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A joint scientific session of the Division of General
Physics and Astronomy and the Division of Nuclear Physics
of the Academy of Sciences of the USSR was held on May 29
and 30, 1985 at the P. N. Lebedev Physics Institute of the
Academy of Sciences of the USSR. The following papers
were presented:

May 29
1. Yu. N. Pariiskii. RATAN-600 and cosmology.
2. N. S. Kardashov, R. Z. Sagdeev, D. P. Skulachev, I. A.

StrukovandN. A. Eismont. Spatial anisotropy of millimeter
cosmic radio emission.

3. G. Ya. Smol'kov, T. A. Treskov, and A. A. Pistol'kors.
Commissioning of the Siberian Solar Radiotelescope and the
results of first observations.

May 30.
4. V. A. Rubakov. Theoretical aspects of the problem of

heavy magnetic monopoles.
5. A. E. Chudakou. Search for heavy magnetic mono-

poles in an experiment at the Baksan underground scintilla-
tion telescope.

6. G. V. Domogatskii. Search for heavy magnetic mono-
poles in the deep underwater experiment in Lake Baikal.

Two of the papers are briefly summarized below.

G. Ya. Smol'kov, T. A. Treskov, and A. A. Pistol'kors.
Commissioning of the Siberian Solar Radiotelescope and the
results of first observations. In 1984 in Eastern Siberia the
construction was completed of the Siberian Solar Radio-
telescopes (SSRT) with an angular resolution up to 20" at a
wavelength of 5.2 cm (Fig. 1).

Being designed for the investigation of an extended ob-
ject continuously and significantly varying and with a wide
spectrum of its structural scales, the SSRT is a cross-type
radio interferometer of 256 antennas, which consists of two
mutually orthogonal 128-element antenna arrays provided
with the necessary receiving and computing apparatus.1"3

The base length of both antenna arrays is equal to 622.3
m. Antennas with parabolic reflectors are placed 4.9 m
apart. With a reflector diameter of 2.5 m the field of view of
the SSRT is approximately 70'. As a result of this the SSRT
has a uniform spectrum of spatial frequencies sufficient to
pick out in the distribution of radioluminousity details of all
sizes from the principal components of the structure of the
active regions (10"-20") up to the radiodiameter of the Sun.
Therefore one can study with the aid of the SSRT any active
region or a flare-type process simultaneously with making
diagnostic measurements of the state of the solar activity as a
whole.

FIG. 1. Siberian solar radiotelescope of the Siberian Insti-
tute for the study of Terrestrial Magnetism, Ionosphere
and Propagation of Radio Waves (SiblZMIR) of the Si-
berian Branch of the Academy of Sciences of the USSR in
the Eastern Sayan mountains (view from the north-east).
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The diffraction maxima of the lobe diagrams of both
antenna arrays cover the sky uniformly. Therefore the exis-
tence in the SSRT of two mutually orthogonal arrays makes
it possible to observe the sun practically during the whole
day with a high uniform resolution up to 17". The multi-ray
lobe diagram of the "cross" consists of pencil-shaped rays.4

In order to obtain two-dimensional radio images of the
sun provisions were made for: 1) parallel multifrequency
recording of the distribution of radio luminosity with respect
to the angle of the location with the aid of an 180-channel
receiving assembly with time constants which eliminated the
distortion of radio images as a result of the rotation of the
sun and sufficient to study flares, and 2) scanning of the sun
every few minutes along the azimuth as it passed through
such fanlike arrays of the lobe diagram in the course of its
motion across the sky as a result of the diurnal rotation of the
earth. The use of such a method of "frequency" scanning is
based on the dependence of the orientation of the lobe dia-
gram of the antenna arrays on the wavelength and is
achieved by means of connecting the antennas to the multi-
channel receiving assembly by waveguides of equal electrical
length. The recording with this arrangement of the distribu-
tion of the degree and sign of circular polarization enables
one to draw conclusions concerning the structure and the
dynamics of magnetic fields within the atmosphere of the
active regions.

