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The experimental data of pulsed-method research in the frequency range 7.5...232.5 MHz of the preliminary
deformation effect € in the range of 0.23...1%, and at the temperature interval 77...300 K on the frequency spectra
localization A4(f) in the dislocation decrement of ultrasonic attenuation, as well as on dynamic (B) and structural
characteristics (L, A) of KBr crystals. The competition of strong and weak stoppers in the processes of blocking
mobile dislocations in the investigated crystals is vividly traced. The limiting value of & = 2.25% is established,
above which the thermal activation of the mobile dislocations' detachment from Friedel type stoppers is completely
masked by more efficient processes of fixing dislocations by dislocation network nodes (Mott stoppers), which gave
us grounds to recommend performing of further studies in this direction.

INTRODUCTION

The temperature behavior of the coefficient B was
attempted to study by many authors, both on metals, and
on ionic crystals [1-11]. The overwhelming majority of
these works were really performed in the form of
observing the individual dislocations’ mobility, slip
bands, and also as the results of high-speed crystals'
deformation. The most reliable method [1-3], that
allows us to study the phonon-dislocation interaction in
crystals, the consideration of which is directly based on
the results of the temperature behavior study of the
parameter B, is the method of amplitude-independent
internal friction. In the works [12-17], the authors
managed to achieve quite reliable results due to which
the verification of the Granato-Lucke string dislocation
theory [1] and the quantum-mechanical theory of
dislocations' dynamic inhibition by Alshits-Indenbom
[2] was performed. The results [12-17] showed that the
dynamic inhibition of dislocations in the investigated
KBr crystals in the range 77...300 K is limited by the
superposition of two phonon mechanisms: the phonon
wind and the relaxation of “slow” phonons. The
influence of the samples' dislocation structure in the
range of the dislocation density variable
A =2,2-10°...13-10° m™ on the absolute value of B and
its temperature course in the indicated thermal interval
was also studied. It turned out that for temperatures at
the interval from the nitrogen to the room one, constant
of the dislocations' dynamic breaking B does not depend
on the density of mobile dislocations A in the
investigated crystals. The mentioned result is of utmost
importance, since none of the laboratories in the world
have studied the problem of the mobile dislocations'
density influence on the temperature variation of the B
value, and, hence, on the efficiency of the various
phonon mechanisms' action in crystals. The solution to
this problem and the experimental proof of the fact, that
the dynamic braking temperature course of dislocations
in crystals is unchanged in the variation of the
parameter A, and it provides significant opportunities
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for the further development of the dislocation theory
based on the generalization of experimental data
obtained in different laboratories on identical crystals.
The fact is that when preparing samples for research, all
scientific schools use their own materials and
experimental techniques, that's why there are some
inconvenience when trying to consider the experimental
results of various laboratories from a single angle of
view — the samples' chemical composition differs
greatly (the points of fixation at the dislocations),
various methods, conditions and equipment for growing
crystals (different levels of “growth” dislocations,
different technological schemes of samples' annealing,
speed modes' variability of deformation machines, etc.).
That is, all samples have a different dislocation
structure, own unique preparation “history”, and it is
difficult to compare and evaluate them according to a
single graduation. But works [12-17] showed that all
these dissimilitudes are completely insignificant for the
general picture of the dislocations' phonon braking in
crystals.

In the view of the theory effectiveness verifying [1],
the works [12-17] are useful, in general, because they
were performed on the basis of an experiment, the
formulation of which was carried out within the
framework of the model [1]. String model [1] provides
two types of pinning points — nodes of a dislocation grid
(Mott stoppers) and weaker centers of fastening (Friedel
stops). The removal from the Friedel stoppers
(impurities, in our case) occurs due to thermal or
mechanical (pre-deformation of crystals) activation. It
was the competition of these mechanisms that
determined the mobility of dislocations in our
experiments.

