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Abstract

Quasi-viscous interaction between the solar wind plasma and the geomagnetic field
regularly takes place at the boundary of the magnetosphere. Like the effect of reconnection of
force lines of the Earth magnetic field and the interplanetary magnetic field (IMF) transported by
the solar wind the intensity of the quasi-viscous interaction depends on the magnetic viscosity of
the plasma. Anomalous increase of the value of this parameter in the MHD boundary layer of the
Earth, the magnetopause is analogized with which, is connected with the variation of the solar
wind perturbation. In such circumstances for presenting the development process of the
magnetopause dynamics the numerical and analytical methods of mathematical modeling have
been used. Their effectiveness depends on the quality of the model describing the energy
transmission process from the solar wind to the magnetopause. Usually, adequacy of a model for
the development dynamics of the phenomena inside the magnetosphere is assessed in this way. In
this work one of such theoretical models is considered. This model is based on the Zhigulev
“magnetic” equation of the MHD boundary layer, which is simplified by means of the Parker
velocities kinematic model. In order to clearly show the physical mechanisms stipulating the
energy transmission process from the magnetosphere boundary to its inner structures some new
characteristics of the MHD boundary layers are presented: thicknesses of magnetic field induction
and the energy driven into the magnetopause. Besides, in the magnetic field induction equation
several models of impulsive time variation of the magnetic viscosity of the solar wind is used and
by means of the sequent approximation method an analytical image of quasi-stationary variation
of the magnetopause parameters correspondent to these models is presented.

1. Introduction

At the boundary of the Earth magnetosphere there is a distinguished structure called
magnetopause — an area where the solar wind plasma screens the geomagnetic field. According to
the physical properties the magnetopause may be analogized with the magnetohydrodynamic
(MHD) boundary layer that is usually created during overflow of a solid surface magnetized by
fluid or gas characterized with finite electric conductivity [1]. Similarity between the magnetized
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surface and the magnetosphere boundary is especially obvious at the boundary of the dayside of
the magnetosphere. In its central area the flow of the solar wind plasma ramifies and a focal area is
formed. Generally, the image of the overflow of the magnetosphere is spatial and asymmetric.
According to various theoretical models the asymmetric character of the overflow of the
magnetosphere is caused by the MHD nature of the flow of the solar wind plasma [2-4].
Experimentally this theoretical result is more or less proved by the work [5], and more completely-
by results of computer simulations carried out recently [6].

Usually, energy dissipation always takes place in any type boundary layer (dynamic,
temperature, magnetic). Therefore, during overflow of a solid surface stipulated by fluid or gas
some part of the thermal flux formed by the dissipation in the boundary layer will penetrate into
the overflowing body. It is natural that such an effect occurs during MHD overflow as well.
Though, due to the specific nature of the overflow of the magnetosphere, thermal flux is
substantially impossible on the magnetopause due to extremely low density of the solar wind. At
the same time temperature change in the components of this extremely low density plasma is quite
presumable. Change of the size as well as the direction of the induction flow of the magnetic field
is also possible. The result of the former may appear in development of anomalous electric
resistance effect in the plasma characterized with very high electric conductivity before interaction
with the magnetosphere. This, in its turn, will intensify dissipation processes in the magnetopause.
Both effects are connected with deceleration of the solar wind near the magnetosphere boundary.
Invasion of additional flow of the magnetic field from the magnetopause into the magnetosphere is
especially seen during sharp change in the distribution of the geomagnetic field induction in the
MHD boundary layer. In such a case a change in the energy balance inside the magnetosphere is
especially felt and it is linked with the reconnection of the force lines of the interplanetary
magnetic field and the geomagnetic field [7]. Consequent to this process the corpuscular flow
caused by erosion of the magnetosphere boundary will be distributed into different structures of
the magnetosphere causing intensification of the radiation belts of the Earth.

