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3aBaHTaXeHHs CUIOCIB CUMMKMM 3EPHOBMM BaHTaXkeM BiabyBaeTbCA K MPaBWIo rpasiTalinHuM cro-
cobom. MNpu LbOMY CUNKMIn MaTepian i3 3aBaHTaXyBarnbHOro OTBOPY CUMOCY Mif, Ai€t0 CUNM TSXKIHHS nagae
Ha voro 6eToHHe AHO. Yaap 3epHIBKU XapaKkTepu3yeTbCA ManMm nNpoMiXXKOM yAapHOro NpoLecy i 3Ha4HUM
piBHeM yaapHux cun. MNpu ubomy BigbyBaeTbCa TpaBMyBaHHSA 3epHIBOK 0COGMMBO B NOYATKOBUI NEpioA
3aBaHTaXEHHS1. B HUXKHIN YacTUHI 3epHOBOro HacKny HaKOMUYYETLCS NEBHWUIA 06’'EM YLLIKOLXKEHOTO 3epHa.

Y [aHi cTaTTi Ha OCHOBI KrnacuyHoi Teopii 'epua BUKOHaHI TeOpeTWYHi AOChigKeHHS yaapHol
B3aeMOJii 3epHa i3 Nnackow TBepAo NoBepxHeto cunocy. MNpu LboMy 6eTOHHE AHO po3rnagaeTbes K
NPYXHWUI NiBNPOCTIp, a Nafarye Ha HbOro 3ePHO 03MMOI NLLEHULI BBaXAETbCS B’A3KO-MPYXHUM. Y poOOTi
BM3HaY€eHi OCHOBHi XapaKTepUCTMKN YAapHOT B3aEMOii 3epHiBKM 3 HEPYXOMOIO MepeLLKoaot. 30kpema,
3HaNAeHi 3HAYEHHs1 CUIMM KOHTAKTHO| B3aeEMOAIiT Ta MakCMarnbHWUIA TUCK ANst 3epeH 03MMOI NLLEHUL, WO
BPaxOBYIOTb MOYATKOBY LUBWUAKICTb PYXy 3€pHa Ta LBMAKICTb HAabyTy HUM MpW NagiHHI Ha OHO cMnocy
BMCOTO h. 3a JONOMOro po3knagaHHs nigiHterpanbHoi dyHKUiT y psag MaknopeHa 6yna Takox oTpu-
MaHa CrpoLleHa 3anexHiCTb AN BU3HAYEHHS Yacy yAapHOi B3aEMOAIi 3epHa 3 6€TOHHUM AHOM CMNocCy .

Y xoai pocnigKeHHs1 064YMCNEHO MaKCUMAnbHUA TUCK By, 4y, SIKUA BUHUKAE NPWU KOHTaKTHIN B3aeMopii
03VIMOro 3epHa MLieHunLi 3 6eToHoM. BiH BignoBigae BHYTPILLHIM HANPYXEHHSIM &, L0 BUHUKAKOTL Y TOYL
KOHTaKTy 3epHa i3 nepeLukogoto. OTprMaHnin TUCK KOHTAKTHOT B3aeMOSi Py, € 3Ha4HO BinbLunM cepeaHb-
OCTaTUCTUYHOI rPaHNLL MiLLHOCTi 03MMOI NIWEHWL Gy gy, TOOTO BUKOHYETLCS HEPIBHICTb Py >0max - LIE CBIA-
YWTb NPO MNPYXXHO-MNACTUYHWI XapakTep AedopmaLlii 03MMOro 3epHa, a OTKe Npo NOro TpaBMyBaHHs. Bug
Ta cTeniHb AedopMaLlii 3epHOBOI Macu 3aneXxuTb BiA CTYNeHs NepeBUEHHS Py ay > Tmax-
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Oechopmauisi.

AKTyanbHicTb Npobnemun. 3aBaHTaXKeHHS Cu-
nociB 3MOHTOBaHUX Ha GETOHHIN OCHOBI 3€pPHOBUM
MaTepianom sk NpaBWUIIO 34iMCHIOETLCS FpaBiTaLin-
HUM cnocobom. 3epHo i3 Hag CUNOCHOTO KOHBEEpPaA
Yepes 3acUnHWiA OTBIP BiNbHO Nagae Ha AHO CUIOCY.
Mapatoun i3 3HaA4YHOI BUCOTK, 3epHO BGaraTopasoBo
BOapsieTbcst 06 OeTOHHE AOHO Liei cnopyau Ta iHLWi
BHYTPILLHI Tl enemeHTW. Take rpasiTauiiHe 3aBaHTa-
XEHHS1 NPU3BOANTbL OO MEXAHIYHOro TpaBMYBaHHS
3epHa, KoTpe Oyde 3HaxXoAWTUCh Y HWXKHIN YacTuHI
3epHoBoOro Hacuny [1, 2, 3, 4].

