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K 3ArPY304HOU HOPUU

PARAMETERS OF THE GRAVITATIONAL SEPARATING DEVICE TO GRAIN ELEVATOR
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OfHMM M3 nyTell MOBbLILLEHUS NPOWN3BOAMUTENBHOCTY
TEXHONOMYECKUX JIMHUA MEXTOKOB SIBMSETCS COBEPLLEH-
CTBOBaHWE TEXHONOMMW U CPEACTB UX MeXaHu3aLuu, npu-
4eM Ha Kaxgon TEXHOMNOrMYeckon onepaunn. BaxHenwen
TEXHOMOTMYECKON onepaLyeit Ha NOTOYHbIX MUHNSX SBNS-
eTcq npefBapuTenbHas ouncTka. [peaBapuTernbHYH
OYMCTKY MpUMEHSOT Ans obpaboTku cBexeybpaHHOro
3epHa. M3eecTHo, uTto B ByHKep kombaiHa BMecTe ¢ 3ep-
HOM MOCTYMaKT M Pa3NNYHOrO pofda MpUMECK: CeMeHa
COPHSIKOB, KPYMHbIE YacTWLbl COMOMbI; KOMKM MOYBbI W
Mesikue kamHu. MoaTomy paspaboTka ycTpoicTBa Ans Bbl-
penenus rpybbix NpUMecel SBNSETCS akTyarnbHOW 3apa-
yent. CoBpemMeHHble cenapaTtopbl-kaMHEOTOOPHMKN B [0-
CTaTO4HOW CTEMEHW CMpaBnsioTCs C 3TOW 3agadein. Ot
yCTpoiicTBa paboTaloT B COCTABE TEXHOMNOMMYECKMX CXEM
3EPHOOYMCTUTENBHBIX MALUMH W ABNSKOTCA HEOTHLEMIIEMON
ux vactbto (MMNO-50, MMO-50C, MMP-50C u ap.), nbo
paboTaloT Kak OTAENbHble MalWHBLI C MPUMEHEHMEM pas-
NnYHbIX  cnocoboB cenapupoBaHus. B paHHon pabote
NPELOXEHO OHO U3 YCTPOIACTB ANS BbILENEHNS KPYMHbIX
u rpybbix npumecen. OCHOBY YCTPOMCTBA COCTaBMSET
npyTkoBasi KOMOGMHWPOBaHHAs Cenapupylollas peLleTka,
MMEIOLas HaKMOHHYID M BWHTOBYID 4acTu. [lpoBegeHo
oBocHoBaHWe napameTpoB MPeAnOXKEHHOTO rpaBUTaLMOH-
HOro YCTPOICTBa. TeopeTnyeckne UCCnesoBaHUs nokasbl-
BalOT, YTO Takoe YCTPOMCTBO PaboTOCMOCOBHO Kak OT-
JernbHas MaluHa B Cryyae MPUMEHEHWs ero B BEPXHE
FOfIOBKE 3arpy304HON HOpUW, @ Takke ecnu OHo byget

BKITIOYEHO B TEXHOMOTUYECKYIO CXEMY BOPOXOOUMCTUTENEN.
YCTaHOBNEHO, YTO HA XapakTep ABWXEHUs rpybbix YacTuL
no cenapupytoLien NoBepXHOCTH NpeanaraeMoro ycTpou-
CTBa OKa3blBalOT BIWSIHME KOHCTPYKTUBHBIE U PEXUMHbIE
napameTpbl. JKCNepUMEHTaNbHOE NOATBEPXKAEHNE Teope-
TUYECKMX Mpeanockbinok byaeT nposegeHo B nabopatop-
HbIX YCNOBMSIX Ha CneLmanbHo paspaboTaHHoN YCTaHOBKe,
BKITIOAIOLLEN HOpUIO, CenapupytoLLe YCTPOMCTBO U Cre-
LnanbHble emMKocTh. BHeapeHO B TEXHOMOMYECKON CXeme
MOGUIBHOTO 3ePHOOUMCTUTENBHOTO arperara.

Keywords: grain mix, large impurities, coarse impuri-
ties, stone separator, bar grate, helical surface, bucket
elevator, gravity pipe, gravity separator.

