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HNPEANCJIOBHUE

COOpHHUK BKJIIOYAET TE3MChl JOKIAJOB, MPEICTABICHHBIX Ha MEXIyHAapoJAHOW HAaydyHOH KOH(EPEHLUH 10
MmexaHuke «Bocbmbie IlonsixoBckue 4TeHHs», NMOCBALIEHHON mNamsaTu Branumupa BacunbeBuua benerkoro
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|n(1+a)0)/t) Ca+J121/Ji+C2—a2

behaves slowly as @(t) = ——— with y = PE—
¥ J —a

Z

i.e. just like as it acts on the balanced

and frictionless rotator the quadratic in speed « hydrodynamic torque like M, above with ¢ = ay.
In particular case of @ =c=J_ =J the sudden switching off all driving torques the eq.1 transforms into

the incorrect one of (p(D =0. This paradox is eliminated by introducing the delay interval t to separate in time
the cause and sequence in acting efforts and the equation gained the differential-functional type:

5(t) =o' (t=1)+¢ (t-7) 4" (1). @)

Its approximate solution (Fig. 2) for every initial wq describes the frictional-hydrodynamic shock.

Reference

1. Chistyakov V.V. About rotational dynamics of a rigid body around non-principal axis passing through the center of mass
under dry friction acting // Bulletin of Higher Education. Applied Nonlinear Dynamics, Vol. 22. Ne 2. 2014, pp, 3-15 (in
Russian).

HEI'VIAJKHUE HEPBbIE HHTEI'PAJIbI B IUHAMHUWKE TBEPJOI'O TEJIA,
B3AMMOJAEUCTBYIOLIEI'O CO CPEAOH

M.B. lllamoyinn

HUU mexanuxu Mockosckoeo eocyoapemeennozo yrueepcumema umenu M.B. Jlomonocosa, Mockea, Poccus
E-mail: shamolin@rambler.ru , shamolin@imec.msu.ru

Hacrosmas pabota mocBflIeHa pa3BUTHIO KAa4ECTBEHHBIX METOJOB B TEOPHHM HEKOHCEPBAaTHBHBIX CHCTEM,
BO3HMKAIOIINX, HAIPUMEP, B TAKUX OOJACTSIX HAyKH, KaK AWHAMHKA TBEPAOTO TeNa, B3aHMMOJCHCTBYIOIIETO C
COTIPOTHUBIIIONICHCS Cpeor, Teoprs Konebanuit U Ap. B npuHIHITe, JaHHBIH MaTepHall MOXKET OBITh HHTEPECECH
KaK CIEHUAINCTaM MO Ka4eCTBEHHOH TeopHu OOBIKHOBEHHBIX Mu(p(epeHnnanbHbIX ypaBHEHHH, TUHAMHKH
TBEPAOTO TCJIa, TAK U MCXaHUKH XUAKOCTHU W Tasa, MOCKOJLKY B pa60Te HCIOJIB3YIOTCA CBOMCTBA JBHXXCHUA
TBEPJIOTO TeJia B CPeJie B YCIOBUSIX CTPYHHOIO OOTEKaHuUSI.

HOJ’Iyqu pAa ciydacB MOJTHOM HHTETPUPYEMOCTH HEKOHCCPBATHBHBLIX JUHAMHUYCCKUX CHUCTEM, ONMCHIBA-
IOUIUX JUHAMHUKY TBEPAOro Teja B CONpOTHBIAoLIeica cpene. IIpu 3TOM BO MHOTHX ClydasX KaxAbli u3
MIEPBBIX WHTErPajioB BBIpAXKAETCS Yepe3 KOHEUHYI0 KOMOMHAIMIO 3JIEMEHTapHBIX (YHKIHH, SBISSCH OJHOBpE-
MEHHO TPaHCLEHJICHTHON (DYHKIMEH CBOMX NepeMEHHbIX. TpaHCIEeHIEHTHOCTh B IAHHOM ClTydae IIOHUMAaeTCs B
CMBICIIE KOMIUIEKCHOTO aHaJli3a, KOTa 1ocie MTPOJIODKEHHS JaHHBIX (PyHKINI B KOMIUIEKCHYIO 00JIacTh y HUX
MMEIOTCSI CYIIECTBEHHO 0co0ble Touku. [locnennuii pakt oOycnaBinBaeTcsi HATMYMEM B CUCTEME IPUTATHBAIO-
MAX W OTTAIKMBAIOIIUX MPEACTbHBIX MHOXECTB (Kak, HalpuMep, NPHUTSATUBAIONIMX WM OTTAIKUBAIOLINX
(hoxycoB).

