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PA3PABOTKA 1 OBOCHOBAHHUE CKAPU®UKATOPA C KOHYCHBIM JUCKOM
JJIs1 CEMSIH BOBOBBIX KYJIBTYP
3. P. Xacanos, P. P. Mup3amaros, A. M. SIkynos, M. M. fimajier1unoB

Pedepar. B Hacrosmiee BpeMsi, B YCIOBHIX 3alafHbIX CAHKIUH TIIaBHOH LEIbIO CEIbCKOro
xo3siiictBa Poccuiickoit denepanun sBiseTCs NPOJOBOJIBCTBEHHAss 0E30IIaCHOCTh M CHHIKCHUE HM-
MOPTO3aBUCUMOCTH. MOZEepHM3aIHs CEbCKOXO3SMCTBEHHON TEXHUKH, a TAK)KE IIOMCK HOBBIX CIIOCOOOB
MIPEANIOCEBHOM 00pabOTKH CEMSH, O3BOJIHUT YBEINIUTH BCXOKECTh CEMSH M 00ECTIEUNTh CEILCKOXO035IH-
CTBEHHBII CKOT Kau4eCTBEHHBIMI KOPMOBBIMH 0000OBBIMH KyJIbTYpaMH. B paboTte paccmarpuBaeTcs 3Kc-
MIEPUMEHTAIBHBIA CKapUPHUKATOp ceMsSH 000O0BBIX KYIBTYp, TO3BOISIIONINHA CKapUPHUINPOBATh CEMEHa
0000BBIX KYJIBTYpP, TEM CAMBIM TOBBIIIAS UX BCXOXKECTh. B cTaThe onucana TeopeTnyecKkasl OCHOBa JIBU-
JKEHUsI CEMSIH 110 KOHYCHOM IOBEPXHOCTH, PACCMOTPEH METO/I AUCKPETHBIX 3JIEMEHTOB, KOTOPHIH JISKHUT
B OCHOBe IporpaMmHoro komuiekca Rocky DEM, mo3Bosstomuii MOJEIMPOBATh CIOXKHBIE CHCTEMEI
Mojeneld. beimu npoBeseHs! J1a00paTOpHBIE UCCIENOBAaHMS, B XOJ€ KOTOPBIX ONPENENUIN yrojl ecTe-
CTBEHHOTO OTKOCa JUISl ABYX COPTOB ceMsH JitoriepHsl (Capra u Bera) u ceMsiH KO3IATHHKA BOCTOYHOTO.
Ha ocHOBE Homy4YeHHBIX TaHHBIX MOAEINPOBAHUS CKOHCTPYHPOBAIN SKCIIEPUMEHTAIBHBIA CKapu(puKa-
TOp €O CKapHU(PUIMPYIOMNM paboduM OPraHOM U NPOBEIH MPOU3BOACTBEHHBIE YKCIIEPUMEHTHI, B XOJE
KOTOPBIX OINPEAETHIN KaueCTBO 00paOOTKH M BCXOXKECTh CEMSIH KO3JIITHHKA BOCTOYHOI'O Ha JKCIEPH-
MEHTAJIbHOM CKapH(uKaTope.

KiroueBble c1oBa: ceMeHa JIOIEPHBI, CKapUPUKAIUI CEMSH, KOHYCHasl MOBEPXHOCTh, METOM
JMCKPETHBIX 3JIEMEHTOB, YTOJI ECTECTBEHHOI'O OTKOCa, KannbpoBka, Rocky DEM.

Beenenue. JltoniepHa - OMHONETHEE MJIM MHO-  OOOJIOYKM CEMSH C IENbl0 OOJIETdeHUs HuX
TOJIETHEE PAaCTeHHE, KOTOpOe OOJaaeT BHICOKM-  TNPOPACTAHHMS M YBEIMUYCHHS IPOLIEHTA BCXOJXKE-
MU IUTATEJIBHBIMU CBOMCTBAMM, IIO3TOMY OHO ctu. B nanHo# pabote ckapuguKanus OCyIecTB-
IOUPOKO HUCIIOJB3YCTCA KaK KOpM Jid CKOTa. B JACTCA IMYTEM MOJACIHUPOBAHUA METOAOM IOHUC-

