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OIIEHKA 3HAYUMOCTH " BBIBOP ITAPAMETPOB KOHTAKTHOU MOJEJIN
TP MOJAEJIMPOBAHUUN CEMSAH 'OPOXA METOJIOM JUCKPETHBIX 9JIEMEHTOB
C.T. Mynapucos, U. M. ®apxytauHos, B. X. Umanrynos, B. A. Ilopoasikun, P. P. Haceipos

Pedepar. HeoTpremnemoil 4acThi0 TEXHOJOTHMYECKUX ONEpalUil B CEIbCKOM XO3SMCTBE MpHU
mocese, yoopke, TPaHCIIOPTHPOBKE M MOCIEYOOpOUHON mepepaboTKe sBISETCSA BO3AeHCTBHE pabodmx
OpPraHOB MaIlIMH Ha CEeMEHa CEeJIbCKOXO3SMCTBEHHBIX KyIbTyp. i1t moBsmeHus >¢dexruBHOCTH pado-
THl MallMH ¥ CHIKECHUS TPaBMHUPYEMOCTH CEMSH HEOOXOIMMO COBEPHICHCTBOBATH KOHCTPYKTHBHO-
TEXHOJIOTUYECKHEe NapaMeTphl pabounx opraHoB. B Hacrosmiee Bpemst HanboJee NepCreKTHBHBIM METO-
JIOM TIPH TEOpEeTHYECKOM OOOCHOBaHMM IIapaMeTPOB MalIWH, pabOTalONIMX C CEMEHaMH, H COBEpIICH-
CTBOBAHUHU UX KOHCTPYKIIMHU ABJISETCS MOJEIMPOBAHUE METOIOM JUCKPETHBIX 3JIeMeHTOB. [cciemnosa-
HUE IPOBOJIUTCSA C IIeJIbI0 000CHOBAHUS NMapaMeTPOB KOHTAKTHOW MOJEIH TUCKPETHBIX AJIEMEHTOB IpU
MOJIEITUPOBAaHUN CeMsH Topoxa. OOocCHOBaHME MapaMeTpOB KOHTAKTHOM MOJAETH IMPOBOIMIOCH IO pe-
3ynbTaTaM TECTUPOBAHMSA IO yINIy OTKOCA M CBOJAA IIPH BBICHINAHUM ceMsH. /i1 aHanwsa yria ecre-
CTBEHHOT'O OTKOCa U CBOJA HMCIOIb30BAIM MIPO3PAUHBIN MPSMOYTOJIBHBINA KOHTEHHEDP, IPH BBICHIIAHUN
CeMsIH U3 BEPXHEH 4acTH KOTOPOTO OCTABIIMECS CEMEHa 00pa3yloT yroi CBOJIA, a OCHINABIINECS — YOI
otkoca. OueHka Ko UIIEHTOB YpaBHEHNI perpeccuy U3MEHEHHs yTIIOB CBOJIAa M OTKOCA IIPU OCHITIa-
HUM CEMSH B KOHTEHHepe OT MapaMeTpOB BBHIOPAHHON KOHTAKTHOW JIMHEHHOW BS3KOYNPYTOW MOJEIH
MIO3BOJIMIIM YCTAHOBUTH 3HAYMMBIN TIapaMeTp - KOAPPHUIUESHT TMHAMUUECKOTO TPEHUS MEX]y YacTHIIa-
MHU. XapaKkTep U3MEHEHHUs YIJIa €CTECTBEHHOIO OTKOCA CEMSH ropoXa OT BIa)KHOCTH MIECHTUYEH H3Me-
HEHHUIO JJAHHOTO yIJIa A7 YaCTHIl, CMOJEIMPOBAHHBIX METOZIOM ANCKPETHBIX 3JIEMEHTOB, NpH K03 du-
IMeHTe WX BoccTaHOBIeHHS Vv=0,2 u Kod(pdUIHEeHTe IUHAMHYECKOTO TPEHUs MEeXIy HUMH
f4=0,15...0,17. Tlony4eHHBIC B XOJ€ peaM3alliyl IKCICPIMEHTOB 3aBUCHMOCTH YTJIa €CTECTBEHHOTO
OTKOCa OT BII&KHOCTH CEMSH ropoxa M KOd(QQHIMEeHTa TUHAMHYECKOTO TPEHHsI MEXIY YacTHIAMH
MIPEACTABISIOT U3 ce0si HoMOrpaMMy BEIOOpa K03 (UIMEeHTa AMHAMUYECKOTO TPEHUST MEXly YacTHIIa-
MU f; AJIsl KOHTAaKTHOW JIMHEHHOW BSI3KOYNPYTrod MOJENH B 3aBUCHMOCTH OT BJI&YKHOCTH CEMSIH TOpoXa
IIpU MOJICIUPOBAHUH METOAOM JTUCKPETHBIX AIIEMEHTOB.