One of the ways to increase the productivity of techno-
logical lines of mechanized threshing floors is to improve
the technology and means of their mechanization, moreo-
ver, at each technological operation. The most important
technological operation on production lines is pre-cleaning.
Pre-cleaning is used to process freshly harvested grain. It
is known that various kinds of impurities enter the combine
bunker along with the grain: weed seeds, large particles of
straw; soil clods and small stones. Therefore, the develop-
ment of a device for separating coarse impurities is an ur-
gent task. Modern stone separators adequately cope with
this task. These devices work as part of the technological
schemes of grain cleaning machines and are their integral
part (MPO-50, MPO-50S, MPR-50S, etc.), or they work as
separate machines using various separation methods. In
this paper, one of the devices for separating large and
coarse impurities is proposed. The basis of the device is a
bar combined separating grate which has an inclined and a
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helical parts. The substantiation of the parameters of the
proposed gravitational device was carried out. Theoretical
studies show that such a device is operable as a separate
machine if it is used in the upper head of a loading eleva-
tor, and also if it is included in the technological scheme of
intake precleaners. It has been determined that the nature
of the movement of coarse particles along the separating

surface of the proposed device is influenced by design and
operating parameters. Experimental confirmation of the
theoretical premises will be carried out in laboratory condi-
tions on a specially designed installation, including a buck-
et elevator, a separating device and special containers.
The device is implemented in the technological scheme of
a mobile grain cleaning unit.
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BeegeHue

[Mpu noctynneHuu 3epHa oT kombainHoB Tpeby-
€TCA yAaneHne NOCTOPOHHUX mpumecen. [pobne-
Ma npeaoTBpaLLeHnst nonagaxus rpybbix NpuMecen
Ha cenapupytoLMe MOBEPXHOCTU 3ePHOOYUCTU-
TerbHbIX MaLUMH pPeLlaeTcs MPUMEHEHNEM B CamMuX
MaLLMHaX KaMHEOTAENNUTENbHbIX W YNaBMMBAOLLNX
YCTPOICTB, HanpuMep, ckanbnepatopHbix bapaba-
HOB, CETYaTblX TPaHCMOPTEPOB, BUOPALMOHHbBIX
cenapupyHoLLMx NOBEPXHOCTEN 1 ApYrUX YCTPOMCTB.

OTM yCTpoicTBAa B [AOCTATOMHOM  CTENEHM
YCINOXHS0T MaLmHy. Mpu nocneybopoyHoit obpa-
BoTke 3epHa HaxofsAT MPUMEHEHWE rpaBUTALMOH-
Hble cenapaTtopsl [1], a Takke KaMHEOTOOPHMKY, Kak
OTAENbHbIE MALWWHBI [2].

BWHTOBbIE rpaBUTaALMOHHbIE CenapaTtopbl npu-
MEHSITCA B FOPHOPYAHOW MPOMbILWEHHOCTH [3],
koMOMKOPMOBOM Npom3BoAcTBe [4], a Takke Ans
NPOBeLEeHNs CenekuMoHHbIX pabot [5]. OgHum u3
TEXHUYECKMX PeLUeHWn 3adayn no yAaneHulo no-
CTOPOHHWX MPUMECEN MOXET CTaTb NPUMEHEHWe
9NEeMEHTOB TEXHOMOMMYECKOro nmpouecca rpasuTa-
LIMOHHbIX cenapaTopoB. Takoe YCTPOWCTBO K 3arpy-
304HOM HOPUM MPUMEHEHO B MOOWUIIBHOM 3€pHO-
ouncTUTENLHOM arperate [6, 8].

Llenbto paboTbl siBnsieTcs paspaboTka u 060c-
HOBaHWe MapaMeTpoB PaBUTALMOHHOMO Cenapu-
PYIOLLEro  yCTPOMCTBA ANs  NpeABapUTeNbHOM
OYUCTKN 3epHa.

3apauum nccnefoBaHum:

1) M3y4nTb NPUMEHEHME TPABUTALMOHHBIX cena-
paTopoB npu nocneybopoyHon 0bpaboTke 3epHa;

2) npoBecTU TeopeTnyeckoe 0BOCHOBaHME OC-
HOBHbIX NMapameTpoB MpeasiaraeMoro cenapupyto-
Liero YCTPOWCTBa K 3arpy304HON HOpUK.