CceMeHax JIIOLEPHBI COJCPKUTCS MHOro Oenka,  KpeTtHbIX aieMeHToB (DEM - Discrete Element
XKHpa, YrIIeBOJOB, BUTAMUHOB U MHHepalloB, ko-  Method) [1, 2, 3].
TOpbIe HEOOXOJHMMBI JKUBOTHBIM JUIS 3J0POBOIO Hamu paspabotaHa KOHCTPYKLHMS U TOJY4YCH
pa3BUTHS U pocTa. NAaTeHT Ha H300pETeHHE JKCICPHUMEHTAIEHOTO
Ckapuukanys CeMsH - YacTHYHOEe Hapymie-  cKapudukaropa  CeMsH, MPENICTABICHHOTO
HHE LEJOCTHOCTH TBEPAOH BONOHETPOHHLIAEMOH  Ha pHCyHKe 1.
1

Jora CrapupuKaLUY

30H0 OYUCMKY CEMAH
OM NbiAU U NPUMECE]

3owa ofipafiomiu ceMaH
Suonpenopamm

13
17

1 — OyHKep IS CeMsiH; 2 - PeryJrpoBOYHAs 3acOHKa; 3 - PETyIMPOBOYHAs 3aCJIOHKA; 4 —KOPIIYC;
5 — KOHYCHBIH CKapU(QHUIUPYIOUIHUKCS poTop; 6 — NUTH(OBAIBHBIN THCK; 7 - HAIpaBISIOMas KOHYCHAs
ITOBEPXHOCTH; § — pa3dpachIBaromuii poTop; 9 — BEHTUIIATOP acUPAIOHHOM cucteMsr; 10 — Bo3gyxo-
Boabl; 11 — Oak ms OwompemapaToB; 12 — pacmeuinTenb Owompemnapara; 13 — BBITPY3HOE OKHO;
14 — nomara; 15 — snexTpoaBurarensb; 16 — Bam;, 17 — 3acioHka.
Pucynok 1 — Cxema 3KCTIEpIMEHTAIBHOTO CKapu(pUKATOPa CEMSH
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[NoBbIieHue kKayecTBa 0OPabOTKHM CeMsiH 00-
OOBBIX KyJIBTYp IIyTeM I0J00pa ONTUMAabHBIX
IIapaMeTpoB yIia IUCKAa B 3KCICPUMEHTAIBHOM
ckapuduKaTtope, Ha OCHOBE MOJCIHPOBAHHSA
B mporpaMMHOM Komiuiekce Rocky DEM.

3amaun:

- U3Y4YHUTh TEOPETUUECKYIO OCHOBY JBHKECHUS
YacTUI] 10 KOHYCHOM TIOBEPXHOCTH;

- TIPOBECTH J1abOpaTOPHBIE HCCIIENOBAHUS TI0
OTMpPENEICHUIO yTa €CTECTBEHHOTO OTKOCA CEMSH
JIFOLIEPHBI;
paccMOTPETh TPHHIMIT MaTEeMaTHIECKOTO
MOJIETIMPOBAHMS METOAOM JIHCKPETHBIX 3JIEMEH-
TOB;

- cnpoextupoBaTh 3D Mozmens AUCKOB C pas-
HBIMH yTJIaMH M 3KCIIEPUMEHTAJBbHBIA CKapugu-
Karop;

- ToA0Op ONTHMAJIBHBIX MapaMeTpOB B IPO-
rpammHOM Komiuiekce Rocky DEM, mmnst momyde-
HUSL ~ BHPTYaJIbHOH MaKCHMAaJIbHO

MOJIEIIH,

NpUOIMKEHHON K pe3ysibTaraM, IOJIy4eHHBIX B
€CTECTBEHHBIX YCIIOBUSIX;

- CMOZENMpPOBATh JBIDKCHHWE YACTHI[ B MPO-

rpammHOM Komimiekce Rocky DEM;
MPOBECTH MPOU3BOJICTBEHHBIE HCCIIEIOBA-
HUS TI0 ONpEACTCHHIO KadecTBa O0pabOTKH
ceMsiH 0000BBIX KYJIBTYp Ha 3KCIIEPUMEHTAJIbHOM
ckapudukaTope.