BueHumn [5,6] BCTaHOBNEHO, WO TpaBMOBaHe
3EepHO Ma€e 3HWXEHY CTilKiCTb 00 36epiraHHs. Tomy
NOpYLLEHHS LiniCHOCTI 3epHa Beae [0 Pi3Koro pocTy
AnxanbHWX npoueciB BHaCNigOK BiNbHOMo AOCTyny
NOBITPS 4O BHYTPILLHLOI OY10BM 3€PHIBKU i SIK pe3yrib-
TaT 40 iHTEHCMBHOIO PO3BMUTKY MiKpOOpraHiamis Ta
DakTepiii B yLIKOMKEHUX Micuax. B npoueci guxaHHs
BUAINAETbCA 3HA4YHA KiNbKiCTb Tenna, TOMy npu
BiOMNOBIAHWX HECNPUSATIIMBUX YMOBAX 3€pHO MOXe ca-
moairpiBatucs. CamoasirpiBaHHs 3epHa NpuBOaNTL A0
TOro, WO BOHO NMCYeTbCs abo NOBHICTHO MMHE.
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B pob6ori [7] BkasaHO Ha Te, Lo nicna HeTpusa-
noro 36epiraHHA Ha YLWKOAKEHOMY 3epHi KinbKiCTb
GakTepin 6yno B 3,5 pa3u, a B nniceHi B 50 pa3
GinbLue HiX B Linomy.

TakMMm YMHOM, 3MEHLLEHHS TpaBMyBaHHS 3epHa
nig Yac Noro 3aBaHTaXeHHsI B CUMOCU € BaXKMUBOIO
iH)XeHepHO 3agadeto, HeoOXiOHICTb BUPILLEHHS
AKOi 0OYMOBIEHO 3 MOTiPLUEHHSM CTINKOCTi 3epHO-
BOro mMatepiany npu 1oro 36epiraHHi y BUCOKUX CU-
nocax 3 6eTOHHUM OHOM.

AHani3 ocTaHHix gocnigXxeHb Ta nyonikauin.
3 niTepatypHunx mxepen Bigomo [8,9], wo nig yac
B3aEMOAii 3epHa 3 pi3HMMM nepelikogamu (pyxo-
MUMW i HEPYXOMMMM) Ha HbOTO Ail0Tb BCi BUAN Me-
XaHiYHMX 3ycunb: CTaTU4Hi, TOGTO 3ycunnd ski
NnnaBHO 3pOCTalTh; AUHAMIYHI, KON HaBaHTaXEeHHS
Ha 3epHO BUpaxalTbCa YyAapamu; 3HAKO3MiHHI,
KON HaBaHTaXXeHHs 3MIHIOKTLCS SIK 3@ 3HAKOM TaK i
3a BeNnu4uMHow. ToMy nagaroye 3epHo 3 BENUKOT BU-
COTM B curocax TexX nigaaeTbCa AUHaMIYHOMY
HaBaHTaXXeHHI0, BENMYNHA SIKOrO 3anexuTb Big BU-
COTW CNOPYAM i LUBUAKOCTI NagiHHA.
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MogaentoBaHHA yaapHOi B3aEMOAII 3epHa 3 NNackolo TBEPAOI0 NOBEPXHELD