Thus, analogizing the magnetopause with the magnetic boundary layer of the Earth is
approved by physical similarity between the solid magnetized surface and the magnetosphere
boundary. Such a view is especially suitable for analysis of the mechanisms directing the energy
transition from the solar wind to the magnetosphere. However, for reliability of its qualitative
physical image to strengthen it by quantitative assessments is very important. In its turn, it requires
mathematically correct modeling of MHD effects developed in the magnetosheath (transitional
area) before the magnetosphere and in its boundary. For the case of the magnetopause the basis for
such modeling is the so called Zhigulev equation system of the plane magnetic boundary layer that
corresponds to the main sections of the magnetosphere. In particular, the Zhigulev first category
boundary layer corresponds to the meridional section of the magnetosphere that is directed along
the central boundary force line of the geomagnetic field, and the second category magnetic
boundary layer corresponds to the perpendicular equatorial section of the magnetosphere. The
difference between the MHD equation systems that correspond to these layers is caused by the
direction to each other of the components of the magnetic and velocity fields [1,3]. The reason for
this difference is the flat characteristic of the equation system of the boundary layer and has no
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substantial meaning from the viewpoint of similarity of the physical processes taking place in the
magnetopause.

Like any equations of the boundary layer, it is possible to solve the equations of the MHD
boundary layer by numerical as well as analytical methods. At the same time, it is to be taken into
account that to receive a precise analytical solution, except in the cases that are very simple and
less interesting in the physical viewpoint, is almost impossible. This is connected with the problem
of self-consistency of the magnetic and velocity fields that is a huge problem for tasks of MHD
overflow. Therefore, the hydrodynamic image of the solar wind flow is primarily determined by
means of any kinematical model. Generally, the purpose of the mathematical modeling of the
boundary layer is to determine its parameters by means of the characteristics of the overflowed
surface and the overflowing environment. The most important among these parameters are the
thickness of the boundary layer and the image of latitudinal and longitudinal varieties forming the
boundary layer. In the case of the magnetic boundary layer of the Earth such a characteristics is the
distribution of the geomagnetic field over the magnetopause [3]. This parameter, like the thickness
of the magnetopause, is especially variable due to regular changes in the velocity and density of
the solar wind plasma and the frozen interplanetary magnetic field transported by the plasma. As
the gas-dynamic pressure of the solar wind depends on its perturbation value its change is
especially well manifested in the distance from the Earth to the critical point Ry of the
magnetosphere. As far as this linear parameter is changing the thickness of the magnetopause must
be changing as well. Nevertheless, in some cases this effect might be leveled by the change in the
electric conductivity of the solar wind. It means that the thickness of the magnetopause might not
always be in correlation with the Rg parameter. The image of variation of the latter is especially
made obvious by the numerical model [8], the theoretical basis of which is described in the work
[9]. However, this model, like other theoretical models, is not able to clearly determine the
thickness of the magnetopause. The main reason for such a circumstance is gaps of the theoretical
models and limited capacity of the analytical methods for solving the MHD equation systems. In
this viewpoint the numerical methods have certain advantage, though they have quite significant
disadvantage as they provide only retrospective analysis. Therefore, in case of the changes of the
parameters of the solar wind it is impossible to forecast the nature of changes in the magnetopause
parameters. In this respect we assume that the so called Schwec successive approximation method
is more effective compared to other methods [10]. It enables to receive an image of the thickness
of meridional and equatorial magnetopause and the magnetic field distribution in it in a clear
analytical form [3,11,12]. In these works, for simplification of the Zhigulev equation system of the
first and second category MHD boundary layer, the so called wedge-like model of magnetosphere
and the Parker kinematic model were used. These models primarily determined the field of the
velocities of the plasma near the critical point of the magnetosphere [ 13]. It is noteworthy that the
Parker model and also its generalization in three-dimensional event have been very popular for
modeling the annihilation process of the geomagnetic field at the dayside boundary of the
magnetosphere [14].

Thus, the central area of the magnetopause at the dayside of the magnetosphere represents
a main energy channel, by means of which the structures inside the magnetosphere are supplied
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with corpuscular flow from the solar wind. This process also involves gigantic funnel-shaped
structures, polar cusps. By means of them the particles of the solar wind easily reach to the polar
ionosphere. However, here the bulk of these particles are lost. Consequently, polar lights and
aurora are observed. Only a few protons and electrons of the solar wind reach the magnetosphere
structures from the solar wind. We may suppose that a structure similar to the MHD boundary
layer may be formed also at the boundary of the polar cusp, in which formation of global
geomagnetic storms is most probable due to the nature of the plasma flow. Therefore, the laminar
approximation and consequently the use of equations of the MHD boundary layer are quite
uncertain here.

