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Abstract

It is shown within the framework of the sespectral linear modelf avind-driven currents, that if temporal changes

the level inclination are mainly of a reverse character, that takes place in casewélengtructure of gradient currents, the
the similarity of their spectral tensors (the spectral tensor simileritgrion) does not depend on the level and bott
inclinations and is determined only in depth, by a vertical coordinate, viscosity, the angular frequency and the
parameter. This criterion will allow to investigate the harmonic (or wave) andriident nature of sea currents, taking in
account the diversity of their scales, polycyclicity, as well as other features of the development of both known and 1
factors generating them with the observations made only at one point. It can bpriosgdy for the reanimation of
measurements of shelf currents in terms of detection, such as the development of its waveguide properties, sinceq it
fairly significant amount of them, because of spagahporal discontinuity, is not enoughrfthe use of traditional
approaches. The hydrodynamic model and a brief comparative analysis ofalgetmaic method and the method

rotational components used in the spectral analysis of vector time series are shown. The analysiwasfelamipciy

structure of the sea currents on the Kerch shelf of the Black Sea obtained by the proposed approach are prese

example.

Keywords shelf, velocity, level, sermipectral model, spectral tensor similarity.

Introduction

It is known that the mosteliable source of the
information on sea currents generally accepted
mooring  buoys observations data.Despite
considerable enough volume of this data received
a shelf, they, generally speaking, owing dpace
temporal discontinuityare obviouslyunsuitable for
research of the longave structure of the current
causedin basic at the developmenf its waveguide
(resonant)properties(Hamon, 1962;Hamon, 1966;
Gill and Schumann1974;LeBlond and Mysak, 1978
1981; Mysak, 1980; Hsieh, 198Rlatov et al, 1984;
Blatov and Ivanov, 1992Brink, 1991; lvanov and
Jankovsky, 1992tvanov, 1998. Therefore presently
the reanimationof these data got, in fadh one point
(on a separate horizon), from this point of vie
becomes especially actually in ethgeophysical
hydrodynamics (Horolictet al, 2008; Horolich and
Horolich,2011a,2011b).

The basic lack of the spectral theory of s
currents existing for today is absence both
universally accepted spectral method, and the spe

hydrodynamic modenecessary for interpretation ¢
results of their spectral analysis in terms
geophysical hydrodynamic€reation of such theory
will allow to investigate harmonious (or wave) ar
turbulent character of sea currents from the point
view of an establlament of a variety of their scale:
polyrecurrence, and also features of development t
known, and unknown factors generating the
(Belishevet al, 1983; Horolichet al, 2008).

The purpose of this study is to shtvat: 1) on a
shelf, in principle, itis possible to prove the long
wave structure of currents by means of the se
spectral linear theory according to only to poi
measurements (i.e. one horizon), taking into accc
the influence of many factors among which can
and unknown factors; 2) ¢hvector algebraic methor
widely applied in physical oceanography for tl
spectral analysis of time series of a currents velo
in the tensor form allows to receive its results, a
matter of fact, in terms of the rotacpmponent
method; 3) the offeredpproach already, in principle
can be today to use for mass data processing of
measurements of currents, first of all on a shelf,
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the purpose of revealing of their lomgave gradient
generation.

Becausethe shelf currents of domogeneous
sea, if we abstract from the purely drift current
which are important only in the upper layer of frictic
(Ekman, 1905; Felzenbaum, 196&@re, in fact, the
gradient currents and presumably have a Janage
structure due, for example, to the wavegui
propertes of the shelf, it is interesting to study tt
characteristics of only gradient mechanism of th
generation

It is shown within the framework of the sem
spectral linear model of windriven currents that if
temporal changes of the level inclinationrmal to
the coast are mainly of a reverse character, that ti
place in case of the loagave structure of gradien
currents, then similarity of their spectral tensors di
not depend on the level and bottom inclinations an
determined only in depthhy a vertical coordinate
viscosity, a angular frequency, and the Coric
parameter.