Modeling the impact interaction of a grain with a flat solid surface

3iTkHEHHA 3epHa 3 OGETOHHOK MEepeLLKOAOoto
NpeacTaBnsie MEeBHY HaykoBy Npobnemy 3 TOYKM
30pYy Pi3NYHMX | TEXHOMOrYHUX NPOLECIB, SKi Bia0Yy-
BalOTbCA Ni Yac 3aBaHTaXEHHS CUIMOCIB 3€PHOM.
[lns BMBYEHHST yaapHUX NPoLECiB sKi BigOyBatTbCs
i3 3epHOM O3MMOI MNWeHuLi Npu Ti 3aBaHTaXXeHHi B
cunocu Byna BuMKopucTaHa knacudHa Teopisa epua
[10,11,12]. B ocHoBi €koi nexaTb [AOBi rinoTesu.
Mepwa 3acHoBaHa Ha TOMy, WO Mpu B3aemogil
cniBygapHuX Tin cyTTeBMMN € MicLeBi aecbopmallii B
30Hi iX kOHTakTy. [lpyra rinoTesa Bkasye Ha Te, LWO
3anexHiCTb KOHTaKTHOT CUIK Bif KOHTaKTHOT Aedop-
MaLil Ipy yaapi 3anmwaeTbCsa Takok X, SK i pu cTa-
TUYHOMY CTUCKaHHI Tin [13, 14].

[ocnigkyoun pyx okpemMux 3epHIBOK i iX yoap
06 HepyxoMy nepelikogy Mpuxogumo A0 Takoro
BUCHOBKY. HaBiTb NpoOCTi BMNagkM KOnu 3epHiBKa
Mae cdepudHy dopmy (Hanpuknag, ropox, cos) i
NPYXHWIM CTaH, AnHamika i B3aEMOAIi i3 >XOPCTKOO
©ETOHHOK OCHOBOK ABNAETLCHA AOCUTH CKMaaHO B
MaTeMaTM4HOMY PO3yMiHHI 3agayeto. ToMy B AaHiN
cTatTi 3pobneHa cnpoba BU3HAUYNTM MaKCUMarnbHUN
TUCK, KM BUHUKAE Nig Yac B3aemogii 3epHa 03nmMoi
NLEHULi 3 TBEPAOHO MMACKOK NOBEPXHELD.

Marepianu i meToan pocnigkeHHsA. YoapHa
B3aEMOfisl 3epHa 03MMOI MLEeHuLi 3 iHWnMK TBep-
OuMK Tinamu nig Yac Noro 3aBaHTaXXEHHS B CUIOCH,
NPUBOAUTL [0 BUHWKHEHHS MICUEBUX KOHTaKTHUX
nedopmadi Ta MakCMManbHOro TUCKY B MiCLli KOH-
TakTy 3epHiBkM 3 BeTOHHUM gHOoM cunocy. [ig 4ac
yOapy B 3€pHiBKax 03UMOI MNLIEHUL MOXYTb 3'siBU-
TUCb MIKPOTPILUUHA, 3MOMW, BM'ATMHM, Ta iHWI
YWKOMKEHHA. [Ansa Toro, wob 3mMeHwunTn Ui ywkoa-
XeHHs abo NOBHICTIO X N030yTUCb HEOBXIAHO y ce-
peavHi cunociB BCTaHOBMOBATM chneuianbHi npu-
CTPOI 3a JOMOMOrO SKUX MOXHa 3MEHLUUTU BUCOTY
nafiHHA Ta WBUAKICTb PYXY 3€PHIBOK.

BeToHHEe OHO cunocy SIBMSETLCS Nnackoro abco-
NIOTHO TBEPAOH MOBEPXHEW, SKY NpUAMAEMO 3a
NPY>XHUA MIBMPOCTIP, YTBOPEHWA FOPU3OHTaNbLHOI
NAOWMHOK i3 cBOIM KoedpiuyieHTamn HOHra i lMyaH-
CcoHa. [1na mogenioBaHHs ygapHOi B3aemogii 3epHa
031MOi NweHuui byna BMKOpUcTaHa KnacuyHa Teo-
pia yoapy lepua, sika gae MOXMMBICTb BU3HAYUTU
MicueBi AedopMaLil Ta KOHTAKTHI HanpyXeHHs Lo
BUHMKaIOTb B OKpeMmx 3epHiBkax [10 - 14]. Bubip uiei
Teopil NOSACHIETLCA He3Ha4yHMMKU AedopMauismin
3epHIBOK 03MMOI MNweHuUi nig 4ac ix ygapy no 6e-
TOHHY, SIKi € B’A3KO — MPYXHUMW.

MeTa gocnigkeHHs — BU3HAYEHHS MakcMmarb-
HOrO TUCKY, SKUA BMHWKAE NPW KOHTaKTHIA B3aemogii
3EpHIBKM 03MMOI MWEHUL i3 BETOHHOK OCHOBOK CU-
nocy, Npu 3aBaHTaXKEHHI 3ePHOBOIO BaHTaXy B CUIOC.

