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YnpaeneHue npouyeccom Cywku 3epHa 8 3epHOCY-
wunkax npednonazaem peeynuposaHue Komudecmea
menna, no08oOUMO20 K 3epHy 8 CyWUrbHOU Kamepe,
KOmopoe 3agucum om €20 8fIaXHOCMU, meMnepamy-
pbl u cmaduu cywku. [pu HenpepbigHoU pabome cy-
WUTKU Hauboree mexHu4ecku Npocmo peaynuposaHue
ocywecmensime 3a C4em U3MEHEeHUs CKopocmu 8hbl-
2py3KU 3epHa U3 CywunbHolU Kamepbl, Ofif 3mo20
HeobXo0UMO 3Hamb PacxoOHyK Xapakmepucmuky 8b-
2py3Ho20 ycmpoticmea. Llens uccnedosaHusi — nosnyJe-
Hue Mamemamuyeckol modenu 3asucumocmu pacxoda
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36epHa 6blepy3H020 ycmpolicmea 3epHOCYWUSKU om
€20 KOHCMPYKMUBHbIX Napamempos u pexumos pabo-
mbl. 3adayu: cosdaHue asKcnepumeHmansbHol ycma-
HOBKU 8blepy3H020 ycmpolicmea 3epHOCYWUIKU U UC-
crnedogaHue €20 pacxodHoU Xxapakmepucmuku Memo-
daMu nnaHupoBaHUsi 3KchepumeHma. 3KCnepuMeHmbl
npogodunucb C 36PHOM NWEHUUbI Ha 3KCNEpPUMEH-
marnbHol  ycmaHoske, Modenupyrowel  8biepy3HOe
ycmpoUlicmeo WaxXmHbIX U KOMIOHKO8bIX CYLIUOK. IKc-
nepumeHmarnbHasi ycmaHoska eknoyaem 6yHKep, 8bi-
nyckHoe omeepcmue KOomopo20 nepekpbieaem no-
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0suxHas nmacmuHa, npugoduMasi 8 B8038PamHO-
nocmynamernbHoe O8UXeHUe anekmpodgueamenem ¢
pedykmopom. Yacmomoll  epawieHus  dsueamers
ynpaensem yacmomHbili npeobpaszoeamenbs. 3a napa-
Mempbl, 8AUSIOWUE Ha NPOU3BOAUMENbHOCMb 8blepy3-
H020 ycmpolicmea, NPUHSMbI 3a30p Mexdy KpPOMKOU
8bINyCKHO20 omeepcmusi byHKepa U nepekpbigarowel
nnacmuHol, yacmoma KonebaHull nepexpbisarowel
nnacmuHb! U 8axHocmb 3epHa. Vickomasi Modenb no-
NlyJeHa 8 pe3ynbmame peanusayuu NoIHo20 hakmop-
H020 nnaHa 28. AHanu3 nonyyeHHol 3agucumocmu
noseossiem 3akryume, Ymo Haubosee curnbHoe 8nus-
HUe Ha npou3go0UMeNIbHOCMb 8blepy3H020 ycmpoU-
cmea Oka3blgalom Yacmoma KonebaHusi nepekpbiearo-
wel nmacmuHbl U enaxHocmb 3epHa. 3a30p Mexoy
KpomKoli ByHKepa U hepekpbigatowel nnacmuHol enu-
Agem Ha npou3go0UMeNIbHOCMb He 3Ha4yumessbHo, no-
3amoMmy peaynupogaHue pacxoda 3epHa Yyepe3 eblepys3-
Hoe ycmpolcmeo 3a cyem U3MeHeHUs 3a3opa He pa-
YUOHaIbHO, MexHUYecKU npowe U agghekmueHee pe-
2ynuposaHue pacxoda 3a cyem U3MEHeHUs1 Yacmomel
KonebaHus nepekpbigaroLell nnacmuHb!.

Knroyeeble cnoea: cywka, eblepy3Hoe ycmpou-
cmeo, Mamemamuyeckasi MoOefib, NiaHuposaHue 3Kc-
nepumeHma.

