
the top of the magnetic loops in the corona at an altitude of
30-60 thousand km. Some of these electrons escape from the
sun's atmosphere, giving rise to the appearance of type III
radial bursts as they pass through the corona. The remaining
accelerated electrons move along magnetic lines of force in
the chromosphere. The energy which is transformed into the
directed motion of the electrons and into the thermal energy
of the plasma apparently changes from flare to flare and
during the development of a flare. The order of magnitude of
the energy transformed into the directed motion of electrons
is 10~* of the total energy of the flare. The electrons, while
moving downwards, give rise to hard polarized x-ray
bremmstrahlung at the base of the loops. The magnitude of
the polarization depends strongly on the pitch angle and ve-
locity distribution of the electrons and thus varies over a
wide range.

The energy flowing into the plasma heats part of the
plasma with an emission of Yx 1047 cm~3 up to Te ;=;2-107

K. The appearance of hotter nuclei with Te ~ 108 K but with
lower emission has not been excluded; such formations,
however, have not yet been observed. As energy is released
tions of the transverse magnetic field vector and crossing of
fields of different orientations (primarily transverse) occur.
At these locations the electric currents are maximum. The
magnetic-field gradients there often attain magnitudes of 0.1
G/km. Gradients of this magnitude correspond to electric
current densities of 104 A Am2. The intensity of a flare is in
general determined by the magnitude of the field gradient or
the electric current density.

The motions of spots are intensified prior to the appear-

ance of a flare and during the course of its development.
Flares appear at locations toward which, among other
things, spots and humps in the magnetic field predominantly
move. The appearance of flares is closely linked to the rota-
tion of the spots. Disturbances of the magnetic field arising
from the rotation and relative motion of the spots in the
active region create the characteristic features of the plasma
state and intensification of electric currents with which the
appearance of flares is probably associated.

Two types of flares can appear. The first type is asso-
ciated with excitation accompanying the rotation of the
spots (magnetic filaments). This type of flare corresponds
best to the point of view developed by H. Alfven and P. Carl-
quist.4

The second type is associated with the motion of the
spots. It corresponds best to current layers.

During an intense flare the energy stored in the magnet-
ic field in the active region decreases by 1032 ergs. The
change in the magnetic flux along the contour of the active
region creates an emf which is sufficient to accelerate parti-
cles up to 108-109 eV.5

'A. B. Severnyi, Izv. Krym. Astrofiz. Obs. 33, 34 (1965).
2S. I. Gopasyuk, B. Kalman, and V. A. Romanov. Izv. Krym. Astrofiz.
Obs., ibid. 72.

3 A. V. Severny in: Solar Flares and Space Research, edited by C. De Jager
and Z. Svestka, Amsterdam (1969), p. 38.

4H. Alfven and P. Carlquist, Solar Phys. 1, 220 (1967).
'A. B. Severnyi in: Solar Magnetic Fields, edited by R. Howard, D. Rei-
del, Dordrecht (1971), p. 417.

I. A. Zhitnik, S. L. Mandel'shtam, I. P. Tindo, and A.
M. Urnov. New observational data on x-ray flares and active
regions on the sun. The problem of solar flares is one of the
central problems in the physics of the sun. During a flare an
energy of s 1028-1032 erg is released in the form of electro-
magnetic radiation (gamma, x-ray, ultraviolet, visible, in-
frared, and radio) and charged particles (electrons, protons
and neutrons, and plasmoids). Flares strongly influence pro-
cesses which occur in the earth's magnetosphere and ionos-
phere.

As the basic work of A. B. Severnyi and his coworkers
has shown, the primary energy of flares derives from the
local magnetic energy of the active region where the flare
occurs. But what happens next? How is this energy trans-
by fast electrons at the base of the loops, the matter in the
chromosphere is "vaporized" and diffuses along the magnet-
ic tubes, increasing the emission in the region of the flare up
to y~ 1049 cm~3 in the smooth phase of the flare. At the
same time "superthermal" electrons with energies £ 10 keV
continue to exist together with the thermal component of the
plasma. This picture holds throughout the entire smooth
phase of the flare, which makes necessary the assumption
that energy flows into the region of the flare not only during
the pulsed phase, but also during the smooth phase.