2. The basic principles and initial equation

As we mentioned above, with its abilities the Parker kinematic model is quite effective as it
enables to determine the velocity field of the ideal flow of the incompressible plasma near the
critical point of the overflowing body. This very model has enabled to determine the parameters of
the quasi-stationary meridional magnetopause [3,11,12]. As the velocity field was stationary the
time dependence value has entered the induction equation of this magnetic field by means of
different models of impulsive time variation in the electric conductivity of the solar wind.
Furthermore, by the Shwec successive approximation method the parameters of the MHD
boundary layer were determined in the same way: thickness and distribution of magnetic and
electric fields over the magnetopause, and the velocity of the electromagnetic drift. However, these
works do not involve any survey of the problem of the energy balance between the magnetopause
and the dayside of the magnetosphere, modeling of which is the purpose of our work. For this
reason qualitative admission was made, according to which during the changes of the parameters
of the solar wind the magnetopause and the focal part of the dayside of the magnetosphere are
considered as a closed system. It means that within some limits in this area the law of constancy of
energy is quite admissible. It is natural that such an admission is quite inaccurate approximation
compared to the real circumstances. At the same time, as it will be seen, it has adequate results
with regard to the experimental data.

Thus, we may admit that in the focal area of the magnetosphere the sum of the energy
accumulated in the MHD boundary layer of the Earth and the energy of the surface
magnetospheric global DCF-current is unchanged during the perturbation of the solar wind. It is
supposed, that the components of the summarized energy are the energies of the magnetic flow and
the magnetic field and the energy of the corpuscular flow penetrated into the magnetosphere. It is
clear, that in spite of the perturbation value of the solar wind some partial changes in the full
energy will always take place. It means that the intensity of the DCF-current may change at the
expense of the variation in the distribution of the magnetic field over the magnetopause. However,
increase of the DCF-current certainly causes intensification of the processes inside the
magnetosphere.

Such an image enables to use physical analogy at the hydrodynamic boundary layer, inside
of which for assessment of the energy changes there are two effective parameters: the thickness of
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the boundary layer and the thickness of loss of the mechanical impulse. For the MHD boundary
layer, as the analogy of these parameters, two characteristics were used: 1) &, - the thickness of

displacement of magnetic field induction; 2) &y - the thickness of magnetic energy displacement

[3]. According to the explanation the thickness of displacement of magnetic field induction shows
the thickness of the induction flow loss by means of comparing the distribution of the magnetic
field to the corresponding distribution of the ideal profile in the latitudinal section of the
magnetopause. In addition, the thickness of the energy loss of the magnetic field shows the
thickness of the lost energy layer by comparing it to the ideal distribution. Generally, these
parameters are defined by the following expressions:

6, = [ (1- Z)ar, (1)
G, = [0 (1= :-f-l dx, 2)

where the X -coordinate from the critical point of the magnetosphere is directed to the sun, and the
magnetic field induction—H, the characteristic value of which is
Hg, is directed alongside the extreme force line of the geomagnetic field. The upper boundary of

integration may be replaced by the finite thickness of the MHD boundary layer only in case when
this parameter is defined in analytically clear form. Such a possibility is given by the Schwec
successive approximation method. In the approximation of the wedge-like model of the
magnetosphere the above mentioned parameters were determined for the first time by this method
and this have been the only attempt to use them so far. However, in the previous results the
impulsive time variation of either the electric resistance of the solar wind plasma, or the parameter
depended on it - the magnetic viscosity were not considered. The further obtained experimental
data proved the possibility of anomalous increase of the electric resistance of the solar wind that
has been used in modern computer experiments [6]. Therefore, it is obvious that qualitative and
quantitative corrections of the data works [11,15,16] carried out earlier are necessary.

