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FOREWORD 

During May 13-16, 2013 in Moscow there was an International conference 

"Turbulence, Atmosphere and Climate Dynamics" which was devoted to the mem-

ory of Academician A.M. Obukhov and was dealing to the research in the atmos-

pheric physics , environment and climate. The organizers of the Conference were 

the A.M. Obukhov Institute of Atmospheric Physics of the Russian Academy of 

Sciences (RAS), Department of  Earth Sciences of RAS, the Russian Foundation 

for Basic Research. 

Alexandr Mikhailovich Obukhov (05.05.1918 – 03.12.1989) is an outstanding 

scientist of the modern time, the developer together with Andrey Nikolaevich 

Kolmogorov of the small-scale turbulence theory. This theory determined the de-

velopment of many areas of science on the natural phenomena including fluid me-

chanics. The Conference program included plenary reports of leading Russian sci-

entists, among them direct A.M. Obukhov’s students. There were many oral and 

poster presentations in the framework of six Conference sections: Turbulence, 

Geophysical Fluid Dynamics, Dynamics of the Atmospheric and Climate System, 

Atmospheric Physics and Composition, Atmosphere-Ocean Interaction, Wave 

Propagation.

The Conference had arisen a significant interest of the Russian and international 

community. There were 225 participants, 158 contributions, including 124 oral 

talks. The contributions presented contemporary achievements in the above men-

tioned areas of science and their perspectives. We hope that the presented collec-

tion of  papers will be interesting for the wide scientific community. 

G.S. Golitsyn, I.I. Mokhov 
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 (2.28) ,  (2.24), (2.25): 

)0()0()1(

1
fff MNMLML Tt +−= . (2.29) 

 (2.29) , f
(1)

t :

0)0()0(

1
>=<− ff MNML T , (2.30) 

 (2.15) .
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 (2.30) 

(2.24); >< )0(
fMN )0(

f , -

)0(
f  (2.24 )  (2.30). 

. , -

,
)0(~

f , . .

0
~ )0( =If , (2.31) 

ε/1~ ,
)0()0(

ff =
)0(

f

0)0( =fR , 0)0()0(

1
=− ff MNML T , (2.32) 

 (2.31) 

II ff =)0(
. (2.33) 

, ,
)0(

If  (2.27 , ), -

 (2.33) fI, -

:

RfI = 0. (2.34) 

 (2.32)  (2.33) -

, , -

 (2.17).  (2.34) « »

.

-

 ( . 1) :

Ut + (u·∇)u = ∇p, ∇·u = 0. (3.1 , )

. 1. .
; .

3D

u = (u,v,w) u,v,w,

x,y,z, ; p ;
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gHU /=ε , U , H

, g . z
= z = 1 :

εςες ςςες == ++= zyxtz vuw )( , ςες ==zp , 0
1
=−=zw . (3.2 , , )

,

),(),( 0 IIt ςς uu == . (3.2 )

 (3.1), (3.2) L = H,

gHLT /= , U, gHUP 0ρ= D = H.

«I» .

.  (3.1), (3.2) 

 = 0: 

0, =⋅∇−∇= uu pt ; ),(),( 0 ςς tzpw == , 0
1
=−=zw ; (3.3 , , , )

 (3.2 ) .  (3.3 ) -

:

yx
z

xz
y

zy
xzyx uvwuvw −=−=−=== ΩΩΩΩΩΩ ,,),(),,(rot xu , (3.4 , , , )

. .  (3.3)  3 
zyx ,,Ω :

IyIx
z
I

z
IxIz

y
I

y
IzIy

x
I

x uvwuvw −==−==−== ΩΩΩΩΩΩ ,, . (3.5 , , )

 (2.11), . .

)~,~,~(),,(),,( ςςς ppp uuu += , (3.6)

0,0 =⋅∇== uςp , ),,(rot zyx ΩΩΩ=u , (3.7 , , )

:

0
1,0
=−=zw . (3.7 )

, :

0~rot,0~,~~ ==⋅∇−∇= uuu pt ; )~,~()~,~( 0 ςς tzpw == ,

0~
1
=−=zw .

