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3aKoH ApxumMmena

« Teno, Bnéproe Tyabl, BeiNMPasT U3 BoAbL!, C BECOM BbINEPTOV BOALI TENOM,
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Y710 TAaKO0e BOJHA?

BornHa Ha NOBEPXHOCTU BOObl TAaKXe
BO3HNKAET U3-3a Pa3HOCTU
NIOTHOCTEW BOAbI U BO34dyXa U CUsbl
TAXECTWN.

[na Gerywien BosiHbl XapakTepHa

3aBNCUMOCTb BO3BbIWLUEHUA 1| OT
KOopAunHaTbl 1 BpeMEHN B BUAE




YpaBHeHue NMHENHOWN BOJHbI

JlnHenHble BONHLI UMEKOT Many aMmnnuTyay



YpaBHEeHUe HeNMMHENHOWU BOJHbI




MHCTpYMeHTaH bHbI€ 3alMUCUN BHYTPEHHUX
BOJIH

Marshall H. Orr and
Peter C. Mignerey,

South China sea

J Small, T Sawyer, J.Scott,

SEASAME
Malin Shelf Edge
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HabniopeHna ruraHTcKkux BHYTPEHHUX BOJIH
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FO:xno-Kuraiickoe mope (Duda et al., 2004)

Ileand ¥O:xnoii Kopen (Lee et al, 2006)

Ffopu3oHTanbHasA CKOPOCTbL BO BHYTPEHHUX BONMHaX Ha wenbdge ABcTpanuu
(Pelinovsky E., Holloway P., Talipova T. 1995)
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Figure 25.17 The time series of Andaman Sea data in Figure 25,9 has been filered into
soliton and radiation parts.

Al Osborne “Nonlinear Ocean Waves & the Inverse Scattering Transform”
2010



Oceanic internal waves observation

Locations where IW have been observed
(an Atlas of oceanic internal waves, May 2002)



MotuBauna 1 fesreHue mepmeou 800bI

B 1893 r. 3HAaMeHNTbIN HOPBEXCKUMN
nonsApHuk ®putbod HaHceH,
coBepLUaBLUKA NraBaHue no
apKTU4YeCKUM BOAaM, CTONKHYJIICS

CO CTpaHHbIM siBfieHueM. Bot uto
3anucarn oH B otyeTe: «Mbl noyTun

He ABUranucb ¢ mecra (...) n ébyaro
Tawunm BCHO Boay 3a cobon. Yto mbl
HUW Aernanun, — KpyTo noBopa4vmBanu,
raBupoBanun, onucbiBany NOMHbIN
Kpyr v np., — BCe HanpacHo. Jlnwb
TONIbKO MallMHa nepectaBana
paboTaTtb, cyAHO TOTYac Xe
ocTaHaBNMBasroCb, TOYHO
CXBayeHHOE YeM-TO 3a KOpMYy».
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Resurrecting dead-water phenomenon

M. J. Mercier!", R. Vasseur™"", and T. Dauxeis!

— : - 5\ Nonlinear Processes
!;- v P h iz 2t \ in Geophysics

T

Vol. 18, 193-208, 2011



RaTacTpodbl aMepUuKaHCKUX noaABOAHbIX
MoTtuBauus 2 pnme P e

CamMbIMu KpynHbIMU KaTacTpocdamMu B UICTOPUM aMepPUKAHCKOro noaBoAHOro
cdonoTa ocratorca rmbennb AllJ1 "Tpewep". USS Thresher (SSN-593) Gb1na nepson
AIJ1 HoBoro knacca "lMepmut"”, o6opyaoBaHHOMN onbITHON AJY. MakcumanbHas
rnyouHa norpyxeHusa gocturana 400 m. 10 anpens 1963 roaa nocne 9-mecAa4YHOro
pemoHTa USS Thresher Bbiwna B Mmope B conpoBoxaeHuu gpyroun AlNJ1 USS
Skylark (ASR-20) gnfa rmybuHHbIX UCMNbITaTeSIbHbIX
norpyxeHun. NNommmo 16 odpuuepoB n 96 maTpocoB Ha
6opTy Haxoaunucob 17 rpaxxgaHCKUX uccriegoBarenen
TeXHUKOB.




