The Journal of the Georgian Geophysical Society,
Issue (B), Physics of Atmosphere, Ocean, and Space Plasma, v. 17, 2014, pp. 77-89

ZONAL FLOW AND MAGNETIC FIELD GENERATION IN THE IONOSPHERE
ON THE BASIS OF MULTISCALE EXPANSION

fG.D. Aburjania '? , O. Kharshiladze?, Kh. Z. Chargazia '

1) I Javakhishvili Thilisi State University,2 University str., 0143 Thilisi, Georgia
2) M. Nodia Institute of Geophysics, 1 Alegsidze str., 0193 Thilisi, Georgia,
E-mail: aburj@mymail ge

Abstract

In the present work, the generation of large-scale zonal flows and magnetic field by short-
scale collisionless electron skin depth order drift-Alfven turbulence in the ionosphere is
investigated. The self-consistent system of two model nonlinear equations, describing the
dynamics of wave structures with characteristic scales till to the skin value, is obtained.
Evolution equations for the shear flows and the magnetic field is obtained by means of the
averaging of model equations for the fast-high-frequency and small-scale fluctuations on the
basis of multi-scale expansion. It is shown that the large-scale disturbances of plasma motion
and magnetic field are spontaneously generated by small-scale drift-Alfven wave turbulence
through the nonlinear action of the stresses of Reynolds and Maxwell. Positive feedback in the
system is achieved via modulation of the skin size drift-Alfven waves by the large-scale zonal
flow and/or by the excited large-scale magnetic field. As a result, the propagation of small-scale
wave packets in the ionospheric medium is accompanied by low-frequency, long-wave
disturbances generated by parametric instability. Two regimes of this instability, resonance
kinetic and hydrodynamic ones, are studied. The increments of the corresponding instabilities
are also found. The conditions for the instability development and possibility of the generation
of large-scale structures are determined. The nonlinear increment of this interaction
substantially depends on the wave vector of Alfven pumping and on the characteristic scale of
the generated zonal structures. This means that the instability pumps the energy of primarily
small-scale Alfven waves into that of the large-scale zonal structures which is typical for an
inverse turbulent cascade. The increment of energy pumping into the large-scale region
noticeably depends also on the width of the pumping wave spectrum and with an increase of
the width of the initial wave spectrum the instability can be suppressed.

Key Words: Skin-size perturbations; Zonal flow; large scale magnetic field; pumping of energy
with respect to scales.

1. Introduction

In recent years, special attention has been paid to the study of the generation of large-scale
spatial-inhomogeneous (shear) zonal flows and magnetic field turbulence in the magnetized
plasma medium in laboratory devices, as well as in space conditions (Diamond, et al., 2005).
Such interest firstly is caused by the fact that the excitement of the zonal flows and large-scale
magnetic field generation can lead to noticeable weakening of anomalous processes, stipulated
by relatively small-scale turbulence and by passage to the modes with improved property of
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adaptation to the equilibrium state (Diamond, et al., 2005; Kamide and Chian, 2007). Zonal
flows are the integral parts of the collective activity of the majority of the planetary
atmospheres and are manifested in the form of the large-scale low-frequency modes,
propagating along the parallels (Busse, 1994; Aubert, et al., 2002). The possibility of such
generation is intensively studied via some of the basic modes of the turbulence. At the present
time, a question about the generation of zonal modes is mostly studied by the electrostatic drift,
relatively long-wave modes, characteristic transverse wavelength of which is greater than a
Larmor radius of ions according to the electron temperature (Smolyakov, et al., 2000; Shukla
and Stenflo, 2002) and by some other electrostatic modes (Mikhailovskii, et al., 2006).