The control of grain drying process in grain dryers
presumes the regulation of quantity of heat supplied to
grain in drying chamber, which depends on moisture,
temperature and the stage of grain drying. In the case of
a dryer’s continuous running it is technically more sim-
ple to requlate the quantity of heat with the help of
speed change of discharge of grain from drying cham-
ber, for this it is necessary to know the flow characteris-
tics of a discharge unit. The aim of the research is to get
mathematical model of dependence of flow rate of grain
for a discharge unit of grain dryer on its design parame-
ters and modes of operation. The research objectives
are the creation of experimental facility of discharge unit
of grain dryer and study of its flow characteristics by the
methods of experimental design. The experiments were
made with wheat grains on the experimental facility,
simulating a discharge unit of shaft and tower driers.
Experimental installation turns on the bunker which out-
let is blocked by the mobile plate set in back and forth
motion by electric motor with a reducer. The frequency
of rotation of the engine is controlled by frequency con-
verter. As the parameters influencing the efficiency of
discharge unit the clearance between the edge of outlet
of the bin and the movable plate, oscillation frequency of
the covering plate and moisture of grain are accepted.
Required model is the result of realization of complete
factorial design 2°. The analysis of received depend-

ence allows to conclude that the frequency of fluctuation
of blocking plate and humidity of grain have the strong-
est impact on productivity of unloading device. The im-
pact of the clearance between the edge of the bin and
covering plate is not significant, so the regulation of flow
rate of grain through discharge unit by the way of
changing clearance is not rational, from technical point
of view it is simpler and more effective to regulate the
flow rate by changing oscillation frequency of covering
plate.

Keywords: drying, discharge unit, mathematical
model, experimental design.

BeeneHue. YnpaBneHue npoLeccoM CyLIKu 3epHa B
3EPHOCYLUMIIKE 3aKITIOYAETCS B PETYNMPOBaHUM KONUYe-
CTBa Tenna, NoABOAMMOrO K 3epHY, B 3aBUCUMOCTM OT
€ro BIIaXHOCTW, TemnepaTypbl 1 cTagum cyluku. Criox-
HOCTb 3aKr4aeTcs B TOM, YTO BbICyLUMBAEMbIA MaTe-
puan B NpoLECcce CYLWKN U3MEHSIET CBOM Tennodusmnye-
ckue csomncTea. CylumnbHas kamepa kak 0BbekT ynpae-
NeHMs B MPOLLECCe CYLLKM MEHSIET CBOK NepesaTouHyHo
(OYHKLMIO, YTO NpK 3HAYNUTENbHbIX ee obbeMax 3aTpysd-
HSIeT co3daHue aGEKTMBHON CUCTEMbI aBTOMaTMyYe-
ckoro ynpaBnenus. B pabotax H.M. AHgpwaHoBa,
C.K. MaHacsiHa npegnaraeTcsi CyLUMIbHY0 kamepy pac-
CMaTpuBaThb Kak HECKOMbKO 30H CO CBOUMMW Mepeaartoy-
HbIMU (DYHKUMSIMW M KaK MHOTOCBS3HY0 cucTemy. Mpu
TakoM MOAXOAE HYXHO perynupoBaTb KONMYecTBO Ten-
na, NoABOAMMOrO B Kaxayo 13 30H. Konnyectso Tenna
MOXHO PErynupoBaTb 3a CYET U3MEHEHWs1 CKOPOCTW M
TemnepaTypbl TENMOHOCUTENS, @ Takxe 3a CYeT u3Me-
HeHus akcnosuumn cywku [1, 2]. MocnegHee MoOXeT
OCYLLECTBAATLCS NyTEM PErynupoBaHusi CKOPOCTW Bbl-
rPy3ku 3epHa U3 30HbI Cylwku. [na pa3paboTku anro-
pUTMa ynpaBreHNs BbIrPY3HbIM YCTPOCTBOM HEObXo-
OMMO 3HaTb €ro PacXOQHYH XapakTepucTuky, kotopast
3aBMCUT OT €r0 KOHCTPYKTWBHbIX NapaMeTpoB W pexu-
MoB paboTbl.

Llenb uccnegoBaHus. Monyunts MatemaTieckyto
MOZenb 3aBMCUMOCTW NPON3BOAUTENBHOCTY BbITPY3HO-
0 YCTPOWCTBA 3E€PHOCYLUMIIKM OT €ro KOHCTPYKTUBHbIX
napamMeTPOB 1 PEXVMOB paboThbl.

3agaunm uccnepoBaHMA: CO3AaTb  AKCMEPUMEH-
TarbHyl YCTaHOBKY 1 NPOBECTM UCCNEAO0BaHUS NO Me-
TOAMKE NaHNPOBaHUS AKCMEPUMEHTa.

Matepuanbi u metoabl uccnepgoBanus. Viccneno-
BaHUS NMPOBOAMMNCH HA MLLEHULE NO METOAWKE NnaHu-
POBaHMs 3KCNEPUMEHTOB.

