fields that are applied along the constant field H and
along the z axis and lead to the same result when their
frequency corresponds to the transition §, =~ ¢,. The
constant field H is close to the direction of the [110]
axis. The alternating low-frequency equalizes the
populations of the spin levels of the As™ nuclei, for
which the z/ axes coincide with the axes [111] and
[111] of the crystal. The alternating field H,, gives
rise to transitions § = § corresponding to Am =+1,
on account of the admixture of the states |¥3) to the
states x,;/,, as a result of non-axiality of the EFG,
Those components of the field H,, which are parallel
to the z; axes give rise to Am =0 transitions if the
states x.;/, and x_;/, are mixed.

As seen from Fig. 4, in a narrow region of angles ¢
the field H,, is much more effective than the field H,,,
this being proof of the mixing of the states x.;/, and
X .-3/2. The shift of the maximum on the curve of Fig, 4
relative to the point ¢ =0 is determined by the field of
the electrons.

The mixing of the states x.,,, and x_,,, at an orien-
tation H along the [110] axis turns off part of the field
of the As"® nuclei with one substituted neighboring
atom. The direction of the summary nuclear field due
to the quadrupole interaction differs in this case from
the direction of the vector {(S). A consistent allowance
for the effect of mixing of the spin wave function is
made in the theory of D’yakonov, Merkulov, and Perel’,
who explained the sharp magnetic anisotropy and the
onset of the ambiguity of the polarization following
optical orientation as being due to the influence of the
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level anti-crossing.

The described experiments confirm the validity of tj
premises and of the conclusions of this theory.

The authors thank M. I. D’yakonov, A. 1. Merkulov,
and V, I, Perel’ for a discussion.
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. A, Novikovand V. G. Fleisher, Zh. Eksp. Teor. Fiz, u, | and etiminated from the equations.

We evaluate the (first and second) viscosity coefficients and the thermal conductivity coefficient of an
arbitrary two-dimensional (nonsuperfluid) liquid. The kinetic coefficients are mainly produced by the

contribution of the long-wavelength thermal fluctuations and can be expressed completely in terms of
thermodynamic functions. We find a thermodynamic inequality, the violation of which must lead to a
singularity in the kinetic coefficients. We evaluate the sound absorption coefficient in a one-dimensional
liquid.

PACS numbers: 51.10. +y, 65.50. 4 m, 66.60. + a

velocity in a liquid, which was detected by Alder and -
Wainwright® as the result of a numerical calculation,

and which, as was shown in Refs. 2 to 5, is caused by
long-wavelength fluctuations. This law is so slow thal
there appear (see Refs. 2,4, 5, 7) formal divergences
of the coefficients in the Barnett correction terms to
Navier-Stokes equation (in the three-dimensional case)
and of the viscosity coefficients (in the two- and oné-

dimensional cases).

The existence of long-wavelength weakly damped
thermal fluctuations (of sound waves, and also of en-
tropy and viscous waves) in liquids causes the occur-
rence of a number of non-local kinetic effects.'™ In
particular, power-law ‘tails” appear in the expressions
for the damping in space or time of such excitations
which are usually characterized by exponential damping
laws.

In the literature, a large of amount of special attention
has been paid to a study of the power-law decrease in
time of the auto-correlation function of the particle

The present author® has shown that the system of
equations which describes the dynamic properties of

© 1981 American Institute of Physics 1
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yid, taking into account the long-wavelength fluctua-
tjons consists of hydrodynamic kind of equations and
Boltzmann kinetic equations for the fluctuation distribu-

tion functions, which are related to each other. One

~ must solve this system of equations taking into account
the poundary conditions, for instance, the condition for

g diffusive reflection, which are satisfied by the distribu-

~tion function at the boundaries of the liquid since con-

crete examples show'® that the main role is usually
layed by fluctuations with a mean free path of the order
of the characteristic length of the problem. It is im-

i ; pbrtant that then the wavelength of the fluctuations is

small.

‘The complete set of equations can be reduced® to

o - equations of a purely hydrodynamic type in the particu-
5V. A. Novikov and V. G. Fleisher, Zh. Eksp. Teor. Fiz. n, |

lar case when we are dealing with linearized equations

in an unbounded liquid. In that case the fluctuation dis-
tribution functions can be evaluated in the general form
As a result one ob-
tains the equations of hydrodynamics taking the fluctua-

" tion correction terms into account,® which in the three-
- dimensional case can be expressed in terms of thermo-
dynamic functions and the kinetic coefficients of the

i liquid and which are non-local and appreciably larger
- than the Barnett correction terms.

