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ABSTRACT

Two different concepts of energy transport by waves are developed and compared.
The “wave energy flux’ is related to the transport of a quantity known as the wave
energy, and has often been used in analyzing the characteristics of the waves themselves.
The “‘correlation wave energy flux™ is related to the transport of energy by a pheno-
menon called a wave, is analogous to turbulence energy transports, and is of use in
total system energy budgets. In dissipative fluids and fluids with spatially varying
mean flows, the two are not the same. In the course of the analysis, a comparison is
made between the Stokes expansion commonly used in linear wave theory and the
mean and deviation approach of turbulence.

1. Introduection

Consider the total energy density per unit
mass, E, of a fluid. Since energy is conserved,
the local rate of change of E may be related to
the divergence of the total energy flux, F,
including convection, radiation, and also ad-
vection. If g is the fluid density,

2
~(@E)- -V F. (L.1)

This holds on an instantaneous basis.

In many cases, it is useful or necessary to
average the various observable parameters of
the fluid in time or space and deal with averaged
energy densities and fluxes. For example, we
take the average of the advection of energy
by molecules and call it a conductive heat flux.
At a grosser level, we average over elements
of a turbulent fluid, and correlations between
deviations from this average provide a turbulent
heat flux. These averaged fluxes are useful
because they can be combined with bulk or
gross fluxes, such as mean energy advection,
in computing the averaged values of F and E.

Similarly, it is useful to average over a
hydrodynamic wave in a fluid and to assign
rationally a portion of the averaged total
energy flux to the wave as a wave energy
flux comparable to conductive or turbulent
energy fluxes. We shall refer to this as the
“‘correlation wave energy flux.”
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The usual derivations of linear wave theory
through the use of Stokes perturbation ex-
pansions lead to difficulties when considering
the problems of energetics (Eckart, 1960). The
total energy, E, contains terms of a higher
order of the expansion than those used to derive
the linear wave equations. Hence, it is conven-
ient to define an energy density, called the
“‘wave energy density,”’ in terms of the first-
order wave perturbations. This energy density is
associated with a ‘“wave energy flux,” which is
not, however, the same as the correlation wave
energy flux alluded to above. The differences are
important in fluids with dissipation and with
spatially non-uniform motion.

In recent years several authors have con-
sidered the problem of wave energy propagation
in fluids with non-uniform mean motions.
Longuet-Higgins and Stewart (1960, 1961) and
Whitham (1962) have dealt with the propaga-
tion of water waves. They have shown that the
total energy flux consists of the advection of
the mean kinetic and potential energies by the
mean flow, the advection of external wave
energy by the mean flow, the wave energy
flux relative to the fluid, and, in addition, a
term involving the product of mean fluid veloc-
ity and the wave radiation stress tensor. (The
wave radiation stress tensor is the equivalent

of the Reynolds stress tensor of turbulence
theory.)
These authors have discussed at length

whether this last term should be treated as
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part of the wave energy flux. An equation for
the rate of change of wave energy density
involves the divergence of a flux and also
source and sink terms. The term in question
does not appear in this equation, and these
authors do not include it as part of the wave
energy flux. In their equation for wave energy,
however, the product of the radiation stress
tensor and mean rate of strain of the fluid ap-
pears as a source term, and is interpreted as a
source of wave energy at the expense of mean
flow kinetic energy.

More recently Bretherton (1966) and Hines &
Reddy (1967) have considered the energy prop-
agation of acoustic and internal gravity waves
in stratified fluids with shear. Bretherton con-
siders the equation for wave energy and is not
directly concerned with the flux term in ques-
tion, though he recognizes the associated source
term. Hines and Reddy, on the other hand,
include (a component of) the mean velocity-
radiation stress tensor product as a part of the
(vertical) wave energy transport.

Whitham has pointed out the difficulty of
dividing the total energy flux into ‘‘wave”
and ‘“mean” components. We feel that an
additional difficulty arises from an ambiguity
in the phrase ‘“wave energy flux.” Authors
have not always clearly differentiated between
the wave energy flux and the correlation wave
energy flux.

Each of these fluxes has its own range of
validity and usefulness. The objectives of this
paper are to differentiate clearly between them
and to develop and justify a sound definition
of the total wave energy flux. The wave energy
flux is reasonably well defined through the
work of Longuet-Higgins & Stewart (1960,1961),
Whitham (1962), Bretherton (1966), and Elias-
sen & Palm (1954), for example, and is especially
well presented by Eckart (1960).

