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One of the ways to reduce grain damage is its safe loading in storage silos. Reducing the impact inter-
action of grain with the working bodies of machines and mechanisms is one of the indicators of the tech-
nical level of modern agricultural production. The issues of impact energy transfer, determination of force
impulses, recovery and rebound coefficients at grain falling on the concrete bottom of silos have not been
sufficiently studied. The purpose of the article is the theoretical study of the oblique impact of grain on the
concrete silo bottom as a result of its free falling. When determining the impact force, it is necessary to
take into that the grain falling on the concrete bottom has already some speed. The scheme of falling win-
ter wheat grain interaction with a motionless hard surface has been given in the work. The moment of im-
pact is divided into two stages. The first stage is characterized by a change in the shape and condition of
the body being struck. At the second stage, the initial shape of the grain is restored due to its viscous elas-
tic and plastic deformation. At each stage, the time and speed of grain movement were considered and an-
alyzed. According to the conducted analysis and using Newton's second law in impulse form, the total vec-
tor momentum of the grain impact was found. Based on this, the formula for finding the maximum force of
grain contact interaction with the silo concrete base at an oblique impact was presented. Using the geo-
metric characteristics of winter wheat grain and the duration of sound wave propagation in concrete, the
instantaneous impact time was determined taking into account the nominal diameter of winter wheat
grain. Using Rouse’s hypothesis, the impact impulses along the corresponding coordinate axes and the
recovery factor at grain’s oblique impact on the concrete base were determined. Taking into account the
found total impact impulse, the dependence for determining the impact force of the grain on the silo con-
crete bottom at its oblique impact was obtained. It has been established that the impact value depends on
the speed and height of the grain falling, as well as on the physical and mechanical properties of the silo
concrete bottom and the geometric dimensions of the grain. Based on the obtained equation, the value of
the impact force at the wheat grain falling to the silo bottom was calculated. It has been shown that the
impact force is a function of the impact coefficient of sliding friction and at its increase the impact force
also increases. This is due to the longer interaction of the grain with the silo concrete bottom, and is
caused by sliding friction.
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TEXHIYHI HAYKU

PO YAAPHY B3AEMO/IIO ITAJAIOYOI'O 3EPHA INIIEHUIII HA )KOPCTKY
BETOHHY OCHOBY CHJIOCY

T. B. Camoiinenxo®, B. M. Apendapenxol, A. B. Aumoneubl, 0. I1. Kowosd*

! [onraBcbka nepikaBHa arpapHa akageMis, M. [lonrasa, Ykpaina

? Bumuit HauasIbHUI 3aK1a7 YKooncminku «[1onTaBchKuil yHIBEPCUTET EKOHOMIKH i TOPriBITi»,
M. [TonTaBa, Ykpaina

