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O1uiHKa piIBHOMIPHOCTI PO3HOALITY Ta 3aCMI4EHOCTI
3epHa MpU KOTo 0AraTopiBHEBOMY BBEICHHI B
ITHEBMOCEIAPYHOYMU KaHA

OnHUM i3 BaXKJIMBHX ITOKAa3HUKIB €()EKTHBHOCTI POOOTH IHEBMOCEIApYIOYUX KaHAJIB € PIBHOMIpHICTh
MOJIS IIBHJIKOCTEH MOBITPSHOIO IOTOKY, SIKA B CBOIO YEpry 3aJIeKHThH BiJ PO3MOALTY 3€pPHOBOTO MaTepialy B
pobouiii 30H1 cemaparii. B craTTi mpuBeneHi pe3yapTaTi po3MOAiTy 36pHOBOTO MaTepiary MpH O0araTopiBHEBOMY
coco0i BBEJCHHSA 3€pHA, a TaKOX WOTO BIUIMB Ha 3aCMIUEHICTh JIETKUMH JOMIIIKaMH TIO BHCOTI
MTHEBMOCETIAPYI0UOro KaHay. B pe3ynbraTi TOCHiIKeHh OTPUMAHO 3aJeKHOCTI 3aCMIYE€HOCTI OYHIIEHOTO 3epHA
JIETKUMH JTOMIIIIKaMH Bi KUTBKOCTI 33 IiSTHUX PiBHIB )KUBUIBHOTO MPUCTPOIO.
naesmocenapyrounii kanaia (IICK), 3acmideHicTb, piBHOMIpHiCTH po3moainy, KMBHJIbHUN HNPHCTPI,
3epHOBHI1 MaTepian

IlocTanoBka npobiaemu. 3epHOBa CyMill, IKa OTPUMYETHCS 3 IOJIA, MA€E B CBOEMY
CKJIaJl 3HAuHy KUIBKICTh JIETKHUX 1 KPYMHUX JIOMIIIOK OPraHi4HOTO Ta MiHEPalIbHOTO
NOXOJKEHHs, HaciHHA Oyp’sHIB Ta iH. Ilpym mpoMy, B Oaratb0X BHIANKax, BOJOTICTH IMX
JIOMIIIIOK B 3HAYHIA CTyINEHI MEPEBHUIIY€E BOJOTICTh OCHOBHOTO 3€pHA Ta BIIMBAE€ Ha HOTO
nojaneiry oopoOky Ta 36epiranns [1].

3acMIYEHICT, 3EpPHOBOTO MaTepialy CYTTEBO BIUIMBAE Ha TOKA3HUKH SKOCTI
OYMILEHOTO 3€pHa, OCKUIBKM MOBITPSHOMY TIOTOKY HOTPIOHO TPaHCHOPTYBAaTH 3HAYHO
OlMpIIMIA 00’€M JOMINIOK B OcamoBy Kamepy. lloTparuisitoun B MHEBMOCENAPYIOUMA KaHaJ
Taki JIOMIIIKK PO3TAIIOBYIOThCA, K MPAaBUJIO, B CEpeHIX ab0 B HIKHIX IIapax 3€pHOBOTO
CTPYMEHSI, IO MOTIPIIy€e MOMJIMBICTG 1X BUAUICHHS. | 11 TOTO, 1100 BOHU 3MOTJIN OTPUMATH
BUCXIJTHY TPAEKTOPiI0, HEOOXiTHO 1100 pO3TallyBaHHS YaCTUHOK 3€pHOBOI B poOOuUiil 30HI
[1CK 6y5i0 10CUTh pIBHOMIPHUM 1 3 IEBHUM 1HTEPBAJIOM OJ[HA BiJ] OJTHOI.

Tomy, st OTpUMaHHST BUCOKOTO CTYIEHS OYHMILEHHS JIOMIIIOK, OCOOJIMBO MPH 3HAYHIN
3aCMIYEHOCTI JICTKUMH JOMIIIKAMH, HEOOXiTHO 3a0e3MeUnTH MaKCHMaJdbHO PIBHOMIpHE
3aBaHTaKeHHs 3epHOBOroO Marepiany B [ICK.