Our approach to the total wave energy flux
is along lines already well developed in the
theory of turbulence. While this approach is
neither particularly original nor formally neces-
sary, it is illuminating. It is developed in Section
3, after a discussion of the classical approach to
waves and the wave energy flux in Section 2.
The analysis shows that the first-order Stoke-
sian perturbations are adequate to derive the
correlation energy flux to second order.

The physical significance of the correlation
wave energy flux is examined in Section 4, and

W. L. JONES

its component parts are considered in Sections
5-7. Arguments are developed for the inclusion
of the fluid velocity-radiation stress tensor term
as a part of the total wave energy flux.

Our analyses are made for fairly general
fluids in which non-isentropic processes may
occur. We omit the case of fluids with free sur-
faces, however, and our discussion is thus more
oriented to atmospheric than oceanic problems.

2. Wave energy flux

Consider the total energy density per unit
mass of a fluid, £. We may write an equation
for the local rate of change of this energy, per-
forming suitable manipulations on the equa-
tions of motion and mass conservation and on
the first law of thermodynamiecs. Since total
energy is conserved, the equation takes the
form

2
—(eB)+V-F=0, 2.1
at(e ) (2.1}

where g is the fluid density and F is the total
energy flux. The exact form of E and F depends
on the particular fluid being considered. If a
wave is present, we would like to be able to
assign a portion of the energy density and
energy flux to the wave.

The standard approach to wave problems is
to expand all relevant parameters in a perturba-
tion series. For example,

P :p(oy +p(1) +p(2)

u =0 +ul) +u?), (2.2}
where p is fluid pressure and u is fluid velocity.
The terms are taken to be ranked in an in-
creasing order of smallness of some relevant
parameter. The zerc-order terms are the state
of the fluid in the absence of the wave. The
first-order terms can then be obtained, and are
the periodic linear wave perturbations. If
needed, higher-order terms can be computed.
Expansions similar to equation (2.2) can be
substituted into the proper form of the energy
equation (2.1). If the linear wave solutions are
assumed to be periodic and a time average of
the resulting equation is taken, the lowest-
order terms related to the wave are of second
order. Unfortunately, they contain not only
products of first-order terms, but also second-

Tellus XXI (1969), 2.
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order terms and products of second-order and
zero-order terms of the expansions (Eckart,
1960). Thus, to obtain second-order energy
densities and fluxes, we must obtain second-
order wave perturbation solutions.

As Eckart {(1960) and also Eliassen and Palm
(1954) have pointed out, this problem can be
circamvented by defining a second-order quan-
tity having the dimensions of energy density,
but involving only products of first-order per-
turbations. We shall refer to this quantity,
£, as the wave energy density. The time be-
havior of this quantity can also be obtained
through manipulation of the first-order approxi-
mations to the basic equations to yield an
equation of the form

2
a—t(g<°>Ew)+v-Fw=S. (2.3)

The flux term, F,, which one obtains by
such manipulations is defined as the wave
energy flux. Since E,, is not & total energy
density, it is not conserved, and there may be
source or sink terms, S, representing transfor-
mations between external wave energy and
other forms of energy.
If the fluid has non-uniform zero-order mo-
tions, S contains as a component
-09uPu? -V -u®, (2.4
where a mean over a time or space cycle of the
wave is denoted by an overbar. This is simply
the product of the wave radiation stress tensor,

7o = —0@u®u®, (2.5)
and the zero-order rate of strain of the fluid.
The radiation stress tensor may also be thought
of as a flux or transport of momentum, and it
is equivalent to the Reynolds stress tensor of
turbulence theory.

The wave energy density and flux are useful
in obtaining approximations to the wave be-
havior in fluids with non-uniform propagation
characteristics. If there are no source terms,
and the propagation characteristics of the wave
are spatially and temporally uniform, then the
mean value of external wave energy flux may
be written

F, = (u +¢,)o"E,, (2.6)

Tellus XXT (1969), 2
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where ¢, is the wave group velocity relative to
the fluid. While group velocity is formally de-
fined in terms of the propagation of a wave
packet, in this case it is also the velocity of
propagation of mean external wave energy rel-
ative to the fluid.

