
 

ISSN 1562-6016. PASТ. 2019. №2(120), p. 39-49. 

UDC 539.67:539.374 

THE MAIN RESULTS' OVERVIEW OBTAINED 

BY THE METHOD OF AMPLITUDE-INDEPENDENT INTERNAL 

FRICTION ON METALS AND IONIC CRYSTALS 

О.M. Petchenko
1
, G.О. Petchenko

1
, S.M. Boiko

2 

1
O.M. Beketov National University of Urban Economy in Kharkiv, Kharkiv, Ukraine  

E-mail: gdaeron@ukr.net;
 

2
M.Ye. Zhukovskiy Kharkiv National Aerospace University, Kharkiv, Ukraine 

E-mail: svitlanazagreba7@gmail.com 
 

 There was made the analysis of the main findings obtained in the field of the dislocations' dynamics research 

using the method of amplitude-independent internal friction on different objects of study – metals and alkali-halide 

crystals. The results of Granato-Lücke string dislocation theory verification, as well as of Alshits-Indenbom quan-

tum-mechanical theory of dynamic dislocations' damping for above-mentioned materials were considered in the 

paper. An analytical review of works aimed at the study of relaxation and thermally activated processes in crystals 

was performed here. Some promising directions for the further experimental work on this problematics there were 

revealed as a result of the study. 

 

INTRODUCTION 

The authors [1] of the following study offer to your 

attention the theory that gives us a connection between 

acoustic descriptions of the crystal (dislocation's 

attenuation α and decrement ∆d, frequency f and 

velocity v of ultrasound waves), dynamic ones 

(coefficient of damping В) and structural descriptions  

of the crystal (density of dislocations Λ and average 

effective length of dislocation segment L). The string 

model of dislocation, on which the mentioned theory [1] 

is based, was consistently developed by the authors of 

works [2–5] and in its eventual variant [1] it gives us a 

vivid description of several physical processes, related 

to the mobile dislocations' interaction in a crystal with 

defects in its structure.   

The well-known work [6], in which there was 

exposed and generalized the hierarchy of phonon 

mechanisms of dislocations' damping in crystals [7–10], 

that substantially strengthened a string model [1]. There 

arised a unique possibility not only to fix the  dynamic 

and structural descriptions' change that appeared in 

crystals (and played an important role for physics of 

plasticity and durability) [11], but also to interpret the 

got results within the framework of dislocations' phonon 

damping theoretical picture, that is one of the 

determinant mechanisms of dislocations' damping at 

their upper-barrier movement for any solids and only 

one for ionic crystals (as a result of dislocations' 

damping general constituent narrowing in their 

interaction with elementary excitations' gas to only one 

phonon component). 

The experiments on dislocation dynamics study 

were divided [6, 11, 12] into two basic groups – works 

with the use of amplitude-dependent internal friction   

method and other methodologies to study the 

dislocations (and investigations in area of amplitude-

independent internal friction as well).  
The first group of works is very considerable. 

There’re several noticeable reviews and monographs 

and the substantial volume of both experimental and 

theoretical material is accumulated [11–43]. The other 

group of works is presented with a few of experimental 

and theoretical works by foreign and Ukrainian authors, 

and the intensity of those papers' publication in special 

journals now is subzero. Explanation of such two 

branches' development unevenness in the common 

methodology is related to satiety of research laborato-

ries by simple enough standard devices, necessary for 

realization of experiments in area of amplitude-

dependent internal friction and practically complete 

absence of unique non-standard experimental devices, 

necessary for realization the high-fidelity measuring of 

acoustic descriptions in the amplitude-independent in-

ternal friction area of frequencies.   

At the same time, the developers of the theory [1] 

marked that for studying the subtle physical processes 

related to interaction of dislocations with the stoppers of 

different physical nature (impurities in samples, radia-

tion and magnetic treatment, plastic flow), and also to 

the phonon subsystem of the crystal, the amplitude-

independent internal friction area of measuring is best 

suited, as such, that directly corresponds to the ideology 

of string model.   

Recognizing the high structural sensitivity of the 

amplitude-dependent internal friction methodology     

(α  L
4
) [1, 12] to the dislocation mobility impediments 

in crystals, we nevertheless do not find a sufficient rea-

son to say that this technique is effective for studying 

the dynamics of dislocations in crystals. By the way, the 

direct proofs to this statement became the classic works 

[6, 44, 45] in which there were presented the compari-

son of the results got by the amplitude-dependent inter-

nal friction methods and methods of amplitude-

independent internal friction, and summed up that the 

last are an only reliable source to study the processes of 

dislocations’ unpinning from the stoppers of different 

physical nature as a result of external influence, includ-

ing thermal activation.  

Today there are no works that would summarize the 

results got in area of amplitude-independent internal 

friction.    

