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Abstract
Full Text
UDC 551.465

GEOPHYSICS

E. N. MIKHAILOVA, A. I. FEL’ZENBAUM, N. B. SHAPIRO

ON THE CALCULATION OF ICE DRIFT AND
CURRENTS IN THE ARCTIC BASIN
(Presented by Academician L. I. Sedov, 15 XI 1966)

Let us consider the stationary problem of determining ice drift, current velocity,
temperature, and salinity of the water in the Arctic basin. The ice cover, with
possible compressions and rarefactions taken into account, will be represented
as a continuous medium that behaves as a solid body in the vertical direction
and as a fluid in the horizontal directions (1−6).
The initial system of equations and boundary conditions is as follows:

𝑇𝑥 + 𝑅𝑥 + Ω𝜌�ℎ𝑣� + 𝑔𝜌�ℎ
𝜕𝜁′

𝜕𝑥 − 𝜌�ℎ (𝑢�
𝜕𝑢�
𝜕𝑥 + 𝑣�

𝜕𝑢�
𝜕𝑦 ) = 0,

𝑇𝑦 + 𝑅𝑦 − Ω𝜌�ℎ𝑢� + 𝑔𝜌�ℎ
𝜕𝜁′

𝜕𝑦 − 𝜌�ℎ (𝑢�
𝜕𝑣�
𝜕𝑥 + 𝑣�

𝜕𝑣�
𝜕𝑦 ) = 0; (1)

𝐴𝜕2𝑢
𝜕𝑧2 + Ω𝑣 = −𝑔 𝜕𝜁′

𝜕𝑥 + 𝑔
𝜌0

∫
𝑧

0

𝜕𝜌
𝜕𝑥 𝑑𝑧 + 𝑢𝜕𝑢

𝜕𝑥 + 𝑣𝜕𝑢
𝜕𝑦 + 𝑤𝜕𝑢

𝜕𝑧 = 0,

𝐴𝜕2𝑣
𝜕𝑧2 − Ω𝑢 = −𝑔 𝜕𝜁′

𝜕𝑦 + 𝑔
𝜌0

∫
𝑧

0

𝜕𝜌
𝜕𝑦 𝑑𝑧 + 𝑢 𝜕𝑣

𝜕𝑥 + 𝑣 𝜕𝑣
𝜕𝑦 + 𝑤𝜕𝑣

𝜕𝑧 = 0; (2)

𝑤 = ∫
𝐻

𝑧
(𝜕𝑢

𝜕𝑥 + 𝜕𝑣
𝜕𝑦 ) 𝑑𝑧; (3)

𝜁′ = 𝜁 − 1
𝑔𝜌𝑝𝑎 − 𝜌�

𝜌 ℎ; (4)

∬
𝜎

𝜁 𝑑𝑥 𝑑𝑦 = 0; (5)

𝜕
𝜕𝑥 (𝜌0𝑆𝑥 + 𝜌�ℎ𝑢�) + 𝜕

𝜕𝑦 (𝜌0𝑆𝑦 + 𝜌�ℎ𝑣�) = 0; (6)
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𝑢𝜕𝜏
𝜕𝑥 + 𝑣𝜕𝜏

𝜕𝑦 + 𝑤𝜕𝜏
𝜕𝑧 = 𝜕

𝜕𝑧 (𝜘𝜏𝑧
𝜕𝜏
𝜕𝑧 ) + 𝜕

𝜕𝑥 (𝜘𝜏𝑥
𝜕𝜏
𝜕𝑥) + 𝜕

𝜕𝑦 (𝜘𝜏𝑦
𝜕𝜏
𝜕𝑦 ) ,

𝑢 𝜕𝑠
𝜕𝑥 + 𝑣 𝜕𝑠

𝜕𝑦 + 𝑤𝜕𝑠
𝜕𝑧 = 𝜕

𝜕𝑧 (𝜘𝑠𝑧
𝜕𝑠
𝜕𝑧 ) + 𝜕

𝜕𝑥 (𝜘𝑠𝑥
𝜕𝑠
𝜕𝑥) + 𝜕

𝜕𝑦 (𝜘𝑠𝑦
𝜕𝑠
𝜕𝑦 ) ; (7)

𝜌 = 𝑓(𝜏, 𝑠) + 𝛿𝑧; (8)