In the present paper a similar program is carried out
for a two-dimensional liquid. In that case the contribu-
tion from the fluctuations is appreciably more impor-

. tant—all kinetic coefficients of the liquid are basically of

a fluctuation character and can thus completely be ex-
pressed in terms of thermodynamic functions. The

- two-dimensional hydrodynamic equations, taking dissi-

pation into account, turn out to be non-local which is
connected with the logarithmic dependence of the kinetic
coefficients on the frequency and the wavevector. A

: qualitatively similar conclusion follows, of course,

see Refs. 4, 5,7,10) from the presence of the above-

. mentioned formal (logarithmic) divergence of the ki-
_netic coefficients.
- dition that the expressions for the kineti¢ coefficients

It is interesting to note that the con-

found below are positive imposes some restriction on

the thermodynamic functions of a two-dimensional

liquid.

The situation in a one-dimensional liquid turns out to

“be appreciably more complicated. In that case the es-
“sential role is played by fluctuations with a wavelength
- ¢omparable to the characteristic length of the problem.

A hydrodynamic formulation is, essentially, impossible
33 it is impossible to introduce quantities which are

‘Averaged over volumes with linear dimensions which

re larger than the wavelengths of the fluctuations, but

-Smaller than the characteristic length of the problem.
Below we shall evaluate sound absorption in a one-di-

ensional liquid which turns out to be proportional to
? (v is the sound frequency) i.e. , which differs
Teatly from the hydrodynamic quadratic law.

.In a previous paper® we omitted incorrectly from the
tetic equations for the shear and entropy waves
veral terms, which, if taken into account, change the
Oefficients in the final results. We give therefore in

€ Appendix of the present paper the correctedformulae

Sov. Phys. JETP 61(5), May 1980

for the correction terms to the hydrodynamic equations
of a three-dimensional liquid and for the sound disper-
sion.

1. BASIC EQUATIONS

We shall start from the equations, obtained in a pre-
vious paper,® which express the time derivatives of the
hydrodynamic quantities in terms of the deviations
6n(q), 6f,4(q), 8g(q) of the distribution functions of, re-
spectively, the sound, shear, and entropy fluctuations
from their equilibrium values:

p+p div v=0,
gy
pv+a +ax. =0, (1

pTo+div Q=0.

Here

T=0uc (p—1p) jdtq6n~6ikp—w J.dr 8faa

s(,. e favegte [ar L2 sntp | dtteitndten, (2)
Q=¢* Jdrqsn,

p, P, and v are the density, pressure, and velocity of
the liquid, T is the temperature, and ¢ the entropy per

unit mass,

. (0P _p foc p (o7 P (0e
c_(ap).,’ q’—c(ﬁ),’ ll]—T(@p) = (ap)

¢, is the heat capacity per unit mass at constant pres-
sure, dr=d%/(2m)% and d is the dimensionality of the
space.

The indices a, 8 number the directions of the polari-
zation of the shear waves. In the three-dimensional
case there are two directions of polarization determined
by the mutually orthogonal unit vectors 1 (a=1,2)
which lie in the plane perpendicular to the direetion of
the wavevector ¢ and which satisfy the condition I, ,
=0;,~¢;4,/9°. In the two-dimensional case we can
drop the indices « and 8, since there is only one polar-
ization direction determined by the vector I;=¢,,q,/q,
where ¢y, is the antisymmetric unit tensor.

The deviation 6n(q) of the sound fluctuation distribu-
tion function from its equilibrium value is determined
by the formula®

Gn(q)———T !

c
—— vr
cq 1.q*—ip(w—cnk) { n

vy
‘ +n,-n,,—0; +(p—1p)div v}, (3)

where n=q/q, and w,k are the frequency and wavevec-
tor of the hydrodynamic motion. The quantity v, is in
the three-dimensional case equal to

Yo=*/a+E+% (1/e,—1/cs),

where 17, ¢ are the first and second viscosity coeffi-
cients, % is the heat conductivity coefficient, and c, is
the heat capacity per unit mass at constant volume. In
the two-dimensional case we have

Ye=Y:(q) =n:(q) +3.(q) +2:(q) (L/co—1/cs),
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plw—-cn-k), i.e., P .
| kinetic coefficients increase as w,%k—0 in propor-

jon to In*/?w or In*/%k. This justifies the original as-
ymption that the main contribution to them comes from
the long-wavelength fluctuations.

where n,(q), £,(q), and n,(q) are the values of the coef-
ficients of first (n(w, ¢)) and second (¢(w, q)) viscosity
and the heat conductivity (»(w, q)) for w=cq.

