
frequencies on the Moscow-Molodezhnaya radio link for
the most characteristic periods of the year, an equinox
(March 1967) and a solstice (June 1967). The numerals
indicate the corresponding values of the OWF in MHz.
For comparison, Fig. b) gives calculated values of E o

for the same periods. The calculation was made by A. N.
Kazantsev's method.

The substantial increase in the field intensity after
sunrise and especially after sunset at the equinox indi-
cates the presence of optimum ducts in the ionosphere
during these periods.

The substantial disagreement between the calculated
and experimental values indicates a need for the devel-
opment of a new method of calculating the shortwave
field strength for global transmission paths, one that
takes account of the specifics of the ultralong-range
propagation mechanism.

It was also shown from the analysis of the experi-
mental materials obtained on the "Ob"' that on trans-
mission paths that never coincide with the terminator,
and hence with the optimum annual duct, the best time of

day for ultralong-range propagation is the time at which
the optimum annular duct intersects the great circle of
the path at points on the equator. The best time of year
(at the same time of day) is that at which the angle be-
tween the planes of the path and the optimum annular
duct is smallest.

The results of the work were used to derive analytic
expressions and to construct nomograms for determina-
tion of the times of the day and year that are most
favorable for long-range shortwave radio communica-
tions between any two points on the globe in both the
forward and back directions, and for determination of
the directions and corresponding times most favorable
for around-the-world propagation from an arbitrarily
specified point.

The simplified picture of the global shortwave radio
propagation mechanism presented above calls for the
development of more accurate quantitative methods for
calculation of the energy characteristics of propagation,
and this the IZMIRAN proposes to do on the basis of its
current theoretical studies.

A. N. Pushkov, E. B. Fainberg, T. A. Cher nova, and
M. V. Fiskina, Secular Variations of the Geomagnetic
Field According to Recent Data. Using a consistent me-
thod, direct measurements were analyzed and analytic
models constructed for the geomagnetic field and its
secular variations for three overlapping time intervals:

1950—1975. Use of the most detailed and accurate
information makes it possible to develop the series to
η = m = 9, and the expansion is used to solve practical
problems: preparation of new magnetic charts, reduc-
tion of data from surveys made at various times to the
same epoch, forecasting of the field for the next five
years.

1880—1970. Data from component surveys and ob-
servatories were used, the series was developed to
η = m = 6, and the results were used to study the space-
time features of the structure of the field with existence
times of less than 100 years.

1500—1970. Data from angle measurements were
used; the limited nature of the information permitted
development of the series only to η = m = 4, and the
results were used to study the space-time features of
field structure with existence times of less than 600
years.

Analysis of the morphology of the field at various
times makes it possible to distinguish effects that have
different spatial and temporal characteristics.

First-order effects: global features of the spatial
structure, variation amplitudes 25 y/yr, existence time
greater than the time interval considered. These effects
include the decrease in the magnetic moment, the uni-
form component of westward drift at a rate of 0.2° per
year, the northward shift of the dipole component, and
the asymmetry of the fields of the Northern and Southern
Hemispheres»

Second-order effects: large regional features of the
field's spatial structure ("continental anomalies") and
the corresponding foci of secular variation of the Atlantic
type. Spatial dimensions of features 40—60% existence
time ~600 years, variation amplitudes 60—160 y/yr.

The features have a tendency to shift westward. The
number of features is greater in the Southern than in
the Northern Hemisphere, and this increases the asym-
metry of the field.

The third-order effects are characterized by spatial
dimensions of 20—30°, existence times of 40—70 years,
and variation amplitudes of 40—100 y/yr. The features
first arise in the equatorial region and have westward
and southward (Southern Hemisphere) and northward
(Northern Hemisphere) velocity components; the south-
ward and northward components increase with increasing
distance from the equator. The accuracy of global repre-
sentations is inadequate for study of these features, and
must be filled in by the construction of more detailed
charts, as is possible for Europe and the USSR, the USA,
and Canada.

Conversion from the set of coefficients or the struc-
ture of the field to its sources is not possible within the
framework of the Gauss-series expansion. Attempts to
overcome this difficulty have been made by considering
various combinations of harmonics separately and by
constructing current functions and dipole or multipole
models.