OcHoBHas 4acTb

Mpegnaraembin cenapupytoLmic KOpnyc KamHe-
OTOOPHMKA COCTOUT W3 OTAENbHbIX 31eMeHTOB. ba-
30Bble 9MeMeHTbI BbINOTHEHbI U3 CTanbHOW NPOBO-
noku. OTgenbHble ANeMeHTbl COeaNHAITCS B eau-
HYI0 KOHCTPYKLMIO C MOMOLLbO CrieumarbHbIX ane-
MeHTOB, 0becneynBalowyx pasMeLLeHne npyTKoB C
ONpeAeneHHbIM Larom.

BokoBble CTEHKM Koprnyca KamMHeOTOOpHUKa SB-
NAKTCA  OQHOBPEMEHHO HaMPaBnAKWMMKA  ANs
HaKMOHHOM YaCTW MPYTKOBOW PELLETKM W NNaBHO
nepexoasilien B BUHTOBYK MOBEPXHOCTb W OTBO-
LAWMMN NPUMECAMU C CenapupytoLLen npyTKOBOK
NOBEPXHOCTbI0. OUUCTUTENBHBIX YCTPOWACTB ANS
kaMHeoTBOpHWKa He TpebyeTcs.

CenapupytoLmin Kopnyc KamMHEOTOOpHMKa Kpe-
MUTCS K BEPXHEN OSoBKe 3arpy304HOM HOpUM Ta-
kuMm 0Bpa3om, YTO 3epHOBOW MaTepuan nocre yaa-
NeHus npumeceit NepemeLLaeTcs no CBOe! camo-
TeYHoi Tpybe, a rpybble Npumecy — no OTAENbHON
Tpy6e (NOTKY) B NPUEMHYIO EMKOCTb.

B TeXHONOrNYEeCKMX NMHUSX MEXTOKOB M Xnebo-
NPUEMHbIX NPEANPUATAN NPUMEHSIIOTCS HOPUM Bbl-
COKOM npownsBoauTenbHocTh. [loatomy auametp
CaMOTeYHbIX TpyD AO/MKEH UMETb COOTBETCTBYHO-
LYK NPOMYCKHY0 CNOCOBHOCTD.

YuuTbiBas, YTO AMameTp CamoTeYHbIX Tpyb B
COBPEMEHHbIX MOTOYHBIX TEXHOMOTUYECKUX NIUHUAX
Aans 06paboTkn NPOLOBONBCTBEHHOMO 3epHa Co-
craenser 200-250 mm, TO AuameTp BbiGpaHHOro
OTBEPCTUS HOPUM HAa3HaYaeM B TUX Npesernax.

[na 3tux otBepcTui cnpaseanuea popmyna
NCTEYEHUS CbIMyyMx MaTepuanos (4ns nieHuubl)
[7]:

Vier = 1,91F%25; (1)
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Vier = 0,1 M/c.

Mocre NPOXOXAEHWS 3€PHOBLIM MaTepuanom
BbI6DOCHOFO OTBEPCTUA HOPUM OH NOCTYynaeT Ha
HaKMOHHYI0 CenapupyoLLyt0 NNOCKOCTb rpaBuTaLy-
OHHOTO cenapaTtopa. 3Hast CKOPOCTb UCTEYEHNS Vicr
no Bb|6pOCHOMy OTBEpPCTUO, MOXHO onpeaesnintb

I
CKOpOCTb V{J ABWXEHUA YacTuubl 40 MOMEHTa Ka-
CaHMsA NOBEPXHOCTH prTKOBOVI peLeTkn:

Vo = Vier ++/29 M, 2)

re s - BbicoTa nageHus sepHa nocre rateHus
ckopocTK, B Hawem cnyyae 0,2 m.

OnpegenumM OCHOBHbIE KMHEMATUYeckue U au-
HaMUYECKE XapaKTepUCTVKN NepemeLleHns Ya-
CTUL, NMPUMECEN NO rpaBUTALMOHHOMY CenapaTopy
C YY4ETOM MX (HOPMbI KaK MMOCKME HEeONpPOKWabIBa-
toLLMECs YacTuubl (KpyrnHble YacTh COMOMbI, KaMHM
nT.a.).