If the fluid has wave sourees and sinks, or
non-uniform propagation characteristics, the
local group velocity, as defined by wave packet
propagation, and the velocity of propagation
of wave energy are only approximately the same.
To the extent that this approximation holds,
and to the extent that the wave is truly peri-
odie, the group velocity can be used to obtain
higher-order estimates of the wave character.

Initially one takes the first-order WKB ap-
proximation to the linear first-order wave
equations. Coefficients of these equations are
assumed locally constant. From these, local
values of ¢, and § may be estimated. If equa-
tion (2.3) is averaged, one can find

V-[(u® +e)p@E,] =8 (2.7)
and then use equation (2.5) to find the spatial
variation of E,. Improved approximations to
the first-order wave perturbations can then
be recovered. This is essentially the procedure
used by Longuet-Higgins and Stewart, and by
Bretherton.

3. Total wave energy flux

There is an alternative to the Stokes expan-
sion: one may follow usage in the theory of
turbulence and divide paramsters into suitably
defined means and instantaneous local devia-
tions from the means. If such quantities are
substituted into expressions for E and F in
equation (2.1) and a mean value obtained, the
result contains both parameter means and cor-
relations between deviations.

We shall define the mean energy transport
attributable to the wave (correlation wave
energy flux) as being the sum of terms involving
such correlations. We shall defer defense of
this definition, except to note that it is in line
with the theory of turbulent energy transport.

Consider a rather general fluid with viscosity
and thermal conduetivity. For the moment,
questions of compressibility and thermal struc-
ture are irrelevant. The fluid is taken to be
located in a gravitational (or other) potential
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field, and possibly in a rotating system. The
following additional notation will be used:

T: temperature;

e: internal energy per unit mass;

h: enthalpy per unit mass;

W: non-mechanical heat flux (conductive,
radiative);

JF: firiction stress tensor;

@: gravitational potential.

‘Other external body forces can be included
as components of ¢ if necessary.

Two different averaging processes will be
used. The linear mean of a quantity g will be

denoted by
- 1 (u”
qg=— dU,
U f— U/2q

where U is a time and/or space scale which is
large compared to the scale of the wave, but
small compared to the scale of the mean fluid
parameters. We implicitly assume that such a
scale can be found. (A similar assumption is
implieit in the usual use of the Stokes expansion,
where the zero-order terms are taken to be
time-invariant and the first-order terms to be
periodic.)

The deviation from the mean is defined by

(3.1)

¢ =q-q. (3.2)
It follows that

q =0. (3.3)

We shall also use a density-weighted mean,

.1 (e
0q= Ef_ - eqdU, (3.4)
with a deviation,
7' =9-g (3.5)
from which it also follows that
g’ =0, (3.6)
and 0q”=0-3¢" +¢'q"- (3.7)

‘This average was first applied by Reynolds
(1895) to incompressible fluids and by Hessel-
berg (1926) to compressible fluids.

In our case, we assume that the deviations
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arise from the presence of a wave and are in
all suitable senses of small order compared to
the mean quantities.

The total energy density is

E=tu-ua+teteg. (3.8)
If we take a density-weighted average of E, we
find that
0B =(3g0 -0 +tpu” - u” +gé+gp). (3.9)
By suitable operations on the equations of
motion and mass conservation, and on the first
law of thermodynamics, one can show that

§§E+V-(ﬁ§E)+V-(z_oﬁ—g-ﬁ)+V-W

+V . (pu”—; . u”+ii . Qll”ll”

+4ou’uw’ - u”’ +pe”’u’)=0. (3.10)

The derivation is given in Eliassen and Klein-
schmidt (1957) and will not be repeated here.
The first four terms would be present in the
absence of wave perturbations. They represent
the rate of change of total energy per unit
volume, the advection of total energy by the
mean flow, the work done by mean pressure and
stresses, and the divergence of the mean non-
mechanical heat flux. The fifth term may be
subjected to further manipulation.

