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AAUNTUBHAS MATEMATUYECKASI MOAEADL ASPALIMIOHHOM
KAACCUDUKALIM MATEPUAAA B CEMMAPATOPAX

B. S1. INotanos, B. H. Makapos, H. B. Makapos, E. E. ®paHiok

CraTbsi NOCBSILEHA YTOUYHEHMIO MEXaHM3MA A3PALMOHHO Kaaccudpmkaumm B 6apaban-
HO-TIOAOYHDLIX CprIKLlVIOHHle cernaparopax marepuaroB, KOMIMOHEHTLI KOTOPLIX OTAU-
YaIOTCS1 WMPOKMM CMEKTPOM MapyCHOCTU, C LIEALIO MOBLILEHUs UX 3PDEKTUBHOCTU U
Ka4ecCTBa roTOBOro NMPOAYKTA B TEXHOAOTUU PA3AEAE€HMSI KOMIMTOHEHTOB PYAHLIX U HE-
PYAHDLIX MaTepuaroB. C NCMOAL3OBAHUEM A3POAMHAMMKM TEA MPOU3BOALHOM (hOPMbI B
HarpaBAEHHOM BO3AYLIHOM MOTOKE MOAYHEHA MaTEMATUYECKasl MOAEAL a3PALIMOHHOW
KAACCUMKALIMM HaCTULL KOMIMOHEHTOB MaTePUAAOB B 3aBUCMMOCTM OT UX chusuye-
CKVX CBOMCTB, OGLEAMHEHHBIX MHTErPAALHBLIM KPUTEPUEM MAPYCHOCTU U MapameTpoB
YMPABASIEMOTO BO3AYLIHOTO MOTOKA C PA3AEALHBLIM YHETOM BAMSIHMSI CKOPOCTM ABVKE-
HUMS1 YacTull 1 notoka. [oAydeHbl ypaBHEHMs pacyeTa reoMeTpuHeckux napameTpoB
Y3AQ A3PALMOHHON KAACCHDMKaLMM (PPUKLIMOHHOTO GapabaHHO-MOAOHHOTO cenapa-
TOpa B 3aBUCMMOCTU OT MHTErPAALHOTO KPUTEPWS MAaPYCHOCTU, OMPEAEASIEMOTO (hop-
MO, pasMepamu, MAOTHOCTBLIO MCXOAHOTO CbIPbsl M BSIBKOCTLIO BO3AyXa, obecrieuvBa-
IOIMX MAKCMMAALHOE KA4YecTBO CTPATUOUKALIMM UCXOAHOTO CLIPLSI M KaK Pe3yALTaT
— noBbieHne 3(pHEKTVBHOCTU MOAYHEHMS KAHYECTBEHHOTO PA3AEAEHHOTO MaTeprana.
[NoatBepskaeHbl 3¢hhEeKTUBHOCTL a3PALIMOHHON KAACCUDUKALIMM C UCMIOAL3OBAHMEM
YMPABASIEMOTO BO3AYLIHOTO MOTOKA, AOCTATOYHASI CXOAMMOCTDL SKCMEPUMEHTAALHBIX U
PACYETHLIX AQHHLIX. AAAMTMBHASI MATEMATUHECKAsT MOAEAL MOATBEPAMAQ BLICOKYIO 3(h-
PEKTUBHOCTL MPUMEHEHMS ASPALIMOHHOM KAACCUMKALIMM MaTeprara B GapabGaHHO-
MOAOYHLIX (PPUKLIMOHHLIX Cernaparopax AAs MOBLIWEHWUs KadecTBa cTpartudmkaumm
MPUMEHUTEALHO K MCXOAHOMY CLIPbLIO, KOMIMOHEHTLI KOTOPOro OTAMYAIOTCS! WMPOKMM
CMEKTPOM MapyCHOCTY.

KatodeBbie cAoBa: CKOPOCTL BUTaHMs; MapPyCHOCTb; (hU3MYECKME XAPAKTEPUCTUKM;
PPUKLIMOHHDIN cenaparop; a3POAHaMUYECKUI ShheKT.

OBpeMeHHOe TOpHOe IPOU3BOACTBO XapaKTePU3YeTCs
MHTeHCHMKaLMell TeXHONOTMYECKUX PEeKUMOB, Tpeby-
IOl CO3JlaHMA U BHEAPEHUA HAayKOEMKOTO, BBICOKO-
TEXHOIOTMYHOTO 0OOPYyAOBaHMA. B 3HAUNTENBHOI CTElleHN 9TO Ka-
CaeTCsl TEXHOJIOTMYECKMX IePefle/IoB MOATOTOBKY, Kaccudukamm
MICXOJIHOTO CBIPbS, CYIIECTBEHHO B/IMAIOIIX Ha KaueCTBO KOHEYHBIX
IIPOLYKTOB pasfeneHns. bes MOCTOSHHOrO IOBBIIIEHNS KadecTBa U
9¢dekTUBHOCTI pabOTHI TEXHOMOIMY 06O0TaleHNs 1 060PyLOBaHMS
HEBO3MOYKHO COBEPILIEHCTBOBaHNUE MaTepya/bHO-TEXHITYECKOIT 6a3bl
IIPeNIPUATHIL, B TOM YMCTIe TOPHOIL IIPOMBIIITIEHHOCTH.

B 3aBMCHMMOCTM OT TeXHOJIOIMYECKONl ¥ IPOU3BOICTBEHHOI
CTPYKTYPBI TIOATOTOBKA ¥ KJIacCH(UKaLMA KOMIIOHEHTOB MCXOLHO
TOPHOIT MacChI XapaKTePU3YIOTCs BBICOKOI 9HEPTOEMKOCTBIO I HeJlo-
CTaTOYHOM 3P PeKTUBHOCTDIO [1].

Opnum u3 myreit nosbiuieHya sddexTnBHOCTU Knaccuduka-
LIMM U KaK Pe3y/IbTaT MOBbILIEHsI KaueCTBa IepepabaTblBaeMbIX Py
ABNIAETCA CO3TaHUe pecypcosddeKTUBHBIX pas/ieUTeNTbHBIX alllla-
PAaToB, COBEPLICHCTBOBAHME CTPYKTYPBI M TEXHOTIOTMY HOATOTOBKM
U pasfie/ieHs NICXOJHOTO ChIPbs [2-5].

