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Abstract. The expression for the generalized susceptibdftyhe dislocation obtained earlier

was used. The electronic drag mechanism of distotatis considered. The study of small
dislocation oscillations was limited. The contrioat of the attenuation of low-frequency

bending screw dislocation vibrations to the ovecakfficient of dynamic dislocation drag in

the long-wave and short-wave limits is calculatEde damping of short-wave bending screw
dislocation vibrations caused by an external actifnan arbitrary frequency has been
investigated. The contribution of long-wave bendgegew dislocation vibrations damping in

the total drag coefficient at an arbitrary frequerscfound.

1. Introduction

In the process of using mechanical engineeringymisd vibration dynamic loads are generated on the
corresponding structures. These loads affect thteriahcrystal structure of constructions and att o
dislocations (linear crystal defects), causing rthescillations, which are damped due to various
mechanisms. One of the first theoretical workshendrag of a moving dislocation was carried out by
Eshelby [1]. He considered in it the damping of extitinear dislocation oscillations due to
thermoelastic energy dissipation and radiation labtee waves. Subsequently, a large number of
specific mechanisms calculations for the dislocetialrag were carried out. Reviews of these
mechanisms in [2, 3] are given. Along with thisy alissipative processes in the most general form
can be taken into account in the equations of mdtipincluding friction forces in the right-handisi

of the Lagrange equation. Such approach, basedissipative processes accounting through the
dispersion of elastic modules, was developed inlf]6], on the basis of [5] results generalizatio
the equations for the small oscillations of a @lstith dislocation taking into account the dissipa
processes were obtained, and the generalized s$imiggpof dislocation in a dissipative crystal is
found. Also in work [6], cases =0 and k, =0 are considered, where is frequency,k, is wave

vector component along dislocation line. In pad@ts8], the dynamic inhibition of dislocation by
defects in a crystal is considered. The closesiidopresent paper is paper [7], in which the dyeami
retardation of the motion of screw dislocationpaint defects is investigated taking into accounet t
excitation of transverse vibrations of dislocatielements. In recent paper [9], fundamentals of
dislocation dynamics simulations are given. Unfoately, in this work, dislocations were represented
in the form of straight lines; bending vibrationen not taken into account. In this paper, on s

of the expression for the dislocation generalizadceptibility in a dissipative crystal [6], various
limiting cases of screw dislocation bending vibwat damping are investigated.
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2. Damping of low-frequency bending dislocation vibrations

Damped bending vibrations of screw dislocationdyalong axisOz were investigated. The case of
small oscillations of a dislocation near the etuilim position was limited. In the low-frequency
limit, from [6] for the imaginary part of the scradislocation inverse generalized susceptibilitijrig
into account only the terms corresponding to tiséodation bending vibrations, let us obtain:
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Here p is density of the crystah, is screw component of the Burgers vectqy, is maximum wave

number,| is electron mean free patk,=kl is dimensionless variable‘,:ctz/q2 , ¢, andc; are the
transverse and longitudinal sound velocities inoadissipative crystaly;(x) and y; k) are the

damping coefficients of transverse and longitudisalnd waves in a dissipative medium. As a
concrete damping mechanism for oscillations, edetrdrag was considered, for which the damping
coefficients of the transverse and longitudinalrebare expressed in the form [10]:
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where y0 is a constant depending on the material. For thpgse of analytical integration in formula
(1), damping coefficients (2) were approximatedadisws:
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Substituting expressions (3) into formula (1) aedi@rming the integration, one can obtain:
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Let us now consider two limiting cases: long-wawe ahort-wave, using expression (4). In the long-
wave limit (| k,| |<< 1), there is:
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In the short-wave limitX<<| k| <<k, ), one obtains:
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It is known that the imaginary part of the geneaedi susceptibility is proportional to the average
energy dissipated per unit time in the system [Cnsequently, the imaginary part of the inverse
generalized susceptibility of screw dislocationyrfd in the present section, determines an addltiona
dissipation of energy due to bending dislocatidrations.

3. Damping of short-wave bending didocation vibrations
In the short-wave casel(:<|kzl|<< kyl ), the sound waves damping coefficients (2) can be

approximately written ag (X) = (4/3ﬂ)y°x and y; (x) = (77/6)y°x. The expression for the imaginary

part of the screw dislocation inverse generaliaesteptibility in a dissipative crystal [6]; takimgto
account the major terms with respecktderms, let us write:
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Here taking into account only the terms correspogdod the dislocation bending vibrationg, is
shear modulus of the crystal. Using dimensionles&ile x =kl in (7), one can obtain:
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whereaw =¢; /I, @y =c;/l. After integrating, let us obtain, taking into aoat the main summands:
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At low frequency values, expression (8) is writeenfollows:

Mgk ={ 5 - 25+ 2 |abdyol. ©

Result (9) practically coincides with result (6)aibed in section 2.

