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YenuHEHHbIN CIIHK Ha melibde YepHoro Mops, BCTpEYEHHBIN
IpU BbIXOJI€ M3 [ 01y00M OyXThI




YearHEeHHbIN CJWK, BCTPEYCHHBIN OKOJ0 OyXThl BUTSI3b,
Anonckoe mope 17.09.2004




[loiokeHnEe CIIMKOBOM MOJIOCHI COBNAJIO C TPAHUIIEH

CMCHbI HAIIPABJICHUSI BHOHB6€p€I‘OBOI‘O TCUCHMUII.

NHTEHCUBHOCTh OOPATHOT'O PaCCEsHUS aKyCTUUECKOTO CUTHAaJIa (BBEPXY)
M B-3 KOMIIOHEHTA TECUYCHUI Ha pa3pe3e, OpuEHTUPOBAHHOM I10 HOpMaIu K




Shear instability

Alongshore current of 0.8 m/s during ebb. There is strong opposite current (0.3 m/s) beneath
sharp thermocline. Kelvin —Helmholts instability generate train of 5 billows with heights up
to 10-12 m.

A verage Backscattor [iFl‘]
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During 4 summer seasons (2003-2006) TRDInstruments-Europe supported our

expedition work on shelves of Russian seas with free loan of ADCP "Workhouse
Rio Grande 600 kHZz".




What ADCPs measure

Velocity Profile

Flow Homogeneity (Error )
Range to Bottom

Vessel Speed Over Ground
feho Totensity (Signal Strength)
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With director of RD Instruments-Europe Mr. Hector-Lysis Kiriakidis
during Conference “ADCPs in action Europe” , Nice, 2004.




Hauunasg ¢ 2003 r ¢ ucrmoap3oBanueM ADCP

“Rio Grande 600 kHz’mbI ipoBen 33
YKCOEUIINY Ha meabdax YepHoro u
SOHCKOTrO MOpEX

15 skcnemunmi (I'enenmxuk, YepHoe Mope)
9 skcneauimn (Kanusenn, Kpeiv, Uepaoe mope)
4 skcneaunun (AnoHckoe mope, m. Llynpia)
5 saxkcnegunui (Cyxym, AoOxazus, UepHoe Mope)




Study areas 1n the Black Sea

Black Sea
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Andreyev Acoustics Institute during several years performs complex acoustical

and oceanological studies on a fixed expermmental path in the Black Sea, near the
Golubaya Bay, Gelendgik.







Investigations of internal waves on shelves with using ADCP «Rio
Grande 600 kHz» gave us possibility to see the processes in more detail

"




The ADCP “Rio Grande 600 kHZz” was mounted on yacht belonging to
Pacific Oceanological Institute, RAS.




We use for surveys with ADCP in the Black Sea yacht of
small size




[ Inarpopma MI'U, nrosis 2014




ADCP B pexxuMe NONTrOBPEMEHHON PETUCTPALIUA C
IJIAT(OPMBI




Cmyck Ha BoAy Beiab0oTa, ocHaeHHoro ADCP




[loaroroBka K NpoOBEAECHUIO IIPOCTPAHCTBEHHOU CHEMKH.
Kpemnenne ADCP k 0opTy cyaHa.




Octakama [ MAHA (Bux ¢ CyxyMCcKOTro Masgka




UccaenoBanue TedeHUN HA HIeJab (e




Cxema maneBprupoBanus sAxTel ¢ ADCP
BO BpeMs CbeMKH 7 OKTSAOps 2015




[ Ipu1OHHBIE CKOPOCTH (5 M)
OKTSI0OPS
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CKOpPOCTL TEUEHHUS, CM/C




7 okT10ps IIpUImoBEpXHOCTHBIE TEYCHHUS

0 § 10 15 20 25 30 35 40 45 50 55 60

CKOpPOCTL TEUEHHUS, CM/C




UccaenoBanue cyoMe30MacCIITA0OHBIX
BUXper Ha 1IeJb(pe




Satellite SAR 1mage of coastal anticyclonic eddy near Gelendgik,
October, 5, 2006, North-East coast of the Black Sea (courtesy of Dr.
O.Lavrova, Space Research Institute, RAS). Eddy of 25-km diameter 1s
moving alongshore to the N-W with speed of 12 sm/s.
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Variability of mean currents at 6-km cross-sections in coastal zone, induced by passing
anticyclonic eddy. Observations were made every day from 5 to 11 October, 2006.
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Variability of intensity of currents during passing of the eddy. nosiBnenue cTpyilt ”HTEHCUBHOTO
TE€UEHU S, BBIXOSIIIM X U3 INTYOHHBI K ToBepXHOCTH. OOpa3yeMble UMU CABUTOBBIC TEUCHUS HA
MOPCKOW MOBEPXHOCTU 00Pa3YIOT CIMKHU, YTO JIa€T BO3MOKHOCTh HAOJIIOAaTh CIIMPAJICBU IHBIHI