naTaCTpo@bl aMepUuKaHCKUX NOoABOAOHbLIX
MoTtuBauuma 2 nonoxk

Yepe3 15 MUHYT nocne AOCTMXKEeHUNA 3aaaHHOMN rMyOuHbl ¢ "Tpewepa” Ha
"Ckaunapk"” no tenegoHy NocTynuno coodbleHne o0 BO3HUKWNX "TpyaHoCcTAX".
3atemM Ha "Ckannapke" ycnbiwanu 3ByK "CNOBHO BO3yX BpblBaeTcs B
LUCTEepPHbI", nocre Yero Hactynuna TuwuHa. lNosgHee cnacartenbHbIN KOPabrb
OOHapyXusn Hag MecToM KatacTpodbl pa3nnyHblie 0GFIOMKU U MyCOp, BKIro4Yas
KYCKW BHYTpeHHeu oowmBKku. Bce 129 yneHoB akunaxa nornbnu. Jlogka nexuT Ha
rnyouHe 2600 M, ee NPOYHbLIN KOPMNyC pa3pyLleH Ha HECKONbKO KPYMHbIX YacTeu.

CuuTaeTcs 4YTO NoagkKa copBasnachb C rpebHA 60nblWON BHYTPEHHEN BOJSIHbI
(amnnutyaa okono 100 m) n 6bINa pasaasneHa nepenagom gasneHusa (10
aTMm).




Alfred Osborne

“Nonlinear Ocean Waves & the Inverse Scatterin
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nposse. OqHA U3 BO3MOXKHBIX IPUYUH aBAPUM — JIOAKA OblJIa MOAHATA rPpedHeM
TUTAHTCKOV BHYTPEHHEH BOJIHBI M MPO0UJIa KOPIMYC NPH CTOJKHOBEHHH € HAJABOAHBIM

kopaduem (Office of Naval Research).
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JTEKTOPUIA

MEXAHWKA IOKOCTW. OKEAHONOT WA

Noryr nn BHyTpeHHUue BOJIHbI
noryouTb NOABOAHYIO 10OKY ?
t0.A.Crenanany'?

"Yrusepcurer H0xHoro Keucnenna (TysymoOa, ABcTpanun)
“HiKeropomckii rocynapCTBEHHLIA TEXHUYECKHUI yHuBepcuTeT MmMenn P.E.Anekceesa (Huxwui Hoeropon, Pocoua)

HepaeHas karactpocha, NpoM30WeNwas ¢ MHI0HE3NACKORA NONBONHOMA NONKOA «HaHrana» y Oeperos ocTpoBa bany, BHOBE HANOMHUNA 0 BO3MOKHON
DONV BHYTPEHHMX BOMH B TAKOT0 POAA Tpareauax. B CTaThe KPaTKo M3naraeTca NpUpoNa BHYTPEHHMX BOMH, aHANU3MpYKTCA 06CTOATENLCTBA TBENK TPEX
MOMBOMHLIX NIOM0K: 2TOMHbIX «Tpelwep» (1963 1.) u «Croprnox- (1968 r.) Boerxo-mopckux ciun CLUA v ou3ensHoi «Hawrana», NpUBONATCA TUMOTe-
TUYECKWE CLBHADUM 3THX 2BaDHI, 000CHOBLIBAETCA OMNACHOCTL BHYTPEHHIX BONH 1A NOMBONHOND CyLOXOCTEA.