If, for some maximum of spectral energy of tl
currents velocity coincidence of corresponding to
empiric and theoreticalspectral tensor similarity
criterion is setthen it can testify, in general speakin
about mainly reversible behavior of separ:
constituents of the level inclination and their possil
accordance to the separate waves being on the |
wave range of changeability of level and stipulati
this maimum of spectral energy of velocity ¢
currents.In this case, thempirical spectral tensor ol
velocity of currents is completely determined thye
superpositiorof long-wavelengthevel fluctuations.

Knowing the orientation of large axis of spectr
tensor of velocity of currents, corresponding to tt
maximum, it is possible in theory to set direction
relation to that the resulting change of foregoing
level inclinations comes true and, consequen
position of the resulting wave vectdre sig of this
vector depends on the typef the observedong
wavelengthlevel fluctuations.However, the questior
on definition of length of a wave corresponding to
for real conditions, remains, generally speakit
opened as these parameters, strictly ldpga can be
defined only theoretically.

In given paper as an example results of
analysis of the longvave structure of the current
velocity on Kerch shelf of the Black Sealtfnan,
199)), received by means of the offered approach
resulted.

SemiSpectral Theory and Methods

Within the framework before created tempol
and spatiatemporal spectral models of sea wit
currents (Horolich, 1984a,b; Horolich, 1987a,
Horolich, 1991; Horolichet al, 2008; Horolich and
Horolich, 2011b), based on theaskic linear theory
(Ekman, 1905; Felzenbaum, 1966he fundamental

features of the gradient currents velocity &
investigated in the homogeneous sea of arbitr
depth at the change of the level inclination only-ot
way, i.e. in the case when it haseaersible character.

A decision of this task most simply is for &
endless shelf with a rectilinear coast and de
changing only normally to it. Forces of horizontal a
vertical friction, the frction at bottom, the Coriolis
parameter, and also the leutlinations on normal to
a coast, caused by influence of the coast and bot
relief are thus considered. It is assumed that the I
inclinations are known. The beginning of tt
Cartesian coordinates ischted on an equilibriumr
surface of a sea. Theotizontal Ox- and Oy-axes are
pointed accordingly along with a coast (on the nor
and toward a sea (on the east). The ver@maxis is
pointed downward.

Becausdhe behavioof the gradient velocityf
wind currents is investigated from the poinvidw of
influence on it only the change of the level inclinati
specified above character for the decision of the gi
problem it is enough to receive a fornmalationship
between thisvelocity and the level inclinationThen
for the viscous homogeneodiguid, the boundary
conditions on a sea surface and at bottom rieali
approach it is possible to write down the system
linear equations in folleing kind:

W W

- (R+if )W =- ¢gG, 1)
o
AW 0 W =0, @
IJZ z=0
whereW=u+iv,G=—iu—V- )
My

In these equations and boundary condititis
u, v are the currents velocity and its componel
accordingly along the validdQx) and imaginary Qy)
axes;t is time; A is the vertical turbulent exchange

kinematical cofficient (the constant);R is the
horizontal friction coefficient (the constan
(Mikhajlova, 1968; i = -1 ; f is the Coriolis

parameterg is the gravity acceleratiorg is the level
(a devidion of the sea surface from an equilibriu
surfacez = 0); H = H(y) is the depth.

As arbitrary continuous processes of the task
examined with zero mean values, the expression
the velocityW (and also for the level inclination &)
it is possibleto present as rows of Fourier on tt
temporal ceordinate of:

W= & W,en(u), n, o @

n=- o

whereW, is the complex Fourier coefficients ¢
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the function W = Wy, 2), and w, is the angular
frequency (further in place of index will be used
only its sign).

