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MoBblleHMe 3EKTUBHOCTU MHOTUX TEXHOMOTMYECKMX
NpoLEeCCoB B CEMbCKOM XO3SICTBE CBA3AHO CO CKOPOCTbIO
OBWXeHUs maTepuana. B paHHOM crnyyae pacCMOTPEHO
OBWXeHMe MaTepuana no BpalLatoLlemycsl AUCKY B MOSOT-
koBoM apobunke. MHorve ycTponcTea MMELOT BpaLlalolme
BUCKY C NPSIMOMNMHEAHBIMW N KPUBOIMHEHBIMI TONaTKaMy.
Kak npaBunbHO BbIOpaTh nonatky ¢ MakcUManbHON CKOPO-
CTbl0 MaTepuana npu cxofe, 0CTaeTcs BOMPOCOM. B kaye-
CTBE KpUBONMHENHON hopMbl Gbina BbibpaHa nonatka LeH-
TpobexHoro Hacoca. Ha ocHOBaHWM UMeILLEACS KPUBU3HbI
nonatku Nory4yeHo ypaBHEHWE perpeccuit npu NOMOLLM SKC-
NOHEeHUMansHoi  annpokcumauun. Tlo  noctpoeHHon 3D-
Mogenu Obin M3rOTOBMEH PasroHHbIA AUCK 3aKPbITLIA MNOC-
KM QWUCKOM Ans HanpaeneHHOro JBWKeHUs MaTepuana npu
CXxofe C aucka 1 YETKON KapTWHbl ero AanbHerwwero aABuxe-
HWS. [Juck 0fHOBPEMEHHO UMeEeT NonaTku NPSMOMMHENHbIE,

HanpaBneHHble B CTOPOHY BpaLLeHWst 1 MPOTUB BPaLLEHWS.
3KCnepuMeHT NpOBOAMICS NO MapaMeTpaM, COOTBETCTBYHO-
LM MOMOTKOBOIA APOBMITKM, @ MMEHHO, YacToTe BpaLLEHMs
W ouametpy aucka. [onyyeHHble TPaeKkTopuM [BIKEHMS
MaTepuana no3BonsioT CyaAUTb O BAMSHUW KPUBM3HBI nonat-
KM Ha CKOPOCTb 4acTUL, M, COOTBETCTBEHHO, Ha ydaneHue
maTepuana oT Aucka. [Ins pasnuyHbiX 3epHOBbLIX MaTepua-
IIOB TPAEKTOPUN ABWKEHNS aHaAMOMYHbI ANs KaxIomn onat-
ku. B3siB 32 OCHOBY kafp BMOEOCHEMKM, MOXHO C yBEPEH-
HOCTb CyAWTb O HanpaBNeHUM abComMTHON CKOPOCTU YacTuL,
Mo OCTaBNEHHOMY Criefly. BbisiBneHHas TpaekTopus [BuxKe-
HUS YacTWL, C NOMaTOK Pa3NYHON KPUBIU3HBI MO3BOSISIET KOH-
cTaTMpoBaTth, YTo Donee onTUManbHON SBNSETCA NPAMONU-
HeilHasi nomaTka, MO3BOMSIOLLAS MONMYYUTb 3HAYUTENbHYH
CKOPOCTb CXOA@ M MakCUManbHbIA pasneT Yactuy. MomnyyeH-
Hble 3KCnepUMEHTanbHble AaHHbIE O TPAEKTOPUM [BIKEHMS
NO3BONSIOT ONPEAENUTbL CKOPOCTb YacTHLbl M UCMONb30BaTh
9TV pe3ynbTaTthbl B pasnniHbIX LEHTPOOEXHBIX N MOMOTKOBbIX
Apobunkax 1 Jpyrux YCTpoMCTBaxX Ans HanpaBfeHHOro ABU-
XEHWUs MaTepuana.
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Improving the efficiency of many technological processes
in agriculture is associated with the speed of movement of
the material. In this case, the movement of material along a
rotating disk in @ hammer mill is considered. Many devices
have rotating discs with straight and curved blades. Howev-
er, how to choose the right blade with the maximum material
speed during the gathering remains a question. As a curved
shape, a centrifugal pump blade was chosen. Based on the
existing curvature of the blade, the regression equation using
exponential approximation is obtained. According to the con-
structed 3D model, an accelerating disk was closed with a
flat disk for directional movement of the material when leav-
ing the disk and a clear picture of its further movement. Sim-
ultaneously, the disk has straight blades directed to rotation
direction and against rotation. The experiment was carried