YcnoBusi, matepuaasl U MeToabl. Kak mo-
Ka3aHO Ha pUCyHKe |, mog HomepoM 5 u 12 B cka-
pudukarope pacnoiIoKeH KOHYCHBIN cKapupHIIH-
PYIOIIUIT POTOP | JIOTAaTKa COOTBETCTBEHHO.

Jlns  TOBBIIIEHUST CTENEHH CKapU(pHUKALIH
CeMSH, HEOOXOIMMO I0J00paTh ONTHMAaJbHBIE

mapaMeTpoB  yria  KOHYCHOTO  JHCKa, a
TaKXKe PacCMOTPETh TPAEKTOPUIO JIBUXKEHUS
9acTHIL.

Ha pucyHnke npexacraBieHo, Kakue CUIbI Jeii-
CTBYIOT Ha YacTUIly B MOMCHT €€ IBIXCHUS IO
KOHYCHOH ITOBEPXHOCTH.

¢\

Puc. 2 — Cuibl, IeHCTBYOIINE HA YaCTUILY

Kak BHIHO M3 pHCyHKa 2, Ha YacTHIy JeH-
CTBYIOT CJIEAYIOIINE CUIIBI: 71g — Macca YacCTHIIBI,
JNEHCTBYIOMAs TEPICHINKYIIPHO MOBEPXHOCTH
QIMICKa, paBHAs IMPOU3BEICHUIO MAacCChl YaCTHUIIBI
(m) Ha yckopeHue cBOOOTHOTO MaeHus (g).

Tak>xe Ha yacTUILy AEUCTBYIOT:

F.;— nentpobexxHas cuna;

F., — cuna Kopuomnuca;

Fpy — Cuna TpeHus MeXJy JIONaTKOH M ya-
cruuei [4, 5, 6].

s nonydyeHust aieKBaTHOM MaTeMaTHYECKON
MOJENH JBIDKEHUS YacTHIl 10 KOHYCHOH
MIOBEPXHOCTH, HE00XO0AUMO MIPOBECTHU
KaJIMOPOBKY TPOTPAMMHOTO KOMIUIEKCa, JUIS
NpUONIKEHNUST  PEe3yJbTaTOB  MOJEIUPOBAHUS
K peaJIbHOMY IIPOIIECCYy.

KanubpoBka ocymiecTBIsieTcss IMyTeM IMpoBe-
JIEHUs] BYX HWJACHTUYHBIX SKCIIEPUMEHTOB, IEp-
BEIf B JIAOOPATOPHBIX YCIIOBHUSIX, Ha PUCYHKE 3
MPEJCTaBICH MNPUOOP IO OIPEACICHUIO Yriia
€CTECTBEHHOTO OTKOCA M €ro CXeMaTH4eCKOe
n300paKeHNEe C OMUCAHWEM COCTaBHBIX JJIEMEH-
TOB, BTOPOH MPOBOJAT B TOM K€ MaciiTade
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B IIpOrpaMMHOM Komriekce [7, 8, 9].

ITpu paszpabotke meromom DEM, Heobxomu-
MO HACTPOMTH IapaMeTphl PU3MKU U M0J00paTh
K03()(PUIMEHTBI, TTO3BOJISIONINE IIPOBECTH IKCIIE-
PUMEHTBI PA3IMYHON CIIOXKHOCTH, B JaHHOU pado-
TE€  WCHONB30BAJIHNCH  CIEAYIONIME  MOJAEIH
KOHTaKTHBIX CHII:

- Hertzian spring-dashpot model anst Hop-
MaJIbHON KOHTaKTHOM CHUJIBI,

- Linear spring Coulomb limit model st pac-
YyeTa TaHICHIMAJIBHBIX [TapaMeTpPOB;

- JKR adhesive force model mis cumymsiim
BJIQXKHOCTH ceMsH [1].