O0onum 3i cnocodi8 3HUNCEHHS YUIKOONCEHHS 3€PHA € OWAOHe 3A8AHMANCEHHs U020 8 CULoCU O
30epieantsi. SHUMCEHHS YOapHOI 63AEMO0IL 3epHa 3 POOOUUMU OPeAHAMU MAWUH | MEXAHIZMIE € OOHUM 13
NOKA3HUKI8 MEXHIUHO20 DIBHA CYHUACHO20 CLIbCbKO2OCN00apcbko2o eupobHuymea. llumaunsa nepedaui
enepeii yoapy, SU3HA4eHHs IMNYAbCi6 CUl, Koepiyienmis 6I0HOGIEHHs | IOCKOKY Npu NAOIHHI 3epHA HA
bemomnHe OHO CUNOCI8 HeDOCMAamHub0 susyeHi. Memoio cmammi € meopemuune 00CAIONCEHHS KOC 020 YOapy
3epHa 06 bemonHe OHO CULOCY 8HACTIOOK 11020 8i1bHO20 NadinHa. IIpu eusnayeHHi yOapHoi cunu nompioHo
spaxysamu, wo naoarye Ha bemoHHe OHO 3ePHO Yiice MA€E 0eaKy weuodKicmo. Y pobomi nHagedeHo cxemy
63a€MO0ii nadaiuozo 3epHa 03UMOI NueHUYi i3 Hepyxomoio JHCOpCmKoio nogepxuero. Momenm yoapy
po30ineHo Ha 06a emanu. llepwuii eman xapaxmepuzyemvcs 3MiHOW dopmu i cmawy minga, wo
yoapsaemovca. Ha opyzomy emani 6i06ysaemuvca 6i0HO8IEHHA NOYAMKOBOI (DOpMU 3EPHIBKU 30 PAXYHOK ii
8’53K01 npysicHo-naacmuynol degpopmayii. Ha xooxcnomy emani posensHymo ma npoananizoeamo yac i
WEUOKICMb pYXy 3epHiéKU. BiOnosioHo 00 nposedeHo20 ananizy ma CKOPUCMASUIUCL OPYSUM 3AKOHOM
Hvomona 6 imnyasvcHiti gpopmi 3HalOeHO cyMapHUll 6eKmopHull iMnyaisc yoapy sepuieku. Ha niocmasi
Yb020 HABCOEHO (QOPMYIY OJisl 3HAXOONCEHHS MAKCUMAILHOL CUNU KOHMAKMHOI 63A€MOOIL 3epHIGKU 3
OEemoHHOI0 0CHOBOIO CUNLOCY npu Kocomy yoapi. CKOpUCMABUUCH 2e0OMEMPUUHUMU XAPAKMEPUCTIUKAMU
3epHa 03UMOI NUeHUYi ma Mmpueanicmio po3n0BCrOONCEHHs 36YK0BOI XUl 8 OeMOHi, GU3HAYEHO MUMNLE-
8uUll YOapHull 4ac, wo 8paxo8ye YMOGHUU Oiamemp 3epHieKU 03umoi nuteHuyi. 3a donomozorw 2inomesu
Payca susnaueno yoapui imnynaocu no 6ionoioHuUM KOOPOUHAMHUM OCIM M Koe@iyienm 6i0HOBAEHHS NPU
Kocomy yoapi 3epHieku 00 OemoHHY OCHO8Y. 38adcaiowu HA 3HAUOEHUU CYMApPHUL YOApHUUl IMNYIbC,
OMPUMAHO 3ANEAHCHICMb Ol BUSHAYEHHS YOAPHOI CUuiu 3epHieKu 00 OemoHHe OHO CULOCy Npu ii Kocomy
yoapi. Bcmanosneno, wo geruvuna yoapHoi cunu 3anexcums 6i0 weuoKoCmi i 6Ucomu naoiHHs 3epHunU, d
Maxoxc 6i0 PizuKo-mMexanHivHux eracmugocmeil 6EmMoHHO20 OHA CULOCY MA 2eOMEMPULHUX PO3MIDIE camoi
sepuunu. Ha ocnosi ompumarnozo pigHanHA 0OYUCIEHO SelUMUHY YOAPHOI cuiu Npu NAOIHHI 3epPHUHU
nwenuyi Ha OxHo cunocy. llokasano, wo yoapra cuia € ghynxyiero 6i0 yoaprozo koepiyienma mepms KO G-
3aHHSA, NpU 1020 30inbuleHHI YOapHa cula makodc 30inbuyemovces. Lle 8iobysacmucs énacaiook Oinbut
mpueanoi 63aemo0ii 3epHuHU i3 6eMOHHUM OHOM CUNOCY, SIKe CHPUUUHAEMbC MEPMAM KOB3AHHS.

Knrouosi cnosa: cuioc, bemonne 0OHo, 3epHi6KA, YOAPHA CUA.

