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ABSTRACT

The three dimensional circulation produced by a given wind stress in a homogeneous
ocean with an arbitrary bottom topography is studied. The solution is illustrated by
the use of various bottom shapes and a particular wind stress distribution. It is shown
that in general a current deviates southwards in a region of decreasing depth and
northwards in a region of increasing depth. However, if the wind stress has a perturba.
tion out of phase with the bottom corrugations this result is considerably modified.
Moreover, when there is a deepening of the ocean towards the north there may exist
a "critical line" at which ojoy(/jH) is zero (f is the Coriolis parameter, H is the depth
and y is the northward co.ordinate). The oceanic circulation is then divided into two
parts: if the wind stress curl is positive, then for latitudes north of the "critical line"
where ojoy(fjH) is positive the Sverdrup-topographic interior flow is basically north·
ward and there is an eastern boundary current, while for latitudes south of the critical
line, where ojoy(I/H) is negative the interior flow is basically southward and there is a
western boundary current.

1. Introduction

Observations show that ocean cWTents are
significantly influenced by bottom topography.
The deflection of CWTents in the Atlantic as
they pass over the mid-Atlantic ridge and the
deflection of the Antarctic circumpolar CWTent
as it passes over various meridional ridges are
well known. Observations by Barrett (1965)
show that part of the western boundary under·
CWTent in the North Atlantic is diverted away
from the coast by a submarine ridge extending
south eastwards from Cape Fear.

Various theories have been developed to
correlate the behaviour of ocean CWTents with
the underlying bottom topography. Warren
(1963) has shown numerically that the path
of the Gulf Stream is closely related to the
bottom topography. Haueh (1967) has discussed
the modification of a uniform current as it
flowed into a region of oscillatory wind stress
and oscillatory bottom contours. He correlated
the strength of the deflections of the CWTent
with the difference in phase between the wind
stress and the bottom topography. Clarke &
Fofonoff (1969) used a transport model for a
barotropic ocean to consider the flow over
depth discontinuities for constant wind stress
curl.
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In this paper the barotropic flow over any
continuous bottom topography is discussed for
an arbitrary wind stress. A linear, three dimen­
sional model on the ,B-plane is used and each
component of the velocity field is calculated.
The model is very simplified in the sense that
baroclinic effects are excluded, eddy viscosities
are assumed constant and only steady flows
are considered. Consequently, caution must be
exercised when comparing the solutions obtained
for flow over continental slopes and submarine
ridges with actual ocean CWTents.

The analytical solutions which are found for
general wind stress and bottom topography are
illustrated by introducing a particular wind
stress. Bottom topography is chosen to rep­
resent the folds in the western Pacific, the
continental slopes and a zonal slope. In the
last case a critical layer may be present in
which the normal interior solution breaks
down, and the non-linear and frictional terms
become important. This is discussed in sec­
tion 9.

The method derived below may also be applied
to the almost isothermal bottom layer of a
stratified ocean. In this case the circulation is
driven by the upwelling into the thermocline
layer instead of by the Ekman layer suction
produced by the wind stress curl.
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2. Formulation 3. The interior

substituted in (I) yield the interior solutions

In this region the frictional terms of equa­
tion (I) are negligible and expansions of the
form

(3c)

Ur = Eiu1(x, y) + O(E) (3a)

Vr = EiV1(x, y) +O(E) (3b)

WI = Ei({Jj/)z Vl(X, y) +Eiw*(x, y) +O(E)
(Ia)

The model considered is a homogeneous ocean
contained between the surface z = 0 and the
bottom z = - I +h(x, y) and bounded by west
and east coasts at x = 0 and x = I, respectively.
x, y, z are dimensionless cartesian co-ordinates
with x eastwards, y northwards and z vertically
upwards, and u = (u, v, w) are the corresponding
velocity components. The linear steady equa­
tions of motion are:

where w*(x, y) is an arbitrary function of
integration.

(Id) 4. The surface Ekman layer

The solution in this layer is well known and
the only condition required here is the matching
condition on the interior region. This is the
Ekman layer suction condition

where I = I + {Jy is the familiar Coriolis para­
meter on the (J-plane, P is the reduced pressure
and the small parameters are given by

wr(x, y, 0) = Elk·curl ('T:/f) (4)

where k = (0,0, I). Applying this condition to
(3c) gives

In the case where there is an intermediate
thermocline layer between the bottom layer
and the Ekman layer, then w* in the bottom
layer will be the upwelling velocity into the
thermocline layer.