MHD equations involve magnetic viscosity 4,, as a coefficient that is defined by & specific

electric conductivity (C is light speed):

A m 3)

' L i1

Let us use the following expressions for modeling of the impulsive time variation of this parameter
during perturbation of the solar wind:

t t

1) Ay = Aom[l+ Bsin(t/ 74)]; 2) Ay =Agme A =Aom(1—€ ), (4)
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where A, is the value characterizing the magnetic viscosity, 7, - the time characterizing the
impulsive variation of the magnetic viscosity, £ - the coefficient of the impulsive strengthening. It

is obvious that the first model corresponds to the periodic perturbation of magnetic viscosity, and
the rest of the models are physically similar and show the change of the electric conductivity of the
plasma from the finite to the ideal and vice versa.

Let us not take into account the curvilinearity of the extreme force line of the geomagnetic
field on the dayside and direct the y axis from the critical point of the magnetosphere to the
periphery. In case of such admission for determining topologic image of nonstationary distribution
of the magnetic field in the Zhigulev first category plane boundary layer we may use a single-
component equation of magnetic induction

0’H
N, O
ot OX oy Y oy 0°X

)

According to the Shwec successive approximation analytical method suppose that the value of
the Earth’s dipole magnetic field in the lower boundary of the magnetopause is constant and
gradually decreases in latitudinal direction of the o, thickness of the magnetic boundary layer.
Thus, we have the following boundary conditions for the (5) equation
H,=H,, when x=0; H, =0, when x=4,. (6)
Near the critical point of the magnetosphere the velocity field of the noncompressible plasma is
determined by the Parker kinematic model [13]
U=-ax, V=ay, (7)
where o is the reverse value of the time characteristic for the overflow of the magnetosphere day
side. Thus, by means of (6) and (7), e.g. in case of the (4.1) model, we will have the equation
oH oH 0°H

8ty —ax axy —aH, = A [1+ Bsin(at 1 7,)] axzy' (8)
In the (6) boundary conditions, for solving the (8) equation, also the corresponding equations of
the (4.2) and (4.3) models and for gaining information on the determination scheme of the
magnetopause thickness we may refer to the works [3,11,12]. Therefore, it is quite sufficient to
present quasi-stationary expressions of the distribution of the magnetic field over the meridional
magnetopause and the boundary layer thickness (" means the time derivative)

@) A, =Agnll+ fsin(at/ 7,)]

H [IRVE] ' 3 2
—y:(l—% j+/10;q[1+ﬂsin(7zt/r0)]_]xﬁa*' X _ Xj+0{ X —X—+5HXH, (9)

H, . 5.6 6 36, 2 6

; 2 12
Op = (6/10'“) l:l+2a—€2[sin(7ziJ—Lco{ﬁi}tie(_m)ﬂ : (10)
a o’ +7/1] 7, ) ar, 7, ) ar,

t
(4.2) Ay =Agme ™
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3.Physical analysis

By means of the (9)-(14) expressions it is possible to use the (1) and (2) expressions and
determine their corresponding parameters by the magnetopause thickness. The results obtained
before did not take into account the perturbation nature of the solar wind, possibility of which is
given by the variation of the boundary conditions. By this way the qualitative analysis becomes
easier, purpose of which is to show the so called North-South of the interplanetary magnetic field
(IMF), as we have marked the 5, component, the variation of the value and direction in case of the

(6) conditions changes in the image of the magnetic field distribution over the magnetopause. Such
an analysis is interesting for qualitative consideration of a dynamical image of strong geomagnetic
perturbations. It is known that when B is directed in the anti-parallel direction (i.e. to the South)

of the geomagnetic field the reconnection of the force lines of the IMF and the geomagnetic field
boundary may occur. Consequently, it will be followed by erosion of the magnetosphere boundary.
In the opposite case, when B is directed to the North, the magnetosphere boundary is especially

resistant to the invasion of the solar wind particles. Taking into account the first event of the B
effect in the (6) boundary conditions leads to the following qualitative result: when B is directed

to the North, addition of its value must not cause any change of the geomagnetic field profile
screened on the magnetopause. However, when B is directed to the South, probably, the profile

will qualitatively change and will resemble the profile characteristic for the Quetta MHD flow

[17]. R
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Figure 1. a) and b) The qualitative image of the geomagnetic magnetic field induction
distribution over the magnetopause; c) distribution of the generated electric current for
the b) case.



The above mentioned is illustrated by Figures la and 1b, which show corresponding
profiles of varieties of 5.. The most interesting is fig. lc. It clearly shows that the electric current

generated in the magnetopause must be a partial component of the surface magnetospheric DCF-
current.