The decision of the equation (1) fé# is known
(Horolich, 1987b):

W = (B - igL-)G-, (5)

where

0G, =o M L H (6)
Ky Ky

B =fy fa+ 1 fa, Lo =fy f4- 1f, s, q = sign(f
+w), f, =1- r(chg® cosh? +chh? cosgr), (7)

f, = shg® sinf? + shh?sing?),
f,=(a2- b?)f,, = 2a
bf.s, T, = g/ A@@2 +b?)?,

r = 1/ch2aH + co2b-H), a. =,/R+ f,

b. =.- R+ f,, f,=\R*+(f +w)*/2A
h2=a.H(@- z/H), A =b.H(- z/H),
g2 =a.H@1+2z/H), g° =b.H@+z/H).

G- is the complex Fourier coefficient for th
level inclination, z, 4 are the cosineand sine
Fourier coefficients for the level on the temporal ¢
ordinate oft.

As aresult of comparative analysis the rotar
component methodFpfonoff, 1969;Gonella, 1972;
Mooers, 1973 and the vectealgebraic method
(Belishevet al, 1983), in particular, it is welproven
that spectral descriptions of a vector velocity
currentspresented in terms of first from them, enab
in principle, comparatively easily to get bas
invariants proper it spectralrsor (Horolichet al,
2008; Horolich and Horolich,2011a,b) Thus the
orientation and sign of polarization of the rotati
ellipse of its resulting vector coincide according
with the orientation of the basic axis of symmet
part of this tensor and sign of one of its ba
invariants (secalled the rotation indator).

However, if to abstract from physics of behavi
of an investigated vector (its rotation) it is possible
express the equation of the given ellipse in the ter
form by means of elements of a symmetric part
spectral tensefunction of the given vectol
corresponding to it. Let's in passingotices that
elemerts of an asymmetric part of the given tens:
function formally depend on axes of the given ellig
as are defined by means of its elements. Neverthe
we will follow here towork Belishevet al. (1983).

As follows from the joint analysis of expressic
(5) and (6), the atary-components of the gradier
velocity of currentsW: are determined identical ol

the module and oriented symmetric in relation tc
normal to the coast proper them by the rota
components of the level inclinatioWw = G..
Therefore, epression for dermination of the
orientation anglea of the major axis of the rotatior
ellipse of the gradient currents velocity will have
next kind:

a=(p- D.- gqb.)/2, (8)

where D- is the angle between theotary
components of the currents gradient velodMy and
proper it the analogical component of the le\
inclination G- (in accordance with (3)- >0).

As follows from the analysis of the expressi
(5) for the currents gradient velocity regardless of s
of inclination of level the proper by it ellipses ¢
rotation will be similar, as for them compressic
coefficients

K = |A-BJ(A+B.), K i [0; 1], 9)

(whereA.=|B.-iqL .|, B-=|B.-igL.]), the signs of
the polarization of rotationand the angles of
orienttion coincide.

Thus, if temporal changes of the level inclinatit
have a reversible character, similarity of rotati
ellipses of the proper gradient velocity of currer
takes place, which does not depend on the level
bottom inclinations of, as determined only th
gradient drift coefficient®--iqL -).

For the purpose of simplification of the furths
analysis we will enter the similarity criterion &
superposition the scal®K and vector E= cosa +
isina fields:

KE Y KE(QKv E)v (10)

whereQ = sign@-- B.).

Results of modeling the main characteristics
the study currents velocity obtained, in fact, in t
semispectral form by the rotargomponents methoc
(Fofonoff, 1969;Gonella, 1972 Mooers, 1973 will
present in spectral form, using the veetgebraic
method (Belishewet al, 1983), and thushtain the
tensor analogue K! Kg of the abovementioned
criterion ofsimilarity Ke.

Such comparison of these characteristics, got
way of both methods, rightfully, because the
mathematical basis is combinations of identit
spectral characteristics of the currents veloc
projections on the Cartesian axis ofamdinates.