The previous authors made the trials of investigations of the special features of the zonal
flow generation by means of drift-Alfven type fluctuation on the basis of three sufficiently
simplified models, describing nonlinear interaction between these modes: the first, a class of
the models in which the effect of the ion temperature is negligible and only the effect of the so-
called finite Larmor radius of ions according to the electron temperature (Guzdar, et al., 2001;
Lakhin, 2003) is taken into account; the second model, where both disturbances, the primary
small-scale as well as the large-scale zonal disturbances, have characteristic scale less than a
Larmor radius of ions p; (Smolyakov, et al., 2002); and the third class of the models, where
finite Larmour radius of ions are considered neglecting the skin size inertial effects (Lakhin,
2004; Mikhailovskii, et al., 2006; Shukla, 2005). Although in the work (Pokhotelov, et al., 2003),
generation of the zonal flow was studied by inertial Alfven fluctuations. But, it was made in
uniform plasma neglecting finiteness of a Larmor radius of electrons, ions (T,, T, — 0).

One of the important wave modes in non-uniform magnetized space (Stasiewicz, et al.,
2000; Sahraoui, et al., 2002; Narita, et al., 2007) as well as in laboratory (Gekelman, 1999;
Mikhailovskii, 1978) plasma media are electromagnetic small-scale drift-Alfven (SSDA) modes

with the transverse wavelengths, small in comparison with a Larmor radius of ions, k ,p;, >>1,

where p, = (T,/m,;0p;)""?is a Larmor radius of ions, k, -transverse (according to external

equilibrium magnetic field B,,) wave number, ®wg, =eB,/m;c - ion-cyclotron frequency, T, -
the temperature of ions with o =i and electrons with o =€, respectively, e - elementary ion
charge, m - the mass of ion with o =1 and electron with o =e, respectively, c is the speed of
light. These small scale fluctuations can generate large-scale zonal modes as in the space and as
in the laboratory plasma. Moreover, the contemporary theory of anomalous transfers
(Kadomtsev, Pogutse, 1984; Aburjania, 2006; Aburjania, 1990) predicts, that the anomalous
thermal conductivity and diffusion in the plasma medium may be stipulated, in essence, by the
processes with the characteristic wavelength A | of the order of collision-less skin length A,

172, .
A =2n/k, ~A,=c/®p,, wWhere ®p, = (4Ttezn0 / me) is a plasma frequency. In this
connection, description of the nonlinear wave processes on the scales A, ~ A, <p, appears

necessary. Therefore, elaboration of the self-consistent system of nonlinear equations,
describing the dynamics of SSDA wave processes, with the characteristic scales till to the skin
size, i.e., taking into account a finite Larmor radius of ions and inertia processes, represents one
of the goals of this work. Further, on the basis of these dynamic equations, an investigation of
the special features of the nonlinear development of collective activity in the ionosphere
medium on SSDA modes is important.

At present, there prevails the point of view, according to which, the spontaneous generation
of large-scale zonal modes (or convective cells) are the result of the secondary instability of
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plasma fluctuations (Diamond, et al., 2005). At the basis of instability, there lies the nonlinear
interaction of the primary fluctuations (pumping of one of the types of relatively short-wave
drift waves, swinging by some known linear or nonlinear mechanisms), which results in the
zonal flow generation. Positive feedback is ensured by modulation of the amplitudes of primary
plasma fluctuations by secondary shear zonal mode, and instability can be related to the class of
parametric (or modulation) instabilities. The generation of such large-scale (in comparison with
the small-scale primary modes) structures can substantially increase energy transfer via medium
particles.

According to investigation methods of the above-mentioned nonlinear processes, the works
already existing in this direction can be divided into two groups. To the first group can be
attributed the works which are based on ideas and methods of the classical theory of coherent
parametric instabilities (Oraevskii, 1984) and frequently called the “parametric” approach. In
them, the interaction processes of the finite number of waves are examined: pumping waves;
the shear flows (wave with the low, sometimes with zero frequency) and one or two satellites of
the pumping wave (Sagdeev, et al., 1978; Guzdar, et al., 2001; Smolyakov, et al., 2002;
Mikhailovskii, et al., 2006). The second and alternative group includes the works (Smolyakov,
et al., 2000; Lakhin, 2003; Lakhin, 2004) in which there lies an assumption about the separation
of the scales of turbulence into small scale and the zonal flow (large scale), developed at the
time in the work (Vedenov, Rudakov, 1964). In this approach, the small-scale turbulence is
described by the wave kinetic equation, in which the influence of zone flow is considered. In
the work (Smolyakov, et al., 2002), it is shown that given the initial approximations the above
mentioned approaches lead to the identical results.