The purpose of this paper is to generalize the results
obtained in [12-17] for the boundaries of the model's
efficiency settlement [1] and to describe physical
processes of the dislocation mobility thermal activation
in crystals.
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MATERIALS
AND EXPERIMENTAL TECHNIQUES

In works [12-17] we investigated the diminished
dislocation resonance in single crystals of KBr with
degrees of previous deformation & = 0.23; 0.5; 0.75, and
1% in the temperature range 77...300 K using longitudi-
nal waves in the frequency range 7.5...232.5 MHz. The
precision measurements of the ultrasonic attenuation
were performed by the method of exponential overlay
on single crystals, oriented along the crystallographic
direction <100> at the apparatus [18]. The presence of
impurities in samples, detected by methods of chemical
and spectral analysis, was (weight %): Cu ~ 10°; Mn,
Ag ~10°; Pb, Mg, Al, Ti~10" Fe~10°. From the
crystals grown by means of the Kiropoulos method,
prototype samples were made, the size of which was
approximately 18x18x30 mm. The samples' parameters
took into account the basic authors' recommendations
[19-21] regarding to the choice of their geometry — the
cross-section and the length of the crystal, which is sub-
ject to acoustic measurement. The flat-parity of the
samples corresponded to the recommendations [20] and
constituted + 1 pym/cm, that was controlled by the opti-
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meter IKB. The scheme of samples' annealing after ma-
chining to eliminate internal stresses was as follows:
heating crystals in a muffle furnace MP-2UM to a tem-
perature of ~ 0.8-Ty, (for the investigated crystals — up to
600 °C), time elapsing at the given temperature, and
slow cooling at a rate of ~ 10 °C/h. The duration of an-
nealing was about 15 hours. The temperature was con-
trolled by a chromel-aluminium thermocouple connect-
ed to a digital voltmeter VV7-27. Technologies of defor-
mation and low-temperature measurements of samples
are minutely described in [12-17].

RESULTS AND DISCUSSION

The results of studies [12-17] on the influence of
temperature in the range 77...300 K on the behavior of
the frequency spectra of the dislocation absorption Ay (f)
of ultrasound in specimens with different residual de-
formation values and the resulting data with respect to
the comparison of the temperature velocity B(7) calcu-
lated within the framework of the Granato-Lucke theory
[1] with the theoretical curve of Alshits-Indenbom [2],
that is shown in Fig. 1.
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Fig. 1. Frequency dependences of the dislocation decrement for different temperatures of the interval 77...300 K
(1-3). Solid curves — theoretical profiles (1-5) [1, 22]; straight lines (1'-5 *) — their high-frequency asymptotes;
4 —comparison of the combined temperature transition [2] B(T)/ B(#) with experimental data for KBr crystal
(o — data of papers [12, 13]; V, X, e— data of works [14-17] for crystals of potassium bromide with deformations
£=0.5; 0.75, and 1%); curve 2 — high-asymptote; A4, — phenomenological parameter of the theory [2]

One can see (see Figs. 1.1-1.3) that the experimental
points for the curves Aq(f) are sufficiently well described
by the theoretical frequency profile obtained by the
authors [22] for the exponential distribution of the
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dislocation segments in length, which is mentioned in
the theory [1]. Also, there is a tendency for the
frequency spectrum to be offset both in frequency — to
the direction of higher f, and in the amplitude — to the
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direction of smaller Ay when the temperature decreases
at the studied interval. It is also obviously seen
(see Fig. 1.4) that the wvariation in the samples'
deformation within the range of 0.23...1% does not lead
to changes in B(7) and therefore does not affect the
process of mobile dislocations' phonon braking in the
investigated crystals. After the temperature After the
temperature course establishing B(7) it became possible
to trace the thermal variations of the average effective
dislocation segment length L. The value L could be
determined with the help of the relations [1], minutely
described in papers [12-17]. The family of curves L(T)
for KBr crystals with dislocation density within the
interval of A =(2.2...13)-10°m™, corresponding to the
deformations of the interval 0.23..1%, is shown in
Fig. 2.
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Fig. 2. The temperature dependences of the average
effective dislocation segment length L for KBr crystals
with different dislocation density