Regarding to the obvious benefits from the new 

publications of the overview and comparative findings’ 

analysis of dislocations’ dynamics research by the 

mailto:gdaeron@ukr.net
mailto:svitlanazagreba7@gmail.com


 

 

methods of amplitude-independent internal friction, and 

to the estimation of further experimental and theoretical 

works’ perspective in the indicated direction, we choose 

this as the aim of the following article. 
  

MATERIALS 

AND EXPERIMENTAL TECHNIQUES 
 

RESULTS FOR METALS   
 

      Along with the dislocations' dynamic deceleration 

phonon component in metals, there is an electronic term 

[6]; so, these investigation objects are interesting in the  

view of studying the superposition of both phonon and 

electronic mobile dislocations' damping mechanisms in 

crystals. 

Copper. In paper [46] the results of the dislocation 

ultrasound losses’ study are given in the frequency 

range 7.5…100 MHz in the single-crystals of high-clean 

copper (99.999 %) and for the alloy of Cu – 0.13% Mn. 

Authors tried to set temperature dependence of damping 

coefficient В. For they used the early theories of the 

dynamic dislocations’ damping [47–49], they were not 

succeeded in determining it correctly; however among 

the positive lines of work it is possible to mark the dis-

placement of resonant maximum to the area of greater 

amplitudes and less frequencies, and also the monoto-

nous increase of B along with the temperature growth. It 

is quite possible to consider the work [50] to be a cer-

tain addition and continuation of paper [46], because the 

author of [50] extended the research area concerning 

copper alloys – Cu–Mn, Cu–Ni, Cu–Ge, Cu–Pd, Cu–Pt.  

The authors of [51, 52], in their turn, studied the fre-

quency, temperature and orientation dependences of 

dislocation ultrasound losses on the basis of radiation-

exposed samples of Cu. They presented an “effective 

cleanness” of material conception, that changes in the 

course of samples’ radiation treatment, as a result of 

which the displacement of resonant curves of disloca-

tion decrement ∆d(f) toward higher frequencies and less 

values ∆d with increase of dose of irradiation was ob-

served. Also, a fundamentally new effect was that all 

the frequency spectra of dislocation absorption had 

matching high-frequency asymptotes, which distin-

guishes the observed effect of irradiation from tempera-

ture studies, in which the indicated asymptotes ∆d(f) do 

not coincide for different Т. It is possible to establish, 

that in papers [51, 52] the consideration of material’s 

radiation treatment is founded as the method of influ-

ence on its dynamic and dislocation descriptions; alt-

hough, the conception of irradiation influence on mobil-

ity of dislocations was known far before [53]. On a cop-

per samples were also done three important papers [44, 

54, 55], which became of a fundamental value for gen-

eralization of all experimental and theoretical works' 

array within the framework of theories [1, 6]. To com-

pare the above-mentioned results obtained on crystals of 

Cu and its alloys with different states of the dislocation 

structure, which did not correspond to each other and to 

the theoretical data, and in oder to fundamentally test 

the theories [1], Naundorf and Lücke [44] used the 

equipment, on which were simultaneously implemented 

both methods for measuring acoustic characteristics: 

amplitude-independent and amplitude-dependent meth-

od of internal friction. Analyzing the results of a com-

plex measurement, the authors [44] concluded that an 

attempt to describe the data obtained in the low-

frequency and high-frequency range as a single profile 

is incorrect and all previous attempts to extrapolate the 

results of an amplitude-independent measurement area 

to the low-frequency area are unacceptable. It turned out 

that there is no single damping mechanism for the kilo-

hertz and megahertz frequency bands and they are not 

described by a single theoretical profile. According to 

the authors, it is possible to speak of a generalized pro-

file only in the context of the two profiles' superposition 

that have the form of curves with a maximum. In this 

case, the location of the low-frequency profile is overes-

timated along the axis of the decrement compared to the 

high-frequency one, which explains the discrepancy in 

the order of parameter B magnitude in different experi-

ments. It was also noted that high-frequency data is bet-

ter described by the Granato-Lücke theory than low-

frequency ones. The paper [54] proposed a method for 

taking into account subtle changes in the process of dis-

location absorption of ultrasound during the transition 

from high to low frequencies based on a study in copper 

the influence of the dislocation segment length that os-

cillates in the field of an ultrasonic wave by the value B. 