KnroueBble c10Ba: MOJIETHPOBAHUE, METOJ TUCKPETHBIX JIEMEHTOB, KaIuOPOBKA, yroil ecTe-
CTBEHHOT'O OTKOCA, KOHTAKTHAs1 MOJIEIb, CEMEHA TOPOXa.

BBenenne. B mpormecce pa3zpaborku u co- [TapameTpsl MaTepuanoB, HEOOXOAUMBIE IS
BEPIIIEHCTBOBAHMS BBICEBAIOIINX CHCTEM H pabo- MOJICTUPOBAHUS METOAOM THCKPETHBIX JJIEMEH-
YUX OPraHoOB IOCEBHBIX KOMIUIEKCOB U CESJIOK TOB, MO’KHO Pa3/JeJIUTh HA JBE OCHOBHBIE KAaTEro-
HEOOXOANMO YYHUTHIBATH B3aMMOJACHUCTBUC CEMSH puu: CBOICTBa MaTepuana U CBOMCTBa B3auMO-
CEJIbCKOXO3UCTBEHHBIX KYJNBTYp C JJIEMEHTaMH newictBus [9]. K cBoiicTBam maTepuana OTHOCST

KOHCTPYKIIMHM MalllH, a TaKXKe MPOIecChl UX Me- dhopMy, pazmepsl, MIIOTHOCTh, MOAYJb YIPYTOCTU
peMenieHust ¥ JABWKEHUs MpHU BbiceBe. M3 cye- u capura, kodh¢unument Ilyaccona u mpemen
CTBYIOIIUX METOJIOB aHAJTUTHUECKOTO, JKCIEepH- TEKY4YeCTH, K CBOHCTBAM B3aUMOJEUCTBUS — KO-
MEHTAIILHOTO OTHCAHUSI U MOJIEIIMPOBAHMS TaKMX 3 (OUIMCHT BOCCTAaHOBJICHHUS, CTAaTHYECKOTO
MIPOIECCOB HamboJiee MepPCIeKTHBHO HCIIOIh30Ba- TPEHHS W TPEHHUS KAa4eHUs, IUIACTUYECKOTO WIIN
HUE METOoJa JOUCKPETHBIX 3jemeHToB [1, 2, 3]. BSI3KOT'O IEMII(UPOBAHUS U AT C3UU.

JJist ero KOppeKTHOTO UCIIOIE30BaHMS HEOOXOIH- J1st nocTHKeHUs aIeKBaTHBIX PE3yIbTaTOB OT
MO TOMO0PaTh KOHTAKTHYIO MOJICIh M OOOCHO- MoJieNiel, pa3pabOTaHHBIX C HCIIOJH30BAHHEM

BaTh MapaMeTpbl TaKOH MOjAETH. JTO B MEPBYKD  METOJA JUCKPETHBIX 3JEMEHTOB, HEO0XOIUMO
ouepear OOYCIOBJICHO TEM, YTO NPUMCHEHHE  MPOBEACHHE KaIMOPOBKM MEPEUYMCICHHBIX Mapa-

KOHTAaKTHBIX MOJIENIeH AJi CeMSAH CEeIbCKOXO3sM- MeTpoB. Bo MHOruX HcCClieloBaHMSIX C 3TOH Iie-
CTBEHHBIX KYJBTYp CTAJKHBACTCSA C CEPBE3HBIMH  JIBIO MPUMEHSIOT METOJ KAIHOPOBKH MapaMeTPOB
OTPAaHWYCHUSAMH, CBS3aHHBIMH C HECPEepUIHO- BBEIOPAHHBIX KOHTaKTHBIX MOJENEH MyTeM COIO-

CTBIO MX (OPMBI, OONBIION ePOPMUPYEMOCTBIO  CTaBIICHMS PE3YJIbTATOB MOJICIUPOBAHUS U (pr3H-
U CHUIBHOM  3aBHCHMOCTBIO  MEXaHMYECKMX  UYECKUX JKCIEPUMEHTOB HA HICHTUYHBIX JKCIIE-

CBOICTB OT cofiepkaHus Biaru [1]. PUMEHTaJIBHBIX yCTaHOBKaAX [1, 2].