The spectral tensor 8)( (wherew= |u|) can be
completely expessed through a suaf its symmetric
and skewsymmetric parts, and also as its invariai
(Horolich et al, 2008; Horolich and Horolich2011a,
2011by):
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_&. S.0_8S. C.g,. 40 1g & 09 20, 19 Thus, from the abovmentioned analysis
= = Q.. \4 +0,5D X
) é% 5.0 E;% s.8" ?l of é% N ?l o ensues, finally, that the spectrensor Kk of the
(11) currents velocity of is the tensor analogue of 1

WhereSJv = Cuv - iQUVa S/u = Cuv + iqu; SJLh S/v
are auto spectraC,, Qu are cespectrum and
gquadraturespectrum of the thogonal components o
the currents velocity, v, | 1 = |l 4, | 2= 2| are the
eigenvalueql , | ; are the major and small axes)
the symmetric part of the spectral tensom)S@nd
D(w) is the function with a senseof the rotation
indicator.

D(#) = Sw- Su= 2Quu (12)

From the analysis of kinematics of the currel
velocity vector follows that

Sw~A? +B? +2AB. cos2a, Sy~
A’ +B?- 2AB.cos2a, Quw~A>- B2.  (13)

Using (13), we can find expressions for spec
of the rightP, and leftP. rotations:

S.=1,+D~A?, S =1,- D~B?, (14)

wherel, = Sy + Sy =11 + |, is the linear
invariant, and = 2Q,..

Eigenvalued ; andl , also can put squares of tr
major and small senr@ixes of the rotationlipse of
the investigated currents velocity in conformity:

|1~ (A+B) 1~ (A- B (15)
Then for the compressioooefficient K of the

rotation ellipse of the gradient currents velocity the
will be fairly following simple parity:

K=J/,11,.

The expression for the rotation indicatorn
terms of therotarycomponent method according 1
(12) and (13) will become:

(16)

D(w) ~ 2i( A* - B?). (17)
Then as a result of the analysis of expressi

(15)71 (17)it is possible to receive following relation

for the rotation indicator Df):
D(w) = 2QKI 1 =2iQ/3y 3. (18)
Taking into account the expressions (16) &

(18), the right part of the tens¢tl) for the further

analysis it is possible to write down in faNng kind:
(1+K?) ™, 0 0 OQKi 40, 1§

K, :% ) ) QKi 8 (19)
¢

K2(1+K2)'18+1+K2 =1, 02
1 = Q -

similarity criterion K, before offered for its rotatior
ellipse (see (10)), asontains, in fact, samellipse
descriptions, what K

Consequently, if the currents velocity is set ir
kind (4), finding proper it the spectral tensornp(
taken, in fact, to finding of the proper descriptions
its rotation dipse. If similarity of these ellipsesakes
place here, for example, as in the task decided her
this sense it is possible to talk and about similarity
spectral tensors, as relations by their basic invari
and their orientation of its major axis do not remg
unchanging.

Discussion

As it is known, at research of generation of <
currents the problem of a concrete definition of valt
of influencing factors is for today almost unsoluk
problem, already at least because among them, ex
known factors, can be and urdwn factors. Besides
even known factors can have along with kno
mechanisms of their developing and unknoy
mechanisms. At last, the most difficult is the proble
of the account of unknown factors. As uniq
consolation thus can serve that their influenar be
considered indirectly if to assume, for example, tl
among them there are the factors having knc
mechanisms of their developing.

Therefore, generally speaking, owing
specificity of measurement of sea currents, and
the increased requiremis made now to quality o
data on influencing factors, unfortunately, it
necessary to recognize that a unique source of
information on currents are, perhaps, only their ti
series in separate points (i.e. on separate horizons

Especially it conaes a historical observation
database of sea currents velocity. As thus data
concrete values of known influencing factors, as
rule, are strongly limited, and for unknown factors
general are absent, at the first analysis stage of the
currents elocity (by results both observations, ai
hydrodynamic models) it is necessary to abstract fr
a concrete definiton of values even knov
influencing factors. Hence, as a unique source of ¢
on prospective mechanisms of their developing not
much corcrete values of the spectral tens
characteristics of the currents velocity can serve
this situation, how many corresponding to it tl
similarity criterion K (or its analog Ig).

