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Impurity-kink interaction in the two-dimensional Frenkel-Kontorova model
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The dislocation gliding in crystals with impurities is investigated by computer simulations for the two-
dimensional Frenkel-Kontorova model. It is shown that the impurity-dislocation interaction can result in both
the stimulation of the double-kink formatiofvhich increases the dislocation mobi)itgnd the trapping of
moving kinks by the impurities with the following kink-antikink recombinati@gvhich slows down the dislo-
cation motion. The relative importance of these competing mechanisms depend mostly on the temperature as
well as the type of impurity. Here we demonstrate that the presence of impurities can increase the dislocation
velocity at low temperatures which leads to the solid solution softening. With increasing temperature, a
transition from the solid solution softening to the solid solution hardening regime takes place.
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I. INTRODUCTION Ga decreases the dislocation mobility in Ge, whereas the
. . T
The dislocation mobility in crystal lattice periodic poten- qu'nﬁ’ Ey As, on tge contrary, mcreasleélllﬂ'hel?SSS deffect
tial (the Peierls relié) is one of the key problems in solid 'SI well known for bcc tranlfplfgsc;n metal alloys™ Z? ;vas
state physics which still attracts considerable interest. Th&'SO observed in intermeta mljl cgramlfcs splrr: 'IL as_
Peierls mechanism determines the dislocation mobility and?®€n demonstrated experimentally in Ref. 14 that the SSS is

consequently, the mechanical behavior in covalent crystalgPServable in alow temperature region; with the temperature
(Si, G, bee metals, and some intermetallic compounds. Dellcrease the transition from the softening to the hardening

spite considerable theoretical and experimental effértise occurs.

microscopic processes which are responsible for the disIoc%-nrl;‘a'rs]cigokri?mOnnu\Cll'gg\f[ig;]a;heoisnfsd:ffgéorisglct)\sN fer\(/)é? the
tion mobility in the Peierls relief are still a matter of inten- P : '

sive discussion&? the microscopic mechanism of this phenomenon still remains

It I. ted that the dislocati tion i a matter of discussion. In particular, it is not clear why SSS

IS commonly accepte at (ne dislocation motion IN\,a5 ghserved for some additions and not for others and why
materials with high Peierls relief is accomplished by the

: . . e this effect is dominant in comparison with the usual pinning
propagation of kinks along the dislocation line. It has beennechanism. Also, it is not clear what is a specific scenario of