In this work (and also in the work (Aburjania, et al., 2008), further named Part II), for
investigation of the zonal flow generation by means of skin scale SSDA fluctuations in the
ionosphere plasma, we use the “parametric” approach, which, as already is mentioned above,
goes back to the method used in the theory of convective cell generation (Sagdeev, et al., 1978).
The method of this approach has been improved in recent works (Mikhailovskii, et al., 2006;
Mikhailovskii, et al., 2006) in the sense that, instead of the separate monochromatic packet of
primary modes, the spectrum of these modes with arbitrary width is investigated. In our
opinion, this approach is more visual and more adequate for this problem. Consequently, this
work is organized as follows. Initial nonlinear equations for our task are represented in Section
2. There on the basis of the analysis of the linear stage of disturbance propagation, we
determine frequency spectrum of those investigated by us SSDA skin scale pumping waves. In
Section 3 we introduce the excited values, which characterize the primary small-scale modes
(pumping), secondary small-scale modes (satellites) and the zonal flows. Further in Section 3
initial equations for amplitudes of the pumping waves, satellites and the zonal modes are
formulated. Here, also, the solution of these equations is conducted and expressions for the
amplitudes are determined. Dispersion equation for the large-scale zonal flow and the magnetic
field for the arbitrary continuous spectrum of pumping are obtained in Section 4. The analysis
of this equation for the monochromatic small-scale (of order of a skin size) and relatively large-
scale waves, and also for the different practically important spectra of the pumping waves is
carried out in Section 1 of Part II. Here, the correspondent growth increments and the criterion
of zonal flow generation are determined. Section 2 of Part II is concerned with investigating the
influence of the non-monochromaticity of different pumping waves on the zonal flow
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instability development. Finally, in Section 3 of Part II, the basic results of this investigation are
assembled.

2. Initial dynamic equations
The equilibrium state of the ionosphere plasma we characterize with electron density n,,, the

single-charged ions n,,, non-uniform along the axis x (ano lx, j=e,i), uniform
temperature of the electrons T, and the ions T, (VT, ,VT,=0; T, 2T;). Non-uniform
equilibrium density (n,(x)=n,,(x) =n;,(x)) is supported by external sources (for example,
external electric field, volumetric forces and others). Equilibrium magnetic field B, we
consider uniform and directed along the z axis, (B, Il z).

For electron’s description let’s use a electron continuity equation in a drift approximation:

0
% V., .Vn,-—— (B-V)J, =0,
ot cB,
(1
wheren, =n, +n,, ny,n, - equilibrium and perturbed parts of the electron density,

Vi =(c/B,) (e, xV¢) - drift velocity in the twisted fields, ¢- electrostatic potential,
B =B, +(VAxe,)-full magnetic field, J,-current density component along the equilibrium
magnetic field, A — vector potential along axis oz, e,- unit vector along the equilibrium
magnetic field, c —light speed; but perturbations’ electric field E stress denote by the following

relation:
10A

EZ_V(P—Za—t e, 2)
and by the longitudinal component of the electron motion equation:
n mﬂ:—T Va&—en E 3)
M eV S, eIl >

where d/dt=09/dt+(c/By)(VOxV),, m- electron mass, T.- electrons’ equilibrium
temperature, which is thought to be constant, e-ion charge.
As a size of the investigated waves rather small or of the order of p;, then for ions
Boltsman’s distribution is true :
n, =n,(1+x,x-e¢/T,), 4)
where ¥, =dInn,(x)/dx,T,- equilibrium constant ion temperature, but ions’ and electrons’

perturbed temperature is neglected.