In an analyzed situation it is quite lawful t
assume that the spectrahsor of the currents velocit
represents the linear superposition uncertain (
consequently, generally speaking, unlimite
guantities of the similar spectral tensors, being res
of influence on them of the known and unknov
factors having in the basthe same mechanism ¢
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generation of currents. It is necessary to not
especially that each of influencing factors separai
generates fluctuations of the currents velocity

which spatiaitime scales, generally speaking, &
unknown. It is quite oldous that the given problen
basically carbe solved within the limits of the sem
spectral linear theory of sea currents for a class of
currents which features would be defined by not
much influencing factors, and general mechanis
correspondingd them that would allow to find the
fundamental decision for the spectral tensor simila
criterion Ky in terms of geophysical hydrodynamics.

The most general model of sea currents is tt
representation in a form neiationary non
homogenous vector athastic function with the
values in Euclidean space. Applied in physic
oceanography for the analysis of the currents velo
the vector algebraic method allows to formalize
features in the form of the correlation and spec
tensors containing ahbb it fullest information
(Belishevet al, 1983).

The rotarycomponents method-¢fonoff, 1969;
Gonella, 1972;Mooers, 1973 Godin et al, 1981,
Godin, 1983) and the vector algebraic meth
(Belishevet al, 1983) of the spectral analysis of tin
series ba currents velocity considered above have,
our opinion, a number of the essential lacks caus
mainly, by inconsistency of theirauthors by
consideration of such interconnected problems, as
structure of currents velocity, its formalizatic
(mathematical model) and properties of the traditior
Fourier transformation. From comparison of the
problems follows that the dominant role thus belor
to last problem as only it defines formalization
physics of behavior of an investigated vector.

Some not absolutely physically wefounded
positions of the vector algebraic method, and also
the general and consequently result of its applica
difficultly interpreted from the physical point of viev
were, in our opinion, the reason of that it has
received till now wide application in physice
oceanography.

It is necessary to notice also that, criticizii
bases of the rotary components method, authors o
vector algebraic method have given the main atten
to finding-out of distinctions betweethese methods
whereas the problem essence consisted in firoliig
of that them unites.

At first sight the researcher can have an opin
that the rotary components method and the ve:
algebraic method are based on representation of
currents velocit in the form of complex numbe
(Fofonoff, 1969;Gonella, 1972Mooers, 1978and in
the Euclidean space (Belisheet al, 1983)
accordingly. Really, at formalization of the give
vector authors of the first method have applied
integrated traditional éurier transformation to ¢
complex kind directly whereas authors of oth
method have applied thus correspondi

combinations of elements of the correlation tens
understanding that the spectral tensor has ¢
formally same mathematical basis, as théamo
components method. In other words, last authors
has appeared wrongly, believed that thus tt
managed to abstract from the aprioristic task
mathematical model of the given vector in terms
the method of rotary components and to overcome
their opinion, limitation of its representation in tf
form of Fourier integral.

So, within the limits of the vector algebral
method as it is paradoxical, it is almost impossible
prove even purely oscillatory character of behavior
the currents vekcity as received by means of i
spectral characteristics describe kinematics of
given vector, under the statement of authors of 1
method, regardless to its physical nature. As ti
believed, universality of their method consists in it.

As a resul given problem, in our opinion, ha
appeared not finished as the characteristics @
spectral tensor of the currents velocity received
means of the vector algebraic method should
expressed formally also through parameters of
purely oscillatorybehavior in frequency area.