Npupopa, 2021



MotTuBauua 3

BHyTpeHHUe BoOnHblI Oonbwon amnnutyabl (BBBA) noTteHumanbHO
onacHbl A4Nns BCen nNnoaBoOAHOWN AeATeNbHOCTU, BKNoYasa Ao0bIvy HedhTU U
rasa, U y>xe Bbi3biBariu onacHble MHUMAEHTbl. OAUH U3 HUX UMen MeCTO B
ceBepHoU 4Yactn AHpgamaHckoro mops. lNpu npoxoxaeHun naketa BBBA
onopa nnatcgopmMbl HakpeHuUnacb Ha yron 3°. 3To NpuBeno K CMeLLeHUIo
3TOM OMNoOpbl Ha 2 M, U HanNpsKeHUe AKOPHOM uenu BbIpocrio Ha 25%.
CunbHble Te4vyeHus, BO3HUKawLWMee npu npoxoxaeHnn BBDBA, Takxe
yBeNM4YMBalOT HanpsXXeHUs B Tpybdax M BeAyT K pa3mMbiBaM Nnoa HUMM.
Bo3MOXHOCTb npeackasaTb TakKue BOJIHblI Aact OonbLou BKnag B

Ge3onacHoCcTb HedpTerasoBbIX MPOMbICIOB.
(Fraser N: Surfing an oil rig. Energy Rev., 20(4) 1999)

On the potential for automated realtime detection of nonlinear internal waves
from seafloor pressure measurements

Uwe Stober® P+, James N. Moum?P

o
H

Applied Ocean Research 33 (2011) 275- 285




Z.J. Songa, B. Tenga, Y. Goua, L. Lua, Z.M. Shi Y. Xiao Y. Qub
Comparisons of internal solitary wave and surface
wave actions on marine structures and their

responses
Applied Ocean Research, 2011, 33, 120-129
CpaBHeHue Mexnay AeNcTBnem Ha nnatdopmy

NOBEPXHOCTHbLIX U BHYTPEHHUX BOJSIH MNOKasano, 4YTO B
ropu3oHTanNnbHOM HanpaBrfieHUU OeNCTBUE BHYTPEHHUX BOJSH
cocTtaBnseTr TONbKo 9% OT pe3ynbTUpyrLlero aOencTBus
NOBEPXHOCTHOU BOSIHbI 32 roAOBOU Nepuon NOBTOPSAEMOCTU
n 5% ot BonHblI 3a 50-neTHMN nepuoa noBTopsiemocTun. B
BEPTUKANIbHOM Xe  HanpaBfleHUU CUnbl, Bbi3BaHHbIE
BHYTpeHHen BonHou, B 30 pa3 Oonbwe cun oOT
NOoBEepPXHOCTHOM BOJIHbI C roqoBbIM nepuoaom
NoBTOpPAEeMOCTU U B 1.7 pa3a bonblue, 4emM OT BOJIHbI C 50-
NIeTHUM nepuoaoM nOBTOpPAEMOCTU. BHyTpeHHUEe BOJHbLI
CUnbHee BNUAKOT Ha AHO NNaTdopMbl, YeM NMOBEPXHOCTHbLIE.



MoTtuBauusa 4

nOBerHOCTH bi€e NMPOABJNIEHUA BHYTPEHHUX
BOJIH




MoTtuBauusa 5

Bo3aeuncrteBme BHYTPEeHHUX BOJH
Ha aKyCTU4YeCKue CUrHanbil

Acoustical Phyzics, Tol. 46, No. 0, 2000, pp. 084-02]. Tranzlated from Akusticheskar Zhurnal, Tol. 48, No. 0, 2000, pp. 770-735.
Origimal Ruszian Text Copyrighne 8 2000 by Eatrnel fon, Pereselkon

Low-Frequency Horizontal Acoustic Refraction Caused
by Internal Wave Solitons in a Shallow Sea
B. G. Katsnel’son and S, A, Pereselkov

OCEAN-ACOUSTIC SOLITARY WAVE STUDIES AND PREDICTIONS

AL C. WARN-VARNAS, 5. A. CHIN-BING, D. B. KING and 2. HALLOCK
Naval Research Laboratory, Stennis Space Center, M5 39529, UL5.A.

J. A HAWKINS
Planning Svstems Inc., Slidell, LA 70458, U5.A.

Survevs in Geophvsics 24: 39-79, 2003,
i 2003 Kluwer Academic Publishers. Printed in the Netherlands.