𝐴𝑎
𝜕2𝑢𝑎
𝜕𝑧2 + Ω𝑣𝑎 = 1

𝜌𝑎

𝜕𝑝𝑎
𝜕𝑥 , 𝐴𝑎

𝜕2𝑣𝑎
𝜕𝑧2 − Ω𝑢𝑎 = 1

𝜌𝑎

𝜕𝑝𝑎
𝜕𝑦 ; (9)

for 𝑧 = −ℎ + 𝜁

𝑢𝑎 = 𝑢�, 𝑣𝑎 = 𝑣�; (10)

𝑇𝑥 = −𝜌𝑎𝐴𝑎
𝜕𝑢𝑎
𝜕𝑧 , 𝑇𝑦 = −𝜌𝑎𝐴𝑎

𝜕𝑣𝑎
𝜕𝑧 ; (11)

at 𝑧 = 𝜁

𝑢l = 𝑢, 𝑣l = 𝑣; (12)

𝑅𝑥 = 𝜌𝐴𝜕𝑢
𝜕𝑧 , 𝑅𝑦 = 𝜌𝐴𝜕𝑣

𝜕𝑧 ; (13)

𝑎0
𝜏

𝜕𝜏
𝜕𝑧 + 𝑏0

𝜏𝜏 = 𝑓0
𝜏 , 𝑎0

𝑠
𝜕𝑠
𝜕𝑧 + 𝑏0

𝑠𝑠 = 𝑓0
𝑠 ; (14)

at 𝑧 = 𝐻

𝑢 = 𝑣 = 0; (15)

𝑎𝐻
𝜏

𝜕𝜏
𝜕𝑧 + 𝑏𝐻

𝜏 𝜏 = 𝑓𝐻
𝜏 , 𝑎𝐻

𝑠
𝜕𝑠
𝜕𝑧 + 𝑏𝐻𝑠

𝑠 = 𝑓𝐻
𝑠 ; (16)

at 𝑧 → −∞

𝑢𝑎 = − 1
Ω𝜌𝑎

𝜕𝑝𝑎
𝜕𝑦 , 𝑣𝑎 = 1

Ω𝜌𝑎

𝜕𝑝𝑎
𝜕𝑥 ; (17)

on the contour 𝐿
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𝜌0𝑆𝑛 + 𝜌lℎ𝑣l𝑛 = 𝑄; (18)

𝑎𝐿
𝜏

𝜕𝜏
𝜕𝑛 + 𝑏𝐿

𝜏 𝜏 = 𝑓𝐿
𝜏 , 𝑎𝐿

𝑠
𝜕𝑠
𝜕𝑛 + 𝑏𝐿𝑠

𝑠 = 𝑓𝐿
𝑠 . (19)

In (1)—(19), 𝑢, 𝑣, 𝑤 are the components of the current velocity along the Carte-
sian coordinate axes 𝑋, 𝑌 , 𝑍; 𝑇𝑥, 𝑇𝑦 and 𝑅𝑥, 𝑅𝑦 are the components of the
tangential stresses on the upper and lower surfaces of the ice; 𝑝 is pressure; 𝜌 is
density; 𝜏 is temperature; 𝑠 is salinity; 𝛿 is the coefficient of compressibility; 𝑔 is
the acceleration due to gravity; Ω is the Coriolis parameter; 𝐴 is the kinematic
coefficient of vertical exchange of momentum; 𝜘𝜏 and 𝜘𝑠 are the coefficients of
turbulent diffusion; ℎ is the ice thickness; 𝐻 is the depth of the basin; 𝑧 = 𝜁 is
the equation of the lower surface of the ice*; 𝑛 is the direction of the normal to
the contour of the basin 𝐿, bounding the area 𝜎; 𝑆𝑥, 𝑆𝑦 are the components of
the total transport:

𝑆𝑥 = ∫
𝐻

𝜁
𝑢 𝑑𝑧, 𝑆𝑦 = ∫

𝐻

𝜁
𝑣 𝑑𝑧; (20)

the subscripts l and a refer to ice and atmosphere; 𝜌0 is the mean density of sea
water.

The quantities 𝑎, 𝑏, 𝑓, 𝑄 must be chosen so that the condition of stationarity of
the problem is not violated: there must be no accumulation of heat, salt, or
water mass in the basin.

Condition (18) is formulated, as in the case of an ice-free sea (7), on a contour
some distance from the coast. On the part of the contour where the normal
meets the shore, 𝑄 = 0 is assumed. On liquid boundaries the quantity 𝑄 is
in most cases taken equal to the water discharge, since the first term in the
left-hand side of (18) is usually considerably larger than the second.