AHami3 ocTaHHiX aociaifkeHb i myoOaikamii. /[ cTBOpeHHs OUIBII PIBHOMIPHOTO
po3noainy 3epHOBOro Matepiany B pobouiii 30Hi [ICK BUKOPHUCTOBYIOTH KUBMIIbHI TPUCTPOI.
Bonu 3a0e3neuyioTh yMOBH, NMPHU SKUX 3€PHOBUI MaTepiajl TOHKOIIAPOBUM HAampaBiICHUM
CTPYMEHEM TOJA€ThCS B MOBITPSIHUN NOTIK. Taka momaya J103BOJISIE 3HAYHO IMOKPALIUTH
B3a€EMOJIIF0 KOMITOHEHTIB BXIJJHOTO 3€pPHOBOTO MaTepialy 3 TOBITPSAM, 30UIBIIYIOYH
BIPOTIIHICTh IX BHUJUIEHHS, a TaKOX MIHIMI3yBaTH KOHTaKT YaCTHHOK 3€pHOBOI CyMIllli, 110
CYyTTEBO TMiJBHINYE €PEKTUBHICTH POOOTH MOBITPSHOTO TMOTOKY [2]. OTXe, HOCATHYBIIH
PIBHOMIpPHOI TMO/a4i Ta PO3MOJLTY 3epHOBOro Matepiany B pobouiii 3o0Hi [ICK, MmoxxHa
OTpUMATH OLIBII BUPIBHSHE TOJIE IMIBUIKOCTEH TMOBITPSHOTO MOTOKY Ta MiABUIIUTH SKICThH
cenapartii [3].
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IcHYIOTH JHeKiNbKa THUMIB J>KUBWIBHUKIB, OJHUMH 3 HAWMOUMIMPEHIIHNX 3 SKUX €
KUBWJIBHUKU aKTUBHOTO THITy Ta TpaBiTalliliHi. AJe OCHOBHUM HEIOJIKOM BCIX aKTHBHHX
JKUBWJIbHHKIB, B TOMY YHCJI aepaliiHuX, € HEeOOXITHICTh JOJATKOBOTO CHEPTOKHBJICHHS,
BUKOPUCTAHHS  BEHTWIATOPIB,  €JNEKTPOABHUIYHIB, BHACHIJOK YOT0  ITiJIBUIIYETHCS
€HEePTrOEMHICTD OYMIICHHSI Ta CKJIAIHICTh X KOHCTPYKIIIi [4].

B [neskux 3epHOOYMCHHX MAIIMHAX B SKOCTI TPaBITAIIHHOTO >KUBUIBHUKA
3aCTOCOBYETHCS PETyIhOBaHUH KiamnaH 1 nepes BBeaeHHsaM B [ICK 3epHoBui MaTepian BITbHO
najae moOnM3y OTBOPY 1, BiAOMBAIOYMCH BiA KianaHa, NOTPAIUIIIOTH B KaHAl 3 PI3HUMHU
TPAEKTOPISAMHU Ta MIBUIKOCTSMH, CTBOPIOIOYM MEHIITY IIIJIBHICT Ta 30UTBIIYIOUN B3a€EMOJIIO
YaCTHHOK 3 MOBITPSIHUM ITOTOKOM [5].

3acTOCyBaHHs TpaBITAllIMHOTO JKMBWJIBHMKA PEIIITHOTO THUITy, Ha MPUKIAJII
3epHOOouncHOi MamuHu MIIO-50 TakoXX 3HA4YHO MiABMILY€E PIBHOMIPHICTh PO3MOJILLY,
3aBISKA YOMY BaKKa (DpaKIlisi MPOCHUTAETHCS KPi3b PEUIETO, MPH MbOMY KPYITHI JOMIIIKH
BBOJAThCS B [ICK Hag ocHOBHUM 3epHOM [6].

Binomi Takox GaraTosipycHi *KUBUIJIbHI IPUCTPOI, SIKI JO3BOJIIOTh BBOAUTH 3€PHOBUM
MaTepian JeKiJbKoMa sSpycaMu Ta MiJ PI3HUMH KyTaMHU BiJIHOCHO HAIPSIMKY MOBITPSHOTO
MOTOKY, IIO /1a€ MOXIJIMBICTh PIBHOMIPHO 3amoBHUTH pobody 30HY no rnmouHi [ICK [7, 8].
Ane HemoNiKaMU TaKMX IMHEBMOCENapaTopiB € BIPOTIAHICTh 3a0MBaHHSA Ta OOMEKEHHS
NPOJYKTUBHOCTI KOXHOTO SIPYyCY, OCKUIBKM TpH 3017bIICHHI 3araJlbHOTO MHUTOMOTO
HaBaHTaXEHHs OyAe TOripHlyBaTHCh €Miopa [MIBUAKOCTEH MOBITPSHOIO TOTOKY Ta
NOPYUIYBaTHCh YMOBH DPO3IUICHHS 3€PHOBOIO MaTepialy, IO CYTTEBO 3MEHIIMTH HOTO
€(heKTHUBHICTb.