Beryn

OCHOBHOIO TPOJIOBOJIBYOI0 KYJIBTYPOIO JFOACTBA € MINSHUIA. 3ePHO i MOKPUTO 00OJTIOHKAMH, ITiJ| SKHMHU
po3TaioBaHi eHaocnepma i 3apoaok. O00JOHKA 3epHA 3aXHUIIA€ 3aPOIOK 1 €HIOCIIEPM BiJl 30BHIILIHIX MeXa-
HIYHMX 1 XiMiyHHX BIDmBiB [1-3]. Sk BiJioMO, 3apOJIOK € OCHOBOIO MalOYyTHHOI POCIHMHH, a €HIOCIepM
cIIyrye #oro 0aHKOM TOXXHUBHUX PEYOBHH. TOMY HaBiTh HE3HAYHE TPaBMYBaHHs IUX €JIEMEHTIB 3€PHUHU
HETaTHBHO BILTUBAE HA BPOXKANHICTh Ta MOTIPIIYE SIKICTh MPOJOBOIIBYOTO 1 (hypaKHOTO 3epHA.

OpauHuM 31 CIIOCOOIB 3HMKEHHS YIIKOKEHHS 3€pHA € OIaHE 3aBaHTAKEHHS MO0 B CHJIOCH IS 30epi-
ranss. [1ig yac 3aBaHTa)XXCHHS 3epHA, HAPUKJIIAJ, 03UMOI MIIICHHUIlI, CUTIKUI 3€PHOBUI BAaHTAX PO3/IISIETHCS
Ha OKpeMi 3€pHIBKH, SIKi 3 TIEBHOK IIBHJIKICTIO MMAJal0Th Ha IUTacKke IHO cuiocy. llpu mamiHHI KiHETHYHA
CHEpris 3epHIBKH NMEPEXOJNTh y eHeprito aedopmariii [4] mig yac yaapy 3epHIBKA 00 OSTOHHE JHO CHIIOCY.
ToMy MouaTKOBE 3aBaHTAXKEHHS € OCHOBHOKO NPHUYUHOIO TPaBMYBaHHS 3epHA, SKE B IOJaibIIOMYy Oyje
nepeOyBaTH B HUKHIX IlIapax 3€pPHOBOTO HAcUITy. buTe i TpaBMOBaHe 3epHO, SKE 3HAXOAUTHCA B HWKHIN Yac-
THHI CHJIOCY, BHACITIJOK OUIBII BIIBHOTO JIOCTYIY TOBITPSI 0 HOTO BHYTPILIHIX YaCTWH NPHU3BOJUTH IO
THTEHCUBHOTO PO3BUTKY IpHOKOBOT Mikpoduopu [5]. BoHa cBo€r 4epror MpU3BOIUTH JIO0 CaMO3IrpiBaHHS
Ta OOBYTJICHHS 3€pHA, SKEC 1HKOJM MEPETBOPIOETHCS Ha MOHOIIT [6]. ToMy Take 3epHO CTae€ HENMpPHUIATHUM
HaBITh JJI1 KOPMOBHX ITiJICH.

Memoro 1€l poOOTH € TEOPETUIHE TOCITIKEHHS KOCOTO yIapy 3epHa 00 OETOHHE JHO CHIIOCY BHACIIIOK
Hioro BuTpHOTO TamiHHI. OCHOBHUMH 3a80aHHAMU IOCHTIKEHHS € BU3HAYEHHS XapaKTEPUCTHK YAapHOI
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B3a€MO/Ii] 3epHIBKHM 03UMOI MIICHUII 00 HEPYXOMY IEPEIIKOIY, a caMe 3HAXOKEHHS IMITyJbCy, YAapHOTO
qacy, KoeilieHTy BiTHOBJICHHS PH KOCOMY yJapi Ta BiAMOBIAHOI yIapHOI CHJIN 3epHIBKH.

Marepiaju i MeTOAU T0CTiIZKEHb

3HIKEHHS yIapHOI B3a€MOIIi 3epHa 3 pOOOYMMH OpraHaMH MaIlliH 1 MEXaHi3MIB € OJTHUM i3 TIOKa3HHUKIB
TEXHIYHOTO PIBHS Cy4acCHOTO CIITHCHKOTOCIIONAPCHKOTO BUPOOHHUIITBA. TOMY HOCIIHKEHHIO TaKUX YIapHUX
B3a€EMO/Ii{l MPUCBSYEHO OaraTo HayKoBHX myOuikarii [7—11].