(5)w*(x, y) = k·curl ('tj/)
VH' Vv are the horizontal and vertical coefficients
of eddy viscosity, D, L are typical depth and
width of the ocean respectively, and 10 is the
Earth's angular velocity. The derivation of
these equations and the method of introducing
the dimensionless variables are given in Johnson
(1968).

The boundary conditions at the surface are:

where. = (.r, .Y, 0) is the applied wind stress.
The conditions at the east coast x = I, the west
coast x = 0, and the bottom z = - I +h(x, y) are:

Uz =E-i.r , V. = E-i.Y , W = 0, at z = 0 (2) 5. The bottom Ekman layer

In this layer an oblique stretched co-ordinate
system (x, y, C) is introduced where EiC =

z + I -h(x, y). It is shown in the appendix that
provided

U=V=w=O at x=O, I; z= -I +h(x, y)

The north and south boundaries are unspecified
and hence remain free.

The analysis will proceed by the method of
matched asymptotic expansions, each expan­
sion being valid only in the region under
consideration. The ocean will be divided into
an interior region away from the influence of
boundaries, surface and bottom Ekman layers,
and coastal boundary layers.

hr , hy , hrr +hllll < <EtjEH

and (h; +h;)t < <EH-t, (c5EH)-t, which are
not very strong restrictions on the gradients of
h(x, y), then the vertical velocity in this Ekman
layer is, from (A9)

wB = Ei(htu1 +hllv1) +exponential terms (6)

The exponential terms tend to zero as C.... 00.

This implies that the component of velocity
normal to the bottom is zero at the edge of

Tellus XXIII (1971), 2
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the Ekman layer. That is, there is no O(Ei)
suction into the bottom Ekman layer, which
therefore carries no transport to this order.

6. The completion of the interior solution

Equation (3c) gives the vertical velocity in
the interior region with w*(x, y) a known func­
tion determined by (5). The remaining func­
tion v 1(x, y) may be found by matching (3c)
with (6) as follows:

lim w/=limwB
z-+-l+h(r.l/) C-+oo

fLet 1J = so that (10) reduces to
h(x, y)-1

f2 W *a'Pl = _-'-- _

ax (J(h-l)-fhl/

which implies that

f f" * f'Pl(X,1J) = w f dx' + C(7J)d7J (12)
(J(h-l)- ~

where SC(7J)d7J is an arbitrary function of 1]

and the first integrand is regarded as a function
of x' and 7J. Equations (9) then give the hori­
zontal velocity components

u 1(x, y)

(J(h-l)-fhl/{fa( f"W· )
= f(h-l)" a1J (J(h-I)-fhl/ dx'+C(1J)}

(13)

(14)
(J(h-l) - f hI/

v1(x, y) =

hx { f a ( f" w· ) dx' C }
(h-I)" a7J (J(h-l)-f hl/ + (7J)

fw·

The continuity equation (ld) gives

Hence

and using the derivative of (3c) this may be
written

which on integretion becomes,

which implies the existence of a function 'PI
such that

h(x y)-l
f = constant. (11)

-r'(I,y)
[1-h(I,y)]u1(I,y)= --,- (15)

Equations (13) and (14) give the horizontal
velocity components for any bottom topo­
graphy h = h(x, y) and for any wind stre8B curl
w*(x, y). They are singular at points where
h(x, y) = I, and hence the solution will not be
valid near where the bottom surface rises to
meet the top surface. This will occur at the
west and east coasts, but in these regions
coastal boundary layers will be important and
the interior solution will not be applicable.
In the examples which follow we shall ensure
that h(x, y) 9: 1 for any x, y. The western
boundary layer that is required to bring the
east-west flow to zero at the coast and to satisfy
continuity by providing an intense north-south
return flow will be of the form discUBBed in
Johnson (1968).

C(7J) may be found from a zero transport condi­
tion at the east coast (x = 1). As the bottom
Ekman layer transport is only O(E), the
O(Ei) surface Ekman layer transport towards
the east coast must descend in an eastern
boundary layer and then enter the interior
region. This condition may be written(9)

(8)

a first order linear, partial differential equation
for 'PI which may be solved by the method of
characteristics.

