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Mesoscale and submesoscale currents in the ocean south of Africa. A
zoom into snapshots of surface normalized relative vorticity (a measure
of rotation and turbulence) from a 1/60° of horizontal resolution

numerical simulation. (Image credit: Arne Biastoch, Franziska
Schwarzkopf, GEOMAR)



Phytbplankton blooms observed by the
AquaMODIS and Landsat 8 OLI satellites
on July 23, 2018. (Image credit: NASA)
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BuxpeBoil xapakTep NOBEpXHOCTHBIX TeueHUM B UepHOoM Mope. OObIYHO
TCUCHUS BU3YAUIU3UPYIOTCA 32 CUET (DPUTOIIIAHKTOHA, HO B JAHHOM
ciy4ae BU3YIbHBIM d3PQEKT co3man OoraTelid KapOOHATaMM WJI,
KOTOPBIN ObLT 3aHECEH B BOJTY MOCJIE TPOIMMYECKOTO IITOPMA.
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BuxpeBas nopoxxka Kapmana, oOpazoBanHas a atmocdepe

OTOKOM BO3yxa, ooTekaromuM octpoB (East China Sea
between Japan and China, South Korea’s Jeju Island on

November 18, 2024)




3y
e BT
kT
3y '%'?:','5!
ity ?I-'__._

\5a0 Nicolau

o,

Buxpeas gopoxxka Kapmana 3a rpynnoi octpoBoB (Cape Verde)
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CaBuroBas
HCYCTONYHUBOCThH

“Sunset at Rock Mountain Beach”
Kelvin-Helmholtz waves. Taken Jan 11, 2002 at 5:38pm from Coherent Technologies, Inc., Lafayette, CO
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“Sunset at Rock Mountain Beach”
Kelvin-Helmholtz waves. Taken Jan 11, 2002 at 5:38pm from Coherent Technologies, Inc., Lafayette, CO







CaBuroBast HEyCTOMYMBOCTD




CaBuroBasi HEyCTOMYMBOCTD
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Ilapagokc ruapoMexaHuKH

— 4+ — = const ypaBHeHnne bepnyaim



CaBUroBasi HeyCTOM4YMBOCTD
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CaBUroBasi HeyCTOM4YMBOCTD
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MOCJIe/IHsIsI HEpPellleHHAsT -
npooJieMa KJIacCHIecKol ',




TCUHCHUA

JJAMHHAPHbIE

CIIOKOMHBIE U IIJIAaBHbIE
TEYEHHUA, MEHS 0L EeCS
JIMIIb B CBA3HU C
U3MEHEeHUAMHU
AEMCTBYIOIIUX CHJI MJIH
BHECITHUX YCJIOBHUM



Ban-/lajik M. Aiib0OOM TedeHMH KUAKOCTH U raza. 1986
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Ban-/lajik M. Aiib0OOM TedeHMH KUAKOCTH U raza. 1986




TypOyaeHTHBIM ITOTOKaM
CBOMCTBEHHO SIBJICHUEC
yepe10BaHUs JIAMUHAPHOU U
TypOyiaeHTHOU hopm
JIIBHXKEHUS, KOTOPOE
UMEHYETCS
nepemeicaemocmsbio




Onpenenenne Mouuna-O3muaona (1978 r): TypOyseHTHOCTBIO
HAa3bIBACTCS SABJICHUE, HAOIIOAAIOIIEECS B OUEHb MHOTHX 3aBUXPEHHBIX
TEUCHUSX KUJIKOCTEH U ra30B B MPUPOJEC U B TEXHUUECKUX
YCTPOMCTBAX M 3aKII0YAIOIISECs B TOM, UTO TEPMOJIMHAMUYECCKUE U
TUJPOJNHAMUYECKUE XapAKTEPUCTUKH TaKUX TEYEHHH (BEKTOP
CKOPOCTH, TEMIIEpaTypa, JIaBJICHUE, KOHIICHTPAIlUU IIPUMECEH,
IIJIOTHOCTB CPEbI, CKOPOCTh 3BYKa, JJIEKTPOINPOBOJHOCTh, IIOKA3aTEIb
IPEJIOMJICHHUS, U T. 11.) UCHBITBIBAIOT Xa0TUYECKUE (DJIFOKTYaIINH,
CO3/I1aBa€MbI€ HAIMYUEM B 3TUX TEYEHUSIX MHOTOUHCIICHHBIX BUXPEN
Pa3IMYHBIX pa3MEPOB, U BCIEJACTBUE ITOTO U3MEHSAIOTCS B
IPOCTPAHCTBE U C TCUCHHWEM BPEMEHHU BEChbMa HEPETYJISIPHO, IPUYEM Y
MPOCTPAHCTBEHHBIX PACHPEICICHUN ITUX XAPAKTEPUCTUK
KoMIoHeHTaM Dyphbe ¢ PUKCUPOBAaHHBIMU BOJTHOBBIMH BEKTOPAMU
COOTBETCTBYIOT HIUPOKHE MHTEPBAJIbI YACTOT (T.€. OJITHO3HAYHBIC
JMCIIEPCUOHHBIE COOTHOIIIEHHUSI OTCYTCTBYIOT), @ CABUTHY 110 (paze
MEXKTy KOJICOaHUSIMH Pa3IMIHbBIX XapaKTEPHUCTHK B (PUKCHPOBAHHBIX
TOYKaX MPOCTPAHCTBA XaOTUUECKHU U3MEHSIOTCSI C YaCTOTOM TaKUX
KOJIEOQHUM