ITpy paspaboTKe U NPOEKTUPOBAHUM AINIAPATOB HEOOXONUMO
YUYMTBIBaTh KOHCTPYKTMBHBIE OCOOCHHOCTU MX CTPYKTYPHBIX eiu-
HULI, CIIOCOOCTBYIOLINE KadeCTBEHHOMY PasleleHNIo U Kiaccudu-
KallMy JVICXOJHOTO CBIPbA IO ero (puaMdecKuM XapaKTepPUCTUKAM,
BO3MOXXHOCTD 11€/ICHAIIPABJICHHOTO yIIPaB/IeHNA BHEIHUMM (HaKTO-
pamu, BIMIOMNMY Ha 9GQeKTUBHOCTD Ipoliecca pasfeleHus ero
KOMIIOHEHTOB B 3aBUCYIMOCTY OT VX U3MeHeHus [6-9].

C mosummm CoBepLICHCTBOBAHMA pasfie/ieHus U Kiaaccuduka-
L[t MHOTOKOMIIOHEHTHOTO ICXOJJHOTO ChIPbsI, BKIOYAIOIETo B ce0s
YaCTUIIBI C IIVPOKMM Pa3bpOCOM IapyCHOCTH, Hamboee Mmepcrek-
TUBHO MCIIOIb30BaHIe a9PAIOHHOI Knaccudukarym [10-12].

AspannonHas KIaccuUKanusa — 9TO pasfieleHne YacTHUL MHO-
TOKOMIIOHEHTHOTO MaTepyaja B CIeKTPaJbHOM MHTepBaJie Napyc-
HOCTU HOJ, BO3JECTBMEM IUIOTHOCTM 9HEPIyuM, HEOOXONUMOI M
$OpMIPOBaHIA TPAGKTOPUI BYDKEHNS YaCTHL, OIPeNeAeMOil Kui-
HeTIYeCKOJi SHeprueil HallpaB/IeHHOTO IOTOKA BO3/yXa.

KOHCTPYKTMBHO aspallMOHHasA KIacCUpUKalMA peann3oBa-
Ha B 6apaOaHHO-IIOJIOYHOM (PPUKIMOHHOM Celaparope, MMeolleM
YCTpPOIICTBO I CO3JAaHNUA HAIIPABIEHHOTO YIPABIIAEMOTrO aspOomiu-
HaMu4yecKoro noroxa sospyxa (BIIOCA) [1, 4, 7].

BII®CA mnpepcraBisier cobOil KIacCUYeCKUil cermaparop co
BCTPOEHHBIMM B TOpLbI 6apabaHa pafinaabHBIMM BEHTUIATOPAMU C

M3BECTUA YPATIbCKOIo roCYAAPCTBEHHOIO FOPHOI0 YHMBEPCUTETA

aCYMMETPUYHBIMU KOJUIEKTOPAMM ¥ aMIUIMTYHZHO-4aCTOTHBIMU pe-
TyAATOpaMy, 06eCIedNBAIOIIMY TPeOyeMyI0 IJIOTHOCTb SHepPInu,
HalpaBJ/ieHNe, aMIUIUTYy ¥ 9acTOTY KojeOaHusA BO3AYLIHOTO HOTO-
xa (puc. 1).

Taxum o6pasom, BII®CA cocTouT 13 4eThIpex CTPYKTYpUpO-
BaHHBIX YCTPOJCTB, KX/0€ 13 KOTOPDIX IIpefIHa3HAYEHO /I pasie-
JIeHNA 4aCTHL UCXOZHOTO MaTepuasa Mo COOTBETCTBYIOIIVIM CTPYK-
Type nmpusHakam (puc. 1).

B cOOTBETCTBUY C YeTHIPbMA CTPYKTYPUPOBAHHBIMIU YCTPOICT-
Bamu B BIIOCA BbifiensaoTcs yeTbipe (asbl ABMKEHUS UCXOLHOTO
MHOTOKOMITOHEHTHOTO CBIPbs, COOTBETCTBYIOIVE YEeThIPeM 3TalaM
ero knaccudukanuu (puc. 1, 2).

Ilepsas ¢pasa — nBUOKeHMe MaTepyaja IO HAKIOHHON MOJIKe,
Ifie mpoucxoput GOpMHUpOBaHMe IIOTOKA Iepel BBOLOM B KaMepy
cemaparopa. Bmopas ¢asa — pacrpefieNieHne CenapypyeMoro MaTe-
pMasa 1o rpaHMYalMM APYT C APYroM IIOTOKaM C IpeobnajaHneM
B K&XIOM M3 HUX OZHOPONHBIX IO (opMe ¥ IVIOTHOCTU UaCTHIL,
IIPOMCXOfALIee B BO3AYLIHON KaMepe C MOMEHTA OTPbIBA YaCTHUI] OT
HIDKHeN KpOMKIY HaK/IOHHO TONKN. Tpembvst pasa — pacIipenerneHune
KOMIIOHEHTOB IO, IeJICTBMEM MTOTOKA BO3yXa, CO3/JaBaeMOro pasiy-
aZIbHBIMU BEHTWIATOpAMIL. Yemeepmas ¢pasa — pasjielieHrie KOMIIO-
HEHTOB Ha IOBEPXHOCTY Bpaljamlerocs 6apabaHa, Ha TOpIax Ko-
TOPOTO YCTAaHOBJIEHBI Pajiiia/IbHble BEHTU/IATOPBI, OOecIedrBaoLine
Iie/IeHaINIpaB/IeHHbII IIOTOK BO3/yXa.

Hax/onHas nonka I mMoAroTaBaMBaeT K pas3ie/IeHIIo YaCTHUIIBI C
pasmiaHbIMK KoadduientamMu Tperns. Yem MeHble Koaduim-

PucyHok 1. MpuHumMnuanbHasa cxema cenapatopa BM®CA.
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PucyHok 2. Cxema ABUXEHUSI YacTULbl M AEACTBYIOLLMX HA Hee CUM Ha Tpe-
Thbewn chase aBmxeHus B BIPCA.
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TEXHUYECKUWE HAYKN

€HT TPeHMA YaCTUIIBI O INIOCKOCTD, TeM BbIlIe CKOPOCTD BBIXOJA €€ C
nonkyu 1. HakIoH II0CKOCTM JJO/DKeH 00ecIiedrBaTh HelpephIBHOE
IBIVDKEHNME YacTH], YTO HAK/IA/IbIBAeT OIIpefie/IeHHble OrpaHIYeHMA
Ha yroi . YTon HaKJIOHa TTOJIKY 3 JO/KeH ObITh 60/IbIlle HanboIIblIIe-
T0 113 BO3MOXKHbIX 3HAYEHMII YITIOB TPEHM: [/IA 4acTUI 060raiiaeMo-
TO MaTepyasa ¢ pasIMYHbIM COflepKaHVeM I10Ie3HOTO KOMIIOHEHTA.

