
dences with t = 1.7. The value of the critical concentration
for v — 20.7 cmVmole lies in the range 6 5 xc 5 8% He3. We
note that the index t found is close to the critical index of
electrical conduction with a metal-insulator phase transi-
tion.5 Using the interpolation equation in Ref. 4 with well-
known quantum diffusion parameters and the found values
of xc and t, it was possible to calculate the theoretical curves
of D for the entire range of concentrations and densities stud-
ied. The continuous curves in Fig. 1 are the result of this
calculation. As is evident in Fig. 1, theory and experiment
agree quite well.

Thus, in this work, we investigated the diffusion of He3

in solid He3-He4 solutions up to concentrations ~5% He3

and we observed the phenomenon of strong localization of
He3 atoms and phonon delocalization in complete agree-
ment with the predictions of Kagan's theory. In the region of

strong localization, a critical behavior of the diffusion coeffi-
cient of He3 was found. The theory of localization developed
was compared with the experimental data over a wide range
of parameters and their agreement was demonstrated.

'Yu. Kagan in: Defects in Insulating Crystals: Proc. Intern. Conference,
Riga, May 1981, Springer-Verlag, Berlin (1981), p. 17.

2A. F. Andreev and I. M. Lifshitz, Zh. Eksp. Teor. Fiz. 56, 2057 (1969)
[Sov. Phys. JETP 29, 1107 (1969)].

3V. A. Mikheev, V. A. Maidanov, and N. P. Mikhin, Fiz. Nizk. Temp. 8,
1000 (1982) [Sov. J. Low Temp. Phys. 8, 505 (1982)].

"Yu. Kagan and L. A. Maksimov, Zh. Eksp. Teor. Fiz. 84,92 (1983) [sic].
5B. I. Shklovskii and A. L. Efros, Elektronnye svoistva legirovannykh
poluprovodnikov (Electronic Properties of Doped Semiconductors),
Nauka, Moscow (1979).

Translated by M. E. Alferieff.

Scientific session of the Division of General Physics and Astronomy and Division of
Nuclear Physics of the Academy of Sciences of the USSR (27-28 April 1983)
Usp. Fiz. Nauk 141, 546 (November 1983)

PACS numbers: 01.10.Fv

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 April 27 and
28,1983 at the S. I. Vavilov Institute of Physical Problems of
the USSR Academy of Sciences. The following reports were
presented at the session:

April 27
1. R. A. Syunyaev, Compton scattering in astrophysics

(intergalactic gas, accretion disks around black holes, x-ray
pulsars).

2. Ya. E. Einasto, Observable large-scale structure of
the universe.
April 28

3.M. V. VoVkenshtein, The essence of biological evolu-
tion.

4. O. B. Ptitsyn, Physical principles of protein struc-
tures.

5. A. A. Vazina, Liquid crystals and biological mobility.
A brief summary of three of the reports is published

below.

M. V. Vol'kenshtein, The essence of biological evolu-
tion. It is mistaken to believe that the Darwinian theory of
evolution is obsolete, since there is neither enough material
nor time for the appearance of the present biosphere. Biolo-
gical evolution is a specific manifestation of the development
of the universe, and its phenomenological interpretation
consists of examining a dissipative system far from equilibri-
um, maintained by an outflow of entropy. The adequacy of
material for evolution is determined by the extensive vari-
ability in any population and the high content of heterozy-
gotes, which represent mutant genotypes. It is believed that
only a single directing factor is operative in evolution: natu-
ral selection. In reality, there is a second, no less, if not more,
powerful factor: the completed structural type and develop-
ment of the organism. Evolution has a directed and irrevers-
ible nature. Genetically programmed reading of positional
information, i.e., the regulator action of genes, is determin-
ing. Not only the structure of the functional molecules (pri-

marily proteins), but also the location and time of their ac-
tion are important. In view of the directedness of evolution,
by no means all traits have adaptive value. The usual ques-
tion in biology, viz., "Why?", by no means always has an
answer.

Evolutionary theory distinguishes micro- and macroe-
volution. The former indicates accumulation of small
changes in a population and the second means the appear-
ance of new species and higher order taxons. It can be shown
that speciation and macroevolutionary processes have the
nature of phase transitions. These transitions can be more or
less sharp and, correspondingly, the concepts of point equi-
librium and phyletic gradualism are used in biological the-
ory. Apparently, both occur. At the molecular level, evolu-
tion is manifested in the difference in the composition and
sequence of amino acid residues in homologous proteins.
Based on this, it is possible to construct evolutionary trees. It
may be considered as proven that many evolutionary substi-
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tutions hi the nucleic acids and proteins are neutral and are
not subject to natural selection, acting at the level of pheno-
types. The physical significance of this neutralistic theory of
evolution, proposed by Kimura, lies in the nonunique, de-
generate correspondence of the primary structure of the pro-
tein and its biological function. The neutral character of
many point mutations accelerates evolution. The established
structural type of the protein does not change with neutral
mutations. The neutralistic theory is also justified by the
"noise resistance" of the genetic code, which determines the
high probability of the substitution of amino acids by amino
acids whose properties are very similar.