assumed that the kink densignd, consequently, the dislo- the transformation from the SSS phenomenon to the SSH
cation mobility is determined by the processes of thermalpne with the temperature increase.
fluctuation kink nucleation and of the kink-antikink pair re- Despite the recent deve|opments of powerfu| atomistic
combination. However, this very transparent but simplifiedsimulation techniques, the investigation of kink dynamics
concept is insufficient to describe the mechanical propertieand impurity-dislocation interactions is still a difficult prob-
of real materialé® where the impurity-kink interactions play lem for theoretical materials science due to the involvement
a crucial role in the kink dynamics. Standard models considef essentially different space scales—microscdfic atoms
ering the impurities just as centers of kink-antikink recombi-in the dislocation coneand macroscopi¢for the long-range
nation processéseem to be inadequate and do not explainelastic fields. Therefore, model investigations of the kink
accumulated experimental d&&1%11The contradictions be- dynamics are helpful. The first attempts of the direct numeri-
tween the theoretically predicted equilibrium density of thecal simulations of the kink dynamics without impurities were
kinks and that estimated from experimental data initiates anade in Refs. 9, 23, and 24 in a framework two-dimensional
hypothesis regarding the existence of so-called “weak obf2D) Frenkel-KontorovaFK) model. As was shown in Ref.
stacles” controlling the equilibrium density of kinks, how- 9, in contrast with traditional assumptions, the kinks on the
ever, the nature of these obstacles has not yet been clérifiedlislocations can behave like solitons and pass through each
The effect of impurities on the mechanical properties ofother without annihilation in spite of thermal fluctuations and
the crystals is rather complex and cannot be reduced only tdamping. The impurity-kink interaction was considered in a
the deceleration of kinks or to the initiation of their annihi- framework of a one-dimensionélD) FK modef? and also
lation as it was supposed in the earlier moddls particular,  reveal an important role of dynamic effects in this process,
besides the well-known effect of the solid solution hardeningbut have not clarified an issue on the double kink nucleation.
(SSH which is clearly connected with the pinning action of  Here we investigate the mechanism of the kink-impurity
the impurities on the dislocations, in some cases the alloyingnteraction and the effect of this interaction on the steady-
leads to the opposite phenomenon which is known as thstate dislocation velocity by the computer simulations for a
solid solution softenindSSS. For example, the doping by generalized 2D FK modél?324This model allows us to de-
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scribe adequately the kink behavior for the values of applied th)n
stress and temperatures corresponding to low enough dislo- Pimp(Ron) =Q expl = Py 3
cation velocity, that is, much smaller than the sound velocity. 7
We demonstrate that within this model approach both theéo Eq.(2), whereo is a parameter, varied from 0.1 to 8. For
softening and strengthening of chemical bonds impurities ensimplicity we assume that the impurity atom has the same
hance the double kink nucleation and that softening may benass as the host ones.
replaced by hardening with the temperature increase due to In a framework of Fleischer’s continuum elasticity
interplay of the kink nucleation and kink trapping processesapproacfh’ describing the impurity-kink interaction effects
in terms of the size and modulus mismatch between the
solute and host atoms, the variation of the spring stiffness
Il. FORMULATION OF THE MODEL Sk=(k’ —k)/k corresponds to a local variation of the elastic
o . ~modulus in the vicinity of the impurit$® In general, the
Similar to Refs. 9, 23, and 24, we study the dislocationchemical bonding effect in the impurity-dislocation interac-
dynamics with the 2D FK model where a layer of atomstjon cannot be reduced to a local change of elastic moduli
interacting by elastic forces put into a periodic potential re-(sk+0), but also modify a substrate potential. This effect
lief. The potential energy of this system has the followingpas peen recently considered aly initio calculation$® The
form: impurity effect on the substrate potentiaP simulates the
change of the chemical bonding, which cannot be reproduced
K in terms of linear elasticity theory. Besides that, the potential
o= —E (Up—up)?+ P> > [1-coggu,)], (1) i, allows us to take into account an additional mechanism
2nm n g of the interaction which is essentially different from those
described above.
The most important parameter in the mo@Bl and(2) is
the ratio of the height of potential relié? to the stiffness
constank. We setk=1 (which determines the energy units as

wherek is the stiffness of interatomic bonds, the sum in the
first term is taken over all pairs of the nearest neighboygs,

is a displacement vector of tlth atom from its equilibrium
P f ka?) and chooseP~0.1 when, for a small displacement

position, g is the three smallest vectors of the reciprocal lat- o . ) . .
tice {we will consider the hexagonal lattice with a parameter:Eg fsourgg'?r;[fealf;gch;?ée::iﬁlggrsamgh :[I'hheisng%gbc?fr?) aarrjat(:nvglt?rs
_ — [ — [ 1 [a .
a-ll, theng, =(47/v3)(~1,0), gp 5= 4/ V.3)[ £(3/2]) |eads to the dislocation with the core widkh- 1. The time
n order to consider both the damping and the therma nit corresponds toi2%, wherer=2\k/M is a characteristic
fluctuations, we introdgce the the(mal bath using the metho Deal vibratFi)on frequen,cy The terr\{peratu'revaried over a
of the Langevin equations of motig wide range from 10° to 2X 1072, i.e., it was of the order of
(0.1/0.02P (according to our simulations the melting tem-
. . peratureT,, for this model is about % 1072). A damping
Mu, = - . W+ &(0) + i, ) parametery (in dimensionless units defined abgvs of the
" order of the ratio of phonon damping to phonon frequency.
We have chosen=0.08 which corresponds to typical values
where M is an atomic massy is a friction coefficient,f, for metals at room temperatur&s;y=0.1/0.01. We did not
is an external force assumed to be equal for all atgpé)  take into account the temperature dependep@@ since the
is the random Gaussian variable having the propertiefatter does not essentially change the results as is shown in
(&ni(0)=0 (&0 &vir (1) =2yT S G 8(t-t')(i=X,y). The Ref. 9.
parentheses indicate averaging over the realizations of ran- For numerical simulations, a 2D crystallite containing
dom processéy(t). To integrate the stochastic differential 80x 80 atoms with periodic boundary conditions was used.
equations(2), we use a so-called “strong” mean-squarePreviously, it was shown that even for a smaller crystallite
Runge-Kutta type method of the 3/2 oréfawhich provides (40X 40 atoms the effect of the periodic boundary condition
an accuracy of the calculations for individual trajectories ads negligible. In particular, the chosen value pprovides a
well as for average characteristi®r details see Ref.)9  strong attenuation of the lattice vibrations on the length of
Despite its oversimplicity, the model defined by E(l9.and  crystallite and therefore eliminates its possible overheating.
(2) allows us to process the nucleation of the kinks and theiBesides, the deformation produced by the dislocations in FK
propagation along the dislocatiéi® model decays exponentially at large distances and therefore a
Here, we consider the effects of immobile substitutionlong-range part of the elastic fields due to “mirror” disloca-
impurities on the dislocation motion; this case corresponds ttions may be ignored. The 8080 atomic crystallite used
low temperature$T <0.5T,,, whereT,, is the melting tem- here is sufficient to reveal statistical regularities in the kink
peraturé when the diffusion of dopant atoms can be ne-dynamics. We have checked that further increase of its size
glected. The impurity atom at the poiRt=0 was introduced (from 80X 80 to 100x 100) does not lead to any essential
by three different ways(i) by change in the spring stiffness change of the results. Due to the periodic boundary condi-
between the nodR, and its nearest neighbois,# k, (ii) by  tions the dislocation passing out the boundary of the crystal-
variations in the amplitude of the substrate poterfiahnd lite returns to it through the opposite boundary. These mul-
(iif) by the addition of the impurity potential tiple runs of the dislocation are essential to determine the
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well. At large &k the process of the dislocation depinning is
stimulated by the annihilation of the kink trapped by the
impurity with antikink, and the impurity happens to be be-
hind the dislocatior{Fig. 1, right colummn.

