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CENTRAL COLLISION OF TWO ROLLING BODIES: THEORY AND EXAMPLES OF VIBRO-IMPACT SYSTEM
NON-LINER DYNAMICS

Abstract: This chapter is focused to central collision of two rolling rigid and heavy smooth balls and using elements
of mathematical phenomenology and phenomenological mapping obtain corresponding post collision and outgoing
angular velocities of the balls and applied these results for investigation vibro-impact dynamics of two rolling balls
along circle trace. This task is fully solved and obtained results are original and new! Original plans of component
impact velocities and angular velocity of each of two different rolling balls in central collision and corresponding
outgoing angular velocities are presented. Use Petrovic’s elements of mathematical phenomenology, especially
mathematical analogy between kinetic parameters of collision of two bodies in translator motion and collision of two
rolling different size balls, new original expressions of two outgoing angular velocities for each of rolling balls after
collision are defined. Using this new and original result vibro-impact dynamics of two rolling different heavy balls
on the circle trace in vertical plane in period of series collisions is investigated. Use series of the elliptic integrals, new
nonlinear equations for obtaining angles of balls positions at positions of collisions are defined. Branches of phase
trajectories of the balls in vibro-impact dynamics are theoretically presented. Using previous new and original result,
the vibro-impact dynamics of two rolling heavy different disks on the rotating circle trace in vertical plane in period
of series of collisions is investigated. Use series of the elliptic integrals, new nonlinear equations for obtaining angles
of disks positions at positions of collisions are defined. Phase trajectories of the disks in vibro-impact dynamics are
theoretically presented. Two cases of vibro-impact dynamics when phase portraits contain trigger of coupled
singularities and homoclinic orbit in the form of number “eight” as well as in the case without that trigger of
coupled singularities are discussed. Phase trajectory branches of both rolling disks in period from initial positions to
first collision between rolling disks are presented.

Keywords: Theory, rolling balls, collision, pre-impact, post-impact, impulse, moment of impulse, impact
forces, impact couple, rolling trace, arrival angular velocity, impact angular velocity, outgoing angular velocity,
theorems, collision of rolling balls in circle line, phase trajectory, angular velocity discontinuity, collision of rolling
disks on rotate circle trace.
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Cpepna 14.10.2015. 18 yacosa, casia 3010
Bosxcudap JosaHosuh, MatemaTtnukm MHCTUTYT CAHY

AVNHAMUKA BUNTUIAPA U CUMETPUYHE KBAPUKE

Peszume: Tpukaszahemo HoBe pe3ynTate U3 AWHAMUKe Ouavjapa geduHMCAHE CUMETPUYHUM KBagpuKama vy
nceyno-Eyknamackum npocropuma. Y cayyajy Kaga cy TpajekTopumje CBET/I0CHOT TUNa, CUCTEM Ce nocmaTpa Kopuctehu
OKBMP KOHTaKTHe MWHTerpabunHoctn. Pag je MOTMBMCAH UCTpaxkuBakbMma Bnagmmupa [Aparosuha v MwuneHe
PagHoBuMh, a gobujeH je y capagru ca Bnagnmmpom JosaHosuhem (YHUBep3uTeT y barba Jlyun).

Cpepa 21.10.2015. 18 yacosa, cana 301d
bophe Mywuyku, Pnsnyku dakynteT, YHUBep3uTeT y beorpagy n Matematnukm MHCTUTYT CAHY

NPOWWUPEHE BYJAHOBUR-BYKUR HETEPUHE TEOPEME 3A KOHTUHYANTHE CUCTEME, npBu aeo

Pe3ume: Kao wTo je no3HaTo, Teopema Emmy Noether, npumer-eHa Ha mexaHWKy NpeacTas/ba jefaH anroputam 3a
Hanaxere WHBapujaHaTa, Tj. WHTerpana KpeTakba cCUCTeMa YecTMua W MNpema HOj CBaKoj TpaHchopmaumjm
reHepanncaHMx KOopauHaTa U BpemeHa Koja oApKaBa AejcTBO ftlL(q‘,q‘,t) dt vHBapWjaHTHO oarosapa jefaH
0

WHTErpan (MaM KOHCTaHTa) KpeTawa. [louHMje je OHa yomnwTaBaHa, ajv Camo 3a KOH3epBaTUBHE CUCTEME U HeKe
cneumjanHe cnyyajeBe HEKOH3EPBATUBHUX, a OMNLUTE YONLWTEeHe 33 HEKOH3epBaTUBHe cucTeme fanm cy b. ByjaHosuh
n B. Bykuh (1975. roamHe). OHM cy TO NOCTUIAN NOrogHOM TpaHchopmaumjom d’Alambert-Lagrange -oBor npuHumna,
YMME CYy UCTOBPEMEHO pelmnanm u npobnem Kako Hahu Takse TpaHcPopmaumje reHepasMCaHUX KoopauHaTa M
BPEMEeHa KOjuMa 0AroBapa HEKWU MHTEerpan KpeTama.