B [1-3] y»xe Gbuta moka3aHa IOJHAsE HHTETPUPYEMOCTh YPaBHEHHI IPOCTPAHCTBEHHOTO ABMKCHHS TEJa B
CONPOTHUBIIAIOIIEHCA cpelie, KOTAa y CHCTEMbl AMHAMUYECKHX ypaBHEHHWH CYIIECTBYET IOJIHBII HaOOp TpaHc-
[EH/ICHTHBIX NEePBbIX HHTETPAJIOB. 3AECh MPEIOIarajochk, 4YTO BCe B3aUMOJICHICTBHE CPEAbI C TEIOM COCPEIOTO-
YEeHO Ha TOW YacTH MOBEPXHOCTH Tela, KOTopas uMeeT popMy IIOCKOTO IUCKA.

B nanHol paboTe cHavyana paccMaTpHUBaeTCs Te0e3MYECKU IOTOK Ha KacaTelbHOM PacCIOSHHUH TJIa KO-
ro JIByMEPHOIO MHOrooOpasus (cucteMa C IBYMs CTENEHSMH CBOOOIBI B OTCYTCTBHM BHEIIHETO MOJS CHII).
Crpourtcst nepexo]] K y100HBIM KOOpJMHATaM KacaTeJIbHOI0 IPOCTPAHCTBA. B nanbHeiiieM cHavana BBOASTCS
BHEIITHWE CHJIOBBIE ITOJISI, KOTOPBIE SBISIFOTCS MOTECHIMAIBHBIMH, M PaccMaTpPHUBacMble CHCTEMBI YETBEPTOTO
nopsiika o0NamaoT IMOJHBIM HA0OpOM (TpeMs) TJIAJKHX IEPBBIX WHTErPajioB. A 3aTeM B TAaKHX CHCTEMax
BBOJISITCS JIOTIOJTHUTEJIFHBIE WICHBI, B PE3YJIbTaTe YeT0 CHCTEMBI NIEPECTalOT ObITh KOHCEPBATUBHBIMH, a TOUHEE,
CTAHOBSTCSI CHCTEMaMH CO 3HaKormepeMeHHO# muccunanueit [1-3]. [Ipi 9TOM IpH HEKOTOPBIX YCIOBHIX OHU
00J1a1at0T MOJHBIM HAa0OpPOM (HETJIaJKNMX) TPAHCIEHACHTHBIX NIEPBBIX MHTErPaJioB, B PsiJie CIy4acB BBIPaXKalo-
IMUXCS Yepe3 KOHEUHY KOMOMHAIIMIO 3JIEMEHTAPHBIX (pyHKIHI.

Pabota nonnepskana Poccuiickum GoHIOM QyHIaMEeHTAIbHBIX UccaenoBaHui, mpoekt Ne 15-01-00848.
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Non-smooth First Integrals in Dynamics of a Rigid Body
Interacting with a Medium

M.V. Shamolin

Lomonosov Moscow State University, Institute of Mechanics, Moscow, Russia

The dynamics of a rigid body interacting with a medium is just a field, where there arise either dissipative
systems or systems with the so-called anti-dissipation (energy supporting inside the system itself). Therefore, it
becomes urgent to construct a methodology precisely for those classes of systems that arise in modeling body
motion whose contact surface is a plane part, the simplest part of their exterior surface. After certain simplifica-
tions, we can reduce the system of equations for the plane-parallel motion to the second-order pendulum systems
in which there is a linear dissipative force with variable coefficient the sign of which alternates for different
values of the periodic phase variable in the system. In this case, we speak of systems with the so-called variable
dissipation, where the term “variable” mostly refers not to the value of the dissipation coefficient but to a
possible alternation of its sign (therefore, it is reasonable to use the term “sign-alternating™).

