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supply using an ejector in order to evenly load the sieve by selecting the optimal diameter of the inlet connection
pipe of the crusher. The paper considers an urgent issue of assessing the effect of the diameter of the inlet pipe of
the DKR-1 grain hammer crusher on its performance and energy consumption. The studies of the DKR-1 crusher
were carried out as part of a feed preparation line. Curved blades were additionally installed to study the effect
of aerodynamic characteristics on the rotor. The results of conducted experiments have determined that with a
sieve hole diameter of 6 mm and a hose diameter less than 70 mm, the crusher collapses, which leads to a sharp
decrease in its productivity. Additional experiments with blades mounted on the rotor with a diameter of 420 mm
showed that the productivity of the crusher was limited by the diameter of the hose with a diameter of less than
70 mm. When examining the diameters of the suction hoses, the optimal diameter 100 mm was determined for the
crusher DKR-1, which allowed to increase the productivity of the crusher to 1650 kg/h. The grading analysis of the
crushed grain obtained on sieves with a hole diameter of 8 and 10 mm shows that the feed meets the requirements
of National State Standards. When grinding on a sieve with 8 mm holes, the number of whole grains is 2.00 %,
10 mm — 3.54 %.

Key words: pipe diameter, grain, blades, hammer crusher, productivity, whole grains, specific energy
consumption.
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OUHAMUKA OBUXEHUA KNYBHEWU NO PABOYNM OPFTAHAM
ANCKOBOIo BOPOXOOYUCTUTENA

MBaHoB Anekcen NeHpuxoBuy =, KoctuH AnekcaHgp Bnagumuposuy,
ApcnaHoB ®aHuc Pawmpaosuy, llomaeB AnekcaHgp AHapeeBuny,
BopoHuoB KoHcTaHTUH JleoHngoBuy

Yamyptckuinn FAY, Nxesck, Poccus
ivalgen@inbox.ru

Annomauusa. Bosdenvisarnue kapmogpesis A8IACMCA CILONCHLLM MHO20IMANHBIM NPOUECCOM, BANCHYIO
POJIb 8 KOMOpPoOM 8blnosiHsem dopabomrka kKapmoghesis neped 3axaadkol Ha xparenue. JJopabomka skouaem
6 cebs npuemKy 60poxa, pachpedesieHue e2o, OUUCMKY OM NOYGEHHbLX U PACTMUNESbHbIX npumeceli. Yoasernue
HEeKOHOUUUOHHBLY KJLYOHel, Kanubposarue Ha GPpaAKuUL NO PA3MePAM U PA3MeuLeHue mo8apHo20 Kapmogess
8 OyHnKepax Ha xpanenue. B pabome desnaemes ynop nHa évbidesieHue u3 60poxa noueeHHbix npumeceti. s amoii
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uesiu npeosodcer paspabomaHHbLll A8MOPCKUM KOJIJIEKMUBOM OUCKO08bLL 8opoxoouucmumenn. On umeem npo-
CMYI0 U KOMRAKMHYIO KOHCMPYKUUIO, CO0CPHCAULYI0 PAMY U MPU 8AJA C OUCKAMU, PASMEULCHHLIMU HA 8AJIAX
¢ 3a30pamu, 00OCMAMOYHBLMU OIS NPOCEUBAHUA Yepe3 HUX nousbl. [Ipedcmassieno onucanue npuryuna pabomot
mawunsvt. JIns 060cHo8aHUs napamempos yempoticmaa 6viia pa3pabomana mMamemamuieckas Mooesb Ou-
HAMUKU 08UdCEHUs cghepureckoeo KayoHs no mopyam oucka. Modenv onupaemcs Ha 3aKOHbL MeOPemuuecKoll
MEXAHUKU, 8 YACMHOCMU, HA YPABHEHUS OUHAMUKUL 8 ecmecmeeHHol gopme. [lokazar nodxod K nosyueHuro
ougpgbepeHuaibHbLX YPABHEHUL 08udceHus KayoHa. Onucarn cnocob peuwerus ouggeperyiaibH020 YPAGHEHUSL.
Ilymem pacuemos 6bi10 YCMaH08J1eH0, Yo YCMoluugoe 3aKamoiéarue KaybHet no mopuam ouckos 88epx 603-
MONHCHO C HAUAIbHO20 Yena @, = 60...65° a ompoie kaybreli npoucxodum npu yane 149°. Meoswcocesoe paccmosnie
Medncoy 8anAMU B0POXOOUUCTRUMETS CJledyem 8blOUPaAmMby KaK Pa3 U3 mex YCao8uti, N0dmomy OUCKU YACTNULHO