YpaBHeHue lapaHepa B Teopuun
OKeaHU4eCKUX BHYTPEHHUX BOJH

Honyueno ¢ nomowipio acumnmomu4eckou npoueoypvl u3
OCHOGHbBIX YPAGHEHUU 2UOPOOUHAMUKU

TanunoBa T.I., MNennHoBckun E.H., JTamb6 K., lpumwoy P., Xonnosau I1.
A dekTbl Kyon4ecKkom HesIMHEMHOCTU NMPU pacnpoCcTpaHEHUN UHTEHCUBHbIX
BHYTPeHHuX BonH. [JAH, 1999, 1. 364, Ne 6, 824 — 827.

Holloway P, Pelinovsky E., Talipova T. A Generalised Korteweg - de Vries model
of internal tide transformation in the coastal zone. J. Geophys. Research, 1999,
vol. 104, No. C8, 18,333 — 18,350.

NennHosckun E.H., MNonyxuHa O.E., JIam6 K. HenuHenHble BHYTpeHHME BOJSIHbI B
oKeaHe, CTpaTUPULUPOBAHHOM MO NNOTHOCTU U TedeHUr. OkeaHosozus, 2000,
40, Ne 6, 805 - 815.

Grimshaw, R., Pelinovsky, E., Poloukhina, O. Higher-order Korteweg-de Vries
models for internal solitary waves in a stratified shear flow with a free surface.
Nonlinear Processes in Geophysics, 2002, vol. 9, 221-235.



BonHbl Manou u ymepeHHoOM aMnnuTyAbl

YpaBHeHUue KopTteBera - ae Bpusa
n NapoHepa

KoadchdpunumeHTbl 3TOro ypaBHeHUs1 BbIYUCHIAIOTCS
no 3agaHHOU r’MOpPONorMmn oKkeaHa (panee)

I10IHOCTBHI0O MHTErpUpPYEMasi MOIEJIb



ConuTtoHbl B ypaBHeHUu MNapaHepa Sign of a
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Limited amplitude sy 2
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a; > 0 1+ 8B

Two branches of solitons of both polarities,
algebraic soliton @, = -2 w/u,



ConunTtoHbl B ypaBHeHuUu MNapaHepa
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Bpusepsbl B ypaBHeHuun MapaHepa @;>0
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@ and x are the phases of carrier wave and envelope
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Undular bores on sea surface

A criterion for the transition from a breaking bore to an undular bore has been revised on a
base of field observations (Pelinovsky et al, 2015): the undular structure of the bores is

typical if H < 1.5 h, where H is bore height measured from the bottom and h is unperturbed
depth of a reservoir.


http://www.geologyinmotion.com/2011/01/longest-surf-ride-in-world.html
http://www.totalwind.net/foro/viewtopic.php?f=34&t=43045

Internal undular bores

13 Y T — T
—_
]
= 4
S
c
:g 11 1
o
(@)
=N 1
o
-‘E
8 )91- .
e £
= G
(=
'-E S i ;‘ 3 A 5 6
time, h
Shapiro G. 1., Shevchenko V. P,
Lisitsyn A. P., Serebryany A. N,
Politova N. V., Akivis T. M. Influence of

internal waves on the suspended sediment
distribution in the Pechora Sea. Doklady
Earth Sciences. 2000, 373, 5, 899—901.
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1Fig. 2. Time series of isotherm heights and onshore component of the currents at different depths from North Rankin

and mooring 5 for the period March 2-5, 1982

Holloway P. Internal hydraulic
jumps and solitons at a shelf break
region on the Australian North
West Shelf. J. Geophys. Res. 1987,
92, 5405—5416



he Kav equation practically 1S actual 1or tne
surface waves, influence of the negative cubic
nonlinearity IS negligible here.

Kit E., Shemer L., Pelinovsky E., Talipova T., Eitan O., Jiao H. Nonlinear Wave
Group Evolution in Shallow Water. 2000, J. Waterway Port, Coastal Ocean Eng., V.
126, No. 221-228

The Gardner equation with both signs of both
nonlinearities is valid for internal waves.