PUCYHOK BUXpE Ha CITYTHUKOBBIX CHUMKaX. [Ipu moaxoae BUxps cTpyu npubiuxarorcs Kk 0epery, a
TEUEHHE B HUX YCUIJIMBACTCS, YTO BUIHO M3 COMOCTABJICHUS 3allMCcel Ha pa3pe3ax 8 U 9 okTsa0psi.

i nﬂ*‘ﬁaﬁtﬁ@ =~ e
”“-‘.-4 :

8.10.2006




Depth [m]

IosiBJIeHHEe AaHTUIUKJIOHUYECKOI0 BUXPS CO3/1aeT YCJIOBHUS MOAX0/1a B MPUOPEKHYIO 30HY
XO0JIOAHBIX MPUAOHHBIX BOJ, YTO BeJeT 3/1eCh K ABUKEHHMIO TePMOKJINHA BBepXx. Ha kapTunHax
00paTHOTO pacCesiHUs aKyCTUYECKOTO CUTHAJIAa TEPMOKJIMH BUJEH B BUJE MPOTDKEHHO M TPAHUIIBI MEXTY
BOJIaMU ro1y0O0ro M 3eJIeHOr0 IIBETOB B paiione riyoun 20 M. TepMOKIIHH 1o Bcemy menbQy MpUIOAHAT
13-3a MPOoxX0/ia BUXps Ha 3 M (pa3pe3 crpaBa) ) MO0 CPaBHEHHIO C MOMEHTOM JI0 TOSIBJIEHHSI BUXpPs (pazpe3
cJIeBa).

Average Backscatter [dB]

= Bgtiom ——Tgo & —Bd

Depth [m]

KapTI/IHbI 06bEMHOro 06paTHOFO pacCceAdAHunA akyCTU4eCKOro curHarsia

5.10.2006 — go nogxoada BMXpS 10.10.2006 — npun npoxoae BUXPS



UccaenoBanue Te4eHUN B MOPE Y MeCT
BIIAICHUS KPYIHBIX PEK




Paiion padoor y Bnagenus p. I'ymucra (cjeBa) u
pe3yJabTaThl ChbeMKH TeYeHHUH (CrpaBa)

2 4 B B 10121416 18 20 22 24 26 28

CKOpOCTL TeYeHUA, CM/c




KapTuHbl 00paTHOro paccessHus AJIsl pa3pe3a HANPOTUB
I'ymucTsl (BBepXy) u paspesa yaajaeHHOro or 'ymMmuctsl
«BHH3 10 TeYEHHI0» (BHU3Y).




[ maponorndeckuil PpPoHT y 0OEpEKbsl BOIU3U
BIIAJACHUA B Mope p. Kozop




CyJioil B mpruOpeKHBIX BOJAaX IpH BOajacHun peku Komgop




U3mepenuss B mope y p. Koaop, oxkrsiops 2015 r.
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KapTuHsbl 3X0JI0KAIUOHHBIX KOHTPACTOB Ha pa3pese
[onepex uejab(pa HAaNpPoTuB MecTa BnageHus Kogopa
(BBepxy) 1 Ha pa3pe3e B CTOPOHE, Ky/1a He
PACIIPOCTPAHSIOTCS PeYHbIe BOAbI (BHU3Y)




IHoacnyTHHKOBBIC U3MEPECHUSA




IHoacnyTHHKOBBIC M3MEPECHUSA

OparMeHT CIyTHUKOBOTO CHUMKA BbICOKOTO pa3pemieHnss RADARSAT-2 ot
11.10.2011 ¢ manabIMU O TeueHUsX, n3MepeHHbIMU ADCP Ha pa3pesax B
MOMEHT IIPOJIETA CIIYTHUKA HAJT AKBATOPHEM.