The shaping of the complex lobe diagram of the SSRT
has been achieved as a result of the engineering and con-
structional designs adopted and the use of the method of
phase adjustment (of the antenna arrays with record-high
values of electrical dimensions and number of antenna and
waveguide elements) with respect to the radio emission of
the sun taking into account the nonuniform distribution of
radioluminosity over its disk. The synchronous tracking by
256 antennas, the diagnostics of the operational efficiency
and the control over the operation of all the systems, the
sampling of the 360 outputs of the receiving assembly, the
operational imaging and the primary reduction of the results
of observations are carried out with the aid of a multiprocess
automated assembly, accessible for development and capa-
ble of being adapted to the solution of new problems.3'5

The stage-by-stage commissioning began in the spring
of 1981. Daily recording of one-dimensional distributions of
radioluminosity in the course of phasing the antenna arrays

with respect to the radio emission of the sun has made it
possible to initiate the study of spatial-temporal features of
the development of active regions and flares.6"10 Repeated
recording in this program of known facts has confirmed the
correctness of the development and construction of the
SSRT project. At the same time new information has been
obtained on the structure and development of active regions
which are accessible only to the application of the method of
observation with the aid of the SSRT: the rapid and signifi-
cant variability of the microwave emission of the active re-
gions6'7, the pulsations of the microwave emission from the
active regions with a period of the order to several seconds,8

the localization and displacement of flare-type processes
with respect to sunspots, the change in the structure and sign
of the circularly polarized radiation from the active region as
a result of a flare, etc.6

The ability to pick out emission from individual details
of active regions, the study of their structure and develop-
ment made it possible to initiate a search for precursors of
flares9'10 and a study of special features of sources of micro-
wave radiation aimed at diagnostics of the development of
physical processes in the solar atmosphere. As a result of
observations of active regions at the edges of the solar disk
two components have been distinguished: an extended one
up to heights of 30-40 thousands of km and a compact one
(~ 1000 km in height) (Fig. 2). A rapid brightening of a
source of microwave radiation signifies the emergence of a
new portion of magnetic field in the active region.l'

Already the preliminary observations of the sun carried
out in the process of adjusting the stage-by-stage commis-
sioning of the SSRT have demonstrated its great ability to
provide information. The utilization of the SSRT together
with the Sayan and Baikal (optical) observatories of SiblZ-
MIR (Siberian Institute for the Study of Terrestiral Magne-
tism, Ionosphere and Propagation of Radio Waves)12 will
make it possible to solve urgent problems of present-day
physics of the sun and of solar-terrestrial physics.

]G. Ya. Smol'kov, T. A. Treskov, B. B. Krissinel' and N. N. Potapov, In
the book "Issledovaniya po geomagnetizmu, aeronomii i fizike solntsa"
(Investigations of the geomegnetism aeronomy and physics of the Sun),
Nauka, M., 1983, issue 64, p. 130.

2G. Ya. Smol'kov, Izv. Vyssh. Uchebn. Zaved., Radiofiz. 26, 1403
(1983).

3V. V. Belosh, V. A. Putilov and G. Ya. Smol'kov, Sistema automatizatsii
Sibirskogo solnechnogo radioteleskopa: Mikroprotsessornye sredstva i
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sistemy (Automation system of the Siberian solar radiotelescope: Mi-
croprocessing means and systems) GKNT (State Committee on Science
and Technology), M., 1985, vol. 1.

4W. N. Christiansen and J. A. Hogbom, Raidotelescopes, Cambridge
Univ. Press, 1985 (2nd ed) [Russ. Transl. of 1st (1969) ed., Mir, M.,
1972].

5S. D. Kremenetskii, V. A. Putilov, L. M. Risover and G. Ya. Smol'kov,
Melody postroeniya i obrabolki radioizobrazhenii solntsa (Methods of
constructing and in terpreting radioimages of the Sun) Nauka,M., 1983.

6a) G. Ya. Smol'kov, T. A. Treskov and N. N. Potapov, In Ref. 1, issue
65, p. 204. b) G. Ya. Smol'kov, In: Unstable Current Systems and Plas-
ma Instabilities in Astrophysics, Eds. M. H. Kundu and G. D. Holman,
D. Reidel, Holland, 1985 p. 555.

7G. Ya. Smol'kov, T. A. Treskov and V. P. Nefed'ev, In the book "Sol-
nechnaye, aktivnost" (Solar Activity), Nauka, Academy of Sciences of
the KazSSr, Alma-Ata, 1983, p. 70.

8V. G. Zandanov, T. A. Treskov and A. M. Uralov, In Ref. 1, issue 68, p.
21.

"V. P. Nefed'ev, N. N. Potapov and G. Ya. Smol'kov, In Ref. 1, issue 64,
p. 84.