Typﬁy.]IeHTHOCTb (ot aat. turbulentus

— 0eCcopsAA0YHbIN) HEYIIOPSII0YEHHOE BO
BpeMEHHU U NPOCTPAHCTBE NOBEJACHUE
TUCCUNIATUBHOMN cpeabl (WU MOJIst), AeTAJTH
KOTOPOI0 He MOI'YT ObITH BOCIIPOU3BEAEHbI HA
00JIbIIUX MHTEPBAJIAX BPEMEHHU NMPU CKOJIb
YIOJAHO TOYHOM 32JJaHUU HAYAJIbHbIX H
IPAHUYHBIX YCJIOBHUH.

JlnccumaTuBHAas cpeia — pacnpeaeeHHast
(puznyeckas cucreMa, B KOTOPOM YHEPrus OJAHUX
JABUKCHUU WU MOJIeH (00BIYHO YIIOPHIOUYECHHBbIX)
HeoOpaTUMbIM 00PAa30M NEPEXOAUT B IHEPIrHUI0 APYIrHUX
ABMKEHUH UM MoJied (00BIYHO Xa0THYECKHX).



Typﬁy.]IeHTHOCTb (ot aat. turbulentus

— 0eCcopsAA0YHbIN) HEYIIOPSII0YEHHOE BO
BpeMEHHU U NPOCTPAHCTBE NOBEJACHUE
TUCCUNIATUBHOMN cpeabl (WU MOJIst), AeTAJTH
KOTOPOI0 He MOI'YT ObITH BOCIIPOU3BEAEHbI HA
00JIbIIUX MHTEPBAJIAX BPEMEHHU NMPU CKOJIb
YIOJAHO TOYHOM 32JJaHUU HAYAJIbHbIX H
IPAHUYHBIX YCJIOBHUH.

/Talcaﬂ HEeBOCIIPOM3BOJIMMOCTH €CTh CJIQJICTBI/IG\
CJIOKHOU IUHAMHUKHM Cpebl, onpeaeasaeMon
HEYCTOMYMBOCTHI0O HHAUBUAYAJbHBIX IBUKEHUU, U
OHA He CBA3aHA C HENMOJHOTOM ONMCAHUS,

(payKTyanusaMy WM JeiiCTBUEM BHEIITHUX mw
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Reynolds’ experiment, described in his paper

published in 1883

Reynolds O. 1883. An
experimental investigation of the
circumstances which determine
whether the motion of water in
parallel channels shall be direct
or sinuous and of the law of

resistance in parallel channels.
Philos. Trans. R. Soc. 174:935—
82

eynolds (Copyright, The University of Manchester

Osborne Reynolds
(1842 — 1912)




Reynolds’ experiment, described in his paper
published in 1883

Figure 1

Osborne Reynolds tank today, The University of Manchester.



:_.E.___;___r
T

“When the velocities were sufficiently low, the streak of colour extended
in a beautiful straight line through the tube.”

N
——— SRR
——

“As the velocity was increased by small stages, at some point in the tube,
always at a considerable distance from . . . the intake, the colour band
would all at once mix up with the surrounding water, and fill the tube
with a mass of coloured water.”

—— AAR8IGE
“On viewing the tube by light of an electric spark, the mass of colour
resolved itself into a mass of more or less distinct curls, showing eddies.”
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Reynolds O. 1883. An experimental investigation of

the circumstances which determine whether the motion
of water in parallel channels shall be direct or sinuous

and of the law of resistance in parallel channels.
Philos. Trans. R. Soc. 174:935-82

Osborne Reynolds
(1842 — 1912)



Re <Re, - TedueHue mamMuHapHOE

Re >Re, —TeueHue TypOyJIeHTHOE
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Ilouemy TeYeHHE CTAHOBUTCS
TYpPOYJECHTHBbIM?