The right-hand sides in (9) are taken to be independent of 𝑧. Taking into
account that the velocity of the geostrophic wind is approximately 100 times
greater than the ice-drift velocity, from (9), (10), (11) we obtain with sufficient
accuracy

𝑇𝑥 = −√𝐴𝑎
2Ω (𝜕𝑝𝑎

𝜕𝑥 + 𝜕𝑝𝑎
𝜕𝑦 ) , 𝑇𝑦 = √𝐴𝑎

2Ω (𝜕𝑝𝑎
𝜕𝑥 − 𝜕𝑝𝑎

𝜕𝑦 ) . (21)

From (2), (13), (15) we obtain

𝑢 = −𝑁𝑅𝑥 − 𝑀𝑅𝑦 + Θ 𝜕𝜁′/𝜕𝑥 + Λ 𝜕𝜁′/𝜕𝑦 + 𝑢∗,
𝑣 = 𝑀𝑅𝑥 − 𝑁𝑅𝑦 − Λ 𝜕𝜁′/𝜕𝑥 + Θ 𝜕𝜁′/𝜕𝑦 + 𝑣∗, (22)
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where the conditions (13) have been approximately referred to 𝑧 = 0; the quanti-
ties with asterisks are due to the inhomogeneity of the water and the nonlinearity
of equations (2) (7, 8).

* The 𝑍-axis is directed vertically downward. The origin of coordinates is chosen
so that condition (5) is satisfied.

Substituting (22) into (20) and taking the lower limit of integration in (20) equal
to zero, we obtain, with sufficient accuracy,

𝑆𝑥 = −𝑛𝑅𝑥 − 𝑚𝑅𝑦 + 𝜗 𝜕𝜁′/𝜕𝑥 + 𝜆 𝜕𝜁′/𝜕𝑦 + 𝑆∗
𝑥,

𝑆𝑦 = 𝑚𝑅𝑥 − 𝑛𝑅𝑦 − 𝜆 𝜕𝜁′/𝜕𝑥 + 𝜗 𝜕𝜁′/𝜕𝑦 + 𝑆∗
𝑦. (23)

Equation (6) makes it possible to introduce the function 𝜓(𝑥, 𝑦):

𝜌0𝑆𝑥 + 𝜌𝑙ℎ𝑢𝑙 = −𝜕𝜓/𝜕𝑦, 𝜌0𝑆𝑦 + 𝜌𝑙ℎ𝑣𝑙 = 𝜕𝜓/𝜕𝑥. (24)

From conditions (12), referred approximately to 𝑧 = 0 (index 0), and (22), we
obtain

𝑢𝑙 = −𝑁0𝑅𝑥 − 𝑀0𝑅𝑦 + Θ0𝜕𝜁′/𝜕𝑥 + Λ0𝜕𝜁′/𝜕𝑦 + 𝑢∗
𝑙 ,

𝑣𝑙 = 𝑀0𝑅𝑥 − 𝑁0𝑅𝑦 − Λ0𝜕𝜁′/𝜕𝑥 + Θ 𝜕𝜁′/𝜕𝑦 + 𝑣∗
𝑙 . (25)

Substitute (25) into (1) and solve the resulting system of equations with respect
to 𝑅𝑥, 𝑅𝑦:

𝑅𝑥 = − (1 + Ω𝜌𝑙ℎ𝑀0)𝑏𝑇𝑥 − Ω𝜌𝑙ℎ𝑁0𝑏𝑇𝑦 + 𝜌𝑙ℎ𝑏[(ΩΛ0 − 𝑔)(1 + Ω𝜌𝑙ℎ𝑀0)+
+ Ω2𝜌𝑙ℎΘ0𝑁0]𝜕𝜁′/𝜕𝑥 + 𝜌𝑙ℎ𝑏[−ΩΘ0(1 + Ω𝜌𝑙ℎ𝑀0) + (ΩΛ0 − 𝑔)Ω𝜌𝑙ℎ𝑁0]×
× 𝜕𝜁′/𝜕𝑦 − (1 + Ω𝜌𝑙ℎ𝑀0)𝑏(𝐹 ∗

