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The influence of a preliminary deformation  = 1,3% and X-ray irradiation to exposure doses 0…600 R on the 

frequency spectra of the dislocation ultrasonic absorption d(f) in NaCl crystals in the frequency interval 

37,5…232,5 MHz and at room temperature has been studied using the pulsed technique. From the frequency curves, 

taken from crystals with different doses of radiation, the dependencies of the viscosity coefficient B and the average 

effective length of the dislocation segment L from the dose of irradiation has been determined. The coefficient of 

dynamic viscosity B was found to be independent of the irradiation dose.  
 

INTRODUCTION 

This article is a continuation of [1–6], where we 

studied the effect of irradiation on the localization of the 

frequency spectra of the dislocation ultrasonic absorp-

tion d(f) in LiF single crystals. In this works  the pulse-

echo method has been used to thoroughly study the be-

havior of the parameters of the resonant maximum – the 

dislocation decrement m in resonance and the reso-

nance frequency fm, and the average effective length of 

the dislocation segment L and the coefficient of dynam-

ic damping of dislocations B due to the irradiation dose 

. It has been found that the increasing of the irradiation 

dose in the examined crystals leads to the shift of the 

curves d(f) to higher frequencies and lower values of 

the decrement. The analysis of the data has revealed that 

in contrast to the experiments with temperature changes 

and strain [8–14], these shifts were so, that high fre-

quency asymptote from the family of curves d(f) for 

different irradiation doses are practically identical to 

each other. The indicated effect of shifts, observed in 

LiF in [1–6], was similar to the previously observed one 

by the authors [7] at high purity copper. In [1–6] it has 

been possible to study the dependence of the viscosity 

coefficient B due to the dose of irradiation. It should 

also be also noted, that the works [1–6] additionally 

confirmed the effectiveness of ultrasonic methods of 

internal friction [15, 16] for reliable recording of the 

dislocations exposure of pinning points by the radiation 

origin.  

The high efficiency of acoustic methods [15–23] has 

been stipulated by the fact that the attenuation of ultra-

sound   is very sensitive to minor changes (including 

those due to irradiation) of the average effective length 

L of the dislocation segment under the law   L
4
.  

For registration of radiation-induced defects optical 

methods are often used [24–27], in which the depend-

ence of the transmittance coefficient from the radiation 

wavelength, passing through the crystal is measured. 

Our studies [28, 29] of LiF crystals on the SF-26 spec-

trophotometer showed that color centers can be actually 

observed in the examined samples.   

Taking into consideration the above mentioned facts, 

it is interesting to continue the research which was be-

gun in [1–6] and observe the dynamics the curves shift  

d (f), L(), and B() in irradiated NaCl single crystals, 

which is the purpose of this paper. 
  

MATERIALS 

AND EXPERIMENTAL TECHNIQUES 
 

In this paper, by the pulse method in the frequency 

range 37.5…232.5 MHz and X-ray irradiation dose 

range 0…600 R, the frequency dependence of the dislo-

cation losses of ultrasound in single crystals  NaCl at the 

temperature T = 300 K has been studied. The single 

crystals with the magnitude of residual strain 1.3% were 

used in the experiments. Information about the features 

of samples preparation (gouging, grinding, polishing, 

annealing, pickling, deformation), as well as the acous-

tic features of the experiment presented below are mi-

nutely described in [1–6]. Irradiation of crystals NaCl to 

the dose of 600 R has been performed on the same unit 

URS-55 at the same operation mode as in [1–6]. The 

radiation dose rate was not changed and was 0.11 R/s.  
 

RESULTS AND DISCUSSION 
 

The results of the study of the frequency spectra of 

the dislocation ultrasonic absorption d(f) in                 

X-irradiated NaCl single crystals for the doses in the 

range 0…600 R at room temperature are shown in 

Fig. 1 (curve 1–4). 

As it can be seen, the flow of curves d(f) do not dif-

fer qualitatively from the corresponding dependences 

given in [1–6] for LiF single crystals. The experimental 

points as well as previously [1–6] are described by the 

theoretical frequency profiles [16, 30], calculated for the 

case of exponential distribution of dislocation loops 

along the lengths. It should be noted, that the binding of 

the theoretical curves [16] to the experimental data has 

been carried out with a focus on the points that lie on 

the descending branch of the experimental curve, and in 

the resonance area. You can also see that under irradia-

tion the resonance curves shift monotonically to higher 

frequencies areas and lower values of the decrement, 

and their high-frequency asymptotes are almost super-

imposed on each other.  
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Fig. 1. Frequency spectra of the dislocation ultrasonic 

absorption d(f) in NaCl single crystals with different 

values of X-irradiation doses 
 

The expressions for the resonance frequency fm, the 

decrement in the maximum m and the average effective 

length of the dislocation loop L as a function of time t is 

taken in the form [15]: 
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where t
mf , t

m , tL  are, respectively, the resonance fre-

quency, the decrement in the maximum m and the av-

erage effective length of the dislocation loop for the 

crystal irradiated over a time interval t, 0t
mf , 0t

m ; 

0tL  – the same parameters for the non-irradiated crys-

tal; 


 0
 tLP

; P – the total number of blocking 

centers, which reach the dislocation net per time unit; 

  – the dislocation density (constant during the exper-

iment). 

Using the data of the present work, shown in Fig. 1, 

and the results of calculations (1), we were able to com-

pare the experimental points for m() and fm() with the 

theoretical curves (Fig. 2).  
 