Ha ocHOBI ormsimy Ta aHamizy KOHCTPYKIIiH KMBWJIBHUKIB HAaMH OyB 3aITpONOHOBAHUN
KUBWJIBHUM MPUCTPiN 11 6araTopiBHEBOTO BBEJICHHS 3€pHA, 3aCTOCYBaHHS SKOTO JIO3BOJISE
3a0e3neunTH PiBHOMIpHHNA po3monin 3epHoBoro Matepiany B IICK Ta BupiBHATH TOJE
HIBUAKOCTEH MOBITPSHOTO MOTOKY B poOouiii 30HI cemapamii [9]. BukopucranHs Takoro
KHUBHIJIFHOTO TIPUCTPOIO JI03BOJISIE 3HAYHO TMOKPALIUTH SIKICHI MOKA3HUKH ITHEBMOCEMaparii,
ajie Mpu LbOMY ICHY€ BIPOTIAHICTh MOTPAIUISHHS JIETKUX IOMIIIOK B BEPXHI 3€pHOBI LIapH,
II0 MO’X€ BIUTMHYTH Ha MOBHOTY PO3/IIICHHS OYHIIICHOTO 3€PHA.

IToctanoBka 3aBaaHHsA. MeTO0 JaHMX JOCHDKEHb € BH3HAUYEHHS BIUIUBY
0araTopiBHEBOTO BBEJICHHS HA BMICT JIETKMX JOMIIIOK B ouuniieHomy 3epHi no Bucoti [ICK, a
TaKO’K aHaJi3 pO3MOLTY 3epHOBOI CyMillli B poOoUiii 30HI cemapariii.

Bukiaang ocHoBHoro marepiaiay. OcoOmuBicTio poOOTH THEBMOCemaparopa 3
KUBWJIBHUM TPUCTPOEM JJisi 0araTopiBHEBOIO BBEJIEHHsS 3€pHOBOrO Marepialy € Te, ILIO0
3epHOBI MOTOKM BBOAATHCS B IICK mapanenbHO OoaMH Haa OJHUM, 1 BIAMOBITHO, JIETKI
JIOMIIIKH, 3 CaMOT0 HM)KHBOTO PiBHS BBEACHHS MOBHHHI TPaHCIIOPTYBATUCH Y€pe3 BCl BUIIE
po3ramoBaHi 3epHOBI mapu. [Ipy 1bOMy BOHH MarOTh NMPOWUTH OCTaHHIA 3€pHOBHH MIap i
OTPUMATH BUCXIJHY TPAEKTOPIIO JI0 TOTO, SIK TOCATHYTh >kanto3iiiHoi ctinku [1CK.

Omxe, Ui aHATI3Y CTYIIEHS 3acMideHOCTI oumieHoro 3epHa mo Bucoti [ICK Ta ms
HiATBEPIKEHHS TeopeTuyHoro aHamisy [10] Oymna po3polieHa ekcriepuMeHTalIbHa YCTaHOBKA
(puc. 1) Ta mpoBeeH1 HACTYIIHI OCIIIIKEHHSL.

ExcnepumenrtanbHa ycraHoBka (puc. 1) ckimamaetbes 3 OyHkepa 1, *KMBHIBHOTO
npuctporo 2, IICK 3, xanro3iiiHoi cTiHkH 4 Ta ocamoBoi kamepu 6. XKamrosziiiHa criHka 4
3’e¢IHaHa 3 MPoOOBIAOIPHUKAMU OUHUIIICHOTO 3€pHA 5 3a JOMOMOTOI0 BUBIAHHX JIOTKIB 7.
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= [ogimpsnuii nomix — Ouuwyene 3epHo

3eprosuti mamepian — - - —= Jlezki domitru

Pucynok 1 — Cxema 10 BU3HaU€HHS 3aCMI4E€HOCTI ouHIeHoro 3epHa no Bucoti [ICK
Loicepeno: pospobaeno agmopamu

BuBigHi JIOTKM BCTAHOBIIOBIM HAMpPOTH BIJAMOBIIHOT HAMPSAMHOI TOBEPXHI
KUBWJIbHHUKA TaK, 00 OTpUMaHa IMOPIIisi B KOXKHOMY i — My HpOOOBIIOIpHUKY MPUOIU3HO
BIJINOBI/1aj1a TUTOMOMY HAaBaHTa)KEHHIO i — T'O PIBHS JKUBWJIBHHKA.