Let’s use quasi neutrality condition, substituting (4) in (1), (3), we got the equation of small scale
drift — Alfven (SSDA) waves:

oA oA d
4V, —+c(1+T)V,0-22—A ,A=0, 5
3t eay C( ‘C)“(b sqrot 5)
2
doav, 2 _Vieyog A Ao, 6)
dt dy ¢t

Here V.., =%cT,,x,/(eB,). Vi =(T,/m,)"? — electrons’ thermal velocity; t=T,/T,,

*e,1 e,i

V, =0/3z—B; (VAXV),.
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Getting (5), (6) ion longitudinal motion is neglected and it is supposed that longitudinal
current]J, are caused by plasma electrons, J, =—cA A/4T.

The equations (3), (4) conserve an energy integral:

2
E=1 j[(VA)2 +22(AA) +072 [Lj 71+ r)qﬂ}fr. (7)
2 ‘ "\ Ve

Thus, system of nonlinear equations with partial derivatives (5)-(7) describe nonlinear
dynamics of the skin size drift-Alfven waves in magneto active (ionospheric, magnetospheric,
laboratory) plasma. The equations (5) and (6) contain two sources of zonal mode generation:
first — nonlinear terms (V¢xV),A A and (VAXV),0 (containing¢), causing quasi
electrostatic Reinold’s stress, and second — nonlinear term (VAxV),A A (containingA ),
causing electromagnetic Maxwell’s stress.

We use the system (5)-(7) for a theoretical investigation of the features of the energy
pumping from small scale drift-Alfven perturbations to the large scale zonal flows and to the
large-scale magnetic fields in the ionosphere medium.

2.1. Spectra of the linear waves
Linearising the equations (5), (6), for plane waves ~ expfi(kr—w,t)}, we get the dispersion
relation

(@ —o. o 1+k3) -0, [-K2Vikipi+ D =0, ®)
— ion and electron drift frequencies, k | = (k; + ki )/? ,k, - transversal and

Here o,.. = kyV

longitudinal (according to external magnetic field B,) wave vectors of the perturbations,
V., =B,/ /4nn,m; — Alfven velocity. The equation (8) describes interrelation of the kinetic

Alfven waves and the drift waves in non uniform space plasma. Neglecting the drift effects
(0>> o

*e,1 #e,1

) the equations transforms into following relation:
o = 0 (+KIAD, 9
where o}, =(1+1)(k,V,k,p;)> — square of the frequency of the kinetic Alfven waves. In

#e,1

electrostatic limits (k, — 0) the dispersion relation (8) describes ion and electron drift waves:
Oy =045 Oy = O JI+KIA) (10)

In case of the large scale perturbations, k, =k, =0, from (8), the following solution @ =0 will
be obtained, which corresponds to the zonal flow or to zonal magnetic field. Such mode with
zero frequency is damping periodically, when in the medium the dissipative processes (friction,
viscosity) are present. It will be shown below that during small-scale turbulence the zonal flows
and the large scale magnetic field generation process can become unstable due to turbulent
feeding.

It must be mentioned, that the generation-twisting of the Alfven perturbations in the linear
stage in the ionosphere or in magnetosphere is possible. This can occur in three scenarios: due
to dissipative instability, caused by effective medium viscosity growth during scattering of the
high frequency waves on the particles (Mikhailovskii, Pokhotelov, 1975); due to low frequency
modulation instability caused by the beating of two external high frequency electromagnetic
waves (Aburjania, 2007); and also due to temperature-anisotropic (mirror) instability
(Treumann, et al., 2004).
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3. The equation of interrelated modes
3.1. Three-wave representations of the perturbations
In the initial plasma-dynamical equations (5), (6) the nonlinear terms contained in the
expressions of operators d/dt andV, cause inter relation between the different modes. We
consider three-wave scenarios of mode interrelation, at which an interaction between the SSDA
pumping modes (initial modes) and their satellites (secondary SS modes) generates the large
scale low frequency modes, e.i. zonal flows. Correspondingly, we represent each perturbed
value X = (A, ¢)in equations (5), (6) as a sum of the three components:
X=X+X+X, (11)

where

X-= %[& (&) exp(ik - —iw, t) + X_(k)exp(ik -1 +io, 1)), (12)