IIpu MonenupoBaHUM TOBEACHUS CEMSH MHC- IIpu MopenupoBaHMHM METOAOM TUCKPETHBIX
MONIB3YIOT CJEAYIOUIME MOJENH KOHTAaKTa: MO-  3JEMEHTOB MOTYT YYHTHIBATHCS Takhe CBOICTBa
nens ['epria-Mununna [2, 3], ynpyromiactude- MOJICTIbHBIX YacTHUll, Kak MoxyJb FOHra, ko3 du-
cKas KOHTAaKTHas Mojienb [4, 5], nuHeiHas Ba3ko-  mueHT [lyaccoHa, Ko3(pPHUIHNEHTH CTaTHYECKOTO
ynpyras Mozens [6], Mogenb aAre3MOHHOTO KOH- M JUHAMHYECKOTO  TPEHMsS, ITOBEPXHOCTHAs
takta [IxoHcoHa-Kennemu-Kmapka (JKR) [7], SHeprusi, opMa 4acTHIl, paclpeesicHIe o pas-
MoOJieNnb KacaTenbHOU xkecTkocTh [8]. Hampumep, MepaM, KO3((GHUIMEHT  BOCCTAHOBICHUS W

Van Zeebroeck u np. [6] ycranoBmnm, uro  npyrue [1, 10]. B cBsi3u ¢ Tem, uro MexaHu4e-
JUIL  MOJISNIUPOBaHMS CyXHX CEMSH panca  CKHE CBOMCTBAa MaTepHaloB OHOJIOTHYECKOTO

Jydiee OpuOIMKEeHUE JaeT YIPYrorulacThde-  MPOUCXOXKICHUS  3aBHCAT  OT  COJACPIKAHUS
CcKas  MOjAeNb,  BIAXHBIX —  JuHeHHas  Biaru [1] mpu xanmMOpPOBKE MOIEIBHBIX YacTHUIL B
BSI3KOYIIPyTast MOJICTIb. BUJIE CEMSH CEIbCKOXO3SIMCTBEHHBIX KYIBTYD
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HEOOXOZMMO YUHUTBIBATh UX BIIAXKHOCTD.

KannbOpoBky mapameTpoB KOHTaKTHOW Moje-
JIM TIPY UCTIONb30BAaHUU CEMSIH, TIPEICTABIISIONINX
c000if ctepbl, UTUICONAN W MHOTOTPaHHUKH,
MOYKHO INPOBOAMTH IO yIIIy OOpYLIEHUS W YTy
ectecTBeHHOro otkoca [11, 12].

PesynbraThl aHanuza uccienoBaHHUN B o0ia-
CTH UCIIOJIb30BaHUA METOAa TUCKPETHBIX 3JICMCH-
TOB 11 MOJEIMPOBAHMS CEMSIH CBHJCTENBCTBY-
10T, YTO Ul KaJHOPOBKHM MapaMeTpOB KOHTAaKT-
HBIX MOJIeJICH HCIONB3YIOT B OCHOBHOM 3KCIICpH-
MEHTHI Ha 00pymIeHne o0beMa CeMSH B 3aMKHY-
TOM KOHTEHHepe, MPU KOTOPHIX COMOCTaBIISIOTCS
yriiel oOpymenust u otkoca [3, 11, 13], n skcne-
PUMEHTBHI 110 COIOCTABJICHUIO YIJIa €CTECTBEHHO-
ro otkoca [ 14, 15].

HecMoTpst Ha MHOTOYHCIIEHHOCTh MCCIIEOBa-
HUH C UCTIONB30BAaHUEM METOJA JUCKPETHBIX dJie-
MEHTOB /ISl MOAEIHPOBAHUS CEMSH JI0 CHX IIOp
HET eIMHOTO MHEHHs O IapaMeTpax KOHTAaKTHBIX
MoJieiel ¥ PaBUIIbHOM BBIOOpE caMHX Mojesen
B3aNMO/ICHCTBHUI, OCHOBAaHHBIX Ha TIyOOKOM II0-
HUMaHHWU TI'JIaBHbBIX ME€XaHHU3MOB ITOBEJICHHUA CCJIb-
CKOXO3SIMCTBEHHBIX MaTepuaioB.

Ilens wmccienoBaHus — OIEHKA 3HAYUMOCTH
IIapamMeTpOB KOHTAKTHON MOJENHN MPU MOAEIHPO-
BaHUM CEMSH TOpoXa METOJOM JHCKPETHBIX
3JIEMEHTOB.

Jdns ee OOCTWXKEHMsS pelIaId ClleAyolye
3aja4yd: pa3paboTKa METOJWKH W IIPOBEICHHE
HATYpHBIX W MOJCJIBbHBIX OKCIIEPUMCHTOB JIA
KaJUOpOBKHM NapaMeTpOB KOHTAaKTHOW MOJIEIIH;

P2

OLIECHKa 3HAaYMMOCTH CBOWCTB Marepuana u
CBOMCTB B3aMMOICUCTBHS JIs1 BHIOPAHHOW KOH-
TaKTHOW MOAENH; pa3paboTKa HOMOTPAMMBI BbI-
6opa mapamerpa KOHTAKTHOH MOJENH B 3aBHCH-
MOCTH OT  (PU3MKO-MEXaHMYECKHX CBOMCTB
CEMSH ropoxa.