According to the authors of [54] high-frequency data is 

more suitable for testing the quantum mechanical theory 

[6], but data from low frequencies can be processed by 

extracting the relaxation component from the generally 

measured B value, as a result of which only viscous 

component remains that provides dislocation loss in 

high-frequency ranges. The authors of [54] were the 

first to formulate the important concept that the constant 

of dynamic dislocations' damping is a fundamental 

characteristic of the material, that does not depend on 

the studied samples' preliminary processing and is de-

termined only by the interaction of mobile dislocations 

with a gas of elementary excitations.  The paper [55] 

analyzes the entire array of existing at that time metal 

and ionic crystals' data (in particular, copper data are 

considered) in order to establish a hierarchy of phonon 

and electronic mechanisms of dislocations damping, 

taking place in the investigated crystals. It has been es-

tablished that for the copper samples studied by differ-

ent authors, the electronic mechanisms of dynamic brak-

ing of dislocations are less effective than phonon ones. 

Aluminum. The dominant majority of studies on 

dislocation kinetics in Al are performed using methods 

not related to high-frequency internal friction, which 

have already been discussed in previous subsections. 

The existing works [48, 56] on the measurement the 

dislocation absorption of ultrasound in megahertz – the 

frequency range on Al (purity of 99.99%) causes a 

number of questions regarding the technology of 

conducting, data processing and comparison with the 

theory. In particular, the author of paper [56] made the 

dubious conclusion that the lengths of the dislocation 

segments remain almost unchanged when the crystals 

are deformed. In addition, the authors [48, 56] relied on 

the early theories of dislocations' dynamical damping 

[47–49], which were not sufficiently developed at that 

time, and, consequently, the results of their work are, 

unfortunately, incorrect.  Absolute values of B, obtained 



 

 

on Al by different methods, are in the range from 5·10
-4

 

to 10
-6

 Pa·s. It should be noted that the authors [55] used 

only the precision data obtained from the high-

frequency asymptote of the resonance curve ∆d(f) for the 

analysis of existing experimental data on the study of 

the B magnitude on crystals of Al within the theory of 

[6].  

Iron.  A well-known work [57], which provides a 

brief description of the study on Fe crystals of various 

purity degrees, preprocessing and dislocation structure 

in the form of a technical report.  Judging by the 

theoretical sources [47, 49], which are referred to by the 

authors, their results may raise some questions.   

Steel.  This early paper (1952) [58], demonstrates 

the data on impulse absorption measurement in various 

steel grades.  The work has no dislocation orientation, 

but is interesting in terms of early technology and 

author's recommendations for acoustic measurements.  

Niobium. Mazon and McDonald [59] performed a 

comprehensive work on samples of 99.98% niobium 

with impurities W, Mo, Ta, oriented close to the 

crystallographic direction <110>.  The magnitude of the 

orientation factor was calculated, the elastic modules 

C11, C12, C44 and the module defect velocity, the 

damping constant and its temperature course were 

determined. The authors of [59] made no comparisons 

with the theory [6], and dynamical damping were 

considered in terms of the Leibfrid's concept  [49].  The 

monotonous decrease in B along with the temperature 

growth, which qualitatively corresponds to the results of 

further work on other samples of materials can be noted 

as an important result of the authors' work.  

Antimony.  By V.I. Startsev research group [60] on 

samples of high-purity antimony the study was 

performed, the results of which were processed within 

the string dislocation theory [1] and quantum-

mechanical theory [6].  The authors found, that in the 

investigated temperature interval of 100…300 K, for the 

dynamic damping of dislocations in the studied samples 

the superposition of the phonon wind and the relaxation 

of “slow” phonons are responsible, which corresponds 

to the theoretical predictions of the authors [6].      

Bismuth. The authors [61] investigated the 

frequency and the dislocation absorption of ultrasound 

amplitude dependences in 99.999% bismuth in the 

temperature range 4.2...300 K. The high-frequency 

measurement interval was 7.5...142.5 MHz. Basically, 

the amplitude dependences of internal friction for 

different temperatures were studied and their course was 

analyzed, especially at low temperatures. According to 

the amplitude-independent internal friction, the authors 

have quite correctly established the value of B at room 

temperature. 
 

RESULTS FOR IONIC CRYSTALS  
 

For ionic crystals, the studies were more intense due 

to the model of these crystals and the possibility of 

studying the phonon-dislocation interaction in a pure 

form (without taking into account the electronic 

component of the dynamic dislocation damping). Let us 

consider the main results achieved in studying the 

dynamics of dislocations in ionic crystals by the method 

of amplitude-independent internal friction. 

