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OrnpenesieHue

« BosiHa B BOZIHOH cpejie IIpeACcTaBIIAeT cOO0OM HENPEPHIBHYIO
COBOKYIHOCTbH YIIOPSIJOYEHHBIX KOJIe0aTeIbHbIX JABHUKEHUN
YaCTUI, OTHOCUTEJIBHO CPEJHETO MOJI0KEHUSI, OXBAaThIBAIOITHX
HEKOTOPYI0 00JIaCTh IIPOCTPAHCTBA, KOTOPAas B OOIIEM CIydae
3aBHCHUT OT BPEMEHM.



Kitaccudukanus BOIH

IIporpeccuBHbIE€ BOJIHDBI

JBIKyIIeCsd BO3MYILEHUA
PaBHOBECHOI'O COCTOAHUA cpeabl. B
cJlydae BETPOBBIX BOJIH Ha [TIOBEPXHOCTHU
MOPA TaKHe BO3MYILIEHUA
IIPE/ICTABJIAIOT COOOU IIEPUOUYUECKHE
OTKJIOHEHUA YPOBHSA OT I1OJIOKEHUA
pPaBHOBECHUS, IIPOUCXOAIINE B PA3HbIX
TOUYKaX IPOCTPAHCTBA C PAa3JINUHBIMU
(bazamu. B pe3ysbTaTe BOSHUKAIOT
JIBUKYIIUECH JIPYT 34 IPYTOM BOJIHOBBIE
IrpeOHU 1 BIIA/IUHBI.

Croauue BOJIHBI

y3J10Basi TUHUSA

IIy4YHOCTb



Kitaccudukanus BOIH

ITloBepXHOCTHBIE BOIHBI

OO0ycJioBIeHHBbIE MU KOJieOaHU
YaCTUIl BOJbBI JIOCTUTAIOT HAUOOJIBIIIEH
AMILJIUTYIbI HA IIOBEPXHOCTH MOPSI U C
IJTyOMHOU OBICTPO 3aTyXaloT




Kitaccudukanus BOIH

BHyTpEeHHUE BOJIHBI

CylecTBYIOT B CTPaTU(PUIIUPOBAHHOM
OKeaHe. AMIUIMTY/JA B TOJIIIE BO/bI
(ropasgo) 60Jbllle, UeM Ha
IIOBEPXHOCTH




Kitaccudukanus BOIH

dakTOp, 00yC/IaBJIUBAIOIIHI

THUIl BOJIH B OKeaHe
BO3BPALIAIOILYIO CUJILY
YIIPYTOCTh aKyCTUUecKHe
IMOBEPXHOCTHOE HATIKEHHUE KanWLISpHbIE
rpaBUTALIUA rpaBUTAIIIOHHBIE
BpallleHne 3eMJIn TUPOCKOIINYECKUE
M3MeHeHNEe PaBHOBECHOM MOTEHITNAIbHON rio

BOJIHBI PoccOuistri(TI1aHeTapHbIE U
3aBUXPEHHOCTHU, CBAA3AHHOE C U3MEHEHUI MU

o Tonorpaduyeckue)

rTyOUHBI U reorpaduyuecKor HIUPOTHI




OCHOBHBbBIE AJIeMeHThI IIOCKON
rapMOHMNYECKOU BOJIHbDI

Bepunma

pebeHb

[Mogowea /
[JIommaTyxuH, 2012 ]
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T — nepuoa BOJIHGBI

f=1/T —uacrora

k = 277/1— BOJIHOBOE YHCJIO; c = g/k = 4/T — dpazoBasa CKOPOCTh
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BeTpoBEIe BOJIHBI
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Figure 1.1 Frequencies and periods of the vertical motions of the ocean surface (after Munk, 1950).

g [Holthuijsen, 2007]



OcHOBHBIE THIIBI BOJIH HA NOBEPXHOCTH BOAbI

Twvn BoJIH

KanwinspHeie

POu3inyecKHii MeXaHH3M (NIPHYHHA)

HanpsokeHne BeTpa U MOBEPXHOCTHOE HATSHKEHHE

[lepuoasi

BeTposebie

Hal'lpﬂ)l(CHHC BETpa H CHJIa TDKCCTH

3610b

BeTpoBbi€ BOJIHBI

[Tpuboitnbie Ouenus |1 pynnosas CTpyKTypa BOJIH 1—5 MHHYT

Ceiuu Konebanus armocdepHOro aasieHus v ap. npuaubsl | 2—40 munyT M 6osiee

Taryn [Tpuboiinbie GueHus U rpynmnosas CTpyKrypa 2—40 MUHYT

[{ynamwu 3eMIeTpACEHUS, MOABOAHBIC OTION3HM, H3BepxkeHus |10 MuH.— 2 yac.
BYJIKQHOB

[LITopmoBBIE Hanpsokenue BeTpa, W3MEHEHHE arMoC(epHOro 1—4 cyToK

HaroHsl JIABJICHUS, NEPEMEILIIEHHE LIMKJIOHOB

[IprinBel [Tpunsbkenue Jlynsl u ConHua, BpaimeH1e 3emiiu, 12—24 yac.

