
background εχ. The models that predict a maximum of
the spectrum at high rather than low frequencies appear
more probable. In extreme cases, the prediction is
that ε , « e y or ε,»ε^,. Detection of relic gravitational
radiation with some particular energy density and
spectrum shape would make it possible to draw rather
confident inferences as to the nature of the physical
processes at extremely early stages in the evolution
of the Universe.

In addition to the relic gravitational radiation, other
forms of stochastic gravity-wave background also
exist. They are formed by a multitude of various, sim-
ultaneously operating, discrete and extended sources
of monochromatic and pulsed radiation.5 Knowledge of
their total intensity and spectrum shape would be
necessary even just to indicate the frequency ranges in
which the relic radiation might be dominant. Com-
parison of existing calculations indicates that there are
broad frequency bands at both high and low frequencies
in which the relic background is, in principle, acces-
sible to observation.

Let us make a rough estimate of possibilities of de-
tecting the relic background. Let us assume that the
background takes the form of a broad spectrum with a
width of the order of some average frequency v0. We
shall assume the total energy density equal to ε,« 10"12

erg/cm3. Different values of the characteristic dimen-
sionless amplitude of the metric h correspond to dif-
ferent choices of v0 at a given value of ε,. Different
vt call for different optimum observing methods. Let
us consider a few cases.

1) vo« 10"8 Hz, h = 10~12. Reduction of many years of
pulsar observations indicates that even the quietest
among them are subject to pulse-frequency variations
that could have been acquired on passage through a
stochastic gravity-wave background with precisely the
characteristics indicated.6 More thorough investiga-

tions should show whether we are dealing with an effect
of a gravity-wave background or with noise of another
nature.

2) v0* 10"3 Hz, h = 10"17. Doppler tracking of space-
craft velocities is promising. We are now capable of
registering frequency variations at the level
Δω/ω» 10~15-10"16, while the expected effect is
Δω/ω= 1<Γ17© 3) v0» 104 Hz, h = 10~24. Gravitational
noise with such characteristics could be registered with
mechanical antennas having the following parameters:
m = 10« g, I = 102 cm, Q = ΙΟ9, Τ = ΙΟ"4 Κ, total observing
time f ~ 1 yr. 4) vo=* 5·10β Hz, h = 2·10"27. The following
parameters should be attainable with electromagnetic
resonators: ί = 3·103 cm,tf=105 G, Q = 1013, T=3-10"4K
with an observing time τ~ 106 sec. 5) vo~ 1010 Hz,
h = 10~30. A multiple-reflection laser interferometer
might be suitable, but the best contemporary systems
are probably capable of sensitivity limits 4-5 orders
of magnitude lower than what is needed.

The above estimates indicate that it will be extremely
difficult to detect the relic gravitational background.
However, it may be hoped that the prospect of obtaining
scientific information of fundamental importance will
stimulate exploration and the development of the re-
quired systems.
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A. V. Tutukov and A. G. Masevich. The evolution of
massive close binary stars. The steadily increasing
interest of astrophysicists in the study of binary stars
is due to a number of circumstances. 1. Investigation
of binary-star orbits is essentially the only way to
determine such theoretically important characterists
of the stars as their masses and radii. 2. The dis-
covery of x-ray sources has shown that their nature is,
in all probability, related to exchange of matter in
close binary systems. 3. Progress in the theory of
stellar evolution has made it possible to compute the
evolution of system components with exchange of matter
between them. 4. Statistical analysis of the distribu-
tion of the parameters of binary stars in our Galaxy
gives a direct indication as to the evolutionary process
of binary stars.

Massive stars with masses Μ greater than 10 sun
masses (M^ axe of special interest for the theory of
stellar evolution, since the evolutionary processes in
these objects unfold comparatively rapidly and inten-
sively and their evolution terminates in a supernova

outburst, generally with formation of neutron stars.
About half of the known massive stars are close binary
stars the components of which are usually indicated by
observations to have had initial masses about equal to
or greater than 10 MQ. Figure 1 shows the general
scheme that we propose for the evolution of such stars:
it indicates the lifetimes Τ of the stars in various stages
and the numbers Ν of stars of the corresponding types
in our Galaxy.

The system consists initially of two Main Sequence
stars (1.1); the more massive component is the first to
fill the Roche lobe, it transfers the greater part of the
matter of its envelope to the companion (1.2), and is
transformed into a Wolf-Rayet helium star (1.3). Ex-
haustion of the nuclear fuel in the interior of the helium
star inevitably results in its explosion as a supernova,
with formation of a neutron star or black hole, depend-
ing on its initial mass. The system does not disinte-
grate , but acquires a spatial velocity of up to 100 km/sec
(1.4). Accretion of part of the stellar-wind matter lost
by the O-B component (which nearly fills the Roche
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Sequence stars

More massive star with helium
core fills Roche lobe

Wolf-Rayet helium star paired
with O-B star

Neutron star or black hole paired with
O-B star after supernova outburst.
Spatial velocity of system v^n up to
100 km/sec

O-B supergiant nearly fills
Roche lobe. Accretion on
compact companion results
in appearance of x-radiation
withi.»» t03-10*Lo

