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Pedepart. [Tokazanu, 4To HayqHBIE HCCIENOBAHUS IO MHTEHCU(UKALIMH TIPOIIECCOB CeMapaliuy CeMsH COM HEOOXOAUMBI JUIS pa3-
PabOTKH TEXHONOTHH OYMCTKU HOBOTO THIIA, HCKITIOYAIONINKX HEAOCTATKA TPAIUIMOHHBIX MAIIHH, a TAKKe AT TOCTIKEHHS 00-
JIee BBITOJTHBIX TEXHHKO-)KOHOMUYECKHX MOKa3aTelel 3epHOOUUCTUTENRHOT0 000pynoBanus. (Lerw uccredosanus) O60CHOBATh
KOHCTPYKTUBHBIC MAPaMeTPhl OYUCTHTEIbHO-COPTHPOBAIBHOM YCTAHOBKH ISl BHICOKOI(D(EKTHBHOH cemapaliyl CeMsH COHL.
(Mamepuanvl u memoowr) Vctionb3oBann pa3paboTaHHBIA MaKeTHBIH 00pa3el] yCTAHOBKYU [T OYMCTKH CEMSH COHU, COCTOSIIUN
U3 TPABUTAIMOHHOM KOIOHKH U THEBMATUYECKOTO OYHCTUTEIHLHO-COPTHPOBAIBHOTO KaHata. OO0CHOBAIN KONHYECTBO TPeOEHOK
B TPaBUTALMOHHOM KOJIOHKE U 3a30p MY NpyTKaMu rpedeHok. OMpeaeNii IOMHOTY BBIICIECHIS KPYITHON IPAMECH B TPaBU-
TalMOHHOH KOJIOHKE, JIETKOM MPUMECH — B TIEPBOM CEKIMHU KaHaja, IIOJIOBUHOK COM — BO BTOPOM, MEJIKHX H IIYIUIBIX CEMSH COH
— B TpeThell CEKIUMH KaHalla IIPH Pa3iHIHOH Mofade MaTepuaa Ha O9HCTKY. (Pesyiomamel u o6¢ysicoenue) YCTaHOBIUTH ONTH-
MaJIbHOE KOJIMYECTBO IPeOEHOK IS TpaBUTALMOHHOI KOJOHKU — 10 ITYK MpH 3a30pax MexKIy NpyTkamu rpedeHok 10 Mumiinme-
TpOB, TipH 3ToM dhdexkTuBHOCTS cenapamuu — 99,3 nporeHTa. BoisBuiM, 4T0 ONTHMANEHOE COOTHOIICHUE IUPUHBI CYKAKOIIEH
TIEPErOpONKN ¥ TTyOMHBI CEKIMH KaHawa, paBHO# 150 mmmmmerpam, coctamieT 0,37. BEMucmmm, 9To MIMPUHA CYKAIOMHX
TIEPErOPOIOK COCTABHT 55,5 MIJUIUMETPA; ONTUMAJIBHAS [0Ja4a COU — 2,5 TOHHBI B Yac, TIPH 3TOM MOJIHOTA BbIIEIEHHUS B TPaBU-
TaIMOHHOH KOJIOHKE — He HIKe 95 MPOIEHTOB, B MHEBMATHYESCKOM KaHalle — He MeHbIIe 98 mporeHToB. (Byisodsr) Onpenenui,
YTO MHTEHCH(UKALMSA CeTapaliik ceMsH COU BO3MOXKHA ITYyTEM COBMECTHOTO NIPUMEHEHHS TPABUTALMOHHON KOJIOHKH U TTHEBMa-
THYECKOTO CEMApPUPYIOIIETo YCTPOICTBA, YTO MO3BOJISAET YBEIMIUT IPOU3BOAUTEILHOCTD M 3Q()EKTHBHOCTH OUHCTKH coH Ha 20
TIPOLICHTOB U Oonee.

