
with some intended change of their structure and conse-
quently of their properties.

In patterns of the distribution of valence electrons in
crystals and molecules obtained on the basis of x-ray diffra-
tion data it is easy to establish, for example, the spatial local-
ization of the unpaired electron responsible for paramagne-
tism of the compound. Laser crystals pose for precision
structure analysis of the problem of localization of small ac-
tivating impurities in them.

The problem of establishing relations between the
structure and properties of crystals was posed long ago, but

only the contemporary level of precision structural crystal-
lography permits an adequate solution of this problem.

'Computational Crystallography/Ed. D. Sayre, Oxford, Clarendon
Press, 1982.

2V. I. Simonov, A. M. Golubev, and A. A. Rusakov, Pis'ma Zh. Eksp.
Teor. Fiz. 35, 59 (1982) [JETP Lett. 35, 68 (1982)].

3 A. A. Shevyrev, L. A. Muradyan, and V. I. Simonov, Pis'ma Zh. Eksp.
Teor. Fiz. 30, 107 (1979) [JETP Lett. 30, 96 (1979)].

"B. K. Vamshtem, V. I. Simonov, V. A. Mel'nikov, A. B. Tovbis, V. I.
Andrianov, M. I. Sirota, and L. A. Muradyan, Kristallografiya 20, 710
(1975) [Sov. Phys. Crystallogr. 20, 435 (1975)].

V. R. Regel'. Some problems of contemporary research
on the mechanical properties of crystals. In connection with
the fortieth anniversary of the Institute of Spectroscopy we
shall start by briefly recalling several pioneer studies carried
out at our institute in the course of forty years in the Labora-
tory of Mechanical Properties of Crystals organized by M.
V. Klassen-Neklyudova: work on the production and study
of fiberglass-reinforced plastic composition materials,1 visu-
alization of the domain structure in ferroelectric salts,2

study of the phenomenon of kink formation,3 and develop-
ment of a number of original instruments for measurement
of the mechanical properties of crystals.4'5 The laboratory
made a serious contribution to the study of the laws of plastic
deformation and fracture of crystals, including the develop-
ment of the dislocation theory of deformation. These studies
have continued up to the present time. As an example one
can cite the study of the evolution of dislocation structure
and of the mechanism of hardening of MgO crystals during
deformation over a wide range of temperatures from — 180°
to +2200°C.6

At the present time the laboratory is studying a number
of new problems related to the mechanical properties of
crystals. We shall mention some of these below.

We are studying the phenomenon of superlocalization
of plastic deformation in crystals at high temperatures ap-
proaching the melting point.7 This effect has not yet been
completely explained and deserves further detailed study.
Related to this problem is the study of the local heating of
slip bands of crystals during deformation, in particular by
the method of depositing liquid-crystal coverings and analy-
sis of the change in their coloration.8

Efforts are being concentrated on studies of the actual
structure and mechanical properties of surface layers of
crystals in order to obtain information on the influence of the
surface state on the bulk mechanical properties of crystals.
Here special attention is being given to study of the involve-
ment of point defects in development of deformation in frac-
ture and to verification of the suggested idea that plastic
deformation of refractory crystals occurs as the result of col-
lective displacement of point defects without participation
of dislocations.9 A method has been developed for observa-
tion of the displacement of point defects by detection of the
cathodo-luminescence from these defects in a scanning elec-
tron microscope in situ on application of a concentrated load
at the crystal surface. It has been shown that the displace-
ment of ensembles of point defects is crystallographically

directed and reaches hundreds of microns. The kinetics of
this process is being studied. The observed phenomena have
not yet received a definitive theoretical explanation.

In the laboratory a method is being developed for the
solid-phase joining of single crystals, both identical and dif-
ferent, and also of elements of them.10 The method has made
possible the production of a number of fundamentally new
products for contemporary technology, for example, com-
position crystal laser elements, optical Q modulators for la-
ser systems, composite crystalline containers for thermal
processing of various products under especially pure condi-
tions, and so forth. The development of the mechanism of
the solid-phase joining process for crystals is based on a
model of multiple indentation, and in addition to taking into
account diffusion processes considers the need of taking into
account the possible mass transfer resulting from disloca-
tion-free displacement of ensembles of point defects, and
also possible participation of explosive (shock) mechanisms
of crystallization. Further studies of the structure and prop-
erties of the boundaries of the solid-phase junction are
planned, in order to develop a definitive theory of processes
which develop in a solid-phase junction.