Helium core with compact
companion inside common
shell that loses matter from its
surface

1.7. r < 1 0 6 v r , Λ Κ 3 - 103.
I-·- Red (infrared) supergiant with

compact core

1.8. Γ « 10 1 0 yr,/V» 108.
Single compact object with
r up to 100 km/sec

AS. 7"= 10*

1 . 9 Γ - 2 - 1 0 yr.
Ν * 50. Wolf-Rayet
star surrounded by
expanding nebula

1.10. Γ * 2- 10 yr,
Ν * 500. Wolf-Rayet
star with compact
companion ?_ up to

100 km/sac _ _ t

1.11. Γ » 10 1 0 yr,
Ν ·* 108. Two gravitation-
ally uncoupled compact obji
with v~ up to 600 km/sec

FIG. 1. Evolution of massive stars.

lobe) of the neutron star leads to the appearance of an
x-ray source with a luminosity of 103-10*L& (1.5).
Filling of the Roche .lobe by the massive component
causes the formation of a common envelope around the
helium core with the neutron star (1.6). As a result, the
neutron star may be decelerated and transformed into

the core of a red (infrared) supergiant, which loses
matter at a rate greater than lO~5-lO~4M0/year (1.7).
It is possible that stars of the type ot η Car, S Dor, and
Ρ Cyg are in this stage. In this case the end product
of evolution would be a single neutron star or a black
hole with a spatial velocity vsp of up to 100 km/sec.

If the orbital period of the system was large enough
before formation of the common envelope, the envelope
will be lost before the cores "merge". Remnants of the
common envelope may be observed for some time
around the Wolf-Rayet star, which, as a rule, appears
to be single (1.9) owing to the large mass ratio. Dis-
persal of the envelope leaves a "single" Wolf-Rayet
star with a high spatial velocity (1.10). A second
supernova outburst in the system will result in decay of
the system and the appearance of two single neutron
stars with spatial velocities up to 500 km/sec (1.11).
Thus, some radiopulsars may be products of the evolu-
tion of massive close binary stars, which explains their
spatial distribution and velocities. Thus, this scheme,
which was obtained from calculations of evolutionary
sequences with masses from 10 to 60 sun masses on the
basis of the current theory of internal stellar structure
and observations of massive stars in a broad range of
wavelengths, makes it possible to cover a number of
basic massive-star classes with a unified evolutionary
theory.

The results on which this paper was based were pub-
lished as follows:

A. V. Tutukov and L. R. Yugel'son, Nauchnye informat-
sii No. 27, 58 (1973).
A. G. Massevitch, A. V. Tutukov, and L. R. Yugelson,
Astrophys. Space Sci. 40, 115 (1976).
A. G. Massevitch and L. R. Yugelson, In: Nonstationary
Evolution of Close Binaries. Warszawa, 1978, p. 11.

E. V. Ergma and A. D. Kudryashov. Thermonuclear
bursts on neutron stars. In 1975, Grindlay and Heise1

discovered a new class of x-ray sources, the x-ray burst-
ers. The principal observational characteristics of
bursters are as follows: a constant x-ray luminosity
Lo larger than 1036 erg/sec, time of development of
burst s 1-2 sec, duration of burst tD~ 3-100 sec, de-
pending on the source, recurrence of bursts tb~ 10*-105

sec, maximum burst luminosity Lb~ ΙΟ^-ΙΟ3 8 erg/sec,
and amount of energy released during a burst ~1038-
1039; for most sources L0/{Lb)i 100, where (Lb) = Eb/tb

and Eb is the energy released during the burst.

To explain the observed properties of bursters, we
use a thermonuclear model, which seems to be the
soundest one at this time. Explosive thermonuclear
burning occurs in the matter accumulated during steady
accretion in this model. A simple analytic procedure
has been developed for calculation of the principal
thermonuclear-explosion characteristics: time of re-
currence, total amount of energy released in explosion,
etc. Calculations of the explosive burning of helium in
a pure helium shell confirm the earlier results of Joss2

to the effect that the principal observational properties

of x-ray bursters are reproduced sufficiently faithfully
in this case. However, the formation of a pure helium
shell is only hypothetical. It has been shown from
numerical calculations that at lgp>5.7 (where ρ is the
density at the bottom of the shell), hydrogen burning
ignites helium in the shell of a neutron star. The tem-
perature increases rapidly as a result, and when
Γ>4·108 K, the /3+-active elements 014 and 015 disinte-
grate in the reactions 014 (a, p)F14 and Ο15 (α, yjNe19,
so that the hydrogen-burning process will proceed
quite differently from the process in the case Γ<4·108

Κ, when the hot CNO cycle operates. It is found that
the hydrogen burning time now depends only on the rates
of the |3+ decays and may be smaller than 100 sec.

A model of the y-burster FXP 0520-66, which was
discovered by Mazets et al.,3 was presented. In the
proposed model, the second γ burst (6 March 1979) can
be explained in terms of explosion of a helium layer of
matter that fell out during the first burst (5 June 1979).
This case differs from the ordinary burster in two
aspects:

1) the presence of a strong magnetic field (matter is
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