PesynbTatu gocnigxeHb. Npunmaemo, wWo ais
CUNN TSDKIHHS Ha 3ePHO, Yepes NOro He3HavyHy macy
Ta WBMAKICTb Mig Yac yaapy € He3Ha4yHOKw Ta Heto
MO>Ha 3HexTyBaTu. KOHTakTHe 36nmxeHHs Tin nicns

3iTKHEeHHs x = x(t) 3a Teopieto ['epua onucyemo au-
depeHuianbHUM PIBHAHHSAM:

3
mx" = —cx2 1)

A€ 0, — NePEMILLIEHHS LEHTPIB Mac CriBygapHUX Tin
Y HanpsMKy yAapy; ¢ — KOHCTaHTa, 3Ha4YeHHs1 AKOI Y
HaLLOMy BUNaaKy BU3HAYaETbCA pajiycaMm KpUBU3HU
chepunyHOi NOBEPXHi 3epHa i nrackoi 6eToHHOT noBe-
PXHi Ta BiANOBIAHUMM NPY>KHIMW BNACTUBOCTSAMU Ma-
Tepiany. 3rigHo Teopii epua T1a [10, 11] maemo:

1
c=4\/R_1- (1+§sz+£s4)2
3Q 3

(1+S+2 420y
4 64 256

Q=1—E‘uz+1;nuyzl;
. 16(5+%22+64( —Rﬁ—j)_
9(3+%2)"  3(3+7) o
_4(5+2—j)
3(3+2—j)'

Je m — maca 3epHUHN, E, i - A0ro MOAy-b MPY>KHOCTI
i koedpiuieHT NyaccoHa, R, = R, - pagiycy KpUBN3HU
3epHa, E,, i, - MoOynb MNPYXHOCTI i KoediuieHT
[MyaccoHa ropmM3oHTanbHO| MOBEPXHI KOHTaKTY.

3 andepeHuianbHOro piBHAHHA (1) 3Hamgemo
dopmyny WBUAKOCTI pyXy 3epHa:

_dv_dv dx_ dv_
T4t dx dt Cdx’

n

dv —c 3
—_— = —X2;
Vax = m X
— 3
vdv = (?xZ) dx. €)
MpoiHTerpyemo obumagi YacTUHM PiBHSAHHSA (3):
v? 2c s
7 + Cl = C2 - %x’z;
dx 4c s
== —C, ——x2 4
= 26— Cim g (4)

Beegemo B (4) no4aTkoBi yMOB:

x(0)=0
{x’(O) =v’

e v - WBUAKICTb 3iTKHEHHSA TiN, SKa BpaxoBye noya-
TKOBY LUBMAKICTb 3epHa V. OTpumMaemo:
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dx 5 4c s

—_= ——X2;

ac |V Tsm
dx 4c s
—=v|1- z, 5
dt v S5mv? x ®)

BukopucTtoBytoun (5) 3Hamgemo piBHsIHHSA 451
MaKcMMarbHOro 36nvXeHHs Tin y npu yaapi:

4c s
)/Z =

S5mv?

2

, - 5 (57::2> _ <51::2>E. ©)

3a gonomoro iHTerpyBaHHs (5) Ha MpPoOMiKXKY
[0; y] Ta BpaxoBytoun (6) oTpMMaemo Yac yaapHoil
B3aemog;i t:

2dx

5 ;
vyl= 5::;2 x2
f (7

va2

dt =

BpaxoBytoum (6) nepenuwwemo (7

t_ZfV dx
vl s ®)

Beegemo B (8) 3amiHy y = x/y, ToAi 0TpmmaeM0:

2y 1_
JJ; 7,
_Z_Vfldix:

’ Oxfiy% ©)

2% i (1 — yg)_% dx =2?y1.