By nmakeToB BHYTPEHHUX BOJIH Ha CIIYTHUKOBOM PaJIMOJIOKAIIMOHHOM
n3oopaxkenunu (pparment canmkaTerraSAR-X ot 16.09.2012) u
XapaKTEPUCTUKU BHYTPEHHUX BOJIH, 3aPETUCTPUPOBAHHBIC C TIOMOIIIBIO
ADCP npu noacnyrHuKoBbIX u3MepeHusx (Cepeopsiabiii, JIaBposa,
2015).
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NU3MepeHne KOHIEHTPAIMU B3BEIICHHOI0 BeIecTBA U
pacrpeaejeHus IIAHKTOHA B MOPCKOH TOJIIIIE




N3mepeHue pacnpeae/ieHUs IMJIAHKTOHA B MOPCKOM
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PacnipenesieHre cMrHaia 00paTHOr0 paccesiHUS B BOJAHOM TOJIIIE HA Momnepe4yHoM paspese y ['osry0oit
Bbyxrtsl (BBepxy). U3smepernus ADCP “Rio Grande 600 kHz”. BeprukajibHasi TMHHS YKa3bIBaeT
MecTonoJioxeHre B3ATHS NPO0 puronIaHkToHA. CTPYKTYpa PUTONIAHKTOHHOIO c0001IeCTBA 110
ouomacce Ha cranuuu (rinyouna 30 m) Ha ropuszonre 20 M (BHU3Y).




g ucnons3oBanust ADCP ¢ nenbro n3MepeHust KOHIEHTPAIU
IIJIAHKTOHA HaM HEOOXOAMMO MPOBECTH KATMOPOBKY ITprOOpa Imyrem
COIIOCTaBJICHUSI U3MEPEHHOM 110 TOPU30HTaM OMOMAaCCHI
(DUTOIJIAHKTOHA C COOTBETCTBYIOIIMMU JIAHHBIMU O PACCESIHUU
AKyCTUYECKOIr0 CUTHAJIA.

[Tocne mpoBeIeHUS IMHEHHOTO PErpeCCUOHHOI0 aHAIN3a JaHHbIX,
M3MEPEHHBIX Ha CTAHIIMU, KOTOPHINA MO3BOJISET BHIUUCIUTD
HEOOXOIMMBIC KOHCTaHTHI, U, IPUMEHSIS pe3yIbTaThl padoThl (Deines
K.L. //Proceedings IEEE 6th Working Conference on Current

Measurements, 1999, p. 249-253), noaydaeM ypaBHEHUE IS
nepecuera gaHHbIX “Rio Grande 600 kHZ” B KOHIIEHTpaI1IO
OnomMacchl (PUTOILUIAHKTOHA B CJIEAYIOIIEM BUJIE:

logio(C) =-593.29 + logio (R2) + 2:15- R+ 10.795‘E
rae C - koHueHTpauus puronaaHkToHa B (Mr/m3), R -
pPacCTOSIHUE OT M3JIydaTelisl 40 YacTHullbl, E — cuita 3xXo-curxasna.

Hcnob3ys oJIydeHHOE YpaBHEHHE, Mbl MOKEM B JIFOOOM
TOYKE pas3pes3a, MPOBEICHHOrO ¢ ucmnoyibzoBanneM ADCP, numeTh
BEPTHUKAJIBHOE paclnpeesiecHue 0MoMacchl (PUTOIIAHKTOHA C IIArOM T10
riryoune 0.5 m.




BeprukanabHbie nNpopuu pacupeaeieHust 0MHOMAacChl
(PpUTONJIAHKTOHA HA KAJIMOPOBOYHOM cTaHU UM (1) M Ha yaajeHuu oT
Hee B MOPHUCTOM YacTH paspesa (2).

FAyBKHa, M

1 1 1
100 150 200
KOHUeHTpauma buomaccel, mr C/m3




JKOJOTHYEeCKUU MOHUTOPHUHT




KoadduimeHT 00beMHOro 00paTHOrO pacCesHHUS,
n3MepeHHbii ADCP “Rio Grande 600 kHz” Ha ceuenun
HarpoTuB I 'omyOolr OyXThl (a) 1 Haja TPYOOH CTOYHBIX BOJI




UccaeaoBanust BHYTPEHHUX BOJIH
U CBSI3AHHBIX ¢ HUMM 3(P(PEKTOB




Record of echo intensity made by “Rio Grande 600 kHz” from anckored yacht on shelf
in the Sea of Japan. Internal wave parameters: period - 13 minutes, horizontal
component in orbital currents — up to 0.5 m/s, vertical component — up to 0.1 m/s.There
1S 15-m amplitude internal wave In the right corner.