3aKOHBI BCCEMHPHOTIO TANOTCHHA

[y

[JIomaTyxuH, 2012]



propagation direction
of wave profile

Figure 5.4 The orbital motion of the water particles under a harmonic wave that
moves from left to right in deep water.

[Holthuijsen, 2007]



J{eCTBUTEILHOE COCTOSIHHE MOBEPXHOCTU
MOPS - CyMMa OTAEJIbHbBIX BOJIH C
3aJJaHHBIMH, HO CJIy4YaHHBIMH BbICOTOM,
JIJINHOM, IEPHUOA0OM 1 HAallPABJIEHUEM

—— many harmonic components

summation

surface elevation

NAAM
\H\/\/“U\N

realisation of one time record

[Holthuijsen, 2007]



Smg does not provide a wave height

2

an elevation is not a wave and

@ downward crossing

[Holthuijsen, 2007]



3HaunMana BbicoTa BOJHBI (Hs, SWH,
Hi3) — cpenusas BeicoTa U3 1/3 HamboJjiee

BBICOKHX BOJIH

N/3
significant wave height =| Hy 3 = N/3 Z H;
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A freak wave measured (by laser altimeter) at the Draupner platform in the central
North Sea on 1 January 1995. The crest height and the wave height of this wave
were about 18.5 m and 26 m, respectively, whereas the significant wave height
was ‘only’ about 12 m (courtesy of Statoil Norge AS; see for instance Haver and

Andersen, 2000). )
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[Holthuijsen, 2007]



CpenHee
MHOTOJIETHEE
3Ha4YEHHE BHICOT
BOJIH (M)

Song, Z., Bao, Y., Zhang, D. et al. Centuries of
monthly and 3-hourly global ocean wave
data for past, present, and future climate
research. Sci Data 7, 226 (2020).
https://doi.org/10.1038/s41597-020-0566-8
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CpenHekJInMaTHYEeCKOe HallpsAKeHUe

Betpa (H/Mm?)
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[IoTeH1a1 BOJTHOBOU SHEPTHUU

M e [~ [Myslenkov et al., 2018]
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BOJIHOBBIE 2JIEKTPOCTAHI[UU

Windturbine  Generator

y




Beb-aTs1ac BOJTHOBOU 1 BETPOBOM SHEPIrUU

http://carto.geogr.msu.ru/wavenergy/
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CroHHO-HAroHHBbIE IBJICHUA



Cxema oOpa3oBaHMA HaroHa IIpu

TaudyHe

Wind and Pressure Components of Hurricane Storm Surge

Storm mot@

Water on ocean-side
flows away without
raising sea level much

Wind-driven Surge gy

—

As water approaches land
it “piles up® creating storm surge

@©The COMET Program
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Puc. 7.7. 3aronnenne B HoBom Opneane B pesynprare yparana Karpuna (Katrina-

Flooding-NOAA-2005.jpg)
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KapTta 6atumeTtpum CeBepHoro Kacnus ¢ pacnonoxeHnem LeCTN BblAeMNeHHbIX TOYEK.
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Llyramu



Ouaru myHamu (2000 40 H. 3. — 2014)

Fig. 1.4 Distribution of tsunami sources in the World Ocean within the period from 2000 B.C.
up to 2014. The sizes of the circles correspond to earthquake magnitudes and their colors to the
tsunami intensities

[Levin, Nosov, 2016] 29



Puc. 7.11 30XpOHBI IlyHaMH, BO3HUKIIIETO B pe3yIbTaTe YWINMCKOTO 3eMiieTpsiceHus 22 mas 1960



Puc.7.12. I30XpOHBI IIyHaMH, BBI3BAHHOTO 3emiieTpsiceHneM 28 mapta 1964 r. B nposimse
[Tpuan Bunssam marautyaoi 9,2 6amna. s kaxaoi H30XpOHBI YKa3aHO BpeMsi J0OETraHus BOJTHbI
B yacax OT JIMIEHTPA 3€MIICTPACEHHUSA. Hmax — MaKCUMaJIbHBIE BBHICOTHI BOJIH B OTMEUYEHHBIX

paiioHax.
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Ciutadella harbour view taken during the 21st June 1984 rissaga event (courtesy of Josep Gornes)

Vilibi¢, 1., Denamiel, C., Zemunik, P. et al. The Mediterranean and Black Sea meteotsunamis: an overview. Nat
Hazards 106, 1223-1267 (2021). https: //doi.org/10.1007/s11069-020-04306-z
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LOCATIONS WHERE METEOTSUNAMIS HAD BEEN DOCUMENTED BY THE YEAR 1995 (UPPER PANELS), AND BY THE YEAR 2015 (LOWER PANELS).
Vilibi¢ I, Sepi¢ J, Rabinovich AB and Monserrat S (2016) Modern Approaches in Meteotsunami Research and Early Warning. Front. Mar. Sci. 3:57. doi: 10.3389/fmars.2016.00057
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A sketch illustrating the physical mechanisms responsible for the formation of the destructive rissaga on 15 June
2006 in Ciutadella Harbour, Menorca Island

