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B nmaniit po6oTi Boepiie mokasaHa MOXKJIUBICTh NepeKadyBaHHS €HEPrii Bif
XBWJICTIPOJYKTOpA J0 XPECTONMOAIOHUX MOBEPXHEBUX XBWJIb B 1€aNbHIN PiIMHI B
NPSIMOKYTHOMY OaceifHi CKIHUEHHHMX PO3MIpPiB 3 XBWICTIPOAYKTOpOoM. Lle mokazaHo
aHAJITUYHO Ha OCHOBI 3aCTOCYBaHHS METOJYy CYIEPIIO3UIli 1 TepeBipeHo
eKCIEPUMEHTAIBHO.

BcTaHOBIIEHO 3aKOHOMIPHOCTI PETYISIPHUX yCTaJICHUX MTOBEPXHEBUX XBUJIb Y
pLAMHI B TPSIMOKYTHOMY OaceiiHi CKIHYEHHHX pO3MIpIB 3 XBUJICHPOAYKTOPOM.
[TokazaHo icHyBaHHS pEryIspHUX PEKUMIB KOJTUBaHb BIJIbHOI TOBEPXHI PiIUHU MIPU
OJIHOMOJIOBHX TapaMEeTpUYHHUX pe30HaHcax. HaBemeHo mapaMeTpH, MpH SKHX
MOJKJIMBl XaOTHYHI CTIMKI KOJIMBaHHS B YCEpeIHEHIN NWHAMIYHIM cucTemi, 10

OMHCY€ AMHAMIKY aMILIITY/I XPECTONMOAIOHNX XBUJIb.

[TobynoBaHO HOBUI YMCETHLHUIN AITOPUTM JIJISi CUCTEM 13 3ami3HiOBaHHM. [le
SIBHUM T10pUIHUN METOJ I CUCTEM JIu(epeHIliaTbHUX PIBHSIHD 3 3all13HIOBAHHSIM
Ha oOcHOBI mnoyiHOMIB HpioroHa 1 dopmynu Teinopa st HaOMMKEHHS Ha
HACTYIHUN KPOK YHCEJIbHOTO IHTErpyBaHHS 1 KiIacuyHUX MeToaiB Pynre-Kyrtru.
OTpuMaHUl TAKUM YMHOM SIBHUM T1OPUIHUN METOJ I’ SITOTO TOPSJIKY IS CUCTEM
nudepeHiaIbHUX PIBHAHD 3 3aMI3HIOBAaHHAM, HAPUKIIal, 3 koedinientamu Kyrru-
Hroctpema abo koedimientamu metony Jlopmana-IlpuHca, 3 OIIHKOIO MOXUOKH
YUCENBHOTO 1HTErPYBaHHS, MIAXOAWTH IS AOCTIHDKCHHS aKTyaJlbHUX Ha JTaHWUU
MOMEHT CHCTEM 3 3alli3HIOBAHHAM Ha JIOCUTH BEIIMKI, IIOPIBHIHO 3 3aIli3HIOBAHHSM,
ITPOMIXKKH Yacy.

YucoBuid po3paxyHOK CTapIIOro moka3zHuka JISmyHoOBa i3 BUKOPHUCTAaHHSIM
KJIACHYHOTO aNropuTMy beHeTTiHa He 3aBXIM € 3aJ0BUILHUM Y BHIIAIKY

JUHAMIYHOI CHCTEMH 3 JUCHIIAIE€I0 eHeprii. 3po0ieHo Moaudikailio 1bOro



QITOPUTMY 1110 JIa€ 3MOTY M1JBUIIMTH TOUYHICTh PO3PAXYHKIB 1 pO3IIMPUTH 00JIACTh
3aCTOCYBaHHSI METOJY. 3aCTOCYBaHHsA Ili€i Moaudikaiii s Mojeni 30yIKEeHHs
XpeCTONOAIOHUX XBWUJIb HAa BUIbHIA MOBEPXHI PIAUHH Yy NPSIMOKYTHOMY KaHall
CKIHYEHHO1 JOBXHUHU 1 TTIMOUHM J1aJI0 3MOTY TOYHIIIE 1IeHTU(PIKYBaTH AUHAMIYHI
PEXKUMU.

UucenpHUI pO3paxyHOK CTapmioro Tmoka3Huka JIsmyHoBa Ha OCHOBI
KJIACUYHOTO ajropuT™Ma beHeTTiHa He BpaxoBye 301raHHs Ta po30iraHHs TpaeKTopin
Ha XaOTHYHOMY aTrpakTopi. B poOoTi po3po0iieHO YHIBEpCAIbHHUI aNTOpHUTM,
TOYHICTh SIKOTO HE 3aJIEKUTh BIJ 1€l Ta I1HIIUX OCOOJUBOCTEH XAOTHYHUX
aTPaKTOpPIB, TAKUX SIK (popMa, pO3MIp Ta CTPYKTYpPA, iX KUIbKICTh T4 PO3TAIyBaHHS
y ¢a3zoBoMmy mpoctopi. HoBuii amroputm [103BOJISI€ 3OLIBIIUTH TOYHICTD
pO3paxyHKIiB Ta pO3MIUPHUTH OOJACTh 3aCTOCYBAaHHS 3a3HAYCHOTO METOIY.
3acTocyBaHHS ~ 3alporoHOBaHOiI  Momudikamii g Monedl  30yAKeHHs
XpeCTONOAIOHUX XBUJIb HAa BUIbHIA MOBEPXHI PIAUHHU Yy NPSIMOKYTHOMY KaHall
CKIHYEHHOT1 JIOBXKUHHU 1 TTIMOMHU JT03BOJISIE O1IBII TOYHO 1IeHTU(IKYBaTH TMHAMIYHI
PEXKUMU.