PesysabTraTrel u o06cy:xagenue. KonycHblit
JIICK PacriojiokeH Moji abpa3uBHBIM JIMCKOM Ta-
KM 00pa3oM, 4TOOBI TIpU BpaIICHUH CEMEHa,
MOTABIIME Ha AWCK, Oylaromapsi IEHTPOOeKHOI
CHJIE W YTJIOBOH CKOPOCTH, CXOIAT C JOUCKa U
CKOJIB3SIIIMM JBWKEHHEM KacaloTcsi aOpa3uBHOU
MIOBEPXHOCTH.

[TpenMymiecTBOM pacHoNOKEHUS TUCKA SBIIS-
ercs TOT (haKkT, 4TO CEeMEHa He IOJBEpraroTcs
MOBTOPHOHN CKapu(UKAIHH.
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Puc. 3 — YcrpoiicTBo anst onpeneneHus yriia eCTECTBEHHOTO 0TKOCa
a — TIpuoop I ONPEACICHUS YTJia €CTECTBEHHOTO OTKOCA B Ta0OPATOPHBIX YCIOBHSIX;
0 — cxema mpuOOpa U3MEPEHUS yTila eCTECTBEHHOTO OTKOCa
1 — QUIMHAPUYECKHUI KOHYC; 2 — TOPU30HTANIbHASI TIOBEPXHOCTD; 3 — CTEPIKEHD C JCTICHUEM.

Bapuanuu nucka ¢ pasHbIMH YIJlaMu IIpei- Crenyrolmum 3TarnoM paboThl SIBISIOTCS J1a00-
CTaBJIeHBl HA pucyHKe 4. JlaHHBIC Bapualyy M03-  pPaTOpPHbIE HCCIIEJO0BAHUS MO OIPENENICHUI0 yria
BOJIAIOT BBIOpaTh HauOojee ONTHMAIIBHBIA Yrojl ~ €CTECTBEHHOT'O OTKOCA CEeMSH JIIOLEPHBI, a TaKXKe
JIUCKA TS CKapU(PUKAIIMKA CEMSH IyTeM MOAETH-  TOAOOp ONTHMAJIBHBIX apaMeTpOB KOA(PPHIIIEH-
POBaHUS ABH)KCHUS YaCTHI] B IPOTPAMMHOM KOM-  TOB, KOTOPBIE HCIIOJIb3yeMble porpammoii Rocky
mwiekce Rocky DEM. DEM [10, 11].

Puc. 4 — Bapuanuu AUCKOB C pa3sHBIMH yIIaMu

st onpeneneHus yria eCTECTBEHHOTO OTKO-  MOAHATH LMJIMHAP, TEM CaMbIM CEMEHa BbIChIIa-
ca, MWIMHIPUICCKUA KOHYC HEOOXOIUMO 3aloll-  FOTCA B 00pa3yroT ropky. [Ipomecc mpeacrasieH
HUTh CEMEHaMH, IMOCJie IUJIABHBIM JBUKEHHEM Ha pucyHke 5 [1].

Puc. 5 — Ilpouecc onpenenenus yria €CTECTBEHHO 0TKOCa

104 Becmuux Kazanckoeo I'AY Ne 3(71) 2023



TEXHUYECKHUE HAYKH

Jlns paHOOMM3alMU Yroll €CTECTBEHHOIO OT-
KOCa ONpEAeNsIcs I CeMsH JIIOLEpPHbl U KO3-
JIITHHKA, TaK KaK SKCIEPUMEHTAIBHBINA CKapHpH-
KaTtop OymeT IMPUMEHATHCSA A CeMSH OOOOBBIX
KyJIbTYp, B CBOIO OuYepelb CEMEHa JIIOLCPHBI H

KO3JISITHUKA SIBJISFOTCS CaMBIMU PacIpOCTpaHEH-
HeiMu [12, 13].

PesynbTaThl MO ONpENENICHUI0 Yria ecre-
CTBEHHOT'0 OTKOCA CEMSTH JIFOLIEPHBI M KO3JISATHHUKA
BOCTOYHOTO IpeAcTaBiIeHsI B Tabmmme 1 [1].