KioueBble ciioBa: ceMeHa COM, OUACTKA CEMSH, COPTUPOBKA CEMSH, cerapalys ceMsH, TpaBUTAllMOHHAS KONOHKA, THEBMATH-
YeCKHUH KaHall.
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Abstract. It is shown that scientific research into the intensification of soybean seed separation processes is necessary for developing
new type purification technologies that eliminate the shortcomings of traditional machines, as well as achieving more favorable
technical and economic indicators of grain cleaning equipment. (Research purpose) To substantiate the design parameters of a
cleaning and sorting plant for highly efficient separation of soybean seeds. (Materials and methods) We used a developed prototype
model of the plant for cleaning soybean seeds, consisting of a gravity column and a pneumatic cleaning and sorting channel. The
number of combs in the gravity column and the gap between the comb bars were substantiated. Subject to different supply of
material, the completeness of separating a large impurity was determined in a gravity column, a light impurity — in the first section
of the channel, soybean halves — in the second section of the channel, small and puny soybean seeds — in the third one. (Results
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and discussion) The optimal number of combs for the gravity column was set to 10 pieces with a gap between the comb bars of 10
millimeters, thus providing the separation efficiency of 99.3 percent. It was obtained that the optimal ratio between the width of
the narrowing partition and the 50-millimeters depth of the channel section equals 0.37. The width of the narrowing partitions was
calculated to be 55.5 millimeters; the optimal supply of soybeans is 2.5 tons per hour, thus providing the separation completeness
in the gravity column of no less than 95 percent, and that in the pneumatic channel of no less than 98 percent. (Conclusions) It
was determined that the intensification of the soybean seed separation process is possible by the combined use of a gravity column
and a pneumatic separating device, which can increase the productivity and efficiency of soybean cleaning by 20 percent or more.
Keywords: soybean seeds, seed cleaning, seed sorting, seed separation, gravity column, pneumatic channel.
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CHOBHBIM pab0OuUM OPraHOM B 000pyI0BaHUH IS

OYHCTKHU COM OCTAETCS PEIIETO, I/IC BhIACICHUE

MpUMECEH CTaJlo MPOCTOM 0OTPaOOTAHHOM TEXHO-
aorueit [1-3]. OnHu U3 caMbIX IONYISPHBIX BO3AYIIHO-pE-
LIETHBIX 3€pPHOOYHUCTUTENILHBIX MAILIUH B X035HCTBAaX
P® - Petkus K-531, OBC-25, 3BC-204 v np [4-6]. Tem He
MEHEE PELIETHHIM MallMHaM IPUCYILH CBOU HEOCTAT-
KU, HaIIpUMepP, OYUCTKA MaTepuajia OT MEJIKUX MprUMe-
cell BeleT K 3a0MBaHUIO OTBEPCTHM PEIIET, YTO YMEHb-
IIaeT TPOU3BOAUTENBHOCTS [ 7-9]. CrieninanbHble ounIa-
IOIIHE yCTPOUCTBA YCIOKHSAIOT KOHCTPYKIUIO, YBEITUYH-
BAIOT HEPIo- U METAJINIOeMKOCTh TexHUKH [10-12]. Insa
BBICOKOITIPOU3BOAUTENbHBIX MALIUH C OOJIBLITUMU AUHA-
MHUYECKUMU Harpy3KaMH TPEOYeTCs COOPYIKEHHUE CIICITH-
aJTBHBIX (PYHIAMEHTOB, YTO BEIET K YAOPOKAHUIO KOM-
MIJIIEKCOB 151 TocnieybopouHoit 06padoTku cou (CHull
2.02.05-87).

Nurtencupukanus cenapauu ceMsiH cou 0a3upyer-
Cs1 Ha TEXHOJIOTMAX OYMCTKHU HOBOT'O THUIIA, UCKJIIOYAIO-
IIMX HETOCTATKU TPaJAUIIMOHHBIX MAIIWH, ¢ 00Jiee BBI-
TOIHBIMH TEXHUKO-9KOHOMHUYECKMMH ITOKA3aTEIIMU 3eP-
HOOYHMCTHTEIIBHOTO 000pynoBanus [13-15].