Holloway P, Pelinovsky E., Talipova T. A Generalized Korteweg - de Vries Model of
Internal Tide Transformation in the Coastal Zone, 1999, J. Geophys. Res., V. 104, C8,
18333-18350

The Gardner equation is obtained for the ion-
acoustic waves in plasmas, and the effects
described below may be interpreted for plasma
waves. The cubic nonlinear term may have both

&l!garmanhr&g Talipova T., Pelinovsky, E. Dynamics of modulationally unstable ion-
acoustic wave packets in plasmas with negative ions. J. Plasma Physics, 2008, V. 74,

No. 5, 639-656.
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Modelling Internal Solitary Waves in the Coastal Ocean
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Abstract In the coastal oceans, the interaction of currents (such as the barotropic tide)
with topography can generate large-amplitude, horizontally propagating internal solitary
waves. These waves often occur in regions where the waveguide properties vary in the
direction of propagation. We consider the modelling of these waves by nonlinear evolution
equations of the Korteweg—de Vries type with variable coefficients, and we describe how
these models are used to describe the shoaling of internal solitary waves over the conti-
nental shelf and slope. The theories are compared with various numerical simulations.
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KoadhdpuumeHtbl ypaBHEHUSA
[[apaHepa Ha wenbge ABCcTpanui

(0] 2_

é— J
(- 1 —\

e 004—_|
=N o ’ — . : :
=0.0004
-0.0008
4 =
O /\
2 ] /
(@) 40 80
o) ; ] ]
E—
I -/

500 -




TpaHcdgopmMmauma CONUTOHA Ha
wenbge ABCTpanuu
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CTD ctaHuuu B peuce HUAC
“UBaH Kupeen”, 1993, AAHUU
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CUNnbHO HeriIMHeuHbIe Mmoaenu BHYTPEHHUX BOJIH
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Nonlinear wave motion is studied in a symmetric, continuously stratified, smoothed three-layer fluid in the
framework of the fully nonlinear Euler equations under the Boussinesq approximation. The weakly nonlinear
limit is discussed in which the governing equations can be reduced to the fully integrable modified
Korteweg—de Vries equation. For some choices of the layer thicknesses the cubic nonlinear term is positive and
the modified Korteweg—de Vries equation has soliton and breather solutions. Using such a stratification, the
Euler equations are solved numerically using a sign-variable, initial disturbance. Breathers were generated for
several forms of the initial disturbance. The breathers have moderate amplitude and to a good approximation
can be described by the modified Korteweg—de Vries equation. As far as we know this is the first presentation
of a breather in numerical simulations using the full nonlinear Euler equations for a stratified fluid.
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Movie with occurrence of KH instability in runs with
moderate interaction of ISW with the step

1 hodule Seslar data

run 2a

run 5b

Maderich, Talipova,
Pelinovsky et al,
Physics Fluids, 2011



3. Strong interaction of ISW with the step

Formation
of jet and vortices
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Subcritical interaction of i
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Fission into secondary waves after the step

Coefficient of
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Critical interaction of ISW with the step in run with

Fré=1.08>1
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Interaction with a step of ISW of elevation 1
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Peabed nHa BIob pa3pe3a (roayoasi JUHUA —
nannble GEBCO, Toukamu - cijiaiin).
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TunuuHblii NpoduiIb IJIOTHOCTH () H
yacrora Bsaucsusa — bpenra (0) B BbIOpaHHOU

o0aactu (GDEM, mioap).
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Displacement of 70m-isopycn [m]
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Free surface signature of tidally generated internal waves
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3akn4veHue

HenuHeuHble aHyMpeHHuUEe 80JIHbI
umMerom pa3Hoobpa3sHyro hopmy,
cywecmeyrom coJIUMOHbI U 6pu3sepbl
8HYMPEHHUX 8OJIH.

lNeozpachusi makoea, Ymo amo
pa3Hoobpa3ue MoXxem ecmpedyambCsi
rnoecemMecmHo.

Modenu pa3Ho20 ypoeHsi om cnabo
HeJITUHeUHbIX 00 CUJIbHO HeJTUHeUHbIX.



