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B3aumopeiicTBre KOr€pEeHTHBIX CTPYKTYP (Pa3iM4YHbIX BUOB COJUTOHHBIX BOJIHO-
BbIX DY) HAa TOBEPXHOCTHU ITyOOKO¥ BOJIbI SIBJSIETCS BAXKHBIM HEJTMHENHBIM BOJTHOBBIM
NPOLIECCOM, KOTOPbIiA U3yYaeTcsl Kak TEOPEeTUYECKH, TaK U IKkcnepuMeHTanbHo (Dyachen-
ko et al., 2013a,b; Slunyaev et al., 2017). Ha gaHHbIii MOMEHT MOJIHOE TEOPETUUYECKOE
OINMCAaHUE TAKMX B3aMMOJEHCTBUN U3BECTHO TOJIBKO JIJI CAMOM NMPOCTOW MOJIENN — HEJU-
HeriHoro ypasHenus Illpequnrepa (HYIII), st KOTOpOro HaiiieHbl TOYHbIE MHOTO-COJIH-
TOHHBIE PELICHUSI.

B pa6ore (Kachulin, Gelash, 2018), 6bu1a ynciieHHO UcciieloBaHa IMHAMKKA Tap-
HbIX B3aUMOJICVICTBUII KOTE€PEHTHBIX CTPYKTYpP (OpHM3€pOB) Ha MOBEPXHOCTU IIIyOOKOW
BOJIbI B paMKax Mofienu [IbsiueHKo-3axapoBa. bbutn BbISIBIEHbI CYLIECTBEHHbIE Pa3IUiUs
B JIMHAMUKE CTOJIKHOBEHWI OpU3€pPOB KOMMAKTHOIO ypaBHeHUs [IbsueHKOo-3axapoBa, 1o
CpPaBHEHMIO C noBefieHneM coauToHoB HYTII.

OO6Hapy:KeHO, 4YTO B 60Jiee TOUHON MOJIESTU T'PAaBUTALIMOHHbBIX TTOBEPXHOCTHBIX BOJIH,
B ormyiuve ot HYII, BennunHa MakCMMaJIbHOW aMIUIATY/bl BOJIHBI, BOHUKAIOLLEH MpU
CTOJIKHOBEHNN KOT€PEHTHBIX CTPYKTYP, MOXKET MPEBBIIIATh CYMMY HaYaJIbHbIX aMIUIATY/L
O6puzepoB. Kpome Toro, MmakcuManbHOE YCUJICHUE AMIUIUTY/Ibl BOJTHOBOT'O MOJISI PacTeT C
YBEJIMYEHUEM KPYTHU3HbI B3aUMOJICVICTBYIOIIMX OpPHU3EPOB M yXKe Npu KpyTusHe | =0.2
npebiaeT 1 Ha 20%. BbISIBIEHO, UTO BaXKHBIM MAPAMETPOM, ONPEAEIISIOIIMM JUHAMUKY
NapHbIX CTOJKHOBEHUI OpU3€EpOB, SABIISIETCS OTHOCUTENBbHASA (pa3a 3TUX OOBEKTOB B MO-
MEHT B3auMOJIeVicTBUs. Tak, HanpuMep, B3aUMOJIENCTBUSI OpU3EPOB B HEMHTETPUPYEMOI
Mojienu [IpsiyeHKo-3axapoBa MPUBOAT K MOSIBIEHUIO HEOOIBLLIOTO U3YUYeHHUs], YTO ObLIO
obHapykeHo panee B 2013 r. (Dyachenko et al., 2013a,b). Tenepb Ham yaanock nokasaThb,
YTO BEJIMYMHA NTOTEPb SHEPrUM CTAIKUBAOLMXCS COJMTOHOB HA U3JTyYEHUE TAKXKeE 3aBU-
CUT OT UX OTHOCUTEJIbHOW (pa3zbl. MakcumanbHble MOTEPU IHEPTUM HAOIIOAAIOTCS NpU
TOW K€ OTHOCUTEJILHON pa3e, Mpu KOTOPOW HAOIOIA€TCsl MAKCUMYM YCUJIEHUS] aMILIv-
Tyfbl. Kpome TOro, B 3aBUCUMOCTH OT 3HAYEHUSI OTHOCUTENBHON (pa3bl, COTMTOHBI MOTYT
KakK 3a0MpaTh, TaK U OT/IaBATh IHEPTUIO, YTO MPUBOANT K YBEJINUYEHNUIO UM YMEHBIICHUIO
UX aMIUTATY/IbI NOCNE CTOJNIKHOBEeHUs. Tak>ke HaMu OOHApY>KEHO, YTO B OTJMYUE OT MO-
nesv HY 1L, npocTpaHCTBEHHbIE CABUTM COJIMTOHOB B 00JIE€ TOYHON MOJIEIM MOTYT ObITh
KakK MOJIOKUTENIbHBIMU, TaK U OTPULIATEIbHBIMMU.