KpyBONMHEIHBI TPaMIUIMH 2 06ecleynBaeT BTOPYIO CTaMIO
MOATOTOBKY K pasfie/leHNIo YacTHUI] C pasnndHbiMu KoadduienTa-
mu Tpenus. Cuma TpeHMsA Ha 3TOM y4acTKe MEHAETCA B 3aBUCUMO-
CTU OT MeCTa HaXOXK/IeHNU YaCTHUIDI, TAK KaK B PA3MYHBIX TOYKAX
BOTHYTOJ TPaeKTOpMUM HOPMa/IbHOE JIaBJIeHe YacCTUIIbI Ha KPMBO-
JIMHENHYI0 IIOBEPXHOCTDb pasnuyHoe. CrieoBaTeNbHO, IIPU BBIXOfiE
YaCTHI] HA Y9ACTOK CBOOOHOTO IOJIeTa OHM VIMEIOT CYIIeCTBEHHO
PasMYHbIe CKOPOCTH, @ BBIIET YaCTHI] IPOMCXOIMT 110 HACTU/IbHBIM
TpaekTopuaM. Takum ob6pasoM, o6pasyeTcst Beep pasferneHus, 6ma-
rojjapst KOTOpOMY BO3MOXXHO (OpMUPOBaHNe MPOJYKTOB YaCTHI] C
Pa3IMYHBIM COIEpP)KaHMeM MO/IE3HOTO KOMIIOHEHTA.

Ha tperbeil crapum paspieneHye MCXOGHbIX MaTepuagoB Ipo-
UCXOIUT 33 CYET BO3JENCTBUA HAIPABIEHHOIO a3POJMHAMMIYECKO-
rO MOTOKA BO3JyXa, CO3[aBaeMOr0 pajya/lbHbIMU BEHTI/IATOPAMIH,
BCTPOEHHBIMI B TOPLIbI BPAILalolierocs 6apabaHa.

Hna gactui cpepHeit yactu Beepa B BIIOCA mpepgycmoTpena
yeTBepTast cTaaus pasgenenus. Ha o6edaiike Bpamaromerocs 6apa-
6aHa 3 pasfe/ieH1e JaCTUL] VICXOIHOTO ChIPbs MIPOUCXOANT BCIEACT-
BUe pasmumuyA X KoadUIMeHTOB BOCCTAHOB/IEHNA IIPK yHape 06
Hee. TIOCKO/IBKY HOBEPXHOCTb ObOeuaiiky Bpamiarolierocsa 6apabana
3 mepoxoBaTas, TO B TOYKe KOHTAKTa C Hell Ha YaCTUIy KpOMe HOp-
MaJIbHON PeaKLuy JefCTBYeT ellie 11 Cijla TPeHNs, HallpaB/leHHas B
CTOPOHY, IPOTUBOIOIOXKHYI0 OTHOCUTENBHONM CKOPOCTI YacTULbL. B
3aBUCUMMOCTY OT HAIIPAB/IEHNA 3TOI CU/IBI OTCKOK YaCTHI[BI MOXKET
IIPOVICXOANTD KaK B CTOPOHY BpallleHus 6apabaHa, Tak 1 B IPOTUBO-
TIOJIOKHYIO CTOPOHY.

MexaHu3M pasfieleHNsI UCXOFHOTO ChIPbs Ha yKasaHHBIX dasax
IBIDKEHMA 32 VICKTIOUEHNEM a3PAIVIOHHON KIIacCH KA TOfpo6-
HO ommcal B [5].

B cumy orcyTcTBUA B IMTEpaType aHAIMTUYECKUX MaTepyanoB
10 M3Y4YEHMIO TIPOIiecca adpalioHHON CTPaTU(UKALVN MHOTOKOM-
TIOHEHTHOTO ICXO/JHOTO ChIPbA C Pa3/IMYHOI HAPYCHOCTDIO ITyTEM €0
B3aJIMOJIEIICTBIS C HAIPaBIeHHbIM IIOTOKOM BO3JyXa HeOOXOLUMO
HanbojIee aKTyarIbHO UCCTIE0BATh a9POAMHAMIKY IIPOLiecca IBIKe-
HUA ABYX(}a3HOI CPeMibl C Le/lblo IoBbIeHNA 3¢ dexTuBHOCTH pas-
IeNeHNA TBEPbIX KOMIIOHEHTOB B BO3YLIIHOM IOTOKE.

Takum 00pasom, [jaHHasA CTaTbsA IOCBsAIlEHA pa3paboTKe aji-
IOUTUBHOI MaTeMaTHYeCcKOil MOJIeN aspalOHHON KaaccupuKanmum
MHOTOKOMIIOHEHTHOTO MICXOJHOTO ChIPbs Ha TpeTheil dase ero fBu-
skeanst B BII®CA. PerreHne 310t 3amaum MO3BOIUT MTOBBICUTDH Ka-
4eCTBO Pasfe/ieHNs ChIPbs 3a CUeT 3P (PeKTUBHOTO MCIIOIb30BAHIS
BIMAHMA NAPYCHOCTYM YacTHUI, KOMIIOHEHTOB Ha BEIMYMHY JeiCT-
BYIOIIMX Ha HUX CUJI a9POJVHAMUYECKOro conporusaeHns CTokca,
Apxumepna 1 Marsyca ¢ LielIblo YIIpaB/IeHUA CIIEKTPOM TPaeKTOPUM
UX JIBVDKEHUA.

PewreH1e 3aayy MaTeMaTHYeCKOTO OIMCAHMA IIpoljecca aspa-
I[VIOHHOI KTacCU(UKALIN OCHOBAHO Ha UCIIONb30BAHNUI METOA TIe-
pexozia OT MUKPOYPOBHS JIBVKEHMA OT/E/TbHOI YaCTUIIbI K MaKpOY-
POBHIO, T. €. UCCTIElOBAHNI0 MHOTO(A3HOI CPeNbl.

Maremarnyeckasd MOJe/Nb [BIDKEHMA OTHEIbHBIX 4YacTHI Ha
MUKPOYPOBHE B 3aBMCMMOCTH OT JIeHICTBYIOIMX Ha HAX CUJI, BENN-
YMHA JM HaIpaBjIeHMe KOTOPBIX 3aBMCUT OT NAPYCHOCTHM YacTHI],
MI03BOJIAACT YCTAHOBUTD 3aBUCUMOCTD TPACKTOPUM JBVDKEHMA [IBYX-
hasHOI cpefibl ¢ 3aJaHHBIM CHEKTPATbHbIM MHTEPBAIIOM IapyCHO-
CTU OT IUIOTHOCTY 3HEPIUM, HAIIPABJIEHN, aMIUIATYAbl M 4aCTOTBI
ITy/IbCallMY YIIPAB/IAEMOrO BO3[IYIIHOIO IMOTOKA. YKa3aHHAasA MOJE/b
II03BOJIAET PACCYMTHIBATD MAPAMETPBI ITIOTHOCTY SHEPTUY BO3/IYII-
HOTO IIOTOKAa B 3aBMCUMOCTH OT CIEKTpa IapyCHOCTM YacTHI| JIA
obecrieveHNst MaKCHMAIbHOI 9 OEKTUBHOCTH UX KIaccudUKALNY C
MMHUMa/IbHBIMU 3aTpaTaMyl SHEPIUL.