2
dx——y
v

[ns noganbLoro po3s’si3Ky nepenuwiemMo nigiH-
TerparnbHy yHKLUi0 (9) BUKOPUCTOBYHOYM pO3KNag B
psg MaknopeHa:

1 3 52
Vgt 07) +
15 s\3 105 5\
1 8.3!'()’2) +16.4!'(y2)+
1=f o . (10)
0 05-(05+1)..(05+ (n—1))
+ - x

x()

n
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MpoiHTerpyeaBwu (10) maemo:

7 3y 1
yz ye
A TR TR TR
133 9&1
15y 8 105y16 N
| = 133 31 641 -4! -
- 3157 15689 ~
945y 32 10395y e +
3157 5! 15689 - 6!
78253
+135135y 128 4
78253 - 7! 0

1+ 0,14285+0,05172+0,01879+
+0,00682+0,00249+0,00092+
0,00034+0,00012 ~ 1,224 .

Q

3 TouHicTio go 0,0001 oTpumMyemo vac yaapHoi
B3aemMofji:

2
t = 1,224%. (11)

3Hatoun y Bpaxosytoun (6), 3HaOeMo Makcu-
MYM CUNN KOHTaKTHOT B3aeMogii F,,

3

Frax = cyZ. (12)
Mpwn ybomy 3 [10, 12, 13] MaeEMO MakCcManbHWU TUCK:
3}§nax

> (13)
2n'a'max bmax

Bhax =

ae
1

3 15 3

Amax = QFmale (1+8£ +6—4£ ) ;

Pmax = Qmaxy 1 — €2 (14)

MakcumanbsHWin TUCK, KM BUHUKAE NPU KOHTa-
KTHi/ B3aemogii 3epHa 3 abconioTHO TBepauM nnac-
K1M TiNOM BiZiNOBIAae BHYTPILUHIM HANPYXeHHAM, SKi
BMHMKAKOTb Y CaMill 3epHUHI y Touui KOoHTakTy. OB6-
YNCNMBLLW MaKCUMarbHWUIN TUCK NPU KOHTaKTi 3epHa
Ta MOPIBHSABLUKN MOro 3 cepefHbOCTaTUCTUYHOI rpa-
HULIEI0 MOr0 MILUHOCTI Gypq, MOXHA OLIHUTW CTEMiHb
Noro TpaBMyBaHHS.

OqegmuHo, wo npwu P_maX > 0,4y BUHVKAE Oe-
dopmaLllis 3epHa, a oTXKe i Koro TpaBMyBaHHA. Bua
Ta cTeniHb gedopmadii 3epHOBOI Macu 3anexuTb

Bif CTYNEHS NePEeBULLIEHHS P, . >> 0,0y

OGuYNCNEHHA  OCHOBHMX  XapaKTepUCTUK
yAapHoi B3aemogii nweHuldi npu nagiHHi Ha Oe-
TOHHY nignory cunocy. [Ina npoBefeHHs po-
3paxyHKiB Bi3bMeMO HaCTyMHi ycepeaHeHi AaHi ans
03MMOro 3epHa MWeHULi Ta nrackoi 6eTOHHOI no-
BepxHi curnocy [15]:
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R, = 0,006 M,R, = 1,5-1073 m3,
m=4-10"5 kr, E = 26 - 10° Ila,
E,=2-10"Ma,u =012, 4, = 0,17,
h=26m,V, =0,65 M/c,
v=V,+.2gh=23224m/c.

3rigHo 3 HaBeAeHVMU BUXIZHUMW AaHUMV 3a [0-
NMOMOroto (2) 3Haxoanmo:

€2 =0,9384,Q = 3,796 - 10~%a,

1
c = 1,967 - 10°mz/Ma.

3a gonowmoroto popmyn (6) Ta (11-14) ogepxmmo:
y = 7,158 107*m,
t = 7,545 - 1075,
Epax = 37,67 H

Aoy = (0,64348 - 108 - 1,558)3 = 2,156 - 10~°Mm,
Biax = 5.351-107*m,
Ppax = 15,598 MIla (15)

BogHovac rpaHmusa MiLHOCTI Ans 03MMoro 3ep-
Ha MNweHnLi B cepeHbOMY CKNadae oy, = 5 Mlla,
MopiBHIOKOYN Ty, I3 OTPUMEHMMUK pesyrbTaTamu
(15) 6a4nmo, WO MakcMMarnbHUIN TUCK NPW NagiHHi
03MMOrO 3epHa MweHUli Ha 6eTOH y ToYLi KOHTaKTy
€ 3Ha4yHO OiNbLUIMM MakCcMManbsHO 4ONYCTUMOro 3Ha-
YeHHSA P > 0o

BucHoBKM i nepcnekTuBu. 3rigHo i3 npoeeae-
HUM JOCRIAXEHHAM Mpu 3arpy3Li 031Mol NweHuui y
cunoc Ti HWXHI Wapu TpaBMYKOTbCA BHACMIAOK BU-
HUKHEHHS NPY>XHbO-NNacTUYHOI Aedopmalii 3epeH
npu iX TOYKOBOMY KOHTakTi 3 6eToHoM. Lle, y cBoto
yepry, Moxe Npu3BoAMTU A0 NCYBaHHSA HUXKHIX CNOIB
031MOI NLWeHULi Nig Yyac noro 36epiraHHA y CUNoci.

