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A joint scientific session of the Division of General
Physics and Astronomy and the Division of Nuclear
Physics of the USSR Academy of Sciences was held on
February 24-25, 1982, at the P. N. Lebedev Physics
Institute of the USSR Academy of Sciences. The follow-
ing papers were presented:

February 24

1. V. I. Talanov, Stimulated diffusion and cooperative
behavior of components in distributed kinetic systems.

2. G. A. Smolenskii, E. I. Golovenchits, and V. A.
Sanina, Magnetic phase transition induced by high-

power optical pumping.

3. V. L. Gurevich, Dielectric relaxation and the
thermopolarization effect in crystals.

February 25

4. /. M. Dremin, Hadronic analogs of Cherenkov,
transition, and bremsstrahlung radiation.

5. L. A. Khalfin, The instability of the proton and the
nonexponential character of the decay law.

Brief summaries of these papers are given below.

V.I. Talanov. Stimulated diffusion and cooperative
behavior of components in distributed kinetic systems.
Certain further possibilities of the phenomenological
description of cooperative effects in nonlinear distribu-
ted systems with diffusion are discussed.l The cooper-
ative properties of such systems can be analyzed in
terms of simple but sufficiently universal mathematical
models. A clear idea of the principles underlying such
models is provided by theoretical biology in the context
of studies of the kinetics of physiochemical and socio-
biological processes at different levels of life.2"4

The basic mathematical model of distributed kinetic
systems is based on the parabolic-type evolutionary
equations2:

(1)

where Du are the coefficients of linear (self and mutual)
diffusion of the components. The functions F; describe
local transformations of the components and are usually
constructed in accordance with the type characteristic
for chemical-reaction kinetics.

Equations (1) do not take into account effects asso-
ciated with the interaction between the system ele-
ments in space. For systems that are not in equili-
brium, the inclusion of this interaction together with
the linear terms Jf = -C",i-Djj vmj gives rise to non-
linear currents of the components as well. For paired
interactions between the elements, and when the inter-
action range is much smaller than the characteristic

scale of variations in the concentration of the compo-
nents , these currents can be written in the form

jJVL_y ,m Vm. .

or, in more specialized form,

,NL ^ r, _
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Equations (1) are then replaced with the more general
system

dm;
~ar~ (3)

The linear transport processes that are represented by
the second term on the right of (3), and are due to the
"Brownian" motion of the elements under the influence
of random impacts due to the main medium, can be
referred to as spontaneous diffusion. Nonlinear diffu-
sion, which is represented by the last term in (3) and
is due to the regular interaction between the elements,
can be interpreted as stimulated or forced diffusion,
since the corresponding nonlinear current (2') is pro-
portional to both the component concentration gradients
and the concentrations themselves. In the absence of
extraneous influences, spontaneous diffusion tends to
return the system to the homogeneous state. Stimu-
lated diffusion, on the other hand, disturbs this state.
In physical systems, the coefficients of stimulated dif-
fusion, Si:/, can be determined from the energy of in-
teraction between the elements, whereas in "nonphysi-
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cal" systems (for example, in ecology), appropriate
choice of these coefficients enables us to describe the
nature of the spatial interaction between the elements,
provided only it extends over scales that are much
smaller than the characteristic scales of variation in
the component concentrations. Of course, this sub-
stantially extends the possibilities of (3) as compared
with (1).

Even in the simplest case represented by (2'). stimu-
lated diffusion introduces fundamentally new elements
into the behavior of the system. For example, in the
two-component system with nonlinear mutual diffusion
(S12*0, S21#0), in which there is no local interaction
(^,=0), it is possible to observe states of consistent
behavior that disturbs the original homogeneous struc-
ture: spatial cooperation between the components arises
for (S12 >0, S21 >0), whereas differentiation appears for
(S12<0, S21<0)and, moreover, linear diffusion makes
this process look into a phase transition which occurs
when a certain definite level of component concentra-
tion is exceeded. Examples of such cooperative pairs
are: radiation and matter in physics, concomitant pop-