If A is the fluid enthalpy per unit mass,

=L e, (3.11)
4
and w’ph =pu’” +gen”, (3.12)
which is equivalent to
Qu//hn =pu// +Q6”u”. (3.13)
If we define the operator
b_e +av (3.14)
—=—-1- .
Dt ot ’

and use the averaged equation of mass conser-
vation,

.
£+V-§ﬁ=0, (3.15)

Tellus XXTI (1969), 2
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we can substitute equations (3.12), (3.13) and
(3.14) into (3.9) to obtain

eD_E'FV (pa-F0)+V-W+V-T=0,

Dt (3.16)

where

T =ohu’ +ou’w’ - (i+3u)-F-u. (3.17)

The first and second terms on the right-hand
side of equation (3.17) were considered for
turbulence by Montgomery (1948), who analyzed
the problem in terms of the thermodynamics
of an open system. He identified the first
term as the “eddy flux of heat per unit area.”
The second is an eddy flux of kinetic energy.
In the present context, we define J as the cor-
relation wave energy flux.

If we now drop all components of J of higher
than second order, we find to this order of
accuracy:

Joghu’ v g0 wu -Fur.  (3.18)
It is also possible to write J in terms of
deviations from linear rather than weighted

means. To second order, we obtain

w’=u"—-up’, (3.19)
e
1 ———
and h"” =h ——h%’,
4
so that to second-order accuracy,
v S i il v
Jgh'w +o-wuw+=gw-Fu. (3.20)
[

Finally, we may compare the mean and devia-
tion quantities with the more normally used
Stokes expansion for periodic waves (equations
2.2). If 4 is periodic in the time or space
sense in which averages are taken,

uV =0, (3.21)

and 1=u® +u®, (3.22)

and hence  w =u® +@® —u®), (3.23)
1—

and v’ =u® 4 @® - u®) — gu o.  (3.24),

Tellus XXT (1969), 2
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The means and deviations thus differ from
the corresponding zero- and first-order wave
approximations by quantities of second order;
and to this order,

T2 r®Du®

+ 9(0) n(O) . u(l) u(1>

:;(0) =D

i (l 1
+ e u

e

~FO O (3.25)

However, the products of means cannot be
similarly treated. To second order:

pl= p(°’u(°’ +p(‘«»u(m +p(°’|F2—’ 4=pan u®. (3.26)

4. A physical point of view

Equation (3.16) may be interpreted as de-
scribing the energetics of a macroscopic fluid
“pseudo-particle’’ moving with the mean mass
flow. This is what we would observe if we were
to follow the fluid with sensors too gross in
time or space resolution to detect the wave
itself, but sufficiently sensitive to include the
perturbation motions as a contribution to the
fluid energy (in the same sense that molecular
motions are included as internal energy).

The rate of change of the mean energy of the
pseudo-particle could be measured, and the
work done by mean stresses and the divergence
of the mean non-mechanical heat flux either
measured or inferred. The presence of the corre-
lation wave energy flux J could not be detect-
ed directly; but its presence would be known
by its effect on the system energetics (just as
a molecular heat flux is not sensed directly,
but measured calorimetrically).

In fact, the analogy with molecular energy
transport is quite strong. As already pointed

out, the term gh’’uw’ is simply the “eddy”
advection of enthalpy or heat content across
a surface, moving with the mean mass flow;

while gu-u’'u” is the “‘eddy” advection of ki-
netic energy.
The mean energy flux,
~Ja+W, (4.1)
is not the same as the zero-order energy flux
that is obtained by using the zero-order Stokes

expansion terms. As shown, for example, in
equation (3.25), they differ by terms involving
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the mean values of second-order expansion
terms now buried as part of expression (4.1).

Although Whitham takes a contrary view,
we think that this is the proper place for such
quantities. They should be regarded as a
second-order reaction of the mean state of the
fluid to the presence of the wave, rather than
as a part of the energy transport by the wave.
There are several reasons for this point of view:

1. It is in harmony with the macroscopic
point of view and with our way of thinking
about other types of energy fluxes. For example,
electromagnetic radiation absorbed by a fluid
or a conductive heat flux may give rise to
secondary circulations; but we do not consider
these circulations to be a part of the electro-
magnetic or thermal energy flux. This viewpoint
also prevails in the theory of acoustic streaming
(Nyborg, 1965).

2. The components of the mean energy flux
and mean total wave energy flux are basically
defined in terms of physically measurable
quantities, the quantities which we would use
if we mistook the wave for turbulence. On the
other hand, quantities such as p‘®, which would
prevail in the absence of the wave, cannot be
measured in its presence.