YcaoBus, MaTepuaabl M MeToAbl. [ dKC-
MEPUMEHTAJIBHBIX HCCIEIOBAHUN MCIIOIB30BATH
ceMeHa Topoxa copra AKcaiickuid ycaTelidi 7,
Hambomee pacmpocTpaHéHHBIE B PecmyOmmke
BamkopTocrasn.

HccnenoBanus 1Mo OnEHKE 3HAYMMOCTH Iapa-
METPOB, ONpPEAEISIONUX CBOWCTBA MaTepuana u
CBOMCTBAa B3aUMOJEWUCTBUS CEMSH KOHTaKTHOM
MOJIENH, IPOBOAMIM B BUPTYaJIbHOM KOHTEHHepe
[0 yIJIy CBOJIA j; U YIWIy €CTECTBEHHOTO OTKOca
Jj» cemsH (puc. 1). KoHTteiiHep mpencTaBimsin u3
ce0s TIpO3pavHbIA MPSAMOYTOINBHBIN SMIHK [ paz-
Mepamu  340x80x330 MM, BHYTpU KOTOpPOrO
Ha BbIcoTe 170 MM Ha HanpaBIAIOUIMX 3 yCTaHOB-
JICHBI JIB€ MOJBI)KHBIE IUTacTHHBI 2. B Hauane
SKCIEPUMEHTOB B BEPXHIOIO YacTh KOHTeHHepa
IPU 3aKPBITHIX IUIACTHHAX HACHINAJIN CEMEHa,
MocJIe Yero WX OTKPHIBAJM B 00e CTOpoHHI Ha 50
MM. BeicemaBmecss cemeHa oOpa3oBBIBAIM HA
JHE KOHTEIHEpa TPEyTroJbHYIO NPH3MYy C OOKO-
BBIMH CTOPOHAMH IOJ HEKOTOPBIM YITIOM K OCHO-
BaHUIO, KOTOPBIN OIpenenseT yroJ OoTKoca j.
OcTtaBuinecss ceMeéHa Ha BEPXHUX IBYX IUIACTH-
Hax 0Opa30BBIBAIM JIBE TPEYTrOJIbHBIE MPU3MBI C
YIJIIOM TIPH OCHOBaHWH, OMPEIENISIOINM YTOJl
CBOJIA .

TIO/IBMKHAS, 3 — HANPABIISIONINE

TpexmepHass MozielIb KOHTEHHEPa C 3a/laHHbI-
MH pa3sMepaMH CIpPOCKTUPOBaHA B MpOrpamme
KOMITAC 3D, xoTopyr i TPOBEACHUS
9KCIIEPUMEHTOB HMIIOPTHPOBAI B TIPOTPaMMy
Rocky DEM.

VYTon ecTecTBEHHOTO OTKOCA ONpEeNeisuld Ha
npubope (puc. 2a), BKIIOYAIONIEM KOHYCcO00pas3-
HyI0 BOPOHKY | M Kpyrjioe OCHOBaHHME 2 CO
CTEp)KHEM, Ha KOTOpPBIH HaHECEHa H3MEPUTEIIb-
Has mkana 3. Ilepen HavanmoMm SKCIIEPUMEHTOB
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BOPOHKY YCTaHaBJIMBAJIM HA OCHOBaHHE M 3aChl-
Majy CeMeHa.

3areM ee MEJICHHO IMOJHUMANM, U CEMEHa
BBICBITIANTUCH HA OCHOBaHHE, 00pa3yst KOHYC, yTrol
KOTOPOTO OIPEACISUIM 0 IIKaJle IpHCIocooie-
HUSI KaK OTHOIIECHHE BBICOTHI KOHYCa K pajuycy
OCHOBaHUs. I[IIH MOJCJIbHBIX SKCIIEPUMCHTOB B
nporpamme Rocky DEM ©Obiia crnipoexTupoBana
TpexMepHas Mojelns 3toro npudopa B KOMITAC
3D (puc. 26).
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a)

Puc. 2 — @parmeHTsI poBeIeHNs HATYPHBIX (d) B MOAENBHBIX (6) SKCIIEPUMEHTOB II0 OIPEIEIICHHIO
yTJIa €CTECTBEHHOTO OTKOCA

Ilo pe3ynbraraM aHaiu3a JOCTYIHOM JIUTEpA-
Typbl B Ka4eCTBE KOHTAKTHOM MOJENH Ui MOJe-
JIUPOBaHMS CEMSH Iopoxa C y4eTOM H3MEHEHHS
JIMHEHHAas

WX BIQXHOCTH OBIIa BBIOpaHa

k,

8 -e¥a
AN
Y3 X X X))

0)

Bsi3koynpyrast Monens (Linear Spring Dashpot),
KOTOpasi ONHUCHIBAETCSI PEONOIMYECKON MOJAEIBIO
C MapajuIeIbHOM CBSI3bIO YIIPYrod NnpysKuHbl ['yka
u Bsi3koro nemmdepa Herorona (puc. 3).