B nmocnmimkeHHSX BHKOPUCTOBYBAM 3€pPHO MINEHHUINI Macoro 10 Kr, ske MmTy4HO
3aCMI4yBaJIOCh JISTKUMU JIOMIIIIKaMHU.

KinbkicTh 3aiIHUX PiBHIB )KMBUJIBHOTO PUCTPOIO BCTAHOBIIOBAIH 2, 4 Ta 6 1IT., IpU
1IbOMY, HaBaHTAXXEHHSI Ha KOKEH pIBEHb OYyJI0 OJHAKOBUM ¢p; = 350 kr/mM-roa. IlIBuakicTh
HOBITPSIHOTO TMOTOKY — V, = 7...8 M/c, a IBUAKICTb BBEICHHS 3€PHOBOrO Marepiany,
ve = 0,4...0,6 M/c, BincTaHb MiXk piBHAMU — A, , = 0,03 M.

CrymiHp 3aCMI4€HOCTI Ui KOKHOTO i—TO NpoOOBiAOipHHKA BHU3HAYAIM 32 BMICTOM
JIOMIIIIOK B OYHIIIEHOMY 3€pHi:

r[:g—"-IOO%, (1)
saz

ne G; — mMaca JeTKuX JOMIIIOK B i-My TIPOOOBiIOIPHUKY, KT.;

G, — 3araJibHa Maca JICTKUX JOMIIIOK B BUX1THOMY 3€pHOBOMY Matepiali, KT.

PiBHOMIpHICTH po3mominy 3epHoBoro Marepiamy mo BucotTi [ICK omiHtoBanmm
koedimienToM Bapiarii A, kil BU3Hauaau 3a HopMyJIoro:

A:%-IOO%, )

1

—CCPCAHBOKBAIPATUYIHE Bi,Z[XI/IJ'ICHHSI MacCH 3€pHa, KT';

M; — maca 3epHa B i-My NpoOOBiAOIPHUKY, KT}
M — cepenapoapru(MeTHIHA Maca 3epHa Ha PiBHI )KUBHIILHUKA, KT
k — KITBbKICTh TPOOOBIAOIPHUKIB.
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Pesynbprati BU3HA4YeHHS 3acMideHOCTI ouuieHoro 3epHa mo Bucoti IICK (puc. 2)
JIO3BOJISIFOTH 3pOOUTH BHCHOBOK, IIIO BMICT JIOMIIIOK B OYHMIIEHOMY 3€pHIi 30UIBIIYETHCS TO
€KCIIOHEHITIaTbHOMY 3aKOHY SIK JJIsl ABOPIBHEBOTO BBEACHHS TaK 1 JJIsi YOTHPHOXPIBHEBOTO Ta
MIPH MIECTH 3TISTHUX PiBHSIX.

Ha ocnoBi oTpuManux maHux (puc. 2), MOXKHA KOHCTATyBaTH, IO TIO Mipi 30LTbIICHHS
KUTBKOCTI 3aliSTHUX PIBHIB XMBWIIBHOTO TIPHCTPOIO BiJICOTKOBHI BMICT JIETKMX IOMIIIIOK B
OYHIIIEHOMY 3€pHi ITiIBUIILYETHCS B KOKHOMY NMPUAMAIBHUKY O4MIIEeHOTo 3epHa 1o Bucoti IICK.
[Ipu npOMy, OCHOBHA YaCTHHA JIETKUX JIOMIIIIOK, IO TIOTPAIHJIA B OUHUILIECHE 36PHO 3HAXOANTHCS B
I’ AITOMY Ta [IOCTOMY TIPHHMAJIBHUKY B HE3aJI€KHOCTI Bl KUTBKOCTI 3a/1ISTHUX PiBHIB.

5/ ‘C’:'n?v % 61"/ 53521 %
5 %
e
3
0
7
8
6/6,,.%
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4

a) — 2 piBH#X; 0) — 4 piBHAX; B) — 6 PIBHAX XUBWIBHOTO IPHCTPOIO
Pucynok 2 — BapianifiHuii po3moia BMiCTy JIETKUX JOMIIIOK B OYHIICHOMY 3epHi 1o BucoTi [ICK
3 MUTOMHUM HaBaHTAKCHHAM ¢; = 350 Kr+aAM/TOJ] IPH

Joicepeno: pospobneno asmopamu

3 rpadikiB BugHO (puc. 3), m0 NpH 3ai0OBaHHI JBOX PIBHIB BBEJACHHSI B 5 1 6
NpUIMaIbHUK MOTPANMIIO JIETKUX JoMimoK 8,7% 13 12,8 %, npu yotupboxpiBHeBoMy 15,5%
13 22,4 %, npu mecTtu 3aaisaux piBHAX 24,8% i3 33,5 %. BianmoBigHO, MOBHOTA PO3AUICHHS
IpU JIBOX 3aJ1sTHUX PIBHAX CTAaHOBUTH & = 87,2% (g = 700 Kr/nM TOA), IPU YOTHUPHOX PIBHAX
e =77,6% (gz = 1400 xr/am-ron), a mpu HIeCTUPIBHEBOMY BBeJACHHI & = 65,5% (g5 = 2100
KI/IM*TOJT).