out according to the parameters corresponding to the ham-
mer mill, namely the rotational speed and diameter of the
disk. The obtained trajectories of the material movement
allow judging on the influence of the curvature of the blade
on the particle velocity and, accordingly, on the removal of
material from the disk. For different grain materials, the paths
of movement are similar for each blade. Taking the video
frame as the basis, we can confidently judge on the direction
of the absolute particle velocity along the trail left. The re-
vealed trajectory of the movement of particles from the
blades of various curvatures allows stating that a rectilinear
blade is more optimal, which allows obtaining a significant
vanishing speed and maximum dispersion of particles. The
obtained experimental data on the trajectory of motion make
it possible to determine the particle velocity and use these
results in various centrifugal and hammer crushers and other
devices for the directed movement of material.
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BeepeHue

3epHoBble MaTepuanbl, MUHepanbHble yaobpe-
HUS U Apyrie Cbinyyne Matepmarbl Npy BbINOMHEHUM
TEXHOIOTMYECKUX onepaunuin 4acto pasbpackiBaioT
BpaLLaloLM auckom ¢ nonatkamu [1-3]. Hanbonee
4acTo B 9TUX CRy4yasix UCMONb3YTCSH MPAMOMMHEN-
Hble fionaTku, 4To 0ByCMNOBIEHO NPOCTOTON U3rOTOB-
NEHsI, YCTaHOBEHHbIE pagnanbHO WK MOA YITOM.
B ueHTpobexHbIX Hacocax U BEHTURATOPaX WUCMOMb-
3YKT KPUBOMWHENHbBIE NONATKK C M3rnbomM B CTOPOHY
BpalLeHns U NpOTMB BpaLleHus aucka [4]. Hecmotps
Ha 9TO OCHOBHbIM KpUTEPUEM OMTUMM3ALMM BO BCEX
YCTPOWCTBAX Yalle BCEro BbICTYNaeT CKOPOCTb ABW-
KEHWUS MaTepuana npu cxoge ¢ nonatku. OHa byoeT
3aBUCETb OT (PU3NKO-MEXAHWYECKUX CBOMCTB MaTe-
puana, KOHCTPYKTUBHBIX W TEXHOIOrMYeckux napa-
METPOB YCTPOMUCTBA.

Llenb uccnenoBaHus — onpegeneHve suga no-
naTkW, BNUSIOLLEN Ha CO3AaHMe MaKCUMasbHON CKO-
POCTM YaCTULbI NPU CXOAE C Hee.

06beKTbl M MeToAbI MccneaoBaHUM
[aHHas npobnema BO3HMKNA MPU M3yYEHUU MO-
NOTKOBOW APOOMMKN C BEPTUKANbHLIM BanoM poTopa

W Pa3rOHHbIM AMCKOM, Ha KOTOPbIV MOAAETCS 3epHO-
BOW MaTepuan v nocre pasroHa yAapsieTcs 0 AEKy.
A3B€CTHO, 4YTO NpM LBUKEHUN YacTuLbl NO nonat-
ke BpallaloLiero aucka obpasyeT CroxHoe [Buke-
HWe: nepeoe — BpallyaTeNbHoe BMeCTe C [MCKOM U
BTOPOE — NepemeLLeHe No NOBEPXHOCTW NonaTky.
Pe3ynbTupyloLLas CKopoCTb BblneTa YacTuLbl C AuC-
ka ONpefensieTcsl HanpaBneHWem [ABYX BEKTOPOB,

3arnncaHHbIX B YpaBHEHUW:

—abc _ e —
v T vm{p + Vpon,

rae U, — OTHOCUTENbHAS CKOPOCTb ABWKEHUS MO
[CKY;

=€
vﬂﬂp — NepeHoCHasa CKOpPOCTb ABWXEHWA Ouc-

KOM.

Bo3mOXHbl 3 OCHOBHbIX BapuaHTa HanpaeneHus
nonarok (puc. 1) ¢ pasnuyHon KPUBM3HOM.

Kak BWOHO W3 pucyHKa 1, reOMeTpust 1 Hanpaene-
HME nonaTku BNWSAIOT Ha abCOMTHYK CKOPOCTb M
HanpaerneHue Yactuubl. OgHako, Kak bbIno BbISBIIEHO
paHee [5], 6onbLIOE 3HAYEHWe Ha YacTuLy npu CBO-
BoaHom nonete 6yaeT okasblBaTb BO3AYLUHbIA MOTOK.
[pn uccnegoBaHM 3aKOHOMEPHOCTEN [BUMXEHUS Ma-
Tepuana bbinu y4TeHbl pekomeHgaumm [6, 71.
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[ina aKkcnepuMeHTanbHOro UccnefoBaHus 3a oc-
HOBY KPWBOMWHENHOW nonaTtku Obina B3sTa reomeT-
pYs NIonaTok LieHTPobeXHbIX HacocoB (puc. 2) [4].