An area of work related to studies of the influence of
point defects on the mechanical properties of crystals is
study of the influence of ionizing radiation on the actual
structure and properties of bombarded crystals. Experi-
ments carried out jointly with the Nuclear Reactions Labo-
ratory at the Joint Institute for Nuclear Research on study of
the influence of bombardment of crystals (and metals) by
heavy ions of high energy, including crystals in a state of
stress,'1>12 have shown that the existing theories of radiation
damage require further development to explain the experi-
mental data which have been obtained.

The problems enumerated, on solution of which the
Laboratory of Mechanical Properties of Crystals at the In-
stitute of Crystallography is working, show that further de-
tailed experimental research and theoretical development
are necessary for the solution of these problems.
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A. A. Kaminskii. Physics and spectroscopy of laser crys-
tals. In little over a year we will observe the 25th anniversary
of the creation of the first laser. As is well known, this was a
quantum oscillator employing a ruby crystal (Al2O3-Cr3+).
Today laser crystals represent a complex scientific and prac-
tical problem which combines a number of aspects of solid-
state physics, spectroscopy, quantum electronics, physical
chemistry, and technology. The fundamental aspect of this
problem involves study of the properties of activated crystals
and physical phenomena occurring in them when they are
excited, which result in the generation of stimulated radi-
ation (SR). In solution of the applied problems in this area an
activity of the first importance is the exploratory research
which consists mainly of the development of new operation-
al schemes and principles of excitation of SR of crystalline
lasers, the search for new laser compounds and generation
centers, discovery of new SR channels and means of increas-
ing the efficiency of both new and already known laser com-
pounds, and so forth,1'2

The present report is devoted to some results in this area
obtained in the Laboratory of Laser Crystal Physics at the
Institute of Crystallography.

2. About 180 crystalline dielectric matrices are known,
in which laser properties are provided by divalent and triva-
lent rare earth ions (Ln2+-Sm2+, Dy2+, Tm2+ and Ln3+-
Pr3+, Nd3+, Sm3+, Eu3+, Tb3+, Dy3+, Ho3+, Er3+, Tm3+,
Yb3+) and ions of the iron group (V2+, Co2+, Ni2+ and
Cr3+, Ti3+) and U3+; these crystals are mainly fluorides and
oxygen-containing compounds. Their principal generating
activators are Ln3+ ions, in which SR is excited in 47 (f-f)

and 3 (d-f) intermultiplet transitions in the range from
~0.17/*m to ~5.15 fim. Distinctive among them in the
number of laser channels are the following ions: Ho3+ (12
channels), Er3+ (11 channels), and Pr3+ (10 channels), and
distinguished in utilization is Nd3+, after which we have the
ions Er3+, Ho3+, Tm3+, and Pr3+. For Ln3+ activators sev-
eral working laser schemes have been developed, of which
the most used are four-level and sensitized schemes, and in
recent years cascade schemes have also begun to be used
actively.

3. While in the 60s the number of lasing compounds
discovered corresponded approximately to the number of
lasers made on the basis of these compounds, in the follow-
ing years, as can be seen from Fig. 1, the balance has shifted
in favor of the latter. This progress is due to the methods
which been developed for study of the spectroscopic proper-
ties of laser crystals and the understanding achieved of the
nature of the processes which occur in them. Not all quan-
tum generators employing activated crystals find applica-
tion. The requirements of contemporary laser technology
are satisfied only by those which lase with high efficiency at
300 K with lamp pumping and which have an extended peri-
od of operation. In solution of the problem of laser crystals,
our contribution is shown by the hatched region of histo-
gram 2 in Fig. 1.

4. Of the room-temperature crystalline lases developed
by us we shall mention here only three—a laser employing
the tetragonal fluoride LiYF4-Pr3+ which lasers at a wave-
length A SR = 0.6395 fj,m (the channel 3P0-^-3F2) with a low
excitation threshold (E,h ^ 10 J) (Ref. 3); a laser employing

FIG. 1. Development of research on laser crystals from
1960 to 1983. 1—Number of compounds produced, 2—
number of lasers constructed with these compounds.
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