There is also a fallacy in the idea of the great stability of
genes. In recent years, a set of phenomena indicating the
dynamic properties of genes and their mobility have been
discovered and studied. A number of factors, including vir-
uses, are known to transmit genetic material. This also great-
ly accelerates evolution.

It is instructive to examine evolution with the help of
the concepts of information theory. In biology, the content
or value of information is important. This concept cannot be
represented in a universal form: the value of a message is
determined only by the consequences of its reception. Re-
ception of information is a nonequilibrium, irreversible pro-
cess involving a transition from a less stable state to a more
stable state. The creation of new information, which always

O. B. Ptitsyn, Physical principles of protein structures.
Protein molecules are the most complicated of known ma-
cromolecules and at the same time one of the simplest biolo-
gical objects. For this reason, the study of protein structure
permits observing how nature uses the laws of molecular
physics to create biologically useful systems. From the
chemical point of view, a protein is a copolymer consisting of
20 different types of monomers (amino acids). All monomers
(except one) have the same main chain and differ only by
their side groups. The sequence of monomers in a protein
(the chemical structure of the protein) is determined by the
chemical structure of DNA in accordance with the well-
known genetic code. In its turn, the chemical structure of a
protein determines its spatial structure, which determines its
biological function.

Due to the successes of x-ray structural analysis of pro-
tein crystals, the spatial structures of more than 100 differ-
ent proteins are now known. Their chains are coiled into
compact spherical or slightly stretched globules, whose
structure at first glance looks very complicated and irregu-
lar. However, careful analysis has shown that the only com-
plicated, irregular, and specific (for each protein) property is
the detailed spatial structure of the protein (corresponding

occurs in evolution, is an irreversible memorizing of the ran-
dom selection.

Using the definition of value as indispensibility at a giv-
en level of reception, it can be shown that value increases
during the course of both individual and evolutionary devel-
opment. In evolution, the capability for selection of valuable
information increases simultaneously.

It is customary to talk about progress in evolution and
about an increase in complexity. This concept must be de-
fined. A reasonable definition of the complexity of a message
is the number of bits in a minimum program generating the
message (Kolmogorov). It is clear that the concept of com-
plexity and indispensibility are close, however, the second
concept is richer, since complexity refers to the message as a
whole, while indispensibility also characterizes its elements;
complexity expresses structure, while indispensibility also
expresses function. In phenomena of evolutionary simplifi-
cation (with a transition to a parasitic life form, for example),
indispensibility and value increase.

Thus evolution is directed and irreversible. Apparently,
there has been enough time. It is still difficult to construct a
general quantitative model theory, but particular models are
being developed successfully. There is no basis for believing
that some kind of new physics will be required to understand
evolution.

FIG. 1. Helical (A ), stretched (B), and irregular (C) sections of a protein
chain. The dark and light colored circles indicate nonpolar and polar side
groups, respectively.

to close packing of atoms). The coarse structures of proteins,
however, turned out to be surprisingly simple and regular.
The main chain of the protein is made up of regular sections
of two types, stabilized by hydrogen bonds between the
atoms of the main chain: tightly coiled helices and stretched
sections (Fig. 1). The average length of the sections of both
types is ~15 A, which is close to the radius of a typical
protein globule. These sections are arranged in a regular
manner in two or (more rarely) three layers and are connect-
ed by sections of the protein chain, not having a regular
structure. In this case, proteins with the most varied chemi-
cal structure are characterized by similar arrangements of
helical and stretched sections. This raises the following in-
teresting question: how does the irregular and specific, for
each protein, chemical structure lead to regular spatial
structures that are similar for different proteins?

The attachment of regular sections in two or three layer
complexes is due to the presence in the protein of approxi-
mately identical quantities of polar and nonpolar side
groups, bound by a single main chain. Contact between the
nonpolar groups and water increases the ordering of the wa-
ter, which increases its free energy. This creates an effective
"hydrophobic" attraction between the nonpolar groups in
water, acting over distances not significantly greater than
the usual van der Waals attraction. In order that the helical
and stretched sections be able to form a regular complex,
each of these sections must have at least one continuous non-
polar surface, which imposes limitations on the sequence of
polar and nonpolar groups in such sections. It turned out,
however, that the sequences of polar and nonpolar groups
(specific for each protein), on being averaged over many pro-
teins, are not distinguishable from random sequences. At the
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