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B mMoHorpaduu paccMaTpuBaroTCs pe3yabTaThl H3YYCHUS MOBECHUS MOPCKHUX JHHAMUYECKUX CHCTEM, B TOM
YHUCIe C XaOTHYCCKUMH KojeOaHusMHU. HeoOXOMUMOCTh TakuX HCCICIOBAHUM CTUMYJIUPOBAIACH TPEKAE BCETO
NPAKTHIECKUMH TeTSIMHU, B TIEPBYIO OYEPE/ib IS yUeTa B CHCTEMaX MIBAPTOBKH CYJIOB TE€X MOCIEACTBHN, K KOTOPBIM
MOYKET MPHUBECTH BO3HHKHOBEHUE CIIOKHOW TUHAMUKH. Pa3paboTaHHast K HACTOSIIEMY BPEMEHU TEOPHsT HEJTHHEHHBIX
JIMHAMUYECKUX CHCTEM IMTOKA3bIBACT, YTO OOJIBIIAS BOJTHA MOXKET 00pa30BaThCsl KAK KOMOMHAIIVS MCHBIITHX BOJIH.

HccnenoBanust poBe/IcHB HA OCHOBE JIAHHBIX HATYPHBIX HAOJIOJICHUH B MOPTOBBIX OyXTax M MPHOPEKHOMN
30He 0. CaxajuH C UCIOJIb30BAHUEM MAaTeMaTHYCCKUX MOJICNICH JMHAMHUYSCKMX CUCTEM C MPUMEHEHHEM ypaBHEHUH
Hydduara u Ban nep Ilons. 310 obecrieunBaeT BCECTOPOHHEE MOHUMAHWE TMOBEIEHUS AMHAMHYECKHX CHCTEM C
YYETOM BO3JICHCTBUS HA HUX TNPUXOIAINIMX MOPCKMX BOJH U IMO3BOJSIET BBHIPAOOTaTh pPEKOMEHIAIWU IO
MPEAOTBPAIIEHUIO KaTaCTPOYHUISCKUX CUTYAIIUH.

IlokazaHo, YTO TIpHU CHJILHOM BOJIHEHHH B OyXTax, B TOM YHCIE COBMECTHO C TNPWJIMBHOW BOJHOM, PEXHM
BOJTHEHHUSI MOXKET MEPEXOANTh K XaOTHYECKOMY, IIPH KOTOPOM BO3MOKHO 00pa30BaHME BOJH OOJBIION aMIUTUTY/EIL.
TaIOKe, IIpy KadyKe Ha IMNPpUXOIAAINIMX BOJHaX IPUIIBAPTOBAHHOI'O0 Cy/JHA, BO3MO>XHO BO3HMKHOBCHHC pPCKHUMa
«yIIApHOTO TeHepaTopay, IPU KOTOPOM CYJTHO OYAET yIapsAThCs 0 JeMIipepbl ¢ OOBIION CUIION.

PaccMmoTpeHo moBeneHe pUOPEKHOW TUHAMHYECKON CUCTEMBI ISl TIOKPBITOTO JIBJIOM MOpS. YCTaHOBJICHO,
YTO IpH OMNPCACIICHHLIX YCIOBUAX BO3MOXHA CHUHXPOHU3AIUA IICPUOOO0OB KOHe6aHI/II\/'I MOPCKHUX JIBJJUH C IIEPUOIOM
NPUXOJSIIMX BOJH. TaKoi mporecc MOXKET MPUBECTH K POCTY aMIUTUTYIbI KOJIeOaHHH JIbJja U, KaK CIEICTBHE, K €ro
Pa3pyIICHHIO, YTO MPEACTABISIET OMACHOCTh U MOXKET CITY»HTh OCHOBAHHEM JIJIs ITOJIAYH CHTHAIA TPEBOTH.

Jlnst creruantucToB B OOJACTH JMHAMUKK OKEaHa W OeperoBoil MH)KEHEpPHH, CTYJCHTOB M aCHHUPAHTOB IO
CHEIUATBHOCTSM «OKEAHOIOTHUs» U «(pu3uka arMochepbl U ruapochepb».

ABTOp 11 KOHTaKTOB: Kosanes [Imumpuii Ilemposuy, e-mail: d.kovalev@imagg.ru

https://dx.doi.org/10.30730/978-5- For citation: Kovalev D.P., Kovalev P.D. Chaotic oscillations,
6044483-2-8.2021-2 bifurcation and synchronization in marine dynamical systems:
Eull text RUS monograph. — Yuzhno-Sakhalinsk: IMGG FEB RAS, 2021. -
—_— 114 p., bibliography 187. — ISBN 978-5-6044483-2-8. —
References DOI: 10.30730/978-5-6044483-2-8.2021-2.

Chaotic oscillations, bifurcation and synchronization
in marine dynamical systems

Authors: Kovalev D.P., Kovalev P.D.
Abstract

The paper discusses the results of studying the behavior of marine dynamical systems, including those with chaotic
oscillations. and the need for such studies was primarily stimulated by practical goals, first of all, to take into account the
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consequences in the ship mooring systems, that the emergence of complex dynamics can lead to. The theory of nonlinear
dynamic systems developed to date shows that a large wave can be formed as a combination of smaller waves.

The described studies were carried out using the data from field observations in port bays and the coastal zone of
Sakhalin Island and mathematical models of dynamical systems using the Duffing and Van der Pol equations. This
provides a comprehensive understanding of the behavior of dynamic systems, taking into account the impact of the
incoming sea waves on them and allows to develop the recommendations for the prevention of catastrophic situations.

It is shown that during the strong wind waves in the bays, also combined with tidal waves, the wave regime can
change to chaotic, in which the formation of waves of large amplitude is possible. Also, when pitching of a moored vessel
on the incoming waves, the "impact generator" mode may arise, when the vessel will hit the dampers with great force.

The behavior of the coastal dynamic system for an ice-covered sea is considered. It is shown that, under certain
conditions, synchronization of the periods of sea ice floes oscillations with the period of incoming waves is possible. Such a
process can lead to an increase in the amplitude of ice floe oscillations and, as a consequence, to its destruction, which is
dangerous and can be used to signal an alarm.

For specialists in the field of ocean dynamics and coastal engineering, undergraduate and graduate students in the
field of oceanology and physics of the atmosphere and hydrosphere.
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