Tabmuna 1 — Yron ecTecTBEHHOTO 0TKOCA M3MEPEHHOTO B JTA0OPATOPHBIX YCIOBHUIX

YT0J ecTECTBEHHOTO OTKOCA (, TPAIAyChl
Copr Brnaxnocts ceMsin YcpenneHnbli
1 2 3 4 5
1I0Ka3arelb

Copr Capra 8.4 21 | 21,8 | 21,8 21,8 21,6 21,6
(JTrotiepHa)

Copt Bera 77 25 242 24,5 23.4 22,6 23,9
(JTroepua)

Kosmsrmuk 6.9 232 | 24,1 23.8 23.1 22,9 23,4
BOCTOYHBIH

Ilocne ompeneneHus yria €CTECTBEHHOTO
OTKOCa B JJAOOPAaTOPHBIX YCIIOBHSIX, HEOOXOAMMO
MIPOBECTH aHAJIOTMYHBIN MPOLIECC MyTeM 110100pa
K03(p(UIIMEHTOB B IPOrPaMMHOM KOMILIEKCE
Rocky DEM, ¢ nonmycTHMON MOTpEIIHOCTHIO B
5% (1 rpaayc).

[IpenBapurensHO
pacyeToB  OCYIIECTBHIN
LIHHIPUYECKOTO  KOHYCA,

OyTeM MaTeMaTHYeCKHX
pacuer  oObeMma
IVl BBIYHMCIICHHS

Y (m) oos7

BPEMEHM 3allOJHEHHs CEeMEHAMU W BPEMEHHU
Hayaja oIbeMa.

CKOpOCTh MOJbEMa IMIHHIPUYCCKOTO KOHY-
ca UrpacT BAXKHYIO POJIb, MOCKOJBKY /s n3bera-
HUS OKa3aHWs BIHMSHHSA Ha CKOPOCTH Ha CEMEHA,
HEOOXOIUMO YTOOBI KOHYC MOJHUMAJCS CO CKO-
poctsio 0,1 M/c u 6e3 yckoperus [14].

Ha pucynke 6 mpejcTaBieH mporece noabemMa
IJIMHAPHYECKOTO KOHYCA.

Puc. 6 — Ilpornecc mogbeMa MMIMHAPUIECKOTO KOHYCa

Pasmep cemsn mouepHsl coptoB Capra u
Bera u KO3JSITHHKAa BOCTOYHOTO BapbHPYyeTCS
B npeaenax 0,85 no 1,5 mm nuamerpe. Monenu-
pOBaHME  OCYIIECTBSUIOCH  C  YacTULAMH

¢ nuametpom ot 0,85 mo 1,5 MM, B paBHOM COOT-
HomeHuu [1, 15].

OCHOBHBIE TIapaMeTPBl MOZETH IPECTaBIIe-
HbI B Tabymne 2 [1].

Tabmuna 2 — [TapaMeTpsl, HCTIOIB30BAHHBIE TIPH MOAETHPOBAHUT

IToka3aTenn

YacTuiisl I'panunst

Pazmep yacTu

Ot 0,85 n0 1,5 Mmm

KoadduuueHT CTaTUCTHYSCKOTO TPEHHS 0,2 0,2
Koaddunuent nuHaMnaeckoro TpeHus 0,2 0,2
Mopyns FOnra 1,9%10° Ta 1,8%10° Ia
Il1oTHOCTH 1366 kr/m’ 1800 kr/m’
Koadpunuent ITyaccona - 0,25
TToBEpXHOCTHAS SHEPTHS 1,38 J/m’ 0,075 J/m”
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Pesynprar kanuOpoBku mnapamerpoB Rocky — Ha pucynke amarpamma, ¢ oToOpa)keHHEM pa3Me-
DEM nmnpencraBieH Ha pUCYHKe 7, TIe CjeBa  pa YacTHIl IO LBETY.

Puc. 7 -Pesynbrar KaauOpoBKH
I'paduk C yrIoM ecTECTBEHHOIO OTKOca  IPEICTaBIeH Ha PUCYHKE 8.