(3.8 , , , , )

: -

y
Ix

x
Iyw ΩΩ∆ -=  (3.7 ), -

z
Ixyz

z
Iyxz wvwu Ω∆Ω∆ +−=−−= 22 , ,

yyxxzzyyxx ∂+∂=∂+∂+∂= 2, ∆∆ . ,

:

),()~,~( 0 IIt ςς uuu −== . (3.9)
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 (3.8) -

: ,

 (3.8 ),

0,0)(,0;~,~
10 ==+=−=∇= −== zzzttztp ΦΦΦ∆ΦΦΦu . (3.10 , , , , )

-

:

κκσκΦ σ th),,(,)1(ch)( 2)( ==+= − lkdezA ti x
. (3.11 , , )

- ( )  (3.9). 

,

, t -  « »

. :

∞→== ttOtO ),/1(~),/1( 2
uΦ , (3.12) 

. .

,  (3.5), (3.7), -

 (3.7 , ) ( . . 1).  

.
,  << 1. 

 (2.19), . .

tTTTtTTt n
n εε =++= ...,,...),,,(,...),,,( 21

)1(
21

)0(
xuxuu ; (3.13) 

.  (3.13)  (3.1), (3.2) 

,  (3.3), 

 (3.4), (3.6) – (3.12) . -

,  (3.4 )

(3.11) , . :

...),,(),,(rot 21
)0( TTzyx

xu == ΩΩΩ , ,...),,( 21 TTAA= , (3.14 , )

-

.

:

0,])([ )1()1()0()0()0()1(

1
=⋅∇∇−∇⋅+−= uuuuu pTt ; (3.15 , )

,:0 )0()0()0()0()0()0()0()1()1(

1 yxTzt vuwwz ςςςςς +++−==
)0()0()1()1( ςς zpp −= ;

(3.16 , )

0),,(;0 0
)1()1()1(

1

)1( == =
−=

t
z

vuw ς . (3.16 , )

0~,...),,,(~,...),( )1(
1

)1(
1

)1()1( >=<+= uxuxuu TtT , (3.17)  

 (2.15).  

 (3.15 ), :
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∇⋅+∂=∇⋅−−=∂ )0()0()0()0()0()0()1(
111

],)rot(rot[rot uuuuu TTTt DD . (3.18 , )

 (3.18 ) ;  (3.12) -

0)rot(rot )0()0()0()0(

1
=∇⋅− uuuTD . (3.19) 

 (3.19) 

, -

. , -

 (3.7 ):

0
1,0

)0( =
−=z

w . (3.20) 

 (3.19)  (3.20) -

-

.

 (3.20) 

t ~ 1/  ( . . 1).  (3.15), -

1p :

])([ )0()0()0()1(

1
uuu ∇⋅+−=∇ Tp ; (3.21) 

,  (3.19) 

(3.21). 1p ,  (3.16 ) ),0,,( 1
)1()1( Tyxp=ς , . .

 « » . -

, -

,  (3.18 ).

, -

 = f / 2 , . 2. 

:

0,ˆ)( =⋅∇∇−=×+∇⋅+ uueuuu z pft ε . (4.1 , )

: T = 1/f -

; L ; U, W = UH/L, P = 0UfL Z = H
, ,

, ;  = U / fL -

,  = H/L, )/,,(ˆ 2δzyx ∂∂∂=∇ .  (3.2 , , ) ,

;  (3.2 ) :

ςες Bup z == , (4.2)

22 / LLBu R= , fgHLR /= .

.  ( . .  = 0) -

 (4.1), (3.2 , ), (4.2) :
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. 2. .
; .  + 

, -

xt pvu −=− , yt puv −=+ , 2/δzt pw −= , 0=++ zyx wvu ; (4.3 , , , )

),(),( 0 ςς Bupw tz == , 0
1
=−=zw . (4.4 , )

 (4.3 , ), z
-1  0,  (4.3 ), (4.4 ), :

−−

−−==−−=

0

1

0

1

)(),()( IIyIxIyx dzuvyxdzuv ςΠςΠ . (4.5)

, ,

§3, , -

.