CyLuecTByeT [OCTaTO4HO MHOTO KOHCTPYKLUMIA Bbirpy3-
HbIX YCTPOWCTB [2-3], 0fHaKO BOMbLUMHCTBO 3KCMyaTupy-
eMblIX B HAaCTOSILLEE BPEMSI LLAXTHbIX 1 KOMOHKOBbIX CyLLIW-
0K UMEKT KOHCTPYKLMIO BbIFPY3HOTO YCTPOWCTBA, MpWH-
LN paboTbl KOTOPOrO NOKa3aH Ha PUCYHKE.
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[MpuHyun pabome! 8bi2py3HO20 ycmpOLicmea 3epHOCY UK

BbinyckHoe OTBEPCTME CYLIMMBHOM KaMepbl nepe-
KpbIBAET NNACTUHA, 3aKpenneHHas Ha NoaABUKHON pame
(Ha puCyHKe He nokasaHa), koTopasi NPUBOAMTCS B ABK-
KEHWE OKCLEHTPWUKOBBIM MEXaHW3MOM W COBepLUaeT
konebaTenbHble ABWKEHUS B FOPU3OHTAmbHOM MIOCKO-
CTU C onpeeneHHon amnnutygon. Mexay nepekpelia-
foLlei MAacTMHOM M KpasiMu BbIMYCKHOMO OTBEPCTUS
“MeeTCs 3a30p, Yepes KOTOPbIV NPK KaxaoMm konebaHum
BbICbINAETCs onpeaeneHHas nopums 3epHa. O4eBmaHo,
YTO KOMMYECTBO 3€pHa, BLIFPYXaAeMoro M3 CyLWnkn B
eOVHWLY BPEMEHW, 3aBUCUT OT 4acToTbl konebaHus
nepekpbIBatOLLEN NNACTUHbI, 3a30pa MEXAY NNacTUHOM
W KpasiMu BbIMYCKHOTO OTBEPCTMUS, @ TaKKe OT BIIAXHO-
CTM BbIrPYaeMoro 3epHa, Kotopas MoxeT konebarbcs
B LUMPOKWX Npedenax. Tak, B Hayane CyLukuW, Koraa cy-
Wwnnka paboTaeT B peumpKynsuMOHHOM pexuMe «cama

Ha cebsy», BNaXHOCTb BbIFPY)XaEMOro 3epHa MOXeT [0-
cturate 30 %, a npu BbIrpy3Ke BbICYLLEHHOTO 3epHa
(ans nweHuUpbl) BNaxHocTb coctasnseT 12-15 %.

[ns uccnegoBaHWst PacXOQHOW  XapakTepuUCTUKM
Oblna nocTpoeHa aKCnepuMeHTanbHas ycTaHoBKa. B
KayecTBe MpuBOL4A MEepeKpbIBaOLLE NnacTuHbl WC-
MOnb30BaH YepBAYHbIA peaykTop. [ns naMeHeHus ya-
CTOTbl BpaLleH!sl 3MneKTpoaBuUraTens MCnonbL30Basncs
yacToTHbIM npeobpasosatens HYUNDAI N700E. Lu-
PWHa BbINYCKHOrO 0TBEPCTUS cocTasnsna 200 M.

WccnegoBanns npoBOAMAMNCE € WUCMONb30BaHUEM
METOAMKM MIIaHUPOBaHUs 3KcnepuMeHTa. B kavectse
BapbupyeMbIX (akTopoB Obinn NPUHATBLI YacToTa Kone-
OaHus nepekpbiBalOLEN MnacTuHbl X7, 3a30p x2 U
BMaXHOCTb 3epHa x3. VHTepBanbl BapbMpOBaHWS Npu-
BedeHb! B Tabnmue 1.

Tabnuya 1
Yacrota konebaHus x7, 1/MuH 3a30p X2, MM BnaxHocTtb x3, %
20-52 15-25 15-30
KoampoBaHHble 3Ha4YeHust hakTopoB
-1 +1 -1 +1 -1 +1

Anpuopu 6bIn0 caenaHo NpeanonoxeHue, YTo 3a-
BUCUMOCTb KOTNMYECTBA BbIrPYXaeMoro 3epHa B euHu-
Lly BPEMEHM OT BRMSIOLWMX (haKTOPOB NMHerHa. MoaTo-
My BapbWpoBaHue (hakTOpoB MOXET BbITb MPUHATO Ha
ABYX YPOBHSX. 10 9TUM NpuunHam 6bin BbibpaH nnaH

MOMHOro haKTOPHOro 3JKCMEPUMEHTa 23, peanusauus
KOTOpPOro mpegnonaraet NpoBeAeHNe BOCbMU 3KCnepu-
MeHTOB. MaTpuua nnaHa npueeaeHa B Tabnuue 2.