[anee 6ynem paccmaTpuBaTb [BWKEHWE Ya-
CTULbI NO NMOCKOCTU, HAKMOHEHHOW K JIMHAW TOpK-
30HTa nog yrnom B ¢ koachduumneHTom Tpenus f.
Onpepenum OCHOBHbIE KMHEMATUYEeCKME MapameT-
pbl YacTuUbl, Korda €l NPOMAEH OTPE3OK NyTw
AnuHbl L1 (puc.).
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Puc. Cxema k onpedeneHuro napamempoe
npymKoeo20 cenapamopa-kaMHeomO60opHuKa:
1 - 8bI6pOCHOE omeepcmue Hopuu;

2 — HaKJTOHHasi Yacmb NPYMKOBOU pewemKu;

3 - yyacmok euHmoeoii npymkosoii nogepxHocmu;
4 — msKenble 2pybbie NnpUMecuU, PacnooXeHHbIe
6nuxe Kk nepughepuu 8 UHMOBOU NOBEPXHOCMU;

5 - conomucmsie Yyacmuuybl, pacnosioxeHHbIe
6nuxe K yeHmpy eUHMoeol N08epPXHOCMU

McxogHbIMM [aHHbIMM ANS onpefenieHns oc-
HOBHbIX NapameTpoB paboTbl kKaMHEOTOOPHUKA SB-
nawotes: Vg = 2,08 mic; B=129; £=0,3; L1=0,2 m.

[nddepeHumansHoe ypaBHEHNe OBUXEHNS Ya-
CTULbI NO HAKITOHHOW CenapupyroLLen NoBEPXHOCTU
Bynet umeTb BUA;

d2L

ol g(sinp — fcosp). 3)
PeLueHne ypaBHeHus (3) byget Takum:
_yl B — £
L(t) = Vyt+ g(sinp — fcosp) —. 0
[pu aTOM
V(t) = L(t) =V{ + g(sinP — fcosp)t. (5)
Moacrtasme Bpems t u3 (5) B (4), nonyunm B3au-

MOCBA3b MeXay I'IpOI7I,E|,€HHbIM nyTem n BESTMYMHOM
CKOPOCTHK B 3TOT MOMEHT:

L VW
=70 g(sinp — feosP)
sinP — fcosp _
g 2g%(sinf — fcosf)? V—-v)?=
Ve -

~ 2g(sinp — fcosB)
OTkyOa HaxoauM CKOPOCTb ABKEHUS:
vV =J(VH?* + 2g(sinB — fcosP)L. (6)
MoacTaBMB YNCNEHHBIE 3HAYEHWS BXOLALMX B
chopmyny (6) napameTpos, nonyyum V=1,977 m/c.
Kak cnepyet u3 copmynel (3), BENUUMHa yCKo-
PEHMs NOCTOSHHA
2
a= % = g(sinp — fcosp). 7)
Mocrie NOACTAHOBKM U3BECTHbIX BEMUYMH B
copmyny (7) nonyunm a = —0,83 m/c2.,
Bnarogaps 60nblwOMy XMBOMY CeYeHMo cena-
PUPYIOLLEN PELIETKN (paccTOsHUE MexXay NpyTkamu
S=10 mMMm) 3epHOBOM MmaTepuan npoceMBaeTcs U
[anee OBWXETCS N0 camoTeyHoi Tpybe, a KpynHble
COMOMUCTbIE W Tshkenble rpybble Npumecn creaytoT
M0 BWHTOBOW NMOBEPXHOCTW C NOCTOSIHHBIM LUArOM
BMHTA h=const.
3epHoBas CMeCb, Nocne cenapawun Ha HaKMoH-
HO 4acTV NPYTKOBOW PELLETKW, NOCTYMNaeT Ha BUH-
TOBYKO MOBEPXHOCTb, MMES B CBOEM COCTaBE Ya-
CTULbI MPUMECH, OTNMYatoLLMecs POpMON, NNOTHO-
CTbl0, LIepoxoBaToCTblo. KpynHble MuHepanbHble
NPUMECK My, NP ABWKEHWN MO BUHTOBOW NOBEPX-
HOCTW NpuobpeTatoT BOMbLLYI0 CKOPOCTb, YeM fer-
Kue CONOMUCTBIE (NNOCKKE) M.
Vcxoas 13 BbILEN3NOXEHHOT0, MOXHO 3anucaThb
HEepaBEeHCTBO

