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The frequency spectra of ultrasound dislocation losses in KBr single crystals with
different dislocations density A have been researched at fixed temperatures in the
T = 300-77 K interval. It is found that at any T = const within the mentioned range, the
inversion effect is observed resulting from the sample deformation. The effect has been
discussed in the framework of the dislocation interaction model. The viscosity coefficient
B has been established to be independent of A within the whole temperature range. The
experimental data on B(A) have been found to agree with the conclusions from the
Alshits-Indenbom theory of dynamic dislocation drag.

WccnemoBaHbl YacTOTHBIE CHEKTPHI AVCJIOKAIIMOHHBIX MHOTEPH YJAbTPa3ByKa B MOHOKPUC-
tammax KBr c¢ pasmoil miaoTHoCcThIO AUcaOKanuii A mpu (PUKCUPOBAHHBIX TEMIIEPATYPaxX B
untepBane T = 300-77 K. Ob6Hapy:keHo, uTo mpu Jb60ii T = const yKasaHHOTO AUANa30Ha
TEeMIIepaTyp B YaCTOTHOM U AaMILUIUTYJHOM CMeIeHUAX pes3oHaHca Habuaiogaercd sMOdeKT
WHBepcUU BeefcTBUe AedopMupoBanus obpasima. O6cyskaeHne yKasaHHOro sderTa IpoBe-
JEeHO B paMKaX MOJeJU UCJIOKAIMOHHOT'O B3aMMOJLEHCTBUA. ¥ CTAHOBJIEHO, UTO Ko0a(hduIiiu-
€HT BA3SKOCTU B He 3aBUCUT OT A BO BceM HMHTepBaJe TeMIepatyp. OTMeuaeTcsa, UTO MOJyUEeH-
HblE DKCIEPUMEHTANIbHLIE TaHHbIe 10 B(A) coriacyioTcs ¢ BHIBOJAMU TEOPUU LUHAMUYECKOIO
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Recently, considerable efforts were made
to study the effect of loading pulses differ-
ing in shapes, duration, and amplitude [1],
magnetic field [2—-7], combined action of
electric and magnetic fields [8], X-rays [9]
and UV light [10] on the dislocation mobil-
ity as well as on dislocation inelasticity in
pure and doped AHC. This work could be
related to the above-mentione set, since it is
aimed at the study of the dislocation dy-
namics features in ionic crystals under
varying the dislocation structure state and
the test temperature. In the actual opera-
tion conditions of AHC, the performance
characteristics thereof may vary consider-
ably due to dislocation deallocation from the
pinning centers stimulated by the above ex-
ternal factors. Thus, the studies of this
kind are no doubt of a practical interest.
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To solve the problems connected with the
study of mechanisms controlling the viscous
dislocation drag in crystals, the pulse echo
method in high frequency range [11] is
widely used. According to the theory [12],
the dislocation damping coefficient B is de-
termined on the descending branch of dislo-
cation resonance with its amplitude and fre-
quency localization depending on the test
temperature and the sample pre-strain. The
influence of dislocation structure parame-
ters changes due to the sample straining on
the phonon dislocation retardation processes
remained unknown for a long time, al-
though some experiments in this field were
conducted [13—-15]. In [16, 17] it was estab-
lished by systematic research on tempera-
ture shift of damped dislocation resonance
in strained KBr crystals that the tempera-
ture lowering from 300 to 77 K, the resid-
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Fig. 1. Temperature variations of resonance
frequency for KBr crystals with different dis-
location density (A-10° m~2): 2.2 (1); 4.5 (2);
9 (3); 13 (4).

ual deformation value being fixed, it always
shifts it towards higher frequencies. The
increase of sample pre-strain [18] at the
fixed temperature (7 = 8300 K) results in a
non-monotonous change of resonance pa-
rameters (decrement A, and f, frequency

at maximum), following a curve showing a
maximum. As the strain starts, the disloca-
tion resonance rises in amplitude and shifts
towards lower frequencies. Further, as the
strain grows, the mentioned processes of
resonance shift are retarded and, after stop-
ping, reverse the motion direction. Basing
on the observed inversion effect of reso-
nance curves caused by the increasing
straining of KBr samples, it has been estab-
lished [18] that the damping coefficient B
at room temperature is independent of dis-
location density and of dislocation segment
length L, the latter being changed consider-
ably in the mentioned test conditions. Re-
sults [18] about the independence B of A
confirmed convincingly similar data [19]
got earlier for NaCl single crystals.

It is of interest to trace whether the type
of functional relationship B(A) and the in-
version effect itself in the frequency curves
Ag(f) at lower temperatures in the 77—
300 K range will be conserved at noticeable
decreasing phonon gas density and changing
dislocation structure crystal state.

