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state of not only the current carriers but also the elec-
trons localized near impurity centers. In particular,
the existence of two self-consistent states (stable and
metastable), having s-symmetry—hydrogenlike and
fluctuon-type states—turns out to be possible at
Coulomb centers of large radius. A transition of the
electrons from one state to another should occur in the
vicinity of a definite temperature fB]. Excitons may also
have self-consistent fluctuon states of a different
type[9]. Let us note that under definite conditions fluc-
tuon complexes, containing two ("bifluctuons") or
several electrons, will appear.
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F. F. Voronov. The Effect of Pressure on the
Elastic Moduli of Solids

The paper is a review of the results of experimental
investigations of the elastic properties of solids at high
pressures. Basically, it describes the ultrasonic method
of investigations and three sets of equipment, con-
structed at the Institute of High-pressure Physics of
the USSR Academy of Sciences for investigations at
hydrostatic pressures of up to 10 kbar, and at quasi-
hydrostatic pressures of up to 30 and 100 kbar. Fur-
ther, the results obtained are analyzed. It is shown
that in a pressure range far from phase transitions,
the elastic moduli increase with pressure and the ef-
fect of pressure (8 In M/9p) is proportional to the
compressibility of the investigated materials.

An equation of state of solids in the form of the
Bridgman polynomial and valid up to 100 kbar, and the
Murnagan equations of state are derived from the ex-
perimentally determined variation of the bulk modulus.

Analysis of the results of the investigation of the
elastic characteristics of ionic crystals on the basis of
the Born-Mayer central-force model showed that this
model reproduces well the dependence of density on
pressure even in the case of large deviations from the
Cauchy relation (1 :6, AgCl), satisfactorily describes
the behavior of the bulk modulus under pressure
(RbCl, Rbl), and gives considerable deviations in the

magnitudes of the shear constants and their derivatives
with respect to pressure (RbCl).

The question of the anharmonicity of the lattice
vibrations is considered—the Gruneisen constants are
determined for long-wavelength sound vibrations in the
investigated materials.

Distinctive features of the change in the elastic
properties when a phase transition of the type NaCl
— CsCl occurs in the rubidium halides, or when a
4f -— 5d electron transition occurs in cerium, are
demonstrated.

Results of investigations of the velocity of sound in
polycrystals of NaCl, CsCl and AgCl at pressures of
up to 100 kbar are given, and the prospects for the use
of the ultrasonic method of investigations of the elastic
properties of solids in the condensed state in a wide
range of pressures, especially for the study of the
properties of high-pressure phases, are noted.
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So A. Al'tshuler. Spin-phonon Interactions and
Mandel'shtam-Brillouin Scattering of Light in Para-
magnets

The observation of the Mandel'shtam-Brillouin
scattering of light in paramagnetic crystals may give
valuable information about the interaction of the spin
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system with the lattice vibrations. A theoretical analy-
sis has shown that if a magnetic field which gives rise
to spin-level splitting is applied and the splitting coin-
cides with the frequency of the phonons participating in
the light scattering being observed, then an appreciable
shift in the Mandel'shtam-Brillouin component appears.

Especially interesting results may be obtained by
combining the paramagnetic resonance and the Mandel'
shtam-Brillouin effect. In particular, if a "narrow
phonon bottleneck" is produced, i.e., if the rate of
energy transfer from the spin system to the resonant
phonons is higher than from these phonons to phonons
of other frequencies, then at the saturation point of the
paramagnetic resonance the effective temperature of
the resonant phonons should increase by many factors
and, correspondingly, the intensity of the scattered
light should increase»

Tests were run on a cerium-magnesium nitrate
single crystal, which has suitable paramagnetic and
optical properties. Under the conditions of continuous
saturation of the paramagnetic resonance, the effective
temperature of the resonant phonons increased from
1.5°Kto 250°K. If, however, intermittent saturation
with frequency somewhat different from the frequency
of the paramagnetic resonance was employed, then the
effective temperature of the resonant phonons increased
to 8000° Κ in the beginning over a short interval of t ime
of the o r d e r of 0.1 μββο. The avalanche-like growth of
the number of the resonant phonons is explained by the
fact that the experiment was set up under conditions
which ensured the population inversion of the spin
levels, by virtue of which a phonon m a s s e r effect ap-
peared.