3ax008Mm 8 NPOCMPAHCMEBO MeHCOY OUCKAMU COCCOHe20 8aia (a

<0,5(d+d,), a,,<0,5(d,+d.)).

wl

Knwuesnie caiosa: 60pox, npumect, 80poOX00UUCMUMEeSb, NPUBOOD, OUCKO8bLIL 8QJl, 8PAU,eHUe, YPABHECHUS

0unamuicu, mpenue KQ4eHUuA.

Jna yumuposanus: J[unamura osudsxicerus Kayorel no pabouum opearam OuUcKk08020 80POX00UUCMUINE-
as / A. I Heanos, A. B. Kocmun, @. P. Apcaianos [u op.] // Becmuuk Hyicescroll 20¢y0apcmeerHoll cesibCKoxXo-
3aticmeernrnotl akademuu. 2025. Ne 1. (81). C. 155-162. https://doi.org/10.48012/1817-5457_2025_1_155-162.

AxryasnbuocTh. BosmenwiBanme waptodess
MMeeT BasKHOe 3HaUYeHUe JJIS HapOIHOTO X03SIUCTRA
CTpPAaHBI, /I 00eclleueHns ee IPOI0BOIBCTBEHHOM
6esomacHocTu. Kaprodess xoporro xpaHuTes, co-
XpaHss CBOM IIOJIe3HBIE CBOMCTBA, OIHAKO, Tpe-
Oyercss coOJIIOIEeHNEe TEeXHOJIOTHYECKUX PEesKIMOB
XpaHeHus1, obecredyeHrie HEOOXOIUMON TeMIepa-
TYPBI M BJIAKHOCTH. J[JIsT 9TOM 1€ IIPpUMEHSIIOT-
¢l KapTodesIeXpaHWIINILA C KOHTPOJHPYEMBIM
MuKporauMaroM. OIHAKO HANPAMY, «C TIOJISY,
3aKJIaIBIBATh KapToesb HAa XpaHeHWe HeJIb3d.
Ilocste ybopku Bopox KapTodesis UAeT 3arpa3HeH-
HBIM IIOYBEHHBIMH IIPUMECIMU, HEKOHIUIIMOHHEI-
mu kiayoramu. JlopaboTka kaprodesis mocie yoop-
KW, IIpY 3aKJIaJKe Ha XpaHeHUe U IIPU MOATN0TOBKE
K peajn3alliy WJIM HA CeMEHHBIE IIeJIN SBJISIeTCS
BAKHBIM JTAIIOB B IIWKJIE BO3IEJIBIBAHUS KapTO-
dens 2, 5, 7, 9, 11, 12]. Oru onepaliuu ABJIAOTCS
PUHUITHBIMY U TPUAAIOT KapTodesro TOBAPHBIN
Bup [1, 8, 12, 13-15]. OxHoit 13 omepaiuii ABJIIETCS
OT/IeIeHNe TIOYBEHHBIX U PACTUTEIbHBIX IIPUMECeH
oT Bopoxa kaprodens [7, 12, 17, 18]. aa ornene-
HUS IIOYBEHHBIX IIPUMeCel IIpeaIaraeTcst UCIojIb-
30BATh OWCKOBBI BOPOXOOYMCTUTENb. IJTOT THII
pabodero opraHa OTJIMYAETCA IIPOCTOTOM KOH-
CTPYKIIUYM, BBICOKOM ITPOITYCKHOM CIT0COOHOCTHIO,
OepesKHBIM OOpallleHueM ¢ 00padaTbIBaeMBIM Ma-
TEPUAJIOM ¥ XOPOIITUMHU MOKA3ATEIIMU BbIIeJICHU S
npumMeceii. Ho nannabsie paboune oprassl B 001acTH
BOPOXOOUHCTHUTEJIEH He TAK IIIUPOKO PACIIPOCTPaHEe-
HEBI ¥ HET PACYETHBIX MOJEJIeH I/ UX IPOEKTHPO-
pauus. O60CHOBaHME ero MapaMeTpOB U PEsKIMOB
paboThl HA OCHOBE JUHAMUKH TIOBEIEHUS KJIyOHeH
Ha pabouynx opraHax UMeeT BaskHoe sHadeHne. Paa-
paboTKa MaTeMaTHYeCKOH MOJeJU II03BOJIUT CO3-
IaTh yCJOBUA IJIs (pOpPMAJIM30BAHHOI'O IITPOEKTH-
POBaHMS IIOTOOHBIX MAIIWH MJIN JIUHEMKA MAIINH
Pa3HOM ITPOU3BOTUTETHHOCTH.

