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BuyTpeHHre W MHEPLUHUOHHBIE BOJHBI MOTYUHSIIOTCS 0COOOMY TUCIEPCUOHHOMY
COOTHOUIEHMIO, OIPENEISIONIEMY HAallPaBJIE€HUE paclpOCTPAHEHHSI BOJIH MO0 OTHOIIEHUIO
K BEpTHKAJIM WM OCH BpAIIEHUS, HO HE OIPEEIAIoIeMy JUIMHY BOJHbBL. MaciiTaOHbie
a¢dexTrr onucanbl B yactHocTy (Brouzet et al., 2017). B 3aMKHYTBIX T€OMETPHUAX TPH
HaJIMYUU [TOCTOSHHOTO UCTOYHHMKA (BOJIHOIPOAYKTOPA) BOJIHBI [TOCJIE MHOTOYHCIEHHBIX
OTPaKEHUH OT TPaHULl MOTYT CTPEMMTHCS K 3aMKHYTOW TPaeKTOpUH, Ha3BaHHOH BOJI-
HOBBIM aTTPaKTOpoM. B nyeanbHON ®KUAKOCTH MPOUCXOAUT OECKOHEUHAsl KOHIIEHTPAIHs
BOJTHOBOM SHeprum. B peampHOCTH (DOKYyCHpOBKAa Ha aTTPAaKTOPE YPaBHOBEIINBACTCS
BSA3KOCTBIO. [IOCKONBKY Ha aTTpakTOpe aMIUIMTYy/Aa CKOPOCTH MOXKET YBEIMYUBATHCS B
HECKOJIBKO pa3 M0 CPAaBHEHUIO C aMIUIUTYA0M BOJIHOIPOAYKTOPA, OTIpEIeTICHUE XapaKTep-
HOro uncia PeifHonmbaca Mo rpaHUYHBIM 3HAUYEHHSIM SIBJISIETCS 3aTPyAHUTEIbHBIM.

[Ipu TpexMepHOM OTpa’keHHM IIyYKOB BOJH OT HAKJIOHHOH MMOBEPXHOCTH IPOHC-
XOJIUT MOBOPOT TOPU3OHTAILHON KOMIIOHEHTHI CKOPOCTH, ONUCAaHHBIA DUIITUIICOM, TPU
COXpaHEHUH yTJa C BEPTUKAJIBIO/OCHIO BPAIICHUS. DTO MOXKET MPUBECTH K TPEXMEPHOM
aKKyMYJISILIUM BOJTHOBOM SHEPIHH.

BrnepBbie xopolee KaueCTBEHHOE COMOCTABIECHUE BBIYMCIUTEIBHOTO U Jiabopa-
TOPHOTO SKCIIEPUMEHTOB B KOHTEHHEpE ¢ Tpanernen jaibHoi (opMoii ObIUTO MTPUBEICHO B
pabore (Brouzet et al., 2016), 1 mokazaHa Ba)XHOCTb JUCCHUIIAIIUK SHEPTUH B IIOIPaHUY-
HOM cyioe Ha 0okoBbIX moBepxHOCTsX (Beckebanze et al., 2018). ITpu 6onbiom vucie
HImunara oOpa3yroTcs CKIaq4aTbie CTPYKTYpPhI, B3aUMOACHUCTBYIONINE ¢ ()OHOBBIM Teue-
nueM (Sibgatullin, Kalugin 2016). B pa6orax (Brouzet et al., 2016b; Dauxois et al., 2018)
MPOIEMOHCTPUPOBAH KaCKaJl TPUAIHBIX HEYCTOMUYMBOCTEM.

B pat6ore (Pillet et al., 2018) onucana TpexmMepHas aKKyMyJISIIMsl BOJTHOBOH dHEp-
MU C TOMOIIBIO TPACCHUPOBKH JIyuel M COMOCTABIEHHS C JIAOOPATOPHBIMHU M YUCIIEH-
HBIMH 3KCTIepUMEHTaMHu. UHCIIEHHbIE HKCIEPUMEHTHl B HACTOSIIEH paboTe MoKazaau
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BO)XHOCTH (Pa30BOTO CIBUTa B TPAHCBEPCAIHLHOM HANpaBICHUH. ATTPAKTOP MOXET CO-
XPaHATh CTPYKTYPY, AaHAJTOTUYHYIO JBYMEPHOM /7151 TI000r0 CeYeHus MONepeK KaHaia, HO
pH 3TOM (a3a KojiebaHU MOXKET U3MEHSThCS BIUIOTH 10 POTUBO(A3bl, YTO BIUSET HA
M3MEHEHUE BOJIHOBOM 3HEPIUHU IIPU YAAJIEHUN OT BOJIHOIPOLYKTOpA.

