ¢ yuetom (21) MOKHO HaiiTh
M3MCHCHHE Z — KOOPJHMHATHL YaCTHUI[l MaTCpHAIa
MPU ABIKCHUH [0 BPAILNAOIICHCS MOBEPXHOCTH
KOHyca:

)ch(\/_ t L A] (22)
1 Lo+ B/A
tﬂ = \/_Z arcch <m> (25)

Haiinem n3MeHeHHe MPOESKINH CKOPOCTEH Ha-
CTHLBI MaTepHaia B IUIOCKOCTH, MEPHNCHIUKYILIP-
HOH OCH BpAIECHHS KOHYCA Uy | Uy,. C yueTom (3) —
(13) coornomenus (1) u (2) NpUHUMAIOT BUA;

ITpumenus (23) k cooTHOIICHHUO (22) momy4a- 1o{
CM CIICAYIONICC YPABHCHHC [T OMPEACICHUS 3HA- X = Ty cos(wt), (26)
YCHHUA Ly 70¢
B Ly x = — sin(wt), 27)
1+_=<_ —> ch(VAt) (24) Lo
LoA Lo Ha ocaoBanuu (26) u (27) HaxoamnM:
Pemras ypasHeHne (26) OTHOCHTENBHO BETH-
YHUHBI { 1 HAXOTUM:
dx _ T d( 7o
Uy = T Lo dt 0s @ — —w( sing, (28)
d)’ T dd To
Uy = = — —sing +—w{ cosy, (29)
YT At Ly de Lo
CB43b MEXIY KOMIIOHCHTAMH CKOPOCTEH B MO- Uy = —Uysing + v, cosg. (31D

JAPHOU — Uy, Uy M ACKAPTOBOH — Uy, Uy CHCTEMAX
KOOPAWHAT ONPEACIACTCA CICAYIOIIMMH COOTHO-

IMCHUAMM:

IMoacranoska (28) u (29) B (30) u (31) nmo3so-
JSET HONYYUTh CICAVIOINH Pe3yabTar:

Up = Uy COSQ + U, sing, (30)
9 d 7o d( 7o d(
TZEEC (p——w§51n(pc05(p+L T sin? (p+—w§sm(pc05(p L T (32)
1y d{ 1o d 7y 7y
v(p=—L—0d—51n(pc05(p+—w§sm (p+L it sm<pcos<p+mwfcos (p—Lwa. (33)
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IMoxcranoska (21) B (32) u (33) ¢ yuetom (12) FOIIUN PE3YIIbTAT:
u (13) mo3BoNSIET OKOHYATCIEHO MOIYYUTh CICTY-
T
1o° ho gholo (1 B fh_(;) 7o ho
Vp=—w [1+f—|Ly+ 7 sh<—<1+f—>wt>, (34)
Lo To w2r? (1 + f—o) Lo To
To
T T
To ghoLo (1 - fh—(;) To he ghoLy (1 — fh—‘(’))
Vp=7—w|| Ly + ch(—(l +f—>wt>— (35)
Lo Lo To

w3r? (1 + f};—(‘)’)

Takum 00pa3oM, MOIYUCHHBIC AHATHTHYCCKUE
cootHomeHust (34) u (35) onmpeaeasiFOT U3MCHCHHS
KOMITOHCHT CKOPOCTH JBIKCHHS YacTHLBI MATCPH-
ana mo BHELIHCH MOBEPXHOCTH BPAINAIOIICTOCS KO-
HyCa C YaCTOTOH @ B 3aBHCHUMOCTH OT MapaMeTpPOB
KOHYyCa Ty, hg U PacCTOSIHUS OT €ro BEPIIMHBI J0
HAYATBHOTO TIOJI0XKCHHUS YacTULBI — Ly

C HuCHonp30BaHHEM MOJIYUYCHHOTO MaTcMaTH-
YECKOTO ONMUCAHWS OBLTH TMOMYYCHBI rpaduveckue
3aBUCHUMOCTH OT MapameTpa Ly B TeKYIIETO BpeMe-
HH ! COCTABIAIOIUX CKOPOCTCH ABIKCHHS YaCTHLIBI
MEPTENS Uy U Uy MO BPAAIOMIEHCS MOBEPXHOCTH
KOHYCA PacOpeJeIUTEIbHOIO VCTPOHCTBA MpPO-
MEILIJICHHOTO LCHTPOOEKHOrO Cenaparopa ¢ AHa-
MeTpoM kopryca 4 M (puc. 3). 3aBHCHMOCTH MO-
CTPOCHEI NIpH CICAYIOMNX KOHCTPYKTHBHO-
TEXHOJIOTHYCCKHUX napamMeTpax cemaparopa:
w=4cL; o = 0,275 M; hy = 0,26 M;
Lo = 0,378 M u ko3 unmente tpenus [ = 0,3.