Brnepiie mocnigkeHo BIUIMB 3ami3HIOBaHHS HAa JUHAMIKY XPECTOMOAIOHUX
XBUJb. BCTaHOBIEHO CyTTEBICTh BpaxyBaHHS (PAKTOPIB 3ami3HIOBAHHS TIpU
JNOCT/DKEHHI Ha PperyjsipHy 1 XaoTUYHY JMHAMIKY CHCTEMH IO OIUCYE
XpecTonoAi0H1 XBUJIl B OaceiiHl CKIHUEHUX PO3MIPIB 3 XBUIIEIPOAYKTOPOM.
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KOJIMBaHHS, BJIACHI YaCTOTH Ta (POPMH KOJMBaHb, CTIMKICTh, TMHAMIYHA CTIMKICTD,
TiIpoIMHAMIYHA CUCTEeMa, XPECTOMOAI0H1 XBUJI1, XBUJI1, YUCEIbHI METO/IU, Xa0C,
JTUHAMIYHI CUCTEMH, TU(EPEHITIaNbHI PIBHIHHS 3 3aII3HIOBAHHIM, METOAU PyHre-

KyrTtn, nokazuuku JlssmyHnosa, anroputm benerrina.



SUMMARY

Pechuk V. D. Regular and chaotic dynamics in mechanics of cross-waves. —
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In this work possibility of pumping over of energy is first shown from
wavemaker to the cruciform superficial waves in an ideal liquid in the rectangular
pool of eventual sizes from wave maker. It is shown analytically on the basis of
application of method of superposition and it is tested experimentally.

Conformities to the law of regular withstand superficial waves are set in a
liquid in the rectangular pool of eventual sizes from wavemaker. Existence of the
regular modes of vibrations of free surface of liquid is shown at one modes
parametrical resonances. Parameters, at which chaotic proof vibrations are possible
in the averaged dynamic system which describes the dynamics of amplitudes of

cruciform waves, are resulted.

A new numeral algorithm is built for the differential systems with a delay.
This is an explicit hybrid method for the systems of differential equations with a
delay on the basis of polynomials of Newton and formula of Teylora for approaching
on the next step of numeral integration and classic methods of Runge-kutti. The
explicit hybrid method of fifth order is got thus for the systems of differential
equations with a delay, for example, with the coefficients of Kutti-nyustrema or
coefficients of method of Dormana-prinsa, with the estimation of error of numeral
integration, befits for research of the actual now systems with a delay on the large
enough, comparatively with a delay, intervals of time.

Numerical calculation of maximum exponent of Lyapunov from usage classic
algorithm of Benettin not always is satisfactory in case of the dynamic system with
dissipation of energy. It is done modification of this algorithm that gives opportunity

to promote exactness of calculations and extend an application of method domain.



Application of this modification for the model of excitation of cross-waves on the
free surface of liquid in the rectangular channel of eventual length and depth enabled
more precisely to identify the dynamical modes.

The numeral calculation of maximum exponent of Lyapunov on the basis of
classic algorithm of Benettina does not take into account running back and running
approach of trajectory on chaotic attractor. An universal algorithm exactness of
which does not depend on it and other features of chaotic atpakTopis is developed
in work, such as a form, size and structure, their amount and location in phase space.
A new algorithm allows to increase exactness of calculations and extend an
application of the noted method domain. Application of the offered modification for
the model of excitation of cross-waves on the free surface of liquid in the rectangular
channel of eventual length and depth allows more exactly to identify the dynamic
modes.

First probed influencing of delay on the dynamics of cross-waves. Importance
of account of factors of delay is set at research on the regular and chaotic dynamics
of the system that describes cross-waves in the pool of complete sizes from wave
maker.

Keywords: numerical simulation, approximation, incompressible flow,
droplet liquid, surface deformation, forced vibration frequencies, numeric
differentiation, oscillations, periodic oscillations, natural vibration, natural
frequency and vibrational patterns, stability, dynamical stability, hydrodynamic
system, cross-waves, waves, numerical methods, chaos, dynamical systems,
differential equations with a delay, methods of Runge-kutti, exponents of

Lyapunov, algorithm of Benettin.
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Ocobucmuii  8Hecok 3000y8aua: po3poOKA HOB020 mMa NOKPAUEHO20
aneopummie oYyiHKu cmapuio2o noKaHuka JIanynosa 6 oucunamugHiu OUHAMIYHIU
cucmemi, nob6yoosa s6Hux 2iopuonux memooie Pyumee-Kymmu 0ns ounamiunux
cucmem 3 3ani3HIOBAHHAM, OYIHKA JIOKANbHOI NOXUOKU OAHO20 Memoody N simoco
HOPAOKY 30iMHCHOCTI, YUCeNbHe MOOENI08AHH, YucelbHe 00Cnioxicents. Pozeunenns
cucmemu, Wo ONUCYE XPeCcmonooiOHi XeuJi.