The distribution functions f_,(q) and g(q) of the shear
and entropy fluctuations satisfy the equations

ga~max((ke)™, (walc)™).

The analogous role in I, and I, is played by the value
ga~(wa/c)*'2, but it is necessary to remember that
Egs. (8) were obtained under the assumption that g>}
Therefore, the lower limit in [, and [, is, in fact, the_
value

There follows from Eq. (10) an interesting conclusion
that in order that the kinetic coefficients are positive it
is necessary that the thermodynamic inequality 82<1 or

9vs +2‘.’.’L)

I
fuB_ '5" ﬁag le V+ ;‘ lailn (a—z; ax‘

d r
¥ 20 (b D) =, da~max (Fa, (0a/e)"). | LA
o o/ (p) <o,
dp /. Tp*

Introducing the logarithmic variables
This condition is always satisfied in a rarefied system
(ina gas), where c, is independent of the densify.
‘However, in the general case there may exist in the
phase diagram of a two-dimensional liquid a peculiar
_gingular line on which 62=1 and such that when one ap-
proaches it, {—e, v—0, while 7= const., as can be

seen from (10).

£~ 2 giv v+2%0¢° (g— -2-) =0,
e P oa
z=-—Inka, y==—-ln—c— , 2z=-Inga,

where 7,=17(0, q), X,= *(0, ¢)/pc,. In a previous paper®
we erroneously omitted in Eqs. (4) the terms with an
explicit dependence on the velocity gradients. These.
terms [the second and third in the first and the second
in the second of Eqs. (4)] are obtained in the usual way
(see Appendix to the paper by Meierovich and the pres-
ent author®) from the non-linear terms (vV)v and vVo
in the hydrodynamic equations for v and'&.

we get from (7) and (8) the following equations:
ol g ¢ dz j dz
167 lo Y. (2) n(z) J’

n(z,y)=

0

T 1 2 L d T r d
-t(xay)=2p—n(¢—‘l’+7) jﬁ%‘Jrg_n(‘p—i)zjna(zz)

o o

3. SOUND ABSORPTION IN A ONE-DIMENSIONAL
LIQUID .
From Eqgs. (4) we easily find the deviations Sy mela) , In t.he one-dimensional case therg exist altogether
. 2 two kinds of long-wavelengthfluctuatmns—sound waves
x(z,y) =2 j‘ 5 . and entropy waves. There are no shear waves. How-
T ~  ever, a more important characteristic is the well known
. resonance character of the interaction between sound
- waves which propagate in one of two possible directions
y  in that case the conditions for conservation of energy
- and of momentum are identically the same. Below we
shall evaluate the sound absorption coefficient and we
show that due to the resonance condition the main con-

pTe, o ¢ dz

——

Ofas=

a
= -2-——2——-—{ 6“‘\" div V—'laul” (iv—‘ + —vi)} N
1)0g*—i0p

CEA T
where L =1min(x, y), A=min(x, y/2). Since

5 1 ( dcy

= e [ — )} i
2%0q*—io \ dp )n vy

of the distribution functions of the shear and entropy
waves from their equilibrium values which are, re-
spectively, equal to 6,,T/p and c¢,/p.

flo.(x), =n§x, °°): “”.(x), =”(x| °°).1
1:(2) =12, 2) +{ (7, 2) +(T9/") (7, 2),

Eqs. (9) form a closed set. Through simple transf_or-f
mations we get from them the following set of equation

for the functions %y (x), n,(x), and v,(x):
© dz
+{+
jﬂn(z) }

2. KINETIC COEFFICIENTS OF TWO-DIMENSIONAL s °
" wavelength. The contribution from the entropy waves

dz pT ISI} dz :
can be neglected as there is no resonance.

pc* ()
m(z)_iﬁn lo Yo (2)

LIQUIDS . xo(z)=4—j ’
% J Ylz)

Substitution of Eqs. (3) and (5) into Egs. (2) for the v

dissipative momentum and energy fluxes gives in the _or 148 oo+ 1 2+ s dz

two-dimensional case (=) ’16::{[ (‘p ¥ 2 ) v ] ! Y+ (z)