OyukunoHampHeie 3aBucuMocta (34) u (35)
ABISIFOTCA Bo3pacTaromumu. [IpuseaeHHsie Ha puHC.
3 rpaduuecKHe 3aBHCHMOCTH XapaKTCPHU3YIOTCH

Uy, M/C

204

10—

0.1
0z 0.4 0.6 .

Ly, v " h t,c

w?r? (1 + fh%)

BBIPAKCHHBIM HCIHHCHHBIM XapaKTEPOM H3MCHE-
HUA Up M Uy OT . 3HAYCHHMA PAAUATbHON COCTAB-
JSFOINCH CKOPOCTH U, OPCBHIIIAIOT 3HAYCHUS TaH-
TCHUMAIBHON COCTABISIOIWCH CKOPOCTH U, AU
BCCX PacCMATPHUBACMBIX MHTCPBAJIOB 3HAUCHHUH Ly
u t. Tax, mpu Ly = 0,1 m u Bpemenn ¢; = 0,2 c;
t; =04 ¢; t; = 0,6 ¢ pazuambHAsA COCTABJIIOIIAS
CKOPOCTH MPUHUMACT 3HAUCHUS Upq = 1,12 M/C, Uy
= 2,77 m/c, vy = 6,05 M/c; a TaHTCHIUANBHAS CO-
CTaBISIOMAA - Uy = 0,56 M/C, Uy = 1,87 M/, Uy
= 4,49 m/c. [lpu yBETUUCHUN PACCTOSHHS MEXKIY
BCPIIMHOM KOHYCA W HAYAIBHBIM MOJOKCHUCM Ya-
crunpl 40 Ly = 0,3 M 1 yKa3aHHBIX 3HAYEHUAX Bpe-
MCHH PAIHabHAS COCTABJAIOMAS CKOPOCTH NpH-
HUMACT 3HAYCHHUA Uy = 1,54 M/c, vy = 3,79 M/c,
Uye = 8,20 M/C; a TAHTCHIMAJIbHAS COCTABJISFOLIAS -
Vpa= 117 M/c, vys = 2,83 M/c, vye = 6,59 m/c.
IpeBrImEHUs 3HAYEHUH Uy HAT Uy COCTABIAKOT IS
MICPBOTO PACCMOTPCHHOTO CIIyYas COOTBCTCTBCHHO
50%, 67 % u74 %; nas sroporo - 76 %, 74 % u 80
%.

20+

Puc. 3. 3aBHCHMOCTH COCTABIHIFOIINX CKOPOCTEH ABIKCHHS YACTHIBI MEPTEIII IO BPAIIAFOIICHCS KOHIMICCKOH
TIOBEPXHOCTH OT ¢ U Ly: a) - Vy; 6) - U,

[puBeICHHOE MATCMATHICCKOS OMHCAHNE JACT
BO3MOXKHOCTE OIPCAC/IUTD Ha IOBCPXHOCTU Bpa-
[HAOIIETOCS] KOHYCA 3HAUCHHS CKOPOCTH YaCTHLIBI
Marepuana u e¢ coctaBsoumx. Ero mpuMeHeHHe
LIEICCO00PA3HO MPU MPOSKTUPOBAHUN KOHUYCCKUX
paclpeCTUTCIBHBIX  VCTPOHCTB,  ONTUMH3AIAN

MPOLICCCOB PA3ACICHUS MOPOITKOBHIX MATCPHUATIOB B
JUHAMHUYCCKUX LICHTPOOCIKHBIX CEMapaTopax.
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Trofimchenko V.N., Voronov V.P., Mordovskaya O.S., Khanin S.I.
THE QUESTION ABOUT CALCULATION SPEED OF PARTICLES ON A ROTATING

SURFACE OF THE CONE

One of the ways of increasing efficiency of separating the powder particle is to improve a method of supply-
ing particles to a separation zone. For uniform distribution of the material in the separator use various de-
vices. The article presents a mathematical description of the motion process, the particle on the surface of
the rotating distributor cone. The analytical expressions for determining the rate of motion of a particle
based on the design parameters of the cone and the frequency of its rotation.

Keywords: feeder, particle velocity, rotating cone, kinematic parameters.
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