M@t > MWETy, (8)

roe M« — NnoTHblEe KpynHble YacTuLbl;

M — CONOMUCTBIE NNOCKWE YaCTULLbI.
3a cyeT BonbLUOI NNOTHOCTU U BI3KOM K Kpyr-

noi gopme yactuy M oHM CTpemaTcsa K nepude-
PUW BUHTOBOW MOBEPXHOCTH, @ COTNIOMMUCTLIE Nerkue
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— K UeHTpy. lNpoucxoaut pasgenbHbIi 0TBOI Ya-
CTUL, 13 3TNX obracten, XOTd AN AAHHOMO TEXHO-
NOr1YecKoro nNpoLecca cenapupoBaHus Takoe pas-
AeneHue He Tpebyetcs.

3aknroyeHue

1. TlpoBedeHHbI  aHanu3  cenapupyroLmx
yCTPOWCTB, paboTalowmx B pexuMe kamHeoTbop-
HWUKOB, B COCTaBE 3€PHOOYMCTUTENbHBIX MaLLVH,
nokasblBaeT, YTO TakuMe YCTPOACTBA MPUBOZAT K
YCNIOXHEHUIO  KOHCTPYKUMIA MaluwH, BO3pacTatoT
SHepreTMyeckue 3atpatbl.

2. Ha ocHoBe aHanu3a [BWXEHUS 3epHa Mo
HaKMNOHHOW CenapupyloLe NOBEPXHOCTU C nepe-
XOAOM Ha BUMHTOBYIO MOBEPXHOCTb YCTAHOBIIEHO,
4TO MpyTKOBas KOMOMHMPOBaHHAs cenapupyoLias
MOBEPXHOCTb CO3AAET YCMOBUS ANS YCTOMYMBOrO
nepemeLleHns rpybbix W KpynHbIX MpuMecen no
paboyern NoBepPXHOCTM.

3. B npegnaraemMom ycTpoMCTBE C 3MEMEHTOM
BWHTOBOW MOBEPXHOCTU MMEETCS HenoaBUXHBIN,
COCTOSILLMI M3 NPYTKOB HAKMOHHbIA Xenob, BbINos-
HEHHbIN B BWAE CMMpann C BEPTUKAmNbHON OCbHO.
Cenapupytollee yCTPOMCTBO, YCTaHOBIIEHHOE B
BEPXHEN TOMOBKE HOPUM, HE MUMEET ABUKYLLMXCS
yacTen n He TpebyeT npuBoga, a npouecc paboTbl
MOXHO HabnogaTb BU3yanbHO ¢ nnowaaku obeny-
XMBaHWSA HOpUK. TEXHUYEeCKoe pelLeHne BHEOPEHO
B MOOMIMBHOM 3epHOOYMCTUTENBHOM arperate [8].
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PA3PABOTKA U BHEAPEHWE B NPOU3BOACTBO
HOBbIX TEXHU4ECKWUX PELLIEHWA
Ana TEXHONOrnu NoCneysoOPOYHOU OBPABOTKU 3EPHA

DEVELOPMENT AND IMPLEMENTATION OF NEW TECHNICAL SOLUTIONS
FOR POST-HARVEST GRAIN HANDLING TECHNOLOGIES

Knroyesnie crnosa: 3epHosoli 8opox, npedsapumers-
Hasi o4uCMKa, NepeuyHasi oyucmka, mpyoHoomdenumsie
NpUMeCU, MpUepHasi 0YUCMKa, CylUsKa, MexHomoauye-
cKasi onepauust.