describes a spectrum of SSDA pumping modes (initial), k = (k,,k,.,k,), ®-wave vector and

frequency of the initial modes, amplitude satisfies the condition X =X, where asterisk
indicates a complex conjugation
X=Y l)A(Jr (k)exp(k, -r—im, t)+ X_ (k)exp(k_ -r+im_t) +c.c.J, (13)
k

describes the small scale satellite (secondary) modes and

X = io exp(—iQt +iq,x) +c.c., (14)
describes zonal flows. Lows of energy and impulse conservation is written in the next form:
o, =Qtw, and k, =q, e, +k, respectively. Thus, the pairs (®,,k)and (,q, e,) represent
frequency and wave vector of SSDA pumping modes and zonal flows, respectively. Amplitude
of the zonal modes X, =(A,,0,)is considered to be constant in local approach. Further

analyze will be carried out in the frames of the standard approximationq, /k, <<1,Q/w<<1.

3.2. Equations for amplitude of high frequency initial pumping waves

Following the standard quasi nonlinear procedure, we substitute the expressions (12)-(14) in the
equations (5), (6) and neglect small nonlinear terms, connected with high frequency modes.
Consequently, equalizing the coefficients of the same harmonic functions, we got equation for
amplitude of initial high frequency modes:

~ Tk k3 ~
(0 —0:)9: (k) - =LK, (k)=0, (15)
4men,
K,c(1+ )9, (k) o, 0 +k222)A, &) =0. (16)

Let’s mention, that the condition of non trivial solution of this homogeneous system gives the
dispersion relation of SSDA initial modes, coinciding with the equation (8).

3.2. Equation for amplitude of secondary small scale modes
Analogously, from the equation (5), (6), by means of (11)-(14), for amplitude Ai u (f)i we got
the equation:

(©, TN, T cTk ki, A cTk,(k* —q7)
+ *1 + b
B 4me’n,[(1+kI Ao, — ., ]

~ ~ ) K, (1+
Fk,c(1+00, +[1+kI A0, Fo. JA, =Fo | 1-a, L C2 2( i : (18)
Ay (14 kA0, — s,

L =F0, (17)

2
4men,
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Here

1+1+kiA2 ic -
(Xi —1+T+q27\‘2 > 0‘% :B_kyqx(1+T)A0q)i’ (19)
0

o :B—qu (1+’C+q27\,2 )_O(T)i :
0

Solution of the equation (17), (18) has the form:
~ 1 ck,T, [(1+kIA0)0, Fo.,]
b, = L g (LRI FOul (s _ o)
D, 4me’n, (1+kiA)o, — .,

) ck, (1+7
k2, 1- 0, 2o = ) : (20)
Ay (1+k[A)®, — s,

O T 9y ck,(1+7)
Ay =F—|oj0. T, ) 1-a ™ +
* DJ o, )[ "R 1+K202)- o,

. KT (K2 —q2Ji+1)
: 21
% ametng 1+ 122 Jo, — (o*j =
Here
D, =(Q+o, Fo, I+ ) Q0 )T o, |- {1+¥—jk Vik3pZ. (22)

From (19)-(21) it is clear, that resulting from interaction with the large scale zonal flows and
the magnetic fields, amplitudes of the secondary fast small scale perturbations depend not only
on amplitudes and spatial-temporal characteristics of the fast initial (15), (16) perturbations but
also on amplitudes and spatial temporal characteristics of the slow large scale zonal flows and
magnetic fields (A, 0;Q.,q, )-

3.3. Equation for amplitude of large-scale modes of zonal flows and magnetic fields

Equations for amplitudes of the large scale zonal modes can be got substituting an expression
(11)-(14) into equations (5), (6) and averaging the obtained equations according to the fast
small-scale oscillations:

= cT,
09 = "3k R, (K), (23)
4me"ny B, k
1+
—iol+q222 A, :Mzksz(k)+iqxx{zkyR3(k). (24)
‘ B, « B, Tk
Here
R, =q,(A A, -ZA Jrok, (A A, +A,A ) (25)
A ck,(1+1)

R,=0.6,-9,6_ , 8§, =A,- o, (26)

: (1+ K22 Jo, - o,
Ry =ki(R,6_+8.A, -A 4, -8.A )+ a2(6-A, -3.A )+29.k,(p.A, +§.A_).