Sound absorption is determined properly by the phonon
nergy function

2 4z 2 dz 2(0, k) =Gz (0, k) +or—
dv, | Ovy v ov {42 (5—1)? f__.__+20 o [ 22\ 0, k}=Gx" (0, k) Tor—o.
na=—1(0,k) (—aZ+az. ~Ba az.)‘c(“"k)s"' oz L2 )]a @ .:[ m(z)}

Q=—x(a,k)VT,
where the kinetic coefficients are defined by the for-
mulae

"Her\e wkk=c[k |, Gx(w, k) is the retarded Green function

: defmed in the usual way in terms of the complex opera-
tor of the sound field Z,a,e'*’, where a, are the phonon
- annihilation operators. The use of the function G in-
Stead of the usual D function is here more convenient

38 the well known hydrodynamic operator (see Ref. 11)
;‘O‘f the phonon-phonon interaction cannot be expressed
irectly in terms of the real phonon field.

©® The solution has the following form

e ____pz— 2 ' _ ._EZ_ 42 a2
# (@) ”[nr(u+2)] » @) [ﬂ')'n fa )’”]
ol ut2 %

n@)=[E220,

n(o, k)="pT(I+2L,),
8z u

¢ (0, k) =pT (9—p+'/2) Ii+1.T0% s+ 10T ($—1) L,
%#(o, k) =’/=pczln

. ,AS the interaction between long-wavelength phonons

18 weak, the main contribution to = comes in the Mat-

.SUbara technique from the diagrams shown in the figure

11';)Which the bare hydrodynamic vertex occurs (see Ref.

in which ;
. &g w=b{la (10 1"},
T @a) j Ye(q) ¢*—ip(0—cnk)’ 8) a=2(¢—1)*+8%,  b=Y2{1+8(p—p+'.)*+4}’},
_ 1 j- d*q - 1 I dq ‘ §=( T )|,2_‘)—(0i) .
2n)* J 2n0(q) g*—iwp ’ (2n)* ¥ 240(q) ¢*—io , 2,/ ¢\adpl,

1

; khkz,ks)=(mk(mhzmha)%{ + 1 ( kk, + kiks + koks _1)}

After substitation into (9) we get the final expressionf 2 ‘
. 4pc* 2 Vlkdkl  kiksl  Theoko

for the kinetic coefficients:
. . .
"“'y)={8nfff2) Ve ()} |
t(x’y)=L[2—;Z_§Ifz)—]% { 4“2(‘P_‘l’+%)2+_(au+25’) (é\;

u
29L e
nl (ut+2) ]

All integrals in (8) are logarithmic as v, 1, X, depend
only logarithmically on g, as we shall see below. To
evaluate them with logarithmic accuracy we can neglect
in the denominators of the integrands the terms with w
and k. We must clearly in all integrals take as upper .
limit the quantity ¢ ~1/a, where a is the interatomic
distance. The lower limit of the integral I, must be
that value of g for which the quantity 7,4® equals

d the exact Green functions. After analytical con-
“Muation with imaginary frequencies we get

% (z, y)=uc* [
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+mdq+eo .
Z(w, k)= jﬂj dz{V*(k, ¢, —k—q) [ (1+n(x)) p(~k—q, z)
XGa(~0—z,9)+n(2)p(q,2) Gu(—0—2, —k—q) ]
+2Vik, ¢, ktq)n(2) [p(g, 2) Gr(a+a, k+q) +p (ktq,2) Gy (z—0, .
FVHE, 0, k=q)n(2) [0 (k—, 2) Grla—7, q) +0 (4, 2) Ga(0—2, k—q) ]},

wherfe Pk, w) = (21)™ G p(w, k) - G, (w, k)} is the spectral
function (see Ref. 12), G, is the advanced Green func~
tion, and n({x)=(e*/T - 1), :

It will be clear from the result that the quantity
Zy=2Z(ck, k) is appreciably smaller than w,. In that
case the main contribution to the integral over x comes
from the poles of the Green functions in the integrand
which lie close to the real axis. As a result we get

1

Dptq

+oo
dq
A=-T J. ?n.‘{ V:(k, g, ~k—q) [ Ga(=0r—0uyqt 40, 9)

1
+—Gu(~o—wtEy, —k—q) 142V (k, ¢, k+q)
?

1 1
X [— Gn ((l)u"‘(l)q—zg', ,C+q) +— GA (—ﬂ)k+mh+q_zn+q1 Q) ]
®q Opig

1 1
0k [ G-t )+ - Gulormort 3 kg |}
Wp—qg ©q

where we have used the fact that in the case considered
of a classical liquid we must assume that the condition
n(x) = T/x> 1 is satisfied.