NaCl. L.G. Merkulov research group [6264] 

studied absorption and ultrasound velocity in the high 

frequency in ionic crystals. The measuring range of 

their device was 5…200 MHz. They measured the 

frequency (in particular for different temperatures), the 

amplitude and time dependences of the dislocation 

absorption, and the sound velocity for a number of ionic 

crystals, including NaCl, on the basis of which the 

elastic modules of the crystals were calculated. Due to 

the absence of the Alshits-Indenbom quantum 

mechanical theory [6], the results [6264] could not rely 

on it, but according to the string theory of the model [1], 

the authors noted some results [2830], which proved 

useful in terms of validating the model [1]. The group of 

Ya.M. Soifer [65, 66] also performed some important 

work on estimating magnitude B and its temperature 

variation based on high-frequency measurements in the 

range of 30…150 MHz. The works of the authors [67–

70] contain the results of testing the method of internal 

friction to study the effects associated with dislocation 

mobility. The study [68] contains both data on 

measurements of B(T) and survey data from works [67, 

70], which contain very interesting results of the world's 

first dispersion of velocity studies in NaCl and the effect 

of radiation exposure on the decrement of dislocation 

absorption of ultrasound and the defect of the module.  

The estimates of the absolute value and the temperature 

variation B performed in these works were obtained 

with the involvement of early Leibfrid and Mezon's 

theories of the phonon-dislocation interaction; therefore, 

unfortunately, they are not completely correct. And at 

the end of this part of the review we consider the works 

[7174] that were made on the multifunctional device 

[75] by the group of O.M. Petchenko.  In these works, 

based on the velocity and absorption of ultrasound   

measurement by acoustic methods, the effect of shifting 

the frequency spectra of the dislocation ultrasound 

absorption with temperature and deformation was found 

and the corresponding dependences of the dislocation 

segment effective length were correctly determined; as a 

result of which the absolute value of the parameter B 

and its temperature dependence in the framework of the 

theory [1] were obtained. The effective phonon 

mechanisms limiting the mobility of dislocations in the  

studied NaCl crystals were established in terms of [6]. It 

is shown that the value of B does not depend on the 

density of mobile dislocations, which confirms the 

authors' opinion [54] that the damping constant B is a 

fundamental characteristic of the material, which 

depends only on the interaction of mobile dislocations 

with the phonon subsystem of the crystal and 

independent of its dislocation structure. In addition, in 

papers [73, 74] the effect of dispersion of sound waves 

that was previously considered in [67, 70] was studied. 

Using the capabilities of [1] to determine the parameters 

В and L according to the measurement of the frequency 

dependency of the defect module, the authors were able 

to establish the relationship В and L from  and 

compare them with similar dependencies defined on the 

same samples by another method – descending branches 

of the frequency dependences ∆d(f) for samples with 

different degrees of preliminary strain. It turned out that 

the dependencies В and L from density of dislocations 



 

 

in crystals  in [71–74] are qualitatively identical, but 

quantitatively different, which is a direct confirmation 

of Naundorf and Lücke works' conclusions correctness 

[44] about the impossibility of describing the data 

obtained with high-frequency and low-frequency 

regions by a single profile.   

It is necessary to separately mention a series of 

works by O.M. Petchenko group [76–79] performed on 

single crystals of sodium chloride. In these works, for 

the first time in the world, the effect of the velocity of 

plastic deformation, the degree of preliminary 

deformation and the dislocation structure (“forest” 

dislocation and impurity dislocations pinning centers) 

on the depth of stress relaxation in studied crystals was 

investigated; and acoustic methods of investigation were 

used to indicate relaxation processes (measurements  

dislocation absorption and ultrasonic velocity), which 

are too sensitive to the processes of subtle structural 

changes in crystals. Based on the obtained findings, the 

values of the effective dislocation segment length in 

crystals were calculated, which gradually decreased as a 

result of relaxation processes in crystals.  Along with 

other, authors determined the critical value of the 

velocity of plastic deformation  ~ 510
-6

 s
-1

, in which the 

depth of relaxation value in crystals was virtually zero, 

and the dislocations evenly filled the volume of the 

crystal without formation of slip lines, which is a 

fundamentally important result for measurements in the 

amplitude-independent area. It is important, as the 

authors [6] determined the error of finding the density 

of dislocations by the method of selective etching (the 

magnitude of which was considered essential because of 

the complication of counting the pits of etching in the 

slip bands) as the only source of errors in the 

measurements of resonant dislocation losses.   

