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Abstracts

Interaction of solar wind plasma and the Earth magnetic field is particularly
important, as it represents a global energy process taking plase in the natural
environment. Very low density plasma flow from the Sun’s photosphere, solar wind,
Earth’s magnetosphere and its main radiation belt, ionosphere, form the system, where
continuous electromagnetic energy transmission from the solar wind to the
magnetosphere takes place.

The aim of the thesis work is to study the topological features of magnetic
field on the dayside of the earth’s magnetosphere and to estimate the characteristic
spectrum of magnetogradient waves cased by nonuniform distribution of magnetic
field induction in the magnetohydrodynamic boundary layer. Magnetohydrodynamic
(MHD) approximation is used for the specific problems related to the solar wind
plasma dynamics. The effects of the plasma electric conductivity changes is estimated
in kinetic approximation by Sagdeev‘s anomalous resistivity theory.

A number of original models have been proposed in the thesis, which enable
theoretic interpretation of modern digital experiments. Results of the interpretation
can be essential for understanding physical nature of dissipative effects developing
during laboratory modeling of thermonuclear synthesis. In the first paragraph of the
first chapter the system of magnetic hydrodynamic equations is discussed. In the
second paragraph, simplified forms of the equations and transformation scheme of
these equations to the non-dimensional form are presented. The main non-dimensional
similarity parameters of the MHD flow presented as well. There of the first chapter
the theory of Earth’s magnetic boundary layer, i.e. magnetopause, and corresponding
to it equations are given. In the third paragraph of the first chapter the Shvetz’s
successive approximations method is shortly reviewed and its efficiency is estimated
for analytical solutions of problems on various types of boundary layers.

The first paragraph of the second chapter is related to the problem of magnetic
viscosity. This substance, before its interaction with the magnetosphere has practically
ideal electric conductivity. However, if for the estimation of the value of this
parameter we use Spitzer’s well- known formula, valid for the absolutely ionized gas
then the solar wind is not an ideal conductive environment. This means that solar wind
has a certain magnetic viscosity. According to Sagdeev’s kinetic theory of anomalous
resistivity the anomalous increase of magnetic viscosity of plasma is related to the
excitation of ion-acoustic instability. In the thesis work the anomalous magnetic
viscosity of the solar wind plasma derived from Sagdeev’s theory is compared to the
value derived from the azimuthal magnetic field model around stagnation zone. We
found that the boundary condition of magnetohydrodynamic balance requires same
values of magnetic viscosity as it is given by Sagdeev’s theory. In the paragraph two
the effect of impulse change of magnetic viscosity in the non-stationary meridional
magnetic boundary layer and identified as magnetopause in meridional section of
magnetosphere is reviewed.

In the first paragraph of third chapter, using the theory of algebraic curves,
model of reconnection of interplanetary magnetic field force lines and the force lines
of geomagnetic field due to annihilation at the critical point of magnetosphere is
presented. Unlike other known models, in this topological picture of magnetic field of
the effect of interconnection initiation, the erosion of magnetic boundary and
respective disturbance of the intra magnetospheric structure is not required. In the
second paragraph of the third chapter the screwlike topological model of the magnetic
field force lines at the surface of stagnation zone is given. The basis of the model is



the identification of the top of stagnation zone with the singular point. According to
this model the reconection of the interplanetary magnetic field force line at the tip of
stagnation zone is possible. Therefore the topological similarity takes place between
the magnetic surface with the top and the stagnation zone, which is formed during the
laminar flow around the surface with the critical point. In the third paragraph of this
chapter, on the basis of MHD system of equations, by the method of small
disturbances, in the frames of stagnation zone model of magnetosphere, the
characteristics of the MHD waves generated by the disturbances of parameters of the
solar wind are derived in linear approximation. The results are obtained as for ideal
conductor as well for dissipative plasma, considering the factor of compressibility
when the disturbance is extended towards the axis of symmetry of stagnation zone. In
the last, forth paragraph of the third chapter the problem of the generation of a Rossby
type magnetogradient waves in the focal area substetuded by stagnation zone of
magnetosphere is discussed. For the first time, the characteristic parameters of
abovementioned waves and the frequency spectrum is derived in this area as for linear
as well for nonlinear distributions of the magnetic field.

The results are presented in the following conclusions:

1. By modeling impulsive changes solar wind’s electric conductivity in time,
using the Jigulev’s first order analytical equations, Parker’s kinematical model
and Shvetz’s succsessive approximations metod, parameters of the meridional
magnetopause are defined; The effect of inertia of the magnetic boundary layer
is presented; Similarly to the effect in the temperature boundary layer, it
promotes the stability of the parameters of magnetopause during the change of
the electric conductivity of the plasma; The value of the velocity of the
electromagnetic drift along the magnetopause which is the validity criteria of
the mono-liquid magnetic hydrodynamic equations in the vicinity of
magnetosphere boundary is estimated.