IHenr mccnemoBammii: paspaborars Marema-
THYECKYI0 MOJeJIb TUHAMUKN JBUKEHUS KIIyOHe!
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KapTodess mo pabouynuM opraHaM LUCKOBOI'O BOPO-
XOOUYHCTHUTEJISA.

3amaun uccaemosanua. Onucars mIpegarae-
MY KOHCTPYKIIHIO JHUCKOBOIO BOPOXOOYMCTUTEJIS;
paspaboTarh MOIeIb JUHAMHUKH JBUMKEHUA KIIyO0-
Heil mo pabouymM opraHaMm; MHOJYYUTh YHUCJIOBBIC
3HAYEHUS IIapaMEeTPOB YCTPOMCTBA.

Metonst wuccaenoBanusi. OObexTOM wCCIIE-
JIOBAHUS SBJISETCS JTUCKOBBIM BOPOXOOYMCTHUTEJb,
IIpeaMeT WCCHEeNOBAHUS — MAaTeMaTUUecKas Mo-
Jenb OBUMKEHMA KJIyOHel 1m0 paboumM opraHam
JHUCKOBOIO BOPOXOOUNCTHUTEIS.

[TpuMeHnsaIHCH METOOBI TEOPETUYECKON MeXaHu-
KM (DUHAMMEKA ILJIOCKOIAPAJLICILHOIO IBUKCHMIS
TBEPJIOr0 TeJia), METOABl KPUTHUYECKOr0 aHAJIN3a,
METOIBI PelleHus auddepeHIInaIbHbIX ypaBHe-
auti. [lpu pemennn guddepeHInaIbLHBIX YpaBHEe-
Huit mpuMmensiics Mathcad.

Pesynbprarer mcciemoBauwuii. J[MCKOBBIM BO-
POXOOYMCTUTESH HWMEET IIPOCTYH KOHCTPYKITHAIO
(puc. 1). YerpoiicTBO IIpeacTaBisieT co00i paMHYIO
KOHCTPYKITHIO C TPEMS JUCKOBBIMHY Basiamu. Jlucku
UMeIOT pasdHble quamerpsl (d,<d,<d.).
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Pucynor 1 — Cxema nuckosoro
BOPOXOOYHUCTUTEA

Jlvcku BpamiaioTcss B OJHY CTOPOHY CHHXPOH-
HO, TO €CTh C OJWHAKOBBIMU CKOPOCTSIMH, 34 CYET
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YaCTOTHO-PEryJIMPYEMOro IPUBOJIA ¢ IEITHOM IIepe-
maveit. Jlucky ycTaHOBJIEHBI HA BAJIy C 3a30pPOM,
JIOCTATOYHBIM [JIS IPOXOKICHNS IOYBEHHBIX IPHU-
Mece#l, HO KJIyOHU KapTodessi He MOTYT IIPOUTH
MEKIy TUCKAMU. YBeJIUdYeHre JUAaMEeTPOB TI0 X0y
IBUIKEHUSI BOpOXa KapTodesiss IM03BOJISIeT yBeJIU-
YUTH UX OKPYKHYIO CKOPOCTE.

IIpuuiun paboTel MaIMHEL Takoil. Bopox kap-
To(hesIsT ¢ IIOUBEHHBIMH IIPUMECSIMMU IIOCTYIIaeT
Ha paboure opragbl. OH orubaeT IepPBLIN BAJI C IHC-
KaM¥, ¥ BOPOX HAUYMHAET Pa3esIsaThCA. 3a CUYeT
B3aMMOJIEHCTBUS CO CJIEAYIONINUM JTUCKOBBIM BAJIOM
IIPOMCXOIUT PACCPETOTOUCHNE KOMIIOHEHTOB CMECH
no piauHe BopoxoouncTuresid. Ilousa adpdexTrBHO
OTHEJIAETCA OT OCHOBHOI'O BOPOXA, KPOIIUTCS 1 IIPO-
CBHITTAeTCSI BHU3. AHAJIOTMYHBIN IIPOIECC ITPOVCXO-
JIUT Ha CJIeAYIOIEeM JTUCKOBOM BAJTY.