The Figure 1c shows the profile of the inducted current that corresponds to the 1b event.
Seemingly, like the magnetic field induction, in this case the direction of the electric current
generated in the magnetopause is inverted as well. Similar behaviour must be characteristic for the
corresponding component of the electric field intensity. It is obvious that formaly the electric
current generated in the magnetopause is a partial component of the surface magnetospheric DCF-
current. Therefore, this event is especially interesting in the viewpoint of analysis of the
geomagnetic effects caused by the DCF- current intensity varieties.

Thus, the Fig.la corresponds to the event when the IMF has a quite strong northern
constituent. According to strong magnetospheric perturbation, e.g. the dynamics of the global
geomagnetic storm development, this event is one of the reasons for the increase in the surface
DCF- current intensity. The indicator is intensification of the screening effect in the
magnetosphere boundary. Indeed, as in the B_:= 0 event the electric current generated in the

magnetopause is parallel to the DCF-current it causes intensification in the latter. Though,
meanwhile the change of the Ry parameter may not be conspicuous. However, if the velocity and

density of the solar wind increase violently, i.e. the gasodynamic pressure of the plasma increases
and the magnetosphere boundary comes close to the Earth, it refers to a positive jump of the
geomagnetic field. Usually it means that the initial phase of sudden commencement geomagnetic
storm (SSC) is being formed. When B, =@ an opposite event, i.e. the geomagnetic field

depression takes place. This event corresponds to the main phase of the geomagnetic storms. Its
development is caused by the erosion of the magnetosphere boundary due to the reconnection of
the force lines of the IMF and the geomagnetic field. On the other hand, it means that the effect
screening the DCF- current that connects the plasma particles is weakened, due to which the
intensity of the DR- the circular current inside the magnetosphere is increased [2,7]. Such a
situation must be expressed by the figure 1c, according to which when there are anti-parallel and
spatially distant from each other currents on the magnetopause their interaction is quite possible. It
is natural that a summarized effect in the form of the global DCF- current takes place on the
surface of the magnetosphere. However, due to the superposition of the partial currents which
have opposite directions their contribution in the DCF- current decreases. In such a case the
magnetosphere boundary moves again away from the Earth, and in the magnetosphere an injection
of the additional corpuscular flow and magnetic field flux will take place. We may imagine the
latter as the part of the geomagnetic field flux driven to the magnetopause, which appeared in the
erosive area of the magnetosphere boundary. It is noteworthy that suggested by us the qualitative
scheme of the development of the global geomagnetic storm with sudden commencement (SSC) is
in principal accordance to the up-to-date global numerical model of the interaction of the
magnetosphere and the solar wind [18]. This work, besides the complete simulation, considers the
results of virtually strong geomagnetic storms in order to imagine the whole section dynamics of
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the magnetosphere. In particular, the records of the geostationary satellite GEOS and the records of
the geomagnetic field on the Earth are compared to each other. Their analyses proved complete
synchronism of the effects developed in the magnetosphere and on the Earth surface. The global
geomagnetic storms, besides the variation in the intensity of the geomagnetic field, are followed by
other effects as well. Among them is the increase of electron concentration in the ionosphere, the
main radiation belt of the Earth. In its upper F- layer this event is especially felt. This effect is
especially promptly observed in the main phase of the geomagnetic storm in the polar and high-
latitude ionosphere. Therefore, it was considered that the ionosphere was mainly supplied with the
energy from the polar cusp. However, according to [19] in the lower D-layer of the ionosphere, in
low and middle latitudes, during day time, increase of electron concentration and intensification of
very low frequency electromagnetic radiation are observed. As this effect occurs with certain time
delay the author of the work [19] supposes that the energy electrons are distributed from high
latitudes to the low ones. However, the force lines of the geomagnetic field corresponding to the
low latitudes form a boundary of the plasmasphere, the main plasma reservoir of the almost
entirely closed magnetosphere. Consequently, on the dayside this ellipsoid-shape structure that
represents the spatial projection of the central area of the magnetopause must be supplied with
energy mainly from the focal area of the magnetosphere. Indeed, high energy electrons,
concentration of which is always insignificant in unperturbed solar wind, may appear in the low
latitudes as a result of reconnection of the force lines of the IMF and the geomagnetic field.
Acceleration of the electrons that have penetrated into the magnetosphere from the erosive area of
the magnetosphere boundary is caused by a vast electric field, the direction of which is anti-
parallel to the electric field of the DCF- current in the focal area. It is natural that these fields
influence on each other. In particular, according to the figure 1c the intensity of the surface
magnetospheric electric field must decrease due to the weakening of the summarized field
generated in the magnetopause. Consequently, the value of the electric field inside magnetosphere
must increase that is equal to activation of acceleration mechanism in low energy electrons.
However, it must be emphasized that such a scheme of development of the above described events
is appropriate only for the dayside of the magnetosphere. However, there are up-to-date data that
prove that concentration increase of the energy electrons in the low latitude ionosphere is also
possible in the nightside of the plasmasphere [20]. By this time, intensification of the VLF
electromagnetic radiation and short-time geomagnetic pulsation generation are observed here. This
work involves a detailed morphological analysis of a similar event on the example of one concrete
case. According to the conclusion, such events are connected not with the development of global
geomagnetic storms but with the generation of sufficiently strong magnetic substorms in the polar
area.