 (2.11) ( .  (3.6)) 

:

xpv = , ypu −= , 0=w , ςBup = (4.6 , , , )

,  (4.5), (4.6): 

IBuBu Πςς∆ 11
2

−− =− . (4.7 , )

 (3.6)  (4.3), (4.4) -

 (4.5) -

:

)](iexp[)](),(),(),(),([),,,,( )()()()()( tlykxzZzPzWzVzUpwvu wwwww σς −+= . (4.8)

 (4.8)  (4.3), (4.4), W(z):

0,0])/()1sgn([,0)1sgn(
10

22222 ==−−=−− −== zzzzz WWqBuWWqW σδσδσ ; (4.9 , , )

2/12 |1| −= σδσκq . -

-

:

1,/th),1(sh 22 ≥==+= gBuqqzqW σσσδ ; (4.10 , , )

, :

1,/tg),1(sin 22 ≤=−=+= girBuqqzqW σσσδ . (4.11 , , )

2 / Bu = f2H / g = 5·10-6 << 1 -

f = 10-4 c-1, H = 5·105 cm, 
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 << 0.05c-1 -

:

,...2,1,)/1/(;)( 2/122222/122 =+≅+≅ nnHfgHf girg πκσκσ (4.12 , )

H L LR  (4.12) -

-

:
g
gr

gir
gr

g
gr cfHcgHc <<δ~,~ . (4.13 , )

.  (4.1) 

, . .

 =  << 1.                                                 (4.14) 

 (4.14) , - , -

, , - , U = fH = 50 cm · cö 1.

 (4.13) 
gir
gr

g
gr cUc >>>> , . .

.

.

fgHLL R /== ;

Bu = 1.  (3.13); -

 (4.3), (4.4): 

)0()0()0(
xt pvu −=− ,

)0()0()0(
yt puv −=+ , 0)0( =zp ,

0)0()0()0( =++ zyx wvu ;
(4.15 , , , )

),(),( )0()0(
0

)0()0( ςς tzpw == , 0
1

)0( =
−=z

w ;

),,(),,( 0
)0()0()0(

IIIt vuvu ςς == .

(4.16 , , )

:

)1()0()0()0()1()1(
)(

1
xTt puuvu −∇⋅−−=− u ,

)1()0()0()1()1()1(
)(

1
yTt pvvuv −∇⋅−−=+ u ,

(4.17 , )

0)1( =zp , 0)1()1()1( =++ zyx wvu ; (4.17 , )

,:0 )0()0()0()0()0()0()0()1()1(

1 yxTzt vuwwz ςςςςς +++−==
)1()1( ς=p ;

(4.18 , )

0),,(;0 0
)1()1()1(

1

)1( == =
−=

t
z

vuw ς . (4.18 , )

 (4.15), (4.16)  (4.3), (4.4), 

 (4.5) :
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,...),,()( 1
)0(

0

1

)0()0()0()0( Tyxdzuv yx ΠςΠ =−−=

−

. (4.19) 

« » ),,( )0()0()0( ςpu

 (3.6) ,  (4.6) 

)0()0(
xpv = ,

)0()0(
ypu −= , 0)0( =w , )0()0( ς=p ; (4.20 , , , )

,  (4.7), 

:

,...),,( 1
)0()0()0(

2 TyxΠςς∆ =− . (4.21 , )

« » )~,~,~( )0()0()0( ςpu -

 (4.15), (4.16)  (4.19): 

)0()0()0( ~~~
xt pvu −=− ,

)0()0()0( ~~~
yt puv −=+ , 0~ )0( =zp ,

0~~~ )0()0()0( =++ zyx wvu ;
(4.22 , , , )

)~,~()~,~( )0()0(
0

)0()0( ςς tzpw == , 0~

1

)0( =
−=z

w ; (4.23 , )

0~)~~(
~

0

1

)0()0()0()0( =−−=

−

ςΠ dzuv yx . (4.24) 

 (4.22) – (4.24) 

)0,0,ˆ()~,~,~()~,~,~( )0()0()0()0()0()0()0(
uuu += ςςςp . (4.25)  

 (4.25) -

, :

)1(~~,)~,~()~,~(
)0()0(

0

1

)0()0()0()0( +==

−

zwdzvuvu tς , (4.26 , )

)0(~ς - :

0~~~ )0()0(
2

)0( =+− ςς∆ς tt . (4.27) 

 ( -

) :

=+−−==+

−

−−
0

1-1

)0(
1

)0()0( 0,..)(
2

1
ˆ,,...),,,(ˆˆ AdzccdziAAeweTzyxAviu

z

yx
itit . (4.28 , , )

- x,y  1/t
( ., , [4]): 
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∞→== ttOtO ),/1(~),/1(~ )0()0( ςu . (4.29) 

 ( -

, ) -

.

