
tioned into domains. Among the nonlinear effects is the
effect of a helicon wave on itself, when the magnetic
field of the wave combines with an external field to
change the helicon dispersion law. We should also
mention the appearance of a soli ton-like current dis-
tribution in a skin layer at a large amplitude of an
alternating field, in which case the skin current is
concentrated near a surface at which the alternating
magnetic field vanishes, and it moves into the interior

along with this plane; the nonlinear cyclotron resonance,
caused by the influence of the magnetic field of a wave
on the time required for an electron moving in a cyclo-
tron orbit to traverse a skin layer; and the nonlinear
resonances involving hopping trajectories, which arise
from a focusing of electrons which have left the surface
of a metal by the exponentially decaying magnetic mi-
crowave field in a skin layer.

E. G. Ponyatovskii. High-pressure phases in con-
densed systems and metal-gas systems. In his pro-
gram papers,1 "Which problems in physics and astro-
physics are especially important and interesting at this
point?," V. L. Ginzburg added to a list of ten such prob-
lems that of phase transitions and critical phenomena
and that of producing new materials with unusual pro-
perties. A constant stimulus to the development of re-
search in these interesting directions in modern solid-
state physics is the experimental progress being ob-
tained at high pressures. This report summarizes
some results on isomorphic transitions in solids and
high-pressure phases in metal-hydrogen systems from
work carried out in the Laboratory of High-Pressure
Physics at the Institute of Solid State Physics of the
Academy of Sciences of the USSR.

An experimental study of the effect of pressure on an
isomorphic conversion in cerium in 1958 (Ref. 2) led to
the conclusion that the curve representing this conver-
sion should terminate at a liquid-vapor critical point.
It should be noted that the suggestion that critical
points of this type could occur on phase-transition lines
in solids contradicted the ideas prevalent at the time.3

Subsequent experiments confirmed the conclusion of
Ref. 2, however, and it has now received a theoretical
basis.

Research on isomorphic conversions in solids has
been one of the primary fields of activity of the Labo-
ratory since its organization. A long list of materials
has been found in which the isomorphic transition ter-
minates in a critical point. Particularly interesting are
the phase diagrams of the compound SmS and its alloys,
which exhibit such a highly unusual phenomenon4 as the
presence of critical points at both ends (the high- and
low-temperature ends) of an isomorphic-conversion
line (Fig. 1). Experiments on the effect of the doping
of SmS by other rare earths indicate that it is possible
to bring the critical point up to atmospheric pressure
and to room temperature; this possibility opens up
some tempting new possibilities for direct experimen-
tal study of critical anomalies in solids and for the
practical use of these anomalies.

The experimental work has been accompanied by the
development of thermodynamic models for isomorphic
transitions in the materials which have been studied.
A phenomenological approach which has been developed
in the Laboratory is based on the representation of
these materials as pseudosolutions of ions in various

valence states. This approach hasfurnishedaquantita-
tively correct description of the data available on the
corresponding phase diagrams and on the pressure and
temperature dependences of the volume properties.
This approach has also generated predictions of several
aspects of the behavior of these properties near the
critical points. The models which have been developed
contain a minimum number of adjustable parameters.
The properties of cerium, for example, can be de-
scribed well by a model of pseudobinary solutions which
uses only experimental data on the specific volumes of
both isomorphic phases at atmospheric pressure and on
the coordinates of the critical point.5 A model of
pseudoternary solutions has recently been developed for
SmS and its alloys. This model puts ions with an inter-
mediate valence on an equal footing with ions with an in-
teger valence. This model gives a good description of
both the rather complicated phase diagrams (Fig. 2)
and the physical properties of SmS-GdS solid solutions.

The appeal to representations regarding pseudosolu-
tions with effective concentrations as internal para-
meters has made it possible to develop a unified de-
scription of some conversions markedly different in
nature. For example, the same formalism has suc-
cessfully described the characteristics of the stimu-
lated UV radiation from the isostructural transition in
crystals with the dianthracene structure; this transition
also terminates in a critical point.6

Another promising direction in the recent research in
the Laboratory is the study of high-pressure phases in
metal-hydrogen systems. In the mid-1970s, a method

T.K

800

0.3

FIG. 1. T, x Diagram of the system Sm^Gd^S in the region
of isostructural isoconoentration transitions. 2,3,1—Regions
in which Sm2+, Sm3+, and SmI ions, respectively, are pre-
dominant (SmI are intermediate-valence ions); K^, K%—
critical points; solid curve—first-order transitions; dashed
curves—supercritical anomalies.
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FIG. 2. T, P Diagram of the alloy
is the same as In Fig. 1.