Y oBom caonwtery AaTa je reHepanmsaumja ose ByjaHosuh-hykuhese Noether-uHe Teopeme Ha mexaHU4YKe

KOHTUHyMpaHe cucteme. Mpn Tome je 3a pas/NMKy O, HaBeAEeHWX ayTopa, OBa reHepanusaumja M3BpLIEHA Ha
OMPEKTAH HauyWH, yonwTaBakem yobuyajeHor aokasaHetepuHe Teopeme, Tj. lNonasehu opg ToTanHe Bapujaumje
AejcTBa 32 KOHTUHyMpaHe cucteme U npumemyjyhu ogrosapajyhe onwre Lagrange-ese jegHaumHe. Y TOM Uu/by
dopmynucaHa je ogrosapajyha ToTasHa Bapujaumja gejcTBa M Ha HaBeAEHW HayuMH, a MO aHanaormju ca
ByjaHoBuh-Byknh Noether-nHom Teopemom y aHa/NUTUYKOj MexaHWum, AobujeHa oarosapajyha reHepanucaHa
Noether-nHa Teopema 3a KOHTUHYypUaHe cucteme. NoTom je uU3BpLLEHA aHaM3a A0bMjeHNX pe3yaTaTa U NOKasaHa je
KaKBM MHTErpanu Kpetarba npousnase u3 oe Noether-uHe Teopeme, Koju ce BUTHO pasAuKyjy on oarosapajyhmx
WHTErpana Kpetakba y MexaHuum YecTmnua, YKbydyjyhu n gobujare MHTErpana eHepryje NPocTopHor TMna.

Cpepna 28.10.2015. 18 yacosa, casia 3010

bophe Mywuyku, dPusnukm bakyntet, YHUBep3uTeT y beorpagy n Matematnuku nHctmutyT CAHY

NPOWUPEHE BYJAHOBUKR-BYKUR HETEPUHE TEOPEME 3A KOHTUHYAJTHE CUCTEME, apyru aeo

Pe3ume: Y oBoM caonuiTery, Koje ce HagoBe3yje Ha NPeTXoA4HO, yBeAEeHW Cy T3B. NCeyA0KOH3epPBaTUBHM CUCTEMM 33
KOHTUHYMPaHe cucTeme, NO aHaforuju ca ogrosapajyhum y mexaHuum dectuuea (b. Mywuukn, 2012), ynme je



M3BpLWEH jegaH Apyrn, KOMNAeEMeHTapHM npunas  oBoj npobaematnum. OHWM ¢y  pedUHMCAHM  Kao
TAKBMHEKOH3EPBATUBHU KOHTUHYMpPAHU cucTeMn umnje ce Lagrange-ese jegHauumHe yBoherbeM HOBE TyCTUHe
NarpaHxxnjaHa mory ceectn Ha Euler-Lagrange-ese jeaHauymHe, 1 GOPMYAUCAH je YCIOB Aa Ce HEKM HEKOH3epBaTUBaH
CMCTEM MOMKE CMATPATM NCeyA0KOH3EPBATUBHUM.

AHaNM3NpPaHN cy eHepPrujckMm 04HOCKM OBAKBUX CMCTEMA M MOKA3aHO je Aa Noj U3BECHUM YCI10BUMA
OHMMMajyU3BECHE MHTerpane (MM KOHCTAHTE) eHepruje y WMpem CMUCAY, KOjU Y3 KapaKTePUCTUYHE pasfivKe
MoKasjy 1 U3BeCHe CIMYHOCTM ca oaroapajyhnm nHTerpannma eHepruje y mexaHuum yectuua. MNokasaHo je Kako
ce Mory Hahu TakBM UHTErpann eHepruje, Kako nomohy aobujeHe reHepanucaHe Noether-nHa Teopeme Koja
O/ZroBapa nceyAoKoH3epBaTUBHUM CUCTEMMMA, TAaKO U HeOCpeaHO NoMmohy jeaHOr cucTema NapLmjaHMX
avdepeHUMjanHNX jeaHaunHa.

JobujeHun pesyntaTn cy UAyCTpOBaHM Ha jeAHOM MpPUMEPY: OcuMNaLmje Kuue y BUCKO3HOj cpeaunHu. MowrTo je
NOKas3aHo A€ je 0Baj CUCTEM MCeyA0KOH3epBaTUBHA, NPUMEHEH je oarosapajyhu ycioB 3a NMocTojakbe MHTerpana
KpeTara M HaheHo je jegHa NApPTUKYNapHO pellerbe OBOr YCI0Ba, Kaf MHTerpanu KpeTakba NOCTajy MHTerpanu
eHeprnje. Ha ocHoBy Tora HaheH je oaroBapajyhu MHTerpan eHepruje y wwmpem CMUCAY, KOjU MOKasyje cBe

KapaKTePUCTUKE TAaKBUX MHTErpasa eHepruje 3a HEKOH3epBaTUBHE CUCTEME.
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MpenaBatba Cy HamerbeHa LMPOKOM Kpyry cayllanaua, yKbydyjyhu cTyneHTe pefoBHUX U AOKTOPCKUX CTyAuja.

OpprkaBajy ce cpegom ca noyeTkom y 18 yacosa y canm 301¢ Ha Tpehem cnpaty 3rpage MaTtemaTuykor MHCTUTYTA
CAHY, Kne3 Muxannosa 36.
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