Analyzed methods, unfortunately, only aft
elimination in them of some discrepancies, t
moments of subjectivity and the erroneo
assumptions admitted both authors, and their cri
and followers Calman, 1978 allow to famalize,
basically, in the invariant form the basic features
physics of behavior of the currents velocity in a ki
both a spectral tensor (Belishet al., 1983), and
corresponding to this tensor polarized (in a horizor
plane owing to tweregularity of currents) an ellipse
of rotation of the given vectorF6fonoff, 1969;
Gonella, 1972;Mooers, 1973 which contain the
fullest information on its oscillatory propertie
(Horolich ancet al, 2009).

This polarized ellipse of rotation of the currer
velodty as (without a sign on its polarization) can p
to a curve of the second order in conformity t
similar tensor curve of the symmetric part of
spectral tensor, and to a measure of its polariza
the indicator of rotation of this tensor, i.e. anarigant
of its asymmetric part if to abstract from that fact tt
last is imaginary size.

From here very important conclusion follows:
appears that spectral tensors of the currents velc
will be similar in case of similarity corresponding -
them tener curves, i.e. coincidence of the
compression coefficientk, signs on polarizatior®
and orientation angles of the major axgthat allows
to enter for them criteria of similarity Kand K
accordingly thus should take place.

Thus, on the basis of akd it is possible tc
conclude that research of behavior of the curre
velocity by means of the Fourier transformati
allows toreceivingits kinematics in the form of the
polarized ellipse of its rotation on the fixed frequen
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only formally. As to plysics of behavior of the giver
vector it should be proved only within the limits «
the hydrodynamic theory.

Example

In the present work the currents velocity on t
Kerch strait shelf of the Black Sea, measui&e4
May 1979 on 3 mooring buoysations(A27, A331,
and A343)on horizon

5 m were investigated. These data ww
borrowed from the database of the Marine Branct
Ukrainian Hydrometeorological Institute (Sevastop
Ukraine). These measurements of currents are of ¢
value, as are received winds of different directions
and intensity, including the north and neghst
winds most typical for investigated area. Correlati
and spectral characteristics of time series of
currents velocity were calculated by means of -
above described thevector algebraic methoc
(Belishevet al, 1983).

Preliminary processing of analyzed time ser
of the currents velocitytiie observations quantity =
744 and the observatins time interval 1bin)
consisted in high-frequency filtration of currents
velocity module and direction (using a weight
pointed filter weight with factor$.,= 6.,= 0.05, 6.,

Tablel.Basi ¢

= b= -0.23, bp = 0.44) and thelow-frequency
filtration of currents velocity components (usir
cosinefilter with the period24 h).

In an analyzed examptée value of the inertial
period found forthe time shift £,,=25.25 h thus
actually has coincided with its theoretical values -
analyzed data stations (Table 1).

As appears from Figure 1, correlograins(f)
f or s t-27tand AB39 fordall values of a shift
practically do not differ as on decrement
attenuation, and recurrence of fluctuations. Howe
their value there a4
(almost on an order on an initial part of the sHift
Character of recurrence of these functions for th
analyzed stations testifies to influence of inert
fluctuations on currents (Table 1, Figures 2 and 3)
it specifies, in particular, that the angles of orientat
of the mayor axes for correiab and spectratensors
of the currentsvelocity for each of stationsA-339
(66.6 and 66.2) and

$-341 (173.4 and 161.7) actually coincide
(Table 1). Attracts attention that fact that on
considerable part of shiftcoherence the angle of th
orientation a(f) for the major axis I(f) with its
moduleL,(¢) (also withL,(#)) for these stations d#f
a little.

descripti on & 0=0)andspectral1Gr drad®), T i= 26083 K) terisorssofia

currents velocity on the Kerch shelf of the Black Se246ray 1979, horizon 5 m.

buoy aw(t),

as(U),

aaton MO L L0 G L) D) A low)  GoTRR Th
A27 33.0 17.1 15.9 78.9 9.87 9.06 4.99 4.88 146.7 16.89
A341 430.2 261.7 1685 1734 167.5 134.9 95.6 71.9 161.7 16.92
A339 170.1 929 77.2 66.6 88.1 85.6 48.3 39.8 66.2 16.96