Vilibi¢, 1., Denamiel, C., Zemunik, P. et al. The Mediterranean and Black Sea meteotsunamis: an overview. Nat
Hazards 106, 1223-1267 (2021). https: //doi.org/10.1007/s11069-020-04306-z



[ IpuuBel



[IpmirnBaMu B MOPSIX U OKEAHAX Ha3bIBAIOT HEPHUOANIECKHE
ABUKEHUS BOJI, BBI3bIBaeMbl€ IIPUJINBOOOPaA3yIOIINMU
cusiaMu JIyHasl 1 CoJIHIIAa, KOTOPbIE BHIPAKAIOTCA B
KoJieOaHHUSAX YPOBHS OKeaHa M CKOPOCTH TedeHUH. B oTiinuue ot
IPYTHUX BOJHOBBIX JIBUKEHHNI IPUJINBHI B OKEaHE HOCAT
IMMOCTOSAHHBIN, PEryJApHbIN XxapakTep. Haunbosee aspko oHI
BbIPa’KeHbI B MPUOPEKHBIX PAOHAX.



CHU3BUTHUHBIN U KBAZIpATYPHbIN IIPUJINB

Spring Tide A




CHU3BUTHUHBIN U KBAZIpATYPHbIN IIPUJINB

M, tide (lunar)
————e S, tide (solar) M;and S;
- in phase
)} (Full Moon or
New Moon)

Height (in feet)

CUBUTUUHBIN IPUJIUB

Figure 2.14. The combined effect of the moon and sun varies KBaHpaTyprIﬁ HpI/IHI/IB

throughout the month. When the moon and sun are working with each
other (at Full Moon and New Moon) there are larger tide ranges (spring
tides). At First Quarter and at Last Quarter the moon and the sun work
against each other resulting in smaller tide ranges (neap tides).

https://tidesandcurrents.noaa.gov/publications/Tidal_Analysis_and_Predictions.pdf



Tidal Height {in feet above or below the standard datum)

N T

PN — TP 4

B od o Mo o mow

Distribution of Tidal Phases
Tidal Day

Tidal Period

Tidal Period

SEMIDIUR

RNAL TIDE

Jdal Period

Tida

| Day

a ngh. UbWEI’

PN

"\ Watar Figh Watef

/AR

] Tidaly| T

| Datum [ \

jRi;

fai

TN

IQB/

\

\

/

ITi

jal \

\ ;'I ig
i Hig

L
her

,( Range

Ay

ater

\

/

Tid

al

Low
N1/

1 Ampl

tude =

Lower Low Water

MIXED TI

DE

1/2 R

Range

Tidal

Day

Tidal Period

/| Datim

DIUR

RNAL |

TIDE

[loJrycyTOYHBIN IPUJINB

CMelllaHHbIN IPUJINB

CyTO4YHBIY ITPUJIUB

https://tidesandcurrents.noaa.gov/restles4.html



b

o e,y :F "
Lo A Jq-,i‘#_ i
"

k i.--'l--i..




KotunasipHbie
JINHUU —

JIMHUU, IIPOXOJIAIIE
yepes TOUKH, B KOTOPBIX
II0JIHAA Boa HabJIroaeTcs
B OZTHO U TO K€ BpeMs.

AMduipoMuyueckre TOYKN
— MECTO, TJIe CXOOATCA
KOTH/IaJIbHbIE JINHUH U
OTCYTCTBYIOT
BEPTUKAJIbHBIE JB>KEHUA
BOJIbI.

Puc.6.9. Komuoanvuvie nunuu ons npunuea M, e Cegepnoii Amnanmuke. Yucna
o3Haualom ¢asy 6 zpadycax OMHOCUMENbHO epeMeHu Kynvmunayuu JIyuol na I puneuuckom

Mmepuduare [2].



»

JIMHUU paBHBIX R e @
BeJINYUH IIPUINBA $ 8 P

AMpuapoMuYecKre TOUKU —
MECTO, T/Ie CXOIATCA
KOTUJAJIbHBIE JINHUHU U
OTCYTCTBYIOT BEPTHKAJIbHbIE
JIBU2KEHU S BOJIBI.

T T T T T T M v 3 S =
0 0 - » %0 £ 40 » k] 0 ° * »

Figure 7.29. An example of an ocean M, amplitude chart, this one for the Atlantic Ocean
produced by Schwiderksi (1979). Amplitudes are in cm. Circles with a dot in the center denote
amphidronic points (i.e., points where the amplitude is zero).



[IpuauBHBIE aaekTpocTanu (I119C)

level of the high tide
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[IpuauBHBIE aaekTpocTanu (I119C)




nianBHbBIE dJiekTpocTaHuu (119C)




IIoTeHIIMa1 NPUJINBHON SHEPIUU

TIDAL WORLDWIDE POTENTIAL (0.5TW)
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Mikhail Varentsov (distributed via imaggeo.egu.eu)
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