Tl MHTerpaibHOI OLIEHKY BIVAHUA MAPYCHOCTY HA TPAeKTO-
PUIO ABIDKEHMs 9aCTHUL Harboee 1ieneco0O6pasHoO BBECTU KPUTEPUN
A9PAIMIOHHOTO MOK00MA:

- K03(GGUINEHT a9palIOHHOTO IPUTSDKEHNUA, XapaKTepusy-
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IOLIMI BePTUKA/IbHYIO MePerpysKy i-il yacTuupl, 160 AByxdasHO
cpefbl MOf; IefiCTBMEM a9POSMHAMMYECKUX CHJT:

>
a, == (1)
FAX
- k09 }UUMEHT adPALMOHHO/ MHEPLMY, XapaKTepU3YOIMil
TOPM3OHTABHYIO TIEPErPY3KY i-it 9acTUIIBL, 60 ABYXPasHOI Cpefbl
07T JIETICTBUEM a9POIIHAMMIIECKUX CHTT:

F
B ==, )

e FBj , F; — BepTUKaJIbHAA ¥ TOPU3OHTA/IbHASA COCTAB/IAIOIINE j-11
a3pOAMHAMUYECKOI CUIIBI, IEMICTBYIONIE Ha i-10 YaCTUITY MHOTOKOM-
IIOHEHTHOTO JICXOIHOTO ChIpbs B (pade aspaliOHHON KIaccuduka-
i F,, — cuma ApXuMeqia, HallpaB/ieHHas BHUS, JIEVICTBYIONAsA Ha
i-10 JaCTHUITY, ABJIAIONIASACA AaHATIOTOM CHIbI TAKECTH.

Ob6mafiast KHHETUYECKOIT 9HepTueti, i-51 9aCTUIIA ICXOHOTO MHO-
TOKOMITOHEHTHOTO CBIPbA IO}, BO3/IeVICTBYIEM SHEPTVM YIIPAB/IAEMOTO
HaIPaBJIEHHOIO IOTOKA BO3/lyXa IE€PEeMELIAeTCH 110 COOTBETCTBYIO-
el TPaeKTOPUM, OTIPeNIeNAeMON MNIOTHOCTHIO YKa3aHHON 9HEPIUNL.

JIns TOCTpoeHMsA afifUTVBHON MOJIENN a3PAIMOHHON K/TacCH-
¢duxanuy 6pUI0 BaKHO YCTAHOBUTD 3aBUCUMOCTIL MEXJY 9Heprieil
YaCTUIBI B TOYKE CXOfla KPMBONMHENHOTO TpaMIIMHA B, sHeprueit
HaIIpaB/IeHHOTO MOTOKA BO3/IyXa ¥ TeOMeTPIYEeCKIMII ITapaMeTpaMu
mpreMubix 6yHKepoB BIIOCA. Taxoke 65110 HeOOXOLUMO COCTABUTD
YPaBHEHUSA JBVDKEHUS YACTUIIBI B 3aBMCUMOCTH OT JefCTBYIOIMX
Ha Hee CUJI C YYeTOM BBEJ€HHBIX KpPUTEpHEB MOJ00NA, IpUieM KTio-
YEBYI0 PO/Ib B IIPEIIOXKEHHON MaTeMaTU4YeCKOil MOJE/NIN UIPAeT ee
aIMTUBHOCTD KaK aHA/IOT IMPUHLMNA CYIePIO3ULINY, TPefCcTaB/Is-
10111ero co00il pasfe/bHblil y4eT ¥ IOC/TeAyollee CyMMUpPOBaHIe ab-
COMIIOTHOM CKOPOCTY IBMYKEHVS YaCTUIL] ¥ CKOPOCTU HAITPABTIEHHOTO
TIOTOKA BO3JyXa, MO3BOJIAKIEE ONTUMUSMPOBATH SHEPreTUIecKye
3aTpaThI IPOIecca KIaccuuKaIym B CelapaTopax.

CBOOOAHBII! IO/IET YaCTHUI[BI MHOTOKOMIIOHEHTHOTO MICXOZHOTO
CbIpbs Ha TpeTbeil cTajuu ero ApyokeHnsa B BIIOCA naunnaercs us
TOUKM B co ckopocTpio v, (puc. 2). [Ipn 3TOM CKOPOCTD IBVKEHNS
YaCTHUIIBI 3aBMCUT OT ee (PU3NYECKUX CBOVICTB: IVIOTHOCTHU, COCTOS-
HIA TIOBEPXHOCTH, PasMepoB, GOPMBI, IeTPOrpaddeckoro CocTana,
B3aJIMHOTO TPEHMA U CTOMIKHOBEHMS YaCTIUL, MeX/Y cOO011 11 CO CTeH-
Kamu anmapara. B Touxe B i-a yactuiia 6ysieT uMeTh CKOPOCTD .

Takum 06pa3om, IBIDKEHME i-11 YaCTHUIBI C KMHETUYECKOIT SHEp-
THeil, COOTBETCTByIOIEl CKOPOCTH U, U3 TOUKM B GymeT mponcxo-
IWUTb TIOf, JIeICTBMEM CHJIBI a3pOAMHAMMYECKOTO CONPOTUBIEHMS,
TIOIbeMHOI a3pOofIMHaMI4ecKoii cumbl JKykoBckoro, cumbpl Marnyca,
00YCITOB/IEHHOI TIepeNajioM CH/I a3pOAMHAMUYECKOTO JIaBIeHNA Ha
TIOBEPXHOCTb YAaCTUIIBI BCTIE[ICTBUE ee BpallleHMs, CUIbl ApXuMesa,
CBA3aHHOII C yCKOpeHMeM cBobopHoro mapeHmsa n cuyoit CTokca,
00YC/IOB/IEHHOJ BA3KOCTBIO BO3[yXa. IIpy 9TOM, IOCKO/NBKY Hau-
6orbliee BIVMsAHNME HA TPAeKTOPUIO ABVDKEHVsI YaCTUIIBI HA JaHHOI
dase ee IBVDKEHIA OKa3bIBAIOT ad9POAVHAMUYECKIIE CUIBI, XapaKTep
IBIVDKEHMUSA 4aCTUIBI OY/eT ONpefeAThCA ee MapyCHOCTDIO, KOTOopas
YUC/IEHHO 3aBUCUT OT YKAa3aHHBIX K09(hOUINEHTOB aspalfiOHHOTO
TIPUTSKEHWA U UHEPIIVN.