Average Intensity [Counts]
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Horizontal component (north) of current (top) and vertical component

(up) of current (down) during passing of train of intense internal waves on
shelf of the Sea of Japan, 20 September 2004.

North Velocity [im/s] (Ref: Btm)
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Slicks in the entrance of Vityaz Bay, the Sea of
Japan.




Internal waves in the entrance of Vityaz Bay
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Envisat — ASAR image of the area, Sept. 23, 2004,
01 h36 min GMT(12 h 36 min LT)




Train of 10-m ternal waves observed near continental
slope m the Sea of Japan. The waves are traveling
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Internal waves on cross section on shelf
of the Sea of Japan (measurements on 23.09. 2004 )

Average Backscatter [dB]
Bottom Top

Bottom O

Depth [m]
5
3

gy gt UHE.HM“\""W“"“‘"T’_'\'WJ\WJ'“




Slick on the sea surface generated by internal wave on
23.09.2004




Position of slick and ripp band for cases of internal
wave elevation and depression




Durin g the survey, the mternal ‘waves cons1derably approache the coast.
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TABLE 1. Parameters of the internal waves

No. of wave Velocity, m/s Initial heightm  Final height,m
3 0.23 4.5 4.5
0.24 5.0 4.0
0.25 4.5 5
0.25 4.5 6.5
0.26 4.0 6.0

The waves approaching the shallow-water zone decrease their velocity from 0.26
to 0.23 m/s. The horizontal size of the waves is within 90—180 m. The amplitudes
of the majority of the waves tend to increase in approaching the shallow-water
region, this observation agreeing with the theoretical predictions




Nonlinear effects
in observed internal waves




The horizontal asymmetry of mternal waves.

Auverage Backscatier [d6]
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Measurements made by two line temperature sensors separated by a 25-m distance perpendicular to
the shoreline in the coastal zone in September, 1982 (Serebryany 1985) (left picture). Record made
by towing the ADCP in the close area (September, 2004) (right picture)




CoJIMTOHO-NIOOOHBIC BHYTPEHHUE BOIHBL. Ciiydan
MIPUJIOHHOI'O TEPMOKJIMHA

Average Backscatier [dB]
Bottam Top @ — —Rotam @




[MHTEHCUBHBIC BHYTPEHHHUE BOJIHBI B IJTyOOKOBOIHON YacTH
meabda uMeroT (hopMy BOJIH YIiayOJaeHuM (ciaeBa), a B
MEJIKOBOJHOMN YacTHU — (DOPMY BOJIH BO3BBIIICHUH (CIIPaBa)
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[IpuOpexHBIN PPOHT, BOSHUKIIMKI BCJIEJACTBUE IITOpMa B UepHOM MOpE .
B nocnenrropmMoBoi nepuoa ABUAK YIMKCS B IIPUOPEKHON 30HE PPOHT
COITPOBOXKJAETCS IIYTOM KOPOTKIIEPHUOIHBIX BHYTPEHHUX BOJIH.

Average Backscatter [dB]
Bottom Top O Bottom Q
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Generation of mternal waves by moving surface intrusions

S, %00

Train of internal waves,
registered at a moment of
passing of intrusion front
(line temperature record)

Results of numeric
modeling (Pao and
Serebryany, 2002)




BHyTpeHHME OOpBI




Internal bore in the form of step of bottom cold water is appearing n
the coastal zone of the Black Sea as a strong flow current in the
bottom layer (up to 60 sm/s). Record of 14.4 hours is shown.

Veloc wm.u[ 5] (Ref: Btm)
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3anuce ADCP (curnan oOpaTHOro paccesiHus) BO BpeMs I101X0/a
BHyTpeHHero oopa ( 10-11 utonsg 2011), 1 n3MeHeHne TemnepaTypHOU

CTPYKTYpPBI MOps (BHU3Y)

Average Backscatter [dB]
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Internal bore observed on 21.08. 2005 (velocity amplitude is shown).
Strong subsurface current (up to 80 sm/s). Record of 13.5 hours. Pe3koe
M3MEHCHHE HaIpaBJeHUs TeUeHUS (C BOCTOYHOTO Ha 3aIlaIHOE).
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OOHapyXKECHNE HOBBIX MEXaHU3MOB
r€HEpaliy BHYTPEHHUX BOJIH HA
menbQpe




| eHepanusa BHYTPEHHUX BOJIH U3-34
CTOJIKHOBEHHSA TCUECHUN







Distribution of velocity magnitude (top), temperature
(middle), average backscatter signal (bottom) on cross-shelf
section (length of the tack i1s 23 km).