Earlier we demonstrated that in the 2D FK model without
impurities, the kinks and antikinks do not annihilate, as a
rule, at the collisions, but pass through each other similar to
the sine-Gordon solitor’sAs we have shown here, the bond
weakening impurity withék<<O0 turns out to be a natural
center of the kink-antikink recombination. Thus, the interac-
tion between kinks and weakening impurities lead to the de-
crease of the dislocation mobility due to both kink pinning
and enhancement of the kink-antikink annihilation and mani-
fests itself in the SSH.

In the opposite case whefk>0 we have not observed
the pinning of kinks by impurities. This difference in the
interaction of the kink with bond weakening and hardening
substitute atoms cannot be understood in terms of the varia-
tion of the kink effective potential due to impurffor in
o _ continuum elastic modefsindeed, in these models the pin-

FIG. 1. Pinning(left column and subsequent passagéght  ning action of the impurity occurs for the cases of both at-
colum‘r) of kinks through the impurity simulated by the change of {y5¢tion (the trapping on the impurilyand repulsion(the
the stlffnessék:—o.s,T:0.0075,f:0.265: The consequent snap- trapping before the impurily According to our computa-
shots of the central part of 8080 crystallite correspond =60, tjng| results, it seems that the kink pinning occurs for the
62, 64, 66, 68left column, from bottom to top 70, 72, 74, 76, 78, 14 \yeakening impuritysk< 0) and does not occur in the
80, and 82(right column, from bottom o top The position of the opposite case. One can assume that the increase of the kink
dislocation line is defined by the conditidny|=0.% (i.e., as a bility with .t thening interatomic bondsk=0) re-
center of the displacement profile mobility with s rer_wg ening interatomic pnd . ) re

sults from a lowering of the secondary Peierls refied., the
. . energy profile for the kink motion due to a reconstruction
steady—sta_te \_/elomty. We have chosen the t'me SRt the kink structure near the impurity. It is discussed below
At=0.01; in this case the accuracy of the calculations for. sac v/ in more details.
trajectories as well as of Gibbs distribution at the equilibrium 5 initiation of the double kink nucleation by impurities
appeared to be restricted only by the Monte Carlo inaccu
racy.

At the initial moment the screw dislocation with Burgers

is another previously unknown feature found in our simula-
tions. This process is illustrated in Fig. 2 where the disloca-

_ . : 7= tion was initially put near the impurity and then started to
vectorb=(0,1) and the axis parallel @y was introduced in 4y after the nucleation of the kink-antikink pair. In our

the crystallite by specifying the displacementg0) in ac-  gjmyjations, the double kink nucleation was found both for
cordance with the known solution for the continuum limit of the hond weakening impuritig@n accordance with the sug-
the 1D FK modef? gestion of Ref. 2)) and for the bond strengthening offég.