The characteristics of (10) are given by

dy = __h=-x__

dx (J
j(h-l)-hl/

Substituting (9) into (7) gives

hx'PlI/ +{7 (h- 1) - hI/ } 'PIX = fw* (10)

Tellus XxnI (1971), 2
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/2 n" " (1 (h(x')-I)

f3(h- I) Jr

cOS{~[(h(X'} -l} 7) -lJ} dx' + O(E} (I6)

T
r = -cos rry, T

Y = °

The velocity components given by (13) and
(14) will now be simplified for a zonal wind
stress 'T ='T(Y) and a bottom topography of
the form h = h(x}. The wind stress is chosen as

7. Solutions for a zonal wind stress when
h=h(x)

to represent trade winds and westerlies. T li is
so chosen to avoid downwelling at the coasts.
There is no mathematical difficulty involved
in chosing Tli to be non-zero. The horizontal
velocity components then reduce to

f3z E 1
/
2

• f3
WI(X, y, z) = f VI(x, y)- -/-(nsmny+lcosny)

Consider the particular bottom topography

where 7) = //[h(x} -I] is regarded as a constant
in the integration.

Then (3c) gives the vertical component of
velocity as

When l = 0, this represents a bottom profile
that rises up towards the surface as the western
boundary at x = ° is approached. When l,*,O,
(18) may be used to represent a topography
that is typical of the Pacific in which me·
ridional folds occur on the western side of the
ocean.

The circulation obtained for (i) l = 0, A = 0.8,
k = 10 is shown in Fig. I, and for (ii) l = 10,
A = 0.8, k = 10 in Fig. 2. It can be seen in
both cases that in the eastern part of the ocean
where the bottom is essentially flat, the solu­
tion is the same as that given in Johnson

h(x) = Ae-kr coslrrx (18)

Fig. 1. Flow pattern produced for the wind stress
T

r = -cos rry, T Y = 0 and for the bottom topo­
graphy h(x) = 0.8 exp ( -lOx). The north-south com·
ponent of velocity is zero on the broken lines which
also indicate the deflection of the flow due to the
underlying bottom topography.

(1968). However, for small x the circulation
is considerably modified by the bottom topo­
graphy. Further comparison with Johnson
(1968) shows that in the Northern Hemisphere
currents are deflected to the right when the
gradient of the bottom is increasing, and to
the left when the gradient is decreasing (having
regard for the sign of the gradient). Conse­
quently in a flow over a single ridge the total
deflection will be zero and the maximum dis­
placement will occur at the crest of the ridge.

Calculations of the flow patterns were made
with the topographies of the form

h(x) = Ae-k(r-«)'

corresponding to a single ridge at x = (x, and

Tellus XXIII (1971), 2
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Fig. 2. Flow pattern produced for the wind stress T'" = - cos TrY, T" = 0 and for the bottom topography
h(x) = 0.8 exp (-lOx) cos (10 7tx).

the anticipated deflections were observed. This
behaviour is illustrated diagramatically in
Fig. 3.

8. The influence of an oscillatory wind
stress

changing wind stress and bottom topography,
a solution is found for

T'" = 0, or" = {A(l +T cos 9nx)

A(l+T)

To provide a comparison with the results
of Hsueh (1967), who discussed the deviations
of a uniform current on entering a region of

{

HSin9nX
h(x) =

H

Fig. 3. Diagrammatic representation of the flow
over a ridge. The opposite deflection occurs in the
flow over a trough.

With this combination the interior flow for
x > 1/2 is a uniform drift westwards. The per­
turbation in wind stress and the variation in
bottom topography for x < 1/2 are 7t/2 out of
phase. The different x-ranges are required to
keep the wind stress and the bottom variation
as well as the gradients of these continuous.
Otherwise there will be a discontinuity in the
VI velocity component. Substitution into (13)
and (14) and matching of the solutions at
x = 4/9 and x = 1/2 gives the following distribu­
tions, for U 1 and VIPROFILE_x_
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the second form servmg as a comparison with
the form given m Welander (1968). At a
latitude where

t
y

I

PLAN

or V1(x, y)!- (_1_) -~
8y I-h -(I_h)"

(21)

or where the equivalent expression R(y) =

P(h - 1) - Ihy vanishes, the mterior solutions
found are no longer valid. The non-Imear and
frictional terms will become important m the
neighbourhood of such a "critical latitude".
Welander (1968) discusses this phenomenon
and correctly predicts the existence of a western
boundary current and an eastern boundary
current on the southern and northern sides of
the "critical latitude", respectively. However,
Welander also predicts a basically southward
flow for both R < 0 and R > 0, a result which
is not consistent with the circulations deduced
in this paper. Inspection of (21) shows that in a
region where w* does not change sign, a change
in sign of R(y) means a reversal of the direction
of the north-south mterior velocity v1(x, y),
as shown m Fig. 5.

