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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:
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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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accumulated in a magnetic column); 2) the absence of
steady accretion.

4J. E. Grindlay and J. Helse, IAU Circular No. 2879, 1976.

2 P . C. Joss, Astrophys. J. (Lett) 225, 123 (1978).
3E. P. Mazets, S. V. Golentskii, V. Ν. Π' inskil, V. V. Popov,

R. L. Aktekar', Yu. A. Gur'yan, I. A. Sokolov, Z. Ya.
Sokolova, and T. V. Kharitonova, Pis' ma Astron. Zh. 5, 307
(1979) [Sov. Astron. Lett. 5, 163 (1979)].

Scientific session of the Division of General Physics and
Astronomy and the Division of Nuclear Physics of the
Academy of Sciences of the USSR (21-22 November 1979)

Usp. Fiz. Nauk 132, 392-396 (October 1980)

PACS numbers: 01.10.Fv

Below we present summaries of three papers that
were read at the session of the Division of General
Physics and Astronomy and the Division of Nuclear
Physics on 21-22November 1979, the materials of which
were published in Usp. Fiz. Nauk 131, 511 (1980) [Sov.
Phys. Usp. 23, 418 (1980)].

S. I. Nikol'skii. Study ofhadron interactions in cos-
mic rays. The results of a large number of experi-
ments performed to study hadron interactions in cos-
mic rays seem to imply approximate scale invariance
in inelastic collisions of nucleons and nuclei up to inci-
dent -nucleon energies of about 100 TeV. Significant
deviations from the scale-invar iance extrapolations of
hadron multiple-production characteristics at high
energy and certain unusual experimental data force us
to consider an essential change in the multiple-produc-
tion picture. This statement requires clarification and
citations of experimental data.

The approximate nature of the scale invariance re-
flects the absence of strict scale invariance even in the
accelerator range of energies. Various manifestations
of the scale-invariance property for the fragmentation
parts of secondary hadrons in multiple-production
events were observed in cosmic rays before the con-
cepts of scaling, self-similarity, and scale invariance
were enunciated. The constancy of the coefficient of
inelasticity of the nucleons in nucleon-nucleus collisions
and the proportionality of the energy of the leading pions
to the energy of the incident nucleon up to energies
"ITeV were established in cosmic-ray experiments as
far back as 1950-1960.

Analysis of recent experimental data on the energy
spectra of muons, hadrons, and γ quanta at mountain
elevations indicates that the scaling properties of the
fragmentation part of the secondary-particle energy
spectrum are preserved in inelastic collisions of had-
rons up to 50-500 TeV.1"3 Studies of the energy de-
pendence of the inelasticity coefficient in collisions of
nucleons with lead nuclei in the 1-30-TeV energy range
have not contradicted this conclusion.4 Nor are any
significant changes observed in this energy range in
studies of transverse momenta of secondary particles

of their composition.

Consistent with the clarity of our general picture of
inelastic nucleon-nucleus collisions up to ~100 TeV, all
methods used to determine the energy spectrum of the
primary cosmic-ray particles produce results that are
in good internal agreement. In the range of primary-
particle energies above 1000 TeV, different methodo-
logical approaches to determining the primary energy
spectrum give quantitatively different results. The ex-
planations may be found in a strong influence of changes
in the multiple-production process in this energy range,
which are not usually taken into account, on the particle-
number spectrum of the showers.

Serious contradictions also come up in multiplicity
estimates for inelastic hadron-nucleus collisions based
on the development of various extensive-shower com-
ponents in the atmosphere. The secondary-pion multi-
plicities in nucleon-nucleus interactions at energies
above 103 TeV would have to be assumed several times
larger to account for the height of maximum develop-
ment of the electron-photon shower component, as com-
pared to the multiplicities that explain the numbers of
muons in the shower. This disproportion among the
secondary particles, which has been called " gammani-
zation," implies an energetically conspicuous change in
secondary-particle composition.

Experiments performed to study the absorption of
nuclear-cascade avalanches in lead5 attest to a change
in secondary-particle composition, and one that is ap-
parently of threshold nature. Given a predominantly
pionic secondary-particle composition, the averaged
absorption of the avalanche should be no slower than
three times the mean free path for an inelastic collision
of pions, and this is borne out by observations for initial
energy values below 50 TeV. Atatotalhadron-avalanche
energy of 2 100 TeV, however, the absorption is slowed
by nearly a factor of two, which implies the appearance
of some type of particle among the secondary hadrons
that is not a pion or a nucleon and, on the basis of its
total energy, removes more than 20% of the energy of
the primary hadron.

Extensive showers reveal features of the development
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