2| X 2) which looks rather surprising.
u=0, Uy=—y5- tan‘l[exp<— —“)} . (4) We have found that the variations of the substrate poten-
m(2 A tial, 5P, only (keepingsk=0 andQ=0) has a different effect
Then the equation$2) were integrated numerica”y at a on the |mpUr|ty-k|nk interaction than the stiffness variation.
given temperatureT and f,=0 for a rather long time We have observed both the kink trapping 8 >0 and the
(t~ 10 to reach the equilibrium configuration of the dislo- initiation of the kink nucleation fo6P <0. These results are

cation. After that, an external forde:(0,f,), which is of the ~ in agreement with the suggestf8rthat a weakening of in-

order of 0.2—0.8 was appliedf being the limiting value teratomic bonding by impurity should enhance the double
corresponding to the Peierls stress. kink nucleation due to a lowering of the Peierls relief.

The modification of the substrate potential according to
Eq. (3) stimulates the nucleation of kink-antikink pairs near
the impurities independently on the sign@f(Fig. 3). In this

Initially, in our simulations the dislocation was introduced case we have not observed the kink pinning, even for soall
in the lattice far enough from the impurity and started itswhen the perturbation of substrate potentiby,,(R) is
motion after thermal fluctuation nucleation of the kink- strongly localized near the impurity and the corresponding
antikink pairs, similar to what was observed in Refs. 9 andorces -V ®;,,, acting on the kinks are the largest. Despite
23. A typical picture of the kink-impurity interaction for the absence of the kink trapping the deceleration of the kinks
k<0 and 6P=0, Q=0 (linear kink-impurity coupling is by the potentiatP;,, is well pronounced and it is stronger for
shown in Fig. 1. In this case the kink loses its mobility beingsmallero.
captured by the impurity. For sufficiently smaik the ther- It is important to stress that the decelerating effect of im-
mal fluctuations can release the kink out of the potentiapurities on the dislocation motion is not reduced to the kink

Ill. KINK-IMPURITY INTERACTIONS
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FIG. 2. Dislocation release from the impurity simulated by the
change in the stiffnesésk=0.5 with the formation of the kink-
antikink pair; T=0.0075,f=0.265. The consequent snapshots cor-
respond ta=35, 36, 37, 38, and 3@rom bottom to top.

pinning processes, but is also connected with the slowin
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FIG. 3. Formation of double kinks on the impurity with the
increase of the substrate potentiad=0.8. Here T=0.0075,
f=0.265,0=4. The consequent snapshots correspond-#9, 51,
53, 55, 57, 59left column, from bottom to top 85, 87, 89, 91, 93,
and 95(right column, from bottom to top

distributed onegfrom 20 to 60 impurities in 8& 80 crystal-
lite). The value,V, has been determined from the time de-
pendence of the total atomic displacemeptt) along the
Burger vectoruy:Eiu('). The valueu, characterizes the plas-
tic deformation in the crystallite accumulated during disloca-
tion motion. After the finishing of transient processes, with
the kink density increase, the dependenté) reaches a
linear-in-time stage that allows us to determine a steady state
dislocation velocity as/:L"lduy/dt. One should note that
the steady-state motion ofv the dislocation within the model
under consideration depends mainly on a propagation of
multiple kinks which is accompanied by relatively rare
nucleation and annihilation processes. We found that the
multiple kinks, in contrast with the solitary onggsan anni-
hilate during collision processes that provides the equilib-
rium Kkink density. In this case the, dislocation is high

%v~0.1-0.4, where the sound velocity is equal to 1 and

down of the kink motion which can occur at any signs of theggtects of impurities are no longer dominant. However, for

impurity perturbation potential. Besides, the different pro-

smaller velocities the kink-impurity interaction is really of

cesses of the impurity kink interaction discussed above arg, i importance.
only clearly distinguished for low gnough temperatures.. With Computational results are shown in Fig. 4. The shape of
the temperature increase, the interplay between differenf,s \/1) curves for the crystallite with impuritieédashed

mechanisms becomes important. To clarify the role of differ
ent contributions for different temperature ranges investig
tions of the dislocation dynamics in the crystallite with array
of impurities are necessary. The corresponding results a
described in the next section.