 « » (0) -

.

(4.17 , )  (4.18 )  ( . (4.19)): 

−

= −++=

0

1

0
)0()0()0()0()0()1(

])()[(
1

Ndzuu zyxTt ςςςΠ ,

−

−−=

0

1

)1()1()1()1( )( ςΠ dzuv yx , (4.30 , )

)0()0()0()0()0()0()0()0()0()0()0()0()0(
,)(

1
yxzyzxyxT uvuwvwvuN −=−+++∇+= ΩΩΩΩ u . (4.31 , )

 (4.30)  (2.15); -

 (3.6), (4.26),  (4.28)  (4.29), -

:
)0()0(

2
)0()0()0()0(

,0),(
1

ςς∆ΠΠςΠ −==+ JT
, (4.32 , )

J . , (4.32) -
(0) , -

 [4], -

z , . . .

 (4.17 , ) z  -

1  0  (4.17 , );  (4.17 ) :

−−

−=∇⋅+∇⋅−−=+

0

1

)1,0()1,0()1,0(

0

1

)0()0()0()0()0()1()1( ˆ,)()(ˆˆˆ
1

dzUUUdzUUUUU Tt uu
,

(4.33 , )

U = u + iv. , Û(1) )1(Û
t ,  (4.33 ) -

, e-it.  (4.20)  (4.28), ,

:

0
2

),( )0(
2

)0(
1

=++ A
i

AJAT ς∆ς . (4.34) 

 (4.34) -

 ~1/ . ,

0|)|,(|| )0(
1

=+ AJA T ς , (4.35) 

. .  ~1/ -

.  ( . (4.32)) 

.

(~1/ 2)  [8]. 



154 

, -

,

-

. -

.

-

, , -

, -

. , , -

,

-

. : -

,

 ( , 0=w ) -

, .

 [7, 10].  

1. Reznik G.M., Zeitlin V. Asymptotic Methods with Applications to the Fast-Slow Split-

ting and the Geostrophic Adjustment // Nonlinear dynamics of rotating shallow water: 
methods and advances Edited Series on Advances in Nonlinear Science and Complexi-

ty / Eds. Luo A.C.J., Zaslavsky G. V. 2. Elsevier, 2007. P. 47 120.  

2. . .  // . . . .

. 1949. . 13,  4. . 281 306.  

3. . ., . .
// . . . . 1958.  11. . 1360 1373.  

4. Phillips N.A., Blumen W., Cote O. Numerical weather prediction in the Soviet Union // 
Bull. Amer. Meteorol. Soc. 1960. V. 41. P. 599 617. 

5. Phillips N.A. Geostrophic motion // Rev. Geophys. 1963. V. 1. N 2. P. 123 176. 

6. Reznik G.M., Zeitlin V., Ben Jelloul M. Nonlinear theory of geostrophic adjustment. Part 

1. Rotating shallow-water model // J. Fluid Mech. 2001. V. 445. P. 93 120. 

7. Zeitlin V., Reznik G.M., Ben Jelloul M. Nonlinear theory of geostrophic adjustment. Part 
2. Two-layer and continuously stratified primitive equations // J. Fluid Mech. 2003.  

V. 491. P. 207 228. 

8. Reznik G.M. Geostrophic adjustment with gyroscopic waves: barotropic fluid without the 

traditional approximation // J. Fluid Mech. 2014. V. 743. P. 585 605. 

9. Rossby C.G. On the mutual adjustment of pressure and velocity distributions in certain 

simple current systems // J. Mar. Res. 1938. V. 1. P. 239 263. 

10.Reznik G.M. Geostrophic adjustment with gyroscopic waves: stably-neutrally stratified 

fluid without the traditional approximation // J. Fluid Mech. 2014. V. 747. P. 605 634.  