CaBuroBasi HeyCTOMYUBOCTh
(KeabBuHAa-I eabMroJisna, shear
instability)

KOHBEeKTHBHAA HEYCTOUYUBOCTH (PaJ1est-
benapa)
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KouBekTuBHOHu (Pajess-benapa)
HEYCTOMYHBOCTHI0 HA3BIBACTCH
HCYCTOMYMBOCTH B I'a30BOH WJIH
KUAKOH cpee, HAXOAAIIEeHCHd B I10JIe
CHJIBI THKECTH, KOTOpAast
IIPOHU3BIBACTCHA IIOTOKOM TeILIa B
HAIIPABJCHUM MPOTUBOIOJI0KHOM
BEKTOpPY g

m.e. HCUOKOCmb Uil 2a3 nodozpeeaiomc;l CHU3)Y






KoHBekTHBHBIE sueliki beHapa ¢
BOCXOASIIUM IMOTOKOM B IIEHTpeE
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P - IJIOTHOCTD; V - BA3KOCTD; ) - TEMIIEPATYPONPOBOAHOCTD;

O - KO3 PUUHMEHT 00bEMHOI0 TEMIIEPATYPHOI'0 PaCIIMPECHUSA
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CrexkTp pa3BUTOM TYPpOYJEHTHOCTH

00J1aCTh HHEPUHMOHHBbIN 00J1aCTh
IHEPIruu HHTEPBAJI AU CCUIIAIINH
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MaremMaTu4ecKkoe OnucaHue TypoyJeHTHOCTH

4 —
ov ~ Vp Habbe-
. - - ypaBHeHHs HaBbe
(VV)V — VAV Ctokca nJiid
1 Ot P HEC)KUMaeMOH
N HKUIIKOCTH
divv=0

IToJst CKOpOCTH U JIaBJICHUS IIPEICTABISIOTCS B BUJIC CYMMBI
(CTaTUCTUYECKOT0) CPEIHETO U ITYJIbCALIAM

V=vV+V p=p+p’
B pe3ynbTare ocpenHenus ypasHenud Hasre-CTokca

IOJIyYaEeTCs HE3aMKHYTas CUCTEMa YpaBHEHUM PeriHobACa, B
KOTOPYIO BXOJAT HE 4, a 10 HEeM3BECTHBIX (PYHKIIHH:
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BaxxHOCTb H3y4YeHHs TYPOYJIEHTHOCTH
ISl JMHAMUMKHU OKeaHa (ruapocdepsbl) U
aTrMoc(pepbl 00YCJIOBJICHA ee onpeaeasaronen
POJIbIO B IpolLeccax 00MeHa UMINYJIbCOM,
TENJIOM M BeleCTBOM

] moroma u KJIMMAaT

] nepBuuYHasi NPOAYKTHBHOCTD

] TpancmopT npumeceii (B T.4. 3arpsi3HeHHUil)
4
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TUnuYHBIA BEPTUKAJIBHBIN NPOPUIb TEeMIIEPATYPbI B OKEaHe
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y=1.4-10"m"/c
K<107 M /c

K>>y
K=f(r,t) =z
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MouiekyasipHbie
KO3 DUIHCHTHI

y=1.4-100"m"/c

v=10"°"Mm"/c

TypOyjaeHTHBIE KOY(PPUIMEHTHI
K™ = £ (1, 1) <1072 m? /¢
Kropm. _ fropm.(if, t) < 104 MZ /C
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TypOYyJICHTHbIE anpa T 0 K

y=1.4-100"m"/c|

K—0 npu
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MeToauka u3MepeHus! BEPTUKAJIBLHOIO
npoujis TeMmneparypsnl

> T

Toyeunbie U3MepeHU
ONMPOKUABIBAIIUMUCH
TepMOMeTpPaMu

HenpepbIiBHBIE
usmepenus (CT/I
30H/)




ToHKast TepMOXaJIMHHASA CTPYKTYpa

KouncranTun Hukojgaesuu
Dexopos
1927-1988

POCCUUCKUI OKEAHOJIOT, YJICH
kopp. AH CCCP

DenopoB K.H. Toukast
TEPMOXAJMHHAA CTPYKTYpa
BOJ OKkeaHa, 1976, JI.:
I'mapomereonsgar

...OK€aH MOBCEMECTHO —
TOHKOCJI0OMCTas cpeaa, B
KOTOPOH CYyIECTBYIOT
CPABHUTEJIBHO OTHOPOJIHBIE 1O
CBOHMCTBAaM TOHKHE CJIOM
TOJIIIIUHOH OT JIECATKOB
METPOB /10 TeCATKOB
CAHTUMETPOB, pa3ieJIeHHbIE
0o0Jiee TOHKUMH I'PAHUYHBIMHA
MPOCJONKAMM C PE3KUMHU
CKAYKaAMH XapaKTEePUCTHUK:
TeMIeparypsbl,
JIEKTPOIPOBOJIHOCTH,
COJICHOCTH, CKOPOCTH 3BYKa,
IJIOTHOCTH, CKOPOCTH
Te4eHH4...




ToHkast CTPYKTYpA B OKeaHe

Temperature, C

7 8 9 10 11 12 13 14 15 16
200 | | | | | | — 1___ | L
_ T =
_/r-f
i Jﬁx”fff gl
250 — ,;J |
: o
| : jiigl
300 — SJ j
| - —
350 — T}Jx o
i l
400 — |
. o r
2w T
— )
Z,m’] e
_— | | | | | [Zhurbas]
348 350 352 354 356 358 360 362 364

salinity, psu

Step-like finestructure in the Northwest Tropical Atlantic



Pa3pe3 Baoan 140° 3. /1.
ot 25° C.11I. no 35° C.111.;
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