Tabnuua 2
Howmep akcnepumMeHTa x1 X2 x3 y, T y

1 -1 -1 +1 338 335 319 330.7
2 -1 +1 -1 915 934 965 938

3 +1 -1 -1 1688 1609 1603 1633
4 +1 +1 +1 1322 1317 1272 1304
5 -1 -1 -1 586 588 562 578.7
6 -1 +1 +1 513 491 562 503.7
7 +1 -1 +1 782 809 816 802.3
8 +1 +1 -1 2239 2275 2271 2262
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Peanusauus Takoro nnaHa nO3BONSET MOMYYUTb
MoZerb, OMMUCHIBAIOLLYI0 3aBUCMMOCTb MacCOBOro pac-
X0fa 3epHa ¥ BbIrPY3HOrO YCTPOMCTBA OT Tpex (pakTo-
poB X1, X2, X3, yNOMSHYThIX BblLLE

y = by + by x1 + byx2 + b3x3 + byx1x2 +
+by3x1x3 + x2x3 + byy3x1x2x3. (1)

[ins cTaTMCTNYECKOro aHanuaa nomyyYeHHbIX AaHHbIX
onbIT nposoauncs B cpege Mathcad. PaccuntbiBanach
AMCnepcns NOBTOPHLIX ONbITOB MO hopmyne [5]

2 _ 2T0i-w)?
§f ==/
n-—1

3pecb n = 3 — ynCno OMLITOB B KaX4O0M CTPOKE Mna-
Ha (MOBTOPHOCTEN); ¥, — CpeaHee 3HayeHne OTKMKa B
TPEX MOBTOPHOCTSIX.

[ins vckntovermns rpybbix owMOOK ANs Kaaomn CTpo-
KM NnaHa BbIYUCMIANCA pacyeTHbld t-kputepuin CTbto-
A€eHTa no chopmyne

t _ Yi~¥i
pacy 5

PacyeTHble Kputepu cpaBHMBaNMCb C TabrnyHbIM
3HayeHueM, paBHbIM 4,3, B3STbIM ANS TPex MOBTOPHO-
cTeit 1 poseputencHon BeposaTHocTu 0,95. TMockonbky
HW OQHO 3HAYEHME PACUYETHOMO KPUTEPUS HE NPEBLICUIIO
3HayeHue TabnuyHoro, caenaH BbiBog4 06 OTCYTCTBMM B
paboyern MaTpuue nnaHa rpyobix oLMOOK.

[ucnepcns  BOCMPOM3BOAMMOCTYM paccuuTbIBanach
no dopmyne

2 _ ¥Ns?
S = T

3pecb N = 8 — uncno cTpok B MaTpuue nnaxa. [Ans
NPOBEPKM OJHOPOZHOCTM OMCNEPCUI CTPOK NraHa pac-
cuuTbiBancs kputepuin KoxpeHa. TabnnuHoe 3HayeHue
kpuTepus KoxpeHa ans creneHen csobopbl f=n-1=2 un
f,=N=8 pasHo 0,51.
2250

2
S
G :—max:—:047_
paci = ywNs? 400

TabnuyHoe 3HayeHue kputepust KoxpeHa Gasn =
0,81. MNockonbKy pacyeTHOE 3HAYEHUE KPUTEPUS MEHb-
e TabanyHoro, AUCNepcun OQHOPOLHbI.

BbluncnieHns koathMLMEHTOB perpeccun Mo Huxe-
npvBeaeHHbIM (hopMynam Aanm cnenyrom,me pesynbTathbl:

N. =~
bO — 21 yu : — _ 21 X,

N )
bij — 21 xillzvxquu bUk — 21 xlux]uxkuyu
bo=1046; bs=453,8; b,=205, 3
b3=-306,4; b1=77,1; b15=-140,8;

b23=-41,6; b123=9,9.