CsJ. In paper [80], the authors studied the effect of 

temperature in the range of 1.5…80 K on velocity and 

absorption of ultrasound in deformed and irradiated 

samples. The reduction of absorption with temperature 

demonstrates the effect of “freezing” the stoppers on the 

dislocations, enhancing the effect of deformation and 

irradiation, which is reflected in the “settling” of the 

observed curve ∆d(T) that occurs through the additional 

fixing of the dislocation segments by “strong” stoppers 

(nodes of the dislocation grid) and “weak” stoppers  

defects of radiation nature. In addition, according to the 

dependences given by the authors [80] it is evident that 

the deformation effectively fixes the dislocation 

segments – the upper curve ∆d(T) corresponds to a non-

irradiated and undeformed state of the specimen; under 

it is the curve for the irradiated crystal, and even below 

is the curve for the deformed one. As for temperature 

dependences of velocity, then the situation is reversed, 

that is, all the above dependences, on the contrary, 

increase with decreasing temperature. This is also 

qualitatively quite understandable: the lower the 

temperature, the less notable are the processes of 

external energy absorption and, accordingly, there 

should be a higher velocity of sound passage through 

the crystal. In paper [81], the authors set the temperature 

course of the damping constant and the average 

effective length of the dislocation segment. The 

decrease of L and B with decreasing temperature 

demonstrates the effects of reducing the dislocation 

segment due to the reduction of the dislocation thermal 

decoupling from the stoppers probability and the 

“freezing” of the phonon gas, respectively. The 

comparison of the obtained results with the Alshits-

Indenbom theory was made and conclusions were 

obtained regarding the phonon mechanisms 

corresponding to the dynamic dislocations damping in  

CsJ samples. Investigation of В() dependence was 

traditionally performed by the O.M.  Petchenko research 

group on all ionic crystals, but not for CsJ. In works 

[82–84] made by the research group of O.M. Petchenko,  

a vivid example of using the method of internal friction 

to study the processes of relief formation in samples 

was set. The authors [82–84] for the first time in the 

world used ultrasonic sounding of crystals at the same 

time as their load to study the subtle relaxation 

processes in crystals that continue to reach the relief  

boundary.  The experiments were carried out on crystals 

with different angles of divergence relative to the 

crystallographic direction <100 (the direction 

prohibited for deformation CsJ samples) in which the 

influence of temperature and rate of deformation on the 

processes of relief formation boundary was investigated. 

It is shown that the increase in temperature (starting 

from 400 K) and the angle of deformation reduces the 

value of the dropping boundary (at a fixed rate of 

deformation).  For the first time, the processes 

preceding the dropping have been demonstrated.   

Experiment technology was as follows. Samples were 

loaded stepwise, and after each stop rod tensile 

machine, fixed mechanical relaxation in the form of 

attenuation decay ∆. For the first time (with the load 

level increasing) was observed the increase of ∆. 

When the load level exceeded the critical value              

  0.5с, (where с – relief formation boundary in 

crystals), there were observed the decrease in ∆  by the 

law, that previously provided its increase. Only after the 

collapse of the relaxation process (∆  0) the 

dropping process began. In this case, the non-monotonic 

behavior of ∆  showed how the crystal was developing 

the process of relaxation, and how it was trying to find a 

way to get rid of external loads and to reduce its internal 

energy. As all the possibilities of relaxation the 

reduction of mechanical stress were exhausted, it began 

to accumulate itself and the crystal went out to the level 

of stress required for the relief formation.  One can see 

that internal friction makes it possible to investigate the 

subtle structural processes in crystals at a time when 

traditional methods are completely unsuitable.  In the 

works [86, 87], the same authors demonstrated one 

more of the possibilities provided by the method of 

internal friction – the conduction of thermo-activation 

analysis in the quasi-elastic region of deformation.  It is 

worth noting that studying in this way the thermo-

activating parameters and the force law of the 

dislocation interaction with the stoppers was conducted 

the second time in the world. The authors of the first 

work on copper [88] are Kryshtal, Golovin and 

Troitsky, which created and experimentally tested the 

technique of studying the type of stoppers on 

dislocations in crystals on the base of results of the 



 

 

experiment, in which the simultaneous influence of 

temperature and elastic loading on the dislocation 

absorption of ultrasound is recorded. After the 

publication of works [85, 86], the approbation of the 

method [87] was extended to the ionic crystals, that was 

of a fundamental importance.   

KCl. Among the early works on the study of elastic, 

dynamic and dislocation characteristics of potassium 

chloride crystals by high-frequency pulsed echo-method 

(amplitude-independent area) it is necessary to note the 

works [46, 62]. The velocities' values for ultrasound 

waves in the longitudinal and transverse directions 

<100 and <110 and the elastic modules C11, C12, and 

C44 were investigated in [62]; the constant B and the 

effect of radiation on it (with the calculation of the 

volume concentration Nf of the color centers, arising in 

KCl under the influence of irradiation) as well as the 

effective length of the dislocation segment L were 

determined in [46]. But a serious analysis of dislocation 

losses based on the phonon-dislocation interaction in 

these works was not made (quantum-mechanical theory 

[6] appeared much later), but even such preliminary 

data were of unquestionable value.  Further the certain 

attempts by the authors of [88, 89] were made to 

establish the value of the damping constant in KCl and 

the effect of the previous deformation of the samples.  