10V. F. Melnikov, V. P. Nefedjev, T. S. Podstrigach, V. S. Prokudina, N.
N. Potapov and G. Ya. Smol'kov,-Publ. Debrecen Heliophysical Obs.
Hungary, 1983, v. 5, p. 167.

"V. G. Zandanov and A. M. Uralov, In Ref. 1, issue 65, p. 107.
"G. Ya. Smol'kov, In: Sun and Planetary System, Eds. W. Fricke and G.

Teleki, D. Riedel, Dordrecht, Holland, 1982, p. 123.

A. E. Chudakov. Search for heavy magnetic monopoles
in an experiment at the Baksan underground scintillation
telescope. As is well-known, attempts of experimental dis-
covery of monopoles—particles with a magnetic charge
qM = (137/2)e—have produced no results during the entire
fifty years that have elapsed since Dirac had introduced the
indicated rule for quantizing the magnetic charge. Since the
mass of the monopole in Dirac's theory was not fixed, the
search was carried on in the region of mass values at which
production of monopole-antimonopole pairs would be possi-
ble at accelerator energies or in cosmic rays. Naturally in
such processes monopoles would have relativistic velocities,
so that their detection would present no difficulty utilizing
their tremendous ionizing ability, which exceeds by a factor
of 4700 the ionization of the usual relativistic charged parti-
cles. On the other hand, relatively light monopoles could be
slowed down by the medium, and in this case the ideal meth-
od for discovering them would be Alvarez's method which
consists of repeatedly passing the suspected sample through
a superconducting coil carrying a current and observing the
changes in the current. However, both methods indicated
above are not the obvious ones in searching for a superheavy
monopole predicted by a number of "grand unification mod-
els" for electroweak and strong interactions. An impetus for
renewed searches was both the appearance of the monopole
in the theory, and the necessity of new experimental methods
connected with the colossal mass of the predicted particle.
We shall base our discussion on the mass most popular at
present of 1016 GeV, although it should be kept in mind that
a signficant further increase in the mass will make the mono-
pole even more difficult to observe. It follows from the mass
being assumed that:

1) The monopoles could have arisen only in the first few
moments of the "Big Bang."

2) Their motion within the galaxy is controlled by the
magnetic field and the characteristic energy is S; 10" GeV.

3) Accordingly their velocity is (0.5-l)-10~2c.
4) The earth, the moon and even the sun are practically

transparent for these particles.
5) The requirement that the concentration of mono-

poles should produce no difficulties with respect to the aver-
age density of matter in the universe leads to a severe restric-
tion on their flux. For a mass of 10'6 GeV approximately the
same restriction arises from the nondestruction by the mon-

opoles of the magnetic fields of the galaxy. This maximum
admissible flux is very small: 10~15 cm~2 s"1 sr-1.

6) The low expected velocity of the monopoles and
their tremendous penetration power serve as a reliable signa-
ture for distinguishing them against a background of ordi-
nary particle in an underground experiment. On the other
hand, the ionizing ability of monopoles decreases rapidly at
velocities < 10~2c and requires special consideration.

Appropriate calculations lead to the conclusion that a
reliable reporting of monopoles in terms of the ionization
produced by them (scintillations) in possible at a speed
u>10~3c. At u<10~3 c the use of detectors based on ioniza-
tion is possible only if the Rubakov effect exists-the mono-
pole inducing proton decay.

For the first time the search for heavy monopoles as
slowly moving ionizing particles is an underground experi-
ment with a high aperture ratio was started at the Baksan
neutrino observatory of the Institute for Nuclear Research
of the Academy of Sciences of the USSR at the beginning of
1981.' The Baksan underground scintillation telescope is
still the most sensitive installation for such a search. The
telescope is situated at a depth of 850 Gg/cm2, where the
intensity of cosmic rays has been suppressed by a factor of
5000. Its dimensions are 16X16X11 m3 and it consists of
eight scintillation layers, each of which contains 400 individ-
ual scintillators. The recording scintillation layers are isolat-
ed from each other by an absorber of 160 g/cm2, which is
essential for the realization of the method of measuring the
time of flight, particularly if the Rubakov effect is present.

The principal requirement in selecting candidates for
the event being sought consists of the fact that the particle
must cross not fewer than three scintillator layers with a
relative delay in the range of 0.1-50 fis. Figure 1 shows a

FIG. 1
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