Ha pucynxe 2 moxasausr 3D-mMomesrs TUCKOBOTO
BOPOXOOYHCTHUTEJIS ¥ €TI0 OOIIMI BUI.

Paccmorpum  kayOenb wkapTodesis, KOTOPBIH
IBHUIKETCS II0 BPAIIAoIeMycs JUCKY (pHc. 3).

HccmeopanmeM  BOIIPOCOB  KAYEHUST KJIIYOHS
0 IUJINHIPUYECKON MOBEPXHOCTH 3aHWMAJINChH
Maxcumos JI. M., Urnarees C. I1., UBanos A. T,
Koctuu A. B. [13]. BaaumogeticrBue KayOHS ¢ II0-
BEPXHOCTHIO TOAIOIIETr0 TPAHCIOPTEpa SBJIAETCS
TOJIOHOMHOM HeyJep:KHUBalolleil HecTallmoOHApPHON
cBs13b10. Tak Kak KJIyOeHb KATUTCS BOKPYT MOBEPX-
HOCTH HHJIMHIPHUYECKOro Oapabama, HAOpaHHOIO
M3 JUCKOB C paguycoM d, TO yI00HO MCIIOIb30BATh

€CTEeCTBEHHBIN CcII0co0 3amaHus ABMKeHUs [16]. 0
Beemem ecrecTBeHHYIO cHCTeMy KOOPIMHAT, CBS- Pucynor 2 — JIuckoBbIii BOPOXOOYNCTUTEIIb:
3aHHYy0 ¢ 6apabanom. KacarenpHyo ocs Ot Hampa- 3D-monens (a) u 06mumit Bux ()

BUM II0 KAcaTeJIbHON K TPAGKTOPUM IIEHTPA MAacC
KJIyOHSI, HOpMaJIbHYI0 ocb On HaIpaBUM K IIEHTPY
OapabaHa.

KiybGens warurcss 1o BpalamomeMycs uc-
KOBOMY OapabaHy moj [IefCTBHEM CHJIBI TSiKe-
CTH mg, CHJIEI TpeHNd F, HOpMAIbHOM peakiuu N.
Ws-3a medopmarimy moBepXHOCTH KJIYOHST HA KITy-
OeHb JeHCTBYIOT MOMEHT TpeHus kadenus M = 6N
(6 — rooppuimenT Tperna kavenus). g onpeme-
JIEHHWs TOJIOXKEeHNA IIeHTpa Macc KiayOHa Toukn O,
BBeZIEM YTOJI TIOBOPOTA PaaUyC-BEKTOpA (@, UYTO SIB-
JISIeTCSI TOCTATOYHBIM JIJIST CHCTEMBI C OJTHOM CTere-
HBIO0 CBOOOIBI. 3aIMCHIBAEM yPABHEHUE JIBUKEHUS

KJIyOHSI 110 BpalamoIiinemMycs: bapabaHy B eCTeCTBEH- Pucynor 3 — Pacuernas cxema o0kaTku
Hoit hopme: cepuuecKoOro KJIyGH MO JUCKAM
d;
ZFT =mat;m(—+r)c'p =-—-mgsine + F,
2 CTBEHHO YIJIOBAs CKOPOCTH M YTJIOBOE YCKOpPEHME

@®

II0BOPOTA PASUyC-BEKTOPA; M — Macca KIyOHs, K.
Banummem gudgdepeHInaabHoe YPaBHEHHE TH-
HAMJKH BPalllaTeJIbHOI0 JBUKEHI:

d.
ZFn:ma"; m<?l+r)(p2 =mgcosg — N,

roe di — guaMerp I-TOro JUCKOBOro bapabawHa, M; 1 — .
pazgmyc mapoodpasHoro KIyoHs, M; @, ( — COOTBeT- I0=Fr—M, @)
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e I — MOMEHT WHepIUU Iapoodpas3Horo KJyOHsd,
Kr'M%; { — yIJIoBOE YCKOpeHHe COOCTBEHHOTO Bpalie-
HUA KJIyOHsA, pan/c?; { — yroj moBopoTa cOOCTBEHHO-
T'0 BpallleHus KJIyOHs, pas.

