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The deformation-energy segment is apparently
character i s t ic for a broad c lass of enzymatic reactions
(and not only for electron t r a n s p o r t ) . To r e s o r t to
s imi le , the enzyme works like a mechanical engine.
These considerations and the related es t imates a r e
given in C 4 ] . Many problems in this trend (such as the
relation of the macromolecule ' s deformation energy
to its polarization, etc.) s t i l l await solution.

Essential ly, the quantum theory of solids is used to
solve these biological problems. They a r e specific in
that the dimensions of the objects (the macromolecules)
a r e intermediate : they a r e not large enough for the
body to be considered infinite, but they a r e too large to
confine the t rea tment to quantum-chemical calculations
(details on the propert ies will be found i n t 5 ] ) . Thus,
much depends on a fortunate selection of an adequate
model.

The second trend—mathematical modeling—involves
the writing and investigation of kinetic-equation sys-
tems'- 6 1 . Its purpose i s to descr ibe the regulatory
propert ies of living sys tems and bring out effects that
a r e unexpected at f irst glance. Trigger-type models
a r e used to investigate the development of complex
organisms (tissue differentiation and formation of
organs). In the higher organism, the cel ls of different
organs perform different functions and differ greatly
from one another. At the s a m e t i m e , they all c a r r y
identical genetic information and originate from the
same fertilized ovum. The process of development
unfolds in highly coordinated fashion; each organ is
formed at the necessary moment and at the proper
place.

The question a r i s e s : can this process advance "by
itself," governed by the regulatory propert ies of the
proteins, or is a special development-correcting organ
n e c e s s a r y ? Investigation of a number of t r igger models
has shown that spontaneous development without a
special correct ing organ is quite possible and even
favored. ( In r 7 ] , the problem was discussed on the bas is
of abst ract models, while the scheme of Jacob and
Monod was used as a bas is i n t 8 ] ) .

Models of self-oscil latory processes describe
periodic variations that a r e quite commonly encountered
in biological sys tems (concerning oscil lations in gly-
colysis , s e e [ 9 ] , in photosynthesis 1 1 0 1 ; the life cycle of
the cel l can a l so be regarded conventionally as a self-

oscil latory process) . Self-oscillatory models have
pract ical application, since they make it possible to
determine the optimum phase for external interference.

When there is a set of " o s c i l l a t o r s " with different
phases, it i s first necessary to synchronize the sys tem.
An example of successful use of this method to t rea t
leukemia was described i n f l l ] .

The process of microosci l lator synchronization r e -
quires further study, both experimental and theoret ical
(certain theoret ica l problems of synchronia a r e set
forth i n T 1 2 ] ) .
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We publish below brief contents of two of the papers.

V. V. Ovsyankin and P. P. Feofilov. Cooperative
Optical Phenomena in Condensed Media.

A number of phenomena associated with transforma-
tion of electron-excitation energy (cooperative phe-
nomena) are observed in systems of optically excited
interacting particles in condensed media. Some of these
phenomena are not only of considerable interest from
the standpoint of the physics of the interaction of radia-
tion and matter, but also open new avenues to the un-
derstanding of a number of extremely important pro-
cesses many of whose aspects remain unclear today.

The greatest interest attaches to phenomena in
which energy accumulates on one particle in the system
of excited particles, with formation of high excited
states. These phenomena, which are observed with
greatest clarity in activated crystals, can be regarded
as model phenomena with respect to more complex and
more important phenomena in artificially created and
natural heterogeneous systems (optical sensitization,
photosynthesis). To demarcate the intrinsically coop-
erative processes of formation of high excited states
from the phenomenologically similar processes of
stepwise (sequential) excitation, we have a number of
experimental criteria based on study of the character-
istics of anti-Stokes luminescence from high excited
states (the dependence on the intensity of the exciting
radiation, interacting-particle concentrations, kinetics,
excitation spectra).

The following cooperative energy-transformation
processes have been observed in crystals with rare-
earth activators: a) Summing of the energies of identi-
cal excited states, b) Summing of the energies of un-
like excited states of identical ions, c) Summing of the
energies of the excited states of unlike ions, d) Decay
of an excited state of one particle with formation of a
lower excited state of the same particle and excitation
of a neighboring particle (relaxation of ion pairs),
e) Summing of the excitation energies of two ions with
simultaneous transfer of energy to a third ion (coopera-
tive sensitization of luminescence), f) Decay of an ex-
cited state of a particle with excitation of two (or
more) lower energy states of other particles.

In a number of cases, the accumulation of energy
takes place with high probability; this makes it possi-
ble to treat the corresponding systems as efficient
"step-up" frequency transformers for the incident
radiation.

Processes in which virtual rather than real excited
states are intermediate are also possible in activated
crystals: a) Cooperative excitation of two interacting
particles by one photon, b) Emission of one "coopera-
t ive" photon by two interacting particles, c) Coopera-
tive amplification of light at the doubled (sum) fre-
quency on its distribution in a medium with population
inversion of the energy states of the interacting parti-
cles.

Cooperative processes of recombination of real
electron levels of different particles are possible in
interacting-particle systems: a) Raman excitation
(absorption), b) Raman luminescence.

Cooperative accumulation of excitation energy
manifested in anti-Stokes luminescence has been ob-

served in a number of semiconductive crystals (silver
halides, iodides of mercury and lead, thallium chloride
and others) with a layer of energy-donor dye adsorbed
onto their surfaces, and in photosynthetic systems
(green leaves, Chlorella). The high efficiency of the
accumulation process down to extremely low (sub-
nanowatt) exciting-radiation densities, which can be
observed in sensitized photographic emulsions, makes
it possible to construct noncontradictory models of the
primary acts of optical sensitization of photolytic (and
photosynthetic) processes.

In a system of two interacting particles, one with
discrete and one with continuous excited states (e.g.,
rare-earth ions and color centers), interference of
these states, manifested in various peculiarities in the
absorption spectra ("antiresonance"), is possible.
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(1971); V. V. Ovsyankin, ibid. 28, 206 (1970); V. A.
Arkhangel'skaya and P . P . Feofilov, ibid., p . 1215.

A. A. Abrikosov. Certain P r o p e r t i e s of Metals with
Magnetic Impurit ies (Kondo Effect).

It was observed back in the 1930's that the r e s i s t -
ances of a whole s e r i e s of metals begin at low t e m p e r a -
t u r e s to increase with decreas ing t e m p e r a t u r e . This
could be interpreted only as indicating the existence of
a new electron-scat ter ing mechanism whose effective-
ness increases with decreas ing tempera ture or energy
of the e lectron. Subsequent experiments showed that
this effect is related to the presence of magnetic im-
purit ies in the metal , i .e., impuri t ies whose atoms
have unfilled inner shells and retain their spin when
situated in the host nonmagnetic meta l . The effect was
observed only at very low impurity concentrations
« 0 . 1 % ) .

We now know many combinations of host metals and
impuri t ies in which this effect o c c u r s . Temperature
curves of resist ivity were measured quantitatively in
the mid-50's by Croft et a l . on copper and by Ν. Ε.
Alekseevskii and Yu. P . Gaidukov on gold with a smal l
iron impurity. It was found that resist ivi ty i s described
at low t e m p e r a t u r e s by the formula ρ = p i + p 2 In (1/T).
A theory of this phenomenon was offered by the Japa-
nese theoretician Kondo in 1964, and the effect has
since borne his n a m e . According to Kondo, the inter-
action of the electron with the impurity contains, in