Ana Toro, wob 3anobirt BMHWMKHEHHIO TpaBMy-
BaHHS 3epHa JOUiNbHO BUKOPUCTOBYBATU CreLliarnbHi
MPUCTPOI, IO 3MEHLIYIOTb LUBUAKICTE PYXY 3€PHOBOI
Macw nig yac il 3aBaHTaXXeHHS y cunoc. 30Kkpema, B pe-
3ynbTaTi NpoBefdeHWx padiwe pocnimkeHs [4, 16],
Hamu Oynn 3anpoMnOHOBaHI HACTYMHI YCTaHOBKWU ANt
PyXy 3epHa npv 3aBaHTaXXEHHi MOro y CUNoc: NPUCTpIn
pyXy 3epHa MO FBUHTOBIA MiHii 3i 3MiHHUM KyTOM
Haxuny; NPUCTPIN 3 TOXUNMMU KaHanamu i3 AUCKPETHO
3MIHHUM KyTOM Haxuny.

Mopanbwi gocnigkeHHs 6yoyTb HanpaBneHi Ha
NpoBefeHHA OOoChiMKeHb OO0 BUBYEHHHA Xapak-
Tepy B3aemofii 3epHa pi3HUX KynbTyp, Nig Yyac noro
pyXy Y po3riHHOMy Ta ranbmiBHOMY >oriobax 3anpo-
NOHOBAHWNX NPUCTPOIB.
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MoaenupoBaHue yaapHoro B3auMoaencTBus 3epHa
C NJIOCKOW TBEPAON NOBEPXHOCTbLIO

T.B. CamonneHko, A.B. AHTOHeu, B.H. ApeHaapeHko, B.U. MenbHuk

3arpyska CurnocoB Cbiny4ymm 3€PHOBBIM MPY30M NPOUCXOAMT OObIYHO FPpaBUTALMOHHBIM cnocobom. Mpu aTom
CbINy4Mi MaTepuan ¢ 3arpy304HOro OTBEPCTMS CUnoca nod AeNCTBMEM CUMbl NPUTSKEHNA NajaeT Ha ero 6eToH-
Hoe OHO. Yap 3epHOBKY XapakTepusyeTcsi MarbiM MPOMEXYTKOM YAapHOro npouecca v 3HaunTerbHbIM YPOBHEM
yaapHbIx cun. [Npy 3TOM NpoUCXoanT TpaBMMPOBaHME 3€PHOBOK OCODEHHO B HaYarbHbIN Nepuog 3arpy3ku. B Hnk-
Hel YacTu 3epHOBOW HACbINW HaKannMBaeTcs onpeaerneHHbI 06 beM NOBPEXAEHHOTO 3epHa.

B naHHoW cTaThbe Ha OCHOBE Krnaccu4eckomn Teopun 'epLa BbIMOSHEHbI TEOpeTUYeCKMEe UCCreaoBaHUS yaap-
HOro B3aMMOZENCTBYS 3epHa C NIIOCKON TBEPAOW NMOBEPXHOCTLIO curoca. [Npu aTom 6eToHHOE AHO paccmaTpuBa-
€TCs KaK ynpyroe nofynpocTpaHCTBO, a NajatoLLee Ha Hero 3epHO 03MMOMN MLLEHULbI CHUTAETCS BA3KO-YNPYrUM.
B pabote onpegeneHbl OCHOBHbIE XapaKTepUCTUKN yAapHOro B3auMoAeNCTBUS 3€PHOBKU C HEMOABWXHBIM Mpe-
natcTevem. B YaCTHOCTMU, Hal7lp,eHbI 3Ha4YeHnd CuUrbl KOHTAKTHOIO B3aI/IMO.lJ.eI7ICTBI/I9l N MakCumMaribHoe AaBlieHune
ANS 3epeH 031MOW MNWEeHUUbI ,,,,, YYUTbIBaOLLME Ha4arbHY0 CKOPOCTb ABWKEHWS 3epHa 1 CKOPOCTb Npuobpe-
TEHHYI0 UM NpW NageHun Ha OHO cunoca BbiCOTOM h. C NOMOLLbIO pa3fnoXeHWs NoabIHTerpanbHON pyHKUMN B psa
MaknopeHa 6bina Takke nonyyeHa ynpoLLeHHas 3aB1CUMOCTb Ans OnpeaeneHust BpeMeH yaapHoro BanmMoaen-
CTBUS 3epHa ¢ 6ETOHHBIM AHOM curoca.