Puc. 3 — KoHTakTHast MOJIeNb JIMHEHHOHN BSI3KOYIIPYTOH MOJICIH.
k,, — ®eCcTKOCTb PYXUHBL; 1), — KOdDuImeHT neMnpupoBanns; AxX, — CTEICHb HEPEKPHITHS

Jns 3Tol Momenu COCTaBISIOIIYI0 KOHTaKT-
HOW CHJIBI OTIpENIeNISIeT CyMMa CHJI, ISHCTBYIOIINX
Ha MPYKUHY U femidep:

E, = k,Ax2"? + cAxPy, 0
rae k,— XecTKocTh NnpyxuHsl H/M, ¢ — mapametp
neMndupoBaHus, ff — MOKa3aTellb CTEIIEHH TIepe-
KpbITUst Ax,, a V, — OTHOCUTENBHAsI CKOPOCTh B
HOPMaJIbHOM HaIpaBJICHUH, M/C.

[lepBoe cnaraemoe 3TOro BBIpAKEHUSI — HOP-
MallbHasl cuia, AEHCTBYIOMAas MEXIy JBYMsl CO-
BEPILICHHO YHPYruMH cepaMH COTIacHO TEOPHU

JUCCHUIIATHBHBIN wieH. Pa3HooOpas3ue CcBOWMCTB
CEMSH CEIIbCKOXO3SHCTBEHHBIX KYJIBTYp TpeOyeT
COOTBETCTBYIOIIETO BBHIOOpPA U KOPPEKTUPOBKHU
MECXAaHU3MOB paCCCI/IBaHI/IH 3Hepmn JUIA KaXXa10ro
KOHKPETHOTO CITydasi ITyTeM KaTHOpOBKH.

IIpn obocHOBaHWM TapaMETPOB KOHTAKTHOM
MOJCIH B CBS3H C OOJBIIMM KOJIHYECTBOM
(hakTOpOB UTS COKpAIICHUS YHCIA IKCICPUMEH-
TOB MapaMeTphl, TPYAHOONPEACTUMBIE DKCIEPHU-
MCHTAJIbHBIM IyTEM, HEOOXOIUMO TOJOUpPAThH
MyTeM KaJuOpOBKM, a OCTaJbHbIC OIpPEICIATh
MyTeM MPSIMBIX (HU3MYECKUX DKCIICPUMEHTOB WU
HU3MEpEHUI.

I'epua, BTOpOE —  HENUHEHHBIA  BA3KMH
Tabnmma 1 — [TapaMeTpsl KOHTaKTHOW MOJIEITH
Ne /it [TapameTp [Toxa3zaTens

1 Monyns IOnra E, Tla 1,8...2x 10°

2 Koa¢p¢punuenr Ilyaccona v 0,2...0,25
K K

3 09 GUIMEHT CTaTHYECKOrO TPEHHMs 0.4...0.,55
YacTHll f;

4 KoaddummenT nuHaMHYECKOTO TPEHUS 0.1...0.25
YacTHIl fy

5 Koaddrmment BoccTraHOBICHHS Ky g 0,25...0,35

6 Juamerp gactuil d, MM 5 (Ha OCHOBE COOCTBEHHBIX 3aMEPOB)
Koadduiment craTHueckoro TpeHHUs

7 YACTHII O MATEpPUAN KOHTEHHEPA fis 0,25...0,35 (Ha ocHOBE COOCTBEHHBIX 3aMEPOB)

8 Koaddumment nuHaMHYECKOTO TpEeHUS 0.07.. 0.1
YaCTHIl O MaTepua KOHTeHHepa fy AR
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B namiem ciiyyae moayins lOura £ u k03¢ du-
IIMEHT JUHAMUYECKOT0 TPEHUS YacTHL] O MaTepH-
all KOHTeWHepa f;; IPHHATHL HA OCHOBE DKCIEpHU-
MEHTaJBbHBIX NaHHBIX [13] u cnpaBounHmKa [16], a
JauaMeTp JacTui d ¥ Ko3((GHUIUEHT CTaTHIECKOTO
TPEHUs 4YacTWI[ O MaTepual KOHTelHepa
fsi OTpENeNeHbl HSKCIEPUMEHTAIBHBIM  ITyTEM.
KoadduumeHT cratnaeckoro TpeHUs CeMsH Tro-
poxa o MaTepual KOHTEHHepa W3 OprcTeKia H3-
MepsUld Ha TpHOOpe Ui ONpPEACICHUS TPEHHUS

HIOKOSI, & TMaMeTP — MUKPOMETPOM, II0 pe3yJIbTa-
TaM  KOTOPBIX  HOJy4eHbl  YCpeIHEHHBIE
nmokasarenu (Taoi. 1).