Repose angle calculation
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Puc. 8 — Yron ecTecTBEHHOT0 0TKOCA (pacyeT OCYIIECTBIACTCS IPH IOMOIIH AONOIHUTEIBHO
TIO/ITPY’KaeMOTO CKPHIITA)

B mporpammuaom komiuiekce Rocky DEM IOJIy4YE€HHBIM JIaHHBIM KaauOpOBKU
OCYIIIECTBIIACTCS HacTpoika u umropt w3 Tabmuusl 2 [1]. Ha pucynke 9 mpencraBieH
3D Mozenu 3KCIepUMEHTAIFHOTO CKapHU(pHUKATO-  IMPOIecC MOJCIAPOBAHUS JBIKCHHS YacTHI] C
pa, TapaMeTpbl MOJETH TWPUHATHI COTJACHO  YIJIOM KOHYCHOro nucka 120 rpamgycos.

mepos - HAWMN O v

™ —

v 2 ol Sty 01
> Physics

t

v 7 Metion Frames ‘

@ Deanbex Y(m)on |

Puc. 9 — Ipouecc MoaenupoBaHust ABHKEHUSI YaCTHIL B TporpaMmMHoM Komiuiekce Rocky DEM
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OnTUManbHbIM MapaMeTp yriia Jucka ompeje-
nsieTes Tpu oMoty Moayis Normal Impact Ve-
locity, KOTOpEI ocymecTBisIeT cOop MHPOpMa-
IIH O ABMKEHUH M CKOPOCTH YaCTHII.

Bb110 mMpoBeneHO MOICTHUPOBAHHE JIBHXKEHHS
Y4acTUI] 10 KOHYCHOMY AHMCKY ¢ yrimamu 140 u
130 rpagycoB, OAHAKO COIJIACHO CHUMYINSLIUU 4Ya-
CTHIIBI KacatoTcs abpa3sMBHON TOBEPXHOCTH JIMIIIb
YaCTHYHO, OCTaJIbHAsl YacTh CEMSH IONPOCTy He
ckapuduuupyorcs. [lo npoBesaeHHOMY MOJETH-
poBaHmio KoHycHBIX yrioB 120 u 110 rpamycos,
pe3ynbTaThl MOJETH IOKa3blBAIOT, YTO YIIIBI
macka 120 w110 omm4HO  TOXOWUIYT

JUIL  CKapu(UKalMW CEMSH, 4YTO IO3BOJHT
MOBBICUTh ~ MX  BCXOXeCTb M Ojaromaps
MPaBIILHOMY PAacIoI0XKEHHIO, MTOMOXET

UCKJTIOYUTH TIOBTOPHYIO CKapU(pHUKAIHIO BO m30e-
JKaHHE IIOJIHOTO Pa3pyLICHUS OOOIOYKH CeMSH
6000BBIX KyIBTYp [16].

Taxoke IpoBeIeHO MOAEINPOBAHUE IBUKEHHE
CeMsH C YIiIoM KoHycHoro aucka 110 rpaaycos,
KOTOpoe IpeacTaBieHo Ha pucyHke 10. OnHako
COIJIACHO PUCYHKY, JMarpamma MOKa3bIBaeT CKO-
POCTh yIapa 4acTul o abpa3suBHYIO IIOBEPXHOCTS,
KoTOpas coctaBmiaa 6,7 M/c, CpemHss CKOPOCTh
okoJio 4,5 m/c.

Puc. 10 — Pe3ynbTarsl MogenupoBanus 1uisd JuckoB ¢ yriiom 100 rpagycos

Brnaromaps TpOBENCHHBIM HCCIIEIOBAHUSM,
CKOHCTPYHPOBAIN JKCIEPUMCHTAIBHBIA CKapH-
¢ukatop (puc. 11) cormacHo cxeme, HpeaCTaB-
JIEHHOW Ha pucyHKe 2.1, MPOW3BOIUTEIHLHOCTHIO
300 kr/gac [2].