3. As a practical matter, the correlation wave
energy flux is expressible in terms of first-order
linear wave theory. Linear theory can thus tell
us how much energy a wave transports from the
troposphere to the thermosphere, for example,
so long as we do not ask how it alters the mean
state of the atmosphere.

5. The enthalpy flux

There are several ways in which the wave-
induced enthalpy flux may be written. For
example,

éhnuu _ éCp 7w’ = @TS”u” +p/uu’ (51)
where C, is the specific heat at constant pres-
sure, and S is specific entropy.

In a case where the fluid is a gas with po-
tential temperature 0,

§ = C, In 0 + constant, (5.2)

and hence

o, e
bCpeu +p'u”.

gh’u’ = (5.3)
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If the fluid is homentropic and the wave
processes are isentropic, S’/ =0. This is true for
waves in a gravitationless isothermal gas, for
example. In this simple case,

oh'u”’ = pu”’~pru.

(5.4)

If the fluid has no mean motion (or a reac-
tion mean motion of second order only) and
F =0, this is the correlation wave energy trans-
port to second order and is identical with the
mean value of the wave energy flux.

If the processes are isentropic, but there is a
gradient in the mean entropy of the fluid,
there will be entropy fluctuations. Let & be
the displacement of a fluid particle and §” its
deviation displacement. Then,

S” =§”-V8, (5.5)
and

éh//uu =g Tll”f” . VS +prun

~ p@ TOREM . VSO 4 phiyh, (5,6)

If the wave is periodic, u'V’-g®m =0, since
displacement and velocity in the same direction
are in phase quadrature. Thus there can be no
entropy flux along the mean entropy gradient.
If the particle orbits of first-order wave theory
are elliptical or circular, then the first term on
the right-hand side of equation (5.6) contributes
an entropy flux transverse to the mean entropy
gradient.

It is a little difficult at first to see how isen-
tropic fluid motions back and forth across a
fluid surface can transport entropy across that
surface. Consider figure 1, which shows the

vl

L,

Fig. 1. Particle orbits through a surface d4. If
there is a gradient of 0 in the z-direction, particles
moving through the surface in the upper orbit have
a greater value of § than those in the lower orbit,
and there is a net flux of § in the z-direction.

Tellus XXT (1969), 2
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orbits or fluid particles passing through a
surface element, dA, moving with the mean
flow. Assume that these particles carry some
conserved quantity, say entropy, in an isen-
tropic flow. Then the value of S for each par-
ticle is that of its mean position. Particles mov-
ing from left to right transport S charac-
teristic of a level above dA, and wvice versa.
Thus, even though there is no net mass flow
across dA, there may be a transport of entropy.

On the other hand, if we consider a closed
surface, again moving with the mean flow,
we can see physically that the flux through a
surface element dA must be balanced by return
fluxes elsewhere. If the mass in the enclosed
volume is in the mean made up of the same
fluid elements (as is the case in first-order
wave theory), then quantities which are con-
served cannot in the mean be advected out of
the volume. Thus, for isentropic waves,

V-@Tue-v8) = 0. (5.7)

The transverse flux arising from the gradient
of mean entropy is non-divergent and does not
contribute to the mean energetics of the fluid.
In principle it is an experimentally observable
component of J, however.

Entropy fluctuations will arise when diabatic
processes are involved. If a fluid particle gives
up an increment of heat, 6@, while residing in
the pseudo-particle, it will leave with a decrease,

oQ

88=—,
T

(5.8)

in entropy. Thus, V- (g7'S"/u’’) arises as a result
of advecting fluid particles transferring heat
to or from the interior of the pseudo-particle

Similarly, V-p’u’” may be interpreted in terms
of advecting fluid particles doing work on the
fluid interior of the pseudo-particle during their
residence.

6. The kinetic energy flux

As Hines & Reddy have pointed out, the
quantity

s6-u’u” (6.1

can be interpreted as an advection of a first-
order perturbation in kinetic energy g@i-u’’ by a
first-order perturbation in velocity. It may also

Tellus XXI (1969), 2
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be interpreted (Longuet-Higgins & Stewart,
1960, 1961) as the product of a radiation stress

tensor, I, with the mean flow velocity,
g'ﬁ’

J - gu.