B Xoae uccnegoBaHud BblYUCIIEHO MakCuMarnbHOe gaBlieHne Pmaw KOTOpPO€E BO3HUKAET NpWU KOHTAKTHOM B3a-
UMOZENCTBUM O3UMOr0 3epHa niueHnLbl ¢ 6eToHoM. OHO OTBeYaeT BHYTPEHHUM HaMNPSPKEHNAM ¢, BO3HUKAKOLLMM
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m MogaentoBaHHA yaapHOi B3aEMOAII 3epHa 3 NNackolo TBEPAOI0 NOBEPXHELD

Modeling the impact interaction of a grain with a flat solid surface

B TOYKE KOHTaKTa 3epHa ¢ npenstcTBueM. [lonyyeHHoe JaBMEHWE KOHTAKTHOro B3aMMoAewncTBust P, .. 3Hauu-
TenbHO Borblue cpeaHecTaTUCTMYECKOTO Npeaerna NPOYHOCTY 03UMON MLLEHWLbI, TOECTb BbINOSHAETCS HEPaBEH-
CTBO P,y > Oy OTO CBUAETENBCTBYET O YNPYro-nNiacTUYECKOM Xapakrepe AedopmaLimm 03MMOro 3epHa, a 3Ha-
YUT O ero TpaBMUpPOBaHUW. Bug v cteneHb AedopmMaLnmm 3epHOBOM MacChl 3aBUCUT OT CTEMEHU MPEBbILLEHNS
P

max >> Jmax'

KnroueBble cnoBa: cusoc, 3epHo, mpasMmuposaHue, ydapHoe g3aumodelicmaue, dasneHue, Harnpsxe-
Hue, dechopmauyusi.

Abstract
Modeling the impact interaction of a grain with a flat solid surface

T.V. Samoylenko, A.V. Antonets, V.M. Arendarenko, V.l. Mel'nik

The loading of silos with bulk grain cargo is usually done by gravity. In this case, the bulk material from the
loading opening of the silo falls under the action of gravity onto its concrete bottom. The impact of the weevil is
characterized by a small interval of the impact process and a significant level of impact forces. In this case, the
weevils are injured, especially in the initial period of loading. A certain amount of damaged grain accumulates in the
lower part of the grain mound.

In this article, on the basis of the classical theory of Hertz, theoretical studies of the shock interaction of grain
with a flat solid surface of a silo are carried out. In this case, the concrete bottom is considered as an elastic half-
space, and the grain of winter wheat falling on it is considered viscous-elastic. The main characteristics of the shock
interaction of a weevil with a fixed obstacle are determined in the work. In particular, the values of the force of
contact interaction and the maximum pressure for grains of winter wheat ¢,,,, were found, taking into account the
initial speed of movement of the grain and the speed acquired by it when it falls to the bottom of the silo with height
h. Using the expansion of the integrand in the Maclaurin series, a simplified dependence was also obtained to
determine the time of impact interaction of grain with the concrete bottom of the silo.

In the course of the study, the maximum pressure P,,,, was calculated, which occurs during the contact inter-
action of winter wheat grain with concrete. It corresponds to internal stresses o arising at the point of contact of a
grain with an obstacle. The obtained pressure of contact interaction P, is much higher than the average statistical
ultimate strength of winter wheat, that is, the inequality P, > 0.4, is fulfilled. This indicates the elastic-plastic
nature of the deformation of winter grain, and hence its injury. The type and degree of deformation of the grain mass
depends on the degree of excess Pax > Omax-

Keywords: silage, grain, injury, shock interaction, pressure, stress, deformation.
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