OcCHOBHBIE
ckapudukaropa:

THS
\|

A

TCXHUYCCKHC XapaKTCPUCTUKHU

IIponzBoautensHOCTH: 300 KT/9ac;

CKOpOCTh BpAIICHUS TUCKA: PETYIHPYETCS OT
73,3 no 157,7 pan/c;

HuameTtp aucka: 240 mm

Yron xorycHo# nmoBepxHoctu: 100 rpajg

Jluamerp aOpa3uWBHOW MOBEPXHOCTH: BHEIII-
Hui: 600 MM; BHyTpeHHuU#: 200 MM

Puc. 11 — 3anaTeHTOBaHHBINA YKCTIEPIMEHTAIBHBIN CKapUPHUKATOP CEMSH
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CeMeHa KO3/IATHHKA BOCTOYHOTO B Xxoae mnpo-
BE€ACHUA  MNPOU3SBOJACTBCHHBIX OKCIEPHUMCHTOB

ckapudunmpoBarm u obOpaboTamu OuoorHMUe-
9KCIIEPUMEHTAIBEHOM

CKHM IIpermapaToM Ha

cKapuQHKaTOpe, ONPEASIIN KaueCTBO CKapu(u-
Kaluu 1 00paboTKy ceMsiH Ouomnpemnapatom. Pe-
3yIbTaThl IIPOBEICHHBIX HMCCICIOBAHUH Ipex-
CTaBIICHBI Ha pUCYHKe 12.

a)

6)

Puc. 12 — IlpopoiieHHbIe ceMeHa KO3IATHIKA BOCTOYHOTO Ha 14 neHb:
a) ckapuUIIpOBaHHBIC U 00paOOTaHHBIE OMOMIPETIPATOM Ha IKCIIEPIMEHTAIFHOM CKapu(puKa-
Tope ceMsH; 0) 6e3 00pabOTKH (KOHTPOJIH)

UroOb! ONpEeAenuTh BCXOKECTh CEMSH, CKapH-
¢unupoBanHble U oOpaboTaHHBIE OWomNpenapa-
TOM CEMEHa MpOpalIUBall, OICHHBAIH IyTEM
OTIpENETICHUs] pa3MepoOB IPOPOCTKOB U Jiabopa-
TOpHOU BCcXOkecTH ceMsiH. Ha ¢uiapTpoBanHHOM
Oymare, IpeBapUTEIbHO CMOYEHHON AWCTHIIIH-
POBAHHON BOMOM OCYIIECTBISUIOCH INPOpPAIHBa-
Hue cemsH. CeMeHa KO3JISITHHKAa BOCTOYHOTO
OCTaBIIsUIM Ha 14 MHEH B TEMHOE MECTO IPH KOM-
HATHOW TEMIIepaType Ha Tapejikax, 3aTeM OIpe-
T BCXOXeCTh [2, 17].

BeiBoabl. B uccinenoBanum paccMoTpenu
YCTPOMCTBO 3aIIaTEeHTOBAHHOTO YKCIIEPUMEHTAIIb-
HOTO CKapu(HKaTopa ceMsiH OOOOBBIX KYJBTYD,
MIPOAHATU3UPOBAIN TEOPETHUECKYIO OCHOBY JIBH-
JKEHUsI CEMSIH 110 KOHYCHOM ITOBEPXHOCTH, OIHCa-
U CcIoco0® OmpeleNeHus yria ecTeCTBEHHOIO
O0TKOCa M M3YYHJIM TPUHIMIT paboThl MPOrpamMm-
Horo kommiekca Rocky DEM B ocHOBe KoTOpOTO
3aJI0’KEH METOJ TUCKPETHBIX 311eMeHToB. Ocyie-
CTBHJIM JJAOOPATOPHBIE MCCIICAOBAHUS 110 OTIpE/ie-
JICHUIO yIJIa €CTECTBEHHOTO OTKOCAa CEMsH JIIO-
uepHsl (coproB Capra um Bera) yrom KoTopbix
cocraBui 21,6 u 23,9 COOTBETCTBEHHO, CEMSH
KO3JISITHUKA BOCTOYHOTO ¢ yriioM 23,4 rpamyca.