. The notation

was developed in the Laboratory for compressing hy-
drogen to tens of kilobars in volumes permitting the
hydrogenation of relatively massive samples, includ-
ing metals previously considered immune to hydro-
genation. 7 Compressing hydrogen to 20 kbar has made
it possible to produce the hydrides MnH0-96, NiHj 25,
and TcH0 8 (these are the maximum compositions);
compressing it to 65 kbar has made it possible to pro-
duce the hydrides FeH0.8, CoH0.5, MoH, andRhH0-65.
A year ago, hydrogen was compressed to 90 kbar; this
achievement made it possible to saturate rhenium to
the composition ReH0 22 and to increase the solubility of
hydrogen in cobalt to CoH1-0. In addition, scandium
trihydride and gold hydride have been produced; the
latter is the first hydride of a noble metal.

In terms of the physical properties, the most inter-
esting results include those obtained in research on the
magnetic properties of solid solutions of hydrogen in 3d
metals and their alloys (in Ni, Co, Fe, and Mn and in
the alloys Ni-Cu, Ni-Co, Ni-Fe, Ni-Mn, Ni-Cr,
Fe-Mn, and Fe-Ni-Mn; the examples we have cited
here have been chosen to illustrate as many of the
known types of band magnetic materials as possible). 8

Analysis of all the data available has led to the conclu-
sion that the primary effect in the magnetic properties
of group VI-VIII transition metals upon hydrogenation
is an increase in the extent to which their d bands are
filled with electrons. The hydrogen furnishes a frac-
tional number of electrons, TJ < 1 electron/proton, to
the d band of the solvent metal. Study of the magnetic
properties has thus made it possible to determine the
physical status of hydrogen (in particular, its charge
state) in group VII and VIE transition metals. A model
of a rigid d band has been proposed to describe the con-
centration dependence of the magnetic properties of
Me-H solutions. This model furnishes a noncontradic-
tory explanation of all the experimental data available,
and it predicts the behavior of these properties in some
cases which have not yet been studied. It should be
noted that the representation of hydrogen as the donor
of a fractional number of electrons to the d band of a
solvent metal agrees with results calculated on the
band structures of nickel and palladium hydrides by
other investigators.

Some other interesting results have emerged from
reserach on solutions of hydrogen in palladium alloys.
Interest in these alloys was first stimulated by
published reports of an unusual behavior of the super-

conducting transition temperature Tc in these solu-
tions resulting from the implantation of hydrogen. The
observed effects and the analysis of their possible
causes have been the subjects of a fair number of pa-
pers (see Ref. 9). Our study of Pd-Cu-H, Pd-Ag-H,
Pd-Au-H, Pd-Ni-H, and Pd-Pt-H solutions synthe-
sized at high hydrogen pressures has shown that mas -
sive homogeneous samples do not exhibit this anoma-
lous behavior of superconducting properties. The un-
usual behavior of Tc of the Pd-Me-H solutions produced
by implantation is thus not a property of equilibrium
solutions but a consequence of the particular features
of the metastable states of the thin, defect-saturated
layers of metal into which hydrogen is introduced dur-
ing the implantation.

Further study has nevertheless shown that Pd-Me-H
solutions produced at a high hydrogen pressure do ex-
hibit anomalous properties, but in another area: At
relatively low temperatures (s 250 °C), these solutions
exhibit some new phase transitions, accompanied by a
diffusive redistribution of the atoms of the metal
matrix. In the hydrides of the alloys PdaoCu40 and
Pd50Ag50, for example, the metal sublattice undergoes
an atomic ordering. The hydrides of the Pd-Ni and
Pd-Pt alloys decompose into palladium-rich and
palladium-poor phases. These effects indicate that
hydrogen has an extremely strong effect on the inter-
atomic interaction and diffusive mobility of the metal
components in these hydrogenated alloys. The new
phase states of the alloys can be preserved in a meta-
stable state under standard conditions after the hydro-
gen is removed.

Some other interesting results have been obtained for
the hydrides of metals of groups I and III. A study of
the phase transitions of solid solutions of hydrogen in
the fee sublattices of the light rare earths has shown
that several conversions occur over the concentration
interval MeH2-MeH3. Phase transitions have been
found in the Nd-H system over the entire range of
homogeneity of the fee solutions. Study of the hydrides
and deuterides of cerium, which exhibit similar effects,
has made it possible to relate these transitions to an
ordering of hydrogen in a sublattice of octahedral inter-
stitial positions.

