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Abstract – The possibility of the existence of non-

linear oscillatory localized modes of atoms included 

into of fault defects tetrahedrons and volume 

crowdion complexes formed by the aggregatization 

of Frenckel pairs in a binary alloy with stoichiome-

try A3B is considered in the paper. The experi-

ments were made by the method of molecular dy-

namics. The influence of alloy disordering on the 

formation of the areas of energy localization was 

studied. 

1. Introduction 

The order fracture and the appearance of Frenckel 
pairs can take place as the result of radiation influence 
on the ordered alloy. Point defects, components of 
Frenckel pairs unite into the aggregates and form 
submicroscopic defects – vacancy discs, fault defects 
tetrahedrons (FDT), volume crowdion complexes 
(VCC). The fracture of an ideal structure of a crystal 
lattice can influence on the number of atoms carrying 
nonlinear localized oscillatory modes (NLOM). 

The possibility of the existence of non-linear local-
ized oscillations of atoms which interaction is deter-
mined by realistic potentials in the structure having 
translation symmetry was first found by the authors 
[1]. It was shown in the paper, that NLOM of big am-
plitude (one Å order) were observed in the model ideal 
two-dimensional crystal lattice of ordered alloy A3B  
if the mass of atoms of component B is at least less  
in 8 times than the mass of atoms of component A.  
In this connection, the frequency of NLNM was inside 
the crack between allowed frequencies of phonon 
spectrum.  

It was also shown that the forbidden zone located 
inside the spectrum extended with the decrease of the 
mass of atoms B. Note that the idea of finding the lo-
calized modes in biatomic structure is not new. For 
example, univariate biatomic chain of Klein-Gordon 
with different masses of atomic components was con-
sidered in [2]. To our opinion, NLOM take place in 
three-dimensional model FCC crystal lattices with 
translation symmetry of A3B stoichiometry. 

One of the tasks follows from the obtained results 
is in the evaluation of the maximum amount of atoms 
carrying a localized mode. 

It is our opinion that an ideal three-dimensional 
crystal of A3B composition can contain up to 4% at-
oms carrying NLOM. It was found that the energy of 
dispersed oscillatory modes promotes to the decrease 
of the upper limit. It is evident that there are a number 
of factors negatively influencing on NLOM. 

The problem of the influence of the consequences 
of radiation on an ideal structure of the alloy, i.e., the 
influence of submicroscopic defects, vacancy discs, 
fault defect tetrahedrons, volume crowdion complexes 
and also structural disturbance of the alloy of A3B 
stoichiometry and the charge of the amount of atoms 
carrying non-linear localized modes. 

2. The model 

Three-dimensional crystal lattice of biatomic alloy 
A3B was simulated by the method of molecular dy-
namics. The interaction between particles was limited 
by five nearest neighbours and was given by Morse 
potentials. The potential parameters of the interaction 
of atoms A and B were the same as the parameters of 
atoms Ni and Al correspondingly [1, 3] except for one 
parameter. The mass of atom B was chosen to be in 5–
8 times less than the mass of Al atoms. Vacancies or 
interstitial atoms (IA) were randomly distributed over 
the model cell, having the size from nearly 4 to 21 
thousand particles. To obtain the aggregatization of 
vacancies, the calculated cell was given the tempera-
ture from 0.5Tmelt to 0.8Tmelt. The temperature was 
given by the impart of corresponding similar kinetic 
energy and randomly directed impulses to atoms, the 
sum impulse was equal to zero. 

To obtain volume crowdion complexes, the tem-
perature was not given, the cell was heated itself at the 
expense of the transformation of potential energy of 
IA into the kinetic one. Main requirements to the posi-
tion and amount of IA are the following: they should 
be placed equidistantly from neighboring atoms; the 
amount of atoms should be chosen so as not to heat 
the cell. Interstitial atoms were located in the calcu-
lated block in amounts from 50 to 100. The cell was 
endured at the given temperature from 50 to 500 ps  
in the dependence on the type of point defects.  
Then the cell was subjected to sharp cooling to 0 K  
by the nulling of particles velocities at every step of 
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the calculation. Such relaxation allowed obtaining stable 
aggregates of point defects in the calculated block. 
 