In the integral over ¢ the main contribution also
comes from the pole terms, especially those of them
which have a resonance nature, i.e. , which tend to
infinity at Z=0. If, to fix the ideas, we assume that
k>0, such pole terms give terms with V{%, q,k+gq)
when ¢ >0 and terms with V(k, ¢, k- ¢) when 0<g<k.
After simple transformations we get

T Tdg 1 1 g 1
Sy (1 2mz{ o L SR ————-—}.
A 30t ‘CP )y -‘.Zn S 2 J; 2% Tt Te (11)

Separating the real and imaginary parts in (11) we
easily check that , is pure imaginary so that the damp-
ing is much larger than the dispersion.

We can write the solution of Eq. (11) in the form
Z,=1iT'(k) where the sound absorption coefficient (k)
is equal to :

I‘(k)=k”‘|q;+1l{—T——(f dz

dap \J ¥+ (14z)%

1 : dz 1 T\
F— — = %
. J' pw Cap )} 0,394'<p+1|(;-) K, (12)
One easily checks from Egs. (11) and (12) that, indeed,
the main contribution to the sound absorption comes
from the interaction with thermal sound fluctuations
with wavelengths of the order of the sound wavelength.

I express my gratitude to I. M. Lifshitz for a useful
discussion.

APPENDIX

If we use instead of Eqs. (10) and (11) of Ref. 9 Egs.
(5) the expression for the corrections 0N, 1 m to the vis-
cosity tensor is changed. In the notation of Ref. 9 we
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have " one should find at sufficiently low frequencies a. posj

sound dispersio hbt be used directly in our analysis inasmuch, as
un ersion.

C?,I;wn earlier,? ultrasound absorption and dislocation
ragging are limited by phonon processes of different
nds-. ’

We consider a straight-line dislocation with a Bur-
ers vector b that moves uniformly with velocity v in a
rystal of unit volume. We assume v to be small com-
ared with the speed of sound ¢, but large enough for

e kinetic energy of the dislocation to exceed signifi-
cantly the height of the energy barriers in the crystal;
ese-barriers can be connected wither with the periodic
eierls potential relief in the discrete lattice, or with
ther defects.

k{khk‘km

T %k
Onanim (0, k) = 6_n(_p_) (i—-1) 0)"‘{ o
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Hip= Pczj AF Nijmn s (2) T3 (X) e () . (1)
Where ere [, is the effective charge density of the critical
ranch, 7., i the electrostriction tensor, x(r) is the
ptical-displacement operator, and u,,, is the deforma-

tion tensor of the external distortion field. As applied
. to a moving dislocation®

~s (v 5) Hlo-geeg)

o () (@) [(-3) 5] )
glae=v

) - b q\ -
As ¢ is positive it follows from this that in any liquid Translated by D. ter Haar :  Um()= Z,;%n (-q—) (2)
. it q

‘where ¢,,,(a/¢) is an orientation vector that differs from
zero only in a plane perpendicular to the dislocation.

After substituting (2) in (1), together with the usual
‘Fourier expansion of the operator x(r) (Ref. 2), the
‘Hamiltonian of the interaction of the soft phonon mode
ith the moving dislocation can be represented in the
omz)

Interaction of moving dislocation with a soft phonori mode
in a displacement-type phase transition

V. I. Al’shitz and M. D. Mitlyanskir

Crystallography Institute, USSR Academy of Sciences
Submitted 28 September 1979

Huni()= Y Turubur* exp(—iQ4t), ¢
Zh. Eksp. Teor. Fiz. 78, 2073-2077 (May 1980) e

-where § =@, + ay*; a,’ and ag are the operators of crea-
ion and annihilation of a phonon with wave vector k;
=4V, q=Kk'~k;

bagt 8,0 @ (k/k, K/E)

8n q (mk@k’)‘/’ ’ - (4)
O (k/k, K'/ k") =Nymalid @un (9/0) s

We consider the anomalies of dynamic slowing down of dislocations as a result of their interaction with the
soft phonon mode in a displacement-type phase transition. It is shown that when the phase transition

temperature T, is approached and the corresponding critical frequency w, decreases, the dislocation dragging
coefficient B, increases in proportion to In(w, /o, ), where @, is of the order of the Debye frequency. The
possibilities of observing in experiment the predicted anomalies in the temperature dependence of the viscous
component of dislocation friction is discussed.