𝑢 + Ω𝜌𝑙ℎ𝑣∗
𝑙 ) − Ω𝜌𝑙ℎ𝑁0𝑏(𝐹 ∗

𝑣 − Ω𝜌𝑙ℎ𝑢∗
𝑙 ),

𝑅𝑦 = Ω𝜌𝑙ℎ𝑁0𝑏𝑇𝑥 − (1 + Ω𝜌𝑙ℎ𝑀0)𝑇𝑦 + 𝜌𝑙ℎ𝑏[−(ΩΛ0 − 𝑔)Ω𝜌𝑙ℎ𝑁0+
+ ΩΘ0(1 + Ω𝜌𝑙ℎ𝑀0)]𝜕𝜁′/𝜕𝑥 + 𝜌𝑙ℎ𝑏[Ω2𝜌𝑙ℎΘ0𝑁0+
+ (ΩΛ0 − 𝑔)(1 + Ω𝜌𝑙ℎ𝑀0)]𝜕𝜁′/𝜕𝑦 + Ω𝜌𝑙ℎ𝑁0𝑏(𝐹 ∗

𝑢 + Ω𝜌𝑙ℎ𝑣∗
𝑙 )−

− (1 + Ω𝜌𝑙ℎ𝑀0)𝑏(𝐹 ∗
𝑣 − Ω𝜌𝑙ℎ𝑢∗

𝑙 ),
(26)

where

𝑏 = [(1 + Ω𝜌𝑙ℎ𝑀0)2 + (Ω𝜌𝑙ℎ𝑁0)2]−1; (27)

𝐹 ∗
𝑢 = −𝜌𝑙ℎ (𝑢𝑙

𝜕𝑢𝑙
𝜕𝑥 + 𝑣𝑙

𝜕𝑢𝑙
𝜕𝑦 ) , 𝐹 ∗

𝑣 = −𝜌𝑙ℎ (𝑢𝑙
𝜕𝑣𝑙
𝜕𝑥 + 𝑣𝑙

𝜕𝑣𝑙
𝜕𝑦 ) . (28)
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We now substitute (26) into (23), (25), and then the result into (24). We obtain

𝑐1
𝜕𝜁′

𝜕𝑥 + 𝑐2
𝜕𝜁′

𝜕𝑦 = −1
𝑏

𝜕𝜓
𝜕𝑦 + 𝐹1 + 𝐹 ∗

1 ,

𝑐3
𝜕𝜁′

𝜕𝑥 + 𝑐4
𝜕𝜁′

𝜕𝑦 = −1
𝑏

𝜕𝜓
𝜕𝑥 + 𝐹2 + 𝐹 ∗

2 ,
(29)

where

𝑐1 = (𝜌0𝜗 + 𝜌𝑙ℎΘ0)/𝑏 − (𝜌𝑙ℎ𝑁0 + 𝜌0𝑛)𝜌𝑙ℎ[(ΩΛ0 − 𝑔)(1 + Ω𝜌𝑙ℎ𝑀0)+
+ Ω2𝜌𝑙ℎΘ0𝑁0] + (𝜌𝑙ℎ𝑀0 + 𝜌0𝑚)𝜌𝑙ℎΩ[(ΩΛ0 − 𝑔)𝜌𝑙ℎ𝑁0−
− Θ0(1 + Ω𝜌𝑙ℎ𝑀0)],

𝑐2 = (𝜌0𝜆 + 𝜌𝑙ℎΛ0)/𝑏 + (𝜌0𝑛 + 𝜌𝑙ℎ𝑁0)𝜌𝑙ℎΩ[Θ0(1 + Ω𝜌𝑙ℎ𝑀0)−
− (ΩΛ0 − 𝑔)𝜌𝑙ℎ𝑁0] − (𝜌0𝑚 + 𝜌𝑙ℎ𝑀0)𝜌𝑙ℎ[Ω2𝜌𝑙ℎΘ0𝑁0+
+ (ΩΛ0 − 𝑔)(1 + Ω𝜌0ℎ𝑀0)],

𝑐3 = − (𝜌0𝜆 + 𝜌𝑙ℎΛ0)/𝑏 + (𝜌0𝑚 + 𝜌𝑙ℎ𝑀0)𝜌𝑙ℎ[(ΩΛ0 − 𝑔)(1 + Ω𝜌𝑙ℎ𝑀0)+
+ Ω2𝜌𝑙ℎΘ0𝑁0] + (𝜌0𝑛 + 𝜌𝑙ℎ𝑁0)𝜌𝑙ℎΩ[(ΩΛ0 − 𝑔)𝜌𝑙ℎ𝑁0−
− Θ0(1 + Ω𝜌𝑙ℎ𝑀0)],