The results obtained by them can also be evaluated 

positively in general, although they need to be reviewed 

– both in terms of experimental technology and in terms 

of theoretical processing and description of data. In the 

O.M. Petchenko and colleagues' works [90–92] was 

studied the influence of temperature and deformation on 

the behavior of the dependences ∆d(f) and separately 

established the temperature dependence of the elastic 

modules C11, C12, and C44 on the basis of measuring the 

velocity of ultrasound. The processing of the results was 

carried out within the framework of the theory [1], as a 

result of which the dependences B and L of Λ and T 

were established. The phonon mechanisms' estimations 

that were appropriate for reducing dislocation mobility 

were carried out in terms of the theory [6]. It can be 

stated that the mentioned series of papers [90–92] 

almost completely covered all the issues concerning the  

dislocations' damping in potassium chloride at their 

upper-barrier movement. However, there remained not 

fully clarified the question regarding the findings 

obtained by the authors [90], based on В(), which vary 

somewhat depending on the degree of samples' 

preliminary treatment, which requires additional control 

measurements for the verification. Later, by the authors 

of [93] the further research on this issue (on single 

crystals of potassium chloride of the same series) was 

carried out and they proved the independence of В() in 

the whole interval  degrees of preformed samples. It 

turned out that in paper [90], at calculating the value of 

B, an inappropriate way of processing experimental data 

by ∆d(f) was used. These curves were rebuilt in 

dependence ∆d = (1/f), and the value of B was 

determined on the data of the rectilinear sections' 

inclination of these reciprocal dependences, which does 

not meet the requirements of the theory [1], where the 

calculation of parameter B should be carried out at the 

high-frequency asymptote of the dislocation decrement 

frequency spectra. In the works [94, 95] a thermo-

activation analysis of the process of dislocations' 

unpinning from point stoppers in crystals was carried 

out within the framework of the method [87].  

LiF. Some of the first attempts at dynamic 

dislocation measurements were made by the authors of 

[67, 96]. These works were performed quite carefully, 

but comparing of the results with phonon theories was 

complicated. In the work of Mitchell [96], from the 

graph given by him, it is clear that his data do not 

coincide neither with the theory of Leibfrid, nor with 

Mezon's one. In the paper [67], the authors attempted to 

establish the temperature course B, and even compare it  

in the dimentionless coordinates with the theory [6].  

But, due to the fact that their data on one curve virtually 

overlapped the points for both NaCl and LiF (although 

the Debye temperatures for these crystals differ almost 

twice), there is a great doubt about the reliability of 

these data. If we take into account the technique used to 

allocate the dislocation contribution in the general 

absorption by irradiating samples of -quanta from the 

Co
60

 source to a total dose of ~ 10
8
 rad (it means 

subtracting of some average dislocation less background 

accepted for crystals of the whole series), the causes of 

such errors become clear. The authors of [97–99] 

carried out the whole cycle of acoustic measurements in 

the amplitude-independent area, including the 

measurement of dislocation absorption and the velocity 

of ultrasound, on the basis of which elastic modules 

were calculated, necessary for the correct finding of the 

parameters B and L. According to the results of the 

research, they established the dependences B(T) and 

В() and determined the phonon mechanisms 

responsible for dislocations drag in LiF at their upper-

barrier movement.  Weak dependence on the density of 

dislocations of value B, as in [90], required further 

refinement.  In [100], this uncertainty was eliminated 

and the independence of В() proved.  

The separate result obtained for crystals of lithium 

fluoride in the direction of studying dislocation 

dynamics by the method of amplitude-independent 

internal friction has become a series of recent papers 

[101–109]. In the studies [101–106] the pulsed echo 

method was used to determine the effect of x-ray 

irradiation with doses up to 1000 R on the localization 

of a damped dislocation resonance in the frequency 

range of 22.5…232.5 MHz and at a temperature 

T = 300 K on LiF single crystals preformed to  = 0.3, 

0.4, 0.65, 1, and 1.5%. It was found that a gradual 

increase in the degree of x-ray of crystals causes the 

appearance of two effects: a monotonous shift of the 

resonant maximum parameters towards high frequencies 

and the process of quenching the amplitude of the 

dislocation resonance. The obtained results confirmed 

the validity of theoretical predictions made in [52] 

regarding the behavior of the parameters of the ∆d(f) 

curves' resonant maximum  the frequency fm  and the 

maximum decrement. Also, the dependences of the 

dislocation segment average effective length on the 

irradiation time for crystals with different  were 

determined.  The decrease of the parameter L with the 

increasing radiation dose is caused by the blocking of 



 

 

mobile dislocations by pinning centers, which appear 

after an increase in the degree of x-ray exposure. On the 

basis of the obtained dependence, the monotonous 

displacement of the resonance maximum parameters in 

the given interval of radiation doses is explained.  It is 

shown that the length of the dislocation segment 

decreases with an increase in the dose of radiation 

according to the law provided by the authors of the 

theory [52], which reflects the processes of mobile 

dislocations' pinning in crystals by radiation defects.  In 

addition, the effect of crystals' irradiation to 0…400 R 

doses was observed on the studied independence of the 

dislocations' dynamic damping coefficient B from the 

density of dislocations in LiF crystals. The established 

immutability of the characteristic В(Λ) from the time of 

x-ray exposure is 0…60 min is a complementary  and 

vivid confirmation that the coefficient B is a 

fundamental characteristic of the crystal and the 

dislocations' damping dynamic is determined only by 

dissipative processes in the phonon subsystem of the 

crystal [54].         