4.Results of numerical analysis

According to the specification of the Parker kinematic model in the stationary event the
thickness of the magnetic boundary layer, as it is obvious in the corresponding analytical
expressions, is constant. As the time correlation has entered the task from the magnetic viscosity
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coefficient, and the equation (5) has no starting condition all its solutions (9)-(16) are quasi-
stationary [16]. The admission that the thickness of the magnetic boundary layer does not vary
alongside the magnetosphere boundary is quite inaccurate and it is natural that it decreases the
value of the results. Though this defect is rather quantitative than qualitative. Consequently, the
above mentioned must have no substantial influence on the vast MHD image of the magnetopause.
In order to corroborate this fact we carried out analysis of the (9)-(14) expressions. For quantitative
and qualitative assessments we used the following parameters characterizing the magnetosphere

overflow: Ay, =10%cm’s”, =107, 7, =500s and o = % =0.01 s . According to the model the
0

last parameter is determined by the velocity characterizing the solar wind in the focal area of the
magnetosphere and the linear scale of this structure: V, =2-10"cm.s™ ,l, =2-10°cm [16]. In the
first model, as sin(zt/7,) the function argument varies in the interval /0-7/, increase in the

magnetic viscosity is possible by two rates. Such increase is natural for perturbated solar wind in
case when all the conditions for development of anomalous electric resistance in the space plasma
are fulfilled. In such a case generation of either global geomagnetic storms or high latitudinal
magnetospheric substorms becomes especially probable [19]. The perturbation of the second type
in the magnetosphere is usually much briefer compared to the first one. Therefore, in the fig. 2 the
minimal time for development of a storm is used as a characteristic of impulsive time variation of
the magnetic viscosity.
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5.Conclusion

Interpretation of experimental data correctly is an actual problem of the magnetosphere
physics. Modeling of MHD interaction effects of the solar wind and the geomagnetic field in the
magnetopause is particularly connected with this problem. Mathematically, this task, is especially
complex, though in the boundary layer approximation it is quite simplified. For this purpose, this
work involves a theoretical model that enables to receive a clear vast MHD image of dynamic
variation of the magnetopause parameters. In particular, it is possible to adequately express the
physical mechanisms for energy transmission from the dayside boundary of the magnetosphere to
its inner structures during the perturbation of the solar wind. The fig. 2 shows the behaviour of the
thicknesses of the magnetopause, the magnetic field induction displacement and the magnetic field
energy loss within the frameworks of each model of the impulsive time variation of the magnetic
viscosity of the solar wind plasma. In all the three cases synchronous time variation of the
magnetopause thickness and the (1) and (2) parameters was observed. The quantitative dissipation
effect of the surface DCF-current during the screening process of the geomagnetic field in the
magnetopause was clearly seen that may be considered as the main indicator for the physical value
of the magnetopause model presented by us.
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MarHuTHbIN NOTPAHUYHBIN CJI0H 3eMJIH, KaK KaHAJI
CHa0KeHHMsl JHeprueil MNPoOLECCOB BHYTPHU MArHUTOCGepHI