𝑐4 = (𝜌0𝜗 + 𝜌𝑙ℎΘ0)/𝑏 − (𝜌0𝑚 + 𝜌𝑙ℎ𝑀0)𝜌𝑙ℎΩ[Θ0(1 + Ω𝜌𝑙ℎ𝑀0)−
− (ΩΛ0 − 𝑔)𝜌𝑙ℎ𝑁0] − (𝜌0𝑛 + 𝜌𝑙ℎ𝑁0)𝜌𝑙ℎ[Ω2𝜌𝑙ℎΘ0𝑁0+
+ (ΩΛ0 − 𝑔)(1 + Ω𝜌𝑙ℎ𝑀0)];

(30)

𝐹1 = [−(𝜌0𝑛 + 𝜌𝑙ℎ𝑁0)(1 + Ω𝜌𝑙ℎ𝑀0) + (𝜌0𝑚 + 𝜌𝑙ℎ𝑀0)Ω𝜌𝑙ℎ𝑁0]𝑇𝑥−
− [(𝜌0𝑛 + 𝜌𝑙ℎ𝑁0)Ω𝜌𝑙ℎ𝑁0 + (𝜌0𝑚 + 𝜌𝑙ℎ𝑀0)(1 + Ω𝜌𝑙ℎ𝑀0)]𝑇𝑦, (31)

𝐹2 = [(𝜌0𝑚 + 𝜌ℓℎ𝑀0)(1 + Ω𝜌ℓℎ𝑀0) + (𝜌0𝑛 + 𝜌ℓℎ𝑁0)Ω𝜌ℓℎ𝑁0]𝑇𝑥+
+ [(𝜌0𝑚 + 𝜌ℓℎ𝑀0)Ω𝜌ℓℎ𝑁0 − (𝜌0𝑛 + 𝜌ℓℎ𝑁0)(1 + Ω𝜌ℓℎ𝑀0)]𝑇𝑦; (31)

𝐹 ∗
1 = − (𝜌0𝑆∗

𝑥 + 𝜌ℓℎ𝑢∗
ℓ)/𝑏 − (𝜌0𝑛 + 𝜌ℓℎ𝑁0)[(𝐹 ∗

𝑢 + Ω𝜌ℓℎ𝑣∗
ℓ)(1 + Ω𝜌ℓℎ𝑀0)+

+ (𝐹 ∗
𝑣 − Ω𝜌ℓℎ𝑢∗)Ω𝜌ℓℎ𝑁0] + (𝜌0𝑚 + 𝜌ℓℎ𝑀0)[(𝐹 ∗

𝑢 + Ω𝜌ℓℎ𝑣∗
ℓ)Ω𝜌ℓℎ𝑁0−

− (𝐹 ∗
𝑣 − Ω𝜌ℓℎ𝑢∗

ℓ)(1 + Ω𝜌ℓℎ𝑀0)],

𝐹 ∗
2 = − (𝜌0𝑆∗

𝑦 + 𝜌ℓℎ𝑣∗
ℓ)/𝑏 + (𝜌0𝑚 + 𝜌ℓℎ𝑀0)[(𝐹 ∗

𝑢 + Ω𝜌ℓℎ𝑣∗
ℓ)(1 + Ω𝜌ℓℎ𝑀0)+

+ (𝐹 ∗
𝑣 − Ω𝜌ℓℎ𝑢∗)Ω𝜌ℓℎ𝑁0] + (𝜌0𝑛 + 𝜌ℓℎ𝑁0)[(𝐹 ∗

𝑢 + Ω𝜌ℓℎ𝑣∗
ℓ)Ω𝜌ℓℎ𝑁0−

− (𝐹 ∗
𝑣 − Ω𝜌ℓℎ𝑢∗)(1 + Ω𝜌ℓℎ𝑀0)].