OcHalleHre 3epHOMPOM3BOAALLMX XO3SICTB  COBpE-
MEHHOW 3E€PHOOYMUCTUTENBHON TEXHWKOW W NepeaoBbIMU
TEXHONOMMAMU L1 O4UCTKM 3epHa SBMSETCS BECbMA aKTy-
anbHbIM HanpaBneHWeM B CeMbCKOXO3ANCTBEHHOM MPOW3-
BogcTBe. CTpouTENnbCTBO KOMMMEKCOB mocreybopoyHom
06paboTkn 3epHa AnNs epMepCKuMX XO3SACTB OCTaETCA
aKTyanbHbIM HanpaeneHuem. B npepcrtasneHHoi pabote
NPeanoXeHa COBPEMEHHAs TEXHOMOrUs nocneybopoyHoi
06paboTkn 3epHa Ans KPeCTbSHCKO-PEPMEPCKOro X03sit-
CTBa, MPOBEJEHO OMMUCAHME BCEX BO3MOXHbIX TEXHONOM-
Yeckux cxem paboTbl. PelleHa goCTaTouHO CnoxHas 3aga-
Ya, HauMHas C 3Tana NPOEKTMPOBAHWS U peanu3auuy Tex-
HOMOMYECKNX peLleHnin no nocneybopoyHoi obpaboTke
3epHa B xo3sicTBe. [MpakTika NokasbIBaeT, YToO Te TEXHO-
noruN, KOTOpble peanu3oBaHbl MO HAMBWAYaMbHBIM Mpo-
€KTaM [Ansl KOHKPETHOTO XO3AMCTBA, MOTYT MOMYyYUTh pac-
NPOCTPaHeHWe W Ha Jpyrie Xo3sancTea, HO C YYETOM OCO-
BeHHocTel aTuX x03aicTB. KoHeuHo, coBpeMeHHble bonee
COBEpLUEHHbIE TEXHOMOTMW [OMKHbI MMETb U Hay4yHoe
0DOCHOBaHWe MPUHUMAEMbIX TEXHOMOTUYECKMX PELLEHNA.
Takue vnccnenosaHus TpebyOT NPaKTUYECKON peanusaLmm
C MOJy4eHNeM KOHKPETHBIX pesynbTaToB. PaspaboTtaHHast
TexHonorvs Bbina BHeapeHa B y6opouHbIn ce3oH 2021 T.
Heobxogumo oTMETUTb, YTO Bblna anpobupoBaHa npakTu-
ka NpUMEHeHUs [Ou3enb-reHepatopa Ans obecneyeHus
paboTbl komnnekca. MpakTuka NPUMEHEHUS 3TOr0 TEXHU-
YeCKOro peLUeHUs Ha MpOTSKeHUWM BCero yBopouHoro ce-
30Ha npuHecna nonoxuTenbHble pesynbTatbl. MoMUMO
aT0ro0 npu pabote 3epHOOUMCTUTENBHO-CYLLUMIBHOIO KOM-
nnekca Bbinu anpobupoBaHbl U Apyrue NPOeKTHble pelle-

Hus. MpakTyecki Bbinu NpoBeaeHb! UCTIbITAHNS KOMMEK-
Ca Ha BCEX OMMUCaHHBIX TEXHOMOMMYECKUX CXxeMax paboTl,
4TO 1 BbINO OTPAXEHO B aKTe BHeapeHus. Takke nposeae-
HO 0By4eHue MaMHUCTOB Ans paboTbl HA OYUCTUTENEHOM
W CyLMNbHOM OTAEneHWsx komnnekca. MposegeHHas pa-
foTa HauMHasa C aKCnepTU3bl, paspaboTku, NPOEKTMPOBa-
HWS 1 BHEOPEHWS KOMMIIEKCA MOKa3bIBaET, YTO BbiOpaHHOe
HanpaBrneHWe okasarnocb Haubonee 3hEKTUBHBIM [N
AaHHOTO KPeCTbSHCKO-(DEPMEPCKOTO XO35ACTBA.

Keywords: grain heap, preliminary cleaning, primary
cleaning, hard-to-separate impurities, trier cleaning, dryer,
technological operation.

Equipping grain-producing farms with modern grain
cleaning equipment and advanced technologies for grain
cleaning is a very relevant area in agricultural production.
The construction of complexes for post-harvest grain han-
dling for farms remains an important area. A modern tech-
nology of post-harvest grain handling for a peasant farm is
proposed; a description of all possible technological
schemes is carried out. A rather difficult task has been
solved, starting from the stage of designing and implement-
ing technological solutions for post-harvest grain handling
on a farm. Practice shows that those technologies that are
implemented on individual projects for a particular farm
may be extended to other farms but taking into account the
characteristics of these farms. Certainly, modern, more
advanced technologies should also have a scientific justifi-
cation for the technological decisions made. Such studies
require practical implementation with concrete results. The
developed technology was introduced in the 2021 harvest-
ing season. It should be noted that the practice of using a
diesel generator to ensure the operation of the complex
was tested. The practice of applying this technical solution
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