" Ty =

1, is the phonon polarization vector, w, is the “plasma
frequency” of the critical branch,? §,, , is the Kronecker
S8ymbol, and the z axis is directed along the dislocation.

PACS numbers: 63.75. + z, 61.70.Le

It is known's? that in phase transitions of the displace-
ment type there appear in many crystals the so-called
phonon modes, which are characterized by a dip in the
dispersion law w, = w(k) in the vicinity of a certain wave
vector' k=k,. It is important that as the phase-transi-
tion temperature T, is approached the depth of this dip
increases, andthe corresponding frequency w,(T') = w(k,)
tends to zero as T —T,. The width of the enérgy level
of the soft mode (T)—the reciprocal phonon relaxation
time—increases and near T, it can even exceed the fre-
quency w,.? Recognizing that the lattice-anharmonicity-
induced scattering of a phonon by a dislocation from a
state with wave vector k and frequency w, into a state
K, w,,} is characterized by a matrix element

T, < (w,w,) /2, and also the fact that near the trans
tion the density of the critical phonons increases in pro:
portion to w,™, it is natural to expect the intensity of
the phonon-dislocation interaction to increase in the
vicinity of the point k=k; of reciprocal space near th‘
transition temperature T,. This can manifest itself i,
integral fashion in the appearance of singularities of ere
phonon slowing down of the dislocations at T=T,. w
attempt below to investigate the character of these 8
gularities within the framework of a simple model.

The energy dissipation per unit time in a phonon sub-
ystem subjected to the perturbation (3) is described
According to Refs. 4 and 5 by an expression of the type

) : /]
D=4nk29,’|1‘w|’n(m)mA(mr‘mk'); (5)
-

n(ov) ={exp (o/T) —1]-*

S the Bose-Einstein distribution function, and
Ultrasound damping anomalies of similar origin ¥¢ Alo) =y/n(0™+1%)
investigated earlier in a number of studies (see, €-&:

i ‘ 8 2 relaxation factor that goes over into the Dirac delta
the review by Garland®). Unfortunately, these resu

ction 6(w) as y— 0.
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Simulating the soft mode, we assume that the anomaly
of w(k) lies in the Brillouin zone in a spherical cavity
K with center at the point k; and with radius k,.  We as-
sume also that the dispersion law is spherically sym-
metrical with respect to the center of the cavity and
takes the following form? at ke K

@* (k) =02 () +8 (k—k;)2. (6)

The quantity w2=w?+ pk,? is assumed large enough, so
that w > 7. ,

We confine ourselves next to calculation of only the
«critical increment” to the dissipation (5); this incre-
ment is due to the phonon transitions within the band K
and makes an increasing contribution to the dislocation
slowing down as T— T,. We neglect the spatial disper-
sion of the damping ¥ in region K.

Changing in (5) in the usual manner from summation
to integration over the region K, we take outside the
integral sign a certain mean value of the square of the
function of the directions: n*={(|®(k/k,k'/k’)|?) (the
order of magnitude of 77 is determined by the charac-
teristic values of the components of the tensor n,-,,,m).
As a result we obtain, after a number of straightfor-
ward but cumbersome transformations, which we omit,
the following expression for the critical increment
B,=D/7* to the dislocation slowing down coefficient:

g © do’ o’
B.~24{ don(o) fﬁ“”"“’)- (7
and
_ {90 \* (mb)*
A—(én ) LA ' ®

As the temperature T approaches T, the value of w,
decreases gradually. We consider, for example, a
temperature interval in which

A'{<mc<m.. 9

In this case A(w’ — w)=8(w’ — w) and expression (7)
takes the form

wg/T

B¢=ATI dtfexp{{t*+(0./T)*) ¥} —1]-" (10)

Formulva (10) defines a function that diverges logarithi-
mically as w,— 0. For example, at w, < Q=min{w,, T}
we have in place of (10)

B.~ATIn (/). (11)

However, a relation of the type (10), (11) remains
qualitatively valid only so long as w,z y. With further
decreasing of w,, the large logarith 1n(®/w,) in (11) is
replaced in natural fashion by In(®/7). In fact, in the
limiting case w, <y Eq. (7) yields

chﬁ»j dmn(w)arctgiﬁATln-g—z—. (12)
T . b 1

Thus, the discussed anomalies of the dynamic slowing
down of dislocations are not of abrupt character. Itis
of interest to estimate their scale against the general
background of normal phonon slowing down. At the
lowest temperatures, T << w,(T) the quantity B,(10) is
exponentially small and the considered mechanism can-
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