[Turanus nepenayi eneprii ynapy, BU3HauUeHHS iMITYJIbCIB CHII, KOE(IIIEHTIB BiTHOBJICHHS 1 BiICKOKY MPH
TaJIiHHI 3epHa Ha OCTOHHE JHO CHJIOCIB HEJOCTATHRO BUBYEHI. le OB’ s13aH0 3 THM, III0 3¢pHOBUI BaHTaX 3a
JOTIOMOTOI0 ~ HAQJICHJIOCHUX  TPAHCHOPTEPIB  IMOMAETHCS 3  TEBHOIO  JIHIHHOI  MIBHAKICTIO  JIO
3aBaHTa)KyBaJIbHOTO OTBOPY cuiocy. ToOTo magaroue Ha OETOHHE JHO 3€pHO yXKe Ma€ ACsAKY IIBUAKICTH i e
MOTPiIOHO BPaxOBYBATH NP BU3HAUCHHI YIapHOI CHIIH.

VY cepenuHi cuiiocy OKpeMi 3epHIBKH 36pHOBOTO BaHTAXy PYXalOThCS 0 HU3Y piBHOMPHUCKOpeHo. Yac, 3a
SKWH OKPEMO B3sATa 3epHiBKa MPOiae CHIOCHY BHCOTY 1 yAapuThes 00 Horo aHO BimmoimHo mo [3],
MPONOHYEMO TaKUM:

t=(—9n+\/9n+2og-Hc)/g, (1)

ne 19n — MOYATKOBA IIBUAKICTH 3€pHIBKU Micisl ii CXO/DKEHHS 13 TpaHCIOpTepa y 3aBaHTaKyBaJlbHUI

OTBip cuiocy; H, — BHYTpIIIHSA BHCOTa CHIIOCY (BHCOTA MaAiHHA 3epHiBKH). IIIBHIKICTH PIBHOIIPHCKOPEHOTO
PYXy B MOMEHT TOYKOBOTO yJIapy 3€PHIBKH 13 OCHOBOIO CHJIOCY BU3HAYaBCH 32 BiIOMOIO (hopmyoro:

4,=3 +0at @

[Mincrapupmu (1) B (2), oTpuMaeMo AiMCHY MIBUAKICTH YAapy, KOTpa HE BPaXOBYE Yac MaTiHHS 3€PHIBKU

S =w/19nz +2gH_. 3)

TeopetnuHi HOCTi/KEHHsS YAapHOI B3a€MO/II MaJar0doro 3epHa Ha JKOPCTKY OETOHHY OCHOBY CHIIOCY
MPOBOJMIIUCH 13 BHUKOPUCTAHHSIM TEOPEMH TNPO KIIBKICTh PyXy MaTepialibHOiI TOYKH, 3TiTHO 3 SKOO
IIBUJIKICTh 3€PHIBIII HAJa€ HE CUIIA, a iIMITyJIbC cwiiu [2, 12]. CBO€IO 4eproro MBUAKICTh 3aI€KUTh HE TUIBKU
BiJl IMITyJIbCY CHUI, aJie 1 Bij MacH 1 BucoTH naginasg [13, 14, 15].

Ockinbku OETOHHE THO CHUIJIOCY HE € TIaJKOI0 TOPU30HTAIBHOIO MIOBEPXHEIO, a YKOPCTKOIO MOBEPXHEIO 13
HEBEIIMKUMH BIaJMHAMHU 1 BUCTYIIAMH, TO YAap 3E€PHIBKH MpHUiManu KocuM. [Ipu po3risizii Kocoro yaapy
3epHIBKH 00 jKOPCTKY MOBEpXHIO Oyiia BUKOpUCTaHa rinotesa Paysa [16].

