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Llenbto OaHHOU pabomsbi A6715110CL yecmaHoese-
HUE 3a8UCUMOCMU CbeMa 81azl OM PEXUMO8 pa-
60mbI 3€PHOCYWUNKU C NepeMewjaouiumecss no
OKPYXHOU mpaekmopuu ncesO0OXUXEHHbIM Cr10-
em 3epHa. [lposedeH aHanus ocobeHHocmel
ncegO0OXUXEHHO20 CIOS U CyWKU 3epHa NWEHU-
Ubl. OKcnepumeHmarbHble uccnedosaHus nposo-
dunuce Ha nabopamopHol ycmaHoske 8 nabopa-
mopuu Kaghedpni « TexHomoauss Memarnnos u pe-
mMoHm mawuH» ®FEOY BO «Kemeposckuti FCXU».
M3mepeHue ckopocmu CywunbHO20 azeHma npo-
u3800U/I0CH C NOMOWbLK YaCMoOmMHO20 peaynsmo-
pa, usmepeHue nnowadu 3a2py304H020 OmMeep-
cmusi — ¢ noMowbio wubepHol 3acnioHku. Macca
3epHa U3Mepsnacb 311EKMPOHHbIMU 8ecaMmu, epe-
Ms1 onycmouwieHusi byHKepa — 371eKMPOHHLIM Ce-
KyHOomepom. Ckopocmb 8030yWHO20 NOMoKa U3-
Mepsinacb ¢ NOMOWbI0 MaHoMempa AugbhepeHyu-
anbHo20 Uugposoeo. [ns uccnedogaHull ucnosnb-
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308anmacb Spogas nweHuua copma  MpeHs.
HayanbHasi u KoHe4YHasi enaxHoCmb 3epHa U3me-
psanacb nabopamopHbiM enazomepom GAYHA MII.
AkcnepumeHm nposodurics 8 credytowel nocrne-
dosamesnibHOCMU: YacmomHbIM npeobpasosame-
JleM 3anyckasncs 6eHmunsSimop U ycmaHaenuea-
f1acb CKOPOCMb CYWUNbHO20 azeHma, pasHas V =
1,9; 2,2; 2,5; 2,8; 3,1 m/c. JlabopamopHas ycma-
HogKa pa3oepesanacb 00 memnepamypbl azeHma
cywku t = 50°C, 3amem 8 npuemHbIli byHKep 3a-
CbInanoch 3epHO, npedsapumernibHO 836ELIEHHOE,
nocne 4e20 C NOMOWbK WUBEPHOU 3aCrOoHKU
ycmaHaenusasncs 3a3op, coomeememeyowuli S =
10, 15, 20, 25, 30 mm. AHanu3 aKkcnepumeHmarb-
HbIX OaHHbIX Nokasas, Ymo 4em 6onbuwie Havasb-
Hasi 8flaXHOCMb 3epHa, MeM 8bIWe CbeM 81agu 3a
00uH npoxod. [Mpu yeenuyeHuu HayanbHOU 8raxHo-
cmu 3epHa Ha 1 % Cbem enaau npu 0cmarbHbIX Npo-
yux pasHbIX ycrosusix yeenuyusaemces Ha 0,15 %.
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CKkopocmb CywubHO20 ageHma He enusem Ha
cbeM gnazu 3a 00uH npoxod. pu ysenuyeHuu 3a-
30pa Mex0dy wubepHol 3acroHkol u paboyel no-
gepxHocmbio Ha 1 % cbem enasu ymeHblaemcs
Ha 0,77 %. Takum obpa3oM, onmumasbHbIM S6/1s-
emcsi MuHumanbHoe 3HadyeHue S — 10 mm. [lpu
OaHHOM 3a30pe onmumaribHasi CKOpoCMb CyWUsb-
H020 ageHma pasHa 1,9 m/c.

Knroyeeble cnosa: ncesdooxuxeHue, 3€pHO-
CYWUsIKa, CywKa 3epHa, CywusbHbIl azeHm.