[Tpn mBVDKEHWUM i-if JacTHIBl B HampasmeHyn ocm Ox Ha Hee
JIEfICTBYeT CMTa a9POJMHAMIIECKOTO T060BOTO compotnsnenns F, Jx ,
00yCIOB/IeHHAsA KaK CKOPOCTBIO COOCTBEHHOTO [{BYDKEHNS YaCTHUIIBL,
TaK ¥ CKOPOCTHIO HAITPABIEHHOTO a3pPOAMHAMIYECKOTO TIOTOKA BO3-
7yXa, 4YTO YYUTHIBAETCA afIUTUBHOI MOJIENbIO IBVKEHNA.

VYpaBHeHMe [IBUOKEHMA i-1I YaCTUIIBI KOMIOHEHTOB MCXOHOTO
CBIPbA B TPOEKINM Ha 0ch OX, COBIIA/IAIOIIET0 C HAIIpaBIeHNEM aspo-
IMHAMUYECKOTO TOTOKa BO3/IyXa IOJI BO3/Ie/ICTBIEM BEHTUIATOPOB,
3aMMIIEM B BUJIE:

j v, 2 2
=m; ot = _kinri Pa(vxz +U), (3)

i
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rae k, - xoadduimeHT 1060BOrO CONPOTUBIEHMSA i-Ii YaCTHUILB;
7, = pajmMyc i-it 9acTUIBI, M; p, — TUIOTHOCTb BO3MyXa, KI/M%; v, —
COCTaB/IOLIAs CKOPOCTH -1 YacTULBL, M/¢; U — CKOPOCTb MOTOKA
BO3JyXa, M/C; M, — Macca i-il YaCTUIBL, KT, m, = 4/ 3xr’p,; p, - IIOT-
HOCTb i-J1 9aCTULbI, KI/M°.

YpaBHeHMe IBIDKEHMA i-71 YaCTUIIbI B IIPOeKINy Ha ock Oy nMe-
eT BUJ:

a‘v}'i i i i i
m, ot :_F>K1+FA1_FC1+FMx’ (4)

rae F, — cuma JKyKOBCKOTO, HanpaB/ieHHas BEPTUKAIbHO BBEpX,
fleiicTByloman Ha i-io wactuyy, F, =cmr’p (v, +U)5 F. - cuma
Apxmmepa, HallpaBjIeHHas BHUS3, [IENICTBYIOIIAaAd Ha i-10 YacTUILY,
FA’ =4/ 31Tt;3(pi -p)g ]y:L - cwna conporusienuss Crokca, 006-
YCIIOB/IEHHAS BA3KOCTDIO BO3/IyXa U GM3MIECKMMIU CBOICTBAMM KOM-
TIOHEHTOB MCXOJIHOTO ChIpbs, F, =@p mnrv ; F, — cuma Marnyca,
06yc/IOB/IeHHAsl BpallleHueM i-TOJ YacTIUI] KOMIOHEHTOB JICXOTHOTO
coipbst, F,, = npmr’Q (v, +U); ¢, - K03 PUIMEHT HOIBEMHOI CUITbI
JKykoBcKoro, [iefiCTBYIOLIe Ha i-10 YacTUIY; g — YCKOpeHue cBo6o-
HOTO TIafieHus M/C% ¢, — KoapuimenT Gopmbl YacTUIIbI B 3aKOHE
Crokca; 1) — K09 GUIeHT KMHeMaTN4eCKOil BA3KOCTI BO3yXa, M*/C;
Q, - yT7I0Basi CKOPOCTD BpalleHNs -1 9acTuupl, ¢, Q =o, /2nr.

Takum 06pa3oM, ypaBHeHUE BEePTUKATBLHOIO IepeMelleHNs B
npoeKy Ha ocb Oy i-11 YaCTUIBI KOMIIOHEHTOB VICXO[JHOTO ChIPbsA
TIO, [1e/iCTBYIeM HAIIPABI€HHOTO a9POAMHAMIYECKOTO TOTOKA BO3My-
xa ¢ yueToM jeitcTBua cun Crokca, Marnyca, Apxumena u JKykos-
CKOTO MOJKET OBITh IPEICTAB/ICHO B BUJE:

v .
rno_

ot

m.

i

—cnr'p (v, +U) +pmg—@mro +7pr'Q v, +U). (5)

Vmes B Bupy, uro npu V, (((V, +U) B ypasrenmsax (4)-(5)
a9pOofMHAMIYECKas CI/Ia T000BOTO COPOTUBIICHNA B IPOEKIMI Ha
ocb Oy He yIMUTBIBAETCS, TO C YUeTOM ypaBHeHus 6amanca cun JKy-
KOBCKoOro, Apxumena, Crokca u Marnyca cKOpoCTb BEPTUKAIbHOTO
TlepeMeleHNs U, i-ii YacTUIbl KOMIIOHEHTOB MCXO/IHOTO ChIPbSA 110~
JIy4uM B BUJE:

P

P,
v, = : )
on,

r|——r -1 q+1’IQi(ruxi+U)z

i

VI3 dopmynbl (6) craepyet, YTO IpU CKOPOCTY HAINpPaBIEHHOTO
A3POAMHAMMNYIECKOIO ITIOTOKa B0311yxa U(] BHI3 T€ YaCTULIBI KOMIIO-
HEHTOB OYAYT IlepeMelaThes o Hanpasaernio ocu Oy, pasMepbl KO-
TOPBIX ONPEENAITCS 3aBUCUMOCTHIO:

. ci(fuxi-i—UO)z ' @
—g z—;—l g+(7fx,-+Uo)Q

i

OHepryA i-1i YaCTUIIBI IPY CXOfie C HIDKHEl KPOMKM B HaK/IOH-
HOJ TIOJIKY OTIPefieIAeTCA 110 PopMyIIe:

2 3 2
E = g‘rrri P, (8)

i

Takum o6pasom, ¢ yuetoM ¢opmynsl (8), TOpM3OHTaIbHASL
CKOPOCTD [IBVKEHMs i-il YaCTUIIBI CTAHOBUTCA PaBHON Hymo (v, =
0) B TOYKe Ha FOPM3OHTA/NBHOI IIOBEPXHOCTH IPUEMHOTO OYHKepa
BII®CA, ompepensaeMoit u3 ycnoBus:

X E
0i P:: ‘ (9)
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C yaeroM dpopmyr (1), (7), (9) momyanm:

N o 2
o 2 ( 1 0)
3p.U,c,

C yuerom dopmyrn (1)-(3), (5) BeIpaskeHus pna Koadduimen-
TOB 3PALMOHHOTO IPUTSDKEHNS U MHEPLIUM IPUMYT BUJ:

(11)

(12)

YpaBHeHMe I/ pacdeTa BepPTUKAIbHOI CKOPOCTHU IIepeMelle-
HISL COOTBETCTBYIOLEN -1 YacTuubl B GyHKIMHU KoadduunenTa as-
PALMOHHOTO NPUTSKEHNA ¢ ydeToM dopmybl (12) mocre npeobpa-
30BaHVs IOJTy4UM B BUje:

(1+a,)
v, = (13)
eone,

B utore ¢popmyny 1A pacdyera MONOKEHUA MPUEMHOTO OyHKe-
pa B 3aBUCHMMOCTH OT KO3 duIineHTa a9paliOHHOTO IPUTDKEHIA C
ydetoM Gopmyrbl (13) momydum B Buje:

2
pivﬂi

X =— PO
ZBOi(pi - pg)g

0i

(14)

AppmuTrBHAs MaTeMaTUdecKassh MOJenb 3-it ¢asel Ipolecca
KnaccuduKanyuy MHOTOKOMIIOHEHTHBIX MaTepMasioB, BK/IIOYAIOLIAs
ypasrenus (3), (6), (7), (10), (13)-(14), mosBonmia BCeCTOPOHHE
MCCIeNloBaTh MEXaHV3M pasfiefleHns JacTuly Mof, AeiiCTBUEM aspo-
IMHAMMYECKMX CUJI HalpPaB/IEHHOTO BO3JYLIHOTO IOTOKA C yYETOM
uX QU3NYECKUX CBOJICTB, @ TAKXKe OCYLIECTBUTD ONTVMU3ALINIO Te0-
MeTPUYeCKNX MapaMeTpoB U peXkuMoB pab6oTsr BIIOCA, mpu otHoO-
CUTEIbHO HeOONIBIINX 3aTPaTax Ha SKCIIePUMEeHTaIbHbIe UCCIeoBa-
HUS, UBTOTOBJIEHME MAKeTOB ¥ OIIBITHBIX 00pa3joB. MakcuMajIbHble
OTK/IOHEHM:I 9KCIIePMMEHTANbHBIX JJAHHBIX OT PACYeTHBIX COCTaB-
JIAIOT, B YaCTHOCTM: i acOecta 4-7 %, mis KBapua 2,3-2,9 %, nna
rayHo3eMa 1,9-2,2 % u annmpoKCMMUPYIOTCA HETMHETHON 3aBMCUMO-
CTBIO C KOPPE/IALIMOHHBIM OTHOWEeHMeM 1 = 0,95-0,97.

Vcnionb3oBaHye aspofMHAMMIECKOro 3¢ddekTa OT HaIpas-
JIeHHOTO BO3AymHoro noroka B BIIOCA nosBonsgeT moBBICUTD pe-
3y/IbTaTUBHOCTD Pa3fie/ieHNss MHOTOKOMIIOHEHTHBIX MaTepuasoB, B
JaCTHOCTH, 00eCIeYnTh MaKCMMalbHOE M3BJIeYeHUe CBOOOTHOTO
ac6ecTOBOTO BOJIOKHA U3 PYIbl, COXPAaHUTD IIPUPOSHYIO IJIHY U TeK-
CTypY BOJIOKHA, 0CBOOOANTD ac6eCTOBOE BOIOKHO OT IIBUIH, A TAKXKe
CIy4YaliHbIX IIOCTOPOHHMX BK/TIOYEHNI.

TakuMm 00pa3oM, yCTaHOBKA pajia/lbHbIX BEHTWIATOPOB Ha
TOPILIEBBIX NMOBEPXHOCTAX BPAILAIOIIErocs OapabaHa, MO3BOIAIOLIAS
UCIIONIb30BaTh a3pOAMHAMMYECKIe CUIbI JIA pasfiefieHus MUHepa-
0B 3a cyeT 3¢ deKTa HapyCHOCTH, CIOCOOCTBYET MOBBILEHNIO 3-
bexTMBHOCTI 1 KadecTBa K1accuduKauy MaTepruasoB.

IIpemiokeHHass MOfeNb KIacCUPUKALMM KOMIIOHEHTOB TeX-
HOJIOTMYECKUX CMecell TI03BOMAET OCYIIeCTBAATD UX pasfieneHne Ha
Heo6XOofMMble IO KadeCTBY (pakumu 3a cueT 0O6pa3oBaHIs Beepa
pasfienenus, 671arogapss KOTOpOMY BO3MOXKHO IONTydeHNe IPOJTyKTOB
YaCTNI] C Pa3TMIHBIM COflep>KaHNeM MO/Ie3HOTO KOMITOHEHTa.

BriBoAbI

1. Tlomy4ennas afiuTHBHAsA MaTeMaTU4YeCKasd MOJIENb aspaliy-
OHHOTO KJIacCa B IIOJIOYHOM CeIapaTope ¢ TPaMIUIMHOM JJOCTaTOYHO
TOYHO OTPa)KaeT PeasIbHbIIl paboumit mporjecc.

2. 9¢dbeKTHBHOCTD pasfieNieHNs YaCTHUI 3aBUCUT OT PAasHOCTU
CKOPOCTeJI ¥ YIJIOB CXOfIa YaCTHI] MUHEPAsIOB C MOMIKI, YTO TI03BOTIA-
eT HOTy4nTb OOMBIINIT Beep pacIpefeneHns YacTull. B Touke cxoma
JaCTUIIBI C TPAMIUIMHA B 3aBYCUMOCTH OT K09 dUIVIeHTa TpeHNA f =
0,3; f= 0,5 ee ckopocTb cocTaBuna v, = 1,93-2,28; v, = 1,33-1,56 m/c.
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3. Vcnonb3oBaHye NOTOKA BO3JYIIHOM CTPYH, HAIIPAB/IEHHOTO
TIOf}, TIONIKY MepIIeHAMKY/IAPHO BEKTOPY CKOPOCTH IBVDKEHNSA pasfe-
JIIeMBIX KOMIIOHEHTOB, II03BOJIIET OTK/IOHATD TPAeKTOPMIO YacTHI,
006/TafJAlOIVIX ITAPYCHOCTBIO, ¥ BBIBOANTD VX B OJHOMMEHHBIE IPO-
ByKTbl. CKOPOCTD BO3/YIIHOTO ITOTOKA 3aBYICUT OT CKOPOCTeil BUTA-
HIA pasfieNiieMbIX KOMIIOHEHTOB 1 COCTaBAeT 3,5-6 m/c.
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ADDITIVE MATHEMATICAL MODEL OF MATERIALS AERATION

CLASSIFICATION IN SEPARATORS

V. Ya. Potapov, V. N. Makarov, N. V. Makarov, E. E. Franyuk

The article is devoted to confirmation of a mechanism of aeration classification
in drum-shelf friction separators of materials, the components of which are
distinguished by a wide range of “sailage” in order to increase the separators
efficiency and the quality of finished products in technology of components
separation of ore and non-ore materials.