Pe3yabTaTu gociaiikeHb Ta iX 00roBOpeHHs
Ha puc. 1 HaBeneHa po3paxyHKOBa CXeMa KOCOTO YAapy 3€pHIBKM O3MMOi TMIIEHHII 00 MKOPCTKY
MOJTYIIOBEPXHIO OETOHHOT OCHOBH CHIIOCY.

Ay

x(7)
»
A
Puc. 1. Cxema 63aemo0ii nadarouozo 3epna 03umoi nuieHuyi i3 HePYXoMolo HCOPCMKOIO ROBEPXHEIO.
linmoBigHO 0 HaBeneHOI CXEMHU IIBUJAKICTh 3EPHIBKM Ha TMOYATKy yaapy Oyne 19y() ,bopmymna (3), a

BKiHLI yaapy — #. Po3rnsnemo el eneMeHTapHUA YacoBUH POMIXOK, PO3A1THBIIM HOTO Ha JjBa €TallH.
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[lepmmii eTan XapakTepu3yeTbcs 3MIHOIO (GOPMHU 1 CTaHy Tina, Mo yaapsaeTses. [Ipu mpoMy HOpMaNbHUN
CKJIQJIHUK IIBHIKOCTI Sy » 3MIHIOETBCS BiJl MAKCMMAJILHOTO 3HAYEHHS JI0 HyJs. Yac npoTikaHHs miei crajii

ynapy mo3Haunmo uepe3 t;. Ha miit cramii B Tourmi A BinOyaerbcs wicueBa aedopmaris. Bennuwna
nedopmariii 3a71eKuTh Bl IMBHAKOCTI MagiHHSA 3€PHIBKM 1 BHYTPINIHBOI BHCOTH cujocy. Umm Oinbima
IIBUIKICTh 1 BUCOTa — THUM 3HAUHINII HACHIAKH TPaBMYBaHHS 3€pHA BHACHTIJOK YyAapy HOTO i3 JKOPCTKOIO
OeroHHOO oBepxHeto [17-20].

Ha ppyromy erami BigOyBaeTbcs BiJHOBJICHHS MOYATKOBOI (OPMHU 3€pHIBKHM 3a PaxyHOK ii B’s3KOi
MpyXHO-TacTHaHOi Aedopmarrii. [logaTkoBi hopMu 3epHIBKH BiTHOBIIOIOTHCS, SIKIIO BOHA HE Oylla yIIKO-
JbKeHa Ha mepiuiil craaii nedopmanii. Yac, sikuil BUTpavaeThbesl Ha BITHOBJICHHS MOYaTKOBOT (pOpMU 3epHIBKU
no3HaynmMo 4epes t,. Ha npoMy etami HOpManbHUI CKIIAIHUK IIBUAKOCTI BIICKOKY 3pOCTa€ BiJ HYJIHOBOTO
710 KIHIIEBOT'O 3HAYCHHSI.

PosrnsiHemo cucremy koopauHat AXY, moyaTok SIKOi 3HAXOJWTHCS B TOUIll 4 — KOHTAKTHA B3a€EMOJIS
3epHIBKH 13 OETOHHOI0O OCHOBOIO CHJIOCY. BH3HAUMMO BEKTOpPH WIBHAKOCTI 3€PHIBKH, CKOPHCTABIIUCH
optamu N i 7. IIBUAKICTE Y MOMEHT yaapy t:

9, =97 +9.
IIBuakicTs y KiHIi Aedopmaiii 3epHiBKH, 1, = 0 B MOMeHT T + t;:
u=ur.
IIBuaKicTh y KiHIII yIapy, B MOMeHT t + t; + t:
u,, =ur+un.
KokHOMY 13 BKa3aHUX BHINE €TaIliB BiAMIOBiAA€E CBii ymapHUii iMimysbc. [IpoTsrom t; BinOyBaeThes ymapHui
iMmynse neopmartii S; 3epHIBKY 1 BEKTOp HOTO HarpaBiieHui 1o oci 4Y (1o Hopmalti N) BepTHUKaJIBHO Bropy. 3a

yac t, BigOyBaeThCs yJapHUIA IMITYJIBC BiTHOBIICHHS S;, SIKUH TEX HAPABICHUH IO HOPMAJIi 10 OCHOBHU CHIIOCY.
CymapHui BEKTOPHUH IMITyJIbC yaapy 3epHiBKH 00 OETOHHY OCHOBY cHIIOCYy Oyne:

Sy =5,+5,. 4)

CkopucTaBLCch pyruM 3akoHOM HbroToHa B iMITysbeHIN dopmi [3], 32 IKMM 3MiHa CyMapHOT'O iMITyJib-
Cy TiJia JIOPIBHIOE IMITYJIbCY JiF0U0i HA HHOT'O CHIIH:

HC
Suu =, Fodt=F,-t,,, (5)
ne ty, — MUTTEBUI Yac yaapy 3epHiBKU 00 OETOHHE THO CHJIOCY. 3 1HILOro GOKY:
Scy,w = mll (u B 19)/0)' (6)

[MixcraBuBmu (6) B (5) 1 3poOMBIIN EPETBOPEHHS BU3HAYMMO MaKCHUMAIIbHY CHITy KOHTaKTHOI B3a€MOJIi1
3€pHIBKH 3 OETOHHOIO OCHOBOKO CHJIOCY IPH KOCOMY YJIapi:

— mH (u - lgyd) _ Scy,w . (7)

Y0 tyd

BusHaunMo MUTTEBHI Yac yaapy, AKAWA CKIaJaeThes 3 4acy aedopmMariii Tija i yacy HOro BiTHOBJICHHS.
Le#t vac mocuth Manuii, ajie BiH XapaKTePU3y€e YAapHY B3aEMOJII0 CTUYHUX TiJI. Y HAIIOMY JOCIIJKCHHI
HOro MOXHa BHU3HAYWTH, CKOPHCTABIIMCH XBHIJIBLOBHMH TpoliecaMu. Bimomo, mo mig yac ymapa 3epHa 00
HEPYXOMYy OCTOHHY OCHOBY CHJIOCY BUHHKAE 3BYKOBA yJapHa XBHJIA 0.,. CKOPHCTABIIMCH F€OMETPHYHUMH
XapaKTePUCTUKAMU 3€pHA O3MMOI IIICHMIN Ta TPUBAIICTIO PO3MOBCIOHKEHHIO 3BYKOBOI XBHJII B O€TOHI,
BH3HAYaEMO MUTTEBUH yIapHUH 4yac:

0 t

d :kqb(a-b-c)“3

t, =
¥ 20 20

X6 X6

, (8)

ne d = kd)%/a- b-C — ymoBnnit giamerp 3epHiBKM 03MMOI mMIIeHHII, kd) — KoeilieHT, KOTpui
BpaxoBye (GopMy 3epHiBKH (s 3epHa murennui K b= 1 [2]), a,b,c — BignoOBiAHO MOBXHMHA, IIUPHUHA i TOB-

I[MHA HACIHHS 3epHA 03MMoi mmennii B MeTpax. Koedimient K / BPAXOBYeE pealbHy reOMETPHYIHY hopmy

HACIHHS MIICHUIII BiIMOBIIHO JI0 i/IEATbHOTO KYJICTOAIOHOTO Tifa.
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VY peanbHUX YMOBaxX yIapHHUU IMITyJIbC HEBIOMHU Hi 110 BEIMYUHI Hi IO HANPAMKY nii. [ Bu3HAUeHHS
MaKCUMAJIbHOI YIApHOI CHJIM 3€pHIBKM Macor [, 00 OETOHHY OCHOBY CHIIOCY CKOPHMCTa€MOCH BiJOMOKO

rinore3oro Payca [16].
3riIHO 3 €0 TIMOTE30k JOTUYHUN 1 HOPMAJIBHUN CKIIATHUKU YAaPHUX IMITYJIBCIB 3B’s13aHi MiXk COOOIO
Koe(illi€EHTOM yIapHOTO TePTS KOB3aHHS:

ST= den, abo SX= dey, 9
e fd — KoeQilieHT yIapHOTro TePTs KOB3aHHsI, BU3HAYAETHCS €KCIIEPUMEHTAIBHUM IILITXOM.