The goal of the research was to find out the de-
pendence of moisture removal on the grain-dryer
operation modes with fluidized grain bed moving
along a circular trajectory. The peculiarities of the
fluidized bed and wheat grain drying were ana-
lyzed. The experiments were conducted in the la-
boratory of the Department of metal technology and
machinery repair in Kemerovo state agricultural in-
stitute. The speed change of the drying agent was
done with the help of the frequency regulator; the
change of the square of the feeding hole was done
with the help of the slide gate. The grain weight
was measured with the electronic balance; the bin
emptying time was checked up with the electronic
stopwatch. The air flow speed was measured with
the help of the digital differential pressure gauge.
Spring wheat of the variety “Iren” was used for the
experiment. The initial and final grain moisture was
measured with the laboratory moisture gauge
FAUNA ML. The experiment was conducted in the
following succession: the frequency converter
started the blower and set the speed of the drying
agent equal to V.= 1,9; 2,2; 2,5; 2,8; 3,1 m/s. The
laboratory gauge was heated to the temperature of
the drying agent 50° C, then the grain which was
weighed beforehand was put into the bin, after that
the clearance was equal to S = 10, 15, 20, 25,
30 mm was set with the help of the slide gate. The
analysis of the experimental data showed that the
more the initial grain moisture was, the more the
moisture removal in one pass was. Under the initial
grain moisture increase by 1 % the moisture re-
moval increases by 0.15 % with the rest conditions
being equal. The drying agent speed doesn't affect
the moisture removal in one pass. Under increasing
the clearance between the slide gates and operat-
ing surface by 1 % the moisture removal decreases
by 0.77 %. Thus, the optimum is the minimum val-
ue S is equal to 10 mm. Under the given clearance

65

the optimum speed of the drying agent is equal to
1.9 m/s.

Keywords: pseudofluidization, grain-dryer, dry-
ing, drying agent.

BeepeHne. B COBpeMeHHOM OTEYECTBEHHOM
pacTEHMEBOACTBE 3HAYNTENbHAs LONS NPOW3BOA-
CTBa NMPUXOANTCS Ha 3epHOBbIE KynbTypbl. [0 aaH-
HbIM MuHWCTepCTBa cenbekoro xossanctea Poccun-
ckon ®epepauyun [1], 8 2015 rogy B Poccumn Bano-
BOM cOOp 3epHOBbIX 1 3epHOBOBOBbIX KynbTyp CO-
crasun 104,3 MIH TOHH 3epHa B Bece nocre gopa-
B0TkM, B TOM Yncne 61,8 MAH TOHH NLUEHNLbI.

/3-3a CNOXUBLUKMXCS NPUPOAHO-KIUMATUYECKMX
YCIOBUIA B HaLLIEN CTpaHe CyLuke Heobxoaumo noa-
Bepratb 40 50 % ybpaHHoro 3epHa [2]. Y 6onb-
LUMHCTBA OTEYECTBEHHbIX CEMbXO3NPEANpPUATUIA
OTCYTCTBYET HeobXxoammasi TexHWKa [N BaXHOM
TEXHOSIOTMYECKON nocneybopoyHor onepauun, a
npuobpeTeHne  LOPOrOCTOSALMX — COBPEMEHHbIX
3EPHOCYLLMMOK A1 (hePMEPOB HEBO3MOXHO.

A3 BblleCcKa3aHHOrO CreayeT, 4TO CO3AaHue
COBPEMEHHOW, [JOCTYNHOM [N OTEYECTBEHHbIX
CENbX03NPON3BOANTENEN 3EPHOCYLLMBHON TEXHM-
KM [QOCTAaTOMHO  aKTyarbHO AN arpapHo-
NpOMbILLNEHHOro komnnekca Poccuinckon degepa-
unm.

OgHUM M3 HanmpaBneHWA YMEHbLUEHUS Me-
TannoeMKOCTU KOHCTPYKUMA 3€PHOCYLLWMOK U WH-
TEHCUMKaLMM npoLecca CyLIKM SIBNSETCS MCeB-
LOOXMKEHME CNOS 3epHa.