[ins o4HOBPEMEHHOM NPOBEPKU ABWKEHNS YacTuL,
C Pa3rnyHbIX NONAcTen Ha OLHOM AWUCKE BbINOMHUIN
3 BapuaHTa pacrnofioXeHus NONaTok: paguarbHble,
KPMBOSIMHENHbIE C U3rMBGOM B CTOPOHY BpaLLeHus 1

NPOTVB BpaLLeHns. 3a OCHOBY KPUBOMMUHENHON chop-
Mbl Obina B3siTa nonatka Hacoca LIHC-300. Ha ocHo-
BaHUM WMEIOLLENCH KPWUBU3HBI TIOMAaTKW MOSyYeHO
YpaBHEHWE perpeccuyt npy MOMOLLM 3KCMOHEHLManb-
HOW annpokcumauun (puc. 3). BennunHa gocrosep-
HocTu annpokcumamn 99%.

0 B

Puc. 1. Budbi pacnonoxeHus Jonamok:
a— npomus epaujeHusi; 6 — 8 CMopoHy epawjeHusi; 8 — paduasnbHoe

AR 300
Rmeeccons 052, (@=199)

ATB- 150

ATV 2005 (155

Puc. 2. lMpogpunu nonamok pabo4ux Konec yeHMpPobeXHbIX MHO20CEKYUOHHbIX HACOC08

Tabnuua

Mapamempe1 paboyux Konec Hacocoe

Tun, mapka Hacoca Hanop, m MponssoanTensHoCTb, M3/4 | Ynucno obopoTos | Yron pa3BopoTa nonatku
LHC-300 60 300 1450 118%’
AAMN 3-300(K) 59 300 1450 121032
AAN 3-150 58 150 1450 118%’
LHCLLU-300 63 300 1450 142
A3E 630-225.8 2258 630 2970 133°24°
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Puc. 3. KpususHa nonamku u ypaeHeHue annpokcumMayuu

Mo NOMYYeHHbIM AaHHBIM BbIfM NOCTPOEHbI KpK-
BOJIHENHbIE (POPMbI Ha CeTKe ¢ fyenkon 1x1 cm B
CTOPOHY BpaLLEHUs 1 NPOTUBOMONOXHYK CTOPOHY
(puc. 4).

[ns ncknioyeHus pasneta yactuy 1 bonee yetko-
0 NpeacTaBneHns TPAeKTOpUM [ABWKEHWS YacTuu
QUCK C ronaTtkamu  3aKpblik  NAOCKMM  OUCKOM
(puc. 5).

OKCNepUMEHTbI MPOBOAUIUCL MPU YacToTe Bpa-
weHust aucka 3000 ob/muH. (314 ¢ ') u gnametpe
pucka 400 mm. [laHHble napameTpbl COOTBETCTBYHOT
KMHEMATUYECKMM W KOHCTPYKTMBHBIM MapameTpam
MOSIOTKOBOW [pOBUIKM C BepTUKamnbHbIM POTOPOM
[5]. Wcnonb3yemble maTepuanbl — MNpPOCO, SYMEHb,
nweHnua. TpaekTopum OBMKEHNS YaCTUL, NpK cxoae
C u1cKa npefcTaBneHbl Ha pUCYHKe 6.

G

Puc. 4. Jlonamku kpusonuHelHol ¢hopmbi

/13 pucyHka 6 BUOHO, YTO pasneT ¢ NPSMONWHEN-
HOM nonaTku uaet no bonbLiemy paguycy, 4To roBo-
puT 0 Gonbluei abCoMTHON CKOPOCTW, NO CPaBHe-
HUWIO C KPUBOSTMHENHBIMMW.

