
magnetic structures. vector star.

It has been shown that magnetic structure is generally
characterized not by a single wave vector, but by a set
of star rays for which the corresponding radial contri-
bution is nonzero. This set, which we shall call the
transition channel, defines the magnetic lattice of the
crystal. The Shubnikov-symmetry lattices obtained in
all channels of Lifshitz stars were recomputed for all
initial Bravais lattices, and the corresponding magnetic
reflections were indicated in each case.

Polarization effects in the scattering of neutrons by
an arbitrary magnetic structure were investigated: the
dependence of the scattering cross section on the orien-
tation of the polarization vector of the initial beam and
the appearance of a spontaneous-polarization vector in
the scattered beam. It is shown how the magnetic
structure can be decoded in its entirety from a single
magnetic reflection (if the structure is characterized by
a single wave vector) with the aid of symmetry analysis
on the basis of the measured polarization effects. Gen-
erally, the smallest necessary number of magnetic re-
flections is equal to the number of rays of the wave-

Certain examples of magnetic structures that can be
described by two or more irreducible representations
are analyzed. It is shown that there are symmetry rea-
sons for this in some cases. One of these reasons is
the additional (with respect to the symmetry of the in-
itial crystal) symmetry of the exchange Hamiltonian—
invariance under rotation of all spins. It results in ad-
ditional degeneracy of exchange energy, which is man-
ifested in the existence of exchange multiplets. Exam-
ples of magnetic structures characterized simultane-
ously by several irreducible group G representations
that enter into a single exchange multiplet are given.
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S. K. Sidorov. Neutron-diffraction study of alloys of
transition metals ivith mixed exchange interaction.
Mixed exchange interaction is understood as the occur-
rence of a set of interatomic exchange interactions of
different signs (ferro- and antiferromagnetic) in an al-
loy. Competing interactions of this kind give rise to
numerous physical-property anomalies in alloys, and
this accounts for the interest in such substances.

Ferro- and antiferromagnetic interactions in an alloy
should result in progressive disorientation of the mag-
netic moments and eventually in the disappearance of
spontaneous magnetization at a certain concentration of
the component that introduces the antiferromagnetic in-
teractions. A phenomenological theory of the magneti-
zation of such alloys has been advanced on the basis of
these considerations and has been confirmed quantita-
tively in experiments

The disorientation of the magnetic moments in the al-
loy depends on the local environment of the crystal-lat-
tice node. Therefore an alloy with mixed exchange in-
teraction should be spatially inhomogeneous with re-
spect to magnetization. This has been confirmed by
neutron-diffraction experiments.

Superstructural magnetic reflections that indicate the
establishment of antiferromagnetic order at Neel tem-
peratures of 10-20 K, depending on alloy composition,
were first detected by neutron diffraction by poly crys-
talline and single-crystal specimens of an Ni-(60_70)
at-% Fe alloy at helium temperature. Detailed analysis
indicated that the components of the magnetic moments
of the iron and nickel that are perpendicular to the
spontaneous magnetization direction form a type IV an-
tiferromagnetic structure in the fee lattice. On the

whole, the magnetic moments of the alloy components
form a complex noncollinear structure that produces
ferro- and antiferromagnetic reflections on the neu-
tron-diffraction pattern simultaneously.

Neutron-diffract ion and x-ray studies of iron-nickel-
alloy single crystals with 60-75 at-% of iron have in-
dicated weak superstructural satellites. This implies
that structural changes that can be regarded as prepa-
ratory for the martensite transition to follow take place
at temperatures and concentrations far short of those
of the martensitic transformation. The first satellites
and the y' phase appear at temperatures around 900 K.
A new group of satellites that characterizes the y"
phase appears simultaneously with a magnetic transi-
tion at a lower temperature. The satellites appear to
originate from "condensation" of acoustic phonons in
the fee lattice. This static displacement of atoms from
their ideal positions at the lattice points is obviously
related to an increase in the volume of the alloy. This
is evidently justification for again bringing up the ques-
tion as to the cause of the invar effect. The alloy
should expand on heating from low temperatures. But
since the reflections of the y' and y" phases decrease
with temperature, thermal expansion will be offset by
the volume decrease associated with the decrease in the
static displacements of the atoms from their equilibri-
um positions, and it is this that constitutes the invar ef-
fect.

It was found that the y"-phase satellites in the recip-
rocal fee lattice are disposed regularly in such a way
that the y" phase ensures symmetry coupling between
the y and a phases, since the set of a-phase recipro-
cal-lattice points is determined by the combination of
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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.

'S. K. Sidorov, Fiz. Met. Metalloved. 45, 532 (1978).
2A. Z. Men'shlkov, S. K. Sidorov, and V. E. Arkhipov, Zh.

Eksp. Teor. Fiz. 61, 311 (1971) [Sov. Phys. JETP34, 163
(1972)].

3S. F. Dubinin, S. G. Teplouchov, S. K. Sidorov, Yu. A.
Izyumov, and V. N. Syromyatnikov, Phys. Stat. Sol. Ser.
A 61, 159 (1980).

4S. F. Dubinin, S. G. Teplouchov and S. K. Sidorov, ibid. 54,
239 (1979).

5S. F. Dubinin, S. G. Teploukhov, Yu. A. Izyumov, V. N.
Syromyatnikov, and S. K. Sidorov, Fiz. Met. Metalloved.
50, 1276 (1980).

B. N. Goshchitskii. NonequiUbrium 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.
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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,

766 Sov. Phys. Usp. 25(10), Oct. 1982 Meetings and Conferences 766