Hcnonb30BaHe TOYHBIX OpU3EpHBIX PELUICHUI NMPUOIVDKEHHOW Mopeau [IpsyeH-
KO0-3axapoBa U KAHOHUYECKOro NpeoOpa3oBaHusl K (PU3MYECKUM NMEPEMEHHBIM — TPOMUITIO
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CBOOO/IHOI MOBEPXHOCTU W MOTEHUMATY HA MOBEPXHOCTU XKUAKOCTU — MO3BOJIMIIM HAWTU
NpUOJIMKEHHBIE PElIeHUs B BUjie Opu3epoB B paMKaX TOYHBIX HEJIMHENHbIX YPABHEHUI ISt
NOTEHIMAILHBIX TEYEHUI HECXKUMaeMou XUAKOCTH. [TpeaBapuTenbHbie pe3yJibTaThl Ync-
JIEHHbIX 3KCIMIEPUMEHTOB B TOYHON MOJIENIM NMOKA3AJIM CXOXKYIO IMHAMUKY B3aUMOJIEHCTBUS
OpuU3epoB, YTO TOBOPUT O TOM, UTO MPEJICTABIICHHAS] HAMU TEOPETUYECKasi KapThHA B3alMO-
JIEVICTBUSI KOTEPEHTHBIX CTPYKTYP SIBJISIETCST OOLLIEN U MOKET HAOJFOJIATHCS B 9KCIIEPUMEHTE .

HccnenoBanne qUHaMUKKM MApHbIX B3aUMOJEHCTBUI OpU3epOB B TOYHOM MOJIEIU
BbinostHeHo [1.M. KauyaunbiM 3a cuet rpanta Poccuiickoro HayyHoro ¢osja (mpoekT
Ne 18-71-00079). Pabora B.E. 3axaposa u A.M. [IbsiueHKO (MCClEeOBAHUE B3aUMOJICHi-
CTBUI OpPMU3EPOB B PaMKax NPUOI>KEHHBIX MOJIEIEN) MOyIEpKaHa roc3aJaHieM 1o TeMe
«JIMHaMKKa CIIOXKHBIX Cpefl».

KuroueBble cioBa: HeMUHEWHBIE BOJHBI, COTUTOH, Opu3ep, BOIHBI-yOUNIIBI, Tpa-
BUTALIMOHHBIE TOBEPXHOCTHBIE BOJHBI, ypaBHeHHUE [IpsueHKo-3axapoBa, HEIMHEHHOE
ypasHenue llIpeaunrepa
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The interactions of coherent structures (different types of solitary wave groups) on
the surface of deep water is an important nonlinear wave process, which has been studied
both theoretically and experimentally (Dyachenko et al., 2013a, b; Slunyaev et al., 2017).
At the moment, a complete theoretical description of such interactions is known only for
the simplest model — the nonlinear Schrodinger equation (NSE) where exact multi-soliton
solutions are found.

In the work (Kachulin, Gelash, 2018), the dynamics of pairwise interactions of co-
herent structures (breathers) on the surface of deep water were numerically investigated
in the framework of the Dyachenko-Zakharov model. Significant differences were found
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in the collision dynamics of breathers of the compact Dyachenko-Zakharov equation
when compared to the behavior of the NLSE solitons.

It was found that in a more precise model of gravitational surface waves, in contrast
to the NLSE, the maximum amplification of the wave field amplitude during the collision
process of coherent structures can exceed the sum of the initial amplitudes of the breath-
ers. In addition, the maximum amplification of the wave field amplitude increases with
increasing steepness of the interacting breathers and exceeds unity by 20% at the value
of the wave steepness L = 0.2. It was revealed that an important parameter determining
the dynamics of pairwise collisions of breathers is the relative phase of these objects at
the moment of interaction. The interaction of breathers in the non-integrable Dyachen-
ko-Zakharov model leads to the appearance of small radiation, which was discovered
earlier in 2013 (Dyachenko et al., 2013a, b). In the work (Kachulin, Gelash, 2018) we
demonstrate that the magnitude of the energy losses of the colliding solitons to radiation
also depends on their relative phase. Maximum of the energy losses is observed at the
same relative phase, at which the amplitude amplification maximum is observed. In ad-
dition, depending on the value of the relative phase, solitons can both gain and lose the
energy, which results in increase or decrease of their amplitude after a collision. It was
found that, in contrast to the NSE model, the spatial shifts of solitons in a more precise
model can be both positive and negative.

We use the exact breather solutions of the Dyachenko-Zakharov model and the
canonical transformation to physical variables (the free surface profile and the potential
on the liquid surface) to find approximate solutions in the form of breathers within the
framework of exact nonlinear equations for potential incompressible fluid flows. The
preliminary results of our numerical experiments in the exact model demonstrate similar
dynamics of the interaction of breathers, which indicates that the theoretical picture of
the interaction of coherent structures presented here is universal and can be observed in
laboratory experiments.
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