
reflections from the original y phase and the wave vec-
tors of the y"-phase satellites. This automatically
yields the well-known Nishiyama relations for the mu-
tual orientation of the y and a phases in the martens ite
transformation.
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B. N. Goshchitskii. Nonequilibrium state of defective
ordered crystals. The physical properties of ordered
crystals depend extremely sensitively on the degree of
ordering in the arrangements of the various species of
atoms at the various points of the crystal lattice. Nu-
clear phenomena are now being used more and more
often to produce disorganized states. In crystals, it is
possible in this way to bring about a "physically pure"
disordered state that it is impossible to obtain in many
cases by traditional technological devices. In this
state, the crystals retain their stoichiometric composi-
tion and are homogeneous in bulk, and the atoms of the
various species are statistically distributed among the
nodes of a perfect crystal lattice.

The properties of crystals in this thermodynamically
off-equilibrium structural state are clearly unusual.
Essentially, the procedure produces stable materials
with new and hitherto unknown properties. Thus, for
example, the Curie points of certain ferrites are in-
creased by hundreds of degrees, and resistivity may
change through several orders of magnitude. Soft nick-
el ferrite in this state becomes a magnetically hard
material with a coercive force of the order of magni-
tude of a thousand oersteds; zinc ferrite becomes a
ferromagnetic with Tft=620 K. In magnesium chromite,
which initially has a spinel structure, a type Bj struc-
ture is brought about: the chromium ions remain at the
"regular" octahedral nodes, while the magnesium ions
are statistically redistributed among tetrahedral nodes
and octahedral nodes that were "forbidden" in the spinel

structure. In this state, the temperature of the super-
conductive transition in intermetallides with A-15
structure may decrease or increase by nearly an order
of magnitude or change little. In these compounds the
sign of the temperature coefficient of resistivity
changes with no change in crystalline structure. Elas-
tic anisotropy disappears in V3Si, something that is sel-
dom observed even in pure metals.

The study of crystals in this unusual structural state
is opening a new trend in research into the fundamental
properties of solids. For example, values of the ex-
change interaction of Fe3* ions at tetrahedral and octa-
hedral nodes in the spinel lattice have been determined
in this way, and the energy of preference of the zinc
and magnesium ions for octahedral points in zinc and
magnesium ferrites has been found. In nickel ferrite,
the magnetic moment of the Ni2* ion at a tetrahedral po-
sition and its contribution to the magnetic crystalline
anisotropy have been determined.

*Yu. G. Chukalkin and B. N. Goshchitskii, In: Fizicheskie
svoistva magnltnykh materialov (Physical Properties of Mag-
netic Materials). USSR Academy of Sciences Ural Scientific
Center, Sverdlovsk, 1982, p. 135.
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S. M. Klotsman. Structure, properties, and interac-
tions of point defects and their influence on radiation-
stimulated phenomena in metals. 1. The principal
changes in the properties of real materials that work
under irradiation result from: a) accumulation of pri-
mary radiation-induced defects (RDs) and their trans-
formations to secondary RDs; b) precipitation and solu-
tion of phases and redistribution of phases in space,
clearly a result of diffusion processes that take place
under extreme conditions. Of the many phenomena that
occur under irradiation, we shall single out radiation-
stimulated segregation (RSS) and redistribution of alloy

components under irradiation and radiation-induced
embrittlement.

2. The self-interstitial, the structure of which is de-
termined from the diffuse and background scattering of
x-rays,1 is a dumbbell with [100] orientation in fee
crystals and [110] orientation in bcc crystals. When a
self-interstitial forms, resonant modes with frequen-
cies around 0.1 ct>mu appear in the vibrational spectrum
of the crystal. This accounts for the surprisingly high
mobility of self-interstitials: they migrate through the
crystal even at helium temperatures.2 In this process,
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some of them recombine with vacancies, and some en-
counter impurities the interaction with which is basi-
cally of elastic nature. When an interstitial interacts
with an impurity, the impurity may transfer to an in-
terstice with formation of a mixed dumbbell that has the
same translational mobility as the self-interstitial.