2. By means of algebraic curve theory, flat topology model of the change in the
configuration of the boundary force line of geomagnetic field due to
annihilation of magnetic filed in the critical point of magnetosphere is
developed; According to this model in the critical point there is a possibility of
formation of a real algebric knot. In this case the reconnection scheme of the
interplanetary magnetic filed and geomagnetic field force lines and Shvetz’s
model of succsessive approximations becomes more simple because the
erosion of magnetic boundary, usually connected to excitation of intra-
magnetospheric structures, is not necessary.

3. Based on the possibilities of multiple splitting of interplanetary magnetic field
force line at the singular point, the surface of magnetic boundary of stagnation
zone of magnetosphere is developed; it was shown that this surface, in case of
the synthesis with the model of concentrated magnetic loops around
magnetosphere, will be transformed to the screwlike magnetic surface with the
variable steps. The parameters of this transformation are determined by the
linear parameters of stagnation zone; It has been demonstrated that the
topological similarity between the force lines of frozen into the solar wind
plasma interplanetary magnetic field and the lines of the plasma current, which



takes place when velocity vectors and the vectors of induction of magnetic
field are parallel before interaction with the magnetosphere, can be preserved
in stagnation zone of magnetosphere even if plasma has finite magnetic and
regular viscosity.

In stagnation zone of magnetosphere, as in the ideal conductive as well in the
approximation of mechanical and magnetic viscous compressible plasma, the
generation of magnetohydrodynamic waves with the frequency spectrum
equal to the cyclotron frequency spectrum of protons in magnetopause is
possible. It turned out, that besides the equatorial magnetopause, generation of
very low frequency Rossby like magnetogradient waves is possible also in the
focal area of magnetosheath (stagnation zone); in the approximation of
stagnation zone model for the different models of linear and nonlinear
distribution of magnetic field, the frequency spectrum of Rossby like waves,
which completly covers the frequency range of regular geomagnetic (Pc1-Pc6)
pulsations is derived.
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o (5 N\ G LR
p[E + (Vgrad)V} =—gradP+nAV + f, ., + F (L1.7)
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2

oCy (% + ngde = kAT + @ + J; , (1.19)

2
ov. oV

Los(s @z%(—a ! +—a kj .
X X,
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Y\ grad W =L graap + 147 +—[jB). (1.10)
ot p Py
9VY9390™d0l 2obGmengds:

divl =0, (1.11)
39339058 9O525dBoMMbols A5bGmen gds:

o Veradl = kAT +—— @+ (L12)
ot pCy, pC,o
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E=-VB|+ rotB, (1.13)
HoO
0byJEool gob@mangds:
B odliBl— 4B (1.14)
ot HoO
doJlggarol aob@magdgdo:
divB=0, (1.15)
p, =&,div|VB). (1.16)
= 1 —
7= ol (117)

Ho
Lo 2,:77—-150?)5@06@)015 306935303900 3mgxoi3ogb@os.  (1.1.10-1.1.12)
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9256bmdoagdom BGm®doby doggebs. Jo@gge @ogdo sgo@mm IJnd@smdols
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V=VJy', P=PP, B=B,B, E=EE, (1.1.18)
oo Vo, By, By, Ey @056 256%mdoangdosbo Lowowggdo, V', P', E',
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dobobosmgdgero Lowowyg £, GmIgamoi ©sdmzgogdygeos sdmEsbol  3mb-
309BE 3000M690byg. Jo@BH0go aodMsddbgdols Igwgasw, (1.1.8)-ol godmyg-
bgdom, (1.1.10) gob@magdowsb dogowgdm:

L ov ( )V—— gradP'+LAV+
Vi, ot vy Vol

GBOEOE ] csB0 VOE [[VB ]B ]

(1.1.19)

S0ZoED0 r83b08563300, @md (1L19) gob@magdsdo s@ol do@mobs-
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sh=1/Vyt, -bpdabosgols Goigbgo, GmIgmoi 1ol Gmaos, o ty= (/V;;
Eu =B, /(pVZ )-gogmg@ol Goibgo;
Re=1V,/- &gobeogmolols Goibgo.
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OB E,0 B}  u,olE, olV,B; B}

= , = ool V. (1.120)
PYs Ho PV B, Vs Ho PV
B; Eq
gbowos, ™3 55 He0ol—=,  HyolVy=935bbmdoagdm  bowowggdoo,
HoPVs B,
o050

[Eo 2305835, [By]=ga§3257, [o]=02557153352, [p]=g083, [V, ]=0ga.
boogl, Gmdgaoi sboboomgdl dogbo@g® ©s wobsdogy® (69390l
‘do@ol sdmogdygemgdsl, gfmegds sarggbols Goibgo:
S = Bg
>
HoPV

(1.1.21)

E
925bbmdogngdem  Lowowgls ,LIOO'EB—O ‘dgag30deos  ggfmomn Ggobmerolols
0

9 gdBOamo @oizbgo

E
Re, = pyo (=2 (1.122)
BO

obggg, dgagodeos dgdmgo@mm @gobmaolol dsgbo@yg®o @oibgo
Re,, = u,oVyl (1.1.23)

©s dogbody®o ggeoll @woxgybools (JogboGydo Lodawsbdg) gmgn03096E0
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