3. Result and discussion 

When the frequency of atom is located in the forbid-
den zone of the spectrum, it is the direct proof of the 
localized oscillations of the atom. It can be found dur-
ing the comparison of the disperse curves with oscilla-
tion frequency of one of the atoms. When the regular-
ity of the alloy structure of A3B composition is broken 
and different submicroscopic complexes of FDT, 
VCC are found, the spectrum of the crystal lattice dif-
fers from the spectrum of the ideal lattice.  

The calculation of the disperse curves of crystal 
having defects is very bulk and it is not always possi-
ble because the configuration of defects, their amount, 
mutual position and so on can be changed in time. 
  Localized oscillations of light atom in an ideal 
three-dimensional crystal lattice of alloy A3B took 
place at the initial stage in different directions. Then 
they received polarization oriented towards of their 
analogous neighbors. In this connection, the oscilla-
tions of four neighboring atoms B with low amplitude 
took place in coordination with the oscillations of the 
atom of localized mode. Thus, the localization area, 
the group of atoms making the conditions for the exis-
tence of oscillations of the central atom with high am-
plitude, was formed around the atom carrying the lo-
calized mode.  

An ideal crystal had translation symmetry. This 
brings up the question: can the localized mode be ob-
tained when the symmetry of the area of energy local-
ization is broken. 

As it follows from the survey of papers [3], the ag-
gregatization of point defects in monoatomic metals 
has been already studied enough. But the peculiarities 
of the processes of the unification of point defects in 
biatomic alloys have not been fully studied. It is 
known from the above-mentioned experiments that the 
vacancies of the crystal lattice of A3B alloy, as a rule, 
form vacancy discs.  

The probability that they will unite into the aggre-
gate which can only vaguely resemble FDT is essen-
tially less than for monoatomic metal. The probability 
is as less as bigger is the ratio of the masses of atoms 
of components A and B. Vacancy unifications in bia-
tomic alloys differ from similar unifications in monoa-
tomic alloys of a wrong symmetry of forms. All the 
attempts to excite the localized mode on the plane, on 
the side, edge of vacancy disks and inside them at the 
distance of one-two constants of the lattice from FDT 
boundary or at the position of the alloy ordering have 
been failed. High amplitude oscillations of any chosen 
light atom go out very rapidly. It testifies to the pres-
ence of translation symmetry around the atom carrying 
the localized mode, at least, at several atomic  
distances. 

The process of oscillations with big amplitude of 
atom B inside VCC and at the periphery occurs differ-
ently. In the alloy of A3B composition, VCC with 
similar good symmetry of form as in monoatomic 
crystal can be obtained. The order of the position of 
the alloy atoms is broken. The area of the crystal lat-
tice inside such aggregate as volume crowdion com-
plex, probably, suffers elastic stress due to the appear-
ance of the addition plane of the united interstitial 
atoms [4], as an ideal crystal suffers under stress. 
Consequently, the width of internal forbidden zone of 
the phonon spectrum decreases as it can be seen in [1]. 
At the same time, the decrease of the mass of atoms B 
expands the width of the forbidden zone as has been 
expected, further decrease of the mass of light atoms 
increases the duration of oscillations, at least, in two 
orders. The frequency of non-linear localized oscilla-
tions inside VCC is higher than it is outside VCC. To 
excite NLOM inside volume crowdion complexes, 
local translation symmetry and less initial deviation of 
atom in comparison with the required deviation out-
side VCC is necessary. 

Note one more peculiarity of high amplitude oscil-
lations of light atoms inside VCC. If the symmetry 
near the particle with the applied impulse (necessary 
for the presence of NLOM) is broken and doubled 
atoms B can be observed, the initial atom stops oscil-
lations. The neighboring pair gets the part of energy  
of the particle and makes in-phase long-term oscil- 
lations (the order bigger than the period) with the  
frequency which is less than the frequency of oscilla-
tions of the initial particle. This effect requires more  
detailed study. 

It should be said in the conclusion that any radia-
tion influence on the crystal lattice A3B breaking it’s 
translation symmetry makes worse the conditions  
of the presence of non-linear localized modes and  
decreases maximum possible amount of atoms carry-
ing NLOM. The aggregates of vacancies cannot con-
tain atoms carrying non-linear localized modes as in-
side so at the periphery. The presence of long-term 
high amplitude oscillations of light atoms in the areas 
having local translation symmetry at the correspond-
ing ratio of the masses of atoms A and B is possible. 
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