Immediate problems for further research, it seems to us,
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FIG. 1. Section of the x-ray spectrum of the sun near 9 A, obtained on the
Vertikal'-9 rocket on August 20, 1981.
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include a more reliable localization of the region of primary
energy release in flares and elucidation of the mechanism of
the formation of the two plasma components—thermal and
nonthermal: do they arise simultaneously in the same region
of the corona or does one give rise to the other? It is possible
that the plasma is first rapidly heated, which causes the ap-
pearance of accelerated "superthermal" electrons (accelera-
tion by shock waves, appearance of instability, thermal
runaway of electrons, etc.). It is possible, however, that the
fast electrons appear first (for example, as a result of the
appearance of a strong electric field), then these electrons
heat the plasma in the region of the flare. We are now search-
ing for new observational methods which would yield
answers to these questions.

The existence of two plasma components—a thermal

component with Te ;=2-3-106 K and 7=:1049 cm~3 and a
nonthermal component with electron energies of ~(3-6)
kT—is also characteristic for active regions on the sun in the
absence of flares.

Figure 1 shows the section of the spectrum in such a
region near 9 A, obtained on the Vertikal'-9 rocket on Au-
gust 20, 1981.
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2Z. Svestka, D. Rust, and M. Dryer, Solar Maximum Year, Adv. Space
Res. 2, 11 (1982).

3S. L. Mandelstam, A. M. Urnov, and I. A. Zhitnik in: Abstracts of the
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B. V. Somov. New theoretical models of solar flares. In
the last decade, especially during the coordinated interna-
tional program of the Solar Maximum Year (1981), studies of
solar flares have acquired a comprehensive and complex
character (see, for example, Ref. 1). The flow of the most
diverse observational data on flares and the secondary phe-
nomena caused by them has made it possible to obtain new
and significantly more detailed information on the mecha-
nism of flares.2 Theoretical ideas concerning solar flares
have also been significantly refined and partially changed.3

The results of the Solar Maximum Year showed pri-
marily that most of the energy of a flare is released not in
accelerated particles, as previously thought, but rather in the
form of intense fluxes of heat into a high-temperature, rela-
tively dense plasma. Since this energy derives from the
strong magnetic fields in the sun's atmosphere, the problem
of rapid dissipation of electric currents forming thin layers in
the highly conducting plasma has become even more ur-
gent.4 Great hopes have for a long time been placed on the
process of magnetic reconnection—the interaction of the
magnetic fields with antiparallel components (see, for exam-
ple, Ref. 5).

In connection with new observational data indicating
magnetic reconnection in solar flares,6 the development of a
self-consistent model of high-temperature turbulent current
layers (HTCL) was undertaken about five years ago at the P.
N. Lebedev Physics Institute.7 The model takes into account
the following three effects, which are characteristic of the
process of magnetic reconnection in flares and other nonsta-
tionary phenomena in the sun's atmosphere.

First, the current layer is usually not "neutral," i.e. hav-
ing only strictly antiparallel magnetic-field components.
The presence of at least a small transverse component in the
layer substantially increases the effectiveness of the cooling
of the HTCL by convective plasma and anomalous heat
flows. Moreover, a self-consistent analysis of the HTCL
shows that both the plasma outflow from a layer and plasma
inflow into it increase. The flow of magnetic energy dissipat-

ed in the HTCL increases together with the flow of plasma
into it. This yields a quite intense energy release with rela-
tively low characteristic reconnection velocities.8

Second, modern observations demonstrates the strong
nonuniformity of the plasma in flare loops, especially across
them, i.e., preferably across the magnetic lines offeree. Un-
der these conditions, as is well known,9 excitation of so-
called gradient instabilities must be expected. Amongst
these instabilities the most important ones for solar flares are
those leading to anomalous diffusion of plamsa and heat
across the magnetic field.10

Finally, the model of the HTCL takes into account the
fact that under real conditions "zero lines" of the magnetic
field do not exist on the sun, and magnetic reconnection is
always realized in the presence of a longitudinal (with re-
spect to the current in the layer) magnetic field. The current
layers form on the so-called "limiting lines"4 or "separa-
tors." '' The latter differ from the zero lines only by the pres-
ence of a longitudinal magnetic field.

The appearance of separators in the sun's atmosphere
was previously usually attributed to the surfacing of a new
magnetic flux from the photosphere in the region where a
magnetic field already exists. It can be shown with the fol-
lowing example that the presence of separators must be
viewed as a much more general phenomenon. Figure la ex-

FIG. 1. Model distribution of the vertical component of the magnetic field
in the photosphere.
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