MMocne BbIMMCNEHUA KOIPULMEHTOB perpeccum
npoBepsAnachb UX 3Ha4MMOCTb. [N 3TOro paccumTbiBan-
€A JOBepuTESNbHBIA MHTEpBan And Ko3(hMULMEHTOB
perpeccum ¢ y4etom kputepus CtotogeHTa (=4,3), B3s-
TOrO AN TPex MOBTOPHOCTEN W [OBEPUTENBHON BEPO-
atHocTm 0,95

ts
+ -0 _ 43724

VN

CpaBHuBas 3HaueHus KoapULMEHTOB perpeccum ¢
rpaHuMLuamM JOBEPUTENbHbIX MHTEPBArioB, MOXHO 3a-
KIHOYNTb, YTO KOIPMULIMEHT D123 HE 3HAYUM U €TO MOX-
HO He BKMOYaTb B ypaBHeHue perpeccun. C yyeTom
CKa3aHHOro ypaBHEHWE perpeccuy UMeeT BuA

Abi =

y = 1046 + 453,8 x1 + 205,3x2 — 306,4x3 +
+77,1x1x2 — 140,8x1x3 — 41,6x2x3. (2)

[1nsi NpoBEpKM afieKBATHOCTM BbIYUCHISIEM TEOPETH-
Yeckue 3HaueHus napameTpa ONTUMU3ALMM ¥, BENUYM-
Hy oWwnbkn Ay = y — § 1 MCNepcuto aaekBaTHOCTH

2 YAy
TR

roe f1 = N—d =8—7 = 1-41cno CTeneHen ceo-
Goabl; d =7 — 41cno 3Havamx koadduLmeHToB Moge-
nm.

[ins oueHKn anekBaTHOCTM MOAENM paccunTLIBarncs
kpuTepuit duilepa u cpaBHUBaNCs ¢ TabnUyHbIM 3Ha-
YeHneM Frasn = 4,49, B3ATbIM AN CTeneHeit cBobobl
f1:1 n szN(m-1):16

F, 52 0,321
pacy — 52 - % .
{3

Mogenb ageksaTtHa. PacyeTHoe 3HaueHne Kputepus
Ouwepa NONy4nMnoch MeHbLUe eJZLI/IHI/ILI,bI 4TO FOBOPUT O
TOM, YTO COOTHOLWEHWE Finas; = Fpaey OyaeT Bbimosi-
HATBLCS NPy NOOLIX 3HAaYeHWi cTeneHein cBoboab! [4-6].

AHanna ypaBHeHus (2) NoKasblBaeT, YTO Ha pacxon
3epHa HanbonblLee BNMSHWE OKa3biBaeT YactoTa kore-
GaHus nepekpbiBatoLen nnactuHbl x1. C yBenuyeHmem
BNaXHOCTM X3 MNpPOWU3BOAUTENBHOCTL  Pa3rpy304HOro
yCTpOWCTBA NafaeT, MOCKOMbKy KO3dhuumeHT npu x3
CO 3HaKOM MWHYC. YBENMYeHue 3a3opa x2 NpuUBOANT K
YBEMUYEHWIO NPOU3BOANTENBHOCTY, Kak W O4HOBPEMEH-
HO€ yBenu4eHne 3a30pa 1 YacToTbl konebaHuit.

BbiBogbl. Ha ocHoBaHUM aHann3a nony4eHHoM Mo-
AENN MOXHO 3aKIHYMTb, YTO PerynmpoBaHie Npon3so-
LVMTENbHOCTM 33 CYET M3MEHEHUs 3a30pa, KOTOpoe pea-
NM30BaHO B BOMbLLUMHCTBE AEMCTBYIOLWWMX CYLUMIIOK, HE
paumoHanbHo. OMEKTUBHEE OKa3blBAETCS perynmpo-
BaHMe 3a CYET W3MEHEHWs 4acToTbl KonebaHus nepe-
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KPbIBAIOLMX MMACTUH, YTO MOXET OblTb AOCTUrHYTO
NCMONb30BaHMEM YacTOTHOrO npeobpasosatens Ans
YNpaBneHus  3NeKTPOABUraTeneM  pasrpy30uHOro
ycTpouncTea [7].

[ns  onTMMW3aUMM  KOHCTPYKUMM  BbIrPY3HOrO
YCTPOWCTBA CYLUMMKN HEOO6XOAMMO WUCCneaoBaTh BRMS-
HWEe LUMPWHbI BbIMYCKHOrO OTBEPCTWS Ha €ro Mpou3BO-
LVUTENBHOCTb.

[ins ncnonb3oBaHus NoMy4YeHHoM 3aBMCMMOCTH (2) B
CUCTEME aBTOMATMYECKOro YNpaBfeHWs CYLWNKOW B
KaXOOM KOHKPETHOM criyyae Heobxoaumo nonyyuTb
3aBMCUMOCTb pacxoda 3epHa OT YnpaBnsioLero curHa-
na 4actoTHoro npeobpasosarens.
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