(27)

Now, it’s very easy to transform the expression for the coefficient Si to the form bellow by

means of solutions for amplitudes of the satellites (20), (21):
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1 :I . (28)

In this relation, we neglect the terms of the order of Q(q, /k, )*, e.i. their contribution is not
sufficient for the given problem.

Taking into account that Q and q,are the small parameters, expression for D, can be
presented via decomposition:

D, =+D +DV, (29)
Where
D =opli+kintlo, ~(1+kiR o, -0 -2 0, —o i+ kiR~ ). G0
1

DV = Qz(l+ki7i )— Ei (0, — )[(1+ki7ﬁ )mk - w*e]

2
L
(31)
The expressions (20), (21) for amplitudes of the secondary small scale modes can be presented
analogously:
A, =AD +AD | (32)
where
AO = $—(mk ~ ) o +0, — 00 Sk (9 , (33)
: D© Ao 1+K222 Jo, o,
A0 7D o @ Q{l—ao 9 k(1) } (34)
- p» * D@ Ay (1 +kIA )(z)k — O,
We are able to transform in the same manner either the expression (20) for electrostatic
potential:
b =01 +91, (35)
where
o = $—CkZTiki o +0, — 00 D K (1L+7) , (36)
4me’n, D A [1+K222 o, — o,
o0 =7 D% O — ck, Tk} ot (1+ki7"i)Q
B D " 4me’n,DY 2 (1+ki7\.i )(z)k -,

k2 Ay 1+K222 Jo, — .,

L
Now, looking to relation (28), we find that S(io) = 0. This equation describes the remarkable fact

200t Kxx (1_ o, J ck, (1+7) ﬂ (37)

that the main contribution in the evolution equation of the average magnetic field of the
“magnetic” and “electrostatic” parts of amplitudes of the secondary — satellite small scale modes

relatively decreases (see the equations (23)-(27)). Consequently, for Si we have the
decomposition:
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5, =50 452 (38)

S =—L{af{l—aog—° ck,(1+7) :I{Q—zk"q" (0, —(o*i):l—

A, [1+K222 o, — o, K2

(1349 , (39)
’ (1+ki7\‘ibk_m*e}

A Q ) ck,(1+1) q
oY =+ o | 1— oy == z DY + (o, — oy )2 x
¥ D(O)z{ 1{ A, (1+ki}“ibk_w*e:|< (e )ki

[0, R0+ k222 o, (4822 o, — 00, ]2k 1+ 1322 )) -
+ W — )
e o

Let’s mention, that the term S(il) does not make any contribution into the expression (26) for
R, . Thus, the relation (26) gets the form:

R, =067 -9,6 . (41)

3.4. Expression for amplitudes of the large scale modes

Using (29)-(41) and (19) the expressions for R;, R, and R; (25)-(27) can be lead to: R,

ic?(1+1)q k, k k,Q _ ok, (1+7) _
R, (k)= L I.|RMA, + z R0, |, 42
I (T ey ey ) e B (P e e A
_icq, k,Q A ck,(1+1) -
R, (k)_ml{Ron_h_’_ki;\i)@k_m*e R0, |, (43)
and
.2
icq’k, (1+1) — ¢k (1+‘t+k27\.2,) —
R,(k)=—— "1 |R}A, —+—= L2 7 R%, | 44
s ) B, D2 { P42 oy — o 3% )
Here
Rf=2(1+r)[w*e—(1+ki7»i)w*{ -l‘g—wmk-w*i)bf}, )
R® = (1+7+Kk222 {29[(“1{7& Jo, - m*e]_i_x(mk —co*i)bf’}, (46)
P e ) L ST SR (e S ST M w)
l k2 o, —(1+k222 Jo, Lo
b? =kl2[2(1+kix§ fi2 = k2 Jo, + 1+ K202 )20, - (B2 - K2 o, |; (48)
1
2
R = (1+t+ki7ﬁ)(l+ki7ﬁ{§22 —21(1’;—2"9(0)1( — o)+ 2’2‘ (o, —co*i)z] (49)
1 1