In papers [101–108], the effect of low doses of x-ray 

irradiation on the ultrasonic velocity dispersion v(f) in 

the frequency range 7.5... 232.5 MHz in samples with a 

residual strain of 0.65% at T = 300 K was determined by 

acoustic methods for LiF crystals. It was determined 

that the previous deformation of the samples leads to the 

emergence of a clearly defined dispersion region on the 

v(f) curve, which changes for non-deformable samples 

according to linear law. The dispersion shift of the v(f) 

curve is especially noticeable at low frequencies, where 

the process of the elastic energy of ultrasonic waves 

scattering by long dislocation loops is enhanced. Further 

irradiation of LiF crystals with x-rays reduces the dis-

persion region and returns the shape of the v(f) curve to 

its original form, which is explained by the pinning of 

dislocations with radiation-induced defects and the de-

crease in the modulus defect. The influence of the irra-

diation time on the amplitude and frequency localization 

of the modulus defect in LiF crystals has been estab-

lished. Based on the measured dispersion curves v(f), 

the functional dependences of the dynamic viscosity 

coefficient B, the average effective length of the dislo-

cation loop L, and the density of dislocations  on the 

time of x-ray irradiation are calculated. The independ-

ence of the parameter B from the time of exposure in the 

range of 0...120 min is established, and it confirms 

clearly the pattern that we studied using another meth-

od: measuring the dislocation loss of ultrasound in an 

amplitude-independent area. Anyway, the comparison 

of the results from [101–108], obtained by means of two 

methods based on measurements in the ranges of low 

and high frequencies on the same crystals has been 

made. It was shown that both methods allow the same 

qualitative physical mapping to be obtained, but the 

quantitative results in the case differ for about an order 

of magnitude, which indicates that the dislocation losses 

in the crystal can't be described in the range of low and 

high frequencies by a single mechanism, as it is sug-

gested by the authors of work [44].  

     An extra confirmation of the predictions' [44] validi-

ty is the work [109], in which LiF crystals of the same 

series that were used in [101108] implemented another 

independent algorithm for calculating the dynamic and 

structural characteristics, proposed by the authors of the 

string dislocation theory [1], in which the data are taken 

from measurements of absorption and relative ultra-

sound velocity in a sample at a fixed frequency.  

      KBr. First in the context of applying the methods of 

internal friction for studying the dynamic and structural 

parameters of a crystal, we must recall the early work 

made by the group of V.I. Startsev [110], although it, 

strictly speaking, belongs to the amplitude-dependent 

field of measurement (77.7 kHz). Despite the overval-

ued estimates of B obtained by the authors of this work, 

one can note the high level of the article both in terms of 

the experiment and in terms of physical discussion of 

the findings obtained. It should also be borne in mind 

that at the time of this work publication there was no 

theory [6], and the rapid development of methods of 

internal friction was only beginning. The single basis 

for the authors of [110] could only be the data on the 

individual dislocations' mobility, which at that time, 

although applicable, were not still verified regarding 

their reliability by the subsequent work of S.V. Lube-

nets [45]. The further study on KBr is reflected in [111–

117]. In papers [112–117], in the framework of the am-

plitude-independent internal friction method, the com-

prehensive work was performed on KBr (on samples of 

one series) to study the temperature behavior (in the 

temperature range 77…300 K) of elastic modules and 

frequency spectra of dislocation absorption, as well as 

the study of the dislocation structure of the samples ef-

fect on the behavior of the ∆d(f) curves. According to 

the results of the research, the independence of В from 

 for various T, as well as temperature variations of 

B(T) for samples with different  and contributions of 

the phonon wind mechanisms and “slow” phonons' re-

laxation into dynamic dislocations' damping in potassi-

um bromide were also established. In addition, in paper 

[114], in the framework of the method [88] and in the 

continuation of its testing [86, 87] on ion crystals, the 

authors performed a thermal activation analysis of the 

process of unpinning dislocations in KBr and KCl based 

on studying a series of curves d()  for various T of the 

interval 300…430 K. The operating frequency of ultra-

sonic measurements was 7.5 MHz. The average effec-

tive length of the dislocation segment, the cell size of 

the dislocation grid, and the binding energy of the dislo-

cation with the stopper were also estimated. Based on 

the study of such characteristics as the activation energy 

and the activation volume in a wide range of elastic 

loads, the authors established empirical force laws of 

the dislocations' interaction with active centers of pin-

ning in the studied crystals. After the adjustment of the 

activation volume empirical dependence on the loading 

in dimensionless coordinates and after their comparison 

with existing various theoretical patterns' types of dislo-

cation interaction with stoppers [118], the authors made 

the conclusions regarding possible types of stoppers that 

can perform a sticky action on dislocations. 