[TepBrie TpexmepHbie pacueTs (Sibgatullin et al., 2017) npunuBHOTO U CUMMETPUY-
HOT'O BO3JICHCTBHS Ha BPAILAIOIIMICS CIOM KUAKOCTH NOKA3aJId TPEXMEPHYIO MTEPEKPY-
YEHHYIO CTPYKTYpY BOJIHOBOT'O aTTPaKTOpa IPU MPELIECCUH B HAIIPABIEHUH, IPOTUBOIIO-
JI0>)KHOM HalpaBJIeHUIO BpallieHus. [Ipy MOBbIIEHMH aMIUTUTY bl BHELLTHETO BO3AECHCTBUS
BO3HUKAET HEYCTOMYMBOCTb 110 TUITY TPUATHOTO PE30HAHCA, HO B a3UMYTaJIbHOU MJIOCKO-
ctu. Mcenenytorcst TypOylneHTHBIE PEKUMBI, TOPOXKIAEMbIE BOJIHOBBIMH aTTPAKTOPaAMHU,
U COMOCTABIIAIOTCSA MOLIHOCTh U MOJHAS JUCCUNIAIMS B PA3JIMYHBIX PEeXKUMAX.

Pabora nogaepxana nporpammoit [1pesuanyma PAH Ne 26.

KroueBble c10Ba: BHYTPEHHUE BOJIHBI, UHEPIIMOHHBIE BOJIHBI, BOJTHOBbIE aTTpakK-
TOpBI, TPHAIHBIE PE30HAHC, TYPOYJIEHTHOCTh
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Internal and inertial waves obey very specific dispersion relation, which defines the
direction of wave propagation with respect to the gravity or axis of rotation, but which does
no define the wavelength. Particular cases of scale effects are described in (Brouzet et al.,
2017). In closed geometrics the presence of a monochromatic wavemaker can produce
wave beams, which after multiple reflections from the boundaries may approach a closed
loop — the wave attractor. In ideal fluids the concentration of energy on the wave attractor
can grow without any limits. In viscous stratified or rotating fluids the concentration
will be balanced with dissipation due to viscosity, which results in appearance of wave
attractors of finite width. The characterization of the flow with the Reynolds number
based on the boundary conditions is questionable in this case, since on the attractor the
velocity can be several times magnified.

When the wave beam is reflected from an inclined plane, the horizontal component
of velocity rotates, as was first described by O. Phillips, while preserving the angle with
the gravity or axis of rotation. With the help of ray tracing it can be shown that due to this
effect the three-dimensional accumulation of wave energy can occur.

First qualitative and quantitative correspondence of laboratory and numerical
simulation of wave attractors in the pseudo-2D laboratory tank with trapezoidal section
was described in (Brouzet et al., 2016), and importance of dissipation on the lateral
boundaries was shown (F. Beckebanze et al., 2018). For high Schdmidt number there
appear the folded structures, which can interact with the background wave motion
(Sibgatullin, Kalugin 2016). In (Brouzet et al., 2016b), (Dauxois et al., 2018) cascade of
triadic resonances in (1,1) produced by a wave attractor was demonstrated.

Three-dimensional accumulation of wave energy in trapezoidal frustum with a
localized wavemaker was investigated in (Pillet et al., 2018). Numerical simulations of
the present work had showed the importance of phase shift in transversal direction. An
attractor can have the same form as the 2D attractor in any given longitudinal cut, but
the phase of oscillation can change up to counter-phase. Interplay of 3D concentration
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of waves beams, dissipation and phase shifting impact the final energy distribution in
transversal direction.

First three-dimensional simulations (Sibgatullin et al., 2017) of tidal and symmetric
forcing on the rotating layer of fluid with inclined walls showed three-dimensional
twisted structure of waves attractors for precession of one boundary of the layer in
opposite direction to the rotation of the layer. With growth of the amplitude of the external
forcing the the instability of triadic resonance appears, but in contrast to the internal wave
attractors, triadic resonances take place in azimuthal (transversal to the trapeze) section.
The turbulent regimes generated by the background wave attractors are studied, with
analysis of full power income and total dissipation .
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