CrpoeKTyeMO MBHIKOCTI 19y » 1 U Ha KoopauHaTHi oci AX14Y.

. ) X _ H . X H
Ha Bich AX: 8 =8,sIina; U =using.
. . y — . y —
Ha Bics 4V & =8,c08a; U’ =uUcosp.
Cxkopucrapmuch ¢Gopmynow (6) BU3HAYMMO yAapHi IMITyJIBCH 1O BiJMOBITHAM KOOPAMHATHUM OCSIM.
VY napHi imnynbcn mo ocsim AX 1 AY OynyTh:

m, (u” —19;()) =-S,

, , . (10)
m,(Uu’ —93),)=+S,.
KoedimieHT BiTHOBIECHHS ITPH KOCOMY YAapi 3epHIBKM 00 OETOHHY OCHOBY MOJIaMO TaK:
u y
K =22 (12)
8 lgy
Yo
Toni ynapHuii iMmynbc 1o oci AY 3 ypaxysanusm (11) Oyne:
— y
S,=m, 3, (1+K,), (12)
abo
S,=m3,(1+K,)cosa. (13)
Y papuuii immyiiec o oci AX 3 BukopuctanasiM (9) Oyze:
S,=1f;S,=m3,f,1+K,)cosc. (14)

CymapHu#l yIapHHU# IMITyJIbC ITiJ] Yac 3iTKHEHHS 3epHIBKM 00 OCTOHHE JIHO CHJIOCY MOXKHA HPEICTaBUTH

TakK:
S, =+SZ+S2=m3 (1+K,)cosa1+ f7. (15)

[Mincrapusmu (3), (8) 1 (15) B (7), oTpuMaeMo 3aJeKHICTh ISl BU3HAYCHHS YJapHOI CHIIM 3€PHIBKH 00
OeToHHE THO CHJIOCY TpH 1i KocoMy yaapi:

m, 9 +2gH 1+ K )cos 4/1 2
Fyo — H n + g CUX6( + 6) a + »fd . (16)
2k¢»\3/a-b-c

[Ipu koHTaKTHII B3aeMOJIT 3epHIUHM O3UMO] IMIICHUIII MMiJl KyTOM ¢ JI0 HOPMai 3 KOPCTKAM OETOHHHM
JTHOM CHJIOCY B 3€pHHMHI BUHUKAIOTh BHYTPIIIHI HAIIPYTH, K1 IPUBOJSATH JI0 1i TPABMYBaHHSI.

Obuucnenns 6enuyUHU YUCT08020 3HAUEHHS YOapHOoi cuny. J1as IpOBEICHHS PO3paxyHKIiB Bi3bMEMO TaKi
yCepeIHeHi JaHi JUisi 3epHa O3MMOI MIICHWIII Ta CUJIOCY, KOTPHWH 3MOHTOBaHHMI Ha OETOHHIA OCHOBI.