     Summing up the consideration of the results obtained 

by the method of amplitude-independent internal fric-

tion, we should note the recent papers [119, 120], in 

which the optical method [121–126] was used simulta-

neously with the above mentioned one, which made it 



 

 

possible to determine the nature of x-ray pinning centers 

in the crystals under study. 

CONCLUSIONS 

On the basis of the conducted review, where the 

current state of the dislocation dynamics investigation 

by the method of amplitude-independent internal 

friction was discussed, it can be stated that the 

perspective directions for further work in the field of 

ionic crystals' studying are as follows.   

1. Carrying out the research on the magnetic field's 

effect on the frequency spectra localization of the 

dislocation ultrasound absorption in crystals. The 

presence of modern works [3342] convincingly 

confirms the fact of the dislocation kinetics high 

sensitivity to the degree of magnetic treatment of 

samples. Applying the data of this experiment in the 

framework of Granato-Lücke theory will allow us to 

determine the magnetic processing effect on the 

dynamic and structural characteristics of crystals; and 

by comparing these data in terms of the Alshits-

Indenbom theory with those, obtained earlier, (with a 

change in temperature and degree of preliminary 

deformation and x-irradiation) we'll be able to draw 

important conclusions about the activation of the 

dislocation movement process by a magnetic field. 

2. It'll be useful to perform the thermal activation 

analysis within the framework of the method [87] for 

still unexplored ionic crystals, primarily NaCl. The low 

Debye temperature for the crystals has been already 

studied on such Alkali-halides as: CsI, KBr, KCl, that 

made it possible to study the unpinning processes at not 

very high temperatures (up to ~ 430 K). Shifting 

researchers' attention to crystals with higher Debye 

temperatures will lead to the need of upgrading the 

experimental equipment for operating at higher 

temperatures. 

3. The study of the processes of relaxation and relief 

formation in crystals by the method of amplitude-

independent internal friction was started by the authors 

[7679, 8284]. These works are the only examples in 

the world to conduct such research, therefore the 

relevance of further work in this direction remains 

rather high. 
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ОБЗОР ОСНОВНЫХ РЕЗУЛЬТАТОВ, ПОЛУЧЕННЫХ МЕТОДОМ  

АМПЛИТУДНО-НЕЗАВИСИМОГО ВНУТРЕННЕГО ТРЕНИЯ  

НА МЕТАЛЛАХ И ИОННЫХ КРИСТАЛЛАХ 

А.М. Петченко, Г.А. Петченко, С.Н. Бойко  

Произведен анализ основных результатов, полученных в области исследования динамики дислокаций с  

использованием метода амплитудно-независимого внутреннего трения на разных объектах исследования – 

металлах и щелочно-галоидных кристаллах. Рассмотрены результаты проверки струнной дислокационной 

теории Гранато-Люкке и квантово-механической теории динамического торможения дислокаций Альшица-

Инденбома для указанных материалов. Выполнен аналитический обзор работ, направленных на изучение 

релаксационных и термически активируемых процессов в кристаллах. Выявлены перспективные 

направления для дальнейших экспериментальных работ по данной проблематике.   

 

ОГЛЯД ОСНОВНИХ РЕЗУЛЬТАТІВ, ОДЕРЖАНИХ МЕТОДОМ  

АМПЛІТУДНО-НЕЗАЛЕЖНОГО ВНУТРІШНЬОГО ТЕРТЯ  

НА МЕТАЛАХ ТА ІОННИХ КРИСТАЛАХ 

О.М. Петченко, Г.О. Петченко, С.М. Бойко  

Проведено аналіз основних результатів, одержаних в області дослідження динаміки дислокацій з викори-

станням методу амплітудно-незалежного внутрішнього тертя на різних об’єктах дослідження – металах і 

лужно-галоїдних кристалах. Розглянуто результати перевірки струнної дислокаційної теорії Гранато-Люкке 

і квантово-механічної теорії динамічного гальмування дислокацій Альшиця-Інденбома для вказаних матері-

алів. Зроблено аналітичний огляд робіт, спрямованих на вивчення релаксаційних і термічно активованих 

процесів  у кристалах. Виявлено перспективні напрямки для подальших експериментальних робіт за даною 

проблематикою.   

 

 

 

 

 