MHorure uccnefoBaHWs pOCCUACKUX W 3apybex-
HbIX YYeHbIX MOCBALEHbI W3YYEHMIO MCEBOOOXM-
KEHWMS 1 NMPOLIECCOB CYLUKM 3epHa B MCEBLOOXKM-
KEHHbIX CUCTEMAX.

OtevecTBeHHbIN yueHblit C.K. MaHacsH nccne-
[0Ban npouecchl KOHBEKTUBHOM CyLWKu 3epHa. OH
cAenan BbiBOA, YTO B CyLUMNKaX C paBHOMEPHbLIM
pacnpegeneHmem TennoHOCUTENS U UHTEHCUBHBIM
NepemMeLlMBaHNEM 3epHa B 30HAX CYLUKM MOXHO
NOBLICUTb CPESHWNE 3HAYEHNS TeMNepaTypbl U CKO-
POCTU ABWKEHWS TENNOHOCUTENS, YTO B KOHEYHOM
cyeTe obecneynBaeT MHTEHCU(MKaLMIO npoLecca
CyLUKM 3epHa [3].

FmapognHamuke 1 TennoobmeHy B nepemella-
tOLLEMCS NCEBLOOKIDKEHHOM COE NOCBSILLEHbI UC-
crnepfoBaHusa poccuinckoro yyeHoro A.B. bapakosa,
M YCTaHOBNEHO M [0KA3aHO, YTO B [ABMXYLLEMCS
NCEBLOOXKDKEHHOM CII0e paspyLLatoTCs ra3oBble
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ny3blpK W NpOLECC CyLIKK npoucxoaut bonee pas-
HOMEpHbIM [4].

Yyeble 13 Hurepum C.A. Okoronkwo, O.C. Nwu-
fo, K.N. Nwaigwe, N.V. Ogueke, E.E. Anyanwue
NPOBOAWNK  3KCMEPUMEHTArbHbIE  UCCIE0BaHUS
BNUSHUS NOABOLA areHTa CYLUKU Ha KayecTBO Bbl-
cyweHHoro 3epHa. OHu caenanu BbIBOA, YTO pas-
HOMepHOe pacnpefeneHue rasa obecneumBaet
paBHOMEPHOE BbICbIXxaHWe MaTtepuana [5].

C y4yeTOM BbILIEN3NOXEHHOTO Hamu Obin pas-
paboTaH 3epHOCYLUMMbHbIA annapar [9].

Uenb wuccnepoBaHuW. YCTaHOBWUTb 3aBUCK-
MOCTb CbeMa Braru 3a OAWH NpoXog OT HavasibHOM
BMNaXHOCTW 3epHa U peXuMoB paboTbl 3epHOCY-
WKIKK C NepeMeLLatoLLMMCS MO OKPY)XHOM Tpaek-
TOPUM NCEBAOOXKKEHHBIM CIIOEM.

[ins gocTuxeHus Lenu Bblnu nocTasneHbl cre-
Oytolme 3apaayu:

1. WccnepoBaTtb BMMAHME HavyanbHOW BRax-
HOCTU 3epHa, CKOPOCTW CYLIWIIbHOTO areHTa u oT-

KpbITUS LUIMOEPHON 3aCrOHKW Ha CbeM Bnaru 3a
OLVH NPOXOA.

2. Cpenatb BbIBOAbI O 3aBMCUMOCTU CbeMma
BNary OT Ha4asnbHOW BMaXHOCTW 3epHa 1 PEXUMOB
paboTbl 3epHOCYINNKM C NepeMeLLaLMMcs no
OKPYKHOW TPAeKTOpUM NCEBLOOKIKEHHBIM CIOEM.

MeToabl 1 pe3ynbTaTthl UccneaoBaHui. Vc-
CnefoBaHns  MpoBOAMIUCL  Ha  nabopaTopHOW
yCTaHoBke B nabopatopuu kaceapb! «TexHomnorus
MeTanmnoB 1 pemoHT MawmHy ®rbOY BO «Keme-
posckuit TCXW», obwumin BuA KOTOPOW NpeacTas-
INeH Ha pucyHke 1.