155 

. . , . .

. . . , .

,

( ) ,  « » -

-

 (  « -

»), , -

,

, ,  « -

» (  « - - »

[1]). 

, . . ,  ( -

Ro∼10-6, )

-  (

,  ( )), -

. -

 – “α- “  [2], ,

: TP BB →  (

« - » ).

 “ “

( ),  ( ),

θ λ . , -

, -

-

 “α, ω-

“: PB TB ,

“α- ” - TB PB
, , , -

PB . -

-

.

-

 7-  9-

 ( ), -

 ( ).

-

,

. ,
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 [3], -

 – “, -

”  [4],  [5]  [6]; 

.  [7 13]. 

 ( ) -

, . . Ro, -

-

,

[14 17]. 

 [18], :

( ) vBjgvgradpv
Dt

D
∆+×++×Ω−−= − νπρρ 4/21

,

0,0, ==−= BdivvdivdivqT
Dt

D
.

(1)

qgjBv ,,, – , , -

,  ( g, -

) , p, ρ  T – , ,

gradvtDtD ⋅+∂∂=  – t -

 – π/2 θ, λ r

( ( )1,0,0rkr = Ω -

). , -

,

-

.  (1) -

 (“ -

“  “ “ )

r :

(grad, rot, div) ≡

( ) ( ) ( )2 2 2

0 1 2 ,1, , , , , ,H H rk d d d r r r r rθ λ
− −∇ × ⋅ + ⋅ × ∆ = ∆ + ∆ ≡ ∆ + ∂ ∂ ∂ ∂

( ) ( ) ( ) ( ) ,sin,0,,sinsin 22222

,

1 λθθθθλθθθ λθ ∂∂+∂∂+∂∂≡∆∂∂∂∂≡∇ −− ctgrH

.2,1,0,)( =∂∂≡≡ − mrrrrdd mm
mm

:

( ) ( )rDLtTrt H ∂∂∇∂∂→∂∂∇∂∂ −−− 111 ,,,, ,

T = U-1 L – , -

 104 , L D – -

; -

U B; h -
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∇H .

, ri r re

( r = (re D/2)/D, re,iD
-1, Re Ri − -

,  3485  1225 , D = Re Ri), -

 (1)  (  [19]): 

( )[ ] ( ) ( )
( ) ( ) ( ) ( )

( ) ( ) ( ).,,,,,,

,

,,

11

0

1

00000

)1(

TrrrrpDgFRoTpTp

bkrkrkBrkBBrotj

BBBkbkBBkwRoRokv

eee
−−−+=

∇−∂∂∇×+∂∂∇−∆=×∂∂+×∇==

+≡+∇+∇×=+∇++∇×=

βρρρρρ

γχχ

δγχδϕψψ γχ

(2)

ψ (1) − -

; p0, 0, T0 −  ( r)

, , -

 (  [20]), Tp ,,ρ −

, /T0 −  ( -

-

);  (2) , Ro, δ = D/L
2

0

2 LLFe = , Ω= 200 DgL − , g0−

R = Re; , χ −
, ϕ γ −

. , -

χ, ϕ, γ Q P

krotQQ = ( )krotProtP =

: ( ) PrbrrPrQ λθγχ ,

1,, ∆=∂∂=−= − . -

-

:

( ) ( ) ( ) ( ) ( )[ ]
( ) ( ) ( ),,,,

,,,

1122221

2

rPeqwFrJtrrR

rbJrbJAlrwJt

liL ∂∆+=+∂∂+∂∂∂∂∂+∆≡∆∆∆+

+∂∂+∂∂∇⋅∇+∆∇⋅∇+∆=∂∂−+∆+∂∆∂
−−− µψβµψψµψδψψ

γχχγχχµµψψψ

( ) ( ) ( ) ( ) ,,,2 12 rbRJrt m ∂∇⋅∇∂+∇⋅∇∆≡Λ∆∆+Λ=−∆+∂∆∂ − ψψγχχψχ

( ) ( ) .0,,,, 1 =∆+∂∂=∇⋅≡∆+=+∂∂ − γχψ χ rbwJRowBRoGbRGbJtb m

(3 -

3 )

