
FIG. 2. Dependence of the ratio of Intensities η of the res-
onance lines with a common upper level on the optical density
ft of the emitting medium. Dashed line—same dependence for
uncoupled lines.

mon upper level, and to a relative increase in the inten-
sity of the weaker and, therefore, less absorbed line
which terminates at a level with a smaller statistical
weight. As a result of competition the convergence of
the component intensity ratio η to unity, when the opti-
cal density increases, proceeds nonmonotonically, as
is schematically illustrated in Fig. 2 for the initial ra-
tio η = 0. 5. The anomalous growth of the weak spec-
tral-line components has been spectroscopically ob-
served earlier,6"8 but not explained. Under the condi-
tions of competition, sharp deviations from the intensi-
ty rule occur at moderate optical densities of the radi-
ating volume fc~3-10; this is conducive to development
of self-pumping since the rate of relaxation of the hfs
sublevels which impedes self-pumping is proportional
to the concentration of atoms.

4. Self-pumping may be used to conduct radio-spec-
troscopic studies of atoms in the ground state in a gas
discharge and to extend the radio-optical spectroscopy
methods to substances for which the traditional optical
pumping methods9 are ineffective (for example, halo-

gens, oxygen). In certain substances, such as silver
vapor, self-pumping may lead to maser action.

Evidently, self-pumping is not limited to the hfs of
ground-state atoms. A similar process should affect
the ratio of populations of arbitrary long-lived states,
for example fine structure levels. It is plausible to be-
lieve that self-pumping participates in determining the
populations of metastable levels of atoms and molecules
in the rarefied atmospheres of stars and planets. In
particular, self-pumping should contribute to populating
the lS0 metastable level of oxygen which is responsible
for the bright "auroral" 5577-A line in the polar glow.
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B. B. Kadomtsev. INTOR—international tokamak
reactor. As a result of the initiative taken by Soviet
scientists in 1979, the International Atomic Energy
Agency (IAEA) has set up an international group to eval-
uate the possibility of producing a thermonulcear reac-
tor based on the tokamak system. More precisely, the
group was charged to (1) determine the programmatic
and technical goals, (2) define parameters of a device
and (3) evaluate the current scientific-technical basis
for an international-scale thermonuclear reactor. The
latter would be used to demonstrate the technical feasi-
bility of producing fusion energy and it would constitute
the most reasonable next step in the development of
large-scale devices currently under construction: T-15
(USSR), UT-60 (Japan), JET (Europe) and TFTR (USA).

Relying on support from their national organizations,
group members from the USSR, USA, Japan, and the
European Community have prepared a detailed report
which evaluates the scientific-technical level and deems
the latter to be sufficient to design and build the Inter-
national Tokamak-Reactor during a ten-year period.

The group have also defined the basic characteristics
of the INTOR. It is proposed that the INTOR shall at-
tain the conditions of ignition and prolonged burn of the

self-sustaining thermonuclear D—T reaction. The size
of the plasma (large radius R = 5.2 m, small radius
α = 1.3 m, cross section ellipticity parameter b/a
= 1.6), magnetic field strength Η = 5.5 X, plasma cur-
rent /* 6 MA, density n = 1.4 x 1014 cm"3 and tempera-
ture Τ = 10 keV were selected by optimizing the param-
eters under the condition of attained ignition (with a
small margin). The burn time is greater than 100 s for
a thermonuclear power yield of nearly 600 MW and the
first wall loading of 1.3 MW/m2. To control the level
of contaminants and the reaction product, helium, in
the deuterium-tritium plasma, a diverter will be used
and the heating of the plasma to ignition temperature
may be accomplished by injecting a beam of 175-keV,
75-MW neutrals during a period of 5-6 sec.

The INTOR installation may accommodate experimen-
tal blanket modules for developing the technology of tri-
tium recovery and for generating electricity (at the 5-
10 MW level).