 

Fig. 2. Irradiation dependences of the resonance  

parameters m and fm in NaCl single crystals 
 

Fig. 2 shows that the experimental points are well 

described by the theoretical curves calculated by the 

Stern and Granato theory [15]. It also shows that the 

increase in irradiation time leads to the decrease of the 

dislocation decrement m and increase of the resonance 

frequency fm.  

To get information on the dependences due to the ir-

radiation time in the range 0…600 R of the average 

effective length of the dislocation segment L and the 

coefficient of dynamic of dislocations damping B, we 

have processed the data shown in Figs. 1, 2, in the 

framework of the Granato-Lucke theory [16]:   
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where   is the value of the decrement for frequencies 

f >> fm;  = 0.365 is the orientation factor; L – average 

effective length of the dislocation segment; 0 = (8Gb
2
)

 

/(3
C), С  2Gb

2
/(1-) is the effective tension of a 

curved dislocation;  = 16.510
9 
m

-2
 is the dislocations 

density;  = 0.212 is the Poisson's ratio; 

G = 1.7810
10

 Pa is shear module of the active slip sys-

tems; b = 3.9910
-10

 m is the magnitude of the Burgers’ 

vector.  

The results of calculations by formula (2) of the de-

pendences of the average effective length of the disloca-

tion segment L and the absolute values B from the dose 

of irradiation are shown in Fig. 3 by curves 1 and 2, 

respectively.  

 

Fig. 3. Dependencies of the average effective length of 

the dislocation segment L (1) and the coefficient of dy-

namic damping of dislocations B (2) on the irradiation 

dose . Curve 1 – the theoretical calculation of L in the 

framework of Stern and Granato model [29],  

points – the calculations in the framework of Granato-

Lucke's theory[30]. Curve 2 – the calculation of B in the  

calculations in the framework of [30] 
 

It can be seen (see Fig. 3, curve 1) that the experi-

mental points, obtained by calculating L() in the 

framework of Granato-Lucke's theory [16] fit the theo-

retical curve )t/(LL tt   10 . As in papers [1–6], it 

may be noted that the behavior of the curve L() fully 

explains all of the dependencies presented in Figs. 1 and 

2. Irradiation leads to the reduction of the average effec-

tive length of the dislocation loops, vibrating in the ul-

trasonic wave, which is reflected in the shift of the reso-
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nance maximum (see Figs. 1, 2) to higher frequencies 

areas and lower values of the dislocation decrement. 

Fig. 3 (curve 2) shows that the parameter B does not 

depend on the irradiation dose in the range 0…600 R. 

This result, together with the results of papers [1–6] 

confirms the validity of the authors’ views [14, 17] that 

the coefficient of dynamic damping of dislocations B is 

a fundamental characteristic of the crystal, depending 

only on the interaction of dislocations with the phonon 

subsystem of the crystal, and not depending on the pa-

rameters of its dislocation structure. 
 

CONCLUSIONS 
 

The effect of X-ray irradiation in the range 

0…600 R on the frequency spectra of the dislocation 

ultrasonic absorption in NaCl single crystals with a re-

sidual deformation of 1.3%, was studied in the frequen-

cy range from 37.5 to 232.5 MHz and at T = 300 K. On 

the basis of the comparison of the obtained experimental 

data, with the performed in the framework of the model 

by Stern and Granato theoretical calculation, the flow of 

curves m() and fm() have been studied. The depend-

ence of the length dislocation segment L from the irra-

diation dose  has been calculated. The independence of 

the coefficient of dynamic damping of dislocations B 

from the irradiation dose  in the examined dose range 

has been proved.  
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ВЛИЯНИЕ РЕНТГЕНОВСКОГО ОБЛУЧЕНИЯ НА ДИНАМИЧЕСКИЕ И СТРУКТУРНЫЕ 

ХАРАКТЕРИСТИКИ ПРОДЕФОРМИРОВАННЫХ КРИСТАЛЛОВ NaCl 
 

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

Импульсным методом в области частот 37,5…232,5 МГц при T = 300 К исследованы влияния предвари-

тельной деформации  = 1,3% и облучения дозами 0…600 Р на ход частотных спектров дислокационного 

поглощения ультразвука d(f) в кристаллах NaCl. Из частотных кривых, снятых для кристаллов с разными 

дозами облучения, определены зависимости коэффициента вязкости В и средней эффективной длины дис-

локационного сегмента L от дозы облучения. Установлено, что коэффициент динамической вязкости В с 

увеличением дозы облучения остается неизвестным. 

 

 

ВПЛИВ РЕНТГЕНІВСЬКОГО ОПРОМІНЕННЯ НА ДИНАМІЧНІ І СТРУКТУРНІ 

ХАРАКТЕРИСТИКИ ПРОДЕФОРМОВАНИХ КРИСТАЛІВ NaCl 
 

О.М. Петченко, Г.О. Петченко,  С.М. Бойко, А.В. Безуглий  
 

Iмпульсним методом в областi частот 37,5…232,5 МГц при T = 300 К дослiджено вплив попередньої де-

формацiї  = 1,3% i опромiнення дозами 0…600 Р на хiд частотних спектрів дислокаційного поглинання уль-

тразвуку d(f) в кристалах NaCl. З частотних кривих, знятих для кристалів із різними дозами опромінення, 

визначено залежності коефіцієнта в'язкості В і середньої ефективної довжини дислокаційного сегмента L від 

дози опромінення. Встановлено, що коефiцiєнт динамiчної в’язкостi В зi зростанням дози опромiнення за-

лишається незмiнним.    
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