(32)
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Solving (29) with respect to 𝜕𝜉′/𝜕𝑥 and 𝜕𝜉′/𝜕𝑦,

𝜕𝜉′/𝜕𝑥 = − 𝑐′
2 𝜕𝜓/𝜕𝑥 − 𝑐′

4 𝜕𝜓/𝜕𝑦 + 𝑏𝑐′
4𝐹1 − 𝑏𝑐′

2𝐹2 + 𝑏𝑐′
4𝐹 ∗

1 − 𝑏𝑐′
2𝐹 ∗

2 ,
𝜕𝜉′/𝜕𝑦 = 𝑐′

1 𝜕𝜓/𝜕𝑥 + 𝑐′
3 𝜕𝜓/𝜕𝑦 + 𝑏𝑐′

1𝐹2 − 𝑏𝑐′
3𝐹1 + 𝑏𝑐′

1𝐹 ∗
2 − 𝑏𝑐′

3𝐹 ∗
1 , (33)

where

𝑐′
𝑖 = 𝑐𝑖/𝑏 (𝑐1𝑐4 − 𝑐2𝑐3) (𝑖 = 1, 2, 3, 4). (34)

Eliminating 𝜉′ from (33), we obtain the basic equation

𝜕
𝜕𝑥 (𝑐′

1
𝜕𝜓
𝜕𝑥 ) + 𝜕

𝜕𝑦 (𝑐′
2

𝜕𝜓
𝜕𝑦 ) + 𝜕

𝜕𝑦 (𝑐′
3

𝜕𝜓
𝜕𝑦 ) + 𝜕

𝜕𝑥 (𝑐′
4

𝜕𝜓
𝜕𝑦 ) =

= 𝜕
𝜕𝑦 (𝑏𝑐′

4𝐹1 − 𝑏𝑐′
2𝐹2) + 𝜕

𝜕𝑦 (𝑏𝑐′
4𝐹 ∗

1 − 𝑏𝑐′
2𝐹 ∗

2 )

− 𝜕
𝜕𝑥(𝑏𝑐′

1𝐹2 − 𝑏𝑐′
3𝐹1) − 𝜕

𝜕𝑥(𝑏𝑐′
1𝐹 ∗

2 − 𝑏𝑐′
3𝐹 ∗

1 ).
(35)

The boundary condition (18) can be written in the form

𝜓 = 𝑄′(𝐿), (36)

where 𝑄′ is a known function.

If the fluid is homogeneous and the problem is linear, then all quantities with an
asterisk vanish. In this case equation (35) is first solved under condition (36),
and then all the sought functions are calculated from the formulas obtained,
analogously to how this is done for an ice-free sea (9). The nonlinear problem
for a homogeneous fluid is solved by the method of successive approximations
(10). If the density field is known from observations*, then the problem is
solved in an analogous way. Finally, if the temperature and salinity fields are
to be found, then a system of equations is solved that includes (7), (8) (8). We
note that in this case it is important to choose correctly the dependence of
𝜒𝑡𝑧 and 𝜒𝑠𝑧 on 𝑧. It can be determined in advance when solving the problem
from the temperature and salinity fields of seawater known from observations,
if horizontal diffusion is neglected.

Marine Hydrophysical Institute
Academy of Sciences of the Ukrainian SSR

Received
15 XI 1966

sovietrxiv.org/items/ru-196701.49922 Machine Translation

https://sovietrxiv.org/items/ru-196701.49922


CITED LITERATURE
1 A. I. Felzenbaum, DAN, 113, No. 2 (1957).
2 A. I. Felzenbaum, DAN, 116, No. 2 (1957).
3 A. I. Felzenbaum, Problems of the North, issue 2, 1958.
4 A. I. Felzenbaum, DAN, 126, No. 1 (1959).
5 A. I. Felzenbaum, Development of the Theory of Steady Sea Currents and Ice
Drift, Moscow, 1961.
6 A. I. Felzenbaum, DAN, 164, No. 3 (1965).
7 A. I. Felzenbaum, Theoretical Foundations and Methods for Calculating Steady
Sea Currents, Moscow, 1960.
8 E. N. Mikhailova, A. I. Felzenbaum, N. B. Shapiro, DAN, 168, No. 4 (1966).
9 A. I. Felzenbaum, N. B. Shapiro, DAN, 168, No. 3 (1966).
10 E. N. Mikhailova, A. I. Felzenbaum, N. B. Shapiro, DAN, 175, No. 5 (1967).
11 A. S. Sarkisyan, Foundations of the Theory and Calculation of Ocean Currents,
Leningrad, 1966.

* A similar problem for an ice-free ocean is considered in (11).
Note: Figure translations are in progress. See original paper for figures.

Source: Math-Net.Ru and CyberLeninka. Machine translation. Verify with the
original.
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