In conclusion, the possibility of using the Mandel '
shtam-Bril louin scat ter ing to study the various mecha-
nisms underlying spin-latt ice relaxation, to observe
single-phonon processes at high t e m p e r a t u r e s , and to
detect acoustic paramagnetic resonance is discussed.

The contents of the following ar t ic les a r e discussed
in the r e p o r t :

X S. A. Al ' tshuler and B. I. Kochelaev, Zh. Eksp.
T e o r . Fiz. 49, 862 (1965) [Sov. P h y s . - J E T P 22, 600
(1966)].

2 B . I. Kochelaev, Dokl. Akad. Nauk SSSR 166, 833
(1966) |Sov. Phys.-Doklady 11, 130 (1966)].

3 S . A. Al ' tshuler and B. I. Kochelaev, Polarizat ion,
mat ie re et rayonnement (volume jubilaire en l 'honneur
d'Alfred Kast ler) . P r e s s e s Univers i ta ires de F r a n c e ,
P a r i s , 1969.

4 S . A. Al ' tshuler, R. M. Valishev, and A. Kh.
Khasanov, Tezisy dokladov yubilemoi konferentsii po
paramagnitnomu rezonansu (Theses of Reports of the
Anniversary Conference on Paramagnet ic Resonance),
Kazan', 1969, p . 235.

5Sc A. Al ' tshuler, R. M. Valishev, and A. Kh.
Khasanov, ZhETF P i s . Red. 10, 179 (1969) [ J E T P Lett .
10, 113 (1969)].

6 S . A. Al ' tshuler, R. M. Valishev, B. I. Kochelaev,
and A. Kh. Khasanov, ZhETF P i s . Red. 13, 535 (1971)
[ J E T P Lett . 13, 382 (1971)].,

G. I. Distler. The Elect r ica l Structure of Crystals

The e lectr ical s t ructure of c rys ta l s , which deter-
mines their many physical and chemical proper t ies , is
a set of different electrical ly active defects. The
methods of decoration, based on selective crystal l iza-
tion of different substances on the elements of the
electr ica l relief of the surfaces of sol ids, allows us to
visualize at different levels of resolution this relief
and its changes.

It is established that the active s i tes of a r e a l
crys ta l a r e , apart from isolated point defects, complex
active centers—groups of point defects —which act in a
number of processes as a unit, as well as m i c r o - and
m a c r o - c l u s t e r s of point defects. Between charged point
defects of opposite charge in crys ta l s , there appear
polarized line br idges, s ince it is precisely at these
places that the intensity of the electr ic field has its
maximum value. Polar ized line s t ructures a r e often
observed at complex active c e n t e r s , in c lus ters of
radiation defects and in electr ic double layers at the
boundary between two solid phases, the lines being, as
a rule, oriented along definite crystal lographic d i r e c -
t ions . Thus, there appears in crysta ls a lattice s t r u c -
ture whose lattice points a r e electrical ly active point
defects and c lus ters of them, while the l inear sections
a r e m i c r o - and macro-polar ized s t r u c t u r e s .

During crystal l ization, the formation of nuclei oc-
curs selectively on electr ical ly active point defects,
while the growth and coalescence of the nuclei and
fairly large part ic les occur at different r a t e s at local-
ized regions of the surface, the e lectr ica l propert ies
of which a r e determined in the first place by the
m i c r o - and macroc lus te r s of point defects. At the
negatively charged sections of the surface, physically
adsorbed thin layers of water a r e formed which play
the role of a " l u b r i c a n t . " Polar ized line s t ructures
a r e also active places during crystal l ization. Crysta l-
lization i s , consequently, a matr ix replication process ,
programmed in the e lectr ica l s t ructure of the surface
of the crys ta l-subs t ra tes (and seedings). A fa r- reach-
ing analogy between such heterogeneous processes as
crystal l ization and biological processes suggests itself.

The establishment of the fact that the activity of
surfaces, in part icular , of cleavage and growth s teps ,
manifests itself through their e lectr ica l c h a r a c t e r i s -
t i c s , calls for a new approach to the dislocation theory
of crysta l growth. Indeed, the exit points of screw dis-
locations, which a r e responsible for the existence of
undergrown s teps, should be active during the growth

FIG. 1. Picture of oriented crystallization of anthraquinone on the
outer surface of a plycrystalline layer of ZnO of thickness 150A, de-
posited on the surface of a NaCl crystal.