Takum o0Opa3oM as KamTuOpPOBKH OCTANHCh
4 napamerpa — koaddurrent Ilyaccona v, koag-
(MIMEHTHI CTaTUYECKOTO M JMHAMHUYECKOTO Tpe-
HHS TOpoXa O TOpoX (COOTBETCTBEHHO fy H f),
KO3 (PHUIHIEHT BOCCTAHOBIICHUS CEMSH K, 51, KOTO-
pele ObBUTM TIPUHATHEI B KadecTBEe (DaKTOPOB
IKCIIEPUMEHTOB.

Tabnumna 2 — YcnoBus MpoOBEACHUS SKCIIEPUMEHTOB

Xl _f;t X2 —f;i X3 -V X4 - kvos
XapaKTepHCTHKA IIaHA (cratmueckuil | (AMHAMUYECKUI (koo puiHeHT (koo puimenT
koodduiment | koddduimeHT [Tyaccona) BOCCTAHOBJICHHS)
TPEHUS) TpEHUsI)
HyneBoii ypoBeHb 0,475 0,175 0,3 0,3
WuTepBan BapbUpOBaHUS 0,075 0,075 0,05 0,05
Bepxuwuii ypoBeHb 0,55 0,25 0,35 0,35
Huxuuit ypoBeHb 0,4 0,1 0,25 0,25

Jdns  ompeneneHus 3HAYUMOCTH  (haKTOPOB
OBUIO TPUHATO pPElleHHE NMPOBECTH MOJIHBINA (ak-
TopHBIH 3KcnepuMeHT ([IPD) Ha ABYX ypOBHIX
u3MeHenns Qaktopos (-1 m +1) ¢ mmanom 2* ¢
9HCIOM OMBITOB 16 (Tabm. 2) mo meromuke [16].
Kaxplit sKcIiepuMeHT ObII TIOBEIEH C TPEXKpaT-
HOH MOBTOPHOCTHIO.

OO6paboTKy pe3yJ bTaTOB BBINOJHSIN IO IUIa-
HY MPOMBIIIEHHOTO JKCIIEPUMEHTa, Pealu30BaH-
HOTO B IIPOrpaMMe JUIsi CTATHCTHYECKOTO aHaIHn3a
nmarabix STATISTIKA 12.

PesyabTatsl u 06cy:xaenue. Ilocme craru-
CTHYECKOH 00pabOTKM pe3ysIbTaTOB 3KCIEPUMEH-
TOB OBLIO TIOJIy4EHO YpaBHEHHE PETPECCHH IS
yria cBoja:

v=7,52-0,28X,+1,22X,-0,085X5-0,345X,.

Ormenka 3HAYNMOCTH KOX(PQPHUINEHTOB ypaB-
HEHUSI PETPECCHH C HCIOJIb30BAHUEM KpPUTEPHS
CrbrozieHTa TI0Ka3ana, 4To (akTop X3 HE3HAYNM
U UM MOXKHO TpeHeOpeub. Tornma ypaBHeHHE pe-
rpeccuy ¢ KOJMPOBAHHBIMHU (pakTOpaMH MpUMET
BU]I:

y=7,52-0,28X,+1,22X,-0,345X,,

Jns mepexosna B ypaBHEHHE C HaTypab-
HBIMH BEJIMYNHAMH HCXOJS BEIPAKSHUS:

_5 =%

k

X1 ()

rae X; — HaTypanbHOe 3HaueHHe (HaKkTopa;

X, HATypalbHOEe 3HAYEHWE OCHOBHOTO
YPOBHST;

I; — viHTEepBaT BApPHPOBAHMAL.

Torna ypaBHEHHE B HATYPAIbHBIX BEIUUUHAX
MPUMET BHI:

V=6,847-0,373f,+16,67f6, %51

OrmeHka 3HAYUMOCTH KOX(PQPHUINEHTOB ypaB-
HEHHUSI PEerpeccuy sl yrila OTKoca IoKas3aja He-
3HaYUMOCTh (hakTopoB X;, X3 U X4 [losTomy
B KOJMPOBAHHOM BUJIE OHO UMEET BH:
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y=21,72+1,8X;,
B HaTypaJ'IBHBIX BCIIMUNHAX
y=10,58+2,4f,

B nampHeiimeM 11 BBISBICHUS 3aBUCUMOCTH
ko3 punmenra JUHAMHYECKOTO TPEeHUs
OT BJIXHOCTH CEMSH Topoxa ObuUia IMpoBeleHa
KanuOpOBKa 3TOro Iapamerpa Mo Yy ecTe-
CTBEHHOTO OTKOCA.