IV. DISLOCATION MOBILITY

"B

aIline) is similar to that without impuritiegsolid ling). One can

see that in all cases the presence of impurities leads to an
increase of the dislocation velocity.e., results in the solu-

on softening at low temperature$T<0.01). This means
that the effect of impurities on the kink-antikink pair nucle-
ation dominates in comparison with the deceleration of kinks
even forsk<<0. With the increase i the effect of impuri-

ties on the dislocation velocity practically vanishes for

To investigate the effects of impurities on the dislocationsk>0 or SP<0 and atsk<0 or 6P>0 the velocity of
motion in a more quantitative way, we have calculated thelislocation decreases. In the latter case, a transition from
temperature dependence of the steady-state dislocation veeftening to hardening action of impurities occurs as the tem-

locity V both in the absence of impurities and for chaotically

09410

perature increases.
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FIG. 5. Dependence of the steady state dislocation velocity on

o4l ' ' j the number of impuritiesT=0.005,f=0.265, k=0, Q=0.8.
> based on the following intuitive ideas summarized in Refs. 2
03 r and 31: first, kinks can be trapped by any kind of impurities
and, second, the impurities weakening interatomic bonds fa-
o2} cilitate the double kink nucleation. However, as was men-
tioned above, this concept is not sufficient to explain some
01t recent experimental resuft$:'%1This discrepancy is con-
nected in part with using Fleischer’s continuum elasticity
0 theory of the impurity-dislocation interaction which is not
reliable enough if the solute atom is inside the dislocation
core—exactly where the strongest interaction occurs. Be-
o4 y T ] sides, the current concept assumes the quasistatic picture of
> (c) the impurity-dislocation interaction and ignores dynamic ef-
03l fects which may be important in both kink propagation and
' nucleation processég?
Earlier investigations of the microscopic mechanisms of
02 kink-impurity interactions have been carried ¢fdr review,
see, e.g., Ref. 22in a framework of theory of nonlinear
0.1} chains(1D FK mode). It has been shown that in the one-
dimensional case three essentially different scenarios are
0 possiblexi) kinks can pass through the impuritii,) they can

0005 001 0015 _ be reflected by the impurity, an@i) they can be trapped by
the impurity due to a formation of the resonance state be-
FIG. 4. Temperature dependence of the dislocation velocity atween kink(soliton) and a localized breather. These results
f=0.265 averaged over the ensemble of 40 impurities changing theave demonstrated a complexity of the kink-impurity inter-
stiffness of bondsk (a), of the substrate potenti@P (b), or ®;,,  action. At the same time, an applicability of 1D dynamic
(c). Solid curve corresponds to the crystallite without impurities. models to the real kinks is questionable.
Our simulations of the dislocation dynamics in the frame-
The temperature dependence of the impurity effect on tha#vork of the 2D FK model at finite temperatures have re-
dislocation mobility looks rather natural. Indeed, at low tem-vealed new important features of the impurity-kink interac-
peratures the thermal equilibrium kink concentration is nottion effects. First, for the parameters considered of the
high enough and the influence of impurities on the rate ofmodel, the presence of impurities results in an enhancement
nucleation of new kinks is more essential than the decelera®f the kink-antikink pair nucleation for all types of impuri-
ing effect on the mobility of existing kinks. This conclusion ties. Although the magnitude of this effect depends on the
is confirmed by an increase of the dislocation velocity withcharacter of the lattice perturbation near impurities, up to
impurity concentration for the low temperature regidtig.  intermediete temperatures the mechanism of the heteroge-
5). With temperature increase, the density of the thermaheous nucleation is dominafgee Fig. 4. On the other hand,
equilibrium kinks multiply exponentially and the interaction the decelerating effect of impurities on the kink mobility is
of the impurity with propagating kinks becomes the mostvery sensitive to changes in the interatomic bonds. The pin-
important factor in determining the dislocation mobility. ~ ning of kinks occur only for impurities increasing the sub-
strate potential(6P>0) or weakening interatomic bonds
V. DISCUSSION AND CONCLUSIONS (8k<0). . .
An observation of the enhancement of double kink nucle-
The interaction of the kinks with impurities play a crucial ation for both bond-weakening and bond-strengthening im-
role in the dislocation dynamics and, correspondingly, in mejpurities is rather unexpected and contradicts an intuitive as-
chanical properties of alloys with high Peierls barriers. Thesumption that a reduction of the Peierls relief is necessary to
present conception of the dislocation-impurity interaction isincrease the nucleation rate. This conclusion can be under-
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stood on the basis of the results of simulations of double kinks determined by competition between nucleation and anni-
nucleation in 2D FK model without impuriti€$.According hilation processes. It it worthwhile to emphasize that we ob-
to Ref. 23, the double kink nucleation may be considered aserved an annihilation duringwltiple kink-antikink colli-