A bs Qz[kixi(ok — (0., — s )Il+ki7»i)_
R, —(1+‘t+qx7\.5{ (1+ki7\.i)(0k—(0*e

The first author is deceased 85



k
20 2xdx

(0, —® )(1+k27»2)+2£((o ~© )2(1+1<273/2)]
2 Kk — Oy 1A 2 Ok T O LN ;
1

(50)
1
RA =2k, 0f0fe., - (1+k222 o, |-

k?—lzL (o, — )[(k

2 k2 o, — (141222 K20, + 20+ K302 Ko, ]},

(1)
RS = -k, opol+ k222 o, —o. |+
om0 - ko, s 2f o] &2
” ) (53)

4. Dispersion equation of the large scale zonal flows and magnetic fields

Using the expression (42)-(53), the equations (23) and (24) can transform to the following form
0y =Lio, + LA, ,

(54)
where

0 1A 10 1A
ERTRTRTIES (A1)
k (Q - qug )
Here V, =V, (k) - zonal group velocity, defined by equality bellow:
2, (o —o0)firkdri, ~o. N
Pk 2+ oy - (1K o — 0,
And the functions (lf’, 14,19, 1/;) denote
19 = (14 7) LK

(56)

((Dk — W )Fo2

R?, (58)

K ik o, -0 Rl+k22 o, (16202 Jog -0, ]
_ (o )05 RA
ek ki pl+k22 o, —(1+K22% o, — ., [

2
kZFO{(1+ TRY +q"$s (1+7+Kk222 )R";:l
19 =c(1+1)

[+ K222 o, — o0 L2l + 1222 Jo, (14 K222 o, — 0.

rz| R4 + 1R ga
A Q
15 =—(1+1)

Rl+k222 o, ~ (1422 Jo, w0, ]

A _ 1 qux
| —

(59)

(60)

where

(61)

2212
c’qyk
rz=SSfyy 62)
0
From the closed system of equations (54) and (55), we simply get the dispersion equation for

large scale zonal flows and the magnetic fields:

1= (g + LA )+ L33 - 1513 =0, (63)
! ) 86
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The dispersion relation of the zonal modes (63) allows an investigation of their generation
via continuous spectrum of the initial modes with skin scale, which is the main subject of the
traditional theory of such generation, increasing to a kinetic equation for the waves,
summarized in (Diamond, et al., 2005). Thus, the approach developed in section 3.4, based on
dynamic equations of magnetic hydrodynamics of the ionosphere, is an alternative to the
approach in (Diamond, et al., 2005) and in our opinion, is more convenient in to realize, also in
the interpretation of results obtained based on them. It’s obvious that the dispersion relation
(63) represents bisquared equation according toQ —q,V,. This aquation can be reduced to a

squared one for a very interesting range of frequencies Q of the zonal perturbation
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I/IsyquHe reHepau;Hﬁ 30HAJIBHBIX Te€YeHNI M MarHUTHBHIX IT0JIeM B
I/IOHOC(l)epe Ha OCHOBE MYJIBTI/IMHCHIT36HOI‘O IIpencraBJI€eHNA