Ha pucynke 4a npexncraBieHsl rpadude-
CKHE 3aBHCHMOCTH YTJIa €CTECTBEHHOTO OTKOCA
OT BIIQXHOCTH CEMSH TOpoXa, MOJy4YCHHBIC TpPH
HaTypHBIX SKCIIEPUMEHTAaX, Ha pUCYHKe 40 — yria
€CTECTBEHHOT0 OTKOCa OT KOd(QHIMEeHTa IHUHA-
MHYECKOTO TPEHHUs MEXIy YacTUIaMu fy
JUTSE MOJICITH.

Hcxona n3 3aBHCUMOCTEH BHIHO, UYTO 3HAUeE-
HUS yIJla ©CTECTBEHHOI'O OTKOCa, IOJTyYCHHBIC
MPH HATYPHBIX SKCIECPUMEHTAX C YBEIHYCHHEM
BIQXKHOCTH CEMsH, yBeiauuuBarorea ¢ 11,5% nmo
23,9% yrom ecTeCTBEHHOTO OTKOCAa IHpPH 3TOM
yBeIMurBaeTcs HesHauuTenbHo ¢ 17,03 go 17,7%
Y HOCUT JIMHEHHBIN Xapakrep.

M1 yrouHeHus: 3aBHCHUMOCTEM yria ecrte-
CTBEHHOTO OTKOCAa OT BIIQXKHOCTH CeMsH (puc.5a)
1 K03 PuIreHTa TUHAMUYIESCKOTO TPCHHS OBLIO
MPUHATO PEIICHHUE WCCIICOBATh BIMSHHUC JIHA-
MHUYECKOTO TpeHHs B Oojiee Y3KOM JHara3oHe,
COOTBETCTBYIOIIEM YIJIy €CTECTBEHHOIO OTKOCa
IIpU HATYPHBIX OJKCIEPUMEHTaX B IIpeaesax
17,03...17,73. Hcxons u3 3TOro JajbHEHIIEe

WCCIICIOBAaHNE  TPOBOMIIA B  JHAIa30HE
£:=0,15...0,2.
W3  momydeHHBIX ~ 3aBHCHUMOCTEH  yria

€CTECTBEHHOTO OTKOCa OT BJIAXKHOCTH (pHcC S5a) n
KO3 (PUIMECHTa TUHAMUYICCKOTO TpeHUs (puc. 50)
BUJIHO, 4YTO  XapakTep W3MEHEHHs  yria
(HaKJIOH  JMHUM ~ TPEHJA)  eCTECTBEHHOIO
0TKOCa CEMSH ropoxa OT BJIQKHOCTH HACHTHYCH
W3MEHEHHIO aHAJIOTUYHOTO yTia MpH KO3 HIm-

CHTC BOCCTAHOBIJICHUS V:0,2 B JAuaria3oHe
KOB(b(bHHI/IGHT& JUHAMHUYECCKOI'O TpCHUSA
£~0,15...0,17.
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S y =0.0615x + 16.35

HAYKU
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24 ¥ =45.296x +9,7532 *
R*=0,9381

2 R2=0,8492 2
19 13
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Puc. 4 — 3aBUCHMOCTD yTIIa €CTECTBEHHOTO OTKOCA (0 OT BIAXXHOCTH ( CEMSH ropoxa (a) u
KOd(QPHUIHIEHTa AMHAMHUYECKOTO TPEHUSI MEXK Ty YacTUIamMH f; (0)
0, Tpa.
ol v=0,4
2 y=0,0615x + 1635
% R?=0,8492
- v=0,3
9 = 4
: 1 e
s i g
. I B W v . o il v=0,2
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Puc. 5 — 3aBUCHUMOCTD yTiia €eCTECTBEHHOTO OTKOCA j OT BJIAXKHOCTH W CEMSH ropoxa (a) u
k03 (uIMeHTa TUHAMIUYECKOTO TPEHHSI MEXK]Ty YacTUIIaMHU fy (6)

ComnocraBieHne 3aBUCUMOCTEH, NPeCTaBICH-
HBIX Ha (puC. 6) MO pe3ynpTaTaM HATYypHBIX U
MOJIETTBHBIX 3KCIEPUMEHTOB, ACT BO3MOKHOCTB
MTOCTPOUTH HOMOTPaMMYy ISl BEIOOpa KO3 HHUIIH-
€HTa JUHAMHYECKOTO TPEHUS MEXIy YacTHLAMU
f4 B 3aBHCHMOCTH OT BJIQ)XHOCTH CEMSH W JUIA
JIUHEWHONW BA3KOYNPYrod KOHTAKTHOW MoJenu

NP MOJEIUPOBAHUM CEMSH TOpoXa METOJOM
JIUCKPETHBIX DJIEMEHTOB.