TpaeKkTopun OBUXEHUS A1 Pa3NUYHbIX MaTepua-
I0B aHanornyHbl Mo OAHWM nonatkam. Hanoxum Ha
TPAEKTOPUM OBWKEHNS MaTepuarna CXemy CKopocTeil
(puc. 7). Mpn 3TOM NEpeHocHas CKOPOCTb Aucka Co-
CTaBuT ﬁfﬂp = 62,8 m/c. B MOMEHT 0TpbIBa 3epHOBKM

OT AWCKa N0 NPSIMOMMHENHON fonaTku €€ OTHOCK-
TenbHas CKOpoCTb paBHa 71 M/C 1 HanpaBneHa pa-
AnanbHo OT LeHTpa BpalleHus [5]. [ns nonatkm,

HanpaBreHHO B CTOPOHY BpaleHust T, = 53 mc,
B CTOPOHY MPOTMB BpaLLeHns U, = 73 M/C.
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Puc. 5. 3D-modenb ducka ¢ nonamkamu

6

Puc. 6. ®omo cxoda yacmuy, ¢ 1onamok epaujarouje2ocs ducka:
a - npoco; 6 - sYMeHb + nweHuya

B utore umeem makcumanbHyto abCcomtoTHyHO CKo- [ns noaTBepXAEHMS TPaeKTOpUW ABWXKEHWUS Ya-
POCTb YacTuL, C NonaTku, HanpaeneHHoi B CTOPOHY  cTUL, MO HampaBneHnio aBCoMOTHOM CKOPOCTH COOT-

BpaLleHn4. OpHako 3a cyeT Gonbluero conpoTuene- BeTCTByIOLIJ.eﬂ fonaTkM paccMOTpUM Kafp BWaeo-
HUA BO3OYLLHOMY NOTOKY pa3neT Yactul npoucxogut CbEMKM (pMC. 8)

Nno MeHblleMy paguycy No CpaBHEHUO C NpAMOnn-

HEMHO NONaTKOM.
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Puc. 7. Cxema ckopocmeil npu cxode yacmuy ¢ ducka
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Puc. 8. Tpaekmopus deuxeHus yacmuy, npu cxode ¢ jonamok (3a t=0,0002 c)

A3 pucyHka 8 BUOHO, YTO HanmpaBneHue YyacTuLbl
(cnen) cooTBETCTBYET HanpaBneHulo abcontoTHOM
ckopocTu. IMpu 3TOM No AnuHe cnepa (cetka ¢ a4en-
kon 1x1 CM) MOXHO CyAuTb O CKOPOCTU YacTuubl. [ns
NPAIMOSIMHENHOW nonaTtku crel 4-5 CM roBOpUT 0
ckopoctu 80-100 m/c.

BbiBoabl

1. BblSIBNeHHas TpaeKkTopus ABMXEHUS YacTuy, C
nonaTok pasnnyHON KpPUBM3HbLI NO3BOSSET KOHCTATU-
poBaTb, 4YTo Bonee onTUManbHoON SBRSETCH NPSMO-
NMHEeHas nonatka, No3BoNALLAs NONYYUTb 3HAYU-

TENbHYI0 CKOPOCTb CX0Aa Vaee = 94,78 M/C n mMakcw-
ManbHbIA pasnet YacTuy. CKopocTb YacTulbl ¢ Kpu-
BONMWHENHON IonaTkX, HanpaBMNeHHOW B CTOPOHY
BpaLLEeHW, cocTaBnseT Vs = 97,8 Mic, a Hanpas-
NIEHHONW B MPOTMBOMOMOXHYK ~ CTOPOHY
Vase = 64,9 M/C.

2. lNonyyeHHble 3KkcnepuUMeHTarnbHble AaHHbIE O
TPAEKTOPUM ABWXEHUS MO3BONSIOT ONPeaenuTb CKo-
POCTb YaCTULbl M UCMONb30BaTh 3TU pe3ynbTaThl B
PasnUYHbIX LIEHTPOBEXHBIX U MOSOTKOBBIX Apo6un-
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NPOLIECCHI U MALLUWHBI ATPOUHXEHEPHbIX CUCTEM

Kax 1 gpyrmux yCTpOVICTBaX Ana HanpasrieHHOro ABun-
KEHNA MaTepunana.
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b.C. Komnaneeu, C.®. HecbepoB
B.S. Kompaneyets, S.F. Nefedov

AHANW3 PABOTbI SNEKTPUYECKON 3ALUUTBI
HA OCHOBE BbIAENAEMOW 3HEPI U KOPOTKOIO 3AMbIKAHUA

ANALYSIS OF ELECTRICAL PROTECTION OPERATION BASED
ON RELEASED SHORT CIRCUIT ENERGY

v

Kntoueebie cnosa: 6e30nacHocmb 31ekmMpoycmMaHo8oK,
KOPOMKOe 3aMblKaHue, hepexoz NnposodHUKa, noxap,
mennogoli banaHc.

Keywords: electrical installation safety, short circuit, wire
thermal break, fire, thermal balance.
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