Using aerodynamics of bodies of arbitrary shape in a directed air flow, a mathematical
model is obtained of aeration classification of particles of material components,
depending on their physical properties, unified by an integral criterion of “sailage”,
and controlled airflow parameters with separate accounting of influence of particles
velocity and flow.

Equations are obtained for calculation of geometric parameters of a unit of aeration
classification friction drum — shelf separator depending on integral criterion of
“sailage” determined by shape, size, density of initial raw material and air viscosity
providing for maximum quality of stratification of the feedstock and, as a result,
increasing the production efficiency and the quality of the separated material.

The efficiency of aeration classification with the use of a controlled air flow is
confirmed, as well as sufficient convergence of experimental and calculated data.
The additive mathematical model has confirmed the high efficiency of application
of aeration classification in drum-type friction separators to improve the quality of
stratification with reference to initial raw materials, components of which differ in a
wide range of “sailage”.

Keywords: speed of being in the air; “sailage”; physical characteristics; frictional
separator; aerodynamic effect.

odern mining is characterized by intensification

of processing methods, which require creation

and implementation of high technology, high-tech
equipment. To a large extent, it concerns technological redistribution
of preparation and classification of raw materials significantly
affecting the quality of final separation products. Without a constant
improvement of quality and efficiency of operation of enrichment
technology and equipment, it is impossible to improve material-
technical base of enterprises, including the mining industry.

Depending on the technological and production structure, the
preparation and classification of components of initial rock mass is
characterized by high power consumption and not high efficiency [1].

One of the ways of improvement of classification efficiency and
the quality increase of processed ores may be creation of resource-
efficient separation devices and perfecting the structure and
technology of preparation and separation of feedstock [2-5].

When designing and developing the devices, it is necessary to
take into account construction features of their structural units,
facilitating to qualitative separation and classification of raw materials
according to their physical characteristics, and also the possibility of
more purposeful control of external factors affecting the efficiency of
the process of separation of components, depending on their change
[6-9].

From the standpoint of improving the separation and
classification of multicomponent feedstock, including particles with
a wide dispersion of “sailage”, it is more perspective to apply aeration
classification [10-12].

Aeration classification is the separation of particles of
multicomponent material in the spectral interval of “sailage” under
the influence of the energy density, necessary to form the trajectory
of particles determined by the kinetic energy of the directed air flow.

Structurally, the aeration classification is realized in a drum-
shelf friction separator with a device for creating a directed controlled
aerodynamic air flow (DSFSA) [1, 4, 7].

DSFSA is a classic separator with radial fans built into the ends
of the drum with asymmetric collectors and amplitude-frequency
regulators, providing the required energy density, direction, amplitude
and frequency of airflow fluctuations (see Fig. 1).

M3BECTUA YPATIbCKOI0 rOCYAAPCTBEHHOIO FOPHOIO YHMBEPCUTETA

Thus, the DSFSA consists of four-structured devices, each
of which is designed to separate the particles of the initial material
according to the relevant structure indications (Fig. 1).

In accordance with four structured devices, four phases of
movement of the initial multicomponent raw material are distinguished
in DSFSA, corresponding to four stages of its classification (Fig. 1, 2).

At the first phase the material moves along an inclined shelf,
where a flow is formed before entering the separator chamber. At the
second phase the separated material is distributed along the streams
adjoining each other, with predominance in each of them the particles
having uniform shape and density taking place in the air chamber
from the moment of detachment of particles from the lower edge of
the inclined shelf. At the third phase the components are distributed
under the influence of the air flow created by the radial fans. At the
fourth phase the components are separated on the surface of the
rotating drum, at the ends of which the above-mentioned radial fans
are installed to provide a targeted air flow.

The inclined shelf I prepares separation of particles having
different friction coefficients. The smaller the coeflicient of friction of
a particle on the plane, the higher the speed of its escape from the
shelf I. The slope of the plane must provide continuous motion of
particles, which imposes certain restrictions on the angle f. The angle
of inclination of the flange B should be greater of the greatest possible
values of the friction angles for the particles of the material being
enriched with different contents of the useful component.

Figure 1. Principal scheme of DSFSA separator.

b Xoi

Figure 2. Scheme of a particle movement and forces acting on it at the 3rd
phase in DSFSA.
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Curvilinear springboard 2 provides the second stage of
preparation to separation of particles with different coefficients
of friction. The friction force in this section varies depending on
the location of the particle, since at different points of the concave
trajectory the normal pressure of the particle onto the curvilinear
surface is different. As a result, when particles exit onto the free
flight area, they have essentially different velocities, and the particles
escape along flat trajectories. Thus, a separation fan is formed, thanks
to which it is possible to form products of particles with different
contents of the useful component.

At the third stage the separation of raw materials occurs due to
the action of the directed aerodynamic airflow created by the radial
fans built into the ends of the rotating drum.

For the particles of the middle part of the fan in DSFSA the
fourth stage of separation is provided. On the shells of the rotating
drum 3, the separation of feedstock particles occurs due to the
difference in their recovery coefficients after impact. Since the surface
of the shell of the rotating drum 3 is rough, at the point of contact
with it the particle, in addition to the normal reaction, is subjected to
the friction force directed to the side opposite to the relative velocity
of the particle. Depending on the direction of this force, the particle
rebound can occur both in the direction of rotation of the drum and
in the opposite direction.

The mechanism of separation of the feedstock at the above-
mentioned phases of motion, with the exception of the aeration
classification, is described in detail in [5].

Due to the lack of analytical materials in literature about studies
of the process of aeration stratification of multicomponent feedstock
with different “sailage”, through its interaction with a directed air flow,
it is most actual to investigate aerodynamics of the movement process
of two-phase environment to increase the separation efficiency of
solid components in the air stream.

Thus, this article is devoted to development of an additive
mathematical model of aeration classification of multicomponent
feedstock at the third phase of its movement in DSFSA. Solution
of this task will improve the quality of feedstock at the account of
effective use of the influence of “sailage” of particles components onto
the amount of acting on them aerodynamic resistance forces of Stokes,
Archimedes and Magnus, in order to control the spectrum of their
movement trajectory.

The solution of the problem of mathematical description of the
process of aeration classification is based on the use of the method
of transition from a microlevel of an individual particle motion to a
macrolevel, that is, to investigation of a multiphase environment.

