
would also make it possible to register all the spatial
frequencies of an image and produce an accurate map
of the object.

Ultralong-baseline radiointerferometry is being used
more and more often in solving problems of geophysics,
celestial navigation, positional astronomy, measuring
the drift of continents, and predicting earthquakes.
The positions of astronauts on the moon were fixed ac-
curate to -20 cm. The position of a Venus lander has
been registered with high accuracy. This technique

can be used to investigate the dynamics of the Venusian
atmosphere with the aid of a small transmitter-carrying
balloon.

*L. I. Matveenko, N. S. Kardashev, and G. B. Sholomitskii,
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Astron. Lett. 2, 181 (1976)].

V. S. Berezinskii. Superhigh-energy cosmic rays:
The astrophysical aspect. According to observational
data,1-2 two components are observed in the cosmic-
ray spectrum at energies above 1 • 1017 eV: one, with
energies below 1- 1019 eV, is characterized by a steep
energy spectrum [*(>£)~£~ri with y^~2.0-2.1], and
another at energies above 1 • 1019 eV with a much more
gently sloped spectrum [*(>£) -E"** with y2~1.3-1.5].
The nature of the anisotropy also changes at the same
energy: the average galactic latitude of the incoming
particles begins to increase progressively with energy,
thus demonstrating that the particles come for the most
part from the north galactic hemisphere. This phenom-
enon points to an extragalactic origin for the particles
with energies above !• 1019 eV; the flat component,
which is expected in galactic models as a result of
quasistraight-line propagation of the particles, should
be characterized by preferential arrival of particles
from the galactic disk.

At energies below 1 • 1019 eV, particles may be of
either galactic3 or metagalactic4-5 origin. The galactic-
origin model3 requires the existence of a regular mag-
netic field in the halo of our galaxy and posits supernova
outbursts (or young pulsars) as the cosmic-ray sources.
The extragalactic origin at E< 1- 1019 eV may result
from generation of particles in quasars and Seyfert
galaxies4 or in the Virgo cluster,5 which is situated al-
most at the center of the local galaxy supercluster.
Only detailed experimental study of the anisotropy and
chemical compositions will make it possible to distin-
guish between the galactic- and extragalactic-origin

models at £<!• 1019 eV.

A characteristic feature of the flat component of the
spectrum (E> 1 • 1019 eV) is the absence of the so-called
black-body cutoff,6 a sharp increase in the steepness
of the spectrum at £-3 • 1019 eV due to the interaction
of protons or nuclei of these energies with relic photons.
The absence of the black-body cutoff is interpreted in
all the proposed models as a consequence of particle
generation in relatively nearby sources. Active nuclei
of galaxies within the local supercluster are proposed
as sources in Ref. 7, and generation of particles in the
Virgo cluster in Ref. 5. The latter model encounters
several difficulties.
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S. I. Nikol'skii. Absolute flux and nuclear composition
of high-energy cosmic rays. The accumulation of ob-
servational data on the primary high-energy cosmic
radiation will go on for decades. Nevertheless, we may
speak at this point of a certain stage in this process that
calls for a retrospective and the most thorough possible
comparison of existing experimental data with models
of the origin and propagation of cosmic rays.

The range of cosmic-ray energies above 103 TeV is
accessible only to indirect investigation through the ex-
tensive air showers. The methods used to study the
showers, the basics of which, like the concept of the ex-
tensive air shower as a nuclear-cascade avalanche,

were given more than 30 years ago by D. V. Skobel'tsyn
and G. T. Zatsepin, make it possible to create installa-
tions with relatively small numbers of recording detec-
tors with effective areas in the tens of km2. The impor-
tance of this fact becomes clear when it is remembered
that the intensity of the primary cosmic radiation with
energies above 107 TeV is less than 1 km"2 yr"1 sr"1.