3. Interstitials formed by irradiation at high enough
temperatures diffuse to sinks (dislocations,grain
boundaries, the surface). Mixed dumbbells formed
along the path transfer the impurity to RD sinks, where
the impurity concentration may exceed the average con-
centration in the volume of the solid solution by several
orders of magnitude. We discovered the RSS phenom-
enon in strongly dilluted solid solutions of sulfur in
nickel.3"3 The residual resistivity of these solid solu-
tions did not increase on accumulation of the RDs, but
decreased with increasing fluence in the optimum tem-
perature range. RSS is brought about under conditions
such that both partners of Frenkel' interstitial pairs
are mobile. Like interstitials, vacancies form com-
plexes with Impurities. Here the driving interaction is
the Coulomb interaction of the excess screened charges
of the vacancy and impurity. It is manifested in a lin-
ear decrease of the diffusion activation energy with in-
creasing excess charge of impurities in the same row
of the periodic table as the solvent.6"9 The presence of
a vacancy concentration gradient near an RD sink gives
rise to fluxes of the alloy's components. The rapidly
diffusing component is diverted from the sink into the
interior, so that the sink is enriched in the slow com-
ponent.

4. The development of RSS and the redistribution of
the components on RD sinks result in high impurity
concentrations and embrittling phases at the interfaces,
which sharply weakens them. The plasticity of technical
nickel irradiated with 6-MeV electrons (no transmuta-

tion helium is formed!) drops by factors of 2-2.5 as
compared to unirradiated nickel.10 The presence of
helium has no influence on the plasticity of the original
and irradiated nickel up to concentrations significantly
higher than those developed in reactors. One possible
way to suppress the harmful effects of RSS is to purify
the material of harmful impurities and increase the
number of RD sinks in order to ensure the necessary
level of sink enrichment at a given production rate of
mobile RDs.
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V. D. Sadovskii. Structural heredity in steel. Small-
crystal (fine-grained) structure in metals and alloys is
distinguished by a better combination of strength and
plasticity as compared to coarse-grained structure.
Among other alloys, steel exhibits what may be a
unique property: that of correcting its coarse-grained
structure in response to heat treatment alone, without
the use of plastic deformation. This possibility, which
is highly important for engineering and was discovered
by D. K. Chernov, is related to the polymorphism of
iron and, in particular, to the alpha (bcc)-to-gamma
(fee) transformation that occurs when the steel is
heated above the critical points (Ac!-Ac3). It is gen-
erally as a result of this transformation that the fine-
grained y-phase structure is formed and the desired
fine-grained structure is obtained in steel after cooling.

In some cases, however, the polymorphic a-y tran-
sition is not accompanied by recrystallization, and the
grain of the steel remains as coarse as it was initially.
Here we have a manifestation of structural heredity.
The nature of the initial structure and the heating rate

are decisive in this respect. In the initial crystallo-
graphically ordered structure (martensite,bainite),
very rapid or, conversely, very slow heating of steel
above the critical points is not accompanied by struc-
tural refinement despite the polymorphic a-y transi-
tion that occurs. The latter is brought about by a crys-
tallographically organized mechanism, crystallization
in the sense of crystallite-size reduction does not oc-
cur, the original coarse grain is restored, inheriting
its sizes and orientations, and the steel's inherent ca-
pacity for structural refinement is lost. Strictly speak-
ing, it is still possible for recrystallization to occur in
this case, but not immediately upon the a-y phase
transition; it occurs at higher temperatures in the sin-
gle-phase y region and as a result of another process-
spontaneous recrystallization of the y phase due to in-
ternal (phase) strain-hardening. Recrystallization fol-
lows a two-stage scheme: first the a-y transition oc-
curs with no accompanying change in grain size, and
then the y phase recrystallizes. The two-stage nature
of recrystallization is also manifested in alloy steels,
but it can be detected quite reliably even in simple car-
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