J(f, g) − f g µ = cosθ λ,

Al2 = B2 / U2 −  (

,  1)  (

 [21]), RL PeL − , -

L, Rm = UL/ m , Fi = (L/LR)2 − -

 ( ,

- rgN ∂∂−= 000 ρρ ), LR = ND/2 −

. Λ  (3 ) TB

PB  (“ω- ”), G  (3 ), -

Ro, ,  [22], 
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PB -

TB  (  “α- “); -

,  ( Ro2)

PB .  (3) 

:

w=0

irr = err = : 0=∂∂ rψ ; -

0=∂∂ rχ , ,

( )λθ ,)0(bb = ,
)0(b − -

, -

-

 [23, 24]. 

 (ri, re)  4 h/2,

0,1,2,3,4.  (3 , )  1  3, 

, -

 (  [25]), . .

 « »  « » ψ χ:

( , ) = ( 1 ± 3), ( , ) = ( 1 ± 3).  (3 , )

2 ( )
2222 ,,, ii FFqqbbww ==== ,

 (3 ),  1  3, 1 = 3 r = re h
( h = 0,5 r = 1.03–1.04  [26]  [27]). -

, -

, -

, , , b w γ:
( ) ( ) ( ) ( ) ( )[ ] ,,,,, 212 ψγηηγηηχχλψξξψψψ ∆+∇∆+∇∆⋅∇+∆+∆=∂∂+∆+∆+∂∆∂ −

LRJJAlJJt

( ) ( ) ( ) ( ) ( )[ ] ,
~

,,,, 2112 ψµγγχηηχλξψξξψξ ∆+−∇∆⋅∇+∆+∆=∂∂+∆+∆+∂∆∂ −−
LRwsJJAlJJt

( ) ( ) ( ) ( ) ( ) ,21,
~

,22,
~ 21 =−∆≡∆+−=+∆−∂∂ −− ssqswFsJPet iL δβµψψµψ    (4 -4 )

( ) ( )[ ] ( ) ,2,,, 221 −− −∆≡∆∆+∇⋅∇∆++∆=∂∆∂ rRJJt m χγξξηψχχ

( ) ( )[ ] ( ) ( ) ,,, 11 ηψγψξχψηη ∆∆+∇⋅∇−∇⋅∇∆++∆=∂∆∂ −−
mRbsJJt

( ) .,
~

, 1 γχ ∆=∆+++=∂∂ − hbbRGbJtb m

-

K +  + M ,  K, -

 ( . . -

, )

M ,  – -

− MP = const, -
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b B (

G). , Π→Κ, -

, : M K ( -

), 

 ( , , w)

b,

 – 

.

 [16]. 

. .

 (3),  (4), -

, , , w, , b,

q  ( ) θ
λ :

( ) ( ),sincos)()(
1 1

1

0

µβλϕβλϕµµϕϕ β

β

ββ
n

n

n

nn
n

n PP
∞

= =

∞

=

++= (5)

Pn (µ) Pn (µ) -

 ( µ ≡ cos θ)  [28]: 

( ) ( ) ( ) ( )( )!12!2,12
212 ββµ β −++=+= − nnnPnP nn

, -

. -

 (4) -

 (5) . -

 (4) -

, -

: - E+, E - G+, G -,

-

. :

( ) ( )
−

−++−− −=−≡=≡
1

1

,;,;,;,;, µ
µ

α
µ

ββαβαβ
β

α
α

ββα d
d

dP
P

d

dP
PPmknEEkmnEE n

m
m

nk

( ) ( ) ,;,;,;,;,

1

1

µβαβαβ αββα dPPPmknGGkmnGG mnk

−
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. -

U = 5 / , -
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 (5) 

Cg = cn
2 k / .  (6) 

(4)

ynxn kfScykfScUx )/(,)/()( 22222 −=−= . (7)
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, .
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, , -

. -

-
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 [2] 
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, x  (9), -

 (1) U2kx
2 = N2k2 / 2. -

 (4) 

SkkmySkkNmNUx yx )/(,)/( 42422242 −=−= κ . (10)

, -

: mkkmkk yyxx /,/ == , myymxx == , -
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2/322
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M = 1 ( . 3). M2 < 1 

.