HabnroeHne cIBUroBo HEYCTOMYMBOCTH
KenbBuHa-1 €1bMrosbna B mpuOpeKHOU
30HE




Observation of K-H instability i coastal water of the Sea of
Japan ( 17.09.2004) using ADCP.
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Other important effects

connected with internal waves




Effect of internal waves on subsurface layer of air

bubbles 1n the sea

(Modulation of thickness of the subsurface bubble layer by
passing mternal waves)




An explanation of the effect due to orbital currents induced

The observed effect can be explained in terms of two mechanisms: the
overturning of the surface waves that generate the undersurface
bubbles in the field of convergence of the flows and the downward
carrying of the bubbles by the orbital flows in the internal waves.




Interthermocline lens of warm and salt waters

Average Backscatter [dB]
Bottom Top Q

SHTT RTEE METATT AT 'I'I'I""I R T ol TR Tty B T e :I:H'I'FI'ITFI'I' (e i '1[ "I:l-|'ll'|'|'"ll'l'l:l'r 'I'I:I'I W ITF '|1'I"I'I'|1'|'r' 'HT o
' (ALY L L ML o | | L . IRz IR
¥ e TR il 1l ! ! " i H

G v W o ey
"
I

]

Depth [m]




Strong interaction of internal waves with the bottom. Soliton-
like internal waves propagating above underwater bank and

generating “dune-solitons”on the bottom relief. Heights of these
underwater dunes are as much as 6 m.

Average Backscatter [dB]
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Perucrpamusa ADCP aHoMabHBIX
SIBJICHUHN B MOpe

1. BcTtpeua ¢ yenMHEHHOM NOBEPXHOCTHOU BOJTHOU
OousibiIoN amIuinTy ikl (freak wave). Ha ¢one 36101

BBICOTOM OKOJIO 1 M OTMEYEHO ITOSIBICHUE BOJHBI BEICOTOU
ooJiee 4 M.

2. I3MepeHne aHoOManbHO CUJIBHOTO ITOMIIOBEPXHOCTHOI'O
TedeHus (10 1 M/C), COmMPOBOXKAAIOMIETO IIKBAJIUCTHIN

BETEp Ha MOpE.
Perucrpaiiysi BHYTPEHHUX COJMTOHONOA0OHBIX BOJH
PEKOPJHBIX aMILTUTYJ B UepHOM MOpE 3a HECKOJIBKO
4aCcoB JI0 MOAX0Ja XOJOJHOT0 aTMOC(epHOro hpoHTa.




KaptrHa 3xosokalinoHHOro KonTpacta no jgaHabiM ADCP “Rio
Grande 600 kHZz” (BBepXy) U JaHHbIEC BEPTUKAIbHON KOMIIOHEHTBI
TCUYCHUU (BHU3Y) MPY NPOXOKIACHUM HA pa3pe3e yepes makeT 15-
METPOBBIX HEJIMHECHMHBIX BHYTPEHHUX BOJIH Ha Trajice OT Oepera.
N3mepenust y M. Tosactein, okTsiops 2015 1.

EEET 3 Backscamer [dB]
B ot Top O Bottcm o




3aKJII0OUeHUe

« ADCP “Rio Grande 600 kHz” iposiBri1 ce0st Kak

MOIIHBIA ¥ YAOOHBIA HHCTPYMEHT aKyCTHUYECKOMN
OKEaHOJIOTHH.

C ero npuMEHEHUEM YIAIOCh COOPaTh
3HAYUTEIbHBIN MaTEpHUall, KOTOPBIM TO3BOJINII HAM
MIPOJIBUHYTHCA JAIBIIE B IOHUMAHUHU IIPOIECCOB
Ha MOPCKOM Iebde.

Bo3moxnoctu ADCP ere He ncuepnanbl 10
KOHIIA.




Cracu00 3a BHUMAaHUE