Analysis of the crystal-chemistry relations has gene-
rated predictions of structural transitions of the NaCl
— CsCl type for the hydrides of K, Pb, andCs (Ref. 10).
A corresponding transition has been observed in KH at
a pressure of about 45 kbar. For CsH the transition
pressure turned out to be only 7 kbar, and the change
in volume at the transition was =8. 6%, in approximate
agreement with the theoretical prediction. A study of
quenched phase of high-pressure CsH at atmospheric
pressure confirmed that it in fact has a CsCl struc-
ture.11

We believe that further progress in this research will
come from improvements in experimental techniques at
static pressures in the megabar range.
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S. T. Mileiko. Fibrous composites with metal and
ceramic matrices. For metal alloys the requirements
of a high strength and a high crack resistance are gen-
erally contradictory. In contrast, fibrous composites
present a unique opportunity for separating these re-
quirements and achieving an elevated strength along
with an improved crack resistance in the same system.
High crack resistance in a structural material improves
the structural reliability of the corresponding machines.

These possibilities are determined by a variety of
mechanisms for the damage and deformation of fibrous
composites and thus by a variety of means for control-
ling the overall strength and crack resistance of the ma-
terial. The behavior of a macroscopic crack in a com-
posite with a metal matrix is surprising at first
glance.1

In the damage zone in front of the end of a crack, a
system of stable microscopic cracks appears: breaks
in brittle fibers (of inhomogeneous strength). This sys-
tem spreads out, increases the volume of the zone of
plastic deformation of the matrix metal. The result
may be a significant increase in the crack resistance of
a composite with brittle fibers and a metal matrix in
comparison with the unreinforced matrix alone. A quan-
titative model which has been developed2 shows that the
dependence of the crack resistance of such composite
materials on the concentration of the brittle fiber is
strongly determined by the inhomogeneity of the strength
of the fiber. A fiber which is ideal in the sense of hav-
ing a homogeneous strength is not a suitable material
for a composite with a high crack resistance.

The crack resistance of a composite which does not
contain plastic components (e.g., metal components) is
a property which requires more careful adjustment.
However, recent results obtained at the Institute of
Solid State Physics show that this adjustment is possi-
ble over a rather broad range. There is thus the hope
not only for expanded capabilities of composites which
are reinforced plastic materials but also for the de-
velopment of ceramic-ceramic composites.

Composites can be used to-solve three types of prob-
lems involving improvements in the effectiveness of
structures: 1) reducing the weight of bearing struc-
tures, which is most important for transportation
machines; 2) raising the working temperature of heat

engines with the goal of raising the efficiency; 3) econ-
omizing on scarce metals, particularly dopants.

The weight-reduction possibilities are illustrated
well by the example of a boron-aluminum composite, in
whose development the Institute of Solid State Physics
has pioneered. This material has a strength in the re-
inforcement direction of 100-150 kgf/mm2, an elastic
modulus (20-25) • 103 kgf/mm2, and a density of 2.7 g/
cm3. The material thus has the mechanical properties
of a good steel but the density of aluminum. The weight
reduction of, for example, structures used in space
vehicles, is 20-30%, but an even greater weight reduc-
tion is possible in several new structural and technolog-
ical problems involving, for example, structural joints.
We might note that at present the design of structural
joints for composite structures is largely based on the
practice of "metal" designing.

As heat-resistant materials for load-bearing parts of
heat engines and motors, fibrous composites have no
competition at all. Ceramic-based fibrous structures
already have a crushing energy an order of magnitude
better than the corresponding values for the best homo-
geneous ceramics. The refractory and heat-resistance
properties of oxide ceramics, for example, as a ma-
trix raise the hope of producing heat-resistant light
composites with working temperatures of 1600-2000°C.

The possibility of economizing on scarce metals in
structural materials is determined primarily by the
circumstance that the crushing energy and the cracking
resistance of composites are not limited by the brittle-
ness of the components. Consequently, many high-
strength and refractory but brittle compounds may find
use as elements of structural materials. For example,
composites with oxide fibers may replace nickel alloys
in many applications in the very near future.

Fibrous structures have as yet found essentially no
use as the basis for materials with special physical
properties. At the same time, it is obvious that com-
posite structures can be used extremely effectively in
cases in which a high strength of elements is important
(in piezoelectric and magnetostrictive transducers).
Furthermore, there are obvious possibilities in com-
bining an A-B transducer with a B-C transducer to
produce an A-C transducer.
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