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dislocation" interaction in crystals, has been experi-
mentally successfully observed.
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M. A. Krivoglaz. The Fluctuon States of Electrons
in Disordered Systems

The interaction of electrons with the fluctuations of
some internal parameter of a nonmetallic medium is
considered. If the variation of this parameter leads to
the appearance of a sufficiently deep and wide potential
well, then the electron localizes in it. The decrease in
the energy of the electron on localization may turn out
to be larger than the increase in the thermodynamic
potential of the medium connected with the fluctuation
and, then, the appearance of the fluctuation, in the
vicinity of which the electron localizes, will be thermo-
dynamically favorable. Under definite conditions the
radius of the electron state turns out to be fairly large,
considerably exceeding the interatomic distance.

Such type of large-radius formations in which an
electron is localized near a change (fluctuation) in
some internal parameter of a medium and maintains
by means of its own field the stationarity of this fluc-
tuation (the bound electron-fluctuation states) have
been called fluctuons. They have been theoretically
considered in r i " 6 ' . Fluctuons should move in an external
electric field, so that if fluctuons are thermodynamic -
ally favorable, they can play the role of current car-
r i e r s . In order that a significant number of electrons
will go over into fluctuon states, it is necessary that
the characteristic relation time of the internal parame-
ter be small compared with the life time of the elec-
tron in the potential well.

Fluctuons may be connected with fluctuations of the
composition of solutions1 1 '3 '4 1 (producing regions with
sharply increased concentration of one of the compon-
ents), with fluctuations of the magnetization in ele-
mentary magnets [ 2 ' 4 ] (producing ferromagnetic regions
in paramagnets or regions of enhanced magnetization
in ferromagnets), with fluctuations of the long-range
order in ordered crystals [ 4 ], with the fluctuations of
the density in gases^4'51, etc. In systems which are
close to a first-order phase transition point, an elec-
tron may localize at a heterophase fluctuation of the
second phase, stabilizing the fluctuation and producing
a phason—a particular type of fluctuon[1], which is
characterized by the existence of a discontinuity in the
variation of the internal parameter.

For the appearance of fluctuons of large radius, it
is necessary that the energy of interaction of an elec-
tron with the internal parameter, A, be small com-
pared with the width of the conduction band, but large
compared with kT and the characteristic energy kT c

of the direct interatomic interaction ( T c is the Curie
or critical temperature). It is significant then that in
the considered examples, the formation of fluctuons
turned out to be thermodynamically favorable only in a
definite tempera ture range Τ* < Τ < T*, which in-
cludes the temperature Tc (but not Τ = 0), the t r a n s i -
tion to the fluctuon s tates occurr ing, for the majority
of e lectrons, in a comparatively smal l temperature
interval δΤ <C T* and having the character of a diffuse
phase transi t ion. In this respect , fluctuons greatly dif-
fer from p o l a r o n s t 7 ] (with which, conceptually, they
have much in common). The macroscopic nature of
fluctuons is connected with the nonlinear dependence of
the change in the internal parameter on the force ex-
erted by the electron, and not with a long-range i n t e r a c -
tion as in the case of polarons.

The direct interatomic interaction can facilitate the
formation of fluctuons. The effect manifests itself
especially sharply in the vicinity of the cr i t ica l points
on a decay curve, on a gas-liquid curve, or in the
vicinity of the Curie p o i n t s [ 4 ] . Fluctuons a r e produced
in this region at substantially smal ler | A | and have
unique proper t ies . In part icular , no free-energy b a r -
r i e r is surmounted in their formation as is the case at
points far from the cr i t ica l region.

The formation of the fluctuons, perceived as a
smeared phase transit ion in the electron subsystem,
should lead to a qualitative change in a l l the electronic
propert ies of the system—the e lect r ica l conductivity,
the galvanomagnetic and thermoelectr ic effects, the
optical propert ies (a new absorption band may appear
owing to optical t rans i t ions in the fluctuon), the mag-
netic propert ies (because of the anomalously large mag-
netic moment of a fluctuon in an elementary magnet),
e tc . Certain atomic propert ies also change (fluctuons
may strongly influence the kinetics of phase t r a n s i -
t ions, the scatter ing of x-rays , neutrons and light, the
density of gases, e tc .) .