The transition from a western boundary cur­
rent to an eastern boundary current when the
"critical latitude" is crossed can be explamed
in terms of the conservation of potential vor­
ticity,

r
y

I

+-z-

D{/+C}=O
Dt I-h

--x_

yorll

I
-A(1+Tcos9nx)

U 1 = (19)
1(1- H sm 9nx)

0.,; x.,; 4
_ 9nA(HT+Hcos9nx-Tsm9nx)

VI - . 2
P(l- H SID 9nx)

(20)

9. Solutions when h has y-dependence

If h is independent of x, equation (14) may
be written as

4 IUI=-/(-~-~-~_I-:m-T~x)
lj";X"; !

_ 9nA(HT+ Tcos9nx)
V

1
- p(1-Hsm9nx)"

Fig. 4. The deviation caused by a wind stress
perturbation that is Tt/2 out of phase with the
bottom corrugation. The broken streamline indi­
cates the flow with the constant wind stresss
A (1 + T) over the whole ocean.

Equation (20) shows how the wind stress and
the bottom topography contribute to the
deviation of the flow from a purely westward
flow. It may be seen that as the magnitude T
of the wind stress variation increases, VI

becomes more out of phase with the gradient
of the bottom topography.

In Fig. 4 the results of (19) and (20) are
presented for the case T = 1/2, H = 1/4. When
compared with the results of Hsueh (1967)
several differences will be noted. These may be
related to the fact that he used a constant
Coriolis parameter and did not include the
essential driving mechanism of the basic un­
perturbed wind stress curl.

Fig. 5. Diagrammatic representation of the flow
produced when the bottom deepens towards the
North and causes a "critical layer" to form.

Tellus XXIII (1971), 2
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in the vicinity of boundary regioIlB where the
local wind streBS terms and frictional terms are
unimportant (inertial boundary layer) (Stom­
mel,1958).

Taking for example, the case of w· negative
then south of the "critical latitude" where

is positive (R < 0) the interior flow is basically
southwards and a northward flowing boundary
current is required. Since R <0, f/(l -h) in·
creases in a northward flowing current and so
for conservation of (f +C)/(l -h) this north·
ward flow must give the incoming interior
flow clockwise vorticity which is compatible
with the distribution of shear for a western
boundary only (Lighthill, 1966). North of the
"critical latitude" where

is negative (R > 0) the interior flow is basically
northwards and a southward flowing boundary
current is required. Now since R >0, 11(1 -h)
again increases in a southward flowing current
and potential vorticity is conserved if clockwise
vorticity is induced into the incoming interior
flow which in this case of a southward flowing
boundary current is in agreement with the
distribution of shear for an eastern boundary
only.

An alternative explanation of this transition
can be made using similar arguments to those
of Pedlosky (1965) for the westward inteIlBifica­
tion of the oceanic circulation. Pedlosky
suggests that the energy put into the ocean by
the wind streBS is concentrated near the western
boundary because large-scale ROBSby waves
propagate to the west and are reflected as
small-scale motions which leave their energy
at the western boundary either because they
are dissipated by friction or because they are
trapped near the western boundary by the
westward convection of fluid under the direct
action of the wind streBS. South of the "critical
latitude" R(y) is negative and the fJ-effect
either dominates or is re-inforced by the effect
of bottom topography (Veronis, 1966) and a
western boundary current should exist. North
of the "critical latitude" R(y) is positive and
the restoring effect of bottom variatioIlB is

Tellus XXIII (1971), 2

opposed to and dominates the fJ-effect. The
existence of an eastern boundary current is
thus expected with large-scale topographic waves
travelling eastward and providing a concentra­
tion of energy at the eastern boundary.