One can see that the tendency to reduce the average
effective length of the dislocation segment with a
decrease in temperature for any value of residual
deformation of the sample is sustained. However, the of
the dependences’ displacement at the height L(7) under
conditions of deformation growth is non-monotonic.
Initially, with an increase in deformation from 0.23 to
0.5%, we observe the displacement of L(7) in the area
of higher L values (see curves 1 and 2, Fig. 2, and then,
at deformations of 0.75 and 1%, the offset sign changes
to the opposite (see curves 3 and 4, Fig. 2). The given
family of curves L(T) proves that the inversion shift of
the frequency spectra Ay (f) [12-17], caused by
deformation of the crystal is observed for all
temperatures of the interval 77..300 K. In a detailed
examination of these curves, it was noted that the pace
of their growth, along with the temperature, is different
for the crystals with various dislocation density. For the
crystals with deformations of 0.23 and 0.5% (see curves
1 and 2 in Fig. 2), the value L increases in the
temperature range by 1.35 times. Curve 3 corresponding
to KBr crystals with €=0.75%, already has a slower
slope with a temperature rise of 1.31 times, and curve 4
for KBr with &€ = 1% shows the slightest increase in L —
only 1.25 times. The presented tendencies have an
expected physical explanation. In the course of minor
deformations (up to 0.5%), only the primary sliding
surfaces are activated in the crystal, and the dislocations
have a noticeable effect of pinning with the weak
stoppers — point defects. At 0.75%, in the crystal,
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secondary systems of sliding start to operate and the
motion of the dislocations begins to be limited, except
for the weak, stronger stops — the nodes of the
dislocation grid start their functioning. Here, the effects
of the dislocation interaction with the weak stoppers
begin to become less noticeable against the background
of a more effective dislocations' interaction effect. The
further increase in deformation makes this grid of
dislocations even more dense, so the effect of the
dislocations' interaction with the point centers of
blocking is masked to a greater extent. We can also
assume that in a very strongly deformed crystal, the
dependence of L(7) can go almost parallel to the
abscissa axis. This will correspond to a strongly
dislocation crystal, whose length of the Franck grid is
close to the size of the dislocation segment, limited by
the point pinning centers.

Having processed our data within the framework of
Origin 6.0, we came to the conclusion that the growth of
AL of L value in the course of increase in the degree of
crystals’ KBr deformation, decreases according to the
linear law AL = 1.45 — 0.2-¢. Thus, with the value of the
crystals' preliminary deformation € = 2.25% AL will be
1, that correspond to the zero growth of the dislocation
segment along with the temperature increase. Therefore,
we must state that the limit value € = 2.25% defines the
upper border of the deformation interval, in which it is
possible, in principle, to study experimentally the
competition of the Mott and Friedel stoppers' action
in the course of the dislocations blocking [1, 23, 24].
Above this limit the dislocations are fixed by the nodes
of the Franck grid, so that the process of their
detachment is not thermally activated in the range of the
studied temperatures 77...300 K.

It is most likely to fail checking this experimentally.
If we recall that at A = 13-10° m? (1%) the curves Aqy(f),
aimed for the low temperatures, have already begun to
get out of the 7.5...217.5 MHz range limits with their
falling branches. It can be predicted, that even if it will
be possible to remove the frequency spectrum for a
strongly deformed (e=2.25%) crystal at room
temperature, then it is not possible to speak of lower
temperature studies.

The analysis can be useful for researchers studying
the influence of various factors (irradiation [25-29],
magnetic processing and variable chemical composition
of samples [30-40]) on the mobility of dislocations in
crystals. The preliminary deformation of the
investigated samples is a mandatory procedure, since it
allows for the insertion of mobile (“fresh”) dislocations
into the crystal, but the value of £ must not exceed the
limit specified by us. Otherwise, all the mentioned
investigated facts will be completely masked by the
strong processes of blocking the mobile dislocations by
the dislocations of the “forest”.

CONCLUSIONS

On the basis of our analysis and generalization of the
data obtained in previous studies on KBr crystals [12—
17], it was established that the thermal activation of
mobile dislocations' removing from Friedel-type
stoppers of any physical nature is restricted by the limit
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values of the of the investigated crystals' previous
deformation. According to our estimates, this value is
€ = 2.25%. For ¢, less than the specified limit value, the
effect of thermal activation can be noticeable and,
therefore, external factors influencing the dislocation
structure of crystals (irradiation, magnetic processing,
changeable chemical composition of samples) can be
investigated by studying of the thermal effect on the
unlocking of mobile dislocations by means of
appropriate stoppers. For ¢ from 2.25% or more, fine
structural experiments will become ineffective due to
the strong background of dislocations' blocking by the
dislocations of the “forest” and the masking of weak
Friedel-type pinning points' effect by strong Mott-type
stoppers [1].
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KOHKYPEHIIMS MEXAHU3MOB BJIOKHPOBKH IMOABUKHBIX TUCJTIOKALIUIA
B KPUCTAJUIAX KBr CTOIIOPAMMU TUIIA MOTTA U ®PUIEJIA