ulation types in ecology, resources and manufactured
products in economics, and so on. For multicompo-
nent systems one can, in principle, construct a sequen-
tial or branched-sequential scheme for the stimulation
of the components in which differentiation (cooperation)
will involve an increasing number of new components as
they grow. The idea of stimulated diffusion is found to
be useful, for example, in the devlopement of mathe-
matical models for biological phenomena such as chem-
otaxis and photoaxis. From the standpoint of thermo-
dynamics, stimulated diffusion leads to a reduction in
configurational entropy with a simultaneous reduction
in the free energy of the system.
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G.A. Solenkii, E.I. Golovenchits, and V.A. Sanina.
Magnetic phase transition induced by high-power optical
pumping. A magnetic phase transition in a magnetically
ordered crystal, stimulated by high-power optical pump-
ing, has been observed for the first time. The effect
was produced in the antiferromagnet EuCrO3(T = 180 K).
The Eu3*(7F0) ions that were nonmagnetic prior to the
introduction of the pump are found to occupy a state with
a magnetic moment CFj when the pump is turned on,
and take part in the exchange interaction with the Cr3*
ions and, through them, with each other. The result
of this is that long-range antiferromagnetic order with
ordering temperature ~ 100 K appears in the subsystem
of the Eu3* ions.

The phase transition was detected experimentally by
investigating the homogeneous (fe = 0) antiferromagnetic
resonance (AFMR) in the Cr-subsystem. The reso-
nance AFMR field of the Cr-subsystem changes dis-
continuously when the pump is turned off. Thereafter,
over a period of several minutes, it continues to shift
toward the stable value which remains unaltered so
long as the low temperature is maintained. The effect
has a threshold character both in relation to the pulse
power and the duration of the pump. Two situations
can be realized for crystals of different thickness,
depending on the duration and power delivered by the
pump: the new AFMR signal coexists with the old
(initial) signal, or one observes a single new AFMR
signal (if the crystal thickness does not exceed 100 ^m
at the highest pump power). As the temperature is in-
creased, the effect is found to vanish for Ts 100 K.

The effect can be explained in terms of the model of
coupled exchange polarons. In their excited state, the
Eu3*(7F1) ions have a magnetic moment and, since they
are located in the magnetically ordered lattice of Cr3*

ions, they take part in the exchange interaction with
them, which in turn gives rise to the appearance of the
exchange polarons. When several neighboring Eu3* ions
are excited at the same time, they interact with one
another through the Cr3* lattice (indirect f-d-f exchange)
which leads to a reduction in the energy of this clus-
ter. It then turns out that for clusters consisting of
JV = 4, 8, 12, etc., coupled polarons, the energy is
lower than for clusters containing one polaron less or
more. Such clusters turn out to be metastable, since
their decay along the single-ion channel is energetically
unfavorable, whereas decay in to all the ions simul-
taneously has low probability. When the lifetime of
such metastable clusters is greater than the separation
between the pump pulses, their number will increase
while the pumping radiation is present, and a macro-
region containing magnetized Eu3* ions will appear.
The model predicts that when the number of excited
Eu3* ions in a cluster reaches a certain value (N» 24),
its energy becomes negative, i. e., the exchange re-
duction in energy compensates the splitting between the
ground and the excited states of Eu3*(£ = 7F1 -

 7F0 = 300
cm"1). The crystal state with the magnetized Eu3* ion
becomes the ground state. Spontaneous transition
of the EuCrO3 crystal to the state with the magnetic
Eu-subsystem does not occur at low temperatures be-
cause the probability of the simultaneous thermal exci-
tation of several neighboring Eu3* ions to the '1F1 level
is low. At high temperatures, on the other hand, when
this process is possible, the exchange interaction is
absent.

It follows from the model that the f-d-f exchange
reaches its maximum in the course of antiferromagnetic
ordering of the Cr host. The Eu-subsystem is then al-
so in the antiferromagnetic ordering of the Cr host.
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