LIEnb ncCcnEROBAHUS — 000CHOBaHHE KOHCTPYKTHB-
HBIX [1apaMeTPOB OUUCTUTEILHO-COPTUPOBAIBHOM yCcTa-
HOBKH JJ151 BRICOK03(h(PEeKTUBHOI cernapaliiy CEMsH COH.

MATEPVANBI M METOALI. MccniemoBanusi MpOBOAKUIN
Ha pa3paboranHoMm B PHAI] BUM makeTHOM 06pasiie
YCTAHOBKH JIJIsl OUUCTKU CEMsH coH (puc. 1).

Hcxomubrit MaTepual (cos mociie yOOpKH) ogaeTcs B
MIpUEMHBI OyHKep, 3aT€M MOCTYMaeT B IPaBUTAI[MOH-
HYIO0 KOJIOHKY, TJI€ IBUKETCSI BHU3 CAMOTEKOM I10 KPUBO-
JTUHEHHBIM MIOBEPXHOCTSIM I'peOCHOK, YCTAaHOBICHHBIX
kackajoM. KpymHas npumech (KaMHH, KyCOYKH 3€MJIH,
HEZ0MOJIOYEHHBIE CTPYUYKH COM) CXOJIOM BBIBOAUTCS U3
TPaBUTALMOHHOHN KOJIOHKU. B THEBMOOYUCTHUTEIHLHOM
KaHaJie I10J] BO3€HCTBUEM BEPTUKAJIBHO BOCXOASAIINX
BO3AYIIHBIX IOTOKOB, CO3/1aBa€MbIX BEHTUIISITOPAMHU,
MIPOUCXOMHT BBIJICIICHUE JIETKUX IPUMECEH, MOJTOBHHOK
COM U CEMSH C HAMMEHBIIIUM yIeJIbHBIM BecoM [16-18].

Mernkue npuMecH BBIHOCSTCS B OCAJ0YHBIE KaMEph.
IIb11B, IpOXOAS UEPES BEHTUIISATOP, IOCTYIAET B MaTEp-
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Puc. 1. Koncmpykmueno-KOMNnOHOBOYHAS cXeMa MAKEMHO20 06-
pasya ouucmumens cemsin cou. 1 —npuemnwiil 6yHKep; 2 —epasu-
mayuonnasn KoNouka, 3 —nueemamuieckuti Kanau, 4— cysxcanouwue
nepe2opooxu, 5 —noodepaicusaruwas cemxka,; 6 — 861800 YUCHO20
mamepuana, 7-9— cekyuu NHeGMaAmu4ecKo20 OUUCMUMeNbHO-Co-
pmuposganvrozo kanana,; 10—ocadounvie kamepwi, 11 —eenmuns-
mopwi; 12 — unvmpul; 13 — wnex; I — ucxoouwiti mamepuan,; 11—
6030ywiHblll nomok; 111 — kpynnas npumecs; IV — ouuwennovie ce-
MeHa cou, V —neexas npumecsw, VI— nonosunku cemsan; VII— ¢hy-
paoicnas ¢ppaxyus; VIII — notis

Fig. 1. Design and layout diagram of a mock-up sample of a soybean
seed cleaner: 1 —receiving hopper; 2—gravity column; 3 — pneumatic
channel; 4 —narrowing partitions; 5 — supporting grid; 6 - purified
product output; 7—9 sections of the pneumatic cleaning and sorting
channel; 10 — sedimentary chambers; 11 — fans; 12 — filters; 13 —
auger, I —source material; Il — air flow; Il — large impurity; IV—
shelled soybean seeds; V — light impurity, VI — soy halves; VII —
soybean fodder; VIII— dust

gaThle (PUIIBTPHI NEIIICCOOPHUKA, OTKY/1a BEIBOJUTCS
TPaHCIOPTEPOM.
B ombiTax 060CHOBBIBAIIH:

- KOJTMYECTBO 'PeOCHOK /N B TPaBUTAIITHOHHOM KOJIOHKE U
3a30p C MEXy MPyTKaMU I'peOeHOK;