The position and thickneBS of the critical
layers, if any exist, may be determined as
follows. A critical layer will exist if the con­
tinuous function R(y) changes sign. Since
(h -1) is always negative, R can only vanish at
points where hll is negative (excluding cases
when h = I). Hence a critical layer can only
exist over topography where hll < 0; that is where
the depth is increasing towards the North.
It is near this critical line that not only the
frictional terms become important, but also the
non-linear intertial terms. The frictional terms
become important in the region where

IR(y)\ __ E1Jlflhlllll
and the non-linear intertial terms where

IR(y) 1 __ R~3 E'j/ Ih
llll

l2/
3

where R o = U/foL is the ROBSby number for
the flow. The actual thickness of each region
may be calculated for a given h(y). In general
the "non-linear region" is narrower than the
"frictional region".

When both zonal and meridional variatioIlB
of bottom topography are allowed, that is
when h is a function of x and y, the location of
boundary currents on either the eastern or
western boundary is again determined by the
sign of

However regioIlB of the ocean which have
boundary currents at opposite boundaries are
no longer separated by a "critical latitude"
but rather by a "critical line" or "critical
contour" (Welander, 1968). In a quite detailed
numerical investigation of a two-dimensional
oceanic model Holland (1967) has examined the
effect of various simple bottom shapes on the
oceanic circulation. It is not surprising that in
the sole case in which Holland allowed the ocean
depth to increase towards the north the nu­
merical solutioIlB broke down for large values
of his parameter characterising the inertial
terms. Although the topography is not spe·
cifically defined one expects that somewhere
(o/Oy)[f/(1 -h)] vanishes.
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APPENDIX

In the bottom Ekman layer an oblique i\=Vu(X,y)+vne-(I+I)KC+v13e-(l-IJKC (AS)
stretched co-ordinate system (x, y, C) is used
where ElC =Z +1 -h(x, y). Then provided where

the governing equations become

hz {EH 2 2}-fv=-Pz+El/2PC+ I+ lii (h z +hl/) uCC

(A 1)

hI/ {EH 2 2}fu= -PI/+ E1/2PC+ I+ lii (hz +hl/) Vee

(A2)

Further restrictions on the function h(x, y)
must now be made in order that the thickneBS
of the Ekman layer, EljK, remains much
smaller than unity. As the restrictions will be
placed on an upper bound for (hzS + hl/')l we
will consider the case where (hz' +hI/S):> 1
coupled with:

(a) 6(h~ +h~ )l:>1. Then K = o{(EjEH6)l
(h; +h~)-l) and the thickneBS of the Ekman
layer will be much leBS than unity only if

0= _6-
2
E-

1
/
2
pC+{ 1+ ;(h~+h~)}Wce

(A3) (b) 6(hz' +hl/')l < < 1. Then K = o{(EjEH)l
(hz' +h1/ 2 ) -l} and the corresponding require­
ment is

With the following expansions

where the overbars indicate the solutions in
the bottom Ekman layer. Equation (A4) im­
plies to O(E) that

Hence the Ekman layer solution will only
break down for slopes contained within the
thickness of the upwelling layers of thickness
Et or (6EH)l (Pedlosky, 1968).

Matching (A 7) and (AS) with the interior
solution (3) gives

whose bounded solution as C-+ 00 is

Applying the boundary condition that the
velocity is zero at C~ 0 (z = 0) gives

From further substitution of (A 5) into (A 1)
to (A4) it may be shown that ul and vl satisfy
the Ekman layer equation

Then the boundary conditions ul = vl = wl ~ 0
at C=0 and the 0(1) terms of (AI), (A2) deter­
mine the arbitrary functions Un, Un, Vw vn in
terms of U l and Vl • The resulting solution is
then

Equation (A6) then gives the vertical velocity
in the lower Ekman layer as

Vl = v l +e- KC[ -vl cos KC +ul {I + 62(h~

+h~)}l sin KC]

Ul ~ U l +e- KC[ -Ul cos KC -v l {I +6S(h~

+h~) }-l sin KC]

(A6)

(A 7) WB = El(hzu l +hl/vl ) +exponential terms (A9)

Tellus XXIII (1971), 2



ON THE VABlATION OF OCEAN CmCULATION 121

Acknowledgements

The authors would like to express their ap­
preciation to Dr R. K. Smith for many helpful
comments. This work was carried out whilst

J. A. J. was a visiting lecturer in the Mathe­
matics Department at Monash University and
whilst C. B. F. was supported by a CSIRO
Postgraduate Studentship.