Kunemarnueckass cBsI3b IIpu IIepeKaThIBAHUU
cheprueckoro KIIyOHS OTHOCHUTEJIBHO TOPIIOB Bpa-
MIAONTUXCS JUCKOB MMEeT BU/I:

fhr)ertire 0

TJe 1) — YyroJI OBOpOTa JUCKOBOro 6apabaHa, pas.
JBaxxaer nuddepeHiiupyem BoipaskeHue (3),
BRIDA¥KaeM (, yYUTHIBAs, YTO TUCKOBBIH GapabaH

BpAIlaeTcs ¢ IIOCTOSHHOMN YIVIOBOM CKOPOCTBIO 1] =
® = const, To ectb fj = 0.

t=o(M5) @

IoncraBistem yriioBoe { B ypaBHeHUe (2), BEIpa-
JKAeM CHJTY TPEeHUs:

.. di+2T M
F=I(p( 2r2 )+7

Ornormrenue kKoapuirmenTa TpeHUS K Paguy-
Ccy Ha3bIBaeTCsI HPUBEIEHHBIM K03QMUITMEeHTOM
f'=0/r, Torma

. di+27" ,
F=1cp(2r2 )+fN. ®)

HopmanbHyio peakiiuio BeIpaskaeM U3 BTOPOTO
ypaBHeHus cuctemsr (1):

d; o
N:mgcoscp—m(?+r>(p. (6)

IToncrasnstem BeIpaskenus (5) u (6) B mepsoe
ypaBHeHue cuctemsl (1):

(di4_ )..__ . 1..<di+-2r)
m\5 +7)o=mgsing — 19—
d; )
+f’<mgc05(p—m(7+r)(p2>. (7

Tlocste mpeobpasopauus (7) mosyyaem JIMHEH-
Hoe auddepeHIInaaIbHOEe ypaBHEHNE BTOPOro II0-
pAnKa:

. 72 er _
o+f'e g

I + mr?

2(sin@ + f' cos @)mr?
T +mro)(d, +2r) ~ ©
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VYpasrenwue (8) momycKaeT IIOHUKEHTE TTOPSIKA,
€CJIH BBECTH HOBYIO GyHKIIIO P = ¢?, momyanm:

-5 - 22 (2)-

dt)  dtde\dt
d 1d 1d
. oy — = 52) = =
S bz @ =33, @) =7 ™)
1dP g .
5%4— P = B(sing + f' cos @), )

2mr?

A=p () =
=/ [+mrz)’ _‘g(l+mr2)(di+2r)'

rae A — 00001IeHHBIT K03 QuIineHT TpeHusd; B —
IIPUBENEeHHEBIA IapaMeTp yCKOPEHHS CBOOOLHOIO
najgeHud, c>.

Vpasuenwne (9) aBiasgeTcsa JUHEHHBIM HEOIHO-
POIHBIM, pellleHHWe OyJeM HMCKATh B BHUAE CYM-
MBI OOIIEro peIIeHus OJHOPOJHOI'0 ypPAaBHEHUS
M YaCTHOTO PelIeHns HeOTHOPOIHOr0 YPABHCHUI:

P=P+P (10)

[TpupaBusem mpaByio dactb ypaBHeHus (9)

K HYJIIO:

AP ap=0
2do o

Perrernne ofHOPOJHOTO YpaBHEHUS UMEET BUJT:

In|P| = —2A@ + C4,

rae C, — mocTossHHAA WHTETPUPOBAHHUS.
[Tocsre mpeobpasoBaHUS TTOJTYIUM:

P = POeZA(‘pO_‘p), (11)

rae P, — HavasbHOe 3HaveHue MyHKIIUU IIPU Ha-
YaJIbHOM yTJIE .

YacTHoe pelieHre HEOJHOPOTHOTO YPaABHEHUS
MpUMeT BU/I:

P*=D sin ¢ + E cos o, (12)

rame D u E — HeompenesieHHBIEe K02(D(QUIIHEHTHI,
KOTOPBIE OIPEIeISIOTCS IIyTeM II0JICTAHOBKHU
YaCTHOTO PeIleHUsI B NCXOTHOEe ypaBHeHUe, ¢ 2,

Bepem mpoumssomuyio dP*/d@ oT BBEIpameHus
12):

dpP* 5 i
= Dcos@ — Esin@.
do (13)

[Moxcrarasem (12) u (13) B ypaBuenue (9) u 1mo-
JIyJdaem:
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1
E(Dcosq)—Esincp) + A(Dsin@ + Ecos@) =
= B(sin@ + f' cos @).