Coznanu 3D Mojenb ycTpoicTBa mo ompene-
JICHUIO yTJIa €CTECTBEHHOI'O0 OTKOCa B IIPOTrpamMme
AutoCAD, 3aTeM UMITOPTHPOBAIH €ro B opma-
te. stl B mporpammy Rocky DEM. Otkannbposas
napaMeTpsl MPOrpaMMHOro Komiiekca Rocky
DEM wu nyreMm 1nombopa  ONTHMalbHBIX
KO3 PHUIIUEHTOB, MPEACTABICHHBIX B Tabuie 2,
MBI MOJYYWIH AaJCKBaTHYIO MaTEMaTHYECKYIO

Mojienb. BupTyanpHas MOJenpb 1Mo ONpeaesieHHIO
yrila eCTeCTBEHHOTO cocTosia u3 220 ThICSY 4a-
cru, pazmepamu ot 0,85 mo 1,5 mm, pazHoit dop-
MBI, KOTOPbIE MAaKCHMAaJbHO IPUOIIKCHHBI K
(hopme ceMsH TOTIepHBI ToceBHOU. [Ipu nccmeno-
BAaHWU BBIIBICHBI OCHOBHBIE 3aKOHOMEPHOCTH,
OKa3bIBAIOIINE BIMSIHHE HAa YroJl €CTECTBEHHOTO
OTKOCa, MPU CO3JaHHU BHUPTYAIbHOM MOJIENH,
Ba)XHBIMH NIapaMeTpaMu SIBIISIOTCS:
- [ToBepxHOCTHAs 3HEPTHS;

- Pazmep cemsin;

- Kosappumment [lyaccona;

- Monyns FOHra;

- Koaddummentst
TpEHUs,

- Koo punment nuHaMuueckoro TpeHus.

PesynbraT mcciaenoBaHUS, MO3BOJMI CMOJE-
JIMPOBATH JABMKCHUEC YACTHUIl HA OKCIICPUMECHTAJIb-
HOM cKapu¢uKaTtope, B XOJI€ MOJEIMPOBAHMS
OTIPEICTININ ONTUMAJIBHBINA yroJ KOHYCHOTO JIHC-
Ka, KoTopblil coctaBuil 110 rpagycos, mo3BoIsto-
K TOBBICUTH KaYeCTBO CKapH(pUKauy ceMsH u
TEM CaMbIM YBCJIMYUB UX BCXOKECTD.

Co3aHa KOHCTPYKIIUS CKapU(PHUIUPYIONIETO
oprasa, IIpOBENN MIPOM3BO/ICTBEHHBIE
9KCHEPUMEHTHI, B XOJAE KOTOPBIX OIpEeHEIIHIN
KayecTBO 00pabOTKM ¥ BCXOXKECTh CeMSH
KO3JIITHAKA BOCTOYHOT'O HA 3KCIEPHUMEHTAIbHOM
cKapuduKaTope.

Cgegenusi 00 MCTOYHHKAX (PMHAHCHPOBA-
HUs. I/ICCHCJIOBaHI/Iﬂ BBITIOJIHCHBI 3a CYCT
cpeactB rpanra Poccuiickoro HaydHoro ¢oHna
(mpoext Ne 23-76-10070).
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DEVELOPMENT AND JUSTIFICATION OF A SCARIFIER WITH A CONE DISC FOR BEAN SEEDS
E. R. Khasanov, R. R. Mirzamatov, A. M. Yakupov, M. M. Yamaletdinov

Abstract. Currently, in the context of Western sanctions, the main goal of the agriculture of the Russian Feder-
ation is food security and reducing import dependence. The modernization of agricultural machinery, as well as the search
for new ways of pre-sowing seed treatment, will increase the germination of seeds and provide agricultural livestock with
high-quality fodder legumes. The paper considers an experimental scarifier of legume seeds, which makes it possible to
scarify the seeds of legumes, thereby increasing their germination. The article describes the theoretical basis for the move-
ment of seeds along a conical surface, considers the method of discrete elements, which underlies the Rocky DEM soft-
ware package, which allows modeling complex systems of models. Laboratory studies were carried out, during which the
angle of repose was determined for two varieties of alfalfa seeds (Sarga and Vega) and eastern goat’s rue seeds. On the
basis of the obtained modeling data, an experimental scarifier with a scarifying working unit was constructed and produc-
tion experiments were carried out, during which the quality of processing and germination of seeds of oriental goat’s rue
on the experimental scarifier were determined.

Key words: alfalfa seeds, seed scarification, cone surface, discrete element method, angle of repose, calibration,
Rocky DEM.
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