The preliminary design of the INTOR reactor began
in 1980, concurrently with the formulation of a research
and development program to form the project baseline
of the large-scale thermonuclear INTOR reactor.
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G.I. Dimov. Ambipolar traps. One possible method
of increasing the confinement time of a plasma in open
traps with respect to its drift along the magnetic field
is to set up twin electrical barriers at the open ends of
a trap, as shown in Fig. l(a). The ions are confined by
the positive barriers Αφ and electrons, by the negative
barriers φ^. It is understood that in this case the plas-
ma must obey the quasi-neutrality condition over the
entire length of the trap, including the end sections with
the electrical fields, where the required ion density
must be maintained by other means (inertial confine-
ment, confinement).

Production of the electric fields in the end sections is
made possible as a result of plasma polarization. Let
the plasma bunches be sustained in these sections as a
result of ionization of the fast deuterium atoms injected
across the field [Fig. l(b)]. The longitudinal distribu-
tion of the plasma bunches will be determined in this
case by the spreading of ions. In order to confine the
faster electrons near the ions, the plasma bunches are
polarized, as shown in Fig. l(c); a potential well for the
ions is formed between the ends of a solenoid field [Fig.
l(d)]. If into this well we introduce plasma with a den-
sity sufficiently low that it exerts only a weak effect on
the polarization of the end bunches, and with an ion
temperature Τί0«φ<.ηΛ, the well potential will rise to a
certain value φα<ψ end but will not exceed the end bunch
potential <pend (Fig. la). Moreover, the plasma intro-
duced into the potential well is polarized only at its ends
(Fig. le). The relation between Αφ and φ0 is derived
from the equality of times during which ions and elec-
trons in the plasma are confined by the barriers Αφ and
φ0, respectively.

The electrons corresponding to both the ambipolar
barrier-confined plasma (the central plasma) and the
end bunches, are in a common potential well. They are
in equilibrium at the electron temperature Te« φ0 and
follow the Boltzmann distribution we=«oexp[((p- φ$)/Τ,].
As a result of the quasi-neutrality condition, the poten-
tial is given by φ=φ0 + Te lnfaj/w,,), where ni is the
total ion density [Fig. l(f)]. Correspondingly, Αφ
= Teln(ttend/«0), a n d t n e i o n confinement time in the cen-
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tral plasma is
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where τ, is the ion relaxation time. For nmi»n0 and
Te>TiS), the confinement time of the central plasma is
considerably greater than the confinement time in the
classical open traps where it is of the order of τ4.

The energy losses due to confinement of the end plas-
ma bunches, which may be reduced by forming the sole-
noid ends in the shape of "probkotron" traps, are inde-
pendent of the solenoid length. The thermonuclear en-
ergy yield in the central plasma may, in the case of a
relatively large trap length, considerably exceed these
losses.

In the classical approximation, the energy balance
calculations show that a thermonuclear reactor with a
high power gain can, in principle, be constructed on the
basis of a trap with ambipolar barriers-mirrors. In
order to hold the reactor length down (100-200 m), high
energy (of the order of 1 MeV) deuterium ions must be
sustained in the end bunches. The highly energetic
atomic deuterium beams required for this may be ob-
tained with high efficiency from accelerated negative
ions. A sufficiently strong magnetic field is also re-
quired in the end probkotrons (120-160 kG). But the
required magnetic field in the main solenoid portion of
the reactor amounts to tens of kilogauss, and the con-
struction of this portion, in which fusion should occur,
is relatively simple.

The theory and results of experimental investigations
over many years of the classical open trap underscore
a hope that the hydrodynamic and kinetic plasma insta-
bilities may be surmounted in an ambipolar trap. It is
estimated that the transverse losses in a plasma may
be comparable to longitudinal ones, however there are
ways of reducing them.

Currently, there are four experimental ambipolar
traps in operation or under construction: AMBAL at
the Institute of Nuclear Physics at the Siberian Branch
of the Academy of Sciences of the USSR, TMX and
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