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3amaga paboTHI 3aKJIFOUAETCS B MOMydeHUU (opmyn st Koddduimenta BepTH-
KaJIBHOTO TIepEMEIINBaHMS, BHI3BAHHOTO BETPOBBIMH BOJTHAMHU. [l 3TOTO B ypaBHEHU-
ax HaBbe-CTOKca CKOPOCTh TEUEHHUS pasiaraeTcsi Ha YeThIPE COCTABIIAIOLINX: CPEIHUIN
notok U, , BOIHOBOE OPOUTANEHOE BMKEHHUE if ,, TypOyIeHTHbIE (IyKTyaIliy TeueH st
i, , VHIyIIMPOBAHHBIE BOJHAMH, U (DOHOBBIE TypOyNeHTHBIE (IIyKTyalun u, (i=1,2,3).
[Ipu ycnoBuM CTaTUCTHYECKON HE3aBUCHUMOCTH CPEIHMX, OPOUTANBHBIX U TypOyJIeHT-
HBIX JBWKCHMH, YKa3aHHOE pa3j0KEHHUE MO3BOJISET Pa3[esuTh BOJIHOBOE HANpsKEeHUE
R =<uu, >+< ﬁjﬁl >+< ﬁjul >+ < u]ﬁl > u (OHOBOE HampsukeHHe R,=< ujul >, B
ypaBHeHUAX PeiiHonbaca. C HCMONB30BaHUEM MOTEHLUUAIBHOTO MPUOIMKEHHS U1 Op-
OUTaIbHBIX JABMKEHHUH BBIPAKCHHME JJIS1 BOJIHOBOT'O HANPSIKEHUs YIIPOIIAETCS 0 BUAA:
R =< ﬁ]ul >+< ujﬁl >=2< ﬁ]ul >. 3areM i 3aMbIKaHHs R UCHOJB3YeTCs NpUOI-
xenue [Ipanatis s GoHOBBIX TypOyJAeHTHBIX (DIyKTyallHid, MIPUBOASIIEEe K HESBHOMY
BBIPA)KEHUIO JUIsl UHAYLUPOBAHHOM BOJTHAMM (DYHKIIMM BEPTUKAJIBHOTO NIEpEeMEIINBaHUs

(TypOysieHTHOM Bsi3kocTH) BUja B . =2 < ﬁlﬂu} > (2,3' — JUTMHA TIEpEeMEIINBaHUs, TIPUCY-

v(13)
mast GOHOBOM TypOYJIEHTHOCTH).

Koneunoe BuIpakenue ajis B ONpenenseTcs ¢ MPUBJIEYEHUEM PE3YIIBTaTOB aBTO-
pa (Polnikov, 2018) mist TypOyJIeHTHON BS3KOCTH B 30HE BOJIHCHUS, HAWICHHOTO paHee
B paMKaX KOHIIETILIUU TPEXCIOWHOW CTPYKTYphl HHTEpdeiica BO3LyX—Bo/a: PUBOAHBIN
CJIOM BO3/yXa, 30HA BOJIHEHHUSI, BEpPXHHI ci10i Bonbl. [lomaraercs, uro TypOyineHTHAas BsI3-
KOCTb B B CJIO€ UJIKOCTH IO/l BOJIHAMH (PU3MYECKH HMICHTHYHA TAaKOBOK B CIIOE BOJI-
Henus, K, , kotopas umeer Bui: K, = Coplhe,_y > THE C, = 6e3pazMepHbIil KOdpPULIHEHT
mopsizka 1072, a u, — ecth ckopocTh Tpenus B Bozayxe (Polnikov, 2018).

Takum 00pa3om, sIBHOE BBIpaXEHHE NI QyHKUMHM nepeMemmBanus B (a, u., z)
SBJISICTCS JIMHEHHBIM [0 aMIUTUTY/IE BOJIHBI d(z) Ha IIyOUHE Z U CKOPOCTU TPEHUS U, B
Bosayxe: B (z)=K, (z)=c,, -u.a,exp(kz). IlockonbKy aMIUINTyaa BOJIHBI SKCIIOHEH-
LMAJIbHO yOBIBAET ¢ MIyOWHOH, a(z) ~ exp(kz), HaleHHBIN pesyabTar it B (a) o3Ha-
YaeT BO3MOXXHOCTh YCUJICHHS BO3JEHCTBUS BOJIH HAa BEPTHKAJIBLHOE MEPEMEIINBAHUE T10
CPaBHEHHUIO KyOMYECKON 3aBUCUMOCTBIO B (a), monmyuenHol panee B pabore (Qiao et al.,
2004).
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The task of the work is to obtain formulas for the vertical mixing coefficient in-
duced by wind waves. For this aim, in the Navier-Stokes equations, the flow-veloci-
ty is decomposed into four components: mean flow U, , wave orbital motion i,, tur-
bulent flow-fluctuations induced by waves #, , and background turbulent fluctuations
ul (i = 1,2,3). Provided that the average, orbital, and turbulent motions are statistical-
ly independent, this decomposition makes it possible to separate the wave stress R =
<ljil; >+ <, >+ <iu, >+ <u i, >and the background stress R, = <uu, >, in the
Reynolds equations. Using the potential approximation for the orbital motions, the wave-
stress expression is simplified to the form R =< ﬁjul >+< u]ﬁl >=2< ﬁjul >. Then, to
closure R , the Prandtl approximation for the background turbulent fluctuations is used,
leading to an implicit expression for the wave-induced vertical mixing function (turbulent
viscosity) of the form B, =2< ftll3 > (where l; is the mixing length inherent to the
background turbulence).

(13)

The final expression for B is determined by invoking the author’s results (Polnikov,
2018) for the turbulent viscosity in the wave zone, previously found within the concept
of the three-layer structure of the air-sea interface: boundary air layer, wave zone, upper
water layer. It is believed that the turbulent viscosity B in the water layer under waves
is physically identical to that in the wave zone, K, , which has the form K, = Coglhe,_y
where ¢, is a dimensionless coefficient of the order of 102, and u, is the friction velocity
in the air (Polnikov, 2018).

Thus, the explicit expression for mixing function B (a,u., z) is linear in the wave
amplitude at depth z, a(z), and the friction velocity in the air, u, . Since the wave amplitude
does exponentially decrease with depth z: a(z) ~ exp(kz), the result found for dependence
B (a) means that the effect of waves on the vertical mixing in the upper water layer can be
enhanced compared to the cubic dependence B (a), obtained earlier in (Qiao et al., 2004).
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