The basic difficulty in using extensive air showers
to determine the energy spectrum of the primary cosmic
radiation arose out of the uncertainty as to the relation
between the energy of the primary particle and the num-
ber of particles in the shower that it forms in the atmo-
sphere. This uncertainty was tripled by ignorance of
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inelastic-collision and multiple-hadron-production pro-
cesses. It was eliminated in experiments after A. E.
Chudakov directed investigations of the Cherenkov radia-
tion that appears in the atmosphere on passage of a
shower.1 The energy of the primary particle is as-
sumed equal to the total energy of all shower com-
ponents. The energy expended by the shower in ionizing
the atmosphere at the observing level is determined
from the intensity of the Cherenkov emission of the at-
mosphere. The energy transported by the various
shower components below observing level is measured
directly. The absolute intensities determined in this
way for the primary cosmic radiation are (9 ± 2 ) - 10~3

m"2 hr'1 sr"1 for particle energies above 103 TeV and
( 7 ± 2 ) - 10~9 m"2 hr"1 sr"1 for particles with energies
above 10s TeV.2 >3 Considering the change in the expo-
nent of the energy spectrum discovered by S. N. Ver-
nov, G. B. Khristiansen et al.* in the energy range
~103 TeV and direct intensity measurements of the
primary radiation with energies above 1 TeV, the
energy spectrum of the primary cosmic radiation can
be expressed in simplified form as F(>£) = (9±2). 10~3

(jB/103)"r, where E is the primary-particle energy in
TeV and y = 1.65 for the range 1<E< 103 TeV and y =2.0
for 103<£< 107 TeV.

Studies of the nuclear composition of the primary
radiation by analysis of the relative fluctuations of two
different extensive air shower components at a given
observing level were begun about 20 years ago. The ac-
curacy of the measurements has now improved con-
siderably, and complete mathematical modeling of the
experiment has become possible. In particular, I. N.
Stamenov, who developed this procedure for analysis of
muon-count fluctuations in showers with a given number
of electrons and vice versa, showed that the result of a
primary cosmic radiation composition analysis does not
depend, within the limits of error, on the hypotheses
adopted for the model of the multiple hadron production
processes.5 The only limitation in selection of the had-
ron-collision model reduces to the requirement that the
theoretical and observed relationships for the average
muon count in the shower as a function of the averaged
electron count agree, if only within the limits of three
times the experimental error. Comparison of the com-
position of the primary cosmic radiation as known from
direct measurements near the boundary of the atmo-
sphere with the nuclear composition in the energy range
(2-8) • 103 TeV gives reason to believe that the variation
of the energy spectrum exponent at energies above 103

TeV does not correspond to a single value of magnetic
hardness for primary particles with different charges
and masses. It appears that a particles have the lowest
energy at the point where the spectrum exponent
changes, although the error of determination of the a-
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FIG. 1. Energy spectrum of primary cosmic radiation at
energies above 107 TeV from various Galactic directions.
1—from direction of local cluster (>30°N); 2—from Galactic
disk (±30°); 3—from half of Galactic disk in direction of Ga-
lactic center; 4—from outer half of Galactic disk.

particle fraction in the primary cosmic radiation is
much greater than that for protons or nuclei of the iron
group (12±7, 40±5, and 18 ± 5%, respectively).

Attention was first drawn to the significant anisotropy
of the cosmic radiation with energies above 107 TeV
by D. D. Krasil'nikov at a European symposium on
cosmic rays at Lodz (1974).8 One of the features of this
anisotropy is that its energy range is the same as that
of the change in the energy spectrum toward higher
hardness. The figure answers the question as to the
origin of the additional flux of particles with energies
above 3.107 TeV. The energy spectra from various
galactic directions indicate an excess of the flux over
the expected level with no change in the form of the
spectrum F(>E)~E~y for directions outside of the
Galaxy, e.g., for the direction of the local cluster.

It should be noted in conclusion that data on the
energy spectrum and nuclear composition of the pri-
mary particles that have been obtained without a priori
hypotheses as to multiple hadron production in inelastic
collisions of nucleons with nuclei are highly important
for investigation of these processes in cosmic rays at
superaccelerator energies.
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G. B. Khristiansen. Energy spectrum of superhigh-
energy cosmic rays. The development of techniques for
individualized study of extensive air showers at sea
level has made it possible to obtain new data on the
primary energy spectrum of cosmic rays at superhigh
energies (lO^-lO20 eV).

The Moscow State University extensive air shower
installation has used a technique in which the electronic
and muonic components of EAS are registered simul-
taneously. At the installation of the USSR Academy of
Sciences, Siberian Division, Institute of Space Physics
Research and Aeronomy near Yakutsk, the procedure
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