The mathematical model of the motion of individual particles
at the microlevel, depending on the forces acting on the forces,
the magnitude and direction of which depends on the “sailage”
of the particles, makes it possible to establish the dependence of
the trajectory of motion of the two-phase environment with the
given spectral interval of “sailage” on the energy density, direction,
amplitude and pulsation frequency of controlled air flow. This model
allows to calculate parameters of the energy density of the air flow
in dependence on the particles “sailage” spectrum to provide the
maximum efficiency of their classification with minimal energy
expenditure.

For integral assessment of the effect of “sailage” onto the
trajectory of particles motion, it is most desirable to introduce criteria
for aeration similarity:

- a coefficient of aeration attraction, characterizing the vertical
overload of the i-th particle, or a two-phase environment under the
action of aerodynamic forces:

PR
ai = 1;77§ (1)

Ai
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- the coefficient of aeration inertia characterizing the horizontal
overload of the i-th particle, or two-phase environment under the
action of aerodynamic forces:

F
=" 2)

Ai

were F’, F) - vertical and horizontal components of the j-th
aerodynamic force acting on the i-th particle of a multicomponent
feedstock at the phase of aeration classification; F,, — Archimedes’
force directed downward, acting on the i-th particle, which is an
analog of gravity.

Possessing kinetic energy, the i-th particle of the initial
multicomponent raw material under the influence of the energy of the
controlled directed air flow moves along the corresponding trajectory
determined by the density of the above energy.

To construct an additive model of the aeration classification,
relationships must be determined between the energy of the particle
at the point of curvilinear springboard B descent, the energy of the
directed air flow and the geometric parameters of receiving hoppers
of DSFSA. 1t is necessary to formulate equations of particles motion
depending on the forces acting on them, taking into account the
similarity criteria introduced above. The key role in the proposed
mathematical model is played by its additivity, as an analogue of
the superposition principle, meaning a separate accounting and
subsequent summation of the absolute velocity of particles motion
and velocity of the directed air flow, allowing to optimize the power
consuming of classification processes in separators.

The free flight of a particle of multicomponent feedstock at
the third stage of its movement in DSFSA starts from the point
B at a speed v, (Fig. 2). The velocity of the particle depends on its
physical properties: density, surface state, size, shape, petrographic
composition, mutual friction and collision of particles with each other
and with walls of the apparatus. At the point B, the i-th particle will
have v, velocity.

Thus, the movement of the i-th particle with kinetic energy
corresponding to v, velocity from the point B will happen under
the influence of aerodynamic resistance, elevating aerodynamic
Zhukovsky force, Magnus force due to differential aerodynamic
pressure forces acting on the particle surface as a consequence of its
rotation, the Archimedes force connected with acceleration of free fall
and Stokes force due to air viscosity. In this case, since aerodynamic
forces have the greatest impact on the trajectory of motion of a particle
at this phase of its movement, the nature of the particle motion will
be determined by its “sailage”, which numerically depends on the
abovementioned coefficients of aeration gravity and inertia.

When the i-th particle moves in the direction of the Ox-axis,
the force of aerodynamic drag F’ acts on it, due to the particle own
movement velocity and the velocuity of the directed aerodynamic air
flow, taking into account the additive model of motion.

The equation of motion of the i-th particle of feedstock
components in the projection on the Ox-axis, which coincides with
the direction of aerodynamic air flow from the action of the fan may
be written as:

j v, 2 2
Fo=m—"= ~kmrp, (v, +U), 3)
t

where k- drag coefficient resistance of the i-th particle; r, - the radius
of the i-th particle, m; p, - air density, kg/m* v, - velocity constituent
of the i-th particle, m/s; U - the air flow velocity, m/s; m, — mass of
the i-th particle in kg; m, = 4/3n7’p ; p, - density of the i-th particle,
kg/m’.
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The equation of the i-th particle movement in the projection onto
Oy-axis is as follows:

Xo = ©)

Accounting the formulas (1), (7), (9), we obtain:

2c0,,
Xm =T 5
3p.U,c,

i

(10)

Taking into account (1)-(3), (5) formulas, the equations for
coefficients of aeration attraction and inertia will be as follows:

(11)

(12)

The equation for calculation of a vertical velocity of displacement
of a corresponding i-th particle in a function of the coeflicient
of aeration attraction, taking into account formula (12), after
transformation, we obtain in the form:

B 1+ay,)

Uy =— (13)
one,

As a result, taking into account formula (13), the formula for
calculation of a receiving hopper position depending on the coefficient
of aeration attraction is obtained as:

2
piqui

P — 14
ZBOi(pi_pg)g 1

0i

The additive mathematical model of the third phase of the
process of classification of multicomponent materials, including
equations (3), (6), (7), (10), (13)-(14), made it possible to investigate
comprehensively the mechanism of particles separation under
the action of aerodynamic forces of a directed air flow taking into
account their physical properties. It also became possible to optimize
geometric parameters and modes of operation of DSFSA, with
relatively low expenses on experimental research, manufacturing of
models and prototypes. Maximum deviations of experimental data
from the calculated ones total in particular: for asbestos 4-7 %, for
quartz 2.3-2.9 %, for alumina 1.9-2.2 % and are approximated by a
nonlinear dependence with a correlation ratio = 0.95-0.97.

Application of the aerodynamic effect of directed air flow in
DSFSA enables to increase the results of separation of multicomponent
materials, to maximize the extraction of free asbestos fibers from the
ore, to preserve the natural length and texture of the fiber, to release
asbestos fiber from dust, as well as, from random impurities.

Thus, installation of radial fans on the end surfaces of a rotating
drum, allowing using aerodynamic forces for separation of minerals
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due to the effect of “sailage”, contributes to increasing the efficiency
and quality of material classification.

The proposed model for classification of components of
technological mixtures makes it possible to separate them onto
necessary fractions on quality, due to formation of a separation fan,
thanks to which the products of particles with different contents of
useful components are obtained.

Conclusions

1. The developed additive mathematical model of aeration class
in a shelf separator with a springboard adequately reflects a real
operational process.

2. The efficiency of particles separation depends on the difference
in velocities and angles of mineral particles descent from the shelf,
which allows obtaining a wider fan of particles distribution. At the
point of a particle escape from the springboard, depending on the
coeflicient of friction f= 0.3; f= 0.5, its speed was v,= 1,93-2,28; v, =
1,33-1,56 m/s.

3. Using a directed flow of an air jet under the shelf
perpendicular to the vector of motion speed of separated mineral
components, allows to deflect trajectory of particles having “sailage”
and channel them to similar products. The speed of the air flow
depends on velocities of separated components, being in the air, and
it totals 3.5-6 m/s.
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