A.M. Ilemuenxo, I'.A. Ilemuenxo, C.H. Boiiko

IIpoananu3upoBaHbl SKCIIEPUMEHTAIbHBIE JaHHBIC HCCIECAOBAaHWN MMITyJIbCHBIM METOJOM B OOJAaCTH 4acTOT
7,5...232,5 MI'Ly, a Taxoke UX BIUSHUS NpeBapUTeNbHOM neopmanuu € B auanazone 0,23...1% u Temneparypsl B
unrTepane 77...300 K Ha nokanu3anuio 4acToTHBIX ceKTpoB Ay(f) aucimokannoHHOTO IEeKpeMEHTa 3aTyXaHus Yilb-
TpasByKa U Ha AuHamudeckue (B) u ctpykrypHbie xapaktepuctuku (L, A) kpucramios KBr. OtciesxeHa KOHKypeH-
IS CHUTBHBIX U CJIA0BIX CTOIOPOB B MPOIECCAaX OJIOKMPOBKH ITOBIKHBIX AUCIOKALUHA B UCCIEAYEMbIX KpHUCTAIIAX.
YcTaHOBIEHO TPaHUYHOE 3Ha4YeHUE € = 2,25%, BBIIIE KOTOPOTO TEPMUUECKas aKTHUBALHS MPOIECCOB OTKPEIUICHUS
TOABIXHBIX UCIIOKAIIMHA OT CTONOPOB (PPHUICIIEBCKOTO THIIA TIOJHOCTBIO Mackupyercs: 6oiiee 3¢ HeKTHBHBIMU ITPO-
HeccaMy 3aKpeIUICHHs! JAWCIIOKALUH y3JlaMH AWCJIOKAIMOHHOM ceTku (crormopamMu MoTTa), YTO JaJo0 OCHOBaHHE
c/ienaTh PEKOMEH/IAIMH JUTS AANbHEHIIINX NCCIIEJOBAaHUH B TOM HallpaBJICHUH.

KOHKYPEHIISI MEXAHI3MIB BJIOKYBAHHS PYXJIMBUX JIACJTOKAIIN
B KPUCTAJIAX KBr CTOITIOPAMMU THUITY MOTTA I ®PUIEJIA

O.M. Ilemuenko, I'.O. Ilemuenxko, C.M. boiixo

[TpoananizoBaHO eKCIEpUMEHTAIbHI [aHi JIOCTI/PKEHb IMITYJIbCHUM METOJIOM y MeXaxX Jiarna3oHy 4YacToT
7,5...232,5 MI'i, a TakoX iX BIUTUB IONEPEaHBOI qedopmarii € y aiamaszoni 0,23...1% i Temmepatypu B iHTepBali
77...300 K Ha nokasizamnito yacToTHUX criekTpiB Ay(f) aucnokaniiHoro ekpeMeHTy MOrTHHAHHS yIbTPa3ByKy Ta Ha
quHamiuHi (B) i crpykrypHi xapakrepuctuku (L, A) kpucranis KBr. TIpocTexeHO KOHKYPEHIIiI0 CUJIBHUX 1 Cllad-
KHX CTOMNOPIB y Hpoliecax OJOKyBaHHS PYXJIHMBHX JUCIOKAIH B JOCITIPKYBAaHUX KPHCTalax. BcTaHOBIEHO rpaHny-
He 3HaueHHs € = 2,25%, BuUIlE SKOTO TepMiYHA aKTHBALlsl MPOLECIB BIAKPIINICHHS PYXJIMBHX ANUCIOKAIIHN BiJ CTO-
MopiB (GPHUAETIBCHKOTO TUITY MOBHICTIO MacKy€ThCs OLTBIT €(peKTHBHUMH IPOLIECAMH 3aKPIIUICHHS AUCIOKAIliil By3-
JaM¥ AUCIIOKAIiHOI ciTKH (cTomopaMyu MOTTa), IO JaJIO MiJCTaBy BU3HAYNTH PEKOMEHAIIT IS TTOJABIINX JOC-
JIDKEHb y IbOMY HaIpsMKY.
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