[IpuBoguM mOmOOHEBIE cllaraeMble M HAXOIHUM
koapuimenter D u E:

1 1
<AD - EE) sing + (AE + zD) cos@ =
= B(sin@ + f' cos @).
[Toyuaem cucremy IBYX JIMHEHHBIX YPABHEHUI:

D= 2B(2A+f") ’
4A2+1
(4A2+4Af'-1)

4A%2+1

1
AD—SE =B,
2 =

AE+%D:Bf’, E:B( ) (14)

Bripasxenwne (10) mpumer Bujg ¢ yuerom (11),
(12) u (14):

_o) L 2BCA+ST)
P = Poet O+ — et S
(44% + 4Af' — 1)
B A 11 cos @. (15)

W3 mavaabHOTO yC/IOBHA, UTO IIPH YTJIEe @ = @
CKOPOCTH IIEHTPA Macc KJIIyOHS paBHA U, HAXOAUM
corsracuo (15):

2 2 r__
s <(4A + 4Af 1))‘

4A%2 +1
2v 2 (4A% + 4Af" = 1)
PO_(d,-+2r) _B< 447 +1 ) (16)

CropocTh IIeHTpa Macc:

(i
Ve = @(3+r), 17)
2B(2A+ ")
N = 2A(po—@) 4 > 7 7
@ <Poe + 247 71 sing +

5 (44% + 4Af' — 1) 03
447 + 1 cose]

Pacuer mo opmyne (17) ¢ yuerom (16) Bemem

JI0 TeX TOp, MOKA He IIPOM30MJIeT OTPHIB KJIIyOHS

oT bapabana (HopMaJIibHASA peakIius 10 opMmyJie

(6) crameT paBHOI WJIM MEHBINEH HYJIS) WU KJIY-
OeHb IepeieT Ha cJieayomui Oapabam. Yka-
3aHHAs MOJeJb II03BOJIIET WPOBECTH AaHAJIN3
¥ BBISTBUTH BJIMSHWE ITApaMeTPOB JUCKOBOTO BO-
POXOOUHCTHUTEJISI HA CKOPOCTH JIBUMKEHHS KJIIyO-
Hell KapTodesis IO TOPIAM BPAIIAIOIIUXCS JIHC-
koB. Jly1a pacueToB mo mepeMerieHnIo IMeHTpa Mace
KJIyOHS TpebyeTcss TMPOMHTErPHUPOBATH BHIpAKeE-
aue (17). MaTerpan Oymer He OepyIHMCSI U ero
MOJKHO PEITUTD YUCJIEHHBIMHU METOIAMY C UCIIOJTh-
soammeMm Mathcad. Ycramosieno, uro mpum pas-
JINYHBIX COYETAHUAX JUAMETPOB JUCKOB U pa3Me-
POB cheprUuecKrX KJIyOHEeH MMeTCsA 00Imre 3aK0-
HOMepHOCTH. J[BuikeHMe KIyOHEH HCCIIeI0BaIOCH
mpu guamerpax guckos 150...500 mMm. He ObL10
BBISBJIEHO HAJWYMS JKCTPEMYMOB HA BHIOpaH-
HOM JHAalla30He M3MeHeHus: quaMeTpoB. [loaTomy
IPU W3TOTOBJIEHWU OBLIM HA3HAYEHBI JTUAMETPHI
M3 KOHCTPYKTHUBHBIX COOOpaskeHWN W IIPU CO-
OT0IeHNY HAWMEHBITUX BO3MOKHBIX pPa3MepoB
JIJIsT CHUSKEHU S 3aTpaT Ha U3TOTOBJIEHNE MATITUHBI
(d, = 200 mm, d, = 230 MM, d, = 260 mm). YcToii-
YUBBIH MIOIBEM JUCKOB IIPOUCXOIUT IIPH YIJIe pac-
TOJIOXKEHUS pPaNyc-BeKTOpa IIeHTpa Macc KJIy0-
HA @, = 60...65° 110 OTHONIEHWIO K TOPUZOHTY. OTH
JaHHBIE XOPOITIO COTJIACYIOTCS C pe3yJIibTaTaMu
JIPYyTUX aBTOPOB, IIEPEUYUC/IEHHBIX B cTaThe [9, 11,
13]. Ilpu mepexose yepe3 BEPXHIOI TOUYKY IIPOWC-
XOJIUT CMEHA HAIIpaBJIEHUS COOCTBEHHOTO Bpalle-
HUS KJIYyOHS U 3aTeM CKaThIBAHUE ero JI0 MOMEHTa
OTPBIBA OT TOPIOB JHCKA. B MOMEHT oTpBIBa HOP-
MasgbHasd peakrnus N CTAHOBUTCS PaBHON HYJIO.
OTO TMPOUCXOAUT MPU YTJI€ PACIIOJIOMKEHUS PaIU-
yc-BeKTOpa IeHTpa Macc KiayboHsa @, = 149°. Heob-
XOJMMO IIPEIYyCMOTPETh, UTOOBI MEepexoy Ha cJe-
JOYIONUIUH JUCKOBBIM BaJI IPOUCXOIHUJI IO MOMEHTA
OTPBIBA MJIW YTOOBI CKOPOCTH B MOMEHT OTPBIBA
He TpeBhINIaga 0e30macHyo C TOUKU 3PEHUS TI0-
BpesKIaeMOCTH KJIyOHel [2, 4, 7].