In this work, studied are the peculiari-
ties of the dislocation resonance shift under
varying strain at fixed temperatures lower
than the room one. The necessity in such
information is quite obvious. On the one
hand, the data on the ultrasound resonance
absorption in crystals containing the
"fresh” dislocations are very important in
clearing up the nature of phonon mecha-
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Fig. 2. Temperature dependences of reso-
nance dislocation damping decrement for KBr
crystals with different dislocation density
(A-10° m™2): 2.2 (1); 4.5 (2); 9 (3); 13 (4).

nisms controlling the mobility thereof
under changing external effects (tempera-
ture and sample strain). On the other hand,
the information on the influence of external
factors on the dislocation structure change
evolution (that is accompanied by high ul-
trasound energy losses in the sample) can be
used in practical purposes, in particular,
while developing the preparation technology
of functional crystals intended to use in
various acousto-optic devices.

Using the results from [16, 17] and some
data not reported in those publications, ob-
tained using the samples with different dis-
location density in the temperature range
77-300 K, we have defined temperature de-
pendences of damped dislocation resonance
parameters f,(T) and A, (T) shown in
Figs. 1 and 2. It is seen from the figures
that the lowering of test temperature for
the investigated KBr samples always causes
a monotonous increase of resonance maxi-
mum frequency f,, (Fig. 1) and smooth re-
duction of its amplitude value A, (Fig. 2).
Besides, the inversion effect connected with
the increasing dislocation density A in crys-
tals is seen clearly. As the sample strain
increases, the curves f,(T) are shifted at
first towards low frequencies (Fig. 1, curves
1 and 2), then the shifting is stopped and it
starts go on in the opposite direction (Fig. 1,
curves 3 and 4). The temperature shifting
of resonance frequency maximum f,, is ac-
companied, as is seen in Fig. 2, by a syn-
chronic but opposite in sign shifting of tem-
perature dependences A, (T). Here, the reso-
nance losses of ultrasound in crystals, as
the straining starts, are noticeably grown at
first (curves I, 2) and then, at large strain
degrees, begin to decrease (curves 3 and 4).
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Fig. 3. (a) Frequency dependences of disloca-
tion decrement at 200 K for KBr samples
with different residual strain values (g, %):
0.28 (1, 1'); 0.5 (2, 2'); 0.75 (3, 3'); 1 (4, 4').
No interrupted lines 1, 2, 3, 4 are theoretical
curves [20]; 1’, 2, 8', 4', the high-frequency
asymptotes thereof. (b) Frequency depend-
ences of dislocation decrement at 77 K for
KBr samples with different residual strain
values (g, %): 0.23 (1, 1'); 0.5 (2, 2'); 0.75
(3, 8’). The solid lines 1, 2, 3 are theoretical
curves [20]; 1', 2, 3’, the high-frequency as-
ymptotes thereof.

The inversion of resonance maximum
caused by the samples straining at fixed
temperatures 200 and 77 K is demonstrated
more clearly in Figs. 3a and 3b. It is seen
that at those temperatures, similar to the
experiments [18] carried out at T = 300 K,
the shift of resonance curves A, (f) shows an
inversion. The only difference is that the
sets of resonance curves Ay(f) corresponding
to 300 K [18], 200 and 77 K, have different
frequency and amplitude localization. It is
to note that the arrangement of resonance
curves A f) for other temperatures within
the 77-300 K is qualitatively similar.

As it is seen from Fig. 8, the measured
dislocation losses of ultrasound are of the
resonance character. The experimental points
are described well by the theoretical fre-
quency profile found in [20] for the exponen-
tial distribution of dislocation loop lengths.
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Fig. 4. Dependences of damping constant B
on dislocation density A for KBr crystals at
temperatures (T, K): 300 [18] (1); 250 (2);
200 (3); 150 (4); 77 (5).

According to [12], the relation describing
the descending branch of frequency decre-
ment dependence has the following form:

Aoo = 4QGb2A/7T2Bf, (1)

where A, is the dislocation decrement value
for the frequencies f > f,; f,, the reso-
nance maximum frequency; b, Burgers vec-
tor; Q, the orientation factor; G, the shear
modulus of the acting slip system; A, the
dislocation density; B, the damping con-
stant. From Eq.(1), it is easy to calculate
the value, having determined previously A,

from the high frequency asymptote and A, using the
etching pits.

Taking from [16, 17] the values of char-
acteristics Q, G, b2 and A included in (1),
we built the set of curves B(A) for different
temperatures of 77-300 K range, that is shown
on Fig. 4. The damping coefficients of B are
seen to be independent of dislocation density A
caused by the sample plastic straining.