(6.2)

where (6.3)

The divergence of expression (6.2) may be
interpreted variously as the divergence of an
energy source, or as the sum of two energy
source terms:

V@i uwu’) = (T-V)a+a-(V-J). (6.4)

Longuet-Higgins, Stewart and Bretherton iden-
tify the first term on the right as the rate at
which the mean flow does work on the waves and
treat it as a local source term for wave energy.

Similarly, a divergence of the stress tensor, ,
signifies an exchange of momentum with the
mean flow; and the second term can be regarded
as a local source of kinetic energy of the mean
flow.

The important point to note is that a rate of
increase of wave energy at some point is not
necessarily associated with an equal rate of
decrease of mean flow kinetic energy at the same
point (Lumley and Panofsky, 1964, p. 69).
Consider a bounded fluid which may have
sources and sinks of wave energy, but which
has no energy exchange with external sources.
Then

V(T dydz=o0. (8.5)

Thus, a local source of wave energy must
be balanced by equivalent sinks of either wave
energy or mean flow energy, which may be

located elsewhere in the fluid. {J-fi is then an
energy flux connecting these sources and sinks.

7. The friction stress term

The term: F-w’ may be thought of in much
the same sense considered in discussing the
kinetic energy flux. The term may be construed
as a molecular advection of kinetic energy.
It may also be considered as a flux connecting
regions where viscous dissipation adds to inter-

nal energy, ((F-V)-u’’ <0), and subtracts from
kinetic energy, (u”’-V-F >0).
If there is no mean fluid stress, this term
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reduces to F'*-w’’, which represents, for example,
the entire energy transport of viscous shear
waves in a homogeneous incompressible fluid
with no mean velocity.

If there is a mean flow shear and stress, some
care must be taken. The wave mean mass

transport, g’u’”’, interacts with the mean stress;
and fluctuations in F may arise not only from
fluctuations in shear, but also from fluctuations
in the viscosity of the fluid.

8. Summary

We have defined a second form of wave
energy flux, the correlation wave energy flux,
which differs from the more normally used
external wave energy flux. A rather indirect
approach through turbulence theory techniques
was chosen primarily to make clearer the dif-
ference between this flux and the second-order
reaction of the fluid to the effects of the wave.
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The differences between the Hines and Reddy
concept of wave energy flux and that of the
other authors cited is understandable in the
light of these two different definitions. Hines
and Reddy have been dealing with the correla-
tion wave energy flux; and this is the relevant
quantity for the questions they have tried to
answer, questions as to the role waves play in
the energy balance of the upper atmosphere.

On the other hand, Longuet-Higgins, Stewart,
Whitham, and Bretherton have been more
concerned with the structure and behavior of
the waves per se. For this type of problem, the
wave energy density is the pertinent quantity.
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NEPEHOC SHEPTMM BHYTPEHHIUMHN BOJHAMU

PasBHBaKOTCA M CPAaBHMBAITCA JIRé PA3INUUHEIE
KOHUENUMH IePeHoca 3HepTUM RoNEaMu. «Bomn-
HOBOH TOTOK 3SHEPIHMH» CBH3AH C TIEPEeHOCOM
KOJIMYeCTBA, #3BECTHOTO KAK BOJHOBAA SHEPTUA,
M 49aCTO MCIOJb3YeTCA NPH aHANM3e XapaKre-
pHuCTHK camMuX BojH. «KoppelAuMoHHsl BOJHO-
BON MOTOK 9HEPrMM», CBABAHHBIA C TepPeHOCOM
sHepruM (eHOMEHOM, HAa3LIBAEMHLIM BOJHOI,
aHaJIornyYeH TypOyJEHTHOMY MEepPeHOCY DHepTUH

U NCHOJBL3YeTCA B ofuleM 3HEPTeTHYECKOM
OromeTe CHUCTeMBl. B [IMCCHIOATHBHBIX HHUA-
KOCTAX M B MUAKOCTAX € NPOCTPAHCTBEHHBIM
M3MEHEeHHMEM CPeJHMX NOTOKOB 3THU MOHATUA HE
cosnagaoT. B xoze ananmusa npoBONUTCA CpaB-
HeHmne Memuy pasioxennem Crokca, oOHYHO
HMCIOJIb3yeMbIM B JIMHEHHOH BOJHOBOH TeopwH,
U TypOyJdeHTHHM IOLXO0A0M, OCHOBAHHOM HAa
paccMOTpEHUHM BO3MYILECHNH,
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