UCCJIEJJOBAHUE BUGPAIITMOHHOM IUHAMMYECKOM CUCTEMBI
B PEXKUME OKOJIOPE3OHAHCHBIX KOJJEBAHUI

E.B. ].HI/IIHKI/IHl, C.B. Kazakos®

YCanxm-ITemep6ypeckuii zopnviii yuusepcumem, Cankm-ITemep6ype, Poccus
HIIK «Mexanobp-mexnuxa», Cankm-Ilemep6ype, Poccus
E-mail: shishkin_ev@spmi.ru, atom2@inbox.ru

OCHOBHOW HayyHOW 3amavei, pacCMaTpUBAcMOl B NMAHHOHM paboTe, SBIIACTCS WCCICIOBAHHE BHOPAIMOHHON
JMHAMHYECKOH CHCTEMBI (APOOWIIKM) C JHEPreTHYECKH ONTHMAJbHBIM THIIOM BO30YXIEHHS KOJicOaHHH,
obecrieunBaroniell 3apaHee 3aJaHHYIO IO TEXHOJOIMYECKUM cooOpakeHHsM (opMmy Kkomebanuid u dopmy
BO3/ICICTBUSL Ha TIepepabaThiBaeMblii MaTepHal. AKTyaJbHOCTh C(HOPMYJIMPOBAHHON 3aladdl BBITCKAET W3
HEOOXOANMOCTH CHIKEHUSI SHEPTeTHIECKUX 3aTpaT Ha pa3pylIeHHe TBEPAbIX MaTepHAIOB IIPH UX nepepadoTke,
nepexojic K Heprod(pHeKTHBHOMY CEJIEKTHBHOMY PAaCKpPBHITHIO — 00pa30BaHHIO HOBBIX IOBEPXHOCTEH pazjerna
no nedektaM X BHYTpEHHEH cTpykTypbl. HOBH3HA 3a/1auil COCTOHUT B MCCIICAOBAHUN BO3MOXKHOCTU U YCIOBUIA
CTa0UIBHOTO MOJICPIKAHUS ONTHMANBHBIX TUHAMHUYECKHX PEKHUMOB C TPeOYeMbIMHU MapaMeTpaMH B YCIOBHSX,
ONMM3KHUX K pE30HAHCHBIM.

Hccneayemast B pabore BuOpanuoHHas apobmika paspadorana B HIIK «MexaHoOp-TeXxHHUKa» U Tpe-
CTaBJIICT OO0 KOeOaTeIbHYI0 MEXaHHUYECKYIO CHCTEMY, COCTOSIICH U3 HECyIIero Tea (Kopiyca) u Jpoosiie-
ro KOHycCa, YIPYro COeIUHEHHBIX Mex Iy co0oi. Oba Tesa COBEpILAIOT BBIHYKICHHbBIE KOJICOaHHS B BEPTHUKAIb-
HOM HAaIpaBJICHUH MOJ JAEHCTBUEM T'apMOHUYECKON BO3MYILAIONIEH CHJIBI, CO3aBacMOil PUBOAHBIMU MHEPIIU-
OHHBIMH BHOpPOBO30Y/ANTEISIMU, YCTaHOBJICHHBIMH Ha Kopryce ApoOwikd. B orcyrcTBHe nemmpupoBaHUs
BBIHYX/ICHHBIE KOJIe0aHUsI KOHYCa OTHOCHTENBHO KOPITyca MOTYT ITPOMCXOMUTH B (ha3e WM NpoTHBOGa3e, Toraa
KaK TpH €ro Haluuuu umeeT Mecto (as3oBblid casur [1]. B pabodeMm pexume momiexamuii IpoGJICHUIO
MaTeprall HelpephIBHBIM ITOTOKOM ITOJIAETCsl B aKTUBHYIO 30HY, CO3/1aBasi IeMI(HPOBaHNE, pacCMaTpUBAaEMOE B
NepBOM TIPUONMKEHNH Kak Bsizkoe [2]. [pu aTom 3HaueHne KO3()(QHIUEHTa BA3KOCTH MOKET OBITH TOIYUEHO
IKCHEPUMEHTAILHO MyTEM HW3MEPEHUS] SHEPreTUYECKUX IOTEPh CUCTEMbI B DPEXKHUME OKOJOPE30HAHCHBIX
KoJIeOaHUH.

J1Jist OLEHKH PEe3yIbTaTOB TEOPETUUIECKOI0 UCCIEAOBAHNUS TMHAMUKH KOHYCHOM JIPOOHIKH ObLIN TPOU3Be-
JIeHbl e€ HaTypHbIC HCIBITAHUS, BBISBUBIINE XOPOIIYIO CTENEHb COBIAIEHUS TEOPETUYECKHX pPEe3yJbTAaTOB C
IKCIEPUMEHTAIbHBIMH.
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