In part icular , the mechanism underlying the mobility
of the current c a r r i e r s should qualitatively change when
fluctuons a r e formed. This problem was investigated,
using as an example, fluctuons in solutions and p a r a -
magnets, as well as p h a s o n s [ 6 ] . It turns out that fluc-
tuons have no mean free path (its effective value is
much less than the radius of a fluctuon) and their mo-
tion is connected with diffusion or with viscous flow in
a medium. Therefore, a "hydrodynamic" approach, in
which the energy dissipated in the medium during the
motion of a fluction is calculated, was used to calculate
the mobility u of fluctuons. In solutions u is propor-
tional to the atomic coefficient of diffusion D and is η
t i m e s smal ler than the mobility of the ions (n is the
effective number of atoms in the volume of a fluctuon).
The effective m a s s of fluctuons Μ which determines
the inert ia l force during their motion in high-frequency
fields was also found. It is inversely proportional to
D 2 and usually exceeds substantially the m a s s of the
a t o m s .

The interaction of e lectrons with the inhomogeneities
of internal p a r a m e t e r s may qualitatively change the
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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.

1F. F. Voronov and L. F. Vereshchagin, Pribory i
Tekh. Eksp. No. 6, 104 (1960) [Instruments and Experi-
mental Techniques No. 6, 963 (1961)].

2 F . F. Voronov, L. F. Vereshchagin, and V. I.
Murav'ev, Pribory i Tekh. Eksp. No. 3, 81 (1958)
[Instruments and Experimental Techniques No. 3, 410
(1959)].

3 F . F. Voronov and O. V. Stal'gorova, Pribory i
Tekh. Eksp. No. 5, 207 (1966) [Instruments and Experi-
mental Techniques No. 5, 1238 (1966)].

4 F . F. Voronov and L. F. Vereshchagin, Fiz.
Metallov i Metallovedenie 11, No. 3, 443 (1961) [Physics
of Metals and Metallography 11, No. 3, 111 (1961)].

5 F . F. Voronov, Fiz. Metallov i Metallovedenie 11,
No. 4, 620 (1961) [Physics of Metals and Metallography
11, No. 4, 126 (1961)].

6 F . F. Voronov, L. F. Vereshchagin, and V. A.
Goneharova, Dokl. Akad. Nauk SSSR 135, 1104 (1960)
[Sov. Phys.-Doklady 5, 1280 (I960)].

7 F . F. Voronov, V. A. Goncharova, and T. A.
Agapova, Fiz. Tverd. Tela 8, 3405 (1966) [Sov. Phys.-
Solid State 8, 2726 (1967)].

8 F . F. Voronov and O. V. Stal'gorova, Zh. Eksp.
Teor. Fiz. 49, 755 (1965) [Sov. Phys.-JETP 22, 524
(1966)].

9 F . F. Voronov and V. A, Goncharova, Zh. Eksp.
Teor. Fiz. 50, 1173 (1966) [Sov. Phys.-JETP 23, 777
(1966)].

1 0F. F. Voronov, E. V. Chernysheva, V. A. Gon-
charova, and O. V. Stal'gorova, Fiz. Tverd. Tela 8,
2344 (1966) [Sov. Phys.-Solid State 8, 1870 (1967)].

1 1F. F. Voronov and S. B. Grigor'ev, Dokl. Akad.
Nauk SSSR 182, 304 (1968) [Sov. Phys.-Doklady 13, 899
(1969)].

12 F. F. Voronov and S. B. Grigor'ev, Dokl. Akad.
Nauk SSSR 195, 1310 (1970) [Sov. Phys.-Doklady 15,
1126 (1971)].

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