- OIITHMAJIFHOE COOTHOIICHHE I PHHEI b CyKaromiel me-
peropoaku u rinyounsl d=150 MM cexuuu kanana (b/d),
4yTOOBI ylIeTbHAs 36PHOBAs HATPY3Ka B KaHAJIE COCTAB-
nsana 3 kr/(em”-4). Illupuna neperoponok: 0 (6e3 mepe-
ropojok), 30, 60, 90 u 120 Mmm, yroi o ckoca eperopo/i-
Ku — 45°.
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3aTeM oIpeneNsd MOTHOTY BEIACICHUS KPYITHOM
MPUMECH B TPABUTAI[HOHHOMN KOJIOHKE, JIETKOW IPUMECH
B/ ceKIuM KaHaja, MOJIOBHHOK COM BO /] CeKIIuM KaHana,
MEJKHUX 1 IIYIUTBIX CEMSTH COM (ITPOXOJT 4epe3 PELIeTo TU-
ameTpoM 3 MM) B /1] ceKIMU KaHaja IPH Pa3IHIHOMN 10-
Jade MaTepralia Ha O4UCTKY.

Konn4yecTBO BHIHOCHMBIX B OTXOJBI CEMSIH COH B HC-
CIIEZIOBaHMSIX COOTBETCTBOBAJIO HCXOJHBIM TpeOOBaHH-
ssm (UT) Ha OCHOBHBIE TEXHOJIOTUYECKHE ONEPAIIUH T10-
ciey0opodHoi 00paboTku cemsH [19-21].

3epHOoBas cMech BiaxkHOcThIO 11,9% cocTosina us ce-
MSH COH YUCTOTOH 96,11%, KpynHOU MpuMecH (KaMHHU U
Kycouku 3emin) — 0,68%, nerkoit mpumecu (000JI09IKa
60608B) — 1,33%, Menkux u mymibix cemsH — 0,71%, mo-
JoBUHOK — 1,17%.

OMBITH IPOBOIIIIN B TPEXKPATHOU IIOBTOPHOCTH, TIO-
IPELIHOCTh — MeHee 5% Ipu J0BEPUTEIBHON BEPOSTHO-
ctu 0,9.

PE3YNBTATBLI 1 OBCYXXAEHUE. Beigenenue KpymHoi
MpUMecH Hanbojee pe3yNbTaTHBHO, ECIIH B TPAaBUTAIIH-
oHHOH KonoHke 10 rpeGeHoK, a 3a30pbl MEXAY UX IMPYT-
kamu paBHEI 10 MM (puc. 2). O9pdekTuBHOCTD cenapanuu
cocrasisieT 99,3%, To ects ipu 100%-HOM BBIIETIEHUH
KPYITHON IMPUMECH MOTEPU OCHOBHOI'O KOMIIOHEHTA CO-
ctaBiAwoT 0,7%, uro coorBercTByeT UT [13-15].

Ecnu 3a30pbl MeX Iy MPyTKaMU MEHBIIE — 8 MM, TO
HEKOTOpast 4aCTh COM HE TPOXOANT Yepe3 rpeOeHKH 1 IMo-
MaJaeT BMECTE C MPUMECHIO B OTXOJBI, YTO IMOBBIIIACT
notepu cou. DpdekTrBHOCTE OUNCTKH paBHa 82,3%. Ec-
Y 3230pBI YBEITUYIHTH 10 12 MM, TO Yyepe3 TpeOeHKH BMe-
CTE C OCHOBHBIM MaTEPHAJIOM IIPOXOASIT KPYIHbIC TPH-
MecH (YMEHBIIIAeTCs MMOTHOTA BBIJICIICHHS TpuMecH). B
9TOM cay4dae 3 (HEKTUBHOCTh OYMCTKHU HE MPEBhIIIACT
77,9%.