Seeking an expansion that takes account of the features
of the space-time structure of the field and makes it
possible to distinguish independent structures, we used
an expansion in the natural orthogonal components. The
field is represented by the series H^ = I j T k i Xk-, where
the Ti.· are functions that depend only on the time i and
the X ĵ are natural functions that form, on a given set of
points j , an orthogonal system that describes the spatial
structure of the field. The principal property of the
functions Tj^ and X^ consists in their being uncorrela-
ted, i.e., different terms of the expansion describe dif-
ferent space-time features of the field. The previously
described results of spherical analyses served as initial
material for the expansion. The expansion was carried
out on a BESM-6 computer. The results of the analysis
permit more confident designation of effects with various
characteristic times and spatial dimensions and estima-

562 Sov. Phys.-Usp., Vol. 18, No. 7 Meetings and Conferences 562



tion of the characteristic time of first-order effects at
1200 years, of the second-order effects at 600 and 300
years, and of the third-order effects at 120 and 60 years.
Thus, in combination with the expansion in Gauss series,

the natural-component expansion broadens the possibility
for interpretation of the morphology of the field and its
variations from the standpoint of S. I. Braginskii's mag-
netoacoustic waves or Hyde's free field decay.

E. I. Mogilevskif, The Fine Structure of the Solar
Magnetoplasma. 1. Investigation of the nature of the fine
structure (FS) of the solar magnetoplasma has become a
prime concern of solar physics. The basic properties of
solar-activity phenomena and the related complex of
sun-governed geophysical phenomena are determined by
the characteristic filamentary FS of the magnetoplasma.
Almost all of the magnetic field in the active and undis-
turbed regions of the sun is concentrated in a set of
regularly arrayed small-scale (sizes > 1") pointlike
(in cross section) filamentary elements. In these ele-
ments, the field strength ranges from a few hundred
(in the so-called filigrees—bright points on the boundar-
ies of convective supergranules) to 103 Oe (in spots,
pores, magnetic "nodules"). The filamentary FS of the
magnetic field and the equally fine structure of the
velocity and solar magnetoplasma emission distribution
that is associated with it can be traced in optical, x-ray,
and radio observations at all levels in the photosphere,
chromosphere, and corona and in the interplanetary
plasma. The evolution and dynamics of the FS are under
investigation with the most modern solar-research equip-
ment (vacuumized tower telescopes, extraatmospheric
solar telescopes, etc.).

2. Studies of certain subtle effects of Zeeman splitting
of Fraunhofer lines in the spots have made it possible to
indicate ^ the possible existence of large magnetic fields
in the closely spaced magnetic bundles of the FS, between
which there is an oppositely directed field
(~ 200—300 Oe). This conception is favored by differ-
ences in the Doppler velocities determined from the σ
and ν components (νσ = ν π — V, where 0.25 ^ ν
< 0.5 km/sec).

3. Studies of the FS of the solar magnetoplasma and
of the hierarchic discrete macrostructure of solar ac-
tivity can also be pursued by detailed investigation of the
quasiperiodic oscillations (QPO) of the magnetic field
and the associated QPO of the optical, x-ray, and radio
emissions.

Observations of the QPO of the magnetic-field vectors
in spots, made simultaneously at two levels with two
vector magnetographs [ 2 > 3 : i , have made it possible to
detect a discrete power spectrum of the low-frequency

QPO of the field and the radial velocities. These field
QPO are propagated at the local Alfven velocity from the
photosphere to the chromosphere and corona of the ac-
tive region. The QPO in the radio emission (especially
for the S component of the radiation above spots, type IV
radio bursts, and noise storms, in whose generation the
magnetic field is a decisive factor) are closely related
to the QPO of the magnetic fields. The QPO power spec-
trum carries information both on the FS of the magneto-
plasma (in the modulation-frequency range ~ 10'1—10 Hz)
and on its macrostructure (at modulation frequencies
w 10~2 to 10"4 Hz). This is also confirmed by numerical
modeling of the process and by comparison with QPO
observations for the magnetic fields and radio emission.
Hence the QPO power spectrum and the results of re-
gression analysis can serve as quantitative characteris-
tics of active-region evolution ra. This offers a possible
way of constructing a quantitative probability forecast of
solar activity and sun-governed geophysical phenom-

ena
[ 5 ]

4. An attempt can be made to construct a theoretical
model of the solar magnetoplasma FS by introducing the
distribution function of a statistical ensemble of current-
eddy discrete (subgranular) elements1-6'7-1. An aniso-
tropic distribution is obtained from Vlasov's equation
for collisionless magnetically interacting discrete ele-
ments that are bounded in phase space. It is possible,
for example, to arrive by this route at an effective con-
ductivity in the magnetoplasma that is smaller than the
classical conductivity by a factor R m (the magnetic
Reynolds number). This may make it possible to under-
stand a number of "strange" properties of the magneto-
plasma in solar phenomena (the relatively high dynamism
and weak "freezing" of the magnetic fields in the solar
plasma, etc.). Formally, the solar magnetoplasma can
be treated in the same way as a magnetic fluid. The re-
sults of solar observations (the pulling-in and ejection
of fine-structure elements in several solar phenomena
in the neighborhood of strong fields, vortical motions
and cylindrical waves in FS elements, etc.) indicate
greater profundity of the analogy between the solar mag-
netoplasma and the magnetic fluid ^ .
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