BriBogwr. Paspaborana maremMaruueckas Mo-
JleJib TUHAMUKHU chepryecKoro KJayOHs HA pabdo-
YHX OpraHax JIUCKOBOT'0 BOPOXOOUYHCTHUTEJNs. Ee
AHAJIN3 TIO3BOJISIET TIPOBEPUTH YCJIOBUS MJIsS Ka-
YeHUsT KJAyOHEeH Mo TopiiaM JUCKOB B PA3TUUHBIX
yesroBusix. [lpm maroroBiennn OBIIN HA3HAYEHBI
JIUaMeTphl JTUCKOB M3 KOHCTPYKTHBHBIX CO0Opa-
xennit: d, = 200 mm, d, = 230 MM, d, = 260 MMm.

IIyrem pacueToB GBIJIO yCTAHOBJIEHO, UTO YCTOM!-
YUBOE 3aKaThIBAHWE KJIyOHEH 110 TOpIlaM JIHMCKOB
BBEPX BO3MOJKHO IIPH YTJIe PACIIOIOMKEH U PaAyC-
BEKTOpa IeHTpa Macc KJIyoHsa @, = 60...65° mo or-
HOIIIEHWO K TOPU30HTY, & OTPBIB KJIyOHEH IIPOUCXO0-
JUT IIpuU yriie @, = 149°. B MoMeHT oTphIBa ciieyeT
obecIreunTh epexo/T KJIyOHs Ha CJeTYIONHHI THC-
KOBBIH BaJI, TIO9TOMY MEKOCEBOE PACCTOSTHIE MEK-
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Iy BAJIaMU BOPOXOOYUCTHUTEJISA CIEAYEeT BHIOUPATh
W3 9TOr0 YCJOBHA IIpu Hanboyiee XapaKTEePHBIX
pasmepax kiay6ons (a,,<0,5(d +d,), a ,<0,5(d,+d,)).
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DYNAMICS OF TUBER MOVEMENT ALONG THE WORKING ORGANS

OF THE DISC WASTE CLEANER

Alexey G. lvanov®, Alexander V. Kostin, Fanis R. Arslanov, Alexander A. Lomaev,

Konstantin L. Vorontsov

Udmurt State Agricultural University, Izhevsk, Russia
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Abstract. Potato cultivation is a complex multi-stage process, in which an important role is played by
refining potatoes before storing them. The refinement includes the acceptance of the pile, its distribution, and
purification from soil and plant impurities. Removal of substandard tubers, calibration into size fractions and
placement of marketable potatoes in storage bins. The work focuses on the separation of soil impurities from the
pile. A disc pile cleaner developed by the author’s team is proposed for this purpose. It has a simple and compact
structure containing a frame and three shafts with discs placed on shafts with gaps sufficient to sift soil through
them. The description of the operating principle of the machine is presented. To substantiate the parameters of the
device, a mathematical model of the dynamics of the movement of a spherical tuber along the ends of the disks was
developed. The model is based on the laws of theoretical mechanics, in particular on the equations of dynamics
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in natural form. An approach to obtaining differential equations of tuber motion is shown. A method for solving a
differential equation is described. By calculations, it was found that stable rolling of tubers along the ends of the
discs upward is possible from an initial angle of ¢, = 60 ... 65 °, and the separation of tubers occurs at an angle
of 149°. The axial distance between the shafts of the pile cleaner should be chosen from just the right conditions,
so the discs partially fit into the space between the discs of the neighboring shaft (a ,<0.5(d +d,), a ,<0.5(d,+d,)).