[ocTiifHi BETUYMHU PO3paxXyHKy: M, = 4-10°kr; 19n =0,68m/c; H ¢ = 26,27 m; vy, = 4000 M/c; a =7 mm;
b=25wmm; ¢ =3wmm; g= 9,81 m/c’. TTpoBeaeMo PO3PaxyHKH 3 BU3HAYCHHS YIAPHOI CHIIM MpH (iKCOBAHKX
Bemmunnax o = 20° i K, = 0,41, oueBuaHO, 10 F,o = ¢(fg), ToOTO € QyHKIi€rO yrapHOTro KoedilieHTa TepTs
koB3aHHs. [lincraBnstoun y (16) moctiiiHi ycepeaHeHi nani, Ta (iKCOBaHI BEIMYMHU TNPH 3MIHHOMY
yIaapHOMY KOe(iIli€eHTI TepTs KOB3aHHS, OTPUMAEMO 3HAYCHHS YAApHOI CHIIM TIPH MMaliHHI 3¢pHUHA Ha JHO
cuiocy. Lst pynkiis rpadiuHo npeacTaBicHa Ha puc. 2.
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I3 maBemenoro rpadika ¢yHKIii BHUILUTHBAE, M0 yAapHA chja O€3MMOCEPENHbO 3AIEKHUTH B yIApHOTO
koediienta ynapaoro tepts fy. Lle BinOyBaeTbcss BHACHIIOK OLTBII TPHBAIOl B3a€EMOJIT 36pPHUHH 13 OCTOH-
HUM JTHOM CHJIOCY, K€ 3yMOBIIOETHCS TEPTSIM KOB3aHHSM.

4500
4300

4100 /
3900 /
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2500

YpaapHa cunu, H

0 0,2 0.4 0.6 0.8 1
KoediyieHT ygapHoro TepTa KoB3aHHA

Puc. 2. 3anexncuicms yoapuoi cunu 3epHuHu 03uMoi nuieHuui 06 6emoHHe OHO CUNOCY 6i0 YOAPHO20
Koepiienma mepms xoezanns npu o =20° i K, = 0,41.

BucHoeku

VY po0GoTi HaBelneHO cxeMy B3a€MOJii Majaroyoro 3epHa O3WMOI MINCHHUI i3 HEPYXOMOIO YKOPCTKOIO
moBepxHer0. MOMEHT ynapy po3auieHo Ha jaBa eTamu. llepmmii eram xapakTepu3yeThCs 3MiHOIO (QOpMH i
CTaHy TiJia, 0 yaapseTbcs. Ha mpyromy erami BimOyBaeThCs BiTHOBJIICHHS MOYaTKOBOI POPMH 3€pHIBKHU 3a
paxyHoOK ii B’s13K01 MpYKXHO-TIacTUYHOI AedopMariii. Ha koxkHOMY eTarmi po3rIsTHyTO Ta MpoaHaIi30BaHO Yac
1 MBHUAKICTh PyXy 3epHiBKM. Ha mijcraBi MpOBEJICHOTr0 TEOPETUYHOTO JOCHIPKEHHS BH3HAYEHO OCHOBHI
XapaKTePUCTUKH YAapHOi B3a€MO/Iii 3epHIBKH O3MMOI IIIEHHIII 00 HepyXoMy Iepemkoay. BinmosinHo a0
orpuMaHux 3anexxHocreil (13, 14) HOpMaiIbHUN 1 JOTHYHHMH CKIAJHUKH YJapHHUX IMITYJbCIB, 8 TaKOX iX
cymapHuit immynsc (15) npsimo 3anexartpb Bij koedimieHta BigHOBIeHHS 3epHiBkH (11). BeranosneHo, mio
BenM4urHa yaapHoi cunu (16) 3aimexuTh BiJl MIBUAKOCTI 1 BUCOTH TAliHHS 3€PHUHH, a TAKOX Bif (i3uKo-
MEXaHIYHUX BJIACTMBOCTEH OETOHHOrO JHA CHJIOCY Ta I€OMETPHYHHMX PO3MIpiB 3€pHIBKH. 30Kpema HpHU
ixcoarnx Bemmunnax a = 20° i K, = 0,41 npu 36inbmenHi koedilieHTa yIapHOro TepTsi KOB3aHHS yIapHa
CHWJIa 3ePHIBKH 301IBITYETHCS JHIHHO.

Ilepcnexmusu nodanvuiux O00Cai0JHCeHby TONATAIOTh Yy PO3pOOIll  YHIBEpPCATbHOTO MPUCTPOIO IS
OIIAJTHOTO 3aBaHTAKEHHS CUIIOCIB 3epHOM 0e3 oro TpaBMyBaHHS 00 JHO CHIIOCY.
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