I'. AGypaxanua, O. Xapumnazze, X. Yaprasua

Pesiome

B Hacrosmeit paboTe m3ydaeTcs TreHepanua KPYITHOMACIITAOHBIX 30HAJIBHOTO TeYeHHS U
MarHUTHOTO II0JII KOPOTKOBOJIHOBBIM 0€3CTaIKHOBUTEIBHBIM AJBBEHOBCKOMH TYPOYIEeHTHOCTHIO
IOpAJKa TOJIIMHBI 3J€KTPOHHOTO CKMH cI0d B HMOHOcdepe. IlomydeHa camocoriacoBaHHas
CHCTEMA JBYX MOJE/JIbHBIX HeJIMHEHHBIX JUHAMWYECKUX YPaBHeHHUM, ONKMCHIBAIOIIAA JUHAMUKY
BOJIHOBBIX CTPYKTYP C XapaKTepUCTUYECKHM MacIITaboM CKUH pasMepa. BeiBezieHEI ypaBHeHHA
SBOJIIOIIMHY HEOJHOPOJHOTO CABUIOBOTIO TE€YEHUA ¥ MAarHUTHOTO II0JIS YCPeJHEeHUEM MO/E/IbHbIX
yPaBHEHHH i1 OBICTPHIX BHCOKOYACTOTHBIX M KOPOTKOMACIITAOHBIX (IIOKTyallUM HAa OCHOBE
MYJIBTUMACIITAOHOTO pasnoxeHHA. IlokasaHo, 4dYTro KpyIHOMAcIITaOHBIE BO3MYIIEHUS
IIJTa3MEHHBIX TeYeHWM M MAarHUTHOTO IIOJA CIIOHTAaHHO TeHEepUpPYIOTCA KOPOTKOMACIITaOHBIM
npeiiboBEIM  AJBBEHOMCKOH BOJHOBOII TypOYJIEHTHOCTBIO HEJIWHEWHBIM BO3/eHCTBHEM
HanpskeHuH PeiHomsaca um  MakcBesna. [lonmoxwurensHas oOpaTHas CBA3b B CHCTEMe
DOCTUTaeTCa MOAYJIANMeH BOJIH CKHHOBOTO pa3Mepa KPYIHOMAaCIITAOHBIM 30HAJIBHBIM
TeuyeHHeM W/IIM BOXOYXJZeHHbIMH KPYITHOMAcIITaOHBIMU MarHUTHBIMHY ITOJIAMU. B pesyssrare,
pacmpocTpaHeHHe KOPOTKOMAacIITAGHBIX BOJIHOBBIX IIaKeTOB B MOHOC(hepe COIYTCTBYeTCA
HM3KOYaCTOTHBIMH, JJIMHHOBOJHOBBIMM BO3MYII€HHAMU, F€HEDHPOBAaHHBIX ITapaMeTPHYeCKOH
HeyCTOHYMBOCTBIO. M3yueHs! fBa THUIIa peskMa HeyCTOHYMBOCTel — pe30HAaHCHO-KMHeTHYecKue
U rugpojguHammudeckue.  Taxke HalifleHBI MHKpeMeHTHI HeycroiuumBoctu. OmpezesneHsl
YCJIOBUSA Pa3BUTHUA HEYCTONYMBOCTU U BO3MOXXHOCTB T'eHepaIy KPYIHOMACIITAOHBIX CTPYKTYP.
HenuneitHprii ”HKpeMeHT 5TUX B3aHUMOJIeHICTBUI 3HAYUTEIBHO 3aBHCHUT OT BOJHOBOTIO BEKTOPa
ANBbBEHOBCKOHM HaKauykKH M OT XapaKTepUCTHYeCKOTo pa3Mepa TeHepUPOBAHHOM 30HAJIBHOM
CTPYKTYpBL. ODTO O3HAa4yaeT 4YTO HEyCTONYMBOCTh IIepeKauyMuBaeT OSHEPTUIO 3HAYMUTeIbHO
KOPOTKOBOJTHOBBIX AJTBBEHOBCKHX BOJIH B KPYITHOMACIITAOHBIX 30HAJTBHBIX CTPYKTYpP, KOTOpEIe
XapaKTepHBI I OOpaTHOTO Kackaza TypOyaeHTHOCTH. VIHKpeMeHT OSHeprum HaKauKu
3HAYUTEeJHHO 3aBUCUT OT IIMPUHBI CIIEKPTa BOJIH HAKAYKU U IIPU yBeJIMYeHHUH IIMPUHEI CIIeKTpa
HAYaJIbHBIX BOJIH, YCTOHYMBOCTD MOXeT OBITh YMeHBIIEHO.
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