Amnaniz rpadika (puc. 2) IT03BOJSE€ CTBEPIKYBATH, IO PIBHOMIPHICTh 3allOBHEHHS
MPUHMaTBHUKIB OUYHIIEHOTO 3€pHA MIBUILYETHCS 31 30LIBIIICHHAM KIJTBKOCTI 3ad1THUX PIBHIB
JKUBWJIBHOTO TIPHCTPOIO MHEBMOcCemapaTtopa. BiamoBimHo, uyMM Oulblie 3aisHUX PIBHIB
JKUBWJIbHHUKA, TUM PIBHOMIpHIIIIE 36pHOBHI MaTepiall po3noaiserses mo BucoTi [ICK.
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A4,%
10

2,4, 6 — KUTBKICTb 3a/liTHUX PiBHIB )XUBHJILHOTO MIPUCTPOIO

Pucynoxk 3 — Jliarpama piBHOMIPHOCTI PO3IIOALTY 3epHOBOTO Matepiany mo Bucoti [ICK

Ioicepeno: pospobneno asmopamu

BucHoBku. B pe3ynbpTari npoBeeHUX IOCIHIIKEHb BU3HAUCHO, 1110 KUIBKICTh 3aITHUX

PiBHIB BBEICHHS >KMBWJIBHOTO TPUCTPOIO BIUIMBAE HA CTYIIHb 3aCMIYEHOCTI OYHIICHOTO
3epHa, MpPU IOMY PIBHOMIPHICTH PO3MOIUTY 3E€PHOBOTO MaTepially MOKpAIIyeThCsl MpU
301IBIIEHH] KITBKOCTI piBHIB. 30KpeMa, MpH 3aJif0BaHHI 10 4 PiBHIB KHUBHJIFHOTO IMPUCTPOIO
IpU HAaBaHTaXEHHI ¢p; = 350 Kr/IM‘'TOJ Ha KOXKEH PiBEHb KIJIbKICTh JIETKUX JIOMIMIOK, IO
NOTpAIUIsie B OYMINEHE 3epHO He Oinbine 3% Bij iX 3araibHOI MAacH B BUXiTHOMY MaTtepiali.
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Estimation of Uniformity of Distribution and Clogging of Grain at its Multilevel

Introduction into the Pneumo-separating Channel

The uniformity of grain distribution in a pneumatic separation channel is an important factor and it
significantly affects the quality of grain cleaning. Indeed, with uneven feeding, impurities entering the pneumatic
separating channel, to a large extent, are located in the middle or lower layers of grain flow, which impairs the
possibility of their release into the settling chamber.

Feeders are used to create a more uniform distribution of grain in the operating area of the pneumatic
separating channel. They provide conditions under which grain material is fed into the air stream by a thin layer
of directed jet. This feeding can significantly improve the interaction of the components of the input grain
material with air, increasing the likelihood of their release, as well as minimize the contact of particles of the
grain mixture, which significantly increases the efficiency of air flow.

Based on the review and analysis of feeder designs, we have proposed a feeder for multi-level grain
introduction. The use of such a feeder can significantly improve the quality of pneumo-separation, but there is a
possibility of light impurities in the upper grain layers, which can affect the completeness of the separation of the
purified grain.

Experimental studies were conducted to determine the effect of multilevel introduction on the content of
light impurities in the purified grain along the height of the pneumatic separation channel, as well as to analyze
the distribution of grain mixture in the operating separation area.

As a result of the conducted research it is determined that the number of involved levels of introduction
of the feeding device influences the degree of clogging of the cleared grain, thus, uniformity of distribution of
grain improves at increase in quantity of levels. In particular, when using up to 4 levels of the feeder under load
qpi = 350 kg/dm-h at each level, the amount of light impurities entering the purified grain is not more than 3% of
their total weight in the source material.
pneumatic separation channel (PSC), clogging, uniformity of distribution, nutrient device, grain
material
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