. M2 > 1 

. -

1/ 2 −±= Mxy  ( -

). M2 = 1  (12) -

.
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 c s .

(r, ,z), ,

V  = rG(z,t), Vr = rF(z,t), Vz = H(z,t), P = p(t)r2/2

:

Ft + (HF)z = EFzz+G2 3F2+p(t)

Gt + (HG)z = EGzz 4GF+q                                         (1)

2F = -Hz ,

F = /2, G = /2, ,

, H -

. :

G|z=0 = s, F|z=0 = G|z=h = F|z=h = 0, H|z=0 = H|z=h = 0,

G(z,0) = G0(z), F(z,0) = H(z,0) = 0.                                    (2)
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. 1. G-s F, -
 (s = 1). , -

; , .
1 , 2 

p(t) – , q – , E = /h2, Ek =

E/s , , G0(z) – -

.

.

-

 1/E
t' = tE, G' = G/E, F' = F/E, H' = H/E, q' = q/E2, p' = p/E2, s' = s/E

 (1) E. -

E = 1/50 -1, -

.  (1), (2) 

q s>0 . -

-

Ro(t) = G(1,t)/s 1. q

 = q/s2.

 (1), (2) , -

 « »[5] 

. -

, -

. , q s, -

.

q = 0.
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, . -
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Ek < Ek1 Ro < Roc

 ( . 3 ).

. 2.

 ( -

). -
s

( ).
1 3  S: 1  0,1; 2  0,5; 3  1 

 ( . 3 , ).

Ek2 > Ek > Ek1, -

, ,

-

 ( . 3 ).
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. 3. Ro2(t)  ( -

) t/TE (TE = 0.5(Es)-1/2)
. Ek = 0,2; Ek = 0,04; Ek = 0,02.  

1 , 2 , 3 -

 1/TE

. 4.  (Ro, Ek)

-

,

. 4.  I ,

. 3a,  II . 3 ,  III . 3 . -

: Roc  -1, Ek1

0,022, Ek2  0,1. 

-

 [1, 2] .

 ( I), -

T. ,

. -

  PIV 
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. 5. I = 325 A, T = 10,1 

(Ek = 0,032). 

. t = 0; t = 1,5T ( ,
)

. 6. Ro2 t/T, -

 (I = 325 ) .
T = 2,8  (Ek = 0.009); T = 6.2  (Ek = 0,02); T = 10,1  (Ek = 0,032); T = 22 

 (Ek = 0,07). 1 . , 2 . , 3 . , 4 .

, 5 

. . 5 -

-
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-

, .

 t/T ( . 6) ,

, -

, . -

,

.
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.
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 [5, 6]. 

 ( ) [4, 7 10]. 
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( )[ ] ( ) ,FVVVVVVV +⋅−−⋅−×−+= 010000 dtddtd             
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0

21 drrrV
RL

fFabcb
L

ϕβ

ϕΩ
=−=α+=α

cos

 v − ; v0 (x, y, t) − ; i -

, ; 2 − ;

− ; − ;

− ; L − ; V (r) − -

; A , -
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; a − ; c −
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; R − . -
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.

 [12, 13]. -
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 [5, 6], 
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0 1 RxxxRVfF mm +−ϕΩ=β lncos . ,  – 

 ( -

) , .

H  8×103 ,

a = cdV0 /H. -

,
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.
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.
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 12.5 );  2003 26W,  9.5  ( -
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( ), ,P S Tρ = ρ , ( ) 0j

j p
dt
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+ ∇ = ,
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i j
i i i i ijk i

j j k

p p
p P g p p f

t

∂
+ ∇ = −∇ + ρ + ν∆ + ε Ω +

∂ ρ
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( ) ( )j

j T

T
p T T
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∂ρ
+ ∇ ⋅ = ∆ κ ρ

∂
, ( ) ( )j

j S

S
p S S

t

∂ρ
+ ∇ ⋅ = ∆ κ ρ

∂
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.
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( ) ( )
2

6 2

gt
x z u wX z x w gt u= + ∂ − ∂ + + ∂ − ∂ ,

( ) ( )
2

7 2

gt
y z v wX z y w gt v= + ∂ − ∂ + + ∂ − ∂ ,
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