TabopaTtopHas ycTaHOBKa C NCEBAOOKIKEHbIM,
nepemeLLatoLLMMEs MO OKPY)XHOWM TPAeKTOpUM Cho-
€M COCTOWUT U3 BEHTUNATOPA, ABYX CYLUMAbHBIX 1
OLHOM0 OXMaAWTenbHOTO MOAYNEN, 3neKTpokano-
pudbepa 1 3arpy3ouHoro 6yHkepa. Pabounit opraH
B MOZynsX BbINOMHEH M3 NepOpUPOBaHHOMO pe-
LeTa W NOAENEH Ha Ba CEKTOpa — PasroHHbIN, 45°
(nog, yrrom HakroHa K ropusoHty u = 3°) u pabo-
unit, 290° (6e3 HakroHa).

Puc. 1. Obwud eud nabopamopHol ycmaHo8KU

3mepeHne CKOPOCTW CYLLMIBHOTO areHTa npo-
N3BOAMMOCH C MOMOLLbIO YACTOTHOTO PerynsTopa, a
N3MEpEeHNe NMOLaaM CeYeHus 3arpy304HOro OT-
BEPCTUS — C MOMOLLbHO LINOEPHOMN 3aCTOHKM.

Macca 3epHa uamepsiniach 3MeKTPOHHbIMU Be-
camu CAS SW-1, 3aBogckoi Homep 030640433.

Bpemsi onycTolleHns ByHkepa M NpoxoXaeHus
NCEBAOOXMKXEHHOTO 3€PHOBOTO CMOSI MO TEXHOMO-
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TMYECKOW JNIMHWUW 3aMePANOCh 3MEKTPOHHBIM CEKyH-
pnomepom (Windows Phone App), Bepcus 3.2.0.0.
CkopocTb BO3AYLUHOTO MOTOKA WM3Mepsnach C
MOMOLLbI0 MaHOMeTpa AnddepeHLmansHOro Lnud-
posoro [MLI-01M, 3aBoackon Homep 05877.
[Ina nccnegoBaHWiA  MCNoOnb3oBanach SipoBas
nweHnua copta MpeHsb.
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HavanbHas # KOHeyHas BMaXHOCTb 3epHa M3-
Mepsinacb nabopatopHbiM Brnaromepom GAYHA
M, 3aBogckon Homep 071.

Cbem Bnaru onpefensncs no gopmyne

Aa) = wmw - a)KOH’ (1)

rae @, — HavanbHas BNaXHOCTb 3epHa;

@, — KOHEYHadA BNaXHOCTb 3€PHa.

o

3a 48 yacoB [0 nNpoBedeHUs IKCrepuMeHTa
3EPHO YBNAXHANOCH 40 HEOBXOAMMOI BNAXHOCTH,
KoTopas KoHTponupoBsanach Bnaromepom ®AYHA
MJT B aBTOMaTU4ECKOM PEXMME.

YactoTHbIM  npeobpasoBaTtenem  3anyckancs
BEHTUNATOP W YyCTaHaBnMBanacb CKOpPOCTb Cy-
WKUNbHOrO areHTa, paBHas V = 19; 2,2; 2,5; 2,8;
3,1 mlc.

NlabopaTopHas ycTaHoBKa pasorpeBanacb [0
Temnepatypbl areHta cywkw t = 50°C, 3atem B
nprMemMHbIn GyHKep 3ackinanochb 3epHo, npegsapu-
TeNbHO B3BELLEHHOE, MOCMe YEro ¢ MOMOLLbIO LWk~
OepHol 3acnoHKM ycTaHaBnMBancs 3a3op, COOT-
BetcTBytowmn S =10, 15, 20, 25, 30 mwm.

B npouecce uccnegoBaHus NpoBOANICS Koppe-
NALUMOHHO-PErPECCUOHHDBIA  aHanK3, YCTaHOBIEHA
3aBUCMMOCTb CbeMa Barn 0T HayanbHOM BNaXHo-
CTW 3epHa U PEeXMMOB paboTbl 3ePHOCYLUMIKM,

Hay, % 22
20

w

3,0
2,5
2,0
Aw, %4,5
1,0
0,5
0,0

S, Mmm 25

OLeHKa MapameTpoB MOZENN NPOBOAMMACH N0 Me-
TOOy HauMeHblWX kBagpaToB. MaTematuyeckas
obpaboTka pesynbTaTa SKCEPUMEHTA NPOU3BOAM-
nacb ¢ nomoLbo nporpammel EViews 3.0.