21 N, s

Puc. 2. Dgppexmusnocmo gvidenenusn Kpynuou npumecu 8 3a8Uci-
MOCMU 0m KOIUYeCcmed 2pebeHoK npu pasiuiHblX 3a30pax Mexicoy
npymramu epeberok: 1 —10mm, 2 — 12 mm, 3 — 8 mm

Fig. 2. Efficiency of large impurity extraction (E) depending on
the number of combs (N) at different clearances (C) between the
comb bars: 1 —C =10mm, 2—C= 12 mm, 3— C=8 mm

ITonHOTa BBIIETIEHUS IPUMECEH 3aBUCUT OT COOTHO-

IICHUS HIUPUHBL cyncalomef/i MEPEropoaKunu bu I‘J'Iy6I/IHI:I
CCKIITNHN d MTHEBMAaTHYECKOTO OYHUCTUTECIBHO-COPTHUPO-
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BaJIEHOTO KaHana (puc. 3). OnTuMaabHOE COOTHOIICHIE
b/d mpu MakcUMyMe KPUBBIX JIs1 KX 0 IPUMECH paB-
Ho ipumepHO 0,37, oTcroa M prHA CYKAIOIINX ITePEro-
POIOK COCTaBUT 55,5 MM.
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Puc. 3. 3asucumocmo nonnomel evioesienuss npumecell on cooni-
HOWleHUs WUPUHDBL CYdrcaioweti nepe2opoOoku b u 2nybunsl cekyuu
d nnesmMamuuecko2o o4UCMUmMenbHo-CoOPMUPOBAIbHOS0 KAHANA!
1 — neexue npumecu; 2 — no1o8uHKU COU, 3 — MeKas cos

Fig. 3. Dependence of the impurity extraction completeness (g) on
the ratio of the narrowing partition width (b) and the depth of the
pneumatic cleaning and sorting channel section (d): 1 — light
impurities; 2 — soybean halves; 3 — fine soybeans

[lonHOTa BBIIENEHUS TPUMECEH € 3aBUCUT OT IOAaYHN
MaTtepuaiia ) B MAaKeTHBIN 00pa3el] OUUCTUTEITHLHO-CO-
pTHUpOBaNbHOH ycTaHOBKH (puc. 4). OnTumanbHas noja-
4Ya COU COCTaBJISET 2,5 T/4, IPHU STOM MOJHOTA BhIIETIe-
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Puc. 4. 3asucumocmov nonnomei vioenenus npumecetl € 0m nooa-
yu mamepuana Q 6 Makemmuulil 00pasey OYUCMUmMenbHO-CopmMu-
posanbHol ycmanosku. 1 —kpynuvle npumecu; 2 —neekue npume-
cu; 3 — bumole nononam cemena; 4 — Meaxas cos

Fig. 3. Dependence of the impurity extraction completeness (g) on
feeding the material (Q) into the prototype model of the cleaning
and sorting plant: 1 - large impurities, 2 — light impurities, 3 —
seeds broken into halves, 4 — fine soybeans

HUS B THEBMaTHUECKOM KaHaJjie — He Huxe 98%, a Kkpym-
HOM mpumecH — He MeHb1e 95%.
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BriBoabl. nTeHcHbUKALMS cenapaiuy CEMsIH COU
BO3MOJKHA TyTEM COBMECTHOT'O ITPUMEHEHHSI IPaBUTAIIH-
OHHOM KOJIOHKH C 3UT'3aroo0pa3HbIM KaHaJIOM, 00pa3o-
BaHHBIM KACKaJIOM YCTAHOBIICHHBIX TPEOCHOK, 1 ITHEB-
MaTHYECKOT0 CEeNapUpYOIIEro KaHaia ¢ BepTHKaJIb-

HO-BOCXOJISIIIIAM BO3YIITHBIM IIOTOKOM, T/I¢ YCTaHOBJIE-
HBI Cy’KaloIIKe neperoponku. B pe3yiasraTe yBean4npa-
€TCsI TPOM3BOIUTEILHOCTD, 3)(HEKTUBHOCTE OYHUCTKH ITO-
BeImaeTcs Ha 20% u Ooitee.
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