Key words: thrashed heap, impurities, waste cleaner, drive, disc shaft, rotation, dynamic equations, rolling friction.
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QDDEKT BE3bISBHOCHOCTU B TPUBOCOINPAXEHUAX,
NNETMPOBAHHbLIX BUCMYTOM

MnatoB Anekcen NeHHagbeBUY'™, XapaHxxeBckui EBreHun BuktopoBuy?
YomypTckuii FAY, Uxesck, Poccus

2ynly, Mxesck, Poccus

'Ipatow.al@yandex.ru

Annomauus. Paboma noceawerna ananusy sghghexma 6e3o13HOCHOCIU 8 YCII08UAX NJACTUYLECKOT 0edhopma-
UUU KOHMAKMUPYIOWUX NOBEPXHOCIELL, NOOSEPHCEHHLX NOBEPXHOCTNHOMY JIe2UPOBAHUI0 MEMASIUYECKUM BUCMY-
mowm. Jlecuposanue no8epxHOCMU CMAIL UCMYMOM PEASU08AHO C NPUMEHEHUEM UHHOBAUUOHHOL MeXHOL02UL
KOPOMKOUMNYJIbCHO20 JIA3ePHO20 NePEnJiasa N08ePXHOCMHO020 ci0f. Tpubosocuueckue uccaed08anus 8biNOJIHEHL
8 CONPANCEHUL C ATIIOMUNHUEBbIM cnaiagom AMK-1. Ananus mpubonocuteckux noxasamesieti 0Cyu,eCmeJsier npu pas-
JIUYHBLX KUHEMAMULeCKUX U OUHAMULECKUX HASDY3KAX, 8 PedCUMe 2DAHUYHO20 MPEHUS C UCNOJIb308AHUEM CO8pe-
MEHH020 1abOPAMOPHO20 U UCCTIe008AMENIbCK020 060py008anus. B ycnosuax epaHuuHoOl CMAKU JIe2UPOBAHHAS
BUCMYMOM CMATILHAL NOBEPXHOCMY 8 NAPE C AHAUIUPYeMbLM chaasom AM-1 xapaxmepusyemcsa cmadbuivHo HU3-
Kol sentununoll Kosghduuyuenma mperus. Bo acem duanasone Kunemamuueckux u OUHAMUECKUX HA2PY30K KO-
aghpuruenm mperus sapvupyem 8 ouanasore om 0,04 0o 0,08. B yciosusx 8bicOKUX 3HAKONEPEMEHHBLX HA2DY30K
Y QIIOMUHUEB020 CNABA HADII00AEMCsL 8bICOKAA YCTNAJIOCMH AL NPOUHOCMb, YN0 Npedynpexcoaem noeepxHocms
om npedcoespemeno2o paspyuierus. Tpubosocuueckue u onmuueckue uccae008aHUL 8bLABUIU, YINO KOHMAKMU-
pyouwue nogepxrocmu obiadarom 3ghghexmusHol npupadbamvieaemocmyio 6e3 cied08 MexXaHUu4ecKo20 U MOJeK)y-
2APHO20 83aumoleiicmaus. Omcymemeue mMexanHuuecko2o U MOSEKYIAPHOLO USHAULUBAHUS 68 30He KOHMAKMG
onpedenisem agpghekm 6e3bi3HOCHOCIU, UIMO NOOMEePHCOaemcea AHANUZOM USHOCO8 KOHMAKMUDYIOULUX MmeJi —
HQ 8CeM NPOMANCCHUU USHOCHBLX UCNbIMAHUL Habsiiodaemces Hynesol usnoc. IIpu amom memnepamypHbili ghorH

© Nnaros A. I, Xapamxesckuit E. B., 2025
162