According to [11], the experimental con-
firmation of B independence of A show that
B is a fundamental constant of damped dis-
location but not a certain phenomenological
parameter that varies depending on the ex-
perimental conditions and the sample prehis-
tory. Such experiments make it possible to
find absolute values of viscosity coefficient B
in conditions excluding the influences of er-
rors that are assumed when the dislocations
density is determined using etching pits.

To clear out the reasons causing the in-
version in frequency curves Ay(f) (Fig. 3),
we have calculated the average effective
length of the dislocation segment L using
the formula [12]
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I \f 0.084Gb* 2
Bf,(1-v)’

where v is the Poisson ratio. In those calcu-
lations, we used the B and f,, values shown
in Figs. 1 and 4, and the G and b2 values
taken from [16, 17] and v ones calculated
using the relation v = C;5/(Cq; + Cy9) [21],
where the elastic constants C;; and C;,
were taken from [16].

Using the calculation results, the de-
pendences L(A) for different fixed tempera-
tures were plotted which are presented in
Fig. 5. It is seen that as A rises due to the
increasing crystal straining, the value L in-
creases at first and then, having reached its
maximum value, starts to decrease. The
L(A) dependence character remains un-
changed when the test temperature drops to
77 K. The maxima in the L(A) curves are
seen at any temperature in the 77-300 K
range at the dislocation densities A ~
4109 m~2 corresponding to the strain e~
0.75 % . The difference in the localization
of L(A) curve ascending branches is more
pronounced in the field of rather low strains
till ~0.5 % and becomes barely noticeable
starting from €>1 %. The behavior of L with
the growing A at a fixed temperature can
probably be explained proceeding from the
known dislocation interaction model [12].

As the crystal straining starts, the de-
pinning of "growth™ dislocations occurs and
the new sources appear generating long dis-
location loops. Perhaps the increasing num-
ber of such dislocations is the main cause of
increasing A, value and lowering f, with
the strain (because A, = 2.2QAjAL2, where
Ay = 8Gb2/n3C, C being the dislocation lin-
ear tension and f, = (0.084.7-C)/(2-L2-B)
[12]), that is seen in Figs. 1 and 2. But
when the strains exceed ~0.75 %, the dislo-
cations of primary glide planes begin to
cross with "forest” dislocations. As a result
of the dislocation interaction, the value L
diminishes, that causes a lowering of A,
and the increase of the resonance frequency
fm- It is obviously that the theoretical
model [12] allows to explain quite reason-
ably not only the L(A) curves behavior, but
the inversion effect of frequency spectra
A4(f), that is confirmed by the experimental
data shown on Fig. 8 and 5. As to the de-
scending of L value in crystals with small
and large A at lowering temperature (Fig.
5), it is connected with the manifestation of
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Fig. 5.

Dependences of average effective
length of dislocation segment L on disloca-

tion density A for KBr crystals at tempera-
tures (T, K): 300 [18] (1); 250 (2); 200 (3);
150 (4); 77 (5).

the dislocation pinning by weak and strong
pinning points [16].
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JAuciokaiiiine pe30HAHCHE NMOTJMHAHHSA YJIBTPa3BYKY
y kpucragdax KBr mpu HM3BKHX TeMmepaTtypax

I'.O.Ilemuenko, O.M.Ilemuenko

IMocaim:KeHO 4aCTOTHI CIIEKTPH AUCIOKAIIAHNX BTPAT yJIbTPa3BYKy y MOHOKpucranax KBr
3 piBHOIO I'yCTMHOIO AWCIOKAIiii A mpm ¢ikcoBanmx rtemimeparypax B imrTepsaai T = 300—
77 K. BuasjeHo, 1o npu Oyab-akiit T = const y BKasaHOMY [JiamasoHi TeMmepaTyp y dac-
TOTHOMY Ta aMILIiTyZHOMY 3MiIlleHHAX Pe30HAHCY cIocTepiraerbesa edeKT iHBepcii BHACIiLOK
nedopmyBaHHA 3paska. OOroBopeHHs BKasaHOro e(eKTy BUKOHAHO y paMKaX MOJeJi AucJo-
Karifimoi B3aemogii. BeranoBieHo, 1o KoedimieHT B’A83KoCcTi B He 3aJIeKUTH Bix A y BCbOMY
iHTepBasi TeMmeparyp. 3asHaueHO, IO OJEP’KaHi eKclepuMeHTaJbHI maHi 83 B(A) ysromxy-
IOTbCSA 3 BHCHOBKaMH Teopii mumHaMiuHOro rajibMyBaHHS AUCIOKANiil Anbmunis-Iagendoma.
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