B pesynbTate cratuctnyeckoin obpabotku akc-
NepuUMEHTa MOMNy4YeHO YpaBHEHNE PErPeccHu, onu-
CblBalOLlee 3aBMCMMOCTb CbeMa Bfiarv 3a OauH
NpOXoZ, OT HavanbHOW BNAXHOCTU 3epHa 1 3a30pa
Mexay WnbepHon 3acrioHkon u paboyen nosepx-
HOCTbIO NpU TeMnepartype areHTa cywwku f = 50°C

Aw=0,15-w,, —0,77-log(s), (2)

rie Aw- Cbem Brarv 3a 0auH npoxog, %;
®,,, — Ha4anbHas BNaxHocTb 3epHa, %;

S — 3a30p Mexay LnMbepHON 3acnoHKON U pa-
60oy4en NOBEPXHOCTLI0, MM.

KoadhdhmumeHT oetepmmHaLmm coctaBnseT R2 =
0,8. Bce napametpbl mogenu no t-kputepuo Ctb-
t0eHTa SBMSKOTCA CTATUCTUYECKW 3HAYMMbIMM Ha
yposHe 0,01. lNo kputepuio duwepa mogenb agek-
BaTHa Ha ypoBHe 3HauumocTtn a = 0,01.

YCTaHOBMEHHAs 3aBUCUMOCTb MpefcTaBreHa
Ha PUCYHKe 2.

24

= 0,0-0,5

30

Puc. 2. 3asucumocmsb cbema enazu Aw (%) 3a 00UH npoxo0 om Ha4anbHOU 8aXHOCMU Wxay (%) 3€pPHa U
3a3sopa S mexdy wubepHoU 3acnoHKol u paboyeli N08EPXHOCMbIO

BbiBOAbI
1. B pesynbrate cratuctmyeckon o6paboTku
9KCMEpUMEHTA NoMnyyYeHa MaTeMaTuyeckast Moaenb

3aBucumocTn coema Brnarv (Aw, %) 3a oAuH
NMPOXOA OT Ha4anbHOW BIAXHOCTU (Whay, %) 3epHa
u 3a3opa (S, MM) mexay WnbepHo 3acnoHKON W
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paboyeit NOBEPXHOCTBLIO NpU TemnepaType areHTa
cywwkm t=50°C.

2. YCTaHOBEHO, YTO YeM Borblue HavanbHas
BMaXHOCTb 3epHa, TEM BbILLE CbEM Brlark 3a OauH
npoxogd. Mpu yBenuYeHUN HavanbHON BNAXHOCTY
3epHa Ha 1 % CbeM Braru nNpu ocTanbHbIX NPOYMX
paBHbIX ycrosusix yBenuunsaetcsa Ha 0,15 %. Cko-
POCTb CYLUMIBHOMO areHTa He okasblBaeT 0coboro
BNUSHUS Ha CbeM Brarv 3a oguH npoxod. Mpu
YBEMNUYEHUM 3a30pa Mexay LUMOEPHON 3aCOHKOM
N paboyen nosepxHocTblo Ha 1 % cbem Bnaru
ymeHbliaetcs Ha 0,77 %. Takum obpasom, ontu-
MasnbHbIM SIBASETCA MWHWMAnbHOE 3HauyeHne S,
pasHoe 10 mm. [pu faHHOM 3a30pe onTUManbHas
CKOPOCTb CYLUMIIBHOTO areHTa pasHa 1,9 m/c.

3. CTOUT OTMETUTb, YTO NPU CKOPOCTU CYLINMb-
Horo areHta 1,9 M/C yxe npu OTKPbITUM LINBEepHON
3acrnoHku, obecneynBarowien 3asop 15 MM, kave-
CTBO MCEBLOOXMXKEHNS yXyaLwaeTcs, obpasylTcs
3aCTONHbIE 30HbI.
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