B nmanbHeieM ee MOXXHO HCIIOJNB30BATh IS
MOJICIMPOBAHMS  TEXHOJIOTHYECKOTO IIporiecca

BBICCBA CCMAH Iropoxa npu ImOoCTaHOBKC IMapaMeT-
MOACTIN

POB  KOHTaKTHOM
Rocky DEM.

B Iporpamme

9, rpan.
179 y=0,0615x + 16,35 v=408x + 11,026
17.8 R?=0,8492 © R2=09635
179 k3 ¢
17,6
17,5 - -
17,4
173
172
17,1 ° o
17 e
10 12 14 16 18 20 22 ©,% g5 0,155 0,16 0,165 fa

Puc. 6 — Homorpamma BeI6Opa ko3 GuIlMeHTa AMHAMUIECKOTO TPEHUS MEXIY YacTHIIAMH f;
JUIsl KOHTAKTHOM MOJIENIN B 3aBUCHUMOCTH OT BJIQXKHOCTH CEMSIH TOpoXa w

BbiBoabl. 3HaYUMBIH mapaMeTp, KOTOPHBI I
BIMSIET HAa BEIMYMHY yIda  OTKOCA,
KOX(PPHUIUEHT IUHAMHYECKOTO TPEHHUS MEXIY
YaCTHLAMH f;. XapakTep M3MCHEHHS yIJia ecTe-
CTBEHHOT'O OTKOCa CEMSH IropoXa OT BIIAXKHOCTHU
UJEHTUYEH €r0 U3MEHEHUIO Y 4acTHUll, CMOAEIH-
POBAaHHBIX METOJIOM JUCKPETHBIX 3JIEMEHTOB, IPU
koo dunmenre BoccranoBnenus v=0,2 u Kod3-
¢bULeHTe AMHAMHYECKOTO TPEHHS MEXIY HUMH
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1:~0,15...0,17. Tlo pe3yabTataM 3KCIICPHUMCHTOB
MOCTpOEHa HOMOrpaMMa BbIOOpa mapameTpa KOH-
TaKTHOW MOJIENN — KO3 PHUIHEHTa TMHAMHUIECKO-
rO TPEHHSI MEX/y YaCTHUIAMH B 3aBUCHMOCTH OT
BIIAKHOCTH CEMSIH TOpOXa.

Cgefennsi 00 WCTOYHHMKe (pUMHAHCHPOBA-
HMSI. UCCIIEIOBAHNE BBITIOJIHEHO 32 CYeT I'paH-
ta Poccuiickoro HayyHoro ¢orma Ne 23-76-
10070, https://rscf.ru/project/23-76-10070/.
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ASSESSMENT OF SIGNIFICANCE AND SELECTION OF CONTACT MODEL PARAMETERS
WHEN SIMULATING PEAS SEEDS USING THE DISCRETE ELEMENT METHOD
S. G. Mudarisov, I. M. Farkhutdinov, V. Kh. Imangulov, V.A. Podolyakin, R. R. Nasyrov

Abstract. An integral part of technological operations in agriculture during sowing, harvesting, transportation
and post-harvest processing is the impact of the working parts of machines on crop seeds. To increase the efficiency of
machines and reduce seed injury, it is necessary to improve the design and technological parameters of the working units.
Currently, the most promising method for theoretically substantiating the parameters of machines working with seeds and
improving their design is modeling using the discrete element method. The study is carried out to substantiate the parame-
ters of the contact model of discrete elements when modeling pea seeds. The parameters of the contact model were justi-
fied based on the results of testing on the angle of slope and arch when pouring seeds. To analyze the angle of repose and
vault, a transparent rectangular container was used, when seeds were poured out of the upper part of which, the remaining
seeds formed the angle of the vault, and the crumbled ones formed the angle of repose. Evaluation of the coefficients of the
regression equations for changes in the angles of the arch and slope when shedding seeds in a container from the parame-
ters of the selected contact linear viscoelastic model made it possible to establish a significant parameter - the coefficient
of dynamic friction between particles. The nature of the change in the angle of repose of pea seeds from moisture is identi-
cal to the change in this angle for particles modeled by the discrete element method, with their recovery coefficient v = 0.2
and the coefficient of dynamic friction between them fd = 0.15...0.17. The dependences of the angle of repose on the mois-
ture content of pea seeds and the coefficient of dynamic friction between particles obtained during the implementation of
experiments represent a nomogram for choosing the coefficient of dynamic friction between particles fd for a contact line-
ar viscoelastic model depending on the moisture content of pea seeds when modeling using the discrete element method.
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