M.C. Uxurynnaze, H.W. Konxoaanze
Pe3rome

Ha rpanuiie Maraurocqepbl NPOUCXOIUT IEPMAHCHTHOE KBAa3UBSI3KOE B3aUMOJICHCTBHUE MEXIY
IUIa3MOH COJTHEYHOTO BETPa U reOMarHUTHBIM nosieM. [1on06H0 addexTy nepecoetMHeHUs CHIOBBIX THHUN
BMOPOKEHHOTO B COJIHCYHBIH BETEpP MEKIUIAHETHOTO ¥ 3€MHOIO MArHHTHBIX IOJICH, MHTEHCHBHOCTD
KBa3HUBA3KOI'O BSaHMOﬂeﬁCTBHH 3aBUCAT OT MATrHUTHOM BS3KOCTHM IUIa3Mbl. AHOMAJIbHOE BO3paCTaHUC
BEJIMYMHBI dTOro mapamerpa B MIJl morpaHudHoM ciioe 3eMIIM, C KOTOPBIM OTOXKACCTBISCTCS
MarauTonaysa, 3aBUCUT OT YPOBHA BO3MYIICHUA COJIHCUHOI'O BETpaA. I/ICXOI[SI n3 HeO6XOI[I/IMOCTI/I SIBHOT'O
NpeACTaBlIeHUs  JUHAMUYSCKUX W3MEHEHMH KPYNHOMACIITAOHOM KapTUHBI MAarHUTONAY3bl, 10
HACTOSIIEr0 BPEMEHHU HCIIOIb3YIOTCS Pa3INYHbIC YHCICHHBIC H aHATUTHIECKAE METO/BI MaTEMAaTHIECKOTO
MozenupoBaHusa. D(P(EKeTHBHOCTh 3THX METOJOB 3aBUCHT OT TOTO, KaK YZAadHO OIMCHIBAET MOZEIh
mepefadyy SHEPrHM COJTHEYHOro BeTpa MarHurocdepe. OOBIYHO, TaKMM OOpasoM JaeTcs OleHKa
a/IeKBATHOCTH MOJEJH OTHOCHTENBHO IIPOLEcca PasBUTHS Pa3IMYHBIX MarHUTOC(EpHHIX sBICHHIL. B
JaHHOH paboTe paccMaTpPHUBAeTCs OJHA M3 TAaKHX TEOPETHYECKUX MOJETedl MarHWUTONAay3bl, OCHOBOI
KOTOpOW SIBISIETCS «MarHuTHoe» ypaBHenue MIJl morpanumuHoro cios JKurysesa, yHpoOIIEGHHOE IIpU
HOMOIIM KMHEMaTH4eckoil moneny Ilapkepa mis CKOpOCTH miasMbl. JlIsl MpeCcTaBIeHUs B SIBHOM BHJC
(1)I/I3I/I'-IeCKI/IX MCXaHHU3MOB, HAIIPaBJIAIOMIUX NPOLECC Mepeaadr 3HEPTrun OT I'paHUIBI MaI‘HI/ITOC(i)epI)I K €€
BHYTPCHHUM CTPYKTypaM, BBOISATCS JOIOJHHUTEIbHbIC —XapakTepucTukun MIJ] HOrpaHHYHOrO CIOs:
TOJIIMHBI BBITCCHEHWS MHIYKIMU W SHEPIMH MAarHUTHOTO IIOJNIS HAa Marauromayse. Ilpum stom B
«MarHUTHOM» ypaBHEHUH JKuryneBa HCHONB3YIOTCS Pa3iIM4HBIC MOJEIH HMILYJBCHOIO M3MEHEHUS BO
BPEMCHH MarHUTHON BSI3KOCTH COJHEYHOTO BeTpa. B pesylsibraTe mpy MOMOLIM METOJA IOCIIe0BATEIbHBIX
HpH6JIH)KeHHﬁ ornpeacicHa COOTBETCTBYIOIIAd O3THUM MOJACIAM KBasUCTAallMOHApHasd aHAJIMTHUYCCKAA
KapTHHA U3MCHCHUS IaPaMETPOB MAarHUTOIIAY3bI.
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