REFERENCES

Barrett, J. R. 1965. Subsurface currents off Cape
Hatteras. Deep Sea Rea. 12, 173-184.

Clarke, R. A. & Fofonoff, N. P. 1969. Oceanic
flow over varying bottom topography. J. Mar.
Res. 27, 226-240.

Holland, W. R. 1967. On the wind-driven circula­
tion in an ocean with bottom topography. Tellus
19, 582-600.

Hsueh, Y. 1969. Bottom topography and variable
wind stress. J. Geophys. Rea. 72, 4101-4107.

Johnson, J. A. 1968. A three dimensional model
of the wind driven ocean circulation. J. Fluid
Meeh. 34, 721-734.

Lighthill, 1\1. J. 1966. Dynamics of rotating fluids:
a survey. J. Fluid Meeh. 26, 411-431.

Pedlosky, J. 1965. A note on the western intensi­
fication of the oceanic circulation. J. Mar. Rea.
23, 207-209.

Pedlosky, J. 1968. An overlooked aspect of the wind­
driven oceanic circulation. J. Fluid Meeh. 32,
809-821.

Stommel, H. 1958. The Gulf Stream. University of
California Press.

Veronis, G. 1966. Rossby waves with bottom
topography. J. Mar. Rea. 24, 338-349.

Warren, B. A. 1963. Topographic influences on
the path of the Gulf Stream. Tellus 16, 167-183.

Welander, P. 1968. Wind·driven circulation in one
and two layer oceans of variable depth. Tellus
20, 1-16.

OB M3MEWIMBOCTlI OKEAHMQECKOn nllPKYJIHIJ;MM,
IIOPOJR,II;AEMOn TOIIOrpAcI>MEn ,II;HA

llay'laeTCII TpexMepHalI ~HPHYJIII~HII, rropom­
~aeMalI aa~aHHLIM HarrplImeHHeM BeTpa B O~HO­

PO~HOM OHeaHe C rrpOHaBOJIbHott Torrorpa~Hett

~Ha. PeIIIeHHe HJIJIIOCTpHpyeTclI Ha npHMepe
paaJIH'lHLIX ~OPM ~Ha rrpH aa~aHHOM HanplIme­
HHH BeTpa. IIoKaaaHo, 'ITO B 06~eM CJIy'lae
Te'leHHe OTHJIOHlIeTCII Ha IOr B 06JIaCTH y6LI­
BaIO~ett rJIy6HHLI H Ha ceBep B 06JIaCTH BOa­
paCTaIO~ett rJIy6HHLI. O~HaKo, eCJIH HarrplIme­
HHe BeTpa HMeeT BoaMy~eHHe, ~aaa KOToporo
npOTKBOnOJIOlKHa HeO~HopOAHOCTH AHa, TO npe­
ALI~y~Htt peayJIbTaT cy~eCTBeHHO BK~OHaMe­

HlIeTCII. BOJIee Toro, eCJIK OHeaH yrJIy6JIIIeTCII K
ceBepy, TO MomeT cy~ecTBoBaTb ~KpHTH'leCHalI
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JIKHKII~, Ha KOTOpOtt %y(f/H) o6pa~aeTclI B
HyJIb (f - rrapaMeTp KOpHOJIHCa, H - rJIy6HHa
H y - KoopAHHaTa, HarrpaBJIeHHalI K ceBepy).
OHeaHH'leCHalI ~KPKYJIII~HII paa~eJIlIeTCII Tor~a

Ha ~Be 'laCTH: eCJIH BHXpb HarrpllmeHKII BeTpa
nOJIOmKTeJIeH, TO Ha IIIHpOTax ceBepHee ~KPH­

TH'leCKott JIHHHH~, rAe %y(f/H) nOJIOmHTeJIbHO,
BHyTpeHHee TorrOrpa~H'leCHOe Te'leHHe CBep~­

pyrra HarrpaBJIeHO Ha ceBep, H cy~ecTByeT

BOCTO'lHOe rrOrpaHH'lHOe Te'leHHe, TorAa HaH
~JIlI IIIHpOT IOmHee KpHTK'IeCKott JIKHHH, r~e

%y/f/H) oTpH~aTeJIbHO, BHyTpeHHee Te'leHHe
HarrpaBJIeHO Ha IOr, H cy~ecTByeT aarra~Hoe

nOrpaHH'IHOe Te'leHHe.