4. Damping of long-wave bending dislocation vibrations
Using the result of [6], let us write the expressior the imaginary part of the screw dislocation
inverse generalized susceptibility in a dissipatimestal:
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Here By is the drag coefficient of rectilinear screw desiion moving with a constant velocity [2-4],
the linear approximation with respect to attenuatoefficientsy; and y; was used. In the integral
(10), let us pass to dimensionless variabke ki and note the rapid decrease of the integrand @s on
approaches the upper limit. Then the integral @arepresented in the form:
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Let us also note that in expression (10), one eghect the terms containirigf/k4 . The first integral

on the right-hand side of (11) can be calculatédguthe theory of residues, similar to the caldotat
in [6]. In calculating the second integral, the haus take into account that in the long-wave
approximation [k,l <<1) from the formulas for the attenuation coefficewnf sound waves (2), it

follows that y; = (/5)y°x%, ¥ = (415)y°x%. As a result, for the imaginary part of the screw

dislocation inverse generalized susceptibility idissipative crystal, taking into account only thain
terms in powers ok,l , one may obtain:
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where C;, C,, C; are positive constants of the order of unity teppend weakly on the Poisson's
ratio. In expression (12), the first term witB; corresponds to the drag of a rectilinear screw
dislocation moving with a constant velocity. Thewed term witha |« |corresponds to the radiation

friction of a rectilinear dislocation. The thirdrie with yoa)3 corresponds to the damping of the

oscillations of a rectilinear dislocation in a disdive medium. The fourth term Witr(kzl)2
corresponds to the damping of the long-wave bendibigations of a screw dislocation, the terms in
parentheses correspond to radiation loss, to drag dissipative medium, and to their interference
contribution. Let us note that the first three teraf formula (12) coincide with the result of [@&j,
which bending vibrations of the dislocation weré taken into account. At the same time, the result
(12) can not be compared with the results of artyarsaof screw dislocation low-frequency bending
vibrations since in this paragraph it was assurhatid >>1 Hz.

Let us consider the attenuation of long-wajle,(|<< ) b&nding vibrations of a screw dislocation

at low and medium frequenciem&<c, |k, of /a <<|kl|), whereaw =c /I ~10'°s™. Then the
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expression for the imaginary part of the edge dation inverse generalized susceptibility in a
dissipative crystal [6] takes the form:
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Substituting expressions (3) into formula (13) amegrating under conditio“kzl| <<1, let us obtain
the following, taking into account the major terms:
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Result (14) in the low-frequency limit — 0 coincides with result (5) obtained in section 2.

5. Conclusion

The results obtained in this paper are most apgkcdo metals in the low temperature range.
Numerical estimates show that the contributionaréw dislocation bending vibrations drag reaches
10% in the total coefficient of screw dislocatiorag. The investigations carried out in this work ca
be used to study the influence of external effeatshe crystal plasticity. This study is also intpot

in the design and manufacture of machines and méarha for operation at low temperatures.

References

[1] Eshelby J D 194®roc. Roy. Soc. London A. 197 396

[2] Kaganov M I, Kravchenko V Ya and Natsik V D ¥%ov. Phys. Usp. 16 878

[3] Alshits VI and Indenbom V L 198@idocations in Solids vol 7, ed F R N Nabarro
(Amsterdam: Elsevier Science Publishers) p 43

[4] Kosevich A M and Natsik V D 1968ov. Phys. Solid Sate 8 993

[5] Bataronov | L, Dezhin V V and Roshchupkin A M43 Bulletin of the Russian Academy of
Sciences: Physics 57 1947

[6] Roshchupkin A M, Bataronov | L and Dezhin V \@95 Bulletin of the Russian Academy of
Sciences: Physics 59 1648

[71 Malashenko V V 200Physics of the Solid State 49 675

[8] Malashenko V V 2009echnical Physics. The Russian Journal of Applied Physics 54 590

[9] Sills R B, Kuykendall W P, Aghaei A and Cai W16 Springer Series in Materials Science
vol 245, eds C R Weinberger and G J Tucker (Sprilngernational Publishing Switzerland) p
53



MEACS 2017 IOP Publishing
IOP Conlf. Series: Materials Science and Engineering 327 (2018) 032017 doi:10.1088/1757-899X/327/3/032017

[10] Kittel C 1963Quantum Theory of Solids (New York: Wiley)
[11] Landau L D and Lifshitz E M 198&atistical Physics Part 1 Course of Theoretical Physics
vol 5) (Oxford: Butterworth-Heinemann)