an appearance of a crowdion-anticrowdion pair caused by agions, whereas single kink and antikink pass through without
instability of phonon modes localized near the dislocationannihilation, and in agreement with our previous
line. Obviously, a presence of bond weakenisgengthen-  simuylations® One can say that the steady-stage regime is
ing) impurities stimulates the crowdiofanticrowdion for-  nroyided by the thermofluctuation mechanism but, in con-
mation and kink nucleation. trast with traditional assumptiod4the motion of individual

. Aléhr(])ugh th'; mﬁchanism (;)fldouble Kink nucle:;l]tior_] WaSyinks is closer to the propagation of free particles than to a
ound here within the 2D model, one can expect that it MaYslow viscous process. This results in a relatively high dislo-

be relevant for dislocations with nonspl@ompact cores. At <fation velocityV which can be comparable with sound ve-

the same time, if one takes into account the fine structure R . . .
. . . . .~ Jocity ¢ in our simulations. One should stress, however, that
the dislocation, the nucleation scenario can change s|gn|f|fOr V>c/3 andT>0.02 the results appear to be less reliable

cantly. In particular, it was shown in Ref. 33 that in fcc based . : ) . ; :
y. ' p due to an essential lattice heating during the simulations.

alloys where plastic deformation is provided by split dislo- . . :
cations an enhanced kink nucleation can be initiated by ;’herefore, we should restrict ourselves to the consideration

doping which decreases the stacking fault energy and thu the region where the dislocation velocity is beloWs.
influences on the dislocation core structure. Based on the dependence\dfT) presented in Fig. 4 two
A pinning effect forsk< 0 and transition from the pinning regions can be separated, I¢iv<0.01) and high tempera-
of kinks to their passage through the impurity witk in-  tures, correspondingly. In the low-temperature region, the
crease are also not trivial. In particular, in the 1D FK mé#lel kink density is small and an appearance of new kink-antikink
the kink may be treated as a particle moving in an effectivepairs result in a sharp increase of the velodity). At higher
potential with the Peierls periodic part and with the pertur-temperatures, when the thermal equilibrium kink density is
bation due to impurityJim,~ sk/costty, wherey is the co-  comparable with the impurity concentration a decelerating
ordinate along the atc.)mi'c chain. As a result, the kink will beeffect of impurities on the kink mobility due to the pinning
trapped by the impurity independently on a signdf processes becomes dominant. One notes that the solid solu-
The observed behavior can be explained if one suggesifon hardening turns out to be well pronounced only for
that some changes in the kink width happens near the impusx <0, when the kink trapping takes place.
rity which results in sharp variation of the secondary Peierls of course, a simplified model considered here cannot de-
stressfp, (i.e., limiting stress for the kink propagatibm™n  scribe all the details of the dislocation motion in alloys. First,
estimation offp, in the framework of the 1D FK mod®  this approach does not take into account the dislocation core
gives the following resultfy=272/[x sinh(7*\)]. Since the  structure(in-plane splitting in fcc metals or three-fold core
width of the kink\ ~\k/P [cf. Eq. (4)] decreases the stiff- structure in bcc on@svhich may be important for the kink-
nessk or increases the amplitude of substrate poterféial impurity interactions233 Besides, the results of the calcula-
leads to an exponential growth of the valigeand in a quali-  tions correspond to the dynamic regime of the kink motion
tative modification of a character of impurity-kink interac- whereas under real conditions a viscous kink propagation
tions. takes place. Nevertheless, one can expect that the results of
Note, that the effect of impurities on the kink shape isour simulations reproduce some general features of the kink-
crucial for the kink mobility if the external forceis chosen impurity interactions which may be relevant for the SSS or
in the intervalf'F',<f<fp. In this case the dynamic regime in SSH phenomena.
kink propagation is dominating; the kinks move with high
velocity and are not sensitive to the lattice locking. The ef- ACKNOWLEDGMENTS
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