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In a large-scale geophysical experiment "Starfish" (weithplasma 19 [g],
energy 6*16° [erg]) the formation of an ascending plasma jet was obserbedevthe
most of the mass was distributed in the plane of a magnetic meridian.

This kind of stream can be formed as the result of flutter gonlth on the front of the
plasma stream. We created a physical model, which shown thgtdhith is determined

by dissipation processes, and the main of them is viscositgffi€st is significant after
the timer, ~1/k?, wherek = 2% is a wave number. Viscosity destroys disturbances

of high frequency, which grow (in ideal plasma) for the time 1/\/E. As the result,
increment of perturbation growth is abouy ~ \/F for low k and about
y=r, /1% ~1/K for highk. Maximum of this function is at
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where: R, p, 0,71 - radius, pressure, density and viscosity of plasma. Our estimations
shown, that in the moment of plasma brakikg=5+6. Numerical modeling of such a

large-scale three-dimensional stream of plasma with satedcphy®ntents is an
extremely difficult problem. In the same time, due to extrgmielv pressure of
surrounding ionized atmosphere, which exists on the heights over 400 knayeed
reason to look at jet stream formation on the lower heights), sjegtiven waves is
about 6061000 [km/s] which exceeds initial plasma speed ~ 500 [km/s]. MHD-
perturbation reaches the boarder of the area very fast, so wemmoose in this moment
— either we need to follow MHD-wave and increase the computatwoealvery fast, or
we want to work with main plasma streams, and grow the area bit slowes otk we
chose second approach, which led us to quite a small mistakes &ty due to
absence of information about stream structure behind the front of-pédDrbation,
which has already run away from the area.
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Let's describe the system of equations used in the code. We usenlvetine
form of equations, taking into account tensor of viscose straipg,(because kinetic and

internal energy on this phase of motion are comparable.
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We assumed that gas is not relaxing, so:
g, =n %+%_gdk%
ox, Ox 3 ~0X

The field is described by equation:
B R
?9_t = DAB +rot[V x B]

Viscose coefficients], D take the following forms:
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Due to existence of strong discontinuities, we had to createvamethod of entropy
correction of high-accurate monotonous difference schemes for mdtidional MHD-

D =0,776010°

equations, which allowed us to perform calculations of strong discongsuig to
hundreds of seconds, while the strong plasma stream can be observed.

We performed calculations using the conditions on the heights aboua7@DO0
[km]. In the initial state plasma was assumed to form a gpwpherical area with
disturbances of the surface along the lines of external geontagakt. We varied the
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initial speed of plasma growth, initial radius of the sphere andrdiite between internal
and external pressure.

By now, only preliminary calculations are performed. These atlonk allowed
us to debug the program and find main features of plasma stream.

If the initial speeds are low (V=1 [km/s]) and radius of the spl&=12 [km],
external magnetic pressure slightly overcomes internal, socave observe slow
compression of plasma with strong growth of plasma density in the center ofah&ar
initial perturbations of the surface don’t decrease — they grow (see Fig.1).

If initial speed is taken from the ranye=10+10C, plasma keeps growth until
breaking, approximately saving the shape of the perturbations. Thgins bthe
compression and appearance of the jets phase. In the moment lohdrnelasma is
extremely sensitive to external affects and small intggegurbations. If external affects
are too strong (this take place in situations, when we have prsbleith board
conditions), we can even see the results where the number diffets from number of
initial perturbations. When jets are formed, big part of plasma mass is movestsnto |

If non-uniform distribution of the density of external field is taket® account,
we can observe decrease on jet intensity in the direction diveagiadients ofo and

B. It means that jets directed down and horizontally, if reatibigton of o and B is

taken into account, should decline, and their mass should move into singjieectpd
jet. Though we were dealing with big heights, where Alfven wavedspethe external
plasma is high, and energy of each jet is much lower thagyeoéall plasma, we had to
perform a special analysis of impact of the computational neb@aa conditions on the
solution’s behavior. On the Fig.2 you can see an example of jet sivthrk=5, where
perturbations are situated at random angle to axes of computational network.

In addition, if the initial distribution is strongly deviated from dale, when
internal pressured > B* /877 and initial speed of plasma frodt <V, , and in the same
time, initial perturbations of plasma surface are quite big R0dach jut of the plasma
emit a wave into surrounding atmosphere. This wave, interferitig amalogous wave
from another jut, forms a very thin area between the juts, whergpeed of plasma is
much bigger, than in surrounding areas. Developing further, this ares sipofstom the
surrounding plasma in the moment of equilibrium and forms a jet.

In the same time, the calculations we performed shown thaalgfoeithm we
created has a very big range of abilities.
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Fig. 1 — Distribution of density in the area of calculations in difie moments t(=0,3;
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Fig. 2 — Distribution of density and internal energy in another loal whent =3.4 s.
Gradient of external density is horizontal



