
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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bon steels, for example on ultrafast laser heating.1

Thus, the a-y polymorphic transformation is not or
is accompanied by recrystallization, depending on its
structural mechanism—cooperative or recrystallization
(the "normal" mechanism in G. V. Kurdyumov's termi-
nology), respectively. However, the cooperative mech-
anism may result in a degree of saturation with struc-
tural imperfection such that spontaneous recrystalliza-
tion becomes possible at higher temperatures. In other
polymorphic metals (for example, in cobalt and titani-
um and its alloys), this second stage may be absent,

and structural refinement may become impossible de-
spite the presence of polymorphism. On the other hand,
crystal-structure refinement is sometimes found to be
possible without polymorphism. An example is found in
alloys with cellular decay during aging, in which the
growth of supersaturated solid solution decay product
cells is accompanied by reorientation in microscopic
volumes.
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V. V. Sagaradze. Strengthening austenitic nonmagnetic
steels by phase hardening. A process for strengthening
metastable austenitic alloys by bringing about direct
and reverse (y-a-y) martensitic transformations that
has come to be known as phase hardening was developed
in the late 1950s by K. A. Malyshev, V. D. Sadovskii,
and co-workers at the USSR Academy of Sciences Insti-
tute of Metal Physics.1

The strengthening of austenite as a result of the doub-
le martensitic transformation is explained both by par-
tial inheritance of the martensite dislocation structure
by the newly formed austenite and by the introduction of
new structural imperfections directly during the re-
verse martensite transformation. Recent studies2'3

have shown that depending on the conditions during the
a-y transition, various structual types of the y phase
(coarse lamellar,fine lamellar, globular) and, accord-
ingly, totally different mechanical properties can be
obtained in iron-nickel-base austenitic alloys.

Coarse lamellar austenite forms on accelerated heat-
ing, when the a-y transition exhibits all the criteria of
the martensitic mechanism. Preferred "restoration"
of the original austenite orientation is observed as a
result of the y-a-y cyclic transformation. Lowering
the heating rate during the a-y transition below a cer-
tain critical value (~0.4 deg/min in alloys of iron with
32% nickel) results in the formation of another variety
of austenite: extremely fine, variously oriented lamel-
lar y crystals with a {I56}a habitus plane. The yield
point of a carbon-free martensite can be increased by a
factor of 1.5 on precipitation of these crystals. The

third structural form of the y phase—globular austenite
(globule sizes less than 1 jj.m) forms in iron-nickel al-
loys during slow heating in the second stage of the a-y
transformation.

Types N26KhTl and N26T3 nonferromagnetic austen-
itic steels, which can be strengthened by phase harden-
ing and aging, have now been developed; they have
higher fatigue limits (0.^= 60 kgf/mm2) than known aus-
tenitic steels and can be surf ace-hardened successfully
with formation a wear-resistant martensitic layer of
any desired depth. Work is being done on the develop-
ment of phase-hardenable stainless steels and on iron-
manganese-base austenitic steels. The discovery of a
new structural variety of austenite—a fine-lamellar
phase with {156}0 habitus that forms in the a-y trans-
formation with reproduction of the crystallographic
orientations of the austenite—will make it possible to
advance research toward the creation of new high-
strength materials.
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V. L Syutkina. New hardening mechanisms of ordered
alloys. Modern industry has a great need for alloys
with combinations of optimum properties. Development
of such alloys is especially difficult. There is much
room for improvement of the physicomechanical prop-
erties of alloys by using phase transformations, among
which atomic ordering occupies a special position, pri-
marily because many properties of the alloy (electrical,

thermal, magnetic, mechanical, corrosion, etc.) change
simultaneously on establishment of long-range order in
the disposition of the various atomic species. This
alone can provide a basis for development of alloys with
given sets of properties. However, extensive industrial
use of ordered alloys is being held up by their unsatis-
factory mechanical properties: they are either not
strong enough or very brittle.
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