“1(?) - linear invariant, Dy(¢) = 0- rotation indicator, L, () - eigenvalues,a () - azimuth of the major axisy(¢) of the correlation

tensor, w, = 1,036&20 * rad/s- assumed inertial frequencil; = 16.83 h assumed inertial periodT;; -

mooring buoy station inertial

period.
L, km
20_-\\\\ s K‘Bk ;@{f{)tjwi"ﬁ\\ ’Lff_f—>15f\\‘\,“§—\‘\l
7% OI/’? (M X Qt 19 N e G T T N I e e e g
10 e, T \ © ' L\
17 AN 1404 A bl 4
0 i eaata T T TR T tdiistttt TRIT
r~rrr~r1rr~r1rr1rrr 11 rTrTrrTTrrTd r~—r-r~—r—r~1 1T " r-r -1 - 1 - 11T
a c
] ~ Ve =0 — == ( _ =
20 S & ] S o 7 ~N o - -5
IR \ Thoe 2 \\ “,’\o N
04 N ;N N\ _ ! . / AN ~ .
L s e s e e e e e S B e T~ T T T " T T " T T " T T "1 "1 " "'
0 2 4 6 8 10 12 14 16 18 20 22 24 0 2 4 6 8 10 12 14 16 18 20 22 T, h
b d

Figure 1. Correlation tensor characteristics of the currents velocity on the Kerch shelf of the BlacknSaeariog buoys

stations A339 (L=OkmMA 341 (L=15 km),

a-24dmaw1®7R, hérikon 2 M) likear)inyariabiy?), (b)

rotation indicatoD,(¢), eigenvaluegc) L.(#) and €l) Lo(7) (L 0 %8f)mand(c) azimuth (vector) of the major axis(?).

"See also Figures 2 and 3.
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L, km
0] TS | ] PRARPPPPRRAADAILA
o] P o e B

L
1 =
=)
IR,

LR

d h |

Figure 2. Spectral tensor characteristics of the currents velocity on the Kerch shelf of the BlacknSsaiog buoystations
A339 (L=0 km), A341 (L=21Zm&ym979, horizon & @) Wnear ihvarizam ;, (K ratation 1 6
indicatorD, (c) eigenvalueg(c)] | , and @) | (10" s 8rad3)) of theempiric spectral tensorg)(orientation (azimuth) of the
major axid ; of the empiric spectral tensor of a currents velocity (black veatat of the supposed mean coastline for the
polarizedellipse of the model gradient currents velocity (lilac vectoier0 and green vector fdR = 520 ° , (f)
K=signD)(Ke+Ke)/2, Kl ol )% Kg=ID 21 4, (g) Ko=K (R=0), (h) Kr=K (R=5A0° % §, (i) Kiw=Kc/Ko () KKK,

(K) Eg=Kc/Ko, (1) Ei=KJ/Kg; :=100 sni's.

"The axis L is the distance at which the curremiscity is measuredSee also Figure 3.

Figure 3. Map of the Kerch street shelf of the Black Sea, showing the ptabofing buoys stations (A27, A331, A343) and
orientations (azimuths) of the major akigof the empiric spectral tensor of currents velocity and the supposed mean coast
for thepolarizedellipse of the model gradient currents velocity;2d6May 1979horizon 5 m.

"Depth are in meter$See conditionaflenotations on Figure 2.

In actual practice, i.e. in case of irregul of the gradient currents velocity, i.e. the orientation
character of a coastal line attte bottom relief on a  major axisl ; corresponding to it the symmetric pa
shelf, definition of the orientation of the hypothetic  of its spectral tensor (see (8)) is a little problematic.
(theoretical) coast (Figures 2 and 3), orientation ¢ The decision of the given probleaonsiderably
rotation ellipse of necessafgr definition modeling  becomes simpteif to take into consideration tha



